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ʋɼʂ 62 + 624.9  

ɸ.ɺ. ɹɸʈʀ ʀ ɺ.ɻ. ʐʋʍʆɺ ï ʀʉʊʆʈʀʗ ʉʆʊʈʋɼʅʀʏɽʉʊɺɸ 

ɻ.ɹ. ɽʬʠʤʦʚ, ʄ.ɺ. ɽʬʠʤʦʚʘ 

ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ,  

 ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʫʧʨʘʚʣʝʥʠʷ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ʀʤʷ ɺʣʘʜʠʤʠʨʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ʐʫʭʦʚʘ (1853 ï 1939), ʝʛʦ ʠʟʦʙʨʝʪʝ-

ʥʠʷ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʣʠʪʝʨʘʪʫʨʘ ʦ ʥʝʤ ï ʜʚʘ ʜʝʩʷʪʢʘ ʢʥʠʛ 

ʥʘ ʨʫʩʩʢʦʤ ʠ ʝʚʨʦʧʝʡʩʢʠʭ ʷʟʳʢʘʭ, ʥʘʧʨʠʤʝʨ [1-3]. ʆʙ ɸʣʝʢʩʘʥʜʨʝ ɺʝ-

ʥʠʘʤʠʥʦʚʠʯʝ ɹʘʨʠ (1847 ï 1913), ï ʠʥʞʝʥʝʨʝ, ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝ ʠ ʤʝʮʝ-

ʥʘʪʝ, ʦ ʝʛʦ ʚʢʣʘʜʝ ʚ ʨʘʟʚʠʪʠʝ ʠʥʞʝʥʝʨʥʦʛʦ ʜʝʣʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʤʳ 

ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʤ ʫʟʥʘʚʘʪʴ [3-5]. ɼʦʩʪʠʞʝʥʠʷ ʠ ʫʩʧʝʭʠ ʐʫʭʦʚʘ ʠ ɹʘʨʠ 

ʙʳʣʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʙʣʘʛʦʜʘʨʷ ʪʝʩʥʦʤʫ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ. ɺ 2018 ʛʦʜʫ ï 

165-ʣʝʪʠʝ ʨʦʞʜʝʥʠʷ ʐʫʭʦʚʘ ʠ 105-ʣʝʪʠʝ ʩʤʝʨʪʠ ɹʘʨʠ.  

ɸʣʝʢʩʘʥʜʨ ɺʝʥʠʘʤʠʥʦʚʠʯ ʨʦʜʠʣʩʷ ʚ ʇʝʪʝʨʙʫʨʛʝ, ʙʳʣ ʚʪʦʨʳʤ ʩʳʥʦʤ 

ʚ ʩʝʤʴʝ ʧʝʜʘʛʦʛʘ, ʧʦʣʫʯʠʚʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ɻʝʨʤʘʥʠʠ; ʥʘʟʚʘʥ ʚ ʯʝʩʪʴ 

ɸʣʝʢʩʘʥʜʨʘ ɻʫʤʙʦʣʴʜʪʘ. ɺ 1862 ʛʦʜʫ ʩʝʤʴʷ ʫʝʭʘʣʘ ʠʟ ʈʦʩʩʠʠ ʚ ʉʐɸ; 

ɸʣʝʢʩʘʥʜʨ ɹʘʨʠ ʧʦʝʭʘʣ ʢ ʥʠʤ, ʦʢʦʥʯʠʚ ʚ ʎʶʨʠʭʝ ʇʦʣʠʪʝʭʥʠʯʝʩʢʫʶ 

ʰʢʦʣʫ, ʫʯʘʩʴ ʠ ʧʦʜʨʘʙʘʪʳʚʘʷ. ɺ 1970-ʭ ʛʦʜʘʭ ʜʣʷ ɺʩʝʤʠʨʥʦʡ ʚʳʩʪʘʚʢʠ 

ʚ ʌʠʣʘʜʝʣʴʬʠʠ ʦʥ ʚʳʠʛʨʘʣ ʢʦʥʢʫʨʩ ʠ ʧʦʩʪʨʦʠʣ ʧʘʚʠʣʴʦʥ ʩ ʢʨʳʰʝʡ ʠʟ 

ʤʝʪʘʣʣʘ ʠ ʩʪʝʢʣʘ, ʧʦʣʫʯʠʚʰʠʡ ɿʦʣʦʪʫʶ ʤʝʜʘʣʴ. ʅʘ ʚʳʩʪʘʚʢʫ ʠʟ ʈʦʩʩʠʠ 

ʧʨʠʝʭʘʣʠ ʧʨʦʬʝʩʩʦʨʘ ʀʤʧʝʨʘʪʦʨʩʢʦʛʦ ʄʦʩʢʦʚʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʯʠ-

ʣʠʱʘ ʠ ʩ ʥʠʤʠ ʚʳʧʫʩʢʥʠʢ ʀʄʊʋ ɺʣʘʜʠʤʠʨ ʐʫʭʦʚ. ɹʘʨʠ ʧʦʤʦʛ ʟʝʤʣʷ-

ʢʘʤ ʥʘ ʚʳʩʪʘʚʢʝ, ʪʘʢ ɹʘʨʠ ʠ ʐʫʭʦʚ ʧʦʟʥʘʢʦʤʠʣʠʩʴ. 

ɺ ʌʠʣʘʜʝʣʴʬʠʠ ɸʣʝʢʩʘʥʜʨ ɹʘʨʠ ʞʝʥʠʣʩʷ ʥʘ ɿʠʥʘʠʜʝ ʬʦʥ ɻʨʶʥʙʝʨʛ, 

ʠʟ ʨʫʩʩʢʠʭ ʥʝʤʮʝʚ, ʧʨʠʝʭʘʚʰʝʡ ʢ ʨʦʜʥʳʤ. ʆʥʘ ʦʯʝʥʴ ʩʢʫʯʘʣʘ ʧʦ ʈʦʩʩʠʠ 

ʠ ʚ 1877 ʛʦʜʫ ʦʥʠ ʚʝʨʥʫʣʠʩʴ ʚ ʇʝʪʝʨʙʫʨʛ, ʛʜʝ ʚʩʢʦʨʝ ɹʘʨʠ ʚʤʝʩʪʝ ʩ ʠʥ-

ʞʝʥʝʨʦʤ ʉʳʪʝʥʢʦ ʦʩʥʦʚʳʚʘʝʪ ʬʠʨʤʫ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʚ ʥʝʬʪʷʥʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ, ʨʘʟʚʠʚʘʚʰʝʡʩʷ ʥʘ ʂʘʚʢʘʟʝ. ʌʠʨʤʘ ʟʘʥʷʣʘʩʴ ʦʨʛʘʥʠʟʘ-

ʮʠʝʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʚ ɹʘʢʫ ʠ ɻʨʦʟʥʦʤ ʜʣʷ ʃʶʜʚʠʛʘ ʅʦʙʝʣʷ, ʢ ʨʘʙʦʪʝ 

ʧʨʠʚʣʝʢʘʝʪʩʷ ʠ ɺʣʘʜʠʤʠʨ ʐʫʭʦʚ. ɿʘʢʘʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʫʩʧʝʰʥʦ ʠ ʙʨʘ-

ʪʴʷ ʅʦʙʝʣʴ ʩʦʟʜʘʣʠ ʚ ɹʘʢʫ ʥʝʬʪʷʥʫʶ ʢʦʤʧʘʥʠʶ ñɹʨʘʥʦʙʝʣʴò, ï ʦʜʥʫ ʠʟ 

ʣʫʯʰʠʭ ʚ ʈʦʩʩʠʠ ʠ ʚ ɽʚʨʦʧʝ. ɺ 1878 ʛʦʜʫ ʚ ɹʘʢʫ ʜʣʷ ʅʦʙʝʣʷ ʬʠʨʤʦʡ 

ʙʳʣ ʧʦʩʪʨʦʝʥ ʧʝʨʚʳʡ ʚ ʈʦʩʩʠʠ ʥʝʬʪʝʧʨʦʚʦʜ ʜʣʠʥʦʡ ʚ 10 ʢʤ, ʦʪ ʤʝʩʪʘ 

ʜʦʙʳʯʠ ʥʝʬʪʠ ʢ ʤʝʩʪʫ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ.  

ʏʝʨʝʟ ʛʦʜ ʬʠʨʤʘ ʩʪʨʦʠʪ ʪʨʫʙʦʧʨʦʚʦʜ ʜʣʠʥʦʡ ʚ 14 ʢʤ ʜʣʷ ʃʠʘʥʦʟʦʚʘ. 

ʐʫʭʦʚ ʨʘʩʩʯʠʪʘʣ ʠ ʧʦʩʪʨʦʠʣ ʩʪʘʣʴʥʳʝ ʮʠʣʠʥʜʨʳ-ʨʝʟʝʨʚʫʘʨʳ ʜʣʷ 

ʥʝʬʪʠ, ʵʢʦʥʦʤʠʯʥʳʝ ʧʦ ʟʘʪʨʘʪʘʤ ʤʝʪʘʣʣʘ. ɺ ʂʫʩʢʦʚʦ ʧʦʜ ʄʦʩʢʚʦʡ ʧʦ-

ʩʪʨʦʝʥ ʟʘʚʦʜ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʪʠ. ʅʦ ɹʘʨʠ ʧʦʢʠʜʘʝʪ ʬʠʨʤʫ.  

ɺ 1880 ʛʦʜʫ ʦʥ ʧʝʨʝʝʟʞʘʝʪ ʚ ʄʦʩʢʚʫ ʠ ʩʦʟʜʘʝʪ ñʊʝʭʥʠʯʝʩʢʫʶ ʢʦʥ-

ʪʦʨʫ ʠʥʞʝʥʝʨʘ ɸ.ɺ. ɹʘʨʠò (ʧʦʟʞʝ ñʉʪʨʦʠʪʝʣʴʥʘʷ ʢʦʥʪʦʨʘ ʠʥʞʝʥʝʨʘ 
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ɹʘʨʠò). ɻʣʘʚʥʳʤ ʠʥʞʝʥʝʨʦʤ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʜʠʨʝʢʪʦʨʦʤ ʝʝ ʩʪʘʥʦʚʠʪʩʷ 

ɺ.ɻ. ʐʫʭʦʚ. ʂʦʥʪʦʨʘ ʦʢʘʟʳʚʘʣʘ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʫʛʠ ʦʪ ʧʨʦʝʢʪʘ ʜʦ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʘ, ʙʳʣʘ ʧʝʨʚʦʡ ʬʠʨʤʦʡ ʪʘʢʦʛʦ ʨʦʜʘ ʚ ʩʪʨʘʥʝ, ʩʧʝʢʪʨ ʝʝ ʨʘʙʦʪ 

ʙʳʣ ʚʝʩʴʤʘ ʰʠʨʦʢʠʤ. ʐʫʭʦʚ ʚ ʵʪʦ ʚʨʝʤʷ ʟʘʧʘʪʝʥʪʦʚʘʣ ʥʦʚʳʡ ʧʘʨʦʚʦʡ 

ʢʦʪʝʣ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʠ ʨʘʙʦʪʳ ʩʪʘʥʢʦʚ; ʬʠʨʤʘ ʠʟʛʦʪʦʚʠʣʘ ʝʛʦ ʦʙʨʘʟʝʮ, 

ʜʣʷ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʉʠʤʦʥʦʚʝ ʙʳʣ ʧʦʩʪʨʦʝʥ ñʂʦʪʝʣʴʥʳʡ ʟʘʚʦʜ ɸ.ɺ. 

ɹʘʨʠò. ʊʘʢ, ʯʝʨʝʟ ʧʷʪʴ ʣʝʪ ʧʦʩʣʝ ʦʩʥʦʚʘʥʠʷ, ñʂʦʥʪʦʨʘ ɹʘʨʠò ʠʤʝʣʘ ʢʦ-

ʪʝʣʴʥʳʡ ʟʘʚʦʜ ʧʦʜ ʄʦʩʢʚʦʡ ʠ ʬʠʣʠʘʣʳ ʚ ʇʝʪʝʨʙʫʨʛʝ, ʍʘʨʴʢʦʚʝ, ʅʠʞ-

ʥʝʤ ʅʦʚʛʦʨʦʜʝ ʠ ɽʢʘʪʝʨʠʥʙʫʨʛʝ. 

ʌʠʨʤʘ ʧʨʦʝʢʪʠʨʦʚʘʣʘ ʠ ʩʪʨʦʠʣʘ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ɿʘ 

30 ʣʝʪ ʩʪʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʧʦʜ ʥʝʬʪʴ ʠ ʢʝʨʦʩʠʥ ʧʦʩʪʨʦʠʣʠ 3240 ʰʪʫʢ, 

ʩʪʦʠʤʦʩʪʴʶ ʚ 17,8 ʤʣʥ. ʨʫʙʣʝʡ. ʅʘ ɺʦʣʛʝ, ʥʘ ʩʚʦʠʭ ʚʝʨʬʷʭ ʩʦʟʜʘʣʠ 

ʥʝʬʪʝʥʘʣʠʚʥʦʡ ʬʣʦʪ (ʜʦ ʪʦʛʦ ʥʝʬʪʴ ʠ ʢʝʨʦʩʠʥ ʚʝʟʣʠ ʚ ʜʝʨʝʚʷʥʥʳʭ ʙʦʯ-

ʢʘʭ): 65 ʙʘʨʞ ʦʙʱʝʡ ʚʤʝʩʪʠʤʦʩʪʴʶ ʚ 6 800 ʪʳʩ. ʧʫʜʦʚ. ɼʣʠʥʘ ʧʦʩʪʨʦʝʥ-

ʥʳʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʜʦʩʪʠʛʣʘ 350 ʚʝʨʩʪ. ʇʦ ʚʩʝʡ ʩʪʨʘʥʝ ʚʦʟʚʦʜʠʣʠʩʴ ʞʝ-

ʣʝʟʥʦʜʦʨʦʞʥʳʝ ʤʦʩʪʳ (417), ʜʦʤʥʳ ʠ ʵʣʝʚʘʪʦʨʳ, ʟʘʚʦʜʳ-ʭʦʣʦʜʠʣʴ-

ʥʠʢʠ, ʚʦʜʦʧʨʦʚʦʜʳ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʂ 30-ʣʝʪʠʶ ʢʦʥʪʦʨʳ, ʚ 1880 ʛʦʜʫ 

ʩʦʩʪʘʚʠʣʠ ʢʘʨʪʫ-ʦʪʯʝʪ ʧʦʩʪʨʦʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʆʙʱʠʡ ʚʝʩ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʥʠʭ ʩʦʩʪʘʚʠʣ 9.2 ʤʣʥ. ʧʫʜʦʚ, ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ï 

58.5 ʤʣʥ. ʨʫʙʣʝʡ. ɹʘʨʠ ʥʘʟʳʚʘʣ ʵʪʫ ʢʘʨʪʫ ñʇʝʩʥʝʡ ʙʝʟ ʩʣʦʚò. 

ɼʚʘ ʠʟʦʙʨʝʪʝʥʠʷ ɺ.ɻ. ʐʫʭʦʚʘ ʦʩʦʙʝʥʥʦ ʚʧʝʯʘʪʣʷʣʠ: ʚʦʜʦʥʘʧʦʨʥʳʝ 

ʙʘʰʥʠ ʥʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤ ʦʩʥʦʚʘʥʠʠ, ʥʘʤ ʟʥʘʢʦʤʳʝ ʧʦ ʐʫʭʦʚʩʢʦʡ 

ʙʘʰʥʝ, ʠ ʩʚʝʪʦʚʳʝ ʢʨʳʰʠ-ʬʦʥʘʨʠ ʠʟ ʤʝʪʘʣʣʘ ʠ ʩʪʝʢʣʘ ʜʣʷ ʦʙʱʝʩʪʚʝʥ-

ʥʳʭ ʟʜʘʥʠʡ. ʉʧʝʮʠʘʣʠʩʪʦʚ ʚʦʩʭʠʱʘʣʘ ʩʤʝʣʦʩʪʴ, ʥʦʚʠʟʥʘ ʟʘʤʳʩʣʦʚ ʠ ʠʭ 

ʨʝʰʝʥʠʷ; ʧʫʙʣʠʢʫ ï ʢʨʘʩʦʪʘ ʙʦʣʴʰʠʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʧʨʦʟʨʘʯʥʳʡ ʢʫʧʦʣ, 

ʛʘʨʤʦʥʠʷ ʨʝʰʝʪʯʘʪʳʭ ʩʚʦʜʦʚ. ɺ ʄʦʩʢʚʝ ʩʦʭʨʘʥʠʣʠʩʴ ʧʝʨʝʢʨʳʪʠʷ ʂʠʝʚ-

ʩʢʦʛʦ ʚʦʢʟʘʣʘ, ʇʝʪʨʦʚʩʢʦʛʦ ʧʘʩʩʘʞʘ, ʛʦʩʪʠʥʠʮʳ ñʄʝʪʨʦʧʦʣʴò ʠ ʜʨʫʛʠʝ. 

ɿʘ 30 ʣʝʪ ʬʠʨʤʘ ʧʦʩʪʨʦʠʣʘ ʩʚʝʪʦʚʳʝ ʢʨʳʰʠ ʧʣʦʱʘʜʴʶ ʚ 390 ʪʳʩ. ʢʚ. ʤ. 

ʉʝʪʯʘʪʳʝ ʧʝʨʝʢʨʳʪʠʷ ʠ ʙʘʰʥʠ ʐʫʭʦʚʘ ʧʦʣʫʯʠʣʠ, ʩʪʦʣʝʪʠʝ ʩʧʫʩʪʷ, ʧʨʠ-

ʟʥʘʥʠʝ ʚʦ ʚʩʝʤ ʤʠʨʝ ʠ ʩʣʫʞʘʪ ʦʙʨʘʟʮʘʤʠ. ʉʨʝʜʠ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʟʜʘʥʠʡ 

ʤʠʨʘ ʩʝʪʯʘʪʳʝ ʙʘʰʥʠ ï ʨʘʜʠʦʙʘʰʥʷ ʚ ʄʦʩʢʚʝ (150 ʤ), ʧʦʩʪʨʦʝʥʥʘʷ ʩʘ-

ʤʠʤ ʐʫʭʦʚʳʤ ʚ 1921 ʛʦʜʫ, ʠ ʧʦʩʪʨʦʡʢʠ ʥʘʰʠʭ ʜʥʝʡ ï ʚ ʉʠʜʥʝʝ (309 ʤ), 

ʂʘʪʘʨʝ (195 ʤ) ʠ ɻʫʘʥʴʯʞʦʫ (600 ʤ). 

ɹʣʝʩʪʷʱʝ ʧʦʢʘʟʘʣʘ ʩʝʙʷ ñʂʦʥʪʦʨʘ ɹʘʨʠò ʥʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ɺʩʝʨʦʩ-

ʩʠʡʩʢʦʡ ʚʳʩʪʘʚʢʝ 1896 ʛʦʜʘ, ʧʦʩʪʨʦʠʚ ʩʝʪʯʘʪʳʝ ʧʝʨʝʢʨʳʪʠʷ ʜʣʷ ʨʷʜʘ 

ʧʘʚʠʣʴʦʥʦʚ. ɻʠʧʝʨʙʦʣʦʠʜʥʘʷ ʙʘʰʥʷ ʚʳʩʦʪʦʡ ʚ 32 ʤʝʪʨʘ ʮʘʨʠʣʘ ʥʘʜ ʚʩʝʡ 

ʚʳʩʪʘʚʢʦʡ. ʅʘʢʘʥʫʥʝ ʝʝ ʦʪʢʨʳʪʠʷ ʠ ʧʨʠʝʟʜʘ ʮʘʨʩʢʦʡ ʩʝʤʴʠ ʧʨʦʰʝʣ ʛʨʘʜ 

ʠ ʧʦʙʠʣ ʯʘʩʪʴ ʩʪʝʢʦʣ ʚ ʩʚʝʪʦʚʦʤ ʬʦʥʘʨʝ ʛʣʘʚʥʦʛʦ ʧʘʚʠʣʴʦʥʘ. ɺʩʪʘʚʣʷʪʴ 

ʠʭ ʚʨʝʤʝʥʠ ʥʝ ʙʳʣʦ. ʍʦʟʷʠʥ ʚʤʝʩʪʝ ʩ ʨʘʙʦʯʠʤʠ ʟʘʣʝʟ ʥʘ ʢʨʳʰʫ ʠ ʚʳʙʠʣ 

ʫʮʝʣʝʚʰʠʝ ʩʪʝʢʣʘ: ñɸʚʦʩʴ, ʙʫʜʝʪ ʧʦʛʦʜʘò. ʇʦʛʦʜʘ ʥʝ ʧʦʜʚʝʣʘ, ʮʘʨʴ ʧʦ-
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ʭʚʘʣʠʣ ï ñʂʘʢʠʝ ʫ ʚʘʩ ʯʠʩʪʳʝ ʩʪʝʢʣʘò. ʈʘʙʦʯʠʝ ʙʳʣʠ ʚ ʚʦʩʪʦʨʛʝ ʦʪ ʚʳ-

ʜʫʤʢʠ ʠ ʫʜʘʯʠ ʭʦʟʷʠʥʘ. ʇʦʩʣʝ ʚʳʩʪʘʚʢʠ ñʉʪʨʦʠʪʝʣʴʥʘʷ ʢʦʥʪʦʨʘò ʧʦʣʫ-

ʯʠʣʘ ʟʚʘʥʠʝ ñʇʦʩʪʘʚʱʠʢʘ ʠʤʧʝʨʘʪʦʨʩʢʦʛʦ ʚʝʣʠʯʝʩʪʚʘò, ʧʨʘʚʦ ʧʦʤʝʱʘʪʴ 

ʥʘ ʩʚʦʠʭ ʜʦʢʫʤʝʥʪʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʝʨʙ.  

ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʙʣʝʩʪʷʱʠʭ ʠʥʞʝʥʝʨʘ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷ ʜʘʚʘʣʦ ʙʦ-

ʛʘʪʳʝ ʧʣʦʜʳ ʦʙʦʠʤ. ɺ.ɻ. ʐʫʭʦʚ, ñɻʝʥʝʨʘʣʴʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨò ʂʦʥʪʦʨʳ 

ɸ.ɺ. ɹʘʨʠ, ʧʦʣʫʯʠʣ ʧʨʝʢʨʘʩʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʥ ʙʳʣ ʦʩʚʦʙʦʞʜʝʥ ʦʪ ʨʫʪʠʥʥʦʡ ʨʘʙʦʪʳ, ʤʦʛ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʘʤʳʝ ʩʤʝ-

ʣʳʝ ʧʨʦʝʢʪʳ. ɽʛʦ ʟʘʨʘʙʦʪʢʠ ʧʦʨʦʡ ʜʘʞʝ ʧʨʝʚʳʰʘʣʠ ʜʦʭʦʜʳ ʭʦʟʷʠʥʘ 

ʬʠʨʤʳ. ʆʥ ʧʦʩʪʨʦʠʣ ʦʩʦʙʥʷʢ ʥʘ ʉʘʜʦʚʦʡ, ʢʦʛʜʘ ʚ ʨʝʚʦʣʶʮʠʶ ʜʦʤ ʦʪ-

ʥʷʣʠ, ʧʨʦʞʠʣ 15 ʣʝʪ ʫ ɹʘʨʠ ʚ ɸʨʭʘʥʛʝʣʴʩʢʦʤ ʧʝʨʝʫʣʢʝ.  

ɺ ʉʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʪʦʨʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɹʘʨʠ ʠ ʐʫʭʦʚʘ ʨʘʙʦʪʘʣʠ 

ʤʥʦʛʠʝ ʪʘʣʘʥʪʣʠʚʳʝ ʨʦʩʩʠʡʩʢʠʝ ʠʥʞʝʥʝʨʳ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʚʧʦʩʣʝʜ-

ʩʪʚʠʠ ʩʪʘʣʠ ʧʨʦʬʝʩʩʦʨʘʤʠ ʄɺʊʋ, ʘʚʪʦʨʘʤʠ ʫʯʝʙʥʠʢʦʚ, ʃ.ʉ. ʃʝʡʙʝʥʟʦʥ 

ʠ ɺ.ɻ. ʐʫʭʦʚ ʙʳʣʠ ʠʟʙʨʘʥʳ ʘʢʘʜʝʤʠʢʘʤʠ. ʏʝʨʝʟ ʉʪʨʦʠʪʝʣʴʥʫʶ ʢʦʥʪʦʨʫ 

ʧʨʦʰʣʦ ʦʢʦʣʦ 60 ʠʥʞʝʥʝʨʦʚ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʦʟʜʘʚʘʚʰʠʭ ʥʘ 

ʬʠʨʤʝ ʘʪʤʦʩʬʝʨʫ ʪʚʦʨʯʝʩʪʚʘ. 

ʅʘ ʂʦʪʝʣʴʥʦʤ ʟʘʚʦʜʝ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʨʘʙʦʪʘʣʠ ʢʣʝʧʘʣʴʱʠʢʠ ʠʟ 

ʚʦʣʞʩʢʦʛʦ ʛʦʨʦʜʘ ɻʦʨʦʭʦʚʮʘ, ʛʜʝ ʵʪʘ ʧʨʦʬʝʩʩʠʷ ʙʳʣʘ ʧʦʪʦʤʩʪʚʝʥʥʦʡ. 

ʇʦʨʷʜʢʠ ʥʘ ʟʘʚʦʜʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʟʘʚʦʜʩʢʠʭ ʧʦʨʷʜʢʦʚ ʪʦʛʦ ʚʨʝʤʝʥʠ. ʈʘ-

ʙʦʯʠʡ ʜʝʥʴ ʙʳʣ ʢʦʨʦʯʝ, ʯʝʤ ʫ ʩʦʩʝʜʝʡ, ʟʘʨʧʣʘʪʘ ʥʘ 10 % ʚʳʰʝ, ʥʝ ʙʳʣʦ 

ʰʪʨʘʬʦʚ. ʅʘ ʟʘʚʦʜʝ ʠ ʥʘ ʩʪʨʦʡʢʘʭ ʨʘʙʦʯʠʝ ʧʦʣʫʯʘʣʠ ʙʝʩʧʣʘʪʥʳʡ ʦʙʝʜ, 

ʙʳʣʘ ʙʦʣʴʥʠʮʘ, ʛʜʝ ʚ ʧʝʨʚʫʶ ʥʝʜʝʣʶ ʧʨʝʙʳʚʘʥʠʷ ʙʦʣʴʥʳʤ ʩʦʭʨʘʥʷʣʠ 

ʧʦʣʥʫʶ ʟʘʨʧʣʘʪʫ, ʧʦʪʦʤ ʧʦʣʦʚʠʥʫ. ɹʘʨʠ ʦʙʲʷʩʥʷʣ ʘʚʪʦʨʫ ʩʪʘʪʴʠ ʚ ñʀʩ-

ʪʦʨʠʯʝʩʢʦʤ ʚʝʩʪʥʠʢʝò (ˉ 9 ʟʘ 1896 ʛ.): ñʕʪʦ ʥʝ ʬʠʣʘʥʪʨʦʧʠʷ, ʘ ʨʘʩʯʝʪ. 

ʉʳʪʳʡ, ʫʚʝʨʝʥʥʳʡ ʚ ʟʘʚʪʨʘʰʥʝʤ ʜʥʝ ʨʘʙʦʯʠʡ, ʣʫʯʰʝ ʠ ʚʝʩʝʣʝʝ ʨʘʙʦ-

ʪʘʝʪ, ʘ ʟʘʥʝʤʦʞʝʪ, ʩʨʘʟʫ ʠʜʝʪ ʚ ʙʦʣʴʥʠʮʫ, ʥʝ ʟʘʪʷʛʠʚʘʝʪ ʠ ʙʳʩʪʨʝʝ ʚʳʭʦ-

ʜʠʪ ʥʘ ʨʘʙʦʪʫò [5]. ɸ ʜʦʤʘʰʥʠʤ ʜʦʧʦʣʥʷʣ: ñʗ ʥʝ ʤʦʛʫ ʩʧʦʢʦʡʥʦ ʦʙʝʜʘʪʴ, 

ʝʩʣʠ ʟʥʘʶ, ʯʪʦ ʨʘʙʦʯʠʝ ʥʘ ʟʘʚʦʜʝ ʛʦʣʦʜʥʳʝò.   

ʋ ɸʣʝʢʩʘʥʜʨʘ ɺʝʥʠʘʤʠʥʦʚʠʯʘ ʠ ɿʠʥʘʠʜʳ ʗʢʦʚʣʝʚʥʳ ɹʘʨʠ ʙʳʣʦ ʜʝ-

ʚʷʪʴ ʜʝʪʝʡ: ʰʝʩʪʴ ʜʦʯʝʨʝʡ ʠ ʪʨʠ ʩʳʥʘ. ʉʝʤʴʷ ʦʙʱʘʣʘʩʴ ʩ ʦʙʨʘʟʦʚʘʥʥʝʡ-

ʰʠʤʠ ʣʶʜʴʤʠ ʪʦʛʦ ʚʨʝʤʝʥʠ: ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʳʤ, ʅ.ɽ. ɾʫʢʦʚʩʢʠʤ, ʉ.ɸ. 

ʏʘʧʣʳʛʠʥʳʤ, ʌ.ʆ. ʐʝʭʪʝʣʝʤ, ʃ.ʆ. ʇʘʩʪʝʨʥʘʢʦʤ ʠ ʜʨʫʛʠʤʠ, ʯʘʩʪʦ ʙʳ-

ʚʘʚʰʠʤʠ ʛʦʩʪʷʤʠ ʚ ʠʭ ʜʦʤʝ. ɺ 1898 ʛʦʜʫ ɸ.ɺ. ɹʘʨʠ ʧʦʟʥʘʢʦʤʠʣʩʷ ʩ 

ʃʴʚʦʤ ʊʦʣʩʪʳʤ, ʧʦʩʝʪʠʣ ʧʠʩʘʪʝʣʷ ʚ ʝʛʦ ʜʦʤʝ ʚ ʍʘʤʦʚʥʠʢʘʭ. 

ɹʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝʣʝʛʢʦ. ʂʦʛʜʘ ʚ 

1904 ʛʦʜʫ ʚ ɹʘʢʫ ʛʦʨʝʣʠ ʥʝʬʪʷʥʳʝ ʧʨʠʠʩʢʠ, ɹʘʨʠ ʦʪʤʝʯʘʣ ʥʝʩʧʦʩʦʙ-

ʥʦʩʪʴ ʚʣʘʩʪʝʡ ʩʦʭʨʘʥʷʪʴ ʧʦʨʷʜʦʢ. ɺ ʟʘʙʘʩʪʦʚʢʝ 1905 ʛʦʜʘ ʫʯʘʩʪʚʦʚʘʣʠ 

ʨʘʙʦʯʠʝ ʠ ʝʛʦ ʟʘʚʦʜʘ ï ʚʤʝʩʪʝ ʩ ʩʦʩʝʜʷʤʠ, ʭʦʪʷ ʫ ʥʠʭ ʥʝ ʙʳʣʦ ʰʪʨʘʬʦʚ 

ʠ ʜʨʫʛʦʛʦ, ʯʪʦ ʪʨʝʙʦʚʘʣʠ ʦʪʤʝʥʠʪʴ. ɸ.ɺ. ɹʘʨʠ ʛʦʚʦʨʠʣ: ñʆʥʠ ʭʦʪʷʪ 

https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%BD%D0%B4%D0%B5%D0%BB%D0%B5%D0%B5%D0%B2,_%D0%94%D0%BC%D0%B8%D1%82%D1%80%D0%B8%D0%B9_%D0%98%D0%B2%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%96%D1%83%D0%BA%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9,_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9_%D0%95%D0%B3%D0%BE%D1%80%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D0%BF%D0%BB%D1%8B%D0%B3%D0%B8%D0%BD,_%D0%A1%D0%B5%D1%80%D0%B3%D0%B5%D0%B9_%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B5%D0%B5%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D0%BF%D0%BB%D1%8B%D0%B3%D0%B8%D0%BD,_%D0%A1%D0%B5%D1%80%D0%B3%D0%B5%D0%B9_%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B5%D0%B5%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%A8%D0%B5%D1%85%D1%82%D0%B5%D0%BB%D1%8C,_%D0%A4%D1%91%D0%B4%D0%BE%D1%80_%D0%9E%D1%81%D0%B8%D0%BF%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/1898_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BB%D1%81%D1%82%D0%BE%D0%B9,_%D0%9B%D0%B5%D0%B2_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B5%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%A5%D0%B0%D0%BC%D0%BE%D0%B2%D0%BD%D0%B8%D0%BA%D0%B8_(%D1%80%D0%B0%D0%B9%D0%BE%D0%BD_%D0%9C%D0%BE%D1%81%D0%BA%D0%B2%D1%8B)
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ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʦʣʠʪʠʢʝ, ï ʧʫʩʪʴ, ʨʘʩʭʦʜʳ ʷ ʧʦʢʨʦʶò. ʅʦ ʦʩʪʨʦ ʧʝʨʝʞʠ-

ʚʘʣ ʫʭʫʜʰʝʥʠʝ ʢʦʥʪʘʢʪʘ ʩ ʨʘʙʦʯʠʤʠ, ʞʘʣʦʚʘʣʩʷ ʞʝʥʝ: ñɼʘʚʘʡ ʫʝʜʝʤ, 

ʣʫʯʝh ʙʳʪʴ ʢʦʥʜʫʢʪʦʨʦʤ ʪʨʘʤʚʘʷ ʚ ʎʶʨʠʭʝ, ʯʝʤ ʤʠʣʣʠʦʥʝʨʦʤ ʚ ʈʦʩ-

ʩʠʠò, ñʅʝʚʝʩʝʣʦ ʪʝʧʝʨʴ ʚ ʈʦʩʩʠʠ, ʘ ʥʘʜʦ ʩʠʜʝʪʴ ʠ ʪʝʨʧʝʪʴò.  

ʋʤʝʨ ɸʣʝʢʩʘʥʜʨ ɺʝʥʠʘʤʠʥʦʚʠʯ ɹʘʨʠ 6 ʘʧʨʝʣ ̫1913 ʛʦʜʘ, ʙʳʣ ʧʦʭʦ-

ʨʦʥʝʥ ʥʘ ʅʝʤʝʮʢʦʤ ʢʣʘʜʙʠʱʝ. ɺ ʛʘʟʝʪʝ ñʋʪʨʦ ʈʦʩʩʠʠò ʧʠʩʘʣʠ: ñɺ 

ʄʦʩʢʚʝ ɸ.ɺ. ɹʘʨʠ ʫʩʪʨʦʠʣ ʢʦʤʧʘʥʠʶ ʢʝʨʦʩʠʥʦʚʦʛʦ ʟʘʚʦʜʘ, ʫʯʨʝʜʠʣ 

ʥʝʬʪʷʥʦʝ ʦ-ʚʦ ʚ ɻʨʦʟʥʦʤ ʠ ʄʳʪʠʱʝʥʩʢʠʡ ʟʘʚʦʜ, ʚʳʩʪʨʦʠʣ ʢʦʪʝʣʴʥʳʡ 

ʟʘʚʦʜ ʙʣʠʟ ʉʠʤʦʥʦʚʘ ʤʦʥʘʩʪʳʨʷ. ʆʨʛʘʥʠʟʘʮʠʷ ʜʝʣʘ ʫ ɹʘʨʠ ʙʳʣʘ ʪʘʢ 

ʦʙʰʠʨʥʘ ʠ ʠʥʪʝʨʝʩʥʘ, ʯʪʦ ʦʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʛ ʩʪʨʦʠʪʴ: ʤʦʩʪʳ ʚ 

ʆʨʝʥʙʫʨʛʝ, ʩʪʘʣʴʥʳʝ ʙʘʨʞʠ ʥʘ ɼʫʥʘʝ ʠ ʧʘʨʦʚʦʟʥʳʝ ʤʘʩʪʝʨʩʢʠʝ ʚ ɺʦ-

ʣʦʛʜʝ. ɺ ʜʨʫʛʦʡ ʩʪʨʘʥʝ ɸ.ɺ. ɹʘʨʠ ʩʪʘʣ ʙʳ ʩʪʘʣʴʥʳʤ ʢʦʨʦʣʸʤ, ʥʦ ʦʥ ʙʳʣ 

ʨʫʩʩʢʠʡ ʧʦ ʜʫʭʫ, ʣʶʙʠʣ ʩʚʦʶ ʨʦʜʠʥʫ ʠ, ʚʦʨʦʯʘʷ ʜʝʩʷʪʢʘʤʠ ʤʠʣʣʠʦʥʦʚ, 

ʣʴʚʠʥʫʶ ʜʦʣʶ ʜʦʭʦʜʦʚ ʦʪʜʘʚʘʣ ʩʚʦʠʤ ʩʦʪʨʫʜʥʠʢʘʤ, ʨʘʙʦʯʠʤ ʠ ʧʦʤʦʛʘʣ 

ʙʝʜʥʳʤ, ʝʛʦ ʩʪʠʧʝʥʜʠʘʪʳ ʥʘʩʯʠʪʳʚʘʣʠʩʴ ʩʦʪʥʷʤʠò [5].  

ʇʦʩʣʝ ʨʝʚʦʣʶʮʠʠ 1917 ʛ. ʬʠʨʤʘ ʠ ʟʘʚʦʜ ʙʳʣʠ ʥʘʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ, 

ñʉʪʨʦʠʪʝʣʴʥʘʷ ʢʦʥʪʦʨʘò ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ñʉʪʘʣʴʤʦʩʪò, ɺ.ɻ. ʐʫʭʦʚ ʨʘ-

ʙʦʪʘʣ ʪʘʤ ʜʦ ʩʘʤʦʡ ʩʤʝʨʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʀʥʩʪʠʪʫʪ ñʎʅʀʀ 

ʇʨʦʝʢʪʩʪʘʣʴʢʦʥʩʪʨʫʢʮʠʷò ʠʤʝʥʠ ʅ.ʇ. ʄʝʣʴʥʠʢʦʚʘ, 40 ʣʝʪ ʚʦʟʛʣʘʚʣʷʚ-

ʰʝʛʦ ʬʠʨʤʫ, ʘʢʘʜʝʤʠʢʘ, ʧʷʪʠʢʨʘʪʥʦʛʦ ʣʘʫʨʝʘʪʘ ʚʳʩʰʠʭ ʧʨʝʤʠʡ ʩʪʨʘʥʳ. 

ʀʥʩʪʠʪʫʪ, ʢʦʪʦʨʦʤʫ ʩʢʦʨʦ ʠʩʧʦʣʥʠʪʩʷ 140 ʣʝʪ, ʜʦʩʪʦʡʥʦ ʧʨʦʜʦʣʞʘʣ ʠ 

ʧʨʦʜʦʣʞʘʝʪ ʪʨʘʜʠʮʠʠ ñʉʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʪʦʨʳ ɹʘʨʠò, ʧʝʨʝʜʦʚʦʡ ʨʦʩ-

ʩʠʡʩʢʦʡ ʠʥʞʝʥʝʨʥʦʡ ʥʘʫʢʠ ï ʚ ʩʘʤʳʭ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʨʦʝʢʪʘʭ.  

ʊʚʦʨʯʝʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ɺʣʘʜʠʤʠʨʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ʐʫʭʦʚʘ ʠ 

ɸʣʝʢʩʘʥʜʨʘ ɺʝʥʠʘʤʠʥʦʚʠʯʘ ɹʘʨʠ ʷʚʣʷʝʪʩʷ ʷʨʢʦʡ ʩʪʨʘʥʠʮʝʡ ʚ ʠʩʪʦʨʠʠ 

ʥʘʰʝʡ ʠʥʞʝʥʝʨʠʠ ʠ ʚʦ ʤʥʦʛʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʘʤ ʧʨʠʤʝʨʦʤ. 
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ʉʋʏɸʉʅɯ ɸʉʇɽʂʊʀ ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʊɸ 

ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʉʀʉʊɽʄ 

ɺ ɽʂʆʃʆɻɯɰ 
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ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ 

ʄʆɼɽʃʖɺɸʅʅʗ ʆʏʀʑɽʅʅʗ ɻʈʋʅʊʋ ɺɯɼ 

ʅɸʌʊʆʇʈʆɼʋʂʊɯɺ ʇʈʀʉʊʈʆɭʄ ʎʀʃɯʅɼʈʀʏʅʆɰ ʌʆʈʄʀ ɿ 

ɹɯʆʉʆʈɹɽʅʊʆʄ çɽʂʆʅɸɼɯʅè. 

ʉʻʤʘʢʘ ʆ.ʄ, ɯʚʘʥʦʚʘ ɯ.ʄ. 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ.  

ʂʣʽʥʮʦʚ ʃ.ʄ. 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʽʥʬʦʨʤʘʮʽʾ ʙʽʟʥʝʩʫ ʽ ʧʨʘʚʘ, ʋʢʨʘʾʥʘ 

ɼʟʶʙʘ ɺ.ɸ. 

 

ʇʨʦʙʣʝʤʘ ʦʯʠʱʝʥʥʷ ʛʨʫʥʪʽʚ ʚʽʜ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ  ʤʘʻ ʚʝʣʠʢʫ ʘʢ-

ʪʫʘʣʴʥʽʩʪʴ ʫ ʟʚôʷʟʢʫ ʟ ʤʽʛʨʘʮʽʻʶ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʽ ʧʦʪʨʘʧʣʷʥʥʷʤ ʾʭ ʜʦ 

ʛʨʫʥʪʦʚʠʭ ʚʦʜ, ʨʽʯʦʢ ʪʘ ʧʠʪʥʦʾ ʚʦʜʠ. 

ʄʝʪʦʶ ʜʦʧʦʚʽʜʽ ʻ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦ-

ʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʢʠ ʦʯʠʱʝʥʥʷ ʛʨʫʥʪʫ   ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʯʥʠʭ ʨʝʢʦ-

ʤʝʥʜʘʮʽʡ ʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ ʛʣʠʙʠʥʥʠʭ ʰʘʨʽʚ ʛʨʫʥʪʫ 

ʙʽʦʩʦʨʙʝʥʪʦʤ, ʨʦʟʪʘʰʦʚʘʥʠʤ ʫ ʨʦʟʨʦʙʣʝʥʦʤʫ [1] ʧʨʠʩʪʨʦʾ (ʜʘʣʽ ʥʦʚʠʡ 

ʧʨʠʩʪʨʽʡ ʟ ʙʽʦʩʦʨʙʝʥʪʦʤ ʘʙʦ ʅʇɹ).  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʫʩʪʘʪʢʫʚʘʥʥʽ, ʷʢʝ ʩʢʣʘ-

ʜʘʣʦʩʴ ʽʟ ʻʤʥʦʩʪʽ 440ʤʤ ʭ 440ʤʤ ʭ 440ʤʤ, ʟʘʧʦʚʥʝʥʦʾ ʧʽʱʘʥʠʤ ʛʨʫʥʪʦʤ.. 

ɺ ʷʢʦʩʪʽ ʟʘʙʨʫʜʥʠʢʘ ʚʠʢʦʨʠʩʪʘʥʦ ʙʝʥʟʠʥ ʤʘʨʢʠ ɸ92. ʇʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥ-

ʪʨʘʮʽʷ ɸ92 ʫ ʛʨʫʥʪʽ ʩʪʘʥʦʚʠʣʘ 87,0242 ʤʛ/ʜʤ3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘ-
ʟʦʢ ʅʇɹ, ʜʽʘʤʝʪʨʦʤ 0,04 ʤ. ʤʽʩʪʠʚ 54,8 ʛ. ʙʽʦʩʦʨʙʝʥʪʫ ʧʨʝʧʘʨʘʪʫ çɽʢʦ-

ʥʘʜʽʥè, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʮʝʥʪʨʽ ʻʤʥʦʩʪʽ. ʇʨʦʮʝʩ ʦʯʠʱʝʥʥʷ ʛʨʫʥʪʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʅʇɹ ʧʨʦʚʦʜʠʚʩʷ ʧʨʦʪʷʛʦʤ 35 ʜʽʙ. ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥ-
ʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʴ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʚʝʜʝʥʦ ʛʨʘʚʽʤʝʪʨʠʯʥʠʤ ʤʝʪʦ-

ʜʦʤ ʟʘ ʤʝʪʦʜʠʢʦʶ ʄɺɺ ˉ 081/12-0725-10 ʫ ɼʝʨʞʘʚʥʽʡ ʝʢʦʣʦʛʽʯʥʽʡ ʽʥ-

ʩʧʝʢʮʽʾ ʫ ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʽ ʥʘ ʢʘʬʝʜʨʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦ-

ʜʦʚʽʜʚʝʜʝʥʥʷ ʏʝʨʥʽʛʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠ-

ʪʝʪʫ. 

ʉʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʛʨʫʥʪʫ (E) ʦʮʽʥʶʚʘʣʘʩʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

    ɽ=ʉ0/ʉʢ                                             (1) 

ʜʝ Co - ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʚʘʯʘ ʫ ʛʨʫʥʪʽ, ʤʛ/ʜʤ3, Ck - 

ʟʘʣʠʰʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʚʘʯʘ ʫ ʛʨʫʥʪʽ, ʤʛ/ʜʤ3.  

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɿʘʣʠʰʢʦʚʘ ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʟʨʘʟʢʽʚ ʛʨʫʥʪʫ ʧʽʩʣʷ ʟʘ-

ʚʝʨʰʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʊʘʙʣ. 1, ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʤʦʞ-

ʣʠʚʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ. 

 

https://uk.wikipedia.org/wiki/%D0%A7%D0%B5%D1%80%D0%BD%D1%96%D0%B3%D1%96%D0%B2%D1%81%D1%8C%D0%BA%D0%B8%D0%B9_%D0%BD%D0%B0%D1%86%D1%96%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D1%83%D0%BD%D1%96%D0%B2%D0%B5%D1%80%D1%81%D0%B8%D1%82%D0%B5%D1%82
https://uk.wikipedia.org/wiki/%D0%A7%D0%B5%D1%80%D0%BD%D1%96%D0%B3%D1%96%D0%B2%D1%81%D1%8C%D0%BA%D0%B8%D0%B9_%D0%BD%D0%B0%D1%86%D1%96%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D1%83%D0%BD%D1%96%D0%B2%D0%B5%D1%80%D1%81%D0%B8%D1%82%D0%B5%D1%82
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ʊʘʙʣʠʮʷ 1 ʆʙôʻʤʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʢʦʥʮʝʥʪʨʘʮʽʡ ʙʝʥʟʠʥʫ 

ˉ 

ʧ/ʧ 

ɺʽʜʩʪʘʥʴ 

ʜʦ ʥʦʩʽʷ 

ʙʽʦʩʦʨ-

ʙʝʥʪʫ, 

L, ʜʤ 

ɿʘ-

ʣʠʰʢʚʘ 

ʢʦʥ-

ʮʝʥʪʨʘ-

ʮʽʷ ʟʘʙ-

ʨʫʜ-

ʥʶʚʘʯʘ

, Ck, 

ʤʛ/ʜʤ3 

ʇʦʯʘʪʢʦʚʘ 

ʢʦʥʮʝʥ-

ʪʨʘʮʽʷ ʟʘʙ-

ʨʫʜʥʶʚʘʯʘ 

Co, 

ʤʛ/ʜʤ3 

ɿʤʝʥʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘ-

ʮʽʾ ʟʘʙʨʫʜ-

ʥʶʚʘʯʘ,Co-

Ck, ʤʛ/ʜʤ3 

ɽʬʝʢʪʠ-

ʚʥʽʩʪʴ ʦʯʠ-

ʱʝʥʥʷ 

ʛʨʫʥʪʫ, 

E, % 

1 0,2 14,7 87,0242 58,635 79,95 

2 0,4 18,15 87,0242 55,185 75,25 

3 0,6 29,16 87,0242 44,175 60,2 

4 0,8 30,225 87,0242 43,11 58,78 

5 1 33,12 87,0242 40,215 54,83 

6 1,2 36,66 87,0242 36,675 50,01 

7 1,4 45,18 87,0242 28,155 38,39 

8 1,6 53,25 87,0242 20,085 27,39 

9 1,8 62,505 87,0242 10,83 14,77 

10 2 72,45 87,0242 0,885 1,2 

ɼʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʝʣʴ 

ʥʝʩʢʽʥʯʝʥʦʛʦ ʮʠʣʽʥʜʨʘ, ʚʽʜʥʦʩʥʦ ʷʢʦʛʦ ʩʠʤʝʪʨʠʯʥʦ ʨʦʟʭʦʜʷʪʴʩʷ ʽʟʦ-

ʢʣʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʙʝʥʟʠʥʫ ʫ ʚʠʛʣʷʜʽ ʢʽʣʝʮʴ ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ..  

ɿʘ ʦʩʥʦʚʫ, ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʧʨʠ ʯʠʩʝʣʴ-

ʥʦʤʫ ʽʥʪʝʛʨʫʚʘʥʥʽ, ʙʫʣʦ ʫʟʷʪʦ ʤʝʪʦʜ ʤʘʩʦʚʠʭ ʙʘʣʘʥʩʽʚ [2,3].  

ʈʦʟʨʘʭʫʥʢʦʚʝ ʨʽʚʥʷʥʥʷ ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʫ ʨʦʟʨʘʭʫʥʢʘʭ  

2

2
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;     (2) 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ: ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʢʦʤʽʨʢʘʭ C1 éC10 = 0,  ; 

ʂʽʥʮʝʚʽ ʫʤʦʚʠ ʚʠʙʠʨʘʣʠʩʷ ʟ ʪʘʙʣʠʮʽ 1  ̫ ʢ ʉ0-ʉʢ (ʄʢʛ/ʉʤ3) ; 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ  ri = ȹrȚi,  i=1, 2,é..10;  Ű= 0,é.,35 (ʜʽʙ); 

ɿʘʜʘʯʘ ʚʠʨʽʰʫʚʘʣʘʩʴ ʷʚʥʠʤ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ. 
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ʂʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ D ʪʘ ʝʬʝʢʪʠʚʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʉ0 ʫ ʧʨʠʩʪʨʦʾ 

ʧʽʜʙʠʨʘʣʘʩʴ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ  çʇʦ-

ʰʫʢ ʨʽʰʝʥʥʷè ʝʣʝʢʪʨʦʥʥʠʭ ʪʘʙʣʠʮʴ Microsoft Excel.  ʆʪʨʠʤʘʥʽ ʧʘʨʘ-

ʤʝʪʨʠ ʤʦʜʝʣʽ: D= 0,48685 Cʤ2/ʜʦʙʫ,  

ɽʬʝʢʪʠʚʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʫ ʧʨʠʩʪʨʦʾ   ʉʦ= 0,087 ʤʢʛ/ʉʤ3, ʦʪʨʠʤʘʥʘ 

ʤʦʜʝʣʴ ʜʠʬʫʟʽʾ ʥʝ ʚʽʜʦʙʨʘʞʘʻ ʘʜʝʢʚʘʪʥʦ ʧʨʦʮʝʩ ʟʥʝʰʢʦʜʞʝʥʥʷ ʙʝʥʟʠʥʫ, 

ʦʪʨʠʤʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʂ2= 0,744842. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʘʜʝʢʚʘʪʥʦʾ ʤʦʜʝʣʽ ʟʘʩʪʦʩʫʻʤʦ ʤʦʜʝʣʴ ʄʘʣʴʪʫʩʘ [4, 

5] ʨʘʟʦʤ ʟ ʤʦʜʝʣʣʶ ʜʠʬʫʟʽʾ.  ɺ ʦʩʥʦʚʽ ʮʽʻʾ ʤʦʜʝʣʽ ʣʝʞʠʪʴ ʧʨʠʧʫʱʝʥʥʷ, 

ʱʦ ʧʨʠʨʽʩʪ ʯʠʩʝʣʴʥʦʩʪʽ ʚʠʜʫ ʟʘ ʯʘʩ t ʧʨʦʧʦʨʮʽʡʥʠʡ ʮʽʡ ʯʠʩʝʣʴʥʦʩʪʽ ʡ 

ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ, ʟʘ ʷʢʠʡ ʚʽʜʙʫʚʩʷ ʧʨʠʨʽʩʪ: 

   

Xr
dt

dX
Ö= ,                                                     (3) 

ʜʝ r - ʢʦʥʩʪʘʥʪʘ ʚʣʘʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʧʦʧʫʣʷʮʽʾ.  

ʈʽʰʝʥʥʷʤ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʻ ʬʫʥʢʮʽʷ: 

  )exp()( 0 trXtX ÖÖ=                                          (4) 

ʜʝ X0 - ʧʦʯʘʪʢʦʚʘ ʯʠʩʝʣʴʥʽʩʪʴ ʧʦʧʫʣʷʮʽʾ. 

ɿʘʤʽʩʪʴ ʧʦʯʘʪʢʦʚʦʾ ʯʠʩʝʣʴʥʦʩʪʽ ʧʦʧʫʣʷʮʽʾ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʥʝʰʢʦʜʞʝʥʦʛʦ ʙʝʥʟʠʥʫ ʫ ʦʙô̒ ʤʽ ʢʽʣʴʮʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʝ-

ʨʝʪʚʦʨʠʤʦ ʨʽʚʥʷʥʥʷ 2 ʫ ʥʘʩʪʫʧʥʠʡ ʚʠʜ 
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ʇʽʩʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʾ çʇʦʰʫʢ ʨʽʰʝʥʥʷè ʝʣʝʢʪʨʦʥʥʠʭ ʪʘʙʣʠʮʴ. 

ʆʪʨʠʤʘʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ: 

ʂʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ D=0,020829/0,2= 0,10414633 ʉʤ2/ʜʦʙʫ; 

ɽʬʝʢʪʠʚʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʫ ʧʨʠʩʪʨʦʾ   ʉʦ = 0,0593 ʤʢʛ/ʉʤ3; 

ʂʦʥʩʪʘʥʪʘ ʚʣʘʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʧʦʧʫʣʷʮʽʾ  

r =0,112669/0,2= 0,0579  1/ʜʦʙʫ; 

ʈʝʟʫʣʴʪʘʪ ʧʽʜʙʦʨʫ ʤʦʜʝʣʝʡ ʧʨʠʚʝʜʝʥʦ ʥʘ ʛʨʘʬʽʢʫ ʨʠʩ 1. 

ɻʨʘʬʽʢ ʨʠʩ 1 ʽ ʦʪʨʠʤʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʣʽʥʽʡʥʦʾ ʢʦʨʝʣʷʮʽʾ ʂ=0,953941 

ʪʘ ʜʝʪʝʨʤʽʥʘʮʽʽ ʂ2= 0,910004 ʚʢʘʟʫʶʪʴ ʥʘ ʜʦʙʨʝ ʩʧʽʚʧʘʜʽʥʥʷ ʬʘʢʪʠʯʥʠʭ 

ʜʘʥʠʭ ʽ ʤʦʜʝʣʽ ʄʘʣʴʪʫʩʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʜʝʣʴ ʄʘʣʴʪʫʩʘ ʨʘʟʦʤ ʟ ʤʦ-

ʜʝʣʣʶ ʜʠʬʫʟʽʾ ʨʦʟʢʨʠʚʘʻ ʤʝʭʘʥʽʟʤ ʟʥʝʰʢʦʜʞʝʥʥʷ ʙʝʥʟʠʥʫ ʙʘʢʪʝʨʽʷʤʠ, 

ʱʦ ʤʽʛʨʫʶʪʴ ʟ ʧʨʠʩʪʨʦʶ ʫ ʛʨʫʥʪ, ʦʜʥʘʢ ʯʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʶ 

ʤʦʜʝʣʴ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʧʨʦʛʥʦʟʽʚ, ʷʢʱʦ ʩʫʜʠʪʠ ʧʦ ʛʨʘʬʽʢʫ, ʪʦ ʮʷ ʤʦʜʝʣʴ 

ʥʝ ʚʨʘʭʦʚʫʻ ʧʨʦʪʠʜʽʶ ʙʘʢʪʝʨʽʡ, ʱʦ ʤʘʶʪʴʩʷ ʫ ʛʨʫʥʪʽ. ʗʢ ʙʘʯʠʤʦ, ʢʨʠʚʘ 

ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʯʽʪʢʦ ʧʨʷʤʫʻ ʜʦ ʥʠʟʫ, ʘ ʢʨʠʚʘ ʤʦʜʝʣʽ ʄʘʣʴʪʫʩʘ ʫ ʢʽʥʮʽ 

ʟʘʛʠʥʘʻʪʴʩʷ ʜʦ ʛʦʨʠ, ʱʦ ʧʨʦʪʠʨʽʯʠʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʠʤ. 
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ʈʠʩ 1  ʇʦʨʽʚʥʷʥʥʷ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʟ ʨʦʟʨʦʙʣʝʥʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʄʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʨʦʟʨʦʙʣʝʥʘ ʧʦʣʽʥʦʤʽʘʣʴʥʘ ʤʦʜʝʣʴ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʚʠʜʫ 

ʉ(ʤʢʛ/ʩʤ3)=-0,00009134r2 - 0,001017858r + 0,07274845,                       (6) 

ʗʢʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ 1, ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʤʦ-

ʜʝʣʽ ʂ2= 0,983 . ʎʷ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʟʥʝʰʢʦʜʞʝʥʥʷ ʙʝʥ-

ʟʠʥʫ ʽ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʘʢʪʠʯʥʦʾ ʽʥʞʝʥʝʨʥʦʾ ʤʝʪʦʜʠʢʠ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ [1]. 
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ʋɼʂ 532.517 

ʄʆɼɽʃʖɺɸʅʅʗ ɿʄɯʅ ʂʆʅʎɽʅʊʈɸʎɯɰ 137CS ɺ 

ʉɽʈɽɼɿɽʄʅʆʄʆʈʉʔʂʆʄʋ ɹɸʉɽʁʅɯ ʇʈʆʊʗɻʆʄ 1945 - 2020 

ʈʆʂɯɺ 

ʈ.ɺ. ɹʝʞʝʥʘʨ, ɺ.ʉ. ʄʘʜʝʨʠʯ 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʽ ʩʠʩʪʝʤ, ʋʢʨʘʾʥʘ 

 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 137Cs ʫ ʚʦʜʽ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʪʘ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟ-

ʤʘʭ ʉʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʧʨʦʪʷʛʦʤ 1945-2020 ʨʦʢʽʚ. ʆʩʦʙʣʠ-

ʚʽʩʪʶ ʜʘʥʦʛʦ ʙʘʩʝʡʥʫ, ʱʦ ʚʢʣʶʯʘʻ ʉʝʨʝʜʟʝʤʥʝ, ʏʦʨʥʝ, ʄʘʨʤʫʨʦʚʝ ʪʘ 

ɸʟʦʚʩʴʢʝ ʤʦʨʷ, ʻ ʩʢʣʘʜʥʠʡ ʜʚʦʩʪʦʨʦʥʥʽʡ ʚʦʜʦʦʙʤʽʥ ʤʽʞ ʤʦʨʷʤʠ ʯʝʨʝʟ 

ʚʫʟʴʢʽ ʧʨʦʪʦʢʠ, ʘ ʪʘʢʦʞ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʨʘʜʽʦ-

ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ (ʏɸɽʉ) 1986 

ʨʦʢʫ.  

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʢʘʤʝʨʥʘ ʤʦʜʝʣʴ POSEIDON-R 

[1, 2], ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʦʾ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʦʜʥʦʯʘʩʥʦʛʦ ʨʦʟʨʘʭʫ-

ʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʦʜʽ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʤʘʭ. ʄʦʜʝʣʴ POSEIDON-R ʦʧʠʩʫʻ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ ʷʢ ʩʠʩ-

ʪʝʤʫ ʢʘʤʝʨ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʦʞʝ ʤʽʩʪʠʪʠ ʙʫʜʴ-ʷʢʫ ʢʽʣʴʢʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʰʘʨʽʚ ʚʦʜʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʪʨʠʚʠʤʽʨʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʇʝʨʝ-

ʥʦʩ ʨʦʟʯʠʥʝʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʽʞ ʢʘʤʝʨʘʤʠ ʦʧʠʩʫʻʪʴʩʷ ʧʦʪʦʢʘʤʠ ʚʦʜʠ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʮʝʩʘʤ ʘʜʚʝʢʮʽʾ ʽ ʜʠʬʫʟʽʾ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʰʘʨʽʚ ʚʦʜʠ, ʢʦʞʥʘ ʢʘʤʝʨʘ ʤʽʩʪʠʪʴ 3 ʰʘʨʠ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. ɼʣʷ ʦʧʠʩʫ 

ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʠ-

ʥʘʤʽʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʘʥʮʶʞʢʽʚ ʞʠʚʣʝʥʥʷ ʜʣʷ ʧʦʚʝʨʭʥʝ-

ʚʠʭ ʽ ʜʦʥʥʠʭ ʦʨʛʘʥʽʟʤʽʚ. 

ʉʪʚʦʨʝʥʘ ʩʠʩʪʝʤʘ ʢʘʤʝʨ ʜʣʷ ʉʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʦʛʦ ʙʘʩʝʡʥʫ (ʨʠʩ. 1) 

ʚʢʣʯʁʘʻ 61 ʢʘʤʝʨʫ ʚ ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ, 45 ʢʘʤʝʨ ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ, ʄʘ-

ʨʤʫʨʦʚʝ ʤʦʨʝ, ɸʟʦʚʩʴʢʝ ʤʦʨʝ, ɼʥʽʧʨʦ-ɹʫʟʴʢʠʡ ʣʠʤʘʥ ʪʘ 4 ʜʦʜʘʪʢʦʚʽ ʢʘ-

ʤʝʨʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʠʪʽʢ ʚʦʜʠ ʟ ʦʩʥʦʚʥʠʭ ʨʽʯʦʢ ʙʘʩʝʡʥʫ: ɼʥʽʧʨʘ, ɼʫ-

ʥʘʶ, ʈʦʥʠ ʽ ʇʦ. ʊʘʢʦʞ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʚ'ʷʟʦʢ ʟ ɸʪʣʘʥʪʠʯʥʠʤ ʦʢʝʘʥʦʤ ʯʝ-

ʨʝʟ ʧʨʦʪʦʢʫ ɻʽʙʨʘʣʪʘʨ. ɼʣʷ ʦʧʠʩʫ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʦʟʧʦʜʽʣʫ ʘʢ-

ʪʠʚʥʦʩʪʽ ʚ ʤʦʨʷʭ ʢʘʤʝʨʠ ʙʫʣʠ ʧʦʜʽʣʝʥʽ ʥʘ ʯʦʪʠʨʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʘʨʠ: 

ʧʦʚʝʨʭʥʝʚʠʡ (ʛʣʠʙʠʥʦʶ 25 ʤ), ʧʨʠʧʦʚʝʨʭʥʝʚʠʡ (ʚʽʜ 25 ʜʦ 100 ʤ), ʩʝʨʝ-

ʜʥʽʡ (ʚʽʜ 100 ʜʦ 500 ʤ) ʽ ʛʣʠʙʠʥʥʠʡ (ʚʽʜ 500 ʤ ʜʦ ʜʥʘ). ʅʘ ʨʠʩ. 1 ʛʣʠʙʦ-

ʢʦʚʦʜʥʽ ʢʘʤʝʨʠ, ʱʦ ʤʽʩʪʷʪʴ ʚʩʽ 4 ʚʝʨʪʠʢʘʣʴʥʽ ʰʘʨʠ, ʧʦʟʥʘʯʝʥʽ ʪʝʤʥʠʤ 

ʚʽʜʪʽʥʢʦʤ, ʢʘʤʝʨʠ ʟ ʪʨʴʦʤʘ ʪʘ ʜʚʦʤʘ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʰʘʨʘʤʠ ï ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʠʤʠ ʪʘ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʧʦʣʦʩʘʤʠ, ʚʽʜʧʦʚʽʜʥʦ, ʤʽʣʢʦʚʦʜʥʽ ʢʘʤʝʨʠ ï 
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ʙʽʣʠʤ ʢʦʣʴʦʨʦʤ. ʇʦʪʦʢʠ ʚʦʜʠ ʤʽʞ ʢʘʤʝʨʘʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʫʩʝʨʝʜʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʘʥʘʣʽʟʫ ʟʘ 2005-2014 ʨʦʢʠ ʜʣʷ ʏʦʨʥʦʛʦ 

ʤʦʨʷ ʪʘ ʟʘ 1990-1999 ʨʦʢʠ ʜʣʷ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ [3]. 

 

 
ʈʠʩ. 1. ʉʠʩʪʝʤʘ ʢʘʤʝʨ ʉʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʚ ʤʦʜʝʣʽ 

POSEIDON-R. 

ɺʝʣʠʯʠʥʠ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs, ʚʠʢʣʠʢʘʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ 

ʷʜʝʨʥʦʾ ʟʙʨʦʾ, ʙʫʣʠ ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ ʢʘʤʝʨʠ ʥʘ ʦʩʥʦʚʽ ʱʦʨʽʯʥʠʭ ʜʘʥʠʭ ʛʫʩ-

ʪʠʥʠ ʚʠʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʧʣʘʥʝʪʠ ʤʽʞ 30ʦ ʽ 40 ʦ ʪʘ 40 ʦ ʽ 50 ʦ ʧʽʚʥʽʯʥʦʾ 

ʰʠʨʦʪʠ [4], ʪʘ ʧʦ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʠʧʘʜʽʥʥʷ ʥʘ ɯʪʘʣʽʡʩʴʢʽ ʤʦʨʷ [5]. ʇ̔ -

ʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ ʥʘ ʧʦʚʝʨʭʥʶ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ ʪʨʘʚʥʽ 1986 ʨʦʢʫ ʚʠʧʘʣʦ 

ʜʦ 2400 ʊɹʢ 137Cs [6], ʪʦʜʽ ʷʢ ʚʝʣʠʯʠʥʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʥʘ ʉʝʨʝ-

ʜʟʝʤʥʝ ʤʦʨʝ ʩʢʣʘʣʘ ʙʣʠʟʴʢʦ 2500 ʊɹʢ [7]. ʈʦʟʧʦʜʽʣ ʜʘʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʤʽʞ 

ʢʘʤʝʨʘʤʠ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ ʢʘʨʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʏʦʨʥʦʛʦ ʤʦʨʷ [8] ʪʘ ʟʛʽʜʥʦ ʟ ʚʠʤʽʨʘʤʠ ʚʠʧʘʜʽʥʥʷ ʚ ʉʝʨʝʜʟʝʤʥʦʤʦʨ-

ʩʴʢʠʭ ʢʨʘʾʥʘʭ [9].  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 137Cs ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ ʥʘʚʝ-

ʜʝʥʽ ʚ [10]. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ [11] ʢʦʥʮʝʥ-

ʪʨʘʮʽʾ 137Cs ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʚ ɸʜ-

ʨʽʘʪʠʯʥʦʤʫ ʪʘ ɽʛʝʡʩʴʢʦʤʫ ʤʦʨʷʭ ʚʧʣʠʚ ʯʦʨʥʦʙʠʣʴʩʴʢʦʛʦ ʚʠʧʘʜʽʥʥʷ ʙʫʚ 

ʤʘʢʩʠʤʘʣʴʥʠʤ, ʪʦʜʽ ʷʢ ʚ ʟʘʭʽʜʥʽʡ, ʮʝʥʪʨʘʣʴʥʽʡ ʽ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʘʭ ʉʝʨʝ-

ʜʟʝʤʥʦʛʦ ʤʦʨʷ ʚʽʥ ʙʫʚ ʥʘʚʽʪʴ ʤʝʥʰʠʤ, ʥʽʞ ʚʧʣʠʚ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʜʽʥʥʷ 

(ʨʠʩ. 2). ɼʠʥʘʤʽʢʫ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʫ ʚʩʽʡ ʪʦʚʱʽ ʚʦʜʠ ʚʠʜʥʦ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʨʦʬʽʣʷʭ. ʂʦʨʝʣʷʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ 

[11] ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʨʦʬʽʣʽʚ (ʨʠʩ. 3) ʫ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʤʦʨʷ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʧʦʪʦʢʽʚ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʫ ʚʩʴʦʤʫ ʉʝʨʝʜʟʝʤ-

ʥʦʤʦʨʩʴʢʦʤʫ ʙʘʩʝʡʥʽ. 
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(ʘ) 

 
(ʙ) 

ʈʠʩ. 2. ʂʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ʚʦʜʠ ʚ ʧʽʚʥʽʯʥʽʡ (ʘ) ʽ 

ʮʝʥʪʨʘʣʴʥʽʡ (ʙ) ʯʘʩʪʠʥʘʭ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ (ʢʘʤʝʨʠ 42 ʽ 33, ʚʽʜʧʦ-

ʚʽʜʥʦ). 

 

 
(a) 

 
(ʙ) 

 
(ʚ) 

ʈʠʩ. 3. ʇʨʦʬʽʣʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs ʚ ʟʘʭʽʜʥʽʡ (ʘ), ʮʝʥʪʨʘʣʴʥʽʡ (ʙ) ʽ 

ʩʭʽʜʥʽʡ (ʚ) ʯʘʩʪʠʥʘʭ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ. 

ʋ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʽ ʦʮʽʥʢʠ ʚʢʣʘʜʫ ʢʦʞʥʦʛʦ ʟ ʜʞʝʨʝʣ 137Cs ʥʘ ʡʦʛʦ ʚʤʽʩʪ 

ʫ ʤʦʨʷʭ ʉʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʦʛʦ ʙʘʩʝʡʥʫ. ɿʦʢʨʝʤʘ, ʛʦʣʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʘʢ-

ʪʠʚʥʦʩʪʽ ʜʣʷ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ ʙʫʣʦ ʘʪʤʦʩʬʝʨʥʝ ʚʠʧʘʜʽʥʥʷ, ʪʦʜʽ ʷʢ ʦʩ-

ʥʦʚʥʠʡ ʩʪʽʢ ʤʘʚ ʤʽʩʮʝ ʯʝʨʝʟ ɻʽʙʨʘʣʪʘʨʩʴʢʫ ʧʨʦʪʦʢʫ. ʉʪʘʥʦʤ ʥʘ 2010 ʨʽʢ ʫ 

ʉʝʨʝʜʟʝʤʥʦʤʫ ʤʦʨʽ ʟʘʣʠʰʘʣʦʩʷ 1440 ʊɹʢ 137Cs ʯʦʨʥʦʙʠʣʴʩʴʢʦʛʦ ʧʦʭʦ-

ʜʞʝʥʥʷ ʽ 4590 ʊɹʢ ʚʽʜ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ, ʪʦʜʽ ʷʢ ʫ ʏʦʨʥʦʤʫ ʤʦʨʽ 

ʦʪʨʠʤʘʥʝ ʧʨʦʪʠʣʝʞʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 1390 ʊɹʢ ʯʦʨʥʦʙʠʣʴʩʴʢʦʛʦ ʧʦʭʦ-

ʜʞʝʥʥʷ ʽ 820 ʊɹʢ ʚʽʜ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ. 

ʈʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʘ ʧʽʜʪʨʠʤʢʠ ʄɸɻɸʊɽ (ʧʨʦʝʢʪ CRP K41017 

çBehavior and Effects of Natural and Anthropogenic Radionuclides in the 

Marine Environment and their use as Tracers for Oceanography Studiesè). 

 

ʃʽʪʝʨʘʪʫʨʘ: 

1. Lepicard S., Heling R., Maderich V. POSEIDON-R/RODOS models 

for radiological assessment of marine environment after accidental releases: 

application to coastal areas of the Baltic, Black and North Seas // Journal of 

Environmental Radioactivity, 2004. ï Vol. 72. ï P. 153-161. 

2. Bezhenar R., Jung K.T., Maderich V, Willemsen S., de With G., Qiao 

F. Transfer of radiocaesium from contaminated bottom sediments to marine 



31 

 

organisms through benthic food chain in post-Fukushima and post-Chernobyl 

periods // Biogeosciences, 2016 ï Vol. 13. ï P. 3021-3034. 

3. CMEMS (Copernicus Marine Environment Monitoring Service), 2018. 

http://marine.copernicus.eu/web/69-interactive-catalogue.php. 

4. UNSCEAR, United Nations Scientific Committee on the Effect of 

Atomic Radiation. Exposures of the public from man-made sources of radia-

tion. United Nations, New York, 2000. 

5. Buffoni G., Cappelletti A. On the accumulation-dispersion processes 

of the tracer 137Cs in the Italian Seas // Journal of Environmental Radioactiv-

ity, 1997. ï Vol. 37, No 2. ï P. 155-173. 

6. Egorov V.N., Povinec P.P., Polikarpov G.G., Stokozov N.A., Gulin 

S.B., Kulebakina L.G., Osvath I. 90Sr and 137Cs in the Black Sea after the 

Chernobyl NPP accident: inventories, balance and tracer applications // Jour-

nal of Environmental Radioactivity, 1999. ï Vol. 43. ï P. 137-155. 

7. Papucci C., Charmasson S., Delfanti R., Gasco C., Mitchell P., 

Sanchez-Cabeza J.A. Time evolution and levels of manmade radioactivity in 

the Mediterranean Sea. In óRadionuclides in the Oceansô, eds P. Guegueniat, 

P. Germain, and H. Metivier, Les Editions de Physique, Les Ulis, 1996, p. 

177. 

8. Stepanets O.V., Komarevsky V.M., Borisov A.P., Karpov V.S., Chud-

inovskikh T.V., Batrakov G.F., Eremeev V.N. Distribution of artificial radi-

onuclides in the Black Sea and Mediterranean Sea in 1989-1990 // Physical 

Oceanography, 1993 ï Vol. 4., No 5 ï P. 417-423. 

9. UNSCEAR, United Nations Scientific Committee on the Effect of 

Atomic Radiation. Sources, effects and risks of ionizing radiation. United 

Nations, New York, 1988. 

10. ɹʝʞʝʥʘʨ ʈ.ɺ., ʄʘʜʝʨʠʯ ɺ.ʉ. ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜ-

ʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ // ʊʝʟʠ 

ʜʦʧʦʚʽʜʝʡ ɼʚʘʥʘʜʮʷʪʦʾ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ʄʆɼʉ ó2017. ï 2017. ï C. 109-112. 

11. MARiS (Marine Information System), 2018. Radioactivity and stable 

isotope data in the marine environment. http://maris.iaea.org/ 

 

ʄɽʊʆɼ ɺʀʇɸɼʂʆɺʀʍ ɹʃʋʂɸʅʔ ɼʃʗ ʅɽʆɼʅʆʈɯɼʅʀʍ 

ʊɽʏɯʁ ʊɸ ɼʀʌʋɿɯɰ 

ɹʨʦʚʯʝʥʢʦ ɯ.ʆ., ʂʦʚʘʣʝʮʴ ʉ.ɯ. 

ɯʥʩʪʠʪʫʪ ʇʨʦʙʣʝʤ ʄʘʪʝʤʘʪʠʯʥʠʭ ʄʘʰʠʥ ʽ ʉʠʩʪʝʤ ʅɸʅʋ, ʋʢʨʘʾʥʘ 

 

ʈʦʟʚôʷʟʦʢ ʨiʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ ʤʝʪʦʜʦʤ ʯʘʩʪʠʥʦʢ ʟʚʦʜʠʪʴʩʷ ʜʦ 
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ʜʠʪʴʩʷ ʟʘʛʘʣʴʥʠʡ ʧiʜʭiʜ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʭʝʤ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ ʫ ʪʨʠ-

ʚʠʤiʨʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʨʽʚʥʷʥʥʷ ʘʜʚʝʢʮʽʾ-ʜʠʬʫʟʽʾ ʪʘ ʚʠʚʝʜʝʥʦ ʨiʚʥʷʥʥʷ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨiʚ ʨʦʟʧʦʜiʣʫ ʯʘʩʪʠʥʦʢ ʜʣʷ ʜʚʦʚʠʤiʨʥʠʭ ʪʝʯiʡ. 

ʈʦʟʛʣʷʥʫʪʦ ʜʚʦʚʠʤʽʨʥʝ ʪʘ ʪʨʠʚʠʤʽʨʥʝ ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ ʜʣʷ ʧʦʣʷ 

ʪʝʯʽʾ ʟ ʥʝʦʜʥʦʨʽʜʥʦʶ ʜʠʬʫʟʽʻʶ, ʜʣʷ ʷʢʠʭ ʧʦʙʫʜʦʚʘʥʦ ʩʭʝʤʠ ʚʠʧʘʜʢʦʚʠʭ 

ʙʣʫʢʘʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʯʠʩʣʝʥʥʷ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʪʘ ʜʠʩʧʝʨʩʽʾ ʯʘ-

ʩʪʠʥʦʢ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜiʚ iʥʪʝʛʨʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨiʾ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪi ʚ ʤʝʪʦʜʘʭ ʚʠʧʘʜʢʦʚʠʭ ʙʣʫʢʘʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʧʦʭʠ-

ʙʦʢ, ʧʦʚôʷʟʘʥʠʭ ʟ ʜʠʩʧʝʨʩiʻʶ ʯʘʩʪʠʥʢʠ ʧʨʦʪʷʛʦʤ ʨʫʭʫ. 

ɺʠʚʝʜʝʥʦ ʨiʚʥʷʥʥʷ, ʱʦ ʧʦʚôʷʟʫʶʪʴ ʪʨʘʻʢʪʦʨiʶ ʨʫʭʫ ʪʘ ʜʠʩʧʝʨʩiʶ ʯʘ-

ʩʪʠʥʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʨʦʟʚôʷʟʘʥʥi ʨiʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ ʪʘ ʜʠʬʫʟiʾ ʤʝ-

ʪʦʜʦʤ ʚʠʧʘʜʢʦʚʠʭ ʙʣʫʢʘʥʴ ʮʝʥʪʨ ʤʘʩ ʘʥʩʘʤʙʣʶ ʯʘʩʪʠʥʦʢʥʝ ʩʣiʜʫʻ 

ʪʦʯʥʦ ʣiʥiʷʤ ʪʦʢʫ, ʱʦ ʧʦʙʫʜʦʚʘʥi ʟʘ ʚʝʢʪʦʨʥʠʤ ʧʦʣʝʤ ʪʝʯʽʡ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʭʝʤ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ ʪʦʯʥʦʩʪi ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʪʨʘʻʢʪʦʨʽʾ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʜʠʩʧʝʨʩʽʾ ʤʦʞʝ ʚʥʝʩʪʠ ʙiʣʴʰʫ ʧʦʭʠʙʢʫ, ʘʥiʞ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʭʝʤʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʪʦʯʥʦʩʪi. 

 ʆʪʨʠʤʘʥi ʨiʚʥʷʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥi ʧʨʠ ʧʦʙʫʜʦʚi ʤʝʪʦʜiʚ 

ʚʠʧʘʜʢʦʚʠʭ ʙʣʫʢʘʥʴ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪi. ʉʧʨʘʚʝʜʣʠʚiʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʨiʚʥʷʥʴ ʜʦʚʝʜʝʥʦ ʘʥʘʣiʪʠʯʥʠʤʠ ʨʦʟʚôʷʟʢʘʤʠ ʦʢʨʝʤʠʭ ʜʚʦʚʠʤiʨʥʠʭ ʟʘ-

ʜʘʯ.  
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ʋɼʂ 517.957 

ʆʎɯʅʂɸ ɽʌɽʂʊʀɺʅʆʉʊɯ ɺʆɼʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ʇʈʀʅʎʀʇɯɺ ɺʆɼʅʆɻʆ ʂɽʈʋɺɸʅʅʗ ʆɽʉʈ ʊɸ 

ɯʅɼʀʂɸʊʆʈɯɺ ɺʆɼʅʀʍ ʎɯʃɽʁ ʉʊɸʃʆɻʆ ʈʆɿɺʀʊʂʋ 

ɸ.ʆ.ɼʝʤʠʜʝʥʢʦ 

ɻʣʦʙʘʣʴʥʝ ɺʦʜʥʝ ʇʘʨʪʥʝʨʩʪʚʦ ï ʋʢʨʘʾʥʘ, 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʪʘ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ɿʘ ʦʩʪʘʥʥʽ 25 ʨʦʢʽʚ ʢʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʪʘ ʦʙʩʷʛʠ ʚʠʨʦʙʥʠʮʪʚʘ ʚ 

ʋʢʨʘʾʥʽ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʣʠʩʷ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʽʩʪʦʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ʚʦʜʦ-

ʩʧʦʞʠʚʘʥʥʷ (ʟ 30 ʢʤ3 ʫ 1990 ʜʦ <9,7 ʢʤ3 ʫ 2015 ʨʦʮʽ) ʽ ʩʢʠʜʽʚ ʩʪʽʯʥʠʭ 

ʚʦʜ ʨʽʟʥʠʤʠ ʛʘʣʫʟʷʤʠ ʝʢʦʥʦʤʽʢʠ (ʟ 18 ʢʤ3 ʫ 1990ʭ ʜʦ 5,3 ʢʤ3 ʫ 2015 

ʨʦʮʽ). ʇʨʦʪʝ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʥʫ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʜʦʩʪʫʧʫ 

ʜʦ ʯʠʩʪʦʾ ʧʠʪʥʦʾ ʚʦʜʠ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʥʘʚʧʘʢʠ, ʚʽʜʤʽʯʘʶʪʴʩʷ ʥʝʛʘ-

ʪʠʚʥʽ ʪʝʥʜʝʥʮʽʾ ʚʠʩʥʘʞʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʜʝʛʨʘʜʘʮʽʾ ʚʦʜʥʠʭ ʝʢʦʩʠ-

ʩʪʝʤ ʪʘ ʧʦʩʠʣʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥ ʢʣʽʤʘʪʫ ʩʘʤʝ ʯʝʨʝʟ ʚʦʜʫ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʜʽʶʯʦʾ ʩʠʩʪʝʤʠ ʚʦʜ-

ʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʽʩʥʫʶʯʠʤ ʪʘ ʚʠʥʠʢʘʶʯʠʤ ʚʠʢʣʠʢʘʤ 

ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʝʚʽʜʚʦʨʦʪʥʠʭ ʽ ʥʝʧʝʨʝʙʦʨʥʠʭ ʟʘʛʨʦʟ ʫ ʚʦʜʥʦʤʫ ʩʝʢʪʦʨʽ. ʅʘ 

ʞʘʣʴ, ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʚʦʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʝ ʻ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʽʾ ʚ 

ʫʢʨʘʾʥʩʴʢʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ.  

ɯʩʥʫʶʯʝ ʫʢʨʘʾʥʩʴʢʝ ʨʦʟʫʤʽʥʥʷ ʚʦʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʚʦʜʠʪʴ ʡʦʛʦ ʜʦ 

ʧʨʘʚʦʟʘʩʪʦʩʫʚʘʥʥʷ, ʢʦʥʪʨʦʣʶ ʟʘ ʜʦʪʨʠʤʘʥʥʷʤ ʥʦʨʤ ʽ ʩʪʘʥʜʘʨʪʽʚ/ɻɼʂ 

[1]: çʦʩʥʦʚʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʻ ʢʦʥʪʨʦʣʴ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʠʭ ʥʦʨʤʘʪʠʚʽʚ ʟʘʙʨʫʜʥʝʥʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦ-

ʚʠʱʘ. ɽʢʦʣʦʛʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʟʦʚʽ ʩʪʘʥʜʘʨʪʠ, ʜʦʜʝʨ-

ʞʘʥʥʷ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽè.  
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ʋ ʩʚʽʪʽ ʫʩʚʽʜʦʤʣʝʥʥʷ ʪʦʛʦ, ʱʦ ʫʧʨʘʚʣʽʥʥʷ ʯʝʨʝʟ ʢʦʥʪʨʦʣʴ ʜʦʪʨʠ-

ʤʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʥʘ ñʢʽʥʮʽ ʪʨʫʙʠò - ʪʦʙʪʦ, ʢʦʣʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʞʝ ʚʠ-

ʥʠʢʣʦ, ʤʘʻ ʚʥʫʪʨʽʰʥʽ ʥʝʧʦʜʦʣʘʥʽ ʧʨʦʙʣʝʤʠ, ʧʨʠʟʚʝʣʦ ʜʦ ʯʠʩʣʝʥʥʠʭ 

ʩʧʨʦʙ ʧʝʨʝʥʝʩʪʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʧʦʯʘʪʦʢ ʪʨʫʙʠ, ʘ ʩʘʤʝ, ʟʘʧʦʙʽʛʘʪʠ ʟʘʙ-

ʨʫʜʥʝʥʥʶ ʥʘ ʩʪʘʜʽʾ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʨʽʰʝʥʴ, ʜʦ ʪʦʛʦ, ʷʢ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʥʠʢʣʦ, ʙʦ ʢʦʣʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʥʠʢʣʦ, 

ʡʦʛʦ ʧʽʟʥʦ ʨʝʛʫʣʶʚʘʪʠ, ʚʦʥʦ ʚʩʝ ʦʜʥʦ ʧʦʪʨʘʧʠʪʴ ʚ ʪʝ ʯʠ ʽʥʰʝ ʩʝʨʝʜʦ-

ʚʠʱʝ ï ʚʦʜʫ, ʧʦʚʽʪʨʷ ʯʠ ʟʝʤʣʶ. ʎʝ ʙʫʣʦ ʦʜʥʽʻʶ ʟ ʧʝʨʰʠʭ ʧʝʨʝʜʫʤʦʚ 

ʚʠʭʦʜʫ ʟʘ ʤʝʞʽ ʧʨʘʚʦʟʘʩʪʦʩʫʚʘʥʥʷ ï çʛʨʠ ʟ ʥʫʣʴʦʚʦʶ ʩʫʤʦʶè ʤʽʞ ʟʘʙ-

ʨʫʜʥʶʚʘʯʘʤʠ ʽ ʢʦʥʪʨʦʣʝʨʘʤʠ, ʽ ʧʝʨʝʭʦʜʫ ʜʦ ʜʦʙʨʦʚʽʣʴʥʦʛʦ ʽʥʪʝʛʨʦʚʘ-

ʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ï ʽʥʪʝʛʨʘʮʽʾ ʚʩʽʭ ʚʦʜʦʢʦʨʠʩʪʫʚʘʯʽʚ, ʽʥʪʝʛʨʘ-

ʮʽʾ ʚʩʽʭ ʚʦʜ, ʧʝʨʝʭʦʜʽ ʚʽʜ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʢʦʨʜʦʥʽʚ ʜʦ ʛʽʜʨʦʛʨʘʬʽʯʥʠʭ, 

ʚʽʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ. ɿ ʮʴʦʛʦ ʨʦʟʫʤʽʥʥʷ 

ʥʘʨʦʜʠʣʦʩʴ ʩʫʯʘʩʥʝ, ʮʽʣʝ-ʦʨʽʻʥʪʦʚʘʥʝ ʚʠʟʥʘʯʝʥʥʷ ɯʋɺʈ: ñɯʥʪʝʛʨʦʚʘʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ï ʢʦʦʨʜʠʥʘʮʽʷ ʜʽʷʣʴʥʦʩʪʽ ʜʣʷ ʜʦʩʷʛ-

ʥʝʥʥʷ ʩʧʽʣʴʥʠʭ  ʮʽʣʝʡ ʟ ʨʦʟʚʠʪʢʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠò. 

ʉʘʤʝ ʮʝ ʜʦʟʚʦʣʠʣʦ ʚʠʨʦʙʠʪʠ ʧʨʘʮʶʶʯʝ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ï 

ʥʝ ʣʠʰʝ ʷʢ ʜʦʪʨʠʤʘʥʥʷ ʥʦʨʤ ʽ ʩʪʘʥʜʘʨʪʽʚ ʟʘʙʨʫʜʥʝʥʥʷ, ʘ ʷʢ ʜʦʩʷʛʥʝʥʥʷ 

ʩʧʽʣʴʥʠʭ ʮʽʣʝʡ (ʧʝʨʰ ʟʘ ʚʩʝ ʜʦʙʨʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ) ʚʦʜʥʦʛʦ ʫʧʨʘʚ-

ʣʽʥʥʷ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʯʠʥʦʤ ʚ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʨʦʜʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥ-

ʥʠʭ ʫʤʦʚʘʭ. 

ɻɺʇ-ʋʢʨʘʾʥʘ ʚʚʘʞʘʻ, ʱʦ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʠʯʠʥ ʩʠʪʫʘʮʽʾ, ʱʦ 

ʩʢʣʘʣʘʩʷ, ʻ ʥʝʝʬʝʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʛʘʣʫʟʝʚʦʛʦ, ʜʝʟʽʥʪʝʛʨʦʚʘʥʦʛʦ ʫʧʨʘʚ-

ʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʷʢʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʽʩʥʫʶʯʠʤ ʪʘ ʚʠʥʠʢʘʶʯʠʤ 

ʚʠʢʣʠʢʘʤ ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʝʚʽʜʚʦʨʦʪʥʠʭ ʽ ʥʝʧʝʨʝʙʦʨʥʠʭ ʟʘʛʨʦʟ ʫ ʚʦʜʥʦʤʫ 

ʩʝʢʪʦʨʽ. ʇʨʠʯʠʥʘ ʥʝʧʽʜʛʦʪʦʚʣʝʥʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ð ʦʨʽʻʥʪʘʮʽʷ 

ʥʘ ʪʨʘʜʠʮʽʡʥʝ ʨʦʟʫʤʽʥʥʷ ʚʦʜʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʷʢ ʨʝʘʢʪʠʚʥʦʛʦ ʧʨʘʚʦʟʘ-

ʩʪʦʩʫʚʘʥʥʷ, ʜʦʪʨʠʤʘʥʥʷ ʥʦʨʤ ʽ ʩʪʘʥʜʘʨʪʽʚ ɻɼʂ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, 

ʷʢʘ ʨʦʟʫʤʽʻʪʴʩʷ, ʷʢ ʚʽʜʩʫʪʥʽʩʪʴ ʨʠʟʠʢʽʚ, ʪʘ ʟʚʝʜʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠ-

ʢʘʤʠ ʜʦ ʝʣʽʤʽʥʘʮʽʾ ʟʘʛʨʦʟ ʰʣʷʭʦʤ ʟʘʭʦʜʽʚ ʧʦʩʪʬʘʢʪʫʤ ʟʘʤʽʩʪʴ ʧʨʦʘʢʪʠʚ-

ʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʦʙʦʤʘ ʤʥʦʞʥʠʢʘʤʠ ʨʠʟʠʢʫ - ʽ ʟʘʛʨʦʟʦʶ, ʽ ʚʧʣʠʚʦʤ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʭʦʜʽʚ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʦʜʥʦʛʦ ʫʧʨʘʚ-

ʣʽʥʥʷ ʰʣʷʭʦʤ ʨʝʬʦʨʤʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜ-

ʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ɻɺʇ-ʋʢʨʘʾʥʘ ʦʨʛʘʥʽʟʫʚʘʣʘ ʫ 2016ï2017 ʨʦʢʘʭ ʥʠʟʢʫ 

ʢʨʫʛʣʠʭ ʩʪʦʣʽʚ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʟʘʽʥʪʝʨʝʩʦʚʘʥʠʭ ʩʪʦʨʽʥ. 

ʇʽʜ ʯʘʩ ʦʙʛʦʚʦʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʇʨʠʥʮʠʧʠ ʚʦʜʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʆɽʉʈ ʪʘ ɺʦʜʥʽ ʎʽʣʽ ʉʪʘʣʦʛʦ ʈʦʟʚʠʪʢʫ ʆʆʅ. ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚ ʫʤʦ-

ʚʘʭ ʧʝʨʝʭʦʜʫ ʜʦ ʩʪʘʣʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʥʝʦʙʭʽʜʥʦ 

ʟʤʽʥʠʪʠ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʪʘ ʢʦʤʧʝʪʝʥʮʽʾ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʪʘ ʩʪʨʫʢʪʫʨ ʩʠ-

ʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʢʦʥʪʝʢʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝ-

ʛʨʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʦʩʪʘʪʦʯʥʦ ʨʝʦʨʛʘʥʽʟʫʚʘʪʠ 
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ɺʦʜʛʦʩʧ ʟ ʡʦʛʦ ʤʽʩʽʻʶ çʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʦʩʪʘʯʘʥʥʷ ʪʘ ʙʝʟ-

ʧʝʢʠ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʟʘʢʦʥʦʜʘʚʩʪʚʘè ʫ ɺʦʜʘʛʝʥʪʩʪʚʦ ʟ ʤʽʩʽʻʶ çɿʘʙʝʟʧʝ-

ʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʪʘ ʩʪʘʣʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ʩʘʥʽʪʘʨʽʻʶ 

ʜʣʷ ʚʩʽʭè. 

ɼʘʥʘ ʩʪʘʪʪʷ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʤʘʪʝʨʽʘʣʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʮʠʭ ʦʙʛʦʚʦʨʝʥʴ, 

ʷʢʽ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʤʘʪʝʨʽʘʣʘʭ ɻɺʇ-ʋʢʨʘʾʥʘ [2] ʪʘ [3]. 
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ʋɼʂ 532.517 

ɺɽʈʀʌɯʂɸʎɯʗ ɻɯɼʈʆɼʀʅɸʄɯʏʅʆɰ ʄʆɼɽʃɯ OPENFOAM ɼʃʗ 

ʋʄʆɺ ɽʂʉʇɽʈʀʄɽʅʊʋ ɿ ɸʊʄʆʉʌɽʈʅʆɰ ɼʀʉʇɽʈʉɯɰ MUST 

ʆ.ɺ. ʍʘʣʯʝʥʢʦʚ, ɯ.ɺ. ʂʦʚʘʣʝʮʴ 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʪʘ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ɻʽʜʨʦʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʚʩʝ ʰʠʨʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʩʝʨʝʜ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ (ʥʘʧʨʠʢʣʘʜ, 

[1]). ɿʘʙʫʜʦʚʘ ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ ʧʫʣʴʩʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʪʘ ʚʠʭʨʦʚʽ ʨʫʭʠ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʟʙʫʨʝʥʠʤ ʛʨʘʥʠʯʥʠʤ ʰʘʨʦʤ ʘʪʤʦʩʬʝʨʠ. ʇʨʷʤʝ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʮʠʭ ʷʚʠʱ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʝʤʦʞʣʠʚʝ, ʪʦʤʫ ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝ-

ʨʝʤʽʰʫʚʘʥʥʷ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʚʝʨʠʬʽʢʘʮʽʾ. ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʛʽʜʨʦʜʠ-

ʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ Openfoam (www.openfoam.com) ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠ-

ʩʪʦʚʫʚʘʣʠʩʷ ʜʘʥʽ ʚʽʜʪʚʦʨʝʥʥʷ ʧʦʣʴʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ MUST ʚ ʘʝʨʦʜʠ-

ʥʘʤʽʯʥʽʡ ʪʨʫʙʽ ñWOTANò ʋʥʽʚʝʨʩʠʪʝʪʫ ɻʘʤʙʫʨʛʫ [2]. ʃʘʙʦʨʘʪʦʨʥʘ ʤʦ-

ʜʝʣʴ ʚʽʜʪʚʦʨʶʚʘʣʘ ʥʘʪʫʨʥʫ ʚ ʤʘʩʰʪʘʙʽ 1 ʜʦ 75 ʽ ʪʦʯʥʦ ʚʽʜʧʦʚʽʜʘʣʘ ʛʝʦ-

ʤʝʪʨʽʾ ʧʦʣʴʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚ ʷʢʦʤʫ ʚ ʷʢʦʩʪʽ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʣʠʩʷ 120 ʢʦʥʪʝʡʥʝʨʽʚ, ʢʦʞʥʠʡ ʜʦʚʞʠʥʦʶ 12.2 ʤ, ʚʠʩʦʪʦʶ 2.54 
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ʤ ʽ ʰʠʨʠʥʦʶ 2.42 ʤʝʪʨʘ. ʂʦʥʪʝʡʥʝʨʠ ʤʦʜʝʣʶʚʘʣʠ ʤʘʡʞʝ ʨʝʛʫʣʷʨʥʫ ʟʘ-

ʙʫʜʦʚʫ. ʄʦʜʝʣʶʚʘʥʥʷ ʚ Openfoam ʧʦʣʷʛʘʣʦ ʫ ʚʽʜʪʚʦʨʝʥʥʽ ʦʜʥʦʛʦ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʟʙʫʨʝʥʦʶ ʰʚʠʜʢʦʩʪʶ ʚʽʪʨʫ ʟ 

ʥʘʧʨʷʤʢʦʤ -45Á ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʨʽʻʥʪʘʮʽʾ çʚʫʣʠʮʴè, ʚʟʜʦʚʞ ʷʢʠʭ 

ʙʫʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʙʫʜʠʥʢʠ, ʽ ʰʚʠʜʢʽʩʪʶ 8ʤ/c ʥʘ ʨʽʚʥʽ ʜʘʭʽʚ. ɼʣʷ ʚʠʤʽʨʽʚ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʘʩʠʚ ʟ 256 ʜʝʪʝʢʪʦʨʽʚ. ɺʝʨʠʬʽʢʘʮʽʷ ʥʘ 

ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ MUST ʧʨʦʚʦʜʠʣʘʩʷ ʽ ʚ ʧʦʧʝʨʝʜʥʽʡ ʨʦʙʦʪʽ [3]. ɺ ʧʦ-

ʧʝʨʝʜʥʽʡ ʨʦʙʦʪʽ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʛʘʨʥʘ ʟʛʦʜʘ ʚʠʤʽʨʽʚ ʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʦʥ-

ʮʝʥʪʨʘʮʽʡ ʽ ʜʦʩʣʽʜʞʝʥʘ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʟʛʫʱʝʥʥʽ ʩʽʪʢʠ. ʋ ʪʦʡ 

ʞʝ ʯʘʩ, ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʚʝʜʝʥʝ ʚ ʧʦʧʝʨʝʜʥʽʡ ʨʦʙʦʪʽ, ʥʝ ʜʦʩʠʪʴ ʜʦʙʨʝ 

ʚ̔ ʜʪʚʦʨʠʣʦ ʧʦʚʦʨʦʪ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʽ ʧʦʣʽʚ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʱʦ ʩʧʦ-

ʩʪʝʨʽʛʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʣʽʧʰʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʪʦʜʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʽ, ʟʦʢʨʝʤʘ, ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʧʦ-

ʚʦʨʦʪʫ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʽʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʟ ʚʘʨʽʶʚʘʥʥʷʤ ʰʠʨʦʢʦʛʦ ʨʷʜʫ 

ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʟʦʢʨʝʤʘ, ï ʚʽʜʦʤʠʭ ʪʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ 

ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ: 

Å ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ (ʛʣʘʜʢʘ ʧʦʚʝʨʭʥʷ, ʰʦʨʩʪʢʫʚʘʪʘ ʧʦʚʝʨʭʥʷ ʧʨʠ ʨʽʟ-

ʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʘ ʰʦʨʩʪʢʦʩʪʽ); 

Å ʄʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ (k-epsilon ʟ ʨʽʚʥʷʥʥʷʤʠ ʜʣʷ ʢʽʥʝʪʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʫʣʴʩʘʮʽʡ ʪʘ ʰʚʠʜʢʦʩʪʽ ʜʠʩʠʧʘʮʽʾ, RNG k-epsilon 

ʦʪʨʠʤʘʥʘ ʥʘ ʦʩʥʦʚʽ ʨʝʥʦʨʤ-ʛʨʫʧʦʚʦʛʦ ʘʥʘʣʽʟʫ, k-ɤ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪ-

ʥʦʩʪʽ ʟ ʨʽʚʥʷʥʥʷʤ ʜʣʷ ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ  ʟʘʤʽʩʪʴ ʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʜʠʩʠʧʘʮʽʾ, ʪʘ ʽʥ.); 

Å ɺʘʨ̔ʁ ʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʩʭʝʤ; 

Å ɺʘʨʽʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ʐʤʽʜʪʘ. 

ɿi ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʘʥʠʤʠ ʚʠʤʽʨʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ 

ʥʘ ʛʽʨʰʝ ʚʽʜʪʚʦʨʝʥʥʷ ʧʦʚʦʨʦʪʫ ʚʽʪʨʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ʢʦ-

ʚʟʘʥʥʷ ʥʘ ʪʚʝʨʜʠʭ ʧʦʚʝʨʭʥʷʭ ʧʨʠʚʦʜʠʪʴ ʜʦ ʷʚʥʦ ʢʨʘʱʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ. ʅʘʡʢʨʘʱʝ ʚʽʜʪʚʦʨʝʥʥʷ 

ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʦʪʨʠʤʫʻʤʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ Rng-kepsilon ʤʦʜʝʣʽ ʪʫʨ-

ʙʫʣʝʥʪʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ʫ ʚʠʛʣʷʜʽ ʧʨʠʩʪʽʥʥʠʭ 

ʬʫʥʢʮʽʡ ʟ ʧʘʨʘʤʝʪʨʦʤ ʰʦʨʩʪʢʦʩʪʽ, ʨʽʚʥʠʤ 0.001ʤ. ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦ-

ʚʘʥʠʭ ʪʘ ʦʪʨʠʤʘʥʠʭ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʨʦʟʧʦʜʽʣʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʩʪʘʥʜʘʨʪ-

ʥʽʡ ʪʘ RNG ʚʝʨʩʽʾ k-eps ʤʦʜʝʣʽ ʧʨʠʚʝʜʝʥʝ ʥʘ ʨʠʩ. 1.  
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ʈʠʩ. 1. ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ (ʙʽʣʽ ʽʟʦʣʽʥʽʾ) ʪʘ ʦʪʨʠʤʘʥʠʭ ʚ ʝʢʩʧʝʨʠ-

ʤʝʥʪʽ (ʯʦʨʥʽ ʽʟʦʣʽʥʽʾ) ʨʦʟʧʦʜʽʣʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʩʪʘʥʜʘʨʪʥʽʡ (ʣʽʚʦʨʫʯ) 

ʪʘ RNG ʚʝʨʩʽʾ k-eps ʤʦʜʝʣʽ (ʧʨʘʚʦʨʫʯ). ʅʘʚʝʜʝʥʦ ʽʟʦʣʽʥʽʾ 0.0001, 0.001 ʽ 

0.005 ʛ/ʤ3. 

ɼʣʷ ʧʦʰʫʢʫ ʜʦʜʘʪʢʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʙʫʣʦ 

ʟʜʽʡʩʥʝʥʝ ʚʘʨʽʶʚʘʥʥʷ ʯʠʩʣʘ ʐʤʽʜʪʘ Sc ʱʦʜʦ ʯʦʪʠʨʴʦʭ ʦʙʨʘʥʠʭ ʢʦʥʬʽ-

ʛʫʨʘʮʽʡ ʨʦʟʨʘʭʫʢʽʚ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʨʝʟʫʣʴʪʘʪʠ. ɺ ʮʽ-

ʣʦʤʫ, Rng k-epsilon ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʚʠʷʚʠʣʘʩʷ ʢʨʘʱʦʶ 

ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ, ʘʣʝ ʡ ʜʦʟʚʦʣʠʣʘ ʦʪʨʠ-

ʤʘʪʠ ʥʘʡʤʝʥʴʰʫ ʥʦʨʤʦʚʘʥʫ ʧʦʭʠʙʢʫ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ (NMSE=0.47 

ʧʨʠ Sc=0.53). 

 

 
ʈʠʩ. 2.  ʅʦʨʤʦʚʘʥʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ NMSE ʢʦʥʮʝʥ-

ʪʨʘʮʽʡ ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʧʘʨʘʤʝʪʨʫ ʐʤʽʜʪʘ. ʅʘʟʚʘ ʨʦʟʨʘʭʫʥʢʽʚ: ʤʦʜʝʣʴ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʪʘ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʥʘ ʪʚʝʨʜʠʭ ʩʪʽʥʢʘʭ  ʢʦʚʟʘʥʥʷ (SLIP) 

ʽ ʧʨʠʩʪʽʥʥʘ ʬʫʥʢʮʽʷ (WALL ). 

ʇʦʜʷʢʠ. 

ʈʦʙʦʪʘ ʧʽʜʪʨʠʤʘʥʘ ʛʨʘʥʪʦʤ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʜʣʷ ʜʦʢʪʦʨʽʚ ʥʘʫʢ. 
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ʋɼʂ 532.517 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɸʊʄʆʉʌɽʈʅʆɻʆ ʇɽʈɽʅʆʉɸ 

ʈɸɼʀʆʋɻʃɽʈʆɼɸ ɺ ʋʏɽʅʀʗʍ ʄɽɾɼʋʅɸʈʆɼʅʆʁ 

ʇʈʆɻʈɸʄʄʓ ɹʀʆʇʈʆʊɸ 

ʀ.ɺ. ʂʦʚʘʣʝʮ 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘ-

ʠʥʳ 

ʋʢʨʘʠʥʩʢʠʡ ʮʝʥʪʨ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʚʦʜʥʳʭ ʧʨʦʝʢʪʦʚ 

 

ɹʀʆʇʈʆʊɸ (www.bioprota.org) ʷʚʣʷʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʦʪʨʫʜʥʠ-

ʯʝʩʪʚʦʤ, ʮʝʣʴ ʢʦʪʦʨʦʛʦ ï ʫʩʪʨʘʥʝʥʠʝ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʥʝʦʧʨʝʜʝʣʝʥ-

ʥʦʩʪʠ ʚ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ 

ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʚʳʟʚʘʥʥʦʛʦ ʚʳʙʨʦʩʦʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦ-

ʪʦʧʦʚ ʠ ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʘʢʪʠʢʠ ʦʙʨʘʱʝ-

ʥʠʷ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ. ʈʘʜʠʦʫʛʣʝʨʦʜ (C-14) ʷʚʣʷʝʪʩʷ ʢʣʶʯʝ-

ʚʳʤ ʨʘʜʠʦʥʫʢʣʠʜʦʤ ʧʨʠ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʛʣʫʙʦʢʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʭʨʘʥʠʣʠʱ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ [1], ʧʦʵʪʦʤʫ 

ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ɹʀʆʇʈʆʊɸ ʧʨʦʚʦʜʷʪʩʷ ʫʯʝʥʠʷ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷ-

ʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʷ ʫʩʠʣʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʜʠʥʘʤʠʢʠ ʵʪʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺ ʨʘʙʦʪʝ [2] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʦʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ 

ʜʠʥʘʤʠʢʠ ʨʘʜʠʦʫʛʣʝʨʦʜʘ, ʚ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʟʘ 

ʩʯʝʪ ʜʳʭʘʥʠʷ, ʧʦʛʣʦʱʝʥʠʝ ʟʘ ʩʯʝʪ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʝ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʝ ʚ ʩʣʦʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ ʚʝʨʠʬʠʢʘʮʠʷ ʵʪʦʡ ʤʦʜʝʣʠ ʙʳʣʘ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʨʘʙʦʪʝ [2] ʪʦʣʴʢʦ ʥʘ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʪʘʙʠʣʴʥʦʛʦ ʫʛ-

ʣʝʨʦʜʘ. ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʉ-14, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʚʝʨʠʬʠʢʘʮʠʠ ʪʘʢʦʡ ʤʦʜʝʣʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ: 

ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ ʪʨʝʭ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʫʨʦʚʥʷʭ ʩ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ ʦʩʨʝʜʥʝʥʠʷ (ʥʝ ʙʦʣʝʝ ʥʝʩʢʦʣʴ-

ʢʠʭ ʯʘʩʦʚ), ʘ ʪʘʢʞʝ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʨʷʜ ʤʠʢʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝ-
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ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʢʣʶʯʘʷ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʦʪʦʢʠ ʠʤʧʫʣʴʩʘ ʠ ʉʆ2. ɺ ʨʘ-

ʙʦʪʝ [3] ʪʘʢʠʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ, ʧʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 

ɹʀʆʇʈʆʊɸ ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʨʷʤʦʝ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʉ-14 ʩ ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʡ 

[4,1]. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ [2], ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʭʦ-

ʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʡ.  
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FLOOD FORECASTING SYSTEM DEVELOPED FOR UKRAINIAN 

PARTS OF PRUT AND SIRET RIVER BASINS 

O. Pylypenko1,2, M. Zheleznyak3, O. Boyko4, I. Kovalets1,2, S. Kivva1,2, 

A. Khalchenkov1,2, O. Mikhalsky1,2, M. Sorokin1,2.   

1Institute of Mathematical Machines and Systems, National Academy of 

Sciences of Ukraine, Ukraine 
2Ukrainian Center of Environmental and Water Projects, Ukraine 
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Prut and Siret rivers are two neighbouring rivers the upper parts of which 

are located in south-western Ukraine on the eastern slopes of the Carpathian 

Mountains. The upper reaches of Prut are located in Ivano-Frankivsk and 

Chernivtsi oblast of Ukraine, while the middle and lower reaches of Prut river 

flow along the border between Moldova and Romania. Most of the Siret river 

basin is located in Romania and only a small portion of its upper part ï in 
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Chernivtsi oblast of Ukraine. Within EC funded project EAST AVERT ñPre-

vention and flood protection in Siret and Prut river basins through the imple-

mentation of a modern monitoring system with automatic stationsò in addi-

tion to the strengthening of the monitoring system in the basins there were 

plans for modernization of the flood forecasting system in all three countries 

of these transboundary basins, as well as the simulation of flood inundation 

zones.  

The modeling system developed for the Ukrainian part of the Prut and 

Siret rivers is based on the chain of the following models.  

1. The regional numerical weather prediction model, based on the cus-

tomization of the open source mesoscale model WRF [1]. The developed 

software system provides automatic computing of the up to 7 day weather 

forecast for the Prut and Siret basins in Ukraine four times per day with spa-

tial resolution 3*3 km. 

 2. The distributed physically based ñrainfallïrunoff modelò TOPKAPI-

UKRAINE predicting the lateral inflow from watershed to river network. The 

parallel code of the model was developed on the basis of the equations of 

TOPKAPI model [2,3].  

3. The flood routing ï river hydrodynamics 1ï D model RIVTOX, de-

ployed in the versions based on the full Saint-Venant equations and its diffu-

sive wave approximation.  

4. The two dimensional model COASTOX_UN [4] of the flow in the river 

channels and within the floodplains, based on the numerical solutions of the 

2D shallow water equation on unstructured grids.  

The specialized software shell HYDROS was developed in Java. Its func-

tions include the coupling of the model chain, data retrieval from data bases 

of the monitoring systems, data transfer from 1D and 2D hydraulic models 

and GIS servers, graphical user interface for each module of the system. Two 

dimensional model COASTOX_UN was used to simulate the flood zoning 

for the 12 sites of these rivers selected on the criteria of the highest risk for 

the population. These results of 2-D modeling were used for the calibration 

of 1-D model RIVTOX customized for whole length of the main river chan-

nels for flood forecasting and operational flood inundation mapping during 

the high floods. The system is installed in the regional operational units of 

Ukrainian Hydrometeorological Service and in the regional branch of Water 

Management Agency of Ukraine for pilot operation and testing. The sources 

of uncertainties of system forecasting are analyzed on the basis of the numer-

ical results and monitoring data received in the initial period of the system 

use in operational mode and on the basis of the archive data/historical sce-

nario consideration. 
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ɼʉʇ çɽʢʦʮʝʥʪʨè, ʋʢʨʘʾʥʘ 

ɭ.ʆ. ɭʚʜʽʥ 

ʌʝʜʝʨʘʣʴʥʝ ʚʽʜʦʤʩʪʚʦ ʟ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʭʠʩʪʫ, ʅʽʤʝʯʯʠʥʘ 

ɼ. ʊʨʠʙʫʰʥʠʡ, ʊ. ʐʠʭʪʝʣʴ, ʊ. ʄʶʣʣʝʨ, ɺ. ʈʘʩʢʦʙ 

ʋʥʽʚʝʨʩʠʪʝʪ ʂʘʨʣʩʨʫʝ, ʅʽʤʝʯʯʠʥʘ 

 

ʋ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ʧʨʦʛʨʘʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʟ ʷʜʝʨ-

ʥʦʾ ʙʝʟʧʝʢʠ (INSC) ɭʚʨʦʢʦʤʽʩʽʾ ʩʠʩʪʝʤʫ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ 

ʈʆɼʆʉ ʘʜʘʧʪʦʚʘʥʦ ʜʣʷ ʫʤʦʚ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ [1]. ʆʜ-

ʥʽʻʶ ʟ ʟʘʜʘʯ ʧʨʦʝʢʪʫ ʙʫʣʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʘʜʽʘʮʽʡʥʠʭ ʥʘʩʣʽʜʢʽʚ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʥʘ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ. ɼʣʷ 

ʮʴʦʛʦ ʩʠʩʪʝʤʘ ʈʆɼʆʉ ʙʫʣʘ ʽʥʪʝʛʨʦʚʘʥʘ ʟ ʜʘʥʠʤʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦ-

ʨʠʥʛʫ (ɸʉʂʈʆ) ʫ ʏʦʨʥʦʙʠʣʴʩʴʢʽ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ, ʷʢʠʡ ʧʨʦʚʦʜʠʪʴʩʷ 

ɼʉʇ çɽʢʦʮʝʥʪʨè. ɼʘʥʽ ɸʉʂʈʆ ʦʧʝʨʘʪʠʚʥʦ ʧʦʩʪʫʧʘʶʪʴ ʫ ʈʆɼʆʉ-

ʮʝʥʪʨʠ ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ ʫʧʨʘʚʣʽʥʥʷ ʟʦʥʦʶ ʚʽʜʯʫʞʝʥʥʷ, ʎʝʥʪʨʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ ʋʢʨʘʾʥʩʴʢʦʛʦ ʛʽʜʨʦʤʝʪʮʝʥ-

ʪʨʫ (ʎʇʅʈɸ ʋɻʄʎ) ʪʘ ʽʥʰʽ (ʨʠʩ.1).  
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ʈʠʩ. 1. ʂʦʨʠʩʪʫʚʘʯʽ ʪʘ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʜʘʥʠʭ ʩʠʩʪʝʤʠ ʈʆɼʆʉ-

ʋʢʨʘʾʥʘ, ʚʧʨʦʚʘʜʞʝʥʦʾ ʜʣʷ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ 

ʋ ʩʠʩʪʝʤʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʛʦʜʠ WRF-ʋʢʨʘʾʥʘ, ʚʩʪʘʥʦʚʣʝʥʽʡ ʫ 

ʎʇʅʈɸ ʋɻʄʎ ʙʫʣʠ ʚʥʝʩʝʥʽ ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʡ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʦʙʣʘ-

ʩʪʝʡ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʈʆɼʆʉ-ʋʢʨʘʾʥʘ ʜʘʥʠʤʠ ʯʠʩʝʣʴʥʦʛʦ ʧʨʦʛʥʦʟʫ 

ʧʦʛʦʜʠ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ .  

ʄʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚʥʘʩʣʽʜʦʢ ʧʦ-

ʞʝʞʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʨʦʙʦʪʽ [2] ʙʫʚ ʽʥʪʝʛʨʦʚʘʥʠʡ ʫ ʩʠʩʪʝʤʽ ʈʆɼʆʉ 

ʪʘ ʨʦʟʨʦʙʣʝʥʠʡ ʚʽʜʧʦʚʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚ 

ʩʠʩʪʝʤʫ ʙʫʣʘ ʚʧʨʦʚʘʜʞʝʥʘ ʢʘʨʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʟʦʥʠ ʚʽʜ-

ʯʫʞʝʥʥʷ [3]. ʉʠʩʪʝʤʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ɼʝʨʞʘʚʥʦʶ ʽʥʩʧʝʢʮʽʻʶ ʷʜʝʨ-

ʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʧʽʜ ʯʘʩ ʧʦʞʝʞ ʫ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ʟʦʥʽ [4] (ʨʠʩ. 

2).  

 
ʈʠʩ. 2. ɯʥʪʝʛʨʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʉs-137 [ʤʢɹʢ ʩ/ʤ3] ʟʘ ʜʚʽ ʜʦʙʠ ʧʦ-

ʞʝʞʽ 29-30.06.2017 ʨ, ʩʧʨʦʛʥʦʟʦʚʘʥʘ ʩʠʩʪʝʤʦʶ ʈʆɼʆʉ. ʈʝʟʫʣʴʪʘʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʦʬʽʮʽʡʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʽ 

ɼɯʗʈʋ ʚʽʜ 30.06.2017 ʨ [4]. 
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ʋɼʂ 551.326.7 (292.3) 

ʄʆɼɽʃʖɺɸʅʅʗ ʌʆʈʄʋɺɸʅʅʗ ʊɸ ɼʀʅɸʄɯʂʀ 

ʇʈʀɼʆʅʅʀʍ ɯ ʐɽʃʔʌʆɺʀʍ ɺʆɼ ʇɯɯɼ ʃʔʆɼʆɺʀʂʆʄ 

ʈʆʅʅɽ-ʌɯʃʔʍʅɽʈɸ 

ʊʝʨʣʝʮʴʢʘ ʂ.ɺ., ʄʘʜʝʨʠʯ ɺ.ʉ., ɹʨʦʚʯʝʥʢʦ ɯ.ʆ. 

ɯʥʩʪʠʪʫʪ ʇʨʦʙʣʝʤ ʄʘʪʝʤʘʪʠʯʥʠʭ ʄʘʰʠʥ ʽ  ʉʠʩʪʝʤ ʅɸʅʋ, 

ʋʢʨʘʾʥʘ 

 

ʆʩʦʙʣʠʚʽʩʪʶ ʤʦʨʷ ɺʝʜʝʣʣʘ ʻ ʬʦʨʤʫʚʘʥʥʷ ʘʥʪʘʨʢʪʠʯʥʦʾ ʧʨʠʜʦʥʥʦʾ 

ʚʦʜʥʦʾ ʤʘʩʠ (ɸʇɺ) ʟʘ ʨʘʭʫʥʦʢ ʟʠʤʦʚʦʾ ʢʦʥʚʝʢʮʽʾ ʥʘ ʰʝʣʴʬʽ. ɿʘ ʦʮʽʥʢʦʶ 

Locarnini et al. (1993) ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ɸʇɺ, ʱʦ ʟʘʧʦʚʥʶʻ ʟʥʘʯʥʫ ʯʘ-

ʩʪʠʥʫ ʘʙʽʩʩʘʣʽ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ, ʥʘʜʭʦʜʠʪʴ ʩʘʤʝ ʟ ʮʴʦʛʦ ʤʦʨʷ. ɻʣʠʙʠʥʥʽ 

ʚʦʜʠ ʤʦʨʷ ɺʝʜʜʝʣʣʘ (ɻɺɺ) ʬʦʨʤʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʝʢʽʣʴʢʦʭ 

ʚʟʘʻʤʦʜʽʶʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʢʦʥʚʝʢʮʽʾ: (1) ʰʝʣʴʬʦʚʽʡ ʢʦʥʚʝʢʮʽʾ ʥʘʜ 

ʚʽʜʥʦʩʥʦ ʤʽʣʢʦʚʦʜʥʠʤ (ʜʦ 500 ʤ) ʰʝʣʴʬʦʤ ʚ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 

ʤʦʨʷ, (2) ʛʣʠʙʦʢʦʚʦʜʥʦʾ ʢʦʥʚʝʢʮʽʾ ʚ ʦʧʦʣʦʥʢʘʭ, (3) ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʰʝʣʴ-

ʬʦʚʠʭ ʚʦʜ ʧʽʜ ʰʝʣʴʬʦʚʠʤ ʣʴʦʜʦʚʠʢʦʤ ʈʦʥʥʝ-ʌʽʣʴʭʥʝʨʘ ʥʘ ʧʽʚʜʥʽ ʤʦʨʷ.  
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʢʣʘʜʥʦʛʦ ʛʽʜʨʦʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʨʘʥʩʬʦʨ-

ʤʘʮʽʾ ʰʝʣʴʬʦʚʠʭ ʚʦʜ ʧʽʜ ʰʝʣʴʬʦʚʠʤ ʣʴʦʜʦʚʠʢʦʤ ʈʦʥʥʝ-ʌʽʣʴʭʥʝʨʘ ʬʦʨ-

ʤʫʻʪʴʩʷ ʧʨʠʜʦʥʥʘ ʪʝʯʽʷ ʚ ʥʠʟʠʥʽ ʌʽʣʴʭʥʝʨʘ.  ʉʦʣʦʥʽ ʽ ʭʦʣʦʜʥʽ ʚʦʜʠ, ʱʦ 

ʤʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʤʝʨʟʘʥʥʷ ʦʢʝʘʥʩʴʢʦʾ ʚʦʜʠ ( ʦʉ) ʽ ʷʢʽ ʫʪʚʦʨʠʣʠʩʷ ʚ 

ʨʘʡʦʥʽ ʰʝʣʴʬʦʚʦʛʦ ʣʴʦʜʦʚʠʢʘ ʈʦʥʥʝ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʚʝʢʮʽʾ ʚ ʦʧʦʣʦʥʮʽ, 

ʦʧʫʩʢʘʶʪʴʩʷ ʫ ʟʘʧʘʜʠʥʫ ʧʽʜ ʣʴʦʜʦʚʠʢʦʤ ʥʘ ʛʣʠʙʠʥʠ ʜʦ 1900 ʤ, ʜʝ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʪʘʥʝʥʥʷ ʣʴʦʜʫ ʚʠʱʘ, ʪʦʤʫ ʣʴʦʜʦʚʠʢ ʟʥʠʟʫ ʪʘʥʝ ʽ ʚʦʜʘ ʩʪʘʻ 

ʙʽʣʴʰ ʧʨʽʩʥʦʶ, ʧʦʪʽʤ ʚʦʜʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʯʝʨʝʟ ʣʴʦʜʦʚʠʢ ʌʽʣʴʭʥʝʨʘ ʚ 

ʧʨʦʪʦʢʫ ʤʽʞ ʦʩʪʨʦʚʦʤ ɹʝʨʢʥʝʨʘ, ʧʽʜʥʽʤʘʶʯʠʩʴ ʚʟʜʦʚʞ ʥʠʞʥʴʦʾ ʧʦ-

ʚʝʨʭʥʽ ʮʴʦʛʦ ʣʴʦʜʦʚʠʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʩʪʘʻ ʥʠʞʯʦʶ, ʥʽʞ ʣʦʢʘʣʴʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʤʝʨʟʘʥʥʷ ʤʦʨʩʴʢʦʾ ʚʦʜʠ, ʣʽʜ ʥʘʨʦʩʪʘʻ, ʚʠʜʽʣʷʻʪʴʩʷ ʨʦʟʩʽʣ 

ʽ, ʚ ʢʽʥʮʽ ʢʽʥʮʽʚ, ʬʦʨʤʫʻʪʴʩʷ ʧʨʠʜʦʥʥʘ ʚʦʜʥʘ ʤʘʩʘ, ʱʦ ʙʽʣʴʰ ʭʦʣʦʜʥʘ ʪʘ 

ʙʽʣʴʰ ʧʨʽʩʥʘ ʥʽʞ ʪʘ ʚʦʜʘ, ʱʦ ʚʪʽʢʘʻ (ʈʠʩ.1ʘ). ʎʷ ʚʦʜʥʘ ʤʘʩʘ ʧʦʪʽʤ ʚʠʪʽʢʘʻ 

ʯʝʨʝʟ ʥʠʟʠʥʫ ʌʽʣʴʭʥʝʨʘ ʫ ʚʠʛʣʷʜʽ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʪʝʯʽʾ. ʉʠʣʘ ʂʦʨʽʦʣʽʩʘ 

ʚʽʜʭʠʣʷʻ ʮʶ ʪʝʯʽʶ ʥʘ ʟʘʭʽʜ (ʈʠʩ.1ʙ).  

   
 

ʘ)                                                      ʙ) 

 
(ʚ) 

ʈʠʩ. 1.(ʘ)-(ʙ) ʇʨʦʮʝʩ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʰʝʣʴʬʦʚʠʭ ʚʦʜ ʧʽʜ ʰʝʣʴʬʦʚʠʤ 

ʣʴʦʜʦʚʠʢʦʤ ʈʦʥʥʝ-ʌʽʣʴʭʥʝʨʘ. (ʚ)-  ʈʦʟʧʦʜʽʣ ʛʣʠʙʠʥ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ 

ʦʙʣʘʩʪʽ ʚ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʤʦʨʷ ɺʝʜʜʝʣʘ ʟʛʽʜʥʦ GEBCO (2003). 

 



45 

 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʪʦʧʦʛʨʘʬʽʾ ʥʘ ʛʨʘʚʽʪʘʮʽʡʥʽ ʪʝʯʽʾ, ʷʢʽ ʚʠʢʣʠʢʘʥʽ ʣʦʜʦʚʠʢʦʚʠʤʠ ʚʦʜʘʤʠ ʫ 

ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʤʦʨʷ ɺʝʜʜʝʣʣʘ ʥʘ ʤʘʩʰʪʘʙʽ ʜʝʢʽʣʴʢʦʭ ʨʦʢʽʚ. ɼʣʷ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ SCHISM (Zhang et al., 2016) ʟ ʥʝ-

ʩʪʨʫʢʪʫʨʦʚʘʥʦʶ ʩʽʪʢʦʶ ʪʘ ʫʟʘʛʘʣʴʥʝʥʦʶ ʩʠʩʪʝʤʦʶ ʢʦʦʨʜʠʥʘʪ, ʷʢʽ ʜʦʟ-

ʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ʨʽʟʥʦʤʘʩʰʪʘʙʥʽ ʧʨʦʮʝʩʠ ʚ ʤʦʨʩʴʢʦʤʫ ʙʘʩʝʡʥʽ ʟ ʣʦ-

ʢʘʣʴʥʦ ʚʝʣʠʢʠʤʠ ʢʫʪʘʤʠ ʥʘʭʠʣʫ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʭʠʣʫ.  

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ (Foldvik et al., 2004) ʧʦʪʽʢ ʚʦʜ ʟ ʫʣʦ-

ʛʦʚʠʥʠ ʌʽʣʴʭʥʝʨʘ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʧʦ ʩʭʠʣʫ ʪʨʴʦʤʘ ʰʣʷʭʘʤʠ: ʫʟʜʦʚʞ 

ʢʨʘʶ ʰʝʣʴʬʫ; ʧʝʨʝʪʠʥʘʶʯʠ ʦʙʠʜʚʘ ʧʽʜʚʦʜʥʠʭ ʭʨʝʙʪʘ; ʩʣʽʜʫʶʯʠ ʚʟʜʦʚʞ 

ʩʭʽʜʥʦʛʦ ʩʭʠʣʫ ʧʽʜʚʦʜʥʦʛʦ ʭʨʝʙʪʘ. 

ʅʘ ʨʠʩ. 2 ʨʦʟʨʘʭʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ ʧʨʠʜʦʥʥʠʭ ʪʝʯʽʡ ʯʝʨʝʟ 1000 ʜʽʙ 

ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʚʠʪʦʢʫ ʧʦʨʽʚʥʶʻʪʴʩʷ ʜʘʥʠʤʠ ʚʠʤʽʨʽʚ ʪʝʯʽʡ (Foldvik et al., 

2004) ʚ ʦʙʣʘʩʪʽ ʚʠʜʽʣʝʥʦʾ  ʯʦʪʠʨʠʢʫʪʥʠʢʦʤ ʥʘ ʨʠʩ. 1ʚ. ʆʩʦʙʣʠʚʦʩʪʷʤʠ 

ʨʝʣʴʻʬʫ ʜʥʘ ʚ ʜʘʥʽ ʦʙʣʘʩʪʽ ʻ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʧʽʜʚʦʜʥʠʭ ʭʨʝʙʪʽʚ ï ʩʭʽʜʥʦʛʦ 

ʽ ʟʘʭʽʜʥʦʛʦ ʟ ʫʣʦʛʦʚʠʥʦʶ ʤʽʞ ʥʠʤʠ. ɿʛʽʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ ʧʦʪʽʢ ʚʦʜ ʟ 

ʫʣʦʛʦʚʠʥʠ ʌʽʣʴʭʥʝʨʘ ʚʠʪʽʢʘʻ ʟ ʫʣʦʛʦʚʠʥʠ ʚ ʧʽʚʥʽʯʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʧʦʪʽʤ 

ʚʦʜʘ ʧʦʚʝʨʪʘʻ ʥʘ ʟʘʭʽʜ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʂʦʨʽʦʣʽʩʘ. ʎʝʡ ʧʦʪʽʢ ʨʦʟʜʽʣʷʻʪʴʩʷ 

ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ. ʆʜʥʘ ʯʘʩʪʠʥʘ ʧʦʪʦʢʫ ʟʘʪʽʢʘʻ ʥʘ ʰʝʣʴʬ ʽ ʩʣʽʜʫʻ ʚʟʜʦʚʞ 

ʽʟʦʙʘʪ ʥʘ ʟʘʭʽʜ, ʘ ʽʥʰʘ ʧʦʚʝʨʪʘʻ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʡ ʩʭʠʣ ʚ ʢʘʥʴʦʥʽ ʤʽʞ 

ʜʚʦʤʘ ʭʨʝʙʪʘʤʠ ʽ ʧʦʪʽʤ ʩʪʽʢʘʻ ʚ ʘʙʽʩʘʣʴʥʫ ʯʘʩʪʠʥʫ ʤʦʨʷ ɺʝʜʜʝʣʣʘ 

(ʈʠʩ.2ʙ). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ (ʄʘʜʝʨʠʯ ʪʘ ʽʥ, 2010)  ʥʝ ʩʫʧʝʨʝʯʘʪʴ 

ʮʽʡ ʩʭʝʤʽ, ʟʘ ʚʠʥʷʪʢʦʤ ʪʝʯʽʡ ʚ ʦʢʦʣʽ ʩʭʽʜʥʦʛʦ ʭʨʝʙʪʘ. ʎʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ-

ʢʦʞ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ (Wilchinsky & Feltham, 

2009), ʟʛʽʜʥʦ ʷʢʠʤ ʧʦʪʽʢ ʧʨʠʜʦʥʥʠʭ ʚʦʜ ʧʝʨʝʪʠʥʘʻ ʩʭʽʜʥʠʡ ʭʨʝʙʝʪ. 

 
 

ʈʠʩ.2. ʈʦʟʧʦʜʽʣ ʧʨʠʜʦʥʥʠʭ ʪʝʯʽʡ ʚ ʦʢʦʣʽ ʚʠʪʦʢʫ ʚʦʜ ʟ ʫʣʦʛʦʚʠʥʠ 

ʌʽʣʴʭʥʝʨʘ ʟʘ ʜʘʥʠʤʠ ʚʠʤʽʨʽʚ (Foldvik et al., 2004) (ʘ) ʪʘ ʟʘ ʜʘʥʠʤʠ ʨʦ-

ʟʨʘʭʫʥʢʫ ʧʽʩʣʷ 1000 ʜʽʙ ʟ ʧʦʯʘʪʢʫ ʚʠʪʦʢʫ (ʙ). ʎʠʬʨʠ ʥʘ ʨʠʩ. 2ʘ ʦʟʥʘʯʘ-

ʶʪʴ ʧʦʪʝʥʮʽʡʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦʥʥʦʾ ʚʦʜʠ. 
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ʈʠʩ.3. ɼʽʘʛʨʘʤʘ ʪʝʤʧʝʨʘʪʫʨʠ/ʩʦʣʦʥʦʩʪʽ T/S ʜʣʷ ʧʨʠʜʦʥʥʠʭ ʚʦʜʥʠʭ 

ʤʘʩ (ʘ) ï ʚʠʤʽʨʠ (Huhn et al 2008) , (ʙ) ï ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝ-

ʣʶʚʘʥʥʷ 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʜ ʜʽʻʶ ʧʣʘʚʫʯʦʩʪʽ, ʩʠʣʠ 

ʂʦʨʽʦʣʽʩʘ ʪʘ ʪʝʨʪʷ ʫ ʙʘʨʦʢʣʽʥʥʦʤʫ ʦʢʝʘʥʽ ʧʦʪʽʢ ʚʦʜ ʟ-ʧʽʜ ʣʴʦʜʦʚʠʢʘ 

ʌʽʣʴʭʥʝʨʘ ʥʘ ʢʨʘʶ ʰʝʣʴʬʘ ʽ ʤʘʪʝʨʠʢʦʚʦʤʫ ʩʭʠʣʽ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʪʨʠ: 

ʦʜʠʥ ʧʦʪʽʢ ʩʪʽʢʘʻ ʫ ʘʙʽʩʘʣʴ ʤʦʨʷ ɺʝʜʜʝʣʣʘ, ʽʥʰʠʡ ʪʝʯʝ ʚʟʜʦʚʞ ʢʦʥʪʠ-

ʥʝʥʪʘʣʴʥʦʛʦ ʩʭʠʣʫ, ʪʦʜʽ ʷʢ ʪʨʝʪʷ, ʥʘʡʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʧʦʪʦʢʫ ʧʦʚʝʨʪʘʻ ʥʘ 

ʰʝʣʴʬ ʽ ʟʘʧʦʚʥʶʻ ʫʣʦʛʦʚʠʥʫ ʈʦʥʥʝ, ʧʦʚʝʨʪʘʶʯʠʩʴ ʧʽʜ ʣʴʦʜʦʚʠʢ ʈʦʥʥʝ. 

ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʝʮʠʨʢʫʣʷʮʽʷ ʣʴʦʜʦʚʠʢʦʚʠʭ ʚʦʜ ʤʦʞʝ ʩʫʪʪʻʚʦ 

ʚʧʣʠʥʫʪʠ ʥʘ ʦʮʽʥʢʠ ʧʨʦʜʫʢʮʽʾ ʧʨʠʜʦʥʥʠʭ ʚʦʜ ʫ ʤʦʨʽ ɺʝʜʜʝʣʣʘ. 

ʈʦʙʦʪʘ ʙʫʣʘ ʧʽʜʪʨʠʤʘʥʘ ʅʘʮʽʦʥʘʣʴʥʠʤ ʘʥʪʘʨʢʪʠʯʥʠʤ ʥʘʫʢʦʚʠʤ ʮʝʥ-

ʪʨʦʤ ʟʘ ʜʦʛʦʚʦʨʦʤ ˉ ʅ/1-2017 çʄʦʜʝʣʶʚʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʽ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʛʣʠʙʠʥʥʠʭ ʚʦʜ ʚ ʤʦʨʽ ɺʝʜʜʝʣʣʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʛʝʦʤʘʛʥʽʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʘ ʘʪʤʦʩʬʝʨʥʽ ʧʨʦʮʝʩʠ ʪʨʦʧʦʩʬʝʨʠ ʥʘʜ ɸʥʪʘʨʢ-

ʪʠʯʥʠʤ ʧʽʚʦʩʪʨʦʚʦʤè  
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ʋɼʂ 351:630 (477) 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɻɽʆɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ɺ 

ʄʆʅɯʊʆʈʀʅɻʋ ʇʆɺɽʈʍʅɽɺʀʍ ɺʆɼ ʏɽʈʅɯɻɯɺʉʔʂʆɰ 

ʆɹʃɸʉʊɯ 

ɺ.ɯ. ɿʘʮʝʨʢʦʚʥʠʡ, ʃ.ɺ. ʇʣʽʯʢʦ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʦ 

 

ʇʦʚʝʨʭʥʝʚʽ ʚʦʜʥʽ ʦʙôʻʢʪʠ ʚ ʩʠʣʫ ʩʚʦʻʾ ʩʧʝʮʠʬʽʢʠ ʥʝ ʚʠʟʥʘʶʪʴ ʥʽ ʜʝʨ-

ʞʘʚʥʠʭ, ʘ ʥʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʢʦʨʜʦʥʽʚ. ɺʽʜʦʤʦ, ʱʦ ʋʢʨʘʾʥʘ ʥʘʣʝʞʠʪʴ 

ʜʦ ʥʘʡʤʝʥʰ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʠʭ ʜʝʨʞʘʚ ɭʚʨʦʧʠ [1]. ɻʦʩʧʦʜʘʨʩʴʢʘ ʜʽʷʣʴ-

ʥʽʩʪʴ ʣʶʜʠʥʠ, ʩʦʪʥʽ ʪʠʩʷʯ ʧʦʙʫʜʦʚʘʥʠʭ ʚʦʜʦʡʤʠʱ, ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʩʧʦʨʫʜ, ʩʠʩʪʝʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʧʝʨʝʪʚʦʨʠʣʠ ʧʨʠ-

ʨʦʜʥʫ ʛʽʜʨʦʛʨʘʬʽʯʥʫ ʤʝʨʝʞʫ ʚ ʻʜʠʥʫ ʩʢʣʘʜʥʫ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʫ ʩʠ-

ʩʪʝʤʫ, ʷʢʘ ʚʠʤʘʛʘʻ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʢʦʤʧʣʝʢʩ-

ʥʦʛʦ, ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʝʨʭʥʝʚʠʤʠ ʚʦʜʥʠʤʠ 

ʦʙôʻʢʪʘʤʠ. ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʥʽ ʦʙôʻʢʪʠ, ʦʩʦʙʣʠʚʦ ʚ ʨʘʡʦʥʘʭ 

ʨʦʟʤʽʱʝʥʥʷ ʧʦʪʫʞʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʦʤ-

ʧʣʝʢʩʽʚ, ʚʽʜʯʫʚʘʶʪʴ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʪʠʩʢ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʟʘʙʨʫʜ-

ʥʝʥʥʽ, ʚʠʩʥʘʞʝʥʥʽ ʪʘ ʜʝʛʨʘʜʘʮʽʾ.  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʤʦʚʣʝʥʝ ʪʠʤ, ʱʦ ʟʘ ʜʘʥʠʤʠ ʚʦʜʦʢʦʨʠ-

ʩʪʫʚʘʥʥʷ [2] ʚ ʋʢʨʘʾʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʝʨʘʮʽʦʥʘʣʴʥʽ, ʥʝʧʨʦ-

ʜʫʢʪʠʚʥʽ ʚʠʪʨʘʪʠ ʚʦʜʠ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʦʙôʻʤ ʧʨʠʜʘʪʥʠʭ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʚʥʘʩʣʽʜʦʢ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʚʠʩʥʘʞʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. ʆʩ-

ʥʦʚʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ - ʩʧʦʣʫʢʠ ʚʘʞʢʠʭ ʤʝ-

ʪʘʣʽʚ, ʩʧʦʣʫʢʠ ʘʟʦʪʫ ʪʘ ʬʦʩʬʦʨʫ, ʥʘʬʪʦʧʨʦʜʫʢʪʠ, ʬʝʥʦʣʠ, ʩʫʣʴʬʘʪʠ, ʚ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʟʥʘʯʝʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʜʠʨʝʢʪʠʚʘʭ, 

ʨʝʢʦʤʝʥʜʘʮʽʷʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ (ɭʉ) ʪʘ ʽʥʰʠʤʠ ʤʽʞʥʘʨʦʜʥʠʤʠ  

ʦʨʛʘʥʽʟʘʮʽʷʤʠ [3]. ʉʠʩʪʝʤʘ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʚʦʜ 

ʧʦʪʨʝʙʫʻ ʥʝʚʽʜʢʣʘʜʥʦʛʦ ʨʝʬʦʨʤʫʚʘʥʥʷ ʫ ʥʘʧʨʷʤʽ ʧʝʨʝʭʦʜʫ ʜʦ ʽʥʪʝʛʨʦ-

ʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɽʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʤʘʩʠʚʫ ʧʦ-

ʚʝʨʭʥʝʚʠʭ ʚʦʜ ʪʘ ʷʢʽʩʪʴ ʚʦʜʠ ʚ ʥʠʭ ʻ ʦʩʥʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʩʘʥʽʪʘʨʥʦʛʦ 

ʪʘ ʝʧʽʜʝʤʽʯʥʦʛʦ ʙʣʘʛʦʧʦʣʫʯʯʷ ʥʘʩʝʣʝʥʥʷʊʦʤʫ ʥʝ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚʫ 
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ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ɻɯʉ) ʜʣʷ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʷʢʘ ʻ ʦʜʥʠʤ ʽʟ ʧʦʣʦʞʝʥʴ 

ɼʠʨʝʢʪʠʚʠ ɭʉ.  

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʱʦʜʦ ʦʭʦʨʦʥʠ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʾʭ ʟʘʙʨʫʜʥʝʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ ʚʦʜ-

ʥʠʭ ʦʙôʻʢʪʽʚ  ʦʙʣʘʩʪʽ ʻ ʧʨʦʤʠʩʣʦʚʽ ʚʽʜʭʦʜʠ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʢʦʤʫʥʘʣʴ-

ʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʢʠʜʘʶʪʴ ʩʪʽʯʥʽ ʚʦʜʠ ʚ ʨ. ɼʝʩʥʘ.  

ʇʠʪʘʥʥʷ, ʧʦʚôʷʟʘʥʽ ʽʟ ʚʠʚʯʝʥʥʷʤ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭ-

ʥʝʚʠʭ ʚʦʜ, ʤʽʛʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʙʫʣʦ ʰʠʨʦʢʦ ʚʠʩʚʽʪʣʝʥʦ ʚ 

ʧʨʘʮʷʭ ʙʘʛʘʪʴʦʭ ʫʢʨʘʾʥʩʴʢʠʭ ʫʯʝʥʠʭ ï ɹʫʜʟʘ ʆ.ʇ., ɻʨʝʙʽʥʷ ɺ.ɺ., ɿʘʧʦʣʴ-

ʩʴʢʦʛʦ ɸ.ʂ., ʂʣʽʤʝʥʢʦ ɺ.ɻ., ʂʦʰʣʷʢʦʚʘ ʆ.ɭ., ʃʫʢʽʥʘ ɸ.ʖ., ʆʛʥʷʥʠʢʘ 

ʄ.ʉ., ʍʽʣʴʯʝʚʩʴʢʦʛʦ ɺ.ʂ., ʍʚʝʩʠʢ ʄ.ɸ., ʗʮʠʢ ɸ.ɺ. ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ. 

ɿʥʘʯʥʫ ʫʚʘʛʫ ʙʫʣʦ ʧʨʠʜʽʣʝʥʦ ʮʽʡ ʧʨʦʙʣʝʤʽ ʚ ʧʨʘʮʷʭ ʟʘʨʫʙʽʞʥʠʭ ʘʚʪʦʨʽʚ 

ï ʌʨʽʜʘ ɾ., ɻʘʨʝʣʴʩʘ ʈ.ʉ., ʍʦʨʘ ʈ., ɼʨʠʚʝʨʘ ɼʞ. ʪʘ ʽʥʰʠʭ [2,4]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʨʽʯʢʦʚʽ ʪʘ ʦʟʝʨʥʽ ʜʦʣʠʥʠ ʽʥʪʝʥʩʠʚʥʦ ʟʘʙʫʜʦʚʫʶʪʴʩʷ, ʱʦ 

ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʛʽʜʨʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʽʯʦʢ ʪʘ 

ʦʟʝʨ. ɺʽʜʧʦʚʽʜʥʦ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʣʠ-

ʚʠʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʩʮʝʥʘʨʽʾʚ ʟʤʽʥʠ ʛʽʜʨʦʤʦʨʬʦʣʦʛʽʾ ʨʽʯʦʢ ʪʘ ʦʟʝʨ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʥʝʦʙʭʽʜʥʠʭ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʪʘ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚ-

ʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ʄʦʥʽʪʦʨʠʥʛ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʟʘ ʛʽʜʨʦʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟ-

ʥʠʢʘʤʠ ʧʨʦʚʦʜʠʚʩʷ ʥʘ 13-ʪʠ ʨʽʯʢʘʭ ʦʙʣʘʩʪʽ ʫ 20 ʩʪʚʦʨʘʭ ʥʘ ʨ. ɼʝʩʥʘ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʦʨʪʦʚʘʥʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʝ ArcGIS 

9.2. ɿʘ ʜʦʧʦʤʦʛʦʶ ɻɯʉ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʦʙʨʘʥʠʭ 

ʧʦʩʪʘʭ. ɯʥʬʦʨʤʘʮʽʷ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʢʘʨʪʢʠ, ʷʢʘ 

ʤʽʩʪʠʪʴ: ʟʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʦʙôʻʢʪ, ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʩʪʘʥʫ ʚʦʜʥʠʭ 

ʦʙ'ʻʢʪʽʚ ʥʘ ʧʫʥʢʪʘʭ ʤʦʥʽʪʦʨʠʥʛʫ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩ.1 ɼʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʩʪʘʥʫ ʚʦʜʥʦʛʦ ʦʙôʻʢʪʫ ʥʘ ʛʽʜʨʦʭʽʤʽʯʥʠʭ 

ʧʫʥʢʪʘʭ 

ɿʘ ʜʦʧʦʤʦʛʦʶ ɻɯʉ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʦʙʨʘʥʠʭ ʧʦ-

ʩʪʘʭ. ɯʥʬʦʨʤʘʮʽʷ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʢʘʨʪʢʠ, ʷʢʘ 

ʤʽʩʪʠʪʴ: ʟʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʦʙôʻʢʪ, ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʩʪʘʥʦʤ ʚʦʜ-

ʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ ʧʫʥʢʪʘʭ ʤʦʥʽʪʦʨʠʥʛʫ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ. ʊʘʢʦʞ ʚ ʩʠʩʪʝʤʽ 
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ʨʝʘʣʽʟʦʚʘʥʘ ʟʘʜʘʯʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʛʝʦʢʦʜʫʚʘʥʥʷ (ʧʨʦʩʪʦʨʦʚʦʾ ʧʨʠ-

ʚ'ʷʟʢʠ) ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʧʫʥʢʪʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ɻɯʉ ʜʣʷ ʦʙʨʦʙʢʠ ʧʨʦʩʪʦ-

ʨʦʚʦ-ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʘʥʠʭ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ 

ʚʠʛʣʷʜʽ ʪʝʤʘʪʠʯʥʠʭ ʢʘʨʪ, ʦʜʥʠʤ ʟ ʧʽʜʚʠʜʽʚ ʷʢʠʭ ʻ ʝʢʦʣʦʛʽʯʥʽ ʢʘʨʪʠ. ʊʦʤʫ 

ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʢʘʨʪʫ ʤʦʥʽʪʦ-

ʨʠʥʛʫ ʝʢʦʣʦʛʽʯʥʦʾ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʨ. ɼʝʩʥʘ, ʥʘ ʷʢʽ ʤʦʞʥʘ ʧʝ-

ʨʝʛʣʷʥʫʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʩʫʙʙʘʩʝʡʥʫ ʪʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʚʦʜʥʽ ʦʙôʻʢʪʠ 

ʧʦ ʧôʷʪʠ ʢʣʘʩʘʤ ʟʛʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʽʚ ɼʠʨʝʢʪʠʚʠ ɭʉ (ʨʠʩʫʥʦʢ 2).  

 
ʈʠʩ. 2 ʂʘʨʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʝʢʦʣʦʛʽʯʥʦʾ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʨ. 

ɼʝʩʥʘ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ 

ʊʘʢʘ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʚ ʪʘʙʣʠʯʥʫ ʙʘʟʫ ʜʘʥʠʭ ʘʙʦ 

ʘʥʘʣʽʟʫʚʘʪʠʩʷ ʚ ʤʝʞʘʭ ɻɯʉ ʽ ʻ ʟʘʩʦʙʦʤ ʜʣʷ ʚʟʘʻʤʥʦʛʦ ʜʦʧʦʚʥʝʥʥʷ ʪʘ ʧʝ-

ʨʝʚʽʨʢʠ.  

ʅʘ ʦʩʥʦʚʽ ʢʽʣʴʢʽʩʥʠʭ ʪʘ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʢʦʚʠʭ ʜʞʝʨʝʣ ʟʘ-

ʙʨʫʜʥʝʥʥʷ (ʩʢʠʜʘʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ), ʘ ʪʘʢʦʞ ʘʥʘʣʽʟʫ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʪʘ ʾʭʥʽʡ ʚʧʣʠʚ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʩʭʝʤʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʢʦʚʠʭ ʜʞʝ-

ʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʩʫʙʙʘʩʝʡʥʽ ʨʽʯʢʠ ɼʝʩʥʘ (ʨʠʩ. 3). ɼʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʦ-

ʟʨʦʙʣʝʥʠʡ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʦʙʨʘʞʘʪʠ ʜʽʣʷʥʢʠ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ɻɯʉ, ʥʘʥʦʩʠʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ ʛʝʦʛʨʘʬʽʯʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ, ʘʚʪʦʤʘʪʠʯʥʦ ʽʤʧʦʨʪʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʧʨʦʩʪʦʨʦʚʽ ʚʽʜʥʦʩʠʥ 

ʦʙ'ʻʢʪʽʚ ʜʦ ʙʘʟʠ ʜʘʥʠʭ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʧʦʣʝ ʧʦʰʠʨʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜ-

ʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʜʽʣʷʥʮʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʚʦʜʥʦʛʦ 

ʦʙôʻʢʪʘ, ʷʢʠʡ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʦʩʥʦʚʫ ʚ ɻɯʉ. 

 
ʈʠʩ. 3 ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʢʦʚʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʩʫʙʙʘ-

ʩʝʡʥʽ ʨ. ɼʝʩʥʘ 



50 

 

ʋʩʧʽʰʥʠʡ ʨʦʟʚôʷʟʦʢ ʙʘʛʘʪʴʦʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʟʘʜʘʯ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ 

ʥʦʚʠʭ ʤʝʪʦʜʠʯʥʠʭ ʟʘʩʦʙʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʨʽʯʢʦʚʠʡ ʙʘʩʝʡʥ. ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ɻɯʉ ʻ 

ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ ʚ ʝʢʦʩʠʩʪʝʤʽ, ʧʨʦʛʥʦʟʫ ʨʦʟʚʠʪʢʫ ʥʝʙʝʟʧʝʯʥʠʭ ʧʨʠʨʦʜ-

ʥʠʭ ʽ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚ ʥʘʦʯʥʽʡ 

ʬʦʨʤʽ ʧʽʜʛʦʪʫʚʘʪʠ ʧʦ ʢʦʞʥʦʤʫ ʨʽʯʢʦʚʦʛʦ ʩʫʙʙʘʩʝʡʥʫ ʢʘʨʪʫ ʩʪʘʥʫ ʚʦʜ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʚʝʜʝʥʠʭ ʚʦ-

ʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʪʘ ʚʠʟʥʘʯʠʪʠ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʽ ʜʽʣʷʥʢʠ, ʥʘ ʷʢʠʭ 

ʥʝʦʙʭʽʜʥʦ ʟʘʧʣʘʥʫʚʘʪʠ ʪʘ ʧʨʦʚʝʩʪʠ ʜʦʜʘʪʢʦʚʽ ʟʘʭʦʜʠ ʱʦʜʦ ʟʘʭʠʩʪʫ ʚʽʜ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ.  

ʋʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʝʜʝʥʥʷ ʤʦʥʽʪʦ-

ʨʠʥʛʫ ʪʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʜʣʷ ʧʦʩʠʣʝʥʥʷ ʾʭ ʟʘʭʠʩʪʫ ʚʽʜ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʦʜʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʚ ʦʙʣʘʩʪʽ ʟʘʭʠʩʪʫ 

ʚʽʜ ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʤʦʞʝ ʙʫʪʠ ʚʧʦʨʦ-

ʚʘʜʞʝʥʝ ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʜʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ɭʉ, ʷʢʝ 

ʜʦʙʨʝ ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʦ ʥʘ ʧʨʘʢʪʠʮʽ. ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʜʦʟ-

ʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʮʽʣʽʩʥʫ ʢʘʨʪʠʥʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʚʠʷʚʠʪʠ ʧʨʽʦʨʠʪʝʪʥʽ 

ʬʘʢʪʦʨʠ, ʦʧʪʠʤʘʣʴʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʪʝʭʥʦʛʝʥʥʽ ʚʧʣʠʚʠ, ʨʦʟʨʦʙʣʷʪʠ ʘʜʝʢ-

ʚʘʪʥʫ ʪʘʢʪʠʢʫ ʽ ʩʪʨʘʪʝʛʽʶ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ.  
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ʉɽʂʎɯʗ 2 

ʉʋʏɸʉʅɯ ɸʉʇɽʂʊʀ ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʊɸ 

ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʉʀʉʊɽʄ 

ʋ ɺʀʈʆɹʅʀʎʊɺɯ 
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ʋɼʂ 517.957 

ɼʆʉʃɯɼɾɽʅʅʗ ʆʉʆɹʃʀɺʆʉʊɽʁ ʄɸʊɽʄɸʊʀʏʅʆɻʆ 

ʄʆɼɽʃʖɺɸʅʅʗ ɺ ʄɽɼʀʎʀʅɯ ʅɸ ʇʈʀʂʃɸɼɯ 

ɼɯɸɻʅʆʉʊʀʂʀ ʉʇɸɼʂʆɺʀʍ ʄɽʊɸɹʆʃɯʏʅʀʍ 

ɿɸʍɺʆʈʖɺɸʅʔ 

ʄʘʣʻʡ ɸ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯ-

ʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" 

 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʦʙ'ʻʢʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʬʦʨʤʫʣ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʥʘ ʨʽʚ-

ʥʷʥʴ. ʅʘʧʨʠʢʣʘʜ,  ʜʦ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ ʚʽʜʥʦ-

ʩʷʪʴʩʷ ʟʘʛʘʣʴʥʦʚʽʜʦʤʽ ʟʘʢʦʥʠ ʪʷʞʽʥʥʷ, ʟʘʢʦʥ ʆʤʘ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠ-

ʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, 

ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʚʽʜʦʙʨʘʟʠʪʠ ʟʤʽʥʫ ʚʝʣʠʯʠʥ ʫ ʜʦʩʣʽʜʥʽʡ ʩʠʩʪʝʤʽ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʧʦʭʽʜʥʠʭ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞ-

ʣʠʚʝ ʣʠʰʝ ʧʨʠ ʫʤʦʚʽ ʜʦʩʪʘʪʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʡʦʛʦ ʬʽʟʠʯʥʠʭ ʪʘʤ ʙʽ-

ʦʣʦʛʽʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ.  

ɸʣʝ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʩʫʯʘʩʥʦʩʪʽ ʜʘʻ ʟʤʦʛʫ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ ʤʦ-

ʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʘʤʝ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚ ʤʝʜʠʮʠʥʽ ʥʝ ʪʽʣʴʢʠ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʠʭ ʩʠʩʪʝʤ, ʘʣʝ ʡ ʜʣʷ  ʮʽʣʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʢʣʘʜʥʠʭ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʠʪʠ ʧʦʚʝʜʽʥʢʫ ʙʽʦʣʦʛʽʯ-

ʥʠʭ ʩʠʩʪʝʤ ʚ ʫʤʦʚʘʭ, ʷʢʽ ʜʫʞʝ ʩʢʣʘʜʥʦ ʡ ʟʘʪʨʘʪʥʦ ʚʽʜʪʚʦʨʠʪʠ ʚ ʢʣʽʥʽʯ-

ʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ. ʑʝ ʦʜʥʽʻʶ ʧʝʨʝʚʘʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ  ʻ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʢʦʤʧ'ʶʪʝʨ ʨʦʟʙʠʨʘʻ  

ʜʦʩʪʘʪʥʴʦ ʚʘʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʜʦʩʣʽʜʫ ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʊʘʢʦʞ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʧʨʦʱʫʻ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ 

ʽʟ ʣʽʢʫʚʘʥʥʷ ʭʚʦʨʦʙ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʧʨʠʩʢʦʨʶʻ ʘʥʘʣʽʟ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ 

ʚʠʨʽʰʝʥʥʷ ʟʘʧʠʪʘʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʚ ʧʨʦʮʝʩʽ ʣʽʢʫʚʘʥʥʷ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʨʦʜʞʝʥʠʭ ʧʦʤʠʣʦʢ ʤʝʪʘʙʦʣʽʟʤʫ 

ɻʝʥʦʤ ʣʶʜʠʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʣʠʟʴʢʦ 25000 ʦʩʥʦʚʥʠʭ ʛʝʥʽʚ. ɹʽʣʴ-

ʰʽʩʪʴ ʟ ʥʠʭ ʚʠʢʦʥʫʶʪʴ ʩʚʦʾ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʰʣʷʭʦʤ ʚʟʘʻʤʦʜʽʾ ʟ ʪʘʢ ʟʚʘ-

ʥʠʤʠ ʤʘʣʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʪʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ. ʄʝʨʝʞʘ, ʱʦ ʚʠʥʠʢʘʻ 

ʚʥʘʩʣʽʜʦʢ ʚʩʽʭ ʮʠʭ ʚʟʘʻʤʦʜʽʡ ʬʦʨʤʫʻ ʢʣʽʪʠʥʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʟʦʢʨʝʤʘ ʙʽ-

ʣʢʠ ʪʘ ʈʅʂ [1]. ɺʨʦʜʞʝʥʽ ʧʦʤʠʣʢʠ ʤʝʪʘʙʦʣʽʟʤʫ (ɺʇʄ) ʻ ʥʘʩʣʽʜʢʦʤ ʛʝ-

ʥʝʪʠʯʥʦʾ ʚʘʨʽʘʮʽʾ, ʘʣʝ ʬʝʥʦʪʠʧ ʭʚʦʨʦʙʠ ʬʦʨʤʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚʥʘʩʣʽʜʦʢ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʤʽʥʠ ʫʨʘʞʝʥʦʛʦ ʛʝʥʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʘ ʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʰʠʨʝʥʥʷ ʟʘʚ'ʷʟʢʽʚ ʧʦ ʢʣʽʪʠʥʥʠʤ ʤʝʨʝʞʘʤ [2]. 

ɹʽʣʢʠ ʚʠʢʦʥʫʶʪʴ ʢʣʽʪʠʥʥʫ ʬʫʥʢʮʽʾ, ʽ ʚʩʽ ʙʽʣʢʦʚʦ-ʙʽʣʢʦʚʽ ʟʚ'ʷʟʢʠ ʫʪ-

ʚʦʨʶʶʪʴ ʚʝʣʠʢʫ ʧʽʜʤʝʨʝʞʫ ʚʩʝʨʝʜʠʥʽ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ [3]. ʇʦʚʥʘ 
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ʚʠʩʦʢʦʷʢʽʩʥʘ ʢʘʨʪʘ ʤʝʨʝʞʽ ʧʨʦʪʝʾʥʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʤʘʻ ʧʨʠʥʮʠʧʦʚʝ ʟʥʘ-

ʯʝʥʥʷ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ [4]. ɸʥʘʣʽʟ ʮʠʭ ʤʝʨʝʞ ʟ ʥʦʚʠʤʠ ʽʥ-

ʩʪʨʫʤʝʥʪʘʤʠ ʤʝʨʝʞʝʚʦʾ ʤʝʜʠʮʠʥʠ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʨʦʟʫʤʽʪʠ ʢʣʽʪʠʥʥʽ 

ʤʝʭʘʥʽʟʤʠ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ɺʇʄ, ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ ʨʽʟʥʠʤʠ ɺʇʄ 

ʘʙʦ ʤʽʞ ɺʇʄ ʪʘ ʽʥʰʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ. 

ɹʽʦʣʦʛʽʯʥʽ ʤʝʨʝʞʽ ʥʝ ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʪʘ ʨʝʛʫʣʶʶʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ 

ʧʨʠʥʮʠʧʽʚ. ɺʦʥʠ ʥʝ ʤʘʶʪʴ ʤʘʩʰʪʘʙʫ, ʪʦʙʪʦ ʻ ʙʘʛʘʪʦ ʚʫʟʣʽʚ ʟ ʢʽʣʴʢʦʤʘ 

ʩʫʩʽʜʘʤʠ ʪʘ ʜʝʢʽʣʴʢʘ ʚʫʟʣʽʚ ʟ ʙʘʛʘʪʴʤʘ ʩʫʩʽʜʘʤʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ 

ʮʝʥʪʨʘʤʠ [2]. ɸʩʦʮʽʡʦʚʘʥʽ ʟ ʭʚʦʨʦʙʘʤʠ ʙʽʣʢʠ ʥʝ ʨʦʟʩʽʶʶʪʴʩʷ ʚʠʧʘʜʢʦ-

ʚʠʤ ʯʠʥʦʤ, ʘ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʚʟʘʻʤʦʜʽʷʪʠ ʦʜʠʥ ʟ ʦʜʥʠʤ [5]. ʂʣʘʩʪʝʨ 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʭʚʦʨʦʙʘʤʠ ʙʽʣʢʽʚ ʫ ʪʽʡ ʩʘʤʽʡ ʤʝʨʝʞʽ ʩʫʩʽʜʽʚ ʬʦʨʤʫʻ ʧʽʜʛ-

ʨʘʬ, ʷʢʠʡ ʻ ʤʦʜʫʣʝʤ ʭʚʦʨʦʙʠ [2]. ʎʽ ʤʦʜʫʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʝʮʠʬʽʯʥʠʤʠ 

ʜʣʷ ʪʢʘʥʠʥʠ [6] ʪʘ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʤʠ ʧʫʯʢʘʤʠ ʝʢʩʧʨʝʩʽʾ ʛʝʥʽʚ, ʷʢʽ ʧʦʚ'-

ʷʟʘʥʽ ʟ ʮʠʤʠ ʤʦʜʫʣʷʤʠ, ʥʘ ʚʧʣʠʚ ʦʢʨʝʤʠʭ ʚʠʨʘʟʽʚ ʭʚʦʨʦʙʠ [7]. ʋ ʤʝʞʘʭ 

ʤʦʜʫʣʷ ʭʚʦʨʦʙʠ ʨʽʟʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʟ ʟʘʛʘʣʴʥʠʭ ʤʝʭʘ-

ʥʽʟʤʽʚ ʽ ʚʽʜʦʙʨʘʞʘʪʠ ʧʝʨʝʭʨʝʩʥʽ ʬʝʥʦʪʠʧʠ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʜʣʷ ʩʢʣʘʜʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʪʘʢʠʭ ʷʢ ʟʘʧʘʣʝʥʥʷ, ʘʩʪʤʘ ʪʘ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʽ ʟʘʭʚʦʨʶ-

ʚʘʥʥʷ [7]. 

ʆʜʥʘʢ ʧʽʜʭʦʜʠ ʜʦ ʤʝʨʝʞʝʚʦʾ ʤʝʜʠʮʠʥʠ ʥʝ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʠ-

ʩʪʝʤʘʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ɺʇʄ[8] ʷʢ ʛʝʪʝʨʦʛʝʥʥʦʾ ʛʨʫʧʠ ʧʦʨʫʰʝʥʴ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʽ ʙʽʦʭʽʤʽʯʥʽ ʰʣʷʭʠ ʣʶʜʠʥʠ ʪʘ ʧʦʛʽʨʰʫʶʪʴ 

ʬʫʥʢʮʽʶ ʙʘʛʘʪʴʦʭ ʦʨʛʘʥʽʚ. ɯʻʨʘʨʭʽʯʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ɺʇʄ, ʥʘʜʘʥʘ ʊʦʚʘ-

ʨʠʩʪʚʦʤ ʚʠʚʯʝʥʥʷ ʚʨʦʜʞʝʥʠʭ ʧʦʤʠʣʦʢ ʤʝʪʘʙʦʣʽʟʤʫ (SSIEM), ʤʽʩʪʠʪʴ 

612 ʟʘʭʚʦʨʶʚʘʥʴ ʟ ʯʠʩʣʘʤʠ MIM [9] ʫ 15 ʛʨʫʧʘʭ ʟʘʭʚʦʨʶʚʘʥʴ [10]. ɺʠ-

ʢʦʨʠʩʪʦʚʫʶʯʠ ʥʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʤʝʨʝʞʝʚʦʾ ʤʝʜʠʮʠʥʠ, ʤʦʞʥʘ ʜʦʩʣʽʜʠʪʠ, 

ʯʠ ʻ ʩʫʙ'ʻʢʪ ɺʇʄ ʩʧʨʘʚʜʽ ʦʨʛʘʥʽʟʦʚʘʥʠʤ ʷʢ ʤʦʜʫʣʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʚ ʚʟʘ-

ʻʤʦʜʽʶ ʙʽʣʢʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʽ ʷʢ ʚʦʥʠ ʧʦʚ'ʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ.  

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʢʣʽʥʽʯʥʦʾ ʟʥʘʯʠʤʦʩʪʽ ʩʪʨʘʪʝʛʽʾ ʙʫʣʦ ʨʦ-

ʟʛʣʷʥʫʪʦ ʚʽʜʥʦʩʠʥʠ ɺʇʄ ʟ ʽʥʰʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ, ʥʝ ʧʦʚ'ʷʟʘʥʠʤʠ ʟ 

ɺʇʄ, ʽʥʪʝʛʨʦʚʘʥʫ ʙʘʟʫ ʜʘʥʠʭ, ʪʘʢʫ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʘʥʦʪʘʮʽʾ ʟ ʛʝʥʥʦʾ 

ʦʥʪʦʣʦʛʽʾ, ʬʝʥʦʪʠʧʥʽ ʦʟʥʘʢʠ ʪʘ ʧʦʩʠʣʘʥʥʷ ʥʘ ʣʽʢʠ ʘʙʦ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ 

ʩʧʦʣʫʢʠ. 

ɿʚ'ʷʟʦʢ ɺʇʄ 

ɺ ʨʦʙʦʪʽ [7] ʛʝʥʦʪʠʧ ʣʶʜʠʥʠ ʧʦʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ 13460 ʙʽʣʢʽʚ, 

ʟʚ'ʷʟʘʥʠʭ 141296 ʩʪʽʡʢʠʤʠ ʟʚ'ʷʟʢʘʤʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ 

SSIEM, 427 ʛʝʥʽʚ, ʤʦʞʫʪʴ ʘʩʦʮʽʶʚʘʪʠʩʷ ʟ ɺʇʄ, ʘ 376 ʾʭ ʨʝʟʫʣʴʪʫʶʯʠʭ 

ʛʝʥʽʚ, ɺʇʄ-ʘʩʦʮʽʡʦʚʘʥʠʭ ʙʽʣʢʽʚ, ʙʫʣʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʚ ʣʶʜʩʴʢʦʤʫ ʦʨ-

ʛʘʥʽʟʤʽ. ʋ ʤʝʞʘʭ ʥʘʙʦʨʫ ʟ 376 ɺʇʄ-ʘʩʦʮʽʡʦʚʘʥʠʭ ʙʽʣʢʽʚ, 298 ʙʽʣʢʽʚ 

ʚʩʪʘʥʦʚʠʣʠ 706 ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʩʦʙʦʶ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʤʦʞʣʠʚʦʛʦ ʧʦ-

ʜʘʥʥʷ ɺʇʄ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʫ (ʨʠʩ.1), ʜʝ ʢʦʣʽʨ ʚʫʟʣʘ ʚʢʘʟʫʻ ʥʘ ʧʨʠʥʘʣʝʞ-

ʥʽʩʪʴ ʜʦ ʛʨʫʧʠ ʤʝʪʘʙʦʣʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ.  
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʚ'ʷʟʢʽʚ ʩʝʤʠ ʥʘʡʙʽʣʴʰʠʭ ʛʨʫʧ 

ɺʇʄ 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʟ ʫʩʴʦʛʦ ʛʨʘʬʘ ʜʝʢʦʤʧʦʟʫʶʪʴʩʷ ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ ʫ ʚʽʜ-

ʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʧʝʚʥʽʡ ʛʨʫʧʽ ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʨʦʟʛʣʷʜʘ-

ʶʪʴʩʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʥʫʪʨʽʰʥʽʭ ʟʚ'ʷʟʢʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩ. 2.) ʪʘ ʟʚ'ʷ-

ʟʢʽʚ ʛʨʫʧ ʭʚʦʨʦʙ ʤʽʞ ʩʦʙʦʶ(ʨʠʩ. 3). 

 
ʈʠʩʫʥʦʢ 2 ï ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʤʦʜʫʣʽʚ ʛʨʫʧ ʟʘʭʚʦʨʶʚʘʥʴ ʚ ʤʝʞʘʭ ɺʇʄ 
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ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʨʽʟʥʠʤʠ ʛʨʫʧʘʤʠ ʤʝʪʘʙʦʣʽʯʥʠʭ ʟʘʭʚʦ-
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ʋɼʂ 614.88 

ʇʃɸʅʋɺɸʅʅʗ ʈʆɹʆʊʀ ɹʈʀɻɸɼ ʐɺʀɼʂʆɰ ɼʆʇʆʄʆɻʀ 

ɽ.ɺ. ʂʦʨʦʙʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭ-

ʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʉʣʫʞʙʘ ʰʚʠʜʢʦʾ ʥʝʚʽʜʢʣʘʜʥʦʾ ʜʦʧʦʤʦʛʠ ʚʽʜʽʛʨʘʻ ʚʝʣʠʢʫ ʨʦʣʴ ʫ ʞʠʪʪʽ 

ʙʫʜʴ-ʷʢʦʛʦ ʛʨʦʤʘʜʷʥʠʥʘ, ʦʩʢʽʣʴʢʠ ʾʾ ʟʘʚʜʘʥʥʷ ð ʥʘʜʘʥʥʷ ʧʝʨʰʦʾ ʤʝʜʠʯ-

ʥʦʾ ʜʦʧʦʤʦʛʠ ʦʩʦʙʘʤ ʫ ʩʪʘʥʘʭ, ʱʦ ʟʘʛʨʦʞʫʶʪʴ ʞʠʪʪʶ, ʧʦʪʝʨʧʽʣʠʤ ʚʽʜ 

ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ (ʧʨʠ ʧʦʨʘʥʝʥʥʷʭ, ʧʝʨʝʣʦʤʘʭ, ʦʧʽʢʘʭ, ʦʪʨʫʻʥʥʷʭ, ʫʨʘ-

ʞʝʥʥʽ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ ʪʦʱʦ), ʘ ʪʘʢʦʞ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʦ-

ʪʝʨʧʽʣʠʭ ʜʦ ʣʽʢʘʨʝʥʴ. 

ɽʬʝʢʪʠʚʥʘ, ʟʣʘʛʦʜʞʝʥʘ ʪʘ ʤʠʪʪʻʚʘ ʨʦʙʦʪʘ ʩʪʘʥʮʽʡ ʰʚʠʜʢʦʾ ʜʦʧʦʤʦʛʠ 

- ʢʣʶʯʦʚʠʡ ʬʘʢʪʦʨ ʜʦ ʟʙʝʨʝʞʝʥʥʷ ʞʠʪʪʷ ʙʘʛʘʪʴʦʭ ʣʶʜʝʡ, ʷʢʽ ʟʘʣʝʞʘʪʴ 

ʣʠʰʝ ʚʽʜ ʚʯʘʩʥʦ ʥʘʜʘʥʦʾ ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ. 

ʋ ʚʝʣʠʢʦʤʫ ʤʽʩʪʽ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʥʝʚʯʘʩʥʦʛʦ ʧʨʠʾʟʜʫ ʤʝʜʠʯʥʦʾ ʙʨʠ-

ʛʘʜʠ ʥʘ ʤʽʩʮʝ ʚʠʢʣʠʢʫ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʽʥʰʠʭ ʧʨʦʙʣʝʤ: ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʥʘʩʝʣʝʥʥʷ ʪʘ ʥʝʧʨʦʬʽʣʴʥʠʭ ʚʠʢʣʠʢʽʚ, ʙʨʘʢʫ ʨʝʩʫʨʩʽʚ ʪʘ ʢʘʜʨʽʚ, ʪʦʱʦ. 

ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʧʨʦʙʣʝʤʘ ʚʠʥʠʢʘʻ ʫ ʜʠʩʧʝʪʯʝʨʩʴʢʠʭ ʧʫʥʢʪʘʭ, 

ʘʜʞʝ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʪʘʥʽ ʙʨʘʢʫ ʢʘʜʨʽʚ ʪʘ ʯʘʩʫ ʜʣʷ ʤʠʪʪʻʚʦʾ ʨʝʘʢʮʽʾ 

ʥʘ ʜʽʡʩʥʦ ʢʨʠʪʠʯʥʽ ʪʘ ʚʘʞʣʠʚʽ ʚʠʢʣʠʢʠ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʠʰʚʠʜʰʠʪʠ ʧʝʨʝʜʘʯʫ ʚʠʢʣʠʢʫ ʤʝʜʠʯʥʽʡ ʙʨʠʛʘʜʽ, 

ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʠʚʰʠ ʯʘʩ ʥʘ ʡʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʘʚʪʦʤʘ-

ʪʠʟʫʚʘʪʠ ʨʦʙʦʪʫ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʧʫʥʢʪʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʪʘʥʮʽʶ ʰʚʠʜʢʦʾ ʜʦʧʦʤʦʛʠ ʤʽʩʪʘ ʂʠʻʚʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ: ʛʦʣʦʚʥʠʡ ʜʠʩʧʝʪʯʝʨʩʴʢʠʡ ʧʫʥʢʪ, 17 ʧʽʜʩʪʘʥʮʽʡ ʪʘ 122 

ʚʠʾʟʥʽ ʙʨʠʛʘʜʠ  ʨʽʟʥʠʭ ʧʨʦʬʽʣʽʚ.  

ɿʘʜʽʷʥʽ ʨʦʣʽ ʫ ʧʨʦʮʝʩʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʢʣʠʢʫ - ʜʠʩʧʝʪʯʝʨ ʛʦʣʦʚʥʦʾ 

ʩʪʘʥʮʽʾ, ʜʠʩʧʝʪʯʝʨ ʧʽʜʩʪʘʥʮʽʾ ʪʘ ʚʠʾʟʥʘ ʙʨʠʛʘʜʘ.  

 ɿʘʜʘʯʘ ʜʠʩʧʝʪʯʝʨʘ ʛʦʣʦʚʥʦʾ ʩʪʘʥʮʽʾ - ʟʘʨʝʻʩʪʨʫʚʘʪʠ ʚʠʢʣʠʢ. ɼʣʷ 

ʮʴʦʛʦ ʚʽʥ ʤʘʻ ʟʜʽʡʩʥʠʪʠ ʪʘʢʽ ʢʨʦʢʠ: 

ī ʚʠʟʥʘʯʠʪʠ ʧʨʠʯʠʥʫ ʚʠʢʣʠʢʫ; 

ī ʜʽʟʥʘʪʠʩʷ ʪʦʯʥʝ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʧʦʪʝʨʧʽʣʦʛʦ; 

ī ʚʥʝʩʪʠ ʽʥʬʦʨʤʘʮʽʶ ʜʦ ʢʘʨʪʠ ʚʠʢʣʠʢʫ; 

ī ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʧʽʜʩʪʘʥʮʽʶ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨ-

ʤʘʮʽʾ ʚʽʜ ʧʦʪʝʨʧʽʣʦʛʦ; 

ī ʧʝʨʝʜʘʪʠ ʚʠʢʣʠʢ ʽʟ ʢʘʨʪʦʶ ʚʠʢʣʠʢʫ ʥʘ ʧʽʜʩʪʘʥʮʽʶ. 



57 

 

 
ʈʠʩ. 1  ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʨʦʣʝʡ ʫ ʧʨʦʮʝʩʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʢʣʠʢʫ 

ʅʘ ʧʽʜʩʪʘʥʮʽʷʭ ʟʥʘʭʦʜʷʪʴʩʷ ʜʠʩʧʝʪʯʝʨʠ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʚʠʢʣʠʢʠ ʽʟ 

ʛʦʣʦʚʥʦʾ ʩʪʘʥʮʽʾ. ɰʭ ʟʘʜʘʯʘ, ʧʨʠʡʥʷʚʰʠ ʚʠʢʣʠʢ, ʚʠʟʥʘʯʠʪʠ ʙʨʠʛʘʜʫ, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʚʽʜʧʨʘʚʠʪʠ ʥʘ ʤʽʩʮʝ ʧʦʜʽʾ. 

ɿʛʽʜʥʦ ʟ ʧʦʩʪʘʥʦʚʦʶ ʄʆɿ ʋʢʨʘʾʥʠ [1], ʬʫʥʢʮʽʻʶ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ 

ʧʫʥʢʪʫ ʥʘ ʧʽʜʩʪʘʥʮʽʾ ʻ ʧʨʠʡʦʤ ʚʠʢʣʠʢʽʚ ʟ ʛʦʣʦʚʥʦʾ ʩʪʘʥʮʽʾ, ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ 

ʾʭ ʚʠʢʦʥʘʥʥʷ .  ʊʦʤʫ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʜʠʩʧʝʪʯʝʨʘ ʧʽʜʩʪʘʥʮʽʾ ʻ ʧʣʘ-

ʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʚʭʽʜʥʦʛʦ ʚʠʢʣʠʢʫ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʽ 

ʢʦʞʥʦʾ ʙʨʠʛʘʜʠ, ʢʽʣʴʢʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʤʘʰʠʥ, ʢʨʠʪʝʨʽʾ ʚʘʞʣʠʚʦʩʪʽ 

ʚʠʢʣʠʢʫ, ʘ ʪʘʢʦʞ ʚʞʝ ʩʬʦʨʤʦʚʘʥʦʛʦ ʨʦʟʢʣʘʜʫ ʨʦʙʽʪ ʧʽʜʩʪʘʥʮʽʾ. 

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʜʠʩʧʝʪʯʝʨʦʤ ʧʽʜʩʪʘʥʮʽʾ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʥʦʤʝʨ ʙʨʠʛʘʜʠ 

(ʦʜʥʽʻʾ ʘʙʦ ʜʝʢʽʣʴʢʦʭ, ʷʢʱʦ ʥʘ ʤʽʩʮʽ ʙʘʛʘʪʦ ʧʦʩʪʨʘʞʜʘʣʠʭ) ʥʘ ʤʦʙʽʣʴʥʫ 

ʩʪʘʥʮʽʶ ʙʨʠʛʘʜʽ ʧʨʠʭʦʜʠʪʴ ʢʘʨʪʘ ʚʠʢʣʠʢʫ, ʽ ʚʦʥʠ ʚʠʾʞʜʞʘʶʪʴ ʥʘ ʤʽʩʮʝ 

ʜʦ ʧʦʪʝʨʧʽʣʦʛʦ [2]. 

ʇʽʩʣʷ ʧʦʚʝʨʥʝʥʥʷ ʟ ʚʠʢʣʠʢʫ ʬʦʨʤʫʻʪʴʩʷ ʟʚʽʪ, ʷʢʠʡ ʧʦʪʽʤ ʧʝʨʝʜʘʻʪʴʩʷ 

ʥʘ ʛʦʣʦʚʥʫ ʩʪʘʥʮʽʶ ʜʣʷ ʟʚʽʪʫʚʘʥʥʷ ʧʨʦ ʚʠʢʦʥʘʥʫ ʨʦʙʦʪʫ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʨʦʟʚôʷʟʘʪʠ ʚʠʱʝʦʧʠʩʘʥʽ ʧʦʩʪʘʚʣʝʥʽ ʟʘʜʘʯʽ, ʥʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʫʚʘʪʠ ʨʷʜ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. 

ʄʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʤʦʞʥʘ ʚʠʢʦ-

ʨʠʩʪʘʪʠ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: 

ī ʧʦʙʫʜʦʚʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʛʦ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʜʣʷ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʠʯʠʥʠ ʚʠʢʣʠʢʫ; 

ī ʤʝʪʦʜʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ ʘʣʴʪʝʨʥʘʪʠʚ ʟ ʪʝʦʨʽʾ ʧʨʠʡ-
ʥʷʪʪʷ ʨʽʰʝʥʴ, ʜʣʷ ʚʠʙʦʨʫ ʧʽʜʩʪʘʥʮʽʾ; 

ī ʪʝʦʨʽʷ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʙʦ ʜʠʥʘʤʽʯʥʝ ʩʢʣʘʜʘʥʥʷ ʨʦʟ-
ʢʣʘʜʫ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʣʠʢʫ ʥʘ ʧʽʜʩʪʘʥʮʽʾ; 

ī ʟʘʜʘʯʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧ-
ʪʠʤʘʣʴʥʦʛʦ ʰʣʷʭʫ ʜʦ ʧʦʪʝʨʧʽʣʦʛʦ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʦʨʽʻʥʪʦʚʥʦʛʦ ʯʘʩʫ ʧʨʠ-

ʙʫʪʪʷ ʰʚʠʜʢʦʾ; 

ī ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʥʦʩʪʽ ʧʽʜʩʪʘʥʮʽʾ. 
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ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʠʯʠʥʠ ʚʠʢʣʠʢʫ. 

ɿʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʠʯʠʥʠ ʚʠʢʣʠʢʫ 

ʅʝʭʘʡ Y - ʤʥʦʞʠʥʘ ʚʘʨʽʘʥʪʽʚ ʧʨʠʯʠʥ ʜʣʷ ʚʠʢʣʠʢʫ, ʪʘ ʽʩʥʫʻ n ʤʦʞʣʠ-

ʚʠʭ ʧʨʠʯʠʥ (n > 0,n  ɴZ), ʪʦʜʽ Y:  

 Y = {₣y_1₤_ ,y_2,...y_n }   (1) 

ɯʩʥʫʻ ʚʠʟʥʘʯʝʥʘ ʤʥʦʞʠʥʘ ʩʠʤʧʪʦʤʽʚ ʍ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ m ʝʣʝ-

ʤʝʥʪʽʚ: 

 X = {₣x_1₤_ ,x_2,...x_m }   (2) 

ʂʦʞʥʘ ʧʨʠʯʠʥʘ y_i (0 < i  Ò n) ʤʦʞʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʜʦʚʽʣʴʥʦʶ 

ʧʽʜʤʥʦʞʠʥʦʶ ʩʠʤʧʪʦʤʽʚ X. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʩʠʤʧʪʦʤʽʚ ʻ ʽʻʨʘʨʭʽʯʥʦ ʚʧʦʨʷʜʢʦʚʘʥʠʡ ʩʧʠʩʦʢ ʟʘʧʠ-

ʪʘʥʴ K, ʜʝ ʚʽʜʧʦʚʽʜʴ ʥʘ ʢʦʞʥʝ ʧʠʪʘʥʥʷ ʻ ʦʟʥʘʢʦʶ ʥʘʷʚʥʦʩʪʽ ʯʠ ʚʽʜ-

ʩʫʪʥʽʩʪʶ ʧʝʚʥʦʛʦ ʩʠʤʧʪʦʤʫ x_j. 

ʅʝʦʙʭʽʜʥʦ ʧʦʩʣʽʜʦʚʥʦ ʨʫʭʘʶʯʠʩʴ ʟʘ ʩʧʠʩʢʦʤ ʟʘʧʠʪʘʥʴ K  ʟʘ ʥʘʡ-

ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ k ʚʠʟʥʘʯʠʪʠ ʧʨʠʯʠʥʫ ʚʠʢʣʠʢʫ y_i ʟʘ ʚʭʽʜʥʠʤʠ 

ʩʠʤʧʪʦʤʘʤʠ x_j. ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʪʦʯʥʦʩʪʽ d (0 Ò d Ò 1) ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʠʯʠʥʠ y_i ʤʘʻ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʠʤ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʝ ʜʝ-

ʨʝʚʦ ʨʽʰʝʥʴ, ʱʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʪʘʢʠʭ ʧʨʠʢʣʘʜʥʠʭ ʦʙʣʘʩʪʷʭ 

ʷʢ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʤʝʜʠʮʠʥʘ (ʜʽʘʛʥʦʩʪʠʢʘ), ʙʦʪʘʥʽʢʘ ʪʘ ʧʩʠʭʦʣʦʛʽʷ [3]. 

ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʥʘ ʨʝʙʨʘʭ (çʛʽʣʢʘʭè) ʜʝʨʝʚʘ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʥʷ ʙʫ-

ʜʫʪʴ ʟʘʧʠʩʘʥʽ ʩʠʤʧʪʦʤʠ (çʘʪʨʠʙʫʪʠè), ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʮʽʣʴʦʚʘ 

ʬʫʥʢʮʽʷ, ʚ çʣʠʩʪʽè ʟʘʧʠʩʘʥʽ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ð ʧʨʠʯʠʥʘ ʜʣʷ 

ʚʠʢʣʠʢʫ. ʑʦʙ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʧʨʠʯʠʥʫ ʚʠʢʣʠʢʫ, ʧʦʪʨʽʙʥʦ ʩʧʫʩʪʠʪʠʩʷ ʧʦ 

ʜʝʨʝʚʫ ʜʦ ʣʠʩʪʘ ʽ ʚʠʜʘʪʠ ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ.  

ɺʠʟʥʘʯʠʤʦ ʥʘʩʪʫʧʥʠʡ ʩʧʨʦʱʝʥʠʡ ʧʦʩʣʽʜʦʚʥʠʡ ʩʧʠʩʦʢ ʘʪʨʠʙʫʪʽʚ: ʥʘ-

ʷʚʥʽʩʪʴ ʩʚʽʜʦʤʦʩʪʽ, ʜʠʭʘʥʥʷ, ʧʫʣʴʩʫ, ʤʦʞʣʠʚʽʩʪʴ ʨʫʭʘʪʠʩʷ, ʢʨʦʚʦʪʝʯʘ; 

ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ: ʟʥʝʧʨʠʪʦʤʥʝʥʥʷ, ʟʘʙʠʪʪʷ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ, ʢʣʽʥʽʯʥʘ 

ʩʤʝʨʪʴ, ʧʘʨʘʣʽʯ, ʚʽʜʢʨʠʪʠʡ ʧʝʨʝʣʦʤ.  ɿʛʽʜʥʦ ʟ ʤʝʜʠʯʥʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ 

ʢʣʶʯʦʚʠʤ ʘʪʨʠʙʫʪʦʤ ʻ ʥʘʷʚʥʽʩʪʴ ʩʚʽʜʦʤʦʩʪʽ, ʩʘʤʝ ʚʽʥ ʷʚʣʷʻ ʩʦʙʦʶ 

ʢʦʨʽʥʴ ʜʝʨʝʚʘ. 

ɺʠʛʣʷʜ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʛʦ ʜʝʨʝʚʘ ʚ ʥʘʚʝʜʝʥʦʤʫ ʚʠʧʘʜʢʫ ʟʦʙʨʘʞʝʥʠʡ 

ʥʘ ʨʠʩʫʥʢʫ 2. 

ʇʦʯʠʥʘʶʯʠ ʟ ʢʦʨʝʥʷ ʜʝʨʝʚʘ, ʧʦʩʣʽʜʦʚʥʦ ʜʘʶʯʠ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ, 

ʦʪʨʠʤʫʻʤʦ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (ʧʨʠʯʠʥʫ ʜʣʷ ʚʠʢʣʠʢʫ), ʘ ʧʨʦʡʜʝ-

ʥʠʡ ʤʘʨʰʨʫʪ ʧʨʠ ʮʴʦʤʫ ʙʫʜʝ ʨʽʚʥʠʡ ʤʥʦʞʠʥʽ ʩʠʤʧʪʦʤʽʚ. 

ʆʩʢʽʣʴʢʠ ʤʥʦʞʠʥʠ ʩʠʤʧʪʦʤʽʚ ʪʘ ʧʨʠʯʠʥ ʜʣʷ ʚʠʢʣʠʢʫ ʻ ʥʝʟʤʽʥʥʠʤʠ 

(ʘʙʦ ʟʤʽʥʶʶʪʴʩʷ ʜʦʩʠʪʴ ʨʽʜʢʦ), ʜʝʨʝʚʦ ʙʫʜʫʻʪʴʩʷ ʦʜʠʥ ʨʘʟ. ʅʘ ʩʢʣʘʜ-

ʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʚʧʣʠʚʘʪʠʤʝ ʣʠʰʝ ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ, ʱʦ ʙʫʜʝ ʜʦʨʽʚ-

ʥʶʚʘʪʠ ʢʽʣʴʢʦʩʪʽ ʩʠʤʧʪʦʤʽʚ ʫ ʜʽʘʛʥʦʟʽ (ʧʨʠʯʠʥʽ ʜʣʷ ʚʠʢʣʠʢʫ). 
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ʈʠʩ. 2 - ɹʽʥʘʨʥʝ ʢʣʘʩʠʬʽʢʘʮʽʡʥʝ ʜʝʨʝʚʦ 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʨʦʙʦʪʠ ʜʠʩʧʝʪʯʝʨʘ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦ-

ʚʘʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʠʭ ʤʝʪʦʜʽʚ ʤʘʻ ʟʤʝʥʰʠʪʠ ʯʘʩ 

ʥʘ ʧʝʨʝʜʘʯʫ ʚʠʢʣʠʢʫ ʤʝʜʠʯʥʽʡ ʙʨʠʛʘʜʽ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʜʠʩʧʝʪʯʝʨʘ.  

 

ʃʽʪʝʨʘʪʫʨʘ: 

1.ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʍʆʈʆʅʀ ɿɼʆʈʆɺ'ʗ ʋʂʈɸɰʅʀ. ʇʨʦ ʟʘʭʦʜʠ 

ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʜʘʥʥʷ ʝʢʩʪʨʝʥʦʾ ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ ʥʘʩʝʣʝʥʥʶ 

ʚ ʋʢʨʘʾʥʽ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʍʆʈʆʅʀ 

ɿɼʆʈʆɺ'ʗ ʋʂʈɸɰʅʀ. ï 29. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

http://search.ligazakon.ua/l_doc2.nsf/link1/an/3106/MOZ8796.html#3106. 

2.ɾʜʘʥʦʚʘ ʄ. ʇ. ʇʨʠʤʽʨʥʝ ʧʦʣʦʞʝʥʥʷ ʧʨʦ ʧʽʜʩʪʘʥʮʽʶ (ʚʽʜʜʽʣʝʥʥʷ) 

ʝʢʩʪʨʝʥʦʾ (ʰʚʠʜʢʦʾ) ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ʄ. ʇ. 

ɾʜʘʥʦʚʘ. ï 29. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

http://search.ligazakon.ua/l_doc2.nsf/link1/TF005276.html. 

3.ɽʣʝʢʪʨʦʥʥʠʡ ʧʽʜʨʫʯʥʠʢ ʟʽ ʩʪʘʪʠʩʪʠʢʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝ-

ʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

http://statsoft.ru/home/textbook/modules/stclatre.html. 

 

ʋɼʂ 004.925.8 

ɯʅʌʆʈʄɸʎɯʁʅʆ-ʊɽʍʅʆʃʆɻɯʏʅɸ ʉʀʉʊɽʄɸ 

ʄʆɼɽʃʖɺɸʅʅʗ ʂɯʉʊʆʂ ʑɽʃɽʇʅʆ-ʃʀʎʔʆɺʆɰ ɼɯʃʗʅʂʀ 

ʆ.ɯ. ʉʦʨʦʢʦʚʠʡ 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘ-

ʪʶʢʘ, ʋʢʨʘʾʥʘ 

 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟ'ʷʩʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʫʯʘʩʥʠʭ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʜʝʣʝʡ ʢʽʩʪʦʢ ʣʶʜʩʴʢʦʛʦ ʪʽʣʘ ʟʘ ʜʘ-

ʥʠʤʠ: 

Å ʤʝʜʠʯʥʦʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʟʘʩʦʙʘʤʠ ʪʦʤʦʛʨʘʬʽʾ; 
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Å ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʚ ʮʠʬʨʦʚʠʡ ʬʦʨʤʘʪ, 

ʟʨʦʟʫʤʽʣʠʡ ʜʣʷ CAD\CAM ʩʠʩʪʝʤ; 

Å ʨʝʜʘʛʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʡ ʥʘ ʾʾ ʦʩʥʦʚʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʤ-

ʧʣʘʥʪʽʚ; 

Å ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʜʨʫʢʫʚʘʥʥʷ 

ʤʦʜʝʣʝʡ ʢʽʩʪʦʢ ʪʘ ʽʤʧʣʘʥʪʽʚ 3D-ʧʨʠʥʪʝʨʦʤ. 

ʉʪʨʫʢʪʫʨʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʝʨʝʤʽ-

ʱʝʥʥʷ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʨʽʟʥʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʟ 

ʫʩʫʥʝʥʥʷʤ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʧʨʦʙʣʝʤ ʢʦʥʚʝʨʪʘʮʽʾ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʪʦʯ-

ʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʧʝʨʘʮʽʡ (ʜʠʚ. ʨʠʩ. 1), ʪʦʙʪʦ ʩʚʦʛʦ ʨʦʜʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʤʦʜʝʣʽ ʯʘʩʪʠʥʠ ʩʢʝʣʝʪʫ ʣʶʜʠʥʠ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʱʝʣʝʧʥʦ-ʣʠʮʴʦʚʽʡ ʭʽʨʫʨʛʽʾ.  ʅʘʰʽ ʜʦʩʣʽʜʞʝʥʥʷ [1] 

ʙʫʣʦ ʙ ʥʝʤʦʞʣʠʚʠʤ ʙʝʟ ʧʣʽʜʥʦʾ ʩʧʽʚʧʨʘʮʽ ʟ ʬʘʭʽʚʮʷʤʠ ʢʘʬʝʜʨʠ çʆʨʪʦ-

ʧʝʜʠʯʥʦʾ ʩʪʦʤʘʪʦʣʦʛʽʾ ʟ ʽʤʧʣʘʥʪʦʣʦʛʽʻʶè ɺɼʅɿʋ ʋʢʨʘʾʥʩʴʢʦʾ ʤʝʜʠʯʥʦʾ 

ʩʪʦʤʘʪʦʣʦʛʽʯʥʦʾ ʘʢʘʜʝʤʽʾ. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʪʨʠʚʠʤʽʨʥʦʾ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ ʱʦʜʦ ʪʦ-

ʯʥʦʾ ʛʝʦʤʝʪʨʽʾ ʦʙ'ʻʢʪʫ (ʢʽʩʪʢʠ) ʪʘ ʤʽʩʮʷ ʽ  ʭʘʨʘʢʪʝʨʫ ʫʨʘʞʝʥʥʷ. ɺ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʜʘʥʽ ʦʙôʻʤʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘʜʽʡʰʣʠ ʟ ʢʦʤʧ'ʶʪʝʨ-

ʥʦʛʦ ʪʦʤʦʛʨʘʬʘ, ʷʢʠʡ ʬʦʨʤʫʻ ʩʝʨʽʶ ʜʚʦʚʠʤʽʨʥʠʭ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʟʦʙʨʘ-

ʞʝʥʴ ʚʥʫʪʨʽʰʥʴʦʾ ʯʘʩʪʠʥʠ ʦʙ'ʻʢʪʘ ʽʟ ʟʘʜʘʥʠʤ ʢʨʦʢʦʤ. ɼʣʷ ʭʽʨʫʨʛʘ ʪʘʢʽ 

ʟʥʽʤʢʠ ʟʙʽʣʴʰʫʶʪʴ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʙʫʜʫʚʘʪʠ ʧʣʘʥ ʣʽʢʫʚʘʥʥʷ, ʘ ʤʠ ʟʘ ʮʠʤʠ ʜʘʥʠʤʠ ʤʦʞʝʤʦ 

ʤʦʜʝʣʶʚʘʪʠ ʪʨʠʚʠʤʽʨʥʠʡ ʦʙʨʘʟ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʙʝ-

ʨʽʛʘʶʪʴ ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ ʬʦʨʤʘʪʽ ʩʪʘʥʜʘʨʪʫ ʩʪʚʦʨʝʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ, ʧʝʨʝ-

ʜʘʯʽ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʂʊ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʮʽʻʥʪʽʚ ï 

DICOM [2].  

ʇʦʜʘʣʴʰʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʘʥʠʭ ʂʊ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦ ʧʨʦʛʨʘ-

ʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʥʘ ʦʩʥʦʚʽ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʦʰʘʨʦʚʦʛʦ ʩʫʤʽʱʝʥʥʷ 

ʦʢʨʝʤʠʭ ʟʥʽʤʢʽʚ ʤʦʞʝ ʧʦʙʫʜʫʚʘʪʠ ʩʧʝʮʠʬʽʯʥʫ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ. 
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ʈʠʩʫʥʦʢ 2. ʊʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʟʘ ʽʥʪʝʨʧʨʝʪʦʚʘʥʠʤʠ ʜʘʥʠʤʠ ʂʊ 

ɼʣʷ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʙʝʟʢʦʰʪʦʚʥʫ ʧʨʦʛʨʘʤʫ ʜʣʷ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ  InVesalius 3 [3], ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʫ 

ʬʫʥʢʮʽʶ ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʢʘʣʠ ʍʘʫʥʩʬʽʣʜʘ [4] 

(ʜʠʚ. ʨʠʩ. 2). ʂʦʥʝʯʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʨʦʙʢʠ ʻ ʢʦʥʚʝʨʪʘʮʽʷ ʚʦʢʩʝʣʴʥʦʾ 

ʤʦʜʝʣʽ ʚ ʙʽʥʘʨʥʠʡ ʬʦʨʤʘʪ STL (ʉʪʝʨʝʦʣʽʪʦʛʨʘʬʽʷ), ʦʩʢʽʣʴʢʠ ʮʝ ʫʥʽʚʝʨ-

ʩʘʣʴʥʽ ʪʨʽʘʥʛʫʣʷʮʽʡʥʽ ʜʘʥʽ, ʷʢʽ ʙʝʟ ʧʨʦʙʣʝʤ ʽʤʧʦʨʪʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪ-

ʥʠʤʠ ʧʨʦʬʝʩʽʡʥʠʤʠ CAD\CAM ʢʦʤʧ'ʶʪʝʨʥʠʤʠ ʧʘʢʝʪʘʤʠ ʘʙʦ "ʚ'ʶʚʝ-

ʨʘʤʠ". 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʤʠ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʨʝʜʘʛʫʚʘʪʠ ʪʨʽʘʥʛʫʣʷʮʽʡʥʫ ʤʦʜʝʣʴ ʬʦʨʤʘʪʫ STL ʜʦʮʽʣʴʥʦ ʚ ʧʨʦʛʨʘʤʽ 

MeshMixer ʢʦʤʧʘʥʽʾ Autodesk (ʉʐɸ), ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʤʧʣʘʥʪʫ, ʟ ʧʦʜʘʣʴ-

ʰʦʶ ʨʦʟʨʦʙʢʦʶ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚ Autodesk PowerShape ʪʘ 

PowerMill [1,5]. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʪʨʝʙ ʚ ʤʘʪʝʨʽʘʣʴʥʽʡ ʢʦʧʽʾ (ʤʫʣʷʞʽ) ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ ʭʽʨʫʨʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ, ʤʦʜʝʣʴ ʤʦʞʥʘ ʧʨʦʩʪʦ ʨʦʟʜʠʚʣʷʪʠʩʷ ʫ 

ʚʽʢʥʽ ʧʨʦʛʨʘʤʠ, ʧʦʚʝʨʪʘʶʯʠ ʾʾ ʪʘ ʥʘʙʣʠʞʘʶʯʠ ʬʨʘʛʤʝʥʪʠ. ʄʘʪʝʨʽʘʣʴʥʫ 

ʢʦʧʽʶ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘʩʪʦʩʫʚʘʚʰʠ ʩʫʯʘʩʥʽ ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ 3D-

ʜʨʫʢʫʚʘʥʥʷ [6]. 

ɸʜʠʪʠʚʥʘ ʪʝʭʥʦʣʦʛʽʷ - ʥʘʡʙʽʣʴʰ ʜʠʥʘʤʽʯʥʠʡ ʥʘʧʨʷʤ ʩʚʽʪʦʚʦʛʦ ʥʘʫ-

ʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ, ʧʦʣʷʛʘʻ ʚ ʧʦʰʘʨʦʚʦʤʫ ʥʘʨʦʱʫʚʘʥʥʽ ʩʫʮʽʣʴ-

ʥʦʛʦ ʪʨʠʚʠʤʽʨʥʦʛʦ ʦʙ'ʻʢʪʫ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ. ʗʢʱʦ ʪʦ-
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ʤʦʛʨʘʬ ʧʦʰʘʨʦʚʦ ʩʢʘʥʫʻ ʣʶʜʩʴʢʝ ʪʽʣʦ, ʪʦ ʪʨʠʚʠʤʽʨʥʝ ʜʨʫʢʫʚʘʥʥʷ ʧʦʩ-

ʣʽʜʦʚʥʦ ʚʽʜʪʚʦʨʶʻ ʧʨʦʬʽʣʴ ʮʽʢʘʚʦʾ ʥʘʤ ʜʽʣʷʥʢʠ. ʅʘʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʠ-

ʨʘʣʦʩʷ ʥʘ ʜʦʩʪʘʪʥʴʦ ʙʶʜʞʝʪʥʠʡ 3D-ʧʨʠʥʪʝʨ ʽʟ ʪʝʭʥʦʣʦʛʽʶ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʧʣʘʚʣʝʥʥʷʤ (Fused Deposition Modeling ð FDM) ʪʘ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ï PLA-

ʧʣʘʩʪʠʢʫ (ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʡ ʧʦʣʽʣʘʢʪʠʜ, ʘʥʛʣ. ï Polylactic acid) ʘʙʦ ʪʝʨ-

ʤʦʧʣʘʩʪʠʯʥʦʾ ʩʤʦʣʠ ABS (ʘʢʨʠʣʦʥʽʪʨʠʣʙʫʪʘʜʽʻʥʩʪʠʨʦʣ, ʘʥʛʣ. ï 

Acrylonitrile Butadiene Styrene). ʇʨʠʢʣʘʜʠ ʜʨʫʢʦʚʘʭ ʤʦʜʝʣʝʡ ï ʜʠʚ. ʨʠ-

ʩʫʥʢʠ 3-4.  

 
ʈʠʩʫʥʦʢ 3. ʅʘʜʨʫʢʦʚʘʥʘ ʤʦʜʝʣʴ ʥʠʞʥʴʦʾ ʱʝʣʝʧʠ 

ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʦʙʩʪʝʞʝʥʦ 62 ʧʘʮʽʻʥʪʠ, ʩʪʚʦʨʝʥʦ 48 ʤʦʜʝʣʝʡ. ʊʘʢʘ 

ʨʦʟʙʽʞʥʽʩʪʴ ʚ ʢʽʣʴʢʦʩʪʽ ʧʦʚ'ʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʫ 14 ʚʠʧʘʜʢʘʭ ʧʦʪʫʞʥʽ ʘʨʪʝ-

ʬʘʢʪʠ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜ ʤʝʪʘʣʝʚʠʭ ʽʤʧʣʘʥʪʽʚ ʥʝ ʜʘʣʠ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʷʢʽ-

ʩʥʫ ʤʦʜʝʣʴ. 

 
ʈʠʩʫʥʦʢ 4. ʄʦʜʝʣʴ ʥʠʞʥʴʦʾ ʱʝʣʝʧʠ 
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ʋɼʂ 004.9 

ʇɯɼɺʀʑɽʅʅʗ ʆɼʅʆʈɯɼʅʆʉʊɯ ʊʆʏʆʂ 

ʉʇʆʉʊɽʈɽɾɽʅʅʗ ɹɸɻɸʊʆʄʆɼɽʃʔʅʀʄ 

ʂʃɸʉʀʌɯʂɸʊʆʈʆʄ ʄɺɼ 

ɸʚʨʘʤʝʥʢʦ ɸ.ʉ. 

ʏʝʨʢʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʥʝ ʣʠʰʝ ʟʙʽʨ ʽʥʬʦʨ-

ʤʘʮʽʾ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙôʻʢʪʫ ʤʦʥʽʪʦʨʠʥʛʫ ʘʣʝ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨ-

ʤʘʮʽʻʶ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɯʥʬʦʨʤʘʮʽʷ ʦʪʨʠʤʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʦʪʨʠ-

ʤʘʥʠʭ ʚ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʴʦʛʦ ʦʙôʻʢʪʘ. 

ɻʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʩʠʩʪʝʤʘʭ ʻ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʟʜʦ-

ʙʫʚʘʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʘ ʤʦʥʽʪʦ-

ʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʮʴʦʛʦ ʦʙôʻʢʪʘ. 

ʉʘʤʝ ʟʘʨʘʟ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʩʠʩʪʝʤʠ ʟʘ-

ʩʥʦʚʘʥʽ ʥʘ ʪʝʭʥʦʣʦʛʽʾ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ, ʷʢʘ ʨʝʘʣʽʟʦ-

ʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ ʽʻʨʘʨʭʽʯʥʠʤ ʧʦʻʜʥʘʥʥʷʤ ʙʘʛʘ-

ʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ [1]. 

ʊʘʢʽ ʤʦʜʝʣʽ ʩʠʥʪʝʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʫʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʽʥʰʠʭ. ɺ ʜʘʥʽʡ ʪʝʭʥʦʣʦʛʽʾ  
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ʩʮʝʥʘʨʽʡ ʚʠʙʦʨʫ ʘʣʛʦʨʠʪʤʫ ʩʠʥʪʝʟʫ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ 

(ɸʉʄ) ʨʝʘʣʽʟʦʚʘʥʦ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʾʭ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʚʠʙʦʨʫ 

ʢʨʘʱʦʛʦ [1]. ɼʘʣʽ ʟ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʬʦʨʤʫʻʪʴʩʷ ʽʻʨʘʨʭʽʷ. 

ʄʦʜʝʣʽ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʽʻʨʘʨʭʽʾ ʨʦʟʚôʷʟʫʶʪʴ ʣʦʢʘʣʴʥʽ ʟʘʜʘʯʽ ʟ ʧʝ-

ʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ. ɺ ʪʘʢʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʤʦʞʣʠʚʝ ʧʦʻʜʥʘʥʥʷ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʜʝʣʝʡ, ʘ ʩʘʤʝ, ʚʽʜ ʧôʷʪʜʝʩʷʪʠ ʽ ʙʽʣʴʰʝ. 

ɺ ʧʨʦʮʝʩʽ ʤʦʥʽʪʦʨʠʥʛʫ ʢʨʠʟʦʚʠʭ ʩʠʪʫʘʮʽʡ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʩʠʚʫ ʚʭʽʜ-

ʥʠʭ ʜʘʥʠʭ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ. ʊʦʤʫ ʽʩʥʫʻ ʚʠʩʦʢʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, 

ʱʦ ʦʜʥʘ ʘʙʦ ʜʝʢʽʣʴʢʘ ʤʦʜʝʣʝʡ ʤʦʞʫʪʴ ʧʦʯʘʪʠ ʚʠʜʘʚʘʪʠ ʥʝ ʘʜʝʢʚʘʪʥʽ ʨʝ-

ʟʫʣʴʪʘʪʠ. ɼʣʷ ʚʠʧʨʘʚʣʝʥʥʷ ʪʘʢʠʭ çʧʦʰʢʦʜʞʝʥʴè ʧʨʦʚʦʜʠʪʴʩʷ ʟʘʤʽʥʘ 

ʮʠʭ ʤʦʜʝʣʝʡ ʟ ʾʭ ʧʦʚʪʦʨʥʠʤ ʩʠʥʪʝʟʦʤ ʪʘ ʩʠʥʪʝʟʦʤ ʫʩʽʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʟ 

ʥʠʤʠ  ʧʦʚôʷʟʘʥʽ. 

 ʇʨʦʮʝʩ ʩʠʥʪʝʟʫ ʫʩʽʭ çʧʦʰʢʦʜʞʝʥʠʭè ʤʦʜʝʣʝʡ ʪʘ ʤʦʜʝʣʝʡ, ʷʢʽ ʟ 

ʥʠʤʠ ʧʦʚôʷʟʘʥʽ, ʟʘʡʤʘʻ ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ. ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʩʠʥ-

ʪʝʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʤʦʜʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʽ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚ ʫʤʦʚʘʭ ʢʨʠʟʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʙˇʨʫʥʪʫ-

ʚʘʥʥʷ ʨʽʰʝʥʴ ʚʠʜʽʣʷʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ 2-3 ʭʚʠʣʠʥ, ʘ ʚʣʘʩʪʠʚʦʩʪʽ ʄɺɼ ʟʤʽ-

ʥʶʶʪʴʩʷ ʜʠʥʘʤʽʯʥʦ, ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʟʤʝʥʰʝʥʥʽ ʯʘʩʫ ʧʝʨʝʥʘʚʯʘʥʥʷ ʽʻ-

ʨʘʨʭʽʯʥʦʾ ʩʠʩʪʝʤʠ ʤʦʜʝʣʝʡ. ʄʠ ʮʴʦʛʦ ʜʦʩʷʛʘʻʤʦ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʮʝʩʫ ʚʠʙʦʨʫ ʢʨʘʱʦʛʦ ɸʉʄ ʽʟ ʽʩʥʫʶʯʦʛʦ ʚ ʩʠʥʪʝʟʘʪʦʨʽ ʾʭ ʧʝʨʝʣʽʢʫ.  

ʇʨʦʮʝʩ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ɸʉʄ ʟʘʤʽʥʶʻʪʴʩʷ ʥʘ ʧʨʦʮʝʩ ʨʦʟʧʽ-

ʟʥʘʚʘʥʥʷ ʡʦʛʦ ʢʨʘʱʦʛʦ ʚʘʨʽʘʥʪʘ ʩʝʨʝʜ ʧʨʠʩʫʪʥʽʭ ʚ ʩʠʥʪʝʟʘʪʦʨʽ ʤʦʜʝʣʝʡ 

ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʨʽʰʫʶʯʦʛʦ ʧʨʘʚʠʣʘ [3]. ʎʝ ʧʨʘʚʠʣʦ ʤʘʻ ʚʠʛʣʷʜ 

ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʘ ʦʜʥʠʤ ʽʟ ʘʣʛʦʨʠʪʤʽʚ ʄɻʋɸ [1]. 

ɼʘʥʘ ʤʦʜʝʣʴ ʢʣʘʩʠʬʽʢʫʻ ʄɺɼ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ɸʉʄ (ʜʠʚ. ʨʠʩ.1). 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ 

ɺʠʙʽʨ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʦʛʦ ɸʉʄ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʽʥʬʦ-

ʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘʙʣʠʮʴ ʧʝʨʚʠʥʥʦʛʦ ʦʧʠʩʫ [3]: 
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ī ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ; 

ī ʢʽʣʴʢʽʩʪʴ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ; 

ī ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʘʢʩʠʤʘʣʴʥʦ ʩʫʤʽʱʝʥʠʭ ʟ ʬʫʥʢʮʽʻʶ ʤʝʪʠ; 

ī ʢʽʣʴʢʽʩʪʴ ʥʝ ʩʫʤʽʱʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; 

ī ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ; 

ī ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʪʘ ʬʫʥʢʮʽʾ 

ʤʝʪʠ; 

ī ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ; 

ī ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʪʘ ʬʫʥʢʮʽʾ 
ʤʝʪʠ; 

ī ʚʠʟʥʘʯʥʠʢ ʥʦʨʤʦʚʘʥʦʾ ʪʘʙʣʠʮʽ ʧʝʨʚʠʥʥʦʛʦ ʦʧʠʩʫ; 

ī ʚʠʟʥʘʯʥʠʢ ʥʦʨʤʦʚʘʥʦʾ ʤʘʪʨʠʮʽ ʟʥʘʯʝʥʴ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ; 

ī ʚʣʘʩʥʝ ʯʠʩʣʦ ʥʦʨʤʦʚʘʥʦʾ ʪʘʙʣʠʮʽ ʧʝʨʚʠʥʥʦʛʦ ʦʧʠʩʫ; 

ī ʚʣʘʩʥʝ ʯʠʩʣʦ ʤʘʪʨʠʮʽ ʟʥʘʯʝʥʴ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ. 

ī ʤʘʢʩʠʤʘʣʴʥʝ ʩʠʥʛʫʣʷʨʥʝ ʯʠʩʣʦ ʥʦʨʤʦʚʘʥʦʾ ʪʘʙʣʠʮʽ ʧʝʨʚʠʥʥʦʛʦ 
ʦʧʠʩʫ; 

ī ʤʘʢʩʠʤʘʣʴʥʝ ʩʠʥʛʫʣʷʨʥʝ ʯʠʩʣʦ ʤʘʪʨʠʮʽ ʟʥʘʯʝʥʴ ʥʝʟʘʣʝʞʥʠʭ 
ʟʤʽʥʥʠʭ. 

ɼʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʘʣʛʦʨʠʪʤʫ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴ, ʧʦʙʫʜʦʚʘʥʫ ʦʜʥʠʤ ʽʟ ʽʥʜʫʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ï ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʦʤ ʛʨʫʧʦʚʦʛʦ ʫʨʘʭʫʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ [2]. ɺʠʢʦʨʠʩ-

ʪʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ, ʦʪʨʠʤʘʥʦʾ ʟ ʜʦʧʦʤʦʛʦʶ ʄɻʋɸ, 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ: ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ, 

ʪʘ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʥʘ ʪʘʙʣʠʮʽ, ʱʦ ʟʘʜʘʻ ʬʫʥʢʮʽʶ ʢʣʘʩʠʬʽʢʘʮʽʾ; ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʘʣʛʦʨʠʪʤʫ ʩʠʥ-

ʪʝʟʫ ʤʦʜʝʣʝʡ. 

ɼʘʥʠʡ ʤʝʪʦʜ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʪʘ ʘʧʨʦʙʦʚʘʥʠʡ ʫ [4].  ʇʨʠ ʚʠʢʦ-

ʨʠʩʪʘʥʥʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʟʨʦʩʪʘʻ, ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʟʨʦʩʪʘʻ ʽ ʧʦʭʠʙʢʘ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʊʘʢʦʞ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚ [4] ʤʝʪʦʜʫ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʨʷʜ ʥʝʜʦʣʽʢʽʚ. ɸ ʩʘʤʝ, ʧʨʦʙʣʝʤʘʪʠʯʥʽʩʪʴ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʘʣʛʦ-

ʨʠʪʤʫ ʥʘʚʯʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʷʢʽʩʥʠʤʠ ʜʘʥʠʤʠ. ʂʦʨʠʩʪʫʚʘʯʫ ʧʦʪʨʽ-

ʙʥʦ ʟʥʘʡʪʠ ʄɺɼ, ʷʢʽ ʜʦʙʨʝ ʥʘʚʯʘʶʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚ ʥʘʰʦʤʫ ʥʘ-

ʙʦʨʫ ɸʉʄ ʘʣʛʦʨʠʪʤʘʤʠ. ʇʨʦʪʝ ʢʦʞʝʥ ʪʘʢʠʡ ʄɺɼ, ʱʦ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ 

ʟ ʩʦʪʝʥʴ ʪʠʩʷʯ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʬʦʨʤʫʻ  ʣʠʰʝ ʦʜʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʠ ʥʘ-

ʚʯʘʥʥʽ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ, ʘ ʜʣʷ ʷʢʽʩʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʥʝʦʙʭʽʜʥʦ ʩʦ-

ʪʥʽ ʘʙʦ ʪʠʩʷʯʽ ʪʘʢʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. ʊʦʤʫ ʮʝ ʚʠʤʘʛʘʻ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʚʝ-

ʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʫʩʠʣʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʄɺɼ ʪʘ 

ʦʪʨʠʤʘʥʠʭ ʟ ʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. 
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ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʜʘʣʴʰʝ ʧʦʢʨʘ-

ʱʝʥʥʷ ʤʝʪʦʜʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ɸʉʄ ʰʣʷʭʦʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʘʥʠʭ, ʱʦ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʘ (ʜʠʚ. ʨʠʩ.2). 

 
ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʫ ʥʘʚʯʘʥʥʽ ʢʣʘʩʠʬʽʢʘʪʦ-

ʨʽʚ 

ʂʦʞʝʥ ʢʣʘʩʪʝʨ ʙʫʜʝ ʤʘʪʠ ʩʚʽʡ ʧʝʨʝʣʽʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʩʚʽʡ ʥʘʡʢʨʘ-

ʱʠʡ ɸʉʄ ʜʦ ʷʢʦʛʦ ʡʦʛʦ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʢʣʘʩʠʬʽʢʫʚʘʪʠ. ʆʪʞʝ ʟ ʢʦʞʥʦʛʦ 

ʄɺɼ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʥʝ ʦʜʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʘ ʜʝʢʽʣʴʢʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʧʦʚʠʥʝʥ ʩʧʨʦʩʪʠʪʠ ʨʦʙʦʪʫ ʧʦ 

ʟʘʙʝʟʧʝʯʝʥʥʶ ʜʘʥʠʤʠ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʩʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽʻʨʘʨʭʽʾ 

ʤʦʜʝʣʝʡ ʙʝʟ ʟʥʘʯʥʦʾ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʚʠʭʦʜʽ 

ʩʠʩʪʝʤʠ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʛʽʧʦʪʝʟʘ ʧʨʦ ʪʝ, 

ʱʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʄɺɼ ʤʦʞʣʠʚʦ ʢʣʘʩʪʝʨʠʟʫʚʘʪʠ ʪʘ ʢʦʞʝʥ ʢʣʘʩʪʝʨ 

ʤʦʞʥʘ ʥʘʚʯʘʪʠ ʦʢʨʝʤʦ. ʂʦʞʝʥ ʢʣʘʩʪʝʨ ʙʫʜʝ ʤʘʪʠ ʩʚʽʡ ʧʝʨʝʣʽʢ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʪʘ ʩʚʽʡ ʥʘʡʢʨʘʱʠʡ ɸʉʄ ʜʦ ʷʢʦʛʦ ʡʦʛʦ ʙʫʜʝ ʢʣʘʩʠʬʽʢʦʚʘʥʦ. ʎʝ 

ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟ ʢʽʣʴʢʽʩʪʶ ʪʘ ʷʢʽʩʪʶ ʜʘʥʠʭ ʜʣʷ ʥʘʚ-

ʯʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʛʽʧʦʪʝʟʘ ʙʫʣʘ ʧʝʨʝʚʽʨʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɺʠʨʽ-

ʰʫʶʯʝ ʧʨʘʚʠʣʦ ʩʪʚʦʨʶʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʨʷʜʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʄɻʋɸ [2]. ɺ ʷʢʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ ʄɺɼ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʥʘ-

ʙʽʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [3].  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʽʥʩʪʨʫʤʝʥʪʽ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʂ-ʩʝʨʝʜʥʽʭ, ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʝʨʝʚʘ [5]. ɺʽʜʩʪʘʥʽ ʤʽʞ 

ʦʙôʻʢʪʘʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʩʪʘʥʝʡ ɽʚʢʣʽʜʘ, ʏʝʙʠʰʝʚʘ ʪʘ 

L-ʥʦʨʤʠ [5]. 
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ɸʣʛʦʨʠʪʤ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʦʪʨʠʤʘʥʥʷ ʇʆ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʄɺɼ ʟ ʥʴʦʛʦ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʨʘʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʄɺɼ. ɼʘʣʽ ʢʦʞʝʥ ʢʣʘʩʪʝʨ ʦʙʨʦʙʣʶʻʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʥʴʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ 

ʥʘʚʯʘʥʥʷ ʫʩʽʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ɸʉʄ ʧʽʩʣʷ ʯʦʛʦ ʦʙʠʨʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ 

ʧʨʠʜʘʪʥʠʡ ɸʉʄ. ɼʘʣʽ ʟ ʢʣʘʩʪʝʨʘ ʦʪʨʠʤʫʶʪʴʩʷ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [3]. 

ʆʪʨʠʤʘʥʠʡ ʥʘʙʽʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʤʽʱʘʻʪʴʩʷ ʫ ʄɺɼ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʜʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ɸʉʄ. 

ɼʣʷ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʏʝʨʢʘʩʴʢʦʾ ʦʙʣʘʩʪʽ ʚʧʨʦʜʦʚʞ 

2000-2014 ʨʦʢʽʚ [1]. 

 
ʈʠʩʫʥʦʢ 3. ʇʦʨʽʚʥʷʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʙʩʦʣʶʪʥʦʛʦ (ʜʠʚ. ʨʠʩ.3) ʚʽʜʭʠʣʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʧʦʭʠʙʢʫ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʜʦ 10%. 

 

 
ʈʠʩʫʥʦʢ 4. ʇʦʨʽʚʥʷʥʥʷ ʯʘʩʫ ʥʘʚʯʘʥʥʷ/ ʧʝʨʝʥʘʚʯʘʥʥʷ 
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ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʯʘʩʫ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ (ʜʠʚ. ʨʠʩ.4) ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʝʟʥʘʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʩʪʘʥʜʘʨʪʥʠʤ ʤʝʪʦʜʦʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ ʦʙʩʷʟʽ ʜʦ 5%. 

ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʙʽʣʴʰʘ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʝʡ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʧʘʜʢʽʚ ʬʘʣʴʰʠʚʦʛʦ ʩʧʨʘʮʶʚʘʥʥʷ. ɸ ʮʝ 

ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʧʦʚʽʣʴʥʝʥʥʷ ʘʣʛʦʨʠʪʤʫ. ʊʘʢʦʞ ʥʘʡʢʨʘʱʠʤ 

ʤʝʪʦʜʦʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚ ʜʘʥʠʭ ʫʤʦʚʘʭ ʚʠʷʚʠʚʩʷ ʤʝʪʦʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʝ-

ʨʝʚʘ, ʘ ʥʘʡʢʨʘʱʦʶ ʤʝʪʨʠʢʦʶ ʚʽʜʩʪʘʥʽ L-ʥʦʨʤʘ. 

ʅʘʩʪʫʧʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʧʨʠʩʚʷʯʝʥʽ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʮʝʩʫ ʧʘʨʘ-

ʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʦʧʠʩʘʥʦʛʦ ʤʝʪʦʜʫ. ʊʘʢʦʞ ʙʫʜʝ ʜʦʩʣʽʜʞʝʥʦ ʤʦʞ-

ʣʠʚʽ ʩʧʦʩʦʙʠ ʚʧʽʟʥʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʘʤʠ ʥʝ ʪʽʣʴʢʠ ʧʨʠʜʘʪʥʦʩʪʽ ʘʣʝ ʽ 

ʷʢʦʩʪʽ ʦʙʨʘʥʠʭ ɸʉʄ ʪʘ ʾʭ ʨʘʥʞʫʚʘʥʥʷ. 

ɿʨʦʩʪʘʥʥʷ ʧʦʭʠʙʢʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʤʝʪʦʜʽ [4] ʻ çʧʣʘʪʦʶè ʟʘ ʩʢʦʨʦ-

ʯʝʥʥʷ ʯʘʩʫ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚ ʩʪʨʫʢʪʫʨʽ ʽʥʬʦʨʤʘ-

ʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʤʽʩʪʠʪʴʩʷ ʚʽʜ 50 

ʤʦʜʝʣʝʡ ʽ ʙʽʣʴʰʝ, ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʥʫʪʠ ʟʥʘʯʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʘʜʘʧʪʘ-

ʮʽʾ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʜʦ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʄɺɼ. ɺ ʫʤʦʚʘʭ ʢʨʠʟʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʥʘʜʽʶ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽʟ ʪʝʭʥʦʣʦʛʽʷʤʠ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽʟ ʣʦʢʘʣʽʟʘʮʽʾ ʥʘʩ-

ʣʽʜʢʽʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

ʇʨʦʪʝ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʘʥʘ çʧʣʘʪʘè ʥʝ ʜʦʧʫʩʪʠʤʘ ʽ ʘʣʛʦʨʠʪʤ ʧʦ-

ʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ ʮʝ. ʊʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʜʦʟʚʦʣʷʻ ʥʘʙʣʠʟʠʪʠ ʧʦʭʠʙʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʚʥʦʛʦ ʧʝʨʝ-

ʙʦʨʫ. ɺ ʩʝʨʝʜʥʴʦʤʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʚʥʠʤ ʧʝʨʝʙʦʨʦʤ ʧʦʭʠʙʢʘ ʥʝ ʧʝʨʝ-

ʚʠʱʫ̒ 10%. ɺ ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʟʤʝʥʰʝʥʥʷ  ʯʘʩʫ ʧʝʨʝʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʠ 

ʤʦʥʽʪʦʨʠʥʛʦʚʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʥʦʚʠʭ ʟʘʜʘʯ ʚ ʫʤʦ-

ʚʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʷʢ ʽ ʨʘʥʽʰʝ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʚôʷʟʢʫ 

ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʨʘʱʦʛʦ ʘʣʛʦʨʠʪʤʫ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ ʟʘ ʧʨʘʚʠʣʦʤ, 

ʱʦ ʩʪʚʦʨʝʥʝ ʟʘ ʙʘʛʘʪʦʨʷʜʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʄɻʋɸ. ʇʨʦʪʝ ʧʦʢʨʘʱʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʦʧʝʨʝʜʥʽʡ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʽ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʾʭ 

ʷʢʦʩʪʽ ʪʘ ʢʽʣʴʢʦʩʪʽ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʠʭ ʩʘʤʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʱʦ ʽ ʧʦ-

ʧʝʨʝʜʥʽʡ ʤʝʪʦʜ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʤʘʩʠʚʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʤʦʥʽ-

ʪʦʨʠʥʛʫ.  
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ʋɼʂ 657+004 

ʇʈʆ ɺɯʃʔʅɽ ʇʈʆɻʈɸʄʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ɼʃʗ 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɹɯɿʅɽʉʆʄ ɺ ʎɯʃʗʍ ɹʋʍɻɸʃʊɽʈʉʔʂʆɻʆ 

ʆɹʃɯʂʋ 

ʅ.ʃ. ʖʱʝʥʢʦ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ʂʦʤʧʘʥʽʷ ç1ʉè, ʱʦ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʮʽ, ʜʠʩʪʨʠʙʫʮʽʾ ʡ ʧʽʜʪ-

ʨʠʤʮʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʜʽʣʦʚʦʛʦ ʪʘ ʜʦʤʘʰʥʴʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʫ 

ʧʦʪʦʯʥʦʤʫ ʬʽʩʢʘʣʴʥʦʤʫ ʨʦʮʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʽʜʧʠʩʘʥʦʛʦ 15.05.2017 ʨ. 

ʇʨʝʟʠʜʝʥʪʦʤ ʫʢʘʟʫ ˉ133/2017, ʱʦ ʚʚʽʚ ʫ ʜʽʶ ʨʽʰʝʥʥʷ ʈʘʜʠ ʥʘʮʽʦʥʘʣʴ-

ʥʦʾ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ ʚʽʜ 28.04.2017 ʨ. ʧʨʦ ʦʥʦʚʣʝʥʠʡ ʩʧʠʩʦʢ 

ʩʘʥʢʮʽʡ ʧʨʦʪʠ ʈʦʩʽʾ [1], ʥʝ ʙʫʜʝ ʜʦʧʫʱʝʥʘ ʜʦ ʫʯʘʩʪʽ ʚ ʪʝʥʜʝʨʘʭ ʫ ʜʝʨʞʘ-

ʚʥʦʤʫ ʩʝʢʪʦʨʽ. ʂʨʽʤ ç1ʉè, ʩʘʥʢʮʽʾ ʧʝʨʝʜʙʘʯʘʶʪʴ ʙʣʦʢʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ 

ʩʝʨʚʽʩʽʚ ʉʦʬʪʣʘʡʥ ɻʨʫʧ, ʪʦʨʢʥʫʣʠʩʷ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ERP-ʩʠʩʪʝʤ ɿɸʊ 

çɻʘʣʘʢʪʠʢʘ ʎʝʥʪʨè ʽ ʊʆɺ çʂʦʨʧʦʨʘʮʽʷ ʇʘʨʫʩè. ʋ ʩʘʥʢʮʽʡʥʦʤʫ ʩʧʠʩʢʫ 

ʢʦʤʧʘʥʽʾ-ʨʦʟʨʦʙʥʠʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ çABBYYè ʊʆɺ çɸʙʽ 

ʋʢʨʘʾʥʘ ʃʊɼè [2], [3]. 

ç1ʉ: ʇʽʜʧʨʠʻʤʩʪʚʦè ï ʥʘʡʚʽʜʦʤʽʰʘ ʙʫʭʛʘʣʪʝʨʩʴʢʘ ʧʨʦʛʨʘʤʘ ʩʠʩ-

ʪʝʤʠ, ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʷʢʦʾ ʚ ʋʢʨʘʾʥʽ ʻ ʙʣʠʟʴʢʦ 300 ʪʠʩ. ʢʦʤʧʘʥʽʡ [3]. 

çɺʩʷ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ 1ʉ, ʦʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʠ ʡʜʝ ʯʝʨʝʟ ʨʦ-

ʩʽʡʩʴʢʽ ʩʝʨʚʝʨʠ. ɯ ʡʜʝ ʟʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ, ʽ ʟʙʠʨʘʶʪʴʩʷ ʜʘʥʽ, ʮʝ ʷʢ big data, 

ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʚ ʽʥʪʝʨʝʩʘʭ ʧʽʜʨʠʚʫ ʝʢʦʥʦʤʽʢʠ, ʟʙʦʨʫ ʜʘʥʠʭ, 

ʧʽʜʨʠʚʫ ʦʢʨʝʤʠʭ ʛʘʣʫʟʝʡ, ʦʢʨʝʤʠʭ ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ ʥʘʰʦʾ ʜʝʨʞʘʚʠè 

[4].ʆʙʤʝʞʝʥʥʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ç1ʉè ʩʪʦʩʫʻʪʴʩʷ ʜʝʨʞʘʚʥʠʭ ʩʪʨʫʢʪʫʨ, 

ʘʣʝ ʡ ʧʝʨʝʜ ʧʨʠʚʘʪʥʠʤ ʩʝʢʪʦʨʦʤ ʧʦʩʪʘʣʘ ʧʨʦʙʣʝʤʘ ʧʝʨʝʭʦʜʫ ʥʘ ʥʦʚʠʡ 

ʙʫʭʛʘʣʪʝʨʩʴʢʠʡ ʧʨʦʜʫʢʪ. ɹʫʭʛʘʣʪʝʨʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ ʧʨʦʛʨʘʤʦʶ ç1ʉè, 
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ʟʤʦʞʫʪʴ ʽ ʜʘʣʽ ʥʝʶ ʢʦʨʠʩʪʫʚʘʪʠʩʷ, ʘʣʝ ʟ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʪʘ ʥʦʚʠʤʠ ʣʽ-

ʮʝʥʟʽʷʤʠ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤʠ [5]. ʋ ʢʦʤʧʘʥʽʾ çɭʚʨʦʩʦʬʪʧʨʦʤè, 

ʱʦ ʚʦʣʦʜʽʻ ʧʨʘʚʘʤʠ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʨʛʦʚʠʭ ʤʘʨʦʢ ç1ʉè ʚ ʋʢʨʘʾʥʽ, 

ʧʦʚʽʜʦʤʠʣʠ, ʱʦ ʧʨʷʤʦʾ ʟʘʙʦʨʦʥʠ ʥʘ ʪʦʨʛʽʚʣʶ ʧʨʦʜʫʢʮʽʻʶ ç1ʉè ʚ ʋʢʨʘ-

ʾʥʽ ʥʝʤʘʻ. ɿʽ ʩʣʽʚ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʢʦʤʧʘʥʽʾ, çʢʦʤʧʘʥʽʾ-ʬʨʘʥʯʘʡʟʽ, ʷʢʽ ʚʞʝ 

ʚʠʢʫʧʠʣʠ ʧʨʦʜʫʢʮʽʶ ç1ʉè ʽ ʥʝ ʧʦʪʨʘʧʠʣʠ ʜʦ ʩʘʥʢʮʽʡʥʠʭ ʩʧʠʩʢʽʚ, ʟʤʦ-

ʞʫʪʴ ʧʨʦʜʘʚʘʪʠ ʾʾ ʢʽʥʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʽ ʜʘʣʽ. ʉʪʦʩʦʚʥʦ ʧʽʜʪʨʠʤʢʠ 

ʚʞʝ ʽʩʥʫʶʯʠʭ ʢʣʽʻʥʪʽʚ, ʪʦ ʤʠ ʟʨʦʙʠʤʦ ʚʩʝ ʤʦʞʣʠʚʝ, ʱʦʙ ʧʦʥʦʚʣʝʥʥʷ ʚʠ-

ʭʦʜʠʣʠ ʚʯʘʩʥʦè [5]. ʇʨʠ ʮʴʦʤʫ ʝʢʩʧʝʨʪʠ ʫ ʩʬʝʨʽ IT-ʪʝʭʥʦʣʦʛʽʡ ʛʦʚʦʨʷʪʴ, 

ʱʦ ʧʨʦʜʫʢʮʽʷ ç1ʉè ʤʦʞʝ ʧʦʚʪʦʨʠʪʠ ʰʣʷʭ ʘʥʪʠʚʽʨʫʩʫ ʂʘʩʧʝʨʩʴʢʦʛʦ, ʱʦ 

ʪʘʢʦʞ ʧʦʪʨʘʧʠʚ ʧʽʜ ʟʘʙʦʨʦʥʫ ʚ ʋʢʨʘʾʥʽ. ʋ ʧʽʜʩʫʤʢʫ ʮʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʧʦʯʘʣʠ ʧʨʦʜʘʚʘʪʠ ʯʝʨʝʟ ʫʢʨʘʾʥʩʴʢʫ ʶʨʠʜʠʯʥʫ ʦʩʦʙʫ. 

ɿʘ ʩʣʦʚʘʤʠ ʬʘʭʽʚʮʽʚ, ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʋʢʨʘ-

ʾʥʽ ʻ, ʘʣʝ ʛʦʣʦʚʥʝ ʧʠʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʝʨʤʽʥʘʭ ʚʧʨʦ-

ʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤ ʽ ʧʝʨʝʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ. ɺ ʢʦʤʝʥʪʘʨʽ çɺʝʩʪʠè ʨʝʛʽ-

ʦʥʘʣʴʥʠʡ ʤʝʥʝʜʞʝʨ ʽʟ ʨʦʟʚʠʪʢʫ ʢʦʤʧʘʥʽʾ TotalSoft ʈ. ʂʽʬʷʢ ʧʨʠʧʫʩʪʠʚ, 

ʱʦ ʧʽʩʣʷ ʟʘʙʦʨʦʥʠ ç1ʉè ʩʪʨʘʪʝʛʽʯʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʙʫʜʫʪʴ ʧʝʨʝʭʦʜʠʪʠ ʥʘ 

ʧʨʦʜʫʢʪʠ SAP ʘʙʦ Oracle. çʆʜʥʘʢ ʟʘʧʣʘʪʠʪʠ ʟʘ SAP $1 ʤʣʥ. ʘʙʦ ú50-80 

ʪʠʩ. ʤʦʞʝ ʪʽʣʴʢʠ ʚʝʣʠʢʠʡ ʯʠ ʩʝʨʝʜʥʽʡ ʙʽʟʥʝʩ. ɼʣʷ ʤʘʣʦʛʦ ʙʽʟʥʝʩʫ ʤʦʞʥʘ 

ʧʦʨʘʜʠʪʠ ʪʫʨʝʮʴʢʦʛʦ ʨʦʟʨʦʙʥʠʢʘ Logo, ʷʢʠʡ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʤʘʣʠʡ ʙʽʟ-

ʥʝʩ. ʌʫʥʢʮʽʦʥʘʣ ʪʘʤ ʦʙʤʝʞʝʥʠʡ, ʘʣʝ ʜʣʷ ʄʉɹ ʙʘʛʘʪʦ ʽ ʥʝ ʪʨʝʙʘ. ʊʘʢʘ 

ʧʨʦʛʨʘʤʘ ʙʫʜʝ ʢʦʰʪʫʚʘʪʠ ʤʝʥʰʝ ú50 ʪʠʩ.è, ï ʟʘʟʥʘʯʠʚ ʈ. ʂʽʬʷʢ [3]. ʂʨʽʤ 

ʪʦʛʦ, ʽʩʥʫʶʪʴ ʙʽʣʴʰ ʜʝʰʝʚʽ ʚʘʨʽʘʥʪʠ ʧʨʦʛʨʘʤ ï çʇʘʨʫʩè, çɸʢʮʝʥʪè, ʱʦ 

ʟʘ ʦʮʽʥʢʘʤʠ ʙʫʭʛʘʣʪʝʨʽʚ ʥʝ ʟʤʦʞʫʪʴ ʩʪʘʪʠ ʛʽʜʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ. ʊʘʢʦʞ 

ʜʝʷʢʽ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʨʦʛʨʘʤʦʶ çɯʥʬʦ-ʧʽʜʧʨʠʻʤʩʪʚʦè, ʘʣʝ ʧʨʦʛʨʘʤʘ ʪʘ-

ʢʦʞ ʨʦʩʽʡʩʴʢʘ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʨʘʢʪʠʯʥʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʟʘʜʘʯʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʧʨʠʢʣʘʜʥʫ 

ʧʨʦʛʨʘʤʫ ʩ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʷʢʘ ʧʦʰʠʨʶʻʪʴʩʷ ʟʘ ʫʤʦʚʘʤʠ ʚʽ-

ʣʴʥʠʭ ʣʽʮʝʥʟʽʡ (ʪʘʙʣ.). ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʪʘʢʫ ʧʨʦʛʨʘʤʫ, ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʢʦʤʝʨʮʽʡʥʠʭ, ʮʽʣʝʡ, ʦʟʥʘʡʦ-

ʤʠʪʠʩʷ ʟ ʧʨʠʥʮʠʧʘʤʠ ʾʾ ʨʦʙʦʪʠ, ʟʤʽʥʠʪʠ ʮʶ ʧʨʦʛʨʘʤʫ, ʧʨʠʚʽʚʰʠ ʫ ʚʽʜ-

ʧʦʚʽʜʥʽʩʪʴ ʜʦ ʩʚʦʾʭ ʩʧʝʮʠʬʽʯʥʠʭ ʧʦʪʨʝʙ, ʽ ʧʦʰʠʨʠʪʠ ʦʨʠʛʽʥʘʣʴʥʫ ʘʙʦ 

ʤʦʜʠʬʽʢʦʚʘʥʫ ʚʝʨʩʽʶ [6]. 

ɺʽʣʴʥʽ ʧʨʦʛʨʘʤʠ ʟʜʘʪʥʽ ʟʘʤʽʥʠʪʠ ʙʘʛʘʪʦ ʬʫʥʢʮʽʡ ʢʦʤʝʨʮʽʡʥʠʭ ʘʥʘʣʦ-

ʛʽʚ ʽ ʯʘʩʪʦ ʚʠʢʦʥʘʥʽ ʥʘ ʚʠʩʦʢʦʤʫ ʧʨʦʬʝʩʽʡʥʦʤʫ ʨʽʚʥʽ [7]. ɼʦ ʥʝʜʦʣʽʢʽʚ 

ʚʽʜʥʦʩʷʪʴʩʷ (1) ʥʝʜʦʩʪʘʪʥʷ ʝʨʛʦʥʦʤʽʯʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʟʨʽʜʢʘ ʟʫʩʪʨʽʯʘ-

ʶʪʴʩʷ ʧʨʦʛʨʘʤʠ ʥʘʧʠʩʘʥʽ ʢʦʤʘʥʜʘʤʠ, ʚ ʩʢʣʘʜʽ ʷʢʠʭ ʻ, ʜʣʷ ʧʨʠʢʣʘʜʫ, ʧʨʦ-

ʬʝʩʽʡʥʠʡ ʜʠʟʘʡʥʝʨ ʽʥʪʝʨʬʝʡʩʽʚ ï ʩʧʝʮʽʘʣʽʩʪ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʦʧʣʘʯʫʚʘ-

ʥʠʡ; (2) ʥʝ ʚʩʽ ʬʫʥʢʮʽʾ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʨʦʬʝʩʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʫ ʚʽʣʴʥʠʭ 

ʘʥʘʣʦʛʘʭ ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦʛʨʘʤ. 
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ʊʘʙʣʠʮʷ 1.ʇʨʠʢʣʘʜʠ ʚʽʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʙʽʟʥʝʩʦʤ ʚ ʮʽʣʷʭ ʙʫʭʛʘʣʪʝʨʩʴʢʦʛʦ ʦʙʣʽʢʫ [7], [8] 

ʅʘʡʤʝʥʫ-

ʚʘʥʥʷ ʧʨʦ-

ʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ 

ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɺɯʃʔʅɯ ʂʆʈʀʉʊʋɺɸʎʔʂɯ ʇʈʆɻʈɸʄʀ ɯ ɼʆɼɸʊʂʀ ɼʃʗ 

WINDOWS 

ɹʠʟʥʝʩ ʇʘʢ ʇʨʦʛʨʘʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʙʫʭ-

ʛʘʣʪʝʨʩʴʢʠʭ ʜʦʢʫʤʝʥʪʽʚ 

GrossBee 

XXI  Freeware 

ɹʝʟʢʦʰʪʦʚʥʘ ʚʝʨʩʽʷ ʩʠʩʪʝʤʠ Gross Bee XXI  ʷʚʣʷʻ ʩʦ-

ʙʦʶ ʧʦʚʥʦʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʪʦʨʛʽʚʝʣʴʥʠʤʠ ʽ ʚʠʨʦʙʥʠʯʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. ɭʜʠ-

ʥʠʤ ʾʾ ʦʙʤʝʞʝʥʥʷʤ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʙʘʛʘʪʦ-

ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʨʦʙʦʪʠ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʫ. ɼʘʥʘ 

ʚʝʨʩʽʷ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʤʦʞʣʠʚʦ-

ʩʪʷʤʠ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʦ-

ʤʝʨʮʽʡʥʠʭ ʮʽʣʷʭ: ʚʝʜʝʥʥʷ ʙʫʭʛʘʣʪʝʨʩʴʢʦʛʦ ʪʘ ʫʧʨʘʚ-

ʣʽʥʩʴʢʦʛʦ ʦʙʣʽʢʫ ʤʘʣʦʛʦ ʙʽʟʥʝʩʫ. ʂʦʨʠʩʪʫʚʘʯʽ ʙʝʟ-

ʢʦʰʪʦʚʥʦʾ ʚʝʨʩʽʾ ʤʘʶʪʴ ʪʘʢʽ ʞ ʧʨʘʚʘ ʥʘ ʩʫʧʨʦʚʽʜ ʩʠ-

ʩʪʝʤʠ. ɿʘʤʽʥʶʻ 1 ʉ 

ʇʨʠʢʣʘʜʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ, ʷʢʠʭ ʙʽʣʴʰʝ 20, ʜʣʷ ʦʧʝʨʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ GNU, ʥʝ ʟʘʭʠʱʝʥʽ ʧʘʪʝʥʪʘʤʠ 

ERP5 

Enterprise 

ʇʦʚʥʦʬʫʥʢʮʽʦʥʘʣʴʥʝ ʨʽʰʝʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʽ ʚ ʜʝʨʞʘʚ-

ʥʠʭ ʫʩʪʘʥʦʚʘʭ. ERP5 10 ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ 
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GnuCash ʎʝ ʦʩʦʙʠʩʪʝ ʽ ʧʨʦʬʝʩʽʡʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʣʷ ʬʽʥʘʥʩʦʚʦʛʦ ʦʙʣʽʢʫ. ʄʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʙʘʥʢʽʚʩʴʢʠʭ ʨʘʭʫʥʢʽʚ, ʘʢʮʽʡ, ʜʦʭʦʜʽʚ 

ʽ ʚʠʪʨʘʪ ʥʘ ʧʽʜʩʪʘʚʽ ʧʦʜʚʽʡʥʦʾ ʦʙʣʽʢʦʚʦʾ ʧʨʘʢ-

ʪʠʢʠ. ɸʚʪʦʤʘʪʠʟʫʻ ʢʽʣʴʢʘ ʟʘʚʜʘʥʴ, ʪʘʢʠʭ ʷʢ ʬʽʥʘʥʩʦʚʽ 

ʨʦʟʨʘʭʫʥʢʠ ʘʙʦ ʟʘʧʣʘʥʦʚʘʥʽ ʦʧʝʨʘʮʽʾ 

LedgerSMB ʎʝ ERP (ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ) ʽ ʙʫʭ-

ʛʘʣʪʝʨʩʴʢʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ 

ʤʘʣʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʙʽʟʥʝʩʫ. ʄʦʞʝ ʥʘʜʘʚʘʪʠ ʛʦʣʦʚʥʫ 

ʢʥʠʛʫ, ʫʧʨʘʚʣʽʥʥʷ ʘʢʪʠʚʘʤʠ ʽ ʟʘʧʘʩʘʤʠ, ʣʘʥʮʶʛʘʤʠ 

ʧʦʩʪʘʚʦʢ, ʚʽʜʥʦʩʠʥʘʤʠ ʟ ʢʣʽʻʥʪʘʤʠ, ʙʘʛʘʪʦ ʽʥʰʦʛʦ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʤʦʞʥʘ ʨʦʟʰʠʨʠʪʠ ʯʝʨʝʟ ʜʦʜʘʪ-

ʢʦʚʫ ʩʠʩʪʝʤʫ 

http://freesource.info/wiki/Windows/Desktop/GrossBee?v=15on&
https://directory.fsf.org/wiki/ERP5_Enterprise
https://directory.fsf.org/wiki/ERP5_Enterprise
http://www.erp5.com/web_page_module/22/3
https://directory.fsf.org/wiki/LedgerSMB
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ʅʘʡʤʝʥʫ-

ʚʘʥʥʷ ʧʨʦ-

ʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ 

ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

Odoo (ʨʘʥʽʰʝ 

OpenERP) 

ʎʝ ʥʘʙʽʨ ʧʨʦʛʨʘʤ, ʱʦ ʜʦʧʦʤʘʛʘʶʪʴ ʢʦʤʧʘʥʽʷʤ ʨʦʟʚʠ-

ʚʘʪʠ ʩʚʽʡ ʙʽʟʥʝʩ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʨʦʱʫʚʘʥʥʷ 

ʦʙʩʷʛʽʚ ʧʨʦʜʘʞʽʚ, ʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʡ, ʦʨʛʘʥʽʟʘʮʽʾ ʤʘʨ-

ʢʝʪʠʥʛʦʚʠʭ ʟʘʭʦʜʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

Odoo ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʡ ʟʘʙʝʟʧʝʯʫʻ ʧʦ-

ʚʥʝ ʧʨʦʛʨʘʤʥʝ ʨʽʰʝʥʥʷ ʚʽʜ ʬʨʦʥʪ-ʦʬʽʩʫ ʜʦ ʨʝʟʝʨʚ-

ʥʦʛʦ ʦʬʽʩʫ 

Pbooks ʎʝ ʩʠʩʪʝʤʘ ʙʫʭʛʘʣʪʝʨʩʴʢʦʛʦ ʦʙʣʽʢʫ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʣʠʤ ʙʽʟʥʝʩʦʤ 

SQL-Ledger 

Accounting 

ɹʘʛʘʪʦʢʦʨʠʩʪʫʚʘʮʴʢʘ ʧʨʦʛʨʘʤʘ, ʧʦʜʚʽʡʥʠʡ ʟʘʧʠʩ, ʩʠ-

ʩʪʝʤʘ ʦʙʣʽʢʫ. ʇʽʜʪʨʠʤʫʻʪʴʩʷ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ (ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʪʝʢʩʪʦʚʠʭ ʘʙʦ ʛʨʘʬʽʯʥʠʭ ʙʨʘʫʟʝʨʽʚ), ʥʝʟʘ-

ʣʝʞʥʘ ʚʽʜ ʢʨʘʾʥʠ ʽ ʧʽʜʪʨʠʤʫʻ 13 ʤʦʚ ʪʘ ʢʽʣʴʢʘ ʟʘʧʠʩʽʚ 

ʉʝʨʝʜ ʧʝʨʝʚʘʛ ï (1) ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʩʪʦ ʩʢʘʯʘʚʰʠ ʽ 

ʚʩʪʘʥʦʚʠʚʰʠ, ʥʝ ʩʧʣʘʯʫʶʯʠ ʢʦʨʠʩʪʫʚʘʮʴʢʫ ʣʽʮʝʥʟʽʶ ʽ ʥʝ ʢʫʧʫʶʯʠ (ʘʙʦ 

ʢʨʘʜʫʯʠ) ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʢʦʜ; (2) ʦʩʚʦʾʚʰʠ ʜʦʜʘʪʢʠ ʜʣʷ Windows, ʤʦʞʥʘ 

ʙʫʜʝ ʧʦʚʥʽʩʪʶ ʧʝʨʝʡʪʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʜʣʷ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Linux, ʟʘʩʪʦʩʦʚʫʶʯʠ ʚʞʝ ʟʥʘʡʦʤʽ ʧʨʦ-

ʛʨʘʤʠ. 

 

ʃʽʪʝʨʘʪʫʨʘ: 

1. ʇʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʴʥʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʽʥ-

ʰʠʭ ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʟʘʭʦʜʽʚ (ʩʘʥʢʮʽʡ) : ʨʽʰʝʥʥʷ ʈʘʜʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟ-

ʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ ʚʽʜ 28.04.2017 ʨ. 

2. ɺ ʋʢʨʘʾʥʽ ʟʘʙʦʨʦʥʠʣʠ ʥʘʡʧʦʧʫʣʷʨʥʽʰʫ ʙʫʭʛʘʣʪʝʨʩʴʢʫ ʧʨʦʛʨʘʤʫ 

1ʉ / ʋʅɯɸʅ. 16.05.2017 ʨ.  [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

https://www.unian.ua/business/1924556-v-ukrajini-zaboronili-

naypopulyarnishu-buhgaltersku-programu-1s.html 

3. ɺ ʋʢʨʘʾʥʽ ʟʘʙʦʨʦʥʠʣʠ 1ʉ. ɸʣʴʪʝʨʥʘʪʠʚʘ ʜʣʷ ʙʫʭʛʘʣʪʝʨʽʚ // ʌʘʢʪʠ. 

ʋʢʨʘʾʥʘ. 16.05.2017 ʨ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

https://fakty.ictv.ua/ua/ukraine/20170516-v-ukrayini-zaboronyly-1s-

alternatyva-dlya-buhgalteriv/ 

4. ɿʘʙʦʨʦʥʘ 1ʉ ʩʪʦʩʫʚʘʪʠʤʝʪʴʩʷ ʣʠʰʝ ʜʝʨʞʘʚʥʠʭ ʩʪʨʫʢʪʫʨ ï ʉɹʋ / 

17.05.2017 ʨ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

https://www.5.ua/ekonomika/zaborona-1s-pryvatnyi-stosuvatymetsia-lyshe-

derzhavnykh-struktur-sbu-145639.html 

https://directory.fsf.org/wiki/SQL-Ledger_Accounting
https://directory.fsf.org/wiki/SQL-Ledger_Accounting
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5. ɿʘʙʦʨʦʥʘ ç1ʉè ʚ ʋʢʨʘʾʥʽ: ʩʪʘʣʦ ʚʽʜʦʤʦ, ʱʦ ʨʦʙʠʪʠ ʙʫʭʛʘʣʪʝʨʘʤ / 

17.05.2017 ʨ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

https://ukr.segodnya.ua/economics/business/zapret-1s-v-ukraine-stalo-

izvestno-chto-delat-buhgalteram-1021599.html 

6. ʄʘʪʨʫʥʠʯ ʢʦʥʩʘʣʪʠʥʛ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

http://matrunich.com/publications/floss-in-sociology-research/]. 

7. ʉʚʦʙʦʜʥʦʝ ʇʆ ʜʣʷ ʆʉ Windows [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ :  http://freesource.info/wiki/Windows& 

8. ʆʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ GNU [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ 

: https://directory.fsf.org/wiki/Category/Business/accounting 

 

ʋɼʂ 621.313:62-799 

ʄʆɼɽʃʖɺɸʅʅʗ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ʉʀʉʊɽʄʀ 

ʉʊɸʊʀʉʊʀʏʅʆɰ ɼɯɸɻʅʆʉʊʀʂʀ ɺɯʊʈʆɽʃɽʂʊʈʀʏʅʀʍ 

ɸɻʈɽɻɸʊɯɺ. 

ʃ.ɻ. ʉʦʙʦʣʝʚʩʴʢʘ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, 

ʋʢʨʘʾʥʘ 

 

ʉʫʯʘʩʥʘ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʘ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʛʘʣʫʟʝʡ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʋʢʨʘʾʥʘ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʩʚʽʪʦʚʦʤʫ ʧʨʦʮʝʩʽ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʪʨʦ-

ʝʣʝʢʪʨʠʯʥʠʭ ʘʛʨʝʛʘʪʽʚ. ʅʘʛʘʣʴʥʦʶ ʧʦʪʨʝʙʦʶ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ ʻ ʜʽʘʛʥʦ-

ʩʪʠʢʘ ʚʞʝ ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʘʛʨʝʛʘ-

ʪʽʚ (ɺɽɸ). ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʚʽʪʨʦʝʣʝʢʪʨʦʩʪʘ-

ʥʮʽʡ ʋʢʨʘʾʥʠ ʦʙʣʘʜʥʘʥʘ ʟʘʩʪʘʨʽʣʠʤʠ ʪʠʧʘʤʠ ɺɽɸ ʪʠʧʫ USW 56-100, 

ʤʘʡʞʝ ʚʩʽ ʟ ʷʢʠʭ ʚʞʝ ʚʠʨʦʙʠʣʠ ʩʚʽʡ ʨʝʩʫʨʩ. ʉʘʤʝ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ ʽ 

ʨʝʘʣʽʟʫʶʯʠʭ ʾʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ (ɸʉɼ) ʥʘʜʘʻ ʤʦʞ-

ʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʽ ʧʦʜʦʚʞʠʪʠ ʨʝʩʫʨʩ ʟʛʘʜʘʥʠʭ ʪʠʧʽʚ ɺɽɸ. 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʦʧʠʩʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ɸʉɼ ɺɽɸ, ʘʣ-

ʛʦʨʠʪʤʽʚ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʾʾ ʩʢʣʘʜʫ ʟ ʚʨʘʭʫ-

ʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯ-

ʥʠʭ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʦʜʝʣʝʡ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʽʙʨʘ-

ʮʽʾ ʪʘ ʟʤʽʥʫ ʢʨʫʪʷʯʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ ɺɽɸ. 

ɯʥʬʦʨʤʘʮʽʡʥʠʤ ʩʠʛʥʘʣʘʤ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʙʦʪʫ ʚʽʪʨʦʝʣʝʢʪʨʠ-

ʯʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʚʣʘʩʪʠʚʘ ʩʪʦʭʘʩʪʠʯʥʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ (ʨʠʪʤʽʯʥʽʩʪʴ, ʮʠʢ-

ʣʽʯʥʽʩʪʴ) [1]. ʊʘʢʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ ʨʦʙʦʪʦʶ ʦʙʝʨʪʦʚʠʭ ʯʘʩʪʠʥ 

(ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ, ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ, ʨʝʜʫʢʪʦʨʘ ʪʘ ʽʥ.), ʱʦ ʚʭʦʜʠʪʴ ʜʦ 

ʩʢʣʘʜʫ ɺɽɸ. ʆʜʠʥ ʽʟ ʤʦʞʣʠʚʠʭ ʢʣʘʩʽʚ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʨʘʭʫʚʘʪʠ ʪʘʢʫ ʮʠʢʣʽʯʥʽʩʪʴ ʻ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʣʽʥʽʡʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ (ʃʇɺʇ) [1].  
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ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʠ ʚʽʙʨʘʮʽʡ ʪʘ ʥʝʨʽʚʥʦʤʽʨ-

ʥʽʩʪʴ ʟʤʽʥʠ ʦʙʝʨʪʦʚʠʭ ʤʦʤʝʥʪʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʥʘ ʚʘʣʫ ɺɽɸ, ʪʘʢʦʞ ʤʦ-

ʞʫʪʴ ʙʫʜʫʚʘʪʠʩʴ ʥʘ ʙʘʟʽ ʪʝʦʨʽʡ ʣʽʥʽʡʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ (ʃɺʇ) ʪʘ 

ʃʇɺʇ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʚʢʘʟʘʥʠʭ ʤʦʜʝʣʝʡ ʩʪʦʩʦʚʥʦ ɺɽɸ ʜʦʢʣʘʜʥʦ 

ʨʦʟʛʣʷʥʫʪʦ ʚ [1]. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʮʽʻʶ ʨʦʙʦʪʦʶ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʚʽʙʨʘʮʽʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʫʟʣʽʚ ɺɽɸ ʧʨʝʜʩʪʘʚʣʷʣʘʩʷ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʥʦʩ-

ʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ  , ʷʢʠʡ ʨʦʟʛʣʷʜʘʚʩʷ ʷʢ ʚʽʜʛʫʢ ʙʘʛʘʪʦʨʝʟʦʥʘʥʩʥʦʾ ʢʦʣʠ-

ʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʽʤʧʫʣʴʩʥʦʶ ʧʝʨʝʭʽʜʥʦʶ ʬʫʥʢʮʽʻʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʪʝʦʨʽʾ ʃɺʇ ʥʘʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ ʧʦʚʥʠʡ ʽʤʦʚʽʨʥʽʩʥʠʡ 

ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ  , ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʠʣʦ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ 

ʥʠʟʢʫ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʢʨʝʤʠʭ 

ʚʫʟʣʽʚ ɺɽɸ. 

ʉʝʨʝʜ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʚʫʟʣʽʚ, ʱʦ ʜʽʘʛʥʦʩʪʫʶʪʴʩʷ, ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʥʝʨʽʚʥʦʤʽʨ-

ʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʘʛʨʝʛʘʪʫ ʘʙʦ ʤʦʤʝʥʪʠ ʥʘ ʡʦʛʦ ʚʘʣʫ. ʂʦ-

ʨʦʪʢʦ ʟʫʧʠʥʠʤʦʩʴ ʥʘ ʦʩʥʦʚʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢʘʭ, ʱʦ ʙʫʣʦ ʦʙˇʨʫʥ-

ʪʦʚʘʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʝʡ [1].  

ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ ʚ ʨʦʙʦʪʘʭ [1, 2], ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʘʛʘʪʦʨʝʟʦʥʘʥʩʥʦʾ 

ʤʦʜʝʣʽ ʚʽʙʨʘʮʽʡ ʚʫʟʣʽʚ ɺɽɸ ʚ ʷʢʦʩʪʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʤʦʞʥʘ ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʪʠ: 

ʧʨʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʨʝʣʷʮʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʚʽʙʨʘʮʽʡ ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʛʘ-

ʩʘʥʥʷ  , ʪʘ ʯʘʩʪʦʪʥʽ ʧʘʨʘʤʝʪʨʠ  ; 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʧʦʜʽʣʫ ʚʽʙʨʘʮʽʡ ï ʚʝʣʠʯʠʥʠ ʧʦʯʘʪʢʦʚʠʭ ʪʘ ʮʝʥʪ-

ʨʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʾ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽ-

ʨʥʦʩʪʽ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ɺɽɸ, ʟʛʽʜʥʦ ʟ [1,4] ʤʦʞʝ ʙʫʪʠ ʚʠʢʦ-

ʨʠʩʪʘʥʘ ʚ ʷʢʦʩʪʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʬʫʥʢʮʽʷ  , ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʨʽʚ-

ʥʦʤʽʨʥʽʩʪʴ ʡʦʛʦ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʚʠʭʦʜʷʯʠ ʟ [1,4], ʷʢ ʜʽʘʛ-

ʥʦʩʪʠʯʥʽ ʦʟʥʘʢʠ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʚʝʣʠʯʠʥʠ ʤʦʤʝʥʪʽʚ ʥʘ ʚʘʣʫ ɺɽɸ. 

ʆʩʥʦʚʥʫ ʫʚʘʛʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ɺɽɸ, ʷʢʘ ʙʘ-

ʟʫʻʪʴʩʷ ʥʘ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʘʭ ʧʝʨʝʚʽʨʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʛʽʧʦʪʝʟ ʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʃɺʇ, ʧʨʠʜʽʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʥʘʚʯʘʣʴʥʠʭ ʩʫʢʫʧʥʦʩʪʝʡ, 

ʱʦ ʩʬʦʨʤʦʚʘʥʽ ʟʘ ʥʘʡʽʥʬʦʨʤʘʪʠʚʥʽʰʠʤʠ ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ ʦʟʥʘʢʘʤʠ ʫ ʚʽ-

ʜʧʦʚʽʜʥʠʭ ʧʨʦʩʪʦʨʘʭ, ʘ ʪʘʢʦʞ ʥʘ ʨʦʟʚôʷʟʫʶʯʠʭ ʧʨʘʚʠʣʘʭ, ʷʢʽ ʜʦʟʚʦʣʷ-

ʶʪʴ ʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ ʪʦʯʥʽʩʪʶ ʪʘ ʚʽʨʦʛʽʜʥʽʩʪʶ ʚʩʪʘʥʦʚʠʪʠ ʥʘʷʚʥʽʩʪʴ 

ʧʝʚʥʦʛʦ ʜʝʬʝʢʪʫ ʫ ʚʫʟʣʘʭ ɺɽɸ, ʰʦ ʜʽʘʛʥʦʩʪʫʶʪʴʩʷ. ʇʠʪʘʥʥʶ ʦʜʝʨ-

ʞʘʥʥ̫ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ 

ɺɽɸ ʧʨʠʩʚʷʯʝʥʦ ʨʦʙʦʪʠ [2, 3]. 

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʟʘʜʘʯʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ: ʜʞʝʨʝʣʦ 

ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ï ɼɼɯ; ʩʪʘʪʠʩʪʠʯʥʘ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ï ʉʇʆ; 
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ʧʨʦʩʪʽʨ ʩʧʦʩʪʝʨʝʞʝʥʴ ï ʇʉ; ʥʘʚʯʘʣʴʥʘ ʩʫʢʫʧʥʽʩʪʴ ï ʅʉ; ʨʦʟʚôʷʟʫʶʯʝ 

ʧʨʘʚʠʣʦ ï ʈʇ; ʜʽʘʛʥʦʩʪʠʯʥʝ ʨʽʰʝʥʥʷ ï ɼʈ. 

ʅʉ ï ʮʝ ʤʥʦʞʠʥʘ ʪʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʥʦ 

ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʫ ʦʙ'ʻʢʪʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʘʙʦ ʡʦʛʦ ʩʪʘʥʫ, ʟʚ'ʷʟʘʥʦʤʫ ʟ 

ʥʘʷʚʥʽʩʪʶ ʦʜʥʦʛʦ ʟ ʜʝʬʝʢʪʽʚ, ʱʦ ʜʽʘʛʥʦʩʪʫʻʪʴʩʷ. 

  

 
ʈʠʩ.1 ʆʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʟʘʜʘʯʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ɺʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ɸʉɼ ʩʪʘʪʠʩʪʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. ʎʷ ɸʉɼ ʧʦ-

ʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʥʘʩʪʫʧʥʠʤ ʚʠʤʦʛʘʤ: 

1. ɿʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʫ ʚʫʟʣʘʭ ʚʽʪ-

ʨʦʘʛʨʝʛʘʪʽʚ. 

2. ɿʘʙʝʟʧʝʯʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʤʝʥʪʫ ʥʘ ʛʦʣʦʚʥʦʤʫ ʚʘʣʫ ʚʽʪʨʦʘʛ-

ʨʝʛʘʪʫ. 

3. ɿʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʟʙʝʨʝʞʝʥʥʷ ʜʘ-

ʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʘ ʪʘʢʦʞ ʾʭʥʶ ʥʘʩʪʫʧʥʫ ʦʙʨʦ-

ʙʢʫ ʡ ʘʥʘʣʽʟ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʟʨʘʟʢʘ ɸʉɼ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʤʦʜʫ-

ʣʽʚ: 

ï ʤʦʜʫʣʴ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʤʦʜʫʣʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ɼʦ ʤʦʜʫʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʚʭʦʜʷʪʴ: ʚʠʤʽʨʶʚʘʣʴʥʽ 

ʜʘʚʘʯʽ (ʘʢʩʝʣʝʨʦʤʝʪʨʠ ʪʘ ʜʘʚʘʯʽ ʢʨʫʪʷʯʦʛʦ ʤʦʤʝʥʪʫ)  ; ʙʣʦʢ ʟʙʦʨʫ ʽʥʬʦ-

ʨʤʘʮʽʾ. 

ʄʦʜʫʣʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʣʦʢʫ ʧʦ-

ʧʝʨʝʜʥʴʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʩʠʛʥʘʣʽʚ; ʙʣʦʢʫ ʘʥʘʣʦʛʦʚʦʾ ʬʽʣʴʪʨʘʮʽʾ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ; ʙʣʦʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʫ ʮʠʬʨʦ-

ʚʠʡ ʢʦʜ; ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧ'ʶʪʝʨʫ; ʧʘʢʝʪʫ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʥʘʭʦ-

ʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʫ ʚʠʛʣʷʜʽ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʽʘʛ-

ʥʦʩʪʠʯʥʽ ʩʠʛʥʘʣʠ. ɼʣʷ ʪʘʢʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʩʧʨʘʚʝʜʣʠʚʘ ʝʨʛʦʜʠʯʥʘ ʛʽʧʦ-

ʪʝʟʘ ʽ ʤʦʤʝʥʪʠ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʚʢʣʶʯʥʦ, ʢʽʥʮʝʚʽ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʮʽʥʢʠ ʧʦʯʘʪʢʦʚʠʭ ʤʦ-

ʤʝʥʪʽʚ ʽ ʮʝʥʪʨʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʚʢʣʶʯʥʦ, ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʘʩʠʤʝʪʨʽʾ ʪʘ ʝʢʩʮʝʩʫ, ʽʥʪʝʨʚʘʣʫ ʚʘʨʽʶʚʘʥʥʷ, ʙʫʜʫʚʘʪʠ ʛʽʩʪʦʛʨʘʤʠ ʽ ʟʛʣʘ-

ʜʞʫʚʘʪʠ ʾʭ ʧʦ ʩʠʩʪʝʤʽ ʢʨʠʚʠʭ ʇʽʨʩʦʥʘ, ʘ ʪʘʢʦʞ ʦʜʝʨʞʫʚʘʪʠ ʟʛʣʘʜʞʝʥʽ 

ʦʮʽʥʢʠ ʩʧʝʢʪʨʽʚ ʧʦʪʫʞʥʦʩʪʽ ʽ ʚʟʘʻʤʥʠʭ ʘʤʧʣʽʪʫʜʥʠʭ ʩʧʝʢʪʨʽʚ ʟ ʦʮʽʥʢʦʶ 

ʜʠʩʧʝʨʩʽʾ ʦʪʨʠʤʘʥʠʭ ʦʮʽʥʦʢ ʩʧʝʢʪʨʽʚ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʉɼ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʽʙʨʦʜʽʘʛʥʦʩ-

ʪʠʢʠ ʚ ʫʤʦʚʘʭ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʧʝʮʽʘ-

ʣʴʥʫ ʤʝʪʦʜʠʢʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʜʙʘʯʠʪʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦ ʚʠʙʦʨʫ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʨʦʩ-

ʪʦʨʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʶ ʫ ʮʠʭ ʧʨʦʩʪʦʨʘʭ ʥʘʚʯʘʶʯʠʭ ʩʫʢʫʧʥʦʩʪʝʡ, ʱʦ ʚʽʜ-

ʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʣʴʥʦʤʫ ʩʪʘʥʫ, ʘʙʦ ʧʝʚʥʠʤ ʜʝʬʝʢʪʘʤ ʚʫʟʣʽʚ ʚʽʪʨʦʘʛʨʝ-

ʛʘʪʫ, ʷʢʠʡ ʜʽʘʛʥʦʩʪʫʻʪʴʩʷ. 
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Simulation modeling is a widely used approach to tackling various prob-

lems and achieving goals under conditions of uncertainty and risks at all 

stages of production: from supplying raw materials to distributing finished 

products with available optimal solutions in operational conditions and long-

term strategies of the enterprise. Conducting experiments applying the model 

eliminates the necessity for experiments in the reality and does not interfere 

with the production work flow. 

There are two variants of the analysis: static and dynamic. Applying the 

static analysis enables to explore one business process resources of which are 

not related to other processes. Whereas applying the dynamic analysis allows 

you to simulate several processes that can be executed simultaneously. 

Imitation models are undeniably irreplaceable in the dynamic study of 

business processes; they basically allow you to consider the intersection of 

independent events, their impact on operations that are interconnected, which 

is very difficult to calculate in a large flow of information. 

The application of simulation is mainly viewed as an effective tool for 

such systems that are subject to the effects of random events. Consequently 

they include organizations and enterprises the activities of which are oriented 

to the conditions of the market economy, especially in view of inflation, un-

employment, the state budget deficit, a lack of balance in foreign trade and 

the conduct of war. This method allows assessing the appropriateness and 

relevance of the decisions taken, calculating the risks, considering possible 

scenarios, predicting employeesô behaviors and other indicators. 

The simulation process includes: 

1. creating this model of business process; 

2. passing the model through processing in the right information system; 

3. evaluating the expected result; 

4. analyzing other possible variants of the process. 

The collected data about the business processes that are to be investigated 

are transferred to the computer, the relevant software performs their pro-
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cessing and publishes the simulation results, which are explained in the pro-

cess of simulation. Evaluation of the results allows identifying the cost of the 

executable process, tracing the dynamics of execution, etc. 

By analyzing the results of simulation modeling, it becomes quite possible 

to obtain the following parameters: 

Å efficiency in managing flows; 

Å duration of the process; 

Å implementation of regulatory requirements during the process of imple-

mentation; 

Å the presence of repetitions and unnecessary actions; 

Å efficiency of embedded systems. 

Creating a simulation model allows performing a rigorous analysis and 

visualizing all possible ways of implementing the process. 

In order to simulate the business processes of an enterprise, you can use 

the following software products: 

Å Arena (developed by Rockwell Automation Inc., Wexford, USA) - im-

plies building simulation models, playing them out and analyzing results for 

a variety of industries ï production and technological operations, warehous-

ing, banking, customer service, etc .; 

Å AnyLogic (developed by The AnyLogic Company) ï allows  simulating 

any business systems and processes: from production lines and logistics to 

marketing campaigns and social change. This is the first and the only tool that 

offers the possibility of multi-threaded simulation - discrete-event, agent and 

system dynamics; 

Å AnLogistix Ê (ALX Ê) offered by the company  AnyLogic ï is pri-

marily aimed at analyzing supply networks, combining simulation and opti-

mization techniques; analytics can explore the supply chain in detail and vis-

ualizes it as an unreachable level for traditional tools [3]; 

Å Business Studio (developer of "Modern Technologies of Management", 

Russia) is aimed at simulating business processes and  allows designing an 

effective organization; 

Å Actor Pilgrim (developers Yemelyanov A. A., Emelyanova N. Z., Mos-

cow) ï is for simulation of the temporal, spatial and financial dynamics of 

economic processes, 

Å AutoMod (developed by Brooks Automation, USA) -is designed to 

model logistics and production systems; 

Å AweSim (developed by Symix Systems Inc., USA) is a universal simu-

lation system for a discrete or continuous interpretation network. This soft-

ware can be applied in the following areas: business, industry, health and 

military affairs. Being compatible with Visual SLAM simulation language, 

the product includes the construction of an interactive model, simultaneous 
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and subsequent animation, statistical information in text and graphical views, 

interactive presentation and script selection; 

Å FlexSim (developed by FlexSim Software Products Inc. (FSP), Orem, 

Utah, USA) ï is applied for modeling and visualizing business processes. 

With the help of the program it is quite possible to determine the company's 

throughput capacities and balance of production lines, identify bottlenecks, 

check new planning methods, optimize production figures and substantiate 

investments [4]; 

Å ISSOP (developed by DUALISÈ GmbH IT Solution, Dresden, Ger-

many) ï is mainly designed for simulation and optimization in manufacturing 

and logistics; 

Å Plant Simulation (developed by Siemens Industry Software, USA) - is 

a software product for modeling production, logistics, transport systems and 

business processes; 

Å ReThink (developer company Gensym, USA) ï is applied for modeling 

business processes; it allows increasing the level of justifying the relevance 

of projects on restructuring and reengineering the enterpriseôs activities; re-

searching and forecasting the organization's work according to various pos-

sible variants of behavior on the market, etc. 

The implementation of simulation in analyses under uncertainty allows 

taking the interconnections of all business processes of the company into 

complete account and finding ways to optimize and predict the company's 

future work. 
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ʋɼʂ 811.161 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼɯɺ ʄʆʈʌʆʃʆɻɯʏʅʆɻʆ ɸʅɸʃɯɿʋ 

ʉʀʉʊɽʄ ɿ ɺʈɸʍʋɺɸʅʅʗʄ ʂʆʅɺɽʈɻɽʅʎɯɰ 

ʄ.ʉ. ɼʦʨʦʰ, ʄ.ɸ. ʐʪʫʧʫʥ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʉʪʚʦʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ɯʊ ʧʨʦʝʢ-

ʪʘʤʠ ʩʴʦʛʦʜʥʽ ʧʦʚʠʥʥʦ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʙʘʟʽ ʧʝʨʝʥʝʩʝʥʥʷ ʟʥʘʥʴ ʪʘ ʤʝʪʦ-

ʜʦʣʦʛʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʠʤ 

ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʢʦʥʚʝʨʛʝʥʮʽʾ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʥʦʚʽʪʥʽʭ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʩʠ-

ʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʙʝʟ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘ-

ʪʠʟʘʮʽʾ, ʚʨʘʭʦʚʫʶʯʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʽʩʪʴ ʪʘʢʠʭ ʟʘʜʘʯ. 

ɺ ʧʨʘʢʪʠʮʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʤʘʡʞʝ ʚʽʜʩʫʪʥʽ ʟʘʩʦʙʠ, ʱʦ ʜʦʟʚʦ-

ʣʷʶʪʴ ʟʘ ʫʤʦʚʘʤʠ ʟʘʚʜʘʥʥʷ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʦʝʢʪʫ ʚʽʜʨʘʟʫ ʦʙʨʘʪʠ  ʦʧʪʠ-

ʤʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʦʤ ʚʽʜ ʷʢʠʭ, ʚʣʘʩʥʝ ʽ ʟʘʣʝʞʠʪʴ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ.  

ʉʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʩʠʥʪʝʟ ʩʠʩʪʝʤ  ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʽʥʥʦ-

ʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ 

ʧʽʜʭʦʜʫ ʚʠʤʘʛʘʻ ʬʦʨʤʫʚʘʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʤʥʦʞʠʥ ʧʦʨʽʚʥʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʩʽ ʾʭ ʝʣʝʤʝʥʪʠ, ʪʘ ʩʪʨʫʢʪʫʨʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʥʠʤʠ. 

ɺʠʟʥʘʯʝʥʥʷ ʟʚôʷʟʢʽʚ ʫʩʢʣʘʜʥʶʻ ʤʦʜʝʣʴ, ʘʣʝ ʡ ʥʘʜʘʻ ʜʦʜʘʪʢʦʚʫ ʤʦʞ-

ʣʠʚ̔ʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʬʦʨʤʫʚʘʪʠ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ.  

ʇʨʠ ʮʴʦʤʫ ʧʨʦʩʪʽʨ ʧʦʰʫʢʫ ʫʪʚʦʨʶʻ ʤʦʨʬʦʣʦʛʽʯʥʫ ʤʥʦʞʠʥʫ, ʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʨʦʩʪʦʨʫ ʧʨʦʚʦʜʠʪʴʩʷ  ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ. ʇʦʰʫʢ 

ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʠʥʪʝʟʫ [1]  ʪʘ 

ʛʝʥʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʥʴʦʛʦ [2]. 

ʄʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʚ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʝʢʪʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʨʘʤʢʘʭ ʧʨʠʡʥʷʪʪʷ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ ʽ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʝʢʩʧʝʨʪʥʦʶ 

ʦʮʽʥʢʦʶ, ʱʦ ʥʝ ʨʦʟʢʨʠʚʘʻ ʚʩʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ 

[3].  

ʄʝʪʦʜʠ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʢʦʥʚʝʨʛʝʥʮʽʾ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. ɸʣʛʦʨʠʪʤ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯ-

ʥʦʛʦ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʦʜʽʚ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʠʥʪʝʟʫ, ʘʣʝ 

ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʥʚʝʨʛʝʥʮʽʾ ʩʠʩʪʝʤ ʤʦʞʝ ʤʽʩʪʠʪʠ ʪʘʢʽ ʝʪʘʧʠ: 

1. ɺʠʟʥʘʯʠʪʠ ʩʠʩʪʝʤʠ ʘʥʘʣʦʛʠ (ʜʦʥʦʨʠ) ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʧʝʨʝʥʝ-

ʩʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʡ. 

  

 

 



81 

 

ʄʝʪʦʜʠ 

ʤʦʨʬʦʣʦʛʽʯʥ

ʦʛʦ ʩʠʥʪʝʟʫ 

ʆʙôʻʢʪ 

ʩʠʥʪʝʟʫ 

ɸʣʛʦʨʠʪʤ ɸʣʛʦʨʠʪʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʢʦʥʚʝʨʛʝʥʮʽʾ ʩʠʩʪʝʤ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʉʋʇ 

1 2 3 4 

ɿʦʥʜʫʚʘʥʥʷ 

ʤʦʨʬʦʣʦʛʽʯʥ

ʦʾ ʤʥʦʞʠʥʠ 

ɽʣʝʤʝʥʪ 

ʤʦʨʬʦʣʦʛʽʯʥ

ʦʾ ʤʥʦʞʠʥʠ 

ʜʣʷ 

ʦʜʥʦʨʽʚʥʝʚʠ

ʭ ʩʠʩʪʝʤ  

ʅʝʘʜʘʧʪʠʚʥʠʡ. ɻʝʥʝʨʘʮʽʷ 

ʢʦʞʥʦʾ ʥʦʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʞʝ 

ʟʛʝʥʝʨʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ. 

ɸʜʘʧʪʠʚʥʠʡ. ɻʝʥʝʨʘʮʽʷ 

ʥʘʩʪʫʧʥʠʭ ʩʪʨʫʢʪʫʨ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʧʝʨʝʜʥʽʭ. 

ɿʚʫʞʫʻ ʦʙʣʘʩʪʴ ʧʦʰʫʢʫ ʪʘ 

ʟʥʘʭʦʜʠʪʴ ʛʣʦʙʘʣʴʥʠʡ 

ʝʢʩʪʨʝʤʫʤ. 

ɻʝʥʝʨʘʮʽʷ ʥʦʚʠʭ ʩʪʨʫʢʪʫʨ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʥʚʝʨʛʝʥʮʽʾ 

ʩʠʩʪʝʤʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʟʥʠʭ 

ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ. 

ʄʦʨʬʦʣʦʛʽʯ

ʥʝ 

ʢʦʥʩʪʨʫʶʚʘ

ʥʥʷ 

ʇʽʜʩʠʩʪʝʤʠ ʇʦʩʣʽʜʦʚʥʦ ï ʧʽʜʩʠʩʪʝʤʘ ʟʘ 

ʧʽʜʩʠʩʪʝʤʦʶ 

ʌʦʨʤʫʶʪʴʩʷ ʧʽʜʩʠʩʪʝʤʠ ʥʘ ʧʝʨʝʪʠʥʽ 

ʤʥʦʞʠʥ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʚʝʨʛʝʥʮʽʾ, ʪʘ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʨʠʪʝʨʽʾ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʮʠʭ ʧʽʜʩʠʩʪʝʤ 

ʅʝʟʘʣʝʞʥʘ 

ʦʮʽʥʢʘ 

ʧʽʜʩʠʩʪʝʤ 

ʅʘʡʢʨʘʱʽ 

ʚʘʨʽʘʥʪʠ 

ʧʽʜʩʠʩʪʝʤ, 

ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ 

ʚʘʨʽʘʥʪʽʚ 

ʽʥʰʠʭ 

ʧʽʜʩʠʩʪʝʤ 

ʇʦʩʣʽʜʦʚʥʦ ï ʧʽʜʩʠʩʪʝʤʘ ʟʘ 

ʧʽʜʩʠʩʪʝʤʦʶ ʟ 

ʬʦʨʤʫʚʘʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦʾ 

ʮʽʣʦʾ ʩʠʩʪʝʤʠ 

ʇʦʩʣʽʜʦʚʥʦ ʧʽʜʩʠʩʪʝʤʘ ʟʘ 

ʧʽʜʩʠʩʪʝʤʦʶ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʟʘʚʜʷʢʠ 

ʚʠʟʥʘʯʝʥʠʤ ʟʚôʷʟʢʘʤ ʤʽʞ 

ʝʣʝʤʝʥʪʘʤʠ ʧʽʜʩʠʩʪʝʤ  

ɼʝʨʝʚʦʚʠʜʥʝ 

ʢʦʥʩʪʨʫʶʚʘ

ʥʥʷ 

ʇʽʜʩʠʩʪʝʤʠ 

ʟʘ ʾʭ 

ʚʘʛʦʤʽʩʪʶ. 

1. ʈʘʥʞʫʚʘʥʥʷ ʧʽʜʩʠʩʪʝʤ ʟʘ 

ʚʘʛʦʤʽʩʪʶ.  

2. ʆʙʠʨʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ 

ʥʘʚʘʛʦʤʽʰʦʾ ʧʽʜʩʠʩʪʝʤʠ.  

3.ʆʙʠʨʘʻʪʴʩʷ ʥʘʩʪʫʧʥʘ 

ʧʽʜʩʠʩʪʝʤʘ, ʘʣʝ ʚʞʝ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʧʝʨʰʦʾ. 

4. ʇʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʚʩʽʻʾ ʩʠʩʪʝʤʠ. 

1. ʈʘʥʞʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤ ʟʘ ʾʭ ʚʘʛʦʤʽʩʪʶ. 

2. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ 

ʧʽʜʩʠʩʪʝʤʠ. 

3. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ 

ʥʘʩʪʫʧʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʟʚôʷʟʢʽʚ ʟ ʧʝʨʰʦʶ ʩʠʩʪʝʤʦʶ. 

4. ʇʦʜʘʣʴʰʠʡ ʧʨʦʮʝʩ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʚʠʟʥʘʯʝʥʠʭ ʟʚôʷʟʢʽʚ ʚ ʧʽʜʩʠʩʪʝʤʘʭ. 

5. ʌʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʩʽʻʾ 

ʩʠʩʪʝʤʠ. 

ʃʘʙʽʨʠʥ

ʪʥʝ 

ʢʦʥʩʪʨʫʶʚʘ

ʥʥʷ 

ʇʽʜʩʠʩʪʝʤʠ 

ʟʘ ʾʭ 

ʚʘʛʦʤʽʩʪʶ. 

1.ʈʘʥʞʫʚʘʥʥʷ ʧʽʜʩʠʩʪʝʤ ʟʘ 

ʚʘʛʦʤʽʩʪʶ.  

2.ʆʙʠʨʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ 

ʥʘʡʚʘʛʦʤʽʰʦʾ ʧʽʜʩʠʩʪʝʤʠ.  

3.ɺʠʟʥʘʯʘʶʪʴʩʷ ʜʝʢʽʣʴʢʘ 

ʜʦʜʘʪʢʦʚʠʭ ʚʘʨʽʘʥʪʽʚ 

3.ʆʙʠʨʘʻʪʴʩʷ ʥʘʩʪʫʧʥʘ 

ʧʽʜʩʠʩʪʝʤʘ, ʘʣʝ ʚʞʝ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʧʝʨʰʦʾ ʪʘ ʟ 

ʜʦʜʘʪʢʦʚʠʤʠ ʚʘʨʽʘʥʪʘʤʠ. 

4. ʇʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ 

ʚʘʨʽʘʥʪʽʚ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ 

ʬʦʨʤʫʚʘʥʥʷ. 

1. ʈʘʥʞʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤ ʟʘ ʾʭ ʚʘʛʦʤʽʩʪʶ. 

2. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ 

ʧʽʜʩʠʩʪʝʤʠ. ʊʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʝʢʽʣʴʢʘ ʜʦʜʘʪʢʦʚʠʭ ʚʘʨʽʘʥʪʽʚ. 

3. ʆʮʽʥʢʘ ʩʪʫʧʝʥʷ ʢʦʥʚʝʨʛʝʥʮʽʾ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ.  

4. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ 

ʥʘʩʪʫʧʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʟʚôʷʟʢʽʚ ʟ ʧʝʨʰʦʶ ʩʠʩʪʝʤʦʶ. 

5. ʇʝʨʝʛʣʷʜʘʶʪʴ ʦʙʨʘʥʫ ʩʠʩʪʝʤʫ 

ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʚʘʨʽʘʥʪʽʚ 

ʪʘ ʟʚôʷʟʢʽʚ ʚ ʥʠʭ. 

6. ʇʦʜʘʣʴʰʠʡ ʧʨʦʮʝʩ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷ 

ʢʦʥʚʝʨʛʝʥʮʽʾ ʚ ʧʽʜʩʠʩʪʝʤʘʭ. 



82 

 

7. ʌʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʩʽʻʾ 

ʩʠʩʪʝʤʠ. 

ʋʜʦʩʢʦʣʘʥʝ

ʥʥʷ 

ʧʨʦʪʦʪʠʧʫ 

ʰʣʷʭʦʤ 

ʚʠʧʘʜʢʦʚʦʛʦ 

ʙʣʫʢʘʥʥʷ 

ʇʦʧʝʨʝʜʥʷ 

ʩʪʨʫʢʪʫʨʘ 

ʩʠʩʪʝʤʠ, ʘʙʦ 

ʩʪʨʫʢʪʫʨʘ 

ʧʨʦʪʦʪʠʧʫ. 

1. ɺʠʙʽʨ ʩʪʨʫʢʪʫʨʠ 

ʧʨʦʪʦʪʠʧʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʾ 

ʧʦʪʦʯʥʦʶ. 

2. ʈʦʟʨʘʭʫʥʦʢ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ. 

3. ʄʦʜʠʬʽʢʘʮʽʷ ʽʩʥʫʶʯʦʾ 

ʩʠʩʪʝʤʠ. 

4. ʈʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʥʷ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. 

5. ʇʝʨʝʚʽʨʠʪʠ ʫʤʦʚʠ 

ʜʦʩʷʛʝʥʥʷ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ. ʗʢʱʦ ʚʦʥʠ 

ʚʠʢʦʥʘʥʽ ï ʩʠʩʪʝʤʘ 

ʧʨʠʡʤʘʻʪʴʩʷ, ʷʢʱʦ ʥʽ ï 

ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 3. 

1. ɺʠʙʽʨ ʩʪʨʫʢʪʫʨʤʠ ʩʠʩʪʝʤʠ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ. 

2. ɺʠʟʥʘʯʝʥʥʷ  ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ, ʪʦ 

ʦʮʽʥʶʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

3. ʇʦʰʫʢ ʽʥʰʠʭ ʤʦʜʠʬʽʢʘʮʽʡ 

ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʢʨʠʪʝʨʽʾʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. 

4. ʈʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʴ 

ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

5. ʇʝʨʝʚʽʨʢʘ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚʠʤʦʛʘʤ ʟʘʤʦʚʥʠʢʽʚ. ʗʢʱʦ ʚʦʥʠ 

ʟʘʜʦʚʦʣʝʥʽ ï ʩʠʩʪʝʤʘ ʧʨʠʡʤʘʻʪʴʩʷ, 

ʷʢʱʦ ʥʽ ï ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 3. 

ʎʽʣʝʩʧʨʷʤʦ-

ʚʘʥʝ 

ʫʜʦʩʢʦʥʘʣʝʥ

ʥʷ 

ʧʨʦʪʦʪʠʧʫ 

ʇʦʧʝʨʝʜʥʷ 

ʩʪʨʫʢʪʫʨʘ 

ʩʠʩʪʝʤʠ, ʘʙʦ 

ʩʪʨʫʢʪʫʨʘ 

ʧʨʦʪʦʪʠʧʫ. 

1.ɺʠʙʽʨ ʩʪʨʫʢʪʫʨʠ 

ʧʨʦʪʦʪʠʧʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʾ 

ʧʦʪʦʯʥʦʶ. 

2. ɺʠʟʥʘʯʝʥʥʷ ʝʚʨʠʩʪʠʢ ï 

ʦʜʝʨʞʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ ʚ 

ʧʨʝʜʤʝʪʥʽʡ ʛʘʣʫʟʽ. 

3.ʄʦʜʠʬʽʢʘʮʽʷ ʽʩʥʫʶʯʦʾ 

ʩʠʩʪʝʤʠ. 

4.ʇʝʨʝʚʽʨʠʪʠ ʫʤʦʚʠ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʟʥʘʯʝʥʠʭ 

ʝʚʨʠʩʪʠʢ. ʗʢʱʦ ʚʦʥʠ 

ʚʠʢʦʥʘʥʽ ï ʩʠʩʪʝʤʘ 

ʧʨʠʡʤʘʻʪʴʩʷ, ʷʢʱʦ ʥʽ ï 

ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 3. 

1. ɺʠʙʽʨ ʩʪʨʫʢʪʫʨʠ ʧʨʦʪʦʪʠʧʫ  ʪʘ 

ʚʠʟʥʘʥʷ ʾʾ ʧʦʪʦʯʥʦʶ. 

2.ɺʠʟʥʘʯʝʥʥʷ ʝʚʨʠʩʪʠʢ, ʦʜʝʨʞʘʥʠʭ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ 

ʟ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʚ ʜʘʥʽʡ 

ʛʘʣʫʟʽ. 

3.ʄʦʜʠʬʽʢʘʮʽʷ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ. 

4.ʇʝʨʝʚʽʨʠʪʠ ʫʤʦʚʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʚʠʟʥʘʯʝʥʠʭ ʝʚʨʠʩʪʠʢ ʩʬʦʨʤʦʚʘʥʽʡ 

ʩʠʩʪʝʤʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʚôʷʟʢʽʚ. 

ʗʢʱʦ ʚʦʥʠ ʚʠʢʦʥʘʥʽ  - ʩʠʩʪʝʤʘ 

ʧʨʠʡʤʘʻʪʴʩʷ, ʷʢʱʦ ʥʽ ï ʧʝʨʝʭʽʜ ʜʦ 

ʢʨʦʢʫ 3.  

 

2. ɺʠʜʽʣʠʪʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʦʟʥʘʢʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙʨʘʥʠʭ ʩʠʩʪʝʤ. 

3. ʉʬʦʨʤʫʚʘʪʠ ʤʦʨʬʦʣʦʛʽʯʥʽ ʤʥʦʞʠʥʠ ʮʠʭ ʩʠʩʪʝʤ ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʮʠʭ ʩʠʩʪʝʤ. 

4. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʦʙʤʝʞʝʥʥʷ ʥʘ 

ʩʠʩʪʝʤʫ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʎʽ ʦʙʤʝʞʝʥʥʷ ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʪʠʧʦʤ ʧʨʦʝʢʪʫ ʪʘ 

ʚʠʤʦʛʘʤʠ ʩʪʝʡʢʭʦʣʜʝʨʽʚ. 

5. ɺʠʟʥʘʯʠʪʠ ʩʪʫʧʽʥʴ ʢʦʥʚʝʨʛʝʥʮʽʾ ʧʦʨʽʚʥʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚ ʟʘʜʘʥʠʭ 

ʦʙʤʝʞʝʥʥʷʭ [4]. 

6. ʉʬʦʨʤʫʚʘʪʠ ʥʦʚʫ ʩʠʩʪʝʤʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʨʝʪʠʥʽ ʤʥʦʞʠʥ,  

ʚʠʟʥʘʯʠʪʠ ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʚ ʦʙʨʘʥʠʭ ʩʠʩʪʝʤʘʭ (ʤʦʨʬʦ-

ʣʦʛʽʯʥʠʡ ʩʠʥʪʝʟ) ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʙʣʘʩʪʴ ʢʦʥʚʝʨʛʝʥʮʽʾ ʩʠʩʪʝʤ ʟ ʚʨʘʭʫʚʘʥ-

ʥʷʤ ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ. 

7. ɿʘ ʦʙʨʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʧʦʙʫʜʫʚʘʪʠ ʦʧʪʠ-

ʤʘʣʴʥʫ ʤʦʜʝʣʴ ʥʦʚʦʾ ʩʠʩʪʝʤʠ (ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʩʠʥʪʝʟ).  

ɺ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʧʽʜʭʦʜʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʢʦʥʚʝʨʛʝʥʮʽʾ ʜʦʟ-

ʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʠʡ ʪʘ ʙʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʧʦʰʫʢ ʥʦ-

ʚʠʭ ʨʽʰʝʥʴ ʚ ʽʥʰʠʭ ʩʠʩʪʝʤʘʭ.  
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ʤʘʪʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ // ʊʨʫʜʳ ʫʯʝʙʥʳʭ ʟʘ-

ʚʝʜʝʥʠʡ ʩʚʷʟʠ / ʉʇʙɻʋʊ. ʉʇʙ. - 2004.- ˉ 171. - ʉ. 165-173. 

2. Yuriy Kuznietsov, Vasiliy Shynkarenko. The Genetic approach is the 

key to innovative Synthesis of complicated Technical Systems. Journal of the 

Technical University at Plovdiv, Bulgaria Fundamental Sciences and Appli-

cations, 2011. - Volume 16. - book 2. - P.p. 15 ï 33. 

3. ɼʦʨʦʰ ʄ.ʉ. ʉʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʩʠʥʪʝʟ ʩʠʩʪʝʤ ʫʧʨʘʚ-
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ʋɼʂ 004.62 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼɯɺ ʂʆʃɸɹʆʈɸʊʀɺʅʆɰ 

ʌɯʃʔʊʈɸʎɯɰ ɼʃʗ ʈʆɹʆʊʀ ʈɽʂʆʄɽʅɼɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ 

ʆ. ʉ. ʂʦʛʫʣʴʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭ-

ʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʉʴʦʛʦʜʥʽ ʨʝʢʦʤʝʥʜʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʩʪʘʣʠ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨ-

ʥʠʭ ʪʠʧʽʚ ʚʝʙ-ʩʝʨʚʽʩʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʤʦʞʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʚʣʘʩʥʠʡ ʧʨʠʙʫʪʦʢ ʜʣʷ ʩʝʨʚʽʩʫ. ʉʝʨʝʜ  ʙʘʛʘʪʴʦʭ 

ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʧʦʪʨʽʙʥʦ ʚʠʙʨʘʪʠ ʥʘʡʢʨʘʱʠʡ ʟʘ ʦʙ-

ʤʝʞʝʥʥʷʤʠ ʪʘ ʚʠʤʦʛʘʤʠ ʙʽʟʥʝʩʫ.  

ʂʦʣʘʙʦʨʘʪʠʚʥʘ ʬʽʣʴʪʨʘʮʽʷ (ʂʌ) ʪʘ ʾʾ ʤʦʜʠʬʽʢʘʮʽʾ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ  ʤʝʪʦʜʽʚ ʜʣʷ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʢʦʨʠʩʪʫʚʘ-

ʯʘʤ.  

ʂʦʣʠ ʥʝʦʙʭʽʜʥʦ ʥʘʜʘʪʠ ʜʝʷʢʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʫ, ʥʝʦʙʭʽʜʥʦ 

ʟʥʘʡʪʠ ʽʥʰʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʽ ʩʭʦʞʠʤʠ ʽʥʪʝʨʝʩʘʤʠ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʾʭ 

ʧʦʚʝʜʽʥʢʫ ʪʘ ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ. ɸʙʦ  ʤʦʞʥʘ ʧʝ-

ʨʝʛʣʷʥʫʪʠ ʝʣʝʤʝʥʪʠ, ʧʦʜʽʙʥʽ ʜʦ ʪʠʭ, ʟ ʷʢʠʤʠ ʢʦʨʠʩʪʫʚʘʯ ʚʟʘʻʤʦʜʽʷʚ 

ʨʘʥʽʰʝ, ʽ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʧʦʜʽʙʥʽ ʜʦ ʥʠʭ. 

ɭ ʜʚʘ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʠ ʚ ʂʌ: ʢʦʣʘʙʦʨʘʪʠʚʥʘ ʬʽʣʴʪʨʘʮʽʷ ʥʘ ʦʩʥʦʚʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʢʦʣʘʙʦʨʘʪʠʚʥʘ ʬʽʣʴʪʨʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʝʣʝʤʝʥʪʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ. 
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ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʧʨʠ ʧʦʰʫʢʫ ʨʝʢʦʤʝʥʜʘʮʽʡ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʜʚʘ 

ʝʪʘʧʠ: 

1. ɼʽʟʥʘʪʠʩʷ, ʩʢʽʣʴʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ / ʝʣʝʤʝʥʪʽʚ ʫ ʙʘʟʽ ʜʘʥʠʭ 

ʥʘʡʙʽʣʴʰ ʩʭʦʞʽ ʟ ʜʘʥʠʤ ʢʦʨʠʩʪʫʚʘʯʝʤ / ʝʣʝʤʝʥʪʦʤ. 

2. ʆʮʽʥʠʪʠ ʽʥʰʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ / ʝʣʝʤʝʥʪʽʚ, ʱʦʙ ʧʝʨʝʜʙʘʯʠʪʠ,  ʜʦ 

ʷʢʦʛʦ ʢʣʘʩʫ ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʝʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ / ʝʣʝʤʝʥʪʘ, 

ʚʨʘʭʦʚʫʶʯʠ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ / ʝʣʝʤʝʥʪʽʚ, ʥʘʡʙʽʣʴʰ 

ʧʦʜʽʙʥʠʭ ʜʦ ʜʘʥʦʛʦ. 

ʑʦ ʦʟʥʘʯʘʻ "ʥʘʡʙʽʣʴʰ ʩʭʦʞʽ" ʫ ʮʴʦʤʫ ʘʣʛʦʨʠʪʤʽ? ɺʩʝ, ʱʦ ʤʠ ʤʘʻʤʦ, 

- ʮʝ ʚʝʢʪʦʨ ʧʝʨʝʚʘʛ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ (ʨʷʜʦʢ ʤʘʪʨʠʮʽ ʦʮʽʥʦʢ) ʪʘ 

ʚʝʢʪʦʨ ʦʮʽʥʦʢ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ (ʩʪʦʚʧʮʽ ʤʘʪʨʠʮʽ 

ʦʮʽʥʦʢ). 

ʊʘʙʣ.1 ï ʇʨʠʢʣʘʜ ʤʘʪʨʠʮʽ ʦʮʽʥʦʢ  
 Item1 Item2 Item3 Item4 Item5 Item6 Item7 Item8 Item9 

User1 5.0 3.0   4.0     

User2 4.0     1.0  2.0 3.0 

User3  5.0 5.0       

User4   4.0 3.0  2.0 1.0   

 

ʇʝʨʰ ʟʘ ʚʩʝ, ʥʝʦʙʭʽʜʥʦ ʟʘʣʠʰʠʪʠ ʣʠʰʝ ʪʽ ʝʣʝʤʝʥʪʠ, ʜʣʷ ʷʢʠʭ ʤʠ 

ʟʥʘʻʤʦ ʟʥʘʯʝʥʥʷ ʚ ʦʙʦʭ ʚʝʢʪʦʨʘʭ. 

ʅʘʡʧʦʧʫʣʷʨʥʽʰʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʭʦʞʦʩʪʽ ʻ ʢʦʩʠʥʫʩʥʘ 

ʤʽʨʘ ʘʙʦ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ / ʝʣʝʤʝʥʪʽʚ. ʂʽʥʮʝʚʘ 

ʤʝʪʘ ʮʠʭ ʤʝʪʦʜʽʚ ʧʨʠʡʥʷʪʪʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʟʥʘ-

ʯʝʥʥʷ ʟʘ ʩʪʫʧʝʥʝʤ ʩʭʦʞʦʩʪʽ, ʜʣʷ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨʦʞʥʽʭ ʢʣʽʪʠʥ ʚ ʪʘʙʣʠʮʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʢʦʩʠʥʫʩʥʫ ʤʽʨʫ. ʂʦʩʠʥʫʩʥʘ ʤʽʨʘ ʜʣʷ 

ʜʚʦʭ ʚʝʢʪʦʨʽʚ - ʮʝ ʢʦʩʠʥʫʩ ʢʫʪʘ ʤʽʞ ʥʠʤʠ. ɺʽʥ ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ: 

  
yx

yx
yx CC

CC
CC

Ö

Ö
=),cos(     (1) 

ɿʘʩʪʦʩʫʻʤʦ ʜʘʥʫ ʬʦʨʤʫʣʫ ʜʦ ʜʘʥʠʭ ʟ ʪʘʙʣ.1 ʜʣʷ ʦʮʽʥʢʠ ʩʭʦʞʦʩʪʽ ʢʦ-

ʨʠʩʪʫʚʘʯʽʚ ʚʽʜʥʦʩʥʦ ʢʦʨʠʩʪʫʚʘʯʘ User2. ʆʪʨʠʤʘʻʤʦ: 

ʊʝʧʝʨ ʟʘʣʠʰʠʣʦʩʷ ʨʝʘʣʽʟʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʂʌ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧ-

ʥʦʤʫ: 

1. ɺʠʙʨʘʪʠ L ʢʦʨʠʩʪʫʚʘʯʽʚ, ʩʤʘʢʠ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʩʭʦʞʽ ʥʘ ʩʤʘʢʠ 

ʨʦʟʛʣʷʥʫʪʦʛʦ. ɼʣʷ ʮʴʦʛʦ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʦʪʨʽʙʥʦ ʦʙʯʠʩ-

ʣʠʪʠ ʦʙʨʘʥʫ ʤʽʨʫ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʢʦʩʠʥʫʩʥʫ) ʱʦʜʦ ʨʦʟʛʣʷʥʫʪʦʛʦ ʢʦ-

ʨʠʩʪʫʚʘʯʘ, ʽ ʚʠʙʨʘʪʠ L ʥʘʡʙʽʣʴʰʠʭ. ɼʣʷ User2 ʟ ʪʘʙʣ.1, ʥʘʚʝʜʝʥʦʾ ʚʠʱʝ, 

ʤʠ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ: 

ʊʘʙʣ.2 ï ʄʽʨʠ ʩʭʦʞʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʜʥʦʩʥʦ ʢʦʨʠʩʪʫʚʘʯʘ User2 
 User1 User3 User4 ʉʫʤʤʘ 

User2 0.5164 0.0 0.0667 0.5831 
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2. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʦʤʥʦʞʠʪʠ ʡʦʛʦ ʦʮʽʥʢʠ ʥʘ ʦʙʯʠʩ-

ʣʝʥʫ ʚʝʣʠʯʠʥʫ ʤʽʨʠ, ʪʘʢʠʤ ʯʠʥʦʤ ʦʮʽʥʢʠ ʙʽʣʴʰ çʩʭʦʞʠʭè ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʙʫʜʫʪʴ ʩʠʣʴʥʽʰʝ ʚʧʣʠʚʘʪʠ ʥʘ ʧʽʜʩʫʤʢʦʚʫ ʧʦʟʠʮʽʶ ʝʣʝʤʝʥʪʘ. 

3. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ ʧʦʨʘʭʫʚʘʪʠ ʩʫʤʫ ʢʘʣʽʙʨʦʚʘʥʠʭ ʦʮʽʥʦʢ L 

ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʦʪʨʠʤʘʥʫ ʩʫʤʫ ʨʦʟʜʽʣʠʪʠ ʥʘ ʩʫʤʫ ʤʽʨ 

L ʦʙʨʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ.  

ʋ ʚʠʛʣʷʜʽ ʬʦʨʤʫʣʠ, ʮʝʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʚʠʛʣʷʜʽ: 

     ä
Í¡

¡
¡=

Uu

iuiu ruUsimkr ,, ),(     (2) 

ɼʝ ʬʫʥʢʮʽʷ sim - ʦʙʨʘʥʘ ʥʘʤʠ ʤʽʨʘ ʩʭʦʞʦʩʪʽ ʜʚʦʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, U ï

ʤʥʦʞʠʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ, r - ʚʠʩʪʘʚʣʝʥʘ ʦʮʽʥʢʘ, k - ʥʦʨʤʫʚʘʣʴʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ: 

    

ä
Í¡

¡
=

Uu

uUsim
k

),(

1
    (3) 

ɿʘʩʪʦʩʫʚʘʚʰʠ ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʦʪʧʨʠʤʘʻʤʦ ʨʝʟʫʣʴʪʘʪ: 

ʊʘʙʣ.3 ïʈʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ User2 
 Item1 Item2 Item3 Item4 Item5 Item6 Item7 Item8 Item9 

User1 2.5820 1.5492 0.0 0.0 2.0656 0.0 0.0 0.0 0.0 

User3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

User4 0.0 0.0 0.2668 0.2001 0.0 0.1334 0.0667 0.0 0.0 

ʉʫʤʤʘ 2.5820 1.5462 0.2668 0.2001 2.0056 0.1334 0.0667 0.0 0.0 

ʈʝʟʫʣʴ-

ʪʘʪ 

4.4281 2.6568 0.4576 0.3432 3.5424 0.2288 0.1144 0.0 0.0 

 

ʉʽʨʠʤ ʢʦʣʴʦʨʦʤ ʚʽʜʟʥʘʯʝʥʽ ʩʪʦʚʧʮʽ ʝʣʝʤʝʥʪʽʚ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʚʞʝ 

ʙʫʣʠ ʦʮʽʥʝʥʽ ʢʦʨʠʩʪʫʚʘʯʝʤ ʽ ʧʦʚʪʦʨʥʦ ʧʨʦʧʦʥʫʚʘʪʠ ʾʭ ʡʦʤʫ ʥʝ ʤʘʻ 

ʩʝʥʩʫ. 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦʶ ʨʝʢʦʤʝʥʜʘʮʽʻʶ ʜʣʷ ʢʦʨʠ-

ʩʪʫʚʘʯʘ User2 ʻ ʝʣʝʤʝʥʪ Item5. 

ʄʠ ʨʦʟʛʣʷʥʫʣʠ ʥʘ ʧʨʠʢʣʘʜʽ ʽ ʨʝʘʣʽʟʫʚʘʣʠ ʦʜʠʥ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ 

ʚʘʨʽʘʥʪʽʚ ʂʌ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʩʠʥʫʩʥʦʾ ʤʽʨʠ ʩʭʦʞʦʩʪʽ. ɺʘʞʣʠʚʦ ʨʦ-

ʟʫʤʽʪʠ, ʱʦ ʽʩʥʫʶʪʴ ʽʥʰʽ ʧʽʜʭʦʜʠ ʜʦ ʂʌ, ʽʥʰʽ ʬʦʨʤʫʣʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʦʮʽʥʦʢ ʝʣʝʤʝʥʪʽʚ, ʽʥʰʽ ʤʽʨʠ ʩʭʦʞʦʩʪʽ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʮʽʻʾ ʽʜʝʾ 

ʤʦʞʥʘ ʚʝʩʪʠ ʚ ʥʘʩʪʫʧʥʠʭ ʥʘʧʨʷʤʢʘʭ: 

1. ʆʧʪʠʤʽʟʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ; 

2. ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ; 

3. ʇʽʜʙʽʨ ʤʽʨʠ ʩʭʦʞʦʩʪʽ; 

4. ʄʦʜʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ʬʽʣʴʪʨʘʮʽʾ. 
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ʋɼʂ 004.931 

ʌʋʅʂʎɯɰ ɺɯɼɽʆɸʅɸʃɯʊʀʂʀ, ɸʅɸʃɯɿ ɸʈʍɯʊɽʂʊʋʈʀ 

ʉʀʉʊɽʄ ɺɯɼɽʆɸʅɸʃɯʊʀʂʀ 

ɿʣʦʙʽʥ ʉ.ɺ. 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʫʣ. ʐʝʚʯʝʥʢʘ 95, ʏʝʨʥʽʛʽʚ, 14000, ʋʢʨʘʾʥʘ 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʟʘʧʣʘʥʦʚʘʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ, ʚʽʜʝʦʘʥʘʣʽʪʠʢʘ 

ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠ ʷʢ ʦʜʥʫ, ʪʘʢ ʽ ʜʝʢʽʣʴʢʘ ʙʘʟʦʚʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʧʨʝʜʩʪʘʚ-

ʣʝʥʽ ʥʠʞʯʝ. 

ɺʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ. ɿʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ 

ʚʽʜʝʦʜʝʪʝʢʪʦʨʽʚ ʨʫʭʫ ʧʨʠ ʧʨʦʛʨʘʤʥʽʡ ʦʙʨʦʙʮʽ ʟʦʙʨʘʞʝʥʥʷ ʟ ʢʘʤʝʨ. ʄʦʞ-

ʣʠʚʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʷʢ ʦʜʥʦʛʦ, ʪʘʢ ʽ ʜʝʢʽʣʴʢʦʭ ʦʙ'ʻʢʪʽʚ ʦʜʥʦʯʘʩʥʦ. ʂʨʽʤ 

ʚʠʷʚʣʝʥʥʷ ʟʘ ʨʫʭʦʤ, ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʦʙ'ʻʢʪʘ ʟʘ ʟʘʜʘʥʠʤ 

ʰʘʙʣʦʥʦʤ. ʅʘʧʨʠʢʣʘʜ, ʚʠʟʥʘʯʝʥʥʷ ʥʦʤʝʨʥʠʭ ʟʥʘʢʽʚ ʘʚʪʦʤʦʙʽʣʽʚ, ʣʶʜ-

ʩʴʢʠʭ ʦʙʣʠʯ. 

ʉʪʝʞʝʥʥʷ ʟʘ ʦʙ'ʻʢʪʘʤʠ. ʎʷ ʬʫʥʢʮʽʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʚôʷʟʢʠ 

ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʦʙ'ʻʢʪʘ, ʱʦ ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ, ʷʢ ʚ ʧʦʣʽ ʟʦʨʫ ʦʜʥʽʻʾ, ʪʘʢ ʽ 

ʜʝʢʽʣʴʢʦʭ ʢʘʤʝʨ. ʄʦʞʣʠʚʠʡ ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʦʙ'ʻʢʪʘ ʟʘ ʦʪʨʠʤʘʥʦʶ 

ʪʨʘʻʢʪʦʨʽʻʶ, ʥʘʧʨʠʢʣʘʜ, ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʘ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ, 

ʱʦ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʽʚ. ʎʷ ʬʫʥʢʮʽʷ ʟʜʽʡʩʥʶʻ ʩʝʣʝʢʮʽʶ ʦʙ'ʻʢʪʽʚ ʟʘ ʨʽʟ-

ʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʬʦʨʤʦʶ, ʨʦʟʤʽʨʦʤ, ʰʚʠʜʢʽʩʪʶ. ɿʘ ʜʦʧʦ-

ʤʦʛʦʶ ʮʽʻʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʘʢʽ ʪʠʧʠ ʦʙ'ʻʢʪʽʚ, ʷʢ ʣʶʜʠʥʘ, 

ʛʨʫʧʘ ʣʶʜʝʡ, ʘʚʪʦʤʦʙʽʣʴ. ɿʘ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ ʦʟʥʘʢʘʤʠ ʤʦʞʣʠʚʘ ʩʝʣʝʢ-

ʮʽʷ ʦʙ'ʻʢʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʚʽʢʦʚʦʶ ʛʨʫʧʦʶ ʪʘ ʛʝʥʜʝʨʥʦʶ ʦʟʥʘʢʦʶ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʽʚ. ɼʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʦʙ'ʻʢʪʠ ʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ ʟʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʣʶʜʝʡ ï ʟʘ ʨʠʩʘʤʠ ʦʙ-

ʣʠʯʯʷ, ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ï ʟʘ ʥʦʤʝʨʥʠʤʠ ʟʥʘʢʘʤʠ. ʄʦʞʣʠʚʘ ʨʝʘʣʽʟʘʮʽʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʟʘ ʨʘʤʢʘʤʠ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʟʦʚʥʽʰʥʽʭ ʙʽʦʤʝʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʭ ʷʢ ʩʢʘʥʝʨ ʚʽʜʙʠʪʢʽʚ ʧʘʣʴʮʽʚ. 

ʇʦʜʽʙʥʽ ʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʽ ʚ ʦʭʦʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝ-

ʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʫ. 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʪʫʘʮʽʡ. ɼʘʥʘ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʟʘʜʘʥʽ 

ʰʘʙʣʦʥʦʤ ʥʝʰʪʘʪʥʽ ʩʠʪʫʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʽʩʥʫʶʪʴ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʟʥʘʯʘ-

ʶʪʴ ʬʘʢʪ ʟʘʡʤʘʥʥʷ ʘʙʦ ʟʘʜʠʤʣʝʥʥʷ. ɹʘʛʘʪʦ ʨʽʰʝʥʴ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʙʘʟʽ 

ʢʦʥʪʨʦʣʶ ʟʘ ʧʝʨʝʪʠʥʘʥʥʷʤ ʦʙ'ʻʢʪʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦ ʟʘʜʘʥʦʾ 

ʤʝʞʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʧʝʨʝʪʠʥ ʧʝʨʠʤʝʪʨʫ ʦʙ'ʻʢʪʘ, ʧʦʨʫʰʝʥʥʷ ʧʨʘ-

ʚʠʣ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ, ʧʘʜʽʥʥʷ ʣʶʜʝʡ ʥʘ ʨʝʡʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʧʝʚʥʠʭ ʩʠʪʫʘʮʽʡ 

ʬʦʨʤʫʶʪʴʩʷ ʧʦʜʽʾ (ʧʦʚʽʜʦʤʣʝʥʥʷ), ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʜʘʥʽ ʥʘ ʧʫʣʴʪ 

ʦʧʝʨʘʪʦʨʘ ʘʙʦ ʟʘʧʠʩʘʥʽ ʚ ʩʠʩʪʝʤʫ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦ-

ʛʨʘʤʥʦʾ ʦʙʨʦʙʢʠ ʩʠʪʫʘʮʽʾ ʬʦʨʤʫʶʪʴʩʷ ʤʝʪʘʜʘʥʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʠʷʚʣʝʥʫ 

ʧʦʜʽʶ. ɺʦʥʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʽ ʚʽʜʪʚʦʨʶʶʪʴʩʷ ʨʘʟʦʤ ʽʟ ʚʽʜʝʦʟʘʧʠʩʦʤ. 

ʅʘ ʦʩʥʦʚʽ ʦʙʨʦʙʢʠ ʤʝʪʘʜʘʥʠʭ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʘʥʠʭ 

ʧʨʦ ʧʦʜʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʚʦʥʠ ʙʫʣʠ ʩʪʚʦʨʝʥʽ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʘʥʥʷ ʙʫʜʴ-

ʷʢʠʭ ʟʘʜʘʥʠʭ ʧʨʦʛʨʘʤʥʦ ʜʽʡ: 

ï ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʦʙ'ʻʢʪʘ ʘʙʦ ʚʠʥʠʢʥʝʥʥʷ ʟʘʜʘʥʠʭ ʩʠʪʫ-

ʘʮʽʡ; 

ï ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ ʩʪʠʩʥʝʥʥʷ ʚʽʜʝʦʢʦʥʪʝʥʪʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʽʥʪʝʨʝʩʫ 

ʩʧʦʞʠʚʘʯʘ, ʪʦʙʪʦ ʟʘʧʠʩ ʫ ʩʠʩʪʝʤʫ ʟʙʝʨʽʛʘʥʥʷ ʬʨʘʛʤʝʥʪʽʚ ʚʽʜʝʦʧʦʪʦʢʫ, 

ʱʦ ʤʽʩʪʠʪʴ ʩʠʪʫʘʮʽʾ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ ʩʠʩʪʝʤʠ; 

ï ʨʘʥʞʠʨʫʚʘʥʥʷ (ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʫ) ʧʦʜʽʡ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ; 

ï ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʚʽʜʝʦʜʘʥʠʭ (ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʘʜʨ, ʪʘʡʤʣʘʧʩ); 

ï ʚʠʜʘʣʝʥʥʷ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ ʽʟ ʚʽʜʝʦʨʦʣʠʢʘ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʜʝʪʝʢʪʦʨʽʚ ʦʙʣʠʯ ʪʘ ʥʦʤʝʨʥʠʭ ʟʥʘʢʽʚ. ʇʦʜʽʙʥʘ ʪʝʭʥʦʣʦʛʽʷ ʟʘʩʪʦ-

ʩʦʚʫʻʪʴʩʷ ʥʘ ʧʘʥʦʨʘʤʥʠʭ ʬʦʪʦʛʨʘʬʽʷʭ ʚʫʣʠʮʴ Street view ʫ ʩʣʫʞʙʽ 

Google maps. ʆʙʣʠʯʯʷ ʪʘ ʥʦʤʝʨʥʽ ʟʥʘʢʠ ʘʚʪʦʤʦʙʽʣʽʚ ʫ ʮʽʡ ʩʠʩʪʝʤʽ ʨʝʪʫ-

ʰʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. 

ʆʩʥʦʚʥʽ ʪʠʧʠ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʨʦʟʨʽʟʥʷʶʪʴ ʥʠʞʯʝʥʘʚʝʜʝʥʽ ʪʠʧʠ ʚʽʜʝʦ-

ʘʥʘʣʽʪʠʢʠ.  

ʇʝʨʠʤʝʪʨʘʣʴʥʘ ʚʽʜʝʦʘʥʘʣʽʪʠʢʘ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʭʦʨʦʥʠ ʧʨʦʪʷʞ-

ʥʠʭ ʜʽʣʷʥʦʢ ʽ ʧʝʨʠʤʝʪʨʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʪʝʢʪʫʚʘʥʥʷ ʧʝʨʝʩʽʯʝʥʥʷ ʢʦʥ-

ʪʨʦʣʴʥʦʾ ʣʽʥʽʾ. ʇʝʨʠʤʝʪʨʘʣʴʥʘ ʘʥʘʣʽʪʠʢʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʷʚʣʝʥʥʷ 

ʚʽʜʥʦʩʥʦ ʨʽʜʢʠʭ ʧʦʨʫʰʝʥʴ. 

ʉʠʪʫʘʮʽʡʥʘ ʚʽʜʝʦʘʥʘʣʽʪʠʢʘ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʰʪʘʪ-

ʥʠʭ ʩʠʪʫʘʮʽʡ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʝʪʠʧʦʚʦʶ ʧʦʚʝʜʽʥʢʦʶ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʦʙ'ʻʢʪʽʚ. ɺʦʥʘ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʧʨʘʚʠʣ, ʟʘʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ 
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(ʥʘʧʨʠʢʣʘʜ, ʟʘʙʦʨʦʥʝʥʝ ʧʘʨʢʫʚʘʥʥʷ ʚ ʟʘʜʘʥʽʡ ʟʦʥʽ), ʘʙʦ ʥʘ ʦʩʥʦʚʽ ʥʘʢʦ-

ʧʠʯʝʥʦʾ ʩʪʘʪʠʩʪʠʢʠ (ʥʘʧʨʠʢʣʘʜ, ʚʠʷʚʣʝʥʥʷ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʟʦʥʽ ʥʘʙʘ-

ʛʘʪʦ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ, ʥʽʞ ʟʘʟʚʠʯʘʡ ʚ ʮʝʡ ʯʘʩ ʜʦʙʠ ʽ ʮʴʦʛʦ ʜʥʷ 

ʪʠʞʥʷ). 

ɹʽʦʤʝʪʨʠʯʥʘ ʚʽʜʝʦʘʥʘʣʽʪʠʢʘ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 

ʩʫʧʨʦʚʦʜʫ ʦʙ'ʻʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʫʥʽʢʘʣʴʥʠʤʠ ʙʽʦʤʝʪʨʠʯʥʠʤʠ ʦʟʥʘ-

ʢʘʤʠ ʦʩʦʙʠ. ʗʩʢʨʘʚʠʡ ʧʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ï ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʾʭ ʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʥʪʨʦʣʴʥʦ-ʧʨʦʧʫʩʢʥʠʭ ʧʫʥʢʪʘʭ, ʜʝ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʢʘʤʝʨ ʘʥʘʣʽʟʫʻʪʴʩʷ ʦʙʣʠʯʯʷ ʦʩʦʙʠ, ʱʦ ʧʨʦʡʰʣʘ, ʽ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʦʰʫʢ ʚʽʜʧʦʚʽʜʥʠʭ ʙʽʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʫ ʙʘʟʽ ʜʘʥʠʭ. ʗʢʱʦ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʥʘʡʜʝʥʦ, ʪʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʣʶʜʠʥʘ ʚ çʙʽʣʦʤʫ ʩʧʠʩʢʫè, ʽ 

ʡʦʛʦ ʤʦʞʥʘ ʧʨʦʧʫʩʪʠʪʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʥʘ ʩʪʝʞʠʪʠ 

ʟʘ ʧʝʨʝʤʽʱʝʥʥʷʤ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʚ ʦʬʽʩʽ, ʟʙʽʣʴʰʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʧʨʦ-

ʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ. ʉʧʝʮʩʣʫʞʙʠ ʥʝ ʤʦʛʣʠ ʟʘʣʠʰʠʪʠ ʧʦʟʘ ʫʚʘʛʦʶ ʪʝʭʥʦ-

ʣʦʛʽʾ ʙʽʦʤʝʪʨʠʯʥʦʾ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ, ʷʢʫ ʚʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʧʨʦʚʝ-

ʜʝʥʥʽ ʦʧʝʨʘʪʠʚʥʦ-ʨʦʟʰʫʢʦʚʠʭ ʟʘʭʦʜʽʚ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ 

ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʣʠʚʝ ʚʠʷʚʣʝʥʥʷ ʩʝʨʝʜ ʥʘʪʦʚʧʫ ʣʶʜʠʥʠ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʨʦʟʰʫʢʫ. ɹʽʦʤʝʪʨʠʯʥʘ ʚʽʜʝʦʘʥʘʣʽʪʠʢʘ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟʘ ʙʽʣʴʰ ʩʢʣʘʜ-

ʥʠʤʠ ʩʮʝʥʘʨʽʷʤʠ, ʥʘʧʨʠʢʣʘʜ, ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʬʘʡʣʽʥʛ (ʧʨʦʬʘʡʣʽʥʛ ï ʮʝ 

ʥʘʫʢʘ, ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʧʽʟʥʘʚʘʥʥʶ ʙʨʝʭʥʽ ʪʘ ʤʝʪʦʜʘʤ ʦʪʨʠʤʘʥʥʷ ʧʨʘʚʜʠ) 

ʣʶʜʝʡ ʘʙʦ ʧʦʨʽʚʥʶʚʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʤʝʨ ʫ ʪʝ-

ʨʠʪʦʨʽʘʣʴʥʦ-ʨʦʟʧʦʜʽʣʝʥʽʡ ʤʝʨʝʞʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʅʦʤʝʨʥʘ ʚʽʜʝʦʘʥʘʣʽʪʠʢʘ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʨʝʻʩʪʨʘʮʽʡʥʠʭ ʟʥʘʢʽʚ ʘʚʪʦʤʦʙʽʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʘʥʘʣʽʟʫ ʾʭ ʨʫʭʫ ʟʘ ʜʘʥʠʤʠ 

ʙʘʛʘʪʴʦʭ ʢʘʤʝʨ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʛʦ ʪʠʧʫ ʘʥʘʣʽʪʠʢʠ ʤʦʞʣʠʚʦ ʚʠʷʚ-

ʣʝʥʥʷ ʧʦʨʫʰʝʥʴ ʧʨʘʚʠʣ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʷ ʘʚʪʦ-

ʤʦʙʽʣʽʚ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʨʦʟʰʫʢʫ. 

ɸʅɸʃɯɿ ɸʈʍɯʊɽʂʊʋʈʀ ʉʀʉʊɽʄ ɺɯɼɽʆɸʅɸʃɯʊɯʂʀ   

ʉʝʨʚʝʨʥʘ ʚʽʜʝʦʘʥʘʣʽʪʠʢʘ. ʆʙʨʦʙʢʘ ʚʭʽʜʥʦʛʦ ʚʽʜʝʦʧʦʪʦʢʫ ʚʽʜ ʢʘʤʝʨʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ, ʥʘ ʩʝʨʚʝʨʽ. ɸʥʘʣʽʟ ʜʘʥʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʙʦ ʛʨʘʬʽʯʥʦʤʫ ʧʨʦʮʝʩʦʨʽ [1]. 

ʇʨʠʢʣʘʜʦʤ ʨʝʘʣʽʟʘʮʽʾ ʩʝʨʚʝʨʥʦʾ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ ʻ ʧʣʘʪʬʦʨʤʘ ʭʤʘʨʥʦʾ 

ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ Kipod. ʊʘʢʦʞ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʝʨʚʝʨʥʦʾ 

ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ ʚʽʜʥʦʩʷʪʴʩʷ ʧʘʢʝʪʠ Motion ʽ Zoneminder ʜʣʷ ʆʉ Linux. 

ɺʙʫʜʦʚʘʥʘ ʚʽʜʝʦʘʥʘʣʽʪʠʢʘ. ɺʙʫʜʦʚʘʥʘ ʚʽʜʝʦʘʥʘʣʽʪʠʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʾ ʦʙʨʦʙʢʠ ʚʽʜʝʦʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦ-

ʧʨʦʮʝʩʦʨʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʘʤʝʨʘʭ ʘʙʦ ʢʦʜʝʨʘʭ ʟ ʧʦ-

ʜʘʣʴʰʦʶ ʧʝʨʝʜʘʯʝʶ ʤʝʜʽʘʜʘʥʠʭ (ʩʪʠʩʣʽ ʚʽʜʝʦ ʪʘ ʘʫʜʽʦ) ʽ ʤʝʪʘʜʘʥʠʭ (ʨʝ-

ʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ) ʥʘ ʩʝʨʚʝʨ ʩʠʩʪʝʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʄʝʪʘʜʘʥʽ 

ʚʢʣʶʯʘʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʷʚʣʝʥʽ ʦʙ'ʻʢʪʠ, ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʷʢʽʩʪʴ ʚʽʜʝʦʩʠʛʥʘʣʫ ʽ ʩʪʘʥ ʢʘʤʝʨʠ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚ 10-100 
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ʨʘʟʽʚ ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʽ ʩʝʨʚʝʨʽʚ 

[1]. 

ʊʘʢ ʷʢ ʞʠʚʣʝʥʥʷ ʚ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʤʦʜʝʣʝʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ 

PoE (Power over Ethernet), ʪʦ ʚ ʨʘʟʽ ʧʨʦʙʣʝʤ ʟ ʢʘʙʝʣʝʤ, ʢʨʽʤ ʚʽʜʩʫʪʥʦʩʪʽ 

ʟʚ'ʷʟʢʫ, ʚʠʥʠʢʘʻ ʥʝʙʝʟʧʝʢʘ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʢʘʤʝʨʠ. ʊʦʤʫ ʚ ʙʘʛʘʪʴʦʭ ʪʠ-

ʧʘʭ ʜʘʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʝʨʝʜʙʘʯʝʥʦ ʘʢʫʤʫʣʷʪʦʨ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝ-

ʨʝʙʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ ʚ ʧʦʜʽʙʥʽʡ ʩʠʪʫʘʮʽʾ. 

ʇʨʠʢʣʘʜʦʤ ʧʨʠʩʪʨʦʶ ʽʟ ʚʙʫʜʦʚʘʥʦʶ ʚʽʜʝʦʘʥʘʣʽʪʠʢʦʶ ʻ IP-

ʚʽʜʝʦʩʝʨʚʝʨ MB2. 

ʈʦʟʧʦʜʽʣʝʥʘ ʚʽʜʝʦʘʥʘʣʽʪʠʢʘ. ɼʘʥʠʡ ʪʠʧ ʻ ʛʽʙʨʠʜʥʠʤ ʨʽʰʝʥʥʷʤ ʤʽʞ 

ʩʝʨʚʝʨʥʦʶ ʪʘ ʚʙʫʜʦʚʘʥʦʶ ʚʽʜʝʦʘʥʘʣʽʪʠʢʦʶ. ʆʙʨʦʙʢʘ ʧʦʪʦʢʫ ʚʽʜʝʦ 

ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʜʞʝʨʝʣʦʤ ʚʽʜʝʦʜʘʥʠʭ ʪʘ ʩʝʨʚʝʨʦʤ. ɹʽʣʴʰ ʧʨʦʩʪʽ, ʙʘ-

ʟʦʚʽ ʬʫʥʢʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʫ, ʚʙʫʜʦʚʘʥʦʛʦ ʚ ʢʘʤʝʨʫ, ʙʽʣʴʰ ʩʢʣʘʜʥʽ ï ʥʘ ʩʝʨʚʝʨʽ. 

 

ʃʽʪʝʨʘʪʫʨʘ: 

1. ɺʠʜʝʦʘʥʘʣʠʪʠʢʘ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://synesis.ru/technology/videoanalitika (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 15.05.2018). 

2. ʉʦʣʦʤʘʪʠʥ ɸʣʝʢʩʝʡ ʖʨʴʝʚʠʯ. ʄʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʫʙʲʝʢʪʦʚ 

ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʣʠʮ ʚ ʩʠʩʪʝʤʘʭ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʥʘ ʦʩʥʦʚʝ ʠʤ-

ʤʫʥʦʢʦʤʧʴʶʪʠʥʛʘ: ʜʠʩʩʝʨʪʘʮʠʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ: 05.13.19; 

ʉʦʣʦʤʘʪʠʥ ɸʣʝʢʩʝʡ ʖʨʴʝʚʠʯ; [ʄʝʩʪʦ ʟʘʱʠʪʳ: ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧ-

ʪʠʢʠè]. - ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2015.- 128 ʩ. 
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ɼʆʂʋʄɽʅʊʆʆɹɯɻ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʊɽʍʅʆʃʆɻɯɰ 

ɹʃʆʂʏɽʁʅ 

ɸ.ɼ. ɹʘʨʘʥʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʊʝʭʥʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʇʦʣʽʪʝʭ-

ʥʽʯʥʠʡ ɯʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʥʾʘ 

 

ʇʽʜ ʯʘʩ ʮʠʬʨʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ, ʦʮʽʥʢʘ ʚʩʽʭ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʧʦʪʝʥʮʽʡʥʠʭ ʦʙʣʘʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʻ ʚʝʣʠʯʝʟʥʝ ʟʥʘ-

ʯʝʥʥʷ ʜʣʷ ʚʩʽʭ ʦʨʛʘʥʽʟʘʮʽʡ - ʷʢ ʧʨʠʚʘʪʥʠʭ, ʪʘʢ ʽ ʜʝʨʞʘʚʥʠʭ. 

ʉʴʦʛʦʜʥʽ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʫʥʢʪʽʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʨʦʙʦʪʠ 

ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ. 

ɼʦʢʫʤʝʥʪʦʦʙʽʛ, ʪʦʙʪʦ ʦʙʦʨʦʪ ʜʦʢʫʤʝʥʪʽʚ ʚ ʦʨʛʘʥʽʟʘʮʽʾ - ʮʝ ʢʦʥʪʨʦʣʴ-

ʦʚʘʥʠʡ ʧʨʦʮʝʩ ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ ʚʩʝʨʝʜʠʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ ʟʘ ʾʭ 



90 

 

ʤʝʞʽ ʚ ʜʝʨʞʘʚʥʽ ʦʨʛʘʥʠ (ʫ ʚʠʛʣʷʜʽ ʟʚʽʪʥʦʩʪʽ ʫ ʚʩʪʘʥʦʚʣʝʥʽʡ ʬʦʨʤʽ), ʢʦʤ-

ʧʘʥʽʷʤ-ʧʘʨʪʥʝʨʘʤ, ʧʽʜʧʨʠʻʤʩʪʚʘʤ, ʱʦ ʥʘʜʘʶʪʴ ʧʦʩʣʫʛʠ ʪʘ ʽʥʰʠʤ ʫʯʘʩ-

ʥʠʢʘʤ ʪʘʢʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. 

ʈʫʭ ʜʦʢʫʤʝʥʪʽʚ ʫ ʦʨʛʘʥʽʟʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: 

Å ʧʘʧʝʨʦʚʠʤ (ʢʣʘʩʠʯʥʠʤ), ʦʩʦʙʠʩʪʦ ʚ ʨʫʢʠ ʫʯʘʩʥʠʢʫ ʨʫʭʫ; 

Å ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʚʠʛʣʷʜʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʣʘʪʬʦʨʤʫ ʝʣʝʢʪʨʦʥ-

ʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʽ ʧʦʨʽʚʥʷʻʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʭ ʩʠʩʪʝʤ. 

ʂʣʘʩʠʯʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʦʪʦʢʫ ʜʦʢʫʤʝʥʪʽʚ ʚ ʢʦʤʧʘʥʽʾ ʧʝʨʝʜʙʘʯʘʻ: 

Å ʩʪʚʦʨʝʥʥʷ ʜʦʢʫʤʝʥʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʂ; 

Å ʜʨʫʢ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʧʘʧʝʨʦʚʠʡ ʥʦʩʽʡ; 

Å ʜʦʩʪʘʚʢʫ ʚʠʢʦʥʘʚʮʶ / ʢʝʨʽʚʥʠʮʪʚʫ; 

Å ʚʠʣʫʯʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ ʘʙʦ ʬʘʢʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚ-

ʜʘʥʴ, ʧʦʩʪʘʚʣʝʥʠʭ ʚ ʟʤʽʩʪʽ ʜʦʢʫʤʝʥʪʘ. 

ɽʣʝʢʪʨʦʥʥʠʡ ʦʙʤʽʥ ʜʦʢʫʤʝʥʪʘʤʠ - ʮʝ ʜʦʢʫʤʝʥʪʦʦʙʽʛ, ʷʢʠʡ ʚʠʢʣʶʯʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʧʝʨʦʚʠʭ ʥʦʩʽʾʚ. ɺʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ IT-ʽʥʩʪʨʫʤʝʥʪʽʚ: 

Å ʨʝʻʩʪʨʘʮʽʷ, ʚʚʝʜʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ; 

Å ʧʦʰʫʢ ʜʦʢʫʤʝʥʪʽʚ; 

Å ʩʪʚʦʨʝʥʥʷ ʟʚʽʪʥʦʩʪʽ ʙʫʜʴ-ʷʢʦʾ ʩʢʣʘʜʥʦʩʪʽ; 

Å ʦʨʛʘʥʽʟʘʮʽʷ ʢʦʥʪʨʦʣʶ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ; 

Å ʚʽʜʧʨʘʚʣʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ ʚ ʘʨʭʽʚ ʽ ʪ.ʧ. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʝʣʝʢʪʨʦʥʥʽ ʧʣʘʪʬʦʨʤʠ ʜʦʟʚʦʣʷʶʪʴ ʦʙ'ʻʜʥʘʪʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʷʢ ʟʘ ʦʢʨʝʤʠʤʠ ʟʘʜʘʯʘʤʠ, ʪʘʢ ʽ ʚ ʩʫʢʫʧʥʦʩʪʽ. 

ɽʣʝʢʪʨʦʥʥʠʡ ʜʦʢʫʤʝʥʪʦʦʙʽʛ ʪʘʢʦʞ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʭʤʘʨʥʝ 

ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ; ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʦʧʨʘʮʶʚʘʥʥʷ ʜʦʢʫʤʝʥʪʽʚ; ʤʦʞ-

ʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʘʥ ʜʦʢʫʤʝʥʪʘ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʧʝʨʝʩʫʚʘʥʥʷ; ʜʦ-

ʩʪʫʧ ʜʦ ʜʦʢʫʤʝʥʪʽʚ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ; ʧʘʨʘʣʝʣʴʥʘ ʦʙʨʦʙʢʘ 

ʜʝʢʽʣʴʢʦʭ ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʫʭ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʩʧʨʠʷʻ ʩʢʦ-

ʨʦʯʝʥʥʶ ʯʘʩʫ ʨʫʭʫ ʜʦʢʫʤʝʥʪʘ ʽ ʧʽʜʚʠʱʝʥʥʶ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ; 

ʻʜʠʥʘ ʙʘʟʘ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʜʫʙʣʶʚʘʥʥʷ; ʰʚʠʜ-

ʢʠʡ ʧʦʰʫʢ ʜʦʢʫʤʝʥʪʽʚ ʟʘ ʥʘʷʚʥʦʩʪʽ ʤʽʥʽʤʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʅʘʨʘʟʽ ʛʘʣʫʟʴ ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. 

ɺʩʝ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡ ʧʨʘʛʥʫʪʴ ʚʧʨʦʚʘʜʠʪʠ ʩʠʩʪʝʤʫ ʝʣʝʢ-

ʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ, ʟʘʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʽ ʟʚʝʜʝʥʥʷ ʜʦ ʤʽʥʽʤʫʤʫ ʚʠʪʨʘʪ ʥʘ ʨʫʯʥʫ ʦʙʨʦʙʢʫ 

ʜʦʢʫʤʝʥʪʽʚ. 

ʊʘʢʠʡ ʚʠʜ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽ ʚ ʜʝʨʞʘʚ-

ʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʅʘ ʧʨʠʢʣʘʜ, ʫʢʨʘʾʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʩʫʜʦʚʘ ʘʜʤʽʥʽʩʪʨʘʮʽʷ 

ʟ 2017 ʨʦʢʫ ʧʝʨʝʡʰʣʘ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʜʦʢʫʤʝʥʪʦʦʙʽʛ. 
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ɸ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʘʫʢʮʽʦʥʽʚ ʥʘʨʘʟʽ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʦʚʽ ʪʝʭ-

ʥʦʣʦʛʽʾ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ. ʆʜʥʠʤ ʟ 

ʘʢʪʫʘʣʴʥʠʭ ʥʘʧʨʷʤʢʽʚ ʻ ʪʝʭʥʦʣʦʛʽʷ Blockchain. ʉʠʩʪʝʤʘ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ ʥʘ ʦʩʥʦʚʽ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʟʘʙʝʟʧʝʯʫʻ ʥʘʷʚʥʽʩʪʴ ʪʘʢʠʭ 

ʧʨʠʥʮʠʧʽʚ, ʷʢ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʜʦʚʽʨʠ ʜʦ ʩʠʩʪʝʤʠ, ʾʭ ʤʘʢʩʠʤʘʣʴʥʘ ʟʘʭʠ-

ʱʝʥʽʩʪʴ, ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʽ ʚʽʜʢʨʠʪʽʩʪʴ ʧʨʠ ʧʝʨʝ-

ʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. 

ʉʘʤʘ ʧʦ ʩʦʙʽ ʪʝʭʥʦʣʦʛʽʷ Blockchain ʷʚʣʷʻ ʩʦʙʦʶ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ 

ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʣʘʥʮʶʞʦʢ ʙʣʦʢʽʚ ʪʨʘʥʟʘʢʮʽʡ, ʚʠʙʫʜʫʚʘʥʠʡ ʟʘ 

ʧʝʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʽ ʟʘʙʝʟʧʝʯʫʻ ʩʧʝʮʠʬʽʯʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʟʤʽʥ [1]. ʇʦ 

ʩʫʪʽ, Blockchain ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʙʫʜʴ-ʷʢʫ ʧʦʪʨʽʙʥʫ ʥʘʤ ʽʥʬʦʨʤʘʮʽʶ, 

ʷʢʘ ʜʦʩʪʫʧʥʘ ʜʣʷ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʤʝʨʝʞʽ. 

ʊʝʭʥʦʣʦʛʽʷ Blockchain ʟʘʙʝʟʧʝʯʫʻ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦ-

ʢʫʤʝʥʪʦʦʙʽʛʫ ʫ ʚʠʛʣʷʜʽ ʭʨʦʥʦʣʦʛʽʯʥʦʛʦ ʣʘʥʮʶʞʢʘ ʙʣʦʢʽʚ. ʂʦʞʝʥ ʟ ʮʠʭ 

ʙʣʦʢʽʚ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʦʧʝʨʝʜʥʽʤ, ʘ ʥʘʩʪʫʧʥʠʡ ʙʣʦʢ ʜʦʜʘʻʪʴʩʷ ʩʪʨʦʛʦ ʚ 

ʢʽʥʝʮʴ ʣʘʥʮʶʞʢʘ. ʍʨʦʥʦʣʦʛʽʯʥʠʡ ʣʘʥʮʶʞʦʢ ʙʣʦʢʽʚ ʙʫʜʝ ʢʨʠʧʦʪʦ-

ʛʨʘʬʽʯʥʦ ʟʘʭʠʱʝʥʦ, ʪʦʙʪʦ ʚʽʥ ʟʘʙʝʟʧʝʯʝʥʠʡ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʶ, ʘ ʪʘʢʦʞ 

ʜʦʩʪʦʚʽʨʥʽʩʪʶ, ʮʽʣʽʩʥʽʩʪʶ ʽ ʥʝ ʟʘʧʝʨʝʯʝʥʥʷ ʘʚʪʦʨʩʪʚʘ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʶʪʴ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ ʤʽʞ ʨʽʟʥʠʤʠ ʦʨ-

ʛʘʥʽʟʘʮʽʷʤʠ, ʘʣʝ ʥʝ ʚʩʽ ʩʧʦʩʦʙʠ ʚ ʜʘʥʽʡ ʦʙʣʘʩʪʽ ʦʜʥʘʢʦʚʦ ʟʨʫʯʥʽ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʟʨʫʯʥʘ ʪʝʭʥʦʣʦʛʽʷ Blockchain ʚ ʝʣʝʢ-

ʪʨʦʥʥʦʤʫ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ, ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʟʽ: ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʘ, ʷʢʠʡ ʤʘʻ ʶʨʠʜʠʯʥʫ ʩʠʣʫ ʽ ʟʘʧʠʩ ʡʦʛʦ ʚ Blockchain; ʟʨʫʯʥʦʩʪʽ 

ʽ ʣʝʛʢʦʩʪʽ ʧʽʜʧʠʩʘʥʥʷ, ʧʫʙʣʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ ʯʠʪʘʥʥʷ ʽ ʧʝʨʝʚʽʨʢʠ ʶʨʠʜʠʯ-

ʥʦʛʦ ʩʪʘʪʫʩʫ; ʨʦʟʚʠʪʢʫ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʨʝʻʩʪʨʽʚ ʜʦʢʫʤʝʥʪʽʚ, ʪʠʧʦʚʠʤ 

ʧʨʠʢʣʘʜʦʤ ʷʢʠʭ ʩʣʫʞʠʪʴ ʙʘʟʘ ʜʦʚʽʨʝʥʦʩʪʝʡ. 

ʈʦʟʨʦʙʢʘ, ʚʧʨʦʚʘʜʞʝʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʷ Blockchain-ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʘ 

ʚʽʜʙʫʚʘʪʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟ ʧʣʠʥʦʤ ʯʘʩʫ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʟʤʽʥʠ ʚ 

ʧʨʘʚʦʚʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʙʦ ʛʨʦʤʘʜʩʴʢʠʭ ʫʤʦʚʘʭ: 

- ʜʦʢʫʤʝʥʪʠ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Blockchain-ʩʠʩʪʝʤʠ, ʧʦ-

ʚʠʥʥʽ ʟʙʝʨʽʛʘʪʠ ʩʚʦʶ ʜʽʣʦʚʫ ʘʙʦ ʧʨʘʚʦʚʫ ʮʽʥʥʽʩʪʴ ʩʪʽʣʴʢʠ, ʩʢʽʣʴʢʠ ʮʝ 

ʥʝʦʙʭʽʜʥʦ; 

- ʚʟʘʻʤʦʜʽʷ ʟ ʩʫʜʘʤʠ ʽ ʨʝʛʫʣʷʪʦʨʘʤʠ ʫ ʚʩʽʭ ʶʨʠʩʜʠʢʮʽʷʭ ʥʝ ʚʠʢʣʠʢʘʣʦ 

ʙ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʩʠʩʪʝʤʠ [3]. 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʝʨʪʽʚ ɯʉʆ ʽ ʯʣʝʥʽʚ ʄʽʞʥʘʨʦʜʥʦʾ 

ʨʘʜʠ ʘʨʭʽʚʽʚ ʪʘ ARMA International, ʫʩʧʽʰʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ Blockchain 

ʙʫʜʝ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʚʠʜʽʣʝʥʥʽ ʪʘʢʠʭ ʧʨʘʚʦʚʠʭ ʧʠʪʘʥʴ, ʷʢ: ʣʝʛʘʣʴʥʽʩʪʴ; 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʠʩʽʚ ʚ Blockchain ʷʢ ʜʦʢʘʟʽʚ; ʥʘ ʜʦʪʨʠ-
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ʤʘʥʥʽ ʽʩʥʫʶʯʠʭ ʧʨʘʚʦʚʠʭ ʥʦʨʤ. ɺ ʧʨʦʮʝʩʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦ-

ʣʦʛʽʾ, ʥʘʡʙʽʣʴʰʝ ʚʦʥʘ ʚʠʷʚʠʣʘʩʷ ʟʘʪʨʝʙʫʚʘʥʦʶ ʜʣʷ ʙʘʥʢʽʚʩʴʢʦʾ ʩʠʩʪʝʤʠ 

-  ʮʝ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʧʨʘʚʦʚʽ ʨʠʟʠʢʠ ʽ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʽ 

ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ; ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʧʨʦʟʦʨʽʩʪʴ ʪʘ 

ʚʽʜʢʨʠʪʽʩʪʴ ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ ʜʦʩʪʫʧʫ; ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ. 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʙʘʥʢʽʚʩʴʢʠʡ ʜʦʩʚʽʜ, ʤʠ ʪʘʢʦʞ ʟʤʦʞʝʤʦ ʟʘʩʪʦʩʦ-

ʚʫʚʘʪʠ ʜʘʥʫ ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʝʣʝʢʪʨʦʥʥʠʡ ʢʘʙʽʥʝʪ ʩʪʫ-

ʜʝʥʪʘ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʟʦʨʽʩʪʴ ʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʞʫʨ-

ʥʘʣʫ, ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʚʠʜʘʥʥʷ ʜʦʚʽʜʦʢ ʱʦʜʦ ʥʘʚʯʘʥʥʷ, ʚʝʨʠʬʽʢʫʚʘʪʠ ʜʠ-

ʧʣʦʤʠ ʩʪʫʜʝʥʪʽʚ, ʟʘʙʝʟʧʝʯʠʪʠ ʘʚʪʦʨʩʴʢʝ ʧʨʘʚʦ ʡ ʫʥʽʢʘʣʴʥʽʩʪʴ ʝʣʝʢʪʨʦʥ-

ʥʦʛʦ ʧʦʨʪʬʦʣʽʦ ʩʪʫʜʝʥʪʘ. ɺʩʝ ʮʝ ʙʫʜʝ ʩʧʨʠʷʪʠ ʟʘʙʝʟʧʝʯʝʥʥʶ ʧʨʘʚʦʚʦʾ 

ʙʝʟʧʝʢʠ ʩʪʫʜʝʥʪʘ, ʤʘʢʩʠʤʘʣʴʥʽʡ ʥʘʜʽʡʥʦʩʪʽ ʫ ʟʙʝʨʽʛʘʥʥʽ ʜʦʢʫʤʝʥʪʽʚ, ʟʘ-

ʭʠʩʪʽ ʾʭ ʚʽʜ ʚʪʨʘʪʠ, ʧʽʜʨʦʙʢʠ, ʟʣʦʚʞʠʚʘʥʴ, ʘ ʪʘʢʦʞ ʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʝ-

ʨʠʬʽʢʫʚʘʪʠ ʧʘʧʝʨʦʚʽ ʜʦʢʫʤʝʥʪʠ ʟʘ ʮʠʬʨʦʚʠʤʠ ʦʨʠʛʽʥʘʣʘʤ, ʷʢʽ ʥʝʤʦʞ-

ʣʠʚʦ ʧʽʜʨʦʙʠʪʠ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ ʂʆʅʊɸʂʊʅʆʁ ʉɺɸʈʂʀ 

ʊʈʋɹ 

ʈʘʜʯʝʥʢʦ ʉ.ɻ., ʃʘʧʘʯ ʉ.ʅ. 

ʅʊʋʋ çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ ʀʛʦʨʷ ʉʠʢʦʨ-

ʩʢʦʛʦè, ʛ. ʂʠʝʚ, ʋʢʨʘʠʥʘ 

 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ ʧʨʦʯʥʦʩʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʩʪʦʡʢʦʩʪʠ ʢ 

ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ ʪʨʫʙʳ ʠʟ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠ-

ʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ ʪʨʫʙ ʤʝʞʜʫ ʩʦʙʦʡ ʤʝʪʦʜʦʤ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʚʦʟʥʠʢʘʝʪ ʨʷʜ 

ʧʨʦʙʣʝʤ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʚʳʙʦʨʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʚʘʨʢʠ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʦʝ ʠʩʭʦʜʥʦʝ ʢʘʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʜʦʣʛʦʚʝʯ-

ʥʦʩʪʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʘʞʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʢʘʯʝʩʪʚʘ 

ʩʚʘʨʥʦʛʦ ʰʚʘ ʷʚʣʷʶʪʩʷ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ůʚ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʜʝʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ (ʧʝʨʝʞʞʝʥʥʦʛʦ) ʤʘʪʝʨʠʘʣʘ ʚ ʰʚʝ. ʕʪʠʤ ʢʨʠʪʝʨʠʷʤ 

ʫʜʝʣʷʝʪʩʷ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠ-

ʤʦʚ ʩʚʘʨʢʠ. 

ʊʘʢ ʢʘʢ ʥʘ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʦʛʦ ʰʚʘ ʚʣʠʷʶʪ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ 

ï ʫʧʨʘʚʣʷʝʤʳʝ, ʥʝʫʧʨʘʚʣʷʝʤʳʝ, ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ï ʚʳʙʦʨ ʦʧʪʠʤʘʣʴ-

ʥʳʭ ʨʝʞʠʤʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʤʥʦʛʦʬʘʢʪʦʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ [1ï4]. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʫʯʠʪʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ ʠ ʩʠʩʪʝʤ ʠ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʩ ʥʘʠʣʫʯʰʠʤʠ ʚʦʟʤʦʞʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʂ ʧʦʣʫʯʝʥʠʶ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʭʦ-

ʜʠʪʴ ʩʠʩʪʝʤʥʦ: ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʧʦʩʪʨʦʝʥʠʝ ʧʣʘʥʘ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ, ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʚʳʙʦʨ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ, ʫʩʪʦʡʯʠʚʦʝ ʦʮʝʥʠ-

ʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ.  

ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʭʦʜʠʪ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʚ ʦʙʱʝʝ ʧʣʘ-

ʥʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [1, 5]. ʉʫʪʴ ʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʩʪʘʚʣʝʥʠʠ 

ʥʘʙʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ ʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʇʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʳʡ ʧʣʘʥ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʥʦʛʦʬʘʢʪʦʨʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦ-

ʜʝʣʠ ʩ ʥʘʠʣʫʯʰʠʤʠ ʚʦʟʤʦʞʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʢʘʯʝʩʪʚʘ. ɺ ʵʪʠʭ ʮʝʣʷʭ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʬʘʢʪʦʨʥʳʝ ʨʝʛʫʣʷʨʥʳʝ ʧʣʘʥʳ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ ʠ ʧʣʘʥʳ ʥʘ ʦʩʥʦʚʝ ʃʇŰ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʝʡ. ʊʘʢʠʝ ʧʣʘʥʳ ʫʩʪʦʡʯʠʚʳ (ʨʦʙʘʩʪʥʳ) ʢ ʚʳʙʦʨʫ ʩʪʨʫʢʪʫʨʳ ʤʦ-

ʜʝʣʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʣʠ ʙʣʠʟʢʠ ʢʨʠʪʝʨʠʷʤ D-, A-, E-, G-, Q-ʦʧʪʠʤʘʣʴ-

ʥʦʩʪʠ.  
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ʇʦʣʥʳʡ ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚʢʣʶʯʘʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘ-

ʮʠʠ ʫʨʦʚʥʝʡ ʬʘʢʪʦʨʦʚ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʯʠʩʣʝ ʫʨʦʚʥʝʡ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ. 

ɼʣʷ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʯʠʩʣʦ ʩʪʨʫʢʪʫʨʥʳʭ ʵʬʬʝʢʪʦʚ 

(ʵʣʝʤʝʥʪʦʚ) ʤʦʜʝʣʠ ʨʘʚʥʦ ʯʠʩʣʫ ʦʧʳʪʦʚ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ Nʇ. ʇʦʣʫ-

ʯʘʝʤʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʫʜʝʪ ʘʜʝʢʚʘʪʥʘ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘ-

ʪʦʯʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʦʚ. ɺʩʝ ʵʬʬʝʢʪʳ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨ-

ʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʨʪʦʛʦʥʘʣʴʥʳ ʜʨʫʛ ʢ ʜʨʫʛʫ [1, ʩ. 27]; ʵʪʦ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʨʝʛʨʝʩʩʠ-

ʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʧʦʣʠʚʠʥʠʣ-

ʭʣʦʨʠʜʥʳʭ ʪʨʫʙ. 

ʀʩʩʣʝʜʦʚʘʣʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʪʨʫʙ ʠʟ 

ʇɺʍ-100 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʩʚʘʨʥʦʛʦ ʰʚʘ. ʊʨʫʙʳ ʠʟ ʇɺʍ-100 ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʪʝʧʣʦ-

ʩʪʦʡʢʦʩʪʴ, ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʚʳʩʦʢʠʤʠ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʇʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʦʛʦ ʰʚʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʥʠʞʝ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʨʫʙ. 

ʇʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʰʚʘ ʩʚʷʟʘʥʳ ʩ ʭʘʨʘʢʪʝʨʦʤ ʪʝʯʝʥʠʷ ʦʧʣʘʚʣʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚʥʫʪʨʠ ʰʚʘ. ʉʪʝʢʘʥʠʝ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ 

ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʥʦʚʥʦʡ ʥʘʛʨʫʟʢʠ. ʇʦʷʚ-

ʣʝʥʠʝ ʚ ʟʦʥʝ ʪʘʢʦʛʦ ʰʚʘ ʜʝʬʝʢʪʦʚ (ʦʪ ʧʝʨʝʛʨʝʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʨ, ʥʝ-

ʧʨʦʚʘʨʘ ʠ ʜʨ.) ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʣʷʝʪ ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʲʷʚʣʷʪʴ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʩʦʙʣʶʜʝ-

ʥʠʷ ʨʝʞʠʤʘ ʩʚʘʨʢʠ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠ-

ʪʝʨʠʷʤ:  

1y   ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, , ʢʛʩ/ʩʤ2; 

2y   ï ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʜʝʩʪʨʫʢʮʠʠ ʤʘʪʝʨʠʘʣʘ ʩʚʘʨʥʦʛʦ ʰʚʘ, ɼ, ʙʘʣʣʳ; 

3y   ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʘʨʢʠ, ʂ. 

ʉʪʝʧʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʤʘʪʝʨʠʘʣʘ ʰʚʘ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʮʚʝʪʫ ʠʟʣʦʤʘ 

ʩʚʘʨʥʦʛʦ ʰʚʘ  ï ʙʘʣʣʳ ʦʪ 1 ʜʦ 5; 1 ï ʮʚʝʪ ʠʟʣʦʤʘ ʩ ʷʚʥʦ ʚʳʨʘʞʝʥʦ ʜʝ-

ʩʪʨʫʢʮʠʝʡ, 5 ï ʮʚʝʪ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʚʘʨʢʠ ʂ ʷʚʣʷ-

ʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ   ʩʚʘʨʥʦʛʦ 

ʰʚʘ ʢ ʧʨʝʜʝʣʫ ʪʝʢʫʯʝʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʨʫʙʳ  , ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʠʩʧʳʪʘʥʠʠ ʦʙʨʘʟʮʦʚ. 

ʌʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʳʭ ʰʚʦʚ, ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʩʣʝʜʫʶʱʠʝ: 
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1X   ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ,  , Áʉ; 

2X   ï ʚʨʝʤʷ ʦʧʣʘʚʣʝʥʠʷ ʩʚʘʨʠʚʘʝʤʳʭ ʪʦʨʮʦʚ ʪʨʫʙ,  , ʩ; 

3X   ï ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʦʩʘʜʢʠ ʪʨʫʙ,  , ʄʇʘ (ʢʛʩ/ʩʤ2). 

ɹʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ  ʧʣʘʥ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

33//27: ʪʨʠ ʬʘʢʪʦʨʘ, ʢʘʞʜʳʡ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʪʨʝʭ ʫʨʦʚʥʷʭ, ʚʩʝʛʦ 27 ʦʧʳ-

ʪʦʚ. ʂʘʞʜʳʡ ʫʨʦʚʝʥʴ ʣʶʙʦʛʦ ʬʘʢʪʦʨʘ ʩʦʯʝʪʘʝʪʩʷ ʩ ʣʶʙʳʤ ʠʟ ʫʨʦʚʥʝʡ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʦʜʠʥ ʨʘʟ. ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʵʪʦʤʫ ʧʣʘʥʫ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʥʝʟʘʚʠʩʠʤʳʝ (ʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ) ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʮʝʥʠʚʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʘʨʢʠ ʧʦʩʪʫ-

ʣʠʨʦʚʘʣʠʩʴ ʚ ʚʠʜʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʥʦʛʦʯʣʝʥʦʚ ʏʝʙʳʰʝʚʘ. ʉʪʨʫʢʪʫʨʘ 

ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ  ʠʤʝʝʪ ʚʠʜ  
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1 ,, xxx  ï ʣʠʥʝʡʥʳʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʢʦʥʪʨʘʩʪʳ ʬʘʢʪʦʨʦʚ

321 ,, XXX ; 
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)2(
1 ,, xxx   ï ʢʚʘʜʨʘʪʠʯʥʳʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʢʦʥʪʨʘʩʪʳ ʬʘʢʪʦʨʦʚ

321 ,, XXX . 

ɺʳʯʠʩʣʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝ-

ʥʠʠ  , ʩʪʝʧʝʥʠ ʜʝʩʪʨʫʢʮʠʠ ʤʘʪʝʨʠʘʣʘ ʩʚʘʨʥʦʛʦ ʰʚʘ  , ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʚʘʨʢʠ  ʠ ʚʩʝʭ  ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʇʈʀɸʄ [6].  

ʇʦʩʪʨʦʝʥʥʳʝ ʤʦʜʝʣʠ ʘʜʝʢʚʘʪʥʳ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳ, ʫʩʪʦʡ-

ʯʠʚʳ, ʠʥʬʦʨʤʘʪʠʚʥʳ: ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʚʝʩʴʤʘ ʙʣʠʟʢʠ ʢ 1 ʠ ʟʥʘʯʠʤʳ. ʄʦʜʝʣʠ ʦʙʲʷʩʥʷʶʪ ʙʦʣʝʝ 93 % ʨʘʩʩʝʠʚʘ-

ʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʦʚ. ʄʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ 

ʩʚʘʨʢʠ ï ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʩʪʝʧʝʥʠ ʜʝ-

ʩʪʨʫʢʮʠʠ ʤʘʪʝʨʠʘʣʘ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʘʨʢʠ ï ʦʪ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʚʘʨʢʠ ï ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘʪʝʣʷ, ʚʨʝʤʝʥʠ ʦʧʣʘʚʣʝ-

ʥʠʷ ʩʚʘʨʠʚʘʝʤʳʭ ʪʦʨʮʦʚ, ʫʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʩʘʜʢʠ ʪʨʫʙ ï ʦʪʨʘʞʘʶʪ 

ʬʠʟʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ ʚ ʠʥʪʝʨʚʘʣʘʭ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠʩ-

ʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ. 

C ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠ-

ʷʥʠʷ ʫʩʣʦʚʠʡ ʩʚʘʨʢʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʦʛʦ ʰʚʘ ʠ  ʧʦʣʫ-

ʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʡ  ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʬʦʨʤʘʣʠ-

ʟʦʚʘʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʪʨʫʙ ʧʦʣʥʦʩʪʴʶ 
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ʧʦʜʪʚʝʨʜʠʣʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜ-

ʭʦʜʘ. 

ʉ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴ-

ʪʘʪʘʤʠ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ [7]. 
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ʋɼʂ 539.37 

ʈɸʉʏɽʊ ʅɸʇʈʗɾɽʅʅʆ-ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ 

ʉʆʉʊʆʗʅʀʗ ʉʕʅɼɺʀʏ-ʇɸʅɽʃʀ ʀɿ ʆʈʊʆʊʈʆʇʅʓʍ 

ʈɸɿʅʆʉʆʇʈʆʊʀɺʃʗʖʑʀʍʉʗ ʄɸʊɽʈʀɸʃʆɺ ʄɽʊʆɼʆʄ 

ʂʆʅɽʏʅʓʍ ʕʃɽʄɽʅʊʆɺ ʉ ʋʏɽʊʆʄ ɹʆʃʔʐʀʍ ʇʈʆɻʀɹʆɺ 

ʂ.ʉ.ʂʫʨʦʯʢʘ, ɽ.ɺ.ʂʦʤʨʘʢʦʚʘ 

ɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʇ.ʆ.ʉʫʭʦʛʦ, ɹʝʣʘʨʫʩʴ 

 

ʉʵʥʜʚʠʯ-ʧʘʥʝʣʠ ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʨʦʯʥʳʭ ʠ ʞʝʩʪʢʠʭ ʚʥʝʰʥʠʭ ʩʣʦʝʚ, 

ʥʠʟʢʦʧʨʦʯʥʦʛʦ ʠ ʣʝʛʢʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʷ ʚʩʝ ʯʘʱʝ ʟʘʤʝʥʷʶʪ ʜʨʫʛʠʝ 

ʪʠʧʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʘʷ 

ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ. ʀʭ ʧʦʧʫʣʷʨʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʙʦʣʴʰʠʤ ʚʝ-

ʩʦʤ ʠ ʣʝʛʢʦʩʪʴʶ ʤʦʥʪʘʞʘ. ʂʨʦʤʝ ʪʦʛʦ, ʪʨʝʭʩʣʦʡʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʵʣʝʤʝʥʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦʨʦʰʠʝ ʪʝʧʣʦ- ʠ ʟʚʫʢʦʠʟʦʣʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ, 

ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʚʠʙʨʦʩʪʦʡʢʦʩʪʴʶ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʵʪʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʥʝʰʥʠʤ ʥʘʛʨʫʟʢʘʤ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʙʦʣʴʰʠʤ ʧʨʦʛʠʙʘʤ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ ʦʙʣʘ-

ʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ï ʨʝʟʢʦ ʚʳʨʘʞʝʥ-

ʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʩʣʘʙʣʝʥʥʳʤ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝʤ ʧʦʧʝʨʝʯʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʣʠʯʠʝʤ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʦʝʚ. ʕʪʠ ʬʘʢʪʦʨʳ ʠʤʝʶʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ [1], ʧʨʠ ʨʘʩʯʝʪʝ ʧʦʣʝʡ ʧʝ-

ʨʝʤʝʱʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʢʚʘ-

ʟʠʛʘʨʤʦʥʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ[2]: 
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ʛʜʝ f  ï ʥʝʠʟʚʝʩʪʥʘʷ ʦʜʥʦʟʥʘʯʥʘʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʬʫʥʢ-

ʮʠʷ, F  ï ʬʫʥʢʮʠʷ, ʟʘʜʘʶʱʘʷ ʚʥʝʰʥʶʶ ʥʘʛʨʫʟʢʫ xu , yu  , zu  ï ʬʫʥʢʮʠʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʘʪ, m  ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ 

ʪʨʝʥʠʷ,  rï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. 

ʋʨʘʚʥʝʥʠʝ (1) ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʬʦʨʤʝ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʨʘʚʥʝʥʠʡ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ: 
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ʛʜʝ []ʉ  ï ʤʘʪʨʠʮʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, []M  ï ʤʘʪʨʠʮʘ ʤʘʩʩ, {}d  ï ʚʝʢʪʦʨ 

ʫʟʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, {}F  ï ʚʝʢʪʦʨ ʥʘʛʨʫʟʢʠ. 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʪʦʣʱʠʥʘ ʥʘʨʫʞʥʳʭ ʩʣʦʝʚ ʦʜʠʥʘʢʦʚʘ ʠ ʨʘʚʥʘ t   

ʠ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʦʙʱʝʡ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥʳ H  , ʪʦʛʜʘ ʜʝʬʦʨʤʘʮʠʠ 

ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʩʣʦʷ ʧʨʠ ʙʦʣʴʰʠʭ ʧʨʦʛʠʙʘʭ ʙʫʜʫʪ ʨʘʚʥʳ 
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ʛʜʝ 
ʚu  , 

ʚv  ï ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʝʢ ʚʝʨʭʥʝʛʦ ʩʣʦʷ, 
ʥu  , 

ʥv  ï ʧʝʨʝʤʝ-

ʱʝʥʠʝ ʪʦʯʝʢ ʥʠʞʥʝʛʦ ʩʣʦʷ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʡ ʧʨʦʛʠʙʦʚ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʣʛʦʨʠʪʤ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʠʢʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʥʘʛʨʫʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʜʚʫʭʰʘʛʦʚʦʛʦ ʤʝʪʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ[3]: 

ï ʧʨʠ ʤʘʣʳʭ ʧʨʦʛʠʙʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʫʧʨʫʛʠʭ ʨʝʰʝʥʠʡ ʀʣʴʶ-

ʰʠʥʘ (ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʯʝʪ ʣʠʰʴ ʬʠʟʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ); 

ï ʧʨʠ ʙʦʣʴʰʠʭ ʧʨʦʛʠʙʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜʠʢʘ ʚʦʟʤʫʱʝʥʠʡ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩ ʫʯʝʪʦʤ ʢʘʢ ʬʠʟʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʪʘʢ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʥʝʣʠʥʝʡʥʦʩʪʠ. ʇʦʜ ʙʦʣʴʰʠʤʠ ʧʨʦʛʠʙʘʤʠ ʧʦʥʠʤʘʣʠʩʴ ʧʨʦʛʠʙʳ ʩʨʘʚʥʠ-

ʤʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʩ ʪʦʣʱʠʥʦʡ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ. 

ʆʙʲʝʢʪʦʤ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʪʨʝʭʩʣʦʡʥʘʷ ʩʵʥʜʚʠʯ-

ʧʘʥʝʣʴ (ʨʠʩʫʥʦʢ 1) ʥʘʛʨʫʞʘʝʤʘʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʚʝʨʭʥʝʤʫ ʩʣʦʶ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ: 1 - ʚʝʨʭʥʠʡ ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʡ ʩʣʦʡ; 2 - ʥʠʞʥʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ; 3 - ʚʥʫʪʨʝʥʥʠʡ ʩʣʦʡ; 4 

-  ʤʝʩʪʘ ʟʘʢʨʝʧʣʝʥʠʷ 
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ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʘ, ʚʚʠʜʫ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʧʘʥʝʣʠ, ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʜʣʷ 1/4 ʯʘʩʪʠ ʧʘʥʝʣʠ. ʅʘ ʦʪʩʝʢʘʝʤʳʭ ʯʘ-

ʩʪʷʭ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʟʘʜʘʥʳ ʫʩʣʦʚʠʷ ʟʝʨʢʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠʥʠʤʘʣʠʩʴ  ʩʧʨʘʚʝʜ-

ʣʠʚʳʤʠ ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ[4]: 

ï ʥʦʨʤʘʣʴʥʦʝ, ʢ ʩʨʝʜʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʝʤʝʱʝʥʠʝ u (ʪ.ʝ. ʧʨʦʛʠʙ 

ʧʣʘʩʪʠʥʳ) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ z; 

ï ʥʦʨʤʘʣʴ ʢ ʩʨʝʜʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ 

ʥʘ ʫʛʦʣ ű1  ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ x, ʠ ʥʘ ʫʛʦʣ  ű2  ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ y; 

ï ʧʨʠ ʨʘʩʯʝʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝ ʫʯʠʪʳʚʘʝʤ 

ʥʘʣʠʯʠʝ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ůz. 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [1]. ʇʨʠ-

ʢʣʘʜʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ ʧʨʠ ʙʦʣʴʰʠʭ ʧʨʠʣʦʞʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʨʝʘ-

ʣʠʟʦʚʘʥʘ ʥʘ ʷʟʳʢʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ C#. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ, ʯʪʦ ʰʠʨʠʥʘ ʧʘʥʝʣʠ  B = 8 

ʜʤ, ʘ ʜʣʠʥʘ ʧʘʥʝʣʠ L ʤʦʛʣʘ ʙʳʪʴ ʣʠʙʦ 8 ʣʠʙʦ 16 ʜʤ. ʄʘʪʝʨʠʘʣ ʚʝʨʭʥʝʛʦ 

ʠ ʥʠʞʥʝʛʦ ʩʣʦʷ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ ï ʦʪʦʞʞʝʥʥʳʝ ʣʠʩʪʳ ɸʄɻ6 (ʭʠʤʠʯʝ-

ʩʢʠʡ ʩʦʩʪʘʚ ʧʦ ɻʆʉʊ 4784-97) ʪʦʣʱʠʥʦʡ 2 ʤʤ, ʤʘʪʝʨʠʘʣ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʣʦʷ ï ʩʪʝʢʣʦʧʣʘʩʪʠʢ ʊ-10/ʋʇʕ22-27 (ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʪʢʘʥʠ ʊ-10 ʠ 

ʩʚʷʟʫʶʱʝʛʦ ʋʇʕ 22-27 ʪʦʣʱʠʥʦʡ ʣʠʙʦ 60, ʣʠʙʦ 100 ʤʤ. ʉʪʝʢʣʦʧʣʘʩʪʠʢ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʦʨʪʦʪʨʦʧʥʳʡ ʤʘʪʝʨʠʘʣ. ʂ ʚʝʨʭʥʝʤʫ ʩʣʦʶ ʧʘʥʝʣʠ 

ʧʨʠʢʣʘʜʳʚʘʣʘʩʴ ʥʘʛʨʫʟʢʘ ʚ ʚʠʜʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

400 ʢʇʘ (ʠʣʠ 600 ʢʇʘ)  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʠʤʝʥʥʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʨʘʟʥʳʭ ʪʦʯʝʢ 

ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ.  

ʇʨʦʚʦʜʠʣʠʩʴ ʨʘʩʯʝʪʳ ʢʘʢ ʩ ʫʯʝʪʦʤ ʦʨʪʦʪʨʦʧʥʦʩʪʠ ʩʚʦʡʩʪʚ ʩʪʝʢʣʦ-

ʧʣʘʩʪʠʢʘ ï ʤʦʜʝʣʴ 1, ʪʘʢ ʙʝʟ ʫʯʝʪʘ ʵʪʠʭ ʩʚʦʡʩʪʚ (ʪ.ʝ. ʧʨʠ ʫʩʨʝʜʥʝʥʥʳʭ 

ʤʦʜʫʣʷʭ ʫʧʨʫʛʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ) ï ʤʦʜʝʣʴ 2. 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʧʦ ʜʝʬʦʨʤʘʮʠʷʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʜʦʩʪʘ-

ʪʦʯʥʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʷʚʣʝʥʠʷ ʨʘʟʥʦʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʥʘ ʚʝʣʠ-

ʯʠʥʳ ʧʨʦʛʠʙʦʚ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʥʠʮʘ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʦʛʠʙʘʤ ʜʣʷ ʤʦʜʝʣʝʡ 1 ʠ 2 ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ  ï 11 

%. ɽʩʣʠ ʞʝ ʤʳ ʙʫʜʝʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʘʝʤʳʝ ʜʘʥʥʳʝ ʧʦ ʥʘʧʨʷʞʝ-

ʥʠʷʤ, ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ  ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠ-

ʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʫʯʝʪʝ ʠ ʙʝʟ ʫʯʝʪʘ ʷʚʣʝʥʠʷ ʨʘʟʥʦʩʦʧʨʦʪʠʚʣʷʝʤʦ-

ʩʪʠ, ʚʝʩʴʤʘ ʦʱʫʪʠʤʘ. ʊʘʢ, ʨʘʟʥʠʮʘ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʝʡ 1 ʠ 

2 ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʩʦʩʪʘʚʣʷʝʪ  ï 22 %. 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʫʯʝʪ ʚʣʠʷʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʨʘʙʦʪʫ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷ-

ʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ. 
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ʋɼʂ 004.93 

ʆʎɯʅʂɸ ʅɸɺɸʅʊɸɾɽʅʅʗ ʄɸʈʐʈʋʊʋ ɻʈʆʄɸɼʉʔʂʆɻʆ 

ʊʈɸʅʉʇʆʈʊʋ 

ʈ. ʄ. ʂʘʧʦʨʽʥ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭ-

ʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɻʨʦʤʘʜʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ ʚʽʜʛʨʘʻ ʚʝʣʠʢʫ ʨʦʣʴ ʫ ʞʠʪʪʽ ʙʫʜʴ-ʷʢʦʛʦ ʚʝ-

ʣʠʢʦʛʦ ʤʽʩʪʘ. ʂʦʞʝʥ ʜʝʥʴ ʧʝʨʝʩʽʯʥʽ ʛʨʦʤʘʜʷʥʠ ʢʦʨʠʩʪʫʶʪʴʩʷ ʨʽʟʥʦ-

ʤʘʥʽʪʥʠʤʠ ʛʨʦʤʘʜʩʴʢʠʤ ʟʘʩʦʙʘʤʠ ʧʝʨʝʩʫʚʘʥʥʷ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʷʢ 

ʤʽʩʮʝʚʝ ʧʝʨʝʚʝʟʝʥʥʷ, ʪʘʢ ʡ ʤʽʞʤʽʩʴʢʝ ʩʧʦʣʫʯʝʥʥʷ. 

ʏʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʫ ʩʫʯʘʩʥʠʭ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ, ʣʶʜʠ 

ʚʩʝ ʯʘʩʪʽʰ ʩʪʠʢʘʶʪʴʩʷ ʟ ʧʨʦʙʣʝʤʦʶ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘ-

ʩʦʙʽʚ ʫ ʧʝʚʥʽ ʧʽʢʦʚʽ ʛʦʜʠʥʠ ʨʦʙʦʪʠ ʩʧʦʣʫʯʝʥʴ. 

ʇʨʦʙʣʝʤʘ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʧʦʚôʷʟʘʥʘ ʟ ʦʮʽʥʢʦʶ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʘʩʘʞʠʨʘʤʠ. ʇʨʠ ʧʽʜʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ ʥʘ 

ʙʦʨʪʫ ʪʘ ʟʽʩʪʘʚʣʝʥʥʷʤ ʮʽʻʾ ʦʮʽʥʢʠ ʟ ʜʘʥʠʤʠ ʧʨʦ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʪʨʘʥʩ-

ʧʦʨʪʫ ʪʘ ʯʘʩ, ʤʦʞʥʘ ʙʫʜʝ ʦʪʨʠʤʘʪʠ ʧʦʚʥʫ ʢʘʨʪʠʥʫ ʧʨʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʘʨʰʨʫʪʫ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʨʝʜʘʛʫʚʘʥʥʽ ʨʦʟ-

ʢʣʘʜʫ ʨʦʙʦʪʠ ʤʘʨʰʨʫʪʫ, ʪʝʭʥʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʾʭ 

ʦʜʥʦʯʘʩʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘ ʤʘʨʰʨʫʪʽ. 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʚ'ʷʟʘʥʥʶ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʜʣʷ ʢʦ-

ʨʝʛʫʚʘʥʥʷ ʨʦʟʢʣʘʜʫ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʇʽʜʭʦʜʠ ʜʦ ʟʙʦʨʫ ʜʘʥʠʭ 
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ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʧʨʦʪʷʛʦʤ ʚʩʴ-

ʦʛʦ ʤʘʨʰʨʫʪʫ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʽʨ ʜʘʥʠʭ ʟ ʮʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘ-

ʩʦʙʽʚ. ɼʦ ʮʠʭ ʜʘʥʠʭ ʥʘʣʝʞʠʪʴ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʽʚ, ʱʦ 

ʧʝʨʝʚʦʟʠʪʴʩʷ, ʪʘ ʜʘʥʽ ʧʨʦ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʩʘʞʠʨʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʝʦʢʘʤʝʨ ʟ ʦʙʨʦʙʢʦʶ ʚʽʜʝʦ ʧʦʪʦʢʫ ʜʘʥʠʭ. 

ɯʩʥʫʶʪʴ ʜʚʘ ʚʘʨʽʘʥʪʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʝʦʢʘʤʝʨ ʜʣʷ ʟʜʦʙʫʪʪʷ ʚʽʜʝʦ-

ʨʷʜʫ ʜʣʷ ʘʥʘʣʽʟʫ: ʥʘ ʟʫʧʠʥʮʽ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʘʙʦ ʙʝʟʧʦʩʝ-

ʨʝʜʥʴʦ ʫ ʩʘʣʦʥʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ (ʨʠʩ. 1). 

ʈʦʟʤʽʱʝʥʥʷ ʢʘʤʝʨ ʥʘ ʟʫʧʠʥʢʘʭ ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʻ ʙʽʣʴʰ ʝʢʦ-

ʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ. ɸʣʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʻ ʥʝʤʦʞʣʠ-

ʚʦʶ ʯʝʨʝʟ ʚʝʣʠʢʫ ʩʢʣʘʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʇʦ-ʧʝʨʰʝ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʠʥʥʦ ʚʽʜʨʽʟʥʷʪʠ ʛʨʦʤʘʜʩʴʢʠʡ 

ʪʨʘʥʩʧʦʨʪ ʚʽʜ ʽʥʰʦʛʦ ʪʨʘʬʽʢʫ ʥʘ ʜʦʨʦʟʽ. ʇʦ-ʜʨʫʛʝ, ʥʝʦʙʭʽʜʥʦ ʽʜʝʥʪʠ-

ʬʽʢʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ, ʱʦ ʥʘʨʘʟʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʦʣʽ ʟʦʨʫ ʢʘʤʝʨʠ. 

ʇʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʥʦʤʝʨ, ʚʠʟʥʘʯʠʪʠ ʚʭʦʜʠ ʪʘ ʚʠʭʦʜʠ ʟ ʤʘʰʠʥʠ, 

ʘ ʪʘʢʦʞ ʨʦʟʨʽʟʥʷʪʠ ʣʶʜʝʡ. ʇʦ-ʪʨʝʪʻ, ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʤʦ-

ʤʝʥʪʫ, ʢʦʣʠ ʧʘʩʘʞʠʨ ʚʭʦʜʠʪʴ ʜʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʽ ʢʦʣʠ ʡʦʛʦ ʧʦ-

ʢʠʜʘʻ. 

ɼʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʟʘʣʠʰʘʻ ʥʝʚʝʣʠʢʽ ʰʘʥʩʠ ʥʘ 

ʦʪʨʠʤʘʥʥʷ ʧʦʟʠʪʠʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʯʝʨʝʟ ʡʦʛʦ ʚʝʣʠʢʫ ʩʢʣʘʜʥʽʩʪʴ. 

ɺʘʨʽʘʥʪ ʨʦʟʤʽʱʝʥʥʷ ʢʘʤʝʨ ʫ ʩʘʣʦʥʘʭ ʙʽʣʴʰ ʧʨʦʩʪʠʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʝ-

ʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʚʠʢʣʶʯʘʻ ʰʘʥʩ ʧʦʤʠʣʦʢ ʧʝʨʰʦʛʦ 

ʧʽʜʭʦʜʫ. ʅʝʜʦʣʽʢʘʤʠ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʘʤʝʨ, ʟʘʜʽʷʥʠʭ ʫ 

ʢʦʞʥʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ. ʎʝʡ ʥʝʜʦʣʽʢ ʥʘʧʦʣʦʚʠʥʫ ʚʠʨʽʰʫʻʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʜ ʚʩʪʘʥʦʚʣʝʥʠʭ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷʤ ʟʘʚʦʜʦʤ ʚʠ-

ʨʦʙʥʠʢʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

 
ʈʠʩ. 1 ï ɺʘʨʽʘʥʪʠ ʨʦʟʤʽʱʝʥʥʷ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʟʣʽʚʘ ʟ 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʥʘ ʟʫʧʠʥʮʽ, ʩʧʨʘʚʘ ʫ ʩʘʣʦʥʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ) 
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ɸʥʘʣʽʟ ʧʦʪʦʢʦʚʦʛʦ ʚʽʜʝʦ ʻ ʜʦʩʠʪʴ ʨʝʩʫʨʩʥʦʤʽʩʪʢʦʶ ʟʘʜʘʯʝʶ. ʈʦʟ-

ʤʽʱʝʥʥʷ ʦʙʨʦʙʣʷʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʧʦʨʷʜ ʽʟ ʢʦʞʥʦʶ ʢʘʤʝʨʦʶ ʻ ʥʝʜʦ-

ʮʽʣʴʥʠʤ. ʄʠ ʨʝʢʦʤʝʥʜʫʻʤʦ ʧʨʦʚʦʜʠʪʠ ʮʶ ʦʧʝʨʘʮʽʶ ʥʘ ʚʽʜʜʘʣʝʥʠʭ ʧʦʪ-

ʫʞʥʦʩʪʷʭ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟʘʟʚʠ-

ʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ GPS ʧʨʠʡʤʘʯʽ [1], ʚʩʪʘʥʦʚʣʝʥʥʽ ʚ ʩʘʣʦʥʽ. ɿʘʟʚʠ-

ʯʘʡ ʪʘʢʽ ʧʨʠʩʪʨʦʾ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʘʚʦʜʦʤ ʚʠʨʦʙʥʠʢʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ ʘʙʦ ʜʦʜʘʪʢʦʚʦ ʜʝʨʞʘʚʥʠʤʠ ʜʝʧʦ. 

ɸʣʛʦʨʠʪʤ ʧʽʜʨʘʭʫʥʢʫ ʣʶʜʝʡ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ 

ɼʣʷ ʧʽʜʨʘʭʫʥʢʫ ʣʶʜʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʴ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʥʘ ʦʩʥʦʚʽ ʢʘʩʢʘʜ-

ʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ. ɼʦ ʧʝʨʝʚʘʛ ʮʴʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʡʦʛʦ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ. ʎʷ ʪʝʭʥʽʢʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ 

ʩʫʯʘʩʥʦʛʦ ʞʠʪʪʷ: ʚʽʜ ʘʚʪʦʥʦʤʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʜʦ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʙʝʟʧʝʢʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʥʘʜʘʪʠ ʩʠʩʪʝʤʽ ʤʥʦʞʠʥʫ ʢʣʘʩʠʬʽʢʘʪʦʨʽ, 

ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʚʦʥʘ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ 

ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʻ ʢʣʘʩʠʬʽʢʘʪʦʨʠ HAAR ʜʣʷ ʧʦʰʫʢʫ ʦʙʨʘʟʽʚ ʣʶʜʝʡ, ʦʙʣʠʯ 

ʪʘ ʦʯʝʡ. 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʩʢʘʜʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʻ 

ʦʜʥʠʤ ʽʟ ʥʘʧʨʷʤʢʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʢʘʩʢʘʜʥʠʭ 

ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʟʘʩʥʦʚʘʥʦ ʥʘ ʜʘʥʠʭ, ʱʦ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʟ ʦʙôʻʢʪʦʤ (ʧʦʟʠʪʠʚʥʠʭ, ʜʝ ʥʘʷʚʥʽ ʰʫʢʘʥʽ ʦʙʨʘʟʠ, 

ʪʘ ʥʝʛʘʪʠʚʥʠʭ, ʜʝ ʚʦʥʠ ʚʽʜʩʫʪʥʽ). 

ʇʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʥʘʙʽʨ ʦʟʥʘʢ ʍʘʘʨʫ [2] ï ʟʥʘʯʝʥʴ, ʱʦ 

ʦʪʨʠʤʘʥʽ ʧʨʠ ʥʘʢʣʘʜʘʥʥʽ ʰʘʙʣʦʥʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʧʽʜʨʘʭʫʥʢʫ ʽʥʪʝʥ-

ʩʠʚʥʦʩʪʽ ʧʽʢ ʩʝʣʽʚ ʟʛʽʜʥʦ ʜʦ ʮʠʭ ʰʘʙʣʦʥʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ 

ʜʘʥʽ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʧʦʰʫʢ ʦʙʨʘʟʽʚ ʥʘ ʽʥʰʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʨʦʙʠʪʠ 

ʚʠʩʥʦʚʢʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʯʠ ʚʽʜʩʫʪʥʽʩʪʴ ʦʙôʻʢʪʫ ʥʘ ʥʠʭ. 

ʈʝʘʣʽʟʘʮʽʷ 

ɿ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʽʜʝʾ ʦʮʽʥʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʪʦʪʠʧ ʢʣʽʻʥʪʩʴʢʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ. 

ʇʨʠʩʪʨʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʤʧôʶʪʝʨʘ Raspberry PI 3, GPS ʧʨʠʡʤʘʯʘ, 

GSM ʤʦʜʝʤʫ ʪʘ ʚʽʜʝʦʢʘʤʝʨʠ ʪʘ ʧʨʘʮʶʻ ʥʘ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʽ Debian 8. 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʦʙʨʦʙʢʦʶ ʜʘʥʠʭ ʥʘʧʠʩʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ 

ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Golang ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢʠ OpenCV ʜʣʷ 

ʘʥʘʣʽʟʫ ʚʽʜʝʦ. 

ʉʭʝʤʘʪʠʯʥʦ ʧʦʪʽʢ ʜʘʥʠʭ ʚ ʩʝʨʝʜʠʥʽ ʢʣʽʻʥʪʩʴʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʦʙ-

ʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2 ï ɺʘʨʽʘʥʪʠ ʨʦʟʤʽʱʝʥʥʷ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʟʣʽʚʘ ʟ 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʥʘ ʟʫʧʠʥʮʽ, ʩʧʨʘʚʘ ʫ ʩʘʣʦʥʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ) 

ʂʣʽʻʥʪ ʩʘʤʦʩʪʽʡʥʦ ʦʙʨʦʙʣʷʻ ʚʽʜʝʦ ʪʘ ʧʽʜʨʘʭʦʚʫʻ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ ʫ 

ʩʘʣʦʥʽ. ʇʘʨʘʣʝʣʴʥʦ ʧʨʠʩʪʨʽʡ ʟʙʠʨʘʻ ʜʘʥʥʽ ʧʨʦ ʧʦʪʦʯʥʝ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ʎʽ ʜʘʥʥʽ ʧʣʘʥʫʻʪʴʩʷ ʥʘʜʩʠʣʘʪʠ ʥʘ ʚʽʜʜʘʣʝʥʠʡ 

ʘʥʘʣʽʪʠʯʥʠʡ ʩʝʨʚʝʨ ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. 

ɼʣʷ ʧʝʨʝʛʣʷʜʫ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʠ-

ʩʪʨʦʶ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʯʝ-

ʨʝʟ web-ʽʥʪʝʨʬʝʡʩ. 

ɿʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʯʘʩ, ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʜʘʩʪʴ ʟʤʦʛʫ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʪʘ ʟʨʦʙʠʪʠ 

ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʩʥʦʚʦʢ. ʊʘʢ ʤʦʞʥʘ ʙʫʜʝ ʟʥʘʡʪʠ ʝʢʩʪʨʝʤʫʤʠ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʪʘ ʧʨʦʚʦʜʠʪʠ ʢʦʨʝʛʫʚʘʥʥʷ ʨʦʟʢʣʘʜʫ ʨʫʭʫ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ 

ʧʦʩʣʫʛ ʟ ʧʝʨʝʚʦʟʢʠ ʧʘʩʘʞʠʨʽʚ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ɿɸɼɸʏɯ ʄɸʈʐʈʋʊʀɿɸʎɯɰ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ ʇʆ ɼʋɻɸʍ ɼʃʗ ʆʇʊʀʄɯɿɸʎɯɰ 

ʇʈʆʎɽʉɯɺ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ ɼʆʈɯɻ ʄɯʉʊɸ 

ɻ.ʆ. ɻʨʠʛʦʨʝʮʴ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭ-

ʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɿʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʻ ʢʣʶʯʦʚʠʤʠ ʥʝ 

ʣʠʰʝ ʚ ʦʙʣʘʩʪʷʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʽ ʣʦʛʽʩʪʠʢʠ, ʘʣʝ ʽ ʫ ʩʬʝʨʽ 
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ʤʫʥʽʮʠʧʘʣʴʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʫʣʠʮʴ ʤʽʩʪʘ ʽ ʤʘʶʪʴ ʚʝʣʠʯʝʟʥʝ ʧʨʘʢ-

ʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ɺ ʷʢʽʩʥʦʤʫ ʧʣʘʥʫʚʘʥʥʽ ʤʘʨʰʨʫʪʽʚ ʟʘʮʽʢʘʚʣʝʥʽ ʧʦʰʪʦʚʽ 

ʩʣʫʞʙʠ, ʤʫʥʽʮʠʧʘʣʴʥʽ ʪʘ ʧʨʠʚʘʪʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʚʠʚʝ-

ʟʝʥʥʷʤ ʩʤʽʪʪʷ ʯʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʜʦʨʽʛ ʪʦʱʦ. ɸ ʫ ʚʠʧʘʜʢʫ ʥʘʜʟʚʠʯʘʡ-

ʥʠʭ ʩʠʪʫʘʮʽʡ (ʥʘʧʨʠʢʣʘʜ, ʟʘʤʝʪʽʣʴ) ʚʽʜʥʦʚʣʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʫ ʥʘʡʰʚʠʜʰʽ ʪʝʨʤʽʥʠ ʩʪʘʻ ʧʝʨʰʦʯʝʨʛʦʚʦʶ ʟʘʜʘ-

ʯʝʶ. ɯ ʚʽʜ ʷʢʽʩʥʦʛʦ ʾʾ ʚʠʨʽʰʝʥʥʷ ʟʘʣʝʞʠʪʴ ʟʤʝʥʰʝʥʥʷ ʟʙʠʪʢʽʚ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦ-

ʥʘʥʥʷ ʧʨʦʮʝʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦʨʽʛ ʤʽʩʪʘ. ɼʦ ʮʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʥʘ ʚʽʜ-

ʥʝʩʪʠ ʙʫʜʴ-ʷʢʽ ʚʠʜʠ ʨʦʙʽʪ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʜʦʨʦʛʘʭ. ʈʦʟʛʣʷʥʝʤʦ ʤʦʞ-

ʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʜʘʯ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦ ʜʫʛʘʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘ-

ʥʦʾ ʧʨʦʙʣʝʤʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʝʨʰ ʟʘ ʚʩʝ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞ-

ʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʠʪʘʡʩʴʢʦʛʦ ʣʠʩʪʦʥʦʰʽ ʚ ʢʦʥʪʝʢʩʪʽ ʰʚʠʜʢʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦʨʽʛ ʤʽʩʪʘ. 

ɿʘʜʘʯʘ ʢʠʪʘʡʩʴʢʦʛʦ ʣʠʩʪʦʥʦʰʽ ï ʮʝ ʟʘʜʘʯʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦ ʜʫʛʘʤ, 

ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʤʘʨʰʨʫʪʫ ʟ ʥʘʡʤʝʥʰʦʶ ʚʘʨʪʽʩʪʶ, ʱʦ ʦʙʭʦ-

ʜʠʪʴ ʢʦʞʥʫ ʜʫʛʫ ʛʨʘʬʫ ʭʦʯʘ ʙ ʦʜʠʥ ʨʘʟ. ʊʘʢʘ ʟʘʜʘʯʘ ʧʨʠʨʦʜʥʴʦ ʚʠʥʠʢʘʻ 

ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʩʘʤʽ ʚʫʣʠʮʽ, ʘʙʦ ʢʦʣʠ ʧʦ-

ʪʨʽʙʥʦ ʥʘʜʘʪʠ ʜʝʷʢʠʡ ʩʝʨʚʽʩ ʩʧʦʞʠʚʘʯʘʤ, ʱʦ ʧʨʦʞʠʚʘʶʪʴ ʚʟʜʦʚʞ ʮʠʭ 

ʚʫʣʠʮʴ. ʅʘ ʧʨʘʢʪʠʮʽ ʜʫʛʠ ʛʨʘʬʘ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʫʣʠʮʽ, ʱʦ ʤʘʶʪʴ ʧʦ-

ʰʪʦʚʽ ʩʢʨʠʥʴʢʠ, ʢʫʜʠ ʤʘʶʪʴ ʙʫʪʠ ʨʦʟʥʝʩʝʥʽ ʣʠʩʪʠ ʣʠʩʪʦʥʦʰʦʶ.  

ʇʨʦʪʝ ʚʠʨʽʰʝʥʥʷ ʢʣʘʩʠʯʥʦʾ ʟʘʜʘʯʽ ʢʠʪʘʡʩʴʢʦʛʦ ʣʠʩʪʦʥʦʰʽ ʯʘʩʪʦ ʚ 

ʥʝʜʦʩʪʘʪʥʽʡ ʤʽʨʽ ʧʦʢʨʠʚʘʻ ʽʩʥʫʶʯʽ ʧʨʘʢʪʠʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʭʦʯʘ ʚʦʥʠ ʻ 

ʧʨʠʨʦʜʥʽʤʠ. ʗʢ ʥʘʩʣʽʜʦʢ, ʚʠʥʠʢʣʠ ʨʽʟʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʟʘʜʘʯʽ.  

ʅʘʡʙʽʣʴʰ ʧʨʠʩʪʦʩʦʚʘʥʠʤ ʜʦ ʩʫʯʘʩʥʠʭ ʧʦʪʨʝʙ ʨʽʟʥʦʚʠʜʦʤ ʟʘʜʘʯʽ ʢʠ-

ʪʘʡʩʴʢʦʛʦ ʣʠʩʪʦʥʦʰʽ ʻ ʤʽʥʽʤʘʢʩʥʘ ʟʘʜʘʯʘ k ʢʠʪʘʡʩʴʢʠʭ ʣʠʩʪʦʥʦʰ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʨʝʢʪʠʚʥʠʭ ʪʝʨʤʽʥʽʚ. ɺʽʜʤʽʥʥʦʩʪʷʤʠ ʮʽʻʾ ʟʘʜʘʯʽ ʻ ʪʝ, ʱʦ 

ʜʫʛʠ ʛʨʘʬʘ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ k ʣʠʩʪʦʥʦʰʘʤʠ ʪʘ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʥʝ ʩʫʤʘʨʥʘ 

ʚʘʨʪʽʩʪʴ ʤʘʨʰʨʫʪʽʚ, ʘ ʚʘʨʪʽʩʪʴ ʤʘʨʰʨʫʪʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ. ʎʝ 

ʥʘʜʘʻ ʧʝʨʝʚʘʛʠ ʟ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʙʦ ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ 

ʨʦʟʧʦʜʽʣʠʪʠ ʨʦʙʦʯʠʡ ʯʘʩ ʤʽʞ ʫʩʽʤʘ ʣʠʩʪʦʥʦʰʘʤʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʜʣʷ ʥʠʭ 

ʤʘʨʰʨʫʪʠ ʩʭʦʞʦʾ ʜʦʚʞʠʥʠ. ʊʘʢʦʞ ʦʩʦʙʣʠʚʽʩʪʶ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʻ 

ʜʦʪʨʠʤʘʥʥʷ ʜʠʨʝʢʪʠʚʥʠʭ ʪʝʨʤʽʥʽʚ, ʽʥʘʢʰʝ ʢʘʞʫʯʠ, ʢʦʥʢʨʝʪʥʦ ʚʠʟʥʘʯʝ-

ʥʠʭ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ, ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʞʥʦʾ ʟ ʚʫʣʠʮʴ. ɼʦʩʣʽʜʞʝʥʽ ʟʘ-

ʜʘʯʽ ʚ ʦʙʣʘʩʪʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦ ʜʫʛʘʤ ʥʝ ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ ʦʜʥʦʯʘʩʥʦ 

ʚʩʽ ʮʽ ʫʤʦʚʠ, ʪʦʤʫ ʨʦʟʛʣʷʥʝʤʦ ʤʦʞʣʠʚʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ 

ʢʣʘʩʫ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ.  

ɿʘʜʘʯʘ ʤʽʥʽʤʘʢʩʫ k ʢʠʪʘʡʩʴʢʠʭ ʣʠʩʪʦʥʦʰ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʨʝʢʪʠʚ-

ʥʠʭ ʪʝʨʤʽʥʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʨʝʘʣʴʥʠʭ 

ʧʨʦʙʣʝʤ.  
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ʅʝʭʘʡ ʨʝʙʨʘ ʛʨʘʬʘ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʦʨʦʛʠ ʤʽʩʪʘ, ʘ ʚʝʨʰʠʥʠ âï ʧʝʨʝ-

ʪʠʥ ʜʦʨʽʛ. ɺʘʛʘ ʨʝʙʨʘ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʜʦʚʞʠʥʽ ʜʦʨʦʛʠ. 

ɿʙʽʨ ʩʤʽʪʪʷ. ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʙʣʝʤʫ ʟʙʦʨʫ ʩʤʽʪʪʷ ʟ ʚʫʣʠʮʴ. ʇʨʠʧʫ-

ʩʪʠʤʦ, ʱʦ ʚ ʤʽʩʪʽ ʻ k ʤʘʰʠʥ ʜʣʷ ʟʙʦʨʫ ʩʤʽʪʪʷ ʽ ʢʦʞʝʥ ʨʘʡʦʥ ʤʽʩʪʘ ʦʙʩʣʫ-

ʛʦʚʫʻʪʴʩʷ ʻʜʠʥʦʶ ʤʘʰʠʥʦʶ. ʊʦʜʽ ʧʨʦʙʣʝʤʘ ʟʙʦʨʫ ʩʤʽʪʪʷ ʚ ʤʽʩʪʽ ʟʚʦ-

ʜʠʪʴʩʷ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ k ʮʠʢʣʽʚ ʚ ʛʨʘʬʽ, ʷʢʽ ʚ ʩʚʦʻʾ ʩʫʢʫʧʥʦʩʪʽ ʧʨʦʭʦ-

ʜʷʪʴ ʧʦ ʢʦʞʥʦʤʫ ʟ ʨʝʙʝʨ ʧʨʠʥʘʡʤʥʽ ʦʜʠʥ ʨʘʟ. ʇʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʮʠʢʣʠ ʟ 

ʥʘʡʤʝʥʰʠʤ ʢʽʣʦʤʝʪʨʘʞʝʤ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʷʢ ʥʘʩʧʨʘʚʜʽ ʢʫʨʩʫʻ ʤʘ-

ʰʠʥʘ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʯʘʩʫ ʟ ʽ ʜʦ ʷʢʦʛʦ ʧʝʚʥʘ ʚʫʣʠʮʷ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʙʩʣʫʛʦʚʘʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʤʘʰʠʥʠ ʙʫʜʫʪʴ ʾʟʜʠʪʠ ʟʘ 

ʨʦʟʢʣʘʜʦʤ.  

ɼʦʩʪʘʚʢʘ ʤʦʣʦʢʘ ʘʙʦ ʧʦʰʪʠ. ʑʝ ʜʚʽ ʟʘʜʘʯʽ, ʜʣʷ ʷʢʠʭ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘ-

ʯʠʪʠ ʤʘʨʰʨʫʪʠ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʭʦʯʘ ʙ ʦʜʠʥ ʨʘʟ ʧʦ ʢʦʞʥʽʡ ʟ ʚʫʣʠʮʴ ʨʘʡ-

ʦʥʽʚ. ʊʫʪ ʟʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ ʟʥʘʭʦʜʞʝʥʥʽ ʤʘʨʰʨʫʪʽʚ, ʱʦ ʤʽʥʽʤʽʟʫʶʪʴ ʢʽʣʦ-

ʤʝʪʨʘʞ, ʯʘʩ ʘʙʦ  ʚʘʨʪʽʩʪʴ. 

ɯʥʩʧʝʢʪʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ. ʇʨʦʙʣʝʤʘ ʧʝʨʝʚʽʨʢʠ ʝʣʝʢʪʨʠʯ-

ʥʠʭ, ʪʝʣʝʬʦʥʥʠʭ ʘʙʦ ʟʘʣʽʟʥʠʯʥʠʭ ʣʽʥʽʡ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʝʦʜʤʽʥʥʦʶ ʚʠʤʦʛʦʶ 

ʧʝʨʝʚʽʨʢʠ ʚʩʽʭ ʾʭʥʽʭ çʢʦʤʧʦʥʝʥʪè. ʊʦʤʫ ʚʦʥʘ ʪʘʢʦʞ ʙʣʠʟʴʢʘ ʜʦ ʧʦʩʪʘʚ-

ʣʝʥʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯʽ. 

ɯʥʰ̔ ʧʨʦʙʣʝʤʠ, ʱʦ ʥʝ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʫʣʠʮʴ ʤʽʩʪʘ, 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʟʘʜʘʯʘ ʤʽʥʽʤʘʢʩʫ k ʢʠ-

ʪʘʡʩʴʢʠʭ ʣʠʩʪʦʥʦʰ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʨʝʢʪʠʚʥʠʭ ʪʝʨʤʽʥʽʚ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʧʨʠʙʠʨʘʥʥʷʤ ʧʨʠʤʽʱʝʥʴ ʽ ʢʦʨʠʜʦʨʽʚ ʫ ʚʝʣʠʢʠʭ ʫʩʪʘʥʦʚʘʭ, ʟ ʥʘʡʢʨʘʱʠʤ 

ʤʘʨʰʨʫʪʦʤ ʦʛʣʷʜʫ ʤʫʟʝʶ ʪʦʱʦ.  

ʇʨʦʪʝ ʟʦʩʝʨʝʜʠʤʦʩʴ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʘʜʘʯʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠ-

ʰʚʠʜʰʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦʨʽʛ.   

ɿʘʟʚʠʯʘʡ ʚ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʢʦʞʥʦʛʦ ʤʽʩʪʘ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ k 

ʤʘʰʠʥ ʪʝʭʥʽʢʠ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʦʜʥʦʤʫ ʜʝʧʦ, ʟ ʷʢʦʛʦ ʚʦʥʠ ʧʦʯʠʥʘʶʪʴ 

ʩʚʦʶ ʨʦʙʦʪʫ. ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʰʠʥʘʤʠ ʢʦʞʥʦʾ ʟ ʜʦʨʽʛ ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʷ 

ʟʘ ʨʦʟʢʣʘʜʦʤ ʫ ʢʦʥʢʨʝʪʥʦ ʚʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʞʥʦʾ ʜʦʨʦʛʠ ʧʨʦʤʽʞʢʠ ʯʘʩʫ. 

ɺʟʠʤʢʫ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʦʯʠʱʝʥʥʷ ʜʦʨʽʛ ʚʽʜ ʩʥʽʛʫ ʽ ʨʦʟʢʠʜʘʥʥʷ 

ʩʫʤʽʰʽ ʧʽʩʢʫ ʪʘ ʩʦʣʽ, ʘ ʚʣʽʪʢʫ ʧʨʠʙʠʨʘʥʥʷ ʯʠ ʤʠʪʪʷ ʜʦʨʽʛ ʤʽʩʪʘ ʪʦʱʦ.  

ɼʣʷ ʧʦʪʨʝʙ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦʨʽʛ ʧʨʦʪʷʛʦʤ ʩʥʽʛʦʧʘʜʽʚ 

ʤʽʩʪʦ ʟʘʟʚʠʯʘʡ ʜʽʣʠʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʟʦʥ ʟʽ ʩʚʦʾʤʠ ʦʙʣʘʜʥʘʥʥʷʤ ʽ ʢʦʤʘʥʜʦʶ 

ʜʣʷ ʥʘʜʘʥʥʷ ʷʢʥʘʡʢʨʘʱʦʛʦ ʩʝʨʚʽʩʫ. ʂʦʞʥʘ ʟʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʨʝʞʽ 

ʜʦʨʽʛ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ ʤʽʩʮʴ, ʜʣʷ ʷʢʠʭ ʚʠʟʥʘʯʝʥʠʡ ʧʨʽʦʨʠʪʝʪ ʱʦʜʦ ʧʨʠ-

ʙʠʨʘʥʥʷ ʩʥʽʛʫ. ʅʘʡʚʠʱʠʡ ʧʨʽʦʨʠʪʝʪ ʥʘʜʘʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʜʦʨʦʛʘʤ (ʜʽʣʦʚʽ 

ʨʘʡʦʥʠ), ʰʢʦʣʘʤ ʪʘ ʨʘʡʦʥʘʤ ʣʽʢʘʨʝʥʴ. ɼʨʫʛʠʡ ʧʨʽʦʨʠʪʝʪ ʥʘʜʘʻʪʴʩʷ ʜʣʷ 

ʧʨʠʙʠʨʘʥʥʷ ʩʥʽʛʫ ʟʽ ʰʣʷʭʽʚ, ʱʦ ʚʝʜʫʪʴ ʜʦ ʛʦʣʦʚʥʠʭ ʜʦʨʽʛ, ʰʢʽʣ ʪʘ ʣʽʢʘ-

ʨʝʥʴ. ʊʨʝʪʽʡ ʧʨʽʦʨʠʪʝʪ ʥʘʜʘʻʪʴʩʷ ʚʫʣʠʮʷʤ ʞʠʪʣʦʚʠʭ ʨʘʡʦʥʽʚ, ʽ ʯʝʪʚʝʨ-

ʪʠʡ ʧʨʽʦʨʠʪʝʪ ï ʛʨʦʤʘʜʩʴʢʠʤ ʧʘʨʢʦʚʢʘʤ, ʫʟʙʽʯʯʷʤ ʪʦʱʦ. ɺ ʢʦʞʥʽʡ ʟʦʥʽ 
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ʩʥʽʛ ʥʘ ʜʦʨʦʛʘʭ ʟ ʚʠʱʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʤʘʻ ʙʫʪʠ ʧʨʠʙʨʘʥʠʡ ʜʦ ʜʦʨʽʛ ʟ 

ʙʽʣʴʰ ʥʠʟʴʢʠʤ ʧʨʽʦʨʠʪʝʪʦʤ. ʊʝ ʞ ʩʘʤʝ ʩʪʦʩʫʻʪʴʩʷ ʨʦʟʢʠʜʘʥʥʷ ʩʫʤʽʰʽ 

ʧʽʩʢʫ ʪʘ ʩʦʣʽ ʥʘ ʜʦʨʦʛʘʭ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʣʝʜʝʥʽʥʥʷ. 

ʗʢ ʙʘʯʠʤʦ, ʟʘʜʘʯʘ ʤʽʥʽʤʘʢʩʫ k ʢʠʪʘʡʩʴʢʠʭ ʣʠʩʪʦʥʦʰ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʜʠʨʝʢʪʠʚʥʠʭ ʪʝʨʤʽʥʽʚ ʷʢʥʘʡʢʨʘʱʝ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʥʘʚʝʜʝʥʫ ʟʘʜʘʯʫ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʾʾ ʦʙʤʝʞʝʥʴ ʪʘ ʧʨʠʰʚʠʜʰʠʪʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʥʘ ʜʦ-

ʨʦʛʘʭ. ʊʘʢʦʞ ʚ ʮʴʦʤʫ ʢʣʘʩʽ ʟʘʜʘʯ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʘ ʜʦʜʘʪʢʦʚʘ ʫʤʦʚʘ 

ʟʤʝʥʰʝʥʥʷ ʥʘʡʜʦʚʰʦʛʦ ʤʘʨʰʨʫʪʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚ-

ʥʦʤʽʨʥʫ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʚʩʽʭ ʤʘʰʠʥ ʤʽʩʪʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʬʦʨʤʫʣʴʦʚʘʥʠʡ ʢʣʘʩ ʟʘʜʘʯ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦ ʜʫʛʘʤ, 

ʘ ʩʘʤʝ ʟʘʜʘʯʘ ʤʽʥʽʤʘʢʩʫ k ʢʠʪʘʡʩʴʢʠʭ ʣʠʩʪʦʥʦʰ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʨʝʢ-

ʪʠʚʥʠʭ ʪʝʨʤʽʥʽʚ, ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ, ʟʦ-

ʢʨʝʤʘ ʫ ʩʬʝʨʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦʨʽʛ ʤʽʩʪʘ.  
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An important problem of natural and technical sciences still remains the 

creation of a physically accurate model of the system "liquid-gas", which 

would work equally well throughout the temperature range of the existence 

of a vapor-liquid equilibrium of real substances or their mixtures. As a result, 

empirical state equations have to be widely used, which determine the con-

nection between the physical parameters of the system with the help of ap-

proximating functions [1]. 

When creating empirical equations of state, the true values of variables 

describing the thermodynamic state of a given system are unknown. When 

optimally determining the parameters, the empirical correlation equations can 
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reproduce true physical connections with sufficient accuracy. Measured val-

ues of variables contain measurement errors of independent and dependent 

variables and these errors do not depend on each other. Systematic errors may 

occur in the data sets during the process of measurement. They can be found 

by way of a critical comparison of the results obtained by different authors. 

There are areas of variables that have been studied in detail for given sub-

stance or mixture. But there are also areas of variables where experimental 

data are very small or completely absent. If this system was studied by dif-

ferent authors, it is difficult to assess the consistency of such results. Such 

situation may be prevented by the various investigated areas of the existence 

of the phase equilibrium, application of the various methods of studying this 

system or the fact that the measurement of system parameters in these studies 

was done with different accuracy. 

If there is a very good equation of state adapted to the high-accuracy val-

ues of the variables describing the state of the system, then it will be useful 

for a rigorous evaluation of the values of measured state parameters for dif-

ferent systems. The quality of the empirical equation strongly depends on the 

choice of its mathematical structure. The method of simple selection of struc-

tures very rarely succeeds in obtaining good results. The way out of the situ-

ation is to apply methods of optimizing the equation structure. Optimization 

of the structure of the empirical equation is the choice of such a structure that 

maximally approximates the results of approximation to the true values of the 

variables describing this thermodynamic system [2-4]. The reproduction of 

measured values can be improved by adding new members in different vari-

ations. Consequently, the structure optimization method must be used to de-

termine the effective members of the equation, which enables us to find the 

shortest empirical equation that best matches the experimental data.  

We set the task of finding a universal mathematical structure, the use of 

which allows reproducing both branches of the binodal with good accuracy 

and performing extrapolation in those areas of coexistence of phases which, 

due to abnormally high values of temperatures and pressures and, accord-

ingly, high reactivity of the studied substances are inaccessible to study with 

the help of modern scientific equipment. The equation, which consists of lin-

ear and power members, was used as the basis. 

The method of regression analysis can be realized by selecting only those 

members that are most effective, taking them as an initial solution. Then ex-

clude members that do not affect the quality of approximation. You can first 

select the member that most improves the equation and add new ones until 

the specified length of the equation is reached. But both approaches are not 

effective. We applied step-by-step regression analysis to achieve the goal [2]. 
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The method is based on a certain set of data and a general approach that con-

tains all the terms that are considered effective. This creates a regression ma-

trix in which mathematical algorithms can be used to find an effective com-

bination of terms. The sum of the smallest squares is used as a criterion for 

estimation. The mathematical algorithm of step-by-step regression analysis 

initially includes a term chosen from the general approach, which reduces the 

largest sum of the smallest squares, being included in the corresponding equa-

tion. After adding a member, the individual members of the equation are 

checked for significance, becoming the coefficients of the equation. If it turns 

out that the coefficient is slightly different from zero, it is considered ineffec-

tive, and it is excluded from the equation. Those terms that help reduce the 

amount of squared errors are also tested. Thanks to these tests, the effective-

ness of the method can be greatly improved.  

An advanced step-by-step regression analysis becomes very uncomforta-

ble when the number of members exceeds a hundred. We made an attempt to 

apply the evolution optimization method. It resembles the mechanism of bi-

ological evolution. A certain set of parallel equations (first generation) is con-

sidered. The equations use Mutation and Crossing over methods, and the sec-

ond generation equations are formed. The method has been successfully ap-

plied in [4] to develop a fundamental equation for oxygen. However, the ap-

plication of this approach involves the presence of sufficiently powerful com-

puters. We succeeded in using the physical approach to creating a universal 

approximating state equation to overcome this problem within step-by-step 

optimization. As a result, an analytical expression was obtained that does not 

have adaptive coefficients that do not have physical content and which de-

scribes the entire temperature region of the coexistence of liquid and gas with 

high accuracy. 
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CONFERENCING  IN THE  EDUCATIONAL PROCESS 
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Poltava National Technical Yuri Kondratyuk University, Ukraine 

 

The development of distance and E-learning systems in recent years leads 

to the expansion of hardware and software used in the educational process to 

bring it closer to real communication ñteacher-studentò. Such facilities in-

clude video conferencing. The effectiveness of using video-conferencing in 

the learning process is determined by the following factors: 

ī provides ñreal-timeò visual contact between students and the teacher; 

ī supports using of different types of media content, combining hand-

written documents, text, audio and video materials, as well as a virtual class-

room desk or desktop. 

ī allows communication with students located in geographically remote 

regions; 

ī provides access to training for students with specific needs; 

ī Along with the advantages, the use of videoconferencing technology 

has its drawbacks: 

ī the initial price of equipment and traffic fee can be very high; 

ī codecs from different companies are often incompatible, because of 

using their own methods of compression; 

ī if the capacity of the information transmission line is not sufficient, 

students can observe ñglitchesò when rapid movement is demonstrated in real 

time; 

ī if the system is not adjusted, sound background may appear, which 

reduces the quality of the learning. 

The domains of Videoconferencing Systems using in education are rep-

resented in fig. 1. 

 

 
Figure 1 ï The domains of Videoconferencing Systems using in education 
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ī Classification of Videoconferencing Systems  

ī Small room videoconferencing. This system is designed primarily for 

small groups (1-12 participants) at all sites seated around a conference table.  

ī Classroom videoconferencing. This type of system usually uses high 

quality AV components, codecs, and an interface that allows all participants 

to be seen on the monitors.  

Desktop videoconferencing. This system utilizes a personal computer and 

videoconferencing software. These systems are less expensive, but offer lim-

ited resolution. They are most effective for individual and small group use. 

Software solutions for video communication and videoconferencing re-

quire for work of a personal computer with a webcam and a headset con-

nected to it. Programs of this kind are divided into paid and free. In particular, 

commercial products offer: Adobe Connect, BlueJeans, ClikMeeting, Fuze, 

Google Hangouts, GoToMeeting, Skype for Business (formerly Microsoft 

Lync), Mind, Mirapolis, Pexip, Skype, TrueConf, Videomost, Vidyo, We-

bEx, Webinar.ru, etc. 

The suppliers of free technologies are well-known services as Skype, QIP, 

Tango or ICQ, and applications VideoPort, Microsoft NetMeeting, VC soft-

ware, Ekiga, HoneyQ, ooVoo, etc. 

Paid solutions provide greater functionality for conferences (for example, 

a large number of participants are supported) and compatibility with video 

conferencing hardware solutions from different vendors (through the use of 

open SIP and H.323 standards). 

The main advantage of software solutions for video conferencing is the 

minimum initial investment. It can be cheap (in comparison with hardware 

solutions) or even free systems. Their main disadvantage for a long time have 

been low quality of video images (low resolution and low frame rate), as well 

as sharp deterioration in quality in the videoconferencing mode. However, 

since 2014, technologies already allow video communication in the super 

high quality 4K Ultra HD. 

Webinar and Online Conference Software such as GoToWebinar pro-

vides an opportunity for a teacher and student to conduct video lecture using 

only a laptop with a built-in camera. The student receives in advance a link 

to the lecture, which must be opened in the browser. 

The main feaures, possibilities, benefits and disadvantages of these means 

were researched and described. 

The modes of video conferencing systems working are represented in fig. 

2. 

One of the main tools that bring students closer to the conditions of real 

seminars is the virtual whiteboard, which is used in nearly all video confer-

encing systems. It is desirable to have the ability to edit text directly with 
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subsequent saving, and to create marks on top of the source text, as well as 

using a remote pointer. 

 

Student1 

Student2 

Student3 

Student4 

Teacher
Telecommunication 

equipment

 
  

Student1 

Student2 

Student3 

Student4 

Telecommunication 

equipment

Teacher

Speaker1

Speaker2  
Figure 2 ï The modes of video conferencing systems working 

 

For convenience materials can be formed on the board in the form of sep-

arate ñslidesò, the change of which is made by reference to a special ñslideò 

number. In other cases, the whiteboard is presented in the form of a multi-

page notepad, separate ñpagesò which can be ñflippedò, referring to a special 

index of page numbers. 

The practice of video lectures at the Poltava National Technical Yuri Kon-

dratyuk University made it possible to reveal some features of this technology 

application: 

ī It is necessary to prepare in advance the paper and electronic docu-

ments and illustrative materials used, taking into account the technical capa-

bilities of their display on television and computer screens. 

ī If it is possible to control the cameras, then it is necessary to coordi-

nate with the remote participants the management order. 
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ī You need to adjust the sound level. It is possible that an echo will be 

heard during the first words. Next, you need to adjust the echo and noise re-

duction parameters. 

It is necessary to adjust the preset positions of the cameras (4-6 for each: 

the general plan, the first person, the place for the speaker, the group of par-

ticipants on the middle plans, etc.) and try to use them in the session. Switch 

positions depending on the development of the action. 

So, computer video conferencing systems are one of the most powerful 

means of increasing of the E-learning effectiveness. The possibility of natural 

communication, including not only the ability to see and hear each other, but 

also to use joint viewing and mutual commentary of graphic materials deter-

mines the essential advantages of computer video conferencing systems in 

comparison with other types of remote interactions. 

So, the ability to effectively conduct real-time lectures, workshops, sem-

inars, as well as the possibility of implementing various forms of testing and 

monitoring knowledge at a distance, have led to the fact that computer video 

conferencing systems systems have already turned into such countries as the 

USA, Finland, Germany, etc. into one of the main means of supporting the 

learning process in distance education systems.  
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ʋɼʂ 004.8 

ʈʆɿʈʆɹʂɸ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ʉʀʉʊɽʄʀ ʋʇʈɸɺʃɯʅʅʗ 

ɺʋɿʆʄ. ʅɸɺʏɸʃʔʅʆ-ʄɽʊʆɼʀʏʅʀʁ ɺɯɼɼɯʃ 

ʆ.ʄ. ɻʘʡʪʘʥ 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥ-

ʜʨʘʪʶʢʘ, ʋʢʨʘʾʥʘ 

 

ɺ ʫʤʦʚʘʭ ʚʭʦʜʞʝʥʥʷ ʫʢʨʘʾʥʩʴʢʠʭ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʜʦ ʻʚ-

ʨʦʧʝʡʩʴʢʦʛʦ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʾʭ ʜʽʷʣʴʥʦʩʪʽ ʚʩʝ 

ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʜʽʷʣʴʥʦʩʪʽ ʚʠʱʦʛʦ ʥʘʚʯʘʣʴ-

ʥʦʛʦ ʟʘʢʣʘʜʫ ʽ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ.  
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ʅʘ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʨʷʜ ʽʥʪʝʛʨʦʚʘʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚ-

ʣʽʥʥʷ ʚʠʱʠʤ ʥʘʚʯʘʣʴʥʠʤ ʟʘʢʣʘʜʦʤ, ʘʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʠʩ-ʪʝʤ ʧʦ-

ʨʦʜʞʫʻ ʥʠʟʢʫ ʧʨʦʙʣʝʤ. ʇʦ-ʧʝʨʰʝ, ʥʝ ʢʦʞʥʠʡ ʚʫʟ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʜ-

ʙʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ. ʇʦʢʫʧʢʘ ʪʘ ʩʫʧʨʦʚʽʜ ʪʘ-

ʢʦʾ ʩʠʩʪʝʤʠ ʚʠʤʘʛʘʻ ʚʢʣʘʜʝʥʥʷ ʟʥʘʯʥʠʭ ʢʦʰʪʽʚ. ʇʦ-ʜʨʫʛʝ, ʽʩʥʫʻ ʧʨʦ-

ʙʣʝʤʘ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʚʧʨʦʚʘʜʞʝʥʠʤʠ 

ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʟʘʢʣʘʜʽ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ. ʊʦʤʫ 

ʝʬʝʢʪʠʚʥʦʶ ʻ ʨʦʟʨʦʙʢʘ ʚʣʘʩʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʫ-

ʟʦʤ (ɸʉʋ ɺʅɿ).  

ɸʉʋ ɺʅɿ ʧʦʚʠʥʥʘ ʚʢʣʶʯʘʪʠ ʤʦʜʫʣʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʽʷʣʴʥʦʩʪʽ ʦʩ-

ʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʟʘʢʣʘʜʫ, ʟʦʢʨʝʤʘ ʜʝʢʘʥʘʪ, ʨʦʟʢʣʘʜ, 

ʙʽʙʣʽʦʪʝʢʘ, ʥʘʚʯʘʣʴʥʠʡ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʠʡ ʚʽʜʜʽʣ, ʚʽʜʜʽʣ ʢʘʜʨʽʚ 

ʪʦʱʦ. ɼʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʛʣʷʜʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘʚ-

ʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʚʽʜʜʽʣʫ ʪʘ ʨʦʟʨʦʙʮʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʦʜʫʣʷ ɸʉʋ. 

 

  
ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ɺʅɿ 

 

ʅʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʠʡ ʚʽʜʜʽʣ ʻ ʩʪʨʫʢʪʫʨʥʠʤ ʧʽʜʨʦʟʜʽʣʦʤ ʚʠʱʦʛʦ 

ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ, ʱʦ ʟʜʽʡʩʥʶʻ ʦʨʛʘʥʽʟʘʮʽʶ, ʢʝʨʽʚʥʠʮʪʚʦ, ʧʣʘʥʫ-

ʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʟʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʶ ʨʦʙʦʪʦʶ [4]. ʇʨʝʜʩʪʘʚʠʤʦ 

ʤʽʩʮʝ ʜʘʥʦʛʦ ʚʽʜʜʽʣʫ ʚ ʟʘʛʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ɸʉʋ ɺʅɿ (ʨʠʩ. 1). 

ʅʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʠʡ ʚʽʜʜʽʣ ʫ ʩʚʦʾʡ ʜʽʷʣʴʥʦʩʪʽ ʢʝʨʫʻʪʴʩʷ ɿʘʢʦ-

ʥʘʤʠ ʋʢʨʘʾʥʠ çʇʨʦ ʦʩʚʽʪʫè, çʇʨʦ ʚʠʱʫ ʦʩʚʽʪʫè, ʥʘʢʘʟʘʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ 

ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʩʪʦʩʦʚʥʦ ʚʠʱʦʾ ʦʩʚʽʪʠ ʪʘ ʽʥʰʠʤʠ ʟʘʢʦʥʦʜʘʚ-

ʯʠʤʠ ʽ ʥʦʨʤʘʪʠʚʥʠʤʠ ʘʢʪʘʤʠ, ʉʪʘʪʫʪʦʤ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʢʝʨʫʶʯʦʶ ʜʦʢʫ-

ʤʝʥʪʘʮʽʻʶ ʟʘʢʣʘʜʫ, ʥʘʧʨʠʢʣʘʜ, ʥʘʢʘʟʘʤʠ ʪʘ ʨʦʟʧʦʨʷʜʞʝʥʥʷʤʠ, ʧʦʣʦ-

ʞʝʥʥʷʤ ʧʨʦ ʚʽʜʧʦʚʽʜʥʠʡ ʚʽʜʜʽʣ [5 ï 8]. 
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ʈʦʟʛʣʷʥʝʤʦ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʤʦʜʝʣʴ ʚʽʜʜʽʣʫ ʟʛʽʜʥʦ ʩʪʘʥʜʘʨʪʫ ɯDEF0 

(ʨʠʩ. 2 ï 3). ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʨʦʙʦʪʠ ʚʽʜʜʽ-ʣʫ: ʦʨ-

ʛʘʥʽʟʘʮʽʶ, ʢʝʨʽʚʥʠʮʪʚʦ, ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʟʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯ-

ʥʦʶ ʨʦʙʦʪʦʶ. 

 
ʈʠʩ. 1. ʂʦʥʪʝʢʩʪʥʘ ʜʽʘʛʨʘʤʘ ʜʽʷʣʴʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ 

ʚʽʜʜʽʣʫ 

ʜʝ  ʈʇ ï ʨʦʙʦʯʘ ʧʨʦʛʨʘʤʘ ʜʠʩʮʠʧʣʽʥʠ; 

ʈʅʇɼ ï ʨʦʙʦʯʘ ʥʘʚʯʘʣʴʥʘ ʧʨʦʛʨʘʤʘ ʜʠʩʮʠʧʣʽʥʠ; 

ʅʄʂɼ ï ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʠʡ ʢʦʤʧʣʝʢʩ ʜʠʩʮʠʧʣʽʥʠ. 

ʗʢ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʤʦʜʝʣʽ ɯDEF0 ʜʣʷ ʙʽʣʴʰ ʥʘʦʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʧʦʪʦʯʥʠʭ ʦʧʝʨʘʮʽʡ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ ʡ ʦʙʨʦʙʢʠ ʽʥʬʦʨ-ʤʘʮʽʾ ʚʠʢʦʨʠ-

ʩʪʘʻʤʦ ʜʽʘʛʨʘʤʫ ʧʦʪʦʢʽʚ ʜʘʥʠʭ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚâʣʝʥʦ ʤʦʜʝʣʴ ʙʣʦʢʫ 

ʢʦʥʪʨʦʣʶ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʚʽʜʜʽʣʫ.  

ɺʭʽʜʥʽ ʜʘʥʽ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʜʽʣ ʦʪʨʠʤʫʻ ʚʽʜ ʥʘʚʯʘʣʴʥʦʛʦ ʚʽʜʜʽʣʫ 

(ʥʘʚʯʘʣʴʥʽ ʧʣʘʥʠ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ) ʪʘ ʢʘʬʝʜʨ (ʤʝʪʦʜʠʯʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ 

ʢʘʬʝʜʨ), ʚʠʭʽʜʥʽ ï ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʢʘʬʝʜʨʘʤ ʪʘ ʙʣʦʢʫ ʫʟʘʛʘʣʴâʥʝʥʥʷ ʜʘ-

ʥʠʭ.  

 
ʈʠʩ. 2. ɼʽʘʛʨʘʤʘ ʜʝʢʦʤʧʦʟʠʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ 

ʚʽʜʜʽʣʫ 
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ʈʠʩ. 3. ɼʽʘʛʨʘʤʘ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʙʣʦʢʫ ʢʦʥʪʨʦʣʶ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʰʘʙʣʦʥʽʚ ʤʝʪʦâʜʠʯâʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʪʠʧʦʚʠʭ ʬʦʨʤ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʚʢʣʶʯʘʪʠ ʧʽʜ-ʩʠ-

ʩʪʝʤʫ çʂʦʥʩʪʨʫʢʪʦʨ ʰʘʙʣʦʥʽʚè, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʡʩʪʝʨ ʨʦʟʨʦʙʢʠ ʰʘʙ-

ʣʦʥʽʚ ʟʽ ʟʨʫʯʥʠʤ ʽʥʪʫʾʪʠʚʥʦ-ʟʨʦʟʫʤʽʣʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʷʢʠʤ ʤʦʞʝ ʢʦʨʠ-

ʩʪʫʚʘʪʠʩʷ ʢʦʨʠʩʪʫʚʘʯ ï ʥʝ ʩʧʝʮʽʘʣʽʩʪ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. 

ʆʩʥʦʚʥʠʡ ʚʠʜ ʟʚʽʪʫ, ʱʦ ʥʘʜʘʻʪʴʩʷ ʚʽʜʜʽʣʦʤ, ï ʪʘʙʣʠʮʷ ʟʘʙʝʟâʧʝ-

ʯʝʥʥʷ ʤʝʪʦʜʠʯʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ ʢʘʬʝʜʨ, ʘʣʝ ʤʦʞʣʠʚʝ ʡ ʬʦʨʤʫʚʘʥʥʷ 

ʽʥʰʠʭ ʟʚʽʪʽʚ ʥʘ ʚʠʤʦʛʫ. ʊʦʤʫ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʚʢʣʶʯʘʪʠ ʧʽʜʩʠʩʪʝʤʫ 

çʂʦʥʩʪʨʫʢʪʦʨ ʟʚʽʪʽʚè, ʱʦ ʜʘʻ ʟʤʦʛʫ ʬʦʨʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʫ ʥʘʡʙʽʣʴʰ 

ʟʨʫʯâʥʦʤʫ ʚʠʛʣʷʜʽ ʘʙʦ ʟʘ ʧʝʚʥʠʤ ʰʘʙʣʦʥʦʤ. 

ʆʢʨʝʤʦ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʟʘʛʘʣʴʥʫ ʜʣʷ ɸʉʋ ɺʅɿ ʧʽʜʩʠʩʪʝʤʫ ʜʦ-

ʢʫʤʝʥʪʦʦʙʽʛʫ, ʜʦ ʷʢʦʾ ʤʘʻ ʜʦʩʪʫʧ ʢʦʞʥʠʡ ʤʦʜʫʣʴ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʦʚ-

ʥʦʚʘʞʝʥʥʷʤʠ. ʊʘʢ ʤʦʜʫʣʴ ʤʝʪʦʜʠʯʥʦʛʦ ʚʽʜʜʽʣʫ ʚ ʜʘʥʽʡ ʧʽʜʩʠʩʪʝʤʽ ʚʥʦ-

ʩʠʪʴ ʟʘʚʜʘʥʥʷ ʜʣʷ ʢʘʬʝʜʨ, ʦʪʨʠʤʫʻ ʚʽʜʧʦʚʽʜʥʽ ʟʘʚʜʘʥʥʷ ʚʽʜ ʽʥʰʠʭ ʤʦ-

ʜʫʣʽʚ ʪʘ ʨʝʻʩʪʨʫʻ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʝ ʚʠʢʣʠʢʘʶʪʴ ʟʘʧʝʨʝʯʝʥʴ ʧʝʨʝʚʘʛʠ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘ-

ʢʣʘʜʽʚ. ʇʠʪʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʙʦʨʽ ʽʥʪʝʛʨʦʚʘʥʦʾ ʘʙʦ ʚʣʘʩʥʦʾ ʘʚʪʦʤʘʪʠ-ʟʦ-

ʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʨʦʟʨʦʙʣʝʥʦʾ ʜʘʥʠʤ ʟʘʢʣʘʜʦʤ ʘʙʦ ʜʣʷ ʥʴʦʛʦ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʥʦʾ ɸʉʋ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ ʽʥʪʝ-ʛʨʘʮʽʾ ʪʘ 

ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʚʧʨʦʚʘʜʞʝʥʠʤʠ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʟʘ-

ʢʣʘʜʽ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ. ɸʣʝ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ ʚʠʤʘʛʘʻ ʛʨʫʥʪʦʚʥʦʛʦ ʚʠʚʯʝʥʥʷ ʽ ʬʦʨʤʘ-ʣʽʟʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʢʦʞ-

ʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ, ʷʢʠʡ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʤʦʜʫʣʷ. ʋ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʩʚʽʪʣʝʥʦ ʧʠʪʘʥʥʷ, ʧʦʚôʷʟʘʥʽ ʽʟ ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ 
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ʜʽʷʣʴâʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʚʽʜʜʽʣʫ, ʨʦʟʨʦʙʣʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʫ 

ʩʭʝʤʫ ʡʦʛʦ ʨʦʙʦʪʠ. ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʜʘʥʦʾ ʤʦʜʝʣʽ ʜʘʩʪʴ ʟʤʦʛʫ ʝʬʝʢ-

ʪʠʚʥʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʜʽʷʣʴʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʚʽʜʜʽʣʫ ʫ 

ʩʢʣʘʜʽ ɸʉʋ ɺʅɿ.  
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At this stage of society development people have wide access to various 

information sources due  to Internet and high development of the information 

and communication technologies. It is easier to find and store necessary in-

formation. Today it is enough to enter the title in the search system and copy 

the necessary information. As a result, students use  method of writing works 

that is the simple copying information from one or more sources with mini-

mal editing. One of the problem solutions is using of automatic checking of 

the text originality in order to improve the organization and control of the 

educational process at the university, ensuring the independence of comple-

tion of graduation and course papers, preserving intellectual property rights, 

as well as improving the quality and originality of the scientistsô publications. 

So, the question of comparing of information systems of this kind is very 

important. 
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The purpose of this work is research of the functioning and effectiveness 

of various information systems for automatic texts checking to improve the 

quality of analysis of academic and scientific works on originality. 

Different approaches are used in the process of research of the automatic 

texts checking systems. Some of them are based on using of their own text 

base, while others can work correctly only through  Internet. 

We believe that the following systems are most popular: 

1. Antilagiat.ru ï Russian system, has been introduced since 2005. It is 

constantly updated, but checks only texts in Russian. There is an improved 

version ï Antiplagiat University, which has a large base of texts and articles 

for verification, but it is not used in Ukraine. The disadvantage of the Anti-

Plagiarism system is that full audit reports are displayed only at a fee. 

2. ETXT anti-plagiarism (https://www.etxt.ru/antiplagiat/) is commonly 

used in Ukraine. It is a system for checking the texts originality that uses a 

comparison of the text with queries in search engines (Yandex Google, Bing, 

and others). Online version is  fee-based, but offline version (downloaded 

from the site) is free of charge. This system checks texts in Ukrainian, Rus-

sian, English and other languages. It can detect a translation from Russian to 

Ukrainian and consideres it as plagiarism (similarly for translating from the 

Ukrainian language into Russian). The disadvantage of the system is very 

slow checking of large documents (they can be downloaded fully, but the test 

lasts 30-50 minutes per document). 

3. Advego-Plagiatus (http://advego.ru/plagiatus/) is often used in our 

country. The program works just like the ETXT anti-plagiarism. Large files 

checking is problematic. 

4. Another popular system is  text.ru-Anti-Plagiarism (http://text.ru/ an-

tiplagiat). Text verification is also possible in Ukrainian. The important fea-

ture of this system is the detection of Russian-Ukrainian translation (and vice 

versa) and a slight periphrasis. However, the system is imperfect because it 

checks only small parts of the text. 

5. The Polish information system Antiflagyat (https://www.plagiat.pl/ 

webplagiat/main.action?hl=en&page=page&lang=en& lang2 = en) was cho-

sen as the next for our further study, because this system is used by  many 

Ukrainian universities. It works like ETXT. Testing is done online with up-

load document, but there is a text size limitation. The system checks texts in 

Ukrainian and Russian. The system is fully fee-based, which in our opinion 

is also a disadvantage, since the fee is high. 

For comparing of the services at checking of the text originality, we con-

ducted the following experiment. 

Several texts were prepared: 
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1. Text created on the basis of a lecture on discipline "Modeling systems" 

with special terminology. 

2. Text received on the basis of an article from an electronic journal re-

placing some words with synonyms using special terms. 

3. Text without terms, but with the presence of complex revolutions, com-

plicated and complex sentences. The text is completely original because it 

was created by the author for participation in the journalism contest and is a 

fragment of literary prose. 

The results of systems testing obtained during the research revealed a 

number of disadvantages associated with their work. Differences in the ob-

tained results are primarily due to differences in the bases of systems, where 

the downloaded text is checked. Some systems check the text only through 

Internet, on certain sites, but some systems also have their bases. For exam-

ple, the ETXT Anti-Plagiarist system does not search for all documents avail-

able on the Internet. This is especially true for thematic sites and news portals: 

a large number of borrowings is made from these sources. Secondly, free ver-

sions have restrictions on the sources size, as well as the text size and the 

limited viewing of documents that partly correspond to the text. 

In our view, in order to obtain the most optimal and objective testing it is 

necessary to create a hybrid version, or to use several existing information 

systems. 

Thus, the use of informational systems for automatic checking of texts 

allows students and scholars to ensure the originality of scientific thinking 

and the preservation of intellectual property. 
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ʋɼʂ 004.4 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɸ ʉʀʉʊɽʄɸ ʋʇʈɸɺʃɯʅʅʗ 

ɻʈʆʄɸɼʉʔʂʀʄ ʊʈɸʅʉʇʆʈʊʆʄ ʄɯʉʊɸ ɿ ʌʋʅʂʎɯɭʖ 

ʆʇʊʀʄɯɿɸʎɯɰ ʇɸʈɸʄɽʊʈɯɺ ʄɸʈʐʈʋʊʋ 

ɸ.ʆ. ɿʘʜʦʨʦʞʥʽʡ, ɯ.ɺ. ɹʦʛʜʘʥ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ʈʦʟʨʦʙʣʝʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʴʢʠʤ ʪʨʘʥʩʧʦʨ-

ʪʦʤ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʤʦʞʣʠʚʦʩʪʽ ʜʚʦʭ ʩʠʩʪʝʤ. ʇʦ-ʧʝʨʰʝ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʦʧʣʘʯʫʚʘʪʠ ʧʨʦʾʟʜ ʚ ʪʨʘʥʩʧʦʨʪʽ ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʢʘʨʪ ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʨʽʟʥʦʛʦ ʨʦʜʫ ʢʘʨʪ ʟʽ ʟʥʠʞʢʘʤʠ. ʇʦ-ʜʨʫʛʝ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʥʫ ʩʠ-

ʩʪʝʤʫ ʤʦʞʥʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʥʘ ʤʘʧʽ ʪʘ ʚʠʟʥʘʯʘʪʠ ʯʘʩʫ ʧʨʠʙʫʪʪʷ ʦʜʠʥʠʮʴ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʟʫʧʠʥʢʫ. ʑʝ ʦʜʥʽʻʶ ʚʘʞʣʠʚʦʶ ʬʫʥʢʮʽʻʶ 

ʩʠʩʪʝʤʠ ʻ ʬʫʥʢʮʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʘʨʰʨʫʪʫ ʛʨʦʤʘʜʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʛʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝ-

ʣʝʡ. ɼʘʥʘ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʜʠʥʘʤʽʯʥʦ ʤʽʥʷʪʠ ʧʘʨʘʤʝʪʨʠ ʤʘʨʰʨʫʪʫ 

ʪʘʢʽ, ʷʢ ʽʥʪʝʨʚʘʣ ʨʫʭʫ ʦʜʠʥʠʮʴ ʪʨʘʥʩʧʦʨʪʫ ʽ ʤʽʩʪʢʽʩʪʴ ʦʜʠʥʠʮʴ ʛʨʦʤʘʜʩʴ-

ʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʤʽʥʠ ʤʘʨʰʨʫʪʫ ʯʠ ʦʙôʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʤʘʨʰʨʫʪʽʚ ʚ 

ʦʜʠʥ. ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʴʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʤʘʻ ʨʦʟʧʦʜʽʣʝʥʫ 

ʘʨʭʽʪʝʢʪʫʨʫ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʧʽʜʩʠʩʪʝʤ, ʷʢ:  

ī ʧʽʜʩʠʩʪʝʤʘ ʦʜʠʥʠʮʽ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (public transport unit sub-

system); 

ī ʧʽʜʩʠʩʪʝʤʘ ʢʦʨʠʩʪʫʚʘʯʘ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (public transport user 

subsystem); 

ī ʩʝʨʚʝʨʥʘ ʧʽʜʩʠʩʪʝʤʘ (public transport server subsystem). 

ʇʽʜʩʠʩʪʝʤʘ ʦʜʠʥʠʮʽ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ GPS ʤʦʜʫʣʷ 

(GPS tracking module), ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʦʪʦʯʥʫ ʧʦʟʠʮʽʶ ʦʜʠʥʠʮʽ ʤʽʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ (public transport unit) ʽ ʧʝʨʝʜʘʻ ʾʾ ʥʘ ʩʝʨʚʝʨ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷ GPRS (GPRS communication module), ʘ ʪʘʢʦʞ 

ʤʦʜʫʣʷ ʦʧʣʘʪʠ ʧʨʦʾʟʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ RFID ʢʘʨʪʢʠ (fare payment mod-

ule). ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʧʣʘʪʫ ʧʨʦʾʟʜʫ ʪʘʢʦʞ ʧʝʨʝʜʘʻʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ ʤʦ-

ʜʫʣʷ GPRS ʥʘ ʩʝʨʚʝʨ, ʘʣʝ ʯʘʩʪʦʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʨʦ ʦʧʣʘʪʫ ʤʦʞʝ ʙʫʜʠ 

ʤʝʥʰʦʶ, ʥʽʞ ʯʘʩʪʦʪʘ ʧʝʨʝʜʘʯʽ ʧʦʪʦʯʥʦʾ ʧʦʟʠʮʽʾ. ʇʽʜʩʠʩʪʝʤʘ ʢʦʨʠʩʪʫ-

ʚʘʯʘ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʙʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ (public 
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transport tracking application), ʟ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʢʦʨʠʩʪʫʚʘʯ (public 

transport user) ʤʦʞʝ ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʦʪʦʯʥʫ ʧʦʟʠʮʽʶ ʦʜʠʥʠʮʽ ʤʽʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʷʢʘ ʡʦʛʦ ʮʽʢʘʚʠʪʴ, ʢʘʨʪʠ ʦʧʣʘʪʠ ʧʨʦʾʟʜʫ (RFID card), ʽ ʤʦ-

ʜʫʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʯʘʩʫ ʧʨʠʙʫʪʪʷ ʦʜʠʥʠʮʴ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʫ (stop with dynamic time table module). ʉʝʨʚʝʨʥʘ ʧʽʜʩʠʩʪʝʤʘ ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʟ ʤʦʜʫʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʧʦʟʠʮʽʾ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʫ (transport position and interpretation module), ʟʘʩʪʦʩʫʥʢʫ ʧʦ-

ʧʦʚʥʝʥʥʷ ʙʘʣʘʥʩʫ ʢʘʨʪʢʠ RFID ʽ ʧʝʨʝʚʽʨʢʠ ʙʘʣʘʥʩʫ ʢʘʨʪʢʠ (billing mod-

ule web application), ʤʦʜʫʣʷ ʟʙʦʨʫ ʩʪʘʪʠʩʪʠʢʠ ʱʦʜʦ ʦʧʣʘʪʠ ʧʨʦʾʟʜʫ 

(payment statistics collection module), ʤʦʜʫʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

(simulation module), ʤʦʜʫʣʷ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

(simulation results processing module) ʽ ʤʦʜʫʣʷ ʛʝʥʝʨʘʮʽʾ ʨʦʟʢʣʘʜʫ ʨʫʭ 

ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (time table generator).  

ʄʦʜʫʣʴ ʚʽʜʩʪʝʞʝʥʥʷ ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʧʦʟʠʮʽʾ ʪʨʘʥʩʧʦʨʪʫ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʠʩʫ ʧʦʟʠʮʽʾ ʦʜʠʥʠʮʽ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʜʞʝʨʝʣʦ ʜʘ-

ʥʠʭ ʽ ʧʝʨʝʜʘʯʫ ʮʠʭ ʜʘʥʠʭ ʥʘ ʤʦʙʽʣʴʥʠʡ ʟʘʩʪʦʩʫʥʦʢ ʚʽʜʩʪʝʞʝʥʥʷ ʧʦʟʠʮʽʾ.  

ɺ ʬʫʥʢʮʽʾ ʟʘʩʪʦʩʫʥʢʫ ʧʦʧʦʚʥʝʥʥʷ ʙʘʣʘʥʩʫ ʢʘʨʪʢʠ RFID ʽ ʧʝʨʝʚʽʨʢʠ 

ʙʘʣʘʥʩʫ ʢʘʨʪʢʠ ʚʭʦʜʷʪʴ: ʧʦʧʦʚʥʝʥʥʷ ʽ ʧʝʨʝʚʽʨʢʘ ʙʘʣʘʥʩʫ ʢʘʨʪʢʠ, ʧʝ-

ʨʝʛʣʷʜ ʽʩʪʦʨʽʾ ʦʧʣʘʪʠ ʧʨʦʾʟʜʫ ʟ ʧʨʠʚôʷʟʢʦʶ ʜʦ ʧʦʟʠʮʽʾ ʥʘ ʢʘʨʪʽ, ʜʝ ʙʫʣʘ 

ʟʜʽʡʩʥʝʥʘ ʦʧʣʘʪʘ, ʙʣʦʢʫʚʘʥʥʷ ʢʘʨʪʢʠ ʦʧʣʘʪʠ ʧʨʦʾʟʜʫ. 

 
ʈʠʩʫʥʦʢ 1 - ɸʨʭʽʪʝʢʪʫʨʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʛʨʦ-

ʤʘʜʩʴʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ 
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ʄʦʜʫʣʴ ʟʙʦʨʫ ʩʪʘʪʠʩʪʠʢʠ ʦʧʣʘʪʠ ʧʨʦʾʟʜʫ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʙʦʨʫ 

ʩʪʘʪʠʩʪʠʢʠ ʦʧʣʘʪʠ ʧʨʦʾʟʜʫ ʟ ʧʨʠʚôʷʟʢʦʶ ʜʦ ʟʫʧʠʥʢʠ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʪʠʩʪʠʢʫ ʜʣʷ ʥʘʣʘʰʪʦʚʫʚʘʥʥʷ 

ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ.  

ʄʦʜʫʣʴ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʚʝ-

ʜʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʤʦʜʫʣʴ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘ-

ʨʘʤʝʪʨʽʚ. 

ʄʦʜʫʣʴ ʛʝʥʝʨʘʮʽʾ ʨʦʟʢʣʘʜʫ ʨʫʭ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʥ̔ʬʦʨʤʘʮʽʶ ʟ ʤʦʜʫʣʷ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 

ʨʦʟʢʣʘʜʫ ʦʜʠʥʠʮʽ ʪʨʘʥʩʧʦʨʪʫ ʧʦ ʤʘʨʰʨʫʪʫ ʽ ʚʽʜʧʨʘʚʣʷʻ ʨʦʟʢʣʘʜ ʨʫʭʫ 

ʚʦʜʽʶ. 

ʆʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʛʨʦʤʘʜʩʴ-

ʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʟʢʣʘʜʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʝʟʝʥʠʭ ʦʜʠ-

ʥʠʮʴ ʥʘ ʤʘʨʰʨʫʪʽ. ɼʣʷ ʮʴʦʛʦ ʫ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʻ ʤʦʜʫʣʴ ʟʙʦʨʫ ʜʘʥʠʭ ʧʘ-

ʩʘʞʠʨʽʚ, ʤʦʜʫʣʴ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʤʦʜʫʣʴ ʦʙʨʦʙʢʠ ʟʽʙʨʘʥʠʭ 

ʜʘʥʠʭ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʨʰʨʫʪʫ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ 

ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʥʘ ʙʘʟʽ ʘʛʝʥʪʥʦʾ ʤʦʜʝʣʽ. ɻʦʣʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʽʤʽʪʘ-

ʮʽʡʥʦʾ ʤʦʜʝʣʽ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʻ ʘʛʝʥʪʠ-ʦʜʠʥʠʮʽ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, 

ʘʛʝʥʪʠ-ʟʫʧʠʥʢʠ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽ ʘʛʝʥʪʠ-ʧʘʩʘʞʠʨʠ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʫ.  

ʋ ʢʦʞʥʦʛʦ ʘʛʝʥʪʘ ʽʩʥʫʻ ʩʚʦʷ ʟʘʜʘʯʘ. ɼʣʷ ʘʛʝʥʪʘ-ʪʨʘʥʩʧʦʨʪʫ ï ʮʝ ʨʫʭ 

ʧʦ ʟʘʜʘʥʦʤʫ ʤʘʨʰʨʫʪʫ, ʧʨʠʧʠʥʝʥʥʷ ʨʫʭʫ ʥʘ ʚʽʜʚʝʜʝʥʠʭ ʤʽʩʮʷʭ ʜʦʢʠ ʚʠ-

ʭʦʜʷʪʴ ʪʘ ʟʘʭʦʜʷʪʴ ʧʘʩʘʞʠʨʠ, ʽ ʧʨʦʜʦʚʞʝʥʥʷ ʨʫʭʫ ʧʦ ʤʘʨʰʨʫʪʫ. ʗʢʱʦ 

ʘʛʝʥʪ-ʪʨʘʥʩʧʦʨʪ ʥʝ ʤʘʻ ʚʽʣʴʥʠʭ ʤʽʩʮʴ ʪʘ ʧʘʩʘʞʠʨʘʤ ʥʝ ʧʦʪʨʽʙʥʦ ʚʠʭʦ-

ʜʠʪʠ ʥʘ ʟʫʧʠʥʮʽ, ʪʦ ʤʦʞʥʘ ʧʨʦʜʦʚʞʠʪʠ ʨʫʭ ʥʝ ʟʫʧʠʥʷʶʯʠʩʴ ʥʘ ʟʫʧʠʥʮʽ. 

ɸʛʝʥʪ-ʟʫʧʠʥʢʘ ʻ ʛʝʥʝʨʘʪʦʨʦʤ ʧʘʩʘʞʠʨʽʚ, ʟʛʽʜʥʦ ʟʽʙʨʘʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ɸʛʝʥʪ-ʧʘʩʘʞʠʨ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ ʟʘʚʘʥʪʘ-

ʞʝʥʥʷ ʫ ʛʨʦʤʘʜʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ ʧʨʠ ʡʦʛʦ ʧʨʠʙʫʪʪʽ ʽ ʥʘʷʚʥʦʩʪʽ ʚʽʣʴʥʠʭ 

ʤʽʩʮʴ. ʅʘ ʨʠʩʫʥʢʫ 2 ʧʨʝʜʩʪʘʚʣʝʥʝ ʛʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʛʝʥʪʥʦ-

ʦʨ̔ʻʥʪʦʚʘʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ 

ʤʘʨʰʨʫʪʽ. 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʛʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʽʤʽʪʘ-

ʮʽʡʥʦʾ ʤʦʜʝʣʽ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʤʘʨʰʨʫʪʽ 



122 

 

ɼʣʷ ʜʘʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʢʽʣʴʢʘ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʦʧ-

ʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʘʨʰʨʫʪʫ, ʘ ʩʘʤʝ ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʤʘʨʰ-

ʨʫʪʽ, ʤʽʩʪʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫ, ʽʥʪʝʨʚʘʣ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʤʘʨʰʨʫʪʽ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʪʠʤʫʪʴʩʷ ʜʣʷ ʪʨʦʣʝʡʙʫʩʥʦʛʦ ʤʘʨʰʨʫʪʫ ˉ1 ʤʽʩʪʘ 

ʏʝʨʥʽʛʽʚ. ɺʠʟʥʘʯʠʤʦ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʧʝʨʰʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʅʝʭʘʡ ʢʽʣʴ-

ʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫ ʩʪʘʥʦʚʠʪʠʤʝ 3 ʦʜʠʥʠʮʽ, ʤʽʩʪʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫ ï 20 ʧʘ-

ʩʘʞʠʨʽʚ, ʘ ʽʥʪʝʨʚʘʣ ʨʫʭʫ ï 30 ʭʚʠʣʠʥ. ɻʨʘʬʽʢ ʢʽʣʴʢʦʩʪʽ ʧʘʩʘʞʠʨʽʚ ʥʘ ʚʩʽʭ 

ʟʫʧʠʥʢʘʭ ʤʘʨʰʨʫʪʫ ʜʣʷ ʧʝʨʰʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠ-

ʩʫʥʢʫ 3. 

 
ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʽʢ ʢʽʣʴʢʦʩʪʽ ʧʘʩʘʞʠʨʽʚ ʥʘ ʚʩʽʭ ʟʫʧʠʥʢʘʭ ʤʘʨʰʨʫʪʫ 

ʜʣʷ ʧʝʨʰʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʆʪʞʝ, ʜʣʷ ʧʝʨʰʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʟʫʧʠʥʢʘʭ ʟʘʣʠʰʘʻʪʴʩʷ ʙʘʛʘʪʦ 

ʧʘʩʘʞʠʨʽʚ, ʱʦ ʦʯʽʢʫʶʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʘʨʘʤʝʪʨʠ 

ʤʘʨʰʨʫʪʫ ʥʝ ʦʧʪʠʤʘʣʴʥʽ ʽ ʥʝʦʙʭʽʜʥʦ ʾʭ ʟʤʽʥʶʚʘʪʠ. ɺʠʟʥʘʯʘʻʤʦ ʧʘʨʘ-

ʤʝʪʨʠ ʤʘʨʰʨʫʪʫ ʜʣʷ ʜʨʫʛʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʅʝʭʘʡ, ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʩ-

ʧʦʨʪʫ ʩʪʘʥʦʚʠʪʠʤʝ 6 ʦʜʠʥʠʮʴ, ʤʽʩʪʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫ ï 45 ʧʘʩʘʞʠʨʽʚ, ʪʘ 

ʽʥʪʝʨʚʘʣ ʨʫʭʫ ï 35 ʭʚʠʣʠʥ. ɻʨʘʬʽʢ ʢʽʣʴʢʦʩʪʽ ʧʘʩʘʞʠʨʽʚ ʥʘ ʚʩʽʭ ʟʫʧʠʥʢʘʭ 

ʤʘʨʰʨʫʪʫ ʜʣʷ ʜʨʫʛʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 4. 

 
ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʽʢ ʢʽʣʴʢʦʩʪʽ ʧʘʩʘʞʠʨʽʚ ʥʘ ʚʩʽʭ ʟʫʧʠʥʢʘʭ ʤʘʨʰʨʫʪʫ 

ʜʣʷ ʜʨʫʛʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 
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ɼʣʷ ʜʨʫʛʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʢʽʣʴʢʽʩʪʴ ʥʝ ʦʙʩʣʫʛʦʚʘʥʠʭ ʧʘʩʘʞʠʨʽʚ ʧʨʷ-

ʤʫʻ ʜʦ ʥʫʣʷ. ʆʪʞʝ, ʧʘʨʘʤʝʪʨʠ ʤʘʨʰʨʫʪʫ ʜʣʷ ʜʨʫʛʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʽ ʥʽʞ ʜʣʷ ʧʝʨʰʦʛʦ. 
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ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥ-

ʜʨʘʪʶʢʘ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʇʦʩʪʘʥʦʚʠ 1695-19 ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʬʝʨʠ ʬʽʟʠʯʥʦʾ ʢʫʣʴʪʫʨʠ ʽ ʩʧʦʨʪʫ ʚ ʋʢʨʘʾʥʽ 

ʚ ʫʤʦʚʘʭ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʚʣʘʜʠ ʚʽʜ 19.10.2016 ʨ. ʢʘʙʽʥʝʪ ʤʽʥʽʩʪʨʽʚ 

ʋʢʨʘʾʥʠ ʤʘʻ ʩʧʨʠʷʪʠ ʟʘʙʝʟʧʝʯʝʥʥʶ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʫʯʘʩʪʽ ʥʘʮʽʦʥʘʣʴʥʠʭ 

ʟʙʽʨʥʠʭ ʢʦʤʘʥʜ ʋʢʨʘʾʥʠ ʚ ʯʝʤʧʽʦʥʘʪʘʭ ʩʚʽʪʫ ʪʘ ɭʚʨʦʧʠ, ʽʥʰʠʭ 

ʤʽʞʥʘʨʦʜʥʠʭ ʟʘʭʦʜʘʭ. ɸʣʝ ʜʣʷ ʫʯʘʩʪʽ ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʯʝʤʧʽʦʥʘʪʘʭ ʥʝʦʙ-

ʭʽʜʥʦ ʤʘʪʠ ʧʝʚʥʽ ʩʧʦʨʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ɺʘʛʦʤʽ ʩʧʦʨʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ï ʧʽʜʩʫʤʦʢ ʩʢʣʘʜʥʦʛʦ ʧʨʦʮʝʩʫ ʩʧʦʨʪʠʚ-

ʥʦʾ ʧʽʜʛʦʪʦʚʢʠ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʦʢʨʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʪʨʝʥʫʚʘʣʴʥʠʤ 

ʧʨʦʮʝʩʦʤ, ʧʣʘʥʫʚʘʥʥʷ ʪʨʝʥʫʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʧʦʨʪʠʚʥʠʭ ʟʘ-

ʭʦʜʽʚ ʪʦʱʦ. ʎʝʡ ʧʨʦʮʝʩ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʧʦʻʜʥʘʥʥʷ ʟʘʩʦʙʽʚ ʽ 

ʤʝʪʦʜʽʚ ʪʨʝʥʫʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ 

ʩʧʦʨʪʩʤʝʥʽʚ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʪʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʩʠʩʪʝʤ 

ʽ ʬʫʥʢʮʽʡ ʦʨʛʘʥʽʟʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʧʦʨʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʅʘʞʘʣʴ, ʪʨʝʥʝʨʠ ʯʘʩʪʦ ʟʘʥʫʨʶʶʪʴʩʷ ʚ ʨʫʪʠʥʥʽ ʧʨʦʮʝʩʠ, ʙʝʟ ʷʢʠʭ ʥʝ 

ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʪʨʝʥʫʚʘʣʴʥʠʡ ʧʨʦʮʝʩ: ʦʙʣʽʢ ʚʽʜʚʽʜʫʚʘʥʴ, ʢʦʥʪʨʦʣʴ ʨʦʟ-

ʤʽʨʽʚ ʪʽʣʘ ʩʧʦʨʪʩʤʝʥʘ, ʡʦʛʦ ʜʦʩʷʛʥʝʥʴ, ʟʘʥʝʩʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʽʚ, 

ʧʨʦʚʝʜʝʥʥʷ ʟʤʘʛʘʥʴ ʪʘ ʯʝʤʧʽʦʥʘʪʽʚ, ʢʦʥʪʨʦʣʴ ʦʧʣʘʪʠ ʪʦʱʦ. ɯ ʮʽ ʦʙôʻʤʠ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʪʨʝʙʘ ʟʘʧʠʩʘʪʠ, ʦʙʨʦʙʠʪʠ, ʧʝʨʝʜʘʪʠ, ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʨʦ-

ʧʦʨʮʽʡʥʦ ʜʦ ʢʽʣʴʢʦʩʪʽ ʧʽʜʦʧʽʯʥʠʭ ʩʧʦʨʪʩʤʝʥʽʚ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 

ʩʧʦʨʪʩʤʝʥʠ ʧʦʯʠʥʘʶʪʴ ʩʚʦʶ ʢʘʨôʻʨʫ ʱʝ ʫ ʤʦʣʦʜʰʦʤʫ ʰʢʽʣʴʥʦʤʫ ʚʽʮʽ, 



124 

 

ʟʜʘʪʥʦʩʪʽ ʜʦ ʩʘʤʦʤʦʪʠʚʘʮʽʾ ʚʦʥʠ ʤʘʡʞʝ ʥʝ ʤʘʶʪʴ. ɼʣʷ ʟʘʣʫʯʝʥʥʷ ʪʘ ʟʘ-

ʮʽʢʘʚʣʝʥʥʷ ʜʽʪʝʡ ʫ ʩʧʦʨʪʠʚʥʠʡ ʧʨʦʮʝʩ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʝʣʝ-

ʤʝʥʪʠ ʛʝʡʤʽʬʽʢʘʮʽʾ ï ʜʽʪʠ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʛʨʘʶʯʠ. 

ʇʝʚʥʠʤ ʯʠʥʦʤ ʨʦʟʚʘʥʪʘʞʠʪʠ ʪʨʝʥʝʨʘ ʚʽʜ ʮʠʭ ʚʘʞʣʠʚʠʭ, ʘʣʝ 

ʧʦʙʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʫʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ. ɿʦʢʨʝʤʘ, ʝʣʝʢʪʨʦʥʥʽ 

ʱʦʜʝʥʥʠʢʠ ʪʨʝʥʝʨʘ, ʧʨʦʛʨʘʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʦʚʝʜʝʥʥʷ ʯʝʤʧʽʦʥʘʪʽʚ. ɸʣʝ 

ʮʝ ʣʠʰʝ ʥʝʚʝʣʠʢʘ ʩʢʣʘʜʦʚʘ. ʅʘʡʙʽʣʴʰʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʻ ʩʘʤʝ ʪʨʝ-

ʥʫʚʘʣʴʥʠʡ ʧʨʦʮʝʩ, ʟʦʢʨʝʤʘ ʡʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. ʉʘʤʝ ʮʝʡ ʧʨʦʮʝʩ ʧʦʪʨʝʙʫʻ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʢʦʞʥʦʛʦ ʩʧʦʨʪʩʤʝʥʘ. ʅʝʧʨʘʚʠʣʴʥʝ ʪʨʝ-

ʥʫʚʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʤʘʪʠ ʰʢʽʜʣʠʚʠʡ ʭʘʨʘʢʪʝʨ ʽ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʪʨʘʚʤ. ʇʦʩʠʣʝʥʥʷ ʧʦʟʠʪʠʚʥʠʭ ʽ ʤʽʥʽʤʽʟʘʮʽʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ï ʦʩ-

ʥʦʚʥʝ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʚʠʨʽʰʫʻʪʴʩʷ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʪʨʝʥʫʚʘʣʴʥʦʛʦ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ. ɼʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʧʣʘʥʫʚʘʥʥʷ ʷʢ ʧʦʙʫʜʦʚʫ ʧʣʘʥʫ ʪʨʝ-

ʥʫʚʘʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʠʤ ʚʠʤʦʛʘʤ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠ-

ʟʠʢʠ ʧʝʨʝʪʨʝʥʫʚʘʥʥʷ ʽ ʪʨʘʚʤ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʝ ʚʜʦʩ-

ʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʽ ʬʫʥʢʮʽʡ ʦʨʛʘʥʽʟʤʫ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʧʦʨʪʠʚʥʠʡ ʨʝ-

ʟʫʣʴʪʘʪ. 

ɿʘʚʜʘʥʥʷ ʮʝ ʜʦʩʠʪʴ ʩʢʣʘʜʥʝ, ʦʩʢʽʣʴʢʠ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʽ 

ʧʦʻʜʥʘʥʴ ʨʽʟʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʥʫʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʮʴʦʤʫ 

ʨʽʟʥʦʤʘʥʽʪʪʽ ʪʨʝʙʘ ʟʥʘʡʪʠ ʘʙʦ ʩʬʦʨʤʫʚʘʪʠ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʧʣʘʥʽʚ ʪʨʝ-

ʥʫʚʘʥʴ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʪʝʨʽʷʤ ʷʢʦʩʪʽ ʪʘ ʫʤʦʚʘʤ, ʱʦ ʚʽʜʦʙʨʘʞʘ-

ʶʪʴʩʷ ʥʦʨʤʦʶ ʽ ʧʨʠʥʮʠʧʘʤʠ ʨʦʟʧʦʜʽʣʫ ʪʨʝʥʫʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʟʘʚʜʘʥʥʷ ʧʣʘʥʫʚʘʥʥʷ ʪʨʝʥʫʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʝʤʧʽʨʠʯʥʠʭ, ʩʣʘʙʦ ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʟʥʘʥʴ; 

ʢʨʽʤ ʪʦʛʦ, ʥʝʤʘʻ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʟʤʘʛʘʣʴʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʽ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ ʪʨʝʥʫʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʙʝʟ ʥʠʭ ʨʦʟʨʦʙʢʘ ʽ ʬʦʨʤʘʣʽʟʘʮʽʷ 

ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ ʩʠʣʴʥʦ ʫʩʢʣʘʜʥʝʥʽ. ɺʠʩʦʢʘ ʩʢʣʘʜʥʽʩʪʴ ʽ ʟʘʟʥʘʯʝʥʽ ʦʩʦʙ-

ʣʠʚʦʩʪʽ ʧʣʘʥʫʚʘʥʥʷ ʪʨʝʥʫʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʤʘʛʘʶʪʴ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʝʨʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʽ ʧʣʘ-

ʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʨʝʥʫʚʘʣʴʥʠʤ ʧʨʦʮʝʩʦʤ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʦʨʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʽʜʛʦʪʦʚʣʝʥʦʩʪʽ, ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʻʜʥʘʥʥʷ ʚʧʨʘʚ, ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʨʝ-

ʥʫʚʘʥʴ ʪʘ ʽʥ. ʎʝ ʥʝ ʧʨʦʩʪʦ ʧʽʜʚʠʱʠʪʴ ʷʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʪʨʝʥʫʚʘʣʴʥʠʤ 

ʧʨʦʮʝʩʦʤ, ʘ ʜʦʟʚʦʣʠʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʡʦʛʦ ʥʘ ʷʢʽʩʥʦ ʥʦʚʦʤʫ ʨʽʚʥʽ. ʇʦʙʫ-

ʜʦʚʘ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ ʧʦʪʨʝʙʫʻ ʬʦʨʤʘʣʽʟʘʮʽʾ ʥʝʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʟʥʘʥʴ, 

ʱʦ ʤʘʻ ʚʝʣʠʢʝ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʪʨʝʥʫʚʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʫ ʜʦʟʚʦʣʠʪʴ ʟʚʽʣʴʥʠʪʠ ʪʨʝʥʝʨʘ ʚʽʜ ʨʫʪʠʥʥʦʾ ʨʦʙʦʪʠ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʷʢʽʩʪʴ ʧʣʘʥʫʚʘʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʽʚ ʪʘ ʧʨʠʡʦʤʽʚ ʝʢʩʧʝʨʪʥʠʭ ʩʠ-



125 

 

ʩʪʝʤ ʨʦʙʠʪʴ ʨʝʘʣʴʥʠʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʢʦʥʪʨʦʣʶ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝ-

ʛʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʫ ʩʧʦʨʪʩʤʝʥʘ. ɽʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʙʘʟʠ ʟʥʘʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʧʦʪʦʯʥʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʩʧʦʨʪʩʤʝʥʽʚ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʽʥʰʠʭ ʮʽʣʝʡ. 
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ʋɼʂ 004.94 

ʇʈɽɼʉʊɸɺʃɽʅʅʗ QRS-ʂʆʄʇʃɽʂʉʋ ʆɼʅʆʂɸʅɸʃʔʅʆɰ ɽʂɻ 

ɺ ʊʈʀɺʀʄɯʈʅʆʄʋ ʌɸɿʆɺʆʄʋ ʇʈʆʉʊʆʈɯ 

ʖ. ʆ. ʃʫʛʦʚʩʴʢʠʡ 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʽ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʡ ʩʪʘʶʪʴ ʙʽʣʴʰ ʧʨʦʛʨʝʩʠʚ-

ʥʽʰʠʤʠ ʪʘ ʜʦʩʪʫʧʥʽʰʠʤʠ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʧʦʯʘʚʩʴ ʨʦʟʚʠʚʘʪʠʩʴ ʥʦʚʠʡ 

ʥʘʧʨʷʤʦʢ ʚ ʤʝʜʠʮʠʥʽ ʷʢ ʪʝʣʝʤʝʜʠʮʠʥʘ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʚ ʜʠʩʪʘʥʮʽʡʥʦʤʫ 

ʨʝʞʠʤʽ ʧʝʚʥʠʤ ʯʠʥʦʤ ʢʦʤʫʥʽʢʫʚʘʪʠ ʟ ʤʝʜʠʯʥʠʤʠ ʟʘʢʣʘʜʘʤʠ. ʇʽʜ ʯʘʩ ʪʘ-

ʢʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ʚʘʞʣʠʚʠʤ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷʤ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʄʝʜʠʯʥʠʤ ʫʩʪʘʥʦʚʘʤ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ, ʱʦ 

ʥʘʜʽʩʣʘʥʽ ʜʘʥʽ ʥʘʣʝʞʘʪʴ ʩʘʤʝ ʪʽʡ ʣʶʜʠʥʽ. 

ʆʜʥʠʤ ʽʟ ʟʘʩʦʙʽʚ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʦʩʦʙʠʩʪʦʩʪʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʤʝʪ-

ʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ɺʞʝ ʜʦʩʪʘʪʥʴʦ ʚʽʜʦʤʽ ʤʝʪʦʜʠ, ʱʦ  ʧʦʙʫʜʦʚʘʥʽ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʜʙʠʪʢʘ ʧʘʣʴʮʷ ʯʠ ʜʦʣʦʥʽ, ʩʽʪʢʽʚʢʠ ʦʢʘ ʪʘ ʽʥʰʽ. ʆʜʥʘʢ ʜʝ-

ʷʢʽ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʻ ʥʝ ʥʘʜʽʡʥʠʤʠ ʘʙʦ ʾʭ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʦʨʦʛʠʤ. ʊʦʤʫ 

ʧʨʦʜʦʚʞʫʶʪʴʩʷ ʨʦʟʚʠʚʘʪʠʩʴ ʡ ʽʥʰʽ ʤʝʪʦʜʠ. ɼʦ ʪʘʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʽʜʝʥ-

ʪʠʬʽʢʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ɽʂɻ (ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʠ). ɺʦʥʠ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʚʠʜʽʣʝʥʥʽ ʢʦʨʠʩʥʠʭ ʦʟʥʘʢ ʟ ɽʂɻ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʨʦʟʧʽʟʥʘʪʠ ʢʦʥʢʨʝʪʥʫ 

ʦʩʦʙʫ ʩʝʨʝʜ ʽʥʰʠʭ. ʊʘʢʠʭ ʧʽʜʭʦʜʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʦʟʥʘʢ ʷʢ ʪʨʠ-

ʚʘʣʽʩʪʴ QRS-ʢʦʤʧʣʝʢʩʫ ʯʠ ʚʽʜʥʦʰʝʥʥʷ ʘʤʧʣʽʪʫʜ ʟʫʙʮʽʚ ʽʩʥʫʻ ʙʘʛʘʪʦ. 

ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʩʪʘʥʽʚ ɽʂɻ ʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ.   

 ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ [1-3] ʚʞʝ ʧʨʠʚʦʜʷʪʴʩʷ ʧʨʠʢʣʘʜʠ ʷʢ ʟ ʪʨʴʦʭ ʚʽʜʚʝ-

ʜʝʥʴ ɽʂɻ ʧʦʙʫʜʫʚʘʪʠ ʬʘʟʦʚʠʡ ʧʨʦʩʪʽʨ. ʆʜʥʘʢ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʚʠʤʘʛʘʻ 

ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʫ ʟ ʪʨʴʦʤʘ ʚʽʜʚʝʜʝʥʥʷʤʠ, ʟʥʷʪʠʡ ʢʘʨʜʽʦʛʨʘʬʘʤʠ, ʷʢʽ ʻ 
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ʥʝ ʜʫʞʝ ʟʨʫʯʥʽ, ʘ ʾʭ ʧʦʩʪʽʡʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʤʣʶʻ ʪʘ ʜʨʘʪʫʻ. ɺʞʝ ʥʘ 

ʨʠʥʢʫ ʽʩʥʫʶʪʴ ʢʠʰʝʥʴʢʦʚʽ ʧʦʨʪʘʪʠʚʥʽ ʢʘʨʜʽʦʛʨʘʬʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʟʥʽʤʘʪʠ ʧʝʨʰʝ ʚʽʜʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʠ ʽ ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʠʤʘʛʘ-

ʶʪʴ ʦʩʦʙʣʠʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ ʻ ʧʨʦʩʪʠʤʠ ʚ ʢʦʨʠʩʪʫʚʘʥʥʽ. ʉʘʤʝ ʪʦʤʫ 

ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʰʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʜʣʷ ʽʜʝʥʪʠ-

ʬʽʢʘʮʽʾ.  

 ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʪʨʴʦʭ ʚʽʜʚʝʜʝʥʴ ʚ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʽ ʧʦʜʘʣʴʰʝ 

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʘʟʘʣʠ ʛʘʨʥʠʡ ʨʝʟʫʣʴʪʘʪ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʘ ʚʠʙʽʨʮʽ ʟ 5 

ʯʦʣʦʚʽʢ [3]. ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʪʽʣʴʢʠ ʜʣʷ ʦʜʥʦʢʘʥʘʣʴ-

ʥʦʾ ɽʂɻ ʚʘʨʪʠʡ ʫʚʘʛʠ. 

 ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʦʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ 

ʨʦʙʦʪʠ ʚʠʤʘʛʘʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ɽʂɻ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʆʪʞʝ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ɽʂɻ ʚ 

ʪʨʠʚʠʤʽʨʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. 

 ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ [1-3] ʚ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʨʝʜʩʪʘʚʣʷʣʠ ɽʂɻ, ʜʝ 

ʜʣʷ ʦʧʠʩʫ ʩʪʘʥʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜ ʧʝʨʰʦʛʦ, ʜʨʫʛʦʛʦ 

ʪʘ ʪʨʝʪʴʦʛʦ ʚʽʜʚʝʜʝʥʥʷ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʝʜʩʪʘʚʠʪʠ ʣʠʰʝ ʧʝʨʰʝ ʚʽʜʚʝ-

ʜʝʥʥʷ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʥʘʜ ʥʠʤ ʧʝʚʥʽ ʤʘʥʽʧʫʣʷʮʽʾ.  

 ɼʣʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ɽʂɻ ʪʨʴʦʭ ʦʩʽʙ ʟʥʷ-

ʪʠʭ ʟ ʯʘʩʪʦʪʦʶ 1000ɻʮ ʪʘ ʪʨʠʚʘʣʽʩʪʶ 30 ʩʝʢʫʥʜ. ɼʣʷ ʨʦʙʦʪʠ ʙʨʘʚʩʴ ʥʝ 

ʚʝʩʴ ʩʠʛʥʘʣ, ʘ ʣʠʰʝ ʡʦʛʦ QRS-ʢʦʤʧʣʝʢʩ.  

 ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʨʦʙʣʝʥʦ ʯʦʪʠʨʠ 

ʤʝʪʦʜʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ɽʂɻ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚ ʪʨʠ-

ʚʠʤʽʨʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ: 

Å ʄʝʪʦʜ ʟʩʫʚʫ 

Å ʄʝʪʦʜ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ 

Å ʄʝʪʦʜ ʰʚʠʜʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

Å ʄʝʪʦʜ ʩʫʤʠ ʘʤʧʣʽʪʫʜʠ ʪʘ ʧʦʭʽʜʥʠʭ 

ʄʝʪʦʜ ʟʩʫʚʫ. 

ʑʦʙ ʧʨʝʜʩʪʘʚʠʪʠ ʙʫʜʴ-ʷʢʫ ʩʠʩʪʝʤʫ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʨʦ-

ʩʪʦʨʽ ʧʦʪʨʽʙʥʦ ʦʙʨʘʪʠ ʪʨʠ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʚʽʜʢʣʘʜʘ-

ʪʠʤʫʪʴʩʷ ʥʘ ʚʽʩʽ X, Y, Z. 

 ɺ ʜʘʥʦʤʫ ʧʽʜʭʦʜʽ ʧʝʨʰʦʶ ʦʟʥʘʢʦʶ ʻ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ, 

ʜʨʫʛʦʶ ï ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ, ʱʦ ʮʠʢʣʽʯʥʦ ʟʩʫʥʫʪʘ ʥʘ 15%, 

ʪʨʝʪʴʦʶ ï ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ, ʱʦ ʮʠʢʣʽʯʥʦ ʟʩʫʥʫʪʘ ʥʘ 30%. 

 ʅʘ ʨʠʩʫʥʢʘʭ 1, 2 ʪʘ 3 ʧʨʝʜʩʪʘʚʣʝʥʽ QRS-ʢʦʤʧʣʝʢʩʠ ʚ ʬʘʟʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʪʨʴʦʭ ʦʩʽʙ ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʟʩʫʚʫ. 
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ʈʠʩ. 1 

 
ʈʠʩ. 2 

 
ʈʠʩ. 3 

ʄʝʪʦʜ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ 

 ɺ ʜʘʥʦʤʫ ʧʽʜʭʦʜʽ ʧʝʨʰʦʶ ʦʟʥʘʢʦʶ ʻ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ, 

ʜʨʫʛʦʶ ï ʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʦʾ ʦʪʨʠʤʘʥʦʾ ʤʝʪʦʜʦʤ ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʨʽʟʥʦʩʪʽ, 

ʪʨʝʪʴʦʶ ï ʩʫʤʘ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ ʪʘ ʧʦʭʽʜʥʦʾ. 

 ʅʘ ʨʠʩʫʥʢʘʭ 4, 5 ʪʘ 6 ʧʨʝʜʩʪʘʚʣʝʥʽ QRS-ʢʦʧʣʝʢʩʠ ʚ ʬʘʟʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ. 

 
ʈʠʩ. 4 

 
ʈʠʩ. 5 

 
ʈʠʩ. 6 

ʄʝʪʦʜ ʰʚʠʜʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 ʉʫʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʚʽʜʦʙʨʘʞʝʥʥʽ ʚ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʰʚʠʜʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʫ. ɸ ʩʘʤʝ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜ 

ʩʠʛʥʘʣʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜ. 

 ɺ ʜʘʥʦʤʫ ʧʽʜʭʦʜʽ ʧʝʨʰʦʶ ʦʟʥʘʢʦʶ ʻ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ 

ʩʠʛʥʘʣʫ, ʜʨʫʛʦʶ ï ʟʥʘʯʝʥʥʷ ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ ʩʠʛʥʘʣʫ, ʪʨʝʪʴʦʶ ï ʩʫʤʘ 

ʟʥʘʯʝʥʴ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʧʦʭʽʜʥʠʭ. 

ʅʘ ʨʠʩʫʥʢʘʭ 7, 8 ʪʘ 9 ʧʨʝʜʩʪʘʚʣʝʥʽ QRS-ʢʦʤʧʣʝʢʩʠ ʚ ʬʘʟʦʚʦʤʫ ʧʨʦ-

ʩʪʦʨʽ ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʰʚʠʜʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

  

 
ʈʠʩ. 7 

 
ʈʠʩ. 8 

 
ʈʠʩ. 9 

ʄʝʪʦʜ ʩʫʤʠ ʘʤʧʣʽʪʫʜʠ ʪʘ ʧʦʭʽʜʥʠʭ 

ɺ ʜʘʥʦʤʫ ʧʽʜʭʦʜʽ ʧʝʨʰʦʶ ʦʟʥʘʢʦʶ ʻ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ, 

ʜʨʫʛʦʶ ï ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʩʠʛʥʘʣʫ, ʪʨʝʪʴʦʶ ï ʟʥʘʯʝʥʥʷ ʜʨʫʛʦʾ 

ʧʦʭʽʜʥʦʾ ʩʠʛʥʘʣʫ. 
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ʅʘ ʨʠʩʫʥʢʘʭ 10, 11 ʪʘ 12 ʧʨʝʜʩʪʘʚʣʝʥʽ QRS-ʢʦʤʧʣʝʢʩʠ ʚ ʬʘʟʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʩʫʤʠ ʘʤʧʣʽʪʫʜʠ ʪʘ ʧʦʭʽʜʥʠʭ. 

  

 
ʈʠʩ. 10 

 
ʈʠʩ. 11 

 
ʈʠʩ. 12 

ʆʩʢʽʣʴʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ɽʂɻ ʚ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʻ 

ʧʽʜʟʘʜʘʯʝʶ ʜʣʷ ʙʽʦʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ ʚʠʟʥʘʯʘ-

ʪʠʤʝʪʴʩʷ ʥʘʡʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʚʽʨʥʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʦʩʽʙ. ɿ ʧʦʧʝ-

ʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ [1-3] ʚʽʜʦʤʦ, ʱʦ ʯʠʤ ʫʥʽʢʘʣʴʥʽʰʝ ʧʦʙʫʜʦʚʘʥʘ ʢʨʠʚʘ 

ʚ ʧʨʦʩʪʦʨʽ ʪʠʤ ʙʽʣʴʰʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʽʨʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ʂʨʠʚʽ ʦʪʨʠʤʘʥʽ 

ʤʝʪʦʜʦʤ ʟʩʫʚʫ ʪʘ ʤʝʪʦʜʦʤ ʩʫʤʠ ʘʤʧʣʽʪʫʜʠ ʪʘ ʧʦʭʽʜʥʠʭ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰ 

ʚʠʛʥʫʪʫ ʬʦʨʤʫ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʙʽʣʴʰ ʫʥʽʢʘʣʴʥʠʤʠ, ʘ ʦʪʞʝ ʚʘʨʪʠʤʠ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʠʩʥʦʚʦʢ 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ QRS-ʢʦʤʧʣʝʢʩʫ ʦʜʥʦʢʘʥʘʣʴʥʦʾ 

ɽʂɻ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʨʦʟʨʦʙʣʝʥʦ ʯʦʪʠʨʠ ʤʝʪʦʜʠ. ɹʘ-

ʟʫʯʁʠʩʴ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷʭ [1-3] ʥʘʡʢʨʘʱʝ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠ ʢʨʠʚʽ, ʱʦ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰ ʫʥʽʢʘʣʴʥʫ ʬʦʨʤʫ. ʊʦʤʫ ʤʝʪʦʜ ʟʩʫʚʫ 

ʪʘ ʤʝʪʦʜ ʩʫʤʠ ʘʤʧʣʽʪʫʜʠ ʪʘ ʧʦʭʽʜʥʠʭ ʚʘʨʪʽ ʥʘʡʙʽʣʴʰʦʾ ʫʚʘʛʠ. 
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ʋɼʂ 004.94 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɯʄɯʊɸʎɯʁʅʀʍ ʄʆɼɽʃɽʁ ɺ 

ʄʆɼɽʃʖɺɸʅʅɯ ɯʅʌʆʈʄɸʎɯʁʅʆ-ʋʇʈɸɺʃʗʖʏʀʍ ʉʀʉʊɽʄ 

ʃʆɻɯʉʊʀʂʀ 

ʆ.ɺ. ʂʨʠʚʦʨʫʯʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬ. 

ɸ.ʄ. ɼʝʩʷʪʢʦ, ʩʪ.ʚʠʢʣʘʜʘʯ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʅʘ ʩʴʦʛʦʜʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʫʷʚʠʪʠ, ʷʢ ʽʤʽʪʘʮʽʶ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʷʚʠʱ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ, ʟʙʝʨʽʛʘʶʯʠ ʩʪʨʫʢʪʫʨʫ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ. ʄʦʜʝʣʽ ʙʘʛʘʪʴʦʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʩʠʩʪʝʤ ʘʚ-

ʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʦʶ ʜʽʷʣʴʥʽʩʪʶ ʪʦʨʛʦʚʝʣʴʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʟʦʢʨʝʤʘ ʽʤʽʪʘʮʽʡʥʦʛʦ - 

ʧʦʚôʷʟʘʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʾ ʦʨ-

ʛʘʥʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɯʤʽʪʘʮʽʡʥʘ 

ʤʦʜʝʣʴ ï ʮʝ ʢʦʤʧʣʝʢʩʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʽ ʘʣʛʦʨʠʪʤʽʯʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ, 

ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ [1]. 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʣʦʛʽʩʪʠʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ʪʦʨʛʦʚʝʣʴʥʦʛʦ ʧʽʜʧʨʠʻʤ-

ʩʪʚʘ, ʪʦ ʚʦʥʘ  ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʽʟ ʣʘʥʮʶʛʘʤʠ ʧʦʩʪʘʯʘʥʴ, ʟʦʢʨʝʤʘ 

ʪʝʭʥʽʢʠ, ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʦʚʘʨʽʚ, ʩʢʣʘʜʩʴʢʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʣʘʥʮʶʛʦʤ ʩʪʚʦʨʝʥʥʷ ʮʽʥʥʦʩʪʽ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʪʠʤʝ ʜʦʜʘʥʫ ʚʘʨʪʽʩʪʴ 

ʢʦʞʥʦʾ ʣʘʥʢʠ ʫ ʢʦʥʪʝʢʩʪʽ ʢʽʥʮʝʚʦʾ ʚʘʨʪʦʩʪʽ ʧʦʩʣʫʛʠ. ʃʘʥʮʶʛʠ ʧʦʩʪʘ-

ʯʘʥʥʷ ʫ ʪʦʨʛʽʚʣʽ ī ʮʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʽ ʩʧʦʞʠʚʘʯʽʚ ʜʣʷ ʨʝ-

ʘʣʽʟʘʮʽʾ ʚʟʘʻʤʥʠʭ ʧʦʩʪʘʯʘʥʴ ʪʦʚʘʨʥʦ-ʤʘʪʝʨʽʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʧʦ-

ʩʣʫʛ (ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʨʝʽʥʞʠʥʽʨʠʥʛ), ʧʽʜ ʯʘʩ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʘʨʦʱʫʚʘʥʥʷ ʜʦʜʘʥʦʾ ʚʘʨʪʦʩʪʽ ʧʦʩʣʫʛʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʩʪʫʧʽʥʴ ʘʜʘʧʪʠʚ-

ʥʦʩʪʽ ʧʦʩʣʫʛʠ ʜʦ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʘ. ʈʦʟʨʽʟʥʷʶʪʴ ʤʦʜʝʣʽ ʚʝʨʭʥʴʦʛʦ ʽ 

ʥʠʞʥʴʦʛʦ ʨʽʚʥʽʚ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʴ [2]. 

ʄʦʜʝʣʴ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʚʽʜʦʙʨʘʞʘʪʠʤʝ ʩʫʢʫʧʥʝ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭ-

ʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʨʛʦʚʝʣʴʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʽʢ, 

ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻ ʤʘʪʝʨʽʘʣʴʥʠʡ (ʧʦʩʪʘʥʦʚʠ, ʥʘʢʘʟʠ, ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

ʱʦʜʦ ʦʙʣʽʢʫ, ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʪʦʚʘʨʫ ʪʘ ʣʶʜʩʴʢʠʡ ʧʦʪʽʢ). ʄʦʜʝʣʴ ʥʠʞ-

ʥʴʦʛʦ ʨʽʚʥʷ ʚʽʜʦʙʨʘʞʘʻ ʚʥʫʪʨʽʰʥʶ ʩʠʩʪʝʤʫ ʩʢʣʘʜʫʚʘʥʥʷ ʪʦʚʘʨʽʚ, ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʩʢʣʘʜʩʴʢʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʽʞ ʚʽʜʜʽʣʘʤʠ ʽ ʧʨʘʮʽʚʥʠʢʘʤʠ. 

ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʫ ʢʦʥʢʨʝʪʥʦʤʫ ʪʦʨʛʦʚʝʣʴʥʦʤʫ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ʟʘ ʫʤʦʚʠ ʚʠʷʚʣʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʩʪʘʥʜʘʨʪʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʪʚʦʨʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʝʪʘʣʦʥʥʫ ʤʦʜʝʣʴ ʚʥʫʪʨʽʰʥʴʦʾ ʪʘ 

ʟʦʚʥʽʰʥʴʦʾ ʣʦʛʽʩʪʠʢʠ ʜʣʷ ʢʦʞʥʦʾ ʣʘʥʢʠ, ʚʨʘʭʦʚʫʶʯʠ ʩʧʝʮʠʬʽʢʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ [3] 
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ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʩʪʚʦʨʠʪʠ ʽʤʽʪʘʮʽʡʥʫ ʤʦ-

ʜʝʣʴ ʥʝʤʦʞʣʠʚʦ ʟʘ ʛʦʪʦʚʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʦʜʝʨ-

ʞʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ɯʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ ʩʪʚʦʨʶʶʪʴ ʩʪʘʪʠʩʪʠʯʥʦʶ ʦʙʨʦʙ-

ʢʦʶ ʜʘʥʠʭ, ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʽ ʨʦʟʚôʷʟʘʥʥʷʤ, ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦ-

ʩʪʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʧʦʪʦʢʽʚ, ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʽʟ 

ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʧʨʦʮʝʩʫ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦ-

ʜʝʣʽ ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ ʡ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʤʫʪʴ ʜʽʷʣʴ-

ʥʽʩʪʴ ʪʦʨʛʽʚʝʣʴʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʅʘ ʪʦʨʛʦʚʝʣʴʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʪʘ-

ʢʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʤʦʞʫʪʴ ʙʫʪʠ: ī ʦʩʦʙʣʠʚʦʩʪʽ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʦʟʪʘʰʫ-

ʚʘʥʥʷ; ī ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; ī ʤʘʩʰʪʘʙʠ ʦʙôʻʢʪʘ; ī ʢʽʣʴʢʽʩʪʴ ʧʝʨ-

ʩʦʥʘʣʫ; ī ʚʝʣʠʯʠʥʘ ʘʚʪʦʧʘʨʢʫ ʩʧʝʮʽʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ; ī ʢʽʣʴʢʽʩʪʴ 

ʩʢʣʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʴ. ʂʦʞʥʘ ʤʦʜʝʣʴ ʻ ʥʝʧʦʚʪʦʨʥʦʶ, ʾʾ ʦʩʦʙʣʠʚʦʩʪʽ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʧʝʮʠʬʽʢʘʮʽʻʶ ʢʦʥʢʨʝʪʥʦʛʦ ʪʦʨʛʦʚʝʣʴʥʦʛʦ ʧʽʜʧʨʠʻʤ-

ʩʪʚʘ [4] 

ʇʝʨʝʚʘʛʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʞ ʻ ʪʝ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ, ʷʢʘ ʥʝ ʙʫʜʝ ʚʠʜʦʟ-

ʤʽʥʶʚʘʪʠ ʜʦʩʣʽʜʞʫʚʘʥʝ ʷʚʠʱʝ (ʧʨʦʮʝʩ, ʦʙôʻʢʪ), ʦʩʢʽʣʴʢʠ ʥʝʤʘʻ ʥʝʦʙ-

ʭʽʜʥʦʩʪʽ ʧʨʠʩʪʦʩʫʚʘʪʠʩʷ ʜʦ ʧʝʚʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ. ʂʨʽʤ ʪʦʛʦ, 

ʧʨʠ ʥʝʜʦʩʪʘʪʥʽʡ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʚʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚ ʾʾ ʤʠʥʫʣʦʤʫ, 

ʪʦʙʪʦ ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʝʧʦʚʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʾʾ ʧʦʚʦʜ-

ʞʝʥʥʷ, ʟʥʘʯʝʥʥʷ ʜʝʷʢʠʭ ʟʤʽʥʥʠʭ ʯʠ ʟʘʢʦʥʽʚ ʾʭ ʨʦʟʧʦʜʽʣʫ ʤʦʞʝ ʙʫʪʠ 

ʟʘʤʽʥʝʥʝ ʛʽʧʦʪʝʟʘʤʠ ʧʨʦ ʽʤʦʚʽʨʥʽʩʥʠʡ ʨʦʟʧʦʜʽʣ ʮʠʭ ʟʤʽʥʥʠʭ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʽ ʬʘʢʪʠʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘʤʽʥʶʶʪʴʩʷ ʟʛʝʥʝʨʦʚʘʥʠʤʠ 

ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧôʶʪʝʨʽ. 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʘʣʝ ʚʦʥʦ ʜʘʻ ʟʤʦʛʫ ʥʝ 

ʣʠʰʝ ʤʘʪʝʤʘʪʠʯʥʦ, ʛʨʘʬʽʯʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʭʘʨʘʢʪʝʨ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʣʦʛʽʩʪʠʯʥʠʭ ʧʦʪʦʢʽʚ ʪʦʨʛʽʚʝʣʴʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʡ ʜʘʻ ʟʤʦʛʫ ʚʽʜʦʙʨʘ-

ʟʠʪʠ ʧʨʦʮʝʩ ʟ ʫʩʽʤʘ ʥʝʦʙʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʦʯʽʢʫʚʘʥʠʤʠ ʫʤʦʚʘʤʠ, 

ʥʝ ʚʪʽʣʶʶʯʠ ʡʦʛʦ ʫ ʞʠʪʪʷ. ʎʝ ʟʥʠʞʫʻ ʨʠʟʠʢ ʚʠʷʚʣʝʥʥʷ ʚʫʟʴʢʦʛʦ ʤʽʩʮʷ, 

ʘ ʪʘʢʦʞ ʚʠʪʨʘʪʠ ʥʘ ʨʝʦʨʛʘʥʽʟʘʮʽʶ ʣʦʛʽʩʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈʀʉʂʆɺ ʕʂʉʇɽʈʊʅʆ-

ɸʅɸʃʀʊʀʏɽʉʂʀʍ ʈɽʐɽʅʀʁ ʆʈɻɸʅʀɿɸʎʀʀ 

ɽ.ʇ. ʀʣʴʠʥʘ 

ʀʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʠʥʳ 

 

ɺ ʧʨʦʙʣʝʤʘʪʠʢʝ ʤʝʥʝʜʞʤʝʥʪʘ ʨʠʩʢʘ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʦʙʲʝʢʪʥʳʝ ʦʙʣʘʩʪʠ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʝʩʳ ʨʘʟʣʠʯʥʳʭ ʩʪʝʡʢʭʦʣʜʝʨʦʚ. 

ʊʘʢʠʝ ʨʝʰʝʥʠʷ ʪʨʝʙʫʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʩʧʝʨʪʥʳʭ 

ʟʥʘʥʠʡ ʠ ʤʥʝʥʠʡ ʧʦ ʧʦʚʦʜʫ ʧʦʣʦʞʝʥʠʷ ʜʝʣ ʚ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʦʙʦʯʥʳʭ 

ʚʣʠʷʥʠʡ ʚʳʙʠʨʘʝʤʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʧʨʠʝʤʣʝʤʦʩʪʠ ʧʦʩʣʝʜʥʠʭ ʚ ʩʠʩʪʝʤʝ 

ʚʥʝʰʥʠʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝ-

ʰʝʥʠʷ ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʧʘʨʪʠʩʠʧʘʪʠʚʥʦʩʪʠ, ʤʫʣʴ-

ʪʠʘʩʧʝʢʪʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠ ʢʦʤʧʨʦʤʠʩʩʥʦʩʪʠ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʠʩʪʦʯ-

ʥʠʢʦʤ ʨʠʩʢʘ ʨʝʰʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʜʦʩʪʘʪʦʯʥʳʭ ʠ ʢʦʥ-

ʢʫʨʝʥʪʥʳʭ ʟʥʘʥʠʡ ʦ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʘʭ ʨʝʰʝʥʠʷ, ʚʭʦʜʷʱʠʭ ʚ ʧʦʩʪʘ-

ʥʦʚʢʫ ʟʘʜʘʯʠ ʝʛʦ ʧʨʠʥʷʪʠʷ.  

ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʟʥʘʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʘʥʝʝ [2,3] ʤʦʜʝʣʝʡ ʨʝʰʝʥʠʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ 

ʦʪʨʘʞʝʥʥʦʛʦ ʚ [1] ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʙʘʟʠʩʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʨʠʩʢʘ. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʦʜʝʣʴ ʟʘʜʘʯʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ TS 

TS =<PS, G, {A}, P, ST, NI, MP>  (1) 

ʛʜʝ PS ï ʧʨʦʙʣʝʤʥʘʷ ʩʠʪʫʘʮʠʷ, G ï ʮʝʣʴ ʚʦʟʜʝʡʩʪʚʠʷ, A ï ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ G, P ï ʜʦʩʪʫʧʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʳ-

ʧʦʣʥʝʥʠʷ A, ST ï ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʨʝʰʝʥʠʡ ʦʨʛʘʥʠʟʘʮʠʠ [3], 
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NI ï ʚʦʟʤʦʞʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, MP ï ʤʦʜʝʣʴ ʧʨʝʜʧʦʯʪʝʥʠʡ 

[3] ʜʣʷ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ A. 

ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ E ʠʟ (1) ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʢʦʥʮʝʧʪʦʚ C, ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʤʳʭ ʩʚʦʠʤʠ ʦʥʪʦʣʦʛʠʯʝʩʢʠʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ 

Def (C) = {X, R}     (2) 

ʛʜʝ X ï ʢʦʥʮʝʧʪʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ C; R ï ʦʪ-

ʥʦʰʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʝ C ʠ X. 

ʄʥʦʞʝʩʪʚʦ ʘʢʪʫʘʣʴʥʳʭ ʜʣʷ TS ʪʦʯʝʢ ʟʨʝʥʠʷ {VP} ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝ-

ʣʦʚʳʤ ʛʨʫʧʧʘʤ ʠ ʩʪʝʡʢʭʦʣʜʝʨʘʤ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʥʪʦ-

ʣʦʛʠʯʝʩʢʠ ʤʥʦʞʝʩʪʚʦʤ O (VP) ʩʚʦʠʭ ʚʝʨʩʠʡ Def. ʄʦʜʝʣʴ MP ʠʟ (1) 

ʚʢʣʶʯʘʝʪ ʩʪʨʫʢʪʫʨʫ ʘʩʧʝʢʪʦʚ, ʨʘʩʢʨʳʚʘʶʱʠʭ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʜʧʦʯʪʠ-

ʪʝʣʴʥʦʩʪʠ ʚʘʨʠʘʥʪʘ ʨʝʰʝʥʠʷ 

AMP = <R, AC, F, AP>   (3) 

ʛʜʝ R ï ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ PS, AC ï ʜʦʩʪʠʞʠʤʦʩʪʴ 

ʮʝʣʠ G, F ï ʚʳʧʦʣʥʠʤʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʷ A, AP ï ʧʨʠʝʤʣʝʤʦʩʪʴ ʠ ʫʩʪʨʘ-

ʥʠʤʦʩʪʴ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʇʨʦʠʟʚʦʣʴʥʘʷ VP ʨʝʘʣʠʟʫʝʪ ʦʪʦʙʨʘʞʝʥʠʝ ʩʚʦʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʧʳʪʘ ʚ ʦʮʝʥʢʘʭ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʜʣʷ ʚʘʨʠʘʥʪʘ ʨʝʰʝʥʠʷ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʮʝʥʠʚʘʥʠʷ ʩʠʩʪʝʤʳ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʘʩʧʝʢʪʘ ʠʟ (3): 

CR (VP, R) = yVP (G, PS), CR (VP, AC) = yVP (G, A, ST), 

CR (VP, F) = yVP (A, P), CR (VP, AP) = yVP (A, ST, NI) (4) 

ʛʜʝ CR ï ʤʥʦʞʝʩʪʚʦ ʢʨʠʪʝʨʠʝʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʘʩʧʝʢʪ; y - ʬʫʥʢʮʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʤʥʦʞʝʩʪʚʘ ʢʨʠʪʝʨʠʝʚ ʠ ʠʭ ʦʮʝʥʦʢ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʵʣʝʤʝʥʪʦʚ (1). 

ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʦʩʪʴ ʵʢʩʧʝʨʪʥʦʛʦ ʟʥʘʥʠʷ ʦʙ ʵʣʝʤʝʥʪʘʭ 

(3) ʧʨʠ ʧʨʠʚʣʝʯʝʥʠʠ ʤʥʦʞʝʩʪʚʘ VP ʢ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʷ (1).  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʜʣʷ ʵʢʩʧʝʨʪʦʚ ʝʜʠʥʦʡ ʤʦʜʝʣʠ 

MP ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʦʡ ʧʨʘʢʪʠʢʦʡ ʠ ʩʣʫʞʠʪ ʦʙʝʩʧʝʯʝʥʠʶ ʦʩʥʦʚʘ-

ʥʠʡ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʦʮʝʥʦʢ ʨʘʟʥʳʭ ʵʢʩʧʝʨʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫ-

ʪʦʯʥʳʭ ʫʨʦʚʥʝʡ ʠʝʨʘʨʭʠʠ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʣʴʪʝʨʥʘʪʠʚ [3], ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʮʝ-

ʥʦʢ ʟʘ ʧʨʝʜʝʣʘʤʠ ʜʘʥʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦ-

ʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʧʨʠ ʦʮʝʥʢʝ ʨʝʰʝʥʠʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. ʆʜʥʘʢʦ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ MP ʚ (1) ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ (4) ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʷʚʣʝʥʠʷ ʦʜʥʦʡ ʠʟ ʨʠʩʢʦʚʘʥʥʳʭ ʬʦʨʤ W ʧʦʚʝʜʝʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

VP: ʦʪʢʘʟ ʦʪ ʦʮʝʥʠʚʘʥʠʷ ʢʨʠʪʝʨʠʷ (W1); ʦʮʝʥʠʚʘʥʠʝ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ 

ʢʨʠʪʝʨʠʝʚ ʩ ʠʩʢʘʞʝʥʠʝʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ (W2); ʦʮʝ-

ʥʠʚʘʥʠʝ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʩ çʧʦʜʛʦʥʢʦʡè ʧʦʜ ʦʮʝʥʢʫ ʠʥʪʝʛʨʘʣʴʥʦʛʦ, 

ʦʪʨʘʞʘʶʱʫʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʧʨʠʦʨʠʪʝʪʳ (ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʨʫʛʠʭ 

ʧʦʩʳʣʢʘʭ) (W3). 
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ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʨʠʩʢʦʚ ʨʝʰʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʦʛʦ ʚ ʪʘʢʠʭ ʫʩʣʦ-

ʚʠʷʭ. ʆʥʘ ʠʤʝʝʪ ʚʠʜ 

MR=({ARi, {TRij, {TRRijk (Tl, SR)} k=1,Kj} j=1,Ji} i=1`,4, TT)  (5) 

ʛʜʝ AR ï ʘʩʧʝʢʪ ʨʠʩʢʘ ʨʝʰʝʥʠʷ (ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʳʨʘ-

ʙʦʪʢʠ ʨʝʰʝʥʠʷ; ʚʳʧʦʣʥʠʤʦʩʪʴ; ʵʬʬʝʢʪʠʚʥʦʩʪʴ; ʧʨʠʝʤʣʝʤʦʩʪʴ ʜʣʷ 

ʩʪʝʡʢʭʦʣʜʝʨʦʚ); TR ï ʤʠʰʝʥʴ ʨʠʩʢʘ ʚ ʨʘʤʢʘʭ ʘʩʧʝʢʪʘ (ʩʚʦʡʩʪʚʦ ʨʝʰʝ-

ʥʠʷ, ʥʘʨʫʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪ ʥʘʩʪʫʧʣʝʥʠʝ ʩʦʙʳʪʠʷ ʨʠʩʢʘ); TRR 

ï ʫʛʨʦʟʘ, ʚʳʟʳʚʘʶʱʘʷ ʩʦʙʳʪʠʷ ʨʠʩʢʘ, ʠʤʝʶʱʘʷ ʪʠʧ Tl ʠ ʧʨʦʜʫʮʠʨʫʝʤʘʷ 

ʠʩʪʦʯʥʠʢʦʤ ʨʠʩʢʘ SR; TT ï ʤʥʦʞʝʩʪʚʦ ʪʠʧʦʚ ʫʛʨʦʟ. ʄʥʦʞʝʩʪʚʦ TT 

ʚʢʣʶʯʘʝʪ: T1 ï ʅʝʧʦʣʥʦʪʫ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʚ ʦʮʝʥʢʝ ʘʩʧʝʢʪʦʚ ʠʟ (3); T2 

ï ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʦʮʝʥʢʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʦʧʳʪʫ; T3 ï ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʦʮʝʥʢʠ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʦʧʳʪʫ; T4 ï ʅʝʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʦʮʝʥʦʢ ʜʣʷ ʧʨʦʮʝ-

ʜʫʨ ʠʥʪʝʛʨʘʮʠʠ ʠ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʨʝʢʦʤʝʥʜʘʮʠʡ; T5 ï ʅʝʫʙʝʜʠʪʝʣʴ-

ʥʦʩʪʴ ʜʣʷ ʜʨʫʛʠʭ ʪʦʯʝʢ ʟʨʝʥʠʷ. 

ʀʩʪʦʯʥʠʢ ʨʠʩʢʘ SR ʠʤʝʝʪ ʤʦʜʝʣʴ 

MSR = <TSR, CB, {CST (Vi, Vj), FC, W (Vj)}>   (6) 

ʛʜʝ TSR ï ʪʠʧ ʠʩʪʦʯʥʠʢʘ ʨʠʩʢʘ (R, AC, F, AP ʠʟ (3)); CB ï ʢʦʥʮʝʧʪʫ-

ʘʣʴʥʳʡ ʙʘʟʠʩ ʫʛʨʦʟʳ (ʧʦʜʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʠʟ ʧʨʘʚʦʡ ʯʘʩʪʠ ʚʳʨʘ-

ʞʝʥʠʷ (4) ʜʣʷ TSR); CST (Vi, Vj) ï ʢʦʥʮʝʧʪ C, ʜʣʷ ʢʦʪʦʨʦʛʦ 

CÍEî(EÍCB)ØDef(C,Vi) Ḑef(C,Vj); FC ï ʦʜʥʘ ʠʟ ʧʷʪʠ ʬʦʨʤ ʘʣʴʪʝʨʥʘʪʠʚ-

ʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʡ C, ʦʧʠʩʘʥʥʘʷ ʜʘʣʝʝ ʚ ʫʩʣʦʚʠʷʭ (7); W 

(Vj) ï ʬʦʨʤʘ ʧʦʚʝʜʝʥʠʷ Vj ʚ ʩʠʪʫʘʮʠʠ (7) ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ. 

FC1.$XîXÍ(O(VPi), O(VPj)) ØXÍDef(C,VPi)ØXÎ Def(C,VPj) (7) 

FC2.$XîXÍO(VPi) Ø XÎ O(VPj)Øø UND (X,VPi,VPj) 

ʛʜʝ UND ï ʦʪʥʦʰʝʥʠʝ ʧʦʥʠʤʘʝʤʦʩʪʠ [2] 

FC3.$Xî(XÍO(VPi) Ø XÎ (O(VPj))Ø UND (X,VPi,VPj)Øø $Z î (ZÍ VPj)Ø 

CONTR (TR (X,VPi,VPj), Z) 

ʛʜʝ CONTR ïʧʨʦʪʠʚʦʨʝʯʠʝ [2], TR(X,VPi,VPj) ï ʦʙʨʘʟ X ʚ O (VPj) 

FC4.$Xî(XÍO(VPi) Ø XÎ (O(VPj)Øø UND (X,VPi,VPj)Ø $Z î (ZÍ VP2)Ø 

CONTR (TR (X,VPi,VPj), Z) 

FC5.$X1î(X1ÍO(VPi),O(VPj))ØX1ÍDef(C,VPi)ØÍ$X2î(X2ÍO(VPi), 

(O(VPj)) Ø X2ÍDef (C,VPj)) Ø CONTR (X1, X2)/. 

ɼʠʟʲʶʥʢʮʠʠ ʚʘʨʠʘʥʪʦʚ <FC, W>, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʞʜʳʡ ʠʟ ʪʠʧʦʚ 

ʫʛʨʦʟ T, ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ. 

T1: <FC1, W1> Ù <FC2, W3> Ù <FC5, W1>; 

T2:<FC1,W2>Ù<FC2,W2>Ù<FC4,W2>Ù<FC4, 

W3>Ù<FC5,W2>Ù<FC5,W3>; 

T3:<FC1,W3>Ù<FC2,W3>Ù<FC4,W2>Ù<FC4,W3>Ù<FC5,W2>Ù<FC5,W3>

Ù <FC3,W2>Ù<FC3,W3>; 
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T4:<FC4,W2>Ù<FC4,W3>Ù<FC5,W2>Ù<FC5,W3>; 

T5:<FC2,W2>Ù<FC2,W3>Ù<FC4,W2>Ù<FC4,W3>Ù<FC5,W2>Ù<FC5,W3> 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʤʦʜʝʣʠ ʨʠʩʢʘ (5), ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʦʮʝʥʢʫ ʝʛʦ 

ʫʨʦʚʥʷ ʜʣʷ ʨʝʰʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʦʛʦ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ (1), ʩ ʧʨʠʚʣʝ-

ʯʝʥʠʝʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʟʘʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ {VP}, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʷʚ-

ʣʝʥʘ ʘʧʨʠʦʨʠ ʠʣʠ ʚ ʨʘʤʢʘʭ ʵʢʩʧʝʨʪʠʟʳ ʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ 

ʢʦʥʮʝʧʪʦʚ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ. 

ɼʣʷ ʢʘʞʜʦʡ ʠʟ 20 ʚʦʟʤʦʞʥʳʭ ʫʛʨʦʟ TRRi(T,SR) ʦʮʝʥʠʚʘʝʪʩʷ ʝʝ ʟʥʘ-

ʯʠʤʦʩʪʴ EMTi ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʘʢʪʫʘʣʴʥʳʭ ʜʣʷ ʥʝʝ CSTij (ʩʤ. (6)). 

ɿʥʘʯʠʤʦʩʪʴ CSTijr (VL1,VL2), ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʫʛʨʦʟʳ TRRi (T,SR) ʚ ʩʚʷʟʠ 

ʩ r-ʡ ʧʘʨʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ 

EMCij = H Ö S (wÍWa) P(w) / îWaî, 

ʛʜʝ P(w) ï ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ ʚ ʬʦʨʤʝ w ʩʦ ʩʪʦʨʦʥʳ VL ʩ ʙʦ-

ʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ CST; H ï ʫʩʨʝʜʥʝʥʥʳʡ ʜʣʷ VL1,VL2 

ʫʨʦʚʝʥʴ ʘʢʪʫʘʣʴʥʦʩʪʠ ʟʥʘʥʠʡ ʦ ʢʦʥʮʝʧʪʝ CST; Wa ï ʤʥʦʞʝʩʪʚʦ ʬʦʨʤ ʨʝ-

ʘʛʠʨʦʚʘʥʠʷ, ʘʢʪʫʘʣʴʥʳʭ ʜʣʷ ʪʠʧʘ ʫʛʨʦʟʳ T (ʩʤ.(7)). 

ɿʥʘʯʠʤʦʩʪʴ ʫʛʨʦʟʳ TRRi: 

EMTi = 2S(r=1,é, 1/2NVi) S (jÍ1,Ni) EMCij / (Ki  Ö NVi), 

ʛʜʝ Ki ï ʦʙʱʝʝ ʯʠʩʣʦ ʢʦʥʮʝʧʪʦʚ ʚ ʦʧʨʝʜʝʣʝʥʠʠ SR (ʩʤ. (4)); Ni ï ʯʠʩʣʦ 

CSTij, ʘʢʪʫʘʣʴʥʳʭ ʜʣʷ TRRi; NVi = NVPi  (NVPi ï 1), NVPi ï ʯʠʩʣʦ ʪʦʯʝʢ 

ʟʨʝʥʠʷ. 

ʋʨʦʚʝʥʴ ʨʠʩʢʘ ʜʣʷ ʘʩʧʝʢʪʘ ARs (ʩʤ. (5)) 

RLs = S (iÍACTs) EMTi / îACTsî 

ʛʜʝ ACTs ï ʧʦʜʤʥʦʞʝʩʪʚʦ ʫʛʨʦʟ, ʘʢʪʫʘʣʴʥʳʭ ʜʣʷ ʤʠʰʝʥʝʡ ʠʟ ʩʦ-

ʩʪʘʚʘ ARs (îACTsî¢ 20). 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʦʮʝʥʦʢ ʨʠʩʢʘ ʤʦʛʫʪ ʦʮʝʥʠʚʘʪʴʩʷ ʨʝʰʝʥʠʷ 

(ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩ ʣʫʯʰʠʤʠ ʠ ʭʫʜʰʠʤʠ ʧʨʘʢʪʠʢʘʤʠ), ʘ 

ʪʘʢʞʝ ʚʳʨʘʙʘʪʳʚʘʪʴʩʷ ʥʘʠʤʝʥʝʝ ʨʠʩʢʦʚʘʥʥʳʝ ʩʭʝʤʳ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ (ʩʦʩʪʘʚ ʪʦʯʝʢ ʟʨʝʥʠʷ ʚ ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧʝ, ʢʦʤʧʨʦʤʠʩʩʥʘʷ ʤʦ-

ʜʝʣʴ ʧʨʝʜʧʦʯʪʝʥʠʡ [2], ʩʮʝʥʘʨʠʡ ɼʝʣʴʬʠ-ʧʨʦʮʝʜʫʨ [3] ʠ ʜʨ.). 
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ʋɼʂ 004.65 

ɸʈʍɯʊɽʂʊʋʈʅʀʁ ʐɸɹʃʆʅ ʉʊʈʋʂʊʋʈʀ ɹɸɿʀ ɼɸʅʀʍ ɼʃʗ 

ɿɸɼɸʏ ʋʇʈɸɺʃɯʅʉʔʂʆɻʆ ʆɹʃɯʂʋ 

ɺ.ɼ. ʇʦʧʝʥʢʦ 

ʅʘʮ̔ʦʥʘʣʴʥʠʡ ʪʝʭʥʯ̔ʥʠʡ ʫʥʚ̔ʝʨʩʠʪʝʪ ʋʢʨʘʠʥʠ ñʂʠʾʚʩɹʢʠʡ ʧʦʣʪ̔ʝʭ-

ʥ̔ʯʥʠʡ ̔ʥʩʪʠʪʫʪ ʤ̔ʝʥ̔ ɯʛʦʨʷ ʉʢ̔ʦʨʩʢɹʦʛʦò,  

ʋʢʨʘʥʾʘ, ʂʠʚʾ 

 

ɼʦʩʚʽʜ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚ ʩʚʽʜʯʠʪʴ, ʱʦ ʥʝ ʤʦʞʥʘ ʧʝʨʝʜʙʘ-

ʯʠʪʠ ʚʩʽ ʜʦʢʫʤʝʥʪʠ ʽ ʧʨʦʮʝʩʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʪʘ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʨʘʟ 

ʥʘʟʘʚʞʜʠ ʛʘʣʫʟʝʚʝ ʨʽʰʝʥʥʷ. ɹʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʧʽʜʧʨʠʻʤʩʪʚ ʦʜʥʽʻʾ ʛʘʣʫʟʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʤʝʥʰʝ, ʥʽʞ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʧʽʜʧʨʠʻʤʩʪʚ ʨʽʟʥʠʭ ʛʘʣʫ-

ʟʝʡ. ʊʦʤʫ ʪʠʧʦʚʝ ʨʽʰʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʛʘʣʫʟʝʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʠʩʪʝʤʠ 

ʢʣʘʩʫ ERP, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʟʘʤʦʚʥʠʢʘ. ʋʥʠʢʥʫʪʠ ʨʦʟʨʦʙʢʠ 

ʩʠʩʪʝʤʠ ʧʽʜ ʢʦʞʥʦʛʦ ʢʣʽʻʥʪʘ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʴʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ ʘʨʭʽʪʝʢ-

ʪʫʨʘ ʩʠʩʪʝʤʠ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʜʽʣʝʥʥʷ ʚ ʧʨʦʜʫʢʪʠʚʥʽʡ 

ʙʘʟʽ ʜʘʥʠʭ ʤʦʜʝʣʽ ʧʽʜʧʨʠʻʤʩʪʚʘ (ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦʛʦ ʥʘʙʦʨʫ ʙʽʟʥʝʩ-ʧʨʘ-

ʚʠʣ) ʚʽʜ ʦʧʝʨʘʪʠʚʥʠʭ ʜʘʥʠʭ ʪʘ ʽʤʧʦʨʪʫ ʽ ʝʢʩʧʦʨʪʫ ʟ ʙʘʟʠ ʜʘʥʠʭ (ɹɼ) ʮʽʻʾ 

ʤʦʜʝʣʽ. 

ʋ ʤʦʜʝʣʴʥʦ-ʦʨʽʻʥʪʦʚʘʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʟʘʤʽʩʪʴ ʤʥʦʞʠʥʠ ʚʝʨʩʽʡ ʩʠ-

ʩʪʝʤʠ ʨʦʟʨʦʙʥʠʢ ʤʘʻ ʩʧʨʘʚʫ ʟ ʤʥʦʞʠʥʦʶ ʤʦʜʝʣʝʡ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʩʪʨʫʢ-

ʪʫʨʘ ʦʧʝʨʘʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢ ʽ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʧʦʟʙʘʚʣʝʥʽ ʚʧʣʠʚʫ ʦʩʦʙʣʠʚʠʭ ʧʦʪʨʝʙ ʟʘʤʦʚʥʠʢʽʚ. ʊʦʜʽ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ: 

ʯʠ ʽʩʥʫʶʪʴ ʩʪʨʫʢʪʫʨʠ ɹɼ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʣʷ ʤʦʜʝʣʽ, 

ʩʪʘʙʽʣʴʥʽ ʚʽʜʥʦʩʥʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʪʨʝʙ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʦʙʣʽʢʫ, ʟ 

ʷʢʠʤʠ ʩʪʠʢʘʶʪʴʩʷ ʩʠʩʪʝʤʠ ʢʣʘʩʫ ERP? ɯ ʚʟʘʛʘʣʽ, ʯʠ ʽʩʥʫʶʪʴ ʫʥʽʚʝʨ-

ʩʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ɹɼ ʜʣʷ ʨʽʟʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ?  

ʑʦʜʦ ʦʩʪʘʥʥʴʦʛʦ ʧʠʪʘʥʥʷ, ʪʦ ʪʘʢʘ ʩʪʨʫʢʪʫʨʘ ʽʩʥʫʻ, ʮʝ ʰʠʨʦʢʦ ʚʽʜʦ-

ʤʠʡ OLAP-ʢʫʙ [1], ʷʢʠʡ ʟʜʘʪʝʥ ʟʙʝʨʽʛʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʫ ʦʙʣʽʢʦʚʫ ʽʥʬʦʨ-

ʤʘʮʽʶ, ʟʘʚʜʷʢʠ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʙʘʟʦʚʠʭ ʧʦʥʷʪʴ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ (ʬʘʢʪʠ ʽ 

ʚʠʤʽʨʠ). ʎʷ ʩʪʨʫʢʪʫʨʘ ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ 

ʩʪʘʙʽʣʴʥʦʾ ʽʩʪʦʨʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʤʠʥʫʣʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʢʽʣʴʢʘ 

ʨʦʢʽʚ.  ʇʨʦʪʠʣʝʞʥʽʩʪʶ ʩʠʩʪʝʤʠ OLAP ʻ ʩʠʩʪʝʤʘ OLTP (Online 

transaction processing), ʦʨʽʻʥʪʦʚʘʥʘ ʥ ʦʙʣʽʢ ʪʘ ʘʥʘʣʽʟ ʦʧʝʨʘʪʠʚʥʦʾ ʽʥʬʦʨ-

ʤʘʮʽʾ. 

ɼʣʷ ʥʘʚʯʘʣʴʥʠʭ ʮʽʣʝʡ, ʘ ʩʘʤʝ, ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨ ʙʘʟʠ ʜʘʥʠʭ,  ʥʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ, ʽ ʚʞʝ ʥʘ ʮʴʦʤʫ 

ʨʽʚʥʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʝʚʥʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʧʦʚʪʦʨʶʶʪʴʩʷ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʠʤ ʰʘʙʣʦʥʘʤ. ɿʦʢʨʝʤʘ, ʣʝʛʢʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʰʘʙ-

ʣʦʥʥʽ ʩʪʨʫʢʪʫʨʠ ʚʠʤʽʨʽʚ ʽ ʬʘʢʪʽʚ. 
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ɺʠʤʽʨʠ. ɺʠʤʽʨ ʻ ʧʣʘʩʢʠʤ ʘʙʦ ʽʻʨʘʨʭʽʯʥʠʤ ʜʦʚʽʜʥʠʢʦʤ, ʱʦ ʤʽʩʪʠʪʴ 

ʦʜʥʦʨʽʜʥʫ ʤʥʦʞʠʥʫ ʩʫʪʥʦʩʪʝʡ. ɺʠʤʽʨʠ ʟ ʨʽʟʥʠʭ ʩʪʦʨʽʥ ʜʝʪʘʣʽʟʫʶʪʴ 

ʬʘʢʪʠ, ʟʦʢʨʝʤʘ, ʚʢʘʟʫʶʪʴ ʥʘ ʩʫʙôʻʢʪ ʽ ʦʙôʻʢʪ ʚʽʜʧʦʚʽʜʥʦʾ ʜʽʾ.  

ʌʘʢʪʠ. ʆʩʢʽʣʴʢʠ ʚ ʙʫʭʛʘʣʪʝʨʩʴʢʦʤʫ ʦʙʣʽʢʫ ʬʘʢʪ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʦʧʝ-

ʨʘʮʽʾ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʧʝʨʚʠʥʥʠʤ ʜʦʢʫʤʝʥʪʦʤ (ʇɼ) ([2], ʩʪ.119-121), ʪʦ 

ʷʢʱʦ ʚ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ ʷʚʥʦ ʽʩʥʫʻ ʇɼ, ʩʘʤʝ ʚʽʥ ʧʨʝʜʩʪʘʚʣʷʻ ʬʘʢʪ. ɺ 

ʽʥʰʦʤʫ ʨʘʟʽ ʬʘʢʪ ʧʦʜʽʾ ʬʽʢʩʫʻʪʴʩʷ ʷʢ ʩʫʪʥʽʩʪʴ ʽ ʚʽʜʧʦʚʽʜʥʠʡ ʟʘʧʠʩ ʫ ʪʘʙ-

ʣʠʮʽ ɹɼ. ʌʘʢʪʫ ʧʨʠʪʘʤʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ʜʘʪʘ (ʜʘʪʘ-ʯʘʩ) ʽ ʤʘʡʞʝ ʟʘʚʞʜʠ 

ʯʠʩʣʦ (ʢʽʣʴʢʽʩʪʴ, ʩʫʤʘ). ʈʦʟʚʠʥʝʥʘ ʩʪʨʫʢʪʫʨʘ ʬʘʢʪʫ ʧʝʨʝʜʙʘʯʘʻ ʩʧʠʩʦʢ 

ʦʙôʻʢʪʽʚ ʟ ʯʠʩʣʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚ ʬʦʨʤʽ ʨʷʜʢʽʚ ʇɼ, ʧʨʠʢʣʘʜʦʤ 

ʻ ʥʘʢʣʘʜʥʘ ʟ ʦʙʣʘʩʪʽ ʦʙʣʽʢʫ ʤʘʪʝʨʽʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ.  

ɸʨʭʽʪʝʢʪʫʨʥʠʡ ʰʘʙʣʦʥ OLAP ʤʘʻ ʜʫʞʝ ʧʨʦʩʪʫ ʩʪʨʫʢʪʫʨʫ (ʨʠʩʫʥʦʢ 

3), ʽ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʪʘʢʦʞ ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʩʠʩʪʝʤʫ ʦʙʣʽʢʫ, ʚʢʣʶʯʘʶʯʠ 

ʦʙʨʦʙʢʫ ʧʦʪʦʯʥʠʭ ʪʨʘʥʟʘʢʮʽʡ [3]. 

 
 

 

 

 

ɸʨʭʽʪʝʢʪʫʨʥʠʡ ʰʘʙʣʦʥ OLAP ʤʘʻ ʩʫʪʪʻʚʫ ʧʝʨʝʚʘʛʫ: ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʣʴʥʦ ʜʦʜʘʚʘʪʠ ʥʦʚʽ OLAP-ʢʫʙʠ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʚʽʣʴʥʦ ʜʦʜʘʚʘʪʠ 

ʥʦʚʽ ʚʠʤʽʨʠ ʘʙʩʦʣʶʪʥʦ ʥʦʚʦʛʦ ʟʤʽʩʪʫ. ʉʪʨʫʢʪʫʨʘ ɹɼ ʧʨʠ ʮʴʦʤʫ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ. 

ʋ ʩʠʩʪʝʤʽ ʦʙʣʽʢʫ ʤʘʡʞʝ ʟʘʚʞʜʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʥʝ 

ʚ ʦʢʨʝʤʽʡ ʘʥʘʣʽʪʠʯʥʽʡ ʙʘʟʽ) ʧʦʪʨʽʙʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʬʘʢʪʽʚ (ʛʦʩʧʦ-

ʜʘʨʩʴʢʠʭ ʦʧʝʨʘʮʽʡ) ʟʘ ʢʽʣʴʢʘ (ʜʦ ʯʦʪʠʨʴʦʭ) ʤʠʥʫʣʠʭ ʨʦʢʽʚ. ɼʣʷ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʰʘʙʣʦʥʫ OLTP, ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩʫʥʢʫ 4, ʜʣʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʩʴ-

ʢʦʛʦ ʦʙʣʽʢʫ, ʡʦʤʫ ʙʨʘʢʫʻ ʮʽʻʾ ʘʥʘʣʽʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʈʠʩʫʥʦʢ 1 ï ɸʨʭʽʪʝʢʪʫʨʥʠʡ 

ʰʘʙʣʦʥ OLAP 

ʈʠʩʫʥʦʢ 2 ï ɸʨʭʽʪʝʢʪʫʨʥʠʡ 

ʰʘʙʣʦʥ OLTP 
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ʇʦʩʪʘʻ ʧʠʪʘʥʥʷ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʩʪʨʫʢʪʫʨʠ ɹɼ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʟʘʜʘʯ 

ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʦʙʣʽʢʫ, ʘʙʠ ʚʦʥʘ ʤʘʣʘ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ: 

¶ ɺʽʣʴʥʝ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʚʠʤʽʨʽʚ; 

¶ ɺʽʣʴʥʝ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ ʜʝʪʘʣʽʟʦʚʘʥʠʭ ʧʦ ʚʠʤʽʨʘʭ ʟʘʣʠʰʢʽʚ 
(ʽʩʪʦʨʠʯʥʘ ʘʥʘʣʽʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ); 

¶ ɺʽʣʴʥʝ ʜʦʜʘʚʘʥʥʷ ʪʠʧʽʚ ʧʝʨʚʠʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ.  

ʇʨʠʢʣʘʜʠ ʜʝʪʘʣʽʟʦʚʘʥʠʭ ʟʘʣʠʰʢʽʚ, ʧʦ ʷʢʠʭ ʚ ʦʧʝʨʘʪʠʚʥʽʡ ɹɼ ʪʨʝʙʘ 

ʤʘʪʠ ʽʩʪʦʨʽʶ:  

¶ ʙʫʭʛʘʣʪʝʨʩʴʢʽ  ʨʘʭʫʥʢʠ,  

¶ ʢʽʣʴʢʽʩʪʴ ʤʘʪʝʨʽʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ, 

¶ ʩʫʤʠ ʚʘʣʶʪʠ ʥʘ ʚʘʣʶʪʥʠʭ ʨʘʭʫʥʢʘʭ,  

¶ ʢʽʣʴʢʽʩʪʴ ʥʘʨʘʭʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤ ʧʦ ʜʘʚʘʣʴʥʠʮʴʢʽʡ 
ʩʭʝʤʽ, 

¶ ʢʽʣʴʢʽʩʪʴ ʜʝʪʘʣʝʡ, ʚʠʪʨʘʯʝʥʠʭ ʥʘ ʨʝʤʦʥʪ ʤʘʰʠʥ, ʪʘ ʽʥ.  

ʅʦʚʽ, ʯʘʩʪʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʪʠʧʠ ʜʦʢʫʤʝʥʪʽʚ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʨʘʭʫʚʘʥʥʷ ʩʧʝʮʠʬʽʯʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʙʽʟʥʝʩʫ ʤʝʥʝʜʞʝʨʘʤʠ ʬʽʨʤʠ-

ʢʣʽʻʥʪʘ. 

 
ʈʠʩʫʥʦʢ 3 ï ɸʨʭʽʪʝʢʪʫʨʥʠʡ ʰʘʙʣʦʥ ʩʪʨʫʢʪʫʨʠ ɹɼ ʜʣʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥ-

ʩʴʢʦʛʦ ʦʙʣʽʢʫ 
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ʅʘ ʨʠʩʫʥʢʫ 3 ʥʘʚʝʜʝʥʘ ʪʘʢʘ ʫʥʽʚʝʨʩʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ɹɼ ʜʣʷ ʟʘʜʘʯ 

ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʦʙʣʽʢʫ. ɺ ʦʩʥʦʚʽ ʾʾ ʣʝʞʠʪʴ ʧʦʥʷʪʪʷ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʨʝʛʽʩʪʨʫ, ʪʦʙʪʦ ʜʝʪʘʣʽʟʦʚʘʥʦʛʦ ʟʘʣʠʰʢʫ. 

 
ʈʠʩʫʥʦʢ 4 ï ɺʠʛʣʷʜ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʝʛʽʩʪʨʫ ʚ ʩʠʩʪʝʤʽ çʈʝʛʽʩʪʨʠè. ʅʘ-

ʷʚʥʽʩʪʴ ʽ ʨʫʭ ʤʦʣʦʢʘ ʚ ʚʽʜʜʽʣʽ çʄʦʣʦʯʥʦ-ʪʦʚʘʨʥʘ ʬʝʨʤʘè ʩʽʣʴʩʴʢʦʛʦʩ-

ʧʦʜʘʨʩʴʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ɼʣʷ ʪʘʢʦʛʦ ʟʘʣʠʰʢʫ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʽʩʪʦʨʽʷ ʟʘ ʧʦʪʨʽʙʥʫ ʢʽʣʴʢʽʩʪʴ 

ʨʦʢʽʚ ʟ ʧʦʤʽʩʷʯʥʠʤ ʥʘʢʦʧʠʯʝʥʥʷʤ ʟʘʣʠʰʢʽʚ ʽ ʦʙʦʨʦʪʽʚ (ʨʠʩʫʥʦʢ 4). ʎʷ 

ʩʪʨʫʢʪʫʨʘ ʙʫʣʘ ʚʪʽʣʝʥʘ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʪʘ ʬʽʥʘʥʩʦʚʦʛʦ ʦʙʣʽʢʫ 

çʈʝʛʽʩʪʨʠè ʨʦʟʨʦʙʢʠ ʊʆɺ çʇʨʘʡʜè [4]. ɿʘʚʜʷʢʠ ʛʥʫʯʢʽʡ ʩʪʨʫʢʪʫʨʽ ʩʠ-

ʩʪʝʤʘ ʤʘʻ ʚʩʽ ʪʨʠ ʧʝʨʝʣʽʯʝʥʽ ʚʠʱʝ ʧʝʨʝʚʘʛʠ. ɼʝʩʷʪʠʨʽʯʥʠʡ ʜʦʩʚʽʜ ʚʧʨʦ-

ʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ çʈʝʛʽʩʪʨʠè ʧʽʜʪʚʝʨʜʠʚ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʾʾ ʛʥʫʯʢʦʩʪʽ ʽ  

ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʝʜʝʥʦʛʦ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʫ ʚ ʩʠʩʪʝ-

ʤʘʭ ʢʣʘʩʫ ERP. 
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ʇʠʩʴʤʝʥʶʢ, ɺ.ʄ. ɺʘʩʠʣʝʥʢʦ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɸʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ ʩʠʩʪʝʤ ʧʫʙʣʽʯʥʦʛʦ 

ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʩʪʝʢ ʧʨʦʪʦʢʦʣʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ TCP/IP ʚʠ-

ʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʝʣʠʯʝʟʥʽʡ ʢʽʣʴʢʦʩʪʽ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ, ʘ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʫʻ ʟʚôʷʟʦʢ ʚʫʟʣʽʚ ʚʩʝʩʚʽʪʥʴʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. 

ʄʘʩʦʚʝ ʧʦʰʠʨʝʥʥʷ ʙʝʟʧʨʦʚʽʜʥʠʭ ʤʝʨʝʞ ʪʘ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʠ-

ʩʪʨʦʾʚ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞʝʚʠʭ ʧʨʦʪʦʢʦʣʽʚ 

ʩʽʤʝʡʩʪʚʘ TCP/IP ʪʘ ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʜʦʩʪʫʧʫ ʜʦ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ ɯʥ-

ʪʝʨʥʝʪ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠʜʽʣʷʪʠ ʙʽʣʴʰʫ ʫʚʘʛʫ ʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʪʦʢʦʣʽʚ ʟʚôʷʟʢʫ, ʾʭ ʙʝʟʧʝʢʠ ʪʘ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ʇʦʯʠʥʘʶʯʠ ʱʝ ʟ 90-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʢʦʤʧôʶʪʝʨʥʽ ʤʝʨʝʞʽ ʟ 

ʢʦʞʥʠʤ ʨʦʢʦʤ ʩʪʘʶʪʴ ʚʩʝ ʩʢʣʘʜʥʽʰʠʤʠ ʪʘ ʧʦʰʠʨʝʥʽʰʠʤʠ. ɿ ʪʦʛʦ ʯʘʩʫ 

ʟʤʽʥʠʣʦʩʴ ʜʝʢʽʣʴʢʘ ʧʦʢʦʣʽʥʴ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ, ʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ, 

ʱʦ ʤʘʶʪʴ ʜʦʩʪʫʧ ʜʦ ʚʩʝʩʚʽʪʥʴʦʾ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʟʨʦʩʣʘ ʚ ʪʠʩʷʯʽ ʨʘʟʽʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʧʨʦʪʦʢʦʣʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʨʘʥʩ-

ʧʦʨʪʥʦʛʦ ʨʽʚʥʷ ï Transmission Control Protocol (TCP) ʪʘ User Datagram 

Protocol (UDP), ʤʘʡʞʝ ʥʝ ʟʘʟʥʘʣʠ ʟʤʽʥ. ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʦʥʠ ʜʦʙʨʝ 

ʩʧʨʘʚʣʷʶʪʴʩʷ ʟ ʧʦʩʪʘʚʣʝʥʠʤʠ ʥʘ ʥʠʭ ʟʘʚʜʘʥʥʷʤʠ. ʆʜʥʘʢ ʚ ʦʩʪʘʥʥʽʡ ʯʘʩ 

ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʙʝʟʧʨʦʚʽʜʥʽ ʤʝʨʝʞʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʴʩʷ ʧʝʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʟʦʢʨʝʤʘ ï ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ ʚʧʣʠʚʦʤ 

ʟʘʚʘʜ ʥʘ ʧʘʢʝʪʠ ʜʘʥʠʭ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʘʥʘʣʫ ʧʝ-

ʨʝʜʘʯʽ ʜʘʥʠʭ. ʊʦʤʫ ʧʦʩʪʘʻ ʚʘʞʣʠʚʝ ʧʠʪʘʥʥʷ ï ʷʢ ʩʘʤʝ ʤʦʞʥʘ ʟʥʠʟʠʪʠ 

ʚʧʣʠʚ ʟʘʚʘʜ ʪʘ ʟʙʽʣʴʰʠʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ. ʉʘʤʝ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʽ ʧʨʠʩʚʷʯʝʥʘ ʜʘʥʘ ʨʦʙʦʪʘ. 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠ-

ʱʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ, 

ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʽʡ ʛʘʣʫʟʽ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʜʘʣʴʰʠʭ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʧʨʦʪʦʢʦʣʽʚ ʤʽʞʤʝʨʝʞʝʚʦʾ 

ʚʟʘʻʤʦʜʽʾ TCP/IP 

ɿʘʛʘʣʦʤ, ʚʩʽ ʨʦʙʦʪʠ ʚ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʚʠʜʠ 

[1-6]. ʇʝʨʰʽ [1-3] ï ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʘʧʘʨʘʪʥʠʭ ʨʽʰʝʥʴ ʚ 

ʧʨʠʩʪʨʦʷʭ ʧʨʠʡʦʤʫ/ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʜʨʫʛʽ [4,5] ï ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚ-

ʥʦʩʪʽ ʧʨʦʪʦʢʦʣʽʚ ʟʚôʷʟʢʫ, ʪʨʝʪʽ [6] ï ʢʦʤʙʽʥʦʚʘʥʽ. ɼʦ ʜʨʫʛʠʭ ʪʘ ʪʨʝʪʽʭ 

ʚʽʜʥʦʩʷʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʧʘʢʝʪʽʚ TCP ̔  UDP 
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ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʨʝʢʮʽʡʥʠʭ ʢʦʜʽʚ Forward Error Correction 

(FEC), ʤʝʪʦʜʽʚ Automatic Repeat Request (ARQ ï ʘʚʪʦʤʘʪʠʯʥʽ ʟʘʧʠʪʠ ʥʘ 

ʧʦʚʪʦʨʥʫ ʧʝʨʝʜʘʯʫ), ʘ ʪʘʢʦʞ ʛʽʙʨʠʜʥʠʭ ʤʝʪʦʜʽʚ (FEC-TCP ʪʘ ARQ) ʚ 

ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʛʦ ʰʫʤʫ ʚ ʢʘʥʘʣʽ, ʷʢʠʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʢʨʠʚʣʝʥʥʷ 

ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ 

ʧʨʦʪʦʢʦʣʽʚ ʤʽʞʤʝʨʝʞʝʚʦʾ ʚʟʘʻʤʦʜʽʾ ʩʚʽʜʯʠʪʴ, ʱʦ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʧʨʦ-

ʪʦʢʦʣʠ TCP/IP ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʝʟʧʨʦʚʽʜʥʠʭ ʢʘʥʘʣʘʭ ʧʝʨʝ-

ʜʘʯʽ ʜʘʥʠʭ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʰʫʤʫ. ʎʝ ʧʨʠʟʚʦ-

ʜʠʪʴ ʟʘ ʧʝʚʥʠʭ ʦʙʩʪʘʚʠʥ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʙʘʛʘʪʴʦʭ ʧʦʤʠʣʦʢ ʚ ʧʨʠʡʥʷʪʠʭ 

ʧʘʢʝʪʘʭ ʜʘʥʠʭ, ʘ ʦʪʞʝ ʜʦ ʧʦʚʪʦʨʥʠʭ ʧʝʨʝʜʘʯ ʮʠʭ ʧʘʢʝʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʥʘ 

ʟʥʠʞʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʧʨʦʪʦʢʦʣʽʚ TCP/IP ʚʧʣʠʚʘʶʪʴ ʚʽʜʜʘʣʝʥʽ ʤʝʨʝʞʝʚʽ 

ʘʪʘʢʠ, ʥʘʧʨʠʢʣʘʜ ʘʪʘʢʠ ʪʠʧʫ çʟʘʰʫʤʣʝʥʥʷè. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʧʽʜʚʠ-

ʱʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ TCP/IP ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʟʘ-

ʚʘʜʦʚʦʾ ʦʙʩʪʘʥʦʚʢʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʘʨʘʥʪʦʚʘʥʫ ʜʦʩʪʘʚʢʫ ʧʦʚʽʜʦʤʣʝʥʴ. 

Cʪʝʢ ʧʨʦʪʦʢʦʣʽʚ TCP/IP ʪʘ ʤʦʜʝʣʴ OSI ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʷʢ 

ʥʘʜʽʡʥʫ, ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʫ ʪʝʭʥʦʣʦʛʽʶ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʤʝʨʝʞʘʭ. ʇʨʦʪʝ ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʘʜʣʠʰʢʦʚʦʛʦ ʰʫʤʫ ʫ ʢʘʥʘʣʽ ʧʝʨʝʜʘʯʽ ʜʘ-

ʥʠʭ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦʜʘʪʢʦʚʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠ-

ʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. 

ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ ʩʪʝʢʫ ʧʨʦʪʦʢʦʣʽʚ ʊʉʈ/IP ʥʘ ʪʨʘʥʩ-

ʧʦʨʪʥʦʤʫ ʪʘ ʚʠʱʠʭ ʨʽʚʥʷʭ: RTP-FEC ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ ʜʘʥʠʭ, 

ʘʜʘʧʪʠʚʥʠʡ dFEC-TCP, Fountain-ʢʦʜʫʚʘʥʥʷ, AprilFEC ʪʘ End-to-end 

FEC-TCP, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʢʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʮʽʡ ʛʘʣʫʟʽ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʠʭ ʢʦʜʽʚ. 

ʅʝʜʦʣʽʢʦʤ ʤʝʪʦʜʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ FEC-ʢʦʜʠ, ʻ ʥʠʟʴʢʘ ʘʜʘʧ-

ʪʠʚʥʽʩʪʴ ʜʦ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ 

FEC-ʤʝʪʦʜʽʚ ʭʘʨʘʢʪʝʨʥʘ ʜʝʷʢʘ ʟʘʪʨʠʤʢʘ ʫ ʯʘʩʽ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʢʦ-

ʜʫʚʘʥʥʷ, ʜʝʢʦʜʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʨʝʩʫʨʩʽʚ ʢʘʥʘʣʫ 

ʜʣʷ ʧʝʨʝʜʘʯʽ ʟʘʢʦʜʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. AprilFEC ʧʦʢʘʟʫʻ ʭʦʨʦʰʽ ʨʝʟʫʣʴ-

ʪʘʪʠ ʟʘ ʫʤʦʚʠ ʚʯʘʩʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ. ʆʜʥʘʢ ʚʪʨʘʪʠ ʚ 

ʥʝʥʘʜʽʡʥʠʭ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʦʞʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʯʠʥʥʠʢʽʚ, ʷʢʽ 

ʚʘʞʢʦ ʩʧʨʦʛʥʦʟʫʚʘʪʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ Fountain-ʢʦʜʽʚ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ 

ʜʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʜʣʠʰʢʦʚʠʭ ʧʘʢʝʪʽʚ ʚ ʢʘʥʘʣʽ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʝ-

ʨʝʜʘʚʘʯ ʥʝ ʦʪʨʠʤʘʻ ʟʘ ʷʢʠʭʦʩʴ ʧʨʠʯʠʥ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʽʜ ʧʨʠʡʤʘʯʘ ʧʨʦ 

ʫʩʧʽʰʥʠʡ ʧʨʠʡʦʤ ʜʘʥʠʭ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʫ ʩʫʯʘʩʥʠʭ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʪʫʨʙʦʢʦʜʽʚ ʪʘ ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ. 
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ʋɼʂ 004.94 

ɯʄɯʊɸʎɯʁʅɯ ʇʈʆɽʂʊʀ 

ɺ.ʄ. ʊʦʤʘʰʝʚʩʴʢʠʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʦʜʥʠʤ ʟ ʧʦʧʫʣʷʨʥʠʭ ʤʝʪʦʜʽʚ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʟʘʩʽʙ ʜʦʚʝʜʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʩʠʩʪʝʤ ʽ ʧʨʦʮʝʩʽʚ ʘʙʦ ʾʭ ʤʦʜʝʨʥʽʟʘʮʽʾ. ɿʚʠʯʘʡʥʦ ʜʣʷ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ  

ʩʪʚʦʨʶʻʪʴʩʷ ʢʦʤʘʥʜʘ ʨʦʟʨʦʙʥʠʢʽʚ ʜʣʷ ʫʯʘʩʪʽ ʚ ʽʤʽʪʘʮʽʡʥʦʤʫ ʧʨʦʝʢʪʽ. 

ʊʘʢʘ ʢʦʤʘʥʜʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ  ʧôʷʪʠ ʬʘʭʽʚʮʽʚ, ʦʜʠʥ ʟ ʷʢʠʭ ʚʠʢʦʥʫʻ 

ʨʦʣʴ ʝʢʩʧʝʨʪʘ, ʷʢʠʡ ʧʦʚʠʥʝʥ [1]:. 

Å ʚʦʣʦʜʽʪʠ ʙʘʟʦʚʠʤʠ ʽʥʞʝʥʝʨʥʠʤʠ ʟʥʘʥʥʷʤʠ, ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʨʦ-

ʟʫʤʽʥʥʷ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʦʛʦ ʢʣʘʩʫ ʩʠʩʪʝʤ; 

Å ʚʦʣʦʜʽʪʠ ʤʝʪʦʜʘʤʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʢʝʨʫʚʘʥʥʷ ʧʨʦʝʢʪʘʤʠ, 

ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʤʦʛ ʽ ʢʦʨʝʢʪʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʜʘʥʥʷ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʜʣʷ ʦʙʨʘʥʦʛʦ ʧʨʦʝʢʪʫ; 

Å ʚʦʣʦʜʽʪʠ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ; 

Å ʟʥʘʪʠ ʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘʩʦʙʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ; 
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Å ʙʫʪʠ ʦʙʽʟʥʘʥʠʤ ʽʟ ʩʫʯʘʩʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʛʨʘʮʽʶ ʤʦʜʝʣʝʡ ʫ ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʧʣʘ-

ʥʫʚʘʥʥʷ ʽ ʢʝʨʫʚʘʥʥʷ; 

Å ʚʠʟʥʘʯʘʪʠ ʩʪʨʘʪʝʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶ-

ʚʘʥʥʷ; 

Å ʚʤʽʪʠ ʚʠʙʠʨʘʪʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʢʣʘʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ; 

Å ʤʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʛʘʣʫʟʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦʙ ʩʪʘʪʠ ʜʦʩʚʽʜʯʝʥʠʤ ʝʢʩʧʝʨʪʦʤ ʽ ʬʘʭʽʚʮʝʤ, ʥʝʦʙʭʽʜʥʦ 

ʤʘʪʠ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʚ ʧʨʦʝʢʪʘʭ ʟ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʋ ʧʨʦʝʢʪʥʽʡ ʛʨʫʧʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʝʥʝʜʞʝʨ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʛʨʘʬʽʢ 

ʨʦʙʽʪ, ʧʣʘʥʫʻ ʨʦʟʧʦʜʽʣ ʟʘʚʜʘʥʴ ʧʦ ʚʠʢʦʥʘʚʮʷʭ ʽ ʢʦʥʪʨʦʣʶʻ ʾʭ ʨʦʙʦʪʫ. 

ʉʝʨʝʜ ʚʠʢʦʥʘʚʮʽʚ ʧʨʦʝʢʪʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʦʛʨʘʤʽʩʪʠ, ʟʥʘʡʦʤʽ ʟ ʟʘʩʦ-

ʙʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʦʜʝʣʝʡ, ʪʝʩʪʫʚʘʣʴʥʠʢʠ, 

ʩʧʨʦʤʦʞʥʽ ʧʨʦʚʝʩʪʠ ʚʝʨʠʬʽʢʘʮʽʶ ʪʘ ʚʘʣʽʜʘʮʽʶ ʩʪʚʦʨʝʥʠʭ ʽʤʽʪʘʮʽʡʥʠʭ 

ʤʦʜʝʣʝʡ, ʘʥʘʣʽʪʠʢʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʥʘʣʽʪʠʯʥʠʭ ʟʚʽʪʽʚ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ  ʽ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʦʜʽʚ ʚʝʨʠʬʽʢʘʮʽʾ ʪʘ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʝʡ.  

ɺ ʋʢʨʘʾʥʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʢʦʤʧʘʥʽʾ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʽʤʽʪʘʮʽʡʥʠʤʠ 

ʧʨʦʝʢʪʘʤʠ, ʪʦʤʫ ʥʘʙʫʪʠ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʚʘʞʢʦ. ɺ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʫ 

ʙʽʣʴʰʦʩʪʽ ʚʠʱʠʭ ʟʘ ʥʘʧʨʷʤʦʤ çʂʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠè ʚʠʢʣʘʜʘʶʪʴ ʜʠʩʮʠ-

ʧʣʽʥʫ çʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤè, ʘʣʝ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʫ ʥʽʡ ʥʝ ʧʨʠ-

ʜʽʣʷʻʪʴʩʷ ʫʚʘʛʘ ʪʘʢʠʤ ʧʨʦʝʢʪʘʤ. ʊʦʤʫ ʚ ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʜʣʷ 

ʤʘʛʽʩʪʨʽʚ ʙʫʣʘ ʚʚʝʜʝʥʘ ʜʠʩʮʠʧʣʽʥʘ ʟʘ ʚʠʙʦʨʦʤ ʩʪʫʜʝʥʪʽʚ çɯʤʽʪʘʮʽʡʥʽ 

ʧʨʦʝʢʪʠè ʜʣʷ ʮʠʢʣʫ ʧʨʦʬʝʩʽʡʥʦʾ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʟʘ ʩʧʝʮʽʘʣʴ-

ʥʦʩʪʶ çɯʥʬʦʨʤʘʮʽʡʥʽ ʫʧʨʘʚʣʷʶʯʽ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾè. ʆʩʥʦʚʥʝ ʧʨʠ-

ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʜʠʩʮʠʧʣʽʥʠ ï ʥʘʚʯʠʪʠ ʩʪʫʜʝʥʪʽʚ ʢʦʤʘʥʜʥʽʡ ʨʦʙʦʪʽ.  

ɻʦʣʦʚʥʘ ʧʨʦʙʣʝʤʘ, ʱʦ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʟʘʚʜʘʥʴ ʜʣʷ ʧʨʦ-

ʝʢʪʫʚʘʥʥʷ ï ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ. ʊʦʤʫ ʷʢ ʦʙôʻʢʪʠ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʙʫʣʽ ʦʙʨʘʥʽ ʩʠʩʪʝʤʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʤʽʩʪʘ 

ʪʘ ʛʨʦʤʘʜʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ.   

ʋʩʽ ʩʪʫʜʝʥʪʠ ʨʦʟʜʽʣʷʣʠʩʴ ʥʘ ʛʨʫʧʠ ʟʘ ʙʘʞʘʥʥʷʤ, ʱʦ ʩʢʣʘʜʘʣʠʩʴ ʚʽʜ 

ʪʨʴʦʭ ʜʦ ʧôʷʪʠ ʩʪʫʜʝʥʪʽʚ. ʋ ʛʨʫʧʽ ʚʠʟʥʘʯʘʚʩʷ ʣʽʜʝʨ ï ʤʝʥʝʜʞʝʨ ʧʨʦʝʢʪʫ, 

ʷʢʠʡ ʨʦʟʧʦʜʽʣʷʚ ʟʘʚʜʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶʚʘʚ ʾʭ ʚʠʢʦʥʘʥʥʷ. ʇʨʦʝʢʪ ʚʢʣʶʯʘʚ: 

ʚʠʙʽʨ ʦʙôʻʢʪʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ; ʟʙʠʨʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ; ʬʦʨ-

ʤʫʚʘʥʥʷ ʚʠʤʦʛ ʽ ʨʦʟʨʦʙʢʫ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ; ʩʪʚʦʨʝʥʥʷ ʢʦʥʮʝʧʪʫʘʣʴ-

ʥʦʾ ʪʘ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʝʡ; ʧʨʦʚʝʜʝʥʥʷ ʚʝʨʠʬʽʢʘʮʽʾ ʪʘ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ; 

ʨʦʟʨʦʙʢʫ ʟʘʩʦʙʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʘʙʦ ʘʥʽʤʘʮʽʾ; ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥ-

ʪʘʮʽʾ ʥʘ ʧʨʦʝʢʪ ʽ ʟʘʭʠʩʪ ʧʨʦʝʢʪʫ. ɺʠʢʣʘʜʘʯ ʚʠʢʦʥʫʚʘʚ ʨʦʣʴ ʝʢʩʧʝʨʪʘ ʪʘ 

ʟʘʤʦʚʥʠʢʘ, ʢʦʥʪʨʦʣʶʚʘʚ ʭʽʜ ʚʠʢʦʥʘʥʥʷ ʪʘ ʧʨʠʡʤʘʚ ʧʨʦʝʢʪʠ.  
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ʉʪʫʜʝʥʪʠ ʦʙʠʨʘʣʠ ʨʽʟʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘʩʦʙʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʩʚʽʡ ʨʦʟʩʫʜ, ʩʝʨʝʜ ʷʢʠʭ ʙʫʣʠ ʡ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʟʘʩʦʙʠ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. ɿʚʠʯʘʡʥʦ ʤʦʜʝʣʶʚʘʣʠ ʜʝʢʽʣʴʢʘ ʨʝ-

ʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʭʨʝʩʪʴ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʢʽʣʴʢʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʘʚʪʦʙʫʩʥʽ ʤʘʨʰʨʫʪʠ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʘʚʪʦʙʫʩʽʚ ʥʘ ʤʘʨʰʨʫʪʽ ʚ ʨʽʟʥʽ ʛʦʜʠʥʠ ʜʥʷ. ɺʩʽ ʧʨʦʝʢʪʠ ʩʫʧʨʦʚʦʜʞʫʚʘ-

ʣʠʩʴ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʘʙʦ ʘʥʽʤʘʮʽʻʶ.  

ɿʘʭʠʩʪʠ ʽʤʽʪʘʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ ʚʽʜʙʫʚʘʣʠʩʷ ʫ ʚʠʛʣʷʜʽ ʧʨʝʟʝʥʪʘʮʽʡ ʽ ʜʦ-

ʧʦʚʽʜʝʡ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʪʘ ʦʮʽʥʶʚʘʚʩʷ ʚʠʢʣʘʜʘʯʝʤ ʟ ʦʙʛʦʚʦʨʝʥʥʷʤ 

ʦʮʽʥʦʢ. 

ɼʦʩʚʽʜ ʚʠʢʣʘʜʘʥʥʷ ʜʠʩʮʠʧʣʽʥʠ çɯʤʽʪʘʮʽʡʥʽ ʧʨʦʝʢʪʠè ʧʦʢʘʟʘʚ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ, ʥʘʚʯʘʚ ʢʦʤʘʥʜʥʽʡ ʨʦʙʦʪʽ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʚ-

ʯʘʚ ʚʽʜʧʦʚʽʜʘʪʠ ʥʝ ʪʽʣʴʢʠ ʟʘ ʩʚʦʶ ʯʘʩʪʠʥʫ ʨʦʙʦʪʠ, ʘ ʾ ʟʘ ʧʨʦʝʢʪ ʚ ʮʽʣʦʤʫ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʊʦʤʘʰʝʚʩʢʠʡ ɺ.ʄ., ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ. ï ʂ.:ɺʠʜʘʚʥʠʯʘ ʛʨʫʧʘ 

ɺʅV, 2005, ï 352 ʩ. 

 

ʋɼʂ 004.62 

ʂʃɸʉʊɽʈʀɿɸʎɯʗ ʂʆʈʀʉʊʋɺɸʏɯɺ ɿɸ ɰʍ ɯʅʊɽʈɽʉɸʄʀ 

ɹʫʣʛʘʨ ʄ.ʄ. 

ʅʊʋʋ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʉʴʦʛʦʜʥʽ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʻ ʜʞʝʨʝʣʦʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥ-

ʬʦʨʤʘʮʽʾ, ʷʢ ʧʨʦ ʦʢʨʝʤʫ ʣʶʜʠʥʫ, ʪʘʢ ʽ ʧʨʦ ʪʝ ʯʠʤ ʮʽʢʘʚʠʪʴʩʷ ʩʦʮʽʫʤ. 

ʉʧʦʩʦʙʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʙʝʟʣʽʯ, ʘʣʝ ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʘ ʾʾ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ.  

ʇʨʠʢʣʘʜʘʤʠ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ: 

¶ ʈʝʢʦʤʝʥʜʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʫ ʩʭʦʞʠʭ ʣʶʜʝʡ ʟʘ ʽʥʪʝʨʝʩʘʤʠ; 

¶ ɸʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ ʫ ʩʦʮʽʫʤʽ; 

¶ ɺʽʨʫʩʥʠʡ ʤʘʨʢʝʪʠʥʛ: ʽʥʪʝʨʥʝʪ-ʤʘʨʢʝʪʦʣʦʛʠ ʤʦʞʫʪʴ ʟʘʭʦʪʽʪʠ ʨʦʟ-

ʤʽʩʪʠʪʠ ʩʚʦʻ ʦʛʦʣʦʰʝʥʥʷ ʧʝʚʥʠʤ ʛʨʫʧʘʤ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʨʠʥʢʫ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʩʧʨʦʙʫʚʘʪʠ ʷʢʦʩʴ ʧʦʜʽ-

ʣʠʪʠ ʮʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʛʨʫʧʠ ʟʘ ʾʭ ʽʥʪʝʨʝʩʘʤʠ. 

ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʧʨʠʜʫʤʘʪʠ ʩʧʦʩʽʙ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʜʝʢʩʫ 

ʩʭʦʞʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʘʚʰʠ ʮʝʡ ʽʥʜʝʢʩ ʽ ʤʽʨʫ ʢʣʘʩʪʝ-

ʨʠʟʘʮʽʾ ʨʦʟʧʦʜʽʣʠʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʛʨʫʧʠ ʟʘ ʾʭ ʩʭʦʞʽʩʪʶ ʧʦ ʽʥʪʝʨʝʩʘʤ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ. 

ɸʣʛʦʨʠʪʤ k - ʩʝʨʝʜʥʽʭ ʧʨʠʡʤʘʻ ʚ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘʙʽʨ ʜʘ-

ʥʠʭ(1): 

                         ὢ ὼȟὭ ρȟὲǰ  ,                                          (1) 
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ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨ k , ʱʦ ʟʘʜʘʻ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ . ʅʘ ʚʠ-

ʭʦʜʽ ʦʪʨʠʤʫʻʤʦ ʥʘʙʽʨ ʟ k ʮʝʥʪʨʦʾʜʽʚ ʢʣʘʩʪʝʨʽʚ , ʢʨʽʤ ʪʦʛʦ, ʚʩʽ ʪʦʯʢʠ ʤʥʦ-

ʞʠʥʠ X ʧʨʠʩʚʦʶʶʪʴʩʷ ʤʽʪʢʠ , ʷʢʽ ʚʽʜʥʦʩʷʪʴ ʾʭ ʜʦ ʧʝʚʥʦʛʦ ʢʣʘʩʪʝʨʫ . ɺʩʽ 

ʪʦʯʢʠ ʚ ʤʝʞʘʭ ʜʘʥʦʛʦ ʢʣʘʩʪʝʨʘ ʨʦʟʪʘʰʦʚʘʥʽ ʙʣʠʞʯʝ ʜʦ ʩʚʦʛʦ ʮʝʥʪʨʦʾʜʫ, 

ʥʽʞ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʮʝʥʪʨʦʾʜʫ[1]. 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ. 

ʄʘʻʤʦ ʤʘʩʠʚ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʦʙ'ʻʢʪʽʚ), ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʧʝʚʥʽ ʟʥʘ-

ʯʝʥʥʷ ʧʦ ʨʷʜʫ ʦʟʥʘʢ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ ʟʥʘʯʝʥʴ ʦʙ'ʻʢʪ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ 

ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

1. ɼʦʩʣʽʜʥʠʢ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʫʪʚʦʨʠʪʠ 

2. ɺʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʦʙʠʨʘʻʪʴʩʷ k ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʽ ʥʘ ʮʴʦʤʫ 

ʢʨʦʮʽ ʚʚʘʞʘʶʪʴʩʷ ʮʝʥʪʨʘʤʠ ʢʣʘʩʪʝʨʽʚ 

3. ʂʦʞʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ çʧʨʠʧʠʩʫʻʪʴʩʷè ʜʦ ʦʜʥʦʛʦ ʟ n ʢʣʘʩʪʝ-
ʨʽʚ ð ʪʦʛʦ, ʚʽʜʩʪʘʥʴ ʜʦ ʷʢʦʛʦ ʥʘʡʢʦʨʦʪʰʘ 

4. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʦʚʠʡ ʮʝʥʪʨ ʢʦʞʥʦʛʦ ʢʣʘʩʪʝʨʘ ʷʢ ʝʣʝʤʝʥʪ, 
ʦʟʥʘʢʠ ʷʢʦʛʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʦʟʥʘʢ ʦʙ'ʻʢʪʽʚ, 

ʱʦ ʚʭʦʜʷʪʴ ʫ ʮʝʡ ʢʣʘʩʪʝʨ 

5. ɺʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ (ʧʦʚʪʦʨʶʶʪʴʩʷ ʢʨʦʢʠ 3-4), 

ʧʦʢʠ ʢʣʘʩʪʝʨʥʽ ʮʝʥʪʨʠ ʩʪʘʥʫʪʴ ʩʪʽʡʢʠʤʠ (ʪʦʙʪʦ ʧʨʠ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʚ 

ʢʦʞʥʦʤʫ ʢʣʘʩʪʝʨʽ ʦʧʠʥʷʪʠʤʫʪʴʩʷ ʦʜʥʽ ʡ ʪʽ ʩʘʤʽ ʦʙ'ʻʢʪʠ), ʜʠʩʧʝʨʩʽʷ ʚʩʝ-

ʨʝʜʠʥʽ ʢʣʘʩʪʝʨʘ ʙʫʜʝ ʤʽʥʽʤʽʟʦʚʘʥʘ, ʘ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ ð ʤʘʢʩʠʤʽʟʦ-

ʚʘʥʘ[2] 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʤʥʦʞʠʥʦʶ ʦʙôʻʢʪʽʚ ʻ ʤʥʦʞʠʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʂʽ-

ʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ï ʬʽʢʩʦʚʘʥʘ. ɺ ʷʢʦʩʪʽ ʤʝʪʨʠʢʠ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʽʥ-

ʜʝʢʩ ʩʭʦʞʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɺʠʩʥʦʚʦʢ. ʆʪʞʝ, ʚʠʢʦʥʘʚʰʠ ʜʽʾ ʥʘʚʝʜʝʥʽ ʚ ʘʣʛʦʨʠʪʤʽ ʢʣʘʩʪʝʨʠʟʦʚʘ-

ʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʤʠ ʦʪʨʠʤʫʻʤʦ ʛʨʫʧʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʭʦʞʠʭ ʟʘ ʽʥʪʝʨʝ-

ʩʘʤʠ. 

ʃʽʪʝʨʘʪʫʨʘ  

1.Hartigan, J. A.; Wong, M. A. Algorithm AS 136: A K-Means Clustering 

Algorithm // Journal of the Royal Statistical Society, Series C  1979 - P.100ï

108. 

2.Jiawei Han Micheline KamberJian Pei; Data Mining: Concepts and 

Techniques - Morgan Kaufmann - 22nd June 2011. ï P.267-268. 
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ɼɽʊɽʂʊʋɺɸʅʅʗ ɯʅʊɽʈɽʉɯɺ ʂʆʈʀʉʊʋɺɸʏɯɺ 

ʉʆʎɯɸʃʔʅʀʍ ʄɽʈɽɾ 

ʆ.ʆ. ɼʨʫʞʠʥʽʥ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʆʩʥʦʚʥʠʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʨʦʙʦʪʠ ʚ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽʡ ʧʨʘʢʪʠʮʽ ʘʥʘ-

ʣʽʟʫ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʻ ʜʘʥʽ ʦʥʣʘʡʥ ʜʦʩʣʽʜʞʝʥʴ. ɸʥʘʣʽʟ ʩʦʮʽʘʣʴʥʠʭ ʤʝ-

ʨʝʞ ʧʦʯʘʣʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʜʚʘʜʮʷʪʦʛʦ ʩʪʦʣʽʪʪʷ ʷʢ ʜʦ-

ʧʦʚʥʝʥʥʷ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʫ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʦʮʽʘʣʴʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ. 

ɺ ʡʦʛʦ ʦʩʥʦʚʽ ʣʝʞʠʪʴ ʧʝʨʝʢʦʥʘʥʥʷ, ʱʦ ʧʦʷʩʥʝʥʥʷ ʛʨʦʤʘʜʩʴʢʦʾ ʦʨʛʘʥʽʟʘ-

ʮʽʾ ʥʝ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʘʭ ʘʙʦ ʘʙʩʪʨʘʢʪʥʠʭ ʩʠʣʘʭ. ɿʘ-

ʤʽʩʪʴ ʮʴʦʛʦ ʤʠ ʤʦʞʝʤʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʩʪʨʫʢʪʫʨʠ ʚʽʜʥʦʩʠʥ, ʷʢʽ ʥʘʣʘ-

ʛʦʜʞʫʶʪʴ ʘʙʦ ʦʙʤʝʞʫʶʪʴ ʚʟʘʻʤʦʜʽʾ, ʘ ʪʘʢʦʞ ʥʘ ʧʦʚʝʜʽʥʢʫ, ʷʢʽ ʚʽʜʪʚʦʨʶ-

ʶʪʴ ʽ ʟʤʽʥʶʶʪʴ ʮʽ ʩʪʨʫʢʪʫʨʠ. 

ʗʢʱʦ ʤʠ ʛʦʚʦʨʠʤʦ ʧʨʦ ʦʥʣʘʡʥ ʚʟʘʻʤʦʜʽʶ, ʦʜʨʘʟʫ ʚʠʥʠʢʘʻ ʧʦʥʷʪʪʷ 

ʤʝʨʝʞʝʚʦʾ ʩʪʨʫʢʪʫʨʠ. ʅʘʚʽʪʴ ʚ ʥʘʡʧʨʦʩʪʽʰʠʭ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʤʦ-

ʞʥʘ ʟʥʘʡʪʠ ʛʨʫʧʠ ʚʫʟʣʽʚ ʪʘʢʠʭ ʷʢ ʣʶʜʠ, ʦʨʛʘʥʽʟʘʮʽʾ ʘʙʦ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʽ 

ʟʚ'ʷʟʢʠ ʤʽʞ ʥʠʤʠ. ɯʥʪʝʨʥʝʪ ʻ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʤ  ʥʘʙʦʨʦʤ ʩʪʦʨʽʥʦʢ ʽ ʟʚ'ʷ-

ʟʢʽʚ ʤʽʞ ʥʠʤʠ. ʊʦʤʫ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʝʣʝʢʪʨʦʥʥʘ ʢʦʤʫʥʽʢʘʮʽʷ ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʤʝʨʝʞʘ ʚʽʜʧʨʘʚʥʠʢʽʚ ʽ ʦʜʝʨʞʫʚʘʯʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʽʜʥʦʩʠʥʠ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʽʥʪʝʨʥʝʪʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʩʝʨʽʶ 

ʚʫʟʣʽʚ (ʧʨʦʬʽʣʽʚ) ʽ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʥʠʤʠ. 

ʎʠʬʨʦʚʘ ʧʨʠʨʦʜʘ ʽʥʬʦʨʤʘʮʽʾ ʧʦʣʝʛʰʫʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʘ-

ʥʠʭ ʧʨʦ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ. ʋʷʚʣʝʥʥʷ ʧʨʦ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ ʚʽʜʥʦʩʠʥʠ 

ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʟʘʜʦʚʛʦ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʽʥʪʝʨʥʝʪʫ. ʇʨʦʪʝ, ʟʙʽʨ ʦʩʦʙʠʩ-

ʪʠʭ ʜʘʥʠʭ ʻ ʥʝ ʣʝʛʢʦʶ ʧʨʦʮʝʜʫʨʦʶ, ʱʦ ʧʦʪʨʝʙʫʻ ʙʘʛʘʪʦ ʯʘʩʫ ̔  ʧʦʪʫʞʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ; ʣʶʜʠ ʽʥʦʜʽ ʩʘʤʽ ʥʝ ʨʦʟʫʤʽʶʪʴ, ʭʪʦ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʾʭ ʦʩʦʙʠʩʪʦʾ ʤʝʨʝʞʽ, ʘ ʜʦʩʣʽʜʥʠʢʫ ʚʘʞʣʠʚʦ ʟʽʙʨʘʪʠ ʪʦʯʥʽ ʜʘʥʽ 

ʧʨʦ ʚʟʘʻʤʦʜʽʾ. ʎʽ ʧʨʦʙʣʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʤʽʥʽʤʽʟʦʚʘʥʽ ʟʘ ʨʘʭʫʥʦʢ ʦʥ-

ʣʘʡʥ-ʜʦʩʣʽʜʞʝʥʴ, ʪʦʤʫ ʱʦ ʚ ʥʠʭ ʽʥʬʦʨʤʘʮʽʷ ʻ ʮʠʬʨʦʚʦʶ ʱʦ ʟʘʢʦʜʦʚʘʥʘ 

ʯʝʨʝʟ ʘʢʪ ʚʽʜʧʨʘʚʢʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʘʙʦ ʜʦʜʘʚʘʥʥʷ ʜʨʫʛʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʫʥʢʮʽʦʥʘʣʫ ʽʥʪʝʨʥʝʪ-ʩʪʦʨʽʥʢʠ. ʂʨʽʤ ʪʦʛʦ, ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʨʝʞʘʭ ʥʝʩʢʣʘʜʥʦ ʢʦʧʽʶʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

ʇʽʜ ʧʦʥʷʪʪʷʤ çʤʝʨʝʞʘè ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʥʘʙʽʨ ʚʫʟʣʽʚ (ʪʘʢʠʭ ʷʢ 

ʣʶʜʠ, ʦʨʛʘʥʽʟʘʮʽʾ, ʚʝʙ-ʩʪʦʨʽʥʢʠ ʘʙʦ ʜʝʨʞʘʚʥʽ ʫʪʚʦʨʝʥʥʷ). ʊʘʢʦʞ ʮʝ ʚʽʜ-

ʥʦʩʠʥʠ ʘʙʦ ʟʚ'ʷʟʢʠ ʤʽʞ ʮʠʤʠ ʚʫʟʣʘʤʠ. ʂʦʞʥʝ ʚʽʜʥʦʰʝʥʥʷ ʟ'ʻʜʥʫʻ ʢʽʣʴʢʘ 

ʚʫʟʣʽʚ. ʗʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʥʘʧʨʘʚʣʝʥʦ, ʚʦʥʦ ʟʦʙʨʘʞʫʻʪʴʩʷ ʷʢ ʚʝʢʪʦʨ; 

ʷʢʱʦ ʥʝ ʥʘʧʨʘʚʣʝʥʝ - ʟʦʙʨʘʞʫʻʪʴʩʷ ʷʢ ʨʝʙʨʦ. ʇʦʰʪʦʚʘ ʤʝʨʝʞʘ, ʥʘʧʨʠ-

ʢʣʘʜ, ʻ ʥʘʧʨʘʚʣʝʥʦʶ ʤʝʨʝʞʝʶ ʚʽʜʧʨʘʚʥʠʢʽʚ ʽ ʦʜʝʨʞʫʚʘʯʽʚ. ʉʦʮʽʘʣʴʥʘ 
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ʤʝʨʝʞʘ, ʦʨʛʘʥʽʟʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʘʟʚʠ-

ʯʘʡ ʻ ʥʝʥʘʧʨʘʚʣʝʥʦʶ ʤʝʨʝʞʝʶ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʇʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʘʥʘʣʽʟʫ ʻ ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʤʝ-

ʨʝʞʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʦʙʤʝʞʫʚʘʪʠ ʘʙʦ ʟʘʦʭʦʯʫʚʘʪʠ 

ʛʨʦʤʘʜʩʴʢʽ ʢʦʤʫʥʽʢʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʻ ʪʽʣʴʢʠ ʦʜʠʥ ʚʫʟʦʣ, ʱʦ ʟ'ʻʜ-

ʥʫʻ ʜʚʽ ʛʨʫʧʠ, ʪʦ ʮʝʡ ʚʫʟʦʣ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʡ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʧʝʨʝ-

ʜʘʯʽ: ʚʽʥ ʤʦʞʝ ʥʘʚʽʪʴ ʢʝʨʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʻʶ, ʦʩʢʽʣʴʢʠ ʯʝʨʝʟ ʥʴʦʛʦ ʧʨʦ-

ʭʦʜʷʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ. ʂʨʽʤ ʪʦʛʦ, ʤʝʨʝʞʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʮʽʢʘʚʽ 

ʩʪʨʫʢʪʫʨʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʽʣʶʩʪʨʘʮʽʷ ʚʩʽʭ ʟ'ʻʜʥʘʥʴ ʧʦʰʪʦ-

ʚʦʾ ʤʝʨʝʞʽ ʙʫʜʝ ʥʘʦʯʥʠʤ ʽ ʟʨʦʟʫʤʽʣʠʤ ʟʨʘʟʢʦʤ ʚʽʜʥʦʩʠʥ ʜʣʷ ʚʣʘʩʥʠʢʘ 

ʧʦʰʪʦʚʦʾ ʩʢʨʠʥʴʢʠ. 

ʉʦʮʽʘʣʴʥʠʡ ʛʨʘʬ ï ʮʝ ʛʨʘʬ, ʚʫʟʣʠ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʦʮʽʘʣʴʥʠʤʠ 

ʦʙ'ʻʢʪʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʧʨʦʬʽʣʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʨʽʟʥʠʤʠ ʘʪʨʠʙʫʪʘʤʠ (ʥʘ-

ʧʨʠʢʣʘʜ: ʽʤ'ʷ, ʜʝʥʴ ʥʘʨʦʜʞʝʥʥʷ, ʨʽʜʥʝ ʤʽʩʪʦ ʽ ʪ. ʽʥ.), ʩʧʽʣʴʥʦʪʠ, ʤʝʜʽʘ-

ʢʦʥʪʝʥʪ ʽ ʪ. ʽʥ., ʘ ʨʝʙʨʘ - ʩʦʮʽʘʣʴʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ ʤʽʞ ʥʠʤʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʢʣʘʜ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʦʮʽʘʣʴʥʦʛʦ ʛʨʘʬʘ 

ʅʝʷʚʥʠʡ ʩʦʮʽʘʣʴʥʠʡ ʛʨʘʬ ï ʮʝ ʪʘʢʠʡ ʛʨʘʬ, ʷʢʠʡ ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ 

ʥʘ ʦʩʥʦʚʽ ʚʟʘʻʤʦʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ ʟʽ ʩʚʦʾʤʠ çʜʨʫʟʷʤʠè ʽ ʛʨʫʧʘʤʠ çʜʨʫʟʽʚè 

ʚ ʩʦʮʽʘʣʴʥʽʡ ʤʝʨʝʞʽ. ʋ ʮʴʦʤʫ ʛʨʘʬʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ ʩʦʮʽʘʣʴ-

ʥʦʛʦ ʛʨʘʬʘ, ʥʝʤʘʻ ʷʚʥʦʾ ʚʢʘʟʽʚʢʠ çʜʨʫʟʽʚè, ʪʦʙʪʦ ʥʝʤʘʻ ʷʚʥʠʭ ʩʦʮʽʘʣʴ-

ʥʠʭ ʟʚ'ʷʟʢʽʚ. 

ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʩʦʮʽʘʣʴʥʠʭ ʛʨʘʬʽʚ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʠʟʢʦʶ ʧʨʦʙʣʝʤ, ʷʢ ʥʘ-

ʧʨʠʢʣʘʜ ʚʽʜʤʽʥʥʦʩʪʽ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ, ʟʘʢʨʠʪʽʩʪʴ ʩʦʮʽʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʪ. 

ʽʥ. 

ɻʨʘʬ ʽʥʪʝʨʝʩʽʚ ï ʮʝ ʦʥʣʘʡʥ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʪʝʨʝʩʽʚ ʢʦʥʢʨʝʪʥʦʾ ʣʶ-

ʜʠʥʠ, ʦʪʨʠʤʘʥʝ ʥʘ ʦʩʥʦʚʽ ʾʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʠʢʣʘʜ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʘʬʘ ʽʥʪʝʨʝʩʽʚ 

ɺʝʨʰʠʥʘʤʠ ʚ ʪʘʢʦʤʫ ʛʨʘʬʽ ʤʦʞʫʪʴ ʙʫʪʠ ʻ ʟʘʭʦʧʣʝʥʥʷ ʣʶʜʠʥʠ, ʡʦʛʦ 

ʽʥʪʝʨʝʩʠ, ʘʙʦ  ʾʾ ʧʨʦʬʽʣʴ ʣʶʜʠʥʠ ʚ ʩʦʮʽʘʣʴʥʽʡ ʤʝʨʝʞʽ, ʧʨʠ ʮʴʦʤʫ ʨʝʙʨʘ 

ʪʘʢʦʛʦ ʛʨʘʬʘ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʟʘʻʤʠʥʠ ʤʽʞ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʘ ʽʥʪʝʨʝʩʽʚ ʤʦʞʥʘ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʣʶʜʠʥʘ ʭʦʯʝ ʟʨʦ-

ʙʠʪʠ, ʢʫʧʠʪʠ, ʢʫʜʠ ʭʦʯʝ ʧʽʪʠ, ʟ ʢʠʤ ʤʦʞʝ ʟʫʩʪʨʽʪʠʩʷ, ʟʘ ʯʠʻʶ ʘʢʪʠʚʥʽʩʪʶ 

ʾʡ ʮʽʢʘʚʦ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ, ʘ ʪʘʢʦʞ ʩʢʘʟʘʪʠ ʟ ʧʝʚʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʧʨʦ 

ʡʦʛʦ ʩʪʘʚʣʝʥʥʷ ʜʦ ʧʦʜʽʾ ʘʙʦ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ. 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʘ ʽʥʪʝʨʝʩʽʚ, ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʩʧʦʞʠʚʘʯʘ, ʪʘʢ ʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʽʟʥʝʩʤʝʥʘ. ʋ ʧʦʻʜʥʘʥʥʽ ʟ ʩʦʮʽʘʣʴʥʠʤ ʛʨʘ-

ʬʦʤ, ʛʨʘʬ ʽʥʪʝʨʝʩʽʚ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚ'ʷʟʢʽʚ 

ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʘʙʦ ʚ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ. ʋ ʪʘʢʠʭ 

ʤʝʨʝʞʘʭ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʽ ʜʽʣʠʪʠʩʷ ʩʚʦʾʤʠ ʟʘʭʦʧʣʝʥʥʷʤʠ, 

ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʾʤ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʟʥʘʪʠ ʦʜʠʥ ʦʜʥʦʛʦ. ɻʨʘʬ ʽʥʪʝʨʝʩʽʚ ʪʘʢ 

ʩʘʤʦ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʚ ʤʘʨʢʝʪʠʥʛʫ, ʚ ʮʽʣʷʭ ʘʥʘʣʽʟʫ ʘʫʜʠʪʦʨʽʾ 

ʧʨʦʝʢʪʫ ʽ ʧʦʜʘʣʴʰʠʭ ʧʨʦʜʘʞʽʚ ʥʘ ʦʩʥʦʚʽ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ, ʜʣʷ ʘʥʘʣʽʟʫ ʪʦ-

ʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʫ ʽ ʜʣʷ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦʾ ʨʝʢʣʘʤʠ, ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʽʥʪʝʨʝ-

ʩʘʭ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʊʘʢʦʞ ʛʨʘʬ ʽʥʪʝʨʝʩʽʚ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʨʦʜʫ-

ʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʙʘʞʘʥʴ ʩʧʦʞʠʚʘʯʘ, ʚʽʥ ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ ʷʢʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʤʦʞʣʠʚʦʩʪʽ ʩʣʽʜ ʥʘʜʘʪʠ ʚ ʥʘʩʪʫʧʥʠʭ ʚʝʨʩʽʷʭ. ɻʨʘʬ ʽʥʪʝʨʝ-

ʩʽʚ ʤʘʻ ʙʝʟʣʽʯ ʽʥʰʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʚʢʣʶʯʘʶʯʠ ʟʘʚʜʘʥʥʷ ʚʠʷʚʣʝʥʥʷ ʚʤʽʩʪʫ 

ʪʘ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʬʽʣʴʤʘʭ, ʢʥʠʛʘʭ, ʤʫʟʠʮʽ ʽ ʪʘʢ 

ʜʘʣʽ. 

ʗʢ ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʷʢʠʤʠ ʚʽʜʙʫʚʘʚʩʷ ʘʥʘʣʽʟ ʽʥʪʝʨʝʩʽʚ ʢʦʨʠʩ-

ʪʫʚʘʯʽʚ ʙʫʣʘ ʦʙʨʘʥʘ ʛʣʦʙʘʣʴʥʘ ʩʦʮʽʘʣʴʥʘ ʤʝʨʝʞʘ Facebook.com, ʪʦʤʫ ʱʦ 

ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʤʦʤʝʥʪ ʩʘʤʝ ʚʦʥʘ ʟʘʡʤʘʻ ʣʽʜʠʨʫʶʯʽ ʧʦʟʠʮʽʾ ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʨʝʞ ʥʘʰʦʾ ʢʨʘʾʥʠ. 



148 

 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʜʣʷ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ, ʷʢ ʽ ʩʣʽʜ ʙʫʣʦ ʦʯʽʢʫ-

ʚʘʪʠ, ʻ ʚʩʽ ʪʽ ʞ ʧʨʦʙʣʝʤʠ çbig dataè, ʷʢʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʤʦʤʝʥʪ ʚʠʨʽʰʫ-

ʶʪʴʩʷ, ʟʦʢʨʝʤʘ, ʟ ʜʦʧʦʤʦʛʪʠ ʢʨʘʱʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 
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ʋɼʂ 004.5 

ɺɿɸɭʄʆɿɺôʗɿʆʂ ɽʌɽʂʊʀɺʅʆʉʊɯ ɯʅʌʆʈʄɸʎɯʁʅʆɰ 

ʊɽʍʅʆʃʆɻɯɰ ɿɸɹɽɿʇɽʏɽʅʅʗ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ 

ɺɯɼʂʈʀʊʆɰ ɿʄɯʐɸʅʆɰ ʉʀʉʊɽʄʀ ɿ ʗʂɯʉʊʖ 

ɺʀɻʆʊʆɺʃɽʅʅʗ ɼɽʊɸʃɯ 

ʆ.ɯ. ʃʘʢʪʽʦʥʦʚ 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥ-

ʜʨʘʪʶʢʘ, ʋʢʨʘʾʥʘ 

1. ɺʩʪʫʧ 

ʋ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʷʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʠʩ-

ʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ (ʜʘʣʽ, ʏʇʂ) ï ʧʨʦʜʫʢʪ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷ-

ʣʴʥʦʩʪʽ  ʦʧʝʨʘʪʦʨʘ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʻ ʝʣʝʤʝʥʪʦʤ ʚʽʜʢʨʠ-

ʪʦʾ ʟʤʽʰʘʥʦʾ ʩʠʩʪʝʤʠ çʆʧʝʨʘʪʦʨ ï ɺʝʨʩʪʘʪ ï ʂʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʚʠʛʦʪʦ-

ʚʣʝʥʥʷ ʜʝʪʘʣʽè (ʜʘʣʽ, çʆɺʂʇè) ʪʘ ʦʙôʻʢʪʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡ-

ʥʦʾ ʪʝʭʥʦʣʦʛʽʾ,  ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ.  

2. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

 ʇʨʦʙʣʝʤʫ ʚʧʣʠʚʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙ-

ʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ ɸ. ɻ. ɸʙʨʽ, ʄ. ʄʘʭʤʫʜʟʘʜʝ [1], ʚʠʚʯʘʣʠ 
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ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʨʝʧʫʪʘʮʽʾ ʚʠʨʦʙʥʠʯʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʂʘʟʠʤʠʨ ɺ. ɺ., ʐʝʤʝʪ ɺ. 

ʇ. [2], ʷʢʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟ ʝʬʝʢ-

ʪʠʚʥʽʩʪʶ ʧʦʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʽʥ.. 

ʇʨʦʙʣʝʤʫ ʚʧʣʠʚʫ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦ-

ʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʜʣʷ ʚʠʙʽʨʢʦʚʠʭ ʤʦʜʝʣʝʡ ʪʘ ʦʜʥʽʻʾ ʩʠ-

ʩʪʝʤʠ: ʈʘʜʢʝʚʠʯ ʗ. ʄ., ɹʝʣʷʥʢʥ̔ʘ ʆ. ɺ., ʉʟ̔ʦʚʘ ɽ. ʀ. ʪʘ ʽʥ.. [3], ʉʦʪʥʠʢ 

ʉ.ɺ., ɼʝʤʩʴʢʘ ʅ.ʇ. [4] ʪʘ ʽʥ.. 

 ʆʜʥʘʢ, ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʤ ʚʧʣʠʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜʢʨʠʪʦʾ ʟʤʽʰʘʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʷʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ.  

3. ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜʢʨʠʪʦʾ ʟʤʽʰʘ-

ʥʦʾ ʩʠʩʪʝʤ  ʥʘ ʷʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ ʫ 2016 

ʨʦʮʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʦʜʥʦʩʪʫʧʽʥʯʘʩʪʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʙʝʟ-

ʧʦʚʪʦʨʥʦʛʦ ʚʽʜʙʦʨʫ [5, ʩ. 117] ʩʬʦʨʤʦʚʘʥʘ ʧʦʩʪʽʡʥʦ ʜʽʶʯʘ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʘ ʚʠʙʽʨʢʦʚʘ ʩʫʢʫʧʥʽʩʪʴ ʟ 34 ʩʠʩʪʝʤ çʆɺʂʇè, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʤʦʜʝʣʽ ɻʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʩʠʩʪʝʤ çʆɺʂʇè ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʟʘ-

ʚʦʜʽʚ ʤ. ʂʘʨʣʽʚʢʘ, ʤ. ʇʦʣʪʘʚʠ ʪʘ ʤ. ʍʘʨʢʦʚʘ, ʟ ʜʦʚʽʨʯʦʶ ʡʤʦʚʽʨʥʽʩʪʶ 

95%, ʦʧʝʨʘʪʦʨʠ ʷʢʠʭ ʫ 2017 ʨʦʮʽ  ʧʽʜʚʠʱʠʣʠ ʩʚʽʡ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʡ ʨʦʟ-

ʨʷʜ ʟʘʩʦʙʘʤʠ ʬʦʨʤʫʶʯʠʭ ʤʝʪʦʜʽʚ ʜʝʨʞʘʚʥʦʾ ʘʪʝʩʪʘʮʽʾ. 

ɺʟʘʻʤʦʟʚôʷʟʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜʢʨʠʪʦʾ ʟʤʽʰʘʥʦʾ ʩʠʩʪʝʤʠ ʟ ʷʢʽʩʪʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝ-

ʪʘʣʽ ʚʠʚʯʘʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʠʭ ʥʘʤʠ ʪʨʴʦʭ ʽʥʜʝʢʩʽʚ ï ʧʨʦ-

ʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ [6]; ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

[7] ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʫ ʜʘʥʽʡ ʩʪʘʪʪʽ ʽʥʜʝʢʩʫ  ̫ ʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝ-

ʪʘʣʽ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ. 

 ɯʥʜʝʢʩ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʻ ʩʢʣʘʜʦʚʠʤ ʫʟʘʛʘʣʴʥʶʶʯʦʛʦ 

ʽʥʜʝʢʩʫ  ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ  

( *

)(ɽɯʊʽ
Yɯ ), ʷʢʠʡ  ʦʙôʻʜʥʫʻ ʝʤʧʽʨʠʯʥʽ ʦʮʽʥʢʠ ʾʾ ʪʨʴʦʭ ʧʽʜʩʠʩʪʝʤ ʩʠʩʪʝʤʠ 

çʆɺʂʇè: 1) ʩʦʮʽʘʣʴʥʦʾ (ʉʽ), ʝʣʝʤʝʥʪʦʤ ʷʢʦʾ ʻ ʦʧʝʨʘʪʦʨ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ; 

2) ʪʝʭʥʽʯʥʦʾ (ʊʽ),  ʥʝʚʽʜôʻʤʥʠʤ ʘʪʨʠʙʫʪʦʤ ʷʢʦʾ ʻ ʚʝʨʩʪʘʪ ʟ ʏʇʂ, ʧʨʦʜʫʢ-

ʪʠʚʥʽʩʪʴ ʷʢʦʛʦ ʟʘʜʘʻʪʴʩʷ ʡʦʛʦ ʪʠʧʦʤ: (1 ïçʅè; 2 ï çʇè; 3 ïçɺè; 4 ï çɸ ʽ 

ʉè); 3) ʽʥʬʦʨʤʘʮʽʡʥʦʾ (ɯʽ), ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʫʤʦʚ-

ʥʠʡ  ʨʽʚʝʥʴ ʩʢʣʘʜʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ (1 ï çɺʘʣè; 2 ï çɺʘʞʽʣʴè, 3 

ï çʂʦʨʧʫʩ ʢʦʤʧʨʝʩʦʨʘè, 4 ï çʂʦʨʦʙʢʘ ʰʚʠʜʢʦʩʪʝʡè;)ʽ ʚʠʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ (1): 
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iʇʂʽʽ tɯʉ
 ï ʽʥʪʝʛʨʦʚʘʥʠʡ  ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʦʮʽʘʣʴʥʦʾ 

ʧʽʜʩʠʩʪʝʤʠ, ʱʦ ʦʙôʻʜʥʫʻ ʽʥʜʝʢʩ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ  ʦʧʝʨʘ-

ʪʦʨʘ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ (ɯʇʂʽ ),   ̫ ʢʠʡ ʻ ʝʣʝʤʝʥʪʦʤ ʜʘʥʦʾ ʚʽʜʢʨʠʪʦʾ ʟʤʽʰʘ-

ʥʦʾ ʩʠʩʪʝʤʠ, ʽ  ʦʙʩʷʛ ʯʘʩʫ, ʷʢʠʡ ʚʽʥ ʚʠʪʨʘʯʘʻ  ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʚʝʨʩʪʘʪʘ 

ʜʦ ʨʦʙʦʪʠ ʪʘ ʡʦʛʦ ʦʩʦʙʠʩʪʠʡ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʡ ʨʦʟʨʷʜ (ɯʈ),  ʜʝ ʢ̔1 ï 

ʢʦʝʬʽʮʽʻʥʪ  ʨʦʟʨʷʜʫ : 3-ʡ  ʨʦʟʨʷʜ - 0,2; 4-ʡ  ʨʦʟʨʷʜ - 0,3; 5-ʡ  ʨʦʟʨʷʜ - 

0,5; 

ɯʊ ï ʽʥʪʝʛʨʦʚʘʥʠʡ ʧʦʢʘʟʥʠʭ ʪʝʭʥʽʯʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ï ʨʽʚʝʥʴ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʚʢʘʟʘʥʦʛʦ ʪʠʧʫ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ, ʜʝ
ʽʢ2
 ïʢʦʝʬʽʮʽʻʥʪ 

ʨʽʚʥʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʢʘʟʘʥʦʛʦ ʪʠʧʫ ʚʝʨʩʪʘʪʘ: çʊʠʧ ʅè - 0,15;  çʊʠʧ 

ʇèï 0,2; çʊʠʧ ɺè -  0,25;  çʊʠʧʠ ɸ ʽ ʉè - 0,4. 

ɯɯ ï ̔ ʥʪʝʛʨʦʚʘʥʠʡ ʧʦʢʘʟʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʨʽʚʝʥʴ ʩʢʣʘʜ-

ʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ, ʜʝ ʢ̔3
 ïʢʦʝʬʽʮʽʻʥʪ 

ʨʽʚʥʽʚ ʩʢʣʘʜʥʦʩʪʽ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʩʢʣʘʜʘʻ: 1-

ʡ ʨʽʚʝʥʴ - 0,15; 2-ʡ ʨʽʚʝʥʴ - 0,2; 3-ʡ ʨʽʚʝʥʴ - 0,25; 4-ʡ ʨʽʚʝʥʴ ï 0,4. 

ɯʥʜʝʢʩ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ (ɯʗɺɼ) 

ʚʽʜʢʨʠʪʦʾ ʟʤʽʰʘʥʦʾ ʩʠʩʪʝʤʠ çʆɺʂʇè, ʷʢ ʽʥʪʝʛʨʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢ-

ʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʦʙôʻʜʥʫʻ ʫ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝ-

ʪʘʣʝʡ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ  ʦʮʽʥʢʠ ʨʽʚʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ  ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʫ 

ʚʝʨʩʪʘʪʘ (ʪʝʭʥʽʯʥʘ ʧʽʜʩʠʩʪʝʤʘ), ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ (ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʽʜʩʠʩʪʝʤʘ) ʪʘ  ʨʽʚʥʷ ʧʨʦʬʝʩʽʡʥʦʾ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ (ʩʦʮʽʘʣʴʥʘ ʧʽʜʩʠʩʪʝʤʘ): ʦʮʽʥʢʠ ʦʪʨʠʤʫʶʪʴʩʷ ʟʘ 4-ʙʘʣʴ-

ʥʦʶ ʧʦʨʷʜʢʦʚʦʶ ʰʢʘʣʦʶ. 

ʌʘʢʪʠʯʥʠʡ ʪʘ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʥʘʯʝʥʥʷ ɯʥʪʝʛʨʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʽʜʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ (2): 

222
ɯ

......

ʗɺɼ

ɯʤʽʥɯʬʊʤʽʥʊʬʇʂʤʽʥʇʂʬ ɯɯɯɯɯɯ +
+

+
+

+
=

                 (2) 
ʜʝ 

.ʇʂʬɯ ï ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ 

ʦʧʝʨʘʪʦʨʘ ʚʝʨʩʪʘʪʘ; 

.ʇʂʤʽʥɯ ï ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪ-

ʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ʚʝʨʩʪʘʪʘ, 7.1. =ʇʂʤʽʥɯ [8, ʩ.71]; 

.ʊʬɯ ï ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʚʢʘʟʘʥʦʛʦ 

ʪʠʧʫ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ; 

.ʊʤʽʥɯ  ï ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʚʢʘʟʘʥʦʛʦ 

ʪʠʧʫ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ; 
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.ɯʬɯ  ï ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ; 

.ɯʤʽʥɯ  ï ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ. 

ʋ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʧʨʦʮʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ ʜʦʟ-

ʚʦʣʷʻ ʚʢʘʟʫʚʘʪʠ ʧʠʪʦʤʫ ʚʘʛʫ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʽʥʜʝʢʩʫ ʷʢʦʩʪʽ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ɯʥʪʝʛʨʦʚʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʥʘ ʚʝʨ-

ʩʪʘʪʽ ʟ ʏʇʂ ʽ ʚʠʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3): 

ɯʗ= 40(ɯʇʂ ʬ. +ɯ ʇʂ ʤ.)+ 50(ɯʊ ʬ.+ɯʊ ʤ.) + 50(ɯɯ ʬ.+ɯɯ ʤ.).        (3) 

ʈʦʟʨʦʙʢʘ ʚʢʘʟʘʥʠʭ ʪʨʴʦʭ ʽʥʜʝʢʩʽʚ ʥʝʦʙʭʽʜʥʘ  ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʚʠʩʫʥʫʪʦʾ 

ʛʽʧʦʪʝʟʠ: ʷʢʱʦ ʧʨʠ ʧʦʨʽʚʥʷʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ 

ʨʽʚʥʷ ʫʟʘʛʘʣʴʥʶʶʯʦʛʦ ʽʥʜʝʢʩʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜʢʨʠʪʦʾ ʟʤʽʰʘʥʦʾ ʩʠʩʪʝʤʠ, ʪʦ ʮʝ ʚʧʣʠ-

ʚʘʻ ʥʘ ʟʨʦʩʪʘʥʥʷ ʽʥʜʝʢʩʫ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ, ʪʘʢ ʷʢ ʧʽʜʚʠ-

ʱʝʥʥ̫ ʨʽʚʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʪʘ  ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ 

ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ ʬʦʨʤʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ  ʜʝʨʞʘʚʥʦʾ ʘʪʝʩʪʘʮʽʾ ʮʽʣʝʩ-

ʧʨʷʤʦʚʘʥʦ  ʚʧʣʠʚʘʻ ʥʘ  ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜʢʨʠʪʦʾ ʟʤʽʰʘʥʦʾ ʩʠʩʪʝʤʠ. 

ʅʘ ʦʩʥʦʚʽ ʚʟʘʻʤʦʜʽʡ ʤʥʦʞʠʥ ʦʮʽʥʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʚ ʫʤʦʚʘʭ ʢʦʞʥʦʾ ʟ 34 ʚʽʜʢʨʠʪʠʭ 

ʟʤʽʰʘʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ 1-ʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʟʨʽʟʫ 

2016ʨ. ʤʠ ʦʪʨʠʤʘʣʠ  ʣʽʥʽʡʥʫ ʬʫʥʢʮʽʶ ʧʘʨʥʦʾ ʨʝʛʨʝʩʽʾ ï y = 1,9311x - 

0,6819.   

 ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ 2-ʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʟʨʽʟʫ 2017 

ʨ. ʧʦʙʫʜʫʚʘʣʠ ʛʨʘʬʽʢ, ʷʢʠʡ ʧʽʜʢʦʨʷʻʪʴʩʷ ʧʨʷʤʽʡ ʟʨʦʩʪʘʶʯʽʡ ʣʽʥʽʡʥʽʡ 

ʬʫʥʢʮʽʾ : y = 1,3924x + 0,733 (ʜʠʚ. ʨʠʩ.1).  

 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ɯʥʜʝʢʩʫ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ (ɯʗɺɼ) ʚʽʜ  

ʽʥʜʝʢʩʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ (ʋɯɽɯʊ) ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 34 ʩʠʩʪʝʤ, 2-ʡ ʜʽʘʛʥʦʩʪʠʯʥʠʡ ʟʨʽʟ 2017 ʨ. 

y = 0,6271x + 1,3797

RĮ = 0,7762
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ʋʟʘʛʘʣʴʥʶʶʯʠʡ ʽʥʜʝʢʩ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ 34 ʚʽʜʢʨʠʪʠʭ ʟʤʽʰʘʥʠʭ ʩʠʩʪʝʤ é

ta = 11,9
ʢʨt= ; 

tb = 10,4
ʢʨt= ; 

ʢʨt =2,021. 
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4. ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʆʪʨʠʤʘʥʽ ʜʚʽ ʣʽʥʽʡʥʽ ʬʫʥʢʮʽʾ ʧʘʨʥʦʾ ʨʝʛʨʝʩʽʾ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ (2016-

2017 ʨʨ.) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘ-

ʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ: ʬʦʨʤʫʚʘʥʥʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʾ  ʚʠʙʽʨʢʠ  ʩʠʩʪʝʤ 

çʆɺʂʇè ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʟʘʚʦʜʽʚ ʪʨʴʦʭ ʤʽʩʪ (ʂʘʨʣʽʚʢʘ, ʇʦʣʪʘʚʘ ʽ 

ʍʘʨʢʽʚ), ʚʠʢʦʨʠʩʪʘʥʥʷ  ʽʥʜʝʢʩʽʚ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ, ʝʬʝʢ-

ʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʥʘ 

ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ ʪʘ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʟʦʢʨʝʤʘ: ʩʝ-

ʨʝʜʥʽʭ ʚʠʙʽʨʢʦʚʠʭ ʟʥʘʯʝʥʴ ,
*

ʭYɯ ,ʫɯʗɺɼ ,*

ʗɺɼyixi IYI 2*

xiYI  [9, ʩ. 54], ʚʠʙʽʨʢʦʚʠʭ ʜʠʩ-

ʧʝʨʩʽʡ  )(2

xYIS  ʪʘ  )(2

ʗɺɼyIS  [9, ʩ.55], ʩʝʨʝʜʥʽʭ ʢʚʘʜʨʘʪʠʯʥʠʭ ʚʽʜʭʠʣʝʥʴ 

)( xYIS , )( ʗɺɼyIS  [10, ʩ.13], ʚʠʙʽʨʢʦʚʦʛʦ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ 

,ʋɯxɯʗɺɼyr  [11, ʩ. 6], ʧʦʭʠʙʢʠ ʘʧʨʦʢʩʠʤʘʮʽʾ, ɸ [11, ʩ. 6], ʢʦʝʬʽʮʽʻʥʪʫ ʝʣʘ-

ʩʪʠʯʥʦʩʪʽ ɽ [11, ʩ.6], ʢʦʝʬʽʮʽʻʥʪʫ ʜʝʪʝʨʤʽʥʘʮʽʾ 2R  [11, ʩ.7], F- ʢʨʠ-

ʪʝʨʽʶ [11, ʩ. 7], t ï ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ [11, ʩ. 8].  ʈʝʟʫʣʴʪʘʪʠ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʜʠʚ. ʪʘʙʣ.1. 

ʊʘʙʣʠʮʷ 1 

ʋʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʚʦʭ ʣʽʥʽʡʥʠʭ 

ʬʫʥʢʮʽʡ (2016-2017ʨʨ.) ʜʣʷ ʚʠʙʽʨʢʠ ʩʠʩʪʝʤ çʆɺʂʇè (N=34 ʩʠʩʪʝʤ): 

 

ʄʝʪʦʜʦʤ  ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʚʦʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʟʘʤʽʨʽʚ 

(2016-2017 ʨʨ.) ʜʦʚʝʜʝʥʘ ʟʥʘʯʠʤʽʩʪʴ ʪʽʩʥʦʪʠ ʟʚôʷʟʢʫ ʤʽʞ ʝʤʧʽʨʠʯʥʠʤʠ 

ʜʘʥʠʤʠ ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʽʥʜʝʢʩʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦ-

ʣʦʛʽʡ ʪʘ ʽʥʜʝʢʩʽʚ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʚ ʫʤʦʚʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

34 ʚʽʜʢʨʠʪʠʭ ʟʤʽʰʘʥʠʭ  ʩʠʩʪʝʤ. 

5. ɺʠʩʥʦʚʢʠ 

1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʥʘʤʠ ʪʨʴʦʭ ʽʥʜʝʢʩʽʚ ï ʧʨʦʬʝʩʽʡʥʦʾ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʢʨʠʪʦʾ ʟʤʽʰʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ 

1-ʡ  ʜʽʘʛʥʦʩʪʠʯʥʠʡ ʟʨʽʟ 2016 ʨ.:  

ʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ   y = 0,1393x + 0,7981 
ɼʦʩʣʽʜʞʫʚʘʥʠʡ 
ʧʦʢʘʟʥʠʢ 

9˴  ̖ )Ӷˬˏ ˑ̔ )(2

xYIS  )(2

ʗɺɼyIS  
)( xYIS  )( ʗɺɼyIS  ,ʋɯxɯʗɺɼyr  

ɸ ɽ 2R  

ʆʪʨʠʤʘʥʝ ʟʥʘ-

ʯʝʥʥʷ 

1,5 1,0 0,09 0,03 0,3 0,05 0,7 3,3 0,2 0,5 

2-ʡ  ʜʽʘʛʥʦʩʪʠʯʥʠʡ ʟʨʽʟ 2017 ʨ.:  

ʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ   y = 0,6271x + 1,3797. 
ɼʦʩʣʽʜʞʫʚʘʥʠʡ 
ʧʦʢʘʟʥʠʢ 

9˴  ̖ )Ӷˬˏ ˑ̔ )(2

xYIS  )(2

ʗɺɼyIS  
)( xYIS  )( ʗɺɼyIS  ,ʋɯxɯʗɺɼyr  

ɸ ɽ 2R  

ʆʪʨʠʤʘʥʝ ʟʥʘ-

ʯʝʥʥʷ 

1,9 2,5 0,09 0,04 0,3 0,21 0,8 3,1 0,4

6 

0,7

7 
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ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ çʆɺʂʇè ʪʘ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʥʘ 

ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ. 

2. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʽʩʪʴ ʜʘʥʠʭ ʪʘ ʚʠʩʥʦʚʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʙʝʟʧʝ-

ʯʫʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʦʜʥʦʩʪʫʧʽʥʯʘʩʪʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ 

ʙʝʟʧʦʚʪʦʨʥʦʛʦ ʚʽʜʙʦʨʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʦʚʦʾ ʝʤʧʽʨʠʯʥʦʾ ʚʠʙʽʨʢʠ 

ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ çʆɺʂʇè  ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ɻʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ 

ʚʽʜʢʨʠʪʠʭ ʟʤʽʰʘʥʠʭ ʩʠʩʪʝʤ ʜʦʩʣʽʜʞʫʚʘʥʠʭ  ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʟʘ-

ʚʦʜʽʚ. 

3. ɼʦʚʝʜʝʥʦ, ʱʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʽʩʥʦʪʠ ʚʟʘʻʤʦʜʽʾ  ʤʽʞ ʤʥʦʞʠ-

ʥʘʤʠ ʦʮʽʥʦʢ 1-ʛʦ ʽ 2-ʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʟʨʽʟʫ ʫʟʘʛʘʣʴʥʝʥʠʭ ʽʥʜʝʢʩʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜʢʨʠʪʠʭ ʟʤʽʰʘʥʠʭ ʩʠʩʪʝʤ ʪʘ ʽʥʜʝʢʩʽʚ ʷʢʦʩʪʽ ʚʠ-

ʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩʪʘʪʠ 

ʢʦʤʧʣʝʢʩ ʦʙʛʨʫʥʪʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ï ʬʦʨʤʫʚʘʥʥʷ ʨʝ-

ʧʨʝʟʝʥʪʘʪʠʚʥʦʾ ʚʠʙʽʨʢʠ ʩʠʩʪʝʤ çʆɺʂʇè (N=34 ʩʠʩʪʝʤ) ʤʘʰʠʥʦʙʫʜʽʚ-

ʥʠʭ ʟʘʚʦʜʽʚ ʪʨʴʦʭ ʤʽʩʪ (ʂʘʨʣʽʚʢʘ, ʇʦʣʪʘʚʘ ʽ ʍʘʨʢʽʚ), ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʴʦʭ ʽʥʜʝʢʩʽʚ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ  ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ 

ʪʘ ʜʝʚôʷʪʴ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʟʦʢʨʝʤʘ: 1) ʩʝʨʝʜʥʽʭ 

ʚʠʙʽʨʢʦʚʠʭ ʟʥʘʯʝʥʴ ,
*

ʭYɯ ,ʫɯʗɺɼ ,*

ʗɺɼyixi IYI 2*

xiYI , 2) ʚʠʙʽʨʢʦʚʠʭ ʜʠʩʧʝʨʩʽʡ  )(2

xYIS  

ʪʘ  )(2

ʗɺɼyIS ,3) ʩʝʨʝʜʥʽʭ ʢʚʘʜʨʘʪʠʯʥʠʭ ʚʽʜʭʠʣʝʥʴ  ʪʘ )( ʗɺɼyIS , 4)ʚʠʙʽʨʢʦ-

ʚʦʛʦ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ ,ʋɯxɯʗɺɼyr 5)ʧʦʭʠʙʢʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ɸ, 

6) ʢʦʝʬʽʮʽʻʥʪʫ ʝʣʘʩʪʠʯʥʦʩʪʽ ɽ,  7) ʢʦʝʬʽʮʽʻʥʪʫ ʜʝʪʝʨʤʽʥʘʮʽʾ 2R , 8) F - 

ʢʨʠʪʝʨʽʶ, 9) t ï ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ. 

4. ɿʨʦʩʪʘʥʥʷ ʫ 1,26 ʨʘʟʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ çʆɺʂʇè ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ 

ʨʽʚʥʷ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ ï ʫ 2,55 ʨʘʟʠ. 
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ʋɼʂ 004.62 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼʋ K-ʉɽʈɽɼʅɯʍ ɼʃʗ ʆɹ'ɭɼʅɸʅʅʗ 

ʂʆʈʀʉʊʋɺɸʏɯɺ ɿɸ ɼɸʅʀʄʀ ɿ ʉʆʎɯɸʃʔʅʀʍ ʄɽʈɽɾ 

ɼ.ʆ. ʂʘʩʷʥʯʠʢ 

ʅʊʋʋ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

  

ɺʩʪʫʧ. ɺ ʥʘʰ ʯʘʩ ʙʽʣʴʰʽʩʪʴ ʨʦʙʦʪʦʜʘʚʮʽʚ ʚʽʜʽʡʰʣʠ ʚʽʜ ʧʨʠʥʮʠʧʫ 

ʦʮʽʥʶʚʘʪʠ ʧʨʘʮʽʚʥʠʢʽʚ ʣʠʰʝ ʧʦ ʜʠʧʣʦʤʫ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʬʦʨʤʫʶʪʴ ʚʣʘʩʥʽ 

ʚʠʤʦʛʠ ʜʦ ʟʥʘʥʴ, ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʡ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʶʪʴ, ʪʦʤʫ ʟʤʽʥʶʶʪʴʩʷ 

ʽ ʟʘʩʦʙʠ ʨʦʙʦʪʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʚʠʥʠʢʘʶʪʴ ʥʦʚʽ ʚʠʤʦʛʠ ʜʦ ʧʨʘʮʽʚʥʠʢʽʚ. ʎʝ 

ʟʤʫʰʫʻ ʦʩʪʘʥʥʽʭ ʧʦʩʪʽʡʥʦ ʰʫʢʘʪʠ ʥʘʚʯʘʣʴʥʽ ʨʝʩʫʨʩʠ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʱʦʙ ʥʝ ʩʪʘʪʠ ʥʝ ʧʦʪʨʽʙʥʠʤ, ʷʢ ʩʧʝʮʽʘʣʽʩʪ. ʇʦ-

ʰʫʢ ʥʘʚʯʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘʡʤʘʻ ʙʘʛʘʪʦ ʯʘʩʫ, ʘʜʞʝ ʦʢʨʽʤ ʪʦʛʦ ʱʦʙ 

ʟʥʘʡʪʠ ʧʦʪʨʽʙʥʦ ʪʘʢʦʞ ʽ ʦʮʽʥʠʪʠ ʾʭ. ʆʮʽʥʢʘ ʯʘʩʪʦ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʜʫʤʦʢ ʢʦʣʝʛ, ʟ ʷʢʠʤʠ ʚʽʜʧʦʚʽʜʥʦ ʧʦʪʨʽʙʥʦ ʦʙʛʦʚʦʨʶʚʘʪʠ ʜʘʥʽ ʨʝʩʫʨʩʠ. 

ʊʘʢʦʞ ʩʪʫʜʝʥʪʠ ʧʨʘʛʥʫʪʴ ʩʪʘʪʠ ʩʧʝʮʽʘʣʽʩʪʦʤ ʚ ʧʝʚʥʽʡ ʧʨʦʬʝʩʽʾ, ʱʦ ʩʧʦ-

ʥʫʢʘʻ ʾʭ ʜʦ ʧʦʰʫʢʫ ʜʦʜʘʪʢʦʚʠʭ ʥʘʚʯʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʦʢʨʽʤ ʪʠʭ ʱʦ ʜʘʻ 

ʫʥʽʚʝʨʩʠʪʝʪ. ʆʩʢʽʣʴʢʠ ʚ ʥʘʰ ʯʘʩ ʣʶʜʠ ʧʨʦʷʚʣʷʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʘʢʪʠʚ-

ʥʽʩʪʴ ʚ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪ, ʪʦʤʫ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʠʡ 

ʧʨʦʜʫʢʪ, ʱʦ ʢʣʘʩʪʝʨʠʟʫʻ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʘ ʨʝʢʦʤʝʥʜʫʻ ʥʘʚʯʘʣʴʥʽ ʤʘ-

ʪʝʨʽʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʧʦʚʝʜʽʥʢʠ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʦʧʠʩʘʥʘ ʣʠʰʝ ʯʘʩʪʠʥʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ.  

ɯʩʥʫʻ ʥʘʙʽʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʤʘʶʪʴ ʯʠʩʣʦʚʫ ʦʮʽʥʢʫ. ʆʩʢʽʣʴʢʠ ʤʠ 

ʟʙʠʨʘʻʤʦ ʜʘʥʽ ʟ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʦʬʝʩʽʡʥʠʭ, ʪʦ ʮʝ ʤʦ-

ʞʫʪʴ ʙʫʪʠ ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʚʽʢ, ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʠ 

ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʙʦʪʽ ʤʘʪʝʤʘʪʠʯʥʽ ʪʘ ʛʫʤʘʥʽʪʘʨʥʽ ʥʘʫʢʠ, ʢʽʣʴ-

ʢʽʩʪʴ ʧʨʦʬʝʩʽʡʥʠʭ ʛʨʫʧ ʚ ʩʦʮʽʘʣʴʥʠʭ  ʤʝʨʝʞʘʭ ʚ ʷʢʠʭ ʙʝʨʝ ʫʯʘʩʪʴ ʢʦʨʠ-

ʩʪʫʚʘʯ, ʪʦʱʦ. 

ʊʦʙʪʦ ʤʠ ʦʪʨʠʤʫʻʤʦ ʪʦʯʢʠ, ʷʢʽ ʥʘʤ ʧʦʪʨʽʙʥʦ ʨʦʟʤʽʩʪʠʪʠ ʚ n ʚʠʤʽʨ-

ʥʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʧʽʩʣʷ ʯʦʛʦ ʢʣʘʩʪʝʨʠʟʫʚʘʪʠ. ʊʘʢʦʞ ʚ ʥʘʩ ʚʠʟʥʘʯʝʥʘ ʢʽʣʴ-

ʢʽʩʪʴ ʢʨʠʪʝʨʽʾʚ, ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʬʝʩʽʡ. ʂʦʤʙʽʥʘʮʽʷ ʯʠʩʣʦʚʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʜʘʻ ʟʤʦʛʫ ʚʽʜʥʝʩʪʠ ʧʝʚʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʧʨʦʬʝʩʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʢʣʘʩʪʝʨʠʟʘʮʽʶ ʤʝʪʦʜʦʤ k-ʩʝ-

ʨʝʜʥʽʭ (ʜʘʣʽ ʙʫʜʝ ʥʘʚʝʜʝʥʦ ʯʦʤʫ ʩʘʤʝ ʮʝʡ ʤʝʪʦʜ).[1] 

ʄʥʦʞʠʥʘ ʪʦʯʦʢ 

 

ὓ ά  

d ï ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ. 

ɺʝʢʪʦʨ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʽʚ (ʝʪʘʣʦʥʥʝ ʟʥʘʯʝʥʥʷ ʯʠʩʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ, ʜʣʷ ʧʝʚʥʠʭ ʧʨʦʬʝʩʽʡ) 
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˞ ̨̒̒  

ʄʘʪʨʠʮʷ ʨʦʟʙʠʪʪʷ ʪʦʯʦʢ (ʚʠʟʥʘʯʝʥʥʷ ʥʘʣʝʞʥʦʩʪʽ ʤʥʦʞʠʥʽ): 

Ὗ ό  

ʜʝ: 

ό  
ρȟ̠ ̋̚ ̏Ὠάȟὧ ÍÉÎ Ὠάȟὧ

πȟ̔ ̨̖̃̒ ̨̙̖̎̉ ̖̃̉̐́̅̋́
 

ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ: 

ὤὓȟὟȟὅ  ό Ὠ άȟὧ 

ʆʙʤʝʞʝʥʥʷ: 

 

ό ρȟό ᶰπȟρ 

π  ό Ὠ 

 

ʇʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ. ɺʠʜʽʣʷʶʪʴ ʪʘʢʽ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ 

ʨʦʟʚôʷʟʘʥʥʷ[2]: 

1. K-ʉʝʨʝʜʥʽʭ (K-means) 

2. ʅʝʯʽʪʢʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ C-ʉʝʨʝʜʥʽʭ (C-means) 

3. ɻʨʘʬʦʚʽ ʘʣʛʦʨʠʪʤʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

4. ʉʪʘʪʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ɼʣʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʘʣʛʦʨʠʪʤ K-ʉʝʨʝʜʥʽʭ, ʘʜʞʝ: 

1. ʇʨʦʩʪʠʡ ʚ ʨʝʘʣʽʟʘʮʽʾ 

2. ʇʨʦʩʪʠʡ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ 

3. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʪʦʯʦʢ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ  ʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ 
ʧʨʦʩʪʦʨʽ. 

4. ɺʽʜʥʦʩʥʦ ʰʚʠʜʢʠʡ . 

5. ʇʦʪʨʽʙʥʦ ʚʠʟʥʘʯʘʪʠ ʟʘʚʯʘʩʥʦ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ. (ʭʦʯʘ ʮʝ ʚʚʘ-
ʞʘʻʪʴʩʷ ʡʦʛʦ ʥʝʜʦʣʽʢʦʤ, ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʮʝ ʥʝʦʙʭʽʜʥʦ). 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʝʦʙʭʽʜʥʠʡ ʤʘʩʠʚ ʜʘʥʠʭ. ɼʘʥʽ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙʨʦʙʣʝʥʠʤʠ ʪʘ ʛʦʪʦʚʠʤʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɯʩʥʫʻ ʜʚʘ 

ʚʘʨʽʘʥʪʠ, ʷʢ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʜʘʥʽ ʜʦ ʯʠʩʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʚʝʨʪʘʪʠʩʴ 

ʜʦ ʩʪʦʨʦʥʥʴʦʛʦ ɸʈɯ, ʷʢʠʡ ʚʠʟʥʘʯʘʪʠʤʝ ʜʦ ʷʢʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘʣʝʞʘʪʴ 

ʩʣʦʚʘ ʚ ʜʘʥʠʭ, ʘʙʦ ʥʘʧʠʩʘʪʠ ʩʚʦʶ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ, ʷʢʫ ʤʦʞʥʘ ʙʫʜʝ 

çʥʘʚʯʠʪʠ ʥʘ ʩʚʦʾʭ ʜʘʥʠʭè.   
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ʅʘ ʟʚʝʨʥʝʥʥʷ ʜʦ ʩʪʦʨʦʥʥʴʦʛʦ ɸʈɯ ʙʫʜʝ ʚʠʪʨʘʯʘʪʠʩʴ ʯʘʩ ʜʣʷ ʟ'ʻʜʥʘ-

ʥʥʷ, ʘ ʪʘʢʦʞ ʜʘʥʠʡ ʨʝʩʫʨʩ ʤʦʞʝ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʝʢʩʪ ʥʝ ʪʘʢ, ʷʢ ʮʝ ʧʦ-

ʪʨʽʙʥʦ ʚ ʩʠʩʪʝʤʽ. ʇʨʦʪʝ ʮʝ ʥʘʡʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʚ 

ʯʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʝʘʣʽʟʘʮʽʷ ʚʣʘʩʥʦʛʦ ʩʝʨʚʽʩʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʤʦʞʝ ʜʘʪʠ ʚʠʛʨʘʰ ʚ ʰʚʠʜʢʦʩʪʽ. ɼʘʩʪʴ ʚʠʛʨʘʰ ʚ ʪʦʯʥʦʩʪʽ. ʇʣʶʩ 

ʜʦ ʚʩʴʦʛʦ ʟʘʣʠʰʘʻʪʴʩʷ ʟʤʦʛʘ ʟʤʽʥʠʪʠ, ʚʠʧʨʘʚʠʪʠ ʨʝʘʣʽʟʘʮʽʶ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʚʠʤʦʛ.  ʇʨʦʪʝ, ʧʦʪʨʝʙʫʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʯʘʩʫ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʪʘ ʥʘʚ-

ʯʘʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʜʨʫʛʠʡ ʚʘʨʽʘʥʪ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʡ, ʪʦ ʚ ʜʘʥʠʭ ʪʝʟʘʭ ʙʫʜʝ 

ʥʘʚʝʜʝʥʠʡ ʣʠʰʝ ʘʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ ʤʝʪʦʜʘ k-ʩʝʨʝʜʥʽʭ ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʩʪʦʨʦʥʥʴʦʛʦ API. 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ. 

1. ɺʠʟʥʘʯʘʻʤʦ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ, ʥʘ ʦʩʥʦʚʽ ʥʘʷʚʥʠʭ ʚ ʩʠʩʪʝʤʽ ʧʨʦ-

ʬʝʩʽʡ. 

2. ʎʝʥʪʨʘʤʠ ʢʣʘʩʪʝʨʽʚ, ʙʝʨʝʤʦ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʚ 
ʧʨʦʬʝʩʽʡʥʠʭ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ, ʪʘ ʚ ʷʢʠʭ ʚʢʘʟʘʥʘ, ʥʘʣʝʞʥʽʩʪʴ ʜʦ 

ʧʝʚʥʦʾ ʧʨʦʬʝʩʽʾ. 

3. ɼʣʷ ʢʦʞʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʚʩʽ ʦʪʨʠʤʘʥʽ ʪʝʢʩʪʦʚʽ ʜʘʥʽ ʟ ʩʦʮʽʘʣʴʥʠʭ 
ʤʝʨʝʞ, ʚʽʜʧʨʘʚʣʷʻʤʦ ʥʘ ʟʦʚʥʽʰʥʻ ɸʈɯ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʨʠʪʝʨʽʶ ʥʘʣʝʞ-

ʥʦʩʪʽ ʜʦ ʧʝʚʥʦʾ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ. 

4. ɺʠʩʪʘʚʣʷʻʤʦ ʪʦʯʢʠ ʚ n- ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ (ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʦʢ 

ʻ ʦʮʽʥʢʠ ʢʨʠʪʝʨʽʾ), ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ çʨʦʟʪʘʰʫʚʘʥʥʷè ʢʦʨʠʩʪʫʚʘʯʘ 

ʚʽʜʥʦʩʥʦ ʽʩʥʫʶʯʠʭ ʧʨʦʬʝʩʽʡ. 

5. ʆʙʯʠʩʣʶʻʤʦ ʚʽʜʩʪʘʥʴ (ʝʚʢʣʽʜʦʚʫ ʚʽʜʩʪʘʥʴ) ʚʽʜ ʪʦʯʢʠ ʜʦ ʮʝʥʪʨʫ, 

ʪʘ ʦʙʠʨʘʻʤʦ ʥʘʡʢʦʨʦʪʰʫ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʥʦʩʠʤʦ ʜʦ ʤʥʦʞʠʥʠ. 

6. ʆʙʠʨʘʻʤʦ ʥʦʚʽ ʮʝʥʪʨʠ ʚ ʢʦʞʥʦʤʫ ʢʣʘʩʪʝʨʽ, ʪʘ ʧʨʦʚʦʜʠʤʦ 
ʥʘʩʪʫʧʥʫ ʽʪʝʨʘʮʽʶ  

7. ʇʨʦʚʦʜʠʤʦ ʢʨʦʢʠ 4,5 ʜʦʢʠ ʪʦʯʢʠ ʥʝ ʧʝʨʝʩʪʘʥʫʪʴ ʟʤʽʥʶʚʘʪʠ ʤʥʦ-
ʞʠʥʠ. 

ʅʘ ʮʴʦʤʫ ʨʦʙʦʪʘ ʘʣʛʦʨʠʪʤʫ ʟʘʢʽʥʯʫʻʪʴʩʷ. 

ɺʠʩʥʦʚʦʢ. ʆʪʞʝ, ʚʠʢʦʥʘʚʰʠ ʜʽʡ ʥʘʚʝʜʝʥʽ ʚ ʘʣʛʦʨʠʪʤʽ, ʦʪʨʠʤʘʻʤʦ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʦʙôʻʜʥʘʥʠʭ ʚ ʧʨʦʬʝʩʽʡʥʽ ʛʨʫʧʠ  ʪʘ ʨʝʡʪʠʥʛ ʥʘʚʘʣʴʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ ʟʘ ʢʽʣʴʢʽʩʪʶ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ. ʆʪʨʠʤʘʥʽ 

ʜʘʥʽ ʥʘʜʘʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʥʘʚ-

ʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. 

 

ʃʽʪʝʨʘʪʫʨʘ  

1. ɸ.ɸ.ɹʘʨʩʝʛʷʥ, ʄ.ʉ.ʂʫʧʨʠʷʥʦʚ: ʄʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ: 

OLAP ʠ Data Mining ï ʉʇɹ.:ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2004 ï 336ʩ.\ ʩʪ.162. 
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2. K-Means Clustering in Python [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // ʈʝʞʠʤ ʜʦ-

ʩʪʫʧʫ: https://mubaris.com/2017/10/01/kmeans-clustering-in-python/ 

 

ʋɼʂ 004.62 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɸʃɻʆʈʀʊʄʋ APRIORI ɼʃʗ ʉʊɺʆʈɽʅʅʗ 

ɸʉʆʎɯɸʊʀɺʅʀʍ ʇʈɸɺʀʃ ɼʃʗ ʅɸɼɸʅʅʗ ʈɽʂʆʄɽʅɼɸʎɯʁ 

ʂʆʈʀʉʊʋɺɸʏʋ ʑʆɼʆ ʅɸɺʏɸʃʔʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

ɺ.ʇ. ɻʦʨʦʙʶʢ 

ʅʊʋʋ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

ʃʶʜʠʥʘ ʟʘ ʩʚʦʻ ʞʠʪʪʷ ʜʫʞʝ ʯʘʩʪʦ ʚʠʢʦʥʫʻ ʘʥʘʣʽʟ ʜʘʥʠʭ ʜʣʷ ʦʪʨʠ-

ʤʘʥʥʷ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʨʽʟʥʠʭ ʩʠ-

ʪʫʘʮʽʷʭ. ʇʨʦʪʝ ʟ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʮʶ ʨʦʙʦʪʫ ʚʩʝ ʯʘʩʪʽʰʝ ʧʦʯʠʥʘ-

ʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʘʰʠʥʠ. ɸʣʝ ʪʘʢʦʞ ʽ ʟ ʨʦʩʪʦʤ ʦʙôʻʤʫ 

ʽʥʬʦʨʤʘʮʽʾ ʽ ʨʦʟʚʠʪʢʦʤ ʟʘʩʦʙʽʚ ʪʘ ʤʝʪʦʜʽʚ ʾʾ ʟʙʝʨʽʛʘʥʥʷ ʟôʷʚʠʣʘʩʴ ʥʦʚʘ 

ʧʦʪʨʝʙʘ ʚ ʘʥʘʣʽʟʽ ʚʝʣʠʢʠʭ ʪʘ ʥʘʜʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ.  

ɿ ʘʥʘʣʽʟʦʤ ʚʝʣʠʯʝʟʥʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʙʫʣʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʜʘʥʽ ʤʽʩ-

ʪʷʪʴ ʧʝʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ. ʊʦʤʫ ʥʘʙʫʣʠ ʧʦʧʫʣʷʨʥʦʩʪʽ ʘʣʛʦʨʠʪʤʠ ʧʦ-

ʰʫʢʫ  ʘʩʦʮʽʘʪʠʚʥʠʭ ʧʨʘʚʠʣ. ɸʩʦʮʽʘʪʠʚʥʽ ʧʨʘʚʠʣʘ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʭʦʜʠʪʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʽʞ ʟʚôʷʟʘʥʠʤʠ ʧʦʜʽʷʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʣʷʪʠ ʨʽ-

ʟʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ [1]. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦʜʦ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦ-

ʨʠʩʪʫʚʘʯʫ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʟʘʜʘʶʪʴ ʡʦʤʫ ʧʝ-

ʚʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ, ʪʘ ʥʘ ʦʩʥʦʚʽ ʜʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʪʘ ʩʬʦʨʤʦʚʘʥʠʭ ʨʘ-

ʥʽʰʝ ʤʘʩʠʚʽʚ ʽʥʬʦʨʤʘʮʽʾ ʥʘʜʘʶʪʴ ʨʝʢʦʤʝʥʜʘʮʽʶ. 

ɼʣʷ ʥʘʜʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʫ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʚʠʢʦʨʠʩʪʘʻʤʦ ʘʣʛʦʨʠʪʤ 

Apriori [2], ʷʢʠʡ ʙʫʜʝ ʟʘʜʘʥʦ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

I = { I 1, I2, I3, I4, I5, MT1 } - ʥʘʙʽʨ ʦʙôʻʢʪʽʚ 

D = { T1, T2, ...,Tm} ð ʤʥʦʞʠʥʘ ʪʨʘʥʟʘʢʮʽʡ. 

ʄʽʥʽʤʘʣʴʥʘ ʧʽʜʪʨʠʤʢʘ = 50% ʪʘ ʤʽʥʽʤʘʣʴʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʽʚʥʽ 50%. 

Ὓόὴὴ υπ 
ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʢʦʨʠʩʪʫʚʘʯʫ ʥʘʚʯʘʣʴ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʟʘʬʽʢʩʫʚʘʪʠ ʦʜʠʥ ʝʣʝʤʝʥʪ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʚʽʥ ʟʘʚʞʜʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʘ ʚʢʘʟʫʚʘʚ ʥʘ ʢʦʥʢʨʝʪʥʠʡ ʥʘʚʯʘʣʴ-

ʥʠʡ ʤʘʪʝʨʽʘʣ: 

MT i  - ʜʝ i=1,n. 

ʊʦʜʽ ʟ ʙʘʟʠ ʜʘʥʠʭ ʙʫʜʝʤʦ ʦʙʠʨʘʪʠ ʣʠʰʝ ʪʘʢʽ ʪʨʘʥʟʘʢʮʽʾ, ʷʢʽ ʤʽʩʪʷʪʴ ʚ 

ʩʦʙʽ ʥʘʚʯʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʠʰʚʠʜʰʠʪʠ ʯʘʩ ʪʘ ʟʝʢʦʥʦ-

ʤʠʪʠ ʨʝʩʫʨʩ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʽ ʘʣʛʦʨʠʪʤʘ. ʊʦʜʽ ʧʨʠ ʧʝʨʝʨʘʭʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ ʦʜʥʦʤʫ ʥʘʙʦʨʽ, ʤʠ ʟʘʚʞʜʠ ʙʫʜʝʤʦ ʤʘʪʠ ʩʧʠʩʦʢ 

ʢʨʠʪʝʨʽʾʚ ʽ ʪʘʢʦʞ ʢʦʥʢʨʝʪʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ. 
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ʉʬʦʨʤʫʻʤʦ ʪʘʙʣʠʮʶ ʪʘ ʦʜʨʘʟʫ ʞ ʧʨʠʚʝʜʝʤʦ ʾʾ ʜʦ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ 

ʚʠʛʣʷʜʫ: 

ʊʘʙʣ.1 ð ɺʭʽʜʥʘ ʤʘʪʨʠʮʷ 

ID ʪʨʘʥʟʘʢʮʽʾ ɽʣʝʤʝʥʪʠ 

1 I1, I2, MT1 

2 I1, MT1 

3 I1, I3 

4 I2, I4, I5 

 

ʄʥʦʞʠʥʫ ʪʨʘʥʟʘʢʮʽʡ, ʚ ʷʢʽ ʚʭʦʜʠʪʴ ʦʙôʻʢʪ i j ʧʦʟʥʘʯʠʤʦ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

 

 

ɼʝʷʢʠʡ ʥʘʙʽʨ ʦʙôʻʢʪʽʚ: 

 

 

ɺʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʟʘʢʮʽʡ, ʚ ʷʢʠʡ ʚʭʦʜʠʪʴ ʥʘʙʽʨ F, ʜʦ ʟʘʛʘʣʴ-

ʥʦʛʦ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʟʘʢʮʽʡ ʥʘʟʠʚʘʻʪʴʩʷ ʧʽʜʪʨʠʤʢʦʶ ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ, ʷʢ: 

 ὛόὴὴὊ
ȿ ȿ

ȿȿ
(1) 

ɺʠʟʥʘʯʠʤʦ ʧʽʜʪʨʠʤʢʫ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ. 

ʊʘʙʣ.2 ð ʄʘʪʨʠʮʷ ʧʽʜʪʨʠʤʦʢ ʝʣʝʤʝʥʪʽʚ 

ɽʣʝʤʝʥʪʠ ʇʽʜʪʨʠʤʢʘ 

{I 1}  3 

{I 2}  2 

{MT1}  2 

{I 3}  1 

{I 4}  1 

{I 5}  1 

ʇʦʨʽʚʥʶʻʤʦ ʧʽʜʪʨʠʤʢʫ  ʢʘʥʜʠʜʘʪʘ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʧʽʜʪʨʠʤʢʦʶ. ʅʘ ʾʾ 

ʦʩʥʦʚʽ ʬʦʨʤʫʻʤʦ ʥʦʚʫ ʤʘʪʨʠʮʶ (ʪʘʙʣ.3), ʷʢʘ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʟʘʜʘʥʽʡ 

ʫʤʦʚʽ: 

L = {F | Supp(F) > Suppmin}  

ʊʘʙʣ.3 ð ʄʘʪʨʠʮʷ ʧʽʜʪʨʠʤʢʠ ʝʣʝʤʝʥʪʽʚ 
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ɽʣʝʤʝʥʪʠ ʇʽʜʪʨʠʤʢʘ 

{I 1}  3 

{I 2}  2 

{MT1}  2 

ʇʽʩʣʷ ʯʦʛʦ ʛʝʥʝʨʫʻʪʴʩʷ ʤʘʪʨʠʮʷ ʢʘʥʜʠʜʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʙʦʨʫ ʤʦʞ-

ʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ (ʪʘʙʣ.4). 

ʊʘʙʣ.4 ð ʄʘʪʨʠʮʷ ʢʘʥʜʠʜʘʪʽʚ 

ɽʣʝʤʝʥʪʠ 

{I 1, I2}  

{I 1, MT1} 

{I 2, MT1} 

ʉʢʘʥʫʻʤʦ ʚʭʽʜʥʫ ʤʘʪʨʠʮʶ ʽ ʜʣʷ ʢʦʞʥʦʛʦ ʢʘʥʜʠʜʘʪʘ ʟ ʤʘʪʨʠʮʽ ʢʘʥʜʠ-

ʜʘʪʽʚ (ʪʘʙʣ.4) ʟʥʘʭʦʜʠʤʦ ʧʽʜʪʨʠʤʢʫ (ʪʘʙʣ.5): 

ʊʘʙʣ.5 ð ʄʘʪʨʠʮʷ ʧʽʜʪʨʠʤʢʠ ʝʣʝʤʝʥʪʽʚ 

ɽʣʝʤʝʥʪʠ ʇʽʜʪʨʠʤʢʘ 

{I 1, I2}  1 

{I 1, MT1} 2 

{I 2, MT1} 1 

ʇʦʨʽʚʥʷʻʤʦ ʧʽʜʪʨʠʤʢʫ ʢʘʥʜʠʜʘʪʽʚ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʧʽʜʪʨʠʤʢʦʶ ʪʘ 

ʧʨʠʙʠʨʘʻʤʦ ʪʽ, ʝʣʝʤʝʥʪʠ ʧʽʜʪʨʠʤʢʘ ʷʢʠʭ ʤʝʥʰʘ ʟʘ ʤʽʥʽʤʘʣʴʥʫ (ʪʘʙʣ.6).  

ʊʘʙʣ.6 ð ʄʘʪʨʠʮʷ ʧʽʜʪʨʠʤʢʠ ʝʣʝʤʝʥʪʽʚ 

ɽʣʝʤʝʥʪʠ ʇʽʜʪʨʠʤʢʘ 

{I 1, MT1} 2 

ʆʪʞʝ ʥʘʡʯʘʩʪʽ ʥʘʙʦʨʠ, ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʮʝ (I1, MT1). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʘʯʠʤʦ ʩʬʦʨʤʦʚʘʥʝ ʘʩʦʮʽʘʪʠʚʥʝ ʧʨʘʚʠʣʦ (ʪʘʙʣ.7):  

ʊʘʙʣ.7 ð ʉʬʦʨʤʦʚʘʥʽ ʘʩʦʮʽʘʪʠʚʥʽ ʧʨʘʚʠʣʘ 

ɸʩʦʮʽʘʪʠʚʥʝ ʧʨʘʚʠʣʦ ʇʽʜʪʨʠʤʢʘ ɼʦʩʪʦʚʽʨʥʽʩʪʴ 

I1 Ÿ MT1 2 2 / 3 = 66% 
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ɿʚʽʜʩʠ, ʤʠ ʤʦʞʝʤʦ ʩʢʘʟʘʪʠ, ʱʦ ʟʘ ʫʤʦʚʠ ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ I1, 

ʚʠʢʦʥʘʻʪʴʩʷ ʫʤʦʚʘ MT1 ʟ ʜʦʩʪʦʚʽʨʥʽʩʪʶ 66%, ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʢʦʨʠʩ-

ʪʫʚʘʯ ʩʪʫʜʝʥʪ ʪʦ ʟ ʜʦʩʪʦʚʽʨʥʽʩʪʶ 66% ʡʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʡʪʠ ʢʫʨʩ ʧʦ 

ñData Scienceò. 
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IMPLEMENTATION OF TH E COMPETENT APPROACH  BY 

MOODLE PLATFORM  

O. Rabotai, O. Chornoivan, H. Trunova 

Chernihiv National University of Technology 

 

The National Strategy for the Development of Education in Ukraine for 

2012-2021 provides for a radical modernization of the structure, content, and 

organization of education on the basis of a competent approach [4]. Its 

implementation is a complex process that requires solving a whole range of 

problems, one of which is the creation and implementation of a competent 

approach to the system of assessment of student achievements. 

Homeland pedagogical science has a great workout in a competent 

approach implementation[3,6], but the proper attention wasn't paid to the 

evaluation system, oriented on the competent approach. The evaluation 

implementation based on the competencies will contribute the real changes 

in the students and lecturers worldview. If the control works, laboratory 

works, abstracts, etc. aren't the main evaluation objects, but the competencies 

students acquire, lecturers will be encouraged to optimize the content of the 

disciplines and curriculums in terms of competencies formatting efficiency. 

A student will gain a better vision of the main goal of his education as a 

forming and confirmation of competencies. It is also about the choice of 

competencies that are not mandatory and the choice of educational disciplines 

and activities that these competencies can form and validate. Then from a 

simple executor of his proposed tasks, the student becomes a conscious 

designer of his trajectory of training. Of course, such system is much-

complicated than the traditional one, after all, every competence can be 

confirmed by the results of many educational activities of various of 
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disciplines. It is hard to imagine that the task of this evaluation summarizing 

possible to solve without usage of the modern information technology. 

This evaluation method has been accomplished in the "Competencies 

Repository" - the system widely known as Moodle in Ukraine and world. The 

module has been created by Jean Fruitet from the Nant University (France) 

for nationwide certification of the students' and trainees' info-

communicational competencies C2i (Certificat Informatique et Internet) [1, 

2]. Since 2011, the C2i certificate has become a necessary document for the 

employment of graduates of French higher education, as well as a diploma in 

higher education. The module is universal, which allows it to be freely used 

to evaluate any competencies we will add to the repository.  

The conducted research shows that Competencies Repository module, 

which was developed for C2i certification, can be used for any competency 

evaluation on the Moodle platform. The module featured by advanced and 

flexible functionality. Also, the module satisfies the needs of such a great 

nationwide project as a C2i certification of the Higher Education system in 

France, so this guarantee that this module will be supported and modified by 

its creator though it doesn't belong to a basic core of the Moodle system. A 

free license, based on which this module applies, allows anyone to use it for 

free and, if necessary, make any changes to it. The module is now available 

for Moodle version 2.8. The software that includes the module itself, block 

and report can be downloaded from the developer page [1] along with their 

localization. 

The "Repository of Competencies" displays information about repository 

samples available on the site, courses in which their instances are located, as 

well as data on student activity in each of them. By default, such a report is 

only available to the site administrator. In the course of Moodle, an instance 

of the repository is one of the activities. Unlike all other activities (such as 

tests, tasks, etc.), posted rates of a student in a single course are available in 

other ones, if they are the units of the global repository based on the same 

template. This allows you to work with the same repository in the courses of 

various academic disciplines that are involved in the formation of 

competencies described in it. If the global repository is available in several 

courses, then the main question is how to divide rights and responsibilities on 

the evaluation of student work of the lecturer. In particular, to avoid a 

situation where the assessment is deliberately or mistakenly raised by a 

teacher who is not authorized to do so.  

The module does not restrict hardly the capabilities of the teachers. This 

allows the teaching staff to more flexibly organize their work. The 

competencies formation is a complicated process which does not pass 

according to the calendar schedule for all students. But, wherever it happens, 
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a student has a right to declare the existence of the appropriate competencies, 

bring the confirming materials, and teachers should rate them. 

Also, the module provides an opportunity to evaluate items not only in 

binary (confirmed / not confirmed) but also on arbitrary scales defined at the 

site or course level. 

In May 2016 the new Moodle 3.1 released. For the first time in the history 

of this learning management system, the tools for evaluating competencies 

have not featured in the additional plug-in, but in the core itself. The study 

showed that the new tools for assessing competencies in Moodle 3.1 largely 

exceed the capabilities of previous versions of the "Repository of 

Competencies" module. 

A prerequisite for its application is the development and constant 

updating of the nomenclature of branches, competencies, and points of the 

repository. The nomenclature of areas and competencies should be developed 

at the level of national standards of higher education and be in line with 

international standards. Specialists of the CNUT joined the development of 

the points on which competencies are rated, this will allow taking into 

account local features of the organization of the educational process. In our 

opinion, the tools considered for evaluating competencies can play an 

important role in implementing a competent approach in educational 

institutions in Ukraine. 

 

List of References 

1. Le module R®f®rentiel pour l'®valuation et la certification des 

comp®tences [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

http://moodlemoot2009.insa-lyon.fr/course/view.php?id=24 . 

2. Skills Repository Activities. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩ-

ʪʫʧʫ : https://docs.moodle.org/27/en/mod/referentiel/activite. 

3. ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʧʨʦ ʚʠʱʫ ʦʩʚʽʪʫ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ : http://zakon4.rada.gov.ua/laws/show/1556-18. 

4. ʅʘʮʽʦʥʘʣʴʥʘ ʩʪʨʘʪʝʛʽʷ ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʠ ʚ ʋʢʨʘʾʥʽ ʥʘ 2012ï2021 

ʨʦʢʠ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

http://www.mon.gov.ua/images/files/news/12/05/4455.pdf . 

5. ʉʠʩʪʝʤʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ɺʅɿ ʥʘ ʙʘʟʽ MOODLE : ʤʝʪʦʜʠʯ-

ʥʠʡ ʧʦʩʽʙʥʠʢ / ʖ. ɺ. ʊʨʠʫʩ, ɯ. ɺ. ɻʝʨʘʩʠʤʝʥʢʦ, ɺ. ʄ. ʌʨʘʥʯʫʢ / ʟʘ ʨʝʜ. 

ʖ. ɺ. ʊʨʠʫʩʘ. ï ʏʝʨʢʘʩʠ, 2012, ï 220 ʩ. 

6. ʑʝʨʙʠʥʘ ʆ. ɸ. ʄʦʜʫʣʴ çʈʝʧʦʟʠʪʦʨʽʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡè ʜʣʷ ʩʠʩ-

ʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʯʘʥʥʷʤ Moodle // ɺʽʩʥʠʢ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠ : ʟʙ. 

ʥʘʫʢ. ʧʨʘʮʴ / ʋʥ-ʪ ʤʝʥʝʜʞ. ʦʩʚʽʪʠ ʅɸʇʅ ʋʢʨʘʾʥʠ, ʨʝʜʢʦʣ.: ʆ. ʃ. ɸʥʫʬ-

ʨʽʻʚʘ [ʪʘ ʽʥ.]. ï ɺʠʧ. 7 (20) / ʛʦʣʦʚ. ʨʝʜ. ɺ. ɺ. ʆʣʽʡʥʠʢ. ï ʂ. : çɸʊʆʇʆʃè, 

2012. ï ʉ. 244-251. 



164 

 

 

ʋɼʂ 539.4:621.6 

ʈɽɸʃʀɿɸʎʀʗ ʈɸʉʏɽʊɸ ʇɸʈɸʄɽʊʈʆɺ ʗɼɽʈ ʇʆʃɿʋʏɽʉʊʀ 

ʀ ʈɽʃɸʂʉɸʎʀʀ, ʀʉʇʆʃʔɿʋʖʑɽɻʆʉʗ ɼʃʗ ʊʈʋɹ ʀɿ 

ʅɽʆɼʅʆʈʆɼʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ɽ.ɸ. ɻʦʣʫʙʝʚʘ, ʈ.ɸ. ɸʣʴ-ɸʙʩʠ 

ɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʌʨʘʥʮʠʩʢʘ ʉʢʦ-

ʨʠʥʳ, ɹʝʣʘʨʫʩʴ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʜʣʷ ʪʨʫʙ ʠʟ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 1): 

 
ʈʠʩ. 1. ʊʨʫʙʘ ʠʟ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

ʇʨʠ ʧʦʩʪʘʥʦʚʢʝ ʠ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʦʨʠʶ ʣʠ-

ʥʝʡʥʦʡ ʚʷʟʢʦʫʧʨʫʛʦʩʪʠ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦ-

ʠʟʚʦʜʥʳʭ. ʈʝʰʝʥʠʝ ʚʷʟʢʦʫʧʨʫʛʦʡ ʟʘʜʘʯʠ ʩʚʦʜʠʪʩʷ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʧʦ 

ʃʘʧʣʘʩʫ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʝʦʨʠʠ ʚʷʟʢʦʫʧʨʫʛʦʩʪʠ. ʌʫʥʢʮʠʠ, ʦʧʠʩʳ-

ʚʘʶʱʠʝ ʷʚʣʝʥʠʷ ʧʦʣʟʫʯʝʩʪʠ ʠ ʨʝʣʘʢʩʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʚʦʡʩʪʚʘʭ 

ʬʫʥʢʮʠʠ ʄʠʪʪʘʛ-ʃʝʬʬʣʝʨʘ, ʩʪʨʦʷʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 

ʧʦʣʟʫʯʝʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʨʝʣʘʢ-

ʩʘʮʠʶ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʜʝʬʦʨʤʘʮʠʷʭ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʘ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʨʘ-

ʤʝʪʨʳ ʨʘʟʣʠʯʥʳʭ ʷʜʝʨ ʧʦʣʟʫʯʝʩʪʠ ʠ ʨʝʣʘʢʩʘʮʠʠ. 

ʗʜʨʘ ʧʦʣʟʫʯʝʩʪʠ ʠ ʨʝʣʘʢʩʘʮʠʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠʥʪʝʛʨʘʣʴʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʷʟʢʦ-

ʫʧʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʭʦʜʷʪ ʚ ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʨʘʚʥʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘ-

ʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ ʚʨʝʤʝʥʝʤ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʦʙʱʝʥʥʳʝ ʷʜʨʘ ʚʠʜʘ [1] 
1
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ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʠʪ ʬʫʥʢʮʠʷ ʪʠʧʘ ʄʠʪʪʘʛ-ʃʝʬʬʣʝʨʘ 
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ä , ʛʜʝ ( )xG ï ʛʘʤʤʘ-ʬʫʥʢʮʠʷ;  mï ʧʨʦʠʟʚʦʣʴ-

ʥʳʡ ʧʘʨʘʤʝʪʨ *,A  ,b l, a ï ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʠ ʩʦʟʜʘʥʘ ʧʨʦʛʨʘʤʤʘ ʚ ʩʨʝʜʝ Delphi, ʢʦʪʦʨʘʷ 

ʨʝʘʣʠʟʦʚʳʚʘʝʪ ʨʘʩʯʝʪ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʪʨʫʙʝ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʜʣʷ ʫʧʨʫʛʦʡ ʟʘʜʘʯʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʰʝʥʠʷ ʫʧʨʫ-

ʛʦʡ ʟʘʜʘʯʠ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʪʨʫʙʳ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʨʝʰʝʥʠʝ ʜʣʷ ʚʷʟ-

ʢʦʫʧʨʫʛʦʛʦ ʩʣʫʯʘʷ, ʚ ʢʦʪʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʫʙʳ ʠʟʤʝʥʷʶʪʩʷ ʚʦ 

ʚʨʝʤʝʥʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʚʷʟʢʦʫʧʨʫʛʦʡ ʟʘʜʘʯʠ ʩʦʟʜʘʥʳ ʚ ʩʨʝʜʝ Mathcad 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʘʙʦʩʠʥʛʫʣʷʨʥʦʛʦ ʷʜʨʘ ʈʞʘʥʠʮʳʥʘ-ʂʦʣʪʫʥʦʚʘ ʧʨʠ 

* 0d =  ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, ʙʝʨʝʤ 1( ) tR t Ae tl a- -=  ʠ ʨʝʟʦʣʴʚʝʥʪʫ 
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ä , ʛʜʝ ( )aG ï ʛʘʤʤʘ-ʬʫʥʢʮʠʷ, 

A 0,015,=  0,05,l=  0,075a=  ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʙʦʪʢʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʩʦʟʜʘʚʘʪʴ ʤʝʪʦʜʳ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙ 

ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʪʴ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʝ, ʘ ʪʘʢʞʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʠʟ 

ʢʦʤʧʦʟʠʪʦʚ. 
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ʆ.ʌ. ɺʦʣʦʰʠʥ, ɺ.ɺ.ʂʫʣʠʢ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, 

ʋʢʨʘʾʥʘ 

 

ɹʫʜʴ-ʷʢʫ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʫ ʩʠʩʪʝʤʫ ï ʤʘʢʨʦ- ʘʙʦ ʤʽʢʨʦʨʽʚʥʷ, 

ʨʽʟʥʦʾ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʬʦʨʤʠ ʘʙʦ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʽ ʪ.ʜ. ï 
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ʤʦʞʥʘ ʡ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʷʢ ʚʠʨʦʙʥʠʯʫ ʩʠʩʪʝʤʫ, ʱʦ 

ʧʝʚʥʠʤ ʯʠʥʦʤ ʟʘʜʽʷʥʘ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʇʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ ʧʦʚôʷʟʘʥʘ ʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ 

ʫʧʨʘʚʣʽʥʩʴʢʫ ʧʨʘʢʪʠʢʫ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʙʝʟʧʝʨʝʨʚʥʦ 

ʧʦʣʽʧʰʫʚʘʪʠ ʾʭ ʷʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʾʭʥʶ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦ-

ʤʦʞʥʽʩʪʴ. 

ʅʘ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʦʤʫ ʨʽʚʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫ-

ʶʪʴ ʤʝʪʦʜ ʽ ʪʘʙʣʠʮʶ çʚʠʪʨʘʪʠ-ʚʠʧʫʩʢè, ʱʦ ʷʢʽʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʤʽʞʛʘʣʫʟʝʚʽ ʟʚôʷʟʢʠ ʚ ʥʘʮʽʦʥʘʣʴʥʽʡ ʝʢʦʥʦʤʽʮʽ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ɺɺʇ [1]. ʅʘ ʤʽʢʨʦʝʢʦʥʦʤʽʯʥʦʤʫ ʨʽʚʥʽ ʘʥʘʣʽʟ ʡ ʩʠʩʪʝʤʥʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʚʠʨʦʙ-

ʥʠʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʘʥʘʣʽʟʫ ʙʝʟʟʙʠʪ-

ʢʦʚʦʩʪʽ, ʷʢʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʮʽʣʷʭ ʽ ʻ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦ-ʣʦʛʽʯʥʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ ʤʝʪʦʜʫ çʚʠʪʨʘʪʠ-ʚʠʧʫʩʢè [2]. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʮʝʡ ʧʽʜʭʽʜ ʧʨʦʥʠʟʫʻ ʚʩʶ ʝʢʦʥʦʤʽʯʥʫ ʩʠʩʪʝʤʫ ʟʚʝʨʭʫ ʜʦʥʠʟʫ, ʚʨʘ-

ʭʦʚʫʶʯʠ ʦʢʨʝʤʦ ʚʟʷʪʝ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʽ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʦʥʦʚ-

ʣʝʥʥʽ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʩʠ-

ʩʪʝʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʨʽʟʥʠʭ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, 

ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʯʦʛʦ ʩʝʢʪʦʨʫ ʚ ʝʢʦʥʦʤʽʮʽ ʡ ʽʥ. 

ɺʠʨʦʙʥʠʯʘ ʜʽʷʣʴʥʽʩʪʴ ʧʦʚôʷʟʘʥʘ ʽʟ ʚʠʧʫʩʢʦʤ ʧʨʦʜʫʢʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥ-

ʥʷʤ ʜʦʭʦʜʫ. ɺ ʥʘʮʽʦʥʘʣʴʥʠʭ ʨʘʭʫʥʢʘʭ ʚʦʥʘ ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʘʭʫʥʢʫ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʠʡ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʝʢʦʥʦʤʽʯʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʽʥʩʪʠʪʠʪʫʮʽʡʥʠʭ ʩʝʢʪʦʨʽʚ ʽ ʧʽʜʩʝʢʪʦʨʽʚ, ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ 

ʨʽʚʥʽ [3], ʱʦ ʜʦʟʚʦʣʷʻ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʚʘʣʦʚʦʾ 

ʽ ʯʠʩʪʦʾ ʜʦʜʘʥʦʾ ʚʘʨʪʦʩʪʽ (ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʜʫʢʪʫ) : 

ɺʠʧʫʩʢ = ʇʨʦʤʽʞʥʝ ʩʧʦʞʠʚʘʥʥʷ + ɺʘʣʦʚʘ ʜʦʜʘʥʘ ʚʘʨʪʽʩʪʴ 

ɺʠʧʫʩʢ = ʇʨʦʤʽʞʥʝ ʩʧʦʞʠʚʘʥʥʷ + ʏʠʩʪʘ ʜʦʜʘʥʘ ʚʘʨʪʽʩʪʴ 

                           + ʉʧʦʞʠʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʢʘʧʽʪʘʣʫ 

ʄʦʜʝʣʴ ɺ.ʃʝʦʥʪʴʝʚʘ ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʤʽʞʛʘʣʫʟʝʚʠʭ 

ʟʚôʷʟʢʽʚ ʚ ʝʢʦʥʦʤʽʮʽ, ʜʦʪʨʠʤʫʶʯʠʩʴ ʦʩʥʦʚʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʘʥʦʛʦ 

ʨʘʭʫʥʢʫ: 

x =ɸx + y, 

ʜʝ x ï ʚʘʣʦʚʠʡ ʚʠʧʫʩʢ (x Ó 0), ɸ ï ʤʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʷʤʠʭ ʚʠʪ-

ʨʘʪ, y ï ʚʠʨʦʙʣʝʥʠʡ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ. 

ʇʨʦʪʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ ʫʤʦʚʘʭ ʢʦʥʢʫʨʝʥʮʽʾ 

ʧʦʪʨʝʙʫʻ ʧʽʜʪʨʠʤʢʠ ʦʧʪʠʤʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʽ ʥʘ ʝʪʘʧʽ ʫʪʚʦʨʝʥʥʷ 

ʜʦʭʦʜʫ (ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʜʦʭʦʜʫ), ʛʘʨʘʥʪʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʦʪʨʠʤʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʧʨʠʙʫʪʢʫ : 

ɺɺʇ = ʆʧʣʘʪʘ ʧʨʘʮʽ ʥʘʡʤʘʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ 

            + ʏʠʩʪʽ ʧʦʜʘʪʢʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

            + ɺʘʣʦʚʠʡ ʧʨʠʙʫʪʦʢ, ʟʤʽʰʘʥʠʡ ʜʦʭʽʜ. 
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ɹʽʟʥʝʩ-ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʤʽʢʨʦʨʽʚʥʽ ʙʝʟʧʦʩʝ-

ʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʽ ʘʛʨʝʛʘʪʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʠʨʦʙ-

ʥʠʮʪʚʦ ʽ ʫʪʚʦʨʝʥʥʷ ʜʦʭʦʜʫ, ʽ ʚʢʣʶʯʘʻ ʝʣʝʤʝʥʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʜʦʭʽʜʥʦʩʪʽ, ʱʦ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʧʦʣʽʧʰʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʠʪʨʘʪ, ʦʧ-

ʪʠʤʽʟʘʮʽʶ ʦʙʩʷʛʽʚ ʚʠʧʫʩʢʫ ʪʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ [2, ʩ.285] : 

ɺʠʧʫʩʢ = ʇʦʩʪʽʡʥʽ ʽ ʟʤʽʥʥʽ ʚʠʪʨʘʪʠ + ʧʨʠʙʫʪʦʢ 

ɺʩʝ ʮʝ ʚʧʣʠʚʘʻ ʥʘ ʧʨʠʰʚʠʜʰʝʥʠʡ ʨʦʟʚʠʪʦʢ ʪʠʭ ʚʠʜʽʚ ʝʢʦʥʦʤʽʯʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʷʢʽ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʜʦʭʦʜʫ. 

ʇʝʨʰ ʟʘ ʚʩʝ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʩʬʝʨʠ ʧʦʩʣʫʛ, ʯʘʩʪʢʘ ʷʢʦʾ ʚ ʨʦʟʚʠʥʝʥʠʭ ʝʢʦ-

ʥʦʤʽʢʘʭ ʩʷʛʘʻ ʙʽʣʴʰʝ 50% ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ɺʠʩʥʦʚʢʠ. ʇʨʠ ʘʥʘʣʽʟʽ ʪʘ ʤʦʜʝʣʶʚʘʥʥʽ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʝʢʦʥʦʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ (ʥʘ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʫʪʚʦ-

ʨʝʥʥʷ ʜʦʭʦʜʫ) ʽ ʛʨʘʥʠʯʥʘ ʢʦʨʠʩʥʽʩʪʴ (ʧʨʠʨʽʩʪ ʜʦʭʦʜʫ) ʩʢʣʘʜʘʶʪʴ ʻʜʠʥʝ 

ʮʽʣʝ. ʎʝʡ ʚʠʩʥʦʚʦʢ ɺ.ʆʡʢʝʥʘ [4, ʩ.232] ʱʦʜʦ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ 

ʚʽʜʥʦʩʠʪʴʩʷ ʚʣʘʩʥʝ ʜʦ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ ʽ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥ-

ʩʪʨʫʤʝʥʪʽʚ ʽ ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʡ ʨʝʛʫʣʶʚʘʪʠ 

ʜʦʭʽʜʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʋɼʂ 004.77: 37.018.43 

ʄʆɼɽʃʔʅʆ-ʆʈɯɭʅʊʆɺɸʅɽ ONLINE ʅɸɺʏɸʅʅʗ ɺ MOODLE 

ʅɸ ʆʉʅʆɺɯ ʂʆʄʇɽʊɽʅʊʅɯʉʅʆɻʆ ʇɯɼʍʆɼʋ 

ɺ.ɺ.ʂʘʟʠʤʠʨ, ʆ.ʇ.ɼʨʦʟʜ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ɼʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ ʫ ʨʝʞʠʤʽ online ʩʴʦʛʦʜʥʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. ʆʩʦʙʣʠʚʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʩʴʦʛʦʜʥʽ ʤʘʶʪʴ ʩʠʩʪʝʤʠ 

ʤʘʩʦʚʦʛʦ ʥʘʚʯʘʥʥʷ (Massive Open Online Courses - MOOC), ʪʘʢʽ ʷʢ 

Coursera, Udacity, MIT OpenCourseWare, Khan Academy, Prometheus ʪʘ 

ʽʥʰʽ [1]. ʅʘʚʯʘʣʴʥʽ ʟʘʢʣʘʜʠ ʫʩʽʭ ʨʽʚʥʽʚ ʪʘʢʦʞ ʥʘʤʘʛʘʶʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫ-
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ʚʘʪʠ online ʥʘʚʯʘʥʥʷ ʘʙʦ ʷʢ ʦʢʨʝʤʫ ʬʦʨʤʫ ʥʘʚʯʘʥʥʷ, ʘʙʦ ʫ ʷʢʦʩʪʽ ʩʫʯʘʩ-

ʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʜʦʧʦʚʥʝʥʥʷ 

ʫʯʙʦʚʦʛʦ ʧʨʦʮʝʩʫ.  

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ online ʥʘʚ-

ʯʘʥʥʷ ʻ ʩʠʩʪʝʤʘ Moodle (Modular Object-Oriented Dynamic Learning 

Environment) [2]. ʎʝ ʩʠʩʪʝʤʘ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʙʘ-

ʟʦʚʦʛʦ ʧʘʢʝʪʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʠʭ ʧʣʘʛʽʥʽʚ. 

Moodle ʤʘʻ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʚʥʦʮʽʥʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʠʭ ʢʫʨʩʽʚ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʥʘʚʯʘʥʥʷ. ʇʨʦʪʝ ʥʝʟʚʘʞʘ-

ʶʯʠ ʥʘ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ, ʤʦʜʝʣʴʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʥʘ-

ʚʯʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʩʠʩʪʝʤʽ ʫ ʥʝʜʦʩʪʘʪʥʽʡ ʤʽʨʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʠ-

ʢʣʘʜʘʯ ʧʦʚʠʥʝʥ ʦʢʨʝʤʦ, ʥʝ ʚ Moodle, ʩʧʨʦʝʢʪʫʚʘʪʠ ʤʦʜʝʣʴ ʥʘʚʯʘʥʥʷ ʽ 

ʜʘʣʽ ʰʫʢʘʪʠ ʰʣʷʭʠ ʭʦʯʘ ʙʠ ʥʘʙʣʠʞʝʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʽʩʥʫʶʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ Moodle. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʚʠʤʘʛʘʻ ʜʦʩʪʘʪ-

ʥʴʦ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʚʠʢʣʘʜʘʯʽʚ ʽ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʨʦʙʦʯʦʛʦ ʯʘʩʫ. 

ʅʘʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʝʤʦ ʫʟʘʛʘʣʴʥʝʥʫ ʤʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʦʮʝʩʫ 

ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪʽʚ ʽ ʩʧʨʦʙʫʻʤʦ ʨʦʟʛʣʷʥʫʪʠ ʽʥʩʪʨʫʤʝʥʪʠ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʚ 

Moodle. ʋ ʮʽʡ ʤʦʜʝʣʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʩʪʨʫʢʪʫʨʥʽ ʢʦʤʧʦʥʝʥʪʠ: 

- ʎʽʣʴʦʚʘ ʤʦʜʝʣʴ ʟʥʘʥʴ ʧʨʝʜʩʪʘʚʣʷʻ ʥʘʙʽʨ ʟʥʘʥʴ, ʷʢʠʤʠ ʧʦʚʠʥʝʥ 

ʦʚʦʣʦʜʽʪʠ ʩʪʫʜʝʥʪ. ɿʥʘʥʥʷ ʧʦʚʠʥʥʽ ʤʽʩʪʠʪʠ ʢʽʣʴʢʽʩʥʽ ʽ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʽʟ ʧʦʪʦʯʥʠʤʠ ʟʥʘʥ-

ʥʷʤʠ ʩʪʫʜʝʥʪʘ. 

- ʄʦʜʝʣʴ ʟʥʘʥʴ ʩʪʫʜʝʥʪʘ ʤʽʩʪʠʪʴ ʧʦʪʦʯʥʽ ʟʥʘʥʥʷ ʩʪʫʜʝʥʪʘ. ʇʦ-

ʚʠʥʥʘ ʩʢʣʘʜʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʭʽʜʥʦʾ ʧʝʨʝʚʽʨʢʠ ʟʥʘʥʴ ʽ ʥʘʜʘʣʽ 

ʢʦʨʠʛʫʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ, ʜʦʢʠ ʥʝ 

ʩʪʘʥʝ ʚʽʜʧʦʚʽʜʥʦʶ ʜʦ ʮʽʣʴʦʚʦʾ ʤʦʜʝʣʽ ʟʥʘʥʴ.  

- ʉʮʝʥʘʨʽʡ ʥʘʚʯʘʥʥʷ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʦʪʦʯʥʠʭ ʟʥʘʥʴ ʩʪʫʜʝʥʪʘ ʽ ʮʽʣʴʦʚʦʛʦ ʥʘʙʦʨʫ 

ʟʥʘʥʴ. 

- ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʮʝʥʘʨʽʶ ʥʘʚ-

ʯʘʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʦʜʠʬʽʢʘʮʽʷ ʤʦʜʝʣʽ ʩʪʫʜʝʥʪʘ ʽ ʩʢʣʘʜʘ-

ʻʪʴʩʷ ʦʥʦʚʣʝʥʠʡ ʩʮʝʥʘʨʽʡ ʥʘʚʯʘʥʥʷ. 

ʆʢʨʝʤʦʛʦ, ʯʽʪʢʦ ʚʠʨʘʞʝʥʦʛʦ ʧʣʘʛʽʥʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʠʱʝʚʢʘʟʘʥʦʾ ʤʦ-

ʜʝʣʽ Moodle ʥʝ ʤʽʩʪʠʪʴ. ʅʘʪʦʤʽʩʪʴ ʻ ʦʢʨʝʤʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʠʭ ʤʦʞʥʘ ʧʨʷʤʦ ʘʙʦ ʥʝʧʨʷʤʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʦʢʨʝʤʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦ-

ʜʝʣʽ. ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʻ ʪʝ, ʱʦ ʟʘ ʚʠʢʦʥʘʥʥʷʤ ʜʝʪʘʣʴʥʠʭ 

ʥʘʣʘʰʪʫʚʘʥʴ ʚʪʨʘʯʘʻʪʴʩʷ ʙʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʦʜʝʣʽ.   

ʉʠʪʫʘʮʽʶ ʟ ʤʦʜʝʣʴʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤ ʧʽʜʭʦʜʦʤ ʤʦʞʝ ʫ ʜʝʷʢʽʡ ʤʽʨʽ ʧʦ-

ʢʨʘʱʠʪʠ ʧʽʜʩʠʩʪʝʤʘ ʢʦʤʧʝʪʝʥʮʽʡ, ʷʢʘ ʙʫʣʘ ʚʢʣʶʯʝʥʘ ʜʦ ʷʜʨʘ Moodle ʧʦ-

ʯʠʥʘʶʯʠ ʟ ʚʝʨʩʽʾ 3.1 [3]. ʉʧʦʯʘʪʢʫ ʚʠʟʥʘʯʠʤʦʩʷ ʟ ʢʣʶʯʦʚʠʤʠ ʪʝʨʤʽʥʘʤʠ 

çʢʦʤʧʝʪʝʥʮʽʷè ʪʘ çʢʦʤʧʝʪʝʥʪʥʽʩʪʴè. ʋ ʩʚʦʻʤʫ ʜʦʩʣʽʜʞʝʥʥʽ [4] ʉ. ɺ. 
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ʃʝʡʢʦ ʟʘʟʥʘʯʠʚ, ʱʦ "ʢʦʤʧʝʪʝʥʮʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʚʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ, 

ʫʩʪʘʥʦʚʦʶ, ʜʝʨʞʘʚʦʶ ʷʢ ʥʘʧʝʨʝʜ ʟʘʜʘʥʘ ʚʠʤʦʛʘ ʜʦ ʟʥʘʥʴ, ʫʤʽʥʴ, ʥʘʚʠ-

ʯʦʢ, ʷʢʠʤʠ ʧʦʚʠʥʥʘ ʚʦʣʦʜʽʪʠ ʦʩʦʙʠʩʪʽʩʪʴ, ʜʣʷ ʫʩʧʽʰʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʤʝ-

ʞʘʭ ʪʽʻʾ ʩʬʝʨʠ, ʜʝ ʮʷ ʜʽʷʣʴʥʽʩʪʴ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ. ʂʦʤʧʝʪʝʥʪʥʽʩʪʴ é 

ʻ ʥʘʜʙʘʥʥʷʤ ʩʘʤʦʾ ʦʩʦʙʠʩʪʦʩʪʽ, ʚʠʟʥʘʯʘʻ ʷʢʽʩʥʠʡ ʨʽʚʝʥʴ, ʟʘʩʚʦʻʥʥʷ ʚ ʥʘ-

ʩʣʽʜʦʢ ʥʘʚʯʘʥʥʷ, ʟʥʘʥʴ, ʫʤʽʥʴ ʥʘʚʠʯʦʢ ʪʘ ʟʜʘʪʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʪʠ ʾʭ, ʥʘ 

ʦʩʥʦʚʽ ʚʣʘʩʥʦʛʦ ʜʦʩʚʽʜʫ, ʚ ʧʨʦʮʝʩʽ ʟʜʽʡʩʥʝʥʥʷ ʧʝʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ" 

(ʃʝʡʢʦ, 2013, ʩ.133). ɺʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʝʪʝʥʪʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ  ʻ ʚʘʞʣʠ-

ʚʠʤ ʤʦʤʝʥʪʦʤ ʫ ʨʝʬʦʨʤʫʚʘʥʥʽ ʦʩʚʽʪʠ ʪʘ ʾʾ ʧʨʠʚʝʜʝʥʥʽ ʜʦ ʝʚʨʦʧʝʡʩʴʢʠʭ 

ʽ ʩʚʽʪʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʂʦʤʧʝʪʝʥʮʽʾ ʚ Moodle ʧʦʙʫʜʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʢʦ-

ʞʥʘ ʪʘʢʘ ʩʪʨʫʢʪʫʨʘ ʥʘʟʠʚʘʻʪʴʩʷ ʬʨʝʡʤʚʦʨʢʦʤ ʢʦʤʧʝʪʝʥʮʽʡ. ʑʦʙ ʟʘʧʦ-

ʙʽʛʪʠ ʜʫʙʣʶʚʘʥʥʷ ʦʜʥʘʢʦʚʠʭ ʢʦʤʧʝʪʝʥʮʽʡ, ʫ ʩʢʣʘʜ ʥʠʞʯʠʭ ʨʽʚʥʽʚ ʢʦʤ-

ʧʝʪʝʥʮʽʾ ʤʦʞʥʘ ʚʢʣʶʯʘʪʠ ʧʦʩʠʣʘʥʥʷ ʥʘ ʽʥʰʽ ʢʦʤʧʝʪʝʥʮʽʾ ʽʟ ʨʽʟʥʠʭ ʬʨʝʡ-

ʤʚʦʨʢʽʚ.  

ʂʦʤʧʝʪʝʥʮʽʾ ʬʘʢʪʠʯʥʦ ʩʪʘʶʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʥʝʦʙ-

ʭʽʜʥʠʭ ʟʥʘʥʴ. ɼʘʣʽ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʝʪʝʥʮʽʡ ʙʫʜʫʶʪʴʩʷ: 

- ʥʘʚʯʘʣʴʥʽ ʧʣʘʥʽ, ʷʢʽ ʨʘʟʦʤ ʽʟ ʦʮʽʥʢʦʶ ʟʥʘʥʴ ʩʪʫʜʝʥʪʘ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʟʥʘʥʴ ʩʪʫʜʝʥʪʘ; 

- ʧʣʘʥ ʥʘʙʫʪʪʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚʠʚʯʝʥʥʷ ʝʣʝʤʝʥ-

ʪʽʚ ʢʫʨʩʫ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʚʠʢʦʥʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʧʣʘʥʽʚ. ʅʘʙʫʪʪʷ ʢʦʤʧʝ-

ʪʝʥʪʥʦʩʪʽ ʩʪʫʜʝʥʪʦʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʛʦ ʤʝʭʘʥʽʟʤʫ: ʜʣʷ 

ʢʦʞʥʦʛʦ ʢʫʨʩʫ ʚ Moodle ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʙʽʨ ʢʦʤʧʝʪʝʥʮʽʡ, ʟ ʷʢʦʛʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʙʽʨ ʢʦʤʧʝʪʝʥʮʽʡ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʢʫʨʩʫ 

ʨʘʟʦʤ ʽʟ ʨʽʟʥʠʤʠ ʚʽʜʤʽʪʢʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʜʦʢʘʟʘʤʠ ʽ ʟʘʚʝʨʰʝʥʥʷʤ ʢʦʤ-

ʧʝʪʝʥʮʽʾ. ʈʘʟʦʤ ʽʟ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʝʣʝʤʝʥʪʘ ʪʘ  

ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʝʣʝʤʝʥʪʘ ʢʫʨʩʫ ʮʝʡ ʤʝʭʘʥʽʟʤ ʤʦʞʥʘ ʨʦʟʛ-

ʣʷʜʘʪʠ ʷʢ ʦʩʥʦʚʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʮʝʥʘʨʽʶ ʥʘʚʯʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʟʘʣʫʯʝʥʥʷ ʢʦʤʧʝʪʝʥʮʽʡ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ 

ʫʟʘʛʘʣʴʥʝʥʫ ʤʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ (ʨʠʩ.1) 
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˿ͼ͔͚ͤ͊ͪ͜ ͍ͤ͊;͊ͤͤΎ:
͙͊ͪͭͭ͘͟Ύ 
͔͔ͦͣͨͭͤ͟ͼ͚͜

˽ͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎ

 
ʈʠʩ. 1. ʋʟʘʛʘʣʴʥʝʥʘ ʤʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʟ ʢʦʤʧʝ-

ʪʝʥʪʥʽʩʥʠʤ ʧʽʜʭʦʜʦʤ 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʝʪʝʥʮʽʡ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʧʦʙʫʜʦʚʫ ʩʪʘʨʪʦʚʠʭ 

ʤʦʜʝʣʝʡ ʟʥʘʥʴ: ʮʽʣʴʦʚʦʾ ʤʦʜʝʣʽ ʽ ʤʦʜʝʣʽ ʟʥʘʥʴ ʩʪʫʜʝʥʪʘ, ʧʨʠʯʦʤʫ 

ʦʩʪʘʥʥʷ ʚʠʪʽʢʘʻ ʽʟ ʧʝʨʰʦʾ. ʉʮʝʥʘʨʽʡ ʥʘʚʯʘʥʥʷ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʤʦʜʝʣʣʶ, ʘʣʝ ʪʝʧʝʨ ʚʽʥ ʥʘʮʽʣʝʥʠʡ ʥʘ ʟʘʢʨʠʪʪʷ 

ʢʦʤʧʝʪʝʥʮʽʡ ʽʟ ʥʘʚʯʘʣʴʥʦʛʦ ʧʣʘʥʫ. 

ʅʘʚʽʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʝʪʝʥʮʽʡ ʨʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʴʥʦ-ʦʨʽʻʥʪʦ-

ʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ Moodle ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʠʤ ʧʨʦʮʝʩʦʤ, 

ʥʝ ʟʘʚʞʜʠ ʜʦʩʠʪʴ ʥʘʦʯʥʠʤ ʽ ʯʘʩʪʦ ʙʝʟ ʧʦʪʨʽʙʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ. ʊʦʤʫ ʚʠ-

ʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʨʦʟʨʦʙʮʽ ʥʦʚʦʛʦ ʧʣʘʛʽʥʘ ʜʣʷ ʤʦʜʝʣʴʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. ʉʧʨʦʙʫʻʤʦ ʦʢʨʝʩʣʠʪʠ ʢʦʣʦ ʟʘʜʘʯ ʧʣʘʛʽʥʘ, ʧʨʠ ʮʴʦʤʫ ʩʧʠʨʘʶ-

ʯʠʩʴ ʥʘ ʽʩʥʫʶʯʽ ʤʦʞʣʠʚʦʩʪʽ Moodle. 

- ɺ Moodle ʻ ʜʦʩʠʪʴ ʟʨʫʯʥʘ ʽʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʝʪʝʥʮʽʡ, 

ʘʣʝ ʥʝ ʚʠʩʪʘʯʘʻ ʛʨʘʬʽʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ. 

- ʉʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʧʣʘʥʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʰʘʙʣʦʥʫ ʪʽʣʴʢʠ 

ʚʨʫʯʥʫ. ʅʝ ʚʠʩʪʘʯʘʻ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʽ ʢʦʨʠʛʫʚʘʥʥʷ ʥʘʚʯʘʣʴ-

ʥʦʛʦ ʧʣʘʥʫ (ʤʦʜʝʣʽ ʩʪʫʜʝʥʪʘ) ʥʘ ʦʩʥʦʚʽ ʰʘʙʣʦʥʘ ʟ ʥʘʙʦʨʦʤ ʢʦʤʧʝʪʝʥʮʽʡ 

ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʝʚʽʨʢʠ ʚʭʽʜʥʠʭ ʟʥʘʥʴ ʩʪʫʜʝʥʪʘ. 

- ʅʘʚʯʘʣʴʥʠʡ ʧʣʘʥ ʥʝ ʧʦʢʘʟʫʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʽ ʥʝ ʧʽʜʢʘʟʫʻ ʩʪʫʜʝʥʪʫ, ʟ ʯʦʛʦ ʧʦʯʠʥʘʪʠ ʥʘʚʯʘʥʥʷ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠ-

ʚʯʝʥʥʷ ʤʘʪʝʨʽʘʣʫ (ʪʨʘʻʢʪʦʨʽʷ ʥʘʚʯʘʥʥʷ) ʟʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʘʣʘʰʪʫ-

ʚʘʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʢʫʨʩʫ. ʊʦʞ ʥʝ ʚʠʩʪʘʯʘʻ ʘʛʨʝʛʘʮʽʾ 

ʫʩʽʭ ʜʝʪʘʣʝʡ ʪʨʘʻʢʪʦʨʽʾ ʥʘʚʯʘʥʥʷ ʥʘ ʚʽʟʫʘʣʴʥʦʤʫ ʛʨʘʬʽ ʟ ʤʘʨʢʫʚʘʥʥʷʤ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʧʨʦʮʝʩʫ. 

- ɺ Moodle ʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʚʠ-

ʚʯʝʥʥʷ, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʜʘʧʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦ-

ʩʠʪʴ ʥʝʟʨʫʯʥʦ. ɸʜʘʧʪʠʚʥʝ ʥʘʚʯʘʥʥʷ ʤʦʞʥʘ ʙʫʣʦ ʙ ʨʝʘʣʽʟʫʚʘʪʠ ʯʝʨʝʟ ʧʦ-

ʚʪʦʨʥʝ ʘʙʦ ʜʦʜʘʪʢʦʚʝ ʚʽʜʢʨʠʪʪʷ ʢʦʤʧʝʪʝʥʮʽʡ ʥʘʚʯʘʣʴʥʦʛʦ ʧʣʘʥʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʣʘʛʽʥ ʧʦʚʠʥʝʥ ʚʠʨʽʰʫʚʘʪʠ ʱʦʥʘʡʤʝʥʰʝ ʜʚʘ ʛʦʣʦʚʥʠʭ 

ʟʘʚʜʘʥʥʷ:  ʨʦʟʰʠʨʠʪʠ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʨʦʙʦʪʠ ʽʟ ʢʦʤʧʝʪʝʥʮʽʷʤʠ ʫ ʥʘʧʨʷ-

ʤʢʫ ʙʽʣʴʰ ʟʨʫʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ ʽʩʥʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʘ ʪʘʢʦʞ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʥʘʚʯʘʣʴ-

ʥʦʛʦ ʧʣʘʥʫ. 

ʇʣʘʪʬʦʨʤʘ Moodle ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʤʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʚʪʽʣʝʥʥʷ ʥʦʚʠʭ ʽʜʝʡ ʟ ʨʝʘʣʽʟʘʮʽʾ online ʥʘʚʯʘʥʥʷ. ɿʚʘʞʘʶʯʠ ʥʘ ʧʦʪʫʞʥʠʡ 

ʬʫʥʢʮʽʦʥʘʣ ʽ ʨʦʟʚʠʥʝʥʫ ʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ ʚ Moodle, ʜʦʩʣʽʜʞʝʥʥʷ, ʨʦʟʨʦ-

ʙʢʘ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʙʘʟʽ 

ʮʽʻʾ ʩʠʩʪʝʤʠ ʤʘʻ ʚʝʣʠʢʫ ʪʝʦʨʝʪʠʯʥʫ ʽ ʧʨʘʢʪʠʯʥʫ ʟʥʘʯʠʤʽʩʪʴ. 
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ʋɼʂ 519.7 

ʉʊʈʋʂʊʋʈʀ ɼɸʅʀʍ ʄɸʊɽʄɸʊʀʏʅʆɰ ʄʆɼɽʃɯ 

ʉʊɸʎɯʆʅɸʈʅʆɻʆ ʈɽɾʀʄʋ ʈʆɹʆʊʀ ɻɸɿʆʊʈɸʅʉʇʆʈʊʅʆɰ 

ʉʀʉʊɽʄʀ ɿɸ ʅɽʇʆɺʅʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ 

ʂʨʠʭʽʚʩʴʢʠʡ ʄ. ɺ., ʊʠʤʢʽʚ ɼ. ʌ., ʎʘʨʝʚʘ ʆ. ʉ. 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ 

ʛʘʟʫ 

 

ɻʘʟʦʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ (ɻʊʉ) ʋʢʨʘʾʥʠ ʩʢʣʘʜʘʻʪʴʩʷ [1] ʟ 37,6 ʪʠʩʷʯ 

ʢʤ ʛʘʟʦʧʨʦʚʦʜʽʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 73 ʢʦʤʧʨʝʩʦʨ-

ʥʠʭ ʩʪʘʥʮʽʡ ʟ 110 ʢʦʤʧʨʝʩʦʨʥʠʤʠ ʮʝʭʘʤʠ, ʜʝ ʚʩʪʘʥʦʚʣʝʥʦ 703 ʛʘʟʦʧʝʨʝ-

ʢʘʯʫʚʘʣʴʥʽ ʘʛʨʝʛʘʪʠ ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 5,4 ʪʠʩʷʯ ʄɺʪ, 1607 ʛʘ-

ʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʩʪʘʥʮʽʡ, 13 ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱ ʛʘʟʫ ʪʘ ʦʙôʻʢʪʽʚ ʽʥʬʨʘ-

ʩʪʨʫʢʪʫʨʠ. ʅʘ ʩʭʦʜʽ ʚʦʥʘ ʩʧʨʦʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʜʦ 290 ʤʣʨʜ ʤ3/ʨʽʢ, ʘ ʧʝ-

ʨʝʜʘʪʠ ʜʦ 175 ʤʣʨʜ ʤ3/ʨʽʢ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʚ ʪ.ʯ. 140 ʤʣʨʜ. ʤ3 ï ʜʦ ʢʨʘʾʥ 

ɿʘʭʽʜʥʦʾ ʪʘ ʎʝʥʪʨʘʣʴʥʦʾ ɭʚʨʦʧʠ. ʉʢʣʘʜʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ɻʊʉ ʧʦʚôʷʟʘʥʘ 

ʟ ʥʝʧʦʚʥʠʤ ʾʾ ʟʘʚʘʥʪʘʞʝʥʥʷʤ, ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʚʝʨʩʥʠʭ ʨʝ-

ʞʠʤʽʚ ʽ ʤʦʞʣʠʚʠʤʠ ʟʤʽʥʘʤʠ ʚ ʩʪʨʫʢʪʫʨʽ. ʊʦʤʫ ʜʦʮʽʣʴʥʠʤ ʻ ʨʦʟʨʦʙʢʘ ʤʝ-

ʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʾʾ ʨʦʙʦʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

ɺʘʞʣʠʚʘ ʨʦʣʴ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʘʣʴʥʠʭ ʫʧʨʘʚʣʽʥʴ ʚʽʜʚʦʜʠʪʴʩʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʶ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ɻʊʉ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʉɻ, ʟʦ-

ʢʨʝʤʘ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɻʊʉ ʥʝʦʙ-

ʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʽ ʦʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʝ-

ʞʠʤʫ ʨʦʙʦʪʠ ɻʊʉ.  

ʉʢʣʘʜʥʘ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʨʷʜ ʛʘʟʦʧʨʦʚʦʜʽʚ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʣʽʥʽʡʥʫ ʯʘʩʪʠʥʫ, ʪʘ ʨʷʜ ʢʦʤʧʨʝʩʦʨʥʠʭ ʩʪʘʥʮʽʡ, ʷʢʽ 
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ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʦ ʪʘ ʧʘʨʘʣʝʣʴʥʦ ʟôʻʜʥʘʥʽ ʣʘʥʢʠ.  ɺʽʜ ʾʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʣʝʞʠʪʴ ʚʝʣʠʯʠʥʘ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ɼʣʷ ʩʢʣʘʜʥʠʭ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʟʘʜʘʯʘ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ. ɸʜʞʝ ʢʦʞʥʘ ʣʽʥʽʡʥʘ ʜʽʣʷʥʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʾʤ 

ʟʥʘʯʝʥʥʷʤ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʞʥʦʾ ʟ 

ʢʦʤʧʨʝʩʦʨʥʠʭ ʩʪʘʥʮʽʡ, ʟʘʣʝʞʥʘ ʚʽʜ ʾʭ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʩʭʝʤʠ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʨʦʙʦʪʠ, ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ 

ʉʪʨʫʢʪʫʨʫ ʜʘʥʠʭ ɻʊʉ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʧʠʩʘʪʠ ʥʝʦʨʽʻʥʪʦʚʘʥʠʤ ʛʨʘ-

ʬʦʤ, ʚʝʨʰʠʥʘʤʠ ʷʢʦʛʦ ʙʫʜʫʪʴ ʢʦʤʧʨʝʩʦʨʥʽ ʩʪʘʥʮʽʾ, ʘ ʨʝʙʨʘʤʠ ʛʘʟʦʧʨʦ-

ʚʦʜʠ. ɺʽʜʥʦʰʝʥʥʷ ʽʥʮʠʜʝʥʪʥʦʩʪʽ ʛʨʘʬʘ ʟ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘ-

ʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʜʘʤʦ ʩʧʠʩʢʦʤ ʨʝʙʝʨ ʛʨʘʬʘ [1]. ʂʦʞʥʝʥ ʨʷʜʦʢ 

ʮʴʦʛʦ ʩʧʠʩʢʫ ʚʽʜʧʦʚʽʜʘʻ ʨʝʙʨʫ, ʚ ʥʴʦʤʫ ʟʘʧʠʩʘʥʦ ʥʦʤʝʨʠ ʚʝʨʰʠʥ, ʽʥʮʠ-

ʜʝʥʪʥʠʭ ʡʦʤʫ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʧʨʦʚʦʜʽʚ (ʨʝʙʝʨ) ʦʙʤʝʞʠʤʦ ʜʽʘʤʝʪʨʦʤ, ʧʨʦʝʢʪ-

ʥʠʤ ʪʠʩʢʦʤ ʽ ʡʤʦʚʽʨʥʽʩʪʶ ʘʚʘʨʽʡ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʪʨʫʢʪʫʨʘ ʮʠʭ ʜʘ-

ʥʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʘʩʠʚʘʤʠ, ʥʦʤʝʨʠ ʝʣʝʤʝʥʪʽʚ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʤʝ-

ʨʘʤ ʩʧʠʩʢʫ ʨʝʙʝʨ ʛʨʘʬʘ. 

ɺʝʨʰʠʥʠ ʛʨʘʬʘ (ʢʦʤʧʨʝʩʦʨʥʽ ʩʪʘʥʮʽʾ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʩʢʘʤʠ ʽ 

ʚʠʪʨʘʪʘʤʠ ʚʭʦʜʫ ʪʘ ʚʠʭʦʜʫ ʪʘ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʮʴʦʛʦ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʟʘ-

ʪʨʘʪʘʤʠ ʢʦʞʥʦʾ ʜʦʙʠ.  

ʇʨʦʧʦʥʦʚʘʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʧʨʦʜʠʢʪʦʚʘʥʘ ʜʦʩʪʫʧ-

ʥʽʩʪʶ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʩʪʘʥʥʽ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʘʮʽʶ ʮʴʦʛʦ 

ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦ-

ʛʨʘʤʫʚʘʥʥʷ. 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʛʘʟʦʧʨʦʚʦʜʽʚ ʷʢ ʬʫʥʢʮʽʷ ʧʘ-

ʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʪʘ ʝʣʝʤʝʥʪ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʻ ʦʩ-

ʥʦʚʥʠʤ ʚʠʨʦʙʥʠʯʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʛʘʟʦʧʨʦʚʦʜʽʚ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ. 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ ʄɻ, ʟʘʧʠʩʘʥʦʛʦ ʜʣʷ ʟʦʥʠ ʞʦʨʩʪʢʠʭ ʪʨʫʙ ʪʫʨ-

ʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ [2]: 
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ʜʝ Pn, Pk ï ʪʠʩʢ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʚ ʢʽʥʮʽ ʜʽʣʷʥʢʠ ʜʦʚʞʠʥʦʶ L; T ï ʩʝʨʝʜʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ; z ï ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʣʦʩʪʽ; ȹ ï ʚʽʜʥʦʩʥʘ ʛʫʩʪʠʥʘ. ɸʣʛʦʨʠʪʤ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʽʪʝʨʘʮʽʡʥʠʡ ʘʣʛʦ-

ʨʠʪʤ. 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʧʨʝʩʦʨʥʦʾ ʩʪʘʥʮʽʾ (ʂʉ) ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʛʘʟʦʧʝʨʝʢʘʯʫʚʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ (ɻʇɸ) ʪʘ ʩʭʝʤʠ ʾʭ ʨʦʙʦʪʠ. ʊʦʤʫ 

ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʬʦʨʤʫʻʪʴʩʷ ʽʟ 

ʢʣʘʩʽʚ ɻʇɸ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʤʦʜʝʣʣʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʮʝʥʪʨʦ-

ʚʦʛʦ ɻʇɸ ʻ ʜʚʦʯʣʝʥʥʘ ʤʦʜʝʣʴ [2]: 

 
22 bQa-=e ,   (2) 

 

ʜʝ Ů ï ʩʪʫʧʽʥʴ ʩʪʠʩʢʫ ɻʇɸ; Q ï ʦʙôʻʤʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ; a, b ï ʘʧʨʦʢ-

ʩʠʤʘʮʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

ʆʧʠʩʘʥʽ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʠ ʧʨʦʛʨʘʤʥʽʡ ʨʝ-

ʘʣʽʟʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝ-

ʞʠʤʫ ʨʦʙʦʪʠ ɻʊʉ ʟʘ ʥʝʧʦʚʥʦʛʦ ʾʾ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʉʊʈʋʂʊʋʈʀ ʄʆɼɽʃɯ ɸɺʊʆʄʆɹɯʃʔʅʀʍ 

ʇʆʊʆʂɯɺ ʅɸ ʅɽɺɽʃʀʂʀʍ ɼɯʃʗʅʂɸʍ ʊʈɸʅʉʇʆʈʊʅʆɰ 

ʄɽʈɽɾɯ ʄɯʉʊɸ 

ɸ.ɺ. ɹʫʙʣʽʢʦʚ, ɯ.ʆ. ʊʘʨʘʥ 

ɼʝʨʞʘʚʥʠʡ ʚʠʱʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ çʅʘʮ̔ʦʥʘʣʴʥʠʡ ʛʽʨʥʠʯʠʡ ʫʥʽ-

ʚʝʨʩʠʪʝʪè 

 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ ʫ ʤʽʩʪʽ ʟʘ ʢʣʘʩʠʯʥʦʶ 

ʬʦʨʤʫʣʦʶ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʧʽʜʭʦʜʠ ï ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʪʘ 

ʽʤʦʚʽʨʥʽʩʥʠʡ (ʩʪʦʭʘʩʪʠʯʥʠʡ) [1]. ɼʝʪʝʨʤʽʥʦʚʘʥʘ ʤʦʜʝʣʴ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʚʪʦʤʦʙʽʣʴ-

ʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʜʦʨʦʞʥʽʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʋ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʘʚʪʦ-

ʤʦʙʽʣʴʥʠʡ ʧʦʪʽʢ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʽʤʦʚʽʨʥʽʩʥʠʡ (ʚʠʧʘʜʢʦʚʠʡ ) ʧʨʦʮʝʩ. 
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ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟʘ ʫʤʦʚʠ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ ʫ ʤʽʩʪʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʽ ʽʜʝʾ, ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘ-

ʤʽʢʠ [2]. ɰʭ ʜʦʮʽʣʴʥʽʩʪʴ ʦʙˇʨʫʥʪʦʚʘʥʘ ʥʘʷʚʥʽʩʪʶ ʚ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʧʦ-

ʪʦʮʽ ʩʪʽʡʢʠʭ ʽ ʥʝʩʪʽʡʢʠʭ ʨʝʞʠʤʽʚ ʨʫʭʫ, ʚʪʨʘʪ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʟʤʽʥʽ ʫʤʦʚ 

ʨʫʭʫ, ʥʝʣʽʥʽʡʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ ʚʝʣʠʢʦʤʫ ʯʠʩʣʽ 

ʟʤʽʥʥʠʭ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʫ ʩʠʩʪʝʤʠ. 

ɸʣʝ ʟʘ ʫʤʦʚʠ ʩʪʚʦʨʝʥʥ ̫ʤʦʜʝʣʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ ʟʘʣʠʰʘʻʪʴʩʷ 

ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʘ ʾʾ ʫʩʢʣʘʜʥʝʥʥʷ ʟʘ ʛʝʦʤʝʪʨʠʯʥʦʶ ʧʨʦʛʨʝʩʽʻʶ ʟʽ ʟʙʽ-

ʣʴʰʝʥʥʷʤ ʧʣʦʱʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. ʊʦʤʫ ʥʘʨʘʟʽ ʥʝ ʽʩʥʫʻ ʻʜʠʥʦʛʦ 

ʪʘ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʛʦ ʧʽʜʭʦʜʫ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʻ ʬʦʨ-

ʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʟʥʘʯʥʽʡ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ. ʂʦʞʝʥ ʟʘ-

ʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ ʪʘ ʜʦʩʠʪʴ ʚʫʟʴʢʫ ʦʙʣʘʩʪʴ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ. 

ʊʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʨ-

ʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ ʫ ʚʝʣʠʢʦʤʫ ʤʽʩʪʽ, ̫ ʢʠʡ ̒  ʘʣʴʪʝʨʥʘʪʠʚʦʶ 

ʩʢʣʘʜʥʠʤ ʤʦʜʝʣʷʤ. ʁʜʝʪʴʩʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʝʦʨʽʾ ʩʠʩ-

ʪʝʤ ʟʘ ʫʤʦʚʠ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ.  ɿʛʽʜʥʦ ʟ ʪʝʦʨʽʻʶ ʩʠʩʪʝʤ, ʧʨʦ-

ʧʦʥʫʻʪʴʩʷ ʩʪʚʦʨʶʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣ ̔ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʦʩ-

ʥʦʚʽ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʢʫʧʥʦʩʪʽ ʪʠʧʦʚʠʭ 

ʣʦʢʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʢʦʥʢʨʝʪʥʽ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʘʚʪʦ-

ʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʥʝʚʝʣʠʢʠʭ ʜʽʣʷʥʢʘʭ ʤʽʩʴʢʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ. 

ʇʨʠʢʣʘʜ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ ʧʦ-

ʢʘʟʘʥʠʡ ʥʘ ʨʠʩ.1. 

ɿʛʽʜʥʦ ʟ ʪʝʦʨʽʻʶ ʩʠʩʪʝʤ, ʟʘ ʤʝʞʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʩʠʩʪʝʤʠ ʧʨʠʡʤʘʶʪʴʩʷ ʧʝʨʝʭʨʝʩʪʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ñʚʭʦʜʠò ʚ ʩʠʩʪʝʤʫ, 

ʯʝʨʝʟ ʷʢʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʧʣʠʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʧʽʚʧʘʜʘʣʠ ʟʽ 

ñʚʭʦʜʘʤʠò ʧʝʨʝʭʨʝʩʪʴ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʟʦʥʠ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤʠ, ʱʦ ʣʝ-

ʞʘʪʴ ʥʘ ʤʝʞʘʭ ʜʽʣʷʥʢʠ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʝʣʝʤʝʥʪʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝ-

ʜʦʚʠʱʘ (ɽɿʉ ʥʘ ʨʠʩ.1), ʚ ʪʦʡ ʯʘʩ, ʷʢ ʽʥʰʽ ʟʦʥʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʝʣʝ-

ʤʝʥʪʽʚ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ (ɽʉ ʥʘ ʨʠʩ.1). ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʨʠ-

ʢʣʘʜʫ ʥʘ ʨʠʩ.1 ʤʘʻʤʦ ʯʦʪʠʨʠ ʝʣʝʤʝʥʪʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʰʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ. 

ʄʦʜʝʣʽ ʝʣʝʤʝʥʪʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʤʽʨʽʚ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʧʝʨʝʜ ʧʝ-

ʨʝʭʨʝʩʪʷʤʠ ʪʘ ʤʘʶʪʴ ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʪʘ ʚʠʧʘʜʢʦʚʫ ʩʢʣʘʜʦʚʽ. ɼʝʪʝʨʤʽʥʦ-

ʚʘʥʘ ʩʢʣʘʜʦʚʘ ʦʧʠʩʫʻ ʟʤʽʥʫ ʫ ʯʘʩʽ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʧʝʨʝʜ 

ʧʝʨʝʭʨʝʩʪʷʤ ʪʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʬʫʥʢʮʽʶ ʯʘʩʫ ʫ ʚʠʛʣʷʜʽ ʩʪʫʧʝʥʝʚʦʛʦ 

ʧʦʣʽʥʦʤʫ. ɺʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ ʦʧʠʩʫʻ ʟʤʽʥʫ ʫ ʯʘʩʽ ʚʽʜʭʠʣʝʥʥʷ ʤʠʪʪʻ-

ʚʦʛʦ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ ʪʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʛʝʥʝʨʘʪʦʨ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʧʘʨʘʤʝʪʨʠ 
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ʷʢʦʛʦ (ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʪʘ ʟʘʢʦʥ ʾʾ ʨʦʟʧʦʜʽʣʝʥʥʷ) ʚʠʟʥʘ-

ʯʘʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʘʤʽʨʽʚ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʜʽʣʷʥʮʽ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʤʽʩʪʘ 

ɺ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʘʚʪʦʤʦ-

ʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ ʦʜʨʘʟʫ ʟʘ ʧʝʨʝʭʨʝʩʪʷʤʠ (ɽʉ1, ɽʉ2 ʪʘ ɽʉ3 ʥʘ ʨʠʩ.1), ʣʝ-

ʞʠʪʴ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʝ ʽʤʽʪʫʻ ʜʠʥʘʤʽʢʫ ʨʦ-

ʟʛʦʥʫ ʛʨʫʧʠ ʘʚʪʦʤʦʙʽʣʽʚ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ, ʢʦʣʠ ʟʘʛʦʨʷʻʪʴʩʷ ʟʝʣʝʥʝ ʩʚʽ-

ʪʣʦ. 

ɽʣʝʤʝʥʪʠ ʤʦʜʝʣʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʬʦʨʤʫ-

ʚʘʥʥʷ ʯʝʨʛʠ ʘʚʪʦʤʦʙʽʣʽʚ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ (Eʉ4 ʥʘ ʨʠʩ.1), ʨʝʘʣʽʟʫʪʁʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʦʧʝʨʘʮʽʾ ʽʥʪʝʛʨʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʧʦʪʦʢʫ 

ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʮʠʢʣʫ. 

ɽʣʝʤʝʥʪʠ ʤʦʜʝʣʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʬʦʨ-

ʤʫʚʘʥʥʷ ʧʦʪʦʢʫ ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʝʨʝʭʨʝʩʪʷ (Eʉ5 ʪʘ ɽʉ6 ʥʘ ʨʠʩ.1), ʨʝʘʣʽ-

ʟʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʧʝʨʘʮʽʾ ʢʦʚʟʥʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʨʠ-

ʚʠʩʪʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʧʦʪʦʢʫ. 

ɺʠʩʥʦʚʢʠ: 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ ʬʦ-

ʨʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ ʫ ʚʝʣʠʢʦʤʫ ʤʽʩʪʽ ʦʧʠʩʘʪʠ ʢʦʤʙʽʥʘʮʽʻʶ 

ʧʨʦʩʪʠʭ ʣʦʢʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʽʤʽʪʫʶʪʴ ʢʦʥʢʨʝʪʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʧʨʦʮʝʩʠ. ʊʘʢ, 

ʧʦʯʘʪʦʢ ʨʫʭʫ ʛʨʫʧʠ ʘʚʪʦʤʦʙʽʣʽʚ ʦʧʠʩʫʻ ʘʧʝʨʽʦʜʠʯʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ, 

ʥʘʢʦʧʠʯʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʧʝʨʝʜ ʧʝʨʝʭʨʝʩʪʷʤ ï ʽʥʪʝʛʨʫʚʘʣʴʥʘ ʜʠʥʘʤʽʯʥʘ 



176 

 

ʤʦʜʝʣʴ, ʘ ʧʨʦʮʝʩ ʜʠʬʫʟʽʾ ʛʨʫʧ ʘʚʪʦʤʦʙʽʣʽʚ ʦʧʠʩʫʻʪʴʩʷ ʯʝʨʝʟ ʦʧʝʨʘʮʽʶ 

ʢʦʚʟʥʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ. ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦ-

ʪʦʢʽʚ ʧʦʟʘ ʤʝʞʘʤʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʭʝʤʠ ʦʧʠʩʫ-

ʶʪʴʩʷ ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʽʟ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʦʮʽʥʢʘʤʠ, ʱʦ ʚʠʟʥʘ-

ʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ.  
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ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅʀʍ ʇʆʉʃʋɻ 

ɯ.ɺ. ɺʦʨʦʥʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

 

ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʘ-

ʩʦʙʽʚ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʩʴʦʛʦʜʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʚʩʽ 

ʩʬʝʨʠ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʷʢ ʢʦʥʢʨʝʪʥʦʾ ʢʨʘʾʥʠ, ʪʘʢ ʽ ʩʚʽʪʫ ʚ ʮʽʣʦʤʫ, 

ʙʽʣʴʰ ʪʦʛʦ ʻ ʥʘʨʽʞʥʠʤ ʢʘʤʝʥʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʛʘʣʴʥʦʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟ-

ʧʝʢʠ. ɺʽʜʪʘʢ, ʥʝʦʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ 

ʨʦʟʚʠʪʢʫ ʙʫʜʴ-ʷʢʦʾ ʛʘʣʫʟʽ ʝʢʦʥʦʤʽʢʠ, ʝʬʝʢʪʠʚʥʦ ʜʽʶʯʦʾ ʩʦʮʽʘʣʴʥʦʾ 

ʩʬʝʨʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʛʨʦʤʘʜʷʥʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ.  

ʉʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ ʨʝʻʩʪʨ ʦʧʝʨʘʪʦʨʽʚ, ʧʨʦʚʘʡʜʝʨʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

ʋʢʨʘʾʥʠ ʥʘʣʽʯʫʻ 6 741 ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, 2 940 ʟ ʷʢʠʭ ʻ ʦʧʝʨʘ-

ʪʦʨʘʤʠ [1]. ʇʨʘʚʦ ʥʘʜʘʚʘʪʠ ʧʦʩʣʫʛʠ ʨʫʭʦʤʦʛʦ (ʤʦʙʽʣʴʥʦʛʦ) ʪʝʣʝʬʦʥ-

ʥʦʛʦ ʟʚ'ʷʟʢʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʫʩʽʻʾ ʋʢʨʘʾʥʠ ʤʘʶʪʴ 12 ʦʧʝʨʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ 

ʦʜʠʥ ʧʨʦʚʘʡʜʝʨ. ʅʘʡʙʽʣʴʰʫ ʧʠʪʦʤʫ ʯʘʩʪʢʫ ʨʠʥʢʫ ʟʘ ʘʙʦʥʝʥʪʩʴʢʦʶ ʙʘ-

ʟʦʶ ʟ ʥʠʭ ʟʘʡʤʘʶʪʴ: ʇʨɸʊ ñʂʠʾʚʩʪʘʨò ï 26,9 ʤʣʥ. ʘʙʦʥʝʥʪʽʚ, ʇʨɸʊ ñɺʌ 

ʋʢʨʘʾʥʘò ï 20,9 ʤʣʥ. ʘʙʦʥʝʥʪʽʚ, ʊʆɺ ñʃʘʡʬʩʝʣʣò ï 11,1 ʤʣʥ. ʘʙʦʥʝʥʪʽʚ. 

ʉʝʨʝʜ ʫʩʽʭ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʧʦʩʣʫʛʠ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨ-

ʥʝʪ ʥʘʜʘʶʪʴ 2 393 ʦʧʝʨʘʪʦʨʠ, 556 ʟ ʷʢʠʭ ʤʘʶʪʴ ʧʨʘʚʦ ʥʘʜʘʚʘʪʠ ʧʦʩʣʫʛʠ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʫ (ʈʏʈ), ʘ ʪʘʢʦʞ 2 577 ʧʨʦʚʘʡ-

ʜʝʨʽʚ. ɺʨʘʭʦʚʫʶʯʠ ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʫʙôʻʢʪʽʚ ʥʘ 

ʨʠʥʢʫ, ʦʩʦʙʣʠʚʘ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʜʘʥʦʾ ʩʬʝʨʠ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 



177 

 

ʚʽʜʚʝʜʝʥʘ ʪʘʨʠʬʥʽʡ ʧʦʣʽʪʠʮʽ, ʤʝʪʘ ʷʢʦʾ ʛʘʨʤʦʥʽʡʥʝ ʧʦʻʜʥʘʥʥʷ ʽʥʪʝʨʝʩʽʚ 

ʩʧʦʞʠʚʘʯʽʚ, ʦʧʝʨʘʪʦʨʽʚ ʟʚôʷʟʢʫ ʪʘ ʜʝʨʞʘʚʠ.  

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘʨʠʬʽʚ ʟʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʛʽʦʥʘʣʴ-

ʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʙʨʦʙʫʪʫ ʥʘʩʝʣʝʥʥʷ ʪʘ ʽʥʰʠʭ ʢʣʶ-

ʯʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʾ ʨʦʙʦʪʠ ʜʦ-

ʟʚʦʣʷʪʴ ʦʮʽʥʠʪʠ ʥʘʩʢʽʣʴʢʠ ʥʘʷʚʥʘ ʪʘʨʠʬʥʘ ʧʦʣʽʪʠʢʠ ʦʧʝʨʘʪʦʨʽʚ ʋʢʨʘʾʥʠ 

ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ ʩʚʽʪʦʚʠʭ ʮʽʥ. 

ɺ ʷʢʦʩʪʽ ʝʢʟʦʛʝʥʥʠʭ ʟʤʽʥʥʠʭ, ʢʨʽʤ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʷʢ ʚʠʟʥʘ-

ʯʘʣʴʥʦʛʦ ʙʘʟʦʚʦʛʦ ʢʨʠʪʝʨʽʶ ʜʦʙʨʦʙʫʪʫ, ʙʫʜʝ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʠʟʢʫ ʬʘ-

ʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʘʨʠʬʥʫ ʧʦʣʽʪʠʢʫ, ʩʝʨʝʜ ʷʢʠʭ: ʽʥʜʝʢʩ ʜʝʤʦʢʨʘ-

ʪʽʾ (ɯɼ), ʽʥʜʝʢʩ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʂʊ) ʪʘ ʽʥʜʝʢʩ 

ʩʧʨʠʡʥʷʪʪʷ ʢʦʨʫʧʮʽʾ (ɯʉʂ). ʅʘʚʝʜʝʥʽ ʬʘʢʪʦʨʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʠʧʫ ʩʪʠ-

ʤʫʣʷʪʦʨʽʚ, ʜʝ ʙʽʣʴʰʠʤ ʟʥʘʯʝʥʥʷʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʩʦʮʽʘ-

ʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ. ɺ ʷʢʦʩʪʽ ʝʥʜʦʛʝʥʥʦʾ, ʚʠʟʥʘʯʝʥʦʾ ʚ 

ʤʝʞʘʭ ʩʠʩʪʝʤʠ, ʟʤʽʥʥʦʾ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʨʠʬʠ ʟʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʧʦʩ-

ʣʫʛʘʤʠ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʜʣʷ ʘʙʦʥʝʥʪʽʚ ʧʝʨʝʜʧʣʘʯʝʥʦʛʦ ʟʚ'ʷʟʢʫ ʟʘ 1 

ʭʚʠʣʠʥʫ (ʜʘʣʽ ï ʤʦʙʽʣʴʥʠʡ ʟʚôʷʟʦʢ, ʤʟT
) ʩʪʦʩʦʚʥʦ 89 ʢʨʘʾʥ ʩʚʽʪʫ ʟʘ ʜʘ-

ʥʠʤʠ 2017 ʨʦʢʫ ʪʘ ʬʽʢʩʦʚʘʥʦʛʦ (ʧʨʦʚʦʜʦʚʦʛʦ) ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʦʩ-

ʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʙʝʟ ʦʙʤʝʞʝʥʴ ʥʘ ʰʚʠʜʢʦʩʪʽ 60 ʄʙʽʪ/c ʟʘ ʤʽʩʷʮʴ 

(ʜʘʣʽ ï ɯʥʪʝʨʥʝʪ, IT
) [2, 3]. 

ɺʠʭʦʜʷʯʠ ʟ ʢʦʨʝʣʷʮʽʡʥʦʾ ʤʘʪʨʠʮʽ, ʥʘʡʙʽʣʴʰʽʡ ʚʧʣʠʚ ʥʘ ʨʽʚʝʥʴ ʪʘʨʠ-

ʬʽʚ, ʷʢ ʥʘ ʤʦʙʽʣʴʥʠʡ ʟʚôʷʟʦʢ, ʪʘʢ ʽ ʥʘ ɯʥʪʝʨʥʝʪ, ʟʜʽʡʩʥʶʻ ɺɺʇ ʥʘ ʜʫʰʫ 

ʥʘʩʝʣʝʥʥʷ. ʅʘʡʙʽʣʴʰʽʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʝʢʟʦʛʝʥʥʠʤʠ ʟʤʽʥʥʠʤʠ ʩʧʦ-

ʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ɯʉʂ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʫ ʧʦʜʘʣʴʰʦʤʫ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʮʝʡ 

ʬʘʢʪʦʨ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʝ ʨʦʟʛʣʷʜʘʪʠ ʚ ʷʢʦʩʪʽ ʚʭʽʜʥʦʛʦ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽ-

ʛʘʥʥʷ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʚ ʤʦʜʝʣʷʭ ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ. ɺʦʜʥʦʯʘʩ, ʮʝ 

ʻ ʮʽʣʢʦʤ ʟʨʦʟʫʤʽʣʠʤ, ʪʦʤʫ ʱʦ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʢʦʨʫʧʮʽʾ, ʱʦ ʚʽʜʦʙʨʘʞʘ-

ʻʪʴʩʷ ʫ ʚʠʩʦʢʦʤʫ ʧʦʢʘʟʥʠʢʫ ɯʉʂ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʧʨʦʤʠʩʣʦʚʦʨʦʟʚʠʥʫ-

ʪʠʭ ʢʨʘʾʥʘʭ, ʪʦʜʽ ʷʢ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʢʦʨʫʧʮʽʾ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʢʨʘʾʥ ʟ 

ʥʠʟʴʢʽʤ ʨʽʚʥʝʤ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ.  

ʅʘ ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʜʣʷ ʚʠʙʽ-

ʨʢʠ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ʋʢʨʘʾʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʝʨʰʽʡ ʛʨʫʧʽ ʥʘʡʙʽʜʥʽ-

ʰʠʭ ʢʨʘʾʥ ʜʦ ʷʢʦʾ ʚʽʜʥʦʩʠʪʴʩʷ ʙʣʠʟʴʢʦ 48% ʚʠʙʽʨʢʠ ʟ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘ-

ʩʝʣʝʥʥʷ ʜʦ 6,7 ʪʠʩ. USD. ʎʽʢʘʚʠʤ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʨʦʟʧʦʜʽʣ ɺɺʇ ʥʘ ʜʫʰʫ 

ʥʘʩʝʣʝʥʥʷ ʜʣʷ ʢʨʘʾʥ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ, ʥʘʙʣʠʞʫʻʪʴʩʷ ʜʦ ʨʦʟʧʦʜʽʣʫ 

ʇʘʨʝʪʦ ʜʦʭʦʜʽʚ ʛʨʦʤʘʜʷʥ, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʯʘʩʽʚ ʜʨʫʛʦʾ 

ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽʾ ʧʦʯʘʪʢʫ ʪʘ ʩʝʨʝʜʠʥʠ XIX ʩʪʦʨʽʯʯʷ.   
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ʈʠʩ. 1. ɻʽʩʪʦʛʨʘʤʘ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʜʣʷ 89 ʢʨʘʾʥ ʩʚʽʪʫ 

ɼʞʝʨʝʣʦ: ʚʣʘʩʥʽ ʨʦʟʨʘʭʫʥʢʠ  

ʅʘʷʚʥʽʩʪʴ ʟʥʘʯʠʤʦʛʦ ʣʽʥʽʡʥʦʛʦ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ 

ʣʽʥʽʡʥʽ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ ʚʧʣʠʚʫ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʢʨʘʾʥʠ (ʝʢʟʦ-

ʛʝʥʥʘ ʟʤʽʥʘ) ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʪʘʨʠʬʽʚ. ɺʽʜʪʘʢ, ʧʝʨʰʠʡ ʝʪʘʧ ʧʨʠʩ-

ʚʷʯʝʥʦ ʘʥʘʣʽʟʫ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʚʧʣʠʚʫ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʱʦʜʦ 

ʨʦʟʤʽʨʫ ʪʘʨʠʬʽʚ.  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʝʡ ʥʘ ʙʘʟʽ ʨʦʟʨʘʭʫ-

ʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ ʟʘʩʚʽʜʯʠʚ, ʱʦ ʣʠʰʝ ʥʝʚʝʣʠʢʘ ʯʘʩʪʢʘ ʜʠʩ-

ʧʝʨʩʽʾ ʪʘʨʠʬʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʠʩʧʝʨʩʽʻʶ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ (ʪʘʙʣ.). 

ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʚʧʣʠʚʦʤ  ʬʘʢʪʦʨʽʚ, ʱʦ ʚʘʞʢʦ ʢʽʣʴʢʽ-

ʩʥʦ ʦʮʽʥʠʪʠ. ɼʦ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʷʚʥʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘ-

ʚʦʚʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʦʮʽʘʣʴʥʫ ʧʦʣʽʪʠʢʫ ʢʨʘʾʥʠ, ʪʝʨʠʪʦʨʽʶ, ʱʽʣʴʥʽʩʪʴ ʥʘ-

ʩʝʣʝʥʥʷ, ʽʩʪʦʨʠʯʥʽ, ʢʫʣʴʪʫʨʥʽ, ʥʘʮʽʦʥʘʣʴʥʽ, ʨʝʣʽʛʽʡʥʽ ʪʨʘʜʠʮʽʾ ʪʦʱʦ. 

ʊʘʙʣ. ʇʘʨʘʤʝʪʨʠ ʦʜʥʦʬʘʢʪʦʨʥʦʾ ʤʦʜʝʣʽ ʚʧʣʠʚʫ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝ-

ʣʝʥʥʷ ʥʘ ʪʘʨʠʬʠ ʟʘ ʜʘʥʠʤʠ 2017 ʨʦʢʫ 

ɿʤʽʥʥʽ ɿʘʣʝʞʥʽʩʪʴ 

ʂʦʝʬʽʮʽʻʥʪ 

ʜʝʪʝʨ-ʤʽʥʘ-

ʮʽʾ R2 

ʂʨʠʪʝʨʽʾ 

ʉʪʴʶʜʝʥʪʘ 
ʉʪʘʥʜʘʨ-

ʪʥʘ ʧʦʭʠ-

ʙʢʘ (USD) t0 t1 

ʄɿTy=  ʄʦʙʽʣʴ-

ʥʠʡ ʟʚô̫ ʟʦʢ 

(USD) 

ɺɺʇx =1
ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ 

(ʪʠʩ. USD) 

Y=0,09+0,0000

02x1 

0,17 7,4 4,2 0,09 

ITy=  ɯʥʪʝʨʥʝʪ 

(USD) 

ɺɺʇx =1
ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ 

(ʪʠʩ. USD) 

Y=22,29+0,4x1 0,29 9,7 6,1 14,8 
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ɼʞʝʨʝʣʦ: ʚʣʘʩʥʽ ʨʦʟʨʘʭʫʥʢʠ  

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʉʪʴʶʜʝʥʪʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʫʣʴʦʚʘ ʛʽʧʦʪʝʟʘ 

ʚʽʜʥʦʩʥʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʠ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ (ɺɺʇʃ) ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʚʽʜʭʠʣʝʥʘ ʥʘ ʨʽʚʥʽ ʟʥʘʯʠʤʦʩʪʽ ʤʝʥʰ ʥʽʞ 0,001.  

ʇʨʦʚʝʜʝʥʘ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʦʟʚʦʣʷʻ ʟʨʦ-

ʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʨʦʩʪʘʥʥʷ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʥʘ 1 ʪʠʩ. USD 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʯʽʢʫʚʘʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ 1 ʭʚʠʣʠʥʠ ʤʦʙʽʣʴʥʦʛʦ 

ʟʚôʷʟʢʫ ʥʘ 0,0002 ʮʝʥʪʘ ʪʘ ʪʘʨʠʬʫ ʥʘ ɯʥʪʝʨʥʝʪ ʥʘ 40 ʮʝʥʪʽʚ.  

ɸʥʘʣʽʟ ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ ʨʝʛʨʝʩʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʚʨʘʭʦʚʫʶʯʠ ʥʘʜʟʚʠ-

ʯʘʡʥʦ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʉʪʴʶʜʝʥʪʫ (ʤʘʣʽ ʧʦʭʠʙʢʠ), ʥʘʜʘʚ 

ʟʤʦʛʫ ʨʦʟʛʣʷʜʘʪʠ ʾʭ ʷʢ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʘʨʠʬʽʚ (ʥʫʣʴʦʚʽ ʪʘʨʠʬʠ), ʟʘ 

ʷʢʠʤʠ ʧʦʛʦʜʷʪʴʩʷ ʧʨʘʮʶʚʘʪʠ ʤʽʩʮʝʚʽ ʧʨʦʚʘʡʜʝʨʠ ʟʚôʷʟʢʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʨʽʚʥʷ ʜʦʙʨʦʙʫʪʫ ʥʘʩʝʣʝʥʥʷ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʢʨʘʾʥʠ.  

ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʽʘʛʨʘʤʫ ʨʦʟʩʽʷʥʥʷ ʜʣʷ ʪʘʨʠʬʽʚ ʥʘ ʤʦʙʽʣʴʥʠʡ 

ʟʚ'ʷʟʦʢ ʟ ʷʢʦʾ ʩʣʽʜʫʻ, ʱʦ ʥʘʜʤʽʨʥʦ ʚʠʩʦʢʽ ʪʘʨʠʬʠ ʥʘ ʤʦʙʽʣʴʥʠʡ ʟʚ'ʷʟʦʢ, 

ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘ ʤʝʞʘʤʠ 90% ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ, ʧʨʠʪʘʤʘʥʥʽ ʣʠʰʝ 

ʜʝʢʽʣʴʢʦʤ ʢʨʘʾʥʘʤ, ʘ ʩʘʤʝ: ʃʽʚʘʥʫ, ɹʨʘʟʠʣʽʾ, ɻʨʝʮʽʾ, ʅʦʚʽʡ ɿʝʣʘʥʜʽʾ ʪʘ 

ʗʧʦʥʽʾ.  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʟʘʣʝʞʥʦʩʪʽ ʪʘʨʠʬʽʚ ʥʘ ʤʦʙʽʣʴʥʠʡ ʟʚôʷʟʦʢ ʚʽʜ ɺɺʇ ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, 90% ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʤʽʩʪʷʪʴ ʪʘʨʠʬʠ ʧʨʘʢʪʠʯʥʦ ʚʩʽ 

ʢʨʘʾʥʠ, ʚʠʢʣʶʯʝʥʥʷ ʩʢʣʘʜʘʶʪʴ ʣʠʰʝ ʇʽʚʜʝʥʥʘ ɸʬʨʠʢʘ ʪʘ ʆʙôʻʜʥʘʥʽ 

ɸʨʘʙʩʴʢʽ ɽʤʽʨʘʪʠ, ʱʦ ʥʘʰ ʧʦʛʣʷʜ, ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ ʥʠʟʴʢʠʤ ʽʥʜʝ-

ʢʩʦʤ ʜʝʤʦʢʨʘʪʽʾ. 

 
ʈʠʩ. 2. ɼʽʘʛʨʘʤʘ ʨʦʟʩʽʷʥʥʷ ʜʣʷ ʟʘʣʝʞʥʦʩʪʽ ʪʘʨʠʬʽʚ ʥʘ ʤʦʙʽʣʴʥʠʡ 

ʟʚôʷʟʦʢ ʚʽʜ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʟʘ ʜʘʥʠʤʠ 2017 ʨʦʢʫ 

ɼʞʝʨʝʣʦ: ʚʣʘʩʥʽ ʨʦʟʨʘʭʫʥʢʠ  

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʋʢʨʘʾʥʘ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʟʘʛʘʣʴʥʦʩʚʽʪʦʚʦʾ ʪʝʥ-

ʜʝʥʮʽʾ ʚ ʙʽʢ ʤʽʥʽʤʘʣʴʥʠʭ ʪʘʨʠʬʽʚ ʥʘ ʚʝʣʠʯʠʥʫ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʩʪʘʥʜʘʨʪʥʫ 

ʧʦʭʠʙʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʦʮʽʥʢʘ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʟʘʛʘʣʴʥʦʩʚʽʪʦʚʦʾ ʪʝʥʜʝʥʮʽʾ 

(ʩʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ) ʩʚʽʜʯʠʪʴ ʧʨʦ 
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ʪʝ, ʱʦ ʋʢʨʘʾʥʘ ʤʘʻ ʥʘʜʪʦ ʥʠʟʴʢʽ ʪʘʨʠʬʠ ʷʢ ʥʘ ʤʦʙʽʣʴʥʠʡ ʟʚôʷʟʦʢ, ʪʘʢ ʽ 

ʥʘ ɯʥʪʝʨʥʝʪ. ɺʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʢʟʦʛʝʥʥʠʭ ʟʤʽʥʥʠʭ ɯɼ, ʽʥʜʝʢʩʫ ɯʂʊ 

ʜʦʟʚʦʣʠʣʦ ʧʦʢʨʘʱʠʪʠ ʧʦʢʘʟʥʠʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʝʡ ʽ ʚʠʷʚʠʪʠ ʽʩʥʫ-

ʚʘʥʥʷ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʩʪʘʥʫ ʨʠʥʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦ-

ʩʣʫʛ ʥʘ ʟʤʝʥʰʝʥʥʷ ʪʘʨʠʬʽʚ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʈʝʻʩʪʨ ʦʧʝʨʘʪʦʨʽʚ, ʧʨʦʚʘʡʜʝʨʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. ï 2018 [ɽʣʝʢʪ-

ʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://nkrzi.gov.ua/images/upload/465/3942/Reestr_OP_27_02_2018.xls.. 

2. Price Rankings by Country of Internet (60 Mbps or More, Unlimited 

Data, Cable/ADSL). ï 2018 [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.numbeo.com/cost-of-

living/country_price_rankings?itemId=33. 

3. Price Rankings by Country of 1 min. of Prepaid Mobile Tariff Local 

(No Discounts or Plans). ï 2018 [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.numbeo.com/cost-of-

living/country_price_rankings?itemId=32. 

 

ʋɼʂ 004.924:614.8 

ʆʇʊʀʄɯɿɸʎɯʗ ʇʈʆʎɽʉʋ ʂʆʄʇʃɽʂʊʋɺɸʅʅʗ ɸɺɸʈɯʁʅʆ-

ʈʗʊʋɺɸʃʔʅʆɰ ʊɽʍʅɯʂʀ 

ɺ.ʄ. ʂʨʠʰʪʘʣʴ, ɺ.ɭ. ʉʥʠʪʶʢ 

ʏʝʨʢʘʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʽʤʝʥʽ ɻʝʨʦʾʚ ʏʦʨʥʦʙʠʣʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʋʢʨʘʾʥʠ, 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

 

ʇʨʦʙʣʝʤʘ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ (ɸʈʊ) ʻ ʥʘ-

ʩʣʽʜʢʦʤ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʨʝʩʫʨʩʥʦʶ ʦʙʤʝʞʝʥʽʩʪʶ, ʦʙʤʝʞʝʥʽʩʪʶ ʥʦʩʽʷ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʡ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ɸʈʆ). ɼʣʷ ʚʠʨʽʰʝʥʥʷ 

ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʟʜʽʡʩʥʝʥʽ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ [1], ʚʩʪʘʥʦʚʣʝʥʽ ʦʙʤʝʞʝʥʥʷ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʤʝʪʦʜʠ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʧʨʦʮʝʩʫ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ɸʈʊ ʷʢ ʟʘʜʘʯʽ ʙʘ-

ʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʤʘʻ ʙʘʛʘʪʦ ʩʧʽʣʴʥʦʛʦ ʽʟ ʟʘʜʘʯʘʤʠ ʪʨʠ-

ʚʠʤʽʨʥʦʾ ʫʧʘʢʦʚʢʠ, ʟʘʜʘʯʽ ʧʨʦ ʨʶʢʟʘʢ, ʟʘʜʘʯʽ ʨʦʟʢʨʦʶ ʪʦʱʦ. ɺʽʜʦʤʠʤʠ 

ʪʘʢʦʞ ʻ ʟʘʜʘʯʽ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʘʣʛʦʨʠʪʤ ʈʝʪʣʽʬʬʘ-ʈʦʟʝʥ-

ʪʘʣʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʢʦʤʧʣʝʢʪʫʚʘʣʴʥʠʢʘ ʟʘʤʦʚ-

ʣʝʥʴ, ʘ ʪʘʢʦʞ ʝʚʨʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʪʘʢʽ ʷʢ S-ʧʦʜʽʙʥʠʡ 

ʤʝʪʦʜ, ʤʝʪʦʜ ʟ ʧʦʚʝʨʥʝʥʥʷʤʠ, ʩʝʨʝʜʠʥʥʠʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʽʟ ʚʽʜʚʽʜʫʚʘʥ-

ʥʷʤ ʥʘʡʙʽʣʴʰʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʧʦʩʣʽʜʦʚʥʠʡ ʤʝʪʦʜ [2], ʽʥʪʝʛʨʘʣʴʥʠʡ ʪʘ 
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ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜʠ. ʗʢ ʽ ʚ ʟʘʜʘʯʽ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ɸʈʊ, ʧʝʨʝʚʘʛʘ ʥʘ-

ʜʘʻʪʴʩʷ ʝʚʨʠʩʪʠʯʥʠʤ ʤʝʪʦʜʘʤ. ɺʦʜʥʦʯʘʩ, ʞʦʨʩʪʢʽ ʦʙʤʝʞʝʥʥʷ ʪʘ ʢʨʠʪʝ-

ʨʽʾ, ʯʘʩʪʠʥʘ ʟ ʷʢʠʭ ʤʘʻ ʯʽʪʢʠʡ ʢʽʣʴʢʽʩʥʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ ï ʷʢʽ-

ʩʥʠʡ, ʱʦ ʚʣʘʩʪʠʚʽ ʟʘʜʘʯʽ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ɸʈʊ, ʚʠʟʥʘʯʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ 

ʾʾ ʨʦʟʚôʷʟʘʥʥʷ.  

ɺʽʜʦʤʠʤʠ ʻ ʟʘʜʘʯʽ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ, ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ 

ʰʪʘʪʽʚ ʪʘ ʧʨʠʣʘʜʽʚ. ʈʦʟʚôʷʟʫʶʪʴʩʷ ʟʘʜʘʯ ̔ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʚʽʡʩʴʢʦʚʠʭ 

ʯʘʩʪʠʥ ʽ ʙʽʙʣʽʦʪʝʯʥʠʭ ʬʦʥʜʽʚ, ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʽʥʚʝʩʪʠʮʽʡʥʠʭ 

ʧʦʨʪʬʝʣʽʚ. ʗʢ ʚʞʝ ʙʫʣʦ ʟʛʘʜʘʥʦ, ʢʨʽʤ ʟʘʜʘʯʽ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘ-

ʶʪʴ ʽ ʟʘʜʘʯʫ ʫʧʘʢʦʚʢʠ, ʜʝ ʧʦʪʨʽʙʥʦ ʨʦʟʤʽʩʪʠʪʠ ʜʝʷʢʽ ʦʙôʻʢʪʠ ʚ ʢʦʥʪʝʡ-

ʥʝʨʠ. ʆʜʥʠʤ ʽʟ ʦʩʪʘʥʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʘ ʟʥʘʡʜʝʥʘ ʦʧʪʠʤʘʣʴʥʘ ʫʧʘʢʦʚʢʘ 

ʦʜʠʥʠʯʥʠʭ ʩʬʝʨ ʚ ʚʦʩʴʤʠ- ʪʘ ʜʚʘʜʮʷʪʠʯʦʪʠʨʴʦʭʚʠʤʽʨʥʠʭ ʧʨʦʩʪʦʨʘʭ ʫʢ-

ʨʘʾʥʩʴʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ʄʘʨʠʥʦʶ ɺʷʟʦʚʩʴʢʦʶ. ʅʘ ʧʨʘʢʪʠʮʽ ʥʘʡʯʘʩʪʽʰʝ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʫ ʫʧʘʢʦʚʢʠ ʧʨʷʤʦʢʫʪʥʠʭ ʧʘʨʘʣʝʣʝʧʽʧʝʜʽʚ 

ʨʽʟʥʦʛʦ ʦʙôʻʤʫ ʚ ʢʦʥʪʝʡʥʝʨʠ, ʷʢʽ ʪʘʢʦʞ ʻ ʧʨʷʤʦʢʫʪʥʠʤʠ ʧʘʨʘʣʝʣʝʧʽʧʝ-

ʜʘʤʠ.  

ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʘʥʽʰʝ ʤʦʜʝʣʷʭ ʪʘ ʤʝʪʦʜʘʭ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʟʥʘʥʥʷ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ 

ʧʨʦ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʪʘ ʾʭ ʥʘʩʣʽʜʢʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʽ ʜʘʥʽ ʻ ʚʠʟʥʘ-

ʯʘʣʴʥʠʤʠ ʧʨʠ ʢʦʤʧʣʝʢʪʫʚʘʥʥʽ ʥʦʩʽʾʚ ɸʈʊ, ʩʝʨʝʜ ʷʢʠʭ ʻ ʷʢ ʩʧʝʮʽʘʣʴʥʽ 

ʘʚʪʦʤʦʙʽʣʽ, ʪʘʢ ʽ ʧʦʞʝʞʥʽ ʤʘʰʠʥʠ. 

ʋ ʜʦʧʦʚʜ̔̔, ʙʝʟ ʦʙʤʝʞʝʥʥʷ ʟʘʛʘʣʴʥʦʩʪʽ, ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʧʦʞʝʞʥʽ 

ʘʚʪʦʤʦʙʽʣʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ, ʷʢ ʥʦʩʽʾ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

(ɸʈʆ), ʢʽʣʴʢʽʩʥʦ ʧʝʨʝʚʘʞʘʶʪʴ. ɼʣʷ ʽʥʰʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʦʙʤʝʞʠʚʰʠ ʣʠʰʝ ʥʦʤʝʥʢʣʘ-

ʪʫʨʫ ʪʘ ʪʠʧ ʦʙʣʘʜʥʘʥʥʷ. 

ɺʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʦʙôʻʢʪʠ, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ ʚʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ ʧʨʠ ʢʦʤ-

ʧʣʝʢʪʫʚʘʥʥʷ ɸʈʊ. ʇʝʨʰʠʤ ʪʘʢʠʤ ʦʙôʻʢʪʦʤ ʻ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʚ 

ʷʢʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʷ ʧʦʞʝʞʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤ 

ʢʦʤʧʣʝʢʪʦʤ ɸʈʆ. ʊʘʢʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʤʦʞʝ ʙʫʪʠ ʩʝʣʦ, ʤʽʩʪʦ, ʨʘʡʦʥ ʯʠ 

ʦʙʣʘʩʪʴ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʯʠʤ ʙʽʣʴʰ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʻ ʘʚʪʦʤʦʙʽʣʴ, ʪʠʤ 

ʰʠʨʰʠʤ ʻ ʩʝʨʝʜʦʚʠʱʝ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʠʡ ʨʝʛʽʦʥ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʛʦʣʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ 

ʢʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ, ʚʝʣʠʯʠʥʘ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʜʫʢʪʫ, ʩʝʨʝ-

ʜʥʷ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ, ʚʽʜʩʦʪʦʢ ʙʝʟʨʦʙʽʪʥʠʭ, ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʶʶʯʠʭ ʧʽʜʧ-

ʨʠʻʤʩʪʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʠʪ-

ʣʦʚʦʛʦ ʬʦʥʜʫ.   

ʋ ʜʦʧʦʚʽʜʽ ʙʫʜʫʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʝʪʦʜʠ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʤʧʣʝ-

ʢʪʽʚ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʦʜʥʦʛʦ ʯʠ ʜʝʢʽʣʴ-
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ʢʦʭ ʝʢʩʧʝʨʪʽʚ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʎʝʥʪʨʘʣʴʥʠʤʠ ʽʜʝʷʤʠ ʻ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʦʜʝʨʞʘʥʥʷ ʢʦʣʝʢʪʠʚʥʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʤʥʦʞʠʥʽ ʘʣʴʪʝʨ-

ʥʘʪʠʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʩʫʜʞʝʥʴ ʟ ʤʝʪʦʶ ʾʭ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ 

ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʥʘ ʤʘʡʙʫʪʥʽ ʤʦʞʣʠʚʽ ʩʠʪʫʘʮʽʾ.    

ʆʯʝʚʠʜʥʦ, ʱʦ ʟʘʜʘʯʽ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʪʘ ʫʧʘʢʦʚʢʠ ʻ ʧʦʩʪʽʡʥʦ ʘʢʪʫʘ-

ʣʴʥʠʤʠ, ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʬʦʨʤʠ ʽ ʟʤʽʩʪʫ ʦʙôʻʢʪʽʚ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ ʜʠʢʪʫʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦ ʟʤʽʥʥʠʭ ʧʦʩʪʘʥʦʚʦʢ. ɺʘ-

ʞʣʠʚʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʟʘʜʘʯʽ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ɸʈʊ ʜʦʤʽʥʫʶʯʘ ʨʦʣʴ ʥʘ-

ʣʝʞʠʪʴ ʮʽʣʴʦʚʽʡ ʬʫʥʢʮʽʾ, ʷʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʚʥʠʤ ʧʨʠʟʥʘ-

ʯʝʥʥʷʤ ʦʙôʻʢʪʽʚ; ʚ ʟʘʜʘʯʽ ʫʧʘʢʦʚʢʠ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʛʘʙʘ-

ʨʠʪʥʽ ʨʦʟʤʽʨʠ ʦʙôʢ̒ʪ̔ʚ. 
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ʆʎɯʅʂʀ ɺʇʃʀɺʋ ʆʈɻɸʅɯɿɸʎɯʁʅʀʍ ʌɸʂʊʆʈɯɺ ʅɸ 

ɯʄʆɺɯʈʅɯʉʊʔ ʇʆʄʀʃʂʀ ʃʖɼʀʅʀ 

ɺ.ɺ. ɹʻʛʫʥ, ɺ.ʌ ɻʨʝʯʘʥʽʥʦʚ 

ɯʇʄʄʉ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ʄʦʜʝʣʴ ʚʧʣʠʚʫ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ (ʆʌ) ʥʘ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠ-

ʣʢʠ ʣʶʜʠʥʠ ï ʣʶʜʩʴʢʠʡ ʯʠʥʥʠʢ (ʃʏ) ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ 

ʨʦʙʦʪʘʭ ʷʢ ʟʘʢʦʨʜʦʥʥʠʭ, ʥʘʧʨʠʢʣʘʜ  [1], ʪʘʢ ʡ ʚ ʥʘʰʠʭ ʧʨʘʮʷʭ [2,3]. ʊʘʢʘ 

ʫʚʘʛʘ ʜʦ ʧʠʪʘʥʥʷ ʪʦʤʫ, ʱʦ ʆʌ ʩʣʫʞʘʪʴ ʢʦʨʝʥʝʚʠʤʠ  ʧʨʠʯʠʥʘʤʠ ʫ ʙʽʣʴ-

ʰʦʩʪʽ, ʜʦ 80%, ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ (ʅʉ) ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ 

ʚ ʥʘʰʽʡ ʜʝʨʞʘʚʽ, ʘ ʡ ʫ ʩʚʽʪʽ. ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʪʘ ʧʝʨʝʣʽʢ ʆʌ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 1 ʪʘ ʚ ʪʘʙʣ.1 [3].  

  
ʈʠʩʫʥʦʢ 1 ï ʆʨʛʘʥʽʟʘʮʽʡʥʽ ʬʘʢʪʦʨʠ ʟʘ ʤʽʞʥʘʨʦʜʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ 
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ʊʘʙʣʠʮʷ 1-  ʇʝʨʝʣʽʢ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ 
ʅʦ-

ʤʝʨ 

ʅʘʟʚʘ  ʂʦʨʦʪʢʠʡ ʦʧʠʩ 

1 ʎʽʣʽ ʪʘ ʩʪʨʘ-

ʪʝʛʽʾ 

ʆʨʛʘʥʽʟʘʮʽʡʥʽ ʧʨʘʛʥʝʥʥʷ ʚʠʱʦʛʦ ʨʽʚʥʷ ʪʦʙʪʦ ʪʽ, ʱʦ 

ʨʦʟʩʪʘʚʣʷʶʪʴ ʧʨʽʦʨʠʪʝʪʠ ʚ ʩʠʩʪʝʤʽ ʩʦʮʽʘʣʴʥʠʭ ʮʽʥ-

ʥʦʩʪʝʡ. 

2 ʌʫʥʢʮʽʾ ʫʧ-

ʨʘʚʣʽʥʥʷ ʪʘ 

ʥʘʛʣʷʜʫ 

ʇʨʠʚʝʜʝʥʥʷ ʚ ʩʪʘʥ ʧʦʚʥʦʛʦ ʧʦʨʷʜʢʫ ʫʧʨʘʚʣʽʥʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʚ ʩʝʨʝʜʠʥʽ ʦʨʛʘʥʽʟʘʮʽʾ. 

3 ɿʦʚʥʽʰʥʽ ʬʘ-

ʢʪʦʨʠ ʚʧʣʠʚʫ 

ʌʘʢʪʦʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʥʠʢʘʶʪʴ ʟʘ ʤʝ-

ʞʘʤʠ ʛʨʘʥʠʮʴ ʦʨʛʘʥʽʟʘʮʽʡ, ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʦʨʛʘ-

ʥʽʟʘʮʽʡʥʫ ʢʫʣʴʪʫʨʫ ʪʘ ʾʭ ʜʽʷʣʴʥʽʩʪʴ.  

4 ʈʦʟʧʦʜʽʣ ʨʝ-

ʩʫʨʩʽʚ 

ʇʦʨʷʜʦʢ ʷʢ ʩʧʣʘʥʫʚʘʪʠ, ʥʘʧʨʘʚʠʪʠ, ʨʦʟʧʦʜʽʣʠʪʠ ʪʘ 

ʚʽʜʩʪʝʞʠʪʠ ʬʽʥʘʥʩʦʚʽ, ʣʶʜʩʴʢʽ, ʪʠʤʯʘʩʦʚʽ ʡ ʪʝʭʥʽʯʥʽ 

ʨʝʩʫʨʩʠ. 

5 ʂʦʦʨʜʠʥʘʮʽʷ 

ʨʦʙʽʪ 

ʇʨʦʮʝʩ ʧʣʘʥʫʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʧʦ 

ʜʽʷʭ, ʱʦ ʢʦʦʨʜʠʥʫʶʪʴʩʷ. 

6 ʋʧʨʘʚʣʽʥʥʷ 

ʣʶʜʩʴʢʠʤʠ 

ʨʝʩʫʨʩʘʤʠ 

ɺʠʟʥʘʯʝʥʥʷ ʩʧʝʮʠʬʽʢʠ ʨʦʣʝʡ, ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʪʘ 

ʟʚʽʪʥʦʩʪʽ ʚ ʨʦʙʦʪʽ ʟ ʧʝʨʩʦʥʘʣʦʤ ʧʽʜʧʨʠʻʤʩʪʚ.  

7 ɺʠʟʥʘʯʝʥʥʷ ʽ 

ʚʧʨʦʚʘ-

ʜʞʝʥʥʷ ʧʨʦ-

ʮʝʜʫʨ 

ʇʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʡ ʽ ʟʘʚʜʘʥʴ.  

8 ʆʨʛʘʥʽʟʘ-

ʮʽʡʥʘ ʢʫʣʴ-

ʪʫʨʘ 

ʄʘʻ ʩʝʥʩ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʮʽʥʥʦʩʪʝʡ, ʥʦʨʤ, ʟʥʘ-

ʯʝʥʴ, ʚʽʜʥʦʩʠʥ ʽ ʩʧʨʠʡʥʷʪʪʷ ʯʣʝʥʽʚ ʦʨʛʘʥʽʟʘʮʽʾ. 

9 ʇʨʦʬʝʩʽʡʥʝ 

ʥʘʚʯʘʥʥʷ ʧʝ-

ʨʩʦʥʘʣʫ 

ɺʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʽ ʟʘʚʜʘʥʴ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʬʦʨ-

ʤʫʚʘʥʥʷ ʟʥʘʥʴ, ʫʤʽʥʴ ʽ ʟʜʘʪʥʦʩʪʝʡ. 

10 ʆʨʛʘʥʽʟʘ-

ʮʽʡʥʝ ʟʥʘʥʥʷ 

ʋʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʛʨʘʤʦʪʥʠʡ ʫ ʧʠʪʘʥʥʷʭ ʦʨʛʘʥʽʟʘʮʽʾ 

ʧʝʨʩʦʥʘʣ ʙʘʯʠʪʴ ʬʦʨʤʘʣʴʥʽ ʡ ʥʝʬʦʨʤʘʣʴʥʽ ʧʨʦʮʝʩʠ, 

ʧʨʦʮʝʜʫʨʠ, ʩʧʦʩʦʙʠ ʪʘ ʤʝʪʦʜʠ ʨʦʙʦʪʠ, ʱʦ ʧʨʘʢʪʠʢʫ-

ʶʪʴʩʷ, ʷʢ ʚʽʥ ʨʝʘʣʴʥʦ ʜʽʻ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. 

11 ʆʨʛʘʥʽʟʘ-

ʮʽʡʥʝ ʥʘʚ-

ʯʘʥʥʷ 

ʇʨʦʮʝʩ, ʫ ʷʢʦʤʫ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʷʚʣʷʶʪʴ ʧʨʦʙʣʝʤʠ ʽ 

ʥʘʚʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʠʥʫʣʦʛʦ ʚʣʘʩʥʦʛʦ ʜʦʩʚʽʜʫ ʽ 

ʜʦʩʚʽʜʫ ʽʥʰʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʟ ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʤʘʡ-

ʙʫʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

12 ʂʦʤʫʥʽʢʘʮʽʾ ʇʨʦʮʝʩ, ʫ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʽ 

ʬʦʨʤʘʣʴʥʦ, ʽ ʥʝʦʬʽʮʽʡʥʦ, ʧʠʩʴʤʦʚʦ ʽ ʫʩʥʦ, ʫʩʝʨʝʜʠʥʽ 

ʽ ʧʦʟʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʤʝʞʘʤʠ 

 

ɿʚʽʩʥʦ, ʢʦʞʝʥ ʟ ʮʠʭ ʬʘʢʪʦʨʽʚ (ʧʨʠʯʠʥ) ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ ʧʽʜʧʨʠʻʤ-

ʩʪʚʘ ʚʟʘʛʘʣʽ, ʙʝʟʧʝʢʫ ʪʘ ʧʦʚʝʜʽʥʢʫ ʧʝʨʩʦʥʘʣʫ ʚ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ 
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ʪʦʱʦ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʛʨʘʥʽ ʤʽʞ ʬʘʢʪʦʨʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʤʠʪʠʤʠ, 

ʪʦʤʫ ʱʦ ʚʠʜʽʣʝʥʥʷ ʦʢʨʝʤʠʭ ʬʘʢʪʦʨʽʚ ʜʦʩʠʪʴ ʫʤʦʚʥʝ: ʬʘʢʪʦʨʠ ʚʟʘʻʤʦʟʘ-

ʣʝʞʥʽ, ʻ ʝʬʝʢʪ ʾʭ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ, ʢʦʣʠ ʥʘʷʚʥʽʩʪʴ ʦʜʥʦʛʦ ʟ ʥʠʭ ʩʧʨʠ-

ʯʠʥʷʻ ʧʦʷʚʫ ʡ ʧʨʦʷʚ ʽʥʰʠʭ. ʊʘʢ ʩʘʤʦ, ʷʢ ʧʦʥʷʪʪʷ "ʦʨʛʘʥʽʟʘʮʽʷ", ʦʨʛʘʥʽ-

ʟʘʮʽʡʥʽ ʬʘʢʪʦʨʠ ʤʦʞʫʪʴ ʤʘʪʠ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʫ, ʧʨʝʜʩʪʘʚʣʷʶʯʠ ʜʠʥʘʤʽ-

ʯʥʠʡ ʘʩʧʝʢʪ ʦʨʛʘʥʽʟʘʮʽʾ, ʘʙʦ ʭʘʨʘʢʪʝʨ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʮʝʩʫ. ɿʨʦʟʫʤʽʣʦ, ʱʦ 

ʚʠʟʥʘʯʠʪʠ ʯʽʪʢʦ, ʜʝ ʟʘʢʽʥʯʫʶʪʴʩʷ ʜʽʷ ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ ʪʘ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ 

ʜʽʷ ʽʥʰʦʛʦ, ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ, ʧʨʦʩʪʽʰʝ ʪʘ ʙʽʣʴʰ ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʙʫ-

ʚʘʪʠ ʚʽʜʦʙʨʘʟʠʪʠ ʩʭʝʤʫ ʾʭ ʚʟʘʻʤʥʦʛʦ ʟʚôʷʟʢʫ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1. 

ɺ ʨʦʙʦʪʽ [3] ʟʜʽʡʩʥʝʥʘ ʩʧʨʦʙʘ ʚʽʜʩʪʝʞʠʪʠ ʚʧʣʠʚ ʆʌ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʝʣʠʢʠʭ ʘʚʘʨʽʡ. ʅʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʙʫʣʠ ʩʢʣʘʜʝʥʽ ʬʫʥʢʮʽʾ 

ʚʧʣʠʚʫ, ʚʠʟʥʘʯʝʥʽ ʾʭ ʪʨʝʥʜʠ, ʪʘ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ 

ʚʧʣʠʚ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʞʝʞ ʪʘ ʘʚʘʨʽʡ ʟ ʚʝʣʠʢʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʤʘʶʪʴ ʆʌ 

[3] çʎʽʣʽ ʪʘ ʩʪʨʘʪʝʛʽʾè ʪʘ çʈʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚè. ʊʘʢ ʩʪʘʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʥʝ 

ʪʽʣʴʢʠ ʚ ʅʉ, ʘ ʡ ʚ ʙʫʜʴ ʷʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʮʽ ʆʌ ʢʝʨʫʶʪʴ ʫʩʽʤʘ ʧʨʦʮʝʩʘʤʠ, 

ʧʦʚʝʜʽʥʢʦʶ ʣʶʜʠʥʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʦʤʠʣʢʘʤʠ (ʃʏ), ʪʦʱʦ.  ʑʝ ʦʜʥʠʤ 

ʧʨʠʢʣʘʜʦʤ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʻ ʧʦʞʝʞʘ ʚ ʊʈʎ ʫ ʂʝʤʝʨʦʚʦ [4] ʪʘ ʥʘʩʪʫ-

ʧʥʽ ʧʝʨʝʚʽʨʢʠ ʊʈʎ ʋʢʨʘʾʥʠ [5]. ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʦʢ ʧʦʢʘʟʘʣʠ ʧʦʨʫ-

ʰʝʥʥʷ ʤʘʡʞʝ ʚ 100% ʽʥʩʧʝʢʮʽʡ. ɹʽʣʴʰ ʪʦʛʦ, ʫʨʷʜʦʤ ʩʪʘʚʠʣʦʩʷ ʟʘʚʜʘʥʥʷ 

ʥʘʚʽʪʴ ʧʨʦʥʠʢʥʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʶ ʜʝʷʢʠʭ ʊʈʎ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʣʦʚʠʭ 

ʧʽʜʨʦʟʜʽʣʽʚ. ʎʝ ʩʚʽʜʯʠʪʴ, ʧʝʨʰ ʟʘ ʚʩʝ ʱʦ ʮʽʣʽ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʚ ʊʈʎ 

ʥʝ ʽʩʥʫʻ, ʟ ʯʦʛʦ ʩʣʽʜʫʻ, ʱʦ ʥʝ ʚʠʢʦʥʫʶʪʴʩʷ ʆʌ ʟʘ ʥʦʤʝʨʘʤʠ 7,9,11 

ʪʘʙʣ.1. ʊʦʙʪʦ, ʥʝ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʦʬʝʩʽʡʥʝ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʥʝ ʤʘʻ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʮʝʜʫʨ (ʽʥʩʪʨʫʢʮʽʡ ʧʝʨʩʦʥʘʣʫ), ʜʽʾ ʟ ʙʝʟʧʝʢʠ ʥʝ ʚʭʦʜʷʪʴ ʚ 

ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʢʫʣʴʪʫʨʫ ʦʨʛʘʥʽʟʘʮʽʡ. 

 ɼʘʣʽ ʥʝ ʤʘʻ ʩʝʥʩʫ ʥʘʚʽʪʴ ʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʧʦʤʠʣʦʢ ʧʝʨʩʦʥʘʣʫ 

ʧʽʜ ʯʘʩ ʘʚʘʨʽʡʥʠʭ ʜʽʡ, ʱʦʙ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ ʧʨʦ ʤʘʡʞʝ 100% ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʦʤʠʣʢʠ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʡ ʤʘʻʤʦ ʩʧʦʩʪʝʨʝʛʪʠ [4,5]. ʊʦʙʪʦ, ʥʘ ʦʩʥʦʚʽ ʤʽʞ-

ʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ, ʜʦʚʝʜʝʥʦ, ʱʦ ʢʦʨʝʥʝʚʽ ʧʨʠʯʠʥʠ ʥʝʛʘʨʘʟʜʽʚ ʟ ʙʝʟʧʝ-

ʢʦʶ ʚ ʊʈʎ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʚʠʢʦʥʘʚʮʽʚ.  ɸʜʞʝ, ʜʣʷ 

ʜʦʢʦʨʽʥʥʠʭ ʟʤʽʥ ʩʠʪʫʘʮʽʾ ʧʦʪʨʽʙʥʝ ʟʤʽʥʠʪʠ ʮʽʣʽ ʪʘ ʩʪʨʘʪʝʛʽʾ ʦʨʛʘʥʽʟʘʮʽʡ 

ʪʠʧʫ ʊʈʎ. ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʫ ʚʠʧʘʜʢʫ ʙʝʟʧʝʢʠ, ʧʦʪʨʽʙʥʦ ʟʤʽʥʶʚʘʪʠ ʟʘʢʦ-

ʥʦʜʘʚʯʝ ʧʦʣʝ: ʧʝʨʰʝ ʡ ʛʦʣʦʚʥʝ ï ʟʘ ʙʝʟʧʝʢʫ ʚʣʘʩʥʠʢ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ 

ʫʩʽʤʘ ʘʢʪʠʚʘʤʠ. ɿ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʤʘʻ ʙʫʪʠ ʦʙʦʚôʷʟʢʦʚʝ ʩʪʨʘʭʫ-

ʚʘʥʥʷ ʨʠʟʠʢʫ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʜʝ-

ʢʣʘʨʫʚʘʥʥʷ ʩʪʘʥʫ ʙʝʟʧʝʢʠ. ʊʘʢʦʞ ʤʘʻ ʙʫʪʠ ʡ ʢʨʠʤʽʥʘʣʴʥʘ ʚʽʜʧʦʚʽʜʘʣʴ-

ʥʽʩʪʴ ʫ ʨʘʟʽ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ.  ʗʢ ʚʽʜʦʤʝ [5], ʟʘ ʬʘʢʪʦʤ ʢʘʪʘʩʪ-

ʨʦʬʽʯʥʠʭ ʧʦʜʽʡ ʫ ʂʝʤʝʨʦʚʦ ʧʨʘʮʶʚʘʣʘ ʚʝʣʠʢʘ ʛʨʫʧʘ ʬʘʭʽʚʮʽʚ (ʫʨʷʜʦʚʘ 

ʢʦʤʽʩʽʷ) ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʠʣʠ ʡ ʥʘʫʢʦʚʮʽ. ɻʦʣʦʚʥʠʡ ʚʠʩʥʦʚʦʢ ʩʪʦʩʦ-

ʚʥʦ ʙʝʟʧʝʢʠ çé ʧʦʪʨʽʙʥʝ ʟʤʽʥʶʚʘʪʠ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ï ʚʚʝʩʪʠ ʦʙʦʚôʷʟʢʦʚʽ 
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ʧʨʠʥʮʠʧʠ ʨʠʥʢʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ, ʘ ʩʘʤʝ ʜʝʢʣʘʨʫʚʘʥʥʷ ʪʘ ʩʪʨʘ-

ʭʫʚʘʥʥʷ ʙʝʟʧʝʢʠè.  

ɿʚʽʩʥʦ, ʧʦʷʚʘ ʮʠʭ ʦʙʦʚôʷʟʢʦʚʠʭ ʧʨʦʮʝʜʫʨ ʫ ʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡ 

ʧʨʠʚʝʜʝ ʜʦ ʟʤʽʥ ʟʤʽʩʪʫ ʽʥʰʠʭ ʆʌ. ʅʘ ʮʽʣʴ ʦʨʛʘʥʽʟʘʮʽʾ ʊʈʎ çʦʪʨʠʤʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʙʫʪʢʫè ʙʫʜʫʪʴ ʥʘʢʣʘʜʝʥʽ ʦʙʤʝʞʝʥʥʷ ï ʦʙʦʚôʷʟʢʦʚʽ 

ʚʠʪʨʘʪʠ  ʥʘ ʘʥʘʣʽʟ ʨʠʟʠʢʫ, ʜʝʢʣʘʨʫʚʘʥʥʷ ʪʘ ʩʪʨʘʭʫʚʘʥʥʷ. ɿʘʫʚʘʞʠʤʦ, ʱʦ 

ʟʘ ʤʽʞʥʘʨʦʜʥʠʤ ʜʦʩʚʽʜʦʤ, ʮʽ ʚʠʪʨʘʪʠ ʪʽʣʴʢʠ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʤʝʥʰʫ-

ʶʪʴ ʯʘʩʪʢʫ ʧʨʠʙʫʪʢʫ, ʟ ʯʘʩʦʤ, ʟʘ ʨʘʭʫʥʦʢ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʙʝʟʧʝʯʥʦʾ ʨʦ-

ʙʦʪʠ, ʧʨʠʙʫʪʦʢ ʟʨʦʩʪʘʻ. 

ɺʠʩʥʦʚʢʠ. ʇʦ-ʧʝʨʰʝ ʧʦʪʨʽʙʥʝ ʟʤʽʥʶʚʘʪʠ ʦʩʥʦʚʦʧʦʣʦʞʥʽ ʧʨʠʥʮʠʧʠ 

ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ, ʧʝʨʝʭʦʜʠʪʠ ʥʘ ʨʠʥʢʦʚʽ ʧʨʠʥʮʠʧʠ ʟʘ ʧʘʨʘʜʠʛʤʦʶ 

ʈʆʇ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʇʦ-ʜʨʫʛʝ, ʧʦʪʨʽʙʥʽ ʪʝʨʤʽʥʦʚʽ 

ʟʤʽʥʠ ʟʘʢʦʥʦʜʘʚʩʪʚʘ. 
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ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʁ ɸʅɸʃʀɿɸʊʆʈ ʅɸʃʆɻʆɺʆʁ 

ʅɸɻʈʋɿʂʀ ʈɽɻʀʆʅɸ ʂɸʂ ʉɽɻʄɽʅʊ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ ʆʇʊʀʄɸʃʔʅʆɻʆ 

ʋʇʈɸɺʃɽʅʀʗ 

ʉ.ʇ. ɸʃɪʐʀʅ, ɽ.ɸ. ɹʆʈʆɼʀʅɸ 

ʇʦʣʪʘʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʖʨʠʷ 

ʂʦʥʜʨʘʪʶʢʘ, ʋʢʨʘʠʥʘ 

  

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʘʣʦʛʦʚʦ-ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʥʘʛʨʫʟʢʦʡ (ʅɸʅ) 

ʥʘ ʙʠʟʥʝʩ (ʚʝʣʠʯʠʥʫ ʧʣʘʪʝʞʝʡ, ʦʪʯʝʪʦʚ, ʧʨʦʚʝʨʦʢ, ʰʪʨʘʬʦʚ ʠ ʪ.ʜ.) ʧʨʠ 

ʢʦʪʦʨʦʡ ʙʫʜʝʪ, ʜʦʩʪʠʛʥʫʪ ʦʧʪʠʤʘʣʴʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʙʠʟʥʝʩʘ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʪʴʩʷ  ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʥʘʧʦʣʥʝʥʠʝʤ ʨʝʛʠʦʥʘʣʴ-

ʥʦʛʦ ʙʶʜʞʝʪʘ. 

ɽʩʣʠ ʥʘʛʨʫʟʢʫ ʩʜʝʣʘʪʴ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʥʦʩʪʴʶ 

ʩʥʷʪʴ ʩ ʙʠʟʥʝʩʘ ʚʩʶ ʥʘʣʦʛʦʚʫʶ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ, ʪʦ ʧʨʦ-

ʠʟʦʡʜʸʪ ʨʘʩʮʚʝʪ ʙʠʟʥʝʩʘ ʚ ʨʝʛʠʦʥʝ. ɽʩʣʠ ʥʘʛʨʫʟʢʫ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʠ 

ʥʘʣʦʞʠʪʴ ʥʘ ʙʠʟʥʝʩ ʥʝʧʦʩʠʣʴʥʫʶ ʥʦʰʫ, ʪʦ ʙʠʟʥʝʩ ʫʤʨʝʪ ʠʣʠ ʫʡʜʝʪ ʚ 

çʪʝʥʴè. 

ɿʘʜʘʯʘ - ʥʘʡʪʠ ʠ ʧʦʩʪʦʷʥʥʦ ʫʜʝʨʞʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʣʦ-

ʛʦʚʦ-ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʙʠʟʥʝʩ (ʚʝʣʠʯʠʥʫ ʧʣʘʪʝʞʝʡ, ʦʪʯʝ-

ʪʦʚ, ʧʨʦʚʝʨʦʢ, ʰʪʨʘʬʦʚ ʠ ʪ.ʜ.) ʧʨʠ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ ʦʧʪʠʤʘʣʴ-

ʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʚʦʟʤʦʞʥʦʩʪʴʶ ʙʠʟʥʝʩʘ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʪʴʩʷ  ʠ ʜʦ-

ʩʪʘʪʦʯʥʳʤ ʥʘʧʦʣʥʝʥʠʝʤ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ. 

ʕʪʦ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʧʦʜʦʡʪʠ ʢ ʝʝ ʧʨʝʦʜʦʣʝʥʠʶ ʢʘʢ ʢ ʨʝʰʝʥʠʶ ʟʘ-

ʜʘʯʠ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʬʘʢʪʦʨʦʚ 

ʠ ʩʦʩʪʦʷʥʠʡ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ[1,2]. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ 

ʵʢʩʧʝʨʪʥʳʤ ʧʫʪʝʤ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʬʘʢʪʦʨʳ, ʧʦʩʪʘʚʠʪʴ ʠʭ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʝ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʥʘʣʦʛʦʚʦ-ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʠʤʝʨʘʭ 

ʧʨʝʜʳʩʪʦʨʠʠ (ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʝ ʜʘʥʥʳʝ), ʘ ʩʪʨʦʛʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʚʷʟʠ 

ʫʩʪʘʥʦʚʠʪʴ ʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʫʪʝʤ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝ-

ʪʝʚʳʭ ʤʦʜʝʣʝʡ ʥʘ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʡ ʚʳʙʦʨʢʝ.  

ʉʦʚʨʝʤʝʥʥʳʝ  ʧʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨʤʳ (Matlab, Statistica ʠ ʜʨ.) ʠʥ-

ʩʪʨʫʤʝʥʪʘʨʠʡ, ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʥʝʡʨʦʩʝʪʝʚʫʶ 

ʩʨʝʜʫ, ʨʝʘʣʠʟʦʚʘʪʴ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʘʨʭʠʪʝʢʪʫʨ ʥʝʡʨʦʩʝʪʝʡ ʨʘʟʣʠʯʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʠ ʧʨʘʚʠʣ ʤʦʜʠʬʠʢʘʮʠʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ[3]. 
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ʈʘʟʨʘʙʦʪʢʦʡ, ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʠ ʚʥʝʜʨʝʥʠʝʤ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʟʘʥʠʤʘʣʠʩʴ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ, ʚ ʯʘʩʪʥʦʩʪʠ: ʉ. ʍʘʡʢʠʥ, ʈ. ʍʝʭʪ-ʅʠʣʴ-

ʩʝʥ, ʊ. ʂʦʭʦʥʝʥ, ʠ ʜʨ.[4, 5]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦʣʥʦʮʝʥʥʦʡ, ʢʦʤʧʣʝʢʩʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʛʨʘʤʤ-

ʥʦʡ ʙʘʟʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʬʠʩʢʘʣʴʥʦ-ʥʘʣʦʛʦʚʦʡ ʥʘʛʨʫʟʢʠ 

ʥʘ ʩʝʛʦʜʥʷ ʚ ʦʪʢʨʳʪʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. 

ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʘʥ-

ʩʘʤʙʣʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʥʘʣʦʛʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝ-

ʥʠʷ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʮʝʣʝʚʳʭ ʩʦʩʪʦʷʥʠʡ. ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʜʦʣʞʥʳ ʩʪʘʪʴ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʩʦʩʪʦʷ-

ʥʠʡ ʠ ʥʘʭʦʞʜʝʥʠʷ ʪʘʢʦʛʦ ʥʘʙʦʨʘ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʥʘʜʝʞʥʦ 

ʠ ʙʳʩʪʨʦ ʧʦʟʚʦʣʠʣ ʙʳ ʧʨʠʚʝʩʪʠ ʚʩʶ ʩʠʩʪʝʤʫ ʧʨʠʚʝʩʪʠ ʚ ʪʨʝʙʫʝʤʦʝ ʩʦ-

ʩʪʦʷʥʠʝ. 

ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʘʤ ʨʘʩʧʦʟʥʘʚʘ-

ʥʠʷ ʢʣʘʩʩʦʚ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠʟʥʘʢʠ ʧʦʚʝʜʝʥʠʷ ʠ ʯʠʩʣʦ ʢʣʘʩʩʦʚ ʅɸʅ  ̫ ʚʣʷʶʪʩʷ 

ʚʝʢʪʦʨʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ:  

                                  |)(||)(| tXFtY = ,                                          (1) 

ʛʜʝ )(tY  ï ʥʦʤʝʨ ʢʣʘʩʩʘ ʩʦʩʪʦʷʥʠʷ ʅɸʅ; )(tX ï ʚʝʢʪʦʨ ʪʝʢʫʱʠʭ ʟʥʘ-

ʯʝʥʠʡ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ-ʧʨʠʟʥʘʢʦʚ; F  ï ʬʫʥʢʮʠʦʥʘʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʩʩʠʚʘ ʚʭʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʥʦʤʝʨ ʢʣʘʩʩʘ.  

ɿʘʜʘʯʘ ʘʜʘʧʪʘʮʠʠ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʢ ʪʨʝʙʫʝʤʦʤʫ ʩʦʩʪʦʷʥʠʶ ʅɸʅ 

ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʬʘʢʪʦʨʦʚ 

)(0 tʍ , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʢʪʦʨʫ ʮʝʣʝʚʦʛʦ ʩʦʩʪʦʷʥʠʷ )(0 tY  ʅɸʅ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʬʦʨʤʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥ  ʧʨʦʮʝʜʫʨʦʡ: 

                                     )()(: 000 tXtYF ­ ,                                    (2) 

ʛʜʝ )(0 tY  ï ʮʝʣʝʚʦʡ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ; )(0 tX ï ʚʝʢʪʦʨ ʘʜʘʧ-

ʪʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ; 0F  ï ʧʨʦʜʫʢʪʠʚʥʳʡ ʬʫʥʢʮʠ-

ʦʥʘʣ ʤʦʜʠʬʠʢʘʮʠʠ ʤʘʩʩʠʚʘ ʪʝʢʫʱʠʭ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʢ ʠʩʢʦʤʦʤʫ 

ʥʘʙʦʨʫ, ʘʜʝʢʚʘʪʥʦʤʫ ʮʝʣʝʚʦʤʫ ʩʦʩʪʦʷʥʠʶ. 

ɺ ʦʩʥʦʚʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (1) ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʣʦʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʙʫʯʘʝʤʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʦʙʨʘʪʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝʤ ʦʰʠʙʢʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʦʩʪʦʷ-

ʥʠʷ [6].  

ɺ ʦʩʥʦʚʫ ʧʦʠʩʢʘ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʅɸʅ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʝʝ 

ʮʝʣʝʚʦʤʫ ʩʦʩʪʦʷʥʠʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʣʦʞʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʘʜʘʧʪʘʮʠʠ 
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ʚʭʦʜʦʚ ʢ ʪʨʝʙʫʝʤʦʤʫ ʩʦʩʪʦʷʥʠʶ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʥʝʡʨʦʫʧʨʘʚʣʝ-

ʥʠ[̫7]. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥ ʥʝʡʨʦʵʤʫʣʷʪʦʨ 

ʩʨʝʜʳ StatSoft. 

ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʠʥʜʠʢʘ-

ʪʦʨʦʚ ʩʦʩʪʦʷʥʠʷ ʌʅʅ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʭʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʬʘʢʪʦʨʦʚ ʩʚʦʜʠʪʩʷ ʢ ʦʪʦʙʨʘʞʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ ʩʦʩʪʦʷʥʠʡ ʩ ʟʘʜʘʥʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ: 

                   ÁËÁË­ opt
m

opt YXYXF ,,: ,                                (3) 

ʛʜʝ ʍ ï ʚʝʢʪʦʨ  ʧʨʠʟʥʘʢʦʚ ʩʦʩʪʦʷʥʠʷ ʅɸʅ; optY ï  ʚʳʭʦʜʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʢʣʘʩʩʘ ʩʦʩʪʦʷʥʠʷ ʅɸʅ. 

ʄʘʩʩʠʚ ʧʨʠʟʥʘʢʦʚ ʌʅʅ { } Xxxxʍ n
n Ë= ,....,, 21 ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤ ʤʘʩʩʠʚʦʤ ʢʣʘʩʩʦʚ ʩʦʩʪʦʷʥʠʡ ʅɸʅ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʠʟʚʝʩʪʥʦʝ ʧʨʘʚʠʣʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ [6]: 

,kg WÍw  ʝʩʣʠ { }( ) {}( ),,sup, iig LL wwww =  

                                    { }( ) ,, kggL WÍ­www                                (4) 

ʛʜʝ { } ,,..,1 Xxxʍ n Í=
­

{ }( )gL ww, ï ʧʨʘʚʠʣʦ ʦʪʥʝʩʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʅɸʅ gw  ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʢʣʘʩʩʫ; 

{}wï ʤʥʦʞʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ ʅɸʅ (p, g) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʟʥʘʢʦʚ(k, 

l) ʧʨʠ ʚʩʝʭ ʠʭ ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ( )glpk ww , . 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ ʨʝʰʝ-

ʥʠʷ ʜʚʫʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ: 

- ʧʦʩʪʨʦʝʥʠʝ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʫʝ-

ʤʦʛʦ ʩʦʩʪʦʷʥʠʷ ʅɸʅ; 

- ʥʘʭʦʞʜʝʥʠʝ ʚʝʢʪʦʨʘ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʮʝ-

ʣʝʚʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚ ʨʘʤʢʘʭ ʜʦʧʫʩʪʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʵʪʠ ʟʘʜʘʯʠ ʨʝʰʝʥʳ ʚ ʧʘʨʘʜʠʛʤʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʛʨʘʜʠʝʥʪʥʳʭ ʤʝʪʦʜʦʚ  ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ [7].  

 ɸʜʝʢʚʘʪʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʧʦ ʚʝʣʠʯʠʥʝ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʦʰʠʙʢʘʤ ʥʘ ʦʙʫʯʘʶʱʠʭ, ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʪʝʩʪʦʚʳʭ 

ʤʥʦʞʝʩʪʚʘʭ ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʝ ʧʨʠʤʝʨʦʚ, ʧʦʟ-

ʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ ʦ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʧʦ ʨʝʟʫʣʴ-

ʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [1,6,7]. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʪʚʝʨʜʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʜʠʪʴ ʠ ʧʦʩʪʦʷʥʥʦ ʫʜʝʨʞʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʩʩʣʝʜʫʝʤʦʡ ʥʘʣʦʛʦʚʦ-ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʙʠʟʥʝʩ (ʚʝʣʠ-

ʯʠʥʫ ʧʣʘʪʝʞʝʡ, ʦʪʯʝʪʦʚ, ʧʨʦʚʝʨʦʢ, ʰʪʨʘʬʦʚ ʠ ʪ.ʜ.) ʧʨʠ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 
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ʜʦʩʪʠʛʥʫʪ ʦʧʪʠʤʘʣʴʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʚʦʟʤʦʞʥʦʩʪʴʶ ʙʠʟʥʝʩʘ ʫʩʧʝʰʥʦ 

ʨʘʟʚʠʚʘʪʴʩʷ  ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʥʘʧʦʣʥʝʥʠʝʤ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ. 

 

ɺʳʚʦʜʳ 

1. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷ-

ʱʠʭ ʘʢʪʫʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʅɸʅ ʢ ʮʝʣʝʚʦʤʫ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʝʸ ʩʦʩʪʦʷʥʠʡ ʦʪ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ. ʕʪʘ ʟʘ-

ʜʘʯʘ ʨʝʰʝʥʘ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʘʣʠʟʦʚʘʥʘ 

ʤʦʜʝʣʷʤʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʝʨʩʝʧʪʨʦʥʦʚ ʢʘʢ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʨʘʩʧʦʟʥʘʚʘ-

ʥʠʷ. 

2. ʈʘʩʯʝʪ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʚʭʦʜʥʳʤ ʬʘʢʪʦʨʘʤ ʚʳʭʦʜʥʦʡ 

ʬʫʥʢʮʠʠ ʥʝʚʷʟʢʠ ʪʝʢʫʱʝʛʦ ʠ ʪʨʝʙʫʝʤʦʛʦ ʩʦʩʪʦʷʥʠʡ ʅɸʅ ʠ ʦʙʦʙʱʝʥʥʘʷ 

ʦʮʝʥʢʘ ʛʨʘʜʠʝʥʪʘ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝʡʨʦʩʝʪʝ-

ʚʳʭ ʩʭʝʤ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʩʚʷʟʢʝ çʵʤʫʣʷʨʦʪ-ʢʦʥʪʨʦʣʣʝʨè. ʕʪʦ ʧʦʟ-

ʚʦʣʠʣʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ ʛʨʘ-

ʜʠʝʥʪʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʠ ʦʰʠʙʢʠ.  

3. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ 

ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠʤ ʩʠʩʪʝʤʘʤ ʘʜʘʧʪʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʭʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ ʢ ʧʨʦʩʪʨʘʥ-

ʩʪʚʫ ʪʨʝʙʫʝʤʳʭ ʢʣʘʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʢʦʥʦʤʠ-

ʢʦʡ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ɺɽʈʆʗʊʅʆʉʊʀ ʇʆʅɽʉɽʅʅʆɻʆ ʋʑɽʈɹɸ 

ʆʊ ʅɸʉʊʋʇʃɽʅʀʗ ʉʆɹʓʊʀʗ ɺ ʆɹʃɸʉʊʀ ʇʆɺʓʐɽʅʅʆɻʆ 

ʈʀʉʂɸ 

ɽ.ɸ. ɹʆʈʆɼʀʅɸ 

ʇʦʣʪʘʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʖʨʠʷ 

ʂʦʥʜʨʘʪʶʢʘ, ʋʢʨʘʠʥʘ 

 

ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʦʤʧʴʶʪʝʨ-

ʥʦʡ ʪʝʭʥʠʢʠ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʦʛʦ ʤʘʩʩʠʚʘ 

ʜʘʥʥʳʭ ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 

ʤʥʦʛʦʦʙʨʘʟʥʳʭ ʭʨʘʥʠʣʠʱʘʭ ʜʘʥʥʳʭ, ʪʝʤ ʩʘʤʳʤ ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʝʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ.  

ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʨʢʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ 

ʦʰʠʙʢʠ ʥʝ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʜʘʧʪʠʚ-

ʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ ʦʩʥʦʚʝ ʦʙʳʯʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ, ʚ ʢʦʪʦ-

ʨʳʭ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʨʠʩʢʠ (ʫʱʝʨʙʳ). ʉʫʱʝʩʪʚʫʝʪ ʦʯʝʥʴ ʩʝʨʴʝʟʥʘʷ ʧʨʦ-

ʙʣʝʤʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʨʥʦʡ ʛʠʧʦʪʝʟʳ ʧʨʠ ʜʠʩʙʘʣʘʥʩʝ ʤʝʞʜʫ ʦʰʠʙʢʘʤʠ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʤʝʱʝʥʠʠ ʧʦʨʦʛʦʚ ʤʝʞʜʫ ʥʠʤʠ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷ-

ʝʪʩʷ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [1-6], ʦʜʥʘʢʦ ʜʘʥʥʳʝ ʧʦʜʭʦʜʳ ʦʩʥʦʚʘʥʳ 

ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʥʝʩʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚ ʢʣʘʩʩʘʭ ʩ ʧʝʨʝʩʝʯʝ-

ʥʠʝʤ ʧʨʠʟʥʘʢʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʘ ʥʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʨʠʩʢʦʚ, ʧʦʪʝʨʴ 

ʠ ʫʱʝʨʙʦʚ ʧʨʠ ʠʭ ʦʪʥʝʩʝʥʠʠ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʙʣʘʩʪʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʝʨʝʜʢʦ ʧʦʷʚʣʷʶʪʩʷ ʧʨʦʛʥʦʟʳ ʦ ʪʦʤ, ʢʘʢʦʡ ʙʫʜʝʪ ʵʧʠ-

ʜʝʤʠʷ ʛʨʠʧʧʘ ʚ ʧʨʝʜʩʪʦʷʱʝʤ ʵʧʠʜʩʝʟʦʥʝ ʠ ʢʦʛʜʘ ʚʦʟʥʠʢʥʝʪ ʩʣʝʜʫʶʱʘʷ 

ʧʘʥʜʝʤʠʷ ʛʨʠʧʧʘ. ʆʜʥʘʢʦ ʚʩʝ ʵʪʠ ʧʨʦʛʥʦʟʳ ʦʩʥʦʚʘʥʳ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʵʧʠʜʝʤʠʠ ʠʣʠ ʧʘʥʜʝʤʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʟʘʙʦ-

ʣʝʚʘʥʠʷ. ʀʥʦʛʜʘ ʚʳʜʝʣʷʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʛʨʫʧʧʳ ʨʠʩʢʘ, ʪ.ʝ. ʧʨʝʜʩʪʘʚʠ-

ʪʝʣʝʡ ʥʘʩʝʣʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʭ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʦʮʠʘʣʴʥʳʤ, ʤʝ-

ʜʠʮʠʥʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠʣʠ ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʕʪʘ 
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ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʫʩʣʦʚʥʦ ʦʙʲʝʜʠʥʝʥʥʘʷ ʧʦ ʧʨʠʥʮʠʧʫ ʧʦʚʳʰʝʥʥʦʡ ʚʝ-

ʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʥʝʡ ʟʘʙʦʣʝʚʘʥʠʡ ʠʣʠ ʯʣʝʥʳ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 

ʧʦʥʝʩʪʠ ʫʱʝʨʙ ʦʪ ʤʝʜʠʮʠʥʩʢʠʭ ʠʣʠ ʩʦʮʠʘʣʴʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ [7].  

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʠʨʦʚʦʡ ʬʦʥʜʦʚʳʡ ʨʳʥʦʢ, ʪʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʝʛʦ ʨʘʟʚʠʪʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʦʛʨʦʤʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʙʳʣʴʥʦ ʠʥʚʝʩʪʠʨʦʚʘʪʴ. ʀʥʬʦʨʤʘʮʠʷ ʧʦ 

ʨʳʥʢʫ ʘʢʮʠʡ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʜʠʥʘʤʠʢʠ ʨʳʥʢʘ ʘʢ-

ʮʠʡ, ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʙʟʦʨʦʚ ʬʦʥʜʦʚʦʛʦ ʨʳʥʢʘ, ʧʦʟʚʦʣʷʶʪ ʩʚʦʝʚʨʝ-

ʤʝʥʥʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʪʦʨʛʦʚʣʝ, ʫʯʠʪʳʚʘʷ ʩʣʦʞʠʚ-

ʰʫʶʩʷ ʩʠʪʫʘʮʠʶ ʥʘ ʤʠʨʦʚʳʭ ʙʠʨʞʘʭ. 

ʀʩʧʦʣʴʟʫʷ ʦʧʝʨʘʪʠʚʥʳʝ ʜʘʥʥʳʝ ʠ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʢʫʱʠʭ 

ʩʦʙʳʪʠʷʭ ʠ ʥʦʚʦʩʪʷʭ ʬʦʥʜʦʚʦʛʦ ʨʳʥʢʘ, ʩʦʚʝʨʰʝʥʠʝ ʩʜʝʣʦʢ ʠ ʪʦʨʛʦʚʣʷ 

ʬʠʥʘʥʩʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʦʢʨʘʱʘʝʪ ʯʠʩʣʦ 

ʦʰʠʙʦʢ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʠʙʳʣʴʥʦʩʪʴ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʧʨʦʠʩʭʦ-

ʜʷʪ ʥʝ ʧʨʝʜʚʠʜʝʥʥʳʝ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʧʘʜʝʥʠʶ ʬʦʥʜʦʚʦʛʦ 

ʠʥʜʝʢʩʘ ʥʘ ʨʳʥʢʘʭ. 

 ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʪʘʢʞʝ ʥʘ ʪʝʭʥʦʛʝʥʥʳʝ ʢʘʪʘʩʪʨʦʬʳ, 

ʢʦʪʦʨʳʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʳ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʪʦ-

ʨʳʭ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʝʣʴʟʷ, ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪ-

ʨʝʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʚʦʝʚʨʝʤʝʥʥʦʤʫ ʦʧʦʚʝʱʝʥʠʶ ʦ ʝʸ ʚʦʟʤʦʞʥʦʤ 

ʥʘʯʘʣʝ, ʩʦʩʪʘʚʠʪʴ ʧʣʘʥʳ ʝʸ ʣʦʢʘʣʠʟʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʨʷʜʦʢ ʵʚʘʢʫʘ-

ʮʠʠ ʥʘʩʝʣʝʥʠʷ ʠʟ ʧʦʩʪʨʘʜʘʚʰʝʛʦ ʨʘʡʦʥʘ ʠ ʦʨʛʘʥʠʟʘʮʠʶ ʧʦʤʦʱʠ ʧʦʩʪʨʘ-

ʜʘʚʰʠʤ ʠ ʚʳʞʠʚʰʠʤ ʚ ʟʦʥʝ.  

ʇʦ - ʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʚʝ-

ʨʦʷʪʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʦʙʳʪʠʷ, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʥʝʩʝʥ-

ʥʦʛʦ ʫʱʝʨʙʘ ʦʪ ʥʘʩʪʫʧʣʝʥʠʷ ʜʘʥʥʦʛʦ ʩʦʙʳʪʠʷ. ʇʨʠ ʵʪʦʤ ʚʳʜʝʣʷʷ ʚʳʙʦʨ 

ʧʦʨʦʛʦʚ ʢʣʘʩʩʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʠʣʠ ʩʪʝʧʝʥʴʶ ʨʠʩʢʘ, ʥʘʧʨʠʤʝʨ: 

V ʙʝʟʨʠʩʢʦʚʘʷ ʦʙʣʘʩʪʴ/ʩʪʝʧʝʥʴ; 

V ʤʠʥʠʤʘʣʴʥʘʷ ʦʙʣʘʩʪʴ/ʩʪʝʧʝʥʴ ʨʠʩʢʘ; 

V ʧʦʚʳʰʝʥʥʘʷ ʦʙʣʘʩʪʴ/ʩʪʝʧʝʥʴ ʨʠʩʢʘ; 

V ʢʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ/ʩʪʝʧʝʥʴ ʨʠʩʢʘ; 

V ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ/ʩʪʝʧʝʥʴ ʨʠʩʢʘ. 

ʀʟ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʦʙ-

ʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ, ʪ.ʢ. ʫʨʦʚʝʥʴ ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʨʴ ʚ ʜʘʥʥʦʡ ʦʙ-

ʣʘʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʨʘʟʤʝʨ ʚʳʜʝʣʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʪ.ʝ. ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʠ 

ʧʨʦʠʟʦʡʜʝʪ ʧʦʢʨʳʪʠʝ ʚʩʝʭ ʨʘʩʭʦʜʦʚ, ʘ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʦʩʪʘʥʝʪʩʷ ʢʘʢʘʷ-

ʪʦ ʯʘʩʪʴ ʦʪ ʚʳʜʝʣʝʥʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʧʦʢʨʳʪʠʝ ʧʦʥʝʩʝʥʥʦʛʦ ʫʱʝʨʙʘ ʦʪ 

ʥʘʩʪʫʧʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʙʳʪʠʷ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʚʳʰʝʥʥʳʡ 

ʨʠʩʢ ʚ ʨʘʟʨʝʟʝ ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʪʦʛʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʯʪʦ ʧʦʚʳʰʝʥʥʳʡ ʨʠʩʢ ï ʨʠʩʢ ʧʨʠ ʢʦʪʦʨʦʤ ʫʨʦʚʝʥʴ ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʨʴ 
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ʥʝ ʧʨʝʚʳʰʘʝʪ ʨʘʟʤʝʨ ʚʳʜʝʣʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʪ.ʝ. ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʠ ʥʝ ʙʫ-

ʜʫʪ ʦʙʥʘʨʫʞʝʥʳ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʧʨʠʟʥʘʢʠ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʦʧʨʝ-

ʜʝʣʝʥʥʦʤʫ ʢʣʘʩʩʫ, ʘ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʠʥʬʦʨʤʘʪʠʚ-

ʥʳʝ ʧʨʠʟʥʘʢʠ, ʢʦʪʦʨʳʝ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʢʣʘʩʩʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʠ ʧʦʪʝʨʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 
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ʋɼʂ 004.432.2 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɸ ɯʅʌʆʈʄɸʎɯʁʅɸ ʇʃɸʊʌʆʈʄɸ ɼʃʗ 

ʆʈɻɸʅɯɿɸʎɯɰ ʊɸ ʇɯɼʊʈʀʄʂʀ ʉʇʆʈʊʀɺʅʀʍ ɿʄɸɻɸʅʔ 

ʆ.ʆ. ɹʆʈʆɼɯʅɸ, ɸ.ʉ. ʂɯʂʆʊʔ, ɯ.ɹ. ɾɸɹʈɸʅ 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, ʋʢʨʘʾʥʘ 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʻ ʦʩʥʦʚʥʦʶ ʨʫʰʽʡ-

ʥʦʶ ʩʠʣʦʶ ʧʨʦʛʨʝʩʫ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʥʠʢʘʻ ʚ ʫʩʽ ʩʬʝʨʠ ʩʫʩʧʽʣʴʥʦʛʦ 

ʞʠʪʪʷ, ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʶʶʯʠ ʽʩʥʫʶʯʽ ʧʨʦʮʝʩʠ ʪʘ ʦʧʝʨʘʮʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʦʙôʻʤʥʽ, ʛʨʦʤʽʟʜʢʽ ʨʦʙʦʪʠ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʾʭ 

ʚ ʧʦʚʩʷʢʜʝʥʥʽ ʪʘ ʥʝʧʦʤʽʪʥʽ ʜʣʷ ʥʘʰʦʛʦ ʦʢʘ. ʗʢ ʥʘʩʣʽʜʦʢ, ʟʥʘʯʥʦ ʟʙʽʣʴ-

ʰʫʻʪʴʩʷ ʝʢʦʥʦʤʽʷ ʨʝʩʫʨʩʽʚ ʪʘ ʝʢʦʥʦʤʽʯʥʘ ʚʠʛʽʜʥʽʩʪʴ ʧʨʦʝʢʪʽʚ. 

ʆʜʥʠʤ ʽʟ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʻ ʜʦʜʘʪʢʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ QR-ʢʦʜʫ ʪʘ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʚ ʻ ʦʨ-

ʛʘʥʽʟʘʮʽʷ ʩʧʦʨʪʠʚʥʦʛʦ ʟʘʭʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʙ ʜʦʟʚʦʣʠʣʠ ʰʚʠʜʢʦ ʪʘ ʩʚʦʻʯʘʩʥʦ ʦʨʛʘʥʽʟʘʪʦʨʘʤ ʥʘʜʘʪʠ 

ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʫʯʘʩʥʠʢʘʤ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʦʨʛʘʥʽʟʘʪʦʨʘʤ ʥʝʦʙʭʽ-

ʜʥʦ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʫʯʘʩʥʠʢʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʝʩʪʠ ʟʘʭʽʜ 

ʥʘ ʥʘʡʚʠʱʦʤʫ ʨʽʚʥʽ. ʆʜʥʘʢ ʽʩʥʫʶʯʽ ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʪʘ ʩʘʡʪʠ ʥʝ ʥʘʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʫʩʽʭ ʝʪʘʧʽʚ ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʽʚ. ʊʦʤʫ ʧʨʦʧʦʥʫ-

ʻʪʴʩʷ ʨʦʟʨʦʙʠʪʠ ʻʜʠʥʫ ʧʣʘʪʬʦʨʤʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʪʘ ʨʦʟʤʽʩ-

ʪʠʪʠ ʙʫʜʴ-ʷʢʠʡ ʩʧʦʨʪʠʚʥʠʡ ʟʘʭʽʜ, ʷʢʠʡ ʙʫʜʝ ʧʽʜʣʘʰʪʦʚʘʥʠʡ ʧʽʜ ʦʨʛʘʥʽ-

ʟʘʪʦʨʘ, ʪʠʤ ʩʘʤʠʤ ʩʧʨʦʩʪʠʪʠ ʪʘ ʧʨʠʰʚʠʜʰʠʪʠ ʧʨʦʮʝʩ ʨʝʻʩʪʨʘʮʽʾ ʥʘ ʟʘ-

ʭʽʜ. ʋ ʥʽʡ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʤʦʞʣʠʚʦʩʪʽ: 

- ʩʪʚʦʨʝʥʥʷ ʟʘʭʦʜʫ; 

- ʧʽʜʣʘʰʪʫʚʘʥʥʷ ʟʘʭʦʜʫ ʧʽʜ ʦʨʛʘʥʽʟʘʪʦʨʘ; 

- ʦʙʣʽʢ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

- ʩʪʚʦʨʝʥʥʷ ʢʦʤʘʥʜʠ; 

- ʨʝʻʩʪʨʘʮʽʷ ʚ ʩʠʩʪʝʤʽ; 

- ʨʝʻʩʪʨʘʮʽʷ ʚ ʟʤʘʛʘʥʥʷʭ ʚ ʷʢʦʩʪʽ ʫʯʘʩʥʠʢʘ;  

- ʨʝʜʘʛʫʚʘʥʥʷ ʢʦʤʘʥʜʠ ʚʽʜ ʦʩʦʙʠ ʢʘʧʽʪʘʥʫ ʢʦʤʘʥʜʠ; 

- ʟʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʚʦʨʶʚʘʥʦʛʦ ʙʝʡʜʞʘ ʫʯʘʩʥʠʢʘ ʟʤʘ-

ʛʘʥʴ ʚʽʜ ʦʩʦʙʠ ʩʘʤʦʛʦ ʫʯʘʩʥʠʢʘ, ʤʝʥʝʜʞʝʨʘ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ; 

- ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ ʟʤʘʛʘʥʴ; 

- ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ; 

- ʥʘʜʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʫ ʧʨʘʚ ʤʝʥʝʜʞʝʨʘ ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʪʘ ʨʝʜʘʛʫ-
ʚʘʥʥʷ ʟʤʘʛʘʥʴ; 

- ʜʦʩʪʫʧ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʟʤʘʛʘʥʴ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʽ. 
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ʉʧʨʦʝʢʪʦʚʘʥʘ ʪʘ ʧʨʦʛʨʘʤʥʦ ʨʝʘʣʽʟʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘ-

ʮʽʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟʤʘʛʘʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ QR-ʢʦʜʫ, ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦ-

ʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʬʫʥʢʮʽʡ:  

- ʨʝʘʣʽʟʘʮʽʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʪʘ ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʯʘʩʪʠʥ; 

- ʤʦʞʣʠʚʽʩʪʴ ʫʯʘʩʥʠʢʦʤ ʟʤʘʛʘʥʴ ʟʘʧʦʚʥʶʚʘʪʠ ʬʦʨʤʫ ʧʦʜʘʯʽ ʟʘʷʚʢʠ; 

- ʬʦʨʤʫʚʘʥʥʷ ʩʧʠʩʢʫ ʧʦʜʘʥʠʭ ʟʘʷʚʦʢ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʚʝʨʪʘʮʽʾ ʫ 
ʬʦʨʤʘʪ xlsx; 

- ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʜʠʩʪʘʥʮʽʡ ʪʘ ʝʩʪʘʬʝʪ, ʘ ʪʘʢʦʞ ʨʝʜʘʛʫʚʘʥʥʷ ʽʩʥʫʶ-
ʯʠʭ;  

- ʘʚʪʦʤʘʪʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʣʠʚʽʚ ʧʦ ʜʠʩʪʘʥʮʽʷʭ; 

- ʟʘʧʦʚʥʝʥʥʷ ʪʘʙʣʠʮʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʟʘʧʣʠʚʫ ʪʘ  ʥʘʨʘ-

ʭʫʚʘʥʥʷ ʙʘʣʽʚ ʟʘ ʯʘʩʦʤ; 

- ʬʦʨʤʫʚʘʥʥʷ ʨʝʡʪʠʥʛʫ ʟʘ ʚʽʢʦʚʦʶ ʢʘʪʝʛʦʨʽʻʶ ʪʘ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʙʘ-
ʣʘʤʠ; 

- ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʝʡʪʠʥʛʫ ʥʘ ʦʩʥʦʚʽ ʪʨʴʦʭ ʥʘʡʢʨʘʱʠʭ ʨʝ-
ʟʫʣʴʪʘʪʽʚ; 

- ʧʨʦʩʪʦʪʘ ʪʘ ʟʨʫʯʥʽʩʪʴ ʚ ʥʘʚʽʛʘʮʽʾ, ʪʦʙʪʦ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʽʥ-
ʪʝʨʬʝʡʩ ʷʢ ʫʯʘʩʥʠʢʫ ʪʘʢ ʡ ʦʨʛʘʥʽʟʘʪʦʨʫ; 

- ʤʦʞʣʠʚʽʩʪʴ ʛʝʥʝʨʘʮʽʾ ʙʝʡʜʞʘ ʫʯʘʩʥʠʢʘ ʟʤʘʛʘʥʴ ʟ QR-ʢʦʜʦʤ ʟ ʧʦʩʠ-

ʣʘʥʥʷʤ ʥʘ ʧʨʦʬʽʣʴ; 

- ʥʘʷʚʥʽʩʪʴ ʨʦʣʽ ʤʝʥʝʜʞʝʨʘ, ʷʢʠʡ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʟʤʘʛʘʥʥʷ. 

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʘ ʜʽʘʛʨʘʤʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ. 

 
ʈʠʩ.1.ɼʽʘʛʨʘʤʘ ʧʨʝʮʝʜʝʥʪʽʚ (Use Case Diagram) 
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ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʘ ʯʘʩʪʠʥʘ ɸɯʇʆʇʉʇɿ. 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʯʘʩʪʠʥʠ ɸɯʇʆʇʉʇɿ 

 

ʅʘ ʨʠʩ. 3 ʧʝʨʝʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʤʝʥʝʜʞʝʨʩʴʢʦʾ ʯʘʩʪʠʥʠ 

 
ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʤʝʥʝʜʞʝʨʩʴʢʦʾ ʯʘʩʪʠʥʠ ɸɯʇʆʇʉʇɿ 

 

ʑʦʜʦ ʤʝʥʝʜʞʝʨʩʴʢʦʾ ʯʘʩʪʠʥʠ, ʾʾ ʨʦʟʜʽʣʠ ʢʦʧʽʶʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʨʦʟ-

ʜʽʣʠ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʯʘʩʪʠʥʠ ʟ ʜʝʷʢʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʚ ʬʫʥʢʮʽʦʥʘʣʽ. 

ʈʦʣʴ ʤʝʥʝʜʞʝʨʘ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʨʦʙʦʪʠ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ. 

ʅʘ ʨʠʩ. 4  ʧʝʨʝʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʯʘʩʪʠʥʘ. 
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ʈʠʩ.4. ʉʪʨʫʢʪʫʨʘ ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʯʘʩʪʠʥʠ ɸɯʇʆʇʉʇɿ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʣʘʪʬʦʨʤʘ 

ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʤʽʱʝʥʥʷ ʟʘʭʦʜʫ ʪʘ ʧʽʜʣʘʰʪʫʚʘʥʥʷ ʟʘʭʦʜʫ ʧʽʜ ʦʨʛʘʥʽʟʘ-

ʪʦʨʘ, ʱʦ ʟʥʘʯʥʦ ʧʦʣʝʛʰʠʪʴ ʨʦʙʦʪʫ ʦʨʛʘʥʽʟʘʪʦʨʘʤ ʩʧʦʨʪʠʚʥʠʭ ʟʤʘʛʘʥʴ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɺorodina E.A., Shvidkiy A.A., Kikot A.S. Existing problems when 

using a QR- code ɿʙʽʨʥʠʢ ʮʝʥʪʨʫ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ çɺʝʣʝʩè ʟʘ ʤʘʪʝ-

ʨʽʘʣʘʤʠ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 1 ʯʘʩʪʠʥʘ: çɼʦ-

ʩʷʛʥʝʥʥʷ ʥʘʫʢʠ ʚ 2017 ʨʦʮʽè, ʤ. ʂʠʾʚ: ʟʙʽʨʥʠʢ ʩʪʘʪʝʡ (ʨʽʚʝʥʴ ʩʪʘʥʜʘʨʪʫ, 

ʘʢʘʜʝʤʽʯʥʠʡ ʨʽʚʝʥʴ). ï ʂ.: ʎʝʥʪʨ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ, 2017. ï ʉ 4 - 7. 

2. ɺorodina E.A., Kikot A.S., Shvidkiy A.A. Application of QR-code 

for sport competitionsô accounting automation ɿʙʽʨʥʠʢ ʮʝʥʪʨʫ ʥʘʫʢʦʚʠʭ 

ʧʫʙʣʽʢʘʮʽʡ çɺʝʣʝʩè ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ 1 ʯʘʩʪʠʥʘ: çɼʦʩʷʛʥʝʥʥʷ ʥʘʫʢʠ ʚ 2017ʨʦʮʽè, ʤ. ʂʠʾʚ: ʟʙʽʨʥʠʢ 

ʩʪʘʪʝʡ (ʨʽʚʝʥʴ ʩʪʘʥʜʘʨʪʫ, ʘʢʘʜʝʤʽʯʥʠʡ ʨʽʚʝʥʴ). ï ʂ.: ʎʝʥʪʨ ʥʘʫʢʦʚʠʭ ʧʫ-

ʙʣʽʢʘʮʽʡ, 2017. ï ʉ 7 ï 13. 

 

ʋɼʂ 519.8 

ʄɽʊʆɼ ʀʅɼʋʂʊʀɺʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ-ʅɽʏɽʊʂʀʁ 

ʄɻʋɸ ɺ ɿɸɼɸʏɸʍ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʅɸ ʌʀʅɸʅʉʆɺʓʍ 

ʈʓʅʂɸʍ 

ʖʨʠʡʇ. ɿʘʡʯʝʥʢʦ, 

Igor Sikorsky Kyiv Polytechnic Institute, zaychenkoyuri@ukr.net 

ɺʚʝʜʝʥʠʝ 

ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʝʯʝʪʢʦʛʦ ʤʝʪʦʜʘ ʠʥʜʫʢʪʠʚʥʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ, ʠʟʚʝʩʪʥʦʛʦ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʨʫʧʧʦʚʦʛʦ ʫʯʝʪʘ ʘʨʛʫ-

ʤʝʥʪʦʚ (ʄɻʋɸ) ʚ ʟʘʜʘʯʘʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʤʘʢʨʦʵʢʦʥʦʤʠʢʝ ʠ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʝ. 
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ʇʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʨʦʝʥʠʠ ʧʨʦʛʥʦʟʠʨʫʶʱʠʭ ʤʦʜʝʣʝʡ ʠ ʥʘʭʦʞ-

ʜʝʥʠʠ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʨʦʛʥʦʟʠʨʫʝ-

ʤʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʟʘʜʘʥʥʳʤ ʥʘʙʦʨʦʤ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʚʠʜ ʤʦʜʝʣʠ 

(ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ) ʥʝʠʟʚʝʩʪʝʥ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ʠʥʜʫʢʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʄɻʋɸ ʷʚʣʷ-

ʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ çʦʙʲʝʢʪʠʚʥʦʡè ʤʦʜʝʣʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʥʘ ʢʦʨʦʪʢʠʭ ʚʳʙʦʨʢʘʭ.  

1. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʄɻʋɸ 

ɿʘʜʘʥʦ ʤʥʦʞʝʩʪʚʦ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: ʚʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

{ (1), (2), ...,X X ( )}X N  ʠ ʚʳʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ { }(1), (2),..., ( )Y Y Y N

, ʛʜʝ [ ]1 2, , ..., nX x x x=  ð n -ʤʝʨʥʳʡ ʚʝʢʪʦʨ; N ð ʯʠʩʣʦ ʪʦʯʝʢ ʥʘʙʣʶ-

ʜʝʥʠʷ. 

ʊʨʝʙʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʘʝʤʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ Y =

( )1 2, , ..., nF x x x= , ʘʜʝʢʚʘʪʥʫʶ ʥʘʙʣʶʜʘʝʤʳʤ ʜʘʥʥʳʤ, ʧʨʠʯʝʤ ʧʦʣʫ-

ʯʝʥʥʘʷ ʤʦʜʝʣʴ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʥʠʤʘʥʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʠʤʝʥʴʰʝʡ 

ʩʣʦʞʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ 

( ) ( )(1),..., ( )X N K f X X N+ = , ʛʜʝ K  ð ʜʣʠʥʘ ʠʥʪʝʨʚʘʣʘ ʫʧʨʝʞʜʝ-

ʥʠʷ. 

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘ-

ʜʘʯʘʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʬʠʥʘʥʩʦʚʳʭ ʨʳʥʢʘʭ ʷʚʣʷʶʪʩʷ: 

1) ʚʠʜ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʠʟʚʝʩʪʝʥ, ʘ ʦʧʨʝʜʝʣʝʥ ʪʦʣʴʢʦ 

ʢʣʘʩʩ ʤʦʜʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʧʦʣʠʥʦʤʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʩʪʝʧʝʥʠ ʥʝʣʠʥʝʡʥʦ-

ʩʪʠ ʠʣʠ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʨʷʜ (ʌʫʨʴʝ); 

2) ʢʦʨʦʪʢʘʷ ʚʳʙʦʨʢʘ ʜʘʥʥʳʭ; 

3) ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ( )ix t , ʦʧʠʩʳʚʘʶʱʠʝ ʬʠʥʘʥʩʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʦʙ-

ʱʝʤ ʩʣʫʯʘʝ, ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʥʘʧʨʠʤʝʨ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʠʣʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ, ʥʝʚʦʟʤʦʞʥʦ, ʠ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ çʥʝʩʪʘʥʜʘʨʪʥʳʝè ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʠʜʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʂ ʠʭ ʯʠʩʣʫ 

ʦʪʥʦʩʠʪʩʷ ʤʝʪʦʜ ʛʨʫʧʧʦʚʦʛʦ ʫʯʝʪʘ ʘʨʛʫʤʝʥʪʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʡ ɸ.ɻ. 

ʀʚʘʭʥʝʥʢʦ ʠ ʨʘʟʚʠʪʳʡ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪʘʭ ɸ.ɻ. ʀʚʘʭʥʝʥʢʦ ʠ ʝʛʦ 

ʫʯʝʥʠʢʦʚ [1]. ʄɻʋɸ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʠʥʜʫʢʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. 

ʄɻʋɸ ʟʘʠʤʩʪʚʫʝʪ ʠʜʝʠ ʠʟ ʙʠʦʣʦʛʠʠ, ʘ ʠʤʝʥʥʦ ʤʝʭʘʥʠʟʤʳ ʵʚʦʣʶ-

ʮʠʠ: 1) ʩʢʨʝʱʠʚʘʥʠʝ ʠʣʠ ʛʠʙʨʠʜʠʟʘʮʠʶ ʨʦʜʠʪʝʣʴʩʢʠʭ ʧʘʨ (ʘʨʛʫʤʝʥʪʦʚ) 

ʠ ʛʝʥʝʨʘʮʠʶ ʧʦʪʦʤʢʦʚ; 2) ʩʝʣʝʢʮʠʶ ʠ ʦʪʙʦʨ ʣʫʯʰʠʭ. 
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ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʝʪʦʜʘ ʄɻʋɸ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʠʣʠ 

ʝʛʦ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʋʢʨʘʠʥʝ, ʥʦ ʠ 

ʟʘ ʨʫʙʝʞʦʤ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

¶ ʥʝ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʥʠʷ ʤʦʜʝʣʠ ʚ ʷʚʥʦʤ ʚʠʜʝ, ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ 

ʩʘʤʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ; 

¶ ʨʘʙʦʪʘ ʥʘ ʢʦʨʦʪʢʠʭ ʚʳʙʦʨʢʘʭ (ʢʦʛʜʘ ʯʠʩʣʦ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʤʦʜʝʣʠ n ʙʦʣʴʰʝ ʯʠʩʣʘ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ N). 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʄɻʋɸ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪ-

ʢʦʚ: 

¶ ʧʨʠ ʙʣʠʟʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʢʘʭ ʚʦʟʤʦʞʥʦ ʷʚʣʝʥʠʝ ʚʳʨʦʞ-

ʜʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ɻʘʫʩʩʘ (çʠʥʜʫʮʠʪè ʚ ʪʝʨʤʠ-

ʥʦʣʦʛʠʠ ɸ.ɻ. ʀʚʘʭʥʝʥʢʦ), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʨʝʛʫʣʷʨʠʟʘʮʠʠ; 

¶ ʧʦʣʫʯʝʥʠʝ ʪʦʯʝʯʥʦʡ ʤʦʜʝʣʠ (ʧʨʦʛʥʦʟʘ), ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʞʝʣʘ-

ʪʝʣʴʥʦ ʠʤʝʪʴ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʦʯ-

ʥʦʩʪʴ ʧʨʦʛʥʦʟʘ. 

ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʚʦʜʷʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʣʠʰʝʥʥʳʭ ʫʢʘʟʘʥʥʳʭ ʥʝ-

ʜʦʩʪʘʪʢʦʚ. ʊʘʢʠʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʥʝʯʝʪʢʠʡ ʄɻʋɸ (ʅʄɻʋɸ), ʢʦʪʦ-

ʨʳʡ ʩʪʨʦʠʪ ʠʥʪʝʨʚʘʣʴʥʫʶ ʤʦʜʝʣʴ ʨʝʛʨʝʩʩʠʠ ʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʦʜʝʣʠ 

(ʧʨʦʛʥʦʟʘ) ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

2. ʅʝʯʝʪʢʠʡ ʄɻʋɸ. ʆʩʥʦʚʥʳʝ ʠʜʝʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ   

ʅʝʯʝʪʢʠʡ ʄɻʋɸ  ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪ ʪʝ  ʞʝ  ʩʘʤʳʝ ʧʨʠʥʮʠʧʳ,  ʯʪʦ ʠ 

ʢʣʘʩʩʠʯʝʩʢʠʡ  ʄɻʋɸ [1}, ʥʦ ʩʪʨʦʠʪ ʥʝʯʝʪʢʠʝ ʤʦʜʝʣʠ.  ʈʘʩʩʤʦʪʨʠʤ ʝʛʦ 

ʦʩʥʦʚʥʳʝ ʠʜʝʠ 

ɺ ʨʘʙʦʪʘʭ  [2- 4] ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʠʥʪʝʨʚʘʣʴʥʘʷ ʤʦʜʝʣʴ ʨʝʛʨʝʩʩʠʠ 

nnZAZAZAY +++= ...1100
, (1) 

ɻʜʝ  iA ʥʝʯʝʪʢʦʝ ʯʠʩʣʦ ʩ  ʪʨʝʫʛʦʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, 

ʦʧʠʩʳʚʘʝʤʦʝ ʧʘʨʦʡ ʧʘʨʘʤʝʪʨʦʚ ( )iii c,A a= , ʛʜʝ  iaʮʝʥʪʨ ʠʥʪʝʨʚʘʣʘ, ʘ ,

ic ʝʛʦ ʰʠʨʠʥʘ 0²ic  

ʊʦʛʜʘ Yï ʥʝʯʝʪʢʦʝ ʯʠʩʣʦ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫ-

ʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʮʝʥʪʨ ʠʥʪʝʨʚʘʣʘ zT
i

z
iy

Ö=ä= aaa ,   (2) 

ʰʠʨʠʥʘ ʠʥʪʝʨʚʘʣʘ   zTc
i

z
i

c
y

c =ä Ö= . (3) 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʯʘʩʪʠʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʚʠʜʘ
2

5

2

43210),( jijijiji xAxAxxAxAxAAxxf +++++=  (4) 
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ʚ ʦʙʱʝʡ ʤʦʜʝʣʠ (1) ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʦʞʠʪʴ: 

10 =z ixz =1 jxz =2 ji xxz =3

2

4 ixz =
2

5 jxz =  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʳ ʥʘʙʣʶʜʘʝʤ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ 

}z,...,z,z{ M21 , }y,...,y,y{ M21 .  

ʉʬʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʮʝʥʦʯʥʦʡ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨ-

ʚʘʣʴʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʯʘʩʪʠʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʚʠʜʘ (4). 

ʅʘʡʪʠ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ( )ii c,a of ʜʣʷ ʢʦʪʦʨʳʭ: 

1. ʥʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ  ky  ʧʦʧʘʜʘʣʠ ʙʳ ʚ ʦʮʝʥʦʯʥʳʡ ʠʥʪʝʨʚʘʣ 

ʜʣ k̫Y ; 

 çʩʫʤʤʘʨʥʘʷ ʰʠʨʠʥʘè ʦʮʝʥʦʯʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʙʳʣʘ ʙʳ ʤʠʥʠʤʘʣʴʥʘ. 

2. ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝ ʃʇ  [2-4]: 

()

0 1 2 3

1 1 1

2 2

4 5

1 1

min(

5

M M M

ki kj ki kj

k k k

M M

ki kj

k k

ʉ M C x C x C x x

C x C x

= = =

= =

Ö + + + +

+ +

ä ä ä

ä ä
 

ʇʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ 
2 2

0 1 2 3 4 5 0 1

2 2

2 3 4 5 k

(

) y

ki kj ki kj ki kj ki

kj ki kj ki kj

a a x a x a x x a x a x ʉ C x

C x ʉ x x ʉ x ʉ x

+ + + + + - + +

++ + + ¢

2 2

0 1 2 3 4 5 0 1

2 2

2 3 4 5 k

(

) y

ki kj ki kj ki kj ki

kj ki kj ki kj

a a x a x a x x a x a x ʉ C x

C x ʉ x x ʉ x ʉ x

+ + + + + + + +

++ + + ²

              (6) 

Mk ,1=  ,  500 ,p,Cp =² ,                                       (7) 

ʛʜʝ  kʝʩʪ ʴ ʠʥʜʝʢʩ ʪʦʯʢʠ  ʚʳʙʦʨʢʠ. 

ʂʘʢ ʚʠʜʠʤ, ʟʘʜʘʯʘ (5) ï (7) ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʃʇ. ʆʜʥʘʢʦ ʥʝʫʜʦʙʩʪʚʦ 

ʬʦʨʤʳ (5) ï (7) ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʃʇ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʥʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ ia. ʇʦʵʪʦʤʫ 

ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ ʧʝʨʝʭʦʜʠʤ ʢ ʜʚʦʡʩʪʚʝʥʥʦʡ ʟʘʜʘʯʝ, ʚʚʝʜʷ ʜʚʦʡʩʪʚʝʥʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ }{ kd and }{ Mk+d , Mk ,1= .  

ʈʝʰʠʚ ʜʚʦʡʩʪʚʝʥʥʫʶ ʟʘʜʘʯʫ ʩʠʤʧʣʝʢʩ ï ʤʝʪʦʜʦʤ ʠ ʥʘʡʜʷ 

ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʚʦʡʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ}{ kd  ʥʘʭʦʜʠʤ 

ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʠʩʭʦʜʥʦʡ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ( , )i ica . 
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ʆʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʥʝʯʝʪʢʦʛʦ ʄɻʋɸ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʩʠʯʝ-

ʩʢʠʤ ʩʦʩʪʦʷʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

¶ ʆʪʩʫʪʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʧʣʦʭʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʠʣʠ ʚʳʨʦʞʜʝʥ-

ʥʦʩʪʠ ʤʘʪʨʠʮʳ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʪ.ʢ.  ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʤʦʜʝʣʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʄʅʂ, ʘ ʨʝʰʘʝʪʩʷ  ʟʘʜʘʯʘ ʃʇ, ʢʦʪʦʨʘʷ,  

ʚʩʝʛʜʘ ʨʘʟʨʝʰʠʤʘ; 

¶ ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʄɻʋɸ ʧʦʣʫʯʘʝʤ ʥʝ ʪʦʯʝʯʥʫʶ, ʘ 

ʠʥʪʝʨʚʘʣʴʥʫʶ ʦʮʝʥʢʫ ʧʨʦʛʥʦʟʘ, ʯʪʦ ʩʦʜʝʨʞʠʪ   ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʮʝʥ-

ʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʝʝ ʪʦʯʥʦʩʪʠ. 

 ʂʨʦʤʝ ʪʦʛʦ ʦʥ ʩʦʭʨʘʥʷʝʪ ʚʩʝ ʜʦʩʪʦʠʥʩʪʚʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʄɻʋɸ. 

ɺ ʜʦʢʣʘʜʝ ʠʟʣʘʛʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʅʄɻʋɸ ʜʣʷ ʯʘʩʪʠʯʥʳʭ ʦʧʠʩʘʥʠʡ 

ʚ ʚʠʜʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʣʠʥʦʤʦʚ ʠ ʩʪʨʦʷʪʩʷ ʤʦʜʝʣʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʪ n  

ʧʝʨʝʤʝʥʥʳʭ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʘʜʘʧʪʘʮʠʠ ʥʝʯʝʪʢʠʭ ʤʦʜʝʣʝʡ ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ 

ʅʄɻʋɸ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ 

ʦʥʣʘʡʥ.   ʉʠʛʥʘʣʦʤ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʜʘʧʪʘʮʠʠ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʚʳʭʦʜ 

ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʟʘ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʠʥʪʝʨʚʘʣ ʚ ʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʰʘʛʦʚ ʧʨʦʛʥʦʟʘ. ɺ ʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʘʜʘʧʪʘʮʠʷ ʥʝʯʝʪʢʠʭ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʤʦʜʝʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ  ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʄʅʂ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ  

ʅʄɻʋɸ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʳʥʢʘʭ ʮʝʥ-

ʥʳʭ ʙʫʤʘʛ ʋʢʨʘʠʥʳ, ʈʦʩʩʠʠ ʠ ʉʐɸ. ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʚʳʧʦʣʥʝʥʘ 

ʦʮʝʥʢʘ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʯʝʪʢʠʤ ʤʝʪʦʜʦʤ ʄɻʋɸ .. 
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ʋɼʂ 004.94: 004.428 

ʄʆɼɽʃʖɺɸʅʅʗ ʇʆʐʀʈɽʅʅʗ ʂɯɹɽʈɸʊɸʂ ɺ 

ʈʆɿʇʆɼɯʃɽʅɯʁ ɯʅʌʆʈʄɸʎɯʁʅɯʁ ʉʀʉʊɽʄɯ 

ɺ.ɺ.ʃʠʪʚʠʥʦʚ , ɯ.ɺ. ʉʪʝʮʝʥʢʦ  

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭ-

ʥʽʯ-ʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

ʇʠʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʚ 

ʟʚôʷʟʢʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʽʙʝʨʟʣʦʯʠʥʽʚ ʪʘ ʤʘʩʰʪʘʙʽʚ ʰʢʦʜʠ, ʷʢʽ 

ʩʧʨʠʯʠʥʷʶʪʴ ʘʪʘʢʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʜʝʨʞʘʚʥʽ ʪʘ ʬʽʥʘʥʩʦʚʽ ʫʩʪʘʥʦʚʠ, 

ʦʙôʻʢʪʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʦʙôʻʢʪʠ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ. ɼʦʩʣʽ-

ʜʞʝʥʥʷ ʢʽʙʝʨʟʣʦʯʠʥʽʚ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʭʦʜʷʪʴ ʟʽ ʩʪʘʥʫ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥ-

ʬʦʨʤʘʮʽʾ ʫ ʩʪʘʥ ʩʠʩʪʝʤʥʦʾ ʦʙʨʦʙʢʠ ʥʘʢʦʧʠʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʨʦʟʨʦʙ-

ʢʠ ʤʝʪʦʜʽʚ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʘʪʘʢ, ʘʫ-

ʜʠʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʽʥʬʦʨʤʘ-

ʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɯʉ). 

ɺʠʢʦʥʫʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʙʝʨʘʪʘʢ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʪʦʙʪʦ ʰʪʫʯʥʦ 

ʨʦʟʧʦʚʩʶʜʞʫʶʯʠ ʰʢʽʜʣʠʚʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘ ʧʝʚʥʠʤ ʩʮʝʥʘ-

ʨʽʻʤ ʥʘʜʪʦ ʜʦʨʦʛʦ, ʘ  ʚ ʫʤʦʚʘʭ ʤʘʡʞʝ ʥʝʦʙʤʝʞʝʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʢʽʙʝ-

ʨʧʨʦʩʪʦʨʽ ʚʟʘʛʘʣʽ ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ, ʥʘ ʷʢʠʭ ʜʦ-ʩʣʽʜ-

ʥʠʢʠ ʤʦʞʫʪʴ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ ʟʜʽʡʩʥʝʥʥʷ ʢʽʙʝʨʘʪʘʢ ʥʘ ɯʉ, ʻ ʚʘʞʣʠ-ʚʦʶ 

ʟʘʜʘʯʝʶ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʘʪʘʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʝʨʝʚʘ ʘʪʘʢ, ʷʢʽ ʥʘʜʘ-ʶʪʴ ʫʷ-

ʚʣʝʥʥʷ ʧʨʦ ʫʩʧʽʰʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʨʦʢʽʚ ʟʣʦʚʤʠʩʥʠʢʘ [1]. ʇʨʦʪʝ ʪʘʢʽ 

ʤʦʜʝʣʽ ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʠʪʠ ʜʠʥʘʤʽʢʫ ʘʪʘʢʠ, ʥʝ ʚʨʘʭʦ-ʚʫʶʪʴ 

ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ, ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʝʣʝʤʝʥʪʽʚ ʘʪʘʢʠ. ɸʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫ-ʶʪʴʩʷ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʚ ʢʦʤʧôʶʪʝʨʥʽ ʤʝʨʝʞʽ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ  [2]. ɯʤʽʪʘ-

ʮʽʡʥʽ ʤʝʪʦʜʠ ʛʝʥʝʨʫʚʘʥʥʷ ʘʪʘʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʾʭ ʩʠʤʫ-ʣʷʮʽʾ [3]. 

ʉʠʩʪʝʤʘ ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʨʘʟʣʠʚʦʩʪʝʡ ɯʉ ʟʘʧʨʦʧʦʥʦ-ʚʘʥʘ ʚ [4].  

ʅʘʡʧʨʦʩʪʽʰʘ ʨʦʟʧʦʜʽʣʝʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʩʦʥʘʣʴʥʠʭ 

ʢʦʤʧôʶʪʝʨʽʚ, ʬʘʡʣ-ʩʝʨʚʝʨʘ ʪʘ ʚʝʙ-ʩʝʨʚʝʨʘ. ɼʦʩʪʫʧ ʜʦ ʚʝʙ-ʩʝʨʚʝʨʘ ʟʜʽʡ-

ʩʥʶʻʪʴʩʷ ʧʽʩʣʷ ʘʚʪʦʨʠʟʘʮʽʾ ʪʘ ʫʩʧʽʰʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʝʢ-

ʨʘʥʫ (firewall). ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʧʝʨʝʜʙʘʯʘʻ ʢʦʥʪʨʦʣʴʥʠʡ ʟʘʧʫʩʢ ʪʝʩ-

ʪʦʚʦʛʦ ʧʘʢʝʪʫ. ʇʨʠ ʫʩʧʽʰʥʦʤʫ ʡʦʛʦ ʟʘʧʫʩʢʫ, ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ 

ʜʽʻʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʫ ʧʨʦʪʠʚʥʦʤʫ ʚʠʧʘʜʢʫ ï ʧʨʦ ʾʾ ʫʰʢʦʜʞʝʥʥʷ. 

ɼʽʾ ʟʣʦʚʤʠʩʥʠʢʘ, ʷʢʠʡ ʘʪʘʢʫʻ ʨʦʟʧʦʜʽʣʝʥʫ ɯʉ, ʤʦʞʫʪʴ ʙʫʪʠ ʚ ʟʘ-ʛʘʣʴ-

ʥʦʤʫ ʚʠʧʘʜʢʫ ʦʧʠʩʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ. ɺʽʥ ʥʘʜʩʠʣʘʻ ʰʢʽʜʣʠʚʫ ʧʨʦ-ʛʨʘʤʫ, 

ʷʢʘ ʩʧʨʘʮʴʦʚʫʻ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʝʚʥʦʛʦ ʥʘʙʦʨʫ ʚʨʘʟʣʠʚʦʩʪʝʡ ʚ ʩʠʩʪʝʤʽ ʽ 
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ʩʧʨʠʯʠʥʷʻ ʫʰʢʦʜʞʝʥʥʷ (ʧʦʚʥʽ ʘʙʦ ʯʘʩʪʢʦʚʽ) ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʘ/ʘʙʦ ʽʥ-

ʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʩʠʩʪʝʤʠ. ɺ ʧʨʦʪʠʚʥʦʤʫ ʚʠʧʘʜʢʫ ʘʪʘʢʘ ʟʣʦʚʤʠʩ-

ʥʠʢʘ ï ʥʝ ʫʩʧʽʰʥʘ. ʗʢʱʦ ʤʝʪʘ ʟʣʦʚʤʠʩʥʠʢʦʤ ʥʝ ʜʦʩʷʛʥʫʪʘ, ʪʦ ʟ ʧʝʚʥʦʶ 

ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʚʽʥ ʟʥʦʚʫ ʦʙʠʨʘʻ ʜʣʷ ʥʘʧʘʜʫ ʰʢʽʜʣʠʚʫ ʧʨʦʛʨʘ-ʤʫ ʪʘ ʥʘʜ-

ʩʠʣʘʻ ʾʾ. ʐʢʽʜʣʠʚʽ ʧʨʦʛʨʘʤʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘʙʦʨʘʤʠ ʚʨʘʟʣʠ-ʚʦʩʪʝʡ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʾʭ ʩʧʨʘʮʶʚʘʥʥʷ ʪʘ ʥʘʙʦʨʦʤ ʫʰʢʦʜʞʝʥʴ, ʷʢʽ ʚʦʥʠ ʩʧʨʠʯʠ-

ʥʷʶʪʴ. ʆʢʨʽʤ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʽ ʟʣʽʩʥʠʤʠ ʥʘʤʽʨʘʤʠ, ɯʉ ʚʠʢʦ-ʥʫʻ ʟʘʚʜʘʥʥʷ, 

ʱʦ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʋ ʨʘʟʽ ʚʠʷʚ-ʣʝʥʥʽ ʫʰʢʦʜʞʝʥʴ 

ʚ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ ʢʦʨʠʩʪʫʚʘʯʽ ʧʦʚʽʜʦʤʣʷʶʪʴ ʧʨʦ ʮʝ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʇʝʪʨʽ-ʦʙôʻʢʪʥʘ ʪʝʭʥʦʣʦ-ʛʽʷ 

[5] ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ DESS (Discrete Event Simulation Sys-tem), 

ʱʦ ʘʚʪʦʤʘʪʠʟʫʻ ʨʦʟʨʦʙʢʫ ʤʝʨʝʞ ʇʝʪʨʽ ʦʙôʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʛʨʘʬʽʯ-ʥʦʛʦ 

ʨʝʜʘʢʪʦʨʘ [6]. ʉʪʨʫʢʪʫʨʘ ʇʝʪʨʽ-ʦʙôʻʢʪʥʦʾ ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫ-

ʥʢʫ 1. ʂʦʨʠʩʪʫʚʘʯ (User) ʥʘʜʩʠʣʘʻ ʧʘʢʝʪʠ ʟʘʧʠʪʽʚ (Packet), ʷʢʽ ʚʠ-ʢʦʥʫ-

ʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ɯʉ (System). ʗʢʱʦ ʢʦ-

ʨʠʩʪʫʚʘʯ ʧʦʤʽʯʘʻ ʥʘʜʚʝʣʠʢʫ ʪʨʠʚʘʣʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ, ʚʽʥ ʥʘʜʩʠʣʘʻ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʫ(Admin) ʪʨʠʚʦʞʥʠʡ ʩʠʛʥʘʣ. ʂʦʨʠʩʪʫʚʘʯ ʟʽ ʟʣʽʩʥʠʤʠ ʥʘ-

ʤʽʨʘʤʠ (Attack) ʥʘʜʩʠʣʘʻ ʧʘʢʝʪʠ ʟʘʧʠʪʽʚ (Packet), ʷʢʽ ʚʠʢʦ-ʨʠʩʪʦʚʫʶʪʴ 

ʚʨʘʟʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ (System) ʜʣʷ ʫʨʘʞʝʥʥʷ ʰʢʽʜʣʠʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷʤ (Malware). 

  

 
 ɿʚʠʯʘʡʥʽ ʧʘʢʝʪʠ ʧʨʦʭʦʜʷʪʴ ʤʝʨʝʞʝʚʠʡ ʝʢʨʘʥ, ʘʚʪʦʨʠʟʘʮʽʶ, ʦʪʨʠʤʫ-

ʶʪʴ ʜʦʩʪʫʧ ʜʦ ʚʝʙ-ʩʝʨʚʝʨʘ, ʧʦʪʽʤ ʜʦ ʬʘʡʣ-ʩʝʨʚʝʨʘ ʽ ʟʘʧʫʩʢʘ-ʶʪʴʩʷ ʦʧʝ-

ʨʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ. ʊʠʧʠ ʧʘʢʝ-ʪʽʚ ʤʦʞʫʪʴ 

ʚʘʨʽʶʚʘʪʠʩʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʥʘʙʦʨʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʩʠʩʪʝʤʠ. ʐʢʽʜʣʠʚʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʧʨʦʭʦʜʠʪʴ ʪʽ ʞ ʝʪʘʧʠ, ʘʣʝ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʽʜ-ʧʦʚʽʜʥʠʭ ʚʨʘʟʣʠʚʦ-

ʩʪʝʡ ʚ ʩʠʩʪʝʤʽ. ʇʨʠ ʫʩʧʽʰʥʦʤʫ ʟʘʧʫʩʢʫ ʰʢʽʜʣʠʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʧʨʦʮʝʩ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʩʧʨʠʯʠʥʝʥʥʷʤ ʫʰʢʦʜʞʝʥʴ ʦʧʝʨʘʮʽʡʥʽʡ 

ʩʠʩʪʝʤʽ, ʬʘʡʣ-ʩʝʨʚʝʨʫ ʪʘ ʚʝʙ-ʩʝʨʚʝʨʫ. ɺʽʜʧʦ-ʚʽʜʥʦ ʜʦ ʮʽʻʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 
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ʧʦʜʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʤʝʨʝʞʘ ʇʝʪʨʽ-ʦʙôʻʢʪʘ (ʨʠʩ. 2). ʇʨʦʥʠʢʥʝʥʥʷ ʰʢʽʜʣʠ-

ʚʦʾ ʧʨʦʛʨʘʤʠ ʚ ʩʠʩʪʝʤʫ ʚʽʜʙʫʚʘ-ʻʪʴʩʷ ʯʝʨʝʟ ʚʨʘʟʣʠʚʦʩʪʽ ɯʉ, ʪʦʤʫ ʟôʻʜ-

ʥʘʥʥʷ ʦʙôʻʢʪʫ ʢʣʘʩʫ Malware ʟ ʦʙôʻʢʪʦʤ ʢʣʘʩʫ System ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝ-

ʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʩʧʽʣʴʥʽ ʧʦʟʠʮʽʾ. 

  

 
ʈʝʩʫʨʩʠ ʤʽʞʤʝʨʝʞʝʚʠʡ ʝʢʨʘʥ, ʚʝʙ ʪʘ ʬʘʡʣ-ʩʝʨʚʝʨʠ ʻ ʩʧʽʣʴʥʠʤʠ ʜʣʷ 

ʨʦʙʦʯʠʭ ʩʪʘʥʮʽʡ ɯʉ, ʪʦʤʫ ʥʘʷʚʥʽʩʪʴ ʧʦʰʢʦʜʞʝʥʥʷ ʚ ʦʜʥʦʤʫ ʟ ʮʠʭ ʨʝʩʫ-

ʨʩʽʚ ʩʧʨʠʯʠʥʷʻ ʟʙʽʡ ʚ ʨʦʙʦʪʽ ʫʩʽʭ ʩʪʘʥʮʽʡ, ʷʢʽ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ. ɿôʻʜ-

ʥʫʶʯʠ ʢʽʣʴʢʘ ʦʙôʻʢʪʽʚ System ʧʦ ʩʧʽʣʴʥʠʭ ʨʝʩʫʨʩʘʭ ʚʝʙ-ʩʝʨʚʝʨ ʪʘ ʤʽʞ-

ʤʝʨʝʞʝʚʠʡ ʝʢʨʘʥ, ʦʪʨʠʤʘʻʤʦ ʦʙôʻʢʪ ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʢʣʘʩʪʝʨ. ʇʦʰʢʦ-

ʜʞʝʥʥʷ ʬʘʡʣ-ʩʝʨʚʝʨʫ ʩʧʨʠʯʠʥʠʪʴ ʧʨʠʧʠʥʝʥʥʷ ʨʦʙʦʪʠ ʟ ʬʘʡʣʘ-ʤʠ ʫʩʽʭ 

ʨʦʙʦʯʠʭ ʩʪʘʥʮʽʡ (ʢʦʨʠʩʪʫʚʘʯʽʚ), ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ ʡʦʛʦ ʚʠʢʦʨʠʩ-ʪʘʥʥʷʤ. 

ɸʥʘʣʦʛʽʯʥʦ ʩʧʨʘʮʶʻ ʧʦʰʢʦʜʞʝʥʥʷ ʚʝʙ-ʩʝʨʚʝʨʘ. ʋ ʈɯʉ ʟ ʙʘʛʘ-ʪʴʤʘ ʩʝʨ-

ʚʝʨʘʤʠ ʦʢʨʝʤʽ ʩʝʨʚʝʨʠ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. ʂʦ-ʞʥʠʡ ʤʘ-

ʨʰʨʫʪʠʟʘʪʦʨ ʟôʻʜʥʘʥʠʡ ʟ ʢʽʣʴʢʦʤʘ ʢʣʘʩʪʝʨʘʤʠ, ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨ-ʛʫ, ʟôʻʜ-

ʥʘʥʽ ʟ ʽʥʰʠʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ.  

ɿʣʦʚʤʠʩʥʠʢ ʟʜʽʡʩʥʶʻ ʘʪʘʢʫ, ʧʦʚʪʦʨʶʶʯʠ ʟʘʧʫʩʢ ʰʢʽʜʣʠʚʦʛʦ ʧʨʦʛʨʘ-

ʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦ ʫʩʧʽʰʥʦʛʦ ʡʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʚ ʩʠʩʪʝʤʫ. ʋ ʟʘʛʘ-

ʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʣʦʚʤʠʩʥʠʢ ʦʙʠʨʘʻ ʜʣʷ ʟʘʧʫʩʢʫ ʦʜʥʫ ʯʠ ʜʝʢʽʣ-ɹʢʘ ʰʢʽ-

ʜʣʠʚʠʭ ʧʨʦʛʨʘʤ ʪʘ ʟʘʧʫʩʢʘʻ ʾʭ ʟʘ ʧʝʚʥʠʤ ʩʮʝʥʘʨʽʻʤ ʟ ʫʨʘʭʫʚʘʥ-ʥʷʤ ʫʩʽʭ 

ʜʦʩʪʫʧʥʠʭ ʢʣʘʩʪʝʨʽʚ. ʊʘʢʠʡ ʩʮʝʥʘʨʽʡ ʤʦʞʥʘ ʚʽʜʪʚʦʨʠʪʠ, ʟôʻʜʥʫʶʯʠ ʚʽʜ-

ʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʦʙôʻʢʪʠ ɸʪʘʢʘ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝ-ʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʽʡ ʯʘʩ, ʟʘ ʷʢʠʡ ʨʝʩʫʨʩʠ ʩʠʩʪʝʤʠ ʙʫʜʫʪʴ ʧʦʰʢʦʜʞʝʥʽ 

ʜʣʷ ʜʘʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʪʘʢ, ʘ ʪʘʢʦʞ ʚʽʜʩʦʪʦʢ ʯʘ-ʩʫ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠ-

ʩʪʝʤʠ, ʦʙʫʤʦʚʣʝʥʠʡ ʾʾ ʟʘʩʦʙʘʤʠ ʟʘʭʠʩʪʫ ʪʘ ʽʥʪʝʥ-ʩʠʚʥʽʩʪʶ ʚʽʜʥʦʚʣʝʥʥʷ. 



205 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʣʷʥʫʪʘ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ ʢʽʙʝʨʘʪʘʢ ʫ ʚʠ-ʛʣʷʜʽ 

ʇʝʪʨʽ-ʦʙôʻʢʪʥʦʾ ʤʦʜʝʣʽ. ʇʦʙʫʜʦʚʘʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʢʽʙʝʨʘʪʘʢ ʨʦʟʧʦ-

ʜʽʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʷʢ ʥʘʷʚʥʽ 

ʚʨʘʟʣʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙ-ʨʦʙʢʠ ʟʘ-

ʧʠʪʽʚ, ʡʤʦʚʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ, ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʟʣʦʚʤʠʩʥʠʢʘ (ʥʘʙʽʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʰʢʽʜʣʠʚʠʭ ʧʨʦ-ʛʨʘʤ, ʥʘ-

ʚʠʯʢʠ, ʦʙʤʝʞʝʥʽʩʪʴ ʥʘ ʚʠʪʨʘʪʠ ʯʘʩʫ ʧʨʠ ʧʦʚʪʦʨʥʠʭ ʟʘʧʫʩʢʘʭ). ʄʦʜʝʣʽ 

ʢʽʙʝʨʘʪʘʢ ʻ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʠʩʪʝʤʠ 

ʟʘʭʠʩʪʫ ʥʘ ʯʘʩ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʘʪʘʢʠ. 
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ʪʨʦʣʶʚʘʪʠ ʢʦʤʧ'ʶʪʝʨʥʽ ʤʝʨʝʞʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʤʦʞʣʠʚʠʭ ʽʥ-

ʮʠʜʝʥʪʽʚ ʙʝʟʧʝʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ɯʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʽʚ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʻ ʦʜ-

ʥʠʤ ʽʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʟʘʚʜʘʥʴ ʩʝʨʝʜ ʫʩʽʭ ʣʶʜʝʡ, ʽ ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ ʩʪʚʦʨʶʻ ʨʠʟʠʢ ʙʝʟʧʝʢʠ ʜʣʷ ʙʘʛʘʪʴʦʭ ʨʽʟʥʠʭ 

ʤʝʨʝʞʝʚʠʭ ʘʪʘʢ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʮʽ ʥʘʧʘʜʠ ʽ ʟʘʛʨʦʟʠ ʤʦʞʫʪʴ 

ʩʠʣʴʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʙʝʟʧʝʢʫ ʤʝʨʝʞʽ. 

IDS ʩʪʘʣʘ ʦʜʥʠʤ ʽʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʤʝʭʘʥʽʟʤʽʚ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ, 

ʢ̫ʠʡ ʟʘʭʠʱʘʻ ʮʽʥʥʽ ʨʝʩʫʨʩʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ, 

ʮʽʣʽʩʥʽʩʪʴ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʨʦʟʪʘ-

ʰʦʚʘʥʠʭ ʫ ʟʘʭʠʱʝʥʽʡ ʯʘʩʪʠʥʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʙʫʜʴ-ʷʢʦʾ ʦʨ-

ʛʘʥʽʟʘʮʽʾ. ʊʦʤʫ ʩʠʩʪʝʤʠ IDS ʚʽʜʽʛʨʘʶʪʴ ʜʫʞʝ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʭʠʩʪʽ ʢʦ-

ʨʠʩʪʫʚʘʯʽʚ, ʢʦʤʧʘʥʽʡ ʯʠ ʙʫʜʴ-ʷʢʠʭ ʽʥʩʪʠʪʫʪʽʚ ʧʨʦʪʠ ʢʽʙʝʨ-ʘʪʘʢʠ. 

IDS ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʘ ʷʢ ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʽʜʧʠʩʽʚ 

ʘʙʦ ʘʥʦʤʘʣʽʡ. ʉʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʽ ʧʽʜʧʠʩʫ (IDS, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʣʦʚ-

ʞʠʚʘʥʥʷ) ʤʘʻ ʧʨʘʚʦ ʚʠʷʚʣʷʪʠ ʘʪʘʢʠ, ʷʢʽ ʚʞʝ ʻ ʚʽʜʦʤʽ, ʽ ʩʠʩʪʝʤʠ, ʩʪʚʦʨʝʥʽ 

ʥʘ ʦʩʥʦʚʽ ʘʥʦʤʘʣʽʡ, ʤʦʞʫʪʴ ʚʠʷʚʠʪʠ ʥʝʚʽʜʦʤʽ ʘʪʘʢʠ, ʷʢʽ ʥʘʜʘʶʪʴ ʾʤ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ, ʪʦʙʪʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʥʘʧʘʜʫ, ʧʝʨʰ ʥʽʞ ʚʽʥ ʧʦʰʢʦʜʠʪʴ ʩʧʝʮʽʘʣʴʥʫ ʟʘʭʠʱʝʥʫ ʩʠʩʪʝʤʫ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ, ʩʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʘʨʭʽʪʝʢʪʫʨʫ, ʷʢʫ ʤʘʪʠʤʝ 

ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. ɸʨʭʽʪʝʢʪʫʨʘ ʤʦʜʝʣʽ ʧʦʚʠʥʥʘ ʚʽʜʦʙʨʘʞʘʪʠ 

ʪʝ, ʷʢ ʣʦʛʽʯʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʤʦʜʫʣʽ ʪʘ ʷʢ ʚʦʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ. ʇʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʫʚʘʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʜʫʞʝ 

ʚʘʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʮʝ ʩʧʨʦʱʫʻ ʨʦʟʫʤʽʥʥʷ ʬʫʥʢʮʽʡ ʢʦʞʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʘ 

ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʟ ʣʝʛʢʽʩʪʶ ʧʨʦʚʦʜʠʪʠ ʨʦʟʰʠʨʝʥʥʷ ʤʦʜʝʣʽ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ, ʱʦ ʙʫʜʝ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ, ʦʧʠʩʘʥʽ 

ʨʘʥʽʰʝ, ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ï ʥʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʩʧʦʩʽʙ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʩʦʢʦʨʽʚʥʝʚʦʾ ʤʝʨʝʞʝʚʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʂʣʽʻʥʪ-ʩʝʨʚʝʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʦʜʽʣʷʻ ʩʠʩʪʝʤʫ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ, ʜʝ ʢʣʽʻʥʪ 

ʥʘʜʩʠʣʘʻ ʟʘʧʠʪʠ ʜʦ ʩʝʨʚʝʨʫ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʩʝʨʚʝʨ - ʮʝ ʙʘʟʘ ʜʘ-

ʥʠʭ ʟ ʣʦʛʽʢʦʶ ʫ ʚʠʛʣʷʜʽ ʟʙʝʨʽʛʘʻʤʠʭ ʧʨʦʮʝʜʫʨ. ɼʘʣʽ ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʪʘʢʦʾ ʘʨʭʽʪʝʢʪʫʨʠ.  

ɼʦ ʧʝʨʝʚʘʛ ʚʽʜʥʦʩʷʪʴ: 

ï ʚʽʜʩʫʪʥʽʩʪʴ ʜʫʙʣʶʚʘʥʥʷ ʢʦʜʫ ʧʨʦʛʨʘʤ-ʩʝʨʚʝʨʘ ʧʨʦʛʨʘʤʘʤʠ-

ʢʣʽʻʥʪʘʤʠ; 

ï ʚʩʽ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ ʩʝʨʚʝʨʽ, ʷʢʠʡ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʭʠʱʝʥʠʡ 

ʥʘʙʘʛʘʪʦ ʢʨʘʱʝ ʙʽʣʴʰʦʩʪʽ ʢʣʽʻʥʪʽʚ. ʅʘ ʩʝʨʚʝʨʽ ʧʨʦʩʪʽʰʝ ʦʨʛʘʥʽʟʫʚʘʪʠ 

ʢʦʥʪʨʦʣʴ ʧʦʚʥʦʚʘʞʝʥʴ, ʱʦʙ ʜʦʟʚʦʣʠʪʠ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʣʠʰʝ ʢʣʽʻʥʪʘʤ 

ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʫ; 

ï ʟʥʠʞʝʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʧʠʪʽʚ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʚʽʜʥʦʩʷʪʴ: 
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ï ʥʝʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʝʨʚʝʨʘ ʤʦʞʝ ʟʨʦʙʠʪʠ ʥʝʧʨʘʮʝʟʜʘʪʥʦʶ ʚʩʶ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʤʝʨʝʞʫ. ʅʝʧʨʘʮʝʟʜʘʪʥʠʤ ʩʝʨʚʝʨʦʤ ʩʣʽʜ ʚʚʘʞʘʪʠ ʩʝʨʚʝʨ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʷʢʦʛʦ ʥʝ ʚʠʩʪʘʯʘʻ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʩʽʭ ʢʣʽʻʥʪʽʚ, ʘ ʪʘ-

ʢʦʞ ʩʝʨʚʝʨ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʝʤʦʥʪʽ, ʧʨʦʬʽʣʘʢʪʠʮʽ ʽ ʪ.ʜ.; 

ï ʧʽʜʪʨʠʤʢʘ ʨʦʙʦʪʠ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʤʘʛʘʻ ʦʢʨʝʤʦʛʦ ʬʘʭʽʚʮʷ - ʩʠ-

ʩʪʝʤʥʦʛʦ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ. 

ʉʝʨʚʝʨʥʘ ʩʢʣʘʜʦʚʘ ʩʠʩʪʝʤʠ ʪʽʩʥʦ ʚʟʘʻʤʦʜʽʻ ʟ ʢʣʽʻʥʪʩʴʢʦʾ ʩʪʦʨʦʥʦʶ, 

ʟʘ ʜʦʧʦʤʦʛʦʶ http-ʧʨʦʪʦʢʦʣʫ. ʎʝ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ web-ʩʝʨʚʝʨʘ, 

ʷʢʠʡ ʙʫʜʝ ʦʙʨʦʙʣʷʪʠ ʚʩʽ ʟʘʧʠʪʠ ʢʣʽʻʥʪʩʴʢʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʨʦ-

ʟʨʦʙʣʷʻʪʴʩʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʧʝʨʝʚʘʛʘʤ, ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʥʘʜʘʻ ʥʝʦʙʭʽʜʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ, ʘ ʾʾ ʥʝʜʦʣʽʢʠ ʥʝ ʻ 

ʩʫʪʪʻʚʠʤʠ ʜʣʷ ʩʠʩʪʝʤʠ ʟ ʧʦʜʽʙʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ. 

ʅʘ ʨʠʩʫʥʢʫ 1.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ. ɼʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʻ ʪʨʴʦʭʨʽʚʥʝʚʦʶ. ʎʝ ʘʨʭʽʪʝʢʪʫʨʥʘ ʤʦʜʝʣʴ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʫ ʥʴʦʤʫ ʪʨʴʦʭ ʢʦʤʧʦ-

ʥʝʥʪʽʚ: ʢʣʽʻʥʪʘ, ʩʝʨʚʝʨʘ ʜʦʜʘʪʢʽʚ (ʜʦ ʷʢʦʛʦ ʧʽʜʢʣʶʯʝʥʦ ʢʣʽʻʥʪʩʴʢʫ ʧʨʦ-

ʛʨʘʤʫ) ʽ ʩʝʨʚʝʨʘ ʙʘʟ ʜʘʥʠʭ (ʟ ʷʢʠʤ ʧʨʘʮʶʻ ʩʝʨʚʝʨ ʜʦʜʘʪʢʽʚ). 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʚʦʭʨʽʚʥʝʚʦʶ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʘʙʦ 

ʬʘʡʣ-ʩʝʨʚʝʨʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʪʨʴʦʭʨʽʚʥʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ, ʷʢ 

ʧʨʘʚʠʣʦ, ʙʽʣʴʰʫ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ (ʟʘ ʨʘʭʫʥʦʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʤʘʩʰʪʘ-

ʙʦʚʘʥʦʩʪʽ ʩʝʨʚʝʨʘ ʜʦʜʘʪʢʽʚ ʽ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʟ'ʻʜʥʘʥʴ), ʢʨʘʱʫ ʤʦʞ-

ʣʠʚʽʩʪʴ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ (ʟʘ ʨʘʭʫʥʦʢ ʽʟʦʣʴʦʚʘʥʦʩʪʽ ʨʽʚʥʽʚ ʦʜʠʥ ʚʽʜ ʦʜ-

ʥʦʛʦ). 

ɼʣʷ ʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʩʪʫʧʥʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʜʦʜʘʪʢʫ(ʨʠʩ.1). 

 
ʈʠʩʫʥʦʢ 1 ï ɸʨʭʽʪʝʢʪʫʨʘ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 
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ʉʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ ʻ ʩʝʨʚʝʨ, ʙʘʟʘ ʜʘʥʠʭ ʪʘ ʚʝʙ-ʢʣʘʩʪʝʨ. 

ʉʝʨʚʝʨ ʜʦʜʘʪʢʽʚ, ʥʘ ʷʢʦʤʫ ʨʦʟʤʽʱʝʥʘ ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ, ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʤʦʜʫʣʽʚ: 

ī ʩʥʽʬʬʝʨ ï ʘʥʘʣʽʟ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʫ; 

ī ʧʨʝʧʨʦʮʝʩʦʨ ï ʘʧʘʨʘʪ ʜʣʷ ʦʙʨʦʙʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ; 

ī ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ï ʤʦʜʫʣʴ, ʱʦ ʽʜʝʥʪʠʬʽʢʫʻ ʚʪʦʨʛʥʝʥʥʷ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʥʘʙʦʨʫ ʽʩʥʫʶʯʠʭ ʧʽʜʧʠʩʽʚ (ʧʨʘʚʠʣ). 

ī ʧʝʨʝʣʽʢ ʧʽʜʧʠʩʽʚ ï ʧʨʘʚʠʣʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠ-

ʬʽʢʘʮʽʾ ʟʘʛʨʦʟ. 

ī ʩʠʩʪʝʤʘ ʦʧʦʚʽʱʝʥʥʷ ï ʦʧʦʚʽʱʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʟʘʛʨʦʟʠ. 

ɺ ɹɼ ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʘʥʥʽ ʧʨʦ ʟʘʛʨʦʟʠ. 

ɺʝʙ-ʢʣʘʩʪʝʨ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʨʫʯʥʦʛʦ ʧʝʨʝʛʣʷʜʫ ʜʘʥʠʭ ʪʘ 

ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʥʘʪʫʨʥʦʾ ʤʦʜʝʣʽ ʤʦʞʣʠʚʠʡ ʚ ʥʘʧʨʷʤʢʫ ʟʙʽʣʴ-

ʰʝʥʥʷ ʦʙôʻʤʫ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʪʦʨʛʥʝʥʥʷ, ʧʦʢʨʘʱʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʘ ʩʘʤʝ ʨʝ-

ʢʦʥʩʪʨʫʢʮʽʷ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚ ʩʠʩʪʝʤʫ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʱʦ 

ʥʘʙʣʠʟʠʪʴ ʤʦʜʝʣʴ ʜʦ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ. 
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ʈʀɿʀʂʀ ɿɸʉʊʆʉʋɺɸʅʅʗ ʂʆɽʌɯʎɯɭʅʊʋ ʂʆʈɽʃʗʎɯɰ ɼʃʗ 

ʂʆʅʂʈɽʊʅʆɰ ʉʇɽʎʀʌɯʂɸʎɯɰ ʈɽɻʈɽʉɯʁʅʆɰ ʄʆɼɽʃɯ ʇʈʀ 

ɿɸʉʊʆʉʋɺɸʅʅɯ ɽʂɿɸʄɽʅɸʎɯʁʅʆɰ ɺʀɹɯʈʂʀ 

ʉ.ʄ. ʃʘʧʘʯ 

ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴ-

ʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

ʊʨʘʜʠʮʽʡʥʦ ʚ ʨʝʛʨʝʩʽʡʥʦʤʫ ʘʥʘʣʽʟʽ (ʈɸ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʽ ʚʠʙʽ-

ʨʢʠ: ʥʘʚʯʘʣʴʥʘ ʽ ʢʦʥʪʨʦʣʴʥʘ. ʇʦ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʚʠʢʦʥʫʻʪʴʩʷ ʽʜʝʥʪʠ-

ʬʽʢʘʮʽʷ ʤʦʜʝʣʽ, ʘ ʟʘ ʢʦʥʪʨʦʣʴʥʦʶ ï ʥʝʟʤʽʱʝʥʘ ʧʝʨʝʚʽʨʢʘ ʤʦʜʝʣʽ ʥʘ ʘʜʝ-

ʢʚʘʪʥʽʩʪʴ. ʎʽ ʚʠʙʽʨʢʠ ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʪʠʥʘʪʠʩʴ. ʌʘʢʪʠʯʥʦ, ʥʘ ʥʘʚʯʘʣʴʥʽʡ 
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ʚʠʙʽʨʮʽ ʪʘʢʦʞ ʚʠʢʦʥʫʻʪʴʩʷ ʽ ʯʘʩʪʢʦʚʘ ʩʧʝʮʠʬʽʢʘʮʽʷ ʤʦʜʝʣʽ ï ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʢʨʝʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ [4, 8]. ɿʘ ʢʦʥʪʨʦʣʴʥʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʟʤʽ-

ʱʝʥʘ ʦʮʽʥʢʘ ʟʘʣʠʰʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʌʽʰʝʨʘ ʽ ʦʮʽʥʶʶʪʴʩʷ ʾʾ ʧʨʦʛʥʦʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɯʚʘʭʥʝʥʢʦʤ 

[2] ʚʠʩʫʥʫʪʘ ʽʜʝʷ ʪʨʴʦʭ ʚʠʙʽʨʦʢ. ʊʨʝʪʴʦʶ ʻ ʝʢʟʘʤʝʥʘʮʽʡʥʘ, ʷʢʘ ʩʫʤʽʩʥʦ ʟ 

ʥʘʚʯʘʣʴʥʦʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʧʝʮʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ. 

ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ, ʷʢʠʡ ʨʦʟʤʽʨ ʤʘʶʪʴ ʤʘʪʠ ʝʢʟʘʤʝʥʘʮʽʡʥʘ ʽ ʢʦʥʪʨʦ-

ʣʴʥʘ ʚʠʙʽʨʢʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʚʯʘʣʴʥʦʶ. ɺ ʧʨʠʢʣʘʜʥʠʢʽʚ ʩʢʣʘʣʘʩʴ ʝʤʧʽ-

ʨʠʯʥʘ ʪʨʘʜʠʮʽʷ, ʟʘ ʷʢʦʶ ʝʢʟʘʤʝʥʘʮʽʡʥʘ ʤʘʻ ʨʦʟʤʽʨ, ʷʢʠʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 

0,25, ʘ ʢʦʥʪʨʦʣʴʥʘ 0,1 ʚʽʜ ʨʦʟʤʽʨʫ ʥʘʚʯʘʣʴʥʦʾ. ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ ʪʠʧʦʚʠʡ 

ʨʦʟʤʽʨ ʥʘʚʯʘʣʴʥʦʾ ʚ 27 ï 32 ʝʢʩʧʝʨʠʤʝʥʪʠ, ʪʦ ʨʝʘʣʴʥʦ ʝʢʟʘʤʝʥʘʮʽʡʥʘ ʤʘʻ 

ʨʦʟʤʽʨ 7-8 ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʘ ʢʦʥʪʨʦʣʴʥʘ 3-5. ɸ ʯʠ ʜʦʩʪʘʪʥʽʡ ʪʘʢʠʡ ʨʦʟʤʽʨ 

ʜʣʷ ʥʘʜʽʡʥʦʛʦ (ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ) ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʤʦ-

ʜʝʣʽ ʯʠ ʾʾ ʘʜʝʢʚʘʪʥʽʩʪʴ. 

ʄʝʪʘ: ʜʦʩʣʽʜʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʧʨʠʡʥʷʪʠʭ ʨʦʟʤʽ-

ʨʘʭ ʚʠʙʽʨʦʢ ʽ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʾʭ ʨʦʟʤʽʨ.  

ʗʢ ʧʦʢʘʟʥʠʢ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ 

ʢʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʚ [5, 6]. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʝʨʝʜʫʤʦʚʘ ʛʦʤʦʩʢʝʜʘʩʪʠʯʥʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ, ʘ ʚʠ-

ʢʠʜʠ ʚʽʜʩʫʪʥʽ. 

ʊʽ, ʭʪʦ ʧʨʠʡʤʘʻ ʚʢʘʟʘʥʽ ʚʠʱʝ ʨʦʟʤʽʨʠ ʜʣʷ ʝʢʟʘʤʝʥʘʮʽʡʥʦʾ ʚʠʙʽʨʢʠ, 

ʟʜʘʻʪʴʩʷ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʪʦʡ ʬʘʢʪ, ʱʦ ʯʠʤ ʤʝʥʰʝ ʨʦʟʤʽʨ ʚʠʙʽʨʢʠ, ʪʠʤ 

ʙʽʣʴʰʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʭʠʣʝʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʮʽʻʶ ʚʠʙʽʨʢʦʶ ʚʽʜ ʪʝʦʨʝʪʠʯʥʠʭ [7]. ʆʩʦʙʣʠʚʦ 

ʮʝ ʩʪʦʩʫʶʪʴʩʷ ʪʘʢʠʭ ʤʘʣʠʭ ʚʠʙʽʨʦʢ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʝʛʨʝʩʽʡʥʦʤʫ ʘʥʘʣʽʟʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʠʡ ʧʨʠʢʣʘʜ, ʚ ʷʢʦʤʫ ʚ ʷʢʦʩʪʽ 

ʬʘʢʪʦʨʽʚ ʩʣʫʞʘʪʴ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʽ ʃʇ ʯʠʩʣʘ [8]. ɺʽʜʛʫʢʦʤ ʻ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʨʽʟʥʦʾ ʪʽʩ-

ʥʦʪʠ ʟʚôʷʟʢʫ çʟʘʰʫʤʣʝʥʘè ʚʠʧʘʜʢʦʚʠʤʠ ʯʠʩʣʘʤʠ ʟ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ 

ʨʦʟʧʦʜʽʣʫ. ɺʠʙʽʨʢʘ ʤʘʻ ʨʦʟʤʽʨ 64. ɿ ʥʝʾ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʚʠʙʠʨʘʶʪʴʩʷ 

ʧʦ 50 ʧʽʜʚʠʙʽʨʦʢ ʨʦʟʤʽʨʦʤ 32, 18 ʽ 8 ʚʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʷʢʠʭ ʧʨʦʚʦʜʠʪʴʩʷ 

ʘʥʘʣʽʟ ʚʘʨʽʘʮʽʾ ʝʤʧʽʨʠʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ. ʊʘʙʣ.1..3 ʤʽʩʪʷʪʴ ʨʝ-

ʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʟʤʽʥʥʠʤʠ. ɺʝ-

ʣʠʢʘ ʟʤʽʥʘ ʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʮʝʡ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ-

ʣʝʞʠʪʴ ʜʦ ʽʥʰʦʾ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ [8]. ʊʘʢʝ ʤʦʞʝ ʙʫʪʠ ʟ ʦʜʥʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʽ ʟ ʧʽʜʤʥʦʞʠʥʦʶ. ʊʘʢʽ ʚʠʧʘʜʢʠ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʝ ʨʦʟʛʣʷ-

ʜʘʶʪʴʩʷ. 

ʈʦʟʛʣʷʥʝʤʦ, ʷʢ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʬʘʢʪʠʯʥʝ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʧʨʠ ʟʤʽʥʽ ʨʦʟʤʽʨʫ ʚʠʙʽʨʢʠ ʽ ʪʽʩʥʦʪʠ ʟʚôʷʟʢʫ. 
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ɼʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫ-

ʣʦʶ (1): 

N

rt pN

r

)1( 2

,2 -
=D

-
  .   (1) 

ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʽ ʟʥʘʯʝʥʥʷ ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦ-

ʨʝʣʷʮʽʾ ʧʨʠ ʨʽʟʥʠʭ ʨʦʟʤʽʨʘʭ ʚʠʙʽʨʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʞʣʠʚʠʤ ʟʥʘʯʝʥʥʷʤ 

ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ. ʄʘʣʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʧʨʠ ʟʚʠʯʘʡʥʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʚʘʞʘʶʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝ ʟʥʘʯʠʤʠʤʠ ʽ ʥʝ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʘʣʝ ʮʝ ʥʝ ʪʘʢ ʚ ʨʝʛʨʝʩʽʡʥʦʤʫ ʘʥʘʣʽʟʽ. ɺ ʥʴʦʤʫ ʯʘʩʪʦ ʚ ʤʦ-

ʜʝʣʴ ʚʢʣʶʯʘʶʪʴʩʷ ʬʘʢʪʦʨʠ, ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʷʢʦʛʦ ʟ ʚʽʜʛʫʢʦʤ ʜʦʩʷ-

ʛʘʻ ʚʩʴʦʛʦ-ʥʘ-ʚʩʴʦʛʦ 0,05 [1, 3]. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʮʽʣʠʤ ʨʷʜʦʤ ʦʩʦʙʣʠʚʦʩ-

ʪʝʡ ʈɸ ʧʦ ʬʦʨʤʫʚʘʥʥʶ ʩʪʨʫʢʪʫʨʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʨʦʟʛʣʷʜ ʷʢʠʭ ʚʠʭʦ-

ʜʠʪʴ ʟʘ ʤʝʞʽ ʜʘʥʦʾ ʨʦʙʦʪʠ. 

 
ʈʠʩ.1. ɼʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʧʨʠ ʨʽʟʥʦʤʫ ʨʦʟ-

ʤʽʨʽ ʚʠʙʽʨʢʠ 

ʊʘʙʣʠʮʷ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʨʽʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʧʨʠ ʩʠʣʴ-

ʥʽʡ ʟʘʣʝʞʥʦʩʪʽ 

 32 16 8 

ʄʽʥʽʤʽʤ 0,766612 0,680296 0,282838 

ʄʘʢʩʠʤʫʤ 0,908861 0,945325 0,974052 

ʉʝʨʝʜʥʻ 0,837239 0,848741 0,821998 

ʄʝʜʽʘʥʘ 0,838949 0,861168 0,847246 

r ʥʘ ʩʫʢʫʧʥʦʩʪʽ 0,843617 0,843617 0,843617 

 

  

ʆʩʥʦʚʥʦʡ

ʆʩʥʦʚʥʦʡ

ʆʩʥʦʚʥʦʡ

ʆʩʥʦʚʥʦʡ

ʆʩʥʦʚʥʦʡ

ʆʩʥʦʚʥʦʡ

ʆʩʥʦʚʥʦʡ

ʆʩʥʦʚʥʦʡ

ʆʩʥʦʚʥʦʡ

ʆʩʥʦʚʥʦʡ

ʆʩʥʦʚʥʦʡ

ʆʩʥʦʚʥʦʡʆʩʥʦʚʥʦʡʆʩʥʦʚʥʦʡʆʩʥʦʚʥʦʡʆʩʥʦʚʥʦʡʆʩʥʦʚʥʦʡʆʩʥʦʚʥʦʡʆʩʥʦʚʥʦʡʆʩʥʦʚʥʦʡʆʩʥʦʚʥʦʡʆʩʥʦʚʥʦʡ

N=32 N=16
N=8 r
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ʊʘʙʣʠʮʷ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʨʽʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʧʨʠ ʧʦʤʽ-

ʨʥʽʡ ʟʘʣʝʞʥʦʩʪʽ  

 32 16 8 

ʄʽʥʽʤʽʤ 0,139179 -0,15465 0,282838 

ʄʘʢʩʠʤʫʤ 0,538873 0,731417 0,974052 

ʉʝʨʝʜʥʻ 0,34313 0,309219 0,821998 

ʄʝʜʽʘʥʘ 0,351032 0,339717 0,847246 

r ʥʘ ʩʫʢʫʧʥʦʩʪʽ 0,354508 0,354508 0,843617 

ʊʘʙʣʠʮʷ 3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʨʽʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʧʨʠ ʩʣʘʙ-

ʢʽʡ ʟʘʣʝʞʥʦʩʪʽ 

 32 16 8 

ʄʽʥʽʤʽʤ -0,34711 -0,61938 -0,86307 

ʄʘʢʩʠʤʫʤ 0,265146 0,391063 0,50781 

ʉʝʨʝʜʥʻ -0,06067 -0,09445 -0,12498 

ʄʝʜʽʘʥʘ -0,07199 -0,06099 -0,06883 

r ʥʘ ʩʫʢʫʧʥʦʩʪʽ -0,04736 -0,04736 -0,04736 

ɺʠʩʥʦʚʢʠ 

ʇʨʠ ʚʠʩʦʢʽʡ ʪʽʩʥʦʪʽ ʟʚôʷʟʢʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽ-

ʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʚʠʙʽʨʢʠ. 

ʇʨʠ ʩʣʘʙʢʦʤʫ ʟʚôʷʟʢʫ ʩʪʽʡʢʽʩʪʴ ʚʽʜʩʫʪʥʷ ʘʞ ʜʦ ʤʦʞʣʠʚʦʾ ʟʤʽʥʠ ʟʥʘʢʫ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʚʠʙʽʨʢʠ. ʇʨʠ ʩʝʨʝʜʥʴʦʤʫ ʨʽʚʥʷ ʟʚôʷʟʢʫ ʤʦʞʣʠʚʘ 

ʥʝʩʪʽʡʢʽʩʪʴ ʧʨʠ ʤʘʣʠʭ ʨʦʟʤʽʨʘʭ ʚʠʙʽʨʢʠ. 

ʉʪʽʡʢʽʩʪʴ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʚʠʙʽʨʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʤʘʣʠʭ ʨʦʟʤʽʨʘʭ ʚʠʙʽʨʦʢ ʽ ʩʣʘʙʢʦʤʫ ʟʚôʷʟʢʫ ʦʢʨʝʤʝ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʠʡʥʷʪʦ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʮʠʬʽʢʘʮʽʾ. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʡʦʛʦ ʩʪʽʡʢʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʩʢʣʘʜʥʦʛʦ ʥʦʞʘ ʘʙʦ ʩʫʢʫʧʥʦʩʪʽ ʚʠ-

ʧʘʜʢʦʚʠʭ ʧʽʜʚʠʙʽʨʦʢ ʽʟ ʚʠʙʽʨʢʠ ʟ ʦʮʽʥʢʦʶ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. 
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ʋɼʂ 681.3  

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʀʉʇʈɸɺʃɽʅʀʗ ʆʐʀɹʆʂ 

ʊɸʁʇʀʅɻɸ ʀ ʆʎɽʅʂɸ ʂʆʈʈɽʂʊʀʈʋʖʑʀʍ ʉɺʆʁʉʊɺ 

ʈɽʌɽʈɽʅʊʅʆɻʆ ʆʈʌʆɻʈɸʌʀʏɽʉʂʆɻʆ ʉʃʆɺɸʈʗ 

ʃʠʪʚʠʥʦʚ ɺ.ɸ., ʄʘʡʩʪʨʝʥʢʦ ʉ.ʗ., ʍʫʨʮʠʣʘʚʘ ʂ.ɺ., ʂʦʩʪʝʥʢʦ ʉ.ɺ. 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ ʅɸʅʋ, 

ʂʠʝʚ, ʋʢʨʘʠʥʘ; 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʂʠʝʚ, ʋʢʨʘʠʥʘ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʫʥʢʮʠʷ ʧʨʦʚʝʨʢʠ ʦʨʬʦʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘ-

ʪʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʬʫʥʢʮʠʦʥʘʣʘ ʪʝʢʩʪʦʚʳʭ ʨʝʜʘʢʪʦʨʦʚ, ʧʦʠʩʢʦʚʳʭ 

ʩʠʩʪʝʤ, ʧʦʯʪʦʚʳʭ ʢʣʠʝʥʪʦʚ ʠ ʪ. ʧ. ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʘʢʠʭ ʩʠʩ-

ʪʝʤ ʷʚʣʷʝʪʩʷ ʨʝʬʝʨʝʥʪʥʳʡ ʦʨʬʦʛʨʘʬʠʯʝʩʢʠʡ ʩʣʦʚʘʨʴ (ʈʆʉ), ʩʦʜʝʨʞʘ-

ʱʠʡ "ʧʨʘʚʠʣʴʥʳʝò ʩʣʦʚʘ ʥʝʢʦʪʦʨʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʨʦʚʝʨʷʝʤʳʝ ʩʣʦʚʘ. ɺ [1] ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʦʟʤʦʞʥʳʡ ʧʦʜ-

ʭʦʜ ʢ ʦʮʝʥʢʝ ʠ ʫʣʫʯʰʝʥʠʶ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʈʆʉ, ʚʳʨʘʞʝʥʥʳʭ 

ʯʝʨʝʟ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʪʠʧʦʚʳʭ ʦʰʠʙʦʢ. 
ʅʘʨʷʜʫ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ ʦʨʬʦʛʨʘʬʠʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʤʥʦʛʠʝ ʦʙʱʠʝ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʝʢʩʪʦʚʳʝ ʨʝʜʘʢʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ  
ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ. ʆʜʥʠʤ ʠʟ ʪʠʧʦʚʳʭ ʨʝʰʝʥʠʡ ʧʨʠ 
ʚʳʙʦʨʝ ʘʣʛʦʨʠʪʤʦʚ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʬʫʥʢʮʠʡ ʠ ʬʫʥʢʮʠʡ "ʥʝʯʝʪʢʦʛʦ 
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ʧʦʠʩʢʘ" ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʬʦʥʝʪʠʯʝ-
ʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ [2,3] ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʣʷ ʦʰʠʙʦʯʥʦʛʦ ʩʣʦʚʘ ʙʳʩʪʨʳʡ 
ʧʦʠʩʢ "ʙʣʠʟʢʠʭ" (ʚ ʩʤʳʩʣʝ ʨʘʩʩʪʦʷʥʠʷ ɼʘʤʝʨʘʫ-ʃʝʚʝʥʰʪʝʡʥʘ) "ʧʨʘʚʠ-
ʣʴʥʳʭ" ʩʣʦʚ ʈʆʉ. ɺʦʧʨʦʩʘʤ ʞʝ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʦʨʨʝʢʪʠʨʫʶ-
ʱʠʭ ʩʚʦʡʩʪʚ ʩʘʤʠʭ ʈʆʉ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʷ. 

 ʂʦʨʨʝʢʪʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʈʆʉ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʧʨʘ-
ʚʠʣʴʥʦʡ ( ) ʠ ʣʦʞʥʦʡ ( ) ʢʦʨʨʝʢʮʠʠ ʪʠʧʦʚʳʭ ʦʰʠʙʦʢ. ɼʣʷ ʩʦʦʪʚʝʪʩʪʚʫ-
ʶʱʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʦʮʝʥʦʢ ʢʦʥʢʨʝʪʥʳʭ ʈʆʉ ʧʨʝʜʣʘʛʘʝʪʩʷ 2 ʤʦʜʝʣʠ. 
ʅʘʪʫʨʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʠʩʢʘʞʝʥʠʷ ʠ ʢʦʨʨʝʢ-
ʮʠʠ ʩʣʦʚ ʈʆʉ ʦʩʥʦʚʘʥʦ ʥʘ ʛʝʥʝʨʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʚʘ ʚʦʟʤʦʞʥʳʭ 
ʠʩʩʣʝʜʫʝʤʳʭ  ʦʰʠʙʦʢ   ʧʨʦʚʝʨʢʝ ʥʝʦʙʥʘʨʫʞʠʚʘʝʤʦʩʪʠ ʦʰʠʙʢʠ (ʚʝʨʦʷʪ-
ʥʦʩʪʴ  ), ʛʝʥʝʨʘʮʠʠ ʜʣʷ ʢʘʞʜʦʡ ʦʰʠʙʢʠ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʨʨʝʢ-
ʮʠʠ (ʦʙʨʘʪʥʳʭ ʠʩʢʘʞʝʥʠʡ) ʠ ʧʦʠʩʢʝ ʩʦʚʧʘʜʝʥʠʡ ʚ ʩʣʦʚʘʨʝ. ʇʨʠ ʵʪʦʤ ʚʝ-
ʨʦʷʪʥʦʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʬʠʥʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʝ-ʬʘ-
ʢʪʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʦʚʘʨʷ ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʦʚʧʘ-
ʜʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʢʦ-
ʨʨʝʢʪʠʨʫʝʤʳʝ ʦʰʠʙʢʠ ʠ ʚʩʝ ʚʘʨʠʘʥʪʳ ʠʭ ʠʩʧʨʘʚʣʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʷ (ʚ ʯʘʩʪʥʦʩʪʠ, ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ  ʠ  ) ʧʦʣʥʦʩʪʴʶ ʭʘʨʘ-
ʢʪʝʨʠʟʫʶʪ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʈʆʉ.  
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʥʘʙʦʨʘ ʩʣʦʚʘʨʝʡ ʠ ʟʥʘʯʝʥʠʡ ʚʝʨʦʷʪ-

ʥʦʩʪʝʡ ʢʣʘʩʩʦʚ ʦʰʠʙʦʢ ʪʘʡʧʠʥʛʘ, ʧʨʠʥʷʪʳʭ ʚ [1,4] ʚ ʢʦʥʪʝʢʩʪʝ ʘʥʘʣʠʟʘ 
ʠʭ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ (ʜʠʩʬʫʥʢʮʠʠ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ). ɺ 
ʩʚʷʟʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʧʨʦ-
ʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʦʰʠʙʦʢ ʠ ʚʘʨʠʘʥʪʦʚ ʠʭ ʠʩʧʨʘʚʣʝʥʠʷ ʦʙʨʘʙʦʪʢʝ ʧʦʜʚʝ-
ʨʛʘʣʠʩʴ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚʳʙʦʨʢʠ ʦʙʲʝʤʦʤ 20000 
ʩʣʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʥʘʪʫʨʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʡ 

ʢʦʨʨʝʢʮʠʠ 
ʉʣʦʚʘʨʴ 

ʦʧʢQ  ʦʣʢQ  ʧʢQ  ʣʢQ  ʥʦQ  ʥʢQ  

çʉʣʦʚʘʨʴ ʨʫʩʩʢʦʡ ʣʠʪʝʨʘ-

ʪʫʨʳè161730N=  
0,7549 0,1443 0,7410 0,1416 0,0184 ~01 

çʉʣʦʚʘʨʴ ʃʦʧʘʪʠʥʘè

150213N=  
0,8282 0,0709 0,8233 0,0706 0,0060 '' 

çʉʣʦʚʘʨʴ ɿʘʣʠʟʥʷʢʘè

92555N=  
0,8281 0,0710 0,8236 0,0706 0,0054 '' 

çʉʣʦʚʘʨʴ ʃʦʧʘʪʠʥʘè ʫʩʝ-

ʯʝʥʥʳʡ84575N=  
0,8518 0,0474  0,8483 0,0472 0,0038 '' 

ʋʢʨ. ʚʝʨʩʠʷ ʫʩʝʯ.-ʛʦ 

çʉʣʦʚʘʨʷ ʃʦʧʘʪʠʥʘè

84575N=  

0,8610 0,0382 0,8585 0,0381 0,0028 '' 
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ʅʘʪʫʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʯʝʯʥʦʤ ʠʩʧʦ-

ʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʧʳʪʘʥʠʡ ɹʝʨʥʫʣʣʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʩʣʦʚʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʳʪʘʥʠʡ ʠ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʤʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴ-

ʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʩʣʦʚʘʨʝʡ (ʪʘʙʣ.2). 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʥʘʪʫʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʢʦʨʨʝʢʮʠʠ 

 

ʉʣʦʚʘʨʴ ʦʧʢQ  ʧʢQ  ʣʢQ  ʥʦQ  

çʉʣʦʚʘʨʴ ʨʫʩʩʢʦʡ ʣʠʪʝʨʘ-

ʪʫʨʳè161730N=  
0,7490 0,7355 0,1470 0,0184 

çʉʣʦʚʘʨʴ ʃʦʧʘʪʠʥʘè
150213N=  

0,8373 0,8323 0,0628 0,0600 

çʉʣʦʚʘʨʴ ɿʘʣʠʟʥʷʢʘè
92555N=  

0,8383 0,8338 0,0614 0,0054 

çʉʣʦʚʘʨʴ ʃʦʧʘʪʠʥʘè ʫʩʝ-

ʯʝʥʥʳʡ84575N=  
0,8608 0,8576 0,0394 0,0038 

ʋʢʨʘʠʥʩʢʘʷ ʚʝʨʩʠʷ ʫʩʝʯʝʥ-

ʥʦʛʦ çʉʣʦʚʘʨʷ ʃʦʧʘʪʠʥʘè
84575N=  

0,8698 0,8674 0,0300 0,0028 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 2, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʙʣʠʟʢʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʪʘʙʣ. 1. ʊʘʢ, ʨʘʩʭʦʞʜʝʥʠʝ ʟʥʘʯʝʥʠʡ ʦʩʥʦ-

ʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ( ) ʩʦʩʪʘʚʣʷʝʪ   ʜʣʷ çʉʣʦʚʘʨʷ 

ʨʫʩʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳè ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ   ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʩʣʦʚʘʨʝʡ. ʇʨʠ 

ʵʪʦʤ ʦʙʨʘʙʦʪʢʘ ʩʣʦʚʘʨʷ ʪʨʝʙʫʝʪ ʥʘ ʧʦʨʷʜʢʠ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ. ʉʫʱʝʩʪ-

ʚʝʥʥʦ, ʯʪʦ ʨʘʩʭʦʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʩʣʦʚʘʨʝʡ, ʠʭ ʦʙʲʝʤʦʚ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʷʟʳʢʦʚ. ʇʦʜʦʙʥʘʷ çʫʩʪʦʡʯʠʚʦʩʪʴè ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʧʨʠʥʷʪʦʛʦ ʧʦʜʭʦʜʷ ʢ ʧʦʩʪʨʦʝʥʠʶ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʦʮʝʥʢʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʦʰʠʙʢʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ɼʘʤʝʨʘʫ-

ʃʝʚʝʥʰʪʝʡʥʘ ʙʦʣʴʰʝʤ, ʯʝʤ ʪʠʧʦʚʳʝ ʦʰʠʙʢʠ ʪʘʡʧʠʥʛʘ. 

ɺ ʮʝʣʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩ-

ʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʦʨʨʝʢʪʠʨʫʶ-

ʱʠʭ ʩʚʦʡʩʪʚ ʢʦʥʢʨʝʪʥʦʛʦ ʦʨʬʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʣʦʚʘʨʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʪʠʧʦʚʳʤ ʦʰʠʙʢʘʤ ʪʘʡʧʠʥʛʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʫʱʝʩ-

ʪʚʫʝʪ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥ-
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ʪʨʦʣʠʨʫʶʱʠʭ ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ( ʠ  ). ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ ʧʦ-

ʣʘʛʘʪʴ, ʯʪʦ ʩʣʦʚʘʨʠ, ʫʣʫʯʰʝʥʥʳʝ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ 

ʩʚʦʡʩʪʚ [1], ʦʙʣʘʜʘʶʪ ʠ ʣʫʯʰʠʤʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

 

ʃʠʪʝʨʘʪʫʨʘ.  

1. ɺ. ɸ. ʃʠʪʚʠʥʦʚ, ʉ. ʗ. ʄʘʡʩʪʨʝʥʢʦ, ʂ. ɺ. ʍʫʨʮʠʣʘʚʘ, ɼʠʩʬʫʥʢʮʠʷ 
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ʩʫʨʩʫ: https://deparkes.co.uk/2017/12/01/phonetic-algorithms/.  

3. ʌʦʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ 

ʜʦ ʨʝʩʫʨʩʫ: https://habrahabr.ru/post/114947/.  

4. ɺ. ɸ. ʃʠʪʚʠʥʦʚ, ʉ. ʗ. ʄʘʡʩʪʨʝʥʢʦ, ʂ. ɺ. ʍʫʨʮʠʣʘʚʘ, ʆʮʝʥʢʘ ʢʦʥʪ-

ʨʦʣʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʙʘʟʦʚʦʛʦ ʩʣʦʚʘʨʷ ʜʦʧʫʩʪʠʤʳʭ ʩʣʦʚ ʚ ʩʠʩʪʝʤʝ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ ʧʦʣʴʟʦʚʘʪʝʣʷ // ʄʘʪʝʤʘʪʠʯʥi ʤʘ-
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ʋɼʂ 004.043 

ɿɸɼɸʏɸ ɿʅɸʍʆɼɾɽʅʅʗ ʉʍʆɾʀʍ ɼʆʂʋʄɽʅʊɯɺ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ʄɽʊʆɼʋ ʃʆʂɸʃʔʅʆ-ʏʋʊʃʀɺʆɻʆ 

ʍɽʐʋɺɸʅʅʗ 

ʉʪʦʨʯʝʚʠʡ ɺ.ɺ., ɾʜʘʥʦʚʘ ʆ.ɻ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽ-

ʢʦʨʩʴʢʦʛʦè 

 

ɺʩʪʫʧ.ʂʦʞʝʥ ʜʝʥʴ ʫ ʤʝʨʝʞʫ ɯʥʪʝʨʥʝʪ ʜʦʜʘʶʪʴʩʷ ʚʝʣʠʢʽ ʦʙôʻʤʠ ʽʥʬʦ-

ʨʤʘʮʽʾ, ʘʣʝ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʻ ʢʦʧʽʻʶ ʚʞʝ ʽʩʥʫʶʯʦʾ 

ʘʙʦ ʜʝʱʦ ʟʤʽʥʝʥʘ. ʅʘʧʨʠʢʣʘʜ, ʜʝʷʢʽ ʩʘʡʪʠ ʜʣʷ ʟʘʣʫʯʝʥʥʷ ʥʦʚʠʭ ʢʦʨʠʩ-

ʪʫʚʘʯʽʚ ʨʦʟʤʽʱʫʶʪʴ ʫ ʩʝʙʝ ʪʨʦʭʠ ʟʤʽʥʝʥʠʡ ʢʦʥʪʝʥʪ ʟ ʽʥʰʠʭ ʜʞʝʨʝʣ. 

ʊʦʙʪʦ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʫʞʽ ʤʘʪʝʨʽʘʣʠ, ʧʦʨʫʰʫʶʯʠ ʘʚʪʦʨʩʴʢʽ 

ʧʨʘʚʘ. ʊʘʢʦʞ ʛʦʩʪʨʦ ʧʦʩʪʘʣʦ ʧʠʪʘʥʥʷ ʧʣʘʛʽʘʪʫ ʚ ʦʩʚʽʪʥʽʡ ʪʘ ʥʘʫʢʦʚʦ-ʜʦ-

ʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʆʪʞʝ, ʧʨʦʙʣʝʤʘ ʚʠʷʚʣʝʥʥʷ ʜʟʝʨʢʘʣʴʥʠʭ ʚʝʙ-

ʩʘʡʪʽʚ, ʜʝʢʽʣʴʢʦʭ ʚʝʨʩʽʡ ʦʜʥʽʻʾ ʩʪʘʪʪʽ ʻ ʩʴʦʛʦʜʥʽ ʘʢʪʫʘʣʴʥʦʶ. ʈʦʙʦʪʘ ʧʨʠ-

ʩʚʷʯʝʥʘ ʨʦʟʚôʷʟʘʥʥʶ ʟʘʜʘʯʽ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʜʽʙʥʠʭ ʜʦʢʫʤʝʥʪʽʚ. 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

2.1 ɺʠʟʥʘʯʝʥʥʷ ʩʭʦʞʦʩʪʽ ʜʚʦʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ 

ʂʦʝʬʽʮʽʻʥʪ ɾʘʢʢʘʨʘ ï ʧʝʨʰʘ ʤʽʨʘ ʧʦʜʽʙʥʦʩʪʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʇʦʣʝʤ 

ɾʘʢʢʘʨʦʤ [1]. ʅʝʭʘʡ A   ʪʘ B   ï ʢʦʨʠʩʪʫʚʘʯʽ ʜʝʷʢʦʾ ʩʠʩʪʝʤʠ ʽ ʾʭ ʭʘʨʘʢ-
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ʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʤʥʦʞʠʥ 
A

S   ʪʘ 
B

S  . ʂʦʝʬʽʮʽʻʥʪ ɾʘ-

ʢʢʘʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: ( , )
S SA B

J S SA B
S SA B

Æ
=

Ç

  . ɿʘ ʚʠʟʥʘʯʝʥ-

ʥʷʤ 0 ( , ) 1
A B

J S S¢ ¢ , ʽʜʝʥʪʠʯʥʽ ʥʘʙʦʨʠ ʙʫʜʫʪʴ ʤʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʨʽʚʥʠʡ 

ʦʜʠʥʠʮʽ, ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʽ ʥʘʙʦʨʠ ï ʥʫʣʶ. 

2.2 ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ ʫ ʚʠʛʣʷʜʽ ʤʥʦʞʠʥ 

ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʦʢʫʤʝʥʪʘ ʫ ʚʠʛʣʷʜʽ ʤʥʦʞʠʥʠ ʻ ʧʦ-

ʙʫʜʦʚʘ ʜʣʷ ʥʴʦʛʦ ʥʘʙʦʨʫ  -ʛʨʘʤʽʚ ʘʙʦ ʰʠʥʛʣʽʚ ï ʥʘʙʦʨʽʚ ʟ   ʧʦʩʣʽʜʦʚʥʠʭ 

ʩʠʤʚʦʣʽʚ [2]. ʎʝ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʢʦʨʠʩʥʠʤ ʧʨʠ ʧʽʜʙʦʨʽ ʜʦʢʫʤʝʥʪʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʨʝʯʝʥʥʷ ʚ ʽʥʰʦʤʫ ʧʦʨʷʜʢʫ ʘʙʦ ʩʣʦʚʘ ʫ ʨʝʯʝʥʥʷʭ ʚ ʽʥ-

ʰʦʤʫ ʧʦʨʷʜʢʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ɼʘʥʦ: ʟʘʜʘʥʠʡ ʜʦʢʫʤʝʥʪ ( d ); ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʢʫʤʝʥʪʽʚ (m  ); 

ʤʥʦʞʠʥʠ ʟ ʰʠʥʛʣʘʤʠ ʜʦʢʫʤʝʥʪʽʚ 
1
, ...,

m
S S   (ʢʦʞʥʘ ʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦ-

ʙʦʶ ʜʝʷʢʫ ʤʥʦʞʠʥʫ ʨʷʜʢʽʚ); ʢʽʣʴʢʽʩʪʴ ʢʦʰʠʢʽʚ (k  ), ʫ ʷʢʽ ʙʫʜʫʪʴ ʨʦʟʧʦ-

ʜʽʣʝʥʽ ʜʦʢʫʤʝʥʪʠ ï ʢʽʣʴʢʽʩʪʴ ʤʥʦʞʠʥ ʜʦʢʫʤʝʥʪʽʚ, ʧʦʜʽʙʥʠʭ ʤʽʞ ʩʦʙʦʶ. 

ʅʝʦʙʭʽʜʥʦ: ʟʥʘʡʪʠ ʜʦʢʫʤʝʥʪʠ, ʧʦʜʽʙʥʽ ʜʦ ʟʘʜʘʥʦʛʦ ʜʦʢʫʤʝʥʪʘ d  . 

ʇʦʜʽʙʥʠʤʠ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʜʦʢʫʤʝʥʪʠ, ʢʦʝʬʽʮʽʻʥʪ ɾʘʢʢʘʨʘ ʜʣʷ ʷʢʠʭ 

ʩʪʘʥʦʚʠʪʴ 0.9²   

ɸʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ ʜʦʢʫʤʝʥʪʘʤʠ, ʷʢʽ ʻ ʚʝʣʠʢʽ ʟʘ ʦʙôʻʤʦʤ, ʤʦʞʫʪʴ ʚʠʥʠ-

ʢʘʪʠ ʧʨʦʙʣʝʤʠ. ʆʩʦʙʣʠʚʦ, ʷʢʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʜʦ-

ʢʫʤʝʥʪʽʚ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ ʰʠʥʛʣʽʚ ʜʣʷ ʜʦʢʫʤʝʥʪʘ ʤʦʞʝ ʙʫʪʠ 

ʜʫʞʝ ʚʝʣʠʢʦʶ ʽ ʟʙʝʨʽʛʘʪʠ ʾʭ ʜʣʷ ʚʩʽʭ ʜʦʢʫʤʝʥʪʽʚ ʫ ʦʩʥʦʚʥʽʡ ʧʘʤ'ʷʪʽ ʙʫʜʝ 

ʥʝʤʦʞʣʠʚʦ. ʆʜʠʥ ʟ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ ʧʦʣʷʛʘʻ ʚ ʟʘ-

ʤʽʥʽ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʥʘ ʥʘʙʘʛʘʪʦ ʤʝʥʰʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ 

ʩʠʛʥʘʪʫʨʘʤʠ. ʉʠʛʥʘʪʫʨʘ ï ʮʝ ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʥʷ ʭʝʰ-ʬʫʥʢʮʽʾ. ʇʨʦ-

ʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʥʦʞʠʥ ʫ ʩʠʛʥʘʪʫʨʠ ʥʘʟʠʚʘʻʪʴʩʷ ʤʽʥʭʝʰʠʥʛʦʤ 

(MinHash) [3]. ɺʘʞʣʠʚʘ ʚʣʘʩʪʠʚʽʩʪʴ ʩʠʛʥʘʪʫʨ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʠ ʤʦ-

ʞʝʤʦ ʟʽʩʪʘʚʠʪʠ ʩʠʛʥʘʪʫʨʠ ʜʚʦʭ ʥʘʙʦʨʽʚ ʽ ʦʮʽʥʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ɾʘʢʢʘʨʘ 

ʣʠʰʝ ʥʘ ʾʭ ʦʩʥʦʚʽ [4]. 

3.1 ʉʪʚʦʨʝʥʥʷ ʩʠʛʥʘʪʫʨ 

ɺʚʝʜʝʤʦ ʧʦʥʷʪʪʷ ʤʘʪʨʠʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʨʦʟʨʘʭʦʚʫ-

ʶʪ+ɹʩʷ ʩʠʛʥʘʪʫʨʠ. ʅʝʭʘʡ  

1

m

i

i

U S

=

=  - ʫʥʽʚʝʨʩʘʣʴʥʘ ʤʥʦʞʠʥʘ ʰʠʥʛʣʽʚ ʫ 
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ʩʠʩʪʝʤʽ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ʄʥʦʞʠʥʽ Si   ʤʦʞʝ ʙʫʪʠ ʧʦʩʪʘʚʣʝʥʦ ʫ ʚʽʜʧʦ-

ʚʽʜʥʽʩʪʴ ʙʫʣʝʚʠʡ ʚʝʢʪʦʨ ʜʦʚʞʠʥʠ | |U  , ʫ ʷʢʦʤʫ 1 ʦʟʥʘʯʘʻ, ʱʦ ʚʽʜʧʦʚʽʜ-

ʥʠʡ ʝʣʝʤʝʥʪ ʟ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʤʥʦʞʠʥʠ ʧʨʠʩʫʪʥʽʡ ʫ 
i

S  , ʽ 0 ʦʟʥʘʯʘʻ ʚʽʜ-

ʩʫʪʥʽʩʪʴ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ ʚ 
i

S  . ɿ ʢʽʥʮʝʚʠʤ ʯʠʩʣʦʤ ʧʽʜʤʥʦʞʠʥ ʟ U  ʤʦ-

ʞʥʘ ʧʦʚ'ʷʟʘʪʠ ʤʘʪʨʠʮʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʝ ʢʦʞʝʥ ʩʪʦʚʧʝʮʴ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʚʝʢʪʦʨ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʽʡ ʧʽʜʤʥʦʞʠʥʽ ʽ ʢʦʞʝʥ ʨʷʜʦʢ ʚʽʜʧʦʚʽ-

ʜʘʻ ʝʣʝʤʝʥʪʫ  U  [5]. 

ʄʘʪʨʠʮʝʶ ʩʠʛʥʘʪʫʨ ʥʘʟʚʘʻʪʴʩʷ ʤʘʪʨʠʮʷ, ʷʢʘ ʟʙʝʨʽʛʘʻ ʩʠʛʥʘʪʫʨʠ, ʨʦ-

ʟʨʘʭʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʤʘʪʨʠʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʮʽʻʾ ʤʘʪʨʠʮʽ 

ʥʝʦʙʭʽʜʥʦ ʧʽʜʽʙʨʘʪʠ   ʚʠʧʘʜʢʦʚʠʭ ʭʝʰ-ʬʫʥʢʮʽʡ (  ʧʽʜʙʠʨʘʻʪʴʩʷ ʝʤʧʽʨʠ-

ʯʥʦ, ʯʠʤ ʚʦʥʦ ʙʽʣʴʰʝ, ʪʠʤ ʙʽʣʴʰʘ ʪʦʯʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ, ʘʣʝ ʪʘʢʦʞ ʽ ʙʽʣʴ-

ʰʠʡ ʯʘʩ ʨʦʙʦʪʠ). 

ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʘʣʛʦʨʠʪʤ. 

ɸʣʛʦʨʠʪʤ ʩʪʚʦʨʝʥʥʷ ʤʘʪʨʠʮʽ ʩʠʛʥʘʪʫʨ 

ɺʭʽʜʥʽ ʜʘʥʽ:  

  n  ʭʝʰ-ʬʫʥʢʮʽʡ , ...1h hn  ; 

  M  ï ʤʘʪʨʠʮʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʂʈʆʂ 1 ʉʪʚʦʨʠʪʠ ʤʘʪʨʠʮʶ H   ʟʽ n   ʨʷʜʢʽʚ ʽʟ | |S   ʩʪʦʚʧʮʽʚ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʤʘʪʨʠʮʽ ʽ ʧʨʠʩʚʦʾʪʠ ʫʩʽʤ ʝʣʝʤʝʥʪʘʤ ʟʥʘʯʝʥʥʷ ¤ . 

ʂʈʆʂ 2 ʎʀʂʃ ʧʦ ʨʷʜʢʘʭ ʤʘʪʨʠʮʽ M  : ʜʣʷ r  -ʛʦ ʨʷʜʢʫ ʚʠʢʦʥʘʪʠ 

ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ:  

2.1 ɺʠʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ( ), ... ( )1h r h rn  . 

2.2 ʎʀʂʃ ʧʦ ʩʪʦʚʧʮʷʭ ʤʘʪʨʠʮʽ M  : ʜʣʷ  c -ʛʦ ʩʪʦʚʧʮʷ ʚʠʢʦʥʘʪʠ: 

ʷʢʱʦ [ , ] 1M r c =  , ʪʦ[ , ] : min( [ , ], ( ))
i

H i c H i c h r=    ʜʣʷ  1,...,i n= . 

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʥʝʥʫʣʴʦʚʦʛʦ ʝʣʝʤʝʥʪʫ ʤʘʪʨʠʮʽ M   ʙʫʜʝ 

ʧʨʦʚʝʜʝʥʦ ( )O n  ʦʙʯʠʩʣʝʥʴ. 

3.2 ʃʦʢʘʣʴʥʦ-ʯʫʪʣʠʚʝ ʭʝʰʫʚʘʥʥʷ 

ʄʽʥʭʝʰʠʥʛ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʧʦʨʽʚʥʷʥʥʷ ʚʝʣʠʢʠʭ ʜʦʢʫʤʝʥʪʽʚ ʟʘ ʨʘ-

ʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʤʘʪʨʠʮʽ ʩʠʛʥʘʪʫʨ, ʷʢʘ ʤʘʻ ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʡ ʨʦʟʤʽʨ, ʥʽʞ 

ʧʦʯʘʪʢʦʚʘ ʤʘʪʨʠʮʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʦʟʛʣʷʥʝʤʦ ʩʠʪʫʘʮʽʶ, ʢʦʣʠ ʫ ʥʘʩ ʻ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʢʫʤʝʥʪʽʚ. ʇʦʨʽʚʥʷʥʥʷ ʮʠʭ ʜʦʢʫʤʝʥʪʽʚ ʤʽʞ ʩʦʙʦʶ, ʷʢ 

ʽ ʨʘʥʽʰʝ, ʙʫʜʝ ʟʘʡʤʘʪʠ ʙʘʛʘʪʦ ʯʘʩʫ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨ ʜʦʢʫʤʝʥ-

ʪʽʚ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʧʦʨʽʚʥʷʪʠ. ʃʦʢʘʣʴʥʦ-ʯʫʪʣʠʚʝ ʭʝʰʫʚʘʥʥʷ ʚʠʨʽʰʫʻ 

ʮʶ ʧʨʦʙʣʝʤʫ. ʎʝ ʟʘʛʘʣʴʥʘ ʥʘʟʚʘ ʤʝʪʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʧʦ-

ʜʽʙʥʽ ʩʠʛʥʘʪʫʨʠ ʜʣʷ ʩʭʦʞʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ. ʄʝʪʦʜ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʣʦʢʘ-

ʣʴʥʫ ʯʫʪʣʠʚʽʩʪʴ, ʪʦʙʪʦ ʧʨʠ ʟʤʽʥʽ ʷʢʦʾʩʴ ʯʘʩʪʠʥʠ ʦʙ'ʻʢʪʘ, ʱʦ ʭʝʰʫʻʪʴʩʷ, 

ʩʘʤ ʭʝʰ ʥʝ ʧʦʚʠʥʝʥ ʘʙʩʦʣʶʪʥʦ ʟʤʽʥʶʚʘʪʠʩʷ [6]. ɯʜʝʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 
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ʱʦʙ ʭʝʰʫʚʘʪʠ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʪʘʢ, ʱʦʙ ʩʭʦʞʽ ʝʣʝʤʝʥʪʠ 

ʧʦʪʨʘʧʣʷʣʠ ʜʦ ʦʜʥʦʛʦ ʢʦʰʠʢʫ. ɹʫʜʴ-ʷʢʘ ʧʘʨʘ ʜʦʢʫʤʝʥʪʽʚ, ʷʢʘ ʧʦʪʨʘʧʠʣʘ 

ʫ ʢʦʰʠʢ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʧʘʨʘ ʢʘʥʜʠʜʘʪʽʚ, ɰʾ ʦʮʽʥʶʶʪʴ ʟʘ ʧʦʜʽʙʥʽʩʪʶ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʘʚʠʣʦ ɾʘʢʢʘʨʘ. 

ʅʝʦʙʭʽʜʥʦ ʨʦʟʜʽʣʠʪʠ ʤʘʪʨʠʮʶ ʩʠʛʥʘʪʫʨ ʥʘ b  ʩʤʫʛ, ʫ ʢʦʞʥʽʡ ʟ ʷʢʠʭ 

r  ʨʷʜʢʽʚ. ɼʣʷ ʢʦʞʥʦʾ ʩʤʫʛʠ ʻ ʭʝʰ-ʬʫʥʢʮʽʷ, ʷʢʘ ʧʨʠʡʤʘʻ ʚʝʢʪʦʨ ʟʥʘʯʝʥʴ 

ʟ r  ʨʷʜʢʽʚ ʽ ʭʝʰʫʻ ʾʭ ʜʦ ʨʽʟʥʠʭ ʢʦʰʠʢʽʚ. ɺʽʜ ʧʘʨʘʤʝʪʨʽʚ b  ʪʘ r  ʟʘʣʝʞʠʪʴ 

ʢʦʝʬʽʮʽʻʥʪ ɾʘʢʢʘʨʘ ʤʽʞ ʜʦʢʫʤʝʥʪʘʤʠ ʚʩʝʨʝʜʠʥʽ ʢʦʰʠʢʫ. ʅʝʭʘʡ t  -  ʧʦ-

ʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ɾʘʢʢʘʨʘ (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 0.9). ʄʘʻʤʦ ʪʘʢʫ ʟʘʣʝʞ-

ʥʽʩʪʴ: 
1

1( ) r
bt = [7]. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʠ ʤʘʻʤʦ 400 ʭʝʰ-ʬʫʥʢʮʽʡ, ʥʘʤ ʧʦʪʨʽʙʥʦ ʥʘʙʣʠ-

ʟʠʪʠ t  ʜʦ 0.9. ɼʣʷ ʮʴʦʛʦ ʨʦʟʜʽʣʠʤʦ ʮʽ ʭʝʰ-ʬʫʥʢʮʽʾ ʥʘ 20 ʩʤʫʛ ʧʦ 20 ʨʷ-

ʜʢʽʚ. ʄʘʻʤʦ ( ) 0.861
20

1
20 º . ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʣʦʢʘʣʴʥʦ-ʯʫʪʣʠ-

ʚʦʛʦ ʭʝʰʫʚʘʥʥʷ ʽʩʥʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʧʦʤʠʣʦʢ ʧʝʨʰʦʛʦ ʨʦʜʫ. ʇʦʤʠ-

ʣʢʘ ʧʝʨʰʦʛʦ ʨʦʜʫ ʚʠʥʠʢʘʻ ʫ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʥʝʩʭʦʞʽ ʦʙôʻʢʪʠ ʧʦʪʨʘʧʣʷʶʪʴ 

ʚ ʦʜʠʥ ʢʦʰʠʢ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʽʜʢʠʥʫʪʠ ʚʩʽ ʧʦʤʠʣʢʦʚʽ ʝʣʝʤʝʥʪʠ, ʥʝʦʙʭʽ-

ʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʽʙʥʦʩʪʽ ʤʽʞ ʜʦʢʫʤʝʥʪʦʤ d  ʪʘ ʚʩʽʤʘ ʽʥ-

ʰʠʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʟ ʥʠʤ ʚ ʦʜʥʦʤʫ ʟ ʢʦʰʠʢʫ ʽ ʦʙʨʘʪʠ ʪʽ, ʜʣʷ ʷʢʠʭ 

ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʥʝ ʤʝʥʰʝ 0.9. ʗʢʱʦ ʪʘʢʽ ʻ, ʪʦ ʮʝ ʦʟʥʘʯʘʪʠʤʝ, 

ʱʦ ʚ ʟʘʜʘʥʽʡ ʤʥʦʞʠʥʽ ʜʦʢʫʤʝʥʪʽʚ ʤʠ ʟʥʘʡʰʣʠ ʜʦʢʫʤʝʥʪʠ, ʷʢʽ ʻ ʧʦʜʽʙ-

ʥʠʤʠ ʜʦ ʟʘʜʘʥʦʛʦ. 
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ʉʊʆʉʆɺʅʆ ʁʄʆɺɯʈʅɯʉʅʆ-ʉʊɸʊʀʉʊʀʏʅʆɰ ʆʎɯʅʂʀ 
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ʜʝʬʝʢʪʽʚ ʜʝʪʘʣʝʡ ʤʝʪʦʜʦʤ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ. ʄʘʪ. ʤʦʜ. 
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʡʤʦʚʽʨʥʽʩʪʴ, ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚ, ʚʠʙʽʨʢʘ, ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ, ʩʝʨʝʜʥʻ  ̔ʩʝʨʝʜʥʴʦ ʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ 

ɺʩʪʫʧ 

ʇʨʦʮʝʩ ʦʙʨʦʙʢʠ ʝʢʝʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʘʚʞʜʠ ʩʫʧʨʦʚʦʜ-

ʞʫʻʪʴʩʷ ʧʨʠʨʦʜʫ ʚʽʜʤʽʥʥʽʩʪʶ ʤʽʞ ʟʛʣʘʜʞʫʶʯʦʶ ʛʽʩʪʦʛʨʘʤʫ ʬʫʥʢʮʽʾ 

ʱʽʣʴʥʦʩʪʽ )(xf  ʪʘ ʪʝʦʨʝʪʠʯʥʦʶ ʤʦʜʝʣʣʶ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʩʪʦ-

ʩʦʚʥʦ ʪʦʛʦ, ʯʠ ʤʦʞʥʘ ʮʶ ʚʽʜʤʽʥʥʽʩʪʴ ʧʨʠʧʠʩʘʪʠ ʚʠʧʘʜʢʫ, ʪʦʙʪʦ ʚʠʙʽʨ-

ʢʦʚʠʡ ʧʦʭʠʙʮʽ, ʟʫʤʦʚʣʝʥʽʡ ʦʙʤʝʞʝʥʽʩʪʶ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʯʠ ʨʽʟ-

ʥʠʮʷ ʤʽʞ ʪʝʦʨʝʪʠʯʥʦʶ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʤʦʜʝʣʷʤʠ ʥʘʩʪʽʣʴʢʠ ʩʫʪ-

ʪʻʚʘ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʥʝʚʜʘʣʠʤ ʧʽʜʙʦʨʦʤ ʩʘʤʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʦʜʝʣʽ - 

ʬʫʥʢʮʽʾ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ )(xf . ɸʣʝ ʧʨʠʧʫʱʝʥʥʷ ʩʪʦ-

ʩʦʚʥʦ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ ï ʮʝ ʛʽʧʦʪʝʟʘ, ʷʢʫ ʪʨʝʙʘ ʧʽʜʜʘʚʘʪʠ ʧʝʨʝʚʽʨʮʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʾʚ ʟʛʦʜʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ 

ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʦʟʧʦʜʽʣʘʤʠ, ʟʫʤʦ-

ʚʣʝʥʦʶ ʦʙʤʝʞʝʥʠʤ ʦʙôʻʤʦʤ ʩʧʦʩʪʝʨʝʞʝʥʴ ʯʠ ʥʝʧʨʘʚʠʣʴʥʦʶ ʧʽʜʙʽʨʢʦʶ 

ʚʠʨʽʚʥʶʶʯʦʾ ʬʫʥʢʮʽʾ (ʛʽʧʦʪʝʟʠ).  ʊʦʤʫ, ʱʦʙ ʜʽʡʪʠ ʜʝʷʢʦʾ çʟʛʦʜʠè ʤʽʞ 

ʪʝʦʨʽʻʶ ʽ ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʨʦʟʨʦʙʣʝʥʽ ʪʘʢ ʟʚʘʥʽ çʢʨʠʪʝʨʽʾ ʟʛʦʜʠè [1].   

ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʘʜʝʢʚʘʪʥʦʩʪʽ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʠʤ, ʚʚʦʜʷʪʴ  

ʤʽʨʫ  ʨʦʟʙʽʞʥʦʩʪʽ  Y [2-3], ʷʢʫ  ʧʽʜʙʠʨʘʶʪʴ ʪʘʢ, ʱʦʙ ʬʫʥʢʮʽʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʷ )(yFN  ʥʝ ʟʘʣʝʞʘʣʘ ʚʽʜ ʚʠʛʣʷʜʫ ʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʽ ʜʦʩʠʪʴ 

ʰʚʠʜʢʦ ʟʙʽʛʘʣʘʩʴ ʟʘ ʢʽʣʴʢʽʩʪʶ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 



220 

 

)(yFN ¤­ . ʊʦʜʽ ʩʪʫʧʽʥʴ ʨʦʟʙʽʞʥʦʩʪʽ y  ʚʠʨʘʞʘʪʠʤʝ ʡʤʦʚʽʨʥʽʩʪʴ 

)(1)( yFyY NN -=ðR . ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʘʣʘ ʚʝʣʠʯʠʥʘ 

)( yYN ðR  ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʦʛʘʥʝ ʫʟʛʦʜʞʝʥʥʷ ʤʽʞ ʪʝʦʨʽʻʶ ʽ ʝʢʩʧʝʨʠ-

ʤʝʥʪʦʤ, ʚʩʝ ʪʘʢʠ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʯʝʨʧʥʠʤ 

ʜʦʢʘʟʦʤ ʽʩʪʠʥʥʦʩʪʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ, ʘ ʩʚʽʜʯʠʪʴ ʣʠʰʝ ʧʨʦ 

ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʨʝʙʠ ʡʦʛʦ ʚʽʜʭʠʣʷʪʠ [4] .  

ʅʝʜʘʚʥʦ ʚʠʡʰʣʘ ʨʦʙʦʪʘ [5], ʤʝʪʘ ʷʢʦʾ -  ʦʙʯʠʩʣʝʥʥʷ ʚʽʨʦʛʽʜʥʦʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ ʜʝʬʝʢʪʽʚ ʜʝʪʘʣʝʡ ʤʝʪʦʜʦʤ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ. ɸʥʘʣʽʟ 

ʮʽʻʾ ʨʦʙʦʪʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʩʪʫʧʥʝ. 

1. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʘ ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʬʽʟʠʯʥʦʛʦ 

ʟʤʽʩʪʫ ʬʫʥʢʮʽʾ ʡʤʦʚʽʨʥʦʩʪʽ, ʱʦ ʙʫʣʦ ʱʝ ʟʨʦʙʣʝʥʦ ʧʦʜʘʚʥʦ ʱʝ ʄʘʢʩʚʝʣ-

ʣʦʤ, ʘ ʧʽʟʥʽʰʝ ʧʽʜʪʚʝʨʜʞʝʥʦ  ʜʦʩʣʽʜʘʤʠ ɹʨʦʫʥʘ ʽ ʇʝʨʨʝʥʘ. ʆʙˇʨʫʥʪʫ-

ʚʘʥʥʷ ʬʫʥʢʮʽʾ ɻʘʫʩʘ ʥʘʚʝʜʝʥʽ ʚ ʙʘʛʘʪʴʦʭ ʜʞʝʨʝʣʘʭ, ʥʘʧʨʠʢʣʘʜ [6]. 

3. ɺ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʧʨʝʜʩʪʘʚʠʪʠ 

ʩʠʩʪʝʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʜʘʥʠʭ, ʟʘʚʞʜʠ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ 

ʧʦʙʫʜʦʚʠ ʡʤʦʚʽʨʥʽʩʥʦʾ ʤʦʜʝʣʽ ʬʽʟʠʯʥʦʾ ʩʠʩʪʝʤʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʠʧʘʜʢʦʚʠʭ (ʩʪʦʭʘʩʪʠʯʥʠʭ) ʚʝʣʠʯʠʥ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʡʤʦʚʽʨʥʽʩʥʠʤʠ (ʩʪʘʪʠʩʪʠʯʥʠʤʠ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʟʘ-

ʢʦʥʦʤʽʨʥʦʩʪʷʤʠ.  ʉʘʤʝ ʟʘʚʜʷʢʠ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʧʽʜʭʦʜʫ, ʧʨʝʜʩʪʘʚ-

ʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʩʪʘʥ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʜʝʷʢʦʾ çʨʦʟʤʠ-

ʪʦʾè ʪʦʯʢʠ ʚ n -ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɻʨʘʥʠʮʽ ʨʦʟʤʠʪʦʾ ʦʙʣʘʩʪʽ ʟʘʜʘʶʪʴʩʷ 

ʟ ʜʝʷʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ, ʪʦʤʫ ʨʫʭ ʪʦʯʢʠ ʚ ʥʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦʶ 

ʬʫʥʢʮʽʻʶ, ʘ ʩʪʘʪʠʩʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦ ʜʽʾ ʥʘ ʩʠʩʪʝʤʫ ʜʝʷʢʦʛʦ ʧʘ-

ʨʘʤʝʪʨʘ, ʧʨʝʜʩʪʘʚʣʷʻ ʟʨʽʟ ʚʟʜʦʚʞ ʣʽʥʽʾ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʆʩʢʽʣʴʢʠ ʚ ʨʝ-

ʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʟʥʘʶʪʴ ʧʨʘʢʪʠʯʥʦ ʥʝʟʘʣʝʞʥʠʭ ʚʠʧʘʜʢʦ-

ʚʠʤ ʚʧʣʠʚʽʚ, ʨʦʟʧʦʜʽʣ ʟʨʦʩʪʘʶʯʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʷʥʠʭ ʬʽʟʠʯʥʠʭ ʜʘʥʠʭ  

ʟʘʚʞʜʠ ʧʨʷʤʫʻ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʝʢʩʧʨʝʩ-

ʦʮʽʥʢʫ  ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʦʨʤʘʣʴʥʦʤʫ, ʯʦʤʫ ʯʘʩʪʦ 

ʥʝ ʧʨʠʜʽʣʷʻʪʴʩʷ ʥʘʣʝʞʥʘ ʫʚʘʛʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʘʚʪʦʨʘʤʠ [5], ʧʦʨʫʰʫʶʯʠ 

ʮʠʤ ʩʘʤʠʤ ʚʠʤʦʛʠ ʙʘʟʦʚʠʭ ʧʨʠʥʮʠʧ̔ ʚ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʤʘʪʝʤʘʪʠʯ-

ʥʦʾ ʩʪʘʪʠʩʪʠʢʠ.  

4.ʅʘ ʧʨʝʚʝʣʠʢʠʡ ʞʘʣʴ, ʘʚʪʦʨʠ [5] ʥʝ ʧʨʠʡʥʷʣʠ ʜʦ ʫʚʘʛʠ ʪʝ, ʱʦ ʚ ʩʪʘ-

ʪʠʩʪʠʯʥʦʤʫ ʫʩʝʨʝʜʥʝʥʥʽ, ʧʦʣʦʞʝʥʥʷ ʝʢʩʪʨʝʤʫʤʫ ʢʨʠʚʦʾ ɻʘʫʩʘ ʤʝʥʰʝ 

ʚʩʴʦʛʦ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ, ʦʩʢʽʣʴʢʠ ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ 

ʮʝʥʪʨʫʚʘʥʥʷ ʢʨʠʚʦʾ ʨʦʟʧʦʜʽʣʫ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʝʡ ʽʟ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʤ ʚʠʙʽʨʢʦʚʠʤ ʩʝʨʝʜʥʽʤ. ʆʙ'ʻʢʪʠʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʜʠʩ-

ʧʝʨʩʽʷ, ʷʢ ʤʽʨʘ ʬʣʫʢʪʫʘʮʽʡ. ɼʣʷ  ʜʦʩʷʛʥʝʥʥʷ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʚ ʽʥʪʝʨʧʨʝ-

ʪʘʮʽʾ ʬʽʟʠʯʥʦʾ ʩʫʪʽ ʚʠʧʘʜʢʦʚʠʭ ʬʣʫʢʪʫʘʮʽʡ ʨʝʟʫʣʴʪʘʪʽʚ, ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ, ʩʝʨʝʜʥʴʦ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ (ʉʂɺ)  ʥʦʨʤʦʚʘʥʝ ʤʝʞʘʤʠ 
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sss 3;2;1 °°° , ʦʩʢʽʣʴʢʠ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʦʙʩʷʛʫ ʚʠʙʽʨʢʠ ʫʩʽ ʨʦʟʧʦʜʽʣʠ 

ʧʨʷʤʫʶʪʴ ʜʦ ʨʦʟʧʦʜʽʣʫ ɻʘʫʩʘ (ʮʝʥʪʨʘʣʴʥʘ ʛʨʘʥʠʯʥʘ ʪʝʦʨʝʤʘ).  ʂʨʽʤ 

ʮʴʦʛʦ, ʮʝ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʫ ʦʜʥʦʟʥʘʯʥʽʩʪʴ ʟʘʩʪʦʩʦ-

ʚʫʚʘʥʥʷ  ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʦ-

ʟʨʦʙʣʝʥʠʭ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʧʨʠʡʥʷʪʪʷ (ʚʽʜʭʠʣʝʥʥʷ ) ʥʫʣʴʦʚʦʾ  (ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʦʾ) ʛʽʧʦʪʝʟʠ. 

5. ɸʚʪʦʨʠ [5] ʤʦʞʫʪʴ ʚʚʝʩʪʠ ʚ ʦʤʘʥʫ ʯʠʪʘʯʽʚ ʩʪʦʩʦʚʥʦ ʩʫʪʽ ʉʂɺ. ʅʘ-

ʛʘʜʘʻʤʦ, ʱʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʧʦʚôʷʟʫʶʪʴ ʚʝʣʠʯʠʥʫ ʽʟ ʚʠʧʘʜʢʦʚʠʤ ʯʠʩ-

ʣʦʚʠʤ ʟʥʘʯʝʥʥʷʤ y, ʜʝ ʬʫʥʢʮʽʷ y ʜʽʡʩʥʘ, ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʩʽʤ 

ʘʢʩʽʦʤʘʤ ʡʤʦʚʽʨʥʦʩʪʽ. ɺ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʤʘʪʝʤʘʪʠʯʥʽʡ ʩʪʘʪʠʩʪʠʮʽ,  

ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʴ y, ʷʢ ʤʽʨʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʣʫʢʪʫʘʮʽʡ, ʱʦ 
ʜʦʨʽʚʥʶʻ ʩʝʨʝʜʥʴʦʤʫ ʢʚʘʜʨʘʪʘ ʙʝʟ ʢʚʘʜʨʘʪʘ ʩʝʨʝʜʥʴʦʛʦ, ʜʣʷ ʷʢʦʾ ʩʪʨʦʛʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʨʽʚʥʽʩʪʴ D>0, ʮʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʝ ʧʦʥʷʪʪʷ. ʂʨʽʤ ʮʴʦʛʦ, 

ʧʘʨʘʤʝʪʨʠ ʧʦʣʦʞʝʥʥʷ ym  ʝʢʩʪʨʝʤʫʤʫ ʨʦʟʧʦʜʽʣʫ ʽ ʨʦʟʤʘʭʫ ʩʘʤʦʾ ʢʨʠʚʦʾ  

ys  ʚʠʟʥʘʯʘʶʪʴ ʥʝ ʬʽʟʠʯʥʫ ʚʝʣʠʯʠʥʫ , ʘ ʚʠʜ ʨʦʟʧʦʜʽʣʫ ʱʽʣʴʥʦʩʪʽ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʾʾ ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʴ . ʎʽ ʧʦʥʷʪʪʷ ʟʨʫʯʥʽ ʜʣʷ ʪʘʢʠʭ 

ʨʦʟʧʦʜʽʣʽʚ ʷʢ ʥʦʨʤʘʣʴʥʠʡ, ʝʢʩʧʦʥʝʥʮʽʡʥʠʡ, ʪʨʘʧʝʮʽʝʾʜʘʣʴʥʠʡ, ʪʦʱʦ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʤʦʤʝʥʪʽʚ, ʦʩʢʽʣʴʢʠ ʤʝʪʦʜ ʤʦʤʝʥʪʽʚ ʩʧʨʘʚʜ-

ʞʫʻʪʴʩʷ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʚʽʜʧʦʚʽʜʥʽ ʽʥʪʝʛʨʘʣʠ ʥʝ ʨʦʟʙʽʛʘʶʪʴʩʷ.  

ɹʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʻ ʧʦʥʷʪʪʷ ʧʨʦ ʮʝʥʪʨ ʨʦʟʧʦʜʽʣʫ, ʷʢʠʡ ʚʠʟʥʘ-

ʯʘʻʪʴʩʷ ʷʢ ʮʝʥʪʨ ʪʷʞʽʥʥʷ ʨʦʟʧʦʜʽʣʫ ʘʙʦ 50% ʢʚʘʥʪʠʣʴ. ʎʝʥʪʨ ʪʷʞʽʥʥʷ 

ʨʦʟʧʦʜʽʣʫ (ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ (ɺɺ)) ï ʮʝ ʤʝʭʘʥʽʯʥʥʠʡ ʘʥʘʣʦʛ ʤʘʪʝʤʘ-

ʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ, ʷʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʯʝʥʴ ï ʮʝ ʤʘʩʠ 

ʪʦʯʦʢ. ɯʟ ʤʦʜʝʣʽ ʧʨʦ ʮʝʥʪʨ ʪʷʞʽʥʥʷ ʚʠʧʣʠʚʘʻ, ʱʦ ʜʦʚʽʣʴʥʝ ʪʽʣʦ ʫ ʥʝ-

ʚʠʟʥʘʯʝʥʦʤʫ ʩʪʘʥʽ ʥʘʤʘʛʘʻʪʴʩʷ ʟʘʡʥʷʪʠ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ. ʊʦʯʥʦ ʪʘʢ 

ʜʦʚʽʣʴʥʘ ɺɺ ʟʘ ʫʤʦʚʠ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʧʨʷʤʫʻ ʜʦ ʩʚʦʛʦ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ( ʚ ʨʦʟʫʤʽʥʥʽ ʩʝʨʝʜʥʴʦʛʦ) -  ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ 

(ʄʉ). ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʠʤʘʛʘʻ ʣʠʰʝ ʽʩʥʫʚʘʥʥʷ ʤʦʤʝʥʪʫ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ 

ʪʘ ʰʠʨʠʥʠ ʨʦʟʧʦʜʽʣʫ. ɼʣʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʷʢ ʩʪʘʥʜʘʨʪʥʠʡ 

(ʥʦʨʤʘʣʴʥʠʡ) , ʮʝʥʪʨ ʪʷʞʽʥʥʷ ʩʧʽʚʧʘʜʘʻ ʽʟ ʤʦʜʦʶ. ʆʜʥʘʢ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʤʦʜʠ, ʧʦʥʷʪʪʷ ʧʨʦ ʮʝʥʪʨ ʪʷʞʽʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʨʘʚʦʤʽʨʥʝ ʜʣʷ ʫʩʽʭ 

ʨʦʟʧʦʜʽʣʽʚ. ʊʘʢ, ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʂʦʰʽ ʄʉ ʥʝ ʽʩʥʫʻ, ʪʦʜʽ ʧʦʥʷʪʪʷ ʧʨʦ ʮʝʥʪʨ 

ʪʷʞʽʥʥʷ ʢʨʠʚʦʾ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʥʴʦʛʦ ʧʨʘʚʦʤʽʨʥʝ. ɺʽʜʩʫʪʥʷ ʤʦʜʘ ʽ ʜʣʷ ʨʽʚ-

ʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʩʧʝʨʩʽʷ ʽ ʩʪʘʥʜʘʨʪʥʝ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ï ʮʝ 

ʙʘʟʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʩʽʷʥʥʷ ʟʥʘʯʝʥʴ ɺɺ. ʆʜʥʘʢ ʜʠʩʧʝʨʩʽʷ ʭʘʨʘʢʪʝ-

ʨʠʟʫʻ ʨʦʟʩʽʷʥʥʷ ʚʽʜʥʦʩʥʦ ʄʉ ɺɺ, ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ʾʾ ʢʚʘʜʨʘʪʫ. ʎʝ ʥʝ 

ʜʫʞʝ ʟʨʫʯʥʦ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʦʤʫ ʚʚʝʜʝʥʠʡ ʽʥʰʠʡ 
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ʧʘʨʘʤʝʪʨ ʨʦʟʩʽʷʥʥʷ 
Xs  . ʅʘʧʨʠʢʣʘʜ, ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘʭ (ʩʭʝʤʘʭ) ʜʠʩ-

ʧʝʨʩʽʷ, ʧʝʨʝʚʘʞʥʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ 

ʥʘ ʘʢʪʠʚʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʦʧʦʨʽ ʟʤʽʥʥʦʶ ʩʢʣʘʜʦʚʦʶ ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ 

ʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʠ ʘʙʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʦʤʽʯʥʠʡ 

ʦʧʽʨ. ʊʦʜʽ ʢʦʨʽʥʴ ʢʚʘʜʨʘʪʥʠʡ ʽʟ ʜʠʩʧʝʨʩʽʾ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʧʦʢʘʟʘʤ ʚʦʣʴʪʤʝʪʨʘ ʘʙʦ ʘʤʧʝʨʤʝʪʨʘ, ʷʢʱʦ ʰʣʷʭʦʤ ʢʦʥʜʝʥ-

ʩʘʪʦʨʘ, ʫʩʫʥʝʥʘ ʩʪʘʣʘ ʩʢʣʘʜʦʚʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. 

6. ɸʚʪʦʨʠ [5], ʨʦʟʚôʷʟʫʶʯʠ ʘʢʪʫʘʣʴʥʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʜʘʯʫ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʣʽʥʽʡʢʠ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʩʪʘʪʠʩʪʠʯʥʦʶ ʦʙʨʦʙʢʦʶ ʽ 

ʘʥʘʣʽʟʦʤ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʥʝ ʚʨʘʭʫʚʘʣʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʚ ʩʪʘʪʠʩʪʠʯʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʫʣʠ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʢʦʥʽʚ 

ʨʦʟʧʦʜʽʣʫ ʜʦ ʪʘʢ ʟʚʘʥʦʛʦ çʩʘʤʦʚʽʜʪʚʦʨʝʥʥʷè. ʊʘʢ, ʩʫʤʘ ʥʦʨʤʘʣʴʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ɺɺ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣʝʥʘ ʥʦʨʤʘʣʴʥʦ; ʟʘ ʟʘʢʦʥʦʤ ʂʦʰʽ 

ʨʦʟʧʦʜʽʣʝʥʘ ʩʫʤʘ ʨʦʟʧʦʜʽʣʝʥʠʭ ʟʘʢʦʥʦʤ ʂʦʰʽ ɺɺ, ʪʦʱʦ. ɺʣʘʩʪʠʚʽʩʪʴ ʟʘ-

ʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʜʦ ʩʘʤʦʚʽʜʪʚʦʨʝʥʥʷ, ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʚʠʜ ʱʽʣʴʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʭʠʙʢʠ ʧʦ ʟʘʜʘʥʦʤʫ ʚʠʛʣʷʜʫ ʧʦʭʠʙʢʠ ʷʢ ʬʫʥʢʮʽʾ 

ʚʠʧʘʜʢʦʚʠʭ ʘʨʛʫʤʝʥʪʽʚ ʽ ʚʽʜʦʤʠʤ ʨʦʟʧʦʜʽʣʦʤ ʮʠʭ ʘʨʛʫʤʝʥʪʽʚ [7-8]. 
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ʋɼʂ 004.43 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʇʈʆɻʈɸʄ EXCEL ʊɸ MATHCAD 

ɼʃʗ ʈʆɿɺôʗɿɸʅʅʗ ʇʈʀʂʃɸɼʅʀʍ ʄɸʊɽʄɸʊʀʏʅʀʍ ɿɸɼɸʏ 

ɺ.ɯ. ɻʫʨôʻʚ, ɯ.ɺ.ʌʽʨʩʦʚʘ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʾ ʨʦʣʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽʥʞʝʥʝʨʥʦ-ʪʝʭ-

ʥʽʯʥʽ ʨʦʟʨʦʙʢʠ ʩʪʘʶʪʴ ʦʩʥʦʚʦʶ ʫʩʧʽʭʫ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʤʧʘʥʽʡ. 

ʊʦʤʫ ʟʨʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʘ ʜʦʢʫʤʝʥʪʫʚʘʥʥʽ ʚʘʞʣʠ-

ʚʠʭ ʜʣʷ ʙʽʟʥʝʩʫ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ ʤʝʪʦʜʽʚ ʾʭ-

ʥʴʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʘ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʽʩʪʴ ʛʣʦʙʘʣʴ-

ʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʟʨʦʙʢʠ ʧʨʦʜʫʢʪʫ. ʅʝʟʣʽʯʝʥʥʽ ʨʦʟʨʘʭʫʥʢʠ ʩʫʧʨʦʚʦʜʞʫ-

ʶʪʴ ʧʨʘʢʪʠʯʥʦ ʢʦʞʥʝ ʧʨʦʝʢʪʥʝ ʨʽʰʝʥʥʷ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʝʪʘʧʽ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʜʫʢʪʫ. ʈʦʟʨʘʭʫʥʢʠ ï ʚʘʞʣʠʚʘ ʯʘʩʪʠʥʘ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʧʨʦʜʫʢʪʫ. 

ʉʴʦʛʦʜʥʽ ʽʥʞʝʥʝʨʠ ʚʠʢʦʥʫʶʪʴ ʨʦʟʨʘʭʫʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦ 

ʩʪʚʦʨʝʥʠʭ ʧʨʦʛʨʘʤ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ Microsoft Excel ʪʘ 

MathCad. 

ɿʘ ʪʨʘʜʠʮʽʻʶ ʧʨʦʮʝʩʦʨʠ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘʙʣʠʮʴ, ʪʘʢʽ ʷʢ Microsoft 

Excel, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʩʪʠʭ ʦʙʯʠʩʣʝʥʴ, ʨʦʟʚôʷʟʘʥʥʷ ʥʝʚʘʞʢʠʭ 

ʨʽʚʥʷʥʴ ʪʘ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʦʙôʻʤʘʤʠ ʜʘʥʠʭ ʫ ʪʘʙʣʠʯʥʦʤʫ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʽ. ɸʣʝ ʧʨʠ ʩʢʣʘʜʥʠʭ ʦʙʯʠʩʣʝʥʥʷʭ ʾʭʥʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ  Excel ʩʪʘʻ 

ʤʘʣʦʟʨʦʟʫʤʽʣʠʤ ʥʘʛʨʦʤʘʜʞʝʥʥʷʤ ʮʠʬʨ, ʣʽʪʝʨ ʪʘ ʜʫʞʦʢ. 

ʋ MathCad ʥʝʤʘʻ ʩʠʥʪʘʢʩʠʩʫ, ʷʢʠʡ ʚʘʞʢʦ ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ. ɼʦʩʪʘʪ-

ʥʴʦ ʧʨʦʩʪʦ ʚʚʝʩʪʠ ʨʽʚʥʷʥʥʷ, ʘ ʧʦʪʽʤ ʚʠʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ. MathCad ʚʠ-

ʢʦʨʠʩʪʦʚʫʻ ʩʪʘʥʜʘʨʪʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʘ ʬʽʢʩʫʻ ʧʨʠʧʫ-

ʱʝʥʥʷ, ʤʝʪʦʜʠ ʪʘ ʜʘʥʥʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʢʦʞʥʦʤʫ ʨʦʟʨʘʭʫ-

ʥʢʫ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʚʘʞʢʦʩʪʽ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʙʽʣʴʰʝ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʘʙʦ ʛʥʫʯʢʦʩʪʽ, ʥʽʞ ʤʦʞʫʪʴ ʜʘʪʠ ʯʠʩʣʦʚʽ ʦʙʯʠʩʣʝʥʥʷ, 

MathCad ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʪʠ ʩʠʤʚʦʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ ʘʙʦ ʙʫʜʴ-ʷʢʽ 

ʽʥʰʽ ʨʦʟʨʘʭʫʥʢʠ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. ʂʨʽʤ ʪʦʛʦ MathCad ʤʽʩʪʠʪʴ ʛʦ-

ʪʦʚʽ ʰʘʙʣʦʥʠ, ʷʢʽ ʤʦʞʥʘ ʤʦʜʠʬʽʢʫʚʘʪʠ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ  ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ, ʚʽʜ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʜʦ ʧʦʙʫʜʦʚʠ ʛʨʘ-

ʬʽʢʽʚ. 

ʋʩʧʽʭ Excel ʪʘ MathCAD ʥʘ ʨʠʥʢʫ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʙʫʤʦʚʣʝ-

ʥʠʡ ʥʠʟʢʦʶ ʾʭʥʽʭ ʧʝʨʝʚʘʛ, ʩʝʨʝʜ ʷʢʠʭ ʛʦʣʦʚʥʠʤʠ ʻ ʚʽʜʥʦʩʥʘ ʧʨʦʩʪʦʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʜʦʜʘʪʢʽʚ. Excel ʦʙ'ʻʜʥʫʻ ʚ ʩʦʙʽ ʢʨʘʱʽ 

ʨʠʩʠ ʦʬʽʩʥʦʛʦ ʜʦʜʘʪʢʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʚʩʽʣʷʢʠʭ ʜʦ-

ʢʫʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʥʘʜʘʻ ʫ ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʰʠʨʦʢʠʡ ʥʘʙʽʨ 

ʫʪʠʣʽʪ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ, ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʭ ʦʙʯʠʩʣʝʥʴ, 

ʘʣʝ ʡ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 



224 

 

ɼʦ ʩʢʣʘʜʫ Excel ʚʢʣʶʯʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʫʪʠʣʽʪ (ʥʘʜ-

ʙʫʜʦʚ), ʱʦ ʧʦʩʪʘʚʣʷʶʪʴʩʷ ʨʘʟʦʤ ʟ ʧʘʢʝʪʦʤ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ 

ʨʦʟʚôʷʟʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʜʘʯʽ. ʅʘʣʝʞʥʽʩʪʴ ʧʨʦʛʨʘʤʠ ʜʦ ʩʽʤʝʡʩʪʚʘ 

ʧʨʦʜʫʢʪʽʚ Microsoft ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʩʫʤʽʩʥʽʩʪʴ ʟ ʽʥʰʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, 

ʟʦʢʨʝʤʘ ʟ ʧʨʦʛʨʘʤʦʶ MathCAD. ʋ ʩʚʦʶ ʯʝʨʛʫ MathCAD ʥʝ ʪʽʣʴʢʠ ʜʦ-

ʟʚʦʣʷʻ ʚʝʩʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-

ʷʢʦʛʦ ʩʪʫʧʝʥʷ ʚʘʞʢʦʩʪʽ, ʘʣʝ ʡ ʚʦʣʦʜʽʻ ʰʠʨʦʢʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʛʨʘʬʽʯ-

ʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʧʨʠ 

ʨʦʟʚôʷʟʫʚʘʥʥʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ. 

ʈʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʚ Excel 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʡ ʩʧʦʩʽʙ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟʘ-

ʩʦʙʘʤʠ Excel ʮʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ.  

ɺʽʥ ʧʦʣʷʛʘʻ ʫ ʧʦʙʫʜʦʚʽ ʤʘʪʨʠʮʽ ʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʨʘʟʽʚ, ʘ ʧʦʪʽʤ ʩʪʚʦ-

ʨʝʥʥʽ ʦʙʝʨʥʝʥʦʾ ʤʘʪʨʠʮʽ. ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ: 

 
ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ Excel ʚʠʢʦʥʫʻʤʦ 

ʥʘʩʪʫʧʥʽ ʜʽʾ: 

1. ɿʘʧʦʚʥʶʻʤʦ ʤʘʪʨʠʮʶ M  ʯʠʩʣʘʤʠ,  ʷʢʽ ʻ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʨʽʚʥʷʥʥʷ. 

ʎʽ ʯʠʩʣʘ ʧʦʚʠʥʥʽ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʴ ʧʦʩʣʽʜʦʚʥʦ ʧʦ ʧʦʨʷʜʢʫ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʢʦʨʝʥʷ, ʷʢʦʤʫ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ.  

2. ʆʢʨʝʤʦ ʟʘʧʠʩʫʻʤʦ ʤʘʪʨʠʮʶ N, ʢʦʦʨʜʠʥʘʪʠ ʷʢʦʾ ʮʝ ʚʽʣʴʥʽ ʯʣʝʥʠ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ. 

3. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʩʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʻʤʦ ʦʙʝʨ-

ʥʝʥʫ ʤʘʪʨʠʮʶ. ʋ Excel ʜʣʷ ʮʴʦʛʦ ʽʩʥʫʻ ʩʧʝʮʽʘʣʴʥʠʡ ʦʧʝʨʘʪʦʨ çʄʆɹʈè. 

ʁʦʛʦ ʩʠʥʪʘʢʩʠʩ = ʄʆɹʈ (ʤʘʩʩʠʚ). ɸʨʛʫʤʝʥʪ çʤʘʩʩʠʚè - ʮʝ ʘʜʨʝʩʘ ʚʠʭʽ-

ʜʥʦʾ ʪʘʙʣʠʮʽ. ʆʪʞʝ, ʚʠʜʽʣʷʻʤʦ ʥʘ ʘʨʢʫʰʽ ʦʙʣʘʩʪʴ ʧʦʨʦʞʥʽʭ ʢʦʤʽʨʦʢ, ʷʢʘ 

ʟʘ ʨʦʟʤʽʨʦʤ ʜʦʨʽʚʥʶʻ ʜʽʘʧʘʟʦʥʫ ʚʠʭʽʜʥʦʾ ʤʘʪʨʠʮʽ. ʂʣʘʮʘʻʤʦ ʥʘ çɺʩʪʘ-

ʚʠʪɹ ʬʫʥʢʮʠʁ è, ʨʦʟʪʘʰʦʚʘʥʫ ʙʽʣʷ ʨʷʜʢʘ ʬʦʨʤʫʣ. 

4. ɺʠʢʦʥʫʻʪʴʩʷ ʟʘʧʫʩʢ ʄʘʩʪʝʨʘ ʬʫʥʢʮʠʡ. ʇʝʨʝʭʦʜʠʤʦ ʜʦ ʢʘʪʝʛʦʨʽʾ 

çʄʘʪʝʤʘʪʠʯʝʩʢʠʝè. ʋ ʩʧʠʩʢʫ ʰʫʢʘʻʤʦ çʄʆɹʈè, ʚʠʜʽʣʷʻʤʦ ʾʾ ʪʘ ʢʣʘʮʘ-

ʻʤʦ ʥʘ çOKè. 

5. ɿʘʧʫʩʢʘʻʪʴʩʷ ʚʽʢʥʦ ʘʨʛʫʤʝʥʪʽʚ ʬʫʥʢʮʽʾ çʄʆɹʈè. ɺʦʥʦ ʧʦ ʯʠʩʣʫ 

ʘʨʛʫʤʝʥʪʽʚ ʤʘʻ ʚʩʴʦʛʦ ʦʜʥʝ ʧʦʣʝ - çʄʘʩʩʠʚè. ʊʫʪ ʧʦʪʨʽʙʥʦ ʚʢʘʟʘʪʠ ʘʜ-

ʨʝʩʫ ʪʘʙʣʠʮʽ. ɼʣʷ ʮʠʭ ʮʽʣʝʡ ʚʩʪʘʥʦʚʣʶʻʤʦ ʢʫʨʩʦʨ ʚ ʮʝ ʧʦʣʝ. ʇʦʪʽʤ ʟʘ-

ʪʠʩʢʘʻʤʦ ʣʽʚʫ ʢʥʦʧʢʫ ʤʠʰʽ ʽ ʚʠʜʽʣʷʻʤʦ ʦʙʣʘʩʪʴ ʥʘ ʘʨʢʫʰʽ, ʚ ʷʢʽʡ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʤʘʪʨʠʮʷ. ɼʘʥʽ ʧʨʦ ʢʦʦʨʜʠʥʘʪʠ ʨʦʟʤʽʱʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʥʦ-

ʩʷʪʴʩʷ ʜʦ ʧʦʣʷ ʚʽʢʥʘ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʟʘʜʘʯʘ ʚʠʢʦʥʘʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʤʙʽ-

ʥʘʮʽʶ  ʢʣʘʚʽʰ Ctrl + Shift + Enter (ʨʠʩ 1.) 
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6. ʆʪʨʠʤʘʣʠ ʦʙʝʨʥʝʥʫ ʤʘʪʨʠʮʶ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʧʦʤʥʦʞʠʪʠ ʥʘ ʤʘʪ-

ʨʠʮʶ N. ɼʣʷ ʤʥʦʞʝʥʥʷ ʪʘʙʣʠʮʴ ʫ Excel ʻ ʬʫʥʢʮʽʷ ʄʋʄʅʆɾ. ɺʦʥʘ ʤʘʻ 

ʩʠʥʪʘʢʩʠʩ =ʄʋʄʅʆɾ(ʄʘʩʩʠʚ1;ʄʘʩʩʠʚ2). ɺʠʜʽʣʷʻʤʦ ʜʽʘʧʘʟʦʥ ʪʘ ʟʥʦʚ 

ʟʘʧʫʩʢʘʻʤʦ ʄʘʩʪʝʨ ʬʫʥʢʮʠʡ, ʥʘʪʠʩʥʫʚʰʠ çɺʩʪʘʚʠʪʴ ʬʫʥʢʮʠʶè 

7. ʋ ʢʘʪʝʛʦʨʽʾ çʄʘʪʝʤʘʪʠʯʝʩʢʠʝè, ʄʘʩʪʝʨʘ ʬʫʥʢʮʠʡ ɦ ʦ ʟʘʧʫʩʪʠʚʩʷ, 

ʚʠʜʽʣʷʻʤʦ çʄʋʄʅʆɾè ʪʘ ʥʘʪʠʩʢʘʻʤʦ çOKè. ɸʢʪʠʚʫʻʪʴʩʷ ʚʽʢʥʦ ʘʨʛʫ-

ʤʝʥʪʽʚ çʄʋʄʅʆɾè. ɼʦ ʧʦʣʷ çʄʘʩʩʠʚ1è ʟʘʥʦʩʠʤʦ ʢʦʦʨʜʠʥʘʪʠ ʦʙʝʨʥʝ-

ʥʦʾ ʤʘʪʨʠʮʽ, ʘ ʜʦ ʧʦʣʷ çʄʘʩʩʠʚ2è - N. ʅʘʨʝʰʪʽ ʥʘʙʠʨʘʻʤʦ ʢʦʤʙʽʥʘʮʽʶ 

Ctrl+Shift+Enter (ʨʠʩ 2). 

 

  
ʈʠʩʫʥʦʢ 1 ʈʠʩʫʥʦʢ 2 

1. ʇʽʩʣʷ ʜʘʥʦʾ ʜʽʾ ʚ ʧʦʧʝʨʝʜʥʴʦ ʚʠʜʽʣʝʥʽʡ ʢʦʤʽʨʮʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ 

ʢʦʨʝʥʽ ʨʽʚʥʷʥʥʷ ʭ, y, z. ɺʦʥʠ ʙʫʜʫʪʴ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʩʣʽʜʦʚʥʦ (ʨʠʩ 3).  

ʆʪʞʝ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʨʦʟʚôʷʟʘʥʘ.  

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʘʪʥʴʦ ʧʽʜʩʪʘʚʠʪʠ ʜʦ ʚʠʭʽʜʥʦʾ ʩʠʩʪʝʤʠ ʟʥʘʯʝʥʥʷ ʟʤʽʥ-

ʥʠʭ. 

ʈʠʩʫʥʦʢ 3 

ʈʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʚ Mathcad 

ʄʘʻʤʦ ʪʘʢʫ ʞ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ:  

 
ɿʘʜʘʤʦ ʤʘʪʨʠʮʶ ʢʦʝʬʽʮʽʻʥʪʽʚ M ʪʘ ʚʝʢʪʦʨ ʧʨʘʚʠʭ ʯʘʩʪʠʥ N: 

 
ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʦʙʯʠʩʣʶʚʘ-

ʣʴʥʫ ʬʫʥʢʮʽʶ lsolve(M,N) 
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ʄʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ ʩʠʩʪʝʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʨʦʟʚôʷʟʫʶ-

ʯʦʛʦ ʙʣʦʢʫ Given/Find, ʜʣʷ ʮʴʦʛʦ: 

¶ ʟʘʜʘʻʤʦ ʧʦʯʘʪʢʦʚʽ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʥʝʚʽʜʦʤʠʭ (ʜʦʚʽʣʴʥʽ ʯʠʩʣʘ); 

¶ ʚʚʦʜʠʤʦ ʢʣʶʯʦʚʝ ʩʣʦʚʦ Given; 

¶ ʧʝʨʝʧʠʩʫʻʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʫ ʚʠʛʣʷʜʽ ʣʦʛʽʯʥʠʭ 
ʨʽʚʥʦʩʪʝʡ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʢ  , ʷʢʠʡ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʥʘ ʧʘʥʝʣʽ çɹʫʣʝʚʘ ʘʣʛʝʙʨʘè: 

¶ ʚʠʚʦʜʠʤʦ ʨʝʟʫʣʴʪʘʪ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʶ Find( ), ʧʨʠʯʦʤʫ ʯʠ-

ʩʣʦ ʘʨʛʫʤʝʥʪʽʚ ʬʫʥʢʮʽʾ Find( ) ʧʦʚʠʥʥʦ ʙʫʪʠ ʨʽʚʥʠʤ ʢʽʣʴʢʦʩʪʽ ʟʤʽʥʥʠʭ. 

 
ɺʟʘʛʘʣʽ, ʧʨʦʛʨʘʤʠ Excel ʪʘ MathCAD ʜʦʩʪʘʪʥʴʦ ʫʥʽʚʝʨʩʘʣʴʥʽ, ʻ ʦʙʣʘ-

ʩʪʽ, ʫ ʷʢʠʭ ʾʭʥʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʧʨʽʦʨʠʪʝʪʥʠʤ. ʉʶʜʠ ʥʝʦʙʭʽʜʥʦ 

ʚʽʜʥʝʩʪʠ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʜʘʯʽ ʟ ʚʠʢʦʥʘʥʥʷ ʚʩʽʣʷʢʦʾ ʦʧʪʠʤʽʟʘʮʽʾ (ʨʦʟʨʘ-

ʭʫʥʦʢ ʦʧʪʠʤʘʣʴʥʠʭ ʩʮʝʥʘʨʽʾʚ, ʚʠʙʽʨ ʤʘʨʰʨʫʪʽʚ, ʨʦʟʧʦʜʽʣ ʬʽʥʘʥʩʦʚʠʭ 

ʢʦʰʪʽʚ ʽ ʪ.ʜ.). ʂʦʞʥʘ ʪʘʢʘ ʟʘʜʘʯʘ, ʢʨʽʤ ʧʨʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʤʘʻ ʱʝ ʡ 

ʤʘʪʝʤʘʪʠʯʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʥʝ ʪʽʣʴʢʠ ʦʪʨʠʤʘʪʠ ʢʦʨʝʢʪ-

ʥʠʡ ʽʟ ʬʦʨʤʘʣʴʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʨʝʟʫʣʴʪʘʪ, ʘʣʝ ʱʝ ʤʘʪʠ ʭʦʯʘ ʙ ʟʘʛʘʣʴʥʝ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʘʪʝʤʘʪʠʯʥʫ ʩʫʪʴ ʧʨʦʙʣʝʤʠ.  

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʥʘʚʯʘʥʥʽ ʤʘʪʝ-

ʤʘʪʠʯʥʠʭ ʜʠʩʮʠʧʣʽʥ ʚ ʟʘʢʣʘʜʘʭ ʚʠʱʦʾ ʦʩʚʽʪʠ/MathCad /ɻʫʨôʻʚ ɺ.ɯ., ʌʽʨ-

ʩʦʚʘ ɯ.ɺ.// ʈʦʟʜʽʣ ʢʘʬʝʜʨʘʣʴʥʦʾ ʤʦʥʦʛʨʘʬʽʾ / ʟʘ ʟʘʛ.ʨʝʜ. ʊʢʘʯ ʖ.ʄ.; ʊʢʘʯ 

ʖ.ʄ., ʊʨʫʥʦʚʘ ʆ.ɺ., ʄʝʭʝʜ ɼ.ɹ., ɹʘʟʠʣʝʚʠʯ ɺ.ʄ., ʄʫʨʘʰʢʦʚʩʴʢʘ ɺ.ʇ., 

ʇʝʪʨʝʥʢʦ ʊ.ɸ., ɻʫʨôʻʚ ɺ.ɯ., ʌʽʨʩʦʚʘ ɯ.ɺ. . ʅʽʞʠʥ: ʌʆʇ ʃʫʢôʷʥʝʥʢʦ ɺ.ɺ. 

ʊʇʂ çʆʨʭʽʜʝʷè, 2016. ï 358ʩ. ï ʉ. 143-191. 

2. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Mathcad /ɻʫʨôʻʚ ɺ.ɯ., ʌʽ-

ʨʩʦʚʘ ɯ.ɺ. // ʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ. ʄʆɼʉ 

20169: ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ 11 ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 
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(ɾʫʢʽʥ, 27 ʯʝʨʚʥʷ ï 1ʣʠʧʥʷ 2016 ʨ.) / ʄ-ʚʦ ʦʩʚ. ʽ ʥʘʫʢ. ʋʢʨʘʾʥʠ,  ɯʥʞʝ-

ʥʝʨʥʘ ʘʢʘʜʝʤʽʷ ʋʢʨʘʾʥʠ ʪʘ ʽʥ. ï ʏʝʨʥʽʛʽʚ: ʏʅʊʋ, 2016. ï 476 ʩ. ï ʉ. 385-

389. 

 

ʋɼʂ 004.043 

ɼʆʉʃɯɼɾɽʅʅʗ ɿɸʃɽɾʅʆʉʊɯ ʇʆɺɽɼɯʅʂʀ ɸʃɻʆʈʀʊʄʋ 

ʂʃɸʉʊɽʈʀɿɸʎɯɰ FOREL ɺɯɼ ʂɯʃʔʂʆʉʊɯ ɺʍɯɼʅʀʍ ʊʆʏʆʂ ʋ 

ʇʈʀʂʃɸɼʅʀʍ ɿɸɼɸʏɸʍ 

ɿʽʥʯʝʥʢʦ ʃ.ɺ., ʂʦʩʪʠʯʝʚʘ ʂ.ʖ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯ-

ʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɺʩʪʫʧ 

ɼʦʩʠʪʴ ʯʘʩʪʦ ʫ ʣʶʜʝʡ, ʱʦ ʥʘʚʯʘʶʪʴʩʷ, ʚʠʥʠʢʘʶʪʴ ʪʨʫʜʥʦʱʽ ʟ ʜʦʤʘ-

ʰʥʽʤ ʟʘʚʜʘʥʥʷʤ, ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʨʦʙʦʪʘʤʠ ʪʦʱʦ. ʅʝ ʟʘʚʞʜʠ ʚʜʘʻʪʴʩʷ 

ʨʦʟʽʙʨʘʪʠʩʷ ʥʝʟʨʦʟʫʤʽʣʠʤ ʤʘʪʝʨʽʘʣʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʉʘʤʝ ʪʦʜʽ ʥʝʦʙʭʽʜʥʘ 

ʜʦʧʦʤʦʛʘ ʪʽʻʾ ʣʶʜʠʥʠ, ʱʦ ʨʦʟʫʤʽʻʪʴʩʷ ʫ ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ ʧʠʪʘʥʥʽ. ɼʣʷ 

ʮʴʦʛʦ ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ  ʨʝʧʝʪʠʪʦʨʽʚ ʘʙʦ ʤʝʥʪʦʨʽʚ. ʄʝʥʪʦʨ ï ʮʝ ʣʶʜʠʥʘ, 

ʱʦ ʩʘʤʦʩʪʽʡʥʦ ʚʠʟʥʘʯʘʻ ʚʝʢʪʦʨ ʥʘʚʯʘʥʥʷ ʪʘ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ. ɿʘʜʘʯʘ 

ʤʝʥʪʦʨʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦʙ ʜʦʧʦʤʘʛʘʪʠ ʪʦʜʽ, ʢʦʣʠ ʜʦʧʦʤʦʛʘ ʥʝʦʙʭʽʜʥʘ. 
ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ï ʷʢ ʟʥʘʡʪʠ ʪʘʢʫ ʣʶʜʠʥʫ? ʗʢʱʦ ʨʘʥʽʰʝ ʧʦʰʫʢ ʟʜʽʡʩ-

ʥʶʚʘʚʩʷ ʧʦ ʛʘʟʝʪʘʭ ʯʠ ʦʛʦʣʦʰʝʥʥʷ ʥʘ ʟʫʧʠʥʢʘʭ, ʟʘʨʘʟ ʚʽʥ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚ ɯʥʪʝʨʥʝʪ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʚ ʋʢʨʘʾʥʽ ʽʩʥʫʻ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʘʡʪʽʚ, 

ʱʦ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʝ ʫʯʥʷʤ ʟʥʘʡʪʠ ʤʝʥʪʦʨʘ ʘʙʦ ʟʘʣʠʰʠʪʠ ʟʘʷ-

ʚʢʫ ʧʨʦ ʜʦʧʦʤʦʛʫ. ʊʦʙʪʦ ʮʝ ʥʝ ʧʨʦʩʪʦ ʧʦʰʫʢ ʨʝʧʝʪʠʪʦʨʘ ʧʦ ʧʨʝʜʤʝʪʥʽʡ 

ʦʙʣʘʩʪʽ, ʮʝ ʧʦʰʫʢ ʧʦ ʟʘʜʘʯʽ ʯʠ ʧʨʦʙʣʝʤʽ, ʷʢʫ ʫʯʝʥʴ ʥʝ ʤʦʞʝ ʚʠʨʽʰʠʪʠ 

ʯʠ ʟʨʦʟʫʤʽʪʠ, ʮʝ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʡʪʠ ʤʝʥʪʦʨʘ, ʷʢʠʡ ʢʦʤʧʝʪʝʥʪʥʠʡ ʩʘʤʝ ʫ 

ʢʦʥʢʨʝʪʥʦʤʫ ʧʠʪʘʥʥʽ. ʆʜʥʦʜʫʤʮʽ ï ʛʨʫʧʘ ʣʶʜʝʡ ʟʽ ʩʭʦʞʠʤʠ ʧʦʛʣʷʜʘʤʠ 

ʥʘ ʞʠʪʪʷ, ʧʝʨʝʢʦʥʘʥʥʷʤʠ, ʩʭʦʞʠʤʠ ʩʧʦʩʦʙʘʤʠ ʤʠʩʣʝʥʥʷʤ, ʩʪʠʣʝʤ 

ʞʠʪʪʷ (ʷʢʦʶʩʴ ʤʽʨʦʶ ʩʭʦʞʽ/ʦʜʥʘʢʦʚʽ) ʘʙʦ ʣʶʜʠ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʦʜʥʽʻʶ 

ʩʧʨʘʚʦʶ[1]. 

ɸʚʪʦʨʘʤʠ ʩʪʚʦʨʝʥʝ WEB-ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʢʦʤʫʥʽʢʘʮʽʾ 

ʤʝʥʪʦʨʽʚ ʪʘ ʫʯʥʽʚ, ʱʦ ʤʘʻ ʚʠʨʽʰʠʪʠ ʦʟʥʘʯʝʥʫ ʧʨʦʙʣʝʤʫ. ɺʦʥʦ ʥʘʜʘʻ ʨʽ-

ʟʥʦʤʘʥʽʪʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʱʦ ʜʦʧʦʤʘʛʘʶʪʴ ʫ ʧʦʚʥʽʡ ʤʽʨʽ 

ʢʦʤʫʥʽʢʫʚʘʪʠ ʦʜʠʥ ʟ ʦʜʠʥ. ʂʦʨʠʩʪʫʚʘʮʴʢʽ ʨʦʣʽ ʨʦʟʜʽʣʝʥʽ ʥʘ ʪʘʢʽ, ʷʢ ʫʯʥʽ 

ʪʘ ʤʝʥʪʦʨʠ. ɿʦʢʨʝʤʘ, ʫʯʥʽ ʤʘʶʪʴ ʪʘʢʫ ʤʦʞʣʠʚʽʩʪʴ, ʷʢ ʧʦʰʫʢ ʦʜʥʦʜʫʤ-

ʮʽʚ. ɼʘʥʘ ʬʫʥʢʮʽʷ ʪʘʢʦʞ ʤʦʞʝ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʛʨʫʧʘ ʣʶʜʝʡ, ʱʦ ʟʘʡʤʘʻʪʴʩʷ ʦʜʥʽʻʶ ʩʧʨʘʚʦʶ ʜʦʩʷʛʘʻ ʩʚʦʾʭ ʩʧʽʣʴʥʠʭ ʮʽ-

ʣʝʡ ʰʚʠʜʰʝ, ʥʽʞ ʥʘʦʜʠʥʮʽ. 

ɼʣʷ ʧʦʰʫʢʫ ʦʜʥʦʜʫʤʮʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠ-

ʟʘʮʽʾ. ʆʜʠʥ ʟ ʥʠʭ ʘʣʛʦʨʠʪʤ FOREL. ʆʩʥʦʚʥʘ ʽʜʝʷ ʤʝʪʦʜʘ FOREL ʧʦʣʷʛʘʻ 

https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B2%D1%87%D0%B0%D0%BD%D0%BD%D1%8F
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ʫ ʧʦʰʫʢʫ ʦʙôʻʢʪʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʬʝʨʽ ʟ ʧʝʚʥʠʤ ʨʘʜʽʫʩʦʤ, ʷʢʠʡ ʟʘ-

ʜʘʻʪʴʩʷ ʥʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ [2]. ʇʨʦʪʝ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ, ʷʢ ʧʽ-

ʜʙʠʨʘʪʠ ʨʘʜʽʫʩ ʪʘ ʷʢ ʟʤʽʥʶʚʘʪʠ ʨʘʜʽʫʩ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠ-

ʩʪʝʤʠ.  

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʰʫʢʫ ʦʜʥʦʜʫʤʮʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ 

ʚʽʜ ʢʦʞʥʦʛʦ ʫʯʥʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʭʦʜʞʝʥʥʷ ʥʠʤ ʘʥʢʝʪʫʚʘʥʥʷ. ɸʥʢʝʪʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʠʪʘʥʴ, ʱʦ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʧʝʚʥʦʶ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʦʶ. ʂʦʞʥʦʤʫ ʧʠʪʘʥʥʶ ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʯʠʩʣʦʚʝ ʟʥʘ-

ʯʝʥʥʷ ʧʝʚʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʩʪʘʚʣʝʥʠʭ ʧʠʪʘʥʴ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʢʨʠʪʝʨʽʾ ʧʦʰʫʢʫ ʦʜʥʦʜʫʤʮʽʚ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʢʝʪʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ, 

ʥʘʧʨʠʢʣʘʜ, 10G=  ʦʜʥʦʜʫʤʮʽʚ, ʪʦʙʪʦ ʧʦʜʽʣʠʪʠ ʚʩʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ 

ʛʨʫʧʠ ï ʢʣʘʩʪʝʨʠ [3]. 

ʆʪʞʝ, ʤʘʻʤʦ ʤʥʦʞʠʥʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʚʽʜʦʤʠʤ ʥʘʙʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ ʪʘ ʚʽʜʦʤʦʶ ʰʢʘʣʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʞʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʝʪʘ - 

ʜʣʷ ʢʦʞʥʦʛʦ ʫʯʥʷ ʟʥʘʡʪʠ ʥʘʙʽʨ (ʛʨʫʧʫ) ʟ ʽʥʰʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʥʘʡʙʽʣʴʰ 

ʩʭʦʞʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʦʙʪʦ ʦʜʥʦʜʫʤʮʽʚ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɿʘʜʘʯʘ ʧʦʰʫʢʫ ʦʜʥʦʜʫʤʮʽʚ ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʘ 

ʜʦ ʟʘʜʘʯʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ [4]. ʉʬʦʨʤʫʻʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʘʥʦʾ ʟʘ-

ʜʘʯʽ. ɼʣʷ ʮʴʦʛʦ ʚʚʝʜʝʤʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ï 

N; ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʘʥʴ ʫ ʘʥʢʝʪʽ ï m; ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘ-

ʯʽʚ ʫ ʢʦʞʥʦʤʫ ʢʣʘʩʪʝʨʽ ï G ; ʢʦʞʥʦʤʫ ʟʘʧʠʪʘʥʥʶ ʚ ʘʥʢʝʪʽ ʧʦʩʪʘʚʣʝʥʦ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ 
jʭ; ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʧʦʚʽʜʽ ʮʷ ʦʮʽʥʢʘ ʤʦʞʝ 

ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜ 
jʘ ʜʦ 

jb .  ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʢʦʞʝʥ ʢʦʨʠʩʪʫ-

ʚʘʯ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʪʦʯʢʫ ʫ m-ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ (m-ʚʠʤʽʨʥʠʡ ʚʝ-

ʢʪʦʨ). ʆʪʞʝ, ʤʘʻʤʦ N  ʪʦʯʦʢ 1ʭ... Nʭ, ʜʝ mk RʭÍ , Nk ,...,1= . ʂʦʦʨʜʠ-

ʥʘʪʠ ʪʦʯʦʢ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʦʙʤʝʞʝʥʥʷʤ:  

j

k

jj bʭa ¢¢ , Nk ,1= , mj ,1= ; 1,, ²" jj

k

j baʭ . 

ɼʣʷ ʟʘʜʘʥʦʛʦ ʝʣʝʤʝʥʪʘ 0ʭ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʥʘʡʙʽʣʴʰ ʧʦʜʽʙʥʽ, ʱʦ ʟʘ-

ʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʽ: 
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( )

( )

km
j j

j j j

x x
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å õ-
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ä

 

ʜʝ k  - ʟʘʜʘʥʠʡ ʧʘʨʘʤʝʪʨ, ʱʦ ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ  çʩʭʦʞʦʩʪʽè . 

ʇʨʠʙʣʠʟʥʘ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (ʧʨʠ 

10G= ):  

10

N
d= ,  
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ʜʝ N  - ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʽ 10N² . 

ʈʝʟʫʣʴʪʘʪʠ. ʂʽʣʴʢʽʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʽʜʧʦʚʽʜʝʡ ʫ ʢʦʞʥʦʤʫ ʧʠ-

ʪʘʥʥʽ ʦʙʤʝʞʝʥʘ ʟʚʝʨʭʫ ʟʥʘʯʝʥʥʷʤ 7 (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʦʩʦ-

ʙʣʠʚʦʩʪʝʡ ʣʶʜʠʥʠ), ʘ ʟʥʠʟʫ - ʟʥʘʯʝʥʥʷʤ 2 (ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʽ-

ʣʴʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚ). ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ï ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʟʥʘʯʝʥʥʷ 4, ʪʦʙʪʦ 1 4k

jʭ¢ ¢, Nk ,1= , mj ,1= . 

ʉʧʦʯʘʪʢʫ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʫ, ʧʨʠ ʷʢʦʤʫ ʰʚʠʜʢʽʩʪʴ ʚʠ-

ʢʦʥʘʥʥʷ  ̒ʧʨʠʡʥʷʪʥʦʶ. ɼʣʷ ʮʴʦʛʦ ʟʤʽʥʶʚʘʣʘʩʴ ʢʽʣʴʢʽʩʪʴ N  ʢʦʨʠʩʪʫʚʘ-

ʯʽʚ, ʚʠʟʥʘʯʘʚʩʷ ʨʘʜʽʫʩ ʽ ʚʽʜʧʦʚʽʜʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ (ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʙʫʚ 

ç̔ ʜʝʥʪʠʬʽʢʘʪʦʨʦʤè ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʨʘʜʽʫʩ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫ-

ʚʘʯʽʚ ʥʘ ʩʘʡʪʽ). ʅʘ ʨʠʩʫʥʢʫ 1 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʨʘʜʽʫʩʘ ʚʽʜ ʢʽ-

ʣʴʢʦʩʪʽ ʪʦʯʦʢ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʨʘʜʽʫʩ ʟʤʝʥʰʫʻʪʴʩʷ. ɼʘʥʝ 

ʪʚʝʨʜʞʝʥʥʷ ʻ ʚʽʨʥʠʤ, ʦʩʢʽʣʴʢʠ ʯʠʤ ʙʽʣʴʰʝ ʪʦʯʦʢ ʪʠʤ ʱʽʣʴʥʽʰʝ ʚʦʥʠ ʨʦ-

ʟʪʘʰʦʚʫʶʪʴʩʷ, ʘʣʝ ʫ ʢʦʞʝʥ ʢʣʘʩʪʝʨ ʤʘʻ ʧʦʪʨʘʧʣʷʪʠ ʙʣʠʟʴʢʦ 10G=  ʪʦ-

ʯʦʢ ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʫʚʘʪʠ ʨʘʜʽʫʩ ʢʦʞʥʦʛʦ ʢʣʘʩʪʝʨʘ. 

 
ʈʠʩʫʥʦʢ 1 - ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʨʘʜʽʫʩʘ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ (ʢʦʨʠʩʪʫʚʘ-

ʯʽʚ) 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʮʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʴ ʩʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʧʦ ʯʦʪʠʨʴʦʭ ʧʨʦʛʦʥʘʤ 

ʘʣʛʦʨʠʪʤʫ, ʥʘ ʚʭʽʜ ʷʢʦʛʦ ʧʦʜʘʶʪʴʩʷ ʦʜʥʘʢʦʚʽ ʪʦʯʢʠ. 

ɿ ʨʠʩʫʥʢʫ 2 ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘ-

ʯʽʚ ʘʣʛʦʨʠʪʤ ʜʫʞʝ ʜʦʚʛʦ ʦʧʨʘʮʴʦʚʫʻ ʚʭʽʜʥʽ ʜʘʥʽ. 
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ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʚʽʜ ʨʘʜʽʫʩʘ ʧʨʠ ʨʽʟʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ 

 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʟʽ ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʦʢ, ʧʨʠ ʫʤʦʚʽ, ʱʦ ʤʠ ʜʦʩʷʛʘʻʤʦ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ï 10 ʪʦʯʦʢ ʫ ʢʣʘʩʪʝʨʽ, ʘʣʛʦʨʠʪʤ FOREL ʧʦʪʨʝʙʫʻ ʧʦ-

ʩʪʽʡʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʫʩʫ. ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʨʘʜʽʫʩʫ ʚʽʜ ʢʽ-

ʣʴʢʦʩʪʽ ʚʭʽʜʥʠʭ ʪʦʯʦʢ. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʝ-

ʣʠʢʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʟʘ ʫʤʦʚʠ, ʱʦ ʡ ʨʘʜʽʫʩ ʙʫʜʝ ʪʘʢʦʞ ʟʤʽʥʶʚʘ-

ʪʠʩʴ. ɿʥʘʯʝʥʥʷ ʨʘʜʽʫʩʫ ʙʫʜʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, 

ʧʨʦʚʝʜʝʥʠʭ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʨʦʟʛʣʷʥʫʪʠʭ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʘʙʦ ʩʧʝʮʽʘʣʴʥʦ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɸʣʛʦʨʠʪʤ FOREL ʤʦʞʥʘ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʦʛʦ WEB-ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʢʦʤʫ-

ʥʽʢʘʮʽʾ ʤʝʥʪʦʨʽʚ ʪʘ ʫʯʥʽʚ, ʘʣʝ ʟʘ ʫʤʦʚʠ ʜʠʥʘʤʽʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʫʩʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʘʣʴʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ.  
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ʋɼʂ 004.94: 004.428 

ʊɽʉʊʋɺɸʅʅʗ ʇɸʈɸʃɽʃʔʅʀʍ ʇʈʆɻʈɸʄ ʅɸ ʄʆɼɽʃʗʍ 

ʆ.ʖ. ɼʠʬʫʯʠʥʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭ-

ʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʨʦʟʨʦʙʢʘ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʛʨʘʤ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʘʞʣʠʚʦʶ ʩʬʝʨʦʶ ʜʽʷʣʴʥʦʩʪʽ ʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ. ʇʘʨʘʣʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʡʞʝ ʚ ʫʩʽʭ ʚʝʣʠʢʠʭ ʧʨʦʝʢʪʘʭ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭ-

ʥʦʣʦʛʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʘʣʛʦʨʠʪʤʽʚ. ʅʘʚʽʪʴ ʧʨʠ ʨʦʟʨʦʙʮʽ ʝʣʝ-

ʤʝʥʪʘʨʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘ-

ʣʝʣʽʟʤʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʨʘʬʽʢʠ ʪʘ ʘʥʽʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʂʦʞʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʧʽʜʜʘʻʪʴʩʷ ʪʝʩʪʫʚʘʥʥʶ ʥʘ ʙʘʛʘʪʴʦʭ 

ʩʪʘʜʽʷʭ ʨʝʘʣʽʟʘʮʽʾ (ʚʽʜ ʧʨʦʪʦʪʠʧʫ ʜʦ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ) ʜʣʷ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʆʜʥʘʢ ʙʘʛʘʪʦʧʦʪʦʯʥʽ ʧʨʦʛʨʘʤʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʚʦʻʶ ʩʪʦʭʘʩʪʠʯʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʪʘ ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʘ ʷʢʠʭ ʚʦʥʠ ʚʠʢʦʥʫʶʪʴʩʷ, ʘ ʦʪʞʝ ʧʦʪʨʝʙʫ-

ʶʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ.  ʅʘ ʞʘʣʴ, ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʪʝʩʪʫ-

ʚʘʥʥʷ ʥʝ ʟʜʘʪʥʽ ʚʨʘʭʫʚʘʪʠ ʚʩʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʚʠʧʨʦʙʫʚʘʪʠ ʙʘʛʘʪʦʧʦʪʦʯʥʫ ʧʨʦʛʨʘʤʫ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ, 

ʧʝʨʝʜʙʘʯʠʚʰʠ ʫʩʽ ʤʦʞʣʠʚʽ ʩʮʝʥʘʨʽʾ ʾʾ ʚʠʢʦʥʘʥʥʷ. ʊʦʞ, ʚʽʜʩʫʪʥʽʩʪʴ ʝʬʝʢ-

ʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜʣʘʛʦʜʞʝʥʥʷ ʙʘʛʘʪʦʧʦʪʦʯʥʠʭ ʧʨʦʛʨʘʤ ʨʦʙʠʪʴ ʘʢʪʫʘʣʴ-

ʥʠʤ ʜʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʫ ʩʚʽʪʽ ʥʝ ʽʩʥʫʻ ʩʘʤʦʩʪʽʡʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ 

ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʙʘʛʘʪʦʧʦʪʦʯʥʠʭ ʧʨʦʛʨʘʤ. ɭ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʪʝʤʫ 

ʧʨʦʙʣʝʤ ʙʘʛʘʪʦʧʦʪʦʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʦʜʥʘʢ ʟʘʩʦʙʽʚ ʚʠʷʚʣʝʥʥʷ ʘʙʦ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʾʭ ʥʝʤʘʻ [1]. ɼʦʪʝʧʝʨ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦ-

ʛʨʘʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʽ ʞ ʩʘʤʽ ʧʽʜʭʦʜʠ, ʱʦ ʽ ʚ ʧʨʦʮʝʜʫʨʥʦʤʫ ʧʨʦʛʨʘ-

ʤʫʚʘʥʥʽ: ʚʙʫʜʦʚʘʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʪʠʧʫ ʟʥʝʚʘʜʞʫʚʘʯʘ(debugger), ʱʦ ʜʦʟ-

ʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ, ʪʘ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʜʫ, 

ʱʦ ʚʽʜʩʣʽʜʢʦʚʫʻ ʩʠʥʪʘʢʩʠʯʥʽ ʧʦʤʠʣʢʠ. ʇʨʦʪʝ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʧʦ-

ʰʫʢ ʧʦʤʠʣʢʠ ʚ ʣʦʛʽʮʽ ʚʠʢʦʥʘʥʥʷ ʧʘʨʘʣʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʯʝʨʝʟ ʥʝ ʜʝ-

ʪʝʨʤʽʥʦʚʘʥʠʡ ʧʦʨʷʜʦʢ ʽʥʩʪʨʫʢʮʽʡ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʧʦʪʦʢʘʤʠ, ʪʘ 

ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ [2]. ʅʘʧʨʠʢʣʘʜ, ʫ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Java ʻ ʚʙʫʜʦʚʘ-

ʥʠʡ ʚʽʜʣʘʜʯʠʢ ʘʢʪʠʚʥʦʩʪʽ ʧʦʪʦʢʽʚ, ʦʜʥʘʢ ʚʽʥ ʥʝ ʜʦʟʚʦʣʠʪʴ ʚʽʜʣʦʚʠʪʠ 

ʥʘʚʽʪʴ ʪʘʢʫ ʧʦʰʠʨʝʥʫ ʧʨʦʙʣʝʤʫ, ʷʢ ʜʝʜʣʦʢ. ɼʦ ʪʦʛʦ ʞ, ʚʽʜʣʘʛʦʜʞʝʥʥʷ 

ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʛʨʘʤ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʢʦʣʠ ʟʘʜʽʷʥʠʭ ʧʦʪʦʢʽʚ ʙʘ-

ʛʘʪʦ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʯʠ ʥʝ ʻʜʠʥʠʤ ʤʦʞʣʠʚʠʤ ʨʽʰʝʥ-

ʥʷʤ, ʘʜʞʝ ʪʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʽʚ ʟʘʡʤʝ ʚʝʣʠʯʝʟʥʠʡ ʦʙôʻʤ ʯʘʩʫ, 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʬʽʥʘʥʩʽʚ. 
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ʆʯʝʚʠʜʥʦ, ʱʦ ʢʦʣʠ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʟʝʢʦʥʦʤʠʪʠ ʨʝʩʫʨʩʠ(ʷʢ ʦʙ-

ʯʠʩʣʶʚʘʣʴʥʽ, ʪʘʢ ʽ ʬʽʥʘʥʩʦʚʽ), ʥʝʦʙʭʽʜʥʦ ʚʜʘʪʠʩʷ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʋ ʥʘ-

ʰʦʤʫ ʚʠʧʘʜʢʫ ʤʦʜʝʣʴ ʜʦʟʚʦʣʠʪʴ ʚʘʨʽʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʝʩʫʨʩʽʚ, ʥʘ ʷʢʠʭ 

ʟʘʧʫʩʢʘʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʘ ʧʨʦʛʨʘʤʘ, ʘ ʟʥʘʯʠʪʴ ʚʠʢʦʥʫʚʘʪʠ ʪʝʩʪʫʚʘʥʥʷ 

ʰʚʠʜʰʝ. 

ɭʜʠʥʠʤ ʚʽʜʦʤʠʤ ʩʧʦʩʦʙʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʛʨʘʤ ʥʘ 

ʜʘʥʠʡ ʯʘʩ ʻ ʧʦʙʫʜʦʚʘ ʜʽʘʛʨʘʤʠ ʚʟʘʻʤʦʜʽʾ ʧʦʪʦʢʽʚ. ʆʜʥʘʢ, ʮʝʡ ʤʝʪʦʜ ʥʝ ʻ 

ʝʬʝʢʪʠʚʥʠʤ, ʘʜʞʝ ʪʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʣʠʰʝ ʣʦʛʽʢʫ ʧʨʦ-

ʛʨʘʤʠ, ʘ ʥʝ ʨʦʙʦʪʫ ʫ ʯʘʩʽ. ʊʦʞ, ʟʘʩʦʙʦʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ 

ʧʨʦʛʨʘʤ ʦʙʨʘʥʦ ʩʪʦʭʘʩʪʠʯʥʫ ʤʝʨʝʞʫ ʇʝʪʨʽ. ɰʾ ʬʦʨʤʘʣʽʟʤ ʜʦʟʚʦʣʷʻ ʜʝ-

ʪʘʣʴʥʦ ʦʧʠʩʘʪʠ ʨʦʙʦʪʫ ʧʨʦʛʨʘʤʠ, ʚʨʘʭʫʚʘʚʰʠ ʧʨʠ ʮʴʦʤʫ ʩʪʦʭʘʩʪʠʯʥʫ 

ʧʦʚʝʜʽʥʢʫ ʧʦʪʦʢʽʚ ʪʘ ʦʙôʻʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ [3]. ɯʤʽʪʘʮʽʷ ʤʦ-

ʜʝʣʽ ʧʘʨʘʣʝʣʴʥʦʾ ʧʨʦʛʨʘʤʠ, ʧʦʙʫʜʦʚʘʥʦʾ ʟʘʩʦʙʘʤʠ ʩʪʦʭʘʩʪʠʯʥʦʾ ʤʝʨʝʞʽ 

ʇʝʪʨʽ, ʥʘʜʘʻ ʟʤʦʛʫ ʚʽʜʪʚʦʨʠʪʠ ʨʦʙʦʪʫ ʧʨʦʛʨʘʤʠ ʫ ʯʘʩʽ. ʇʽʩʣʷ ʮʴʦʛʦ, ʦʪ-

ʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʛʨʘʤʠ.  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʟʨʫʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʽ ʙʘʟʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʙʘʛʘʪʦʧʦʪʦʯʥʦʩʪʽ ʪʘ-

ʢʠʭ, ʷʢ: 

- ʩʪʚʦʨʝʥʥʷ ʧʦʪʦʢʫ, ʧʦʯʘʪʦʢ ʽ ʢʽʥʝʮʴ ʡʦʛʦ ʨʦʙʦʪʠ; 

- ʙʣʦʢʫʚʘʥʥʷ ʧʦʪʦʢʫ; 

- ʙʣʦʢ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʽʡ ʧʦʪʦʢʫ; 

- ʜʦʩʪʫʧ ʜʦ ʩʧʽʣʴʥʠʭ ʜʘʥʠʭ; 

- ʧʫʣ ʧʦʪʦʢʫ.  

ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʙʘʛʘʪʦʧʦʪʦʯʥʦʛʦ ʧʨʦ-

ʛʨʘʤʫʚʘʥʥʷ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʝʨʝʞ 

ʇʝʪʨʽ. ʌʨʘʛʤʝʥʪʠ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʧʦ ʷʢʠʤ ʙʫ-

ʜʫʚʘʣʠʩʷ ʤʦʜʝʣʽ, ʙʫʣʠ ʚʟʷʪʽ ʽʟ ʚʝʙ ʨʝʩʫʨʩʫ Java tutorials [4]. ʇʦʧʝʨʝʜʥʴʦ 

ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʧʨʘʚʠʣʘ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʬʨʘʛʤʝʥʪʘ ʧʨʦʛʨʘʤʥʦʛʦ Java-

ʢʦʜʫ ʯʘʩʪʠʥʽ ʤʝʨʝʞʽ ʇʝʪʨʽ.  

ʅʘʧʨʠʢʣʘʜ, ʤʝʭʘʥʽʟʤ ʩʪʚʦʨʝʥʥʷ ʧʫʣʫ ʧʦʪʦʢʽʚ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʦʨ-

ʢʝʨʽʚ ʫ ʮʝʡ ʧʫʣ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʢʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ: 

 
ExecutorService  executor  = 

Executors.newFixedThreadPool (2);  

for  ( int  i = 0; i < 5; i++) {  

  Runnable worker = new Worker();  

  executor.execute(worker);  

} , 

ʜʝ Worker ï ʢʣʘʩ, ʱʦ ʽʤʧʣʝʤʝʥʪʫʻ ʽʥʪʝʨʬʝʡʩ Runnable.  

ɿʘ ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʚʽʜʧʦʚʽʜʥʘ ʤʦʜʝʣʴ ʧʫʣʫ ʧʦ-

ʪʦʢʽʚ (ʨʠʩ. 1). ʇʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ 2 ʧʦʪʦʢʠ ʪʘ 5 ʚʦʨʢʝʨʽʚ, ʮʝ 
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ʚʽʜʦʙʨʘʞʝʥʦ ʫ ʧʦʟʠʮʽʷʭ numThreads ʽ numWorkers. ʉʪʚʦʨʝʥʥʶ ʧʫʣʫ ʧʦ-

ʪʦʢʽʚ ʚʽʜʧʦʚʽʜʘʻ ʧʦʜʽʷ newThreadPool. ʇʦʜʽʷ newRunnable ʤʦʜʝʣʶʻ 

ʩʪʚʦʨʝʥʥʷ ʚʦʨʢʝʨʘ. ʇʦʜʽʷ invoke ʚʽʜʪʚʦʨʶʻ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʦʨʢʝʨʘ ʚ ʧʫʣ 

ʧʦʪʦʢʽʚ. ʇʦʜʽʷ run() ʽʤʽʪʫʻ ʚʠʢʦʥʘʥʥʷ ʜʽʡ ʧʦʪʦʢʫ ʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʤʦʞʝ ʙʫʪʠ ʜʝʪʘʣʽʟʦʚʘʥʘ. 

 
ʈʠʩ. 1 ʄʦʜʝʣʴ ʤʝʭʘʥʽʟʤʫ ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʦʙʦʪʠ ʧʫʣʫ ʧʦʪʦʢʽʚ ʧʦʙʫʜʦ-

ʚʘʥʘ ʟʘʩʦʙʘʤʠ ʩʪʦʭʘʩʪʠʯʥʦʾ ʤʝʨʝʞʽ ʇʝʪʨʽ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʪʦʯʥʽʩʪʴ ʜʘʥʦʾ ʤʦʜʝʣʽ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʨʦʙʦʪʠ ʢʦʥʢʨʝʪʥʦʾ ʙʘʛʘʪʦʧʦʪʦʯʥʦʾ ʧʨʦʛʨʘʤʠ ʪʘ ʾʾ ʤʦʜʝʣʽ.   

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʪʝʩʪʫʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦ-

ʛʨʘʤ ʥʘ ʤʦʜʝʣʷʭ, ʩʪʚʦʨʝʥʠʭ ʟʘʩʦʙʘʤʠ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʝʨʝʞ ʇʝʪʨʽ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʡʥʷʪʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʈʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ 

ʙʘʟʦʚʠʭ ʬʨʘʛʤʝʥʪʽʚ ʙʘʛʘʪʦʧʦʪʦʯʥʠʭ ʧʨʦʛʨʘʤ, ʷʢʽ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʦʜʝʣʽ ʪʘ ʟʙʽʣʴʰʠʪʠ 

ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ. ɿʘʚʜʷʢʠ  ʚʨʘʭʫʚʘʥʥʶ ʩʪʦʭʘʩʪʠʯʥʦʾ ʧʦ-

ʚʝʜʽʥʢʠ ʧʦʪʦʢʽʚ ʫ ʙʘʛʘʪʦʧʦʪʦʯʥʽʡ ʧʨʦʛʨʘʤʽ ʪʘ ʦʙôʻʤʫ ʟʘʜʽʷʥʠʭ ʦʙʯʠʩʣʶ-

ʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʛʨʘʤ ʩʪʦʭʘʩʪʠʯʥʦʶ ʤʝ-

ʨʝʞʝʶ ʇʝʪʨʽ ʥʘʜʘʻ ʟʤʦʛʫ ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʽʜʪʚʦʨʠʪʠ ʨʦʙʦʪʫ ʧʨʦʛʨʘʤʠ, ʪʠʤ 

ʩʘʤʠʤ ʜʦʟʚʦʣʷʻ ʟʘʦʱʘʜʠʪʠ ʯʘʩ ʪʘ ʬʽʥʘʥʩʦʚʽ ʨʝʩʫʨʩʠ ʧʨʠ ʪʝʩʪʫʚʘʥʥʽ ʙʘ-

ʛʘʪʦʧʦʪʦʯʥʠʭ ʧʨʦʛʨʘʤ. 
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UNITY  3D ʂɸʂ ʀʅʉʊʈʋʄɽʅʊ ɼʃʗ ʀʄʀʊɸʎʀʆʅʅʆɻʆ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ʆ.ʄ. ʄʠʭʘʡʣʝʥʢʦ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ çʂʠʝʚʩʢʠʡ ʧʦʣʠ-

ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ ʀʛʦʨʷ ʉʠʢʦʨʩʢʦʛʦè 

 

ʈʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʦʥʠʢʥʦʚʝ-

ʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʩʝ ʚ ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝ-

ʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘʨʘʱʠʚʘʥʠʝ ʠ ʫʜʝʰʝʚʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱ-

ʥʦʩʪʝʡ ʢʦʤʧʴʶʪʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʨʝʩʫʨʩʦʝʤʢʠʝ 

ʟʘʜʘʯʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʢʦ-

ʥʘʣʴʥʦ ʠʟʫʯʠʪʴ ʤʦʜʝʣʠʨʫʝʤʳʡ ʨʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʴʶ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʨʝʩʫʨʩʦʚ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʣʴʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ. ʉʪʝʧʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʫʩʣʦ-

ʚʠʡ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʦʪ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʳʙʨʘʥʥʦʡ ʩʨʝʜʳ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʚʳʙʨʘʥʥʦʤ ʷʟʳʢʝ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ, ʘ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʠ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʠʤʠʪʘʮʠʠ ʟʘʯʘʩʪʫʶ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ. 

ʇʨʠ ʵʪʦʤ ʚʦ ʤʥʦʛʠʭ ʩʤʝʞʥʳʭ ʩʬʝʨʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʚ ʦʙʣʘʩʪʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. 

ɺ ʠʥʜʫʩʪʨʠʠ ʨʘʟʨʘʙʦʪʢʠ ʚʠʜʝʦʠʛʨ ʧʨʠʤʝʥʷʶʪʩʷ ʩʘʤʳʝ ʩʦʚʨʝʤʝʥʥʳʝ 

ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʜʚʫʭʤʝʨʥʦʛʦ ʠ ʪʨʝʭʤʝʨ-

ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʣʷ ʫʩʢʦʨʝʥʠʷ, ʦʙʣʝʛʯʝʥʠʷ ʠ ʫʥʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʟʜʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ  ʠʛʨʦʚʦʡ ʜʚʠʞʦʢ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ 

Unity 3D, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ Unity Technologies. ʆʥ ʨʘʩʧʨʦʩʪʨʘ-

ʥʷʝʪʩʷ ʙʝʩʧʣʘʪʥʦ (ʢʦʤʤʝʨʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩ ʧʨʠʙʳʣʴʶ ʚʳʰʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʨʦʛʘ ʪʨʝʙʫʝʪ ʧʨʠʦʙʨʝʪʝʥʠʷ ʣʠʮʝʥʟʠʠ) ʠ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ, ʢʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ. ʈʘʟʨʘʙʦʪʢʘ ʚ 

Unity ʚʝʜʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʦʛʦ ʧʦʜʭʦʜʘ. ʀʥʩʪʨʫʤʝʥʪʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ Unity, ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʦ 
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ʩʦʟʜʘʚʘʪʴ ʚʠʨʪʫʘʣʴʥʦʝ ʪʨʝʭʤʝʨʥʦʝ ʠʣʠ ʜʚʫʭʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʘʟʳ-

ʚʘʝʤʦʝ ʩʮʝʥʦʡ ʠ ʥʘʧʦʣʥʷʪʴ ʝʛʦ ʚʠʨʪʫʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ.  ʆʙʲʝʢʪʳ ʥʘ 

ʩʮʝʥʝ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ ʠʝʨʘʨʭʠʶ. ʉʠʩʪʝʤʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʙʳʩʪʨʦ ʩʦʙʠʨʘʪʴ ʠ ʥʘʩʪʨʘʠʚʘʪʴ ʦʙʲʝʢʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳ-

ʩʪʫʧʘʶʪ ʢʘʢ ʵʢʟʝʤʧʣʷʨʳ ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʘʩʩʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ 

ʜʚʠʞʢʝ, ʪʘʢ ʠ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʚʘʝʤʳʝ ʩʢʨʠʧʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʜ ʥʘ C#.  

ɼʚʠʞʦʢ ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʣʘʛʘʝʪ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ, ʨʝʘʣʠ-

ʟʫʶʱʠʭ ʪʫ ʠʣʠ ʠʥʫʶ ʬʫʥʢʮʠʶ. ʅʘʧʨʠʤʝʨ, Unity ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ ʦʩʚʝʱʝʥʠʷ, ʛʨʘʚʠʪʘʮʠʠ ʠ ʤʝʭʘʥʠʢʠ, ʩʠʩʪʝʤʫ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʩʪʦʣʢʥʦʚʝʥʠʡ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʉʠʩʪʝʤʘ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʛʠʙʢʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʟʘʤʝʥʷʪʴ ʠ ʥʘʩʪʨʘʠ-

ʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʪʘ. ɺ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ 

Unity ʪʘʢʞʝ ʠʥʪʝʛʨʠʨʦʚʘʥ ʦʬʠʮʠʘʣʴʥʳʡ ʤʘʛʘʟʠʥ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ 

ʤʥʦʞʝʩʪʚʦ ʨʝʘʣʠʟʘʮʠʡ ʢʘʢ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢ ʠ ʮʝʣʳʭ ʦʙʲʝʢʪʦʚ.  

C# ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʤ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʷʟʳʢʦʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʤ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʘ Unity. ʕʪʦʪ ʷʟʳʢ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʜʦ-

ʩʪʦʠʥʩʪʚ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʦʪʦʨʳʭ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʜʘʥʥʦʡ ʪʝʤʳ, ʘ ʝʛʦ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʙʩʪʨʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʘ ʥʝ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʉʦʟʜʘʥʠʝ ʩʮʝ-

ʥʘʨʠʝʚ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʦʚ ʥʘ ʩʮʝʥʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʠʙʣʠʦʪʝʢ Unity ʦʙʝʩʧʝʯʠʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʢʦʥʪʨʦʣʶ ʧʨʦ-

ʮʝʩʩʘ ʠʤʠʪʘʮʠʠ ʠ ʚʳʩʦʢʦʡ ʜʝʪʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ. ʂʨʦʤʝ ʪʦʛʦ, Unity ʩʦ-

ʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʢʦ-

ʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʚʣʠʷʪʴ ʥʘ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʘʨʘʤʝʪʨʳ 

ʦʙʲʝʢʪʦʚ, ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʘʤʦʡ ʩʮʝʥʳ, ʢʘʢ ʠ, ʥʘʧʨʠʤʝʨ, ʚʨʝʤʝʥʥʦʡ 

ʰʢʘʣʳ) ʚʦ ʚʨʝʤʷ ʠʤʠʪʘʮʠʠ. 

ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ 

ʨʝʰʝʥʠʝʤ ʜʣʷ ʤʥʦʛʠʭ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʙʣʠʟʢʦʛʦ ʠ ʧʦʥʷʪʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʩ ʧʨʦʮʝʩʩʦʤ ʠʤʠʪʘʮʠʠ. ʊʘʢ, ʢʦʤʧʘʥʠʠ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʢʦʤʧʴ-

ʶʪʝʨʥʦʡ ʛʨʘʬʠʢʦʡ, ʧʨʝʫʩʧʝʣʠ ʚ ʩʦʟʜʘʥʠʠ ʨʝʘʣʠʩʪʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʷʚ-

ʣʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʦʩʚʝʱʝʥʠʷ, ʚʦʜʳ ʠ ʪʫʤʘʥʘ. ɺʦʦʨʫʞʝʥʥʳʝ ʩʠʣʳ ʉʐɸ 

ʠʩʧʦʣʴʟʫʶʪ ʠʛʨʳ-ʩʠʤʫʣʷʪʦʨʳ ʩ ʜʦʩʪʦʚʝʨʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʚʦʝʥʥʦʡ 

ʪʝʭʥʠʢʠ ʜʣʷ ʪʨʝʥʠʨʦʚʦʢ ʩʦʣʜʘʪ. ɺʩʝ ʵʪʠ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʛʨʦʚʳʭ ʜʚʠʞʢʦʚ, ʘ Unity ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʜʦ-

ʩʪʫʧʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ.  

ʃʠʪʝʨʘʪʫʨʘ 

1. Working in Unity [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 2018. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://docs.unity3d.com/Manual/UnityOverview.html 
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ʇʈʆɻʈɸʄʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʄʆɼɽʃʖɺɸʅʅʗ 

ʉɸʄʆʆʈɻɸʅɯɿɸʎɯɰ ʂʃɸʉʊɽʈʅʀʍ ʉʀʉʊɽʄ ʋ ʊɺɽʈɼʆʄʋ 

ʊɯʃɯ 

ʖ.ɺ. ʂʨʠʚʯʝʥʢʦ  

ʆʜʝʩʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 

ʇʨʘʢʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʘʩʪʝʨʽʚ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ ʧʦʚôʷʟʘʥʦ ʽʟ 

ʩʢʣʘʜʥʽʩʪʶ ʽ ʪʨʫʜʦʤʽʩʪʢʽʩʪʶ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʆʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ 

ʧʦʣʷʛʘʶʪʴ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʩʠʥʪʝʟʫʚʘʪʠ ʢʣʘʩʪʝʨʠ ʟ ʰʠʨʦʢʠʤ 

ʜʽʘʧʘʟʦʥʦʤ ʧʘʨʘʤʝʪʨʽʚ ʽ ʩʪʚʦʨʠʪʠ ʥʘʜʽʡʥʫ ʩʠʩʪʝʤʫ ʾʭ ʜʽʘʛʥʦʩʪʠʢʠ. ʋ 

ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʤʘʻ ʩʝʥʩ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʤʽʪʘʮʽʡʥʝ ʽ ʩʪʘʪʠʩʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʠʯʦʤʫ, ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʽ ʧʝʨʝʜʙʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʘʶʪʴ ʢʦʤʧ'ʶʪʝʨʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʧʨʦʚʝʜʝʥʽ, ʟʦʢʨʝʤʘ, 

ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. 

ʄʫʣʴʪʠʤʘʩʰʪʘʙʥʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʝʨʢʦʣʷʮʽʡʥʠʡ 

ʢʣʘʩʪʝʨ, ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʝʚʦʣʶʮʽʾ ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ, ʟʦʢʨʝʤʘ, ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ 

ʟʙʽʣʴʰʠʪʠ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʫʤʦʚ ʦʙôʻʜʥʘʥʥʷ ʾʭ ʝʣʝʤʝʥʪʽʚ ʚ ʧʨʦʮʝʩʽ 

ʫʪʚʦʨʝʥʥʷ. 

ɼʦʩʪʘʪʥʴʦ ʨʽʟʥʽ ʟʘ ʩʚʦʻʶ ʬʽʟʠʯʥʦʶ ʧʨʠʨʦʜʦʶ, ʘʣʝ ʩʧʦʨʽʜʥʝʥʽ ʟʘ 

ʛʝʥʝʟʠʩʦʤ ʪʘ ʩʪʨʫʢʪʫʨʦʶ ʢʣʘʩʪʝʨʥʽ ʩʠʩʪʝʤʠ ʧʨʦʚʦʢʫʶʪʴ ʨʷʜ ʷʚʠʱ ʽ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʟʨʦʩʪʘʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʜʝʷʢʦʾ ʟ ʧʽʜʩʠʩʪʝʤ ʤʘʪʝʨʽʘʣʫ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ 

ʧʝʨʢʦʣʷʮʽʡʥʠʡ ʢʣʘʩʪʝʨ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ, ʢʦʣʠ ʚ ʤʘʪʝʨʽʘʣʽ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʟʤʽʥʶʻʪʴʩʷ ʢʦʨʝʣʷʮʽʡʥʘ 

ʜʦʚʞʠʥʘ, ʟ'ʷʚʣʷʻʪʴʩʷ ʚʠʜʽʣʝʥʠʡ ʥʘʧʨʷʤ, ʟʥʠʞʫʻʪʴʩʷ ʩʠʤʝʪʨʽʷ ʦʙ'ʻʢʪʘ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʧʨʘʢʪʠʯʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʣʘʩʪʝʨʦʫʪʚʦʨʝʥʥʷ (ʇʂʄʂ), ʫ ʷʢʦʤʫ ʽʤʽʪʫʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʢʣʘʩʪʝʨ-

ʢʣʘʩʪʝʨ ʽ ʢʣʘʩʪʝʨ-ʯʘʩʪʢʘ, ʽ ʩʘʤʝ ʪʘʢʘ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʪʨʫʢʪʫʨʠ 

ʨʽʟʥʠʭ ʫʪʚʦʨʝʥʴ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ ï ʩʫʢʫʧʥʦʩʪʽ ʯʘʩʪʦʢ, ʪʨʽʱʠʥ, 

ʩʪʨʫʢʪʫʨʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ, ʧʫʩʪʦʪ, ʧʦʨ, ʤʝʞ ʨʦʟʜʽʣʫ ʪʘ ʽʥ.  

ʇʨʠ ʨʦʟʨʦʙʮʽ ʇʂʄʂ ʚʠʨʽʰʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʛʝʥʝʨʫʚʘʥʥʷ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ; 

- ʨʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʤʘʨʢʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ 

ʍʦʰʝʥʘ-ʂʦʧʝʣʴʤʘʥʘ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʨʦʛʫ ʧʝʨʢʦʣʷʮʽʾ ʥʘ ʢʚʘʜʨʘʪʥʽʡ, 

ʢʫʙʽʯʥʽʡ ʪʘ ʙʘʛʘʪʦʚʠʤʽʨʥʽʡ ʨʝʰʽʪʢʘʭ; 

- ʚʽʜʧʨʘʮʴʦʚʘʥʦ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʘʣʛʦʨʠʪʤʠ ʥʫʤʝʨʘʮʽʾ ʢʣʘʩʪʝʨʽʚ, 

ʨʦʟʧʦʜʽʣʫ ʢʣʘʩʪʝʨʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ, ʨʦʟʨʘʭʫʥʢʫ ʨʷʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʪʘʢʠʭ ʷʢ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʢʣʘʩʪʝʨʽʚ, ʨʘʜʽʫʩ ʛʽʨʘʮʽʾ, ʩʪʫʧʝʥʴ ʘʥʽʟʦʪʨʦʧʽʾ; 
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ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ ʽʥʜʝʢʩ ʜʦʚʞʠʥʠ ʢʦʨʝʣʷʮʽʾ, 

ʽʥʜʝʢʩ ʟʨʦʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʨʦʟʤʽʨʥʦʩʪʝʡ 

(ʬʨʘʢʪʘʣʴʥʦʾ, ʢʦʨʝʣʷʮʽʡʥʠʭ) ʧʝʨʢʦʣʷʮʽʡʥʦʛʦ ʢʣʘʩʪʝʨʘ ʽ ʢʣʘʩʪʝʨʽʚ, ʤʘʩʘ 

ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ 20% ʡʦʛʦ ʤʘʩʠ;  

- ʧʝʨʝʜʙʘʯʝʥʦ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʫ ʤʥʦʞʠʥʽ ʮʠʢʣʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʦʪʨʠʤʘʥʥʷʤ 

ʛʨʘʬʽʯʥʦʛʦ ʪʘ ʪʝʢʩʪʦʚʦʛʦ ʧʦʜʘʥʥʷ ʜʘʥʠʭ.  

ʇʂʄʂ ʩʪʚʦʨʝʥʦ ʚʠʩʦʢʦʨʽʚʥʝʚʦʶ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Java ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ Oxygen.2 (Eclipse IDE 

for Java Developers). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʚʠʥʠʢʥʝʥʥʷ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʾ ʜʽʣʷʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ ʽ 

ʛʝʥʝʨʘʪʦʨ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ. ɸʣʛʦʨʠʪʤ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ 

ʯʘʩʪʠʥʠ. ʇʝʨʰʘ ʩʬʦʨʤʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɺʦʥʠ ʩʣʫʞʘʪʴ ʜʣʷ ʦʧʠʩʫ ʦʙʯʠʩʣʝʥʴ, ʢʝʨʫʶʯʠʭ ʩʪʨʫʢʪʫʨ, ʧʽʜʧʨʦʛʨʘʤ, 

ʤʦʜʫʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʢʣʘʜʥʦʾ ʤʦʜʝʣʽ ʽ ʙʽʙʣʽʦʪʝʢ ʧʽʜʧʨʦʛʨʘʤ ʽ 

ʬʨʘʛʤʝʥʪʽʚ ʤʦʜʝʣʝʡ, ʽʤʧʦʨʪʫ ʟʦʚʥʽʰʥʽʭ ʤʦʜʫʣʽʚ ʚ ʤʦʜʝʣʴ ʘʙʦ ʚ ʩʘʤʫ 

ʩʠʩʪʝʤʫ. ɼʨʫʛʘ ʯʘʩʪʠʥʘ ʘʣʛʦʨʠʪʤʫ ʚʽʜʦʙʨʘʞʘʻ ʩʧʝʮʠʬʽʢʫ ʧʨʦʙʣʝʤʥʦʾ 

ʦʙʣʘʩʪʽ ï ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʽ ʪʠʧʠ ʦʙ'ʻʢʪʽʚ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʩʝʤʘʥʪʠʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ ʮʽʡ ʯʘʩʪʠʥʽ 

ʩʣʫʞʘʪʴ ʜʣʷ ʦʧʠʩʫ ʢʣʘʩʪʝʨʥʠʭ ʩʪʨʫʢʪʫʨ, ʾʭ ʯʘʩʪʠʥ, ʝʣʝʤʝʥʪʽʚ, 

ʢʦʤʧʦʟʠʮʽʡ ʽ ʩʪʘʥʽʚ. ʋ ʇʂʄʂ ʨʝʘʣʽʟʫʶʪʴʩʷ ʢʦʥʩʪʨʫʢʪʦʨʠ ʦʙ'ʻʢʪʽʚ: 

Main, Cluster, Cells, Dimension, Model, Particle, Anisotropy, Stats, Settings, 

Distribution ʪʘ ʽʥʰʽ. 

ʋ ʤʦʜʝʣʽ ʚʠʨʽʰʫʻʪʴʩʷ ʙʘʛʘʪʦʚʠʤʽʨʥʘ ʧʝʨʢʦʣʷʮʽʡʥʘ ʟʘʜʘʯʘ. ɯʤʽʪʘʮʽʷ 

ʧʨʦʮʝʩʽʚ ʢʣʘʩʪʝʨʦʫʪʚʦʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʧʦʣʽ, ʟʘʧʦʚʥʶʚʘʥʦʤʫ 

ʥʝʥʫʣʴʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟ ʧʝʚʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ. ʇʦ ʤʽʨʽ ʥʘʨʦʱʫʚʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ, ʯʘʩʪʢʠ ʢʦʘʛʫʣʶʶʪʴ ʽ ʫʪʚʦʨʶʶʪʴ ʢʣʘʩʪʝʨʠ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚ ʇʂʄʂ ʧʨʦʮʝʩ ʦʙ'ʻʜʥʘʥʥʷ ʯʘʩʪʦʢ ʚ ʢʣʘʩʪʝʨʠ 

ʚʽʟʫʘʣʽʟʫ̒ ʪʴʩʷ ʪʘ ʘʥʽʤʫʻʪʴʩʷ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ (ʨʠʩ.1). ɺ ʦʩʥʦʚʥʦʤʫ ʚʽʢʥʽ 

ʇʂʄʂ ʧʝʨʝʜʙʘʯʝʥʦ ʦʙʝʨʪʘʥʥʷ 3D-ʚʽʟʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʫ ʚʩʽʭ ʥʘʧʨʷʤʢʘʭ ʽ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʦʣʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʚʩʽʻʾ ʢʣʘʩʪʝʨʥʦʾ 

ʩʠʩʪʝʤʠ. 

ʋ ʷʢʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʟʨʦʩʪʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʣʷʭ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʦʢ. ʆʜʥʫ ʟ ʚʘʞʣʠʚʠʭ 

ʨʦʣʝʡ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʚʽʜʽʛʨʘʻ ʥʘʜʽʡʥʠʡ ʛʝʥʝʨʘʪʦʨ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʟ 

ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ: ʩʧʦʯʘʪʢʫ ʟʘ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʦʙʠʨʘʶʪʴʩʷ 

ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʦʫʪʚʦʨʶʚʘʥʥʷ, ʘ ʧʦʪʽʤ ʪʦʡ ʽʟ ʮʝʥʪʨʽʚ, ʫ 

ʷʢʦʤʫ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʧʨʦʮʝʩ ʟʘʧʦʚʥʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʛʝʥʝʨʘʪʦʨ ʚʢʘʟʫʻ 

ʤʽʩʮʝ, ʜʝ ʙʫʜʝ ʨʦʟʪʘʰʦʚʘʥʘ ʯʝʨʛʦʚʘ ʯʘʩʪʢʘ ʟʨʦʩʪʘʶʯʦʛʦ ʢʣʘʩʪʝʨʘ. 

ʂʝʨʫʶʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʢʣʘʩʪʝʨʦʫʪʚʦʨʝʥʥʷ ʻ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ ʽ ʩʪʦʨʦʥʦʶ ʧʦʣʷ, ʢʽʣʴʢʽʩʪʴ ʘʢʪʽʚ 
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ʪʷʞʽʥʥʷ ʯʘʩʪʦʢ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʛʝʥʝʨʫʚʘʥʥʷ, ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ 

ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʦʢ, ʜʦʚʞʠʥʘ ʟʚ'ʷʟʥʦʩʪʽ ʧʝʨʢʦʣʷʮʽʡʥʦʛʦ ʢʣʘʩʪʝʨʘ, ʚʠʙʽʨ 

ʟʘʢʦʥʫ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʦʢ ï 1/R2 ʘʙʦ 1/R. ʆʢʨʽʤ ʪʦʛʦ, ʫ ʢʦʞʥʦʤʫ 

ʤʦʜʝʣʴʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʟʘʜʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʽʚ ʧʨʦʩʪʦʨʫ ʥʘ ʧʦʣʽ, 

ʨʦʟʤʽʨʠ ʧʦʣʷ, ʢʽʣʴʢʽʩʪʴ ʮʝʥʪʨʽʚ ʢʣʘʩʪʝʨʦʫʪʚʦʨʶʚʘʥʥʷ. 

 

ʈʠʩ.1. ɻʦʣʦʚʥʝ ʚʽʢʥʦ ʇʂʄʂ 

ʆʙʨʦʙʢʘ ʩʪʘʪʠʩʪʠʢʠ ʫ ʇʂʄʂ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʨʦʟʧʦʜʽʣʫ 

ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʨʦʟʤʽʨʥʦʩʪʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʂʄʂ ʦʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ 

ʬʦʨʤʫʣʠ ʟʘʣʝʞʥʦʩʪʝʡ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʧʘʨʘʤʝʪʨʽʚ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʬʽʢʠ. ɼʝʷʢʽ ʟ ʥʠʭ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.2. 

ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʥʘʩʪʫʧʥʽ 

ʟʘʜʘʯʽ: 

- ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʴʥʠʭ ʢʣʘʩʪʝʨʽʚ, ʩʪʘʪʠʩʪʠʢʫ 

ʨʦʟʧʦʜʽʣʫ ʢʣʘʩʪʝʨʽʚ ʚ ʧʝʨʢʦʣʷʮʽʡʥʦʤʫ ʧʦʣ̔, ʘʧʨʦʢʩʠʤʫʚʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʦʪʨʠʤʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʬʦʨʤʫʣʠ ʟʘʣʝʞʥʦʩʪʝʡ ʽ 

ʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ; 

- ʜʦʩʣʽʜʞʫʚʘʪʠ ʩʠʥʝʨʛʝʪʠʯʥʽ ʽ ʬʽʟʠʯʥʽ ʤʝʭʘʥʽʟʤʠ ʛʝʥʝʟʠʩʫ 

ʩʪʨʫʢʪʫʨʠ ʢʣʘʩʪʝʨʽʚ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʟ ʚʽʟʫʘʣʽʟʘʮʽʻʶ 
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ʧʨʦʮʝʩʽʚ ʢʦʘʛʫʣʷʮʽʾ ʯʘʩʪʦʢ, ʦʙ'ʻʜʥʘʥʥʷ ʯʘʩʪʦʢ ʚ ʢʣʘʩʪʝʨʠ, ʧʦʷʚʠ 

ʧʝʨʢʦʣʷʮʽʡʥʦʛʦ ʢʣʘʩʪʝʨʘ; 

- ʚʠʚʯʘʪʠ ʚʧʣʠʚ ʭʘʦʪʠʯʥʦʩʪʽ ʥʘ ʪʠʧʠ ʤʦʜʝʣʴʥʠʭ ʢʣʘʩʪʝʨʽʚ, ʾʭ 

ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʠʷʚʠʪʠ ʨʦʣʴ ʬʘʢʪʦʨʽʚ ʫʧʦʨʷʜʢʦʚʫʚʘʥʥʷ ʽ 

ʤʽʞʯʘʩʪʢʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʘʭ; 

ʜʦʩʣʽʜʞʫʚʘʪʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʩʪʨʫʢʪʫʨʫ ʪʚʝʨʜʠʭ ʪʽʣ ʚ ʧʨʦʤʽʞʥʽʡ 

ʘʩʠʤʧʪʦʪʠʮʽ. 

   

ʈʠʩ.2. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʶ ʘʥʽʟʦʪʨʦʧʽʾ ʢʣʘʩʪʝʨʽʚ (ʘ) ʪʘ ʨʘʜʽʫʩ-

ʚʝʢʪʦʨʫ ʮʝʥʪʨʫ ʤʘʩ (ʙ) ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʦʢ ʧʨʠ 

ʟʘʢʦʥʽ ʚʟʘʻʤʦʜʽʾ 1/R2 
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ʋɼʂ 004.932.4 

ʃʆʂɸʃʔʅɸ ɹɯʅɸʈʀɿɸʎɯʗ ɿʆɹʈɸɾɽʅʅʔ ɯɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄɽʊʆɼʋ ʆʎʋ 

ʄ.ʆ. ʉʧʝʨʢʘʯ, ɼ.ɯ. ʗʙʣʦʥʩʴʢʠʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ  

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʙʘʛʘʪʦ ʩʠʩʪʝʤ ʦʧʪʠʯʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʪʝʢʩʪʫ ʟ̔ ʟʦʙʨʘʞʝʥʥʷ. ʇʨʦʪʝ ʟʘʜʘʯʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʝ ʻ ʪʨʠʚʽʘʣʴʥʦʶ, ʽ 

ʪʦʤʫ ʚ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʙʘʞʘʥʦ ʧʝʨʝʜʘʚʘʪʠ ʚʞʝ ʧʦʧʝʨʝʜʥʴʦ ʦʧʨʘ-

ʮʴʦʚʘʥʽ ʟʦʙʨʘʞʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ 
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ʟ ʷʢʦʶ ʜʦʚʦʜʠʪʴʩʷ ʧʨʘʮʶʚʘʪʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʆʜʥʠʤ ̔ ʟ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ ʻ ʡʦʛʦ ʙʽʥʘ-

ʨʠʟʘʮʽʷ.  

ɹʽʥʘʨʠʟʘʮʽʷ [2] ï ʮʝ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʽʟ ʢʦʣʴʦʨʦʚʦʛʦ 

ʚ ʯʦʨʥʦ-ʙʽʣʝ. ʇʨʠ ʮʴʦʤʫ ʛʦʣʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʧʦʨʽʛ ʙʽʥʘʨʠʟʘʮʽʾ t  ï 

ʧʘʨʘʤʝʪʨ ʟ ʷʢʠʤ ʧʦʨʽʚʥʶʶʪʴ ʷʩʢʨʘʚʽʩʪʴ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ ʧʽʢ-

ʩʝʣʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʧʨʠʩʚʦʶʶʪʴ ʟʥʘʯʝʥʥʷ 0 ʘʙʦ 1 

(ʙʽʣʠʡ ʽ ʯʦʨʥʠʡ ʢʦʣʽʨ ʚʽʜʧʦʚʽʜʥʦ). 

ʈʦʟʛʣʷʥʝʤʦ ʦʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʨʦʛʫ ʙʽʥʘʨʠʟʘʮʽʾ ï ʤʝʪʦʜ 

ʆʮʫ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ ʧʽʢʩʝʣʽ ʥʘ ʜʚʘ ʢʣʘʩʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʚʥʫʪʨʽʰʥʴʦʢʣʘʩʦʚʝ ʚʽʜʭʠʣʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʙʫʣʦ ʤʽʥʽʤʘʣʴʥʠʤ, ʘ ʨʽʟ-

ʥʠʮʷ ʤʽʞ ʢʣʘʩʘʤʠ ï ʤʘʢʩʠʤʘʣʴʥʘ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ 

ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʝʡ ʟʦʙʨʘʞʝʥʥʷ (ʫ ʚʽʜʪʽʥʢʘʭ 

ʩʽʨʦʛʦ) ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʨʦʛʫ t, ʷʢʘ ʙʫʜʫʻʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤʠ: 

,
N

n
p i

i =  Li ,1= , 

ʜʝ in  ï ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ ʟ ʷʩʢʨʘʚʽʩʪʶ i , N  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʽʢ-

ʩʝʣʽʚ, Lï ʟʘʛʘʣʴʥʘ ʢʥʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʩʧʨʘʚʝʜʣʠʚʽ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ: 

1
1

=ä
=

L

i

ip , 0²ip . 

ɼʽʘʧʘʟʦʥ ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʝʡ ʜʽʣʠʪʴʩʷ ʥʘ ʜʚʘ ʢʣʘʩʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʰʫʢʘʥʦʛʦ ʧʦʨʦʛʫ t: ʬʦʥ (ʧʦʟʥʘʯʠʤʦ ʷʢ 0) ʪʘ ʦʙôʻʢʪ ʧʝʨʝʜʥʴʦʛʦ ʧʣʘʥʫ 
(ʧʦʟʥʘʯʠʤʦ ʷʢ 1). ʋ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʻ ʩʚʦʷ ʚʽʜʥʦʩʥʘ ʯʘʩʪʦʪʘ: 

i

t

i
pt

1
0 )(

=
S=w , 

)(1)( 0
1

1 tpt i
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ti
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. 

ɿʚʽʜʩʠ ʟʥʘʡʜʝʤʦ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʶ: 
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m i
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1

2

1
1

2

1 )( wm-S=s
+=

i

L

ti
pi  

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʨʦʟʜʽʣʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʢʣʘʩʠ. ɼʣʷ ʮʴʦʛʦ ʟʥʘʡʜʝʤʦ ʚʥʫʪʨʽʰʥʴʦʢʣʘʩʦʚʫ ʜʠʩ-

ʧʝʨʩʽʶ: 
222

ffbbW swsws +=   

ʪʘ ʤʽʞʢʣʘʩʦʚʫ ʜʠʩʧʝʨʩʽʶ 

)( 1010

222 mmwwsss -=-= WB
, 

ʜʝ 
2s  ï ʟʘʛʘʣʴʥʘ ʜʠʩʧʝʨʩʽʷ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ, ʤʠ ʧʦʚʠʥʥʽ ʟʤʽʥʶʚʘʪʠ ʟʥʘʯʝʥʥʷ t  ʚ ʤʝʞʘʭ Lt¢¢0 . 

ɿʥʘʯʝʥʥʷ t, ʱʦ ʜʘʚʘʪʠʤʝ ʥʘʤ ʥʘʡʙʽʣʴʰʝ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞʢʣʘʩʦʚʦʾ ʜʠʩ-

ʧʝʨʩʽʾ ʜʦ ʚʥʫʪʨʽʰʴʥʦʢʣʘʩʦʚʦʾ ʽ ʙʫʜʝ ʥʝʦʙʭʽʜʥʠʤ ʧʦʨʦʛʦʤ ʙʽʥʘʨʠʟʘʮʽʾ: 

öö
÷

õ
ææ
ç

å
=

= )(

)(
max)(

2

2

1 t

t
t

W

B
L

t s

s
h . 

ɺʠʢʦʨʠʩʪʘʻʤʦ ʨʦʟʛʣʷʥʫʪʠʡ ʚʠʱʝ ʤʝʪʦʜ ʜʣʷ ʣʦʢʘʣʴʥʦʾ ʙʽʥʘʨʠʟʘʮʽʾ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʪʝʢʩʪʦʤ. ʇʨʠ ʣʦʢʘʣʴʥʽʡ ʙʽʥʘʨʠʟʘʮʽʾ ʧʦʨʽʛ t  ʚʠʨʘʭʦʚʫʻʪʴʩʷ 

ʥʝ ʜʣʷ ʚʩʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʜʨʘʟʫ (ʷʢ ʚ ʛʣʦʙʘʣʴʥʽʡ), ʘ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞ-

ʥʦʛʦ ʧʽʢʩʝʣʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʦʟʙʫʪʠʩʴ ʜʝʬʝʢʪʽʚ ʧʨʠ ʥʝʨʽʚʥʦʤʽʨʥʦʤʫ 

ʦʩʚʽʪʣʝʥʥʽ ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʦʙʣʘʩʪʴ ʥʘʚʢʦʣʦ 

ʧʽʢʩʝʣʷ, ʽʥʬʦʨʤʘʮʽʷ ʟ ʷʢʦʾ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦ-

ʨʦʛʫ.  

ʅʝʭʘʡ ʻ ʧʽʢʩʝʣʴ A  ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ );( AA yx  ʪʘ ʨʘʜʽʫʩ ʣʦʢʘʣʴʥʦʾ 

ʦʙʣʘʩʪʽ r , ʪʦʜʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʧʽʢʩʝʣʽ, ʱʦ ʣʝʞʘʪʴ ʚ ʢʨʫʟʽ ʟ ʮʝʥʪʨʦʤ ʚ 

ʪʦʯʮʽ A  ʪʘ ʨʘʜʽʫʩʦʤ r . ɼʣʷ ʧʦʪʨʘʧʣʷʥʥʷ ʧʽʢʩʝʣʷ m  ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 

);( mm yx  ʚ ʦʙʣʘʩʪʴ ʢʨʫʛʘ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʥʥʷ ʥʝʨʽʚʥʦʩʪʽ: 

222 )()( ryyxx mAmA ¢-+- . 

ʇʨʠ ʮʴʦʤʫ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡ, ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʥʘ-

ʣʝʞʥʦʩʪʽ ʪʦʯʢʠ ʜʦ ʢʨʫʛʘ ʚʘʨʪʦ ʚʠʢʦʥʫʚʘʪʠ ʣʠʰʝ ʜʣʷ ʧʽʢʩʝʣʽʚ m, ʱʦ ʟʘ-

ʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ: 

rxrxx AAm +-= , , 0²mx , 

ryryy AAm +-= , , 0²my . 

ʇʽʜʙʽʨ ʨʘʜʽʫʩʘ r  ʥʘʚʢʦʣʦ ʧʽʢʩʝʣʷ ʟʘʜʘʻʪʴʩʷ ʦʜʥʦʨʘʟʦʚʦ ʜʣʷ ʫʩʴʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ. 



242 

 

ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ ʧʦʨʦʛʦʚʫ ʙʽʥʘʨʠʟʘʮʽʶ ʟʦʙʨʘʞʝʥʥʷ ʟ ʪʝʢʩʪʦʤ, 

ʧʦʢʘʟʘʥʦʤʫ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʯʘʪʢʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʫ ʚʽʜʪʽʥʢʘʭ ʩʽʨʦʛʦ 

ɺʠʢʦʥʘʚʰʠ ʛʣʦʙʘʣʴʥʫ ʧʦʨʦʛʦʚʫ ʙʽʥʘʨʠʟʘʮʽʶ ʦʪʨʠʤʘʻʤʦ ʯʦʨʥʦ-ʙʽʣʝ 

ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩʫʥʦʢ 3) ʽʟ ʯʽʪʢʦ ʚʠʜʽʣʷʶʯʠʤʩʷ ʪʝʢʩʪʦʤ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɻʣʦʙʘʣʴʥʘ ʙʽʥʘʨʠʟʘʮʽʷ ʽʟ ʧʦʨʦʛʦʚʠʤ ʟʥʘʯʝʥʥʷʤ 

 ʟʥʘʡʜʝʥʠʤ ʄʝʪʦʜʦʤ ʆʮʫ 

ʆʩʢʽʣʴʢʠ, ʥʘ ʦʨʠʛʽʥʘʣʴʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʦʩʚʽʪʣʝʥʥʷ ʙʫʣʦ ʥʝ 

ʨʽʚʥʦʤʽʨʥʝ (ʥʠʞʥʽʡ ʧʨʘʚʠʡ ʢʫʪ ʙʫʚ ʟʘʪʝʤʥʝʥʠʡ), ʪʦ ʥʘ ʨʝʟʫʣʴʪʫʶʯʽʡ 

ʢʘʨʪʠʥʮʽ ʚ ʜʝʷʢʠʭ ʦʙʣʘʩʪʷʭ ʚʽʜʙʫʣʦʩʷ ʟʣʠʪʪʷ ʙʫʢʚ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʮʴʦʛʦ, ʚʠʢʦʥʘʻʤʦ ʣʦʢʘʣʴʥʫ ʙʽʥʘʨʠʟʘʮʽʶ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʃʦʢʘʣʴʥʘ ʙʽʥʘʨʠʟʘʮʽʷ ʽʟ ʧʦʨʦʛʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʟʥʘʡʜʝʥʠʤ 

ʄʝʪʦʜʦʤ ʆʮʫ 

ɿʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʝ ʰʣʷʭʦʤ ʣʦʢʘʣʴʥʦʾ ʙʽʥʘʨʠʟʘʮʽʾ (ʨʠʩʫʥʦʢ 4) ʤʘʻ 

ʯʽʪʢʦ ʨʦʟʤʝʞʦʚʘʥʽ ʙʫʢʚʠ, ʷʢʽ ʥʝ ʟʣʠʚʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. 

ʆʪʞʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʆʮʫ ʜʦʟʚʦ-

ʣʷʻ ʦʪʨʠʤʘʪʠ ʭʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ. ʄʘʢʩʠʤʽʟʘʮʽʷ ʤʽʞʢʣʘʩʦʚʦʾ ʜʠʩʧʝʨʩʽʾ 

ʜʦʟʚʦʣʷʻ ʥʘʤ ʦʪʨʠʤʘʪʠ ʪʘʢʠʡ ʧʦʨʽʛ ʙʽʥʘʨʠʟʘʮʽʾ, ʧʨʠ ʷʢʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦ 
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ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟʦʣʴʦʚʘʥʽʩʪʴ ʜʚʦʭ ʢʣʘʩʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. ʇʨʠ ʮʴʦʤʫ, ʜʘ-

ʥʠʡ ʤʝʪʦʜ ʤʘʻ ʷʢ ʩʚʦʾ ʥʝʜʦʣʽʢʠ, ʪʘʢ ʽ ʧʝʨʝʚʘʛʠ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʚʽʜ-

ʥʝʩʪʠ ʟʣʠʧʘʥʥʷ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦʨʫʯ ʣʽʥʽʡ, ʘ ʜʦ ʧʝʨʝʚʘʛ ï ʰʚʠʜʢʽʩʪʴ ʨʦ-

ʙʦʪʠ )(NO  ʪʘ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʫ, ʘ ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʴ ʙʫʜʴ ʷʢʠʭ 

ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʦʢʨʽʤ ʩʘʤʦʛʦ ʟʦʙʨʘʞʝʥʥʷ.  

ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʝʪʦʜ ʆʮʫ ʧʽʜʭʦʜʠʪʴ 

ʜʣ̫ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʦ-

ʢʘʣʴʥʦʾ ʙʽʥʘʨʠʟʘʮʽʾ. 
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ɺɽɹ ʉɽʈɺɯʉ ʄʆɼɽʃʖɺɸʅʅʗ ɼʀʉʂʈɽʊʅʆ-ʇʆɼɯʁʅʀʍ 

ʉʀʉʊɽʄ 

ɸ.ʖ. ɼʠʬʫʯʠʥ, ɺ.ʄ. ʊʦʤʘʰʝʚʩʴʢʠʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʽʟʫʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦ-ʧʦʜʽʡʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʽ ʷʢ Arena, ExtendSim, Plant 

Simulation ʪʘ ʽʥʰʽ. ʉʠʩʪʝʤʘ ʚ ʪʘʢʠʭ ʤʦʜʝʣʷʭ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʙʣʦʢʽʚ, 

ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʪʠʧʦʚʽ ʬʫʥʢʮʽʾ ʪʘʢʽ, ʷʢ ʦʯʽʢʫʚʘʥʥʷ, ʦʙʨʦʙʢʘ, ʪʨʘʥʩʧʦʨʪʫ-

ʚʘʥʥʷ ʪʘ ʽʥʰʽ [1]. ʆʜʥʘʢ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʝʣʝ-

ʤʝʥʪʽʚ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ, ʦʩʢʽʣʴʢʠ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʨʝ-

ʘʣʽʟʫʶʪʴ ʮʽ ʙʣʦʢʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʤʦʜʠʬʽʢʦʚʘʥʽ. ɸʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʽʜʭʽʜ 

ʧʝʨʝʜʙʘʯʘʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʥʘ ʙʽʣʴʰ ʘʙʩʪʨʘʢʪʥʦʤʫ ʨʽʚʥʽ, ʱʦ ʨʝ-

ʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʝʨʝʞ ʇʝʪʨʽ. 

ʄʝʨʝʞʽ ʇʝʪʨʽ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʟʘʩʦʙʦʤ ʬʦʨʤʘʣʽʟʘʮʽʾ ʙʫʜʴ-ʷʢʦʾ ʜʠʩ-

ʢʨʝʪʥʦ-ʧʦʜʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʧʨʦʪʝ ʪʘʢʠʡ ʨʽʚʝʥʴ ʘʙʩʪʨʘʢʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʘʞʢʦʩʪʽ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʤʦʜʝʣʽ, ʷʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʩʢʣʘʜʥʽ ʩʠ-

ʩʪʝʤʠ. ʗʢ ʧʨʘʚʠʣʦ, ʩʢʣʘʜʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʦʧʠʩʘʥʘ ʤʝʨʝʞʝʶ ʇʝʪʨʽ, 
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ʤʽʩʪʠʪʴ ʙʘʛʘʪʦ ʦʜʥʦʪʠʧʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʣʠʰʝ ʧʘʨʘʤʝʪ-

ʨʘʤʠ. ɺʠʨʽʰʝʥʥʷʤ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʝʪʨʽ-ʦʙôʻʢʪʥʦʾ ʪʝʭʥʦ-

ʣʦʛʽʾ [2]. 

ʇʝʪʨʽ-ʦʙôʻʢʪʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʣʷʪʠ ʤʝʨʝʞʫ ʇʝʪʨʽ ʷʢ 

ʧʘʨʘʤʝʪʨ ʢʦʥʩʪʨʫʢʪʦʨʘ ʦʙ'ʻʢʪʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʙʘʛʘʪʦ ʦʙ'ʻʢʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʨʘʥʽʰʝ ʧʦʙʫʜʦʚʘʥʦʾ ʤʝʨʝʞʽ ʇʝʪʨʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʨʠʩʪʫʚʘʯ ʬʦ-

ʢʫʩʫʻʪʴʩʷ ʙʽʣʴʰʝ ʥʘ ʨʦʟʨʦʙʮʽ ʫʥʽʢʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ. ʇʝʪʨʽ-

ʦʙôʻʢʪʥʘ ʤʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʇʝʪʨʽ-ʦʙôʻʢʪʽʚ, ʱʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʯʝʨʝʟ ʩʧʽʣʴʥʽ ʧʦʟʠʮʽʾ, ʘ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ 

ʤʝʨʝʞʽ ʇʝʪʨʽ.  

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦ-ʧʦʜʽʡʥʠʭ ʩʠ-

ʩʪʝʤ ʨʦʟʨʦʙʣʝʥʦ ʥʘ ʙʘʟʽ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ʎʝ ʥʘʜʘʻ ʥʘʩʪʫʧʥʽ 

ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʽʩʥʫʶʯʠʤʠ standalone-ʟʘʩʪʦʩʫʚʘʥʥʷʤʠ: 

- ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʽʤʽʪʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʻʜʠʥʦʤʫ ʩʝʨʚʝʨʽ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʦʪʫʞʥʦʩʪʝʡ 

ʢʣʽʻʥʪʩʴʢʦʾ ʤʘʰʠʥʠ; 

- ʤʦʜʝʣʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʟʙʝʨʽʛʘ-

ʶʪʴʩʷ ʚ ʻʜʠʥʦʤʫ ʤʽʩʮʽ, ʚ ʦʙʣʽʢʦʚʦʤʫ ʟʘʧʠʩʽ ʢʦʨʠʩʪʫʚʘʯʘ; 

- ʧʨʦʛʨʘʤʘ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ, 

ʦʩʢʽʣʴʢʠ ʻʜʠʥʘ ʚʠʤʦʛʘ ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʥʘʷʚʥʦʩʪʽ 

ʩʫʯʘʩʥʦʛʦ ʚʝʙ-ʙʨʘʫʟʝʨʘ; 

- ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʢʦʣʝʢʪʠʚʥʦʾ ʩʧʽʚʧʨʘʮʽ ʥʘʜ ʤʦʜʝʣʷʤʠ; 

ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʟʘʙʝʟʧʝʯʫʻ ʧʦʙʫʜʦʚʫ ʇʝʪʨʽ-ʦʙôʻʢʪʥʦʾ ʤʦʜʝʣʽ ʥʘ 

ʜʚʦʭ ʨʽʚʥʷʭ. ʅʘ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʤʝʨʝʞʽ ʇʝʪʨʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʬʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʝʨʝʞ ʇʝʪʨʽ: ʧʦʟʠ-

ʮʽʾ, ʧʝʨʝʭʦʜʠ, ʜʫʛʠ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʾʭ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʨʠʩ. 1). 

ʅʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ï ʩʪʚʦʨʝʥʥʷ ʇʝʪʨʽ-ʦʙôʻʢʪʽʚ. ʋʩʽ ʛʨʘʬʽʯʥʽ ʝʣʝʤʝʥʪʠ 

ʧʽʜʪʨʠʤʫʶʪʴ ʙʘʟʦʚʽ ʤʘʥʽʧʫʣʷʮʽʾ: ʩʪʚʦʨʝʥʥʷ, ʧʝʨʝʪʷʛʫʚʘʥʥʷ, ʚʠʜʘʣʝʥʥʷ 

ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. 

 
ʈʠʩ. 1. ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ ʇʝʪʨʽ 

ʇʝʪʨʽ-ʦʙ'ʻʢʪʠ ʩʪʚʦʨʶʶʪʴʩʷ ʪʘ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʩʧʠʩʢʫ ʦʙôʻʢʪʽʚ ʤʦʜʝʣʽ. 

ɿʚ'ʷʟʢʠ ʤʽʞ ʇʝʪʨʽ-ʦʙ'ʻʢʪʘʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʟʫʘʣʴʥʦ. ʂʦʨʠʩʪʫʚʘʯʽ ʤʦ-

ʞʫʪʴ ʦʙʨʘʪʠ ʇʝʪʨʽ-ʦʙ'ʻʢʪ ʟʽ ʩʧʠʩʢʫ ʪʘ ʚʠʟʥʘʯʠʪʠ ʟʚ'ʷʟʦʢ ʟ ʽʥʰʠʤʠ ʇʝʪʨʽ-

ʦʙ'ʻʢʪʘʤʠ. 



245 

 

ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʝʪʨʽ-ʦʙôʻʢʪʥʦʛʦ ʧʽʜʭʦʜʫ ʟʘʙʝʟʧʝʯʫʻ ʤʝʥʰʠʡ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠ-

ʢʦʥʘʥʦ ʟ ʇʝʪʨʽ-ʦʙ'ʻʢʪʥʦʶ ʤʦʜʝʣʣʶ, ʱʦ ʩʢʣʘʜʘʣʘʩʴ ʟ n ʇʝʪʨʽ-ʦʙôʻʢʪʽʚ, 

ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʤʽʩʪʠʪʴ 5 ʧʦʩʣʽʜʦʚʥʠʭ ʧʦʜʽʡ. ʉʧʽʣʴʥʽ ʧʦʟʠʮʽʾ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʜʣʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʦʙ'ʻʢʪʽʚ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʦʜʝʣʽ 

ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʡ, ʱʦ ʜʦʨʽʚʥʶʻ nk. ɺʠʢʦ-

ʥʫʶʯʠ ʟʘʧʫʩʢ ʦʜʥʦʛʦ ʇʝʪʨʽ-ʦʙ'ʻʢʪʘ ʟ nk ʧʦʩʣʽʜʦʚʥʠʤʠ ʧʦʜʽʷʤʠ ʦʪʨʠ-

ʤʘʻʤʦ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʠʯʘʡʥʦʾ ʩʪʦʭʘʩʪʠʯʥʦʾ ʤʝʨʝʞʽ ʇʝʪʨʽ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʶʚʘʪʠ ʨʝʘʣʽʟʘʮʽʾ ʇʝʪʨʽ-ʦʙ'ʻʢʪʥʦʾ ʤʦʜʝʣʽ ʽ ʩʪʦʭʘʩʪʠʯʥʦʾ 

ʤʝʨʝʞʽ ʇʝʪʨʽ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʪʝʦʨʝʪʠʯʥʫ 

ʧʦʣʽʥʦʤʽʘʣʴʥʫ ʦʮʽʥʢʫ ʤʦʜʝʣʽ, ʩʢʣʘʜʥʽʩʪʴ ʷʢʦʾ ʦʪʨʠʤʘʥʘ ʚ ʨʦʙʦʪʽ [3]. ɸʣ-

ʛʦʨʠʪʤ ʤʦʜʝʣʶʚʘʥʥʷ ʇʝʪʨʽ-ʦʙôʻʢʪʥʦʾ ʤʦʜʝʣʽ ʟʘʙʝʟʧʝʯʫʻ ʩʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʽʤʽʪʘʮʽʾ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚ 1,7 ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʦʭʘ-

ʩʪʠʯʥʠʤʠ ʤʝʨʝʞʘʤʠ ʇʝʪʨʽ (ʨʠʩ.2). 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʤʦʜʝʣʽ 

 

ɺʠʩʥʦʚʢʠ 

ʈʦʟʨʦʙʣʝʥʠʡ ʚʝʙ-ʩʝʨʚʽʩ ʥʝ ʪʽʣʴʢʠ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ, 

ʘʣʝ ʪʘʢʦʞ ʧʨʠʰʚʠʜʰʫʻ ʾʾ ʚʠʢʦʥʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞ ʇʝʪʨʽ ʟʘʙʝʟ-

ʧʝʯʫʻ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʝʙ-ʩʝʨʚʽʩʫ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʜʤʝʪʥʦʛʦ ʩʝʨʝʜʦ-

ʚʠʱʘ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʝʪʨʽ-ʦʙôʻʢʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʻ ʥʽʚʝʣʶʚʘʪʠ 

ʥʝʜʦʣʽʢʠ, ʧʦʚôʷʟʘʥʽ ʟʽ ʩʢʣʘʜʥʽʩʪʶ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ. ʊʘʢʦʞ ʟʥʘʯ-

ʥʦʶ ʧʝʨʝʚʘʛʦʶ ʧʝʨʝʜ ʽʩʥʫʶʯʠʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷʤʠ ʻ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʝ-

ʩʫʨʩʽʚ ʢʣʽʻʥʪʩʴʢʦʾ ʤʘʰʠʥʠ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʦʙʨʘʭʫʥʢʠ ʻ ʭʤʘʨʥʠʤʠ. ɺ ʧʝʨ-

ʩʧʝʢʪʠʚʽ ʮʝ ʜʦʟʚʦʣʠʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʢʣʽʻʥʪʩʴʢʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʤʦʙʽʣʴ-

ʥʠʭ ʧʨʠʩʪʨʦʾʚ. 
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ʇʈʆɹʃɽʄʀ ʆʎɯʅʖɺɸʅʅʗ ʅɸɼɯʁʅʆʉʊɯ ʇʈʆɻʈɸʄʅʆɻʆ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ʅɸ ʆʉʅʆɺɯ ɯʄʆɺɯʈʅɯʉʅʀʍ ʄʆɼɽʃɽʁ 
1ʆ.ɸ. ʈʫʜʝʥʢʦ, 2ɿ.ʄ. ʈʫʜʝʥʢʦ, 2ʅ.ʄ. ʈʝʚʫʮʴʢʘ 

1ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ 

ʂʦʥʜʨʘʪʶʢʘ 
2ʇʦʣʪʘʚʩʴʢʠʡ ʢʦʣʝʜʞ ʥʘʬʪʠ ʽ ʛʘʟʫ ʇʦʣʪʘʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ 

 

ʊʝʦʨʽʷ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʜʦʩʠʪʴ ʤʦʣʦʜʠʤ ʥʘʫ-

ʢʦʚʠʤ ʥʘʧʨʷʤʦʤ, ʱʦ ʥʘʣʽʯʫʻ ʣʠʰʝ ʧʦʥʘʜ ʧôʷʪʜʝʩʷʪ ʨʦʢʽʚ. ɿʛʽʜʥʦ ʟ ʧʨʦ-

ʚʝʜʝʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ [1] ʪʝʦʨʽʷ ʟʘʟʥʘʣʘ ʢʽʣʴʢʘ ʧʝʨʽʦʜʽʚ ʙʫʨʭʣʠʚʦʛʦ ʨʦ-

ʟʚʠʪʢʫ ʽ ʢʽʣʴʢʘ ʧʝʨʽʦʜʽʚ ʢʦʣʠ ʽʥʪʝʨʝʩ ʜʦ ʥʝʾ ʧʘʜʘʚ. ʇʦʧʨʠ ʪʝ, ʱʦ ʜʦʩʪʝ-

ʤʝʥʥʦ ʥʝ ʟôʷʩʦʚʘʥʽ ʧʨʠʯʠʥʠ ʩʧʘʜʫ ʽ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʪʝʦʨʽʾ ʥʘʜʽʡ-

ʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʥʘ ʚʠʩʫʥʫʪʠ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʪʝ, 

ʱʦ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʾʾ ʨʦʟʚʠʪʢʫ ʚʦʥʘ ʚ ʙʽʣʴʰʽʡ ʯʠ ʤʝʥʰʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽ-

ʜʘʣʘ ʧʦʪʨʝʙʘʤ ʨʦʟʨʦʙʥʠʢʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʙʽʣʴʰ ʯʠ ʤʝʥʰ 

ʦʙôʻʢʪʠʚʥʦ ʚʽʜʦʙʨʘʞʘʣʘ ʨʝʘʣʽʾ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. 

ʆʮʽʥʢʘ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʝʡ, ʱʦ ʤʽʩʪʷʪʴ ʧʨʠʧʫʱʝʥʥʷ ʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ. ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʦʮʽʥʶʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʠʧʫʱʝʥʴ ʨʝʘʣʽʷʤ. ʇʨʠʧʫʱʝʥʥʷ, ʱʦ 

ʤʽʩʪʠʪʴ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʤʦʜʝʣʝʡ: 

ï ʧʨʦ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʧʨʦʮʝʩʫ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʫ ʯʘʩʽ (ʥʘʡʯʘʩ-

ʪ̔ ʰʝ ʨʦʟʧʦʜʽʣ ʇʫʘʩʩʦʥʘ, ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ, ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ); 

ï ʧʨʦ ʦʜʥʘʢʦʚʠʡ ʧʦʨʷʜʦʢ ʩʢʣʘʜʥʦʩʪʽ ʢʦʞʥʦʛʦ ʜʝʬʝʢʪʫ; 

ï ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʚʪʦʨʠʥʥʠʭ ʜʝʬʝʢʪʽʚ (ʜʝʬʝʢʪʠ ʧʦʩʪʽʡʥʦ ʢʦʨʠʛʫ-

ʶʪʴʩʷ ʙʝʟ ʚʥʝʩʝʥʥʷ ʥʦʚʠʭ); 

ʂʨʽʤ ʪʦʛʦ, ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʦʜʝʣʝʡ ʟʨʦʩʪʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ. ʂʦʞʥʘ ʟ 

ʮʠʭ ʤʦʜʝʣʝʡ ʤʘʻ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ ʽ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʦʤʫ ʯʘʩʪʦ ʚʠ-

ʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ.  
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ʉʀʉʊɽʄʅʀʁ ɸʅɸʃɯɿ ʄʆɼɽʃɽʁ ɯ ʇʈʆʎɽʉɯɺ ʉʀʉʊɽʄʅʆɻʆ 

ʄʆɼɽʃʖɺɸʅʅʗ 

ɸ. ɸ. ʊʠʤʯʝʥʢʦ 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ɺ ʜʦʧʦʚʽʜʽ ʥʘʜʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʠʩʪʝʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʜʥʠʭ ʩʠ-

ʩʪʝʤ ʤʝʪʦʜʘʤʠ ʤʦʜʝʣʶʚʘʥʥ ̫ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ. 

ɺ ʷʢʦʩʪʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʙôʻʢʪʠ ʽ ʧʨʦʮʝʩʠ ʥʘʚʢʦ-

ʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: ʦʙôʻʢʪʠ ʧʨʠʨʦʜʠ (ʞʠʚʦʾ ʽ ʥʝʞʠʚʦʾ), ʩʫʩʧʽʣʴʩʪʚʘ 

(ʣʶʜʩʪʚʦ), ʪʝʭʥʽʢʠ (ʰʪʫʯʥʦʾ ʧʨʠʨʦʜʠ), ʷʚʠʱʘ ʽ ʧʦʜʽʾ ʪʘ ʧʨʦʮʝʩʠ ʾʭ ʜʦ-

ʩʣʽʜʞʝʥʥʷ. ʊʘʢʠʤʠ ʦʙôʻʢʪʘʤʠ ʚ ʛʘʣʫʟʽ ʪʝʭʥʽʢʠ ʚʠʩʪʫʧʘʶʪʴ ʦʙôʻʢʪʠ ʤʘ-

ʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʢʨʫʧʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʢʦʤʧʣʝʢʩʠ, ʤʝʨʝʞʽ ʟʚôʷʟʢʫ, 

ʢʦʤʧôʶʪʝʨʥʽ ʤʝʨʝʞʽ ʪʘ ʽʥ., ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʢʽʥʮʝʚʫ ʤʝʪʫ ʢʦʣʝʢʪʠʚʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. 

ʇʨʦʮʝʩʠ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʽ (ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʽ ʝʥʝʨ-

ʛʝʪʠʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ) ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʷʢ ʟʘʩʦʙʠ ʚʧʨʦ-

ʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ï ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ. 

ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʨʝʚʦʣʶʮʽʾ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʟʥʘʯʥʦ 

ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩʠ ʨʦʟʚʠʪʢʫ ʟʘ ʨʘʭʫʥʦʢ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ-

ʩʦʙʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʷʢ ʦʩʥʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦ-

ʣʦʛʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʇʨʦʮʝʩʠ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʦʚʦʾ 

ʪʝʭʥʽʢʠ (ʆʅʊ), ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʙôʻʢʪʠ ʘʚʪʦʥʦʤʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʧʦʩʪʽʡʥʦ ʧʦʢʨʘʱʫʶʪʴʩʷ. ʎʠʤ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʧʦʣʝʛ-

ʣʠʚʽʩʪʴ ʩʠʩʪʝʤʥʠʭ ʬʘʭʽʚʮʽʚ, ʧʨʘʮʶʶʯʠʭ ʚ ʛʘʣʫʟʽ ʩʠʩʪʝʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʢʽʙʝʨʥʝʪʠʢʠ ʽ ʽʥʬʦʨʤʘʪʠʢʠ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʦʩ-

ʥʦʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ ï ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʞʠʪ-

ʪʚ̒ʠʭ ʮʠʢʣʽʚ ʦʙôʻʢʪʽʚ ʥʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. 

 ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʚʠʨʽʰʝʥʥʽ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʩʪʚʦʨʝʥʥʷ ʘʧʘʨʘʪʫ 

ʩʠʩʪʝʤʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʦʩʪʘʚʠʪʠ ʚʝʣʠʢʽ ʤʘʪʝʤʘ-

ʪʠʯʥʽ (ʦʙʯʠʩʣʶʚʘʣʴʥʽ) ʝʢʩʧʝʨʠʤʝʥʪʠ ʪʘ ʧʽʜʛʦʪʫʚʘʪʠʩʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʘʚ-

ʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɸɯʉ) ʧʨʦʛʨʘʤʫʚʘʥʥʷ ɾʎ ʆʅʊ. 
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ʉʠʩʪʝʤʥʠʤ ʷʜʨʦʤ ʪʘʢʠʭ ʽʥʪʝʛʨʦʚʘʥʠʭ ɸɯʉ ʧʦʚʠʥʥʠʡ ʩʪʘʪʠ ʙʘʥʢʠ ʤʘʪʝ-

ʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ  (ʩʠʩʪʝʤʥʠʭ) ʦʙôʻʢʪʽʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ  ɾʎ ʆʅʊ ʪʘ 

ʧʘʢʝʪʠ ʜʠʥʘʤʽʯʥʠʭ ʦʧʝʨʘʮʽʡ [1-2]. 

ʇʦʢʘʟʘʥʦ ʱʦ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʆʅʊ ʚʠʢʦ-

ʨʠʩʪʦʚʫʻʪʴʩʷ ʘʧʘʨʘʪ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ, ʩʪʨʫʢʪʫʨʥʦʾ (ʩʢʽʥʯʝʥʥʦʾ) ʪʘ ʩʽʪ-

ʢʦʚʦʾ ʜʠʥʘʤʽʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʽʻʨʘʨʭʽʯʥʝ ʦʙôʻʜʥʘʥʥʷ ʚʽʜʦʤʠʭ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʠʭ ʤʦʜʝʣʝʡ: ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ (ɼɼʉ) ʪʘ ʩʢʽʥ-

ʯʝʥʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ (ʂɼʉ). ʊʘʢʠʡ ʢʣʘʩ ʩʠʩʪʝʤ ʙʫʚ ʦʬʦʨʤʣʝʥʠʡ 

ʫ ʚʠʛʣʷʜʽ ʣʦʛʽʢʦ-ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ (ʃɼʉ). ɺʽʜʧʦʚʽʜʥʦ  ʤʘʪʝʤʘʪʠʯʥʽ 

ʧʨʠʥʮʠʧʠ ʢʝʨʫʚʘʥʥʶ ʬʦʨʤʫʣʶʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ɺʝʨʭʥʽʡ ʨʽʚʝʥʴ ʪʘʢʦʾ ʩʠʩʪʝʤʥʦʾ ʤʦʜʝʣʽ ʻ ʤʦʜʝʣʴ ʜʠʥʘʤʽʯʥʦʾ ʦʧʝʨʘʮʽʾ, 

ʩʽʪʢʦʚʦʾ ʜʠʥʘʤʽʢʠ (ʟʨʦʩʪʘʥʥʷ, ʩʫʤʽʱʝʥʥʷ, ʚʠʙʦʨʫ, ʨʦʟʧʦʜʽʣʫ ʪʘ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʫ) ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʤʦʜʝʣʽ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚ-

ʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʪʘʥʽʚ (ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ), ʘ ʪʘʢʦʞ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʬʘ-

ʟʦʚʠʭ ʧʝʨʝʭʽʜʥʠʭ ʩʪʘʥʽʚ (ʥʠʞʥʽʡ ʨʽʚʝʥʴ) [1-2]. 

ʉʫʤʽʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʘʤʠ ʪʝʦʨʝʪʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʮʠʭ ʟʘʜʘʯ ʟʚʦʜʠʪʴʩʷ ʜʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʰʣʷʭʦʤ ʫʧʦ-

ʨʷʜʢʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ  ʛʣʦʙʘʣʴʥʽʡ ʤʝʪʽ. ɿʘʜʘʯʘ ʩʠʩʪʝʤʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʚ ʆʅʊ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʚ ʨʦʟʚôʷʟʘʥʽ ʷʢʠʭ 

ʦʩʥʦʚʥʝ ʤʽʩʮʝ ʧʦʩʽʜʘʻ ʩʠʩʪʝʤʥʝ ʤʦʜʝʣʶʚʘʥʥʷ [3-4]. 

ʉʠʩʪʝʤʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʦʙôʻʢʪʽʚ ʥʦʚʦʾ ʪʝʭʥʽʢʠ ï ʩʢʣʘʜʥʘ 

ʩʠʩʪʝʤʥʦ-ʪʝʭʥʽʯʥʘ ʧʨʦʙʣʝʤʘ. ʉʢʣʘʜʥʽʩʪʴ ʾʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʢʣʘʜʥʽʩʪʶ ʩʘ-

ʤʦʛʦ ʦʙôʻʢʪʘ (ʝʣʝʤʝʥʪʽʚ ʪʘ ʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ) ʡʦʛʦ ʙʘʛʘʪʦʮʽʣʴʦʚʠʤ ʧʨʠ-

ʟʥʘʯʝʥʥʷʤ, ʮʠʢʣʽʯʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭ-

ʥʽʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʬʫʥʢʮʽʡ ʮʽʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ. ɺ ʩʠʩʪʝʤʥʽʡ ʩʫʢʫʧ-

ʥʦʩʪʽ ʬʦʨʤʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʦʙôʻʢʪʘ ʧʦʚʠʥʥʽ ʚʽʜʦʙʨʘʞʘ-

ʪʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʦʜʥʦʯʘʩʦʚʦ ʽʥʪʝʛʨʫʚʘʪʠʩʴ ʚ 

ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ. [5-6].  
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ʋɼʂ 004.021 

ʈʆɿʇʆɼɯʃ ʅɸɻʆʈʆɼʀ ɺ ɼɽʎɽʅʊʈɸʃɯɿʆɺɸʅɯʁ ʄɽʈɽɾɯ ɿ 

ɼɺʆʄɸ ʊʀʇɸʄʀ ʂʆʈʀʉʊʋɺɸʏɯɺ 

ʂ.ʄ. ɸʥʠʱʝʥʢʦ, ʆ.ɻ. ɾʜʘʥʦʚʘ, ɺ.ɸ. ʉʢʦʨʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯ-

ʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɼʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʤʝʨʝʞʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʠʧʫʱʝʥʽ, ʱʦ ʚʩʽ ʢʦʨʠʩʪʫʚʘʯʽ 

ʜʽʶʪʴ ʟʛʽʜʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʫ ʚʽʜ-

ʧʦʚʽʜʥʦ ʜʦ ʾʾ ʧʨʠʟʥʘʯʝʥʥʷ. ʆʜʥʘʢ ʫ ʪʘʢʠʭ ʤʝʨʝʞʘʭ ʟʘʟʚʠʯʘʡ ʥʝʤʘʻ ʟʘʩʦ-

ʙʽʚ ʢʦʥʪʨʦʣʶ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʦʥʠ 

ʧʦʯʠʥʘʶʪʴ ʜʽʷʪʠ ʫ ʚʣʘʩʥʠʭ ʽʥʪʝʨʝʩʘʭ, ʘ ʮʝ ʟʘʟʚʠʯʘʡ ʩʫʧʝʨʝʯʠʪʴ ʽʥʪʝʨʝ-

ʩʘʤ ʽʥʰʠʭ ʫʯʘʩʥʠʢʽʚ ʪʘ ʤʝʨʝʞʽ ʟʘʛʘʣʦʤ [1]. ʊʘʢ ʟôʷʚʣʷʻʪʴʩʷ ʧʨʦʙʣʝʤʘ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʪʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʨʝʞʫ ʜʣʷ ʚʣʘʩʥʦʾ ʢʦʨʠʩʪʽ, ʥʝ 

ʥʘʜʘʶʯʠ ʥʽʯʦʛʦ ʜʣʷ ʽʥʰʠʭ. ʊʦʤʫ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʯʠʥʥʠʢʽʚ ʚʠʞʠʚʘʥʥʷ 

ʤʝʨʝʞʽ ʩʪʘʻ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ, ʟʘ ʷʢʠʭ ʢʦʨʠʩʪʫʚʘʯʽ ʙʫʜʫʪʴ ʟʘʮʽʢʘʚʣʝʥʽ ʜʽ-

ʷʪʠ ʥʘ ʢʦʨʠʩʪʴ ʨʦʟʚʠʪʢʫ ʤʝʨʝʞʽ. 

ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʝ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʥʘʛʦʨʦʜ ʤʽʞ ʢʦʨʠʩ-

ʪʫʚʘʯʘʤʠ ʫ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽʡ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʶ ʩʪʨʘʪʝʛʽʾ ʪʘ-

ʢʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʷʢʠʡ ʙʠ ʩʧʨʠʷʚ ʧʽʜʪʨʠʤʘʥʥʶ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ. 

ʇʨʠ ʮʴʦʤʫ, ʢʦʨʠʩʪʫʚʘʯʽ ʤʝʨʝʞʽ ʤʘʣʠ ʙ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʪʨʠʤʘʪʠ ʽʥʰʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʜʦʧʦʤʦʞʝ ʚʠʟʥʘʯʠʪʠ, ʭʪʦ ʟ ʫʯʘʩʥʠʢʽʚ 

ʤʝʨʝʞʽ ʟʘʩʣʫʛʦʚʫʻ ʥʘ ʙʽʣʴʰʫ ʚʠʥʘʛʦʨʦʜʫ. 

ʋ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʤʝʨʝʞʽ ʽ ʧʨʦʮʝʜʫʨʘ ʨʦʟʧʦʜʽʣʫ ʥʘ-

ʛʦʨʦʜ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʦʭʦʯʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʾʭʥʽʭ ʘʢʪʠʚʥʦʩʪʽ. 

ɹʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʦʥʷʪʴ ʪʝʦʨʽʾ ʛʨʘʬʽʚ.  ɺ ʮʽʡ ʤʦʜʝʣʽ ʤʘʻʤʦ ʛʨʘʬ, ʫ ʷʢʦʤʫ: 

- V ï ʚʝʨʰʠʥʠ ʛʨʘʬʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʝʨʝʞʽ; 

- E ï ʜʫʛʠ ʛʨʘʬʫ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʟʘʻʤʦʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʾʾ ʢʦ-

ʨʠʩʪʫʚʘʯʘʤʠ; 

- ʥʘʛʦʨʦʜʘ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʜʦ ʤʝʨʝʞʽ, ʧʦʰʠʨʶʻʪʴʩʷ ʜʫʛʘʤʠ ʛʨʘʬʫ 

(ʪʦʙʪʦ ʜʫʛʠ ʻ ʢʘʥʘʣʘʤʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʛʦʨʦʜʠ). 
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ɺʝʨʰʠʥʠ ʤʦʞʫʪʴ ʥʘʣʝʞʘʪʠ ʜʦ ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʪʠʧʽʚ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʚʽʜ-

ʧʦʚʽʜʥʦ ʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʤʝʨʝʞʽ ʟ ʧʽʜʪʨʠʤʢʦʶ ʥʘʛʦ-

ʨʦʜ. ʊʦʙʪʦ ʽʩʥʫʻ ʜʚʽ ʚʟʘʻʤʥʦ ʥʝʧʝʨʝʩʽʯʥʠʭ ʧʽʜʤʥʦʞʠʥʠ ʚʝʨʰʠʥ A ̔  B, ʥʘ 

ʷʢʽ ʨʦʟʙʠʚʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ V ( BAV Ç= ). 

ʏʝʨʝʟ ʚʝʨʰʠʥʠ ʤʥʦʞʠʥʠ B ʫ ʩʠʩʪʝʤʫ ʥʘʜʭʦʜʠʪʴ ʧʝʚʥʘ ʥʘʛʦʨʦʜʘ, ʷʢʘ 

ʧʦʪʽʤ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʽʥʰʠʤʠ ʫʯʘʩʥʠʢʘʤʠ. ɺʦʥʠ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʟʚôʷʟʢʠ ʟ ʚʝʨʰʠʥʘʤʠ ʤʥʦʞʠʥʠ A. ʊʘʢʠʤ ʯʠʥʦʤ ʤʘʻʤʦ, ʱʦ ʜʣʷ ʢʦʞʥʦʾ 

ʜʫʛʠ Evv jj Í),( 21  ʚʠʢʦʥʫʻʪʴʩʷ: 1jv ï ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ A, 2jv ï ʻ ʝʣʝ-

ʤʝʥʪʦʤ ʤʥʦʞʠʥʠ B (ʘʙʦ ʥʘʚʧʘʢʠ), ʪʦʙʪʦ ʛʨʘʬ G ʻ ʜʚʦʜʦʣʴʥʠʤ. ʆʜʥʘ 

ʜʦʣʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʝʨʰʠʥʠ ʤʥʦʞʠʥʠ ɸ, ʽʥʰʘ ï ʚʝʨʰʠʥʠ ʤʥʦʞʠʥʠ B. 

ɺʝʨʰʠʥʠ ʤʥʦʞʠʥʠ B ̒  ʜʞʝʨʝʣʘʤʠ ʚʠʥʘʛʦʨʦʜʠ. ɺ ʧʝʚʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ 

ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ (ʯʠ ʟʘ ʟʘʜʘʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʟʣʽʚ ʤʝʨʝʞʽ, ʷʢʘ ʤʦʜʝʣʶʻʪʴʩʷ) ʦʙʠʨʘʻʪʴʩʷ ʚʝʨʰʠʥʘ ʟ ʤʥʦ-

ʞʠʥʠ B (ʥʝʭʘʡ ʮʝ ʙʫʜʝ ʚʝʨʰʠʥʘ k) ʽ ʯʝʨʝʟ ʥʝʾ ʚ ʩʠʩʪʝʤʫ ʚʚʦʜʠʪʴʩʷ z ʦʜʠ-

ʥʠʮʴ ʥʘʛʦʨʦʜʠ, ʷʢʘ ʧʦʰʠʨʶʻʪʴʩʷ ʧʦ ʛʨʘʬʫ ʯʝʨʝʟ ʜʫʛʠ. 

ɼʣʷ ʦʙʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʚʠʥʘʛʦʨʦʜʠ, ʱʦ ʦʪʨʠʤʫʻ ʢʦʞʥʘ ʚʝʨʰʠʥʘ, 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʥʘ ʛʨʘʬʘʭ [2]. ɺ ʜʘʥʽʡ ʨʦ-

ʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʰʫʢ ʚ ʰʠʨʠʥʫ: ʩʧʦʯʘʪʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʪʦ-

ʯʥʘ ʚʝʨʰʠʥʘ k, ʧʦʪʽʤ ʧʦ ʯʝʨʟʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʾʾ ʩʫʩʽʜʠ, ʧʦʪʽʤ ï ʩʫʩʽʜʠ ʾʾ 

ʩʫʩʽʜʽʚ ʽ ʪ.ʜ.). 

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʧʦʰʠʨʝʥʥʷ ʥʘʛʦʨʦʜʠ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

1. ɯʥʽʮʽʘʣʽʟʘʮʽʷ: }{:1 kV = , Å=:2V  

2. ɺʢʣʶʯʠʪʠ ʚ ʤʥʦʞʠʥʫ 2V  ʚʩʽʭ ʩʫʩʽʜʽʚ ʚʝʨʰʠʥ ʟ ʤʥʦʞʠʥʠ 1V  

3. ʗʂʑʆ Å=:2V  ʪʦ ʂɯʅɽʎʔ, 

ɯʅɸʂʐɽ 

3.1. ɺʠʢʣʶʯʠʪʠ ʟ ʨʦʟʛʣʷʜʫ ʚʝʨʰʠʥʠ ʤʥʦʞʠʥʠ 1V . 

3.2. ɺʠʟʥʘʯʠʪʠ ʥʘʛʦʨʦʜʫ ʚʝʨʰʠʥ ʤʥʦʞʠʥʠ 2V  

3.3. ɺʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʥʘʛʦʨʦʜʠ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʜʘʣʽ ʧʦ ʤʝʨʝʞʽ 

ʯʝʨʝʟ ʚʝʨʰʠʥʠ ʤʥʦʞʠʥʠ 2V  

3.4. 21 : VV = , Å=:2V . ʇʝʨʝʡʪʠ ʥʘ ʢʨʦʢ 2 

ʇʝʨʰʦʶ ʭʚʠʣʝʶ ʥʘʟʚʝʤʦ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʩʫʩʽʜʽʚ ʚʝʨʰʠʥʠ k, ʜʨʫʛʦʶ 

ʭʚʠʣʝʶ ï ʩʫʩʽʜʽʚ ʮʠʭ ʩʫʩʽʜʽʚ (ʙʝʟ ʚʝʨʰʠʥʠ k) ʽ ʪ.ʜ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʞʥʘ ʚʝʨʰʠʥʘ ʦʪʨʠʤʫʻ ʧʝʚʥʫ ʯʘʩʪʠʥʫ ʚʽʜ ʥʘ-

ʛʦʨʦʜʠ, ʱʦ ʥʘʜʽʡʰʣʘ ʫ ʥʝʾ. ʏʘʩʪʠʥʫ ʥʘʛʦʨʦʜʠ, ʱʦ ʟʘʣʠʰʠʣʘʩʴ, ʧʝʨʝʜʘ-

ʻʪʴʩʷ ʜʘʣʽ ʧʦ ʜʫʛʘʤ ʜʦ ʚʝʨʰʠʥ, ʷʢʽ ʱʝ ʥʝ ʦʪʨʠʤʘʣʠ ʥʘʛʦʨʦʜʫ. ʊʘʢʠʤ ʯʠ-

ʥʦʤ ʚʠʥʘʛʦʨʦʜʘ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʭʚʠʣʷʤʠ ʚʽʜ ʚʝʨʰʠʥʠ k. 

ʅʝʭʘʡ 
21,vvw  ï ʮʝ ʥʘʛʦʨʦʜʘ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʜʫʟʽ ʚʽʜ 1v  ʜʦ 2v . ʊʦʜʽ 

ʚʠʥʘʛʦʨʦʜʘ ʚʝʨʰʠʥʠ v ʜʦʨʽʚʥʶʻ: 
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vvv ww a     (1) 

ʜʝ va  ï ʯʘʩʪʠʥʘ ʥʘʛʦʨʦʜʠ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ  ʫ ʚʝʨʰʠʥʽ v. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ va  ʻ ʦʜʥʘʢʦʚʦʶ ʜʣʷ ʚʩʽʭ ʚʝʨʰʠʥ, ʪʦʙʪʦ 

ʢʦʞʥʘ ʚʝʨʰʠʥʘ ʟʘʙʠʨʘʻ ʩʦʙʽ ʦʜʥʘʢʦʚʫ ʯʘʩʪʢʫ ʚʽʜ ʥʘʛʦʨʦʜʠ, ʱʦ ʥʘʜʽʡʰʣʘ 

ʫ ʥʝʾ: aa =v , ab -=1 . ʊʦʜʽ ʚʩʽ ʚʝʨʰʠʥʠ ʥʘ ʜʝʷʢʽʡ ʭʚʠʣʽ w ʦʪʨʠʤʘʶʪʴ 

ʩʫʤʘʨʥʫ ʥʘʛʦʨʦʜʫ ʫ ʨʦʟʤʽʨʽ zw 1-ab , ʘ ʥʘ ʥʘʩʪʫʧʥʫ w+1 ʭʚʠʣʶ ʙʫʜʝ ʧʝ-

ʨʝʜʘʥʦ ʥʘʛʦʨʦʜʫ zwb . 

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʜʦʨʝʯʥʦ ʨʦʟʛʣʷʥʫʪʠ ʪʘʢʠʡ ʨʦʟʧʦʜʽʣ ʥʘʛʦʨʦʜʠ, 

ʢʦʣʠ ʢʦʞʥʘ ʚʝʨʰʠʥʘ ʟʘʣʠʰʘʻ ʩʦʙʽ ʯʘʩʪʢʫ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʮʽʻʾ ʚʝ-

ʨʰʠʥʠ. ʅʝʭʘʡ 1a  - ʯʘʩʪʢʘ ʥʘʛʦʨʦʜʠ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʚʝʨʰʠʥʘʭ ʥʘ ʥʝ-

ʧʘʨʥʽʡ ʭʚʠʣʽ ʘʣʛʦʨʠʪʤʫ, ʘ 1b  - ʯʘʩʪʢʘ ʥʘʛʦʨʦʜʠ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʜʘʣʽ 

ʜʣʷ ʥʘʛʦʨʦʜʞʝʥʥʷ ʚʝʨʰʠʥ ʫʩʽʭ ʥʘʩʪʫʧʥʠʭ ʭʚʠʣʴ ( 111 =+ba ). ɸʥʘʣʦ-

ʛʽʯʥʦ ʜʣʷ ʧʘʨʥʠʭ ʭʚʠʣʴ ʟʘʜʘʥʽ ʟʥʘʯʝʥʥʷ 2a  ʪʘ 2b  ( 122 =+ba ). ʊʦʜʽ 

ʜʣʷ ʜʝʷʢʦʾ ʥʝʧʘʨʥʦʾ ʭʚʠʣʽ w ʩʫʤʘʨʥʘ ʥʘʛʦʨʦʜʘ ʩʢʣʘʜʝ zw 2/)1(
121 )( -bba , 

ʘ ʥʘ ʥʘʩʪʫʧʥʫ ʭʚʠʣʶ ʙʫʜʝ ʧʝʨʝʜʘʥʦ z
ww 2/)1(

1
2/)1(

2
+- bb . ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ 

ʧʘʨʥʦʾ ʭʚʠʣʽ w ʥʘʛʦʨʦʜʘ ʙʫʜʝ zww 2/
1

2/)2(
22 bba - , ʘ ʥʘ ʥʘʩʪʫʧʥʫ ʭʚʠʣʶ 

ʙʫʜʝ ʧʝʨʝʜʘʥʦ zw 2/
12 )( bb . 

ʆʩʢʽʣʴʢʠ  ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʤʝʨʝʞʽ ʢʽʥʮʝʚʘ, ʪʦ: 

- ʢʽʥʮʝʚʦʶ ʻ ʽ ʢʽʣʴʢʽʩʪʴ ʭʚʠʣʴ; 

- ʩʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʛʦʨʦʜʠ, ʷʢʫ ʦʪʨʠʤʘʶʪʴ ʚʝʨʰʠʥʠ ʤʝʨʝʞʽ, 

ʤʝʥʰʝ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ z; 

- ʢʽʣʴʢʽʩʪʴ ʥʝʨʦʟʧʦʜʽʣʝʥʦʾ ʥʘʛʦʨʦʜʠ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʛʣʠʙʠʥʠ ʛʨʘʬʘ ʚʽʜ ʚʝʨʰʠʥʠ k. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʩʪʨʘʪʝʛʽʶ ʨʦʟʧʦʜʽʣʫ ʥʘʛʦʨʦʜʠ 

ʜʣʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʤʝʨʝʞʽ ʟʘʜʘʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʊʘʢʦʞ ʙʫʣʦ ʧʨʝʜʩʪʘʚ-

ʣʝʥʦ ʚʘʨʽʘʥʪʠ ʧʨʦʮʝʜʫʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʚʠʥʘʛʦʨʦʜʠ, ʷʢʫ ʦʪʨʠʤʫ-

ʶʪʴ ʢʦʨʠʩʪʫʚʘʯʽ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʧʦʜʽʣʫ 

ʥʘʛʦʨʦʜʠ. 

ɿʘʨʘʟ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ, ʧʦʚôʷʟʘʥʘ ʟ ʥʝʨʦʟʧʦʜʽʣʝʥʦʶ ʥʘʛʦʨʦʜʦʶ. ɺ ʧʦ-

ʜʘʣʴʰʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʛʣʷʥʫʪʠ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʾʾ ʚʠʨʽʰʝʥʥʷ. ʊʘʢʦʞ ʥʘ-

ʨʘʟʽ ʘʣʛʦʨʠʪʤ ʜʣʷ ʚʝʣʠʢʠʭ ʤʝʨʝʞ ʧʨʘʮʶʻ ʟʘʥʘʜʪʦ ʜʦʚʛʦ. ʊʦʤʫ ʧʣʘʥʫ-

ʻʪʴʩʷ ʜʦʩʣʽʜʠʪʠ ʨʽʟʥʽ ʩʧʦʩʦʙʠ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʟʤʝʥʰʠʪʠ ʯʘʩ ʨʦʙʦʪʠ ʘʣʛʦ-

ʨʠʪʤʫ, ʥʘʧʨʠʢʣʘʜ, ʦʙʤʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʭʚʠʣʴ. 

ʃʽʪʝʨʘʪʫʨʘ 
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ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɿɸɼɸʏʀ ʈɸɿɹʀɽʅʀʗ ʉɽʊʀ 

ʅɸ ɿʆʅʓ ʄɸʈʐʈʋʊʀɿɸʎʀʀ 

ɽ. ɻ. ɾʜʘʥʦʚʘ, ɸ.ɺ. ʂʦʛʘʥ, ʖ.ɸ. ʂʫʣʘʢʦʚ, ʄ.ʆ. ʉʧʝʨʢʘʯ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ ñʂʠʝʚʩʢʠʡ ʧʦʣʠ-

ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ ʀʛʦʨʷ ʉʠʢʦʨʩʢʦʛʦò,  

ʋʢʨʘʠʥʘ, ʂʠʝʚ 

 

ʈʘʩʰʠʨʝʥʠʝ ʩʬʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ 

ʠ ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʭ ʥʘʜʝʞʥʦʩʪʠ ʧʨʝʜʲʷʚʣʷʪʁ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʨʘʬʠʢʘ ʨʘʟʥʦʛʦ ʪʠʧʘ ʠ 

ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʩʨʝʜʩʪʚ 

ʫʜʦʚʦʣʠʪʚʦʨʝʥʠʶ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʩʝʪʠ ʥʘ ʟʦʥʳ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʪʠ ʠ 

ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʪʨʘʬʠʢʘ ʢʘʢ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʟʦʥʳ, 

ʪʘʢ ʠ ʤʝʞʜʫ ʥʠʤʠ. ʈʘʟʙʠʝʥʠʝ ʩʝʪʠ ʥʘ ʟʦʥʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ 

ʟʘʜʘʯʝ ʨʘʟʙʠʝʥʠʝ ʛʨʘʬʘ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɼʘʥ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ 

( )PCWEVG ,,,,= , ʛʜʝ V  - ʥʝ ʧʫʩʪʦʝ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ (ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʫ ʫʟʣʦʚ ʤʦʙʠʣʴʥʦʡ ʩʝʪʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʤʝʱʝʥʳ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ), { }nV ...,,1= , n  - ʧʦʨʷʜʦʢ ʛʨʘʬʘ; ( ){ },E i j V V= Í ³  

- ʤʥʦʞʝʩʪʚʦ ʨʝʙʝʨ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʫ ʩʦʝʜʠʥʝʥʠʡ ʤʝʞʜʫ ʫʟ-

ʣʘʤʠ ʤʦʙʠʣʴʥʦʡ ʩʝʪʠ); RVW ­: - ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʢʘʞʜʦʡ 

ʚʝʨʰʠʥʝ ʩʪʘʚʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ (0>iw - ʚʝʩ ʚʝʨ-

ʰʠʥʳ i VÍ , ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ); 

:C E R­  - ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʢʘʞʜʦʤʫ ʨʝʙʨʫ ʩʪʘʚʠʪ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ (0>ijc - ʚʝʩ ʨʝʙʨʘ Eji Í),( , ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ); ](1;0: ­EP  - ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ, ʢʦ-

ʪʦʨʘʷ ʢʘʞʜʦʤʫ ʩʪʘʚʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʠʟ ʧʦʣʫʠʥ-

ʪʝʨʚʘʣʘ (0,1] ( 10 ¢< ijp - ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʨʝʙʨʘ 

Eji Í),( ).  
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ʈʘʟʙʠʝʥʠʝ ʛʨʘʬʘ ʥʘ ʧʦʜʛʨʘʬʳ [1] ʦʟʥʘʯʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ 

ʛʨʘʬʘ G  ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ ʧʦʜʤʥʦʞʝʩʪʚ ʚʝʨʰʠʥ (ʙʣʦʢʦʚ) 1 2, ,..., rV V V  

( 1)r > , ʪʘʢʠʭ, ʯʪʦ 1 2 ... rV V V VÇ Ç Ç =; Å=Æ lk VV ; rlk ,...,1, = ; 

lk¸ . 

ɺʝʨʰʠʥʘ 
ki VÍ , ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʨʝʙʨʦʤ ʩ ʚʝʨʰʠʥʦʡ 

lj VÍ , lk¸  

ʥʘʟʳʚʘʝʪʩʷ ʛʨʘʥʠʯʥʦʡ ʚʝʨʰʠʥʦʡ. ʈʝʙʨʦ, ʩʦʝʜʠʥʷʶʱʝʝ ʚʝʨʰʠʥʳ ʨʘʟʥʳʭ 

ʙʣʦʢʦʚ, ʥʘʟʳʚʘʶʪʩʷ ʨʝʙʨʦʤ ʨʘʟʨʝʟʘ. ʄʥʦʞʝʩʪʚʘ klE  ʥʘʟʳʚʘʶʪʩʷ 

ʧʦʜʨʘʟʨʝʟʘʤʠ. ʇʦʜʛʨʘʬʦʤ kG  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʛʨʘʬ ʩ ʤʥʦʞʝʩʪʚʦʤ ʚʝʨ-

ʰʠʥ kV  ʠ ʤʥʦʞʝʩʪʚʦʤ ʨʝʙʝʨ ( ){ }kkk VjViEjiE ÍÍÍ= ,|, , ʪʦ ʝʩʪʴ 

( )kkk EVG ,= . 

ʂʘʯʝʩʪʚʦ ʨʘʟʙʠʝʥʠʷ ʛʨʘʬʘ ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʧʦ ʦʜʥʦʤʫ ʠʣʠ ʥʝ-

ʩʢʦʣʴʢʠʤ ʢʨʠʪʝʨʠʷʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʨʘʟ-

ʨʝʟʦʚ klE  ( ( ) min(max)klk l
f E

<
­ä ), ʧʦʜʤʥʦʞʝʩʪʚ ʚʝʨʰʠʥ rVVV ...,,, 21  

( ( )
1

min(max)
r

kk
g V

=
­ä ) ʠ/ʠʣʠ ʧʦʜʛʨʘʬʦʚ 1, 2,..., rG G G   (

( )
1

min(max)
r

kk
h G

=
­ä ).  

ɺ ʟʘʜʘʯʝ ʥʘ ʧʦʣʫʯʘʝʤʦʝ ʨʝʰʝʥʠʝ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʣʦʞʝʥʳ ʥʝʢʦ-

ʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ (ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ), ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ 

ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʨʘʟʙʠʝʥʠʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ (ʩʥʠʟʫ ʠ/ʠʣʠ 

ʩʚʝʨʭʫ) ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʛʨʘʬʦʚ ʨʘʟʙʠʝʥʠʷ; ʢʦ-

ʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʧʦʜʛʨʘʬʳ; ʦʛʨʘʥʠʯʝʥʠʝ ʙʘʣʘʥʩʘ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʤʫ ʚʩʝ ʧʦʜʤʥʦʞʝʩʪʚʘ rVVV ...,,, 21  ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʨʠʤʝʨʥʦ ʦʜʠ-

ʥʘʢʦʚʳʡ ʨʘʟʤʝʨ; ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʩʙʘʣʘʥʩ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʘʤʠ ʚʝʨʰʠʥ 

ʧʦʜʛʨʘʬʦʚ ʨʘʟʙʠʝʥʠʷ; ʩʫʤʤʘʨʥʳʡ ʚʝʩ ʚʝʨʰʠʥ ʧʦʜʛʨʘʬʦʚ; ʨʘʟʤʝʨ ʜʠʩʙʘ-

ʣʘʥʩʘ ʤʝʞʜʫ ʩʫʤʤʘʨʥʳʤʠ ʚʝʩʘʤʠ ʚʝʨʰʠʥ ʧʦʜʛʨʘʬʦʚ; ʢʦʣʠʯʝʩʪʚʦ ʨʝʙʝʨ, 

ʚʭʦʜʷʱʠʭ ʚ ʨʘʟʨʝʟ; ʩʫʤʤʘʨʥʳʡ ʚʝʩ ʨʝʙʝʨ ʨʘʟʨʝʟʘ; ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʭʦʜʘ 

ʠʟ ʩʪʨʦʷ ʚʩʝʭ ʨʝʙʝʨ ʧʦʜʨʘʟʨʝʟʦʚ; ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʙʝʨ ʚʭʦʜʷʱʠʭ ʚ 

ʧʦʜʨʘʟʨʝʟʳ; ʩʨʝʜʥʠʡ ʚʝʩ ʨʝʙʝʨ ʚʭʦʜʷʱʠʭ ʚ  ʧʦʜʨʘʟʨʝʟʳ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʨʘʥʠʯʥʳʭ ʚʝʨʰʠʥ ʧʦʜʛʨʘʬʦʚ. 

ɽʩʣʠ ʧʨʠ ʨʘʟʙʠʝʥʠʠ ʩʝʪʠ ʥʘ ʟʦʥʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠ-

ʤʠʟʠʨʦʚʘʪʴ ʩʫʤʤʘʨʥʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʣʘʩʪʠ ʩʦʯʣʝʥʝʥʠʷ  ʠ 

ʧʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ʜʦʤʝʥʦʚ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʨʝ-

ʙʦʚʘʥʠʷʤ ʙʘʣʘʥʩʘ, ʪʦ ʤʦʜʝʣʴ ʧʨʠʤʝʪ ʚʠʜ:  

( )
( )

min
,

­=ä ää
Íkl Eji

ij
kl

kl

kl

cEf  
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(1 )k V

V
V

r

é ù
² -eé ù

ê ú
,  1...k r= . 

ʛʜʝ: 0 1V<e < ʧʘʨʘʤʝʪʨ ʜʠʩʙʘʣʘʥʩʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʤʝʨʫ ʦʪ-

ʢʣʦʥʝʥʠʷ ʧʦʨʷʜʢʘ ʧʦʜʛʨʘʬʘ (ʜʦʤʝʥʘ) ʚ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ ʦʪ ʩʨʝʜʥʝʛʦ. 

ɽʩʣʠ ʞʝ ʧʨʠ ʨʘʟʙʠʝʥʠʠ ʩʝʪʠ ʥʘ ʟʦʥʳ ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʠʯʴ ʤʠʥʠʤʘʣʴ-

ʥʦʡ ʩʫʤʤʳ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʚʩʝʭ ʧʦʜʨʘʟʨʝʟʦʚ ʠ ʧʨʠ ʵʪʦʤ 

ʜʠʘʤʝʪʨʳ ʧʦʜʛʨʘʬʦʚ ʥʝ ʤʦʛʫʪ ʧʨʝʚʳʰʘʪʴ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ cD, ʪʦ 

ʤʦʜʝʣʴ ʧʨʠʤʝʪ ʚʠʜ: 

( ) ( )
( )/ 0 / 0 ,

1 min

kl kl kl

kl ij

kl E kl E i j E

f E p
¸ ¸ Í

= - ­ä ä Ô ; 

( )k cd G ¢D,  1...k r= . 

ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʟʘ-

ʜʝʨʞʢʠ ʚ ʛʨʘʥʠʯʥʳʭ ʚʝʨʰʠʥʘʭ, ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦ-

ʜʝʣʠ ʧʨʠʤʝʪ ʚʠʜ: 

/ 0

min

kl kl

i

kl E i V

w
¸ Í

­ä ä . 

ʈʘʟʙʠʝʥʠʝ ʩʝʪʠ ʥʘ ʟʦʥʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ (ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʥʝʢʦʪʦʨʦʤ 

ʩʤʳʩʣʝ ʦʙʨʘʟʦʤ) ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʙʘʣʘʥʩʠʨʦʚʢʫ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ 

ʟʦʥʘʤʠ ʠ/ʠʣʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʛʨʘʥʠʯʥʳʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ.  

 

ʃʠʪʝʨʘʪʫʨʘ: 

1.Christian Schulz. Graph Partitioning and Graph Clusteringin Theory 

and Practice // Institute for Theoretical Informatics Karlsruhe Institute of 

Technology (KIT). ï May 20, 2016. ï ʨʨ. 24-187. 

 

ʋɼʂ 004.31 

ɸʅɸʃɯɿ ʉʊʈɸʊɽɻɯɰ ɼɯɸɻʅʆʉʊʀʂʀ ʊɸ ɺɯɼʅʆɺʃɽʅʅʗ 

ʈʆɹʆʊʆʉʇʈʆʄʆɾʅʆʉʊɯ ʎʀʌʈʆɺʀʍ ʉʀʉʊɽʄ 

ɭ.ɺ. ʅʽʢʽʪʝʥʢʦ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘ-

ʩʦʙʽʚ ʽ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ. ʉʢʣʘʜʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʙʝʟʧʝʨʝʨʚʥʝ ʟʙʽʣʴʰʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʩʠʩ-

ʪʝʤ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʚ ʜʦʩʪʦʚʽʨʥʽʡ ʦʮʽʥʮʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚ 

ʮʽʣʦʤʫ ʽ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ [1,2]. 

http://teacode.com/online/udc/00/004.02.html
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ɿ ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦ-

ʥʪʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʩʧʝʮʽʘʣʴʥʽ ʟʘʭʦʜʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʷʚ-

ʣʝʥʥʷ ʬʘʢʪʫ ʧʦʷʚʠ ʧʦʤʠʣʦʢ ʯʝʨʝʟ ʘʧʘʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ, ʧʦʰʫʢʫ ʽ ʣʦʢʘʣʽ-

ʟʘʮʽʾ ʷʢ ʤʽʩʮʷ ʧʦʷʚʠ ʟʙʦʾʚ ʽ ʚʽʜʤʦʚ ʚ ʙʣʦʢʘʭ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ, ʪʘʢ ʽ ʥʝ-

ʩʧʨʘʚʥʦʩʪʝʡ ʚ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʩʭʝʤʽ ʥʝʩʧʨʘʚʥʦʛʦ ʚʫʟʣʘ. 

ʆʩʥʦʚʥʽ ʟʘʜʘʯ ̔ʧʨʦʮʝʩʫ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʥʘ-

ʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1. 

ɺ [1,3] ʧʦʢʘʟʘʥʦ, ʱʦ ʮʠʬʨʦʚʘ ʩʠʩʪʝʤʘ ʤʘʻ ʙʝʟʣʽʯ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ, 

ʷʢʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʩʭʠʣʴʥʠʭ ʜʦ ʟʤʽʥʠ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫ-

ʘʪʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙ'ʻʢʪʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʟʥʘʢʘʤʠ. ʂʦʞʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ 
ʊ

21 ),...,,( nzzzZ=  ʻ ʜʝʷʢʦʶ ʬʫʥʢʮʽʻʶ ʨʦʙʦʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʚ ʧʨʦʩʪʦʨʽ 

ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ (ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʩʪʘʥʽʚ iC ): 

[ ]1
i

j

ijijii yyyCZ

1

ʚʥ ),(

=

ÍªÍ .   (1) 

ɯʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʚʠʤʽʨʶ-

ʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚiy ʚ ʦʙʨʘʥʠʭ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ.  

ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʜʽʘʛʥʦʩʪʠʢʠ ï ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʫ ʩʪʘʥʽʚ iC  ʚ ʧʦʪʦ-

ʯʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ï ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʚʠʨʽʰʘʣʴʥʦʤʫ ʧʨʘʚʠʣʫ 

),,(max),(
,1

Ø

=

Ø

=ªÍ k
mk

ii yypyypCZ   (2) 

ʜʝ ),( kyyp
Ø

 ï ʤʽʨʘ ʧʦʜʽʙʥʦʩʪʽ ʚʝʢʪʦʨʽʚ, ʱʦ ʧʦʨʽʚʥʶʶʪʴʩʷ. 

 
ʈʠʩ. 1. ʆʩʥʦʚʥ ̔ʟʘʜʘʯ ̔ʧʨʦʮʝʩʫ ʪʝʭʥʯ̔ʥʦʾ ʜ̔ʘʛʥʦʩʪʠʢʠ ʮʠʬʨʦ-

ʚʠʭ ʩʠʩʪʝʤ 
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ʗʢ ʧʦʢʘʟʘʥʦ ʚ [1,3] ʜʣʷ ʥʘʡʧʨʦʩʪʽʰʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʧʨʠʡʤʘʯ 

ʮʠʬʨʦʚʦ ʾʩʠʩʪʝʤʠ ʟ ʜʽʘʛʥʦʩʪʠʢʦʶ ʧʦʤʠʣʦʢ ʽ ʚʽʜʤʦʚ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʚ 

ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʚ ʦʜʥʦʤʫ ʟ ʥʘʩʪʫʧʥʠʭ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ: 

ʩ0 ï ʧʨʠʡʤʘʯ ʬʫʥʢʮʽʦʥʫʻ ʙʝʟ ʧʦʤʠʣʦʢ ʽ ʚʽʜʤʦʚ; 

ʩ1 ï ʧʨʠʡʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʥʝʧʦʤʽʯʝʥʦʶ ʧʦʤʠʣʢʦʶ; 

ʩ2 ï ʧʨʠʡʤʘʯ ʚʠʧʨʘʚʣʷʻ ʚʠʷʚʣʝʥʫ ʧʦʤʠʣʢʫ; 

ʩ3 ï ʧʨʠʡʤʘʯ ʥʝʨʦʙʦʪʦʩʧʨʦʤʦʞʥʠʡ ʯʝʨʝʟ ʚʽʜʤʦʚʠ. 

ʄʘʪʨʠʮʷ ʫʤʦʚʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʝʨʝʭʦʜʽʚ ijp  ʟʽ ʩʪʘʥʫ ʩi ʚ ʩʪʘʥ ʩj 

ʤʘʻ ʚʠʛʣʷʜ [1,3] 

0001

0011
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)1()1(
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ʊ

ʊ
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ij

qq
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p
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ll

l
ll

l

ll

l

++

+

-

+

-

=
,  (3) 

ʜʝ ʧʨʠʡʥʷʪʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: ʊ0l  ï ̔ ʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ ʚʽʜʤʦʚ; 0l  

ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ ʧʦʤʠʣʦʢ; q ï  ʡʤʦʚʽʨʥʽʩʪʴ ʥʝʚʠʷʚʣʝʥʦʾ ʧʦʤʠʣʢʠ 

ʧʨʠʩʪʨʦʻʤ ʟʘʭʠʩʪʫ ʚʽʜ ʧʦʤʠʣʦʢ (ʇɿʇ). 

ɼʣʷ ʚʠʧʘʜʢʫ ʥʘʡʧʨʦʩʪʽʰʠʭ ʧʦʪʦʢʽʚ ʧʦʤʠʣʦʢ ʽ ʚʽʜʤʦʚ ʦʪʨʠʤʘʥʦ: 

tccp ʊD+-º­ )(1)( 0000 ll , 

tccp ʊD+-º­ )(1)( 0011 ll ,   (4) 

tccp D-º­ 022 1)( m , 

tccp ʊD-º­ 033 1)( m , 

ʜʝ ʊ0m  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʴ ʚʽʜʤʦʚ; 0m  ï  ʽʥʪʝʥʩʠʚ-

ʥʽʩʪʴ ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ. 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʽʚ ʨʦʟʛʣʷʥʫʪʦʾ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ 

ʤʘʻ ʚʠʛʣʷʜ: 

)()()()()( 3020000
1
0 tPtPtPtP ʊʊ mmll +++-=

)()()()()( 000100
1
1 tPqtPtP ʊʊ llll +++-= , 

)()()1()()( 100020
1
2 tPtPqtPtP llm +-+-=   (5) 

1)()()()( 3210 =+++ tPtPtPtP  

ɺ ʮʽʣʦʤʫ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʙʦʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ 

ʧʦʷʚʽ ʧʦʤʠʣʦʢ ʽ ʚʽʜʤʦʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ: 

- ʚʠʟʥʘʯʝʥʥʷ (ʚʠʷʚʣʝʥʥʷ) ʧʦʨʫʰʝʥʴ ʨʦʙʦʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʮʠʬʨʦʚʦʾ 

ʩʠʩʪʝʤʠ; 

- ʜʽʘʛʥʦʩʪʠʢʘ ʙʣʦʢʫ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʟ ʚʽʜʤʦʚʘʤʠ; 

- ʣʦʢʘʣʽʟʘʮʽʷ ʥʝʩʧʨʘʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʙʣʦʢʫ; 
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- ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʙʦʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ (ʟʘʤʽʥʘ ʘʙʦ ʨʝ-

ʤʦʥʪ ʥʝʩʧʨʘʚʥʦʛʦ ʝʣʝʤʝʥʪʘ); 

- ʚʽʜʥʦʚʣʝʥʥʷ ʚʪʨʘʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʚʽʜʤʦʚʠ. 
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ʋɼʂ 004.02 

ʋɺɽʃʀʏɽʅʀɽ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ʉɺɽʈʊʆʏʅʓʍ 

ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ ʅɸ ʎɽʅʊʈɸʃʔʅʆʄ ʇʈʆʎɽʉʉʆʈɽ 

ɸ. ɸ. ʈʘʜʯʝʥʢʦ 

ʏʝʨʥʠʛʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʉʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ï ɻ ʪʦ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʦ ʩʧʝʮʠ-

ʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝ-

ʥʠʡ. ɺʧʝʨʚʳʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚ 1998 ʛʦʜʫ ʗʥʦʤ ʃʝʢʫʥʦʤ (Yann 

LeCun)[1]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʦʪʦʚʳʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ, ʦʙʫʯʠʪʴ ʠ ʧʨʦʪʝʩʪʠʨʦ-

ʚʘʪʴ ʩʚʝʨʪʦʯʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, ʦʜʥʘʢʦ ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʫʩʢʦʨʝʥʠʷ ʝʝ ʨʘʙʦʪʳ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʤʘ-

ʣʦʡ ʤʦʱʥʦʩʪʠ. 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝ-

ʪʝʡ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʭ SIMD[2] ʠʥʩʪʨʫʢʮʠʡ. Simd ʠʥʩʪʨʫʢʮʠʠ ï ɻ ʪʦ ʪʘʢʠʝ ʠʥʩʪʨʫʢʮʠʠ, 

ʢʦʪʦʨʳʝ ʩʦʚʝʨʰʘʶʪ ʥʝʢʦʪʦʨʫʶ ʦʧʝʨʘʮʠʶ ʩʨʘʟʫ ʥʘʜ ʤʥʦʞʝʩʪʚʦʤ ʜʘʥ-

ʥʳʭ, ʘ ʥʝ ʪʦʣʴʢʦ ʥʘʜ ʥʝʢʦʪʦʨʳʤ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠʣʠ ʨʝʛʠʩʪʨʦʤ. ʅʘ 

ʘʨʭʠʪʝʢʪʫʨʝ x86 ʢ ʪʘʢʠʤ ʠʥʩʪʨʫʢʮʠʷʤ ʦʪʥʦʩʷʪʩʷ SSE, SSE2, SSE3, 

SSSE3, SSE4, AVX, AVX2, AVX-512. ʅʘ ʘʨʭʠʪʝʢʪʫʨʝ ARM ʢ ʪʘʢʠʤ ʠʥ-

ʩʪʨʫʢʮʠʷʤ ʦʪʥʦʩʠʪʩʷ NEON. ʕʪʠ ʠʥʩʪʨʫʢʮʠʠ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʚʳ-

ʯʠʩʣʝʥʠʷ ʦʧʝʨʘʮʠʡ ʥʘ ʩʚʝʨʪʦʯʥʳʭ ʩʣʦʷʭ ʥʝʡʨʦʩʝʪʠ, ʥʘ ʩʣʦʷʭ ʧʫʣʠʥʛʘ ʠ 

ʥʘ ʧʦʣʥʦʩʚʷʟʥʳʭ ʩʣʦʷʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ. 

ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʵʪʠʭ ʠʥʩʪʨʫʢʮʠʡ ʤʦʞʥʦ ʫʩʢʦʨʠʪʴ ʦʙʫʯʝʥʠʝ 

ʥʝʡʨʦʩʝʪʠ ʥʘ ʧʨʦʮʝʩʩʦʨʝ. ʉʫʱʝʩʪʚʫʝʪ ʩʧʝʮʠʘʣʴʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ï ñSimd 

libraryò[3], ʢʦʪʦʨʘʷ ʧʨʦʚʝʨʷʝʪ, ʢʘʢʦʡ ʪʠʧ ʠʥʩʪʨʫʢʮʠʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʨʦ-



258 

 

ʮʝʩʩʦʨ ʠ ʠʩʧʦʣʴʟʫʝʪ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʝ ʠʥʩʪʨʫʢʮʠʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʛʦ ʧʨʦʮʝʩʩʦʨʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʥʝʡʨʦʩʝʪʠ ʚʦʟʨʘʩ-

ʪʘʝʪ ʦʪ 4 ï ʜʣʷ ʠʥʩʪʨʫʢʮʠʡ SSE3, ʜʦ 6 ʨʘʟ ï ʜʣʷ ʠʥʩʪʨʫʢʮʠʡ AVX-512. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʡ ʙʠʙʣʠʦʪʝʢʝ ʥʘ ARM ʫʩʪʨʦʡʩʪʚʘʭ ʩʢʦʨʦʩʪʴ 

ʥʝʡʨʦʩʝʪʠ ʧʦʚʳʰʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʥʝʡʨʦʩʝʪʴ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ [4] ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʚʤʝʩʪʦ ʛʠʧʝʨʙʦ-

ʣʠʯʝʩʢʦʛʦ ʪʘʥʛʝʥʩʘ ʥʘ ʩʚʝʨʪʦʯʥʳʭ ʩʣʦʷʭ ʥʝʡʨʦʩʝʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

RELU. 

ʉʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ [5-7], ʧʨʠʤʝʥʠʤʳʝ ʜʣʷ ʫʤʝʥʴʰʝ-

ʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʥʝʡʨʦʩʝʪʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʘʥʠʝ ʚʝʩʦʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ [8]. ɽʛʦ ʩʫʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʜʣʷ ʧʦʣʥʦʩʚʷʟʥʦʛʦ ʩʣʦʷ ʠ ʩʣʦʷ ʩʚʝʨʪʦʯʥʦʛʦ. ɼʣʷ 

ʧʦʣʥʦʩʚʷʟʥʦʛʦ ʩʣʦʷ ʜʝʣʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ. ʂʘʞʜʦʤʫ ʚʳʭʦʜʥʦʤʫ ʟʥʘʯʝ-

ʥʠʶ (iy , ʨʠʩʫʥʦʢ 1) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʝʩʦʚ ( Wi  ). ʂʘʞʜʦʝ ʠʟ 

ʪʘʢʠʭ ʤʥʦʞʝʩʪʚ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʜʤʥʦʞʝʩʪʚ (ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ) ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ. ʅʘʧʨʠʤʝʨ, 

;,;, 2423222114131211 wwwwwwww  ʠ ʪ. ʜ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʮʝʩʩ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʠʟ ʦʜʥʦʛʦ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ, ʠ ʚʳʩʯʠ-

ʪʳʚʘʶʪʩʷ ʮʝʥʪʨʳ ʢʣʘʩʪʝʨʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ (ʯʝʤ ʤʝʥʴʰʝ ï ʪʝʤ ʤʝʥʴʰʘʷ ʪʦʯʥʦʩʪʴ ʥʝʡʨʦʩʝʪʠ, ʥʦ ʪʝʤ 

ʙʳʩʪʨʝʝ ʙʫʜʫʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚʳʯʠʩʣʝʥʠʷ). ʅʘʧʨʠʤʝʨ, 32311211 , wwww  

ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʦʜʥʦʤʫ ʢʣʘʩʪʝʨʫ, ʘ 
2221ww ʢ ʜʨʫʛʦʤʫ. ʂʣʘʩʪʝʨʠʟʘ-

ʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʭʦʜʷʱʠʝ ʟʥʘ-

ʯʝʥʠʷ (ix ) ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʣʘʩʪʝʨʳ, ʘ ʟʘʪʝʤ ʜʣʷ ʢʘʞ-

ʜʦʛʦ ʚʳʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ (iy ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ. ʊʝʤ ʩʘʤʳʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʧʝʨʘʮʠʡ, ʪʘʢ ʢʘʢ ʚʭʦʜʷʱʠʝ 

ʟʥʘʯʝʥʠʷ ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʮʝʥʪʨʳ ʢʣʘʩʪʝʨʦʚ, ʘ ʥʝ ʥʘ ʚʝʩʘ, ʢʦʪʦʨʳʭ 

ʙʦʣʴʰʝ, ʥʝʞʝʣʠ ʢʣʘʩʪʝʨʦʚ. ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʝʩʦʚ ʩʚʝʨʪʦʯʥʳʭ 

ʩʣʦʝʚ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʟʘʷʚʣʝʥʠʶ 

ʩʦʟʜʘʪʝʣʝʡ ʵʪʦʛʦ ʤʝʪʦʜʘ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʜʦʩʪʠʛʘʝʪ 4-6 ʨʘʟ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʦʯʥʦʩʪʠ ʚʩʝʛʦ ʚ 1%. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʧʦʣʥʦʩʚʷʟʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʚʦʜʠʪʩʷ ʧʦʧʳʪʢʘ ʦʙʲʝʜʠʥʠʪʴ ʫʢʘʟʘʥʥʳʝ ʤʝ-

ʪʦʜʳ ʩ ʮʝʣʴʶ ʝʱʝ ʙʦʣʴʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 
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ʋɼʂ 004.043  

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʈɽɾ ʂʆʍʆʅɽʅɸ ɺ ʐʊʋʏʅʀʍ 

ɯʄʋʅʅʀʍ ʉʀʉʊɽʄɸʍ ɺʀʗɺʃɽʅʅʗ ɸʅʆʄɸʃʔʅʆɰ 

ʇʆɺɽɼɯʅʂʀ ʂʆʄʇôʖʊɽʈʅʀʍ ʄɽʈɽɾ 

ɺ.ɺ.ʃʠʪʚʠʥʦʚ*, ʅ.ʊ. ʉʪʦʷʥʦʚ**,  ɯ.ʉ.ʉʢʽʪʝʨ***,  ɸ.ɻ.ɻʨʝʙʝʥʥʠʢ*** 

*  ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

**  ɹʦʣʛʘʨʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʦʙʦʨʦʥʠ ʽʤ. ʎ. ʃʘʟʘʨʦʚʘ 

***ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʽ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘ-

ʾʥʠ 

ʋ ʟʚ'ʷʟʢʫ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʩʧʦʩʦʙʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʚʠ-

ʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ (ʉɺɺ) ʽ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʟʣʦʚʞʠʚʘʥʴ (ʉɺɿ) ʻ ʚʩʝ 

ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤ. ʊʦʤʫ ʩʪʘʚʠʪʴʩʷ ʟʘʚʜʘʥʥʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʤʦʜʝʣʶʶʪʴ ʧʦʚʝʜʽʥʢʫ ʟʣʦ-

ʚʤʠʩʥʠʢʽʚ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴ ʤʝʪʦʜʠ ʽ ʤʦʜʝʣʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʛʝʥʝ-

ʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʽʤʫʥʥʽ ʤʦʜʝʣʽ, ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʤʦʜʝʣʽ [1]. ɺʠʢʦʨʠʩ-

ʪʘʥʥʷ ʚʢʘʟʘʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʷʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʘʥʦʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʤʝʨʝʞʽ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʽ ʯʘʩʦʚʠʭ ʨʝʩʫʨʩʽʚ. ʎʝ ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘ-

ʮʽʾ ʧʨʦʮʝʩʫ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʠʭ ʧʦʜʽʡ ʚ ʤʝʨʝʞʽ. 

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ 

ʧʨʦʙʣʝʤ ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʙʽʦʣʦʛʽʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ - ʽʤʫʥʥʽ ʩʠʩʪʝʤʠ (Artificial Immune System - AIS) 

[2], ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (Artificial Neural Networks - ANN) [3], ʘ ʪʘʢʦʞ ʾʭ 

ʢʦʤʙʽʥʘʮʽʾ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʷʢ ʽʥʩʪʨʫʤʝʥʪʫ ʘʥʘʣʽʟʫ ʚ ʨʝʞʠʤʽ ʨʝ-

ʘʣʴʥʦʛʦ ʯʘʩʫ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʨʝʞ ʂʦʭʦʥʝʥʘ ʥʘ 

ʙʘʟʽ ʤʝʪʦʜʫ çWinner Takes Allè (WTA) [4]. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʷʪʠ 

ʥʝʩʪʘʥʜʘʨʪʥʫ ʧʦʚʝʜʽʥʢʫ ʤʝʨʝʞʽ, ʘʥʦʤʘʣʽʾ, ʚʪʦʨʛʥʝʥʥʷ ʽ ʘʪʘʢʠ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʧʦʪʦʯʥʠʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʟ çʽʜʝʘʣʴʥʠʤʠè.  

ʈʝʘʣʴʥʽ ʽʤʫʥʥʽ ʩʠʩʪʝʤʠ (AIS) ʩʪʦʩʦʚʥʦ ʜʦ ʩʬʝʨʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭ-

ʥʦʣʦʛʽʡ [5] ʻ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʽ ʚʽʜʥʦʩʥʦ ʥʝʚʠʤʦʛʣʠʚʠʤʠ ʜʦ ʦʙʯʠʩʣʶʚʘ-

ʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʉʘʤʝ ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʝʢʪʦʚʘʥʠʭ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ 

(ʉɺɸʇ). ʉɺɸʇ ʜʣʷ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ ʤʝʨʝʞʽ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ, ʫʤʦʚʥʦ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʦʩʥʦʚʥʫ ʽ ʥʘʙʽʨ 

ʚʪʦʨʠʥʥʠʭ. ɺ ʦʩʥʦʚʥʽʡ ʉɺɸʇ ʥʘ ʙʘʟʽ AIS ʽʤʽʪʫʶʪʴʩʷ ʜʚʘ ʧʨʦʮʝʩʠ - ʝʚʦ-

ʣʶʮʽʷ ʛʝʥʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʽ ʥʝʛʘʪʠʚʥʘ ʩʝʣʝʢʮʽʷ. 

ʅʘ ʝʪʘʧʽ ʝʚʦʣʶʮʽʾ ʛʝʥʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦ-

ʨʤʘʮʽʾ ʧʨʦ ʭʘʨʘʢʪʝʨ ʘʥʦʤʘʣʽʡ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ. ɻʝʥʥʘ ʙʽʙʣʽʦʪʝʢʘ 
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ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ "ʛʝʥʠ" (ʥʘʧʨʠʢʣʘʜ, ʜʘʥʽ ʧʨʦ 

ʧʘʨʘʤʝʪʨ ʪʨʘʬʽʢʫ) ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʠʭ ʛʝʥʝʨʫʶʪʴʩʷ ʧʨʦʛʨʘʤʥʽ ʘʛʝʥʪʠ - ʜʝ-

ʪʝʢʪʦʨʠ. ʇʦʯʘʪʢʦʚʽ ʜʘʥʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʛʝʥʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʚʠʙʠʨʘ-

ʶʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʤʝʨʝʞʝʚʠʭ ʧʨʦʪʦʢʦʣʽʚ, 

ʟʦʢʨʝʤʘ ʾʭ ʩʣʘʙʢʠʭ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʭʠʩʪʫ, ʤʽʩʮʴ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʰʣʷʭʦʤ ʜʦʚʽʣʴʥʦʛʦ ʢʦʤʙʽʥʫʚʘʥʥʷ "ʛʝʥʽʚ" ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʛʝʥʝʨʫʚʘʥʥʷ ʧʨʝ-ʜʝʪʝʢʪʦʨʽʚ, ʷʢʽ ʧʦʪʽʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʫ ʥʝ-

ʛʘʪʠʚʥʦʾ ʩʝʣʝʢʮʽʾ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʥʘ ʥʝʩʫʤʽʩʥʽʩʪʴ ʟ ʥʦʨʤʘʣʴʥʠʤ ʤʝʨʝʞʝ-

ʚʠʤ ʪʨʘʬʽʢʦʤ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʘʥʽ ʧʨʦ ʭʘʨʘʢʪʝʨ ʪʘʢʦʛʦ 

ʪʨʘʬʽʢʫ (ʧʨʦʬʽʣʽ), ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʨʦʬʘʡʣʝʨʦʤ 

(automated profiler), ʧʦʩʪʽʡʥʦ ʘʥʘʣʽʟʫʶʪʴ ʧʦʪʽʢ ʜʘʥʠʭ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʷʢʠʡ ʩʪʦʾʪʴ ʥʘ ʚʭʦʜʽ ʚ ʤʝʨʝʞʝʚʠʡ ʩʝʛʤʝʥʪ [6]. ʂʽʥʮʝ-

ʚʦʶ ʤʝʪʦʶ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʩʪʚʦʨʝʥʥʷ ʦʙʤʝʞʝʥʦʛʦ ʥʘʙʦʨʫ ʜʝʪʝʢʪʦʨʽʚ, 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʠʷʚʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʯʠʩʣʦ ʤʝʨʝʞʝ-

ʚʠʭ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʧʦʜʽʡ. 

ʇʨʠ ʚʠʷʚʣʝʥʥʽ ʥʝʩʪʘʥʜʘʨʪʥʦʾ ʧʦʚʝʜʽʥʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʣʦʥʘʣʴʥʘ ʩʝ-

ʣʝʢʮʽʷ - ʚʽʜʧʦʚʽʜʥʠʡ ʾʡ ʜʝʪʝʢʪʦʨ "ʨʦʟʤʥʦʞʫʻʪʴʩʷ" ʽ ʨʦʟʩʠʣʘʻʪʴʩʷ ʥʘ ʚʩʽ 

ʚʫʟʣʠ. ʆʩʪʘʪʦʯʥʝ ʞ ʨʽʰʝʥʥʷ ʧʨʦ ʚʪʦʨʛʥʝʥʥʷ ʚ ʤʝʨʝʞʫ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ 

ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʚʫʟʣʽʚ. ʇʨʠ ʬʽʢʩʫʚʘʥʥʽ ʜʝʪʝʢʪʦʨʘʤʠ ʥʝʩʪʘ-

ʥʜʘʨʪʥʦʾ ʧʦʚʝʜʽʥʢʠ ʚʽʜʨʘʟʫ ʥʘ ʜʝʢʽʣʴʢʦʭ ʚʫʟʣʘʭ ʧʨʦʪʷʛʦʤ ʢʦʨʦʪʢʦʛʦ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʨʽʚʝʥʴ ʨʠʟʠʢʫ ʟʨʦʩʪʘʻ ʽ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʟʘʜʘʥʦʛʦ ʧʦʨʦʛʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʧʦʚʽʱʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʤʝʨʝʞʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʘʮʽʾ AIS ʽ ANN ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʚʦʥʠ ʦʙʠʜʚʽ ʟʜʘ-

ʪʥʽ ʚʠʚʯʘʪʠ ʜʠʥʘʤʽʢʫ ʽ ʩʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʥʠʭ ʥʝʦʙʭʽʜʥʠʡ ʧʽʜʙʽʨ ʟʥʘʯʝʥʴ ʢʝʨʫʶʯʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʪʦʱʦ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʽʥʢʠ (ʉɺɸʇ) ʨʦʟ-

ʨʦʙʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ AIS ʽ ANN ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: ʤʦʜʫʣʴ 

ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ, ʤʦʜʫʣʴ ʥʘʚʯʘʥʥʷ, ʤʦʜʫʣʴ ʚʠʷʚʣʝʥʥʷ ʥʝʩʪʘʥʜʘʨʪʥʦʾ ʧʦ-

ʚʝʜʽʥʢʠ ʽ ʤʦʜʫʣʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʦʧʦʚʽʱʝʥʥʷ (ʨʠʩ.1). 

ʄʦʜʫʣʴ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ ʚ ʟʘʜʘʥʦʤʫ ʚʫʟʣʽ ʤʝʨʝʞʽ ʧʨʦʚʦʜʠʪʴ ʧʝʨʝʭʦ-

ʧʣʝʥʥʷ ʽ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʫ ʟʘ ʧʝʚʥʠʡ ʯʘʩʦʚʠʡ ʽʥ-

ʪʝʨʚʘʣ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʪʨʘʬʽʢʫ ʬʦʨʤʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʪʘʪʠʩʪʠʯ-

ʥʦʛʦ ʤʘʩʠʚʫ. 

ʄʦʜʫʣʴ ʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʦʨʠʪʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʽʜʙʦʨʫ ʽ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʛʝʥʝʨʘʮʽʶ ʜʝʪʝʢʪʦʨʽʚ, ʾʭ ʥʘʚʯʘʥʥʷ ʪʘ ʚʽʜʙʽʨ. ʅʘ ʚʠʭʦʜʽ 

ʤʦʜʫʣʷ ʬʦʨʤʫʻʪʴʩʷ ʨʦʙʦʯʘ ʧʦʧʫʣʷʮʽʷ ʜʝʪʝʢʪʦʨʽʚ, ʥʘʣʘʰʪʦʚʘʥʘ ʥʘ ʘʥʘ-

ʣʽʟʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʝʨʝʞʫ. ʉʬʦʨʤʦʚʘʥʠʡ ʥʘʙʽʨ ʜʝʪʝʢʪʦʨʽʚ ʟ ʚʠʩʦ-

ʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʘʻ ʘʥʦʤʘʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʪʨʘʬʽʢʫ ʽ ʤʘʻ ʥʠʟʴʢʫ ʯʘʩ-

ʪʦʪʫ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ. 
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ʅʝʡʨʦʤʝʨʝʞʝʚʠʡ ʜʝʪʝʢʪʦʨ ʷʚʣʷʻ ʩʦʙʦʶ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʂʦʭʦʥʝʥʘ. 

ɼʣʷ ʡʦʛʦ ʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʥʘʚʯʘʥʥʷ ʙʝʟ ʫʯʠʪʝʣʷ. ɼʣʷ 

ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʭʘʥʽʟʤʠ ʢʦʥʢʫʨʝʥʮʽʾ. ʇʨʠ ʧʦʜʘʯʽ ʥʘ 

ʚʭʽʜ ʤʝʨʝʞʽ ʚʝʢʪʦʨʘ ʧʝʨʝʤʘʛʘʻ ʪʦʡ ʥʝʡʨʦʥ, ʚʝʢʪʦʨ ʚʘʛ ʷʢʦʛʦ ʥʘʡʙʽʣʴʰ 

ʩʭʦʞʠʡ ʟ ʚʭʽʜʥʠʤ ʚʝʢʪʦʨʦʤ. ʅʘʚʢʦʣʦ ʥʝʡʨʦʥʘ-ʧʝʨʝʤʦʞʮʷ ʫʪʚʦʨʶʻʪʴʩʷ 

ʨʘʜʽʫʩ ʥʘʚʯʘʥʥʷ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ, ʱʦ ʟʤʽʥʶʶʪʴ ʩʚʦʾ 

ʚʘʛʠ ʚ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ ʥʘ ʜʘʥʽʡ ʽʪʝʨʘʮʽʾ. ʈʘʜʽʫʩ ʥʘʚʯʘʥʥʷ ʧʨʠʡʤʘʻ ʥʘʡ-

ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʥʘ ʧʝʨʰʽʡ ʽʪʝʨʘʮʽʾ ʽ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴ-

ʰʝʥʥʷʤ ʯʠʩʣʘ ʽʪʝʨʘʮʽʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚ ʢʽʥʮʽ ʥʘʚʯʘʥʥʷ ʢʦʨʠʛʫʻ ʩʚʦʾ 

ʚʘʛʠ ʪʽʣʴʢʠ ʥʝʡʨʦʥ-ʧʝʨʝʤʦʞʝʮʴ. 

 

ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ (ʉɺɸʇ) 

ʄʦʜʫʣʴ ʚʠʷʚʣʝʥʥʷ ʥʝʩʪʘʥʜʘʨʪʥʦʾ ʧʦʚʝʜʽʥʢʠ ʘʥʘʣʽʟʫʻ ʩʪʘʪʠʩʪʠʢʫ, ʷʢʘ 

ʥʘʜʘʻʪʴʩʷ ʤʦʜʫʣʝʤ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʜʘʯʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

ʥʘ ʚʭʽʜ ʢʦʞʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʟ ʨʦʙʦʯʦʾ ʧʦʧʫʣʷʮʽʾ. ʗʢʱʦ ʭʦʯʘ ʙ ʦʜʠʥ ʟ ʜʝ-

ʪʝʢʪʦʨʽʚ ʨʝʻʩʪʨʫʻ ʚʽʜʤʽʥʫ ʚʭʽʜʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʚʽʜ ʥʦʨʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ - 

       ʄʦʜʫʣʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʄʦʜʫʣʴ ʥʘ-

ʚʯʘʥʥʷ 

 

ʄʦʜʫʣʴ ʚʠʷʚ-

ʣʝʥʥʷ ʘʥʦʤʘ-

ʣʴʥʦʾ ʧʦʚʝʜʽ-

ʥʢʠ 
ɻʝʥʝʨʘʮʽʷ 

ʜʝʪʝʢʪʦʨʽʚ 

ʅʘʚʯʘʥʥʷ 

ʜʝʪʝʢʪʦʨʽʚ 

ɺʠʙʽʨ ʜʝ-

ʪʝʢʪʦʨʽʚ 

ɺʠʟʥʘʯʝʥʥʷ 

ʘʥʦʤʘʣʴʥʦʾ 

ʧʦʚʝʜʽʥʢʠ 

ʌʦʨʤʫʚʘʥʥʷ 

ʽʤʫʥʥʦʾ 

ʧʘʤô̫ ʪʽ 

ʇʦʧʫʣʷʮʽʷ 

ʜʝʪʝʢʪʦʨʽʚ 

ʆʧʦʚʽʱʝʥʥʷ ʽ 

ʧʨʠʡʥʷʪʪʷ ʨʽ-

ʰʝʥʴ 

ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴ-

ʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʂʣʘʩʠʬʽʢʘʪʦʨ ʘʥʦ-

ʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʄʦʜʫʣʴ ʘʥʘʣʽʟʫ ʤʝ-

ʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ 

ʩʪʘʪʠʩʪʠʢʘ 
ʩʪʘʪʠʩʪʠʢʘ 
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ʚ ʩʠʩʪʝʤʽ ʜʝʪʝʢʪʫʻʪʴʩʷ ʘʥʦʤʘʣʴʥʘ ʧʦʚʝʜʽʥʢʘ. ʄʦʜʫʣʴ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʙʣʦʢ ʜʝʪʝʢʪʫʚʘʥʥʷ ʥʝʩʪʘʥʜʘʨʪʥʦʾ ʧʦʚʝʜʽʥʢʠ ʽ ʙʣʦʢ ʬʦʨʤʫʚʘʥʥʷ ʽʤʫʥʥʦʾ 

ʧʘʤ'ʷʪʽ (ʢʣʦʥʫʚʘʥʥʷ ʽ ʤʫʪʘʮʽʷ ʜʝʪʝʢʪʦʨʽʚ). 

ɹʣʦʢ ʜʝʪʝʢʪʫʚʘʥʥʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʥʘ ʦʩ-

ʥʦʚʽ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʧʝʨʩʝʧʪʨʦʥʫ. ʋ ʨʝʞʠʤʽ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʥʘ ʚʭʽʜ 

ʜʝʪʝʢʪʦʨʘ ʧʦʜʘʶʪʴʩʷ ʚʝʢʪʦʨʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʝʨʝʞʝʚʠʡ 

ʪʨʘʬʽʢ. ʇʝʨʰʠʡ ʰʘʨ ʥʝʡʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʧʦʜʽʣʷʻ ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ ʥʘ 

ʥʝʡʨʦʥʥʽ ʝʣʝʤʝʥʪʠ ʜʨʫʛʦʛʦ (ʧʨʠʭʦʚʘʥʦʛʦ) ʰʘʨʫ. ɼʨʫʛʠʡ ʰʘʨ ʩʢʣʘʜʘ-

ʻʪʴʩʷ ʟ ʥʝʡʨʦʥʽʚ ʂʦʭʦʥʝʥʘ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʥʢʫʨʝʥʪʥʠʡ ʧʨʠʥʮʠʧ 

ʥʘʚʯʘʥʥʷ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʣʛʦʨʠʪʤʫ WTA. ʊʨʝʪʽʡ ʰʘʨ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʣʽʥʽʡʥʠʭ ʥʝʡʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʣʽʥʽʡʥʫ ʬʫʥʢʮʽʶ ʘʢʪʠʚʘʮʽʾ ʽ ʟʜʽʡʩʥʶʻ ʧʨʦʮʝʜʫʨʫ ʦʩʪʘʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ 

ʧʨʦ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʦʙ'ʻʢʪʫ ʩʢʘʥʫʚʘʥʥʷ ʚʝʢʪʦʨʘ ʜʦ ʥʦʨʤʘʣʴʥʦʾ ʘʙʦ ʜʦ 

ʘʥʦʤʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ʄʦʜʫʣʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʠʨʦʙʣʷʻ ʢʣʘʩʠʬʽʢʘ-

ʮʽʶ ʥʝʩʪʘʥʜʘʨʪʥʦʾ ʧʦʚʝʜʽʥʢʠ (ʟʙʽʡ, ʘʥʦʤʘʣʽʷ, ʘʪʘʢʘ ʽ ʪ.ʧ.) ʽ ʚʠʜʘʻ ʧʦʚʽʜʦ-

ʤʣʝʥʥʷ ʥʘ ʙʣʦʢ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʽʜʝʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʜʝʪʝʢʪʦʨʽʚ ʚ ʽʤʫ-

ʥʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʩʪʘʥʜʘʨʪʥʦʾ ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʝʚʦʛʦ 

ʪʨʘʬʽʢʫ ʻ ʝʬʝʢʪʠʚʥʦʶ ʽ ʤʦʞʝ ʙʫʪʠ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʥʝʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ ʽ ʤʦʞʣʠʚʠʭ ʧʦʨʫʰʝʥʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡ-

ʥʦʾ ʤʝʨʝʞʽ; ʚʠʙʨʘʥʽ ʧʘʨʘʤʝʪʨʠ ʤʝʨʝʞʝʚʦʾ ʩʪʘʪʠʩʪʠʢʠ ʥʝ ʚʠʤʘʛʘʶʪʴ ʜʣʷ 

ʩʚʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ ʽ ʜʦʟʚʦʣʷʶʪʴ ʨʝ-

ʟʫʣʴʪʘʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʘʥʦʤʘʣʽʾ ʪʨʘʬʽʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʝʨʝʞʽ.  

ʎʷ ʨʦʙʦʪʘ ʬʽʥʘʥʩʫʻʪʴʩʷ ʧʨʦʝʢʪʦʤ ʅɸʊʆ SPS Project CyRADARS 

(Cyber Rapid Analysis for Defense Awareness of Real-time Situation - 

CyRADARS) - ʥʦʤʝʨ ʛʨʘʥʪʦʚʦʾ ʫʛʦʜʠ: G5286. 
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ʋɼʂ 004.942 

ʇʆɹʋɼʆɺɸ ʁʄʆɺɯʈʅɯʉʅʆɰ ʄʆɼɽʃɯ ʉʂʃɸɼʅʆɰ 

ʇʈʆɻʈɸʄʅʆ-ɸʇɸʈɸʊʅʆɰ ʉʀʉʊɽʄʀ ʅɸ ɹɸɿɯ ɼɯɸɻʈɸʄ UML  

ɸ.ɸʢʠʤʝʥʢʦ, ʆ.ɹʘʰʠʥʩʴʢʘ, ɺ.ʂʘʟʠʤʠʨ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘ-

ʾʥʘ 

  

ʇʨʠ ʨʦʟʨʦʙʮʽ ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʽʘʮʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ɹʧɸʂ) ʦʜʥʽʻʶ ʟ 

ʚʘʞʣʠʚʠʭ ʟʘʜʘʯ ʻ ʧʨʦʝʢʪʥʘ ʦʮʽʥʢʘ ʷʢ ɹʧɸʂ ʚ ʮʽʣʦʤʫ, ʪʘʢ ʽ ʡʦʛʦ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʫʟʘʛʘʣʴʥʶʶʯʦʾ ʤʦʜʝʣʽ ɹʧɸʂ, ʱʦ ʻ ʩʢʣʘʜʥʦʶ 

ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʶ ʩʠʩʪʝʤʦʶ, ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʬʘʢʪ ʽʩʥʫʚʘʥʥʷ 

ʥʝʥʘʜʽʡʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʤʦʞʣʠʚʦʛʦ ʽʩʥʫʚʘʥʥʷ ʥʝʩʫʤʽʩʥʠʭ ʟʘʜʘʯ.  

ʊʝʦʨʽʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʟʘʙʝʟʧʝʯʫʻ ʨʝʛʫʣʷʨʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʤʦʞʣʠʚʠʤʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʷʤʠ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʢʦʨʠ-

ʩʪʦʚʫʶʪʴ ʙʘʛʘʪʦ ʟʤʽʥʥʠʭ ʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʘʻʩʽʚʩʴʢʽ 

ʤʝʨʝʞʽ ʜʦʚʽʨʠ (ɹʄɼ) [1]. 

ɹʄɼ ̒  ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʙʨʦʙʢʠ ʙʘʛʘʪʴʦʭ ʬʦʨʤ ʥʝʚʠʟʥʘ-

ʯʝʥʦʩʪʝʡ, ʚʢʣʶʯʘʶʯʠ ʤʦʥʽʪʦʨʠʥʛ, ʜʽʘʛʥʦʩʪʠʢʫ, ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ ʪʘ ʧʽʜʪ-

ʨʠʤʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ.  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʢʪʥʦʾ ʤʦʜʝʣʽ ɹʧɸʂ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʥʽʚʝʨʩʘ-

ʣʴʥʘ ʤʦʚʘ ʤʦʜʝʣʶʚʘʥʥʷ UML, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ɹʧɸʂ, 

ʡʦʛʦ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʘʬʽʢʩʫʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɼʽʘʛʨʘʤʠ UML [2] ʦʧʠʩʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʦʚ-

ʥʽʰʥʴʦʛʦ ʩʧʦʩʪʝʨʽʛʘʯʘ, ʚʠʟʥʘʯʘʶʯʠ ʟʘʛʘʣʴʥʽ ʛʨʘʥʠʮʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ɹʧɸʂ (ʉʂ ɹʧɸʂ) ʪʘ ʾʾ ʚʽʜʥʦʩʠʥʠ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʪʘʢ ʽ ʚʥʫ-

ʪʨʽʰʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʫ ʉʂ ɹʧɸʂ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʦʩ-

ʣʽʜʠʪʠ ʧʠʪʘʥʥʷ ʧʨʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʜʦ ʟʘʧʣʘʥʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʩʠʩʪʝʤʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʇʦʙʫʜʦʚʘ ɹʄɼ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʉʂ ɹʧɸʂ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

1. ʈʦʟʨʦʙʢʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʻ ʉʂ ɹʧɸʂ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ UML. 

https://dl.acm.org/author_page.cfm?id=81333490097&coll=DL&dl=ACM&trk=0
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2. ʌʦʨʤʫʚʘʥʥʷ XML -ʜʦʢʫʤʝʥʪʘ ʜʣʷ ʨʦʟʨʦʙʣʝʥʦʾ UML-ʤʦʜʝʣʽ ʉʂ 

ɹʧɸʂ. 

3. ɿʘʚʘʥʪʘʞʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ XML -ʜʦʢʫʤʝʥʪʘ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʜʦʜʘ-

ʪʢʫ(çConverter UMLtoBNè), ʷʢʠʡ ʚʠʢʦʥʫʻ ʦʙʨʦʙʢʫ ʜʽʘʛʨʘʤ UML ʪʘ ʬʦ-

ʨʤʫʻ ʩʪʨʫʢʪʫʨʫ ɹʄɼ. 

4. ɿʘʚʘʥʪʘʞʝʥʥʷ/ʟʘʧʦʚʥʝʥʥʷ ʪʘʙʣʠʮʴ ʫʤʦʚʥʠʭ ʚʽʨʦʛʽʜʥʦʩʪʝʡ ʜʣʷ ʢʦ-

ʞʥʦʛʦ ʚʫʟʣʘ ʩʬʦʨʤʦʚʘʥʦʾ ɹʄɼ. 

5. ʌʦʨʤʫʚʘʥʥʷ XML -ʜʦʢʫʤʝʥʪʘ, ʱʦ ʦʧʠʩʫʻ ɹʄɼ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ɹʧɸʂ. 

ʆʧʠʩʘʥʘ ʢʦʥʮʝʧʮʽʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ɹʄɼ ʜʣʷ ʉʂ ɹʧɸʂ, ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ.1. 

ʆʪʨʠʤʘʥʠʡ XML -ʜʦʢʫʤʝʥʪ ʤʦʞʝ ʙʫʪʠ ʽʤʧʦʨʪʦʚʘʥʦ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ Netica, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʨʦʙʦʪʠ ʟ ʤʝʨʝʞʘʤʠ ɹʘʻʩʘ [3]. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ɹʄɼ ʜʣʷ 

ʉʂ ɹʧɸʂ 
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ʋɼʂ 00.004 

ɸɺʊʆʄɸʊʀɿɸʎɯʗ ʇʈʆʎɽʉʋ ʉʊɺʆʈɽʅʅʗ ɸɺʊʆʄɸʊʀʏʅʀʍ 

ʊɽʉʊɯɺ ɼʃʗ ʊɽʉʊʋɺɸʅʅʗ ɺɽɹ ɼʆɼɸʊʂɯɺ ʅɸ ɹɸɿɯ 

ʉʂʈʀʇʊʆɺʀʍ ʄʆɺ 
ɸ.ɸ. ɹʝʣʷʚ̒ʘ 

ʂʠʾʚʩʴʢʠʡ ʇʦʣʽʪʝʭʥʽʯʥʠʡ ɯʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʫʻʪʴʩʷ ʧʠʪʘʥʥʷʤ  ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ ʙʘʟʽ ʩʢʨʠʧʢʦ-

ʚʠʭ ʤʦʚ.  

ʋ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʥʝ ʤʦʞʣʠʚʦ ʚʠʢʦ-

ʥʘʪʠ UI-ʪʝʩʪʫʚʘʥʥʷ ʽ  ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʧʦʢʨʠʪʠ ʪʝʩʪʘʤʠ ʚʠʤʦʛʠ ʟʘʟʥʘʯʝʥʽ ʚ 

ʩʧʝʮʠʬʽʢʘʮʽʷʭ .  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ  ʘʥʘʣʽʟʽ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ ʚʝʙ-ʩʪʦʨʽʥʦʢ (ʤʦʜʫʣʽʚ) ʜʦʜʘʪʢʫ, ʾʭ 

DOM ʤʦʜʝʣʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʜʫ ʚʝʙ-ʜʦʜʘʪʢʽʚ,  ʜʣʷ ʩʪʚʦ-

ʨʝʥʥʷ UI ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʘʚʪʦʤʘʪʠʯʥʠʭ ʪʝʩʪʽʚ.  

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʷʢʽʩʪʴ ʜʦʜʘʪʢʫ ʙʝʟ ʥʝʦʙʭʽʜ-

ʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʤʘʥʫʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ. ʊʘʢʦʞ ʦʧʠʩʘʥʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʨʝ-

ʟʫʣʴʪʘʪʽʚ.  ʉʢʣʘʜ ʤʝʪʦʜʦʣʦʛʽʾ ʨʦʟʧʦʜʽʣʣʝʥʦ ʥʘ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

¶ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ DOM ʚʠʭʽʜʥʦʛʦ ʜʦʢʫʤʝʥʪʫ ʚʝʙ-ʜʦʜʘʪʢʫ 

¶ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʽʟ ʬʽʢʩʘʮʽʻʶ ʟʤʽʥ 
DOM 

¶ ʘʥʘʣʽʟ ʧʨʦʪʦʢʦʣʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ 

¶ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ 

1. ɺʩʪʫʧ 

ɸʚʪʦʤʘʪʠʯʥʝ ʪʝʩʪʫʚʘʥʥʷ  ʮʝ  ʯʘʩʪʠʥʘ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʝʪʘʧʽ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɺʦʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʽʚ ʽ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʚʠʢʦʥʘʥʥʷ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʽ ʩʧʨʦʩʪʠʪʠ 

ʡʦʛʦ ʧʨʦʮʝʩ. 

ʗʢ ʧʨʘʚʠʣʦ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʠʭ ʜʦʜʘʪʢʽʚ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʧʦʩʪʽʡʥʽ ʟʤʽʥʠ ʜʦ ʾʭ ʢʦʜʫ. ʎʽ ʟʤʽʥʠ ʟʫʤʦʚʣʝʥʽ ʚʠʧʨʘʚʣʝʥʥʷʤ ʧʦʧʝʨʝʜʥʽʭ 

ʧʦʤʠʣʦʢ, ʨʦʟʰʠʨʝʥʥʷʤ ʘʙʦ ʟʤʽʥʦʶ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʜʦ-

ʜʘʪʢʫ. ʊʦʤʫ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʜʦʜʘʪʢʽʚ ʻ ʢʨʠʪʠʯʥʦʶ ʪʘ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦ-

ʙʣʝʤʦʶ ʜʣʷ ʢʦʤʘʥʜ ʨʦʟʨʦʙʥʠʢʽʚ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ, 

ʜʝ ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʜʘʪʢʽʚ ʻ ʨʦʟʧʦʜʽʣʝʥʦʶ ʪʘ ʟʘʧʘʢʦʚʘʥʦʶ ʥʘ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʩʝʨʚʝʨʘʭ ʪʘ ʪʝʭʥʦʣʦʛʽʷʭ 



267 

 

ɺʝʙ-ʜʦʜʘʪʦʢ ï  ʮʝ ʙʫʜʴ ʷʢʠʡ ʜʦʜʘʪʦʢ, ʷʢʠʡ ʚʟʘʻʤʦʜʽʻ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʜʦʜʘʪʢʽʚ ʫ ʚʝʙ-

ʜʦʜʘʪʢʘʭ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʝʙ-ʙʨʘ-

ʫʟʝʨʽ. 

UI (ʘʥʛʣʽʡʩʴʢʦʶ: User Interface)  ʮʝ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʟʘʙʝʟ-

ʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʝʤ-ʣʶʜʠʥʦʶ ʪʘ ʧʨʦʛʨʘʤʥʦ-

ʘʧʘʨʘʪʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

DOM (ʘʥʛʣʽʡʩʴʢʦʶ: Document Object Model ) ʮʝ ʦʙ'ʻʢʪʥʘ ʤʦʜʝʣʴ ʜʦ-

ʢʫʤʝʥʪʘ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʣʘʪ-

ʬʦʨʤʠ ʪʘ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʽ ʜʦʟʚʦʣʷʻ ʧʨʦʛʨʘʤʥʠʤ ʟʘʩʦʙʘʤ ʦʪʨʠ-

ʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʢʦʥʪʝʥʪʫ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʦʬʦʨʤʣʝʥʥʷ  ʜʦʢʫʤʝʥʪʽʚ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʭ ʫ ʬʦʨʤʘʪʘʭ HTML, XHTML- ʘʙʦ XML. 

2. ɸʨʭʽʪʝʢʪʫʨʘ ʚʝʙ-ʜʦʜʘʪʢʽʚ 

ɺʝʙ-ʜʦʜʘʪʦʢ ð ʮʝ ʨʦʟʧʦʜʽʣʝʥʠʡ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʠʡ ʜʦʜʘʪʦʢ, ʚ ʨʦʣʽ 

ʢʣʽʻʥʪʘ ʷʢʦʛʦ ʚʠʩʪʫʧʘʻ ʚʝʙ-ʙʨʘʫʟʝʨ, ʱʦ ʥʘʜʩʠʣʘʻ ʟʘʧʠʪʠ ʜʦ ʚʝʙ-ʩʝʨʚʝʨʘ 

ʪʘ ʧʨʠʡʤʘʻ ʽ ʚʽʜʦʙʨʘʞʫʻ ʡʦʛʦ ʚʽʜʧʦʚʽʜʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʝʙ ʩʝʨʚʝʨ ʚʠʢʦʥʫʻ 

ʦʙʨʦʙʢʫ ʟʘʧʠʪʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʽ. ʇʨʠ ʮʴʦʤʫ ʚʝʙ-ʩʝʨʚʝʨ ʨʝʘʣʽʟʫʻ 

ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʥʦ ʽʟ ʟʙʝʨʽʛʘʥʥʷʤ ʪʘ ʦʙʨʦʙʢʦʶ ʜʘʥʠʭ ʢʦ-

ʨʠʩʪʫʚʘʯʘ, ʘ ʛʦʣʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʢʣʽʻʥʪʘ ʻ ʚʟʘʻʤʦʜʽʷ ʽʟ ʢʦʨʠʩʪʫʚʘʯʝʤ 

ʰʣʷʭʦʤ UI. 

ɹʽʣʴʰʽʩʪʴ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʚʝʙ-ʜʦʜʘʪʢʽʚ ʻ ʩʢʨʠʧʪʦʚʠʤʠ. ɻʦʣʦʚʥʦʶ ʤʦʚʦʶ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʜʦʜʘʪʢʫ ʻ 

JavaScript, ʪʘ ʧʦʭʽʜʥʽ ʚʽʜ ʥʴʦʛʦ ʬʨʝʡʤʚʦʨʢʠ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʝʨʚʝʨʫ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶ ʪʘʢʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʷʢ Java, JavaScript, PHP, Perl, ASP, 

JSP, VBScript, Cold Fusion, ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ ʪʘʢʦʞ ʻ ʽʥʪʝʨʧʨʝʪʦʚʘʥʠʤʠ. 

ʆʩʢʽʣʴʢʠ ʚ ʩʢʨʠʧʢʦʚʠʭ, ʽʥʪʝʨʧʨʝʪʦʚʘʥʠʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʻ ʚʽ-

ʜʢʨʠʪʠʤ, ʪʦ ʮʝ ʜʦʟʚʦʣʷʻ ʜʦʜʘʪʠ ʜʦ ʥʴʦʛʦ ʩʧʝʮʽʘʣʴʥʽ ʤʦʜʫʣʽ ʜʣʷ ʘʚʪʦʤʘ-

ʪʠʟʘʮʽʾ ʪʝʩʪʫʚʘʥʥʷ ʙʝʟ ʧʝʨʝʙʫʜʦʚʠ ʩʠʩʪʝʤʠ. 

3. ʄʦʞʣʠʚʽ ʧʽʜʭʦʜʠ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʪʦʪʥʫ ʨʦʣʴ ʚ ʪʝʩʪʫʚʘʥʥʽ ʚʝʙ ʜʦʜʘʪʢʽʚ ʛʨʘʶʪʴ 

ʤʘʥʫʘʣʴʥʝ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʝʩʪʫʚʘʥʥʷ. ʆʙʠʜʚʽ ʤʝʪʦʜʠʢʠ ʪʝʩʪʫʚʘʥʥʷ 

ʤʘʶʪʴ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ, ʾʭ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʥʠʞʯʝ. 

ʄʘʥʫʘʣʴʥʝ ʪʝʩʪʫʚʘʥʥʷ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʚʟʘʻʤʦʜʽʶ ʧʨʦʬʝʩʽʡ-

ʥʦʛʦ ʪʝʩʪʫʚʘʣʴʥʠʢʘ (QA) ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʤʝʪʦʶ ʧʦʰʫʢʫ 

ʧʦʤʠʣʦʢ. ʄʘʥʫʘʣʴʥʝ ʪʝʩʪʫʚʘʥʥʷ, ʤʦʞʝ ʟʘʡʥʷʪʠ ʙʘʛʘʪʦ ʯʘʩʫ, ʘʣʝ ʚ ʢʦʨʦ-

ʪʢʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʤʦʞʝ ʟʘʦʱʘʜʠʪʴ ʛʨʦʰʽ ʪʘ ʨʝʩʫʨʩʠ 

ʊʘʢʦʞ ʜʦ ʧʝʨʝʚʘʛ  ʤʘʥʫʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʝ, ʱʦ 

ʪʝʩʪʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʦʩʣʽʜʞʝʥʽ ʚʽʜʨʘʟʫ, ʙʝʟ ʥʘʧʠʩʘʥʥʷ ʢʦʜʫ ʽ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ. ʈʫʯʥʝ ʪʝʩʪʫ-

ʚʘʥʥʷ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʤʝʪʦʶ ʷʢʦʛʦ ʻ ʧʝʨʝʚʽʨʢʘ 
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ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʛʨʘʤʠ. ɺʘʞʣʠʚʦ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʥʝ ʟʘʟʜʘʣʝʛʽʜʴ ʩʢʣʘʜʝʥʽ ʪʝʩʪ-ʢʝʡʩʠ, ʘ ʧʨʠʜʫʤʘʥʽ ʥʘ ʣʴʦʪʫ ʩʮʝʥʘʨʽʾ.  

ʄʽʥʫʩʠ ʨʫʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʦʯʝʚʠʜʥʽ: ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ, ʪʨʫʜʦʝʤ-

ʥʽʩʪʴ, ʪʨʠʚʘʣʽʩʪʴ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʝʩʪʫʚʘʥʥʷ - ʮʝ ʥʘʧʠʩʘʥʥʷ ʢʦʜʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ  

ʷʢʦʛʦ ʦʯʽʢʫʚʘʥʽ ʩʮʝʥʘʨʽʾ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʪʠʤ, ʱʦ ʦʪʨʠʤʫʻ ʢʦʨʠʩʪʫʚʘʯ, 

ʚʢʘʟʫʶʪʴʩʷ ʨʦʟʙʽʞʥʦʩʪʽ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʝʩʪʫʚʘʥʥʷ ʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʚ ʚʘʞʢʠʭ ʜʦʜʘʪʢʘʭ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʬʫʥʢʮʽʡ. 

ʇʝʨʝʚʘʛʘʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʚʘʥʪʘʞʫ-

ʚʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʤʦʞʥʘ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʟʤʦʜʝʣʶʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴ-

ʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɼʨʫʛʠʤ ʬʘʢʪʦʨʦʤ ʻ ʝʢʦʥʦʤʽʷ ʯʘʩʫ, ʩʮʝʥʘʨʽʾ ʧʠ-

ʰʫʪʴʩʷ ʣʠʰʝ ʦʜʠʥ ʨʘʟ ʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʽʜ ʯʘʩ ʚʩʴʦʛʦ ʮʠʢʣʫ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ ʙʘʛʘʪʦ ʨʘʟʽʚ. 

ɼʦ ʤʽʥʫʩʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʝ ʱʦ ʥʝ 

ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ  ʪʝʩʪʫʚʘʥʥʷ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʽ ʧʦʢʨʠʪʠ ʚʠʤʦʛʠ ʜʦ ʧʨʠʟ-

ʥʘʯʝʥʦʛʦ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʽʥʪʝʨʬʝʡʩʫ, ʘ ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʴ çʣʶʜʩʴʢʦʛʦ 

ʧʦʛʣʷʜʫè. ʄʦʞʣʠʚʝ ʽʩʥʫʚʘʥʥʷ ʧʦʤʠʣʦʢ, ʷʢʽ ʧʦʤʽʪʠʪʴ ʪʽʣʴʢʠ ʣʶʜʠʥʘ. 

ʉʘʤʝ ʤʝʪʦʜʠ ʤʽʥʽʤʽʟʘʮʽʾ ʮʠʭ ʥʝʜʦʣʽʢʽʚ ʽ ʨʦʟʛʣʷʥʫʪʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ. 

4. ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ DOM  ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ ʚʝʙ-ʩʪʦʨʽʥʦʢ (ʤʦʜʫʣʽʚ) 

ʜʦʜʘʪʢʫ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʘʚʪʦʤʘʪʠʯʥʠʭ ʪʝʩʪʽʚ 

ʆʙʨʦʙʢʘ HTML-ʜʦʢʫʤʝʥʪʽʚ  ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ DOM ʪʘ ʩʪʚʦʨʝʥʥʷ 

DOM-ʦʙ'ʻʢʪʽʚ, ʥʘ ʦʩʥʦʚʽ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ ʚʝʙ ʩʪʦʨʽʥʢʠ.  ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʦʞʥʦʛʦ ʟ ʥʠʭ. 

5. ʊʝʩʪʫʚʘʥʥʷ  ʚʝʙ-ʩʪʦʨʽʥʦʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʦʙôʻʢʪʽʚ 

ʈʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʽʟʫ ʻ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ hash-ʤʘʩʠʚ, ʢʦʞʥʠʤ ʦʙôʻʢʪʦʤ 

ʷʢʦʛʦ  ʻ ʝʣʝʤʝʥʪʦʤ UI. ɹʘʟʫʶʯʠʩʴ ʥʘ ʪʠʧʘʭ ʪʘ  ʚʣʘʩʪʠʚʦʩʪʷʭ ʢʦʞʥʦʛʦ ʟ 

ʥʠʭ, ʟʘʩʦʙʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʪʝʩʪʽʚ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʢʦʜʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ ʜʦʜʘʪʢʫ. 

6. ʂʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ  ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ 

ʂʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʟʤʽʥ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʽ DOM ʜʦʢʫʤʝʥʪʫ ʪʘ 

ʟʘʧʠʩʫ ʜʦ ʧʨʦʪʦʢʦʣʽʚ.   

7. ʆʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ɸʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ ʟʤʽʥ ʩʪʨʫʢʪʫʨʠ DOM ʝʣʝʤʝʥʪʽʚ ʥʘʜʘʻ ʪʝʩʪʫʚʘʣʴ-

ʥʠʢʫ ʟʚʽʪ ʧʨʦ ʧʦʚʥʠʡ ʧʝʨʝʣʽʢ ʬʫʥʢʮʽʡ ʤʦʜʫʣʷ, ʱʦ ʪʝʩʪʫʻʪʴʩʷ, ʪʘ ʧʦʨʽʚ-

ʥʷʪʠ ʡʦʛʦ ʽʟ ʩʧʝʮʠʬʽʢʘʮʽʷʤʠ ʚʠʤʦʛ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʆʉʊʆʗʅʀʁ ʇʈʀ ʅɸɻʈʋɿʆʏʅʓʍ 

ɺʆɿɼɽʁʉʊɺʀʗʍ ʅɸ ʉɽʈɺʀʉʓ ɺʓʏʀʉʃʀʊɽʃʔʅʆʁ 

ʉʀʉʊɽʄʓ  

ɸ.ʄ. ʍʦʰʘʙʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʠʥʥʠʮʘ, ʋʢʨʘʠʥʘ 

 

ʆʧʠʩʘʥʠʝ ʧʨʦʙʣʝʤʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʩʦʟʜʘ-

ʥʠʝ ʥʦʚʳʭ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʨʘʟ- ʜʝʣʝʥʠʡ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʀʊ-

ʢʦʤʧʘʥʠʷʭ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʫʱʝʩʪʚʫʝʪ ʠ ʨʷʜ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪ 

ʩʧʝʮʠʘʣʠʩʪʳ ʜʘʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ʂ ʦʩʥʦʚʥʳʤ ʧʨʦʙʣʝʤʘʤ, ʚʦʟʥʠʢʘ-

ʶʱʠʭ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʪʥʦʩʷʪʩʷ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʬʦʨʤʘʣʠʟʘʮʠʷ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦ-

ʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʛʨʫʟʦʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʩʠʩʪʝʤʘʭ [1,2]. 

ʆʩʥʦʚʳ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʧʨʠ ʥʘʛʨʫʟʦʯʥʳʭ ʚʦʟʜʝʡ-

ʩʪʚʠʷʭ 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʧʨʠ ʥʘʛʨʫʟʦʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ 

ʩʝʨʚʠʩʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʦʷʥʠʝ ʦʙʲ-

ʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʝʨʚʠʩʳ) ʠʩʭʦʜʷ ʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠ 

ʩʪʘʥʜʘʨʪʫ ITIL [3] (ʪʘʙʣ. 1).  

ʊʘʙʣʠʮʘ 1.ʂʨʠʪʝʨʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʧʨʠ ʥʘʛʨʫʟʦʯʥʳʭ ʚʦʟʜʝʡ-

ʩʪʚʠʷʭ 

ʅʘʟʚʘʥʠʝ ʩʦʩʪʦ-

ʷʥʠʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʢʨʠʪʝʨʠʷ 

ʊʝʨʤʠʥʦʣʦʛʠʷ ʧʦ ʩʪʘʥ-

ʜʘʨʪʫ ITIL 

ʉʪʘʙʠʣʴʥʦʝ 

(ʥʦʨʤʘʣʴʥʦʝ) 

ʆʪʩʫʪʩʪʚʠʝ ʦʯʝʨʝʜʠ 

ʟʘʧʨʦʩʦʚ, ʦʪʩʫʪ-

ʩʪʚʠʝ ʦʰʠʙʦʢ 

ʅʦʨʤʘʣʴʥʘʷ ʨʘʙʦʪʘ 
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ʅʘʛʨʫʟʦʯʥʦʝ ʇʦʷʚʣʝʥʠʝ ʦʯʝʨʝʜʠ 

ʟʘʧʨʦʩʦʚ, ʦʪʩʫʪ-

ʩʪʚʠʝ ʦʰʠʙʦʢ 

ʇʨʦʙʣʝʤʘ (ʩʥʠʞʝʥʠʝ ʢʘʯʝ-

ʩʪʚʘ ʨʘʙʦʪʳ ʩʝʨʚʠʩʘ) 

ʉʪʨʝʩʩʦʚʦʝ ʇʦʷʚʣʝʥʠʝ ʦʰʠʙʦʢ, 

ʧʦʪʝʨʷ ʟʘʧʨʦʩʦʚ 

ʀʥʮʠʜʝʥʪ (ʧʨʠʦʩʪʘʥʦʚʢʘ 

ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩʝʨ-

ʚʠʩʘ) 

ʀʩʭʦʜʷ ʠʟ ʢʨʠʪʝʨʠʝʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʧʨʠ ʥʘʛʨʫʟʦʯʥʳʭ ʚʦʟ-

ʜʝʡʩʪʚʠʷʭ ʧʦʩʪʨʦʠʤ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʘ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 - ɸʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ ʧʨʠ ʥʘʛʨʫʟʦʯʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʩʝʨʚʠʩʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 
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ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ [4], ʢ ʧʨʠʤʝʨʫ, ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʪʠʣʠʟʘʮʠʠ 

ʠʣʠ ʜʦʩʪʫʧʥʦʩʪʠ (ʪʘʙʣ. 2). 

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʥʘʛʨʫ-

ʟʦʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ 

ʥʘʛʨʫʟʦʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʝʙ ʩʝʨʚʠʩʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Centos 7, ʥʘ ʷʜʨʝ 

3.10.0-693 ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥʘʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ KVM, ʘʧʧʘʨʘʪʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ: ʧʨʦʮʝʩʩʦʨ i7-3770K@3,50GHz, 32GB ʆɿʋ.  

ʊʘʙʣʠʮʘ 2.ʉʚʷʟʴ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʧʨʠ  ʥʘʛʨʫʟʦʯʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠ-

ʩʪʝʤ 

ʅʘʟʚʘʥʠʝ ʩʦ-

ʩʪʦʷʥʠʷ 

ʋʪʠʣʠʟʘʮʠʷ 

ʟʘʧʨʦʩʦʚ 

ɼʦʩʪʫʧʥʦʩʪʴ 

ʩʝʨʚʠʩʘ 

ʉʪʘʙʠʣʴʥʦʝ ʅʠʟʢʘʷ ʆʪʩʫʪʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ ʜʦ-

ʩʪʫʧʥʦʩʪʠ 

ʅʘʛʨʫʟʦʯʥʦʝ ʉʨʝʜʥʷʷ ʅʘʨʫʰʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ 

(ʯʘʩʪʠʯʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ) 

ʉʪʨʝʩʩʦʚʦʝ ɺʳʩʦʢʘʷ ʅʘʨʫʰʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ 

(ʧʦʷʚʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʥʝ-

ʜʦʩʪʫʧʥʦʩʪʠ) 

ʅʘʛʨʫʟʦʯʥʦʝ ʠ ʩʪʨʝʩʩʦʚʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʫʪʠʣʠʪʳ httperf ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʩʪʦʚʦʡ ʩʪʨʘʥʠʮʝ ʚʝʙ-ʩʝʨʚʝʨʘ Apache 

2.4.33.stable.  

 
ʈʠʩʫʥʦʢ 2 - ɻʨʘʬʠʢ ʥʘʛʨʫʟʦʯʥʳʭ ʠ ʩʪʨʝʩʩʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʪʝ-

ʩʪʦʚʫʶ ʩʪʨʘʥʠʮʫ  ʚʝʙ-ʩʝʨʚʝʨʘ Apache 2.4.33.stable 
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʥʘʡʜʝʥʥʳʝ ʦʙʣʘʩʪʠ ʩʦʩʪʦʷʥʠʡ ʧʨʠ 

ʥʘʛʨʫʟʦʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʚʝʙ ʩʝʨʚʠʩ ʧʦʢʘ-

ʟʘʥʳ ʨʠʤʩʢʠʤʠ ʮʠʬʨʘʤʠ ʥʘ ʛʨʘʬʠʢʝ ʨʠʩ. 2. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʡ ʥʘʛʨʫʟʦʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʥʘʛʨʫ-

ʟʦʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʦʚʦʜʠʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (ʨʠʩ. 3) ʩ ʧʦʤʦʱʴʶ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ AnyLogic [5].  

 
ʈʠʩʫʥʦʢ 3 - ʆʙʱʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ ʥʘʛʨʫʟʦʯʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʩʝʨʚʠʩʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʜʝʣʠʨʦʚʘʣʠ ʤʝʪʦʜ ʥʘʛʨʫʟʦʯʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ: ʥʘ ʚʭʦʜ ʛʝʥʝʨʘʪʦʨʘ (ʵʣʝʤʝʥʪ generator) ʧʦʜʘʚʘʣʠ ʨʘʟʣʠʯ-

ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʚ ʩʝʢʫʥʜʫ, ʦʧʨʝʜʝʣʷʣʠ ʥʘʣʠʯʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʯʝʨʝʜʠ (ʥʘʛʨʫʟʦʯʥʦʝ ʩʦʩʪʦʷʥʠʝ), ʠʩ-

ʭʦʜʷ ʠʟ ʧʦʪʝʨʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʚʳʭʦʜʝ ʜʠʘʛʨʘʤʤʳ (ʵʣʝʤʝʥʪ sink) ʜʝ-

ʣʘʣʠ ʚʳʚʦʜʳ ʦ ʥʘʣʠʯʠʠ ʩʪʨʝʩʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠ-

ʯʝʩʪʚʘ ʩʦʟʜʘʥʥʳʭ ʟʘʧʨʦʩʦʚ. 
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The aim of our research is to introduce new method for processing signals 

and images to get their structural description for further classification and 

comparison, in particular, to develop a new algorithm for segmenting 

experimental curves suitable for automated signal processing based on these 

methods and finally, to apply this algorithm to one-dimensional signals 

distorted by interference. 

The digital string model of halftone image allows presenting the halftone 

image as a set of experimental one dimensional curves measured across 

horizontal and vertical lines of the image where brightness level in specific 

point is considered as a measurement result. 

In 70s of the last century, neurophysiologists discovered changes in sizes 

of receptive fieldsô excitatory zones in the visual system neurons, which was 

investigated and confirmed later [1]. If at the beginning of visual act receptive 

field consists of maximum number (tens, sometimes hundreds) of receptors, 

then by the end of visual act this amount decreases to minimum possible 

amount - 1-2 receptors. Thus, we can assume that: 1) for visual system, there 

exists a variable resolution that is changing during visual act and is 

determined by size of excitatory zone of neuron receptive field at each 

moment of time; 2) the receptive field of neuron is a discrete analogue of 

neighborhood of point in a continuous 2-dimensional space. 

To analyze continuity of a function in continuous two-dimensional space, 

the classical definition of continuity of a function in de-  form is successfully 

used: if for each 0>e  there exists such 0)( >ed  that for any value of 

variable x  that belongs to d-neighborhood of point c  the values of function 
)(xf  belong to e-neighborhood of )(cf . Pay attention to how the continuity of 

function is checked at a point. Starting with a certain value || 1 cx - , the 

neighborhood of point c  decreases ( |||| 21 cxcx ->- , |||| 32 cxcx ->- , ...) 

tending to 0. )(xf  is assumed to be continuous at point c  if the 

neighborhood of )(cf  also tends to 0 ( |)()(||)()(| 21 cfxfcfxf ->- , 

|)()(||)()(| 32 cfxfcfxf ->- , ...). So, to analyze the continuity of a function at a 

point, changing neighborhood of this point is used. 

The decrease in the size of receptive field excitatory zone can be 

considered as a decrease in proportions of point neighborhood at the center 
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of the receptive field. The process, which is used in the analysis of continuity 

of a function at a point in classical mathematical analysis, is repeated in visual 

system of human and animals each visual act. The essential difference 

between resolution changes in visual system from analysis of continuity of a 

function at a point is that the elements of the receptive field are objects of a 

discrete space. Similarly, the classical definition is unsuitable for analyzing 

continuity of experimental curves, since they are representations of unknown 

functions and are identified as sequences of values, which in turn are sets of 

points in some discrete space. However, at the initial moments of visual act, 

the excitatory zones of neurons contain many points (receptors) and until the 

receptor sets in the excitatory zones of the receptive fields are not empty, the 

definition of continuity can be applied to the brightness function determined 

in the discrete space of receptors and it does not contradict to classical theory 

of discontinuity. Thus, the above phenomenon of resolution changes in 

human visual system can be used to create new method of signal processing 

based on the concept of variable resolution. 

At the moment, the idea to consider initial data with variable resolution is 

used by researchers and developers spontaneously, most often to effectively 

solve problems of large computational complexity that arise when processing 

the visual representation of signals. In [2], a review of methods from the field 

of signal processing that use the idea of variable resolution to save 

computational resources is presented. The original image is considered with 

several reduced resolutions in each of them. 

In the automated processing of noisy images, preliminary processing of 

the input image using different filters is used to eliminate undesirable details. 

In the simplest case, a Gaussian filter is applied and the processing algorithm 

receives a blurred image on the input. Such a procedure is used, for example, 

in the Canny algorithm [3]. The result of his work depends on the unknown 

parameter ů - "blur", which has the meaning of dispersion. In general, if you 

use a filter to preprocess a noisy image, the result will depend on the size of 

the filter aperture. It was shown in [2] that the artificial blurring of the original 

image allows solving the task of recognizing text on a textural background, 

which in principle can not be solved by traditional methods of recognition, 

but nothing has been said about the sufficient degree of blurring. 

As you can see, regardless of the purpose for which the idea of variable 

resolution is applied, the exact resolution at which it is necessary to consider 

this or that image has not yet been evaluated. 

For the first time, an algorithm for segmenting an experimental curve 

using a variable resolution has been developed and implemented as a 

computer program (Figure 1). Fig.1 a.1, b.1 shows the numbers of samples 

of the experimental curve along the abscissa axis and the number of 
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resolutions at which the experimental curve is investigated on the ordinate 

axis. The segments in Fig. 1 a.1, b.1 correspond to the intervals in the region 

of the exact samples on which discontinuities in the continuity of the 

experimental curve are found. Figure 1b.1 shows that information on the 

available jumps in the experimental curve obtained at low resolutions makes 

it possible to exclude from consideration regions at maximum resolution in 

which jumps are detected due to the presence of noise. 

With minor additions, the algorithm was also applied in the cardiac signal 

segmentation application, and was tested on more than 100 samples. The 

results of segmentation for the 90-second cardiac signal are shown in Fig. 2. 

The automatic separation of the cardiac signal into cardiac cycles usually 

occurs along the R-wave, the amplitude of which is usually much greater than 

the amplitude of the other components of the cycle. This assumption canôt be 

applied to the signal on Fig. 2 due to the presence of interference, which 

causes the drift of the zero-level isoline from cycle to cycle. The proposed 

algorithm, based on the concept of variable resolution, made it possible to 

perform segmentation in this case. 

Thus, the segmentation of the experimental curve can be carried out as a 

search for the points of discontinuity of unknown piecewise smooth function 

that generates it. In the proposed algorithm the processing results for all used 

resolution values are taken in consideration when making decision on 

segmentation. 

 
 

Figure 1 - Segmentation example of normal (a) and noisy 

(b) lines of images based on variable resolution concept. 

a.1 

a 

b.1 

b 
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For the first time [4] it was proposed and experimentally verified curve 

segmentation algorithm that used variable resolution in the decision-making 

process. Similar principle was found and studied in the visual system of 

animals [1]. Using the ñcoarse-to-fine" principle it is possible to successfully 

execute segmentation of experimental curves distorted by noise, which are 

the implementations of piecewise smooth functions. 

It was shown that proposed algorithm was capable of obtaining results of 

segmentation based on artificially acquired information about graph 

resolution. No additional a priori information about noise level was used 

while processing graphs distorted by noise. 

These solutions will be used in the development of new methods for 

halftone image processing. 
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ʄɽʊʆɼʓ ʇʈʀʆʈʀʊʀɿɸʎʀʀ ɿɸɼɸʏ ɺ ɻʀɹʂʀʍ 

ʄɽʊʆɼʆʃʆɻʀʗʍ ʈɸɿʈɸɹʆʊʂʀ ʇʈʆɻʈɸʄʄʅʆɻʆ 

ʆɹɽʉʇɽʏɽʅʀʗ 

ʀ.ɺ. ɹʦʛʜʘʥ 

ʏʝʨʥʠʛʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʢʨʘ-

ʠʥʘ 

 

ɻʠʙʢʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ Scrum, Kunban ʠ ʜʨʫʛʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ 

ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  ʂʘʞʜʘʷ 

ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʣʦʛʠʡ ʧʨʝʜʚʠʜʠʪ ʧʨʠʦʨʠʪʠʟʘʮʠʶ ʟʘʜʘʯ, ʥʝʦʙʭʦʜʠʤʳʭ ʢ 

ʚʳʧʦʣʥʝʥʠʶ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ: ʢʘʢʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʠʩʪʦʨʠʠ ʙʫʜʫʪ 

ʚʳʧʫʱʝʥʳ ʚ ʧʝʨʚʦʡ ʚʝʨʩʠʠ ʧʨʦʜʫʢʪʘ, ʢʘʢʠʝ ï ʚ ʧʦʩʣʝʜʫʶʱʠʭ, ʘ ʢʘʢʠʝ 

ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʦʩʪʘʚʣʝʥʳ ʥʘ ʧʦʩʣʝʜʦʢ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʦ-

ʨʠʪʠʟʠʘʮʠʠ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʪʜʝʣʴʥʦ ʠʣʠ ʚ ʢʦʤʧʣʝʢʩʝ.  

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʢʘʪʝʛʦ-

ʨʠʡ: 

ī ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʠʟʥʫʪʨʠ ʢʦʤʘʥʜʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

ī ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

(ʵʢʩʧʝʨʪʥʦʝ ʤʥʝʥʠʝ, ʤʝʪʨʠʢʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʪʜ). 

ʂ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʤʝʪʦʜ User story mapping [1], ʢʦ-

ʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʙʵʢʣʦʛʘ ï ʨʘʩʩʪʘʚʣʝʥʥʦʛʦ ʧʦ ʧʨʠʦʨʠʪʝʪʫ 

ʩʧʠʩʢʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʩʪʦʨʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʢʦ-

ʤʘʥʜʝ ʚ ʨʘʤʢʘʭ ʩʧʨʠʥʪʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʤʝʪʦʜʫ ʠʟʥʘʯʘʣʴʥʦ ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝ ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʦ ʪʝʭ ʜʝʡʩʪʚʠʷʭ, ʢʦʪʦʨʳʝ ʦʥ ʩʤʦʞʝʪ 

ʚʳʧʦʣʥʷʪʴ ʥʘʜ ʥʠʤ. ʕʪʠ ʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʣʷʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʭʨʝʙʝʪ 

ʢʘʨʪʳ ʠʩʪʦʨʠʡ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʜʝʡʩʪʚʠʷ ʦʧʠʩʳʚʘʶʪʩʷ ʥʘ ʦʪʜʝʣʴ-

ʥʳʭ ʢʘʨʪʦʯʢʘʭ ʠ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʤ, ʢʘʢ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʚʳʧʦʣʥʝʥʠʝ.  ʇʦʜ ʢʘʞʜʳʤ ʜʝʡʩʪʚʠʝʤ 

ʧʦ ʧʨʠʦʨʠʪʝʪʫ ʨʘʟʤʝʱʘʶʪʩʷ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʠʩʪʦ-

ʨʠʠ. ɼʘʣʝʝ ʩʣʝʚʘ ʥʘ ʧʨʘʚʦ ʨʠʩʫʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʣʠʥʠʷ ʠ ʚʩʝ ʪʝ ʠʩʪʦ-

ʨʠʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ ʥʘʜ ʣʠʥʠʝʡ, ʧʦʧʘʣʠ ʚ ʪʝʢʫʱʠʡ ʨʝʣʠʟ, ʘ ʪʝ, ʢʦ-

ʪʦʨʳʝ ʧʦʜ ï ʥʝ ʧʦʧʘʣʠ. ʇʦ ʪʘʢʦʤʫ ʧʨʠʥʮʠʧʫ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʨʘʟʙʠʝ-

ʥʠʝ ʩʨʘʟʫ ʥʘ ʥʝʩʢʦʣʴʢʦ ʨʝʣʠʟʦʚ. ɺ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʦʛʦ ʨʝʣʠʟʘ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴʩʢʠʝ ʠʩʪʦʨʠʠ ʣʫʯʰʝ ʚʩʝʛʦ ʚʳʧʦʣʥʷʪʴ ʩʣʝʚʘ ʥʘ ʧʨʘʚʦ ʩʚʝʨʭʫ ʚʥʠʟ. 
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ɼʘʥʥʳʡ ʤʝʪʦʜ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʜʦʣʛʦʩʨʦʯʥʦʤ ʧʣʘʥʠʨʦ-

ʚʘʥʠʠ. ʆʩʥʦʚʥʳʤʠ ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʧʨʦʩ-

ʪʦʪʘ ʧʦʥʠʤʘʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʢʦʤʘʥʜʳ ʦʙʱʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦ-

ʝʢʪʝ ʠ ʦ ʭʦʜʝ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʤʝʪʦʜʘ User story 

mappin ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʙʵʢʣʦʛʘ ʠ ʩʣʦ-

ʞʥʦʩʪʴ ʝʛʦ ʧʦʜʜʝʨʞʢʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʙʦʣʴʰʠʭ ʧʨʦʝʢʪʦʚ ʧʦ ʧʨʠʯʠʥʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʩʪʦʨʠʡ. 

ʊʘʢʞʝ ʢ ʤʝʪʦʜʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʪ ʢʦ-

ʤʘʥʜʳ, ʧʨʠʥʘʜʣʝʞʠʪ ʤʝʪʦʜ ɼʞʠʨʦ ʂʘʚʘʢʠʪʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʇʨʦʘʢʪʠʚ-

ʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ [2]. ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʟʘʜʘʯ 

ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ ʢʦʤʘʥʜʳ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʜʚʫʭʮʚʝʪʥʳʭ ʩʪʠʢʝʨʦʚ, ʘ ʪʘʢʞʝ ʦʜʥʦʛʦ ʙʦʣʴʰʦʛʦ 

ʧʦʤʝʱʝʥʠʷ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʩʪʝʥʘʤʠ. ʀʟʥʘʯʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʦʟʚʫ-

ʯʠʚʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʯʣʝʥʦʚ ʢʦʤʘʥʜʳ ʘʢʪʫʘʣʴʥʳʡ ʚʦʧʨʦʩ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʠ-

ʤʝʥʷʝʪʩʷ ʤʦʟʛʦʚʦʡ ʰʪʫʨʤ ï ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʠʜʝʠ ʠ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ 

ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʘ ʩʪʠʢʝʨʳ. ɼʘʣʝʝ ʢʘʞʜʘʷ ʠʜʝʷ ʦʟʚʫʯʠʚʘʝ-

ʪʩʷ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʪʠʢʝʨ ʢʣʝʠʪʩʷ ʥʘ ʩʪʝʥʝ. ɿʘʪʝʤ, ʩʪʠʢʝʨʳ ʩ ʧʦʭʦ-

ʞʠʤʠ ʧʦ ʩʫʪʠ ʠʜʝʷʤʠ ʧʝʨʝʢʣʝʠʚʘʶʪʩʷ ʨʷʜʦʤ, ʦʙʦʟʥʘʯʘʷ ʛʨʫʧʧʫ, ʘ ʨʷʜʦʤ 

ʩ ʥʠʤʠ ʢʣʝʠʪʩʷ ʩʪʠʢʝʨ ʩ ʥʘʟʚʘʥʠʝʤ ʛʨʫʧʧʳ. ʇʦʩʣʝ ʯʝʛʦ ʢʘʞʜʳʡ ʫʯʘʩʪ-

ʥʠʢ ʢʦʤʘʥʜʳ ʧʦʣʫʯʘʝʪ ʙʫʤʘʞʥʳʝ ʪʦʯʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ ʪʨʝʭ ʜʦ ʧʷʪʠ ʠ 

ʛʦʣʦʩʫʝʪ ʥʘʢʣʝʠʚʘʥʠʝʤ ʵʪʠʭ ʪʦʯʝʢ ʥʘ ʩʪʠʢʝʨʳ ʟʘ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʝ 

ʠʜʝʠ. ʏʝʤ ʙʦʣʴʰʝ ʪʦʯʝʢ ʩʦʙʠʨʘʝʪ ʠʜʝʷ, ʪʝʤ ʚʳʰʝ ʝʝ ʧʨʠʦʨʠʪʝʪ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʠʥʷʪʠʷ ʙʳʩʪʨʳʭ ʨʝ-

ʰʝʥʠʡ ʚʥʫʪʨʠ ʢʦʤʘʥʜʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʤʝʪʦʜʘ ʇʨʦʘʢʪʠʚʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʦʟʥʠʢʰʝʛʦ 

ʚʦʧʨʦʩʘ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʜʘʥʥʳʡ ʤʝʪʦʜ ʩʣʦʞʝʥ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʝʩʣʠ ʘʢ-

ʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʨʝʰʝʥʠʶ, ʤʥʦʞʝʩʪʚʦ. 

ʂ ʤʝʪʦʜʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ, ʧʨʠʥʘʜʣʝʞʘʪ ʤʦ-

ʜʝʣʴ ʂʘʥʦ [3]. ʄʦʜʝʣʴ ʂʘʥʦ ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ 80-ʭ ʛʦʜʘʭ ʧʨʦʬʝʩʩʦʨʦʤ ʅʦ-

ʨʠʘʢʠ ʂʘʥʦ ʠ ʩʫʪʴ ʝʝ ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ ʧʨʦʜʫʢʪʦʤ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚʩʝ ʬʫʥʢʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ: ʙʘʟʦʚʳʝ ʠʣʠ ʞʝ ʦʞʠ-

ʜʘʝʤʳʝ, ʦʩʥʦʚʥʳʝ ʠʣʠ ʞʝ ʞʝʣʘʝʤʳʝ, ʚʦʩʭʠʱʘʶʱʠʝ ʠʣʠ ʞʝ ʚʦʟʜʝʡʩʪʚʫ-

ʶʱʠʝ, ʥʝʡʪʨʘʣʴʥʳʝ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʝ. 

ʂ ʙʘʟʦʚʳʤ ʬʫʥʢʮʠʷʤ ʧʨʠʥʘʜʣʝʞʘʪ ʪʝ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪ-

ʚʦʚʘʪʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʦʙʷʟʘʪʝʣʴʥʦ, ʪʦ ʝʩʪʴ ʠʭ ʥʘʣʠʯʠʝ ʧʦ-

ʜʨʘʟʫʤʝʚʘʝʪʩʷ ʢʘʢ ʩʘʤʦ ʩʦʙʦʡ ʨʘʟʫʤʝʶʱʝʝʩʷ. ʆʩʥʦʚʥʳʤʠ ʞʝ ʷʚʣʷʶʪʩʷ 

ʪʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʥʘ ʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʧʦʣʴʟʦ-

ʚʘʪʝʣʷ. ʂ ʚʦʩʭʠʱʘʶʱʠʤ ʬʫʥʢʮʠʷʤ ʦʪʥʦʩʷʪʩʷ ʪʝ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 
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ʥʝʦʞʠʜʘʥʥʳʤʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʅʝʡʪʨʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʠ, 

ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʪʦʨʳʭ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ ʥʠʢʘʢ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʅʝʞʝʣʘʪʝʣʴʥʳʝ ï ɻ ʪʦ ʬʫʥ-

ʢʮʠʠ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʬʫʥʢʮʠʡ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʛʨʫʧʧʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫ-

ʪʝʤ ʧʦʣʫʯʝʥʠʷ ʦʪʚʝʪʘ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʚʦʧʨʦʩʘ: 

ī ʅʘ ʩʢʦʣʴʢʦ ɺʘʤ ʧʦʥʨʘʚʠʪʩʷ ʥʘʣʠʯʠʝ ʪʘʢʦʡ ʬʫʥʢʮʠʠ ʚ ʧʨʦʛʨʘ-

ʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ? 

ī ʂʘʢ ɺʳ ʦʪʥʝʩʝʪʝʩʴ ʢ ʪʦʤʫ, ʯʪʦ ʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʚ ʢʦʥʝʯʥʦʤ ʧʨʦ-

ʜʫʢʪʝ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʘ ʯʘʩʪʠʯʥʦ ʠʣʠ ʚʦʙʱʝ ʙʫʜʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ? 

ʅʘ ʦʙʘ ʚʦʧʨʦʩʘ ʚʦʟʤʦʞʥʳ ʧʷʪʴ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʦʚ: ʥʨʘ-

ʚʠʪʩʷ, ʦʞʠʜʘʶ, ʦʪʥʦʰʫʩʴ ʢ ʵʪʦʡ ʬʫʥʢʮʠʠ ʥʝʡʪʨʘʣʴʥʦ, ʤʦʛʫ ʪʝʨʧʝʪʴ ʥʘ-

ʣʠʯʠʝ ʠ ʥʝ ʥʨʘʚʠʪʩʷ ʫʢʘʟʘʥʥʘʷ ʬʫʥʢʮʠʷ. 

ʈʝʘʣʠʟʘʮʠʠ ʠʟʥʘʯʘʣʴʥʦ ʧʦʜʣʝʞʘʪ ʙʘʟʦʚʳʝ ʬʫʥʢʮʠʠ, ʟʘʪʝʤ ʦʩʥʦʚʥʳʝ, 

ʚʦʩʭʠʱʘʶʱʠʝ, ʧʦʩʣʝ ʯʝʛʦ ʥʝʡʪʨʘʣʴʥʳʝ, ʘ ʧʦʪʦʤ ʥʝ ʞʝʣʘʪʝʣʴʥʳʝ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʪʨʝʙʦʚʘʥʠʡ 

ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʤʦʱʴ ʚ ʘʥʘʣʠʟʝ ʫʜʦ-

ʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʪʠʧʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʂ ʦʩʥʦ-

ʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠʥʘʜʣʝʞʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩ-

ʪʦʷʥʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʬʫʥʢʮʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʢʪʫʘʣʴʥʦʛʦ ʨʝʟʫʣʴ-

ʪʘʪʘ, ʧʦʩʢʦʣʴʢʫ ʪʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʚ ʦʜʠʥ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʷʚʣʷʶʪʩʷ 

ʚʦʩʭʠʱʘʶʱʠʤʠ, ʚ  ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ʫʞʝ ʙʫʜʫʪ ʦʞʠʜʘʝʤʳʤʠ, ʘ ʦʞʠ-

ʜʘʝʤʳʝ ʩʦ ʚʨʝʤʝʥʝʤ ʩʪʘʥʦʚʷʪʩʷ ʙʘʟʦʚʳʤʠ.  

ʂ ʤʝʪʦʜʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ, ʧʨʠʥʘʜʣʝʞʠʪ ʠ 

ʤʝʪʦʜ Theme scoring [4]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʩʦʩʪʦʠʪ ʚ ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʟʘ-

ʜʘʯ, ʧʦʜʣʝʞʘʱʠʭ ʨʝʘʣʠʟʘʮʠʠ, ʧʫʪʝʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʥʘʙʦʨʘ ʢʨʠʪʝʨʠʝʚ 

ʦʮʝʥʢʠ ʩʦ ʚʩʝʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʣʠʮʘʤʠ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʤʝʪʦʜʫ 

ʠʟʥʘʯʘʣʴʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪ ʧʷʪʠ ʜʦ ʜʝʚʷʪʠ ʢʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʳʝ ʧʦʤʦ-

ʛʫʪ ʚʳʷʩʥʠʪʴ, ʢʘʢʠʝ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʪʝʢʫ-

ʱʝʤ ʩʧʨʠʥʪʝ. ʉʨʝʜʠ ʚʦʟʤʦʞʥʳʭ ʢʨʠʪʝʨʠʝʚ:  

ī ʚʘʞʥʦʩʪʴ ʬʫʥʢʮʠʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ;  

ī ʧʨʠʙʳʣʴ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ; 

ī ʚʘʞʥʦʩʪʴ ʬʫʥʢʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ; 

ī ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

ɿʘʪʝʤ ʚʳʙʠʨʘʝʪʩʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʘ 

ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʩʧʨʠʥʪʘ ʠ ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʥʷʪʥʦʡ 

ʜʣʷ ʚʩʝʭ ʯʣʝʥʦʚ ʢʦʤʘʥʜʳ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʩʯʠʪʘʝʪʩʷ ʙʘʟʦʚʦʡ ʠ ʚʩʝ 
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ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʟʘʜʘʯʠ ʙʫʜʫʪ ʦʮʝʥʠʚʘʪʴʩʷ ʧʦ ʢʘʞʜʦʤʫ ʚʳʙʨʘʥʥʦʤʫ 

ʢʨʠʪʝʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʦʠʪʩʷ ʪʘʙʣʠʮʘ, ʛʜʝ ʧʦ ʚʝʨʪʠʢʘʣʠ ʫʢʘʟʳʚʘʶʪʩʷ ʢʨʠ-

ʪʝʨʠʠ, ʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ï ʟʘʜʘʯʠ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʘʞʥʦʩʪʴ ʢʨʠʪʝ-

ʨʠʝʚ ʥʝ ʦʜʠʥʘʢʦʚʘ, ʪʦ ʚ ʧʝʨʚʦʤ ʩʪʦʣʙʮʝ ʚ ʧʨʦʮʝʥʪʘʭ ʫʢʘʟʳʚʘʝʪʩʷ ʚʘʞ-

ʥʦʩʪʴ ʢʘʞʜʦʛʦ ʢʨʠʪʝʨʠʷ. ɼʘʣʝʝ ʟʘʜʘʯʠ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ 

ʢʨʠʪʝʨʠʶ ʠ ʝʩʣʠ ʟʘʜʘʯʘ ʚʘʞʥʝʝ ʙʘʟʦʚʦʡ, ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʷʯʝʡʢʝ 

ʫʢʘʟʳʚʘʝʪʩʷ +1, ʝʩʣʠ ʤʝʥʝʝ ʚʘʞʥʘ -1. ɽʩʣʠ ʚʘʞʥʦʩʪʴ ʟʘʜʘʯʠ ʨʘʚʥʘ ʙʘʟʦ-

ʚʦʡ, ʪʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ 0. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʩʝ ʟʘʜʘʯʠ ʦʮʝʥʠ-

ʚʘʶʪʩʷ ʧʦ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʩʯʝʪ ʩʫʤʤʘʨʥʦʡ ʚʘʞʥʦʩʪʠ 

ʟʘʜʘʯʠ ʧʦ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ.  ʇʦʣʫʯʝʥʥʦʝ ʯʠʩʣʦ ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʦʤ 

ʟʘʜʘʯʠ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʤ ʧʣʘ-

ʥʠʨʦʚʘʥʠʠ. 

ʉʨʝʜʠ ʜʦʩʪʦʠʥʩʪʚ ʵʪʦʛʦ ʤʝʪʦʜʘ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ ʚ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ, ʥʝʜʦʩʪʘʪʢʘʤʠ ʞʝ ʷʚʣʷʶʪʩʷ ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ ʚʳʙʦʨʘ ʢʨʠʪʝ-

ʨʠʝʚ ʜʣʷ ʦʮʝʥʢʠ ʠ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ 

ʩʧʨʠʥʪʘ ʯʘʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʨʠʦʨʠʪʠʟʘʮʠʷ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʷʝʤʦʛʦ ʧʨʦʝʢʪʘ ï ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ. ʆʜʥʘʢʦ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠʣʠ 

ʚ ʢʦʤʧʣʝʢʩʝ ʧʦʤʦʞʝʪ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʠʪʴ ʚʦʧʨʦʩ, ʩʚʷʟʘʥʥʳʡ 

ʩ ʧʨʠʦʨʠʪʠʟʘʮʠʝʡ.  
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Usage of software and networks in almost all areas of modern life signif-

icantly increases the importance of the stability of their operation and hence 

the quality of the performance. A tight QA process is a powerful instrument 

in improving the elimination of system failures. However, providing a high-

quality level requires considering the impact of all system components. Cur-

rent investigation is dedicated to the issues of testing in a real time environ-

ment under conditions similar to the problems experienced by the end users. 

QA in such an environment is determined as a cyclic process formed by 

the detection of the differences in real and described system operation [1]. 

This includes:  

- software verification 

- defect identification 

- produces error (bug) report 

- sending bug report to developers 

- bug fixing 

- verification of modified software. 

The whole QA process is completed when the results obtained corre-

sponds to the specified requirements. 

There are two main approaches to QA in software development. The first 

approach is a QA process integrated at each stage of the software develop-

ment viz. analysis of requirements, design, implementation and integration. 

The second approach is QA after implementation to detect problems before 

integration i.e. during testing. By comparing these approaches, a conclusion 

can be made that the first approach is most widely used for big projects due 

the complexity and higher cost involved, but better coverage of possible test 

cases and problems. Second approach is typical for small projects because of 

lower cost (money, time, resources) and covers a smaller number of test cases 

[2]. 

However even huge number of testing tools and testing does not guarantee 

a high level of system quality if itôs only performed in laboratory conditions 

using ópureô testing servers and standard settings. System performance char-

acteristics obtained using the black-box technique of testing are often far from 
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the results obtained in real conditions. Itôs almost a rule that testing in real 

conditions (also often used on post-production stages) will provide many de-

fects not discovered in the testing environment.  

There are a variety of problems that appear in a real environment because 

of the features of network operation. The most widely met issues are prob-

lems encountered during resource loading, slow data processing and data 

loses. Low system performance is often the reason for the appearance of un-

expected scenarios of user behavior that hasnôt been predicted during the QA 

processes under the lab conditions.  

To prevent failures due to these reasons additional QA scenarios, which 

includes different network settings, should be undertaken during the QA pro-

cess. Adopting such an approach allows the discovery of possible ñbottle 

necksò and so the processes involved in handling them can be undertaken at 

the development stage without waiting for the failures to occur in operational 

software [3].  

The possible results of such a QA approach are: 

- disabling of UI components after data submission or before neces-

sary data obtaining 

- optimization of network requests (asynchronous techniques, static 

data caching and preload etc.) 

- implementation of alternative operation scenarios for different per-

centage of loaded data 

- preparation of user instruction to reduce network impact (i.e. deac-

tivate graphics). 

A task to simulate different network performance during the QA process 

is not typical for and not implemented in the most available testing tools. 

Only some of them have option to manage settings of certain browsers to 

simulate different loading process [4].  

There are some approaches that can be used to implement this task. These 

methods are based around changing the network performance settings of a 

client side. These are: 

- usage of external proxy-server as an intermediate point between cli-

ent side and remote servers with the deployed system to test 

- establishing VPN connection with controlled data channel settings 

- usage of intermediate network devices (routers, switches) with dif-

ferent settings. 

 The methods listed above allow the network performance to be man-

aged by including additional delays. Delay values can vary from a few milli-

seconds up to 60 seconds. These methods can be used to identify key values 

of delay, which will create problems in system operation. The map of key 
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delay values and the corresponding system problems is a good source for fur-

ther analytical performance issues aimed at improving the overall system op-

eration. 

 Exhaustive testing before system release can help to make signifi-

cant savings in the area of software maintenance [5]. Having studied a num-

ber of IT projects Pressman [6] concluded that the financial cost of fixing 

problems in the field is likely to be of the order of 100 greater than fixing the 

same problem much earlier in the cycle. Fig. 1 indicates the relative costs 

found.     

 
Fig. 1. Relative Cost of Correcting an Error 

 

Savings can relate not only to the financial part but also there are hidden 

costs. The Quality Iceberg can be seen in Fig. 2, depicted by an iceberg hav-

ing a larger area under the waterline than above. It shows a set of issues that 

are not obvious and so are often not considered during calculation of the cost 

of failures [7].   

 
Fig. 2. Hidden cost of system failures 
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Considering the fact that not all providers of external services (Cloud, in-

ternet etc.) provides the quality of service on the level determined in agree-

ments, the conclusion can be made that real time testing of the system is es-

sential to ensure high quality level of its operation.  
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ʋɼʂ 003.26.09 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʇʆɼɺɯʁʅʆɻʆ ʐʀʌʈʋɺɸʅʅʗ ɺ 

ʂʈʀʇʊʆʉʀʉʊɽʄɯ AJPS 

ɼ. ɺ. ʗʜʫʭʘ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

 çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè,  

ʌʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʽʥʩʪʠʪʫʪ ʩʪʘʥʜʘʨʪʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ (NIST) ʫ 2017 ʨʦʮʽ 

ʦʛʦʣʦʩʠʚ ʢʦʥʢʫʨʩ ʧʦʩʪʢʚʘʥʪʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤ 

ʢʣʶʯʝʤ [1], ʫ ʷʢʦʤʫ ʚʟʷʣʠ ʫʯʘʩʪʴ 69 ʢʘʥʜʠʜʘʪʽʚ. ʆʜʥʠʤ iʟ ʟʘʧʨʦʧʦʥʦʚʘ-

ʥʠʭ ʘʣʛʦʨʠʪʤiʚ ʻ ʢʨʠʧʪʦʩʠʩʪʝʤʘ AJPS [2], ̫ ʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʨʠʬʤʝʪʠʢʫ 

ʟʘ ʤʦʜʫʣʝʤ ʯʠʩʣʘ ʄʝʨʩʝʥʥʘ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʢʨʠʧʪʦʩʠʩ-

ʪʝʤʠ AJPS ʪʘ ʧʦʙʫʜʦʚʘ ʤʦʜʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʟʤʝʥ-

ʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʨʘʟʣʠʚʠʭ ʟʥʘʯʝʥʴ ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ.  

https://cordis.europa.eu/result/rcn/184376_en.html
https://cordis.europa.eu/result/rcn/184376_en.html
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ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʢʨʠʧʪʦʩʠʩʪʝʤʽ AJPS [2] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʢ-

ʨʠʪʽ ʧʘʨʘʤʝʪʨʠ Mn=2n-1 - ʯʠʩʣʦ ʄʝʨʩʝʥʥʘ, Ŭ - ʧʘʨʘʤʝʪʨ ʟʘʭʠʱʝʥʦʩʪʽ, 
ʟʘʜʘʥʠʡ ʧʽʜ ʯʘʩ ʧʦʙʫʜʦʚʠ ʢʨʠʧʪʦʩʠʩʪʝʤʠ, ʽ h - ʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ 

ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ nh4 2 <  ʪʘ a-

-
²2C 1h

1n
. ɹʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ ʬʫʥʢʮʽʶ 

ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʛʠ ʍʝʤʤʽʥʛʘ ʷʢ Ham. ʅʝʭʘʡ 

{ }h)Mmodx(Ham:xHM
nh,n
== , ʪʦʙʪʦ HMn,h - ʤʥʦʞʠʥʘ ʯʠʩʝʣ, ʷʢʽ ʟʘ 

ʤʦʜʫʣʝʤ ʯʠʩʣʘ ʄʝʨʩʝʥʥʘ ʤʘʶʪʴ ʚʘʛʫ ʍʝʤʤʽʥʛʘ h. ʏʠʩʣʘ F ʪʘ G ʦʙʠʨʘ-

ʶʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʪʘ ʨʽʚʥʦʡʤʦʚʽʨʥʦ ʟ ʤʥʦʞʠʥʠ HMn,h. ɿʥʘʯʝʥʥʷ G ʻ ʦʩʦ-

ʙʠʩʪʠʤ ʢʣʶʯʝʤ ʦʪʨʠʤʫʚʘʯʘ, F - ʪʘʻʤʥʠʡ ʧʘʨʘʤʝʪʨ ʢʨʠʧʪʦʩʠʩʪʝʤʠ. ɺʽʜ-

ʢʨʠʪʠʡ ʢʣʶʯ H ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 
n

Mmod
G

F
H = . (1) 

ʂʨʠʧʪʦʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʟʘʰʠʬʨʫʚʘʪʠ ʦʜʠʥ ʙʽʪ, ʪʦʙʪʦ ʚʽʜʢʨʠʪʠʤ 

ʪʝʢʩʪʦʤ ʻ ʟʥʘʯʝʥʥʷ bÍ{0,1}. ʐʠʬʨʦʪʝʢʩʪ C ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ                

C=(-1)b(AĀH+B) mod Mn, ʧʨʠʯʦʤʫ ʯʠʩʣʘ A, B ʦʙʠʨʘʶʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʽ ʨʽ-

ʚʥʦʡʤʦʚʽʨʥʦ ʟ ʤʥʦʞʠʥʠ HMn,h. ɼʣʷ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʩʧʦʯʘʪʢʫ ʦʙʯʠʩʣʶ-

ʻʪʴʩʷ ʟʥʘʯʝʥʥʷ d=Ham(CĀG mod Mn), ʧʦʪʽʤ ʙʽʪ b ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʩʧʽʚʚʽʜ-

ʥʦʰʝʥʥʷʤ: 

î
í

î
ì

ë

^

-²

¢

=

.ʽʥʘʢʰʝ),ʧʦʤʠʣʢʘ(

h2ndʷʢʱʦ,1

h2dʷʢʱʦ,0

b 2

2

                                 (2) 

ʂʦʨʝʢʪʥʽʩʪʴ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ (2) ʩʣʽʜʫʻ ʟ ʥʘʩʪʫʧʥʦʾ 

ʣʝʤʠ [2]: 

ʃʝʤʘ 1. ʅʝʭʘʡ Mn=2n-1 ʪʘ A,BÍ{0,1}n, ʪʦʜʽ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ:  

1. )B(Ham)A(Ham))M(modBA(Ham
n

+¢+ ; 

2. )B(Ham)A(Ham))M(modBA(Ham
n

Ö¢Ö ; 

3. ʗʢʱʦ 
n0A¸ , ʪʦ )A(Hamn))M(modA(Ham

n
-=- . 

            ʅʘʚʽʪʴ ʚʽʜʥʦʩʥʦ ʩʪʽʡʢʽ ʢʨʠʧʪʦʩʠʩʪʝʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʥʘ ʧʨʘʢʪʠʮʽ, ʯʘʩʪʦ ʤʘʶʪʴ ʚʨʘʟʣʠʚʦʩʪʽ ʧʨʠ ʜʝʷʢʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʪʠʤ ʩʘʤʠʤ ʩʪʚʦʨʶʶʯʠ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʢʨʠʧʪʦʩʠʩʪʝʤʘ ʻ ʥʝʩʪʽʡʢʦʶ. ʊʘʢʘ 

ʧʨʦʙʣʝʤʘ ʚʠʨʽʰʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʥʘ ʚʠʙʽʨ ʚʽʜʢʨʠʪʠʭ 

ʪʘ/ʘʙʦ ʩʝʢʨʝʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɺʨʘʟʣʠʚʽ ʟʥʘʯʝʥʥʷ ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ ʢʨʠ-

ʧʪʦʩʠʩʪʝʤʠ AJPS ʦʧʠʩʘʥʽ ʫ ʥʘʩʪʫʧʥʽʡ ʣʝʤʽ.  

ʃʝʤʘ 2. ([3]) ʋ ʢʨʠʧʪʦʩʠʩʪʝʤʽ AJPS ʧʨʠ ʟʥʘʯʝʥʥʽ ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ 

H ʪʘʢʦʤʫ, ʱʦ 1)H(Ham ¢  ʘʙʦ 1)MmodH(Ham
n

1 ¢- , ʤʦʞʥʘ ʦʜʥʦ-

ʟʥʘʯʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʝʟ ʟʥʘʥʥʷ ʦʩʦʙʠʩʪʦʛʦ ʢʣʶʯʘ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʘʪʘʢ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʨʘʟʣʠʚʽʩʪʴ, 

ʦʧʠʩʘʥʫ ʫ ʣʝʤʽ 2, ʧʦʪʨʽʙʥʦ ʦʙʠʨʘʪʠ ʚʽʜʢʨʠʪʠʡ ʢʣʶʯ H ʪʘʢ, ʱʦʙ ʚʠʢʦ-

ʥʫʚʘʣʠʩʴ ʫʤʦʚʠ [3]:  

1. 1)H(Ham ¸ ; 

2. 1)MmodH(Ham
n

1 ¸- . 

ɯʥʰʠʤ ʰʣʷʭʦʤ ʟʘʧʦʙʽʛʘʥʥʷ ʘʪʘʢ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʭʝʤʠ ʧʦʜʚʽʡʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ, ʫ ʷʢʽʡ ʰʠʬʨʦʪʝʢʩʪ, ʦʪʨʠʤʘʥʠʡ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʰʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʚʽʜʢʨʠʪʠʡ ʢʣʶʯ ʧʨʠ ʜʨʫʛʦʤʫ 

ʰʠʬʨʫʚʘʥʥʽ.  

ʃʝʤʘ 3. ʅʝʭʘʡ ʫ ʢʨʠʧʪʦʩʠʩʪʝʤʽ AJPS ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʙʽʪʫ b ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ H - ʚʽʜʢʨʠʪʠʡ ʢʣʶʯ ʪʘ G - ʦʩʦʙʠʩʪʠʡ ʢʣʶʯ. 

ʊʦʜʽ,  ʷʢʱʦ ʰʠʬʨʦʪʝʢʩʪ ʙʫʜʝ ʦʙʯʠʩʣʝʥʠʡ ʷʢ  

),BHA()1(ʉ
2C2

b +Ö-=        (3) 

ʜʝ )BHA()1(H
11

*b

C
+Ö-=  ʪʘ 

h,n2121
HMB,B,A,A Í , ʘ 

*b Í{0,1} , 

ʪʦ ʥʝ ʽʩʥʫʻ ʚʨʘʟʣʠʚʠʭ ʟʥʘʯʝʥʴ H, ʧʨʠ ʷʢʠʭ ʻ ʤʦʞʣʠʚʠʤ ʜʝʰʠʬʨʫʚʘʥʥʷ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʝʟ ʟʥʘʥʥʷ ʦʩʦʙʠʩʪʦʛʦ ʢʣʶʯʘ.  

ɼʦʚʝʜʝʥʥʷ:  ʇʨʠ ʰʠʬʨʫʚʘʥʥʽ ʙʽʪʫ b ʟʘ ʬʦʨʤʫʣʦʶ (3) ʦʪʨʠʤʫʻʤʦ 

ʰʠʬʨʦʪʝʢʩʪ C: 

.B)1()BHA(A)1()B)BHA()1(A()1(ʉ
2

2b

112

*bb

211

*b

2

b -++-=++--= +

ʇʦʪʨʽʙʥʦ ʨʦʟʛʣʷʥʫʪʠ 4 ʚʠʧʘʜʢʠ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʙʽʪʽʚ b  ʪʘ 
*b  , ʘ 

ʩʘʤʝ:  

1. b=0, 
*b =0; 

2. b=1, 
*b =0; 

3. b=0, 
*b =1; 

4. b=1, 
*b =1. 

ɼʦʚʝʜʝʤʦ ʚʽʜʩʫʪʥʽʩʪʴ ʦʙʤʝʞʝʥ ɹʥʘ )H(Ham  ʪʘ )MmodH(Ham
n

1-  

ʣʠʰʝ ʜʣʷ ʧʝʨʰʦʛʦ ʚʠʧʘʜʢʫ, ʜʣʷ ʽʥʰʠʭ ʚʠʧʘʜʢʽʚ ʜʦʚʝʜʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʦ. ʋ ʚʠʧʘʜʢʫ b=0, 
*b =0 h ʠʬʨʦʪʝʢʩʪ C ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠʩʴ ʟʘ 

ʬʦʨʤʫʣʦʶ .BA)BHA(ʉ
2211

++=  

ɿʥʘʡʜʝʤʦ ʟʥʘʯʝʥʥʷ Ham(H), ʧʨʠ ʷʢʦʤʫ ʤʦʞʣʠʚʦ ʙ ʙʫʣʦ ʦʜʥʦʟʥʘʯʥʦ 

ʨʦʟʰʠʬʨʫʚʘʪʠ ʰʠʬʨʦʪʝʢʩʪ C ʙʝʟ ʟʥʘʥʥʷ G. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ 

=Ö+Ö+Ö=Ö= )MmodG)BA)BHA(((Ham)MmodGC(Hamd
n2211n

 

)MmodGBGA)BHA((Ham
n2211

Ö+ÖÖ+Ö= . ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʣʝʤʫ 

1 ʪʘ ʫʤʦʚʫ === )B(Ham)A(Ham)A(Ham
121

 h)G(Ham)B(Ham
2

==

, ʦʪʨʠʤʫʻʤʦ:  ¢Ö+ÖÖ+Ö= )MmodGBGA)BHA((Hamd
n2211

 



287 

 

)1h)H(Hamh(hhh)h)H(Hamh( 222 ++Ö=+Ö+Ö¢ . ɼʣʷ ʦʜʥʦʟʥʘʯ-

ʥʦʛʦ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦ, ʱʦʙ 21h)H(Hamh ¢++Ö , ʪʦʙʪʦ 

1h2)H(Hamh --¢Ö . ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʫʻʤʦ .1
h

1
)H(Ham -¢  

ʆʩʢʽʣʴʢʠ ʟʘ ʫʤʦʚʦʶ ʢʨʠʧʪʦʩʠʩʪʝʤʠ h ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʟʘ 0, ʪʦ 01
h

1
¢- ,  

ʪʦʜʽ ʦʪʨʠʤʫʻʤʦ ʫʤʦʚʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʜʝʰʠʬʨʫʚʘʥʥʷ 0)H(Ham ¢ . 

ɸʣʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ Ham ʻ ʥʝʚʽʜ'ʻʤʥʠʤʠ, ʪʦʙʪʦ ʦʪʨʠʤʘʥʘ ʫʤʦʚʘ 

Ham(H)=0, ʘ ʪʘʢʝ ʟʥʘʯʝʥʥʷ H ʥʝʤʦʞʣʠʚʝ ʟʘ ʫʤʦʚʦʶ ʢʨʠʧʪʦʩʠʩʪʝʤʠ. ʊʘ-

ʢʠʤ ʯʠʥʦʤ, ʥʝ ʽʩʥʫʻ ʟʥʘʯʝʥʥʷ Ham(H), ʧʨʠ ʷʢʦʤʫ ʤʦʞʥʘ ʙʫʣʦ ʙ ʨʦʟʰʠʬ-

ʨʫʚʘʪʠ C, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ G.  

ɼʣʷ ʚʠʧʘʜʢʫ ʚʘʛʠ ʍʝʤʤʽʥʛʘ ʦʙʝʨʥʝʥʦʛʦ ʝʣʝʤʝʥʪʘ ʜʦ H ʚʽʜʥʦʩʥʦ ʦʧʝ-

ʨʘʮʽʾ ʤʥʦʞʝʥʥʷ ʟʘ ʤʦʜʫʣʝʤ ʯʠʩʣʘ ʄʝʨʩʝʥʥʘ, ʧʦʪʨʽʙʥʦ ʟ ʬʦʨʤʫʣʠ (1) 

ʧʨʝʜʩʪʘʚʠʪʠ ʦʩʦʙʠʩʪʠʡ ʢʣʶʯ ʯʝʨʝʟ ʚʽʜʢʨʠʪʠʡ ʢʣʶʯ, ʘ ʩʘʤʝ:  

 
n

1 MmodFHG Ö= - . (4) 

ʊʦʜʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ (4), ʤʘʻʤʦ:  

 

))MmodH(Ham)MmodH(Hamhh(h

))MmodH(Hamhh)MmodH(Hamhh(

)MmodFHBFA)HBA((Ham

)MmodFHBFHA)BHA((Ham

)MmodGBGA)BHA((Hamd

n

1

n

12

n

122

n

1

n

1

22

1

11

n

1

2

1

211

n2211

--

--

--

--

+Ö+Ö=

=Ö+ÖÖ+¢

¢ÖÖ+ÖÖÖ+=

=ÖÖ+ÖÖÖ+Ö=

=Ö+ÖÖ+Ö=

 (5) 

ɿ ʬʦʨʤʫʣʠ (5) ʦʪʨʠʤʫʻʤʦ, ʱʦ ʜʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʜʝʰʠʬʨʫʚʘʥʥʷ ʙʽʪʫ  

b=0 ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʚʠʢʦʥʫʚʘʣʦʩʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

,2)MmodH(Ham)MmodH(Hamhh
n

1

n

1 ¢+Ö+ -- ʪʦʙʪʦ 

.2h)1h()MmodH(Ham
n

1 ¢++Ö-  ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʫʻʤʦ: 

.1
1h

3

1h

3)1h(

1h

211h

1h

h2
)MmodH(Ham

n

1 -
+

=
+

++-
=

+

++--
=

+

-
¢-

 

ʆʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ h ʜʦʩʠʪʴ ʚʝʣʠʢʝ, ʪʦ .01
1h

3
¢-

+
ʆʪʞʝ, ʦʪʨʠʤʫʻʤʦ 

.0)MmodH(Ham
n

1 ¢-  ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʬʫʥʢʮʽʷ Ham ʜʦʜʘʪʥʴʦʚʠʟʥʘ-

ʯʝʥʘ ʪʘ ,0)MmodH(Ham
n

1 ¸-  ʙʘʯʠʤʦ, ʱʦ ʥʝ ʽʩʥʫʻ ʟʥʘʯʝʥʥʷ 

)MmodH(Ham
n

1- , ʧʨʠ ʷʢʦʤʫ ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʠʢʦʥʘʪʠ ʜʝʰʠʬʨʫʚʘʥʥʷ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʦʩʦʙʠʩʪʦʛʦ ʢʣʶʯʘ. ʃʝʤʫ 

ʜʦʚʝʜʝʥʦ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝ ʽʩʥʫʻ ʚʨʘʟʣʠʚʠʭ ʟʥʘʯʝʥʴ H, ʧʨʠ ʷʢʠʭ ʤʦʞʥʘ ʦʜʥʦ-

ʟʥʘʯʥʦ ʨʦʟʰʠʬʨʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʝʟ ʟʥʘʥʥʷ ʦʩʦʙʠʩʪʦʛʦ ʢʣʶʯʘ.  

ɿʘʫʚʘʞʝʥʥʷ: ɹʽʪ 
*b  ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʛʦ ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ 

ʤʦʞʥʘ ʦʙʠʨʘʪʠ ʙʫʜʴ-ʷʢʠʡ.  

ʆʪʞʝ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʽʜʭʦʜʫ ʧʦʜʚʽʡʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʫ ʢʨʠʧʪʦ-

ʩʠʩʪʝʤʽ AJPS ʚʜʘ̒ʪʴʩʷ ʫʥʠʢʥʫʪʠ ʦʙʤʝʞʝʥʴ ʥʘ ʟʥʘʯʝʥʥʷ ʚʽʜʢʨʠʪʦʛʦ 

ʢʣʶʯʘ, ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʧʝʨʝʚʽʨʦʢ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʢʨʠʧʪʦʩʠʩʪʝʤʠ.  

 

ʃʽʪʝʨʘʪʫʨʘ 

1. Post-Quantum cryptography standardization NIST [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]. - 2017. - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://csrc.nist.gov/projects/post-

quantum-cryptography/post-quantum-cryptography-standardization. 

2. A New Public-Key Cryptosystem via Mersenne Numbers [ɽʣʝʢʪ-

ʨʦʥʥʠʡ ʨʝʩʫʨʩ] / D.Aggarwal, A. Joux, A. Prakash, M. Santha. - 2017. - 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://eprint.iacr.org/2017/481. 

3. ʇʦʙʫʜʦʚʘ ʦʙʤʝʞʝʥʴ ʥʘ ʟʥʘʯʝʥʥʷ ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ ʢʨʠʧʪʦʩʠʩʪʝʤʠ 

AJPS / ɼ.ɺ.ʗʜʫʭʘ - ʊʝʦʨʝʪʠʯʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʧʨʦʙʣʝʤʠ ʬʽʟʠʢʠ, ʤʘʪʝʤʘ-

ʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ. // ʄʘʪʝʨʽʘʣʠ XVI  ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠ-

ʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ, 26-27 ʢʚʽʪʥʷ 

2018 ʨʦʢʫ, ʤ.ʂʠʾʚ, ʋʢʨʘʾʥʘ ï ʪʦʤ 2, ʩʪ.81 

 

ʋɼʂ 004.9:004.75 

ʕʂʉʇɽʈʊʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʄʆɼɽʃʀʈʆɺɸʅʀʀ ʉʀʉʊɽʄ 

ʖ.ʄ. ʃʠʩʝʮʢʠʡ 

ɼʇ çʕʉ ʕʅɼ ʊʀ ʋʂʈɸʀʅɸè 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠ-

ʩʪʝʤ [1]. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ,r ʤʳ ʦʩʫʱʝʩʪʚʣʷʝʤ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʝ ʟʘ ʩʯʝʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʠʟʚʝʩʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ 

ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

[2].  ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ, ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ, ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ ʠʣʠ ʦʮʝʥʢʘʭ ʵʢʩʧʝʨʪʦʚ,  ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ  ʦʙʲʷʩʥʷʝʪʩʷ, ʢʘʢ 

ʩʣʦʞʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʜʝʞʥʳʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ  (ʨʠʩ.1).  
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ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ 

ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʵʢʩʧʝʨʪʥʳʝ ʧʨʦʮʝʜʫʨʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ, ʘ 

ʠʥʦʛʜʘ ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠ ʪʨʝʙʫʶʪ ʧʨʠʚʣʝʯʝ-

ʥʠʷ ʛʨʫʧʧʳ ʚʳʩʦʢʦʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ [3]. ʆʩʥʦʚʥʦʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦ ʛʨʫʧʧʦʚʦʡ ʦʮʝʥʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʥʦʩʪʦʨʦʥ-

ʥʝʛʦ ʘʥʘʣʠʟʘ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʘʩʧʝʢʪʦʚ ʨʝʰʘʝ-

ʤʦʡ ʧʨʦʙʣʝʤʳ. ʅʦ ʛʨʫʧʧʦʚʘʷ ʦʮʝʥʢʘ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʥʘʜʝʞʥʦʡ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʭʦʨʦʰʝʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʥʝʥʠʡ ʫʯʘʩʪ-

ʚʫʶʱʠʭ ʚ ʵʢʩʧʝʨʪʠʟʝ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʇʦʵʪʦʤʫ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʵʢʩʧʝʨʪʦʚ, ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʩʦ-

ʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʥʝʥʠʡ ʠ ʚʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ ʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ [4].   

ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʵʢʩʧʝʨʪʦʚ [5]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʵʢʩʧʝʨ-

ʪʦʚ ʦʮʝʥʢʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʣʫʯʘʡʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʠ ʧʦʵʪʦʤʫ 

ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʙʨʦʩʘ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʦʮʝʥʦʢ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʮʝʥʦʢ (ʪʦʯʝʯʥʘʷ ʦʮʝʥʢʘ ʜʣʷ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʵʢʩ-

ʧʝʨʪʦʚ), ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʦʙʱʸʥʥʦʝ ʤʥʝʥʠʝ ʵʢʩʧʝʨʪʦʚ ʧʦ ʘʣʴ-

ʪʝʨʥʘʪʠʚʘʤ;  

ï ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʨʘʟʙʨʦʩ ʤʥʝ-

ʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʢʩʧʝʨʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ;  

ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ, ʨʘʩ-

ʩʯʠʪʳʚʘʝʤʫʶ ʚ ʚʠʜʝ ʦʪʥʦʰʝʥʠʷ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʦʮʝʥʢʠ ʢ ʩʨʝʜʥʝʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʦʮʝʥʢʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪ-

ʣʠʯʘʶʱʠʝʩʷ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʩʣʫʯʘʡʥʳʤʠ. ʇʦ-

ʵʪʦʤʫ ʙʳʣʦ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʤʥʝʥʠʷ ʵʢʩʧʝʨʪʘ k  
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ʦʙʦʙʱʸʥʥʦʤʫ ʤʥʝʥʠʶ ʚʩʝʭ ʵʢʩʧʝʨʪʦʚ, ʢʦʪʦʨʦʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʜʦʧʫ-

ʱʝʥʠʠ, ʯʪʦ ʤʥʝʥʠʝ ky
 ɻ ʢʩʧʝʨʪʘ k  ̫ ʚʣʷʝʪʩʷ ʢʨʘʡʥʠʤ ʩʨʝʜʠ ʤʥʝʥʠʡ m  

ʵʢʩʧʝʨʪʦʚ. ɸʥʘʣʠʟ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʤʥʝʥʠʷ ʵʢʩʧʝʨʪʘ k  ʧʨʦʚʦʜʠʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʮʝʥʢʠ ʘʥʦʨʤʘʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʥʝʠʟʚʝʩʪʥʦʡ 

ʛʝʥʝʨʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʤʝʨʳ ʩʭʦʜʩʪʚʘ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʘʩʩʦʮʠʘʮʠʠ (ʧʦ ʋʩʪʶʞʘʥʠʥʦʚʫ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘ-

ʝʪʩʷ ʣʠʰʴ ʯʠʩʣʦ ʩʦʚʧʘʜʘʶʱʠʭ ʠʣʠ ʥʝʩʦʚʧʘʜʘʶʱʠʭ ʦʪʚʝʪʦʚ ʠ ʥʝ ʫʯʠʪʳ-

ʚʘʝʪʩʷ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ . 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʠʩ-

ʧʦʣʴʟʫʝʤ ʤʝʪʦʜʳ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ: 

1. ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʂʝʥʜʘʣʣʘ, ʢʘʢ ʦʜʥʫ ʠʟ ʚʳʙʦ-

ʨʦʯʥʳʭ ʤʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʜʚʫʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ (ʧʨʠʟʥʘʢʦʚ) X  ʠ Y
, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʨʘʥʞʠʨʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ 

( ) ( )nn YXYX ,,...,, 11 . ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʂʝʥʜʘʣʣʘ [7] 

ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʥʛʦʚʳʤ ʩʪʘʪʠʩʪʠʢʘʤ ʠ ʢʘʢ ʣʶʙʘʷ ʨʘʥʛʦʚʘʷ ʩʪʘʪʠʩʪʠʢʘ ʤʦ-

ʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʜʚʫʭ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ, ʝʩʣʠ ʪʦʣʴʢʦ ʵʣʝʤʝʥʪʳ ʚʳʙʦʨʢʠ ʤʦʞʥʦ ʫʧʦʨʷʜʦʯʠʪʴ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʵʪʠʭ ʧʨʠʟʥʘʢʦʚ. 

2. ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʷʚ-

ʣʷʝʪʩʷ ʤʝʨʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʚʫʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʨʘʥ-

ʞʠʨʦʚʘʥʠʠ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʦʱʝ ʠ ʙʳʩʪʨʝʝ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʦʮʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʵʢʩʧʝʨʪʦʚ, ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʷʚʠʪʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠʭ ʤʥʝʥʠʡ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʘʣʴ-

ʪʝʨʥʘʪʠʚʘʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʦʜʠʥ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʢʦʥʢʦʨʜʘʮʠʠ Wï ʦʙʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷ-

ʮʠʠ ʜʣʷ ʛʨʫʧʧʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ m ʵʢʩʧʝʨʪʦʚ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʟʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʢʦʨʜʘʮʠʠ, 

ʧʦʣʴʟʫʶʪʩʷ ʢʨʠʪʝʨʠʝʤ 
2c
. ʅʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ 

ʪʘʙʣʠʯʥʦʛʦ 
2c
, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʯʠʩʣʦʤ ʩʪʝʧʝʥʠ ʝʸ ʩʚʦʙʦʜʳ ʠ ʫʨʦʚʥʝʤ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʢʦʥʢʦʨʜʘʮʠʠ. 

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʵʢʩ-

ʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʪʥʳʭ ʟʘʢʣʶʯʝ-
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ʥʠʡ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʦʚ ʚʳʷʚʣʝʥʠʷ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʠ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ. ʉʫʱʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝ-

ʜʫʶʱʝʤ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʤʥʝʥʠʡ ɻ ʢʩ-

ʧʝʨʪʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʢʦʨʜʘʮʠʠ. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥ-

ʢʦʨʜʘʮʠʠ ʟʥʘʯʠʤ, ʪʦ ʤʥʝʥʠʷ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ ʩʦʛʣʘʩʦʚʘʥʳ ʠ ʜʘʣʴʥʝʡ-

ʰʠʡ ʘʥʘʣʠʟ ʤʦʞʥʦ ʥʝ ʧʨʦʚʦʜʠʪʴ. 

ɽʩʣʠ ʤʥʝʥʠʷ ʵʢʩʧʝʨʪʦʚ ʦʢʘʞʫʪʩʷ ʥʝ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ, ʪʦ ʜʣʷ ʦʮʝʥʢʠ 

ʤʝʨʳ ʩʭʦʜʩʪʚʘ ʤʥʝʥʠʡ ʢʘʞʜʦʡ ʧʘʨʳ ʵʢʩʧʝʨʪʦʚ ʥʘʜʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʘʩʩʦʮʠʘʮʠʠ ʧʦ ʋʩʪʶʞʘʥʠʥʦʚʫ. 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʧʨʦʚʝʨʢʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ, ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʦʱʝ ʠ ʙʳʩʪʨʝʝ, ʯʝʤ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʂʝʥʜʘʣʣʘ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʧʨʦʜʦʣʞʠʪʴ ʘʥʘ-

ʣʠʟ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʧʨʦʚʝʩʪʠ ʧʨʦʚʝʨʢʫ ʥʘ 

ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʤʥʝʥʠʡ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʚʳʷʚʣʷʶʪʩʷ ʵʢʩʧʝʨʪʳ, ʤʥʝ-

ʥʠʷ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʙʦʙʱʝʥʥʦʛʦ ʤʥʝʥʠʷ ʛʨʫʧʧʳ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʪʥʳʭ ʟʘʢʣʶʯʝʥʠʡ ʧʫʪʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʦʚ ʚʳʷʚʣʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʘʣʛʦʨʠʪʤʠʟʠʨʦʚʘʥʘ, ʠ ʘʣʛʦʨʠʪʤ ʩʦʜʝʨ-

ʞʠʪ ʪʘʢʠʝ ʰʘʛʠ: 

ʐʘʛ 1. ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʢʦʨʜʘʮʠʠ. 

ʐʘʛ 2. ʆʮʝʥʢʘ ʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʢʦʨʜʘʮʠʠ. 

ʐʘʛ 3. ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʩʩʦʮʠʘʮʠʠ. 

ʐʘʛ 4. ʆʮʝʥʢʘ ʤʝʨ ʩʭʦʜʩʪʚʘ ʤʥʝʥʠʡ ʧʘʨ ʵʢʩʧʝʨʪʦʚ. 

ʐʘʛ 5. ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ. 

ʐʘʛ 6. ʆʮʝʥʢʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ. 

ʐʘʛ 7. ʈʘʩʯʝʪ ʦʙʦʙʱʝʥʥʦʛʦ ʤʥʝʥʠʷ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ. 

ʐʘʛ 8. ʇʨʦʚʝʨʢʘ ʤʥʝʥʠʷ ʵʢʩʧʝʨʪʘ ʥʘ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʦʙʦʙʱʝʥ-

ʥʦʤʫ ʤʥʝʥʠʶ ʛʨʫʧʧʳ. 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʙʳʣ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʝ ʉ++ [6]. ʉ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜ-

ʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʧʦʣʥʦʪʘ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘ-

ʮʠʠ ʯʘʩʪʦ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝ-

ʥʠʷ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʧʝʨʪʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʠʭ 

ʘʜʝʢʚʘʪʥʦʩʪʴ, ʠʩʩʣʝʜʫʝʤʳʤ ʩʠʩʪʝʤʘʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʪʚʝʪʩʪʚʝʥʥʳʤ 

ʵʪʘʧʦʤ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ, ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ, ʢʦʪʦʨʳʡ 
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ʚʢʣʶʯʘʝʪ ʧʨʦʚʝʨʢʫ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʠʡ ʧʨʦʮʝʩʩ, ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʨʦʚʝʜʝ-

ʥʠʝ ʚʦʟʤʦʞʥʦ, ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʪ-

ʥʳʭ ʟʘʢʣʶʯʝʥʠʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʩʦʛʣʘʩʦ-

ʚʘʥʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 
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ʋɼʂ 004.773.2 

ɯʅʊɽʃɽʂʊʋɸʃʔʅʀʁ ʄʆʅɯʊʆʈʀʅɻ ɼʈʋʂʆɺɸʅʀʍ ʊɽʂʉʊɯɺ  

ʄ.ʉ. ɻʦʣʫʙ 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʇʦʪʨʝʙʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʤʽʩʪʷʪʴ ʜʨʫ-

ʢʦʚʘʥʽ ʪʝʢʩʪʠ, ʨʦʙʣʷʪʴ ʘʢʪʫʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʾʭ ʽʥʪʝʣʝʢʪʫ-

ʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ɹʽʣʴʰʽʩʪʴ ʽʟ ʟʘʚʜʘʥʴ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʮʽʡ ʧʨʝʜʤʝʪ-

ʥʽʡ ʦʙʣʘʩʪʽ ʤʦʞʥʘ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʷʢ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʫ, ʢʨʽʤ 

ʮʴʦʛʦ ʘʢʪʫʘʣʴʥʠʤʠ ʻ ʟʘʜʘʯʽ ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʷ 

, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʽʥʰʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʨʝʘʣʽʟʦʚʫʶʪʴʩʷ ʟʘʚʜʘʥʥʷ ʽʟ ʧʦ-

ʰʫʢʫ ʪʝʢʩʪʽʚ ʟʘʜʘʥʦʾ ʪʝʤʘʪʠʢʠ ʯʠ ʟʘʜʘʥʦʛʦ ʟʤʽʩʪʫ, ʟʘʜʘʥʦʛʦ ʘʚʪʦʨʘ, ʯʠ 

ʛʨʫʧʠ ʘʚʪʦʨʽʚ.  

ʈʝʟʫʣʴʪʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʚʜʘʥʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʨʫʢʦʚʘʥʠʭ ʪʝʢʩʪʽʚ ʜʦʟʚʦʣʷʻ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʽʥʪʝʣʝʢʪʫ-

ʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫ (Text mining) ʻ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞ, 
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ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ, ʝʚʦʣʶʮʽʡʥʠʭ ʪʘ ʛʽʙʨʠʜʥʠʭ ʤʦʜʝʣʝʡ.  ʇʝʨʝʣʽʢ ʮʠʭ ʟʘ-

ʚʜʘʥʴ ʪʘ ʾʭ ʧʦʻʜʥʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʨʝʙ ʇʇʈ, ʮʽʣʷʤʠ, ʱʦ ʜʦʩʷʛʘʻ 

ʦʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ (ʆʇʈ), ʧʨʝʜʤʝʪʥʦʶ ʛʘʣʫʟʟʶ, ʜʝ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʪʨʠʤʘʥʘ ʽʟ ʜʨʫʢʦʚʘʥʠʭ ʪʝʢʩʪʦʚʠʡ ʧʦʚʽʜʦʤʣʝʥʴ. 

ʅʘʡʯʘʩʪʽʰʝ ʤʝʪʦʶ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʻ ʾʭ ʛʨʫʧʫʚʘʥʥʷ 

ʟʘ ʘʚʪʦʨʩʪʚʦʤ, ʧʝʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʘʥʫ ʘʚʪʦʨʘ (ʚʽʢ, ʩʪʘʪʴ, ʦʩʚʽ-

ʯʝʥʽʩʪʴ, ʬʽʟʠʯʥʝ ʪʘ ʧʩʠʭʦʣʦʛʽʯʥʝ ʟʜʦʨʦʚôʷ, ʥʘʣʝʞʥʽʩʪʴ ʜʦ ʧʝʚʥʦʾ ʩʧʽʣʴ-

ʥʦʪʠ). 

ʆʜʥʠʤ ʽʟ ʧʦʪʫʞʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʟʜʘʪʥʽ ʨʦʟʚôʷʟʫʚʘʪʠ ʧʦʜʽʙʥʽ ʟʘ-

ʜʘʯʽ, ʻ ʪʝʭʥʦʣʦʛʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ɿʥʘʯʥʘ ʧʦʧʫʣʷʨʥʽʩʪʴ 

ʄɯʉ ʧʦʚôʷʟʘʥʘ ʽʟ ʟʘʜʦʚʦʣʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʨʝʙ ʚʽʡʩʴʢʦʚʠʭ, ʙʽʟ-

ʥʝʩʫ, ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʤʝʜʠʮʠʥʠ, ʝʢʦʣʦʛʽʾ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʝʡ.   

ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʩʪʦʩʦʚʫ-

ʻʪʴʩʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʮʝʩʠ ʧʨʠʡʥʷʪʪʷ ʨʽ-

ʰʝʥʴ ʽʥʬʦʨʤʘʮʽʻʶ, ʷʢʫ ʪʨʝʙʘ ʟʜʦʙʫʚʘʪʠ çʧʦ ʢʨʠʭʪʘʭè ʽʟ ʙʘʛʘʪʴʦʭ ʨʽʟʥʦ-

ʨʽʜʥʠʭ ʜʞʝʨʝʣ [1]. ʆʜʥʽʻʶ ʽʟ ʩʢʣʘʜʦʚʠʭ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʤʝʪʦʜʠ ʽʥʪʝʣʝ-

ʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʽʚ (Text Mining). 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʢʽʣʴʢʘ ʢʣʘʩʽʚ ʟʘʜʘʯ, ʱʦ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʤʝʪʦʜʘʤʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʽʚ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʽ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʪʝʢʩʪʽʚ 

[2] ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʜʦʙʫʚʘʥʥʷ ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʨʝʬʝʨʫʚʘʥʥʷ, ʪʝ-

ʤʘʪʠʯʥʝ ʽʥʜʝʢʩʫʚʘʥʥʷ. ʇʦʻʜʥʘʥʥʷ ʚ ʻʜʠʥʫ ʪʝʭʥʦʣʦʛʽʶ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽ-

ʢʘʮʽʾ ʪʘ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʦʟʚʦʣʷʻ ʨʦʟʚôʷʟʘʪʠ ʟʘ-

ʜʘʯʽ ʚʠʷʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʟʚôʷʟʢʽʚ ʤʽʞ ʧʦʥʷʪʪʷʤʠ, ʧʦʰʫʢʫ ʢʣʶʯʦʚʠʭ 

ʬʨʘʟ ʜʣʷ ʥʘʚʽʛʘʮʽʾ ʧʦ ʪʝʢʩʪʘʤ. ʅʘ ʩʴʦʛʦʜʥʽ ʥʝ ʜʦ ʢʽʥʮʷ ʫʩʚʽʜʦʤʣʝʥʽ ʤʦʞ-

ʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʽʥʪʝʣʝʢʪʫʘʣʴ-

ʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʽʚ. 

ɹʘʛʘʪʦʨʽʚʥʝʚʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʬʦ-

ʨʤʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ï ʬʫʥʢʮʽʦʥʘʣʘ, ʷʢʠʡ 

ʧʝʨʝʪʚʦʨʶʻ ʨʝʟʫʣʴʪʘʪʠ ʨʽʟʥʦʨʽʜʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʚʣʘʩ-

ʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ. ɺʣʘʩʪʠʚʦʩʪʽ ʦʧʠʩʫʶʪʴ ʟʜʘʪʥʽʩʪʴ ʦʙôʻʢʪʘ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ð ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʱʦ ʟʘʙʝʟʧʝ-

ʯʫʶʪʴ ʧʝʨʝʭʽʜ ʦʙôʻʢʪʘ ʽʟ ʜʘʥʦʛʦ ʩʪʘʥʫ ʚ ʟʘʧʣʘʥʦʚʘʥʠʡ. ʇʨʠʨʦʜʥʴʦ, ʱʦ 

ʢʦʞʥʘ ʄɯʉ ʙʫʜʫʻʪʴʩʷ ʧʽʜ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʦʪʨʝʙʠ ʦʩʦʙʠ, ʱʦ ʧʨʠʡʤʘʻ ʨʽ-

ʰʝʥʥʷ (ʆʇʈ).  

ʇʨʦʮʝʩʠ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ ʟʘʜʘʥʦʛʦ ʟʤʽʩʪʫ, ʧʦʰʫʢʫ ʪʝʢʩʪʽʚ, ʘʚʪʦ-

ʨʘʤʠ ʷʢʠʭ ʻ ʟʘʜʘʥʽ ʢʘʪʝʛʦʨʽʾ ʦʩʽʙ, ʚʠʷʚʣʝʥʥʷ ʪʝʢʩʪʽʚ, ʱʦ ʥʝʩʫʪʴ ʚ ʩʦʙʽ 

ʚʦʨʦʞʠʡ ʜʣʷ ʋʢʨʘʾʥʠ ʟʤʽʩʪ ʪʘ ʚʠʢʦʥʘʥʥʷ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʟʘʚʜʘʥʴ ʻ ʬʫʥ-

ʢʮʽʷʤʠ ʪʝʭʥʦʣʦʛʽʡ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ [3]. 
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ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʄɺɼ. 

ʅʦʩʽʻʤ ʽʥʬʦʨʤʘʮʽʾ ʻ ʦʟʥʘʢʠ. ɺʜʘʣʝ ʬʦʨʤʫʚʘʥʥʷ ʩʣʦʚʥʠʢʘ ʦʟʥʘʢ ʟʘʙʝʟʧʝ-

ʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʶʯʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʩʠʥʪʝʟʘʪʦʨʘ ʤʦʜʝʣʝʡ ʧʦʙʫ-

ʜʫʚʘʪʠ ʚʠʨʽʰʫʶʯʝ ʧʨʘʚʠʣʦ ʫ ʚʠʛʣʷʜʽ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʘʙʦ ʽʥʰʦʾ ʧʦʜʽʙʥʦʾ 

ʤʦʜʝʣʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʘʜʝʢʚʘʪʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʝʢʩʪʠ. ʇʨʠ 

ʥʝʜʦʩʪʘʪʥʽʡ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʄɺɼ ʟʙʽʣʴʰʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʪʠʚ-

ʥʠʭ ʦʟʥʘʢ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʪʝʢʩʪʽʚ ʜʦ ʾʭ ʧʝʨʝʪʚʦʨʝʥʴ ʘʙʦ ʧʽʩʣʷ ʥʠʭ. ʆʜ-

ʥʠʤ ʽʟ ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʄɺɼ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʢʩ-

ʪʽʚ ʟʘ ʩʣʦʚʥʠʢʦʤ ʦʟʥʘʢ ʽ ʧʦʙʫʜʦʚʘ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʰʣʷʭʦʤ ʦʙʨʦ-

ʙʢʠ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʥʠʢʽʚ ʽʟ ʩʣʦʚʥʠʢʘ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦ-

ʤʣʝʥʴ. ʅʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʧʦʙʫʜʦʚʠ ʪʦ-

ʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʴ. ʅʝʚʠʨʽʰʝʥʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʟʘʚʜʘʥʥʷ ʚʠʷʚʣʝʥʥʷ 

ʚʧʣʠʚʫ ʧʨʦʮʝʩʫ ʧʦʙʫʜʦʚʠ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽ-

ʢʘʮʽʾ ʪʝʢʩʪʽʚ. 

ɺ ʮʽʡ ʨʦʙʦʪʽ ʧʦʜʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʦʚʦʛʦ ʤʝʪʦʜʫ ʢʣʘʩʠʬʽ-

ʢʘʮʽʾ ʜʨʫʢʦʚʘʥʠʭ ʪʝʢʩʪʽʚ, ʱʦ ʧʦʻʜʥʫʻ ʪʠʧʦʚʽ ʧʨʦʮʝʩʠ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ (ʄɯʉ) ʽʟ ʤʝʪʦ-

ʜʘʤʠ ʛʣʠʙʠʥʥʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ ʜʨʫʢʦʚʘʥʠʭ ʪʝʢʩʪʽʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʣʦʚ-

ʥʠʢʘ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʾʭ ʯʠʩʝʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʤʘʩʠʚʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ (ʄɺɼ) [4]. 

ʅʦʚʠʡ ʤʝʪʦʜ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʨʫʢʦʚʘʥʠʭ ʪʝʢʩʪʽʚ ʤʘʰʠʥʥʠʤ ʥʘʚʯʘʥʥʷʤ 

ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʤʽʩʪʠʪʴ ʪʘʢʽ ʝʪʘʧʠ:  

1) ʜʝʢʦʤʧʦʟʠʮʽʶ ʪʝʢʩʪʽʚ ʥʘ ʜʽʣʷʥʢʠ ʦʜʥʘʢʦʚʦʾ ʜʦʚʞʠʥʠ (ʚʽʢʥʘ);  

2) ʬʦʨʤʫʚʘʥʥʷ ʩʣʦʚʥʠʢʘ ʦʟʥʘʢ;  

3) ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʦʟʥʘʢ;  

4) ʬʦʨʤʫʚʘʥʥʷ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʦʟ-

ʥʘʢ. ʊʦʯʢʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ ʩʪʨʦʯʢʠ ʫ ʤʘʪʨʠʮʽ ʯʠʩʝʣʴʥʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ (ʦʟʥʘʢ) ʪʝʢʩʪʫ;  

5) ʬʦʨʤʫʚʘʥʥʷ ʤʘʩʠʚʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʪʦ-

ʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʽʟʥʠʭ ʪʝʢʩʪʽʚ ʫ ʢʣʘʩʠ; 

6) ʧʦʙʫʜʦʚʘ ʧʨʘʚʠʣʘ ʛʨʫʧʫʚʘʥʥʷ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʫ ʢʣʘʩʠ. ʇʨʘ-

ʚʠʣʦ ʛʨʫʧʫʚʘʥʥʷ ʤʘʻ ʚʠʛʣʷʜ ʤʦʜʝʣʽ-ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞ, ʩʠʥʪʝʟʫ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʤʦ-

ʜʝʣʝʡ ʄɻʋɸ ʪʘ ʽʥʰʠʭ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ;  

7) ʧʦʙʫʜʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʽʚ ʰʣʷʭʦʤ 

ʧʦʻʜʥʘʥʥʷ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʦʟʥʘʢ, ʚʽʜʙʽʨ ʪʘ ʧʦʻʜ-

ʥʘʥʥʷ ʫ ʩʣʦʚʥʠʢʠ ʩʫʢʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ, ʤʝʪʦʜʽʚ ʬʦʨʤʫ-

ʚʘʥʥʷ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ  ʨʽʟʥʠʭ ʪʝʢʩʪʽʚ ʪʘ ʧʦʻʜʥʘʥʥʷ ʾʭ ʚ ʤʘʩʠʚ ʚʭʽ-

ʜʥʠʭ ʜʘʥʠʭ, ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʤʦʜʝʣʽ-ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʤʝʪʦʜʽʚ ʬʦʨʤʫ-

ʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʤʦʜʝʣʝʡ-ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʪʘ ʦʜʥʦʯʘʩʥʦʛʦ ʾʭ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʽʚ.  
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ʂʨʽʤ ʪʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʽʚ ʧʦʚʠʥʥʘ ʤʽ-

ʩʪʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʢʦʦʨʜʠʥʘʮʽʾ ï ʫʟʛʦʜʞʝʥʥʷ ʚʟʘʻʤʦ-

ʜʽʡ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʽʨʥʦ ʢʣʘʩʠʬʽ-

ʢʦʚʘʥʠʭ ʪʝʢʩʪʽʚ ʪʘ ʾʭ ʯʘʩʪʠʥ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʽʟ ʝʪʘʧʽʚ ʮʽʻʾ ɯʊ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʩʧʽʣʴʥʫ ʩʪʨʘʪʝʛʽʶ 

ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʣʦʢʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʧʝʨʝʪʚʦ-

ʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʇʘʨʘʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʞʥʦʛʦ ʽʟ ʣʦʢʘʣʴʥʠʭ ʧʨʦ-

ʮʝʩʽʚ ʧʦʚʠʥʥʘ ʧʦʢʨʘʱʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʛʣʦʙʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʢʣʘʩʠʬʽʢʘ-

ʮʽʾ ʪʝʢʩʪʫ ï ʟʙʽʣʴʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʚʽʨʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʪʝʢʩʪʽʚ. 

ɹʫʣʘ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʛʽʧʦʪʝʟʘ ʧʨʦ ʪʝ, ʱʦ ʘʜʘʧʪʠʚʥʽʩʪʴ ʄɺɼ ʟʘʙʝʟʧʝ-

ʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦʚʞʠʥʠ ʚʝʢʪʦʨʫ ʦʟʥʘʢ  , ʜʦʚʞʠʥʠ ʚʽʢʥʘ, 

ʚʠʷʚʣʝʥʥʷ  ʧʝʨʝʣʽʢʫ ʦʟʥʘʢ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʽʥ-

ʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʘʩʠʚʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚʮʽʣʦʤʫ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʪʦʯʦʢ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ,. ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʦʟʥʘʢʠ ʪʠʤ ʚʠʱʘ, ʯʠʤ ʯʘʩʪʽʰʝ ʮʷ 

ʦʟʥʘʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʪʝʢʩʪʽ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʦʢʨʝʤʦʾ ʦʟʥʘʢʠ ʚ ʮʽʡ ʨʦʙʦʪʽ ʟʘʩʪʦ-

ʩʦʚʫʚʘʚʩʷ ʽʤʦʚʽʨʥʽʩʥʠʡ ʢʨʠʪʝʨʽʡ  [5]: 

 100%,     (1) 

ʜʝ ʂʽ ï ʧʦʢʘʟʥʠʢ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʽ-ʾ ʦʟʥʘʢʠ;  - ʯʘʩʪʽʩʪʴ ʽ-ʾ ʦʟʥʘʢʠ 

(ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʘ ʽ-ʪʘ ʦʟʥʘʢʘ ʫ ʦʢʨʝʤʦʤʫ ʚʽʢʥʽ), n ï ʢʽʣʴ-

ʢʽʩʪʴ ʦʟʥʘʢ ʫ  ʄɺɼ. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʮʽʻʾ ʛʽʧʦʪʝʟʠ ʨʦʟʚôʷʟʫʚʘʣʘʩʴ ʟʘ-

ʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʽʚ ʟʘ ʛʝʥʜʝʨʥʦʶ ʦʟʥʘʢʦʶ ʘʚʪʦʨʘ. ɹʫʣʦ ʟʘʜʘʥʦ 2 

ʢʣʘʩʠ: 1- ʞʽʥʢʠ; 2- ʯʦʣʦʚʽʢʠ. ɺ ʷʢʦʩʪʽ ɸʉM ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʙʘʛʘʪʦʨʷ-

ʜʥʠʡ ʘʣʛʦʨʠʪʤ ʄɻʋɸ [6]. 

ɺ ʧʨʦʮʝʩʽ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʚʩʷ ʧʦʢʘʟʥʠʢ ʢʽʣʴʢʦʩʪʽ ʚʽʨʥʦ ʨʦʟʧʽʟʥʘʥʠʭ ʚʽʢʦʥ ʫ ʪʝʢʩʪʽ. ɹʫʣʦ 

ʩʧʣʘʥʦʚʘʥʦ ʜʚʦʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ. ɼʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʟʤʽʥʠ  

ʨʦʟʤʽʨʫ ʚʽʢʥʘ ʪʘ ʤʽʥʽʤʘʣʴʥʦʾ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ  ʦʟʥʘʢ, ʱʦ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ 

ʽʟ ʩʣʦʚʥʠʢʘ, ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʽʚ. ʏʘʩʪʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʞʥʦʾ ʦʟʥʘʢʠ ʫ ʦʜʥʦʤʫ ʚʽʢʥʽ ʫʪʚʦʨʶʶʪʴ ʩʪʨʦʯʢʫ ʚ ʄɺɼ ï ʪʦʯʢʫ ʩʧʦ-

ʩʪʝʨʝʞʝʥʥʷ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ. ʂʽʣʴʢʽʩʪʴ ʚʽʢʦʥ, ʧʝʨʝʣʽʢ 

ʦʟʥʘʢ ʪʘ ʾʭ  ʯʘʩʪʽʩʪʴ ʜʦʟʚʦʣʷʶʪʴ ʩʬʦʨʤʫʚʘʪʠ ʄɺɼ.  

ɼʦʩʣʽʜʞʫʚʘʣʠʩʴ 20 ʪʝʢʩʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʞʫʨʥʘʣʽʩʪʩʴʢʠʭ ʽʥʪʝʨʥʝʪ-

ʧʫʙʣʽʢʘʮʽʡ.  ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʟʤʽʥʠ ʢʽʣʴʢʽʩʪʽ ʚʽʨʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʠ ʟʨʦʩ-

ʪʘʥʥʽ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʦʟʥʘʢʠ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʢʨʠʪʝʨʽʻʤ (1) ʧʨʠ ʜʝ-

ʢʦʤʧʦʟʠʮʽʾ ʪʝʢʩʪʫ ʥʘ ʚʽʢʥʘ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ. ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʢʽʣʴ-

ʢʦʩʪʽ ʚʽʨʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʣʷ ʚʽʢʦʥ ʨʽʟʥʦʾ ʜʦʚ-

ʞʠʥʠ ʨʽʟʥʽ. 
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ɿʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴ-

ʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʽʨʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʪʦʯʦʢ ʪʽʣʴʢʠ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥ-

ʢʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʟʥʘ-

ʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 5% ʽ 7% ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʦʟʥʘʢʠ ʥʝ ʟʘʚʞʜʠ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʚʩʴʦʛʦ ʤʘʩʠʚʫ. ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʽʥ-

ʬʦʨʤʘʪʠʚʥʦʩʪʽ ʦʟʥʘʢ ʢʽʣʴʢʽʩʪʴ ʚʽʨʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʪʦʯʦʢ ʟʤʝʥʰʫ-

ʻʪʴʩʷ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʦ ʟʨʦʩʪʘʥʥʷʤ ʚʧʣʠʚʫ ʥʘ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʩʫʤʽʱʝʥʠʭ ʦʟʥʘʢ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʾʭ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ [7] ʪʘ ʚʧʣʠ-

ʚʦʤ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʥʝ ʚʚʽʡʰʣʠ ʜʦ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʇʨʠ ʟʥʘʯʝʥʥʽ ʧʦʢʘʟʥʠʢʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʦʟʥʘʢ 1,5% ʽ 3% ʚ ʫʤʦʚʘʭ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʜʘʣʦʩʴ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʽʨʥʦ ʨʦʟʧʽʟʥʘ-

ʥʠʭ ʪʦʯʦʢ ʟʘ ʫʤʦʚʠ, ʱʦ ʜʦʚʞʠʥʘ ʚʽʢʥʘ ʙʫʜʝ 2000 ʟʥʘʢʽʚ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʝʨʝʣʽʢʫ ʦʟʥʘʢ, ʱʦ ʤʘʶʪʴ ʽʤʦʚʽʨʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʚʽʢʥʽ 1,5 % ʾʭ ʢʽʣʴʢʽʩʪʴ ï 151, ʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʝʨʝʣʽʢʫ ʦʟʥʘʢ ʽʟ 3% 

ʽʤʦʚʽʨʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʾʭ ʢʽʣʴʢʽʩʪʴ  34, ʪʦʙʪʦ ʟʤʝʥʰʫʻʪʴʩʷ ʙʽʣʴʰʝ 

ʥʽʞ ʚ 4 ʨʘʟʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧôʶʪʝʨʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʟʦʢʨʝʤʘ ʯʘʩʫ, ʥʘ ʧʦʙʫʜʦʚʫ ʦʢʨʝʤʦʾ ʤʦʜʝʣʽ, ʧʽʜʚʠʱʠʚʰʠ ʪʘʢʠʤ ʯʠʥʦʤ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ. ʆʩʢʽʣʴʢʠ ʧʘʨʘʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʚ ʮʽʡ ʪʝʭʥʦ-

ʣʦʛʽʾ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʩʠʥʪʝʟʫ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʦ-

ʜʝʣʝʡ, ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʩʠʥʪʝʟʫ ʦʢʨʝʤʦʾ ʤʦʜʝʣʽ ʻ ʧʦʢʘʟʥʠʢʦʤ ʟʥʘʯʠʤʠʤ. 

ɸʥʘʣʽʟʫʚʘʣʠʩʴ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʚʽʨʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʪʦ-

ʯʦʢ ʚʽʜ ʜʦʚʞʠʥʠ ʚʽʢʥʘ ʪʝʢʩʪʫ ʧʨʠ ʨʽʟʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʽʤʦʚʽʨʥʦʩʪʽ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʦʟʥʘʢʠ ʫ ʚʽʢʥʽ, ʱʦ ʻ ʧʦʢʘʟʥʠʢʦʤ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʮʽʻʾ ʦʟʥʘʢʠ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ ʚʽʢʥʘ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʢʣʘ-

ʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʽʚ ʟʘ ʛʝʥʜʝʨʥʦʶ ʦʟʥʘʢʦʶ ʚ ʮʠʭ ʫʤʦʚʘʭ  ʜʦʮʽʣʴʥʦ ʚʚʘʞʘʪʠ 

2000 ʟʥʘʢʽʚ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ  ʫ 100% ʚʽʨʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʪʦʯʦʢ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʝʢʩʪ ʟʘ ʦʜʥʽʻʶ ʪʦʯʢʦʶ.  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʄɺɼ ʙʫʣʘ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʛʽʧʦ-

ʪʝʟʘ, ʱʦ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʦʟʥʘʢʠ ʧʨʠ ʟʨʦʩʪʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʟʘ ʷʢʦʶ ʮʷ ʜʠʩʧʝʨʩʽʷ ʨʦʟʨʘʭʦʚʘʥʘ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʢʦʞʥʦʛʦ ʢʣʘʩʫ.  

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʮʽʻʾ ʛʽʧʦʪʝʟʠ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ. 

ʊʦʯʢʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʬʦʨʤʫʚʘʣʘʩʴ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʜʠʩʧʝʨʩʽʾ 

ʦʟʥʘʢʠ ʫ ʬʽʢʩʦʚʘʥʽʡ ʢʽʣʴʢʦʩʪʽ ʚʽʢʦʥ. ʇʆ ʪʝʢʩʪʫ ʬʦʨʤʫʚʘʚʩʷ ʰʣʷʭʦʤ ʨʦ-

ʟʨʘʭʫʥʢʫ ʯʘʩʪʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʟʥʘʢʠ ʫ ʢʦʞʥʦʤʫ ʚʽʢʥʽ. ʇʦʩʣʽʜʦʚʥʝ ʧʦ-

ʻʜʥʘʥʥʷ ʚʽʢʦʥ ʫʪʚʦʨʶʻ ʤʘʩʠʚ ʯʠʩʝʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʨʦʟʙʠʪʠ ʤʘʩʠʚ ʜʘʥʠʭ ʇʆ ʥʘ ʜʽʣʷʥʢʠ ʧʦ z ʚʽʢʦʥ (ʩʪʨʦʯʦʢ) ʽ ʨʦʟʨʘʭʫʚʘʪʠ 

ʜʠʩʧʝʨʩʽʶ ʢʦʞʥʦʾ ʦʟʥʘʢʠ ʚ ʮʠʭ z ʚʽʢʥʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʫʪʚʦ-

ʨʁ ʶʪʴ ʪʦʯʢʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʄɺɼ. ʂʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʫ 

ʄɺɼ ʙʫʜʝ ʚ z ʨʘʟʽʚ ʤʝʥʰʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʚʠʥʥʠʤ ʦʧʠʩʦʤ. ʇʽʩʣʷ 
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ʮʴʦʛʦ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʪʠʧʦʚʘ ʟʘʜʘʯʘ ʩʠʥʪʝʟʫ ʤʦʜʝʣʽ-ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʚʠʟʥʘ-

ʯʝʥʥʷ ʨʦʟʜʽʣʷʶʯʦʾ ʧʦʚʝʨʭʥʽ ʜʣʷ ʢʣʘʩʽʚ, ʪʘ ʡʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʪʝʩʪʦ-

ʚʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʦʯʦʢ. ʊʝʩʪʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʤʦʜʝʣʽ-ʢʣʘʩʠʬʽʢʘʪʦʨʘ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʄɺɼ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʜʝʢʦʤʧʦʟʠʮʽʷ ʪʝʢʩʪʽʚ ʥʘ ʚʽʢʥʘ 

ʟ ʨʦʟʤʽʨʦʤ 500 ʟʥʘʢʽʚ. ɺʩʽ ʪʝʢʩʪʠ ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʥʘ 2 ʢʣʘʩʠ: 1 ï ɾʽʥʢʠ, 

2- ʏʦʣʦʚʽʢʠ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʙʨʘʥʽ ʪʝʢʩʪʠ ʘʚʪʦʨʽʚ, ʱʦ ʙʫʣʠ ʟʘʜʽʷʥʽ ʚ 

ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ.. ʄʦʜʝʣʽ-ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʩʠʥʪʝʟʫʚʘʣʠʩʴ ʟʘ ʙʘ-

ʛʘʪʦʨʷʜʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʄɻʋɸ [6]. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʝʨʝʚʘʛʘ ʥʦ-

ʚʦʛʦ ʤʝʪʦʜʫ ʧʦʙʫʜʦʚʠ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ 

ʨʽʚʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ ʩʢʣʘʜʘʻ ʚʽʜ 19,29% ʜʦ 161,51%. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʛʽʧʦʪʝʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʘʩʠʚʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ 

ʧʨʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʘʨʘʤʝ-

ʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʄɺɼ ʪʘ ʦʙʨʦʙʢʦʶ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʣʴʢʦʭ ʜʽʣʷʥʦʢ ʪʝʢʩʪʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, 

ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʩʣʦʚʥʠʢʘ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ, ʜʝʢʦʤʧʦʟʠ-

ʮʽʶ ʪʝʢʩʪʫ ʥʘ ʜʽʣʷʥʢʠ ʦʜʥʘʢʦʚʦʾ ʜʦʚʞʠʥʠ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʢʩʪʫ ʥʘ ʤʘʩʠʚ 

ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʙʫʜʦʚʫ ʤʦʜʝʣʝʡ-ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ, ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʮʠʭ ʤʦʜʝʣʝʡ ʥʘ ʪʝʢʩʪʘʭ, ʱʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʨʠ ʾʭ ʩʪʚʦʨʝʥʥʽ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʢʦʞʥʦʾ ʟʘʜʘʯʽ ʬʦʨʤʫ-

ʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʧʝʨʝʣʽʢ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʽ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʧʽʜ-

ʙʠʨʘʪʠ ʜʦʚʞʠʥʫ ʚʽʢʦʥ ï ʜʽʣʷʥʦʢ, ʥʘ ʷʢʽ ʨʦʟʙʠʚʘʶʪʴʩʷ ʪʝʢʩʪʠ ʧʝʨʝʜ ʧʝ-

ʨʝʪʚʦʨʝʥʥʷʤ.  

ɼʣʷ ʤʘʩʠʚʽʚ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʽʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ ʟʘʧʨʦ-

ʧʦʥʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʠʪʠ ʥʦʚʠʡ ʤʝʪʦʜ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʽʚ ʰʣʷʭʦʤ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʧʨʦʮʝʜʫʨʠ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʣʴʢʦʭ ʚʽʢʦʥ, 

ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʬʦʨʤʫʶʪʴʩʷ ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʄɺɼ. ʅʦʚʠʡ  ʤʝʪʦʜ 

ʧʦʙʫʜʦʚʠ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʝʨʝʚʘʞʘʻ ʽʩʥʫʶʯʠʡ ʚ ʮʠʭ ʫʤʦʚʘʭ ʜʦʩ-

ʣʽʜʞʝʥʥʷ ʥʘ (19,29 ï 161,51)%. 

ʅʝʜʦʩʣʽʜʞʝʥʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʩʠʩʪʝʤʘ ʥʝ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʜʽʡʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, ʥʘʧʨʠʢʣʘʜ ʥʘ ʧʝʨʝʜʦʩʪʘʥʥʴʦʤʫ 

ʨʽʚʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽʟ ʤʽʥʽʤʘʣʴʥʦʶ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ ʦʟʥʘʢ 5%. 
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ʇʆɼɸʅʅʗ ɺʅʋʊʈɯʐʅʔʆɻʆ ʋʗɺʃɽʅʅʗ ɸɺʊʆʄɸʊʅʆɰ 

ʄʆɼɽʃɯ 

ɺ.ɯ. ʉʘʣʘʧʘʪʦʚ 

ʏʝʨʢʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ 

ʍʤʝʣʴʥʠʮʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

 

ɺ ʨʘʟʽ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʥʦʾ ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʠ ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ 

ʬʦʨʤʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʾʾ ʧʦʜʘʥʥʷ, ʱʦʙ ʚ ʧʦʜʘʣʴʰʦʤʫ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʧʝʨʝʭʽʜ ʚʽʜ ʤʦʜʝʣʽ ʜʦ ʧʨʦʛʨʘʤʠ ʥʘ ʙʫʜʴ-̫ ʢʽʡ ʧʨʦʮʝʜʫʨʥʽʡ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʩʪʚʦʨʶʚʘʪʠ ʫ  

ʚʠʛʣʷʜʽ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʩʢʽʥʯʝʥʥʦʛʦ ʘʚʪʦʤʘʪʫ [1], ʘ ʚ ʢʦʞʥʦʤʫ ʩʪʘʥʽ 

ʤʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠʩʴ ʧʝʚʥʽ ʜʽʾ, ʪʦ ʩʪʨʫʢʪʫʨʘ ʪʘʢʦʛʦ ʘʚʪʦʤʘʪʫ ʤʘʻ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: A = (S, S0, I, F, O, P). ʎʽ ʧʦʟʥʘʯʢʠ ʦʟʥʘʯʘʶʪʴ ʥʘʩʪʫʧʥʝ.  

S ï ʢʽʥʮʝʚʘ ʤʥʦʞʠʥʘ ʩʪʘʥʽʚ, S0 ï ʤʥʦʞʠʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʥʽʚ ʽʟ S, I ï 

ʤʥʦʞʠʥʘ ʧʨʠʧʫʩʪʠʤʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, F ï ʬʫʥʢʮʽʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ, 

O ï ʤʥʦʞʠʥʘ ʧʨʠʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʬʫʥʢʮʽʾ F, P ï 

ʬʫʥʢʮʽʷ ʧʦʤʽʪʦʢ ʧʝʨʝʭʦʜʽʚ ʫ ʯʝʨʛʦʚʠʡ ʩʪʘʥ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʧʝʨʝʭʽʜ ʟ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʚ ʦʜʠʥ ʽʟ ʩʪʘʥʽʚ  ʽʟ S ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ O.  

ʌʫʥʢʮʽʷ F ʚʠʟʥʘʯʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ, ʷʢʽ ʤʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠʩʴ ʫ 
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ʢʦʞʥʦʤʫ ʩʪʘʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ,  ʧʨʠ ʦʧʠʩʽ ʤʦʜʝʣʽ ʜʣʷ ʢʦʞʥʦʛʦ ʾʾ ʩʪʘʥʫ 

ʬʫʥʢʮʽʾ F, ʤʥʦʞʠʥʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ O ʪʘ ʬʫʥʢʮʽʾ ʧʦʤʽʪʦʢ P ʚʠʟʥʘʯʘʶʪʴ 

ʫʩʽ ʤʦʞʣʠʚʽ ʧʦʚô̫ ʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʰʣʷʭʠ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ F, O ʪʘ P ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʘʥʫ 

ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʠ ʙʫʜʝʤʦ ʬʘʢʪʠʯʥʦ ʤʘʪʠ ʧʦʚʥʠʡ ʾʾ ʦʧʠʩ. ɺ ʧʦʜʘʣʴʰʦʤʫ 

ʪʘʢʠʡ ʦʧʠʩ ʙʫʜʝ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʪʦʨʽʚ  

ʧʨʦʮʝʜʫʨʥʦʾ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ.  ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ 

ʩʪʘʥʫ ʘʚʪʦʤʘʪʥʦʾ ʤʦʜʝʣʽ ʜʦʩʪʘʪʥʴʦ ʬʫʥʢʮʽʾ F, ʧʨʠʧʫʩʪʠʤʠʭ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ ʪʘ ʬʫʥʢʮʽʾ ʧʦʤʽʪʦʢ ʜʣʷ ʧʝʨʝʭʦʜʫ ʫ ʥʘʩʪʫʧʥʽ ʩʪʘʥʠ. ɺʥʫʪʨʽʰʥʻ 

ʧʦʜʘʥʥʷ ʘʚʪʦʤʘʪʥʦʾ ʤʦʜʝʣʽ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʦʜʘʥʥʷ ʾʾ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʥʽʚ. 

ʇʨʠʧʫʩʪʠʤʽ ʚʭʽʜʥʽ ʜʘʥʽ O ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥʽ ʘʙʦ ʷʢ ʤʥʦʞʠʥʘ ʜʘʥʠʭ ʫ 

ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ, ʘʙʦ ʘʥʘʣʽʪʠʯʥʦ ʫ ʚʠʛʣʷʜʽ ʥʝʨʽʚʥʦʩʪʝʡ. ʌʫʥʢʮʽʷ F ʜʣʷ 

ʢʦʞʥʦʛʦ ʩʪʘʥʫ ʤʦʜʝʣʽ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʘʨʠʬʤʝʪʠʯʥʠʭ ʘʙʦ 

ʣʦʛʽʯʥʠʭ ʜʽʡ ʫ ʚʠʛʣʷʜʽ ʬʦʨʤʫʣ. ʌʫʥʢʮʽʷ ʧʦʤʽʪʦʢ P ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʧʝʨʝʭʽʜ ʟʘ ʚʠʟʥʘʯʝʥʦʶ ʫʤʦʚʦʶ ʫ ʥʘʩʪʫʧʥʠʡ ʩʪʘʥ. ʂʦʞʝʥ ʩʪʘʥ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʧʦʚʠʥʝʥ ʤʘʪʠ ʽʤô̫  ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʭʽʜ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʫʥʢʮʽʾ P. ʌʫʥʢʮʽʷ P ʤʘʻ ʚʠʟʥʘʯʘʪʠ ʟʥʘʯʝʥʥʷ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʭʽʜ ʫ ʩʪʘʥʠ ʜʣʷ ʦʙʨʦʙʢʠ ʧʦʤʠʣʢʦʚʠʭ ʩʠʪʫʘʮʽʡ. 

ʊʘʢʘ ʬʦʨʤʘ ʦʧʠʩʫ ʦʜʥʦʯʘʩʥʦ ʚʩʪʘʥʦʚʣʶʻ ʜʘʥʽ ʧʝʚʥʦʛʦ ʪʠʧʫ ʫ ʢʦʞʥʦʤʫ 

ʩʪʘʥʽ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʽ ʫ ʨʦʟʜʽʣʽ ʜʘʥʠʭ. ʇʘʨʘʤʝʪʨ ʢʦʞʥʦʛʦ 

ʩʪʘʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʧʦʟʠʮʽʻʶ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʦʜʘʥʥʽ. ʊʘʢ ʧʦʜʘʥʥʷ 

ʩʪʘʥʫ ʤʘʻ ʧʦʯʠʥʘʪʠʩʴ ʟ ʡʦʛʦ ʽʤʝʥʽ, ʜʘʣʠ ʤʘʻ ʩʣʽʜʫʚʘʪʠ ʦʧʠʩ ʦʙʤʝʞʝʥʥʷ 

ʥʘ ʚʭʽʜʥʽ ʜʘʥʽ. ʇʨʠ ʮʴʦʤʫ ʚ ʨʘʟʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʽʤʝʥʦʚʘʥʫ ʪʘʙʣʠʮʶ 

ʦʢʨʝʤʦ ʟʘʜʘʪʠ ʩʧʠʩʦʢ ʝʣʝʤʝʥʪʽʚ ʪʘʙʣʠʮʽ. ʌʦʨʤʫʣʠ F ʤʦʞʫʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʤʽʥʥʽ ʪʘ ʢʦʥʩʪʘʥʪʠ ʧʝʚʥʠʭ ʪʠʧʽʚ. ɰʭ ʧʝʨʰʘ ʧʦʷʚʘ 

ʜʦʧʦʚʥʶʻ ʨʦʟʜʽʣ ʜʘʥʠʭ ʤʦʜʝʣʽ. ʌʦʨʤʫʚʘʥʥʷ ʜʘʥʠʭ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʦʜʘʥʥʷ ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʷ ʧʨʠ ʦʙʨʦʙʮʽ ʦʧʠʩʫ ʘʚʪʦʤʘʪʥʦʾ ʤʦʜʝʣʽ. 

ʅʘʩʪʫʧʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʧʠʩ ʧʨʠʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ 

ʬʫʥʢʮʽʾ F ʫ ʚʠʛʣʷʜʽ ʦʙʤʝʞʝʥʴ ʽ ʪʘʙʣʠʮʴ. ʌʫʥʢʮʽʷ ʧʦʤʽʪʦʢ ʤʘʻ 

ʟʘʚʝʨʰʫʚʘʪʠ ʦʧʠʩ ʩʪʘʥʫ ʘʚʪʦʤʘʪʥʦʾ ʤʦʜʝʣʽ ʽ ʚʠʟʥʘʯʘʻ ʧʝʨʝʭʽʜ ʫ 

ʥʘʩʪʫʧʥʠʡ ʩʪʘʥ ʤʦʜʝʣʽ. ɺʥʫʪʨʽʰʥʻ ʧʦʜʘʥʥʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʡʦʛʦ ʫ ʧʨʦʛʨʘʤʫ ʥʘ 

ʧʝʚʥʽʡ ʙʫʜʴ-̫ ʢʽʡ ʧʨʦʮʝʜʫʨʥʽʡ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɺʥʫʪʨʽʰʥʻ ʧʦʜʘʥʥʷ 

ʬʦʨʤʫʻʪʴʩʷ ʽʟ ʦʧʠʩʫ ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʠ ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. ɺ ʨʘʟʽ 

ʢʦʨʝʢʪʥʦʛʦ ʦʧʠʩʫ ʘʣʛʦʨʠʪʤʫ ʧʨʦʛʨʘʤʠ ʙʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʚʥʫʪʨʽʰʥʻ 

ʫʷʚʣʝʥʥʷ, ʷʢʝ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʦʧʠʩʫ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʚʝʨʠʬʽʢʘʮʽʷ ʤʦʜʝʣʽ 

ʥʝ ʧʦʪʨʽʙʥʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʢʦʨʝʢʪʥʦʤʫ ʾʾ ʦʧʠʩʫ. 

ʆʩʪʘʪʦʯʥʝ ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʠ ʧʨʠ ʾʾ ʪʝʩʪʫʚʘʥʥʽ ʟʚʦʜʠʪʴʩʷ ʜʣʷ 

ʦʩʪʘʪʦʯʥʦʾ ʤʦʞʣʠʚʦʾ ʢʦʨʝʢʮʽʾ ʪʠʧʽʚ ʜʘʥʠʭ ʪʘ ʾʭʥʴʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʫ 

ʬʦʨʤʫʣʘʭ F. ʊʘʢʠʡ ʧʽʜʭʽʜ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤ ʤʘʻ ʧʨʦʩʫʥʫʪʠ 

ʽʥʞʝʥʝʨʥʠʡ ʧʽʜʭʽʜ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤ. 
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ɺɯɼʅʆɺʃɽʅʅʗ ʊɽʂʉʊʆɺʆɰ ɯʅʌʆʈʄɸʎɯɰ ɿ ʌʆʈʄɸʃʔʅʀʍ 

ʃʆɻɯʂʆ-ʃɯʅɻɺɯʉʊʀʏʅʀʍ ʄʆɼɽʃɽʁ 

ɸ.ɯ. ɺʘʚʽʣʝʥʢʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ʃʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʘ ʤʦʜʝʣʴ [1] ʻ ʟʘʩʦʙʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʬʦʨʤʘʣʽʟʫ-

ʚʘʪʠ ʪʝʢʩʪʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʟʘ ʻʜʠʥʠʤ ʧʨʠʥʮʠʧʦʤ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʘʥʘʣʽʟ 

ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʜʘʻ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʟʚʦʨʦʪʥʫ ʦʧʝʨʘʮʽʶ ï ʚʽʜʥʦʚʠʪʠ ʪʝʢʩʪ. 

ʌʦʨʤʘʣʴʥʠʡ ʘʧʘʨʘʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʝʢʩʪʫ ʫ ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʫ  ʤʦʜʝʣʴ 

ʽ ʥʘʚʧʘʢʠ ʚʠʩʪʫʧʘʻ ʻʜʠʥʠʤ ʟʘʩʦʙʦʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʪʝʢ-

ʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ɿʤʽʩʪʦʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʤʽʩʪʠʪʴ ʫ 

ʩʦʙʽ ʧʦʻʜʥʘʥʥʷ ʙʘʟʠ ʧʨʘʚʠʣ, ʱʦ ʩʪʚʦʨʝʥʘ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʣʽʥʛʚʽʩ-

ʪʽʚ, ʪʘ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʤʘʩʠʚʽʚ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ [2].    

ʅʝʭʘʡ ʜʝʷʢʠʡ ʪʝʢʩʪʦʚʠʡ ʬʨʘʛʤʝʥʪ ʟʘʜʘʥʦ ʪʘʢʠʤʠ ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯ-

ʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʟ ʷʢʠʭ ʧʦʪʨʽʙʥʦ ʚʽʜʥʦʚʠʪʠ ʪʝʢʩʪ: 
1
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{ 1S
L = ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ (ʤʝʨʝʞʽ, ʥʝʡʨʦʥʥʽ, ʢʦʤʧʘʥʽʷʤʠ, ʨʽʟʥʦʤʘʥʽʪ-

ʥʠʤʠ, ʪʝʭʥʦʣʦʛʽʡ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ, 0) &  

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ (ʤʝʨʝʞʽ, ʥʝʡʨʦʥʥʽ, ʮʝʥʪʨʘʤʠ, ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ, ʪʝ-

ʭʥʦʣʦʛʽʡ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ, 0) & 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ (ʤʝʨʝʞʽ, ʥʝʡʨʦʥʥʽ, ʢʦʤʧʘʥʽʷʤʠ, ʽʥʥʦʚʘʮʽʡʥʠʤʠ, ʪʝ-

ʭʥʦʣʦʛʽʡ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ, 0) &  

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ (ʤʝʨʝʞʽ, ʥʝʡʨʦʥʥʽ, ʮʝʥʪʨʘʤʠ, ʽʥʥʦʚʘʮʽʡʥʠʤʠ, ʪʝʭ-

ʥʦʣʦʛʽʡ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ, 0), 
2S

L =[ʟʘʣʝʞʠʪʴ (ʪʝ, 0, ʥʘʧʨʘʚʣʝʥʦʩʪʽ, ʤʝʨʝʞ, 0,0,0)&  

ʟʘʣʝʞʠʪʴ (ʪʝ, 0, ʘʣʛʦʨʠʪʤʽʚ, 0, ʨʦʙʦʪʠ,0,0)&  

ʟʘʣʝʞʠʪʴ (ʪʝ, 0, ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʦʯʥʠʭ, 0,0,0)]Ÿ  

ʤʘʪʠʤʝ (ʢʣʽʻʥʪ, 0, ʢʦʨʠʩʪʴ,0,0,0,0)}. 
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1) ʂʽʣʴʢʽʩʪʴ ʘʪʦʤʘʨʥʠʭ ʧʨʝʜʠʢʘʪʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʯʘʩʪʠʥʠ ʨʝʯʝʥʥʷ 

S, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʘʢʽʥʯʝʥʠʡ ʟʤʽʩʪ, ʜʦʨʽʚʥʶʻ 1 4
S

v = ,  2 4
S

v = . 

2) ʄʥʦʞʠʥʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʤʽʩʪʷʪʴ ʪʘʢʽ 

ʝʣʝʤʝʥʪʠ: 
1S

P ={ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ}; 1 ( )
S

pX h ={ʤʝʨʝʞʽ}; 1 ( , )
S

pG x h = {ʥʝʡʨʦʥʥʽ}; 

1 ( , , )
S

pY x g h={ʢʦʤʧʘʥʽʷʤʠ, ʮʝʥʪʨʘʤʠ}; 1 ( , , , )
S

pQ x g y h={ʨʽʟʥʦʤʘʥʽʪ-

ʥʠʤʠ, ʽʥʥʦʚʘʮʽʡʥʠʤʠ}; 1 ( , , , , )
S

pZ x g y q h={ʪʝʭʥʦʣʦʛʽʡ};

1 ( , , , , , )
S

pR x g y q z h={ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ}; 

2S
P ={ʟʘʣʝʞʠʪʴ, ʤʘʪʠʤʝ}; 2 ( )

S

pX h ={ʪʝ, ʢʣʽʻʥʪ}; 2 ( , , )
S

pY x g h={ʥʘ-

ʧʨʘʚʣʝʥʦʩʪʽ, ʘʣʛʦʨʠʪʤʽʚ, ʨʝʟʫʣʴʪʘʪʽʚ, ʢʦʨʠʩʪʴ}; 
2 ( , , , )

S

pQ x g y h={ʤʝʨʝʞ, ʥʘʦʯʥʠʭ}; 2 ( , , , , )
S

pZ x g y q h={ʨʦʙʦʪʠ}. 

3) ʂʦʨʪʝʞ ʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʨʝʯʝʥʥʷ 1S  ʤʽʩʪʠʪʴ ʪʘʢʽ ʝʣʝʤʝʥʪʠ: 

1( ) [&,&,&]O S = , ʜʣʷ ʨʝʯʝʥʥʷ 
2S  ï 2( ) [&,&, ]O S = ­. 

4) ʇʦʪʫʞʥʦʩʪʽ ʤʥʦʞʠʥ 1 1
SP = ; 1S

pH =Å; 1 ( ) 1
S

pX h = ; 

1 ( , ) 1
S

pG x h = ; 1 ( , , ) 2
S

pY x g h = ; 1 ( , , , ) 2
S

pQ x g y h = ; 1 ( , , , , ) 1
S

pZ x g y q h = ; 

1 ( , , , , , ) 1
S

pR x g y q z h= , 2 2
S

P = ; 2S

pH =Å; 2 ( ) 2
S

pX h = ; 

1 ( , )
S

pG x h =Å; 2 ( , , ) 4
S

pY x g h = ; 2 ( , , , ) 2
S

pQ x g y h = ; 2 ( , , , , ) 1
S

pZ x g y q h =

; 2 ( , , , , , )
S

pR x g y q z h=Å. 

5) ʇʦʪʫʞʥʦʩʪʽ ʤʥʦʞʠʥ ʚʽʜʥʦʰʝʥʴ ʪʘ ʩʫʙôʻʢʪʽʚ ʧʝʨʰʦʛʦ ʨʝʯʝʥʥʷ 
1 1

SP =  ʽ 1 ( ) 1
S

pX h =, ʪʦʤʫ ʨʝʯʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʧʨʦʩʪʝ ʟ ʦʜʥʦʨʽʜ-

ʥʠʤʠ ʜʦʜʘʪʢʘʤʠ ʪʘ ʦʟʥʘʯʝʥʥʷʤʠ.  

6) ʇʦʪʫʞʥʦʩʪʽ ʤʥʦʞʠʥ ʚʽʜʥʦʰʝʥʴ ʪʘ ʩʫʙôʻʢʪʽʚ ʜʨʫʛʦʛʦ ʨʝʯʝʥʥʷ 
2 2

S
P =  ʽ 2 ( ) 2

S

pX h = , ʪʦʤʫ ʨʝʯʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʩʢʣʘʜʥʝ. 

7) ʊʘʢ ʷʢ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ʚʽʜʥʦʰʝʥʴ ʪʘ ʩʫʙôʻʢʪʽʚ ʜʨʫʛʦʛʦ ʨʝ-
ʯʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʤʽʩʪʷʪʴ ʷʢ ʨʽʟʥʽ ʝʣʝʤʝʥʪʠ, ʪʘʢ ʽ ʪʘʢʽ, ʱʦ ʜʫʙʣʶ-

ʶʪʴʩʷ, ʪʦ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʦʜʥʦʨʽʜʥʠʭ ʯʣʝʥʽʚ ʚ ʧʨʦʩʪʠʭ ʨʝʯʝʥ-

ʥʷʭ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʥʦʛʦ. ʆʧʝʨʘʮʽʷ ʽʤʧʣʽʢʘʮʽʾ ʤʽʞ ʧʨʦʩʪʠʤʠ ʧʨʝʜʠ-

ʢʘʪʘʤʠ ʫ ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʽʡ ʤʦʜʝʣʽ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʨʝʯʝʥʥʷ ʩʢʣʘʜʥʦ-

ʧʽʜʨʷʜʥʝ.  

8) ʃʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʘ ʤʦʜʝʣʴ ʧʝʨʰʦʛʦ ʨʝʯʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ 1S  

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʘʪʦʤʘʨʥʠʭ ʧʨʝʜʠʢʘʪʽʚ: 
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1

1 1 1 11 11 1 1 1 1 1 12 11 1 1

1 1 1 11 12 1 1 1 1 1 12 12 1 1

{ ( , , , , , ,0) & ( , , , , , ,0) &

( , , , , , ,0) & ( , , , , , ,0).

S
L p x g y q z r p x g y q z r

p x g y q z r p x g y q z r

=
 

ʉʣʦʚʦʩʧʦʣʫʯʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʽ ʟ ʘʪʦʤʘʨʥʦʛʦ ʧʨʝʜʠʢʘʪʫ 

1 1 1 11 11 1 1( , , , , , ,0)p x g y q z r : çʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʤʧʘʥʽ-

ʷʤʠ, ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ, ʢʦʤʧʘʥʽʷʤʠ ʜʣʷ ʪʝʭʥʦʣʦʛʽʡ, ʽʥʪʝʣʝʢ-

ʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡè. 

ʉʣʦʚʦʩʧʦʣʫʯʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʽ ʟ ʘʪʦʤʘʨʥʦʛʦ ʧʨʝʜʠʢʘʪʫ 

1 1 1 12 11 1 1( , , , , , ,0)p x g y q z r : çʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʤʧʘʥʽ-

ʷʤʠ, ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʮʝʥʪʨʘʤʠ, ʮʝʥʪʨʘʤʠ ʜʣʷ ʪʝʭʥʦʣʦʛʽʡ, ʽʥʪʝʣʝʢʪʫ-

ʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡè. 

ʉʣʦʚʦʩʧʦʣʫʯʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʽ ʟ ʘʪʦʤʘʨʥʦʛʦ ʧʨʝʜʠʢʘʪʫ

1 1 1 11 12 1 1( , , , , , ,0)p x g y q z r : çʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʤʧʘʥʽ-

ʷʤʠ, ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ, ʢʦʤʧʘʥʽʷʤʠ ʜʣʷ ʪʝʭʥʦʣʦʛʽʡ, ʽʥʪʝʣʝʢʪʫ-

ʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡè. 

ʉʣʦʚʦʩʧʦʣʫʯʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʽ ʟ ʘʪʦʤʘʨʥʦʛʦ ʧʨʝʜʠʢʘʪʫ

1 1 1 12 12 1 1( , , , , , ,0)p x g y q z r : çʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʤʧʘʥʽ-

ʷʤʠ, ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʮʝʥʪʨʘʤʠ, ʮʝʥʪʨʘʤʠ ʜʣʷ ʪʝʭʥʦʣʦʛʽʡ, ʽʥʪʝʣʝʢʪʫʘʣʴ-

ʥʠʭ ʪʝʭʥʦʣʦʛʽʡè. 

ʃʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʘ ʤʦʜʝʣʴ ʜʨʫʛʦʛʦ ʨʝʯʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ 
2S  ʪʘ-

ʢʦʞ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʘʪʦʤʘʨʥʠʭ ʧʨʝʜʠʢʘʪʽʚ: 
2

2 2 21 1 2 2 22 21

2 2 23 22 2 11 2

[ ( ,0, , ,0,0,0) & ( ,0, ,0, ,0,0) &

( ,0, , ,0,0,0)] ( ,0, ,0,0,0,0)}.

S
L p x y x p x y z

p x y q p y y

=

¡ ¡­
 

ʉʣʦʚʦʩʧʦʣʫʯʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʽ ʟ ʘʪʦʤʘʨʥʦʛʦ ʧʨʝʜʠʢʘʪʫ

2 2 21 1( ,0, , ,0,0,0)p x y x : çʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʘʚʣʝʥʦʩʪʽ, ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʤʝ-

ʨʝʞè. 

ʉʣʦʚʦʩʧʦʣʫʯʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʽ ʟ ʘʪʦʤʘʨʥʦʛʦ ʧʨʝʜʠʢʘʪʫ

2 2 22 21( ,0, ,0, ,0,0)p x y z : çʟʘʣʝʞʠʪʴ ʚʽʜ ʘʣʛʦʨʠʪʤʽʚ, ʘʣʛʦʨʠʪʤʽʚ ʨʦ-

ʙʦʪʠè. 

ʉʣʦʚʦʩʧʦʣʫʯʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʽ ʟ ʘʪʦʤʘʨʥʦʛʦ ʧʨʝʜʠʢʘʪʫ

2 2 23 22( ,0, , ,0,0,0)p x y q : çʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʦʯʥʠʭ ʨʝʟʫʣʴʪʘ-

ʪʽʚè. 

ʉʣʦʚʦʩʧʦʣʫʯʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʽ ʟ ʘʪʦʤʘʨʥʦʛʦ ʧʨʝʜʠʢʘʪʫ

2 11 2( ,0, ,0,0,0,0)p y y¡ ¡ : çʤʘʪʠʤʝ ʢʦʨʠʩʪʴè. 

9) ɺ̔ ʜʥʦʚʣʝʥʠʡ ʧʦʨʷʜʦʢ ʩʣʽʚ ʫ ʨʝʯʝʥʥʽ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ 1S  ʟʘ ʩʭʝ-

ʤʦʶ 
1 1 1 1 1 1 1 1

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )g x p q y r z hl l l l l l l l

d d d d d d d d­ ­ ­ ­ ­ ­ ­ : 
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 çʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʽʥʥʦʚʘʮʽʡʥʠʤʠ 

ʢʦʤʧʘʥʽʷʤʠ ʪʘ ʮʝʥʪʨʘʤʠ ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡè. 

10) ɺʽʜʥʦʚʣʝʥʠʡ ʧʦʨʷʜʦʢ ʩʣʽʚ ʫ ʨʝʯʝʥʥʽ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ 
2S  ʟʘ ʩʭʝ-

ʤʦʶ 
2 2 2 2 2 2 2 2

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )g x p q y r z hl l l l l l l l

d d d d d d d d­ ­ ­ ­ ­ ­ ­ : 

 çʪʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʤʝʨʝʞ, ʘʣʛʦʨʠʪʤʽʚ ʨʦʙʦʪʠ ʪʘ ʥʘ-

ʦʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʢʣʽʻʥʪ  ʤʘʪʠʤʝ ʢʦʨʠʩʪʴè. 

ʆʨʠʛʽʥʘʣʴʥʠʡ ʪʝʢʩʪʦʚʠʡ ʬʨʘʛʤʝʥʪ, ʜʣʷ ʷʢʦʛʦ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʟʘʜʘʥʽ 

ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʽ ʤʦʜʝʣʽ ʤʘʻ ʚʠʛʣʷʜ: "ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʟʘʩʪʦʩʦʚʫ-

ʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʪʘ ʮʝʥʪʨʘʤʠ ʜʣʷ ʽʥ-

ʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʽʜ ʾʭ ʥʘʧʨʘʚʣʝʥʦʩʪʽ, ʘʣʛʦʨʠʪʤʽʚ ʨʦʙʦʪʠ 

ʪʘ ʥʘʦʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʣʝʞʠʪʴ ʪʝ, ʯʠ ʤʘʪʠʤʝ ʢʦʨʠʩʪʴ ʢʣʽʻʥʪ". 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫ-

ʤʝʥʪʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʟʤʽʩʪ ʪʝʢʩʪʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʥʘ ʦʩʥʦʚʽ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦ-

ʥʦʤʽʨʥʦʩʪʝʡ ʽ ʪʝʥʜʝʥʮʽʡ ʩʠʥʪʘʢʩʠʯʥʦʾ, ʩʝʤʘʥʪʠʯʥʦʾ ʪʘ ʣʝʢʩʠʯʥʦʾ ʧʦʙʫ-

ʜʦʚʠ ʪʝʢʩʪʫ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʤʦ-

ʜʝʣʽ ʪʝʢʩʪʦʚʦʛʦ ʜʦʢʫʤʝʥʪʫ ʻ ʚʽʜʥʦʚʣʝʥʠʡ ʪʝʢʩʪ [3].  

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɺʘʚʽʣʝʥʢʦʚʘ ɸ. ɯ. ʉʪʨʫʢʪʫʨʠʟʘʮʽʷ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦ-
ʤʦʛʦʶ ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʉʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡ-
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Software size is one of the most important internal metrics of software 

including software of information systems. The information obtained from 

estimating the software size are useful for predicting the software develop-

ment effort by such well-known model as COCOMO II. This leads to the 

need to develop appropriate models to estimate the software size [1]. The 

paper [1] proposed the linear regression equations for estimating the software 

size of some programming languages, such as VBA, PHP and Java, for infor-

mation systems. The proposed equations are constructed by multiple linear 

regression analysis on the basis of the metrics that can be measured from class 

diagram. However, there are four basic assumptions that justify the use of 

linear regression models, one of which is normality of the error distribution. 

But this assumption is valid only in particular cases. This leads to the need to 

use the non-linear regression models including for estimating the software 

size of information systems. 

A normalizing transformation is often a good way to build the equations 

models, confidence and prediction intervals of multiply non-linear regres-

sions [2-4]. According [2] transformations are used for essentially four pur-

poses, two of which are: first, to obtain approximate normality for the distri-

bution of the error term (residuals), second, to transform the response and/or 

the predictor in such a way that the strength of the linear relationship between 

new variables (normalized variables) is better than the linear relationship be-

tween dependent and independent random variables. Well-known techniques 

for building the equations, confidence and prediction intervals of multivariate 

non-linear regressions are based on the univariate normalizing transfor-

mations, which do not take into account the correlation between random var-

iables in the case of normalization of multivariate non-Gaussian data. This 

leads to the need to use the multivariate normalizing transformations. 

The goal of the paper is to construct the non-linear regression models for 

estimating the software size of information systems. The software size pre-

diction results by constructed models should be better in comparison with 

other regression equations, both linear and nonlinear, primarily on such 

standard evaluations as the multiple coefficient of determination and mean 

magnitude of relative error. In this paper, we build the models, equations, 

confidence and prediction intervals of multivariate non-linear regressions for 
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estimating the software size of information systems on the basis of the John-

son multivariate normalizing transformation (the Johnson normalizing trans-

lation) with the help of appropriate techniques proposed in [3]. 

Suppose that there are bijective multivariate normalizing transformation 

of non-Gaussian random vector { }TkXXXY ,,,, 21 2=P  to Gaussian random 

vector { }TkY ZZZZ ,,,, 21 2=T  is given by 

()PɣT=  (1) 

and the inverse transformation for (1) 

()TɣP
1-= . (2) 

It is required to build the non-linear regression model in the form 

( )e= ,,, 321 XXXYY  on the basis of the transformations (1) and (2). Here Y 

is actual software size in KLOC, 1X  is the total number of classes, 2X  is the 

total number of relationships, 3X  is the average number of attributes per 

class, e is the Gaussian random variable which defines residuals, e~ ( )1,0N

. 

( ) e++=e+= +
bZ ĔĔ

XYYY ZZZ . (3) 

After that the non-linear regression model is built on the basis of the linear 

regression model (3) for the normalized data and the transformations (1) and 

(2). The non-linear regression model will have the form 

( )[ ]e++y= +-
bZ Ĕ1

XYY ZY . (4) 

After normalizing the data from [1] by the Johnson multivariate transfor-

mation the linear regression model is built for normalized data 

e++++=e+= 3322110
ĔĔĔĔĔ ZbZbZbbZZ YY . (5) 

Parameters of the linear regression model (10) were estimated by the least 

square method. Estimators for parameters of the equation (5) for the four-

dimensional non-Gaussian data set from 30 information systems developed 

using the Java programming language with JSP, HTML and SQL are such: 
5

0 1002.1Ĕ -Ö=b , 56085.0Ĕ
1=b , 42491.0Ĕ

2=b , 58460.0Ĕ
3=b . Estimators for 

parameters of the equation (5) for the data set from 32 information systems 

developed using the PHP language are given in [5]. 

After that the non-linear regression model (4) is built 

( ) 1
ĔĔĔ

1ĔĔ
-

hg-e+-

ùú
ø

éê
è+l+j= YYYZ

YY eY . (6) 
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where 
jjj

jj
jjj

X

X
Z

-l+j

j-
h+g= ln , jjjj X l+j<<j , 3,2,1=j . 

Table 1 contains the lower (LB) and upper (UB) bounds of the prediction 

intervals of linear and non-linear regressions for estimating the software size 

of Java-based systems of on the basis of univariate and multivariate transfor-

mations respectively for 0.05 significance level. Note the lower bounds of the 

prediction interval of linear regression from [1] are negative for the eight 

rows of data. All the lower bounds of the prediction interval of non-linear 

regressions are positive. 

Table 1 ï The bounds of the prediction intervals for Java-based systems 

No 
Bounds for linear re-

gression 

Bounds for non-linear regression 

decimal logarithm 
univariate transfor-

mation 

Johnson univariate 

transformation 

Johnson multivariate 

transformation 

 LB UB LB UB LB UB LB UB 

1 -0.004 22.413 8.120 18.321 5.679 22.412 7.536 19.277 

2 40.441 63.127 35.391 80.116 32.573 75.467 36.600 68.504 

3 73.784 100.194 59.275 138.222 77.736 91.114 73.863 96.264 

4 23.365 45.680 22.478 50.385 17.436 58.472 21.814 48.847 

5 28.521 51.009 26.145 58.331 20.726 63.360 25.763 54.772 

6 0.799 26.232 7.034 17.019 5.559 24.105 7.061 19.398 

7 14.424 38.305 16.005 36.757 11.701 46.283 14.924 36.873 

8 24.378 49.497 23.102 53.107 18.875 61.455 22.764 51.145 

9 50.614 74.418 40.099 91.972 40.607 80.655 45.398 77.523 

10 12.164 34.321 15.219 33.781 10.693 42.556 14.102 34.502 

11 9.699 33.192 12.990 29.854 9.052 37.791 11.900 30.337 

12 29.427 51.566 26.788 59.618 21.431 64.236 26.458 55.673 

13 57.169 80.319 45.795 103.385 49.028 83.854 52.398 82.637 

14 42.730 65.325 35.207 79.001 32.094 74.958 37.508 69.345 

15 -2.759 19.733 6.678 15.143 4.920 18.108 6.290 15.899 

16 56.425 84.914 41.058 95.661 51.026 85.596 52.840 84.458 

17 28.727 50.935 25.736 57.458 20.068 62.454 25.536 54.455 

18 53.275 77.527 41.847 94.874 43.924 81.998 48.094 79.560 

19 33.105 57.082 28.374 65.541 25.246 70.052 29.796 61.411 

20 -10.250 12.651 1.998 4.865 3.009 4.748 2.516 4.443 

21 43.250 72.859 35.669 84.374 45.506 84.384 44.137 78.697 

22 69.156 94.951 59.998 142.294 78.586 91.334 74.127 97.180 

23 21.307 44.755 19.724 45.134 15.088 54.334 19.782 45.949 

24 -5.754 17.138 5.155 12.104 4.077 13.054 4.988 12.419 

25 -5.682 16.927 5.233 11.988 4.203 13.643 5.062 12.421 

26 13.902 36.014 16.198 35.999 11.471 44.858 15.245 36.852 

27 -10.316 12.711 2.466 5.842 3.048 5.105 2.834 5.520 

28 7.380 30.503 11.715 27.340 6.446 29.640 9.577 26.119 

29 -4.546 18.186 5.807 13.443 4.360 14.963 5.483 13.826 

30 -2.942 21.438 4.599 11.199 4.206 14.773 4.601 11.617 
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The widths of the prediction interval of non-linear regression on the basis 

of the Johnson multivariate transformation are less for more data rows than 

for linear regression from [1] and non-linear regressions following the uni-

variate transformations, both decimal logarithm and the Johnson. 

The values of 
2R , MMRE and PRED(0.25) equal respectively 0.962, 

0.173 and 0.767 for linear regression equation from [1], and equal respec-

tively 0.954, 0.144 and 0.867 for the model based on decimal logarithm, and 

equal respectively 0.957, 0.158 and 0.800 for the model (6) for the Johnson 

univariate transformation. The values of 
2R , MMRE and PRED(0.25) are 

better for the model (11) for the Johnson multivariate transformation in com-

parison with all previous equations, and are 0.967, 0.139 and 0.867 respec-

tively. Approximately the same results are obtained for models for estimating 

the software size of PHP-based systems. 

The scientific novelty of obtained results is that the techniques to build 

the non-linear regression model for multivariate non-Gaussian data on the 

basis of the multivariate normalizing transformations is firstly proposed. The 

non-linear regression models to estimate the software size of information sys-

tems is constructed on the basis of the Johnson multivariate transformation 

for BS  family. The models, in comparison with other regression models 

(both linear and non-linear), have a larger multiple coefficient of determina-

tion, a smaller value of the mean magnitude of relative error, a larger value 

of percentage of prediction and smaller widths of the confidence and predic-

tion intervals. 
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ʋɼʂ 004.056  
ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ʉʀʅʊɽɿʋ ɽʃɽʄɽʅʊɸʈʅʀʍ 

ʃʆɻɯʏʅʀʍ ʌʋʅʂʎɯʁ ʇɯɼɺʀʑɽʅʆɰ ʈʆɿʈʗɼʅʆʉʊɯ 

ɸ.ɺ. ʗʨʤʽʣʢʦ, ʈ.ɻ. ʅʝʤʦʚ 

ʏʝʨʢʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ, ʋʢʨʘ-

ʾʥʘ 

ɿʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʙʫʣʦ ʟʙʽʣʴʰʝʥʦ ʦʙ-

ʩʷʛ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʽʛʫ ʜʘʥʠʭ ʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʽ ʜʘʥʠʡ ʧʨʦ-

ʮʝʩ ʪʽʣʴʢʠ ʥʘʙʠʨʘʻ ʦʙʝʨʪʽʚ. ʆʯʝʚʠʜʥʦ, ʱʦ ʨʦʟʚʠʪʢʫ ʥʘʙʫʚʘʶʪʴ ʽ ʤʝʪʦʜʠ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ. 

ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʻ ʢʨʠʧʪʦ-ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ  ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ. ɺʣʘʩʪʠʚʦʩʪʽ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʬʫʥʢʮʽʡ ʧʝʨʝʩʪʘʥʦʚʦʢ, 

ʢʝʨʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʻʶ [1] ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʧʽʜ-

ʭʦʜʫ. ʊʠʤ ʥʝ ʤʝʥʰ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʤʝ-

ʪʦʜ ʢʨʠʧʪʦ-ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʧʦʪ-

ʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʰʣʷʭʽʚ ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʨʷʜʥʦʩʪʽ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʦʯʽʢʫʚʘʥʠʤ ʥʘʩʣʽʜʢʦʤ ʷʢʦʛʦ 

ʻ ʟʙʽʣʴʰʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʤʝʪʦʜʫ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ ʥʘʙʦʨʫ ʘʢʪʫʘʣʴ-

ʥʠʭ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ. ʆʜʥʘʢ, ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʬʫʥʢʮʽʡ ʟʙʽʣʴʰʫʻ ʯʘʩ ʾʭʥʴʦʾ ʦʙʨʦʙʢʠ. ʊʦʤʫ ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʨʽ-

ʰʝʥʥʷ ʟʘʜʘʯʽ ʤʦʜʠʬʽʢʘʮʽʾ ʪʨʘʜʠʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʩʠʥʪʝʟʫ ʝʣʝʤʝʥʪʘʨ-

ʥʠʭ ʣʦʛʽʯʥʠʭ ʢʨʠʧʪʦ-ʰʠʬʨʫʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʟ ʤʝʪʦʶ ʫʟʛʦʜʞʝʥʥʷ ʾʭʥʽʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʨʝʞʠʤʘʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʢʣʘʜ-

ʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʝʨʝʚʽʨʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʬʦʨʤʫ-

ʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʥʘʙʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʫʥʢʮʽʡ ʟʘ ʢʨʠʪʝʨʽʻʤ: ʯʘʩʫ ʾʭ 

ʦʙʨʦʙʢʠ ʽ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʦʧʝʨʘʮʽʡ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʮʠʭ ʬʫʥʢʮʽʡ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʚʘ ʘʣ-

ʛʦʨʠʪʤʠ:  

1. ʌʦʨʤʫʚʘʥʥʷ ʥʘʙʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧôʷʪʠʨʦʟʨʷʜʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ 

ʚʠʙʦʨʫ ʧʝʚʥʦʛʦ ʧʽʜʜʽʘʧʘʟʦʥʫ ʽʟ ʧʦʜʘʣʴʰʠʤ ʩʠʥʪʝʟʦʤ ʬʫʥʢʮʽʡ ʪʽʣʴʢʠ ʫ 

ʥʴʦʤʫ.  

2. ʌʦʨʤʫʚʘʥʥʷ ʥʘʙʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧôʷʪʠʨʦʟʨʷʜʥʠʭ ʬʫʥʢʮʽʡ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʜʦʩʪʘʪʥʦʩʪʽ ʫ ʧʽʜʜʽʘʧʘʟʦʥʘʭ ʟ ʥʝʬʽʢʩʦʚʘʥʠʤʠ ʤʝʞʘʤʠ. 

ɸʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʥʘʙʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧôʷʪʠʨʦʟʨʷʜʥʠʭ ʬʫʥʢ-

ʮʽʡ ʥʘ ʦʢʨʝʤʦ ʚʟʷʪʦʤʫ ʧʽʜʜʽʘʧʘʟʦʥʽ ʽʟ ʧʦʜʘʣʴʰʠʤ ʩʠʥʪʝʟʦʤ ʬʫʥʢʮʽʡ 

ʪʽʣʴʢʠ ʫ ʥʴʦʤʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʻʶ ʧʨʦʩʪʦʪʦʶ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʡʦʛʦ 
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ʨʝʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʪʽʣʴʢʠ ʜʘʥʽ ʧʨʦ ʧʦʯʘʪʢʦʚʫ ʽ ʢʽʥʮʝʚʫ ʛʨʘʥʠʮʽ ʧʽʜʜʽʘ-

ʧʘʟʦʥʫ. ʆʜʥʘʢ, ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʘʻ ʽ ʩʚʦʾ ʥʝʜʦʣʽʢʠ, ʦʩʥʦʚʥʠʤ ʟ ʷʢʠʭ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʪʦʛʦ, ʱʦ ʫ ʚʢʘʟʘʥʦʤʫ ʧʽʜʜʽʘʧʘʟʦʥʽ ʥʝ ʙʫʜʝ ʟʥʘʡʜʝʥʦ ʧʦʪʨʽ-

ʙʥʫ ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ. ʊʘʢʦʞ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʧʘʜʢʦʚʦʛʦ ʥʝʩʘʥʢʮʽʦ-

ʥʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʚʢʘʟʘʥʦʛʦ ʧʽʜʜʽʘʧʘʟʦʥʫ. 

ʄʽʥʽʤʽʟʫʚʘʪʠ ʟʘʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʙʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʣʦʛʽʯʥʠʭ ʢʨʠʧʪʦ-ʰʠʬʨʫʚʘʣʴʥʠʭ ʬʫ-

ʥʢʮʽʡ ʟʘ ʢʨʠʪʝʨʽʻʤ ʜʦʩʪʘʪʥʦʩʪʽ ʫ ʧʽʜʜʽʘʧʘʟʦʥʘʭ ʽʟ ʥʝʬʽʢʩʦʚʘʥʠʤʠ ʤʝ-

ʞʘʤʠ, ʦʧʠʩʘʥʦʛʦ ʫ [2]. ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʣʷʛʘʻ ʫ ʤʦʞ-

ʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʪʠ ʥʘʙʦʨʠ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʫ, ʧʦʢʠ ʾʭ 

ʥʝ ʩʪʘʥʝ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʙʦʨʽʚ ʢʨʠʧ-

ʪʦʛʨʘʬʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʩʪʘʥʦʚʣʝʥʦ: 

1. ʏʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʩʠʥʪʝʟʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʫ ʘʣ-

ʛʦʨʠʪʤʽ ʬʦʨʤʫʚʘʥʥʷ ʧôʷʪʠʨʦʟʨʷʜʥʠʭ ʥʘʙʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʨʠʧʪʦ-ʰʠ-

ʬʨʫʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʟʘ ʢʨʠʪʝʨʽʻʤ ʜʦʩʪʘʪʥʦʩʪʽ ʫ ʧʽʜʜʽʘʧʘʟʦʥʘʭ ʟ ʥʝʬʽʢ-

ʩʦʚʘʥʠʤʠ ʤʝʞʘʤʠ, ʤʦʞʝ ʢʘʨʜʠʥʘʣʴʥʦ ʟʤʽʥʶʚʘʪʠʩʴ, ʦʩʢʽʣʴʢʠ ʧʦʰʫʢ ʘʢ-

ʪʫʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʙʫʜʝ ʧʨʦʜʦʚʞʫʚʘʪʠʩʴ ʜʦ ʤʦʤʝʥʪʫ ʾʭ ʟʥʘʭʦʜʞʝʥʥʷ.  

2. ʏʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʩʠʥʪʝʟʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʫ ʘʣ-

ʛʦʨʠʪʤʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʙʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧôʷʪʠʨʦʟʨʷʜʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ 

ʚʠʙʦʨʫ ʧʝʚʥʦʛʦ ʧʽʜʜʽʘʧʘʟʦʥʫ ʽʟ ʧʦʜʘʣʴʰʠʤ ʩʠʥʪʝʟʦʤ ʬʫʥʢʮʽʡ ʪʽʣʴʢʠ ʫ 

ʥɹ ʦʤʫ, ʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʧʽʜʜʽʘʧʘʟʦʥʫ ʫ ʷʢʦʤʫ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʧʦʰʫʢ ʬʫʥʢʮʽʡ. 

3. ʂʨʠʧʪʦʛʨʘʬʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʬʦʨʤʫʚʘʥʥʷ ʥʘʙʦʨʽʚ ʝʣʝʤʝʥ-

ʪʘʨʥʠʭ ʧôʷʪʠʨʦʟʨʷʜʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʚʠʙʦʨʫ ʧʝʚʥʦʛʦ ʧʽʜʜʽʘʧʘʟʦʥʫ ʽʟ ʧʦ-

ʜʘʣʴʰʠʤ ʩʠʥʪʝʟʦʤ ʬʫʥʢʮʽʡ ʪʽʣʴʢʠ ʫ ʥʴʦʤʫ ʚʠʷʚʠʣʘʩʴ ʤʝʥʰʦʶ, ʥʽʞ ʫ 

ʘʣʛʦʨʠʪʤʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʙʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧôʷʪʠʨʦʟʨʷʜʥʠʭ ʬʫʥʢʮʽʡ 

ʟʘ ʢʨʠʪʝʨʽʻʤ ʜʦʩʪʘʪʥʦʩʪʽ ʫ ʧʽʜʜʽʘʧʘʟʦʥʘʭ ʟ ʥʝʬʽʢʩʦʚʘʥʠʤʠ ʤʝʞʘʤʠ ʟʘ ʨʘ-

ʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʧʽʜʜʽʘʧʘʟʦʥʽʚ ʜʨʫʛʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʘʨʘʥʽ ʥʝʚʽ-

ʜʦʤʘ ʽ ʤʝʞʽ ʧʽʜʜʽʘʧʘʟʦʥʽʚ ʦʙʨʘʥʽ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ.  

ɿʚʘʞʘʶʯʠ ʥʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫ-

ʚʘʪʠ, ʱʦ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʽʰʝ 

ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʥʘʙʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʧôʷʪʠʨʦʟʨʷʜʥʠʭ ʬʫʥʢʮʽʡ ʟʘ ʢʨʠʪʝʨʽʻʤ ʜʦʩʪʘʪʥʦʩʪʽ ʫ ʧʽʜʜʽʘʧʘʟʦʥʘʭ ʟ ʥʝ-

ʬʽʢʩʦʚʘʥʠʤʠ ʤʝʞʘʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʙʘʟʦʚʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʟʠʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʟʨʷʜʥʦʩʪʽ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʫ ʩʠʩʪʝʤʘʭ ʟ ʚʠʩʦʢʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. 
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ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ɿɸɼɸʏɯ ʉʂʃɸɼɸʅʅʗ ʈʆɿʂʃɸɼʋ 

ʈʆɹʆʊʀ ʌɸʍɯɺʎɯɺ ʄɽɼʀʏʅʆɻʆ ɿɸʂʃɸɼʋ ɿ 

ʋʈɸʍʋɺɸʅʅʗʄ ɿʄɯʅʀ 

ɺ.ʆ. ɺʽʪʝʨ, ɸ.ɻ. ɻʨʝʙʝʥʥʠʢ, ʆ.ɺ. ʊʨʫʥʦʚʘ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 
ʉʢʣʘʜʘʥʥʷ ʨʦʟʢʣʘʜʫ ʜʣʷ ʢʦʞʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʟʘʢʣʘʜʫ ʻ ʚʘʞʢʠʤ ʟʘʚ-

ʜʘʥʥʷʤ, ʚ ʷʢʦʤʫ ʜʦʚʦʜʠʪʴʩʷ ʟʫʩʪʨʽʯʘʪʠʩʷ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʦʩʦʙʣʠ-

ʚʠʭ ʦʙʤʝʞʝʥʴ ʽ ʚʠʤʦʛ. 

ʈʦʟʢʣʘʜ ʧʨʠʡʦʤʫ ʧʘʮʽʻʥʪʽʚ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʤʝʜʠʯʥʦʤʫ ʮʝʥʪʨʽ ʻ 

ʜʫʞʝ ʩʢʣʘʜʥʦʶ ʩʠʩʪʝʤʦʶ ʚʩʽ ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʘʙʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ. ʂʨʽʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʫʤʦʚ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʩʪʨʦʛʦ ʚʠʢʦʥʫʚʘʪʠ, ʧʦʪʨʽʙʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴ-

ʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʨʦʟʢʣʘʜʫ. ʇʨʠ ʮʴʦʤʫ ʜʫʞʝ 

ʚʘʞʢʦ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪ ʷʢʠʡ ʙʠ ʚʨʘʭʦʚʫʚʘʚ ʫʩʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʢʨʝʪ-

ʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʟʘʢʣʘʜʫ ʽ ʟʘʜʦʚʦʣʴʥʷʚ ʙʠ ʚʩʽʤ ʦʙʦʚôʷʟʢʦʚʠʤ ʚʠʤʦʛʘʤ. 

ɽʬʝʢʪʠʚʥʝ ʩʢʣʘʜʘʥʥʷ ʨʦʟʢʣʘʜʽʚ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʧʦʪʽʢ ʧʘʮʽʻʥʪʽʚ, 

ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʠʪʠ ʟʘʛʘʣʴʥʠʡ ʧʨʠʙʫʪʦʢ ʤʝʜʠʯʥʦʾ ʫʩʪʘʥʦʚʠ.  

ʉʘʤʝ ʪʦʤʫ, ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʢʣʘʜʫ ʨʦʙʦʪʠ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʝʜʠʯʥʦʛʦ ʟʘʢʣʘʜʫ, ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʟʘʚʜʘʥʥʷʤ. ɼʣʷ ʡʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʦ-

ʟʠʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʘʜʘʧʪʦʚʘʥʠʭ ʜʦ ʥʝʾ ʦʧʝʨʘʮʽʷʭ ʽ ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʦʜʘʥʥʽ ʦʙôʻʢʪʽʚ ʦʧ-

ʪʠʤʽʟʘʮʽʾ [2]. 

ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ. ʄʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʢʣʘʜʫ ʟʘ ʧʦʣʦʚʠ-

ʥʘʤʠ ʜʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʦʙʤʝʞʝʥʴ ʟʘʜʘʥʦ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʟʤʽʥ ʨʦʙʦʯʦʛʦ ʜʥʷ: ʙʽʣʴʰʽʩʪʴ ʣʽʢʘʨʽʚ ʤʘʶʪʴ ʟʤʦʛʫ ʟʜʽʡʩʥʶʚʘʪʠ 
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ʧʨʠʡʦʤ ʣʠʰʝ ʚ ʦʜʥʫ ʟʤʽʥʫ, ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʧʦʩʣʫʛ ʟʜʽʡʩʥʶʶʪʴʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʠʡ ʯʘʩ ʜʥʷ, ʪʦʱʦ. 

ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʨʦʟʢʣʘʜʫ ʚʠʩʪʫʧʘʶʪʴ: 

ʢʦʨʧʫʩʠ ʽ ʢʘʙʽʥʝʪʠ, ʣʽʢʘʨʽ, ʱʦ ʥʘʜʘʶʪʴ ʧʨʦʬʽʣʴʥʽ ʧʦʩʣʫʛʠ. 

ɺ ʷʢʦʩʪʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʙʫʣʘ ʦʙʨʘʥʘ ʤʘʢʩʠʤʽʟʘʮʽʷ ʟʘʡʥʷʪʦʩʪʽ 

ʢʘʙʽʥʝʪʽʚ 

ä
dkt

k
t

dCmax

,,

. 

ʅʝʭʘʡ ʟʘʜʘʥʠʡ ʥʘʙʽʨ ʢʘʙʽʥʝʪʽʚ ʟʘ ʢʦʨʧʫʩʘʤʠ },...,2,1{ KK = , ʢʦʞʝʥ 

ʢʘʙʽʥʝʪ KkÍ ʥʘʣʝʞʠʪʴ ʦʜʥʦʤʫ ʽ ʪʽʣʴʢʠ ʦʜʥʦʤʫ ʢʦʨʧʫʩʫ BbÍ . ɼʣʷ 

ʢʦʞʥʦʛʦ ʢʘʙʽʥʝʪʫKkÍ ʟʘʜʘʥʘ ʤʘʪʨʠʮʷkB  ʥʘʣʝʞʥʦʩʪʽ ʢʦʨʧʫʩʘʤ: 

îí

î
ì

ë

=

=
=

ʚʠʧʘʜʢʫ.ʽʥʰʦʤʫ    ʚ,0

; ʢʦʨʧʫʩʫ      ʥʘʣʝʞʠʪʴ   ʢʘʙʽʥʝʪ ʷʢʱʦ,1

k
b

B

bkk
b

B
Bk

 

ɺʽʜʦʤʠʡ ʥʘʙʽʨ ʧʦʩʣʫʛ },...,2,1{ SS= . ʇʦʩʣʫʛʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 2 ʪʠʧʠ: 

ï ʧʦʩʣʫʛʠ SS Ë1 , ʚʠʤʦʛʠ ʜʦ ʯʘʩʪʦʪʠ ʧʨʠʡʦʤʫ ʷʢʠʭ ʟʘʜʘʥʽ ʧʦ ʚʩʽʡ 

ʢʣʽʥʽʮʽ ʚ ʮʽʣʦʤʫ. ɼʣʷ ʢʦʞʥʦʾ ʧʦʩʣʫʛʠ1SsÍ ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ ʜʥʽʚ ʥʘ 

ʪʠʞʜʝʥʴ, ʚ ʷʢʽ ʜʘʥʘ ʧʦʩʣʫʛʘ ʤʘʻ ʙʫʪʠ ʧʨʠʩʫʪʥʷ 11sdw ʚ ʧʝʨʰʫ ʟʤʽʥʫ, ʢʽʣʴ-

ʢʽʩʪʴ ʜʥʽʚ ʥʘ ʪʠʞʜʝʥʴ, ʚ ʷʢʽ ʜʘʥʘ ʧʦʩʣʫʛʘ ʤʘʻ ʙʫʪʠ ʧʨʠʩʫʪʥʷ 21sdw  ʫ 

ʜʨʫʛʫ ʟʤʽʥʫ, ʽ 01sdw ʚ ʦʙʦʭ ʨʘʟʦʤ. ʎʽ ʪʨʠ ʟʤʽʥʥʽ ʚʚʝʜʝʥʽ ʜʣʷ ʪʦʛʦ ʱʦʙ 

ʚʨʘʭʫʚʘʪʠ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʧʦʩʣʫʛʘ ʤʦʞʝ ʙʫʪʠ ʧʨʠʩʫʪʥʷ ʚ ʦʙʦʭ ʧʦʣʦʚʠʥʘʭ 

ʜʥʷ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʚʚʘʞʘʻʤʦ 011 21 == ss dwdw , ʘ 01sdw  ʚʚʘʞʘʻʤʦ 

ʨʽʚʥʠʤ ʢʽʣʴʢʦʩʪʽ ʜʥʽʚ, ʚ ʷʢʽ ʧʦʩʣʫʛʘ ʤʘʻ ʙʫʪʠ ʧʨʠʩʫʪʥʷ; 

ï ʧʦʩʣʫʛʠ SS Ë2 , ʚʠʤʦʛʠ ʜʦ ʯʘʩʪʦʪʠ ʧʨʠʡʦʤʫ ʷʢʠʭ ʟʘʜʘʥʽ ʟʘ ʢʦʨʧʫ-

ʩʘʤʠ. ɼʣʷ ʢʦʞʥʦʾ ʧʦʩʣʫʛʠ 2SsÍ  ʟʘʜʘʥʦ ʢʽʣʴʢʽʩʪʴ ʜʥʽʚ ʥʘ ʪʠʞʜʝʥʴ, ʚ ʷʢʽ 

ʜʘʥʘ ʧʦʩʣʫʛʘ ʤʘʻ ʙʫʪʠ ʧʨʠʩʫʪʥʷ ʚ ʧʝʨʰʫ ʟʤʽʥʫ ʚ 1, 2,. . . , B ʢʦʨʧʫʩʘʭ 

ʚʽʜʧʦʚʽʜʥʦ 1
11sdw , 1

21sdw ,é, 11sBdw ; ʢʽʣʴʢʽʩʪʴ ʜʥʽʚ ʥʘ ʪʠʞʜʝʥʴ, ʚ ʷʢʽ ʜʘʥʘ 

ʧʦʩʣʫʛʘ ʤʘʻ ʙʫʪʠ ʧʨʠʩʫʪʥʷ ʚ ʜʨʫʛʫ ʟʤʽʥʫ ʚ 1, 2,. . . , B ʢʦʨʧʫʩʘʭ 

ʚʽʜʧʦʚʽʜʥʦ 2
12sdw , 2

22sdw ,é, 22sBdw . ɸʥʘʣʦʛʽʯʥʦ ʚ ʙʫʜʴ-ʷʢʽʡ ʧʦʣʦʚʠʥʽ 

0
12sdw , 0

22sdw ,é, 02sBdw . 

ʈʦʟʛʣʷʜʘʻʤʦ ʯʘʩʦʚʠʡ ʛʦʨʠʟʦʥʪ ʧʣʘʥʫʚʘʥʥʷ }14,...,2,1{=T , ʱʦ ʜʦʨʽʚ-

ʥʶʻ ʦʜʥʦʤʫ ʪʠʞʥʶ. ʄʦʤʝʥʪʠ ʯʘʩʫ 1, 2 ï ʧʝʨʰʘ ʽ ʜʨʫʛʘ ʟʤʽʥʘ ʧʦʥʝʜʽʣʢʘ, 

3, 4 ï ʧʝʨʰʘ ʽ ʜʨʫʛʘ ʟʤʽʥʘ ʚʽʚʪʦʨʢʘ, é, 13, 14 ï ʧʝʨʰʘ ʽ ʜʨʫʛʘ ʟʤʽʥʘ 

ʥʝʜʽʣʽ. 
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ɼʣʷ ʢʦʞʥʦʛʦ ʢʘʙʽʥʝʪʫKkÍ ʟʘʜʘʥʠʡ ʛʨʘʬʽʢ ʡʦʛʦ ʨʦʙʦʪʠ, ʪʦʙʪʦ ʥʘʙʽʨ 

ʙʫʣʝʚʠʭ ʟʤʽʥʥʠʭ: 

îí

î
ì
ë

=

ÍÍ=
=

ʚʠʧʘʜʢʫʽʥʰʦʤʫ    ʚ,0

;  ʘʩ ʯ   ʤʦʤʝʥʪ ʚ    ʜʦʩʪʫʧʥʠʡ ʢʘʙʽʥʝʪ  ʷʢʱʦ,1
k
t

k
tK

T
g

TtʫK  kg
G

 

ɿʘʜʘʥʠʡ ʥʘʙʽʨ ʣʽʢʘʨʽʚ },...,,{ 21 NddddD= , ʢʦʞʝʥ ʣʽʢʘʨ DdÍ , 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʜʥʽʻʶ ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ, ʮʷ ʽʥʬʦʨ-

ʤʘʮʽʷ ʤʽʩʪʠʪʴʩʷ ʚ ʤʘʩʠʚʽ dS  ʨʦʟʤʽʨʫ S , 

îí

î
ì
ë Í

=

Í=
=

 ;     ʬʘʭʦʤ  ʟʘ     ʧʨʘʮʶʻ  

ʚʠʧʘʜʢʫ.   ʽʥʰʦʤʫ       ʚ,0

 ʣʽʢʘʨʷʢʱʦ,1 Ss

S

DdS
S

d
s

d
sd

ï ʤʘʻ ʽʥʪʝʨʚʘʣʠ ʜʦʩʪʫʧʥʦʩʪʽ. ɼʣʷ ʢʦʞʥʦʛʦ ʣʽʢʘʨʷ ʪʝʧʝʨ ʟʘʜʘʥʦ ʥʝ ʟʘ-

ʛʘʣʴʥʽ ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ, ʚ ʷʢʫ ʚʽʥ ʜʦʩʪʫʧʥʠʡ, ʘ ʢʦʥʢʨʝʪʥʽ ʤʦʤʝʥʪʠ ʜʦʩʪʫʧ-

ʥʦʩʪʽ },...,,{ 21
d
T

dd
d aaaA = , ʜʦ ʪʦʛʦ ʞ  

îí

î
ì
ë

=

ÍÍ=
= .

ʚʠʧʘʜʢʫ. ʽʥʰʦʤʫ     ʚ,0

; ʯʘʩʫ      ʤʦʤʝʥʪ ʚ    ʜʦʩʪʫʧʥʠʡ     ʣʽʢʘʨ  ʷʢʱʦ,1
d
t

d
t

d
a

TtDda
A

ï ʤʘʻ ʙʫʣʝʚʫ ʤʘʪʨʠʮʶ ʧʦʨʽʚʥʷʣʴʥʦʩʪʽ ʢʘʙʽʥʝʪʽʚ 
dʉ  ʨʦʟʤʽʨʫ K, 

îí

î
ì
ë

=

Í=
= .

ʚʠʧʘʜʢʫ.ʽʥʰʦʤʫ  ʚ,0

;   ʢʘʙʽʥʝʪʽ ʚ   ʧʨʠʡʤʘʪʠ   ʤʦʞʝ  ʣʽʢʘʨ ʷʢʱʦ,1
d
k

d
kd

c

kDdc
ʉ

ï 

ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʨʠʡʦʤʽʚ ʥʘ ʪʠʞʜʝʥʴ dW
. 

ɿʤʽʥʥʽ. ɿʘʜʘʻʤ ʤʘʩʠʚ ʟʤʽʥʥʠʭ 
1=dtkx
, ʷʢʱʦ ʣʽʢʘʨ DdÍ ʧʨʠʡʤʘʻ

 ʚ 

ʢʘʙʽʥʝʪʽ KkÍ  ʚ ʟʤʽʥʫTtÍ . 

ʆʙʤʝʞʝʥʥʷ. ʂʽʣʴʢʽʩʪʴ ʧʨʠʡʦʤʽʚ ʣʽʢʘʨʷ ʥʘ ʜʝʥʴ ʤʘʻ ʙʫʪʠ ʤʝʥʰʝ ʘʙʦ 

ʜʦʨʽʚʥʶʻ 1. ʇʽʜʩʫʤʦʚʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ  ʧʘʨʥʠʤʠ ʧʦʣʦʚʠʥʘʤʠ ʜʥʷ. 

ä
=

¢

2

1

1

t

dtkx , DdÍ" ,é,ä
=

¢

14

13

1

t

dtkx , DdÍ" . 

ʂʽʣʴʢʽʩʪʴ ʧʨʠʡʦʤʽʚ ʥʘ ʪʠʞʜʝʥʴ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʤʘʢʩʠ-

ʤʘʣʴʥʫ:ää
= =

¢
T

t

d

K

k

dtk Wx
1 1

, DdÍ" . 
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ʃʽʢʘʨ ʧʨʠʡʤʘʻ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚʽʥ ʜʦʩʪʫʧʥʠʡ ʽ ʟʘʡʤʘʻ ʥʝ ʙʽʣʴʰʝ 

ʦʜʥʦʛʦ ʢʘʙʽʥʝʪʫ:ä
=

¢
K

k

d

tdtk
Ax

1

, DdÍ" , TtÍ" . 

ʂʘʙʽʥʝʪ ʤʘʻ ʙʫʪʠ ʜʦʩʪʫʧʥʠʤ, ʷʢʱʦ ʚ ʥʴʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʧʨʠʡʦʤ:

ä
=

¢

D

d

k
tdtk gx

1

TtÍ" , KkÍ" . 

ʃʽʢʘʨ ʧʦʚʠʥʝʥ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʤʘʪʠ ʚ ʜʘʥʦʤʫ ʢʘʙʽʥʝʪʽ: 
d
kdtk ʉx ¢ , TtÍ" , KkÍ" , DdÍ" . 

ɺʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʟʘ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ. 

ɼʣʷ ʪʠʭ ʧʦʩʣʫʛ, ʜʣʷ ʷʢʠʭ ʚʠʤʦʛʠ ʟʘʜʘʥʽ ʧʦ ʤʝʜʠʯʥʦʤʫ ʟʘʢʣʘʜʫ ʚ 

ʮʽʣʦʤʫ.  

ʇʨʠʩʫʪʥʽʩʪʴ ʣʽʢʘʨʷ ʚ ʤʝʜʠʯʥʦʤʫ ʟʘʢʣʘʜʽ ʧʨʠ ʥʝʦʙʭʽʜʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʨʘʟʽʚ:äää
= = =

+ ²ÖÖ

K

k

D

d t

s
d
sktddtk dwSxx

1 1 13,...3,1

0
)1( 1 , 1SsÍ" . 

ʇʨʠʩʫʪʥʽʩʪʴ ʣʽʢʘʨʷ ʚ ʤʝʜʠʯʥʦʤʫ ʟʘʢʣʘʜʽ ʚ ʧʝʨʰʫ ʟʤʽʥʫ:

äää
= = =

²Ö

K

k

D

d t

s
d
sdtk dwSx

1 1 13,...3,1

11 , 1SsÍ" . 

ʇʨʠʩʫʪʥʽʩʪʴ ʣʽʢʘʨʷ ʚ ʤʝʜʠʯʥʦʤʫ ʟʘʢʣʘʜʽ ʚ ʜʨʫʛʫ ʟʤʽʥʫ:

äää
= = =

²Ö

K

k

D

d t

s
d
sdtk dwSx

1 1 14,...4,2

21 , 1SsÍ" . 

ɼʣʷ ʪʠʭ ʧʦʩʣʫʛ, ʜʣʷ ʷʢʠʭ ʚʠʤʦʛʠ ʟʘʜʘʥʽ ʟʘ ʢʦʨʧʫʩʘʤʠ, BbÍ" . 

ʇʨʠʩʫʪʥʽʩʪʴ ʣʽʢʘʨʷ ʧʨʠ ʥʝʦʙʭʽʜʥʽʡ ʢʽʣʴʢʦʩʪʽ ʨʘʟ:

äää
= = =

+ ²ÖÖÖ

K

k

D

d t

s
k
b

d
sktddtk dwBSxx

1 1 13,...3,1

0
)1( 2 , 2SsÍ"

 .
 

ʇʨʠʩʫʪʥʽʩʪʴ ʫ ʧʝʨʰʫ ʟʤʽʥʫ:äää
= = =

²Ö

K

k

D

d t

s
d
sdtk dwSx

1 1 13,...3,1

12 , 2SsÍ" .  

ʇʨʠʩʫʪʥʽʩʪʴ ʫ ʜʨʫʛʫ ʟʤʽʥʫ:äää
= = =

²Ö

K

k

D

d t

s
d
sdtk dwSx

1 1 14,...4,2

22 , 2SsÍ" . 

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʨʦʟʢʣʘʜʫ ʻ ʚʠʙʽʨ ʤʽʞ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʫʞʝ ʛʦʪʦʚʠʭ ʨʝʘʣʽʟʘʮʽʡ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʽ ʩʪʚʦʨʝʥʥʷʤ ʚʣʘʩ-
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ʥʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ. ʏʘʩʪʠʥʘ ʟ ʥʠʭ ʻ ʥʝʢʦʤʝʨʮʽʡʥʠʤʠ ʧʨʦʝʢ-

ʪʘʤʠ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʽʩʥʫʶʪʴ ʪʘʢʦʞ ʽ ʧʣʘʪʥʽ ʧʨʦʜʫʢʪʠ [1]. 

ɼʣʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʚʣʘʩʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ. 
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ʆ.ʃ. ʃʷʭʦʚ, ʄ.ɸ. ʄʝʣʴʥʠʢ 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ  

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʧʦʚʩʶʜʥʦʾ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ ʦʙ-

ʩʷʛ ʜʘʥʠʭ ʫ ʮʠʬʨʦʚʦʤʫ ʧʦʜʘʥʥʽ ʚ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ ʟʨʦʩʪʘʻ ʝʢʩʧʦʥʝʥ-

ʮʽʘʣʴʥʦ ʚʽʜ  4,4 ɿʝʪʘʙʘʡʪ ʫ 2013 ʨ. ʜʦ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʥʘ 2020 ʨʽʢ 44 ɿʝ-

ʪʘʙʘʡʪ [1]. ʋʩʚʽʜʦʤʣʝʥʥʷ ʢʨʠʪʠʯʥʦʩʪʽ ʩʠʪʫʘʮʽʾ ʧʨʠʚʝʣʦ ʜʦ ʧʦʷʚʠ ʡ 

ʙʫʨʭʣʠʚʦʛʦ ʨʦʟʚʠʪʢʫ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ Big Date [2-3], ʷʢ 

ʥʘʙʦʨʫ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ  ʧʝʨʝʜʘʯʽ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙ-

ʣʝʥʥʷ ʜʘʥʠʭ, ʦʙʩʷʛ ʷʢʠʭ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʩʧʨʦʤʦʞʥʦʩʪʝʡ ʪʠʧʦʚʠʭ ʙʘʟ 

ʜʘʥʠʭ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʦʙôʻʢʪʽʚ Big Data ʻ ʪʝʢʩʪʠ, ʷʢ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʘ 

ʬʦʨʤʘ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʙʘʛʘʪʦ ʘʣʛʦʨʠʪʤʽʚ 

ʩʪʠʩʢʘʥʥʷ ʜʘʥʠʭ. ʉʧʽʣʴʥʠʤ ʫ ʥʠʭ ʻ ʪʝ, ʱʦ ʚʩʽ ʚʦʥʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʘʜʣʠʰ-

ʢʦʚʦʩʪʽ ʜʘʥʠʭ.  

ʇʨʦʪʝ, ʚʽʜʦʤʦ, ʱʦ ʟʤʽʩʪʦʚʥʠʡ ʽ ʚʠʯʠʪʘʥʠʡ ʪʝʢʩʪ ʤʘʻ ʥʘʡʤʝʥʰʫ 

ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʟ ʧʦʤʽʞ ʽʥʰʠʭ ʪʠʧʽʚ ʜʘʥʠʭ (ʛʨʘʬʽʯʥʽ, ʚʽʜʝʦ-, ʘʫʜʽʦ ʡ ʪ. ʽ.), 

ʱʦ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ. 

ɹʽʣʴʰʝ ʪʦʛʦ, ʜʘʥʽ ʫ ʩʪʠʩʥʫʪʦʤʫ ʚʠʛʣʷʜʽ ʥʝ ʧʨʠʜʘʪʥʽ ʜʦ ʾʭ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘʙʦ ʦʙʨʦʙʣʝʥʥʷ ʙʝʟ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ ʨʦʟʛʦʨʪʘʥʥʷ 

ʜʦ ʧʝʨʚʽʩʥʦʛʦ ʩʪʘʥʫ, ʘ ʥʘ ʚʝʣʠʯʝʟʥʠʭ ʦʙʩʷʛʘʭ ʪʝʢʩʪʽʚ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦ-

ʨʠʪʤʽʚ ʦʙʨʦʙʣʝʥʥʷ ʯʘʩʪʦ ʩʪʘʻ ʥʝʧʨʠʧʫʩʪʠʤʦ ʤʘʣʦʶ. ʋ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ 

ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʩʠʪʫʘʮʽʶ, ʜʦʙʨʝ ʟʥʘʡʦʤʫ ʢʦʨʠʩʪʫʚʘʯʘʤ ʪʝʢʩʪʦʚʠʭ ʨʝʜʘʢ-

ʪʦʨʽʚ, ʢʦʣʠ ʧʨʠ ʧʝʨʝʚʽʨʮʽ ʦʨʬʦʛʨʘʬʽʾ ʧʨʦʛʨʘʤʘ ʧʦʚʽʜʦʤʣʷʻ ʧʨʦ ʧʨʠʧʠ-

ʥʝʥʥʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʫ ʥʘʩʣʽʜʦʢ ʟʘʥʘʜʪʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʦʢ. 
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ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠ ʧʨʦʮʝʩ ʩʪʠʩʢʘʥʥʷ ʪʘ ʧʦʜʘʣʴ-

ʰʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʪʝʢʩʪʽʚ, ʷʢ ʻʜʠʥʠʡ ʧʨʦʮʝʩ, ʫ ʷʢʦʤʫ ʩʪʠʩʢʘʥʥʷ ʻ 

ʩʚʦʻʨʽʜʥʠʤ çʧʨʝʧʨʦʮʝʩʦʤè, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʙʩʷʛ ʜʘʥʠʭ ʟʤʝʥʰʫʻʪʴʩʷ 

ʙʝʟ ʚʪʨʘʪ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʧʦʜʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣ-

ʛʦʨʠʪʤʽʚ ʦʙʨʦʙʣʝʥʥʷ.  

ɯʜʝʷ. ɭ ʪʝʢʩʪ ï ʩʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ ʨʝʯʝʥʴ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʩʣʽʚ ʫ 

ʪʽʡ ʯʠ ʽʥʰʽʡ ʛʨʘʤʘʪʠʯʥʽʡ ʬʦʨʤʽ (ʩʣʦʚʦʬʦʨʤʘ) ʥʘʜ ʩʣʦʚʥʠʢʦʤ ʧʨʠʨʦʜʥʦʾ 

ʤʦʚʠ. ɯʜʝʷ ʦʯʝʚʠʜʥʘ ï ʩʪʠʩʢʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʟʘʤʽʥʽ ʩʣʦʚʦʬʦʨʤʠ ʩʣʦʚʘʤʠ 

ʩʪʘʣʦʾ ʽ ʤʝʥʰʦʾ ʜʦʚʞʠʥʠ ʜʝʷʢʦʛʦ ʢʦʜʫ, ʟʦʢʨʝʤʘ ʙʽʥʘʨʥʦʛʦ. ɺʽʜʧʦʚʽʜʥʘ 

ʢʦʜʦʚʘ ʪʘʙʣʠʮʷ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠʩʷ ʘʙʦ ʥʘ ʢʦʤʧôʶʪʝʨʽ ʢʦʨʠʩʪʫʚʘʯʘ, ʘʙʦ ʫ 

çʭʤʘʨʥʦʤʫè ʩʭʦʚʠʱʽ. 

ɸʥʘʣʽʪʠʯʥʽ ʤʦʚʠ.  ɺʽʜʦʤʦ, ʱʦ ʘʥʛʣʽʡʩʴʢʘ ʤʦʚʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʚ [4] ʽ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʢʦʤʧʘʢʪʥʠʭ ʤʦʚ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʜʦʚʞʠʥʠ ʩʣʽʚ. ʈʦʟʛʣʷʜʘʻʤʦ ʪʘʢʠʡ ʪʝʢʩʪ ʷʢ ʥʘʡʛʽʨʰʠʡ ʚʠʧʘʜʦʢ ʜʣʷ ʟʘ-

ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʠʩʥʝʥʥʷ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʙʣʠʮʽ ASCI 

ʢʦʞʥʘ ʣʽʪʝʨʘ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ ʟʘʡʤʘʻ 1 ʙʘʡʪ ʫ ʧʘʤôʷʪʽ ʢʦʤʧôʶʪʝʨʘ . ʊʘ-

ʢʠʤ ʯʠʥʦʤ, ʩʣʦʚʦ ñTextò ʟʘʡʤʘʪʠʤʝ 4 ʙʘʡʪʠ ʧʘʤôʷʪʽ, ʘ ʩʣʦʚʦ 

ñInformationò ï 11 ʙʘʡʪʽʚ. 

ʆʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʧʦʚʥʠʭ, ʆʢʩʬʦʨʜʩʴʢʠʡ ʩʣʦʚʥʠʢ ʤʽʩʪʠʪʴ 600 ʪʠʩ  

ʘʥʛʣʽʡʩʴʢʠʭ ʩʣʽʚ [5]. ʃʝʛʢʦ ʦʪʨʠʤʘʪʠ ʦʮʽʥʢʫ, ʱʦ ʜʣʷ ʩʪʠʩʥʝʥʥʷ ʘʥʛʣʦ-

ʤʦʚʥʦʛʦ ʪʝʢʩʪʫ ʥʘ ʧʽʜʩʪʘʚʽ ʆʢʩʬʦʨʜʩʴʢʦʛʦ ʩʣʦʚʥʠʢʘ ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠ-

ʩʪʘʪʠ ʙʽʥʘʨʥʠʡ ʢʦʜ, ʜʦʚʞʠʥʘ ʩʣʦʚʘ ʷʢʦʛʦ ʣʠʰʝ 3 ʙʘʡʪʠ. ʆʪʞʝ, ʩʣʦʚʘʤ 

ñTextò ʡ ñInformationò ʙʫʜʫʪʴ ʟʘʤʽʥʝʥʽ ʥʘ ʪʨʠ ʙʘʡʪʦʚʽ ʩʣʦʚʘ, ʱʦ ʡ ʽʣʶʩʪ-

ʨʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʝ. 

ʇʨʠ ʮʴʦʤʫ, ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʥʝʥʥʷ ʣʽʥʽʡʥʦ ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦ-

ʚʞʠʥʠ ʩʣʦʚʘ (ʨʠʩʫʥʦʢ 1).  

 
ʈʠʩʫʥʦʢ 1. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʩʪʠʩʥʝʥʥʷ ʚʽʜ ʜʦʚʞʠʥʠ ʩʣʦʚʘ 

ʉʠʥʪʝʪʠʯʥʽ ʤʦʚʠ. ʋ ʩʠʥʪʝʪʠʯʥʠʭ ʤʦʚʘʭ ʩʣʦʚʦʬʦʨʤʘ ʫʪʚʦʨʶʻʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʚʘʥʥʷ ʜʦ ʢʦʨʝʥʷ ʩʣʦʚʘ ʩʫʬʽʢʩʽʚ, ʧʨʝʬʽʢʩʽʚ ʪʘ ʽʥ. ʆʪʞʝ, 

ʜʦʚʞʠʥʘ ʩʣʽʚ ʪʘʢʠʭ ʤʦʚ ʙʽʣʴʰʘ ʟʘ ʩʣʦʚʘ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʚ. ɼʦ ʪʘʢʠʭ ʤʦʚ 

ʚʽʜʥʦʩʷʪʴʩʷ, ʥʘ ʩʘʤ ʧʝʨʝʜ, ʩʣʦʚôʷʥʩʴʢʽ ʤʦʚʠ, ʢʨʽʤ ʙʦʣʛʘʨʩʴʢʦʾ. ʗʢʱʦ ʫ 

ʩʝʨʝʜʥʴʦʤʫ ʜʦʚʞʠʥʘ ʩʣʽʚ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ ʧôʷʪʴ ʙʫʢʚ, ʪʦ, ʥʘʧʨʠʢʣʘʜ, 
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ʫʢʨʘʾʥʩʴʢʦʾ ï ʩʽʤ. ʆʪʞʝ ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠ ʽ ʜʣʷ ʩʠʥʪʝʪʠʯʥʠʭ ʤʦʚ ʟʘ-

ʛʘʣʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʙʫʜʝ ʱʝ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʥʽʞ ʜʣʷ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʚ. 

ʇʦʪʫʞʥʽʩʪʴ ʙʘʟʦʚʦʛʦ ʩʣʦʚʥʠʢʘ ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠ ʙʣʠʟʴʢʦ 180 ʪʠʩʷʯ 

ʩʣʽʚ, ʧʨʦʪʝ ʤʥʦʞʠʥʘ ʫʩʽʭ ʩʣʦʚʦʬʦʨʤ ʥʘʣʽʯʫʻ 3,4 ʤʣʥ ʩʣʽʚ   [6 - 7]. ʃʝʛʢʦ 

ʧʦʢʘʟʘʪʠ, ʱʦ ʽ ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠ ʥʘʜ ʪʘʢʠʤ ʩʣʦʚʥʠʢʦʤ ʪʘʢʦʞ ʜʦʩʪʘʪ-

ʥʴʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʜ ʟʽ ʩʪʘʣʦʶ ʜʦʚʞʠʥʦʶ ʩʣʽʚ ʫ ʪʨʠ ʙʘʡʪʠ.  

ʋ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʙʣʠʮʽ ʖʥʽʢʦʜ, 

ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʠʜʽʣʝʥʥʷ ʫ ʧʘʤôʷʪʽ ʢʦʤʧôʶʪʝʨʘ ʜʚʦʭ ʙʘʡʪʽʚ ʜʣʷ ʢʦʞʥʦʛʦ 

ʩʠʤʚʦʣʫ. ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʩʪʠʩʥʝʥʥʷ ʪʝʢʩʪʫ ʙʫʜʝ ʝʬʝʢʪʠʚ-

ʥʠʤ ʚʞʝ ʧʨʠ ʜʦʚʞʠʥʽ ʩʣʦʚʘ ʫ 3 ʣʽʪʝʨʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʪʝʢʩʪʽʚ.  ʆʜʥʽʻʶ ʟ ʧʦʰʠʨʝʥʠʭ 

ʡ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʭ ʟʘʜʘʯ ʦʙʨʦʙʣʝʥʥʷ ʪʝʢʩʪʽʚ ʻ ʧʦʰʫʢ ʩʣʦʚʘ ʫ ʪʝʢʩʪʽ. 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʫʚʝʩʴ ʪʝʢʩʪ, ʷʢ ʨʷʜʦʢ ʟ N  ʦʜʥʦ ʙʘʡʪʦʚʠʭ ʩʠʤʚʦʣʽʚ, ʘ 

ʜʦʚʞʠʥʘ ʩʣʦʚʘ M , ʪʦ ʩʠʛʥʘʣʴʥʘ ʯʘʩʫ ʫ ʥʘʡʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ ~ N ï M + 

1, ʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʙʘʛʘʪʴʦʭ ʯʘʩʪʢʦʚʠʭ ʟʙʽʛʽʚ ~ N Ŀ M  [8]. ʇʨʠʨʦʜʥʦ, ʱʦ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʩʪʠʩʢʘʥʥʷ ʪʨʠʙʘʡʪʦʚʦʛʦ ʢʦʜʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦ-

ʰʫʢʫ ʟʨʦʩʪʘʻ, ʚʽʜʧʦʚʽʜʥʦ, ʫ ʪʨʠ ʡ ʜʝʚôʷʪʴ ʨʘʟʽʚ. 
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ʋɼʂ 004.94 
ʄʆɼɽʃʖɺɸʅʅʗ ʉʀʉʊɽʄʀ ɼʃʗ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ɿʆɹʈɸɾɽʅʔ ʅɸ 

ʆʉʅʆɺɯ ɻʃʀɹʆʂʀʍ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ 

ʇ.ʖ. ʗʢʦʙʯʫʢ, ʄ.ʇ. ʂʦʤʘʨ, ɸ.ʆ. ʉʘʯʝʥʢʦ, 

ɼ.ɯ. ɿʘʛʦʨʦʜʥʷ, ɻ.ʄ. ɻʣʘʜʽʡ 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 
 

ʆʜʥʠʤ ʽʟ ʥʘʡʚʘʞʯʠʭ ʟʘʚʜʘʥʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʻ ʟʘʜʘʯʘ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ (ʢʣʘʩʠʬʽʢʘʮʽʾ) ʟʦʙʨʘʞʝʥʴ. ɺʦʥʦ ʚʠʥʠʢʘʻ ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ 

ʷʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʫʢʦʧʠʩʥʦʛʦ ʪʝʢʩʪʫ, ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ, ʥʦʤʝʨʽʚ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʦʙʣʠʯ ʣʶʜʝʡ. ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʻ 

ʚʝʣʠʯʝʟʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʫʩʢʣʘʜʥʝʥʥʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʪʨʫʜʥʦʱʽ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʽʜʦʤʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʧʨʦʧʫʩʢʘʶʪʴ ʚʭʽʜʥʽ ʜʘʥʽ ʯʝʨʝʟ 

ʬʽʣʴʪʨ, ʷʢʠʡ ʧʨʦʝʢʪʫʻ ʚʭʽʜʥʠʡ ʚʝʢʪʦʨ ʥʘ ʧʨʦʩʪʽʨ ʽʩʪʦʪʥʦ ʤʝʥʰʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ, ʧʽʩʣʷ ʯʦʛʦ ʨʦʟʙʠʚʘʶʪʴ ʧʨʦʤʽʞʥʽ ʚʝʢʪʦʨʠ ʥʘ ʢʣʘʩʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʧʽʟʥʘʚʘʯʽʚ [1]. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʤʦʜʝʣʶʚʘʥʥʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ 

ʨʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʝʡ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʠʙʽʨ ʥʘʡʢʨʘʱʦʛʦ 

ʩʧʦʩʦʙʫ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ. 

ʋ ʜʘʥʠʡ ʯʘʩ ʧʨʠʡʥʷʪʘ ʥʘʩʪʫʧʥʘ ʧʘʨʘʜʠʛʤʘ ʜʣʷ ʥʘʚʯʘʥʥʷ ʛʣʠʙʦʢʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʗʢʱʦ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʻ ʚʝʣʠʢʦʶ, ʪʦʙʪʦ ʾʾ 

ʨʦʟʤʽʨʥʽʩʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʘ, ʥʽʞ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ ʤʝʨʝʞʝʶ, ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʛʨʘʜʽʻʥʪʘ (SGD) ʟ ʨʝʢʪʠʬʽʢʘʮʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʘʢʪʠʚʘʮʽʾ (ReLU) 

ʥʝʡʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʗʢʱʦ ʨʦʟʤʽʨʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʤʦʞʥʘ 

ʧʦʨʽʚʥʷʪʠ ʟ ʢʽʣʴʢʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ ʤʝʨʝʞʝʶ, ʪʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʻ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ RBM ʽ 

ʘʣʛʦʨʠʪʤ ʟʚʦʨʦʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʦʤʠʣʢʠ ʜʣʷ ʪʦʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʩʠʥʘʧʪʠʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʝʨʝʞʽ (fine-tuning) [2-3]. 

ɸʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ ReLU ʪʘ ʾʾ 

ʤʦʜʠʬʽʢʘʮʽʾ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʫʩʽʭ ʰʘʨʘʭ ʛʣʠʙʦʢʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʟʘ ʚʠʥʷʪʢʦʤ ʦʩʪʘʥʥʴʦʛʦ ʰʘʨʫ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʚʢʘʟʘʥʦʾ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ (ʨʠʩ. 1) ʜʣʷ ʥʘʚʯʘʥʥʷ ʛʣʠʙʦʢʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʧʝʨʝʜʥʻ ʥʘʚʯʘʥʥʷ ʰʘʨʽʚ 

ʥʝʡʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʠʡ 

ʘʣʛʦʨʠʪʤ ʟʚʦʨʦʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʦʤʠʣʢʠ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ [1].  
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ɼʣʷ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ ReLU ʚʠʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʥʝʡʨʦʥʥʦʛʦ ʝʣʝʤʝʥʪʘ 
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ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ ReLU 

 

ɺ ʦʙʣʘʩʪʽ ʧʦʟʠʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʟʚʘʞʝʥʦʾ ʩʫʤʠ ʧʦʭʽʜʥʘ 

ʨʝʢʪʠʬʽʢʘʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʧʨʦʙʣʝʤʫ ʟʥʠʢʘʶʯʦʛʦ ʛʨʘʜʽʻʥʪʘ. 

ɹʣʦʢ-ʩʭʝʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʙʫʚ ʚʠʙʨʘʥʠʡ ʬʨʝʡʤʚʦʨʢ Caffe, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C++ ʪʘ ʤʘʻ ʜʦʜʘʪʢʠ ʟ Python ʽ 

MATLAB. Caffe ʤʦʞʥʘ ʟʘʧʫʩʪʠʪʠ ʧʽʜ ʦʧʝʨʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ Linux ʽ 

OS X, ʪʘʢʦʞ ʻ ʥʝʦʬʽʮʽʡʥʠʡ ʧʦʨʪ ʥʘ Windows [4]. 

ɼʣʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʙʫʚ ʚʠʙʨʘʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ MNIST 

(ʙʘʟʘ ʜʘʥʠʭ ʨʫʢʦʧʠʩʥʠʭ ʮʠʬʨ), ʩʪʚʦʨʝʥʠʡ ʜʦʩʣʽʜʥʠʢʘʤʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʽʥʩʪʠʪʫʪʫ ʩʪʘʥʜʘʨʪʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ (mixed National Institute of Standards 

and Technology, MNIST) ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ [5]. ʆʩʥʦʚʥʘ 

ʧʝʨʝʚʘʛʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʚʣʘʩʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʯʠ 

ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʛʦʪʦʚʠʤ ʥʘʙʦʨʦʤ ʜʘʥʠʭ 

MNIST ʽ ʧʦʨʽʚʥʷʪʠ ʨʝʟʫʣʴʪʘʪʠ ʟ ʨʘʥʽʰʝ ʦʧʫʙʣʽʢʦʚʘʥʠʤʠ ʜʣʷ ʽʥʰʠʭ 

ʩʠʩʪʝʤ. 

ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʨʠʚʘʚ 30 ʝʧʦʭ ʽ ʟʘʚʝʨʰʠʚʩʷ ʧʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ ʥʘʚʯʘʥʥʷ (ʨʠʩ. 3), ʜʝ ʧʦ ʦʩʽ Y ʧʨʝʜʩʪʘʚʣʝʥʥʽ 
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ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ (1-30), ʘ ʧʦ ʦʩʽ X ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ 

ʥʘʚʯʘʥʥʷ (0,01-0,0001).  

ʇʦʯʘʪʦʢ

DATA

CONV_1

ReLU_1

CONV_2

ReLU_2

POOL_1

CONV_3

ReLU_3

CONV_4

ReLU_4

POOL_2

IP_1

ReLU1

IP_2

Softmax

ʂ̔ʥʝʮɹ

ɺʭ̔ʜʥʘ ʜʘʥ̔ (ʅʘʚʯʘʣɹʥʘ ʚʠʙ̔ʨʢʘ)

ʌʫʥʢʮ̫̔  ʘʢʪʠʚʘʮ̔ʾ

ɿʛʦʨʪʢʦʚʠʡ hʘʨ 24x24x24 (24 ʬʫʥʢʮ̔ʦʥʘʣɹʥʠʭ ʢʘʨʪʠ ʟ ʝʣʝʤʝʥʪʦʤ 24x24)

ɿʛʦʨʪʢʦʚʠʡ hʘʨ 12x20x20 (12 ʬʫʥʢʮ̔ʦʥʘʣɹʥʠʭ ʢʘʨʪʠ ʟ ʝʣʝʤʝʥʪʦʤ 20x20)

ʐʘʨ ʧʨʦʩʪʦʨʦʚʦʛʦ ʦʙô̒ʜʥʘʥʥ̫

ɿʛʦʨʪʢʦʚʠʡ hʘʨ 8x6x6 (8 ʬʫʥʢʮ̔ʦʥʘʣɹʥʠʭ ʢʘʨʪʠ ʟ ʝʣʝʤʝʥʪʦʤ 6x6)

ɿʛʦʨʪʢʦʚʠʡ hʘʨ 4x2x2 (4 ʬʫʥʢʮ̔ʦʥʘʣɹʥʠʭ ʢʘʨʪʠ ʟ ʝʣʝʤʝʥʪʦʤ 2x2)

ʇʦʚʥ̔ʩʪʁ ʟʚô̫ʟʥʠʡ hʘʨ

ʌʫʥʢʮ̫̔  ʧʦʤʠʣʢʠ

 
ʈʠʩʫʥʦʢ 2 ï ɹʣʦʢ-ʩʭʝʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝ-

ʨʝʞʽ 
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ʈʠʩʫʥʦʢ 3 ï ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4, ʜʝ ʧʦ ʦʩʽ ʍ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ (0-30). ʇʦ ʧʨʘʚʽʡ ʩʪʦʨʦʥʽ ʚʽʜʦʙʨʘʞʝʥʦ ʰʢʘʣʫ ʪʦʯʥʦʩʪʽ 

ʥʘʚʯʘʥʥʷ. ʅʘ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʪʦʯʥʽʩʪʴ ʧʦʩʪʫʧʦʚʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 

100%. ɿʣʽʚʘ ʧʦ ʦʩʽ Y ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʭʠʙʢʘ ʚʪʨʘʪʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, 

ʢʦʪʨʘ ʧʨʷʤʫʻ ʜʦ 0.  

 
ʈʠʩʫʥʦʢ 4 ï ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

 

ʆʪʞʝ, ʚ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʨʝʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ ʛʣʠʙʦʢʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʚʠʙʨʘʥʦ ʬʨʝʡʤʚʦʨʢ Caffe ʜʣʷ ʾʾ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʦʨʫ ʜʘʥʠʭ MNIST. 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʢʘʟʘʣʠ, ʱʦ ʪʦʯʥʽʩʪʴ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʩʪʘʥʦʚʠʪʴ 99%.  

 

ʃʽʪʝʨʘʪʫʨʘ  
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2. Golovko V. [and oth.] The Nature of Unsupervised Learning in Deep 

Neural Networks: A New Understanding and Novel Approach // Optical 
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4. Caffe [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://caffe.berkeleyvision.org/. 

5.  THE MNIST DATABASE [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://yann.lecun.com/exdb/mnist/. 

 

ʋɼʂ 004.492.3 : 519.222 

ɺʀɿʅɸʏɽʅʅʗ ʅɽʐʊɸʊʅʆɰ ʇʆɺɽɼɯʅʂʀ ʄɽʊʆɼɸʄʀ 

ʉʊɸʊʀʉʊʀʏʅʆɻʆ ɸʅɸʃɯɿʋ 

ɯ.ʉ. ʉʢʽʪʝʨ, ɺ.ɺ. ʅʝʭʘʡ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽ-

ʛʽʚ, ʋʢʨʘʾʥʘ 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʦʟʧʦʜʽʣʝʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʪʨʘʬʽʢ, ʘʥʦʤʘʣʽʷ, 

ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ, ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʨʘʬʽʢʫ 

ɻʣʦʙʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʚ ʫʩʽʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ ʧʨʠʟʚʝʣʘ 

ʜʦ ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʦʩʪʽ ʪʘ ʩʢʣʘʜʥʦʩʪʽ ʩʠʩʪʝʤ ʜʽʷʣʴʥʦʩʪʽ ʣʶ-

ʜʠʥʠ, ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʾʭ ʝʥʪʨʦʧʽʶ ʪʘ ʟʤʝʥʰʫʻ ʾʭ ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʤʽʥ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱ. 

ɹʝʟʟʘʧʝʨʝʯʥʠʤ ʻ ʬʘʢʪ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ ʩʴʦʛʦʜʥʽ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʟʜʽʡ-

ʩʥʶʻ ʩʠʩʪʝʤʥʠʡ ʚʧʣʠʚ ʥʘ ʜʽʷʣʴʥʽʩʪʴ ʚʩʽʭ ʽʥʩʪʠʪʫʮʽʡ, ʪʦʤʫ ʧʠʪʘʥʥʷ ʟʘ-

ʭʠʩʪʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ʈɯʉ) ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʥʝʛʘ-

ʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʚ ʢʽʙʝʨʥʝʪʠʯʥʦʤʫ ʧʨʦʩʪʦʨʽ ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ.  

ʅʘʷʚʥʽʩʪʴ ʫ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʈɯʉ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦ-

ʩʪʽ ʤʝʨʝʞʝʚʠʭ ʩʝʨʚʽʩʽʚ, ʘʧʘʨʘʪʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʨʦ-

ʜʞʫʻ ʥʠʭ ʟʥʘʯʥʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʪʨʘʬʽʢʽʚ.  

ɽʬʝʢʪʠʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʨʘʬʽʢʫ ʜʘʻ ʟʤʦʛʫ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʡʦʛʦ ʘʥʦ-

ʤʘʣʽʾ, ʱʦ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ ʤʝʨʝʞʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ 

ʟʘʭʠʩʪʫ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʠʩʪʝʤʠ ʚʠʷʚ-

ʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ (Intrusion Detection System ï IDS) ʪʘ ʩʠʩʪʝʤʠ ʧʦʧʝʨʝ-

ʜʞʝʥʥʷ ʚʪʦʨʛʥʝʥʴ (Intrusion Prevention System ï IPS) ʚʪʦʨʛʥʝʥʴ [1-3].  

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʦʩʥʦʚʥʦʤʫ ʙʘʟʫʻʪʴʩʷ ʥʘ: ʟʙʦʨʽ, ʘʥʘ-

ʣʽʟʽ ʪʘ ʦʙʨʦʙʣʝʥʥʽ ʽʥʬʦʨʤʘʮʽʾ; ʬʦʨʤʫʚʘʥʥʽ ʙʘʟ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʫ 

ʤʝʨʝʞʽ, ʷʢʘ ʜʦʩʣʽʜʞʫʻʪʴʩʷ; ʤʦʥʽʪʦʨʠʥʛʫ ʤʝʨʝʞʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʟʘʜʘ-

ʥʠʤʠ ʤʦʤʝʥʪʘʤʠ ʽʥʪʝʨʚʘʣʽʚ ʪʘ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ; ʬʦʨʤʫʚʘʥʥʽ ʨʽʰʝʥʴ ʥʘ 
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ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʨʦ ʘʥʦʤʘʣʽʾ ʤʝʨʝʞʽ, ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ 

ʧʨʦʪʠʜʽʾ [4]. ɺʠʨʽʟʥʷʶʯʠ ʟ ʟʘʛʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʢʠ 

ʤʝʨʝʞʽ ʜʚʘ ʢʣʘʩʠ ï ʚʪʦʨʛʥʝʥʥʷ ʪʘ ʘʥʦʤʘʣʴʥʘ ʧʦʚʝʜʽʥʢʘ, ï ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʚʩʽ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠ-

ʢʦʨʠʩʪʘʥʥʽ ʩʠʛʥʘʪʫʨʥʠʭ ʤʝʪʦʜʽʚ, ʘ ʩʠʩʪʝʤʠ, ʷʢʽ ʧʨʦʚʦʜʷʪʴ ʘʥʘʣʽʟ ʘʥʦʤʘ-

ʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ (Anomaly-Based Intrusion Detection and Prevention 

Systems), ï ʥʘ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʪʨʘʬʽʢʫ [4].  

ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʨʘʬʽʢʫ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʘʢʽ ʝʪʘʧʠ [5]:  

1. ʌʦʨʤʫʚʘʥʥʷ ʧʨʦʬʽʣʶ ʩʠʩʪʝʤʠ. ʇʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʝʨʚʠʥʥʦʛʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʘʢʪʠʚʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʤʝʨʝʞʽ ʧʨʦʪʷʛʦʤ 

ʟʘʜʘʥʦʛʦ ʧʝʨʽʦʜʫ. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʧʦʚʝʜʽʥʢʦʶ ʧʦ-

ʢʘʟʥʠʢʽʚ ʪʨʘʬʽʢʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʠʩʣʦʚʽ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʬʦʨ-

ʤʫʶʪʴ ʥʦʨʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʤʝʨʝʞʽ.  

2. ɺʠʟʥʘʯʝʥʥʷ ʧʦʨʦʛʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʌʦʨʤʫʚʘʥʥʷ ʘʙʦ ʦʮʽʥʢʘ ʩʪʘʪʠ-

ʩʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ çʥʦʨʤʘʣʴʥʦʛʦ 

ʧʨʦʬʽʣʶè, ʥʘʧʨʠʢʣʘʜ, ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ ʡʦʛʦ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞ. ʅʘ 

ʮʴʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʽ ʢʨʠʪʝʨʽʾ ʦʮʽʥʶʚʘʥʥʷ çʥʦʨʤʘʣʴ-

ʥʦʛʦ ʨʝʞʠʤʫè ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʪʘ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʭʦʜʫ ʾʾ ʚ ʘʥʦʤʘʣʴʥʠʡ ʨʝ-

ʞʠʤ.  

3. ʌʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ (ʦʮʽʥʢʘ ʤʝʨʝʞʽ). ʇʨʦʚʦʜʠʪʴʩʷ ʟʙʽʨ ʜʘʥʠʭ ʩʪʦʩʦʚʥʦ ʧʘʨʘʤʝʪʨʽʚ ʤʝ-

ʨʝʞʽ ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʫ ʪʘ ʦʙʨʘʥʠʭ ʧʨʠʩʪʨʦʷʭ ʩʠʩʪʝʤʠ. 4. 

ʇʝʨʝʚʽʨʢʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʛʽʧʦʪʝʟ. ʇʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʦʮʽʥʶ-

ʚʘʥʥʷ ʥʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʤʘʩʠʚʽʚ ʽʥʬʦʨʤʘʮʽʾ çʥʦʨʤʘʣʴʥʦʛʦè ʧʨʦʬʽʣʶ ʩʠʩ-

ʪʝʤʠ ʪʘ ʧʨʦʬʽʣʶ, ʷʢʠʡ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ɺʩʪʘʥʦʚʣʶʶʪʴʩʷ ʢʨʠʪʠʯʥʽ ʧʘʨʘ-

ʤʝʪʨʠ ʚʽʜʭʠʣʝʥʴ ʚʽʜ çʥʦʨʤʘʣʴʥʦʩʪʽè, ʜʦʚʽʨʯʽ ʤʝʞʽ ʚʽʜʭʠʣʝʥʴ ʪʘ ʯʘʩʪʦʪʠ 

ʚʽʜʭʠʣʝʥʴ (ʢʨʠʪʠʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʠʱʝʥʴ).  

5. ɸʥʘʣʽʟ ʧʦʪʦʯʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ. ʇʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʜʠʥʘ-

ʤʽʯʥʠʭ ʨʷʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʝʘʣʴʥʠʤ ʪʨʘʬʽʢʦʤ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʦʯʢʠ 

ʧʝʨʝʚʠʱʝʥʴ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ, ʾʭ ʯʘʩʪʦʪʘ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʘʥʦʤʘʣʽʡ.  

6. ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʇʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʶʚʘʥʥʷ ʢʨʠʪʠʯʥʦʩʪʽ ʩʪʘʥʫ 

ʤʝʨʝʞʽ ʪʘ ʙʣʦʢʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʟʘ ʥʝʦʙʭʽʜʥʽʩʪʶ.  

ʇʝʨʝʚʘʛʦʶ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ ̒  ʤʦ-

ʞʣʠʚʽʩʪʴ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʂʨʽʤ 

ʪʦʛʦ, ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʴ ʪʘʢ ʟʚʘʥʝ çʥʘʚʯʘʥʥʷè ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʧʝʨʝʥʘʣʘʰ-

ʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʥʦʚʣʝʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʧʦʪʦʯʥʠʡ ʧʨʦʬʽʣʴ 

ʪʨʘʬʽʢʫ. ɼʦ ʪʦʛʦ ʞ ʧʨʦʮʝʜʫʨʘ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ çʥʦʨʤʘʣʴʥʦʛʦè ʧʨʦ-

ʬʽʣʶ ʪʨʘʬʽʢʫ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʴ ʧʝʨʽʦʜʠʯʥʦ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʪʦʨʛʥʝʥʴ ʟ 

ʢʦʨʝʛʫʚʘʥʥʷʤ ʧʦʨʦʛʦʚʠʭ ʚʝʣʠʯʠʥ ʪʘ ʢʨʠʪʝʨʽʾʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʂʨʽʤ 

ʪʦʛʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʠʛʥʘʪʫʨʥʠʭ ʤʝʪʦʜʽʚ, ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 
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ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʽ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʬʽʣʽʚ ʪʨʘʬʽʢʫ ʚʠʷʚʣʷʪʠ ʥʝʚʽʜʦʤʽ ʘʪʘʢʠ 

ʪʘ ʚʪʦʨʛʥʝʥʥʷ ʚ ʤʝʨʝʞʫ.  

ʇʨʦʮʝʜʫʨʘ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʬʽʣʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ï çʥʦʨʤʘʣʴ-

ʥʦʛʦè ʪʘ ʨʝʘʣʴʥʦʛʦ ï ʟ ʧʦʛʣʷʜʫ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʚʠʥʥʘ ʪʨʘʢʪʫ-

ʚʘʪʠʩʴ ʷʢ ʧʨʦʮʝʩ ʧʝʨʝʚʽʨʢʠ ʾʭ ʥʘ ʥʘʣʝʞʥʽʩʪʴ ʜʦ ʪʽʻʾ ʞ ʩʘʤʦʾ ʛʝʥʝʨʘʣʴʥʦʾ 

ʩʫʢʫʧʥʦʩʪʽ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʪʘʢʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʯʠʩʝʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʬʽʢʫ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʝʨʝʞʽ ʟ ʚʠʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʜʽʘʧʘʟʦʥ ʯʘʩʫ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʤʘʩʠʚ ʚʠ-

ʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʦʜʥʘʢʦʚʦʛʦ ʧʦʨʷʜʢʫ, ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽ-

ʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʥʦʩʠʪʴ ʩʪʦʭʘʩʪʠʯʥʫ ʩʢʣʘʜʦʚʫ ʚ ʾʭ ʨʦʟʧʦʜʽʣ ʪʘ 

ʚʝʣʠʯʠʥʫ.  

ɺʢʘʟʘʥʽ ʧʨʠʧʫʱʝʥʥʷ ʜʘʶʪʴ ʟʤʦʛʫ ʩʬʦʨʤʫʣʶʚʘʪʠ ʦʙʤʝʞʝʥʥʷ ʪʘ ʚʠ-

ʤʦʛʠ ʜʦ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʫ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʤʝʪʦ-

ʜʘʤʠ, ʘ ʩʘʤʝ:  

ī ʤʘʩʠʚ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ (ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʫ) ʧʦʚʠʥʝʥ ʤʘʪʠ ʥʦ-

ʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ;  

ī ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʻ ʥʝʟʘʣʝʞʥʠʤʠ;  

ī ʞʦʜʝʥ ʽʟ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʘʙʦ ʚʥʫʪʨʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ 

ʪʨʘʬʽʢ, ʥʝ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʤʽʥʫʶʯʠʤʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʠʚʝʜʝʥʠʭ ʚʠʱʝ ʧʨʠ-

ʧʫʱʝʥʴ, ʤʘʩʠʚʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʜʠʥʘʤʽʯʥʠʤʠ ʨʷʜʘʤʠ 

ʜʘʥʠʭ, ʷʢʽ ʦʮʽʥʶʶʪʴ ʧʨʦʬʽʣʴ ʤʝʨʝʞʽ, ʙʫʜʫʪʴ ʘʜʝʢʚʘʪʥʦ ʦʮʽʥʶʚʘʪʠ ʩʪʘʥ 

ʤʝʨʝʞʽ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʪʨʘʬʽʢ ʫ ʤʝʨʝʞʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦ ʦʜ-

ʥʦʨʽʜʥʠʤ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ 

ʷʢ ʚʽʜ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢ ʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʫ ʚ ʥʽʡ. 

ɸʥʦʤʘʣʽʾ ʪʨʘʬʽʢʫ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʷʢ ʪʝʭʥʽʯʥʠʭ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯ-

ʥʠʭ ʟʙʦʾʚ ʫ ʨʦʙʦʪʽ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢ ʽ ʟʦʚʥʽʰʥʽʭ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʜʘʻ ʟʤʦʛʫ ʢʦʨʠʩʪʫʚʘʯʫ ʘʙʦ ʦʩʦʙʽ, 

ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʤʝʨʝʞʽ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʘʜʝʢʚʘʪʥʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ, ʷʢʽ ʜʘʜʫʪʴ ʟʤʦʛʫ ʥʝ 

ʪʽʣʴʢʠ ʚʠʷʚʣʷʪʠ ʘʥʦʤʘʣʴʥʠʡ ʤʝʨʝʞʥʠʡ ʪʨʘʬʽʢ, ʘʣʝ ʡ ʦʮʽʥʶʚʘʪʠ ʚʝʣʠ-

ʯʠʥʫ ʘʥʦʤʘʣʽʾ, ʾʾ ʧʘʨʘʤʝʪʨʠ, ʯʘʩʪʦʪʫ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʨʽʚʝʥʴ ʟʘʛʨʦʟʠ ʤʝ-

ʨʝʞʽ ʪʘ ʾʾ ʫʩʫʥʝʥʥʷ.  

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʟʘʩʦʙʘʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʻ ʟʘ-

ʩʦʙʠ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ, ʷʢʽ ʧʨʦʚʦʜʷʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʘʥʦʤʘʣʴʥʦʾ ʧʦʚʝʜʽ-

ʥʢʠ ʤʝʨʝʞʽ ʪʘ ʨʝʘʛʫʶʪʴ ʥʘ ʥʝʾ. ʉʝʥʩʦʨʠ ʯʠ ʜʘʪʯʠʢʠ ʪʘʢʠʭ ʟʘʩʦʙʽʚ ʩʧʨʘ-

ʮʴʦʚʫʶʪʴ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʦʚʝʜʽʥʢʘ ʪʨʘʬʽʢʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʘ-

ʥʜʘʨʪʠʟʦʚʘʥʦʾ ʯʠ çʽʜʝʘʣʴʥʦʾè, ʷʢʘ ʚʠʟʥʘʯʝʥʘ ʥʘ ʦʩʥʦʚʽ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ 

ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ.  
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ʆʜʥʠʤ ʽʟ ʟʘʭʦʜʽʚ ʪʘ ʤʝʪʦʜʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʪʨʘ-

ʬʽʢʫ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʡʦʛʦ ʘʥʦʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʪʦʜ. ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʦʟʨʘ-

ʭʫʥʢʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʽ ʢʦʥʪʨʦʣʽ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʜʽʣʷʶʪʴ: ʯʠʩʣʦʚʽ (ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʜʘʥʠʭ ʜʘʥʠʭ ʟʘ 

ʨʽʟʥʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ, ʢʽʣʴʢʽʩʪʴ ʬʘʡʣʽʚ, ʜʦ ʷʢʠʭ ʟʜʽʡʩʥʝʥʠʡ ʜʦʩʪʫʧ 

ʪʦʱʦ); ʢʘʪʝʛʦʨʽʘʣʴʥʽ (ʽʤʝʥʘ ʬʘʡʣʽʚ, ʢʦʤʘʥʜʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʽʜʢʨʠʪʽ ʧʦ-

ʨʪʠ ʪʦʱʦ)  

ɺʠʩʥʦʚʦʢ ʧʨʦ ʘʥʦʤʘʣʽʶ (ʘʪʘʢʫ) ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʙʨʦʙʢʠ ʜʠ-

ʥʘʤʽʯʥʠʭ ʨʷʜʽʚ ʜʘʥʠʭ. 

ɸʥʘʣʽʟ ʜʞʝʨʝʣ [6, 7] ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʟʘʧʨʦʧʦ-

ʥʦʚʘʥʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʧʽʜʭʽʜ ʚʢʣʶʯʘʚ ʫ ʩʝʙʝ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʥʦʨʤʘʣʴ-

ʥʠʡ ʨʦʟʧʦʜʽʣ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʽ ʥʝ ʧʨʦʧʦʥʫʚʘʚ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʬʽʣʶ, ʘ ʮʝ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟ-

ʨʘʭʫʚʘʪʠ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʨʽʘʮʽʾ, ʷʢ ʚʠʙʽʨʢʦʚʝ ʩʝʨʝʜʥʻ, ʜʠʩʧʝʨʩʽʷ, 

ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʫ ʪʘ ʧʨʦʬʽʣʶ ʟʘʛʘ-

ʣʦʤ. 

ɼʠʥʘʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʤʘʩʠʚʫ ʜʘʥʠʭ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʚʝʣʠʢʠʭ ʯʘʩʦ-

ʚʠʭ ʜʽʘʧʘʟʦʥʘʭ, ʢʨʽʤ ʪʦʛʦ, ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʫ, ʷʢ 

ʥʘʷʚʥʽʩʪʴ ʪʨʝʥʜʫ ʪʘ ʩʝʟʦʥʥʦʾ (ʮʠʢʣʽʯʥʦʾ) ʩʢʣʘʜʦʚʦʾ. ʊʦʤʫ ʜʣʷ ʢʦʨʝʢʪ-

ʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʦʙʭʽʜʥʽ ʥʘʧʨʘʮʶ-

ʚʘʥʥʷ ʘʥʘʣʽʟʫ ʥʘʙʦʨʽʚ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʫ ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʾ ʧʨʠʨʦʜʠ ʪʘ ʮʠʢʣʽʯʥʦʩʪʽ. ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʜʠʥʘʤʽʯ-

ʥʠʭ ʨʷʜʽʚ ʜʘʥʠʭ, ʻ ʤʝʪʦʜ ʢʦʚʟʥʦʛʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ. 

EWMA-ʩʪʘʪʠʩʪʠʢʘ (Exponentially Weighted Moving Average) [8], ʱʦ ʷʚ-

ʣʷʻ ʩʦʙʦʶ ʤʝʪʦʜʦʣʦʛʽʶ ʨʦʟʨʘʭʫʥʢʫ ʢʦʚʟʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟ ʝʢʩʧʦʥʝʥʮʽʘ-

ʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʚʘʛ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʽʚ, ʚ ʷʢʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʚʠʙʽʨʢʠ, ʜʦ ʪʦʛʦ ʞ ʚʘʛʘ ʢʦʞ-

ʥʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʟʥʘʯʝʥʥʷ ʘʩʠʤʧʪʦʪʠʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʯʘʩʦʤ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʠʢʠ EWMA ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ ʜʘʻ ʟʤʦʛʫ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʨʦ ʚʭʽʜ-

ʥʠʡ ʪʨʘʬʽʢ ʤʝʨʝʞʽ ʧʨʦʚʦʜʠʪʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ. 

ʈʦʟʛʣʷʥʫʪʘ ʤʝʪʦʜʠʢʘ ʜʘʻ ʟʤʦʛʫ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʚʠʤʦʛʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘ-

ʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʤʘʩʠʚʫ ʜʘʥʠʭ ʧʨʦ ʚʭʽʜʥʠʡ ʪʨʘʬʽʢ ʫ ʤʝʨʝʞʽ. ɿʘʧʨʦʧʦʥʦ-

ʚʘʥʠʡ ʩʧʦʩʽʙ ʦʮʽʥʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʤʝʪʦʜʠʢʠ 

EWMA ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʢʚʘʜʨʘ-

ʪʠʯʥʦʾ ʧʦʭʠʙʢʠ. ʅʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʤʝʪʦʜʫ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʽʥʪʝʨʚʘʣʫ ʟʛʣʘʜʞʫʚʘʥʥʷ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʫ ʚʭʽʜʥʦʤʫ ʧʦʪʦʮʽ. 
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ʋɼʂ 004.681.3 

ʆʎɯʅʂɸ ɯʅɾɽʅɽʈʅʆ-ʂʈʀʇʊʆɻʈɸʌɯʏʅʀʍ ʗʂʆʉʊɽʁ ʇɯɼ 

ʏɸʉ ʇʈʆɺɽɼɽʅʅʗ ʊɽʄɸʊʀʏʅʀʍ ɼʆʉʃɯɼɾɽʅʔ 

ʂʈʀʇʊʆʉʀʉʊɽʄ 

ɻ.ʄ. ɻʫʣʘʢ 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʽ ʩʠʩʪʝʤ, ʋʢʨʘʾʥʘ 

 

ʉʫʯʘʩʥʽ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

(ɿʂɿɯ) ʻ ʟʘ ʩʫʪʪʶ ʩʢʣʘʜʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʷʢʽ ʚ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ 

ʚʠʧʘʜʢʘʭ ʨʝʘʣʽʟʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ, ʧʨʠʥʮʠʧʽʚ ʧʦ-

ʙʫʜʦʚʠ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ (ʨʠʩ. 1). ɺʦʜʥʦʯʘʩ ʟ ʧʝʨʝ-

ʚʘʛʘʤʠ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ ɿʂɿɯ, ʚʦʥʠ ʫʩʧʘʜʢʦʚʫʶʪʴ ʚʨʘʟʣʠ-

ʚʦʩʪʽ, ʱʦ ʧʨʠʪʘʤʘʥʥʽ ʟʚʠʯʘʡʥʠʤ ʢʦʤʧôʶʪʝʨʘʤ, ʘ ʩʘʤʝ: ʧʦʪʝʥʮʽʡʥʽ ʤʦʞ-

ʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʚ ʾʭ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

çʣʘʟʽʚʦʢè (trap door) ʘʙʦ ʡʦʛʦ ʫʨʘʞʝʥʥʷ ʰʢʽʜʣʠʚʠʤʠ ʢʦʜʘʤʠ ʥʘ ʝʪʘʧʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʠʭ ʟʘʩʦʙʽʚ [1]. ʅʘʚʽʪʴ ʥʝʚʝʣʠʢʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚ ʝʣʝʢ-

ʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠ ʧʦʪʝʥʮʽʡʥʫ ʟʘʛʨʦʟʫ ʢʘʪʘ-

ʩʪʨʦʬʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʟʘʭʠʱʘʻʪʴʩʷ. ɿʘʩʪʦʩʫ-

ʚʘʥʥʷ ʫ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫ ʟʘʭʠʱʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞ 

ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʽʙʝʨʘʪʘʢ ʥʘ ʝʣʝʤʝʥʪʠ ʚʽʨʪʫʘʣʴʥʦʾ 

ʟʘʭʠʱʝʥʦʾ ʤʝʨʝʞʽ, ʚʢʣʶʯʘʶʯʠ DDoS ʘʪʘʢʠ. 

 
ʈʠʩ. 1 ʊʠʧʦʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʟʘʩʦʙʫ ʂɿɯ 

ɿʘʟʥʘʯʝʥʝ ʧʽʜʢʨʝʩʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ɿʂɿɯ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʾʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʚʢʣʶʯʘʶʯʠ ʝʪʘʧ ʧʨʦʚʝʜʝʥʥʷ ʾʭ 

ʪʝʤʘʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤʝʪʦʶ ʷʢʠʭ ʻ ʦʮʽʥʢʘ ʬʘʢʪʠʯʥʦʛʦ ʨʽʚʥʷ ʢʨʠʧʪʦ-

ʛʨʘʬʽʯʥʠʭ, ʽʥʞʝʥʝʨʥʦ-ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʷʢʦʩʪʝʡ ʮʠʭ ʟʘ-

ʩʦʙʽʚ. 

ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʽʚ ʙʝʟʧʝʢʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɿʂɿɯ ʧʝʨʝʚʘʞʥʦ ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ ʚʠʟʥʘʯʘʶʪʴ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ 

ʷʢʦʩʪʽ (ʚʠʤʦʛʠ), ʢʨʽʤ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ, ʦʩʢʽʣʴʢʠ ʦʩʪʘʥʥʽ ʟʘ ʧʨʷʤʠʤ 

ʚʠʟʥʘʯʝʥʥʷʤ ʘʙʦ ʟʘ ʫʤʦʚʯʘʥʥʷʤ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʧʪʦ-

ʛʨʘʬʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʤʘʶʪʴ ʩʪʘʪʫʩ ʩʭʚʘʣʝʥʠʭ (ʟʘʪʚʝʨʜʞʝʥʠʭ) ʢʦʤ-

ʧʝʪʝʥʪʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 
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ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʟʘʭʠʩʪ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ-

ʥʠʭ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʣʝʢʩʽʚ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʫ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʩʥʦʚʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʧʝʚʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʙʝʟʧʝʢʦʚʠʭ ʪʘ ʽʥʰʠʭ ʬʫʥʢʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʧʘ-

ʨʘʪʥʽ ʪʘ ʧʨʦʛʨʘʤʥʽ ʧʣʘʪʬʦʨʤʠ ʟʚʠʯʘʡʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʪʘ ʥʘʜʽʡ-

ʥʦʩʪʽ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʩʠʩʪʝʤ ʪʘ ʟʘʩʦʙʽʚ ʂɿɯ, ʷʢ ʾʭ ʛʘʨʘʥʪʦʟʜʘʪʥʽʩʪʴ. 

ɺʠʭʦʜʷʯʠ ʟ ʫʩʪʘʣʝʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʜʣʷ ʦʙʯʠʩʣʶ-

ʚʘʣʴʥʠʭ ʩʠʩʪʝʤ [2,3], ʛʘʨʘʥʪʦʟʜʘʪʥʽʩʪʶ ʩʠʩʪʝʤ (ʟʘʩʦʙʽʚ) ʂɿɯ ʜʦʮʽʣʴʥʦ 

ʚʚʘʞʘʪʠ ʢʦʤʧʣʝʢʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʾʭ ʟʜʘʪʥʽʩʪʴ ʥʘʜʘʚʘʪʠ 

ʧʦʪʨʽʙʥʽ ʧʦʩʣʫʛʠ, ʷʢʠʤ ʚʠʧʨʘʚʜʘʥʦ ʤʦʞʥʘ ʜʦʚʽʨʷʪʠ. 

ʇʝʨʚʽʩʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʛʘʨʘʥʪʦʟʜʘʪʥʦʩʪʽ ʻ ʪʘʢʽ: 

ɹʝʟʚʽʜʤʦʚʥʽʩʪʴ (reliability) ï ʚʣʘʩʪʠʚʽʩʪʴ ʙʝʟʧʝʨʝʨʚʥʦ ʥʘʜʘʚʘʪʠ ʢʦ-

ʨʝʢʪʥʽ ʧʦʩʣʫʛʠ; 

ɻʦʪʦʚʥʽʩʪʴ (availability) ï ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʩʪʫʧʥʦʩʪʽ ʨʝʩʫʨʩʽʚ ʟʘʩʦʙʫ 

ʂɿɯ ʜʣʷ ʥʘʜʘʥʥʷ ʧʦʪʨʽʙʥʠʭ ʧʦʩʣʫʛ; 

ɾʠʚʫʯʽʩʪʴ (survivability) ʚʣʘʩʪʠʚʽʩʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʥʠʞʝʥʥʷ ʪʘ 

ʟʙʝʨʽʛʘʪʠ ʫ ʧʨʠʧʫʩʪʠʤʠʭ ʤʝʞʘʭ ʦʙʩʷʛ ʽ ʷʢʽʩʪʴ ʧʦʩʣʫʛ, ʱʦ ʥʘʜʘʶʪʴʩʷ, ʚ 

ʧʦʛʽʨʰʝʥʠʭ ʫʤʦʚʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʙʝʟʧʝʢʘ (safety) ï ʚʣʘʩʪʠʚʽʩʪʴ ʚʠʢʣʶʯʘʪʠ ʘʙʦ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʰʢʽʜʣʠʚʽ ʥʘʩʣʽʜʢʠ  ʫ ʨʘʟʽ ʚʽʜʤʦʚ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʩʠ-

ʩʪʝʤ, ʫ ʩʢʣʘʜʽ ʷʢʠʭ ʚʦʥʠ ʧʨʘʮʶʶʪʴ; 

ʎʽʣʽʩʥʽʩʪʴ (integrity) ï ʚʣʘʩʪʠʚʽʩʪʴ ʚʠʢʣʶʯʘʪʠ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ 

ʟʤʽʥʠ ʢʨʠʧʪʦʩʭʝʤʠ ʪʘ ʧʦʩʣʫʛ, ʷʢʽ ʥʘʜʘʶʪʴʩʷ; 

ʂʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ (confidentiality) ï ʚʣʘʩʪʠʚʽʩʪʴ ʫʥʠʢʘʪʠ ʥʝ-

ʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʯʫʪʣʠʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʧʨʦ 

ʧʦʩʣʫʛʠ, ʷʢʽ ʥʘʜʘʶʪʴʩʷ; 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ (high confidence) ï ʚʣʘʩʪʠʚʽʩʪʴ ʚʽʨʥʦ ʦʮʽʥʶʚʘʪʠ ʢʦ-

ʨʝʢʪʥʽʩʪʴ ʧʦʩʣʫʛ, ʱʦ ʥʘʜʘʶʪʴʩʷ, ʪʦʙʪʦ ʚʠʟʥʘʯʘʪʠ ʩʪʝʧʽʥʴ ʜʦʚʽʨʠ ʜʦ ʥʠʭ; 

ʅʘ ʝʪʘʧʽ ʘʥʘʣʽʟʫ ʢʨʠʧʪʦʩʭʝʤʠ ɿʂɿɯ, ʷʢ ʩʫʢʫʧʥʦʩʪʽ ʚʟʘʻʤʦʜʽʶʯʠʭ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʘ ʙʝʟʧʝʢʫ ʟʘʩʦʙʫ, ʬʦʨʤʫʶʪʴʩʷ ʚʠʭʽʜʥʽ ʚʠʤʦʛʠ ʜʣʷ 

ʥʘʩʪʫʧʥʦʛʦ ʝʪʘʧʫ ʪʝʤʘʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ï ʽʥʞʝʥʝʨʥʦ-ʢʨʠʧʪʦʛʨʘʬʽʯ-

ʥʦʛʦ ʘʥʘʣʽʟʫ (ɯʂɸ). ʄʝʪʦʶ ɯʂɸ ʻ ʚʠʷʚʣʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʨʝʘʣʽʟʘʮʽʾ 

ɿʂɿɯ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʦʞʣʠʚʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʢʦʚʠʭ ʜʽʡ ʦʧʝʨʘʪʦʨʽʚ 

ɿʂɿɯ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʙʝʟʧʝʢʠ, ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʫ ʨʦʙʦʪʫ 

ʢʨʠʧʪʦʩʭʝʤʠ, ʜʦʩʪʘʪʥʦʩʪʽ ʟʘʭʦʜʽʚ ʱʦʜʦ ʚʠʷʚʣʝʥʥʷ ʟʙʦʾʚ ʪʘ ʚʽʜʤʦʚ ʧʨʦ-

ʛʨʘʤʥʦʾ ʪʘ ʘʧʘʨʘʪʥʦʾ ʧʣʘʪʬʦʨʤ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʥʘʩʣʽʜʢʠ 

ʜʣʷ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʟʘʭʠʱʘʻʪʴʩʷ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ (ʬʫʥʢʮʽʦ-

ʥʘʣʴʥʘ ʙʝʟʧʝʢʘ). 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʢʣʘʜʝʥʦʛʦ, ʫʷʚʣʷʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ ʟʘʤʽʩʪʴ ʨʽʚʥʷʥʥʷ 

ʰʠʬʨʫʚʘʥʥʷ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ: 

ὅ Ὁὓȟὑȟ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʚʥʷʥʥʷ: 

ὅ Ὁ ὓȟὑȟɰ ,   (1) 

ʜʝ ὓȟὅ ï ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʢʨʠʪʝ ʽ ʟʘʰʠʬʨʦʚʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ὑ ï ʢʣʶʯ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, Ὁὓȟὑ  ï ʢʨʠʧʪʦʘʣʛʦʨʠʪʤ, 

Ὁ ὓȟὑȟɰ  ï ʬʘʢʪʠʯʥʦ ʨʝʘʣʽʟʦʚʘʥʝ ʚ ɿʂɿɯ ʧʝʨʝʪʚʦʨʝʥʥʷ, ɰ ï ʚʠʧʘʜʢʦʚʘ 

ʚʝʣʠʯʠʥʘ ï ʽʥʜʠʢʘʪʦʨ ʙʝʟʧʝʢʠ. 

ʅʝʭʘʡ: Ὕ̍ ï ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ (ʩʝʢ), ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʤʘʻ ʙʫʪʠ ʟʘʙʝʟʧʝ-

ʯʝʥʘ ʙʝʟʧʝʢʘ ʚʽʜʢʨʠʪʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ/ʘʙʦ ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ, ὡ̎  ï ʤʘʢ-

ʩʠʤʘʣʴʥʘ ʧʨʦʛʥʦʟʦʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ  ʧʦʪʝʥ-

ʮʽʡʥʦʛʦ ʧʦʨʫʰʥʠʢʘ ʙʝʟʧʝʢʠ (ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʧʝʨʘʮʽʡ ʚ ʩʝʢ),  ȿὑȿ ï ʝʢʚʽʚʘ-

ʣʝʥʪʥʘ ʜʦʚʞʠʥʘ ʢʣʶʯʘ ʚ ʙʽʪʘʭ, ὠ̱ ςȿȿ ï ʩʢʣʘʜʥʽʩʪʴ ʥʘʡʢʨʘʱʦʛʦ ʘʣʛʦ-

ʨʠʪʤʫ ʢʨʠʧʪʦʘʥʘʣʽʟʫ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʫ ʚʠʧʘʜʢʫ ʚʠʥʠʢ-

ʥʝʥʥʷ ʚʽʜʤʦʚʠ ɸ, ʪʦʜʽ ʚʠʟʥʘʯʠʤʦ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ   ɰᶰπȟρ, 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ɰ

ừ
Ử
Ừ

Ử
ứπȟ̠ ̋̚ ̝̏˗˔˴ ̒̐̑́̃̎̉̊ ́̂ ̨̏̃̅̍̏̃́ ̎  ̤̆̃̐̌̉̃́ ̎  ́̂̆̈̐̆̋̔Ƞ 
ὡ̎ ϽὝ̍

ὤ ρȟ̔ ̃̉̐́̅̋̔ ̃̐̌̉̃̔ ̨̃̅̍̏̃̉ ̎  ́̂̆̈̐̆̋̔Ƞ              

ρȟ   ̠̋̚ ̏
ὡ̎ ϽὝ̍

ὤ ρȢ                                                                        

 

ɺʠʟʥʘʯʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ ɰ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʢʨʠʪʪʷ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʠʩʪʝʤʠ ʫ ʚʠʧʘʜʢʫ ʥʘʩʪʘʥʥʷ 

ʚʽʜʤʦʚʠ ɸ. ʇʨʠ ʮʴʦʤʫ, ʜʣʷ ɰ π ʨʝʘʣʽʟʦʚʘʥʝ ʢʨʠʧʪʦʛʨʘʬʽʯʥʝ ʧʝʨʝʪʚʦ-
ʨʝʥʥʷ Ὁ̑ ʬʘʢʪʠʯʥʦ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʤʝʥʰ ʩʢʣʘʜʥʝ Ὁ. 

ʉʢʣʘʜʥʽʩʪʴ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʙʣʦʢʦʚʠʭ ʩʠ-

ʤʝʪʨʠʯʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʮʠʢʣʽʯʥʦʛʦ ʧʦʚʪʦʨʝʥʥʷ 

ʧʝʚʥʠʭ ʙʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ: 

Ὁ
ὉϽȣ ϽὉϽȣ ϽὉϽȣ ϽὉ

.  (2) 

ʜʝ ὒ - ʢʽʣʴʢʽʩʪʴ ʙʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʦʜʥʦʤʫ ʮʠʢʣʽ (ʨʘʫʥʜʽ), Ὑ ï 

ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʚ ʩʫʤʘʨʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʘʣʛʦʨʠʪʤʘ 

ɼʉʊʋ ɻʆʉʊ 28147:2009 [4] Ὑ σςȟὒ τ). 
ʇʨʠ ʮʴʦʤʫ ʦʧʝʨʘʮʽʾ ʩ ʙʘʟʦʚʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʚʠʟʥʘʯʝʥʽ ʐʝʥʥʦ-

ʥʦʤ [5], ʷʢ ʜʦʙʫʪʦʢ ʧʝʨʝʪʚʦʨʝʥʴ: 

Ὁ ὉϽὉ Ὁ Ὁ ȣȟȣ ,   (3) 

ʘʙʦ ʟʚʘʞʝʥʘ ʩʫʤʘ: 

Ὁ ὉṮὉ ‎ϽὉ ‎ӶϽὉȟ   (4) 

̅ ̆‎ ρ ̈ ̨̨̟̊̍̏̃̑̎̒̓ ὴ ́̂ ̏‎ π  ̈ ̨̨̟̊̍̏̃̑̎̒̓ ή. 
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ɺʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʠʭ ʦʧʝʨʘʮʽʡ ʧʦ ʐʝʥʥʦʥʫ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʫ 

ʚʠʧʘʜʢʫ ʜʦʙʫʪʢʫ ʚ (3) ʪʨʴʦʭ ʧʝʨʝʪʚʦʨʝʥʴ ὉȟὉ ȟὉ , ʷʢʱʦ ʫ ʨʘʟʽ 

ʚʽʜʤʦʚʠ ʧʝʚʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʨʫʛʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʫʜʝ ʪʦ-

ʪʦʞʥʽʤ Ὁ ρ, ʟʘʛʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ (2) ʟʤʝʥʰʫʻʪʴʩʷ, 

ʪʦʙʪʦ ɰ π, ʘʣʝ ʪʦʯʥʘ ʦʮʽʥʢʘ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʙʦʨʫ 

ʙʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ʅʘʧʨʠʢʣʘʜ, ʚ ʟʛʘʜʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ɼʉʊʋ ɻʆʉʊ 

28147:2009, ʢʨʠʪʠʯʥʠʤ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʩʫʚ ʧʽʚʙʣʦʢʘ 

ʚʣʽʚʦ ʥʘ 11 ʙʽʪ. 

ɼʣʷ ʟʚʘʞʝʥʦʾ ʩʫʤʠ ʢʨʠʪʠʯʥʠʤ ʙʫʜʝ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʦʜʥʝ ʟ ʧʝʨʝʪʚʦ-

ʨʝʥʴ ʻ ʣʽʥʽʡʥʠʤ ʪʘ ʦʙʠʨʘʻʪʴʩʷ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ʙʣʠʟʴʢʦʶ ʜʦ 1. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʜʘʥʥʷ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʚʠʛʣʷʜʽ (1) 

ʜʦʟʚʦʣʷʻ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʜʫʨʫ ʚʠʷʚʣʝʥʥʷ ʫ ʭʦʜʽ ɯʂɸ ʢʨʠʪʠʯʥʽ 

ʩʪʘʥʠ ɿʂɿɯ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ ʚʽʜʤʦʚʘʤʠ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɻʫʣʘʢ ɻ.ʅ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʵʪʘʧʝ ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʰʠʬʨʘ-

ʪʦʨʦʚ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ  /  ɻʫʣʘʢ ɻ.ʅ.  // ʅʘʫʢʦʚʦ-ʧʨʘʢ-

ʪʠʯʥʠʡ ʞʫʨʥʘʣ çʉʫʯʘʩʥʘ ʩʧʝʮʽʘʣʴʥʘ ʪʝʭʥʽʢʘè, ï 2011, ˉ 1(24), ʩ.73-81 

2. ʍʘʨʯʝʥʢʦ ɺ.ʉ. ɻʘʨʘʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʛʘʨʘʥʪʦʩʧʦʩʦʙʥʳʝ ʩʠʩʪʝʤʳ: 

ʵʣʝʤʝʥʪʳ ʤʝʪʦʜʦʣʦʛʠʠ / ɺ.ʉ. ʍʘʨʯʝʥʢʦ // ʈʘʜʽʦʝʣʝʢʪʨʦʥʥʽ ʽ ʢʦʤʧôʶʪʝʨʥʽ 

ʩʠʩʪʝʤʠ. ï 2006. ˉ 5(7), ʩ.7-19  

3. ɻʫʣʘʢ ɻ.ʄ. ʌʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪ-

ʥʦʩʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʝʨʝʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʡ ʫʧʨʘʚʣʽʥʥʷ ʢʨʠ-

ʪʠʯʥʦ-ʚʘʞʣʠʚʠʤʠ ʦʙôʻʢʪʘʤʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. / ɻʫʣʘʢ ɻ.ʄ., ʉʢʣʘʜʘʥʥʠʡ 

ʇ.ʄ. // II ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʂʽʙʝʨʙʝʟʧʝʢʘ 

ʚ ʋʢʨʘʾʥʽ: ʧʨʘʚʦʚʽ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʧʠʪʘʥʥʷè (ʆʜʝʩʩʘ, 17 ʣʠʩʪʦʧʘʜʘ 

2017 ʨ.). ï ʆʜʝʩʩʘ: ʆɼʋɺʉ, ï 2017. ʩ.12-14. 

4. ʇʘʥʘʩʝʥʢʦ ʉ.ʇ. ɸʣʛʦʨʠʪʤʳ ʰʠʬʨʦʚʘʥʠʷ. ʉʧʝʮʠʘʣʴʥʳʡ ʩʧʨʘʚʦʯ-

ʥʠʢ. ï ʉʧʙ.: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ. ï 2009, 576ʩ. 

5. ʐʝʥʥʦʥ ʂ. "ʈʘʙʦʪʳ ʧʦ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʠʙʝʨʥʝʪʠʢʝ".  ʇʝ-

ʨʝʚʦʜ ɺ.ʌ.ʇʠʩʘʨʝʥʢʦ, ï ʄ.: ʀʃ, 1963, ʩ.333-369. 

  



330 

 

ʋɼʂ 517.9:004.3 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʊʈʀɺʀʄɯʈʅʆɰ ɺɯɿʋɸʃɯɿɸʎɯɰ 

ʇɸʈɸʄɽʊʈɯɺ ʅɸʇʈʋɾɽʅʆ-ɼɽʌʆʈʄʆɺɸʅʆɻʆ ʉʊɸʅʋ 

ʆɹôɭʂʊɯɺ 

ʆ.ʌ. ʊʘʨʘʩʦʚ, ʃ.ɺ. ɺʘʩʠʣʴʻʚʘ, ʆ.ɺ. ɸʣʪʫʭʦʚ 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʋʢʨʘʾʥʘ 

 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʨʦʙʽʚ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʦʪʨʠʤʘʥʥʷ ʜʝʪʘʣʝʡ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʰʣʷʭʦʤ ʚʠ-

ʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʪʝʛʨʦʚʘʥʽ ʉɸʇʈ ʥʘ ʙʘʟʽ ʧʨʦʤʠʩʣʦʚʠʭ 

CAD/CAE/CAM-ʩʠʩʪʝʤ [1]. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚ CAE-ʩʠʩʪʝʤʘʭ ʦʙôʻʢʪʽʚ 

ʫ ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʫ ʧʨʦʮʝʩʘʭ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩ-

ʢʦʤ, ʚʘʞʣʠʚʠʤ ʻ ʚʽʟʫʘʣʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦ ʦʙôʻʤʫ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙôʻʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ (ʅɼʉ) 

ʚ ʦʙôʻʤʽ ʟʘʛʦʪʦʚʦʢ. ʎʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʽ 

ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʘʙʦ ʢʦʥʩʪʨʫʢʪʠ-

ʚʥʠʭ ʨʽʰʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʦʾ ʜʝʤʦʥʩʪʨʘʮʽʾ ʽ ʥʘʛʣʷʜʥʦʾ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʫ 3D ʧʨʦʩʪʦʨʽ.  

ɺ ʙʽʣʴʰʦʩʪʽ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ ʚ ʉɸɽ - ʩʠʩʪʝʤʘʭ ʧʨʠ 

ʜʝʤʦʥʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʅɼʉ ʧʨʠʚôʷʟʘʥʘ ʜʦ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʥʘʣʝʞʠʪʴ 

ʦʙôʻʢʪʫ, ʘʙʦ ʧʨʠʚôʷʟʘʥʘ ʜʦ ʡʦʛʦ ʟʘʜʘʥʦʛʦ ʧʝʨʝʪʠʥʫ [2, 3]. ʎʝ ʟʚʫʞʫʻ ʤʦ-

ʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʅɼʉ ʚ ʦʙôʻʤʽ ʦʙôʻʢʪʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʣʴʦ-

ʨʦʚʦʾ ʰʢʘʣʠ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʚʠʢʦ-

ʥʘʪʠ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ʟʤʽʥʝʥʥʷ ʅɼʉ ʚ ʧʨʦʮʝʩʽ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʘʣʝ ʥʝ ʜʫʞʝ 

ʟʨʫʯʥʦ ʜʣʷ ʘʥʘʣʽʟʫ ʢʽʣʴʢʽʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ɸʚʪʦʨʘʤʠ ʧʦʩʪʘʚʣʝʥʦ ʟʘʜʘʯʫ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʨʠʚʠʤʽʨʥʦʾ ʜʝʤʦʥ-

ʩʪʨʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ʧʨʠ ʟʤʽʥʝʥʥʽ ʡʦʛʦ ʬʦʨʤʠ ʚ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʦʩʦʙʫ ʚʽʟʫʘʣʽʟʘʮʽʾ ʅɼʉ ʚ ʦʙôʻʤʽ 

ʦʙôʻʢʪʘ. ɺʘʞʣʠʚʠʤ ʻ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝ-

ʩʦʤ ʜʝʤʦʥʩʪʨʘʮʽʾ ʜʘʥʠʭ ʥʘ ʧʨʠʩʪʨʦʾ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜ-

ʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʨʦʟʨʦʙʢʠ ʘʙʦ ʚʜʦʩʢʦʥʘ-

ʣʝʥʥʷ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʘʙʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ.  

ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʮʝʩʫ 

ʟʤʽʥʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʚʠʙʨʘʥʦʛʦ ʧʝʨʝʪʠʥʫ ʪʘ ʅɼʉ ʫ 3D-ʚʠʤʽʨʥʦʤʫ ʧʨʦʩ-

ʪʦʨʽ, ʷʢʠʡ ʩʪʚʦʨʝʥʠʡ ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ, ʫ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʝ-

ʨʝʪʠʥ ʽ ʚʽʩʩʶ ʯʘʩʫ, ʷʢʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʮʽʡ ʧʣʦʱʠʥʽ. ʅʘ ʧʝʨʝʪʠʥʽ ʚʠ-

ʙʠʨʘʶʪʴʩʷ ʪʦʯʢʠ ʜʣʷ ʨʦʟʛʣʷʜʫ, ʚ ʧʨʦʮʝʩʽ ʜʝʤʦʥʩʪʨʘʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝ-

ʨʝʤʽʱʝʥʥʷ ʧʝʨʝʪʠʥʫ ʚʟʜʦʚʞ ʚʽʩʽ ʯʘʩʫ ʪʘ ʜʝʤʦʥʩʪʨʫʶʪʴʩʷ ʪʨʘʻʢʪʦʨʽʾ ʟʤʽ-

ʱʝʥʥʷ ʪʦʯʦʢ ʫ ʯʘʩʽ. ʆʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʶʪʴʩʷ ʧʨʦʝʢʮʽʾ ʪʨʘʻʢʪʦʨʽʡ ʪʦʯʦʢ 
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ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʣʦʱʠʥʫ, ʷʢʘ ʫʪʚʦʨʝʥʘ ʚʽʩʩʶ ʯʘʩʫ ʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷ-

ʨʥʘ ʧʣʦʱʠʥʽ ʨʦʟʤʽʱʝʥʥʷ ʧʝʨʝʪʠʥʫ ʽ ʧʦʢʘʟʫʶʪʴ ʟʥʘʯʝʥʥʷ ʚʠʙʨʘʥʦʛʦ ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʽʾ ʧʘʨʘʤʝʪʨʘ ʅɼʉ ʚʽʜ ʧʨʦʝʢʮʽʾ ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʝʤʦʥʩʪʨʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʅɼʉ ʤʦʜʝʣʶʚʘʣʠ ʧʨʦʮʝʩ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘʛʦʪʦʚʢʠ ʚ 

CAE - ʩʠʩʪʝʤʽ. ʇʨʠ ʮʴʦʤʫ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʟʘʛʦʪʦʚʢʠ  ʨʦʟʙʠʚʘʣʠ ʥʘ 

ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʽ ʦʪʨʠʤʫʚʘʣʠ ʢʘʨʢʘʩʥʝ ʦʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʽʪʢʠ, 

ʱʦ ʟʚôʷʟʫʻ ʪʦʯʢʠ (ʚʫʟʣʠ) ʚ ʦʙôʻʤʽ ʟʘʛʦʪʦʚʢʠ. ʇʘʨʘʤʝʪʨʠ ʅɼʉ ʦʙʯʠʩʣʶ-

ʚʘʣʠ ʜʣʷ ʢʦʞʥʦʛʦ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟ ʰʘʛʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟʘ ʯʘʩʦʤ 

ʨʦʟʨʘʭʫʥʢʫ. ʆʪʨʠʤʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟʙʝʨʽʛʘʣʠ ʫ ʚʠʛʣʷʜʽ ʜʘʥʠʭ, ʧʨʠʚôʷʟʘ-

ʥʠʭ ʜʦ ʚʩʽʻʾ ʤʥʦʞʠʥʠ ʢʦʦʨʜʠʥʘʪ ʚʫʟʣʽʚ ʩʽʪʢʠ ʦʙôʻʢʪʘ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʜʠʩʢʨʝʪʥʠʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ. ʋ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 0t  

ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʙôʻʢʪʘ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ, ʚʠʢʦʥʫʚʘʣʠ ʧʝʨʝ-

ʪʠʥ 1 ʟʘʛʦʪʦʚʢʠ ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ ʪʘ ʨʦʟʤʽʱʫʚʘʣʠ ʦʪʨʠʤʘʥʠʡ 

ʧʝʨʝʪʠʥ ʫ ʢʦʦʨʜʠʥʘʪʥʦʤʫ ʧʨʦʩʪʦʨʽ (y, z, t) ʟ ʜʚʦʤʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʦʩʷʤʠ 

2 (y), 3 (z) ʪʘ ʦʜʥʽʻʶ ʯʘʩʦʚʦʶ 4 (t). ʇʦʪʽʤ ʥʘ ʧʝʨʝʪʠʥʽ 1 ʫ ʚʠʙʨʘʥʠʭ ʪʦʯ-

ʢʘʭ (ʚʫʟʣʘʭ ʩʽʪʢʠ) ʦʙôʻʢʪʘ ʨʦʟʤʽʱʫʚʘʣʠ ʤʘʨʢʝʨʠ 
111 ,, CBA . 

 
ʈʠʩʫʥʦʢ ï ʉʧʦʩʽʙ ʪʨʠʚʠʤʽʨʥʦʾ ʜʝʤʦʥʩʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘ-

ʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʽʚ 

ɼʘʣʽ ʧʝʨʝʪʠʥ 1 ʟ ʪʦʯʢʘʤʠ 
11, BA ʪʘ 

1C  ʧʝʨʝʤʽʱʫʚʘʣʠ ʫ ʧʨʦʩʪʦʨʽ 

ʚʽʩʝʡ 2, 3, 4 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʤʝʥʪʽʚ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʫ ʯʘʩʽ ʪʘ ʬʽʢʩʫʚʘʣʠ 

ʧʦʣʦʞʝʥʥʷ ʤʘʨʢʝʨʽʚ ʫ ʧʨʦʩʪʦʨʽ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦ 
1t (ʧʦʣʦ-

ʞʝʥʥʷ ʤʘʨʢʝʨʽʚ 
222 ,, CBA ). ʌʦʨʤʘ ʧʝʨʝʪʠʥʫ 1 ʟʘʛʦʪʦʚʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠʡʤʘʣʘ ʚʠʛʣʷʜ 14. ʇʨʠ ʮʴʦʤʫ ʟôʻʜʥʫʚʘʣʠ ʚʽʜʧʦʚʽʜʥʽ 

ʧʦʣʦʞʝʥʥʷ ʤʘʨʢʝʨʽʚ ʫ ʧʨʦʩʪʦʨʽ ʢʨʠʚʠʤʠ 5, 6, 7 ʪʘ ʚʠʢʦʥʫʚʘʣʠ ʾʭ ʧʨʦʝʢ-

ʮʽʶ 8, 9, 10 ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʣʦʱʠʥʫ 11, ʩʪʚʦʨʝʥʫ ʦʩʷʤʠ 2, 4 (y, t). 

ʊʦʯʢʠ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʾʭ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʝʢʮʽʾ ʩʪʚʦʨʶʚʘʣʠ ʫʪʚʦʨʶʶʯʫ ʜʣʷ 

ʧʦʚʝʨʭʥʽ 12, ʥʘ ʷʢʽʡ ʚʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʽ ʷʢʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 11 (y, t). ʇʦʪʽʤ ʥʘ ʮʽʡ ʧʦʚʝʨʭʥʽ 12 ʜʣʷ ʚʠʙʨʘʥʠʭ ʪʦʯʦʢ 

(ɸ1, ʉ1) ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʟʥʘʯʝʥʥʷ ʚʠʙʨʘʥʦʛʦ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʘ 

ʅɼʉ. ɿʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʢʘʟʫʚʘʣʠ ʚʽʜ ʧʨʦʝʢʮʽʡ ʪʨʘʻʢʪʦʨʽʡ 8, 

10 ʪʦʯʦʢ ɸ1, ʉ1 ʥʘ ʧʣʦʱʫ 11 ʫ ʚʠʛʣʷʜʽ ʧʨʦʩʪʦʨʦʚʠʭ ʢʨʠʚʠʭ 13. ʊʘʢʠʤ 
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ʯʠʥʦʤ ʦʪʨʠʤʫʚʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘ ʝʢʨʘʥʽ ʜʠʩʧʣʝʶ ʪʨʘʻʢʪʦʨʽʡ ʟʤʽʥʠ 

ʟʘʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʅɼʉ ʫ ʚʠʙʨʘʥʠʭ ʪʦʯʢʘʭ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ɸ1, ʉ1 ʜʦ ʢʽʥʮʝʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ɸ2, ʉ2.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʪʨʠʚʠʤʽʨʥʦʾ ʜʝʤʦʥʩʪʨʘʮʽʾ 

ʅɼʉ ʦʙôʻʢʪʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʜʝʤʦʥʩʪʨʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʅɼʉ 

ʧʦ ʧʝʨʝʪʠʥʫ ʦʙôʻʢʪʘ ʧʨʠ ʟʤʽʥʝʥʥʽ ʡʦʛʦ ʬʦʨʤʠ ʚ ʧʨʦʮʝʩʽ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʦʢʘʟʫ ʜʘʥʠʭ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʪʘʢʦʾ 

ʤʦʜʝʣʽ ʚʦʥʘ ʤʦʞʝ ʘʥʘʣʽʟʫʚʘʪʠʩʷ ʽʟ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʪʝʭ-

ʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʚʽʨʪʫʘʣʴʥʦʾ ʘʙʦ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 
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ʄʆɼɽʃɯ ɼʆʉʊʋʇʋ ɼʆ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʈɽʉʋʈʉɯɺ ɺ 

ʄɽʈɽɾɯ INTERNET  
ɺ.ɺ. ʂʘʟʠʤʠʨ, ɸ.ʖ. ʉʦʣʜʘʪʦʚ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ , ʋʢʨʘʾʥʘ 

 

ɺ ʥʘʰ ʯʘʩ ʟôʷʚʣʷʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ web-ʨʝʩʫʨʩʽʚ, ʢʦʥʪʝʥʪ 

ʷʢʠʭ ʻ ʥʝʜʦʧʫʩʪʠʤʠʤ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ ʘʙʦ ʚ ʜʝʷʢʠʭ 

ʨʝʛʽʦʥʘʭ ʥʘʰʦʾ ʢʨʘʾʥʠ, ʦʩʦʙʣʠʚʦ ʚ ʪʠʭ ʨʝʛʽʦʥʘʭ, ʜʝ ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ 

ʚʽʜʽʛʨʘʻ ʽʥʬʦʨʤʘʮʽʡʥʘ ʚʽʡʥʘ. 

ɿʛʽʜʥʦ ʟ ʫʢʘʟʦʤ ʧʨʝʟʠʜʝʥʪʘ ʇʝʪʨʘ ʇʦʨʦʰʝʥʢʘ ˉ133 ʚʽʜ 15 ʪʨʘʚʥʷ 

2017 ʨʦʢʫ ʧʨʦ ʟʘʙʦʨʦʥʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʨʦʩʽʡʩʴʢʠʭ ɿʄɯ ʽ ʩʦʮ-

ʤʝʨʝʞ, ʫʢʨʘʾʥʩʴʢʽ ʧʨʦʚʘʡʜʝʨʠ ʪʘ ʦʧʝʨʘʪʦʨʠ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʦʚʠʥʥʽ 

ʟʘʙʣʦʢʫʚʘʪʠ ʨʦʩʽʡʩʴʢʽ ʨʝʩʫʨʩʠ. 
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ʆʜʥʠʤʠ ʽʟ ʤʝʪʦʜʽʚ ʙʣʦʢʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʥʘ ʧʝʚʥʽʡ ʪʝʨʠʪʦʨʽʾ ʷʚʣʷ-

ʻʪʴʩʷ ʙʣʦʢʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʟʘ ʾʭʥʴʦʶ  IP-ʘʜʨʝʩʦʶ, ʙʣʦʢʫʚʘʥʥʷ URL-

ʘʜʨʝʩʠ ʘʙʦ ʥʘ ʨʽʚʥʽ DNS. ɺ ʜʘʥʠʭ ʤʝʪʦʜʘʭ ʙʣʦʢʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 

ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʽ ʤʦʜʝʣʽ OSI, ʘ ʩʘʤʝ ʚ ʟʘʤʽʥʽ IP ʘʜʨʝʩʠ ʟʘʙʣʦʢʦʚʘʥʦʛʦ 

ʨʝʩʫʨʩʫ ʥʘ IP ʘʜʨʝʩʫ ʩʘʡʪʫ ʟʘʛʣʫʰʢʠ. 

ɿʘʛʘʣʴʥʘ ʤʦʜʝʣʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ, ʦʧʠʩʘʥʠʭ ʚʠʱʝ, ʚʠʛʣʷʜʘʻ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

1) ʇʨʦʚʘʡʜʝʨ ʬʦʨʤʫʻ ʩʧʠʩʦʢ IP-ʘʜʨʝʩ ʟʘʙʣʦʢʦʚʘʥʠʭ ʨʝʩʫʨʩʽʚ. 

2) ʂʦʨʠʩʪʫʚʘʯ ʚʚʦʜʠʪʴ ʚ ʙʨʘʫʟʝʨ ʥʝʦʙʭʽʜʥʠʡ ʡʦʤʫ ʨʝʩʫʨʩ. 

3) ʇʨʦʚʘʡʜʝʨ ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ ʜʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʧʝʨʝʚʽʨʷʻ IP ʘʜ-

ʨʝʩʫ ʟʘʧʠʪʫʚʘʥʦʛʦ web-ʨʝʩʫʨʩʫ. 

4) ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʤʽʥʶʻʪʴʩʷ IP ʘʜʨʝʩʘ ʚ ʧʘʢʝʪʽ ʜʘʥʠʭ IP ʧʨʦ-

ʪʦʢʦʣʫ. 

5) ʂʦʨʠʩʪʫʚʘʯ ʧʝʨʝʥʘʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʩʘʡʪ-ʟʘʛʣʫʰʢʫ ʚʽʜ ʧʨʦʚʘʡ-

ʜʝʨʘ. 

ɺ ʜʘʥʽʡ ʤʦʜʝʣʽ ʻ ʨʷʜ   ʥʝʜʦʣʽʢʽʚ:  

1) ʇʦʪʨʽʙʥʦ ʢʦʞʝʥ ʜʝʥʴ ʤʦʥʽʪʦʨʠʪʠ Internet ʜʣʷ ʦʙʥʦʚʣʝʥʥʷ ʩʧʠ-

ʩʢʫ ʟʘʙʣʦʢʦʚʘʥʠʭ IP-ʘʜʨʝʩ, ʘʜʞʝ ʙʫʜʴ-ʷʢʠʡ ʩʘʡʪ ʤʦʞʝ ʟʤʽʥʠʪʠ ʩʚʦʶ ʘʜ-

ʨʝʩʫ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʥ ʩʪʘʥʝ ʜʦʩʪʫʧʥʠʤ.  

2) ɿʘ ʦʜʥʽʻʁ IP-ʘʜʨʝʩʦʶ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ ʜʝʢʽʣʴʢʘ ʨʝʩʫʨʩʽʚ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʥʝ ʟʘʙʣʦʢʦʚʘʥʽ, ʱʦ ʩʫʧʝʨʝʯʠʪʴ ʧʨʘʚʘʤ ʣʶʜʠʥʠ.  

3) ʊʨʝʪʽʤ ʥʝʜʦʣʽʢʦʤ ʷʚʣʷʻʪʴʩʷ ʥʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʤʝʪʦʜʫ 
ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʾʾ ʤʦʞʥʘ ʜʦʩʠʪʴ ʣʝʛʢʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ VPN, Tor ʘʙʦ 

Proxy-ʩʝʨʚʝʨʽʚ. 

VPN ʨʦʟʰʠʬʨʦʚʫʻʪʴʩʷ ʷʢ Virtual Private Network (ʧʨʠʚʘʪʥʘ ʚʽʨʪʫʘ-

ʣʴʥʘ ʤʝʨʝʞʘ). ʇʽʜʢʣʶʯʝʥʥʷ ʜʦ ʪʘʢʦʾ ʤʝʨʝʞʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʝʨʭ ʚʘʰʦʛʦ 

ʟʚʠʯʘʡʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʟ ʽʥʪʝʨʥʝʪʦʤ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

VPN-ʤʝʨʝʞʽ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʜʦʤʘʰʥʻ ʟ'ʻʜʥʘʥʥʷ ʟ ʽʥʪʝʨ-

ʥʝʪʦʤ. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ VPN ʽ ʟʚʠʯʘʡʥʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ ʧʦʣʷ-

ʛʘʻ ʚ ʰʠʬʨʫʚʘʥʥʽ. ɺʩʽ ʜʘʥʽ, ʧʝʨʝʜʘʥʽ ʧʦ VPN, ʧʽʜʜʘʶʪʴʩʷ ʰʠʬʨʫʚʘʥʥʶ, 

ʪʘ ʥʝʜʦʩʪʫʧʥʽ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʪʨʝʪʽʤ ʦʩʦʙʘʤ. 

VPN-ʟ'ʻʜʥʘʥʥʷ ʟʘʚʞʜʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʘʥʘʣʫ ʪʠʧʫ çʪʦʯʢʘ-ʪʦʯʢʘè, ʪʘ-

ʢʦʞ ʚʽʜʦʤʦʛʦ ʧʽʜ ʥʘʟʚʦʶ çʪʫʥʝʣʴè. ʊʫʥʝʣʴ ʩʪʚʦʨʶʻʪʴʩʷ ʚ ʥʝʟʘʭʠʱʝʥʽʡ 

ʤʝʨʝʞʽ, ʚ ʷʢʦʩʪʽ ʷʢʦʾ ʥʘʡʯʘʩʪʽʰʝ ʚʠʩʪʫʧʘʻ ɯʥʪʝʨʥʝʪ. ʂʦʞʝʥ çpeerè(ʚʫʟʦʣ 

ʜʘʥʦʛʦ ʟôʻʜʥʘʥʥʷ) ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ʜʦ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʧʦ-

ʪʨʘʧʣʷʪʴ ʚ ʪʫʥʝʣʴ, ʽ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʮʠʭ ʜʘʥʠʭ ʚʽʜʙʫʜʝʪʴʩʷ ʧʽʩʣʷ ʪʦʛʦ, 

ʷʢ ʚʦʥʠ ʧʦʢʠʥʫʪʴ ʪʫʥʝʣʴ. 

ʇʽʩʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ VPN-ʩʝʨʚʝʨʘ ʚʩʽ ʜʘʥʽ ʧʦʯʠʥʘʶʪʴ ʧʝʨʝʜʘʚʘʪʠʩʷ 

ʤʽʞ ʚʘʰʠʤ ʇʂ ʽ ʩʝʨʚʝʨʦʤ ʚ ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ. ʋʞʝ ʟ VPN-ʩʝʨʚʝʨʘ 

ʚʩʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʟʦʚʥʽʰʥʽʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʚʠ ʟʘʧʠʪʫʻʪʝ. ʅʘ ʙʣʦʢʫ-

ʚʘʥʥʽ ʨʝʩʫʨʩʽʚ ʟʘ ʾʭʥʴʦʶ IP-ʘʜʨʝʩʦʶ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʦʚʘʡʜʝʨ ʥʝ ʟʤʦʞʝ 
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ʚʽʜʩʣʽʜʢʫʚʘʪʠ ʟʘʧʠʪʫʚʘʥʠʡ web-ʨʝʩʫʨʩ, ʪʦʤʫ ʱʦ ʜʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟʘʰʠ-

ʬʨʦʚʘʥʘ, ʘ ʩʘʤ ʟʘʧʠʪ ʜʦ ʟʘʧʠʪʫʚʘʥʦʛʦ web-ʨʝʩʫʨʩʫ ʧʝʨʝʜʘʻ VPN-ʩʝʨʚʝʨ. 

ɺʽʥ ʞʝ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʪʨʠʤʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʚʽʜʧʦʚʽʜʽ ʚ ʟʘʰʠʬʨʦʚʘʥʦʤʫ 

ʚʠʛʣʷʜʽ ʚʽʜ ʟʘʙʣʦʢʦʚʘʥʦʛʦ ʩʘʡʪʫ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʚʽʜ ʨʦʟʨʦʙʥʠʢʽʚ VPN-

ʩʝʨʚʝʨʽʚ, ʘʣʝ ʮʝ ʪʨʠʚʘʣʠʡ ʧʨʦʮʝʩ, ʽ ʥʝ ʟʘʚʞʜʠ ʫʩʧʽʰʥʠʡ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʘ ʤʦʜʝʣʴ ʙʣʦʢʫʚʘʥʥʷ web-ʨʝʩʫʨʩʽʚ ï DPI(Deep 

Packet Inspection). 

DPI - ʪʝʭʥʦʣʦʛʽʷ ʥʘʢʦʧʠʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʧʝʨʝʚʽʨʢʠ ʽ ʬʽʣʴ-

ʪʨʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʧʘʢʝʪʽʚ ʧʦ ʾʭ ʚʤʽʩʪʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʨʘʥʜʤʘʫʝʨʽʚ, 

Deep Packet Inspection ʘʥʘʣʽʟʫʻ ʥʝ ʪʽʣʴʢʠ ʟʘʛʦʣʦʚʢʠ ʧʘʢʝʪʽʚ, ʘ ʡ ʧʦʚʥʠʡ 

ʚʤʽʩʪ ʪʨʘʬʽʢʫ ʥʘ ʨʽʚʥʷʭ ʤʦʜʝʣʽ OSI ʟ ʜʨʫʛʦʛʦ ʽ ʚʠʱʝ. Deep Packet Inspec-

tion ʟʜʘʪʥʝ ʚʠʷʚʣʷʪʠ ʽ ʙʣʦʢʫʚʘʪʠ ʚʽʨʫʩʠ, ʬʽʣʴʪʨʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʥʝ 

ʟʘʜʦʚʦʣʴʥʷʻ ʟʘʜʘʥʠʤ ʢʨʠʪʝʨʽʷʤ. 

Deep Packet Inspection ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʧʦ ʚʤʽʩʪʫ 

ʧʘʢʝʪʽʚ, ʘʣʝ ʽ ʟʘ ʥʝʧʨʷʤʠʤʠ ʦʟʥʘʢʘʤʠ, ʚʣʘʩʪʠʚʠʤ ʧʝʚʥʠʤ ʤʝʨʝʞʝʚʠʤ 

ʧʨʦʛʨʘʤʘʤʠ ʽ ʧʨʦʪʦʢʦʣʘʤ. 

ʊʝʭʥʦʣʦʛʽʷ DPI, ʷʢ ʧʨʘʚʠʣʦ, ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʢʦʨʜʦʥʽ ʤʝʨʝʞʽ ʧʨʦ-

ʚʘʡʜʝʨʘ, ʪʠʤ ʩʘʤʠʤ, ʚʝʩʴ ʪʨʘʬʽʢ, ʷʢʠʡ ʟʘʣʠʰʘʻ ʘʙʦ ʚʭʦʜʠʪʴ ʚ ʤʝʨʝʞʫ 

ʧʨʦʚʘʡʜʝʨʘ, ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ DPI, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʘ ʢʦʥʪʨʦʣʶ. 

DPI ʚʠʷʚʣʷʻ ʧʽʜʦʟʨʽʣʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʘʧʠʪʽʚ ʜʦ web-ʨʝʩʫʨʩʫ, ʘʥʘʣʽ-

ʟʫʻ ʚʤʽʩʪ ʧʘʢʝʪʽʚ ʥʘ ʚʤʽʩʪ ʚʠʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʣʘʩʪʠʚʽ ʢʦʥʢʨʝʪʥʠʤ 

ʚʠʜʘʤ ʽʥʪʝʨʥʝʪ-ʘʢʪʠʚʥʦʩʪʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʥʘ 

ʚʽʜʩʣʽʜʢʫʚʘʪʠ ʧʦʚʥʫ ʘʢʪʠʚʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʤʝʨʝʞʽ. DPI 

ʤʦʞʝ ʚʽʜʩʣʽʜʢʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ VPN-ʧʨʦʛʨʘʤ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʜʘʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʘ, ʘʣʝ ʜʫʞʝ ʜʦʨʦʛʘ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ 

ʥʘʰʽʡ ʢʨʘʾʥʽ.  

ɺ ʥʘʰ ʯʘʩ ʽʩʥʫʻ ʙʦʨʦʪʴʙʘ ʤʽʞ ʤʝʪʦʜʘʤʠ ʙʣʦʢʫʚʘʥʥʷ web-ʨʝʩʫʨʩʽʚ ʪʘ 

ʤʝʪʦʜʘʤʠ ʾʭ ʦʙʭʦʜʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʪʝʭʥʦʣʦʛʽʶ DPI ʪʘʢʦʞ ʤʦʞʥʘ 

ʦʙʽʡʪʠ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʷʢ ʙʫʣʘ ʥʘʣʘʰʪʦʚʘʥʘ ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʚ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʨʝʛʽʩʪʨ ʩʠʤʚʦʣʽʚ ʚ ʟʘʧʠʪʽ, ʱʦ ʧʨʠʚʝʜʝ 

ʜʦ ʪʦʛʦ, ʱʦ DPI ʅʝ ʨʦʟʧʽʟʥʘʻ ʜʘʥʠʡ ʟʘʧʠʪ ʷʢ ʧʽʜʦʟʨʽʣʠʡ. VPN-ʟô̒ ʜʥʘʥʥʷ 

ʤʦʞʥʘ ʤʘʩʢʫʚʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

443, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ HTTP ʟô̒ ʜʥʘʥʥʽ DPI ʪʘʢʦʞ ʙʫʜʝ ʥʝ ʚ 

ʟʤʦʟʽ ʟʘʙʣʦʢʫʚʘʪʠ, ʪʦʤʫ ʱʦ ʜʦʚʝʜʝʪʴʩʷ ʙʣʦʢʫʚʘʪʠ ʚʝʩʴ HTTP-ʪʨʘʬʽʢ. 

ɸʣʝ ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʷʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʽ ʾʾ ʤʦʞʥʘ ʚʜʦʩʢʦ-

ʥʘʣʶʚʘʪʠ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ VPN-ʪʨʘʬʽʢʫ. 

 

 

 



335 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʉʪʦʣʣʠʥʛʩ ɺ. ʆʩʥʦʚʳ ʟʘʱʠʪʳ ʩʝʪʝʡ. ʇʨʠʣʦʞʝʥʠʷ ʠ ʩʪʘʥʜʘʨʪʳ 

= Network Security Essentials. Applications and 

Standards. ð ʄ.: çɺʠʣʴʷʤʩè, 2002. ð ʉ. 432. ð ISBN 0-13-016093-8. 

2. ʀʚʘʥʦʚ ʄ. ɸ. ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʩʝʪʷʭ. ð ʄ.: ʂʋɼʀʎ-ʆɹʈɸɿ, 

2001. ð 368 ʩ. 

3. ɯʥʪʝʨʥʝʪ ʨʝʩʫʨʩ: Requirements for deep packet inspection in Next 

Generation Networks (Y.2770)  

4. ɯʥʪʝʨʥʝʪ ʨʝʩʫʨʩ : https://blog.themarfa.name/kak-rabotaiet-vpn-i-

pochiemu-eto-luchshie-tor-ili -proxy/ 

5. ɯʥʪʝʨʥʝʪ ʨʝʩʫʨʩ: https://nv.ua/techno/it-industry/openvpn-protiv-dpi-

2468387.html. 

 

ʋɼʂ 517.957 

ɸʈʍɯʊɽʂʊʋʈɸ ʄʆɼɽʃɽʁ ʉʀʉʊɽʄʀ ɹɽɿʇɽʂʀ ʄɽʈɽɾɯ 

ɯʅʊɽʈʅɽʊʋ ʈɽʏɽʁ ʅɸ ɹɸɿɯ ʆʉ ANDROID 

ɺ.ɺ. ʂʘʟʠʤʠʨ, ɯ.ɯ. ʂʘʨʧʘʯʝʚ, ʉ.ɺ. ʃʠʪʚʠʥ ,ɸ.ʄ. ʋʩʽʢ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ - ʮʝ ʛʣʦʙʘʣʴʥʘ ʤʝʨʝʞʘ ʢʦʤʧ'ʶʪʝʨʽʚ, ʜʘʪʯʠʢʽʚ (ʩʝʥʩʦ-

ʨʽʚ) ʽ ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʩʪʨʦʾʚ (ʘʢʪʫʘʪʦʨʽʚ), ʱʦ ʟʚ'ʷʟʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʨʥʝʪ ʧʨʦʪʦʢʦʣʫ IP (Internet Protocol). ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʦʾ ʟʘʜʘʯʽ ʢʦʤʧ'ʶʪʝʨ ʟʚ'ʷʟʫʻʪʴʩʷ ʯʝʨʝʟ ʧʫʙʣʽʯʥʠʡ ʽʥʪʝʨʥʝʪ 

ʟ ʥʝʚʝʣʠʢʠʤ ʧʨʠʩʪʨʦʻʤ, ʜʦ ʷʢʦʛʦ ʧʽʜʢʣʶʯʝʥʠʡ ʚʽʜʧʦʚʽʜʥʠʡ ʜʘʪʯʠʢ 

(ʥʘʧʨʠʢʣʘʜ, ʪʝʤʧʝʨʘʪʫʨʠ) [1]. 

ʆʩʢʽʣʴʢʠ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʚʘʞʣʠʚʦ ʤʘʪʠ ʫʟʛʦʜʞʝ-

ʥʠʡ ʩʪʘʥʜʘʨʪ ʩʫʤʽʩʥʦʩʪʽ, ʷʢʠʡ ʙʝʟʧʝʯʥʠʡ ʽ ʜʽʡʩʥʠʡ [2]. ʗʩʢʨʘʚʠʤ ʧʨʠ-

ʢʣʘʜʦʤ ʪʘʢʦʛʦ ʩʪʘʥʜʘʨʪʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ çʉʪʘʥʜʘʨʪ ʦʮʽʥʶʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʙʝʟʧʝʢʠ ʜʦʜʘʪʢʽʚ - ASVS (Application Security Verification 

Standard)è [3].  ʎʝʡ ʩʪʘʥʜʘʨʪ ʚʩʪʘʥʦʚʣʶʻ ʚʠʤʦʛʠ ʱʦʜʦ ʦʮʽʥʶʚʘʥʥʷ ʞʫʨ-

ʥʘʣʽʚ ʨʝʻʩʪʨʘʮʽʾ ʧʦʤʠʣʦʢ, ʟʘʭʠʩʪʫ ʜʘʥʠʭ, ʙʝʟʧʝʢʠ ʢʦʤʫʥʽʢʘʮʽʡ, ʢʦʥʬʽʛʫ-

ʨʘʮʽʡ ʙʝʟʧʝʢʠ HTTP, ʢʦʥʪʨʦʣʶ ʟʘ ʰʢʽʜʣʠʚʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ, 

ʚʥʫʪʨʽʰʥʴʦʾ ʙʝʟʧʝʢʠ, ʙʽʟʥʝʩ-ʣʦʛʽʢʠ, ʬʘʡʣʽʚ ʽ ʨʝʩʫʨʩʽʚ, ʪʘ ʦʢʨʝʤʦ ʚʠʤʦʛʠ 

ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʽ ʚʝʙ-ʩʣʫʞʙ. ɿʘʛʘʣʴʥʦ, ʢʦʥʬʽʛʫʨʘʮʽʾ, 

ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ, ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʷʚʥʽʩʪʴ ʚ ʦʮʽʥʶʚʘʥʦʤʫ ʜʦ-

ʜʘʪʢʫ ʥʘʩʪʫʧʥʦʛʦ:  

¶ ʩʫʯʘʩʥʠʭ ʙʽʙʣʽʦʪʝʢ ʽ ʧʣʘʪʬʦʨʤ; 

¶ ʙʝʟʧʝʯʥʠʭ ʟʘ ʟʘʤʦʚʯʘʥʥʷʤ ʢʦʥʬʽʛʫʨʘʮʽʡ;  

https://ru.wikipedia.org/w/index.php?title=%D0%92%D0%B8%D0%BB%D1%8C%D1%8F%D0%BC%D1%81_(%D0%B8%D0%B7%D0%B4%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D1%81%D1%82%D0%B2%D0%BE)&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D0%B6%D0%B5%D0%B1%D0%BD%D0%B0%D1%8F:%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8_%D0%BA%D0%BD%D0%B8%D0%B3/0130160938
http://committee.tta.or.kr/include/Download.jsp?filename=choan%2F%5B2012-1357%5DY.2770.pdf
http://committee.tta.or.kr/include/Download.jsp?filename=choan%2F%5B2012-1357%5DY.2770.pdf
https://blog.themarfa.name/kak-rabotaiet-vpn-i-pochiemu-eto-luchshie-tor-ili-proxy/
https://blog.themarfa.name/kak-rabotaiet-vpn-i-pochiemu-eto-luchshie-tor-ili-proxy/
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¶ ʥʘʣʝʞʥʦʛʦ ʧʦʩʠʣʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʚʥʝʩʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʟʤʽʥ 

ʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʘ ʧʨʦʤʦʚʯʘʥʥʷʤ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʩʪʚʦʨʶʻ ʯʠ ʨʦʟʢʨʠʚʘʻ 

ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʘʙʦ ʙʘʟʦʚʠʭ ʩʠʩʪʝʤ. 

Google ʚʠʧʫʩʪʠʚ ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ Android Things 1.0 ʜʣʷ ʧʨʠ-

ʩʪʨʦʾʚ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ [4]. ʀ ʭʦʯʘ ʮʷ ʚʝʨʩʽʷ ʦʪʨʠʤʘʣʘ ʧʨʝʬʽʢʩ ʩʪʘʙʽʣʴ-

ʥʦʾ, ʚʦʥʘ ʧʦʪʨʝʙʫʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ ʜʦʜʘʪʢʽʚ. ɺʪʽʤ, ʚʠʢʦʨʠ-

ʩʪʦʚʫʶʯʠ Android Things, ʤʦʞʥʘ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʥʥʷ 

Android, ʱʦʙ ʩʪʚʦʨʠʪʠ ʜʦʜʘʪʦʢ Android Things, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʘʡʞʝ 

ʪʽ ʞ API.  

ɺʠʭʦʜʷʯʠ ʟ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʽʚ, ʥʘʙʽʨ ʤʦʜʝʣʝʡ, ʱʦ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝ-

ʯʠʪʠ ʧʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ, ʧʦʚʠʥʝʥ, ʷʢ ʤʽʥʽʤʫʤ, ʚʢʣʶʯʘʪʠ: 

¶ ʤʦʜʝʣʴ ʧʨʘʚ ʜʦʩʪʫʧʫ; 

¶ ʤʦʜʝʣʴ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʚʘʥʴ; 

¶ ʤʦʜʝʣʴ API-ʚʠʢʣʠʢʽʚ;  

¶ ʤʦʜʝʣʴ ʧʨʠʚʽʣʝʾʚ. 
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ɸɼɸʇʊɸʎɯʗ ɿɸʉʊʆʉʋʅʂɯɺ ɺ ʍʄɸʈʅʆʄʋ ʉɽʈɽɼʆɺʀʑɯ ʅɸ 

ʆʉʅʆɺɯ ʄʆɼɽʃɽʁ ʈʆɿɻʆʈʊɸʅʅʗ 
ɺ.ɺ. ʂʘʟʠʤʠʨ, ɺ.ɺ. ʉʫʧʨʫʥ, ɼ.ʄ. ʉʠʩʘ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ʇʘʨʘʜʠʛʤʘ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʟʥʘʡʰʣʘ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʪʷ-

ʛʦʤ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʨʦʢʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʠʭ ʨʝʩʫʨʩʽʚ ʚʠʷʚʠʣʦʩʴ ʟʨʫ-

ʯʥʠʤ ʚ ʙʘʛʘʪʴʦʭ ʚʽʜʥʦʰʝʥʥʷʭ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʩʧʨʘʚʣʷʪʠʩʷ ʟ ʩʝʨʚʽ-

ʩʘʤʠ ʨʽʟʥʦʛʦ ʯʘʩʦ-ʨʝʩʫʨʩʥʦʛʦ ʧʦʧʠʪʫ ʪʘ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʘ ʪʘʢʦʞ 
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ʫʥʠʢʘʪʠ ʚʠʩʦʢʠʭ ʧʦʯʘʪʢʦʚʽ ʽʥʚʝʩʪʠʮʽʾ ʚ IT ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʪʘʢ ʷʢ ʨʝʩʫ-

ʨʩʠ ʤʦʞʫʪʴ ʜʠʥʘʤʽʯʥʦ ʚʠʜʽʣʷʪʠʩʷ, ʥʘʚʽʪʴ ʷʢʱʦ ʧʦʧʠʪ ʥʝʚʽʜʦʤʠʡ ʟʘʟʜʘ-

ʣʝʛʽʜʴ [1]. 
ʆʜʥʘʢ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʝʨʝʚʘʛʫ ʚʽʜ ʛʥʫʯʢʦʩʪʽ ʨʝʩʫʨʩʽʚ, ʷʢʽ 

ʥʘʜʘʥʽ ʭʤʘʨʥʠʤʠ ʦʙʯʠʩʣʝʥʥʷʤʠ, ʟʘʩʪʦʩʫʥʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ 

ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ. ʂʣʽʻʥʪʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʠʡ ʧʦʛʣʷʜ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʚʠʢʦʥʘʥʥʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ, ʧʨʦʚʘʡʜʝʨʠ ʭʤʘʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤʘʶʪʴ ʜʦʩ-

ʪʫʧ ʜʦ ʧʦʪʨʽʙʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʦʜʘʪʢʫ, ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʜʝʪʘʣʽ ʽʥʬʨʘ-

ʩʪʨʫʢʪʫʨʠ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʨʦʙʠʪʠ ʘʜʘʧʪʘʮʽʶ ʙʽʣʴʰ ʝʬʝ-

ʢʪʠʚʥʦʶ ʪʘ ʫʩʧʽʰʥʦʶ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʮʽ ʤʦʞʣʠʚʦʩʪʽ, ʨʦʟʨʦʙʥʠʢʠ ʜʦ-

ʜʘʪʢʽʚ ʧʦʚʠʥʥʽ ʤʘʪʠ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʘʜʘʧʪʠʚʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʟʘʩʪʦʩʫʥʢʽʚ ʨʘʟʦʤ ʽʟ ʮʽʣʷʤʠ ʘʜʘʧʪʘʮʽʾ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʭ 

ʫʧʦʜʦʙʘʥʥʷ. 

ʆʩʥʦʚʥʠʤʠ ʦʙʦʚ'ʷʟʢʘʤʠ ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʭʤʘʨʥʦʛʦ 

ʟʘʩʪʦʩʫʥʢʫ ʻ: ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʨʦʟʛʦʨʪʢʘ ʟʘ-

ʩʪʦʩʫʥʢʫ ʽ ʢʦʥʪʨʦʣʴ ʪʘ ʘʜʘʧʪʘʮʽʷ ʥʘ ʝʪʘʧʽ ʡʦʛʦ ʨʦʙʦʪʠ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʽʥ-

ʬʨʘʩʪʨʫʢʪʫʨʦʶ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʇʆ ʽ ʟʘʧʫʩʢ ʭʤʘʨʥʠʭ ʩʝʨʚʽ-

ʩʽʚ, ʷʢ: ʨʦʟʧʦʜʽʣʴʥʠʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʙʘʟʠ ʜʘʥʠʭ, ʧʦʩʪʽʡʥʘ ʧʘʤ'ʷʪʴ ʘʙʦ 

ʢʝʰ. ʉʘʤʦʩʪʽʡʥʝ (ʨʫʯʥʝ) ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ð ʛʨʦʤʽʟʜʢʝ ʪʘ 

ʥʝʩʪʽʡʢʝ ʜʦ ʧʦʤʠʣʦʢ, ʘ ʪʘʢʦʞ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ, ʪʘʢʝ ʷʢ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽʜʝʥʪʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ 

ʪʝʩʪʫʚʘʥʥʷ. ɹʽʣʴʰ ʪʦʛʦ, ʥʘʣʝʞʥʘ ʟʤʽʥʘ ʢʝʨʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʨʦ-

ʩʪʦ ʥʝʤʦʞʣʠʚʘ. ʄʦʜʝʣʴʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʜʦʧʦʤʘʛʘʻ ʧʦʜʦʣʘʪʠ ʮʽ ʦʙʤʝʞʝʥʥʷ.  

ɸʣʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʠ ʩʢʣʘʜʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʪʦʧʦʣʦʛʽʾ ʟʘ-

ʩʪʦʩʫʥʢʽʚ ʪʘ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, ʥʘʧʨʠʢʣʘʜ, ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ, ʝʥʝʨʛʦʟʘʪ-

ʨʘʪ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ ʢʽʥ-

ʮʝʚʦʛʦ ʪʝʨʤʽʥʫ [2]. ʅʘ ʧʨʘʢʪʠʮʽ, ʧʨʦʚʘʡʜʝʨʠ ʭʤʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱ ʥʘʨʘʟʽ 

ʥʝ ʥʘʜʘʶʪʴ ʤʝʭʘʥʽʟʤʽʚ ʧʦʜʘʣʴʰʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʦʜʘʪʢʦʤ ʧʽʜ ʯʘʩ ʚʠʢʦ-

ʥʘʥʥʷ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙ-

ʥʠʢʘʤ ʟʘʩʪʦʩʫʥʢʽʚ ʩʪʚʦʨʶʚʘʪʠ ʪʦʯʢʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʧʨʦʚʘʡʜʝʨʽʚ. ʇʨʠ 

ʮʴʦʤʫ ʨʦʟʨʦʙʥʠʢʠ ʟʘʩʪʦʩʫʥʢʽʚ ʟʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʽ ʢʦʥʬʽ-

ʛʫʨʘʮʽʾ, ʱʦʙ ʚʠʟʥʘʯʘʪʠ ʮʽʣʽ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ ʧʨʦʛʨʘʤʘʤʠ, ʧʦʟʙʘʚʠʚʰʠ ʾʭ 

ʚʽʜ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʢʦʥʪʨʦʣʶ, ʷʢʽ ʧʨʦʧʦʥʫʻ ʧʨʦʚʘʡʜʝʨ.  ʇʨʦʚʘʡ-

ʜʝʨʠ ʭʤʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʭʦʯʘ ʽ ʤʘʶʪʴ ʙʽʣʴʰ ʛʣʠʙʦʢʝ ʨʦ-

ʟʫʤʽʥʥʷ ʘʜʘʧʪʘʮʽʾ ʟʘʩʪʦʩʫʥʢʽʚ, ʘʣʝ ʪʘʢʦʞ ʟʤʦʞʫʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʥʘʢʦʧʠʯʫʚʘʪʠ ʜʦʩʚʽʜ ʽ ʜʘʥʽ ʟ ʘʥʘʣʦʛʽʯʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʢʦʥʪʨʦʣʶ ʪʘ ʘʜʘʧʪʘʮʽʾ. 

ʄʦʜʝʣʽ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʟʘʩʪʦ-

ʩʫʥʢʽʚ ʚ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʅʘʧʨʠʢʣʘʜ, ʩʝʨʚʽʩ Amazon ʧʽʜ ʥʘʟʚʦʶ 
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CloudFormation ʤʘʻ ʧʨʝʜʤʝʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʫ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (DSL) 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʭʽʜʥʦʾ ʜʣʷ ʜʦʜʘʪʢʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʘ ʷʢʘ ʤʦʞʝ ʙʫʪʠ  

ʟʘʙʝʟʧʝʯʝʥʘ ʚ ʦʜʠʥ ʢʨʦʢ [3]. CloudFormation ʢʦʤʧʘʥʽʾ Amazon ʥʘʜʘʻ ʩʝʨ-

ʚʽʩ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʰʘʙʣʦʥʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨ, ʱʦ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʢʦʣʝʢʮʽʾ ʩʭʦʞʠʭ ʨʝʩʫʨʩʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʾʭ ʚ 

ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. ʎʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʣʝʛʢʦ ʚʠʢʦʨʠʩʪʘʥʽ ʧʦ-

ʚʪʦʨʥʦ ʽ ʧʦʰʠʨʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʧʦʟʠʪʦʨʽʾʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʰʘʙ-

ʣʦʥʽʚ, ʜʦʧʦʤʘʛʘʶʯʠ ʚʩʪʘʥʦʚʠʪʠ ʪʘ ʨʦʟʧʦʚʩʶʜʠʪʠ ʥʘʡʢʨʘʱʽ ʧʨʘʢʪʠʯʥʽ 

ʨʽʰʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʟʘʩʪʦʩʫʥʢʽʚ. ʈʦʟʛʦʨʥʫʪʽ ʨʝʩʫʨʩʠ, ʥʘʧʨʠʢʣʘʜ ʚʽ-

ʨʪʫʘʣʴʥʽ ʤʘʰʠʥʠ, ʚʩʝ ʱʝ ʧʦʪʨʝʙʫʶʪʴ ʥʘʣʝʞʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʩʴʦʛʦ ʥʝʦʙʭʽʜʥʦʛʦ ʇʆ ʜʣʷ ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʥʢʘ, 

ʘ ʪʘʢʦʞ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʩʠʩʪʝʤʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʫʤʦʞʣʠ-

ʚʠʪʠ ʧʝʨʝʜʙʘʯʫʚʘʥʽ ʽ ʧʦʚʪʦʨʶʚʘʥʽ ʧʨʦʮʝʩʠ, ʤʦʜʝʣʽ ʨʦʟʛʦʨʪʘʥʥʷ ʚʠʢʦʨʠ-

ʩʪʦʚʫʶʪʴʩʷ ʟ ʤʝʪʦʶ ʫʚʽʤʢʥʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʩʝʨʚʝʨʘ 

ʟʘ ʩʭʝʤʦʶ ʟʘʚʯʘʩʥʦ ʚʠʟʥʘʯʝʥʠʭ ʩʧʝʮʠʬʽʢʘʮʽʡ.  

ʇʦʧʫʣʷʨʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʨʦʟʛʦʨʪʢʠ ʤʦʜʝʣʴʥʦʛʦ ʇʆ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʡ (ʘʥʛʣ. CM - configuration management), 

ʥʘʧʨʠʢʣʘʜ,  Chef, Puppet ʯʠ cfengine [3]. ʅʘʣʘʰʪʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʟʤʦʜʝ-

ʣʴʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʟʥʘʯʝʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ DSL, ʱʦ ʚʢʘʟʫ-

ʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʝ ʇʆ ʪʘ ʙʽʙʣʽʦʪʝʢʠ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽ ʬʘʡʣʠ ʥʘʣʘʰʪʫ-

ʚʘʥʴ ʪʘ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʟʘʩʪʦʩʫʥʢʽʚ, ʜʣʷ ʾʭ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʨʦ-

ʟʛʦʨʪʘʥʥʷ ʚʩʽʭ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʉʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʢʦʥʬʽʛʫʨʘʮʽʡ ʥʘʤʘʛʘ-

ʪʠʤʫʪʴʩʷ ʧʨʠʚʝʩʪʠ ʚʩʽ ʨʝʩʫʨʩʠ ʜʦ ʩʪʘʥʫ ʚʢʘʟʘʥʦʛʦ ʾʭ ʢʦʥʢʨʝʪʥʦʶ ʨʦʣʣʶ, 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʧʘʢʝʪʽʚ, ʨʦʟʛʦʨʪʘʥʥʷʤ ʬʘʡʣʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʪʘ ʧʝʨʝʟʘ-

ʧʫʩʢʫ ʧʦʪʨʽʙʥʠʭ ʩʝʨʚʽʩʽʚ. 
ɺʭʽʜʥʽ ʟʘʧʠʪʠ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ ʜʝʢʽʣʴʢʦʤʘ ʽʥʪʝʨʬʝʡʩʥʠʤʠ ʚʝʙ-

ʩʝʨʚʝʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʣʫʞʙʠ ʙʘʣʘʥʩʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʚʘʡʜʝʨʘ[4]. 

ɺʝʙ-ʩʝʨʚʝʨʠ ʦʪʨʠʤʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʘ-

ʣʘʥʩʫʶʯʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ, ʱʦ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʩʪʫʧʥʽ ʩʝʨʚʝʨʠ ʜʦʜʘʪʢʦʚʠʭ ʩʝʨʚʝʨʽʚ. ʉʝʨʚʝʨʠ ʟʘʩʪʦʩʫ-

ʥʢʽʚ ʚʠʢʦʥʫʶʪʴ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ ʪʘ ʦʪʨʠʤʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʢʣʘʩʪʝʨʫ ʙʘʟ ʜʘ-

ʥʠʭ. ɽʢʟʝʤʧʣʷʨʠ ʚʝʙ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʩʝʨʚʝʨʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʜʘʥʽ ʘʙʦ 

ʚʠʜʘʣʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʧʦʪʦʯʥʦʛʦ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ. ɯʥʜʠʚʽʜʫʘʣʴʥʠʡ ʘʜʘʧʪʘʮʽʡʥʠʡ ʢʦʤʧʦʥʝʥʪ ʢʦʥʪʨʦʣʶʻ ʷʢ-

ʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚʠʢʦʥʫʶʯʠ ʢʦʨʠʛʫʚʘʣʴʥʽ ʜʽʾ ʜʣʷ ʚʩʽʭ ʩʣʫʞʙ ʟʘʩʪʦ-

ʩʫʥʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʚʥʠʭ ʮʽʣʝʡ ʧʦʚʝʜʽʥʢʠ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʘʚ-

ʪʦʥʦʤʥʦʾ ʢʦʥʪʨʦʣʴʥʦʾ ʧʝʪʣʽ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʨʘʬʽʢʫ ʧʦʩʪʫ-

ʧʦʚʦ ʟʙʽʣʴʰʫʚʘʪʠʤʝʪʴʩʷ ʯʘʩ ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ ʜʽʾ ʢʝʰʘ ʬʨʘʛʤʝʥʪʘ ʜʦ 

ʧʝʚʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʚʝʙ-ʩʝʨʚʝʨʘʭ[5]. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ, 

ʤʦʜʫʣʴ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʟʘʧʫʱʝʥʠʡ ʫ ʧʨʠʢʣʘʜʘʭ ʩʝʨʚʝʨʘ ʟʘʩʪʦʩʫʥʢʽʚ, ʙʫʜʝ 
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ʣʠʰʝ ʧʦʚʝʨʪʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʢʝʰʦʚʘʥʦʾ ʛʨʫʧʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʘʙʦ ʩʧʠ-

ʩʦʢ ʥʘʡʙʽʣʴʰ ʧʨʠʜʙʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘʤʽʩʪʴ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʨʝʢʦʤʝʥ-

ʜʘʮʽʡ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʚʠʩʦʢʽ ʦʙʩʷʛʠ ʟʘʤʦʚʣʝʥʴ. ʎʝ ʟʤʝʥʰʠʪʴ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʥʘ ʙʘʟʫ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʩʝʨʚʝʨʠ ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ ʥʝʛʘʡʥʠʡ ʟʘʧʫʩʢ 

ʥʦʚʠʭ ʝʢʟʝʤʧʣʷʨʽʚ ʩʪʘʥʝ ʥʝ ʧʦʪʨʽʙʥʠʤ. ɸʥʘʣʦʛʽʯʥʦ, ʢʦʣʠ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʛʨʘʤʠ ʻ ʥʠʟʴʢʠʤ, ʚʝʙ-ʩʝʨʚʝʨʠ ʟʘʚʞʜʠ ʙʫʜʫʪʴ ʧʦʢʘʟʫʚʘʪʠ ʩʚʽʞʠʡ 

ʚʤʽʩʪ, ʘ ʤʦʜʫʣʴ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʠʪʴ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʫ ʨʝ-

ʢʦʤʝʥʜʘʮʽʶ. ʆʩʢʽʣʴʢʠ ʮʽ ʜʽʾ ʘʜʘʧʪʘʮʽʾ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʧʦʩʣʫʛ ʽ, 

ʦʪʞʝ, ʥʘ ʚʟʘʻʤʦʜʽʶ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʢʣʽʻʥʪ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʫʥʢ-

ʮʽʶ ʢʦʨʠʩʥʦʩʪʽ ʚ ʢʦʤʧʦʥʝʥʪʽ ʘʜʘʧʪʘʮʽʾ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʢʦʣʠ ʟʤʽʥʠʪʠ ʷʢ-

ʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʢʦʣʠ ʤʘʩʰʪʘʙʫʚʘʪʠ. 
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ʏʝʨʥʠʛʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʈʘʟʚʠʪʠʝ çʠʩʢʫʩʩʪʚʘè ʩʦʟʜʘʥʠʷ ʚʨʝʜʦʥʦʩʥʳʭ ʢʦʜʦʚ ʧʨʠʚʝʣʦ ʢʦ 

ʚʩʧʳʰʢʝ ʚʠʨʫʩʥʳʭ ʘʪʘʢ ʰʠʬʨʦʚʘʣʴʱʠʢʦʚ ʪʠʧʘ WannaCry ʠ Petya-A, 

ʩʪʘʚʰʠʭ ʧʨʠʯʠʥʘʤʠ ʧʦʪʝʨʴ ʫʥʠʢʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʩʩʠʚʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʄʝʭʘʥʠʟʤ ʟʘʨʘʞʝʥʠʷ ʤʘʰʠʥʳ-ʞʝʨʪʚʳ ʚʨʝ-
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ʜʦʥʦʩʥʳʤ ʢʦʜʦʤ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ, ʩʪʘʚʰʝʡ ʢʣʘʩʩʠʯʝʩʢʦʡ, ʫʣʦʚʢʝ ï ʬʠ-

ʰʠʥʛʦʚʦʤ ʧʠʩʴʤʝ ʩ ʧʨʠʢʨʝʧʣʝʥʥʳʤ ʪʝʢʩʪʦʚʳʤ ʜʦʢʫʤʝʥʪʦʤ. ʆʪʢʨʳʪʠʝ 

ʜʦʢʫʤʝʥʪʘ ʟʘʧʫʩʢʘʣʦ ʮʝʧʦʯʢʫ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʥʝ ʥʫʞʜʘʣʠʩʴ ʚ 

ʫʯʘʩʪʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦʜʦʙʥʘʷ ʫʷʟʚʠʤʦʩʪʴ ʧʨʠʤʝʥʷʣʘʩʴ ʪʘʢʞʝ ʠ ʩ ʮʝ-

ʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʝʡʣʦʛʛʝʨʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʢʦʧʣʝʥʠʝʤ ʠ ʦʪʧʨʘʚ-

ʢʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʣʦʛʠʥʦʚ ʠ ʧʘʨʦʣʝʡ [1]. 

ʇʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʪʘʣʠ ʧʨʠʯʠʥʦʡ 

ʫʩʠʣʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʚʦʧʨʦʩʫ ʧʝʨʩʦʥʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʀɹ ʩʦ ʩʪʦʨʦʥʳ 

ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʉʐɸ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ 14 ʣʝʪ ʇʨʝʟʠʜʝʥʪʦʤ ʉʐɸ ʠʥʠʮʠ-

ʠʨʦʚʘʥʘ ʥʘʮʠʦʥʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʧʦʚʳʰʝʥʠʶ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʥʘʮʠʦʥʘʣʴʥʦʡ ʝʞʝʛʦʜʥʦʡ ʢʘʤʧʘ-

ʥʠʠ National Cyber Security Awareness Month, ʧʨʦʭʦʜʷʱʝʡ ʚ ʦʢʪʷʙʨʝ, ʂʘ-

ʣʠʬʦʨʥʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ SANTA CRUZ (SANTA CRUZ THE 

UNIVERSITY OF CALIFORNIA) [2] ʧʨʝʜʩʪʘʚʠʣ ʘʢʮʠʶ ʧʦʜ ʜʝʚʠʟʦʤ 

çLock Down Your Loginè. ʎʝʣʴ ʘʢʮʠʠ ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʘʟʦʚʳʭ ʟʥʘ-

ʥʠʡ ʧʝʨʩʦʥʘʣʴʥʦʡ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦ-

ʧʨʦʩʘʤ ʙʝʟʦʧʘʩʥʦʡ ʘʚʪʦʨʠʟʘʮʠʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʦʩʥʦʚʘʤ ʠʥʪʝʨʥʝʪ-ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʚ ʩʦʮʩʝʪʷʭ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʬʠʰʠʥʛʦʚʳʤ ʘʪʘʢʘʤ, ʛʝʥʝʨʘʮʠʠ 

çʩʠʣʴʥʳʭè ʧʘʨʦʣʝʡ ʠ ʩʧʦʩʦʙʘʤ ʠʭ ʥʘʜʝʞʥʦʛʦ ʭʨʘʥʝʥʠʷ. 

ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʢʫʣʴʪʫʨʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʭʚʘʪʳʚʘʣʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʝ ʘʩʧʝʢʪʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʀʂʊ. ʊʘʢ, ʚʥʠʤʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʱʠʪʳ 

ʘʢʢʘʫʥʪʦʚ, ʧʝʨʩʦʥʘʣʴʥʳʭ ʛʘʜʞʝʪʦʚ, ʘ ʪʘʢʞʝ ʆʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ 

ʩʬʦʨʤʠʨʦʚʘʥʦ 9 ʚʦʧʨʦʩʦʚ, ʣʦʛʠʯʝʩʢʠ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʚ ʪʨʠ ʙʣʦʢʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʢʫʣʴʪʫʨʫ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʝʨ-

ʩʦʥʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʜʣʦʞʝʥʥʘʷ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʬʨʘʛʤʝʥʪʦʤ ʤʦʜʝʣʠ ʂʀɹ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʥʘʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʘʟʦʚʦʡ ʢʫʣʴʪʫʨʳ ʢʠʙʝʨ-

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝ ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʧʦʣʥʦʪʫ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦʩʪʴ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʪʘʢʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʢʘʢ ʢʫʣʴʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʯʥʳʝ ʠʣʠ ʭʦʪʷ ʙʳ ʯʠʩʣʦ-

ʚʳʝ ʚʭʦʜʷʱʠʝ ʧʝʨʝʤʝʥʥʳʝ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʬʦʨʤʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʤʝʞʜʫ ʚʭʦʜʘʤʠ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ, ʨʝʰʝʥʦ ʚʦʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ ʤʝʪʦʜʳ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʄʘʤʜʘʥʠ-ʘʣʛʦʨʠʪʤʝ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ ʧʝʨ-

ʩʦʥʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʦʩ-

ʧʦʣʴʟʫʝʤʩʷ ʧʘʢʝʪʦʤ Fuzzy Logic Toolbox ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʳ 

MATLAB. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʨʝʰʝʥʦ ʧʨʠʙʝʛʥʫʪʴ ʢ 

ʠʝʨʘʨʭʠʯʝʩʢʦʤʫ ʧʨʠʥʮʠʧʫ ʧʦʩʪʨʦʝʥʠʷ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʪʠʪʴ 
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ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣ ʠ ʣʝʛʢʦ ʦʧʝʨʠʨʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʚʭʦʜʦʚ [3]. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʪʨʝʤʷ ʧʦʜʩʠʩʪʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤʘʪʠʯʝʩʢʠʤ ʪʨʦʡʢʘʤ 

ʚʭʦʜʷʱʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʧʦʜʩʠʩʪʝʤʦʡ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭ 

ʚʳʭʦʜʦʚ ʫʧʦʤʷʥʫʪʳʭ ʧʦʜʩʠʩʪʝʤ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

(ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʥʝʯʝʪʢʘʷ ʙʘʟʘ ʟʥʘʥʠʡ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʤʦʜʝʣʠʨʫʶʱʝʡ ʟʘ-

ʚʠʩʠʤʦʩʪʴ y=f(x1,x2,x3,x4,x5,x6,x7,x8,x9) ʩ ʧʦʤʦʱʴʶ ʪʨʝʭ ʙʘʟ ʟʥʘʥʠʡ. 

ʕʪʠ ʙʘʟʳ ʟʥʘʥʠʡ ʦʧʠʩʳʚʘʶʪ ʪʘʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ: y1=f1(x1,x2,x3), 

y2=f2(x4,x5,x6), y3=f3(x7,y8,y9) ʠ y=f4(y1,y2,y3). 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʆʣʝʛ ʀʚʘʥʦʚ. ʂʠʙʝʨʧʨʝʩʪʫʧʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʧʦʩʣʝʜʥʠʝ ʫʷʟʚʠʤʦ-

ʩʪʠ Microsoft Office / Anti-Malware.ru [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʫ: https://www.anti-malware.ru/news/2018-01-22-

1447/25308. 

2. Lock Down Your Login / Santa Cruz The University of California 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʫ: https://its.ucsc.edu/se-

curity/lockdown.html#billy. 

3. ʐʪʦʚʙʘ, ʉ.ʇ. ɺʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʠ ʥʝʯʝʪʢʫʶ 

ʣʦʛʠʢʫ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʫ: 

http://matlab.exponenta.ru/fuzzylogic/book1/4_6.php. 
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ʋɼʂ 005.8 

ʂʈʆʉʉ-ɹʈɸʋɿɽʈʅɽ ʊɽʉʊʋɺɸʅʅʗ  

ʆ.ʆ. ɹʆʈʆɼɯʅɸ, ɼ.ʄ. ʂʈʀɺʀʎʂʀʁ  

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, ʋʢʨʘʾʥʘ 

 

ʇʽʜ ʢʨʦʩʙʨʘʫʟʝʨʥʽʩʪʶ ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʚʣʘʩʪʠʚʽʩʪʴ ʩʘʡʪʫ ʚʽʜʦʙʨʘʞʘ-

ʪʠʩʷ ʪʘ ʧʨʘʮʶʚʘʪʠ ʫ ʚʩʽʭ ʙʨʘʫʟʝʨʘʭ ʽʜʝʥʪʠʯʥʦ. ʇʽʜ ʽʜʝʥʪʠʯʥʽʩʪʶ ʨʦʟʫ-

ʤʽʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʴ ʨʦʟʚʘʣʽʚ ʚʝʨʩʪʢʠ ʪʘ ʟʜʘʪʥʽʩʪʴ ʚʽʜʦʙʨʘʞʘʪʠ ʤʘʪʝʨʽʘʣ 

ʟ ʦʜʥʘʢʦʚʠʤ ʩʪʫʧʝʥʝʤ ʯʠʪʘʙʝʣʴʥʦʩʪʽ [1].  

ɿʘʟʚʠʯʘʡ ʦʨʛʘʥʽʟʘʮʽʷ ʪʝʩʪʫʚʘʥʥʷ ʢʨʦʩʙʨʘʫʟʝʨʥʦʩʪʽ ʪʘ ʢʨʦʩʧʣʘʪʬʦʨ-

ʤʝʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʘʙʦ ʧʦʻʜʥʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ 

ʟ ʥʠʞʯʝʥʘʚʝʜʝʥʠʭ ʩʧʦʩʦʙʽʚ:  

1. ʊʝʩʪʫʚʘʥʥʷ ʥʘ ʬʽʟʠʯʥʠʭ ʧʨʠʩʪʨʦʷʭ. ʎʝʡ ʩʧʦʩʽʙ ʤʦʞʝ ʙʫʪʠ ʥʝ 

ʟʘʚʞʜʠ ʟʨʫʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʧʦʩʪʽʡʥʦ ʜʦʚʦʜʠʪʴʩʷ ʧʨʘʮʶʚʘʪʠ ʥʘ ʥʦʚʽʡ ʤʘ-

ʰʠʥʽ, ʜʣʷ ʷʢʦʾ ʤʦʞʝ ʥʝ ʽʩʥʫʚʘʪʠ ʟʚʠʯʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʥʝʦʙʭʽʜʥʦʛʦ ʚ ʧʨʦʮʝʩʽ ʪʝʩʪʫʚʘʥʥʷ. ʊʝʩʪʫʚʘʥʥʷ ʥʘ ʬʽʟʠʯʥʠʭ ʧʨʠʩʪʨʦʷʭ ʻ 

ʥʘʡʙʽʣʴʰ ʜʦʨʦʛʠʤ. ɼʦ ʧʝʨʝʚʘʛ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʪʝ, ʱʦ ʚʽʥ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ.  

2. ʉʘʤʦʩʪʽʡʥʘ ʝʤʫʣʷʮʽʷ ʥʝʦʙʭʽʜʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʎʝʡ ʩʧʦʩʽʙ ʻ ʟʥʘ-

ʯʥʦ ʜʝʰʝʚʰʠʤ ʟʘ ʧʦʧʝʨʝʜʥʽʡ, ʦʩʢʽʣʴʢʠ ʚʠʪʨʘʯʘʶʪʴʩʷ ʪʽʣʴʢʠ ʣʶʜʠʥʦ-ʛʦ-

ʜʠʥʠ ʜʣʷ ʝʤʫʣʷʮʽʾ ʥʝʦʙʭʽʜʥʠʭ ʧʣʘʪʬʦʨʤ. ʂʦʤʧʘʥʽʾ ʥʝ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʨʝ-

ʛʫʣʷʨʥʦ ʢʫʧʫʚʘʪʠ ʥʦʚʽ ʧʨʠʩʪʨʦʾ ʯʠ ʚʽʜʚʦʜʠʪʠ ʦʢʨʝʤʫ ʢʽʤʥʘʪʫ ʧʽʜ ʥʠʭ. 

ʅʝʜʦʣʽʢʘʤʠ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʻ ʪʝ, ʱʦ ʤʠ ʧʝʨʝʚʽʨʷʻʤʦ ʚʩʝ ʞ ʥʘ ʝʤʫʣʷʪʦ-

ʨʘʭ, ʘ ʥʝ ʥʘ ʬʽʟʠʯʥʠʭ ʤʘʰʠʥʘʭ ʽ ʪʦʤʫ ʽʥʦʜʽ ʨʝʟʫʣʴʪʘʪ ʪʝʩʪʫʚʘʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʥʝʚʘʣʽʜʥʠʤ.  

3. ʊʨʝʪʽʡ ʩʧʦʩʽʙ ð ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʽʚ, ʱʦ ʥʘʜʘ-

ʶʪʴ ʜʦʩʪʫʧ ʜʦ ʬʽʟʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʯʠ ʝʤʫʣʷʪʦʨʽʚ ʥʝʦʙʭʽʜʥʠʭ ʧʣʘʪʬʦʨʤ 

[2].  

ʅʘ ʧʨʘʢʪʠʮʽ ʟʘʟʚʠʯʘʡ ʦʙʤʝʞʫʶʪʴʩʷ ʪʽʣʴʢʠ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʤʠ ʙʨʘʫ-

ʟʝʨʘʤʠ, ʱʦ ʩʫʪʪʻʚʦ ʤʦʞʝ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ ʨʦʟʨʦʙʢʫ ʩʘʡʪʫ. ɺ ʜʘʥʠʡ ʤʦ-

ʤʝʥʪ ʽʩʥʫʻ ʙʝʟʣʽʯ ʙʨʘʫʟʝʨʽʚ, ʥʘʡʧʦʧʫʣʷʨʥʽʰʽ ʟ ʥʠʭ:  

Å Google Chrome (48,71% ʨʠʥʢʫ);  

Å Internet Explorer (18,91% ʨʠʥʢʫ);  

Å Mozilla Firefox (16,53% ʨʠʥʢʫ);  

Å Safari (10,21% ʨʠʥʢʫ);  

Å Opera (1,63% ʨʠʥʢʫ);  

Å ɯʥʰʽ (4,01% ʨʠʥʢʫ) [1].  

ʆʩʥʦʚʥʽ ʤʦʤʝʥʪʠ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ: ʚʝʨʩʪʢʘ (ʢʦʣʽʨ, ʰʨʠʬʪʠ, ʨʦʟʪʘʰʫ-

ʚʘʥʥʷ ʛʨʘʬʽʯʥʠʭ ʢʘʨʪʠʥʦʢ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ) ʡ JavaScript.  
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʨʦʩʙʨʘʫʟʝʨʥʦʩʪʽ ʪʝʩʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫ-

ʚʘʪʠ ʢʦʣʠ ʩʠʩʪʝʤʘ ʩʪʘʙʽʣʴʥʘ ʡ ʚʝʩʴ ʬʫʥʢʮʽʦʥʘʣ ʥʘʣʘʛʦʜʞʝʥʠʡ, ʽʥʘʢʰʝ 

ʙʫʜʫʪʴ ʚʠʥʠʢʘʪʠ ʧʦʤʠʣʢʠ, ʷʢʽ ʥʝ ʻ ʢʨʦʩʙʨʘʫʟʝʨʥʦʩʪʽ [3].  

ʇʨʠ ʪʝʩʪʫʚʘʥʥʽ ʢʨʦʩʙʨʘʫʟʝʨʥʦʩʪʽ ʤʠ ʧʝʨʝʚʽʨʷʻʤʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʝ-

ʨʩʪʢʫ ʧʨʦʛʨʘʤʠ ʘʙʦ ʩʘʡʪʫ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʝʨʝʚʽʨʢʫ ʢʦʨʝʢʪʥʦʩʪʽ ʨʦ-

ʟʪʘʰʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʥʘ ʩʪʦʨʽʥʮʽ, ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʰʨʠʬʪʽʚ 

ʽ ʢʦʣʴʦʨʫ ʪʘ ʽʥʰʝ, ʘ ʪʘʢʦʞ ʧʝʨʝʚʽʨʷʻʤʦ ʷʢ ʚʠʢʦʥʫʶʪʴʩʷ ʩʮʝʥʘʨʽʾ 

JavaScript [4].  

ʅʘʡʧʦʧʫʣʷʨʥʽʰʽ ʙʨʘʫʟʝʨʠ (Google Chrome, Mozilla Firefox) ʤʘʶʪʴ 

ʜʦʜʘʪʢʦʚʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʚʝʙ-ʤʘʡʩʪʨʽʚ, ʷʢʽ ʤʦ-

ʞʫʪʴ ʩʪʘʪʠ ʚ ʥʘʛʦʜʽ ʡ ʧʨʠ ʪʝʩʪʫʚʘʥʥʽ:  

- ʚʝʙ-ʽʥʩʧʝʢʪʦʨ; 

- ʜʠʩʧʝʪʯʝʨ ʟʘʚʜʘʥʴ;  

- ʚʽʜʣʘʜʯʠʢ JavaScript [1]. 
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ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ,ʋʢʨʘʾʥʘ 

ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʧʨʦʮʝʩ ʪʝʭʥʽʯʥʦʛʦ ʜʦʩʣʽ-

ʜʞʝʥʥʷ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʷʢʽʩʪʴ ʧʨʦʜʫʢʪʫ ʚʽ-

ʜʥʦʩʥʦ ʢʦʥʪʝʢʩʪʫ, ʚ ʷʢʦʤʫ ʚʽʥ ʤʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ. ʊʝʩʪʫʚʘʥʥʷ ʧʦʜʽ-

ʣʷʶʪʴ ʥʘ ʨʫʯʥʝ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ. 
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ʈʫʯʥʝ ʪʝʩʪʫʚʘʥʥʷ ʻ ʚʠʪʨʘʪʥʠʤ ʟʘ ʯʘʩʦʤ, ʪʨʫʜʦʤʽʩʪʢʠʤ ʡ ʯʘʩʪʦ ʤʦʥʦ-

ʪʦʥʥʠʤ ʧʨʦʮʝʩʦʤ. ʗʢʝ ʧʨʦʚʦʜʠʪʴʩʷ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʙʣʝʤ, ʦʩʦʙʣʠʚʦ 

ʧʨʠ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʘʭ ʡ ʞʦʨʩʪʢʠʭ ʪʝʨʤʽʥʘʭ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʧʦʣʽʧ-

ʰʠʪʠ ʪʝʩʪʫʚʘʥʥʷ ʜʦʜʘʪʢʽʚ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʢʦʨʝʢʪʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ, ʚʘʞʣʠʚʦ 

ʨʫʭʘʪʠʩʷ ʫ ʙʽʢ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʩʽʭ ʨʫʯʥʠʭ ʟʘʜʘʯ ʪʝʩʪʫʚʘʥʥʷ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʯʘʩʪʠʥʘ 

ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʝʪʘʧʽ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʧʨʦ-

ʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʗʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʣʷ ʚʠʢʦ-

ʥʘʥʥʷ ʪʝʩʪʽʚ ʪʘ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʥʷ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʩʢʦʨʦ-

ʪʠʪʠ ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʡ ʩʧʨʦʩʪʠʪʠ ʡʦʛʦ ʧʨʦʮʝʩ [1]. 

ʆʜʥʘʢ, ʥʝ ʚʘʨʪʦ ʜʫʤʘʪʠ, ʱʦ ʘʚʪʦʤʘʪʠʯʥʝ ʪʝʩʪʫʚʘʥʥʷ ʟʤʦʞʝ ʧʦʚʥʽʩʪʶ 

ʧʦʟʙʘʚʠʪʠ ɯʊ- ʽʥʜʫʩʪʨʽʶ ʚʽʜ ʨʫʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ. ɸʜʞʝ ʢʦʜ ʥʝ ʚʤʽʻ ʢʨʠ-

ʪʠʯʥʦ ʤʠʩʣʠʪʠ ʘʙʦ ʛʣʠʙʦʢʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʨʦʜʫʢʪ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʩʪʫ-

ʚʘʣʴʥʠʢʘ, ʷʢʠʡ ʤʦʞʝ ʚʠʡʪʠ ʟʘ ʨʘʤʢʠ ʩʮʝʥʘʨʽʶ ʨʦʙʦʪʠ. 

ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʠ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʩʪʫʚʘʥʥʷ [2]:  

- ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʢʦʜʫ ï ʚʽʜʥʦʩʷʪʴ ʟʦʢʨʝʤʘ, ʤʝʪʦʜ ʪʝʩʪʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʦʢʨʝʤʦʤʫ ʪʝʩʪʫʚʘʥʥʽ ʢʦʞ-

ʥʦʛʦ ʤʦʜʫʣʷ ʢʦʜʫ ʧʨʦʛʨʘʤʠ; 

- GUI-ʪʝʩʪʫʚʘʥʥʷ ï ̔ ʤʽʪʘʮʽʷ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽ-

ʘʣʴʥʠʭ ʪʝʩʪʦʚʠʭ ʬʨʝʡʤʚʦʨʢʽʚ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʦʶ ʬʦʨʤʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʻ ʪʝʩʪʫʚʘʥʥʷ ʜʦʜʘʪʢʽʚ ʯʝ-

ʨʝʟ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʦʧʫʣʷʨʥʽʩʪʴ ʪʘʢʦʛʦ ʚʠʜʫ ʪʝʩʪʫ-

ʚʘʥʥʷ ʧʦʷʩʥʶʻʪʴʩʷ ʜʚʦʤʘ ʬʘʢʪʦʨʘʤʠ: 

- ʧʦ-ʧʝʨʰʝ, ʜʦʜʘʪʦʢ ʪʝʩʪʫʻʪʴʩʷ ʪʠʤ ʞʝ ʩʧʦʩʦʙʦʤ, ʷʢʠʤ ʡʦʛʦ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʶʜʠʥʘ; 

- ʧʦ-ʜʨʫʛʝ, ʤʦʞʥʘ ʪʝʩʪʫʚʘʪʠ ʜʦʜʘʪʦʢ, ʥʝ ʤʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʜʦʩ-

ʪʫʧʫ ʜʦ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ. 

GUI-ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚʽʜʥʦʩʷʪʴ [2]: 

- ʋʪʠʣʽʪʠ ʟʘʧʠʩʫ ʽ ʚʽʜʪʚʦʨʝʥʥʷ ï ʟʘʧʠʩʫʶʪʴ ʜʽʾ ʪʝʩʪʫʚʘʣʴʥʠʢʘ 

ʧʽʜ ʯʘʩ ʨʫʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʪʝʩʪʠ ʙʝʟ ʧʨʷ-

ʤʦʾ ʫʯʘʩʪʽ ʣʶʜʠʥʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʙʫʜʴ-ʷʢʘ ʤʘʣʘ ʟʤʽʥʘ ʇɿ, ʱʦ ʪʝʩʪʫʻʪʴʩʷ 

ʚʠʤʘʛʘʻ ʧʝʨʝʟʘʧʠʩʫ ʨʫʯʥʠʭ ʪʝʩʪʽʚ. ʊʦʤʫ ʮʝ ʧʝʨʰʝ ʧʦʢʦʣʽʥʥʷ ʽʥʩʪʨʫʤʝ-

ʥʪʽʚ ʥʝ ʝʬʝʢʪʠʚʥʝ ʡ ʥʝ ʤʘʩʰʪʘʙʦʚʘʥʝ. 

- ʉʮʝʥʘʨʽʾ ï ʬʦʨʤʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʤʦʚʘʭ, ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝ-

ʥʠʭ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʩʪʫʚʘʥʥʷ ʇɿ ï ʧʦʤ'ʷʢʰʫʻ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ ʫʪʠʣʽʪ 

ʟʘʧʠʩʫ ʡ ʚʽʜʪʚʦʨʝʥʥʷ. ʉʢʨʠʧʪʠ ʥʘʡʙʽʣʴʰʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ GUI 

ʡ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʠʤʠ, ʧʘʢʝʪʥʠʤʠ ʘʙʦ ʚʟʘʛʘʣʽ ʙʫʜʴ-ʷʢʠʤ ʯʠ-

ʥʦʤ ʦʙ'ʻʜʥʘʥʽ ʚ ʩʠʩʪʝʤʫ.  

- Data-driven testing ï ʤʝʪʦʜʦʣʦʛʽʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʘʚʪʦʤʘ-

ʪʠʟʘʮʽʾ ʪʝʩʪʫʚʘʥʥʷ. ʆʩʦʙʣʠʚʽʩʪʶ ʻ ʪʝ, ʱʦ ʪʝʩʪʦʚʽ ʩʢʨʠʧʪʠ ʚʠʢʦʥʫʶʪʴʩʷ 
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ʡ ʚʝʨʠʬʽʢʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʤʫ ʩʭʦ-

ʚʠʱʽ ʜʘʥʠʭ ʘʙʦ ɹɼ. Data-driven testing ï ʦʙ'ʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʚʟʘʻʤʦʜʽ-

ʶʯʠʭ ʪʝʩʪʦʚʠʭ ʩʢʨʠʧʪʽʚ ʪʘ ʾʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʚ ʬʨʝʡʤʚʦʨʢ, ʷʢʠʡ ʚʠʢʦʨʠ-

ʩʪʦʚʫʻʪʴʩʷ ʚ ʤʝʪʦʜʦʣʦʛʽʾ.  

- Keyword-based ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʧʦʜʽʣ ʧʨʦʮʝʩʫ ʩʪʚʦ-

ʨʝʥʥʷ ʢʝʡʩʽʚ ʥʘ 2 ʝʪʘʧʠ: ʝʪʘʧ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʝʪʘʧ ʨʝʘʣʽʟʘʮʽʾ. 

ʌʨʝʡʤʚʦʨʢ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ï ʥʘʙʽʨ ʧʨʠʧʫʱʝʥʴ, ʢʦʥʮʝ-

ʧʮʽʡ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʪʨʠʤʢʫ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʪʘʢʦʾ ʩʪʨʫ-

ʢʪʫʨʠ ʻ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʗʢʱʦ ʻ ʟʤʽʥʠ ʚ ʙʫʜʴ-ʷʢʦʤʫ 

ʪʝʩʪ-ʢʝʡʩʽ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʦʥʦʚʠʪʠ ʪʽʣʴʢʠ ʪʝʩʪʦʚʠʡ ʬʘʡʣ ʪʝʩʪ-ʢʝʡʩʘ, ʘ ʩʮʝ-

ʥʘʨʽʡ ʜʨʘʡʚʝʨʽʚ ʡ ʩʮʝʥʘʨʽʡ ʟʘʧʫʩʢʫ ʟʘʣʠʰʠʪʴʩʷ ʫ ʩʪʘʨʦʤʫ ʬʘʡʣʽ. ɺ ʽʜʝ-

ʘʣʽ, ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʥʦʚʣʶʚʘʪʠ ʩʢʨʠʧʪʠ ʚ ʨʘʟʽ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʫ ʜʦ-

ʜʘʪʦʢ. 

ɺʠʜʠ ʬʨʝʡʤʚʦʨʢʽʚ [2]: 

Á ʃʽʥʽʡʥʠʡ; 

Á ʉʪʨʫʢʪʫʨʦʚʘʥʠʡ; 

Á ʈʫʭʦʤʠʡ ʜʘʥʠʤʠ; 

Á ʈʫʭʦʤʠʡ ʢʣʶʯʦʚʠʤ ʩʣʦʚʦʤ; 

Á ɻʽʙʨʠʜʥʠʡ; 

ɼʦ ʬʫʥʢʮʽʡ ʬʨʝʡʤʚʦʨʢʘ ʚʽʜʥʦʩʷʪʴ [2]: 

Á ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʘʪʫ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʦʯʽʢʫʚʘʥʥʷ; 

Á ʩʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʘʙʦ ʚʠʢʦʥʘʥʥʷ ʜʣʷ ʧʨʦʜʫ-

ʢʪʫ, ʱʦ ʪʝʩʪʫʻʪʴʩʷ; 

Á ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʽʚ; 

Á ʟʚʽʪʥʽʩʪʴ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʬʨʝʡʤʚʦʨʢʠ [2]: 

V Selenium ï ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʡ ʬʨʝʡʤʚʦʨʢ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ 

ʢʦʜʦʤ, ʧʨʠʟʥʘʯʝʥʠʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ. ʇʽʜʪʨʠ-

ʤʫʻʪʴʩʷ ʦʩʥʦʚʥʠʤʠ ʆʉ ʪʘ ʙʨʘʫʟʝʨʘʤʠ. ʉʢʨʠʧʪʠ ʜʣʷ Selenium ʩʪʚʦʨʶ-

ʶʪʴʩʷ ʥʘ Java, Groovy, Python, C#, PHP, Ruby ʪʘ Perl. 

V Katalon Studio ï ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦ-

ʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʪʘ ʚʝʙ-ʩʝʨʚʽʩʽʚ. ɺʠʨʽ-

ʟʥʷʻʪʴʩʷ ʣʝʛʢʽʩʪʶ ʚ ʥʘʧʠʩʘʥʥʽ ʩʢʨʠʧʪʽʚ. 

V UFT ï ʥʘʜʘʻ ʧʦʚʥʠʡ ʥʘʙʽʨ ʬʫʥʢʮʽʡ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ API, ʚʝʙ-ʩʝʨ-

ʚʽʩʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʝʩʢʪʦʧʥʠʭ, ʤʦʙʽ-

ʣʴʥʠʭ ʡ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʥʘ ʚʩʽʭ ʽʩʥʫʶʯʠʭ ʧʣʘʪʬʦʨʤʘʭ. ɼʣʷ ʥʘʧʠʩʘʥʥʷ 

ʩʢʨʠʧʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Visual Basic Scripting Edition. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʝʩʪʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʧʨʦʮʝʩ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ ʩʮʝʥʘʨʽʾʚ. ɼʘʥʠʡ ʚʠʜ ʪʝʩʪʫʚʘʥʥʷ ʥʘʡ-

ʙʽʣʴʰ ʧʽʜʭʦʜʠʪʴ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʦʚʦʜʠʪʴʩʷ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟ 

ʚʝʣʠʢʠʤ ʬʫʥʢʮʽʦʥʘʣʦʤ ʜʦ ʷʢʦʛʦ ʯʘʩʪʦ ʚʥʦʩʷʪʴʩʷ ʧʨʘʚʢʠ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. Test Automation [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ].ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ:: 

https://en.wikipedia.org/wiki/Test_automation#Framework_approach_in_au

tomation 

2. Selenium Documentation [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ].ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.seleniumhq.org/docs/ 

3. 3 misconception about test automation [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ].ï ʈʝ-

ʞʠʤ ʜʦʩʪʫʧʫ: http://www.abodeqa.com/3-misconceptions-test-automation/ 

 

ʋɼʂ 369.013 

ʆʉʆɹʃʀɺʆʉʊɯ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʈɽʌɽʈʋɺɸʅʅʗ ʊɽʂʉʊɯɺ 

ʆ.ʆ. ɹʆʈʆɼɯʅɸ, ʄ.ʆ. ɿʆɿʋʃʗ  

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, ʋʢʨʘʾʥʘ 

 

ʈʦʟʚʠʪʦʢ ʮʠʚʽʣʽʟʘʮʽʾ ʻ ʧʨʠʯʠʥʦʶ ʥʝʫʭʠʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʫ ʥʘ-

ʢʦʧʠʯʝʥʠʭ ʣʶʜʩʪʚʦʤ ʟʥʘʥʴ. ɺʞʝ ʽʩʥʫʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʚʝʨʩʽʾ ʙʘʛʘʪʴʦʭ 

ʢʥʠʛ, ʧʦʧʫʣʷʨʥʽ ʜʨʫʢʦʚʘʥʽ ʚʠʜʘʥʥʷ ʚʠʭʦʜʷʪʴ ʷʢ ʚ ʧʘʧʝʨʦʚʦʤʫ, ʪʘʢ ʽ ʚ 

ʝʣʝʢʪʨʦʥʥʦʤʫ ʚʠʛʣʷʜʽ, ʢʽʣʴʢʽʩʪʴ ʜʦʢʫʤʝʥʪʽʚ ʫ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʟʨʦʩʪʘʻ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ.  

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʷʢ ʢʣʘʩʠʬʽʢʘʮʽʷ, ʘʥʘ-

ʣʽʟ, ʧʦʰʫʢ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ ʧʦʚôʷʟʘʥʝ ʟ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʶ ʦʙ-

ʨʦʙʢʦʶ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʧʨʠʨʦʜʥʦʤʦʚʥʠʭ ʪʝʢʩʪʽʚ.  

ɼʦ ʢʦʣʘ ʧʨʦʙʣʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʭʦʜʠʪʴ 

ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʬʝʨʫʚʘʥʥʷ ʪʝʢʩʪʽʚ. ɸʜʞʝ ʟʙʝʨʽʛʘʪʠ ʥʘ ʝʣʝʢʪʨʦʥʥʠʭ ʥʦ-

ʩʽʷʭ ʫʩʝ, ʱʦ ʟʨʦʙʣʝʥʦ ʣʶʜʠʥʦʶ, ʥʝʤʘʻ ʩʝʥʩʫ, ʪʝʭʥʽʯʥʽ ʦʧʠʩʠ ʟʘʩʪʘʨʽʚʘ-

ʶʪʴ, ʧʨʦ ʥʠʭ ʜʦʩʪʘʪʥʴʦ ʣʠʰʝ ʟʘʣʠʰʠʪʠ ʟʦʚʥʽʰʥʶ ʽʥʬʦʨʤʘʮʽʶ: ʘʚʪʦʨ, 

ʪʝʤʘ, ʱʦ ʟʨʦʙʣʝʥʦ. ʎʝʡ ʢʣʘʩ ʧʨʦʙʣʝʤ ʻ ʦʜʥʠʤ ʟ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʩʝʨʝʜ 

ʽʥʰʠʭ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʪʝʢʩʪʽʚ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʝʙʫʻ ʛʣʠʙʦ-

ʢʦʛʦ ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʠʡ ʤʘʻ ʚʠʷʚʠʪʠ ʥʘʡʽʥʬʦʨʤʘʪʠʚʥʽʰʽ, ʥʘʡ-

ʚʘʞʣʠʚʽʰʽ ʯʘʩʪʠʥʠ ʟʤʽʩʪʫ ʪʝʢʩʪʫ. ɸ ʮʝ ʢʦʤʧʝʪʝʥʮʽʷ ʩʢʣʘʜʥʠʭ ʽʥʪʝʣʝʢʪʫ-

ʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʅʘʡʧʨʦʩʪʽʰʠʤ ʧʨʠʡʦʤʦʤ ʩʪʠʩʥʝʥʥʷ ʪʝʢʩʪʫ ʻ ʘʚʪʦʤʘʪʠ-

ʯʥʝ ʚʠʜʦʙʫʚʘʥʥʷ ʟ ʪʝʢʩʪʫ ʪʠʭ ʨʝʯʝʥʴ, ʷʢʽ ʤʽʩʪʷʪʴ ʦʜʥʝ ʘʙʦ ʙʽʣʴʰʝ ʢʣʶ-

ʯʦʚʠʭ ʩʣʽʚ ʯʠ ʩʣʦʚʦʩʧʦʣʫʯʝʥʴ, ʱʦ ʻ ʩʚʦʛʦ ʨʦʜʫ çʧʽʢʘʤʠè ʫ ʨʦʟʧʦʜʽʣʽ 
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ʩʤʠʩʣʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʝʢʩʪʫ. ʎʽ ʨʝʯʝʥʥʷ, ʚʠʚʝʜʝʥʽ ʢʦʤʧôʶʪʝʨʦʤ ʥʘ ʝʢ-

ʨʘʥ ʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʾʭ ʩʣʽʜʫʚʘʥʥʷ, ʫʪʚʦʨʶʶʪʴ ʤʘʰʠʥʥʠʡ ʨʝʬʝʨʘʪ ʘʙʦ 

ʘʥʦʪʘʮʽʶ ʜʦʢʫʤʝʥʪʘ. 

ʇʨʦʮʝʩ ʨʝʬʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʪʨʠ ʝʪʘʧʠ: ʘʥʘʣʽʟ ʧʦʯʘʪʢʦʚʦʛʦ 

ʪʝʢʩʪʫ, ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʭʘʨʘʢʪʝʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽ-

ʜʥʦʛʦ ʚʠʚʦʜʫ. ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʨʦʙʽʪ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʥʘʚʢʦʣʦ ʨʦʟʨʦ-

ʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʨʝʬʝʨʫʚʘʥʥʷ ʦʜʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. 

ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʬʝʨʫʚʘʥʥʷ, ʘʣʝ ʤʠ 

ʨʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ ʣʽʥʽʡʥʠʭ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ (Naive-bayes Method), 

ʱʦ ʧʨʠʧʫʩʢʘʻ ʚʠʢʦʥʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʯʘʩʪʦʪʠ ʽ ʦʧʝʨʘʮʽʡ ʟʽ-

ʩʪʘʚʣʝʥʥʷ ʨʷʜʢʽʚ ʘʙʦ ʰʘʙʣʦʥʽʚ. 

ʎʝʡ ʤʝʪʦʜ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʠ ʨʝʬʝʨʫʚʘʥʥʷ Inxight, ʧʨʠ-

ʜʘʪʥʠʡ ʜʣʷ ʪʝʢʩʪʽʚ ʨʽʟʥʠʭ ʩʪʠʣʽʚ, ʘʣʝ ʜʣʷ ʮʴʦʛʦ ʢʦʨʠʩʪʫʚʘʯʽ ʧʦʚʠʥʥʽ 

ʤʘʪʠ ʚ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʧʦʚʥʽ ʪʝʢʩʪʠ ʽ ʚʽʜʧʦʚʽʜʥʽ ʨʝʬʝʨʘʪʠ ʜʣʷ ʢʦ-

ʞʥʦʛʦ ʩʪʠʣʶ. ɻʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʤʦʜʝʣʽ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʣʷʛʘʻ ʚ 

ʧʨʦʩʪʦʪʽ ʾʾ ʨʝʘʣʽʟʘʮʽʾ. ʇʨʦʪʝ ʚʠʜʽʣʝʥʥʷ ʨʝʯʝʥʴ (ʘʙʦ ʧʘʨʘʛʨʘʬʽʚ), ʷʢʝ ʥʝ 

ʚʨʘʭʦʚʫʻ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʝʟʚôʷʟ-

ʥʠʭ ʨʝʬʝʨʘʪʽʚ. ɼʝʷʢʽ ʨʝʯʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʧʫʱʝʥʽ ʘʙʦ ʚ ʥʠʭ ʤʦʞʫʪʴ 

ʪʨʘʧʣʷʪʠʩʷ ʩʣʦʚʘ ʘʙʦ ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ, ʱʦ çʚʠʩʷʪʴè (ʪʦʙʪʦ ʩʣʦʚʘ ʘʙʦ 

ʬʨʘʟʠ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʟʨʦʟʫʤʽʪʠ ʙʝʟ ʽʥʰʦʛʦ ʩʣʦʚʘ ʘʙʦ ʬʨʘʟʠ). ʅʘʧʨʠ-

ʢʣʘʜ, ʷʢʱʦ ʚ ʪʝʢʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʷʢʦʛʦʩʴ ʧʦʣʦ- ʞʝʥʥʷ, 

ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʬʨʘʟ, ʘ ʜʦ ʨʝʬʝʨʘʪʫ ʧʦʪʨʘʧʣʷʻ ʪʽʣʴʢʠ ʦʜʥʘ ʟ 

ʥʠʭ, ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʪʨʘʯʝʥʦ. ʄʦʞʥʘ ʥʘʚʝʩʪʠ ʪʝʢʩʪʦʚʠʡ ʬʨʘʛʤʝʥʪ, 

ʷʢʠʡ ʽʣʶʩʪʨʫʻ ʮʶ ʧʨʦʙʣʝʤʫ. çɹʽʣ ɼʽʢʩʦʥ ʧʨʠʡʰʦʚ ʥʘ ʨʦʙʦʪʫ ʚ Procter & 

Gamble ʚ 1994 ʨʦʮʽ. ʋ 1996 ʨʦʮʽ ʚʽʥ ʩʪʘʚ ʾʾ ʚʽʮʝ-ʧʨʝʟʠʜʝʥʪʦʤè. ʋ ʮʴʦʤʫ 

ʬʨʘʛʤʝʥʪʽ ʤʦʞʥʘ ʚʢʘʟʘʪʠ ʜʚʘ ʩʣʦʚʘ, ʱʦ ʧʦʪʝʥʮʽʡʥʦ çʚʠʩʷʪʴè, ʮʝ ʩʣʦʚʘ 

çʚ̔ʥè ʽ çʾʾè, ʷʢʽ ʥʝ ʤʘʶʪʴ ʟʤʽʩʪʫ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʬʨʘʟʠ, ʟ ʷʢʦʾ ʩʪʘʻ ʟʨʦ-

ʟʫʤʽʣʠʤ, ʱʦ çʚʽʥè ï ʮʝ ɼʽʢʩʦʥ, ʘ çʾʾè ï ʮʝ ʢʦʤʧʘʥʽʷ Procter & Gamble. 

ʗʢʱʦ ʚ ʨʝʬʝʨʘʪʽ ʧʝʨʰʘ ʬʨʘʟʘ ʙʫʜʝ ʧʨʦʧʫʱʝʥʘ, ʪʝʢʩʪ ʚʪʨʘʪʠʪʴ ʩʚʦʶ ʽʥ-

ʬʦʨʤʘʪʠʚʥʽʩʪʴ. ɭ ʙʘʛʘʪʦ ʨʦʙʽʪ, ʟʜʽʡʩʥʶʶʪʴʩʷ ʩʧʨʦʙʠ ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦ-

ʙʣʝʤʫ, ʧʝʨʝʚʘʞʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʛʦ ʨʦʜʫ çʣʘʪʦʯʦʢè. ʋ ʨʷʜʽ ʧʽʜʭʦʜʽʚ 

ʩʪʚʦʨʶʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʝ ʚʽʢʥʦ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʝʯʝʥʥʷ ʨʝʬʝʨʘʪʫ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʷʚʥʽʩʪʴ ʩʤʠʩʣʦʚʦʛʦ ʨʦʟʨʠʚʫ ʘʙʦ 

ʩʣʦʚʘ, ʱʦ çʚʠʩʠʪʴè. ʋ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʨʝʯʝʥʥʷ, ʱʦ ʤʽʩʪʷʪʴ ʩʣʦʚʘ, ʷʢʽ 

çʚʠʩʷʪʴè, ʚʠʣʫʯʘʶʪʴʩʷ ʟ ʨʝʬʝʨʘʪʫ, ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʦʪʢʦʛʦ ʣʽʥʛʚʽ-

ʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʜʽʡʩʥʶʶʪʴʩʷ ʩʧʨʦʙʠ ʟʥʘʡʪʠ ʟʛʘʜʢʫ ʧʨʦ ʦʙôʻʢʪ. ɿʘ ʪʘ-

ʢʦʛʦ ʧʽʜʭʦʜʫ ʩʪʫʧʽʥʴ ʩʪʠʩʥʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚ ʨʝʬʝʨʘʪ ʚʥʦ-

ʩʠʪʴʩʷ ʩʪʦʨʦʥʥʷ ʽʥʬʦʨʤʘʮʽʷ. ʂʨʽʤ ʪʦʛʦ, ʢʦʣʠ ʦʩʥʦʚʥʠʡ ʨʝʬʝʨʘʪ ʚʞʝ 

ʩʬʦʨʤʦʚʘʥʦ, ʚʘʞʢʦ ʚʽʜʥʦʚʠʪʠ ʧʦʯʘʪʢʦʚʠʡ ʚʽʜʩʦʪʦʢ ʩʪʠʩʥʝʥʥʷ. 
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ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ, ʘʥʘʣʽʟ ʤʝʪʦʜʫ ʣʽʥʽʡʥʠʭ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʚʪʦ-

ʤʘʪʠʯʥʦʛʦ ʨʝʬʝʨʫʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʚʘʞʣʠ-

ʚʠʤ ʤʦʤʝʥʪʦʤ ʻ ʚʠʜʽʣʝʥʥʷ ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʩʣʦʚʦʩʧʦʣʫʯʝʥʴ, ʽʥʬʦʨʤʘ-

ʮʽʡʥʦ ʥʘʩʠʯʝʥʠʭ ʨʝʯʝʥʴ ʪʝʢʩʪʫ, ʰʪʫʯʥʦ ʧʦʙʫʜʦʚʘʥʠʭ ʨʝʯʝʥʴ, ʷʢʽ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʴ ʦʩʥʦʚʥʠʡ ʟʤʽʩʪ ʪʝʢʩʪʫ. 
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ʋɼʂ 369.013 

ʇɯɼɻʆʊʆɺʂɸ ʊɽʂʉʊɯɺ ɼʆ ʇɽʈɽʂʃɸɼʋ (ʂʆʅɺɽʈʊɸʎɯʗ) 

ʆ.ʆ. ɹʆʈʆɼɯʅɸ, ʆ.ɺ.ʂʋʎ  

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, ʋʢʨʘʾʥʘ 

 

ʇʦʯʘʪʦʢ XXI ʩʪʦʣʽʪʪʷ ʦʟʥʘʤʝʥʫʚʘʚʩʷ ʢʦʤʧôʶʪʝʨʥʠʤ ʧʨʦʛʨʝʩʦʤ, ʫʜʦ-

ʩʢʦʥʘʣʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢ ʟ ʫʨʘʭʫ-

ʚʘʥʥʷʤ ʚʘʞʣʠʚʦʩʪʽ ʧʨʦʬʝʩʽʾ ʧʝʨʝʢʣʘʜʘʯʘ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʦʩʦʙʣʠʚʦ ʘʢ-

ʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ ʢʦʥʚʝʨʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʪʝʢʩʪʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʧʽʜʛʦ-

ʪʦʚʢʘ ʜʦ ʧʝʨʝʢʣʘʜʫ ʚʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ ʢʦʥʚʝʨʪʘʮʽʾ ʪʝʢʩʪʽʚ ʟʥʘʡʰʣʦ ʞʚʘʚʝ ʦʙʛʦʚʦʨʝʥʥʷ 

ʥʘ ʩʪʦʨʽʥʢʘʭ ʥʘʚʯʘʣʴʥʦʾ ʪʘ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʚʠ-

ʚʯʝʥʥʶ ʪʘ ʜʦʩʣʽʜʞʝʥʥʶ ʧʨʦʙʣʝʤʠ ʢʦʥʚʝʨʪʘʮʽʾ ʪʝʢʩʪʽʚ ʙʫʣʦ ʧʨʠʜʽʣʝʥʦ 

ʪʘʢʠʤʠ ʚʯʝʥʠʤʠ, ʷʢ, ʆ. ʆ. ɻʫʤʝʥʶʢ [1, ʩ. 247, 249], ɸ. ʆ. ɹʽʣʦʱʠʮʴʢʠʡ, 

ʆ. ɺ. ɼʽʭʪʷʨʝʥʢʦ, ʊ. ʆ. ʃʷʱʝʥʢʦ [2, ʩ. 143], ʆ. ʄ. ʍʘʚʢʽʥʘ [3, ʩ. 261] ʪʘ 

ʽʥ. 

ɺʘʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʘʥʥʷ ʢʦʥʚʝʨʪʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʪʝʢʩʪʽʚ 

ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʟʘʚʜʷʢʠ ʧʦʷʚʽ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠ-

ʨʽʰʫʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʱʦʜʦ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝ-

ʢʣʘʜʘʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʻ ʧʦʪʨʝʙʘ ʧʝʨʝʢʣʘʩʪʠ 

ʪʝʢʩʪ ʟ ʜʨʫʢʦʚʘʥʦʛʦ ʚʠʜʘʥʥʷ ʷʢʝ ʥʝʤʘʻ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʤʽʨʥʠʢʘ. ʄʦʚʘ 

ʡʜʝ ʧʨʦ ʪʝ, ʱʦ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʜʦ ʧʝʨʝʢʣʘʜʘʯʘ ʟʚʝʨʪʘʶʪʴʩʷ 
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ʦʩʦʙʠ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʢʦʥʘʪʠ ʨʦʙʦʪʫ ʟʽ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʢʣʘʜʫ ʚʽʜʧʦʚʽ-

ʜʥʦʛʦ ʜʞʝʨʝʣʘ ʟ ʧʝʚʥʦʾ ʤʦʚʠ, ʤʦʞʝ ʙʫʪʠ ʥʠʟʢʘ ʫʩʢʣʘʜʥʝʥʴ, ʥʘʧʨʠʢʣʘʜ, 

ʱʦʜʦ ʧʝʨʝʢʣʘʜʫ ʩʪʘʨʠʥʥʦʾ ʢʥʠʛʠ, ʢʦʣʝʢʮʽʡʥʦʛʦ ʚʠʜʘʥʥʷ ʪʘ ʽʥʰʠʭ ʧʦʜʽ-

ʙʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʥʝ ʤʘʶʪʴ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʘʨʽʘʥʪʫ.  

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʢʣʘʜʫ ʟ ʫʨʘʭʫ-

ʚʘʥʥʷʤ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʤʦʞʣʠʚʠʭ ʫʩʢʣʘʜʥʝʥʴ, ʥʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʚʽʜʧʦ-

ʚʽʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʢʦʥʚʝʨʪʘʮʽʾ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʬʘʡʣʽʚ (ʪʝʢʩʪʦʚʠʭ, ʛʨʘʬʽʯʥʠʭ ʪʘ ʽʥ.) ʫ ʨʽʟʥʽ ʬʦʨʤʘʪʠ. ɿʥʘ-

ʯʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʝʨʝʢʣʘʜʘʮʴʢʽʡ ʜʽʷʣʴʥʦʩʪʽ ʨʽʟʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʧʨʦʛʨʘʤ (ʥʘʧʨʠʢʣʘʜ, Format Factory, XMedia Recode ʪʘ ʽʥ.) ʧʦʣʷʛʘʻ ʫ 

ʪʦʤʫ, ʱʦ ʮʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʜʽʷʣʴ-

ʥʦʩʪʽ ʧʝʨʝʢʣʘʜʘʯʘ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʻ ʧʦʪʨʝʙʘ ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʢʣʘʜ, ʥʘ-

ʧʨʠʢʣʘʜ ʽʩʪʦʨʠʯʥʦʾ ʧʘʤôʷʪʢʠ, ʷʢʘ ʽʩʥʫʻ ʣʠʰʝ ʚ ʜʨʫʢʦʚʘʥʦʤʫ (ʨʫʢʦʧʠʩ-

ʥʦʤʫ) ʚʘʨʽʘʥʪʽ, ʘ ʪʘʢʦʞ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʽʜʦʙʨʘʟʠʪʠ ʟʜʽʡʩʥʝʥʠʡ ʧʝʨʝʢʣʘʜ 

ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʪʝʢʩʪʦʚʦʤʫ ʬʘʡʣʽ ʥʘ ʝʣʝʢʪʨʦʥʥʦʤʫ ʥʦʩʽʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʊʦʤʫ, ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʢʣʘʜʘʯʝʤ ʚʠʱʝʥʘʟʚʘʥʠʭ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ, ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ, ʱʦʙ ʚʢʘʟʘʥʠʡ ʩʫʙ'ʻʢʪ ʤʘʚ 

ʟʤʦʛʫ ʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʜʘʣʽ ï ɹʌʇ), 

ʦʜʥʽʻʶ ʟ ʬʫʥʢʮʽʡ ʷʢʠʭ ʻ ʩʢʘʥʫʚʘʥʥʷ ʪʝʢʩʪʽʚ.  

ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ, ʷʢʝ ʧʦʪʨʝʙʫʻ ʧʝʨʝʢʣʘʜʫ, ʚʽʜʩʢʘʥʦ-

ʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ɹʌʇ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʟʥʘʡʰʣʦ ʩʚʦʻ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʪʠʧʽ ʬʘʡʣʫ (ʥʘʧʨʠʢʣʘʜ, JPG, PNG ʪʘ ʽʥ.) ʥʘ ʝʣʝʢʪʨʦʥ-

ʥʦʤʫ ʥʦʩʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʽʩʪʦʪʥʦ ʜʦʧʦʤʦʛʪʠ ʧʝʨʝʢʣʘʜʘʯʫ ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʢ-

ʣʘʜ ʟʘʟʥʘʯʝʥʠʭ ʪʠʧʽʚ ʬʘʡʣʽʚ ʟʤʦʞʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦ-

ʛʨʘʤʠ Format Factory. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʢʣʘʜʘʯʫ ʟʜʽʡʩʥʠʪʠ ʰʚʠʜʢʫ ʢʦʥ-

ʚʝʨʪʘʮʽʶ ʪʠʧʫ ʬʘʡʣʫ, ʷʢʠʡ ʧʽʜʣʷʛʘʻ ʧʝʨʝʢʣʘʜʫ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʚʢʘʟʘ-

ʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʫ ʚʽʢʥʽ ʧʨʦʛʨʘʤʠ Format Factory ʦʙʨʘʪʠ ʧʘʨʘ-

ʤʝʪʨ ʬʦʪʦ, ʧʦʪʽʤ ʚʠʙʨʘʪʠ ʷʢʠʡ ʬʦʨʤʘʪ ʬʘʡʣʫ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʚ ʨʝ-

ʟʫʣʴʪʘʪʽ ʢʦʥʚʝʨʪʘʮʽʾ ʪʘ ʧʽʩʣʷ ʮʴʦʛʦ ʦʙʨʘʪʠ ʪʦʡ ʬʘʡʣ, ʷʢʠʡ ʧʽʜʣʷʛʘʻ ʢʦʥ-

ʚʝʨʪʘʮʽʾ. ʋ ʧʽʜʩʫʤʢʫ ʟʜʽʡʩʥʝʥʥʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʬʘʡʣ 

ʙʘʞʘʥʦʛʦ ʬʦʨʤʘʪʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʽʥʰʦʾ ʢʦʤʧ'ʶ-

ʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ (Fine Reader), ʚʢʘʟʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟ ʪʝʢʩʪʦʤ, ʷʢʠʡ ʧʽʜ-

ʣʷʛʘʻ ʧʝʨʝʢʣʘʜʫ, ʧʝʨʝʥʝʩʪʠ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʪʝʢʩʪʦʚʠʡ ʬʘʡʣ, ʷʢʠʡ ʙʫʜʝ 

ʟʥʘʯʥʦ ʟʨʫʯʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʧʝʨʝʢʣʘʜʫ.   

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʢʦʨʠʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ (ʥʘʧʨʠʢʣʘʜ, Format Factory), ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʢʦʥʚʝʨʪʘʮʽʾ ʬʘʡʣʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ (ʬʦʨʤʘʪʽʚ), ʥʝ ʚʠʢʣʠʢʘʻ ʩʫʤ-

ʥʽʚʫ, ʦʩʢʽʣʴʢʠ ʟʘʚʜʷʢʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʶ ʧʝʨʝʢʣʘʜʘʯ ʟʤʦʞʝ ʨʘʮʽʦʥʘʣʴʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʩʚʽʡ ʯʘʩ ʟ ʦʧʝʨʘʪʠʚʥʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʢʣʘʜʫ ʪʘ ʥʘʜʘʪʠ 

ʢʣʽʻʥʪʫ, ʷʢʠʡ ʟʚʝʨʥʫʚʩʷ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʢʦʥʘʪʠ ʮʶ ʨʦʙʦʪʫ, ʚʽʜʧʦʚʽʜ-
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ʥʠʡ ʪʝʢʩʪʦʚʠʡ ʬʘʡʣ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʽʜʢʨʠʪʠʡ ʪʘ ʧʝʨʝʛʣʷʥʫʪʠʡ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʦʬʽʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʢʦʤʧ'ʶʪʝʨʥʦʾ 

ʧʨʦʛʨʘʤʠ Microsoft Word.  
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ʊɽʂʉʊʋ 

ʆ.ʆ. ɹʆʈʆɼɯʅɸ, ɼ.ʉ.ʎʖʄɸʅ  

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, ʋʢʨʘʾʥʘ 

 

ɸʚʪʦʤʘʪʠʯʥʝ ʨʝʬʝʨʫʚʘʥʥʷ ʘʙʦ ʢʚʘʟʽʨʝʬʝʨʫʚʘʥʥʷ ï ʚʠʷʚʣʝʥʥʷ ʚ ʪʝʢ-

ʩʪʽ ʧʝʨʚʠʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʬʨʘʛʤʝʥʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʷʚʣʝʥʽ 

ʟʤʽʩʪʦʚʽ ʘʩʧʝʢʪʠ. ʅʘʡʚʠʱʦʛʦ ʨʦʟʚʠʪʢʫ ʬʦʨʤʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʨʝʬʝʨʫ-

ʚʘʥʥʷ ʥʘʙʫʣʘ ʟ ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ ʮʴʦʛʦ ʚʠʜʫ ʘʥʘʣʽʪʠʢʦ - ʩʽʥʪʝʪʽʯʥʦʾ ʦʙʨʦ-

ʙʢʘ ʜʦʢʫʤʝʥʪʽʚ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʝʬʝʨʫʚʘʥʥʷ ʱʦʨʘʟ ʙʽʣʴʰʠʭ ʦʙʩʷʛʽʚ ʜʦʢʫ-

ʤʝʥʪʽʚ ʡ ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʝʥʥʷ ʩʫʙôʻʢʪʠʚʽʟʤʫ ʚ ʥʘʜʘʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʫʤʦʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʨʝʬʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʄʝʪʦʜʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʬʝʨʫʚʘʥʥʷ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʚ ʪʝʢʩʪʽ ʧʝʨʚʠʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʬʨʘʛʤʝʥʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʟʘʟʜʘ-

ʣʝʛʽʜʴ ʟʘʷʚʣʝʥʽ ʟʤʽʩʪʦʚʽ ʘʩʧʝʢʪʠ, ʽ ʥʘ ʬʦʨʤʫʚʘʥʥʽ ʟ ʥʠʭ ʨʝʬʝʨʘʪʽʚ-ʝʢʩʪ-

ʨʘʢʪʽʚ. ʌʨʘʛʤʝʥʪʠ ʪʝʢʩʪʫ ʧʝʨʚʠʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʚʠʙʠʨʘʶʪʴ ʟʘ ʬʦʨʤʘ-

ʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʘ ʩʘʤʝ ʟʘ ʯʘʩʪʦʪʦʶ ʚʞʠʚʘʥʥʷ ʩʣʽʚ, ʦʙʨʘʥʠʭ ʷʢ ʟʤʽʩʪʦʚʽ 

ʢʨʠʪʝʨʽʾ. ʅʘ ʞʘʣʴ, ʪʘʢʠʭ ʧʽʜʭʽʜ ʥʝ ʟʘʚʞʜʠ ʛʘʨʘʥʪʫʻ ʚʽʜʙʽʨ ʟ ʪʝʢʩʪʫ ʥʘʡ-

ʚʘʞʣʠʚʽʰʠʭ ʚʽʜʦʤʦʩʪʝʡ, ʪʦʤʫ ʪʘʢʽ ʨʝʬʝʨʘʪʠ ʚʠʢʦʥʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʧʦ-

ʰʫʢʦʚʫ ʽ ʢʦʤʫʥʽʢʘʪʠʚʥʫ ʬʫʥʢʮʽʾ. ʑʦʙ ʚʽʜʨʽʟʥʠʪʠ ʘʚʪʦʤʘʪʠʯʥʽ ʨʝʬʝʨʘʪʠ 

ʚʽʜ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ, ʧʝʨʰʽ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʢʚʘʟʽʨʝʬʝʨʘʪʘʤʠ, ʘ ʧʨʦʮʝʩ 

http://philology.knu.ua/files/library/lit_st/40-1/34.pdf
http://urss.knuba.edu.ua/files/zbirnyk-18/25.pdf
http://web.znu.edu.ua/herald/issues/2010/fil_2010_1/259-263.pdf
http://web.znu.edu.ua/herald/issues/2010/fil_2010_1/259-263.pdf
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ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʬʝʨʫʚʘʥʥʷ ʢʚʘʟʽʨʝʬʝʨʫʚʘʥʥʷʤ. ʄʝʪʦʜʠ ʘʚʪʦʤʘʪʠ-

ʟʦʚʘʥʦʛʦ ʨʝʬʝʨʫʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

V ʩʪʘʪʠʩʪʠʯʥʽ; 

V ʧʦʟʠʮʽʡʥʽ; 

V ʽʥʜʠʢʘʪʠʚʥʽ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʬʝʨʫʚʘʥʥʷ 

ʉʫʪʴ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ 

ʪʝʢʩʪʽʚ, ï ʮʝ ʤʝʪʦʜʠʢʠ ʨʦʩʽʡʩʴʢʠʭ ʚʯʝʥʠʭ ɺ. ɸʛʨʘʻʚʘ, ɹ. ɹʦʨʦʜʽʥʘ ʪʘ ɺ. 

ʇʫʨʪʦ. ʇʝʨʰʽ ʜʚʦʻ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʤʝʪʦʜʠʢʫ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʚʠʙʨʘʥʽ ʟ ʪʝ-

ʢʩʪʫ ʨʝʯʝʥʥʷ ʚʠʷʚʣʷʶʪʴʩʷ ʧʦʚ'ʷʟʘʥʠʤʠ ʤʽʞ ʩʦʙʦʶ. ʅʘʡʙʽʣʴʰ ʟʚ'ʷʟʘ-

ʥʠʤʠ, ʘ ʪʦʤʫ ʪʘʢʠʤʠ, ʱʦ ʤʘʶʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʜʦ ʨʝʬʝʨʘʪʫ, ʚʚʘʞʘʶʪʴʩʷ 

ʨʝʯʝʥʥʷ, ʷʢʽ ʤʽʩʪʷʪʴ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʦʜʥʘʢʦʚʦ ʟʥʘʯʫʱʠʭ ʩʣʽʚ. ɺ. ʇʫ-

ʨʪʦ ʨʦʟʨʦʙʠʚ ʤʝʪʦʜ ʦʮʽʥʢʠ ʪʘ ʚʽʜʙʦʨʫ ʨʝʯʝʥʴ ʟʘ ʢʽʣʴʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ, 

ʷʢʫ ʚʦʥʠ ʤʽʩʪʷʪʴ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʝʢʩʪʠ ʧʽʜʣʷʛʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʦʤʫ 

ʘʥʘʣʽʟʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʯʘʩʪʦʪʠ ʚʞʠʚʘʥʥʷ ʩʣʽʚ. ʉʣʦʚʘʤʠ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ 

ʚʞʠʚʘʶʪʴʩʷ ʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʻ ʪʝʨʤʽʥʠ. ɼʦʩʣʽʜʥʠʢ ʩʪʚʝ-

ʨʜʞʫʻ: ʯʠʤ ʚʘʞʣʠʚʽʰʠʡ ʪʝʨʤʽʥ, ʪʠʤ ʯʘʩʪʽʰʝ ʚʽʥ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʪʝʢʩʪʽ, 

ʘ ʚʽʜʽʙʨʘʥʽ ʨʝʯʝʥʥʷ ʤʽʩʪʠʪʠʤʫʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʮʠʭ ʪʝʨʤʽʥʽʚ. 

ɺʽʜʙʠʨʘʶʯʠ ʨʝʯʝʥʥʷ ʜʦ ʨʝʬʝʨʘʪʫ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʫ-

ʱʽʩʪʴ ʘʙʦ ʟʤʽʩʪʦʚʫ ʚʘʛʫ. ʏʠʤ ʙʽʣʴʰʝ ʩʣʽʚ, ʱʦ ʯʘʩʪʦ ʪʨʘʧʣʷʶʪʴʩʷ ʚ ʦʜ-

ʥʦʤʫ ʨʝʯʝʥʥʽ, ʪʠʤ ʩʫʪʪʻʚʽʰʫ ʽʥʬʦʨʤʘʮʽʶ ʚʦʥʦ ʤʽʩʪʠʪʴ ʽ ʪʦʤʫ ʤʘʻ ʙʫʪʠ 

ʚʢʣʶʯʝʥʝ ʜʦ ʨʝʬʝʨʘʪʫ. ʊʦʙʪʦ ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʪʦʜʫ 

ʨʝʬʝʨʫʚʘʥʥʷ ʦʙʩʷʛ ʽ ʷʢʽʩʪʴ ʨʝʬʝʨʘʪʽʚ ʧʦʚʥʽʩʪʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʘʪʠʩʪʠʯ-

ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʢʩʪʫ, ʪʦʤʫ ʨʝʯʝʥʥʷ, ʱʦ ʤʽʩʪʷʪʴ ʥʘʡʚʘʞʣʠʚʽʰʫ ʽʥ-

ʬʦʨʤʘʮʽʶ (ʥʘʧʨʠʢʣʘʜ, ʚʠʩʥʦʚʢʠ ʫ ʥʘʫʢʦʚʠʭ ʩʪʘʪʪʷʭ) ʤʦʞʫʪʴ ʙʫʪʠ ʚʟʘ-

ʛʘʣʽ ʥʝ ʚʠʜʽʣʝʥʽ ʪʘ ʥʝ ʚʚʽʡʪʠ ʜʦ ʨʝʬʝʨʘʪʫ. ʇʨʦʪʝ ʚʠʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ ʧʝ-

ʚʥʦʶ ʤʽʨʦʶ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ ʘʥʘʣʽʟʫ ʡ ʦʜʥʦʨʽʜʥʦʩʪʽ ʨʝ-

ʬʝʨʘʪʽʚ, ʷʢʽ ʛʦʪʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʆʄ. 

ʇʦʟʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʜʦʩʢʦʥʘʣʶʶʪʴ ʚʽʜʙʽʨ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʭ ʨʝʯʝʥʴ 

ʟ ʪʝʢʩʪʽʚ ʧʝʨʚʠʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʣʘʜʥʦʛʦ ʤʘʪʝʤʘʪʠʯ-

ʥʦʛʦ ʘʧʘʨʘʪʫ. ɺʽʜʙʽʨ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ ʯʦʪʠʨʴʦʭ ʚʟʘʻʤʦʧʦʚ'ʷʟʘ-

ʥʠʭ ʤʝʪʦʜʽʚ: ʥʘʪʷʢʫ, ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʟʘʛʦʣʦʚʢʘ, ʣʦʢʘʣʽʟʘʮʽʾ. ʉʫʪʥʽʩʪʴ ʤʝ-

ʪʦʜʫ ʥʘʪʷʢʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʽʜ ʯʘʩ ʚʽʜʙʦʨʫ ʨʝʯʝʥʴ ʩʧʠʩʢʫ ʩʣʽʚ, 

ʚ ʷʢʦʤʫ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʜʽʣʝʥʦ ʩʣʦʚʘ ʟ ʧʦʟʠʪʠʚʥʦʶ ʪʘ ʥʝʛʘʪʠʚʥʦʶ ʟʤʽʩʪʦ-

ʚʦʶ ʚʘʛʦʶ, ʘ ʪʘʢʦʞ çʥʫʣʴʦʚʽè (ʥʝʡʪʨʘʣʴʥʽ) ʩʣʦʚʘ. ʇʨʠ ʚʽʜʙʦʨʽ ʚʨʘʭʦʚʫ-

ʶʪʴʩʷ ʪʽʣʴʢʠ ʩʣʦʚʘ, ʱʦ ʧʝʨʝʜʘʶʪʴ ʧʦʟʠʪʠʚʥʫ ʡ ʥʝʛʘʪʠʚʥʫ ʦʮʽʥʢʫ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʣʦʚʘ, ʚʽʜʽ-

ʙʨʘʥʽ ʟʘ ʯʘʩʪʦʪʥʠʤ ʧʨʠʥʮʠʧʦʤ ʪʘ ʟʘ ʮʽʻʶ ʦʟʥʘʢʦʶ ʚʠʟʥʘʯʝʥʽ ʢʣʶʯʦ-

ʚʠʤʠ, ʱʦ ʻ ʘʥʘʣʦʛʽʯʥʠʤ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ɻ. ʃʫʥʦʤ ʧʽʜʭʦʜʫ. 

ʋ ʤʝʪʦʜʽ ʟʘʛʦʣʦʚʢʘ ʛʦʣʦʚʥʘ ʨʦʣʴ ʚʽʜʚʦʜʠʪʴʩʷ ʩʣʦʚʥʠʢʫ ʪʝʨʤʽʥʽʚ, ʚʽ-

ʜʽʙʨʘʥʠʭ ʽʟ ʟʘʛʦʣʦʚʢʘ ʪʘ ʧʽʜʟʘʛʦʣʦʚʢʽʚ, ʷʢʽ ʤʘʶʪʴ ʙʽʣʴʰʫ çʚʘʛʫè, ʥʽʞ 
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ʩʣʦʚʘ ʟ ʽʥʰʠʭ ʨʝʯʝʥʴ ʪʝʢʩʪʫ. ɼʦ ʨʝʬʝʨʘʪʫ ʚʽʜʙʠʨʘʶʪʴʩʷ ʨʝʯʝʥʥʷ, ʜʝ ʪʨʘ-

ʧʣʷʶʪʴʩʷ ʪʝʨʤʽʥʠ, ʢʦʪʨʽ ʥʘʷʚʥʽ ʫ ʩʣʦʚʥʠʢʫ. ʄʝʪʦʜ ʣʦʢʘʣʽʟʘʮʽʾ ˇʨʫʥʪʫ-

ʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʥʘʡʩʫʪʪʻʚʽʰʘ ʽʥʬʦʨʤʘʮʽʷ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʥʘ 

ʩʘʤʦʤʫ ʧʦʯʘʪʢʫ ʘʙʦ ʥʘʧʨʠʢʽʥʮʽ ʧʝʚʥʦʛʦ ʫʨʠʚʢʘ ʯʠ ʧʘʨʘʛʨʘʬʘ ʪʝʢʩʪʫ. 

ɿʽʩʪʘʚʣʝʥʥʷ ʚʩʽʭ ʯʦʪʠʨʴʦʭ ʤʝʪʦʜʽʚ ʧʦʢʘʟʘʣʦ, ʱʦ ʤʝʪʦʜ ʢʣʶʯʦʚʠʭ 

ʩʣʽʚ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʦʪʫ ʚʽʜʙʠʪʪʷ ʟʤʽʩʪʫ ʧʝʨʚʠʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʥʘ 15-

40 %, ʤʝʪʦʜ ʟʘʛʦʣʦʚʢʘ ï ʥʘ 30-40 %, ʘ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʥʘ-

ʪʷʢʫ, ʟʘʛʦʣʦʚʢʘ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ï ʥʘ 30-60 %. ʇʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʮʝʡ 

ʧʽʜʭʽʜ ʥʘʙʫʚ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʽʥʜʠʢʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʨʝʬʝʨʫʚʘʥʥʷ, ʧʦʨʽ-

ʚʥʷʥʦ ʟ ʷʢʠʤʠ ʩʪʘʪʠʩʪʠʯʥʽ ʪʘ ʧʦʟʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʽʜʽʛʨʘʶʪʴ ʜʦʧʦʤʽʞʥʫ 

ʨʦʣʴ. 

ɯʥʜʠʢʘʪʠʚʥʽ ʤʝʪʦʜʠ ʜʘʶʪʴ ʟʤʦʛʫ ʥʘ ʦʩʥʦʚʽ ʩʠʥʪʘʢʩʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʚʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʟʤʽʩʪʫ ʧʝʨʚʠʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʚ ʨʝʬʝ-

ʨʘʪʽ ʪʝʣʝʛʨʘʬʥʦʛʦ ʩʪʠʣʶ. ʉʠʥʪʘʢʩʠʯʥʦʤʫ ʘʥʘʣʽʟʫ ʤʦʞʝ ʧʽʜʣʷʛʘʪʠ ʷʢ 

ʫʚʝʩʴ ʪʝʢʩʪ, ʪʘʢ ʡ ʡʦʛʦ ʦʢʨʝʤʽ ʬʨʘʛʤʝʥʪʠ, ʱʦ ʤʽʩʪʷʪʴ ʪʠʧʦʚʽ ʤʘʨʢʝʨʠ. 

ʇʦʢʘʟʥʠʢʦʤ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʟʥʘʯʫʱʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʘʚʣʷʪʴ ʨʦʟʜʽʣʦʚʽ 

ʟʥʘʢʠ ʚ ʩʝʨʝʜʠʥʽ ʨʝʯʝʥʥʷ. ʆʙʩʷʛ ʦʜʝʨʞʘʥʥʠʭ ʨʝʬʝʨʘʪʽʚ ʩʪʘʥʦʚʠʪʴ ʫ ʩʝ-

ʨʝʜʥʴʦʤʫ ʜʦ 35 % ʦʙʩʷʛʫ ʧʝʨʰʦʜʞʝʨʝʣʘ. 

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʬʝʨʫʚʘʥʥʷ. ʆʜʥʠʤ ʟ ʢʣʘʩʠʯʥʠʭ ʟʘ-

ʚʜʘʥʴ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʣʽʥʛʚʽʩʪʠʢʠ ̒  ʧʦʙʫʜʦʚʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʬʝ-

ʨʫʚʘʥʥʷ ʥʘʫʢʦʚʠʭ, ʪʝʭʥʽʯʥʠʭ, ʧʦʣʽʪʠʯʥʠʭ, ʜʽʣʦʚʠʭ ʪʝʢʩʪʽʚ. ɸʢʪʫʘʣʴ-

ʥʽʩʪʴ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ ʫ ʟʚ'ʷʟʢʫ ʟ ʧʦʷʚʦʶ ʥʘ ʽʥʬʦʨʤʘʮʽʡ-

ʥʦʤʫ ʨʠʥʢʫ ʧʦʚʥʦʪʝʢʩʪʦʚʠʭ ʙʘʟ ʜʘʥʠʭ. ʎʽ ʙʘʟʠ ʤʽʩʪʷʪʴ ʫ ʚʠʛʣʷʜʽ ʜʦʢʫ-

ʤʝʥʪʽʚ ʥʝ ʨʝʬʝʨʘʪʠ, ʘ ʪʝʢʩʪʠ ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ. ʗʢʱʦ ʞ ʽʜʝʪʴʩʷ ʧʨʦ ʽʥʰʦ-

ʤʦʚʥʽ ʙʘʟʠ, ʪʦ ʪʨʝʙʘ, ʦʯʝʚʠʜʥʦ, ʧʨʘʛʥʫʪʠ ʜʦ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ, ʷʢʽ ʽʥʪʝʛ-

ʨʫʶʪʴ 3 ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ: ʧʦʰʫʢ, ʧʝʨʝʢʣʘʜ ʽ ʨʝʬʝʨʫʚʘʥʥʷ. ʈʦʟʨʦʙʢʘ ʩʠʩ-

ʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʬʝʨʫʚʘʥʥʷ ʻ ʤʦʞʣʠʚʦʶ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʦ-ʩʝʤʘʥʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʞʬʨʘʟʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʪʝʢʩʪʫ, ʟ ʥʘʩʪʫ-

ʧʥʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ɯʉ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʩʧʨʦʤʦʞʥʽʩʪʶ ʛʽʧʝʨʩʠʥʪʘʢʩʠʯʥʦʛʦ 

çʨʦʟʫʤʽʥʥʷè ʪʝʢʩʪʽʚ. 
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ʋɼʂ 519.85 

ʇɯɼʍɯɼ ɼʆ ʈʆɿɺôʗɿɸʅʅʗ ʂʆʄɹɯʅɸʊʆʈʅʆɰ ɿɸɼɸʏɯ ɿ 

ʃɯʅɯʁʅʆʖ ʌʋʅʂʎɯɭʖ ʎɯʃɯ  

ɸ.ʄ. ʅʘʛʽʨʥʘ 

ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ 

 

ʅʘ ʩʴʦʛʦʜʥʽ, ʢʦʤʙʽʥʘʪʦʨʥʽ ʤʝʪʦʜʠ ʚʩʝ ʙʽʣʴʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʨʽʟ-

ʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʩʬʝʨʘʭ, ʪʘʢʠʭ ʷʢ, ʢʨʠʧʪʦʛʨʘʬʽʷ, ʚʽʡʩʴʢʦʚʘ ʩʧʨʘʚʘ, ʭʽʤʽʷ, 

ʝʢʦʥʦʤʽʢʘ, ʢʨʠʩʪʘʣʦʛʨʘʬʽʷ, ʘʛʨʦʪʝʭʥʽʢʘ, ʙʽʦʣʦʛʽʷ, ʽ ʪ.ʧ.  

ɿ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ 

ʟ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʮʽʣʽ ʻ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʦʶ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʟʘʜʘʯ 

ʥʝʣʽʥʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʤʘʛʘʶʪʴʩʷ ʟʚʝʩʪʠ ʜʦ ʜʘʥʦʛʦ ʪʠʧʫ. ʊʦʤʫ 

ʟʨʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʚôʷʟʘʥʥʷ 

ʜʘʥʠʭ ʟʘʜʘʯ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʧʨʠʨʦʜʠ ʜʦʧʫʩʪʠʤʦʾ ʤʥʦ-

ʞʠʥʠ. ɼʦʩʠʪʴ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʥʦʞʠʥʠ ʧʝʨʝʩʪʘʥʦʚʦʢ ʚ ʾʾ ʛʨʘ-

ʬʽʯʥʽʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ, - ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ.  

ɺ [1-7] ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ. ɺ ʜʘ-

ʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ 

ʟʘʜʘʯʽ ʟ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʮʽʣʽ ʥʘ ʤʥʦʞʠʥʽ ʧʝʨʝʩʪʘʥʦʚʦʢ.  

  ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʡʥʘ ʟʘʜʘʯʘ ʟ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʤʘʢ-

ʩʠʤʽʟʘʮʽʾ ( ) :F x X RÈ  ʥʘ ʢʦʤʙʽʥʘʪʦʨʥʽʡ ʤʥʦʞʠʥʽ ʧʝʨʝʩʪʘʥʦʚʦʢ ( )nP A  

ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʣʽʥʽʡʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʦʧʫʢʣʫ ʤʥʦʛʦ-

ʛʨʘʥʥʫ ʤʥʦʞʠʥʫ nD Rʄ  ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ: { | }nD x R Gx b= ʆ ɱ, ʜʝ 

m nG R ˇʆ , mb Rʆ . 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʧʝʨʝʩʪʘʥʦʚʦʢ, ʟʛʽʜʥʦ ʤʝʪʦʜʫ ʾʭ ʛʝʥʝʨʫʚʘʥʥʷ, ʽʥʪʝʨʧ-

ʨʝʪʫʻʪʴʩʷ ʷʢ ʛʨʘʬ nG , ʚʝʨʰʠʥʠ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʯʢʘʤ ʤʥʦʞʠʥʠ ʧʝ-

ʨʝʩʪʘʥʦʚʦʢ ( )nP A [2]. 

ʇʽʜʭʽʜ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʥʘʥʥʽ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ. 

ʇʝʨʰʦʯʝʨʛʦʚʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʦʨʤʘʣʽʟʘʮʽʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ, 

ʟʛʽʜʥʦ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʥʘ ʤʥʦʞʠʥʽ ʧʝʨʝʩʪʘʥʦʚʦʢ. ɼʘʣʽ, ʢʦʨʠʩʪʫʶʯʠʩʴ 

ʘʣʛʦʨʠʪʤʦʤ [4], ʦʪʨʠʤʫʻʤʦ ʧʝʨʰʫ ʛʨʘʥʠʯʥʫ ʪʦʯʢʫ  ʧʝʨʝʩʪʘʚʥʦʛʦ ʤʥʦʛʦ-

ʛʨʘʥʥʠʢʘ 1 1 1 1 1 1
1 1 2 3X ( , , ,..., ,..., ,..., ) Gj i m nx x x x x x ʆ , ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʧʝʨʰʝ 

ʜʦʜʘʪʢʦʚʝ ʦʙʤʝʞʝʥʥʷ 1 1 1 1
1 1 2 3 1( , , ,..., )mg x x x x bɱ , ʽ  ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʮʽ-

ʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 1 1 2 3( , , ,..., )mf x x x x˄ ˄ ˄ ˄ ʚ ʜʘʥʽʡ ʪʦʯʮʽ. ʇʝʨʝʚʽʨʷʻʤʦ ʚʠʢʦʥʘʥʥʷ 

ʫʤʦʚʠ 2 2g bɱ . ʈʦʟʛʣʷʜʘʻʤʦ ʚʽʜʦʙʨʘʞʝʥʥʷ1 :u N CD È [4]:                  



354 

 

1 1 1
1 2

1 1 1 1

...

(1) (2) ... ( )

mx x x
u

u u u m- - -

ʞ ʮ
ʟ ʯD =ʟ ʯʟ ʯ
ʠ ʰ

                         (1) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ 1( ) maxu i- È , ʜʝ 1 1( ) ( )u i u j- -> , , mi j Nʆ   

( )1 1 1 1 1( ), ( ) ( (1), (2),..., ( ))u i u j u u u m- - - - -ʆ , ʟʥʘʭʦʜʠʤʦ 1 1
i jx x>  

( )1 1 1 1 1 1
1 2 3, ( , , ,..., )i j mx x x x x xʆ . 

1 12 11g g g= - =V V V  

( ) ( )1 1 1 1 1 1 1 1* ( ) * ( ) * ( ) * ( )i j j ix u j x u i x u j x u i- - - -+ - + ʖ
2 1 1g g g= +D (2) 

ɿʘ ʨʘʭʫʥʦʢ ʧʝʨʝʩʪʘʥʦʚʢʠ 1
ix  ʥʘ 1jx  ʦʪʨʠʤʫʻʤʦ ʥʦʚʠʡ ʦʧʪʠʤʘʣʴʥʠʡ 

ʨʦʟʚôʷʟʦʢ 2 2 2 2 2 2
2 1 2 3X ( , , ,..., ,..., ,..., ) Gi j m nx x x x x x ʆ . 

ʋ ʚʠʧʘʜʢʫ ʥʝ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ 2 2g bɱ , ʨʦʟʛʣʷʜʘʻʤʦ ʥʘʩʪʫʧʥʫ ʧʝʨʝ-

ʩʪʘʥʦʚʢʫ 
*

1 1
ji

x x>  , ʧʨʠ 1( ) maxu i- È ʽ ʧʦʚʪʦʨʶʻʤʦ (1). 

ʗʢʱʦ ʞ ʥʝʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʩʪʘʥʦʚʢʫ ʧʨʠ 1( ) maxu i- È , ʪʦ 

ʨʦʟʛʣʷʜʘʻʤʦ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʩʪʘʥʦʚʢʠ 1( )u i- ,˄ ʟʘ ʫʤʦʚʠ ʾʭ ʣʝʢʩʠʢʦʛʨʘ-

ʬʽʯʥʦʛʦ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʟʘ ʩʧʘʜʘʥʥʷʤ, ʪʦʙʪʦ 1 1( ) ( )u i u i- - ˄>  ʽ ʧʦʚʪʦʨʶ-

ʻʤʦ (1). 

ɿʥʘʭʦʜʠʤʦ ʟʨʦʩʪʘʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 1f : 

 
1 1 1

1 2
1

...

(1) (2) ... (n)

nx x x
u

u u u

ʞ ʮ˄ ˄ ˄
ʟ ʯ˄D =
ʟ ʯ
ʠ ʰ

                               (3) 

1 12 11f f f= - =V V V  

( ) ( )1 1 1 1* ( ) * ( ) * ( ) * ( )i j j ix u j x u i x u j x u i˄ ˄ ˄ ˄+ - + ʖ2 1 1f f f= +D       (4) 

ɼʘʣʽ ʧʦʚʪʦʨʶʻʤʦ ʨʦʟʨʘʭʫʥʦʢ ʬʦʨʤʫʣ (1)-(4) ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʚʽʜʧʦʚʽ-

ʜʥʠʭ ʫʤʦʚ. 

ɺʠʱʝ ʦʧʠʩʘʥʠʡ ʧʽʜʭʽʜ ʨʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʟ ʣʽʥʽʡʥʦʶ 

ʬʫʥʢʮʽʻʶ ʮʽʣʽ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ ʢʦʤʙʽʥʘʪʦʨʥʽʡ ʤʥʦʞʠʥʽ 

ʧʝʨʝʩʪʘʥʦʚʦʢ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ, ʟʘ ʨʘʭʫʥʦʢ ʧʦʙʫ-

ʜʦʚʠ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʚ ʛʨʘʬʘʭ ʪʘ ʧʽʜ ʛʨʘʬʘʭ ʧʝʨʝʩʪʘʚʥʦʛʦ ʤʥʦʛʦʛ-

ʨʘʥʥʠʢʘ.  

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʦʯʘʪʢʦʚʦʶ ʪʦʯʢʦʶ ʻ ʛʨʘʥʠʯʥʘ ʪʦʯʢʘ ʦʙʤʝʞʝʥʥʷ. 

ʇʝʨʝʭʽʜ ʚʽʜ ʛʨʘʥʠʯʥʦʾ ʪʦʯʢʠ ʜʦ ʽʥʰʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʚʽʨʢʠ 
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ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʟʨʦʩʪʘʥʥʷ ʬʫʥʢʮʽʾ ʮʽʣʽ. 

ʅʘʚʽʪʴ, ʷʢʱʦ ʫʤʦʚʘ ʦʙʤʝʞʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ, ʘʣʝ ʬʫʥʢʮʽʷ ʮʽʣʽ ʩʧʘʜʘʻ, ʪʦ 

ʜʘʥʠʡ ʨʦʟʚôʷʟʦʢ ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʧʪʠʤʘʣʴʥʠʤ, ʪʦʤʫ ʧʦʜʘʣʴʰʠʡ ʧʦ-

ʰʫʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʧʦʧʝʨʝʜʥʴʦʾ ʪʦʯʢʠ ʧʝʨʝʩʪʘʚʥʦʛʦ ʤʥʦʛʦʛʨʘʥʥʠʢʘ. 

ɺ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ ʙʫʜʫʪʴ ʧʨʦʜʦʚʞʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʤʝʪʦʶ ʧʦʙʫʜʦʚʠ 

ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʜʘʥʦʛʦ ʢʣʘʩʫ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʥʘ ʽʥʰʠʭ 

ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʤʥʦʞʠʥʘʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʪʨʠʭ ʙʫʜʝ ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʨʦ-

ʚʝʜʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽʟ ʧʦʩʪʫʧʦʚʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʤʥʦʞʠʥ. 
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ʊɽʍʅʆʃʆɻɯʗ ɹɸɻɸʊʆʈɯɺʅɽɺʆɻʆ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɻʆ 

ʄʆʅɯʊʆʈʀʅɻʋ. ʇʆɹʋɼʆɺɸ ɹɸɿ ʄʆɼɽʃʔʅʀʍ ɿʅɸʅʔ ɺ 

SMART-ʉʀʉʊɽʄɸʍ 

ɯ.ɸ. ɾʠʨʷʢʦʚʘ, ʉ.ɺ. ɻʦʣʫʙ 

ʏʝʨʢʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴ-

ʢʦʛʦ, ʋʢʨʘʾʥʘ 

 

ʊʝʦʨʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʽʩʥʫʶʪʴ ʟ 1950 ʨʦʢʽʚ. ʇʨʦʪʝ, ʰʠʨʦʢʝ ʬʫʥ-

ʢʮʽʦʥʘʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʦʪʨʠʤʘʣʠ ʣʠʰʝ ʚ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ 

ʜʝʩʷʪʠʣʽʪʴ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ ʥʘʚ-

ʯʘʥʥʷ ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤ, ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫ-

ʞʥʦʩʪʝʡ ʪʘ ʰʠʨʦʢʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (cloud 

computing). ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʛʣʦʙʘʣʽʟʘʮʽʷ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘʢʦʞ 

ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʪʝʦʨʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʫʜʦ-

ʩʢʦʥʘʣʝʥʥʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʘʜʞʝ ʩʘʤʝ ʟʘʚʜʷʢʠ ʾʡ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʪʦʪʘʣʴʥʘ ʽʥʬʦʨʤʘʪʠʟʘʮʽʷ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ ʢʦʤʧôʶʪʝʨʠʟʘʮʽʷ (ubiquitous 

computing / pervasive computing) ʚʩʽʭ ʩʬʝʨ ʣʶʜʩʴʢʦʛʦ ʞʠʪʪʷ, ʱʦ ʤʘʻ ʥʘ 

ʤʝʪʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʙʫʜʴ-ʷʢʦʾ ʛʘ-

ʣʫʟʽ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ çʨʦʟʫʤʥʠʭè ʩʝʨʝʜʦʚʠʱ (smart 

environments) ʚ ʨʘʤʢʘʭ ʦʪʦʯʫʶʯʦʛʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ (ambient 

intelligence) [1]. ʆʪʞʝ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʥʘʥʴ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟ ʤʦʜʝʣʴʥʠʭ ʟʥʘʥʴ (ɹʄɿ) ʜʣʷ çʨʦʟʫʤʥʠʭè ʩʝʨʝ-

ʜʦʚʠʱ ʚʟʘʛʘʣʽ ʪʘ smart-ʩʠʩʪʝʤ ʟʦʢʨʝʤʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ, 

ʷʢʘ ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ. 

ɿʥʘʥʥʷ, ʩʘʤʽ ʧʦ ʩʦʙʽ, ʻ ʚʢʨʘʡ ʩʧʝʮʠʬʽʯʥʠʤ ʨʝʩʫʨʩʦʤ, ʚʦʥʠ ʚʘʞʢʦ ʽʜʝ-

ʥʪʠʬʽʢʫʶʪʴʩʷ, ʧʦʛʘʥʦ ʚʠʤʽʨʶʶʪʴʩʷ (ʷʢ ʷʢʽʩʥʦ, ʪʘʢ ʽ ʢʽʣʴʢʽʩʥʦ) ʽ ʬʦʨʤʘ-

ʣʽʟʫʶʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʟʥʘʥʥʷ ʚ ʟʘʜʘʥʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʦ ʩʬʦ-

ʨʤʫʚʘʪʠ ʣʠʰʝ ʥʘ ʦʩʥʦʚʽ ʢʦʥʩʦʣʽʜʘʮʽʾ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘ-

ʣʽʟʫ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ, ʱʦ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʣʠʰʝ ʟʘʚʜʷʢʠ ʩʪʚʦʨʝʥʥʶ 

ʟʥʘʥʥʷ-ʦʨʽʻʥʪʦʚʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʟʘ ʩʣʦʚʘʤʠ ʅʴʶʝʣʣʘ [2] ʤʘʶʪʴ ʙʫʪʠ ʦʩ-

ʥʦʚʥʠʤ ʟʘʩʦʙʦʤ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʽʩʥʫʶʯʠʭ ʟʥʘʥʥʷ-ʦʨʽʻʥʪʦʚʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʥʘ 

ʤʦʤʝʥʪ ʩʚʦʻʾ ʧʦʷʚʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦ-

ʚʘʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ, ʘ ʧʽʟʥʽʰʝ ʜʣʷ ʜʽʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤ 

ʪʠʧʫ çʧʠʪʘʥʥʷ-ʚʽʜʧʦʚʽʜʴè [3], ʧʨʠʨʦʜʥʦ-ʤʦʚʥʠʭ ʜʽʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤ [4] ʪʘ 

ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʨʦʟʚôʷʟʫʚʘʯʽʚ ʟʘʜʘʯ ʽ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ [5-7] ʻ ʧʽʜ-

ʪʨʠʤʢʘ ʘʢʪʫʘʣʴʥʦʩʪʽ ʙʘʟʠ ʟʥʘʥʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʥʦʚʠʭ ʟʘʜʘʯ. ʆʪʞʝ, 

ʧʨʝʜʤʝʪʦʤ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ɹʄɿ ʥʘ ʦʩʥʦʚʽ ʧʦʻʜʥʘʥʥʷ ʢʽ-

ʣʴʢʦʭ ʛʣʦʙʘʣʴʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʨʦʟʚôʷʟʫʻ 

ʩʚʦʶ ʟʘʜʘʯʫ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʧʝʚʥʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ, ʟʘʚʜʷʢʠ ʯʦʤʫ 
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ʫʪʚʦʨʶʻʪʴʩʷ ʻʜʠʥʝ ʽʥʬʦʨʤʘʮʽʡʥʝ çʨʦʟʫʤʥʝè ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʟʜʘʪʥʝ ʢʦʤ-

ʧʣʝʢʩʥʦ ʦʧʠʩʫʚʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʡʦʛʦ ʦʙ'ʻʢʪ ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ 

ʦʙ'ʻʢʪʘ, ʚ ʷʢʠʡ ʪʦʡ ʧʝʨʝʡʜʝ ʚ ʥʘʩʣʽʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʥʴʦʛʦ ʢʝʨʫʶʯʠʭ 

ʚʧʣʠʚʽʚ. ɹʄɿ ʩʬʦʨʤʦʚʘʥʘ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʫʩʫʥʫʪʠ ʥʝ-

ʜʦʣʽʢʠ ʽʩʥʫʶʯʠʭ ʟʥʘʥʥʷ-ʦʨʽʻʥʪʦʚʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʩʧʨʦʩʪʠʪʴ ʩʧʦʩʽʙ ʟʙʝʨʝ-

ʞʝʥʥʷ ʪʘ ʘʢʪʫʘʣʽʟʘʮʽʾ ʟʥʘʥʴ ʚ ʨʘʤʢʘʭ ʙʫʜʴ-ʷʢʦʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ɺ 

ʩʚʦʶ ʯʝʨʛʫ, ʟʜʘʪʥʽʩʪʴ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʪʘʥʽʚ, ʧʨʦʛʥʦʟʫ-

ʚʘʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʽʚ, ʪʦʱʦ ʻ ʦʟʥʘʢʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠ-

ʥʛʫ, ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʦʙôʻʢʪʦʤ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ɹʄɿ smart-ʩʠʩʪʝʤʠ, ʱʦ ʷʚʣʷʻ ʩʦ-

ʙʦʶ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʩʠʩʪʝʤʫ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʽʻʨʘʨʭʽʯʥʠʤ ʫʧʨʘʚʣʽʥ-

ʥʷʤ. 

 
ɹɸɿɸ ʄʆɼɽʃʔʅʀʍ ɿʅɸʅʔ (ɹʄɿ)

ɼʘʥʽ

ʊʝʨʤʽʥʦʣʦʛʽʷ

ʉʀʉʊɽʄɸ ɸʅɸʃɯɿʋ

¶ ˴͙͊ͫ͡ ͨͦͤΎͭΈ
¶ ˿͙ͦͭ͡ (͍͙͍͊ͫͭͦͫͭ͜͡ ͨͦͤΎͭΈ)
¶ ˻͔͔͋ͣ͗ͤͤΎ
¶ ˾ͦ͜͡ (͍͒ͤͦ͜΄͔ͤͤΎ)
¶ ˱͙͍͙ͤ͒͒͜ 

¶ ͙́ͨ
¶ ˨͊ͨ͊ͦͤ͘͜ ͣͤ͘͜ ͙ͭͨͯ
¶ ˽͙͔ͪͤ͊͗ͤͫͭ͜͡Έ ͙͍ͤ͒͒ͯ͜͜

ɯʅʊɽʈʌɽʁʉ

ʅʆʈʄɸʃɯɿʆɺɸʅɯ

ɼɸʅɯ

ʆʉʆɹɸ, ʑʆ 

ʇʈʀʁʄɸɭ 

ʈɯʐɽʅʅʗ (ʆʇʈ)

ɹʈʆʂɽʈ ɿʅɸʅʔ (ɹɿ)

ʉʠʥʪʝʟʘʪʦʨ ʤʦʜʝʣʝʡ

¶ ˢ͎͙ͦͪͭͣ͡ ͙͔ͫͤͭͯ͘ ͔͔͚ͣͦ͒͡ 1
¶ ˢ͎͙ͦͪͭͣ͡ ͙͔ͫͤͭͯ͘ ͔͔͚ͣͦ͒͡ 2
¶ Χ
¶ ˢ͎͙ͦͪͭͣ͡ ͙͔ͫͤͭͯ͘ ͔͔͚ͣͦ͒͡ n

ɹɸɿʀ ɼɸʅʀʍ 

ʇʈɽɼʄɽʊʅʀʍ ʆɹʃɸʉʊɽʁ

(ɹɼʇʨʆ)

ʉʮʝʥʘʨʽʡ ʜʽʡ

¶ ˾͜΄͔ͤͤΎ 1
¶ ˾͜΄͔ͤͤΎ 2
¶ Χ
¶ ˾͜΄͔ͤͤΎ n

 
ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ ɹʄɿ. 

 

ʗʢʱʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʨʠʟʥʘʯʝʥʥʷ ʟʥʘʥʥʷ-ʦʨʽʻʥʪʦʚʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

çʨʦʟʫʤʥʠʭè ʩʝʨʝʜʦʚʠʱ, ʪʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʦʜʽʙʥʝ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʤʘʻ ʥʘ ʤʝʪʽ, ʚʠʭʦʜʷʯʠ ʟ ʨʽʟʥʠʭ ʩʧʦʣʫʯʝʥʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽ-

ʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʟ ʙʫʜʴ-ʷʢʠʭ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ, ʩʬʦʨʤʫʚʘʪʠ ʬʦʨ-

ʤʘʣʴʥʫ ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʶ ʜʘʥʦʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʚ ʨʘʤʢʘʭ ʩʭʝʤʠ 

ʟʥʘʥʥʴ ʧʨʦ ʥʝʾ. ɿʛʽʜʥʦ ʩʬʦʨʤʦʚʘʥʦʾ ʩʭʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʘʪʝʛʦʨʠʟʘʮʽʷ 

ʦʙôʻʢʪʽʚ (ʨʦʟʧʦʜʽʣ ʧʦ ʢʣʘʩʘʤ ʧʦʥʷʪʴ), ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʧʝ-

ʚʥʠʡ ʥʘʙʽʨ ʤʦʜʝʣʝʡ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʝʥʜʝʥʮʽʡ ʟʤʽʥʠ ʾʭ 
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ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʚʨʘʭʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ ʚ ʢʣʘʩʘʭ, ʘ ʩʘʤʝ: ʯʘʩ-

ʪʦʪʥʽʩʪʴ, ʪʦʙʪʦ ʤʽʨʫ ʾʭ ʩʭʦʞʦʩʪʽ (k), ʪʘ ʚʽʜʜʘʣʝʥʽʩʪʴ, ʪʦʙʪʦ ʤʽʨʫ ʾʭ ʨʦʟʙʽ-

ʞʥʦʩʪʽ (f). ʏʘʩʪʦʪʥʽʩʪʴ ʪʘ ʚʽʜʜʘʣʝʥʽʩʪʴ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʚôʷʟʘʥʽ ʥʘʩʪʫʧʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

█ ▓ (1) 

 

ʆʩʦʙʣʠʚʽʩʪʶ ɹʄɿ ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʟʘ ʪʘʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʻ ʘʚʪʦʤʘʪʠ-

ʯʥʘ ʧʝʨʝʙʫʜʦʚʘ ʾʾ ʩʪʨʫʢʪʫʨʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ, 

ʟʘʚʜʷʢʠ ʯʦʤʫ ʚʦʥʘ ʙʫʜʝ ʘʢʪʫʘʣʴʥʦʶ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ɼʘʥʠʡ ʧʽʜ-

ʭʽʜ ʧʨʠʧʫʩʢʘʻ ʽʥʰʽ ʧʨʠʥʮʠʧʠ ʟʙʝʨʝʞʝʥʥʷ ʟʥʘʥʴ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʯ-

ʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʟʥʘʥʥʷʤʠ smart-ʩʠʩʪʝʤ, ʷʢ ʨʽʟʥʦʚʠʜʫ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩ-

ʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʥʘʥʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦ-

ʨʠʩʪʘʥʥʽ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ʽʻʨʘʨʭʽʯʥʠʭ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʩʠʩʪʝʤ 

[8], ʟʦʢʨʝʤʘ ʧʦʣʦʞʝʥʥʽ ʧʨʦ ʢʦʦʨʜʠʥʘʮʽʶ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ, ʪʘ 

ʤʝʪʦʜʽ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʟʘ ʜʘʥʠʤʠ ʩʧʦʩʪʝ-

ʨʝʞʝʥʴ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ [9], ʱʦ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʽʜʧʦʚʽʜʘʻ 

ʘʨʭʽʪʝʢʪʫʨʽ ʚʽʜʢʨʠʪʠʭ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʽ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ çʨʦʟʫʤʥʠʭè ʩʝ-

ʨʝʜʦʚʠʱ ʚʟʘʛʘʣʽ ʪʘ smart-ʩʠʩʪʝʤ ʟʦʢʨʝʤʘ. ʋ ʷʢʦʩʪʽ ʣʦʛʽʯʥʠʭ ʬʦʨʤʘʣʽʟʤʽʚ 

ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ ʧʨʦ ʜʦʩʣʽʜʞʫʚʘʥʽ ʢʣʘʩʠ ʦʙôʻʢʪʽʚ ʫ ʚʠʛʣʷʜʽ ʦʥ-

ʪʦʣʦʛʽʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʝʩʢʨʠʧʮʽʡʥʽ ʣʦʛʽʢʠ [10]. 

ʉʪʨʫʢʪʫʨʫʚʘʥʥʷ ʽʟ ʤʘʩʠʚʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʘʥʘʣʽʟʫ ʙʫ-

ʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʽʥʜʫʢʪʠʚʥʠʡ ʩʠʥʪʝʟ ʟʥʘʥʴ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴ-

ʪʘʪʽ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʾ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ 

ʥʘ ʦʩʥʦʚʽ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʪʝʩʪʦʚʠʭ (ʥʘʚʯʘʣʴʥʠʭ) ʜʘʥʠʭ. ʅʘʚ-

ʯʘʣʴʥʽ ʚʠʙʽʨʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʝʚʝʣʠʢʽ ʥʘʙʦʨʠ ʜʘʥʠʭ, ʚʽʜ-

ʧʦʚʽʜʥʽ ʦʧʠʩʘʤ ʫʞʝ ʚʽʜʦʤʠʭ ʦʙôʻʢʪʽʚ ʟʥʘʥʴ. ɸ ʽʥʜʫʢʪʠʚʥʘ ʤʦʜʝʣʴ ʚʠʛʣʷ-

ʜʘʻ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʟʨʘʟʢʽʚ (ʨʝʘʣʽʟʘʮʽʡ) ʜʘʥʠʭ, ʟʘ ʷʢʠʤʠ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ 

ʧʦʜʽʙʥʠʡ ʦʙôʻʢʪ. ʂʦʞʥʘ ʤʦʜʝʣʴ ʥʘ ʝʪʘʧʽ ʩʠʥʪʝʟʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʚʠʧʨʦ-

ʙʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʧʣʠʚʦʚʦʩʪʽ ʢʦʞʥʦʾ ʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘ ʚʠʚʯʘʻ ʤʠʡ ʦʙôʻʢʪ, ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʷʢʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʝʚʥʽ ʚʠʩʥʦ-

ʚʢʠ ʱʦʜʦ ʡʦʛʦ ʢʦʥʪʝʢʩʪʫ. ʉʢʣʘʜʥʽʩʪʴ ʢʦʤʙʽʥʘʮʽʡ ʤʦʜʝʣʝʡ ʥʘ ʢʦʞʥʦʤʫ 

ʨʽʚʥʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʟʨʦʩʪʘʻ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʥʦʚʠʭ ʦʙʨʘ-

ʟʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʤʦʜʝʣʽ. ʆʪʨʠʤʘʥʽ ʽʻʨʘʨʭʽʯʥʽ ʩʪʨʫ-

ʢʪʫʨʠ, ʷʚʣʷʪʠʤʫʪʴ ʩʦʙʦʶ ʬʨʘʛʤʝʥʪʠ ʟʥʘʥʴ (ʦʙʨʘʟʠ). ɺ ʨʝʟʫʣʴʪʘʪʽ, ʥʘ ʢʦ-

ʞʥʦʤʫ ʨʽʚʥʽ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʚʠʩʭʽʜʥʠʡ ʩʠʥʪʝʟ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ 

ʟʥʘʥʴ, ʷʢʠʡ ʧʦʨʦʜʞʫʚʘʪʠʤʝ ʦʙʨʘʟ. ʂʦʞʝʥ ʦʙʨʘʟ ï ʮʝ ʜʝʜʘʣʽ ʩʢʣʘʜʥʽʰʘ 

ʢʦʤʙʽʥʘʮʽʷ ʥʦʚʠʭ ʟʥʘʥʴ ʧʨʦ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙôʻʢʪ. ʂʦʞʝʥ ʨʽʚʝʥʴ ʽʻʨʘʨʭʽʾ 

ʙʫʜʝ ʚʽʜʦʙʨʘʞʘʪʠ ʚʧʣʠʚ ʟʤʽʥ ʩʪʘʥʫ ʦʙôʻʢʪʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʝʡ ʪʘ ʬʘ-

ʢʪʠʯʥʦ ʛʝʥʝʨʫʚʘʪʠʤʝ ʤʥʦʞʠʥʫ ʥʦʚʠʭ ʟʥʘʥʴ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 
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ʩʮʝʥʘʨʽʶ ʜʽʡ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʪʘ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ 

(ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʤʦʜʝʣʝʡ ʧʦ ʢʦʞʥʽʡ ʟʤʽʥʥʽʡ). 

ʊʘʢʘ ʬʦʨʤʘ ʧʦʜʘʥʥʷ ʟʥʘʥʴ ʣʝʛʢʦ ʯʠʪʘʻʪʴʩʷ, ʽ ʘʥʘʣʽʪʠʢ ʟʘʚʞʜʠ ʤʦʞʝ 

ʧʨʦʩʪʝʞʠʪʠ ʰʣʷʭ, ʧʦ ʷʢʦʤʫ ʨʫʭʘʣʘʩʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʧʨʠ ʧʦʙʫʜʦʚʽ ʦʩʪʘʪʦʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʽ ʚʽʜʙʦʨʽ ʤʝʪʦʜʽʚ ʫʧʨʘʚ-

ʣʽʥʥʷ. 
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ʉɽʂʎɯʗ 4 

ʉʋʏɸʉʅɯ ɸʉʇɽʂʊʀ ʄɸʊɽʄɸʊʀʏʅʆɻʆ  

ʊɸ ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ 

ɿʈɸɿʂɯɺ ʊɽʍʅɯʂʀ ʉʇɽʎɯɸʃʔʅʆɻʆ 

ʇʈʀɿʅɸʏɽʅʅʗ 
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ʋɼʂ 677.053.27 

ʄʆɼɽʃʖɺɸʅʅʗ ʂʈʀʊʀʏʅʀʍ ʐɺʀɼʂʆʉʊɽʁ 

ɹʆɹɯʅʆʊʈʀʄɸʏɸ ʇɽʈɽʄʆʊʋɺɸʃʔʅʆɰ ʄɸʐʀʅʀ ɹʇ-340  

ɸʢʠʤʦʚ ʆ.ʆ1, ʄʘʥʦʡʣʝʥʢʦ ʆ.ʇ2, ʆʙʦʨʩʢʠʡ ɯ.ʃ.2, ɿʘʚʝʨʪʘʥʥʠʡ ɹ.ʉ.2 

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʮʝʥʪʨ ɿʉ ʋʢʨʘʾʥʠ1 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ2 

 

ʇʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘʤʦʪʫʚʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ 

ʥʘʤʦʪʫʚʘʥʥʷ ʪʝʢʩʪʠʣʴʥʠʭ ʥʠʪʦʢ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʢʨʠʪʠʯʥʽ 

ʰʚʠʜʢʦʩʪʽ ʙʦʙʽʥʦʪʨʠʤʘʯʘ. ʅʘʤʦʪʫʚʘʥʥʷ ʧʘʢʫʚʘʥʥʷ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʽʥʝʨʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʪʦʨʘ, ʧʝʨʝʤʽʱʝʥʥʷ ʡʦʛʦ ʮʝʥʪʨʘ ʤʘʩ, ʱʦ ʧʨʠʚʦ-

ʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʘ ʮʠʢʣ ʥʘʤʦʪʫʚʘʥʥʷ ʜʽʘʧʘʟʦʥʫ ʢʨʠʪʠʯʥʠʭ ʰʚʠʜʢʦ-

ʩʪʝʡ ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʦʪʦʨʽʚ ʤʝʭʘʥʽʟʤʫ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʥʘʤʦʪʫʚʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʦʩʪʘʪ-

ʥʴʦ ʟʥʘʥʥʷ ʧʝʨʰʠʭ ʜʚʦʭ ʢʨʠʪʠʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʙʦʙʽʥʦʪʨʠʤʘʯʘ, ʷʢʽ ʧʦ-

ʚʠʥʥʽ ʙʫʪʠ ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʯʠʭ ʰʚʠʜʢʦʩʪʝʡ ʥʝ ʤʝʥʰʝ ʥʽʞ 

ʥʘ 30% [1]. 

ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʙʫʜʫʻʤʦ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ñʥʘʧʽʚʞʦʨʩʪʢʦʛʦò 

ʰʧʠʥʜʝʣʷ, ʱʦ ʜʘʻ ʟʥʘʯʝʥʥʷ ʯʦʪʠʨʴʦʭ ʢʨʠʪʠʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʦʪʦʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ ʃʘʛʨʘʥʞʘ ʜʨʫʛʦʛʦ ʨʦʜʫ. ɺʠʨʘʟʠ ʢʽʥʝʪʠʯʥʦʾ ʪʘ ʧʦʪʝʥ-

ʮʽʡʥʦʾ ʝʥʝʨʛʽʡ ʘʥʘʣʦʛʽʯʥʽ [2]. 

ʆʩʦʙʣʠʚʦʩʪʽ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʽ ʥʝ ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ ʚ ʧʦʧʝʨʝʜʥʽʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ:  

1.ʇʘʢʫʚʘʥʥʷ, ʥʠʪʢʦʥʦʩʽʡ ʪʘ ʝʣʝʤʝʥʪʠ ʤʝʭʘʥʽʟʤʫ ʬʽʢʩʘʮʽʾ ʤʘʶʪʴ ʢʦ-

ʥʫʩʥʫ ʬʦʨʤʫ; 

2.ʇʦʚʝʨʭʥʷ ʧʘʢʫʚʘʥʥʷ ʢʦʥʪʘʢʪʫʻ ʟ ʫʢʦʯʫʶʯʠʤ ʨʦʣʠʢʦʤ, ʱʦ ʧʨʠ-

ʪʠʩʢʫʻʪʴʩʷ ʜʦ ʙʦʙʽʥʦʪʨʠʤʘʯʘ ʟ ʧʝʚʥʦʶ ʩʠʣʦʶ. 

ʉʭʝʤʘ ʨʦʟʙʠʚʢʠ ʧʘʢʫʚʘʥʥʷ ʥʘ ʝʣʝʤʝʥʪʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

ɿʚôʷʟʦʢ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʧʘʢʫʚʘʥʥʷ ʪʘ ʪʦʚʱʠʥʦʶ ʪʽʣʘ 

ʥʘʤʦʪʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʠʩʫʥʢʫ1 ʪʘ  ʩʧʽʚʚʽʜʥʦʰʝʥʴ [3]. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʙʦʙʽʥʦ-

ʪʨʠʤʘʯʘ 
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ɾʦʨʩʪʢʽʩʪʴ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʫʞʥʽʩʪʶ ʚʘʣʫ, ʦʧʦʨ ʨʦ-

ʪʦʨʘ [1] ʪʘ ʧʨʫʞʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʽʣʘ ʥʘʤʦʪʫʚʘʥʥʷ: 

,,;; 2

122211

2

2

11
32

12
22

22
1 ddd

ddd
hhh -=D
D
=

D
=

D
= mmm         (1) 

.;; 2
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ʜʝ  zzzhhh 321321 ,,,,, mmmmmm   ʢʦʝʬʽʮʽʻʥʪʠ ʞʦʨʩʪʢʦʩʪʽ ʤʝʭʘʥʽʯ-

ʥʦʾ ʩʠʩʪʝʤʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ.  

ʂʦʝʬʽʮʽʻʥʪʠ ʚʧʣʠʚʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( ) ( )
( )221

2

2

2

13

2

331

2

11
3

33

dckk

ckdk

IE

dlllld

+ÖÖ

Ö+Ö
+

ÖÖ

Ö+Ö+Ö+Ö
=d ,      (3) 

( )
( )221

21

2

331
2112

6

332

dckk

ckdk

IE

llld

+ÖÖ

Ö-Ö
+

ÖÖ

Ö+Ö+ÖÖ
==dd ,      (4) 

( )221

2131
22

3

3

dckk

kk

IE

ll

+ÖÖ

-
+

ÖÖ

Ö+
=d ,                      (5) 

ʜʝ    d ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʜʦ ʮʝʥʪʨʘ ʤʘʩ, ʤ; 

l1 ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʧʦʨʘʤʠ, ʤ; 

l3 ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʝʨʝʜʥʴʦʾ ʦʧʦʨʠ ʜʦ ʤʽʩʮʷ ʟʘʢʨʽʧʣʝʥʥʷ ʚ ʢʦʨʧʫʩʽ  ʤʘ-

ʰʠʥʠ, ʤ; 

ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ  (ʜʣʷ ʩʪʘʣʽ 45 ɽ=2,2Ö1011 ʅ/ʤ2); 

ɯ ï ʧʦʣʷʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʘʣʫ, ʤ4; 

k1, k2 ï ʚʽʜʧʦʚʽʜʥʦ ʞʦʨʩʪʢʽʩʪʴ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʧʨʫʞʥʦʾ ʦʧʦʨʠ, ʅ/ʤ; 

ʩ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʟʘʜʥʴʦʾ ʦʧʦʨʠ ʜʦ ʮʝʥʪʨʘ ʤʘʩ, ʤ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʙʦʙʽʥʦʪʨʠʤʘʯʘ ʟ ʦʧʦʨʘʤʠ ʤʘʻ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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ʜʝ          CAM ,, - ʽʥʝʨʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʙʦʙʽʥʦʪʨʠʤʘʯʘ; 

baVhj ,,,,  - ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ; 

ɺʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʯʘʩʪʦʪ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʨʦʟʚôʷʟʘʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ ʟʘʜʘʯʽ: 
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yyA l=                                               (7) 

ʄʘʪʨʠʮʷ ʽʥʝʨʮʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʻ ʚʠʛʣʷʜ: 

),,,( 0000 AAMMdiagM =   (8) 

ʄʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʛʽʨʦʩʢʦʧʽʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘ-

ʶʪʴ ʚʠʛʣʷʜ: 
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ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʦʾ ʧʨʦʮʝʜʫʨʠ 

Mathcad. 

ɺ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ  ʰʚʠʜʢʦʩʪʝʡ ʙʦʙʽʥʦʪʨʠ-

ʤʘʯʘ. 

ʊʘʙʣʠʮʷ 1 ïɿʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ  ʰʚʠʜʢʦʩʪʝʡ ʙʦʙʽʥʦʪʨʠʤʘʯʘ 

ʇʨʦʮʝʩ ʥʘʤʦʪʫʚʘʥʥʷ, ʧʦʟʥʘʯʝʥʥʷ ɿʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ, ʨʘʜ/ʩ 

ʇʦʯʘʪʦʢ ʧʨʦʮʝʩʫ 

ʥʘʤʦʪʫʚʘʥʥʷ  

ɤ1, 
 622 

ɤ2,  7062 

ɿʘʢʽʥʯʝʥʥʷ ʧʨʦ-

ʮʝʩʫ ʥʘʤʦʪʫʚʘʥʥʷ 

ɤ1,  345 

 ɤ2,  5177 

ɸʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ  ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ: 

- ʜʨʫʛʘ ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʤʘʻ ʣʠʰʝ ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ; 

- ʨʦʙʦʯʘ ʟʦʥʘ ʙʦʙʽʥʦʜʝʨʞʘʪʝʣʷ ʦʙʤʝʞʝʥʘ ʟʚʝʨʭʫ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ 

435 ʨʘʜ / ʩ; 

- ʚʨʘʭʫʚʘʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʰʠʧʥʠʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʚʝʣʠʢʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʰʦʾ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʙʦʙʽʥʦʪʨʠʤʘʯʘ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ (3,2%), ʷʢʠʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ; 

- ʚʨʘʭʫʚʘʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʧʘʢʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʚʝʣʠʢʦʛʦ ʟʙʽʣʴ-

ʰʝʥʥʷ ʧʝʨʰʦʾ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ (2,4%), 

ʷʢʠʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ʄʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʧʦʤʠʣʢʠ ʨʦʟʤʽʱʝʥʥʷ ʧʘʢʫʚʘʥʥʷ 

ʥʘ ʚʘʣʫ ʥʘ ʢʨʠʪʠʯʥʽ ʰʚʠʜʢʦʩʪʽ ʙʦʙʽʥʦʪʨʠʤʘʯʘ. ɺʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʤʘʩʠ 

ʧʘʢʫʚʘʥʥʷ ʚʽʜ ʧʝʨʝʜʥʴʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦʧʫʩʢʫ 002 

ʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʧʝʨʰʦʾ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ 3,2%, ʘ ʥʘʙ-

ʣʠʞʝʥʥʷ ʜʦ ʧʽʜʰʠʧʥʠʢʘ ʥʘ ʪʝ ʞ ʟʥʘʯʝʥʥʷ - ʟʙʽʣʴʰʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜ-

ʢʦʩʪʽ ʥʘ 2,8%, ʱʦ ʻ ʥʝʟʥʘʯʥʠʤ. 
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-ʧʨʠ ʟʤʽʱʝʥʥʽ ʮʝʥʪʨʘ ʤʘʩ ʧʘʢʫʚʘʥʥʷ ʥʘ ȹ=0,002 ʤ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʢʦʥʫʩʘ ʽ ʟʤʽʱʝʥʥʽ ʮʝʥʪʨʘ ʤʘʩ ʬʽʢʩʫʶʯʦʛʦ ʧʨʠ-

ʩʪʨʦʶ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. 

-ʧʨʠ ʟʤʽʱʝʥʥʽ  ʮʝʥʪʨʘ ʤʘʩ ʧʘʢʫʚʘʥʥʷ  ʥʘ ȹ=0,002 ʤ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʢʦʥʫʩʘ, ʽ ʟʤʽʱʝʥʥʽ ʮʝʥʪʨʘ ʤʘʩ 

ʬʽʢʩʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. 

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʤʽʱʝʥʥʷʤ 

ʙʦʙʽʥʠ ʟʤʽʥʶʻʪʴʩʷ ʽ ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʩʠʩʪʝʤʠ. ʇʨʠ ʟʤʽʱʝʥʥʽ ʮʝʥʪʨʘ 

ʤʘʩ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʢʦʥʫʩʘ ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ 

ʟʨʦʩʪʘʻ, ʪʦʙʪʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʤʦʪʘʣʴʥʦʾ ʛʦʣʦʚʢʠ, ʽ 

ʥʘʚʧʘʢʠ ʧʨʠ ʟʤʽʱʝʥʥʽ  ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʢʦʥʫʩʘ ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪʝʡ ʟʤʝʥʰʫʻʪʴʩʷ. 
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ʋɼʂ 001.57:004.942:519.876.5 
ʄɸʊɽʄɸʊʀʏʅɽ ʊɸ ɯʄɯʊɸʎɯʁʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʋ ʇʈʆʎɽʉɯ 

ʈʆɿʈʆɹʂʀ ʊɸ ɺʀʇʈʆɹʋɺɸʅʔ ʊɽʍʅɯʂʀ ʉʇɽʎɯɸʃʔʅʆɻʆ 

ʇʈʀɿʅɸʏɽʅʅʗ 

ɺ.ɻ. ɹʘʰʠʥʩʴʢʠʡ 

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʮʝʥʪʨ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ, 

 ʤ. ʏʝʨʥʽʛʽʚ, ʋʢʨʘʾʥʘ 

 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʽ ʪʝʭʥʽʢʠ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʣʦʚʠʭ ʩʪʨʫʢʪʫʨ ʜʝʨʞʘʚʠ ʷʢʽʩʥʦʶ ʩʧʝ-

ʮʪʪʝʭʥʽʢʦʶ. ɺʠʧʨʦʙʫʚʘʥʥʶ ʧʽʜʣʷʛʘʶʪʴ ʫʩʽ ʟʨʘʟʢʠ ʥʦʚʦʾ ʽ ʤʦʜʝʨʥʽʟʦʚʘ-

ʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʘ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ ʦʟʙʨʦʻʥʥʷ.  

ʋʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽ ʚʠʜʠ:  

- ʧʦʧʝʨʝʜʥʽ (ʟʘʚʦʜʩʴʢʽ) ʚʠʧʨʦʙʫʚʘʥʥʷ; 

- ʚʠʟʥʘʯʘʣʴʥʽ ʚʽʜʦʤʯʽ ʚʠʧʨʦʙʫʚʘʥʥʷ (ɺɺɺ); 

- ʜʝʨʞʘʚʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ (ɼɺ).  

ʄʝʪʘ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʩʧʝʮʪʝʭʥʽʢʠ - ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʦʮʽʥʢʘ 

ʙʦʡʦʚʠʭ, ʪʝʭʥʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʟʨʘʟʢʽʚ.  

ɺʠʧʨʦʙʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʤʦʞʫʪʴ ʧʨʦʚʦʜʠʪʠʩʴ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ:  
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1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʤʝʪʦʜʦʤ - ʰʣʷʭʦʤ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʦʙôʻʢʪʫ ʚ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʣʷ ʡʦʛʦ ʚʠʚʯʝʥʥʷ (ʪʦʙʪʦ, ʘʢ-

ʪʠʚʥʠʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ).  

2. ʄʦʜʝʣʶʚʘʥʥʷʤ ʦʙôʻʢʪʫ - ʣhʷʭʦʤ ʩʢʣʘʜʘʥʥʷ ʤʦʜʝʣʽ, ʷʢ ʘʥʘʣʦʛʘ 

ʦʙôʻʢʪʘ, ʪʘ ʾʾ ʚʠʚʯʝʥʥʷ; ʧʨʠ ʮʴʦʤʫ ʤʦʞʥʘ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʟʘʜʘʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʦʜʝʣʽ ʚʧʣʠʚʫ ʥʘ 

ʦʙôʻʢʪ (ʽʥʦʜʽ ʥʘʚʽʪʴ ʟʘ ʤʝʞʘʤʠ ʨʝʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ). 

ɺ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʚʠʜʠ ʤʦ-

ʜʝʣʶʚʘʥʥʷ:  

1. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʚʟʘʻʤʦʜʽʷ ʝʣʝʤʝʥʪʽʚ ʩʠ-

ʩʪʝʤʠ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʴ.  

2. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢ ʚʽʜʪʚʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʤʦʜʝʣʶʻʤʦʾ ʩʠʩʪʝʤʠ ʚ ʯʘʩʽ (ʦʩʦʙʣʠʚʦ ʮʝ ʟʨʫʯʥʦ ʜʣʷ ʩʢʣʘʜʥʠʭ ʩʠ-

ʩʪʝʤ).  

3 ʉʪʘʪʠʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ - ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʩʪʘʪʠʩʪʠʯ-

ʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ (ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ). 

ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʝʮʪʝʭʥʽʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʰʠʨʝʥʽ ʩʝ-

ʨʝʜʦʚʠʱʘ ʤʦʜʝʣʶʚʘʥʥʷ - ʤʘʪʝʤʘʪʠʯʥʽ ʧʘʢʝʪʠ ʧʨʦʛʨʘʤ (MathCAD, 

MatLab, Maple ʽ ʽʥʰʽ) ʪʘ ʽʥʞʝʥʝʨʥʽ ʧʘʢʝʪʠ ʉɸʇʈ (ANSYS, SolidWorks, 

Catia, ProEngineer), ʘ ʪʘʢʦʞ ʧʨʦʛʨʘʤʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʗʢ ʧʨʘʚʠʣʦ, ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʨʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʽʤʽ-

ʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʝʮʪʝʭʥʽʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʦ (ʪʦʤʫ ʱʦ ʢʨʠʪʝʨʽʻʤ ʽʩʪʠʥʠ ʟʘʚʞʜʠ ʻ ʧʨʘʢʪʠʢʘ). ʇʨʠ ʮʴʦʤʫ ʘʙʩʪʨʘ-

ʢʪʥʽ ʤʦʜʝʣʽ ʧʦ-ʤʦʞʣʠʚʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦ ʫʪʦʯʥʶʶʪʴʩʷ ʽ ʢʦʥʢʨʝʪʠʟʫ-

ʶʪʴʩʷ, ʱʦ ʻ ʟʘʧʦʨʫʢʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʘʜʝʢʚʘʪʥʦʩʪʽ.   

ʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘ-

ʜʦʚʦʶ ʨʦʟʨʦʙʢʠ ʩʧʝʮʪʝʭʥʽʢʠ, ʷʢʝ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʝʢ-

ʪʫʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʾ ʪʝʭʥʽʢʠ, ʩʪʚʦ-

ʨʝʥʥʦʾ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʩʪʫʧʥʽ:  

1. ʇʝʨʝʥʝʩʝʥʥʷ ʨʝʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʫ ʚʽʨʪʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ. 

2. ʈʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʨʦʙʫʚʘʥʴ. 

3. ɯʤʽʪʘʮʽʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʦʙôʻʢʪ . 

4. ʉʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʚʠʧʨʦʙʫʚʘʥʴ. 

5. ɿʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʩʧʝʮʪʝʭʥʽʢʠ. 

1. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʤʽʮʥʽʩʪʴ  ʧʨʠ ʚʠʧʨʦʙʫ-

ʚʘʥʥʷʭ ʬʝʨʤʠ 8ʄʊ-8700.000 ʚʝʨʪʦʣʴʦʪʫ ʄʠ-8ʄʉɹ-ɺ (ʨʠʩ.1). 
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ɸʥʘʣʽʪʠʯʥʝ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʩʠʣ ʚ ʩʪʨʠʞʥʷʭ ʚʠʢʦʥʫʚʘ-

ʣʦʩʴ ʚ ʧʘʢʝʪʽ MathCAD ʰʣ̫ ʭʦʤ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤ ʟ  n ʨʽʚʥʷʥʴ. 

 

 
ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʚʩʷ ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ  ʧʨʦʛʨʘʤʘʭ 

WinMachine ʽ CosmosWorks.  

ʄʦʜʝʣʶʚʘʥʥʷʤ ʽ ʥʘʩʪʫʧʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦʚʝʜʝʥʦ, ʱʦ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʚʠʢʦʥʫʶʪʴʩʷ ʜʣʷ ʫʩʽʭ 

ʝʣʝʤʝʥʪʽʚ ʬʝʨʤʠ ʚ ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʘʭ ʧʦʣʴʦʪʫ.  

2. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʟ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ 

ʢʘʧʩʫʣʠ ʙʘʛʘʪʦʮʽʣʴʦʚʦʛʦ ʪʘʢʪʠʯʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ (ɹʊɸ) ñʂʦʟʘʢò (ʚʘʨʽʘʥʪ 

ʧʝʨʝʢʠʜʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ) (ʨʠʩ.2). 

 

 
ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ ʟʘ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʧʘ-

ʢʝʪʽ SolidWorks Simulation. 

ʇʨʠ ʧʝʨʝʢʠʜʘʥʥʽ ʘʚʪʦʤʦʙʽʣʷ ʨʦʟʨʘʭʫʚʘʣʠʩʴ ʪʘʢʽ ʚʘʨʽʘʥʪʠ ʧʨʠʢʣʘ-

ʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʚʘʨʽʘʥʪ 1 - ʥʘ ʙʽʢ (ʙʦʨʪ) ʢʘʧʩʫʣʠ; ʚʘʨʽʘʥʪ 2 - ʥʘ 

ʨʝʙʨʦ ʢʦʨʧʫʩʫ ʢʘʧʩʫʣʠ; ʚʘʨʽʘʥʪ 3 - ʥʘ ʜʘʭ ʢʦʨʧʫʩʫ ʢʘʧʩʫʣʠ. ʇʨʠ ʮʴʦʤʫ 

ʚʠʟʥʘʯʘʣʠʩʴ ʢʨʠʪʠʯʥʽ ʟʦʥʠ ʧʽʜʚʠʱʝʥʠʭ ʥʘʧʨʫʞʝʥʴ ʰʣʷʭʦʤ ʟʦʥʜʫʚʘʥʥʷ. 



367 

 

ʊʘʢʦʞ  ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʚʝʣʠʯʠʥʠ ʜʝʬʦʨʤʘʮʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜ ʜʽʻʶ ʥʘ-

ʚʘʥʪʘʞʝʥʴ. 

ʄʦʜʝʣʶʚʘʥʥʷʤ ʜʦʚʝʜʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʢʦʨʧʫʩʫ ʢʘʧʩʫʣʠ ɹʊɸ ñʂʦ-

ʟʘʢò ʧʨʠ ʡʦʛʦ ʧʝʨʝʢʠʜʘʥʥʽ ʜʦʩʪʘʪʥʷ, ʇʨʘʚʠʣʘ ˉ66 ɭɽʂ ʆʆʅ ʧʦ ʟʙʝʨʝ-

ʞʝʥʥʶ ʞʠʪʪʻʚʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʝʢʽʧʘʞʫ ʪʘ ʜʝʩʘʥʪʫ ʚʠʢʦʥʫʶʪʴʩʷ. 

3. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʢʦʤʧʣʝʢʪʫ ʟʥʽʤʥʦʛʦ 

ʙʦʨʪʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʙʝʟʧʘʨʘʰʫʪʥʦʛʦ ʜʝʩʘʥʪʫʚʘʥʥʷ (ʂɹɿʆ ɹɼ) ñʂʘ-

ʥʘʪò.  

ɼʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʢʦʤʧʣʝʢʪʫ ʧʨʦʭʦʜʠʚ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʩʧʝʮʽʘʣʴ-

ʥʦʤʫ ʩʪʝʥʜʽ ʽ ʫʥʽʚʝʨʩʣʴʥʦʤʫ ʚʽʙʨʦʩʪʝʥʜʽ (çʙʦʯʢʘè) (ʨʠʩ.3). 

 
 

   

ʘ) ʙ) ʚ) 

ʈʠʩ.3.  ʄʦʜʝʣʶʚʘʥʥʷ ʂɹɿʆ ɹɼ ñʂʘʥʘʪò 

ʘ) ʟʘʛʘʣʴʥʠʡ ʚʠʜ (3D-ʤʦʜʝʣʴ) ʢʦʤʧʣʝʢʪʫ ʚ ʟʙʦʨʽ; ʙ) ʢʦʥʩʪʨʫʢʮʽʷ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ; ʚ) ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʤ-

ʧʣʝʢʪʫ ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʩʪʝʥʜʽ ʪʘ ʥʘ ʚʽʙʨʦʩʪʝʥʜʽ (çʙʦʯʢʘè) 

ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʣʘʩʴ ʽʤʽʪʘʮʽʷ ʫʩʽʭ ʤʘʢʩʠʤʘʣʴʥʠʭ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠ-

ʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʩʠʩʪʝʤʫ. ʄʦʜʝʣʶʚʘʥʥʷ ʂɹɿʆ ɹɼ ñʂʘʥʘʪò ʥʘ 

ʩʪʝʥʜʘʭ ʧʦʢʘʟʘʣʦ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ, ʘ 

ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʯʘʩʪʦʪʘʤʠ ʚʝʨʪʦʣʴʦʪʫ.  

ʊʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʙʝʟʧʘʨʘʰʫʪʥʦʛʦ ʜʝʩʘʥʪʫʚʘʥʥʷ ʽ ʝʚʘʢʫ-

ʘʮʽʾ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ ʜʝʩʘʥʪʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʥʘ ʚʝʨʪʦʣʴʦʪʘʭ ʪʠʧʫ ʄʠ-8 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʂɹɿʆ ñʂʘʥʘʪò ʧʽʜʪʚʝʨʜʞʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʘʣʴʥʠʭ ʣʴʦ-

ʪʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʜʝʩʘʥʪʫʚʘʥʥʷʤ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢ ʧʦʢʘʟʫʶʪʴ ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ, ʤʘʪʝʤʘʪʠʯʥʝ ʪʘ ʽʤʽ-

ʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʽ ʪʝʭʥʽʢʠ ʩʧʝ-

ʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 
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ʋɼʂ 629.73.018 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʂʆʄɹɯʅʆɺɸʅʀʍ ʂʈʀʊɽʈɯɰɺ ʇʈʀ 

ʄʆɼɽʃʖɺɸʅʅɯ ʃɯʊɸʃʔʅʆɻʆ ɸʇɸʈɸʊʋ ʆʉʅɸʑɽʅʆɻʆ 

ʉʀʉʊɽʄʆʖ ɿɸʍʀʉʊʋ, ʗʂ ʉʂʃɸɼʅʆɰ ʊɽʍʅɯʏʅʆɰ 

ʉʀʉʊɽʄʀ 

ɯ.ɺ.ʊʝʣʝʚʥʠʡ, ɸ.ɻ.ʂʦʟʠʨ 

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʮʝʥʪʨ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ 

 

ɼʦʩʚʽʜ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ  ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʦʩʥʘʱʝʥʦʛʦ ʩʠʩʪʝʤʦʶ ʟʘʭʠʩʪʫ ʚʽʜ ʢʝʨʦʚʘʥʠʭ ʨʘʢʝʪ ʟ 

ʽʥʬʨʘʯʝʨʚʦʥʠʤʠ ʛʦʣʦʚʢʘʤʠ ʩʘʤʦʥʘʚʝʜʝʥʥʷ, ʷʢ ʩʢʣʘʜʥʦʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩ-

ʪʝʤʠ, ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ [1, 2, 3] ʻ ʪʘʢ ʟʚʘʥʽ ʢʦʤʙʽʥʦʚʘʥʽ ʢʨʠʪʝʨʽʾ, 

ʷʢʽ ʦʙôʻʜʥʫʶʪʴ ʚ ʩʦʙʽ ʜʚʘ ʘʙʦ ʙʽʣʴʰʝ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ 

ʚʠʙʦʨʫ.  

ɺʽʜʦʤʽ ʥʘʩʪʫʧʥʽ ʚʠʜʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ: 

1. ɼʣʷ ʤʦʜʝʣʝʡ ʘʣʛʝʙʨʘʾʟʤʫ (ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʫ, ʷʢʠʡ ʥʝ ʤʽʩʪʠʪʴ ʘʨʛʫʤʝʥʪ ʯʘʩʫ, ʨʝʢʦʤʝʥʜʫ-

ʻʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ñʤʽʥʽʤʫʤʫ ʟʤʽʱʝʥʥʷ ʧʣʶʩ ʨʝʛʫʣʷʨʥʦʩʪʽò: 

 

() .min22

1 ­D+= Bnʩʤr  

 

2. ɼʣʷ ʛʘʨʤʦʥʽʯʥʠʭ ʪʘ ʘʣʛʝʙʨʘʾʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʜʦʚ-

ʛʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʘʨʛʫʤʝʥʪ ʯʘʩʫ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʢʦʤʙʽʥʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ñʤʽʥʽʤʫʤ ʟʤʽʱʝʥʥʷ ʧʣʶʩ ʙʘʣʘʥʩ ʟʤʽʥʥʠʭò: 

 

.min22

2 ­+= Bnʩʤr  

 

3. ɼʣʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ (ʢʽʥʮʝʚʦ-ʨʽʟʥʽʩʥʠʭ) ʤʦʜʝʣʝʡ, ʚ ʷʢʠʭ ʜʦʚʛʦ-

ʩʪʨʦʢʦʚʠʡ ʧʨʦʛʥʦʟ ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʢʨʦʢʦʚʦʛʦ ʽʥʪʝʛʨʫ-

ʚʘʥʥʷ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ñʤʽʥʽʤʫʤʫ ʟʤʽʱʝʥʥʷ 

ʧʣʶʩ ʟʙʽʞʥʽʩʪʴ ʧʨʦʮʝʜʫʨʠ ʧʦʢʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫò: 

 

() .min22

3 ­+= Ninʩʤr  

 

ʂʦʤʙʽʥʦʚʘʥʽ ʢʨʠʪʝʨʽʾ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʽ ʻʜʠʥʠʡ ʧʨʦ-

ʛʥʦʟ, ʘʣʝ ʡ ʨʦʙʣʷʪʴ ʡʦʛʦ ʚʠʙʽʨ ñʛʦʩʪʨʽʰʝò. ɯʥʜʠʚʽʜʫʘʣʴʥʽ ʢʨʠʪʝʨʽʾ ʯʘʩʪʦ 

ʥʝ ʜʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʛʦʩʪʨʦʛʦ ʤʽʥʽʤʫʤʫ. ɺʚʝʜʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʛʠ l 
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ʪʘ ( )l-2  ʧʝʨʝʜ ʜʦʧʦʚʥʝʥʥʷʤʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʤʦʞʣʠʚʦ ʨʝʘʣʽ-

ʟʫʚʘʪʠ ʽʜʝʾ ʇʘʨʝʪʦ ʧʨʦ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʡ ʚʠʙʽʨ ʨʽʰʝʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʢʨʠʪʝ-

ʨʽʾʚ ʻ ʧʦʧʝʨʝʜʞʝʥʥʷ ʙʘʛʘʪʦʟʘʜʘʯʥʦʩʪʽ ʚʠʙʦʨʫ ʤʦʜʝʣʽ. ʗʢʱʦ ʧʝʨʝʙʽʨ ʧʦ 

ʦʜʥʦʤʫ ʢʨʠʪʝʨʽʶ ʤʦʞʝ ʟʫʧʠʥʠʪʠʩʴ ʜʝʩʴ ʚ ʣʦʢʘʣʴʥʦʤʫ ʤʽʥʽʤʫʤʽ ʦʜʥʦʛʦ, 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ, ʪʦ ʧʨʠ ʜʚʦʭ ʢʨʠʪʝʨʽʷʭ ʪʘʢʘ ʧʦʜʽʷ ʤʝʥʰ ʜʦʩ-

ʪʦʚʽʨʥʘ: ʢʦʤʙʽʥʦʚʘʥʽ ʢʨʠʪʝʨʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʥʦʟʥʘʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ 

ʧʝʨʝʙʦʨʫ.  
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ʉʋʏɸʉʅɯ ʄɽʊʆɼʀ ɽʈɻʆʅʆʄɯʏʅʆɰ ʆʎɯʅʂʀ ɼʆʉʃɯɼʅʀʍ 

ɿʈɸɿʂɯɺ ʆɿɹʈʆɭʅʅʗ ʊɸ ɺɯʁʉʔʂʆɺʆɰ ʊɽʍʅɯʂʀ ɺ ʍʆɼɯ 

ɺʀʇʈʆɹʋɺɸʅʔ 

ɸ.ɻ.ʇʘʚʣʝʥʢʦ, ɸ.ɻ.ʂʦʟʠʨ, ʆ.ɺ.ɸʥʜʨʽʻʥʢʦ 

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʮʝʥʪʨ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ 

 

ʆʮʽʥʢʘ ʝʨʛʦʥʦʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʦʟʙʨʦʻʥʥʷ ʪʘ 

ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ (ʜʘʣʽ ï ʆɺʊ) ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢ-

ʪʨʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʦʙôʻʜʥʫʶʪʴʩʷ ʫ ʜʚʘ ʢʣʘʩʠ. ʎʝ ʝʨʛʦʥʦʤʽʯʥʽ ʭʘʨʘ-

ʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ñʣʶʜʠʥʘ ï ʤʘʰʠʥʘò (ʜʘʣʽ ï ʉʃʄ) ʪʘ ʝʨʛʦʥʦʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʽʷʣʴʥʦʩʪʽ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʦʧʝʨʘʪʦʨʘ. 

ɺ̔ ʜʤʽʥʥʽʩʪʴ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʦʟʥʘʯʝʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʫʤʦʚʣʶʻ 

ʚʽʜʤʽʥʥʽʩʪʴ ʤʝʪʦʜʠʯʥʠʭ ʧʽʜʭʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʣʽ-

ʜʞʝʥʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ ʭʦʜʽ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʨʛʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʃʄ ï ʩʝʨʝʜʦʚʠʱʝ ʽ ʾʾ 

ʩʢʣʘʜʦʚʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʘʚʪʦʥʦʤʥʦ, ʧʦʟʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ 

ʉʃʄ, ʚʢʘʟʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʧʫʩʢʘʶʪʴ ʜʦʩʪʦʚʽʨʥʫ ʦʮʽʥʢʫ ʪʽʣʴʢʠ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʣʶʜʠʥʦʶ-ʦʧʝʨʘʪʦʨʦʤ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʚ ʨʝʘʣʴʥʠʭ ʘʙʦ 
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ʧʩʠʭʦʣʦʛʽʯʥʦ ʘʜʝʢʚʘʪʥʠʭ ʨʝʘʣʴʥʠʤ ʫʤʦʚʘʭ. [1] ɼʽʡʩʥʦ, ʦʮʽʥʠʪʠ ʚʽʜʧʦʚʽ-

ʜʥʽʩʪʴ ʨʽʚʥʷ ʘʢʪʠʚʘʮʽʾ ʦʨʛʘʥʽʟʤʫ ʦʧʝʨʘʪʦʨʘ ʜʦʧʫʩʪʠʤʦʤʫ ʥʦʨʤʘʪʠʚʫ ʤʦ-

ʞʥʘ ʪʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʪʦʨʦʤ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ. ʇʨʠ 

ʦʮʽʥʮʽ ʝʨʛʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʦʛʦ ʢʣʘʩʫ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʤʘʻ ʦʨʛʘʥʽʟʘʮʽʷ ʝʨʛʦʥʦʤʽʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʏʠʩʣʦ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʜʽʷʣʴʥʦ-

ʩʪʽ ʦʧʝʨʘʪʦʨʘ ʽ ʫ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʧʽʜʣʷʛʘʶʪʴ ʫʨʘʭʫʚʘʥʥʶ ʚ ʧʨʦʮʝʩʽ ʝʨʛʦ-

ʥʦʤʽʯʥʦʛʦ ʩʫʧʨʦʚʦʜʫ ʉʃʄ, ʦʙʯʠʩʣʶʻʪʴʩʷ ʩʦʪʥʷʤʠ. [2] 

ʅʘ ʧʨʘʢʪʠʮʽ, ʧʨʠ ʨʦʟʨʦʙʮʽ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʉʃʄ, ʚʠʭʦʜʷʯʠ ʟ ʘʥʘ-

ʣʽʟʫ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʽ ʫʤʦʚ ʾʾ ʧʨʦʪʽʢʘʥʥʷ, ʚ ʩʠʩʪʝʤʽ ʚʠʜʽʣʷʻʪʴʩʷ ʦʙʤʝ-

ʞʝʥʠʡ ʩʢʣʘʜ ʟʥʘʯʫʱʠʭ ʝʨʛʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠ-

ʚʥʠʤ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʮʠʭ ʟʘʚʜʘʥʴ ʻ ʤʝʪʦʜ ʧʦʝʪʘʧʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʧʨʦʮʝʜʫʨʫ ʦʧʪʠʤʽʟʘʮʽʾ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʛʦ ʢʦʥʪʫʨʫ ʫʧʨʘʚ-

ʣʽʥʥʷ, ʧʦʩʣʽʜʦʚʥʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʥʘ ʙʘʟʽ ʪʨʝʥʘʞʥʦ-ʤʦʜʝʣʶʶʯʦʛʦ ʢʦʤ-

ʧʣʝʢʩʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʽʷʣʴʥʦʩʪʽ ʜʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʤ ʽ ʧʨʦʬʝʩʽʡʥʠʤ ʷʢʦʩʪʷʤ ʦʧʝʨʘʪʦʨʘ. ɺʘʞʣʠʚʠʤ ʜʞʝ-

ʨʝʣʦʤ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʗʢ ʩʚʽʜʯʠʪʴ ʩʚʽʪʦʚʘ ʧʨʘʢʪʠʢʘ, ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʚʢʣʶʯʘʶʪʴ 

ʜʘʥʽ ʚ ʥʘʩʪʫʧʥʠʭ ʢʘʪʝʛʦʨʽʷʭ [3]: 

1. ɼʘʥʽ, ʟʽʙʨʘʥʽ ʜʣʷ ʦʧʠʩʫ ʚʽʜʧʦʚʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʩʧʦʥʜʝʥʪʽʚ 

(ʫʯʘʩʥʠʢʽʚ ʚʠʧʨʦʙʫʚʘʥʴ). ʋʥʽʬʽʢʘʮʽʷ ʜʘʥʠʭ ʫ ʮʽʡ ʦʙʣʘʩʪʽ ʻ ʥʝʦʙʭʽʜʥʦʶ, 

ʪʦʤʫ ʧʨʦʚʽʜʥʠʡ ʽʥʞʝʥʝʨ ʟ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʞʝ ʙʽʣʴʰ ʪʦʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʜʫʢʪʠ-

ʚʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʩʠʩʪʝʤ, ʬʦʨʤʫʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʫʤʦʚ ʚʠʧʨʦʙʫʚʘʥʴ 

ʪʦʱʦ; 

2. ɺʠʤʽʨʶʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ. ɺʘʞʣʠʚʦ ʟʨʦʟʫʤʽʪʠ ʷʢʽ 

ʤʦʞʣʠʚʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʜʦʚʽʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ ʩʠʩʪʝʤʠ; 

3. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʣʶʜʠʥʠ. ɸʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠ-

ʩʪʝʤʠ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʚʩʽʤ ʝʨʛʦʥʦʤʽʯʥʠʤ ʢʨʠʪʝʨʽʷʤ ʪʘ ʧʦʜʦʙʘʪʠʩʴ 

ʦʧʝʨʘʪʦʨʘʤ ʪʘ ʦʙʩʣʫʛʦʚʫʶʯʦʤʫ ʧʝʨʩʦʥʘʣʫ, ʘʣʝ ʦʯʽʢʫʚʘʥʽ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʤʘʶʪʴ ʙʫʪʠ ʧʽʜʪʚʝʨʜʞʝʥʽ ʧʨʠ ʟʘʜʦʚʽʣʴʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʚʘʞʣʠʚʠʭ 

ʟʘʚʜʘʥʴ, ʷʢ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ, ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚʘʭ, ʪʘʢ ʽ ʚ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʫʤʦʚʘʭ; 

4. ʆʮʽʥʢʘ ʩʧʨʠʡʥʷʪʪʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʩʠʩʪʝʤʠ. ʅʘʚʽʪʴ ʩʠʩʪʝʤʘ, ʷʢʘ 

ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʣʶʜʠʥʠ, 

ʤʦʞʝ ʤʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʦʮʽʥʶʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, 

ʱʦ ʷʢ ʥʘʩʣʽʜʦʢ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʙʤʝʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ; 

5. ɺʠʤʽʨʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʣʘʜʥʘʥʥʷ. ɺʠʟʥʘʯʝʥʥʶ ʧʽʜʣʷʛʘʶʪʴ 

ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʘ 
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ʩʘʤʝ: ʨʦʟʤʽʨ, ʚʘʛʘ, ʨʽʚʝʥʴ ʦʩʚʽʪʣʝʥʦʩʪʽ, ʨʽʚʝʥʴ ʰʫʤʫ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʦ-

ʙʦʯʦʾ ʟʦʥʠ ʝʢʽʧʘʞʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʭʦʜʫ ʽ ʚʠʭʦʜʫ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʽʙʨʘʮʽʷ, 

ʷʩʢʨʘʚʽʩʪʴ, ʯʽʪʢʽʩʪʴ ʽ ʤʘʨʢʫʚʘʥʥʷ ʜʠʩʧʣʝʾʚ, ʘ ʪʘʢʦʞ ʨʦʟʤʽʱʝʥʥʷ, ʢʦʥʬʽ-

ʛʫʨʘʮʽʷ ʪʘ ʥʝʦʙʭʽʜʥʘ ʩʠʣʘ ʜʣʷ ʦʨʛʘʥʽʚ ʢʝʨʫʚʘʥʥʷ. 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʫ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʤʝʪʦʜʠʢʠ ʟ ʦʮʽʥʢʠ ʝʨ-

ʛʦʥʦʤʽʢʠ ʨʦʟʜʽʣʷʶʪʴ ʥʘ: ʝʢʩʧʝʨʪʥʽ; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ; ʨʦʟʨʘʭʫʥʢʦʚʽ; 

ʢʦʤʙʽʥʦʚʘʥʽ. 

ʇʨʠ ʮʴʦʤʫ, ʥʝ ʚʠʨʽʰʝʥʦʶ ʧʨʦʙʣʝʤʦʶ ʤʝʪʦʜʦʣʦʛʽʾ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽ-

ʥʶʚʘʥʥʷ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʝʨʛʦʥʦʤʽʯʥʦʾ ʜʦʩʪʦ-

ʚʽʨʥʦʩʪʽ ʣʴʦʪʯʠʢʘ-ʚʠʧʨʦʙʫʚʘʯʘ, ʷʢ ʝʢʩʧʝʨʪʘ. [4] 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʙʫʜʴ-ʷʢʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʚʝ-

ʜʝʥʥʷ ʝʨʛʦʥʦʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ï ʮʝ ʤʦʜʝʣʴ ʢʝʨʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʫ ʘʙʦ ʧʨʦ-

ʮʝʩʫ.  

ɼʦʩʣʽʜʥʠʢʠ ʝʨʛʘʪʠʯʥʠʭ ʩʠʩʪʝʤ (ʜʘʣʽ ï ɽʉ) ʚ ʜʘʥʠʡ ʯʘʩ ʧʦʯʘʣʠ ʦʧʝ-

ʨʫʚʘʪʠ ʦʮʽʥʢʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʥʥʷ ʟ ʧʦʜʽʙ-

ʥʠʤʠ ʤʦʜʝʣʷʤʠ. ʊʘʢʽ ʤʦʜʝʣʽ ʻ ʦʜʥʽʻʶ ʟ ʬʦʨʤ ʦʧʠʩʫ ɽʉ. ɺʦʥʠ ʽʥʦʜʽ ʤʘ-

ʶʪʴ ʧʝʨʝʚʘʛʠ ʥʘʚʽʪʴ ʧʝʨʝʜ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷ-

ʶʪʴ ʩʫʜʠʪʠ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʜʘʥʦʾ ɽʉ ʚ ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʷʭ. ʉʪʚʦʨʝʥʥʷ 

ʩʘʤʠʭ ʤʦʜʝʣʶʶʯʠʭ ʩʪʝʥʜʽʚ ʻ ʦʜʥʠʤ ʟ ʧʨʦʙʣʝʤʥʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʚʠʨʽʰʫ-

ʶʪʴʩʷ ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʨʘʤʢʘʭ ʝʨʛʦʥʦʤʽʢʠ. 

ɿʘʨʘʟ ʨʦʟʚʠʚʘʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ɽʉ. ʇʨʠ 

ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ: ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʪʝʦʨʽʾ 

ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʽ ʤʦʜʫʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʜʝʷʢʽ 

ʚʠʤʦʛʠ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ñʫʟʘʛʘʣʴʥʝʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʝʨʘ-

ʪʦʨʘò. ɺʦʥʘ ʚʢʘʟʫʻ ʥʘ ʪʽ ʫʤʦʚʠ ʚ ʩʠʩʪʝʤʽ, ʧʨʠ ʷʢʠʭ ʦʧʝʨʘʪʦʨ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʪʘʢ ʟʚʘʥʦʤʫ ʢʚʘʟʽʩʪʽʡʢʦʤʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʩʪʘʥʽ. ʇʨʘʚʜʘ, ʫʤʦʚʠ ʬʫ-

ʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʮʴʦʤʫ ʤʝʪʦʜʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʜʥʦʩʪʦʨʦʥʥʴʦ, ʦʧʝʨʘʪʦʨ ʻ 

ʚʩʴʦʛʦ ʣʠʰʝ ʣʘʥʢʦʶ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ɯʥʰʽ ʝʨʛʦʥʦʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʫʤʦʚʠ ʨʦʙʦʪʠ ʦʧʝʨʘʪʦʨʘ, ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʦʟʘ ʫʚʘʛʦʶ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʚʠʟʥʘ-

ʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʚʝ-

ʜʝʥʥʷ ʪʠʭ ʘʙʦ ʽʥʰʠʭ ʟʤʽʥ ʚ ʧʘʨʘʤʝʪʨʠ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʤʝʪʦʶ ʧʽʜ-

ʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɽʉ ʚ ʮʽʣʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʩʢʦʥʘ-

ʣʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʩʝʨʝʜ ʷʢʠʭ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʧʦ-

ʩʽʜʘʶʪʴ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ. 

ɹʘʟʦʚʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʧʘʨʘ-

ʤʝʪʨʽʚ ʜʣʷ ʚʠʤʽʨʫ ʪʘ ʨʝʻʩʪʨʘʮʽʾ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʽʥ-

ʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʩʬʦʨʤʫʚʘʪʠ ʩʫʢʫʧʥʽʩʪʴ ʤʝʪʦʜʽʚ ʜʣʷ 

ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. 
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ɺʩʪʘʥʦʚʣʝʥʥʷ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ 

ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʟʚʦʣʷʻ ʨʦʟʧʦʚʩʶʜʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩ-

ʣʽʜʞʝʥʴ ʦʜʥʽʻʾ ɽʉ ʥʘ ʜʝʷʢʠʡ ʢʣʘʩ ɽʉ, ʾʡ ʧʦʜʽʙʥʠʡ, ʥʝ ʧʨʦʚʦʜʷʯʠ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʞʥʦʛʦ ʨʘʟʫ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʚ ʥʠʭ ʷʢʠʭ-

ʥʝʙʫʜʴ ʟʤʽʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʧʘʨʘʪ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ, ʤʘʻ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʫʥʽʚʝʨʩʘ-

ʣʴʥʦʩʪʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʢʣʘʩʫ ɽʉ. 
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɼʀʅɸʄɯʂʀ ʈʋʍʋ 

ʉʂʃɸɼɽʅʆɰ ʉʀʉʊɽʄʀ ɹʇʃɸ ɯ ʄʋʃʔʊʀʉɽʅʉʆʈɯɺ ʇɯɼ ʏɸʉ 

ʄʆʅɯʊʆʈʀʅɻʋ ɿʆʅʀ ʅɸɼɿɺʀʏɸʁʅʀʍ ʉʀʊʋɸʎɯʁ  

ʆ.ɯ. ʃʠʩʝʥʢʦ 

ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʅʊʋʋ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

ʉ.ʄ. ʏʫʤʘʯʝʥʢʦ 

ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ "ɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦ-

ʚʠʱʘ ʅɸʅ ʋʢʨʘʾʥʠ", ʋʢʨʘʾʥʘ 

ʆ.ʄ. ʊʝʩʣʝʥʢʦ  

ʋʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ, 

ʋʢʨʘʾʥʘ  

  

ɼʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ (ʇʅʆ) ʽ ʟʦʥ ʥʘʜʟʚʠ-

ʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ (ʅʉ) ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʙʦʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʟʜʘʪʥʽ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʧʝʨʝʜʘʚʘʪʠ ʦʨʛʘʥʘʤ ʫʧʨʘʚ-

ʣʽʥʥʷ ɼʉʅʉ ʋʢʨʘʾʥʠ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʧʝʨʘʪʠʚʥʠʭ ʽ ʘʜʝʢʚʘʪʥʠʭ 

ʟʘʭʦʜʽʚ ʫ ʚʠʧʘʜʢʫ ʟʘʛʨʦʟʠ ʘʙʦ ʚʠʥʠʢʥʝʥʥʷ ʅʉ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʪʘ ʣʽʢʚʽʜʘʮʽʾ ʥʘʩʣʽʜʢʽʚ 
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ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʤʦʞʝ ʩʪʘʪʠ ʩʠʩʪʝʤʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʮʽʣʦʜʦʙʦ-

ʚʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʡ ʥʘ ʙʘʟʽ ʢʚʘʜʨʦʢʦʧʪʝʨʘ.  

ʂʚʘʜʨʦʢʦʧʪʝʨ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʣʽʪʘʶʯʘ ʧʣʘʪʬʦʨʤʘ, ʥʘ ʷʢʽʡ ʨʦʟʪʘʰʦ-

ʚʘʥʽ ʨʘʢʝʪʥʽ ʢʦʥʪʝʡʥʝʨʠ, ʱʦ ʟʘʧʫʩʢʘʶʪʴʩʷ, ʫʩʝʨʝʜʠʥʽ ʷʢʠʭ ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʨʦʟʪʘʰʦʚʘʥʽ ʤʫʣʴʪʠʩʝʥʩʦʨʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʟʦʥʽ Hʉ (ʨʠʩ. 1).  

 

 

ʘ) ʙ) 

ʈʠʩ. 1 ï ʉʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʡ ʚ ʟʦʥʽ ʅʉ ʥʘ ʙʘʟʽ ʙʝʟʧʽʣʦʪ-

ʥʦʛʦ ʚʘʨʽʘʥʪʘ ʢʚʘʜʨʦʢʦʧʪʝʨʘ: ʘ) ʚʠʛʣʷʜ ʟʚʝʨʭʫ, ʙ) ʩʪʘʨʪ ʨʘʢʝʪʠ ʟ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʡ ʫ ʟʦʥʽ ʅʉ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʪʘʰʫʚʘʪʠ ʤʫʣʴʪʠʩʝʥʩʦʨʠ ʦʧʪʠʤʘʣʴʥʠʤ ʯʠʥʦʤ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʧʦʢʨʠʪʪʷ ʟʦʥʠ ʢʦʥʪʨʦʣʶ, ʘ ʪʘʢʦʞ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘ-

ʮʽʾ ʧʨʦ ʾʾ ʩʪʘʥ.  

ʎʝ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʢʦʦʨʜʠʥʘʪ ʽ ʤʦʤʝʥʪʫ 

ʯʘʩʫ ʟʘʧʫʩʢʫ ʢʦʥʪʝʡʥʝʨʽʚ, ʘ ʪʘʢʦʞ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ ʨʫʭʫ ʣʽʪʘ-

ʶʯʦʾ ʧʣʘʪʬʦʨʤʠ ʜʦ ʪʦʯʢʠ ʟʘʧʫʩʢʫ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʥ-

ʪʝʡʥʝʨʽʚ ʜʦ ʮʽʣʽ ʧʽʩʣʷ ʟʘʧʫʩʢʫ. ɼʣʷ ʮʴʦʛʦ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʾ 

ʥʘ ʙʘʟʽ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʧʦʚʠʥʥʘ ʜʽʷʪʠ ʷʢ ʻʜʠʥʝ ʮʽʣʝ ʽ ʜʽʾ ʢʦʞʥʦʛʦ ʦʢʨʝʤ-

ʦʛʦ ʾʾ ʝʣʝʤʝʥʪʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʜʝʨʞʘʥʥʷ ʥʘʡʙʽʣʴʰʦʛʦ ʛʨʫ-

ʧʦʚʦʛʦ ʝʬʝʢʪʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠ-

ʪʦʨʽʡ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʢʣʘʜʝʥʫ ʜʠʥʘʤʽʯʥʫ ʩʠʩʪʝʤʫ. 

ʇʽʜ ʩʢʣʘʜʝʥʦʶ ʜʠʥʘʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʩʫʢʫʧʥʽʩʪʴ 

ʦʙ'ʻʢʪʽʚ (ʢʚʘʜʨʦʢʦʧʪʝʨ; ʢʦʥʪʝʡʥʝʨʠ, ʱʦ ʟʘʧʫʩʢʘʶʪʴʩʷ; ʤʫʣʴʪʠʩʝʥʩʦʨʠ), 

ʦʙ'ʻʜʥʘʥʠʭ ʫ ʩʠʩʪʝʤʫ ʟʘ ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ. ʊʨʘʻʢʪʦʨʽʾ ʪʘʢʠʭ ʩʢʣʘʜʝʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘʟʠʚʘʶʪʴʩʷ ʨʦʟʛʘʣʫʞʝʥʠʤʠ, ʪʦʤʫ ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ 

ʟ ʜʽʣʷʥʦʢ ʩʧʽʣʴʥʦʛʦ ʨʫʭʫ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʽ ʜʽʣʷʥʦʢ ʾʭʥʴʦʛʦ ʽʥʜʠʚʽʜʫ-

ʘʣʴʥʦʛʦ ʨʫʭʫ ʜʦ ʮʽʣʽ, ʪʦʙʪʦ ʨʫʭʫ ʧʦ ʦʢʨʝʤʠʭ ʛʽʣʢʘʭ ʪʨʘʻʢʪʦʨʽʾ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʢʣʘʩʫ ʩʠʩʪʝʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʡʢʨʘ-

ʱʦʛʦ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʢʦʦʨʜʠʥʘʪ ʽ ʤʦʤʝʥʪʫ ʯʘʩʫ ʧʦʜʽʣʫ ʩʢʣʘʜʝʥʦʾ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ (ʉɼʉ), ʘ ʪʘʢʦʞ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ ʨʫʭʫ ʉɼʉ 

ʜʦ ʪʦʯʢʠ ʧʦʜʽʣʫ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʽʜʩʠʩʪʝʤ ʜʦ ʮʽʣʽ ʧʦ 

ʛʽʣʢʘʭ ʪʨʘʻʢʪʦʨʽʾ ʧʽʩʣʷ ʧʦʜʽʣʫ (ʨʠʩ. 2).  
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ʈʠʩ. 2 ï ʇʨʠʢʣʘʜ ʩʭʝʤʠ ʨʦʟʛʘʣʫʞʝʥʦʾ ʪʨʘʻʢʪʦʨʽʾ: it ï ʤʦʤʝʥʪʠ ʯʘʩʫ 

ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʉɼʉ; ʩʪʨʽʣʢʠ ʫʤʦʚʥʦ ʧʦʢʘʟʫʶʪʴ ʥʘʧʨʷʤʦʢ 

ʨʫʭʫ ʧʽʜʩʠʩʪʝʤ ʉɼʉ. 

ʈʫʭ ʧʽʜʩʠʩʪʝʤ ʧʦ ʛʽʣʢʘʭ ʪʨʘʻʢʪʦʨʽʾ ʉɼʉ ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴ-

ʥʦʶ ʩʠʩʪʝʤʦʶ ʚʠʜʫ 

ὼ Ὢὼȟόȟώȟὺȟὸȟὸ‭ὸȟὸ                        (1) 

ʜʝ ,nExÍ ;mEu ËÆÍ  tvyux ;,,,  ï ʬʘʟʦʚʽ ʢʦʦʨʜʠʥʘʪʠ, v ï ʢʝ-

ʨʫʚʘʥʥʷ ʽʥʰʠʭ ʧʽʜʩʠʩʪʝʤ ʟʽ ʩʢʣʘʜʫ ʉɼʉ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʫʭ ʨʦʟʛʣʷ-

ʥʫʪʦʾ ʧʽʜʩʠʩʪʝʤʠ; 0t , 
ft ï ʤʦʤʝʥʪʠ ʯʘʩʫ ʧʦʯʘʪʢʫ ʪʘ ʢʽʥʮʷ ʨʫʭʫ ʧʽʜʩʠ-

ʩʪʝʤʠ ʧʦ ʨʦʟʛʣʷʥʫʪʽʡ ʛʽʣʮʽ ʪʨʘʻʢʪʦʨʽʾ.  

ʅʘ ʪʨʘʻʢʪʦʨʽʶ ʧʽʜʩʠʩʪʝʤʠ (1) ʥʘʢʣʘʜʘʶʪʴʩʷ ʩʢʘʣʷʨʥʽ ʦʙʤʝʞʝʥʥʷ 

ʚʠʜʫ [3, 4, 5] 

î
í

î
ì

ë

+=

==

_________________

____________

i

,,Ò

,,
)),(),(;),(),((g

gg

g

fff

nki

ki
ttytxttytx

10

10
000

 ;                 (2) 

î
í

î
ì

ë

+=

==

_________________

____________

,,Ò

,,
));(),(;),(),((

qq

q

nki

ki
ttvtyttutx

10

10
0iq ,             (3) 

ʜʝ ].,[ɴ fttt 0  

ʂʨʠʪʝʨʽʡ, ʱʦ ʦʮʽʥʶʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɼʉ, ʦʧʠʩʫʻʪʴʩʷ 

ʚʠʨʘʟʦʤ [2] 

minŸ
×

)ʇ( r+Ö=P ,           (4) 

ʜʝ ʇ(Ā) ï ʪʝʨʤʽʥʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʢʨʠʪʝʨʽʶ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʘʟʦʚʠʭ 

ʢʦʦʨʜʠʥʘʪ ʧʽʜʩʠʩʪʝʤ ʫ ʤʦʤʝʥʪʠ ʯʘʩʫ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʉɼʉ ʽ 

ʩʘʤʠʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ; 
är
ï ʽʥʪʝʛʨʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʢʨʠʪʝʨʽʶ, ʱʦ ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʽʟ ʩʫʤʠ ʯʘʩʪʠʥʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʠʧʫ 

ñ=rS
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ʚʽʜʧʦʚʽʜʥʠʭ ʦʢʨʝʤʠʤ ʛʽʣʢʘʤ ʪʨʘʻʢʪʦʨʽʾ ʉɼʉ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ (1) ï (5) ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʻʢʪʦʨʽʾ ʉɼʉ ʧʦʣʷʛʘʻ ʚ 

ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʫʧʨʘʚʣʽʥʴ ʽ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʧʽʜʩʠʩʪʝʤ ʧʦ ʜʽʣʷʥʢʘʭ 

ʨʦʟʛʘʣʫʞʝʥʦʾ ʪʨʘʻʢʪʦʨʽʾ, ʱʦ ʤʽʥʽʤʽʟʫʶʪʴ ʢʨʠʪʝʨʽʡ (4), ʘ ʪʘʢʦʞ ʫ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʪʘ ʬʘʟʦʚʠʭ ʢʦʦʨʜʠʥʘʪ, ʫ ʷʢʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʩʪʨʫʢʪʫʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʉɼʉ. 

ʈʦʟʚôʷʟʦʢ ʮʽʻʾ ʟʘʜʘʯʽ ʟʘʟʥʘʯʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʥʘʪʠ 

ʚ ʪʨʠ ʝʪʘʧʠ: ʩʧʦʯʘʪʢʫ ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʭʽʜ ʚʽʜ ʩʪʘʥʽʚ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʜʦ ʨʦʟʨʠʚʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟʽ ʟʤʽʥʥʠʤ ʨʦʟʤʽʨʦʤ ʚʝʢʪʦʨʽʚ ʩʪʘʥʫ 

ʫʧʨʘʚʣʽʥʥʷ; ʧʦʪʽʤ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʟʨʠʚʥʫ ʩʠʩʪʝʤʫ ʽ, ʥʘʨʝʰʪʽ, ʧʦʚʝʨ-

ʥʫʪʠʩʷ ʜʦ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ, ʚʠʨʘʟʠʚʰʠ ʨʝʟʫʣʴʪʘʪ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʨʠʚʥʦʾ 

ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʧʦʟʥʘʯʝʥʥʷ, ʧʨʠʡʥʷʪʽ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʬʦʨʤʫʣʶʚʘʥʥʽ ʟʘʚ-

ʜʘʥʥʷ. 

ʄʝʪʦʜʠʢʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʢʣʘʜʝʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚ ʨʦʟʨʠʚʥʫ 

ʜʠʥʘʤʽʯʥʫ ʩʠʩʪʝʤʫ ʟʽ ʟʤʽʥʥʠʤ ʫ ʤʦʤʝʥʪʠ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʨʦʟ-

ʤʽʨʦʤ ʚʝʢʪʦʨʽʚ ʩʪʘʥʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ [1 ï 3]: 

- ʚʠʭʦʜʷʯʠ ʟ ʬʽʟʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɼʉ, ʚʠʙʫʜʦ-

ʚʫʻʪʴʩʷ ʩʭʝʤʘ ʨʦʟʛʘʣʫʞʝʥʦʾ ʪʨʘʻʢʪʦʨʽʾ, ʩʢʣʘʜʘʶʪʴʩʷ ʨʽʚʥʷʥʥʷ ʨʫʭʫ 

ʧʽʜʩʠʩʪʝʤ ʫʟʜʦʚʞ ʛʽʣʦʢ ʪʨʘʻʢʪʦʨʽʾ, ʟʘʧʠʩʫʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ 

ʙʝʟʫʧʠʥʥʦ ʥʘ ʧʽʜʩʠʩʪʝʤʠ ʪʘ ʫ ʛʨʘʥʠʯʥʠʭ ʪʦʯʢʘʭ, ʬʦʨʤʫʣʶʻʪʴʩʷ ʢʨʠ-

ʪʝʨʽʡ; 

- ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʭʨʦʥʦʣʦʛʽʯʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʩʪʨʫʢ-

ʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʉɼʉ; 

- ʚ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʉɼʉ ʚʚʦ-

ʜʷʪʴʩʷ ʨʦʟʰʠʨʝʥʽ ʚʝʢʪʦʨʠ ʩʪʘʥʫ ʍ̔ ʪʘ ʫʧʨʘʚʣʽʥʥʷ U  ̔(i=
_____

,N1  ), ʜʝ N+1 ï 

ʢʽʣʴʢʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʉɼʉ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʧʦʯʘʪʢʦʤ ʨʫʭʫ ʉɼʉ (ʽ=0), ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʟ ʚʝʢʪʦʨʽʚ ʩʪʘʥʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʽʜʩʠʩʪʝʤ 

(ʙʣʦʢʽʚ), ʱʦ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʧʦ ʛʽʣʢʘʭ ʪʨʘʻʢʪʦʨʽʾ ʚ ʟʘʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʯʘʩʫ. 
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MODERN METHODS OF MO DELLING IN TESTING A ND 

SERTIFICATION OF SPE CIAL TECHNIQUE  

V.A.Dmytriyev,  V.M.Chupryna,  E.K.Chimbanga 

State Scientific Research and Test Center of Armed Forces of Ukraine 

 

Testing of the special equipment, namely an armament, military 

equipment and the dual-purpose equipment, is carried out to provide the 

defensive forces of Ukraine with high quality machinery. The important part 

in the life cycle of the machinery is its testing. It is an integral part of the 

process of production and modernization of the special purpose machinery. 

All kinds of new and upgraded machinery which are accepted for supplying 

Ukrainian Armed Forces are tested. Tests are divided into preliminary, 

determinative departmental and governmental. 

The purpose of testing is to determine and to evaluate the appropriateness 

of the military, technical and operational specifications of provided special 

purpose machinery samples for customerôs requirements. 

The main testing Authority in Ukraine is State Scientific Research and 

Test Center of Armed Forces of Ukraine, which is planned to be converted 

into a State Scientific Research Institute of Armament and Military 

Equipment Testing and Certifications.  

The center provides: 

ī reasoning, developing and realization of the methodological and 

organizational bases for realization of the military equipment policy in a field 

of armament and military machinery testing; 
ī direct testing of all types of samples of military equipment and dual-

purpose equipment; providing further recommendations for equipmentôs 

acceptance and approving of it for serial production; 

ī development and approval of programs and methods of State 

(determinative departmental, interdepartmental, specialized, control, flying, 

research, preliminary, standard) testing of new and modernized samples 

(complexes, systems) of armament of the military equipment; 

ī scientific and technical (methodical) support of research and 

development proceedings of all types of testing, flight-methodical support of 

procedures within aviation; 

ī reasoning, developing and realization of ways for development and 

usage of the training field, laboratory and experimental training base of the 

Armed Forces of Ukraine; 
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ī certification and production of aviation equipment; 

ī preparation and certification of flight, engineering testing 

composition of parachute testers, aviation rescue team and diving specialists; 

ī development and improvement of the general technical 

requirements, normative, legal and methodological documentation which 

conducts tests. 

ī scientific and technical expertise conduction. 

Testing of technical objects may be conducted in two methods: 

1. Experimental method - full -time testing of an object in certain 

conditions of functioning for its studying (in other words, active observation). 

2. Object modeling - assembling of a model or objectôs analog and 

studying it; herewith one may significantly amplify a number of settings for 

modeling as well as set various types of impacts on an object (sometimes 

even beyond realistic capabilities). 

At the modern stage of development of calculating machinery more and 

more attention is brought to modeling. During the process of development 

and testing various types of modeling are used: 

1. Mathematical modeling, in which the interaction of elements of the 

system is fixed in the form of functional mathematical relations. 

2. Simulation, as a reproduction of the modeling system's operation in 

time (especially convenient for complex systems). 

3. Statistical simulation - simulation of tests through statistical 

methods (for example, the Monte Carlo method). 

During modeling of special equipment common simulation environments 

are used. Those are mathematical software packages and engineering 

packages, as well as special-purpose programs. As a rule, in the process of 

testing the results of mathematical and simulation modeling of special 

equipment are confirmed experimentally (as the criterion of truth is always 

practice). In this case, abstract models are specified as much as possible in 

order to guarantee the increase of their adequacy. Mathematical and 

simulation modeling of objects is an important component of the 

development of special equipment, which significantly expands the 

capabilities of design, production and testing of fundamentally new 

technology, created on the basis of modern technology. The main advantages 

of using modeling are as follows: 

- transferring real tests to the virtual environment; 

- expanding spectrum of test parameters; 

- imitation of various influences on the object; 

- reduction of testing times; 

- testôs total cost reduction. 
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In general, mathematical and simulation modeling of technical objects 

provides a significant increase in the efficiency of development and testing 

of military equipment and special-purpose equipment. 

Due to planned approximation of Ukraine's military standards to NATO 

standards, a gradual transition to weapons and warfare testing as well as cer-

tification schemes adopted in the West will be planned at the State Scientific 

Research and Test Center of Armed Forces of Ukraine. 

 

ʋɼʂ 621.314 

ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ɺ ʉʀʉʊɽʄɯ ʉʊɸɹɯʃɯɿɸʎɯɰ 

ʇɸʈɸʄɽʊʈɯɺ ʇʆʃʔʆʊʋ ɹɽɿʇɯʃʆʊʅʆɻʆ ʃɯʊɸʃʔʅʆɻʆ 

ɸʇɸʈɸʊʋ (ɹʇʃɸ)  

ʖ.ʆ. ɼʝʥʠʩʦʚ, ʜ. ʪ. ʥ., ʧʨʦʬ.,  

ʆ.ʃ. ʐʘʧʦʚʘʣʦʚ 

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʮʝʥʪʨ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ 

 

ɿʜʘʪʥʽʩʪʴ ɹʇʃɸ ʷʢʽʩʥʦ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ, ʱʦ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ 

ʥʴʦʛʦ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʠʟʢʠ ʬʘʢʪʦʨʽʚ, ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʟ ʷʢʠʭ ʻ ʷʢʽʩʪʴ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʱʦ 

ʢʝʨʫʶʪʴ ʨʝʞʠʤʘʤʠ ʡʦʛʦ ʧʦʣʴʦʪʫ. 

ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʦʙʤʝʞʫʻ ʪʨʠʚʘʣʽʩʪʴ ʧʦʣʴʦʪʫ ɹʇʃɸ, ʻ 

ʦʙʤʝʞʝʥʘ ʻʤʥʽʩʪʴ ʘʢʫʤʫʣʷʪʦʨʘ, ʚʽʜ ʷʢʦʛʦ ʞʠʚʣʷʪʴʩʷ ʩʠʣʦʚʽ ʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʪʨʠʚʘʣʦʩʪʽ ʧʦʣʴʦʪʫ ɹʇʃɸ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ 

ʝʥʝʨʛʦʞʠʚʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʽʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ. 

ɿ ʤʝʪʦʶ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʪʽʚ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʜʣʷ ʢʦʞʥʦʾ ʟ ʦʩʝʡ 

ʦʙʝʨʪʘʥʥʷ (ʢʨʝʥ, ʪʘʥʛʘʞ, ʨʠʩʢʘʥʥʷ) ʨʦʟʨʦʙʣʝʥʽ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʙʝʟʢʦʣʝʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

(ɹɼʇʉ). ʂʦʞʥʘ ʟ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʢʦʥʪʫʨʽʚ ʟ ʢʦʥʪʨʦʣʝʤ 

ʩʪʨʫʤʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʘʢʫʤʫʣʷʪʦʨʘ, ʢʦʥʪʨʦʣʶ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

ʽ ʢʫʪʘ ʢʨʝʥʫ. ɻʦʣʦʚʥʠʡ ʢʦʥʪʫʨ ʩʠʩʪʝʤʠ ʚʽʜʧʨʘʮʴʦʚʫʻ ʧʦʤʠʣʢʫ ʟʘ ʢʫʪʦʤ 

ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʡʦʛʦ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜ 

ʟʘʜʘʥʦʛʦ. ɼʦ ʛʦʣʦʚʥʦʛʦ ʢʦʥʪʫʨʫ ʜʦʜʘʥʽ ʜʘʪʯʠʢʠ ʰʚʠʜʢʦʩʪʽ ʽ ʢʫʪʘ ʢʨʝʥʫ. 

ʂʝʨʫʚʘʥʥʷ ɹɼʇʉ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʟ 

ʩʠʥʫʩʦʾʜʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʢʝʨʫʚʘʥʥʷ. ʈʦʣʴ ʜʘʪʯʠʢʽʚ ʧʦʪʦʯʥʠʭ ʟʥʘʯʝʥʴ 

ʰʚʠʜʢʦʩʪʽ ʽ ʢʫʪʽʚ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʩʽ ʚʠʢʦʥʫʻ ʽʥʝʨʮʽʘʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ 

ʩʠʩʪʝʤʘ, ʱʦ ʚʢʣʶʯʘʻ ʜʦ ʩʝʙʝ ʪʨʴʦʭʦʩʴʦʚʽ ʘʢʩʝʣʝʨʦʤʝʪʨ ʽ ʛʽʨʦʩʢʦʧ, ʘ 

ʪʘʢʦʞ ʪʨʴʦʭʦʩʴʦʚʠʡ ʤʘʛʥʽʪʦʤʝʪʨ. 

ɺʥʫʪʨʽʰʥʽʡ ʢʦʥʪʫʨ ʩʪʨʫʤʫ ʚʠʟʥʘʯʘʻ ʪʝʤʧ ʽ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʫ 

ʩʧʦʞʠʚʘʥʥʷ ʩʪʨʫʤʫ ʚʽʜ ʘʢʫʤʫʣʷʪʦʨʘ, ʟʜʽʡʩʥʶʻ ʡʦʛʦ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʽʚʥʽ 
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ʩʪʨʫʤʦʚʦʾ ʫʩʪʘʚʢʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʦʥʦʤʥʦʛʦ ʚʠʪʨʘʯʝʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʫ ʘʢʫʤʫʣʷʪʦʨʘ. ɺ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʨʝʛʫʣʷʪʦʨʘ ʢʦʥʪʫʨʫ 

ʩʪʨʫʤʫ ʟʘ ʢʨʠʪʝʨʽʻʤ ʰʚʠʜʢʦʜʽʾ ʚʩʪʘʥʦʚʣʝʥʘ ʡʦʛʦ ʩʪʨʫʢʪʫʨʘ (ʇɯ) ʽ 

ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʥʘʨʦʱʫʚʘʥʥʷ 

ʩʪʨʫʤʫ ʙʝʟ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʦʜʠʥ ʪʘʢʪ. ɿʘ ʪʘʢʠʤ ʩʘʤʠʤ ʢʨʠʪʝʨʽʻʤ 

ʩʠʥʪʝʟʦʚʘʥʽ ʨʝʛʫʣʷʪʦʨʠ ʢʦʥʪʫʨʽʚ ʰʚʠʜʢʦʩʪʽ ʽ ʢʫʪʘ ʢʨʝʥʫ. 

 ɺ ʩʠʩʪʝʤʽ Matlab-Simulink ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʢʨʝʤʠʭ 

ʙʣʦʢʽʚ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ï ʙʝʟʢʦʣʝʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ, ʢʦʤʫʪʘʪʦʨʘ ʟʘ ʩʭʝʤʦʶ ʪʨʴʦʭʬʘʟʥʦʛʦ ʤʦʩʪʦʚʦʛʦ ʽʥʚʝʨʪʦʨʘ, ʰʠ-

ʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ, ʜʘʪʯʠʢʽʚ, ʪʦʱʦ. ʇʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠ-

ʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʪʨʴʦʭ ʢʦʥʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʪʘ 

ʢʨʝʥʫ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʷʢʝ ʜʦʟʚʦʣʠʣʦ ʫʪʦʯʥʠʪʠ ʧʘʨʘʤʝʪʨʠ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʨʝʛʫʣʷʪʦʨʽʚ ʦʢʨʝʤʠʭ ʢʦʥʪʫʨʽʚ. ʆʙʨʦʙʢʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ  ʧʦʢʘʟʘʣʘ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʰʝʥʥʷ ʜʦ-

ʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʠʪʠ ʯʘʩ ʧʦʣʴʦʪʫ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʥʘ (8õ10)% ʧʦʨʽʚʥʷʥʦ ʟ 

ʥʝ ʦʧʪʠʤʽʟʦʚʘʥʠʤ ʚʘʨʽʘʥʪʦʤ ʩʠʩʪʝʤʠ ʡʦʛʦ ʢʝʨʫʚʘʥʥʷ. 
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ɼʆ ʇʀʊɸʅʅʗ ɸʅɸʃɯɿʋ ɽʂʉʇʃʋɸʊɸʎɯʁʅʆɰ ʅɸɼɯʁʅʆʉʊɯ 

ʊɸ ɹɽɿʇɽʂʀ ʇʆʃʔʆʊɯɺ  ʇʆɺɯʊʈʗʅʀʍ ʉʋɼɽʅ 

ɺ.ʄ.ɻʦʣʫʙ, ʄ.ʄ.ɾʜʘʥʶʢ, ɺ.ʊ.ɹʦʷʨʦʚ, ɽ.ʌ.ʉʽʜʽʥ, ɺ.ʄ.ʏʫʧʨʠʥʘ  

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʮʝʥʪʨ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ 

 

ʉʝʨʝʜ ʟʘʚʜʘʥʴ, ʷʢʽ ʚʠʨʽʰʫʻ ʘʚʽʘʮʽʷ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ, ʦʩʦʙʣʠʚʝ 

ʤʽʩʮʝ ʟʘʡʤʘʻ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘ-

ʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʧʦʣʴʦʪʽʚ. ɿ ʩʦʮʽʘʣʴʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʢʘ ʧʦʣʴʦʪʽʚ 

ʟʘʯʽʧʘʻ ʧʝʨʰ ʟʘ ʚʩʝ ʙʝʟʧʝʢʫ ʣʶʜʠʥʠ, ʷʢʘ ʝʢʩʧʣʫʘʪʫʻ ʘʚʽʘʮʽʡʥʫ ʪʝʭʥʽʢʫ. 

ɿ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʟʜʘʪʥʽʩʪʴ ʦʙôʻʢʪʘ ʚʠʢʦʥʫʚʘʪʠ ʧʦʪʨʽʙʥʽ ʬʫʥʢʮʽʾ ʚ ʟʘʜʘʥʠʭ ʨʝʞʠʤʘʭ ʪʘ 

ʫʤʦʚʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩ-

ʧʦʨʪʫʚʘʥʥʷ. 

ʅʘʜʽʡʥʽʩʪʴ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʦʮʽʥʶʻʪʴʩʷ ʧʦʢʘʟʥʠʢʘʤʠ[1]: 

- ʥʘʣʽʪ ʥʘ ʚʽʜʤʦʚʫ, ʷʢʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʚʠʢʦʥʘʥʥʷ ʙʦʡʦʚʦʛʦ ʧʦʣʴʦʪ-

ʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʊʽʥʮ; 

- ʥʘʣʽʪ ʥʘ ʚʽʜʤʦʚʫ ʪʘ ʧʦʰʢʦʜʞʝʥʥʷ, ʷʢʽ ʚʠʷʚʠʣʠʩʴ ʫ ʧʦʣʴʦʪʽ, ʊʧ; 

- ʥʘʣʽʪ ʥʘ ʚʽʜʤʦʚʫ ʪʘ ʧʦʰʢʦʜʞʝʥʥʷ, ʷʢʽ ʚʠʷʚʠʣʠʩʴ ʫ ʧʦʣʴʦʪʽ ʪʘ ʥʘ ʟʝ-

ʤʣʽ, ʊʩ.. 

ɸʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ - ̫ ʢʠʡ ʟ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ, ʤʦʞʝ 

ʦʮʽʥʶʚʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʥʘʜʽʡʥʽʩʪʴ, ʘ ʷʢʠʡ - ʙʝʟʧʝʢʫ ʧʦʣʴʦʪʽʚ. 

ɿʙʽʨ, ʘʥʘʣʽʟ ʪʘ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʝʩʧʨʘʚʥʽʩʪʴ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭ-

ʥʽʢʠ, ʧʨʦʚʦʜʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ [2]. 
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ɽʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ - ʚʣʘʩʪʠʚʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʩʫʜʥʘ (ʇʉ), ʱʦ 

ʚʠʟʥʘʯʝʥʘ ʪʘ ʟʘʙʝʟʧʝʯʝʥʘ ʥʦʨʤʘʤʠ, ʨʝʘʣʽʟʦʚʘʥʠʤʠ ʚ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʚ ʤʝʞʘʭ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʜʘʪʥʽʩʪʴ ʚʠʢʦ-

ʥʫʚʘʪʠ ʧʦʪʨʽʙʥʽ ʬʫʥʢʮʽʾ ʚ ʟʘʜʘʥʠʭ ʨʝʞʠʤʘʭ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʫ-

ʚʘʪʠ ʙʝʟʧʝʯʥʠʡ ʧʦʣʽʪ ʫ ʤʝʞʘʭ ʚʩʪʘʥʦʚʣʝʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʦʙʤʝʞʝʥʴ, 

ʚʠʟʥʘʯʝʥʠʭ ʨʝʞʠʤʘʭ ʪʘ ʫʤʦʚʘʭ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ 

ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 

ɹʝʟʧʝʢʘ ʧʦʣʴʦʪʽʚ - ʩʪʘʥ ʘʚʽʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʽʪʨʷʥʦʛʦ ʩʫʜʥʘ, ʧʨʠ 

ʷʢʦʤʫ ʨʠʟʠʢ ʟʘʧʦʜʽʷʥʥʷ ʰʢʦʜʠ ʦʩʦʙʘʤ ʘʙʦ ʤʘʡʥʫ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ 

ʧʦʚʽʪʨʷʥʦʤʫ ʩʫʜʥʽ, ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ ʪʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʥʘ ʮʴʦʤʫ ʰʣʷʭʦʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʷʚʣʝʥʥʷ ʜʞʝʨʝʣ ʥʝʙʝʟʧʝʢʠ, 

ʾʭ ʫʩʫʥʝʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʟʘ ʬʘʢʪʦʨʘʤʠ ʨʠʟʠʢʫ. 

ʉʫʪʥʽʩʥʠʡ ʘʥʘʣʽʟ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʚʠʟʥʘʯʝʥʴ, ʜʘʻ ʧʽʜʩʪʘʚʫ ʜʣʷ ʥʘʩʪʫ-

ʧʥʠʭ ʚʠʩʥʦʚʢʽʚ: 

- ʢʽʣʴʢʽʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ ʜʘʻ ʦʮʽʥʢʫ ʨʽʚʥʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘ-

ʜʽʡʥʦʩʪʽ, ʩʣʽʜ ʚʚʘʞʘʪʠ ʧʦʢʘʟʥʠʢ - ʥʘʣʽʪ ʥʘ ʚʽʜʤʦʚʫ ʪʘ ʧʦʰʢʦʜʞʝʥʥʷ, ʷʢʽ 

ʚʠʷʚʠʣʠʩʴ ʫ ʧʦʣʴʦʪʽ ʪʘ ʥʘ ʟʝʤʣʽ ʊʩ.. 

- ʢʽʣʴʢʽʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ ʜʘʻ ʦʮʽʥʢʫ ʨʽʚʥʶ ʙʝʟʧʝʢʠ ʧʦʣʴʦʪʽʚ, 

ʩʣʽʜ ʚʚʘʞʘʪʠ ʧʦʢʘʟʥʠʢ - ʥʘʣ̔ʪ ʥʘ ʚʽʜʤʦʚʫ ʪʘ ʧʦʰʢʦʜʞʝʥʥʷ, ʷʢʽ ʚʠʷʚʠ-

ʣʠʩʴ ʫ ʧʦʣʴʦʪʽ ʊʧ.. 

ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʟʘʜʘʯʝʶ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʦ-

ʣʴʦʪʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʙʦʡʦʚʦʛʦ ʧʦʣʴʦʪʥʦʛʦ ʟʘʚʜʘʥʥʷ ʟʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽ-

ʚʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʩʫʜʥʘ, ʪʦʙʪʦ ʪʘʢʦʛʦ ʩʪʘʥʫ 

ʡʦʛʦ ʘʚʽʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʧʨʠ ʷʢʦʤʫ ʨʠʟʠʢ ʟʘʧʦʜʽʷʥʥʷ ʰʢʦʜʠ ʦʩʦʙʘʤ ʘʙʦ 

ʤʘʡʥʫ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʧʦʚʽʪʨʷʥʦʤʫ ʩʫʜʥʽ, ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʨʠʡʥʷʪ-

ʥʦʛʦ ʨʽʚʥʷ ʪʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʮʴʦʤʫ ʘʙʦ ʥʘ ʙʽʣʴʰ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʰʣʷ-

ʭʦʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʷʚʣʝʥʥʷ ʜʞʝʨʝʣ ʥʝʙʝʟʧʝʢʠ, ʾʭ ʫʩʫʥʝʥʥʷ ʪʘ 

ʢʦʥʪʨʦʣʶ ʟʘ ʬʘʢʪʦʨʘʤʠ ʨʠʟʠʢʫ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʱʦ ʟʘʨʝʻʩʪ-

ʨʦʚʘʥʽ ʥʘ ʨʽʟʥʠʭ ʪʠʧʘʭ ʇʉ, ʜʦʟʚʦʣʠʚ ʚʠʷʚʠʪʠ ʥʘʩʪʫʧʥʝ: 

- ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʚʝʨʪʦʣʴʦʪʽʚ ʩʢʣʘʚ ʫ 

2016 ʨʦʮʽ 333 ʛʦʜʠʥʠ ʥʘʣʴʦʪʫ ʥʘ ʦʜʥʫ ʥʝʩʧʨʘʚʥʽʩʪʴ; 

- ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʣʽʪʘʢʽʚ ʩʢʣʘʚ ʫ 2016 

ʨʦʮʽ 123 ʛʦʜ. ʥʘʣʴʦʪʫ ʥʘ ʦʜʥʫ ʥʝʩʧʨʘʚʥʽʩʪʴ; 

- ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʜʣʷ ʩʠʩʪʝʤ ʨʽʟʥʦʾ ʩʧʝʮʽ-

ʘʣʴʥʦʩʪʽ ʥʘ ʚʩʽʭ ʪʠʧʘʭ ʚʝʨʪʦʣʴʦʪʽʚ ʪʘ ʣʽʪʘʢʽʚ ʥʘʡʤʝʥʰ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦ 

ʥʘʜʽʡʥʠʤʠ ʻ ʩʠʩʪʝʤʠ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ ʈɽʆ; 

- ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʙʝʟʧʝʢʠ ʧʦʣʴʦʪʽʚ ʚʝʨʪʦʣʴʦʪʽʚ ʩʢʣʘʚ ʫ 2016 ʨʦʮʽ 

1206 ʛʦʜʠʥ ʥʘʣʴʦʪʫ ʥʘ ʦʜʥʫ ʥʝʩʧʨʘʚʥʽʩʪʴ; 

- ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʙʝʟʧʝʢʠ ʧʦʣʴʦʪʽʚ ʣʽʪʘʢʽʚ ʩʢʣʘʚ ʫ 2016 ʨʦʮʽ 597 

ʛʦʜʠʥ ʥʘʣʴʦʪʫ ʥʘ ʦʜʥʫ ʥʝʩʧʨʘʚʥʽʩʪʴ; 
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- ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʚʠʜʦʤ ʧʽʜʛʦʪʦʚʦʢ ʧʨʠ ʪʝʭʥʽʯʥʦʤʫ ʦʙʩʣʫʛʦ-

ʚʫʚʘʥʥʽ ʚʝʨʪʦʣʴʦʪʽʚ ʪʘ ʣʽʪʘʢʽʚ ʷʚʣʷʻʪʴʩʷ ʧʝʨʝʜʧʦʣʴʦʪʥʘ ʧʽʜʛʦʪʦʚʢʘ, ʧʨʠ 

ʷʢʽʡ ʫʩʫʚʘʻʪʴʩʷ 35% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʧʦʣʴʦʪʽʚ ʧʦ-

ʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ɼʝʨʞʘʚʥʦʾ ʘʚʽʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʧʦʩʪʫʧʦʚʝ ʦʥʦʚ-

ʣʝʥʥʷ ʾʭ ʩʢʣʘʜʫ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʇʨʘʚʠʣʘ ʽʥʞʝʥʝʨʥʦ - ʘʚʽʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʨʞʘʚʥʦʾ ʘʚʽʘʮʽʾ 

ʋʢʨʘʾʥʠ (ʇʈʽɸɿ 2016) [ʊʝʢʩʪ]. ʅʘʢʘʟ ʄʽʥʽʩʪʨʘ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ ʚʽʜ 

05.07.2016 ˉ343 - ʂʠʾʚ ï 2016. 

2. ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʝʨʞʘʚʥʦʾ ʘʚʽʘʮʽʾ ʱʦʜʦ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ ʽ 

ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʝʩʧʨʘʚʥʦʩʪʽ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ (ʄʈɼɸ-02/16) 

[ʊʝʢʩʪ] ï ʂʠʾʚ ï 2016 ï ʉ.104. 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʀ 

ɺʀɿʅɸʏɽʅʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɼɸʃʔʅʆʉʊɯ ʊɸ 

ʊʈʀɺɸʃʆʉʊɯ ʇʆʃʔʆʊʋ ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ 

ɺ.ʄ. ʌʝʜʝʥʴʢʦ 

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʮʝʥʪʨ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ 

 

ɺʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʣʴʥʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʦʣʴʦʪʫ ʻ ʥʘʡ-

ʙʽʣʴʰ ʦʙôʻʤʥʠʤ  ʧʨʦʮʝʩʦʤ ʣʴʦʪʥʦʾ ʯʘʩʪʠʥʠ ʚʠʧʨʦʙʫʚʘʥʴ ʣʽʪʘʣʴʥʠʭ ʘʧʘ-

ʨʘʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʚʠʩʦʪ ʽ ʰʚʠʜʢʦʩʪʝʡ 

ʧʦʣʴʦʪʫ ʟ ʧʝʚʥʠʤ ʢʨʦʢʦʤ ʪʘ ʪʨʴʦʭʢʨʘʪʥʠʤ ʧʦʚʪʦʨʶʚʘʥʥʷʤ ʧʨʠ ʚʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʧʦʣʴʦʪʥʠʭ ʤʘʩ ʪʘ ʚʘʨʽʘʥʪʽʚ ʦʟʙʨʦʻʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦ-

ʙʫʚʘʥʴ ʚʽʜʧʨʘʮʴʦʚʫʻʪʴʩʷ ʂʝʨʽʚʥʠʮʪʚʦ ʟ ʚʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʪʘ ʪʨʠʚʘ-

ʣʦʩʪʽ ʧʦʣʴʦʪʫ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ. ɺ ɼʝʨʞʘʚʥʦʤʫ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴ-

ʥʦʤʫ ʮʝʥʪʨʽ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ 

ʤʝʪʦʜʠʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʣʴʥʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʦʣʴʦʪʫ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʦʙôʻʤ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʜʘʣʴʥʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʦʣʴʦʪʫ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʪʘ ʚʠʪʨʘʪ ʥʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ ʤʝʪʦʜʠʢʫ ʽʜʝʥʪʠ-

ʬʽʢʘʮʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʣʴʥʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʦʣʴʦʪʫ ʚʢʣʶʯʝʥʦ ʧʣʘʥʫ-

ʚʘʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʚʽʪʦʢ ʪʘ 

ʛʨʘʥʠʮʴ ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʦʣʴʦʪʥʦʛʦ ʟʘʚʜʘʥʥʷ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʤʦ ʨʝʛʨʝʩʽʡʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʠʪʨʘʪʠ ʧʘ-

ʣʴʥʦʛʦ ʚ ʢʨʝʡʩʝʨʩʴʢʦʤʫ ʧʦʣʴʦʪʽ. 

ʇʨʠ ʧʨʷʤʦʣʽʥʽʡʥʦʤʫ ʨʽʚʥʦʤʽʨʥʦʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʨʫʩʽ ʙʝʟ ʢʦʚ-

ʟʘʥʥʷ ʚ ʰʚʠʜʢʽʩʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʨʽʚʥʷʥʥʷ ʩʠʣ ʤʘʻ ʚʠʛʣʷʜ: 
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ʜʝ k  ï ʯʠʩʣʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʠʩʪʝʤʠ ʦʜʠʥʠʮʴ 

ʚʠʤʽʨʫ. 

pH ï ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ ʥʘ ʚʠʩʦʪʽ, ʇʘ; 

ʄ ï ʯʠʩʣʦ ʄʘʭʘ; 

S ï ʧʣʦʱʘ ʢʨʠʣʘ, ʤ2; 

ʈ ï ʪʷʛʘ ʜʚʠʛʫʥʽʚ, ʅ; 

ʉʍ0 ïʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʧʨʠ ʥʫʣʴʦʚʽʡ ʧʽʜʡʦʤʥʽʡ ʩʠʣʽ; 

ʉʍ ̔ï ʽʥʜʫʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ; 

ʉya ïʢʦʝʬʽʮʽʻʥʪ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʧʽʜʽʡʤʘʣʴʥʦʾ ʩʠʣʠ; 

Ŭʩ ï ʢʫʪ ʤʽʞ ʜʚʠʛʫʥʘʤʠ ʪʘ ʙʫʜʽʚʝʣʴʥʦʶ ʚʽʩʩʶ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ; 

m ï ʤʘʩʘ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ; 

g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩ2. 

ʅʝʭʪʫʶʯʠ ʟʘʣʝʞʥʽʩʪʶ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʚʽʜ ʚʠʩʦʪʠ, ʰʠ-

ʨʦʪʠ ʽ ʜʦʚʛʦʪʠ, ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʪʷʛʠ ʽ ʰʚʠʜ-

ʢʦʩʪʽ ʧʦʣʴʦʪʫ ʤʘʣʠʡ, ʽ ʧʨʠʧʫʩʢʘʶʯʠ ʧʨʘʚʦʤʽʨʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ ʫ ʚʠʛʣʷʜʽ: 
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ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (1) ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 
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ʉʠʣʫ ʪʷʛʠ ʜʚʠʛʫʥʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

 

HʧʨpGqlP=  ,                                        (4) 

 

ʜʝ  l  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ q , ʧʨG  ʽ ʄ; 

q   ï ʚʽʜʥʦʩʥʘ ʢʽʣʦʤʝʪʨʦʚʘ ʚʠʪʨʘʪʘ ʧʘʣʴʥʦʛʦ; 
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ʧʨG  ï ʧʨʠʚʝʜʝʥʘ ʚʘʛʘ ʣʽʪʘʢʘ. 

ʂʦʝʬʽʮʽʻʥʪ l  ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʩʪʫʧʝʥʝʚʦʾ ʨʝ-

ʛʨʝʩʽʾ: 

 

( )

( )
( )î

î
í

îî
ì

ë

=

=

=

,  , , ...  ,  ,'

,  ;  ;  ;  ;  ;1'

,'  '

'

6

'

5

'

2

'

1

2222

aaaaa

a

ʧʨʧʨʧʨ GMqMGqMMMGqf

fl

              (5) 

 

ʜʝ 'a  ï ʚʝʢʪʦʨ ʯʠʩʣʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚ ʨʦʟʢʣʘʜʘʥʥʽ l ; 

'f  ï ʚʝʢʪʦʨ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʚ ʨʦʟʢʣʘʜʘʥʥʽ l . 

ʇʨʠʡʤʝʤʦ ʜʦ ʫʚʘʛʠ (2-5) ʽ ʨʦʟʛʣʷʜʘʶʯʠ ʢʨʝʡʩʝʨʩʴʢʠʡ ʧʦʣʽʪ ʥʘ ʜʦʟʚʫ-

ʢʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʧʦʣʴʦʪʫ, ʩʠʩʪʝʤʘ (1) ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 
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ʜʝ bj
~

  ,~  ï ʚʝʢʪʦʨʠ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʽ ʯʠʩʣʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ, ʚ ʨʦʟʢʣʘʜʝʥʥʽ XoC  ʜʣʷ ʜʦʟʚʫʢʦʚʦʾ ʦʙʣʘʩʪʽ ʯʠʩʝʣ ʄ; 

a  ,f  ï ʚʝʢʪʦʨʠ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʽ ʯʠʩʣʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ, ʚ ʨʦʟʢʣʘʜʝʥʥʽ l, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʢʦʥʘʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ; 

6141

'

3   , ...  ,  ,
~

  , ...  ,
~

 , aabbl  ï ʯʠʩʣʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ. 
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ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʟʫ-

ʧʠʥʠʣʠʩʷ ʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦ ʤʝʪʦʜʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ, 

ʷʢʠʡ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ 

(ʄʅʂ-ʤʝʪʦʜ) ʽ ʟʘʢʣʶʯʘʻʪʴʩʷ ʚ ʚʠʙʦʨʽ ʪʘʢʦʛʦ ʥʘʙʦʨʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝ-

ʩʽʡʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʽʤʦʚʽʨʥʽʩʪʴ ʟʙʽʞʥʦʩʪʽ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʭ ʟʥʘʯʝʥʴ ʚʠʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʤʘʢʩʠʤʘʣʴʥʘ. 

ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʧʦʣʴʦʪʥʠʡ ʯʘʩ ʪʘ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ 

ʜʦ 30 ʚʽʜʩʦʪʢʽʚ.  

 

ʋɼʂ 629.7.018.77 

ʄʆɼɽʃʖɺɸʅʅʗ ʅɽʉʋʏʆɰ ʉʀʉʊɽʄʀ ɹɽɿʇɯʃʆʊʅʆɻʆ 

ʃɯʊɸʃʔʅʆɻʆ ɸʇɸʈɸʊʋ ɺɽʈʊʆʃɯʊʅʆɻʆ ʊʀʇʋ 

ɺ.ʆ. ʐʣʘʧʘʮʴʢʠʡ 

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʮʝʥʪʨ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ 

 
ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ɿʙʨʦʡʥʠʭ ʉʠʣʘʭ ʋʢʨʘʾʥʠ ʧʨʦʚʦʜʷʪʴʩʷ ʨʦ-

ʙʦʪʠ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʽʘʮʽʡʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ (ɹʧɸʂ), ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʪʘʢʠʭ, ʱʦ ʤʘʶʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʙʝʟ-

ʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʧʃɸ) ʚʝʨʪʦʣʽʪʥʦʛʦ ʪʠʧʫ. ɺ 2015 ʨʦʮʽ ʚ ʅɸʊʆ 

ʙʫʣʦ ʨʦʟʧʦʯʘʪʦ ʨʦʙʦʪʫ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʫʛʦʜʠ ʧʨʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʶ 

STANAG 4702, ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʦʾ ʩʪʘʚ ʚʠʧʫʩʢ ʧʝʨʰʦʾ ʚʝʨʩʽʾ ʚʠʜʘʥʥʷ ɺ 

ʩʪʘʥʜʘʨʪʫ ɸɽʈ-80, ʷʢʠʡ ʩʪʘʚ ʅʘʮʽʦʥʘʣʴʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ʱʦʜʦ ʚʠʤʦʛ 

ʣʴʦʪʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ ʜʦ ɹʧɸʂ ʚʝʨʪʦʣʽʪʥʦʛʦ ʪʠʧʫ. ʊʘʢʠʡ ʩʪʘʥʜʘʨʪ ʧʝʨʝʜ-

ʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʣʴʦʪʥʠʭ ʪʘ ʥʘʟʝʤʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ɹʧɸʂ, ʜʝ ʯʘʩʪʦ ʩʪʘʶʪʴ ʥʝʦʙʭʽʜʥʠʤʠ ʫ ʥʘʛʦʜʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʩʫʯʦʾ 

ʩʠʩʪʝʤʠ ɹʧʃɸ ʚʝʨʪʦʣʽʪʥʦʛʦ ʪʠʧʫ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ ɹʧʃɸ ʚʝʨʪʦʣʽʪʥʦʛʦ ʪʠʧʫ ʜʦʟʚʦʣʷ-

ʶʪʴ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

ʚʠʟʥʘʯʠʪʠ ʘʙʦ ʦʮʽʥʠʪʠ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɹʧɸʂ, ʱʦ 

ʚʠʧʨʦʙʦʚʫʶʪʴʩʷ, ʚ ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ; 

ʟʨʦʙʠʪʠ ʚʠʙʽʨ ʥʘʡʚʠʛʽʜʥʽʰʠʭ ʨʝʞʠʤʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʘʙʦ 

ʥʘʡʢʨʘʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ; 

ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɹʧɸʂ ʪʘ ʦʮʽʥʠʪʠ 

ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ; 

ʚʽʜʽʙʨʘʪʠ ʩʫʪʪʻʚʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɹʧɸʂ. 

ɿʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ ɹʧʃɸ ʚʝʨ-

ʪʦʣʽʪʥʦʛʦ ʪʠʧʫ ʨʝʘʣʽʟʦʚʫʻʪʴʩʷ ʰʣʷʭʦʤ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʠʩʣʦʚʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ 

ʥʝʣʽʥʽʡʥʠʭ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ. 
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ɽʣʝʤʝʥʪʠ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ ɹʧʃɸ ʚʝʨʪʦʣʽʪʥʦʛʦ ʪʠʧʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʚʠ-

ʛʣʷʜʽ ʪʦʥʢʠʭ ʥʝʩʫʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʟʘʜʘʶʪʴʩʷ ʷʢ ʬʫʥʢʮʽʾ ʢʦʦʨʜʠʥʘʪ ʪʘ 

ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʯʘʩʫ Si(x,y,z,t) = 0, ʜʝ i ï ʥʦʤʝʨ ʝʣʝʤʝʥʪʫ. ʂʦʞʥʘ ʪʦʯʢʘ 

ʥʝʩʫʯʦʾ ʧʦʚʝʨʭʥʽ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʨʘʜʽʫʩʘ-ʚʝʢʪʦʨʘ. 

ɺʝʢʪʦʨ ʘʙʩʦʣʶʪʥʦʾ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʦʢ ʨʽʜʠʥʠ ʫ ʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦ-

ʦʨʜʠʥʘʪ, ʧʦʚôʷʟʘʥʽʡ ʟ ʮʽʻʶ ʧʦʚʝʨʭʥʝʶ, ʷʚʣʷʻ ʩʦʙʦʶ ʛʝʦʤʝʪʨʠʯʥʫ ʩʫʤʫ 

ʥʝʟʙʫʨʝʥʦʾ (ʯʠ ʧʝʨʝʥʦʩʥʦʾ), ʪʘ ʟʙʫʨʝʥʦʾ ʰʚʠʜʢʦʩʪʝʡ. ɺʝʢʪʦʨ ʥʝʟʙʫʨʝʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʦʙʪʽʢʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʟʷʪʘ ʟ ʧʨʦʪʠʣʝʞʥʠʤ ʟʥʘʢʦʤ ʛʝʦ-

ʤʝʪʨʠʯʥʘ ʩʫʤʘ ʚʝʢʪʦʨʽʚ ʰʚʠʜʢʦʩʪʽ ʨʫʭʦʤʦʛʦ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ, ʦʙʝʨ-

ʪʘʣʴʥʦʛʦ ʨʫʭʫ ʪʘ ʚʝʢʪʦʨʘ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʫ ʨʫ-

ʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. 

ɺʚʘʞʘʶʯʠ ʧʦʣʝ ʟʙʫʨʝʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʝʥʮʽʡʥʠʤ ʫʩʶʜʠ, ʟʘ 

ʚʠʢʣʶʯʝʥʥʷʤ ʪʦʥʢʠʭ ʥʝʩʫʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʠʤʠ ʤʦʜʝʣʶʶʪʴʩʷ ʘʝʨʦʜʠ-

ʥʘʤʽʯʥʽ ʧʦʚʝʨʭʥʽ, ʪʘ ʧʦʚʝʨʭʦʥʴ ʚʠʭʨʦʚʠʭ ʰʘʨʽʚ sij, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʟʙʫʨʝʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ȹű = 0, ʜʝ 

ȹ ï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ, ʷʢʝ ʻ ʚʠʢʦʥʘʥʥʷʤ ʫʤʦʚʠ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ ʩʪʦ-

ʩʦʚʥʦ ʥʝʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʥʘʚʢʦʣʦ ʝʣʝʤʝʥʪʽʚ 

ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ ɹʧʃɸ ʚʝʨʪʦʣʽʪʥʦʛʦ ʪʠʧʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʧʦʪʝʥʮʽʘʣ 

ʚhʠʜʢʦʩʪʝʡ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʶ ʃʘʧʣʘʩʘ ʪʘ ʥʘʩʪʫʧʥʠʤ ʛʨʘʥʠʯ-

ʥʠʤ ʫʤʦʚʘʤ: 

ï ʥʘ ʥʝʧʨʦʥʠʢʥʠʭ ʥʝʩʫʯʠʭ ʧʦʚʝʨʭʥʷʭ ʫʤʦʚʽ ʥʝʧʨʦʪʽʢʘʥʥʷ, ʷʢʘ 

ʫ ʟʚôʷʟʘʥʽʡ ʟ Si ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʧʦʣʷʛʘʻ ʚ ʨʽʚʥʦʩʪʽ ʥʫʣʶ ʥʦʨʤʘʣʴʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ;  

ï ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʫʤʦʚʽ ʫʙʫʚʘʥʴ ʟʙʫʨʝʥʴ; 

ï ʥʘ n ʚʽʣʴʥʠʭ ʚʠʭʨʦʚʠʭ ʧʝʣʝʥʘʭ sij, j=1én, ʢʽʥʝʤʘʪʠʯʥʽʡ 

ʫʤʦʚʽ ʩʫʤʽʩʥʦʩʪʽ ʪʝʯʽʾ (ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʥʦʨʤʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜ-

ʢʦʩʪʽ ʥʘ sij) ʽ ʫʤʦʚʽ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʦʧʦʚʥʶʶʪʴʩʷ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ ʧʨʦ ʚʝʣʠʯʠʥʫ 

ʮʠʨʢʫʣʷʮʽʾ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʚʟʷʪʘ ʧʦ ʙʫʜʴ-ʷʢʦʤʫ ʢʦʥʪʫʨʫ, ʷʢʠʡ ʦʭʦʧʣʶʻ 

ʥʝʩʫʯʽ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʭʨʦʚʠʡ ʩʣʽʜ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʧʨʦʮʝʩʽʚ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ ʦʙʠʨʘʻʪʴʩʷ ʪʘʢʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʢʦʣʠ ʧʦ-

ʚʥʽʩʪʶ ʚʽʜʩʫʪʥʷ ʚʟʘʻʤʦʜʽʷ ʥʝʩʫʯʠʭ ʧʦʚʝʨʭʦʥʴ ʽʟ ʩʝʨʝʜʦʚʠʱʝʤ, ʪʦʙʪʦ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʧʝʨʝʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʮʠʨʢʫʣʷʮʽʷ ʰʚʠʜ-

ʢʦʩʪʽ, ʱʦ ʚʟʷʪʘ ʧʦ ʢʦʥʪʫʨʫ, ʷʢʠʡ ʦʭʦʧʣʶʻ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ. ʈʽʚʥʽʩʪʴ ʮʠʨʢʫʣʷʮʽʾ ʰʚʠʜʢʦʩʪʽ ʧʦ ʢʦʥʪʫʨʫ, ʷʢʠʡ ʦʭʦ-

ʧʣʶʻ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʽ ʚʠʭʨʦʚʠʡ ʩʣʽʜ, ʾʾ ʧʦʯʘʪʢʦʚʦʤʫ ʥʫʣʴʦʚʦʤʫ 

ʟʥʘʯʝʥʥʶ ʻ ʚʠʢʦʥʘʥʥʷʤ ʪʝʦʨʝʤʠ ʂʝʣʴʚʽʥʘ ʧʨʦ ʥʝʟʤʽʥʥʽʩʪʴ ʟʘ ʯʘʩʦʤ ʮʠʨ-

ʢʫʣʷʮʽʾ ʰʚʠʜʢʦʩʪʽ ï ɻ, ʱʦ ʚʟʷʪʘ ʧʦ ʙʫʜʴ-ʷʢʦʤʫ ʟʘʤʢʥʝʥʦʤʫ ʢʦʥʪʫʨʫ ʫ 

ʙʘʨʦʪʨʦʧʥʽʡ ʥʝʚôʷʟʢʽʡ ʨʽʜʠʥʽ. 
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ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʟʙʫʨʝ-

ʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʟʜʽʡʩʥʝʥʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʪʽʢʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫ-

ʯʦʾ ʩʠʩʪʝʤʠ ɹʧʃɸ ʥʘ ɽʆʄ ʰʣʷʭʦʤ ʧʝʨʝʭʦʜʫ ʚʽʜ ʙʝʟʧʝʨʝʨʚʥʠʭ ʟʘ ʯʘʩʦʤ 

ʪʘ ʧʨʦʩʪʦʨʦʤ ʧʨʦʮʝʩʽʚ ʜʦ ʾʭ ʜʠʩʢʨʝʪʥʠʭ ʘʥʘʣʦʛʽʚ [1, 2]. 

ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʟʘ ʯʘʩʦʤ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 

ʟʤʽʥʶʶʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ, ʜʣʷ ʷʢʠʭ ʨʦ-

ʟʨʘʭʦʚʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ. ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʫ ʧʨʦʩʪʦʨʽ ʧʦʣʷʛʘʻ ʫ 

ʟʘʤʽʥʽ ʙʝʟʧʝʨʝʨʚʥʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʰʘʨʫ ʜʠʧʦʣʽʚ ʩʠʩʪʝʤʦʶ ʯʦʪʠʨʠʢʫʪ-

ʥʠʭ ʧʣʦʱʘʜʦʢ, ʚ ʤʝʞʘʭ ʷʢʠʭ ʰʚʠʜʢʽʩʪʴ ʜʠʧʦʣʽʚ ʧʦʩʪʽʡʥʘ. ʇʣʦʱʘʜʢʘ ʟ 

ʙʝʟʧʝʨʝʨʚʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤ ʰʘʨʦʤ ʜʠʧʦʣʽʚ ʧʦʩʪʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʛʽʜʨʦʜʠ-

ʥʘʤʽʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʘ ʟʘʤʢʥʝʥʽʡ ʚʠʭʨʦʚʽʡ ʨʘʤʮʽ ʟ ʧʦʩʪʽʡʥʦʶ ʟʘ ʧʝʨʠʤʝʪ-

ʨʦʤ ʮʽʻʾ ʧʣʦʱʘʜʢʠ ʮʠʨʢʫʣʷʮʽʻʶ. ɯʥʪʝʛʨʘʣʴʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʩʫʤʫ ʧʦ-

ʪʝʥʮʽʘʣʽʚ ʚʽʜ ʦʢʨʝʤʠʭ ʚʠʭʨʦʚʠʭ ʨʘʤʦʢ ʥʝʩʫʯʠʭ ʧʦʚʝʨʭʦʥʴ.  

ʂʨʘʡʦʚʘ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙ-

ʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʥʝʚʽʜʦʤʽ ʮʠʨʢʫʣʷʮʽʾ 

ʧʨʠʻʜʥʘʥʠʭ ʚʠʭʦʨʽʚ. ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʽ ʥʘʧʨʫʞʝʥʦʩʪʽ ʚʠʭ-

ʨʦʚʠʭ ʨʘʤʦʢ, ʱʦ ʤʦʜʝʣʶʶʪʴ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʧʦʚʝʨʭʥʽ ʽ ʚʠʭʨʦʚʠʡ ʩʣʽʜ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʽ ʧʦʪʝʥʮʽʘʣ ʰʚʠʜʢʦʩʪʽ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʧʨʦ-

ʩʪʦʨʫ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʦʙʪʽʢʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʤʽʩʮʝʚʽ ʢʫʪʠ ʘʪʘʢʠ ʧʝʨʝʨʽʟʽʚ, ʱʦ ʜʦʟʚʦ-

ʣʷʻ ʧʦʻʜʥʘʪʠ ʚ ʯʠʩʣʦʚʦʤʫ ʤʝʪʦʜʽ ʧʽʜʭʦʜʠ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʾ ʚʠʭʨʦʚʦʾ 

ʪʝʦʨʽʾ ʛʚʠʥʪʘ ʚ ʥʝʣʽʥʽʡʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟ ʪʝʦʨʽʻʶ ʝʣʝʤʝʥʪʘ ʣʦʧʘʪʽ, ʪʦʙʪʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʬʽʣʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ 

ʥʝʩʫʯʽ ʧʦʚʝʨʭʥʽ ʩʠʩʪʝʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʽ ʽʜʝʘʣʴ-

ʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʩʠʣ ʚôʷʟʢʦʩʪʽ ʪʘ ʩʪʠʩʣʠʚʦʩʪʽ ʩʝʨʝʜʦ-

ʚʠʱʘ ʥʘ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʚʝʩʪʠ ʧʦʧʨʘʚʢʫ ʥʘ ʫʪʦʯ-

ʥʝʥʥʷ ʚʝʣʠʯʠʥ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʥʝʩʫʯʠʭ ʧʦʚʝʨʭʥʷʭ, ʷʢʘ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʤʦʜʝʣʣʶ ʽʜʝʘʣʴʥʦʾ ʥʝʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ. 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʮʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʢʦʤʧʦʥʝʥʪʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʷʭ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ ɹʧʃɸ ʚʝʨʪʦʣʽʪʥʦʛʦ ʪʠʧʫ, ʘ 

ʪʘʢʦʞ ʪʠʩʢ ʚ ʥʝʟʙʫʨʝʥʦʤʫ ʧʦʪʦʮʽ, ʷʢʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥ-

ʪʝʛʨʘʣʘ ʂʦʰʽ-ʃʘʛʨʘʥʞʘ. 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʫ-

ʯʦʾ ʩʠʩʪʝʤʠ ɹʧʃɸ ʚʝʨʪʦʣʽʪʥʦʛʦ ʪʠʧʫ ʪʘ ʚʠʟʥʘʯʠʪʠ ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ 

ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʽ ʟʘʜʘʯʽ. 
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ʋɼʂ 004.9 

ʈʆɿɺʀʊʆʂ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʋʇʈɸɺʃɯʅʅʗ ɺ ʉɽʂʊʆʈɯ 

ɹɽɿʇɽʂʀ ɯ ʆɹʆʈʆʅʀ 

ɻʨʝʯʘʥʽʥʦʚ ɺ.ʌ., ʃʦʧʫʰʘʥʩʴʢʠʡ ɸ.ɺ.,  

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʽ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ʇʦʷʚʘ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʡʦʛʦ ʽʥʩʪʨʫʤʝʥʪʽʚ ï ʩʠʪʫʘʮʽʡʥʠʭ 

ʮʝʥʪʨʽʚ (ʜʘʣʽ ï ʉʎ) ʫ ʩʪʨʫʢʪʫʨʘʭ ʩʝʢʪʦʨʫ ʙʝʟʧʝʢʠ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ 

ʥʘʷʚʥʽʩʪʴ ʽ ʥʘʣʝʞʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʠʭ ʮʝʥʪʨʽʚ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥ-

ʪʦʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʫ ʩʬʝʨʽ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟ-

ʧʝʢʠ, ʡʦʛʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ. ɺʝʣʠʢʠʡ ʜʦʩʚʽʜ ʚʽʜʥʦʩʥʦ ʩʪʚʦ-

ʨʝʥʥʷ ʽ ʫʩʧʽʰʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʎ ʤʘʶʪʴ ʉʐɸ, ʜʝ ʚʦʥʠ ʨʦʟʛʣʷʜʘ-

ʶʪʴʩʷ ʷʢ ʢʣʶʯʦʚʠʡ ʝʣʝʤʝʥʪ ʧʽʜʪʨʠʤʢʠ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʥʘ ʩʪʨʘ-

ʪʝʛʽʯʥʦʤʫ ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ. ɸʥʘʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʱʦʜʦ ʩʪʨʘʪʝʛʽʯʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟʜʽʡʩʥʝʥʽ ʚ ʈʦʩʽʡʩʴʢʽʡ ʌʝʜʝʨʘʮʽʾ, ʢʨʘʾʥʘʭ 

ɭʚʨʦʩʦʶʟʫ ʪʦʱʦ. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʣʶʜʩʪʚʘ ʟʤʽʥʠʚ ʥʘʰʝ ʫʷʚ-

ʣʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʦʩʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʩʠ-

ʩʪʝʤ, ʱʦ ʩʪʘʣʠ ʛʦʣʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʽʻʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 

ʪʘ ʦʮʽʥʢʠ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ.  

ʉʫʯʘʩʥʽ ʉʎ ʷʢ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʦʪʨʠʤʫʶʪʴ ʚ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʚʦʻ ʚʠʟʥʘʥʥʷ ʫ ʩʬʝʨʽ ʽʥ-

ʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ, ʢʦʥʪʨʦʣʶ ʩʬʝʨ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ, ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʛʦ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ ʽ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ.  

ɺʝʜʝʪʴʩʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʰʣʷʭʦʤ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ, ʽʤʽʪʘ-

ʮʽʡʥʦʛʦ, ʢʦʛʥʽʪʠʚʥʦʛʦ ʪʘ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʤʝʪʦʶ ʟʘ-

ʧʦʙʽʛʘʥʥʷ ʚʠʥʠʢʥʝʥʥʶ ʅʉ, ʱʦ ʟʘʛʨʦʞʫʶʪʴ ʷʢ ʦʙ'ʻʢʪʘʤ ʢʨʠʪʠʯʥʦʾ ʽʥ-

ʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʾʭ ʬʫʥʢʮʽʷʤ ʪʘʢ ʽ ʚ ʮʽʣʦʤʫ ʙʝʟʧʝʮʽ ʜʝʨʞʘʚʠ. 

ɿʦʚʥʽʰʥʴʦʧʦʣʽʪʠʯʥʘ ʪʘ ʩʦʮʽʘʣʴʥʦ - ʝʢʦʥʦʤʽʯʥʘ ʩʠʪʫʘʮʽʷ ʚ ʋʢʨʘʾʥʽ 

ʬʦʨʤʫʻ ʥʠʟʢʫ ʥʦʚʠʭ ʚʠʢʣʠʢʽʚ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʬʦʨ-

ʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʪʘ ʧʝ-

ʨʝʛʣʷʜʫ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʜʝʨʞʘʚʥʦʾ ʩʠʩʪʝʤʠ ʘʥʘʣʽʟʫ 

ʩʪʘʥʫ ʩʧʨʘʚ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʢʨʠʟʦʚʦʛʦ ʨʝʘʛʫʚʘʥʥʷ. 

ɯʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚ ʋʢʨʘʾʥʽ ʩʷʛʘʻ ʤʠʥʫʣʦʛʦ 

ʩʪʦʣʽʪʪʷ, ʢʦʣʠ ʥʘʡʙʽʣʴʰʘ ʢʘʪʘʩʪʨʦʬʘ ʣʶʜʩʴʢʦʾ ʮʠʚʽʣʽʟʘʮʽʾ ï ʘʚʘʨʽʷ ʥʘ 

ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ ʟʤʫʩʠʣʘ ʜʝʨʞʘʚʥʠʭ ʜʽʷʯʽʚ, ʥʘʫʢʦʚʮʽʚ ʪʘ ʽʥʰʠʭ 
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ʦʩʽʙ, ʟʘʜʽʷʥʠʭ ʫ ʣʽʢʚʽʜʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʮʽʻʾ ʢʘʪʘʩʪʨʦʬʠ ʟʘʩʪʦʩʫʚʘʪʠ, ʯʠ ʥʝ 

ʚʧʝʨʰʝ ʚ ʽʩʪʦʨʽʾ ʨʘʜʷʥʩʴʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʪʘʢ ʟʚʘʥʝ, "ʩʠʪʫʘʮʽʡʥʝ ʫʧʨʘʚ-

ʣʽʥʥʷ", ʷʢʝ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʚ ʨʘʤʢʘʭ ʜʽʷʣʴʥʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʰʪʘʙʫ, 

ʩʪʚʦʨʝʥʦʛʦ ʥʘ ʢʰʪʘʣʪ ʩʫʯʘʩʥʦʛʦ ʉʎ. 

ʇʨʦ ʉʎ, ʷʢ ʤʝʭʘʥʽʟʤ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʚ ʋʢʨʘʾʥʽ ʚʧʝʨʰʝ ʟʘʡ-

ʰʣʘ ʤʦʚʘ ʚ 1994 ʨʦʮʽ. ʈʦʟʧʦʨʷʜʞʝʥʥʷʤ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʙʫʣʦ ʟʘʧʦ-

ʯʘʪʢʦʚʘʥʦ ʩʪʚʦʨʝʥʥʷ ʉʎ ʧʨʠ ʇʨʝʟʠʜʝʥʪʦʚʽ ʋʢʨʘʾʥʠ; ʬʫʥʢʮʽʾ ʟʘʤʦʚʥʠʢʘ 

ʉʎ ʙʫʣʠ ʧʦʢʣʘʜʝʥʽ ʥʘ ʉʝʢʨʝʪʘʨʽʘʪ ʈʘʜʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʧʨʠ ʇʨʝ-

ʟʠʜʝʥʪʦʚʽ ʋʢʨʘʾʥʠ. ʆʜʥʘʢ, ʦʢʨʽʤ ʟʘʪʚʝʨʜʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʩʪʚʦʨʝʥʥʷ ʫʢʘ-

ʟʘʥʦʛʦ ʉʎ, ʥʘ ʪʦʡ ʯʘʩ ʋʢʨʘʾʥʘ, ʥʘʞʘʣʴ, ʜʘʣʽ ʥʝ ʧʨʦʩʫʥʫʣʘʩʷ. 

ʅʦʚʽ ʚʠʢʣʠʢʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʠ ʩʦʮʽʘʣʴʥʦ-ʝʢʦ-

ʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘ ʬʦʥʽ ʘʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʎ ʝʢʦʥʦʤʽʯʥʦ ʨʦ-

ʟʚʠʥʝʥʠʤʠ ʢʨʘʾʥʘʤʠ ʩʚʽʪʫ ʧʦʩʪʘʚʠʣʠ ʋʢʨʘʾʥʫ ʧʝʨʝʜ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʥʦʚʫ 

ʟʚʝʨʥʫʪʠ ʩʚʦʶ ʫʚʘʛʫ ʥʘ ʟʘʩʥʫʚʘʥʥʷ ʉʎ ʪʘ ʚʠʟʥʘʯʠʪʠ ʩʪʚʦʨʝʥʥʷ ʽ ʦʨ-

ʛʘʥʽʟʘʮʽʶ ʨʦʙʦʪʠ ʉʎ ʷʢ ʧʨʽʦʨʠʪʝʪʥʠʡ ʥʘʧʨʷʤ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʠʭ ʜʦ-

ʩʣʽʜʞʝʥʴ [1]. ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʚ ʦʢʨʝʤʠʭ ʦʨʛʘʥʘʭ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ 

ʽʩʥʫʻ ʢʽʣʴʢʘ ʮʝʥʪʨʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʥʫ-

ʶʪʴ ʘʙʦ ʤʘʣʠ ʙ ʚʠʢʦʥʫʚʘʪʠ ʪʽ ʯʠ ʽʥʰʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʜʝʱʦ ʩʭʦʞʽ ʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʉʎ.  

ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ʜʘʣʽ ï ɸɯʉ), ʱʦ ʩʪʚʦʨʝʥʽ ʚ 

ʜʝʨʞʘʚʥʠʭ ʦʨʛʘʥʘʭ ʋʢʨʘʾʥʠ, ʥʘ ʞʘʣʴ ʥʝ ʧʨʘʮʶʶʪʴ, ʘʙʦ ʞ ʧʨʘʮʶʶʪʴ ʥʝ 

ʥʘ ʧʦʚʥʫ (ʧʨʦʝʢʪʥʫ) ʧʦʪʫʞʥʽʩʪʴ. ɿʜʘʻʪʴʩʷ, ʱʦ ʥʝʚʜʘʯʽ, ʷʢʽ ʧʝʨʝʩʣʽʜʫʶʪʴ 

ʋʢʨʘʾʥʫ ʥʘ ʰʣʷʭʫ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʉʎ, ʣʝ-

ʞʘʪʴ ʣʠʰʝ ʚ ʧʣʦʱʠʥʽ ʬʽʥʘʥʩʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘʜʞʝ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʽʯ-

ʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʫʯʘʩʥʦʛʦ ʉʎ ʥʘʮʽʣʝʥʦʛʦ ʥʘ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʴ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʻ ʢʦʰʪʦʚʥʠʤ ʟʘʭʦʜʦʤ. ɸʣʝ, ʷʢ ʧʦʢʘʟʫʻ 

ʜʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ɸɯʉ ʚ ʋʢʨʘʾʥʽ, ʬʽʥʘʥʩʦʚʽ ʘʩʧʝʢʪʠ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʚʽʜʭʦʜʷʪʴ ʥʘ ʜʨʫʛʠʡ ʧʣʘʥ ʫ ʟʚ'ʷʟʢʫ ʟ, ʥʘʞʘʣʴ, ʥʝʜʦʩʪʘʪʥʴʦʶ ʛʦ-

ʪʦʚʥʽʩʪʶ ʩʠʩʪʝʤʠ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʦ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʦʛʦ, ʢʦʤʫʥʽʢʘʪʠʚʥʦʛʦ ʪʘ ʥʘʫʢʦʚʦ-ʝʢʩʧʝʨʪʥʦʛʦ ʩʫʧʨʦ-

ʚʦʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ.  

ʂʝʨʽʚʥʠʮʪʚʦʤ ʢʨʘʾʥʠ ʚʠʟʥʘʥʦ ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʷʢ ʦʜʥʽʻʾ ʟ ʥʘʡʙʽʣʴʰʠʭ ʟʘʛʨʦʟ ʥʘʮʽʦʥʘʣʴʥʽʡ 

ʙʝʟʧʝʮʽ ʋʢʨʘʾʥʠ. ʉʝʨʝʜ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʚʜʘʥʴ ʜʝʨʞʘʚʠ ʱʦʜʦ ʫʩʫʥʝʥʥʷ 

ʮʽʻʾ ʟʘʛʨʦʟʠ ʚʠʟʥʘʯʝʥʦ, ʟʦʢʨʝʤʘ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʜʝʨʞʘʚʥʦʾ 

ʩʠʩʪʝʤʠ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦ-

ʨʠʥʛʫ, ʘʥʘʣʽʟʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ. ɰʾ ʤʝʪʦʶ ʻ ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʛʨʦ-

ʟʘʤ ʥʘʮʽʦʥʘʣʴʥʽʡ ʙʝʟʧʝʮʽ, ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʷʜʢʫ ʜʽʡ ʫ ʢʨʠʟʦʚʠʭ ʩʠʪʫʘʮʽʷʭ 

ʫ ʤʝʞʘʭ ʻʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʧʦʣʽʪʠʯʥʦʛʦ, ʚʦʻʥʥʦʛʦ, ʝʢʦʥʦʤʽʯ-

ʥʦʛʦ, ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʪʘ ʽʥʰʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ 
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ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʫ ʩʬʝʨʽ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟ-

ʧʝʢʠ ʦʙʫʤʦʚʣʝʥʘ ʢʦʤʧʣʝʢʩʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʩʫʯʘʩʥʠʭ ʟʘʛʨʦʟ ʽ ʜʦ-

ʢʦʨʽʥʥʠʤʠ ʟʤʽʥʘʤʠ ʙʝʟʧʝʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɹʝʟʣʽʯ ʥʦʚʠʭ ʧʨʦʙʣʝʤ, ʟ 

ʷʢʠʤʠ ʩʪʠʢʘʶʪʴʩʷ ʩʫʩʧʽʣʴʩʪʚʦ ʽ ʜʝʨʞʘʚʘ, ʚʠʤʘʛʘʶʪʴ ʧʨʠʡʥʷʪʪʷ ʩʧʽʣʴ-

ʥʠʭ ʫʟʛʦʜʞʝʥʠʭ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʧʦʩʪʽʡʥʦʾ ʦʧʝʨʘʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽ 

ʯʽʪʢʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʟʫʩʠʣʴ. 

ɿʘʧʦʯʘʪʢʦʚʘʥʦ ʨʝʬʦʨʤʫ ʩʠʩʪʝʤʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ ʱʦ 

ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʝ, ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʥʦʚʝ ʧʦʣʦʞʝʥʥʷ: çʩʝʨʝʜ ʛʦʣʦʚʥʠʭ ʟʘ-

ʭʦʜʽʚ ʨʝʘʣʽʟʘʮʽʾ ʨʝʬʦʨʤʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʦʙʦʨʦʥʠ ʤʘʻ ʙʫʪʠ 

ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʜʝʨʞʘʚʥʦʾ ʩʠʩʪʝʤʠ ʢʨʠʟʦʚʦʛʦ ʨʝʘʛʫʚʘʥʥʷ (ʤʝʨʝʞʽ 

ʉʎ ʮʝʥʪʨʘʣʴʥʠʭ ʦʨʛʘʥʽʚ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ (ʎʆɺɺ) ʟʘ ʧʨʦʚʽʜʥʦʾ ʨʦʣʽ 

ʈʘʜʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ)è [2]. 

ʋʩʝ ʟ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ, ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ, ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɸɯʉ ʷʢ ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʦʛʦ ʪʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʦʨʤʫʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ, ʦʨʛʘʥʽʟʘʮʽʾ ʨʽʟʥʦʨʽʚʥʝʚʦʾ 

ʢʦʦʨʜʠʥʘʮʽʾ ʪʘ ʚʟʘʻʤʦʜʽʾ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʦʧʪʠʤʘʣʴ-

ʥʠʭ ʨʽʰʝʥʴ. ɼʫʞʝ ʚʘʞʣʠʚʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʉʎ ʧʨʘʚʠʣʴʥʦ ʨʦʟʨʦ-

ʙʠʪʠ ʩʧʝʮʽʘʣʴʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʽ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʋ ʢʝʨʽʚʥʠʮʪʚʘ ʥʘʰʦʾ ʜʝʨʞʘʚʠ ʻ ʨʦʟʫʤʽʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʥʪʝʣʝʢʪʫ-

ʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʽʟʥʠʤʠ ʩʬʝʨʘʤʠ ʞʠʪʪʷ 

ʩʫʩʧʽʣʴʩʪʚʘ ʟʘʛʘʣʦʤ ʪʘ ʥʘʮʽʦʥʘʣʴʥʦʶ ʙʝʟʧʝʢʦʶ ʟʦʢʨʝʤʘ. ʇʨʦ ʮʝ ʩʚʽʜ-

ʯʠʪʴ ʨʷʜ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʥʘʙʫʣʠ ʯʠʥʥʦʩʪʽ ʚ ʦʩʪʘʥʥʽ ʪʨʠ ʨʦʢʠ. ʅʘʧʨʠ-

ʢʣʘʜ:  

ʂʦʥʮʝʧʮʽʷ ʨʦʟʚʠʪʢʫ ʩʝʢʪʦʨʫ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ [2]; 

ʈʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 04.03.2015 ʨʦʢʫ ˉ 

213  ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʣʘʥʫ ʟʘʭʦʜʽʚ ʟ ʚʠʢʦʥʘʥʥʷ ʇʨʦʛʨʘʤʠ ʜʽʷʣʴʥʦʩʪʽ 

ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʪʘ ʉʪʨʘʪʝʛʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ñʋʢʨʘʾʥʘ-

2020ò ʫ 2015 ʨʦʮʽ [3]; 

ʈʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 03.04.2017 ʨʦʢʫ 

 ̄275-ʨ, ʷʢʠʤ ʟʘʪʚʝʨʜʞʝʥʦ ʉʝʨʝʜʥʴʦʩʪʨʦʢʦʚʠʡ ʧʣʘʥ ʧʨʽʦʨʠʪʝʪʥʠʭ ʜʽʡ 

ʋʨʷʜʫ ʜʦ 2020 ʨʦʢʫ [4]. 

ʆʜʥʠʤ ʟ ʢʨʦʢʽʚ ʥʘ ʰʣʷʭʫ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʫʧʨʘʚ-

ʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʫ ʮʽʡ ʩʬʝʨʽ, ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʢʨʠʟʦʚʽ ʽ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫ-

ʘʮʽʡ ʧʦʚʠʥʥʘ ʩʪʘʪʠ ʥʘʫʢʦʚʦ-ʝʢʩʧʝʨʪʥʘ, ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʘ 

ʧʽʜʪʨʠʤʢʘ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʨʦʮʝʜʫʨ ʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʥʘʪʠ 

ʥʝʦʙʭʽʜʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʛʥʦ-

ʟʫʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ ʨʦʟʚʠʪʢʫ ʪʘʢʠʭ ʩʠʪʫʘʮʽʡ ʽ ʜʠʥʘʤʽʯʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʥʠʭ, ʚʠʨʦʙʣʷʶʯʠ ʝʬʝʢʪʠʚʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ. ʗʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ 

ʪʘʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʻ ʅʘʮʽʦʥʘʣʴʥʠʡ ʩʠʪʫʘʮʽʡʥʠʡ ʮʝʥʪʨ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ 
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ʙʘʟʽ ɸʧʘʨʘʪʫ ʈʘʜʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ, ʦʙʣʘʜʥʘ-

ʥʠʡ ʫʩʽʤʘ ʩʫʯʘʩʥʠʤʠ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʩʠʪʫ-

ʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ.  

ɺ ʟʘʪʚʝʨʜʞʝʥʽʡ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʚʽʜ 14.03.2016 ʨʦʢʫ 

 ̄92/2016 ʂʦʥʮʝʧʮʽʾ ʚʠʟʥʘʯʝʥʦ ʩʠʩʪʝʤʫ ʧʦʛʣʷʜʽʚ ʥʘ ʨʦʟʚʠʪʦʢ ʙʝʟʧʝʢʦ-

ʚʠʭ ʪʘ ʦʙʦʨʦʥʥʠʭ ʩʧʨʦʤʦʞʥʦʩʪʝʡ ʋʢʨʘʾʥʠ ʫ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʽʡ ʧʝʨ-

ʩʧʝʢʪʠʚʽ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ ʙʝʟʧʝʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʝʨʞʘʚʠ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, ʚʠʟʥʘʯʝʥʠʭ ʂʦʥʮʝʧʮʽʻʶ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʰ ʟʘ 

ʚʩʝ: 

- ʫʜʦʩʢʦʥʘʣʠʪʠ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʩʠʣʘʤʠ ʦʙʦʨʦʥʠ ʚʩʽʭ ʨʽʚʥʽʚ ʪʘ 

ʩʪʚʦʨʠʪʠ ʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʦʧʝʨʘʪʠʚʥʦʛʦ (ʙʦʡʦʚʦʛʦ) ʫʧʨʘʚʣʽʥʥʷ; 

- ʚʧʨʦʚʘʜʠʪʠ ʝʬʝʢʪʠʚʥʽ ʤʦʜʝʣʽ ʧʣʘʥʫʚʘʥʥʷ ʚ ʩʝʢʪʦʨʽ ʦʙʦʨʦʥʠ ʪʘ ʜʝʨ-

ʞʘʚʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ.    

ɺʟʘʛʘʣʽ, ʟʘʚʜʘʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʂʦʥʮʝʧʮʽʻʶ, ʥʝʦʙʭʽʜʥʦ ʨʝʘʣʽʟʫʚʘʪʠ 

ʟʨʦʙʠʚʰʠ ʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʩʝʢʪʦʨʦʤ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʷʢ 

ʮʽʣʽʩʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʠʩʪʝʤʫ ʪʘ ʦʙôʻʜʥʘʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʩʧʨʦʤʦʞʥʦ-

ʩʪʝʡ ʩʢʣʘʜʦʚʠʭ ʩʝʢʪʦʨʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʻʯʘʩʥʦʛʦ ʽ ʘʜʝʢʚʘʪʥʦʛʦ ʨʝ-

ʘʛʫʚʘʥʥʷ ʥʘ ʩʠʪʫʘʮʽʾ, ʷʢʽ ʟʘʛʨʦʞʫʶʪʴ ʥʘʮʽʦʥʘʣʴʥʽʡ ʙʝʟʧʝʮʽ. ɿ ʮʽʻʶ ʤʝ-

ʪʦʶ ʂʘʙʽʥʝʪ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʧʦʚʠʥʝʥ ʨʦʟʨʦʙʠʪʠ ʧʣʘʥ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʟʥʘʯʝʥʦʾ ʂʦʥʮʝʧʮʽʾ.  

ʈʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 04.03.2015 ʨʦʢʫ 

 ̄213 ʟʘʪʚʝʨʜʞʝʥʦ ʇʣʘʥ ʟʘʭʦʜʽʚ ʟ ʚʠʢʦʥʘʥʥʷ ʇʨʦʛʨʘʤʠ ʜʽʷʣʴʥʦʩʪʽ 

ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʪʘ ʉʪʨʘʪʝʛʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ñʋʢʨʘʾʥʘ ï 

2020ò ʫ 2015 ʨʦʮʽ, ʷʢʠʤ ʧʝʨʝʜʙʘʯʝʥʦ ñʉʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʜʝʨʞʘʚʥʦʾ 

ʩʠʩʪʝʤʠ ʢʨʠʟʦʚʦʛʦ ʨʝʘʛʫʚʘʥʥʷ (ʤʝʨʝʞʽ ʉʎ ʎʆɺɺ) ʟʘ ʧʨʦʚʽʜʥʦʾ ʨʦʣʽ 

ʈʘʜʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠò.  

ʄʝʨʝʞʘ ʩʠʪʫʘʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʦʨʜʠ-

ʥʘʮʽʶ ʽ ʢʦʥʪʨʦʣʴ ʜʽʡ ʎʆɺɺ ʚ ʨʝʘʛʫʚʘʥʥʽ ʫ ʨʝʞʠʤʽ ʦʥ-ʣʘʡʥ ʥʘ ʤʦʞʣʠʚʽ 

ʢʨʠʟʦʚʽ ʩʠʪʫʘʮʽʾ ʪʘ ʧʝʨʝʚʦʜʠʪʠ ʥʘ ɻʦʣʦʚʥʠʡ ʩʠʪʫʘʮʽʡʥʠʡ ʮʝʥʪʨ ʜʝʨʞʘʚʠ 

ʫʧʨʘʚʣʽʥʥʷ ʩʠʣʘʤʠ ʽ ʟʘʩʦʙʘʤʠ ʩʝʢʪʦʨʫ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ, ʥʝʦʙʭʽʜʥʠʤʠ 

ʜʣʷ ʥʦʨʤʘʣʽʟʘʮʽʾ ʩʠʪʫʘʮʽʾ, ʘ ʪʘʢʦʞ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʎʆɺɺ ʟ ʽʥʰʠʭ ʧʠʪʘʥʴ. 

 

ʃʽʪʝʨʘʪʫʨʘ: 

1. ʇʦʩʪʘʥʦʚʘ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 07.09.2011 ʨ. ˉ 942 

ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʝʨʝʣʽʢʫ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ ʥʘʫʢʦʚʠʭ ʜʦ-

ʩʣʽʜʞʝʥʴ ʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʨʦʟʨʦʙʦʢ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨʦʢʫ [ɽʣʝʢ-

ʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

http://zakon2.rada.gov.ua/laws/show/942-2011-ʧ. 
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2. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʚʽʜ 14.03.2016 ʨ. ˉ  92/2016   ʇʨʦ 

ʨʽʰʝʥʥʷ ʈʘʜʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ ʚʽʜ 4 ʙʝʨʝʟʥʷ 

2016 ʨʦʢʫ ñʇʨʦ ʂʦʥʮʝʧʮʽʶ ʨʦʟʚʠʪʢʫ ʩʝʢʪʦʨʫ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ 

ʋʢʨʘʾʥʠò  [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

http://www.president.gov.ua/documents/922016-19832. 

3. ʈʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 04.03.2015 ʨ. ˉ 

213  ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʣʘʥʫ ʟʘʭʦʜʽʚ ʟ ʚʠʢʦʥʘʥʥʷ ʇʨʦʛʨʘʤʠ ʜʽʷʣʴʥʦʩʪʽ 

ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʪʘ ʉʪʨʘʪʝʛʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ñʋʢʨʘʾʥʘ-

2020ò ʫ 2015 ʨʦʮʽ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

http://zakon5.rada.gov.ua/laws/show/213-2015-ʨ. 

4. ʈʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 03.04.2017 ʨ. ˉ 

275-ʨ ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʦʛʦ ʧʣʘʥʫ ʧʨʽʦʨʠʪʝʪʥʠʭ ʜʽʡ 

ʋʨʷʜʫ ʜʦ 2020 ʨʦʢʫ ʪʘ ʧʣʘʥʫ ʧʨʽʦʨʠʪʝʪʥʠʭ ʜʽʡ ʋʨʷʜʫ ʥʘ 2017 ʨʽʢ [ɽʣʝʢ-

ʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

http://zakon2.rada.gov.ua/laws/show/275-2017-ʨ. 
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