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ʋɼʂ 004 

ɸ.ɸ. ʈʫʩʘʢʦʚ 
ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʧʨʝʟʠʜʝʥʪ ɸʢʘʜʝʤʠʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛ. ʄʦʩʢʚʘ, ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ʉʆɼʈʋɾɽʉʊɺʆ ɸʂɸɼɽʄʀʀ ʀʅʌʆʈʄɸʊʀɿɸʎʀʀ ʆɹʈɸɿʆɺɸʅʀʗ  

ʀ ʅʀɾʅɽɺɸʈʊʆɺʉʂʆɻʆ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ:  

ʆʇʓʊ ʀ ʊɽʅɼɽʅʎʀʀ ɺ ɼɽʗʊɽʃʔʅʆʉʊʀ ʅɸʋʏʅʆɻʆ ʉʆʆɹʑɽʉʊɺɸ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʪʨʘʞʝʥ ʦʧʳʪ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʠʚʝʜʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʬʝʜʝʨʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʈʌ, ʜʘʥʳ ʬʨʘʛʤʝʥʪʳ ʩʦʩʪʦʷʥʠʷ ʜʝʣ ʥʘ ʩʝ-

ʛʦʜʥʷ ʠ ʪʝʥʜʝʥʮʠʠ ʙʫʜʫʱʝʛʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʠʪʝʪ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʥʘʫʢʝ ɻɼ ʈʌ; ɸʢʘʜʝʤʠʷ; ʫʥʠʚʝʨʩʠʪʝʪ; ʥʘʫʯ-

ʥʳʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ. 

I . ʉʦʜʨʫʞʝʩʪʚʦ ʄʝʞʨʝʛʠʦʥʘʣʴʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ çɸʢʘʜʝʤʠʷ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷè (ɸʀʆ) ʠ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʅɺɻʋ) ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʫʞʝ ʤʥʦʛʦ ʣʝʪ. ɼʦʩʪʘʪʦʯʥʦ ʚʩʧʦʤʥʠʪʴ ʮʠʢʣ ʩʦʚʤʝʩʪʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨ-

ʩʳ ʚ ʦʙʨʘʟʦʚʘʥʠʠè 2007ï2014, ʧʨʦʚʦʜʠʤʳʝ ʚ ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢʝ ʥʘ ʙʘʟʝ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

 

 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ  

çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʚ ʦʙʨʘʟʦʚʘʥʠʠè ʘʧʨʝʣʴ 2011 ʛ., ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅɺɻʋ.  

ɼʦʢʣʘʜ ʧʨʦʬʝʩʩʦʨʘ ʌʝʜʦʩʦʚʘ ʄ.ʖ. (ʄʇɻʋ) 

 

ʇʨʦʛʨʘʤʤʘ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʙʳʣʘ ʫʪʚʝʨʞʜʝʥʘ ʨʘʩʧʦʨʷʞʝʥʠʝʤ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 28.07.2017 ˉ 1632-ʨ. ʀ ʩʪʘʣʘ ʚʧʝʯʘʪʣʷʶʱʠʤʠ ʪʝʤʧʘʤʠ 

ʚʦʧʣʦʱʘʪʴʩʷ ʚ ʞʠʟʥʴ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʩʪʘʥʦʚʠʪʴʩʷ ʨʝʘʣʴʥʦʩʪʴʶ ʠ ʦʥʘ ʫʞʝ ʟʘʪʨʘʛʠʚʘʝʪ 

ʚʩʝ ʩʪʦʨʦʥʳ ʥʘʰʝʡ ʞʠʟʥʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʬʝʨʫ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʚʷʟʘʥʥʫʶ ʩ ʥʝʡ ʩʠʩʪʝʤʫ ʘʪʪʝʩʪʘ-

ʮʠʠ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʷʤʦ ʟʘʷʚʣʷʶʪ, ʯʪʦ çɺ ʮʝʣʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʦʝ 

ʚʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʤʘʩʩʝ ʩʚʦʝʡ (ʧʦʢʘ ʦʪʣʦʞʠʤ ʚ ʩʪʦʨʦʥʫ ʥʝʩʢʦʣʴʢʦ ʚʳʢʦʣʦʪʳʭ ʪʦʯʝʢð ʠʩʢʣʶ-

ʯʝʥʠʡ) ʦʪʩʪʘʝʪ ʦʪ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʚʥʫʪʨʠ ʩʝʙʷ ʜʨʘʡʚʝʨʦʚ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʚ ʠʟ-

ʤʝʥʝʥʠʷʭ ʩʣʦʞʠʚʰʝʡʩʷ ʤʦʜʝʣʠè [1]. 

http://ac.gov.ru/files/content/14091/1632-r-pdf.pdf
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ʅʘʰʘ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʘʢʪʫʘʣʴʥʘ, ï ʵʣʝʤʝʥʪ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. ɿʘʩʪʨʝʣʴʱʠʢʦʤ ʢʦʥʬʝʨʝʥʮʠʠ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʠʪʝʪ ʚʦ ʛʣʘʚʝ ʩ ʨʝʢ-

ʪʦʨʦʤ ʧʨʦʬʝʩʩʦʨʦʤ ʉ.ʀ. ɻʦʨʣʦʚʳʤ, ʪʝʤʘʪʠʢʘ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʦʜʫʤʘʥʘ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʘ. ʉʣʝʜʫʝʪ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʪʘʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʧʨʦʚʦʜʠʪʴ ʛʝʥʝʨʘʣʴʥʳʡ ʩʤʦʪʨ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʙʦʣʴʰʦʡ ʨʘʙʦʪʳ, ʧʨʦʚʦʜʠʤʦʡ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʚ 

ʨʘʟʣʠʯʥʳʭ ʬʠʨʤʘʭ-ʨʘʟʨʘʙʦʪʯʠʢʘʭ, ʦʭʦʪʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʚʦʠ ʥʦʚʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ ʚʳʩʰʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ (ʟʘʱʠʪʘ ʢʘʥʜʠʜʘʪʩʢʠʭ ʠ ʜʦʢʪʦʨʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ 

(ʜʠʩʩʦʚʝʪ ʚ ʐʦʣʦʭʦʚʩʢʦʤ,- ʧʨʝʜʩʝʜʘʪʝʣʴ ɺʘʛʨʘʤʝʥʢʦ ʗ.ɸ., ʜʠʩʩʦʚʝʪ ʚ ʀʀʆ ʈɸʆ, ï ʧʨʝʜʩʝʜʘʪʝʣʴ 

ʈʦʙʝʨʪ ʀ.ɺ.), ï ʦʩʥʦʚʘ ʥʘʰʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ʕʪʘ ʤʥʦʛʦʣʝʪʥʷʷ ʨʘʙʦʪʘ ʠʤʝʝʪ 

ʩʚʦʠ ʧʣʦʜʳ, ʚʦʪ ʫʞʝ ʥʝ ʧʝʨʚʳʡ ʛʦʜ ʫʥʠʚʝʨʩʠʪʝʪ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ, ʪʨʫʜʥʳʡ, ʥʦ ʫʩʧʝʰʥʳʡ 

ʧʫʪʴ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʉʝʨʛʝʷ ʀʚʘʥʦʚʠʯʘ ɻʦʨʣʦʚʘ, ï ʨʝʢʪʦʨʘ ʅɻʋ. ʄʳ ʚʩʝʛʜʘ ʨʘʜʳ ʫʩʧʝʭʘʤ ʥʘ-

ʰʠʭ ʜʨʫʟʝʡ ʠ ʩʦʨʘʪʥʠʢʦʚ. 

ʉʦʚʤʝʩʪʥʘʷ ʥʘʫʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʨʘʟʚʠʚʘʣʘʩʴ ʧʦ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʥʝʡʨʦʩʝʪʠ, ʟʘʜʘ-

ʯʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʠ ʜʨ. ɿʜʝʩʴ, ʩʪʘʪʴʠ, ʤʦʥʦʛʨʘʬʠʠ ʧʦʩʦʙʠʷ ʠ ʜʨ. ʉʶʜʘ 

ʞʝ ʥʫʞʥʦ ʦʪʥʝʩʪʠ ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʬʝʨʝʥʮʠʡ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ʚʦ ʛʣʘʚʝ ʩ 

ʊʦʬʠʢʦʤ ɹʘʛʘʫʪʜʠʥʦʚʠʯʝʤ ʂʘʟʠʘʭʤʝʪʦʚʳʤ, ʢʘʢ ʷ ʫʞʝ ʩʢʘʟʘʣ. 

ʇʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʥʘʫʯʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʘʩʧʠʨʘʥʪʘʤʠ, ʢʦʥʩʫʣʴʪʘʪʠʚʥʘʷ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ. ɺʩʝ ʵʪʦ ʧʨʦʭʦʜʠʣʦ ʧʨʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʚ ʞʫʨʥʘʣʘʭ ʇʝʜʘʛʦʛʠʯʝʩʢʘʷ ʠʥ-

ʬʦʨʤʘʪʠʢʘ ʠ ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ. 

 

 

ɼʨʫʟʴʷ ʠ ʩʦʨʘʪʥʠʢʠ, ʄɻɻʋ ʠʤ. ʄ ɸ. ʐʦʣʦʭʦʚʘ 12.01 2011 ʛ. ʄʦʩʢʚʘ 

 

26 ʥʦʷʙʨʷ ʠʩʧʦʣʥʷʝʪʩʷ ʛʦʜ ʩʦ ʜʥʷ ʩʤʝʨʪʠ ʙʝʩʩʤʝʥʥʦʛʦ ʠ ʤʫʜʨʦʛʦ ʇʨʝʟʠʜʝʥʪʘ, ʩʦʟʜʘʥʥʦʡ ʠʤ 

ʚ 1996 ʛʦʜʫ ʬʝʜʝʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʄʝʞʨʝʛʠʦʥʘʣʴʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ çɸʢʘʜʝʤʠʷ ʠʥ-

ʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷè ʗʨʦʩʣʘʚʘ ɸʥʜʨʝʝʚʠʯʘ ɺʘʛʨʘʤʝʥʢʦ. 

ɿʜʝʩʴ ʫʤʝʩʪʥʦ, ʠ ʜʘʞʝ ʥʝʦʙʭʦʜʠʤʦ ʩʢʘʟʘʪʴ ʦ ʩʚʝʪʣʦʡ ʧʘʤʷʪʠ ʤʫʜʨʦʤʫ, ʙʝʩʩʤʝʥʥʦʤʫ, ʙʝʟʚʨʝ-

ʤʝʥʥʦ ʫʰʝʜʰʝʤʫ ʇʨʝʟʠʜʝʥʪʫ ɸʢʘʜʝʤʠʠ ɺʘʛʨʘʤʝʥʢʦ ʗ.ɸ. ʅʝʦʙʭʦʜʠʤʦ ʥʘʧʦʤʥʠʪʴ, ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʧʦʭʦʨʦʥʥʘʷ ʢʦʤʠʩʩʠʷ ʧʨʠʢʘʟʦʤ ʧʦ ʉɻɸ. ʏʣʝʥʳ ɸʢʘʜʝʤʠʠ ʂʫʨʘʢʠʥ ɼ.ɺ., ʈʫʩʘʢʦʚ ɸ.ɸ., ʗʣʘʤʦʚ 

ɻ.ʖ., ʘ ʪʘʢʞʝ ʩʫʧʨʫʛʘ ʧʦʢʦʡʥʦʛʦ ʉʚʝʪʣʘʥʘ ʅʠʢʦʣʘʝʚʥʘ ɺʘʛʨʘʤʝʥʢʦ (ʚʤʝʩʪʝ ʚ ʙʨʘʢʝ ʩ ʗʨʦʩʣʘʚʦʤ 

ɸʥʜʨʝʝʚʠʯʝʤ 56 ʣʝʪ) ʦʨʛʘʥʠʟʦʚʘʣʠ ʟʘʭʦʨʦʥʝʥʠʝ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʍʦʚʘʥʩʢʦʤ ʢʣʘʜʙʠʱʝ ï ʫʯʘʩʪʦʢ 

11ɻ. ʗ ʚʳʨʘʞʘʶ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʩʝʤ ʯʣʝʥʘʤ ɸʢʘʜʝʤʠʠ, ʧʦʜʜʝʨʞʘʚʰʠʤ ʤʘʪʝʨʠʘʣʴʥʦ ʩʝ-

ʤʴʶ ɺʘʛʨʘʤʝʥʢʦ ʗ.ɸ., ʠ ʦʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʭʦʯʝʪʩʷ ʚʳʩʢʘʟʘʪʴ ʉʘʨʴʷʥʫ ɺʠʣʴʷʤʫ ʂʘʨʧʦʚʠʯʫ, 
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ʂʘʟʠʘʭʤʝʜʦʚʫ ʊʦʬʠʢʫ ɹʘʛʘʫʪʜʠʥʦʚʠʯʫ, ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ʀʥʩʪʠʪʫʪʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʈɸʆ ʟʘ ʤʘʪʝʨʠʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʩʝʤʴʠ. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

II . ʅʝʩʤʦʪʨʷ ʥʘ ʠʟʚʝʩʪʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʝʨʝʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʩʦʮʠʘʣʴ-

ʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʪʝʥʜʝʥʮʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ ʠ ʵʢʦʥʦʤʠʢʝ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʩʪʨʘ-

ʪʝʛʠʷ ʧʝʨʝʭʦʜʘ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʥʦʚʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʘʰʘ ʚʳʩʰʘʷ ʠ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ʫʩʧʝʰʥʦ 

ʦʩʚʘʠʚʘʝʪ ʥʦʚʝʡʰʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ ʧʨʦʠʩ-

ʭʦʜʠʪ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʠʣʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʢʦʣʣʝʢʪʠʚʦʚ, ʪʘʢ ʠ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʨʘʩʪʘʶʱʝʡ ʠʥʠ-

ʮʠʘʪʠʚʳ ʫʯʘʱʠʭʩʷ ʠ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʝ, ʜʘʞʝ ʦʧʝʨʝʞʘʷ ʩʪʘʨʰʝʝ ʧʦʢʦʣʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʫʞʝ ʫʯʘʩʪ-

ʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ɺʩʝ ʵʪʦ ʭʦʨʦʰʦ. ʆʜʥʘʢʦ, ʪʘʢʦʝ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥ-

ʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʥʦ ʦʙʥʘʨʫʞʠʚʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʢʦʪʦ-

ʨʳʝ ʤʳ ʧʨʦʩʪʦ ʝʱʝ ʥʝ ʫʩʧʝʣʠ ʟʘ ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ ʩʦʟʜʘʪʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʵʪʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʪʨʫʜ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝʛʦ ʚʨʝʤʝʥʠ, ʙʦʣʴʰʝʛʦ ʦʧʳʪʘ, 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʧʦʩʦʙʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ, ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʠʥʬʦʨʤʘʪʠʢʠ. ɺʘʞʥʦʩʪʴ ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʫʥʠ-

ʚʝʨʩʠʪʝʪʘʭ ʠ ʰʢʦʣʘʭ. ʕʪʦ ʚʠʜʥʦ ʠʟ ʭʘʨʘʢʪʝʨʘ ʠ ʦʙʲʝʤʘ ʧʫʙʣʠʢʘʮʠʡ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʘʫʯʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʭ ʞʫʨʥʘʣʘʭ. ʀʤʝʝʪʩʷ ʚ ʚʠʜʫ ʞʫʨʥʘʣ ɸʢʘʜʝʤʠʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ (ɸʀʆ) 

çʇʝʜʘʛʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʪʠʢʘè ʠ ʞʫʨʥʘʣ çʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠè ʙʝʩʩʤʝʥʥʳʤ 

ʛʣʘʚʥʳʤ ʨʝʜʘʢʪʦʨʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʠʮʝ-ʧʨʝʟʠʜʝʥʪ ɸʀʆ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ʂʫʨʘʢʠʥ. 

ʕʪʠ ʠʟʜʘʥʠʷ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ɺɸʂ.  

 

 
 

ɺʘʛʨʘʤʝʥʢʦ ʗʨʦʩʣʘʚ ɸʥʜʨʝʝʚʠʯ 

ʇʨʝʟʠʜʝʥʪ ɸʢʘʜʝʤʠʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 1996ð2017,  

ʜʠʨʝʢʪʦʨ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ ʉʦʚʨʝʤʝʥʥʦʡ ʛʫʤʘʥʠʪʘʨʥʦʡ ʘʢʘʜʝʤʠʠ,  

ʛʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ ʞʫʨʥʘʣʘ çʇʝʜʘʛʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʪʠʢʘè,  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ 

ʯʣʝʥ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ,  

ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʯʣʝʥ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʢʦʩʤʦʥʘʚʪʠʢʠ,  

ʇʦʯʝʪʥʳʡ ʨʘʙʦʪʥʠʢ ʩʬʝʨʳ ʤʦʣʦʜʝʞʥʦʡ ʧʦʣʠʪʠʢʠ,  

ʇʦʯʝʪʥʳʡ ʜʦʢʪʦʨ ʇʨʠʜʥʝʩʪʨʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

ʠʤ. ʊ.ɻ. ʐʝʚʯʝʥʢʦ, ʯʣʝʥ ʉʦʶʟʘ ʧʠʩʘʪʝʣʝʡ ʈʦʩʩʠʠ 
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ɺ ʨʘʚʥʦʡ ʤʝʨʝ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʚ ʪʨʫʜʘʭ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʤʳʭ ʚʩʝʨʦʩʩʠʡʩʢʠʭ 

ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 11ï12 ʩʝʥʪʷʙʨʷ ʩʦʩʪʦʷʣʘʩʴ ʦʯʝʨʝʜʥʘʷ ʦʪʯʝʪʥʦ-ʚʳʙʦʨʥʘʷ ʢʦʥʬʝ-

ʨʝʥʮʠʷ ɸʢʘʜʝʤʠʠ çʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ï 2018è, ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʦʚʤʝʩʪʥʦ ʩ ɸʢʘʜʝʤʠʝʡ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʣʘ ʚ ʛ. ʄʦʩʢʚʝ ʥʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ 32/4.  

 

 

ʆʪʢʨʳʪʠʝ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ï 2018è 11 ʩʝʥʪʷʙʨʷ ʛ. ʄʦʩʢʚʘ. 

ɺʠʮʝ-ʧʨʝʟʠʜʝʥʪ ɸʀʆ ʈʦʙʝʨʪ ʀ.ɺ., ʧʨʝʟʠʜʝʥʪ ɸʀʆ ʈʫʩʘʢʦʚ ɸ.ɸ.,  

ʧʨʝʟʠʜʝʥʪ ɸʘʜʝʤʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ ʂʘʨʧʝʥʢʦ ʄ.ʇ. (ʩʣʝʚʘ ʥʘʧʨʘʚʦ) 

 

ʇʣʝʥʘʨʥʦʝ ʟʘʩʝʜʘʥʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʦ ʦʯʝʥʴ ʥʘʩʳʱʝʥʥʳʤ ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʜʦʢʣʘʜʯʠʢʦʚ ʠ 

ʧʦ ʩʦʜʝʨʞʘʥʠʶ. ɺʝʜʫʱʠʝ ʫʯʝʥʳʝ ʚ ʩʚʦʠʭ ʚʳʩʪʫʧʣʝʥʠʷʭ ʦʧʨʝʜʝʣʠʣʠ ʛʨʘʜʠʝʥʪʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ.  

ʇʣʝʥʘʨʥʳʝ ʜʦʢʣʘʜʳ ʥʘ ʀʆ ï 2018: 

ü ʈʫʩʘʢʦʚ ɸ.ɸ. çʆ ʜʝʷʪʝʣʴʥʦʩʪʠ ɸʢʘʜʝʤʠʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ: ʧʨʦʡʜʝʥʥʳʡ ʧʫʪʴ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳè (ʇʨʝʟʠʜʝʥʪ ɸʀʆ, ʧʨʦʬʝʩʩʦʨ ʌɻɹʆʋ ɺʆ çʄʀʈʕɸ-ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠ-

ʚʝʨʩʠʪʝʪè, ʛʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ ʞʫʨʥʘʣʘ çʇʝʜʘʛʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʪʠʢʘè, ʢ.ʬ.-ʤ.ʥ., ʜ.ʧʝʜ.ʥ., ʛ. ʄʦʩʢʚʘ);  

ü ʂʘʨʧʝʥʢʦ ʄ.ʇ. çʉʝʤʘʥʪʠʯʝʩʢʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘè 

(ʇʨʝʟʠʜʝʥʪ ɸʂʅ, ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʯʣʝʥ ɸʀʆ, ʇʨʝʟʠʜʝʥʪ ʏʆʋ ɺʆ ʉɻɸ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʛ. ʄʦʩʢʚʘ);  

ü ʈʦʙʝʨʪ ʀ.ɺ. çʂʦʥʚʝʨʛʝʥʪʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ: ʠʩʪʦʢʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳè (ɺʠʮʝ-ʧʨʝʟʠʜʝʥʪ 

ɸʀʆ, ʘʢʘʜʝʤʠʢ ʈɸʆ, ʈʫʢʦʚʦʜʠʪʝʣʴ ʎʀʆ ʌɻɹʅʋ çʀʋʆ ʈɸʆè, ʜ.ʧʝʜ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʛ. ʄʦʩʢʚʘ);  

ü ʂʫʟʦʚʣʝʚ ɺ.ʇ. çʀʥʬʦʨʤʘʪʠʟʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʚ ʧʦʜʛʦʪʦʚʢʝ ʥʘʩʝʣʝʥʠʷ ʃʠʧʝʮʢʦʡ ʦʙʣʘʩʪʠ 

ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠè (ʏʣʝʥ ʇʨʝʟʠʜʠʫʤʘ ɸʀʆ, ʋʧʦʣʥʦʤʦʯʝʥʥʳʡ ʧʦ ʧʨʘʚʘʤ 

ʯʝʣʦʚʝʢʘ ʚ ʃʠʧʝʮʢʦʡ ʦʙʣʘʩʪʠ, ʜ.ʧʝʜ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʛ. ʃʠʧʝʮʢ);  

ü ʀʛʥʘʪʴʝʚ ʄ.ɹ. çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ 

ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡè (ʏʣʝʥ ʧʨʝʟʠʜʠʫʤʘ ɸʀʆ, ʧʨʦʬʝʩʩʦʨ ɻʋɸʇ, ʜ.ʪ.ʥ., ʧʨʦ-

ʬʝʩʩʦʨ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ);  

ü ɹʝʨʠʣ ʉ.ʀ., ɼʦʣʛʦʚɸ.ʖ. çɺʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦ-

ʮʝʩʩ ʇɻʋè (ʈʝʢʪʦʨ ʇɻʋ ʠʤ. ʊ.ɻ. ʐʝʚʯʝʥʢʦ, ʯʣʝʥ ʇʨʝʟʠʜʠʫʤʘ ɸʀʆ, ʘʢʘʜʝʤʠʢ ʈɸɽʅ, ʜʦʢʪʦʨ ʬʠʟ.-

ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; ʧʨʦʨʝʢʪʦʨ ʧʦ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʚ ʦʙʨʘʟʦʚʘ-

ʥʠʠ, ʩʦʚʝʪʥʠʢ ʈɸɽʅ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ); 

ü ʉʘʨʴʷʥ ɺ.ʂ., ʉʘʣʦʤʘʪʠʥʘ ɽ.ɺ. çʅʦʚʳʝ ʟʘʜʘʯʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʫʪʠ ʠʭ 

ʨʝʰʝʥʠʷ ʥʘ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠè (ɼʝʡʩʪʚʠʪʝʣʴʥʳʡ ʯʣʝʥ ɸʀʆ, ʘʢʘʜʝʤʠʢ ʅʘʮʠʦ-

ʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ɸʨʤʝʥʠʷ, ʥʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ ʌɻʋʇ çʅʀʀ ʈʘʜʠʦè, ʧʨʦʬʝʩ-

ʩʦʨ ʄʌʊʀ ʠ ʄʊʋʉʀ, ʜ.ʪ.ʥ., ʛ. ʄʦʩʢʚʘ; ʟʘʚ. ʢʘʬʝʜʨʦʡ ʇɻʋ ʠʤ. ʊ.ɻ. ʐʝʚʯʝʥʢʦ, ʛ. ʊʠʨʘʩʧʦʣʴ);  
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ü ʄʘʨʪʳʥʦʚ ɸ.ʇ. çʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʝʝ 

ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʱʝʩʪʚʘè (ʫʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʆʪʜʝʣʝʥʠʷ ɸʀʆ ʧʦ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʌɻɸʆʋ ɺʆ çʉʘʨʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè ʬʠʣʠʘʣ çʅʀʗʋ çʄʀʌʀèè, ʧʨʦʬʝʩʩʦʨ 

ʢʘʬʝʜʨʳ ʨʘʜʠʦʬʠʟʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʛ. ʉʘʨʦʚ);  

ü ʏʫʙʘʨʠʢʦʚ ɺ.ʅ. çʆ ʧʨʝʧʦʜʘʚʘʥʠʠ ʤʘʪʝʤʘʪʠʢʠ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʈʦʩʩʠʠè 

(ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʜʝʢʘʥ ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʜ ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʛ. 

ʄʦʩʢʚʘ);  

ü ʂʘʟʘʯʝʥʦʢ ɺ.ɺ., ʈʫʩʘʢʦʚ ɸ.ɸ. çʆʩʥʦʚʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ XXI ʚʝ-

ʢʘè (ʯʣʝʥ ʇʨʝʟʠʜʠʫʤʘ ɸʀʆ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ ɹʝʣʦʨʫʩʩʢʦ-

ʛʦ ɻʋ, ʜ.ʧʝʜ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʛ. ʄʠʥʩʢ); ʇʨʝʟʠʜʝʥʪ ɸʀʆ, ʧʨʦʬʝʩʩʦʨ ʌɻɹʆʋ ɺʆ çʄʀʈʕɸ-

ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ ʞʫʨʥʘʣʘ çʇʝʜʘʛʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨ-

ʤʘʪʠʢʘè, ʢ.ʬ.-ʤ.ʥ., ʜ.ʧʝʜ.ʥ., ʛ. ʄʦʩʢʚʘ);  

ü ʉʢʘʬʘ ɽ.ʀ. çʄʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʵʚʨʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʦʙʫ-

ʯʘʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷè (ɻOʋ ɺʇ çɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè, ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʫʯʝʙʥʦʡ ʨʘʙʦʪʝ, ʟʘʚ. ʢʘʬʝʜʨʦʡ ʚʳʩʰʝʡ ʤʘʪʝ-

ʤʘʪʠʢʠ ʠ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ, ʜ.ʧʝʜ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʛ. ɼʦʥʝʮʢ).  
2 ʛʦʜʘ ʥʘʟʘʜ ʤʳ ʩʦʟʜʘʣʠ ʧʨʠ ɸʢʘʜʝʤʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ ʠ ɸʢʘʜʝʤʠʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ɸʪʪʝʩʪʘʮʠʦʥʥʳʡ ʩʦʚʝʪ ʧʦ ʧʨʠʝʤʫ ʢ ʟʘʱʠʪʝ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨ ʟʘʱʠ-

ʪʳ ʥʘʫʯʥʳʭ ʜʦʢʣʘʜʦʚ ʠ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʈh.D ʧʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʦʟʥʘʯʝʥ-

ʥʳʤ ʚ ʨʝʝʩʪʨʝ ʝʚʨʦʧʝʡʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ɿʘʱʠʪʘ ʜʦʢʣʘʜʦʚ ʥʘ ʩʦʠʩʢʘʥʠʝ ʩʪʝʧʝʥʠ ɼʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ 

(Ph.D), ï ʦʙʱʝʩʪʚʝʥʥʘʷ ʥʘʫʯʥʘʷ ʦʮʝʥʢʘ ʠʜʝʡ ʥʘʰʠʭ ʢʦʣʣʝʛ, ʤʳ ʥʘʤʝʯʘʝʤ ʠ ʚʳʜʚʠʛʘʝʤ ʣʫʯʰʠʝ ʫʩ-

ʧʝʰʥʳʝ ʨʘʙʦʪʳ. ʇʦʜʦʙʥʳʭ ʩʦʚʝʪʦʚ ʚ ʩʪʨʘʥʝ ʧʦʨʷʜʢʘ 40. ɺ ɸʢʘʜʝʤʠʯʝʩʢʦʤ ʘʪʪʝʩʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ 

ʧʨʠ ɸʀʆ ʠ ɸʂʅ ʚ ʬʝʚʨʘʣʝ-ʩʝʥʪʷʙʨʝ ʵʪʦʛʦ ʛʦʜʘ ʩʦʩʪʦʷʣʠʩʴ ʟʘʱʠʪʳ ʜʝʩʷʪʠ ʜʦʢʣʘʜʦʚ ʥʘ ʩʦʠʩʢʘʥʠʝ 

ʩʪʝʧʝʥʠ ɼʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ (Ph.D) ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʙʣʘʩʪʷʤ.13 ʜʝʢʘʙʨʷ 2016 ʛʦʜʘ ɻʣʘʚʘ ɺʳʩʰʝʡ ʘʪʪʝ-

ʩʪʘʮʠʦʥʥʦʡ ʢʦʤʠʩʩʠʠ (ɺɸʂ) ɺʣʘʜʠʤʠʨ ʌʠʣʠʧʧʦʚ ʧʨʠʟʚʘʣ ʚʚʝʩʪʠ ʚ ʈʦʩʩʠʠ ʩʠʩʪʝʤʫ ʫʯʝʥʳʭ ʟʚʘʥʠʡ 

Ph.D, ʧʨʠʨʘʚʥʷʚ ʢ ʥʝʤʫ ʜʦʢʪʦʨʘ ʥʘʫʢ. çʀʟ 36 ʩʪʨʘʥ ɸʊʕʉ ʪʦʣʴʢʦ ʜʚʝ ʥʝ ʚʚʝʣʠ Ph.D ï ʵʪʦ ʈʦʩʩʠʷ ʠ 

ɺʴʝʪʥʘʤ. ʇʦʵʪʦʤʫ ʵʪʫ ʟʘʜʘʯʫ ʥʘʜʦ ʩʪʘʚʠʪʴ, ʢʦʥʝʯʥʦ. ʅʘ ʚʦʧʨʦʩ: çʇʣʘʥʠʨʫʝʪʩʷ ʣʠ ʥʘʢʦʥʝʮ ʧʨʠ-

ʨʘʚʥʠʚʘʪʴ ʢʘʥʜʠʜʘʪʩʢʫʶ ʩʪʝʧʝʥʴ ʢ Ph.D?è. ɺ.ʄ ʌʠʣʠʧʧʦʚ ʦʪʚʝʪʠʣ ʢʦʨʦʪʢʦ, ï ʕʪʦ ʫʞʝ ʩʣʝ-

ʜʫʶʱʠʡ ʵʪʘʧ ʨʝʬʦʨʤʘʮʠʡ. ʉʝʡʯʘʩ ʚʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ ï ʨʝʰʠʪʴ, ʢʘʢʦʡ ʜʦʣʞʥʘ ʙʳʪʴ ʘʩʧʠʨʘʥʪʫʨʘ. 

 

 

ɻʣʘʚʘ ɺɸʂ, ʨʝʢʪʦʨ ʈʋɼʅ ʧʨʦʬʝʩʩʦʨ ʌʠʣʠʧʧʦʚ ɺʣʘʜʠʤʠʨ ʄʠʭʘʡʣʦʚʠʯ 

 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʫʞʝ ʙʦʣʝʝ 10 ʣʝʪ ʤʳ ʩʦʪʨʫʜʥʠʯʘʝʤ ʩ ɻɼ ʌʝʜʝʨʘʣʴʥʦʛʦ ʉʦʙʨʘʥʠʷ ʈʌ ʠ ʩ ʝʝ 

ʢʦʤʠʪʝʪʦʤ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʥʘʫʢʝ. ɸʢʘʜʝʤʠʷ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʥʝʦʜ-

ʥʦʢʨʘʪʥʦ ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʩʝʜʘʥʠʷʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʜʫʤʳ ʈʌ, ʛʜʝ ʚʳʩʪʫʧʘʣʠ ʇʨʝʟʠ-

ʜʝʥʪ ɸʀʆ ʠ ʯʣʝʥʳ ɸʢʘʜʝʤʠʠ ʩ ʜʦʢʣʘʜʘʤʠ. ʋʤʝʩʪʥʦ ʚʩʧʦʤʥʠʪʴ ʜʦʢʣʘʜ ʧʨʝʟʠʜʝʥʪʘ ɸʀʆ ɺʘʛʨʘ-
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ʤʝʥʢʦ ʗ.ɸ. ʩ ʧʣʘʢʘʪʘʤʠ, ʩ ʦʙʩʪʦʷʪʝʣʴʥʦʡ ʧʨʝʟʝʥʪʘʮʠʝʡ ʧʨʦʙʣʝʤ ʀʥʬʦʨʤʘʪʠʟʘʮʠʠ ʇʨʠʜʥʝʩʪʨʦʚʴʷ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʚʳʩʪʫʧʣʝʥʠʝʤ ʇʨʝʟʠʜʝʥʪʘ ʇʨʠʜʥʝʩʪʨʦʚʩʢʦʡ ʄʦʣʜʘʚʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. 

ɺ 2016 ʛʦʜʫ ʇʨʠʜʥʝʩʪʨʦʚʩʢʦʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʫʥʠʚʝʨʩʠʪʝʪʫ ʠʤ. ʊ.ɻ. ʐʝʚʯʝʥʢʦ ʠʩʧʦʣ-

ʥʠʣʦʩʴ 85 ʣʝʪ, ʚʘʞʥʦʝ ʩʦʙʳʪʠʝ ʜʣʷ ʇʄʈ, ʫʥʠʚʝʨʩʠʪʝʪ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʝʝ ʫʯʨʝʞʜʝʥʠʝ ʨʝʩʧʫʙʣʠ-

ʢʠ. ʉʦʚʤʝʩʪʥʦ ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ ʇʄʈ ʠ ʨʫʢʦʚʦʜʩʪʚʦʤ ʫʥʠʚʝʨʩʠʪʝʪʘ ʨʝʢʪʦʨʦʤ ʜʦʮʝʥʪʦʤ ʉʘʥʜʫʮʘ 

ɻʘʣʠʥʦʡ ʀʚʘʥʦʚʥʦʡ ʠ ʇʦʯʝʪʥʳʤ ʧʨʝʟʠʜʝʥʪʦʤ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʦʤ, ʘʢʘʜʝʤʠʢʦʤ ɸʀʆ ʠ ʈɸɽʅ 

ɹʝʨʠʣʦʤ ʉʪʝʧʘʥʦʤ ʀʦʨʜʘʥʦʚʠʯʝʤ ʜʝʣʝʛʘʮʠʷ ɸʢʘʜʝʤʠʠ ʀʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ɺʘʛʨʘʤʝʥʢʦ 

ʗ.ɸ., ʈʦʙʝʨʪ ʀ.ɺ., ʈʫʩʘʢʦʚ ɸ.ɸ. ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʶʙʠʣʝʡʥʳʭ ʪʦʨʞʝʩʪʚʘʭ ʠ ʚʳʩʪʘʚʢʝ ï ʧʨʝʟʝʥʪʘʮʠʠ 

ʇɻʋ ʠʤ. ʊ.ɻ. ʐʝʚʯʝʥʢʦ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʜʫʤʝ ʈʌ. 

 

 

ɺʠʮʝ-ʧʨʝʟʠʜʝʥʪ ʄʆʆ çɸʀʆè, ʘʢʘʜʝʤʠʢ ʈɸʆ ʈʦʙʝʨʪ ʀʨʝʥʘ ɺʝʥʴʷʤʠʥʦʚʥʘ  

ʚʳʩʪʫʧʘʝʪ ʥʘ ʶʙʠʣʝʡʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʚ ɻɼ ʈʌ 

 

ʉʝʛʦʜʥʷ ɸʢʘʜʝʤʠʷ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ çʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʝʡ ʥʘ-
ʫʢ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡè ʠ çɸʢʘʜʝʤʠʝʡ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢè 

ʚʳʰʣʠ ʩ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʚ ɻɼ ʈʌ ʧʦ ʨʘʟʚʠʪʠʶ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʥʦʨ-
ʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʧʦʣʥʦʮʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʠ ʧʨʝʜʣʦʞʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʚʦ ʠʩʧʦʣʥʝʥʠʝ ʧʫʥʢʪʘ 5 ʋʢʘʟʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩ-
ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 7 ʤʘʷ 2018 ʛʦʜʘ ˉ 204 ï ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʚ ʩʬʝʨʝ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʮʠʬʨʦʚʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, ʦʙʝʩʧʝʯʠʚʘʶ-
ʱʝʡ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʠ ʫʨʦʚʥʝʡ. ʅʘʰʠ ʧʨʝʜʣʦʞʝʥʠʷ ʧʨʦʰʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʩʣʫʰʘʥʠʷ ʚ ʤʠʥʠʩʪʝʨʩʪʚʝ ɺʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʠ ʧʨʠʟʥʘʥʳ ʂʦʤʠʪʝʪʦʤ 
ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʥʘʫʢʝ ɻɼ ʌʝʜʝʨʘʣʴʥʦʛʦ ʩʦʙʨʘʥʠʷ ʈʌ, ʢʘʢ ʩʚʦʝʚʨʝʤʝʥʥʳʝ ʠ ʧʨʘʚʠʣʴʥʳʝ ʚʝʱʠ. 

ɸʀʆ ʷʚʣʷʝʪʩʷ ʯʣʝʥʦʤ ʕʢʩʧʝʨʪʥʦʛʦ ʉʦʚʝʪʘ ʠ ʷ ʚʳʩʪʫʧʘʣ ʥʘ ʨʘʩʰʠʨʝʥʥʳʤ ʟʘʩʝʜʘʥʠʝʤ ʵʢʩʧʝʨʪʥʳʭ 
ʩʦʚʝʪʦʚ ʂʦʤʠʪʝʪʘ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʥʘʫʢʝ ɻɼ ʌʝʜʝʨʘʣʴʥʦʛʦ ʩʦʙʨʘʥʠʷ ʈʌ 24 ʦʢʪʷʙʨʷ 2018 ʛ., ʧʨʝʜ-

ʩʝʜʘʪʝʣʴʩʪʚʦʚʘʣʘ ʥʘ ʵʪʦʤ ʟʘʩʝʜʘʥʠʠ ɼʫʭʘʥʠʥʘ ʃʶʙʦʚʴ ʅʠʢʦʣʘʝʚʥʘ (ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ʂʦ-
ʤʠʪʝʪʘ ʧʦ ʥʘʫʢʝ ʠ ʦʙʨʘʟʦʚʘʥʠʶ).  
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ɼʫʭʘʥʠʥʘ ʃ.ʅ. ʧʨʦʚʦʜʠʪ ʟʘʩʝʜʘʥʠʝ ʵʢʩʧʝʨʪʥʳʭ ʩʦʚʝʪʦʚ ʂʦʤʠʪʝʪʘ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ  

ʠ ʥʘʫʢʝ ɻɼ ʌʝʜʝʨʘʣʴʥʦʛʦ ʩʦʙʨʘʥʠʷ ʈʌ 24 ʦʢʪʷʙʨʷ 2018 ʛ. 

 

 

ʇʨʝʟʠʜʝʥʪ ɸʢʘʜʝʤʠʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʬʝʩʩʦʨ ʈʫʩʘʢʦʚ ɸ.ɸ. 

ʧʝʨʝʜ ʟʘʩʝʜʘʥʠʝʤ ʵʢʩʧʝʨʪʥʳʭ ʩʦʚʝʪʦʚ ʂʦʤʠʪʝʪʘ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʥʘʫʢʝ  

 

ʊʝʤʘ ʟʘʩʝʜʘʥʠʷ ï çʕʢʩʧʝʨʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʝʟʘʚʠʩʠʤʳʭ ʘʩʩʦʮʠʘʮʠʡ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷè. 

ʇʨʠʩʫʪʩʪʚʦʚʘʣʠ ʨʫʢʦʚʦʜʠʪʝʣʠ ʤʠʥʠʩʪʝʨʩʪʚ, ʵʢʩʧʝʨʪʳ ʩʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ɺ ʩʚʦʝʤ ʚʳʩʪʫʧʣʝʥʠʠ ʤʳ ʧʦʟʥʘʢʦʤʠʣʠ ʩ ʪʝʤʘʪʠʢʦʡ ʨʘʙʦʪʳ ʥʘʰʝʛʦ ʉʦʶʟʘ ʘʢʘʜʝʤʠʡ, (ʠʣʠ ʤʦʞʝʪ 
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ʚʝʩʪʠʩʴ ʨʘʙʦʪʘ) ʧʦ ʠʥʠʮʠʘʮʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ, ʧʦʜʟʘʢʦʥʥʳʝ ʘʢʪʳ ʠ ʜʨʫʛʠʝ ʥʦʨʤʘ-

ʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ ʘʢʪʳ ʚ ʠʥʪʝʨʝʩʘʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷʈʌ. 

ɸʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʝʥʠʡ ɸʀʆ ʚ ʦʙʩʫʞʜʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʙʣʝʤ, ʥʘʙʦʣʝʚʰʝʛʦ ʚ ʠʥʬʦʨʤʘʪʠ-

ʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪ ʧʨʦʚʦʜʠʤʳʭ ʚ ʵʪʦʤ ʛʦʜʫ ʢʦʥʬʝʨʝʥʮʠʡ: çʕʣʝʢʪʨʦʥʥʳʝ ʨʝʩʫʨʩʳ ʚ ʥʝ-

ʧʨʝʨʳʚʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ï 2018è (ʛ. ɻʝʣʝʥʜʞʠʢ), çʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ï 2018: ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷè (ʛ. ʊʠʨʘʩʧʦʣʴ, 11 ʦʢʪʷʙʨʷ 2018 ʛʦʜʘ), I ʄʝʞʜʫʥʘ-

ʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 15-18 ʥʦʷʙʨʷ 2018 

ʛʦʜʘè (ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ), IV ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢè (24 

ʥʦʷʙʨʷ 2017 ʛ. ʆʨʝʣ). 

ɼʝʷʪʝʣʴʥʦʩʪʴ ɸʢʘʜʝʤʠʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ï ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʠʩʪʦ-

ʨʠʠ ʧʨʦʩʚʝʱʝʥʥʦʡ ʈʦʩʩʠʠ, ʦʪʨʘʞʝʥʠʝ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʦʜʥʦʛʦ ʠʟ ʣʠʜʝʨʦʚ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʩʚʷʪʦ ʭʨʘʥʷʱʝʛʦ ʠ ʧʨʦʜʦʣʞʘʶʱʝʛʦ ʣʫʯʰʠʝ ʪʨʘʜʠʮʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʘʢʘʜʝʤʠʯʝʩʢʦʡ 

ʥʘʫʢʠ ʚ ʝʜʠʥʩʪʚʝ ʩ ʧʦʚʩʝʜʥʝʚʥʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʦʡ.  

ɺ ʦʪʜʝʣʝʥʠʷʭ ɸʀʆ ʚʝʜʝʪʩʷ ʤʥʦʛʦʛʨʘʥʥʘʷ ʨʘʙʦʪʘ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪʩʷ ʦʩʦʙʝʥʥʦ ʮʝʥʥʦʡ ʙʣʘʛʦʜʘʨʷ ʧʨʠʚʷʟʢʝ ʢ ʨʝʛʠʦʥʘʣʴʥʳʤ ʧʨʦ-

ʙʣʝʤʘʤ ʦʙʨʘʟʦʚʘʥʠʷ. ʂʦʥʢʨʝʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʵʪʦʪ ʩʯʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʨʫʜʘʭ ʥʘʩʪʦʷʱʝʡ ʢʦʥ-

ʬʝʨʝʥʮʠʠ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʙʱʝʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ɸʀʆ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʠ ʜʘʣʝʝ ʙʫʜʝʪ ʟʘʣʦʛʦʤ ʜʦʩʪʠʞʝʥʠʷ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘʰʠ ʩʠʣʳ 

ʧʨʠʫʤʥʦʞʘʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʨʠʪʦʢʫ ʵʥʪʫʟʠʘʩʪʦʚ ʠʟ ʤʦʣʦʜʝʞʠ ʠ ʟʘʤʝʪʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʜʭʦ-

ʜʦʚ ʠ ʪʨʘʜʠʮʠʡ, ʥʦʩʠʪʝʣʷʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʠʩʧʳʪʘʥʥʘʷ ʧʨʦʬʝʩʩʫʨʘ ʠ ʦʙʣʘʜʘʶʱʘʷ ʥʘʜʝʞʥʦ-

ʩʪʴʶ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ. ɺ ʵʪʦʤ ʛʦʜʫ ʤʳ ʩʦʟʜʘʣʠ ʯʝʪʳʨʝ ʥʦʚʳʭ ʦʪʜʝʣʝʥʠʡ ɽʣʝʮʢʦʝ, ɺʦ-

ʣʦʛʦʜʩʢʦʝ, ʃʠʧʝʮʢʦʝ, ʏʝʯʝʥʩʢʦʝ. ʀ 11 ʩʝʥʪʷʙʨʷ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʤʳ ʧʨʠʥʷʣʠ ʚ ɸʢʘʜʝʤʠʶ 18 ʥʦ-

ʚʳʭ ʯʣʝʥʦʚ. ʄʳ ʙʫʜʝʤ ʧʨʦʜʦʣʞʘʪʴ ʪʨʘʜʠʮʠʠ ʥʘʰʝʛʦ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʬʝʨʝʥ-

ʮʠʡ, ʧʦʯʪʠ ʚʩʝ ʩʪʘʣʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ, ʦʜʥʘ ʠʟ ʟʘʜʘʯ ʄʆʆ çɸʀʆè. ɹʫʜʝʤ ʦʧʪʠʤʠʩʪʘʤʠ! 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʈʫʩʘʢʦʚ ɸ.ɸ, ʉʘʨʴʷʥ ɺ.ʂ. ʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ï ʧʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ ï çʉʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʟʘ-

ʠʤʩʪʚʦʚʘʥʠʡè, ʢʘʢ ʜʝʡʩʪʚʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʘʪʪʝʩʪʘʮʠʠ (ʧʦʣʝʤʠʯʝʩʢʠʝ ʟʘʤʝʪʢʠ) // ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʆʙʥʘʨʫʞʝʥʠʝ ʟʘʠʤʩʪʚʦʚʘʥʠʡ ï 2018è 01ï02 ʦʢʪʷʙʨʷ 2018 ʛ. ʃʠʧʝʮʢ: ʃʠʧʝʮʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʚ ʧʝʯʘʪʠ). 
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ɸ.ɸ. ɸʣʧʳʩʧʘʡ 

ʤʘʛʠʩʪʨ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ʛ. ɸʩʪʘʥʘ, ɽʚʨʘʟʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʝʚʘ 

ɸ.ɾ. ʂʠʥʪʦʥʦʚʘ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ɸʩʪʘʥʘ, ɽʚʨʘʟʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʝʚʘ 

ʇʈʆʎɽɼʋʈʅɸʗ ɻɽʅɽʈɸʎʀʗ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʜʘʝʪʩʷ ʢʨʘʪʢʠʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʜʫʨʥʦʡ ʛʝʥʝ-

ʨʘʮʠʠ ʠ ʩʬʝʨ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʢʨʘʪʢʦ ʦʧʠʩʳʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʛʝʥʝʨʘʮʠʠ ʨʘʟʣʠʯʥʦʛʦ 

ʢʦʥʪʝʥʪʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ ʨʘʟʨʘʙʦʪʯʠ-

ʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʩʦʟʜʘʥʠʝ ʢʦʥʪʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʮʝʜʫʨʥʘʷ ʛʝʥʝʨʘʮʠʷ ʢʦʥʪʝʥʪʘ; ʧʨʦʮʝʜʫʨʥʳʝ ʘʣʛʦʨʠʪʤʳ; ʧʨʦʮʝʜʫʨʥʦ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʪʝʢʩʪʫʨʳ; ʚʠʨʪʫʘʣʴʥʳʝ ʤʠʨʳ; ʩʠʤʫʣʷʮʠʠ; ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʢʦʤʧʦʟʠʮʠʷ. 

ʇʨʦʮʝʜʫʨʥʘʷ ʛʝʥʝʨʘʮʠʷ ï ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʢʦʥʪʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʦʩʦʙʳʭ ʘʣʛʦ-

ʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪ ʢʦʥʪʝʥʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʙʝʟ ʫʯʘʩʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʦ ʠ ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤʠ ʚ ʨʘʟʨʘʙʦʪʢʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ 

ʧʦʪʝʥʮʠʘʣ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ ʩʨʝʜʩʪʚʘ ʥʘ ʩʦʟʜʘʥʠʝ ʢʦʥʪʝʥʪʘ, 

ʧʨʠʯʝʤ ʧʦʜ ʢʦʥʪʝʥʪʦʤ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢʦʡ ʫʛʦʜʥʦ ʦʙʲʝʢʪ, ʥʘʯʠʥʘʷ ʦʪ ʤʫʟʳʢʠ ʠ ʨʠʩʫʥʢʦʚ, ʠ ʟʘʢʘʥ-

ʯʠʚʘʷ ʪʨʝʭʤʝʨʥʳʤ ʣʘʥʜʰʘʬʪʦʤ ʠ ʩʣʦʞʥʳʤʠ ʪʨʝʭʤʝʨʥʳʤʠ ʚʠʨʪʫʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʇʨʠ ʵʪʦʤ 

ʢʘʞʜʘʷ ʧʦʚʪʦʨʥʘʷ ʛʝʥʝʨʘʮʠʷ ʩʦʟʜʘʝʪ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ ʵʢʟʝʤʧʣʷʨ, ʪʦ ʝʩʪʴ ʧʨʠ ʢʘʞʜʦʤ ʟʘʧʫʩʢʝ ʜʘʥ-

ʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʣʫʯʘʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʡ ʢʦʥʪʝʥʪ, ʥʝ ʧʦʭʦʞʠʡ ʥʘ ʧʨʝʜʳʜʫʱʠʡ (ʰʘʥʩ ʧʦʣʫʯʠʪʴ 

ʦʜʠʥʘʢʦʚʳʡ ʢʦʥʪʝʥʪ ʢʨʘʡʥʝ ʤʘʣ, ʪʘʢ ʢʘʢ ʚʘʨʠʘʮʠʡ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʟʘʚʠʩʠʪ ʦʪ 

ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʤʦʜʫʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʟʜʘʝʪʩʷ ʢʦʥʪʝʥʪ). ʊʘʢʞʝ ʜʘʥʥʳʡ ʘʣʛʦ-

ʨʠʪʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʦʥʦʤʠʶ ʤʝʩʪʘ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ, ʪʘʢ ʢʘʢ ʛʝʥʝʨʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ çʥʘ ʣʝʪʫè, ʠ 

ʦʙʳʯʥʦ ʧʦʜʦʙʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʤʝʩʪʘ, ʯʝʤ ʠʭ ʘʥʘʣʦʛʠ ʩ 

ʛʦʪʦʚʳʤ ʢʦʥʪʝʥʪʦʤ (ʟʘʨʘʥʝʝ ʩʦʟʜʘʥʥʳʤ). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʘʢʝʪ MASSIVE (MultipleAgentSimulationSystemin-

VirtualEnvironment) ï ʧʘʢʝʪ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʝʙʝ ʥʘʙʦʨ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʘʥʠʤʘʮʠʡ ʠ 

ʩʨʝʜʩʪʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʦʟʜʘʥʠʝ çʵʬʬʝʢʪʘ ʪʦʣʧʳè ʥʘ 

ʟʘʜʥʝʤ ʧʣʘʥʝ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʘʩʩʠʚʥʳʭ ʙʠʪʚ ʠ ʩʨʘʞʝʥʠʡ ʤʥʦʛʦʪʳʩʷʯʥʳʭ ʘʨʤʠʡ, ʠʤʝʥʥʦ ʦʥ ʠʩ-

ʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʩʝʨʠʠ ʬʠʣʴʤʦʚ çɺʣʘʩʪʝʣʠʥ ʢʦʣʝʮè). ɼʘʥʥʳʡ ʧʘʢʝʪ 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʠʥʜʫʩʪʨʠʠ ʚʠʟʫʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ, ʠ ʝʛʦ ʬʣʘʛʤʘʥʩʢʘʷ ʬʫʥʢʮʠʷ ï 

ʩʧʦʩʦʙʥʦʩʪʴ ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ ʩʦʟʜʘʚʘʪʴ ʪʳʩʷʯʠ, ʘ ʧʨʠ ʞʝʣʘʥʠʠ ʠ ʤʠʣʣʠʦʥʳ (ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʦʩʪʘʚ-

ʣʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ) ʘʛʝʥʪʦʚ (ʘʥʠʤʠʨʦʚʘʥʥʳʭ ʧʝʨʩʦʥʘʞʝʡ, ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ 

ʠ ʪ.ʜ.), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʮʝʜʫʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʢʘʞʜʦʤʫ ʘʛʝʥʪʫ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʠ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ. ʂʘʞʜʳʡ ʘʛʝʥʪ ʥʝ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʠʩʘʥʥʳʝ ʢʣʠʧʳ 

ʘʥʠʤʘʮʠʠ, ʥʦ ʠ ʩʤʝʰʠʚʘʝʪ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʩʦʟʜʘʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʝʨʩʦʥʘʞʝʡ, ʢʦʪʦʨʳʝ ʧʝʨʝʤʝ-

ʱʘʶʪʩʷ, ʜʝʡʩʪʚʫʶʪ ʠ ʨʝʘʛʠʨʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʨʝʘʣʠʩʪʠʯʥʦ. ʕʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʠʩʘʥʥʳʝ ʢʣʠʧʳ 

ʘʥʠʤʘʮʠʠ ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ ʠʟ ʩʝʘʥʩʦʚ ʟʘʭʚʘʪʘ ʜʚʠʞʝʥʠʷ ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ ʘʥʠʤʠʨʦʚʘʥʳ ʚʨʫʯʥʫʶ ʚ 

ʩʧʝʮʠʘʣʴʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʜʣʷ 3D-ʘʥʠʤʘʮʠʠ.ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠʩʢʫʩʩʪ-

ʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ MASSIVE ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʬʫʥʢʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʪʢʘʥʝʡ, ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʠ ʪ.ʧ. [1]. 

ʊʘʢʞʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʧʨʦʮʝʜʫʨʥʫʶ ʛʝʥʝʨʘʮʠʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʦʤʧʴʶ-

ʪʝʨʥʦʡ ʛʨʘʬʠʢʝ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʮʝʜʫʨʥʳʭ ʪʝʢʩʪʫʨ. ʇʨʦʮʝʜʫʨʥʘʷ ʪʝʢʩʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʝʢʩʪʫʨʫ, ʩʦʟʜʘʥʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ (ʪʦ ʝʩʪʴ ʘʣʛʦʨʠʪʤʘ), ʘ ʥʝ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʩʦʭʨʘʥʝʥʥʳʭ ʜʘʥʥʳʭ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʭʨʘ-
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ʥʝʥʠʷ, ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʪʝʢʩʪʫʨʳ ʠ ʣʝʛʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʪʝʢʩʪʫʨ. ʕʪʠ ʪʠʧʳ ʪʝʢʩʪʫʨ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʣʠ ʦʙʲʝʤʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʠʨʦʜʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʝʨʝʚʦ, ʤʨʘʤʦʨ, ʛʨʘʥʠʪ, ʤʝʪʘʣʣ, ʢʘʤʝʥʴ ʠ ʜʨʫʛʠʝ. ʆʙʳʯʥʦ ʝʩʪʝʩʪʚʝʥʥʳʡ 

ʚʥʝʰʥʠʡ ʚʠʜ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʨʘʢʪʘʣʴʥʳʭ ʰʫʤʦʚ ʠ 

ʬʫʥʢʮʠʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʕʪʠ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʯʠʩʣʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ çʩʣʫʯʘʡʥʦ-

ʩʪʠè, ʥʘʡʜʝʥʥʦʡ ʚ ʧʨʠʨʦʜʝ [2]. 

 

 

ʈʠʩ. 1. ʇʨʦʮʝʜʫʨʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʪʝʢʩʪʫʨʘ 

 
ɸʣʛʦʨʠʪʤʳ ʧʨʦʮʝʜʫʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʤʦʛʫʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʤʫʟʳʢʘʣʴʥʦʡ ʩʬʝʨʝ. ɸʣ-

ʛʦʨʠʪʤʠʯʝʩʢʘʷ ʢʦʤʧʦʟʠʮʠʷ ï ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʫʟʳʢʠ. ʂʦʤʧʦʟʠʮʠ-

ʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʳʯʥʦ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʤʝʪʦʜʘʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ. ɿʘʪʝʤ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 1) ʤʫʟʳʢʫ, ʩʦʩʪʘʚʣʝʥʥʫʶ ʢʦʤʧʴ-

ʶʪʝʨʦʤ, ʠ 2) ʤʫʟʳʢʫ, ʩʦʩʪʘʚʣʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ. ʄʫʟʳʢʘ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʩʦʩʪʘʚʣʝʥ-

ʥʦʡ ʢʦʤʧʴʶʪʝʨʦʤ, ʢʦʛʜʘ ʘʣʛʦʨʠʪʤ ʩʧʦʩʦʙʝʥ ʜʝʣʘʪʴ ʚʳʙʦʨ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ [3]. 

ʇʨʠ ʞʝʣʘʥʠʠ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʮʝʜʫʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ, 

ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʮʝʣʴʥʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʠʨʘ (ʩʠʤʫʣʷʮʠʠ, ʫʨʦʚʥʷ ʢʘʢʦʡ-

ʣʠʙʦ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʛʨʳ ʠ ʪ.ʜ.) ʩ ʤʥʦʞʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ (ʜʝʨʝʚʴʷ, ʪʨʘʚʘ, ʦʟʝʨʘ, ʨʝʢʠ, ʢʘʤʥʠ, ʛʦʨʳ, 

ʚʧʘʜʠʥʳ, ʧʝʱʝʨʳ ʠ ʜʘʞʝ ʞʠʚʦʪʥʳʝ), ʧʨʠ ʵʪʦʤ ʜʣʷ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʞʠʚʦʪʥʳʭ ʩ ʦʧ-

ʨʝʜʝʣʝʥʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ ʧʦʚʝʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʡ ʥʘʙʦʨ ʚʘʨʠʘʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʪʘʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʘʢʝʪ ʜʣʷ ʧʣʘʪʬʦʨʤʳ ʨʘʟʨʘʙʦʪʢʠ Unity ʧʦʜ ʥʘ-

ʟʚʘʥʠʝʤ GAIA [4]. 

 

 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʧʘʢʝʪʘ GAIA 
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ɼʘʥʥʳʡ ʧʘʢʝʪ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʤʠʨʳ ʧʦʣʥʦʩʪʴʶ ʧʨʦʮʝʜʫʨʥʦ, ʣʠʙʦ ʩ ʜʦʙʘʚ-
ʣʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʨʫʯʥʫʶ (ʩʤ. ʨʠʩ. 2). GAIA ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʛʝʥʝʨʠʨʦʚʘʪʴ 
ʦʙʲʝʢʪʳ ʧʨʠʨʦʜʳ, ʥʦ ʠ ʪʘʢʞʝ ʨʘʩʩʪʘʚʣʷʪʴ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʝ ʧʦʩʪʨʦʡʢʠ, ʜʦʙʘʚʣʷʪʴ 
ʩʧʝʮʵʬʬʝʢʪʳ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʟʘʜʘʚʘʪʴ ʜʣʷ ʥʠʭ ʧʨʘʚʠʣʘ ʠ ʪ.ʜ., ʠ ʚʩʝ ʵʪʦ ʧʨʠ ʧʦʤʦʱʠ 
ʫʜʦʙʥʦʛʦ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ [5]. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʛʣʘʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʮʝʜʫʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʷʚ-
ʣʷʶʪʩʷ: 

¶ ʉʢʦʨʦʩʪʴ ï ʜʘʥʥʳʝ ʦʙʳʯʥʦ ʘʣʛʦʨʠʪʤʳ ʥʝ ʪʨʝʙʫʶʪ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ (ʜʦʩʪʘʪʦʯʥʦ ʣʠʰʴ 
ʟʘʧʫʩʪʠʪʴ ʘʣʛʦʨʠʪʤ); 

¶ ʅʘʜʝʞʥʦʩʪʴ ï ʚ ʦʪʣʠʯʠʠ ʦʪ ʢʦʥʪʝʥʪʘ, ʩʦʟʜʘʥʥʦʛʦ ʚʨʫʯʥʫʶ, ʧʨʦʮʝʜʫʨʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ 
ʢʦʥʪʝʥʪ ʥʝ ʩʦʜʝʨʞʠʪ ʦʰʠʙʦʢ, ʪʘʢ ʢʘʢ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ; 

¶ ʂʨʝʘʪʠʚʥʦʩʪʴ ʠ ʧʨʘʚʜʦʧʦʜʦʙʠʝ ï ʧʨʦʮʝʜʫʨʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʢʦʥʪʝʥʪ ʛʝʥʝʨʠʨʫʝʪʩʷ 
ʫʥʠʢʘʣʴʥʳʤ ʠ ʧʨʘʚʜʦʧʦʜʦʙʥʳʤ; 

¶ ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ï ʧʨʦʮʝʜʫʨʥʘʷ ʛʝʥʝʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ 
ʫʥʠʢʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ ʧʦʯʪʠ ʚ ʣʶʙʳʭ ʦʙʣʘʩʪʷʭ, ʥʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 
ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʘ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʥʪʝʥʪ, ʩʦʟ-
ʜʘʥʥʳʡ ʚʨʫʯʥʫʶ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʤ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ɸ.ɽ. ɸʫʙʘʢʠʨʦʚʘ 

ʤʘʛʠʩʪʨ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ʛ. ɸʩʪʘʥʘ, ɽʚʨʘʟʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʝʚʘ 

ɸ.ɾ. ʂʠʥʪʦʥʦʚʘ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ɸʩʪʘʥʘ, ɽʚʨʘʟʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʝʚʘ 

ʈɽɸʃʀɿɸʎʀʗ ɺɽɹ-ʇʈʀʃʆɾɽʅʀʗ ʕʃɽʂʊʈʆʅʅʆɻʆ ɹʀɿʅɽʉɸ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʜʘʝʪʩʷ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ 
ʢʦʤʤʝʨʮʠʠ ï ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʨʝʘʣʠʟʘʮʠʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. ʊʘʢʞʝ 

ʚ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʪʁʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ. ʆʧʠʩʳʚʘʶʪʩʷ ʚʠʜʳ ʵʣʝʢʪʨʦʥʥʦʛʦ 
ʙʠʟʥʝʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ; ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ; ʵʣʝʢʪʨʦʥʥʘʷ 
ʢʦʤʤʝʨʮʠʷ; ʠʥʪʝʨʥʝʪ- ʤʘʛʘʟʠʥ. 

ʉʝʛʦʜʥʷ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʘʤʦʤ ʥʘʯʘʣʴʥʦʤ ʵʪʘ-
ʧʝ. ʇʦʧʫʣʷʨʥʦʩʪʴ ʦʥʣʘʡʥ-ʤʘʛʘʟʠʥʦʚ ʨʘʩʪʝʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦʪʦʤʫ, ʯʪʦ ʣʶʜʷʤ 
ʫʜʦʙʥʦ ʪʦʨʛʦʚʘʪʴʩʷ ʚ ʤʘʛʘʟʠʥʝ, ʥʝ ʚʳʭʦʜʷ ʠʟ ʜʦʤʘ ʠʣʠ ʦʬʠʩʘ. ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʟʘʤʘʥʯʠʚʳʭ ʬʘʢʪʦ-

ʨʦʚ ʧʨʠ ʦʥʣʘʡʥ-ʰʦʧʠʥʛʝ, ʦʩʦʙʝʥʥʦ ʚ ʙʦʣʴʰʠʭ ʛʦʨʦʜʘʭ, ʵʪʦ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʞʜʘʪʴ ʚ 

ʜʣʠʥʥʳʭ ʦʯʝʨʝʜʷʭ ʠʣʠ ʠʩʢʘʪʴ ʚ ʤʘʛʘʟʠʥʘʭ ʥʘʣʠʯʠʝ ʥʫʞʥʦʛʦ ʪʦʚʘʨʘ. 
ʕʣʝʢʪʨʦʥʥʳʡ ʙʠʟʥʝʩ ï ʵʪʦ ʚʝʜʝʥʠʝ ʙʠʟʥʝʩʘ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʦʚ 2 ʩʪʦ-

ʨʦʥ: ʟʘʢʘʟʯʠʢʘ ʠ ʧʨʦʜʘʚʮʘ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʝʜʤʝʪʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʤʦʞʝʪ 
ʙʳʪʴ ʚʩʝ, ʥʘʯʠʥʘʷ ʦʪ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʦʚʘʨʦʚ ʠ ʟʘʢʘʥʯʠʚʘʷ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʤ ʧʨʦʜʫʢʪʦʤ. ʎʝʥʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʵʪʦ ʧʦ-
ʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʧʦʠʩʢ ʠ ʧʦʢʫʧʢʫ ʥʝʦʙʭʦʜʠʤʦʛʦ ʝʤʫ ʪʦʚʘʨʘ. 

ɼʣʷ ʧʨʦʜʘʚʮʘ ʞʝ ʵʣʝʢʪʨʦʥʥʳʡ ʙʠʟʥʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʮʝʥʥʦʩʪʴ ʚ ʨʝʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘ-
ʥʠʪʴ ʩʚʦʶ ʪʦʨʛʦʚʣʶ ʥʘ ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [1]. 
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ʉʚʦʝ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʦʙʣʘʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ ʧʦʣʫʯʠʣʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 20 

ʣʝʪ, ʯʪʦ ʚʳʟʚʘʥʦ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʠʥʪʝʨʥʝʪ-ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʨʦʩʪʦʤ ʚʣʠʷʥʠʷ ʩʦ-

ʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʪʘʢʠʭ ʢʘʢ, ɺʂʦʥʪʘʢʪʝ, Fʘcebook, Instʘgrʘm, Twitter ʠ ʪ.ʧ., ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʠʥʪʝʨʘʢ-
ʪʠʚʥʳʭ ʦʥʣʘʡʥ ʧʣʘʪʬʦʨʤ, ʜʠʥʘʤʠʯʥʳʤ ʨʘʟʚʠʪʠʝʤ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʘʪʝʞʝʡ, ʠ ʧʝʨʝʭʦʜʦʤ 

ʚʝʜʫʱʠʭ ʚʝʙ-ʩʝʨʚʠʩʦʚ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ Web 1.0 ʢ Web 2.0. 
ʋʯʠʪʳʚʘʷ ʦʛʨʦʤʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʡ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʝʨʝʜ 

ʥʘʤʠ ʦʪʢʨʳʪʳ ʨʝʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʦʜʚʠʞʝʥʠʷ ʩʚʦʝʛʦ ʙʠʟʥʝʩʘ. ʅʘ ʜʘʥʥʳʡ 
ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ, ʚʝʜʝʥʠʷ, ʧʦʜʜʝʨʞʢʠ ʠ ʨʘʩʢʨʫʪʢʠ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ʉʨʝʜʦʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ ʷʚʣʷʝʪ-
ʩʷ ʠʥʪʝʨʥʝʪ, ʪʘʢ ʢʘʢ ʚʩʝ ʵʣʝʤʝʥʪʳ ʙʠʟʥʝʩ- ʧʨʦʝʢʪʦʚ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʀʥʪʝʨʥʝʪʝ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʪʦʨʛʦʚʣʷ ï ʵʪʦ ʢʦʤʤʝʨʮʠʷ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝ-
ʨʦʚ ʟʘʢʘʟʯʠʢʦʚ ʠ ʧʨʦʜʘʚʮʦʚ ʪʦʚʘʨʘ. ʉʝʛʦʜʥʷ ʧʨʝʜʤʝʪʦʤ ʪʦʨʛʦʚʣʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʱʘʜʢʝ ʤʦʞʝʪ 

ʙʳʪʴ ʘʙʩʦʣʶʪʥʦ ʣʶʙʦʡ ʪʦʚʘʨ: ʵʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʨʦʜʫʢʪʳ, ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʝ ʪʦʚʘʨʳ, ʠ ʵʣʝʢ-
ʪʨʦʥʠʢʘ, ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʠ ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠ ʪ.ʜ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʢʦʤʤʝʨʮʠʠ ʷʚʣʷʝʪʩʷ ʬʘʢʪ, ʯʪʦ ʧʦʪʨʝʙʠʪʝʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʵʢʦʥʦʤʠʪ ʩʚʦʝ ʚʨʝʤʷ, ʥʝ ʪʨʘʪʷ ʝʛʦ ʥʘ 
ʧʦʠʩʢ ʠ ʧʦʢʫʧʢʫ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʘ ʫ ʧʨʦʜʘʚʮʘ ʧʦʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʜʘ-

ʚʘʪʴ ʠ ʧʨʦʜʚʠʛʘʪʴ ʩʚʦʡ ʪʦʚʘʨ, ʠʤʝʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʫʧʘʪʝʣʝʡ ʠ ʧʦʜʧʠʩʯʠʢʦʚ ʚ ʩʦʮʠʘʣʴʥʳʭ 
ʩʝʪʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʱʝʝ ʯʠʩʣʦ ʧʦʢʫʧʘʪʝʣʝʡ ʨʘʩʪʝʪ ʩ ʢʘʞʜʳʤ ʜʥʝʤ ʠ ʨʝʢʣʘʤʘ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ 

ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʣʶʜʝʡ. 
ʂ ʦʩʥʦʚʥʳʤ ʚʠʜʘʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ ʦʪʥʦʩʷʪʩʷ: 

- ʊʦʨʛʦʚʳʝ ʧʣʦʱʘʜʢʠ ï ʠʥʪʝʨʥʝʪ-ʙʠʨʞʠ, ʘʫʢʮʠʦʥʳ, ʢʘʪʘʣʦʛʠ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ; 

- ʕʣʝʢʪʨʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʟʘʢʫʧʢʘʤʠ; 

- ʇʦʨʪʘʣʳ ï ʢʦʨʧʦʨʘʪʠʚʥʳʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ, ʢʦʤʤʝʨʯʝʩʢʠʝ, ʧʝʨʩʦʥʘʣʴʥʳʝ; 

- ʆʨʛʘʥʠʟʘʮʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʱʝʩʪʚʝʥʥʳʭ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ; 

- ʌʠʥʘʥʩʦʚʳʝ ʫʩʣʫʛʠ ï ʧʣʘʪʝʞʥʳʝ ʩʠʩʪʝʤʳ, ʦʙʤʝʥʥʳʝ ʧʫʥʢʪʳ, ʠʥʪʝʨʥʝʪ-ʙʘʥʢʠʥʛ; 

- ʂʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʬʦʥʜʳ ʠʣʠ ʙʫʬʝʨʥʳʝ ʬʦʥʜʳ; 

- ʀʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʳ; 

- ʂʦʥʪʝʥʪ-ʧʨʦʝʢʪʳ ï ʵʪʦ ʩʘʡʪʳ ʩ ʙʝʩʧʣʘʪʥʦʡ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʧʨʠʚʣʝ-
ʯʝʥʠʷ ʧʦʩʝʪʠʪʝʣʝʡ ʩ ʮʝʣʴʶ ʚʝʜʝʥʠʝ ʨʝʢʣʘʤʥʦʛʦ ʙʠʟʥʝʩʘ; 

- ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʩʨʝʜʥʠʢʠ ï ʵʪʦ ʢʘʪʘʣʦʛʠ, ʨʝʡʪʠʥʛʠ, ʧʦʠʩʢʦʚʳʝ ʩʠʩʪʝʤʳ; 

- ʀʥʪʝʨʥʝʪ-ʤʘʨʢʝʪʠʥʛ; 

- ʈʝʢʣʘʤʥʳʡ ʙʠʟʥʝʩ; 

- ʋʩʣʫʛʠ ʩʚʷʟʠ ʠ ʩʨʝʜʩʪʚʘ ʦʙʱʝʥʠʷ; 

- ɺʝʙ-ʤʘʩʪʝʨʠʥʛ ï ʩʦʟʜʘʥʠʝ ʩʘʡʪʦʚ, ʚʝʙ-ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʚʝʙ-ʜʠʟʘʡʥ, ʨʘʩʢʨʫʪʢʘ ʩʘʡʪʦʚ; 

- ʉʝʪʝʚʦʡ ʤʘʨʢʝʪʠʥʛ; 

- ʋʩʣʫʛʠ ʩʝʨʚʠʩ-ʧʨʦʚʘʡʜʝʨʦʚ ï ʧʦʩʪʘʚʱʠʢʠ ʩʝʪʝʚʳʭ ʫʩʣʫʛ, ʧʦʩʪʘʚʱʠʢʠ ʭʦʩʪʠʥʛʘ, ʜʦʤʝʥʦʚ; 

- ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ ʚ ʠʥʪʝʨʥʝʪʝ ï ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʩʝʪʝʚʳʝ ʙʠʙʣʠʦʪʝʢʠ, ʵʣʝʢ-
ʪʨʦʥʥʦʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʠʥʪʝʨʥʝʪ-ʢʦʥʩʘʣʪʠʥʛ ʠ ʪ.ʜ.; 

- ʀʛʦʨʥʳʡ ʙʠʟʥʝʩ ʚ ʩʝʪʠ ï ʣʦʪʝʨʝʠ, ʚʠʨʪʫʘʣʴʥʳʝ ʢʘʟʠʥʦ, ʙʫʢʤʝʢʝʨʩʢʠʝ ʢʦʥʪʦʨʳ, ʪʦʪʘʣʠʟʘʪʦʨʳ. 
ʕʣʝʢʪʨʦʥʥʳʤ ʙʠʟʥʝʩʦʤ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʣʶʙʫʶ ʪʨʘʥʟʘʢʮʠʶ, ʢʦʪʦʨʘʷ ʩʦʚʝʨʰʝʥʘ ʧʨʠ ʧʦʤʦʱʠ 

ʠʥʪʝʨʥʝʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʜʘʞʘ ʪʦʚʘʨʦʚ ʠʣʠ ʫʩʣʫʛ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʝʨʝ-
ʜʘʯʘ ʧʨʘʚʘ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ʊʨʘʥʟʘʢʮʠʷ ï ʬʠʥʘʥʩʦʚʘʷ ʦʧʝʨʘʮʠʷ ʧʦ ʧʝʨʝʚʦʜʫ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ 
ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʮʝʣʠ. 

ʆʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ: 
1. ʌʠʥʘʥʩʦʚʳʝ ʦʧʝʨʘʮʠʠ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʙʘʥʢʦʚʩʢʠʝ ʦʧʝʨʘʮʠʠ, 

ʩʪʨʘʭʦʚʘʥʠʝ, ʠʥʚʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʦʚ; 
2. ʈʳʥʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʪʦʨʛʦʚʣʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʠʥʪʝʨʥʝʪ ï ʤʘʛʘʟʠʥʳ, ʪʦʨʛʦʚʣʷ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʩʘʡʪʳ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʘʛʝʥʪʩʪʚ; 
3 ʈʳʥʢʠ ʤʦʙʠʣʴʥʦʡ ʪʦʨʛʦʚʣʠ. ʕʪʦ ʢʦʤʤʝʨʮʠʷ ʧʨʠ ʧʦʤʦʱʠ ʘʚʪʦʤʘʪʦʚ ʠ ʪʝʨʤʠʥʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʪʦʨʛʦʚʳʝ ʫʩʣʫʛʠ. 
ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʥʪʝʨʥʝʪ ʚ ʨʘʤʢʘʭ ʙʠʟʥʝʩʘ, ʪʦ ʠʥʪʝʨʥʝʪ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʥʝʜʦʨʦ-

ʛʫʶ, ʚʳʛʦʜʥʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ, ʢʦʪʦʨʘʷ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʚʥʫʪʨʠ ʢʦʤʧʘʥʠʠ ʠ ʩʣʫʞʠʪ ʫʜʦʙ-
ʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʟʘʧʫʩʢʘ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʨʝʩʫʨʩʘ. 

ʀʥʪʝʨʥʝʪ ʪʦʨʛʦʚʣʷ ï ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʩʚʷʟʴ ʠ ʦʙʤʝʥ ʧʨʦʠʩ-
ʭʦʜʠʪ ʵʣʝʢʪʨʦʥʥʳʤ ʦʙʨʘʟʦʤ. 
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ɺʠʜʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ: 

1. ʵʣʝʢʪʨʦʥʥʳʝ ʘʫʢʮʠʦʥʳ; 

2. ʵʣʝʢʪʨʦʥʥʳʝ ʙʘʥʢʠ; 
3. ɻ ʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ; 

4. ʵʣʝʢʪʨʦʥʥʘʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʨʘʙʦʪʘ; 
5. ʵʣʝʢʪʨʦʥʥʳʝ ʫʢʘʟʘʪʝʣʠ;  

6. ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʫʯʝʥʠʝ; 
7. ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ; 

8. ʵʣʝʢʪʨʦʥʥʳʡ ʤʘʨʢʝʪʠʥʛ [2ï3]. 
ɸʫʢʮʠʦʥ ï ʪʦʨʛʦʚʘʷ ʧʣʦʱʘʜʢʘ, ʛʜʝ ʧʨʦʜʘʚʝʮ ʚʳʩʪʘʚʣʷʝʪ ʥʘ ʧʨʦʜʘʞʫ ʩʚʦʡ ʪʦʚʘʨ, ʧʦʢʫʧʘʪʝ-

ʣʝʤ ʩʪʘʥʦʚʠʪʩʷ ʪʦʪ, ʢʪʦ ʧʨʝʜʣʦʞʠʪ ʟʘ ʪʦʚʘʨ ʙʦʣʴʰʫʶ ʩʫʤʤʫ. ʂ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʠʥʪʝʨʥʝʪ-
ʘʫʢʮʠʦʥʘʤ ʦʪʥʦʩʷʪʩʷ: eBʘy.com; Molotok.ru. ɸʫʢʮʠʦʥ eBʘy ï ʪʦʨʛʦʚʘʷ ʧʣʦʱʘʜʢʘ ʜʣʷ ʚʳʛʦʜʥʦʛʦ 

ʧʨʠʦʙʨʝʪʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ɺʘʤ ʪʦʚʘʨʦʚ ʠ ʜʣʷ ʚʝʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʙʠʟʥʝʩʘ.ɺ ʀʥʪʝʨʥʝʪ-
ʘʫʢʮʠʦʥʘʭ ʩʪʘʚʢʠ ʜʝʣʘʶʪ ʯʝʨʝʟ ʩʘʡʪ ʘʫʢʮʠʦʥʘ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʥʪʝʨʥʝʪ-ʘʫʢʮʠʦʥʘ ʧʦʢʫʧʘʪʝʣʴ ʜʦʣ-

ʞʝʥ ʧʝʨʝʚʝʩʪʠ ʜʝʥʴʛʠ ʧʨʦʜʘʚʮʫ, ʘ ʧʨʦʜʘʚʝʮ ʦʙʷʟʘʥ ʚʳʩʣʘʪʴ ʪʦʚʘʨ ʧʦʢʫʧʘʪʝʣʶ. 
ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ï ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʜʦʩʪʘʚʢʫ 

ʪʦʚʘʨʦʚ ʯʝʨʝʟ ʚʩʶ ʧʣʘʥʝʪʫ, ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʫʶ ʩʪʨʘʥʫ, ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ ʩʣʫʞʙʘʤʠ ʜʦʩʪʘʚʦʢ, 
ʧʨʠʯʝʤ ʜʦʩʪʘʚʣʷʶʪʩʷ ʟʘʢʘʟʳ ʣʶʙʳʭ ʨʘʟʤʝʨʦʚ, ʚ ʣʶʙʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʪʩʣʝʞʠʚʘ-

ʥʠʷ ʪʦʚʘʨʘ ʜʦ ʩʘʤʦʡ ʜʚʝʨʠ. ʅʘʧʨʠʤʝʨ, ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ï aliex-

press.com, eBʘy.com. ɺ ʵʪʠʭ ʤʘʛʘʟʠʥʘʭ ʧʦʢʫʧʘʶʪ ʤʠʣʣʠʦʥʳ ʣʶʜʝʡ ʠ ʤʠʣʣʠʦʥʳ ʧʦʩʳʣʦʢ ʜʚʠʞʫʪʩʷ 
ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʦʪ ʜʘʥʥʳʭ ʤʘʛʘʟʠʥʦʚ ʢ ʧʦʢʫʧʘʪʝʣʷʤ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʳʭ ʩʣʫʞʙ ʚ ʥʘʣʠʯʠʠ ʦʛ-

ʨʦʤʥʦʛʦ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘ, ʘ ʪʘʢʞʝ ʫʜʦʙʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ 
ʘʜʘʧʪʠʚʥʳʤ ʜʠʟʘʡʥʦʤ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʩʦʚʝʨʰʘʪʴ ʧʦʢʫʧʢʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ ʤʝʩʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʙʠʟʥʝʩʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 
ʚʨʝʤʝʥʠ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʫʜʦʙʥʳʤʠ ʠ ʧʦʣʴʟʫʶʪʩʷ ʦʛʨʦʤʥʳʤ ʩʧʨʦʩʦʤ ʩʨʝʜʠ ʧʦʢʫʧʘʪʝʣʝʡ. ʉʝʢʨʝʪ 

ʫʩʧʝʭʘ ʠʥʪʝʨʥʝʪ- ʤʘʛʘʟʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʫʥʠʢʘʣʴʥʦʩʪʠ ʪʦʚʘʨʦʚ, ʚ ʛʨʘʤʦʪʥʦʤ, 
ʯʝʪʢʦʤ ʦʬʦʨʤʣʝʥʠʠ, ʚ ʢʨʘʩʠʚʳʭ ʬʦʪʦʛʨʘʬʠʷʭ, ʪʘʢʠʭ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʘʡʪʘ ʦʙʷʟʘʪʝʣʴʥʦ 

ʟʘʭʦʯʝʪʩʷ ʧʨʠʦʙʨʝʩʪʠ ʪʦʚʘʨ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʬʦʪʦ, ʪʘʢʞʝ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʮʝʥʘ ʪʦʚʘʨʘ, 
ʥʘʧʨʠʤʝʨ, ʪʦʚʘʨ, ʟʘʢʘʟʘʥʥʳʡ ʯʝʨʝʟ ʩʣʫʞʙʫ aliexpress, ʙʫʜʝʪ ʥʘʤʥʦʛʦ ʜʝʰʝʚʣʝ, ʯʝʤ ʪʦʪ ʞʝ ʪʦʚʘʨ, 

ʢʫʧʣʝʥʥʳʡ ʚ ʦʙʳʯʥʦʤ ʤʘʛʘʟʠʥʝ, ʠ ʝʱʝ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʜʦʩʪʘʚʢʘ ʟʘʢʘʟʘ ʥʘ ʜʦʤ, ʪʘʢ ʢʘʢ ʚ ʩʦ-
ʚʨʝʤʝʥʥʦʤ ʨʝʞʠʤʝ ʟʘʥʷʪʦʩʪʠ ʧʦʢʫʧʘʪʝʣʷʤ ʥʘʤʥʦʛʦ ʫʜʦʙʥʝʝ, ʯʪʦʙʳ ʧʦʢʫʧʢʠ ʜʦʩʪʘʚʣʷʣʠʩʴ ʜʦʤʦʡ, 

ʚ ʮʝʣʷʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ. 
ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʙʠʟʥʝʩʝ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʠ ʧʦʤʦʱʠ ʉMSï ʩʠʩʪʝʤʳ ModX. ɺ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʧʘʥʝʣʠ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. 
ʄʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʷʪʴ ʙʣʦʢʠ, ʨʘʟʜʝʣʳ, ʧʦʜʨʘʟʜʝʣʳ, ʩʦʜʝʨʞʠʤʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ: ʢʘʨʪʠʥʢʠ, 

ʪʝʢʩʪ, ʮʝʥʳ ʪʦʚʘʨʦʚ. ɺʭʦʜ ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ModXʠʟʦʙʨʘʞʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʠʩʫʥʢʦʤ 1. 
 

 

ʈʠʩ. 1. ɺʭʦʜ ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ModX 

 

ʋ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʠʤʝʝʪʩʷ ʧʨʘʚʦ ʜʦʩʪʫʧʘ ʢ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʧʘʥʝʣʠ, ʚ ʢʦʪʦʨʦʡ ʭʨʘʥʠʪʩʷ ʷʜʨʦ 

ʩʠʩʪʝʤʳ. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʫʯʝʪʥʘʷ ʟʘʧʠʩʴ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʨʘʟʜʝʣʘʤ: çʉʠʩʪʝʤʥʳʝ ʥʘ-

ʩʪʨʦʡʢʠè, çʅʘʩʪʨʦʡʢʠ ʬʦʨʤè, çʇʘʥʝʣʠè, çʂʦʥʪʝʢʩʪʳè, çʄʝʥʶè, çʂʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘè, çʅʘʙʦʨʳ 

ʧʘʨʘʤʝʪʨʦʚè, çʋʧʨʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘʤʠè ʠ ʪ.ʜ. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʠ ʜʦʙʘʚʣʷʪʴ ʠʥ-
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ʬʦʨʤʘʮʠʶ ʚ ʤʝʥʶ: çʈʝʩʫʨʩʳè, çʌʘʡʣʳè, çʕʣʝʤʝʥʪʳè. ɺ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʨʘʟʜʝʣʦʚ ʤʦʞʥʦ ʨʝʜʘʢʪʠ-

ʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʠʩʭʦʜʥʳʝ ʬʘʡʣʳ ʜʘʥʥʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʩʝʨʚʝʨʝ, ʩ ʢʦʪʦʨʦʛʦ 

ʩʠʩʪʝʤʘ ʙʝʨʝʪ ʠʥʬʦʨʤʘʮʠʶ. ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʱʝʡ ʯʘʩʪʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʨʘʟʜʝʣʘ ʧʦʢʘʟʘʥ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 2. 
 

 

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʩʠʩʪʝʤʳ ModX 

 

ɺ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʠʤʝʝʪʩʷ ʤʝʥʶ ʜʦʧʦʣʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʟʘʛʨʫʟʠʪʴ ʩ ʦʬʠ-

ʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ ModX ʠʣʠ ʥʘʧʠʩʘʪʴ ʩʘʤʠʤ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʧʦʣʦʞʠʪʴ ʥʘ ʩʝʨʚʝʨʝ Modʍ. ɼʘʥʥʳʝ ʜʦʧʦʣ-

ʥʝʥʠʷ ʩʣʫʞʘʪ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʬʦʨʤ, ʠʟʦʙʨʘʞʝʥʠʡ, ʪʝʢ-

ʩʪʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʝʡ, ʨʝʜʘʢʪʠʨʫʝʤʳʭ ʧʦʣʝʡ, ʟʘʛʦʣʦʚʢʦʚ, ʥʘʟʚʘʥʠʡ ʦʙʲʝʢʪʦʚ ʠ ʪ.ʜ. ɼʦʩʪʫʧ ʢ ʜʦ-

ʧʦʣʥʝʥʠʷʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʝʨʝʟ ʚʝʨʭʥʝʝ ʤʝʥʶ çʇʨʠʣʦʞʝʥʠʷè, ʚ ʨʘʟʜʝʣʝ çʋʩʪʘʥʦʚʱʠʢè. ʉʪʨʘʥʠʮʘ 

ʟʘʛʨʫʟʢʠ ʠ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 3. 
 

 

ʈʠʩ. 3. ʉʪʨʘʥʠʮʘ ʟʘʛʨʫʟʢʠ ʠ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʦʧʦʣʥʝʥʠʡ 

 

ʂʘʪʘʣʦʛ ʪʦʚʘʨʦʚ ʚ ModX ʩʦʟʜʘʝʪʩʷ ʠ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʦʟʜʘʥʠʷ ʜʦʢʫʤʝʥʪʘ çʂʘʪʘʣʦʛè 

ʚ ʤʝʥʶ çʈʝʩʫʨʩʳè ʠ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʦ ʪʦʚʘʨʘʤ, ʢʘʪʝʛʦʨʠʷʤ, ʛʨʫʧʧʘʤ ʨʝʩʫʨʩʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥ-

ʢʦʤ 4. 

 

ʈʠʩ. 4. ʄʝʥʶ ʩʦʟʜʘʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ ʢʘʪʘʣʦʛʘ ʪʦʚʘʨʦʚ 
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ʂʘʪʘʣʦʛ ʥʝ ʩʦʜʝʨʞʠʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʠʣʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʪʦʚʘʨʦʚ. ʀʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʤʝʯʘʪʴ ʥʦʚʳʡ ʪʦʚʘʨ, ʧʦʷʚʠʚʰʠʡʩʷ ʥʘ ʩʘʡʪʝ. ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʢʘʪʘʣʦʛʘ ʩ ʫʢʘʟʘʥʠʝʤ 

ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʨʘʟʜʝʣ çʊʦʚʘʨʳè ʚ ʢʘʪʘʣʦʛʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 5. 
 

 

ʈʠʩ. 5. ʈʘʟʜʝʣ çʊʦʚʘʨʳè ʚ ʢʘʪʘʣʦʛʝ 
 

ʆʙʱʠʝ ʩʠʩʪʝʤʥʳʝ ʥʘʩʪʨʦʡʢʠ ʧʦʟʚʦʣʷʶʪ ʚʳʙʠʨʘʪʴ ʨʘʟʨʝʰʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ: 

ʧʨʦʚʝʨʢʫ ʜʦʩʪʫʧʘ ʢ ʢʦʥʪʝʢʩʪʘʤ, ʢ ʛʨʫʧʧʘʤ ʨʝʩʫʨʩʦʚ, ʠʟʤʝʥʝʥʠʶ ʧʘʨʦʣʷ, ʜʣʠʪʝʣʴʥʦʩʪʠ 
ʙʣʦʢʠʨʦʚʢʠ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʦʣʷ, ʘʜʨʝʩʘ ʵʣʝʪʨʦʥʥʦʡ ʧʦʯʪʳ, ʪʠʧʘ ʧʠʩʴʤʘ, ʦʪʧʨʘʚʣʷʝʤʦʛʦ ʥʘ 

ʧʦʯʪʫ, ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ URL ʘʜʨʝʩʘ, ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʧʘʨʦʣʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʤʦʛʦ 

ʧʘʨʦʣʷ ʠ ʪ.ʜ. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʦʙʨʘʞʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 6. 
 

 

ʈʠʩ. 6. ʉʠʩʪʝʤʥʳʝ ʥʘʩʪʨʦʡʢʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ModX 
 

ʉʠʩʪʝʤʘ ModX ʥʝ ʤʦʞʝʪ ʧʦʣʥʦʮʝʥʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʙʝʟ ʯʘʥʢʦʚ. ʏʘʥʢ ï ʯʘʩʪʴ ʢʦʜʘ, ʥʘʧʠ-
ʩʘʥʥʦʛʦ ʥʘ HTML ʘʚʪʦʨʦʤ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʥʶ, ʧʦʠʩʢʘ ʠ ʢʦʥʢʨʝʪʥʳʭ 

ʨʘʟʜʝʣʦʚ ʩʘʡʪʘ. ʇʨʠʤʝʨ ʯʘʥʢʘ ʠʟʦʙʨʘʞʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 7. 
 

 
ʈʠʩ. 7. ʇʨʠʤʝʨ ʯʘʥʢʘ ʩʠʩʪʝʤʳ ModX 
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ʉʦʟʜʘʥʠʝ ʢʦʨʟʠʥʳ ʜʣʷ ʧʦʢʫʧʢʠ ʪʦʚʘʨʦʚ ʥʘ ʩʘʡʪʝ ʪʦʞʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʯʘʥʢʘ. ʆʙʷʟʘ-

ʪʝʣʴʥʦ ʫʢʘʟʳʚʘʝʪʩʷ ʠʤʷ, ʢʘʪʝʛʦʨʠʷ, ʤʦʞʥʦ ʪʘʢʞʝ ʜʦʙʘʚʠʪʴ ʦʧʠʩʘʥʠʝ, ʠ, ʢʦʥʝʯʥʦ, ʩʘʤ HTML ʢʦʜ. 

ʉʥʠʧʧʝʪ ʚ ʩʠʩʪʝʤʝ ModX ïʠʥʩʪʨʫʤʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ModX ʩ PHP ʢʦʜʦʤ. ʉʥʠʧ-

ʧʝʪʳ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʯʠʪʘʪʴ ʪʦʣʴʢʦ PHP ʢʦʜ ʠ ʧʦʟʚʦʣʷʶʪ ʜʦʙʘʚʠʪʴ ʚ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʩʠʩʪʝʤʫ 

ʥʘʚʠʛʘʮʠʠ, ʧʦʠʩʢʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʠʩʘʪʴ ʢʦʤʤʝʥʪʘʨʠʠ, ʢʦʥʪʘʢʪʳ ʠ ʪ.ʜ. ɺʩʝ ʩʥʠʧʧʝʪʳ, ʩʦʟʜʘʥʥʳʝ 

ʜʣʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʙʠʟʥʝʩʝ ʦʪʦʙʨʘʞʝʥʳ ʚ ʤʝʥʶ ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ. ʇʨʠʤʝʨ ʩʦʟʜʘʥ-

ʥʦʛʦ ʩʥʠʧʧʝʪʘ ʠʟʦʙʨʘʞʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 8. 
 

 

ʈʠʩ. 8. ʇʨʠʤʝʨ ʩʥʠʧʧʝʪʘ, ʩʦʟʜʘʥʥʦʛʦ ʚ ʩʠʩʪʝʤʝ ModX 

 

ʂʘʞʜʘʷ ʥʘʜʩʪʨʦʡʢʘ ʩʠʩʪʝʤʳ ModX ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ HTML, Ja-

vaScript, PHP. ʉʠʩʪʝʤʘ ʜʘʝʪ ʪʦʣʴʢʦ ʦʙʱʠʡ ʢʘʨʢʘʩ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʧʠʩʘʪʴ 

ʢʦʜ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.  

ʀʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥ ʨʝʘʣʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ModX, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʣʦʢʘʣʴʥʦʤ 

ʩʝʨʚʝʨʝ OpenServer. ʈʘʟʨʘʙʦʪʘʥʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʯʘʩʪʴ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ, ʧʨʠʤʝʥʝʥ ʰʘʙʣʦʥ ʜʣʷ 

ʜʠʟʘʡʥʘ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘ, ʩʦʟʜʘʥ ʚʝʙ-ʩʘʡʪ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘ, ʛʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ 

ʚʠʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 9. 

 

 

ʈʠʩ. 9. ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘ 

 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʨʦʜʘʚʮʘ, ʦʧʠʩʘʥʘ ʥʦ-

ʚʘʷ ʤʦʜʝʣʴ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ, ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ ʠʟʦʙʨʘʞʝʥʳ ʥʦʚʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʩʦʟʜʘʥʥʳʝ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʷʚʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʝ, ʥʘʯʠʥʘʷ ʦʪ ʤʦʤʝʥʪʘ ʟʘʢʘʟʘ ʢʣʠʝʥʪʦʤ ʪʦʚʘ-

ʨʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʜʦʩʪʘʚʢʦʡ ʪʦʚʘʨʘ ʧʦʣʴʟʦʚʘʪʝʣʶ. 
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ʋɼʂ 004.75 

ɻ.ʄ. ɹʘʝʥʦʚʘ 

ʜʦʢʪʦʨʘʥʪ PhD 

ʛ. ɸʩʪʘʥʘ, ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʝʚʘ 

ɸ.ʂ. ɾʫʤʘʜʠʣʣʘʝʚʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ɸʩʪʘʥʘ, ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʝʚʘ 

ʆʈɻɸʅʀɿɸʎʀʗ ʂʕʐ ʇɸʄʗʊʀ ʀ ɽɽ ʈʆʃʔ  
ɺ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ɺʓʏʀʉʃɽʅʀʁ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʘʤʷʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʧʫʩʢ-

ʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʪʨʘʪʝʛʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʝʨʠʦʜʘ ʣʘʪʝʥʪʥʦʩʪʠ. ʊʘʢʞʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ ʧʨʦʧʫʩʢʘ ʢʵʰʘ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ; ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ; ʢʵʰ ʧʘ-

ʤʷʪʴ; ʜʦʩʪʫʧ ʢ ʧʘʤʷʪʠ. 

ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʬʠʯʥʦʡ ʦʙʣʘʩʪʴʶ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʫʯ-

ʥʳʭ ʟʘʜʘʯ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʠ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠ-

ʢʠ, ʚ ʢʦʪʦʨʳʭ ʜʝʣʘʝʪʩʷ ʘʢʮʝʥʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ, ʥʘ ʚʳʙʦʨʝ ʠ ʧʦʩʪʨʦʝʥʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʣʠ ʢʣʘʩʪʝʨʦʚ, ʦʧʪʠʤʠʟʘʮʠʠ, ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. ʀʟʥʘʯʘʣʴʥʦ ʪʘʢʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʩʠʩ-

ʪʝʤʳ ʩʧʝʮʠʘʣʴʥʦ ʧʨʦʝʢʪʠʨʦʚʘʣʠʩʴ ʧʦʜ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠʟʚʝʩʪʥʳʤʠ ʢʦʤʧʘ-

ʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ Cray, CDC, NEC ʠ Fujitsu. ɺ ʵʧʦʭʫ ʩʦʚʝʪʩʢʦʛʦ ʩʦʶʟʘ, ʧʨʠʤʝʨʥʦ ʚ ʪʦʪ ʞʝ ʧʝʨʠʦʜ, 

ʥʘʯʘʣʦ 70-ʭ ʛʦʜʦʚ, ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ɹʕʉʄ-6, 

ʪʘʢ, ʦʜʠʥ ʢʦʤʧʴʶʪʝʨ ʵʪʦʡ ʩʠʩʪʝʤʳ ʠʤʝʣ ʪʘʢʪʦʚʫʶ ʯʘʩʪʦʪʫ 10 ʄɻʮ, ʤʦʛ ʚʳʧʦʣʥʷʪʴ ʜʦ ʦʜʥʦʛʦ ʤʠʣ-

ʣʠʦʥʘ ʦʧʝʨʘʮʠʡ ʚ ʩʝʢʫʥʜʫ ʠ ʠʤʝʣ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ ʦʪ 32 ʜʦ 128 ʪʳʩʷʯ 48-ʙʠʪʥʳʭ ʩʣʦʚ. ʉʝʛʦ-

ʜʥʷ ʩʠʪʫʘʮʠʷ ʧʦʤʝʥʷʣʘʩʴ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʠ ʥʦʫʪʙʫʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʟʘʛʨʫʟʢʠ ʩ ʧʦʤʦʱʴʶ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʩʚʦʝʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. 

ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʷʜʨʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩʚʦʠ ʦʧʝʨʘʮʠʠ ʥʘ ʦʧʨʝ-

ʜʝʣʝʥʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʧʠʢʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʅʘʫʯʥʳʝ ʚʳ-

ʯʠʩʣʝʥʠʷ ʦʙʳʯʥʦ ʦʧʝʨʠʨʫʶʪ ʯʠʩʣʘʤʠ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʯʪʦ ʚʳʟʚʘʥʦ ʪʘʢʠʤʠ ʩʣʦʞʥʳʤʠ ʦʧʝʨʘ-

ʮʠʷʤʠ ʢʘʢ ʜʝʣʝʥʠʝ, ʠʟʚʣʝʯʝʥʠʝ ʢʦʨʥʷ, ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʠ ʪ. ʜ. 

ɼʘʥʥʳʝ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʝ ʨʘʟʣʠʯʥʳʤ ʩʧʦʩʦʙʦʤ. ʂʘʢ ʫʞʝ ʠʟʚʝʩʪʥʦ, 

ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʨʝʛʠʩʪʨʦʚ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʝʟ ʟʘʜʝʨ-

ʞʝʢ. ʂʨʦʤʝ ʪʦʛʦ, ʦʜʠʥ ʠʣʠ ʙʦʣʝʝ ʥʝʙʦʣʴʰʠʭ, ʥʦ ʦʯʝʥʴ ʙʳʩʪʨʳʭ ʢʵʰʝʡ ʭʨʘʥʷʪ ʢʦʧʠʠ ʥʝʜʘʚʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ɻʣʘʚʥʘʷ ʧʘʤʷʪʴ ʷʚʣʷʝʪʩʷ ʥʘʤʥʦʛʦ ʤʝʜʣʝʥʥʝʝ, ʥʦ ʟʘʪʦ ʙʦʣʴʰʝ ʧʦ ʨʘʟʤʝʨʫ, 

ʯʝʤ ʢʵʰʠ. ʂʵʰʠ ʤʘʣʦ ʧʦʪʨʝʙʣʷʶʪ ʵʥʝʨʛʠʠ ʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʘʤʷʪʴʶ, ʢʦʪʦʨʳʝ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʳ ʚ ʦʙʱʫʶ ʤʘʪʨʠʮʫ CPU. 

ʕʣʝʤʝʥʪʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ ʚ ʢʵʰ, ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʥʦʚʘ çʜʦʩʪʘ-

ʪʦʯʥʦ ʩʢʦʨʦè, ʯʪʦʙʳ ʥʝ ʙʳʪʴ ʚʳʩʝʣʝʥʥʳʤʠ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ. ʕʪʦ ʥʘʟʳʚʘʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʣʦ-

ʢʘʣʴʥʦʩʪʴʶ. ʀʩʧʦʣʴʟʫʷ ʧʨʦʩʪʫʶ ʤʦʜʝʣʴ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʨʠʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʦʪ ʢʵʰʘ (ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ). ʇʨʠʤʝʤ, ʯʪʦ t - ʚʨʝʤʷ ʜʦʩʪʫʧʘ ʢ 

ʢʵʰʫ, b - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʵʰʘ (ʪ.ʝ. ʜʦʣʷ ʟʘʛʨʫʟʦʢ ʠʣʠ ʭʨʘʥʝʥʠʷ), Tm ï 

ʚʨʝʤʷ ʜʦʩʪʫʧʘ ʢ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʨʝʤʷ ʜʦʩʪʫʧʘ ʢ ʢʵʰ ʧʘʤʷʪʠ Ὕὧ=
Ὕά

†
. 
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ɼʣʷ ʢʦʥʝʯʥʦʛʦ b, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʜʦʩʪʫʧʘ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ Ὕὥὺ= ‍Ὕὧ+ (1 ‍)Ὕά ʠ ʪʝʧʝʨʴ 

ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʨʠʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: 

Ὃ†,‍ =
Ὕά

Ὕὥὺ
=

†Ὕὧ

‍Ὕὧ+ (1 ‍)†Ὕὧ
=

†

‍+†(1 ‍)
 (1) 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʵʰ ʧʘʤʷʪʠ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʠʜʥʦ, ʯʪʦ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʙʣʠʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʵʰʘ ʢ ʝʜʠʥʠʮʝ. 

ʆʜʥʘʢʦ, ʤʥʦʛʠʝ ʧʨʠʣʦʞʝʥʠʷ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴ-

ʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʦʙʨʘʪʥʦ ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʯʝʨʝʟ ʚʨʝʤʷ. ɼʣʷ ʢʵʰʘ, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʦʣʴʢʦ ʚʨʝʤʝʥʥʫʶ ʣʦʢʘʣʴʥʦʩʪʴ, ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʵʰʘ b ʨʘʚʝʥ ʥʫʣʶ ʜʣʷ ʧʦʪʦʚʦʡ ʧʝʨʝʜʘʯʠ. ʂʘʞʜʘʷ ʥʦʚʘʷ ʥʘʛʨʫʟʢʘ 
ʦʙʭʦʜʠʪʩʷ çʜʦʨʦʛʦè, ʪ.ʢ. ʧʨʝʜʳʜʫʱʠʡ ʵʣʝʤʝʥʪ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʚʝʜʝʥ ʠʟ ʢʵʰʘ ʠ ʟʘʤʝʥʝʥ ʥʘ ʥʦʚʳʡ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʦʤʥʦʡ ʣʘʪʝʥʪʥʦʩʪʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʧʝʨʠʦʜ ʣʘʪʝʥʪʥʦʩʪʠ ʜʣʷ ʧʦʪʦ-

ʢʦʚʦʡ ʧʝʨʝʜʘʯʠ, ʢʵʰʠ ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʚ ʩʪʨʦʢʘʭ ʢʵʰʘ. ɺʩʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝ-

ʞʜʫ ʢʵʰʘʤʠ ʠ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʴʶ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʫʨʦʚʥʝ ʩʪʨʦʢ ʢʵʰʘ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʩʪʨʦʢ ʢʵʰʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʣʘʪʝʥʪʥʦʩʪʠ ʢʵʰʘ ʧʨʦʧʫʩʢʘʝʪʩʷ ʪʦʣʴʢʦ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ ʩʪʨʦʢʠ. 

ʉʪʨʦʢʘ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʧʘʤʷʪʠ ʢʘʢ ʮʝʣʦʝ. ʉʦʩʝʜʥʠʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʪʝʤ ʟʘʛʨʫʞʝʥʳ ʚ ʢʵʰ ʩ 

ʙʦʣʝʝ ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ ʦʞʠʜʘʥʠʷ, ʫʚʝʣʠʯʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʧʘʜʘʥʠʷ ʚ ʢʵʰ ɔ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʝʩʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʦʩʝʜʥʠʤ ʵʣʝʤʝʥʪʘʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʡ, ʪʦ ʧʨʦʙʣʝʤʘ ʣʘ-

ʪʝʥʪʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʝʥʘ. 

 

 

ʈʠʩ. 1. ɻʨʘʬʠʢ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʵʰ ʧʘʤʷʪʠ 

 

ʅʝʜʦʩʪʘʪʢʦʤ ʩʪʨʦʢ ʢʵʰʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʥʝʫʩʪʦʡʯʠʚʳʝ ʰʘʙʣʦʥʳ ʜʦʩ-

ʪʫʧʘ ʢ ʜʘʥʥʳʤ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʢʘʞʜʘʷ ʟʘʛʨʫʟʢʘ ʚʣʝʯʝʪ ʧʨʦʧʫʩʢ ʠ ʧʦʷʚʣʝʥʠʝ ʧʝʨʠʦʜʘ ʦʞʠʜʘʥʠʷ, 

ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʜʘʯʝ ʮʝʣʦʡ ʩʪʨʦʢʠ ʢʵʰʘ, ʟʘʧʦʣʥʷʷ ʰʠʥʫ ʧʘʤʷʪʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ, ʚʝʨʦ-

ʷʪʥʦ ʥʠʢʦʛʜʘ ʥʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ. ʆʜʥʘʢʦ, ʚ ʮʝʣʦʤ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʨʦʢ ʢʵʰʘ 

ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʠ ʧʦʵʪʦʤʫ ʥʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʦʮʝʩʩʦʨʦʚ ʥʘʰʣʠ ʤʝʪʦʜʳ 

ʦʙʭʦʜʘ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

ʇʦʩʢʦʣʴʢʫ ʩʧʦʩʦʙʥʦʩʪʴ ʢʵʰʝʡ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʠ ʙʦʣʝʝ 

ʥʠʟʢʠʝ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʘʨʭʠʪʝʢʪʫʨʳ, ʪʦ ʦʙʳʯʥʦ ʪʨʫʜʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʚʩʝʭ ʢʵʰʘʭ, ʢʨʦʤʝ ʩʘʤʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʫʨʦʚʥʷ ʠ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ. ɼʣʷ ʢʘʞʜʦ-

ʛʦ ʫʨʦʚʥʷ ʢʵʰʘ ʧʘʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʨʦʩʪʦʤ N (ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ), ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʚʥʝʰʥʠʡ ʢʵʰ ʥʝ ʩʪʘʥʝʪ ʩʣʠʰʢʦʤ ʤʘʣ ʠ ʚʩʝ ʜʘʥʥʳʝ ʥʝ ʙʫʜʫʪ ʧʝʨʝʜʘʥʳ ʠʟ 

ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ. 

ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʬʫʥʢʮʠʝʡ, ʯʝʤ ʠʭ ʯʪʝʥʠʝ. ʇʦʨʦʡ ʧʨʦʠʩʭʦʜʷʪ ʩʙʦʠ 

ʟʘʧʠʩʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʢʵʰʝ, ʥʦ ʜʦʣʞʥʳ ʙʳʪʴ çʚʳʩʝʣʝʥʳè ʦʪʪʫʜʘ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʪʘ-

ʢʠʭ ʩʣʫʯʘʝʚ, ʩʫʱʝʩʪʚʫʝʪ ʩʪʨʘʪʝʛʠʷ ʦʙʨʘʪʥʦʡ ʟʘʧʠʩʠ: ʩʪʨʦʢʘ ʢʵʰʘ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʚ ʢʵʰʝ ʠ ʟʘʧʠʩʳ-

ʚʘʝʪʩʷ ʚ ʧʘʤʷʪʴ ʢʘʢ ʮʝʣʘʷ ʧʨʠ ʚʳʩʝʣʝʥʠʠ. ʕʪʦ ʥʘʟʳʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʧʠʩʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 
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ʯʪʦ ʧʦʪʦʢ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʜʚʘʞʜʳ ʠʩʧʦʣʴʟʫʝʪ ʰʠʥʫ: ʦʜʠʥ ʨʘʟ ʜʣʷ ʚʩʝʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʨʦʢ ʢʵʰʘ ʠ ʦʜʠʥ ʨʘʟ ʜʣʷ ʚʳʨʝʟʘʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʪʨʦʢ. ʊʘʢ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʢʵʰʝʡ ʦʙʨʘʪʥʦʡ ʟʘʧʠʩʠ ʷʚʣʷʝʪʩʷ ʥʝʚʳʛʦʜʥʦʡ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ ʩ ʧʦʪʦʢʦʚʦʡ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ, ʪʦ 

ʜʣʷ ʠʟʙʝʛʘʥʠʷ ʪʨʘʥʟʘʢʮʠʡ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʧʠʩʠ ʥʝʢʦʪʦʨʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʚʝ ʨʘʟ-

ʥʳʝ ʩʪʨʘʪʝʛʠʠ. ʇʝʨʚʘʷ ï ʥʝ ʚʨʝʤʝʥʥʳʝ ʭʨʘʥʠʣʠʱʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʠʥ-

ʩʪʨʫʢʮʠʠ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʭʦʜʷʪ ʚʩʝ ʫʨʦʚʥʠ ʢʵʰʘ ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʘ-

ʤʷʪʴ. ʂʵʰ ʥʝ ʟʘʩʦʨʷʝʪʩʷ ʧʦʪʦʢʘʤʠ ʜʘʥʥʳʭ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʯʨʝʟʤʝʨʥʳʭ ʟʘʜʝʨʞʝʢ ʠʤʝʝʪʩʷ ʥʝ-

ʙʦʣʴʰʦʡ ʙʫʬʝʨ ʜʣʷ ʟʘʧʠʩʠ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪ ʨʷʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʥʝ ʚʨʝʤʝʥʥʳʭ ʭʨʘʥʠʣʠʱ. ɺʪʦ-

ʨʘʷ ï ʥʫʣʝʚʦʡ ʢʵʰ. ʉʧʝʮʠʘʣʴʥʳʝ ʠʥʩʪʨʫʢʮʠʠ çʦʙʥʫʣʷʶʪè ʩʪʨʦʢʫ ʢʵʰʘ ʠ ʦʪʤʝʯʘʶʪ ʝʝ ʢʘʢ çʠʟʤʝʥʝʥ 

ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʯʪʝʥʠʷè. ɼʘʥʥʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʧʘʤʷʪʴ ʧʨʠ ʚʳʩʝʣʝʥʠʠ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʡ ʩʪʨʘʪʝʛʠʝʡ ʵʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʵʰʘ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʧʦʪʦʢʦʚ. ɸ ʪʘʢʞʝ ʦʥ ʥʝ ʟʘʤʝʜʣʷʝʪ ʦʧʝʨʘʮʠʠ ʭʨʘʥʝʥʠʷ ʚ ʩʠʪʫʘʮʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʵʰʝʤ. ʅʫʣʝʚʦʡ 

ʢʵʰ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩ ʦʩʦʙʦʡ ʦʩʪʦʨʦʞʥʦʩʪʴʶ: ʚʩʝ ʵʣʝʤʝʥʪʳ ʩʪʨʦʢʠ ʢʵʰʘ ʚʳʪʝʩʥʷʶʪʩʷ ʚ 

ʧʘʤʷʪʴ, ʜʘʞʝ ʝʩʣʠ ʙʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʝʛʦ ʯʘʩʪʴ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʴʥʦʩʪʠ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʢʵʰ-

ʩʪʨʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʵʰʠʨʦʚʘʥʠʷ, ʧʦ-ʧʨʝʞʥʝʤʫ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʟʘ-

ʜʝʨʞʝʢ ʧʨʠ ʧʝʨʚʦʤ ʧʨʦʧʫʩʢʝ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʪʫʘʮʠʷ ʜʣʷ ʧʨʦʩʪʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʷʜʨʘ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʧʦʪʦʢ ʥʘʛʨʫʟʢʠ. ɼʣʠʥʘ ʩʪʨʦʢʠ ʢʵʰʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʪʨʠ ʟʘʛʨʫʟʢʠ ʤʦʛʫʪ ʙʳʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʦʧʫʩʢʘʤʠ. ɼʣʠʪʝʣʴʥʘʷ ʟʘ-

ʜʝʨʞʢʘ ʧʨʠʚʦʜʠʪ ʢ ʜʣʠʪʝʣʴʥʳʤ ʧʝʨʠʦʜʘʤ ʙʝʟʜʝʡʩʪʚʠʷ ʥʘ ʰʠʥʝ ʧʘʤʷʪʠ. 

 

 

ʈʠʩ. 2. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʧʫʩʢʘ ʢʵʰʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʝʨʠʦʜʘ ʦʞʠʜʘʥʠʷ.  

ʈʘʩʧʣʘʪʘ ʥʘʩʪʫʧʘʝʪ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʧʨʦʧʫʩʢʘ (ɿɻ ï ʟʘʛʨʫʟʢʘ) 

 

ʇʨʦʙʣʝʤʘ ʣʘʪʝʥʪʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʫʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʳʙʦʨʢʠ. ʂʦʤʧʠʣʷʪʦʨ 

ʤʦʞʝʪ ʵʪʦ ʩʜʝʣʘʪʴ ʧʫʪʝʤ ʯʝʨʝʜʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʩʪʨʫʢʮʠʡ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʥʚʝʡʝʨʥʳʤ ʧʦ-

ʪʦʢʦʤ ʢʦʤʘʥʜ, ʢʦʪʦʨʳʝ çʢʘʩʘʶʪʩʷè ʩʪʨʦʢ ʢʵʰʘ ʟʘʨʘʥʝʝ, ʯʪʦʙʳ ʧʨʝʜʦʩʪʘʚʠʪʴ ʘʧʧʘʨʘʪʥʦʤʫ ʦʙʝʩʧʝ-

ʯʝʥʠʶ ʚʨʝʤʷ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʡ ʟʘʛʨʫʟʢʠ ʚ ʢʵʰ.  

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ, ʥʝʢʦʪʦʨʳʝ ʧʨʦʮʝʩʩʦʨʳ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳ-

ʙʦʨʱʠʢ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʦʙʳʯʥʳʝ ʰʘʙʣʦʥʳ ʜʦʩʪʫʧʘ ʠ ʩʯʠʪʳʚʘʪʴ ʥʘʧʝʨʝʜ ʜʘʥʥʳʝ 

ʧʨʠʣʦʞʝʥʠʡ, ʩʦʭʨʘʥʷʷ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ. ʂʘʢʘʷ ʙʳ ʩʪʨʘʪʝʛʠʷ ʥʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʳʙʦʨʢʠ ʪʨʝʙʫʶʪʩʷ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʳ 

ʘʨʭʠʪʝʢʪʫʨʦʡ. ʇʦʜʩʠʩʪʝʤʘ ʧʘʤʷʪʠ ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʳʙʦʨʢʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʟʘʧʨʦʩʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʳʙʦʨʢʠ, 

ʠʥʘʯʝ ʢʦʥʚʝʡʝʨ ʧʘʤʷʪʠ ʙʫʜʝʪ ʦʩʪʘʥʦʚʣʝʥ ʠ ʣʘʪʝʥʪʥʦʩʪʴ ʥʝʣʴʟʷ ʙʫʜʝʪ ʩʢʨʳʪʴ ʧʦʣʥʦʩʪʴʶ. ʄʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʧʝʨʠʦʜ ʧʦʣʥʦʛʦ ʩʦʢʨʳʪʠʷ ʣʘʪʝʥʪʥʦʩʪʠ, ʝʩʣʠ ʧʨʠʤʝʤ ʟʘ Ὕὰ ï ʚʨʝʤʷ ʣʘʪʝʥʪʥʦʩʪʠ, B ï ʧʦ-

ʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ, ὒὧ ï ʧʝʨʝʜʘʯʘ ʮʝʣʦʡ ʜʣʠʥʳ ʩʪʨʦʢʠ (ʚ ʙʘʡʪʘʭ), ʪʦ ʚʨʝʤʷ ʟʘʥʠʤʘʝʪ: 

Ὕ= Ὕὰ+
ὒὧ

ὄ
  (2) 

ʆʜʥʘ ʦʧʝʨʘʮʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʳʙʦʨʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʠʥʠʮʠʠʨʦʚʘʥʘ ʜʣʷ ʢʘʞʜʦʡ ʧʝʨʝʜʘʯʠ 

ʩʪʨʦʢʠ ʢʵʰʘ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ ʢʵʰʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥʦ ʟʘ ʚʨʝʤʷ ʊ, ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʚʳʙʦʨʦʢ ʈ, ʢʦʪʦʨʳʝ ʧʨʦʮʝʩʩʦʨ ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ: 

ὖ=
Ὕ

ὒὧὄϳ
= 1 +

Ὕὰ

ὒὧὄϳ
 (3) 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʪʨʦʢʠ ʢʵʰʘ, ʜʣʠʥʦʡ 128 ʙʘʡʪ (16 ʩʣʦʚ ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʠ), ɺ = 10 ɻɹ/ʩʝʢ ʠ Ὕὰ = 

50 ʥʩ, ʧʦʣʫʯʠʤ ʈ å 5 ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʚʳʙʦʨʦʢ. ɽʩʣʠ ʵʪʦ ʪʨʝʙʦʚʘʥʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ, 



22 

ʣʘʪʝʥʪʥʦʩʪʴ ʥʝ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʩʢʨʳʪʘ, ʠ ʧʦʣʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʘʤʷʪʠ ʥʝ ʙʫʜʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ. ʅʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʷʝʪ ʪʘʢ ʤʥʦʛʦ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘ-

ʚʘʶʱʝʡ ʟʘʧʷʪʦʡ, ʯʪʦ ʦʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʢʨʳʪʳ ʟʘ ʧʝʨʝʜʘʯʝʡ, ʥʝ ʙʫʜʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʧʦʣʦʩʦʡ 

ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʤʝʥʴʰʝ ʥʘʛʨʫʟʠʪ ʧʦʜʩʠʩʪʝʤʫ ʧʘʤʷʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʜʦʩʪʘʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʥʴ-

ʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʚʳʙʦʨʦʢ. 

ʇʨʠʣʦʞʝʥʠʷ ʩ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʛʫʪ ʧʝʨʝʥʘʧʨʷʛʘʪʴ ʤʝ-

ʭʘʥʠʟʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʳʙʦʨʢʠ. ɺʪʦʨʦʝ ʧʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ, ʠʩʧʦʣʴʟʫʶʱʝʝ ʦʙʱʠʡ ʧʫʪʴ ʢ ʧʘʤʷ-

ʪʠ, ʤʦʞʝʪ ʠʥʦʛʜʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʚʳʙʦʨʢʠ, ʯʪʦ ʜʘʝʪ ʥʝʙʦʣʴʰʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. ʂʦʥʝʯʥʦ, ʧʦʥʷʪʥʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʚʳʙʦʨʢʘ ʥʝ ʤʦʞʝʪ 

ʫʣʫʯʰʠʪʴ ʜʦʩʪʫʧʥʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʘʤʷʪʠ, ʭʦʪʷ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʜʣʷ ʦʪʜʝʣʴʥʦʡ ʩʪʨʦʢʠ 

ʢʵʰʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʝʨʞʢʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʵʰʘ ʩʣʝʜʫʝʪ ʧʨʘʚʠʣʫ, ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ ʘʩʩʦʮʠʘʪʠʚʥʳʤ 

ʠ ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ, ʢʘʞʜʘʷ ʩʪʨʦʢʘ ʢʵʰʘ ʭʨʘʥʠʪ ʩʚʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚ ʘʜʨʝʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʠ ʢʘʞʜʳʡ ʜʦʩʪʫʧ ʢ ʧʘʤʷʪʠ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʧʠʩʢʘ ʵʪʠʭ ʘʜʨʝ-

ʩʦʚ. ɸ ʪʘʢʞʝ, ʝʩʣʠ ʢʵʰ ʟʘʧʦʣʥʝʥ, ʪʦ ʟʘʤʝʥʘ ʢʵʰ ʩʪʨʦʢʠ ʩʣʝʜʫʶʱʝʡ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʘʣʛʦʨʠʪʤʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʘʧʧʘʨʘʪʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. ɺʘʞʥʦʩʪʴ ʧʦʥʠʤʘʥʠʷ 

ʜʘʥʥʦʡ ʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʘʩʫʱʥʦʡ, ʪʘʢ ʢʘʢ ʷʜʨʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʩʪʘʥʦʚʷʪʩʷ ʙʳʩʪʨʝʝ ʠ ʤʥʦ-

ʛʦʯʠʩʣʝʥʥʝʝ ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ 

ʚʨʝʤʷ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ. 
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ɽ.ɸ. ɹʦʨʟʳʢʠʥ 

ʤʘʛʠʩʪʨʘʥʪ 

ʛ. ɹʨʷʥʩʢ, ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɼ.ɺ. ʊʠʪʘʨʝʚ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ɹʨʷʥʩʢ, ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀ ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆʄʇʃɽʂʉɸ 
ʇʆʉʊʈʆɽʅʀʗ ɹʀɿʅɽʉ-ʇʈʆʎɽʉʉʆɺ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ-

ʩʪʨʦʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ɺ ʨʘʙʦʪʝ ʠʟʣʦʞʝʥʳ ʨʝʰʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʦʪʨʘʞʝʥʳ ʜʨʫʛʠʝ ʘʩʧʝʢ-

ʪʳ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ; ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; ʘʨʭʠʪʝʢʪʫʨʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʨʝʘʣʠʟʘʮʠʷ ʝʛʦ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. ʆʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʣʦʞʝ-

ʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠʣʠ ʨʘʙʦʪʘʪʴ ʩ ʫʞʝ ʠʤʝʶʱʠʤʠʩʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʨʝʜʢʦ ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ. ʉ ʵʪʦʡ ʟʘʜʘʯʝʡ ʧʦʟʚʦʣʷʝʪ ʩʧʨʘʚʠʪʴʩʷ 

ʤʝʭʘʥʠʟʤ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ. ʆʥ ʥʘʛʣʷʜʥʦ ʦʪʦʙʨʘʞʘʝʪ ʧʨʦ-
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ʮʝʩʩʳ ʠ ʧʦʤʦʛʘʝʪ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙ-

ʥʦʩʪʴ ʚ ʫʜʦʙʥʦʤ ʨʝʜʘʢʪʦʨʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʠ ʨʘʙʦʪʘʪʴ ʩ ʫʞʝ ʠʤʝʶ-

ʱʠʤʠʩʷ ʜʠʘʛʨʘʤʤʘʤʠ. 

ʉʝʛʦʜʥʷ ʤʥʦʛʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ʬʠʨʤʳ ʧʨʦʷʚʣʷʶʪ ʟʥʘʯʠ-

ʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ ʧʨʦʝʢʪʘʤ, ʚ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʦʚ. ɹʠʟʥʝʩ-

ʧʨʦʮʝʩʩ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠʣʠ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʦʧ-

ʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʣʠ ʫʩʣʫʛʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʙʣʦʢ-ʩʭʝʤʳ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʦ ʦʮʝʥʠʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ʥʘ 

ʧʨʝʜʤʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. ɺʘʞʥʝʡʰʝʝ ʜʦʩʪʦʠʥʩʪʚʦ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ï ʧʦʣʫʯʝʥʠʝ ʠʩʯʝʨʧʳʚʘʶʱʝʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʠ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʶ ʙʫʜʫʱʠʭ ʠʟʤʝʥʝʥʠʡ. 

ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤ ʚ ʦʜʥʦʡ ʠʟ ʩʣʝ-

ʜʫʶʱʠʭ ʥʦʪʘʮʠʡ: BPMN, EPC, IDEF0. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʦʡ ʥʦʪʘʮʠʝʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʩʦʩʪʦʠʪ 

ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ [1]: 

¶ ʜʦʨʦʞʢʘ; 

¶ ʩʦʙʳʪʠʝ; 

¶ ʟʘʜʘʯʘ; 

¶ ʧʦʜʧʨʦʮʝʩʩ; 

¶ ʧʦʪʦʢ ʦʧʝʨʘʮʠʡ; 

¶ ʰʣʶʟ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, 

ʠʭ ʧʨʦʩʤʦʪʨʘ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʥʚʝʨʪʘʮʠʝʡ ʚ ʬʘʡʣ ʬʦʨʤʘʪʘ XPDL.  

ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ ʢʘʤʧʘʥʠʠ ɸʆ çʕʨ-ʉʪʘʡʣ 

ʉʦʬʪʣʘʙè, ʧʝʨʝʜ ʢʦʪʦʨʳʤʠ ʩʪʦʠʪ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʪʨʦʠʪʴ 

ʜʠʘʛʨʘʤʤʳ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ BPMN. ʂʘʞʜʘʷ ʜʠʘʛʨʘʤʤʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪ-

ʜʝʣʴʥʳʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ.  

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʜʠʘʛʨʘʤʤ ʚ ʨʘʤʢʘʭ 

ʨʘʙʦʪʳ ʦʜʥʦʡ ʩʝʩʩʠʠ, ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʥʠʤʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʘʤʢʘʭ ʦʜʥʦʡ ʩʝʩʩʠʠ ʥʘʟʳʚʘʝʪʩʷ ʧʘʢʝʪʦʤ. ʇʘʢʝʪʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʬʘʡʣ ʬʦʨʤʘʪʘ *.xpdl. 

ʊʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ, ʩʦʭʨʘʥʝʥʠʷ ʠ ʦʪʢʨʳʪʠʷ ʧʘʢʝʪʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

ʌʘʡʣ ʬʦʨʤʘʪʠʨʫʝʪʩʷ ʧʦ ʝʜʠʥʳʤ ʧʨʘʚʠʣʘʤ ʪʘʢ, ʯʪʦʙʳ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʧʘʢʝʪʦʤ ʤʦʞʥʦ ʙʳʣʦ ʨʘʙʦ-

ʪʘʪʴ ʠ ʚ ʚʝʙ-ʚʝʨʩʠʠ, ʠ ʚ ʚʝʨʩʠʠ ʧʦʜ ʆʉ Windows. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʨʝʰʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʩʝʤ ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʨʘʙʦʯʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʪʠʤʠʟʠ-

ʨʫʷ ʦʙʱʠʝ ʘʪʨʠʙʫʪʳ ʢʘʯʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ. ʉʶʜʘ 

ʚʭʦʜʠʪ ʩʝʨʠʷ ʨʝʰʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʬʘʢʪʦʨʦʚ, ʠ ʢʘʞʜʦʝ ʠʟ ʵʪʠʭ ʨʝʰʝʥʠʡ 

ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʘʩʪʨʦʡʢʫ ʠ ʦʙʱʠʡ ʫʩʧʝʭ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʇʨʦʝʢʪ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʥʘ ʬʘʟʝ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʨʝʭʫʨʦʚʥʝ-

ʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ [2]. 

ʊʨʝʭʫʨʦʚʥʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʢʣʠʝʥʪʩʢʦʝ 

ʧʨʠʣʦʞʝʥʠʝ, ʧʦʜʢʣʶʯʝʥʥʦʝ ʢ ʩʝʨʚʝʨʫ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʢʣʶʯʝʥ ʢ ʩʝʨʚʝʨʫ 

ʙʘʟʳ ʜʘʥʥʳʭ. 

ʂʣʠʝʥʪ ï ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺ ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʙʨʘʫʟʝʨ. ʆʥ 

ʥʝ ʠʤʝʝʪ ʧʨʷʤʳʭ ʩʚʷʟʝʡ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ. 

ʉʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ ï ʚʪʦʨʦʡ ʫʨʦʚʝʥʴ, ʥʘ ʢʦʪʦʨʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʙʠʟʥʝʩ-

ʣʦʛʠʢʠ. 

ʉʝʨʚʝʨ ʙʘʟʳ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʠ ʚʳʥʦʩʠʪʩʷ ʥʘ ʪʨʝʪʠʡ ʫʨʦʚʝʥʴ. 

ɺʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʠʚʝʣʠʨʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʪʝʤ, ʯʪʦ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʩʧʦʣʦʞʝʥ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ 
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ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ [3]. ɸʨʭʠʪʝʢʪʫʨʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ [4] ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʷʟʳʢ JavaScriptï 

ʤʫʣʴʪʠʧʘʨʘʛʜʠʛʤʝʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʦʜʜʝʨʞʠʚʘʝʪ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠ ʠʤʧʝʨʘʪʠʚʥʳʡ ʩʪʠʣʠ. ʗʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʝʡ ʷʟʳʢʘ ECMAScript. 

JavaScript ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʚʩʪʨʘʠʚʘʝʤʳʡ ʷʟʳʢ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʦʙʲʝʢ-

ʪʘʤ ʧʨʠʣʦʞʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʠʪ ʚ ʙʨʘʫʟʝʨʘʭ ʢʘʢ ʷʟʳʢ ʩʮʝʥʘʨʠʝʚ ʜʣʷ 

ʧʨʠʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʚʝʙ-ʩʪʨʘʥʠʮʘʤ. 

ʆʩʥʦʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʯʝʨʪʳ: ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʠʧʠʟʘʮʠʷ, ʩʣʘʙʘʷ ʪʠʧʠʟʘʮʠʷ, ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʘʤʷʪʴʶ, ʧʨʦʪʦʪʠʧʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʬʫʥʢʮʠʠ ʢʘʢ ʦʙʲʝʢʪʳ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ. 

ʅʘ JavaScript ʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʤʥʦʛʠʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʳʣʘ ʮʝʣʴ 

ʩʜʝʣʘʪʴ ʷʟʳʢ ʧʦʭʦʞʠʤ ʥʘ Java, ʥʦ ʧʨʠ ʵʪʦʤ ʣʝʛʢʠʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʧʨʦʛʨʘʤʤʠʩʪʘʤʠ. ʗʟʳʢʦʤ 

JavaScript ʥʝ ʚʣʘʜʝʝʪ ʢʘʢʘʷ-ʣʠʙʦ ʢʦʤʧʘʥʠʷ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʷ, ʯʪʦ ʦʪʣʠʯʘʝʪ ʝʛʦ ʦʪ ʨʷʜʘ ʷʟʳʢʦʚ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʝ [2, 5, 6]. 

ɺ Windows ʚʝʨʩʠʠ ʧʨʠʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʟʳʢ Java ʩ ʛʨʘʬʠʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʦʡ Swing. 

Java ï ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ Sun 

Microsystems (ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʠʦʙʨʝʪʝʥʥʦʡ ʢʦʤʧʘʥʠʝʡ Oracle). ʇʨʠʣʦʞʝʥʠʷ Java ʦʙʳʯʥʦ ʪʨʘʥʩ-

ʣʠʨʫʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʙʘʡʪ-ʢʦʜ, ʧʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʥʘ ʣʶʙʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʨʭʠʪʝʢ-

ʪʫʨʝ, ʩ ʧʦʤʦʱʴʶ ʚʠʨʪʫʘʣʴʥʦʡ Java-ʤʘʰʠʥʳ. ɼʘʪʘ ʦʬʠʮʠʘʣʴʥʦʛʦ ʚʳʧʫʩʢʘ ï 23 ʤʘʷ 1995 ʛʦʜʘ [7]. 

Swing ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʧʨʦʛʨʘʤʤ ʥʘ ʷʟʳʢʝ Java. 

Swing ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʘʥʠʝʡ Sun Microsystems. ʆʥ ʩʦʜʝʨʞʠʪ ʨʷʜ ʛʨʘʬʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʢʥʦʧʢʠ, ʧʦʣʷ ʚʚʦʜʘ, ʪʘʙʣʠʮʳ ʠ ʪ.ʜ. 
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Swing ʦʪʥʦʩʠʪʩʷ ʢ ʙʠʙʣʠʦʪʝʢʝ ʢʣʘʩʩʦʚ JFC, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʙʠʙʣʠʦʪʝʢ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ. ɸʨʭʠʪʝʢʪʫʨʘ Swing ʩʦʟʜʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʨʦʛʨʘʤʤʠʩʪ ʤʦ-

ʞʝʪ ʠʟʤʝʥʷʪʴ ʚʥʝʰʥʠʡ ʚʠʜ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʭ ʧʦʚʝʜʝʥʠʝ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʧʨʠʣʦʞʝʥʠʠ [8]. 
ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʚ Windows ʠ ʚ ʚʝʙ-ʚʝʨʩʠʷʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʦʪʢʨʳʪʘʷ ʙʠʙʣʠʦʪʝʢʘ mxgraph ʧʦʜ ʣʠʮʝʥʟʠʝʡ Apache 2.0 [9]. ʆʩʥʦʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʜʘʥʥʦʡ ʙʠʙ-
ʣʠʦʪʝʢʠ ï ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ: ʚʩʝ ʥʘʧʠʩʘʥʥʳʝ ʢʣʘʩʩʳ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʜʥʦʡ ʧʣʘʪʬʦʨʤʝ ʤʦʞʥʦ ʩ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ ʧʝʨʝʥʝʩʪʠ ʥʘ ʜʨʫʛʫʶ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʥʘʧʠʩʘʥʠʝ ʥʦʚʳʭ ʚʝʨʩʠʡ 
ʧʨʦʛʨʘʤʤʳ [10]. 

ʀʥʪʝʨʬʝʡʩ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʩʪʨʘʥʠʯʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʨʘʟ-
ʜʝʣʝʥʦ ʥʘ ʧʷʪʴ ʯʘʩʪʝʡ: ʤʝʥʶ, ʧʘʥʝʣʴ ʵʣʝʤʝʥʪʦʚ, ʩʧʠʩʦʢ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʧʘʥʝʣʴ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝ-

ʤʝʥʪʦʚ ʠ ʦʙʣʘʩʪʴ ʜʠʘʛʨʘʤʤʳ [11, 12]. 
ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʠʣʦʞʝʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ ʩʦʟʜʘʝʪʩʷ ʥʦʚʳʡ ʧʘʢʝʪ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ 

ʦʜʠʥ ʧʫʩʪʦʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ. ʇʫʩʪʦʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʜʦʨʦʞʢʫ, ʚ ʢʦʪʦʨʫʶ 
ʧʦʤʝʱʘʶʪʩʷ ʵʣʝʤʝʥʪʳ ʠʟ ʧʘʥʝʣʠ ʵʣʝʤʝʥʪʦʚ. ʇʘʥʝʣʴ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʢʥʘ, ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪʩʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʵʣʝʤʝʥʪ ʩʝʡʯʘʩ ʚʳʙʨʘʥ. 
ɽʩʣʠ ʥʝ ʚʳʙʨʘʥ ʥʠ ʦʜʠʥ ʵʣʝʤʝʥʪ ʥʘ ʜʠʘʛʨʘʤʤʝ, ʪʦ ʚ ʧʘʥʝʣʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʧʘʢʝʪʘ. ɽʩʣʠ 

ʚʳʙʨʘʥʦ ʥʝʩʢʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʧʘʥʝʣʴ ʙʫʜʝʪ ʧʫʩʪʘ. 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʥʘ ʢʦʪʦʨʦʤ ʠʟʦʙʨʘʞʝʥʘ ʧʦʩʪʨʦʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʥʘ ʧʘʥʝʣʠ ʧʘʨʘʤʝʪ-

ʨʦʚ ʵʣʝʤʝʥʪʘ ʦʪʦʙʨʘʞʝʥʳ ʧʘʨʘʤʝʪʨʳ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʳʙʨʘʥ. 
 

 

ʈʠʩ. 2. ʀʥʪʝʨʬʝʡʩ ʚʝʙ-ʢʣʠʝʥʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʫʜʦʙʥʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʦʧʝʨʘʪʠʚʥʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʜʠʘʛʨʘʤʤʳ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʢʦʨʨʝʢʪʥʦ ʟʘʜʘʚʘʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘ-

ʨʘʤʝʪʨʳ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʠ ʩʦʭʨʘʥʷʪʴ ʠʭ ʚ ʥʫʞʥʦʤ ʬʦʨʤʘʪʝ ʠʣʠ ʨʘ-

ʙʦʪʘʪʴ ʩ ʫʞʝ ʠʤʝʶʱʠʤʠʩʷ ʜʠʘʛʨʘʤʤʘʤʠ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʝʨʝʜʘʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ɹʨʷʥʩʢʠʡ ʬʠʣʠʘʣ ɸʆ çʕʨ-ʉʪʘʡʣ ʉʦʬʪʣʘʙè. 
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ɺ.ʉ. ɻʦʨʣʦʚ 

ʤʘʛʠʩʪʨʘʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɽ.ɿ. ʅʠʢʦʥʦʚʘ 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʈɽʐɽʅʀɽ ʇʈʆɹʃɽʄʓ ɹʓʉʊʈʆʁ ɻɽʆɸɻʅʀʉʊʀʏʅʆʁ ɼʆʉʊɸɺʂʀ  
ʂʆʅʊɽʅʊɸ ɺ ʄɽɼʀɸʉʀʉʊɽʄɸʍ 

ɸʥʥʦʪʘʮʠʷ. ʇʝʨʝʜ ʙʦʣʴʰʠʥʩʪʚʦʤ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʩʪʦʷʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʮʝʣʠ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʠʙʳʣʠ, ʫʜʝʨʞʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʟʘʚʦʝʚʘʥʠʷ ʥʦʚʳʭ ʨʳʥʦʯʥʳʭ ʧʦʟʠʮʠʡ, ʫʚʝʣʠʯʝʥʠʷ ʩʚʦʝʛʦ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ. ʆʥʠ ʜʦʩʪʠʛʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ: ʤʘʨʢʝʪʠʥʛʦʚʳʭ, 

PR, ʩʦʮʠʘʣʴʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʦʨ-

ʪʘʣʘ, ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʠʣʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠ-

ʟʠʨʫʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʜʠʘʨʝʩʫʨʩʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʵʪʦʛʦ 

ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʥʫʪʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʜʠʘʩʠʩʪʝʤʳ; ʜʦʩʪʘʚʢʘ ʢʦʥʪʝʥʪʘ; ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; AmazonWeb-

Services; ʩʠʩʪʝʤʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ; RESTful-ʩʝʨʚʠʩʳ; ʦʧʪʠʤʠʟʘʮʠʷ ʚʝʙ-ʩʝʨʚʠʩʦʚ. 

ɺ ʞʠʟʥʠ ʢʘʞʜʦʛʦ ʧʨʦʝʢʪʘ ʥʘʩʪʫʧʘʝʪ ʵʪʘʧ ʟʨʝʣʦʩʪʠ [1, ʩ. 24], ʢʦʛʜʘ ʠʤʝʶʱʘʷʩʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʩʪʘʥʦʚʠʪʩʷ çʙʫʪʳʣʦʯʥʳʤ ʛʦʨʣʳʰʢʦʤè ʚ ʚʦʧʨʦʩʝ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ï ʫʚʝ-

ʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩ ʧʨʦʙʣʝʤʦʡ, ʥʦ ʪʦʣʴʢʦ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʩ 
ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʫʤʥʝʝ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ, ʯʪʦ ʜʘʩʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠ-

ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 
ʇʦʯʝʤʫ ʞʝ ʪʘʢ ʚʘʞʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ʤʝʜʠʘʩʠʩʪʝʤ [4, ʩ. 82]? ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʠʥ-

ʪʝʨʥʝʪ-ʤʝʜʠʘ ʚ ʈʦʩʩʠʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʤʦʱʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ, ʪʨʝʙʫʶʱʝʡ 
ʦʪ ʢʦʤʧʘʥʠʡ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʙʳʣʠ, ʫʜʝʨʞʘʥʠʷ ʠ ʟʘʚʦʝʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴ-

ʩʢʦʡ ʘʫʜʠʪʦʨʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʥʝʪʠʟʘʮʠʠ ʨʝʩʫʨʩʘ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʢʦʥʪʝʥʪ 
ʠ ʝʛʦ ʜʦʩʪʘʚʢʘ ʘʫʜʠʪʦʨʠʠ. ʊʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʜʠʘʩʠʩʪʝʤʳ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ (UserEx-

perience ʠʣʠ UX), ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ (UserInterface ʠʣʠ UI), ʘ ʪʘʢʞʝ ʟʘʜʝʨʞʢʘ ʨʘʙʦʪʳ (La-
tency) ʥʘʧʨʷʤʫʶ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʢʦʥʝʯʥʦʡ ʧʨʠʙʳʣʴʶ ʚʣʘʜʝʣʴʮʘ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʥʦʛʠʝ ʤʝʜʠʘʨʝʩʫʨʩʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ 

ʨʝʛʠʦʥ, ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʯʘʩʪʦ ʪʨʝʙʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝ-

ʛʦ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʢʣʠʝʥʪʘ ʩ ʩʦʧʦʩʪʘʚʠʤʦʡ ʩʢʦʨʦʩʪʴʶ ʦʪʢʣʠʢʘ. 
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ʀʤʝʥʥʦ ʪʘʢʘʷ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʣʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʜʝʨʞʢʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʤʝʜʠʘʩʝʨʚʠʩʘ ï

coob.life. ɺ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʟʘʜʝʨʞʢʠ ʩʝʨʚʠʩʘ, ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ, ʫʣʫʯʰʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʙʳʣʠ ʚʣʘʜʝʣʴʮʝʚ ʨʝʩʫʨʩʘ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʮʝ-

ʣʳʡ ʨʷʜ ʟʘʜʘʯ: 

1. ʀʟʫʯʠʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʙʠʪʴʩʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

2. ʇʨʠʤʝʥʠʪʴ ʠʭ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʠʪʝʨʘʮʠʠ ʩʝʨʚʠʩʘ. 

3. ʆʮʝʥʠʪʴ ʜʦʩʪʠʛʥʫʪʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ʇʨʦʝʢʪ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 4 ʵʪʘʧʘ: 

I. ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʥʘʯʘʣʦ ʨʘʙʦʪʳ. 

II.  ʅʦʚʳʝ ʨʝʰʝʥʠʷ ʧʦ ʘʨʭʠʪʝʢʪʫʨʝ ʩʠʩʪʝʤʳ ʠ ʧʨʠʤʝʥʷʝʤʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

III.  ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʝʨʚʠʩʘ. 

IV.  ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʝʢʪʘ. 

I. ʉʝʨʚʠʩ ʨʝʘʣʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ: 

Å ʂʦʜ ʙʝʢʝʥʜʘ ʥʘʧʠʩʘʥ ʥʘ PHP 7.1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ Laravel 5.6. 

Å ʌʨʦʥʪʝʥʜ ʥʝ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʙʝʢʝʥʜʘ ʠ ʨʝʥʜʝʨʠʪʩʷ ʩʠʣʘʤʠ PHP. 

Å ɺ ʥʝʤ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʢ ʨʘʟʤʝʪʢʘ Bootstrap, JavaScript ʩ ʙʠʙ-

ʣʠʦʪʝʢʦʡ jQuery ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʯʘʩʪʠ ʢʦʥʪʝʥʪʘ, ʘ ʪʘʢʞʝ ʩʪʠʣʠ ʥʘ ʦʩʥʦʚʝ SCSS. 

Å ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʩʘʡʪ ʠ ʠʩʧʦʣʴʟʫʝʪ ʪʝ ʞʝ ʤʝʭʘʥʠʟʤʳ. 

Å ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʙʠʙʣʠʦʪʝʢʫ GD. 

Å ʈʝʩʫʨʩʳ ʩʦʙʠʨʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ Laravel Mix  ʥʘ ʦʩʥʦʚʝ Node+NPM. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘ ̫ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʙʘʟʝ AmazonWebServices ï ʣʠʜʝʨʘ ʚ ʦʙʣʘʯ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ (ʧʦ ʤʥʝʥʠʶ ʘʛʝʥʪʩʪʚʘ Gartner): 

ü ʇʨʠʣʦʞʝʥʠʝ ʨʘʙʦʪʘʣʦ ʥʘ ʩʝʨʚʝʨʝ Ubuntu 16.04 ʥʘ ʩʝʨʚʠʩʝ EC2 ʪʠʧʘ t2.micro. ɼʘʥʥʳʡ 

ʪʠʧ ʠʥʩʪʘʥʩʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʝ ʧʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʝʟ ʟʘʤʝʥʳ 

ʤʦʱʥʦʩʪʝʡ ï ʥʘ ʠʥʩʪʘʥʩ ʚʳʜʝʣʷʝʪʩʷ ʙʘʟʦʚʘʷ ʣʠʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʧʨʦʮʝʩʩʦ-

ʨʦʚ ʤʦʱʥʦʩʪʠ), ʢʦʛʜʘ ʠʥʩʪʘʥʩ ʨʘʙʦʪʘʝʪ ʥʠʞʝ ʥʝʝ, ʪʦ ʦʥ ʧʦʣʫʯʘʝʪ ʩʧʝʮʠʘʣʴʥʳʝ ʢʨʝʜʠʪʳ, ʧʦʟʚʦ-

ʣʷʶʱʠʝ ʝʤʫ ʧʨʝʚʳʰʘʪʴ ʵʪʫ ʙʘʟʦʚʫʶ ʣʠʥʠʶ. 

ü ɼʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʩʝʨʚʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ElasticBlockStore (EBS) ï ʙʣʦʯʥʦʝ ʭʨʘʥʠʣʠ-

ʱʝ [3, ʩ. 243], ʢʦʛʜʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʜʘʥʥʳʝ ʚ ʙʣʦʯʥʦʤ ʭʨʘʥʠʣʠʱʝ. ɹʣʦʯʥʦʝ ʭʨʘʥʠʣʠʱʝ 

ʜʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʨʘʟʜʝʣʫ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʳʝ ʬʘʡʣʦʚʳʝ ʩʠʩʪʝʤʳ. ʄ  r

ʠʩʧʦʣʴʟʫʝʤ ʪʠʧ gp2 ï ʵʪʦ ʜʠʩʢʠ ʥʘ ʦʩʥʦʚʝ SSD ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʯʪʝʥʠʷ / ʟʘʧʠʩʠ. 

ü ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʜʝʣʝʥʦ ʧʨʠʚʘʪʥʦʝ ʚʠʨʪʫʘʣʴʥʦʝ ʦʙʣʘʢʦ (Vir-

tualPrivateCloud ʠʣʠ VPC), ʧʦʟʚʦʣʷʶʱʝʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʚ ʦʙʣʘʢʝ. 

ʅʘ ʥʝʝ ʚʳʜʝʣʝʥ CIDR-ʙʣʦʢ [5, ʩ. 102] ʠʟ ʚʥʫʪʨʝʥʥʠʭ ipv4-ʘʜʨʝʩʦʚ ʠ ʧʦʣʥʳʡ ʙʣʦʢ ʠʟ 2048 ipv6-

ʘʜʨʝʩʦʚ. ʉʝʪʴ ʨʘʟʙʠʪʘ ʥʘ 2 ʙʣʦʢʘ ʠʟ 3 ʧʦʜʩʝʪʝʡ ï ʧʫʙʣʠʯʥʳʭ ʠ ʧʨʠʚʘʪʥʳʭ. ʇʦ ʫʤʦʣʯʘʥʠʶ, ʧʨʠʚʘʪ-

ʥʳʝ ʦʙʲʝʢʪʳ ʥʝ ʤʦʛʫʪ ʢʦʥʪʘʢʪʠʨʦʚʘʪʴ ʩ ʚʥʝʰʥʠʤ ʤʠʨʦʤ ʚ ʧʨʠʥʮʠʧʝ ʥʘ ʫʨʦʚʥʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʨʝʛʠʦʥʝ Ohio. ʈʝʛʠʦʥ ï ʵʪʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʛʨʫʧʧʘ 

ʠʟ ʩʚʷʟʘʥʥʳʭ ʟʦʥ ʜʦʩʪʫʧʥʦʩʪʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʵʪʦ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʜʘʪʘʮʝʥʪʨʦʚ. 

ü ʌʦʪʦʛʨʘʬʠʠ ʭʨʘʥʷʪʩʷ ʚ S3-ʙʘʢʝʪʘʭ (SimpleStorageService) ï ʩʝʨʚʠʩ ʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ ʥʘ 

ʦʙʲʝʢʪʥʦʤ ʫʨʦʚʥʝ, ʢʦʛʜʘ ʚʘʞʥʳ ʣʠʰʴ ʩʘʤʠ ʦʙʲʝʢʪʳ, ʘ ʚʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʥʠʞʝ ʫʧʨʘʚʣʷʝʪʩʷ ɸʤʘ-

ʟʦʥʦʤ. ɺʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʠ ʝʩʪʴ ʪʦʣʴʢʦ ʫ ʧʨʠʣʦʞʝʥʠʷ, ʯʪʝʥʠʝ ʜʦʩʪʫʧʥʦ ʜʣʷ ʚʥʝʰʥʠʭ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ ʣʠʰʴ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʘ. 

ü ɼʣʷ ʜʦʩʪʘʚʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʘ [7, ʩ. 11] (ContentDelieveryNet-

work ʠʣʠ CDN) CloudFront, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʚʣʷʪʴ ʢʦʥʪʝʥʪ ʚ ʣʶʙʳʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʟʦʥʳ ʩ ʤʠ-

ʥʠʤʘʣʴʥʦʡ ʣʘʪʝʥʪʥʦʩʪʴʶ, ʯʪʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʝʦʘʛʥʠʩʪʠʯʥʦʩʪʴ. ʇʦʜ ʥʝʡ ʟʜʝʩʴ ʧʦʥʠʤʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʨʚʠʩʘ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʜʠʥʘʢʦʚʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʛʝʦ-

ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʛʦ. ʉʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʙʱʫʶ ʪʦʯʢʫ ʜʦʩʪʫʧʘ ʠʣʠ 

ʢʦʥʝʯʥʫʶ ʪʦʯʢʫ (endpoint), ʢ ʢʦʪʦʨʦʡ ʦʙʨʘʱʘʶʪʩʷ ʢʣʠʝʥʪʳ, ʘ ʚʩʪʨʦʝʥʥʘʷ DNS-ʘʜʨʝʩʘʮʠʷ ʥʘ ʦʩʥʦ-

ʚʝ ʛʝʦʟʦʥ, ʦʪʧʨʘʚʣʷʝʪ ʟʘʧʨʦʩ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʩʝʨʚʝʨʫ ʠʣʠ ʢʨʘʝʚʦʡ/ʧʦʛʨʘʥʠʯʥʦʡ ʪʦʯʢʝ 

(EdgeLocation). ɽʩʣʠ ʬʘʡʣʘ ʥʘ ʪʦʯʢʝ ʥʝʪ, ʪʦ ʦʥ ʙʫʜʝʪ ʚ ʥʝʝ ʟʘʛʨʫʞʝʥ ʠʟ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʭʨʘʥʠʣʠʱʘ, 

ʝʩʣʠ ʞʝ ʝʩʪʴ ï ʪʦ ʤʛʥʦʚʝʥʥʦ ʧʝʨʝʜʘʥ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ü ɼʣʷ ʩʝʨʚʝʨʘ ʙʘʟ ʜʘʥʥʳʭ ʤ  rʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʩʪʘʥʩ RDS (RelationalDatabaseService [2, 

ʩ. 71]), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʟʳ ʜʘʥʥʳʭ ʢʘʢ ʩʝʨʚʠʩ ï ʥʝʪ ʥʘʜʦʙʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʫʧʨʘʚʣʝʥʠʝ ʫʜʘʣʝʥʥʳʤ ʠʥʩʪʘʥʩʦʤ ʠ ʝʛʦ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥ-

ʥʳʭ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʠ ʫʧʨʘʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʘ ʤ  rʣʠʰʴ ʠʩʧʦʣʴʟʫʝʤ ʝʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩʝʨʚʠʩ 
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ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʝ ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ï ʢʘʞʜʘʷ ʧʦʩʣʝʜʫʶʱʘʷ ʢʦʧʠʷ 

ʩʦʜʝʨʞʠʪ ʣʠʰʴ ʠʟʤʝʥʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʝʡ, ʯʪʦ ʜʘʝʪ ʦʛʨʦʤʥʫʶ ʵʢʦʥʦʤʠʶ ʥʘ ʜʠʩʢʦ-

ʚʳʭ ʤʦʱʥʦʩʪʷʭ [6, ʩ. 64]. 

ʀʟ ʩʪʦʨʦʥʥʠʭ ʩʝʨʚʠʩʦʚ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ: 

- Asana ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ; 

- Bitbucket ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ; 

- PHPStorm IDE ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʦʪʣʘʜʢʠ ʩʠʩʪʝʤʳ. 

ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʩ ʷʥʚʘʨʷ 2018 ʛʦʜʘ ʧʦ ʘʚʛʫʩʪ 

ʪʦʛʦ ʞʝ ʛʦʜʘ ʙʝʟ ʝʜʠʥʦʡ ʧʝʨʝʟʘʛʨʫʟʢʠ ʠʣʠ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʫʧʨʘʚʣʝʥʠʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩ ʨʦʩʪʦʤ ʧʦ-

ʩʝʱʘʝʤʦʩʪʠ ʨʝʩʫʨʩʘ ʟʘʜʝʨʞʢʠ ʩʪʘʣʠ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 5 ʩʝʢʫʥʜ, ʯʪʦ ʙʳʣʦ ʧʨʠʟʥʘʥʦ ʥʝʧʨʠʝʤʣʝʤʳʤ. 

II.  ʅʘ ʥʦʚʦʤ ʵʪʘʧʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʛʣʦʙʘʣʴʥʘʷ ʨʘʙʦʪʘ ʧʦ ʫʣʫʯʰʝʥʠʶ ʩʠʩʪʝʤʳ: 

1. ʆʙʥʦʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʠ: PHP 7.2, Laravel 5.7. 

2. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥ HTTPS-ʧʨʦʪʦʢʦʣ ʩ ʧʦʜʜʝʨʞʢʦʡ HTTP/2. 

3. ɹʠʙʣʠʦʪʝʢʘ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʘ ʠʟʤʝʥʝʥʘ ʩ GD ʥʘ Imagick 

4. ɺʢʣʶʯʝʥʘ ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʯʝʨʝʟ Opcacheï ʫʚʝʣʠʯʠʣʦ ʧʦ-

ʪʨʝʙʣʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚ ʦʙʱʝʤ, ʥʦ ʩʥʠʟʠʣʦ ʟʘʪʨʘʪʳ ʧʨʦʮʝʩʩʦʨʘ ʠ ʧʘʤʷʪʠ ʥʘ ʢʘʞʜʳʡ ʦʪ-

ʜʝʣʴʥʳʡ ʟʘʧʨʦʩ. 

5. ʌʨʦʝʥʪʝʥʜ ʙʳʣ ʦʪʜʝʣʝʥ ʦʪ ʙʝʢʝʥʜʘ: 

¶ ɹʝʢʝʥʜ ʚʩʝ ʪʘʢʞʝ ʥʘʧʠʩʘʥ ʥʘ Laravel, ʥʦ ʪʝʧʝʨʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʩʫʨʩʥʫʶ ʩʠʩʪʝʤʫ ï 

ʚʩʝ ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʯʝʨʝʟ API, ʢʦʪʦʨʳʡ ʟʘʱʠʱʝʥ ʯʝʨʝʟ JWT-ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʜʣʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ. 

¶ ʌʨʦʥʪʝʥʜ ʠʩʧʦʣʴʟʫʝʪ SCSS ʜʣʷ ʩʪʠʣʝʡ, VueJS ʜʣʷ ʠʥʪʝʨʬʝʡʩʘ ʠ ʣʦʛʠʢʠ ʩ ʚʢʣʶʯʝʥʠʝʤ 

Vue-Router ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʧʦ ʥʝʤʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʝʜʠʥʦʞʜʳ ʟʘʛʨʫʟʠʪʴ ʦʙʦʣʦʯʢʫ ʩʘʡʪʘ ʠ ʣʠʰʴ 

ʜʦʛʨʫʞʘʪʴ ʢʦʥʪʝʥʪ ʯʝʨʝʟ API. 

¶ ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʯʘʩʪʴ ʦʪʜʝʣʝʥʘ ʦʪ ʢʣʠʝʥʪʩʢʦʡ. ʅʘ ʥʝʡ ʜʝʡʩʪʚʫʝʪ ʩʠʩʪʝʤʘ ʘʫʪʝʥʪʠʬʠ-

ʢʘʮʠʠ ï ʧʦʩʣʝ ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʚʦʜʘ ʧʘʨʦʣʷ ʠ ʣʦʛʠʥʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʧʦʣʫʯʘʝʪ ʪʦʢʝʥ ʘʫʪʝʥʪʠʬʠ-

ʢʘʮʠʠ, ʢʦʪʦʨʳʡ ʭʨʘʥʠʪʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʟʘʱʠʱʝʥʥʦʤ ʭʨʘʥʠʣʠʱʝ ʙʨʘʫʟʝʨʘ, ʘ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚ-

ʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ Vuex.  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ, ʪʘʢ ʢʘʢ ʣʝʛʯʝ 

ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʯʘʩʪʠ, ʯʝʤ ʤʦʥʦʣʠʪ. 

¶ ʊʘʢʞʝ ʙʳʣ ʠʥʪʝʛʨʠʨʦʚʘʥ ʟʘʱʠʱʝʥʥʳʡ ʧʨʦʩʤʦʪʨʱʠʢ ʣʦʛʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʚʥʝʩʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʝʨʚʠʩʘ: 

V ʆʙʥʦʚʣʝʥ ʠʥʩʪʘʥʩ ʜʦ ʫʨʦʚʥʷ t3.micro, ʯʪʦ ʧʨʠ ʪʝʭ ʞʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪʘʭ ʜʘʣʦ ʚʦʟ-

ʨʦʩʰʫʶ ʚ ʜʚʘ ʨʘʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʠʭ ʪʠʧ çʧʦ ʫʤʦʣʯʘʥʠʶè ʧʦʜʜʝʨʞʠʚʘʝʪ EBSOptimi-

zation ʠ ʙʦʣʝʝ ʙʳʩʪʨʦʝ ʩʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

V ʆʙʨʘʟ ʩʠʩʪʝʤʳ ʙʳʣ ʦʙʥʦʚʣʝʥ ʜʦ 18.04. 

V ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʦʙʥʦʚʣʝʥʠʝ ʩʝʨʚʠʩʘ ʟʘʥʷʣʦ ʤʝʥʝʝ 15 ʤʠʥʫʪ ʠ ʥʝ ʧʦʪʨʝʙʦʚʘʣʦ 

ʥʠʢʘʢʦʡ ʧʝʨʝʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʳ. 

V ɹʳʣʘ ʨʘʟʚʝʨʥʫʪʘ ʪʝʩʪʦʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʦʧʠʨʫʶʱʘʷ ʨʝʘʣʴʥʫʶ. 

V ʌʦʪʦʛʨʘʬʠʠ ʙʳʣʠ ʤʠʛʨʠʨʦʚʘʥʳ ʙʣʠʞʝ ʢ ʈʦʩʩʠʠ ï ʚ ʨʝʛʠʦʥ ɽʚʨʦʧʘ-ʀʨʣʘʥʜʠʷ. 

V ɹʳʣ ʜʦʙʘʚʣʝʥ ʩʝʨʚʠʩ ElastiCacheï ʩʧʝʮʠʘʣʴʥʳʡ ʩʝʨʚʠʩ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʢʝʰ-ʩʝʨʚʠʩ 

Redis ʚ ʦʙʣʘʢʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʥ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥ-

ʪʘ ï ʢʝʰ ʚ ʦʪʣʠʯʠʠ ʦʪ ʙʘʟ ʜʘʥʥʳʭ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠʥʩʪʘʥʩʘ. 

V ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʢʘʟʘʪʝʣʝʡ ʤ  rʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʣʠ ʩʝʨʚʠʩ CloudWatch. 

V ɼʣʷ ʭʨʘʥʝʥʠʷ ʨʘʙʦʯʠʭ ʜʦʢʫʤʝʥʪʦʚ ʢʣʠʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʣʘʯʥʳʡ ʩʝʨʚʠʩ ʨʘʙʦʯʠʭ ʜʦ-

ʢʫʤʝʥʪʦʚ WorkDocs. 

ɺ ʩʠʩʪʝʤʫ ʙʳʣ ʚʢʣʶʯʝʥ ʠ ʮʝʣʳʡ ʨʷʜ ʚʥʝʰʥʠʭ ʩʝʨʚʠʩʦʚ: 

1. ɺʩʝ ʦʰʠʙʢʠ ʬʨʦʥʪʝʥʜʘ ʪʝʧʝʨʴ ʩʦʙʠʨʘʶʪʩʷ ʚ Sentryï ʩʝʨʚʠʩ ʤʦʥʠʪʦʨʠʥʛʘ ʦʰʠʙʦʢ. 

2. ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ API ʜʦʢʫʤʝʥʪʠʨʫʝʪʩʷ ʚ Postman ʠ ʯʝʨʝʟ ʥʝʛʦ ʞʝ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʫʙʣʠ-

ʢʘʮʠʷ.  

3. ʂʨʦʤʝ ʪʦʛʦ, ʚ PHPStorm ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʛʣʫʙʦʢʠʝ ʩʪʘʪʠʯʝʩʢʠʝ ʘʥʘʣʠʟʘʪʦ-

ʨ  rʜʣʷ ʢʦʜʘ ʥʘ PHP ʠ JS. 

4. ʀ ʟʘʚʝʨʰʘʶʱʠʤ ʰʪʨʠʭʦʤ ʩʪʘʣʦ ʜʦʙʘʚʣʝʥʠʝ ʧʫʙʣʠʯʥʦʛʦ ʪʨʝʢʝʨʘ ʦʰʠʙʦʢ, ʢʫʜʘ ʤʦʞʥʦ 

ʩʦʦʙʱʘʪʴ ʦʙ ʦʰʠʙʢʘʭ. 
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III.  ɺʥʝʩʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʷʪ ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʧʨʠʤʝʥʝʥʠʝ ʨʝʩʫʨʩʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʚ ʧʨʦʩʪʝʡʰʝʤ ʚʠʜʝ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ 

ʜʣʷ ʫʞʝ ʠʤʝʶʱʝʡʩʷ ʣʦʛʠʢʠ ï ʥʘʧʨʠʤʝʨ, ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ; 

2) ʠʥʪʝʛʨʘʮʠʷ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʨʦʙʣʝʤ Cloud-

Trail; 

3) ʚʥʝʜʨʝʥʠʝ ʩʝʨʚʠʩʦʚ ʥʘ ʥʘʣʠʯʠʝ ʫʷʟʚʠʤʦʩʪʝʡ Inspector; 

4) ʚr ʷʚʣʝʥʠʝ ʦʙʱʠʭ ʧʨʦʙʣʝʤ ʘʢʢʘʫʥʪʘ GuardDuty; 

5) ʫʩʢʦʨʝʥʠʝ ʟʘʛʨʫʟʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʠʩʪʦʯʥʠʢ ʩ ʧʦʤʦʱʴʶ Transfer-Acceleration. 

IV.  ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʝʢʪʘ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʝʢʪ ʧʦʢʨʳʚʘʝʪʩʷ ɻʨʘʥʪʦʤ AmazonWebServicesActivateBuildersTier, 

ʦʜʥʘʢʦ ʯʝʨʝʟ ʧʦʣʪʦʨʘ ʛʦʜʘ ʦʥ ʜʦʣʞʝʥ ʙʫʜʝʪ ʦʧʣʘʯʠʚʘʪʴ ʩʚʦʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʘ 

ʧʦʪʦʤʫ ʥʘʤʠ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ TCO (TotalCostofOwnership) ʠʣʠ ʩʦʚʦʢʫʧʥʦʡ ʩʪʦʠʤʦʩʪʠ ʚʣʘ-

ʜʝʥʠʷ (ʜʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʫʶʪ ʪʝʢʫʱʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʭʦʪʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʫʜʫʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʫ-

ʜʫʪ ʣʫʯʰʝ ʠ ʜʝʰʝʚʣʝ, ʯʪʦ ʢʦʥʩʪʘʥʪʥʦ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʨʘʙʦʪʝ AWS, ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ 

ʤʝʥʴʰʝ): 

1. CloudWatch: ɺ ʤʝʩʷʮ ʚ ʩʨʝʜʥʝʤ ʧʨʦʠʩʭʦʜʠʪ 8 ʟʘʧʨʦʩʦʚ, ʯʪʦ ʚʭʦʜʷʪ ʚ ʧʝʨʚʳʝ 1'000'000 

ʙʝʩʧʣʘʪʥʳʭ. 

2. CloudFront: ʉ ʤʦʤʝʥʪʘ ʠʟʤʝʨʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʧʦʩʝʱʘʝʤʦʩʪʠ ʤ  rʥʝ ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʦʚʝʨʥʫʶ ʜʠʥʘʤʠʢʫ, ʧʦʪʦʤʫ ʤ  rʚʳʧʦʣʥʷʝʤ ʨʘʩʯʝʪʳ ʙʝʟ ʫʯʝʪʘ ʚʝʨʦʷʪʥʦʡ ʜʠʥʘʤʠʢʠ ʫʚʝʣʠʯʝʥʠʷ 

ʯʠʩʣʘ ʧʦʩʝʪʠʪʝʣʝʡ. ʀ ʩʪʦʠʤʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ~12$ ʩ ʫʯʝʪʦʤ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʟʘ ʦʙʳʯʥʳʡ ʟʘʧʨʦʩ,  

HTTPS-ʟʘʧʨʦʩ, ʘ ʪʘʢʞʝ ʪʨʘʬʠʢ ʟʘ ʛʠʛʘʙʘʡʪ ʪʨʘʬʠʢʘ 

3. DataTransfer (ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ): ʩʦʩʪʘʚʠʣʘ 1.7$ ʟʘ ʧʝʨʝʜʘʯʫ ʚ ʦʩʥʦʚʥʦʤ ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠʟ ʩʝʨʚʝʨʘ ʚ ʀʨʣʘʥʜʠʶ. ʀʟ-ʟʘ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʩʘʡʪʘ ʠ ʢʝʰʠʨʦʚʘʥʠʷ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʠʟʤʝʥʝʥʠʡ ʚʦ ʬʨʦʥʪʝʥʜʝ ʦʥ ʥʝ ʙʫʜʝʪ ʟʘʛʨʫʞʝʥ ʟʘʥʦʚʦ), ʟʘʪʨʘʪʘʤʠ ʥʘ ʜʘʥʥʳʡ ʪʠʧ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɺ ʙʫʜʫʱʝʤ, ʧʝʨʝʥʝʩʷ ʠʩʪʦʯʥʠʢ ʢ ʙʘʢʝʪʫ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩʦʢʨʘʱʝʥʠʷ ʵʪʦʡ 

ʩʪʘʪʴʠ ʟʘʪʨʘʪ. 

4. EC2: 750 ʯʘʩʦʚ ʠʥʩʪʘʥʩʘ ʪʠʧʘ t3.micro ʧʦ ʮʝʥʝ 0.0104 ʜʦʣʣʘʨʘ ʟʘ ʯʘʩ ʪʨʝʙʫʝʪ  

0.0104*750 = 7.8$ ʚ ʤʝʩʷʮ 

5. EBS: 30gb ʪʠʧʘ gp2 ʚ ʤʝʩʷʮ ʧʦ ʮʝʥʝ 0.1$/gb ï 3$ ʚ ʤʝʩʷʮ 

6. ElastiCache: ʠʥʩʪʘʥʩ ʪʠʧʘ cache.t2.micro 0,017*750 = 12.75$  

7. RDS: ʠʥʩʪʘʥʩ ʪʠʧʘ db.t2.micro 0,017*750 = 12.75$ 

8. RDS Storage: 20gb SSD *  0.115$/gb per month = 2.3$  

ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ 52.3$ ʚ ʤʝʩʷʮ ʠʣʠ 627.6$ ʚ ʛʦʜ.  

ɺʦʟʤʦʞʥʘ ʣʠ ʜʘʣʴʥʝʡʰʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʪʨʘʪ? ʈʘʟʫʤʝʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʧʨʝʚʨʘʪʠʪʴ 

ʯʘʩʪʴ ʠʟ ʵʪʠʭ ʠʥʩʪʘʥʩʦʚ ʚ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʝ ʠʥʩʪʘʥʩʳ, ʦʧʣʘʯʠʚʘʝʤʳʝ ʧʦ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʮʝʥʝ, ʠ 

ʧʦʣʫʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʩʢʠʜʢʫ. 

ʊʘʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ (ʥʝʢʦʚʝʨʪʠʨʫʝʤʳʭ) ʠʥʩʪʘʥʩʦʚ ʩʨʦʢʦʤ ʥʘ ʛʦʜ ʩ ʧʦʣʥʦʡ 

ʧʨʝʜʦʧʣʘʪʦʡ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ ʩʣʝʜʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ: 

1.EC2:  

¶ ʎʝʥʘ ʧʦ ʪʨʝʙʦʚʘʥʠʶ = 7.8$/ʤʝʩʷʮ * 12ʤʝʩʷʮʝʚ = 93.6$ ʚ ʛʦʜ; 

¶ ɿʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʡ ʠʥʩʪʘʥʩ = 53$ ʟʘ ʛʦʜ. 

2.ElastiCache: 

¶ ʎʝʥʘ ʧʦ ʪʨʝʙʦʚʘʥʠʶ: 12.75$/ʤʝʩʷʮ * 12ʤʝʩ = 153$ ʚ ʛʦʜ; 

¶ ɿʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʡ ʫʟʝʣ: 51$ ʚ ʛʦʜ. 

3.RDS: 

¶ ʎʝʥʘ ʧʦ ʪʨʝʙʦʚʘʥʠʶ: 12.75$/ʤʝʩʷʮ * 12ʤʝʩ = 153$ ʚ ʛʦʜ; 

¶ ɿʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʡ ʠʥʩʪʘʥʩ: 102$. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʭʦʜʳ ʩʦʩʪʘʚʷʪ 36,17$ ʚ ʤʝʩʷʮ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 434$ ʚ ʛʦʜ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 30.84%. ɽ ʝɦ ʙʦʣʴʰʝʡ ʵʢʦʥʦʤʠʠ ʩʨʝʜʩʪʚ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʨʠ 3-ʣʝʪʥʝʤ ʩʨʦ-

ʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʭ ʠʥʩʪʘʥʩʦʚ, ʦʜʥʘʢʦ ʵʪʦ ʨʘʮʠʦʥʘʣʴʥʦ, ʪʘʢ ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘ-

ʞʜʳʡ ʛʦʜ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʪʠʧʳ ʠʥʩʪʘʥʩʦʚ ʠ ʩʥʠʞʘʝʪʩʷ ʠʭ ʩʪʦʠʤʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʀʥʪʝʨ-

ʥʝʪ-ʨʝʩʫʨʩʘ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʣ ʩʝʙʷ, ʧʦʟʚʦʣʠʚ ʩʦʭʨʘʥʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʨʚʠʩʘ, 

ʫʣʫʯʰʠʪʴ ʩʢʦʨʦʩʪʴ ʦʪʢʣʠʢʘ, ʧʦʚʳʩʠʪʴ ʫʜʦʙʩʪʚʦ ʩʠʩʪʝʤʳ ʢʘʢ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʚʣʘʜʝʣʴ-
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ʮʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʦʧʳʪ, ʥʝʩʦʤʥʝʥʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥ ʠ ʚ ʜʨʫʛʠʭ ʧʨʦʝʢʪʘʭ. 
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ɸ.ɼ. ɻʦʨʦʜʝʮʢʠʡ 

ʘʩʧʠʨʘʥʪ, ʠʥʞʝʥʝʨ-ʧʨʦʛʨʘʤʤʠʩʪ 

ʛ. ʆʤʩʢ, ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʌ.ʄ. ɼʦʩʪʦʝʚʩʢʦʛʦ 

ɼ.ʅ. ʃʘʚʨʦʚ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʆʤʩʢ, ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʌ.ʄ. ɼʦʩʪʦʝʚʩʢʦʛʦ 

ʅʆɺʓʁ ʄɽʍɸʅʀɿʄ ʆɹʈɸɹʆʊʂʀ ʀʉʂʃʖʏʀʊɽʃʔʅʓʍ ʉʀʊʋɸʎʀʁ 

ɸʥʥʦʪʘʮʠʷ. ʆʙʨʘʙʦʪʢʘ ʦʰʠʙʦʢ ʥʘ ʢʦʜʘʭ ʚʦʟʚʨʘʪʘ ʥʘʠʙʦʣʝʝ ʠʥʪʫʠʪʠʚʥʳʡ ʩʧʦʩʦʙ, ʦʙʣʘʜʘʶ-

ʱʠʡ ʧʦʣʥʦʡ ʧʝʨʝʥʦʩʠʤʦʩʪʴʶ ʤʝʞʜʫ ʧʣʘʪʬʦʨʤʘʤʠ. ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʚ ʪʦʤ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʘʷ 

ʬʫʥʢʮʠʷ ʤʦʞʝʪ ʟʘʚʝʨʰʠʪʴʩʷ ʩ ʦʰʠʙʢʦʡ. ɼʘʞʝ ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ, ʢʘʢ ʟʥʘʢʦʚʦʝ ʩʣʦʞʝʥʠʝ, ʜʝʣʝʥʠʝ, ʦʧʝ-

ʨʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʘʤʷʪʴʶ ï ʩʪʝʢʦʤ ʠʣʠ ʚʳʜʝʣʝʥʠʝʤ ʧʘʤʷʪʠ ʥʘ ʢʫʯʝ, ʚʩʝʛʜʘ ʤʦʛʫʪ ʟʘʚʝʨ-

ʰʠʪʴʩʷ ʩ ʦʰʠʙʢʦʡ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʥʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʠʪʫʘʮʠʡ, ʦʙʣʘʜʘʶʱʝʛʦ ʧʨʦʩʪʦʪʦʡ, ʥʘʜʝʞʥʦʩʪʴʶ, ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴʶ ʠ ʧʨʦ-

ʩʪʦʪʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʣʷʮʠʷ; ʠʩʢʣʶʯʝʥʠʷ; ʦʙʨʘʙʦʪʢʘ ʦʰʠʙʦʢ. 

ʆʙʨʘʙʦʪʢʘ ʦʰʠʙʦʢ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʢʦʥʮʝʧʮʠʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʉʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʦʰʠʙʦʢ ʧʨʦʰʣʠ ʜʦʣʛʠʡ ʧʫʪʴ ʦʪ ʢʦʜʦʚ ʚʦʟʚʨʘʪʘ ʢ ʠʩʢʣʶʯʝ-

ʥʠʷʤ.  

ʆʙʨʘʙʦʪʢʘ ʦʰʠʙʦʢ ʥʘ ʢʦʜʘʭ ʚʦʟʚʨʘʪʘ ʥʘʠʙʦʣʝʝ ʠʥʪʫʠʪʠʚʥʳʡ ʩʧʦʩʦʙ, ʦʙʣʘʜʘʶʱʠʡ ʧʦʣʥʦʡ 

ʧʝʨʝʥʦʩʠʤʦʩʪʴʶ ʤʝʞʜʫ ʧʣʘʪʬʦʨʤʘʤʠ. ʆʜʥʘʢʦ, ʧʨʦʙʣʝʤʘ ʚ ʪʦʤ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʘʷ ʬʫʥʢʮʠʷ 

ʤʦʞʝʪ ʟʘʚʝʨʰʠʪʴʩʷ ʩ ʦʰʠʙʢʦʡ. ɼʘʞʝ ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ ʢʘʢ ʟʥʘʢʦʚʦʝ ʩʣʦʞʝʥʠʝ, ʜʝʣʝʥʠʝ, ʦʧʝʨʠʨʦʚʘ-

ʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʘʤʷʪʴʶ ï ʩʪʝʢʦʤ ʠʣʠ ʚʳʜʝʣʝʥʠʝʤ ʧʘʤʷʪʠ ʥʘ ʢʫʯʝ, ʚʩʝʛʜʘ ʤʦʛʫʪ ʟʘʚʝʨʰʠʪʴʩʷ ʩ 

ʦʰʠʙʢʦʡ. 

ʇʨʦʛʨʘʤʤʠʩʪʳ ʤʦʨʘʣʴʥʦ ʥʝ ʛʦʪʦʚʳ ʥʘ ʢʘʞʜʫʶ ʩʪʨʦʯʢʫ ʢʦʜʘ ʧʠʩʘʪʴ if ʫʩʣʦʚʠʝ. ɼʦʧʫʩʪʠʤ, 

ʢʦʤʧʠʣʷʪʦʨ ʥʝʢʦʪʦʨʦʛʦ ʷʟʳʢʘ ʩʘʤ ʙʳ ʛʝʥʝʨʠʨʦʚʘʣ ʵʪʠ if-ʫʩʣʦʚʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʦʜʥʘʢʦ ʢ ʵʪʦʤʫ 

ʥʝ ʛʦʪʦʚʳ ʩʦʚʨʝʤʝʥʥʳʝ CPU. ʅʝʢʦʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʳʝ CPU ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʩʦʚʝʨʰʝʥʥʳʤ 

ʧʨʝʜʩʢʘʟʘʪʝʣʝʤ ʧʝʨʝʭʦʜʦʚ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ ʦʥ ʦʪʩʫʪʩʪʚʫʝʪ. ʆʜʥʘʢʦ, ʧʨʝʜʩʢʘʟʘʪʝʣʴ ʧʝ-

ʨʝʭʦʜʦʚ ʥʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʳ çʣʠʰʥʝʛʦ ʢʦʜʘè ʚ ʚʠʜʝ ʚʝʪʚʣʝʥʠʡ, ʢʦʪʦʨʳʡ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʫʩʧʝʰʥʦʛʦ 

ʚʳʙʦʨʘ ʚʝʪʢʠ, ʛʨʫʟʠʪ ʢʦʥʚʝʡʝʨ ʠ ɸʃʋ, ʘ ʪʘʢʞʝ ʚʳʪʝʩʥʷʝʪ ʢʵʰ ʠʥʩʪʨʫʢʮʠʡ. 

ɺʪʦʨʘʷ ʧʨʦʙʣʝʤʘ ʢʦʜʦʚ ʦʰʠʙʦʢ ʚ ʪʦʤ, ʯʪʦ ʬʫʥʢʮʠʷ, ʧʦʣʫʯʠʚʰʘʷ ʦʰʠʙʢʫ ʦʪ ʜʨʫʛʦʡ ʬʫʥʢʮʠʠ, 

ʧʦʯʪʠ ʚʩʝʛʜʘ ʵʪʫ ʦʰʠʙʢʫ ʦʙʨʘʙʦʪʘʪʴ ʥʝ ʤʦʞʝʪ. ʆʥʘ ʜʦʣʞʥʘ ʜʝʣʝʛʠʨʦʚʘʪʴ ʝʝ ʚʥʠʟ ʧʦ ʩʪʝʢʫ ʚʳʟʦʚʦʚ. 
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ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʧʨʦʙʣʝʤʳ ʟʘʩʪʘʚʠʣʠ ʧʝʨʝʡʪʠ ʥʘ ʤʦʜʝʣʴ ʠʩʢʣʶʯʝʥʠʡ. ɼʘʣʝʝ ʙʫʜʫʪ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʥʘʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʩʢʣʶʯʝʥʠʡ: 

1. SJLJ [1] ï ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʘʭ ʉʪʨʘʫʩʪʨʫʧʘ. ɽɽ ʥʝ-
ʜʦʩʪʘʪʦʢ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʧʦʟʠʪʠʚʥʦʡ ʚʝʪʢʝ ʠʩʧʦʣʥʝʥʠʷ ʚʩʝ ʨʘʚʥʦ ʪʨʘʪʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʜʣʷ SJLJ. 
2. Zero Cost Exceptions for Itanium ABI [1]. çZero costè ʦʟʥʘʯʘʝʪ ʥʫʣʝʚʫʶ ʩʪʦʠʤʦʩʪʴ ʥʘ ʧʦ-

ʟʠʪʠʚʥʦʡ ʚʝʪʢʝ ʠʩʧʦʣʥʝʥʠʷ. ʆʜʥʘʢʦ, ʩʪʦʠʤʦʩʪʴ ʥʘ ʦʰʠʙʦʯʥʦʡ ʚʝʪʢʝ ʧʨʦʩʪʦ ʦʛʨʦʤʥʘ (ʦʪʥʦʩʠʪʝʣʴ-
ʥʦ ʢʦʜʦʚ ʚʦʟʚʨʘʪʘ). ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʝʛʦ ʩʣʦʞʥʦʩʪʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʣʘʙʦʡ 

ʧʝʨʝʥʦʩʠʤʦʩʪʠ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʪʨʝʙʫʝʪ ʨʘʩʢʨʫʪʢʠ ʩʪʝʢʘ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʨʝʰʘʝʪʩʷ ʥʘ 
ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʣʦʜʚʠʞʝʥʠʡ. ʏʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʨʘʩʢʨʫʯʠʚʘʪʴ 

ʩʪʝʢ ʚʦ ʚʨʝʤʷ ʠʩʧʦʣʥʝʥʠʷ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʯʘʱʝ ʚʩʝʛʦ ʦʧʠʨʘʝʪʩʷ ʥʘ ʦʪʣʘʜʦʯʥʳʝ ʩʠʤʚʦʣʳ, ʯʘʱʝ 
ʚʩʝʛʦ ʵʪʦ DWARF [2]. ʈʘʟʤʝʨ ʙʠʥʘʨʥʳʭ ʬʘʡʣʦʚ, ʫʯʠʪʳʚʘʷ ʤʝʩʪʦ ʥʘ ʛʝʥʝʨʘʮʠʶ LSDA [1] ʪʘʙʣʠʮ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 30%. 
3. Windows Structured Exception Handling [1] ï ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʙʫʜʝʤ, 

ʪʘʢ ʢʘʢ ʝʛʦ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʘ ʧʣʘʪʬʦʨʤʝ Windows. ʆʙʣʘʜʘʝʪ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʙʣʠʟʢʠ-
ʤʠ ʢ Zero Cost Exceptions. 

ʆʪʩʫʪʩʪʚʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ çZero costè ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ 
ʠʩʢʣʶʯʝʥʠʷ ʚ ʤʠʨʝ ʩʠʩʪʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ. ʄʦʞʝʪʝ ʣʠ ʚʳ ʩʝʙʝ ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʦʙʨʘʙʦʪʢʫ ʠʩʢʣʶʯʝʥʠʡ ʚ ʷʜʨʘʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ? ʈʘʟʫʤʝʝʪʩʷ, ʥʝʪ! ʀʥʞʝʥʝʨʳ ʜʦʣʞ-

ʥʳ ʚʳʙʠʨʘʪʴ ʤʝʞʜʫ ʢʘʯʝʩʪʚʦʤ ʠ ʧʦʣʥʦʪʦʡ ʦʙʨʘʙʦʪʢʠ ʦʰʠʙʦʢ ʧʨʦʪʠʚ ʩʢʦʨʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ. 
ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ï ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʧʦʥʷʪʠʝ ʬʫʥʢʮʠʡ ʠʥʘʯʝ. ʈʘʥʝʝ ʤʳ ʩʯʠʪʘʣʠ, 

ʯʪʦ ʬʫʥʢʮʠʠ ʚ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ʩ ʪʦʯʢʠ 
ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʢʠ. ʆʜʥʘʢʦ, ʵʪʦ ʥʝ ʪʘʢ. ʌʫʥʢʮʠʠ ʚ ʗʇ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʠʯʥʦ ʦʧʨʝʜʝʣʝʥʥʘʷ 

(partial) ʬʫʥʢʮʠʷ. ɹʫʜʝʤ ʠʟʥʘʯʘʣʴʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʫ ʬʫʥʢʮʠʠ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ ʚʳʭʦʜʘ. 
ɺ ʘʩʩʝʤʙʣʝʨʘʭ ʜʣʷ ʚʳʟʦʚʘ ʠ ʚʦʟʚʨʘʪʘ ʠʟ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʘ ʠʥʩʪʨʫʢʮʠʡ call / ret, ʯʪʦ ʛʦ-

ʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʦʜʥʦʡ ʪʦʯʢʠ ʚʳʭʦʜʘ. ɼʘʚʘʡʪʝ ʨʘʩʰʠʨʠʤ ʵʪʦ ʧʦʚʝʜʝʥʠʝ ʚʚʝʜʝʥʠʝʤ ʠʥʩʪʨʫʢʮʠʠ ret2. 
 

 .function_bar: 
  ; ʝʩʣʠ ʫʩʧʝʭ ʪʦ ʜʝʣʘʝʤ ret 
  ret 
  ; ʝʩʣʠ ʥʝ ʫʩʧʝʭ, ʪʦ ʜʝʣʘʝʤ ret2 
  ret2 
 .main 
  call function_bar 
 .ok: 
  ; ʬʫʥʢʮʠʷ bar ʟʘʚʝʨʰʠʣʘʩʴ ʫʩʧʝʰʥʦ 
 .fail: 
  ; ʬʫʥʢʮʠʷ bar ʟʘʚʝʨʰʠʣʘʩʴ ʩ ʦʰʠʙʢʦʡ 
  
ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪ ʵʤʫʣʷʮʠʠ ʠʥʩʪʨʫʢʮʠʠ ret2 ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ amd64 
.function_bar: 
  ; ʝʩʣʠ ʫʩʧʝʭ ʪʦ ʜʝʣʘʝʤ ret 
  ret 
  ; ʝʩʣʠ ʥʝ ʫʩʧʝʭ, ʪʦ ʜʝʣʘʝʤ ret2 
  popq %rdx 
  addq $2, %rdx 
  jmpq *%rdx 
 .main 
  call function_bar 
  jmp .ok 
.fail: 
  ; ʬʫʥʢʮʠʷ bar ʟʘʚʝʨʰʠʣʘʩʴ ʩ ʦʰʠʙʢʦʡ 
 .ok: 
  ; ʬʫʥʢʮʠʷ bar ʟʘʚʝʨʰʠʣʘʩʴ ʫʩʧʝʰʥʦ 
 

ʂʘʢ ʚʠʜʥʦ ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ, ʚʳʟʳʚʘʶʱʘʷ ʬʫʥʢʮʠʷ main ʥʝ ʩʦʜʝʨʞʠʪ ʥʠʢʘʢʠʭ ʫʩʣʦʚʥʳʭ 
ʧʝʨʝʭʦʜʦʚ. ɽʜʠʥʩʪʚʝʥʥʳʝ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ï ʦʜʥʘ ʠʥʩʪʨʫʢʮʠʷ ʙʝʟʫʩʣʦʚʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝ-



32 

ʭʦʜʘ jmp. CPU ʟʘʛʨʫʞʘʷ ʢʦʜ ʥʘ ʢʦʥʚʝʡʝʨ ʚʠʜʠʪ jmp.ok, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʝʛʦ ʟʘʛʨʫʟʠʪʴ ʥʘ ʠʩʧʦʣʥʝʥʠʝ 

ʧʦʟʠʪʠʚʥʫʶ ʚʝʪʢʫ. ʆʜʥʘ çʣʠʰʥʷʷè ʠʥʩʪʨʫʢʮʠʷ ʙʝʟʫʩʣʦʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʙʫʜʝʪ ʚʳʙʨʦʰʝʥʘ ʩʫʧʝʨ-

ʩʢʘʣʷʥʳʤʠ cpu ʝʱʝ ʥʘ ʵʪʘʧʝ ʟʘʛʨʫʟʢʠ ʠʥʩʪʨʫʢʮʠʡ ʥʘ ʢʦʥʚʝʡʝʨ. 
ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʨʘʩʢʨʫʪʢʠ ʩʪʝʢʘ ʩ ʥʫʣʝʚʦʡ ʩʪʦʠʤʦʩʪʴʶ (ʚʨʝʤʷ, ʧʘʤʷʪʴ, 

ʨʘʟʤʝʨ ʠʩʧʦʣʥʷʝʤʦʛʦ ʬʘʡʣʘ) ʧʫʪʝʤ ʦʪʩʫʪʩʪʚʠʷ ʨʘʩʢʨʫʪʢʠ ʢʘʢ ʪʘʢʦʚʦʡ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʰʠʙ-
ʢʠ, ʩʪʝʢ ʚʳʟʦʚʦʚ ʩʢʣʘʜʳʚʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʯʝʨʝʟ ʧʝʨʝʭʦʜʳ ʥʘ fail ʤʝʪʢʠ. ʅʘ ʙʘʟʝ ʜʘʥʥʦ-

ʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʝʤʘʥʪʠʢʫ ʜʝʩʪʨʫʢʪʦʨʦʚ (ʦʯʠʩʪʢʠ ʨʝʩʫʨʩʦʚ), ʘ ʪʘʢʞʝ ʩʝʤʘʥʪʠʢʫ 
ʦʙʨʘʙʦʪʢʠ ʠʩʢʣʶʯʝʥʠʡ, ʢʦʪʦʨʫʶ ʧʨʠʚʳʢʣʠ ʚʠʜʝʪʴ ʧʨʦʛʨʘʤʤʠʩʪʳ (try/catch). 
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ʋɼʂ 004.42 
ɺ.ʀ. ɻʫʩʝʣʴʥʠʢʦʚ 

ʩʪʫʜʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʡ ʢʦʣʣʝʜʞ 

ʇ.ɺ. ʆʢʫʥʮʝʚ 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʡ ʢʦʣʣʝʜʞ 

ʇʈʆɽʂʊ ʈɸɿʈɸɹʆʊʂʀ ʂʈʆʉʉʇʃɸʊʌʆʈʄɽʅʅʆɻʆ ʇʈʀʃʆɾɽʅʀʗ  
ɼʃʗ ʂʆʄʇɸʅʀʀ çʈɽʇʀʊʆʈʀʂɸè 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪ ʨʘʟʨʘʙʦʪʢʠ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ 
ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʢʦʤʧʘʥʠʠ ʨʝʧʝʪʠʪʦʨʩʢʦʛʦ ʮʝʥʪʨʘ çʈʝʧʠʪʦʨʠʢʘè ʚʝʜʫʱʘʷ ʪʨʘʥʩʣʷʮʠʠ ʚ ʨʝʞʠʤʝ 

ʦʥʣʘʡʥ ʜʣʷ ʩʚʦʠʭ ʩʣʫʰʘʪʝʣʝʡ. ʆʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʘ 
ʪʘʢʞʝ ʷʟʳʢʦʚʳʝ ʩʨʝʜʩʪʚʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʆʟʥʘʢʦʤʣʝʥʠʝ ʩʦ ʩʧʝʮʠʬʠʢʘʮʠʷʤʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʨʘʟʨʘʙʦʪʢʠ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʩʚʦʙʦʜʥʦʡ IDE Qt Creator ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦ-
ʚʘʥʠʷ C, C++ ʠ QML. ʀʩʧʦʣʴʟʦʚʘʥʳ ʩʨʝʜʩʪʚʘ ʦʙʲʝʢʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ; ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʘʷ ʩʨʝʜʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Qt Creator; ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ; ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; ʜʠʘ-
ʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; ʜʠʘʛʨʘʤʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ; UML. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʫ ʣʶʜʝʡ ʧʦʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʘʷ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ, ʥʘʭʦʜʷʩʴ ʫʜʘʣʝʥʥʦ ʦʪ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ. 
ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʦʤʧʘʥʠʠ çʈʝʧʠʪʦʨʠʢʘè ʷʚʣʷʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʫʯʘʱʠʭʩʷ ʢ ʫʩʧʝʰʥʦʡ ʩʜʘʯʝ 

ɽʜʠʥʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʕʢʟʘʤʝʥʘ ʧʦ ʨʘʟʥʳʤ ʧʨʝʜʤʝʪʘʤ. ʂʦʤʧʘʥʠʷ ʠʤʝʝʪ ʩʚʦʡ ʰʪʘʪ ʧʨʝʧʦʜʘ-
ʚʘʪʝʣʝʡ-ʨʝʧʝʪʠʪʦʨʦʚ. ʋ ʢʣʠʝʥʪʦʚ ʥʝ ʚʩʝʛʜʘ ʙʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʚʨʝʤʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʡ ʚ 

ʦʬʠʩʝ ʢʦʤʧʘʥʠʠ, ʧʦʵʪʦʤʫ ʢʦʤʧʘʥʠʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʙʳ ʧʦʤʦʛ 
ʝʡ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʦʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʜʝʡʩʪ-
ʚʫʶʱʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʢʦʤʧʘʥʠʠ ʠ ʨʘʩʰʠʨʠʪ ʨʳʥʦʢ ʧʨʝʜʣʘʛʘʝʤʳʭ ʫʩʣʫʛ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʛʨʘʤʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʫʜʘʣʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 
ʟʘ ʩʯʝʪ: ʚʠʜʝʦʪʨʘʥʩʣʷʮʠʠ, ʪʨʘʥʩʣʷʮʠʠ ʧʨʝʟʝʥʪʘʮʠʠ, ʧʨʦʚʝʜʝʥʠʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʥʫʪʨʠ ʧʨʦʛʨʘʤʤʳ ʠ 

ʜʨʫʛʦʡ ʬʫʥʢʮʠʦʥʘʣ, ʢʦʪʦʨʳʡ ʪʝʩʥʦ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʥʦ ʜʣʷ ʧʦʣʥʦ-
ʮʝʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʦʥʠ ʪʨʝʙʫʝʪʩʷ. ʊʘʢʠʤʠ ʟʘʜʘʯʘʤʠ ʷʚʣʷʶʪʩʷ: ʘʚʪʦʨʠʟʘʮʠʷ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, 

ʩʦʟʜʘʥʠʝ ʛʨʫʧʧʦʚʳʭ ʠ ʣʠʯʥʳʭ ʟʘʥʷʪʠʡ, ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ 
ʢʣʠʝʥʪ. 

ʇʨʠʣʦʞʝʥʠʝ ʙʫʜʝʪ ʠʤʝʪʴ ʜʚʫʭʟʚʝʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʨʠʩ. 1). 



33 

 

ʈʠʩ. 1. ɼʚʫʭʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ 
 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʫʜʘʣʝʥʥʦʝ ʦʙʫʯʝʥʠʝ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ï ʧʨʠʣʦʞʝ-

ʥʠʷ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʫʜʦʙʥʦʛʦ, ʢʨʦʩʩʧʣʘʪʬʦʨ-

ʤʝʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʜʘʣʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʟʥʘʯʝʥʠʷ: ʚʠʜʝʦ-ʘʫʜʠʦ ʪʨʘʥʩʣʷʮʠʷ, ʩʦʭʨʘʥʝʥʠʝ ʚʠʜʝʦ-ʘʫʜʠʦ ʪʨʘʥʩʣʷʮʠʠ, 

ʜʝʤʦʥʩʪʨʘʮʠʷ ʧʨʝʟʝʥʪʘʮʠʠ, ʪʝʩʪʠʨʦʚʘʥʠʝ, ʩʦʟʜʘʥʠʝ ʪʝʩʪʦʚ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʥʘʟʥʘʯʝʥʠʝ: ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʨʘʟʜʝʣʝʥʠʝ ʧʨʘʚ. 

ʊʨʝʙʦʚʘʥʠʝ ʢ ʥʘʜʝʞʥʦʩʪʠ. ʈʝʛʠʩʪʨʘʮʠʷ ʣʠʮʝʥʟʠʠ BSD. ʂʣʠʝʥʪ, ʩʪʘʙʠʣʴʥʘʷ ʠ ʙʳʩʪʨʘʷ ʨʘʙʦʪʘ ʥʘ 

ʧʣʘʪʬʦʨʤʘʭ mobile: Android, çIOSè. PowerPC: Windows (NT 7 ʠʥʦʚʝʝ), GNU\Linux (RHEL, Debian, 

Arch), OSX (10.6 ʠʥʦʚʝʝ). ʉʝʨʚʝʨ, ʩʪʘʙʠʣʴʥʘʷʨʘʙʦʪʘʥʘʧʣʘʪʬʦʨʤʝ GNU\Linux (RHEL, Debian, Arch), 

Windows (server 2012, server 2016). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ɹɼ ʠ ʩʝʨʚʝʨʦʤ, ʬʠʣʴʪʨʘʮʠʷ ʪʨʘʬʠ-

ʢʘ, ʜʣʷ ʧʦʜʲʝʤʘ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪʩʷ ʨʘʙʦʪʘ ʩʝʨʚʝʨ ɹɼ, ʟʘʧʫʩʢ ʩʝʨʚʝʨʘ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʣʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ C++, Qt5, QML, SQLite, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʙʠʙʣʠʦʪʝʢʘ OpenCV ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦ ʠ ʚʠʜʝʦ-ʟʘʭʚʘʪʘ. ɻʣʘʚʥʘʷ ʬʦʨʤʘ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ C++, Qt5, MySQL. 

ʆʙʱʘʷ ʩʭʝʤʘ ʜʚʫʭʟʚʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 
 

 

ʈʠʩ. 2. ʆʙʱʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʣʦʞʝʥʠʷ 
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ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ. ʉ++ ï ʙʳʣ ʚʳʙʨʘʥ ʠʩʭʦʜʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ: 

ʦʧʪʠʤʠʟʘʮʠʷ, ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ. Qt5 ï ʤʦʱʥʳʡ ʬʨʝʡʤʚʦʨʢ, ʢʦ-

ʪʦʨʳʡ ʦʧʪʠʤʠʟʠʨʫʝʪ ʠ ʤʦʜʝʨʥʠʟʠʨʫʝʪ ʉ++. QML ï ʷʟʳʢ ʠʥʪʝʨʬʝʡʩʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ JavaScript, 

ʷʚʣ̫ʝʪʩʷ ʯʘʩʪʴʶ Qt Quick. SQLite ï ʧʨʦʩʪʘʷ ʚʩʪʨʘʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʢʦ-

ʪʦʨʘʷ ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʘʢ ʥʘ ʤʦʙʠʣʴʥʳʭ, ʪʘʢ ʠ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʣʘʪʬʦʨʤʘʭ. MySQL ï ʨʝʣ̫-

ʮʠʦʥʥʘʷ ʉʋɹɼ, ʷʚʣʷʝʪʩʷ ʚʨʝʤʝʥʥʳʤ ʨʝʰʝʥʠʝʤ, ʟʘ ʩʯʝʪ ʧʨʦʩʪʦʪʳ, ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ ʠ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʟʘʤʝʥʝʥʘ ʥʘ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ. 

Qt ï ʧʦʣʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫ-

ʣʝʡ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ: [1] 

¶  ʧʦʜʜʝʨʞʢʫ ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝʬʦʨʤʘʪʘ XML  (extensible Markup Language); 

¶ STL-ʩʦʚʤʝʩʪʠʤʫʶ ʙʠʙʣʠʦʪʝʢʫ ʢʦʥʪʝʡʥʝʨʦʚ; 

¶  ʧʦʜʜʝʨʞʢʫ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ; 

¶  ʢʣʘʩʩʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʝʪʴʶ; 

¶ ʧʦʜʜʝʨʞʢʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʧʦʜʜʝʨʞʢʫ Oracle, Microsoft SQL 

Server, IBM DB2, MySQL, SQLite, Sybase; 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʣʶʙʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʦʛʨʘʤʤʠʩʪ ʩʦʟʜʘʝʪ ʧʨʦʝʢʪʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʪʝʢʩʪʦʚʳʝ ʦʧʠʩʘʥʠʷ, ʜʠʘʛʨʘʤʤʳ ʠ ʤʦʜʝʣʠ ʙʫʜʫʱʝʡ ʧʨʦʛʨʘʤʤʳ. ɼʣʷ ʵʪʦʛʦ ʥʘʤ 

ʦʪʣʠʯʥʦ ʧʦʤʦʛʘʝʪ ʷʟʳʢ UML. ʅʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ UML ʩʪʨʦʠʪʩʷ ʝʜʠʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦ-

ʜʝʣʴ ʧʨʠʣʦʞʝʥʠʷ (ʨʠʩ.3, ʨʠʩ. 4, ʨʠʩ. 5). 

 

 

ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
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ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ çɸʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝè 
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ʈʠʩ. 5. ɼʠʘʛʨʘʤʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ çɺʠʜʝʦʪʨʘʥʩʣʷʮʠʷè 
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ʈʠʩ. 6. ɼʠʘʛʨʘʤʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ çɼʦʙʘʚʣʝʥʠʝ ʥʦʚʦʩʪʝʡ ï ʥʦʚʦʩʪʥʘʷ ʣʝʥʪʘè 

 

 

 

ʈʠʩ. 7. ɻʣʘʚʥʘʷ ʬʦʨʤʘ ʧʨʠʣʦʞʝʥʠʷ 
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ʃʠʪʝʨʘʪʫʨʘ 

1. ʐʣʝʝ ʄ.ɽ. Qt5.3. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ C++. ʉʇʙ., 2015. 

 

 
ʋɼʂ 519.876.5 

ʅ.ʇ. ɼʤʠʪʨʠʝʚ 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʈ.ʕ. ʄʘʤʝʜʣʠ 

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɹʓʉʊʈʆɼɽʁʉʊɺʀʗ ɼɽʁʉʊɺʀʊɽʃʔʅʓʍ  
ɼɺɸɾɼʓ ɼʀʌʌɽʈɽʅʎʀʈʋɽʄʓʍ ʌʋʅʂʎʀʁ ʉ ʆɻʈɸʅʀʏɽʅʀʗʄʀ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʟʘʤʝʪʢʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʮʝʥʢʠ ʙʳʩʪʨʦʜʝʡ-

ʩʪʚʠʷ ʥʘ ʢʣʘʩʩʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ 

ʥʘ ʥʦʨʤʳ ʩʘʤʦʡ ʬʫʥʢʮʠʠ ʠ ʝʝ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʳʭ. ʇʦ ʟʘʜʘʥʥʦʡ ʪʨʦʡʢʝ ʯʠʩʝʣ, ʚʳʨʘ-

ʞʘʁʱʝʡ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʥʦʨʤʳ ʬʫʥʢʮʠʠ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʦʚ, ʤʦʜʝʣʠ-

ʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʥʘ ʟʘʜʘʥʥʦʤ ʦʪʨʝʟʢʝ. 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʝʪʦʜʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʡ ʚ ʤʘ-

ʪʝʤʘʪʠʢʝ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʷʜʘ ʜʠʩʮʠʧʣʠʥ ʧʦ ʮʠʢʣʫ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʬʫʥʢʮʠʠ; ʥʝʨʘʚʝʥʩʪʚʦ ɸʜʘʤʘʨʘ; ʪʝʦʨʝʤʘ ʩʨʘʚʥʝʥʠʷ ʂʦʣ-

ʤʦʛʦʨʦʚʘ; ʠʜʝʘʣʴʥʳʝ ʩʧʣʘʡʥʳ ʕʡʣʝʨʘ; ʢʦʥʩʪʘʥʪʳ ʌʘʚʘʨʘ; ʦʮʝʥʢʠ ʥʦʨʤ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʡ ʦʙʲʝʢʪ ʩʦʚʝʨʰʘʝʪ ʜʚʠʞʝʥʠʝ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʷʤʦʣʠʥʝʡʥʦʤ 

ʫʯʘʩʪʢʝ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʤʦʪʦʨʘ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʦʛʨʘʥʠʯʝʥʘ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ 

ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ, ʩʚʷʞʝʤ ʤʦʱʥʦʩʪʴ ʤʦʪʦʨʘ ʩ ʧʨʦʠʟʚʦʜʥʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘʨʷʜʫ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʫʪʠ ʨʘʩʩʤʦʪʨʠʤ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʉʧʨʘʰʠʚʘʝʪʩʷ, ʢʘʢʫʶ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʤʦʞʝʪ ʨʘʟʚʠʪʴ ʵʪʦʪ ʦʙʲʝʢʪ ʥʘ 

ʵʪʦʤ ʦʛʨʘʥʠʯʝʥʥʦʤ ʫʯʘʩʪʢʝ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʨʘʟʛʦʥʥʳʝ ʠ ʪʦʨʤʦʟʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ? 

ʇʫʩʪʴ 
2W  ï ʢʣʘʩʩ ʟʘʜʘʥʥʳʭ ʥʘ ʚʩʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʠʩʣʦʚʦʡ ʧʨʷʤʦʡ R ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ )(tf  ʩ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʨʳʚʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ )(' tf  ʥʘ ʣʶʙʦʤ ʦʪ-

ʨʝʟʢʝ ʥʘ R ʠʥʦʨʤʦʡ ʬʫʥʢʮʠʠ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ: 

)()(sup,)(sup,)(sup '''''' ¤<<-¤=== ttfessftfftff . 

ʆʙʦʟʥʘʯʠʤ: 
''' ,, fKfLfM === . 

ɿʘʜʘʯʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʬʫʥʢʮʠʡ ʠʟʫʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢʘʭ, ʚ ʪ.ʯ. ʚ ʪʝʦ-

ʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʪʝʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʪ. ʜ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʚʘʨʠʘʥʪ ʵʪʦʡ ʟʘʜʘ-

ʯʠ: ʥʘʡʪʠ ʥʘʠʤʝʥʴʰʠʡ ʧʨʦʤʝʞʫʪʦʢtʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ t, ʥʘ ʢʦʪʦʨʦʤ ʬʫʥʢʮʠʷ)(tf  ʧʝʨʝʭʦʜʠʪ 

ʩ ʫʨʦʚʥʷïʄ ʥʘ ʫʨʦʚʝʥʴ ʄ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʥʦʨʤʳ ʩʘʤʦʡ ʬʫʥʢʮʠʠ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʦʡ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ: 

KfMf ¢¢ ''
. 

ɺ ʪʝʦʨʠʠ ʧʨʠʙʣʠʞʝʥʠʷ ʬʫʥʢʮʠʡ ʜʘʚʥʦ ʠʟʚʝʩʪʥʦ ʥʝʨʘʚʝʥʩʪʚʦ ɸʜʘʤʘʨʘ [3], ʩʚʷʟʳʚʘʶʱʝʝ 

ʯʠʩʣʘ M, L, K: 

MKL 2¢ . (1) 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚ [2] ʧʦʣʫʯʠʣ ʪʦʯʥʳʝ ʦʮʝʥʢʠ ʥʦʨʤ ʧʨʦʤʝʞʫʪʦʯ-

ʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ ʥʦʨʤʫ ʩʘʤʦʡ 



39 

ʬʫʥʢʮʠʠ ʠ ʝʝ ʩʪʘʨʰʝʡ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ʙʦʣʝʝ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʘ ʠʤʝʥʥʦ: ʝʩʣʠ
rWf Í (r=2, 3, é) ʠ 

ʧʨʠ ʥʝʢʦʪʦʨʦʤ l>0 ʚʳʧʦʣʥʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ: 

1, )( ¢¢ r

rlf jj , 

ʛʜʝ ,...)3,2(),( =rtrlj  ï ʠʜʝʘʣʴʥʳʝ ʩʧʣʘʡʥʳ ʕʡʣʝʨʘ, 

)2,1,0()(
1

)( == rltf
l

t rrrlj ,   ä
¤

=
++

++
=

0
1)12(

)2/)12sin((4
)(

k
rr

k

rtk
tf

p

p
, (2) 

ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʯʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ: 

lkr

kf ,

)(

-¢j )1,...,2,1( -= rk . 

ʇʨʠ ʵʪʦʤ 

,...)2,1()()( 1

'
== - rtftf rr , 

ʘ ʪʘʢʞʝ 

,...)2,1()()( ,1

'
== - rtt lrrl jj . (3) 

ʈʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ ʬʫʥʢʮʠʶ 

)()( 222 ltf
l

ʂ
tl =j . (4) 

ʇʘʨʘʤʝʪʨ l ʚ ʬʦʨʤʫʣʝ (4) ʚʩʝʛʜʘ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʨʘʚʝʥʩʪʚʦ 

Mf
l

ʂ
l == 222j . (5) 

ɺ ʩʘʤʦʤ ʜʝʣʝ, ʥʦʨʤʳ ʠʜʝʘʣʴʥʳʭ ʩʧʣʘʡʥʦʚ ʕʡʣʝʨʘ ʨʘʚʥʳ 

),...2,1,0(
)12(

)1(4

0
1

)1(

=
+

-
== ä

¤

=
+

+

r
j

fK
j

r

rj

rr
p

. 

ɺ ʯʘʩʪʥʦʩʪʠ,  

8
,

2
,1

2
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pp
=== KKK . 

ʕʪʠ ʯʠʩʣʘ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʢʦʥʩʪʘʥʪʘʤʠ ʌʘʚʘʨʘ. 

ʀʟ ʨʘʚʝʥʩʪʚ 

M
l

ʂ
K

l

ʂ
f

l

ʂ
l ====

2

2

22222
8

p
j  

ʧʦʣʫʯʘʝʤ 

M

ʂ
l

22

p
= . 

ʇʦʜʩʪʘʚʣʷʷ ʚ (3), ʠʤʝʝʤ 

)
22

(
8

)( 222 t
M

K
f

M
tl

p

p
j = , (6) 

)
22

(
22

)( 11 t
M

K
f

MK
tl

p

p
j = ,

   

)
22

()( 00 t
M

K
fKtl

p
j = . 

ʅʦʨʤʳ ʵʪʠʭ ʬʫʥʢʮʠʡ ʨʘʚʥʳ: 

Ml =2j , 

== 11

22
f

MK
l

p
j ʄʂ

MK
2

2

22
=
p

p
, 

ʂfKl == 00j . 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʩʧʣʘʡʥʝ )(2 tlj ʨʝʘʣʠʟʫʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʚ ʥʝʨʘʚʝʥʩʪʚʝ (1). ɿʥʘʯʠʪ, ʜʦʩʪʠʛʘ-

ʝʪʩʷ ʠ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʳ ʧʨʦʠʟʚʦʜʥʦʡ ʬʫʥʢʮʠʠ 
2)( Wtf Í . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ: 

MKtf ll

Rt

2)(sup 1

'

2

' ===
Í

jj . 

ʅʘʧʦʤʥʠʤ [2], ʯʪʦ ʪʨʦʡʢʘ ʯʠʩʝʣ (M, L, ʂ) ʜʦʧʫʩʪʠʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʠ 
2)( Wtf Í , ʝʩ-

ʣʠ ʵʪʠ ʯʠʩʣʘ ʩʚʷʟʘʥʳ ʥʝʨʘʚʝʥʩʪʚʦʤ (1). ɸ ʠʤʝʥʥʦ 

MKL 2¢ , 

ʛʜʝ KfLfMf === ''' ,, . 

ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ ʩʣʫʯʘʷ: MKL 2= , MKL 2> , MKL 2< . 

1) ʇʫʩʪʴ MKL 2= . ʊʦʛʜʘ ʥʘʠʤʝʥʴʰʠʡ ʧʝʨʠʦʜ t ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʘ ʣʝʛʢʦ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʠʟ (6) c ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ ʩʨʘʚʥʝʥʠʷ [1]. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʬʫʥʢʮʠʠ )(2 tf  ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʦʯʢʝ t = 0, ʘ ʥʘʠʙʦʣʴʰʝʝ ʚ ʪʦʯʢʝ p=t . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʞʘʪʠʷ (ʨʘʩʪʷʞʝʥʠʷ) l ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʥʠʞʥʶʶ ʦʮʝʥʢʫ ʧʝʨʠʦʜʘ ʙʳʩʪʨʦʜʝʡ-
ʩʪʚʠʷ: 

K

M2
2=t . (7) 

2) ʇʫʩʪʴ MKL 2> . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʨʘʥʠʮʘ L ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʡ )(' tf  ʥʝʜʦʩʪʠ-

ʞʠʤʘ, ʘ ʟʥʘʯʠʪ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʨʘʚʝʥʩʪʚʦʤ ɸʜʘʤʘʨʘ ʦʮʝʥʢʘ ʧʝʨʠʦʜʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʦʩʪʘʝʪʩʷ 

ʧʨʝʞʥʝʡ, ʪ. ʝ. ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (7). 

3) ʇʫʩʪʴ ʪʝʧʝʨʴMKL 2< . ʗʩʥʦ, ʯʪʦ ʪʘʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʡ ʧʨʠʚʝ-

ʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʝʨʠʦʜʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʜʣʠʥʳ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʨʘʩ-
ʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʬʫʥʢʮʠʶ ʩʨʘʚʥʝʥʠʷ 

)2,1,0()()( == rlts
l

K
t rrrly , (8) 

ʛʜʝ ʩʧʣʘʡʥ )2,1,0()( =rltsr  ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢ: 
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ʇʘʨʘʤʝʪʨʳ q ʠ t ʥʘʭʦʜʷʪʩʷ ʠʟ ʫʩʣʦʚʠʡ ʛʣʘʜʢʦʩʪʠ ʩʧʣʘʡʥʘ ʜʝʬʝʢʪʘ 1, ʪ.ʝ. ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

)(2 ts  ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʡ )(1 ts : 

22
,

2 t
q

q
q LLMKLK -=-= . 

ʀʟ ʵʪʠʭ ʨʘʚʝʥʩʪʚ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʦʮʝʥʢʫ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʘ 
2)( Wtf Í : 

LK

MKL 22+
=t . (11) 



41 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʷʭ 1) ʠ 2), ʪ.ʝ. ʢʦʛʜʘMKL 2² , ʦʮʝʥʢʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ (11) ʧʝʨʝʭʦ-

ʜʠʪ ʚ ʨʘʥʝʝ ʥʘʡʜʝʥʥʫʶ ʦʮʝʥʢʫ (7). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʜʦʩ-

ʪʠʛʘʝʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʤʝʞʫʪʢʘ (-M, M). 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʚ ʩʣʫʯʘʝ 3), ʪ.ʝ. ʢʦʛʜʘ MKL 2< , ʥʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʫʱʝʛʦʩʷ 

ʦʙʲʝʢʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ )2/,2/( 22 KLKL- . 

ʇʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʨʝʘʣʠʟʫʶʱʘʷ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ 

ʪʘʢ: 

 

double Teta = L / K; 

double Tau = (L * L + 2 * M * K) / (L * K); 

 

for (double t = 0; t <= Tau; t+=0.5) 

{  

double y = 0, r = 0; 

if (t <= Teta) 

 {  

 y = K * t * t / 2 ï M; 

 r = K * t; 

 }  

if ((t > Teta) && (t < Tau ï Teta)) 

 {  

 y = L * (t ï Tau / 2); 

 r = L; 

 }   

if ((t >= Tau ï Teta) && (t <= Tau)) 

 {  

 y = M ï K * (t  ï Tau) * (t ï Tau) / 2; 

 r = -K * (t  ï Tau); 

 }  

 s.Points.AddXY(t, y+M); 

 v.Points.AddXY(t, r); 

}  
 

ʇʨʠʚʝʜʝʥʳ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘ-

ʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

  
a) K = 60, M = 1000, L = 100 b) K = 25, M = 10000, L = 150 

ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ 
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ʉ.ʉ. ɽʛʦʨʦʚ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʃʕʊʀè 

ɺ.ɺ. ʐʠʨʦʢʦʚ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʃʕʊʀè 

ʄ.ɸ. ʑʠʛʦʣʝʚʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʃʕʊʀè 

ʄɽʊʆɼʀʂɸ ʀɿʋʏɽʅʀʗ ʊɽʍʅʆʃʆɻʀʀ ʇɸʈɸʃʃɽʃʔʅʆɻʆ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 
ɺ ɼʀʉʎʀʇʃʀʅɸʍ çʆʇɽʈɸʎʀʆʅʅʓɽ ʉʀʉʊɽʄʓè  

ʀ çʆɹʒɽʂʊʅʆ-ʆʈʀɽʅʊʀʈʆɺɸʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽè 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʜʣʷ ʦʩʚʦʝʥʠʷ ʩʨʝʜʩʪʚ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʂ ʧʝʨʝʯʠʩʣʝʥʥʳʤ 

ʩʨʝʜʩʪʚʘʤ ʦʪʥʝʩʝʥʳ ʩʦʧʨʦʛʨʘʤʤʳ, ʧʦʪʦʢʠ, ʤʴʶʪʝʢʩʳ, ʥʝʠʤʝʥʦʚʘʥʥʳʝ ʩʝʤʘʬʦʨʳ ʠ ʢʘʥʘʣʳ, ʫʩʣʦʚ-

ʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʧʨʦʮʝʩʩʳ, ʠʤʝʥʦʚʘʥʥʳʝ ʩʝʤʘʬʦʨʳ ʠ ʢʘʥʘʣʳ, ʨʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ, ʦʯʝʨʝʜʠ ʩʦʦʙ-

ʱʝʥʠʡ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 09.03.02 

çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠè ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 090301.65 çʂʦʤʧʴʶ-

ʪʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦ-

ʩʳ ʧʨʠʤʝʥʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʩʠʩʪʝʤ, ʨʝʘʣʠʟʫʝʤʳʭ ʩʨʝʜʩʪʚʘʤʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʚ ʜʠʩʮʠʧʣʠʥʝ çʆʙʲ-

ʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʧʨʦʛʨʘʤʤʳ; ʧʦʪʦʢʠ; ʤʴʶʪʝʢʩʳ; ʥʝʠʤʝʥʦʚʘʥʥʳʝ ʩʝʤʘʬʦʨʳ ʠ ʢʘʥʘʣʳ; ʫʩ-

ʣʦʚʥʳʝ ʧʝʨʝʤʝʥʥʳʝ; ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ; ʢʣʘʩʩʳ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ; ʩʠʥʭʨʦʥʠ-

ʟʘʮʠʠ ʠ ʤʥʦʛʦʟʘʜʘʯʥʦʩʪʠ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʩʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʛʨʘʤʤ [1, ʩ. 111]. ʋʤʝʥʠʝ ʩʦʟʜʘʚʘʪʴ ʧʨʦ-

ʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʧʦʪʦʢʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʪʨʝʙʫʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʤʫ ʩʧʝʮʠʘʣʠʩʪʫ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ. ʇʦʣʫʯʝʥʠʝ ʥʘʯʘʣʴʥʳʭ 

ʟʥʘʥʠʡ ʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʟʣʘʛʘʝʪʩʷ ʥʘ ʜʠʩʮʠʧʣʠʥʫ çʆʧʝʨʘʮʠʦʥ-

ʥʳʝ ʩʠʩʪʝʤʳè. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʜʠʩʮʠʧʣʠʥʳ 

çʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʫʯʘʱʝʤʫʩʷ ʧʨʠʦʙʨʝʩʪʠ ʥʘʚʳʢʠ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʜʠʩʮʠʧʣʠʥʳ çʆʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʩ ʠʟʫʯʝʥʠʝʤ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʩʨʝʜʩʪʚ ʨʝʘʣʠʟʘʮʠʠ ʤʫʣʴʪʠ-

ʟʘʜʘʯʥʳʭ ʠ ʤʫʣʴʪʠʧʦʪʦʯʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʥʷʪʠʷʭ ʚ ʢʫʨʩʘʭ ʦʙʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥʘʤ çʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè ʠ çʆʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʚʳʩʪʨʦʝʥʘ ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʫʯʝʙ-

ʥʳʭ ʜʠʩʮʠʧʣʠʥ ʩ ʟʘʢʨʝʧʣʝʥʠʝʤ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʝʪʝʥʮʠʡ ʦʙʫʯʘʝʤʳʭ. 
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ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ ʠʟʫʯʝʥʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʧʦʥʷʪʠʝʤ ʩʦ-

ʧʨʦʛʨʘʤʤ. ʉʦʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʦʪ ʦʜʥʦʛʦ ʫʯʘʩʪʢʘ 

ʢʦʜʘ ʢ ʜʨʫʛʦʤʫ, ʧʦʟʚʦʣʷʶʱʠʡ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʘʨʘʣʣʝʣʠʟʤ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʠʤʝʝʪ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴ-
ʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʚʳʪʝʩʥʷʶʱʝʡ ʤʥʦʛʦʟʘʜʘʯʥʦ-

ʩʪʠ. ʉʦʧʨʦʛʨʘʤʤʳ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʝʤʝʡʩʪʚʘ Windows ʩʨʝʜʩʪʚʦʤ, ʢʦ-
ʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ çʬʠʙʝʨʳè [2, ʩ. 1]. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪʘʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ 

ʧʨʠʣʦʞʝʥʠʝ, ʨʝʘʣʠʟʫʶʱʝʝ ʤʝʭʘʥʠʟʤ ʩʦʧʨʦʛʨʘʤʤ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Linux, ʩ ʧʦʤʦʱʴʶ ʩʠʩ-
ʪʝʤʥʳʭ ʚʳʟʦʚʦʚ makecontext() ʠ swapcontext(), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʫ POSIX [3, ʩ. 1]. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚ ʠʟʫʯʝʥʠʠ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʣʘʙʦ-
ʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʩʦʟʜʘʥʠʶ ʠ ʫʥʠʯʪʦʞʝʥʠʶ ʧʦʪʦʢʦʚ. ʋʯʘʱʠʝʩʷ ʟʥʘʢʦʤʷʪʩʷ ʩ ʙʘʟʦʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ ʤʥʦʛʦʧʦʪʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ ʩ ʩʠʩʪʝʤʥʳʤʠ ʚʳʟʦʚʘʤʠ ʩʪʘʥʜʘʨʪʘ POSIX, ʦʙʝʩʧʝʯʠ-
ʚʘʶʱʠʤʠ ʩʦʟʜʘʥʠʝ, ʟʘʚʝʨʰʝʥʠʝ ʠ ʦʞʠʜʘʥʠʝ ʟʘʚʝʨʰʝʥʠʷ ʧʦʪʦʢʦʚ, ʘ ʠʤʝʥʥʦ, pthread_create(), 

pthread_exit(), pthread_cancel(), pthread_join(). 
ʇʦʪʦʢʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ, ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʥʝ ʭʘʨʘʢ-

ʪʝʨʥʦ ʜʣʷ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʧʨʦʛʨʘʤʤ [4, ʩ. 261]. ʇʦʵʪʦʤʫ ʚ ʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ ʫʯʘʱʠʝʩʷ ʟʥʘʢʦʤʷʪʩʷ 
ʩ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ, ʘ ʠʤʝʥʥʦ, ʩ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʧʦʪʦʢʦʚ ʥʘ ʦʩʥʦʚʝ ʤʴʶ-

ʪʝʢʩʦʚ ʠ ʥʝʠʤʝʥʦʚʘʥʥʳʭ ʩʝʤʘʬʦʨʦʚ. ʋʯʘʱʠʝʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʦʩʚʘʠʚʘʶʪ ʧʦʥʷʪʠʷ çʢʨʠʪʠʯʝʩʢʠʡ ʨʝ-
ʩʫʨʩè, çʢʨʠʪʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢè ʠ çʚʟʘʠʤʥʦʝ ʠʩʢʣʶʯʝʥʠʝè. 

ɺʘʨʠʘʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʪʦʢʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʜʘʥʥʳʤʠ, ʠʟʫʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶ-

ʱʝʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʩʪʚʘ, ʥʘʟʳʚʘʝʤʦʛʦ çʥʝʠʤʝʥʦʚʘʥʥʳʡ ʢʘʥʘʣè. ɿʜʝʩʴ ʫʯʘ-
ʱʠʝʩʷ ʩʦʟʜʘʶʪ ʤʥʦʛʦʧʦʪʦʯʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʚ ʢʦʪʦʨʦʡ ʦʜʥʠ ʧʦʪʦʢʠ ʧʠʰʫʪ ʜʘʥʥʳʝ ʚ ʢʘʥʘʣ, ʘ ʜʨʫʛʠʝ 

ʧʦʪʦʢʠ ʩʯʠʪʳʚʘʶʪ ʜʘʥʥʳʝ ʠʟ ʢʘʥʘʣʘ. ɺʘʞʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ, 
ʧʨʠ ʢʦʪʦʨʳʭ ʥʝ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʟʘʧʠʩʴ ʚ ʟʘʧʦʣʥʝʥʥʳʡ ʢʘʥʘʣ ʠ ʯʪʝʥʠʝ ʠʟ ʧʫʩʪʦʛʦ ʢʘʥʘʣʘ. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʨʘʙʦʪʳ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʦʤʫ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʚ 
ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʨʘʙʦʪ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʙʣʦʢʠʨʫʶʱʠʭ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ, ʟʘʧʠʩʠ, 

ʦʞʠʜʘʥʠʷ. ɹʣʦʢʠʨʫʶʱʠʝ ʦʧʝʨʘʮʠʠ ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʚʳʧʦʣʥʝʥʠʝ ʧʦʪʦʢʘ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʝʤʫ ʦʪʩʣʝ-
ʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ [5, ʩ. 1]. ɼʣʷ ʤʴʶʪʝʢʩʦʚ ʥʝʙʣʦʢʠʨʫʶʱʝʡ ʦʧʝʨʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʚʭʦʜ ʚ 

ʢʨʠʪʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ ʩ ʧʦʤʦʱʴʶ ʚʳʟʦʚʦʚ pthread_mutex_trylock() ʠʣʠ pthread_mutex_timedlock(). 
ɼʣʷ ʩʝʤʘʬʦʨʦʚ ʥʝʙʣʦʢʠʨʫʶʱʠʤʠ ʦʧʝʨʘʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʚʳʟʦʚʳsem_trywait() ʠ sem_timedwait(). 

ɼʣʷ ʧʝʨʝʚʦʜʘ ʢʘʥʘʣʘ ʚ ʨʝʞʠʤ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ ʙʝʟ ʙʣʦʢʠʨʦʚʦʢ ʩʣʝʜʫʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʠʩʪʝʤʥʳʤ 
ʚʳʟʦʚʦʤ fcntl(), ʧʦʟʚʦʣʷʶʱʠʤ ʫʩʪʘʥʦʚʠʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʬʣʘʛ O_NONBLOCK ʜʝʩʢʨʠʧʪʦʨʫ ʢʘʥʘʣʘ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʝʠʤʝʥʦ-
ʚʘʥʥʳʤ ʢʘʥʘʣʦʤ, ʩʢʨʳʚʘʝʪ ʚʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʵʪʦʛʦ ʢʘʥʘʣʘ ʢʘʢ ʙʫʬʝʨʘ ʩ ʤʝʭʘʥʠʟʤʘʤʠ ʩʠʥ-

ʭʨʦʥʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʚ ʥʘʙʦʨ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʚʢʣʶʯʝʥʦ ʟʘʜʘʥʠʝ ʧʦ ʩʦʟʜʘʥʠʶ ʙʫʬʝʨʘ ʥʘ ʧʦʣʴ-
ʟʦʚʘʪʝʣʴʩʢʦʤ ʫʨʦʚʥʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʯʘʱʠʡʩʷ ʟʘʢʨʝʧʣʷʝʪ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʤʴʶʪʝʢʩʘʤʠ ʠ ʧʦʣʫʯʘ-

ʝʪ ʥʦʚʳʝ ʟʥʘʥʠʷ ʦʙ ʝʱʝ ʦʜʥʦʤ ʤʝʭʘʥʠʟʤʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ï ʫʩʣʦʚʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʇʦʪʦʢʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ, ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʛʨʘʤʤʳ, ʚ ʢʦʪʦʨʳʭ ʥʝʩʢʦʣʴʢʦ ʬʫʥʢ-
ʮʠʡ ʚʳʧʦʣʥʷʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ. ɹʦʣʝʝ ʩʣʦʞʥʳʤ ʩʣʫʯʘʝʤ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʘʤʠ ʧʨʦ-

ʛʨʘʤʤʳ ʚʳʧʦʣʥʷʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʘʢʠʤ ʩʨʝʜʩʪʚʘʤ ʧʦʩʚʷʱʝʥʘ 
ʚʪʦʨʘʷ ʯʘʩʪʴ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 

ʉʥʘʯʘʣʘ ʩʪʫʜʝʥʪʳ ʫʯʘʪʩʷ ʩʦʟʜʘʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ï ʧʨʦʮʝʩʩʳ. ʕʪʦ ʦʥʠ 
ʜʦʣʞʥʳ ʜʝʣʘʪʴ, ʧʨʦʛʨʘʤʤʠʨʫʷ ʩʦʟʜʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩ ʧʦʤʦʱʴʶ ʙʘʟʦʚʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʚʳʟʦʚʘ fork(). 

ʋʢʘʟʘʥʥʳʡ ʚʳʟʦʚ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʡ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩʧʦʩʦʙʦʤ ʧʦʠʩʢʘ 
ʟʘʧʫʩʢʘʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʚ ʢʘʪʘʣʦʛʘʭ, ʩʧʦʩʦʙʦʤ ʧʝʨʝʜʘʯʠ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʛʨʘʤʤʫ ʠ ʫʯʝʪʦʤ ʧʝʨʝ-

ʤʝʥʥʳʭ ʦʢʨʫʞʝʥʠʷ. ʉʦ ʚʩʝʤʠ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʫʯʘʱʠʤʩʷ. 
ʇʘʨʘʣʣʝʣʴʥʦ ʚʳʧʦʣʥʷʶʱʠʝʩʷ ʧʨʦʛʨʘʤʤʳ ï ʧʨʦʮʝʩʩʳ, ʪʘʢʞʝ, ʢʘʢ ʠ ʧʘʨʘʣʣʝʣʴʥʦ ʚʳʧʦʣʥʷʶ-

ʱʠʝʩʷ ʧʨʦʮʝʜʫʨʳ ï ʧʦʪʦʢʠ, ʠʩʧʦʣʴʟʫʶʪ ʤʝʭʘʥʠʟʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. 
ʇʦʵʪʦʤʫ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʦʟʥʘʢʦʤ-

ʣʝʥʠʝ ʫʯʘʱʠʭʩʷ ʩ ʠʤʝʥʦʚʘʥʥʳʤʠ ʩʝʤʘʬʦʨʘʤʠ. ʇʦʩʨʝʜʩʪʚʦʤ ʠʤʝʥʠ, ʮʝʧʦʯʢʠ ʩʠʤʚʦʣʦʚ, ʢʘʞʜʘʷ 
ʧʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʪʠʪʴʩʷ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʩʝʤʘʬʦʨʫ, ʯʪʦ ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝ-

ʯʠʪʴ ʦʙʨʘʱʝʥʠʝ ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʢʨʠʪʠʯʝʩʢʦʤʫ ʨʝʩʫʨʩʫ. 
ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʉʪʫʜʝʥʪʘʤ 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ï ʨʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ, ʠʤʝʥʦʚʘʥʥʳʝ ʢʘʥʘʣʳ ʠ 

ʦʯʝʨʝʜʠ ʩʦʦʙʱʝʥʠʡ. ʂʘʞʜʦʤʫ ʠʟ ʵʪʠʭ ʩʨʝʜʩʪʚ ʧʦʩʚʷʱʝʥʘ ʦʪʜʝʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ. 
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ɺ ʨʘʙʦʪʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʦʙʤʝʥʫ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʯʝʨʝʟ ʨʘʟʜʝʣʷʝʤʫʶ ʧʘʤʷʪʴ, ʩʪʫ-

ʜʝʥʪʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʫʯʘʩʪʦʢ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠ-

ʧʘ ʠ ʩʦʟʜʘʪʴ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʝ ʧʨʦʛʨʘʤʤʳ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʧʠʰʝʪ ʜʘʥʥʳʝ, ʘ ʚʪʦʨʘʷ ï 
ʠʭ ʯʠʪʘʝʪ. ʈʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ ʢʘʢ ʩʨʝʜʩʪʚʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, 

ʥʦ ʥʝ ʦʙʣʘʜʘʝʪ ʩʨʝʜʩʪʚʘʤʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʩʪʫʜʝʥʪʘʤ ʚʥʦʚʴ ʧʨʠʜʝʪʩʷ ʦʙʨʘʪʠʪʴʩʷ ʢ ʠʤʝ-
ʥʦʚʘʥʥʳʤ ʩʝʤʘʬʦʨʘʤ. 

ɺʩʪʨʦʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʦʙʣʘʜʘʶʪ 

ʠʤʝʥʦʚʘʥʥʳʝ ʢʘʥʘʣʳ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʠʤʝʥʦʚʘʥʥʳʭ ʩʝʤʘʬʦʨʘʭ, ʟʘ ʩʯʝʪ ʫʥʠʢʘʣʴʥʦʛʦ ʠʤʝʥʠ ï ʮʝ-

ʧʦʯʢʠ ʩʠʤʚʦʣʦʚ ʜʚʝ ʧʨʦʛʨʘʤʤʳ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʪʠʪʴʩʷ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʢʘʥʘʣʫ. ʊʘʢ 

ʞʝ, ʢʘʢ ʠ ʚ ʥʝʠʤʝʥʦʚʘʥʥʳʭ ʢʘʥʘʣʘʭ ʧʨʦʛʨʘʤʤʳ ʥʝ ʤʦʛʫʪ ʟʘʧʠʩʳʚʘʪʴ ʜʘʥʥʳʝ ʚ ʟʘʧʦʣʥʝʥʥʳʡ ʠʤʝ-

ʥʦʚʘʥʥʳʡ ʢʘʥʘʣ ʠ ʯʠʪʘʪʴ ʜʘʥʥʳʝ ʠʟ ʧʫʩʪʦʛʦ ʠʤʝʥʦʚʘʥʥʦʛʦ ʢʘʥʘʣʘ. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʪʫʜʝʥʪʘʤ ʧʨʝʜʩʪʦʠʪ ʧʨʦʚʝʨʠʪʴ ʥʘ ʧʨʘʢʪʠʢʝ. 

ɺʘʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʷʚʣʷʶʪʩʷ ʦʯʝʨʝʜʠ ʩʦʦʙʱʝʥʠʡ. 

ʆʯʝʨʝʜʠ ʩʦʦʙʱʝʥʠʡ ʩʦʜʝʨʞʘʪ ʚʩʪʨʦʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʝʚʦʟʤʦʞ-

ʥʦʩʪʴ ʯʪʝʥʠʷ ʩʦʦʙʱʝʥʠʷ ʠʟ ʧʫʩʪʦʡ ʦʯʝʨʝʜʠ ʠ ʟʘʧʠʩʠ ʩʦʦʙʱʝʥʠʷ ʚ ʧʦʣʥʫʶ ʦʯʝʨʝʜʴ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʩ ʠʤʝʥʦʚʘʥʥʳʤʠ ʢʘʥʘʣʘʤʠ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʠ ʦʪʢʨʳʪʠʠ ʦʯʝʨʝʜʠ ʩʦʦʙʱʝʥʠʡ ʝʡ ʧʝʨʝʜʘʝʪʩʷ 

ʠʤʷ ï ʮʝʧʦʯʢʘ ʩʠʤʚʦʣʦʚ. ʇʦʵʪʦʤʫ ʜʚʘ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʘʶʪ ʫʢʘʟʘʪʝʣʴ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ ʦʯʝʨʝʜʴ ʩʦ-

ʦʙʱʝʥʠʡ. ʆʯʝʨʝʜʴ ʩʦʦʙʱʝʥʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʬʘʡʣʘ, ʚʨʝʤʷ ʞʠʟʥʠ ʢʦʪʦʨʦʛʦ ʥʝ 

ʦʛʨʘʥʠʯʝʥʦ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʧʨʦʮʝʩʩʘ, ʝʛʦ ʩʦʟʜʘʚʰʝʛʦ. 

ɼʣʷ ʠʤʝʥʦʚʘʥʥʳʭ ʢʘʥʘʣʦʚ, ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʠ ʦʯʝʨʝʜʝʡ ʩʦʦʙʱʝʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʠʜʘ 

ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʩʝʤʝʡʩʪʚʘ Linux. ʕʪʦ 

ʠʥʪʝʨʬʝʡʩ POSIX (PortableOperatingSystemInterface) ʠ ʠʥʪʝʨʬʝʡʩ SVID (SystemVInterfaceDefinition), 

ʫʥʘʩʣʝʜʦʚʘʥʥʳʡ ʦʪ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʝʤʝʡʩʪʚʘ UNIX. 

ʉʪʫʜʝʥʪʘʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʬʫʥʢ-

ʮʠʦʥʠʨʫʶʱʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʚʫʤʷ ʫʢʘʟʘʥʥʳʤʠ ʚʠʜʘʤʠ ʠʥʪʝʨʬʝʡʩʦʚ, ʯʪʦ ʨʘʟʥʦʦʙʨʘʟʠʪ ʟʘʜʘʥʠʷ 

ʠ ʨʘʩʰʠʨʷʝʪ ʢʨʫʛʦʟʦʨ ʫʯʘʱʠʭʩʷ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʫʯʘʱʠʝʩʷ ʧʦʣʫʯʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʥʘʚʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɼʣʷ ʫʯʘʱʠʭʩʷ, ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʠʚʰʠʭ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʨʘʙʦʪʳ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ 

ʧʨʦʛʨʘʤʤʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʯʝʨʝʟ ʩʝʪʝʚʦʡ ʠʥʪʝʨʬʝʡʩ ʩʦʢʝʪʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥʠ ʧʦʣʫʯʘʶʪ 

ʥʘʚʳʢʠ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʘʨʭʠʪʝʢʪʫʨʳ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ ʠ ʟʘʢʨʝʧʣʷʶʪ ʥʘʚʳʢʠ ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʇʦ ʦʧʳʪʫ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʝʪʦʜʦʣʦʛʠʯʝ-

ʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʜʠʩʮʠʧʣʠʥʳ çʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè, ʦʪ-

ʨʘʞʘʶʱʘʷ ʥʘʨʘʱʠʚʘʥʠʝ ʩʪʝʧʝʥʠ ʦʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʦʪ ʫʨʦʚʥʷ ʦʟʥʘʢʦʤʣʝʥʠʷ ʜʦ ʩʦʟʜʘʥʠʷ ʫʥʠʚʝʨ-

ʩʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦ ʤʘʪʝʨʠʘʣʫ ʚʩʝʛʦ ʢʫʨʩʘ. ʇʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʧʦ ʨʘʙʦʯʝʡ 

ʧʨʦʛʨʘʤʤʝ ʜʠʩʮʠʧʣʠʥʳ ʦʙʫʯʘʝʤʳʝ ʨʘʩʰʠʨʷʶʪ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʥʘʚʳʢʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʧʦʥʷʪʠʡ ʠ ʤʝʪʦʜʦʚ ʠʭ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩ ʚʳʧʦʣ-

ʥʝʥʠʝʤ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʭ ʟʘʜʘʥʠʡ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʠʟʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʪʫʜʝʥʪʳ ʚʳʧʦʣʥʷʶʪ 

ʪʨʠ ʨʘʟʜʝʣʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʠ ʚʳʭʦʜʷʪ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʟʘʜʘʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ 

ʦʟʥʘʢʦʤʠʪʝʣʴʥʦʛʦ ʨʘʟʜʝʣʘ, ʨʘʟʜʝʣ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤ, ʨʘʟʜʝʣ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʪʝʨ-

ʬʝʡʩʦʚ. ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʟʘʜʘʥʠʠ ʨʝʰʘʝʪʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʘʷ ʟʘʜʘʯʘ ʧʦ-

ʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʘʨʭʠʪʝʢʪʫʨʳ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʧʨʦʛʨʘʤʤʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʯʝ-

ʨʝʟ ʩʝʪʝʚʦʡ ʠʥʪʝʨʬʝʡʩ ʩʦʢʝʪʦʚ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜ-

ʜʝʨʞʢʠ ʣʝʢʮʠʦʥʥʦʛʦ ʢʫʨʩʘ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè. 

ʆʟʥʘʢʦʤʠʪʝʣʴʥʳʡ ʨʘʟʜʝʣ. 

ʆʟʥʘʢʦʤʣʝʥʠʝ ʩ ʧʦʥʷʪʠʝʤ ʩʦʧʨʦʛʨʘʤʤ. ɿʘʜʘʯʘ ï ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʝ, ʨʝʘʣʠ-

ʟʫʶʱʝʝ ʤʝʭʘʥʠʟʤ ʩʦʧʨʦʛʨʘʤʤ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Linux. 

ʆʟʥʘʢʦʤʣʝʥʠʝ ʩ ʙʘʟʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʤʥʦʛʦʧʦʪʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʆʟʥʘʢʦʤʣʝʥʠʝ ʩ ʩʠʩʪʝʤ-

ʥʳʤʠ ʚʳʟʦʚʘʤʠ ʩʪʘʥʜʘʨʪʘ POSIX. ɿʘʜʘʯʘ ï ʩʦʟʜʘʪʴ ʤʥʦʛʦʧʦʪʦʯʥʫʶ ʧʨʦʛʨʘʤʤʫ ʩ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ 

ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ ʚ ʢʘʥʘʣʝ; ʧʨʦʛʨʘʤʤʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨ ï ʧʦʪʦʢʦʚ ʩ ʤʝʭʘʥʠʟ-

ʤʘʤʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ; ʧʨʦʛʨʘʤʤʳ ʩʦʟʜʘʥʠʷ, ʟʘʚʝʨʰʝʥʠʷ ʠ ʦʞʠʜʘʥʠʷ ʟʘʚʝʨʰʝ-

ʥʠʷ ʧʦʪʦʢʦʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʫʥʠʯʪʦʞʝʥʠʷ ʧʦʪʦʢʦʚ. 

ʆʟʥʘʢʦʤʣʝʥʠʝ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɿʘʜʘʯʘ ï ʩʦʟʜʘʪʴ ʙʫʬʝʨ 

ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʫʨʦʚʥʝ ʩ ʤʝʭʘʥʠʟʤʦʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ï ʫʩʣʦʚʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. 
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ʈʘʟʜʝʣ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤ. 

ʋʩʣʦʚʠʝ ʟʘʜʘʯʠ ï ʧʨʦʛʨʘʤʤʳ ʚʳʧʦʣʥʷʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʈʝʰʝʥʠʝ ï ʩʦʟʜʘʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʧʨʦʛʨʘʤʤʳ ï ʧʨʦʮʝʩʩʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʙʘʟʦʚʦʛʦ ʩʠʩ-

ʪʝʤʥʦʛʦ ʚʳʟʦʚʘ ʩ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʩʧʦʩʦʙʘʤ: 

- ʩʧʦʩʦʙʫ ʧʦʠʩʢʘ ʟʘʧʫʩʢʘʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʚ ʢʘʪʘʣʦʛʘʭ; 

- ʩʧʦʩʦʙʫ ʧʝʨʝʜʘʯʠ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʛʨʘʤʤʫ; 

- ʩʧʦʩʦʙʫ ʫʯʝʪʘ ʧʝʨʝʤʝʥʥʳʭ ʦʢʨʫʞʝʥʠʷ. 

ʈʝʰʝʥʠʝ ï ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʨʘʱʝʥʠʷ ʧʨʦʛʨʘʤʤ ʢ ʨʝʩʫʨʩʫ ʧʦʩʨʝʜʩʪʚʦʤ ʠʤʝʥʦʚʘʥʥʳʭ ʩʝʤʘʬʦ-

ʨʦʚ. ʋʩʣʦʚʠʝ ʟʘʜʘʯʠ ï ʨʝʘʣʠʟʘʮʠʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: 

¶ ʨʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ: 

ɿʘʜʘʯʘ ï ʩʦʟʜʘʥʠʝ ʫʯʘʩʪʢʘ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ, 

ʩʦʟʜʘʥʠʝ ʧʘʨʳ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʧʨʦʛʨʘʤʤ, ʦʜʥʘ ʧʨʦʛʨʘʤʤʘ ʧʠʰʝʪ ʜʘʥʥʳʝ, ʘ ʚʪʦʨʘʷ ʧʨʦ-

ʛʨʘʤʤʘ ʠʭ ʯʠʪʘʝʪ; 

¶ ʠʤʝʥʦʚʘʥʥʳʝ ʢʘʥʘʣʳ: 

ɿʘʜʘʯʘ ï ʩʦʟʜʘʥʠʝ ʧʦ ʫʥʠʢʘʣʴʥʦʤʫ ʠʤʝʥʠ ʜʚʫʭ ʧʨʦʛʨʘʤʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʨʘʪʠʪʴʩʷ ʢ ʦʜ-

ʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʢʘʥʘʣʫ; 

¶ ʦʯʝʨʝʜʠ ʩʦʦʙʱʝʥʠʡ: 

ɿʘʜʘʯʘ ï ʨʝʘʣʠʟʘʮʠʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʧʦ ʚʩʪʨʦʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʚʠʜʝ ʩʧʝ-

ʮʠʘʣʴʥʦʛʦ ʬʘʡʣʘ, ʚʨʝʤʷ ʞʠʟʥʠ ʢʦʪʦʨʦʛʦ ʥʝ ʦʛʨʘʥʠʯʝʥʦ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʧʨʦʮʝʩʩʘ, ʝʛʦ ʩʦʟʜʘʚʰʝʛʦ. 

ʈʘʟʜʝʣ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʆʉ ʩʝʤʝʡʩʪʚʘ Linux: 

ü ʠʥʪʝʨʬʝʡʩ POSIX; 

ü ʠʥʪʝʨʬʝʡʩ SVID, ʫʥʘʩʣʝʜʦʚʘʥʥʳʡ ʦʪ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʝʤʝʡʩʪʚʘ UNIX. 

ʋʩʣʦʚʠʝ ʟʘʜʘʯʠ ï ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʩʨʝʜʩʪʚ: 

- ʠʤʝʥʦʚʘʥʥʳʭ ʢʘʥʘʣʦʚ; 

- ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ; 

- ʦʯʝʨʝʜʝʡ ʩʦʦʙʱʝʥʠʡ. 

ɿʘʯʝʪʥʘʷ ʨʘʙʦʪʘ ʧʦ ʢʫʨʩʫ ʪʨʝʭ ʨʘʟʜʝʣʦʚ ʜʠʩʮʠʧʣʠʥʳ. 

ʇʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʘʨʭʠʪʝʢʪʫʨʳ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʧʨʦʛʨʘʤʤʳ, ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʫʶʝɦʡ ʯʝʨʝʟ ʩʝʪʝʚʦʡ ʠʥʪʝʨʬʝʡʩ ʩʦʢʝʪʦʚ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʨʝʘʣʠʟʫʝʤʦʛʦ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴʶ ʠʟʫʯʘʝʤʳʭ ʩʪʫʜʝʥʪʘʤʠ ʢʫʨ-

ʩʦʚ. ʊʘʢ ʚʦʧʨʦʩʳ ʠʟʫʯʝʥʠʷ ʩʨʝʜʩʪʚ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʜʠʩʮʠʧʣʠʥʝ çʆʧʝʨʘʮʠʦʥ-

ʥʳʝ ʩʠʩʪʝʤʳè ʷʚʣʷʶʪʩʷ ʙʘʟʦʡ ʜʣʷ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʘʟʜʝʣʘ ʣʘʙʦʨʘʪʦʨ-

ʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʚ ʢʫʨʩʝ çʆʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè, ʧʦʩʚʷʱʝʥ-

ʥʦʤ ʠʟʫʯʝʥʠʶ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʩʨʝʜʩʪʚ ʨʝʘʣʠʟʘʮʠʠ ʤʫʣʴʪʠʟʘʜʘʯʥʳʭ ʠ ʤʫʣʴʪʠʧʦʪʦʯʥʳʭ ʧʨʠ-

ʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʟʫʯʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʘʷ 

ʤʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʘʷ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʢʣʘʩʩʦʚ Qt [6, ʩ. 540]. 

ʅʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʥʘʚʳʢʦʚ ʧʘʨʘʣ-

ʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʢʣʘʩʩʦʚ ʚ ʨʘʟʜʝʣ 

ʢʫʨʩʘ ʚʢʣʶʯʝʥʳ ʪʨʠ ʪʝʤʳ: çʢʣʘʩʩʳ ʧʦʪʦʢʦʚ ʠ ʧʨʠʤʠʪʠʚʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠè, çʢʣʘʩʩʳ ʧʨʦʮʝʩʩʦʚ ʠ 

ʩʨʝʜʩʪʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠè, çʢʣʘʩʩʳ ʩʦʢʝʪʦʚè. ɽʩʣʠ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ API (Application Programming Interface) ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ï ʵʪʦ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʪʠʧʳ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʠ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʪʦ ʙʠʙʣʠʦʪʝʢʠ ʢʣʘʩʩʦʚ ʧʨʝʜʦʩ-

ʪʘʚʣʷʶʪ ʪʠʧʳ, ʢʣʘʩʩʳ, ʠʣʠ ʰʘʙʣʦʥʳ (STL ï Standart Template Library) ʪʠʧʦʚ ʜʘʥʥʳʭ, ʧʘʨʘʤʝʪʨʠʟʦ-

ʚʘʥʥʳʝ ʢʣʘʩʩʳ. ʉʪʫʜʝʥʪʳ ʟʥʘʢʦʤʳ ʩ ʤʘʪʝʨʠʘʣʦʤ ʜʠʩʮʠʧʣʠʥʳ çʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè ʥʘ ʫʨʦʚʥʝ 

ʧʦʥʷʪʠʡ ʠ ʧʨʘʢʪʠʢʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ ʨʝʰʝʥʠʷ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʭ ʟʘʜʘʯ ʥʘʧʨʘʚʣʝʥʠʷ ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʜʦʣʞʘʶʪ ʠʟʫʯʝʥʠʝ ʤʝ-

ʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʧʝʨʴ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʢʣʘʩʩʦʚ ʧʦʪʦʢʦʚ ʠ ʧʨʠʤʠʪʠʚʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʢʣʘʩʩʦʚ ʧʨʦʮʝʩʩʦʚ ʠ 

ʩʨʝʜʩʪʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʢʣʘʩʩʦʚ ʩʦʢʝʪʦʚ ï ʪʝʭ ʞʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʨʘʟʜʝʣʦʚ ʚ ʜʠʩʮʠʧʣʠʥʝ 

çʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè ʠ ʚ ʜʠʩʮʠʧʣʠʥʝ çʆʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè. 

ʅʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ ʩʪʫʜʝʥʪʳ ʟʘʢʨʝʧʣʷʶʪ ʙʘʟʦʚʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʠʝ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʙʠʙʣʠʦʪʝʯʥʳʭ ʢʣʘʩʩʦʚ ʚ ʧʨʦʛʨʘʤʤʝ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ 
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ʧʦ-ʨʘʟʥʦʤʫ. ɺʦ-ʧʝʨʚʳʭ, ʩʦʟʜʘʚʘʪʴ ʦʙʲʝʢʪʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʷ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ ʢʣʘʩʩ. 

ɺʦ-ʚʪʦʨʳʭ, ʠʩʧʦʣʴʟʫʷ ʦʪʥʦʰʝʥʠʝ ʜʣʷ ʦʜʥʦʛʦ ʙʠʙʣʠʦʪʝʯʥʦʛʦ ʢʣʘʩʩʘ ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʪʥʦʰʝʥʠʡ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʘʛʨʝʛʘʮʠʠ (ʘʩʩʦʮʠʘʮʠʷ), ʢʦʤʧʦʟʠʮʠʠ (ʯʘʩʪʴ) ʠ ʦʙʦʙʱʝʥʠʷ (ʥʘʩʣʝʜʦʚʘʥʠʝ) ʜʣʷ ʤʥʦ-

ʞʝʩʪʚʘ ʢʣʘʩʩʦʚ, ʩʦʟʜʘʪʴ ʩʚʦʡ ʢʣʘʩʩ. ɼʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʣʘʩʩʦʚ ʜʦʙʘʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʘʪʨʠʙʫʪʳ ʠ 

ʤʝʪʦʜʳ, ʧʝʨʝʦʧʨʝʜʝʣʠʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʤʝʪʦʜʳ. ʆʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦ ʦʙʲʝʢʪʦʚ ʵʪʦʛʦ ʢʣʘʩʩʘ ʚ ʧʨʦ-

ʛʨʘʤʤʝ ʠ ʠʟʚʝʩʪʥʳʤʠ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʧʨʠʝʤʘʤʠ ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ çʩʠʛʥʘʣ-ʩʣʦʪè 

Qt, ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʢʨʫʞʝʥʠʝʤ. 

ʅʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʷʭ ʧʦ ʪʝʤʘʤ ʫʯʘʱʠʝʩʷ ʟʘʢʨʝʧʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ 

ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʧʨʦʛʨʘʤʤʳ ʢʦʥʢʨʝʪʥʳʝ ʙʠʙʣʠʦʪʝʯʥʳʝ ʢʣʘʩʩʳ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʦʙʲʝʢʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠ Qt ʚ ʯʘʩʪʠ ʠʟʫʯʝʥʥʳʭ ʚ ʜʠʩʮʠʧʣʠʥʝ çʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè ʩʨʝʜʩʪʚ ʧʘ-

ʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʳ ʫʜʦʩʪʦʚʝʨʷʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʭ ʩʨʝʜʩʪʚ ʠʤ ʥʝ ʧʨʝ-

ʜʦʩʪʘʚʣʷʝʪʩʷ. ɸ ʧʦʩʢʦʣʴʢʫ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʘʤ ʷʚʣʷʶʪʩʷ ʩʭʦʞʠʤʠ, ʪʦ ʧʦʦʱʨʷʝʪʩʷ ʥʘʧʠʩʘʥʠʝ ʩʦʙʩʪ-

ʚʝʥʥʦʛʦ ʢʣʘʩʩʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʠʭ ʤʝʪʦʜʦʚ ʚʳʟʦʚʳ ʠʟʫʯʝʥʥʳʭ ʨʘʥʝʝ API ʬʫʥʢʮʠʡ. 

ʇʦ ʪʝʤʝ çʢʣʘʩʩʳ ʧʦʪʦʢʦʚ ʠ ʧʨʠʤʠʪʠʚʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠè ʩʪʫʜʝʥʪʳ ʨʝʘʣʠʟʫʶʪ ʤʫʣʴʪʠʧʦʪʦʯ-

ʥʫʶ ʧʨʦʛʨʘʤʤʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʯʥʳʭ ʢʣʘʩʩʦʚ QThread (ʢʣʘʩʩ ʧʦʪʦʢʘ), QMutex (ʢʣʘʩʩ 

ʤʴʶʪʝʢʩʘ), QSemaphore (ʢʣʘʩʩ ʩʝʤʘʬʦʨʘ) ʠ QWaitCondition (ʢʣʘʩʩ ʫʩʣʦʚʥʦʡ ʧʝʨʝʤʝʥʥʦʡ) ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʥʪʘ ʟʘʜʘʥʠʷ. ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʧʨʦʛʨʘʤʤʳ ʩʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʫʩʚʦʠʪʴ, ʯʪʦ ʢʣʘʩʩ 

QThread ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʢʘʢ ʙʘʟʦʚʳʡ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʣʘʩʩʘ, ʘ ʦʩʪʘʣʴʥʳʝ ʢʣʘʩ-

ʩʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ. ʇʨʠʯʝʤ ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʦʙʲʝʢ-

ʪʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʘʩʩʫ ʧʦʪʦʢʘ, ʘ ʚ ʜʨʫʛʠʭ ï ʙʳʪʴ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʪʥʦʰʝʥʠʷʤʠ ʚ ʨʝʘʣʠʟʫʝʤʦʡ ʦʙʲʝʢʪʥʦʡ ʤʦʜʝʣʠ. ɺʠʜ ʵʪʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʪʫʜʝʥ-

ʪʳ ʜʦʣʞʥʳ ʦʙʦʩʥʦʚʘʪʴ ʚ ʦʪʯʝʪʝ ʧʦ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʇʦ ʪʝʤʝ çʢʣʘʩʩʳ ʧʨʦʮʝʩʩʦʚ ʠ ʩʨʝʜʩʪʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠè ʩʪʫʜʝʥʪʳ ʨʝʘʣʠʟʫʶʪ ʤʥʦʛʦʧʨʦʮʝʩʩ-

ʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʮʝʩʩʳ ʦʙʤʝʥʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʦʙʱʝʥʠʷʤʠ, ʜʣʷ ʩʠʥʭʨʦʥʠʟʘ-

ʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʩʝʤʘʬʦʨʦʚ. ɹʠʙʣʠʦʪʝʢʘ ʢʣʘʩʩʦʚ Qt ʧʨʝʜʦʩʪʘʚ-

ʣʷʝʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʢʣʘʩʩʳ QProcess (ʢʣʘʩʩ ʧʨʦʮʝʩʩʘ), QSharedMemory (ʢʣʘʩʩ ʦʙʱʝʡ 

ʧʘʤʷʪʠ), QSystemSemaphore (ʢʣʘʩʩ ʩʠʩʪʝʤʥʦʛʦ ʩʝʤʘʬʦʨʘ). ɺʳʧʦʣʥʠʚ ʵʪʫ ʨʘʙʦʪʫ, ʩʪʫʜʝʥʪʳ ʜʦʣʞʥʳ 

ʩʜʝʣʘʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʛʨʘʤʤʳ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʨʘʙʦʪʦʡ ʚ ʢʫʨʩʝ çʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè. 

ʆʪʜʝʣʴʥʦ ʚʳʜʝʣʝʥʘ ʪʝʤʘ çʢʣʘʩʩʳ ʩʦʢʝʪʦʚè ʧʦʩʢʦʣʴʢʫ ʤʝʭʘʥʠʟʤ ʩʦʢʝʪʦʚ ʨʝʘʣʠʟʫʝʪ ʢʘʢ ʤʝʞ-

ʧʦʪʦʯʥʳʡ, ʪʘʢ ʠ ʤʝʞʧʨʦʮʝʩʩʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ, ʧʦʩʣʝʜʥʠʡ ʢʘʢ ʥʘ ʦʜʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʪʘʢ ʠ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʨʝʜʝ ʢʦʤʧʴʶʪʝʨʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʘʟʦʚʳʝ ʢʣʘʩʩʳ QUdpSocket (ʘʨʭʠʪʝʢʪʫʨʘ 

ʢʘʞʜʳʡ ʩ ʢʘʞʜʳʤ), QTcpSocket, QTcpServer (ʘʨʭʠʪʝʢʪʫʨʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ). ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ 

ʧʨʦʛʨʘʤʤʳ ʩʪʫʜʝʥʪʳ ʟʘʢʨʝʧʣʷʶʪ ʥʘʚʳʢʠ ʤʫʣʴʪʠʧʦʪʦʯʥʦʛʦ ʠ ʤʫʣʴʪʠʧʨʦʮʝʩʩʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʥʘʨʘʙʦʪʢʠ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ, ʩ ʦʙʤʝʥʦʤ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʤ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʚʟʘʠʤʦʩʚʷʟʠ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʧʦʟʚʦʣʷʶʱʘʷ ʩ ʨʘʟʥʳʭ 

ʧʦʟʠʮʠʡ, ʩʠʩʪʝʤʥʦʛʦ ʠ ʧʨʠʢʣʘʜʥʦʛʦ (ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ) ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦʜʭʦʜʠʪʴ ʢ 

ʨʝʰʝʥʠʶ ʙʣʠʟʢʠʭ ʧʦ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ. ʇʦʥʠʤʘʥʠʝ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʧʦʜʭʦʜ, ʜʝ-

ʣʘʝʪ ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʟʥʘʥʠʷ ʙʦʣʝʝ ʛʣʫʙʦʢʠʤʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ. 
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ʋɼʂ 004.9 

ʅ.ɸ. ɿʚʝʢʦʚ 

ʘʩʧʠʨʘʥʪ 

ʛ. ɹʘʨʥʘʫʣ, ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 

ʅ.ɺ. ʉʤʳʢʦʚʘ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʛ. ɹʘʨʥʘʫʣ, ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 

ʈɸɿʈɸɹʆʊʂɸ ɺɽɹ-ʇʆʈʊɸʃɸ ɼʃʗ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ  
ʈɸɹʆʊʆɼɸʊɽʃɽʁ ʀ ʉʊʋɼɽʅʊʆɺ 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʚʝʙ-ʧʦʨʪʘʣʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʠ 

ʩʪʫʜʝʥʪʦʚ. ɹʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʚʝʙ-ʧʦʨʪʘʣʘ, ʦʧʨʝʜʝʣʝʥʳ ʠ ʦʧʠʩʘʥʳ ʨʦʣʠ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʡ, ʦʧʨʝʜʝʣʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʙ-ʧʦʨʪʘʣ; ʘʨʭʠʪʝʢʪʫʨʘ; ʬʨʝʡʤʚʦʨʢ; ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 

ʈʝʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʚʳʧʫʩʢʥʠʢʦʚ ʧʨʠ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʝ ʩʪʘʥʦʚʠʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʦʧʳʪʘ 

ʨʘʙʦʪʳ. ʈʘʙʦʪʦʜʘʪʝʣʠ ʀʊ-ʦʪʨʘʩʣʠ ʯʘʩʪʦ ʛʦʪʦʚʳ ʙʨʘʪʴ ʥʘ ʩʪʘʞʠʨʦʚʢʫ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ 

ʦʙʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʳʤ ʥʘʚʳʢʘʤ, ʥʦ ʚʩʝ ʯʘʱʝ ʦʥʠ ʟʘʷʚʣʷʶʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʦ ʥʘʜʦ ʜʝʣʘʪʴ ʝʱʝ ʧʦʢʘ 

ʩʪʫʜʝʥʪ ʥʝ ʧʦʢʠʥʫʣ ʩʪʝʥʳ ʚʫʟʘ. ɽʩʣʠ ʞʝ ʩʪʫʜʝʥʪ ʚ ʨʘʤʢʘʭ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʘʢʪʠʢʠ, ʥʘʧʨʠʤʝʨ, ʨʘʙʦ-

ʪʘʣ ʥʘʜ ʨʝʘʣʴʥʳʤ ʧʨʦʝʢʪʦʤ, ʪʦ ʝʛʦ ʨʘʙʦʪʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʩʜʘʯʝʡ ʦʪʯʝʪʘ ʦ ʧʨʦʭʦʞʜʝʥʠʠ ʧʨʘʢʪʠʢʠ, ʘ 

ʙʫʜʫʯʠ ʚʳʧʫʩʢʥʠʢʦʤ ʧʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʝʤʫ ʙʫʜʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʩʦʙʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʨʦʝʢʪʝ, ʯʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ ʨʘʙʦʪʦʜʘʪʝʣʶ ʩʚʦʠ ʥʘʚʳʢʠ. 

ʕʪʫ ʧʨʦʙʣʝʤʫ ʤʦʛʣʦ ʙʳ ʨʝʰʠʪʴ ʩʦʟʜʘʥʠʝ ʚʝʙ-ʧʦʨʪʘʣʘ, ʢʦʪʦʨʳʡ ʩʪʘʣ ʙʳ ʥʝ ʧʨʦʩʪʦ ʩʘʡʪʦʤ ʩ 

ʦʙʲʷʚʣʝʥʠʷʤʠ ʦ ʚʘʢʘʥʩʠʷʭ ʠ ʨʝʟʶʤʝ ʩʦʠʩʢʘʪʝʣʝʡ, ʢʦʠ ʫʞʝ ʝʩʪʴ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. ɺ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʧʦʜʦʙʥʳʝ ʨʝʩʫʨʩʳ ʩʫʱʝʩʪʚʫʶʪ ʢʘʢ ʢʦʤʤʝʨʯʝʩʢʦʤ ʩʝʢʪʦʨʝ, ʪʘʢ ʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ 

ʩʝʢʪʦʨʝ, ʦʜʥʘʢʦ ʦʥʠ ʥʝ ʷʚʣʷʶʪʩʷ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʩʪʦʨʦʥ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʚ 

ʦʙʫʯʝʥʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʨʘʩʣʠ. 

ʎʝʣʴ ʧʨʦʝʢʪʘ ʨʘʟʨʘʙʦʪʘʪʴ ʚʝʙ-ʧʦʨʪʘʣ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʩʪʫʜʝʥʪʘʤʠ, ʚʳʧʫʩʢʥʠʢʘʤʠ, ʚʫʟʘʤʠ ʠ ʨʘʙʦʪʦʜʘʪʝʣʷʤʠ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ PHP ʠ ʬʨʝʡʤʚʦʨʢ YII [1, 2]. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠʟ-ʟʘ ʧʨʦʩʪʦʪʳ ʨʘʟʨʘʙʦʪʢʝ, 

ʧʦʥʷʪʥʦʩʪʠ ʢʦʥʝʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʨʪʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʙʳʣ ʚʳ-

ʙʨʘʥ Postgresql, ʪʘʢ ʢʘʢ ʦʥ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʙʝʩʧʣʘʪʥʦ, ʠʤʝʝʪ ʛʠʙʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʚʩʪʨʦʝʥʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ, ʧʨʦʩʪʦʪʫ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ ʨʝʧ-

ʣʠʢʘʮʠʠ [3]. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʉʋɹɼ ʷʚʣʷʝʪʩʷ ʥʝʢʦʤʤʝʨʯʝʩʢʠʤ ʧʨʦʜʫʢʪʦʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥ-

ʜʘʨʪʘʤ ʧʦ ʟʘʱʠʪʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʇʦʣʴʟʦʚʘʪʝʣʷʤʠ ʧʦʨʪʘʣʘ ʩʪʘʥʫʪ ʩʪʫʜʝʥʪʳ ʠ ʚʳʧʫʩʢʥʠʢʠ ʚʫʟʦʚ, ʨʘʙʦʪʦʜʘʪʝʣʠ, ʧʨʝʧʦʜʘʚʘʪʝʣʠ 

ʠ ʩʦʪʨʫʜʥʠʢʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ (ʨʠʩ. 1). 

ʇʦʨʪʘʣ ʩʪʘʥʝʪ ʧʣʦʱʘʜʢʦʡ, ʥʘ ʢʦʪʦʨʦʡ ʩʪʫʜʝʥʪʳ ʠ ʚʳʧʫʩʢʥʠʢʠ ʩʤʦʛʫʪ ʧʦʜʦʙʨʘʪʴ ʤʝʩʪʦ ʜʣʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʪʘʞʠʨʦʚʢʠ ʠʣʠ ʨʘʙʦʪʳ, ʦʙʲʝʜʠʥʠʪʴʩʷ ʜʣʷ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ, ʫʩʪʘʥʦʚʠʪʴ ʜʝʣʦ-

ʚʳʝ ʢʦʥʪʘʢʪʳ, ʬʦʨʤʠʨʦʚʘʪʴ ʩʚʦʝ ʧʦʨʪʬʦʣʠʦ. ʈʘʙʦʪʦʜʘʪʝʣʠ ʩʤʦʛʫʪ ʥʝ ʧʨʦʩʪʦ ʨʘʟʤʝʱʘʪʴ ʦʙʲʷʚʣʝ-

ʥʠʷ ʦ ʩʚʦʠʭ ʚʘʢʘʥʩʠʷʭ ʠ ʧʨʦʝʢʪʘʭ ʠ ʧʦʣʫʯʘʪʴ ʦʪʢʣʠʢʠ, ʘ ʝʱʝ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʩʪʠʞʝʥʠ-

ʷʭ ʩʦʠʩʢʘʪʝʣʝʡ ʚ ʫʯʝʙʥʦʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʩʠʩ-

ʪʝʤʝ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʨʪʘʣ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʨʷʜ ʧʦʜʩʠʩʪʝʤ. ʂʘʞʜʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʫʜʝʪ 

ʜʦʩʪʫʧʝʥ ʬʫʥʢʮʠʦʥʘʣ ʧʦʨʪʘʣʘ ʚ ʨʘʤʢʘʭ ʝʛʦ ʨʦʣʠ: ʨʘʙʦʪʦʜʘʪʝʣʴ, ʩʪʫʜʝʥʪ (ʚʳʧʫʩʢʥʠʢ), ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʴ, ʘʜʤʠʥʠʩʪʨʘʪʦʨ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʝʙ-ʧʦʨʪʘʣʘ 

 

 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʚʝʙ-ʧʦʨʪʘʣʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʪʫʜʝʥʪʦʚ ʠ ʨʘʙʦʪʦʜʘʪʝʣʝʡ, ʚʳʜʝʣʝʥʳ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʙʳʣ ʨʝʘʣʠʟʦ-

ʚʘʥ ʧʨʦʪʦʪʠʧ. 
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ʊ.ɹ. ʂʘʟʠʘʭʤʝʜʦʚ 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʈʀʇʊʆɻʈɸʌʀʏɽʉʂʀɽ ɸʃɻʆʈʀʊʄʓ ɺ .NET 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʘʩʩʳ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʚ Frame-

work.Net ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʟʘʱʠʪʝ ʜʘʥʥʳʭ ʦʪ ʧʨʦʩʤʦʪʨʘ (ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ), ʚ ʟʘʱʠʪʝ ʜʘʥ-

ʥʳʭ ʦʪ ʠʟʤʝʥʝʥʠʡ (ʮʝʣʦʩʪʥʦʩʪʴ), ʚ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ (ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ) ʠ ʜʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ; ʙʝʩʢʣʶʯʝʚʳʝ; ʦʜʥʦʢʣʶʯʝʚʳʝ; ʜʚʫʭʢʣʶʯʝʚʳʝ 

ʘʣʛʦʨʠʪʤʳ; ʭʝʰʠʨʦʚʘʥʠʝ. 

ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚ ʚʝʢ ʦʪʢʨʳʪʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʠ 

ʀʥʪʝʨʥʝʪ. ɺ ʚʝʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʧʨʦʙʣʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʢʠʙʝʨʧʨʝʩʪʫʧ-

ʥʦʩʪʴ, ʟʘʱʠʪʘ ʜʘʥʥʳʭ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʠ ʪ.ʜ. ʇʦʵʪʦʤʫ ʧʦʜʛʦʪʦʚʢʫ IT ʩʧʝʮʠʘʣʠʩʪʘ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʠʟʫʯʝʥʠʷ ʧʨʦʙʣʝʤʘʪʠʢʠ ʟʘʱʠʪʳ ʜʘʥʥʳʭ, ʙʝʟ ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʦʚ ʢʨʠʧʪʦ-

ʛʨʘʬʠʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1 ʘʣʛʦʨʠʪʤʳ ʰʠʬʨʦʚʘʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: ʘʣʛʦ-

ʨʠʪʤʳ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʠ ʘʣʛʦʨʠʪʤʳ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ. ʂ ʦʩʥʦʚʥʳʤ ʟʘʜʘ-

ʯʘʤ ʢʨʠʧʪʦʛʨʘʬʠʠ ʦʪʥʦʩʷʪʩʷ: 

¶ ɿʘʱʠʪʘ ʜʘʥʥʳʭ ʦʪ ʧʨʦʩʤʦʪʨʘ (ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ); 

¶ ɿʘʱʠʪʘ ʜʘʥʥʳʭ ʦʪ ʠʟʤʝʥʝʥʠʡ (ʮʝʣʦʩʪʥʦʩʪʴ); 

¶ ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ (ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ). 
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ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʘʣʠʟʦʚʘʥʳ ʚ FrameWork.Net. ʂʣʘʩʩʳ ʢʨʠʧʪʦʛʨʘʬʠʠ 

ʚ .NET ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʫʨʦʚʥʷ. ʅʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʥʘʭʦʜʠʪʩʷ ʥʘʙʦʨ ʘʙʩʪʨʘʢʪʥʳʭ ʢʣʘʩʩʦʚ, ʵʪʠ ʢʣʘʩʩʳ 

ʦʧʨʝʜʝʣʷʶʪ ʟʘʜʘʯʫ ʰʠʬʨʦʚʘʥʠʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʳ: 
ü ʉʠʤʤʝʪʨʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ (SymmetricAlgorithm). ʕʪʦʪ ʢʣʘʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʤʤʝʪʨʠʯ-

ʥʦʝ ʰʠʬʨʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʶʱʝʝ ʨʘʟʜʝʣʷʝʤʦʝ ʩʝʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ. ɼʘʥʥʳʝ, ʟʘʰʠʬʨʦʚʘʥʥʳʝ ʩ ʧʦ-
ʤʦʱʴʶ ʵʪʦʛʦ ʢʣʶʯʘ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʰʠʬʨʦʚʘʥʳ ʪʦʣʴʢʦ ʧʦʩʨʝʜʩʪʚʦʤ ʪʦʛʦ ʞʝ ʩʘʤʦʛʦ ʢʣʶʯʘ. 

ü ɸʩʩʠʤʝʪʨʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ (AsymmetricAlgorithm). ʕʪʦʪ ʢʣʘʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʩʠʤʤʝʪ-
ʨʠʯʥʦʝ ʰʠʬʨʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʶʱʝʝ ʧʘʨʫ ʢʣʶʯʝʡ çʦʪʢʨʳʪʳʡ-ʩʝʢʨʝʪʥʳʡè. ɼʘʥʥʳʝ, ʟʘʰʠʬʨʦʚʘʥ-

ʥʳʝ ʦʜʥʠʤ ʢʣʶʯʦʤ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʰʠʬʨʦʚʘʥʳ ʪʦʣʴʢʦ ʜʨʫʛʠʤ ʢʣʶʯʦʤ. 
ü ɸʣʛʦʨʠʪʤʳ ʧʦʣʫʯʝʥʠʷ ʭʝʰʘʜʘʥʥʳʭ (HashAlgorithm). ʕʪʦʪ ʢʣʘʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʝʥʝʨʘ-

ʮʠʶ ʠ ʚʝʨʠʬʠʢʘʮʠʶ ʭʝʰʝʡ. ʍʝʰʠ ʠʟʚʝʩʪʥʳ ʝʱʝ ʠ ʢʘʢ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʰʠʬʨʦʚʘʥʠʷ, 
ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʤʦʞʥʦ ʪʦʣʴʢʦ ʰʠʬʨʦʚʘʪʴ, ʥʦ ʥʝ ʨʘʩʰʠʬʨʦʚʳʚʘʪʴ. ʍʝʰʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʦ-

ʚʝʨʢʠ, ʥʝ ʠʟʤʝʥʷʣʠʩʴ ʣʠ ʜʘʥʥʳʝ. 
ü ɸʣʛʦʨʠʪʤʳ ʜʣʷ ʧʦʜʧʠʩʠ ʜʘʥʥʳʭ. 

ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʠʪ ʢʣʘʩʩʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʰʠʬʨʦʚʘʥʠʷ. 
ʆʥʠ ʫʥʘʩʣʝʜʦʚʘʥʳ ʦʪ ʙʘʟʦʚʳʭ ʘʙʩʪʨʘʢʪʥʳʭ ʢʣʘʩʩʦʚ ʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʘʙʩʪʨʘʢʪʥʳʤʠ. ʅʘʧʨʠʤʝʨ, 

ʢʣʘʩʩ DES, ʨʝʘʣʠʟʫʶʱʠʡ ʘʣʛʦʨʠʪʤ DES (DataEncryptingStandard ï ʩʪʘʥʜʘʨʪ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ), 
ʫʥʘʩʣʝʜʦʚʘʥ ʦʪ SymmetricAlgorithm. 

ʂʣʘʩʩʳ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʙʦʨ ʨʝʘʣʠʟʘʮʠʡ ʰʠʬʨʦʚʘʥʠʷ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʢʣʘʩ-

ʩʦʚ ʫʥʘʩʣʝʜʦʚʘʥ ʦʪ ʢʣʘʩʩʘ ʘʣʛʦʨʠʪʤʘ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʪʘʢʦʡ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘ-
ʥʠʷ, ʢʘʢ DES, ʤʦʞʝʪ ʠʤʝʪʴ ʤʥʦʞʝʩʪʚʦ ʢʣʘʩʩʦʚ ʨʝʘʣʠʟʘʮʠʠ. ʍʦʪʷ ʥʝʢʦʪʦʨʳʝ ʢʣʘʩʩʳ ʰʠʬʨʦʚʘʥʠʷ ʚ 

.NET Framework ʨʝʘʣʠʟʦʚʘʥʳ ʮʝʣʠʢʦʤ ʚ ʫʧʨʘʚʣʷʝʤʦʤ ʢʦʜʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʚʩʝ ʞʝ ʷʚʣʷʶʪʩʷ ʪʦʥʢʠ-
ʤʠ ʦʙʦʣʦʯʢʘʤʠ ʜʣʷ ʙʠʙʣʠʦʪʝʢʠ CryptoAPI. ʂʣʘʩʩʳ, ʢʦʪʦʨʳʝ ʦʙʝʨʪʳʚʘʶʪ ʬʫʥʢʮʠʠ CryptoAPI, ʩʦ-

ʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʠʤʝʥʠ CryptoServiceProvider (ʥʘʧʨʠʤʝʨ, DESCryptoServiceProvider), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
ʠʤʝʥʘ ʫʧʨʘʚʣʷʝʤʳʭ ʢʣʘʩʩʦʚ ʦʙʳʯʥʦ ʚʢʣʶʯʘʶʪ ʬʨʘʛʤʝʥʪ Managed (ʥʘʧʨʠʤʝʨ, RijndaelManaged). 

ɺʩʝ ʵʪʠ ʘʣʛʦʨʠʪʤʳ ʨʘʟʤʝʱʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʝʥ System.Security.Cryptography (ʨʠʩ. 2). 
 

 

ʈʠʩ. 2. ɸʣʛʦʨʠʪʤʳ ʢʨʠʧʪʦʛʨʘʬʠʠ ʚ Framework.Net 
 

ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʩʧʠʩʦʢ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʣʦʞʝʥʠʷ. 
1. ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ: 

¶ DES 
2. ʎʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ: 

¶ HMACSHA256 

¶ HMACSHA512 
3. ʎʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ: 

¶ ECD 

¶ RSA 
4. ʆʙʤʝʥ ʢʣʶʯʘʤʠ: 

¶ ECDiffieHellman 

¶ RSA 
5. ɻʝʥʝʨʘʮʠʷ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ: 

¶ RNGCryptoServiceProvider 
6. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʣʶʯʘ ʠʟ ʧʘʨʦʣʷ: 

¶ Rfc2898DeriveBytes 

https://docs.microsoft.com/ru-ru/dotnet/api/system.security.cryptography.hmacsha256
https://docs.microsoft.com/ru-ru/dotnet/api/system.security.cryptography.hmacsha512
https://docs.microsoft.com/ru-ru/dotnet/api/system.security.cryptography.ecdsa
https://docs.microsoft.com/ru-ru/dotnet/api/system.security.cryptography.rsa
https://docs.microsoft.com/ru-ru/dotnet/api/system.security.cryptography.ecdiffiehellman
https://docs.microsoft.com/ru-ru/dotnet/api/system.security.cryptography.rsa
https://docs.microsoft.com/ru-ru/dotnet/api/system.security.cryptography.rngcryptoserviceprovider
https://docs.microsoft.com/ru-ru/dotnet/api/system.security.cryptography.rfc2898derivebytes
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ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ MD5 ʜʣʷ ʭʝʰʠʨʦʚʘʥʠʷ. 

using System; 

usingSystem.Security.Cryptography; 

usingSystem.Text; 
 

classExample 

{  

//ʍʝʰʠʨʫʝʪʩʷ ʩʪʨʦʢʘ ʚʚʦʜʘ ʠ ʭʵʰ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢʘʢ 

// 32-ʩʠʤʚʦʣʴʥʘʷ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʘʷ ʩʪʨʦʢʘ. 

staticstringgetMd5Hash(stringinput) 

 {  

// ʉʦʟʜʘʝʤ ʥʦʚʳʡ ʵʢʟʝʤʧʣʷʨ ʦʙʲʝʢʪʘ MD5CryptoServiceProvider. 

MD5CryptoServiceProvidermd5Hasher = newMD5CryptoServiceProvider(); 
 

//ʇʨʝʦʙʨʘʟʫʝʪ ʚʭʦʜʥʫʶ ʩʪʨʦʢʫ ʚ ʤʘʩʩʠʚ ʙʘʡʪʦʚ ʠ ʚʳʯʠʩʣʷʝʪ ʭʵʰ. 

byte[] data = md5Hasher.ComputeHash(Encoding.Default.GetBytes(input)); 
 

//ʉʦʟʜʘʝʤ ʥʦʚʳʡ Stringbuilder ʜʣʷ ʩʙʦʨʘ ʙʘʡʪʦʚ 

// ʠ ʩʦʟʜʘʝʤ ʩʪʨʦʢʫ. 

StringBuildersBuilder = newStringBuilder(); 
 

// ʎʠʢʣ ʜʣʷ ʢʘʞʜʦʛʦ ʙʘʡʪʘ ʭʝʰʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

// ʠ ʬʦʨʤʘʪʠʨʫʝʤ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʢʘʢ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʫʶ ʩʪʨʦʢʫ. 

for (inti = 0; i<data.Length; i++) 

 {  

sBuilder.Append(data[i].ToString("X")); 

}  
 

// ɺʦʟʚʨʘʱʘʝʪʩʷ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʘʷ ʩʪʨʦʢʘ. 

returnsBuilder.ToString(); 

}  
 

//ʇʨʦʚʝʨʴʪʝ ʭʵʰʘ ʩʪʨʦʢʠ. 

staticbool verifyMd5Hash(string input, string hash) 

 {  

// ʍʵʰʠʨʫʝʤ ʚʚʝʜʝʥʥʫʶ ʩʪʨʦʢʫ. 

stringhashOfInput = getMd5Hash(input); 
 

// Create a StringComparer an compare the hashes. 

//ʉʦʟʜʘʝʤ StringComparer ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʭʝʰʝʡ. 

StringComparer comparer = StringComparer.OrdinalIgnoreCase; 
 

if (0 == comparer.Compare(hashOfInput, hash)) 

 {  

return true; 

 }  

else 

 {  

return false; 

 }  

 }  

staticvoid Main() 

 {  

string source = "ʂʘʟʠʘʭʤʝʜʦʚ"; 

string source1 = "abc"; 

string hash = getMd5Hash(source); 

string hash1 = getMd5Hash(source1); 
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Console.WriteLine("MD5 ʭʵʰ " + source + " ʨʘʚʝʥ: " + hash + "."); 

Console.WriteLine("MD5 ʭʵʰ " + source1 + " ʨʘʚʝʥ: " + hash1 + "."); 
 

Console.WriteLine("ʇʨʦʚʝʨʢʘ ʭʵʰʘ..."); 

if (verifyMd5Hash("ʂʘʟʠʘʭʤʝʜʦʚ", hash)) 

 {  

Console.WriteLine("ʍʵʰʠ ʦʜʠʥʘʢʦʚʳ"); 

 }  

else 

 {  

Console.WriteLine("ʍʵʰʠ ʥʝ ʦʜʠʥʘʢʦʚʳ"); 

}  

Console.ReadLine(); 

 }  

}  

 

 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʭʝʰʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʭʝʰʘ 

 

ʂʣʘʩʩʳ Framework.Net ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜ-

ʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʠ VisualStudio.Net ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʨʘʟ-

ʨʘʙʦʪʯʠʢʦʚ ʇʆ [1]. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʘʟʠʘʭʤʝʜʦʚ ʊ.ɹ., ʄʦʩʷʛʠʥʘ ʊ.ɺ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʙʫʜʫʱʠʭ ʙʘ-

ʢʘʣʘʚʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè ʚ ʩʨʝʜʝ Microsoft Visual Studio.Net // 

ɺʝʩʪʥʠʢ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 2013.  ̄1. C. 23ï28. 
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ʋɼʂ 004.432.2 

ʀ.ʉ. ʂʣʠʤʝʥʢʦ 

ʩʪʫʜʝʥʪ 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸ.ɺ. ɻʦʨʜʠʝʥʢʦ 

ʩʪʫʜʝʥʪ 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʊ.ʅ. ʂʦʥʜʨʘʪʴʝʚʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺʆʉʊʈɽɹʆɺɸʅʅʆʉʊʔ ʗɿʓʂɸ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ PHP 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ PHP, 

ʢʘʢ ʚ ʉʅɻ, ʪʘʢ ʠ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʫʩʣʫʛ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʘʝʪʩʷ ʥʘ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʠ ʬʠ-

ʥʘʥʩʦʚʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ ʩʬʝʨʫ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʘʡʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: PHP; PHP ʧʨʦʛʨʘʤʤʠʩʪ; ʚʘʢʘʥʩʠʷ; ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ. 

PHP ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʷʟʳʢʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʙ 

ʩʘʡʪʦʚ. PHP ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 1995 ʛ. PHP ʦʪʢʨʳʪʳʡ ʷʟʳʢ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʵʪʦʤʫ ʥʘʧʠʩʘʥʳ ʫʞʝ ʪr -

ʩʷʯʠ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʜʦ ʪʨʝʙʫʝʤʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʆʥ ʷʚʣʷʝʪʩʷ 

ʷʟʳʢʦʤ ʩʮʝʥʘʨʠʝʚ ʩʦ ʩʪʦʨʦʥʳ ʩʝʨʚʝʨʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ PHP ʢʦʜ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʩʝʨʚʝʨʘ, ʘ ʨʝ-

ʟʫʣʴʪʘʪ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʚ ʚʠʜʝ ʦʙʳʯʥʦʛʦ HTML ʢʦʜʘ. 

ʉ ʧʦʤʦʱʴʶ ʢʘʢʠʭ ʨʝʩʫʨʩʦʚ ʠʜʝʪ ʧʦʠʩʢ ʩʦʪʨʫʜʥʠʢʦʚ: 

ɼʠʘʛʨʘʤʤʘ 1 

 

ɺʘʢʘʥʩʠʠ ʜʣʷ PHP ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʚ ʉʅɻ. 

ʉʪʘʪʠʩʪʠʢʘ ʩʦʩʪʘʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʘʡʪʘ ʧʦʠʩʢʘ ʨʘʙʦʪʳ ï hh.ru, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ  

ʧʦʩʝʪʠʪʝʣʝʡ ʜʘʥʥʦʛʦ ʩʘʡʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʨʘʞʜʘʥʝ ʈʦʩʩʠʠ, ɹʝʣʘʨʫʩʠ, ʠ ʋʢʨʘʠʥʳ, ʚ ʬʠʣʴʪʨʝ ʧʦʠʩ-

ʢʘ ʚʘʢʘʥʩʠʡ PHP ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʩʝ ʪʨʠ ʩʪʨʘʥʳ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʚʦʩʪʨʝʙʦ-

ʚʘʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʨʳʥʢʝ ʉʅɻ ʨʘʙʦʪʦʜʘʪʝʣʝʡ. ɼʘʥʥʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚ ʜʠʘʛʨʘʤʤʝ 2. 
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ɼʠʘʛʨʘʤʤʘ 2 

 

ʃʠʜʝʨʦʤ ʩʧʠʩʢʘ, ʷʚʣʷʝʪʩʷ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ 1ʉ-ɹʠʪʨʠʢʩ. 

ʉʝʨʝʙʨʷʥʳʤ ʧʨʠʟʝʨʦʤ ʩʪʘʣ WordPress, ʢʦʪʦʨʳʡ, ʩʝʨʴʝʟʥʦ ʫʩʪʫʧʘʝʪ ɹʠʪʨʠʢʩʫ ʧʨʠ ʨʘʙʦʪʝ ʚ 

ʦʬʠʩʝ. ʅʘ ʪʨʝʪʴʝʤ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʠʣʘʩʴ ʧʣʘʪʬʦʨʤʘ Joomla. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʦʡʢʘ ʣʠʜʝʨʦʚ PHP 

ʧʣʘʪʬʦʨʤ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʫ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʙʦʪʦʜʘʪʝʣʝʡ, ʦʯʝʥʴ ʧʦʭʦʞʘ ʥʘ ʩʠʪʫʘʮʠʶ ʩ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʥʘ ʬʨʠʣʘʥʩʝ. 

ʂʘʢʦʡ ʩʧʨʦʩ ʚʘʢʘʥʩʠʠ PHP ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚ ʤʠʨʝ? 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʘʢʘʥʩʠʡ PHP ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʥʘ ʄʠʨʦʚʦʤ ʨʳʥʢʝ ʪʨʫʜʘ ʙʳʣ ʚʳʙʨʘʥ monster.com, 

ʭʦʪʴ ʥʘ ʩʘʡʪʝ ʧʨʝʜʣʦʞʝʥʠʡ ʦ ʨʘʙʦʪʝ ʙʳʣʦ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʨʘʟʨʝʢʣʘʤʠʨʦʚʘʥʥʳʭ ʧʣʦʱʘʜʢʘʭ, ʥʦ ʠʥ-

ʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʚʘʢʘʥʩʠʡ ʪʦʯʥʝʝ. ʀʥʬʦʨʤʘʮʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʜʠʘʛʨʘʤʤʝ 3. 

 

ɼʠʘʛʨʘʤʤʘ 3 

 

ʄʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʨʝʜʣʦʞʝʥʠʡ ʨʘʙʦʪʳ ʜʣʷ PHP ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʷʚʣʷʝʪʩʷ 

WordPress. ɸ ʚʦʪ 1ʉ-ɹʠʪʨʠʢʩ ʟʘ ʩʯʝʪ ʝʛʦ ʧʦʧʫʣʷʨʥʦʩʪʠ ʥʘ ʨʳʥʢʝ ʉʅɻ, ʦʢʘʟʘʣʩʷ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʩ 

28% ʟʘʢʘʟʦʚ. Joomla ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʩʚʦʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʩʪʘʚ ʪʨʝʪʴʝʡ ʚʦ ʚʩʝʭ ʨʝʡʪʠʥʛʘʭ. ʅʘ 

ʯʝʪʚʝʨʪʦʤ ʤʝʩʪʝ ʦʢʘʟʘʣʩʷ OpenCart, ʢʦʪʦʨʳʡ ʚʳʰʝʣ ʥʘ ʠʪʦʛʦʚʦʝ 4-ʝ ʤʝʩʪʦ ʟʘ ʩʯʝʪ ʩʧʨʦʩʘ ʥʘ ʬʨʠ-

ʣʘʥʩʝ ʠ ʚ IT-ʢʦʤʧʘʥʠʷʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʨʳʥʢʝ ʉʅɻ. 

ʂʘʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʫ PHP? 

ɸʣʝʢʩʝʡ ɿʦʣʦʪʳʭ, ʨʘʟʨʘʙʦʪʯʠʢ Wrike: çʅʘʩʢʦʣʴʢʦ  ̫ʟʥʘʶ, ʫ PHP ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʧʨʦʙʣʝʤ. 

ʅʦ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʵʪʦʛʦ ʷʟʳʢʘ ï ʥʠʟʢʠʡ ʧʦʨʦʛ ʚʭʦʜʘ. ɺʘʞʥʦ ʪʦ, ʯʪʦ ʫʤʝʥʠʝ ʛʝʥʝʨʠʨʦʚʘʪʴ 

HTML ʠʣʠ ʚʠʨʪʫʦʟʥʦ ʥʘʩʪʨʘʠʚʘʪʴ WordPress ʧʣʦʭʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ. ʍʦʪʷ ʵʪʠ 

ʥʘʚʳʢʠ ʠ ʧʦʟʚʦʣʷʶʪ ʟʘʨʘʙʘʪʳʚʘʪʴ ʥʝʧʣʦʭʠʝ ʜʝʥʴʛʠ. 
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ʅʘ PHP ʤʦʞʥʦ ʧʠʩʘʪʴ ʠ ʩʝʨʴʝʟʥʳʝ ʚʝʱʠ, ʥʦ ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʟʥʘʪʴ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʘʣʛʦ-

ʨʠʪʤʳ, ʧʘʨʘʜʠʛʤʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʤʥʦʛʦ ʯʝʛʦ ʝ ʝɦ. 

ʉʘʤ ʷʟʳʢ ʙʫʜʝʪ ʘʢʪʫʘʣʝʥ ʝʱʝ ʤʥʦʛʦ ʣʝʪ, ʥʘ ʥʝʤ ʤʦʞʥʦ ʠ ʥʫʞʥʦ ʧʠʩʘʪʴ. ʅʦ ʧʨʠ ʵʪʦʤ ʭʦʨʦʰʦ 

ʙ  rʨʘʟʚʠʚʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦʙʳ ʥʝ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʥʘʩʪʨʦʡʱʠʢʘ CMSè. 

ʉʝʨʛʝʡ ʇʨʦʢʦʬʴʝʚ, ʫʧʨʘʚʣʷʶʱʠʡ ʧʘʨʪʥʝʨ ʘʛʝʥʪʩʪʚʘ CreativePeople: çʋ ʤʝʥʷ ʪʘʢʦʝ ʦʱʫʝɦ-

ʥʠʝ, ʯʪʦ PHP ʩʪʦ ʣʝʪ ʩʪʦʷʣ ʠ ʝʱʝ ʩʪʦ ʧʨʦʩʪʦʠʪ. ʉʣʠʰʢʦʤ ʤʥʦʛʦ ʧʨʦʝʢʪʦʚ ʥʘ ʥʝʤ, ʜʣʷ ʩʣʠʰʢʦʤ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʵʪʦʪ ʷʟʳʢ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ. ʗ ʢʘʢ-ʪʦ ʩʣʘʙʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚ-

ʣʷʶ 1ʉ-ɹʠʪʨʠʢʩ, ʧʝʨʝʧʠʩʘʥʥʳʡ ʥʘ Python. ʆʜʥʘʢʦ,  ̫ʟʜʝʩʴ ʙʦʣʴʰʝ ʨʘʩʩʫʞʜʘʶ ʢʘʢ ʤʝʥʝʜʞʝʨ, ʪʘʢ 

ʢʘʢ ʩʘʤ ʟʘʚʷʟʘʣ ʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʥʘ ʫʨʦʚʥʝ ʉè. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʅ.ɺ. ʂʦʣʷʜʘ 

ʤʘʛʠʩʪʨʘʥʪ 

ʛ. ʆʤʩʢ, ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʌ.ʄ. ɼʦʩʪʦʝʚʩʢʦʛʦ 

ɽ.ɸ. ʂʦʩʪʶʰʠʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʆʤʩʢ, ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʌ.ʄ. ɼʦʩʪʦʝʚʩʢʦʛʦ 

ʈɽɸʃʀɿɸʎʀʗ ʋʇʈɸɺʃɽʅʀʗ ɼʆʉʊʋʇʆʄ  
ʂ ʕʃɽʂʊʈʆʅʅʓʄ ʉɽʈɺʀʉɸʄ ʆʄɻʋ ʇʈʀ ʈɸɹʆʊɽ ʉ ʈʇ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʧʫʙʣʠʢʘʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩ-

ʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤ ʜʠʩʮʠʧʣʠʥ ʠ ʧʨʘʢʪʠʢ (ʈʇ) ʚ ʌɻɹʆʋ 

ɺʆ çʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʌ.ʄ. ɼʦʩʪʦʝʚʩʢʦʛʦè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ; ʫʧʨʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʝʤ; ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ; 

ʨʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʫ-

ʟʘ. ʆʜʥʘʢʦ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʨʝʘʣʠʟʦʚʘʥ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʠʩʮʠ-

ʧʣʠʥ (ʋʄʂɼ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʧʨʦʩ ʦʙ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʠʩʮʠʧ-

ʣʠʥʳ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ʆʧʠʩʳʚʘʝʤʘʷ ʨʘʟʨʘʙʦʪʢʘ ʩʝʨʚʠʩʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʈʇ ʧʦʟʚʦʣʠʣʘ 

ʫʧʨʦʩʪʠʪʴ ʟʘʧʦʣʥʝʥʠʝ, ʧʨʦʚʝʨʢʫ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤ ʜʠʩʮʠʧʣʠʥ ʩ ʫʯʝʙʥʳʤʠ ʧʣʘʥʘ-

ʤʠ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʩʪʨʦʠʪʴ ʩʣʦʞʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʪʯʝ-

ʪʳ, ʧʦʜʢʣʶʯʠʪʴ ʢ ʧʨʦʮʝʩʩʫ ʨʘʟʨʘʙʦʪʢʠ ʈʇ, ʢʨʦʤʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ-ʦʩʥʦʚʥʦʛʦ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʧʨʝʜ-

ʩʪʘʚʠʪʝʣʝʡ ʜʨʫʛʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʫʧʨʘʚʣʝʥʠʷ ʠ ʙʠʙʣʠʦʪʝʢʘ ʚʫʟʘ. 

ɺʩʷ ʮʝʧʦʯʢʘ ʨʘʙʦʪʳ ʩ ʨʘʙʦʯʠʤʠ ʧʨʦʛʨʘʤʤʘʤ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʝʭ 

ʩʝʨʚʠʩʦʚ: çɹʠʙʣʠʦʪʝʢʘ ʈʇè, çʅʘʟʥʘʯʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʈʇè ʠ çɸʥʘʣʠʪʠʯʝʩʢʠʝ ʦʪʯʝʪʳè, ʧʨʠ-

ʯʝʤ ʦʙʨʘʱʝʥʠʝ ʢ ʩʝʨʚʠʩʘʤ ʤʦʞʝʪ ʙʳʪʴ ʩ ʜʚʫʭ ʩʘʡʪʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʩʪʨʦʡʢʠ ʧʨʘʚ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʡ. 

ʉʭʝʤʘ ʩʝʨʚʠʩʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʈʇ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 1. 

https://tproger.ru/experts/28/
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ʈʠʩ. 1. ʉʭʝʤʘ ʩʝʨʚʠʩʦʚ 

 

ʉʪʝʢ ʪʝʭʥʦʣʦʛʠʡ. ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʪʬʦʨʤʳ ʙʳʣʘ ʚʳʙʨʘʥʘ Java. ʆʥʘ ʠʤʝʝʪ ʚʥʫʰʠʪʝʣʴʥʳʡ ʥʘʙʦʨ ʙʠʙʣʠʦʪʝʢ ʩʪʦ-

ʨʦʥʥʠʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʡ 

ʧʣʘʪʬʦʨʤʦʥʝʟʘʚʠʩʠʤʳʡ SDK (Software Development Kit) ï ʢʦʤʧʣʝʢʪ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʟʚʦ-

ʣʷʶʱʠʡ ʩʦʟʜʘʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ, ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʘʟʦʚʳʭ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʯʠʭ ʧʣʘʪʬʦʨʤ. 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ SparkJavaFramework, ʵʪʦ ʤʠʢʨʦʬʨʝʡʤʚʦʨʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʚ 

Java 8. 

ɼʣʷ ʧʝʯʘʪʠ / ʧʨʦʩʤʦʪʨʘ ʈʇ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʠʙʣʠʦʪʝʢʘ iText. ʆʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʦʢʫʤʝʥʪʳ 

ʩʣʝʜʫʶʱʠʭ ʬʦʨʤʘʪʦʚ: PDF, RTF, HTML ʠ XML.  

ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ Scala ï ʩʪʨʦʛʠʡ ʩʪʘʪʠʯʝʩʢʠʡ ʪʠʧʠʟʠʨʦʚʘʥ-

ʥʳʡ JVM-based ʷʟʳʢ, ʫʩʧʝʰʥʦ ʩʦʯʝʪʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʠ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺ Scala ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʫʶ ʙʠʙʣʠʦʪʝʢʫ, ʥʘʧʠʩʘʥʥʫʶ ʥʘ 

Java, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ. 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʬʨʝʡʤʚʦʨʢ Scalatest, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʨʘʟʥʳʝ ʩʪʠʣʠ ʥʘʧʠʩʘ-

ʥʠʷ ʪʝʩʪʦʚ ʠ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʫʶʱʠʡʩʷ ʩ ʜʨʫʛʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ JVM, ʚʢʣʶʯʘʷ IDE ʠ maven. 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ: 

1. JQuery ï ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ javascript ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʣʠʝʥʪ-

ʩʢʦʡ ʯʘʩʪʠ. 

2. Mustache.js ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʭʦʨʦʰʦ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʫʶ ʰʘʙʣʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ HTML ʰʘʙʣʦʥʦʚ. 

3. Twitter Bootstrap v4.0 ï CSS (Cascading Style Sheets) ʬʨʝʡʤʚʦʨʢ, ʧʦʚʳʰʘʶʱʠʡ ʩʢʦʨʦʩʪʴ ʠ 

ʦʙʣʝʛʯʘʶʱʠʡ ʨʘʟʨʘʙʦʪʢʫ web-ʧʨʠʣʦʞʝʥʠʡ.  

4. Node.js ï ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʩʝʨʚʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ JavaScript. 

5. Bower ï ʧʘʢʝʪʥʳʡ ʤʝʥʝʜʞʝʨ ʜʣʷ JavaScript ʙʠʙʣʠʦʪʝʢ, ʫʧʨʦʱʘʶʱʠʡ ʫʩʪʘʥʦʚʢʫ ʠ ʦʙʥʦʚ-

ʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʦʝʢʪʘ. 

6. Grunt ï ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʙʦʨʢʠ JavaScript ʧʨʦʝʢʪʦʚ ʠʟ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ. ʆʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʣʘʛʠʥʦʚ: ʦʧʪʠ-

ʤʠʟʘʮʠʷ css, js, ʢʘʨʪʠʥʦʢ, ʢʦʥʢʘʪʝʥʘʮʠʷ ʩʢʨʠʧʪʦʚ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʬʘʡʣʘʭ ʠ ʧʨʦʯʝʝ. 

7. ʗʥʜʝʢʩ. ʉʧʝʣʣʝʨ ï ʧʦʤʦʛʘʝʪ ʥʘʭʦʜʠʪʴ ʠ ʠʩʧʨʘʚʣʷʪʴ ʦʨʬʦʛʨʘʬʠʯʝʩʢʠʝ ʦʰʠʙʢʠ. 

ɼʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʨʝʜʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʥʘ ʩʝ-

ʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ: ʢʨʦʩʩʙʨʘʫʟʝʨ-

ʥʦʩʪʴ. 

ʇʨʠʣʦʞʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʧʦ ʧʨʠʥʮʠʧʫ ʦʜʥʦʩʪʨʘʥʠʯʥʦʛʦ ʩʘʡʪʘ (single page application, SPA), 

ʢʦʪʦʨʳʡ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʯʠʪʘʝʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ.  

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ çɹʠʙʣʠʦʪʝʢʘ ʈʇè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʠʜ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ ʧʨʠʣʦʞʝ-

ʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʘʢʝʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2. ʂʘʞʜʳʡ ʠʟ ʧʘʢʝʪʦʚ ʦʪʚʝʯʘ-

ʝʪ ʟʘ ʨʷʜ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ ʦʙʨʘʙʦʪʢʘ ʟʘʧʨʦʩʦʚ, ʘʚʪʦʨʠʟʘʮʠʶ ʚ ʧʨʠʣʦʞʝʥʠʠ, ʧʦʣʫʯʝ-

ʥʠʝ ʠ ʦʪʧʨʘʚʢʫ ʜʘʥʥʳʭ ʚ ʙʘʟʫ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ, ʪʝʩʪʠʨʦʚʘʥʠʝ. 
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ʈʠʩ. 2. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ çɹʠʙʣʠʦʪʝʢʘ ʈʇè 

 

ɹʝʟʦʧʘʩʥʦʩʪʴ. 

ʉʘʡʪʳ çʕʣʝʢʪʨʦʥʥʳʝ ʩʝʨʚʠʩʳ ʆʤɻʋè [2] ʠ çʀʀɸʉ ʋʯʝʙʥʳʡ ʧʨʦʮʝʩʩè [3] ʷʚʣʷʶʪʩʷ ʤʦʜʫʣʴ-

ʥʳʤʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʚʝʙ-ʩʝʨʚʠʩʦʚ (ʤʠʢʨʦʩʝʨʚʠʩʦʚ), ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʨʝʰʘʝʪ ʩʚʦʶ ʯʘʩʪʴ ʦʙʱʝʡ ʟʘʜʘʯʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʩʝʨʚʝʨʝ [1] (DAS ï 

Delegating Authentication Server) ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʦʮʝʜʫʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ ʯʝ-

ʣʦʚʝʢʘ, ʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʘʪʝʛʦʨʠʠ. ʂʘʞʜʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʨʦʚʝʨʷʝʪ ʢʘʪʝʛʦʨʠʶ 

ʧʨʠʰʝʜʰʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʫʪʝʤ ʫʜʘʣʝʥʥʦʛʦ ʚʳʟʦʚʘ ʵʪʠʭ ʧʨʦʮʝʜʫʨ (ʧʨʦʪʦʢʦʣ OAuth2.0). 

ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ OAuth, ʪʘʢʦʚʘ: 

1) ʧʦʣʫʯʝʥʠʝ ʘʚʪʦʨʠʟʘʮʠʠ; 

2) ʦʙʨʘʱʝʥʠʝ ʢ ʟʘʱʠʱʝʥʥʳʤ ʨʝʩʫʨʩʘʤ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʘʚʪʦʨʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ access token ï ʥʝʢʠʡ ʢʣʶʯ, ʧʨʝʜʲʷʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʷʚʣʷ-

ʝʪʩʷ ʧʨʦʧʫʩʢʦʤ ʢ ʟʘʱʠʱʝʥʥʳʤ ʨʝʩʫʨʩʘʤ. ʆʙʨʘʱʝʥʠʝ ʢ ʥʠʤ ʚ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ HTTPS ʩ ʫʢʘʟʘʥʠʝʤ ʚ ʟʘʛʦʣʦʚʢʘʭ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʥʦʛʦ access 

token'ʘ. 

ʉ ʧʦʤʦʱʴʶ OAuth2 ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʦʜʠʥ ʭʦʨʦʰʦ ʟʘʱʠʱʝʥʥʳʡ ʘʢʢʘʫʥʪ, ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʝʨʚʠʩʘʭ ʆʤɻʋ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʦʥ ʤʦʞʝʪ ʘʚʪʦʨʠʟʦʚʘʪʴʩʷ ʥʘ ʜʨʫʛʠʭ 

ʩʝʨʚʠʩʘʭ ʠ ʧʨʠ ʵʪʦʤ ʝʤʫ ʥʝ ʪʨʝʙʫʝʪʩʷ ʨʘʩʢʨʳʚʘʪʴ ʩʚʦʠ ʜʘʥʥʳʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʦʤʦʱʠ ʜʘʥʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ ʘʚʪʦʨʠʟʘʮʠʠ ʤʳ ʫʧʨʦʱʘʝʤ ʩʝʙʝ ʜʘʣʴʥʝʡʰʫʶ ʨʘʟʨʘʙʦʪʢʫ, ʪʘʢ ʢʘʢ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʪʘʢʞʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʨʦʣʝʡ. 

ɼʣʷ ʜʦʩʪʫʧʘ ʢ ʩʝʨʚʠʩʘʤ çʅʘʟʥʘʯʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʈʇè, çɹʠʙʣʠʦʪʝʢʘ ʈʇè ʠ çɸʥʘʣʠʪʠ-

ʯʝʩʢʠʝ ʦʪʯʝʪʳè ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʘʨʢʝʨʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ: 

ü tutor_internal ï ʤʘʨʢʝʨ ʜʦʩʪʫʧʘ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʠ çʀʀɸʉ ʫʯʝʙʥʳʡ 

ʧʨʦʮʝʩʩè; 

ü eservice_tutor ï ʤʘʨʢʝʨ ʜʦʩʪʫʧʘ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʠ çʕʣʝʢʪʨʦʥʥʳʝ 

ʩʝʨʚʠʩʳ ʆʤɻʋè; 

ü eservice_student ï ʤʘʨʢʝʨ ʜʦʩʪʫʧʘ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʠ çʕʣʝʢʪʨʦʥʥʳʝ ʩʝʨ-

ʚʠʩʳ ʆʤɻʋè. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʩ ʦʜʥʦʛʦ ʩʝʨʚʠʩʘ ʥʘ ʜʨʫʛʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʚʝʨʢʘ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ 

ʩʝʨʚʝʨʝ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʙʳʣ ʘʚʪʦʨʠʟʦʚʘʥ ʚʳʜʘʝʪʩʷ access_token ʠ ʧʨʦʚʝʨʷʪʩʷ ʜʦʩ-

ʪʫʧʥʦʩʪʴ ʨʝʩʫʨʩʦʚ ʩ ʧʦʤʦʱʴʶ ʤʘʨʢʝʨʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʠʥʘʯʝ ï ʟʘʧʨʦʩ ʣʦʛʠʥʘ ʠ ʧʘʨʦʣʷ. 

ʇʨʦʮʝʩʩ ʧʨʦʚʝʨʢʠ ʥʘ ʧʨʘʚʦ ʜʦʩʪʫʧʘ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʇʦʣʴʟʦʚʘʪʝʣʴ ʘʫʪʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʩʝʨʚʝʨʝ (DAS), ʧʦʩʳʣʘʷ ʝʤʫ ʣʦʛʠʥ ʠ 

ʧʘʨʦʣʴ. ɽʩʣʠ ʥʝ ʚʦʟʥʠʢʣʦ ʠʩʢʣʶʯʝʥʠʝ, ʟʥʘʯʠʪ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʘʣʠʜʝʥ. DAS ʟʘʚʝʨʰʘʝʪ ʧʨʦʮʝʜʫʨʫ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ.  
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2. ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʜʝʪ ʥʘ ʚʝʙ-ʩʝʨʚʠʩ. ɺʝʙ-ʩʝʨʚʠʩ, ʥʝ ʟʥʘʷ, ʯʪʦ ʵʪʦ ʟʘ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʪʧʨʘʚʣʷʝʪ ʝʛʦ ʥʘ DAS ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʜʘ ʜʦʩʪʫʧʘ ACʉESS_TOKEN. 

3. ʇʦʣʴʟʦʚʘʪʝʣʴ ʟʘʧʨʘʰʠʚʘʝʪ ACʉESS_TOKEN ʫ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʝʨʚʝʨʘ. ʅʘ ʵʪʦʤ ʩʝʨʚʝʨʝ ʦʥ 

ʫʞʝ ʘʫʪʝʥʪʠʬʠʮʠʨʦʚʘʥ. ɽʩʣʠ ʥʝʪ, ʪʦ ʮʝʥʪʨʘʣʴʥʳʡ ʩʝʨʚʝʨ ʩʥʘʯʘʣʘ ʟʘʩʪʘʚʠʪ ʝʛʦ ʩʜʝʣʘʪʴ ʵʪʦ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʮʝʥʪʨʘʣʴʥʳʡ ʩʝʨʚʝʨ ʦʪʧʨʘʚʣʷʝʪ ʩ ʵʪʠʤ ʢʦʜʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʚʝʙ-ʩʝʨʚʠʩ. 

4. ɺʝʙ-ʩʝʨʚʠʩ ʧʦʣʫʯʘʝʪ ACʉESS_TOKEN ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

5. ɺʝʙ-ʩʝʨʚʠʩ ʟʘʧʨʘʰʠʚʘʝʪ ʤʘʨʢʝʨ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʨʝʟ ï scope ʚ ʪʝʨʤʠʥʦʣʦ-

ʛʠʠ OAuth2) ʫ DAS, ʧʨʝʜʦʩʪʘʚʣʷʷ AʉCESS_TOKEN. 

6. ʉʝʨʚʝʨ ʩʦʧʦʩʪʘʚʣʷʝʪ scope ï ScopeDataExtractor, ʠ ʚʳʙʠʨʘʝʪ ʜʘʥʥʳʝ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ. 

ScopeDataExtractor ʤʦʞʝʪ ʚʝʨʥʫʪʴ ScopData ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ. 

ScopeData { data: null, forwardUrl: " http : //xxx.yyy/zzz" }.  

ScopeData { data: exists, forwardUrl: null }. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʩʝʨʚʝʨ ʩʦʧʦʩʪʘʚʣʷʝʪ ACʉESS_TOKEN ʩ ʣʦʛʠʥʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɽʩʣʠ ʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʝʩʪʴ ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʦʤʫ ʚʝʙ-ʩʝʨʚʠʩʫ, ʪʦ ʩʝʨʚʝʨ ʚʝʨʥʝʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʯʝʣʦʚʝ-

ʢʘ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï null. 

7. ɺʝʙ-ʩʝʨʚʠʩ ʧʦʣʫʯʘʝʪ ʜʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ, ʠ ʝʩʣʠ ʧʝʨʝʤʝʥʥʦʡ data ʧʨʠʩʚʦʝʥʦ ʟʥʘʯʝʥʠʝ null, ʪʦ 

ʦʪʧʨʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ forwardURL, ʠʥʘʯʝ ʘʚʪʦʨʠʟʫʝʪ ʝʛʦ. forwardURL ï ʵʪʦ ʩʧʝʮʠʘʣʴʥʘʷ web 

ʩʪʨʘʥʠʮʘ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʦʢʘʟʘ ʦʰʠʙʦʢ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʈʘʟʛʨʘʥʠʯʝʥʠʝ ʧʨʘʚ ʜʦʩʪʫʧʘ ʢ ʬʫʥʢʮʠʷʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʈʇ. 

ɼʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʦʣʝʡ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ʂʘʞʜʦʤʫ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʳʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʨʦʣʴ ʠ ʧʦʩʣʝ ʚ ʧʨʠʣʦʞʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʚʝʨʢʘ ʜʦʩʪʫʧʘ 

ʨʝʩʫʨʩʘ ʜʘʥʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʉʧʠʩʦʢ ʨʦʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ: 

¶ ESERVICE_RPD_UROL ï ʨʦʣʴ ʤʝʥʝʜʞʝʨʘ (ʩʦʟʜʘʶʱʝʛʦ ʧʫʩʪʳʝ ʈʇ ʜʣʷ ʜʠʩʮʠʧʣʠʥ ʧʣʘʥʘ 

ʠ ʥʘʟʥʘʯʘʶʱʝʛʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ). 

¶ ESERVICE_RPD_EDIT_UROL ï ʨʦʣʴ ʨʝʜʘʢʪʦʨʘ (ʤʦʞʝʪ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʚʦʠ 

ʈʇ). 

¶ ESERVICE_RPD_BIBL_UROL ï ʨʦʣʴ ʩʦʪʨʫʜʥʠʢʘ ʙʠʙʣʠʦʪʝʢʠ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʧʨʦ-

ʚʝʨʢʫ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. 

¶ ESERVICE_RPD_ADM_UROL ï ʨʦʣʴ çʙʦʣʴʰʦʛʦè ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ, ʤʦʞʝʪ ʩʥʷʪʴ ʫʪʚʝʨ-

ʞʜʝʥʠʷ ʩ ʧʦʜʧʠʩʘʥʥʦʡ ʧʨʦʨʝʢʪʦʨʦʤ ʈʇ, ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʈʇ. 

ɼʦʩʪʫʧ ʢ ʬʫʥʢʮʠʷʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʈʇ ʟʘʚʠʩʠʪ ʪʘʢ ʞʝ ʦʪ ʩʪʘʪʫʩʘ ʈʇ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʈʇ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʩʪʘʪʫʩ çDRAFTè. 

ʉʧʠʩʦʢ ʩʪʘʪʫʩʦʚ ʈʇ:  

1. DRAFT ï ʈʇ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ; 

2. READY ï ʈʇ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʦʞʠʜʘʥʠʷ ʧʨʦʚʝʨʢʠ; 

3. VERIFY ï ʈʇ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʨʦʚʝʨʢʠ; 

4. SIGNED ï ʈʇ ʫʪʚʝʨʞʜʝʥʘ. 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʚ 3ʅʌ, ʪʘʢ ʢʘʢ ʪʨʝʙʦʚʘʣʦʩʴ ʧʨʦʚʦʜʠʪʴ ʩʣʦʞʥʳʡ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠ ʦʬʦʨʤʣʷʪʴ ʝʛʦ ʚ ʚʠʜʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ ʠ ʪʘʙʣʠʮ. ʌʫʥʢʮʠʠ çʉʦʟʜʘʥʠʝ ʈʇè 

ʠ çʌʦʨʤʠʨʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʪʯʝʪʘè ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʪʘʪʫʩʘ, ʧʦʵʪʦʤʫ ʚ ʪʘʙʣʠʮʝ 1 ʦʥʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʦ ʜʦ ʩʪʘʪʫʩʦʚ. 

ʈʦʣʝʚʘʷ ʤʦʜʝʣʴ ʜʦʩʪʫʧʘ ʢ ʬʫʥʢʮʠʷʤ ʥʘ ʩʘʡʪʝ iias.omsu.ru ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʪʫʩʘ ʈʇ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1 

ʈʦʣʝʚʘʷ ʤʦʜʝʣʴ ʥʘ iias.omsu.ru  

ʇʨʠʢʨʝʧʣʝʥʠʝ ʈʇ       

ʆʪʢʨʝʧʣʝʥʠʝ ʈʇ       

ʇʝʨʝʥʘʟʥʘʯʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ       

ʏʪʝʥʠʝ ʈʇ + + + + +  

ɿʘʧʦʣʥʝʥʠʝ ʈʇ       

ʏʪʝʥʠʝ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ + + + + +  

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ    +   

ɼʦʙʘʚʣʝʥʠʝ ʩʪʨʦʢʠ ʧʦʜʧʠʩʠ + +  +   

ʇʦʜʧʠʩʴ ʈʇ    +   

ʋʜʘʣʝʥʠʝ ʧʦʜʧʠʩʠ    + +  
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ʉʪʘʪʫʩ çVERIFYè 

ʇʨʠʢʨʝʧʣʝʥʠʝ ʈʇ       

ʆʪʢʨʝʧʣʝʥʠʝ ʈʇ       

ʇʝʨʝʥʘʟʥʘʯʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ       

ʏʪʝʥʠʝ ʈʇ + + + + +  

ɿʘʧʦʣʥʝʥʠʝ ʈʇ       

ʏʪʝʥʠʝ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ + + + + +  

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ    +   

ɼʦʙʘʚʣʝʥʠʝ ʩʪʨʦʢʠ ʧʦʜʧʠʩʠ + +  +   

ʇʦʜʧʠʩʴ ʈʇ + +  +   

ʋʜʘʣʝʥʠʝ ʧʦʜʧʠʩʠ  +  +   

ʉʪʘʪʫʩ çSIGNEDè 

ʇʨʠʢʨʝʧʣʝʥʠʝ ʈʇ       

ʆʪʢʨʝʧʣʝʥʠʝ ʈʇ       

ʇʝʨʝʥʘʟʥʘʯʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ       

ʏʪʝʥʠʝ ʈʇ + + + + +  

ɿʘʧʦʣʥʝʥʠʝ ʈʇ       

ʏʪʝʥʠʝ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ + + + + +  

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ       

ɼʦʙʘʚʣʝʥʠʝ ʩʪʨʦʢʠ ʧʦʜʧʠʩʠ       

ʇʦʜʧʠʩʴ ʈʇ       

ʋʜʘʣʝʥʠʝ ʧʦʜʧʠʩʠ  +     
 

ʅʘ ʩʘʡʪʝ iias.omsu.ru ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʦʚʦʜʠʪʩʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʠʥʬʦʨʤʘʮʠ-
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ʩʢʘ ʧʨʘʚ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʩʦʚʧʘʜʝʥʠʷ loginôa ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʪʘʙʣʠʮʝ, ʝʩʣʠ ʪʘʢʦ-
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ʈʦʣʝʚʘʷ ʤʦʜʝʣʴ ʜʦʩʪʫʧʘ ʢ ʬʫʥʢʮʠʷʤ ʥʘ ʩʘʡʪʝ eservice.omsu.ru ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʪʫʩʘ ʈʇ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 2. 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʠʣʦʞʝʥʠʷʤʠ. 
ɼʣʷ ʧʝʨʝʭʦʜʘ ʢ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʦʧʨʝʜʝʣʝʥʥʦʡ ʈʇ ʠʟ ʧʨʠʣʦʞʝʥʠʷ çʅʘʟʥʘʯʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥ-

ʥʳʭ ʟʘ ʈʇè ʚ ʧʨʠʣʦʞʝʥʠʝ çɹʠʙʣʠʦʪʝʢʘ ʈʇè, ʠʩʧʦʣʴʟʦʚʘʣʩʷ window.location.hash ʚ ʢʦʪʦʨʳʡ ʧʦʤʝ-

ʱʘʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʪʨʦʢʠ ʈʇ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʚʝʨʢʘ ʧʨʘʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʧʳʪʢʝ ʧʦʣʫʯʝʥʠʷ 

ʜʘʥʥʳʭ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʠʬʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʯʠʩʣʦʚʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, 

ʢʨʦʤʝ ʪʦʛʦ ʯʠʩʣʦʚʳʝ ʠʥʜʝʢʩʳ ʨʘʙʦʪʘʶʪ ʣʫʯʰʝ. ɸʥʘʣʦʛʠʯʥʦ ʦʨʛʘʥʠʟʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʣʦ-

ʞʝʥʠʡ çʅʘʟʥʘʯʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʈʇè ʠ çɸʥʘʣʠʪʠʯʝʩʢʠʝ ʦʪʯʝʪʳè. 
ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʙʦʨ ʩʝʨʚʠʩʦʚ ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʠʨʦʚʘʪʴ ʙʠʙʣʠʦʪʝʢʫ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤ ʚʫʟʘ, 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʈʇ. ʈʝʘʣʠʟʦʚʘʥ-

ʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʧʦʟʚʦʣʠʣʘ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʧʝʨ-

ʩʦʥʘʣʘ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʦʟʣʦʞʝʥʥʳʤʠ ʥʘ ʥʠʭ ʦʙʷʟʘʥʥʦʩʪʷʤʠ ʧʦ 

ʟʘʧʦʣʥʝʥʠʶ ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʠʙʣʠʦʪʝʢʠ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤ ʚʫʟʘ. 
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ʈ.ʕ. ʄʘʤʝʜʣʠ 

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʉʆɺʈɽʄɽʅʅʓɽ ʉʈɽɼʉʊɺɸ ɸʅɸʃʀɿɸ ʂʆʈʇʆʈɸʊʀɺʅʓʍ ɼɸʅʅʓʍ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʘʥʘʣʠʟʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥ-

ʥʳʭ. ʇʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʟʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʧʝ-

ʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʘʣʠʟ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ; ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ; ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ; 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ. 

 

ʋʩʧʝʭ ʢʦʤʧʘʥʠʠ ʥʘ ʨʳʥʢʝ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʙʳʩʪʨʦ ʣʠʮʦ, ʧʨʠʥʠʤʘʶʱʝʝ 

ʨʝʰʝʥʠʝ, ʤʦʞʝʪ ʧʨʠʟʥʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʜʠʥʘʤʠʢʝ ʨʳʥʢʘ ʠ ʢʘʢ ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʠʭ, 

ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʧʨʠʙʳʣʴ, ʠʩʭʦʜʷ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʘʣʠʡ ʨʳʥʢʘ. ʄʝʥʝʜʞʝʨʳ ʢʦʤʧʘʥʠʠ ʜʦʣʞʥʳ 

ʦʪʩʣʝʞʠʚʘʪʴ ʪʝʥʜʝʥʮʠʠ ʨʳʥʢʘ, ʦʧʨʝʜʝʣʷʪʴ ʢʦʥʢʫʨʝʥʪʦʚ ʠ ʫʛʨʦʟʳ, ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ, ʧʨʝʦʙʨʘʟʦʚʳ-

ʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʢʦʤʧʘʥʠʠ, ʦʮʝʥʠʚʘʪʴ ʝʝ ʨʝʩʫʨʩʳ. ʀʥʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʧʨʦʠʟʚʦʜʩʪ-

ʚʝʥʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʧʨʠʥʷʪʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɼʘʥʥʳʝ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʤʝʥʝʜʞʝʨʦʚ ʠ ʘʥʘʣʠʪʠʢʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʥʝ ʦʙʲʝʜʠʥʝʥʳ, ʥʝ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʳ ʠ ʥʝ ʛʦʪʦʚʳ ʢ ʘʥʘʣʠʟʫ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʜʘʥʥʳʝ ʠʟ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʜʘʥʥʳʭ ʠʟ 

ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʧʦʣʝʟʥʫʶ ʜʝʣʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʟʥʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʫʧʨʘʚʣʝʥʠʠ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ. 
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ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ï ʦʙʝʩʧʝʯʠʪʴ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥ-

ʥʳʤ, ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ɸʥʘ-

ʣʠʟ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʧʦʤʦʛʘʝʪ ʢʦʤʧʘʥʠʠ ʧʦʣʫʯʘʪʴ ʟʥʘʥʠʷ ʠʟ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʜʣʷ ʧʨʠʥʷʪʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʨʝʰʝʥʠʡ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʘʥʘʣʠʟʘ ʨʳʥʦʯʥʳʭ ʪʝʥʜʝʥʮʠʡ, ʧʦʥʠʤʘʥʠʷ ʙʠʟʥʝʩ-ʜʨʘʡʚʝʨʦʚ ʠ, ʦʩʥʦʚʳʚʘʷʩʴ 

ʥʘ ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʨʳʥʦʯʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʧʨʠʥʠʤʘʪʴ 

ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ. 

ɼʣʷ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʘʥʘʣʠʟʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʜʦʣʞʥʳ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ [1]: 

Å ʦʧʝʨʘʪʠʚʥʳʡ ʜʦʩʪʫʧ ʢ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

Å ʠʥʪʝʛʨʘʮʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʦʨʛʘʥʠʟʘʮʠʠ; 

Å ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʥʦʛʦʤʝʨʥʳʭ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ; 

Å ʫʛʣʫʙʣʝʥʥʳʡ ʘʥʘʣʠʟ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ; 

Å ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ; 

Å ʩʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʪʯʝʪʦʚ ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʚ ʪ.ʯ. ʥʦʨʤʘʪʠʚʥʳʝ ʦʪʯʝʪʳ; 

Å ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ. 

ʂʣʶʯʝʚʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʥʝʜʨʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʠ ʦʪʯʝʪʥʦʩʪʠ, ʘʥʘʣʠʪʠʢʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʧʦʚʳʰʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʣʠʝʥʪʦʚ. ʀʥʦʛʜʘ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ 

ʩʦʢʨʘʱʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʠ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʧʦʩʪʫʧʣʝʥʠʡ.  

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. 

ʆʪʯʝʪʥʦʩʪʴ ï ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʪʬʦʨʤʘʪʠʨʦʚʘʥʥʳʭ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʪʯʝʪʦʚ ʩ ʭʦʨʦʰʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʥʝʣʠ ʷʚʣʷʶʪ-

ʩʷ ʦʜʥʠʤ ʠʟ ʪʠʧʦʚ ʦʪʯʝʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʜʘʥʥʳʝ ʷʩʥʳʤ, ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʩʧʦ-

ʩʦʙʦʤ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʰʢʘʣʳ, ʠʥʜʠʢʘʪʦʨʳ ʠ ʪ.ʜ. ʉ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʧʘʥʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʴ-

ʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʦʪʩʣʝʞʠʚʘʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʢʣʶʯʝʚʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʠ ʩʨʘʚʥʠʚʘʪʴ ʠʭ 

ʩ ʮʝʣʝʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʊʘʢʠʝ ʧʘʥʝʣʠ ʧʦʟʚʦʣʷʶʪ ʠʟʚʣʝʢʘʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʙʠʟʥʝʩ-

ʧʨʠʣʦʞʝʥʠʡ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʝʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʦʠʟʚʦʣʴʥʳʝ ʟʘʧʨʦʩʳ ï ʵʪʦ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʟʜʘʚʘʪʴ ʠ ʚʳʧʦʣʥʷʪʴ ʫʥʠʢʘʣʴʥʳʝ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʟʘʧʨʦʩʳ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʧʦʠʩʢʘ ï ʜʦʙʘʚʣʝʥʠʝ ʠʥʜʝʢʩʘ ʧʦʠʩʢʘ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦ-

ʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ ʠ ʦʙʲʝʜʠʥʝʥʠʝ ʠʭ ʚ ʩʝʢʨʝʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘ-

ʤʠ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʣʠ ʣʝʛʢʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʜʘʥʥʳʝ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʧʦʠʩʢʘ. 

ʄʦʙʠʣʴʥʳʝ ʬʫʥʢʮʠʠ ï ʵʪʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ʦʙʲʝʜʠʥʷʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʜʦʩʪʘʚʢʠ 

ʦʪʯʝʪʦʚ ʠ ʩʦʜʝʨʞʠʤʦʛʦ ʧʘʥʝʣʝʡ ʘʥʘʣʠʟʘ ʥʘ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥ-

ʪʝʨʘʢʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʙʳʯʥʦ ʥʝʜʦʩʪʫʧʥʳʭ ʥʘ ʥʘʩʪʦʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʠ 

ʥʦʫʪʙʫʢʘʭ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ. 

ɹʳʩʪʨʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦ-

ʩʦʚ ʠ ʚʳʧʦʣʥʷʝʪ ʚʳʯʠʩʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʚ ʨʘʟʥʳʭ ʩʨʝʟʘʭ. 

ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ï ʥʘʠʙʦʣʝʝ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʜʠʘʛʨʘʤʤ ʠ ʛʨʘʬʠʢʦʚ. 

ʇʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ï ʵʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʠ-

ʟʚʘʥʳ ʧʦʤʦʯʴ ʢʦʤʧʘʥʠʷʤ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʠʭ ʩʦʙʩʪʚʝʥʥʳʝ ʥʦʤʠʥʘʣʴʥʳʝ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʘʩʰʪʘʙʳ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʭ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ. 

ʀʥʜʠʢʘʪʦʨʥʳʝ ʢʘʨʪʳ ï ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʠ 

ʜʦʩʪʠʛʘʪʴ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʤʦʞʥʦ ʨʘʩʰʠʬʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʦʪʯʝʪʳ. ʊʘʢʠʝ ʤʝʭʘʥʠʟʤʳ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʩʠʩʪʝʤʳ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʈʘʩʰʠʨʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʠʤʫʣʷʪʦʨʳ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ï ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʚʳʙʦʨʘ ʧʨʘʚʠʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʢʘʢ ʜʝ-

ʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ʀʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʩʝʛʦʜʥʷ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʳ. ʂ ʥʠʤ ʦʪʥʦ-

ʩʷʪʩʷ: 

- ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʣʷʮʠʦʥʥʳʭ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ ï ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʚʳʧʦʣʥʷʪʴ ʟʘʧʨʦʩʳ ʥʘ ʚʳʙʦʨ ʜʘʥʥʳʭ; 

- ʩʝʨʚʝʨʥʳʝ ʠ ʢʣʠʝʥʪʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʚ ʥʝʨʝʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ; 

- ʢʣʠʝʥʪʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʨʝʣʷʮʠʦʥ-

ʥʳʤ ʠ ʤʥʦʛʦʤʝʨʥʳʤ ʭʨʘʥʠʣʠʱʘʤ ʜʘʥʥʳʭ; 

- ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʨʝʧʦʟʠʪʦʨʠʝʚ, ʘʥʘʣʠʟʘ ʤʥʦʛʦʤʝʨʥʳʭ ʠ 

ʨʝʣʷʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʩʦʟʜʘʥʠʷ ʦʪʯʝʪʦʚ ʧʦ ʤʥʦʛʦʤʝʨʥʳʤ ʠ ʨʝʣʷʮʠʦʥʥʳʤ ʜʘʥʥʳʤ. 

ɺʦʟʤʦʞʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʳ ʚ 

ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʦʙʣʘʩʪʷʭ: ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ, ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝ ʜʘʥʥʳʭ. 

ɼʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʙʠʟʥʝʩ-ʘʥʘʣʠʟʘ, ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʨʝʧʦʟʠʪʦʨʠʠ. ʕʪʠ 

ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʦʪʨʘʞʘʪʴ ʪʝʢʫʱʫʶ, ʨʝʘʣʴʥʫʶ ʠ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ ʙʠʟʥʝʩʘ. ʀʥʬʦʨʤʘʮʠʷ ʚ ʭʨʘʥʠ-

ʣʠʱʝ ʜʘʥʥʳʭ ʩʦʙʠʨʘʝʪʩʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʟʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʘ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ. ʍʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʩʦʜʝʨʞʘʪ ʦʛʨʦʤʥʳʡ ʦʙʲʝʤ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʘʩʧʝʢʪʳ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʫʯʠʪʳʚʘʪʴ ʚʩʝ 

ʘʩʧʝʢʪʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ. ʏʪʦʙʳ ʨʝʰʠʪʴ ʙʦʣʝʝ ʫʟʢʠʝ, ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘ-

ʯʠ, ʧʦʜʤʥʦʞʝʩʪʚʘ ʜʘʥʥʳʭ ʤʦʞʥʦ ʠʟʚʣʝʯʴ ʠʟ ʦʙʱʝʛʦ ʨʝʧʦʟʠʪʦʨʠʷ. ʍʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ, ʧʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ, ʩʪʘʙʠʣʴʥʳʤʠ, ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʦʡ 

ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɼʘʥʥʳʝ ʚ ʨʝʧʦʟʠʪʦʨʠʠ 

ʧʦʩʪʫʧʘʶʪ ʠʟ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʠʟ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʏʘʩʪʦ ʥʝʚʦʟʤʦʞʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʦʜʥʦʤ ʧʨʦʜʫʢʪʝ. ʇʦʵʪʦ-

ʤʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʜʫʢʪʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦ-

ʨʳʭ ï ʵʪʦ ʩʘʤ ʥʦʩʠʪʝʣʴ ʜʘʥʥʳʭ, ʜʨʫʛʦʡ ï ʩʨʝʜʩʪʚʦ ʧʦʠʩʢʘ ʠ ʧʨʦʩʤʦʪʨʘ, ʪʨʝʪʴʝ ï ʩʨʝʜʩʪʚʦ ʠʭ ʧʦ-

ʧʦʣʥʝʥʠʷ ʠ ʪ.ʜ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʧʝʨʘʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʠʟʤʝ-

ʥʷʶʪ ʜʘʥʥʳʝ, ʭʨʘʥʠʣʠʱʘ ʨʝʣʷʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ ʥʘ ʯʪʝʥʠʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʳʝ ʢʦʧʠʨʫʶʪʩʷ ʚ 

ʭʨʘʥʠʣʠʱʝ ʠʟ ʦʥʣʘʡʥʦʚʳʭ ʙʘʟ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʘʩʧʠʩʘʥʠʝʤ. ʊʠʧʠʯʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʨʫʢʪʫʨʳ ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʝʣʷʮʠʦʥʥʦʡ 

ʙʘʟʳ ʜʘʥʥʳʭ.  

ʄʥʦʛʦʤʝʨʥʳʝ ʨʝʧʦʟʠʪʦʨʠʠ ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʪ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʟʥʳʭ ʚʳʙʦʨʦʢ. 

ʏʘʱʝ ʚʩʝʛʦ ʪʘʢʠʝ ʩʦʚʦʢʫʧʥʳʝ ʬʫʥʢʮʠʠ ʦʙʨʘʟʫʶʪ ʤʥʦʛʦʤʝʨʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʥʘʟʳʚʘʝʤʳʡ ʢʫʙʦʤ, 

ʦʩʠ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʘʪ ʧʘʨʘʤʝʪʨʳ, ʘ ʷʯʝʡʢʠ ï ʩʦʚʦʢʫʧʥʳʝ ʜʘʥʥʳʝ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʥʠʭ. ɺʜʦʣʴ ʢʘʞ-

ʜʦʡ ʦʩʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʠʝʨʘʨʭʠʠ, ʦʪʨʘʞʘʶʱʠʝ ʨʘʟʥʳʝ ʫʨʦʚʥʠ ʜʝʪʘʣʠʟʘʮʠʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʚʳʧʦʣʥʝʥʠʷ ʩʝʨʠʠ ʟʘʧʨʦʩʦʚ ʧʨʠ ʛʨʫʧʧʠʨʦʚ-

ʢʝ ʜʘʥʥʳʭ, ʘ ʭʨʘʥʠʣʠʱʘ ʨʝʣʷʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ 

ʜʣʷ ʪʘʢʠʭ ʟʘʧʨʦʩʦʚ. 

ʎʝʣʴ ʭʨʘʥʝʥʠʷ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ï ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʥʝ ʧʦʜʨʦʙʥʳʝ, ʘ ʩʚʦʜʥʳʝ 

ʜʘʥʥʳʝ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ï ʵʪʦ ʧʨʦʮʝʩʩ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ, ʪʝʥʜʝʥʮʠʡ, ʤʦ-

ʜʝʣʝʡ, ʩʩʳʣʦʢ ʠ ʢʘʪʝʛʦʨʠʡ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʰʘʙʣʦʥʦʚ, ʘ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʣʠʯʥʳʝ ʦʧʝʨʘʮʠʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤ ʜʘʥʥʳʤ, ʢʦʪʦ-

ʨʳʝ ʨʘʟʨʘʙʦʪʘʥʳ: 

ü ʥʘʡʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳ ʜʣʷ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʣʫʯʰʝ ʧʦʥʠʤʘʶʪ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

ü ʥʘʡʪʠ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʜʩʢʘʟʘʪʴ ʨʝʟʫʣʴʪʘʪ ʠʣʠ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʪʫʘ-

ʮʠʡ, ʠʩʧʦʣʴʟʫʷ ʠʩʪʦʨʠʯʝʩʢʠʝ ʠʣʠ ʩʫʙʲʝʢʪʠʚʥʳʝ ʜʘʥʥʳʝ. 

ʆʪʯʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʠʤʦʝ ʢʦʪʦʨʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 
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ʅʘ ʨʳʥʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʪʯʝ-

ʪʦʚ: ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʧʨʦʜʫʢʪʳ, ʪʘʢ ʠ ʪʝ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʠʣʠ 

ʉʋɹɼ, ʠ ʨʝʘʣʠʟʫʶʪʩʷ ʢʘʢ ʩʝʨʚʝʨʥʳʝ ʩʣʫʞʙʳ, ʪʘʢ ʠ ʢʣʠʝʥʪʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʨʝʜʩʪʚʘ 

ʦʪʯʝʪʥʦʩʪʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʯʘʩʪʦ 

ʧʨʤ̫ʦʡ ʜʦʩʪʫʧ ʢ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʭ ʢʣʠʝʥʪʩʢʠʭ API, ʩʦ-

ʜʝʨʞʘʪ ʠʥʩʪʨʫʤʝʥʪʳ ʙʠʟʥʝʩ-ʛʨʘʬʠʢʠ, ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ ʦʬʠʩʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʧʫʙʣʠʢʫʶʪ ʦʪ-

ʯʝʪʳ ʚ ʀʥʪʝʨʥʝʪʝ, ʚʢʣʶʯʘʶʪ ʢʣʘʩʩʳ ʠʣʠ ʢʦʤʧʦʥʝʥʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ. 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ï ʦʪʯʝʪʳ, 

ʛʨʘʬʠʢʠ, ʜʠʘʛʨʘʤʤʳ. ʆʙʱʠʤ ʩʨʝʜʩʪʚʦʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʷʭ ʷʚʣʷʶʪʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʥʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʨʝʟʫʣʴʪʘʪʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ ʰʢʘʣ ʠ ʠʥʜʠʢʘʪʦʨʦʚ. ʇʘʥʝ-

ʣʠ ʫʧʨʘʚʣʝʥʠʷ ʩʯʠʪʘʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦ-

ʩʪʦʷʥʠʠ ʙʠʟʥʝʩʘ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʨʘʟʤʝʱʘʪʴ ʥʘ ʵʢʨʘʥʝ ʚʩʶ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʢʫʱʠʭ ʦʧʝʨʘ-

ʮʠʷʭ, ʚʳʷʚʣʝʥʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤʘʭ. ʇʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʢʘʨʪʳ ʠʥʜʠʢʘʪʦʨʦʚ, 

ʦʩʥʦʚʘʥʳ ʥʘ ʘʥʘʣʠʟʝ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ: 

1. OracleBusinessIntelligenceEnterpriseEdition (OBIEE) ʷʚʣʷʝʪʩʷ ʧʦʩʨʝʜʥʠʢʦʤ ʤʝʞʜʫ ʠʩʪʦʯ-

ʥʠʢʘʤʠ ʜʘʥʥʳʭ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʦʪʯʝʪʘʤʠ. ʉʠʩʪʝʤʘ ʥʝ ʭʨʘʥʠʪ ʫ ʩʝʙʷ ʜʘʥʥʳʝ ï ʦʪʯʝʪʳ ʩʪʨʦʷʪ-

ʩʷ ʧʫʪʝʤ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ ʢ ʠʩʪʦʯʥʠʢʘʤ ʜʘʥʥʳʭ. OBIEE ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʨʝʣʷʮʠʦʥʥʳʝ ʙʘʟʳ, ʩʠʩʪʝʤʳ OLAP, ʬʘʡʣʳ ʠ apache hadoop. 

ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʷʪʴ ʚ ʦʜʥʦʤ ʦʪʯʝʪʝ ʜʘʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʦʙʲʝʜʠʥʷʷ ʠʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʟʘʜʘʥʥʳʤ ʧʨʘʚʠʣʘʤ. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʩʪʘʚʣʝʥʠʷ ʘʥʘʣʠʟʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʳʭ 

ʟʘʧʨʦʩʦʚ ʢ ɹɼ. ʆʪʯʝʪʳ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʝ ʠʣʠ ʩʪʘʪʠʯʥʳʤ ʚʠʜʝ. 

2. Tableau ï ʩʠʩʪʝʤʘ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʧʨʦʚʦ-

ʜʠʪʴ ʛʣʫʙʦʢʠʡ ʠ ʨʘʟʥʦʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝ ʪʨʝʙʫʶʱʘʷ ʦʙʫʯʝʥʠʷ 

ʙʠʟʥʝʩ-ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʚʥʝʜʨʝʥʠʷ. ʅʝ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ, 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ ʦʪ Excel ʜʦ Oracle. ɺ ʘʨʩʝʥʘʣʝ ʠʤʝʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ: ʦʪ ʧʨʦʩʪʝʡʰʠʭ ʜʦ ʘʥʘʣʠʟʘ ʪʨʝʥʜʦʚ ʠ ʢʦʨʨʝʣʷʮʠʠ. 

3. Microsoft Power BI ï ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ ʩʣʫʞʙ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ ʩ ʧʦʜʜʝʨʞʢʦʡ 

ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ï ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʥʝʣʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʢʣʶʯʝʚʳʤʠ ʧʦʢʘ-

ʟʘʪʝʣʷʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ, ʜʦʩʪʫʧʥʳʭ ʥʘ ʣʶʙʦʤ ʫʩʪʨʦʡʩʪʚʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ BI-system 

ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʦʙʣʘʯʥʫʶ ʭʨʘʥʠʣʠʱʫ. 

4. SAP Business Objects BI ï ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʦʪ SAP, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʦʧʝʨʘʪʠʚʥʳʡ 

ʩʙʦʨ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʦʪʯʝʪʦʚ ʚ ʨʘʟʨʝʟʝ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʤʥʦʛʦʤʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʫʜʫʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺʢʣʶʯʘʝʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʠ ʩʦʟ-

ʜʘʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʠʜʦʚ ʦʪʯʝʪʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ, ʚ ʨʘʟʨʝʟʝ ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

5. IBM Cognos Analytics ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʡʩʪʚʠʷ. ʀʥʪʝʨʬʝʡʩ ʧʦ-

ʟʚʦʣʷʝʪ ʙʠʟʥʝʩ-ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʟʜʘʚʘʪʴ ʠ ʥʘʩʪʨʦʠʪʴ ʩʚʦʜʥʳʝ ʧʘʥʝʣʠ ʠ ʦʪʯʝʪʳ. 
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ʊ.ɺ. ʄʦʩʷʛʠʥʘ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʊ.ɹ. ʂʘʟʠʘʭʤʝʜʦʚ 

 ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʈʍʀɺɸʎʀʗ ɼɸʅʅʓʍ ʅɸ ʆʉʅʆɺɽ ɸʃɻʆʈʀʊʄʆɺ ʍɸʌʌʄɸʅɸ ʀ ʌɸʅʆ 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʦʧʠʩʳʚʘʝʪ ʢʦʥʮʝʧʮʠʶ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʢʦʜʠʨʦʚʘʥʠʷ ʍʘʬʬʤʘʥʘ ʠ ʌʘʥʦ ʜʣʷ ʩʞʘʪʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʷʟʳʢʠ ʠ ʩʨʝʜʳ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʠʯʝʤ ʧʨʠʚʦʜʷʪʩʷ ʧʨʦʛʨʘʤʤʳ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʧʦ ʍʘʬʬʤʘʥʫ. ɸʣ-

ʛʦʨʠʪʤ ʢʦʜʠʨʦʚʘʥʠʷ ʧʦ ʌʘʥʦ ʨʝʘʣʠʟʦʚʘʥ C#. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʛʦʨʠʪʤʳ ʢʦʜʠʨʦʚʘʥʠʷ; ʩʞʘʪʠʝ ʠʥʬʦʨʤʘʮʠʠ; ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ; ʧʨʝʬʠʢʩ-

ʥʘʷ ʠ ʧʦʩʪʬʠʢʩʥʘʷ ʬʦʨʤʳ. 

ɸʣʛʦʨʠʪʤʳ ʍʘʬʬʤʘʥʘ ʠ ʌʘʥʦ ʷʚʣʷʶʪʩʷ ʘʣʛʦʨʠʪʤʘʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʝʬʠʢʩʥʦʛʦ ʘʣʬʘʚʠʪʥʦ-

ʛʦ ʢʦʜʠʨʦʚʘʥʠʷ. ʉʫʪʴ ʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦ ʟʘʜʘʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʯʘʩʪʦʪ ʧʦʷʚʣʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʩʠʤʚʦʣʦʚ ʚ ʟʘʜʘʥʥʦʤ ʷʟʳʢʝ ʧʦʩʪʨʦʠʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʦʧʪʠʤʘʣʴʥʳʡ ʢʦʜ. ʇʨʠ ʵʪʦʤ, 

ʜʣʠʥʘ ʢʦʜʘ ʜʣʷ ʢʘʞʜʦʛʦ ʩʠʤʚʦʣʘ ʚʘʨʴʠʨʫʝʪʩʷ ï ʦʥʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʘʩʪʦʪʝ ʧʦʷʚʣʝʥʠʷ 

ʩʠʤʚʦʣʘ ʚ ʷʟʳʢʝ, ʪ.ʝ. ʯʝʤ ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ï ʪʝʤ ʢʦʨʦʯʝ ʢʦʜ ʩʠʤʚʦʣʘ. ʀʤʝʥʥʦ ʵʪʦ ʩʚʦʡʩʪʚʦ 

ʘʣʛʦʨʠʪʤʦʚ ʍʘʬʬʤʘʥʘ ʠ ʌʦʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ çʩʞʘʪʠʷè ʠʥʬʦʨʤʘʮʠʠ ï ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ, ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʠʤʚʦʣʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʷʟʳʢʘ ʦʢʦʣʦ 60 

(ʯʪʦ ʜʦʚʦʣʴʥʦ ʜʘʣʝʢʦ ʦʪ 256) ʠ ʠʭ ʢʦʜʠʨʦʚʘʥʠʝ ʨʘʚʥʦʤʝʨʥʳʤʠ ʢʦʜʘʤʠ ASCII ʩʪʘʥʦʚʠʪʩʷ ʠʟʙʳʪʦʯʥʳʤ. 

ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʍʘʬʬʤʘʥʘ ʠ ʌʘʥʦ ʚʩʝʛʜʘ ʝʩʪʴ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ, ʣʠʩʪʴʷ 

ʢʦʪʦʨʦʛʦ ï ʩʠʤʚʦʣʳ ʘʣʬʘʚʠʪʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʦ ʥʘ ʧʨʠʤʝʨʝ ʘʣʛʦʨʠʪʤʘ ʍʘʬʬʤʘʥʘ. 

ʇʨʠʤʝʨ. ʇʫʩʪʴ ʫ ʘʣʬʘʚʠʪʘ A={a,b,c,d,e} ʟʘʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʯʘʩʪʦʪʳ ʧʦʷʚʣʝʥʠʷ ʝʛʦ ʩʠʤʚʦ-

ʣʦʚ: p(a)=0,25; p(b)=0,10; p(c)=0,15; p(d)=0,15; p(e)=0,35.  

ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ: 

1. ʅʘʡʜʝʤ 2 ʩʠʤʚʦʣʘ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ. 

2. ɿʘʤʝʥʠʤ ʠʭ ʥʦʚʳʤ ʩʠʤʚʦʣʦʤ, ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʠʪʩʷ ʢʘʢ ʩʫʤʤʘ ʚʝ-

ʨʦʷʪʥʦʩʪʝʡ ʟʘʤʝʱʝʥʥʳʭ ʩʠʤʚʦʣʦʚ. 

ʐʘʛʠ 1ï2 ʧʦʚʪʦʨʷʶʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʦʩʪʘʥʝʪʩʷ 

ʦʜʠʥ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʠʤʚʦʣ, ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ʢʦʪʦʨʦʛʦ 

ʙʫʜʝʪ ʨʘʚʥʘ 1,0. ʇʨʠ ʵʪʦʤ ʥʘ ʰʘʛʝ 2 ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʭʨʘʥʷ-

ʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʘʤʝʱʝʥʠʷʭ ʧʘʨ ʩʠʤʚʦʣʦʚ ʩ ʤʠʥʠʤʘʣʴ-

ʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ, ʪ.ʢ. ʟʘʤʝʱʝʥʥʳʝ ʩʠʤʚʦʣʳ ʩʪʘʥʦʚʷʪʩʷ 

ʩʳʥʦʚʴʷʤʠ (ʣʝʚʳʤ ʠ ʧʨʘʚʳʤ) ʩʠʤʚʦʣʘ, ʠʭ ʟʘʤʝʩʪʠʚʰʝʛʦ. 

ʅʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʨʘʟʣʠʯʠʷ, ʢʘʢʦʡ ʠʟ ʩʳʥʦʚʝʡ ʣʝʚʳʡ, ʘ 

ʢʘʢʦʡ ï ʧʨʘʚʳʡ, ʪ.ʢ. ʜʣʠʥʳ ʢʦʜʦʚ ʚʩʝ ʨʘʚʥʦ ʥʝ ʠʟʤʝʥʷʪʩʷ 

ʜʣʷ ʢʘʞʜʦʛʦ ʩʠʤʚʦʣʘ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʥʷʪʦ ʩʪʘʚʠʪʴ ʣʝ-

ʚʳʤ ʩʳʥʘ ʩ ʤʝʥʴʰʝʡ ʯʘʩʪʦʪʦʡ. ɺ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʩʠʤʚʦʣ ʩ 

ʚʝʨʦ̫ ʪʥʦʩʪʴʶ 1,0 ʦʢʘʞʝʪʩʷ ʢʦʨʥʝʤ ʚʩʝʛʦ ʜʝʨʝʚʘ. ɺʩʝ ʨʝʙʨʘ 

ʧʦʣʫʯʝʥʥʦʛʦ ʜʝʨʝʚʘ, ʠʩʭʦʜʷʱʠʝ ʢ ʣʝʚʳʤ ʩʳʥʦʚʴʷʤ, ʠʤʝʶʪ 

ʚʝʩ 0, ʘ ʢ ʧʨʘʚʳʤ ï ʚʝʩ 1. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ 

ʜʝʨʝʚʦ ʜʣʷ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʧʨʠʤʝʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʜ ʩʠʤʚʦʣʘ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʫʣʝʡ ʠ ʝʜʠʥʠʮ ʥʘ ʧʫʪʠ ʢ ʩʠʤʚʦʣʫ ʠʟ 

ʢʦʨʥʷ ʜʝʨʝʚʘ. ʅʘʧʨʠʤʝʨ, ʩʠʤʚʦʣ b ʠʤʝʝʪ ʢʦʜ 010. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʚ ʢʘʢʦʤ ʧʦʨʷʜʢʝ ʟʘʧʠʩʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʜʦʚ ʩʠʤʚʦʣʦʚ, ʝʩʣʠ ʟʥʘʪʴ 

ʥʘʯʘʣʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʚʩʝ ʩʠʤʚʦʣʳ ʢʦʜʦʚ. ʅʘʧʨʠʤʝʨ, ʧʫʩʪʴ ʜʘʥʘ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʫʣʝʡ ʠ ʝʜʠʥʠʮ: 111001100010 (eacdb). ɺʩʪʘʥʝʤ ʚ ʢʦʨʥʝ ʜʝʨʝʚʘ. ʇʨʦʯʠʪʘʝʤ ʦʜʠʥ 

ʨʘʟʨʷʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɽʩʣʠ ʵʪʦʪ ʨʘʟʨʷʜ 1, ʪʦ ʥʫʞʥʦ ʩʧʫʩʪʠʪʴʩʷ ʢ ʧʨʘʚʦʤʫ ʩʳʥʫ, ʠʥʘʯʝ ï ʢ 

ʣʝʚʦʤʫ, ʠ ʧʦʚʪʦʨʷʪʴ ʪʦ ʞʝ ʩʘʤʦʝ ʧʨʠ ʢʘʞʜʦʤ ʥʦʚʦʤ ʯʪʝʥʠʠ ʨʘʟʨʷʜʘ. ɼʦʩʪʠʛʥʫʚ ʣʠʩʪʘ, ʥʫʞʥʦ ʚʳ-
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ʜʣʷ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʧʨʠʤʝʨʘ 



65 

ʚʝʩʪʠ ʩʠʤʚʦʣ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʣʠʩʪʝ, ʠ ʚʝʨʥʫʪʴʩʷ ʢ ʢʦʨʥʶ ʜʝʨʝʚʘ. ɽʩʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʥʫʣʝʡ ʠ ʝʜʠʥʠʮ ʧʨʠ ʵʪʦʤ ʧʨʦʯʠʪʘʥʘ ʥʝ ʜʦ ʢʦʥʮʘ, ʪʦ, ʘʥʘʣʦʛʠʯʥʦ, ʧʨʦʜʦʣʞʘʪʴ ʯʠʪʘʪʴ ʝʝ ï ʜʚʠʛʘʷʩʴ 

ʦʪ ʩʳʥʘ ʢ ʩʳʥʫ ʚʣʝʚʦ ʠʣʠ ʚʧʨʘʚʦ. 

ʆʧʠʩʘʥʥʦʝ ʧʨʘʚʠʣʦ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʜʦʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʩʠʤʚʦʣʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʦʤ ʬʘʢʪʝ, ʯʪʦ ʠʟ ʢʦʨʥʷ ʜʝʨʝʚʘ ʢ ʣʶʙʦʤʫ ʣʠʩʪʫ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ 

1 ʧʫʪʴ. ʕʪʦ ʞʝ ʧʨʘʚʠʣʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʭʝʤʘ ʢʦʜʠʨʦʚʘʥʠʷ ʧʦ ʍʘʬʬʤʘʥʫ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʠʤʦʡ.  

ʆʯʝʥʴ ʠ ʦʯʝʥʴ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʜʝʨʝʚʘ ʍʘʬʬʤʘʥʘ:  

1) ʜʝʨʝʚʦ, ʠʤʝʶʱʝʝ n ʣʠʩʪʦʚ, ʚʩʝʛʜʘ ʩʦʩʪʦʠʪ ʠʟ 2n-1 ʫʟʣʦʚ; 

2) ʚʩʝ ʫʟʣʳ ʜʝʨʝʚʘ ʠʤʝʶʪ ʣʠʙʦ 2-ʭ, ʣʠʙʦ ʥʠ ʦʜʥʦʛʦ ʩʳʥʦʚʝʡ;  

3) ʩʫʤʤʘ ʚʩʝʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʢʦʨʥʷ ʜʝʨʝʚʘ ʜʦ ʢʘʞʜʦʛʦ ʠʟ n ʣʠʩʪʦʚ ʜʝʨʝʚʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʨʘʚʥʘ 
2

2 nn +
. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʝʨʝʚʦ ʙʫʜʝʪ ʠʤʝʪʴ ʤʘʢʩʠʤʫʤ 256 ʣʠʩʪʦʚ. ʇʦ 3-ʤʫ ʩʚʦʡʩʪʚʫ ʦ ʩʫʤʤʝ ʨʘʩ-

ʩʪʦʷʥʠʡ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʦʜʦʚ ʩʠʤʚʦʣʦʚ ʧʦʥʘʜʦʙʠʪʩʷ ʦʢʦʣʦ 39 ʂɹ ʧʘʤʷʪʠ, ʝʩʣʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʜʚʦʠʯʥʦʛʦ ʨʘʟʨʷʜʘ ʦʪʚʦʜʠʪʴ 1 ʙʘʡʪ; ʠʣʠ ʦʢʦʣʦ 5 ʂɹ, ʝʩʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʟʨʷʜʘ ʦʪʚʦʜʠʪʴ 

1 ʙʠʪ. ʇʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʧʨʠʤʝʥʠʪʴ ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʢʦʜʦʚ 

ʩʠʤʚʦʣʦʚ ʨʘʩʧʘʢʦʚʳʚʘʶʱʝʡ ʧʨʦʛʨʘʤʤʝ. ɸ ʠʤʝʥʥʦ ï ʭʨʘʥʠʪʴ ʥʝ ʢʦʜʳ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʘ ʭʨʘʥʠʪʴ ʩʘ-

ʤʦ ʜʝʨʝʚʦ ʠ ʩʠʤʚʦʣʳ. 

ɼʝʨʝʚʦ ʫʜʦʙʥʦ ʭʨʘʥʠʪʴ ʚ ʚʠʜʝ ʧʦʣʴʩʢʦʡ ʟʘʧʠʩʠ ï ʪ.ʝ. ʢʦʛʜʘ ʚʩʝ ʝʛʦ ʚʝʨʰʠʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʧʦʨʷʜʢʝ ʠʭ ʦʙʭʦʜʘ ʚ ʛʣʫʙʠʥʫ. ʇʨʠ ʵʪʦʤ, ʪ.ʢ. ʫ ʢʘʞʜʦʛʦ ʫʟʣʘ ʠʤʝʝʪʩʷ ʣʠʙʦ ʨʦʚʥʦ 2 ʩʳʥʘ, ʣʠʙʦ ʥʠ 

ʦʜʥʦʛʦ, ʪʦ ʦʙʦʟʥʘʯʠʤ ʟʘ 1 ï ʥʘʣʠʯʠʝ ʩʳʥʦʚʝʡ, ʘ ʟʘ 0 ï ʠʭ ʦʪʩʫʪʩʪʚʠʝ. ʊ.ʢ. ʚʘʞʥʘ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘ-

ʮʠʷ ʦ ʜʝʪʷʭ, ʪʦ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʜʝʨʝʚʘ ʧʦʥʘʜʦʙʠʪʩʷ ʚʩʝʛʦ 1 ʙʠʪ. ɼʝʨʝʚʦ ʥʘ ʨʠʩ. 1 ʚ 

ʚʠʜʝ ʧʦʣʴʩʢʦʡ ʟʘʧʠʩʠ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʢʘʢ 110100100. ʇʝʨʚʳʡ ʨʘʟʨʷʜ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫ ʢʦʨʥʷ 2 ʩʳ-

ʥʘ, 2-ʡ ʨʘʟʨʷʜ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫ ʣʝʚʦʛʦ ʩʳʥʘ ʢʦʨʥʷ ʪʘʢ ʞʝ ʜʚʦʝ ʩʳʥʦʚʝʡ ʠ ʪ.ʜ. 

ʇʨʦʛʨʘʤʤʳ çCoderè ʠ çDecoderè (çʘʨʭʠʚʘʪʦʨè ʠ çʜʝʘʨʭʠʚʘʪʦʨè) 
1. ʊ.ʢ. ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʪʨʝʙʫʝʪʩʷ ʯʘʩʪʦʝ ʦʙʨʘʱʝʥʠʝ ʢ ʦʪʜʝʣʴʥʳʤ ʙʠʪʘʤ, ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʪʨʝ-

ʙʫʶʪʩʷ ʜʚʝ ʧʦʜʧʨʦʛʨʘʤʤʳ. 
1) SetBit(varb:byte; I,p:byte) ï ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ i-ʡ ʙʠʪ ʙʘʡʪʘ b ʚ ʟʥʘʯʝʥʠʝ 

p={0,1};  
2) Bit(b,i:byte):byte ï ʵʪʘ ʬʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ 1, ʝʩʣʠ i-ʡ ʙʠʪ ʙʘʡʪʘ b ʨʘʚʝʥ 1, ʠʥʘʯʝ 0. 
 

Procedure SetBit(var b:byte; i,p:byte); assembler; 

asm 
MOV AX,word ptr b+2 

MOVES,AX{ʟʘʛʨʫʟʢʘ ʚ ES ʩʝʛʤʝʥʪʥʦʛʦ ʘʜʨʝʩʘ ʙʘʡʪʘ b}  
MOVBX,wordptrb{ʟʘʛʨʫʟʢʘ ʚ BX ʩʤʝʱʝʥʠʷ ʙʘʡʪʘ b ʚ ʩʝʛʤʝʥʪʝ} 

MOV AH,1 
MOV CL,i 

SHL AH,CL 
CMPp,0 {ʩʨʘʚʥʠʪʴ p ʩ ʥʫʣʝʤ} 

JE @m1 
ORES:[BX],AH{ʝʩʣʠ p=1, ʪʦ ʚʳʧʦʣʥʠʪʴ ʦʧʝʨʘʮʠʶ OR}  

JMP @m2 
@m1: 

NOTAH{ʝʩʣʠ p=0, ʪʦ ʚʳʧʦʣʥʠʪʴ ʠʥʚʝʨʪʠʨʦʚʘʥʠʝ ʠ ʦʧʝʨʘʮʠʶ AND}  
AND ES:[BX],AH 

@m2: 
end; 
 

Function Bit(b,i:byte); assembler; 

asm 
MOVCL,i 

MOVAL,b{ʚʤʝʩʪʦ ʙʘʡʪʘ c ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʙʘʡʪʦʚʳʡ ʨʝʛʠʩʪʨ AL}  
SHRAL,CL 

ANDAL,00000001b{ʘʩʩʝʤʙʣʝʨʥʘʷ ʬʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ ʨʝʟʫʣʴʪʘʪ ʪʠʧʘ byte ʚ ʨʝʛʠʩʪʨʝ AL}  
end; 
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2. ʌʦʨʤʘʪ ʩʞʘʪʦʛʦ ʬʘʡʣʘ ʠʤʝʝʪ ʚʠʜ: 
 

ʇʦʣʝ ʈʘʟʤʝʨ, ʙʘʡʪ ʅʘʟʥʘʯʝʥʠʝ 

1 3 ʈʘʩʰʠʨʝʥʠʝ ʧʨʝʞʥʝʛʦ ʬʘʡʣʘ 

2 4 ʈʘʟʤʝʨ ʠʩʭʦʜʥʦʛʦ ʬʘʡʣʘ, ʙʘʡʪ 

3 2 ʂʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʧʦʣʴʩʢʦʡ ʟʘʧʠʩʠ 

4 ʤʘʢʩ. 64 ʇʦʣʴʩʢʘʷ ʟʘʧʠʩʴ ʜʝʨʝʚʘ 

5 ʤʘʢʩ. 256 ʉʠʤʚʦʣʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʣʠʩʪʘʭ 

6 ʤʘʢʩ. 2 ɻʙ ɼʘʥʥʳʝ ʚ ʩʞʘʪʦʤ ʚʠʜʝ 
 

3. ʊʝʢʩʪ ʤʦʜʫʣʷ Haffman, ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʜʧʨʦʛʨʘʤʤʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʢʦʜʠʨʦʚʘʥʠʝ. 

UnitHaffman; 

Interface 

varch:array[0..255] oflongint; {ch[i] ʭʨʘʥʠʪ ʯʘʩʪʦʪʫ ʧʦʷʚʣʝʥʠʷ ʙʘʡʪʘ, ʠʤʝʶʱʝʛʦ ʟʥʘʯʝʥʠʝ i}  

cm:array[1..256] ofbyte; 

pp:array[0..255] ofword; {ʊ.ʢ. ʢʦʜʳ ʭʨʘʥʷʪʩʷ ʚ ʦʜʥʦʤ ʙʦʣʴʰʦʤ ʤʘʩʩʠʚʝ codes, ʪʦ pp[i] ʩʦʜʝʨ-

ʞʠʪ ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʢʦʜ ʙʘʡʪʘ i}  

ss,cd:array[0..255] ofbyte; {ss[i] ï ʜʣʠʥʘ ʢʦʜʘ ʙʘʡʪʘ i}  

nodes:array[1..511] ofnode; {node=recordver:longint; l,r:word; end; ï ʫʟʝʣ ʜʝʨʝʚʘ (ʯʘʩʪʦʪʘ ʩʠʤ-

ʚʦʣʘ, ʫʢʘʟʘʪʝʣʴ ʥʘ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʩʳʥʦʚʝʡ} 

codes:array[1..33000] ofbyte; {ʢʦʜʳ ʩʠʤʚʦʣʦʚ, ʥʝʧʨʝʨʳʚʥʦ ʭʨʘʥʷʱʠʝʩʷ ʚ ʦʜʥʦʤ ʤʘʩʩʠʚʝ} 

t:array[1..511] of boolean; 

k,j,p:word; 

i,e:byte; 

fs:longint; 

fin:file of byte; {ʠʩʭʦʜʥʳʡ ʬʘʡʣ} 

fn:filename; 
 

ProcedureInp(nm:filename); {ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʩʯʝʪ ʩʠʤʚʦʣʦʚ}  

Procedure BuildTree; {ʩʪʨʦʠʪ ʜʝʨʝʚʦ} 

ProcedureCoding(kk:word); {ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʭʦʜʘ ʜʝʨʝʚʘ ʚ ʛʣʫʙʠʥʫ ʩʪʨʦʠʪ ʢʦʜʳ ʩʠʤʚʦʣʦʚ} 

Implementation 

Procedure Inp(nm:filename); 

var b:byte; 

begin 

writeln('ANALIZING...'); fn:=nm; assign(fin,fn); reset(fin); fs:=filesize(fin); 

while not eof(fin) do begin read(fin,b); inc(ch[b]); end; 

close(fin); 

k:=0; 

for i:=0 to 255 do if ch[i]>0 then begin inc(k); nodes[k].ver:=ch[i]; nodes[k].l:=0; nodes[k].r:=0; 

cm[k]:=i; end; 

for j:=1 to 511 do t[j]:=false; 

writeln('ANALIZING has been completed...'); 

end; 
 

Procedure FindMin(var k1,k2:word); 

var km:word; 

begin 

for j:=1 to k do if not t[j] then begin k1:=j; break; end; 

for j:=k1+1 to k do if not t[j] then begin k2:=j; break; end; 

if nodes[k1].ver>nodes[k2].ver then begin km:=k1; k1:=k2; k2:=km; end; 

if k2>k1 then km:=k2 else km:=k1; 

for j:=km+1 to k do if not t[j] then 

if nodes[j].ver<nodes[k1].ver then begin k2:=k1; k1:=j; end else if nodes[j].ver<nodes[k2].ver then 

k2:=j; 

t[k1]:=true; t[k2]:=true; 

end; 



67 

Procedure BuildTree; 

var k1,k2:word; 

begin 

while nodes[k].ver<fs do begin  

findmin(k1,k2); inc(k); nodes[k].ver:=nodes[k1].ver+nodes[k2].ver; nodes[k].l:=k2; nodes[k].r:=k1; 

end; 

end; 
 

Procedure Rec(l:word); 

var v:word; 

begin for v:=1 to l do codes[v+p]:=cd[v]; inc(p,l); end; 
 

Procedure Coding(kk:word); 

begin 

if (nodes[kk].l=0)and(nodes[kk].r=0) then 

begin pp[cm[kk]]:=p; ss[cm[kk]]:=e; rec(e); end else 

begin 

inc(e); 

if nodes[kk].l>0 then begin cd[e]:=0; coding(nodes[kk].l); end; 

if nodes[kk].r>0 then begin cd[e]:=1; coding(nodes[kk].r); end; 

dec(e); 

end 

end; 
 

begin 

p:=0; e:=0; k:=0; for i:=0 to 255 do ch[i]:=0; 

end. 

4. ʊʝʢʩʪ ʧʨʦʛʨʘʤʤʳ çCoderè 

Program Coder; 

uses haffman,booleans,crt; 

var st:filename; 

ex:string[3]; {ʨʘʩʰʠʨʝʥʠʝ ʧʨʝʞʥʝʛʦ ʬʘʡʣʘ} 

fout:file of byte; {ʚʳʭʦʜʥʦʡ ʬʘʡʣ} 

bff:buf; { typebuf=array[1..512] ofbyte; ï ʦʜʥʦʤʝʨʥʳʡ ʤʘʩʩʠʚ ï ʙʫʬʝʨ ʟʘʧʠʩʠ ï çʩʙʨʘʩʳʚʘʝʪʩʷè 

ʚ ʬʘʡʣ ʘʚʪʦʤʘʪʠʯʝʩʢʠ} 

nb,j:word; 

ni,nt,ne:byte; 

c:longint; 
 

{ʟʘʧʠʩʳʚʘʝʪ ʙʫʬʝʨ ʚ ʬʘʡʣ ʠ ʦʯʠʱʘʝʪ ʙʫʬʝʨ} 

Procedure Flush(nn:word); var j:word; begin for j:=1 to nn do write(Fout,bff[j]); nb:=1; ni:=0; end; 

{ʟʘʧʠʩʳʚʘʝʪ ʚ ʙʫʬʝʨ ʙʘʡʪ}  

Procedure WRBYTEBUF(b:byte); Begin bff[nb]:=b; inc(nb); if nb=513 then flush(512); end; 

{ʟʘʧʠʩʳʚʘʝʪ ʚ ʙʫʬʝʨ ʙʠʪ} 

Procedure wrbitbuf(p:byte); Begin setbit(bff[nb],ni,p); inc(ni); inc(nb,(ni and 8) shr 3); ni:=(ni and 7); 

if nb=513 then flush(512); end; 

{ʧʝʨʝʚʦʜʠʪ ʜʝʨʝʚʦ ʠʟ ʧʨʝʞʥʝʡ ʟʘʧʠʩʠ ʚ ʧʦʣʴʩʢʫʶ ʟʘʧʠʩʴ} 

Procedure Polsk(kk:word); 

begin 

if (nodes[kk].l>0) then begin wrbitbuf(1); polsk(nodes[kk].l); polsk(nodes[kk].r); end 

else begin inc(ne); cd[ne]:=cm[kk]; wrbitbuf(0); end; 

end; 
 

begin 

clrscr; write('Enter name of file in the same <Dir>...'); readln(st); 

Inp(st); buildtree; coding(k); {ʢʦʜʠʨʦʚʘʥʠʝ} 

{ʠʟʤʝʥʝʥʠʝ ʨʘʩʰʠʨʝʥʠʷ ʬʘʡʣʘ ʥʘ haf}  
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ex:=copy(st,pos('.',st)+1,length(st)-pos('.',st)); st:=copy(st,1,pos('.',st)-1)+'.haf'; 

nb:=1; 

assign(fout,st); rewrite(fout); 
 

fori:=1 to 3 dowrbytebuf(ord(ex[i])); {ʟʘʧʠʩʴ ʧʨʝʞʥʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚ ʙʫʬʝʨ} 
 

{ʟʘʧʠʩʴ ʯʝʪʳʨʝʭʙʘʡʪʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʦʪʨʘʞʘʶʱʝʡ ʨʘʟʤʝʨ ʧʨʝʞʥʝʛʦ ʬʘʡʣʘ, ʚ ʥʦʚʳʡ ʬʘʡʣ} 
wrbytebuf(byte((fs and $FF000000) shr 24)); wrbytebuf(byte((fs and $00ff0000) shr 16)); 

wrbytebuf(byte((fs and $0000ff00) shr 8)); wrbytebuf(byte( fs and $000000ff)); 
{ʟʘʧʠʩʴ ʚ ʬʘʡʣ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ} 

wrbytebuf(byte(k shr 8)); wrbytebuf(byte(k and $00FF)); 
Polsk(k); {ʧʦʙʠʪʦʚʘʷ ʟʘʧʠʩʴ ʚ ʬʘʡʣ ʧʦʣʴʩʢʦʡ ʟʘʧʠʩʠ} 

if ni>0 then begin inc(nb); ni:=0; if nb=513 then flush(512); end; 
forj:=1 tonedowrbytebuf(cd[j]); {ʟʘʧʠʩʴ ʚ ʬʘʡʣ ʠʩʭʦʜʥʳʭ ʩʠʤʚʦʣʦʚ} 
 

reset(fin); c:=0; {ʟʘʧʠʩʴ ʚ ʬʘʡʣ ʢʦʜʦʚ ʍʘʬʬʤʘʥʘ ï ʩʦʙʩʪʚʝʥʥʦ ʩʞʘʪʠʝ} 
while not eof(fin) do begin 

inc(c); gotoxy(round(79*c/fs)+1,4); write('|'); read(fin,nt); for j:=1 to ss[nt] do wrbit-
buf(codes[pp[nt]+j]); 

end; 

close(fin); 
if not ((nb=1) and (ni=0)) then flush(nb-byte(ni=0)); 

close(fout); 
writeln('executed... PRESS <ENTER>'); 

end. 

5. ʊʝʢʩʪ ʧʨʦʛʨʘʤʤʳ çDecoderè 

Program decoder; 
usesbooleans,crt; 

{ʪʠʧ ʫʟʣʘ ʜʝʨʝʚʘ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʧʦʣʴʩʢʦʡ ʟʘʧʠʩʠ} 
type nd=record l,r:word; end; 
 

var fn:filename; 
ex:string[3]; 

fin,fout:fileofbyte; {ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʬʘʡʣʳ} 
b,cntb,cntc,ni:byte; 

i,cnt,ck,nb,curnode:word; 
fs:longint; 

bfd:array[1..64] of byte; {ʙʫʬʝʨʜʣʷʧʦʣʴʩʢʦʡʟʘʧʠʩʠ} 

ch:array[0..255] ofbyte; {ʙʫʬʝʨ ʜʣʷ ʩʠʤʚʦʣʦʚ} 
cc:array[1..511] ofbyte; {ʤʘʩʩʠʚ ʩʠʤʚʦʣʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ} 

nds:array[1..511] ofnd; {ʜʝʨʝʚʦ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʧʦʣʴʩʢʦʡ ʟʘʧʠʩʠ} 
 

ProcedureBldTre(k:word); {ʧʨʝʦʙʨʘʟʫʝʪ ʜʝʨʝʚʦ ʠʟ ʧʦʣʴʩʢʦʡ ʟʘʧʠʩʠ ʚ ʤʘʩʩʠʚ ʫʟʣʦʚ} 

begin 
inc(ck); 

if bit(bfd[nb],ni)=1 then 
begin  

nds[k].l:=ck+1; inc(ni); inc(nb,(ni and 8) shr 3); ni:=ni and 7; bldtre(ck+1); 
nds[k].r:=ck+1;inc(ni); inc(nb,(ni and 8) shr 3); ni:=ni and 7; bldtre(ck+1); 

end else 
begin nds[k].l:=0; nds[k].r:=0; cc[k]:=ch[i]; inc(i); end; 

end; 
 

begin 

clrscr; write('Enter filename (*.haf)...'); read(fn); 

assign(fin,fn+'.haf'); reset(fin); 
ex:=''; 

for i:=1 to 3 do begin read(fin,b); ex:=ex+chr(b); end; {ʯʪʝʥʠʝ ʨʘʩʰʠʨʝʥʠʷ ʬʘʡʣʘ} 
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{ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʬʘʡʣʘ ʧʦʩʣʝ ʨʘʩʧʘʢʦʚʢʠ} 

read(fin,b); fs:=longint(b) shl 24; read(fin,b); fs:=fs+longint(b) shl 16; read(fin,b); 

fs:=fs+longint(b) shl 8; read(fin,b); fs:=fs+longint(b); 
{ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ} 

read(fin,b); cnt:=word(bshl 8); 
read(fin,b); inc(cnt,b); 
 

cntb:=(cnt shr 3)+byte((cnt and 7)>0); 
{ʯʪʝʥʠʝ ʧʦʣʴʩʢʦʡ ʟʘʧʠʩʠ}  

for i:=1 to cntb do begin read(fin,b); bfd[i]:=b; end; 
cntc:=((cnt+1) shr 1)-1; 

{ʯʪʝʥʠʝ ʩʠʤʚʦʣʦʚ} 
for i:=0 to cntc do begin read(fin,b); ch[i]:=b; end; 
 

nb:=1; ni:=0; ck:=0; i:=0; bldtre(1); {ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʴʩʢʦʡ ʟʘʧʠʩʠ ʚ ʤʘʩʩʠʚ ʫʟʣʦʚ} 
{ʨʘʩʧʘʢʦʚʢʘ} 

assign(fout,fn+'.'+ex); rewrite(fout); curnode:=1; ni:=0; read(fin,b); 
while fs>0 do 

begin 

while nds[curnode].l>0 do  
begin 

if bit(b,ni)=0 then curnode:=nds[curnode].l else curnode:=nds[curnode].r; inc(ni); if ni>7 then be-
gin ni:=0; read(fin,b); end; 

end; 
dec(fs); write(fout,cc[curnode]); curnode:=1; 

end; 
close(fout); close(fin); writeln('Executed...'); 

end. 
 

ʊʝʧʝʨʴ ʧʨʠʚʝʜʝʤ ʧʦʜʨʦʙʥʳʡ ʪʝʢʩʪ ʧʨʦʛʨʘʤʤʳ ʢʦʜʠʨʦʚʘʥʠʷ ʧʦ ʌɸʅʆ ʥʘ ʷʟʳʢʝ ʉ#. Visua-

lStudio.Net ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʫʶ ʢʫʣʴʪʫʨʫ ʩʪʫʜʝʥ-
ʪʦʚ [1].  

//ʂʆɼ ʌɸʅʆ 
 

using System; 

using System.Collections.Generic; 
using System.Linq; 

using System.Text; 
 

namespaceFanoCodeApplication 
{  
 

public class Code 
{  

publiclongcode; // ʉʦʙʩʪʚʝʥʥʦ ʢʦʜ ʩʠʤʚʦʣʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʤʣʘʜʰʠʭ ʙʠʪʘʭ 
public byte len; // ɼʣʠʥʘ ʢʦʜʘ ʚ ʙʠʪʘʭ 
 

// ʂʦʥʩʪʨʫʢʪʦʨ ʩʦʟʜʘʝʪ ʧʫʩʪʦʡ ʢʦʜ 
public Code() 

{  
code = 0; len = 0; 

}  
 

// ʂʦʥʩʪʨʫʢʪʦʨ ʩʦʟʜʘʥʠʷ ʢʦʜʘ ʧʦ ʷʚʥʦ ʟʘʜʘʥʥʦʤʫ ʢʦʜʫ ʠ ʜʣʠʥʝ 

public Code(long c, byte l) 
{  

code = c; len = l; 

 }  
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// ʂʦʥʩʪʨʫʢʪʦʨ ʢʦʧʠʨʦʚʘʥʠʷ 

public Code(Code src) 

{  

assign(src); 

}  
 

// ʆʧʝʨʘʪʦʨ ʧʨʠʩʚʘʠʚʘʥʠʷ ʢʦʜʦʚ 

public void assign(Code src) 

{  

code = src.code; 

len = src.len; 

}  
 

// ʉʪʨʦʢʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʜʘ 

public String toString() 

{  

String strC = ""; 

int l = len; 

long c = code; 
 

while (l-- > 0) 

{  

strC = strC + ((c >> l) & 1); 

}  

returnstrC; 

}  
 

/*  

* ʉʠʤʚʦʣʳ ʠ ʠʭ ʯʘʩʪʦʪʳ ʥʫʞʥʦ ʩʯʠʪʳʚʘʪʴ ʠʟ ʬʘʡʣʦʚ 

*ʄʳ ʧʦʩʯʠʪʘʝʤ, ʯʪʦ ʵʪʦ ʨʘʙʦʪʘ ʫʞʝ ʚʳʧʦʣʥʝʥʘ 
 

 *ʉʠʤʚʦʣʳ ʥʫʞʥʳ ʪʦʣʴʢʦ ʜʣʷ ʚʳʚʦʜʘ */  

public static char[] chars = { 'a', 'b', 'c', 'd', 'e', 'f', 'g', 'h', 'i', 'j', 'k' ,'l','m','o','p','r','s'}; 

// ʏʘʩʪʦʪʳ ʧʦʷʚʣʝʥʠʷ ʩʠʤʚʦʣʦʚ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ 

public static int[] probs = { 20, 18, 17,16,15,14,13, 12, 10, 9, 7, 6, 5, 4,3,2,1 }; 

// ʌʦʨʤʠʨʫʝʤʳʡ ʤʘʩʩʠʚ ʢʦʜʦʚ 

public static Code[] codes = new Code[chars.Length]; 
 

/**  

* ʇʨʦʮʝʜʫʨʘ ʚʳʚʦʜʘ ʪʘʙʣʠʮʳ ʧʦʣʫʯʝʥʥʳʭ ʢʦʜʦʚ ʠ ʦʙʱʝʡ ʮʝʥʘ ʢʦʜʠʨʦʚʘʥʠʷ 

*/  

public static void outCodes() 

{  

int price = 0; 

for (int i = 0; i < chars.Length; i++) 

{  

Console.WriteLine("ʉʠʤʚʦʣ ={0}  ʢʦʜ={1}", chars[i], codes[i].toString()); 

price += probs[i] * codes[i].len; 

}  

Console.WriteLine(" ʎʝʥʘʢʦʜʠʨʦʚʘʥʠʷ " + price); 

}  

};  
 

public class Fano 

{  

/*  

* ʆʩʥʦʚʥʘʷ ʧʨʦʮʝʜʫʨʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʘʣʛʦʨʠʪʤ ʌʘʥʦ. 

* @param low ï ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʪʘʙʣʠʮʳ ʢʦʜʦʚ 
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* @param high ï ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʪʘʙʣʠʮʳ ʢʦʜʦʚ 

*/  

public static void fano(int low, int high) 

{  

if (low < high) 

{  

// ʆʧʨʝʜʝʣʷʝʤ ʛʨʘʥʠʮʫ ʨʘʚʥʳʭ ʩʫʤʤ ʚʝʨʦʷʪʥʦʩʪʝʡ 

int m = mediana(low, high); 

for (int i = low; i <= high; i++) 

{  

// ʉʜʚʠʛʘʝʤ ʢʦʜʳ ʠ ʜʦʧʠʩʳʚʘʝʤ ʥʫʣʠ ʚ ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ ʠ ʝʜʠʥʠʮʳ ʚʦ ʚʪʦʨʫʶ 

Code.codes[i].code <<= 1; 

if (i > m) Code.codes[i].code++; 

Code.codes[i].len++; 

}  

// ʈʝʢʫʨʩʠʚʥʳʡ ʚʳʟʦʚ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʜʚʫʭ ʦʪʜʝʣʴʥʳʭ ʧʦʣʦʚʠʥ ʪʘʙʣʠʮʳ 

fano(low, m); 

fano(m + 1, high); 

}  

}  
 

/**  

* ʇʦʠʩʢ ʤʝʜʠʘʥʳ ʚ ʪʘʙʣʠʮʝ ʯʘʩʪʦʪ 

* @param low ï ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʪʘʙʣʠʮʳ 

* @param high ï ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʪʘʙʣʠʮʳ 

* @return ï ʠʥʜʝʢʩ ʛʨʘʥʠʮʳ (sum[low:m] = sum[(m+1):high]) 

*/  

private static int mediana(int low, int high) 

{  

int sLow = 0; // ʉʫʤʤʘ ʧʝʨʚʳʭ ʵʣʝʤʝʥʪʦʚ 

int sHigh = Code.probs[high]; // ʉʫʤʤʘ ʧʦʩʣʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ 

for (int i = low; i < high; i++) 

{  

sLow += Code.probs[i]; 

}  

int m = high; 

// ʇʝʨʝʜ ʧʦʠʩʢʦʤ ʛʨʘʥʠʮʳ sLow = sum[low:(high-1)], sHigh = sum[high] 

int diff; 

do 

{  

m--; 

diff = Math.Abs(sLow ï sHigh); // ɺʳʯʠʩʣʷʝʤ ʧʨʝʜʳʜʫʱʫʶ ʨʘʟʥʦʩʪʴ 

// ʀʟʤʝʥʷʝʤ ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ ʩʫʤʤʳ 

sLow -= Code.probs[m]; 

sHigh += Code.probs[m]; 

} while (Math.Abs(sLow ï sHigh) < diff); 

// ʎʠʢʣ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʨʘʟʥʦʩʪʠ ʧʝʨʝʩʪʘʥʫʪ ʫʤʝʥʴʰʘʪʴʩʷ 

return m; 

}  
 

public static void Main(string[] args) 

{  

for (int i = 0; i < Code.chars.Length; i++) 

{  

Code.codes[i] = new Code(); 

}  
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// ɿʘʧʫʩʢ ʘʣʛʦʨʠʪʤʘ 

fano(0, Code.chars.Length ï 1); 

// ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʘ 

Code.outCodes(); 

Console.ReadLine(); 

}  

}  

}  

 

 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪ ʢʦʜʠʨʦʚʘʥʠʷ ʧʦ ʌɸʅʆ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʥʘ ʊʫʨʙʦ ʇʘʩʢʘʣʝ ʥʝ ʷʚʣʷʶʪʩʷ ʨʘʮʠʦʥʘʣʴ-

ʥʳʤʠ, ʪ.ʢ. ʠʩʧʦʣʴʟʫʶʪ ʩʨʝʜʩʪʚʘ ʷʟʳʢʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʥʠʞʘʝʪ ʙʳʩʪʨʦ-

ʜʝʡʩʪʚʠʝ, ʧʦʪʦʤʫ ʯʪʦ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ çʤʘʰʠʥʥʳʝ ʘʩʧʝʢʪʳè ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʦʛʨʘʤʤʳ ʥʘʧʠʩʘʥʳ ʚ ʩʨʝʜʝ TurboPascal ʜʣʷ 16-ʨʘʟʨʷʜʥʦʡ ʆʉ MS-DOS, 

ʯʪʦ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ (ʭʦʪʷ ʠʭ ʩ ʣʝʛʢʦʩʪʴʶ ʤʦʞʥʦ ʧʝʨʝʥʝʩʪʠ ʠ ʚ ʩʨʝʜʫ 

Delphi). ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʦʙʝ ʧʨʦʛʨʘʤʤʳ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʜʠʨʦʚʘʥʠʷ 

ʧʦ ʍʘʬʬʤʘʥʫ ʠ ʌʘʥʦ.  

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʘʟʠʘʭʤʝʜʦʚ ʊ.ɹ., ʄʦʩʷʛʠʥʘ ʊ.ɺ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʙʫʜʫʱʠʭ ʙʘ-

ʢʘʣʘʚʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè ʚ ʩʨʝʜʝ MICROSOFT VISUAL 

STUDIO.NET // ɺʝʩʪʥʠʢ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 2013. ̄  1. ʉ. 23ï28. 

 

 

https://elibrary.ru/contents.asp?id=33819786
https://elibrary.ru/contents.asp?id=33819786&selid=18817765
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ʋɼʂ 004.738.5 

ɽ.ʖ. ʈʘʩʩʘʜʢʠʥ 

ʩʪʫʜʝʥʪ 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʈ.ɸ. ʇʦʟʦʚ 

ʩʪʫʜʝʥʪ 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʊ.ʅ. ʂʦʥʜʨʘʪʴʝʚʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʆʅʃɸʁʅ ʇʃɸʊʌʆʈʄ ɼʃʗ ʉʆɿɼɸʅʀʗ ʉɸʁʊʆɺ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʦʥʣʘʡʥ ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʦʟʜʘʥʠʷ, 

ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʠ ʧʨʦʜʚʠʞʝʥʠʷ, ʩʘʡʪʦʚ. ʇʨʠʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʩʘʤʭr ʧʦʧʫʣʷʨʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʨʘ-

ʙʦʪʢʠ ʩʘʡʪʦʚ. ʇʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚʦʟʤʦʞʥʦʩʪʝʡ, ʫʜʦʙʥʦ-

ʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʜʚʫʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ï uCoz ʠ Wix. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʡʪ; ʢʦʥʩʪʨʫʢʪʦʨ ʩʘʡʪʦʚ; ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘ. 

ʂʦʥʩʪʨʫʢʪʦʨ ʩʘʡʪʦʚ ï ʠʥʩʪʨʫʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʳʯʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʦʟʜʘʪʴ ʠ ʟʘʧʫʩ-

ʪʠʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʩʘʡʪ. ʉ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ï ʵʪʦ ʛʨʘʬʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ ʥʘʙʦʨʦʤ ʠʟ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʪʠʧ ʨʝʩʫʨʩʘ ʠ ʛʦʪʦʚʳʡ ʰʘʙʣʦʥ, ʤʦʜʫʣʠ, ʧʣʘʛʠʥʳ. 

ɼʣʷ ʟʘʧʫʩʢʘ ʠ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʩʘʡʪʘ ʥʝ ʧʨʠʜʝʪʩʷ ʛʦʜʘʤʠ ʠʟʫʯʘʪʴ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ï ʢʦʥ-

ʩʪʨʫʢʪʦʨ ʚʩʝ ʩʜʝʣʘʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ [1].  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʩʘʡʪʦʚ ʚ ʦʥʣʘʡʥ ʨʝʞʠʤʝ. 

ʊʘʢʞʝ ʠʤʝʶʪʩʷ ʦʮʝʥʢʠ ʜʘʥʥʳʭ ʧʣʘʪʬʦʨʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʧʦ 5-ʪʠ ʙʘʣʴʥʦʡ ʰʢʘʣʝ [2, 3]. 

 

 

ʈʠʩ. 1. ʇʦʧʫʣʷʨʥʦʩʪʴ ʦʥʣʘʡʥ-ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʩʘʡʪʦʚ 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʦʩʩʠʡʩʢʠʭ ʧʦʤʦʱʥʠʢʦʚ ï ʘʜʘʧʪʘʮʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʚʝʙ-ʩʪʨʦʠʪʝʣʝʡ, ʧʝʨʝʚʝ-

ʜʝʥʥʳʭ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʝʯʴ ʠʜʝʪ ʦʙ ʠʥʪʝʨʬʝʡʩʝ. ʂʘʯʝʩʪʚʦ ʧʝʨʝʚʦʜʘ ʠ ʘʜʘʧ-

ʪʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʦʧʫʣʷʨʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ. ɹʝʟʫʩʣʦʚʥʦ, ʠʤʝʶʪʩʷ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʨʝ-

ʩʫʨʩʳ, ʥʦ ʛʦʚʦʨʷʪ, ʯʪʦ ʦʥʠ ʥʝ ʜʦʪʷʛʠʚʘʶʪ ʧʦ ʫʨʦʚʥʶ ʜʦ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʘʚʥʠʚʘʝ-

ʤʳʭ ʧʣʘʪʬʦʨʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʩʪʫʧʘʶʪ ʜʚʘ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʘ ï uCoz (ʨʦʩʩʠʡ-

ʩʢʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ) ʠ Wix (ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʨʝʩʫʨʩ). 

uCoz ï ʦʜʠʥ ʠʟ ʜʨʝʚʥʝʡʰʠʭ ʩʝʨʚʠʩʦʚ ʚ çʨʫʥʝʪʝè, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʪʠʚʦʨʝʯʠʚʫʶ ʨʝʧʫʪʘʮʠʶ. 

ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ï ʢʦʥʩʪʨʫʢʪʦʨ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʩʘʡ-

ʪr. ʈʝʩʫʨʩ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩ ʘʥʘʣʦʛʘʤʠ. ʆʜʥʘʢʦ 

ʤʥʦʛʦʟʘʜʘʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʠ ʤʠʥʫʩʦʤ ï ʥʫʞʥʘ ʩʥʦʨʦʚʢʘ, ʯʪʦʙʳ ʙʝʩʧʨʦʙʣʝʤʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʝʨʚʠʩʦʤ.  
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ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʩʠʩʪʝʤʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʥʝ ʪʝʨʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

12 ʣʝʪ. ʀʥʪʝʨʬʝʡʩ ʠ ʬʫʥʢʮʠʠ ʨʝʛʫʣʷʨʥʦ ʦʙʥʦʚʣʷʶʪʩʷ. ʇʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʩʝʨʚʠʩʘ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʦʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʢʘʢ ʣʠʜʠʨʫʶʱʠʝ, ʪʘʢ ʠ ʧʦʩʣʝʜʥʠʝ ʧʦʟʠʮʠʠ ʚ ʨʝʡʪʠʥʛʘʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ uCoz ʩʪʦʠʪ ʦʪʥʝʩʪʠ: 

Å ɺʘʨʠʘʪʠʚʥʦʩʪʴ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʰʘʙʣʦʥʦʚ, ʠʟʤʝʥʷʝʤʳʭ ʤʦʜʫʣʝʡ (ʬʦʨʫʤʳ, ʛʘʣʝʨʝʠ, ʙʣʦʛʠ, 

ʤʘʛʘʟʠʥʳ ʠ ʜʨ.); 

Å ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʘʩʪʨʦʝʢ; 

Å ʏʝʤ ʩʠʣʴʥʝʝ ʨʘʟʚʠʚʘʝʪʩʷ ʩʘʡʪ, ʪʝʤ ʙʦʣʴʰʝ ʚʳʜʝʣʷʝʪʩʷ ʜʠʩʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʙʝʟ ʜʦʧʣʘ-

ʪʳ); 

Å ʀʥʜʝʢʩʠʨʫʝʪʩʷ ʧʦʠʩʢʦʚʳʤʠ ʨʦʙʦʪʘʤʠ; 

Å ʈʘʙʦʪʘʝʪ ʩ PHP (ʧʣʘʪʥʘʷ ʬʫʥʢʮʠʷ); 

Å ʇʦʜʜʝʨʞʢʘ RSS (ʠʤʧʦʨʪ ʠ ʵʢʩʧʦʨʪ); 

Å ɹʳʩʪʨʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʧʦʤʦʱʴ. 

ʉʣʘʙʳʝ ʩʪʦʨʦʥʳ: 

Å ʈʝʢʣʘʤʥʦʝ ʦʙʲʷʚʣʝʥʠʝ ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ (ʦʥʦ ʟʘʢʨʳʚʘʝʪ ʯʘʩʪʴ ʨʘʙʦʯʝʛʦ ʧʦʣʷ, ʠ ʥʝ 

ʚʩʝʛʜʘ ʩʦʜʝʨʞʠʪ ʧʨʠʩʪʦʡʥʳʡ ʢʦʥʪʝʥʪ); 

Å ʅʝʪ ʬʫʥʢʮʠʠ ʧʦʣʥʦʛʦ ʧʝʨʝʥʦʩʘ ʩʘʡʪʘ ʥʘ ʩʪʦʨʦʥʥʠʡ ʭʦʩʪʠʥʛ; 

Å ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʦʨʦʥʥʠʝ ʩʢʨʠʧʪʳ ï ʧʨʠʛʦʜʥʳ ʪʦʣʴʢʦ ʙʘʟʦʚʳʝ; 

Å ɸʜʤʠʥʠʩʪʨʘʮʠʷ ʤʦʞʝʪ ʟʘʙʣʦʢʠʨʦʚʘʪʴ ʩʘʡʪ ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ï ʨʝʰʝʥʠʝ 

ʥʝʣʴʟʷ ʦʙʞʘʣʦʚʘʪʴ; 

Å ʉʣʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʥʦʚʠʯʢʘʤ ʪʷʞʝʣʦ ʨʘʟʦʙʨʘʪʴʩʷ); 

Å ʐʘʙʣʦʥʳ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ.  

Wix (ɺʠʢʩ) ï ʩʘʤʳʡ ʧʦʧʫʣʷʨʥʳʡ ʚ ʤʠʨʝ ʢʦʥʩʪʨʫʢʪʦʨ. ʆʥ ʙʦʣʴʰʝ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʥʝʦʧʳʪ-

ʥʳʭ ʠ ʥʘʯʠʥʘʶʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʝ ʩʠʣʴʥʦ ʨʘʟʙʠʨʘʶʱʠʭʩʷ ʚ ʩʠʩʪʝʤʝ ʧʦʩʪʨʦʝʥʠʷ ʩʘʡʪʘ. ɺʠʢʩ ï 

ʦʪʣʠʯʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʷʨʢʠʭ, ʠʥʪʝʨʝʩʥʳʭ ʚʠʟʠʪʦʢ. ʃʫʯʰʝ ʚʩʝʛʦ ʢʦʥʩʪʨʫʢʪʦʨ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʢʨʝʘʪʠʚʥʳʭ ʙʠʟʥʝʩ ʩʘʡʪʦʚ. ʍʦʪʷ ʠ ʜʣʷ ʜʨʫʛʠʭ ʨʝʰʝʥʠʡ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʢʨʘʩʠʚʳʭ ʠ ʘʜʘʧ-

ʪʠʚʥʳʭ ʰʘʙʣʦʥʦʚ. ʂ ʪʦʤʫ ʞʝ ʚʠʟʫʘʣʴʥʳʡ ʨʝʜʘʢʪʦʨ ʫʜʦʙʥʝʝ ʠ ʢʨʘʩʠʚʝʝ (ʨʠʩ. 2), ʯʝʤ ʚ uCoz, ʜʘ ʠ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʜʨʫʛʠʭ ʨʝʰʝʥʠʡ. 

 

 

ʈʠʩ. 2. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ Wix 

 

ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ Wix ʚʳʜʝʣʷʶʪ: 

Å ʈʘʟʥʦʦʙʨʘʟʠʝ ï ʨʝʩʫʨʩ ʧʨʝʜʣʘʛʘʝʪ ʙʦʣʝʝ ʪʳʩʷʯʠ ʫʥʠʢʘʣʴʥʳʭ ʠ ʧʨʦʨʘʙʦʪʘʥʥʳʭ ʰʘʙʣʦʥʦʚ; 

Å ɺʦʟʤʦʞʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʰʘʙʣʦʥʘ; 

Å ʋʜʦʙʥʳʡ ʨʝʜʘʢʪʦʨ; 

Å ɺʥʝʜʨʝʥʠʝ Drag & Drop ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʘʥʠʮʳ (ʧʝʨʝʥʦʩ ʟʘʞʘʪʠʝʤ); 

Å ʆʙʰʠʨʥʘʷ ʩʠʩʪʝʤʘ ʧʘʨʘʤʝʪʨʦʚ; 

Å ʉʘʡʪʳ ʠʥʜʝʢʩʠʨʫʶʪʩʷ ʧʦʠʩʢʦʚʳʤʠ ʨʦʙʦʪʘʤʠ; 

Å ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʦ ʟʘʨʫʙʝʞʥʳʡ ʨʝʩʫʨʩ, ʦʥ ʧʝʨʝʚʝʜʝʥ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʙʝʟ ʦʰʠʙʦʢ; 

Å ɺʦʟʤʦʞʥʦʩʪʴ çʩʦʙʨʘʪʴè ʤʦʙʠʣʴʥʳʡ ʚʘʨʠʘʥʪ ʩʘʡʪʘ ʠ ʩʪʨʘʥʠʮʳ ʜʣʷ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ (ʠ ʜʣʷ 

ʥʠʭ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʰʘʙʣʦʥʳ); 
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Å ɹʳʩʪʨʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ; 

Å ɼʠʟʘʡʥʝʨ ʠʣʠ ʧʨʦʛʨʘʤʤʠʩʪ ʤʦʞʝʪ ʥʘʡʪʠ ʩʝʙʝ ʨʘʙʦʪʫ ʥʘ ʩʪʨʘʥʠʮʝ çɺʘʢʘʥʩʠʠè; 

Å ʈʝʩʫʨʩ ʙʝʩʧʣʘʪʥʳʡ, ʥʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʧʣʘʪʥʳʡ ʧʘʢʝʪ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʳʛʦʜʥʳʡ ʪʘʨʠʬ; 

Å ʉʪʦʠʤʦʩʪʴ ʧʨʝʤʠʫʤ ʘʢʢʘʫʥʪʘ (ʦʢʦʣʦ 130 ʨʫʙʣʝʡ ʚ ʤʝʩʷʮ); 

Å ʅʦʚʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʧʣʘʪʥʳʡ ʧʘʢʝʪ ʧʦʣʫʯʘʶʪ ʩʝʨʪʠʬʠʢʘʪ ʥʘ ʨʝʢʣʘʤʫ ʚ 

ʗ.ɼʠʨʝʢʪ; 

Å ʆʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʉʣʘʙʳʝ ʩʪʦʨʦʥʳ: 

Å ʅʝʫʜʦʙʥʳʡ ʠ ʜʣʠʥʥʳʡ ʘʜʨʝʩ ʚ ʙʝʩʧʣʘʪʥʦʤ ʧʘʢʝʪʝ ï ʦʥ ʩʣʘʙʦ ʟʘʧʦʤʠʥʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ; 

Å ʅʘ ʙʝʩʧʣʘʪʥʦʤ ʧʘʢʝʪʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ ʟʘʛʨʫʟʢʠ ʩʘʡʪʘ (ʤʥʦʛʠʝ 

ʧʣʘʛʠʥʳ ʠ ʪʷʞʝʣʳʝ ʵʣʝʤʝʥʪʳ ʛʨʫʟʷʪʩʷ ʜʦʣʴʰʝ, ʯʝʤ ʭʦʪʝʣʦʩʴ ʙʳ).  

ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ Wix ʟʘʤʝʪʥʦ ʧʨʝʚʦʩʭʦʜʠʪ uCoz. ʆʙ 

ʵʪʦʤ ʛʦʚʦʨʠʪ ʬʫʥʢʮʠʦʥʘʣ ʩʘʡʪʦʚ ʠ ʦʪʟʳʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʙʘ ʢʦʥʩʪʨʫʢʪʦʨʘ ʩʯʠʪʘ-

ʶʪʩʷ ʫʜʦʙʥʳʤʠ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤʠ ï ʚʳʙʦʨ ʩʪʦʠʪ ʟʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʙʫʜʫʱʝʛʦ ʩʘʡʪʘ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʉ.ɸ. ʉʠʜʦʨʦʚ 

ʩʪʫʜʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʄ.ɺ. ʉʣʠʚʘ 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʆʉʅʆɺʅʓɽ ʇʆʅʗʊʀʗ ANGULARJS ɼʃʗ ʉʆɿɼɸʅʀʗ ɺɽɹ-ʇʈʀʃʆɾɽʅʀʁ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʢʦʤʩʪʚʦ ʩ AngularJS, ʧʦʧʫʣʷʨʥʦʡ ʧʣʘʪʬʦʨʤʦʡ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ JavaScript, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: AngularJS; JavaScript; MVC; NodeJS; Java; ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʣʦ ʧʦʧʫʣʷʨʥʳʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʥʘ ʯʠʩʪʦʤ JavaScript. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʥʦʛʠʝ ʢʦʥʮʝʧʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʨʫʛʠʭ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʬʨʝʡʤʚʦʨʢʘʭ, ʪʘʢʠʭ ʢʘʢ JavaStruts ʠ .NETMVC, ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʠ ʚ Angular. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʭʝʤʘ çʄʦʜʝʣʴ-

ʇʨʝʜʩʪʘʚʣʝʥʠʝ-ʂʦʥʪʨʦʣʣʝʨè (Model ï View ï Controller, MVC), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʤʘʩʰʪʘ-

ʙʠʨʦʚʘʪʴ ʧʨʦʝʢʪ, ʩʦʟʜʘʥʥʳʡ ʥʘ ʝʝ ʦʩʥʦʚʝ. ɼʘʥʥʘʷ ʩʭʝʤʘ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʙʘʟʦʚʦʡ ʘʨ-

ʭʠʪʝʢʪʫʨʳ Angular.  

ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ MVC ʄʦʜʝʣʴ ʫʧʘʢʦʚʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʠ ʬʫʥʢʮʠʠ ʚ 

ʝʜʠʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʦʪʦʙʨʘʞʘʝʤʳʡ ʚ ʇʨʝʜʩʪʘʚʣʝʥʠʠ. ʂʦʥʪʨʦʣʣʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʤ ʠ ʩʠʩʪʝʤʦʡ. ɼʣʷ ʵʪʦʛʦ ʦʥ ʠʩʧʦʣʴʟʫʝʪ ʤʦʜʝʣʴ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 

ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʥʘʯʠʥʘʶʱʠʝ ʧʨʦʛʨʘʤʤʠʩʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʦʜʝʣʴ MVC ʢʘʢ ʧʘʩʩʠʚʥʫʶ, ʪʦ 

ʝʩʪʴ ʩʭʝʤʘ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʬʫʥʢʮʠʡ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʘ ʢʦʥʪʨʦʣʣʝʨ 

ʩʦʜʝʨʞʠʪ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ. ʍʦʪʷ ʢʦʥʪʨʦʣʣʝʨ ʜʦʣʞʝʥ ʙʳʪʴ ʣʠʰʴ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ 

ʟʘ ʧʨʠʝʤ ʟʘʧʨʦʩʦʚ, ʠʭ ʘʥʘʣʠʟ ʠ ʚʳʙʦʨ ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ, ʩʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʟʘʧʨʦʩʘ. ɼʘʥʥʫʶ ʧʨʦ-

ʙʣʝʤʫ ʠʤʝʥʫʶʪ ʪʦʣʩʪʳʡ ʢʦʥʪʨʦʣʣʝʨ (fatcontroller) ʠ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʝʝ ʠʟʙʝʞʘʪʴ, ʚ Angular ʚʩʷ 

ʙʠʟʥʝʩ-ʣʦʛʠʢʘ ʭʨʘʥʠʪʩʷ ʚ ʉʝʨʚʠʩʘʭ (Services). 

ʊʘʢ ʚ Angular ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʢʦʥʮʝʧʮʠʠ ʢʘʢ: 

ɼʚʫʩʪʦʨʦʥʥʷʷ ʧʨʠʚʷʟʢʘ (TwoWayBinding) ï ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ ʞʝʩʪʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝ-

ʤʝʥʪʘʤʠ ʩʪʨʘʥʠʮʳ ʠ ʤʦʜʝʣʴʶ. ʉ ʧʦʤʦʱʴʶ ʩʝʨʚʠʩʘ $compile ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʤʧʠʣʷʪʦʨ ʬʦʨʤʠ-
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ʨʫʝʪ ʩʚʷʟʴ ʠ ʛʝʥʝʨʠʨʫʝʪ DOM ʵʣʝʤʝʥʪʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʥʝ 

ʧʨʠʭʦʜʠʪʩʷ ʢʘʞʜʳʡ ʨʘʟ ʦʪʨʠʩʦʚʳʚʘʪʴ ʠʟʤʝʥʝʥʥʳʡ ʰʘʙʣʦʥ, ʥʝ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʩ ʯʪʝʥʠʝʤ 

ʜʘʥʥʳʭ, ʠ ʥʝ ʧʦʥʠʞʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ɻʨʷʟʥʘʷ ʧʨʦʚʝʨʢʘ ʠʣʠ ʮʠʢʣ ʜʘʡʜʞʝʩʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ 

ʚʩʝʭ ʤʦʜʝʣʝʡ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʠʟʤʝʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʊʦ ʝʩʪʴ ʥʝ ʥʫʞʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʤʝʪʦʜʳ getter ʠ setter ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʢʘʧʩʫʣʷʮʠʠ ʜʘʥʥʳʭ, ʩʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʝʨʝʤʝʥʥʳʝ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʷʤʫʶ ʜʦʩʪʫʧʥʳ. 

ɺʥʝʜʨʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ (DependecyInjection) ï ʧʘʪʪʝʨʥ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ, ʠʟʙʘʚʣʷʶʱʠʡ ʦʪ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʜʘʶʱʠʡ ʧʦʜʢʣʶʯʘʪʴ ʠʭ ʧʦ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʚʦ ʚʨʝʤʷ ʢʦʤʧʠʣʷʮʠʠ ʠʣʠ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ JavaScript ʥʝ ʷʚʣʷʝʪʩʷ ʷʟʳʢʦʤ ʢʦʤʧʠʣʷʪʦʨʘ, ʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʜʣʷ ʥʝʛʦ ʷʚʣʷʝʪ-

ʩʷ ʚʢʣʶʯʝʥʠʝ DI, ʧʦʪʦʤʫ ʯʪʦ ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʧʦʢʘ ʩʢʨʠʧʪ ʘʢʪʠʚʝʥ. DI 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʩʝʨʚʠʩʘ ʌʘʙʨʠʢʘ (Factory), ʢʦʪʦʨʳʝ ʚʦʟʚʨʘʱʘʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʠʧ ʜʘʥʥʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʪʝʢʩʪʘ ʟʘʧʨʦʩʘ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʫ ʥʘʩ ʝʩʪʴ ʬʘʙʨʠʢʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çɾʠʚʦʪʥʦʝè ʠ ʤʳ ʭʦʪʠʤ ʚʝʨʥʫʪʴ, ʥʘ-

ʧʨʠʤʝʨ, ʪʠʧ ʢʦʰʢʘ, ʩʦʙʘʢʘ ʠʣʠ ʢʨʦʣʠʢ. ɼʘʥʥʫʶ ʦʧʝʨʘʮʠʶ ʤʳ ʤʦʞʝʤ ʚʳʧʦʣʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʬʘʙ-

ʨʠʢʠ. 

ʀʩʧʦʣʴʟʫʷ ʬʘʙʨʠʢʫ, ʥʘʤ ʥʫʞʥʦ ʙʳʣʦ ʙʳ ʚʳʟʚʘʪʴ ʧʨʘʚʠʣʴʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ, ʧʝʨʝʜʘʚ ʧʝʨʝ-

ʤʝʥʥʫʶ ʙʘʟʦʚʦʤʫ ʢʣʘʩʩʫ ʬʘʙʨʠʢʠ, ʢʦʪʦʨʳʡ ʩʦʦʙʱʠʪ ʥʘʤ, ʢʘʢʦʡ ʢʦʥʩʪʨʫʢʪʦʨ ʙʫʜʝʪ ʚʦʟʚʨʘʱʝʥ. ʅʦ 

ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʙʘʟʦʚʳʡ ʢʣʘʩʩ ʟʥʘʣ ʦʙʦ ʚʩʝʭ ʥʠʟʢʦʫʨʦʚʥʝʚʳʭ ʢʣʘʩʩʘʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʟ ʙʘʟʦʚʦʛʦ ʢʣʘʩʩʘ. 

ʉ DI ʙʘʟʦʚʳʡ ʢʣʘʩʩ ʥʝ ʜʦʣʞʝʥ ʟʥʘʪʴ, ʢʘʢʠʝ ʢʣʘʩʩʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʦʪ ʥʝʛʦ. ʂʘʢ ʵʪʦʛʦ ʩʤʦʛʣʠ 

ʜʦʩʪʠʯʴ? ɻʦʚʦʨʷ ʧʨʦʩʪʳʤ ʷʟʳʢʦʤ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʢʣʘʩʩʦʚ ʩ ʙʘʟʦʚʳʤ ʢʣʘʩʩʦʤ ʠʩ-

ʧʦʣʴʟʫʶʪ ʠʥʪʝʨʬʝʡʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʠʣʠ ʠʥʚʝʨʩʠʶ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ʉ DI ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʳ ʤʦʞʝʤ ʧʨʦʩʪʦ ʧʝʨʝʜʘʪʴ ʪʠʧ ʞʠʚʦʪʥʦʛʦ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʤʳ ʭʦʪʠʤ 

ʢʦʥʩʪʨʫʢʪʦʨ, ʠ ʙʘʟʦʚʳʡ ʢʣʘʩʩ ʚʝʨʥʝʪ ʥʘʤ ʚʝʨʥʳʡ, ʠʩʧʦʣʴʟʫʷ ʚʩʝʛʦ ʦʜʥʫ ʨʝʘʣʠʟʘʮʠʶ, ʢʦʪʦʨʘʷ ʧʦ-

ʨʦʜʠʪ ʠʥʪʝʨʬʝʡʩ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʨʦʠʟʚʦʜʥʳʝ ʢʣʘʩʩʳ. 

ɼʠʨʝʢʪʠʚʳ ï ʵʪʦ ʩʧʝʮʠʘʣʴʥʳʝ ʪʝʛʠ ʚ Angular, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ çʪʦʥʢʦè ʥʘʩʪʨʦʠʪʴ ʵʣʝʤʝʥʪ 

ʠ ʧʨʠʚʷʟʘʪʴ ʝʛʦ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʘʟʜʝʣʫ ʩʪʨʘʥʠʮʳ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʤʳ ʭʦʪʠʤ, ʯʪʦʙʳ ʚʝʩʴ ʥʘʰ 

ʣʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʢʦʥʪʨʦʣʣʝʨʦʤ ʚ ʨʘʟʜʝʣʝ <div>, ʤʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʨʝʢ-

ʪʠʚʥʳʡ ng-ʢʦʥʪʨʦʣʣʝʨ. ʇʦ ʩʫʪʠ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʦʣʴʢʦ ʵʪʦʪ ʨʘʟʜʝʣ ʠʤʝʝʪ ʣʦʛʠʢʫ ʚʳʚʦʜʘ, ʩʚʷ-

ʟʘʥʥʫʶ ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ. 

ʊʝʧʝʨʴ ʧʨʠʰʣʦ ʚʨʝʤʷ ʜʣʷ ʧʨʠʤʝʨʘ: ʧʨʦʩʪʦʡ Hello World ʚ Angular. 

<html ng-app> 

<head> 

<script src="angular.js"</script> 

<script src="controllers.js"></script> 

</head> 

<body> 

<div ng-controller='HelloController'> 

<p>{{greeting.text}}, ʄʠʨ!</p> 

</div> 

</body> 

</html> 

ʀʣʦʛʠʢʘʚ controllers.js: 

function HelloController($scope) { 

$scope.greeting = { text: 'ʇʨʠʚʝʪ' };  

}  

ɼʘʥʥʳʡ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʨʝʢʪʠʚ ʠ ʢʦʥʪʨʦʣʣʝʨʘ. ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʤʳ 

ʧʦʜʢʣʶʯʘʝʤ ʙʠʙʣʠʦʪʝʢʫ Angular ʚʤʝʩʪʝ ʩ ʥʘʰʝʡ ʣʦʛʠʢʦʡ ʢʦʥʪʨʦʣʣʝʨʘ, ʢʦʪʦʨʘʷ ʯʘʩʪʦ ʭʨʘʥʠʪʩʷ ʚ 

ʬʘʡʣʝ ʩ ʠʤʝʥʝʤ controllerlers.js. ʂʦʛʜʘ ʵʪʘ ʩʪʨʘʥʠʮʘ ʦʪʦʙʨʘʞʘʝʪʩʷ, ʦʥʘ ʩʦʦʙʱʘʝʪ ʙʨʘʫʟʝʨʫ, ʯʪʦ ʨʘʟ-

ʜʝʣ <div> ʩ ʜʠʨʝʢʪʠʚʦʡ ng-controller ʧʨʠʚʷʟʘʥ ʢ ʬʫʥʢʮʠʠ ʚ ʬʘʡʣʝ controller.js ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

HelloController. 
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ʊʝʤ ʩʘʤʳʤ ʩʦʟʜʘʝʪʩʷ ʜʚʫʩʪʦʨʦʥʥʷ ʧʨʠʚʷʟʢʘ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʦʡ çgreetingè ʚ ʢʦʥʪʨʦʣʣʝʨʝ ʠ 

ʪʦʡ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʜʝʣʝ <div>. ɺ Angular ʵʪʠ ʧʝʨʝʤʝʥʥʳʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʚʦʜʘ ʠʥ-

ʬʦʨʤʘʮʠʠ ʠʣʠ ʢʘʢ ʧʦʣʷ ʜʣʷ ʚʚʦʜʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʟʘʧʦʣʥʷʪʴ ʧʝʨʝʤʝʥʥʫʶ. 

ʂʘʢ ʚʳ ʤʦʞʝʪʝ ʚʠʜʝʪʴ, ʧʝʨʝʤʝʥʥʘʷ ʠʤʝʝʪ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʚʩʪʨʦʝʥʥʳʝ ʘʪʨʠʙʫʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʠʚʷʟʢʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘʠʤʝʥʦʚʘʥʠʷ. ʕʪʦ ʝʱʝ ʦʜʠʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

Angular, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʦʣʦʛʠʠ ʆʆʇ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʧʦʟʥʘʢʦʤʠʣʠʩʴ ʩ ʦʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ AngularJS. ʇʦʥʠʤʘʥʠʝ ʠʭ ʷʚʣʷ-

ʝʪʩʷ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠ ʙʳʩʪʨʦʛʦ ʦʩʚʦʝʥʠʷ Angular. 
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ʄ.ɺ. ʉʣʠʚʘ 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʆʉʆɹɽʅʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ JAVASCRIPT  
ɼʃʗ ʉɽʈɺɽʈʅʆɻʆ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʷʟʳʢ JavaScript ʠ ʧʣʘʪʬʦʨʤʘ Node.js ʚ ʦʙʣʘʩʪʠ ʩʝʨʚʝʨ-

ʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʚʝʙ-

ʩʪʨʘʥʠʮʘʤʠ, ʩʝʨʚʝʨʦʤ ʠ ʜʨʫʛʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Node.js; JavaScript; ʚʝʙ-ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ; ʀʥʪʝʨʥʝʪ. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙʩʘʡʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢʫʶ-ʣʠʙʦ ʠʟ ʩʝʨʚʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʨʝʙʫʝʤʳʭ ʜʘʥʥʳʭ. 

ʉʝʨʚʝʨʥʳʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʫʞʥʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ, ʪʦ ʝʩʪʴ ʨʘʟʨʘ-

ʙʦʪʯʠʢ ʧʨʠ ʧʦʤʦʱʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʧʠʩʳʚʘʝʪ ʚʦʟʤʦʞʥʳʝ ʩʮʝʥʘʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʡ-

ʪʘ ʠʣʠ ʧʨʠʣʦʞʝʥʠʷ [5]. 

ʉʝʡʯʘʩ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʝʨʚʝʨʥʦʡ ʚʝʙ-

ʨʘʟʨʘʙʦʪʢʠ: PHP, Ruby, Java, C, Python, Perl, C#, JavaScript. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʩʝʨʚʝʨʥʦʡ ʦʙʨʘʙʦʪ-

ʢʠ ʜʘʥʥʳʭ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʀʟ ʩʭʝʤʳ ʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʜʣʷ ʩʝʨʚʝʨʥʦʡ ʠ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʥʳʝ ʷʟʳʢʠ. ʅʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʣʘʪʬʦʨʤʳ Node.js ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʚʩʶ ʨʘʟʨʘʙʦʪʢʫ ʚʝʩʪʠ ʥʘ ʦʜ-

ʥʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ï JavaScript [2] (ʝʩʪʝʩʪʚʝʥʥʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ HTML ʠ CSS ʚ ʢʣʠ-

ʝʥʪʩʢʦʡ ʯʘʩʪʠ). 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʠ ʢʣʠʝʥʪʩʢʦʡ, ʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ, ʯʪʦ ʫʧ-

ʨʦʱʘʝʪ ʧʦʜʜʝʨʞʢʫ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʘ. 

HTML  

JavaScript 

CSS 

¶ PHP 

¶ ASP.Net 

¶ JSP 

¶ ʠ ʪ.ʜ. 

http 

Request 

Response 

ʂʣʠʝʥʪ ʉʝʨʚʝʨ 

ʈʠʩ. 1. ʇʨʠʥʮʠʧ ʩʝʨʚʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 
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ʆʜʥʘ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ JavaScript ï ʤʦʜʫʣʴʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʙʣʠʦʪʝʢʠ 

ʩʪʦʨʦʥʥʠʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʜʣʷ ʩʚʦʝʛʦ ʧʨʦʝʢʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʠ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘ-

ʙʦʪʢʠ. 

ɽʱʝ ʦʜʥʘ ʦʩʦʙʝʥʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Node.js ʚ ʯʘʩʪʥʦʩʪʠ ʠ JavaScript ʚ ʮʝʣʦʤ ï ʵʪʦ ʪʝʩʥʘʷ 

ʠʥʪʝʛʨʘʮʠʷ ʩ ʬʦʨʤʘʪʦʤ JSON. ʕʪʦ ʥʝʟʘʚʠʩʠʤʳʡ ʦʪ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʝʢʩʪʦʚʳʡ ʬʦʨʤʘʪ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ [4]. ɼʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʚ ʚʠʜʝ ʧʘʨ çʢʣʶʯ-ʟʥʘʯʝʥʠʝè, ʧʨʠʯʝʤ ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ 

ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʣʶʙʳʝ ʜʘʥʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʘʩʩʠʚʳ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʝʢʦʪʦʨʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʝ JSON: 

{  

 "type" : "RGB_Matrix_8x8",  

"name" : "RGB_Matrix_1",  

"active" : "true" 

}  

ɼʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʪʬʦʨʤʳ Node.js ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʫʶ 

ʉʋɹɼ, ʥʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʠʨʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʚʷʟʢʘ Node.js ʠ MongoDB. MongoDB ï ʜʦʢʫ-

ʤʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʢʣʘʩ-

ʩʠʬʠʮʠʨʦʚʘʥʘ ʢʘʢ NoSQL, ʠʩʧʦʣʴʟʫʝʪ JSON-ʧʦʜʦʙʥʳʝ ʜʦʢʫʤʝʥʪʳ ʠ ʩʭʝʤʫ ʙʘʟʳ ʜʘʥʥʳʭ [3]. ɺ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ NoSQL ʧʦʜʭʦʜʦʤ ʨʘʙʦʪʘ ʩ ʜʘʥʥʳʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʯʝʨʝʟ SQL-ʟʘʧʨʦʩʳ, ʘ ʯʝʨʝʟ 

ʚʳʟʦʚʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʩʧʝʮʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʦʟʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʩʪʦʨʦʥʥʠʭ ʤʦ-

ʜʫʣʝʡ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʨʦʩʪʦʪʫ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ SQL-ʧʦʜʭʦʜʦʤ, 

ʦʩʦʙʝʥʥʦ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʩʪʨʦʡʩʪ-

ʚʘʭ ʚ ʥʝʢʦʪʦʨʦʡ ʩʠʩʪʝʤʝ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ ʜʦʢʫʤʝʥʪʘ ʚ ʬʦʨʤʘʪʝ Mon-

goDB: 

device: 

{  

"_id" : ,  

"type" : ,  

"name" : ,  

"active" :  

}  

user: 

{  

"_id" : ,  

"fio" :  ,  

"email" :  ,  

"login" : ,  

"pass" : ,  

"status" : ,  

"online" : ,  

"devices" : [ 

] 

}  

ʇʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ ʦʯʝʥʴ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʙ-ʩʦʢʝʪʳ, 

ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚʩʝʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʙʨʘʫʟʝʨʘʤʠ ʠ ʦʯʝʥʴ ʫʜʦʙʥʦ ʩʦʚʤʝʱʘʶʪʩʷ ʩ Java-

Script.ɺʝʙʩʦʢʝʪ ï ʧʨʦʪʦʢʦʣ ʧʦʣʥʦʜʫʧʣʝʢʩʥʦʡ ʩʚʷʟʠ (ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʠ ʧʨʠʥʠʤʘʪʴ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ) ʧʦʚʝʨʭ TCP-ʩʦʝʜʠʥʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʤʝʞʜʫ ʙʨʘʫʟʝʨʦʤ ʠ 

ʚʝʙ-ʩʝʨʚʝʨʦʤ (ʠ ʥʝ ʪʦʣʴʢʦ) ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [1]. ʗʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʩʪʘʥʜʘʨʪʘ HTML5. ɺ 

ʩʣʫʯʘʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʬʦʨʤʳ Node.js ʦʯʝʥʴ ʫʜʦʙʥʦ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʯʝʨʝʟ ʚʝʙ-ʩʦʢʝʪʳ ʚ 

ʬʦʨʤʘʪʝ JSON. ʄʦʞʥʦ ʥʘʧʨʷʤʫʶ ʙʨʘʪʴ ʜʘʥʥʳʝ ʠʟ MongoDB ʠ ʦʪʧʨʘʚʣʷʪʴ ʥʘ ʚʝʙ-ʩʪʨʘʥʠʮʫ ʠ ʚ ʦʙ-

ʨʘʪʥʫʶ ʩʪʦʨʦʥʫ, ʥʝ ʪʨʘʪʷ ʚʨʝʤʷ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʣʘʪʬʦʨʤʘ Node.js ʠ ʩʘʤ ʷʟʳʢ JavaScript ʥʘʙʠʨʘʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʨʝʜʠ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʚʝʙ-ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ. ɺ ʪʦʤ ʯʠʩʣʝ ʵʪʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʥʘ ʧʨʦʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʀʥʪʝʨ-

ʥʝʪʦʤ ʚʝʱʝʡ [6]. ʉʚʷʟʘʥʦ ʵʪʦ ʠ ʩ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤ 

ʫʨʦʚʥʝʤ ʚʭʦʞʜʝʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʫ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ JavaScript. 
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ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ɸʩʪʘʥʘ, ɽʚʨʘʟʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʝʚʘ 

ʄɽʊʆɼʓ ʈɸɿʈɸɹʆʊʂʀ ʆɹʆʃʆʏʂʀ ʆɹʋʏɸʖʑɽɻʆ ʕʃɽʂʊʈʆʅʅʆɻʆ ʂʋʈʉɸ 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʨʘʟʚʠʪʠʷ ʦʙʫʯʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʙʣʝʤʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʫʯʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ (e-learning). ɺ ʩʪʘʪʴʝ ʜʘʝʪʩʷ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʪʝʭ-

ʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ ʦʙʦʣʦʯʢʠ ʦʙʫʯʘʶʱʝʛʦ ʢʫʨʩʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜ-

ʭʦʜʘ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʜʘʝʪʩʷ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʨʝʘʣʠʟʘʮʠʠ ʦʙʫʯʘʶʱʠʭ ʢʫʨʩʦʚ. 

ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ ʦʪʨʘʞʝʥʳ ʧʨʠʥʮʠʧʳ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʫʯʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ; ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʫʯʝʥʠʝ (e-learning); ʦʙʦʣʦʯʢʘ ʦʙʫ-

ʯʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ; ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ; ʛʝʡʤʠʬʠʢʘʮʠʷ (ʠʛʨʦʬʠʢʘʮʠʷ). 

ʆʙʫʯʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ï ʫʯʝʙʥʘʷ ʧʨʘʢʪʠʢʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʫʯʝʥʠʷ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʠ ʨʝʩʫʨʩʘʤʠ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʪʘʢ ʠ ʦʙʨʘ-

ʟʦʚʘʪʝʣʴʥʳʝ ʪʝʦʨʠʠ. ʆʙʫʯʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʭʚʘʪʳʚʘʝʪ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʩʬʝʨ, ʚʢʣʶʯʘʷ ʚ ʩʝʙʷ 

ʪʝʦʨʠʶ ʦʙʫʯʝʥʠʷ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʦʙʫʯʝʥʠʝ, ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ e-learning, ʘ ʪʘʢ-

ʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, m-learning [1]. 

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʦʙʫʯʝʥʠʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʫ-

ʯʝʥʠʝ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ e-learning, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʢʦʛʥʠʪʠʚʥʳʝ ʥʘʫʯʥʳʝ ʧʨʠʥʮʠʧʳ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʤʫʣʴʪʠʤʝʜʠʘ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʅʘʯʠʥʘʷ ʩ ʪʝʦʨʠʠ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʪʠʚʠʨʫʶʱʝʡ ʥʘʫʯʥʦʡ ʧʨʝʜʧʦʩʳʣ-

ʢʠ, ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʢʘʢ ʈʠʯʘʨʜ ʕ. ʄʘʡʝʨ, ɼʞʦʥ ʉʫʵʣʣʝʨ ʠ ʈʦʢʩʘʥʘ ʄʦʨʝʥʦ, ʚ ʥʘʫʯʥʦʡ ʣʠʪʝ-

ʨʘʪʫʨʝ ʩʦʟʜʘʣʠ ʠ ʫʩʪʘʥʦʚʠʣʠ ʥʘʙʦʨ ʧʨʠʥʮʠʧʦʚ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʨʦʮʝʩʩʫ ʦʙʫʯʝʥʠʷ. ʄʥʦʛʠʝ ʠʟ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʦʢʘʟʘʣʠʩʴ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤʠ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳ-

ʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʫʯʘʩʪʠʝʤ ʩʪʫʜʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʢʦʪʦʨʳʤ ʙʳʣʠ ʜʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʨʦʪʢʠʝ ʤʘʪʝʨʠʘʣʳ ʫʨʦʢʦʚ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʢʦʥʮʝʧʮʠʷʤ, ʧʦ ʢʦʪʦʨʳʤ ʫ ʥʠʭ ʙʳʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʟʥʘʥʠʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ɼʵʚʠʜ ʈʦʙʝʨʪʩ ʧʨʦʪʝʩʪʠʨʦʚʘʣ ʤʝʪʦʜ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʚ ʜʝʚʷʪʠ ʜʠʩʮʠʧʣʠʥʘʭ 

ʩʦʮʠʘʣʴʥʳʭ ʥʘʫʢ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʩʦʮʠʦʣʦʛʠʶ, ʧʦʣʠʪʦʣʦʛʠʶ ʠ ʙʠʟʥʝʩ-ʠʩʩʣʝʜʦʚʘʥʠʷ. ɽʛʦ ʜʣʠ-

ʪʝʣʴʥʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʫʯʝʙʥʘʷ ʧʨʦʛʨʘʤʤʘ ʚ ʪʝʯʝʥʠʠ ʪʨʝʭ ʣʝʪ ʦʙʝʩʧʝʯʠʣʘ ʷʚʥʦʝ ʧʦʚʳʰʝʥʠʝ ʚ 

ʫʨʦʚʥʝ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʫʯʝʥʠʝʤ ʫʯʘʱʠʭʩʷ, ʚ ʤʘʪʝʨʠʘʣʘʭ 

ʢʦʪʦʨʳʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʣʠʰʴ ʪʝʢʩʪ, ʧʦʜʲʝʤ ʙʳʣ ʪʘʢʞʝ ʠ ʚ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʘʢʪʠʚʥʳʭ ʧʨʠʥʮʠʧʦʚ 

ʦʙʫʯʝʥʠʷ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ, ʚ ʦʙʫʯʝʥʠʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʩ ʪʝʢʩʪʦʤ ʠ ʠʟʦ-
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ʙʨʘʞʝʥʠʷʤʠ. ʈʷʜ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʫ-

ʯʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ (e-learning) ʜʦʚʦʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʚʥʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʠʭ ʚʦʟʨʘʩʪʘ ʠ ʩʬʝʨʳ ʦʙʫʯʝʥʠʷ [2]. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʤʝʪʦʜʦʚ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʦʙʦ-

ʣʦʯʢʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʘʶʱʝʛʦ ʢʫʨʩʘ. 

ʆʙʦʣʦʯʢʘ ʦʙʫʯʘʶʱʝʛʦ ʢʫʨʩʘ ï ʧʣʝʝʨ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʫʨʩʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʩʣʘʡʜʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʘʢʪʠʚʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʙʳʩʪʨʦʛʦ ʩʦʟʜʘʥʠʷ ʠ ʧʦ-

ʩʣʝʜʫʶʱʝʡ ʧʦʜʘʯʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʛʣʘʚʥʳʭ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʦʙʫʯʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ. ʇʨʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʢʫʨʩʳ ʠ ʠʭ ʦʙʦʣʦʯʢʠ, ʚʳʜʝʣʠʪʴ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦ-

ʨʳʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʤʦʛʫʪ ʙʳʪʴ ʫʯʪʝʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʥʝʯʥʦʡ ʦʙʦʣʦʯʢʠ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʝʜʝʥʠʷ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʫʯʘʶʱʠʭ ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʪʘʢʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʬʫʥʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʟʜʘʪʴ ʧʦʣʥʦʮʝʥʥʫʶ ʦʙʦʣʦʯʢʫ ʜʣʷ ʦʙʫʯʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ, ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʡ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʟʨʘʙʦʪʯʠʢʘ. ɺ ʠʜʝʘʣʝ, ʜʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʜʦʣʞʥʦ ʩʦʯʝʪʘʪʴ 

ʚ ʩʝʙʝ ʛʠʙʢʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʦʙʝʩʧʝʯʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʫʯʘʶʱʠʭ ʢʫʨʩʦʚ ʠ ʠʭ ʦʙʦʣʦʯʝʢ ʷʚʣʷʶʪʩʷ Articulate 

Storylinʝ, Courselab, iSpring, Adobe Captivate. 

ʇʦʤʠʤʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʧʝʰʥʦʡ ʦʙʦʣʦʯʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʦʩʥʦʚʥʳʤ ʨʘʟʜʝʣʘʤ, ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʵʣʝʢʪʨʦʥʥʳʡ ʢʫʨʩ, ʦʩʥʦ-

ʚʳʚʘʷʩʴ ʥʘ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʧʦʜʭʦʜʝ. 

ʇʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ï ʦʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʦʙʫʯʝʥʠʷ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʧʝʜʘʛʦʛʠʢʝ. ɽʛʦ ʠʩʩʣʝʜʦʚʘʣʠ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ ʠ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʝʜʣʦʞʠʣʠ ʨʘʟʣʠʯʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢ ʜʘʥʥʦʤʫ ʪʝʨʤʠʥʫ. ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ 

ʠʟ ʥʠʭ. ʅʘʧʨʠʤʝʨ, ʢʘʟʘʭʩʪʘʥʩʢʠʡ ʫʯʝʥʳʡ ɻʦʨʝʣʦʚ ɸ.ʅ., ʧʨʝʜʣʦʞʠʣ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʘʢ-

ʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ: çʧʦʜ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʧʦʜʭʦʜʦʤ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦ-

ʢʫʧʥʦʩʪʴ ʧʨʠʝʤʦʚ, ʩʧʦʩʦʙʦʚ, ʤʝʪʦʜʦʚ, ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚè [3]. 

ʀʥʘʯʝ ʛʦʚʦʨʷ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʦʙʦʣʦʯʢʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʫʞʥʦ ʙʫʜʝʪ ʫʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʨʘʟʜʝʣʫ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤʫ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʟʘʜʘʥʠʷ ʜʣʷ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʠ ʨʝʬʣʝʢʩʠʶ ʦʙʫʯʘʶʱʠʭʩʷ. ʆʪ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʨʝʘʣʠʟʘʮʠʠ ʦʙʦʣʦʯʢʠ ʦʙʫʯʘʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ ʟʘʚʠʩʠʪ ʫʩʧʝʰʥʦʩʪʴ ʫʩʚʦʝʥʠʷ ʦʙʫʯʘʶʱʠʤʠʩʷ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʩʥʦʚ-

ʥʦʡ ʮʝʣʴʶ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʗʣʘʣʦʚ ʌ.ɻ. ʩʯʠʪʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦ ʠ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʭʦʜʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ, 

ʥʘʚʳʢʦʚ ʠ ʦʧʳʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʟʳʚʘʷ ʜʘʥʥʫʶ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜ-

ʭʦʜʘ ʜʝʷʪʝʣʴʥʦʩʪʥʦ-ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʳʤ ʧʦʜʭʦʜʦʤ [4]. 

ɽʱʝ ʦʜʥʠʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʦʣʦʯʢʠ ʦʙʫʯʘʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ ʷʚʣʷʝʪʩʷ ʛʝʡʤʠʬʠʢʘʮʠʷ, ʠʣʠ, ʧʦ-ʜʨʫʛʦʤʫ, ʠʛʨʦʬʠʢʘʮʠʷ. 

ɻʝʡʤʠʬʠʢʘʮʠʷ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʛʨʦʚʳʭ ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʢʦʤ-

ʧʴʶʪʝʨʥʳʭ ʠʛʨʘʭ, ʜʣʷ ʥʝʠʛʨʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʫʯʘʩʪʥʠʢʦʚ ʚ 

ʨʝʰʝʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʚ ʪʘʢʞʝ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ [5]. 

ʄʝʪʦʜ ʛʝʡʤʠʬʠʢʘʮʠʠ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʝʬʣʝʢʩʠʠ ʦʙʫʯʘʶʱʠʭʩʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʫʚʝʣʠʯʠʪʴ ʫʨʦʚʝʥʴ ʠʭ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʠ ʪʝʤ ʩʘʤʳʤ, ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʫʯʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ. 
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ʄ.ɻ. ʊʨʫʙʠʥʘ 

ʩʪʫʜʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɼ.ʆ. ʂʠʨʠʯʝʥʢʦ 

ʩʪʫʜʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʄ.ɺ. ʉʣʠʚʘ 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɹʀɹʃʀʆʊɽʂʀ GTK+ ɼʃʗ ʉʆɿɼɸʅʀʗ ʀʅʊɽʈʌɽʁʉʆɺ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ GTK+ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʠʛʨʳ çʉʚʦʷ ʀʛʨʘè. ʇʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʦʙʲʝʢʪʳ ʜʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʨʝʘʣʠʟʘ-

ʮʠʠ ʠʥʪʝʨʬʝʡʩʘ, ʧʨʠʚʝʜʝʥʳ ʬʨʘʛʤʝʥʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʩ ʠʭ ʩʦʟʜʘʥʠʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʣʣʶʩʪ-

ʨʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: GTK+; ʠʥʪʝʨʬʝʡʩ; çʉʚʦʷ ʠʛʨʘè. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʛʨʳ ʷʚʣʷʶʪʩʷ ʧʦʧʫʣʷʨʥʳʤ ʩʧʦʩʦʙʦʤ ʚʨʝʤʷ ʧʨʝʧʨʦ-

ʚʦʞʜʝʥʠʷ ʩʨʝʜʠ ʤʦʣʦʜʝʞʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʠʛʨ ʷʚʣʷʝʪʩʷ çʉʚʦʷ ʠʛʨʘè. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʳʣʦ ʨʝʰʝʥʦ 

ʩʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʠʛʨʳ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʯʘʩʪʠ ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ C, ʧʦʪʦʤʫ ʯʪʦ ʦʥ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʦ ʩʨʝʜʦʡ ʨʘʟʨʘʙʦʪ-

ʢʠ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʨʝʘʣʠʟʫʝʤʦʛʦ ʧʨʦʝʢʪʘ. ʊʘʢʞʝ ʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʷʟʳ-

ʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ 6-ʤ ʤʝʩʪʝ ʧʦ ʧʦʧʫʣʷʨʥʦʩʪʠ ʚ ʤʠʨʝ (ʧʦ ʚʝʨʩʠʠ github) [2]. ɺ 

ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʙʣʠʦʪʝʢʫ GTK+ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ 

ʧʨʦʛʨʘʤʤʳ. 

GTK+ ï ʘʙʙʨʝʚʠʘʪʫʨʘ ʦʪ GIMP ToolKit, ʪʘʢ ʢʘʢ ʠʟʥʘʯʘʣʴʥʦ ʵʪʘ ʙʠʙʣʠʦʪʝʢʘ ʙʳʣʘ ʯʘʩʪʴʶ ʛʨʘ-

ʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ GIMP, ʥʦ ʧʦʪʦʤ ʦʙʨʝʣʘ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʠ ʩʪʘʣʘ ʧʦʧʫʣʷʨʥʦʡ. ʉʝʡʯʘʩ GTK+ ï ʵʪʦ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [6]. 

GTK ï ʩʚʦʙʦʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʝ ʥʘ ʫʩʣʦʚʠʷʭ GNU LGPL. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʙʣʠʦʪʝʢʘ GTK+ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʢʘʢ ʩʚʦʙʦʜʥʦʝ, ʪʘʢ ʠ ʢʦʤʤʝʨʯʝʩʢʦʝ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ [5]. 

ɹʠʙʣʠʦʪʝʢʘ GTK+ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʷʟʳʢʝ C. ʆʥʘ ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʦ ʤʥʦʛʠʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ: Ada, Ruby, D, Erlang, C, 

C++, C#, Java, JavaScript, Python, Free Pascal, PHP, Perl, Ruby, Erlang, Fortran, Genie, Haskell, 

FreeBASIC, OCaml, PureBasic, Smalltalk.  

GTK+ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ: GTK ʠ GDK. GTK ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʠʣʠ ʚʠʜʞʝʪʦʚ, ʥʘʧʨʠʤʝʨ, ʢʥʦʧʢʘ, ʩʧʠʩʦʢ, ʤʝʪʢʘ, ʧʦʣʝ ʜʣʷ ʚʚʦʜʘ 

ʪʝʢʩʪʘʠ ʪ. ʧ. ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ.GDK ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʚʦʜ ʥʘ ʵʢʨʘʥ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʵʪʦʛʦ 

X Window System, Linux Framebuffer, WinAPI ʠʣʠ ʬʫʥʢʮʠʠ Mac OS X. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ ʙʠʙʣʠʦʪʝʢʠ GTK+, ʢʦʪʦʨʳʝ ʤʦ-

ʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʧʨʦʛʨʘʤʤʳ [3]. 
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ʈʠʩ. 1. ʕʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʙʠʙʣʠʦʪʝʢʠ GTK+ 

 
ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʙʠʙʣʠʦʪʝʢʠ 

GTK+: 

¶ ʆʢʥʦ (ʦʙʳʯʥʦʝ ʦʢʥʦ ʠʣʠ ʜʠʘʣʦʛʦʚʦʝ, ʜʠʘʣʦʛ ʠ ʜʠʘʣʦʛ ʧʦʤʦʱʥʠʢʘ); 

¶ ɼʠʩʧʣʝʠ (ʤʝʪʢʘ, ʠʟʦʙʨʘʞʝʥʠʝ, ʠʥʜʠʢʘʪʦʨ ʚʳʧʦʣʥʝʥʠʷ, ʩʪʨʦʢʘ ʩʦʩʪʦʷʥʠʷ); 

¶ ʂʥʦʧʢʠ ʠ ʧʝʨʝʢʣʶʯʘʪʝʣʠ (ʢʥʦʧʢʠ ʧʨʦʚʝʨʢʠ, ʧʝʨʝʢʣʶʯʘʪʝʣʠ, ʢʥʦʧʢʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ 

ʢʥʦʧʢʠ ʩʩʳʣʦʢ); 

¶ ʏʠʩʣʦʚʳʝ (ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʰʢʘʣʳ ʠ ʢʥʦʧʢʠ ʚʨʘʱʝʥʠʷ) ʠ ʚʚʦʜ ʪʝʢʩʪʦ-

ʚʳʭ ʜʘʥʥʳʭ (ʩ ʟʘʚʝʨʰʝʥʠʝʤ ʠʣʠ ʙʝʟ); 

¶ ʄʥʦʛʦʩʪʨʦʯʥʳʡ ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ; 

¶ ʇʨʦʩʤʦʪʨ ʩʧʠʩʢʘ ʜʝʨʝʚʴʝʚ, ʩʧʠʩʢʦʚ ʠ ʟʥʘʯʢʦʚ (ʩ ʥʘʩʪʨʘʠʚʘʝʤʳʤʠ ʨʝʥʜʝʨʝʨʘʤʠ ʠ ʨʘʟʜʝʣʝ-

ʥʠʝ ʤʦʜʝʣʠ / ʧʨʝʜʩʪʘʚʣʝʥʠʷ); 

¶ ʂʦʨʦʙʢʘ (ʩ ʟʘʧʠʩʴʶ ʠʣʠ ʙʝʟ ʥʝʝ); 

¶ ʄʝʥʶ (ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʧʝʨʝʢʣʶʯʘʪʝʣʷʤʠ ʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʚʝʨʢʠ); 

¶ ʇʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʩ ʧʝʨʝʢʣʶʯʘʪʝʣʷʤʠ, ʢʥʦʧʢʘʤʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ ʢʥʦʧʢʘʤʠ ʤʝʥʶ); 

¶ GtkBuilder (ʩʦʟʜʘʝʪ ʚʘʰ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʠʟ XML); 

¶ ʉʝʣʝʢʪʦʨʳ (ʚʳʙʦʨ ʮʚʝʪʘ, ʚʳʙʦʨ ʬʘʡʣʘ, ʚʳʙʦʨ ʰʨʠʬʪʘ); 

¶ ʄʘʢʝʪʳ (ʪʘʙʣʠʯʥʳʡ ʚʠʜʞʝʪ, ʚʠʜʞʝʪ ʪʘʙʣʠʮʳ, ʚʠʜʞʝʪ ʨʘʩʰʠʨʠʪʝʣʷ, ʬʨʝʡʤʳ, ʨʘʟʜʝʣʠʪʝʣʠ 
ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ); 

¶ ɿʥʘʯʦʢ ʩʦʩʪʦʷʥʠʷ (ʦʙʣʘʩʪʴ ʫʚʝʜʦʤʣʝʥʠʡ ʚ Linux, ʟʥʘʯʦʢ ʚ ʪʨʝʝ ʚ Windows); 

¶ ʇʝʯʘʪʴ ʚʠʜʞʝʪʦʚ; 

¶ ʅʝʜʘʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʦʢʫʤʝʥʪʳ (ʤʝʥʶ, ʜʠʘʣʦʛ ʠ ʤʝʥʝʜʞʝʨ) [1]. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʨʦʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʠʛʨʳ çʉʚʦʷ ʠʛʨʘè, ʥʘʧʠʩʘʥʥʦʝ ʥʘ ʷʟʳʢʝ C. ʂʘʢ ʨʘʙʦʪʘʝʪ ʧʨʦʛʨʘʤʤʘ: ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʚʝ-

ʜʫʱʠʡ (ʦʥ ʞʝ ʧʦʣʴʟʦʚʘʪʝʣʴ), ʚʳʙʠʨʘʝʪ ʯʠʩʣʦ ʢʦʤʘʥʜ (ʜʚʝ, ʪʨʠ, ʠʣʠ ʯʝʪʳʨʝ) ʯʝʨʝʟ ʵʣʝʤʝʥʪ ʠʥʪʝʨ-

ʬʝʡʩʘ ComboBox. ʅʘʞʠʤʘʝʪ ʢʥʦʧʢʫ çContinueè. ʆʪʢʨʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʢʥʦ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʦʢʥʦʤ ʠʛʨʳ. ɼʘʣʝʝ, ʚʝʜʫʱʠʡ ʚʳʙʠʨʘʝʪ ʮʝʥʫ ʚʦʧʨʦʩʘ ʦʪ 10 ʜʦ 50 ʦʯʢʦʚ ʩ ʰʘʛʦʤ 10 ʪʘʢʞʝ 

ʯʝʨʝʟ ʵʣʝʤʝʥʪ ComboBox. ʋʯʘʩʪʥʠʢʠ ʠʛʨʳ ʥʘʞʠʤʘʶʪ ʢʥʦʧʢʫ ʠ ʜʘʶʪ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ. ɽʩʣʠ ʦʪʚʝʪ 

ʧʨʘʚʠʣʴʥʳʡ, ʪʦ ʚʝʜʫʱʠʡ ʥʘʞʠʤʘʝʪ ʢʥʦʧʢʫ +, ʝʩʣʠ ʥʝʧʨʘʚʠʣʴʥʳʡ, ʪʦ ʥʘ ï. ʂ ʩʯʝʪʫ ʠʛʨʦʢʘ ʧʨʠʙʘʚ-

ʣʷʝʪʩʷ ʠʣʠ ʦʪʥʠʤʘʝʪʩʷ ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʯʢʦʚ, ʫʢʘʟʘʥʥʦʝ ʚ ComboBox. ʉʯʝʪ ʤʦʞʝʪ ʫʭʦʜʠʪʴ ʚ ʤʠʥʫʩ. 

ɿʘʚʝʨʰʘʝʪʩʷ ʠʛʨʘ ʧʦ ʥʘʞʘʪʠʶ ʢʥʦʧʢʠ EndGame. 

ɼʣʷ ʦʬʦʨʤʣʝʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʩʦʟʜʘʚʘʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ CSS [4]. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʙʠʙʣʠʦʪʝʢʠ GTK+. 

1. ʆʢʥʦ. 

ʆʢʥʦ ʩʦʟʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʢʦʜʘ: 
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2. Label ï ʥʘʜʧʠʩʴ. 

 
3. ComboBox ï ʩʦʯʝʪʘʥʠʝ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ (ʨʘʩʢʨʳʚʘʶʱʝʛʦʩʷ ʧʨʠ ʱʝʣʯʢʝ ʤʳʰʠ) 

ʠ ʦʜʥʦʩʪʨʦʯʥʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪʧʦʣʴʟʦʚʘʪʝʣʶʚʚʝʩʪʠ ʟʥʘʯʝʥʠʝ ʚʨʫʯʥʫʶ ʠʣʠ 

ʚʳʙʨʘʪʴ ʠʟ ʩʧʠʩʢʘ. 

ComboBox ʩʦʟʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʢʦʜʘ: 

 
4. Button ï ʢʥʦʧʢʘ. 

Button ʩʦʟʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʢʦʜʘ: 

 
ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ, ʩʦʜʝʨʞʘʱʝʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʙʠʙʣʠʦʪʝʢʠ 

GTK+: 

 

 

ʈʠʩ. 2. ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ, ʩʦʜʝʨʞʘʱʝʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʙʠʙʣʠʦʪʝʢʠ GTK+ 

 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʜʢʣʶʯʠʪʴ ʘʧʧʘʨʘʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʢ ʧʨʦʝʢʪʫ ʠ ʘʧʨʦʙʠʨʦ-

ʚʘʪʴ ʩʦʟʜʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʧʨʘʢʪʠʢʝ. 

 

https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
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ʋɼʂ 004.421.2 

ʂ.ɼ. ʐʚʘʙ 

ʩʪʫʜʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʊ.ɹ. ʂʘʟʠʘʭʤʝʜʦʚ 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʈɽɸʃʀɿɸʎʀʗ ɻʈɸʌʆɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ  
ɸʃɻʆʈʀʊʄɸ ʌʃʆʁɼɸ-ʋʆʈʐɽʃʃɸ ʉʈɽɼʉʊɺɸʄʀ PYTHON 3.7 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʛʨʘ-

ʬʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ʇʨʝʠʤʫʱʝʩʪʚʘ ʵʪʦʛʦ ʷʟʳʢʘ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʥʝʤ ʚʩʪʨʦʝʥʳ ʪʘʢʠʝ ʪʠʧʳ ʜʘʥʥʳʭ, ʢʘʢ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ, ʩʧʠʩʢʠ, ʢʦʨʪʝʞʠ, ʜʠʘʧʘʟʦʥʳ, ʩʣʦʚʘʨʠ ʠ 

ʤʥʦʛʦʝ ʜʨʫʛʦʝ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʫʜʦʙʥʳʤ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʤʥʦʛʠʝ ʘʣʛʦʨʠʪʤʳ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘʤʥʦʛʦ ʧʨʦʱʝ ʚ Python, ʯʝʤ ʚ ʉ/ʉ++, ʉ#, Pascal ʠ ʜʨʫʛʠʭ ʘʣʛʦ-

ʨʠʪʤʠʯʝʩʢʠʭ ʷʟʳʢʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʷ ʛʨʘʬʦʚ; ʛʨʘʬ; ʩʧʠʩʢʠ ʩʤʝʞʥʦʩʪʠ; ʤʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ; ʤʘʪʨʠʮʘ 

ʠʥʮʠʜʝʥʪʥʦʩʪʠ; ʤʘʪʨʠʮʘ ʚʝʩʦʚ; ʦʨʛʨʘʬ; ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʵʪʘ ʦʙʣʘʩʪʴ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʠ-

ʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʩʣʦʞʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʊʝʦʨʠʷ ʛʨʘʬʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʜʝʣ 

ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʠʩʩʣʝʜʫʶʱʠʡ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʳʭ ʠʣʠ ʩʯʝʪʥʳʭ ʤʥʦʞʝʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ ʦʪ-

ʥʦʰʝʥʠʷʤʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ. ʕʪʦʪ ʨʘʟʜʝʣ ʧʦ ʩʚʦʝʡ ʤʦʱʥʦʩʪʠ ʦʭʚʘʪʳʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ: ɻʀʉ 

(ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ), ʛʜʝ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʝʨʰʠʥʳ; ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʝ ʜʦʤʦʚ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʚʘʨʪʘʣʳ ʚ ʚʠʜʝ ʚʝʨʰʠʥ, ʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʦʢʘʟʳʚʘʶʪʩʷ 

ʢʘʢ ʨʝʙʨʘ (ʠʤʝʶʱʠʝ ʚʝʩ); ʩʝʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʩʦʝʜʠʥʷʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʠ ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʝ ʧʝʨʝʛʦʥʢʫ ʥʝʬʪʠ; ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʩʠʩʪʝʤʳ ʠ ʧʨʦʮʝʩʩʳ ʋɺɼ (ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ 

ʜʚʠʞʝʥʠʝʤ) [1, ʩ. 37]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʦʚ ʚ ʧʘ-

ʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ: ʩʧʠʩʢʠ ʩʤʝʞʥʦʩʪʠ, ʤʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ, ʤʘʪʨʠʮʘ ʠʥʮʠʜʝʥʪʥʦʩʪʠ ʠ ʜʨ. 

ʄʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʥʦʩʪʴʶ VxV, ʛʜʝ Vï ʚʝʨʰʠʥʘ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʤʘʪʨʠʮʘ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʡ, ʧʦʵʪʦʤʫ ʛʨʘʬ ʷʚʣʷʝʪʩʷ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ. ɺʤʝʩʪʦ 

ʝʜʠʥʠʮ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʞʝ ʜʣʠʥʳ (ʚʝʩʘ) ʨʝʙʝʨ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʠʩʧʦʣʴʟʫʷ ʪʦ ʠʣʠ ʠʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʧʨʠʤʝʥʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ɼʝʡʢʩʪ-

ʨʳ, ɹʝʣʤʘʥʘ-ʌʦʨʜʘ ʠ ʜʨʫʛʠʝ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʚ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʥʝʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʳʭ ʛʨʘʬʘʭ. ʏʘʱʝ ʚʩʝʛʦ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʨʘʪʯʘʡʰʠʝ ʨʘʩʩʪʦʷ-

ʥʠʷ ʤʝʞʜʫ ʚʩʝʤʠ ʚʝʨʰʠʥʘʤʠ ʠʣʠ ʤʝʞʜʫ ʜʚʫʤʷ ʠʟ ʚʩʝʭ. ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦ-
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ʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʌʣʦʡʜʘ-ʋʦʨʰʝʣʣʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʩʝʭ ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʘʪ-

ʨʠʮʳ ʚʝʩʦʚ.  

ʇʫʩʢʘʡ ʚʝʨʰʠʥʘ ʛʨʘʬʘ G = (V, E), |V| = n ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʦʪ 1 ʜʦ n ʠ ʚʚʝʜʝʥʦ ʦʙʦʟʥʘʯʝʥʠʝ 

ὨὭὮ
Ὧ ʜʣʷ ʜʣʠʥʳ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʦʪ i ʜʦ j, ʢʦʪʦʨʳʡ ʢʨʦʤʝ ʩʘʤʠʭ ʚʝʨʰʠʥ i, j ʧʨʦʭʦʜʠʪ ʪʦʣʴʢʦ ʯʝʨʝʟ 

ʚʝʨʰʠʥʳ 1..k. ʆʯʝʚʠʜʥʦ, ʯʪʦ ὨὭὮ
0ï ʚʝʩ ʨʝʙʨʘ (i, j), ʝʩʣʠ ʪʘʢʦʝ ʩʫʱʝʩʪʚʫʝʪ (ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʜʣʠʥʘ 

ʤʦʞʝʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʢʘʢ Њ)  

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʘʨʠʘʥʪʘ ʟʥʘʯʝʥʠʡ ὨὭὮ
Ὧ, Ὧ (ɴ1,ȣ,ὲ): 

1. ʂʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʤʝʞʜʫ i, j ʥʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʝʨʰʠʥʫ k, ʪʦʛʜʘ ὨὭὮ
Ὧ= ὨὭὮ

Ὧ 1. 

2. ʉʫʱʝʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʢʦʨʦʪʢʠʡ ʧʫʪʴ ʤʝʞʜʫ i, j ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʚʝʨʰʠʥʫ k, ʪʦʛʜʘ ʦʥ 

ʩʥʘʯʘʣʘ ʠʜʝʪ ʦʪ i ʜʦ k, ʘ ʧʦʪʦʤ ʦʪ k ʜʦ j. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʦʯʝʚʠʜʥʦ ὨὭὮ
Ὧ= ὨὭὯ

Ὧ 1 + ὨὯὮ
Ὧ 1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʙʨʘʪʴ ʤʠʥʠʤʫʤ ʠʟ ʜʚʫʭ 

ʦʙʦʟʥʘʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. ʊʦʛʜʘ ʨʝʢʫʨʨʝʥʪʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ὨὭὮ
Ὧ ʠʤʝʝʪ ʚʠʜ: 

ὨὭὮ
0  ï ʜʣʠʥʘ ʨʝʙʨʘ (i, j); 

ὨὭὮ
Ὧ= min(ὨὭὮ

Ὧ 1,ὨὭὯ
Ὧ 1 + ὨὯὮ

Ὧ 1). 

ɸʣʛʦʨʠʪʤ ʌʣʦʡʜʘ-ʋʦʨʰʝʣʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʯʠʩʣʷʝʪ ʚʩʝ ʟʥʘʯʝʥʠʷ ὨὭὮ
Ὧ, Ὥᶅ,Ὦ ʜʣʷ Ὧ ʦʪ 1 

ʜʦ n. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ὨὭὮ
ὲ ʷʚʣʷʝʪʩʷ ʜʣʠʥʘʤʠ ʢʨʘʪʯʘʡʰʠʭ ʧʫʪʝʡ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ i, j [7, c. 1]. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʣʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ, ʪʦ ʪʨʠ ʚʣʦʞʝʥʥʳʭ ʮʠʢʣʘ ʩʦʜʝʨʞʘʪ ʦʧʝʨʘʮʠʶ, ʚʳʧʦʣ-

ʥʝ̫ʤʫʶ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ В —1 = —(Ὡ3)ὲ,ὲ,ὲ  ï ʘʣʛʦʨʠʪʤ ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ. ɸ 

ʩʘʤ ʠʩʧʦʣʴʟʫʝʪ —(ὲ2) ʧʘʤʷʪʠ. 

ʉʘʤ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʨʘʩʯʝʪʘ ʢʨʘʪʯʘʡʰʠʭ ʧʫʪʝʡ ʚ ʧʣʦʪʥʳʭ ʛʨʘ-

ʬʘʭ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨ ʨʝʙʝʨ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʧʘʨ ʚʝʨʰʠʥ. ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʛʨʘʬʘ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩ. 1. ʇʣʦʪʥʳʡ ʛʨʘʬ 

 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʝʨʝʡʜʝʤ ʢ ʩʦʩʪʘʚʣʝʥʠʶ ʧʨʦʛʨʘʤʤʳ, ʚʳʯʠʩʣʷʶʱʝʡ ʤʘʪʨʠʮʫ 

ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ ʩʨʝʜʩʪʚʘʤʠ Python ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʚʝʩʦʚ. 

ʊʘʙʣʠʮʘ 1 

ʄʘʪʨʠʮʘ ʚʝʩʦʚ 

0 1 2 5 9 6 Њ Њ 

Њ 0 4 Њ 3 Њ Њ Њ 

Њ Њ 0 8 Њ Њ Њ Њ 

Њ Њ Њ 0 7 Њ Њ Њ 

Њ Њ Њ Њ 0 5 Њ Њ 

Њ Њ 3 Њ Њ 0 2 2 

Њ Њ Њ Њ Њ 3 0 6 

Њ Њ Њ Њ Њ 7 9 0 
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ʅʘʯʥʝʤ ʩ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʘʤʦʡ ʤʘʪʨʠʮʳ ʚ Python ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʣʦʞʝʥʥʳʝ ʩʧʠ-

ʩʢʠ, ʘ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʟʥʘʢʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʟʥʘʯʝʥʠʝ float('inf '), ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʚ ʚʝʨʩʠʷʭ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ 2.7 ʠ ʚʳʰʝ [4, ʩ. 2]. 
 

ʃʠʩʪʠʥʛ 1.1. ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʪʨʠʮʳ ʚʝʩʦʚ 

_ = float('inf' ) #ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ 

 

#ʄʘʪʨʠʮʘ ʚʝʩʦʚ (ʜʣʠʥ) 

C = [ 

[0,1,2,5,9,6,_,_], # a 0 

[_,0,4,_,3,_,_,_], # b 1 

[_,_,0,8,_,_,_,_], # c 2 

[_,_,_,0,7,_,_,_], # d 3 

[_,_,_,_,0,5,_,_], # e 4 

[_,_,3,_,_,0,2,2], # f 5 

[_,_,_,_,_,3,0,6], # g 6 

[_,_,_,_,_,7,9,0]] # h 7 
 

ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʠʩʪʠʥʛʝ 1 ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʠʧ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʧʨʠʩʚʦʠʪʴ ʟʥʘʯʝʥʠʝ 

ʢʘʢʦʤʫ-ʣʠʙʦ ʦʙʲʝʢʪʫ, ʧʦʩʢʦʣʴʢʫ Python ʦʪʥʦʩʠʪʩʷ ʢ ʷʟʳʢʘʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩ ʥʝʷʚʥʦʡ ʩʠʣʴʥʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʠʧʠʟʘʮʠʝʡ, ʯʪʦ ʚʦ ʤʥʦʛʦʤ ʫʧʨʦʱʘʝʪ ʧʦʥʠʤʘʥʠʝ ʢʦʜʘ ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 
 

ʃʠʩʪʠʥʛ 1. ɸʣʛʦʨʠʪʤ ʌʣʦʡʜʘ-ʋʦʨʰʝʣʣʘ  

#-----ʚʳʚʦʜ ʤʘʪʨʠʮʳ------- 

for i in range(8): 

for j in range(8): 

print(C[i][j], end=" " ) 

print("" ) 

 

#------ɸʣʛʦʨʠʪʤ ʌʣʦʡʜʘ-ʋʦʨʰʘʣʣʘ------- 

#ɼʣʷ k ʦʪ 1 ʜʦ |V| ʚʳʧʦʣʥʷʪʴ 

#ɼʣʷ i ʦʪ 1 ʜʦ |V| ʚʳʧʦʣʥʷʪʴ 

#ɼʣʷ j ʦʪ 1 ʜʦ |V| ʚʳʧʦʣʥʷʪʴ 

#ɽʩʣʠ D[i][k]+D[k][j]<D[i][j] ʪʦ D[i][j] ŶD[i][k]+D[k][j] 

print(" --------ʇʦʣʫʯʝʥʥʘʷ ʤʘʪʨʠʮʘ---------" ) 

for k in range(8): 

for i in range(8): 

for j in range(8): 

if C[i][k]+C[k][j] < C[i][j]:  

C[i][j] = C[i][k]+C[k][j]  

#-----ʚʳʚʦʜ ʤʘʪʨʠʮʳ------- 

for i in range(8): 

for j in range(8): 

print(C[i][j], end=" " ) 

print("" ) 
 

ɺ ʣʠʩʪʠʥʛʝ 1 ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʠ ʚʳʚʦʜʦʤ ʧʦʣʫʯʝʥʥʦʡ ʤʘʪʨʠʮʳ ʥʘ 

ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ. 
 

ʃʠʩʪʠʥʛ 2. ɺʳʚʦʜ ʤʘʪʨʠʮ 

0 1 2 5 9 6 inf inf  

inf 0 4 inf 3 inf inf inf  

inf inf 0 8 inf inf inf inf  

inf inf inf 0 7 inf inf inf  

inf inf inf inf 0 5 inf inf  

inf inf 3 inf inf 0 2 2  

inf inf inf inf inf 3 0 6  
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inf inf inf inf inf 7 9 0  

--------ʇʦʣʫʯʝʥʥʘʷ ʤʘʪʨʠʮʘ--------- 

0 1 2 5 4 6 8 8  

inf 0 4 12 3 8 10 10  

inf inf 0 8 15 20 22 22  

inf inf 15 0 7 12 14 14  

inf inf 8 16 0 5 7 7  

inf inf 3 11 18 0 2 2  

inf inf 6 14 21 3 0 5  

inf inf 10 18 25 7 9 0  
 

ʂʘʢ ʠ ʣʶʙʦʡ ʙʘʟʦʚʳʡ ʘʣʛʦʨʠʪʤ, ʘʣʛʦʨʠʪʤ ʌʣʦʡʜʘ-ʋʦʨʰʝʣʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʯʝʥʴ ʰʠʨʦʢʦ, 

ʥʘʯʠʥʘʷ ʦʪ ʧʦʠʩʢʘ ʪʨʘʥʟʠʪʠʚʥʦʛʦ ʟʘʤʳʢʘʥʠʷ ʛʨʘʬʘ, ʟʘʢʘʥʯʠʚʘʷ, ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʦʝʢʪʘʤʠ ʛʝʥʝʪʠ-

ʢʦʡ, ʩʦʟʜʘʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʜʨʫʛʠʭ ʩʝʪʝʡ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ ʛʦʨʦʜʘ ï ʛʨʘʬ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʩʚʦʠʚ ʢʘʞʜʦʤʫ ʨʝʙ-

ʨʫ ʥʝʢʫʶ ʩʪʦʠʤʦʩʪʴ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʠʟ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʞʥʦ ʧʦʜʚʝʩʪʠ ʧʦʧʫʪʯʠʢʘ ʧʦ ʩʘʤʦʤʫ ʢʦʨʦʪʢʦʤʫ, ʙʳʩʪʨʦʤʫ, ʜʝʰʝʚʦʤʫ ʧʫʪʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʨʝʜʩʪʚʘʤʠ Python ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʩʦʢʨʘʪʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠʟʜʝʨʞʢʠ. 
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ʉɽʂʎʀʗ ˉ 2. ʀʅʌʆʈʄɸʊʀʂɸ ʉʄʓʉʃɸ 

ʋɼʂ 681.5 

ɽ.ɺ. ɸʩʘʫʣʝʥʢʦ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʛ. ɼʠʚʥʦʛʦʨʩʢ, ɼʠʚʥʦʛʦʨʩʢʠʡ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʪʝʭʥʠʢʫʤ ʠʤ. ɸ.ɽ. ɹʦʯʢʠʥʘ 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ ɿʅɸʅʀʁ ʋʏɽʅʀʂɸ  
ʇʈʀ ʆɹʋʏɽʅʀʀ ʈɽʐɽʅʀʖ ɺʓʏʀʉʃʀʊɽʃʔʅʓʍ ɿɸɼɸʏ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʟʥʘʥʠʡ ʦʙʫʯʘʶʱʝʛʦʩʷ ʚ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ (ʥʘ ʧʨʠʤʝʨʝ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ). ʄʦʜʝʣʴ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʦʥʷʪʠʠ ʤʝʥʪʘʣʴ-

ʥʦʡ ʩʭʝʤʳ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʦʙʫʯʝʥʠʷ ʨʝʰʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʟʠʯʝʩʢʠʝ ʟʘʜʘʯʠ; ʤʝʥʪʘʣʴʥʳʝ ʩʭʝʤʳ; ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʚ ʦʙʨʘ-

ʟʦʚʘʥʠʠ; ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʙʫʯʝʥʠʷ; ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʠʤʠʪʠʚ; ʤʦʜʝʣʴ ʦʙʫʯʘʶʱʝʛʦʩʷ. 

ʆʙʫʯʝʥʠʝ ʪʦʯʥʳʤ ʠ ʤʥʦʛʠʤ ʝʩʪʝʩʪʚʝʥʥʳʤ ʥʘʫʢʘʤ ʥʝʤʳʩʣʠʤʦ ʙʝʟ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʫʯʝʙ-

ʥʳʭ ʟʘʜʘʯ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʦʩʩʠʡʩʢʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʩʨʝʜʥʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʫʞʝ ʥʘ ʙʘ-

ʟʦʚʦʤ ʫʨʦʚʥʝ ʪʨʝʙʫʶʪ ʦʪ ʫʯʘʱʠʭʩʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʫʤʝʥʠʡ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʦ ʬʠʟʠʢʝ, ʭʠʤʠʠ 

[ʩʤ.: 3]. ɼʘʣʝʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯʘʭ ʧʦ ʬʠʟʠʢʝ. ʇʦʜ ʟʘʜʘ-

ʯʝʡ ʦʙʳʯʥʦ ʧʦʥʠʤʘʶʪ ʥʝʙʦʣʴʰʫʶ ʧʨʦʙʣʝʤʫ, ʢʦʪʦʨʘʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʣʦʛʠ-

ʯʝʩʢʠʭ ʫʤʦʟʘʢʣʶʯʝʥʠʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʚ ʠ ʤʝʪʦʜʦʚ 

ʬʠʟʠʢʠ [2, ʩ. 5]. ʇʦ ʦʩʥʦʚʥʦʤʫ ʩʧʦʩʦʙʫ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʟʜʝʣʷʶʪ ʥʘ: 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ, ʛʨʘʬʠʯʝʩʢʠʝ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʣʦʛʠʯʝʩʢʠʝ [5, ʩ. 83]. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʶʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʥʦʡ ʧʨʘʢʪʠʢʦʡ ʧʨʠʤʝ-

ʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦʜ ʫʨʦʚʥʝʤ ʫʩʚʦʝʥʠʷ ʬʠʟʠʢʠ (ʠ ʣʶʙʦʡ ʪʦʯʥʦʡ ʥʘʫʢʠ) 

ʦʙʳʯʥʦ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʩʣʦʞʥʦʩʪʴ ʪʝʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʦʙʫʯʘʶʱʠʡʩʷ ʩʧʦʩʦʙʝʥ ʨʝʰʘʪʴ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦ. ʊʘʢ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ ʤʦʛʫʪ ʣʝʛʢʦ ʩʪʘʪʴ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʩʪʦʚ ʜʣʷ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ 

ʦʙʫʯʘʶʱʠʭʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ ʙʝʟ ʦʩʦʙʦʛʦ ʪʨʫʜʘ ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʨʘʚʠʣʴʥʳʡ 

ʦʪʚʝʪ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʝʰʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤ, ʤʥʦʛʦʛʨʘʥʥʳʤ 

ʫʤʝʥʠʝʤ. ʋʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦ ʬʠʟʠʢʝ, ʦʙʫʩʣʦʚʣʝʥʦ: ʟʥʘʥʠʝʤ ʪʝʦʨʠʠ ʧʨʝʜ-

ʤʝʪʘ; ʫʚʝʨʝʥʥʳʤ ʚʣʘʜʝʥʠʝʤ ʥʝʢʦʪʦʨʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ ʠ ʫʤʝʥʠʷʤʠ; ʫʤʝʥʠʝʤ ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʢʩʪ ʟʘʜʘʯʠ ʥʘ ʧʨʝʜʤʝʪ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʩʪʘʥʦʚʢʠ ʮʝʣʠ ʨʝʰʝʥʠʷ; 

ʫʤʝʥʠʝʤ ʧʨʠʚʦʜʠʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʝʜʠʥʠʮ; ʫʤʝʥʠʝʤ ʧʨʦʚʦʜʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʩ 

ʝʜʠʥʠʮʘʤʠ ʠʟʤʝʨʝʥʠʷ ʠ ʜʨ. 

ʋʤʝʥʠʝ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʵʪʦ ʩʫʛʫʙʦ ʣʠʯʥʦʝ, ʧʦʵʪʦʤʫ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʝʛʦ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʙʫʯʝʥʠʷ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʦʧʠʩʘʥʳ 

ʤʝʪʦʜʠʩʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʬʠʟʠʢʠ [ʩʤ., ʥʘʧʨʠʤʝʨ: 8, ʩ. 47ï48], ʛʜʝ ʚ ʢʘʞʜʦʤ ʩʧʦʩʦʙʝ 

ʦʙʫʯʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʵʪʘʧ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. ʇʨʠ ʵʪʦʤ, ʞʝʣʘʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʥʝʢʦʪʦʨʦʛʦ ʥʘʩʪʘʚʥʠʢʘ, ʦʜʥʘʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʧʝʜʘʛʦʛʘ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ. ʌʫʥʢʮʠʠ 

ʥʘʩʪʘʚʥʠʢʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʘʷ ʩʠʩʪʝʤʘ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʦʠʩʢʘ ʦʪʚʝʪʘ ʥʘ ʩʣʝ-

ʜʫʶʱʠʝ ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʚʦʧʨʦʩʳ: çʂʘʢʦʚ ʫʨʦʚʝʥʴ ʫʤʝʥʠʷ ʦʙʫʯʘʶʱʝʛʦʩʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ?è, çʂʘʢʠʝ 

ʵʣʝʤʝʥʪʳ ʫʤʝʥʠʷ ʫʩʚʦʝʥʳ, ʠ ʥʘ ʢʘʢʦʤ ʫʨʦʚʥʝ, ʘ ʢʘʢʠʝ ʝʱʝ ʥʝʪ?è, çʂʘʢʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʥʘ ʫʯʝʥʠʢʘ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ?è ʠ ʜʨ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥ-

ʮʠʧʦʤ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ, ʦʪʚʝʪʳ ʥʘ ʧʦʜʦʙʥʳʝ ʚʦʧʨʦʩʳ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʡʜʝʥʳ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʢʘʞʜʦʛʦ ʦʙʫʯʘʶʱʝʛʦʩʷ. ʆʙʳʯʥʦ, ʵʪʠ ʦʪʚʝʪʳ ʥʘʭʦʜʠʪ ʧʝʜʘʛʦʛ, ʦʨʛʘʥʠʟʫʶʱʠʡ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʞʝ ʫʩʣʦʚʠʷʭ ʤʘʩʩʦʚʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʛʜʘ ʦʜʠʥ ʫʯʠʪʝʣʴ ʦʙʫʯʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʫʯʝʥʠʢʦʚ, ʩʜʝʣʘʪʴ ʵʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʪʨʫʜʥʦ. 

ɺ ʩʚʝʪʝ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʦʙʫʯʝʥʠʷ ʨʝʰʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ ʪʝʩʪʦ-

ʚʳʤʠ ʦʙʦʣʦʯʢʘʤʠ, ʨʝʘʣʠʟʫʶʱʠʤʠ ʪʦʣʴʢʦ ʬʫʥʢʮʠʶ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʦʪʚʝʪʘ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʨʘʟʚʠʪʦʩʪʠ ʩʠʩʪʝʤ ʦʙʫʯʝʥʠʷ ʨʝʰʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘ-
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ʜʘʯ. ʆʪʯʘʩʪʠ ʵʪʦʪ ʜʝʬʠʮʠʪ ʦʙʫʩʣʦʚʣʝʥ ʥʝʜʦʩʪʘʪʢʦʤ ʤʦʜʝʣʝʡ ʢʦʛʥʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʭ ʨʝʰʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʟʘʜʘʯʠ. ʇʦʜʦʙʥʳʝ ʤʦʜʝʣʠ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ 

ʥʝʢʦʪʦʨʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ (ʟʥʘʥʠʡ) ʦ ʪʦʤ ʥʘʩʢʦʣʴʢʦ ʩʬʦʨʤʠʨʦʚʘʥʦ ʫʤʝʥʠʝ 

ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʫ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʦʙʫʯʘʶʱʝʛʦʩʷ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʰʢʘʣ ʦʪʤʝʪʦʢ ʠ ʨʝʡʪʠʥʛʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʟʚʠʪʦʡ ʚ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ (IRT), ʛʜʝ ʦʪʤʝʪʢʦʡ ʦʙʫʯʘʶʱʝʛʦʩʷ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ, ʠʟʤʝʨʷʝʤʳʡ ʪʘʢʞʝ, ʢʘʢ ʠ ʪʨʫʜʥʦʩʪʴ ʟʘʜʘʥʠʡ, ʚ ʣʦʛʠʪʘʭ. 

ʆʜʥʘʢʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʠʤʚʦʣ ʠʣʠ ʯʠʩʣʦ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʪʚʝ-

ʪʘ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʚʦʧʨʦʩʳ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʢʣʘʜʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙ-

ʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʝʦʙʭʦʜʠʤ ʩʧʦʩʦʙ ʦʧʠʩʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʫʯʝʥʠʢʘ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʤʝʥʠʷ ʨʝʰʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ, ʪ.ʝ. ʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʦʙ ʫʤʝʥʠʠ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʥʘ 

ʧʨʠʤʝʨʝ ʬʠʟʠʯʝʩʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʙʫʯʝʥʠʷ ʨʝʰʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʘʩʩʤʦʪʨʠʤ ʧʩʠʭʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʚ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʩʠʭʠʢʘ ï ʵʪʦ ʩʚʦʡʩʪʚʦ ʚʳʩʦʢʦʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʤʘʪʝʨʠʠ, ʷʚʣʷʶʱʝʝʩʷ 

ʦʩʦʙʦʡ ʬʦʨʤʦʡ ʦʪʨʘʞʝʥʠʷ ʩʫʙʲʝʢʪʦʤ ʨʝʘʣʴʥʦʩʪʠ [7, ʊ. 21, ʩ. 187]. ʄʦʜʝʣʴ ʧʩʠʭʠʯʝʩʢʦʛʦ ʦʪʨʘʞʝ-

ʥʠʷ ʧʨʝʜʣʦʞʠʣ ʋ. ʅʘʡʩʩʝʨ, ʚʚʝʜʷ ʧʦʥʷʪʠʝ ʩʭʝʤʘ [4, ʩ. 73]. ʉʭʝʤʘ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ (ʥʘ ʚʩʝ 

ʢʦʛʥʠʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ) ʧʦʥʷʪʠʷ ʢʦʛʥʠʪʠʚʥʘʷ ʢʘʨʪʘ, ʚʚʝʜʝʥʥʦʛʦ ʕ. ʊʦʣʤʝʥʦʤ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʤʝ-

ʭʘʥʠʟʤʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ (ʩʤ. ʩʪʘʪʴʶ çʂʦʛʥʠʪʠʚʥʳʝ ʢʘʨʪʳ ʫ ʢʨʳʩ ʠ ʯʝʣʦʚʝʢʘè [1, 

ʩ. 124ï143]). ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤ ʦʙʫʯʝʥʠʠ, ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʭʝʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ çʤʝʥʪʘʣʴʥʳʝ ʩʭʝʤʳè (ʄʉ). ʉʫʱʝʩʪʚʫʶʪ ʄʉ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʠ ʫʤʝʥʠʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʠ ʫʧʨʘʚʣʷʶʪ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ. ʀʩʢʦʤʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʟʥʘʥʠʡ ʦʙ ʫʤʝʥʠʠ ʫʯʝʥʠʢʘ ʨʝʰʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ ʧʦʩʪʨʦʠʤ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ 

ʄʉ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʄʉ ʫʤʝʥʠʷ ʨʝʰʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ ʦʙʨʘʪʠʤʩʷ ʢ ʢʦʥʮʝʧʪʫ-

ʘʣʴʥʦʡ ʤʝʥʪʘʣʴʥʦʡ ʩʭʝʤʝ, ʦʧʠʩʘʥʥʦʡ ʚ [6], ʚ ʢʦʪʦʨʦʡ ʄʉ ʧʨʝʜʩʪʘʚʠʪʩʷ ʚ ʚʠʜʝ ʚʟʚʝʰʝʥʥʦʛʦ ʛʨʘʬʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʪʝʨʤʠʥʘʣʴʥʳʝ ʚʝʨʰʠʥʳ (ʮʝʣʠ ʠ ʜʘʥʥʳʝ) ʠ ʥʝʪʝʨʤʠʥʘʣʴʥʳʝ ʚʝʨʰʠʥʳ (ʦʪʜʝʣʴʥʳʝ 

ʤʝʥʪʘʣʴʥʳʝ ʩʭʝʤʳ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ). 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʛʦ ʛʨʘʬʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʜʝʣʠʪʴ ʢʦʥʢʨʝʪʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʝʛʦ ʚʝʨʰʠʥʳ. 

ɺ ʨʘʤʢʘʭ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʢʫʨʩʘ ʬʠʟʠʢʠ ʚʳʜʝʣʠʤ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʷʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʧʠʩʳ-

ʚʘʪʴʩʷ: ʚʦ-ʧʝʨʚʳʭ, ʥʝʢʦʪʦʨʦʡ ʤʦʜʝʣʴʶ ʬʠʟʠʯʝʩʢʦʛʦ ʪʝʣʘ, ʩʠʩʪʝʤʳ ʠʣʠ ʷʚʣʝʥʠʷ ï ʬʠʟʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʴʶ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʦʙʷʟʘʪʝʣʴʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ɺʦ-ʚʪʦʨʳʭ, ʥʝʢʦʪʦ-

ʨʳʤ ʬʠʟʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ, ʬʦʨʤʫʣʦʡ ʠʣʠ ʫʨʘʚʥʝʥʠʝʤ, ʚʳʨʘʞʘʶʱʠʤ ʩʚʷʟʴ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʜʣʷ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʝʣʠʯʠʥʘʤʠ ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʜʚʫʭ ʤʦʜʝʣʝʡ 

ʩʦʩʪʘʚʣʷʝʪ ʠʩʯʝʨʧʳʚʘʶʱʝʝ ʦʧʠʩʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ. ɽʜʠʥʳʡ ʦʙʲʝʢʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʬʠʟʠʯʝ-

ʩʢʦʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʝʡ, ʥʘʟʦʚʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʧʨʠʤʠʪʠʚʦʤ (ɺʇ). ɺ ʄʉ ʫʤʝʥʠʷ ʨʝ-

ʰʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʙʫʜʫʪ ʚʝʨʰʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʝʣʠʯʠʥʘʤʠ, ʚʭʦʜʷʱʠ-

ʤʠ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʠʤʠʪʠʚʦʚ. ʅʝʪʝʨʤʠʥʘʣʴʥʳʝ ʚʝʨʰʠʥʳ ʷʚʣʷʶʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʧʨʠʤʠʪʠʚʘʤʠ. ɼʫʛʠ ʚ ʪʘʢʦʤ ʛʨʘʬʝ ʧʨʦʚʝʜʝʤ ʤʝʞʜʫ ʫʟʣʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʜʠʥʘʢʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʚʝʣʠʯʠʥʳ. 

ʇʨʠ ʪʘʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʘʬʘ ʢʘʞʜʘʷ ʜʫʛʘ ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴ ʥʝʢʦʪʦʨʫʶ ʦʧʝʨʘʮʠʶ ʠʣʠ ʜʝʡʩʪ-

ʚʠʝ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɺʦʟʤʦʞʥʳ ʯʝʪʳʨʝ ʚʠʜʘ ʜʫʛ. ɺʦ-ʧʝʨʚʳʭ, ʜʫʛʠ ʦʪ ʪʝʨʤʠʥʘʣʴʥʦʡ ʚʝʣʠ-

ʯʠʥʳ ʢ ʥʝʪʝʨʤʠʥʘʣʴʥʦʡ ʦʙʦʟʥʘʯʘʶʪ ʧʦʜʩʪʘʥʦʚʢʫ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʬʦʨʤʫʣʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʷʚʣʝ-

ʥʠʝ ʠʣʠ ʧʨʦʮʝʩʩ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ. ɺʦ-ʚʪʦʨʳʭ, ʜʫʛʠ ʦʪ ʥʝʪʝʨʤʠʥʘʣʴʥʦʡ 

ʚʝʨhʠʥʳ ʢ ʪʝʨʤʠʥʘʣʴʥʦʡ ʦʙʦʟʥʘʯʘʶʪ ʚʳʨʘʞʝʥʠʝ ʚʝʣʠʯʠʥ ʠʟ ʬʦʨʤʫʣ ʠ ʠʭ ʚʳʯʠʩʣʝʥʠʝ. ɺ-ʪʨʝʪʴʠʭ, 

ʜʫʛʠ ʤʝʞʜʫ ʥʝʪʝʨʤʠʥʘʣʴʥʳʤʠ ʚʝʨʰʠʥʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʨʘʞʝʥʠʶ ʚʝʣʠʯʠʥʳ ʠʟ ʦʜʥʦʛʦ ʚʳʨʘ-

ʞʝʥʠʷ ʠ ʧʦʜʩʪʘʥʦʚʢʫ ʝʝ ʚ ʜʨʫʛʦʝ. ʕʪʦ ʦʧʝʨʘʮʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʩʧʦ-

ʩʦʙʦʤ ʧʦʜʩʪʘʥʦʚʢʠ. ʏʝʪʚʝʨʪʳʡ ʚʠʜ ï ʜʫʛʠ ʤʝʞʜʫ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʚʝʨʰʠʥʘʤʠ, ʦʙʦʟʥʘʯʘʶʪ ʦʪʦ-

ʞʜʝʩʪʚʣʝʥʠʝ ʚʝʣʠʯʠʥ. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʄʉ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʘʣʝʝ ʦʛʨʘʥʠʯʠʤʩʷ ʵʣʝʤʝʥʪʘʨʥʳʤ 

ʢʫʨʩʦʤ ʬʠʟʠʢʠ, ʘ ʠʤʝʥʥʦ ʦʜʥʠʤ ʠʟ ʝʛʦ ʥʘʯʘʣʴʥʳʭ ʨʘʟʜʝʣʦʚ ï çʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘè. ɺ ʵʪʦʤ ʨʘʟʜʝ-

ʣʝ ʚʳʜʝʣʠʤ ʩʣʝʜʫʶʱʠʝ ɺʇ. 

ɺʇ çʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘè. ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ: ʪʝʣʦ ʠʤʝʝʪ ʤʘʩʩʫ m ʠ ʦʙʲʝʤ V, ʧʨʠ ʵʪʦʤ ʝʛʦ 

ʧʣʦʪʥʦʩʪʴ ɟ. 
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ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ:  

”=
ά

ὠ
 

ɺʇ çʦʙʲʝʤ ʰʘʨʘè. ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ: ʪʝʣʦ ʬʦʨʤʳ ʰʘʨʘ ʨʘʜʠʫʩʘ R ʠ ʦʙʲʝʤʘ Vʐ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ:  

ὠ˥ =
4

3
“Ὑ3 

ɺʇ çʦʙʲʝʤ ʮʠʣʠʥʜʨʘè. ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ: ʪʝʣʦ, ʬʦʨʤʳ ʮʠʣʠʥʜʨʘ ʩ ʧʣʦʱʘʜʴʶ ʦʩʥʦʚʘʥʠʷ S 

ʠ ʚʳʩʦʪʦʡ h ʠʤʝʝʪ ʦʙʲʝʤ Vʎ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ:  

ὠx = ὛὬ 
ɺʇ çʦʙʲʝʤ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘè. ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ: ʪʝʣʦ, ʬʦʨʤʳ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʚʳʩʦʪʦʡ h, ʰʠʨʠʥʦʡ w ʠ ʜʣʠʥʦʡ l, ʠʤʝʝʪ ʦʙʲʝʤ Vʊ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ: 

ὠ˟ = ύὰὬ 
ʕʪʠ ʧʨʠʤʠʪʠʚʳ ʩʦʩʪʘʚʣʷʶʪ ʩʫʪʴ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʫʟʣʦʚ. ʊʝʨʤʠʥʘʣʴʥʳʝ ʚʝʨʰʠʥʳ ʛʨʘʬʘ ʄʉ 

ʙʫʜʫʪ ʩʚʷʟʘʥʳ ʩ ʚʝʣʠʯʠʥʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʧʨʠʤʠʪʠʚʳ. ʕʪʠʭ ʚʝʣʠʯʠʥ ʦʜʠʥʥʘʜʮʘʪʴ: ʧʣʦʪʥʦʩʪʴ ɟ, 

ʤʘʩʩʘ ʪʝʣʘ m, ʦʙʲʝʤ ʪʝʣʘ V, ʨʘʜʠʫʩ ʰʘʨʘ R, ʜʣʠʥʘ l, ʰʠʨʠʥʘ w, ʚʳʩʦʪʘ h, ʧʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ S, 

ʦʙʲʝʤ ʰʘʨʘ Vʐ, ʦʙʲʝʤ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ Vʊ, ʦʙʲʝʤ ʮʠʣʠʥʜʨʘ Vʎ. 

 

 

ʈʠʩ. 1:   ʘ ï ʧʦʣʥʘʷ ʤʝʥʪʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦ ʪʝʤʝ çʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘè, 

 ʙ ï ʤʝʥʪʘʣʴʥʘʷ ʩʭʝʤʘ ʟʘʜʘʯʠ ʧʦ ʪʝʤʝ çʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘè 

 
ʉʪʨʫʢʪʫʨʘ ʫʤʝʥʠʷ ʨʝʰʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ (ʪ.ʝ. ʝʛʦ ʄʉ) ʧʦ ʪʝʤʝ çʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪ-

ʚʘè, ʩʦʜʝʨʞʘʱʘʷ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʧʨʠʤʠʪʠʚʳ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 (a). ʕʪʘ ʄʉ ʷʚʣʷʝʪʩʷ 

ʠʩʢʦʤʦʡ ʤʦʜʝʣʴʶ ʫʤʝʥʠʡ ʫʯʝʥʠʢʘ ʚ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʚʳʙʨʘʥʥʦʡ ʪʝʤʝ. ʋʯʝʪ ʘʢʪʦʚ ʦʙʫʯʝ-
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ʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʦʧʠʩʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʧʫʪʠ ʥʘ ʛʨʘʬʝ ʩʦʝʜʠʥʷʶʱʝʛʦ ʚʝʨʰʠʥʳ-ʜʘʥʥʳʝ ʩ ʚʝʨʰʠʥʦʡ-ʮʝʣʴʶ. ʂʘʞʜʘʷ ʟʘʜʘʯʘ ʧʨʠ ʨʝʰʝʥʠʠ 

ʦʩʪʘʚʣʷʝʪ çʦʪʧʝʯʘʪʦʢè, ʩʣʝʜ ʥʘ ʧʦʣʥʦʡ ʩʭʝʤʝ ʫʤʝʥʠʷ. ʋʧʨʘʞʥʷʷʩʴ, ʦʙʫʯʘʶʱʠʡʩʷ ʬʦʨʤʠʨʫʝʪ ʫ ʩʝ-

ʙʷ ʚ ʧʘʤʷʪʠ ʄʉ ʫʤʝʥʠʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ. ʄʦʜʝʣʴ ʪʘʢʦʡ ʩʭʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʰʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʟʘʜʘʯʠ ʠ ʝʝ ʦʪʨʘʞʝʥʠʝ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʄʉ. ɿʘʜʘʯʘ: ʂʘʢʫʶ ʤʘʩʩʫ ʙʫʜʝʪ 

ʠʤʝʪʴ ʩʚʠʥʮʦʚʳʡ ʰʘʨ ʨʘʜʠʫʩʦʤ 15 ʩʤ? ʇʣʦʪʥʦʩʪʴ ʩʚʠʥʮʘ 11340 ʢʛ/ʤ
3
. ʄʉ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʝ-

ʰʝʥʠʁ ʵʪʦʡ ʟʘʜʘʯʠ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 (ʙ). ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʟʘʰʪʨʠʭʦʚʘʥʥʳʤʠ ʢʚʘʜʨʘʪʘʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʪʝʨʤʠʥʘʣʴʥʳʝ ʚʝʨʰʠʥʳ, ʷʚʣʷʶʱʠʝʩʷ ʜʘʥʥʳʤʠ ʚ ʵʪʦʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʝ. ɼʚʦʡʥʳʤ 

ʢʨʫʛʦʤ ʦʙʦʟʥʘʯʝʥʘ ʮʝʣʴ ʨʝʰʝʥʠʷ ï ʪʝʨʤʠʥʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ï ʤʘʩʩʘ ʪʝʣʘ. ʈʝʰʝʥʠʝ ʫʯʝʥʠʢʦʤ ʤʥʦ-

ʞʝʩʪʚʘ ʟʘʜʘʯ ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʧʦʢʨʳʪʠʷ ʚʩʝʡ ʩʭʝʤʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ ʵʪʦʡ ʪʝ-

ʤʳ. ʅʘʧʨʦʪʠʚ, ʝʩʣʠ ʥʝʢʦʪʦʨʳʝ ʫʯʘʩʪʢʠ ʄʉ ʥʝ ʧʦʢʨʳʪʳ, ʵʪʦ ʚʳʷʚʣʷʝʪ ʧʨʦʙʝʣʳ ʚ ʫʤʝʥʠʠ ʨʝʰʘʪʴ 

ʟʘʜʘʯʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ. ɼʦʩʪʘʪʦʯʥʦ ʧʨʠʜʘʪʴ ʚʝʩʘ ʩʚʷʟʷʤ ʄʉ ʠ ʩ ʝʝ ʧʦʤʦʱʴʶ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʦ ʧʨʦ-

ʩʣʝʜʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʨʘʙʦʪʢʠ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʫʤʝʥʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʚʝʩʦʚ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʙʫʜʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʫʪʨʘʪʫ ʫʤʝʥʠʷ ï ʟʘʙʳʚʘʥʠʝ. ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʪʨʫʢʪʫʨʫ 

ʫʤʝʥʠʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʦ ʜʨʫʛʠʤ ʨʘʟʜʝʣʘʤ ʢʫʨʩʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʬʠʟʠʢʠ ʠ ʧʦ ʜʨʫʛʠʤ ʜʠʩʮʠʧʣʠʥʘʤ 

ʚ ʢʦʪʦʨʳʭ ʨʝʰʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʧʠʩʘʥʠʝ ʫʤʝʥʠʷ ʫʯʝʥʠʢʘ ʨʝʰʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ ʚ ʚʠʜʝ ʛʨʘʬʦʚʠʜʥʳʭ ʤʝʥʪʘʣʴʥʳʭ 

ʩʭʝʤ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʂ ʪʦʤʫ ʞʝ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʧʠʩʘʥʠʝ ʪʘʢʠʭ 

ʄʉ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʫʯʘʶʱʝʛʦʩʷ (ʧʨʠ ʠʭ ʦʙʦʟʨʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ) ʥʝ ʧʦʪʨʝʙʫʝʪ 

ʙʦʣʴʰʠʭ ʨʝʩʫʨʩʦʚ ʕɺʄ ʚ ʧʣʘʥʝ ʧʘʤʷʪʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʠʯʝʩʢʠ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ. 

ʂʘʢ ʠ ʣʶʙʘʷ ʤʦʜʝʣʴ, ʄʉ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ ʦʧʠʩʘʥʠʝʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ (ʚ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʦʙʫʯʘʶʱʝʛʦʩʷ). ʄʥʦʛʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʷʚʣʝʥʠʡ, ʪ.ʝ. ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘ-

ʞʝʥʠʷ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ ʚʝʩʴʤʘ ʩʭʦʞʠ. ʀ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʫʯʠʚʰʠʩʴ, ʥʘʧʨʠʤʝʨ, ʚʳʨʘʞʘʪʴ ʚʝʣʠʯʠ-

ʥʳ ʠʟ ʟʘʢʦʥʘ ɺʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ, ʤʦʞʥʦ ʩ ʣʝʛʢʦʩʪʴʶ ʧʝʨʝʥʝʩʪʠ ʵʪʠ ʟʥʘʥʠʷ ʥʘ ʟʘʢʦʥ ʂʫʣʦʥʘ, 

ʧʦʩʢʦʣʴʢʫ ʦʙʘ ʟʘʢʦʥʘ ʠʤʝʶʪ ʧʦʜʦʙʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ. ɺ ʦʧʠʩʘʥʥʦʡ ʤʦʜʝʣʠ ʪʘʢʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʨʘʙʦʪʘʥʘ. ʕʪʦ ʫʩʣʦʞʥʠʪ ʤʦʜʝʣʴ, ʢʘʢ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ, ʪʘʢ ʠ ʥʘ ʫʨʦʚʥʝ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʥʦʚʫ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʩʦ-

ʩʪʘʚʣʷʝʪ ʵʪʘʧ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʦʧʠ-

ʩʳʚʘʶʱʝʡ ʷʚʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ. ʕʪʦ, ʢʦʥʝʯʥʦ ʞʝ, ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʵʪʘʧ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ, ʦʜʥʘʢʦ ʦʥ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʘʞʥʳʤ, ʩʚʦʝʛʦ ʨʦʜʘ, ʩʫʪʴʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ʅʘ ʥʘʩʪʦʷʱʝʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦ-

ʜʦʙʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʠʭ ʩʪʨʦʛʦʛʦ ʧʦʥʷʪʠʡʥʦʛʦ ʘʧʧʘʨʘ-

ʪʘ, ʚʩʝʣʷʝʪ ʥʘʜʝʞʜʫ, ʯʪʦ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʦʜʥʘʢʦ ʧʦʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʜʨʫʛʠʭ, ʦʪʣʠʯʥʳʭ ʦʪ ʦʧʠ-

ʩʘʥʥʳʭ, ʧʨʘʚʠʣ ʧʦʩʪʨʦʝʥʠʷ ʄʉ, ʜʨʫʛʦʛʦ ʩʤʳʩʣʦʚʦʛʦ ʥʘʧʦʣʥʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʠ ʥʝʪʝʨʤʠʥʘʣʴ-

ʥʳʭ ʫʟʣʦʚ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʄʉ. ʕʪʦ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʧʠʩʘʥʥʳʡ ʩʧʦʩʦʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʄʉ ʫʤʝʥʠʷ ʨʝʰʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ-ʪʨʝʥʘʞʝʨʘʭ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʤʝ-

ʥʠʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ, ʥʦ ʠ 

ʝʛʦ ʭʦʜ. ʕʪʦ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʦʪ ʪʝʩʪʦʚʳʭ ʦʙʦʣʦʯʝʢ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝ-

ʜʠʪʴ ʪʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʤʧʴʶʪʝʨʥʳʡ ʫʯʝʪ ʄʉ, ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʫ-

ʯʘʶʱʝʛʦʩʷ, ʦʙʝʩʧʝʯʠʪ ʫʩʣʦʚʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ-

ʛʦ ʦʙʫʯʝʥʠʷ, ʟʘ ʩʯʝʪ ʧʦʜʙʦʨʘ ʟʘʜʘʯ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʫʯʘʶʱʝʛʦʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʝʛʦ ʣʠʯʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʜʝʬʠʮʠʪʘʤʠ. 
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ɸ.ɸ. ʂʦʧʳʣʴʮʦʚ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ) 

ɸ.ɺ. ʂʦʧʳʣʴʮʦʚ 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ) 

ʕʂʉʇɽʈʊʅʓʁ ʄɽʊʆɼ ʆʎɽʅʂʀ ʀ ʆɹɽʉʇɽʏɽʅʀʗ ʂɸʏɽʉʊɺɸ  
ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʵʢʩʧʝʨʪʥʳʡ ʤʝʪʦʜ, ʢʘʢ ʦʮʝʥʢʠ, ʪʘʢ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʇʇ) ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʬʘʢʪʦʨʳ ʠ ʧʦʢʘʟʘʪʝʣʠ ʢʘ-

ʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʇʇ. ʈʘʩʩʤʦʪʨʝʥ ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʳʡ ʵʢʩʧʝʨʪʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʇʇ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ, ʢʘʢ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʇʇ, ʪʘʢ 

ʠ ʦʮʝʥʠʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʇʇ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ; ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ; ʘʣʛʦʨʠʪʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʤʝʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʵʪʦ ʠʩʢʫʩʩʪʚʦ [4], ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠ 

ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʥʝ ʧʦʭʦʞʠ ʥʘ ʜʨʫʛʠʝ ʧʨʦʜʫʢʪʳ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [1, 2, 6]. ʀʥʜʫ-

ʩʪʨʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʇʇ) ʩʪʘʣʢʠʚʘʝʪʩʷ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ, ʢʘʢ ʩʦ ʩʣʦʞʥʦʩʪʴʶ, ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʢʦʤʧʴʶʪʝʨʦʚ, ʪʘʢ ʠ ʩ ʦʨʛʘʥʠʟʘ-

ʮʠʦʥʥʳʤʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʇʇ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʤʘʩʰʪʘʙʘʭ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʇʇ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ 

ʷʚʣʷʝʪʩʷ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ʠʥʩʪʠʪʫʪʦʚ ʢʘʯʝʩʪʚʘ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʩʪʨʝʤʣʝʥʠʠ ʢ ʧʦʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʜʝʬʝʢʪʥʦʩʪʠ. 

ʊʝʨʤʠʥ çʂʘʯʝʩʪʚʦè ʨʘʟʣʠʯʥʳʝ ʘʚʪʦʨʳ ʪʨʘʢʪʫʶʪ ʧʦ-ʨʘʟʥʦʤʫ. ʆʜʥʠ ʩʯʠʪʘʶʪ ʝʛʦ ʬʠʣʦʩʦʬʩʢʦʡ 

ʢʘʪʝʛʦʨʠʝʡ ʠ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʥʦ çʝʩʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʦʞʜʝʩʪʚʝʥʥʘʷ ʩ ʙʳʪʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, 

ʪʘʢ ʯʪʦ ʥʝʯʪʦ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʪʝʤ, ʯʪʦ ʦʥʦ ʝʩʪʴ, ʢʦʛʜʘ ʦʥʦ ʪʝʨʷʝʪ ʩʚʦʝ ʢʘʯʝʩʪʚʦè [3], ʘ ʜʨʫʛʠʝ ʩʯʠʪʘ-

ʶʪ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʦʟʥʘʯʘʝʪ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʠʣʠ ʛʦʜʥʦʩʪʴ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʆʜʥʘʢʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʦʛʣʘʰʘʶʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʚʩʷʢʦʝ ʢʘʯʝʩʪʚʦ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʛʨʘʜʘʮʠʡ. ʉʫʱʝʩʪʚʫʶʪ ʥʝ ʢʘʯʝʩʪʚʘ ʩʘʤʠ ʧʦ ʩʝʙʝ, ʘ ʪʦʣʴʢʦ ʚʝʱʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦ-

ʛʠʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʳ ʯʫʚʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʨʘʟʣʠʯʘʪʴ ʚʝʱʠ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ 

ʦʪʥʦʰʝʥʠʠ. ʏʪʦ ʢʘʩʘʝʪʩʷ çʂʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ)è, ʪʦ ʟʜʝʩʴ ʩʠʪʫʘʮʠʷ ʘʥʘʣʦʛʠʯ-

ʥʘʷ ʩʠʪʫʘʮʠʠ ʩ çʂʘʯʝʩʪʚʦʤè. ʂʘʞʜʳʡ ʨʘʟʨʘʙʦʪʯʠʢ (ʠʣʠ ʛʨʫʧʧʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ) ʧʦʜ ʢʘʯʝʩʪʚʦʤ ʇʆ 

ʧʦʥʠʤʘʝʪ ʩʚʦʝ, ʠ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʣʴʟʫʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʢʘʟʘʪʝʣʝʡ (ʩʚʦʡʩʪʚ, ʬʘʢʪʦʨʦʚ) ʢʘ-

ʯʝʩʪʚʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʟʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʧʨʘʢʪʠʢʠ ʦʮʝʥʢʠ ʧʨʦʛʨʘʤʤ ʚʳʨʘʙʦʪʘʣʩʷ ʥʝʢʦʪʦʨʳʡ ʥʘʙʦʨ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢʘʢ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʜʣʷ ʦʮʝʥʢʠ ʇʆ. 

ʂ ʪʘʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪʥʦʩʷʪʩʷ ʥʘʜʝʞʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʦʨʨʝʢʪʥʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ, ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʠ ʜʨʫʛʠʝ [1, 2, 6]. ʇʨʠ ʘʥʘʣʠʟʝ ʢʘʯʝʩʪʚʘ ʇʉ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʚʝ ʧʨʦʙʣʝʤʳ: ʦʮʝʥʢʘ ʠ ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʛʨʘʤʤ ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ ʪʝʭʥʠʯʝʩʢʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʪʣʘʜʢʫ, ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝ. 
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ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʩʣʦʞʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʛʨʘʤʤ. 

ʉʭʝʤʘ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʣʦʞʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʛʨʘʤʤ ʚʢʣʶʯʘʝʪ 4 ʦʩʥʦʚʥʳʭ ʙʣʦʢʘ: ʩʠʩ-

ʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤ, ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʨʦʛʨʘʤʤ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʨʦʛʨʘʤʤ. 

ʇʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ. ʇʦ ʦʢʦʥʯʘ-

ʥʠʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦ-

ʜʫʢʪ. ʇʦʩʣʝ ʯʝʛʦ ʥʘʩʪʫʧʘʝʪ ʵʪʘʧ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʛʨʘʤʤ ʠ ʠʭ ʩʦʧʨʦʚʦʞʜʝʥʠʝ. ɺ ʥʝʢʦʪʦʨʳʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʨʦʛʨʘʤʤ ʧʨʝʢʨʘʱʘʝʪʩʷ [1, 2]. 

ʂ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʇʇ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ü ʢʨʠʪʝʨʠʡ ʩʣʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʇʇ ʠ ʧʨʦʚʝʨʢʘ ʝʛʦ ʘʜʝʢʚʘʪʥʦʩʪʠ ʮʝʣʷʤ, ʢʦʪʦʨʳʝ ʧʦʩʪʘʚ-

ʣʝʥʳ ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʇʇ. ʉʣʦʞʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʝʝ ʨʝʰʝʥʠʠ, ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ, ʇʇ ʚ ʮʝʣʦʤ ʠ ʜʨʫʛʠʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ; 

ü ʢʨʠʪʝʨʠʡ ʢʦʨʨʝʢʪʥʦʩʪʠ ʇʇ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʇʇ ʪʝʭʥʠ-

ʯʝʩʢʦʤʫ ʟʘʜʘʥʠʶ ʠ ʟʘʷʚʣʝʥʥʳʤ ʮʝʣʷʤ; 

ü ʢʨʠʪʝʨʠʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʩʦʟʜʘʥʠʷ ʇʇ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠ ʢʦʨʨʝʢʪʥʦʩʪʠ. ʊʨʫʜʦ-

ʝʤʢʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʜʨʫʛʠʤʠ ʧʦʢʘ-

ʟʘʪʝʣʷʤʠ. 

ʂ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʇʇ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʢʨʠʪʝʨʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʇʇ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʥʦʪʦʡ ʨʝʰʝʥʠʷ ʠ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʮʝʣʝʚʳʭ ʟʘʜʘʯ; 

- ʢʨʠʪʝʨʠʡ ʥʘʜʝʞʥʦʩʪʠ (ʠʣʠ ʙʝʟʦʪʢʘʟʥʦʩʪʠ) ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʳʭ (ʜʦʩʪʦʚʝʨʥʳʭ) ʨʝʟʫʣʴʪʘʪʦʚ ʠʣʠ ʚʝʣʠʯʠʥʦʡ ʚʝʨʦʷʪʥʦ-

ʩʪʠ ʧʨʘʚʠʣʴʥʳʭ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʝ ʚʳʭʦʜʷʱʠʭ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʝʜʝʣʳ; 

- ʢʨʠʪʝʨʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʰʝ-

ʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʟʘʜʘʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. ʕʪʦʪ ʢʨʠʪʝʨʠʡ ʫʯʠʪʳʚʘʝʪ ʦʙʲʝʤ ʠʩʧʦʣʴ-

ʟʫʝʤʦʡ ʧʘʤʷʪʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ; 

- ʢʨʠʪʝʨʠʡ ʦʙʲʝʤʘ ʠʩʭʦʜʥʳʭ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʪ ʢʘʯʝʩʪʚʦ ʇʇ 

ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʘʙʦʥʝʥʪʘʤʠ ʠ ʚʥʝʰʥʠʤ ʩʚʷʟʷʤ. 

ʂ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʥʘ ʵʪʘʧʝ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʇʇ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

V ʢʨʠʪʝʨʠʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʇʇ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʧʦ-

ʩʪʨʦʝʥʠʷ ʇʇ ʠ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʤʦʜʫʣʴʥʳʭ ʩʚʷʟʝʡ. 

V ʢʨʠʪʝʨʠʡ ʤʦʙʠʣʴʥʦʩʪʠ ʇʇ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʪʠʧʘ ʠ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ 
ʢʦʤʧʴʶʪʝʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʵʢʩʧʣʫʘʪʠ-

ʨʫʝʤʳʭ ʇʇ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʘʧʧʘʨʘʪʫʨʳ ʢʦʤʧʴʶʪʝʨʦʚ. 

V ʢʨʠʪʝʨʠʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠʟʫʯʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʛʨʘʤʤ ʥʘ ʵʪʘʧʝ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʦʩʪʠ ʇʇ, ʝʛʦ ʩʪʨʫʢʪʫʨʦʡ, ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 

ʜʨʫʛʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

V ʢʨʠʪʝʨʠʡ ʚʨʝʤʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʇʇ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʇʇ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʯʝʨʝʜʥʦʡ ʚʝʨʩʠʠ ʇʇ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʧʨʦʚʝʜʝʥʠʷ ʢʘʞʜʦʡ ʧʦʩʣʝʜʫʶʱʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʇʇ. 

ʕʢʩʧʝʨʪʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʇʇ). 

ʂ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʇʇ ʦʪʥʦʩʷʪ ʵʢʩʧʝʨʪʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʇʇ. ʆʙʳʯʥʦ ʪʘʢʠʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ, ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʝʙʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚ. ʇʦʵʪʦʤʫ ʭʦʨʦʰʦ ʙʳʣʦ ʙʳ ʠʤʝʪʴ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʙʳ 

ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʦʟʚʦʣʷʣ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʇʇ ʙʝʟ ʠʟʣʠʰʥʠʭ 

ʟʘʪʨʘʪ ʨʝʩʫʨʩʦʚ. ʇʦʩʣʝ ʧʨʠ ʞʝʣʘʥʠʠ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʪʦʯʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʇʇ 

ʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʵʢʩʧʝʨʪʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʇʇ ʧʦʟʚʦʣʷʝʪ 

ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʇʇ ʩʘʤʦʤʫ ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʇʇ, ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʇʇ, ʪʘʢ ʠ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʥʘʜ ʇʇ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: 

1) ʧʨʘʢʪʠʯʥʦʩʪʴ, 2) ʮʝʣʦʩʪʥʦʩʪʴ, 3) ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 4) ʢʦʨʨʝʢʪʥʦʩʪʴ, 5) ʙʝʟʦʧʘʩʥʦʩʪʴ, 6) ʥʘʜʝʞ-

ʥʦʩʪʴ, 7) ʫʜʦʙʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, 8) ʦʮʝʥʠʚʘʝʤʦʩʪʴ, 9) ʛʠʙʢʦʩʪʴ, 10) ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ, 11) ʤʦʙʠʣʴʥʦʩʪʴ, 12) ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 
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ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ (ʇʇ) ʦʙʣʘʜʘʝʪ ʬʘʢʪʦʨʦʤ: 

1) ʧʨʘʢʪʠʯʥʦʩʪʴ, ʝʩʣʠ ʇʇ ʫʜʦʙʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; 

2) ʮʝʣʦʩʪʥʦʩʪʴ, ʝʩʣʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʦʩʪʫʧ ʧʦʩʪʦʨʦʥʥʠʭ ʣʠʮ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ 

ʠ ʜʘʥʥʳʤ; 

3) ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʝʩʣʠ ʪʨʝʙʫʝʤʳʝ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʙʝʟ ʠʟʣʠʰʥʠʭ ʟʘʪʨʘʪ ʨʝʩʫʨʩʦʚ; 

4) ʢʦʨʨʝʢʪʥʦʩʪʴ (ʠʣʠ ʧʨʘʚʠʣʴʥʦʩʪʴ), ʝʩʣʠ ʧʨʦʛʨʘʤʤʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʧʝʮʠʬʠʢʘʮʠʷʤ ʠ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪ ʮʝʣʠ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ; 

5) ʙʝʟʦʧʘʩʥʦʩʪʴ, ʝʩʣʠ ʇʇ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʦʧʘʩʥʦʩʪʠ; 

6) ʥʘʜʝʞʥʦʩʪʴ, ʝʩʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʚʳʧʦʣʥʷʝʪ ʥʝʦʙʭʦʜʠʤʳʝ 

ʬʫʥʢʮʠʠ; 

7) ʫʜʦʙʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʝʩʣʠ ʇʇ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʦʙʥʦʚʣʝʥʠʷ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʥʦʚʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ; 

8) ʦʮʝʥʠʚʘʝʤʦʩʪʴ, ʝʩʣʠ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʢʨʠʪʝʨʠʡ ʧʨʠʝʤʣʝʤʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ; 

9) ʛʠʙʢʦʩʪʴ, ʝʩʣʠ ʫʩʠʣʠʷ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳ; 

10) ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ, ʝʩʣʠ ʚʦʟʤʦʞʥʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʧʨʦ-

ʛʨʘʤʤʳ ʜʣʷ ʜʨʫʛʠʭ ʧʨʠʤʝʥʝʥʠʡ; 

11) ʤʦʙʠʣʴʥʦʩʪʴ, ʝʩʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʤʦʞʝʪ ʣʝʛʢʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ 

ʢʦʤʧʴʶʪʝʨʘʭ ʠʥʦʛʦ ʪʠʧʘ; 

12) ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʝʩʣʠ ʫʩʠʣʠʷ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʩ 

ʜʨʫʛʦʡ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. 

ʉʫʪʴ ʘʣʛʦʨʠʪʤʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʠʤʝʥʦʚʘʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʬʘʢʪʦʨʦʚ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʦʤʝʨʦʚ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʳ. 

3. ɺʳʙʦʨ ʥʘʠʤʝʥʦʚʘʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ, ʠʭ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʠ ʦʪʥʦʰʝʥʠʡ ʧʦʨʷʜʢʘ ʤʝʞʜʫ 

ʥʠʤʠ. 

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʳʙʨʘʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ  

5. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʥʦʰʝʥʠʡ ʧʦʨʷʜʢʘ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʳ. 

6. ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ, ʠʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʜʠʩʧʝʨʩʠʡ ʠ ʩʨʝʜʥʝ-

ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʪʢʣʦʥʝʥʠʡ. 

7. ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

8. ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʵʢʨʘʥ ʜʠʩʧʣʝʷ ʠʣʠ ʧʝʯʘʪʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. 

9. ɽʩʣʠ ʨʝʟʫʣʴʪʘʪʦʤ ʫʜʦʚʣʝʪʚʦʨʝʥʳ, ʪʦ ʢʦʥʝʮ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʧʝ-

ʨʝʭʦʜ ʥʘ ʧ. 3. 

ʇʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʠʟ 26 ʧʦʢʘʟʘʪʝʣʝʡ (1) ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, 2) ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʦʙʫʯʝʥʠʷ, 3) ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʩʪʴ, 4) ʦʙʲʝʤ ʚʚʦʜʘ-ʚʳʚʦʜʘ, 5) ʩʢʦʨʦʩʪʴ ʚʚʦʜʘ-ʚʳʚʦʜʘ, 6) ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʝ ʜʦʩʪʫʧʘ, 7) ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ, 8) ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʤʷʪʠ, 9) ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, 10) ʪʨʘʩʩʠʨʫʝʤʦʩʪʴ, 11) ʟʘʚʝʨʰʝʥʥʦʩʪʴ, 12) ʨʦʙʘʩʪʥʦʩʪʴ, 13) ʪʦʯʥʦʩʪʴ, 

14) ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʰʠʙʢʘʤ, 15) ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ, 16) ʧʨʦʩʪʦʪʘ, 17) ʢʨʘʪʢʦʩʪʴ, 18) ʥʘʣʠʯʠʝ ʠʟʤʝ-

ʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, 19) ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʩʪʴ, 20) ʦʙʱʥʦʩʪʴ, 21) ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ, 22) ʤʦʜʫʣʴ-

ʥʦʩʪʴ, 23) ʤʘʰʠʥʦʥʝʟʘʚʠʩʠʤʦʩʪʴ, 24) ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʨʫʛʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, 25) ʫʥʠʬʠ-

ʮʠʨʦʚʘʥʥʦʩʪʴ ʧʨʦʮʝʜʫʨ ʩʚʷʟʠ, 26) ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʩʪʴ ʜʘʥʥʳʭ) ʪʝ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳ-

ʚʘʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʦʛʦ ʇʇ.  

ʇʦʜ ʢʘʞʜʳʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʥʠʤʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ. ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ (ʇʇ) ʦʙʣʘʜʘʝʪ 

ʧʦʢʘʟʘʪʝʣʝʤ: 

1) ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʝʩʣʠ ʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪʘʝʪ ʚ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʨʝʞʠʤʘʭ ʠ ʦʙʨʘʙʘʪʳʚʘ-

ʝʪ ʪʨʝʙʫʝʤʳʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʙʣʝʤ ʩ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ; 

2) ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʫʯʝʥʠʷ, ʝʩʣʠ ʠʤʝʶʪʩʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʠ ʧʨʦʛʨʘʤʤʳ ʚ ʪʘʢʦʤ ʚʠʜʝ, ʯʪʦ ʣʦʛʠ-

ʢʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʚ ʮʝʣʦʤ ʠ ʝʝ ʯʘʩʪʝʡ ʧʦʥʷʪʥʘ ʩʧʝʮʠʘʣʠʩʪʘʤ; 

3) ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʩʪʴ, ʝʩʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʠ ʜʦʢʫʤʝʥʪʘʮʠʷ ʩʦʜʝʨʞʘʪ ʦʧʠʩʘʥʠʝ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʥʠʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʥʷʪʥʦ ʩʧʝʮʠʘʣʠ-

ʩʪʘʤ ʠ ʥʝʩʫʪ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ; 

4) ʦʙʝ̡ʤ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʝʩʣʠ ʦʙʲʝʤ ʚʚʦʜʠʤʦʡ ʠ ʚʳʚʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷ; 
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5) ʩʢʦʨʦʩʪʴ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʦʣʴʟʦ-

ʚʘʪʝʣʷ; 

6) ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʦʩʪʫʧʘ (ʠʣʠ ʜʦʩʪʫʧʥʦʩʪʴ), ʝʩʣʠ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʢʦʤ-

ʧʦʥʝʥʪʳ ʇʇ; 

7) ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ, ʝʩʣʠ ʚʦʟʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴ ʜʦʩʪʫʧ ʢ ʨʝʩʫʨʩʘʤ ʠ ʦʙʲʝʢʪʘʤ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʫʝʤʦʡ ʤʦʜʝʣʴʶ ʟʘʱʠʪʳ ʜʘʥʥʳʭ; 

8) ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʤʷʪʠ, ʝʩʣʠ ʧʘʤʷʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʝʟ ʠʟʣʠʰʥʠʭ ʟʘʪʨʘʪ ʨʝ-

ʩʫʨʩʦʚ; 

9) ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʝʩʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʠʟʣʠʰ-

ʥʠʭ ʟʘʪʨʘʪ ʨʝʩʫʨʩʦʚ; 

10) ʪʨʘʩʩʠʨʫʝʤʦʩʪʴ, ʝʩʣʠ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʟʘʧʠʩʝʡ (ʪʨʘʩʩ) ʦ ʨʘʙʦʪʝ ʇʇ ʠ ʝʛʦ ʦʢʨʫʞʝʥʠʠ; 

11) ʟʘʚʝʨʰʝʥʥʦʩʪʴ, ʝʩʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʧʦ-

ʥʝʥʪʳ; 

12) ʨʦʙʘʩʪʥʦʩʪʴ, ʝʩʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʠ ʦʰʠʙʦʯʥʳʭ ʩʠʪʫʘʮʠʡ;  

13) ʪʦʯʥʦʩʪʴ, ʝʩʣʠ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʜʘʚʘʝʤʳʝ ʇʇ, ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ ʜʣʷ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʦ ʦʩʥʦʚʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ; 

14) ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʰʠʙʢʘʤ, ʝʩʣʠ ʇʇ ʩʧʦʩʦʙʝʥ ʧʨʦʜʦʣʞʘʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠ ʥʘʣʠ-

ʯʠʠ ʦʰʠʙʦʢ; 

15) ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ, ʝʩʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʚʩʶʜʫ ʩʦʜʝʨʞʠʪ ʝʜʠʥʫʶ ʩʠʤʚʦʣʠʢʫ, ʪʝʨ-

ʤʠʥʦʣʦʛʠʶ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ;  

16) ʧʨʦʩʪʦʪʘ, ʝʩʣʠ ʤʦʜʫʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʇʇ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʫʤʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʥʠʤʘʥʠʷ ʠ 

ʚʦʩʧʨʠʷʪʠʷ; 

17) ʢʨʘʪʢʦʩʪʴ, ʝʩʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʠʡ; 

18) ʥʘʣʠʯʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʩʨʝʜʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ; 

19) ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʩʪʴ (ʠʣʠ ʨʘʩʰʠʨʷʝʤʦʩʪʴ), ʝʩʣʠ ʇʇ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʷʪʴ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʝ ʬʫʥʢʮʠʠ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʠ/ʠʣʠ ʫʚʝʣʠʯʠʚʘʪʴ ʦʙʲʝʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ; 

20) ʦʙʱʥʦʩʪʴ, ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦʝ ʯʠʩʣʦ ʬʫʥʢʮʠʡ ʧʨʠ ʨʘʙʦʪʝ 

ʩʇʇ. 

21) ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ, ʝʩʣʠ ʇʇ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʠ ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʥʘʟʥʘʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʦʛʨʘʥʠʯʝʥʠʡ, ʜʦʧʫ-

ʱʝʥʠʡ, ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʇʇ ʠ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʛʨʘʤʤ, ʚʭʦʜʷʱʠʭ ʚ ʇʇ, ʧʨʠ ʠʭ ʨʘʙʦʪʝ; 

22) ʤʦʜʫʣʴʥʦʩʪʴ, ʝʩʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʨʘʟʙʠʪ ʥʘ ʤʦʜʫʣʠ, ʢʘʞʜʳʡ ʩʦ ʩʚʦʠʤʠ ʢʦʥʪʨʦ-

ʣʠʨʫʝʤʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʯʝʪʢʠʤ ʥʘʟʥʘʯʝʥʠʝʤ ʠ ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʩ ʚʥʝʰʥʝʡ ʩʨʝ-

ʜʦʡ; 

23) ʤʘʰʠʥʦʥʝʟʘʚʠʩʠʤʦʩʪʴ, ʝʩʣʠ ʧʨʦʛʨʘʤʤʳ, ʚʭʦʜʷʱʠʝ ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʤʦʛʫʪ ʚʳ-

ʧʦʣʥʷʪʴʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʜʨʫʛʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ; 

24) ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʨʫʛʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʝʩʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʤʦʞʝʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ; 

25) ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʩʪʴ ʧʨʦʮʝʜʫʨ ʩʚʷʟʠ, ʝʩʣʠ ʧʨʦʮʝʜʫʨʳ ʩʚʷʟʠ ʦʙʲʝʜʠʥʝʥʳ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ 

ʧʨʠʥʮʠʧʫ; 

26) ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʩʪʴ ʜʘʥʥʳʭ, ʝʩʣʠ ʜʘʥʥʳʝ ʦʙʲʝʜʠʥʝʥʳ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ ʧʨʠʥʮʠʧʫ. 

ɺʳʙʨʘʥʥʳʝ ʠʟ 26 ʧʦʢʘʟʘʪʝʣʝʡ ʂ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʤʝʱʘʶʪ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʠʭ ʚʘʞʥʦʩʪʠ, 

ʚʚʦʜʷʪ ʦʪʥʦʰʝʥʠʷ ʧʦʨʷʜʢʘ ʧʦ ʚʘʞʥʦʩʪʠ ʜʣʷ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ (ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ ʠʣʠ ʥʝʤʥʦʛʦ 

ʚʘʞʥʝʝ, ʚʘʞʥʝʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʞʥʝʝ) ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʌʘʢʪʦʨʳ (1) ʧʨʘʢʪʠʯʥʦʩʪʴ, 

2) ʮʝʣʦʩʪʥʦʩʪʴ, 3) ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 4) ʢʦʨʨʝʢʪʥʦʩʪʴ, 5) ʙʝʟʦʧʘʩʥʦʩʪʴ, 6) ʥʘʜʝʞʥʦʩʪʴ, 7) ʫʜʦʙʩʪʚʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, 8) ʦʮʝʥʠʚʘʝʤʦʩʪʴ, 9) ʛʠʙʢʦʩʪʴ, 10) ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ, 

11) ʤʦʙʠʣʴʥʦʩʪʴ, 12) ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʙʦʨʘʤʠ ʧʦʢʘʟʘʪʝʣʝʡ ʠʤʝʶ-

ʱʠʤʠ ʥʦʤʝʨʘ ʦʪ 1 ʜʦ 26.  

ʌʘʢʪʦʨ ʧʨʘʢʪʠʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʦʤʝʨʘ 1, 2, 3, 4, 5; ʬʘʢʪʦʨ 

ʮʝʣʦʩʪʥʦʩʪʴ ï 6, 7; ʵʬʬʝʢʪʠʚʥʦʩʪʴ ï 8, 9; ʢʦʨʨʝʢʪʥʦʩʪʴ ï 10, 11, 15; ʙʝʟʦʧʘʩʥʦʩʪʴ ï 1, 6, 7, 12, 14, 

15, 18, 22; ʥʘʜʝʞʥʦʩʪʴ ï 13, 14, 15, 16; ʫʜʦʙʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ï 15, 16, 17, 21, 22; ʦʮʝʥʠʚʘʝʤʦʩʪʴ ï 

16, 18, 21, 22; ʛʠʙʢʦʩʪʴ ï 19, 20, 21, 22; ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ ï 20, 21, 22, 

23, 24; ʤʦʙʠʣʴʥʦʩʪʴ ï 21, 24; ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï 22, 25, 26. 
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ʇʨʠ ʚʳʙʦʨʝ ʂ ʧʦʢʘʟʘʪʝʣʝʡ ʠʤʝʝʤ F ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʇʇ. ɿʥʘʷ ʯʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ɽʩʣʠ ʚʟʷʪʴ N ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ, ʪʦ ʩʦʛʣʘʩʥʦ [5] ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ 

P1 = 0, P2 = 1/N, P3 = 2/N,...., PN+1 = 1 

ʚ ʬʦʨʤʫʣʝ ʜʣʷ ʨʘʩʯʝʪʘ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ i-ʛʦ ʬʘʢʪʦʨʘ 

ä
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=
iS

j

jji KPf
1

 

ʛʜʝ Kj(j=1,...,Si) ï ʧʦʢʘʟʘʪʝʣʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ i-ʳʡ ʬʘʢʪʦʨ, Si ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʘʟʘʪʝʣʝʡ ʦʧʨʝʜʝʣʷʶ-

ʱʠʭ fi. ʌʘʢʪʦʨʳ fi ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ i = 1,...,F ʩ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ: ʦʪʥʦʰʝ-

ʥʠʡ ʧʦʨʷʜʢʘ ʚʘʞʥʦʩʪʠ ʤʝʞʜʫ ʢʨʠʪʝʨʠʷʤʠ (ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ ʠʣʠ ʥʝʤʥʦʛʦ ʚʘʞʥʝʝ, ʚʘʞʥʝʝ, ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʚʘʞʥʝʝ) ʠ ʫʩʣʦʚʠʡ ʥʦʨʤʠʨʦʚʢʠ 

ä
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iS

j

jP
1

1 ʜʣʷ i= 1,..., F. 

ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʬʘʢʪʦʨʦʚ ʠʤʝʝʤ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʝʥʠʡ fi. ʄʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ:  
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=
0

1

0 ,/)(
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i Nff  

ʜʠʩʧʝʨʩʠʶ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʛʜʝ N0 ï ʯʠʩʣʦ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ fi. 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ F ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ. ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦ-

ʜʫʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɽʩʣʠ ʧʦʣʫʯʝʥʥʦʝ ʢʘʯʝʩʪʚʦ 

ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʚʳʙʦʨ ʢʨʠʪʝʨʠʝʚ ʠ/ʠʣʠ ʦʪʥʦʰʝʥʠʷ ʧʦ-

ʨʷʜʢʘ ʚʘʞʥʦʩʪʠ ʤʝʞʜʫ ʥʠʤʠ. ʇʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʦʪ ʚʘ-

ʨʠʘʥʪ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʘʯʝʩʪʚʘ ʇʇ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʇʇ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʵʢʩʧʝʨʪʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. 

ʉʫʪʴ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʫʩʪʴ ʧʦʣʴ-

ʟʦʚʘʪʝʣʴ ʞʝʣʘʝʪ ʠʤʝʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʬʘʢʪʦʨʘʤʠ F1, F2,..., Fn ʩ ʯʠ-

ʩʣʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ A1, A2,..., An, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʦʥ ʠʤʝʝʪ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʢʨʠʪʝʨʠʷʤʠ K1, K2,..., Km ʩ ʯʠʩʣʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ B1, B2,..., Bm. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ B1, B2,..., Bm ʥʘ R1, R2,..., Rm ʪʨʝʙʫ-

ʶʪʩʷ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʝʡ X(B1, B2,..., Bm; R1, R2,..., 

Rm). ʊʦʛʜʘ, ʧʨʦʠʟʚʦʜʷ ʩʚʝʨʪʢʫ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʙʨʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ (K1, K2,.., Km), ʤʳ ʧʦ-

ʣʫʯʠʤ ʟʥʘʯʝʥʠʷ ʉ1, ʉ2,..., Cn ʬʘʢʪʦʨʦʚ F1, F2,..., Fn, ʢʦʪʦʨʳʝ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʞʝ-

ʣʘʝʤʳʭ ʟʥʘʯʝʥʠʡ A1, A2,..., An. ɽʩʣʠ ʟʥʘʯʝʥʠʷ ʉ1, ʉ2,..., Cn ʥʘʩ ʫʜʦʚʣʝʪʚʦʨʷʶʪ, ʪʦ ʵʪʠ ʟʥʘʯʝʥʠʷ ʠ 

ʷʚʣʷʶʪʩʷ ʠʩʢʦʤʳʤʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʠʟʤʝʥʷʶʪʩʷ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʳʤ ʰʘʛʦʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʙʳʣʠ ʙʣʠʟʢʠ ʞʝʣʘʝʤʳʤ ʟʥʘʯʝ-

ʥʠʷʤ ʬʘʢʪʦʨʦʚ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. ɺ ʠʪʦʛʝ ʙʫʜʝʤ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʥʘʙʦʨʦʚ ʯʠʩʣʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ, ʧʨʠ ʩʚʝʨʪʢʝ ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʝʤ ʠʩʢʦʤʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥ-

ʥʦʡ ʪʦʯʥʦʩʪʴʶ. ɺʳʙʦʨ ʦʜʥʦʛʦ ʥʘʙʦʨʘ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʤʠʥʠʤʠʟʘʮʠʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ. ʏʠʩ-

ʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʚʝʨʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ. ɽʩ-

ʣʠ ʢʘʯʝʩʪʚʦ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʪʦ ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ 

ʚʳʙʦʨ ʢʨʠʪʝʨʠʝʚ ʠʣʠ ʦʪʥʦʰʝʥʠʡ ʧʦʨʷʜʢʘ ʤʝʞʜʫ ʚʳʙʨʘʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ. ʇʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʠʟ-

ʤʝʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʦʪ ʚʘʨʠʘʥʪ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʫʝʤʦʤʫ ʟʥʘʯʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɸʣʛʦʨʠʪʤ ʩʦʩʪʘʚʣʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʫʚʝʣʠʯʝʥʦ ʠʣʠ ʠʟʤʝʥʝʥʦ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɿʘʢʣʶʯʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥ ʵʢʩʧʝʨʪʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʇʇ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚ 
ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚ ʦʩʫ-

ʱʝʩʪʚʠʪʴ ʵʢʩʧʝʨʪʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʇʇ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʤʘ-
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ʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʇʇ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʵʢʩʧʝʨʪʥʳʡ ʤʝʪʦʜ ʜʦʧʫʩʢʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʜʨʫʛʠʝ ʟʘʜʘʯʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ ʧʦ-

ʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫ-
ʱʝʩʪʚʣʝʥʘ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʠ ʢʦʨʨʝʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʰʢʦʣʴʥʠ-

ʢʦʚ, ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʘ ʢʠʩʣʦʨʦʜʘ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʣʝʯʝʙʥʦ-ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʦʡ 
ʧʦʤʦʱʠ ʠ ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʳʭ ʫʩʣʫʛ ʠ ʜʨʫʛʠʝ ʟʘʜʘʯʠ. 
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ɸ.ɺ. ʂʦʧʳʣʴʮʦʚ 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ) 

ɸ.ɸ. ʂʦʧʳʣʴʮʦʚ 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ) 

ɸʃɻʆʈʀʊʄ ʆʎɽʅʂʀ ɸʃɻʆʈʀʊʄʀʏɽʉʂʆʁ ʉʃʆɾʅʆʉʊʀ ʇʈʆɻʈɸʄʄ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʦʮʝʥʠʚʘʥʠʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ (ʚ ʩʤʳʩʣʝ 

ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ) ʧʨʦʛʨʘʤʤ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺ ʘʣʛʦʨʠʪʤʝ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʧʦʜʩʪʘʥʦʚʢʠ (ʩʠʤʚʦʣʦʚ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʥʘʧʠʩʘʥʳ ʧʨʦʛʨʘʤʤʳ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʙʱʝʥ ʠ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ ʘʣʛʦʨʠʪ-
ʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʢʘʢ ʧʨʦʛʨʘʤʤ, ʪʘʢ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ; ʧʨʦʛʨʘʤʤʘ; ʘʣʛʦʨʠʪʤ; ̫ ʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʩʨʘʚʥʝʥʠʷ ʧʨʦʛʨʘʤʤ, ʥʘʧʨʠʤʝʨ, ʨʝʘʣʠʟʫʶʱʠʭ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʘʣʛʦʨʠʪʤ. ɽʩʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʩʨʘʚʥʠʚʘʪʴ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʨʠʤʝʨ, ʧʦ ʜʣʠʥʝ ʢʦʜʘ, ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʤʦʜʫʣʝʡ, ʧʦ ʩʢʦʨʦ-
ʩʪʠ ʨʘʙʦʪʳ, ʧʦ ʪʨʝʙʫʝʤʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʜʨ. [1, 3, 6]. ʆʜʥʘʢʦ ʵʪʠ ʧʦʜʭʦʜʳ ʥʝ ʜʘʶʪ ʧʦʣʥʦʡ 

ʢʘʨʪʠʥʳ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʜʚʫʭ ʧʨʦʛʨʘʤʤ. 
ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥʦ ʧʦʥʷʪʠʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʚ 

ʩʤʳʩʣʝ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ [4]. ʕʪʦʪ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩ-
ʩʤʘʪʨʠʚʘʪʴ ʢʨʦʤʝ ʩʣʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʠ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʪʝʦʨʝʤʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ 
ʩʣʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʩʣʦʞʥʦ-

ʩʪʠ ʚ ʩʤʳʩʣʝ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ [4] ʚ ʩʘʤʦʤ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ. 

ʆʧʨʝʜʝʣʝʥʠʝ. 
ʇʫʩʪʴ ʝʩʪʴ ʦʙʲʝʢʪʳ x ʠ y ʠ çʧʨʦʛʨʘʤʤʘè p ʧʦʣʫʯʝʥʠʷ y ʠʟ x ʩ ʧʦʤʦʱʴʶ çʤʝʪʦʜʘ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷè FI, ʪ.ʝ. ʬʫʥʢʮʠʠ FI(p,x)=y, ʩʪʘʚʷʱʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʛʨʘʤʤʝ p ʠ ʦʙʲʝʢʪʫ x ʦʙʲʝʢʪ y. 
ʊʦʛʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ K(y|x) ʦʙʲʝʢʪʘ y ʧʨʠ ʟʘʜʘʥʥʦʤ x ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ 

l(p)çʧʨʦʛʨʘʤʤʳèp ʧʦʣʫʯʝʥʠʷ y ʠʟ x, ʝʩʣʠ ʪʘʢʦʝ p ʩʫʱʝʩʪʚʫʝʪ. ɽʩʣʠ ʞʝ ʪʘʢʦʛʦ p ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʪʦ 
ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ K(y|x) ʨʘʚʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

ɺʚʝʜʝʤ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ ʛʨʫʧʧ ʧʦʜʩʪʘʥʦʚʦʢ [2]. 
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ʆʧʨʝʜʝʣʝʥʠʝ. 

ɻʨʫʧʧʘ ï ʥʝ ʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦG, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʩʣʝʜʫʶʱʠʤ ʯʝʪʳʨʝʤ ʫʩʣʦʚʠʷʤ: 

1. ʅʘ G ʟʘʜʘʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝ, ʪ.ʝ. ʜʣʷ ʣʶʙʳʭ a, bÍG ʩʫʱʝʩʪʚʫʝʪ abÍG. 
2. ɺʳʧʦʣʥʷʝʪʩʷ ʟʘʢʦʥ ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʠ (ab) c = a (bc). 

3. ʉʫʱʝʩʪʚʫʝʪ (ʣʝʚʘʷ) ʝʜʠʥʠʮʘ eÍG, ʪ.ʝ. ea=a ʜʣʷ ʚʩʝʭ aÍG. 
4. ɼʣʷ ʣʶʙʦʛʦ aÍG ʩʫʱʝʩʪʚʫʝʪ ʦʙʨʘʪʥʳʡ ʵʣʝʤʝʥʪ a

-1
ÍG ʪʘʢʦʡ, ʯʪʦ a

-1
a = e. 

ɽʩʣʠ ab = ba ʜʣʷ a, bÍG, ʪʦ ʛʨʫʧʧʘ ʥʘʟʳʚʘʝʪʩʷ ʘʙʝʣʝʚʦʡ ʠʣʠ ʢʦʤʤʫʪʘʪʠʚʥʦʡ. 
ʆʧʨʝʜʝʣʝʥʠʝ. 

ʇʦʜʩʪʘʥʦʚʢʦʡ ʤʥʦʞʝʩʪʚʘ ʄ ʥʘʟʳʚʘʝʪʩʷ ʚʟʘʠʤʥʦ-ʦʜʥʦʟʥʘʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ 
ʥʘ ʩʝʙʷ, ʪ.ʝ. ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʘÍʄ ʥʝʢʦʪʦʨʦʛʦ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʘ S(ʘ)ÍM. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʥʦʞʝʩʪʚʦ ʄ ʢʦʥʝʯʥʦ, ʪʦ ʝʛʦ ʵʣʝʤʝʥʪʳ ʤʦʞʥʦ ʧʨʦʥʫʤʝʨʦʚʘʪʴ ʯʠʩʣʘʤʠ 1, 2, 
3, .., n, ʠ ʢʘʞʜʫʶ ʧʦʜʩʪʘʥʦʚʢʫ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʜ ʢʘʞʜʳʤ ʥʦʤʝʨʦʤ k ʥʘʧʠ-

ʩʘʪʴ ʥʦʤʝʨ s(k) ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʤk-ʛʦ ʵʣʝʤʝʥʪʘ. 

ʅʘʧʨʠʤʝʨ, ʩʭʝʤʘ öö
÷

õ
ææ
ç

å
=

2431

1234
s  ʠʟʦʙʨʘʞʘʝʪ ʧʦʜʩʪʘʥʦʚʢʫ ʮʠʬʨ 1, 2, 3, 4, ʚ ʢʦʪʦʨʦʡ ʮʠʬʨʘ 1 ʧʝ-

ʨʝʭʦʜʠʪ ʚ 2, 2 ï ʚ 4, 3 ï ʚ 3, 4 ï ʚ 1. 
ʃʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʧʦʜʩʪʘʥʦʚʦʢ ʷʚʣʷʝʪʩʷ ʛʨʫʧʧʦʡ [2]. 

ɼʣʷ ʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʄ ʠʟ n ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʫ ʧʦʜʩʪʘʥʦʚʦʢ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʩʠʤʤʝʪʨʠ-
ʯʝʩʢʦʡ ʛʨʫʧʧʦʡ ʠ ʦʙʦʟʥʘʯʘʶʪ Gn, ʛʜʝ n ï ʧʦʨʷʜʦʢ ʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʛʨʫʧʧʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ. 
ʕʣʝʤʝʥʪʘʨʥʦʡ ʧʦʜʩʪʘʥʦʚʢʦʡ ʥʘʟʳʚʘʝʪʩʷ ʧʦʜʩʪʘʥʦʚʢʘ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʧʝʨʝʩʪʘʥʦʚʢʝ 

ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ. 
ʅʘʧʨʠʤʝʨ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 1, 2, 3, 4 ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 1, 3, 2, 4. 

ʊʝʦʨʝʤʘ. 
ʃʶʙʫʶ ʧʦʜʩʪʘʥʦʚʢʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʩʫʧʝʨʧʦʟʠʮʠʶ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʜʩʪʘʥʦʚʦʢ, ʢʦ-

ʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʷʜʦʤ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʥʜʫʢʮʠʠ. ɼʣʷ n=2 ʫʪʚʝʨʞʜʝʥʠʝ ʚʝʨʥʦ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʤ 

(1, 2) ʠ (2, 1). ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷn-1 ʠ ʜʦʢʘʞʝʤ ʜʣʷ n.  
ʇʫʩʪʴ ʠʤʝʝʤ (A1, A2, A3, ..., An). ʈʘʩʩʤʦʪʨʠʤ (B1, B2, B3, ..., Bn). ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦ-

ʨʦʝ Bj ʨʘʚʥʦʝ A1. ʇʝʨʝʩʪʘʚʠʤ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʧʦʜʩʪʘʥʦʚʢʘʤʠ ʵʪʦ Bj ʥʘ ʤʝʩʪʦ B1. ʊʦʛʜʘ ʧʨʘʚʝʝ A1 
ʠ B1 ʙʫʜʝʪ ʧʦʜʩʪʘʥʦʚʢʘ ʠʟ n-1 ʵʣʝʤʝʥʪʘ. ʋʪʚʝʨʞʜʝʥʠʝ ʜʣʷ n-1 ʩʧʨʘʚʝʜʣʠʚʦ ʧʦ ʠʥʜʫʢʪʠʚʥʦʤʫ 

ʧʨʝʜʧʦʣʦʞʝʥʠʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʪʚʝʨʞʜʝʥʠʝ ʚʝʨʥʦ ʠ ʜʣʷ n[2]. 
ʇʨʠʤʝʥʠʤ ʧʦʥʷʪʠʝ ʩʣʦʞʥʦʩʪʠ ʚ ʩʤʳʩʣʝ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ ʢ ʧʨʦʛʨʘʤʤʘʤ. ɽʩʣʠ ʠʤʝʝʤ ʧʨʦ-

ʛʨʘʤʤʳ ʈ1 ʠ ʈ2, ʢʦʪʦʨʳʝ ʥʘʧʠʩʘʥʳ ʥʘ ʦʜʥʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ɸ, ʪʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʣʦʞ-
ʥʦʩʪʴ ʧʨʦʛʨʘʤʤ ʈ1 ʠ ʈ2 ʠ ʩʨʘʚʥʠʪʴ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ. ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʤ ʧʦʥʷʪʠʝ ʘʣʛʦ-

ʨʠʪʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʠʜʝʠ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ ʠ 
ʀ. ʇʨʠʛʦʞʠʥʘ [4, 5]. ʈʘʩʩʤʦʪʨʠ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ɸ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʧʠʩʘʥʳ ʧʨʦʛʨʘʤʤʳ P1 ʠ 

P2, ʠ ʩʦʩʪʘʚʠʤ ʪʘʙʣʠʮʫ ʯʘʩʪʦʪ ʫʧʦʪʨʝʙʣʝʥʠʷ ʩʠʤʚʦʣʦʚ ʷʟʳʢʘ ɸ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʯʘʩʪʦʪʘ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʫʙʳʚʘʣʘ. ʆʙʦʟʥʘʯʠʤ Sɻ ʪʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ s1, s2, ..., sn. ɿʘʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʩʤʘʪʨʠʚʘʝʤ ʧʨʦʛʨʘʤʤʫ ʈ1 ʠ ʦʪʤʝʯʘʝʤ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ S ʪʝ ʩʠʤʚʦʣʳ, 
ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ P1. ɽʩʣʠ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩʠʤʚʦʣ ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʪʦ ʝʛʦ ʜʦʙʘʚʣʷʝʤ 

ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ S ʚ ʪʦʤ ʤʝʩʪʝ, ʛʜʝ ʵʪʦʪ ʩʠʤʚʦʣ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ S. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʩʤʦʪʨʘ ʧʨʦʛʨʘʤʤʳ P1 ʠʤʝʝʤ, ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤ-
ʚʦʣʦʚ S1: s1, s1, s1, s2, s2, s3, ..., sn, sn. ɸʥʘʣʦʛʠʯʥʦ, ʧʨʦʩʤʘʪʨʠʚʘʷ ʧʨʦʛʨʘʤʤʫ ʈ2 ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, 

ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ S2: s1, s1, s2, s2, s2, s3, ..., sn, sn, sn. ʇʫʩʪʴS0=S1ÇS2, ʪ.ʝ. 
S0 ̫ ʚʣʷʝʪʩʷʩʫʤʤʦʡʤʥʦʞʝʩʪʚS1 ʠS2, ʥʘʧʨʠʤʝʨ, S0: s1, s1, s1, s2, s2, s2, s3, ..., sn, sn, sn. ɽʩʣʠ ʜʣʠʥʳ 

ʧʨʦʛʨʘʤʤ ʈ1 ʠ ʈ2, ʠʟʤʝʨʷʝʤʳʝ ʚ ʩʠʤʚʦʣʘʭ, ʨʘʚʥʳ l1 ʠ l2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ l1 ʠ l2 ï ʧʦʨʷʜʢʠ ʩʠʤ-

ʤʝʪʨʠʯʝʩʢʠʭ ʛʨʫʧʧ ʧʦʜʩʪʘʥʦʚʦʢ Sl1 ʠ Sl2, ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʦʜʩʪʘʥʦʚʢʠ öö
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ʇʦʩʢʦʣʴʢʫ ʣʶʙʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ʷʚʣʷʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʜʩʪʘʥʦʚʦʢ, ʪ.ʝ. ʧʝ-

ʨʝʩʪʘʥʦʚʢʦʡ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʜʩʪʘʥʦʚʦʢ ʦʙʦʟʥʘʯʠʤ N1 ʠ 

N2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʄʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʈ1*, ʢʦʪʦʨʦʝ ʨʘʚʥʦ ʨʘʟʥʦʩʪʠ ʤʥʦʞʝʩʪʚ S0 ʠ P1. ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʨʘʩ-

ʩʤʦʪʨʝʪʴ ʈ2*, ʢʦʪʦʨʦʝ ʨʘʚʥʦ ʨʘʟʥʦʩʪʠ ʤʥʦʞʝʩʪʚ S0 ʠ P2. ʈ1* ʠ ʈ2* ʥʘʟʳʚʘʶʪʩʷ ʨʘʩʰʠʨʝʥʠʷʤʠ ʈ1 

ʠ ʈ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢ ʞʝ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʜʩʪʘʥʦʚʢʠ öö
÷

õ
ææ
ç

å

*1

0

P

S
ʠ öö

÷

õ
ææ
ç

å

*2

0

P

S
. 

ʆʙʦʟʥʘʯʠʤ l0 ʧʦʨʷʜʦʢ ʵʪʦʡ ʛʨʫʧʧʳ ʧʦʜʩʪʘʥʦʚʦʢ. ʊʦʛʜʘ ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ 

ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʘʨʘ (x, y) ʨʘʚʥʘ ʣʠʙʦ (S1, ʈ1), ʣʠʙʦ (S2, ʈ2), ʣʠʙʦ (S0, ʈ1*), ʣʠʙʦ (S0, ʈ2*), ʘ l(p) ï 

ʯʠʩʣʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʜʩʪʘʥʦʚʦʢ p ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʈ1 ʠʟ S1, ʈ2 ʠʟ S2, ʈ1* ʠʟ S0 ʠʣʠ ʈ2* ʠʟ S0, 

FI(p,x)=y ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʜʩʪʘʥʦʚʦʢ, ʧʨʠʯʝʤ l(p) ʟʘʚʠʩʠʪ ʦʪ FI. 

ʊʦʛʜʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʦʙʲʝʢʪʘ y ʧʨʠ ʟʘʜʘʥʥʦʤ x ʨʘʚʥʘ: 

ʂ(y|x) = minl(p) ʧʨʠ FI(p,x)=y. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʂ(y|x) ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ ʩʫʤʤʳ ʯʠʩʝʣ ʦʪ 1 ʜʦ N-1, ʪ.ʝ. N(N-1)/2, ʛʜʝ N ï ʯʠʩʣʦ 

ʩʠʤʚʦʣʦʚ ʚ ʧʨʦʛʨʘʤʤʝ. ʄʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʳ: 

z1 = ʂ(ʈ1|S1), z2 = ʂ(ʈ2|S2), z3 = ʂ(ʈ1*|S0), z4 = ʂ(ʈ2*|S0). 

ɽʩʣʠ z3>z4, ʪʦ ʧʨʦʛʨʘʤʤʘ ʈ1 ʩʣʦʞʥʝʝ ʧʨʦʛʨʘʤʤʳ ʈ2, ʧʨʠʯʝʤ ʦʙʝ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ ʨʝʘ-

ʣʠʟʘʮʠʷʤʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʘʣʛʦʨʠʪʤʘ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ 

ʂ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʥʠʞʥʶʶ ʂlowʠ ʚʝʨʭʥʶʶ ʂup ʛʨʘʥʠʮʳ ʂ. ɺʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʂup ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɽʩʣʠ ʜʣʷ ʧʨʦʛʨʘʤʤʳ ʈ ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʠʤʚʦʣʦʚ ʈ1, ʈ2, ..., ʈn ʠʤʝʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴSʩʦʩʪʦʷʱʝʡ ʠʟ ʩʠʤʚʦʣʦʚ s1, s2, ..., sn, ʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ S ʤʦʞ-

ʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʈ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘʭʦʜʠʤ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʦʚ S ʩʠʤʚʦʣ 

ʨʘʚʥʳʡ ʈ1 ʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʜʩʪʘʥʦʚʦʢ ʧʝʨʝʤʝʱʘʝʤ ʝʛʦ ʥʘ ʤʝʩʪʦ ʈ1 ʚ ʧʨʦʛʨʘʤʤʝ ʈ. 

ɿʘʪʝʤ ʥʘʭʦʜʠʤ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ S ʩʠʤʚʦʣ ʨʘʚʥʳʡ ʈ2 ʠ ʧʝʨʝʤʝʱʘʝʤ ʝʛʦ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 

ʥʘ ʤʝʩʪʦ ʈ2 ʠ ʪ.ʜ. ʊʦʛʜʘ ʯʠʩʣʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʜʩʪʘʥʦʚʦʢ ʙʫʜʝʪ ʨʘʚʥʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ Kup ʘʣʛʦ-

ʨʠʪʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʂ. ɼʣʷ ʦʮʝʥʠʚʘʥʠʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʘʣʛʦ-

ʨʠʪʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʂlow ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʩʠʤʚʦʣʦʚ S ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʝʢʦʪʦʨʦʝ ʟʘʨʘʥʝʝ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʯʠʩʣʦ ʉ 

ʦʜʠʥʘʢʦʚʳʭ ʩʠʤʚʦʣʦʚ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ɸ ʨʷʜʦʤ ʥʝ ʩʪʦʷʣʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʠʩʣʦ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʧʦʜʩʪʘʥʦʚʦʢ ʨʘʚʥʦ ʂlow. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʂlow<= ʂ<= ʂup. 

ʇʦʜʭʦʜ, ʠʟʣʦʞʝʥʥʳʡ ʚʳʰʝ, ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʛʨʘʤʤʳ, ʷʚʣʷʶʱʠʤʠʩʷ ʨʝʘ-

ʣʠʟʘʮʠʷʤʠ ʥʝʢʦʪʦʨʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʥʦ ʠ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʜʘʯʠ. ɼʝʡʩʪ-

ʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʜʘʥʳ ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʜʘʯʠ ʠ ʵʪʠ ʘʣʛʦʨʠʪʤʳ ʨʝʘʣʠʟʦʚʘʥʳ ʚ 

ʚʠʜʝ ʧʨʦʛʨʘʤʤ ʈ1 ʠ ʈ2, ʪʦ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʦʚ S1 ʠ S2 ʜʣʷ ʧʨʦʛʨʘʤʤ 

ʈ1 ʠ ʈ2 ʩʧʦʩʦʙʦʤ, ʠʟʣʦʞʝʥʥʳʤ ʚʳʰʝ, ʩʦʩʪʘʚʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ S0, ʧʦʩʪʨʦʠʪʴ ʨʘʩʰʠʨʝʥʠʷ 

ʈ1* ʠ ʈ2* ʠ ʧʨʦʠʟʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʚʳʰʝʠʟ-

ʣʦʞʝʥʥʳʤ.  

ʈʘʟʥʳʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʠʩʧʦʣʴʟʫʷ ʚʳʰʝʠʟʣʦʞʝʥ-

ʥʳʡ ʧʦʜʭʦʜ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʜʘʥ ʘʣʛʦʨʠʪʤ, ʥʘʧʠʩʘʥʥʳʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ ɸ1 ʠ ɸ2 ʠ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤ ʈ1 ʠ ʈ2 ʥʘ ʵʪʠʭ ʷʟʳʢʘʭ, ʪʦ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʦʚ S1 ʠ S2 ʜʣʷ ʧʨʦʛʨʘʤʤ ʈ1 ʠ ʈ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʦʞʥʦ ʚʟʷʪʴ ʧʦ ʢʘʞ-

ʜʦʤʫ ʠʟ ʩʠʤʚʦʣʦʚ ʠʟ S1 ʠ S2 ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠʭ ʯʘʩʪʦʪ ʧʦʷʚʣʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʘʭ. ɺ ʠʪʦʛʝ 

ʧʦʣʫʯʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ S0 ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʩʠʤʚʦʣʦʚ ʷʟʳʢʦʚ ɸ1 ʠ ɸ2. ɼʘʣʝʝ, ʢʘʢ ʠ 

ʨʘʥʴʰʝ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʨʘʩʰʠʨʝʥʠʝ ʈ1 (ʠ ʈ2) ʜʦ ʈ1* (ʠ ʈ2*). ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ, ʧʦʜʦʙʥʳʡ ʘʥʘʣʠ-

ʟʫ, ʧʨʦʚʝʜʝʥʥʦʤʫ ʚ ʩʣʫʯʘʝ ʜʚʫʭ ʧʨʦʛʨʘʤʤ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ, ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ ʷʟʳʢʦʚ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʣʠʥʘ ʧʨʦʛʨʘʤʤ ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʝʣʠʢʘ, ʪʘʙʣʠʮʳ ʯʘʩʪʦʪ ʫʧʦʪʨʝʙʣʝʥʠʷ ʩʠʤʚʦʣʦʚ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʨʘʩʰʠʨʠʪʴ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʥʘʧʨʠʤʝʨ, ʦʧʝʨʘʪʦʨʘʤʠ, ʤʦʜʫʣʷʤʠ ʠ/ʠʣʠ ʜʨʫʛʠʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʩʠʤʚʦ-

ʣʦʚ ʷʟʳʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʭʦʜ, ʠʟʣʦʞʝʥʥʳʡ ʚʳʰʝ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʘʣʛʦʨʠʪʤʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ 

ʧʨʦʛʨʘʤʤ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʩʨʘʚʥʠʪʴ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ. 
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ɽ.ɸ. ʂʨʠʚʦʣʘʧʦʚʘ 

ʩʪʫʜʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɽ.ɿ. ʅʠʢʦʥʦʚʘ 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʏɸʊ-ɹʆʊʓ: ʀʉʊʆʈʀʗ ʊɽʍʅʆʃʆɻʀʀ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʩʦʙʝʩʝʜʥʠʢʦʚ ʠʣʠ ʯʘʪ-

ʙʦʪʦʚ. ɺʳʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʪ-ʙʦʪʦʚ ʚ ʙʠʟʥʝʩʝ: ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʝ ʙʦʪʳ, ʙʦʪʳ-ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʦʤʦʱʥʠʢʠ, ʙʦʪʳ-ʵʢʩʧʝʨʪʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʥʜʝʥ-

ʮʠʠ ʨʘʟʚʠʪʠʷ ʠʥʪʝʨʥʝʪ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ; ʯʘʪ-ʙʦʪ; 

ʚʠʨʪʫʘʣʴʥʳʡ ʩʦʙʝʩʝʜʥʠʢ; ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. 

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʀʥʪʝʨʥʝʪ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʷʚʣʷʝʪʩʷ 

ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʦʧʫʣʷʨʥʦʩʪʠ ʩʠʩʪʝʤ ʤʛʥʦʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ, ʚʳʪʝʩʥʷʶʱʠʭ ʪʘʢʠʝ 

ʩʝʨʚʠʩʳ ʢʘʢ ʯʘʪʳ ʠ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʦʣʝʝ 4 ʤʠʣʣʠʘʨʜʦʚ ʯʝʣʦʚʝʢ ʠʩʧʦʣʴ-

ʟʫʶʪ ʤʝʩʩʝʥʜʞʝʨʳ Facebook, Messenger, WhatsApp, WeChat, Slack ʠ ʪ.ʧ., ʠ, ʧʦ ʤʥʝʥʠʶ ʤʥʦʛʠʭ 

ʘʥʘʣʠʪʠʢʦʚ, ʠʤʝʥʥʦ ʵʪʠ ʢʘʥʘʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʘʥʫʪ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʦʙʱʝʥʠʷ ʚ ʙʣʠʞʘʡʰʝʤ 

ʙʫʜʫʱʝʤ [1]. 

ʇʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʛʦʜʥʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʙʱʝʥʠʷ ʩ 

ʜʨʫʟʴʷʤʠ, ʥʦ ʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʫʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʤʧʘʥʠʷʤʠ, 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʣʫʛ, ʚʳʙʦʨʘ ʪʦʚʘʨʦʚ ʠ ʪ.ʜ. 

ʅʝʦʙʳʯʘʡʥʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʤʝʩʩʝʥʜʞʝʨʦʚ ʜʣʷ ʙʠʟʥʝʩʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʦʛʨʦʤʥʦʡ ʧʦʣʴ-

ʟʦʚʘʪʝʣʴʩʢʦʡ ʘʫʜʠʪʦʨʠʝʡ, ʫʜʝʰʝʚʣʝʥʠʝʤ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦ-

ʥʝʪʠʟʘʮʠʠ ʩʚʦʠʭ ʫʩʣʫʛ, ʧʨʠʚʝʣʘ ʢ ʥʦʚʦʤʫ ʵʪʘʧʫ ʚ ʨʘʟʚʠʪʠʠ ʪʘʢʦʛʦ ʚʠʜʘ ʧʨʦʛʨʘʤʤ ʢʘʢ ʚʠʨʪʫʘʣʴʥʳʡ 

ʩʦʙʝʩʝʜʥʠʢ ʠʣʠ ʯʘʪ-ʙʦʪ (ʪʝʨʤʠʥ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʜʚʫʭ ʘʥʛʣʠʡʩʢʠʭ ʩʣʦʚ: to chat ï ʥʝʧʨʠʥʫʞʜʝʥʥʳʡ 

ʨʘʟʛʦʚʦʨ ʚ ʀʥʪʝʨʥʝʪʝ, bot (robot) ï ʨʦʙʦʪ). ʀʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʪ-ʙʦʪʦʚ ʷʚʠʣʦʩʴ ʧʨʠʯʠʥʦʡ ʪʦ-

ʛʦ, ʯʪʦ ʤʝʩʩʝʥʜʞʝʨʳ ʦʢʘʟʳʚʘʶʪ ʩʝʨʴʝʟʥʫʶ ʢʦʥʢʫʨʝʥʮʠʶ ʤʦʙʠʣʴʥʳʤ ʙʠʟʥʝʩ-ʧʨʠʣʦʞʝʥʠʷʤ. ʊʘʢ, 

ʧʦ ʤʥʝʥʠʶ ʦʜʥʦʛʦ ʠʟ ʨʘʟʨʘʙʦʪʯʠʢʦʚ Telegram-ʙʦʪʘ ɼʘʥʠʠʣʘ ʏʝʧʝʥʢʦ, çéʙʦʪʳ ʤʦʛʫʪ ʠ ʜʦʣʞʥʳ 

ʟʘʤʝʥʠʪʴ ʬʫʥʢʮʠʦʥʘʣ 80% ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡè [2]. ʅʝ ʩʣʫʯʘʡʥʦ ʵʢʩʧʝʨʪʳ 

ʩʯʠʪʘʶʪ ʯʘʪ-ʙʦʪʦʚ çʥʝʚʠʜʠʤʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠè, ʢʦʪʦʨʳʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʥʝ ʪʨʝʙʫʶʪ ʪʨʘʬʠʢʘ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ, ʫʩʪʘʥʦʚʢʠ, ʥʝ ʟʘʥʠʤʘʶʪ ʧʘʤʷʪʴ ʚ ʤʦʙʠʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʠ 

ʤʝʩʪʦ ʥʘ ʝʛʦ ʵʢʨʘʥʝ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ ʯʘʪ-ʙʦʪʦʚ, ʠʩ-

ʪʦʨʠʠ ʠʭ ʧʦʷʚʣʝʥʠʷ ʠ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʯʘʪ-ʙʦʪʦʚ ʠ ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʠʭ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʠ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʘʙʣʠʮʳ ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʵʪʘʧʘ ʢ 

ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʶ ʯʘʪ-ʙʦʪʳ ʧʦʩʪʦʷʥʥʦ ʦʙʦʛʘʱʘʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ. ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʚ 
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ʵʪʦʡ ʵʚʦʣʶʮʠʠ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʥʠʤʘʪʴ ʟʘʧʨʦʩ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʥʦ 

ʠ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ çʫʤʥʦʛʦè ʯʘʪ-ʙʦʪʘ ʪʨʝʙʫʝʪ ʦʪ ʧʨʦʛʨʘʤʤʠʩʪʘ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʟʘʜʘʯ: 

1. ʈʝʘʣʠʟʘʮʠʷ ʧʦʥʠʤʘʥʠʷ ʙʦʪʦʤ ʯʝʣʦʚʝʯʝʩʢʦʡ ʨʝʯʠ. 

2. ʉʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʪʚʝʪʘ. 

3. ʀʥʪʝʛʨʘʮʠʷ ʩʦ ʩʪʦʨʦʥʥʠʤʠ API (Application Programming Interface ï ʥʝʢʦʪʦʨʳʡ ʛʦʪʦʚʳʡ 

ʥʘʙʦʨ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʨʠʣʦʞʝʥʠʡ). 

4. ʅʘʧʠʩʘʥʠʝ ʠʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʚʳʜʘʯʠ ʜʘʥʥʳʭ. 

ʊʘʙʣʠʮʘ 1 

ʕʪʘʧʳ ʨʘʟʚʠʪʠʷ ʯʘʪ-ʙʦʪʦʚ 

ʕʪʘʧ ɺʠʜʳ ʯʘʪ-ʙʦʪʦʚ ɺʳʧʦʣʥʷʝʤʳʝ ʬʫʥʢʮʠʠ ʊʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ 

1964 ɺʠʨʪʫʘʣʴʥʳʝ  

ʩʦʙʝʩʝʜʥʠʢʠ  

(Eliza, Parry) 

ʀʤʠʪʘʮʠʷ ʦʙʱʝʥʠʷ ʚ ʦʛʨʘʥʠʯʝʥ-

ʥʦʤ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʜʠʘʣʦʛʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʦʟ-

ʤʦʞʥʦʡ ʪʝʤʘʪʠʢʦʡ 

ʆʧʠʩʘʥʠʝ ʥʘ ʥʘʙʦʨʘ ʧʨʘʚʠʣ, ʰʘʙʣʦ-

ʥʦʚ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ LISP 

ʅʘʯʘʣʦ 

2000-ʭ 

ʈʘʟʛʦʚʦʨʥʳʡ  

ʠʩʢʫʩʩʪʚʝʥʥʳʡ  

ʠʥʪʝʣʣʝʢʪ 

(A.L.I.C.E.,  

Watson, Siri) 

ɹʦʪʳ-ʢʦʥʩʫʣʴʪʘʥʪʳ ï  

ʦʙʨʘʙʦʪʢʘ, ʘʥʘʣʠʟ ʠ ʠʟʚʣʝʯʝʥʠʝ 

ʥʫʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

- ʊʝʭʥʦʣʦʛʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ  

ʠ ʩʠʥʪʝʟʘ ʨʝʯʠ,  

- ʪʝʭʥʦʣʦʛʠʷ ʧʦʥʠʤʘʥʠʷ  

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ,  

- ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

- ʷʟʳʢ ʨʘʟʤʝʪʢʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 
ʠʥʪʝʣʣʝʢʪʘ (AIML)  

2015 ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʧʝʨʩʦʥʘʣʴʥʳʝ  

ʧʦʤʦʱʥʠʢʠ (Cortana  

ʦʪ Microsoft, Alexa 

ʦʪ Amazon) 

- ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʡ 
ʨʝʯʠ, 

- ʩʘʤʦʦʙʫʯʝʥʠʝ, 

- ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ, 

- ʚʳʧʦʣʥʝʥʠʝ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ 

ʕʣʝʤʝʥʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

 
ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʯʘʪ-ʙʦʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʩʨʝʜʩʪʚʘ, ʢʘʢ: 

- ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (Java, PHP, Ruby ʠ ʜʨ.); 

- ʢʦʥʩʪʨʫʢʪʦʨʳ; 

- ʬʨʝʡʤʚʦʨʢʠ, ʚʠʟʫʘʣʴʥʳʝ ʨʝʜʘʢʪʦʨʳ, ʧʣʘʪʬʦʨʤʳ; 

- ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʨʘʟʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; 

- ʩʝʨʚʠʩʳ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (api.ai, wit.ai ʠ ʜʨ.). 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʯʘʪ-ʙʦʪʦʚ ʩ ʧʨʦʩʪʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʘʞʝ ʥʝ ʩʣʠʰʢʦʤ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʠ ʬʨʝʡʤʚʦʨʢʘʤʠ. ɹʦʣʝʝ 

çʯʝʣʦʚʝʯʥʳʝè ʙʦʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʩʦʟʜʘʥʠʷ: 

V ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ ʩʣʦʞʥʦʩʪʠ: ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʠʥʪʝʣ-

ʣʝʢʪ, ʨʘʩʰʠʨʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʘʚʪʦʥʦʤʥʳʡ ʠʥʪʝʣʣʝʢʪ; 

V ʘʥʘʣʠʟ ʯʫʚʩʪʚ; 

V ʦʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (NLP), ʢʦʪʦʨʘʷ ʧʦʤʦʛʘʝʪ ʨʘʟʣʠʯʘʪʴ ʙʫʢʚʘʣʴʥʳʡ ʩʤʳʩʣ ʠ 
ʩʣʝʥʛʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʠ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʨʝʘʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʣʶʜʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʪ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ; 

V ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʤʦʛʘʝʪ ʫʣʫʯʰʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʦʪʦʚ. 

ʇʦʩʢʦʣʴʢʫ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʯʘʪ-ʙʦʪʦʚ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʠʟʥʝʩʘ ʩ ʢʣʠʝʥʪʘʤʠ, ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʪ-ʙʦʪʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚ ʙʠʟʥʝʩʝ. 

1. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʙʦʪʳ-ʢʦʥʩʫʣʴʪʘʥʪʳ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʢ ʧʠʩʴʤʝʥʥʦʛʦ, ʪʘʢ ʠ ʛʦʣʦʩʦʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ; 

- ʘʣʛʦʨʠʪʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʠʩʢʦʤ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʠ ʦʪ-

ʚʝʪʦʤ ʧʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤ ʩʮʝʥʘʨʠʷʤ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʦʥʷʪʴ ʢʦʥʪʝʢʩʪ ʙʝʩʝʜʳ ʠ 

ʧʨʝʜʫʛʘʜʘʪʴ ʥʘʤʝʨʝʥʠʝ ʢʣʠʝʥʪʘ; 
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- ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘ ʦʧʝʨʘʪʦʨʘ ʢʣʠʝʥʪʫ ʠʥʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ ʩʣʠʰʢʦʤ ʜʣʠʥʥʫʶ 

ʮʝʧʦʯʢʫ ʚ ʦʙʱʝʥʠʠ ʩ ʙʦʪʦʤ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʫʜʦʚʦʣʴʩʪʚʠʝ ʠ ʨʘʟʦʯʘʨʦʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʨʦʤʝ ʢʘʢ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʦʧʝʨʘʪʦʨʘ; 

- ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ï ʚʳʧʦʣʥʝʥʠʝ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʩʮʝ-

ʥʘʨʠʶ. 

2. ɹʦʪʳ ï ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʦʤʦʱʥʠʢʠ, ʩʧʦʩʦʙʥʳʝ ʚʤʝʩʪʦ ʯʝʣʦʚʝʢʘ ʚʳʧʦʣʥʷʪʴ ʯʘʩʪʦ ʧʦ-

ʚʪʦʨʷʶʱʠʝʩʷ ʟʘʜʘʥʠʷ. 

3. ɹʦʪʳ ï ʵʢʩʧʝʨʪʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʫʨʦʚʥʝʤ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥ-

ʪʝʣʣʝʢʪʘ ʠ ʩʚʦʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ. ʅʘʧʨʠʤʝʨ, ʪʘʢʦʡ ʙʦʪ ʩʧʦʩʦʙʝʥ ʚ ʜʠʘʣʦʛʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʬʠʥʘʥʩʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʠ ʧʦʩʦʚʝʪʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʦʨʪʬʝʣʷ [3]. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʭʦʪʝʣʦʩʴ ʙʳ ʧʨʠʚʝʩʪʠ ʤʥʝʥʠʝ ʦʩʥʦʚʘʪʝʣʷ ʤʝʩʩʝʥʜʞʝʨʘ Kik ʊʝʜʘ ʃʠʚʠʥʛʩʪʦʥʘ, 

ʩʯʠʪʘʶʱʝʛʦ, ʯʪʦ ʯʘʪ-ʙʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʚʠʨʪʫʘʣʴʥʳʭ ʧʦʤʦʱʥʠʢʦʚ ʥʝ ʧʨʦʩʪʦ ʷʚʣʷʶʪʩʷ ʵʪʘʧʦʤ ʨʘʟʚʠ-

ʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʥʦ ʠ ʟʥʘʤʝʥʫʶʪ ʥʘʩʪʫʧʣʝʥʠʝ ʘʙʩʦʣʶʪʥʦ ʥʦʚʦʛʦ, ʨʝʚʦʣʶʮʠʦʥʥʦʛʦ 

ʵʪʘʧʘ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ. ʉ ʝʛʦ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʥʝʝ ʫʞʝ ʙʳʣʦ ʪʨʠ ʧʦʜʦʙʥʳʭ ʤʦʤʝʥʪʘ: 

- ʧʦʷʚʣʝʥʠʝ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʩʜʝʣʘʣʦ ʢʦʤʧʴʶʪʝʨʥʫʶ ʪʝʭʥʠʢʫ ʜʦʩʪʫʧʥʦʡ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ, ʥʦ ʠ ʜʣʷ ʨʷʜʦʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ʠʥʪʝʨʥʝʪ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʤʠʨʘ; 

- ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʥʪʝʨʥʝʪʫ 

ʩʦ ʚʩʝʤʠ ʝʛʦ ʩʝʨʚʠʩʘʤʠ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʪʳ, ï ʚʦʟʤʦʞʥʦʩʪʴ ʤʛʥʦʚʝʥ-

ʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʠʤ ʤʠʨʦʤ, ʠʩʢʣʶʯʘʶʱʝʛʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʠ ʫʩʪʘʥʦʚʢʠ 

ʥʫʞʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʠʟʫʯʝʥʠʷ ʝʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʟʘʛʨʫʟʢʠ ʩʘʡʪʘ ʠ ʪ. ʧ. 

ʄʠʨʦʚʳʝ ʣʠʜʝʨʳ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʙʦʪʦʚ ʧʨʝʜʣʘʛʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʜʝʠ ʠ ʧʦʜʭʦʜʳ ʚ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʴʰʠʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʨʘʟ-

ʨʘʙʦʪʯʠʢʦʚ, ʧʨʝʜʧʨʠʷʪʠʡ. ʀ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʯʘʪ-ʙʦʪ ʙʫʜʝʪ ʠʛʨʘʪʴ ʨʦʣʴ çéʩʣʝʜʫʶʱʝʡ ʚ ʤʠʨʝ 

ʦʪʣʠʯʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ: ʙʦʪ-ʆʉ (ʠʣʠ BOS), ʯʪʦ ʦʟʥʘʯʘʝʪ ʥʘʯʘʣʦ ʥʦʚʦʛʦ ʀʥʪʝʨʥʝʪʘè [4]. 
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ʆ.ʀ. ʄʫʰʪʘʢ 

ʤʘʛʠʩʪʨʘʥʪ 

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɼɽʉʂʈʀʇʎʀʆʅʅʓɽ ʃʆɻʀʂʀ ɺ ʆʅʊʆʃʆɻʀʏɽʉʂʆʄ ʄʆɼɽʃʀʈʆɺɸʅʀʀ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʝʩʢʨʠʧ-

ʮʠʦʥʥʳʤʠ ʣʦʛʠʢʘʤʠ, ʪʘʢʠʭ ʢʘʢ ʠʩʪʦʨʠʷ ʜʘʥʥʳʭ ʷʟʳʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ, ʩʚʷʟʴ ʤʝʞʜʫ ʠʭ ʚʳ-

ʨʘʟʠʪʝʣʴʥʦʡ ʩʠʣʦʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʝʩʢʨʠʧʮʠʦʥʥʳʭ 

ʣʦʛʠʢ ʚ ʦʥʪʦʣʦʛʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʠʭ ʥʝʜʦʩʪʘʪʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʩʢʨʠʧʮʠʦʥʥʳʝ ʣʦʛʠʢʠ; ʦʥʪʦʣʦʛʠʠ; ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ; ʠʩʢʫʩʩʪʚʝʥ-

ʥʳʡ ʠʥʪʝʣʣʝʢʪ; ʣʦʛʠʢʘ. 

ɺʦʧʨʦʩʳ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʩ-

ʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʥʞʝʥʝʨʠʠ 

http://www.businessinsider.com/the-messaging-app-report-2015-11?IR=T
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ʟʥʘʥʠʡ ʢʘʢ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʟʘʥʠʤʘʶʱʝʡʩʷ ʠʟʫʯʝʥʠʝʤ ʠʟʚʣʝʯʝʥʠʷ, ʩʪʨʫʢʪʫʨʠ-

ʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʥʠʡ, ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥ-

ʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʙʨʘʟʦʤ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʟʘʣʦʛʦʤ ʜʦʣʞʥʦʡ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʧʦʜʙʦʨ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʭ ʬʦʨʤʘʣʠʟʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʦ ʦʪʦʙʨʘʟʠʪʴ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʠʩʳʚʘʝʤʳʭ ʟʥʘʥʠʡ, ʪʘʢ ʠ ʧʦʢʘʟʘʪʴ ʤʘʢʩʠ-

ʤʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ. 

ʆʜʥʘʢʦ ʠʤʝʥʥʦ ʵʪʦʪ ʘʩʧʝʢʪ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʧʦ 

ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʬʦʨʤʘʣʴʥʳʝ ʷʟʳʢʠ, ʠʤʝʶʱʠʝ ʥʘʠʙʦʣʴʰʝʝ ʩʭʦʜʩʪʚʦ ʩ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʝʩ-

ʪʝʩʪʚʝʥʥʳʤ ʷʟʳʢʦʤ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘ ʕɺʄ ʟʘʯʘʩʪʫʶ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. ʉʣʝʜʫʶʱʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʨʫʜʥʦʩʪʷʭ ʧʦʠʩʢʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʷʟʳʢʘ, ʪʘʢ ʢʘʢ ʷʟʳʢ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩ-

ʪʠ, ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʠ ʝʝ ʪʠʧʫ. 

ʇʦʜʭʦʜʳ ʚ ʦʙʣʘʩʪʠ ʠʥʞʝʥʝʨʠʠ ʟʥʘʥʠʡ ʥʘʯʘʣʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʩ 70-ʭ ʛʛ. ʍʍ ʚ., ʢʦʛʜʘ ʥʘʠ-

ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʣʠ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʥʪʦʣʦʛʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʜʘʥʥʳʡ ʤʝ-

ʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʘʣʴʥʳʭ (ʣʦʛʠʯʝʩʢʠʭ ʠʣʠ ʛʨʘʬʠʯʝʩʢʠʭ) ʷʟʳʢʦʚ. ʉʘʤ ʪʝʨ-

ʤʠʥ çʦʥʪʦʣʦʛʠʷè ʚʚʝʣ ʜʨʝʚʥʝʛʨʝʯʝʩʢʠʡ ʬʠʣʦʩʦʬ ɸʨʠʩʪʦʪʝʣʴ, ʧʦʜ ʥʠʤ ʦʥ ʧʦʥʠʤʘʣ ʫʯʝʥʠʝ ʦ ʩʚʦʡ-

ʩʪʚʘʭ ʩʫʱʥʦʩʪʝʡ ʠ ʢʘʪʝʛʦʨʠʘʣʴʥʳʭ ʘʩʧʝʢʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ. ʆ 

çʬʦʨʤʘʣʴʥʳʭ ʦʥʪʦʣʦʛʠʷʭè ʛʦʚʦʨʠʣ ʦʩʥʦʚʘʪʝʣʴ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʕʜʤʫʥʜ ɻʫʩ-

ʩʝʨʣʴ. ɺ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʥʝʤʝʮʢʠʡ ʬʠʣʦʩʦʬ ʦʧʠʩʳʚʘʣ ʬʦʨʤʘʣʴʥʫʶ ʦʥʪʦʣʦʛʠʶ ʢʘʢ ʪʦ, ʯʪʦ ʠʤʝʝʪ 

ʦʪʥʦʰʝʥʠʝ ʢ ʚʟʘʠʤʦʩʚʷʟʷʤ ʚʝʱʝʡ, ʠʭ ʩʚʦʡʩʪʚʘʤ ʠ ʦʪʥʦʰʝʥʠʷʤ, ʥʦ, ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ɻʫʩ-

ʩʝʨʣʴ, ʢʘʢ ʠ ʤʥʦʛʠʝ ʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʝʨʤʠʥ çʦʥʪʦʣʦʛʠʷè, ʥʝ ʦʧʝʨʠʨʦʚʘʣ ʧʨʠ 

ʵʪʦʤ ʢʘʢʠʤ-ʣʠʙʦ ʬʦʨʤʘʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ [1, ʩ. 6ï7]. ʆʪʜʝʣʴʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʪʘʢʠʝ 

ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʩʦʚʝʪʩʢʠʡ ʠ ʨʦʩʩʠʡʩʢʠʡ ʬʠʣʦʩʦʬ ɺ. ʎʝʣʠʱʝʚ ʟʘʤʝʯʘʶʪ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ-

ʥʷʪʠʝ ʬʦʨʤʘʣʴʥʳʭ ʦʥʪʦʣʦʛʠʡ, ʚ ʦʩʥʦʚʥʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʝʥʥʦ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢʘʭ, ʛʜʝ ʥʝ 

ʥʝʩʝʪ ʚ ʩʝʙʝ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. [3, ʩ. 6]. 

ɺ ʢʦʤʧʴʶʪʝʨʥʳʝ ʥʘʫʢʠ ʪʝʨʤʠʥ çʦʥʪʦʣʦʛʠʷè ʧʨʦʥʠʢ ʚ ʩʝʨʝʜʠʥʝ 1970-ʭ ʛʛ. ʩ ʧʦʤʦʱʴʶ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʨʠʟʥʘʚʰʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʷʟʳʢʦʚ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʡ ʣʦʛʠʢʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʥʪʦʣʦʛʠʡ ʢʘʢ ʜʦʧʫʩʢʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʠʜʳ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ. ʆʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʚ 

ʠʥʬʦʨʤʘʪʠʢʝ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʊʦʤʘʩʘ ɻʨʫʙʝʨʘ (ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʠʟʚʝʩʪʝʥ ʢʘʢ ʦʜʠʥ ʠʟ ʩʦʟʜʘʪʝʣʝʡ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʛʦʣʦʩʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ Siri ʦʪ ʢʦʤʧʘʥʠʠ Apple). ɻʨʫʙʝʨ ʦʧʨʝʜʝʣʷʝʪ ʦʥʪʦʣʦʛʠʶ 

ʢʘʢ ʷʚʥʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʠ, ʠʤʝʥʥʦ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʦ ʧʨʠʥʷ-

ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʘʣʴʥʳʭ ʦʥʪʦʣʦʛʠʡ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢʘʭ. ʆʥʪʦ-

ʣʦʛʠʠ, ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʧʨʦʜʫʢʪʳ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʨʝʧʨʝʟʝʥʪʘ-

ʪʠʚʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʵʢʟʝʤʧʣʷʨʳ ʤʦʜʝʣʝʡ ʜʦʤʝʥʦʚ ʚ ʙʘʟʘʭ 

ʟʥʘʥʠʡ, ʜʝʣʘʪʴ ʟʘʧʨʦʩʳ ʢ ʩʣʫʞʙʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʟʥʘʥʠʷʭ, ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʳʟʦʚʘ ʪʘ-

ʢʠʭ ʩʣʫʞʙ [5, ʩ. 1ï3]. 

ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʷʟʳʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ʦʥʪʦʣʦʛʠʷʭ ʷʚʣʷʶʪʩʷ ʜʝʩʢ-

ʨʠʧʮʠʦʥʥʳʝ ʣʦʛʠʢʠ (description logics) ï ʩʝʤʝʡʩʪʚʦ ʷʟʳʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʛʨʘʥʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʣʦʛʠʢʠ ʧʨʝʜʠʢʘʪʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ɼʝʩʢʨʠʧʮʠʦʥʥʳʝ 

ʣʦʛʠʢʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʚʳʨʘʟʠʪʝʣʴʥʳʤʠ, ʯʝʤ, ʜʦʧʫʩʪʠʤ, ʣʦʛʠʢʘ ʚʳʩʢʘʟʳʚʘʥʠʡ, ʢʦʪʦʨʘʷ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʷʟʳʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤʘʭ, ʦʜʥʘʢʦ, ʦʙʳʯʥʦ 

ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʨʘʟʨʝʰʠʤʳʤʠ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʠʥʪʘʢʩʠʩ ʣʦʛʠʢʠ ʧʨʝʜʠʢʘʪʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ʫʧʨʦʱʘʝʪ ʩʘʤʫ ʧʨʦʮʝʜʫʨʫ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʚʳʩʢʘʟʳʚʘʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʝʩʢʨʠʧʮʠʦʥʥʳʝ ʣʦʛʠʢʠ 

ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʘʤʠ ʦʙʦʟʥʘʯʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢ-

ʪʦʚ, ʢʘʪʝʛʦʨʠʡ ʠ ʠʭ ʩʚʦʡʩʪʚ [2, 482ï483]. 

ʏʘʱʝ ʚʩʝʛʦ ʜʝʩʢʨʠʧʮʠʦʥʥʳʝ ʣʦʛʠʢʠ (DL) ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘ-

ʥʠʡ ʚ ʦʥʪʦʣʦʛʠʷʭ ʠ ʢʘʢ ʦʩʥʦʚʘ ʷʟʳʢʘ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʚʝʙʘ (OWL). DL ʠ OWL ʦʩʦʙʝʥʥʦ ʧʦʧʫʣʷʨʥʳ 

ʚ ʩʨʝʜʝ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʠ, ʧʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʦʥʪʦʣʦʛʠʡ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʷʟʳʢ OWL, 

ʷʚʣʷʶʪʩʷ çʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʘʥʘʪʦʤʠʠè, çɻʝʥʥʘʷ ʦʥʪʦʣʦʛʠʷè ʠ çʆʥʪʦʣʦʛʠʷ ʨʘʢʘè. ʊʘʢʞʝ 

ʜʝʩʢʨʠʧʮʠʦʥʥʳʝ ʣʦʛʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ 

ʩʪʦʨʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʩʢʨʠʧʮʠʦʥʥʳʭ ʣʦʛʠʢ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʘʭ ʧʦ ʠʟʫʯʝʥʠʶ ʠʭ 

ʬʦʨʤʘʣʴʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ (ʪʘʢʠʭ ʢʘʢ ʨʘʟʨʝʰʠʤʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ). 
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ʇʨʘʨʦʜʠʪʝʣʴ ʩʦʚʨʝʤʝʥʥʳʭ ʜʝʩʢʨʠʧʮʠʦʥʥʳʭ ʣʦʛʠʢ ï ʩʠʩʪʝʤʘ KL-ONE, ʢʦʪʦʨʘʷ ʠʤʝʣʘ ʚ ʦʩ-

ʥʦʚʝ ʠʜʝʠ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʬʨʝʡʤʦʚ, ʦʙʲʝʜʠʥʷʷ ʠʭ ʩ ʣʦʛʠʯʝʩʢʠʤ ʙʘʟʠʩʦʤ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʦʙʲʝʢʪʦʚ, ʢʣʘʩʩʦʚ (ʢʦʥʮʝʧʪʦʚ) ʠ ʦʪʥʦʰʝʥʠʡ (ʨʦʣʝʡ) ʤʝʞʜʫ ʥʠʤʠ. ɺ 1984ʛ. ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʘ-

ʪʴʷ çThe tractability of subsumption in Frame-Based Description Languagesè [4, ʩ. 34ï37], ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴʶ KL-ONE ʷʟʳʢʦʚ ʠ ʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʦʱʥʦʩʪʴʶ. ʕʪʘ ʩʪʘʪʴʷ ʩʯʠʪʘʝʪʩʷ ʧʝʨʚʦʡ ʨʘʙʦʪʦʡ ʧʦ ʜʝʩʢʨʠʧʮʠʦʥʥʦʡ ʣʦʛʠʢʝ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʥʦʚʘʣʠʩʴ ʢʘʢ çʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤè, 

ʯʪʦʙʳ ʧʦʜʯʝʨʢʥʫʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʙʘʟʦʚʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʣʘʩʩʳ 

ʠ ʦʪʥʦʰʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʚ ʤʦʜʝʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ. ʇʦʟʞʝ ʘʢʮʝʥʪ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʤʥʦʞʝʩʪʚʝ ʢʦʥʮʝʧ-

ʪʦʦʙʨʘʟʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʜʦʧʫʱʝʥʥʳʭ ʚ ʷʟʳʢʝ ʠ ʜʘʶʱʠʭ ʥʘʯʘʣʦ ʥʘʟʚʘʥʠʶ ʢʦʥʮʝʧʪ-ʷʟʳʢʦʚ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʩʪʘʣʦ ʫʜʝʣʷʪʴʩʷ ʩʚʦʡʩʪʚʘʤ ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʘ ʪʝʨʤʠʥ çʜʝʩʢʨʠʧʮʠʦʥʥʳʝ ʣʦʛʠʢʠè ʧʦʣʫʯʠʣ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 

ʊʘʢ ʢʘʢ ʚ ʩʠʩʪʝʤʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʚʝʯʘʪʴ ʥʘ ʟʘʧʨʦ-

ʩʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʨʘʟʫʤʥʦʝ ʚʨʝʤʷ, ʵʪʦ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʩʤʝʱʝʥʠʝ ʘʢʮʝʥʪʦʚ ʩ ʩʘʤʦʡ ʧʨʦʮʝʜʫʨʳ 

ʨʘʩʩʫʞʜʝʥʠʷ ʥʘ ʠʭ ʚʳʧʦʣʥʠʤʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʘʤʢʘʭ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʝʩʢʨʠʧ-

ʮʠʦʥʥʳʝ ʣʦʛʠʢʠ ʷʚʣʷʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʛʠʙʢʠʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ 

ʨʘʟʨʝʰʠʤʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯ ʚʳʚʦʜʘ ʟʘʚʠʩʷʪ ʦʪ ʚʳʨʘʟʠʪʝʣʴʥʦʡ ʩʠʣʳ ʢʦʥʢʨʝʪʥʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʜʝʩʢʨʠʧʮʠʦʥʥʦʡ ʣʦʛʠʢʠ ï ʜʝʩʢʨʠʧʮʠʦʥʥʳʝ ʣʦʛʠʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʢʨʘʡʥʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʠ ʚʳʨʘ-

ʟʠʪʝʣʴʥʦʩʪʠ, ʤʦʛʫʪ ʠʤʝʪʴ ʧʨʦʙʣʝʤʳ ʩʦ ʚʨʝʤʝʥʝʤ ʚʳʚʦʜʘ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ ʠʣʠ ʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʥʝʨʘʟʨʝʰʠʤʳʤʠ. ʅʘʧʨʦʪʠʚ, ʜʣʷ ʩʣʘʙʳʭ ʠʣʠ çʣʝʛʢʦʚʝʩʥʳʭè ʜʝʩʢʨʠʧʮʠʦʥʥʳʭ ʣʦʛʠʢ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʨʘʟʠʪʝʣʴʥʦʡ ʩʠʣʳ, ʯʪʦ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʣʦʞʥʳʭ 

ʢʦʥʮʝʧʪʦʚ. ʀʟʫʯʝʥʠʝ ʢʦʤʧʨʦʤʠʩʩʦʚ ʤʝʞʜʫ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴʶ ʜʝʩʢʨʠʧʮʠʦʥʥʳʭ ʣʦʛʠʢ ʠ ʠʭ ʩʣʦʞ-

ʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ɹʘʟʘ ʟʥʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʷʟʳʢʘʭ ʜʝʩʢʨʠʧʮʠʦʥʥʦʡ ʣʦʛʠʢʝ, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ ï 

TBox (Terminological Box), ʩʦʜʝʨʞʘʱʠʡ ʠʥʪʝʥʩʠʦʥʘʣʴʥʳʝ ʟʥʘʥʠʷ ʚ ʬʦʨʤʝ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʚ ʢʦʪʦ-

ʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ ʢʦʥʮʝʧʮʠʡ, ʠ ABox (AssertionBox), ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʙʣʦʢ ʵʢʩ-

ʪʝʥʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʫʪʚʝʨʜʠʪʝʣʴʥʳʤʠ, ʩʧʝʮʠʬʠʯʥʳʤʠ ʜʣʷ ʠʥʜʠʚʠʜʦʚ ʜʘʥʥʦʡ ʦʙ-

ʣʘʩʪʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʤ ʢʦʤʧʦʥʝʥʪʝ ʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʟʥʘʥʠʷ, ʧʦʜʚʝʨʛʘʶʱʠʝʩʷ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʜʠʥʘʤʠʢʠ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʟʥʘʥʠʡ ʚ ʢʦʤʧʦʥʝʥʪʝ ʫʪʚʝʨʞʜʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ 

ʫʩʣʦʚʥʫʶ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʥʘʙʦʨʘ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʘ ʧʦ-

ʩʪʦʷʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ TBox ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʨʦʮʝʩʩ ʩʚʦʜʠʪ-

ʩʷ ʢ ʨʘʟʤʝʱʝʥʠʶ ʥʦʚʦʛʦ ʧʦʥʷʪʠʷ ʥʘ ʜʦʣʞʥʦʤ ʤʝʩʪʝ ʚ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʠʝʨʘʨʭʠʠ ʧʦʥʷʪʠʡ. ʂʣʘʩ-

ʩʠʬʠʢʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʧʫʪʝʤ ʧʨʦʚʝʨʢʠ ʦʪʥʦʰʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʤʝʞʜʫ ʢʘʞʜʳʤ ʦʧʨʝ-

ʜʝʣʝʥʥʳʤ ʧʦʥʷʪʠʝʤ ʚ ʠʝʨʘʨʭʠʠ ʠ ʚʳʨʘʞʝʥʠʝʤ ʥʦʚʦʛʦ ʧʦʥʷʪʠʷ. ABox ʩʦʜʝʨʞʠʪ ʨʘʩʰʠʨʝʥʥʳʝ ʟʥʘʥʠʷ 

ʦ ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʥʝʤ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʟʥʘʥʠʷ ʚ ʚʠʜʝ ʫʪʚʝʨʞʜʝʥʠʡ ʢʦʥʮʝʧʮʠʠ ʠ ʫʪʚʝʨʞʜʝʥʠʡ 

ʨʦʣʠ. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʨʘʩʩʫʞʜʝʥʠʷ ʚ ABox ï ʧʨʦʚʝʨʢʘ ʵʢʟʝʤʧʣʷʨʘ, ʢʦʪʦʨʘʷ ʟʘʧʨʘʰʠʚʘʝʪ, ʧʨʠʥʘʜ-

ʣʝʞʠʪ ʣʠ ʵʢʟʝʤʧʣʷʨ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʦʥʮʝʧʪʫ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʙʘʟʳ ʟʥʘʥʠʡ. 

ʉʝʤʝʡʩʪʚʦ ʜʝʩʢʨʠʧʮʠʦʥʥʳʭ ʣʦʛʠʢ ʷʚʣʷʝʪʩʷ ʙʘʟʦʡ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘ-

ʙʦʨ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʦʩʥʦʚʥʳʝ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʣʝʝ: 

1. ʇʝʨʝʩʝʯʝʥʠʝ (ʢʦʥʲʶʥʢʮʠʷ) ʢʦʥʮʝʧʪʦʚ ṣ; 

2. ʆʙʲʝʜʠʥʝʥʠʷ (ʜʠʟʲʶʥʢʮʠʷ ʢʦʥʮʝʧʪʦʚ) Ṥ; 

3. ɼʦʧʦʣʥʝʥʠʝ (ʦʪʨʠʮʘʥʠʝ) ʢʦʥʮʝʧʪʘ â; 

4. ʆʛʨʘʥʠʯʝʥʠʝ ʢʚʘʥʪʦʨʦʤ ʚʩʝʦʙʱʥʦʩʪʠ Rᶅ; 

5. ʆʛʨʘʥʠʯʝʥʠʝ ʢʚʘʥʪʦʨʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ Rɱ; 

6. ʂʦʥʮʝʧʪ Ṵ (ʚʩʝ); 

7. ʂʦʥʮʝʧʪ Ṷ (ʥʠʯʪʦ) ʠ ʜʨʫʛʠʝ. 

ʂʨʦʤʝ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʷʟʳʢ ʤʦʞʝʪ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪʴ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʰʠ-

ʨʝʥʠʡ, ʧʨʠʤʝʨʥʳʡ ʧʝʨʝʯʝʥʴ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ: 

F ï ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʨʦʣʝʡ; 

N ï ʆʛʨʘʥʠʯʝʥʠʷ ʢʘʨʜʠʥʘʣʴʥʦʩʪʠ ʨʦʣʝʡ; 

Q ï ʂʘʯʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʢʘʨʜʠʥʘʣʴʥʦʩʪʠ ʨʦʣʝʡ; 

I ï ʆʙʨʘʪʥʳʝ ʨʦʣʠ; 

O ï ʅʦʤʠʥʘʣʳ; 

H ï ʀʝʨʘʨʭʠʷ ʨʦʣʝʡ; 
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S ï ʊʨʘʥʟʠʪʠʚʥʳʝ ʨʦʣʠ; 

R ï ʉʦʩʪʘʚʥʳʝ ʘʢʩʠʦʤʳ ʚʣʦʞʝʥʥʦʩʪʠ ʨʦʣʝʡ ʚ TBox; 

D ï ʈʘʩʰʠʨʝʥʠʝ ʷʟʳʢʘ ʢʦʥʢʨʝʪʥʳʤʠ ʜʦʤʝʥʘʤʠ (ʪʠʧʘʤʠ ʜʘʥʥʳʭ). 

ʉʦʛʣʘʩʥʦ ʢʦʥʚʝʥʮʠʷʤ ʧʦ ʠʤʝʥʦʚʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ çʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷè ʣʦʛʠʢʠ ʧʫʪʝʤ ʧʨʠ-

ʙʘʚʣʝʥʠʷ ʨʘʩʰʠʨʝʥʠʡ, ʢ ʥʘʟʚʘʥʠʶ ʦʩʥʦʚʳ ʧʨʠʙʘʚʣʷʶʪʩʷ ʙʫʢʚʳ, ʦʙʦʟʥʘʯʘʶʱʠʝ ʪʦ ʠʣʠ ʠʥʦʝ ʨʘʩ-

ʰʠʨʝʥʠʝ. 

ʂʦʥʢʨʝʪʥʳʡ ʷʟʳʢ ʜʝʩʢʨʠʧʮʠʦʥʥʦʡ ʣʦʛʠʢʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʢʦʥʩʪʨʫʢʪʦ-

ʨʦʚ ʠ ʨʘʩʰʠʨʝʥʠʡ, ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʚʳʨʘʟʠʪʝʣʴʥʘʷ ʩʠʣʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʷʟʳʢʘ ʜʝʩʢ-

ʨʠʧʮʠʦʥʥʦʡ ʣʦʛʠʢʠ. ɼʣʷ ʧʨʠʤʝʨʘ EL (ExistentionalLogic) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʩʪʨʫʢʪʦʚ ï ʧʝʨʝʩʝʯʝʥʠʝ ʢʦʥʮʝʧʪʦʚ, ʦʛʨʘʥʠʯʝʥʠʝ ʢʚʘʥʪʦʨʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʢʦʥ-

ʮʝʧʪ çʚʩʝè. ʇʦʜʦʙʥʳʝ EL ʜʝʩʢʨʠʧʮʠʦʥʥʳʝ ʣʦʛʠʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ çʣʝʛʢʦʚʝʩʥʳʭè (lightweight), 

ʠʭ ʩʠʥʪʘʢʩʠʩ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ, ʢʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʩʯʠʪʘʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢ ʢʘʢ ʜʣʷ ʥʠʭ ʨʝʘʣʠʟʦʚʳʚʘʶʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ. ʂ 

ʥʝʜʦʩʪʘʪʢʘʤ EL ʣʦʛʠʢʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʝʝ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʚʳʨʘʟʠʪʝʣʴʥʫʶ ʩʠʣʫ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʧʨʦʙʣʝʤʳ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤ, ʪʨʝʙʫʶʱʠʭ ʩʦʩʪʘʚʣʝʥʠʷ ʩʣʦʞʥʳʭ ʢʦʥʮʝʧʪʦʚ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʜʝʩʢʨʠʧʮʠʦʥʥʳʝ ʣʦʛʠʢʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫ-

ʱʝʩʪʚ, ʢʦʪʦʨʳʡ ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʢʘʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥ-

ʞʝʥʝʨʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʂ ʪʘʢʠʤ ʧʨʝʠʤʫʱʝʩʪ-

ʚʘʤ ʦʪʥʦʩʷʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʷʟʳʢ, ʧʦʜʩʪʨʘʠʚʘʷ ʝʛʦ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʜʘ-

ʯʠ, ʥʦ ʦʩʪʘʚʘʷʩʴ ʚ ʨʘʤʢʘʭ ʫʩʪʦʷʚʰʠʭʩʷ ʢʦʥʚʝʥʮʠʡ, ʠʥʪʫʠʪʠʚʥʦʩʪʴ ʩʠʥʪʘʢʩʠʩʘ, ʥʘʣʠʯʠʝ ʛʦʪʦʚʳʭ 

ʨʝʰʝʥʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʥʪʦʣʦʛʠʡ. ɻʦʚʦʨʷ ʦ ʥʝʜʦʩʪʘʪʢʘʭ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʟʥʘ-

ʯʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʪʨʫʜʦʟʘʪʨʘʪ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʨʫʧʥʳʭ ʦʥʪʦʣʦʛʠʡ (ʜʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʷʚ-

ʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʪʘʢʞʝ ʜʣʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ), ʦʪʩʫʪʩʪʚʠʝ ʰʠʨʦʢʦʡ ʧʦʧʫʣʷʨ-

ʥʦʩʪʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʢʘʩʘʝʪʩʷ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʠ ʩʪʨʘʥ ʙʳʚʰʝʛʦ ʉʅɻ). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʦ-

ʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʧʦʧʫʣʷʨʥʦʩʪʠ ʷʟʳʢʦʚ ʜʝʩʢʨʠʧʮʠʦʥʥʳʭ ʣʦʛʠʢ ʠ ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʥʠʭ ʦʥʪʦʣʦʛʠʡ, ʦʥ ʩʜʝʨʞʠʚʘʝʪʩʷ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʜʥʘ-

ʢʦ ʚ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʥʘʢʦʧʣʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʪʝʭ ʩʬʝʨʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳ-

ʩʦʢʘʷ ʩʪʝʧʝʥʴ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʧʨʠʥʠʤʘʝʤʳʝ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʘʞʥʦʩʪʴ ʥʘʛʣʷʜʥʦʩʪʠ ʬʦʨʤʘʣʠ-

ʟʦʚʘʥʥʳʭ ʟʥʘʥʠʡ ʠ ʧʨʦʮʝʩʩʘ ʚʳʚʦʜʘ (ʢ ʧʦʩʣʝʜʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʝʜʠʮʠʥʫ), ʧʦʜʭʦʜʳ ʢ ʧʦʩʪʨʦʝ-

ʥʠʶ ʦʥʪʦʣʦʛʠʡ ʧʨʦʜʦʣʞʘʶʪ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ. 
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ʂ.ɼ. ʐʚʘʙ 

ʩʪʫʜʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʊ.ʉ. ʂʘʪʝʨʤʠʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʊɽʂʉʊʆɺ ʉ ʇʆʄʆʑʔʖ ʉɺɽʈʊʆʏʅʓʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʦʙ-

ʨʘʙʦʪʢʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʢʩʪʦʚ, ʤʝʪʦʜʳ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʠʚʝʜʝ-

ʥʳ ʦʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʠ ʤʝʪʦʜʦʚ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ; ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ; ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʢʩʪʦʚ; ʧʨʝ-

ʜʦʙʨʘʙʦʪʢʘ ʪʝʢʩʪʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠ-

ʪʝʪʥʳʭ ʨʘʟʜʝʣʦʚ ʥʘʫʢʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʠ ʧʦʢʘʟʳʚʘʶʪ ʚʦ ʤʥʦʛʦʤ ʙʳʩʪʨʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʧʦ ʘʥʘʣʠʟʫ ʦʙʲʝʢʪʦʚ, ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʩʣʦʞʥʳʭ, ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʠʭ ʩʦʙʳʪʠʡ. ʅʝʡʨʦʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʩʦʮʠʫʤʘ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ ʠ ʠʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ; ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʷ ʦʩʣʦʞʥʝʥʠʡ; ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʛʦʜʳ, ʘʢʮʠʡ, ʬʠʥʘʥʩʦʚʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ [1]. ʆʜʥʘʢʦ 

ʚʦʧʨʦʩ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠ ʪʦʥʘʣʴʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʝʢʩʪʘ ʦʩʪʘʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʠʟ-ʟʘ ʥʘ-

ʣʠʯʠʷ ʬʨʘʟʝʦʣʦʛʠʟʤʦʚ ʠ ʩʣʦʞʥʳʭ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʦʯʝʪʘʥʠʡ. 

ʀʟʫʯʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʀʅʉ ʠʟʥʘʯʘʣʴʥʦ ʩʪʨʦʠʣʦʩʴ ʥʘ ʧʦʜʦʙʠʠ ʨʘʙʦʪʳ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʞʠ-

ʚʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʄʦʟʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚ ʥʝʤ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳʡ, ʥʝʣʠʥʝʡʥʳʡ, ʧʘʨʘʣʣʝʣʴʥʳʡ, ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʝʡʨʦʩʝʪʴ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʦʩʪʨʦʝʥ ʥʘ ʧʨʠʥʷʪʠʠ ʠʟ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚ x, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʠʥʬʦʨʤʘʮʠʶ ʚ ʚʠʜʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ, ʜʚʦʠʯʥʳʭ ʯʠʩʝʣ ʠʣʠ ʚ ʚʠʜʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʨʘʟʘ (ʟʥʘʢʘ, ʠʝʨʦʛʣʠʬʘ, ʩʠʤʚʦʣʘ). ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʚʝʢʪʦʨʠʟʘʮʠʷ, ʠ ʨʝʰʘʝʪ-

ʩʷ ʟʘʜʘʯʘ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʝʛʦ ʢ ʢʣʘʩʩʫ w, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʛʥʘʪʴ ʯʝʨʝʟ ʩʫʤʤʘʪʦʨ, ʚʳ-

ʧʦʣʥʷʶʱʠʡ ʩʣʦʞʝʥʠʝ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʧʦ ʩʠʥʘʧʪʠʯʝʩʢʠʤ ʩʚʷʟʷʤ ʦʪ ʜʨʫʛʠʭ ʥʝʡʨʦ-

ʥʦʚ (ʦʥ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʙʫʞʜʝʥʠʝ ʥʝʡʨʦʥʘ). ʀ ʚʳʷʚʠʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʥʝʡʨʦʥʘ, ʛʜʝ ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ ʝʛʦ ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ S. ʀ ʚ ʢʦʥʮʝ ʫʞʝ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʚʳʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʚʳʯʠʩ-

ʣʷʶʱʘʷʩʷ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ F(S). 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʥʝʡʨʦʥʘ 

 

 
ʈʠʩ. 2. ɸʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ:  

ʘ ï ʧʦʣʥʦʩʚʷʟʥʘʷ ʩʝʪʴ,  

ʙ ï ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʝʪʴ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʚʷʟʷʤʠ,  

ʚ ï ʩʣʘʙʦʩʚʷʟʥʳʝ ʩʝʪʠ 
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ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʀʅʉ. 

ʂʣʘʩʩʠʬʠʮʠʨʫʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʦ ʪʦʧʦʣʦʛʠʠ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʪʘʢʠʭ 

ʩʝʪʝʡ: 

¶ ʧʦʣʥʦʩʚʷʟʥʳʝ ʩʝʪʠ (ʨʠʩ. 2 (ʘ)); 

¶ ʤʥʦʛʦʩʣʦʡʥʳʝ ʠʣʠ ʩʣʦʠʩʪʳʝ ʩʝʪʠ (ʨʠʩ. 2 (ʙ)); 

¶ ʩʣʘʙʦʩʚʷʟʥʳʝ ʩʝʪʠ (ʨʠʩ. 2 (ʚ)). 

ʇʦʣʥʦʩʚʷʟʥʳʝ ʩʝʪʠ ï ʪʘʢʠʝ ʩʝʪʠ, ʛʜʝ ʥʝʡʨʦʥ ʧʝʨʝʜʘʝʪ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ώὭ ʢʘʢ ʜʨʫʛʠʤ ʥʝʡʨʦ-

ʥʘʤ, ʪʘʢ ʠ ʩʝʙʝ ʞʝ (ʨʠʩ. 2 (ʘ)). ɺʩʝ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʦʜʘʶʪʩʷ ʚʩʝʤ ʥʝʡʨʦʥʘʤ. ɺʳʭʦʜʥʳʤʠ ʩʠʛʥʘ-

ʣʘʤʠ ʩʝʪʠ ʤʦʛʫʪ ʙʳʪʴ ʚʩʝ ʠʣʠ ʥʝʢʦʪʦʨʳʝ ʩʠʛʥʘʣʳ ʥʝʡʨʦʥʦʚ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʪʘʢʪʦʚ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʩʝʪʠ. ɺ ʤʥʦʛʦʩʚʷʟʥʳʭ ʩʝʪʷʭ ʥʝʡʨʦʥʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʩʣʦʠ. ʉʣʦʡ ʩʦʜʝʨʞʠʪ ʢʣʘʩʪʝʨ ʥʝʡ-

ʨʦʥʦʚ ʩ ʝʜʠʥʳʤʠ ώὭ ʩʠʛʥʘʣʘʤʠ. ʏʠʩʣʦ ʥʝʡʨʦʥʦʚ ʚ ʢʘʞʜʦʤ ʩʣʦʝ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ ʠ ʥʝ ʩʚʷʟʘʥʥʳʤ 
ʩ ʥʘʙʦʨʦʤ ʥʝʡʨʦʥʦʚ ʚ ʠʥʳʭ ʩʣʦʷʭ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʝʡʨʦʩʝʪʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʡʯʘʩ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ. ʆʙʳʯʥʦ ʪʘʢʘʷ 

ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʚʭʦʜʥʦʡ ʩʣʦʡ; ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴ-

ʢʠʭ ʩʢʨʳʪʳʭ ʩʣʦʝʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʠ ʦʜʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʥʝʡʨʦʥʦʚ. 

ɺ ʩʣʘʙʦʩʚʷʟʥʳʭ ʩʝʪʷʭ ʥʝʡʨʦʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʫʟʣʘʭ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʨʝʰʝʪʢʠ. ʂʘʞʜʳʡ ʥʝʡʨʦʥ ʩʚʷʟʘʥ ʩ ʯʝʪʳʨʴʤʷ (ʦʢʨʝʩʪʥʦʩʪʴ ʬʦʥ ʅʝʡʤʘʥʘ), ʰʝʩʪʴʶ (ʦʢʨʝʩʪʥʦʩʪʴ ɻʦ-

ʣʝʷ) ʠʣʠ ʚʦʩʝʤʴʶ (ʦʢʨʝʩʪʥʦʩʪʴ ʄʫʨʘ) ʩʤʝʞʥʳʤʠ ʥʝʡʨʦʥʘʤʠ. 

ʀʟʚʝʩʪʥʳʝ ʥʝʡʨʦʩʝʪʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦ ʪʠʧʘʤ ʩʪʨʫʢʪʫʨ ʥʝʡʨʦʥʦʚ ʥʘ ʛʝʪʝʨʦʛʝʥʥʳʝ ʠ ʦʜ-

ʥʦʨʦʜʥʳʝ. ɺ ʛʝʪʝʨʦʛʝʥʥʫʶ ʩʝʪʴ ʚʭʦʜʷʪ ʥʝʡʨʦʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ, ʘ ʛʦʤʦʛʝʥ-

ʥʳʝ ʩʝʪʠ ʩʦʩʪʦʷʪ ʠʟ ʥʝʡʨʦʥʦʚ ʦʜʥʦʛʦ ʪʠʧʘ ʩ ʝʜʠʥʦʡ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ. 
 

ʉʚʝʨʪʦʯʥʘʷ ʩʝʪʴ. 

ʉʚʝʨʪʦʯʥʘʷ ʩʝʪʴ (CNN) ï ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʩʝʪʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩ-

ʧʦʟʥʘʚʘʥʠʷ ʢʘʢ ʠʟʦʙʨʘʞʝʥʠʡ, ʪʘʢ ʠ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ. ɽʝ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʯʝʨʝʜʦʚʘʥʠʠ ʩʫʙʜʠʩʢʨʝʪʠʟʠʨʫʶʱʠʭ ʩʣʦʝʚ ʠ ʩʚʝʨʪʦʯʥʳʭ ʩʣʦʝʚ. 

ɺ ʧʝʨʩʝʧʪʨʦʥʝ (ʬʦʨʤʘʣʴʥʦʤ ʥʝʡʨʦʥʝ), ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʧʦʣʥʦʩʚʷʟʥʫʶ ʥʝʡʨʦʩʝʪʴ, ʢʘʞʜʳʡ 

ʥʝʡʨʦʥ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥ ʩ ʜʨʫʛʠʤʠ ʥʝʡʨʦʥʘʤʠ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ, ʛʜʝ ʢʘʞʜʘʷ ʩʚʷʟʴ ʠʤʝʝʪ ʚʝʩʦʚʦʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ. ɺ CNN ʠ ʦʧʝʨʘʮʠʠ ʩʚʝʨʪʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʨʠʮʘ ʚʝʩʦʚ (ʷʜʨʦ ʩʚʝʨʪʢʠ), ʧʨʦʛʦʥʷʝʤʘʷ ʧʦ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʤʫ ʩʣʦʶ, ʠ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʩʜʚʠʛʘ ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʥʘ ʜʣʷ ʩʣʝʜʫʶ-

ʱʝʛʦ ʩʣʦʷ. 

 

 
ʈʠʩ. 3. ɸʨʭʠʪʝʢʪʫʨʘ CNN ʠ ʝʝ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

 
ʄʝʪʦʜʳ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠ ʚʝʢʪʦʨʠʟʘʮʠʠ ʪʝʢʩʪʦʚ. 

Bag of Words. 
Bag of Words ï ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʝʨʝʚʦʜʠʪʴ ʪʝʢʩʪ ʚ ʚʝʢʪʦʨʥʳʡ ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ. ʆʩʥʦʚ-

ʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʨʷʜʦʢ ʩʣʦʚ ʚ ʜʦʢʫʤʝʥʪʝ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʘ ʥʘʙʦʨ 

ʪʝʢʩʪʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʥʝʢʫʶ ʚʳʙʦʨʢʫ ʧʘʨ çʜʦʢʫʤʝʥʪïʩʣʦʚʦè (Ὠ,ύ), ʛʜʝ ὨᶰὈ,ύᶰὡὨ. 
ɺ Bag of Words ʚʩʝ ʪʝʢʩʪʳ ʠʤʝʶʪ ʚʠʜ ʤʘʪʨʠʮʳ Ὕ= (ὸ)Ὠ,ύ, ʢʘʞʜʘʷ ʩʪʨʦʢʘ ʚ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

https://neuronus.com/stat/1271-nejronnye-seti-iskusstvennyj-intellekt.html
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ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʜʦʢʫʤʝʥʪʫ ʠʣʠ ʪʝʢʩʪʫ, ʘ ʢʘʞʜʳʡ ʩʪʦʣʙʝʮ ï ʥʝʢʦʪʦʨʦʤʫ ʩʣʦʚʫ. ʕʣʝʤʝʥʪ (ὸ)Ὠ,ύ ï ʵʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʞʜʝʥʠʡ ʩʣʦʚʘ w ʚ ʪʝʢʩʪ d. 
 

Bag of Words & TF IDF. 

ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʝʨʝʚʦʜʘ ʪʝʢʩʪʘ ʚ ʚʝʢʪʦʨʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ. ʂʘʢ ʠ ʚ ʦʧʠʩʘʥʥʦʤ ʚʳʰʝ ʤʝʪʦʜʝ, ʚʩʝ ʜʦʢʫʤʝʥʪʳ ʠʤʝʶʪ ʚʠʜ ʤʘʪʨʠʮʳ Ὕ= (ὸ)Ὠ,ύ, ʥʦ 

ʥʝʢʦʪʦʨʳʡ ʵʣʝʤʝʥʪ (ὸ)Ὠ,ύ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʫʥʢʮʠʠ TF-IDF (w, d, D) ʩʣʦʚʘ ύᶰὡὨʚ ʜʦʢʫʤʝʥʪʝ ὨᶰὈ. 
TF-IDF [3] ï ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʝʨʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʩʦʤʦʩʪʠ ʩʣʦʚʘ ʚ 

ʢʦʥʪʝʢʩʪʝ ʪʝʢʩʪʘ. ɺʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

TF-IDF(w, d, D) = TF(w, d)ĬIDF(w, D). 

TF ï ʯʘʩʪʦʪʘ ʩʣʦʚʘ, ʦʮʝʥʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʩʣʦʚʘ ύὭʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʦʛʦ ʜʦʢʫʤʝʥʪʘ: 

TF(w, d) = 
ὲὭ

В ὲὯὯ
, 

ὲὭ ï ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʞʜʝʥʠʡ ʩʣʦʚʘ i ʚ ʜʦʢʫʤʝʥʪ, 

В ὲὯ Ὧ
ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʚ ʚ ʜʘʥʥʦʤ ʜʦʢʫʤʝʥʪʝ. 

IDF ï ʦʙʨʘʪʥʘʷ ʯʘʩʪʦʪʘ ʜʦʢʫʤʝʥʪʘ. 

ʋʯʝʪ IDF ʫʤʝʥʴʰʘʝʪ ʚʝʩ ʰʠʨʦʢʦ ʫʧʦʪʨʝʙʣʷʝʤʳʭ ʩʣʦʚ: 

IDF (w, D) = ὰέὫ
|Ὀ|

|ὨὭṓύὭ|
 , 

ʛʜʝ | D | ï ʢʦʣʠʯʝʩʪʚʦ ʜʦʢʫʤʝʥʪʦʚ ʚ ʢʦʨʧʫʩʝ, 
ȿὨὭṓύὭȿ ï ʢʦʣʠʯʝʩʪʚʦ ʜʦʢʫʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʘʝʪʩʷ ʩʣʦʚʦ ύὭ. 

 

Bag of Ngrams & TF IDF. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʥʬʦʨʤʘʮʠʶ ʩʦʜʝʨʞʘʪ ʥʝ ʪʦʣʴʢʦ ʩʣʦʚʘ, ʥʦ ʠ ʥʘʙʦʨʳ ʩʣʦʚ, ʧʨʝʜʣʦʞʝʥʠʷ. ʅʘ-

ʧʨʠʤʝʨ, ʨʝʯʝʚʦʡ ʦʙʦʨʦʪʳ çʤʝʜʚʝʞʴʷ ʫʩʣʫʛʘè, çʟʘʢʘʜʳʯʥʳʝ ʜʨʫʟʴʷè, çʪʠʭʘʷ ʦʭʦʪʘè. ʉʤʳʩʣ ʜʘʥʥʳʭ 

ʚʳʨʘʞʝʥʠʡ ʙʫʜʝʪ ʧʝʨʝʜʘʥ ʣʦʞʥʦ, ʫʯʠʪʳʚʘʷ ʠʭ ʩʣʦʚʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ɼʣʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʵʪʠʭ ʜʘʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʟʳʢʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʧʝʨʝʚʦʜʝ ʜʦʢʫʤʝʥʪʦʚ ʚ ʚʝʢʪʦʨʥʳʝ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʱʝ ʠ N-ʛʨʘʤʤʳ. N-ʛʨʘʤʤʘ [2] ï ʥʝʢʦʪʦʨʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʠʟ N ʩʣʦʚ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʪʝʢʩʪʘ çʩʳʨ ʚ ʤʘʩʣʝè ʧʦʣʫʯʘʝʤ ʙʠʛʨʘʤʤʳ çʩʳʨ ʚè ʠ çʚ ʤʘʩʣʝè. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʦʢʫʤʝʥʪʘ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʣʘʩʩʫ N-ʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ ʧʦʢʘ-

ʟʘʪʝʣʷʤʠ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʝ N ʩʣʦʚ ʚʩʪʨʝʪʠʣʠʩʴ. ʄʝʪʦʜ BagofNgrams&TFIDF ʜʝʡʩʪʚʫʝʪ ʧʦʜʦʙʥʦ 

ʤʝʪʦʜʫ BagofWords&TFIDF, ʪʦʣʴʢʦ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʜʦʢʫʤʝʥʪʘ ʧʦʤʠʤʦ TF IDF ʩʣʦʚ 

ʩʦʜʝʨʞʠʪ TF IDF ʚʩʝʭ N-ʛʨʘʤʤ ʠʟ N ʩʣʦʚ. 

ʅʘʡʜʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʩʠʣʴʥʦ ʨʘʟʨʷʞʝʥʥʳʤ ʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʚ ʪʝʢʩʪʘʭ ʦʙʳʯʥʦ ʤʥʦʛʦ ʩʣʦʚ, 

ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʧʦʚʪʦʨʠʪʴʩʷ ʚ ʪʝʢʩʪʝ ʤʘʣʳ. ʕʪʠʤ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʤʝʥʝ-

ʥʠʝ ʣʠʥʝʡʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 
 

ʈʝʟʫʣʴʪʘʪʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʮʝʥʠʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʨʠʢʠ accuracy, ʪ.ʝ. ʩʯʠʪʘʣʘʩʴ ʜʦʣʷ 

ʚʝʨʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʢ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʦʙʲʝʢʪʦʚ. ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ 

ʠʪʦʛʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʧʠʩʘʥʥʦʡ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʩʝʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʜʘʥʥʳʭ ʠ ʢʘʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʠ ʵʪʠʭ ʞʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʩʪʘʪʴʝ [4] ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ BagofWords, Bagof-

Words&TFIDF, BagofNgrams& TF IDF, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʥʘʣʦʛʠʯʥʦʡ ʩʚʝʨʪʦʯʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʧʦʩʠʤʚʦʣʴʥʳʤ ʧʦʜʭʦʜʦʤ ʠʟ ʩʪʘʪʴʠ [4] ʠ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʢʦʜʠʨʦʚʘʥʠʷ ʩʣʦʚ ʠ Word2Vec. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʝʟ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ ʠ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʘʪʴʝ [4]. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʚ 

ʪʘʙʣʠʮʝ ʚʳʜʝʣʝʥʦ ʭʫʜʰʝʝ ʢʘʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʩʠʥʠʤ ï ʣʫʯʰʝʝ. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʘʪʴʝ [4] 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʡʨʦʩʝʪʝʡ 

ɼʘʥʥʳʝ ʀʪʝʨʘʮʠʠ Accuracy BoW Bow T. Ng.T W2W Conv. 

Ag news 5000 0.829 0.888 0.896 0.923 0.886 0.843 

DBPedia 8000 0.953 0.966 0.973 0.986 0.982 0.980 

Amazon Rev. 30000 0.563 0.546 0.552 0.524 0.574 0.594 
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ʆʙʦʟʥʘʯʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1: 

¶ BoW ï Bag of Words 

¶ BoW T. ï Bag of Words &TFIDF 

¶ Ng. T. ï Bag of Ngrams & 

¶ W2V ï Cʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ c ʢʦʜʠʨʦʚʘʥʠʝʤ ʩʣʦʚ ʠ Word2Vec. 

¶ Conv. ï ʉʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩ ʧʦʩʠʤʚʦʣʴʥʳʤ ʧʦʜʭʦʜʦʤ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ CCN ʩ ʧʦʩʠʤʚʦʣʴʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʢʩʪʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʪʝʢʩʪʳ ʩ 

ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʪʦʯʥʦʩʪʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʚ (ʝʩʪʝʩʪʚʝʥʥʳʡ ʷʟʳʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʩʠʛʥʘʣ). 
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ʉɽʂʎʀʗ ˉ 3. ʋʇʈɸɺʃɽʅʀɽ ʈɸɿʈɸɹʆʊʂʆʁ ʇʈʆɻʈɸʄʄʅʓʍ ʂʆʄʇʃɽʂʉʆɺ 

ʀ ɺʓʏʀʉʃʀʊɽʃʔʅʓʄʀ ʇʈʆʎɽʉʉɸʄʀ.  
ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓɽ ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʉʀʉʊɽʄʓ 

ʋɼʂ 004.946 

ɸ.ɸ. ɻʠʙʘʜʫʣʣʠʥ 

ʤʘʛʠʩʪʨʘʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɽ.ɿ. ʅʠʢʦʥʦʚʘ 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʄɽʊʆɼʓ ʈɽɸʃʀɿɸʎʀʀ ʀɻʈʆɺʆɻʆ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʠ ʘʥʘʣʠʟʫ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʛʨʦʚʦʤʫ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ. ʈʘʩʩʤʦʪʨʝʥʳ ʝʛʦ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʦʪʣʠʯʠʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʧʦʥʠʤʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʠʛʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʣʦʱʘʜʢʠ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʘʷ ʠʛʨʘ; ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ; ʛʝʥʝʨʘʮʠʷ ʠʛʨ; ʩʠʤʫʣʷ-

ʮʠʷ; ʠʛʨʦʚʳʝ ʘʛʝʥʪʳ. 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʠʛʨʳ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʥʠ ʧʦ-

ʟʚʦʣʷʶʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠʪʫʘʮʠʠ, ʧʨʦʙʣʝʤʳ ʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʭʦʜʠʪʴ ʧʫʪʠ ʠʭ ʨʝ-

ʰʝʥʠʷ [6]. ʇʦ ʤʝʨʝ ʫʩʣʦʞʥʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠʛʨʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʠ ʜʝʣʘʣʠ ʢʦʤ-

ʧʴʶʪʝʨʳ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ. ʇʦ ʥʘʩʪʦʷʱʠʡ ʜʝʥʴ ʵʪʘ ʦʙʣʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ 

ʨʘʟʚʠʪʠʝʤ ʠ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ. ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʠ ʠʛʨʦʚʦʡ ʩʨʝʜʳ. ʇʦʤʠʤʦ ʭʦʨʦʰʝʡ ʛʨʘʬʠʢʠ ʦʪʣʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʝʝ ʚʳ-

ʧʦʣʥʝʥʠʷ ʩʣʫʞʘʪ ʤʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ). ʀʭ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦ-

ʥʘʞʘʤʠ ʠʛʨʳ. ʇʦʵʪʦʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʩʠʩʪʝʤ ʠʛʨʦʚʦʛʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʧʨʘʚʜʘʥʳ [4]. ʋʞʝ ʚ ʥʘʯʘʣʝ 50-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʠʛʨʳ ʩʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʢʘʢ ʦʜʥʦ ʠʟ ʝʛʦ ʧʨʠʣʦʞʝʥʠʡ. 

ɼʣʷ ʠʛʨʦʚʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʘʢʪʫʘʣʴʥʳ ʪʝ ʞʝ ʩʘʤʳʝ ʤʝʪʦʜʳ, ʯʪʦ ʠ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ: 

ʧʦʠʩʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʠ ʜʨ. [8]. ɽʩʪʴ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʦʪʣʠʯʠʷ. ɽʩʣʠ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʀʀ ʩʣʫʞʠʪ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ, ʪʦ ʮʝʣʴʶ 

ʠʛʨʦʚʦʛʦ ʀʀ ʷʚʣʷʝʪʩʷ ʩʠʤʫʣʷʮʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ [5]. ʂʘʢ ʧʨʘʚʠʣʦ, ʢ ʦʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʛʦ ʀʀ ʦʪʥʦʩʠʪʩʷ ʝʛʦ ʫʟʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʛʨʝ. ʈʘʙʦʪʘʶʱʠʝ ʚ 

ʟʘʜʘʥʥʳʭ ʠʛʨʦʚʳʭ ʫʩʣʦʚʠʷʭ ʤʝʪʦʜʳ, ʘʣʛʦʨʠʪʤʳ ʠ ʵʚʨʠʩʪʠʢʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʙʦ-

ʣʝʝ ʦʙʱʠʭ ʟʘʜʘʯ [7]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʠʢ ʨʘʟʨʘʙʦʪʢʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʛʨʦʚʳʭ ʩʠʩʪʝʤ. ɺʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩʳ ʦ ʪʦʤ, ʯʪʦ ʪʘʢʦʝ 

ʠʛʨʦʚʦʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʝʛʦ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʝʨ-

ʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʠʛʨʦʚʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʨʝʘʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʤʝʪʦʜʠʢʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʠʣʣʶʟʠʶ ʥʘʣʠʯʠʷ ʠʥʪʝʣʣʝʢʪʘ ʚ ʜʝʡʩʪʚʠʷʭ ʧʝʨʩʦʥʘʞʝʡ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʛʨʳ ʚʳ-

ʩʪʫʧʘʶʪ ʪʝʩʪʦʚʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ [1]. ʆʩʥʦʚʥʦʝ 

ʦʪʣʠʯʠʝ ʠʛʨʦʚʦʛʦ ʀʀ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʩʦʟʜʘʝʪ ʪʦʣʴʢʦ ʚʠʜʠʤʦʩʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠ ʠ ʝʩʪʝʩʪʚʝʥʥʦʩʪʠ 

ʧʦʚʝʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʝʤʫ ʥʝʚʦʟʤʦʞʥʦ ʜʘʪʴ ʩʪʨʦʛʦʝ ʬʦʨʤʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ. ɸʥʘʣʦʛʠʯʥʦ, ʥʝ ʩʫʱʝ-

ʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʝʪʦʜʦʚ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ [2]. ʆʥ ʩʦʟʜʘʝʪʩʷ ʚ ʢʘʞʜʦʤ ʢʦʥ-

ʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ, ʧʨʘʚʠʣʘʤʠ ʠʛʨʳ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʛʨʦʚʦʛʦ ʧʦʣʷ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʠʛʨʦʚʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠʤʝʥʷʶʪ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 

ʧʦʜʭʦʜ. ɽʛʦ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ï ʘʛʝʥʪ, ʪʦ ʝʩʪʴ ʘʢʪʠʚʥʳʡ ʦʙʲʝʢʪ, ʠ ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʘʛʝʥʪ ʥʘʭʦʜʠʪ-

ʩʷ. ʆʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦ-

ʜʦʚ ʀʀ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʝʡʩʪʚʫʶʪ ʠ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʷ. 
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ʇʨʠʚʦʜʷʪ ʩʣʝʜʫʶʱʠʡ ʩʧʠʩʦʢ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʦʥʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʥʘʚʠʛʘʮʠʷ ʚ 

ʠʛʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʧʦʠʩʢ ʧʫʪʠ. ɺʦ-

ʚʪʦʨʳʭ, ʵʪʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʚʳʙʦʨ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʜʘʞʝ ʪʘʢʪʠʢʠ 

ʧʦʚʝʜʝʥʠʷ. ɺ-ʪʨʝʪʴʠʭ, ʧʘʨʘʣʣʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʣʠʙʦ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠ-

ʪʝʪʥʳʭ ʠʟ ʥʠʭ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʘʛʝʥʪʘʤʠ, ʜʝʡʩʪʚʠʝ ʚ ʠʭ ʛʨʫʧʧʝ [8]. 

ɺʩʝʛʦ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʪʘʢʠʭ ʘʛʝʥʪʦʚ: ʧʨʦʩʪʳʝ ʨʝʬʣʝʢʪʦʨʥʳʝ, ʨʝʬʣʝʢʪʦʨʥʳʝ ʩ 

ʤʦʜʝʣʴʶ, ʩ ʮʝʣʴʶ ʠ ʩ ʫʪʠʣʠʪʦʡ. ʇʝʨʚʳʝ ʧʨʦʛʨʘʤʤʠʨʫʶʪ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʩʪʝʡʰʠʭ if-then ʠ ʦʥʠ ʥʝ 

ʦʪʣʠʯʘʶʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʧʦʚʝʜʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʟʘʣʦʞʝʥʘ ʤʦʜʝʣʴ ʠʛʨʦʚʦʛʦ ʤʠʨʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʥʝʤ. ɸʛʝʥʪʳ ʩ ʮʝʣʴʶ ʩʧʦʩʦʙʥʳ ʧʣʘʥʠʨʦʚʘʪʴ ʠ ʠʩʢʘʪʴ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ. ɸʛʝʥʪʳ ʩ ʫʪʠ-

ʣʠʪʦʡ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʠʛʨʦʚʦʡ 

ʤʝʭʘʥʠʢʠ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʧʝʨʝʤʝʱʝʥʠʡ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʀʀ ʦʙʫʯʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠʛʨʳ. ʆʥ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴ ʩʚʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʧʦʣʦʞʝʥʠʝ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ. 

ɿʘʪʝʤ ʝʛʦ ʦʙʫʯʘʶʪ ʧʝʨʝʜʚʠʞʝʥʠʶ ʥʘ ʠʛʨʦʚʦʤ ʧʦʣʝ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʛʨʘʤʤ-

ʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ [5]. 

ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʚʩʝ ʜʝʡʩʪʚʠʷ ʟʘʚʠʩʷʪ ʦʪ ʦʢʨʫʞʘʶʱʝʛʦ ʦʙʲʝʢʪʳ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʠʨʘ. ɺ ʩʚʦʝʡ 

ʩʪʘʪʴʝ ɹʫʢʦʚʰʠʥ ɺ.ɸ. ʠ ɺʦʩʢʦʙʦʡʥʠʢʦʚ ʉ.ɻ. ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʳ: ʩʪʨʫʢʪʫʨʘ ʠ ʨʝʘʣʠʟʘ-

ʮʠʷ ʠʛʨʦʚʦʛʦ ʤʠʨʘ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷʤʠ. ʇʦʜ ʩʪʨʫʢʪʫʨʦʡ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʳ ʧʦʥʠ-

ʤʘʝʤ ʚʩʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʝʨʩʦʥʘʞʝʡ. ʈʝʘʣʠʟʘʮʠʷ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʛʨʦʚʦʤʫ ʘʛʝʥʪʫ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʩʨʝʜʝ. ʇʦʵʪʦʤʫ 

ʟʘʜʘʯʘ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʤʠʨʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ 

ʦ ʥʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʵʪʠ ʩʚʝʜʝʥʠʷ ʣʠʙʦ ʟʘʜʘʶʪ ʀʀ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩ-

ʩʘ, ʣʠʙʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʥʦʚʣʷʶʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʥʘʚʠʛʘʮʠʠ ʩʣʝʜʫʝʪ ʧʦ-

ʟʘʙʦʪʠʪʴʩʷ ʦ ʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʠʛʨʦʚʦʡ ʩʠʩʪʝʤʳ [2]. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʧʨʠʥʷʪʠʷ ʠʤʠ ʨʝʰʝʥʠʡ ʧʦʜʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʤʝ-

ʪʦʜʳ. ʂ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʘʤ ʦʪʥʦʩʠʪʩʷ ʩʠʩʪʝʤʘ ʚʝʪʚʣʝʥʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʛʨʘʤʤʘ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʭʦʜʳ ʠ ʚʳʙʠʨʘʝʪ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʠʟ ʥʠʭ. ɹʦʣʝʝ ʩʣʦʞʥʦʡ ʚ ʨʝʘ-

ʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʦʙʫʯʘʶʱʝʛʦʩʷ ʠʛʨʦʚʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɸʛʝʥʪʳ, ʦʙʣʘ-

ʜʘʶʱʠʝ ʠʤ, ʩʧʦʩʦʙʥʳ ʢ ʟʘʧʦʤʠʥʘʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʛʨʦʚʦʤ ʧʦʣʝ ʠ ʝʛʦ ʦʙʲʝʢʪʘʭ, ʧʦʩʣʝʜʫʶʱʝʡ 

ʝʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʝ, ʘ ʟʘʪʝʤ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʜʝʡʩʪʚʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʠʤʠ ʨʝʰʝ-

ʥʠʡ. ɿʘʤʝʪʠʤ, ʯʪʦ ʦʥʠ ʙʫʜʫʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ, 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʛʨʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʧʨʘʚʠʣʘʤʠ ʠʛʨʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʫ ʥʠʭ ʝʩʪʴ ʢʦʥʝʯʥʘʷ ʮʝʣʴ, 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʦʪʦʨʦʡ ʦʥʠ ʜʝʡʩʪʚʫʶʪ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʧʦʜʦʙʨʘʥʥʘʷ ʠʛʨʦʚʘʷ ʩʨʝʜʘ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʪʴ ʫ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʠʤʝʥʥʦ ʪʝ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʫʩʧʝʰʥʳʤʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʠʛʨʦ-

ʚʦʡ ʮʝʣʠ. ɸ ʟʥʘʯʠʪ, ʧʦʟʚʦʣʠʪ ʪʨʝʥʠʨʦʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʩʧʦʩʦʙʳ ʛʝʥʝʨʘʮʠʠ ʪʘʢʠʭ ʠʛʨ 

ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʀʀ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʦʙʫʯʘʪʴ ʩʧʦʩʦʙʘʤ ʥʘʚʠʛʘ-

ʮʠʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʏʝʤ ʙʦʣʝʝ ʧʨʘʚʜʦʧʦʜʦʙʥʦʡ ʙʫʜʝʪ ʚʠʨʪʫʘʣʴʥʘʷ ʩʨʝʜʘ, ʪʝʤ ʙʦʣʝʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʡ ʦʢʘʞʝʪʩʷ ʩʠʩʪʝʤʘ ʢ ʜʝʡʩʪʚʠʷʤ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʛʨʳ ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʦʪʣʠʯʥʦʡ ʧʣʦʱʘʜʢʠ ʜʣʷ 

ʠʩʧʳʪʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʆʜʥʘʢʦ ʝʛʦ ʩʦʟʜʘʥʠʝ ʚ ʨʘʤʢʘʭ ʠʛʨʦʚʦʡ ʩʨʝʜʳ 

ʟʘʜʘʯʘ ʥʝʪʨʠʚʠʘʣʴʥʘʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʫʞʝ ʜʦʩ-

ʪʠʛʣʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʧʝʭʦʚ, ʚʦʧʨʦʩ ʦ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʠʛʨʘʭ ʚʩʝ ʝ ʝɦ ʦʪʢʨʳʪ. ɸ ʚ ʙʫʜʫʱʝʤ ʝʛʦ ʨʦʣʴ ʙʫʜʝʪ ʪʦʣʴʢʦ ʚʦʟʨʘʩʪʘʪʴ. 
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ʊ.ɼ. ɻʣʘʜʢʠʭ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʬʠʣʠʘʣ ʊʶʤʝʥʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅɸʗ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ  
ɼʃʗ ʅɽʌʊɽʇʈʆʄʓʉʃʆɺʓʍ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉɽʊɽʁ 

ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʧʦʪʨʝʙʠʪʝ-

ʣʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʥʝʜʨʠʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʧʨʦʚʘʣ ʥʘʧʨʷʞʝ-

ʥʠʷ ʠ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷ ʥʘ ʘʚʪʦʥʦʤʥʳʡ ʠʩʪʦʯʥʠʢ 

ʧʠʪʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ; smart-ʩʝʪʠ; ʧʨʦʚʘʣʳ ʥʘʧʨʷʞʝʥʠʷ. 

ʀʥʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʦʙʲʝʢʪʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʄʥʦʛʠʝ ʵʣʝʢʪʨʦʩʥʘʙ-

ʞʘʶʱʠʝ ʢʦʤʧʘʥʠʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʀʉ). ʅʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʧʨʦ-

ʛʨʝʩʩʘ ʠ ʧʝʨʝʭʦʜʘ ʢ smart-ʩʝʪʷʤ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʧʨʦʙʣʝʤ [6]. 

ʀʉ ʧʦʷʚʣʷʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʘʢ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʧʦʪʨʝʙ-

ʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʀ ʚ ʦʩʥʦʚʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ, ʘʥʘ-

ʣʠʟʘ ʠ ʫʩʪʨʘʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʩʝʢʪʦʨ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ ʥʘʧʨʘʚʣʝʥ ʥʘ ʫʯʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʇʝʨʚʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʩʝʢʪʦʨʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʩʠʩʪʝʤʘʭ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʶʪʩʷ SCADA-ʩʠʩʪʝʤʳ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʨʝʘʣʠʟʘʮʠʠ ʀʉ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʝʪʷʭ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʵʣʝʢʪʦʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʟʚʠʪʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ, ʨʝʰʘ-

ʶʪʩʷ ʟʘʜʘʯʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʫʪʝʤ 

ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʧʦʜʩʠʩʪʝʤ. ʊʘʢ ʚ [6] ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʀʉ (DigiTIS) ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʘʢʘʯʝʩʪʚʝʥʥʳʭ ʟʥʘʥʠʡ ʦ ʨʘʙʦʪʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʠʭ 

ʪʦʧʦʣʦʛʠʠ. ʊʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʨʝʞʠʤʦʤ ʩʝʪʠ ʜʣʷ ʜʦʩʪʠ-

ʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʦʪʨʝ-

ʙʠʪʝʣʷʤ. ɼʘʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʧʦʟʚʦʣʠʪ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʨʠʙʳʣʴ ʵʥʝʨʛʦʩʥʘʙʞʘʶʱʠʭ ʢʦʤʧʘʥʠʡ. 

ɺ ʨʘʙʦʪʝ [7] ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʦʧʦʣʥʠʪʴ ʠʤʝʶʱʠʝʩʷ ʦʜʥʦʣʠʥʝʡʥʳʝ ʩʭʝʤʳ ʠ ʙʘʟʫ ʜʘʥʥʳʭ, ʟʘʣʦ-

ʞʝʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʫ DeviceDataManagementSystem (DDMS) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʦʪʦʙʨʘʞʝʥʠʝʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʞʠʤʘ, ʤʦʥʠʪʦʨʠʥʛʦʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʩʝʪʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʩʙʦ-

ʨʦʤ ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʪʝʡ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʣʘʥʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠ-

ʝʤ ʠ ʧʨʦʮʝʩʩʦʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʀʉ ʚ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʀʉ, ʥʘʧʨʘʚ-

ʣʝʥʥʦʡ ʥʘ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʜʦʙʳʯʠ, ʧʫʪʝʤ ʟʘʱʠʪʳ ʧʦ-

ʪʨʝʙʠʪʝʣʝʡ ʦʪ ʧʨʦʚʘʣʦʚ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʨʦʚʘʣʳ ʥʘʧʨʷʞʝʥʠʷ ʢʘʢ ʪʘʢʦʚʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʇʕʋ ʦʪʢʘʟʘʤʠ ʵʣʝʢʪʨʦʩʥʘʙ-

ʞʝʥʠʷ, ʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ ʥʝʨʘʮʠʦʥʘʣʴʥʦ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʧʨʦʚʦʮʠʨʦ-

ʚʘʪʴ ʦʩʪʘʥʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ. 
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ʇʨʦʚʘʣʳ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʚʳʟʳʚʘʶʪ ʦʩʪʘʥʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʚʚʠʜʫ ʩʥʠʞʝʥʠʷ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ, ʦʪʧʘ-

ʜʝʥʠʷ ʢʦʥʪʘʢʪʦʚ ʢʦʥʪʘʢʪʦʨʦʚ ʚ ʮʝʧʷʭ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʘʤʠ ʠ ʜʨ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʥʝʢʦ-

ʪʦʨʳʭ ʩʠʣʦʚʳʭ ʧʨʠʚʦʜʦʚ, ʠʤʝʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ, ʧʨʦʚʘʣʳ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ 

ʥʝ ʚʳʟʚʘʪʴ ʦʩʪʘʥʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʧʨʝʜʝʣʠʤ ʥʝʢʦʪʦʨʳʝ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʩʪʘʥʦʚʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʧʨʦʚʘʣʘ 

ʥʘʧʨʷʞʝʥʠʷ: 

- ʩʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʠʞʝ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚʩʝ ʧʨʠʚʦʜʳ 

ʜʦʣʞʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ 0,9 ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ, ʪʘʢ ʢʘʢ ʵʪʦ ʜʦʧʫʩʢʘʝʪ ɻʆʉʊ ʈ 54149-2010, 

ʘ ʧʨʦʚʘʣ ʥʘʧʨʷʞʝʥʠʷ ʚʝʣʠʯʠʥʦʡ ʤʝʥʴʰʝ 0,9 ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʠʣʠ ʥʝ ʚʳʟʚʘʪʴ ʦʩʪʘ-

ʥʦʚ ʧʨʠʚʦʜʘ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ; 

- ʧʝʨʝʛʨʫʟʢʘ ʧʠʪʘʶʱʝʡ ʩʝʪʠ; ʧʝʨʝʜʘʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʥʝʣʠʥʝʡʥʦ ʩʚʷʟʘʥʘ ʩ ʧʦʪʝʨʷʤʠ ʥʘ-

ʧʨʷʞʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʝʨʝʛʨʫʞʝʥʥʦʡ ʩʝʪʠ ʧʨʦʚʘʣ ʥʘʧʨʷʞʝʥʠʷ ʙʫ-

ʜʝʪ ʛʣʫʙʞʝ, ʯʝʤ ʚ ʪʘʢʦʡ ʞʝ ʥʝʜʦʛʨʫʞʝʥʥʦʡ ʩʝʪʠ ʠ ʩʣʦʞʥʝʝ ʙʫʜʫʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʧʨʠ ʵʪʦʤ. 

ʅʘ ʚʝʣʠʯʠʥʫ ʠ ʜʠʥʘʤʠʢʫ ʧʨʦʚʘʣʘ ʥʘʧʨʷʞʝʥʠʷ ʚʣʠʷʝʪ ʫʜʘʣʝʥʥʦʩʪʴ ʪʦʯʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘ-

ʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ [2], ʥʘʛʨʫʟʢʘ ʩʝʪʠ (ʥʘʧʨʷʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ), ʥʝʩʠ-

ʥʫʩʦʠʜʘʣʴʥʦʩʪʴ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ [4], ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʫʤʝʥʴʰʘʶʱʘʷ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʝʡ ʠ ʜʨ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʦʚʘʣʘ ʥʘʧʨʷʞʝʥʠʷ ʣʶʙʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʦʜʢʣʶʯʝʥʠʝ ʦʩʦʙʦ ʚʘʞʥʳʭ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʘʚʪʦʥʦʤʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ 

(ɸʀʇ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʧʦʧʫʪʥʦʤ ʥʝʬʪʷʥʦʤ ʛʘʟʝ. ɼʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦ-

ʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ɸʀʇ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦ-

ʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

V ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʧʨʦʚʘʣ ʥʘʧʨʷʞʝʥʠʷ; 

V ʨʘʩʧʦʟʥʘʝʪ ʧʨʦʚʘʣ ʥʘʧʨʷʞʝʥʠʷ ʚʳʟʳʚʘʶʱʠʡ ʦʩʪʘʥʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʜʦʙʳʯʠ 

ʥʝʬʪʠ; 

V ʬʦʨʤʠʨʫʝʪ ʙʘʟʫ ʟʥʘʥʠʡ ʦʙ ʫʨʦʚʥʷʭ ʧʨʦʚʘʣʦʚ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʦʩʪʘʥʦʚ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ; 

V ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʧʦʜʢʣʶʯʝʥʠʠ ʧʦʪʨʝʙʠʪʝʣʷ ʢ ɸʀʇ. 

ɼʣʷ ʚʥʝʜʨʝʥʠʷ ʪʘʢʦʡ ʀʉ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʘʢʪʠʚʥʦ ʧʨʠʚʣʝʢʘʪʴ ʧʦʪʨʝʙʠʪʝʣʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʢ ʫʧʨʘʚʣʝʥʠʶ ʨʝʞʠʤʦʤ [3], ʯʪʦʙʳ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʦ ʧʦʚʳʰʝ-

ʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʇʦ ʩʫʪʠ, ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝ-

ʥʠʷ, ʩʦʙʠʨʘʶʱʫʶ ʜʘʥʥʳʝ ʦ ʧʦʪʨʝʙʠʪʝʣʝ ʠ ʨʝʞʠʤʝ ʩʝʪʠ ʠ ʧʨʠʥʠʤʘʶʱʫʶ ʨʝʰʝʥʠʷ ʜʣʷ ʚʩʝʛʦ ʵʣʝʢ-

ʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ + ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ 

ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ). 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʯʘʩʪʴʶ ʪʘʢʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ ʩʝʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʩʦʚʤʝʩʪʥʦ, ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʘʥʦʨʤʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʕʉ, ʚʳʟʳʚʘʶʱʠʭ ʦʩʪʘʥʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ɹʝʟʫʩʣʦʚʥʦ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʜʦʣʞʥʘ 

ʦʪʩʣʝʞʠʚʘʪʴ ʤʥʦʛʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʥʘʛʨʫʟʢʫ, ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʜʨ. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʦʜʠʥ ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ï ʧʨʦʚʘʣ ʥʘʧʨʷʞʝʥʠʷ. ɺ ɻʆʉʊ 

ʈ 54149-2010 ʧʨʦʚʘʣʦʤ ʥʘʧʨʷʞʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʟʥʘʯʝʥʠʝ 90% ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʜʣʠʪʝʣʴʥʦ-

ʩʪʴʶ ʙʦʣʝʝ 10 ʤʩ ʜʦ 1 ʤʠʥ.  

ʇʨʝʜʣʦʞʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʙʣʦʢʠ: 

1. ɹʣʦʢ ʩʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʚ ʪʨʝʙʫʝʤʳʭ ʪʦʯʢʘʭ ʩʝʪʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʦʯʢʘʤʠ ʧʦʩʪʘʥʦʚ-

ʢʠ ʜʘʪʯʠʢʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʚʘʣʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʘʛʨʫʟʢʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʧʦ-

ʪʨʝʙʠʪʝʣʠ, ʠʤʝʶʱʠʝ ʙʦʣʴʰʠʝ ʫʱʝʨʙʳ ʧʨʠ ʦʪʢʘʟʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

2. ɹʣʦʢ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʤ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʧʨʦʚʘʣ ʥʘʧʨʷʞʝʥʠʷ ʠ ʨʘʩʧʦʟʥʘʝʪʩʷ 

ʦʪʢʘʟ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʇʦʜ ʦʪʢʘʟʦʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʥʠʤʘʝʤ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʣʫʯʘʝ ʧʨʦʚʘʣʘ ʥʘʧʨʷʞʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 1 ʤʠʥ, ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪ 

ʦʩʪʘʥʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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3. ɹʘʟʘ ʟʥʘʥʠʡ, ʚ ʢʦʪʦʨʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʚʝʣʠʯʠʥʘʤʠ ʧʨʦʚʘʣʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʘʛʨʫʟʢʠ ʩʝʪʠ 

ʩʪʘʚʠʪʴʩʷ ʷʚʣʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʩʪʘʥʦʚʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʜʦʙʳʯʠ ʥʝʬʪʠ. ɹʘʟʘ 

ʟʥʘʥʠʡ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʝʪʠ. 

ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʩʪʘʥʦʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʧʨʦʚʘʣʘ ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʥʝʡʨʦʥʥʫʶ LVQ (Learning Vector Quantization)-ʩʝʪʴ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʶ, ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, 

ʘ ʪʘʢʞʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʪʘʢʫʶ ʛʣʫʙʠʥʫ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪ ʦʩʪʘʥʦʚ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫ ʧʦʪʨʝʙʠʪʝʣʷ (ʪʦ ʝʩʪʴ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ). 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ LVQ-ʩʝʪʝʡ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʚʘʣʘ ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʦʠʪ ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʪʦ ʝʩʪʴ ʠʩʢʣʶʯʝʥʠʷ ʵʢʩʧʝʨʪʥʦʡ (ʨʘʩʯʝʪʥʦʡ) ʦʰʠʙʢʠ, ʦʙʫʩʣʦʚ-

ʣʝʥʥʦʡ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʥʝʪʦʯʥʦʩʪʴʶ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ ʦ ʵʣʝʢʪʨʦʧʦʪʨʝʙʠʪʝʣʷʭ, ʜʠʥʘʤʠʯʥʦʩʪʴʶ ʥʘʛʨʫʟʢʠ. ʉ ʥʘʢʦʧʣʝʥʠʝʤ ʙʘʟʳ ʟʥʘʥʠʡ ʀʉ ʙʫʜʝʪ 

ʫʪʦʯʥʷʪʴ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʥʝ ʚʳ-

ʧʦʣʥʷʪʴ ʠʟʣʠʰʥʠʭ ʧʝʨʝʢʣʶʯʝʥʠʡ ʥʘ ɸʀʇ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʦʚʘʣʘ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ ʜʚʘ ʤʘʩʩʠʚʘ. ʇʝʨʚʳʡ ʤʘʩʩʠʚ ʩʦʜʝʨʞʠʪ ʚʭʦʜʥʳʝ ʚʝʢʪʦʨʳ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʥʘ-

ʧʨʷʞʝʥʠʷ ʧʦ ʬʘʟʘʤ, ʦʪʥ. ʝʜ. [5] ʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ, ʦʪʥ. ʝʜ. ʄʘʩʩʠʚ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ 

ʤʦʞʥʦ ʨʘʩʰʠʨʠʪʴ ʫʯʝʪʦʤ ʧʝʨʝʜʘʚʘʝʤʦʡ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ, 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ [3] ʠ ʜʨ. ɺʪʦʨʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʭʦʜʥʳʭ ʚʝʢ-

ʪʦʨʦʚ ʩʦʩʪʦʷʥʠʶ ʦʩʪʘʥʦʚ/ʨʘʙʦʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʬʪʝʧʨʦʤʳʩʣʦ-

ʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʇʝʨʚʳʡ ʢʦʥʢʫʨʠʨʫʶʱʠʡ ʩʣʦʡ ʩʦʟʜʘʥʥʦʡ LVQ-ʩʝʪʠ ʠʤʝʝʪ 7 ʥʝʡʨʦʥʦʚ (ʦʜʠʥ ʢʣʘʩʩ ï ʥʦʨ-

ʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ, ʧʷʪʴ ʢʣʘʩʩʦʚ ʧʨʦʚʘʣʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʜʠʥ ʢʣʘʩʩ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ 

ʧʨʝʨʳʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʦʛʣʘʩʥʦ [1]). ɺʪʦʨʦʡ ʩʣʦʡ ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʣʘʩʩʘ ï ʦʩʪʘʥʦʚ ʠ ʨʘʙʦʪʘ ʦʩ-

ʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ ʠ ʦʪʤʝʯʝʥʳ ʮʝʥʪʨʳ ʠʭ ʢʣʘʩʪʝʨʠ-

ʟʘʮʠʠ ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ LVQ-ʩʝʪʠ. ʅʘ ʨʠʩ.2 ʧʦʩʪʨʦʝʥʳ ʦʙʣʘʩʪʠ ʪʦʯʝʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʜʚʫʤ 

ʢʣʘʩʩʘʤ ʦʙʫʯʝʥʥʦʡ LVQ-ʩʝʪʠ: ʩʣʝʚʘ ï ʧʨʦʚʘʣ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʟʚʘʚʰʠʡ ʦʩʪʘʥʦʚ ʥʘʩʦʩʥʦʛʦ ʵʣʝʢʪʨʦ-

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʧʨʘʚʘ ï ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ ʠ ʫʨʦʚʥʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʪʠ. ɸʥʘʣʠʟ ʨʠʩʫʥʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʨʘʥʠʮʘ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʀʉ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʰʘʛʦʤ ʢ ʩʦʟʜʘʥʠʶ smart-

ʩʝʪʠ ʠ ʧʨʠ ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʙʝʟʦʪʢʘʟʥʳʤ. 

 

 

ʈʠʩ. 1. ɺʭʦʜʥʳʝ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ 
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ʈʠʩ. 2. ʆʙʣʘʩʪʠ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʠ ʦʪʢʘʟʘ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

 

ɺʓɺʆɼʓ: 

1. ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠ-

ʝʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

2. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʘʥʥʳʝ ʦ ʪʦʧʦʣʦ-

ʛʠʠ ʩʝʪʝʡ, ʩʦʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʩʠʩʪʝʤʳ ʠ ʭʨʘʥʠʪʴ ʵʪʠ 

ʜʘʥʥʳʝ. 

3. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʚʳʨʘ-

ʙʘʪʳʚʘʪʴ ʫʧʨʘʚʣʷʶʱʠʝ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʘʢʦʧʣʝʥʥʦʤ ʦʧʳʪʝ ʠ ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

4. ʄʦʜʫʣʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʫʯʘʝʤʳ, ʪʦ ʝʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʥʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʪʨʦ-

ʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

5. ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʝʥʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷ ʥʘ ʘʚʪʦʥʦʤʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ. 
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ɸ.ʇ. ɿʘʨʝʮʢʠʡ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʛ. ɼʦʣʛʦʧʨʫʜʥʳʡ, ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 
(ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʂ.ʉ. ʄʠʪʷʛʠʥ 

ʘʩʧʠʨʘʥʪ, ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 
ʛ. ɼʦʣʛʦʧʨʫʜʥʳʡ, ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ɸʅɸʃʀɿ ʀɿʄɽʅɽʅʀʁ ɻɽʄʆɼʀʅɸʄʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ ʉʆʉʋɼʆɺ  
ɻʆʃʆɺʅʆɻʆ ʄʆɿɻɸ ʇʈʀ ʊʈɸʅɿʀʊʆʈʅʓʍ ʀʐɽʄʀʏɽʉʂʀʍ ɸʊɸʂɸʍ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʤʦʙʠʣʴʥʳʭ ʠʥʬʨʘʢʨʘʩʥʳʭ ʢʘʤʝʨ ʩ ʮʝʣʴʶ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦ-

ʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʞʠ ʣʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʞʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 
ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʪʨʘʥʟʠʪʦʨʥʳʭ ʠʰʝʤʠʯʝʩʢʠʭ ʘʪʘʢ ʫ ʙʦʣʴʥʳʭ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʨʠʩʢʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʩʫʣʴʪʘ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʦʛʨʘʤʤ-
ʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ ʪʝʧʣʦʚʦʡ ʜʠʩʨʝʛʫʣʷʮʠʠ, 

ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʠ ʥʘʨʫʰʝʥʠʷʭ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʘʨʪʝʨʠʡ ʚ ʢʘʨʦʪʠʜʥʦʤ ʙʘʩʩʝʡʥʝ ʛʦʣʦʚʥʦ-
ʛʦ ʤʦʟʛʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʭ ʚʠʜʝʦʟʘʧʠʩʝʡ ʧʘʮʠʝʥʪʘ ʧʨʠ ʦʮʝʥʢʝ 
ʠʟʤʝʥʝʥʠʡ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʣʶʯʝʚʳʭ ʦʙʣʘʩʪʷʭ ʚʘʩʢʫʣʷʨʠʟʘʮʠʠ ʘʨʪʝʨʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʟʠʪʦʨʥʳʝ ʠʰʝʤʠʯʝʩʢʠʝ ʘʪʘʢʠ; ʠʥʩʫʣʴʪ; ʤʦʙʠʣʴʥʳʝ ʠʥʬʨʘʢʨʘʩʥʳʝ 
ʢʘʤʝʨʳ; ʨʘʥʥʷʷ ʜʠʘʛʥʦʩʪʠʢʘ; ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʜʠʩʨʝʛʫʣʷʮʠʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ  

ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ˉ14.Y30.17.1897-MK 

ʊʨʘʥʟʠʪʦʨʥʳʝ ʠʰʝʤʠʯʝʩʢʠʝ ʘʪʘʢʠ (ʊʀɸ) ʷʚʣʷʶʪʩʷ ʦʩʪʨʦ ʚʦʟʥʠʢʘʶʱʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʢʨʦ-

ʚʦʩʥʘʙʞʝʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʦʯʘʛʦʚʳʤʠ ʠ ʦʙʱʝʤʦʟʛʦʚʳʤʠ ʩʠʤʧʪʦʤʘʤʠ 
ʠʣʠ ʠʭ ʩʦʯʝʪʘʥʠʝʤ. ʅʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʩʠʤʧʪʦʤʳ ʧʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʭʨʘʥʷʶʪʩʷ ʦʪ ʥʝʩʢʦʣʴ-

ʢʠʭ ʤʠʥʫʪ ʜʦ 24 ʯʘʩʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ï ʵʧʠʣʝʧʩʠʝʡ, ʨʘʩʩʝ-
ʷʥʥʳʤ ʩʢʣʝʨʦʟʦʤ, ʦʧʫʭʦʣʴʶ ʤʦʟʛʘ ʠ ʪ.ʧ. [1]. ʕʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ 

ʧʦʢʘʟʘʣʠ, ʯʘʩʪʦʪʘ ʊʀɸ ʩʨʝʜʠ ʤʫʞʯʠʥ ʚ ʚʦʟʨʘʩʪʝ 65ï69 ʣʝʪ ʩʦʩʪʘʚʣʷʝʪ 2.7% (1.6% ʩʨʝʜʠ ʞʝʥʱʠʥ), 
ʚ ʢʘʪʝʛʦʨʠʠ 75ï79 ʣʝʪ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 3.6 ʠ 4.1% [2]. ɺʦʟʤʦʞʝʥ ʚʳʩʦʢʠʡ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʠʥʩʫʣʴʪʘ 

ʩʨʘʟʫ ʧʦʩʣʝ ʊʀɸ ʫ 10ï15% ʧʘʮʠʝʥʪʦʚ, ʠʰʝʤʠʯʝʩʢʦʛʦ ʠʥʩʫʣʴʪʘ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʧʦʩʣʝ ʊʀɸ, 
ʫ 10% ï ʚ ʪʝʯʝʥʠʝ 3 ʤʝʩʷʮʝʚ, ʫ 20% ï ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. ʇʨʠʯʠʥʘ ʪʨʘʥʟʠʪʦʨʥʦʡ ʠʰʝʤʠʯʝʩʢʦʡ ʘʪʘʢʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʠʠ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠʟ-ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʦʤ-
ʙʦʚ ʠʣʠ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʚ ʩʦʩʫʜʘʭ. ɽʩʣʠ ʧʦʚʨʝʞʜʝʥʠʷ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʢʘʨʦʪʠʜʥʦʤ 

ʙʘʩʩʝʡʥʝ ʠ ʧʦʚʨʝʞʜʝʥʳ ʩʦʥʥʳʝ ʘʨʪʝʨʠʠ, ʪʦ ʫ ʯʝʣʦʚʝʢʘ ʥʘʨʫʰʘʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʷ ʜʚʠʞʝʥʠʡ, ʨʝʯʴ, 
ʟʨʝʥʠʝ (ʚʦʟʤʦʞʥʘ ʚʨʝʤʝʥʥʘʷ ʩʣʝʧʦʪʘ ʠʣʠ ʩʥʠʞʝʥʠʝ ʟʨʝʥʠʷ ʥʘ ʦʜʥʦʤ ʛʣʘʟʫ). ʊʘʢʞʝ ʨʘʟʚʠʚʘʝʪʩʷ 

ʧʘʨʝʟ, ʧʨʠʯʝʤ ʧʦʨʘʞʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʢʘʷ-ʣʠʙʦ ʦʜʥʘ ʦʙʣʘʩʪʴ ʪʝʣʘ ʠʣʠ ʛʨʫʧʧʘ ʤʳʰʮ, ʥʘ-
ʧʨʠʤʝʨ, ʧʘʨʝʟ ʢʠʩʪʠ ʠʣʠ ʩʪʦʧʳ ʠ ʧʘʣʴʮʝʚ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʪʨʘʥʟʠʪʦʨʥʫʶ ʠʰʝʤʠʯʝʩʢʫʶ ʘʪʘʢʫ ʚ 60% ʩʣʫʯʘʝʚ ʥʝ ʨʘʩʧʦʟʥʘʶʪ ʚʦʚʨʝʤʷ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʤʥʦʛʠʝ ʙʦʣʴʥʳʝ ʯʘʩʪʦ ʥʝʜʦʦʮʝʥʠʚʘʶʪ ʩʝʨʴʝʟʥʦʩʪʴ ʩʠʤʧʪʦʤʦʚ ʠ ʥʝ ʦʙ-
ʨʘʱʘʶʪʩʷ ʢ ʚʨʘʯʫ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘʯʘʩʪʫʶ ʚʦʟʥʠʢʘʝʪ ʚʦ ʩʥʝ ʠ ʥʝ ʠʤʝʝʪ ʚʠʜʠʤʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʝʚʦʟʤʦʞʥʦ ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʯʘʩʪʦʪʫ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ. ɺʨʘʯʠ 
ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʪʨʘʥʟʠʪʦʨʥʳʝ ʠʰʝʤʠʯʝʩʢʠʝ ʘʪʘʢʠ ʩʣʫʯʘʶʪʩʷ ʫ 12ï35% ʣʶʜʝʡ ʩʪʘʨʰʝ 50 ʣʝʪ. 

ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʧʘʮʠʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʳʭ ʠʥʬʨʘʢʨʘʩʥʳʭ ʢʘʤʝʨ, 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʪʝʩʪʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʠʰʝʤʠʯʝʩʢʦʛʦ ʠʥʩʫʣʴʪʘ [3]. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘ-
ʪʝʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʨʫ-

ʰʝʥʠʷʤʠ ʣʦʢʘʣʴʥʦʛʦ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʧʨʠʪʦʢʘ ʢʨʦʚʠ, ʚʳʟʚʘʥʥʦʝ ʦʢʢʣʶʟʠʝʡ ʩʦʩʫʜʦʚ 
ʚ ʦʙʣʘʩʪʠ ʠʩʪʦʯʥʠʢʘ ʧʘʪʦʛʝʥʝʟʘ, ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʯʝʤ ʜʘʥ-

ʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʘʯʘʩʪʫʶ ʦʧʝʨʝʞʘʶʪ ʜʨʫʛʠʝ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ. ʊʘʢ, ʨʝʟʫʣʴʪʘʪʳ ʥʝʢʦʪʦʨʳʭ 
ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʥʘʙʣʶʜʘʝʤʳʤʠ ʥʘ ʪʝʨʤʦʛʨʘʬʠ-
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ʯʝʩʢʠʭ ʩʥʠʤʢʘʭ ʦʯʘʛʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʠʩʨʝʛʫʣʷʮʠʠ ʠ ʫʯʘʩʪʢʘʤʠ ʣʦʢʘʣʠʟʘʮʠʠ ʪʨʦʤʙʘ [4]. ʇʦʯʪʠ 

ʫ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ ʩ ʦʩʪʨʦʡ ʦʢʢʣʶʟʠʝʡ ʩʦʩʫʜʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʥʘʙʣʶʜʘʣʠʩʴ ʭʘʨʘʢʪʝʨʥʳʝ ʧʘʪ-

ʪʝʨʥʳ ʪʝʧʣʦʚʦʡ ʘʩʩʠʤʝʪʨʠʠ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʘʟʥʦʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠʥʠʤʘʶʱʝʡ ʟʥʘʯʝʥʠʝ 
ʚ ʜʠʘʧʘʟʦʥʝ 0.5 ʜʦ 1.5 ÁC. ɼʣʷ ʧʘʮʠʝʥʪʦʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʨʘʟʥʠʮʘ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʞ-

ʜʫ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʧʦʣʦʚʠʥʘʤʠ ʣʠʮʘ ʥʘ ʫʯʘʩʪʢʘʭ ʚʘʩʢʫʣʷʨʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʝʡ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʠ 
ʩʨʝʜʥʝʡ ʤʦʟʛʦʚʦʡ ʘʨʪʝʨʠʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 0.5 ÁC. 

ɼʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʚʦʟʥʠʢʘʶʱʠʭ ʊʀɸ 

ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʭ ʚʠ-

ʜʝʦʟʘʧʠʩʝʡ ʧʘʮʠʝʥʪʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʨʠʩʢʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʩʫʣʴʪʘ. ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʧʦʣʥʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ: 

- ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʙʣʘʩʪʠ ʣʠʮʘ; 

- ʦʪʩʣʝʞʠʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʧʦʣʦʞʝʥʠʷ ʢʦʥʪʫʨʥʳʭ ʛʨʘʥʠʮ ʣʠʮʘ; 

- ʚʳʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʦʯʝʢ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ ʣʠʮʘ; 

- ʩʝʛʤʝʥʪʘʮʠʷ ʢʣʶʯʝʚʳʭ ʦʙʣʘʩʪʝʡ ʚʘʩʢʫʣʷʨʠʟʘʮʠʠ ʘʨʪʝʨʠʡ; 

- ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʨʘʟʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʆʧʠʰʝʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʫʨ-

ʥʳʭ ʛʨʘʥʠʮ ʣʠʮʘ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ 

ʛʨʘʥʠʯʥʳʭ ʪʦʯʝʢ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʨʦʝʢʮʠʷʭ ʠʟʦʙʨʘʞʝʥʠʷ [5]. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʧʦʣʦ-

ʞʝʥʠʡ ʦʙʣʘʩʪʠ ʣʠʮʘ ʥʘ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣ ʚʳʙʨʘʥ ʠʪʝʨʘʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʃʫʢʘʩʘ-

ʂʘʥʘʜʝ [6]. ʇʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʷʣʦʩʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʤʝʨʥʦʛʦ ʬʠʣʴʪʨʘ ɻʘʫʩʩʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʢ ʩʣʫ-

ʯʘʡʥʳʤ ʰʫʤʘʤ. 
 

 

ʈʠʩ. 1. ʐʘʙʣʦʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʪʦʯʝʢ ʣʠʮʘ 
 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʳ ʣʠʮʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʛʨʘʥʠʮʘʤ ʢʦʥ-

ʪʫʨʦʚ ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʣʠʮʘ (ʛʣʘʟʘ, ʥʦʩ, ʧʝʨʠʬʝʨʠʡʥʳʝ ʪʦʯʢʠ). ʇʨʝʜʣʦʞʝʥʥʳʡ ʰʘʙʣʦʥ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʪʦʯʝʢ ʣʠʮʘ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʩʪʦʧʦ-

ʣʦʞʝʥʠʷ ʤʝʪʦʢ ʥʘ ʨʝʘʣʴʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʨʝʰʘʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʘʷ ʟʘʜʘʯʘ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʩʨʝʜ-

ʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʤʝʞʜʫ ʨʝʘʣʴʥʳʤʠ ʠ ʦʮʝʥʦʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʦʞʝʥʠʡ ʤʝʪʦʢ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ. ʊʦʯʝʯʥʦʝ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʬʦʨʤʳ ʣʠʮʘ ʜʝʣʘʝʪ ʝʝ ʫʜʦʙʥʦʡ ʜʣʷ ʨʘʟʜʝʣʝ-

ʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʮʘ ʥʘ ʟʘʜʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʫʯʘʩʪʢʠ. ʇʨʠ ʦʙʫʯʝʥʠʠ ʤʦʜʝʣʠ ʚʥʝʰʥʝʡ ʬʦʨ-

ʤʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʤʝʪʦʜ ʚʳʜʝʣʝ-

ʥʠʷ ʢʣʶʯʝʚʳʭ ʦʙʣʘʩʪʝʡ ʨʘʩʩʯʠʪʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʩ ʧʦʤʦʱʴʶ ʥʝʢʦʪʦʨʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʦʡ ʚʳʙʦʨʢʝ [7]: 
L2R)I(F:M ­  (1) 

ʛʜʝ: ὓï ʦʪʦʙʨʘʞʝʥʠʝ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʧʘʨʳ 

ʢʦʦʨʜʠʥʘʪ (ὼ, ώ) ʜʣʷ ʢʘʞʜʦʡ ʠʟ N ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ; Ὂï ʬʫʥʢʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʝʛʦ 
ʧʨʠʟʥʘʢʠ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʙʠʥʘʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʠʛ-

ʨʳʰ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʘʯʝʩʪʚʘ ʦʮʝʥʢʠ ʧʦʣʦʞʝʥʠʷ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʙʨʘʙʦʪʢʫ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʥʮʠʧ ʣʦʢʘʣʴʥʦʩʪʠ (ʟʥʘʯʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩʦʜʝʨʞʠʪʩʷ ʚ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ 

ʢʣʶʯʝʚʦʡ ʪʦʯʢʠ). ɺʳʜʝʣʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʨʠʩ. 2) ʧʦʟʚʦʣʷʝʪ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʝʩʫʱʝʩʪʚʝʥ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʥʠʟʠʪʴ ʟʘʰʫʤʣʝʥʥʦʩʪʴ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʦʙʦʙʱʘʶʱʫʶ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʤʦʜʝʣʠ. ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʤʝʪʦʢ ʚʳʧʦʣʥʷʝʪʩʷ ʦʮʝʥʢʘ 

ʨʘʟʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʞʜʫ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʧʦʣʦʚʠʥʘʤʠ ʣʠʮʘ ʥʘ ʢʣʶʯʝʚʳʭ ʦʙʣʘʩʪʷʭ ʚʘʩʢʫʣʷ-

ʨʠʟʘʮʠʠ ʘʨʪʝʨʠʡ. 

 

 

ʈʠʩ. 2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʙʠʥʘʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ 
 

ɼʣʷ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʭ ʚʠʜʝʦʟʘʧʠʩʝʡ ʧʘʮʠʝʥʪʘ ʚʳʧʦʣʥʷʣʦʩʴ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Python. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ 

ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʩ ʧʨʦʮʝʩʩʦʨʦʤ Intel i5-4200M ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 2.50 ɻɻʮ ʠ ʦʧʝʨʘ-

ʪʠʚʥʦʡ ʧʘʤʷʪʴʶ ʦʙʲʝʤʘ 4 Gb. ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʚʳʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʤʝʪʦʢ ʣʠʮʘ 

ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʚʠʟʠʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ NVIE-ʜʘʪʘʩʝʪʘ, ʢʦʪʦʨʳʭ 73 ʠʟʦʙʨʘ-

ʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ, ʘ 30 ʠʟʦʙʨʘʞʝʥʠʡ ï ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ-

ʩʪʠ [8]. ʆʪʣʘʜʢʘ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʪʝʩʪʦʚʦʡ ʚʠʜʝʦʟʘʧʠʩʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 5 ʤʠʥʫʪ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʘʷ ʨʘʟʤʝʪʢʘ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʨʘʩʯʝʪ ʩʨʝʜʥʝʡ ʨʘʟʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʷʭ 

ʚʘʩʢʫʣʷʨʠʟʘʮʠʠ ʘʨʪʝʨʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʨʘʙʦʪʳ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʪʨʘʢʪʘ ʦʙʨʘʙʦʪʢʠ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴ-

ʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʠ ʵʪʦʤ ʜʠʩʧʝʨʩʠʷ ʦʰʠʙʢʠ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʧʨʝʚʳʰʘʣʘ 0.03 ÁC. 
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ɸ.ɹ. ʂʘʪʝʨʤʠʥ 

ʚʝʜʫʱʠʡ ʠʥʞʝʥʝʨ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʊ.ʉ. ʂʘʪʝʨʤʠʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʈɽʐɽʅʀɽ ɿɸɼɸʏʀ ʈɸʉʂʈɸʉʂʀ ɻʈɸʌɸ ʉ ʇʆʄʆʑʔʖ  
ʈɸʉʇɸʈɸʃʃɽʃɽʅʅʓʍ ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ɻɽʅɽʊʀʏɽʉʂʀʍ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʧʦʤʦ-

ʱʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ɿʘʜʘʯʘ ʨʘʩʢʨʘʩʢʠ ʛʨʘʬʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʚ ʪʝʦʨʠʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʥʘʭʦʜʠʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʦʩʪʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʡ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʛʠʩʪʨʦʚ ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘʭ, ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʨʝʰʝʥʠʝ ʟʘ-

ʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ ʠ ʪ.ʜ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʚʦʣʶʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ; ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ; ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʝ; ʨʘʩʢʨʘʩʢʘ ʛʨʘʬʦʚ; ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ; ʧʘʨʘʣʣʝʣʴʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ. 

ʈʘʩʢʨʘʩʢʦʡ ʛʨʘʬʘ ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʦʝ ʧʨʠʧʠʩʳʚʘʥʠʝ ʮʚʝʪʦʚ (ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ, ʤʝʪʦʢ) ʝʛʦ 

ʚʝʨʰʠʥʘʤ, ʯʪʦ ʥʠʢʘʢʠʝ ʜʚʝ ʩʤʝʞʥʳʝ ʚʝʨʰʠʥʳ ʥʝ ʧʦʣʫʯʘʶʪ ʦʜʠʥʘʢʦʚʳʡ ʮʚʝʪ. ʅʘʠʤʝʥʴʰʝʝ ʚʦʟ-

ʤʦʞʥʦʝ ʯʠʩʣʦ ʮʚʝʪʦʚ ʚ ʨʘʩʢʨʘʩʢʝ ʥʘʟʳʚʘʝʪʩʷ ʭʨʦʤʘʪʠʯʝʩʢʠʤ ʯʠʩʣʦʤ [3]. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʩʢʨʘʩʢʘ ʛʨʘʬʦʚ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ: ʩʦ-

ʩʪʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʡ (ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ, ʚ ʩʧʦʨʪʝ, ʜʣʷ ʢʦʤʤʫ-

ʥʘʣʴʥʳʭ ʩʣʫʞʙ ʠ ʜʨʫʛʠʝ), ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʛʠʩʪʨʦʚ ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘʭ, ʚ ʢʦʤʧʠʣʷʪʦʨʘʭ, ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʯʘʩʪʦʪ, ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʮʠʬʨʦʚʳʝ ʚʦʜʷʥʳʝ ʟʥʘʢʠ ʠ ʜʨʫʛʠʝ. 

ʉʫʱʝʩʪʚʫʝʪ çʪʦʯʥʳʡ ʘʣʛʦʨʠʪʤè ʤʠʥʠʤʘʣʴʥʦʡ ʨʘʩʢʨʘʩʢʠ ʛʨʘʬʘ. ɼʣʷ ʵʪʦʛʦ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʚʝʨhʠʥ ʛʨʘʬʘ ʚʳʙʠʨʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ʥʝʩʤʝʞʥʳʭ ʚʝʨʰʠʥ ʠ ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʧʝʨʚʳʡ 

ʮʚʝʪ. ɿʘʪʝʤ ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʨʝʢʫʨʩʠʚʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʦʩʪʘʚʰʝʛʦʩʷ ʤʥʦʞʝʩʪʚʘ ʚʝʨʰʠʥ.  

ʆʜʥʘʢʦ ʟʘʜʘʯʘ ʨʘʩʢʨʘʩʢʠ ʛʨʘʬʘ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʩʣʦʞʥʦʡ, ʪ.ʝ. ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ 

çʪʦʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘè ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʣʦʞʥʦʩʪʠ ʨʘʩʪʫʪ ʬʘʢʪʦʨʠʘʣʴʥʦ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʙʫʜʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʣʠʙʦ ʞʘʜʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʥʘʭʦʜʷʪ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ, ʥʦ ʟʘʪʦ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳ [3]. 

ɸʣʛʦʨʠʪʤ ʧʨʷʤʦʛʦ ʧʝʨʝʙʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʦʢʨʘʰʠʚʘʥʠʠ ʚʝʨʰʠʥ ʚ ʤʠʥʠ-

ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʮʚʝʪ [2]. ʇʨʦʮʝʜʫʨʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C ʨʝʘʣʠʟʫʶʱʘʷ ʜʘʥʥʳʡ ʘʣʛʦ-

ʨʠʪʤ, ʛʜʝ matrix ï ʤʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ, col ï ʤʘʪʨʠʮʘ ʮʚʝʪʦʚ, ʘ k ï ʢʦʣʠʯʝʩʪʚʦ ʦʢʨʘʰʝʥʥʳʭ ʚʝʨ-

ʰʠʥ, ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʪʘʢ: 
 

void col2(){ 

col[0]=1;k=1; 

for(i=1;i<10;i++){  

 for(j=1;j<=k;j++){  

  f=0; 

  for(j2=0;j2<i;j2++){  

   if(col[j2]==j){  

    if(matrix[i][ j2]!=0){  

    f=1; 

    };  

   }  

  }  

  if(f==0){  

  col[i]=j;break; 

  }  

 }  

 if(f==1){  
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 k=k+1;col[i]=k; 

 }  

}  

};  
 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʩʣʝʜʫʶʱʫʶ ʵʚʨʠʩʪʠʢʫ: ʥʘʯʠʥʘʪʴ ʨʘʩ-

ʢʨʘʰʠʚʘʪʴ ʩʣʝʜʫʝʪ ʩ ʚʝʨʰʠʥʳ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʧʦʩʢʦʣʴʢʫ, ʝʩʣʠ ʠʭ ʨʘʩʢʨʘʰʠʚʘʪʴ ʚ ʢʦʥʮʝ 

ʧʨʦʮʝʩʩʘ, ʪʦ ʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʜʣʷ ʥʠʭ ʥʝ ʥʘʡʜʝʪʩʷ ʩʚʦʙʦʜʥʦʛʦ ʮʚʝʪʘ ʠ ʧʨʠʜʝʪʩʷ ʟʘʜʝʡʩʪʚʦʚʘʪʴ 

ʝʱʝ ʦʜʠʥ ʮʚʝʪ [3]. 

ɼʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʙʦʪʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʣʦʞʥʦʩʪʠ ʜʘʞʝ ʫʣʫʯ-

ʰʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʘʝʪ ʜʘʣʝʢʠʡ ʨʝʟʫʣʴʪʘʪ ʦʪ ʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʯʠʩʣʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʝʨʝʜ ʥʘʤʠ ʚʩʪʘʝʪ ʚʦʧʨʦʩ: ʢʘʢ ʧʦʩʪʫʧʘʪʴ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʦʯʥʳʡ ʘʣʛʦʨʠʪʤ ʥʝ 

ʫʩʪʨʘʠʚʘʝʪ ʥʘʩ ʧʦ ʚʨʝʤʝʥʥʳʤ ʟʘʪʨʘʪʘʤ, ʘ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʮʚʝʪʦʚ? 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ çʞʘʜʥʦʡè ʵʚʨʠʩʪʠʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʚʤʝʩʪʠʪʴ ʝʝ ʩ ʵʚʦʣʶʮʠ-

ʦʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, ʪʝʤ ʩʘʤʳʤ ʤʦʜʠʬʠʮʠʨʫʷ ʝʛʦ. ʂʦʜʠʨʦʚʢʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ çʞʘʜʥʦʡè ʵʚʨʠʩʪʠʢʝ, 

ʦʩʥʦʚʘʥʘ ʥʘ ʫʧʦʨʷʜʦʯʠʚʘʥʠʠ ʚʝʨʰʠʥ ʛʨʘʬʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʘʣʛʦʨʠʪʤʦʤ, ʚʝʨ-

ʰʠʥʳ ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʡ ʣʦʢʘʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʚʝʨʰʠʥ ʠ ʟʘʪʝʤ ʵʪʘ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʢʦʜʠʨʫʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢʘʞʜʦʡ ʚʝʨʰʠʥʝ ʥʘʟʥʘʯʘʝʪʩʷ ʧʦ ʧʦʨʷʜʢʫ ʧʝʨʚʳʡ 

ʨʝʘʣʴʥʳʡ ʮʚʝʪ, ʛʜʝ ʨʝʘʣʴʥʦʩʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʚʝʪʦʚ ʧʨʠ ʨʘʩʢʨʘʩʢʝ ʧʨʝʜʳʜʫʱʠʭ 

ʚʝʨʰʠʥ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʢʦʜʠʨʦʚʢʠ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʨʘʩʢʨʘʩʢʠ ʛʨʘʬʘ ʫʧʦʨʷʜʦʯʠʚʘʝʪ ʚʝʨʰʠ-

ʥʳ ʛʨʘʬʘ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʘ ʟʘʪʝʤ ʜʝʢʦʜʠʨʫʝʪ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʞʘʜʥʦʡè ʵʚʨʠʩʪʠʢʦʡ. 

ɺʩʝ ʦʧʝʨʘʪʦʨʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʥʘʥʠʡ ʦ ʨʝʰʘʝʤʦʡ ʟʘʜʘ-

ʯʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʨʦʩʩʠʥʛʦʚʝʨ, ʤʫʪʘʮʠʷ ʠ ʛʝʥʝʨʘʮʠʷ ʭʨʦʤʦʩʦʤ [4] ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʯʪʦ ʫʯʠʪʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʛʨʘʬʘ (ʩʤʝʞʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʧʝʪʝʣʴ ʠ ʪ.ʜ.). 

ʅʝʩʤʦʪʨʷ ʥʘ ʷʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʘʜʥʳʤʠ ʵʚʨʠʩʪʠʢʘʤʠ, ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣ-

ʛʦʨʠʪʤʳ (ʜʘʞʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ) ʥʝ ʛʘʨʘʥʪʠʨʫʶʪ ʦʙʥʘʨʫʞʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘ ʥʘʠ-

ʣʫʯʰʝʝ ʚʨʝʤʷ. ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ çʧʨʠʝʤʣʝʤʦʝè ʨʝʰʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

çʧʨʠʝʤʣʝʤʳʭè ʨʝʩʫʨʩʦʚ: ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʪ.ʜ. ʋʤʝʥʴʰʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʪʨʘʯʠʚʘʝʤʳʭ ʨʝʩʫʨʩʦʚ ʤʦʞʥʦ, ʠʩʧʦʣʴʟʫʷ ʧʘʨʘʣʣʝʣʴʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ 

ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʢʘʢ ʟʘ 

ʩʯʝʪ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʠ ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞ-

ʥʳ ʚ ʩʣʫʯʘʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. ʊʘʢʞʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦ-

ʨʠʪʤʳ ʯʘʩʪʦ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʚʦʧʨʦʩʳ ʥʘʭʦʞʜʝʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ ʣʫʯʰʝ, ʯʝʤ ʧʨʦ-

ʩʪʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʜʚʘ ʩʧʦʩʦʙʘ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ: ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʦʮʝʥʢʘ ʧʨʠʛʦʜʥʦʩʪʠ 

(Master-Slave PGA, ɻʣʦʙʘʣʴʥʘʷ ʤʦʜʝʣʴ) ʠ ʤʫʣʴʪʠʧʦʧʫʣʷʮʠʦʥʥʳʝ ʇɻɸ (ʤʠʛʨʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʦʩʪ-

ʨʦʚʥʘʷ ʤʦʜʝʣʴ) [5]. 

ʇɻɸ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʦʮʝʥʢʦʡ ʧʨʠʛʦʜʥʦʩʪʠ (Master-Slave PGA, ɻʣʦʙʘʣʴʥʘʷ ʤʦʜʝʣʴ) ʠʩ-

ʧʦʣʴʟʫʝʪ ʝʜʠʥʩʪʚʝʥʥʫʶ ʧʦʧʫʣʷʮʠʶ. ʈʘʩʧʘʨʘʣʣʝʣʠʚʘʝʪʩʷ ʦʧʝʨʘʮʠʷ ʦʮʝʥʠʚʘʥʠʷ ʧʨʠʛʦʜʥʦʩʪʠ ʠʥʜʠ-

ʚʠʜʦʚ, ʪʘʢ ʢʘʢ ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʟʥʘʥʠʝ ʪʦʣʴʢʦ ʢʦʥʢʨʝʪʥʦʛʦ ʦʮʝʥʠʚʘʝʤʦʛʦ ʠʥʜʠʚʠʜʘ, ʘ ʥʝ ʚʩʝʡ 

ʧʦʧʫʣʷʮʠʠ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʨʦʩʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʧʨʠʙʣʠʞʘʶʱʠʡʩʷ ʢ ʢʦʣʠʯʝʩʪʚʫ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʭ ʫʟʣʦʚ. 

ʄʠʛʨʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ (ʦʩʪʨʦʚʥʘʷ ʤʦʜʝʣʴ) ʪʨʝʙʫʝʪ ʜʝʣʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʥʘ ʩʫʙʧʦʧʫʣʷʮʠʠ, ʢʘ-

ʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʠʟʦʣʠʨʦʚʘʥʥʦ ʦʪ ʚʩʝʭ ʜʨʫʛʠʭ (ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʠʟʦʣʷʮʠʷ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʥʜʠʚʠʜʳ ʢʦʥʢʫʨʠʨʫʶʪ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʢʨʝʪʥʦʡ ʩʫʙʧʦʧʫʣʷʮʠʠ. ʇʨʠ ʵʪʦʤ ʧʦʢʨʳ-

ʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʠʩʢʘ, ʩʫʱʝʩʪʚʫʝʪ ʤʘʣʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʩʭʦʜʠʤʦ-

ʩʪʠ, ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʚ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ, ʙʦʣʴʰʝʝ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʫʟʣʦʚ. 

1. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʨʘʩʢʨʘʩʢʠ ʠʩʭʦʜʥʳʭ 

ʛʨʘʬʦʚ ʚ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʮʚʝʪʦʚ, ʯʝʤ ʧʨʠ ʨʘʙʦʪʝ çʞʘʜʥʦʛʦè ʘʣʛʦʨʠʪʤʘ. 

2. ʇʨʠ ʨʘʙʦʪʝ ʇɻɸ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʦʮʝʥʢʦʡ ʧʨʠʛʦʜʥʦʩʪʠ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, 

ʢʨʦʤʝ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʞʘʜʥʦʛʦ ʧʦʠʩʢʘ. 
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3. ʄʫʣʴʪʠʧʦʧʫʣʷʮʠʦʥʥʳʡ ʇɻɸ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʩʭʦʜʠʤʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʫʣʴʪʠʧʦʧʫʣʷʮʠʦʥʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʟʘ-

ʜʘʯʫ ʨʘʩʢʨʘʩʢʠ ʛʨʘʬʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʮʚʝʪʦʚ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʶ-
ʙʦʛʦ ʠʟ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʣʛʦʨʠʪʤʦʚ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ:  
1) ʚ ʩʨʝʜʥʝʤ, ʨʝʰʝʥʠʝ, ʥʘʡʜʝʥʥʦʝ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪ-

ʤʘ, ʠʩʧʦʣʴʟʫʝʪ ʧʨʠ ʨʘʩʢʨʘʩʢʝ ʥʘ 2 ʮʚʝʪʘ ʤʝʥʴʰʝ, ʯʝʤ ʨʝʰʝʥʠʝ, ʥʘʡʜʝʥʥʦʝ ʧʨʠ ʧʦʤʦʱʠ çʞʘʜʥʦʛʦè 
ʘʣʛʦʨʠʪʤʘ; 

2) ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ (ʧʨʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʠ ʥʘ 
ʜʚʘ ʧʨʦʮʝʩʩʦʨʘ) ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʦʮʝʥʢʦʡ ʧʨʠʛʦʜʥʦʩʪʠ ʥʘ 43,87 % ʤʝʥʴʰʝ, ʯʝʤ ʚʨʝʤʷ ʚʳʧʦʣʥʝ-

ʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ; 
3) ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ (ʧʨʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʠ ʥʘ 

ʯʝʪʳʨʝ ʧʨʦʮʝʩʩʦʨʘ) ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʦʮʝʥʢʦʡ ʧʨʠʛʦʜʥʦʩʪʠ ʥʘ 70,41 % ʤʝʥʴʰʝ, ʯʝʤ ʚʨʝʤʷ ʚʳʧʦʣ-
ʥʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ; 

4) ʤʫʣʴʪʠʧʦʧʫʣʷʮʠʦʥʥʳʡ ʧʘʨʘʣʣʝʣʴʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ (ʧʨʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʠ ʥʘ 
ʜʚʘ ʧʨʦʮʝʩʩʦʨʘ) ʧʨʠʤʝʨʥʦ ʚ 10% ʩʣʫʯʘʝʚ ʨʘʩʢʨʘʰʠʚʘʝʪ ʛʨʘʬ ʚ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʮʚʝʪʦʚ, ʯʝʤ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ;  
5) ʤʫʣʴʪʠʧʦʧʫʣʷʮʠʦʥʥʳʡ ʧʘʨʘʣʣʝʣʴʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ (ʧʨʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʠ ʥʘ 

ʯʝʪʳʨʝ ʧʨʦʮʝʩʩʦʨʘ) ʧʨʠʤʝʨʥʦ ʚ 12% ʩʣʫʯʘʝʚ ʨʘʩʢʨʘʰʠʚʘʝʪ ʛʨʘʬ ʚ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʮʚʝʪʦʚ, 

ʯʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ. 
ʇʦʜʦʙʥʳʤʠ ʤʝʪʦʜʘʤʠ ʤʦʞʥʦ ʨʝʰʘʪʴ ʠ ʜʨʫʛʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ ʥʘ ʛʨʘʬʘʭ, ʥʘʧʨʠ-

ʤʝʨ, ʟʘʜʘʯʠ ʣʦʛʠʩʪʠʢʠ [1]. 
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ʋɼʂ 332.1 

ɸ.ɾ. ʂʠʥʪʦʥʦʚʘ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ɸʩʪʘʥʘ, ɽʚʨʘʟʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʝʚʘ 

Ϸ.ʄ. ʊʘʥʘʙʘʝʚʘ 

ʤʘʛʠʩʪʨ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ 
ʛ. ʊʘʣʜʳʢʦʨʛʘʥ, ɾʝʪʳʩʫʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɾʘʥʩʫʛʫʨʦʚʘ 

ɼʀʉʊɸʅʎʀʆʅʅʆɽ ʆɹʋʏɽʅʀɽ ɼʃʗ ʄɸʃʆɻʆ ʀ ʉʈɽɼʅɽɻʆ ɹʀɿʅɽʉɸ  
ɺ ʂɸɿɸʍʉʊɸʅɽ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʟʘʪʨʘʛʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 
ʨʘʟʚʠʪʠʷ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʂʘʟʘʭʩʪʘʥʘ. ɺ ʩʪʘʪʴʝ ʜʘʝʪʩʷ ʘʥʘʣʠʟ ʜʝʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 
ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʥʝʪʨʫʜʦʫʩʪʨʦʝʥʥʦʡ ʤʦʣʦʜʝʞʠ ʂʘʟʘʭʩʪʘʥʘ. ʈʘʟʚʠʪʠʝ ʜʠʩʪʘʥʮʠʦʥʥʦ-

ʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʩʝʢʪʦʨʘ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʚ 
ʨʝʛʠʦʥʘʭ ʂʘʟʘʭʩʪʘʥʘ. ʆʧʠʩʳʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ; ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ; ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪʘʣ. 

ɸʥʘʣʠʟ ʢʘʟʘʭʩʪʘʥʩʢʦʛʦ ʨʳʥʢʘ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʩʣʫʛʘ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʘʙʦ ʨʘʟʚʠʪʘ ʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪʜʝʣʴʥʳʤʠ ɺʋɿʘʤʠ ʠ 
ʩʘʡʪʘʤʠ, ʨʝʢʣʘʤʠʨʫʶʱʠʤʠ ʚ ʦʩʥʦʚʥʦʤ ʫʩʣʫʛʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚ ʨʦʩ-

ʩʠʡʩʢʠʭ ɺʋɿʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ [1]. 

http://teacode.com/online/udc/33/332.1.html
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ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʧʨʝʜʦʩ-

ʪʘʚʣʷʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʥʝʪʨʫʜʦʫʩʪʨʦʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʪʨʫʜʦʫʩʪʨʦʝʥʥʦʡ ʤʦ-

ʣʦʜʝʞʠ, ʨʝʛʠʦʥʦʚ ʥʝ ʚʳʝʟʞʘʷ, ʥʘ ʤʝʩʪʝ ʧʦʣʫʯʠʪʴ ʧʨʦʬʝʩʩʠʶ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʫʶ ʢʦʥʩʫʣʴʪʘʮʠʶ 

ʜʣʷ ʦʪʢʨʳʪʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠ ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʨʘʟʚʠʪʠʶ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʨʝʛʠʦʥʦʚ.  

ɺʘʞʥʳʤ ʟʚʝʥʦʤ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ ʂʘʟʘʭʩʪʘʥʘ ʷʚʣʷʶʪʩʷ ʧʨʦʛʨʘʤʤʳ ʪʨʫʜʦʫʩʪ-

ʨʦʡʩʪʚʘ ʠ ʧʝʨʝʢʚʘʣʠʬʠʢʘʮʠʠ. 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦʟʚʦʣʠʪ ʦʙʫʯʠʪʴ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʠ ʨʘʙʦʯʠʤ ʧʨʦʬʝʩʩʠʷʤ ʥʝʪʨʫʜʦʫʩʪʨʦʝʥʥʦʝ ʥʘʩʝʣʝʥʠʝ ʧʦ ʚʩʝʤ ʨʝʛʠʦʥʘʤ ʩʪʨʘʥʳ. ʇʨʦ-

ʮʝʩʩ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʙʦʛʘʪʳʤ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʫʯʝʙʥʳʤ ʤʘʪʝ-

ʨʠʘʣʦʤ: ʚʠʜʝʦʤʘʪʝʨʠʘʣʘʤʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʧʨʦʬʝʩʩʦʨʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʘʢʪʠʢʦʚ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʦʚ; ʵʣʝʢʪʨʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʳ (ʧʨʝʟʝʥʪʘʮʠʷʤʠ, ʫʯʝʙʥʠʢʘʤʠ ʠ ʢʥʠʛʘ-

ʤʠ); ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʠ ʠʪʦʛʦʚʳʤʠ ʪʝʩʪʦʚʳʤʠ ʟʘʜʘʥʠʷʤʠ; ʦʙʫʯʘʶʱʠʤʠ ʧʨʦʛʨʘʤʤʘʤʘʤʠ; ʤʦʙʠʣʴ-

ʥʳʤʠ ʩʝʨʚʠʩʳ (ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ). 

ʆʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʂʘʟʘʭʩʪʘʥʘ ʧʦ ʜʘʥʥʳʤ ʥʘ 01 ʩʝʥʪʷʙʨʷ 2018 ʛʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 
18 311 735 [2]. 

ɿʘʥʠʤʘʝʪ 63-ʝ ʤʝʩʪʦ ʚ ʩʧʠʩʢʝ ʩʪʨʘʥ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʯʫʪʴ ʙʦ-

ʣʝʝ 6,60 ʯʝʣʦʚʝʢ ʥʘ ʢʤĮ (184-ʝ ʤʝʩʪʦ ʚ ʩʧʠʩʢʝ ʩʪʨʘʥ ʧʦ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ) [3]. 

ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʂʘʟʘʭʩʪʘʥʘ ʜʦ 2050 ʛʦʜʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʦʚʝʜʝʥʠʝ ʜʦʣʠ ʤʘʣʦʛʦ ʠ 

ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʚ ʵʢʦʥʦʤʠʢʝ ʩ ʥʳʥʝʰʥʠʭ 25,6% ʜʦ 50%. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʂ ʚʝʜʝʪ-

ʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦ ʫʣʫʯʰʝʥʠʶ ʙʠʟʥʝʩ-ʢʣʠʤʘʪʘ ʠ ʧʦʜʜʝʨʞʢʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠ-

ʥʠʤʘʪʝʣʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʪʨʘʞʘʶʪʩʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʡʪʠʥʛʘʭ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʨʘʟʚʠʪʠʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʩʪʨʝʤʠʪʩʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʨʝʜʥʝʛʦ ʢʣʘʩʩʘ 

ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʛʦ ʜʠʥʘʤʠʯʥʦʛʦ ʙʠʟʥʝʩ-ʩʦʦʙʱʝʩʪʚʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʩ ʥʘʠʙʦʣʴʰʝʡ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ. ʏʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ 

ʧʦ ʨʝʛʠʦʥʘʤ ʧʦ ʜʘʥʥʳʤ ʥʘ ʥʘʯʘʣʦ 2018 ʛʦʜʘ ʫʢʘʟʘʥʥʦ ʚ ʪʘʙʣʠʮʝ ʥʠʞʝ ʚ ʪʘʙʣʠʮʝ 1. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʧʦ ʨʝʛʠʦʥʘʤ ʥʘ ʥʘʯʘʣʦ 2018 ʛʦʜʘ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. 

 
ʊʘʙʣʠʮʘ 1 

  ʩʪʘʥץʘʟʘפ

ʈʝʩʧʫʙʣʠʢʘʩʳ 
18 157 337 

ɸץʤʦʣʘ 738 942 

ɸץʪᴇʙʝ 857 711 

ɸʣʤʘʪʳ 2 017 277 

ɸʪʳʨʘʫ 620 684 

ɹʘʪʳʩ פʘʟʘץʩʪʘʥ 646 927 

ɾʘʤʙʳʣ 1 117 220 

 ʘʥʜʳ 1 380 538סʘʨʘפ

 ʦʩʪʘʥʘʡ 875 616פ

 ʳʟʳʣʦʨʜʘ 783 156פ

ʄʘסשʳʩʪʘʫ 660 317 

ʆשʪװʩʪʽʢ פʘʟʘץʩʪʘʥ 2 929 196 

ʇʘʚʣʦʜʘʨ 754 854 

ʉʦʣʪװʩʪʽʢ פʘʟʘץʩʪʘʥ 558 584 

ʐʳסʳʩ פʘʟʘץʩʪʘʥ 1 383 745 

ɸʩʪʘʥʘ ץʘʣʘʩʳ 1 030 577 

ɸʣʤʘʪʳ ץʘʣʘʩʳ 1 801 993 
 

ʊʘʙʣʠʮʘ 2 

  ʩʪʘʥץʘʟʘפ

ʈʝʩʧʫʙʣʠʢʘʩʳ 18 157 337 

ɸץʤʦʣʘ 738 942 

ɸץʪᴇʙʝ 857 711 

ɸʣʤʘʪʳ 2 017 277 

ɸʪʳʨʘʫ 620 684 

ɹʘʪʳʩ פʘʟʘץʩʪʘʥ 646 927 

ɾʘʤʙʳʣ 1 117 220 

 ʘʥʜʳ 1 380 538סʘʨʘפ

 ʦʩʪʘʥʘʡ 875 616פ

 ʳʟʳʣʦʨʜʘ 783 156פ

ʄʘסשʳʩʪʘʫ 660 317 

ʆשʪװʩʪʽʢ פʘʟʘץʩʪʘʥ 2 929 196 

ʇʘʚʣʦʜʘʨ 754 854 

ʉʦʣʪװʩʪʽʢ פʘʟʘץʩʪʘʥ 558 584 

ʐʳסʳʩ פʘʟʘץʩʪʘʥ 1 383 745 

ɸʩʪʘʥʘ ץʘʣʘʩʳ 1 030 577 

ɸʣʤʘʪʳ ץʘʣʘʩʳ 1 801 993 
 

 

ʄʘʣʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪʣʠʯʘʶʪʩʷ ʤʦʙʠʣʴʥʦʩʪʴʶ ʠ ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʫʚʝʨʝʥʥʦ ʩʝʙʷ ʯʫʚʩʪʚʫ-

ʶʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ, ʛʜʝ ʩʧʨʦʩ ʠ ʧʨʝʜʣʦʞʝʥʠʝ ʟʘʚʠʩʷʪ ʦʪ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʘʩʩʦʨʪʠ-

ʤʝʥʪʘ ʠ ʚʢʫʩʘ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʄʘʣʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ, ʚ ʮʝʣʦʤ, ʤʘʣʳʡ ʙʠʟʥʝʩ ʟʘʥʷʣʠ ʩʚʦʶ ʥʠʰʫ ʚ 

https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%B7%D0%B0%D1%85%D1%81%D1%82%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/2017_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D1%81%D0%BE%D0%BA_%D1%81%D1%82%D1%80%D0%B0%D0%BD_%D0%BF%D0%BE_%D0%BD%D0%B0%D1%81%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D1%8E
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D1%81%D0%BE%D0%BA_%D1%81%D1%82%D1%80%D0%B0%D0%BD_%D0%BF%D0%BE_%D0%BF%D0%BB%D0%BE%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B8_%D0%BD%D0%B0%D1%81%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
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ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʤʘʢʩʠʤʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʤʝʩʪʥʳʝ 

ʧʦʪʨʝʙʥʦʩʪʠ. 

ʄʘʣʦʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ, ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʫʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʦʥʲʶʥʢʪʫʨʳ ʨʳʥʢʘ, ʧʨʠ-

ʜʘʝʪ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʝ ʥʝʦʙʭʦʜʠʤʫʶ ʛʠʙʢʦʩʪʴ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚʥʦʩʠʪ ʤʘʣʳʡ ʙʠʟʥʝʩ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʦʨʳʚʘ ʧʦ ʨʷʜʫ ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ-

ʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʥʝʣʴʟʷ ʪʘʢʞʝ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʤʘʣʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʦʢʘʟʳʚʘʶʪ ʤʝʥʴʰʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ. 

ɸʥʘʣʠʟʠʨʫʷ ʦʬʠʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʩʫʙʲʝʢʪʘʤ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʨʝʜʧʨʠʥʠ-

ʤʘʪʝʣʴʩʪʚʘ ʧʦ ʦʪʨʘʩʣʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 

 ɺʩʝʛʦ 
ʶʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ ʤʘʣʦʛʦ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 1 016 984 226 537 790 447 

ʉʝʣʴʩʢʦʝ, ʣʝʩʥʦʝ ʠ ʨʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ 33 550 11 400 22 150 

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ 43 638 18 195 25 443 

ɻʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ  

ʠ ʨʘʟʨʘʙʦʪʢʘ ʢʘʨʴʝʨʦʚ 
2 574 2 445 129 

ʆʙʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 37 763 13 612 24 151 

ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ, ʧʦʜʘʯʘ ʛʘʟʘ, ʧʘʨʘ  

ʠ ʚʦʟʜʫʰʥʦʝ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ 
1 100 835 265 

ɺʦʜʦʩʥʘʙʞʝʥʠʝ; ʢʘʥʘʣʠʟʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ,  

ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʙʦʨʦʤ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʪʭʦʜʦʚ 
2 201 1 303 898 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ 56 099 34 230 21 869 

ʆʧʪʦʚʘʷ ʠ ʨʦʟʥʠʯʥʘʷ ʪʦʨʛʦʚʣʷ;  

ʨʝʤʦʥʪ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʤʦʪʦʮʠʢʣʦʚ 
428 804 72 093 356 711 

ʊʨʘʥʩʧʦʨʪ ʠ ʩʢʣʘʜʠʨʦʚʘʥʠʝ 75 290 9 768 65 522 

ʀʥʬʦʨʤʘʮʠʷ ʠ ʩʚʷʟʴ 15 609 6 782 8 827 

ʋʩʣʫʛʠ ʧʦ ʧʨʦʞʠʚʘʥʠʶ ʠ ʧʠʪʘʥʠʶ 28 613 4 180 24 433 

ʌʠʥʘʥʩʦʚʘʷ ʠ ʩʪʨʘʭʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 6 059 5 700 359 

ʆʧʝʨʘʮʠʠ ʩ ʥʝʜʚʠʞʠʤʳʤ ʠʤʫʱʝʩʪʚʦʤ 79 453 8 438 71 015 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ, ʥʘʫʯʥʘʷ  

ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 
33 603 17 439 16 164 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ  

ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 
32 040 11 381 20 659 

ʆʙʨʘʟʦʚʘʥʠʝ 14 871 7 042 7 829 

ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʫʩʣʫʛʠ 8 510 3 693 4 817 

ʀʩʢʫʩʩʪʚʦ, ʨʘʟʚʣʝʯʝʥʠʷ ʠ ʦʪʜʳʭ 9 501 2 160 7 341 

ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʨʦʯʠʭ ʚʠʜʦʚ ʫʩʣʫʛ 151 344 14 036 137 308 

 

ʂʦʣʠʯʝʩʪʚʦ ʜʝʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ ʄʉʇ ʥʘ 01 ʘʧʨʝʣʷ 2018 ʛʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 4. 

 
ʊʘʙʣʠʮʘ 4 

 

ɺʩʝʛʦ 

ɺ ʪʦʤ ʯʠʩʣʝ  

ʶʨʠʜʠʯʝʩʢʠʝ 

ʣʠʮʘ ʤʘʣʦʛʦ 

ʧʨʝʜʧʨʠʥʠ-

ʤʘʪʝʣʴʩʪʚʘ 

ʶʨʠʜʠʯʝʩʢʠʝ 

ʣʠʮʘ ʩʨʝʜʥʝ-

ʛʦ ʧʨʝʜʧʨʠ-

ʥʠʤʘʪʝʣʴʩʪʚʘ 

ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʝ 

ʧʨʝʜʧʨʠʥʠ-

ʤʘʪʝʣʠ 

ʢʨʝʩʪʴʷʥ-

ʩʢʠʝ ʠʣʠ  

ʬʝʨʤʝʨʩʢʠʝ 

ʭʦʟʷʡʩʪʚʘ 

ɺʩʝʛʦ,  

ʚ ʧʨʦʮʝʥʪʘʭ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝ-

ʤʫ ʧʝʨʠʦʜʫ ʧʨʝ-

ʜʳʜʫʱʝʛʦ ʛʦʜʘ 

ʈʝʩʧʫʙʣʠʢʘ  

ʂʘʟʘʭʩʪʘʥ 
1 169 576 216 555 2 607 760 837 189 577 101,4 

ɸʢʤʦʣʠʥʩʢʘʷ 42 456 6 691 111 31 467 4 187 102,6 

ɸʢʪʶʙʠʥʩʢʘʷ 51 770 9 364 97 37 192 5 117 105,0 

ɸʣʤʘʪʠʥʩʢʘʷ 112 051 9 087 156 58 050 44 758 101,3 

ɸʪʳʨʘʫʩʢʘʷ 44 234 6 324 108 35 499 2 303 104,6 

ɿʘʧʘʜʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʘʷ 
38 052 5 639 95 26 703 5 615 103,8 



124 

ɾʘʤʙʳʣʩʢʘʷ 60 244 5 505 47 38 123 16 569 100,1 

ʂʘʨʘʛʘʥʜʠʥʩʢʘʷ 80 472 16 521 190 56 031 7 730 101,5 

ʂʦʩʪʘʥʘʡʩʢʘʷ 48 576 6 824 158 36 492 5 102 101,7 

ʂʳʟʳʣʦʨʜʠʥʩʢʘʷ 38 758 4 929 64 28 551 5 214 110,0 

ʄʘʥʛʠʩʪʘʫʩʢʘʷ 48 251 7 662 85 38 735 1 769 105,8 

ʖʞʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʘʷ 
180 818 17 370 166 94 004 69 278 103,4 

ʇʘʚʣʦʜʘʨʩʢʘʷ 42 162 8 794 107 30 048 3 213 102,6 

ʉʝʚʝʨʦ-

ʂʘʟʘʭʩʪʘʥʩʢʘʷ 
27 829 4 810 128 19 683 3 208 101,1 

ɺʦʩʪʦʯʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʘʷ 
81 481 10 304 165 56 209 14 803 99,1 

ʛ. ɸʩʪʘʥʘ 100 853 36 837 252 63 636 128 104,8 

ʛ. ɸʣʤʘʪʳ 171 569 59 894 678 110 414 583 93,6 

 

ɺ ʨʝʛʠʦʥʘʣʴʥʦʤ ʨʘʟʨʝʟʝ ʤʘʣʳʡ ʙʠʟʥʝʩ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʙʦʣʴʰʝ ʚ ʥʘʠʙʦʣʝʝ ʧʨʦʤʳʰʣʝʥʥʦ-

ʨʘʟʚʠʪʳʭ ʠ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʨʘʡʦʥʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦʟʚʦʣʠʪ ʦʙʫʯʘʪʴ 

ʥʘ ʢʘʟʘʭʩʢʦʤ, ʨʫʩʩʢʦʤ ʷʟʳʢʘʭ ʞʠʪʝʣʝʡ ʧʝʨʠʬʝʨʠʡʥʳʭ ʨʘʡʦʥʦʚ ʂʘʟʘʭʩʪʘʥʘ. 

ɼʣʷ ʩʪʘʙʠʣʴʥʦʛʦ ʨʦʩʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʄʉɹ, ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʫʯʝʥʠʠ 

ʧʨʦʬʝʩʩʠʷʤ ʠ ʦʩʥʦʚʘʤ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʥʝʪʨʫʜʦʫʩʪʨʦʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʨʝʛʠʦʥʦʚ ʩʪʨʘʥʳ, ʠ ʚ 

ʧʦʚʳʰʝʥʠʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʪʝʭ, ʢʪʦ ʥʝ ʚʳʜʝʨʞʘʣ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʩʚʝʨʥʫʣ ʩʚʦʡ ʙʠʟʥʝʩ. 

ʇʨʦʚʦʜʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʨʳʥʢʘ ï ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ ʫʩʣʫʛ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʨʘʙʦʯʠʤ ʧʨʦʬʝʩʩʠʷʤ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʚʠʜʘʤ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʨʝʜʩʪ-

ʚʦʤ ʚʳʷʚʣʝʥʠʷ ʠʥʪʝʨʝʩʘ ʢ ʫʩʣʫʛʘʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʘʡʪʦʚ, ʧʦʨʪʘʣʦʚ: ʧʨʦʚʦʜʠʣʘʩʴ ʩʪʘʪʠʩʪʠʢʘ 

ʟʘʧʨʦʩʦʚ ʧʦ ʧʦʠʩʢʦʚʳʤ ʩʠʩʪʝʤʘʤ. ʉʪʘʪʠʩʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʧʨʦʩ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʩʫ-

ʱʝʩʪʚʫʝʪ, ʧʨʠʯʝʤ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʢʫʨʩʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʩʦʙʝʥʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠ-

ʩʪʠʢʠ ʧʦʢʘʟʘʥʳ ʥʠʞʝ ʚʠʟʫʘʣʴʥʦ. 
 

ʉʊɸʊʀʉʊʀʂɸ ʇʆ ʉʃʆɺɸʄ:  

ü çʦʙʫʯʝʥʠʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠè ï 7 950 ʧʦʢʘʟʦʚ ʚ ʤʝʩʷʮ. 
 

ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʩʣʦʚʘʤ ʇʦʢʘʟʦʚ ʚ ʤʝʩʷʮ 

ʦʙʫʯʝʥʠʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ 7 950 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ 2 077 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʢʫʨʩʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ 1 372 

+ ʤʦʡ ʫʥʠʚʝʨʩʠʪʝʪ ʢʫʨʩʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 997 

ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʦʙʫʯʝʥʠʷ 939 

ʦʙʫʯʝʥʠʝ + ʥʘ ʢʫʨʩʘʭ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ 611 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ 568 

ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ + ʠ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ 383 

ʦʙʫʯʝʥʠʝ ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ + ʠ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ 349 

 

ʄʆɹʀʃʔʅʓɽ:  

ü ʠʩʢʘʣʠ ʩʦ ʩʣʦʚʦʤ çʦʙʫʯʝʥʠʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠè ï 694 ʧʦʢʘʟʘ ʚ ʤʝʩʷʮ. 
 

ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʩʣʦʚʘʤ ʇʦʢʘʟʦʚ ʚ ʤʝʩʷʮ 

ʦʙʫʯʝʥʠʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ 694 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ 155 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʢʫʨʩʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ 70 

ʦʙʫʯʝʥʠʝ +ʥʘ ʢʫʨʩʘʭ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ 66 

https://wordstat.yandex.ru/#!/?words=%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BA%D0%B2%D0%B0%D0%BB%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D0%B8
https://wordstat.yandex.ru/#!/?words=%D0%B4%D0%B8%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5%20%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BA%D0%B2%D0%B0%D0%BB%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1
https://wordstat.yandex.ru/#!/?words=%D0%B4%D0%B8%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5%20%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BA%D1%83%D1%80%D1%81%D1%8B%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D1%8F%20%D0%BA%D0%B2%D0%B0%D0%BB
https://wordstat.yandex.ru/#!/?words=%2B%D0%BC%D0%BE%D0%B9%20%D1%83%D0%BD%D0%B8%D0%B2%D0%B5%D1%80%D1%81%D0%B8%D1%82%D0%B5%D1%82%20%D0%BA%D1%83%D1%80%D1%81%D1%8B%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D1%8F%20%D0%BA%D0%B2%D0%B0%D0%BB%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0
https://wordstat.yandex.ru/#!/?words=%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BA%D0%B2%D0%B0%D0%BB%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D0%B8%20%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D1%8B%20%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D1%8F
https://wordstat.yandex.ru/#!/?words=%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%2B%D0%BD%D0%B0%20%D0%BA%D1%83%D1%80%D1%81%D0%B0%D1%85%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D1%8F%20%D0%BA%D0%B2%D0%B0%D0%BB%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D0%B8
https://wordstat.yandex.ru/#!/?words=%D0%BF%D1%80%D0%BE%D1%84%D0%B5%D1%81%D1%81%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5%20%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BA%D0%B2%D0%B0%D0%BB%D0%B8%D1%84%D0
https://wordstat.yandex.ru/#!/?words=%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BA%D0%B2%D0%B0%D0%BB%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D0%B8%20%2B%D0%B8%20%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BF%D0%B5%D1%80%D1%81%D0%BE%D0%BD%D0%B0%D0%BB%D0
https://wordstat.yandex.ru/#!/?words=%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BF%D0%B5%D1%80%D0%B5%D0%BF%D0%BE%D0%B4%D0%B3%D0%BE%D1%82%D0%BE%D0%B2%D0%BA%D0%B0%20%2B%D0%B8%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BA%D0%B2%D0%B0%D0%BB%D0%B8%D1%84%D0
https://wordstat.yandex.ru/#!/?words=%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BA%D0%B2%D0%B0%D0%BB%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D0%B8
https://wordstat.yandex.ru/#!/?words=%D0%B4%D0%B8%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5%20%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BA%D0%B2%D0%B0%D0%BB%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1
https://wordstat.yandex.ru/#!/?words=%D0%B4%D0%B8%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5%20%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BA%D1%83%D1%80%D1%81%D1%8B%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D1%8F%20%D0%BA%D0%B2%D0%B0%D0%BB
https://wordstat.yandex.ru/#!/?words=%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%2B%D0%BD%D0%B0%20%D0%BA%D1%83%D1%80%D1%81%D0%B0%D1%85%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D1%8F%20%D0%BA%D0%B2%D0%B0%D0%BB%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D0%B8
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ü ʠʩʢʘʣʠ ʩʦ ʩʣʦʚʦʤ çʦʙʫʯʝʥʠʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠè ï 566 ʧʦʢʘʟʦʚ ʚ ʤʝʩʷʮ. 
 

ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʩʣʦʚʘʤ ʇʦʢʘʟʦʚ ʚ ʤʝʩʷʮ 

ʦʙʫʯʝʥʠʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ 566 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ 117 

 

ü çʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʢʫʨʩʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠè ï 1 372 ʧʦʢʘʟʘ ʚ ʤʝʩʷʮ. 
 

ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʩʣʦʚʘʤ ʇʦʢʘʟʦʚ ʚ ʤʝʩʷʮ 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʢʫʨʩʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ 1 372 

+ ʤʦʡ ʫʥʠʚʝʨʩʠʪʝʪ ʢʫʨʩʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 997 

 

çʂʫʨʩʳ ʜʠʩʪʘʥʮʠʦʥʥʦ ʂʘʟʘʭʩʪʘè ï ʠʩʪʦʨʠʷ ʟʘʧʨʦʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ. 
 

 
 

ʉʧʨʦʩ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʥʘ ʧʨʠʤʝʨʝ Udacity: 
 

 
 

ɺʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʨʘʟʚʠʪʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʘʩʩʦʚʳʭ 

ʨʘʙʦʯʠʭ ʧʨʦʬʝʩʩʠʡ ʠ ʨʘʙʦʪʥʠʢʦʚ ʩʝʨʚʠʩʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ:  

¶ ʆʙʫʯʘʪʴ ʤʦʣʦʜʝʞʴ ʠ ʜʨʫʛʠʝ ʚʦʟʨʘʩʪʥʳʝ ʢʘʪʝʛʦʨʠʠ ʥʘʩʝʣʝʥʠʷ ʚʩʝʭ ʨʝʛʠʦʥʦʚ ʂʘʟʘʭʩʪʘʥʘ 

ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʨʘʙʦʯʠʤ ʧʨʦʬʝʩʩʠʷʤ; ʜʘʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

https://wordstat.yandex.ru/#!/?words=%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BA%D0%B2%D0%B0%D0%BB%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D0%B8
https://wordstat.yandex.ru/#!/?words=%D0%B4%D0%B8%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5%20%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BA%D0%B2%D0%B0%D0%BB%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1
https://wordstat.yandex.ru/#!/?words=%D0%B4%D0%B8%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5%20%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BA%D1%83%D1%80%D1%81%D1%8B%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D1%8F%20%D0%BA%D0%B2%D0%B0%D0%BB
https://wordstat.yandex.ru/#!/?words=%2B%D0%BC%D0%BE%D0%B9%20%D1%83%D0%BD%D0%B8%D0%B2%D0%B5%D1%80%D1%81%D0%B8%D1%82%D0%B5%D1%82%20%D0%BA%D1%83%D1%80%D1%81%D1%8B%20%D0%BF%D0%BE%D0%B2%D1%8B%D1%88%D0%B5%D0%BD%D0%B8%D1%8F%20%D0%BA%D0%B2%D0%B0%D0%BB%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0
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ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʧʦ ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʢʚʘʣʠʬʠʢʘʮʠʠ. 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʨʝʜʦʩʪʘʚʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʥʝʪʨʫʜʦʫʩʪʨʦʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʥʝʪʨʫʜʦʫʩʪʨʦʝʥʥʦʡ ʤʦʣʦʜʝʞʠ, ʨʝʛʠʦʥʦʚ ʥʝ ʚʳʝʟʞʘʷ, ʥʘ ʤʝʩʪʝ ʧʦʣʫʯʠʪʴ ʧʨʦʬʝʩʩʠʶ ʠ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʫʶ ʢʦʥʩʫʣʴʪʘʮʠʶ ʜʣʷ ʦʪʢʨʳʪʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ, ʠ ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʨʝʛʠʦʥʦʚ. 

ʇʨʦʮʝʩʩ ɼʆ ʜʦʣʞʝʥ ʙʫʜʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʙʦʛʘʪʳʤ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʦʤ: 

- ʚʠʜʝʦʤʘʪʝʨʠʘʣʳ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʧʨʦʬʝʩʩʦʨʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʘʢʪʠʢʦʚ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʦʚ; 

- ʵʣʝʢʪʨʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʧʨʝʟʝʥʪʘʮʠʷʤʠ, ʫʯʝʙʥʠʢʘʤʠ ʠ ʢʥʠʛʘʤʠ); 

- ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʠ ʠʪʦʛʦʚʳʝ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷʝ; 

- ʦʙʫʯʘʶʱʠʝ ʧʨʦʛʨʘʤʤʘʤʳ; 

- ʤʦʙʠʣʴʥʳʝ ʩʝʨʚʠʩʳ (ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ); 

- ʢʦʥʩʫʣʴʪʘʮʠʠ ʫʩʧʝʰʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʙʠʟʥʝʩʤʝʥʦʚ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ. 

¶ ʀʥʪʝʛʨʠʨʦʚʘʪʴ ʨʝʩʫʨʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʚʠʪʠʝ ʙʘʟʦʚʳʭ 

ʟʥʘʥʠʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʥʘʯʠʥʘʶʱʠʭ, ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʙʫʜʫʱʠʭ ʧʨʝʜʧʨʠʥʠʤʘʪʝ-

ʣʝʡ ʧʦ ʚʩʝʤ ʨʝʛʠʦʥʘʤ ʩʪʨʘʥʳ. 

¶ ʆʙʝʩʧʝʯʠʪ ʘʢʩʝʣʝʨʘʮʠʶ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʩʦʟʜʘʩʪ ʧʣʦʱʘʜʢʠ ʜʣʷ ʤʠʨʦʚʳʭ ʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʪʦʚ, ʫʯʝʥʳʭ ʠ ʙʠʟʥʝʩ-ʢʦʥʩʫʣʴʪʘʥʪʦʚ. 

ʇʦʪʝʥʮʠʘʣʴʥʳʤʠ ʢʣʠʝʥʪʘʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘʣʘ ʙʫʜʝʪ ʢʘʟʘʭʩʢʦ-, ʨʫʩʩʢʦʛʦʚʦʨʷʱʘʷ 

ʥʝʪʨʫʜʦʫʩʪʨʦʝʥʥʘʷ ʤʦʣʦʜʝʞʴ ʠ ʣʠʮʘ ʜʨʫʛʠʭ ʚʦʟʨʘʩʪʥʳʭ ʢʘʪʝʛʦʨʠʡ, ʘ ʪʘʢʞʝ ʣʠʮʘ, ʥʫʞʜʘʶʱʠʝʩʷ ʚ 

ʧʦʚʳʰʝʥʠʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʚʦʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʥʫʞ-

ʜʘʶʱʠʝʩʷ ʚ ʧʝʨʝʢʚʘʣʠʬʠʢʘʮʠʠ. 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʧʦʣʘ-

ʛʘʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʛʘʪʦʛʦ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ: 

- ʚʠʜʝʦʤʘʪʝʨʠʘʣʳ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʧʨʦʬʝʩʩʦʨʦʚ, ʘ ʪʘʢʞʝʧ-

ʨʘʢʪʠʢʦʚ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʦʚ; 

- ʵʣʝʢʪʨʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʧʨʝʟʝʥʪʘʮʠʷʤʠ, ʫʯʝʙʥʠʢʘʤʠ ʠ ʢʥʠʛʘʤʠ); 

- ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʠ ʠʪʦʛʦʚʳʝ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷʝ; 

- ʦʙʫʯʘʶʱʠʝ ʧʨʦʛʨʘʤʤʳ; 

- ʤʦʙʠʣʴʥʳʝ ʩʝʨʚʠʩʳ (ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ). 

- ʢʦʥʩʫʣʴʪʘʮʠʠ ʫʩʧʝʰʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʙʠʟʥʝʩʤʝʥʦʚ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪʘʣ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʘʩʩʦʚʳʭ ʨʘʙʦʯʠʭ ʧʨʦʬʝʩʩʠʡ ʠ ʨʘ-

ʙʦʪʥʠʢʦʚ ʩʝʨʚʠʩʥʦʡ ʵʢʦʥʦʤʠʢʠ ʙʫʜʝʪ ʦʙʫʯʘʪʴ ʥʝʪʨʫʜʦʫʩʪʨʦʝʥʥʦʝ ʥʘʩʝʣʝʥʠʝ ʨʘʙʦʯʠʤ ʧʨʦʬʝʩʩʠʷʤ 

ʚ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ (ʜʠʩʪʘʥʮʠʦʥʥʦ, ʯʘʩʪʠʯʥʦ-ʙʝʩʧʣʘʪʥʦ (ʙʝʩʧʣʘʪʥʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʙʘʟʦʚʦʛʦ 

ʫʨʦʚʥʷ ʦʙʫʯʝʥʠʷ) ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʨʘʟʚʠʪʳ ʠ ʠʤʝʶʪ ʥʝʙʦʣʴʰʫʶ ʢʦʥʢʫʨʝʥʮʠʶ ʚ ʢʦʥʢʨʝʪʥʳʭ ʨʝʛʠʦʥʘʭ ʂʘʟʘʭʩʪʘʥʘ. 

ɺ ʩʚʷʟʠ ʩ ʥʠʟʢʦʡ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦ ʂʘʟʘʭʩʪʘʥʫ, ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʠʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʦʙʫʯʝʥʠʝ ʜʣʷ ʥʝʪʨʫʜʦʫʩʪʨʦʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʪʨʫʜʦʫʩʪʨʦʝʥʥʦʡ ʤʦʣʦʜʝʞʠ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʚ ʨʝʛʠʦʥʘʭ ʂʘʟʘʭʩʪʘʥʝ. 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʧʨʝʜʦʩʪʘʚʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʤʝʩʪʝ ʧʦʣʫʯʠʪʴ ʧʨʦʬʝʩʩʠʶ ʠ ʢʚʘʣʠʬʠʮʠ-

ʨʦʚʘʥʥʫʶ ʢʦʥʩʫʣʴʪʘʮʠʶ ʜʣʷ ʦʪʢʨʳʪʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʨʝʛʠʦʥʦʚ. 
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ʇ.ɸ. ʃʘʚʨʝʥʶʢ 

ʩʪʫʜʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʊ.ɹ. ʂʘʟʠʘʭʤʝʜʦʚ 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʃʀʎ ʇʆ ʀɿʆɹʈɸɾɽʅʀʗʄ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʧʦ ʜʚʫʭʤʝʨʥʳʤ (2D) ʠʟʦ-

ʙʨʘʞʝʥʠʷʤ. ɺʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝ-

ʣʝʥʦ ʘʥʘʣʠʟʫ ʤʝʪʦʜʦʚ Eigenface, ɺʠʦʣʳ-ɼʞʦʥʩʘ ʠ ʘʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʬʦʨʤʳ. ɼʘʥʘ ʨʝʢʦʤʝʥʜʘʮʠʷ 

ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ; ʘʥʘʣʠʟ; ʤʝʪʦʜ; ʘʣʛʦʨʠʪʤ; 2D ʠʟʦʙʨʘʞʝʥʠʝ; 3D ʠʟʦʙʨʘʞʝ-

ʥʠʝ; ʦʙʥʘʨʫʞʝʥʠʝ ʣʠʮ; ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ. 

ʉʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʘʢʪʫʘʣʴʥʳ ʚ ʥʘʰʝ ʚʨʝʤʷ. ʆʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʭʨʘʥʳ 

ʧʨʘʚʦʧʦʨʷʜʢʘ, ʜʣʷ ʩʢʨʦʣʣʠʥʛʦʚʳʭ ʩʠʩʪʝʤ ʙʘʥʢʘ ʠ ʪ.ʧ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʨʘʩʧʦʟʥʘ-

ʚʘʥʠʷ ʧʦ ʛʝʦʤʝʪʨʠʠ ʣʠʮʘ. ɺʩʝ ʦʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʪʦʤ, ʯʪʦ ʯʝʨʪʳ ʣʠʮʘ ʠ ʬʦʨʤʘ ʯʝʨʝʧʘ ʢʘʞʜʦʛʦ ʯʝʣʦ-

ʚʝʢʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳ. ʕʪʘ ʦʙʣʘʩʪʴ ʙʠʦʤʝʪʨʠʠ ʤʥʦʛʠʤ ʢʘʞʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ, ʧʦʪʦʤʫ ʯʪʦ ʣʶʜʠ 

ʫʟʥʘʶʪ ʜʨʫʛ ʜʨʫʛʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦ ʣʠʮʫ. ɼʘʥʥʘʷ ʦʙʣʘʩʪʴ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: 2D ʨʘʩ-

ʧʦʟʥʘʚʘʥʠʝ ʠ 3D (ʪʨʝʭʤʝʨʥʦʝ) ʨʘʩʧʦʟʥʘʚʘʥʠʝ. ʋ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʝʩʪʴ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, 

ʦʜʥʘʢʦ ʤʥʦʛʦʝ ʟʘʚʠʩʠʪ ʝʱʝ ʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʝʥʥʳʭ ʢ ʢʦʥʢʨʝʪʥʦʤʫ 

ʘʣʛʦʨʠʪʤʫ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʧʦ 2D ʠʟʦʙʨʘʞʝʥʠʷʤ. ʇʨʝ-

ʠʤʫʱʝʩʪʚʦʤ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪ-

ʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʫʱʝʩʪʚʫʶʪ ʠ ʥʝʜʦʩʪʘʪʢʠ: ʥʠʟ-

ʢʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ, ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʩʚʝʱʝʥʠʶ, ʦʙʷʟʘʪʝʣʴʥʦ ʬʨʦʥʪʘʣʴ-

ʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʣʠʮʘ ʠ ʜʨ. ʆʜʥʘʢʦ, ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʧʦ ʜʚʫʭʤʝʨʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʚ 

ʩʠʣʫ ʫʢʘʟʘʥʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ. 

ɿʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʮʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʰʘʛʦʤ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ï ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮʘ, ʜʝʪʘʣʝʡ ʣʠʮʘ ʠʣʠ ʝʛʦ ʤʠʤʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʢʦʣʠʯʝʩʪʚʝ ʣʠʮ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʚ ʩʠʩʪʝʤʘʭ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʯʝʪʘ ʯʠʩʣʘ ʧʦʩʝʪʠʪʝʣʝʡ; ʩʠʩʪʝʤʘʭ ʧʨʦʧʫʩʢʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʫʯʨʝʞʜʝʥʠʷʭ, ʘʵʨʦʧʦʨ-

ʪʘʭ ʠ ʤʝʪʨʦ; ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ; ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʠʥʪʝʨʬʝʡʩʘʭ çʯʝʣʦʚʝʢ-ʢʦʤʧʴʶʪʝʨè; ʚ ʬʦʪʦʪʝʭʥʠʢʝ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʬʦʢʫʩʠʨʦʚʢʠ ʥʘ ʣʠʮʝ ʯʝ-

ʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʮʘ ʩ ʮʝʣʴʶ ʦʙʣʝʛʯʝʥʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʤʦʮʠʡ; 

ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʟʦʥʳ ʩʪʝʨʝʦʚʠʜʝʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤ 3D ʦʪʦʙʨʘʞʝʥʠʷ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʣʛʦ-

ʨʠʪʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʮ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʯʝʪʳʨʝ ʢʘʪʝʛʦʨʠʠ: 

- ʵʤʧʠʨʠʯʝʩʢʠʡ ʤʝʪʦʜ; 

- ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʥʳʭ ʠʥʚʘʨʠʘʥʪʥʳʭ ʧʨʠʟʥʘʢʦʚ; 

- ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʰʘʙʣʦʥʦʚ, ʟʘʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʤ; 

- ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦ ʚʥʝʰʥʠʤ ʧʨʠʟʥʘʢʘʤ, ʦʙʫʯʘʶʱʠʝʩʷ ʩʠʩʪʝʤʳ. 

ʄʝʪʦʜ ʩʠʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ [1] ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʧʦʤʝʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʤʝʥʴ-

ʰʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʩʠʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ 

(ʨʠʩ. 1). ʅʘ ʪʘʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʧʨʦʱʝ ʚʳʷʚʠʪʴ ʟʦʥʫ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʨʢʦʩʪʠ (ʧʨʝʜ-

ʧʦʣʘʛʘʝʤʘʷ ʟʦʥʘ ʥʘʭʦʞʜʝʥʠʷ ʣʠʮʘ), ʘ ʟʘʪʝʤ ʧʨʦʚʝʨʠʪʴ ʥʘʣʠʯʠʝ ʨʝʟʢʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʷʨʢʦʩʪʠ 

ʦʙʣʘʩʪʝʡ ʚʥʫʪʨʠ: ʠʤʝʥʥʦ ʪʘʢʠʝ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʩ ʨʘʟʥʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʥʝʩʪʠ ʢ çʣʠʮʫè. 
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ʈʠʩ. 1. ʄʝʪʦʜ Yang & Huang 

 

ʄʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ [2] ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʩ çʣʠʮʦʤè ʩʪʨʦʠʪ 

ʚʝʨʪʠʢʘʣʴʥʫʶ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʛʠʩʪʦʛʨʘʤʤʳ. ɺ ʦʙʣʘʩʪʷʭ-ʢʘʥʜʠʜʘʪʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʠʩʢ ʯʝʨʪ ʣʠ-

ʮʘ (1): 
 

 

ʈʠʩ. 2. ʄʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ 

 

Eigenface ï ʦʜʥʘ ʠʟ ʨʘʥʥʠʭ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʥʘ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

1991 ʛʦʜʫ [2, ʩ. 1]. ʄʝʪʦʜ, ʧʦʣʦʞʝʥʥʳʡ ʚ ʝʝ ʦʩʥʦʚʫ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʠʟ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ʊ.ʝ., ʧʦ ʩʫʪʠ, ʩʚʦʜʠʪʩʷ ʢ ʧʦʥʠʞʝʥʠʶ ʨʘʟ-

ʤʝʨʥʦʩʪʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʙʫʜʫʱʝʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. ʇʨʦʠʩʭʦʜʠʪ ʵʪʦ ʟʘ 2 ʰʘʛʘ. 

ʐʘʛ 1 ï ʥʦʨʤʘʣʠʟʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʟʦ-

ʙʨʘʞʝʥʠʡ ʦʜʥʦʛʦ ʣʠʮʘ ʦʯʝʥʴ ʤʥʦʛʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʩʣʝ-

ʜʫʝʪ ʠʩʢʣʶʯʠʪʴ ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʚʩʝ ʦʙʱʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʦʩʪʘʚʠʪʴ ʪʦʣʴʢʦ ʦʩʦʙʝʥʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʝʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʦʮʝʥʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʭ ʧʠʢʩʝʣʝʡ. 

ʐʘʛ 2 ï ʚʳʯʠʩʣʝʥʠʝ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. ɺʳʯʠʩʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʘ ʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ. ʆʪʙʠʨʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʚʝʩʦʤʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦ-

ʨʦʚ. ʆʪʙʨʦʩ ʦʩʪʘʣʴʥʳʭ ʧʨʠʚʝʜʝʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʢ ʩʫʱʝʩʪʚʝʥ-

ʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʨʘʟʤʝʨʥʦʩʪʠ. ʆʪʦʙʨʘʥʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʘ ʠ ʟʥʘʯʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʦ-

ʚʦʝ, ʩʦʢʨʘʱʝʥʥʦʝ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʠʟʥʘʢʦʚ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʩʪʨʦʠʪʩʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨ. 

ʄʝʪʦʜ ɺʠʦʣʳ-ɼʞʦʥʩʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 2001 ʛʦʜʫ ʇʦʣʦʤ ɺʠʦʣʦʡ ʠ ʄʘʡʢʣʦʤ ɼʞʦʥʩʦʥʦʤ [3, 

ʩ. 1]. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʣʠʮʘ ʚ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʅʠʟʢʘʷ ʘʣʛʦʨʠʪ-

ʤʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʩʠʩʪʝʤʘʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʄʝʪʦʜ ʠʥʚʘʨʠʘʥ-

ʪʝʥ ʢ ʮʚʝʪʫ ʢʦʞʠ ʠ ʦʩʚʝʱʝʥʠʷ. ʄʝʪʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ ʍʘʘʨʘ ʥʘ ʩʪʘʜʠʠ 

ɸʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ AdaBoost (Adaptive Boosting) ʥʘ ʩʪʘʜʠʠ ʨʘʩʧʦʟʥʘʥʠʷ ʦʙʨʘʟʦʚ. 

ʇʨʠʟʥʘʢʠ ʍʘʘʨʘ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ɺʠʦʣʦʡ ʠ ɼʞʦʥʩʦʤ, ʠ ʥʘʟʚʘʥʳ ʪʘʢ ʠʟ-ʟʘ ʩʚʦʝʛʦ ʩʭʦʜʩʪʚʘ 

ʩ ʚʝʡʚʣʝʪʘʤʠ ʍʘʘʨʘ. ɺʝʡʚʣʝʪ ʍʘʘʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʝʨʪʢʫ ʦʜʥʦʤʝʨʥʦʛʦ ʩʠʛʥʘʣʘ, ʚ ʚʠʜʝ ʨʘʟ-

ʥʦʩʪʠ ʜʚʫʭ ʙʣʠʞʘʡʰʠʭ ʦʪʩʯʝʪʦʚ. ʌʫʥʢʮʠʷ ʩʚʝʨʪʢʠ ʠʟʦʙʨʘʞʝʥʘ. 

ʄʝʪʦʜʳ ʭʘʨʘʢʪʝʨʥʳʭ ʠʥʚʘʨʠʘʥʪʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʟʥʘʥʠʷʭ ʩʥʠʟʫʚʚʝʨʭ 

(Feature invariant approaches) ʦʙʨʘʟʫʶʪ ʚʪʦʨʦʝ ʩʝʤʝʡʩʪʚʦ ʩʧʦʩʦʙʦʚ ʜʝʪʝʢʠʨʦʚʘʥʠʷ ʣʠʮ. ɿʜʝʩʴ ʚʠʜʝʥ 

ʧʦʜʭʦʜ ʢ ʧʨʦʙʣʝʤʝ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ: ʥʝʪ ʧʦʧʳʪʢʠ ʚ ʷʚʥʦʤ ʚʠʜʝ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩ-

ʭʦʜʷʱʠʝ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʤʦʟʛʝ. ʉʪʦʨʦʥʥʠʢʠ ʧʦʜʭʦʜʘ ʩʪʘʨʘʶʪʩʷ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʩʚʦʡʩʪ-

ʚʘ ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʮʘ ʥʝʷʚʥʦ, ʥʘʡʪʠ ʠʥʚʘʨʠʘʥʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʠʮʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʠ ʧʦʣʦʞʝʥʠʷ.  
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ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʘʣʛʦʨʠʪʤʦʚ ʵʪʦʡ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ: 

ü ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʷʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʣʠʮʘ: ʛʣʘʟ, ʥʦʩʘ, ʨʪʘ; 

ü ʦʙʥʘʨʫʞʝʥʠʝ: ʛʨʘʥʠʮʳ ʣʠʮʘ, ʬʦʨʤʘ, ʷʨʢʦʩʪʴ, ʪʝʢʩʪʫʨʘ, ʮʚʝʪ; 

ü ʦʙʲʝʜʠʥʝʥʠʝ ʚʩʝʭ ʥʘʡʜʝʥʥʳʭ ʠʥʚʘʨʠʘʥʪʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʠʭ ʚʝʨʠʬʠʢʘʮʠʷ. 

ʄʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʮ ʚ ʩʣʦʞʥʳʭ ʩʮʝʥʘʭ [4] ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʠʩʢ ʧʨʘʚʠʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʨʘʩʧʦʣʦʞʝʥʠʡ ʯʝʨʪ ʣʠʮʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʛʘʫʩʩʦʚʩʢʠʡ ʧʨʦʠʟʚʦʜʥʳʡ ʬʠʣʴʪʨ ʩ ʤʥʦʞʝ-

ʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ ʠ ʦʨʠʝʥʪʘʮʠʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʠʩʢ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʳʷʚ-

ʣʝʥʥʳʭ ʯʝʨʪ ʠ ʠʭ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʣʫʯʘʡʥʳʤ ʧʝʨʝʙʦʨʦʤ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʠʪʘʝʚ ʉ.ɺ., ʂʫʟʥʝʮʦʚʘ ʄ.ʀ., ʂʦʣʦʪʠʣʦʚ ʖ.ɺ. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʚ ʧʦʣʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʧʦʣʦʛʠʠ // ɻʘʟʦʚʘʷ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʴ. 2016.  ̄3 (735). ʉ. 92ï95. 

2. ɹʘʡʢʦʚ ʀ.ʈ., ʌʘʡʨʫʰʠʥ ʐ.ɿ., ʂʠʪʘʝʚ ʉ.ɺ., ʂʦʣʦʪʠʣʦʚ ʖ.ɺ. ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʨʘʙʦʪʳ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ // 

ʊʨʘʥʩʧʦʨʪ ʠ ʭʨʘʥʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. 2016.  ̄1. ʉ. 31ï35. 

3. ʊʫʭʙʘʪʫʣʣʠʥ ʌ.ɻ., ʂʦʨʦʣʝʥʦʢ ɸ.ʄ., ʂʦʣʦʪʠʣʦʚ ʖ.ɺ. ʈʝʘʣʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩ-

ʩʦʨʥʦʡ ʩʪʘʥʮʠʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ // ʊʝʨʨʠʪʦ-

ʨʠʷ ʅʝʬʪʝʛʘʟ. 2015.  ̄6. ʉ. 110ï112. 

4. ʃʝʫʥʛ ʊ.ʂ., ɹʵʨʣ ʄ.ʉ., ʇʝʨʦʥʘ ʇ.ɸ. ʇʦʠʩʢ ʣʠʮ ʚ ʟʘʭʣʘʤʣʝʥʥʳʭ ʩʮʝʥʘʨʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦ-

ʧʦʩʪʘʚʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʤʝʪʦʢ // ʂʥʠʛʘ ʦ ʤʝʪʦʜʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ. ʄʠʨ. 2015. ˉ 2. ʉ. 115ï118. 

 

 

ʋɼʂ 004.67 

ʕ.ʂ. ʄʘʡʢʠʙʘʝʚʘ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʤʘʛʠʩʪʨ 

ʛ. ɸʩʪʘʥʘ, ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʝʚʘ 

BIG DATA AND DATA MI NING TASKS 

Abstract. This article discusses concepts such as big data and data mining. Big data is not just an 

analysis of very large amounts of information. Large amounts of data represented in a format that does 

not correspond to the traditional format of a structured database. There are many different methods for 

analyzing data arrays, which are based on tools from statistics and informatics. 

Keywords: adatabase; a Big data; a data analysis; a data mining; a machine learning. 

Big data: The next frontier for innovation, competition and productivity (Report McKinsey Global 

Institute May 2011) [1]. Consider a few definitions of the term Big Data: 

- Big data is an evolving term that describes any voluminous amount of structured, semistruc-

tured and unstructured data that has the potential to be mined for information (Definition from Wha-

tIs.com) [2]; 

- Big Data is a phrase used to mean a massive volume of both structured and unstructured data 

that is so large it is difficult to process using traditional database and software techniques (Webopedia 

Definition) [2]; 

- Big data refers to a process that is used when traditional data mining and handling techniques 

cannot uncover the insights and meaning of the underlying data (Definition from Techopedia) [3]. 

Big data is gathered from a wide variety of sources, including social networks, videos, digital im-

ages, sensors, and sales transaction records. Big data is often characterized by 3Vs: the extreme volume of 

data, the wide variety of data types and the velocity at which the data must be processed. 

When working with big data, the result is obtained in the process of cleaning them by sequential 

modeling: first a hypothesis is put forward, a statistical, visual or semantic model is built, on its basis the 

correctness of the hypothesis is checked and then the next one is put forward. 

This process requires from the researcher or interpretation of visual values or formulating interac-

tive queries on the basis of knowledge, or the development of adaptive algorithms, ñmachine learningò, is 

able to obtain the desired result. 
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A popular method of predictive analysis is machine learning. Machine learning methods were de-

veloped to solve the problem forecasting and solving problems related to arrays containing many predic-

tors. Machine learning develops methods for teaching computers to operate without explicit program-

ming. These techniques fall into three classes: 

V Supervised. The teacher provides the computer with examples with correct particular decision; 

V Unsupervised. The computer seeks to uncover for hidden errors or deviations in the examples; 

V Reinforcement. The software agent selects the optimization method for making the correct de-

cision, but without explicit inputïoutput pairs on suboptimal operations. 

Data Mining is the computer analysis of a large amount of data in order to extract hidden important 

data and the dependencies. It lies at the intersection of statistics, machine learning, and data management. 

The process of data mining consists of the following steps: 

1. DATA SOURCES. Data may come from a number of sources. 

2. DATA FUSION & CLEANSING. Data fusion is the process of integrating and categorizing 

multiple data sources into a single resource. Data Cleaning is the process of preventing and correcting 

these errors. These processes can be performed with internal data and external data. 

3. DATA & META-DATA. Meta-data is essentially data about data. Meta-data shows the origins 

of the data, the transformations it has undergone, and summary information about it, which makes it more 

useful than the cleansed but unintegrated, unsummarized data. 

4. DATA TRANSPORT TO THE DATA WAREHOUSE. Both the data and the metadata are sent 

to the data warehouse. A data warehouse is a special database of cleaned-up data and meta-data. 

MINING THE DATA: SEARCHING FOR PATTERNS & INTERPRETING THE RESULTS Da-

ta in the warehouse is usually analyzed ï or mined ï using one of two algorithms: 

Regression analysis: Basically, regression analysis takes a particular set of numerical data and de-

velops a mathematical formula that fits the data. 

Classification analysis: Classification analysis is a statistics pattern recognition process that is ap-

plied to data sets with more than just numerical data. 

Data mining tasks can be classified mainly into two types (Figure 1): 

- Descriptive; 

- Predictive. 

The descriptive data mining tasks characterize the general properties of data whereas predictive da-

ta mining tasks perform inference on the available data set to predict how a new data set will behave.  

Predictive tasks of data mining are classification, forecasting, time-series analysis. 

- Classification derives a model to determine the class of an object based on its attributes; 

- Prediction task predicts the possible values of missing or future data; 

- Time-series analysis is a sequence of events where one or more of the preceding events deter-

mine the next event. 

Descriptive tasks of data mining are association, clustering, summarization. 

- Association discovers the association or connection among a set of items; 

- Clustering is used to identify data objects that are similar to one another; 

- Summarization is the generalization of data. 

There are many types of software for data analysis and data mining. 
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Figure 1. Data mining tasks 

 
From free or relatively inexpensive open Big Data analysis, system can be recommended: 

- 1010data; 

- Apache Chukwa; 

- Apache Hadoop; 

- Apache Hive; 

- Apache Pig!; 

- Jaspersoft; 

- LexisNexis Risk Solutions HPCC Systems; 

- MapReduce; 

- Revolution Analytics. 

All modern big data analysis tools provide Hadoop integration tools. The use of BigData today is 

becoming a prerequisite for the development of large IT companies. A configured and working BigData 

system is able to provide in seconds the most valuable information obtained from analyzing the billions of 

actions taken by the company's customers. 

BigData opens up new horizons for us in production planning, education, healthcare and other in-

dustries. If their development continues, BigData technologies can raise information, as a factor of pro-

duction, to a completely new quality level. 
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ɸ.ʅ. ʇʘʣʴʯʫʢ 

ʩʪʫʜʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʊ.ʉ. ʂʘʪʝʨʤʠʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʅɽʏɽʊʂɸʗ ʃʆɻʀʂɸ ɺ ʋʇʈɸɺʃɽʅʀʀ ɸɺʊʆʄʆɹʀʃɽʄ ʅɸ ʇɽʈɽʂʈɽʉʊʂɽ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʥʝʯʝʪʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ ʚʳʙʨʘʥʘ ʟʘʜʘʯʘ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ. ɺ ʩʪʘʪʴʝ ʫʢʘʟʘʥʳ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʧʘʨʘ-

ʤʝʪʨʳ ʩʠʩʪʝʤʳ ʠ ʥʘʙʦʨ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ; ʤʥʦʞʝʩʪʚʦ; ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ; ʥʝʯʝʪʢʠʡ ʣʦ-

ʛʠʯʝʩʢʠʡ ʚʳʚʦʜ; ʥʝʯʝʪʢʦʝ ʫʧʨʘʚʣʝʥʠʝ; ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʤ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʙʨʘʱʘʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʦʧʝʨʠʨʫʶʱʠʭ ʥʝʯʝʪʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʉʫʱʝʩʪʚʫʶʪ 

ʪʘʢʠʝ ʤʝʪʦʜʳ ʢʘʢ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ ʠ ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ, ʜʠʘʛʨʘʤʤʳ ɺʦʨʦʥʦʛʦ. 

ʈʘʟʙʝʨʝʤʩʷ ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ï ʦʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ. ɻʣʘʚ-

ʥʦʝ ʩʚʦʡʩʪʚʦ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ï ʪɻʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʫʯʝʥʠʶ, ʪʘʢʞʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʫʩʪʦʡʯʠʚʳ ʢ 

ʰʫʤʘʤ ʚʦ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʅʦ ʚ ʣʶʙʦʤ ʤʝʪʦʜʝ ʝʩʪʴ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ, ʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʵʪʦ ʥʝ-

ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʧʦ ʰʘʛʘʤ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ [5]. 

ɼʠʘʛʨʘʤʤʘ ɺʦʨʦʥʦʛʦ ï ʨʘʟʙʠʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʩ ʟʘʜʘʥʥʳʤʠ çʦʩʥʦʚʥʳʤʠè ʪʦʯʢʘʤʠ ʥʘ ʪʘʢʠʝ 

ʫʯʘʩʪʢʠ ʜʣʷ çʦʩʥʦʚʥʦʡè ʪʦʯʢʠ, ʯʪʦ ʚʩʝ ʪʦʯʢʠ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʪʘʢʦʛʦ ʫʯʘʩʪʢʘ ʙʫʜʫʪ ʙʣʠʞʝ ʢ çʦʩ-

ʥʦʚʥʦʡè ʪʦʯʢʝ, ʯʝʤ ʢ ʣʶʙʦʡ ʜʨʫʛʦʡ. ɼʠʘʛʨʘʤʤʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʙʠʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʝ ʜʣʷ ʙʝʩʧʦʨʷʜʦʯʥʦʛʦ ʨʘʟʙʠʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ [1, 2]. 

ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʯʝʣʦʚʝʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, ʩʠʩʪʝʤʳ ʥʝ-

ʯʝʪʢʦʡ ʣʦʛʠʢʠ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʥʷʪʴ ʧʨʘʚʠʣʘ ʠ ʣʝʛʢʦ ʧʨʦʝʢʪʠʨʫʶʪʩʷ. ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤ ʧʦʜ-

ʭʦʜʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʯʝʪʢʦʩʪʠ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. 

ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ï ʨʘʟʜʝʣ ʤʘʪʝʤʘʪʠʢʠ, ʢʦʪʦʨʳʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʦʥʷʪʠʠ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ, 

ʚʧʝʨʚʳʝ ʚʚʝʜʝʥʥʦʛʦ ʃʦʪʬʠ ɿʘʜʝ ʚ 1965 ʛʦʜʫ. ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʡʩʪʚʝʥʥʦʩʪʴ ʩʨʝʜʩʪʚ 

ʦʪʦʙʨʘʞʝʥʠʷ ʥʝʪʦʯʥʦʩʪʝʡ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ, ʪ.ʝ. ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʚʦʟ-

ʥʠʢʘʝʪ ʚ ʩʠʣʫ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʕʪʦ ʤʥʦʛʦʟʥʘʯʥʘʷ ʣʦʛʠʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʤʝ-

ʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʪʘʢʠʭ ʦʮʝʥʦʢ, ʢʘʢ ʠʩʪʠʥʘ/ʣʦʞʴ. ɺʳʨʘʞʝʥʠʷ, ʧʦʜʦʙʥʳʝ çʥʝʤʥʦʛʦ ʭʦʣʦʜʥʦè 

ʠʣʠ çʥʝ ʦʯʝʥʴ ʞʘʨʢʦè, ʚʦʟʤʦʞʥʦ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ [2, 6]. 

ʄʥʦʞʝʩʪʚʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʞʝʩʪʢʠʡ ʧʦʨʦʛ 

(ʧʨʠʥʘʜʣʝʞʠʪ / ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ), ʘ ʧʣʘʚʥʫʶ ʢʨʠʚʫʶ, ʧʨʦʭʦʜʷʱʫʶ ʚʩʝ ʟʥʘʯʝʥʠʷ ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠ-

ʮʳ, ʥʘʟʳʚʘʶʪ ʥʝʯʝʪʢʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ. 

ʉʫʱʝʩʪʚʫʝʪ 3 ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʠ ʩ ʥʝʯʝʪʢʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ: ʦʙʲʝʜʠʥʝʥʠʝ, ʧʝʨʝʩʝʯʝʥʠʝ ʠ 

ʨʘʟʥʦʩʪʴ. ʆʙʲʝʜʠʥʝʥʠʝ (A B᷾) ï ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ, ʩʦʜʝʨʞʘʱʝʝ ʦʙʘ ʤʥʦʞʝʩʪʚʘ ɸ ʠ ɺ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ çʀʃʀè. ʌʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ: 

 
ʇʝʨʝʩʝʯʝʥʠʝ (AžB) ï ʥʘʠʙʦʣʴʰʝʝ ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ, ʷʚʣʷʶʱʝʝʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʤʥʦ-

ʞʝʩʪʚʦʤ ʦʙʦʠʭ ʤʥʦʞʝʩʪʚ. ʉʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ çʀè. ʌʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳ-

ʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

.
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ʈʘʟʥʦʩʪʴ (â A) ï ʫʥʘʨʥʘʷ ʦʧʝʨʘʮʠʷ ʥʘʜ ʩʫʞʜʝʥʠʷʤʠ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʩʫʞʜʝʥʠʝ 

ʦʙʨʘʪʥʦʝ ʚʟʷʪʦʤʫ. ʉʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ çʅɽè ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

.
 

ʇʦʥʷʪʠʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʥʝʯʝʪʢʦʤ ʣʦʛʠʯʝʩʢʦʤ ʚʳʚʦʜʝ. 

ʃʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ ʚʳʨʘʞʘʝʪʩʷ ʢʦʨʪʝʞʝʤ <X, T, U, G, M>, ʛʜʝ ʍ ï ʠʤʷ ʧʝʨʝʤʝʥʥʦʡ, ʊ ï 

ʤʥʦʞʝʩʪʚʦ ʪʝʨʤʦʚ (ʟʥʘʯʝʥʠʡ) ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʤʝʥʥʦʡ, U ï ʤʥʦʞʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʷ, G ï ʩʠʥ-

ʪʘʢʩʠʯʝʩʢʘʷ ʧʨʦʮʝʜʫʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʪʝʨʤʳ, M ï ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʧʨʦʮʝʜʫʨʘ, ʧʦ-

ʟʚʦʣʷʶʱʘʷ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʤʝʥʥʦʡ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʨʦʮʝʜʫʨʦʡ 

G ʚ ʥʝʯʝʪʢʫʶ ʧʝʨʝʤʝʥʥʫʶ. 

ʇʨʠʤʝʨ. ʃʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ çʊʦʣʱʠʥʘ ʠʟʜʝʣʠʷè. 

ʍ ï ʪʦʣʱʠʥʘ ʠʟʜʝʣʠʷ; 

ʊ ï {çʤʘʣʘʷè, çʩʨʝʜʥʷʷè, çʙʦʣʴʰʘʷè}; 

U ï [10, 100]; 

G ï ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ, ʧʦʨʦʞʜʘʶʱʠʝ ʥʦʚʳʝ ʪʝʨʤʳ ʩ ʧʦʤʦʱʴʶ ʩʚʷʟʦʢ çʠè, çʠʣʠè, 

çʥʝè, çʦʯʝʥʴè, çʩʣʝʛʢʘè; 

M ï ʧʨʦʮʝʜʫʨʘ ʟʘʜʘʥʠʷ ʥʘ U ï [10,100] ʥʝʯʝʪʢʠʭ ʧʦʜʤʥʦʞʝʩʪʚ ɸ1 = ʤʘʣʘʷè, ɸ2= çʩʨʝʜʥʷʷè, 

A3 = çʙʦʣʴʰʘʷè. 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʦʛʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʧʦ ʩʚʦʝʡ 

ʬʦʨʤʝ ʙʣʠʟʢʠʝ ʢ ʧʨʘʚʠʣʘʤ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʧʨʘʚʠʣ, ʨʘʩʩʤʦʪ-

ʨʠʤ 4 ʠʟ ʥʠʭ: ʢʦʥʲʶʥʢʮʠʷ, ʜʠʟʲʶʥʢʮʠʷ, ʠʥʚʝʨʩʠʷ (ʦʪʨʠʮʘʥʠʝ) ʠ ʠʤʧʣʠʢʘʮʠʷ. 

ʂʦʥʲʶʥʢʮʠʷ ï ʣʦʛʠʯʝcʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ cʯʠʪʘʝʪʩʷ ʠʩʪʠʥʥʳʤ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʙʘ 

ʧʨʦʩʪʳʭ ʚʳʨʘʞʝʥʠʷ ʠʩʪʠʥʥʳ. ʇʦ ʩʤʳʩʣʫ ʧʨʠʙʣʠʞʝʥʘ ʢ ʩʦʶʟʫ çʀè.  

ɼʠʟ̡ʁ ʥʢʮʠʷ ï ʣʦʛʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʠcʪʠʥʥʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʭʦʪʷ ʙʳ ʦʜʥʦ ʠʟ ʚʳʩʢʘ-

ʟʳʚʘʥʠʡ ʠʩʪʠʥʥʦ. ʉʯʠʪʘʝʪʩʷ ʣoʛʠʯʝʩʢʠʤ çʀʃʀè. 

ʀʥʚʝʨʩʠʷ ʠʣʠ ʦʪʨʠʮʘʥʠʝ ï ʣʦʛʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʪʘʢʦʝ, ʯʪʦ ʝʩʣʠ ʠcʭʦʜʥʦʝ ʚʳʨʘʞʝʥʠʝ ʠʩ-

ʪʠʥʥʦ, ʪʦ ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʮʘʥʠʷ ʙʫʜʝʪ ʣʦʞʥʳʤ, ʠ ʥʘʦʙʦʨʦʪ. ʃʦʛʠʯʝʩʢʦʝ çʅɽè. 

ʀʤʧʣʠʢʘʮʠʷ ï ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ AŸ B, ʛʜʝ ɸ ï ʧʦcʳʣʢʘ, ɺ ï cʣʝʜʩʪʚʠʝ. ʇʦʣʫʯʝʥʥʦʝ ʚʳʩʢʘ-

ʟʳʚʘʥʠʝ ʣʦʞʥo ʪʦʛʜʘ, ʢʦʛʜʘ ɸ ʠʩʪʠʥʥʦ, ɺ ʣʦʞʥʦ. ʕʪʘ ʦʧʝʨʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʷʟʢʝ çʝʩʣʠé 

ʪʦéè [3]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʥʝʯʝʪʢʠʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʣʠʥʛʚʠʩʪʠʯʝ-

ʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʧʨʘʚʠʣʘ. ʇʨʦʜʫʢʮʠʦʥʥʦʝ ʧʨʘʚʠʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʬʦʨʤʝ 

çɽʉʃʀ ɸ, ʪʦ ɺè. ʇʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ ʥʝʯʝʪʢʦʛʦ ʧʨʘʚʠʣʘ ʥʘʟʳʚʘʝʪʩʷ ʥʝʯʝʪʢʠʤ ʣʦʛʠʯʝʩʢʠʤ ʚʳʚʦ-

ʜʦʤ. ʃʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʵʪʘʧʥʦ. 

ʇʝʨʚʳʡ ʵʪʘʧ. ʌʘʟʟʠʬʠʢʘʮʠʷ: ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʩʝʭ ʪʝʨʤʦʚ ʚʭʦʜʥʳʭ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚʳʷʚʣʷʶʪʩʷ ʩʪʝʧʝʥʠ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʪʦʤ, ʯʪʦ ʚʳʭʦʜʥʘʷ ʣʠʥʛʚʠʩʪʠʯʝ-

ʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ï ʢʦʥʢʨʝʪʥʳʡ ʪʝʨʤ. ʌʘʟʟʠʬʠʢʘʮʠʷ ʩʯʠʪʘʝʪʩʷ ʚʳʧʦʣʥʝʥʥʦʡ, 

ʝʩʣʠ ʥʘʡʜʝʥʳ ʩʪʝʧʝʥʠ ʠʩʪʠʥʥʦʩʪʠ  (a) ʚʩʝʭ ʣʦʛʠʯʝʩʢʠʭ ʚʳʩʢʘʟʳʚʘʥʠʡ ʚʠʜʘ çB ɽʉʊʔ Aè.  

ɺʪʦʨʦʡ ʵʪʘʧ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʥʝʯʝʪʢʠʡ ʚʳʚʦʜ: ʧʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʠʩʪʠʥʥʦ-

ʩʪʠ ʫʩʣʦʚʠʡ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʧʨʘʚʠʣ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʥʝʯʝʪʢʠʭ 

ʦʧʝʨʘʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʲʶʥʢʮʠʠ ʠʣʠ ʜʠʟʲʶʥʢʮʠʠ ʪʝʨʤʦʚ. 

ʊʨʝʪʠʡ ʵʪʘʧ. ɸʢʢʫʤʫʣʷʮʠʷ: ʚʩʝ ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ, ʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʨʤa ʢʘʞʜʦʡ 

ʚʳʭʦʜʥʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʦʙʲʝʜʠʥʷʶʪʩʷ ʚʤʝʩʪʝ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʫʥʠʢʘʣʴʥʦʝ ʥʝʯʝʪ-

ʢʦʝ ʤʥʦʞʝʩʪʚʦ ï ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʚʳʚʦʜʠʤʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʏʝʪʚʝʨʪʳʡ ʵʪʘʧ. ɼʝʬʘʟʟʠʬʠʢʘʮʠʷ: ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʜʫʨʫ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʢʘʞʜʦʡ ʠʟ ʚʳʭʦʜʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. ʇʦʣʴʟʫʷʩʴ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʢʢʫʤʫʣʷʮʠʠ ʚʩʝʭ 

ʚʳʭʦʜʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʦʣʫʯʘʝʤ ʦʙʳʯʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʡ ʠʟ 

ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, 

ʚʥʝʰʥʠʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʩʪʝʤʝ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ. ʇʝʨʝʢʨʝʩʪ-

ʢʠ ʙʳʚʘʶʪ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ. ʇʨʦʩʪʳʭ ʠ ʩʣʦʞʥʳʭ, ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʧʝ-

ʨʝʩʝʯʝʥʠʷʤʠ ʧʨʦʝʟʞʠʭ ʯʘʩʪʝʡ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʠʩʭʦʜʳ ʩʦʙʳʪʠʡ, ʧʨʦ-

ʠʩʭʦʜʷʱʠʭ ʥʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ [4]. 
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ɺʳʜʝʣʠʤ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ. 

ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʧʝʨʝʢʨʝʩʪʢʘ 

T (ʤʥʦʞʝʩʪʚʦ ʪʝʨʤʦʚ) ï {ʦʩʪʨʳʡ, ʧʨʷʤʦʡ, ʪʫʧʦʡ} 

U ï [45,110] 

ʉʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ 

T (ʤʥʦʞʝʩʪʚʦ ʪʝʨʤʦʚ) ï {ʥʠʟʢʘʷ, ʩʨʝʜʥʷʷ, ʚʳʩʦʢʘʷ} 

U ï [30, 90] 

ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʘʚʪʦʤʦʙʠʣʷ, ʜʚʠʛʘʶʱʝʛʦʩʷ ʚʧʝʨʝʜʠ 

T (ʤʥʦʞʝʩʪʚʦ ʪʝʨʤʦʚ) ï {ʤʘʣʦ, ʜʦʩʪʘʪʦʯʥʦ, ʤʥʦʛʦ} 

U ï [0.5, 5] 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʘ ʩʚʝʪʦʬʦʨʘ 

T (ʤʥʦʞʝʩʪʚʦ ʪʝʨʤʦʚ) ï {ʤʘʣʘʷ, ʩʨʝʜʥʷʷ, ʙʦʣʴʰʘʷ} 

U ï [2, 30] 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʞʝʣʪʦʛʦ ʩʠʛʥʘʣʘ ʩʚʝʪʦʬʦʨʘ 

T (ʤʥʦʞʝʩʪʚʦ ʪʝʨʤʦʚ) ï {ʥʝʜʦʩʪʘʪʦʯʥʦ, ʜʦʩʪʘʪʦʯʥʦ} 

U ï [1, 3] 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʢʨʘʩʥʦʛʦ ʩʠʛʥʘʣʘ ʩʚʝʪʦʬʦʨʘ (ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʚʳʝʟʜʫ) 

T (ʤʥʦʞʝʩʪʚʦ ʪʝʨʤʦʚ) ï {ʤʘʣʘʷ, ʙʦʣʴʰʘʷ} 

U ï [1, 30] 

 
ʉʀʉʊɽʄɸ çʇɽʈɽʂʈɽʉʊʆʂè ï ʇʈɸɺʀʃɸ 

ɺʭʦʜʥʳʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ 

ɺʳʭʦʜʥʘʷ  

ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ 

ʧʝʨʝʤʝʥʥʘʷ 

ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʢʨʘʩʥʦʛʦ ʩʠʛʥʘʣʘ 

ʩʚʝʪʦʬʦʨʘ 

ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʞʝʣʪʦʛʦ ʩʠʛʥʘʣʘ 

ʩʚʝʪʦʬʦʨʘ 

ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʘ 

ʩʚʝʪʦʬʦʨʘ 

ʈʘʩʩʪʦʷʥʠʝ ʜʦ  

ʘʚʪʦʤʦʙʠʣʷ, ʜʚʠ-

ʛʘʶʱʝʛʦʩʷ ʚʧʝʨʝʜʠ 

ʋʛʦʣ  

ʧʦʚʦʨʦʪʘ 

ʧʝʨʝʢʨʝʩʪʢʘ 

ʉʢʦʨʦʩʪʴ  

ʘʚʪʦʤʦʙʠʣʷ 

ɹʦʣʴʰʘʷ ɼʦʩʪʘʪʦʯʥʦ ɹʦʣʴʰʘʷ ʄʥʦʛʦ ʇʨʷʤʦʡ ʉʨʝʜʥʷʷ 

ɹʦʣʴʰʘʷ ʅʝʜʦʩʪʘʪʦʯʥʦ ʄʘʣʘʷ ʄʥʦʛʦ ʊʫʧʦʡ ʅʠʟʢʘʷ 

ʄʘʣʘʷ ɼʦʩʪʘʪʦʯʥʦ ɹʦʣʴʰʘʷ ʄʘʣʦ ʊʫʧʦʡ ʉʨʝʜʥʷʷ 

ɹʦʣʴʰʘʷ ʅʝʜʦʩʪʘʪʦʯʥʦ ʄʘʣʘʷ ʄʘʣʦ ʆʩʪʨʳʡ ʅʠʟʢʘʷ 

ʄʘʣʘʷ ɼʦʩʪʘʪʦʯʥʦ ɹʦʣʴʰʘʷ ɼʦʩʪʘʪʦʯʥʦ ʆʩʪʨʳʡ ɹʦʣʴʰʘʷ 

ɹʦʣʴʰʘʷ ɼʦʩʪʘʪʦʯʥʦ ʄʘʣʘʷ ʄʘʣʦ ʇʨʷʤʦʡ ʉʨʝʜʥʷʷ 

ʄʘʣʘʷ ʅʝʜʦʩʪʘʪʦʯʥʦ ʉʨʝʜʥʷʷ ɼʦʩʪʘʪʦʯʥʦ ʊʫʧʦʡ ʅʠʟʢʘʷ 

ɹʦʣʴʰʘʷ ɼʦʩʪʘʪʦʯʥʦ ʄʘʣʘʷ ʄʥʦʛʦ ʆʩʪʨʳʡ ʉʨʝʜʥʷʷ 

ʄʘʣʘʷ ɼʦʩʪʘʪʦʯʥʦ ʉʨʝʜʥʷʷ ɼʦʩʪʘʪʦʯʥʦ ʇʨʷʤʦʡ ʉʨʝʜʥʷʷ 

ɹʦʣʴʰʘʷ ɼʦʩʪʘʪʦʯʥʦ ʄʘʣʘʷ ʄʥʦʛʦ ʊʫʧʦʡ ɹʦʣʴʰʘʷ 
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ɸ.ɺ. ʉʤʠʨʥʦʚ 

ʘʩʧʠʨʘʥʪ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʃʕʊʀè ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ) 

ʄʆɼɽʃʔ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʂɸʏɽʉʊɺʆʄ  
ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʨʝʜ-

ʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

(ʇʆ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʡʝʩʦʚʩʢʠʭ ʩʝʪʝʡ ʜʦʚʝʨʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʨʠʢ 

ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʠ ʬʦʨʤʘʣʠʟʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʧʨʘʢʪʠʢ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; ʙʘʡʝʩʦʚʩʢʠʝ ʩʝʪʠ ʜʦʚʝʨʠʷ; ʤʝʪʨʠʢʠ 

ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ; ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. 

ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʘʤʦʡ ʥʝʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦ-

ʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʪʣʘʜʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ), ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘ-

ʜʘʥʥʳʭ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ. ʀʤʝʥʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʥʝʜʦʦʮʝʥʢʘ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ 

ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʩʨʦʢʦʚ, ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʝʥʝʞʥʳʭ ʠ ʣʶʜʩʢʠʭ ʨʝ-

ʩʫʨʩʦʚ ʠ ʧʨʦʚʘʣʫ ʧʨʦʝʢʪʦʚ. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʘʪʴ ʠ ʩʜʝ-

ʣʘʪʴ ʦʙʱʝʜʦʩʪʫʧʥʳʤʠ ʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʯʘʩʪʦʪʫ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʦʰʠʙʦʢ, ʤʝʪʦʜ ʦʮʝʥʢʠ ʠ ʪ.ʜ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʪʠʧʠʟʠʨʦʚʘʥʳ ʠ ʬʦʨʤʘʣʠʟʦʚʘʥʳ 

ʤʝʪʨʠʢʠ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ, ʘ ʪʘʢʞʝ ʦʙʱʝʧʨʠʥʷʪʳʝ ʧʨʘʢʪʠʢʠ ʦʮʝʥʢʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʩʪʦʨʦʥ-

ʥʠʭ ʩʨʝʜʩʪʚ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʩʯʠʪʘʥʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʘʟʣʠʯʥʳʭ ʤʝʪʨʠʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɽʩʪʝʩʪʚʝʥʥʦ, 

ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʨʠʢʠ ʧʨʠʚʦʜʠʪʴ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʥʠʢʦʛʜʘ ʥʝ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʣʠʙʦ ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʣʠʙʦ ʠʟ-ʟʘ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʟʤʝʨʝʥʠʡ, ʣʠʙʦ ʠʟ-ʟʘ ʫʟʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʤʝʪʨʠʢ, ʦʜʥʘʢʦ 

ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʨʠʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ. ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚ-

ʥʳʝ ʢʣʘʩʩʳ ʤʝʪʨʠʢ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʠʣʠ ʢʦʩʚʝʥʥʦ ʦʪʨʘʞʘʶʪ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʇʆ: 

1. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʨʠʢʠ: 

¶ ʤʝʪʨʠʢʠ ʍʦʣʩʪʝʜʘ [1]; 

¶ ʤʝʪʨʠʢʠ ɼʞʠʣʙʘ [2]; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ ʢʦʜʘ; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʤʝʥʪʘʨʠʝʚ; 

¶ ʧʨʦʮʝʥʪ ʢʦʤʤʝʥʪʘʨʠʝʚ. 

2. ʄʝʪʨʠʢʠ ʥʘʜʝʞʥʦʩʪʠ: 

¶ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʩ ʤʦʤʝʥʪʘ ʧʨʦʰʣʦʡ ʧʨʦʚʝʨʢʠ; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʭʦʜʝ ʧʨʦʩʤʦʪʨʘ ʢʦʜʘ; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ, ʚʳʷʚʣʝʥʥʳʭ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʳ; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ 
ʧʨʦʛʨʘʤʤʳ; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʥʘ ʪʳʩʷʯʫ ʩʪʨʦʢ ʢʦʜʘ. 

3. ʄʝʪʨʠʢʠ ʩʣʦʞʥʦʩʪʠ ʧʦʪʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ: 

¶ ʮʠʢʣʦʤʘʪʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ [3]; 

¶ ʤʝʪʨʠʢʠ ʍʘʨʨʠʩʦʥʘ ʠ ʄʝʡʜʞʝʣʘ [4]. 

4. ʄʝʪʨʠʢʠ ʩʣʦʞʥʦʩʪʠ ʧʦʪʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ: 

¶ ʤʝʪʨʠʢʘ ʉ. ɻʝʥʨʠ ʠ ɼ. ʂʘʬʫʨʘ [5]; 

¶ ʤʝʪʨʠʢʘ ʏʝʧʠʥʘ [6]. 

5. ʆʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʝʪʨʠʢʠ: 

¶ ʤʝʪʨʠʢʠ ʉ. ʏʠʜʘʤʙʝʨʘ ʠ ʂ. ʂʝʤʝʨʝʨʘ [8]. 
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ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʨʠʢ ʧʦʟʚʦʣʷʝʪ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʧʨʦʝʢʪʦʚ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠʟʫ-

ʯʠʪʴ ʩʣʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠʣʠ ʜʘʞʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʝʢʪʘ, ʦʮʝʥʠʪʴ ʦʙʲʝʤ ʨʘʙʦʪ, ʩʪʠʣʠ-

ʩʪʠʢʫ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʠ ʫʩʠʣʠʷ, ʧʦʪʨʘʯʝʥʥʳʝ ʢʘʞʜʳʤ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʰʝʥʠʷ. ʆʜʥʘʢʦ ʤʝʪʨʠʢʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʣʠʰʴ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ, ʠʤʠ ʥʝʣʴʟʷ ʧʦʣʥʦʩʪʴʶ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʇʆ ʧʨʦʛʨʘʤʤʠʩʪʳ, ʩʪʨʝ-

ʤʷʩʴ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʣʠ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʪʫ ʠʣʠ ʠʥʫʶ ʤʝʨʫ ʜʣʷ ʩʚʦʝʡ ʧʨʦʛʨʘʤʤʳ, ʤʦʛʫʪ ʧʨʠʙʝ-

ʛʘʪʴ ʢ ʭʠʪʨʦʩʪʷʤ ʚʧʣʦʪʴ ʜʦ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. 

ʆʧʨʦʩ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʇʆ ʚʳʷʚʠʣ 14 ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦ-

ʟʚʦʣʷʶʪ ʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ:  

I. ʇʨʷʤʳʝ (ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʇʆ): 

¶ ʚʳʧʦʣʥʷʝʤʳʝ ʢʦʤʘʥʜʦʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ (çʙʝʣʳʡ ʷʱʠʢè): 

1) ʤʦʜʫʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ (unit testing), 

2) ʧʨʦʩʤʦʪʨ ʢʦʜʘ (code review), 

3) ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʜʘ (static code analysis) 

4) ʤʫʪʘʮʠʦʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ (mutation testing) [9], 

5) ʨʝʬʘʢʪʦʨʠʥʛ (refactoring) [10]; 

¶ ʚʳʧʦʣʥʷʝʤʳʝ ʢʦʤʘʥʜʦʡ ʪʝʩʪʠʨʦʚʱʠʢʦʚ (çʯʸʨʥʳʡ ʷʱʠʢè): 

6) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʝʢ-ʣʠʩʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, 

7) GUI-ʘʚʪʦʤʘʪʠʟʘʮʠʷ (GUI-testing), 

8) ʅʘʛʨʫʟʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ (load testing), 

9) ʊʝʩʪʠʨʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ (security testing), 

10) ʊʝʩʪʠʨʦʚʘʥʠʝ ʣʦʢʘʣʠʟʘʮʠʠ (localization testing). 

II . ʂʦʩʚʝʥʥʳʝ (ʢʦʪʦʨʳʝ ʢʦʩʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʇʆ): 

11) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʦʬʦʨʤʣʝʥʠʷ ʢʦʜʘ, 

12) ɼʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʢʦʜʘ, 

13) ʋʚʝʣʠʯʝʥʠʝ ʢʦʤʘʥʜʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʪʝʩʪʠʨʦʚʱʠʢʦʚ, 

14) ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʫʨʦʢʦʚ (lessons learns). 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʥʘ 

ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʢʦʛʜʘ ʩʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʠʭ ʠʩʧʨʘʚʣʝʥʠʷ ʛʦʨʘʟʜʦ ʥʠʞʝ, ʯʝʤ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʪʘ-

ʜʠʷʭ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʤʝʪʨʠʢ.  

ɼʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʤʝʪʨʠʢ ʚ ʝʜʠʥʫʶ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʇʆ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʡʝʩʦʚʩʢʠʝ ʩʝʪʠ ʜʦʚʝʨʠʷ (ɹʉɼ) [11]. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ɹʉɼ: 

1. ɻʨʘʬʠʯʝʩʢʠʡ, ʧʨʦʩʪʦʡ ʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʪʦʜ ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʦʙʣʝʤʳ ʨʝʰʝʥʠʷ ʠ ʝʝ ʤʦ-

ʜʝʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ; 

2. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʰʣʳʭ ʩʦʙʳʪʠʷʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʫʜʫʱʠʭ ʩʦʙʳʪʠʡ; 

3. ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʙʦʣʴʰʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ; 

4. ʄʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩ ʥʝʧʦʣʥʳʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ; 

5. ʄʦʛʫʪ ʚʢʣʶʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʘʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʤʦʜʝʣʠ; 

6. ʇʨʝʜʦʩʪʘʚʣʷʶʪ ʮʝʥʥʳʡ ʘʥʘʣʠʟ, ʜʘʞʝ ʝʩʣʠ ʠʥʬʦʨʤʘʮʠʷ ʥʝʧʦʣʥʘʷ ʠʣʠ ʥʝʦʧʨʝʜʝʣʝʥʥʘʷ; 

7. ɺʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʤʥʦʛʠʭ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʪʝʛʠʡ ʠ ʩʮʝʥʘʨʠʝʚ; 

8. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʣʠ ʜʠʘʛʥʦʩʪʠʢʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʧʦʪʨʝʙʥʦʩʪʝʡ ʘʥʘʣʠʟʘ; 

9. ʆʙʝʩʧʝʯʝʥʠʝ ʛʠʙʢʠʭ ʠ ʥʘʜʝʞʥʳʭ ʩʪʨʘʪʝʛʠʡ ʨʝʢʦʤʝʥʜʘʮʠʡ. 

ʆʧʠʩʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʉɼ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʟʘʜʘʯ: ʜʠʘʛʥʦʩʪʠʢʠ, ʧʨʝʜʩʢʘʟʘʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ, ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʘʟʣʠʯʥʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʢʘʟʳʚʘʶʪ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʉɼ ʚ ʩʣʫʯʘʝ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʇʆ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ɹʉɼ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʝʝ ʢʦʨʨʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʪʦ 

ʝʩʪʴ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʟʘʧʦʣʥʝʥʠʷ ʪʘʙʣʠʮ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ (ʊʋɺ). 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʫʪʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʵʢʩ-

ʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦ-

ʜʝʣʠ ɹʉɼ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʠʤ ʘʣʛʦʨʠʪʤʦʤ ʝʝ ʚʳʧʦʣʥʝʥʠʷ ʠ ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʜʚʘ ʵʪʘʧʘ: ʧʦʩʪʨʦʝʥʠʝ ʢʦʨʨʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ, ʟʘʧʦʣʥʝʥʠʷ ʊʋɺ, ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʝʝ ʦʙʫʯʝʥʠʷ 

(ʨʠʩ. 1). 
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ʈʠʩ. 1. ʋʢʨʫʧʥʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ɹʉɼ 

 

ʌʘʢʪʠʯʝʩʢʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ɹʘʡʝʩʦʚʩʢʦʡ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ [12, 13]: 

1. ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʦʙʣʝʤʫ ʚ ʪʝʨʤʠʥʘʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʟʥʘʯʝʥʠʡ ʮʝʣʝʚʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

2. ɺʳʙʨʘʪʴ ʧʦʥʷʪʠʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʜʘʯʠ, ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʤʝʥʥʳʝ, ʠʤʝʶʱʠʝ ʦʪʥʦʰʝ-

ʥʠʝ ʢ ʮʝʣʝʚʳʤ ʧʝʨʝʤʝʥʥʳʤ, ʦʧʠʩʘʪʴ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

3. ɺʳʙʨʘʪʴ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʠ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʘʧʨʠʦʨʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʟʥʘʯʝʥʠʡ 
ʧʝʨʝʤʝʥʥʳʭ. 

4. ʆʧʠʩʘʪʴ ʦʪʥʦʰʝʥʠʷ "ʧʨʠʯʠʥʘ-ʩʣʝʜʩʪʚʠʝ" (ʢʘʢ ʢʦʩʚʝʥʥʳʝ, ʪʘʢ ʠ ʧʨʷʤʳʝ) ʚ ʚʠʜʝ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʳʭ ʨʝʙʝʨ ʛʨʘʬʘ, ʨʘʟʤʝʩʪʠʚ ʚ ʫʟʣʘʭ ʧʝʨʝʤʝʥʥʳʝ ʟʘʜʘʯʠ. 

5. ɼʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʛʨʘʬʘ, ʠʤʝʶʱʝʛʦ ʚʭʦʜʥʳʝ ʨʝʙʨʘ ʫʢʘʟʘʪʴ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʨʘʟ-

ʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʢʦʤʙʠʥʘʮʠʡ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ-ʧʨʝʜʢʦʚ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʤʦʜʝʣʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʇʆ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʢʩʧʝʨʪʥʳʡ ʘʥʘ-

ʣʠʟ. ɺ ʩʦʩʪʘʚʝ ʵʢʩʧʝʨʪʥʦʡ ʢʦʤʠʩʩʠʠ ʚʦʰʣʠ ʩʦʪʨʫʜʥʠʢʠ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʧʦʩʪʳ ʨʫʢʦʚʦʜʠʪʝʣʝʡ 

ʦʪʜʝʣʦʚ ʠ ʢʦʤʘʥʜ ʨʘʟʨʘʙʦʪʢʠ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʚ ʦʙʱʝʡ 

ʩʣʦʞʥʦʩʪʠ 31 ʯʝʣʦʚʝʢ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʧʨʦʩ ʦ ʥʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ 

ʤʝʪʦʜʦʣʦʛʠʡ, ʤʝʪʦʜʦʚ ʠ ʤʝʪʨʠʢ ʨʘʟʨʘʙʦʪʢʠ ʇʆ, ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʘʥʜ, ʚʦʚʣʝʯʝʥʥʳʭ 

ʚ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ. ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʫʟʣʳ ʤʦʜʝʣʠ ʢʘʯʝʩʪʚʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. ʅʘ ʚʪʦʨʦʤ 

ʵʪʘʧʝ ʤʦʜʝʣʴ, ʧʦʣʫʯʝʥʥʘʷ ʨʘʥʝʝ, ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚ ʥʝʩʢʦʣʴʢʦ ʧʦʜʵʪʘʧʦʚ ʵʢʩʧʝʨʪʥʦʡ ʢʦ-

ʤʠʩʩʠʝʡ, ʥʘ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʥʝʩʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʦʧʦʣʥʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ. 

ʄʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʇʆ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2 ʚ ʚʠʜʝ ʪʦʧʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ɹʉɼ. ʉʪʨʫʢʪʫʨʥʦ ʧʦʣʫʯʝʥʥʫʶ ɹʘʡʝʩʦʚʩʢʫʶ ʩʝʪʴ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʰʝʩʪʴ ʦʙʣʘʩʪʝʡ: 

¶ ʢʘʯʝʩʪʚʦ ʢʦʤʘʥʜʳ; 

¶ ʨʘʟʨʘʙʦʪʢʘ; 

¶ ʪʝʩʪʠʨʦʚʘʥʠʝ; 

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ; 

¶ ʧʦʜʜʝʨʞʢʘ ʧʨʦʝʢʪʘ; 

¶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ. 
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ʈʠʩ. 2. ʊʦʧʦʣʦʛʠʷ ʤʦʜʝʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʇʆ 

 

ʆʙʣʘʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʧʨʦʮʝʩʩʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʂ 

ʥʝʡ ʦʪʥʦʩʷʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʘʥʜʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʩʪʝʧʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʨʘʙʦʪʳ, ʚʳʨʘ-

ʞʘʝʤʦʝ ʚ ʩʨʝʜʥʝʤ ʢʦʣʠʯʝʩʪʚʝ ʩʪʨʦʢ ʢʦʜʘ, ʥʘʧʠʩʘʥʥʦʡ ʟʘ ʨʘʙʦʯʠʡ ʜʝʥʴ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʠʤʠ 

ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ: ʤʦʜʫʣʴʥʦʝ ʠ ʤʫʪʘʮʠʦʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʨʝʬʘʢʪʦʨʠʥʛ, ʧʨʦʩʤʦʪʨ 

ʢʦʜʘ, ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʜʘ. ɺʤʝʩʪʝ ʵʪʠ ʧʝʨʝʤʝʥʥʳʝ ʷʚʣʷʶʪʩʷ ʨʦʜʠʪʝʣʴʩʢʠʤʠ ʜʣʷ ʫʟʣʘ çʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚè, ʥʘ ʢʦʪʦʨʳʡ ʪʘʢ ʞʝ ʚʣʠʷʶʪ ʧʝʨʝʤʝʥʥʳʝ ʦʙʣʘʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʆʙʣʘʩʪʴ ʪʝʩ-

ʪʠʨʦʚʘʥʠʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʘʥʜʳ ʪʝʩʪʠʨʦʚʱʠʢʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ 

ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝʤʝʪʦʜʠʢ, ʢʦʪʦʨʳʝ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ, ʧʨʠ ʵʪʦʤ ʪʝʩʪʠʨʦʚʱʠʢʠ ʥʝ ʠʤʝʶʪ ʜʦʩʪʫʧʘ ʢ ʠʩ-

ʭʦʜʥʦʤʫ ʢʦʜʫ ʧʨʦʛʨʘʤʤʳ ʠ ʨʘʙʦʪʘʶʪ ʩ ʥʠʤ ʢʘʢ ʩ çʯʝʨʥʳʤ ʷʱʠʢʦʤè. ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ, ʢʦʪʦ-

ʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʘʨʩʝʥʘʣʝ ʪʝʩʪʠʨʦʚʱʠʢʦʚ, ʷʚʣʷʶʪʩʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʝʢ-ʣʠʩʪʦʚ, GUI-ʘʚʪʦʤʘʪʠʟʘʮʠʷ, 

ʥʘʛʨʫʟʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʜʣʷ ʤʝʪʦʜʠʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʙʣʘʩʪʷʭ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʨʠʢʠ, 

ʦʧʠʩʘʥʥʳʝ ʚ ʥʘʯʘʣʝ ʩʪʘʪʴʠ. 

ʂʘʯʝʩʪʚʦ ʢʦʤʘʥʜʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʭʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʯʝʪʚʝʨʦ ʙʦʣʝʝ ʚʘʞ-

ʥʳʤ, ʯʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [14]. ʇʦʵʪʦʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʘʥʜʳ ʚʳʜʝ-

ʣʝʥʳ ʚ ʦʪʜʝʣʴʥʫʶ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʫʶ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʩʣʝʜʫʶʱʠʝ ʫʟʣʳ: 

1. ʀʩʧʦʣʴʟʫʝʤʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʇʆ. 

2. ʆʧʳʪ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʥʘʚʳʢʠ. 

3. ʉʨʝʜʥʠʝ ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ. 

4. ʄʝʪʨʠʢʠ ʢʦʤʘʥʜ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

ʆʙʣʘʩʪʴ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʨʠʢʠ ʢʦʜʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʠ 

ʢʦʩʚʝʥʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʇʆ. 

ʆʙʣʘʩʪʴ ʧʦʜʜʝʨʞʢʠ ʧʨʦʝʢʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʩʪʘʜʠʠ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʦʝʢʪʘ ʚ ʢʦʤʤʝʨʯʝ-

ʩʢʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʩʣʫʞʠʪ ʩʚʦʝʛʦ ʨʦʜʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʧʦʤʦʛʘʶʱʝʡ ʦʮʝʥʠʪʴ ʥʘʩʢʦʣʴʢʦ ʟʘʷʚ-

ʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʇʆ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʢʪʠʯʝʩʢʦʤʫ. ɼʣʷ ʵʪʦʛʦ ʩʦʙʠʨʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʦ-

ʩʪʫʧʘʶʱʘʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ ʧʘʜʝʥʠʡ ʧʨʦʛʨʘʤʤʳ ʠ ʦʪʯʝʪʦʚ ʦʙ ʦʰʠʙʢʘʭ ʦʪ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʱʝʥʠʡ ʚ ʩʝʨʚʠʩʥʳʝ ʮʝʥʪʨʳ ʠʣʠ ʣʠʥʠʠ ʧʨʷʤʦʡ ʩʚʷʟʠ.  

ɺʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʦʙʣʘʩʪʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ, ʚʚʝʜʝʥ-

ʥʦʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʟʣʠʯʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ, ʙʫʜʴ ʪʦ ʨʘʟʨʘʙʦʪ-

ʢʘ ʧʨʦʝʢʪʘ, ʪʝʩʪʠʨʦʚʘʥʠʝ, ʢʦʤʤʝʨʯʝʩʢʠʡ ʟʘʧʫʩʢ, ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠ ʪ.ʜ. ɼʘʥʥʘʷ ʦʙʣʘʩʪʴ ʘʢʪʠʚʥʦ ʠʩ-
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ʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʝʛʦ ʩʦʩʪʦʷʥʠʡ ʥʘ ʨʘʟ-

ʥʳʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʢʦʤʘʥʜ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʧʦʣʦʛʠʠ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʇʆ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʘʣʛʦ-

ʨʠʪʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʊʋɺ ʢʘʞʜʦʛʦ ʫʟʣʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʢʦʤʧʘʥʠʠ ʠʣʠ ʜʘʞʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʘ ʠ ʟʘʧʦʣʥʷʶʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʦʭʨʘʥʝʥʥʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʤʝʪʨʠʢ, ʝʩʣʠ ʦʪʩʣʝʞʠʚʘʥʠʝ ʪʘʢʠʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʚʝʜʝʪʩʷ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʧʦʣʥʝʥʠʷ ʠ ʧʝʨʝʨʘʩʯʝʪʘ ʊʋɺ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ɹʉɼ ï ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ ʢ ʤʦʜʝʣʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʨʝʘʣʠʟʦʚʘʥ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦ-

ʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʦʮʝʥʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʇʆ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ: 

- ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʯʠʥʳ ʧʘʜʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʘ; 

- ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʭʥʦʣʦʛʠʠ: GUI-

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʜʘ ʠ ʪ.ʜ.; 

- ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦ ʚʳʧʫʩʢʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʝʨʩʠʡ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʚʣʝʯʝʥʠʷ ʧʦ-

ʤʦʱʠ ʜʨʫʛʠʭ ʢʦʤʘʥʜ ʠʣʠ ʫʩʣʫʛ ʘʫʪʩʦʨʩʘ; 

- ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʦ ʫʚʝʣʠʯʝʥʠʠ ʣʠʙʦ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʩʦʥʘʣʘ; 

- ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʇʆ ʜʣʷ ʙʫʜʫʱʠʭ ʧʨʦʝʢʪʦʚ. 
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ʋɼʂ 532.529:534.2 

ɸ.ʐ. ʉʫʣʪʘʥʦʚ 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʏʀʉʃɽʅʅʓʁ ɸʅɸʃʀɿ ʅɽʂʆʊʆʈʓʍ ʅɽʉʆɹʉʊɺɽʅʅʓʍ ʀʅʊɽɻʈɸʃʆɺ,  
ɿɸɺʀʉʗʑʀʍ ʆʊ ʇɸʈɸʄɽʊʈʆɺ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʧʦʚʝʜʝʥʠʷ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚʦ ʬʣʶʠʜʝ ʠ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ, ʥʘʩʳʱʝʥʥʦʡ ʵʪʠʤ ʬʣʶʠʜʦʤ. ɺ ʘʥʘʣʠʪʠʯʝʩʢʦʤ 

ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʦʧʠʩʳʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʬʣʶʠʜʘ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ, 
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ʦʧʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ, ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪʩʷ ʯʠʩʣʝʥʥʳʤ ʤʝ-

ʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʜʨʘʪʫʨʥʳʭ ʬʦʨʤʫʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ; ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ; ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʠ ὖᾀ,ὸ,‌,‍, ʟʘʜʘʚʘʝʤʳʝ ʯʝʨʝʟ ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʦ ʬʦʨʤʫʣʝ: 

ὖᾀ,ὸ,‌,‍ = ὼ‌Ὡὼὸ•(ὼ,ᾀ,‍)Ὠὼ

Њ

0

, 
 

(1) 

ʛʜʝ 0 < ‌< 1, ᾀ 0, ὸ ᾀὧϳ, ὧ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ, ‍  ʚʝʣʠʯʠʥʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʬʠʟʠʯʝʩʢʠʤʠ ʧʦ-

ʩʪʦʷʥʥʳʤʠ, ʬʫʥʢʮʠʷ •ὼ,ᾀ,‍  ʧʦ ὼ ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʧʨʠ ʚʩʝʭ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝ-

ʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ᾀ,‍ ʠ ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ (1) ʩʭʦʜʠʪʩʷ ʧʨʠ ὸ= 0. 

ʌʫʥʢʮʠʠ ʚʠʜʘ (1) ʧʦʣʫʯʘʝʤ ʧʨʠ ʨʝʰʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟ-

ʚʦʜʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ [1], [2], [3], [4], ʘ ʠʤʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧ-

ʣʘʩʘ: 

Ὂὴ = ὩὴὸὪ(ὸ)Ὠὸ

Њ

0

. 
 

 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʪʨʝʙʫʝʪʩʷ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ (1) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ᾀ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ (ʚʝʣʠʯʠʥʳ ‍) ʠ ʚʨʝʤʝʥʠ ὸ. 
ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʢʚʘʜʨʘʪʫʨʥʦʡ ʬʦʨʤʫʣʦʡ [5] ʚʳʯʠʩʣʝʥʠʷ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ:  
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ʇʦʢʘʞʝʤ, ʯʪʦ ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ (1) ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʥʝʩʦʙʩʪʚʝʥʥʦʤʫ ʠʥʪʝʛʨʘʣʫ ʚʠ-

ʜʘ (2). 

ɺ ʠʥʪʝʛʨʘʣʝ (1) ʩʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὼ=
1 + ώ

1 ώ
,Ὠὼ=

2Ὠώ

(1 ώ)2
,ώ=

ὼ 1

ὼ+ 1
,ὼ= 0 ᴾ  ώ= 1,ὼO Њ ᴾ  ώᴼ1 0 

ʠ ʧʨʠʚʝʜʝʤ ʢ ʚʠʜʫ (2): 

ὖᾀ,‌,‍ = 2
1 ώ

1 + ώ

1 ώ

1 + ώ

‌
1
2
Ὡ

1+ώ
1 ώ
ὸ
•

1 ώ

1 + ώ
,ᾀ,‍ Ὠὼ

1

1

. 

 

(3) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʭʦʜʠʤʦʩʪʴ ʵʪʦʛʦ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʧʨʠ ώᴼ1 0 ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʬʫʥʢʮʠʷ Ὡ
1+ώ

1 ώ
ὸ
, ὸ> 0, ʘ ʧʨʠ ώO 1 + 0 ʠʥʪʝʛʨʘʣ ʩʭʦʜʠʪʩʷ ʚ ʩʠʣʫ ʫʩʣʦʚʠʷ 0 < ‌< 1. 

ɺ ʠʥʪʝʛʨʘʣʝ (3) ʬʫʥʢʮʠʶ Ὢ(ώ) ʠʟ (2) ʟʘʜʘʝʪ ʚʳʨʘʞʝʥʠʝ: 

1 ώ‌
5
2

1 + ώ‌
1
2

Ὡ
1+ώ
1 ώ
ὸ
•

1 ώ

1 + ώ
,ᾀ,‍ = Ὢώ,ὸ,ᾀ. 

 

 

ʉʦʩʪʘʚʠʤ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ:  

ὖᾀ,ὸ= Ὄ ὸ
ᾀ

ὧ
1 + ὐ(ᾀ,ὸ) , ʜʣʷ ὸ= 1 ̉  2, ‍= 1, 

ʛʜʝ Ὄ ὸ
ᾀ

ὧ
=

1,ὸ ᾀὧϳ

 0,ὸ< ᾀὧϳ
 ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ. 

ὐᾀ,ὸ ʚʳʯʠʩʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ (2) ʩ ʬʫʥʢʮʠʝʡ: 

Ὢώ,ὸ,ᾀ=
2Ὡ

1+ώ
1 ώ

ὸ+
ᾀ

Ѝ2ὧ
1+“

1 ώ
1+ώ

+ 1

1 2ϳ

“ 1 ώ2(1 ώ)
ίὭὲ

ᾀ

Ѝ2ὧ

1 + ώ

1 ώ
1 + “

1 ώ

1 + ώ
1

1 2ϳ

 

ɼʣʷ ʟʥʘʯʝʥʠʡ ὸ= 1 ̉  ὸ= 2. 
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ʋɼʂ 332.1 

Ϸ.ʄ. ʊʘʥʘʙʘʝʚʘ 

ʤʘʛʠʩʪʨ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ʛ. ʊʘʣʜʳʢʦʨʛʘʥ, ɾʝʪʳʩʫʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɾʘʥʩʫʛʫʨʦʚʘ 

ɸ.ɾ. ʂʠʥʪʦʥʦʚʘ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ɸʩʪʘʥʘ, ɽʚʨʘʟʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʝʚʘ 

ʇʈʀʄɽʅɽʅʀɽ ɸʅɸʃʀɿɸ ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʍ ɼɸʅʅʓʍ  
ʂɸʂ ʕʃɽʄɽʅʊ ʆɹʈɸɿʆɺɸʅʀʗ ɹʋɼʋʑɽɻʆ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʩʧʝʚʘʝʤʦʩʪʠ ʫʯʘʱʠʭʩʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ. ʋʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʩʪʨʝʤʷʪʩʷ ʚʢʣʶʯʠʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʫʩʧʝʚʘʝʤʦʩʪʠ ʫʯʘʱʠʭʩʷ ʚ ʩʚʦʠ ʫʯʝʙʥʳʝ ʧʨʦʮʝʩʩʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʜʜʝʨʞʢʠ ʫʯʘʱʠʭʩʷ ʧʫʪʝʤ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʜʣʷ ʫʯʘʱʠʭʩʷ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʫʩʧʝʚʘʝʤʦʩʪʴʶ. ʄʝʪʦʜʳ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢ-

ʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʠʟʫʯʝʥʠʷ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʧʦʠʩʢʘ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ. ʄʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʫʯʝʙ-

ʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʘʟʦʚʘʥʠʝ; ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ; ʤʦʜʝʣʴ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ï ʥʦʚʘʷ ʜʠʩʮʠʧʣʠʥʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʨʘʟʨʘ-

ʙʦʪʢʦʡ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʠ ʚʩʝ ʙʦʣʝʝ ʤʘʩʰʪʘʙʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʠʟ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ 

ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʫʯʘʪʩʷ. ʇʨʠʤʝʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʡ ʢʘʢ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʳʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ (EducationalDataMining). ɼʘʥʥʘʷ ʦʙʣʘʩʪʴ ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʢʦʡ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʨʝʜ. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʛʦʛʦ ʧʝʨʠʦʜʘ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʠ ʚʥʝʜʨʷʶʪʩʷ ʨʘʟʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʭʨʘʥʠʪʴ ʜʘʥʥʳʝ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʣʫʯʰʝ ʧʦʥʷʪʴ, ʢʘʢ ʩʪʫʜʝʥʪʳ ʫʯʘʪʩʷ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʫʯʘʪʩʷ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʣʫ-

ʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʷʚʣʝʥʠʷ. ʂʘʞʜʘʷ ʢʦʥʢʨʝʪʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ 

ʧʨʦʙʣʝʤʘ ʠʤʝʝʪ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ ʩ ʦʩʦʙʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʨʘʟʣʠʯʥʦʛʦ ʧʦʜ-

ʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʅʝʦʙʭʦʜʠʤʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙ-

ʥʘʨʫʞʝʥʠʷ ʟʥʘʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʢʦʥʢʨʝʪʥʳʝ ʤʝʪʦʜʳ. 

ʇʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ, ʚʦʟʨʦʩʣʠ ʚ ʩʚʷʟʠ ʩ 

ʨʘʟʤʝʨʦʤ ʠ ʩʣʦʞʥʦʩʪʴʶ ʜʘʥʥʳʭ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʙʣʘʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʣʘ ʠʟ ʧʦʜʭʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʨʠʚʣʝʢʣʘ 

ʚʥʠʤʘʥʠʝ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. LMS (learning management system) ï ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ, ʦʪʩʣʝʞʠʚʘʥʠʷ, ʦʪʯʝʪʥʦ-
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ʩʪʠ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʢʫʨʩʦʚ ʠʣʠ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤ, ʥʦ ʠ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʛ-

ʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʛʝʥʝʨʘʮʠʠ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʩʧʝʚʘʝʤʦʩʪʠ ʫʯʘʱʠʭʩʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʪʝʤʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. ʆʜ-

ʥʘʢʦ ʠʟʤʝʨʝʥʠʝ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʩʢʦʣʴʢʫ ʫʩʧʝʚʘʝʤʦʩʪʴ ʩʪʫ-

ʜʝʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ ʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʯʘʩʪʚʫʝʪ ʩʣʦʞʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʛʫʪ ʥʝ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʢ ʵʪʠʤ ʪʠʧʘʤ ʜʘʥʥʳʭ ʠ ʧʨʦʙʣʝʤʘʤ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʙʝʨʫʪʩʷ ʣʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʠʥ-

ʪʝʨʘʢʪʠʚʥʳʭ ʫʯʝʙʥʳʭ ʩʨʝʜ, ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʦʚʤʝʩʪʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʣʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ 

ʠʟ ʰʢʦʣ ʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʦʥʠ ʯʘʩʪʦ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ ʟʥʘʯʠʤʦʡ ʠʝʨʘʨʭʠʠ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ 

ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʠʭ ʜʘʥʥʳʭ, ʘ ʥʝ ʟʘʨʘʥʝʝ. ɺʦʧʨʦʩʳ, ʚʨʝʤʝʥʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ ʠ ʩʚʷʟʠ ʪʘʢʞʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʟʫʯʝʥʠʠ ʫʯʝʙʥʳʭ ʜʘʥʥʳʭ. 

ʎʝʣʴʶ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʥʘʫʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʵʪʦʡ ʥʦʚʦʡ ʜʠʩʮʠʧʣʠʥʝ ʧʦʩʨʝʜʩʪ-

ʚʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʨʠʠ ʢʦʥʬʝʨʝʥʮʠʡ EDM, ʞʫʨʥʘʣʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʦʙʣʘʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʧʠʩʢʦʚ ʨʘʩʩʳʣʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʷ ʨʝʩʫʨʩʦʚ ʩʦʦʙʱʝʩʪʚʘ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʠ ʤʝʪʦʜʘʤʠ. 

Educational Data Mining (EDM) ï ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʦʡ ʤʝʪʦʜʳ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʘʥʥʳʭ. ʇʦʩʢʦʣʴʢʫ ʥʘʢʦʧʣʝʥʥʳʡ ʉʨʝʜʥʠʡ 

ʙʘʣʣ (GPA) ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʞʠʟʥʠ ʩʪʫʜʝʥʪʦʚ, ʥʘʣʠʯʠʝ ʫʧʨʘʚʣʷʝ-

ʤʳʭ ʜʘʥʥʳʤʠ ʧʨʦʬʠʣʝʡ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʟʘʢʦʥʯʘʪ ʩ ʥʠʟʢʠʤ GPA, ʷʚʣʷʝʪʩʷ ʠʥʪʝ-

ʨʝʩʥʦʡ ʠ ʩʣʦʞʥʦʡ ʧʨʦʙʣʝʤʦʡ. ɺʳʷʚʣʝʥʠʝ ʪʘʢʠʭ ʪʠʧʦʚ ʫʯʘʱʠʭʩʷ ʧʦʟʚʦʣʷʝʪ ʫʯʝʙʥʳʤ ʟʘʚʝʜʝʥʠʷʤ 

ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʫʯʘʱʠʭʩʷ ʧʫʪʝʤ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʤ ʩʧʝʮʠʘʣʴʥʦʡ ʘʢʘʜʝʤʠʯʝʩʢʦʡ 

ʧʦʤʦʱʠ ʠ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ. 

ɸʢʘʜʝʤʠʯʝʩʢʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʨʦʮʝʩʩ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ 

ʵʪʘʧʘ ɽɼʄ: ʦʨʛʘʥʠʟʘʮʠʶ, ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʦʮʝʥʢʫ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ. ʆʨʛʘʥʠʟʘʮʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ ʨʘʟʜʝʣʝʥʠʠ ʠʟʫʯʘʝʤʳʭ ʧʨʝʜʤʝʪʦʚ; ʧʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʫʥʠʚʝʨʩʠʪʝʪʳ, ʘʥʘ-

ʣʠʟʠʨʫʶʱʠʝ ʬʠʟʠʦʥʦʤʠʠ ʩʪʫʜʝʥʪʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʢʣʶʯʘʝʪ çʘʣʛʦʨʠʪʤʳ ʠʥʜʫʢʮʠʠ ʧʨʘʚʠʣè ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʘʪʝʛʦʨʠʘʣʴ-

ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ çʩʦʭʨʘʥʝʥʠʝè ʠʣʠ çʦʪʩʝʚè ʠ çʧʝʨʝʜʘʯʘè ʠʣʠ çʧʨʝʙʳʚʘʥʠʝè. ʇʨʠʥʠʤʘʷ 

ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʦʮʝʥʢʘ ʦʭʚʘʪʳʚʘʝʪ çʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʠʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʠ ʢʘʩʘʝʪʩʷ ʥʝ-

ʧʨʝʨʳʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʨʝʜʥʠʡ ʙʘʣʣ ʠ ʫʨʦʚʝʥʴ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳè. ʅʘʢʦ-

ʥʝʮ, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʩʦʚʤʝʩʪʥʳʝ ʛʨʘʬʠʢʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʘʚʠʣ ʠ ʦʮʝʥʦʢ [1]. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʚ ʢʦʣʣʝʜʞʝ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ-ʍʘʥ-

ʖʥʠʩ, ʛʜʝ ʜʘʥʥʳʝ ʩʪʫʜʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ 

Moodle ʩʦʙʠʨʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʧʷʪʥʘʜʮʘʪʠ ʣʝʪ (1993ï2002). ʄʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ: ʘʩʩʦʮʠʘʮʠʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ ʧʨʘʚʠʣ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚʳʙʨʦʩʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʈʝʩʫʨʩʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʘʢʘʜʝʤʠʯʝʩʢʠʭ 

ʫʩʧʝʭʦʚ. 

EDM ʧʦʤʦʛʘʝʪ ʩʪʫʜʝʥʪʘʤ ʣʝʛʢʦ ʩʦʙʠʨʘʪʴ, ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʠ ʭʨʘʥʠʪʴ ʚʩʶ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘ-

ʮʠʶ ʜʣʷ ʠʭ ʠʟʫʯʝʥʠʷ. 

ʇʦʷʚʣʝʥʠʝ ʕʆɼ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʟʜʘʝʪ ʟʜʦʨʦʚʫʶ ʩʨʝʜʫ ʠ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʫʥʠʚʝʨ-

ʩʠʪʝʪʩʢʦʛʦ ʦʧʳʪʘ ʜʣʷ ʩʪʫʜʝʥʪʦʚ. EDM ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʭʨʘʥʠʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʘʥʥʳʭ ʥʝʟʘ-

ʚʠʩʠʤʦ ʦʪ ʬʦʨʤʘʪʘ (ʘʫʜʠʦ, ʚʠʜʝʦ, ʠʟʦʙʨʘʞʝʥʠʷ, ʜʦʢʫʤʝʥʪʳ, ʬʘʡʣʳ ʠ ʬʦʨʤʘʪʳ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ). 

ʇʨʘʚʠʣʴʥʳʡ ʤʝʪʦʜ ʜʦʙʳʯʠ ʟʥʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʫʧʥʳʭ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʢʦʩ-

ʚʝʥʥʦ ʩʪʘʣ ʦʩʥʦʚʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʫ ʩʪʫʜʝʥʪʦʚ ʥʘʚʳʢʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʣʘʥʠʨʫʷ ʩʚʦʡ ʧʨʝʜʩʪʦʷʱʠʡ ʫʯʝʙʥʳʡ ʛʦʜ, ʩʪʫʜʝʥʪʳ ʫʣʫʯʰʘʶʪ ʩʚʦʠ ʥʘʚʳʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʡ ʩ ʧʦʤʦʱʴʶ edm insights, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʢʦʥʩʫʣʴʪʘʥʪʘʤʠ ʧʦ ʟʘʯʠʩʣʝʥʠʶ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 
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ʫʩʧʝʭʘʭ ʧʨʝʜʳʜʫʱʠʭ ʩʪʫʜʝʥʪʦʚ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʨʦʬʠʣʷʤʠ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʩʪʫʜʝʥʪʘʤ ʚʳʙʨʘʪʴ 

ʧʦʜʭʦʜʷʱʫʶ ʦʙʣʘʩʪʴ ʦʙʫʯʝʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʟʘʥʷʪʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʤʦʯʴ ʠʭ ʫʩʧʝʭʫ. 

ʂʨʦʤʝ ʪʦʛʦ, EDM ʧʦʤʦʛʘʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʈʘ-

ʥʝʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʣʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʘʫʜʠʪʦʨʥʦʛʦ ʧʝ-

ʨʠʦʜʘ. ʆʜʥʘʢʦ ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʨʥʝʪ-ʦʙʫʯʝʥʠʷ ʧʦʤʦʛʘʝʪ ʠʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʚʦʩʧʠʪʘʪʝʣʝʡ ʩʪʫʜʝʥ-

ʪʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʜʘʥʥʳʝ ʚ ʣʶʙʦʝ ʚʨʝʤʷ, ʧʦʟʚʦʣʷʷ ʠʤ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ 

ʩʪʨʘʪʝʛʠʡ ʠʟʫʯʠʪʴ ʠʩʪʦʨʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ. ʆʪʟʳʚʳ ʦ ʢʘʢʠʝ ʤʝʪʦʜʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʩʧʝʭʠ ʚ ʫʯʝʙʝ 

ʚ ʧʨʦʰʣʦʤ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʥʩʪʨʫʢʪʦʨʘ, ʚʳʜʝʣʠʚ ʪʝʨʨʠʪʦʨʠʠ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ. 

ʋʯʝʙʥʳʝ ʧʣʘʥʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʘ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ ʫʯʘʱʠʭʩʷ. EDM ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ 

ʪʝʭ ʩʪʫʜʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʥʘʠʙʦʣʴʰʝʤ ʚʥʠʤʘʥʠʠ ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʩʪʦʷʥʥʦ ʦʪʩʣʝ-

ʞʠʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʩʝʭ ʩʪʫʜʝʥʪʦʚ. ʕʪʦ ʦʙʣʝʛʯʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʢʫʨʩʘʤʠ ʚ ʮʝʣʷʭ ʵʬʬʝʢʪʠʚ-

ʥʦʛʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʩʘʤʦʤ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. 

ʇʦʩʢʦʣʴʢʫ ʦʜʥʘ ʠʟ ʬʫʥʢʮʠʡ EDM ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʩʢʨʳʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʟʥʘ-

ʥʠʡ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ, ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʚʝʜʝʥʠʷ ʟʘʨʘʥʝʝ. ɹʘʨʘʜʚʘʜʞ ʠ ʧʘʣ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʢʘʟʘʥʠʝ 

ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʦ ʯʝʨʝʟ: ʠʭ ʩʧʨʘʚʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʠʩʪʦʨʠʶ 

ʥʝʩʧʨʘʚʝʜʣʠʚʳʭ ʦʥʣʘʡʥ-ʵʢʟʘʤʝʥʦʚ ʠ ʘʥʦʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʠʭ ʨʝʟʫʣʴʪʘʪʘʭ. 

ʇʨʦʛʥʦʟʳ ʧʦʣʝʟʥʳ, ʧʦʤʦʛʘʷ ʧʦʜʥʷʪʴ GPA ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʟʘʢʦʥʯʘʪ ʩ ʥʠʟ-

ʢʠʤ GPA. ʇʨʠʤʝʥʝʥʠʝ EDM ʧʦʟʚʦʣʷʝʪ ʫʥʠʚʝʨʩʠʪʝʪʫ ʦʙʥʘʨʫʞʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʫʜʘʯʥʳʝ ʦʮʝʥʢʠ 

ʨʘʥʝʝ ʚ ʪʝʨʤʠʥʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʫʥʠʚʝʨʩʠʪʝʪʫ ʦʢʘʟʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ 

ʩʪʫʜʝʥʪʘʤ, ʢʦʪʦʨʳʝ ʙʦʣʴʰʝ ʚʩʝʛʦ ʚ ʥʝʡ ʥʫʞʜʘʶʪʩʷ, ʠ ʜʘʝʪ ʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʨʘʙʘʪʳʚʘʪʴ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ɸɻʇ. EDM ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʩʪʫʜʝʥʪʳ ʙʫʜʫʪ ʥʘʠʙʦʣʝʝ 

ʫʩʧʝʰʥʳʤʠ ʚ ʩʚʦʝʡ ʦʙʣʘʩʪʠ ʦʙʫʯʝʥʠʷ ʠ ʢʘʢʠʝ ʬʘʢʪʦʨʳ ʧʨʠʚʝʜʫʪ ʢ ʠʭ ʫʩʧʝʭʫ ï ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʢʫʨʩʦʚ ʠ ʠʭ ʛʨʘʬʠʢ ï ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʟʚʦʣʷʷ ʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʢʦʥʩʫʣʴʪʠʨʦ-

ʚʘʪʴ ʩʪʫʜʝʥʪʦ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪʩʝʚʘ. 

ʉʧʨʦʩ ʠ ʢʦʥʢʫʨʝʥʮʠʷ ʚ ʩʝʢʪʦʨʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʨʦʩʣʠ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʉʪʨʝʤʠʪʝʣʴʥʦʝ 

ʨʘʟʚʠʪʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʤʦʛʘʝʪ ʫʯʝʙʥʳʤ ʟʘʚʝʜʝʥʠʷʤ ʧʨʘʢʪʠʢʦʚʘʪʴ ʤʦʜʝʣʠ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ ʫʯʘʱʠʭʩʷ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʙʳʣʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʠʢ. ɺ ɹʘʨʙʝʨ ʠ ʐʘʨʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʳʭ ʠʟ ʠʤʝʶʱʝʡʩʷ ʫ ʩʪʫ-

ʜʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʬʠʥʘʥʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʝʤ. Wolff et al., ʥʘʥʝ-

ʩʝʥʘ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ ʤʝʪʦʜ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʚ ʫʯʝʙʥʦʡ ʩʠʪʫʘʮʠʠ ʨʠʩʢʘ. Jai Ruby & David 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ [2]. ʆʥʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʥʝʡʨʦʩʝʪʝʚʘʷ ʪʝʭʥʠʢʘ ʧʨʝʚʦʩʭʦʜʠʪ ʜʨʫʛʠʝ ʤʝ-

ʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʜʦʩʪʠʛʣʘ ʚʳʩʦʪ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʪʫ-

ʜʝʥʪʘ 74,8%. Abu Naser et al., ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ANN) ʜʣʷ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʠʥʞʝʥʝʨʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʦʥʠ ʨʘʩʩʤʦʪʨʝʣʠ ʦʮʝʥʢʠ 

ʩʪʫʜʝʥʪʦʚ ʥʘ ʢʫʨʩʘʭ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʡʜʝʥʥʳʭ ʢʨʝʜʠʪʦʚ ʠ ʩʨʝʜʥʠʡ ʙʘʣʣ ʢʫʤʫʣʷʪʠʚʥʦʡ ʦʮʝʥʢʠ ʚ 

ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʦʚ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʘ, ʤʦʜʝʣʴ ANN ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʩʢʘʟʘʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʘ ʩ ʪʦʯʥʦʩʪʴʶ 80% Ajith et al. ʧʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʘʚʠʣ ʜʣʷ ʦʮʝʥʢʠ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ ɸʩʩʦʮʠʘʮʠʠ [3]. ʇʨʘʚʠ-

ʣʘ ʘʩʩʦʮʠʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʫʯʘʱʝʛʦʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʘʞʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʜʣʷ ʦʮʝʥʢʠ ʫʩʧʝʚʘʝʤʦʩʪʠ ʫʯʘʱʠʭʩʷ. 

ʇʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶ-

ʱʠʭ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝ-

ʪʝʡ, ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʧʦʧʫʣʷʨʥʳʝ ʠ ʧʨʠ ʵʪʦʤ ʫʜʦʙʥʳʝ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʧʦʥʠʤʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ [4]. 

ʉʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʟʥʘʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʚʝʙ-

ʘʜʘʧʪʠʚʥʳʭ ʩʨʝʜ ʦʙʫʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʏʘʩʪʦ ʙʳʚʘʝʪ ʩʣʦʞʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ 

ʪʠʧ ʜʘʥʥʳʭ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʜʦʤʝʥʘ, ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ, ʠ ʢʘʢ ʦʥ ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʩʠʩʪʝʤʦʡ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʢʣʘʩʩʠ-

ʬʠʮʠʨʫʶʪ ʟʥʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʝʟ ʫʯʝʪʘ ʚʝʩʦʚʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʟʘʚʠ-

ʩʷʱʠʤʠ ʦʪ ʜʦʤʝʥʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʥʳʝ, ʪʘʢ ʠ ʵʢʟʝʤʧʣʷʨʥʳʝ ʤʦʜʝʣʠ. 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯ-

ʥʳʤ ʠ ʮʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʚʳʰʝʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʘʡʪʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ 

ʠʟʚʣʝʯʴ ʚʳʛʦʜʫ ʠʟ ʥʝʦʙʭʦʜʠʤʦʛʦ ʚʥʠʤʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʶʪ, ʢʦʛʜʘ ʦʮʝʥʢʠ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʥʠ-

ʞʝ ʦʞʠʜʘʥʠʡ. 
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Ϸ.ʄ. ʊʘʥʘʙʘʝʚʘ 

ʤʘʛʠʩʪʨ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ʛ. ʊʘʣʜʳʢʦʨʛʘʥ, ɾʝʪʳʩʫʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɾʘʥʩʫʛʫʨʦʚʘ 

ɸ.ɾ. ʂʠʥʪʦʥʦʚʘ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʛ. ɸʩʪʘʥʘ, ɽʚʨʘʟʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʝʚʘ 

ʉʆɿɼɸʅʀɽ ʄʆɼɽʃʀ ɼʃʗ ʆʎɽʅʂʀ ʋʈʆɺʅʗ ɿʅɸʅʀʁ  
ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʅɽʁʈʆ-ʅɽʏɽʊʂʀʍ ʊɽʍʅʆʃʆɻʀʁ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ ʛʠʙʨʠʜʥʳʭ ʩʝʪʝʡ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʚ ʩʠʩʪʝʤʝ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ; ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʩʠʩʪʝʤʘʭ ʦʙʫʯʝʥʠʷ. çʄʦʜʝʣʴ ʜʣʷ ʦʮʝʥʢʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʫʨʦʚʥʷ ʟʥʘʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʦʙʫʯʘʶʱʠʭ ʩʠʩʪʝʤʘʭè ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ; ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ; ʩʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. 

ʊʝʭʥʦʣʦʛʠʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʳʩʰʝʤʫ ʫʯʝʙʥʦʤʫ ʟʘʚʝʜʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʫʯʝʙʥʦʡ ʩʨʝʜʳ ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ, ʜʦʩʪʘʚʢʠ ʤʦʜʫʣʝʡ 

ʠ ʧʦʜʜʝʨʞʢʠ.  

ʆʜʥʠʤ ʠʟ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ ʩʨʝʜʳ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʝʤ (LMS), ʪʘʢʦʡ ʢʘʢ MOODLE ʠʣʠ Edmodo [1]. 

ʉʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʟʥʘʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʚʝʙ-

ʘʜʘʧʪʠʚʥʳʭ ʩʨʝʜ ʦʙʫʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʏʘʩʪʦ ʙʳʚʘʝʪ ʩʣʦʞʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ 

ʪʠʧ ʜʘʥʥʳʭ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʜʦʤʝʥʘ, ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ ʠ ʢʘʢ ʦʥ ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʩʠʩʪʝʤʦʡ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʢʣʘʩʩʠ-

ʬʠʮʠʨʫʶʪ ʟʥʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʝʟ ʫʯʝʪʘ ʚʝʩʦʚʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʟʘʚʠ-

ʩʷʱʠʤʠ ʦʪ ʜʦʤʝʥʘ [2]. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʥʳʝ, ʪʘʢ ʠ ʵʢʟʝʤʧʣʷʨʥʳʝ ʤʦʜʝʣʠ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʨʝʜʣʦʞʝʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʧʨʦʩʪʦʡ ʤʝʪʦʜ çʠʥʪʫʠʪʠʚʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʟʥʘʥʠʡè 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʤʝʪʥʦ-ʟʘʚʠʩʠʤʳʭ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ 

ʟʥʘʥʠʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʥʪʫʠʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪ ʦʧʪʠʤʘʣʴʥʳʝ ʚʝʩʦʚʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʫʯʘʱʠʭʩʷ ʧʦ ʢʣʘʩʩʫ ʟʥʘʥʠʡ. ɿʘʪʝʤ ʦʥ ʠʟʤʝʨʷʝʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʪʫʜʝʥʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʜʘʥʥʳʭ ʠ ʟʥʘʯʝʥʠʡ ʚʝʩʦʚ. ʅʘʢʦʥʝʮ, ʦʥ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʮʝʩʩʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʢʣʘʩʩʘ ʟʥʘʥʠʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʟʚʝʰʠʚʘʥʠʝ ʧʨʝʜʤʝʪʥʦ-

ʟʘʚʠʩʠʤʳʭ ʜʘʥʥʳʭ ʩʪʫʜʝʥʪʦʚ ʠ ʩʦʯʝʪʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʧʫ-

ʣʷʮʠʦʥʥʦʛʦ ʧʦʠʩʢʦʚʦʛʦ ʧʦʜʭʦʜʘ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩ-
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ʪʝʤʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʧʨʠ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʠʩʪʝʤʫ 

ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʥʘʥʠʡ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʄʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʪʨʦʷʪʩʷ ʠ ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʣʷ ʩʨʝʜʳ ʵʣʝʢʪʨʦʥ-

ʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʅʘʙʦʨ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʦʜʝʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʨʘʟʜʝʣʝʥ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʦʙ-

ʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ ʧʦʚʝʜʝʥʠʷ, ʘʪʨʠʙʫʪʘʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʢ-

ʟʘʤʝʥʘ ʠ ʫʨʦʚʥʝʤ ʟʥʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʛʦ ʘʪʨʠʙʫʪʘ, ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ʉʫʱʝʩʪʚʫʝʪ 403 ʵʢʟʝʤʧʣʷʨʘ, ʠʟ ʢʦʪʦʨʳʭ 145 ʵʢʟʝʤʧʣʷʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʤʦʜʝʣʠ, ʘ 

ʦʩʪʘʣʴʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ. 

ʊʘʙʣʠʮʘ 1 

ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʘʥʥʳʭ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʄʥʦʛʦʤʝʨʥʳʝ 

ʂʦʣʠʯʝʩʪʚʦ ʵʢʟʝʤʧʣʷʨʦʚ 403 

ʇʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ ʆʙʨʘʟʦʚʘʥʠʝ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʪʨʠʙʫʪʦʚ ʈʝʘʣʴʥʳʝ 

ʂʦʣʠʯʝʩʪʚʦ ʘʪʨʠʙʫʪʦʚ 5 

 

ɺ ʪʘʙʣʠʮʝ 2 ʧʦʢʘʟʘʥʳ ʧʷʪʴ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʦʧʠʩʘʥʠʝ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. 
 

ʊʘʙʣʠʮʘ 2 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʪʨʠʙʫʪʘʭ 

ʇʝʨʝʤʝʥʥʘʷ ʆʧʠʩʘʥʠʝ 

STG The degree of study time for goal object materails (ʚʨʝʤʷ, ʧʦʪʨʘʯʝʥʥʦʝ ʥʘ ʠʟʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ) 

SCG 
The degree of repetition number of user for goal object materails  

(ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʦʚ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ) 

STR 
The degree of study time of user for related objects with goal object  

(ʚʨʝʤʷ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʮʝʣʝʚʳʤ ʤʘʪʝʨʠʘʣʦʤ) 

LPR 
The exam performance of user for related objects with goal object  

(ʨʝʟʫʣʴʪʘʪ ʵʢʟʘʤʝʥʦʚ ʧʦ ʧʨʝʜʤʝʪʘʤ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʮʝʣʝʚʳʤ ʧʨʝʜʤʝʪʦʤ) 

PEG The exam performance of user for goal objects (ʨʝʟʫʣʴʪʘʪ ʵʢʟʘʤʝʥʘ ʧʦ ʮʝʣʝʚʦʤʫ ʧʨʝʜʤʝʪʫ) 

UNS The knowledge level of user (ʫʨʦʚʝʥʴ ʟʥʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ) 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 1 ʠʟʦʙʨʘʞʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 
 

 
 

ʈʠʩ. 1. ʀʣʣʶʩʪʨʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʨʝʟʫʣʴʪʘʪʦʚ 

 

ɸʥʘʣʠʟ ʩʪʝʧʝʥʝʡ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʘʚʠʣʘ: 

1. ɽʩʣʠ STG ʚʳʩʦʢʦʝ ʠ PEG ʚʳʩʦʢʦʝ, ʪʦ UNS ʚʳʩʦʢʦʝ. 

2. ɽʩʣʠ STG ʚʳʩʦʢʦʝ, SCG cʨʝʜʥʝʝ, PEG ʚʳʩʦʢʦʝ, ʪʦ UNS ʚʳʩʦʢʦʝ. 

3. ɽʩʣʠ STG ʚʳʩʦʢʦʝ, SCG ʩʨʝʜʥʝʝ, STR ʩʨʝʜʥʝʝ, LPR ʚʳʩʦʢʦʝ, PEG ʚʳʩʦʢʦʝ, UNS ʚʳʩʦʢʦʝ. 

4. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʚʳʩʦʢʦʝ, STR ʚʳʩʦʢʦʝ, LPR ʚʳʩʦʢʦʝ, PEG ʩʨʝʜʥʝʝ, UNS ʚʳʩʦʢʦʝ. 
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5. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʩʨʝʜʥʝʝ, STR ʩʨʝʜʥʝʝ, LPR ʚʳʩʦʢʦʝ, PEG ʚʳʩʦʢʦʝ, UNS ʚʳʩʦʢʦʝ. 

6. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʩʨʝʜʥʝʝ, STR ʩʨʝʜʥʝʝ, LPR ʚʳʩʦʢʦʝ, PEG ʚʳʩʦʢʦʝ, UNS ʚʳʩʦʢʦʝ. 

7. ɽʩʣʠ STG ʚʳʩʦʢʦʝ, SCG ʥʠʟʢʦʝ, STR ʚʳʩʦʢʦʝ, LPR ʚʳʩʦʢʦʝ, PEG ʚʳʩʦʢʦʝ, UNS ʚʳʩʦʢʦʝ. 

8. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʥʠʟʢʦʝ, STR ʩʨʝʜʥʝʝ, LPR ʚʳʩʦʢʦʝ, PEG ʚʳʩʦʢʦʝ, UNS ʚʳʩʦʢʦʝ. 

9. ɽʩʣʠ STG ʥʠʟʢʦʝ, SCG ʩʨʝʜʥʝʝ, STR ʥʠʟʢʦʝ, LPR ʚʳʩʦʢʦʝ, PEG ʚʳʩʦʢʦʝ, UNS ʚʳʩʦʢʦʝ. 

10. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʚʳʩʦʢʦʝ, STR ʩʨʝʜʥʝʝ, LPR ʚʳʩʦʢʦʝ, PEG ʚʳʩʦʢʦʝ, UNS ʚʳʩʦʢʦʝ. 

11. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʚʳʩʦʢʦʝ, STR ʚʳʩʦʢʦʝ, LPR ʩʨʝʜʥʝʝ, PEG ʩʨʝʜʥʝʝ, UNS ʩʨʝʜʥʝʝ. 

12. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʚʳʩʦʢʦʝ, STR ʚʳʩʦʢʦʝ, LPR ʥʠʟʢʦʝ, PEG ʩʨʝʜʥʝʝ, UNS ʩʨʝʜʥʝʝ. 

13. ɽʩʣʠ STG ʥʠʟʢʦʝ, SCG ʩʨʝʜʥʝʝ, STR ʥʠʟʢʦʝ, LPR ʩʨʝʜʥʝʝ, PEG ʩʨʝʜʥʝʝ, UNS ʩʨʝʜʥʝʝ. 

14. ɽʩʣʠ STG ʚʳʩʦʢʦʝ, SCG ʚʳʩʦʢʦʝ, STR ʚʳʩʦʢʦʝ, LPR ʥʠʟʢʦʝ, PEG ʥʠʟʢʦʝ, UNS ʩʨʝʜʥʝʝ. 

15. ɽʩʣʠ STG ʚʳʩʦʢʦʝ, SCG ʚʳʩʦʢʦʝ, STR ʚʳʩʦʢʦʝ, LPR ʩʨʝʜʥʝʝ, PEG ʥʠʟʢʦʝ, UNS ʩʨʝʜʥʝʝ. 

16. ɽʩʣʠ STG ʚʳʩʦʢʦʝ, SCG ʚʳʩʦʢʦʝ, STR ʚʳʩʦʢʦʝ, LPR ʥʠʟʢʦʝ, PEG ʩʨʝʜʥʝʝ, UNS ʩʨʝʜʥʝʝ. 

17. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʚʳʩʦʢʦʝ, STR ʩʨʝʜʥʝʝ, LPR ʥʠʟʢʦʝ, PEG ʥʠʟʢʦʝ, UNS ʩʨʝʜʥʝʝ. 

18. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʥʠʟʢʦʝ, STR ʩʨʝʜʥʝʝ, LPR ʩʨʝʜʥʝʝ, PEG ʩʨʝʜʥʝʝ, UNS ʩʨʝʜʥʝʝ.  

19. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʥʠʟʢʦʝ, STR ʩʨʝʜʥʝʝ, LPR ʩʨʝʜʥʝʝ, PEG ʩʨʝʜʥʝʝ, UNS ʩʨʝʜʥʝʝ.  

20. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʥʠʟʢʦʝ, STR ʩʨʝʜʥʝʝ, LPR ʩʨʝʜʥʝʝ, PEG ʩʨʝʜʥʝʝ, UNS ʩʨʝʜʥʝʝ.  

21. ɽʩʣʠ STG ʥʠʟʢʦʝ, SCG ʥʠʟʢʦʝ, STR ʩʨʝʜʥʝʝ, LPR ʚʳʩʦʢʦʝ, PEG ʩʨʝʜʥʝʝ, UNS ʩʨʝʜʥʝʝ. 

22. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʚʳʩʦʢʦʝ, STR ʚʳʩʦʢʦʝ, LPR ʥʠʟʢʦʝ, PEG ʥʠʟʢʦʝ, UNS ʥʠʟʢʦʝ. 

23. ɽʩʣʠ STG ʚʳʩʦʢʦʝ, SCG ʚʳʩʦʢʦʝ, STR ʚʳʩʦʢʦʝ, LPR ʥʠʟʢʦʝ, PEG ʥʠʟʢʦʝ, UNS ʥʠʟʢʦʝ. 

24. ɽʩʣʠ STG ʚʳʩʦʢʦʝ, SCG ʚʳʩʦʢʦʝ, STR ʚʳʩʦʢʦʝ, LPR ʩʨʝʜʥʝʝ, PEG ʥʠʟʢʦʝ, UNS ʥʠʟʢʦʝ. 

25. ɽʩʣʠ STG ʚʳʩʦʢʦʝ, SCG ʥʠʟʢʦʝ, STR ʩʨʝʜʥʝʝ, LPR ʩʨʝʜʥʝʝ, PEG ʥʠʟʢʦʝ, UNS ʥʠʟʢʦʝ. 

26. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʥʠʟʢʦʝ, STR ʩʨʝʜʥʝʝ, LPR ʥʠʟʢʦʝ, PEG ʩʨʝʜʥʝʝ, UNS ʥʠʟʢʦʝ. 

27. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʥʠʟʢʦʝ, STR ʩʨʝʜʥʝʝ, LPR ʩʨʝʜʥʝʝ, PEG ʥʠʟʢʦʝ, UNS ʥʠʟʢʦʝ. 

28. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʥʠʟʢʦʝ, STR ʩʨʝʜʥʝʝ, LPR ʥʠʟʢʦʝ, PEG ʥʠʟʢʦʝ, UNS ʥʠʟʢʦʝ. 

29. ɽʩʣʠ STG ʩʨʝʜʥʝʝ, SCG ʩʨʝʜʥʝʝ, STR ʚʳʩʦʢʦʝ, LPR ʚʳʩʦʢʦʝ, PEG ʥʠʟʢʦʝ, UNS ʥʠʟʢʦʝ. 

30. ɽʩʣʠ STG ʥʠʟʢʦʝ, SCG ʩʨʝʜʥʝʝ, STR ʩʨʝʜʥʝʝ, LPR ʩʨʝʜʥʝʝ, PEG ʥʠʟʢʦʝ, UNS ʥʠʟʢʦʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʧʝʨʚʦʡ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ çSTGè ï ʉʪʝʧʝʥʴ ʚʨʝʤʝʥʠ ʠʟʫʯʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ T = {çʥʠʟʢʘʷè, çʩʨʝʜʥʷʷè, çʚʳʩʦʢʦʝè} ʠʣʠ ʚ ʩʠʤʚʦʣʠʯʝʩʢʦʤ ʚʠʜʝ 

T = {PS, PM, PB}. ʇʨʠʤʝʨ ʦʜʥʦʡ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʧʨʦʠʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. ɼʣʷ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʠʜʝʥʪʠʯʥʳ (ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʦʜʥʦʤ ʚʠʜʝ, ʚ ʜʨʫʛʠʭ ʟʘʜʘʯʘʭ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʥʫʞʥʦ ʟʘʜʘʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʩʪʘʚ-

ʣʷʝʤʳʭ ʜʘʥʥʳʭ). 

 

 

ʈʠʩ. 2. ʊʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʧʝʨʝʤʝʥʥʦʡ STG 
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ʊʘʙʣʠʮʘ 3 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʧʨʘʚʠʣ ʩʠʩʪʝʤ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

ʅʦʤʝʨ ʧʨʘʚʠʣʘ STG SCG STR LPR PEG UNS 

1 PL    PL PL 

2 PL PM   PL PL 

3 PL PM PM PL PM PL 

4 PM PL PL PL PM PL 

5 PM PM PM PL PL PL 

6 PM PM PM PL PL PL 

7 PL PS PL PL PL PL 

8 PM PS PM PL PL PL 

9 PS PM PS PL PL PL 

10 PM PL PM PL PL PL 

11 PM PL PL PM PM PM 

12 PM PL PL PS PM PM 

13 PL PM PS PM PM PM 

14 PL PL PL PS PS PM 

15 PL PL PL PM PS PM 

16 PL PL PL PS PM PM 

17 PM PL PM PS PS PM 

18 PM PS PM PM PM PM 

19 PM PS PM PM PM PM 

20 PM PS PM PM PM PM 

21 PS PS PM PL PM PM 

22 PM PL PL PS PS PS 

23 PL PL PL PS PS PS 

24 PL PL PL PM PS PS 

25 PL PS PM PM PS PS 

26 PM PS PM PM PS PS 

27 PM PS PM PS PM PS 

28 PM PS PM PM PS PS 

29 PM PS PM PS PS PS 

30 PM PM PL PL PS PS 

 
ʆʙʫʯʘʶʱʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʛʨʫʞʝʥʳ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ï ʟʘʛʨʫʟʢʘ ʜʘʥ-

ʥʳʭ ʩ ʜʠʩʢʘ, ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʩʦʭʨʘʥʠʪʴ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʚ ʬʦʨʤʘʪʝ .dat. ɺʪʦʨʦʡ ï ʟʘʛʨʫʟʢʘ 

ʜʘʥʥʳʭ ʩ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʧʦʨʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʦʪʢʨʦʝʤ ʨʝʜʘʢʪʦʨ ANFIS, ʚ ʢʦʪʦʨʳʡ ʟʘʛʨʫʟʠʤ ʵʪʦʪ ʬʘʡʣ ʩ ʦʙʫʯʘʶʱʠʤʠ ʜʘʥʥʳʤʠ.  

ʇʝʨʝʜ ʛʝʥʝʨʘʮʠʝʡ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʪʠʧʘ ʉʫʛʝʥʦ ʧʦʩʣʝ ʚʳʟʦʚʘ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ 

ʩʚʦʡʩʪʚ ʟʘʜʘʜʠʤ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʦ 3 ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʪʝʨʤʘ, ʪʠʧ ʠʭ ʬʫʥʢʮʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʙʝʨʝʤ ʪʨʝʫʛʦʣʴʥʳʝ ʬʫʥʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʠʧʘ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳ-

ʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʟʘʜʘʜʠʤ ʣʠʥʝʡʥʫʶ ʬʫʥʢʮʠʶ, ʠʟʦʙʨʘʞʝʥʥʫ ʁʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 3. 
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ʈʠʩ. 3. ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʜʣʷ ʟʘʜʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʪʠʧʘ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʝʪʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʪʘʴʩʷ ʛʠʙʨʠʜʥʳʤ ʤʝʪʦʜʦʤ ʦʙʫʯʝʥʠʷ ʩ ʫʨʦʚ-

ʥʝʤ ʦʰʠʙʢʠ 0, ʘ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʦʙʫʯʝʥʠʷ ʟʘʜʘʜʠʤ ʨʘʚʥʳʤ 30. 

ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ, ʠʟʦʙʨʘʞʝʥʘ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 4. 
 

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

 

ʉ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩʠʩʪʝʤʳ MATLAB ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʢʦʥʪʨʦʣʴ ʠ ʥʘʩʪʨʦʡ-

ʢʫ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʨʘʚʠʣ ʥʝʯʝʪʢʠʭ ʧʨʦʜʫʢʮʠʡ [3]. 

ʌʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (MFs) ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʯʘʩʪʷʤʠ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʪʦ 
ʝʩʪʴ ʨʘʟʤʳʪʦʩʪʴ ʚ ʥʝʯʝʪʢʦʤ ʤʥʦʞʝʩʪʚʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ MF. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʦʨʤʳ MFs ʚʘʞʥʳ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʚʣʠʷʶʪ ʥʘ ʩʠʩʪʝʤʫ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. ʆʥʠ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟ-
ʣʠʯʥʳʝ ʬʦʨʤʳ, ʢʘʢ ʪʨʝʫʛʦʣʴʥʦʡ, ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʡ, ɻʘʫʩʩʦʚʦʡ ʠ ʜʨ. ɽʜʠʥʩʪʚʝʥʥʦʝ ʫʩʣʦʚʠʝ ʚ MF, 

ʯʪʦ ʦʥʘ ʜʦʣʞʥʘ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʤʝʞʜʫ 0 ʠ 1. 
ʊʨʝʫʛʦʣʴʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʠʝʤ ʤʥʦʛʠʭ ʧʨʦʙʣʝʤ. ɽʩʣʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʪʨʝʫʛʦʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʜʨʫʛʠʭ 
ʬʫʥʢʮʠʡ ʥʝʦʙʷʟʘʪʝʣʴʥʦ [4]. 


