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ʋɼʂ 519.682 + 531.6 + 519.7 

ʆ ʅʀʂʆʃɸɽ ɻʋʈʔɽɺʀʏɽ ʏɽʊɸɽɺɽ, ʋʏɽʅʆʄ, ʇɽɼɸɻʆɻɽ ʀ 

ʏɽʃʆɺɽʂɽ.  

ʂ.ɽ. ʗʢʠʤʦʚʘ, ɻ.ɹ. ɽʬʠʤʦʚ, ʄ.ɺ. ɽʬʠʤʦʚʘ 

ʄʝʭʤʘʪ ʄʦʩʢʦʚʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʄ.ɺ. ʃʦ-

ʤʦʥʦʩʦʚʘ,  

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

 ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ɸʢʘʜʝʤʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

 

ɺ ʵʪʦʤ ʛʦʜʫ ʠʩʧʦʣʥʷʝʪʩʷ 115 ʣʝʪ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʅʠʢʦʣʘʷ ɻʫʨʴʝ-

ʚʠʯʘ ʏʝʪʘʝʚʘ (1902-1959) ï ʙʦʣʴʰʦʛʦ ʫʯʝʥʦʛʦ ʠ ʟʘʤʝʯʘʪʝʣʴʥʦʛʦ ʯʝʣʦ-

ʚʝʢʘ. ʆʩʥʦʚʘʪʝʣʷ ʰʢʦʣʳ ʪʝʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʡ ʤʝʭʘʥʠʢʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʞʠʟʥʝʥʥʦʛʦ ʠ ʪʚʦʨʯʝ-

ʩʢʦʛʦ ʧʫʪʠ ʅʠʢʦʣʘʷ ɻʫʨʴʝʚʠʯʘ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪ ʨʘʙʦʪʳ, ʧʨʠʫʨʦʯʝʥ-

ʥʝr ʢ ʝʛʦ ʩʪʦʣʝʪʥʝʤʫ ʶʙʠʣʝʶ [1, 2], ʠ ʚʢʣʶʯʘʝʪ ʚʦʩʧʦʤʠʥʘʥʠʷʤ ʦ ʥʝʤ, 

ʚʝʜʴ ʦʩʪʘʣʠʩʴ ʥʝ ʪʘʢ ʫʞ ʤʥʦʛʦ ʣʶʜʝʡ, ʪʝʩʥʦ ʦʙʱʘʚʰʠʭʩʷ ʩ ʥʠʤ. ʅʠʢʦ-

ʣʘʡ ɻʫʨʴʝʚʠʯ ʧʨʦʞʠʣ ʥʝʤʥʦʛʦ ʙʦʣʝʝ ʧʷʪʠʜʝʩʷʪʠ ʣʝʪ ï ʧʦʣʦʚʠʥʫ ʍʍ 

ʚʝʢʘ, ʧʦʣʥʦʛʦ ʛʨʘʥʜʠʦʟʥʳʭ ʦʪʢʨʳʪʠʡ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʠ ʩʫʨʦʚʳʭ 

ʠʩʧʳʪʘʥʠʡ: ʨʝʚʦʣʶʮʠʡ, ʚʦʡʥ.  

ʇʨʠ ʚʩʝʭ ʪʨʫʜʥʦʩʪʷʭ ʚʝʢʘ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʥʪʝʣʣʠʛʝʥʮʠʠ ʩʪʨʘʥʳ, 

ʚʢʣʶʯʠʣʘʩʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʩʪʘʣʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʧʦ-

ʨʦʡ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ, ʙʝʟ ʥʝʝ ʧʨʦʩʪʦ ʥʝ ʤʦʛʣʦ ʙʳ ʚʝʩʪʠʩ ɹʭʦʟʷʡʩʪʚʦ 

[3]. ʆʪʥʝʩʷ ʦʙʨʘʟ ɼ. ɻʨʘʥʠʥʘ çɿʫʙʨè ʢ ̫ʨʢʠʤ ʣʠʯʥʦʩʪʷʤ ʠʟ ʠʥʪʝʣʣʠʛʝʥ-

ʮʠʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘ ʥʦʚʳʡ ʩʪʨʦʡ ʩʪʘʣʘ ʨʘʙʦʪʘʪʴ ʠʭ ʙʣʝʩʪʷʱʘʷ 

ʧʣʝʷʜʘ: ɺʝʨʥʘʜʩʢʠʡ, ʇʘʚʣʦʚ, ʂʘʧʠʮʘ, ʦʪʝʮ ʠ ʩʳʥ ʇʦʪʦʥʳ, ɹʦʛʦʣʶʙʦʚ, 

ʃʘʚʨʝʥʪʴʝʚ, ɻʣʫ-ʰʢʦ ʠ ʤʥʦʛʦ ʜʨʫʛʠʭ. ʋʩʧʝʭʠ ʩʪʨʘʥʳ ʦʪʨʘʞʘʶʪ ʫʩʧʝʭʠ 

ɿʫʙʨʦʚ ʠ ʪʨʫʜ ʥʘʨʦʜʘ. ʏʝʪʘʝʚ ʧʨʠʥʘʜʣʝʞʘʣ ʢ ʵʪʦʡ ʧʣʝʷʜʝ.  
ʈʦʜʠʣʩʷ ʦʥ 6 ʜʝʢʘʙʨʷ, 1902 ʛʦʜʘ, ʚ ʩʝʣʝ ʂʘʨʘʜʫʣʠ ʂʘʟʘʥʩʢʦʡ ʛʫʙʝʨ-

ʥʠʠ ʚ ʩʝʤʴʝ ʩʝʣʴʩʢʦʛʦ ʩʚʷʱʝʥʥʠʢʘ ɻʫʨʠʷ ʀʚʘʥʦʚʠʯʘ ʠ ɺʝʨʳ ɺʩʝʚʦʣʦ-

ʜʦʚʥʳ ʏʝʪʘʝʚʳʭ. ɼʫʭʦʚʝʥʩʪʚʦ ʚ ʈʦʩʩʠʠ ʙʳʣʦ ʦʩʦʙʳʤ ʩʦʩʣʦʚʠʝʤ, 

ʥʘʩʣʝʜʩʪʚʝʥʥʳʤ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʤ ʩ ʥʘʫʢʦʡ: ñɼʘʞʝ ʚ ʢʦʥʮʝ XIX  ʚʝʢʘ 

ʧʦʯʪʠ ʚʩʝ ʥʘʰʠ ʫʯʝʥʳʝ ʙʳʣʠ ʠʟ ʜʫʭʦʚʥʦʛʦ ʟʚʘʥʠʷ ʠʣʠ ʠʥʦʩʪʨʘʥʮʳò, ï 

ʧʠʩʘʣʠ ʠʩʪʦʨʠʢʠ. ʇʦʣʫʯʘʣʠ ʦʥʠ ʙʝʩʧʣʘʪʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʜʫʭʦʚʥʳʭ 

ʰʢʦʣʘʭ ʠ ʩʝʤʠʥʘʨʠʷʭ ï ʦʩʥʦʚʘʪʝʣʴʥʦʝ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ, ʢʘʢ ʚʩʧʦʤʠʥʘʣ 

ʂʣʶʯʝʚʩʢʠʡ, ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʫʯʠʪʴʩʷ ʙʳʣʦ ʣʝʛʢʦ. ɺ ʩʦʚʝʪʩʢʠʝ ʚʨʝʤʝʥʘ, 

ʚ ʛʦʜʳ ʙʦʛʦʙʦʨʯʝʩʪʚʘ, ʩʝʤʴʶ ʏʝʪʘʝʚʳʭ ʥʝ ʤʠʥʫʣʠ ʠʩʧʳʪʘʥʠʷ, ʚʳʧʘʜʘʚ-

ʰʠʝ ʥʘ ʜʦʣʶ ñʜʫʭʦʚʥʳʭò ï ʣʠʰʝʥʠʝ ʛʨʘʞʜʘʥʩʢʠʭ ʧʨʘʚ, ʜʠʩʢʨʠʤʠʥʘʮʠʠ. 

ʅʦ ʦʥ ʩʤʦʛ ʦʢʦʥʯʠʪʴ ʰʢʦʣʫ ʠ ʧʦʩʪʫʧʠʪʴ ʚ ʂʘʟʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ.  

ɺ 1924 ʛʦʜʫ, ʧʦ ʦʢʦʥʯʘʥʠʠ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʏʝʪʘʝʚ ʞʝʥʠʪʩʷ ʥʘ ʄʘʨʠʠ 

ɾʜʘʥʦʚʦʡ (ʫʤʝʨʰʝʡ ʚ 36 ʛʦʜʫ ʦʪ ʪʫʙʝʨʢʫʣʝʟʘ), ʫ ʥʠʭ ʙʳʣ ʩʳʥ ɼʤʠʪʨʠʡ. 

ɺ 26 ʛʦʜʫ ʦʥ ʙʳʣ ʧʨʠʥʷʪ ʚ ʘʩʧʠʨʘʥʪʫʨʫ ʢ ʧʨʦʬʝʩʩʦʨʫ ɼ.ʅ. ɿʝʡʣʠʛʝʨʫ ʠ 
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ʟʘ ʛʦʜʳ ʘʩʧʠʨʘʥʪʫʨʳ ʚʳʧʦʣʥʷʝʪ ʨʷʜ ʩʝʨʴʝʟʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʥʠ ʩʚʷ-

ʟʘʥʳ ʩ ʠʤʝʥʘʤʠ ɸ.ʄ. ʃʷʧʫʥʦʚʘ, ʥʘ ʪʨʫʜʳ ʢʦʪʦʨʦʛʦ ʫʢʘʟʘʣ ʝʤʫ ʘʢʘʜʝʤʠʢ 

ɺ.ɸ. ʉʪʝʢʣʦʚ, ʠ ɸ. ʇʫʘʥʢʘʨʝ, ʢʦʪʦʨʦʛʦ ʦʥ ʚʟʷʣ ʩʝʙʝ ʟʘ ʦʙʨʘʟʝʮ ʠ ʨʘʙʦʪʳ 

ʢʦʪʦʨʦʛʦ ʠʤ ʙʳʣʠ ʠʟʫʯʝʥʳ ʜʦʩʢʦʥʘʣʴʥʦ. ʕʪʠ ʜʚʘ ʠʤʝʥʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ 

ʚʩʝ ʪʚʦʨʯʝʩʪʚʦ ʅʠʢʦʣʘ ̫ɻʫʨʴʝʚʠʯʘ. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʘʩʧʠʨʘʥʪʫʨʳ ʝʤʫ ʙʳʣʘ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʥʘ ʛʦʜ ʢʦʤʘʥ-

ʜʠʨʦʚʢʘ ʚ ɻʸʪʪʠʥʛʝʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʰʢʦʣʝ ʃ. ʇʨʘʥʜ-

ʪʣʷ. ʐʝʣ 1929 ʛʦʜ, ʰʣʘ ʢʦʣʣʝʢʪʠʚʠʟʘʮʠʷ ʚ ʜʝʨʝʚʥʝ ʠ ʙʦʨʴʙʘ ʩ ʮʝʨʢʦʚʴʶ. 

ʆʪʝʮ ʅʠʢʦʣʘʷ ɻʫʨʴʝʚʠʯʘ, ʧʦʩʣʝ ʟʘʢʨʳʪʠʷ ʮʝʨʢʚʠ ʩʪʘʣ ʯʝʨʥʦʨʘʙʦʯʠʤ. 

ʅʘʢʘʥʫʥʝ ʢʦʤʘʥʜʠʨʦʚʢʠ ʏʝʪʘʝʚʘ ʚ çʂʨʘʩʥʦʡ ʊʘʪʘʨʠʠè ʦʙʩʫʞʜʘʣʦʩʴ: ʟʘ-

ʯʝʤ ʟʘʛʨʘʥʠʮʫ ʧʦʩʳʣʘʶʪ ñʧʦʧʦʚʠʯʘò, ʢʦʪʦʨʳʡ ñʥʘʟʚʘʥʠʚʘʝʪ ʥʘ ʢʦʣʦ-

ʢʦʣʴʥʝ, ʣʠʯʥʦ ʢʨʝʩʪʠʣ ʩʚʦʝʛʦ ʨʝʙʝʥʢʘ ʚ ʮʝʨʢʚʠ?ò ʇʨʦʬʝʩʩʦʨ ɼ. ɿʝʡʣʠ-

ʛʝʨ ʦʪʚʝʪʠʣ: ñʊʦʚ. ʏʝʪʘʝʚ ʟʘ 3 ʛʦʜʘ ʘʩʧʠʨʘʥʪʩʪʚʘ ʚʳʧʦʣʥʠʣ 9 ʠʩʩʣʝʜʦʚʘ-

ʥʠʡé 4 ʠʟ ʥʠʭ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ òɿʘʧʠʩʢʘʭò 2 ɸʢʘʜʝʤʠʡ ʥʘʫʢ, ɺʩʝʩʦʶʟ-

ʥʦʡ ʠ ʇʘʨʠʞʩʢʦʡò. ʇʦʩʣʝ ʢʦʤʘʥʜʠʨʦʚʢʠ ʏʝʪʘʝʚ ʩʪʘʥʦʚʠʪʩʷ ʜʦʮʝʥʪʦʤ ʠ 

ʧʨʦʬʝʩʩʦʨʦʤ ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʨʛʘʥʠʟʫʝʪ ʚ 1930 ʛʦʜʫ ʚ ʫʥʠ-

ʚʝʨʩʠʪʝʪʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʦʪʜʝʣʝʥʠʝ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ʚ 1932 ʛʦʜʫ 

ʦʨʛʘʥʠʟʫʝʪʩʷ ʂʘʟʘʥʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ. ʆʥ ʯʠʪʘʣ ʚ ʥʝʤ ʨʷʜ 

ʢʫʨʩʦʚ, ʙʳʣ ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʂɸʀ ʧʦ ʥʘʫʯʥʦʡ ʠ ʫʯʝʙʥʦʡ ʯʘʩʪʠ. ʆʨʛʘʥʠ-

ʟʫʝʪ ʥʘʫʯʥʳʡ ʩʝʤʠʥʘʨ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʦʚʘʣʘʩʴ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʘʷ ʢʘ-

ʟʘʥʩʢʘʷ ʰʢʦʣʘ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

ɺ 40-ʤ ʛʦʜʫ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʘʢʘʜʝʤʠʢʦʚ ʃ.ʉ. ʃʝʡʙʝʥʟʦʥʘ ʠ ʉ.ɸ. ʏʘ-

ʧʣʳʛʠʥʘ ʏʝʪʘʝʚ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʄʦʩʢʚʫ, ʟʘʚʦʪʜʝʣʦʤ ʦʙʱʝʡ ʤʝʭʘʥʠʢʠ ʀʥ-

ʩʪʠʪʫʪʘ ʄʝʭʘʥʠʢʠ ɸʅ ʠ ʧʨʦʬʝʩʩʦʨʦʤ ʤʝʭʤʘʪʘ ʄɻʋ. ʉ ʥʘʯʘʣʦʤ ɺʝʣʠ-

ʢʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʦʥ ʩʥʦʚʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʂʘʟʘʥʠ, ʢʫʜʘ ʙʳʣʠ ɻ ʚʘ-

ʢʫʠʨʦʚʘʥ rʀʥʩʪʠʪʫʪʳ ɸʢʘʜʝʤʠʠ, ʠʟʫʯʘʝʪ ʚʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʘʝʢ-

ʪʦʨʠʠ ʩʥʘʨʷʜʦʚ, ʤʠʥ, ʩʘʤʦʣʝʪʘ ʧʨʠ ʧʦʩʘʜʢʝ ʩ ʫʯʝʪʦʤ ʜʝʬʝʢʪʦʚ ʧʦʩʘʜʦʯ-

ʥʦʡ ʧʣʦʱʘʜʢʠ. ʂʘʢ ñʩʚʦʡ ʯʝʣʦʚʝʢò ʚ ʂʘʟʘʥʠ, ʤʥʦʛʠʤ ʧʦʤʦʛʘʣ. ɺ 1943 

ʛʦʜʫ ʏʝʪʘʝʚʘ ʠʟʙʠʨʘʶʪ ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ ɸʅ. ʉ 1945 ʧʦ 1953 ʛʦʜ r

ʦʥ ʙʳʣ ʜʠʨʝʢʪʦʨʦʤ ʀʥʩʪʠʪʫʪʘ ʤʝʭʘʥʠʢʠ. ɺ ʵʪʦ ʚʨʝʤʷ ʏʝʪʘʝʚ ʧʦʜʜʝʨʞʠ-

ʚʘʝʪ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ ʥʘʫʯʥʳʤʠ ʰʢʦʣʘʤʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʚʩʣʝʜʩʪʚʠʝ 

ʦʪʲʝʟʜʘ ʠʟ ʂʘʟʘʥʠ ʠ ʤʥʦʛʠʭ ʚʝʜʫʱʠʭ ʯʣʝʥʦʚ ʂʘʟʘʥʩʢʦʡ ʰʢʦʣʳ, ʩʦʟʜʘʚ-

ʰʠʭ ʥʘʫʯʥʳʝ ʢʦʣʣʝʢʪʠʚʳ ʠ ʰʢʦʣʳ ʚ ʨʘʟʥʳʭ ʢʨʘʷʭ ʩʪʨʘʥʳ: ʚ ʄɸʀ, 

ʉʚʝʨʜʣʦʚʩʢʝ, ɸʣʤʘ-ɸʪʝ, ʚ ʄʠʥʩʢ ʠ ʧʨʦʜʦʣʞʠʚ ʨʘʙʦʪʫ ʰʢʦʣʳ ʚ ʂʘʟʘʥʠ. 

ʏʝʪʘʝʚʩʢʠʡ ʩʝʤʠʥʘʨ ʚ ʀʄʝʭʝ ʦʙʲʝʜʠʥʷʣ ʨʘʙʦʪʳ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠ-

ʞʝʥʠʷ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ. ʊʘʢ, ʥʘ ʥʝʤ ɸ.ɸ. ʀʰʣʠʥʩʢʠʡ ʧʨʝʜ-

ʩʪʘʚʣʷʣ ʩʚʦʶ ʢʥʠʛʫ ñʊʝʦʨʠʷ ʛʠʨʦʩʢʦʧʦʚò. 

ʄʥʦʛʦ ʩʠʣ ʏʝʪʘʝʚ ʦʪʜʘʚʘʣ ʨʘʙʦʪʝ ʚ ʄʦʩʢʦʚʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. ʂʦʛʜʘ 

ʚ 1933 ʛʦʜʫ ʙʳʣ ʠʟ ʬʠʟʤʘʪʘ ʚʳʜʝʣʝʥ ʤʝʭʤʘʪ, ʧʦ ʤʝʭʘʥʠʢʝ ʙʳʣʦ ʦʨʛʘʥʠ-

ʟʦʚʘʥʦ ʢʘʬʝʜʨʳ: ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ (ɸ.ʀ. ʅʝʢʨʘʩʦʚ), ʪʝʦʨʠʠ 
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ʫʧʨʫʛʦʩʪʠ (ʅ.ʅ. ɹʫʭʛʦʣʴʮ), ʛʠʜʨʦʜʠʥʘʤʠʢʠ (ʃ.ʉ. ʃʝʡʙʝʥʟʦʥ), ʘʵʨʦʜʠʥʘ-

ʤʠʢʠ (ɺ.ɺ. ɻʦʣʫʙʝʚ). ʇʦ ʭʦʜʘʪʘʡʩʪʚʫ ʅʝʢʨʘʩʦʚʘ ʚ 44 ʛ. ʧʨʦʬʝʩʩʦʨʦʤ ʝʛʦ 

ʢʘʬʝʜʨʳ ʟʘʯʠʩʣʷʝʪʩʷ ʅʠʢʦʣʘʡ ɻʫʨʴʝʚʠʯ. ʂʨʦʤʝ ʦʩʥʦʚʥʦʛʦ ʢʫʨʩʘ ʦʥ ʨʝ-

ʛʫʣʷʨʥʦ ʯʠʪʘʣ ʩʧʝʮʢʫʨʩ ñʋʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷò, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ 

ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʠʟʚʝʩʪʥʘʷ ʤʦʥʦʛʨʘʬʠʷ. ʆʥʘ ʩʪʘʣʘ ñʥʘʩʪʦʣʴʥʦʡ ʢʥʠʛʦʡ 

ʠʥʞʝʥʝʨʦʚ ʠ ʫʯʝʥʳʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʫʯʝʙʥʠʢʦʤ ʜʣʷ ʚʫʟʦʚ, é ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʦʨʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʣʘ 

ʤʦʱʥʳʤ ʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʚʘʞʥʳʭ ʟʘʜʘʯ ʪʝʭʥʠʢʠ ʠ ʧʦʣʫʯʠʣʘ ʩʪʦʣʴʢʦ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝò. ɺ 1951 ʛʦʜʫ ʦʥ ʥʘʯʘʣ ʯʠʪʘʪʴ ʢʫʨʩ ʜʣʷ ʤʝʭʘ-

ʥʠʢʦʚ (ʜʦ ʪʦʛʦ ʯʠʪʘʣ ʤʘʪʝʤʘʪʠʢʘʤ, ï ʩʯʠʪʘʣʠ, ʯʪʦ ʝʛʦ ʢʫʨʩ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʧʨʠʢʣʘʜʥʦʡ). ʅʘ ʵʪʦʤ ʢʫʨʩʝ ʫʯʠʣʠʩʴ ɺ.ɺ.Üɹʝʣʝʮʢʠʡ, ɽ.ɸ.Üɼʝʚʷʥʠʥ, 

ʀ.ɺ.Üʅʦʚʦʞʠʣʦʚ, ɽ.ɸÜɻʨʝʙʝʥʥʠʢʦʚ, ʄ.ʃ.Üʃʠʜʦʚ, ï ʩʪʘʚʰʠʝ ʢʨʫʧʥʳʤʠ 

ʫʯʝʥʳʤʠ-ʤʝʭʘʥʠʢʘʤʠ. ɺ ʢʫʨʩ ʚʦʰʣʠ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʤʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʦ ʃʷʧʫʥʦʚʫ, ʜʚʠʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʚʢʣʶʯʝʥʠʝʤ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ 

ʠʥʪʝʛʨʠʨʫʝʤʦʩʪʠ, ʧʦʜʨʦʙʥʦ ʠʟʣʘʛʘʣʠʩʴ ʚʘʨʠʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ ʤʝʭʘ-

ʥʠʢʠ. ʄʥʦʛʦʝ ʠʟ ʵʪʦʛʦ ʚ ʦʙʳʯʥʳʡ ʢʫʨʩ ʨʘʥʝʝ ʥʝ ʚʢʣʶʯʘʣʦʩʴ. ʊʘʢ ʚʦʟʥʠ-

ʢʘʝʪ ʩʦʚʨʝʤʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʢʫʨʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʤʝʭʘʥʠʢʠ. 

ʂʦʥʝʮ 40-ʭ ʠ ʥʘʯʘʣʦ 50-ʭ ʛʦʜʦʚ ʚ ʉʉʉʈ ʙʳʣʠ ʪʨʫʜʥʳʤʠ: ʠ ʜʣʷ 

ʩʪʨʘʥʳ ʠ ʜʣʷ ʥʘʫʢʠ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʛʝʥʝʪʠʢʦʡ (ʃʳʩʝʥʢʦ, 48 ʛ.), ʧʨʦʠʩʭʦ-

ʜʠʣʠ ʨʘʟʥʦʩʳ ʚ ʬʠʟʠʦʣʦʛʠʠ ʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (50 ʛ.), ʢʠʙʝʨʥʝʪʠʢʘ 

ʙʳʣʘ ʦʙʲʷʚʣʝʥʘ ʣʞʝʥʘʫʢʦʡ, ʛʦʪʦʚʠʣʩʷ ʨʘʟʛʨʦʤ ʬʠʟʠʢʠ, ʥʝ ʩʦʩʪʦʷʚ-

ʰʠʡʩʷ ʙʣʘʛʦʜʘʨʷ ʀ.ɺ. ʂʫʨʯʘʪʦʚʫ (ʩʦʦʙʱʠʚʰʝʤʫ ɹʝʨʠʠ ʠ ʉʪʘʣʠʥʫ, ʯʪʦ 

ʙʝʟ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʙʦʤʙʫ ʩʜʝʣʘʪʴ 

ʥʝʣʴʟʷ). ɺ ʵʪʦʡ ʦʙʩʪʘʥʦʚʢʝ ʅʠʢʦʣʘʡ ɻʫʨʴʝʚʠʯ, ʙʫʜʫʯʠ ʜʠʨʝʢʪʦʨʦʤ ʀʥ-

ʩʪʠʪʫʪʘ ʤʝʭʘʥʠʢʠ, ʚʝʣ ʩʝʙʷ ʚʩʝʛʜʘ ʥʝʟʘʚʠʩʠʤʦ ʠ ʜʦʩʪʦʡʥʦ. ʊʘʢ, ʧʦ ʦʢʦʥ-

ʯʘʥʠʠ ʩʦʙʨʘʥʠʷ ʥʘ ʬʘʢʫʣʴʪʝʪʝ ʧʦ ʦʙʩʫʞʜʝʥʠ ʁʩʝʩʩʠʠ ɺɸʉʍʅʀʃ (ʜʘ-

ʚʘʚʰʝʛʦ ñʨʝʢʦʤʝʥʜʘʮʠʠò), ʥʘ ʚʦʧʨʦʩ ʩʚʦʝʛʦ ʘʩʧʠʨʘʥʪʘ: ñʂʘʢ ʢʦ ʚʩʝʤʫ 

ʵʪʦʤʫ ʥʫʞʥʦ ʦʪʥʦʩʠʪʴʩʷ?ò, ʏʝʪʘʝʚ ʧʨʦʩʪʦ ʠʟʣʦʞʠʣ ʝʤʫ ʪʝʦʨʠʶ ʄʝʥ-

ʜʝʣʷ, ʧʦʢʘ ʦʥʠ ʰʣʠ ʦʪ ʟʜʘʥʠʷ ʄɻʋ ʥʘ ʄʦʭʦʚʦʡ ʜʦ ʃʝʥʠʥʩʢʦʛʦ ʧʨʦ-

ʩʧʝʢʪʘ 13, ʛʜʝ ʦʥ ʞʠʣ. (ɺʳʚʦʜʳ ʜʝʣʘʡ ʩʘʤ). ʂʘʢ ʨʝʜʘʢʪʦʨ ʞʫʨʥʘʣʘ ñʇʨʠ-

ʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʤʝʭʘʥʠʢʘò, ʦʥ ʪʨʝʙʦʚʘʣ, ʯʪʦʙʳ ʙʳʣʠ ʥʝʦʙʭʦʜʠ-

ʤʳʝ ʩʩʳʣʢʠ ʥʘ ʠʥʦʩʪʨʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ (ʚʦʧʨʝʢʠ ʟʘʧʨʝʪʫ ñʙʦʨʴʙʳ ʩ ʢʦʩ-

ʤʦʧʦʣʠʪʠʟʤʦʤò). ɺ ʩʧʠʩʢʘʭ ʣʠʪʝʨʘʪʫʨʳ ʜʣʷ ʘʩʧʠʨʘʥʪʩʢʠʭ ʵʢʟʘʤʝʥʦʚ 

ʦʙʷʟʘʪʝʣʴʥʦ ʙʳʣʠ ʪʨʫʜʳ ʇʫʘʥʢʘʨʝ, ʋʠʪʪʝʢʝʨʘ, ʕʡʥʰʪʝʡʥʘ, ɸʧʧʝʣʷ ʠ 

ʜʨʫʛʠʭ. ʂʦʛʜʘ ʫʤʝʨ ʕʡʥʰʪʝʡʥ, ʏʝʪʘʝʚ ʥʘ ʩʝʤʠʥʘʨʝ ʧʦʧʨʦʩʠʣ ʧʦʯʪʠʪʴ 

ʝʛʦ ʧʘʤʷʪʴ ʚʩʪʘʚʘʥʠʝʤ. ɺ ʪʦ ʚʨʝʤʷ ʵʪʦ ʙʳʣʦ ʩʤʝʣʳʝ ʧʦʩʪʫʧʢʠ.  

ɺ ʜʝʢʘʙʨʝ 1953 ʛʦʜʘ ʅʠʢʦʣʘʡ ɻʫʨʴʝʚʠʯ ʧʦʜʘʣ ʟʘʷʚʣʝʥʠʝ ʦʙ ʫʭʦʜʝ ʩ 

ʧʦʩʪʘ ʜʠʨʝʢʪʦʨʘ ʀʥʩʪʠʪʫʪʘ ʧʦ ʩʦʙʩʪʚʝʥʥʦʤʫ ʞʝʣʘʥʠʶ. ʂʘʢ ʨʘʩʩʢʘʟʳʚʘʣ 

ɺ.ɺ. ʈʫʤʷʥʮʝʚ, ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʙʳʣʠ ʜʝʡʩʪʚʠʷ ʩʧʝʮʦʪʜʝʣʘ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʦʟʨʦʩʰʝʡ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʟʘʩʝʢʨʝʯʝʥʥʦʩʪʴʶ ʥʝʢʦʪʦʨʳʭ ʥʘʫʯʥʳʭ ʪʝʤ; 
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ʦʥ ʧʦʯʫʚʩʪʚʦʚʘʣ, ʯʪʦ ʝʛʦ ʩʪʘʨʘʶʪʩʷ ʦʪ ʵʪʠʭ ʪʝʤʘʪʠʢ ʦʪʦʜʚʠʥʫʪʴ. ʇʦʷʚʠ-

ʣʘʩʴ ʞʝʣʝʟʥʘʷ ʜʚʝʨʴ, ʟʘ ʢʦʪʦʨʫʶ ʦʥ ʥʝ ʤʦʛ ʧʦʧʘʩʪʴ. ʇʦʩʣʝ ʫʭʦʜʘ ʅʠʢʦ-

ʣʘʷ ɻʫʨʴʝʚʠʯʘ ʩ ʜʦʣʞʥʦʩʪʠ ʜʠʨʝʢʪʦʨʘ ʠʥʩʪʠʪʫʪ ʩʪʘʣ ʯʘʭʥʫʪʴ, ʤʝʥʷʣʠʩʴ 

ʜʠʨʝʢʪʦʨʘ ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʨʘʩʬʦʨʤʠʨʦʚʘʣʠ. 

ɺ1957 ʛʦʜʫ ʏʝʪʘʝʚ ʩʪʘʥʦʚʠʪʩʷ ʟʘʚʝʜʫʶʱʠʤ ʢʘʬʝʜʨʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʤʝʭʘʥʠʢʠ. ʕʪʦʪ ʧʨʝʜʤʝʪ ʯʘʩʪʦ ʧʨʝʧʦʜʘʚʘʣʠ ʪʦʛʜʘ ʥʝ ʩʧʝʮʠʘʣʠʩʪʳ ï 

ʘʵʨʦʤʝʭʘʥʠʢʠ, ʧʨʦʯʥʠʩʪʳ. ɺʝʜʴ ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ʤʝʭʤʘʪʘ ʩʦ-

ʟʜʘʚʘʣʦʩʴ ʢʘʢ ʢʫʟʥʠʮʘ ʢʘʜʨʦʚ ʜʣʷ ʘʚʠʘʮʠʦʥʥʦʡ ʥʘʫʢʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ. ʏʝ-

ʪʘʝʚ ʥʘʩʪʘʠʚʘʣ ʥʘ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʛʦʪʦʚʠʪʴ ʩʧʝʮʠʘʣʴʥʦ ʢʘʜʨʳ ʧʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ. ʇʦ ʥʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʤʘʪʠʢʝ ʦʥ ʧʨʠʚʣʝ-

ʢʘʝʪ ʥʘ ʢʘʬʝʜʨʫ ʤʦʣʦʜʳʭ ʵʥʪʫʟʠʘʩʪʦʚ: ɺ.ɸ. ɽʛʦʨʦʚʘ, ɺ.ɸ. ʉʘʨʳʯʝʚʘ, 

ʊ.ʄ. ʕʥʝʝʚʘ. ʅʘʢʘʥʫʥʝ ʩʚʦʝʡ ʢʦʥʯʠʥʳ ʜʦʙʠʚʘʝʪʩʷ ʟʘʯʠʩʣʝʥʠʷ 

ɼ.ɽ. ʆʭʦʮʠʤʩʢʦʛʦ, ʢʦʪʦʨʳʡ ʩ 1962 ʛʦʜʘ ʦʥ ʚʦʟʛʣʘʚʠʪ ʢʘʬʝʜʨʫ, ʘ ʚ 1960 

ʛ. ʙʫʜʝʪ ʠʟʙʨʘʥ ʯʣʝʥʦʤ-ʢʦʨʨʦʤ. ɸʅ. ʅʠʢʦʣʘʡ ɻʫʨʴʝʚʠʯ ʟʘʚʝʜʦʚʘʣ ʢʘ-

ʬʝʜʨʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʥʝʜʦʣʛʦ. ʅʦ ʦʥ ʩʫʤʝʣ ʟʘʣʦʞʠʪʴ ʬʫʥʜʘ-

ʤʝʥʪ, ʥʘ ʢʦʪʦʨʦʤ ʩʫʱʝʩʪʚʫʝʪ ʜʦ ʩʠʭ ʧʦʨ ʢʘʬʝʜʨʘ, ʚʟʨʘʩʪʠʚʰʘʷ ʮʝʣʦʝ 

ʩʦʦʙʱʝʩʪʚʦ ʧʨʝʢʨʘʩʥʳʭ ʧʝʜʘʛʦʛʦʚ ʠ ʫʯʝʥʳʭ. 

ʅʘʫʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʅ.ɻ. ʏʝʪʘʝʚʘ, ʝʛʦ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʙʳʣʠ ʚʳʩʦʢʦ ʦʮʝʥʝʥʳ: ʦʥ ʙʳʣ ʠʟʙʨʘʥ ʯʣʝʥʦʤ-ʢʦʨʨʝʩʧʦʥʜʝʥ-

ʪʦʤ ɸʅ ʉʉʉʈ, ʯʣʝʥʦʤ ɸʨʪʠʣʣʝʨʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ, ʧʦʣʫʯʠʣ ʟʚʘʥʠʝ ʟʘ-

ʩʣʫʞʝʥʥʦʛʦ ʜʝʷʪʝʣʷ ʥʘʫʢʠ ʊʘʪʘʨʩʢʦʡ ɸʉʉʈ. ʅʘʛʨʘʞʜʝʥ ʦʨʜʝʥʘʤʠ ʃʝ-

ʥʠʥʘ ʠ ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ, ʫʜʦʩʪʦʝʥ ʃʝʥʠʥʩʢʦʡ ʧʨʝʤʠʠ ʟʘ 

ʮʠʢʣ ʨʘʙʦʪ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ (ʧʦ-

ʩʤʝʨʪʥʦ). 

ɺʝʟʜʝ, ʛʜʝ ʨʘʙʦʪʘʣ ʅʠʢʦʣʘʡ ɻʫʨʴʝʚʠʯ (ʂɻʋ, ʂɸʀ, ʄɸʀ, ʀʄʝʭ, 

ʄɻʋ) ʝʛʦ ʩʦʟʠʜʘʪʝʣʴʥʘʷ ʥʘʫʯʥʘʷ, ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʜʫʭʦʚʦʝ ʚʣʠʷʥʠʝ ʦʩʪʘʚʣʷʣʠ ʥʝʠʟʛʣʘʜʠʤʳʡ ʩʣʝʜ ʚ ʩʫʜʴ-

ʙʘʭ ʣʶʜʝʡ: ʫʯʝʥʠʢʦʚ, ʯʣʝʥʦʚ ʝʛʦ ʥʘʫʯʥʳʭ ʰʢʦʣ ʠ ʰʢʦʣ, ʧʨʦʠʟʚʦʜʥʳʭ 

ʦʪ ʥʠʭ, ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ ʝʛʦ ʪʚʦʨʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ, ʫʯʝʥʳʭ, ʚʦʩʧʠʪʘʥʥʳʭ 

ʥʘ ʝʛʦ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʠ ʪʨʘʜʠʮʠʷʭ, ʙʣʘʛʦʨʦʜʥʳʭ ʣʶʜʝʡ, ʨʘʙʦʪʘʶ-

ʱʠʭ ʜʣʷ ʥʘʫʢʠ. 

ʅʝʩʢʦʣʴʢʦ ʩʣʦʚ ʦ ʥʝʤ ʢʘʢ ʦ ʯʝʣʦʚʝʢʝ. ɺ 1940 ʛʦʜʫ ʧʝʨʝʜ ʦʪʲʝʟʜʦʤ ʚ 

ʄʦʩʢʚʫ ʅʠʢʦʣʘʡ ɻʫʨʴʝʚʠʯ ʞʝʥʠʣʩʷ ʥʘ ɺʝʨʝ ɸʣʝʢʩʘʥʜʨʦʚʥʝ ʉʘʤʦʡʣʦ-

ʚʦʡ, ʜʦʯʝʨʠ ʠʟʚʝʩʪʥʦʛʦ ʢʘʟʘʥʩʢʦʛʦ ʬʠʟʠʦʣʦʛʘ ɸ.ʌ. ʉʘʤʦʡʣʦʚʘ. ʆʥʠ ʚʦʩ-

ʧʠʪʘʣʠ ʜʚʫʭ ʩʳʥʦʚʝʡ ï ɼʤʠʪʨʠʷ (ʦʪ ʧʝʨʚʦʛʦ ʙʨʘʢʘ) ʠ ɸʣʝʢʩʘʥʜʨʘ. ɾʠʣʠ 

ʥʘ ʉʠʚʮʝʚʦʤ ɺʨʘʞʢʝ, ʩ ʨʦʜʩʪʚʝʥʥʠʢʘʤʠ ʚ ʪʝʩʥʦʪʝ, ʧʦʢʘ ʅʠʢʦʣʘʡ ɻʫʨʴ-

ʝʚʠʯ, ʢʘʢ ʜʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ, ʧʦʣʫʯʠʣ ʦʪʜʝʣʴʥʫʶ ʢʚʘʨʪʠʨʫ. ɺʝʨʘ 

ɸʣʝʢʩʘʥʜʨʦʚʥʘ ʙʳʣʘ ʩʪʘʨʰʠʤ ʤʝʪʝʦʨʦʣʦʛʦʤ ɻʣʘʚʩʝʚʤʦʨʧʫʪʠ, ʫʯʘʩʪʚʦ-

ʚʘʣʘ ʚ ʵʢʩʧʝʜʠʮʠʷʭ ʧʦ ʃʝʜʦʚʠʪʦʤʫ ʦʢʝʘʥʫ, ʝʝ ʩʚʦʜʢʠ ʧʦʛʦʜʳ ʜʘʚʘʣʠ 

ñʜʦʙʨʦò ʧʦʣʝʪʘʤ ʥʘ ʉʝʚʝʨʥʳʡ ʧʦʣʶʩ. ɿʘ ʫʯʘʩʪʠʝ ʚ ʏʝʣʶʩʢʠʥʩʢʦʡ ʵʧʦ-

ʧʝʝ ʦʥʘ ʙʳʣʘ ʥʘʛʨʘʞʜʝʥʘ ʦʨʜʝʥʦʤ ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ, ʦ ʥʝʡ 
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ʙʳʣʘ ʙʦʣʴʰʘʷ ʩʪʘʪʴʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʛʘʟʝʪʝ ʩ ʬʦʪʦʛʨʘʬʠʷʤʠ ʝʝ ʠ ʆ.ʖ. 

ʐʤʠʜʪʘ ʩ ɺʦʜʦʧʴʷʥʦʚʳʤ, ʢʦʪʦʨʳʭ ʪʦʛʜʘ ʟʥʘʣʘ ʚʩʷ ʩʪʨʘʥʘ. ɼʣʷ ʅʠʢʦʣʘʷ 

ɻʫʨʴʝʚʠʯʘ ʦʥʘ ʙʳʣʘ ʦʧʦʨʦʡ ʠ ʜʨʫʛʦʤ. ʇʦʩʣʝ ʝʛʦ ʩʤʝʨʪʠ ʦʥʘ ʩʦʭʨʘʥʠʣʘ 

ʚʝʩʴ ʘʨʭʠʚ. ʅʘ ʤʘʪʝʨʠʘʣʘʭ ʘʨʭʠʚʘ ʙʳʣʦ ʠʟʜʘʥʦ ʩʦʙʨʘʥʠʷ ʪʨʫʜʦʚ ʅ.ɻ. ʏʝ-

ʪʘʝʚʘ, ʫʜʦʩʪʦʝʥʥʦʝ ʃʝʥʠʥʩʢʦʡ ʧʨʝʤʠʠ ʠ ʢʫʨʩ ʣʝʢʮʠʡ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʤʝʭʘʥʠʢʝ (1987 ʛ.). 

ʃʝʪʦʤ 1959 ʛʦʜʘ ʅʠʢʦʣʘʷ ɻʫʨʴʝʚʠʯʘ ʫʯʘʩʪʚʦʚʘʣ ʚ ʙʘʡʜʘʨʦʯʥʦʤ ʧʦ-

ʭʦʜʝ ʩ ʩʳʥʦʤ ʉʘʰʝʡ ʠ ʝʛʦ ʜʨʫʛʦʤ ʥʘ ʜʚʫʭ ʙʘʡʜʘʨʢʘʭ ʧʦ ɼʝʩʥʝ ʦʪ ɹʨʷʥ-

ʩʢʘ ʜʦ ʂʠʝʚʘ. ʄʝʥʷ ʚʟʷʣʠ ʜʣʷ ʢʦʤʧʘʥʠʠ. ɼʝʩʥʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠʟ-ʟʘ ʩʦ-

ʤʦʚ, ʧʨʠʚʣʝʢʘʚʰʠʭ ʅʠʢʦʣʘʷ ɻʫʨʠʝʚʠʯʘ ʢʘʢ ʫʚʣʝʯʝʥʥʦʛʦ ʨʳʙʘʢʘ. ʃʦʚʠʣ 

ʦʥ ʠʭ ʥʦʯʴʶ, ʜʥʝʤ ʩʧʘʣ ʥʘ ʘʜʤʠʨʘʣʴʩʢʦʤ ʧʦʩʪʫ ʚ ʥʦʩʫ ʙʘʡʜʘʨʢʠ. ʅʘ 

ʇʨʝʦʙʨʘʞʝʥʠʝ ʤʳ ʧʨʠʙʳʣʠ ʚ ʏʝʨʥʠʛʦʚ, ʙʳʣʠ ʥʘ ʩʣʫʞʙʝ ʚ ʩʦʙʦʨʝ, ʝʱʝ 

ʜʦʤʦʥʛʦʣʴʩʢʦʤ. ʇʦ ʚʳʭʦʜʝ ʠʟ ʥʝʛʦ ʩʣʫʰʘʣʠ ʧʝʥʠʝ ʩʣʝʧʮʦʚ-ʥʠʱʠʭ ñʆ 

ʃʘʟʘʨʝò, ʢʘʢ ʚʦ ʚʨʝʤʝʥʘ ɻʦʛʦʣʷ. ɺ ʂʠʝʚʝ ʧʦʩʝʪʠʣʠ ʂʠʝʚʦ-ʇʝʯʝʨʩʢʫʶ 

ʣʘʚʨʫ, ʪʦʛʜʘ ʝʱʝ ʥʝ ʟʘʢʨʳʪʫʶ. ɾʠʣʠ ʫ ɹʦʛʦʤʦʣʴʮʝʚ, ʩʝʤʴʠ ɸ.ɸ.ɹʦʛʦ-

ʤʦʣʴʮʘ, ʜʨʫʟʝʡ ʉʘʤʦʡʣʦʚʳʭ.  

ʉʤʝʨʪʴ ʅʠʢʦʣʘʷ ɻʫʨʴʝʚʠʯʘ ʚʩʝʭ ʦh ʝʣʦʤʠʣʘ, ʦʥ ʫʤʝʨ ʚʥʝʟʘʧʥʦ ʚ 

ʪʨʦʣʣʝʡʙʫʩʝ ʧʦ ʜʦʨʦʛʝ ʜʦʤʦʡ ʦʪ ʠʥʬʘʨʢʪʘ. ʅʦ ʠʤʷ ʝʛʦ ʥʝ ʟʘʙʳʪʦ. ʉ 1962 

ʛʦʜʘ ʢʘʞʜʳʝ ʧʷʪʴ ʣʝʪ ʩʦʙʠʨʘʶʪʩʷ ʏʝʪʘʝʚʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ. ʋʜʘʣʦʩʴ ʪʘʢ 

ʙʳʩʪʨʦ ʝʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʙʣʘʛʦʜʘʨʷ ʫʚʘʞʝʥʠʶ ʢ ʥʝʤʫ, ʫʩʠʣʠʷʤ ʫʯʝʥʠʢʦʚ 

ʠ ɺʝʨʝ ɸʣʝʢʩʘʥʜʨʦʚʥʝ. ʉʦ ʜʥʷ ʩʤʝʨʪʠ ʅʠʢʦʣʘʷ ɻʫʨʴʝʚʠʯʘ ʧʨʦʰʣʦ ʧʦ-

ʯʪʠ ʰʝʩʪʴʜʝʩʷʪ ʣʝʪ, ʚ ʂʘʟʘʥʠ ʝʛʦ ʠʤʷ ʥʦʩʠʪ ʫʣʠʮʘ. ʅʦ ʛʣʘʚʥʦʝ, ï ʝʛʦ 

ʰʢʦʣʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʞʠʚʝʪ ʚ ʪʨʫ-

ʜʘʭ ʝʛʦ ʫʯʝʥʠʢʦʚ, ʥʘʫʯʥʳʭ ʚʥʫʢʦʚ ʠ ʧʨʘʚʥʫʢʦʚ.  
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ʋɼʂ 517.957 

ʂʆʄʇʃɽʂʉ ʂʆʄʇôʖʊɽʈʅʀʍ ʄʆɼɽʃɽʁ ʊɸ ʇʈʆɻʈɸʄʅʀʍ 

ɿɸʉʆɹɯɺ ɼʃʗ ʆʎɯʅʂʀ ɸʊʄʆʉʌɽʈʅʆɻʆ ɿɸɹʈʋɼʅɽʅʅʗ ɺɯɼ 

ʉʍʆɺʀʑ ʈɸɼɯʆɸʂʊʀɺʅʀʍ ɺɯɼʍʆɼɯɺ 

ʆ.ɺ.ʍʘʣʯʝʥʢʦʚ, ɯ.ɺ.ʂʦʚʘʣʝʮʴ 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʪʘ ʩʠʩʪʝʤ 

 

ɺʩʪʫʧ. ʉʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʧʨʠʩʫʪʥʽʡ ʰʠʨʦʢʠʡ ʨʷʜ ʜʞʝʨʝʣ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ɿʦʢʨʝʤʘ ʮʝ ʚʽʜʚʘʣʠ ʧʫʩʪʠʭ 

ʧʦʨʽʜ ʧʨʠ ʜʽʶʯʠʭ ʪʘ ʟʘʢʨʠʪʠʭ ʨʦʜʦʚʠʱʘʭ ʪʘ ʚʽʜʭʦʜʠ ʧʝʨʝʨʦʙʢʠ ʫʨʘʥʦʚʦʾ 

ʨʫʜʠ. ʇʨʠ ʧʝʨʝʨʦʙʮʽ ʫʨʘʥʦʚʦʾ ʨʫʜʠ ʜʽʩʪʘʻʪʴʩʷ ʣʠʰʝ ʙʣʠʟʴʢʦ 15% ʨʘʜʽʦ-

ʘʢʪʠʚʥʦʾ ʧʦʨʦʜʠ, ʚʩʷ ʽʥʰʘ ʯʘʩʪʠʥʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʚʽʜʚʘʣʠ ʭʚʦʩʪʽʚ, ʱʦ ʙʝʟ 

ʥʘʣʝʞʥʠʭ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ ʻ ʧʦʩʪʽʡʥʦ ʜʽʶʯʠʤʠ ʜʞʝʨʝʣʘʤʠ ʚʠʢʠʜʽʚ ʥʝ-

ʙʝʟʧʝʯʥʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ, ɦ ʦ ʩʪʚʦʨʶʶʪʴ 

ʟʘʛʨʦʟʫ ʜʣʷ ʞʠʪʪʷ ʪʘ ʟʜʦʨʦʚôʷ ʨʽʟʥʠʭ ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ. 

ʆʩʥʦʚʥʠʤʠ ʰʣʷʭʘʤʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʻ 

ʚʠʜʽʣʝʥʥʷ ʨʘʜʦʥʫ ʟ ʭʚʦʩʪʽʚ ʪʘ ʚʽʜʚʘʣʽʚ ʨʫʜʠ, ʧʽʜʡʦʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʘʝ-

ʨʦʟʦʣʶ ʫ ʩʢʣʘʜʽ ʯʘʩʪʠʥʦʢ ʧʠʣʫ, ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʚʘʨʽʡʥʽ ʚʠʢʠʜʠ ʟʘʙʨʫʜ-

ʥʝʥʥʷ. ʄʦʜʝʣʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ ʦʙôʻʢʪʽʚ ʟʙʝʨʽʛʘʥʥʷ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʤʘʩʰʪʘ-

ʙʽʚ ʘʪʤʦʩʬʝʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

(ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ ʜʦ ʩʦʪʝʥʴ ʢʽʣʦʤʝʪʨʽʚ), ʧʨʦʩʪʦʨʦʚʦʶ ʧʨʦʪʷʞʥʽʩʪʶ 

ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʽʥʰʠʤʠ ʭʘʨʘʢʪʝʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ. ɺʩʝ ʮʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʢʦʤʧʣʝʢʩʥʝ ʽ ʚʩʝʙʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʘʪʤʦʩʬʝʨ-

ʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʚʽʜ ʩʭʦʚʠʱ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʨʷʜʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦ-

ʙʽʚ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ ʩʫʯʘʩʥʽ ʢʦʤʧʣʝʢʩʥʽ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʨʝʛʽʦʥʘʣʴʥʽ 

ʩʠʩʪʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ, ʩʢʨʽʥʽʥʛʦʚʽ ʤʦʜʝʣʽ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʝʨʝʥʦʩʫ, ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ (CFD) ʤʦʜʝʣʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʨʷʤʦʛʦ ʨʽ-

ʰʝʥʥʷ ʨʽʚʥʷʥʴ ʛʽʜʨʦʜʠʥʘʤʽʢʠ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʪʘ ʢʦʤʧôʶʪʝʨʥʽ 

ʤʦʜʝʣʽ ʩʪʚʦʨʝʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʭʘ-

ʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʭʦʚʠʱ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ ʪʘ ʦʪʨʠʤʘʪʠ ʘʜʝʢ-

ʚʘʪʥʽ ʦʮʽʥʢʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʧʦʚʽʪʨʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʩʪʦ-

ʨʦʚʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʜʞʝʨʝʣ. ʊʘʢʦʞ ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʦʮʽʥʢʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʫ 

ʦʢʦʣʽ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʛʦ ʍʽʤʽʯʥʦʛʦ ʟʘʚʦʜʫ (ʇʍɿ). 

ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ 

ʝʪʘʧʽʚ: 
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1. ʇʽʜʛʦʪʦʚʢʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ 

1.1 ʇʽʜʛʦʪʦʚʢʘ ʛʝʦʬʽʟʠʯʥʠʭ ʜʘʥʠʭ (ʦʮʽʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ, ʧʦʙʫʜʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ; ʧʨʠʚôʷʟʢʘ 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʙôʻʢʪʽʚ, ʪʘ ʽʥ.) 

1.2 ʇʽʜʛʦʪʦʚʢʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ (ʚʠʤʽʨʠ ʥʘʟʝʤʥʠʭ 

ʤʝʪʝʦʩʪʘʥʮʽʡ, ʚʠʤʽʨʠ ʨʘʜʽʦʟʦʥʜʽʚ, ʪʨʠʚʠʤʽʨʥʽ ʧʦʣʷ ʤʝʟʦʤʘʩʰʪʘʙʥʠʭ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʪʘ ʽʥ.); 

1.3 ʇʽʜʛʦʪʦʚʢʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʞʝʨʝʣʦ ʟʘʙʨʫʜʥʝʥʥʷ 

(ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʜʞʝʨʝʣʘ ʪʘ ʦʮʽʥʢʘ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʛʝʦʛʨʘʬʽʯʥʘ 

ʧʨʠʚôʷʟʢʘ ʜʞʝʨʝʣʘ, ʘʧʨʦʢʩʠʤʘʮʽʷ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʜʞʝʨʝʣʘ, ʪʘ 

ʽʥ.) 

2. ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ  

2.1 ʉʢʨʽʥʽʥʛʦʚʘ ʦʮʽʥʢʘ ʤʘʩʰʪʘʙʽʚ ʟʘʙʨʫʜʥʝʥʥʷ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʧʨʦʩʪʠʭ ɻʘʫʩʦʚʠʭ ʤʦʜʝʣʝʡ); 

2.2  ɼʝʪʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʣʘʜʥʠʭ ʩʫʯʘʩʥʠʭ 

ʤʦʜʝʣʝʡ (CALPUFF, OpenFoam, ʪʘ ʽʥ..); 

2.3  ɺʥʝʩʝʥʥʷ ʧʦʪʦʯʥʠʭ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʜʘʥʠʭ ʪʘ ʽʪʝʨʘʮʽʡʥʝ 
ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ; 

3. ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʾʭ ʚʽʟʫʘʣʽʟʘʮʽʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ Calpuff ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʚʩʶ-

ʜʞʝʥʥʷ ʨʘʜʦʥʫ ʪʘ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʘʝʨʦʟʦʣʽʚ. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʦʥʫ ʪʘ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʘʝʨʦʟʦʣʽʚ ʙʫʣʘ ʚʠʢʦʨʠ-

ʩʪʘʥʘ ɽʡʣʝʨʦʚʦ-ʃʘʛʨʘʥʞʝʚʘ ʨʝʛʽʦʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʦ-

ʚʽʪʨʷ Calpuff. ʎʷ ʤʦʜʝʣʴ ʟʜʘʪʥʘ ʦʧʠʩʫʚʘʪʠ ʚʧʣʠʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ ʥʝ-

ʦʜʥʦʨʽʜʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚ ʫʤʦʚʘʭ 

ʩʢʣʘʜʥʦʾ ʪʦʧʦʛʨʘʬʽʾ ʪʘ  ʚ ʤʘʩʰʪʘʙʘʭ ʧʨʦʮʝʩʽʚ ʚʽʜ 0.1-1000 ʢʤ, ʘ ʪʘʢʦʞ 

ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʨʦʟʧʘʜ ʽʟʦʪʦʧʽʚ ʪʘ ʩʫʭʝ  ̔ʚʦʣʦʛʝ ʚʠ-

ʧʘʜʽʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ. 

ɼʣʷ ʧʽʜʛʦʪʦʚʢʠ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʛʣʦʙʘʣʴʥʠʡ 

ʥʘʙʽʨ SRTM ʟ ʨʦʟʨʽʰʝʥʥʷʤ 3 ʩʝʢʫʥʜʠ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʘʪʝʛʦʨʽʡ ʟʝʤʣʝ-

ʢʦʨʠʩʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʛʣʦʙʘʣʴʥʠʡ ʥʘʙʽʨ Modis ʟ ʨʦʟʨʽʰʝʥʥʷʤ 

15 ʩʝʢʫʥʜ. ɼʽʘʛʥʦʩʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʚʘʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘ-

ʥʠʭ ʥʘʟʝʤʥʠʭ ʤʝʪʝʦʩʪʘʥʮʽʡ ʪʘ ʚʠʩʦʪʥʠʭ ʧʦʣʽʚ ʦʪʨʠʤʘʥʠʭ ʟ ʬʽʥʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʤʦʜʝʣʽ GFS. ɼʣʷ ʧʨʦʛʥʦʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʜʝʣʴ ʥʘʣʘʰ-

ʪʦʚʘʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʧʦʣʽʚ ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʟʦʤʘʩʰʪʘʙʥʦʾ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ 

WRF. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʦʥʫ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʥʘʷʚʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʢʨʠʪʪʷ ʪʘ ʽʥʰʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʧʦʜʽʣʠʪʠ ʪʝʨʠʪʦʨʽʶ ʇʍɿ ʥʘ ʜʽʣʷʥʢʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʝʤʽʩʽʶ ʨʘʜʦʥʫ ʚ 
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ʤʝʞʘʭ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʙʣʠʟʴʢʦʶ ʜʦ ʧʦʩʪʽʡʥʦʾ ʪʘ ʦʜʥʦʨʽ-

ʜʥʦʾ. ɽʤʽʩʽʷ ʨʘʜʦʥʫ ʫ ʤʝʞʘʭ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʚʠʟʥʘʯʘʣʘʩʷ ʰʣʷʭʦʤ ʩʪʘʪʠ-

ʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʝʤʽʩʽʾ. ɼʦʜʘʪʢʦʚʦ ʜʣʷ ʚʨʘʭʫ-

ʚʘʥʥʷ ʚʧʣʠʚʫ ʥʝʚʠʷʚʣʝʥʠʭ ʜʞʝʨʝʣ, ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʝ 

ʬʦʥʦʚʝ ʟʥʘʯʝʥʥʷ ʝʤʽʩʽʾ, ʱʦ ʟʘʜʘʚʘʣʦʩʷ ʦʜʥʘʢʦʚʠʤ ʜʣʷ ʚʩʽʻʾ ʪʝʨʠʪʦʨʽʾ ʟʘ-

ʚʦʜʫ. ɼʝʪʘʣʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [1] 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʘʝʨʦʟʦʣʶ, ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʘ-

ʨʘʤʝʪʨʠʟʘʮʽʷ [2] ʟ ʚʥʝʩʝʥʥʷʤ ʧʦʧʨʘʚʦʢ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʧʽʜʩʽʪʦ-

ʯʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʪʠʧʫ ʧʦʢʨʠʪʪʷ. ʆʩʪʘʪʦʯʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʜʞʝʨʝʣʘ ʚʠʛʣʷ-

ʜʘʣʘ ʪʘʢʠʤ ʯʠʥʦʤ: 

() ( )( )CFCLFCuF Sq -Ö-ÖÖÖ= 116.3
3

* .  (1) 

ɼʝ *u  - ʜʠʥʘʤʽʯʥʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ (ʤ/ʩ), SC - ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʽʦʥʫ-

ʢʣʽʜʫ, CLF  - ʢʦʝʬʽʮʽʻʥʪ ʨʽʚʥʠʡ ʯʘʩʪʠʥʽ ʜʞʝʨʝʣʘ ʙʝʟ ʝʤʽʩʽʾ, CF  - ʢʦʝ-

ʬʽʮʽʻʥʪ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʪʠʧʫ ʧʦʚʝʨʭʥʽ. ɼʝʪʘʣʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʝʟʫʣʴ-

ʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [3] 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ OpenFoam ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʟʘʙʨʫʜʥʝʥʠʭ 

ʙʫʜʽʚʝʣʴ ʥʘ ʥʘ ʧʨʠʣʝʛʣʽ ʪʝʨʠʪʦʨʽʾ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʜʝʪʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ 

ʙʫʜʽʚʝʣʴ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʥʝʩʪʘʮʽʦʥʘʨʥʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʨʝʘʣʽ-

ʟʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ OpenFoam,. ɼʣʷ ʧʦʙʫʜʦʚʠ ʨʦʟʨʘʭʫʥʢʦ-

ʚʦʾ ʩʽʪʢʠ ʪʘ ʾʾ ʛʝʦʛʨʘʬʽʯʥʦʾ ʧʨʠʚôʷʟʢʠ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʦʛʨʘʤʘ GMSH 

ʪʘ ʨʷʜ ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ [4]. ɼʣʷ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʨʦʟʨʘ-

ʭʫʥʢʫ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʥʘʟʝʤʥʦʾ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʩʪʘʥʮʽʾ. ɼʞʝʨʝʣʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟʘʜʘʚʘʣʦʩʷ ʫ ʚʠʛʣʷʜʽ:  

^Ö+Ö= uuF ab | | .   (2) 

ɼʝ 
| |u  ʽ ̂u  - ʚʽʜʧʦʚʽʜʥʦ ʧʘʨʘʣʝʣʴʥʘ ʪʘ ʦʨʪʦʛʦʥʘʣʴʥʘ ʢʦʤʧʦʥʝʥʪʘ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, 3.0=b , 6.0=a . ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʢʘʟʘʥʦʾ ʧʘʨʘʤʝʪ-

ʨʠʟʘʮʽʾ ʜʞʝʨʝʣʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʷʚʥʦʩʪʽ ʧʦʜʽʙʥʦʩʪʽ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʚʽ-

ʜʥʦʩʥʦ ʥʝʟʙʫʨʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. ʊʦʙʪʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʝʞʘʪʴ ʚʠ-

ʢʣʶʯʥʦ ʚʽʜ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ, ʘʣʝ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʱʦ ʜʦ-

ʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʨʽʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ. 

ɼʝʪʘʣʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [5] 

ɺʠʩʥʦʚʢʠ ʈʦʟʨʦʙʣʝʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʮʽʥʢʠ ʢʦʥʮʝʥʪʨʘ-

ʮʽʡ ʘʪʤʦʩʬʝʨʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʚʥʘʩʣʽʜʦʢ ʚʠʢʠʜʽʚ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʨʽʥʽʥʛʦʚʦʾ ʤʦʜʝʣʽ, ʨʝʛʽʦʥʘʣʴʥʦʾ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʤʦ-

ʜʝʣʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʫ Calpuff, ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʜʨʦʜʠʥʘʤʽʯ-

ʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʦʙʣʝʥʦʾ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ OpenFoam. ʉʪʚʦʨʝʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʦʦʨʜʠʥʘʪʥʦ-ʧʨʠʚôʷʟʘʥʦʾ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʾ 
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ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʪʘ ʩʽʪʢʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʣʦʱʠʥʥʠʭ ʜʞʝʨʝʣ. ʈʦʟʨʦʙ-

ʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʧʨʦʩʪʦʨʦʚʦʾ ʪʘ ʯʘʩʦʚʦʾ ʥʝʦʜ-

ʥʦʨʽʜʥʦʩʪʽ ʜʞʝʨʝʣ, ʘ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘʙʨʫʜʥʝʥʥʷ ʫ 

ʤʽʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ. 

ʈʝʘʣʽʟʘʮʽʷ ʩʢʨʽʥʽʥʛʦʚʦʾ ʘʪʤʦʩʬʝʨʥʦʾ ʤʦʜʝʣʽ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ 

Ecolego [6] ʜʦʟʚʦʣʠʣʘ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʜʦʟʦʚʠʭ ʦʮʽʥʦʢ, ʪʘʢʦʞ ʯʘʩ-

ʪʠʥʘ ʥʘʧʨʘʮʶʚʘʥʴ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʩʠʩ-

ʪʝʤʠ çʇʦʚʽʪʨʷè ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟʦʥ ʫʨʘʞʝʥʴ ʚʥʘʩʣʽʜʦʢ ʢʘ-

ʪʘʩʪʨʦʬ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 
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Khurtsilava , S.N. Anulich ,  V.P. Bespalov , O.I. Udovenko 

Institute of  Mathematical Machines and Systems Problems, Ukraine 

 

Introduction. 

In Ukraine there does not exist operational systems which allow for fore-

casting and assessment of consequences of large amount of airborne releases 

into the atmosphere following heavy technological accidents. Applicability 

of the existing and officially approved methodologies by the State Emergency 

Service of Ukraine (SESU) and by the Ministry of Defencse of Ukraine [1,2] 

is first of all restricted to the short duration releases, when constant meteoro-

logical conditions could be applied. Secondly even those simplified method-

ologies were not implemented in software products to experts from SESU 

responsible for emergency response. The exception was the EU nuclear emer-

gency response system RODOS (https://resy5.iket.kit.edu ) which was re-

cently implemented in Ukraine with the support from EU for emergency re-

sponse in case of nuclear emergencies at the Ukrainian nuclear power plants 

[3]. For the assessments of air pollution following release of non-radioactive 

airborne pollutants systems similar to RODOS were developed in the world. 

The widely known examples are ARGOS [4] and NARAC (https://na-

rac.llnl.gov) systems. However firstly those systems are commercial and sec-

ondly they are mostly desktop applications (similar to RODOS). This makes 

it difficult to render access to such system to the wide range of experts which 

could be interested in performing calculations in case of emergency. The 

web-based systems for operational forecasting of chemicalôs dispersion fol-

lowing accidents were recently developed in some works e.g. [5]. However 

it is reasonable to develop in Ukraine itôs own system in which contemporary 

models are available together with those officially approved in Ukraine and 

which utilizes  numerical weather prediction (NWP) data covering Ukraine. 

Therefore the goal of present work was to develop web-based system (here-

after refereed óPovitryaô system) for forecasting of airborne pollution and 

consequences following technological accidents which is based exclusively 

on freely available software tools (GIS, database, models) and which imple-

ment from the one side simplified (screening) models officially approved in 

Ukraine and from another side ï contemporary atmospheric dispersion mod-

els which perform calculations using numerical weather prediction (NWP) 
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data. This work is continuation of previous work  in which only part of that 

óPovitryaô system had been developed based on screening models. 

Overview the development environment of the óPovitryaô system. 

Since in Ukraine there are officially approved screening models for the 

assessment of affected regions following accidental air pollution [1,2], those 

models are integrated in óPovitryaô system as option for quick assessment of 

the affected regions. However if the release is of long duration (>1 hour) and 

if the distances to maximum concentrations are likely to be beyond 10-20 km, 

usage of those officially approved screening models may lead to unrealistic 

results. Therefore as a second option there is possibility to calculate regional 

scale atmospheric dispersion using CALPUFF model and data of numerical 

weather prediction system operating in Ukrainian Hydrometeorological Cen-

ter (UHMC). 

The system óPovitryaô is implemented on the basis of using WEB-

technologies. The system is developed using free software (JavaScript, PHP, 

DBMS, PostgreSQL, Leaflet, Turf, OpenStreetMap). 

Simulation subsystem based on screening models 

This part of the óPovitryaô system is based on implementation of screening 

models [1, 2].  

 
Fig. 4. Results of the screening ME model. 

 

The óPovitryaô sys-

tem visualizes the re-

sults of calculations on 

the map. All calcula-

tions are stored in the 

system. 

The simulated re-

sults for the hypothet-

ical scenario of 68 tons 

chlorine release is 

shown in Fig. 1. 

Forecasting subsystem based on regional-scale atmospheric dispersion 

models and numerical weather prediction  

In case of long lasting releases and dispersion beyond 10-20 km it may be 

important to account for temporal variations in meteorological data and dis-

persion conditions. Realistic dispersion patterns could be obtained by appli-

cation of the contemporary atmospheric transport models such as 

CALPUFF/CALMET model chain [6] and using data of numerical weather 

prediction systems (http://wrf-model.org/).  
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CALMET diagnostic meteorological model is responsible for the interac-

tion of the CALPUFF atmospheric dispersion model and numerical weather 

prediction model. The system supports calculation of atmospheric dispersion 

from multiple sources.  

 
Fig.2. Calculated maximum daily concen-

trations of SO2 in air (upper, ug/m3) 

In óPovitryaô system 

CALMET reads prog-

nostic meteorological 

data calculated by WRF 

using the CALWRF 

utility  and prepares in-

put data for the 

CALPUFF model. 

Fig.7 demonstrates 

calculated maximum 

daily concentrations in 

air of SO2. 

4. Conclusions. 

In this work the information technology was created for forecasting of 

atmospheric transport of pollutants following accidents with emissions of 

hazardous matter, which is based on the integration of emission scenarios, 

atmospheric transport models of the different levels of complexity (from the 

highly simplified screening models to contemporary model CALPUFF), 

weather forecasting tools, GIS and Web-based technologies. A pilot version 

of the web-based software and simulation system for analysis and forecasting 

of air pollution in Ukraine due to technological disasters óPovitryaô was cre-

ated in which only freely available software tools (GIS, database, models) 

were used. The óPovitryaô system consists of two subsystems: the first sus-

bystem is based on highly simplified screening models officially recom-

mended in Ukraine. For the case of regional-scale dispersion problems and 

long lasting releases the second subsystem was developed in which atmos-

pheric dispersion model CALPUFF is integrated within the system, working 

with the data of WRF-Ukraine numerical weather prediction system. The 

simplified version of the óPovitryaô system (subsystem based on screening 

models) was configured and installed for operative functioning of the Ukrain-

ian Scientific Research Institute of Civil Protection DSNS of Ukraine. It is 

also available through Internet (http://env.kiev.ua:88 ).  

The functional capabilities of the system were demonstrated by simulat-

ing the published in literature hypothetical dispersion scenario with chlorine 

release for which the screening models of the óPovitryaô system produced 

http://env.kiev.ua:88/
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results comparable to other published models. The capabilities of the system 

were also demonstrated by simulation of air pollution following fire at oil 

storage facility in Vasylkiv in June 2015. The calculated airborne pollution 

and deposition pattern was complex due to spatial and temporal variability of 

meteorological fields which is possible to take into account only using con-

temporary dispersion models combined with NWP data. According to results 

of simulations the calculated concentrations of sulfur dioxide during fires 

reach values 5 ug/m3 at distances up to 40 km from fire. In conclusion wide 

implementation of the óPovitryaô system in Ukraine must increase efficiency 

of emergency response in case of technological accidents. 
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ʋɼʂ 681.785.55 :681.3.07 

ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ɺʀɿʅɸʏɽʅʅʗ ɻʃʀɹʀʅʀ 

ɿɸʃʗɻɸʅʅʗ ʋʑɯʃʔʅɽʅʆɻʆ ʐɸʈʋ ɻʈʋʅʊʋ 

ʈɸɼɯʆʌɯɿʀʏʅʀʄ ʄɽʊʆɼʆʄ 

ɺ. ɻ. ʄʠʨʦʥʝʥʢʦ, ɹ.ʆ. ɸʥʪʠʧʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ çɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʝʣʝʢʪʨʠ-

ʬʽʢʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘè 

 

ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥʥʠʮʪʚʘ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫ-

ʥʦʢ ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʘ ʮʽʣʝʥʘʧʨʘʚʣʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʷʢʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʪʝ-

ʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʨʦʟʫʱʽʣʴʥʝʥʥʷʤ ʛʨʫʥʪʫ.  

ɿʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʠʤ 

ʧʨʦʮʝʩʦʤ ʨʦʟʫʱʽʣʴʥʝʥʥʷ ʛʨʫʥʪʫ  (ʨʠʩ.) ʧʝʨʝʜʙʘʯʘʻ ʦʧʝʨʘʪʠʚʥʝ ʚʠʟʥʘ-

ʯʝʥʥʷ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʫʱʽʣʴʥʝʥʦʛʦ ʰʘʨʫ ʛʨʫʥʪʫ, ʧʦʨʽʚʥʷʥʥʷ ʚʠʟʥʘ-

ʯʝʥʦʛʦ ʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʫʱʽʣʴʥʝʥʦʛʦ ʛʨʫʥʪʫ ʟ ʜʽʡʩʥʠʤ ʟʥʘ-

ʯʝʥʥʷʤ ʛʣʠʙʠʥʠ ʟʘʛʣʠʙʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʛʨʫʥʪʦʨʦʟʧʫʰʫʚʘʯʘ, ʬʦ-

ʨʤʫʚʘʥʥʷ ʫʧʨʘʚʣʷʶʯʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʟʤʽʥʫ ʛʣʠʙʠʥʠ ʭʦʜʫ ʨʦʙʦʯʦʛʦ ʦʨ-

ʛʘʥʫ ʪʘ ʟʤʽʥʫ ʾʾ ʚ ʨʫʯʥʦʤʫ ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ.  

 
ʈʠʩʫʥʦʢ ï ʉʭʝʤʘ ʄʊɸ ʟ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ   ̌ ʨʫʥʪʦʨʦʟʧʫ-

ʰʫʚʘʥʥʷ:1 ï ʧʝʨʚʠʥʥʠʡ   ʧʝʨʝʪʚʦʨʶʚʘʯ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʧʣʫʞʥʦʾ 

ʧʽʜʦʰʚʠ; 2 ï ʨʘʜʽʦʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ; 3 ï ʨʘʤʘ ʧʨʠ-

ʩʪʨʦʶ; 4 ï ʜʘʪʯʠʢ ʚʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʛʨʫʥʪʫ (ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʜʘʪ-

ʯʠʢ-ʧʝʨʝʪʚʦʨʶʚʘʯ); 5 ï ʩʠʩʪʝʤʘ ʢʘʙʝʣʽʚ ʞʠʚʣʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨ-

ʤʘʮʽʾ; 6 ï ʙʣʦʢ ʽʥʜʠʢʘʮʽʾ ʪʘ ʢʝʨʫʚʘʥʥʷ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʜʘʪʯʠʢʘ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʫʱʽʣʴʥʝʥʦʛʦ ʰʘʨʫ 

ʛʨʫʥʪʫ (ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʪʯʠʢʘ-ʧʝʨʝʪʚʦʨʶʚʘʯʘ) ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʽ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʟ ʤʦʤʝʥʪʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʽʤʧʫʣʴʩʫ ʜʦ 

ʤʦʤʝʥʪʫ ʡʦʛʦ ʧʨʠʡʦʤʫ ʧʽʩʣʷ ʚʽʜʙʠʪʪʷ ʚʽʜ ʫʱʽʣʴʥʝʥʦʛʦ ʰʘʨʫ ʛʨʫʥʪʫ. ɯʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʛʨʫʥʪʫ ʟʨʦʩʪʘʻ ʡʦʛʦ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, 

ʱʦ ʧʨʦʚʦʢʫʻ ʰʚʠʜʢʝ ʚʽʜʙʠʪʪʷ ʨʘʜʽʦʭʚʠʣʽ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʽʜ 

ʯʘʩ ʫʱʽʣʴʥʝʥʥʷ ʛʨʫʥʪʫ ʚʤʽʩʪ ʫ ʥʴʦʤʫ ʧʦʚʽʪʨʷʥʦʾ ʬʘʟʠ, ʷʢʘ ʤʘʻ ʟʦʚʩʽʤ 
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ʤʘʣʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ, ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʨʦʩʪʘʥʥʷ 

ʪʚʝʨʜʦʾ ʬʘʟʠ ʟ ʚʝʣʠʢʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ [1,2].  

ɻʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʫʱʽʣʴʥʝʥʦʛʦ ʰʘʨʫ ʛʨʫʥʪʫ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ ʜʘʪ-

ʯʠʢʦʤ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

  
2

ct
H = , (1) 

ʜʝ H ï ʛʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʫʱʽʣʴʥʝʥʦʛʦ ʰʘʨʫ ʛʨʫʥʪʫ (ʤ);  c ï ʰʚʠʜ-

ʢʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʚʫʢʫ ʚ ʛʨʫʥʪʽ; t ï ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚʽʜ 

ʘʥʪʝʥʠ ʜʦ ʫʱʽʣʴʥʝʥʦʛʦ ʰʘʨʫ ʛʨʫʥʪʫ ʽ ʥʘʟʘʜ.  

ʐʚʠʜʢʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʚʫʢʫ ʚ ʪʚʝʨʜʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʠʟʥʘ-

ʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

 
Ⱥ

c
r

= ,  (2) 

ʜʝ E ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ; r ï ʱʽʣʴʥʽʩʪʴ.  

ɹʽʣʴʰʽʩʪʴ ʛʨʫʥʪʽʚ ʤʘʶʪʴ ʱʽʣʴʥʽʩʪʴ ʚʽʜ 1000 ʜʦ 1500 ʢʛ/ʤ3, ʘ ʰʚʠʜ-

ʢʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʚʫʢʫ ʚ ʛʨʫʥʪʘʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ  ʚʽʜ 85 

ʜʦ 180 ʤ/ʩ. 

ʊʨʠʚʘʣʽʩʪʴ ʟʦʥʜʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ ʚʠʟʥʘʯʘʻ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʧʨʦ-

ʪʷʞʥʽʩʪʴ ʤʝʨʪʚʦʾ ʟʦʥʠ ʧʦ ʜʘʣʴʥʦʩʪʽ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪ-

ʥʦʩʪʽ ʽ ʩʢʦʨʦʯʝʥʥʷ ʧʨʦʪʷʞʥʦʩʪʽ ʤʝʨʪʚʦʾ ʟʦʥʠ ʙʘʞʘʥʠʤ ʻ ʢʦʨʦʪʢʠʡ ʽʤ-

ʧʫʣʴʩ, ʘʣʝ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʧʝʨʝʰʢʦʜʘ ʧʦʪʨʽʙʝʥ ʟʦʥ-

ʜʫʶʯʠʡ ʽʤʧʫʣʴʩ ʙʽʣʴʰʦʾ ʪʨʠʚʘʣʦʩʪʽ. ʊʨʠʚʘʣʽʩʪʴ ʟʦʥʜʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 
0

2ȼ

2

ʟʘʧ maxK
J

f c
< < ,  (3) 

ʜʝ Kʟʘʧ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻ ʯʘʩʪʦʪʫ ʟʘʧʦʚʥʝʥʥʷ ʽʤʧʫʣʴʩʫ; Hmax ï 

ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʟʦʥʜʫʚʘʥʥʷ; f0 - ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ.  

ʇʝʨʽʦʜ ʧʨʦʭʦʜʞʝʥʥʷ ʽʤʧʫʣʴʩʽʚ ʬʦʨʤʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʜʦ ʦʪ-

ʨʠʤʘʥʥʷ ʚʽʜʙʠʪʦʛʦ ʟ ʤʘʢʩʠʤʘʣʴʥʦʾ ʛʣʠʙʠʥʠ ʩʠʛʥʘʣʫ ʧʦʚʪʦʨʥʝ ʚʠ-

ʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʌʦʨʤʫʣʘ ʧʝʨʽʦʜʫ ʟʦʥʜʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ 

ʪʘʢʘ: 

 
2ȼ

ɇ max

c
² . (4) 

ʈʦʟʧʫʰʝʥʥʷ ˇʨʫʥʪʫ ʟ ʦʧʝʨʘʪʠʚʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ 

ʥʘʡʙʽʣʴʰ ʫʱʽʣʴʥʝʥʦʛʦ ʰʘʨʫ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʫ ʙʝʟ-

ʧʝʨʝʨʚʥʦʛʦ ʨʘʜʽʦʭʚʠʣʴʦʚʦʛʦ ʧʨʦʬʽʣʶʚʘʥʥʷ ʧʦʣʷ, ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʜʦ 20% ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥʠ ʧʨʠ-

ʙʣʠʟʥʦ ʥʘ 9-10 % ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ  ʫʨʦʞʘʡʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʢʫʣʴʪʫʨ. 
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ʉʀʉʊɽʄʅʀʁ ɸʅɸʃɯɿ ʄʆɼɽʃɽʁ ʂʆʄʇʃɽʂʉʋ ʊɽʍʅɯʏʅʀʍ 

ɿɸʉʆɹɯɺ ɸɽʉ ʅɸ ʇʈʀʂʃɸɼɯ ʏɸɽʉ 

ɸ.ɸ. ʊʠʤʯʝʥʢʦ 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ɺ ʤʘʪʝʨʽʘʣʘʭ ʜʦʧʦʚʽʜʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʦʣʦ-

ʞʝʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʩʫʢʫʧʥʦʩʪʽ ʤʦʜʝʣʝʡ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʩʪʘ-

ʥʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ:  

<ʙʫʜʦʚʘ (ʩʫʢʫʧʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ + ʩʪʨʫʢʪʫʨʘ)>Ÿ Ÿ<ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

(ʩʫʢʫʧʥʽʩʪʴ ʩʠʛʥʘʣʽʚ + ʩʫʢʫʧʥʽʩʪʴ ʬʫʥʢʮʽʡ ʝʣʝʤʝʥʪʽʚ)> Ÿ <ʮʽʣʝʧʦʢʣʘ-

ʜʘʥʥʷ ï ʪʝʭʥʦʣʦʛʽʾ ʤʘʪʝʨʽʘʣʴʥʦʛʦ, ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ>. 

ʂʦʨʦʪʢʘ ʜʦʚʽʜʢʘ ʧʦ ʤʘʪʝʨʽʘʣʘʤ ʇʝʨʰʦʾ ʄʅʂ INUDECOï2016. 

ʊʝʨʤʽʥ çʏʦʨʥʦʙʠʣʴè ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʡʦʛʦ ʰʠʨʦʢʦʤʫ ʟʥʘʯʝʥʥʽ, ʚʢʣʶʯʘ-

ʶʯʠ çʜʫʭʦʚʥʠʡ ʏʦʨʥʦʙʠʣʴè, çʬʽʥʘʥʩʦʚʠʡ ʏʦʨʥʦʙʠʣʴè, çʝʢʦʥʦʤʽʯʥʠʡ 

ʏʦʨʥʦʙʠʣʴè ʽ ʪ.ʧ. (ɺ.ɻ. ʑʝʨʙʠʥʘ, ʩʪʦʨ.38-48). ɯ ʷʢ ʟʘʚʞʜʠ ʧʦʩʪʘʶʪʴ ʟʘ-

ʧʠʪʘʥʥʷ: çʑʦ ʽ ʷʢ ʚʽʜʙʫʣʦʩʴ?è, çʍʪʦ ʚʠʥʝʥ?è, çʑʦ ʨʦʙʠʪʠ ʜʘʣʽ?è. ɯ ʷʢ 

ʟʘʚʞʜʠ ï ʩʢʽʣʴʢʠ ʣʶʜʝʡ, ʩʪʽʣʴʢʠ ʽ ʚʽʜʧʦʚʽʜʝʡ. ɼʽʡʩʥʦ, ʧʨʦʙʣʝʤʘ ʏʦʨʥʦ-

ʙʠʣʶ ï ʙʘʛʘʪʦʛʨʘʥʥʘ ʪʘ ʙʘʛʘʪʦʚʠʤʽʨʥʘ ʷʢ ʚ ʧʨʦʩʪʦʨʽ ʪʘʢ ʽ ʚ ʯʘʩʽ. ɼʫʤʘ-

ʻʪʴʩʷ ʱʦ ʽ ʥʘʩʪʫʧʥʽ ʢʦʥʬʝʨʝʥʮʽʾ ʤʘʪʠʤʫʪʴ ʧʽʜʩʪʘʚʫ ʜʣʷ ʩʚʦʛʦ ʧʨʦʚʝ-

ʜʝʥʥʷ [1]. 

ʅʝ ʥʘ ʚʩʽ ʟʘʧʠʪʘʥʥʷ ʦʪʨʠʤʘʥʦ ʧʦʚʥʦʮʽʥʥʽ ʚʽʜʧʦʚʽʜʽ, ʷʢ ʚʽʜ ʢʝʨʽʚʥʠʮ-

ʪʚʘ, ʝʢʩʧʝʨʪʽʚ ʪʘʢ ʽ ʚʽʜ ʩʧʝʮʽʘʣʽʩʪʽʚ. ɺʽʜʧʦʚʽʜʽ ʤʦʞʣʠʚʦ ʚʧʦʨʷʜʢʫʚʘʪʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ çʝʪʘʧʽʚ ʞʠʪʪʷè ʙʫʜʴ-ʷʢʦʾ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʶʯʠ  çʝʪʘʧ ʫʪʠ-

ʣʽʟʘʮʽʾè: 

<ʩʦʮʽʘʣʴʥʝ ʟʘʤʦʚʣʝʥʥʷ, ʚʠʤʦʛʠ ʯʘʩʫ>Ÿ<ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʥʘ-

ʭʽʜʥʠʮʪʚʦ>Ÿ<ʩʠʩʪʝʤʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ>Ÿ Ÿ<ʚʠʛʦ-

ʪʦʚʣʝʥʥʷ, ʧʦʙʫʜʦʚʘ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ>Ÿ<ʰʠʨʦʢʝ ʚʧʨʦʚʘ-

ʜʞʝʥʥʷ ʽ ʤʘʩʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ>Ÿ<ʚʽʜʤʦʚʠ, ʘʚʘʨʽʾ ʪʘ ʢʘʪʘʩʪʨʦʬʠ 

(ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ)>Ÿ<ʣʽʢʚʽʜʘʮʽʷ ʥʘʩʣʽʜʢʽʚ ʪʘ ʫʪʠʣʽʟʘʮʽʷ>. 
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ɺ ʜʦʧʦʚʽʜʽ, ʷʢʘ ʙʫʣʘ ʚʢʣʶʯʝʥʥʷ ʚ ʧʨʦʛʨʘʤʫ ɼʨʫʛʦʾ ʄʅʂ 

INUDECOï2017,  ʩʬʦʨʤʦʚʘʥʽ ʘʩʧʝʢʪʠ ʩʠʩʪʝʤʥʦʛʦ ʨʦʟʛʣʷʜʫ ʧʨʦʙʣʝʤʠ. 

ʎʝ ʥʝ ʜʘʻ ʢʦʥʢʨʝʪʥʠʭ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʚʩʽ ʧʠʪʘʥʥʷ, ʘʣʝ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʥʦ 

ʚʠʚʯʘʪʠ ʷʢ ʚʥʫʪʨʽʰʥʽ ʪʘʢ ʽ ʟʦʚʥʽʰʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʙʣʝʤʠ. 

ɿʦʚʥʽʰʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʩʘʤʝ:  

<ʩʠʩʪʝʤʥʦʩʪʽ ʨʦʟʛʣʷʜʫ> ʪʘ <ʩʠʩʪʝʤʘʪʠʯʥʦʩʪʽ ʚ ʯʘʩʽ> 

ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʢʨʠʚʘʪʠ ʾʭ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʽ, ʘ ʩʘʤʝ: 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʘʚʪʦ-

ʥʦʤʥʦʩʪʽ ʪʘ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʚʽʜʤʦʚʦ - ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ 

ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ. 

ɺʣʘʩʪʠʚʽʩʪʴ ʩʠʩʪʝʤʘʪʠʯʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʥʫʪʠ ʧʨʦʙʣʝʤʫ ʚ ʯʘʩʽ 

ʽ ʚʽʜʧʦʚʽʜʥʦ ʨʦʟʢʨʠʪʠ ʧʦʥʷʪʪʷ çʚʽʜ ʽ ʜʦè. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʩʽ 

ʩʢʣʘʜʦʚʽ ʧʨʦʙʣʝʤʠ ʏɸɽʉ ʚ ʮʽʣʦʤʫ ʧʦ ʩʭʝʤʽ:  

<ʪʝʭʥʽʯʥʘ (ʤʘʪʝʨʽʘʣʴʥʘ) ʦʩʥʦʚʘ> Ÿ <ʝʥʝʨʛʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦ-

ʮʝʩʠ> Ÿ <ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʝ ʩʫʧʨʦʚʦʜʞʝʥʥʷ - ʽʥʬʦʨʤʘʮʽʷ>. 

ʥʘ ʧʨʠʢʣʘʜʽ ɸɽʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʞʘʥʴ ʪʘ ʦʙʤʝʞʝʥʴ.  

ɸɽʉ ʷʢ ʦʙôʻʢʪ ʩʠʩʪʝʤʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʗʢ ʚʽʜʦʤʦ, ʤʘʪʝʨʽʘʣʴʥʦʶ 

ʦʩʥʦʚʦʶ ɸɽʉ ʻ ʪʝʭʥʦʣʦʛʽʯʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʡ ʟ ʦʜ-

ʥʦʛʦ ʚʠʜʫ ʚ ʽʥʰʠʡ (ʝʥʝʨʛʝʪʠʯʥʠʡ ʢʦʤʧʣʝʢʩ): 

(<ʨʝʘʢʪʦʨ > + <ʧʘʨʦʛʝʥʝʨʘʪʦʨ >) Ÿ (<ʪʫʨʙʽʥʘ > + <ʝʣʝʢʪʨʦʛʝ-

ʥʝʨʘʪʦʨ >), 

ʧʨʠʯʦʤʫ ʢʦʤʧʣʝʢʩ ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʫ ʧʦʪʫʞʥʽʩʪʴ: ʚʽʜ ʩʦʪʝʥʴ ʜʦ ʪʠʩʷʯ 

ʤʝʛʘʚʘʪ: ʚʽʜ ʢʨʠʛʦʣʘʤʘ çʃʝʥʽʥè, ʧʽʜʚʦʜʥʠʭ ʢʨʝʡʩʝʨʽʚ ɸʇʃ ʜʦ ʘʪʦʤʥʦʛʦ 

ʣʽʪʘʢʘ ʘʙʦ ʢʦʩʤʽʯʥʦʛʦ ʢʦʨʘʙʣʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚ-

ʥʠʭ ʘʛʨʝʛʘʪʘʭ ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ, ʚʢʣʶʯʘʶʯʠ ʮʠʨʢʫʣʷʮʽʡʥʽ 

ʥʘʩʦʩʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ. ʎʠʨʢʫʣʷʮʽʡʥʽ ʥʘʩʦʩʠ (ʾʭ ʜʝʢʽʣʴʢʘ 

ʧʘʨʘʣʝʣʴʥʦ, ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʦʛʦ ʚʢʣʶʯʝʥʥʷ ʚʽʜ ʽʥʰʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ) 

ʧʽʜʪʨʠʤʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʨʽʚʥʽ çʧʘʨ-ʚʦʜʘè ʪʘ çʚʦʜʘ-ʧʘʨè ʷʢ ʫ ʩʝʧʘʨʘʪʦʨʽ 

ʪʘʢ ʽ ʚ ʨʝʘʢʪʦʨʽ. 

ʊʝʭʥʽʢʘ ï ʝʥʝʨʛʽʷ. ʇʨʠ ʮʴʦʤʫ ʽʩʥʫʻ ʚʠʩʣʽʚ: çʷʢʠʡ ʧʨʦʝʢʪ, ʪʘʢʠʡ 

ʦʙôʻʢʪè. ɸ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ çʞʠʚʽʡ ʪʝʭʥʽʮʽè ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯ-

ʥʠʭ ʦʙʤʝʞʝʥʴ (ʥʘʧʨʠʢʣʘʜ, ʉʋɿ, ʉɸɿʈ ʪʘ ʽʥ.) ʥʘʜʘʻ ʪʝʭʥʽʮʽ ʽʥʽʮʽʘʪʠʚʫ. 

ʊʘʢ, ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʱʦ ʥʝ ʚʩʝ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʂʠʻʚʽ ʥʘ 

ʍʨʝʱʘʪʠʢʫ ʘʙʦ ʥʘ ʂʨʘʩʥʽʡ ʧʣʦʰʽ ʚ ʄʦʩʢʚʽ. ɸʢʘʜʝʤʽʢ ɸʣʝʢʩʘʥʜʨʦʚ, ʙʫ-

ʜʫʯʠ ʇʨʝʟʠʜʝʥʪʦʤ ɸʢʘʜʝʤʽʾ ʥʘʫʢ ʉʈʉʈ, ʱʦ ʥʘʨʦʜʠʚʩʷ ʥʘ ʋʢʨʘʾʥʽ, ʜʝʱʦ 

ʧʦʞʘʨʪʫʚʘʚ, ʢʦʣʠ ʪʘʢ ʚʠʩʣʦʚʣʶʚʘʚʩʷ. ɺʟʘʛʘʣʽ, ʟʘ ʈʘʜʷʥʩʴʢʦʛʦ ʩʦʶʟʫ 

ʙʫʣʦ ʜʫʞʝ ʙʘʛʘʪʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʧʪʠʤʽʟʤʫ ʚ ʞʠʪʪʽ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ 

çʩʚʽʪʣʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦè ʽ ʟʘʢʽʥʯʫʶʯʠ çʢʦʤʫʥʽʟʤʦʤ ʥʝ ʟʘ ʛʦʨʘʤʠè. ʊʝʧʝʨ 

ʜʝʱʦ ʽʥʰʽ ʯʘʩʠ: çʑʦ ʤʘʻʤʦ, ʪʝ ʤʘʻʤʦè ʷʢ ʚʠʩʣʦʚʠʚʩʷ ʚ ʩʚʽʡ ʯʘʩ ʧʨʝʟʠ-

ʜʝʥʪ ʋʢʨʘʾʥʠ ʂʨʘʚʯʫʢ. 
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ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʘʪʦʤʥʦʛʦ ʨʝʘʢʪʦʨʘ. çéʗʢ ʙʘʟʦ-

ʚʠʡ ʨʝʘʢʪʦʨ ʜʣʷ ʏɸɽʉ ʙʫʣʦ ʚʟʷʪʦ ʝʥʝʨʛʦʙʣʦʢ ʽʟ ʨʝʘʢʪʦʨʘ ʈɺʇʂ ï 1000 

ʝʣʝʢʪʨʠʯʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 1000 ʄɻʪ ï ʛʝʪʝʨʦʛʝʥʥʠʡ ʢʘʥʘʣʴʥʠʡ ʨʝʘʢʪʦʨ 

ʥʘ ʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʘʭ, ʚ ʷʢʦʤʫ ʩʧʦʚʽʣʴʥʶʚʘʯʝʤ ʻ ʛʨʘʬʽʪ, ʘ ʪʝʧʣʦʥʦʩʽʻʤ 

ï ʚʦʜʘ, ʈɺʇʂ ï ʨʝʘʢʪʦʨ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʢʘʥʘʣʴʥʠʡ ʥʘ ʚʽʜʤʽʥʥʫ ʚʽʜ 

ʚʦʜʦ ʚʦʜʷʥʦʛʦ ʨʝʘʢʪʦʨʘ ɺɺɽʈ ï ʢʦʨʧʫʩʥʦʛʦ ʪʠʧʫ ʜʣʷ ʧʦʪʨʝʙ ʘʪʦʤʥʦʛʦ 

ʧʽʜʚʦʜʥʦʛʦ ʬʣʦʪʫéè(ɺ. ʂʫʯʠʥʩʴʢʠʡ, ʩʪʦʨ.89-93). ʗʢ ʚʽʜʦʤʦ, ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ʥʦʚʠʭ ʨʝʘʢʪʦʨʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʚʝʜʝʥʥʽ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʝʢʩʧʝʨʠ-

ʤʝʥʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʢʦʨʝʥ ̔ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʦʙ-

ʯʠʩʣʶʚʘʣʴʥʦʾ ʪʘ ʤʦʜʝʣʶʶʯʦʾ ʪʝʭʥʽʢʠ.  

ɽʥʝʨʛʽʷ ï ʽʥʬʦʨʤʘʮʽʷ. ʅʘ ʧʦʯʘʪʢʫ 70-ʭ ʨʦʢʽʚ ʤʦʜʝʣʶʶʯʽ ʢʦʤʧʣʝʢʩʠ 

ʙʫʣʠ ʜʦʩʠʪʴ ʮʽʥʥʦʚʘʨʪʥʽʩʥʽ, ʪʦʤʫ ʚ ʩʚʽʡ ʯʘʩ ʘʢʪʠʚʥʦ ʥʝ ʩʪʚʦʨʶʚʘʣʠʩʴ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʦʤʽ ʘʚʘʨʽʾ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ɿʘʧʦʨʽʟʴʢʽʡ ɸɽʉ. ʇʽʜ ʯʘʩ 

ʩʪʚʦʨʝʥʥʷ ʨʝʘʢʪʦʨʽʚ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʷʚʣʷʣʠʩʴ ʷʢ ʾʭ ʧʘʨʘʟʠʪʠʯʥʽ 

ʟʦʥʠ, ʜʝ ʚʽʜʙʦʨʫ ʪʝʧʣʘ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢ ʽ ʟʦʥʠ, ʷʢʽ ʧʦʛʘʥʦ ʧʽʜʜʘʶʪʴʩʷ 

ʢʝʨʫʚʘʥʥʶ. ʈʝʘʢʪʦʨʠ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʯʘʩʪʽʰʝ ʚʩʴʦʛʦ 

ɺɺɽʈ) ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʙʦʨʪʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʚʽʜʥʦʩʥʦ ʥʘʜʽʡʥʠʭ, ʟʘ ʨʘ-

ʭʫʥʦʢ ʤʘʩʦʚʦʩʪʽ ʙʦʨʪʦʚʠʭ ɸɽʉ ʾʭ ʘʚʘʨʽʾ ʥʝ ʥʦʩʠʣʠ ʪʘʢʠʡ ʤʘʩʰʪʘʙʥʠʡ 

ʭʘʨʘʢʪʝʨ. ʗʢ ʧʽʜʪʚʝʨʜʠʣʦʩʴ ʧʦʪʽʤ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ, ʮʽʥʘ ʮʴʦʛʦ 

ʧʠʪʘʥʥʷ ʟ ʝʢʦʥʦʤʽʢʠ, ʚʠʷʚʠʣʘʩʴ ʟʥʘʯʥʦ ʜʦʨʦʞʯʘ. ʄʠ ʦʪʨʠʤʘʣʠ çʤʠʨʥʠʡ 

ʘʪʦʤ ʚ ʢʦʞʥʦʤʫ ʜʦʤʽè.  

ʗʢ ʚʠʷʚʣʷʻʪʴʩʷ, ʫ ʚʽʜʥʦʰʝʥʥʷʭ ʣʶʜʠʥʘ-ʤʘʰʠʥʘ ʧʘʩʠʚʥʘ ʽʥʽʮʽʘʪʠʚʘ 

ʩʠʩʪʝʤʠ ʟʘʚʞʜʠ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘ ʪʝʭʥʽʢʦʶ ï ʤʘʪʝʨʽʘʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ, ʘ 

ʙʽʦʣʦʛʽʯʥʘ ʩʢʣʘʜʦʚʘ ʟʘʚʞʜʠ ʚʠʩʪʫʧʘʻ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʶ, ʘʣʝ ʥʝ ʟʦʚʩʽʤ 

ʥʘʜʽʡʥʦʶ. ɺ ʧʣʘʥʽ ʘʥʘʣʽʟʫ ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʷ-ʽʥʬʦʨʤʘʮʽʷ ʽʥʬʦʨʤʘ-

ʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʟʘʚʞʜʠ ʻ ʧʨʽʦʨʠʪʝʪʥʦʶ ʽ ʥʦʩʠʪʴ ʚʠʟʥʘʯʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ 

ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʪʝʭʥʽʢʠ:         ʚʽʜ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʧʦʙʫʜʦʚʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ         ʥʘʩʪʫʧʥʠʤ ʧʣʘʥʦʚʠʤ 

ʟʥʷʪʪʷʤ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʷʢʱʦ ʮʝ ʥʝ ʘʚʘʨʽʡʥʦ). 

ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʤʦʜʝʣʝʡ ʢʦʤʧʣʝʢʩʫ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ɸɽʉ. 

ɯʪʘʢ, ʢʦʤʧʣʝʢʩ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ (ʂʊɿ) ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʘʪʦʤʥʦʾ ʝʣʝ-

ʢʪʨʠʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʏɸɽʉ) ʟ ʪʦʯʢʠ ʟʦʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʻ ʧʦ-

ʻʜʥʘʥʥʷ ʜʚʦʭ ʢʨʫʧʥʠʭ ʘʛʨʝʛʘʪʽʚ: ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʟ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʤ. 

ʅʘ ʚʭʽʜ ʧʦʜʘʻʪʴʩʷ ʷʜʝʨʥʝ ʧʘʣʠʚʦ, ʷʢʝ ʛʝʥʝʨʫʻ ʧʘʨ ʚ ʨʝʘʢʪʦʨʽ ʜʣʷ ʧʦʜʘ-

ʣʴʰʦʾ ʧʦʜʘʯʽ ʡʦʛʦ ʚ ʧʘʨʦʚʫ ʪʫʨʙʽʥʫ ʟ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʤ,  ʥʘ ʚʠʭʦʜʽ ʷʢʦʛʦ 

ʧʨʠʻʜʥʘʥʥʽ ʝʣʝʢʪʨʠʯʥʽ ʛʝʥʝʨʘʪʦʨʠ ʟʤʽʥʦʾ ʥʘʧʨʫʛʠ: 

<ʝʥʝʨʛʽʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ>< ʝʥʝʨʛʽʷ ʧʝʨʝʛʨʽʪʦʛʦ ʧʘʨʫ ʚ ʟʘʤʢʥʫʪʦʤʫ 

ʢʦʥʪʫʨʽ><ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ ʨʫʭʫ ʚʘʣʫ ʪʫʨʙʽʥʠ>  <ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ 

ʟʤʽʥʦʛʦ ʩʪʨʫʤʫ ʜʣʷ ʟʘʛʘʣʴʥʦ-ʜʝʨʞʘʚʥʦʾ ʝʣʝʢʪʨʦʤʝʨʝʞʽ>. 
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ʇʨʠ ʮʴʦʤʫ, ʟ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʚʠʱʝ ʩʢʘʟʘʥʝ ʤʦʞʣʠʚʦ ʟʘʧʠ-

ʩʘʪʠ ʚ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʤʘʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ çʚʭʽʜ - ʚʠʭʽʜè. ɼʣʷ ʧʦʝʣʝ-

ʤʝʥʪʥʦʛʦ ʦʧʠʩʫ ʩʪʘʪʠʢʠ ʩʠʩʪʝʤ ʽʩʥʫʻ ʩʠʩʪʝʤʘ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

ʪʠʧʫ: ɸ ʍ = ɺ ʋ,  ʜʝ ʍ,ʋ ï ʚʝʢʪʦʨʠ ʚʠʭʦʜʽʚ ʪʘ ʚʭʦʜʽʚ ʩʠʩʪʝʤʠ, ɸ,ɺ ï 

ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʦʧʠʩʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʠ-

ʩʪʝʤʠ ʪʘ ʟʚôʷʟʢʽʚ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠ-

ʤʘʭ ʦʧʠʩʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʤʘʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ ʪʠʧʫ:  s= 

ɸ ʍ + ɺ ʋ,  ʜʝ ʍ,ʋ ï ʚʝʢʪʦʨʠ ʚʠʭʦʜʽʚ ʪʘ ʚʭʦʜʽʚ ʩʠʩʪʝʤʠ, ɸ,ɺ ï ʤʘʪʨʠʮʽ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʦʧʠʩʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ [2]. 

ʉʫʯʘʩʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ, ʤʝʨʝʞʽ ɽʆʄ, ʢʣʘʩʪʝʨʠ ʪʘ ʽʥ. ʜʘ-

ʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ ʜʝʪʘʣʴʥʽʰʝ ʨʦʟʛʣʷʜʘʪʠ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʥʘ ʩʫʯʘʩ-

ʥʦʤʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʨʽʚʥʽ. 

ɿʛʘʜʫʻʪʴʩʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʘ ʪʝʤʘ, ʱʦ ʚʠʢʦʥʫʚʘʣʘʩʴ ʥʘ ʧʦʯʘʪʢʫ 

70-ʭ ʨʦʢʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʎʆʄ ʪʠʧʫ çɹʕʉʄ ï 6è ʧʨʦʮʝʩʽʚ ʢʝʨʫ-

ʚʘʥʥʷ ʂʊɿ çɸʇʃ ï 705è, ʚʢʣʶʯʘʶʯʠ ʨʝʞʠʤʠ çʧʦʚʥʠʡ ʚʧʝʨʝʜè ʘʙʦ 

çʩʪʦʧ-ʤʘʰʠʥʘè. ʄʘʪʝʤʘʪʠʯʥʦ ʁ ʤʦʜʝʣʣʶ ʧʨʦʮʝʩʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʙʫʣʘ ʩʠʩʪʝʤʘ ʘʣʛʝʙʨʦ-ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʙʽʣʴʰʝ 200 ʪʘ ʙʽʣʴʰʝ 10 

ʪʠʩʷʯ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ ʪʠʧʫ çʪʘʢ, ʥʽè. ʗʩʥʦ, ʱʦ ʧʦ-ʝʣʝʤʝʥʪʥʠʡ ʧʽʜʭʽʜ 

ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʙʘʞʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʘ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʥʘ ʪʦʡ ʯʘʩ ʥʝ 

ʤʽʛ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʧʨʠ ʪʦʜʽʰʥʽʭ ʤʦʞʣʠʚʦʩʪʷʭ ɽʆʄ. ʇʨʘʚʜʘ, ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʨʝʘʢʪʦʨʽʚ ʥʦʚʠʭ ʪʠʧʽʚ, ʜʝ ʙʫʣʦ ʧʦʪʨʽʙʥʦ 

ʩʧʨʦʝʢʪʫʚʘʪʠ ʙʽʣʷ 30 ʪʠʩʷʯ  ʜʝʪʘʣʝʡ ʪʠʧʫ çʪʽʣ ʢʨʫʯʝʥʥʷè ʪʘ ʪʝʭʥʦʣʦʛʽʯ-

ʥʠʭ ʧʨʦʮʝʩʽʚ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠ çʝʣʝʤʝʥʪʥʦʤʫ ʧʽʜʭʦʜʽè, ɽʆʄ ʙʫʣʠ 

ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʫʤʦʚʘʭ ɯʥʩʪʠʪʫʪʫ ʽʤ. ʂʫʨʯʘʪʦʚʘ. 

    ʆʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ. ɺ ʜʦʧʦʚʽʜʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʽʾ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ, ʷʢʱʦ ʚ ʦʙôʻʢʪʽ ʚʽʜʩʫʪʥʽ ʟʚʦʨʦ-

ʪʥʽ ʟʚôʷʟʢʠ(ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ)  ʽ ʚʽʜôʻʜʥʘʥʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʨʝʛʫʣʶ-

ʚʘʥʥʷ, ʪʦ ʦʙôʻʢʪ ʚʪʨʘʯʘʻ ʩʪʽʡʢʽʩʪʴ ʽ ʩʪʘʥʦʚʠʪʴʩʷ ʥʝʢʝʨʦʚʘʥʠʤ.  

ɺ ʜʦʧʦʚʽʜʽ ʥʘʚʝʜʝʥʽ ʪʘʢʦʞ ʽʥʰʽ ʧʨʠʢʣʘʜʠ: ʣʽʪʘʢ ʧʦ ʚʠʩʦʪʽ ʷʚʣʷʻʪʴʩʷ 

ʧʨʠʥʮʠʧʦʚʦ ʥʝʩʪʽʡʢʠʤ, ʥʘ ʧʽʜʚʦʜʥʦʤʫ ʯʦʚʥʽ ʙʝʟ ʟʦʚʥʽʰʥʽʭ ʚʽʜôʻʤʥʠʭ 

ʟʚôʷʟʢʽʚ ʥʝʤʦʞʣʠʚʠʡ ʨʝʞʠʤ çʨʽʜʢʠʡ ʛʨʫʥʪè ʽ ʘʪʦʤʥʠʡ ʨʝʘʢʪʦʨ ʧʨʠ ʟʘ-

ʤʽʥʽ ʚʽʜôʻʤʥʠʭ ʟʚʦʨʦʪʥʠʭ ʟʚôʷʟʢʽʚ ʥʘ ʜʦʜʘʪʥʽ ʘʙʦ ʧʨʠ ʟʤʽʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʥʘʩʦʩʽʚ ʪʝʞ ʚʪʨʘʯʘʻ  ʩʚʦʶ ʩʪʽʡʢʽʩʪʴ. 

    ʊʝʦʨʝʪʠʯʥʽ ʚʠʩʥʦʚʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʪʝ, ʱʦ ʚʽʜʙʫʣʦʩʷ ʥʘ ʏɸɽʉ. 

ɸʣʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʧʨʠʯʠʥ ʘʚʘʨʽʾ ʧʨʦʜʦʚʞʫʶʪʴʩʷ, ʷʢ 

ʚʽʜʦʤʠʤʠ ʚʯʝʥʠʤʠ ʪʘʢ ʽ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʦʩʣʽʜʥʠʢʽʚ.[3] 

ʃʽʪʝʨʘʪʫʨʘ 
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ʋɼʂ 551.468.4 

ʏʀʉɽʃʔʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɺʅʋʊʈɯʐʅʔʆʈɯʏʅʆɰ  

ʄɯʅʃʀɺʆʉʊɯ  ɻɯɼʈʆʃʆɻɯʏʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʂʋʗʃʔʅʀʎʔʂʆɻʆ ʃʀʄɸʅʋ ɿɸ ʈɯɿʅʀʍ ʆɹʉʗɻɯɺ  

ʉʊʆʂʋ ʈɯʏʂʀ ɺɽʃʀʂʀʁ ʂʋʗʃʔʅʀʂ 

ɼ.ɺ. ʂʫʰʥʽʨ, ʖ.ʉ. ʊʫʯʢʦʚʝʥʢʦ 

ʆʜʝʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ʂʫʷʣʴʥʠʮʴʢʠʡ ʣʠʤʘʥ ʥʘʣʝʞʠʪʴ ʜʦ ʛʨʫʧʠ ʟʘʢʨʠʪʠʭ ʣʠʤʘʥʽʚ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʦʛʦ ʇʨʠʯʦʨʥʦʤʦʨôʷ ʽ ʻ ʫʥʽʢʘʣʴʥʠʤ ʚʦʜʥʠʤ ʦʙôʻʢʪʦʤ ʟʘʛʘʣʴʥʦʜʝʨ-

ʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʚʽʜʥʝʩʝʥʠʤ ʜʦ ʢʘʪʝʛʦʨʽʾ ʣʽʢʫʚʘʣʴʥʠʭ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʮʽʥʢʘ, ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦ-

ʜʝʣʶʚʘʥʥʷ, ʚʧʣʠʚʫ  ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʦʛʦ ʫ ʩʫʯʘʩʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ 

ʫʤʦʚʘʭ ʟʙʽʣʴʰʝʥʥʷ ʩʪʦʢʫ ʨ. ɺʝʣʠʢʠʡ ʂʫʷʣʴʥʠʢ ʥʘ ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʫ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʫ ʤʽʥʣʠʚʽʩʪʴ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʫʷʣʴʥʠʮʴ-

ʢʦʛʦ ʣʠʤʘʥʫ (ʨʽʚʝʥʴ ʚʦʜʠ, ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʣʦʥʽʩʪʴ), ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ 

ʭʽʤʽʯʥʽ ʪʘ ʙʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʫ ʥʴʦʤʫ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʥʝʩʪʘʮʽʦʥʘʨʥʘ ʪʨʠ-

ʚʠʤʽʨʥʘ ʯʠʩʝʣʴʥʘ ʛʽʜʨʦʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ Delft3D-FLOW [1], ʨʝ-

ʟʫʣʴʪʘʪʠ ʘʜʘʧʪʘʮʽʾ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʷʢʦʾ ʜʦ ʫʤʦʚ ʂʫʷʣʴʥʠʮʴʢʦʛʦ ʣʠʤʘʥʫ 

ʦʧʫʙʣʢ̔ʦʚʘʥʽ ʚ ʨʦʙʦʪʽ [2]. 

ʄʦʜʝʣʴ Delft3D-FLOW ʙʘʟʫʻʪʴʩʷ ʥʘ ʯʠʩʝʣʴʥʦʤʫ ʚʠʨʽʰʝʥʥʽ ʨʽʚʥʷʥʥʷ 

ʅʘʚôʻ-ʉʪʦʢʩʘ ʜʣʷ ʥʝʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ ʥʘ ʤʽʣʢʽʡ ʚʦʜʽ ʫ ʥʘʙʣʠʞʝʥʥʽ 

ɹʫʩʽʥʝʩʢʘ. ʉʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ ʤʦʜʝʣʽ ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʴ ʨʫʭʫ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚ-

ʥʦʩʪʽ, ʨʽʚʥʷʥʴ ʧʝʨʝʥʦʩʫ ʪʝʧʣʘ ʪʘ ʩʦʣʝʡ, ʘ ʪʘʢʦʞ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʾ k-Ů-

ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʱʦ ʟʘʤʠʢʘʻ ʮʽ ʨʽʚʥʷʥʥʷ. ɺʝʨʪʠʢʘʣʴʥʽ ʢʦʤʧʦ-

ʥʝʥʪʠ ʚʝʢʪʦʨʽʚ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʡ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʯʝʨʝʟ ʨʽʚʥʷʥʥʷ ʥʝʨʦ-

ʟʨʠʚʥʦʩʪʽ. ɼʣʷ ʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʫʭʫ ʙʝʨʝʪʴʩʷ ʛʽʜʨʦ-

ʩʪʘʪʠʯʥʝ ʥʘʙʣʠʞʝʥʥʷ. ʈʽʚʥʷʥʥʷ ʩʪʘʥʫ ʤʦʨʩʴʢʦʾ ʚʦʜʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ ʖʅɽʉʂʆ. ʊʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥ ʟ ʘʪʤʦʩʬʝʨʦʶ ʨʦʟʨʘʭʦʚʫ-

ʶʪʴʩʷ ʚ ʤʦʜʝʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʭ ʬʦʨʤʫʣ. 

ʂ̔ ʥʮʝʚʦ-ʨʽʟʥʠʮʝʚʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʨʽʚʥʷʥʴ ʤʦʜʝʣʽ ʚʠʢʦʥʘʥʘ ʥʘ ʢʨʠ-

ʚʦʣʽʥʽʡʥʽʡ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʽʪʮʽ ʉ-ʪʠʧʫ ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ɸʨʘʢʘʚʠ: ʩʢʘ-
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ʣʷʨʥʽ ʚʝʣʠʯʠʥʠ ʟʘʜʘʶʪʴʩʷ ʚ ʮʝʥʪʨʘʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʦʩʝ-

ʨʝʜʢʽʚ, ʘ ʥʦʨʤʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʡ ï ʥʘ ʾʭ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʘ-

ʥʷʭ. ʏʘʩʦʚʠʡ ʢʨʦʢ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ ʦʙʤʝʞʫʻʪʴʩʷ ʫʤʦʚʦʶ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʂʫʨʘʥʪʘ-ʌʨʽʜʨʽʭʩʘ-ʃʝʚʽ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ 

ʢʨʠʚʦʣʽʥʽʡʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ, ʷʢʘ ʩʢʣʘʜʘʣʘʩʴ ʟ 39 Ĭ 270 ʨʦʟʨʘʭʫʥʢʦ-

ʚʠʭ ʦʩʝʨʝʜʢʽʚ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ (ʨʠʩ. 1ʘ). ʈʦʟʨʘʭʫʥʢʦʚ ̔ʦʩʝ-

ʨʝʜʢʠ ʩʽʪʢʠ ʤʘʶʪʴ ʧʝʨʝʤʽʥʥʽ ʨʦʟʤʽʨʠ: 60-280 ʤ ʚʟʜʦʚʞ ʧʦʚʟʜʦʚʞʥʴʦʾ 

ʚʽʩʽ ʣʠʤʘʥʫ ʪʘ 40-210 ʤ ï ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʦ ʚʝʨʪʠʢʘʣʽ ʟʘʜʘ-

ʚʘʣʠʩʴ ʪʨʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʽʚʥʷ ʫ ʢʨʠʚʦʣʽʥʽʡʥʽʡ ů-ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. 

ɻʣʠʙʠʥʠ ʚ ʣʠʤʘʥʽ (ʨʠʩ. 1ʙ), ʧʨʠʚʝʜʝʥʽ ʜʦ ʧʦʟʥʘʯʢʠ ʨʽʚʥʷ ʚʦʜʠ ʤʽʥʫʩ 

4,8 ʤ ʫ ɹʘʣʪʽʡʩʴʢʽʡ ʩʠʩʪʝʤʽ ʚʠʩʦʪ (ɹʉ), ʟʘʜʘʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʽ ʧʣʘʥʫ ʂʫ-

ʷʣʴʥʠʮʴʢʦʛʦ ʣʠʤʘʥʫ ʚ ʽʟʦʙʘʪʘʭ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʘʪʠʤʝʪ-

ʨʠʯʥʦʾ ʟʡʦʤʢʠ 2009 ʨ. 

 
ʈʠʩ.1 ï ʂʨʠʚʦʣʽʥʽʡʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʜʣʷ ʘʢʚʘʪʦʨʽʾ ʂʫʷʣʴʥʠʮʴ-

ʢʦʛʦ ʣʠʤʘʥʫ (ʘ). ɹʘʪʠʤʝʪʨʽʷ ʣʠʤʘʥʫ ʪʘ ʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴ-

ʥʠʭ ʪʦʯʦʢ ʜʣʷ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ (ʙ). 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʯʠʩʝʣʴʥʠʭ ʨʽʚʥʷʥʴ ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʣʘ ʚʨʘʭʦ-

ʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʩʠʭʘʥʥʷ-ʟʘʪʦʧ-

ʣʝʥʥʷ ʦʢʨʝʤʠʭ ʤʽʣʢʦʚʦʜʥʠʭ ʜʽʣʷʥʦʢ ʣʦʞʘ ʣʠʤʘʥʫ ʧʨʠ ʟʤʽʥʘʭ ʨʽʚʥʷ ʚʦʜʠ 

ʫ ʥʴʦʤʫ. 

ʄʦʜʝʣʶʚʘʣʘʩʴ ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʘ ʤʽʥʣʠʚʽʩʪʴ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʚ ʣʠʤʘʥʽ ʥʘ ʚʽʜʨʽʟʢʫ ʯʘʩʫ ʟ 22.12.2014 ʨ. ʧʦ 01.11.2015 ʨ. ʇʦʯʘʪʦʢ 

ʧʝʨʽʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʚ ʤʦʤʝʥʪʫ ʚʽʜʢʨʠʪʪʷ ʚʦʜʦʧʨʦʧʫʩʢʥʦʾ 
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ʛʽʜʨʦʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʧʦʚʥʶʚʘʪʠ ʂʫʷʣʴʥʠʮʴʢʠʡ ʣʠ-

ʤʘʥ ʤʦʨʩʴʢʦʶ ʚʦʜʦʶ ʟ ʆʜʝʩʴʢʦʾ ʟʘʪʦʢʠ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʪʘʢʽ ʧʨʠʭʽʜʥʽ ʩʢʣʘʜʦʚʽ ʚʦʜʥʦʛʦ ʙʘ-

ʣʘʥʩʫ ʣʠʤʘʥʫ: ʦʙʩʷʛʠ ʥʘʜʭʦʜʞʝʥʥʷ ʤʦʨʩʴʢʠʭ ʚʦʜ ʚ ʣʠʤʘʥ ʯʝʨʝʟ ʛʽʜʨʦ-

ʪʝʭʥʽʯʥʫ ʩʧʦʨʫʜʫ (ʚʦʜʦʧʨʦʧʫʩʢ); ʧʨʽʩʥʦʚʦʜʥʠʡ ʩʪʽʢ ʨʽʯʦʢ, ʱʦ ʚʧʘʜʘʶʪʴ 

ʚ ʣʠʤʘʥ; ʩʪʽʢ ʟ ʙʘʣʦʢ ʪʘ ʟʽ ʩʪʘʚʢʽʚ ʧʝʨʝʩʠʧʫ ʣʠʤʘʥʫ; ʜʦʙʦʚʽ ʩʫʤʠ ʦʧʘʜʽʚ 

ʥʘ ʘʢʚʘʪʦʨʽʶ ʣʠʤʘʥʫ ʟʘ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʤʝʪʝʦʧʦʩʪʫ çʆʜʝʩʘ-

ʂʫʷʣʴʥʠʢè. 

ʂʨʽʤ ʩʧʦʩʪʝʨʝʞʝʥʠʭ ʫ 2015 ʨ. ʟʥʘʯʝʥʴ ʚʠʪʨʘʪ ʚʦʜʠ ʨ. ɺ. ʂʫʷʣʴʥʠʢ, 

ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʦʮʽʥʢʠ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʚʠʪʨʘʪ 

ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʧʦʙʫʪʦʚʦʛʦ ʩʪʦʢʫ ʨʽʯʢʠ ʚ ʣʠʤʘʥ ʟʘ ʫʤʦʚ 2015 ʨ., ʨʦʟʨʘʭʦ-

ʚʘʥʽ ʟʘ ʤʦʜʝʣʣʶ çʢʣʽʤʘʪ-ʩʪʽʢè. 

ʏʘʩʦʚʘ ʤʽʥʣʠʚʽʩʪʴ ʥʘʧʨʷʤʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦ-

ʛʦʩʪʽ ʧʦʚʽʪʨʷ, ʙʘʣʫ ʭʤʘʨʥʦʩʪʽ ʫ ʧʝʨʽʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʜʘʚʘʣʠʩʴ ʟ̔ ʜʠʩ-

ʢʨʝʪʥʽʩʪʶ 3 ʛʦʜʠʥʠ ʟʘ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ɻʄʉ çʆʜʝʩʘ-ɻʄʆè. 

ʆʢʨʽʤ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ 2015 ʨʦʢʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʥʣʠ-

ʚʦʩʪʽ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʤʘʥʫ ʚʠʢʦʥʫʚʘʣʦʩʴ ʜʣʷ ʨʽʟʥʠʭ ʟʘ 

ʚʦʜʥʽʩʪʶ ʪʠʧʦʚʠʭ ʨʦʢʽʚ ʩʫʯʘʩʥʦʛʦ ʢʣʽʤʘʪʠʯʥʦʛʦ ʧʝʨʽʦʜʫ XXI ʩʪ. (1990-

2030 ʨʨ.), ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʥʘʡʙʽʣʴʰ ʚʠʧʨʘʚʜʘʥʠʤ ʜʣʷ ʨʝʛʽʦʥʫ ʂʫʷʣʴʥʠʮʴ-

ʢʦʛʦ ʣʠʤʘʥʫ ʢʣʽʤʘʪʠʯʥʠʤ ʩʮʝʥʘʨʽʻʤ ʟ ʙʘʟʠ ʜʘʥʠʭ ɽNSEMBLES (ʩʮʝ-

ʥʘʨʽʡ ɸ1ɺ ʤʦʜʝʣ ̔MPI-REMO ɯʥʩʪʠʪʫʪʫ ʤʝʪʝʦʨʦʣʦʛʽʾ ʽʤ. ʄʘʢʩʘ ʇʣʘʥʢʘ, 

ʤ. ɻʘʤʙʫʨʛ, ʅʽʤʝʯʯʠʥʘ). ʗʢ ʪʠʧʦʚʽ ʟʘ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʙʫʣʠ ʦʙʨʘʥʽ: 2018 ʨ. ï ʤʘʣʦʚʦʜʥʠʡ; 2025 ʨ. ï ʩʝʨʝʜʥʴʦʚʦʜʥʠʡ, 2021 ʨ. ï 

ʙʘʛʘʪʦʚʦʜʥʠʡ ʨʽʢ.  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʜʣʷ ʨʽʟʥʠʭ ʟʘ ʚʦʜʥʽʩʪʶ ʪʠʧʦʚʠʭ ʨʦʢʽʚ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʣʠʩʴ ʱʦʤʽʩʷʯʥʽ ʟʥʘʯʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʩʪʦʢʫ ʨ. ɺ. ʂʫʷʣʴʥʠʢ, ʨʦʟʨʘ-

ʭʦʚʘʥʽ ʟʘ ʤʦʜʝʣʣʶ çʢʣʽʤʘʪ-ʩʪʽʢè ʪʘ ʦʪʨʠʤʘʥʽ ʟ ʙʘʟʠ ʜʘʥʠʭ ENSEMBLES 

ʨ̫ ʜʠ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦ-

ʚʽʪʨʷ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʫ ʚʽʪʨʫ, ʙʘʣʫ ʟʘʛʘʣʴʥʦʾ ʭʤʘʨʥʦʩʪʽ ʪʘ ʘʪʤʦ-

ʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ 

ʛʽʜʨʦʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ Delft3D-FLOW ʘʥʘʣʽʟʫʚʘʣʠʩʴ ʚ 4-ʭ ʦʙʨʘ-

ʥʠʭ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ ʥʘ ʘʢʚʘʪʦʨʽʾ ʂʫʷʣʴʥʠʮʴʢʦʛʦ ʣʠʤʘʥʫ (ʨʠʩ. 1ʙ). 

ɹʫʣʠ ʦʪʨʠʤʘʥʽ ʦʮʽʥʢʠ ʟʤʽʥ ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʦʾ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʤʽʥʣʠ-

ʚʦʩʪʽ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʫʷʣʴʥʠʮʴʢʦʛʦ ʣʠʤʘʥʫ ʟʘ ʨʽʟʥʠʭ ʦʙ-

ʩʷʛʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʥʴʦʛʦ ʩʪʦʢʫ ʨʽʯʢʠ ɺʝʣʠʢʠʡ ʂʫʷʣʴʥʠʢ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ: 

- ʧʨʦʚʘʜʞʝʥʥʷ ʚʦʜʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʥʘ ʚʦʜʦʟʙʦʨʽ ʨ. ɺ. ʂʫʷʣʴʥʠʢ, 

ʨʝʘʣʽʟʘʮʽʷ ʨʽʟʥʠʭ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʙʽʣʴ-

ʰʝʥʥʷ ʩʪʦʢʫ ʨʽʯʢʠ ʚ ʂʫʷʣʴʥʠʮʴʢʠʡ ʣʠʤʘʥ, ʙʫʜʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ 
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ʡʦʛʦ ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ ʣʠʰʝ ʫ ʨʘʟʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ 

ʣʠʤʘʥʫ ʥʝ ʤʝʥʰ 75% ʚʽʜ ʦʙʩʷʛʽʚ ʧʨʠʨʦʜʥʦʛʦ ʩʪʦʢʫ ʨʽʯʢʠ; 

- ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʩʪʦʢʫ ʨ. ɺ. ʂʫʷʣʴʥʠʢ ʥʝ ʟʜʘʪʥʝ ʩʘʤʦʩʪʽʡʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʽʟʘʮʽʶ ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʂʫʷʣʴʥʠʮʴʢʦʛʦ ʣʠ-

ʤʘʥʫ ʙʝʟ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʧʦʚʥʝʥʥʷ ʡʦʛʦ ʤʦʨʩʴʢʦʶ ʚʦʜʦʶ ʆʜʝʩʴʢʦʾ ʟʘ-

ʪʦʢʠ ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʥʘʜʭʦ-

ʜʞʝʥʥʷ ʚʦʜ ʚʽʜ ʽʥʰʠʭ ʤʘʣʠʭ ʚʦʜʦʪʦʢʽʚ, ʷʢʽ ʚʧʘʜʘʶʪʴ ʚ ʣʠʤʘʥ; 

- ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʧʦʚʥʝʥʥʷ ʣʠʤʘʥʫ ʤʦʨʩʴʢʠʤʠ ʚʦʜʘʤʠ ʪʘ ʩʪʦʢʦʤ ʽʥ-

ʰʠʭ ʤʘʣʠʭ ʚʦʜʦʪʦʢʽʚ, ʷʢʽ ʚʧʘʜʘʶʪʴ ʚ ʣʠʤʘʥ, ʟʙʽʣʴʰʝʥʥʷ ʩʪʦʢʫ ʨ. ɺ. ʂʫ-

ʷʣʴʥʠʢ ʥʘʚʽʪʴ ʜʦ 75% ʚʽʜ ʦʙʩʷʛʽʚ ʧʨʠʨʦʜʥʦʛʦ ʩʪʦʢʫ ʟʜʘʪʥʝ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʪʘʙʽʣʽʟʘʮʽʶ ʨʽʯʥʦʛʦ ʮʠʢʣʫ ʤʽʥʣʠʚʦʩʪʽ ʨʽʚʥʷ ʪʘ ʩʦʣʦʥʦʩʪʽ ʚʦʜʠ ʚ ʣʠʤʘʥʽ 

ʣʠʰʝ ʚ ʙʘʛʘʪʦʚʦʜʥʽ ʨʦʢʠ; 

- ʚ ʙʘʛʘʪʦʚʦʜʥʽ ʨʦʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚ ʣʠʤʘʥʽ ʟʘʚʞʜʠ ʥʠʞʯʘ, ʥʽʞ ʚ 

ʩʝʨʝʜʥʴʦʚʦʜʥʽ ʪʘ ʤʘʣʦʚʦʜʥʽ; ʚʦʜʠ ʤʽʣʢʦʚʦʜʥʦʾ ʧʽʚʥʽʯʥʦʾ ʜʽʣʷʥʢʠ ʣʠʤʘʥʫ 

ʟʘʚʞʜʠ ʧʨʦʛʨʽʚʘʶʪʴʩʷ ʩʠʣʴʥʽʰʝ, ʥʽʞ ʥʘ ʙʽʣʴʰ ʛʣʠʙʦʢʠʭ ʜʽʣʷʥʢʘʭ 

ʣʠʤʘʥʫ; ʟʙʽʣʴʰʝʥʥʷ ʩʪʦʢʫ ʨ. ɺ. ʂʫʷʣʴʥʠʢ ʚʧʣʠʚʘʻ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʨʝʞʠʤ ʣʠʤʘʥʫ, ʭʦʯʘ ʽ ʥʝʟʥʘʯʥʦ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. Delft3D-FLOW. Simulation of multi-dimensional hydrodynamic flows 

and transport phenomena, including sediments ï User Manual. Version 3.15: 

ʇʦʩʽʙʥʠʢ ʢʦʨʠʩʪʫʚʘʯʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ Delft3D-FLOW / Deltares 

systems // Delft, The Netherlands. 2014. URL: 

http://oss.deltares.nl/documents/183920/185723/Delft3D-

FLOW_User_Manual.pdf/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 15.04.2017 ʨ.). 

2. ʊʫʯʢʦʚʝʥʢʦ ʖ.ʉ., ʂʫʰʥʽʨ ɼ.ɺ. ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʦʾ ʤʽʥʣʠʚʦʩʪʽ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ 

ʂʫʷʣʴʥʠʮʴʢʦʛʦ ʣʠʤʘʥʫ // ʋʢʨ. ʛʽʜʨʦʤʝʪʝʦʨʦʣ. ʞ. 2016.  ̄17. 

ʉ. 137 ï 149. URL: http://uhmj.odeku.edu.ua/uk/category/2016-uk/17-uk. 

 

ʋɼʂ 504.4.054; 504.4.06 

ʄʆɼɽʃʖɺɸʅʅʗ ɻɯɼʈʆɽʂʆʃʆɻɯʏʅʀʍ ʋʄʆɺ ɺ ʃʀʄɸʅɸʍ 

ʇɯɺʅɯʏʅʆ-ɿɸʍɯɼʅʆɻʆ ʇʈʀʏʆʈʅʆʄʆʈôʗ ɺ ʂʆʅʊɽʂʉʊɯ 

ɿʄɯʅ ʂʃɯʄɸʊʋ ʋ ʍʍɯ ʉʊʆʃɯʊʊɯ ʅɸ ʇʈʀʂʃɸɼɯ 

ʊʀʃɯɻʋʃʔʉʔʂʆɻʆ ʃʀʄɸʅʋ 

ʆ.ɸ. ʊʫʯʢʦʚʝʥʢʦ, ʖ.ʉ. ʊʫʯʢʦʚʝʥʢʦ, ʅ.ʉ. ʃʦʙʦʜʘ 

ʆʜʝʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʦʯʽʢʫʚʘʥʠʭ ʫ ʍʍɯ ʩʪ. ʟʤʽʥ ʢʣʽʤʘʪʫ ʥʘ ʛʽʜʨʦʝʢʦʣʦ-

ʛʽʯʥʽ ʫʤʦʚʠ ʚ ʣʠʤʘʥʘʭ ʇʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʇʨʠʯʦʨʥʦʤʦʨôʷ ʥʘ ʧʨʠʢʣʘʜʽ 

ʊʠʣʽʛʫʣʴʩʴʢʦʛʦ ʣʠʤʘʥʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

http://uhmj.odeku.edu.ua/uk/category/2016-uk/17-uk


42 

OSENU-MECCA-EUTRO ï ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʚʘʨʽʘʥʪ 3-D ʯʠʩʣʦʚʦʾ ʥʝʩʪʘ-

ʮʽʦʥʘʨʥʦʾ ʛʽʜʨʦʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʄɽʉCɸ (Model for Estuarine 

and Coastal Circulation Assessment) [1], ʜʦʧʦʚʥʝʥʠʡ ʦʨʠʛʽʥʘʣʴʥʠʤ ʭʽʤʽʢʦ-

ʙʽʦʣʦʛʽʯʥʠʤ ʙʣʦʢʦʤ (ʝʚʪʨʦʬʽʢʘʮʽʾ ʚʦʜ), ʩʪʨʫʢʪʫʨʥʘ ʜʽʘʛʨʘʤʘ ʷʢʦʛʦ ʥʘʚʝ-

ʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1 - ʉʪʨʫʢʪʫʨʥʘ ʜʽʘʛʨʘʤʘ ʭʽʤʽʢʦ-ʙʽʦʣʦʛʽʯʥʦʛʦ ʙʣʦʢʫ ʤʦʜʝʣʽ ʝʚ-

ʪʨʦʬʽʢʘʮʽʾ ʚʦʜ 

ʍʽʤʽʢʦ-ʙʽʦʣʦʛʽʯʥʠʡ ʙʣʦʢ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʦʾ ʤʦʜʝʣʽ ʷʢʦ-

ʩʪʽ ʚʦʜ (RCA-HydroQual, 2004), ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʠʟʘʮʽʡ ʦʢʨʝ-

ʤʠʭ ʧʨʦʮʝʩʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ ʤʦʜʝʣʷʭ (CE-QUAL-ICM, 1995, WASP5, 

1993). ɿʤʽʥʥʠʤʠ ʙʣʦʢʫ ʻ ʥʘʩʪʫʧʥʽ ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ: ʙʽʦʤʘʩʘ 

ʬʽʪʦʧʣʘʥʢʪʦʥʫ, ʣʘʙʽʣʴʥʠʡ ʪʘ ʩʪʽʡʢʠʡ ʦʨʛʘʥʽʯʥʽ ʘʟʦʪ ʽ ʬʦʩʬʦʨ ʫ ʟʚʘʞʝʥʽʡ 

ʽ ʨʦʟʯʠʥʝʥʽʡ ʬʦʨʤʘʭ, ʢʠʩʥʝʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ (ɺʆD - 

ʙʽʦʭʽʤʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ) ʚ ʣʘʙʽʣʴʥʽʡ ʪʘ ʩʪʽʡʢʽʡ, ʨʦʟʯʠʥʝʥʽʡ ʪʘ ʟʚʘ-

ʞʝʥʽʡ ʬʦʨʤʘʭ, ʤʽʥʝʨʘʣʴʥʽ ʬʦʨʤʠ ʘʟʦʪʫ (ʘʤʦʥʽʡʥʘ  NH4, ʥʽʪʨʠʪʥʘ+ʥʽʪʨʘ-

ʪʥʘ Nʆ2+NO3), ʬʦʩʬʘʪʠ (DIP), ʨʦʟʯʠʥʝʥʠʡ ʢʠʩʝʥʴ (DO). 

ɺʝʨʠʬʽʢʘʮʽʷ ʛʽʜʨʦʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʙʣʦʢʫ ʤʦʜʝʣʽ ʚʠʢʦʥʫʚʘʣʘʩʴ ʥʘ 

ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʤʽʥʣʠʚʽʩʪʶ ʪʝʨʤʦʛʘʣʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʚʦʜ ʪʘ ʨʽʚʥʷ ʚʦʜʠ ʚ ʣʠʤʘʥʽ, ʧʨʦʚʝʜʝʥʠʭ ʫ 2010 ʪʘ 2012 ʨʨ. ɼʣʷ ʢʘʣʽʙʨʫ-

ʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʭʽʤʽʢʦ-ʙʽʦʣʦʛʽʯʥʦʛʦ ʙʣʦʢʫ ʤʦʜʝʣʽ ʝʚʪʨʦʬʽʢʘʮʽʾ ʚʦʜ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʘʥʽ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʽ ʛʽʜʨʦʙʽʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʚʠʢʦʥʘʥʠʭ ʥʘ ʘʢʚʘʪʦʨʽʾ ʊʠʣʽʛʫʣʴʩʴʢʦʛʦ ʣʠʤʘʥʫ ʚ ʧʝʨʽʦʜ 2001-2011 ʨʨ. 
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ʬʘʭʽʚʮʷʤʠ ɯʥʩʪʠʪʫʪʫ ʤʦʨʩʴʢʦʾ  ʙʽʦʣʦʛʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʆʜʝʩʴ-

ʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ 2012-2015 ʨʨ.  [2]. 

ʄʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥ ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚ ʊʠʣʽʛʫʣʴʩʴʢʦʤʫ ʣʠʤʘʥʽ 

ʧʨʦʪʷʛʦʤ XXI  ʩʪ. ʚʠʢʦʥʫʚʘʣʦʩʴ ʟʘ ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʠʤ ʜʣʷ ʨʝʛʽʦʥʫ ʢʣʽ-

ʤʘʪʠʯʥʠʤ ʩʮʝʥʘʨʽʻʤ (ʄ10)  ʟ ʙʘʟʠ ʜʘʥʠʭ ɽNSEMBLES, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ  

ʛʣʦʙʘʣʴʥʦʤʫ ʩʮʝʥʘʨʽʶ A1B  ʨʦʟʨʘʭʦʚʘʥʦʤʫ ʟʘ ʤʦʜʝʣʣʶ MPI-REMO ɯʥ-

ʩʪʠʪʫʪʫ ʤʝʪʝʦʨʦʣʦʛʽʾ ʽʤ. ʄʘʢʩʘ ʇʣʘʥʢʘ (ɻʘʤʙʫʨʛ, ʅʽʤʝʯʯʠʥʘ). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʨʽʟʥʠʮʝʚʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʨʠʚʠʭ  ʙʘʛʘʪʦʨʽʯʥʠʭ 

ʢʦʣʠʚʘʥʴ ʨʽʯʥʠʭ ʩʫʤ ʦʧʘʜʽʚ ʪʘ ʩʝʨʝʜʥʽʭ ʨʽʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ ʫ 

XXI  ʩʪ., ʟʘ ʦʙʨʘʥʠʤ ʨʝʛʽʦʥʘʣʴʥʠʤ ʢʣʽʤʘʪʠʯʥʠʤ ʩʮʝʥʘʨʽʻʤ ʄ10, ʙʫʣʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʢʣʽʤʘʪʠʯʥʽ ʧʝʨʽʦʜʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʠʢʣʘʤ 

ʢʦʣʠʚʘʥʴ ʚʦʜʥʦʩʪʽ ʚ ʤʝʞʘʭ ʚʦʜʦʟʙʽʨʥʦʛʦ ʙʘʩʝʡʥʫ ʊʠʣʽʛʫʣʴʩʴʢʦʛʦ ʣʠ-

ʤʘʥʫ: 1990-2030 ʨʨ.; 2031-2070 ʨʨ.; 2071-2100 ʨʨ. ɿ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʽʜʤʽʥʥʦʩʪʝʡ ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʦʾ ʤʽʥʣʠʚʦʩʪʽ ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʚʦʜ ʊʠʣʽʛʫʣʴʩʴʢʦʛʦ ʣʠʤʘʥʫ, ʚʠʢʣʠʢʘʥʠʭ ʟʤʽʥʦʶ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, 

ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʚʠʜʽʣʝʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʧʝʨʽʦʜʽʚ ʍʍɯ ʩʪ. ʙʫʣʠ ʦʙʨʘʥʽ ʪʠ-

ʧʦʚʽ ʟʘ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ (ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʢʫ ʥʘ ʚʦʜʦʟ-

ʙʦʨʽ ʣʠʤʘʥʫ) ʨʦʢʠ ʽʟ 25% (ʙʘʛʘʪʦʚʦʜʥʠʡ), 50% (ʩʝʨʝʜʥʴʦʚʦʜʥʠʡ) ʪʘ 75% 

(ʤʘʣʦʚʦʜʥʠʡ) ʡʤʦʚʽʨʥʽʩʪʶ ʧʝʨʝʚʠʱʝʥʥʷ (ʟʘʙʝʟʧʝʯʝʥʽʩʪʶ) ʥʘʜʭʦʜʞʝʥʥʷ 

ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ  ʚ ʣʠʤʘʥ. 

ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʚʠʪʨʘʪʠ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ ʚ ʊʠʣʽʛʫʣʴʩʴʢʠʡ  ʣʠʤʘʥ 

(ʧʨʠʨʦʜʥʠʡ ʪʘ ʧʦʙʫʪʦʚʠʡ ʩʪʽʢ) ʫ ʪʠʧʦʚʽ ʨʦʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʣʽʤʘʪʠʯʥʠʭ 

ʧʝʨʽʦʜʽʚ ʚʠʟʥʘʯʝʥʽ  ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʽʪʘʮʽʡʥʦʾ ʩʪʦʭʘʩʪʠ-

ʯʥʦʾ ʤʦʜʝʣʽ çʢʣʽʤʘʪ-ʩʪʽʢè [3]. ɺ ʤʦʜʝʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʣʘʥʮʶʛ ʧʦʩʣʽʜʦʚ-

ʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʢʫ: çʢʣʽʤʘʪ Ÿ ʢʣʽʤʘʪʠʯʥʠʡ ʩʪʽʢ Ÿ ʧʽʜʩʪʠʣʴʥʘ 

ʧʦʚʝʨʭʥʷ Ÿ ʧʨʠʨʦʜʥʠʡ ʩʪʽʢ Ÿ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʽ ʧʝʨʝʪʚʦʨʝʥʥʷ Ÿ ʧʦʙʫ-

ʪʦʚʠʡ ʩʪʽʢè. 

ɺʠʢʦʥʘʥʽ ʥʘ ʙʘʟʽ ʩʪʦʭʘʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ñʢʣʠʤʘʪ-ʩʪʽʢò  ʨʦʟʨʘʭʫʥʢʠ ʱʦ-

ʤʽʩʷʯʥʠʭ ʦʙôʻʤʽʚ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ  ʚ ʣʠʤʘʥ, ʘ ʪʘʢʦʞ  ʜʘʥʽ ʱʦʜʦ ʚʥʫʪʨʽʰ-

ʥʴʦʨʽʯʥʦʾ ʤʽʥʣʠʚʦʩʪʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʜ ʘʢʚʘʪʦʨʽʻʶ 

ʣʠʤʘʥʫ ʚ ʪʠʧʦʚʽ, ʟ ʨʽʟʥʦʶ ʟʘʙʝʟʧʝʯʝʥʽʩʪʶ ʨʽʯʢʦʚʠʤ ʩʪʦʢʦʤ, ʨʦʢʠ ʜʣʷ ʚʠ-

ʜʽʣʝʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʧʝʨʽʦʜʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʷʢ ʚʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʜʣʷ ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʘʢʚʘʪʦʨʽʾ ʣʠʤʘʥʫ.  ɺʚʘʞʘʣʦʩʴ, 

ʱʦ ʚʦʜʦʦʙʤʽʥ ʟ ʤʦʨʝʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʨʦʢʫ ʯʝʨʝʟ ʨʝʢʦʥʩ-

ʪʨʫʡʦʚʘʥʠʡ ʟôʻʜʥʫʚʘʣʴʥʠʡ ʢʘʥʘʣ . 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʽʥʣʠʚʦʩʪʽ ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʊʠʣʽʛʫʣʴʩʴʢʦʛʦ ʣʠʤʘʥʫ ʫ ʪʠʧʦʚʽ ʨʦʢʠ ʨʽʟʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʧʝʨʽʦ-

ʜʽʚ ʚʩʪʘʥʦʚʣʝʥʦ [4], ʱʦ ʧʨʦʪʷʛʦʤ ʍʍɯ ʩʪ. ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ: 

¶ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʥʘ 4,4 Áʉ ʫ ʤʘʣʦʚʦʜʥʽ ʨʦʢʠ, 2,3-3,0 

Áʉ ʫ ʩʝʨʝʜʥʽ ʟʘ ʚʦʜʥʽʩʪʶ  ʨʦʢʠ ʪʘ 3,7-4,9 Áʉ ï ʫ ʙʘʛʘʪʦʚʦʜʥʽ ʨʦʢʠ; 
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¶ ʩʝʨʝʜʥʴʦʨʽʯʥʽ ʚʠʪʨʘʪʠ ʚʦʜʠ ʯʝʨʝʟ ʟôʻʜʥʫʚʘʣʴʥʠʡ  ʢʘʥʘʣ çʤʦʨʝ-

ʣʠʤʘʥè  ʙʫʜʫʪʴ ʟʨʦʩʪʘʪʠ ʫ ʙʽʢ ʧʦʧʦʚʥʝʥʥʷ ʣʠʤʘʥʫ ʤʦʨʩʴʢʦʾ ʚʦʜʦʶ ʯʝʨʝʟ 

ʟʨʦʩʪʘʥʥʷ ʨʽʯʥʦʛʦ ʜʝʬʽʮʠʪʫ ʧʨʽʩʥʦʛʦ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʣʠʤʘʥʫ ʥʘ 2,2-2,6 

ʤ3/ʩ ʫ ʤʘʣʦʚʦʜʥʽ ʨʦʢʠ, 1,3 ʤ3/ʩ ï ʫ ʩʝʨʝʜʥʴʦʚʦʜʥʽ ʨʦʢʠ ʪʘ 2,2-2,9 ʤ3/ʩ ï ʫ 

ʙʘʛʘʪʦʚʦʜʥʽ ʨʦʢʠ; 

¶ ʚʥʘʩʣʽʜʦʢ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ, ʧʠʪʦʤʦʾ ʰʚʠʜʢʦʩʪʽ 
ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʽʥʝʨʘʣʴ-

ʥʠʭ ʬʦʨʤ ʘʟʦʪʫ, ʷʢʽ ʣʽʤʽʪʫʶʪʴ ʧʝʨʚʠʥʥʝ ʧʨʦʜʫʢʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦ-

ʚʠʥʠ ʬʽʪʦʧʣʘʥʢʪʦʥʦʤ, ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʧʣʠʚʫ ʜʦ ʣʠʤʘʥʫ ʤʦʨʩʴʢʠʭ ʚʦʜ, 

ʷʢʽ ʻ ʜʞʝʨʝʣʦʤ ʤʽʥʝʨʘʣʴʥʠʭ ʬʦʨʤ ʘʟʦʪʫ ʜʣʷ ʝʢʦʩʠʩʪʝʤʠ ʣʠʤʘʥʫ, ʟʙʽʣʴ-

ʰʠʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʧʨʦʜʫʢʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʚ ʚʦʜʘʭ ʣʠʤʘʥʫ ʫ ʚʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ (ʪʨʘʚʝʥʴ-ʚʝʨʝʩʝʥʴ), ʘ ʪʘʢʦʞ ʧʦʪʽʢ 

ʾʾ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ; 

¶ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʦʛʽʨʰʝʥʥʷ ʢʠʩʥʝʚʦʛʦ ʨʝʞʠʤʫ ʣʠʤʘʥʫ ʪʘ ʧʦ-
ʛʣʠʙʣʝʥʥʷ ʛʽʧʦʢʩʽʾ ʚ ʧʨʠʜʦʥʥʦʤʫ ʰʘʨʽ ʘʢʚʘʪʦʨʽʾ ʚʣʽʪʢʫ; ʥʘʡʙʽʣʴʰʝ ʧʦ-

ʛʽʨʰʝʥʥʷ ʢʠʩʥʝʚʦʛʦ ʨʝʞʠʤʫ ʚʦʜ ʣʠʤʘʥʫ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʫ ʤʘʣʦʚʦʜʥʽ 

ʨʦʢʠ, ʟʘ ʫʤʦʚ ʷʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦ-

ʚʠʥʠ ʫ ʚʦʜʽ ʥʘʡʙʽʣʴʰʽ; ʙʘʛʘʪʦʚʦʜʥʽʩʪʴ ʨʦʢʽʚ ʫ ʚʩʽ ʢʣʽʤʘʪʠʯʥʽ ʧʝʨʽʦʜʠ 

ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ ʢʠʩʥʝʚʦʛʦ ʨʝʞʠʤʫ ʚʦʜʦʡʤʠ; 

¶ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʟ ʢʣʽʤʘʪʠʯʥʠʭ ʧʝʨʽʦʜʽʚ ʤʘʢʩʠʤʘʣʴʥʽ ʩʝʨʝʜʥʽ 
ʟʥʘʯʝʥʥʷ ʙʽʦʤʘʩʠ ʬʽʪʦʧʣʘʥʢʪʦʥʫ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʾ ʦʨʛʘʥʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʘʤʦʥʽʡʥʦʛʦ ʽ ʥʽʪʨʘʪʥʦʛʦ  ʘʟʦʪʫ ʤʘʶʪʴ ʤʽʩʮʝ  ʫ ʤʘʣʦʚʦʜʥʽ ʨʦʢʠ, 

ʘ ʤʽʥʽʤʘʣʴʥʽ ï ʫ ʙʘʛʘʪʦʚʦʜʥʽ, ʱʦ ʻ ʩʣʽʜʩʪʚʦʤ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ ʥʘʜʭʦʜ-

ʞʝʥʥʷ ʤʦʨʩʴʢʠʭ ʚʦʜ ʜʦ ʣʠʤʘʥʫ ʯʝʨʝʟ ʩʧʦʣʫʯʥʠʡ ʢʘʥʘʣ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʚʦʜʥʦʩʪʽ ʨʦʢʫ; 

¶ ʥʘʡʙʽʣʴʰ ʥʝʛʘʪʠʚʥʦ ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʧʨʦʪʷʛʦʤ ʍʍɯ ʩʪ. ʚʧʣʠʥʫʪʴ 
ʥʘ ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʧʽʚʥʽʯʥʦʾ ʤʽʣʢʦʚʦʜʥʦʾ ʯʘʩʪʠʥʫ ʣʠʤʘʥʫ, ʜʝ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤʠ ʙʫʜʝ ʧʦʨʫʰʫʚʘʪʠʩʴ ʚʥʘʩʣʽʜʦʢ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʧʨʦʜʫʢʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ; 

¶ ʟʙʽʣʴʰʝʥʥʷ ʩʪʦʢʫ ʨ.ʊʠʣʽʛʫʣ ʜʦ ʦʙʩʷʛʽʚ ʧʨʠʨʦʜʥʦʛʦ ʩʪʦʢʫ ʚʧʣʠʚʘʻ 
ʣʠʰʝ ʥʘ ʧʽʚʥʽʯʥʫ ʤʽʣʢʦʚʦʜʥʫ  ʯʘʩʪʠʥʫ  ʣʠʤʘʥʫ  ʽ  ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ ʾʾ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ; ʫ ʙʘʛʘʪʦʚʦʜʥʽ ʨʦʢʠ, ʢʦʣʠ ʨʽʯʢʦʚʠʡ ʩʪʽʢ ʚ ʣʠʤʘʥ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʮʝʡ ʚʧʣʠʚ ʧʨʦʷʚʣʷʻʪʴʩʷ ʩʠʣʴʥʽʰʝ; 

¶ ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ ʚ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ ʣʠʤʘʥʫ ʙʫʜʝ ʚʠʟʥʘ-

ʯʘʪʠʩʴ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚʦʜʦʦʙʤʽʥʫ ʟ ʚʽʜʢʨʠʪʠʤ ʤʦʨʝʤ, ʭʘʨʘʢʪʝʨ ʷʢʦʛʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʦʜʥʦʩʪʽ ʪʘ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʨʦʢʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʟʚʦʣʠʣʠ ʟʨʦʙʠʪʠ ʟʘʛʘʣʴʥʠʡ ʚʠ-

ʩʥʦʚʦʢ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʫ ʍʍɯ ʩʪ. ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ 

ʚ ʣʠʤʘʥ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ,  ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʚʽʜ-
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ʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʩʪʦʢʫ, ʰʣʷʭʦʤ ʨʝʘʣʽʟʘʮʽʾ ʘʢʪʠʚʥʦʛʦ ʚʦʜʥʦʛʦ ʤʝ-

ʥʝʜʞʤʝʥʪʫ ʥʘ ʚʦʜʦʟʙʦʨʽ ʣʠʤʘʥʫ, ʙʫʜʝ ʩʧʨʠʷʪʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʛʽʜʨʦʝʢʦʣʦ-

ʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʊʠʣʽʛʫʣʴʩʢʦʛʦ ʣʠʤʘʥʫ ʚ ʮʽʣʦʤʫ ʽ ʦʩʦʙʣʠʚʦ ʚ ʡʦʛʦ ʧʽʚʥʽ-

ʯʥʽʡ ʯʘʩʪʠʥʽ. 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʟʘ ʬʽʥʘʥʩʦʚʦʶ ʧʽʜʪʨʠʤʢʦʶ ɼʝʨʞʘʚʥʦʛʦ ʬʦʥʜʫ ʬʫ-

ʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ (ʢʦʥʢʫʨʩ ʌ64). 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʀʚʘʥʦʚ ɺ.ɸ., ʊʫʯʢʦʚʝʥʢʦ ʖ.ʉ.  ʇʨʠʢʣʘʜʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝ-
ʣʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜ ʰʝʣʴʬʦʚʳʭ  ʤʦʨʩʢʠʭ  ʵʢʦʩʠʩʪʝʤ: ʤʦʥʦʛʨʘʬʠʷ / 

ʄʦʨʩʢʦʡ ʛʠʜʨʦʬ. ʠʥ-ʪ ʅɸʅ ʋʢʨʘʠʥʳ, ʆʜʝʩʩʢʠʡ ʛʦʩ. ʵʢʦʣ. ʫʥ-ʪ.   ʉʝʚʘ-

ʩʪʦʧʦʣʴ: ʄɻʀ ʅɸʅ ʋʢʨʘʠʥʳ, 2006. 368 ʩ. 

2. ʊʫʯʢʦʚʝʥʢʦ ʖ.ʉ., ɹʦʛʘʪʦʚʘ ʖ.ʀ., ʊʫʯʢʦʚʝʥʢʦ ʆ.ɸ.  ɻʠʜʨʦʭʠʤʠʯʝ-
ʩʢʠʡ ʨʝʞʠʤ ʊʠʣʠʛʫʣʴʩʢʦʛʦ ʣʠʤʘʥʘ ʚ ʩʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ  // ɺʽʩʥ. ʆʜʝʩ. 

ʜʝʨʞ. ʝʢʦʣ. ʫʥʽʚʝʨ.,  ˉ 19, 2015. ʉ.126-132. 

3. ɺʦʜʥʽ ʨʝʩʫʨʩʠ ʪʘ ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʊʠʣʽʛʫʣʴʩʴʢʦʛʦ ʣʠʤʘʥʫ: ʤʦ-
ʥʦʛʨʘʬʽʷ / ʖ. ʉ. ʊʫʯʢʦʚʝʥʢʦ, ʅ. ʉ. ʃʦʙʦʜʘ, ʆ. ʄ. ɻʨʠʙ ʪʘ ʽʥ.; ʆʜ. ʜʝʨʞ. 

ʝʢʦʣʦʛ. ʫʥ-ʪ; ʟʘ ʨʝʜ. ʖ. ʉ. ʊʫʯʢʦʚʝʥʢʦ, ʅ. ʉ. ʃʦʙʦʜʠ. ʆʜʝʩʘ: ʊɽʉ, 2014.  
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ʄʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥ ʨʽʚʥʷ, ʪʝʤʧʝʨʘʪʫʨʠ, ʩʦʣʦʥʦʩʪʽ ʫ ʏʦʨʥʦʤʫ ʪʘ ɸʟʦʚʩʴ-

ʢʦʤʫ ʤʦʨʷʭ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ 

ʟʛʽʜʥʦ ʩʮʝʥʘʨʽʾʚ ʟʤʽʥ ʢʣʽʤʘʪʫ ʚ ʍʍɯ ʩʪʦʣʽʪʪʽ: ɿʚʽʪ ʟ ʅɼʈ ʟʘʢʣʶʯʥʠʡ 

(ʥʘʫʢ. ʢʝʨ.: ɺ.ʉ. ʄʘʜʝʨʠʯ) ʟʘ ʜʦʛʦʚʦʨʦʤ   ̄64/14-2016. ɯʇʄʄʉ ʅɸʅ 

ʋʢʨʘʾʥʠ, ʆʜ. ʜʝʨʞ. ʝʢʦʣʦʛ. ʫʥ-ʪ. ɼʈ ˉ 0116U002607,  2016. 137 ʩ 
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ʊʋʐɽʅʀɽ ʐʊɸɹɽʃɽʁ ʗʑʀʂʆɺ ʉ ɹʆɽʇʈʀʇɸʉɸʄʀ 

ʄʅʆɻʆʉʊɺʆʃʔʅʓʄʀ ʄʆɼʋʃʗʄʀ ʀʄʇʋʃʔʉʅʆɻʆ 

ʈɸʉʇʓʃɽʅʀʗ ʆɻʅɽʊʋʐɸʑʀʍ ɸɻɽʅʊʆɺ ʀ ʇʈʀʈʆɼʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ. 

ɿʘʭʤʘʪʦʚ ɺ.ɼ., ɹʦʥʜʘʨʴ ɸ.ʀ., ʑʝʨʙʘʢ ʅ.ɺ. 

ɼʝʨʞʘʚʥʘʷ ɸʢʘʜʝʤʠʷ ʕʢʦʣʦʛʠʯʝʩʢʦʡ ɹʝʟʦʧʘʩʥʦʩʪʠ, ʂʠʝʚ, ʋʢʨʘʠʥʘ.  

 

ɸʥʥʦʪʘʮʠʷ.ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ ʠʤʧʫʣʴʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʟʨʳʚʥʦʛʦ 

ʠ ʟʘʣʧʦʚʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʦʛʥʝʪʫʰʘʱʠʭ, ʟʘʱʠʪʥʳʭ ʘʛʝʥʪʦʚ ʠ ʧʨʠʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʦʜʝʣʠʨʫʶʱʘʷ ʚʠʭʨʠ, ʩʤʝʨʯʠ, ʰʢʚʘʣʳ. ʈʝʘʣʠʟʫʝʪʩʷ ʵʪʘ 

ʪʝʭʥʦʣʦʛʠʷ ʩ ʧʦʤʦʱʴʶ  ʫʥʠʢʘʣʴʥʳʭ, ʤʦʙʠʣʴʥʳʭ, ʙʫʢʩʠʨʫʝʤʳʭ ʠ ʩʪʘʮʠ-

ʦʥʘʨʥʳʭ ʤʥʦʛʦʩʪʚʦʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʧʦʜʚʝʩʥʳʭ ʠ ʧʨʠʮʝʣʴʥʦ ʩʙʨʘʩʳʚʘʝ-

ʤʳʭ ʙʦʤʙ, ʨʫʯʥʳʭ ʨʘʩʧʳʣʠʪʝʣʝʡ ʜʣʷ:  1-ʪʫʰʝʥʠʷ ʜʠʚʝʨʩʠʦʥʥʳʭ ʧʦʜʞʦ-

ʛʦʚ ʠ ʘʚʘʨʠʡʥʳʭ ʧʦʞʘʨʦʚ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʠʜʦʚ, ʤʘʩʰʪʘʙʘ, ʩʢʦʨʦ-

ʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ; 2-ʣʦʢʘʣʠʟʘʮʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠ ʜʝʟʘʢʪʠʚʘʮʠʷ 
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ʪʦʢʩʠʯʥʳʭ ʦʙʣʘʢʦʚ ʠ ʦʩʘʜʢʦʚ; 3-ʦʯʠʩʪʢʘ ʘʢʚʘʪʦʨʠʠ ʦʪ ʨʦʟʣʠʚʦʚ ʥʝʬʪʠ, 

4-ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʚʟʨʳʚʦʚ ʧʳʣʝ-(ʛʘʟʦ-ʧʘʨʦ)-ʚʦʟʜʫʰʥʳʭ 

ʩʤʝʩʝʡ; 5-ʧʦʩʪʘʥʦʚʢʘ ʩʚʝʪ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʠ ʤʘʩʢʠʨʦʚʦʯʥʳʭ ʟʘʚʝʩ; 6-

ʦʩʪʘʥʦʚʢʘ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʪʘʢ ʠ ʢʦʥʪʨʦʣʴ ʤʘʩʩʦʚʳʭ ʙʝʩʧʦʨʷʜʢʦʚ. 

ɼʘʥʥʘʷ ʪʝʭʥʠʢʘ ʩʧʦʩʦʙʥʘ ʨʝʰʘʪʴ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʚ ʠʥʪʝʨʝʩʘʭ ɺʦ-

ʦʨʫʞʝʥʥʳʭ ʉʠʣ ʋʢʨʘʠʥʳ ʠ ʦʢʨʫʞʘʶʱʝʛʦ ʥʘʩʝʣʝʥʠʷ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ 

ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ ʥʘ ʩʢʣʘʜʘʭ ʘʨʩʝʥʘʣʘʭ ʠ ʙʘʟʘʭ ʭʨʘʥʝʥʠʷ ʙʦʝʧʨʠʧʘʩʦʚ 

ʜʦ ʠʭ ʧʝʨʝʭʦʜʘ ʚ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʚʟʨʳʚʳ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʞʝʨʪ-

ʚʘʤʠ ʠ ʤʘʩʰʪʘʙʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʱʝʨʙʦʤ. ʋʯʠʪʳʚʘʷ ʫʥʠʢʘʣʴʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʧʦ ʛʠʙʢʦ ʫʧʨʘʚʣʷʝʤʦʤʫ, ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʤʫ 

ʨʘʩʧʳʣʝʥʠʶ ʟʘʱʠʪʥʳʭ ʧʦʨʦʰʢʦʚ, ʛʝʣʝʡ, ʞʠʜʢʦʩʪʝʡ, ʠʥʝʨʪʥʳʭ ʧʳʣʝʡ, 

ʧʝʩʢʘ, ʛʨʫʥʪʘ, ʛʨʷʟʠ ʠ ʧʨ., ʜʘʥʥʘʷ ʪʝʭʥʠʢʘ, ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʠ-

ʢʣʘʜʥʦʡ ʜʦʨʘʙʦʪʢʝ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ 

ʥʘʩʝʣʝʥʠʷ, ʚʦʡʩʢ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʜʝʡʩʪʚʠʡ ʚʦʡʩʢʦʚʳʭ ʯʘʩʪʝʡ ʚ ʚʦʝʥʥʳʡ 

ʧʝʨʠʦʜ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʦʦʨʫʞʝʥʠʷ: ʘʪʦʤʥʦʛʦ, ʚʳʩʦʢʦ-

ʪʦʯʥʦʛʦ, ʟʘʞʠʛʘʪʝʣʴʥʦʛʦ, ʪʝʨʤʦʙʘʨʠʯʝʩʢʦʛʦ, ʣʘʟʝʨʥʦʛʦ, ʭʠʤʠʯʝʩʢʦʛʦ, 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ,  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʤʧʫʣʴʩʥʦʝ ʧʦʞʘʨʦʪʫʰʝʥʠʝ, ʊʫʰʝʥʠʝ ʰʪʘʙʝʣʝʡ 

ʷʱʠʢʦʚ, ʚʠʭʨʝʚʦʝ ʧʦʞʘʨʦʪʫʰʝʥʠʝ, ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʫʰʝʥʠʷ 

ʧʦʞʘʨʘ 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʧʦʞʘʨʦʚ ʥʘ ʩʢʣʘʜʘʭ ʙʦʝʧʨʠʧʘʩʦʚ ʚ ʅʦʚʦ-ɹʦʛʜʘ-

ʥʦʚʢʝ(120.000), ʃʦʟʦʚʦʡ(ʦʢʦʣʦ 100.000ʪ), ʉʚʘʪʦʚʦ(3500ʪ), ɹʘʣʘ-

ʢʣʝʝ(138.000ʪ) ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʳʚʘʶʪ -  ɺʦʦʨʫʞʝʥʥʳʝ ʩʠʣʳ ʋʢʨʘ-

ʠʥʳ, ʨʦʩʩʠʡʩʢʘʷ ʘʨʤʠʷ, ʛʜʝ ʪʘʢʞʝ ʥʝʨʝʜʢʠ ʧʦʞʘʨʳ ʩʢʣʘʜʦʚ ʙʦʝʧʨʠʧʘ-

ʩʦʚ, (ʢʘʢ ʠ ʘʨʤʠʠ ʜʨʫʛʠʭ ʩʪʨʘʥ) ʥʫʞʜʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʞʘʨʥʦʡ ʪʝʭ-

ʥʠʢʝ - ʙʣʠʟʢʦʡ ʢ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʝ ʧʦ ʩʚʦʠʤ ʊʊʍ. ʊʦʣʴʢʦ ʪʘʢʦʝ ʫʩʣʦʚʠʝ 

ʧʦ ʤʦʝʤʫ ʤʥʝʥʠʶ ʤʦʞʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ ʚ ʘʨʤʠʠ 

ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʤ ʫʨʦʚʥʝ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʚ ʚʦʝʥʥʳʭ ʢʦʥ-

ʬʣʠʢʪʘʭ, ʢʦʛʜʘ ʧʨʠʤʝʥʝʥʠʝ ʜʘʞʝ ʩʘʤʦʛʦ ʤʘʣʦʛʦ ʟʘʞʠʛʘʪʝʣʴʥʦʛʦ ʚʦʦʨʫ-

ʞʝʥʠʷ ʩʘʤʦʜʝʣʴʥʳʭ ʙʫʪʳʣʦʢ ʩ çʢʦʢʪʝʡʣʝʤ ʄʦʣʦʪʦʚʘè ʪʨʝʙʦʚʘʣʦ ʥʘʣʠ-

ʯʠʷ ʧʨʦʩʪʦʡ, ʢʦʤʧʘʢʪʥʳʭ, ʥʘʜʸʞʥʳʭ ʦʛʥʝʪʫʰʠʪʝʣʝʡ ʠ ʥʘʚʳʢʦʚ ʪʫʰʝʥʠʷ 

ʧʦʞʘʨʦʚ ʫ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʙʦʡʮʦʚ çɹʝʨʢʫʪʘè. ʊʝʤ ʙʦʣʝʝ ʚ ʟʦʥʘʭ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʙʦʝʚʦʛʦ ʟʘʞʠʛʘʪʝʣʴʥʦʛʦ ʚʦʦʨʫʞʝʥʠʷ ʛʨʘʥʘʪ, ʙʦʤʙ, ʈʉɿʆ, ʪʝʤ 

ʙʦʣʝʝ ʪʝʨʤʦʙʘʨʠʯʝʩʢʦʛʦ ʢʦʛʜʘ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʣʜʘʪ, ʦʩʪʘʚʰʠʭʩʷ ʚ ʞʠ-

ʚʳʭ ʩʪʦʣʢʥʫʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʪʫʰʝʥʠʷ ʣʶʜʝʡ ʚ ʛʦʨʷʱʝʡ ʬʦʨʤʝ ï ʥʘʜʦ 

ʩʜʝʣʘʪʴ ʚ ʧʝʨʚʳʝ ʩʝʢʫʥʜʳ, ʪʫʰʝʥʠʷ ʛʦʨʷʱʝʡ ʪʝʭʥʠʢʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʵʚʘ-

ʢʫʘʮʠʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩʢʚʦʟʴ ʧʣʘʤʷ ʠʟ ʟʦʥ ʤʘʩʩʦʚʳʭ ʧʦʞʘʨʦʚ. ʉʦʚʤʝ-

ʱʝʥʠʝ ʚ ʦʜʥʦʤ ʯʝʣʦʚʝʢʝ ʩʦʣʜʘʪʘ ʠ ʧʦʞʘʨʥʦʛʦ ʨʘʙʦʪʘʶʱʝʛʦ ʭʦʨʦʰʦ ʩ 

ʦʨʫʞʠʝʤ ʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʦʡ ʥʝʨʝʘʣʴʥʦ. ʊʝʤ ʙʦʣʝʝ ʥʝ-

ʨʝʘʣʴʥʦ ʩʦʚʤʝʱʝʥʠʝ ʚ ʚʦʝʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝʥʠʠ ʙʦʝʚʦʡ ʠ ʩʦʚʨʝʤʝʥʥʦʡ 
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ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ. ɼʣʷ ʘʨʤʠʠ ʧʨʠʛʦʜʥʘ ʪʦʣʴʢʦ ʪʝʭʥʠʢʘ ʙʣʠʟʢʘʷ ʢ ʦʨʫ-

ʞʠʶ. ʈʘʩʩʤʦʪʨʠʤ ʝʸ ʧʨʦʪʦʪʠʧʳ. 

ʉ ʥʘʯʘʣʘ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʠʥʠʮʠʘʪʠʚʥʦ, ʘ ʧʦʪʦʤ ʚ ʨʘʤʢʘʭ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʳʭ ʚʦʝʥʥʳʭ ʠ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʚʧʝʨʚʳʝ 

ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʨʷʜ ʨʘʩʧʳʣʷʶʱʠʭ ʦʛʥʝʪʫʰʘʱʠʝ ʞʠʜʢʦʩʪʠ, ʛʝʣʠ, ʧʨʠ-

ʨʦʜʥʳʝ ʧʝʩʦʢ. ʧʳʣʴ, ʛʨʫʥʪ ʟʘʣʧʘʤʠ ʤʥʦʛʦʩʪʚʦʣʴʥʳʭ ʤʦʜʫʣʝʡ (ʄʄ) ʥʘ 

ʜʚʫʭʦʩʥʳʭ ʣʘʬʝʪʘʭ ʠ ʧʦʣʦʟʴʷʭ. ʄʄ ʙʳʣʠ ʩʦʟʜʘʥʳ, ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʦ ʠʟʛʦʪʦʚʣʝʥʳ ʜʦ 100ʰʪʫʢ, ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʩʧʳʪʘʥʳ 

ʥʘ ʧʦʣʠʛʦʥʘʭ ʠ ʚ ʨʷʜʝ ʦʧʝʨʘʮʠʡ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʘʚʘʨʠʡ ʠ ʢʘʪʘʩʪʨʦʬ. ɺ ʥʘʯʘʣʝ 1980 ʛʦʜʦʚ ʨʫʢʦʚʦʜʩʪʚʦ ʄʆ ʉʉʉʈ ʧʨʠ-

ʰʣʦ ʢ ʚʳʚʦʜʘʤ ʦ ʧʦʣʥʦʡ ʥʝʧʨʠʛʦʜʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʦʞʘʨʥʦʡ 

ʪʝʭʥʠʢʠ ʜʣʷ ʟʘʱʠʪʳ ʚʦʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʩʦʙʝʥʥʦ ʩʢʣʘʜʦʚ, ʘʨʩʝʥʘʣʦʚ, 

ʙʘʟ ʰʪʘʙʝʣʠʨʦʚʘʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʷʱʠʢʦʚ ʩ ʙʦʻʧʨʠʧʘʩʘʤʠ, ʪʝʤ ʙʦʣʝʝ ʚ 

ʦʙʩʪʘʥʦʚʢʝ ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ. ʅʘʧʨʠʤʝʨ ʥʘʯʘʣʴʥʠʢ ʐʪʘʙʘ ɺʦʦʨʫ-

ʞʝʥʠʡ ʉʫʭʦʧʫʪʥʳʭ ɺʦʡʩʢ ʛʝʥʝʨʘʣ-ʣʝʡʪʝʥʘʥʪ ʃʝʙʝʜʝʚ ɺ.ʂ. ʦʨʛʘʥʠʟʦʚʘʣ 

ʛʨʫʧʧʫ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʦʪʯʝʪʘ ɺʅʀʀʇʆ ʟʘ 5-ʣʝʪ-

ʥʠʡ ʇʨʦʝʢʪ ʧʦ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ɿʘʱʠʪʳ ʰʪʘʙʝʣʝʡ ʙʦʝʧʨʠʧʘʩʦʚ. ʆʪʯʝʪ ʩʦ-

ʩʪʦʷʣ ʠʟ ʙʦʣʝʝ 120ʩʪʨ. ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʰʪʘ-

ʙʝʣʷ ʠ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ + 

ʦʧʠʩʘʥʠʝ ʠ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ ʛʦʨʝʥʠʷ ʰʪʘʙʝʣʷ ï 

ʚʟʨʳʚ ʧʦʨʦʭʦʚʳʭ ʟʘʨʷʜʦʚ ʚ ʛʠʣʴʟʘʭ ʥʘʯʠʥʘʣʠʩʴ ʩ 10-12ʤʠʥʫʪ ʧʦʩʣʝ 

ʧʦʜʞʦʛʘ ʰʪʘʙʝʣʷ + ʨʝʢʦʤʝʥʜʘʮʠʠ: 1-ʩʦʦʨʫʜʠʪʴ ʨʷʜʦʤ ʩʦ ʰʪʘʙʝʣʝʤ ʨʝ-

ʟʝʨʚʫʘʨ ʥʝ ʤʝʥʝʝ 5ʤ3 ʠ ʥʘʜ ʰʪʘʙʝʣʝʤ ʩʠʩʪʝʤʫ ʩʫʭʦʪʨʫʙʦʚ, ʨʘʩʩʯʠʪʘʥ-

ʥʳʡ ʥʘ ʨʘʙʦʪʫ ʥʘʩʦʩʥʦʡ ʧʦʞʘʨʥʦʡ ʤʘʰʠʥʳ, 2-ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩ-

ʪʚʦ ʥʝʩʛʦʨʘʝʤʦʡ ʪʘʨʳ, ʥʘʧʨʠʤʝʨ ʙʘʟʘʣʴʪʦʚʳʭ ʷʱʠʢʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʝ-

ʩʷʪʢʦʚ ʤʠʣʣʠʦʥʦʚ ʜʣʷ ʟʘʤʝʥʳ ʪʘʨʳ, ʭʨʘʥʷʱʠʭʩʷ ʥʘ ʪʦ ʚʨʝʤʷ ʙʦʣʝʝ 

5ʤʣʥ.ʪ ʙʦʝʧʨʠʧʘʩʦʚ. ʆʙʱʠʡ ʚʳʚʦʜ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ, ʧʦʜʜʝʨʞʘʥʥʳʡ 

ʛʝʥ.-ʣʝʡʪ.ʃʝʙʝʜʝʚʳʤ ɺ.ʂ. ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 1 ʜʣʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ, (ʪʝʤ ʙʦʣʝʝ ʜʠʚʝʨʩʠʦʥʥʦʛʦ ʧʦʜʞʦʛʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʞʠʛʘʪʝʣʴʥʳʭ ʩʦʩʪʘʚʦʚ) ʰʪʘʙʝʣʷ ʙʦʝʧʨʠʧʘʩʦʚ ï ʧʨʝʜʦ-

ʪʚʨʘʱʝʥʠʷ ʚʟʨʳʚʘ ʙʦʝʧʨʠʧʘʩʦʚ - ʩʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʠʢʘ ʪʫʰʝʥʠʷ ʧʦʞʘ-

ʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʠʨʦʜʥʘ; 2 ʚ ʫʩʣʦʚʠʷʭ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ, ʢʦʛʜʘ ʚʦ-

ʜʦʧʨʦʚʦʜʳ ʥʝ ʨʘʙʦʪʘʶʪ ʥʝʦʙʭʦʜʠʤʘ ʘʚʪʦʥʦʤʥʦ ʨʘʙʦʪʘʶʱʘʷ, ʥʝ ʟʘʚʠ-

ʩʠʤʦ ʦʪ ʧʦʚʦʟʘ ʦʛʥʝʪʫʰʘʱʠʭ ʩʦʩʪʘʚʦʚ, ʥʦʚʘʷ ʪʝʭʥʠʢʘ; 3- ʠʩʭʦʜʷ ʠʟ ʩʧʝ-

ʮʠʬʠʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʨʤʝʡʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʚʦʡʩʢ (ʚ ʤʠʨʥʦʝ ʚʨʝʤʷ ʧʦʜ. 

ʧʦʩʪʦʷʥʥʳʤʠ ʫʛʨʦʟʘʤʠ ʜʠʚʝʨʩʠʦʥʥʳʭ ʧʦʜʞʦʛʦʚ, ʚ ʚʦʝʥʥʦʝ ʚʨʝʤʷ ʧʦʜ. 

ʫʛʨʦʟʦʡ ʧʨʠʤʝʥʝʥʠʷ ʟʘʞʠʛʘʪʝʣʴʥʦʛʦ ʚʦʦʨʫʞʝʥʠʷ, ʩʦʟʜʘʶʱʝʛʦ ʤʘʩʩʦ-

ʚʳʝ ʧʦʞʘʨʳ) ʚʦʝʥʥʦʩʣʫʞʘʱʠʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʦ ʥʦʚʦʡ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʦʡ ʩ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ (ʊʊʍ), ʙʣʠʟʢʠʤʠ ʢ ʚʦʦʨʫʞʝʥʠʶ: ʚʩʝʧʦʛʦʜʥʦʩʪʴ, ʘʚʪʦʥʦʤʥʦʩʪʴ, 
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ʚʩʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʨʝʛʠʦʥʳ ʉʉʉʈ, ʙʝʟʦʪʢʘʟʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘ-

ʙʦʪʳ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʥʘʭʦʞʜʝʥʠʷ ʚ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ, 

ʤʠʥʠʤʘʣʴʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʥʝ ʪʨʝʙʫʶʱʝʝ ʚʳʩʦʢʦʡ ʢʚʘ-

ʣʠʬʠʢʘʮʠʠ, ʚʳʩʦʢʘʷ ʜʘʣʴʥʦʩʪʴ ʜʦ 100ʤ ʠ ʤʘʩʰʪʘʙ ʩʦʪʥʠ ʢʚ.ʤ. ʵʬʬʝʢʪʠ-

ʚʥʦʛʦ ʪʫʰʝʥʠʷ, ʩʚʝʪʦʪʝʧʣʦʟʘʱʠʪʳ ʜʣʷ ʵʚʘʢʫʘʮʠʠ, ʚʦʟʜʝʡʩʪʚʠʷ. ɾʝʣʘʪʝ-

ʣʴʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʘʨʤʝʡʩʢʦʡ ʪʝʭʥʠʢʠ ʟʘʱʠʪʳ: ʦʩʘʞʜʝʥʠʝ ʠ ʜʝʟʘʢ-

ʪʠʚʘʮʽʷ ʪʦʢʩʠʯʥʠʭ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʳʙʨʦʩʦʚ, ʦʙʣʘʢʦʚ, ʨʦʟʣʠʚʦʚ ʥʝ-

ʬʪʠ; ʧʦʩʪʘʥʦʚʢʘ ʩʚʝʪʦʪʝʧʣʦʟʘʱʠʪʥʳʭ ʠ ʤʘʩʢʠʨʦʚʦʯʥʳʭ ʟʘʚʝʩ, ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʢʘʢ ʥʝʩʤʝʨʪʝʣʴʥʦʝ ʦʨʫʞʠʝ ʚ ʛʦʨʦʜʘʭ ʠ ʧʦʩʸʣʢʘʭ. ʊʦʛʜʘ ʵʪʦ ʢʘ-

ʟʘʣʦʩʴ ʬʘʥʪʘʩʪʠʢʦʡ ʠ ʥʝ ʧʦʧʘʣʦ ʚ ʟʘʷʚʢʠ ʄʆ, ʥʦ ʤʳ ʩʫʤʝʣʠ ʧʨʦʙʠʪʴ 

ʪʝʤʫ ʥʦʚʦʡ ʤʘʰʠʥʳ ʜʣʷ ʪʫʰʝʥʠʷ ʰʪʘʙʝʣʝʡ ʙʦʝʧʨʠʧʘʩʦʚ. ʆʜʥʘʢʦ ʤʠʥʠ-

ʤʘʣʴʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʪʝʤʳ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝ-

ʩʢʘʷ ʧʦʜʜʝʨʞʢʘ, ʥʘʯʘʣʠʩʴ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʨʘʛʠʯʝʩʢʦʡ ʛʠʙʝʣʠ ʜʚʫʭ çɻʇʄ-

54è ʩ ʵʢʠʧʘʞʘʤʠ ʥʘ ʢʨʫʧʥʦʡ ʙʘʟʝ ʭʨʘʥʝʥʠʷ ʙʣʠʟ ʁʦʰʢʘʨ-ʆʣʝ. 

 

ʋɼʂ 004.942 

ɼʀʅɸʄɯʂɸ ʅɸʊʆɺʇʋ.ʄʆɼɽʃʖɺɸʅʅʗ ʇʆɺɽɼɯʅʂʀ 

ɺɽʃʀʂʆɰ ʂɯʃʔʂʆʉʊɯ ʃʖɼɽʁ ʋ ʆɹʄɽɾɽʅʆʄʋ ʇʈʆʉʊʆʈɯ 

ɻʘʚʨʠʣʝʥʢʦ ʆ. ɺ. ,ʄʝʟʝʨʷ ɺ. ɺ., ʑʝʨʙʘʪʶʢ ʇ. ɯ. 

ʅʊʋʋ ñʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ ʧʨʦʙʣʝʤʘ ʧʝʨʝʤʽʱʝʥʴ ʚʝʣʠʢʠʭ ʤʘʩ ʣʶʜʝʡ ʫ 

ʧʨʠʤʽʱʝʥʥʷʭ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ. 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʪʦʚʧʫ ʚ ʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ ð ʮʝ 

ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʣʶʜʝʡ. 

ɻʘʨʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʻ ʤʦʜʝʣʴ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʟʘʻʤʦʜʽʾ ʘʛʝʥʪʽʚ ʷʢ 

ʪʚʝʨʜʠʭ ʪʽʣ ʤʘʣʦʛʦ ʨʦʟʤʽʨʫ, ʥʘ ʷʢʽ ʜʽʶʪʴ ʬʽʟʠʯʥʽ ʩʠʣʠ ʪʘ ʩʠʣʠ ʧʩʠʭʦ-

ʩʦʮʽʘʣʴʥʦʾ ʧʨʠʨʦʜʠ. 

ʆʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ ʤʘʻ ʚʠʛʣʷʜ: 

ʧʘʥ cʪi
i i ij imi j m

dV
m F F F

dt ¸
= + +ä ä  

ʋ ʮʝ ʨʽʚʥʷʥʥʷ ʚʭʦʜʷʪʴ 3 ʜʦʜʘʥʢʠ: 

- ʇʝʨʰʠʡ ï ʮʝ ʪʘʢ ʟʚʘʥʘ çʩʠʣʘ ʧʘʥʽʢʠè, ʱʦ ʟʫʤʦʚʣʝʥʘ ʙʘʞʘʥʥʷʤ 

ʣʶʜʠʥʠ ʧʦʢʠʥʫʪʠ ʧʨʠʤʽʱʝʥʥʷ 
ʧʘʥF , ʮʷ ʩʠʣʘ ʥʘʧʨʘʚʣʝʥʘ ʧʦ 

ʥʘʡʢʦʨʦʪʰʦʤʫ ʰʣʷʭʫ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʘʛʝʥʪʘ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ 

ʚʠʭʦʜʫ; 

- ɼʨʫʛʠʡ - ʩʠʣʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʣʶʜʠʥʦʶ ʪʘ ʽʥʰʠʤʠ ʣʶʜʴʤʠ ijF , 

ʱʦ ʥʘʧʨʘʚʣʝʥʘ ʚ ʽʥʰʫ ʩʪʦʨʦʥʫ ʚʽʜ ʘʛʝʥʪʘ; 
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- ʊʨʝʪʽʡ - ʩʠʣʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʣʶʜʠʥʦʶ ʪʘ ʧʝʨʝʰʢʦʜʘʤʠ
ʩʪ

imF  - 

ʥʘʧʨʘʚʣʝʥʘ ʚ ʽʥʰʫ ʩʪʦʨʦʥʫ ʚʽʜ ʧʝʨʝʰʢʦʜʠ. 

ʇʝʨʰʠʡ ʜʦʜʘʥʦʢ ʚʠʛʣʷʜʘʻ ʪʘʢ:  
ʙʘʞ

ʧʘʥ i i
i

i

V V
F

t

-
=
D

,    (1) 

ʜʝ itD  - ʧʘʨʘʤʝʪʨ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʘʩ ʟʘʣʫʯʝʥʥʷ ʽʥʜʠʚʽʜʘ ʚ ʧʘʥʽʢʫʶ-

ʯʠʡ ʥʘʪʦʚʧ. ʉʠʣʘ (1) ʚʣʘʰʪʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚ ʨʘʟʽ ʧʝʨʝʚʠʱʝʥʥʷ 

ʙʘʞʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘʜ ʘʢʪʫʘʣʴʥʦʶ ʣʶʜʠʥʘ ʧʨʠʩʢʦʨʶʻʪʴʩʷ.  ʗʢ ʙʘʯʠʤʦ, 

ʩʘʤʝ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʙʘʞʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʟ ʘʢʪʫʘʣʴʥʦʶ ʽ ʬʦʨʤʫʻ ʦʩʥʦʚʥʫ 

ʩʠʣʫ, ʱʦ ʩʪʚʦʨʶʻ ʨʫʭ. 

ʂʨʽʤ ʩʠʣʠ (1), ʷʢʘ ʤʘʻ ʧʩʠʭʦʣʦʛʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʬʦʨʤʫʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʛʨʫʧʦʚʦʾ ʜʠʥʘʤʽʢʠ, ʚ ʧʨʦʮʝʩʽ ʧʝ-

ʨʝʤʽʱʝʥʥʷ ʥʘ ʣʶʜʠʥʫ ʜʽʶʪʴ ʽʥʰʽ ʩʠʣʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʟʘʻʤʦʜʽʻʶ ʣʶʜʠʥʠ ʟ 

ʽʥʰʠʤʠ ʣʶʜʴʤʠ ʽ ʧʝʨʝʰʢʦʜʘʤʠ. ʈʦʟʛʣʷʥʝʤʦ ʩʠʣʫ, ʜʽʶʯʫ ʥʘ ʽʥʜʠʚʽʜʘ i  ʟ 

ʙʦʢʫ ʽʥʜʠʚʽʜʘ j : 

exp ( ) ( ) (( ) )
ij

ij ij ij ij ij ij ij j i ij ij

D
F An kH D D n kH D D V V

B
t t= + + -  , (2) 

ʜʝ ij i j i jD R R r r= + - -, ijn  ʽ ijt - ʥʦʨʤʘʣʴʥʠʡ ʽ ʪʘʥʛʝʥʮʽʘʣʴʥʠʡ 

ʦʜʠʥʠʯʥʽ ʚʝʢʪʦʨʠ; , ,A B k - ʧʘʨʘʤʝʪʨʠ. 

ʇʝʨʰʠʡ ʜʦʜʘʥʦʢ ʚ (2) ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʣʫ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʫ ʬʦʨʤʫʣʽ (1), 

ʧʩʠʭʦʩʦʮʽʘʣʴʥʦʾ ʧʨʠʨʦʜʠ. ɺʦʥʘ ʦʧʠʩʫʻ ʥʝʙʘʞʘʥʥʷ ʣʶʜʠʥʠ ʚʩʪʫʧʘʪʠ ʚ 

ʟʘʥʘʜʪʦ ʪʽʩʥʠʡ ʬʽʟʠʯʥʠʡ ʢʦʥʪʘʢʪ ʟ ʽʥʰʠʤʠ ʣʶʜʴʤʠ. ɼʨʫʛʘ ʽ ʪʨʝʪʷ ʩʢʣʘ-

ʜʦʚʽ ʚ (2) ʤʘʶʪʴ ʪʨʘʜʠʮʽʡʥʠʡ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ ʚʠʜ. ʆʜʥʝ ʟ 

ʥʠʭ ʦʧʠʩʫʻ ʧʨʫʞʥʝ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʧʨʠ ʣʦʙʦʚʦʤʫ ʟʽʪʢʥʝʥʥʽ ʤʽʞ 

ʽʥʜʠʚʽʜʘʤʠ, ʘ ʜʨʫʛʝ - ʩʠʣʫ ʪʝʨʪʷ ʧʨʠ ʜʦʪʠʯʥʦʤʫ ʨʫʩʽ.  

ʎʷ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʜʝʷʢʽ ʚʘʞʣʠʚʽ ʩʪʘʪʠʩʪʠʯʥʽ ʧʘʨʘ-

ʤʝʪʨʠ ʥʘʪʦʚʧʫ, ʪʘʢʽ ʷʢ ʩʝʨʝʜʥʻ ʪʘ ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʛʝʥʪʘ, 

ʩʝʨʝʜʥʷ ʪʘ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ ʪʨʘʚʤʦʚʘʥʠʭ ʘʛʝʥʪʽʚ (ʪʘ-

ʢʠʭ, ʱʦ ʧʝʨʝʥʝʩʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʝ ʜʦʧʫʩʪʠʤʝ 

ʟʥʘʯʝʥʥʷ). 

ɼʣ̫ ʙʽʣʴʰ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʤʘʨʰʨʫʪʫ ʪʘ ʦʤʠʥʘʥʥʷ ʧʝ-

ʨʝʰʢʦʜ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʥʘ 

ʧʣʦʱʠʥʽ: ʭʚʠʣʴʦʚʠʡ ʪʘ ɸ*. ɼʣʷ ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ ʮʴʦʛʦ 

ʢʣʘʩʫ ʾʤ ʥʘ ʚʭʽʜ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʪʠ ʜʠʩʢʨʝʪʥʫ ʤʘʪʨʠʮʶ, ʚ ʷʢʽʡ ʢʦʦʨʜʠ-

ʥʘʪʠ ʢʦʤʽʨʦʢ ï ʮʽʣʽ ʯʠʩʣʘ, ʘʣʝ ʚ ʥʘʰʽ ʤʦʜʝʣʽ ʧʦʣʫ, ʧʦ ʷʢʦʤʫ ʨʫʭʘʶʪʴʩʷ 

ʘʛʝʥʪʠ, ʤʘʻ ʥʝʧʝʨʝʨʚʥʽ ʢʦʦʨʜʠʥʘʪʠ, ʪʦʤʫ ʤʠ ʚʚʦʜʠʤʦ ʜʝʷʢʫ ʚʝʣʠʯʠʥʫ 
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çʂʨʦʢ ʩʽʪʢʠè, ʷʢʘ ʧʦʢʘʟʫʻ ʩʢʽʣʴʢʠ ʨʝʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʤʽʱʫʶʪʴʩʷ ʚ 

ʦʜʥʫ ʢʦʤʽʨʢʫ ʤʘʪʨʠʮʽ. ʄʠ ʨʦʟʙʠʚʘʻʤʦ ʧʨʦʩʪʽʨ ʥʘ ʢʦʤʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʮʴʦʛʦ ʢʨʦʢʫ. ʂʦʦʨʜʠʥʘʪʦʶ ʢʦʤʽʨʢʠ ʥʘ ʨʝʘʣʴʥʦʤʫ ʧʦʣʽ ʚʚʘʞʘʻʪʴʩʷ ʮʝʥʪʨ 

ʢʦʞʥʦʾ ʢʦʤʽʨʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʥʘʣʝʞʥʦʩʪʽ 

ʪʦʯʢʠ ʙʘʛʘʪʦʢʫʪʥʠʢʫ ʟʘʧʦʚʥʶʻʤʦ ʢʦʤʽʨʢʠ ʤʘʪʨʠʮʽ ï ʷʢʱʦ ʮʝʥʪʨ 

ʢʦʤʽʨʢʠ ʥʘʣʝʞʠʪʴ ʧʝʨʝʰʢʦʜʽ ï ʪʦ ʢʦʤʽʨʢʘ ʚʽʜʤʽʯʘʻʪʴʩʷ ʷʢ ʧʝʨʝʰʢʦʜʘ, ʽ 

ʘʛʝʥʪʠ ʙʫʜʫʪʴ ʾʾ ʫʥʠʢʘʪʠ. ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʨʠʮʽ ʜʣʷ ʢʦʞʥʦʛʦ ʘʛʝʥʪʘ 

ʙʫʜʫʻʪʴʩʷ ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ ʜʦ ʚʠʭʦʜʫ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʧʦʯʘʪʢʦʚʘ ʩʪʘʜʽʷ ʨʫʭʫ ʥʘʪʦʚʧʫ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʢʽʥʮʝʚʘ ʩʪʘʜʽʷ ʨʫʭʫ ʥʘʪʦʚʧʫ 

ʅʘ ʨʠʩʫʥʢʘʭ 1-2 ʟʦʙʨʘʞʝʥʽ 2 ʢʘʜʨʠ ʟ ʩʠʤʫʣʷʮʽʾ ʫ ʜʝʷʢʦʤʫ 

ʧʨʠʤʽʱʝʥʥʽ. ʅʘ ʚʢʘʟʘʥʠʭ ʨʠʩʫʥʢʘʭ ʚʠʜʥʦ ʢʣʶʯʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦ-

ʚʝʜʽʥʢʠ ʧʘʥʽʢʫʶʯʦʛʦ ʥʘʪʦʚʧʫ. 

ʆʩʥʦʚʥʦʶ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʉ++. ʎʷ ʤʦʚʘ ʜʦʙʨʝ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʨʦʙʦʪʠ ʽʟ ʛʨʘʬʽʢʦʶ ʪʘ ʟʘʙʝʟʧʝʯʫʶ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 
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ʆʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʙʫʣʦ ʦʙʨʘʥʦ ʬʨʝʡʤʚʦʨʢ 

Qt. ʎʝ ʢʨʦʩʧʣʘʪʬʦʨʤʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ (ʇɿ) ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C++. ɼʦʟʚʦʣʷʻ ʟʘʧʫʩʢʘʪʠ ʥʘʧʠʩʘʥʝ 

ʟʘ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʇɿ ʥʘ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ʆʉ), 

ʧʨʦʩʪʦ ʢʦʤʧʽʣʶʶʯʠ ʚʠʩʭʽʜʥʠʡ ʢʦʜ ʧʨʦʛʨʘʤʠ ʜʣʷ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʙʝʟ ʡʦʛʦ ʟʤʽʥ. 

ɺʠʩʥʦʚʢʠ: ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʢʨʝʩʣʝʥʥʷʭ ʪʘ 

ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʣʠ ʥʘʦʯʥʦ ʧʦʤʽʯʝʥʽ ʜʝʷʢʽ 

ʢʣʶʯʦʚʽ ʪʝʥʜʝʥʮʽʾ ʫ ʧʦʚʝʜʽʥʮʽ ʥʘʪʦʚʧʫ: 

- ʘʛʝʥʪʠ ʜʦʩʠʪʴ ʩʠʣʴʥʦ ʩʧʦʚʽʣʴʥʶʶʪʴʩʷ ʧʨʠ ʧʝʨʝʩʫʚʘʥʥʽ ʚʟʜʦʚʟ ʧʝ-
ʨʝʰʢʦʜ ð ʮʝ ʚʠʢʣʠʢʘʥʦ ʪʝʨʪʷʤ ʤʽʞ ʘʛʝʥʪʘʤʠ ʪʘ ʧʝʨʝʰʢʦʜʘʤʠ. ʋ ʮʴʦʤʫ 

ʘʩʧʝʢʪʽ ʧʦʚʝʜʽʥʢʘ ʥʘʪʦʚʧʫ ʥʘʛʘʜʫʻ ʨʫʭ ʚᾷʷʟʢʦʾ ʨʽʜʠʥʠ; 

- ʇʨʠ ʦʤʠʥʘʥʥʽ ʛʦʩʪʨʠʭ ʢʫʪʽʚ ʧʝʨʝʰʢʦʜ ʚʠʥʠʢʘʶʪʴ ʟʘʪʦʨʠ ʪʘ ʟʙʽʣʴ-
ʰʫʻʪʴʩʷ ʚʽʨʦʛʽʜʥʽʩʪʴ ʪʨʘʚʤʫʚʘʥʥʷ ʘʛʝʥʪʽʚ; 

- ɺʝʣʠʢʽ ʟʘʪʦʨʠ ʙʽʣʷ ʚʠʭʦʜʽʚ ʟ ʧʨʠʤʽʱʝʥʥʷ, ʱʦ ʩʧʦʚʽʣʴʥʶʶʪʴ ʧʨʦ-
ʮʝʩ ʝʚʘʢʫʘʮʽʾ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʨʘʚʤʫʚʘʥʥʷ. ʏʝʨʝʟ ʩʠʣʴʥʝ ʪʝʨʪʷ ʤʽʞ 

ʣʶʜʴʤʠ ʧʨʦʮʝʩ ʚʠʭʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʨʠʚʯʘʩʪʦ (ʛʨʫʧʘʤʠ ʧʦ 3-4 ʣʶ-

ʜʠʥʠ); 

- ʇʨʠ ʜʦʩʷʛʘʥʥʽ ʜʝʷʢʦʾ ʙʘʞʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʛʝʥʪʽʚ ʟʘʛʘʣʴʥʘ 

ʰʚʠʜʢʽʩʪʴ ʝʚʘʢʫʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ ʧʨʦʮʝʥʪ 

ʪʨʘʚʤʦʚʘʥʠʭ ʣʶʜʝʡ; 

- ʗʢʱʦ ʧʦʨʽʚʥʷʪʠ ʧʨʦʮʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʨʘʚʤʦʚʘʥʠʭ ʣʶʜʝʡ, 
ʪʦ ʥʘʡʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʪʨʘʚʤʦʚʘʥʠʭ ʩʝʨʝʜ ʪʠʭ ʛʨʫʧ, ʱʦ ʤʘʶʪʴ ʥʘʡʤʝʥʰʫ 

ʤʘʩʫ ʪʘ ʨʦʟʤʽʨ ʪʽʣʘ. ʎʝ ʧʦʷʩʥʶʶʪʴʩʷ ʪʠʤ, ʱʦ ʚʦʥʠ ʤʝʥʰ ʽʥʝʨʪʥʽ. 
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ʋɼʂ 539.37 

ʏʀʉʃɽʅʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʕʅɼɺʀʏ-ʇɸʅɽʃʀ ʇʈʀ 

ʊɽʇʃʆɺʆʄ ʀ ʄɽʍɸʅʀʏɽʉʂʆʄ ɺʆɿɼɽʁʉʊɺʀʀ ʅɸ ʅɽɽ 

ʂ.ʉ.ʂʫʨʦʯʢʘ, ɽ.ɺ.ʂʦʤʨʘʢʦʚʘ 

ɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʇ.ʆ.ʉʫʭʦʛʦ, ɹʝʣʘʨʫʩʴ 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʪʠʧʘ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʧʨʦʯʥʳʭ ʠ ʞʝʩʪʢʠʭ ʚʥʝʰʥʠʭ ʩʣʦʝʚ, ʥʠʟʢʦʧʨʦʯʥʦʛʦ ʠ ʣʝʛʢʦʛʦ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʩʣʦʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʪʝʭʥʠʢʠ, ʪʘʢ ʢʘʢ 

ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ, ʥʝʙʦʣʴʰʘʷ ʩʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ, ʭʦʨʦʰʘʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʛʣʦʱʘʪʴ ʵʥʝʨʛʠʶ ʧʨʠ ʫʜʘʨʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʪʨʝʭʩʣʦʡʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦʨʦʰʠʝ ʟʚʫʢʦ- ʠ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʠ ʚʠʙʨʦʩʪʦʡʢʦʩʪʴʶ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʵʪʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʨʘʚʥʦʤʝʨʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʠʟʤʝʥʷʶʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ  

ʩʣʦʝʚ ʠ ʚʦʟʥʠʢʘʶʪ ʛʨʘʜʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʥʝʦʜʠ-

ʥʘʢʦʚʳʤ ʪʝʧʣʦʚʳʤ ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʯʘʩʪʝʡ ʵʣʝʤʝʥʪʦʚ. ɼʘʥʥʦʝ ʷʚ-

ʣʝʥʠʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʳʟʳʚʘʝʪ ʪʝʧʣʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ. ɿʥʘʥʠʝ ʚʝʣʠ-

ʯʠʥʳ ʠ ʭʘʨʘʢʪʝʨʘ ʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʩʝ-

ʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠ-

ʪʳʚʘʪʴ, ʯʪʦ ʪʝʧʣʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʦʩʦ-

ʙʝʥʥʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʦʪ ʚʥʝʰʥʠʭ ʩʠʣ, ʤʦ-

ʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʥʦʤʫ  ʨʘʟʨʫʰʝʥʠʶ ʢʦʤʧʦʟʠʪʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʠ ʪʝʨʤʦʚʩʧʫʯʠʚʘʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ ʦʙʣʘʜʘʶʪ 

ʩʣʝʜʫʶʱʠʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ï ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʦʡ ʘʥʠ-

ʟʦʪʨʦʧʠʝʡ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʩʣʘʙʣʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝʤ ʧʦʧʝʨʝʯʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʣʠʯʠʝʤ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʦʝʚ. ʕʪʠ ʬʘʢʪʦʨʳ ʠʤʝʶʪ 

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

ʨʝʤʝʱʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʚʷʟʘʥʥʘʷ ʩʠʩʪʝʤʘ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʫʨʘʚʥʝʥʠʷ ʃʘʤʝ ʜʣʷ ʧʝʨʝʤʝʱʝ-

ʥʠʡ u :  

 ( ) qmlamlm gradgraddivuu T )23( +-++D , (1) 

ʠ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʧʨʠʨʘʱʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ q: 

 ( ) fkgraddiv
t
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ɿʜʝʩʴ l, ɛ ï ʧʦʩʪʦʷʥʥʳʝ ʃʘʤʝ, k  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

c  ï ʫʜʝʣʴʥʘʷ ʦʙʲʝʤʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʝʬʦʨʤʘʮʠʠ, 
T
a  

ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ.  

ʋʨʘʚʥʝʥʠʷ (1) ʠ (2) ʜʦʧʦʣʥʷʶʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠ-

ʷʤʠ. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [2, 3]. 

ʇʨʠʢʣʘʜʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʧʨʠʨʘ-

ʱʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ [4] 

ʩʣʦʝʚ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʷʟʳʢʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ C#. 

ʆʙʲʝʢʪʦʤ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʴ (ʨʠʩʫ-

ʥʦʢ 1) ʥʘʛʨʫʞʘʝʤʘʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʚʝʨʭʥʝʤʫ ʩʣʦʶ ʤʝʭʘʥʠʯʝ-

ʩʢʠʤʠ ʠ ʪʝʧʣʦʚʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ (ʧʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚ ʥʫ-

ʣʝʚʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʘʢ ʧʝʨʝʤʝʱʝʥʠʷ u, ʪʘʢ ʠ ʧʨʠʨʘʱʝʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ɗ ʙʳʣʠ ʨʘʚʥʳ ʥʫʣʶ). ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʘ, ʚʚʠʜʫ ʩʠʤʤʝʪʨʠʯʥʦ-

ʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʘʥʝʣʠ, ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʜʣʷ 1/4 ʯʘʩʪʠ ʧʘʥʝʣʠ. 

ʅʘ ʦʪʩʝʢʘʝʤʳʭ ʯʘʩʪʷʭ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʟʘʜʘʥʳ ʫʩʣʦʚʠʷ ʟʝʨʢʘʣʴ-

ʥʦʡ ʩʠʤʤʝʪʨʠʠ. 

 

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

ʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ; 2 - ʥʠʞʥʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ; 3 - ʚʥʫʪʨʝʥʥʠʡ 

ʩʣʦʡ; 4 -  ʤʝʩʪʘ ʟʘʢʨʝʧʣʝʥʠʷ 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ, ʯʪʦ ʰʠʨʠʥʘ ʧʘʥʝʣʠ B=6 ʜʤ, ʘ ʜʣʠʥʘ 

ʧʘʥʝʣʠ L ʤʦʛʣʘ ʙʳʪʴ ʣʠʙʦ 6 ʣʠʙʦ 12 ʜʤ. ʄʘʪʝʨʠʘʣ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ 

ʩʣʦʷ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ ï ʦʪʦʞʞʝʥʥʳʝ ʣʠʩʪʳ ɸʄɻ6 (ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʦ ɻʆʉʊ 4784-97) ʪʦʣʱʠʥʦʡ 2 ʤʤ, ʤʘʪʝʨʠʘʣ ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʷ ï ʧʝʥʦ-

ʧʣʝʢʩ (ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʡ ʚʩʧʝʥʝʥʥʳʡ ʧʦʣʠʩʪʠʨʦʣ) ʊʋ 5767-006-

56925804-2007 ʪʦʣʱʠʥʦʡ ʣʠʙʦ 60, ʣʠʙʦ 100 ʤʤ. ʂ ʚʝʨʭʥʝʤʫ ʩʣʦʶ ʧʘ-

ʥʝʣʠ ʧʨʠʢʣʘʜʳʚʘʣʘʩʴ ʢʦʤʧʣʝʢʩʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʚʠʜʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝ-

ʜʝʣʸʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 100 ʢʇʘ (ʠʣʠ 200 ʢʇʘ) ʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʊʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʧʫʪʝʤ ʢʦʥʪʘʢʪʘ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 

ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʤʝʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 60Á ʙʦʣʴʰʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʩ ʫʯʝʪʦʤ ʬʠʟʠ-

ʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʩʣʦʝʚ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ ʦʪ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪʘʢ ʠ ʙʝʟ ʵʪʦʛʦ ʫʯʝʪʘ.  



54 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʪʦʯʝʢ ʩʵʥʜʚʠʯ-ʧʘ-

ʥʝʣʠ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʯʝʪ ʥʝʣʠʥʝʡʥʳʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʦʜʠʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʢ ʟʘʤʝʪʥʳʤ ʦʪʣʠʯʠʷʤ, ʦʩʦ-

ʙʝʥʥʦ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʝʨʝʤʝʱʝʥʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʦʣʫʯʝʥʥʳʤʠ ʙʝʟ ʫʯʝʪʘ ʵʪʠʭ ʩʚʦʡʩʪʚ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʢʞʝ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʧʣʦʠʟʦʣʠʨʫʶ-

ʱʝʛʦ ʩʣʦʷ, ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ, ʚʜʦʣʴ ʥʦʨʤʘʣʠ ʢ ʩʣʦʷʤ 

ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ, ʨʝʟʢʦ ʟʘʤʝʜʣʷʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʘʚʠʣʴʥʦ-

ʩʪʠ, ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ.  

ʃʠʪʝʨʘʪʫʨʘ 
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ʄɽʊʆɼ ʂʃɸʉʀʌɯʂɸʎɯɰ ɿʄɯʅʀ ɺʀɻʃʗɼʋ ʇʆɺɽʈʍʅɯ ɼʃʗ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ʄʆɹɯʃʔʅʆʉʊɯ ʃʖɼɽʁ ɯɿ ɺɸɼɸʄʀ ɿʆʈʋ 

ʆ.ɻ. ɾʜʘʥʦʚʘ, ʄ.ʆ. ʉʧʝʨʢʘʯ, ʈ.ɯ. ʂʘʣʴʥʠʮʴʢʠʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯ-

ʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

ɿʛʽʜʥʦ ʽʥʬʦʨʤʘʮʽʾ ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʩʧʦʩʪʝ-

ʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ ʽʟ ʚʘʜʘʤʠ ʟʦʨʫ. ɼʣʷ ʜʘʥʦʾ 

ʢʘʪʝʛʦʨʽʾ ʣʶʜʝʡ ʧʠʪʘʥʥʷ ʤʦʙʽʣʴʥʦʩʪʽ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ. ɯʩʥʫʶʯʽ ʤʝ-

ʪʦʜʠ ʜʦʧʦʤʦʛʠ ʚ ʧʝʨʝʩʫʚʘʥʥʽ ʥʝ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʧʦʚʥʦʮʽʥʥʦʛʦ ʙʝʟ-

ʧʝʯʥʦʛʦ ʧʝʨʝʩʫʚʘʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʚ ʧʨʦʩʪʦʨʽ. 

ɹʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʬʦʨ-

ʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘʥʘʣʽʟʫʶʪʴ ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʟʘ ʧʝʚʥʠʤ ʘʣ-

ʛʦʨʠʪʤʦʤ ʧʝʨʝʜʘʶʪʴ ʡʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʫ ʚʠʛʣʷʜʽ ʪʘʢʪʠʣʴʥʠʭ ʚʽʜʯʫʪʪʽʚ 

[1, 2] ʘʙʦ ʘʫʜʽʦ ʩʠʛʥʘʣʽʚ [3]. ʇʽʜʭʽʜ, ʱʦ ʚʢʣʶʯʘʻ ʧʦʚʥʫ ʧʝʨʝʜʘʯʫ ʟʦʙʨʘ-

ʞʝʥʥʷ, ʻ ʥʝʧʨʘʢʪʠʯʥʠʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟ ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʪʘʢʪʠʣʴʥʠʭ ʪʘ 

ʟʚʫʢʦʚʠʭ ʜʠʩʧʣʝʾʚ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽ-

ʩʪʶ ʦʢʘ ʚ ʩʧʨʠʡʥʷʪʪʽ ʜʚʦʚʠʤʽʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʝʥʩʦʨʘʤʠ 

ʪʠʩʢʫ ʪʘ ʙʦʣʶ ʰʢʽʨʽ ʯʠ ʚʥʫʪʨʽʰʥʽʤ ʚʫʭʦʤ.  
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ɺʘʨʪʦ ʨʦʟʜʽʣʷʪʠ ʟʘʜʘʯʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʙʽʣʴʥʦʩʪʽ ʧʝʨʝʩʫʚʘʥʥʷ ʥʘ ʤʝ-

ʥʰʽ ʟʘ ʨʦʟʤʽʨʦʤ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨʥʽʩʪʴ ʜʘʥʠʭ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʘ-

ʚʘʪʠ ʟʘ ʤʦʤʝʥʪ ʯʘʩʫ. ʋ ʨʦʙʦʪʽ [4] ʦʧʠʩʘʥʦ ʤʝʪʦʜ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʟʤʽʥʫ ʚʠʛʣʷʜʫ ʧʦʚʝʨʭʥʽ ʧʽʜ ʯʘʩ ʨʫʭʫ ʢʦʨʠʩʪʫʚʘʯʝʤ ʥʘ ʦʩʥʦʚʽ ʚʽʙʨʦʪʘʢ-

ʪʠʣʴʥʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ ʜʠʩʧʣʝʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘʜʘʻ 

ʟʨʦʟʫʤʽʣʠʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʽʥʪʝʨʬʝʡʩ ʽ ʧʦʪʨʝʙʫʻ ʚʽʜ ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʦ-

ʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʣʠʰʝ ʟʤʽʥʠ ʚʠʛʣʷʜʫ ʧʦʚʝʨʭʥʽ. 

ʊʦʤʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʤʦʙʽʣʴʥʦʩʪʽ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ ʧʨʦ-

ʙʣʝʤʫ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʚʠʛʣʷʜʫ ʧʦʚʝʨʭʥʽ ʧʝʨʝʜ ʢʦʨʠʩʪʫʚʘʯʝʤ ʧʽʜ ʯʘʩ 

ʡʦʛʦ ʨʫʭʫ. 

ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʥʘʚʝʜʝʥʠʤ ʧʽʜʭʦʜʦʤ, ʧʦʪʨʝʙʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʦʪʦ-

ʟʥʽʤʢʽʚ ʩʪʘʻ ʟʥʘʯʥʦ ʤʝʥʰʦʶ ʽ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʰʽ ʚʭʽʜʥʽ 

ʜʘʥʽ: ʚʽʜʩʪʘʥʴ ʜʦ ʧʦʚʝʨʭʥʽ ʧʝʨʝʜ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʥʘʭʠʣ ʧʨʠʩʪʨʦʶ ʫ ʧʨʦʩ-

ʪʦʨʽ, ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʧʨʠʩʪʨʦʶ. 

ʆʪʨʠʤʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʚʝʣʠʯʠʥ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦ ʤʝʥʰʠʭ ʟʘʪʨʘʪ ʝʣʝ-

ʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʟʤʝʥʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʱʦ 

ʟʚʽʣʴʥʷʻ ʧʨʦʮʝʩʦʨʥʠʡ ʯʘʩ ʜʣʷ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩ-

ʪʦʚʫʚʘʪʠ ʟʥʘʯʥʦ ʜʝʰʝʚʰʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʠʩʪʨʦʶ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʜʘʥʝ ʨʽʰʝʥʥʷ ʥʝ 

ʟʤʝʥʰʫʻ ʨʽʚʝʥʴ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚ ʢʦʥʪʝʢʩʪʽ ʧʦʩʪʘʚʣʝʥʦʾ 

ʟʘʜʘʯʽ. ʅʘʚʝʜʝʤʦ ʤʦʜʝʣʴ, ʱʦ ʦʧʠʩʫʻ ʜʘʥʫ ʧʨʦʙʣʝʤʫ. 

ʅʝʭʘʡ ʻ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʢʨʽʧʠʪʴʩʷ ʜʦ ʨʫʢʠ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʟʙʠʨʘʻ ʥʘ-

ʩʪʫʧʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʽʜ ʯʘʩ ʧʝʨʝʩʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʪʘ ʨʫʭʦʤ ʨʫʢʦʶ 

ʧʝʨʝʜ ʩʦʙʦʶ. ɺʚʝʜʝʤʦ ʜʝʷʢʽ ʧʦʟʥʘʯʝʥʥʷ: d  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʨʠʩʪʨʦʻʤ ʪʘ 

ʧʦʚʝʨʭʥʝʶ; a  ï ʢʫʪʠ ʥʘʭʠʣʫ ʧʨʠʩʪʨʦʶ ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦ-

ʞʝʥʥʷ (ʧʦ ʦʩʷʤ xO  ʪʘ yO ); v  ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʨʠʩʪʨʦʶ ʚ ʧʨʦ-

ʩʪʦʨʽ (ʧʦ ʪʨʴʦʤ ʦʩʷʤ). ʊʘʢʦʞ ʻ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ 

( ) NiyvadX iiiii ...1,,,, == , ʜʝ y  ï ʢʘʪʝʛʦʨʽʷ ʚʠʛʣʷʜʫ ʧʦʚʝʨʭʥʽ, ʜʦ ʷʢʦʾ 

ʚʽʜʥʦʩʠʪʴʩʷ ʢʦʨʪʝʞ; Nï ʢʽʣʴʢʽʩʪʴ ʢʦʨʪʝʞʽʚ ʫ ʚʠʙʽʨʮʽ. ɺʩʽ ʜʘʥʽ ʚʧʦʨʷʜ-

ʢʦʚʘʥʽ ʚ ʯʘʩʽ ʪʘ ʙʫʣʠ ʟʽʙʨʘʥʽ ʯʝʨʝʟ ʦʜʥʘʢʦʚʽ ʽʥʪʝʨʚʘʣʠ. 

ʅʝʦʙʭʽʜʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʚʠʛʣʷʜ ʧʦʚʝʨʭʥʽ ʥʘ ʦʩʥʦʚʽ ʢʦʨʪʝʞʽʚ ʜʘʥʠʭ 

( ),,, jjjj vadX =  ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ Mj ...1= . 

ʇʝʨʝʜ ʚʠʙʦʨʦʤ ʧʽʜʭʦʜʫ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʘʨʪʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʜʝ-

ʢʽʣʴʢʘ ʜʦʩʪʘʪʥʴʦ ʚʘʞʣʠʚʠʭ ʬʘʢʪʽʚ: ʟʽʙʨʘʥʽ ʜʘʥʽ ʽʟ ʩʝʥʩʦʨʽʚ ʙʫʜʫʪʴ ʤʘʪʠ 

ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʡ ʨʽʚʝʥʴ ʟʘʰʫʤʣʝʥʦʩʪʽ (ʥʘʚʽʪʴ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽ-

ʣʴʪʨʘʮʽʾ), ʥʘʷʚʥʽʩʪʴ ʧʨʠʭʦʚʘʥʠʭ ʘʪʨʠʙʫʪʽʚ (ʪʘʢʽ ʷʢ ʮʠʢʣʽʯʥʽʩʪʴ ʟʤʽʥ ʧʽʜ 

ʯʘʩ ʭʦʜʴʙʠ) ʪʘ ʧʦʪʨʝʙʘ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʦʧʝʨʘʮʽʡ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ.  
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ʆʩʪʘʥʥʽʡ ʽʟ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʬʘʢʪʽʚ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʦʩʢʽʣʴʢʠ, ʟʘʟʚʠʯʘʡ, ʚʦʥʠ ʤʽʩʪʷʪʴ ʥʘʡʤʝʥʰʫ (ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʥʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ) ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʘʣʝ ʜʚʘ ʧʝʨʰʽ ʥʘ ʧʦʨʷ-

ʜʦʢ ʫʩʢʣʘʜʥʶʶʪʴ ʧʨʦʮʝʩ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʧʽʜʭʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʥʘʡʢʨʘʱʠʤ ʚʘʨʽʘʥʪʦʤ. 

ʋʩʽ ʩʠʪʫʘʮʽʾ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʦʜʝʣʴʦʚʘʥʽ, ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ 

ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: ʽʟ ʥʝʨʫʭʦʤʠʤ ʧʨʠʩʪʨʦʻʤ (ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʰʚʠ-

ʜʢʦʩʪʽ ʢʦʣʠʚʘʶʪʴʩʷ ʙʽʣʷ 0) ʪʘ ʧʨʠ ʨʫʩʽ. ɼʘʥʠʡ ʧʦʜʽʣ ʜʦʟʚʦʣʷʻ ʚʽʜʦʢʨʝ-

ʤʠʪʠ ʩʠʪʫʘʮʽʾ ʽʟ ʷʚʥʦʶ ʣʽʥʽʡʥʽʩʪʶ ʚʽʜ ʪʠʭ, ʫ ʷʢʠʭ ʧʨʠʩʫʪʥʽʡ ʚʟʘʻʤʦʟʚ'ʷ-

ʟʦʢ ʤʽʞ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ, ʧʦʣʦʞʝʥʥʷ ʨʫʢʠ ʽ ʚʽʜʩʪʘʥʽ ʜʦ ʧʦʚʝʨʭʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʣʽʥʽʡʥʽ ʩʠʪʫʘʮʽʾ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʧʨʦʩʪʦʶ ʩʪʨʫʢ-

ʪʫʨʦʶ ʫ ʚʠʛʣʷʜʽ ʜʝʨʝʚʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʘʥʘʣʽʪʠʯʥʠʤ 

ʰʣʷʭʦʤ. ɼʣʷ ʥʝʣʽʥʽʡʥʦʾ ʢʘʪʝʛʦʨʽʾ ʦʙʝʨʝʤʦ ʤʝʪʦʜ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʆʩʢʽʣʴʢʠ ʜʘʥʠʡ ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ ʨʘʥʞʦʚʘʥʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʫ ʜʽʘʧʘʟʦʥʽ 

[-1; 1] (ʘʙʦ [0; 1]), ʫ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴʩʷ ʥʝ ʘʙ-

ʩʦʣʶʪʥʽ ʚʝʣʠʯʠʥʠ, ʟʽʙʨʘʥʽ ʩʝʥʩʦʨʘʤʠ, ʘ ʾʭ ʜʝʣʴʪʠ (ʚʽʜʥʦʩʥʦ ʧʦʧʝʨʝʜʥʽʭ 

ʟʥʘʯʝʥʴ).  

ʊʘʢʦʞ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʘʨʪʦ ʜʦʜʘʪʠ ʝʬʝʢʪ çʧʘʤ'ʷʪʽè ï ʥʘ-

ʜʘʚʘʪʠ ʚʭʽʜʥʽ ʜʘʥʽ ʟʘ ʧʦʧʝʨʝʜʥʽ ʧʝʨʽʦʜʠ. ʊʘʢʦʞ ʤʦʞʥʘ ʜʦʜʘʪʠ ʥʘ ʽʪʝʨʘʮʽʾ 

ὸ ʜʘʥʽ ʟʘ ʤʦʤʝʥʪ ʯʘʩʫ 1+t . ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ 1+t  ʙʫʜʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠʩʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʤʽʥʠ ʚʠʛʣʷʜʫ ʧʦʚʝʨʭʥʽ ʙʘʟʫʶʯʠʩʴ ʥʘ ʜʘʥʠʭ 

ʟʘ ʤʦʤʝʥʪʠ 2-t , 1-t , t  ʪʘ 1+t . 

ʆʩʪʘʥʥʽʡ ʥʘʚʝʜʝʥʠʡ ʧʽʜʭʽʜ ʻ ʜʦʧʫʩʪʠʤʠʤ ʟʘ ʨʘʭʫʥʦʢ ʯʘʩʪʦʪʠ ʤʦʞʣʠ-

ʚʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚʽʜ ʩʝʥʩʦʨʽʚ (5-7ɻʮ) ʪʘ ʰʚʠʜʢʽʩʪʶ ʨʝ-

ʘʢʮʽʾ ʣʶʜʠʥʠ ʥʘ ʧʦʷʚʫ ʧʦʜʨʘʟʥʠʢʽʚ ï ʟʘʪʨʠʤʢʘ ʚ 0.2 ʩʝʢʫʥʜʠ ʻ ʤʘʡʞʝ 

ʥʝʧʦʤʽʪʥʦʶ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʨʦʙʦʪʫ 

ʘʣʛʦʨʠʪʤʫ (ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʦʾ ʧʘʤ'ʷʪʽ, ʟʘʪʨʘʪʠ ʥʘ ʦʧʝʨʘʮʽʾ ʽʟ ʨʫʭʦʤʦʶ 

ʢʨʘʧʢʦʶ), ʢʽʣʴʢʽʩʪʴ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʟʤʝʥʰʝʥʦ ʜʦ 1 ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ ReLU, ʱʦ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: () ( )xxf ,0max= . 

ɿʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʤʦʞʥʘ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʧʨʠ 

ʮʴʦʤʫ ʦʪʨʠʤʘʚʰʠ ʥʝʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʪʦʯʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ: 

ʂʨʦʢ 1 ɯʥʽʮʽʘʣʽʟʫʚʘʪʠ ʤʘʩʠʚʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʝʨʝʞʽ. 

ʂʨʦʢ 2 ɿʯʠʪʘʪʠ ʜʘʥʽ ʩʝʥʩʦʨʽʚ, ʦʙʯʠʩʣʠʪʠ ʜʝʣʴʪʫ ʚʽʜʥʦʩʥʦ ʧʦʧʝʨʝʜʥʽʭ 

ʟʥʘʯʝʥʴ ʽ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘʧʠʩʘʪʠ ʫ ʢʽʥʝʮʴ ʙʫʬʝʨʘ. 

ʂʨʦʢ 3 ʗʢʱʦ ʨʦʟʤʽʨ ʙʫʬʝʨʘ ʤʝʥʰʝ 4 ï ʧʝʨʝʡʪʠ ʥʘ ʢʨʦʢ 2. 

ʂʨʦʢ 4 ʗʢʱʦ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʦʩʪʘʥʥʴʦʛʦ ʝʣʝʤʝʥʪʘ 

ʙʫʬʝʨʘ ʤʝʥʰʝ ‐, ʪʦ: 
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4.1 ʗʢʱʦ ʜʝʣʴʪʘ ʚʽʜʩʪʘʥʽ ʙʽʣʴʰʝ, ʥʽʞ le ï ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʚʽʜʜʘʣʝʥʥʷ 
ʦʙôʻʢʪʫ ʧʨʠ ʥʝʨʫʭʦʤʦʤʫ ʧʨʠʩʪʨʦʾ. 

4.2 ɯʥʘʢʰʝ, ʷʢʱʦ ʤʝʥʰʝ ʟʘ le ï ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘʙʣʠʞʝʥʥʷ ʦʙôʻʢʪʫ 
ʧʨʠ ʥʝʨʫʭʦʤʦʤʫ ʧʨʠʩʪʨʦʾ. 

ʂʨʦʢ 5 ɺʠʟʥʘʯʠʪʠ ʢʣʘʩ ʟʤʽʥʠ ʥʝʨʽʚʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʥʘ ʦʩʥʦʚʽ ʚʭʽʜʥʦʛʦ 

ʙʫʬʝʨʘ ʪʘ ʤʘʩʠʚʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʝʪʦʜʦʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʂʨʦʢ 6 ɺʠʜʘʣʠʪʠ ʧʝʨʰʠʡ ʢʦʨʪʝʞ ʽʟ ʙʫʬʝʨʘ. 

ʂʨʦʢ 7 ʇʝʨʝʡʪʠ ʥʘ ʢʨʦʢ 2. 

ʋ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʤʝʪʦʜʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʤʽʥʠ ʚʠʛʣʷʜʫ ʧʦʚʝʨʭʥʽ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʤʘ-

ʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʚʠʨʽʰʝʥʥʽ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʙʫʣʦ ʚʠʢʦʥʘʥʦ 

ʧʝʨʝʚʽʨʢʫ ʡʦʛʦ ʨʦʙʦʪʠ ʥʘ ʚʠʙʽʨʮʽ, ʱʦ ʥʝ ʫʚʽʡʰʣʘ ʚ ʥʘʚʯʘʣʴʥʫ ʪʘ ʪʝʩʪʦʚʫ 

ʚʠʙʽʨʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1. ʋʩʽ ʤʝʪʦʜʠ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴ ʽʜʝʥʪʠʯʥʽ ʚʭʽʜʥʽ ʜʘʥʽ. ʋ ʨʝʟʫʣʴʪʘʪʘʭ ʚʨʘʭʦʚʘʥʦ ʣʠʰʝ ʜʘʥʽ 

ʦʪʨʠʤʘʥʽ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ ʥʝʣʽʥʽʡʥʠʭ ʚʠʧʘʜʢʽʚ. 

ʊʘʙʣ. 1 ʊʦʯʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʪʘ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ɸʣʛʦʨʠʪʤ ɹʝʟ 

ʰʫʤʫ 

ʐʫʤ 

10% 

ʐʫʤ 

20% 

ʈʦʟʨʦʙʣʝʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 0.91 0.89 0.8 

ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (2 ʰʘʨʠ) 0.9 0.85 0.81 

AdaBoost ʥʘ ʦʩʥʦʚʽ SVC 0.85 0.81 0.78 

SVC 0.8 0.8 0.72 

ʃʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ 0.71 0.65 0.58 

ʃʽʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 0.6 0.55 0.54 

AdaBoost ʥʘ ʦʩʥʦʚʽ ʜʝʨʝʚ ʧʨʠʡ-

ʥʷʪʪʷ ʨʽʰʝʥʴ 

0.52 0.48 0.46 

ɼʝʨʝʚʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 0.31 0.30 0.26 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʠʩʘʥʠʡ ʤʝʪʦʜ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʢʣʘ-

ʩʠʬʽʢʘʪʦʨʘ ʚ ʪʘʢʪʠʣʴʥʦ-ʟʦʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʩʝʥʩʦʨʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʟ 

ʦʛʣʷʜʫ ʥʘ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʧʦʨʽʚʥʷʥʦ ʥʝ-

ʚʠʩʦʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ. 
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ʩʠʣʦʚʠʭ ʩʪʨʫʢʪʫʨ ʟʜʽʡʩʥʝʥʦ ʚ ʨʦʙʦʪʘʭ ʖ. ɸʣʝʢʩʘʥʜʨʦʚʘ, ʉ. ɹʝʟʥʦʩʦʚʘ, 

ɯ. ɼʦʣʤʘʪʦʚʦʾ, ʄ. ɯʮʢʦʚʠʯʘ, ɼ. ʅʦʚʽʢʦʚʘ, ɺ. ʄʝʜʚʝʜʻʚʘ.  

ɿʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʻʶ ɽ. ɿʝʻʨʘ ʨʦʟʨʽʟʥʷʶʪʴ ʜʝʬʦʨʤʘʮʽʶ ʟʘʛʘʣʴʥʦ- ʪʘ 

ʩʧʝʮʽʘʣʴʥʦ-ʧʨʦʬʝʩʽʡʥʫ, ʧʨʦʬʝʩʽʡʥʦ-ʪʠʧʦʣʦʛʽʯʥʫ (ʜʝʬʦʨʤʘʮʽʾ ʧʨʦ-

ʬʝʩʽʡʥʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʦʩʦʙʠʩʪʦʩʪʽ ʧʝʨʩʦʥʘʣʫ; ʜʝʬʦʨʤʘʮʽʾ, ʷʢʽ ʚʠʥʠʢʣʠ 

ʥʘ ˇʨʫʥʪʽ ʨʦʟʚʠʪʢʫ ʩʧʝʮʽʘʣʴʥʠʭ ʟʜʽʙʥʦʩʪʝʡ; ʜʝʬʦʨʤʘʮʽʾ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ 

ʨʠʩʘʤʠ ʭʘʨʘʢʪʝʨʫ) ʪʘ ʦʩʦʙʠʩʪʽʩʥʽ ʜʝʬʦʨʤʘʮʽʾ.  

ɹ̔ ʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʥʷʪʪʷ ñʜʝʬʦʨʤʘʮʽʷò, ʷʢ ʤʝ-

ʭʘʥʽʟʤ, ʱʦ ʧʦʷʩʥʶʻ ʧʨʦʜʫʢʫʚʘʥʥʷ ʧʝʚʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘ ʥʝʛʘʪʠʚʥʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʬʝʩʽʡʥʠʭ ʛʨʫʧ, ʦʩʦʙʠʩʪʦʩʪʽ ʟ ʜʝʚʽʘʥʪʥʦʶ ʧʦʚʝʜʽʥʢʦʶ, 

ʩʧʽʣʢʫʚʘʥʥʷ, ʚʦʣʽ, ʚʽʜʭʠʣʝʥʴ ʫ ʮʽʥʥʽʩʥʦ-ʤʦʪʠʚʘʮʽʡʥʽʡ ʩʬʝʨʽ ʞʠʪʪʷ ʦʩʦ-

ʙʠʩʪʦʩʪʽ ʪʦʱʦ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʧʽʜʭʦʜʫ ʧʨʠ ʨʦʟʛʣʷʜʽ ʬʝʥʦʤʝʥʫ ʜʝʬʦʨʤʘʮʽʾ ʦʩʦʙʠʩʪʦʩʪʽ, 

ʧʩʠʭʦʣʦʛʠ ʚʠʚʯʘʶʪʴ ʥʝʛʘʪʠʚʥʽ ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ ʩʪʨʫʢʪʫʨʠ ʦʩʦʙʠʩʪʦʩʪʽ. 

ʉʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʷʚʠʱʘ ʚʠʤʘʛʘʶʪʴ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʚʝʣʠʢʦʾ ʙʘʪʘʨʝʾ ʤʝʪʦʜʽʚ ʪʘ ʟʤʫʰʫʶʪʴ ʜʦʩʣʽʜʥʠʢʘ ʜʦ ʷʢʽʩʥʦʛʦ ʧʨʦ-

ʚʝʜʝʥʥʷ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʨʦʮʝʜʫʨ. ʊʘʢ ʖ. ɸʣʝʢʩʘʥʜʨʦʚ (2004ʨ.) ʫ ʧʨʦ-

ʮʝʩʽ ʚʠʚʯʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʦʨʛʘʥʽʚ ʚʥʫʪʨʽʰ-
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ʥʽʭ ʩʧʨʘʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʥʘʩʪʫʧʥʠʡ ʧʩʠʭʦʜʽʘʛʥʦʩʪʠʯʥʠʡ ʢʦʤʧʣʝʢʩ: ʤʝ-

ʪʦʜʠʢʘ ʚʠʷʚʣʝʥʥʷ ʮʽʥʥʽʩʥʠʭ ʦʨʽʻʥʪʘʮʽʡ ʟʘ ʄ. ʈʦʢʽʯʝʤ, ʦʧʠʪʫʚʘʣʴʥʠʢ 

ɹʘʩʩʘ-ɼʘʨʢʽ, ʘʥʢʝʪʫʚʘʥʥʷ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʤʦʪʠʚʘʮʽʾ, ʢʦʣʴʦ-

ʨʦʚʠʡ ʪʝʩʪ ʚʽʜʥʦʰʝʥʴ, ʜʽʘʛʥʦʩʪʠʢʘ ʨʽʚʥʷ ʝʤʦʮʽʡʥʦʛʦ ʚʠʛʦʨʷʥʥʷ 

ɺ. ɺ. ɹʦʡʢʘ, ʜʽʘʛʥʦʩʪʠʢʘ ʩʪʫʧʝʥʷ ʟʘʜʦʚʦʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʪʨʝʙ, ʘʜʘʧʪʦ-

ʚʘʥʽ ʚʘʨʽʘʥʪʠ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʩʪʫ ʄ. ʃʶʰʝʨʘ (ʤʝʪʦʜ ʢʦʣʴʦʨʦʚʠʭ ʚʠʙʦ-

ʨʽʚ), ʧʨʦʛʨʝʩʠʚʥʽ ʤʘʪʨʠʮʽ ʈʘʚʝʥʥʘ, ʤʝʪʦʜʠʢʘ ʙʘʛʘʪʦʙʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʩʦʙʠʩʪʦʩʪʽ (ʄɹɼʆ). ʈʦʩʽʡʩʴʢʠʡ ʜʦʩʣʽʜʥʠʢ ʄ. ɯʮʢʦʚʽʯ (2008ʨ.) ʚʠʚʯʘʚ 

ʜʝʬʦʨʤʘʮʽʶ ʮʽʥʥʽʩʥʦ-ʤʦʪʠʚʘʮʽʡʥʦʾ ʩʬʝʨʠ ʦʩʦʙʠʩʪʦʩʪʽ ʧʝʥʽʪʝʥʮʽʘʨʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ  ñʆʧʠʪʫʚʘʣʴʥʠʢʘ ʪʝʨʤʽʥʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡò, ʤʝ-

ʪʦʜʫ ʧʦʨʪʨʝʪʥʠʭ ʚʠʙʦʨʽʚ (ʤʝʪʦʜʠʢʘ ʃ. ʉʦʥʜʽ), ʤʝʪʦʜʠʢʠ 16PF ʂʝʪʪʝʣʘ ʚ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ, ʘʥʢʝʪʠ ʥʘ ʚʠʷʚʣʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦ-ʚʘʞʣʠʚʠʭ ʷʢʦʩʪʝʡ ʧʝʨ-

ʩʦʥʘʣʫ, ʪʝʩʪʫ ñʂʦʥʩʪʨʫʢʪʠʚʥʽʩʪʴ ʤʦʪʠʚʘʮʽʾò, ʄʎɺ ʚ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʃ. ʉʦʙʯʠʢ, ʤʝʪʦʜʫ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʬʦʨ ɯ. ʉʦʣʦʤʽʥʘ, ʘʥʢʝʪʠ ñɿʘʜʦʚʦʣʝ-

ʥʽʩʪʴ ʩʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʠʤ ʢʣʽʤʘʪʦʤ ʪʘ ʩʪʠʤʫʣʷʮʽʻʶ ʧʨʦʬʝʩʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽò. ɺʽʡʩʴʢʦʚʠʡ ʧʩʠʭʦʣʦʛ ʆ.ɺ. ʇʝʪʨʝʥʢʦ (1998ʨ.) ʫ ʧʨʦʮʝʩʽ ʘʥʘ-

ʣʽʟʫ ʜʝʬʦʨʤʘʮʽʾ ʦʩʦʙʠʩʪʦʩʪʽ ʦʬʽʮʝʨʽʚ ʚʠʭʦʜʠʚ ʽʟ ʧʦʟʠʮʽʾ ñʘʥʦʤʘʣʴʥʠʭ 

ʦʩʦʙʠʩʪʽʩʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡò, ʧʨʦʚʽʚ ʣʦʢʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʢʨʝʤʦ 

ʚʟʷʪʦʤʫ ʚʽʡʩʴʢʦʚʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʪʘ ʩʢʨʠʥʽʥʛ-ʜʦʩʣʽʜʞʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝ-

ʢʪʨʫ ʭʘʨʘʢʪʝʨʦʣʦʛʽʯʥʠʭ, ʧʦʚʝʜʽʥʢʦʚʠʭ, ʘ ʪʘʢʦʞ ʤʦʪʠʚʘʮʽʡʥʠʭ ʦʩʦʙʣʠʚʦ-

ʩʪʝʡ ʚʠʙʽʨʢʠ ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʽʚ-ʦʬʽʮʝʨʽʚ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʡʩʴʢʦʚʠʭ 

ʟʚʘʥʴ ʚʽʜ ʣʝʡʪʝʥʘʥʪʘ ʜʦ ʧʽʜʧʦʣʢʦʚʥʠʢʘ ʟ ʚʠʩʣʫʛʦʶ ʚ ʦʬʽʮʝʨʩʴʢʦʤʫ 

ʟʚʘʥʥʽ ʚʽʜ ʦʜʥʦʛʦ ʨʦʢʫ ʜʦ ʜʝʩʷʪʠ ʨʦʢʽʚ ʽ ʙʽʣʴʰʝ. ɼʦʩʣʽʜʥʠʢ ʚʠʢʦʨʠʩʪʘʚ 

ʩʝʤʘʥʪʠʯʥʠʡ ʜʠʬʝʨʝʥʮʽʘʣ ʏ. ʆʩʛʫʜʘ, ʧʩʠʭʦʣʦʛʽʯʥʽ ʦʧʠʪʫʚʘʣʴʥʠʢʠ 

T. ʃʽʨʽ, K. Tʦʤʘʩʘ, ʈ. ʂʝʪʪʝʣʘ, ʘ ʪʘʢʦʞ ʪʝʩʪ M. ʃʶʰʝʨʘ. ʆʪʞʝ ʩʧʨʦʙʠ 

ʫʯʝʥʠʭ ʚʠʚʯʠʪʠ ʜʝʬʦʨʤʘʮʽʶ ʦʩʦʙʠʩʪʦʩʪʽ ʧʝʨʩʦʥʘʣʫ ʨʽʟʥʠʭ ʩʠʣʦʚʠʭ 

ʩʪʨʫʢʪʫʨ ʧʽʜʢʨʝʩʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ 

ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʮʴʦʛʦ ʬʝ-

ʥʦʤʝʥʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʘʥʘʣʽʟʫʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝ-

ʪʨʽʚ ʟʘ ʜʝʩʷʪʢʘʤʠ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜ ʢʦʞʥʦʛʦ ʯʣʝʥʘ ʚʠʙʽʨʢʠ, ʱʦ, ʚ ʨʝʟʫʣʴ-

ʪʘʪʽ ʧʦʪʨʝʙʫʻ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʫ ʚʠʙʽʨʢʠ ʥʘ ʧʨʠʡʥʷʪʥʠʭ ʨʽʚʥʷʭ ʟʥʘʯʫ-

ʱʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʢʦʨʝʢ-

ʪʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʨʽʟʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʧʨʘʢʪʠʮʽ ʧʩʠʭʦʜʽʘʛʥʦʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʦʤʧôʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʧʩʠ-

ʭʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʽʟʥʠʭ ʷʚʠʱ. ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʜʦʩʣʽʜʥʠʮʴ-

ʢʦʛʦ ʤʝʪʦʜʫ ʻ ʩʢʣʘʜʥʽʩʪʴ ʥʘʙʦʨʫ ʤʘʪʨʠʮʽ, ʘ ʪʘʢʦʞ ʟʚʝʜʝʥʥʷ ʚʠʩʥʦʚʢʽʚ 

ʷʢʽʩʥʦʛʦ ʪʘ ʩʠʩʪʝʤʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦ ʚʠʩʥʦʚʢʽʚ, ʱʦ ʩʧʠʨʘʶʪʴʩʷ ʥʘ 

ʩʪʘʪʠʩʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ. ʇʦʟʠʪʠʚʥʠʤ ï ʰʚʠʜʢʽʩʪʴ ʪʘ ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ. 
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ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʦʪʝʥʮʽʡʥʘ ʚʠʙʽʨʢʘ ʫʯʘʩʥʠʢʽʚ ʜʽʘʛʥʦʩʪʠʢʠ ʤʦʞʝ 

ʚʠʤʽʨʶʚʘʪʠʩʴ ʪʠʩʷʯʘʤʠ ï ʰʚʠʜʢʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʩʪʘʻ ʦʜʥʠʤ ʽʟ ʚʠʨʽʰʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ. ʊʦʤʫ ʘʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟ-

ʨʦʙʢʘ ʧʩʠʭʦʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʥʘ ʙʘʟʽ ʽʩʥʫʶʯʠʭ ʚʝʙ-ʧʣʘʪ-

ʬʦʨʤ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʩʪʘ-

ʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ.  

ɼʦ ʩʫʯʘʩʥʠʭ ʚʝʙ-ʧʣʘʪʬʦʨʤ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ, ʱʦ ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚ-

ʥʽʩʪʶ ʟʘʜʦʚʽʣʴʥʷʪʴ ʚʠʤʦʛʘʤ ʜʦ ʤʘʡʙʫʪʥʴʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

Google ʬʦʨʤʠ, Quizlet, Proprofs, Kahoot!, Classmarker, Plickers, Easy 

Test Maker ʪʘ ʽʥʰʽ. ʑʝ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʙ-

ʧʣʘʪʬʦʨʤ ʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʚʽʪʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʘ, ʥʦʫʪʙʫʢʫ, ʧʣʘʥʰʝʪʫ ʘʙʦ ʥʘʚʽʪʴ ʩʤʘʨʪʬʦʥʫ 

(ʙʽʣʴʰʽʩʪʴ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʩʠʩʪʝʤ ʤʘʶʪʴ ʚʝʙ-ʜʦʜʘʪʢʠ ʧʽʜ ʧʣʘʪʬʦ-

ʨʤʠ Android ʪʘ IOS).  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ, ʪʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʪʘ ʩʢʣʘʜʥʦʩʪʽ ʬʘʢʪʦʨʽʚ, ʱʦ ʙʫʜʫʪʴ  ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʙʦʨʫ ʽʥ-

ʬʦʨʤʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ ʽʟ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ: 

Google ʪʘʙʣʠʮʽ, MS Excel ʘʙʦ ʧʨʦʬʝʩʽʡʥʫ ʩʠʩʪʝʤʫ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ SPSS. 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʰʣʷʭʠ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ ʤʦʞ-

ʣʠʚʦʩʪʽ ʜʽʘʛʥʦʩʪʠʢʠ ʧʨʦʬʝʩʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʦʩʦʙʠʩʪʦʩʪʽ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ ʷʚʠʱʘ, ʥʠʟʢʘ ʯʠʥʥʠʢʽʚ ʧʨʦʬʝʩʽʡʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʦʩʦʙʠʩʪʦʩʪʽ ʚʣʘʩʪʠʚʘ ʥʝ ʪʽʣʴʢʠ ʚʦʻʥʽʟʦʚʘʥʠʤ ʧʨʦʬʝʩʽʡʥʠʤ 

ʩʧʽʣʴʥʦʪʘʤ, ʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʮʴʦʛʦ ʷʚʠʱʘ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʥʝ ʪʽʣʴʢʠ ʫ ʩʠʣʦʚʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʘʣʝ ʡ ʚ ʽʥʰʠʭ ʩʬʝʨʘʭ ʧʨʦ-

ʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʜʝ ʽʩʥʫʻ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʦʩʦʙʠʩʪʦʩʪʽ.  

ʈʝʘʣʴʥʽʩʪʴ ʘʥʦʤʘʣʴʥʠʭ ʦʩʦʙʠʩʪʽʩʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʩʝʨʝʜ ʧʨʝʜʩʪʘʚ-

ʥʠʢʽʚ ʦʢʨʝʤʠʭ ʧʨʦʬʝʩʽʡʥʠʭ ʛʨʫʧ ʨʦʙʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʽʚ 

ʧʩʠʭʦʢʦʨʝʢʮʽʾ, ʟʜʘʪʥʠʭ ʥʘ ʥʘʣʝʞʥʦʤʫ ʨʽʚʥʽ ʚʠʢʦʥʫʚʘʪʠ ʧʨʝʚʝʥʪʠʚʥʫ 

ʬʫʥʢʮʽʶ. ɸʣʝ ʥʘ ʩʴʦʛʦʜʥʽ ʨʦʟʨʦʙʢʘ ʪʘʢʠʭ ʟʘʭʦʜʽʚ ʧʦʚôʷʟʘʥʘ ʟ ʩʫʪʪʻʚʠʤʠ 

ʪʨʫʜʥʦʱʘʤʠ ʫ ʥʘʩʣʽʜʦʢ ʥʝʜʦʩʪʘʪʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʧʨʦʙʣʝʤʠ. ɿʘʣʠʰʘ-

ʶʪʴʩʷ ʥʝʚʠʚʯʝʥʠʤʠ ʷʢ ʩʫʪʥʽʩʪʴ ʪʘ ʢʣʶʯʦʚʽ ʦʟʥʘʢʠ ʮʴʦʛʦ ʷʚʠʱʘ, ʪʘʢ ʽ 

ʦʩʥʦʚʥʽ ʤʝʭʘʥʽʟʤʠ ʡʦʛʦ ʚʠʥʠʢʥʝʥʥʷ. ʅʝ ʨʦʟʨʦʙʣʝʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘ-

ʯʝʥʥʷ ʨʦʟʙʽʞʥʦʩʪʝʡ ʤʽʞ ʧʨʦʮʝʩʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʦʩʦʙʠʩʪʦʩʪʽ ʧʨʦ-

ʬʝʩʽʡʥʦʛʦ ʪʠʧʫ ʽ ʧʨʦʬʝʩʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʦʩʦʙʠʩʪʦʩʪʽ. ʋ ʮʠʭ ʫʤʦʚʘʭ 

ʘʥʘʣʽʟ ʷʚʠʱʘ ʧʨʦʬʝʩʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʦʩʦʙʠʩʪʦʩʪʽ ʟʜʝʙʽʣʴʰʦʛʦ ʟʚʦ-

ʜʠʪʴʩʷ ʜʦ ʦʧʠʩʦʚʠʭ ʥʘʨʠʩʽʚ ʡʦʛʦ ʟʦʚʥʽʰʥʽʭ ʦʟʥʘʢ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʩʠ-

ʭʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʘ ʪʘʢʦʞ ʜʦ ʦʙʛʦʚʦʨʝʥʥʷ ʦʢʨʝʤʠʭ ʨʦʟʨʽʟʥʝʥʠʭ 
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ʧʘʪʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ, ʩʧʝʮʠʬʽʯʥʦ ʚʣʘʩʪʠʚʠʭ ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ ʚʠʜʫ 

ʜʽʷʣʴʥʦʩʪʽ. 

 

ʋɼʂ 51.74:004.94 

ʇʆɹʋɼʆɺɸ ʉʊɸʊʀʏʅʆɰ ʄʆɼɽʃɯ ʍʈɽɹʊɸ ʃʖɼʀʅʀ 

ʂʫʣʽʥʩʴʢʠʡ ɺ.ʄ. 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʋʢʨʘʾʥʘ 

 

ɺ ʍʍɯ ʩʪʦʣʽʪʪʽ ʭʚʦʨʦʙʠ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʛʦ ʘʧʘʨʘʪʫ ʩʪʘʶʪʴ ʫʩʝ ʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤʠ ʪʘ ʟʘʚʜʘʶʪʴ ʚʝʣʠʢʦʛʦ ʢʣʦʧʦʪʫ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʣʶ-

ʜʠʥʠ. ɼʣʷ ʚʜʘʣʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ ʭʚʦʨʦʙ ʭʨʝʙʪʘ ʣʶʜʠʥʠ ʧʦ-

ʩʪʘʣʦ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʭʨʝʙʪʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʝ-

ʬʦʨʤʘʮʽʾ ʭʨʝʙʮʽʚ ʧʨʠ ʾʭ ʥʘʚʘʥʪʘʞʝʥʥʽ ʪʘ ʾʭ ʧʦʜʘʣʴʰʦʤʫ ʧʦʰʠʨʝʥʥʶ. 

ʍʨʝʙʝʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 23 ʭʨʝʙʮʝʚʦ-ʨʫʭʦʚʠʭ ʩʝʛʤʝʥʪʽʚ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ 

ʧʨʝʜʩʪʘʚʣʷʻ ʨʫʭʣʠʚʫ ʣʘʥʢʫ, ʱʦ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʨʽʟʥʦʤʘʥʽʪ-

ʥʠʭ ʬʫʥʢʮʽʡ ʭʨʝʙʪʘ ʷʢ ʻʜʠʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ.  ʍʨʝʙʝʪʥʠʡ 

ʩʪʦʚʧ ʣʶʜʠʥʠ ʚʠʢʦʥʫʻ ʪʘʢʽ ʬʫʥʢʮʽʾ: ʦʧʦʨʥʫ, ʟʘʭʠʩʥʫ ʽ ʨʫʭʦʚʫ. ɺʽʥ ʤʘʻ 

Z-ʧʦʜʽʙʥʫ ʬʦʨʤʫ ʟ ʯʦʪʠʨʤʘ ʚʠʛʠʥʘʤʠ ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʩʦʨʥʫ 

ʬʫʥʢʮʽʶ. [1]  

ʄʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʻ ʧʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʭʨʝʙʪʘ 

ʣʶʜʠʥʠ, ʱʦ ʧʨʘʚʠʣʴʥʦ ʦʧʠʩʫʻ ʡʦʛʦ ʬʦʨʤʫ, ʚʠʛʠʥʘʶʯʽ  ʤʦʤʝʥʪʠ ʪʘ 

ʨʽʞʫʯʽ ʩʠʣʠ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʬʫʥʢʮʽʾ Ὢὼ  ʚʽʜʭʠʣʝʥʥʷ ʭʨʝʙʪʘ ʚʽʜ ʚʝʨ-

ʪʠʢʘʣʴʥʦʾ ʦʩʽ, ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

                           Ὢὼ όὼ ό ὼȟ                                   (1) 

ʜʝ όὼ ï ʜʝʬʦʨʤʘʮʽʡʥʘ ʩʢʣʘʜʦʚʘ, ό ὼ ï ʧʦʯʘʪʢʦʚʘ ʬʦʨʤʘ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʩʪʘʪʠʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʭʨʝʙʝʪ ʙʫʚ  ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʡ ʷʢ ʛʥʫʯʢʠʡ ʩʪʨʠʞʝʥʴ, ʨʦʟʙʠʪʠʡ ʥʘ n ʙʣʦʢʽʚ, ʱʦ ʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ 

ʭʨʝʙʮʽʚ ʨʘʟʦʤ ʟ ʤʽʞʭʨʝʙʮʝʚʠʤʠ ʟôʻʜʥʘʥʥʷʤʠ. ɺ ʤʝʞʘʭ ʪʘʢʦʛʦ ʙʣʦʢʫ ʧʘ-

ʨʘʤʝʪʨʠ ʻ ʢʦʥʩʪʘʥʪʥʠʤʠ  [2]. 

ʇʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʽ ʻ: 

Á ʬʦʨʤʘ ʩʧʦʢʦʶ ʩʪʨʠʞʥʷό ὼ; 

Á ʨʦʟʧʦʜʽʣ ʚʘʛʠ ʪʽʣʘ ʚʟʜʦʚʞ ʭʨʝʙʪʘ (Pi ï ʚʘʛʘ, ʱʦ ʜʽʻ ʥʘ -̔ʡ ʭʨʝʙʝʮʴ); 

Á ʤʦʜʫʣʽ ʖʥʛʘ ʭʨʝʙʮʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʞʭʨʝʙʮʝʚʠʭ ʟôʻʜʥʘʥʴὉ ; 

Á ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʭʨʝʙʮʽʚὐ. 

ɺʘʞʣʠʚʦ ʙʫʣʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʭʨʝʙʝʪ ʥʝ ʻ ʥʝʧʝʨʝʨʚʥʠʤ ʩʪʨʠʞʥʝʤ, 

ʪʦʤʫ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʠʩʢʨʝʪʥʦ. 

ʊʘʢ ʷʢ ʧʦʯʘʪʢʦʚʘ ʬʦʨʤʘ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʥʘʧʨʫʞʝʥʽʩʪʴ ʪʦ ʟʘʜʘʯʘ ʧʦʣʷ-

ʛʘʣʘ ʚ ʟʥʘʭʦʜʞʝʥʥʽ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾόὼʜʣʷ ʧʨʷʤʦʛʦ ʛʥʫʯʢʦʛʦ 

ʩʪʨʠʞʥʷ, ʱʦ ʻ ʟʘʜʘʯʝʶ ɽʡʣʝʨʘ. ɼʣʷ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʨʠʥʮʠʧ ʤʽʥʽʤʫʤʫ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ. 
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ʇʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʷ ʦʧʠʩʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʜʘ̒ ʪʴʩʷ ʪʘʢʠʤ  ʬʫʥʢʮʽʦʥʘ-

ʣʦʤ ʚʽʜ ʬʫʥʢʮʽʾ όὼ: 

            ὡ ό  
ρ

ς
Ὁὼὐὼ

‬ό

‬ὼ
Ὠὼ ὖὼόὼὨὼ        ς 

ɼʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯʽ ʤʽʥʽʤʽʟʘʮʽʾʾ ʬʫʥʢʮʽʦʥʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜ ʈʽʪʮʘ. ɺʠʭʦʜʷʯʠ ʟ ʧʨʠʥʮʠʧʫ ʤʽʥʽʤʽʟʘʽʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʤʠ 

ʧʦʙʫʜʫʚʘʣʠ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ (3) ʟ ʷʢʦʾ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʜʝʬʦʨ-

ʤʘʮʽʡʥʫ ʩʢʣʘʜʦʚʫ, ʘ ʦʪʞʝ ʽ ʬʫʥʢʮʽʶ ʚʽʜʭʠʣʝʥʥʷ ʭʨʝʙʪʘ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʦʩʽ. 

                          πȟὶ ρȟȣὓ                                             σ 

ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ, ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ ʥʘ ʧʣʘʪʬʦʨʤʽ 

.NET, ɦ ʦ ʚʽʟʫʘʣʽʟʫʻ ʨʦʙʦʪʫ ʮʽʻʾ ʤʦʜʝʣʽ. ʇʨʠ ʥʘʧʠʩʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘ-

ʣʘʩʴ ʤʘʪʝʤʘʪʠʯʥʘ ʙʽʙʣʽʦʪʝʢʘ MathNet ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ OpenGL ʜʣʷ 

ʚʽʟʫʘʣʽʟʘʮʽʾ. 

ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʧʦʙʫʜʦʚʫ ʩʪʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʭʨʝʙʪʘ ʣʶʜʠʥʠ. 

ɺʽʟʫʘʣʽʟʘʮf ʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʘʣʘ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʥʝʙʝʟʧʝʯʥʫ ʥʘʧʨʫʛʫ ʥʘ 

ʦʢʨʝʤʽ ʭʨʝʙʮʽ, ʘ ʦʪʞʝ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʰʠʨʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʭʨʝʙʪʘ ʣʶ-

ʜʠʥʠ. 

ʃʽʪʝʨʘʪʫʨʘ 

1.ʇʝʜʘʥʯʝʥʢʦ ɽ.ɻ., ʂʫʱʘʝʚ ʉ.ɺ. ʇʫʥʢʮʠʦʥʥʘʷ ɺʝʨʪʝʙʨʦʧʣʘʩʪʠʢʘ. ï 

ʂʠʝʚ: ɸ.ʃ.ɼ., 2005. ï 520 ʩ. 

2. ʉʚʝʪʣʝʮʢʠʡ ɺ.ɸ. ʄʝʭʘʥʠʢʘ ʉʪʝʨʞʥʝʡ. ʏʘʩʪʴ 1: ʉʪʘʪʠʢʘ. ï ʄʦʩʢʚʘ: 

ɺʳʩʰʘʷ ʐʢʦʣʘ, 1987. ï 320 ʩ. 

 

ʋɼʂ 334.012.64  

ʄʆɼɽʃʖɺɸʅʅʗ ɼʀʅɸʄɯʂʀ ʂɯʃʔʂʆʉʊɯ ʇɯɼʇʈʀɭʄʉʊɺ ɺ 

ʋʂʈɸɰʅɯ 

ʃ.ʄ. ʂʣʽʥʮʦʚ, ɺ.ɯ. ɻʫʨôʻʚ. 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. 

 

ʇʨʦʙʣʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʘ ʟ ʦʮʽʥʢʦʶ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʚ ʨʠʥʢʦʚʠʭ ʫʤʦʚʘʭ. 

ʆʪʨʠʤʘʥʥʷ ʘʜʝʢʚʘʪʥʠʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʽʢʠ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ, ʜʦʟʚʦ-

ʣʠʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ, ʚʽʜʩʣʽʜʢʦ-

ʚʫʚʘʪʠ ʥʘʩʣʽʜʢʠ ʧʨʠʡʥʷʪʠʭ ʚ ʋʢʨʘʾʥʽ ʟʘʢʦʥʽʚ ʽ ʧʦʩʪʘʥʦʚ ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ 

ʄʇ ʪʘ ʤʽʞʥʘʨʦʜʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʪʫʘʮʽʾ.  

ʈʷʜ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʘʣʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʄʇ, ʚʠʢʣʘʜʝʥʽ ʫ ʨʦʙʦʪʽ [1], ʜʝ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʨʽʟʥʽ ʬʦʨʤʠ ʤʘʪʝʤʘʪʠʯʥʠʭ 
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ʤʦʜʝʣʝʡ, ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʄʇ.  ʆʜʥʘʢ  ʚ ʩʠʣʫ ʨʽʟʢʠʭ ʩʧʘʜʽʚ 

ʪʘ ʧʽʜʡʦʤʽʚ ʢʽʣʴʢʦʩʪʽ ʄʇ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʬʦʨʤʠ ʨʽʚʥʷʥʴ ʥʝ ʤʦʞʫʪʴ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʚʘʪʠ ʧʨʦʮʝʩ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʤʘʣʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʯʘʩʽ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʜʦʧʦʚʽʜʽ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʤʝʪʦʜʠʢʠ ʘʜʝʢʚʘʪʥʦʛʦ ʧʨʘʢʪʠʯ-

ʥʦʛʦ ʦʧʠʩʫ ʜʠʥʘʤʽʢʠ ʚʟʘʛʘʣʽ ʷʢ ʄʇ ʪʘʢ ʽ ʚʩʽʻʾ ʤʥʦʞʠʥʠ ʧʽʜʧʨʠʻʤʩʪʚ 

ʋʢʨʘʾʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʩʦʙʽʚ Microsoft Excel.  

 ɺʽʟʴʤʝʤʦ ʟ ʪʘʙʣʠʮʽ 1 ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʽʜʧʨʠʻʤʩʪʚ . 

ʊʘʙʣʠʮʷ 1.ɼʠʥʘʤʽʢʘ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʋʢʨʘʾʥʽ 2010-2015[2,3] 

ʈʦʢʠ 
ɺʝʣʠʢʽ ʧʽʜʧʨʠʻʤ-

ʩʪʚʘ 

ʉʝʨʝʜʥʽ ʧʽʜʧʨʠʻʤ-

ʩʪʚʘ 
ʄʘʣʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

2010 586 20983 357241 

2011 659 20753 354283 

2012 698 20189 344048 

2013 659 18859 373809 

2014 497 15906 324598 

2015 423 15202 327815 

ɼʣʷ ʘʥʘʣʽʟʫ ʟʤʽʥ ʟʨʦʙʠʤʦ ʥʦʨʤʘʣʽʟʘʮʽʶ ʜʘʥʠʭ ʪʘʙʣʠʮʽ. 

ʊʘʙʣʠʮʷ 2 ʅʦʨʤʘʣʽʟʦʚʘʥʽ ʜʘʥʥʽ. 

ʈʦʢʠ 

ɺʝʣʠʢʽ ʧʽʜʧʨʠʻʤ-

ʩʪʚʘ 

ʉʝʨʝʜʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʄʘʣʽ ʧʽʜʧʨʠʻʤ-

ʩʪʚʘ 

2010 -0,00931 0,927142 0,548416 

2011 0,67032 0,835791 0,390541 

2012 1,03341 0,611784 -0,15572 

2013 0,67032 0,083539 1,432684 

2014 -0,8379 -1,08932 -1,19381 

2015 -1,52684 -1,36893 -1,02211 

ʇʨʝʜʩʪʘʚʠʤʦ ʜʘʥʽ ʪʘʙʣʠʮʽ 2 ʥʘ ʛʨʘʬʽʢʫ ʈʠʩ.1 
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ʈʠʩ 3 ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ 

ʋʢʨʘʾʥʠ. 

ʗʢ ʙʘʯʠʤʦ, ʭʚʠʣʝʧʦʜʽʙʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʤʘʣʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʷʢʠʡ ʜʽʻ ʟ ʚʝʣʠʢʦʶ ʘʤʧʣʽʪʫʜʦʶ, ʱʦ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ 

ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʫ ʜʠʥʘʤʽʢʠ ʩʪʘʥʜʘʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ Microsoft Excel. ɿʘ-

ʢʦʥʦʜʘʚʩʪʚʦ ʋʢʨʘʾʥʠ ʧʨʦʚʦʜʠʪʴ ʙʽʣʴʰ ʛʣʠʙʦʢʠʡ ʧʦʜʽʣ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ 

ʤʘʣʽ ʽ ʤʽʢʨʦʧʽʜʧʨʠʻʤʩʪʚʘ [3]. ʎʝʡ ʧʦʜʽʣ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 3. 

  ʈʘʟʦʤ ɺʝʣʠʢʽ ʉʝʨʝʜʥʽ ʄʘʣʽ (ʙʝʟ ʤʽʢʨʦ) ʄʽʢʨʦ 

2010 2183928 586 21338 68316 2093688 

2011 1701620 659 21059 71083 1608819 

2012 1600127 698 20550 68103 1510776 

2013 1722070 659 19210 65021 1637180 

2014 1932161 497 16618 55159 1859887 

2015 1974318 423 15510 47555 1910830 

ʇʨʦʚʝʜʝʤʦ ʥʦʨʤʘʣʽʟʘʮʽʶ ʜʘʥʠʭ ʪʘʙʣʠʮʽ 3 

ʊʘʙʣʠʮʷ 4 ʅʦʨʤʘʣʽʟʦʚʘʥʽ ʜʘʥʽ. 

  ʈʘʟʦʤ ɺʝʣʠʢʽ ʉʝʨʝʜʥʽ 

ʄʘʣʽ (ʙʝʟ 

ʤʽʢʨʦ) ʄʽʢʨʦ 

2010 1,530993 0,00931 0,935205 0,628418 1,465867 

2011 -0,6961 0,67032 0,82129 0,929436 -0,73127 

2012 -1,16476 1,03341 0,613467 0,605246 -1,17554 

2013 -0,60167 0,67032 0,066348 0,269959 -0,60275 

2014 0,368438 -0,8379 -0,991958 -0,80291 0,406422 

2015 0,563102 -1,52684 -1,444351 -1,63014 0,637265 

 

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ.
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ʇʨʝʜʩʪʘʚʠʤʦ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʜʘʥʽ ʥʘ ʛʨʘʬʽʢʫ ʈʠʩ 2. 

 
ʗʢ ʙʘʯʠʤʦ ʟ ʛʨʘʬʽʢʫ ʨʠʩ 2 ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʽʢʠ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ 

ʩʫʪʪʻʚʦ ʟʤʽʥʠʚʩʷ ʽ ʤʦʞʝ ʙʫʪʠ ʷʢʽʩʥʦ ʘʧʨʦʢʩʠʤʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʩʦʙʽʚ Microsoft Excel ʧʘʨʘʙʦʣʽʯʥʠʤ ʨʽʚʥʷʥʥʷʤ ʪʨʝʪʴʦʛʦ 

ʧʦʨʷʜʢʫ. ʇʨʠ ʮʴʦʤʫ, ʢʨʠʚʽ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʽ 

ʤʽʢʨʦʧʽʜʧʨʠʻʤʩʪʚ ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʶʪʴ ʫ ʥʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ.  

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʚʝʣʠʢʠʭ, ʩʝʨʝʜʥʽʭ ʽ ʤʘʣʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʝʞ ʩʪʘʣʘ 

ʙʽʣʴʰ ʧʣʘʚʥʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʷʢʽʩʥʦ ʦʧʠʩʫʚʘʪʠ ʾʭ ʢʫʙʽʯʥʠʤʠ ʧʘʨʘʙʦ-

ʣʘʤʠ. 

ɼʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʜʠʥʘʤʽʢʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʫ ʜʝʩʷʪʢʦʚʽʡ ʥʦʪʘʮʽʾ, 

ʧʨʦʚʝʜʝʤʦ ʟʘʤʽʥʫ ʨʦʢʽʚ 2010 ʥʘ 10, 2011ʥʘ 11 ʽ ʪ. ʜ., ʪʘʢʦʞ ʧʦʜʽʣʠʤʦ 

ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʤʽʢʨʦʧʽʜʧʨʠʻʤʩʪʚ ʥʘ 106 , ʩʪʚʦʨʠʤʦ 

ʥʦʚʫ ʪʘʙʣʠʮʶ, ʟ ʷʢʦʾ ʨʦʟʨʘʭʫʻʤʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. 

ʊʘʙʣʠʮʷ 5. 

  

ʈʘʟʦʤ 

ʐʪ.  *10-6 

ɺʝʣʠʢʽ 

ʰʪ.. 

ʉʝʨʝʜʥʽ 

ʰʪ.. 

ʄʘʣʽ (ʙʝʟ 

ʤʽʢʨʦ) ʰʪ.. 

ʄʽʢʨʦ 

*10-6 ʰʪ. 

10 2,183928 586 21338 68316 2,093688 

11 1,70162 659 21059 71083 1,608819 

12 1,600127 698 20550 68103 1,510776 

13 1,72207 659 19210 65021 1,63718 

14 1,932161 497 16618 55159 1,859887 

15 1,974318 423 15510 47555 1,91083 

ʈʘʟʦʤ y = -0,0292x3 + 1,1627x2 - 15,257x + 67,647                              (2) 

R2 = 0,9982 

ɺʝʣʠʢʽ ʫ = 4,3981x3 - 192,41x2 + 2688,2x ï 11461                                (3) 

R2 = 0,9552 

ʉʝʨʝʜʥʽ y = 67,657x3 - 2760x2 + 35691x ï 127344                               (4) 

R2 = 0,9856 

ʄʘʣʽ y = 185,1x3 - 8358,9x2 + 116852x ï 449426                                 (5) 

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ 

ʋʢʨʘʾʥʠ.
y = -0,1333x3 + 805,21x2 - 2E+06x + 1E+09

R2 = 0,9979
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R2 = 0,9916 

ʄʽʢʨʦ ʤʘʣʽ y = -0,0294x3 + 1,174x2 - 15,412x + 68,235                       (6) 

R2 = 0,9979 

ɺʠʩʥʦʚʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʷʢʽʩʥʦʛʦ ʦʧʠʩʫ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʢʽʣʴ-

ʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʦʢʨʝʤʠʪʠ ʤʘʣʽ ʽ ʤʽʢʨʦʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʆʪʨʠʤʘʥʽ ʘʜʝʢʚʘʪʥʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʣʷ ʦʧʠʩʫ ʟʘʛʘʣʴʥʦʾ ʜʠʥʘʤʽʢʠ 

ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ, ʜʠʥʘʤʽʢʠ ʚʝʣʠʢʠʭ, ʩʝʨʝʜʥʽʭ, ʤʘʣʠʭ ʽ ʤʽʢʨʦ ʤʘʣʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʟ 2010 ʧʦ 2015 ʨʦʢʠ 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʃʘʧʰʠʥ ɺ.ɯ., ʂʫʟʥʽʯʝʥʢʦ ɺ.ʄ., ʉʪʝʮʝʥʢʦ ʊ.ɺ. ɼʠʥʘʤʽʢʘ ʢʽʣʴʢʦʩʪʽ ʤʘ-

ʣʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʋʢʨʘʾʥʽ / ɻʣʦʙʘʣʴʥʽ ʪʘ ʥʘʮʽʦʥʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʝʢʦ-

ʥʦʤʽʢʠ: ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ.ʆ. ʉʫʭʦʤʣʠʥ-

ʩʴʢʦʛʦ.-ʄʠʢʦʣʘʾʚ, ɺʠʧʫʩʢ 9. 2016 ʩ 867-870. 

2.ʐʚʝʮʴ ɻ. ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʤʘʣʦʛʦ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ. [ɽʣʝʢ-

ʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʫ 

http://econf.at.ua/publ/konferencija_2016_10_20_21/sekcija_5_ekonomichn

i_nauki/suchasni_tendenciji_malogo_pidpriemnictva_v_ukrajini/54-1-0-13 

3.ɺʽʢʽʧʝʜʽʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʫ 

https://uk.wikipedia.org/wiki/ʄʘʣʽ_ʪʘ_ʩʝʨʝʜʥʽ_ʧʽʜʧʨʠʻʤʩʪʚʘ 

 

ʋɼʂ 681.513 

ʂʆʅʎɽʇʎʀʗ ʄʆɹʀʃʔʅʆɻʆ ʋʏɽɹʅʆɻʆ ʂʆʄʇʃɽʂʉɸ 

ʄ.ʀ. ɼʝʤʠʜʝʥʢʦ. ʆ ɺ. ʂʦʨʥʠʝʥʢʦ 

ʇʦʣʪʘʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʖʨʠʷ ʂʦʥ-

ʜʨʘʪʶʢʘ, ʋʢʨʘʠʥʘ 

 

ʂʦʤʧʘʥʠʷ Gartner, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʠʜʝʨʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʤ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʲʷʚʠʣʘ, ʯʪʦ ʚ 2013 ʛʦʜʫ 

ʧʨʦʜʘʞʠ ʩʤʘʨʪʬʦʥʦʚ ʚʧʝʨʚʳʝ ʧʨʝʚʳʩʠʣʠ ʧʨʦʜʘʞʠ ʦʙʳʯʥʳʭ ʪʝʣʝʬʦʥʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʤʦʣʦʜʝʞʴ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʙʦʣʝʝ 90% ʩʪʫʜʝʥʪʦʚ ʠʤʝʶʪ  ʩʤʘʨʪʬʦʥ ʣʠʙʦ ʧʣʘʥ-

ʰʝʪ. ʇʦʵʪʦʤʫ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʫʯʝʙ-

ʥʦʤ ʧʨʦʮʝʩʩʝ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʆʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ 

ʚʠʜʦʚ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠʥʞʝʥʝʨʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ 

(ʦʩʦʙʝʥʥʦ ʀʊ) ʪʨʝʙʫʝʪ ʩʝʨʴʝʟʥʳʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ (ʧʨʦʝʢʪʦʨ, ʩʝʪʴ, 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʝʭʥʠʢʘ, ʠ ʪ.ʧ.). ʂʨʦʤʝ ʪʦʛʦ ʯʘʩʪʴ ʩʪʫʜʝʥʪʦʚ ʤʦʞʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʛʘʜʞʝʪʳ ʚʦ ʚʨʝʤʷ ʟʘʥʷʪʠʡ ʥʝ ʧʦ ʥʘʟʥʘʯʝʥʠʶ.  ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʟʘʜʝʡʩʪʚʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ï ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʥʮʝʧʮʠʶ ʤʦʙʠʣʴʥʦʛʦ ʫʯʝʙʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʚʩʝʭ ʚʠʜʦʚ 

ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʚ ʣʶʙʳʭ ʧʦʤʝʱʝʥʠʷʭ ʪʘʢ ʠ ʟʘ ʠʭ ʧʨʝʜʝʣʘʤʠ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʪʫʜʝʥʪʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ 

ʤʦʙʠʣʴʥʦʛʦ ʫʯʝʙʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝʦʙʭʦʜʠʤʦ: 

ʈʝʘʣʠʟʦʚʘʪʴ ʘʚʪʦʥʦʤʥʫʶ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ. 

1. ʈʝʘʣʠʟʦʚʘʪʴ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʢʦʥʪʝʥʪʘ. 

2. ʈʝʘʣʠʟʦʚʘʪʴ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʡ 

3. ʈʝʘʣʠʟʦʚʘʪʴ ʩʨʝʜʩʪʚʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ 

4. ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʩʨʝʜʩʪʚʘ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʳʤʠ ʦʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʙʠʣʴʥʦʛʦ Wi-Fi ʨʦʫʪʝʨʘ ʧʨʝʜʣʘʛʘʶʪʩʷ ʪʘʢʠʝ ʫʩʪʨʦʡ-

ʩʪʚʘ: 

¶ Tenda 3G150B (ʝʤʢʦʩʪʴ ʘʢʫʤʫʣʷʪʦʨʘ 1500 ʤɸʯ) 

¶ Xiaomi Zmi MF855 (ʝʤʢʦʩʪʴ ʘʢʫʤʫʣʷʪʦʨʘ 7800 ʤɸʯ, ʬʫʥʢʮʠʷ 

NAS) 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʝʪʠ ʥʘ ʙʘʟʝ Tenda 3G150B ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʦʫʪʝʨ ʙʝʟ 

ʧʦʪʝʨʠ ʩʢʦʨʦʩʪʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʦ 40 ʧʦʜʢʣʶʯʝʥʠʡ (ʙʝʟ ʧʦʜʢʣʶʯʝʥʠʷ 

WAN). 

ʉʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʆʩʥʦʚʥʳʤʠ ʪʠʧʘʤʠ ʢʦʥʪʝʥʪʘ, ʢʦʪʦʨʳʝ ʟʘ-

ʜʝʡʩʪʚʫʶʪʩʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ,  ʷʚʣʷʶʪʩʷ: ʵʣʝʢ-

ʪʨʦʥʥʳʝ ʧʨʝʟʝʥʪʘʮʠʠ, ʠʟʦʙʨʘʞʝʥʠʷ, ʚʠʜʝʦ, ʘʫʜʠʦ.  ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ 

ʚʝʱʘʥʠʷ ʚʠʜʝʦ, ʘʫʜʠʦ, ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʞʥʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ 

Digital Living Network Alliance (DLNA) - ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʦʚ, ʧʦʟʚʦʣʷʶ-

ʱʠʭ ʩʦʚʤʝʩʪʠʤʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʧʝʨʝʜʘʚʘʪʴ ʠ ʧʨʠʥʠʤʘʪʴ ʧʦ ʜʦʤʘʰʥʝʡ 

ʩʝʪʠ ʨʘʟʣʠʯʥʳʡ ʤʝʜʠʘ-ʢʦʥʪʝʥʪ (ʠʟʦʙʨʘʞʝʥʠʷ, ʤʫʟʳʢʫ, ʚʠʜʝʦ), ʘ ʪʘʢʞʝ 

ʦʪʦʙʨʘʞʘʪʴ ʝʛʦ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʝʨʚʝʨʦʚ ʧʨʦ-

ʰʣʠ ʘʧʨʦʙʘʮʠʶ: DLNA Home Media Server  (ʜʣʷ Windows) ʠ DLNA 

Server (ʜʣʷ Android). ɺ ʢʘʯʝʩʪʚʝ ʢʣʠʝʥʪʦʚ: VLC Player (ʜʣʷ Windows, 

Android, IOS) ʠ  MediaHouse (ʜʣʷ Android).   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʪʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

Å ʥʠʟʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʩʝʨʚʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (DLNA Server, ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʡ ʥʘ ʧʣʘʥʰʝʪʝ,  ʧʦʟʚʦʣʠʣ ʚʝʱʘʪʴ ʤʝʜʠʘ-ʢʦʥʪʝʥʪ ʥʘ ʘʫʜʠʪʦʨʠʶ 

ʙʦʣʝʝ 30 ʯʝʣʦʚʝʢ, ʙʝʟ ʟʘʤʝʪʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʫʩʪʨʦʡʩʪʚʦ); 

Å ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩʝʨʚʝʨʘ ʜʣʷ ʨʘʟ-

ʥʳʭ ʛʨʫʧʧ ʩʣʫʰʘʪʝʣʝʡ; 

Å ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʱʘʥʠʷ ʚʠʜʝʦ, ʘʫʜʠʦ, ʠʟʦʙʨʘʞʝʥʠʡ. 

ʅʝʜʦʩʪʘʪʢʠ:  

Å ʦʪʩʫʪʩʪʚʠʝ ʚʝʱʘʥʠʷ ʧʨʝʟʝʥʪʘʮʠʡ; 
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Å ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ 

ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʵʢʨʘʥʦʤ ʤʝʥʝʝ 3,5 ʜʶʡʤʘ. 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʝʟʝʥʪʘʮʠʡ ʤʦʞʥʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ 

Real Time Streaming Protocol (RTSP) ï ʧʦʪʦʢʦʚʳʡ ʧʨʦʪʦʢʦʣ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ï ʧʨʦʪʦʢʦʣ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʴʟʦʚʘʪʝʣʶ ʫʜʘʣʝʥʥʦ ʚʦʩʧʨʦʠʟʚʦ-

ʜʠʪʴ ʧʦʪʦʢ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʜʘʥʥʳʭ (ʘʫʜʠʦ ʠ ʚʠʜʝʦ) ʩ ʧʦʤʦʱʴʶ ʛʠ-

ʧʝʨʩʩʳʣʢʠ ʠ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʧʣʝʝʨʘ.   

ɺ ʢʘʯʝʩʪʚʝ ʩʝʨʚʝʨʦʚ ʧʨʦʰʣʠ ʘʧʨʦʙʘʮʠʶ: Open Broadcaster Software 

(ʜʣʷ Windows), Screen Stream Mirroring (ʜʣʷ Android). ɺ ʢʘʯʝʩʪʚʝ ʢʣʠʝʥ-

ʪʦʚ: VLC Player (ʜʣʷ Windows, Android, IOS), RTSP Player (ʜʣʷ Android)  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʪʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

Å ʩʨʝʜʥʷʷ ʥʘʛʨʫʟʢʘ ʥʘ ʩʝʨʚʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 

Å ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʜʝʤʦʥʩʪʨʘʮʠʶ ʨʦʙʦʪʳ ʚʩʝʭ ʧʨʠʣʦʞʝʥʠʡ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʪʘ ʩʝʨʚʝʨʝ (ʥʘʧʨʠʤʝʨ ʧʨʦʚʦʜʠʪʴ ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʳʧʦʣ-

ʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʜʣʷ ʀʊ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ). 

ʅʝʜʦʩʪʘʪʢʠ:  

Å ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʜʝʨʞʢʠ ʧʨʦʪʦʢʦʣʘ Android-ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʝʨʩʠʠ 

ʥʠʞʝ 4.0. 

ʉʨʝʜʩʪʚʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷ-

ʪʠʡ. ʕʪʦʪ ʚʦʧʨʦʩ ʨʘʩʩʤʦʪʨʝʥ ʥʘ ʧʨʠʤʝʨʝ ʜʠʩʮʠʧʣʠʥ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

çʂʦʤʧʴʶʪʝʨʥʳʝ ʥʘʫʢʠè. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ, ʥʘ Android ʫʩʪʨʦʡʩʪʚʘʭ, ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʝʤ ʪʘʢʠʤʠ ʧʨʦʜʫʢʪʘʤʠ:  

¶ AIDE  (ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʥʘ Java); 

¶ CppDroid  (ʠʥʪʝʨʧʨʝʪʘʪʦʨ C/C++); 

¶ IAssembly  (ʠʥʪʝʨʧʨʝʪʘʪʦʨ Assebler); 

¶ Pascal N-IDE (ʠʥʪʝʨʧʨʝʪʘʪʦʨ Pascal); 

¶ Android Web Developer (ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ PHP, 

CSS, JS, HTML, JSON) ʠ ʪ.ʜ.  

ɼʣʷ ʭʨʘʥʝʥʠʷ ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʠʝʤʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʢʦ-

ʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʪʦʢʦʣ FTP  

ʉʨʝʜʩʪʚʘ  ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ. ʇʦʠʩʢ ʧʦ https://play.google.com ʧʦʢʘ-

ʟʘʣ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ  ʧʨʠʣʦʞʝʥʠʷ  ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ 

ʷʚʣʷʶʪʩʷ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘ-

ʩʪʝʡ ʠ ʥʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʪʝʩʪʳ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ,  ʨʘʟʨʘʙʦʪʘʥʦ 

ʧʨʠʣʦʞʝʥʠʝ ʩ ʪʘʢʠʤʠ ʬʫʥʢʮʠʷʤʠ: 

¶ ʟʘʛʨʫʟʢʘ ʪʝʩʪʘ ʠʟ xml ʬʘʡʣʘ;  

¶ ʨʘʩʰʠʬʨʦʚʢʘ ʩʦʜʝʨʞʠʤʦʛʦ ʪʝʩʪʘ; 
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¶ ʚʳʙʦʨ ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ; 

¶ ʚʳʙʦʨ ʥʝʩʢʦʣʴʢʠʭ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ; 

¶ ʚʚʦʜ ʧʨʘʚʠʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ; 

¶ ʛʨʘʬʠʯʝʩʢʦʝ ʦʬʦʨʤʣʝʥʠʝ ʧʨʘʚʠʣʴʥʳʭ ʠ ʥʝʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ; 

¶ ʪʘʡʤʝʨ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ ʥʘ ʚʳʙʦʨ ʦʪʚʝʪʘ; 

¶ ʧʦʜʩʯʝʪ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʘʙʨʘʥʥʳʭ ʙʘʣʣʦʚ; 

¶ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʘ ʥʘ ʵʢʨʘʥ; 

¶ ʦʪʧʨʘʚʢʘ ʨʝʟʫʣʴʪʘʪʘ ʥʘ ʵʣʝʢʪʨʦʥʥʳʡ ʘʜʨʝʩ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʧʦʩʣʝ 
ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʘ. 

   

ʂʣʠʝʥʪ Windows, IOS.ʉʧʠʩʦʢ ʇʆ: 

ʇʨʦʛʨʘʤʤʘ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣ̫ ʟʥʘʥʠʡ

VLC Player

 

ʉʝʨʚʝʨ Android. ʉʧʠʩʦʢ ʇʆ:

¶ FTP ʩʝʨʚʝʨ  

¶ Screen Stream Mirroring

¶ DLNA Server

¶ ʬʘʡʣr  ʪʝʩʪʦʚ

˸͙ͦ͋͡Έͤ·͚ 
Wi-FI ͪ ͔ͦͯͭͪ

ʂʣʠʝʥʪ Android. ʉʧʠʩʦʢ ʇʆ:

¶ ʇʨʦʛʨʘʤʤʘ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣ̫ ʟʥʘʥʠʡ

¶ RTSP Player

¶ MediaHouse

ʉʝʨʚʝʨ  Windows ʉʧʠʩʦʢ ʇʆ:

¶ FTP ʩʝʨʚʝʨ  

¶ Open Broadcaster Software

¶ Home Media Server

¶ ʌʘʡʣr  ʪʝʩʪʦʚ

͙͙͡

 
ʈʠʩ. 1 ʂʦʥʮʝʧʮʠʷ ʤʦʙʠʣʴʥʦʛʦ ʫʯʝʙʥʦʛʦ ʮʝʥʪʨʘ 

 

ɺʳʚʦʜʳ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʤʦʙʠʣʴʥʦʛʦ ʫʯʝʙʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ (ʨʠʩ.1) ʧʦʟʚʦʣʠʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʥʘ  ʙʦʣʝʝ ʚʳʩʦ-

ʢʦʤ ʫʨʦʚʥʝ ʙʝʟ ʩʝʨʴʝʟʥʳʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ. ʆʙʝʩʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʡ ʟʘ ʧʨʝʜʝʣʘʤʠ ɺʋɿʘ (ʥʘʧʨʠʤʝʨ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ). 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʢʦʥʮʝʧʮʠʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʷʚ-

ʣʷʶʪʩʷ ʙʝʩʧʣʘʪʥʳʤʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʫʯʝʙʥʳʭ 

ʟʘʥʷʪʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ (Wi-Fi ʨʦʫʪʝʨ.Tenda 3G150B, 

ʩʝʨʚʝʨ DLNA  ʇʣʘʥʰʝʪ Dex iP800-16GB,  ʩʝʨʚʝʨ RTSP  ʇʣʘʥʰʝʪ Nomi 

C070010 Corsa). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ  DLNA  ʜʦʩʪʘʪʦʯʥʦ ʪʘʢʦʡ ʢʦʥʬʠʛʫ-

ʨʘʮʠʠ Android ʫʩʪʨʦʡʩʪʚʘ: ʜʚʫʭʷʜʝʨʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʧʘʤʷʪʴ 1 ɻʙ, 

Android 4.0. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ  RTSP  ʜʦʩʪʘʪʦʯʥʦ ʪʘʢʦʡ ʢʦʥʬʠʛʫ-

ʨʘʮʠʠ Android ʫʩʪʨʦʡʩʪʚʘ: ʯʝʪʳʨʝʭʷʜʝʨʥʳʡ  ʧʨʦʮʝʩʩʦʨ, ʧʘʤʷʪʴ 1 ɻʙ, 

Android 5.0.  
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ɼʣʷ ʢʣʠʝʥʪʩʢʠʭ Android ʫʩʪʨʦʡʩʪʚ: ʦʜʥʦʷʜʝʨʥʳʡ ʧʨʦʮʝʩʩʦʨ,  ʧʘʤʷʪʴ 

512 ʄʙ, Android 4.0. 

 

ʋɼʂ 004.415.2 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɸ ɯʅʌʆʈʄɸʎɯʁʅɸ ʉʀʉʊɽʄɸ 

ʇʈʆɺɽɼɽʅʅʗ ɿʄɸɻɸʅʔ 

ʆ.ʆ.ɹʦʨʦʜʽʥʘ,  ʈ.ɸ. ʂʦʭʘʮʴʢʠʡ 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘ-

ʪʶʢʘ, ʋʢʨʘʾʥʘ 

 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʩʪʘʶʪʴ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʢʣʘʜʦʚʠʭ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʪʘ ʩʦʮʽʫʤʫ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝʤʦʞʣʠʚʦ 

ʫʷʚʠʪʠ ʦʨʛʘʥʽʟʘʮʽʶ ʩʧʦʨʪʠʚʥʠʭ ʟʤʘʛʘʥʴ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡ-

ʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʪʠʚʥʠʡ ʟʙʽʨ, ʧʝʨʝʜʘʯʫ, ʟʙʝʨʽʛʘʥʥʷ 

ʪʘ ʦʙʨʦʙʢʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʘʩʧʝʢʪʽʚ ʨʝʛʣʘʤʝʥʪʘʮʽʾ ʫʤʦʚ ʟʤʘʛʘʣʴʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʻ ʦʙʨʘʥʘ ʩʠʩʪʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʟʤʘʛʘʥʴ. ɺʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʙ-

ʨʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʝʞʘʪʴ ʟʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʟʤʘʛʘʥʴ, ʢʽʣʴʢʽʩʪʴ 

ʟʫʩʪʨʽʯʝʡ, ʧʦʻʜʠʥʢʽʚ, ʢʽʣ ʪʘ ʽʥ. ʂʣʘʩʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʟʤʘʛʘʥʴ ʟ ʧʣʘʚʘʥʥʷ ʻ ʧʨʷʤʘ ʩʠʩʪʝʤʘ, ʚ ʷʢʽʡ ʨʝʟʫʣʴʪʘʪʠ ʫʯʘʩʥʠʢʽʚ 

ʦʮʽʥʶʶʪʴʩʷ ʤʝʪʨʠʯʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʘʙʦ ʩʠʩʪʝʤʦʶ ʙʘʣʽʚ. ɺ ʨʘʟʽ ʷʢʱʦ 

ʫʯʘʩʥʠʢʠ ʧʦʢʘʟʘʣʠ ʦʜʥʘʢʦʚʠʡ ʨʝʟʫʣʴʪʘʪ ʚ ʧʦʧʝʨʝʜʥʽʭ ʘʙʦ ʧʽʚʬʽʥʘʣʴʥʠʭ 

ʟʘʧʣʠʚʘʭ, ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʧʝʨʝʟʘʧʣʠʚ. ʋ ʧʽʜʩʫʤʢʦʚʦʤʫ ʟʤʘ-

ʛʘʥʥʽ ʫʯʘʩʥʠʢʠ ʟ ʦʜʥʠʤ ʡ ʪʠʤ ʞʝ ʨʝʟʫʣʴʪʘʪʦʤ ʜʽʣʷʪʴ ʤʽʩʮʝ.  ʆʜʥʘʢ ʜʘʥʘ 

ʩʠʩʪʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʣʠʚʽʚ ʥʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʩʧʦʨʪʩʤʝʥʽʚ ʢʘʪʝʛʦʨʽʾ 

çʄʘʩʪʝʨʩè ʚ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʣʠʚʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩ-

ʥʦʚʽ ʪʽʣʴʢʠ ʧʦʧʝʨʝʜʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʚʢʘʟʘʚ ʩʧʦʨʪʩʤʝʥ ʫ ʟʘʷʚʮʽ ʜʣʷ 

ʫʯʘʩʪʽ ʫ ʟʤʘʛʘʥʥʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʘ ʥʝ ʻ ʜʦʮʽʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ 

ʟʤʘʛʘʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʜʦʩʠʪʴ ʩʪʠʩʣʽ ʪʝʨʤʽʥʠ, ʱʦ ʧʦʪʨʝʙʫʻ ʤʠʪʪʻʚʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʟʤʘʛʘʥʴ.  ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ 

ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʪʘʢʠʤ ʢʨʠʪʝʨʽʷʤ: 

- on-line ʧʨʠʡʦʤ ʟʘʷʚʦʢ ʥʘ ʫʯʘʩʪʴ ʫ ʟʤʘʛʘʥʥʷʭ; 

- ʩʢʣʘʜʘʥʥʷ ʩʪʘʨʪʦʚʦʛʦ ʧʨʦʪʦʢʦʣʫ; 

- ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʤʘʛʘʥʴ ʚ ʙʘʟʽ ʜʘʥʠʭ; 

- ʥʘʜʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʣʠʚʫ ʟ ʨʦʟʨʘʭʫʥʢʦʤ ʦʯʦʢ FINA; 

- ʬʦʨʤʫʚʘʥʥʷ ʨʝʡʪʠʥʛʫ ʩʧʦʨʪʩʤʝʥʫ ʫ ʚʽʢʦʚʽʡ ʢʘʪʝʛʦʨʽʾ ʪʘ ʧʦ ʦʪʨʠʤʘ-
ʥʠʭ ʦʯʢʘʤ; 

- ʩʢʣʘʜʘʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʟʤʘʛʘʥʴ; 

- ʤʦʞʣʠʚʽʩʪʴ ʨʝʜʘʛʫʚʘʥʥʷ ʦʬʦʨʤʣʝʥʥʷ ʧʨʦʪʦʢʦʣʫ ʟʤʘʛʘʥʥʷ ʢʦʨʠʩʪʫ-
ʚʘʯʝʤ; 
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- ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʦʯʦʢ ʜʣʷ ʢʦʤʘʥʜʥʦʛʦ ʟʘʣʽʢʫ. 

ɸɯʉʇɿ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʚʠʛʣʷʜʽ Web-ʜʦʜʘʪʢʫ. ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʢʦʥ-

ʪʝʥʪʦʤ ʟʘʙʝʟʧʝʯʫʻ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʚʽ ʩʘʡʪʫ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʜʽʡ: 

Á ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʟʘʷʚʢʠ ʜʣʷ ʫʯʘʩʪʽ ʚ ʟʤʘʛʘʥʥʷʭ; 

Á ʨʝʜʘʛʫʚʘʥʥʷ ʟʘʷʚʢʠ ʨʘʥʽʰʝ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʫʯʘʩʥʠʢʘ ʟʤʘʛʘʥʴ; 

Á ʬʦʨʤʫʚʘʥʥʷ ʩʧʠʩʢʫ ʧʦʜʘʥʠʭ ʟʘʷʚʦʢ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʚʝʨʪʘʮʽʾ ʫ 

ʬʦʨʤʘʪʠ: .pdf, .xls, .csv, .html, .jsoin; 

Á ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʜʠʩʪʘʥʮʽʡ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ;  

Á ʜʦʜʘʚʘʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʚʽʢʦʚʠʭ ʢʘʪʝʛʦʨʽʡ;  

Á ʘʚʪʦʤʘʪʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʣʠʚʽʚ ʧʦ ʜʠʩʪʘʥʮʽʷʭ, ʘ ʪʘʢʦʞ ʜʦʩʪʫʧʥʘ 
ʬʫʥʢʮʽʷ ʨʫʯʥʦʛʦ ʨʝʜʘʛʫʚʘʥʥʷ; 

Á ʟʘʧʦʚʥʝʥʥʷ ʪʘʙʣʠʮʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʟʘʧʣʠʚʫ ʪʘ  

ʥʘʨʘʭʫʚʘʥʥʷ  ʦʯʢʽʚ ʟʘ ʯʘʩʦʤ; 

Á ʬʦʨʤʫʚʘʥʥʷ ʨʝʡʪʠʥʛʫ ʟʘ ʚʽʢʦʚʦʶ ʢʘʪʝʛʦʨʽʻʶ ʪʘ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʦʯ-
ʢʘʤʠ; 

Á ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʝʡʪʠʥʛʫ ʥʘ ʦʩʥʦʚʽ ʪʨʴʦʭ ʥʘʡʢʨʘʱʠʭ ʨʝ-
ʟʫʣʴʪʘʪʽʚ; 

ʂʦʨʠʩʪʫʚʘʮʴʢʘ ʯʘʩʪʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʦʶ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʫʯʘʩ-

ʥʠʢʽʚ ʟʤʘʛʘʥʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

Å ʟʘʛʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʫʯʘʩʥʠʢʘ ʟʤʘʛʘʥʴ (ʨʠʩ.1) ; 

 
ʈʠʩ.1. ɿʘʛʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʫʯʘʩʥʠʢʘ ʟʤʘʛʘʥʴ 
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Å ʜʠʩʪʘʥʮʽʾ, ʷʢʽ ʦʙʨʘʚ ʫʯʘʩʥʠʢʠ ʟʤʘʛʘʥʴ (ʨʠʩ. 2) ; 

 
ʈʠʩ. 2.  ɼʠʩʪʘʥʮʽʾ, ʷʢʽ ʦʙʨʘʚ ʫʯʘʩʥʠʢʠ ʟʤʘʛʘʥʴ 

 

Å ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʢʣʘʜ ʫʯʘʩʥʠʢʽʚ, ʷʢʽ ʧʨʠʡʤʘʪʠʤʫʪʴ ʫʯʘʪʴ ʫ ʝʩʪʘ-
ʬʝʪʽ (ʨʠʩ. 3)  

 
ʈʠʩ. 3.  ɯʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʢʣʘʜ ʫʯʘʩʥʠʢʽʚ, ʷʢʽ ʧʨʠʡʤʘʪʠʤʫʪʴ ʫʯʘʪʴ ʫ 

ʝʩʪʘʬʝʪʽ 

 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʯʘʩʪʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠ-

ʩʫʥʢʫ 4. 



73 

 
ʈʠʩ. 4.  ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʘ ʯʘʩʪʠʥʘ ɸɯʉʇɿ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʫ ʦʙʨʦʙʢʫ ʽʥ-

ʬʦʨʤʘʮʽʾ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʘ 

ʧʽʜʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʤʘʛʘʥʴ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. V ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʉʪʫʜʝʥʯʝʩʢʠʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤè [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦ-

ʩʪʫʧʫ: http://www.scienceforum.ru/2013/250/2071 

 

ʋɼʂ 519.85.61 

ɯʄɯʊɸʎɯʁʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɺɯɼɼɯʃɽʅʅʗ ʇʆʃɯʂʃɯʅɯʂʀ 

ɿɸʉʆɹɸʄʀ ANYLOGIC  

ʖ.ɺ. ɹʘʙʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʘ ʤʝʪʘʣʫʨʛʽʡʥʘ ʘʢʘʜʝʤʽʷ ʋʢʨʘʾʥʠ 

 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʨʽʟʥʽ ʩʬʝʨʠ ʞʠʪʪʷ ʜʘʻ ʢʦ-

ʞʥʦʤʫ ʟ ʥʘʩ ʚʝʣʠʯʝʟʥʽ ʧʝʨʝʚʘʛʠ, ʦʧʪʠʤʽʟʫʶʯʠ ʥʘʰʫ ʜʽʷʣʴʥʽʩʪʴ ʽ ʨʦʙʣʷʯʠ 

ʾʾ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ. ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʚʽʜʜʽʣʝʥʥʷ ʧʦʣʽʢʣʽʥʽʢʠ, ʷʢʘ ʟʘ-

ʧʨʦʧʦʥʦʚʘʥʘ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʧʦʣʝʛʰʫʻ ʟʙʽʨ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʙʫʜʝ ʦʧʪʠʤʽʟʫʚʘʪʠ ʜʽʷʣʴʥʽʩʪʴ ʤʝʜʠʯʥʦʛʦ ʧʝʨʩʦ-

ʥʘʣʫ ʪʘ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʮʽʻʥʪʽʚ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʩʠʩʪʝʤʫ, ʷʢʘ ʥʘʜʘʻ ʩʝʨʚʽʩʥʝ ʦʙʩʣʫʛʦʚʫ-

ʚʘʥʥʷ ʧʘʮʽʻʥʪʽʚ ʚ ʧʦʣʽʢʣʽʥʽʮʽ. ʋ ʚʽʜʜʽʣʝʥʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʨʝʻʩʪʨʘʪʫʨʘ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʜʚʽ ʦʧʝʨʘʮʽʾ: ʚʠʜʘʯʫ ʘʤʙʫʣʘʪʦʨʥʠʭ ʢʘʨʪ ʪʘ ʟʘʧʠʩ ʥʘ ʧʨʠʡʦʤ 
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ʜʦ ʣʽʢʘʨʷ. ʋ ʨʝʻʩʪʨʘʪʫʨʽ ʩʪʦʷʪʴ ʚʽʜʚʽʜʫʚʘʯʽ. ʇʽʩʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʞʝʥ 

ʧʘʮʽʻʥʪ ʡʜʝ ʥʘ ʧʨʠʡʦʤ.  

ʄʝʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ï ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʟʥʘʭʦʜʞʝʥʥʷ ʯʠʩʣʦʚʠʭ 

ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝ-

ʤʦʶ ʧʦʪʦʢʫ ʚʽʜʚʽʜʫʚʘʯʽʚ. ʊʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʻ: 1. ʯʘʩ, ʧʨʦʚʝʜʝ-

ʥʠʡ ʧʘʮʽʻʥʪʦʤ ʚ ʧʦʣʽʢʣʽʥʽʮʽ; 2. ʜʦʚʞʠʥʘ ʯʝʨʛʠ, ʷʢʫ ʚʽʥ ʚʽʜʩʪʦʷʚ; 3. ʚʽʜ-

ʩʦʪʦʢ ʯʘʩʫ ʟʘʡʥʷʪʦʩʪʽ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ.  

ʉʪʨʫʢʪʫʨʘ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʦʚʠʥʥʘ ʚʽʜʦʙʨʘʞʘʪʠ ʩʪʨʫʢʪʫʨʫ ʨʝʘʣʴ-

ʥʦʾ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ: ʟʘʷʚʢʠ (ʧʘʮʽʻʥʪʠ) ʛʝʥʝʨʫʶʪʴʩʷ 

(ʚʭʦʜʷʪʴ ʚ ʩʠʩʪʝʤʫ), ʩʪʘʶʪʴ ʚ ʯʝʨʛʫ ʜʦ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʣʽʢʘʨʽʚ, ʘ ʧʽʩʣʷ 

ʧʦʚʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʣʠʰʘʶʪʴ ʩʠʩʪʝʤʫ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽ-

ʩʪʶ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʩʪʦʭʘʩʪʠʯʥʘ ʧʨʠʨʦʜʘ ʦʧʠʩʘʥʥʷ 

ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʽʩʣʷ ʨʦʟʨʦʙʢʠ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ çPolyclinic_modelè ʫ ʩʝʨʝʜʦʚʠʱʽ 

AnyLogic [1, 2] ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʫʚʘʥʥʷ ʚʧʣʠʚʫ ʪʘʢʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦ-

ʜʽʣʫ ʷʢ: ʪʨʠʢʫʪʥʦʛʦ, ʨʽʚʥʦʤʽʨʥʦʛʦ ʪʘ ʟʘʢʦʥʫ ʂʦʰʠ ï ʥʘ ʨʦʙʦʪʫ ʽʤʽʪʘʮʽʡ-

ʥʦʾ ʤʦʜʝʣʽ ʧʦʣʽʢʣʽʥʽʢʠ. ɼʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʢʽʣʴʢʦʩʪʽ ʧʝʨʩʦʥʘʣʫ ʥʘ ʩʝ-

ʨʝʜʥʽʡ ʯʘʩ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʮʽʻʥʪʘ ʚ ʚʽʜʜʽʣʝʥʥʽ ʧʦʣʽʢʣʽʥʽʢʠ ʪʘ ʡʦʛʦ ʯʘʩ 

ʦʯʽʢʫʚʘʥʥʷ ʫ ʟʚôʷʟʢʫ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʚʽʣʴʥʦʛʦ ʣʽʢʘʨʷ ʘʙʦ ʦʙʣʘʜʥʘʥʥʷ. ʗʢ 

ʧʨʠʢʣʘʜ ʥʘ ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʪʨʠʢʫʪʥʦʛʦ ʟʘ-

ʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʥʘʷʚʥʠʭ ʣʽʢʘʨʽʚ 2, 5 ʪʘ 8. 

 
ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʘ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ çPolyclinic_modelè ʟʘ ʪʨʠʢʫ-

ʪʥʠʤ  ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ 

ʈʦʟʨʦʙʣʝʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʜʘʣʘ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʚʽʜʜʽʣʝʥʥʷ ʧʦʣʽʢʣʽʥʽʢʠ ʚ ʢʽʣʴʢʦʩʪʽ ʧʨʦʚʝʜʝʥʠʭ ʦʙʩʪʝʞʝʥʴ, ʪʘ ʚ 

ʥʝʦʙʭʽʜʥʽʡ ʢʽʣʴʢʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʢʦʞʥʦʤʫ ʪʝʩʪʫʚʘʥʥʽ. ʄʦʜʝʣʴ ʥʘ-

ʜʘʣʘ ʩʪʘʪʠʩʪʠʢʫ ʟʘ ʢʽʣʴʢʽʩʪʶ ʦʙʩʣʫʞʝʥʠʭ ʧʘʮʽʻʥʪʽʚ ʽ ʨʽʚʥʷ ʟʘʡʥʷʪʦʩʪʽ 
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ʨʝʩʫʨʩʽʚ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʚʠʜʽʣʠʪʠ ʤʦʞʣʠʚʽ ʨʠʟʠʢʠ ʽ ʩʢʣʘʜʥʦʩʪʽ ʧʨʠ ʧʨʦ-

ʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʚʽʜʜʽʣʝʥʴ ʘʙʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ 

ʧʦʢʘʟʥʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ɿʘ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴ-

ʥʠʤ ʚʘʨʽʘʥʪʦʤ ʜʣʷ ʨʦʙʦʪʠ ʚʽʜʜʽʣʝʥʥʷ ʧʦʣʽʢʣʽʥʽʢʠ ʻ ʩʧʽʣʴʥʘ ʨʦʙʦʪʘ 

ʧôʷʪʴʦʭ ʣʽʢʘʨʽʚ. ʇʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʘʮʽʻʥʪʽʚ ʚ ʩʠʩʪʝʤʽ ʧʨʠʡʤʘʻ ʩʝ-

ʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʘ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʣʽʢʘʨʽʚ ʻ ʦʧʪʠʤʘʣʴʥʦ .ʁ ʊʦʙʪʦ ʟʘʚʘʥ-

ʪʘʞʝʥʽʩʪʴ ʣʽʢʘʨʽʚ ʜʦʟʚʦʣʷʻ ʧʦʪʨʘʧʠʪʠ ʚʩʽʤ ʧʘʮʽʻʥʪʘʤ ʥʘ ʦʙʩʪʝʞʝʥʥʷ. ɹʽ-

ʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʣʽʢʘʨʽʚ ʩʪʚʦʨʶʻ ʧʨʦʩʪʦʾ ʾʭ ʨʦʙʦʪʠ. ɼʣʷ ʨʦʙʦʪʠ ʙʽʣʴʰ ʥʽʞ 

ʧôʷʪʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʧʨʦʮʝʜʫʨʥʠʭ ʢʽʤʥʘʪ 

ʪʘ ʦʙʣʘʜʥʘʥʥʷ. ʄʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʣʽʢʘʨʽʚ ʩʪʚʦʨʶʻ ʚʝʣʠʢʽ ʯʝʨʛʠ ʽ ʥʘʜʤʽʨʥʫ 

ʟʘʡʥʷʪʽʩʪʴ ʩʧʝʮʽʘʣʽʩʪʽʚ. 

ʃ̔ʪʝʨʘʪʫʨʘ 

1. ʂʠʩʝʣʝʚʘ ʄ.ɺ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʚ ʩʝʨʝʜʦʚʠʱʽ Anylogic 
/ ʂʠʩʝʣʝʚʘ ʄ.ɺ.. ï ɽʢʘʪʠʨʝʥʛʙʫʛʨ, 2009. ï 95 ʩ. 

ʂʦʨʦʣʴʦʚ, ɸ.ʃ. ʂʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ / ɸ.ʃ. ʂʦʨʦʣʴʦʚ. - ʄ .: 

ɹʀʅʆʄ. ʃɿ, 2013. - 230 c 
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ʂʆʅʎɽʇʎʀʗ ʇʆʉʊʈʆɽʅʀʗ ʂʆʈʇʆʈɸʊʀɺʅʆʁ 

ʀʅʊɽɻʈʀʈʆɺɸʅʅʆʁ  ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ 

ʖ.ʄ. ʃʠʩʝʮʢʠʡ 

ɼʇ çʕʉ ʕʅɼ ʊʀ ʋʂʈɸʀʅɸè 

 

ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʦʙʲ-

ʝʢʪʘʤʠ, ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʠʭ ʧʦʩʪʨʦʝʥʠʠ ʠ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʠ, ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʩʠʩʪʝʤ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʜʨʫʛʠʭ ʠʭ ʚʠʜʦʚ ʥʘʰʣʠ ʩʚʦʝ ʦʪʨʘʞʝ-

ʥʠʝ ʚ ʨʘʙʦʪʘʭ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʪʦʨʦʚ [1ï6]. 

ʇʨʠʟʥʘʚʘʷ ʥʘʫʯʥʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʵʪʠʭ ʨʘʟʨʘʙʦʪʦʢ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥʠ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚʳʰʝʧʝʨʝ-

ʯʠʩʣʝʥʥʳʝ ʚʠʜʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʢʘʢ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ, ʥʝ ʫʜʝʣʷʷ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠʭ ʘʧʧʘʨʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʘʢ 

ʥʝʦʙʭʦʜʠʤʦʡ ʠ ʦʯʝʥʴ ʚʘʞʥʦʡ ʯʘʩʪʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ  ʮʝʣʦʩʪ-

ʥʘʷ ʢʦʥʮʝʧʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘ-
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ʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʂʀʀʉ) ʜʣʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʦʨʛʘʥʠ-

ʟʘʮʠʡ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʢʘʢ ʝʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ 

ʩʨʝʜʩʪʚ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʂʀʀʉ ʠʥʚʘʨʠʘʥʪʥʦʡ ʢ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪ-

ʥʳʤ ʧʣʘʪʬʦʨʤʘʤ ʠ, ʦʪʨʘʩʣʠ ʵʢʦʥʦʤʠʢʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʥʘ ʩʦʟʜʘʝʪʩʷ, ʚ  

ʦʩʥʦʚʫ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʥʮʝʧʮʠʷ ʠ ʧʨʠʥʮʠʧʳ [6]. 

1. ʂʦʥʮʝʧʮʠʷ ʝʜʠʥʦʡ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʡ ʩʝʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʷʚʣʷʶ-

ʱʝʡʩʷ ʦʩʥʦʚʦʡ ʂʀʀʉ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʝʨʝʜʘʯʫ ʛʦʣʦʩʘ, ʚʠʜʝʦʠʟʦʙ-

ʨʘʞʝʥʠʷ ʠ ʜʘʥʥʳʭ. ʂʦʥʮʝʧʮʠʷ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʩʪʠ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ 

ʘʩʧʝʢʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʩʪʦʨʦʥʘʤ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ [7, 8]: 

ʢʦʥʚʝʨʛʝʥʮʠʷ ʟʘʛʨʫʟʢʠ ʩʝʪʠ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʝʨʝʜʘʯʫ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʪʨʘʬʠʢʘ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʬʦʨʤʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ; ʢʦʥʚʝʨʛʝʥ-

ʮʠʷ ʧʨʦʪʦʢʦʣʦʚ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʝʨʝʭʦʜ ʦʪ ʤʥʦʞʝʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ ʢ ʦʙʱʝʤʫ (ʢʘʢ ʧʨʘʚʠʣʦ, IP); ʬʠʟʠʯʝʩʢʘʷ ʢʦʥʚʝʨʛʝʥ-

ʮʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʝʨʝʜʘʯʫ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʨʘʬʠʢʘ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ 

ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; ʢʦʥʚʝʨʛʝʥʮʠʷ ʫʩʪʨʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʪʝʥ-

ʜʝʥʮʠʶ ʧʦʩʪʨʦʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʧʦʩʦʙʥʫʶ ʚ ʨʘʤ-

ʢʘʭ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʟʥʦʪʠʧʥʳʡ ʪʨʘʬʠʢ; ʢʦʥʚʝʨʛʝʥʮʠʷ 

ʧʨʠʣʦʞʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʠʥʪʝʛʨʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʚ ʨʘʤʢʘʭ 

ʝʜʠʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ; ʢʦʥʚʝʨʛʝʥʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʦʧʨʝʜʝʣʷʶ-

ʱʘʷ ʪʝʥʜʝʥʮʠʶ ʢ ʩʦʟʜʘʥʠʶ ʝʜʠʥʦʡ ʦʙʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ ʩʚʷʟʠ, ʩʧʦʩʦʙʥʦʡ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʨʝʛʠ-

ʦʥʘʣʴʥʳʭ ʩʝʪʝʡ ʩʚʷʟʠ, ʠ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ; ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʘʷ ʢʦʥʚʝʨʛʝʥʮʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʮʝʥʪʨʘʣʠʟʘʮʠʶ ʩʝʪʝʚʳʭ, ʪʝʣʝ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʣʫʞʙ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʤʝʥʝ-

ʜʞʝʨʦʚ ʚʳʩʰʝʛʦ ʟʚʝʥʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʦʨʛʘʥʠʟʘʪʦʨʩʢʠʝ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʛʦʣʦʩʘ, ʚʠʜʝʦʩʠʛʥʘʣʘ ʠ ʜʘʥʥʳʭ ʚ ʝʜʠ-

ʥʦʡ ʩʝʪʠ. 

2. ʇʨʠʥʮʠʧ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ï ʨʘʩʰʠʨʝʥʠʷ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ. 

3. ʇʨʠʥʮʠʧ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʢ ʧʨʠʣʦʞʝʥʠʷʤ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

4. ʇʨʠʥʮʠʧ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ï ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʧʧʘ-

ʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ.  

5. ʇʨʠʥʮʠʧ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʩʦʟʜʘʚʘʝʤʳʭ 

ʂʀʀʉ. 

6. ʇʨʠʥʮʠʧ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʫʨʦʚʥʝ ʠʥʪʝʨʬʝʡʩʦʚ ʠ 

ʧʨʦʪʦʢʦʣʦʚ. 

7. ʇʨʠʥʮʠʧ ʠʥʪʝʛʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʂʀʀʉ ʩ ʧʦʤʦʱʴʶ ʢʘʥʘʣʦʚ 

ʩʚʷʟʠ. 
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ɼʘʥʥʳʝ ʧʨʠʥ-ʮʠʧʳ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʂʀʀʉ ʚ ʛʝʪʝʨʦ-

ʛʝʥʥʦʡ ʩʨʝʜʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ.  

ɼʣʷ ʫʜʦʙʩʪʚʘ ʦʧʠʩʘ-

ʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ çʫʨʦʚ-

ʥʝʚʘʷè ʤʦʜʝʣʴ ʂʀʀʉ. 

ʊʘʢʘʷ ʤʦʜʝʣʴ ʧʦ ʘʥʘʣʦ-

ʛʠʠ ʩ ʤʦʜʝʣʴʶ ɿʘʭʤʘʥʘ 

[1] ʧʨʝʩʣʝʜʫʝʪ ʜʚʝ ʦʩʥʦʚ-

ʥʳʝ ʮʝʣʠ: ʩ ʦʜʥʦʡ ʩʪʦ-

ʨʦʥʳ, ʣʦʛʠʯʝʩʢʠ ʨʘʟʙʠʪʴ 

ʚʩʝ ʦʧʠʩʘʥʠʝ ʂʀʀʉ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʫʨʦʚʥʠ ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʠʭ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʠ ʚʦʩʧʨʠʷʪʠʷ, ʩ 

ʜʨʫʛʦʡ, ʦʙʝʩʧʝʯʠʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʂʀʀʉ ʢʘʢ ʮʝʣʦʩʪʥʦʛʦ 

ʦʙʲʝʢʪʘ ʩ ʨʘʟʣʠʯʥʳʭ ʪʦ-

ʯʝʢ ʟʨʝʥʠʷ ʠʣʠ ʫʨʦʚʥʝʡ ʘʙʩʪʨʘʢʮʠʠ. 

ʉʦʙʩʪʚʝʥʥʦ ʤʦʜʝʣʴ ʂʀʀʉ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʠʨʘʤʠʜʳ, ʠʤʝʶ-

ʱʝʡ ʧʷʪʴ ʫʨʦʚʥʝʡ ʠ ʢʦʪʦʨʘʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

ʇʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ ʠʣʠ ʫʨʦʚʝʥʴ ʧʨʠʣʦʞʝʥʠʡ ï ʵʪʦ  ʚʝʨʭʥʠʡ ʫʨʦ-

ʚʝʥʴ ʤʦʜʝʣʠ. ʆʥ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʪʠʧ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʪʨʘʩʣʝʚʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʕʪʦ ʧʨʠʣʦʞʝ-

ʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ: ERP (Enterprise Resource 

Planning) ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʉɸɹ (ʉʠʩʪʝʤʘ ɸʚʪʦʤʘʪʠʟʘ-

ʮʠʠ ɹʘʥʢʘ) ʜʣʷ ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʡ, OSS/BSS (Operation Support 

System/Business Support System) ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ ʠ ʪ.ʜ.  

ʉʠʩʪʝʤʥʳʡ ʫʨʦʚʝʥʴ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ ʠ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʂʀʀʉ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (Unix, 

Linux, Windows ʠ ʪ.ʜ.), ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (MS SQL, 

Oracle, IBM DB2 ʠ ʪ.ʜ.) ʠ ʩʠʩʪʝʤʥʳʝ ʩʝʨʚʠʩʳ (Exchange, Lotus, MS 

Active Directory ʠ ʪ.ʜ.). 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦ-

ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʘʧʧʘʨʘʪʥʳʭ ʧʣʘʪʬʦʨʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ ʩʫʱʝʩʪʚʫ-

ʶʱʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʝʨʚʝʨʳ, ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ, ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʪ.ʜ. 

ʉʝʪʝʚʦʡ ʫʨʦʚʝʥʴ ï ʵʪʦ, ʩʦʙʩʪʚʝʥʥʦ, ʝʜʠʥʘʷ ʤʫʣʴʪʠʩʝʨʚʠʩʥʘʷ ʩʝʪʴ 

(LAN, WAN), ʩʧʦʩʦʙʥʘʷ ʧʝʨʝʜʘʚʘʪʴ ʛʦʣʦʩ, ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ ʠ ʜʘʥʥʳʝ. 

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʂʀʀʉ 



78 

ɺ ʩʦʩʪʘʚ ʩʝʪʠ ʚʭʦʜʷʪ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʢ ʢʦʤʤʫʪʘʪʦʨʳ, ʤʘʨʰʨʫʪʠʟʘ-

ʪʦʨʳ, ʪʦʯʢʠ ʜʦʩʪʫʧʘ, ʤʝʞʩʝʪʝʚʳʝ ʵʢʨʘʥʳ. 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ï ʩʘʤʳʡ ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʧʝʨʝʜʘʯʫ ʧʦʪʦʢʘ ʜʘʥʥʳʭ. ʄʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʣʘʭ ʩʚʷʟʠ: ʧʨʦʚʦʜʥʳʭ (ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʠʠ 

ʩʚʷʟʠ, ʤʝʜʥʳʝ ʧʨʦʚʦʜʘ), ʙʝʩʧʨʦʚʦʜʥʳʭ (Wi-Fi, WiMAX, ʈʈʃ), ʩʧʫʪʥʠ-

ʢʦʚʳʭ (SCPC ʠ MCPC, DAMA,TDM/TDMA, FTDMA, MF-TDMA). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʂʀʀʉ ï ʧʝʨʚʳʝ ʯʝʪʳʨʝ 

ʫʨʦʚʥʷ ʦʧʠʩʳʚʘʶʪ ʘʨʭʠʪʝʢʪʫʨʫ ʩʠʩʪʝʤʳ, ʘ ʧʷʪʳʡ ï ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʞʝ 

ʥʝ ʫʨʦʚʥʶ ʦʧʠʩʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ, ʘ ʫʨʦʚʥʶ ʨʘʙʦʪʘʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚ 

ʮʝʣʦʤ ʠ ʦʧʨʝʜʝʣʷʝʪ ʝʝ ʦʪʨʘʩʣʝʚʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʢʦʥʮʝʧʮʠʷ ʠ ʧʨʠʥʮʠʧʳ ʩʦʟʜʘʶʪ ʦʩ-

ʥʦʚʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʂʀʀʉ ʢʘʢ ʝʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘ-

ʨʘʪʥʳʭ  ʩʨʝʜʩʪʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ.  ɸ ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʤʦʜʝʣʴ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦ-

ʩʪʨʦʝʥʠʷ ʂʀʀʉ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʳʥʢʝ ʥʘʙʦʨʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ. ʇʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʤʦʜʝʣʴʶ ʤʝʭʘ-

ʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʥʘʨʘʱʠʚʘʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʂʀʀʉ, ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʝʝ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʆʩ-

ʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʝʝ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ.  
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ʋɼʂ 004 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇʀʈɸʄʀɼɸʃʔʅʆʁ ʉɽʊʀ ɺ 

ʄʆɼɽʃʔʅʆʄ ʕʂʉʇɽʈʀʄɽʅʊɽ  ʀɼɽʅʊʀʌʀʂɸʎʀʀ 

ʏɽʃʆɺɽʂɸ ʇʆ ɽɻʆ ʕʂɻ 

ɺ.ʖ. ɺʝʣʠʯʢʦ, ʃ.ɸ. ʂʠʟʫʙ 

ʀʥʩʪʠʪʫʪ ʢʠʙʝʨʥʝʪʠʢʠ ʠʤ. ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʠʥʳ 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʠʥʳ 

 

ɼʠʘʧʘʟʦʥ ʧʨʦʙʣʝʤ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʨʝʟʚʳ-

ʯʘʡʥʦ ʰʠʨʦʢ: ʦʛʨʘʥʠʯʠʪʴ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʩʦ-

ʥʘʣʴʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʝʝ ʩʦʭʨʘʥʥʦʩʪʴ; ʦʙʝʩʧʝʯʠʪʴ ʜʦʧʫʩʢ ʢ ʦʪʚʝʪ-

ʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʘʤ ʪʦʣʴʢʦ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ; ʟʘʱʠʪʘ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʦʙʠʣʴʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʣʘʪʬʦʨʤ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʠ ʧʘʮʠʝʥʪʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦ ʝʛʦ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʝ ʚ 6-

ʪʠ ʠʣʠ 12-ʪʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʚʝʜʝʥʠʷʭ [1]. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʵʪʘ ʪʝʭ-

ʥʦʣʦʛʠʷ ʩʪʘʥʦʚʠʪʩʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʣʝʢʦʥʩʫʣʴʪʘʮʠʡ ʚ 

ʧʘʨʘʜʠʛʤʝ ʜʦʤʘʰʥʝʡ ʪʝʣʝʤʝʜʠʮʠʥʳ [2]. 

ɺ ʨʘʙʦʪʝ [3] ʧʨʠʚʝʜʝʥʳ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʬʦʨʤʠʨʦʚʘ-

ʥʠʶ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʚʠʜʝ ʫʧʨʘʚʣʷʶʱʠʭ ʪʦʯʝʢ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʧʣʘʡʥʘ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ QRS-ʢʦʤʧʣʝʢʩʫ 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ ʚ ʪʨʝʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʦʪʚʝʜʝʥʠʷʭ. 

ɺ ʵʪʦʤ ʜʦʢʣʘʜʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʤʦʜʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ 

ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʧʨʠʟʥʘʢʦʚ ʠʟ [3] ʚ ʩʦʚʦʢʫʧ-

ʥʦʩʪʠ ʩ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ   ʪʠʧʘ çʨʘʩʪʫʱʘʷ ʧʠʨʘʤʠʜʘʣʴʥʘʷ ʩʝʪʴè ʜʣʷ ʧʦ-

ʩʪʨʦʝʥʠʷ ʟʘʢʦʥʯʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʝʣʦʚʝʢʘ ʧʦ ʝʛʦ ʕʂɻ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʠʨʘʤʠʜʘʣʴʥʦʡ ʩʝʪʴʶ [4] ʥʘʟʳʚʘʝʪʩʷ ʘʮʠʢʣʠʯʝʩʢʠʡ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ, ʚ ʢʦʪʦʨʦʤ ʥʝʪ ʚʝʨʰʠʥ, ʠʤʝʶʱʠʭ ʦʜʥʫ ʜʫʛʫ, ʟʘ-

ʭʦʜʠʪ. ɺʝʨʰʠʥʳ, ʥʝ ʠʤʝʶʱʠʝ ʟʘʭʦʜʷʱʠʭ ʜʫʛ, ʥʘʟʳʚʘʶʪʩʷ ʨʝʮʝʧʪʦʨʘʤʠ, 
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ʜʨʫʛʠʝ ʚʝʨʰʠʥʳ - ʢʦʥʮʝʧʪʦʨʘʤʠ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʠ ʚʭʦʜʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʝʡ ʩʣʫʞʘʪ ʥʘʙʦʨʳ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʥʝʢʦʪʦʨʳʝ 

ʦʙʲʝʢʪʳ (ʤʘʪʝʨʠʘʣʳ, ʩʦʩʪʦʷʥʠʷ ʘʛʨʝʛʘʪʘ, ʩʠʪʫʘʮʠʠ, ʙʦʣʝʟʥʠ). ʈʝʮʝʧ-

ʪʦʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ ʧʨʠʟʥʘʢʦʚ. ʂʦʥʮʝʧʪʦʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʧʠʩʘʥʠʷʤ ʦʙʲʝʢʪʦʚ ʚ ʮʝʣʦʤ ʠ ʩʝʯʝʥʠʷʤ ʦʧʠʩʘʥʠʡ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʚʝʨ-

ʰʠʥ ʚ ʧʠʨʘʤʠʜʫ ʦʙʲʝʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠʚʷʟʢʘ ʦʙʲʝʢʪʘ ʢ ʢʣʘʩʩʘʤ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʪʠʤʠ ʚʝʨʰʠʥʘʤʠ. ɺʩʝ ʧʨʦʮʝʩʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʩʝʪʠ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʧʠʩʘʥʠʷ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ 

ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ ʩʝʪʠ - ʧʠʨʘʤʠʜʝ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʵʪʦʤʫ ʦʧʠʩʘʥʠʶ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ  ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ ʧʠʨʘʤʠʜʘʣʴʥʦʡ 

ʩʝʪʴʶ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ CONFOR [5]. ɺ ʦʩʥʦʚʫ ʩʠʩʪʝʤʳ 

CONFOR ʧʦʣʦʞʝʥ ʤʝʪʦʜ ʠʥʜʫʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʥʷʪʠʡ 

(CONcept FORmation), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʫʱʠʭ ʧʠʨʘ-

ʤʠʜʘʣʴʥʳʭ ʩʝʪʝʡ. ʉʠʩʪʝʤʘ CONFOR ʨʘʙʦʪʘʝʪ ʚ ʪʨʝʭ ʨʝʞʠʤʘʭ: ʦʙʫʯʝ-

ʥʠʝ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ, ʵʢʟʘʤʝʥ. 

ʇʦʜʩʠʩʪʝʤʘ ʦʙʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʳʜʝʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

(ʟʥʘʥʠʡ) ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ [6]. ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ 

ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʦʙʫʯʝʥʠʷ ʩʣʫʞʠʪ ʚʳʙʦʨʢʘ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʧʨʠ-

ʤʝʨʳ ʦʙʲʝʢʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʨʘʟʣʠʯʥʳʤʠ ʢʣʘʩʩʘʤʠ. ʇʨʠʤʝʨʳ 

ʦʙʲʝʢʪʦʚ ʟʘʜʘʶʪʩʷ ʧʨʠʟʥʘʢʦʚʳʤʠ ʦʧʠʩʘʥʠʷʤʠ. ʇʨʠʟʥʘʢʦʚʦʝ ʦʧʠʩʘʥʠʝ 

ʦʙʲʝʢʪʘ ʜʦʣʞʥʦ ʚʢʣʶʯʘʪʴ ʠʤʷ, ʢʣʘʩʩ, ʢ ʢʦʪʦʨʦʤʫ ʦʙʲʝʢʪ ʧʨʠʥʘʜʣʝʞʠʪ, 

ʠ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʙʲʝʢʪ. ʀʩʭʦʜʥʳʝ ʜʘʥ-

ʥʳʝ ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʦʙʫʯʝʥʠʷ - ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ CONFORʘ ʚ ʨʝʞʠʤʝ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥ-

ʥʘʷ ʤʦʜʝʣʴ ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʵʪʠʭ ʦʙʲʝʢʪʦʚ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʢʣʶʯʘʪʴ ʚ ʧʦʥʷʪʠʝ ʧʨʠʟʥʘʢʠ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʙʲʝʢʪʘʤ ʠʩʩʣʝʜʫʝ-

ʤʦʛʦ ʢʣʘʩʩʘ.  

ʇʦʜʩʠʩʪʝʤʘ ʵʢʟʘʤʝʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʫ-

ʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ. ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʵʢʟʘʤʝʥʘ ʩʣʫʞʠʪ 

ʵʢʟʘʤʝʥʘʮʠʦʥʥʘʷ ʚʳʙʦʨʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʧʨʠʤʝʨʳ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ 

ʚʦʰʣʠ ʚ ʚʳʙʦʨʢʫ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʥʦ ʠʟʚʝʩʪʥʦ, ʢ ʢʘʢʦʤʫ ʢʣʘʩʩʫ ʦʥʠ ʧʨʠ-

ʥʘʜʣʝʞʘʪ. ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦʜʩʠʩʪʝʤʳ - ʝʝ ʦʪʚʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʣʘʩʩʘ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʝʩʝʥ ʢʘʞʜʳʡ ʦʙʲʝʢʪ, ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ 

ʢʦʣʠʯʝʩʪʚʝ ʧʨʘʚʠʣʴʥʳʭ, ʥʝʧʨʘʚʠʣʴʥʳʭ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʦʪʚʝʪʦʚ ʧʦʜ-

ʩʠʩʪʝʤʳ.  

ʇʦʜʩʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʢʣʘʩʩʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ʥʦʚʳʡ ʦʙʲʝʢʪ.  
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ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʨʝʞʠʤʝ ʦʙʫʯʝʥʠʷ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ 

ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʳ ʚʳʙʦʨʢʠ ʜʣʷ ʦʙʫʯʝʥʠʷ - QRS-ʢʦʤʧʣʝʢʩʳ, 

ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʢʣʘʩʩʫ, ʢʦʪʦʨʳʡ ʠʩʩʣʝʜʫʝʪʩʷ (ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʘ-

ʮʠʝʥʪʫ). ʆʙʲʝʢʪʳ ʚʳʙʦʨʢʠ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʘʙʦʨʘʤʠ ʟʥʘ-

ʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʪʦʯʢʘʤʠ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʩʧʣʘʡʥʘ, ʘʧ-

ʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʪʨʝʭʤʝʨʥʫʶ ʢʨʠʚʫʶ. ɺ ʨʝʞʠʤʝ ʵʢʟʘʤʝʥʘ ʠʩʭʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʦʧʠʩʘʥʠʷ ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʧʦ-

ʟʥʘʥʳ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ ʨʘʟ-

ʥʳʭ ʣʶʜʝʡ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʜʦʨʦʚʳʭ, ʚ ʚʦʟʨʘʩʪʝ ʦʪ 25 ʜʦ 55 ʣʝʪ, ʤʫʞ-

ʩʢʦʛʦ ʠ ʞʝʥʩʢʦʛʦ ʧʦʣʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʩʫ-

ʪʦʢ, ʧʘʮʠʝʥʪʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʨʘʟʥʦʤ ʵʤʦʮʠʦʥʘʣʴʥʦʤ ʠ ʬʠʟʠʯʝʩʢʦʤ ʩʦ-

ʩʪʦʷʥʠʠ. ɼʣʷ ʢʘʞʜʦʡ ʧʝʨʩʦʥʳ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʦ 10 ʵʣʝʢʪʨʦ-

ʢʘʨʜʠʦʛʨʘʤʤ ʠ ʚʳʜʝʣʝʥʳ ʠʟ ʢʘʞʜʦʡ 90 QRS-ʢʦʤʧʣʝʢʩʦʚ. ʇʦ ʢʘʞʜʦʡ ʠʟ 

ʕʂɻ ʧʦʣʫʯʝʥʦ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʦʙʲ-

ʝʢʪ - ʩʚʦʡʩʪʚʦ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚ ʩʠʩʪʝʤʫ 

CONFOR. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʣʘʩʴ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʜʘʥʥʳʭ.  

ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʘʩʴ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ. ɼʣʷ ʩʠʩʪʝʤʳ 

ʚ ʨʝʞʠʤ ʦʙʫʯʝʥʠʷ, ʧʦʜʛʦʪʦʚʠʣʠ ʚʳʙʦʨʢʫ - ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʷʪʠ ʫʯʘʩʪ-

ʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ 20 ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʳʭ QRS-ʢʦʤʧʣʝʢʩʦʚ. ɺ ʨʝ-

ʞʠʤʝ ʵʢʟʘʤʝʥʘ ʚ ʩʠʩʪʝʤʫ ʧʦʜʘʚʘʣʠ ʚʳʙʦʨʢʫ ʠʟ 70  ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʳʭ 

QRS-ʢʦʤʧʣʝʢʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʳʩʦʢʠʝ: ʫ ʯʝʪʳʨʝʭ ʠʟ 

ʧʷʪʠ ʧʘʮʠʝʥʪʦʚ 100% ʠʜʝʥʪʠʬʠʢʘʮʠʷ (ʪʘʙʣ. 1.). 

ʊʘʙʣʠʮʘ 1 

 
ɺʩʝʛʦ ʦʙʲʝʢ-

ʪʦʚ 
ʇʨʘʚʠʣʴʥʳʭ ʅʝʧʨʘʚʠʣʴʥʳʭ 

ʅʝʦʧʨʝʜʝʣʝʥ-

ʥʳʭ 

ʂʣʘʩʩ 1 70 70 0 0 
ʂʣʘʩʩ 2 70 70 0 0 
ʂʣʘʩʩ 3 70 65 5 0 
ʂʣʘʩʩ 4 70 70 0 0 
ʂʣʘʩʩ 5 70 70 0 0 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʣʦʞʥʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪ, ʢ ʚʳʙʦʨʢʝ ʟʥʘʯʝʥʠʡ 70-ʠ 

QRS-ʢʦʤʧʣʝʢʩʦʚ ʧʘʮʠʝʥʪʦʚ  ʜʦʙʘʚʠʣʠ ʧʦ 10 QRS-ʢʦʤʧʣʝʢʩʦʚ ʜʨʫʛʠʭ 

ʧʘʮʠʝʥʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʥʝ ʦʙʫʯʘʣʘʩʴ ʩʠʩʪʝʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʩʪʝʤʘ ʜʣʷ 

ʚʩʝʭ ʧʘʮʠʝʥʪʦʚ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʘ ʢʘʞʜʳʝ 10 QRS-ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʳʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʤʦʜʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʜʘʥʥʳʭ ʩ ʫʯʘʩʪʠʝʤ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʧʘʮʠʝʥʪʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ CONFOR, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʫʱʠʭ 

ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʩʝʪʝʡ ʚ ʨʝʞʠʤʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʨʝʰʝʥʠʝ ʟʘ-

ʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʝʣʦʚʝʢʘ ʧʦ ʕʂɻ. ʇʨʠ ʥʘʣʠʯʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
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ʧʨʠʟʥʘʢʦʚ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɻ ʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʜʣʷ 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤ.  
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ʇʈɸʂʊʀʏʅɽ ɿʅɸʏɽʅʅʗ ʊɸ ʈɽɾʀʄ ʌɸɿʆɺʆɻʆ ʇʆʃʗ 

ʄʆɼɽʃɯ ʎɽʄɽʅʊɸʎɯɰ ˆʈʋʅʊʋ  
1ʅ. ʉʘʡʦʨʽ, 2ɺ. ʃ. ʉʝʜʽʥ, 3ʅ. ɽ. ʐʢʦʣʴʥʠʢ 

1ɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʢʠ ʪʘ ʽʥʞʠʥʽʨʠʥʛʫ, ʌʨʘʥʮʽʷ 
2ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʋʢ-

ʨʘʾʥʘ  
3ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩ-

ʪʫʚʘʥʥʷ, ʋʢʨʘʾʥʘ  

 

ɼʝʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʻ ʟʚʠʯʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʝʣʠʢʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʧʨʦʝʢʪʫ. ʏʘʩʪʦ ʥʘ ʧʦʯʘʪʢʫ ʪʘʢʦʛʦ ʟʘʭʦʜʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʧʦʙʫʜʦʚʽ ʪʫ-

ʥʝʣʶ ʚ ʧʘʛʦʨʙʽ. ʋʢʨʽʧʣʝʥʥʷ ʪʘʢʦʾ ʩʧʦʨʫʜʠ ʻ ʟʘʪʨʘʪʥʠʤ ʽ ʪʦʤʫ ʚʠʥʠʢʘʻ 

ʨʠʟʠʢ, ʱʦ ʚʦʥʦ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʥʘʜʽʡʥʦ, ʧʦʯʠʥʘʶʯʠ ʪʽʣʴʢʠ ʟ ʧʝʚʥʦʾ 

ʚʽʜʩʪʘʥʽ ʟʘʛʣʠʙʣʝʥʥʷ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʙʚʘʣʫ ʩʣʘʙʦ ʫʢʨʽʧʣʝʥʦʾ ʯʘ-

ʩʪʠʥʠ ʩʧʦʨʫʜʠ, ʦʙʫʤʦʚʣʝʥʦʤʫ ʚʘʛʦʶ ʜʝʨʝʚ, ʱʦ ʚʠʨʦʩʪʫʪʴ ʥʘ ʧʦʚʝʨʭʥʽ 

http://confor.inhost.com.ua/confor2/
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ˇʨʫʥʪʫ ʟʘ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʫ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ 

ʮʴʦʤʫ, ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʨʦʢʣʘʜʘʥʥʷ ʪʫʥʝʣʶ ʩʣʽʜ ʧʦʜʙʘʪʠ ʧʨʦ ʩʪʘʙʽʣʽʟʘ-

ʮʽʶ ʚʽʜʧʦʚʽʜʥʦʾ ʯʘʩʪʠʥʠ ˇʨʫʥʪʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʝʤʝʥʪʘʮʽʾ ʟʘ ʪʠʩʢʽʚ, ʱʦ 

ʥʝ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ, ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʟʥʘ-

ʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʨʦʢʣʘʜʘʥʥʷ ʪʫʥʝʣʶ. ʆʜʥʘʢ ʚʽʜʥʦʩʥʦ 

ʰʚʠʜʢʝ ʟʘʩʪʠʛʘʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʨʦʟʯʠʥʫ ʚʠʤʘʛʘʻ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʦʛʦ ʟʘ-

ʢʨʽʧʣʝʥʥʷ ʫ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʜʘʭ ʟʘʢʨʽʧʣʶ-

ʚʘʥʦʶ ʯʘʩʪʠʥʠ ʧʘʛʦʨʙʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʽ ʟʘʥʫʨʠʪʠ ʫ ʟʘʢʨʽʧʣʶʚʘʥʠʡ 

ˇʨʫʥʪ ʜʚʘ ʨʷʜʠ ʩʪʝʨʞʥʝʚʠʭ ʽʥʞʝʢʪʦʨʽʚ ʟ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʨʷʜʘʤʠ, ʱʦ ʜʦ-

ʟʚʦʣʷʻ ʣʝʛʢʦ ʟʚ'ʷʟʘʪʠ ʟʘʢʨʽʧʣʝʥʽ ʯʘʩʪʠʥʠ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʩʣʷ ʟʘ-

ʚʝʨʰʝʥʥʷ ʥʘʛʥʽʪʘʥʥʷ. ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ [1] ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʮʶ 

ʚʽʜʩʪʘʥʴ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʨʦʢʣʘʜʘʻʪʴʩʷ ʪʫʥʝʣʴ ʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʠʤʯʘʩʦʚʽ 

ʢʨʽʧʣʝʥʥʷ. ʇʽʩʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʦʾ ʯʘʩʪʠʥʠ ʪʫʥʝʣʶ 

ʩʣʽʜ ʧʨʠʩʪʫʧʠʪʠ ʜʦ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ʅʘ 

ʥʴʦʤʫ ʚ ʜʥʦ ʪʫʥʝʣʶ ʟʘʥʫʨʶʻʪʴʩʷ ʨʷʜ ʩʪʝʨʞʥʝʚʠʭ ʽʥʞʝʢʪʦʨʽʚ ʽ ʥʘʛʥʽ-

ʪʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ ʧʦʢʠ ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʝʨʭʥʽʤʠ ʟʘʢʨʽʧʣʝʥʠʤʠ 

ʯʘʩʪʠʥʘʤʠ ˇʨʫʥʪʫ ʽ ʥʠʞʥʴʦʶ ʪʘʢʦʶ ʯʘʩʪʠʥʦʶ ʥʝ ʩʪʘʥʫʪʴ ʜʦʩʪʘʪʥʴʦ ʤʘ-

ʣʠʤʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʾʭ ʤʦʞʥʘ ʙʫʣʦ ʙ ʟʚ'ʷʟʘʪʠ. ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ [1] 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʥʘʛʥʽʪʘʥʥʷ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ.   

ʆʜʥʘ ʟ ʧʦʩʪʘʥʦʚʦʢ ʮʴʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʪʘʢʦʶ. ʇʽʜ ʬʫʥʜʘʤʝʥʪʦʤ 

ʽʥʞʝʢʪʦʨʘ ʟʨʦʙʣʝʥʦ ʜʦʚʛʫ ʪʨʘʥʰʝʶ. ɺ'ʷʞʫʯʠʡ ʽʥʬʽʣʴʪʨʘʪ ʥʘʛʥʽʪʘʻʪʴʩʷ ʚ 

ʪʘʢʠʡ ʽʥʞʝʢʪʦʨ ʟʘ ʧʦʩʪʽʡʥʦʛʦ ʪʠʩʢʫ. ʌʨʦʥʪ ʥʘʛʥʽʪʘʥʥʷ (ʢʨʠʚʘ  4G  
ʥʘ 

ʨʠʩʫʥʢʫ 1) ʻ ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʄʝʪʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʦʙʯʠʩʣʝʥʥʷ 

ʝʚʦʣʶʮʽʾ ʚ ʯʘʩʽ ʽ ʧʨʦʩʪʦʨʽ ʮʽʻʾ ʧʦʚʝʨʭʥʽ. ʉʧʦʯʘʪʢʫ ɸ. ʇ.  

 

 

ʈʠʩʫʥʦʢ 1.  ɿʘʢʨʽʧʣʝʥʘ ʦʙʣʘʩʪʴ. 

ɺʣʘʩʶʢ ʽ ʅ. ɽ. ʐʢʦʣʴʥʠʢ ʦʪʨʠʤʘʣʠ ʨʦʟʚ'ʷʟʢʠ, ʚʠʙʠʨʘʶʯʠ ʧʦʯʘʪʢʦʚʝ 

ʧʦʣʦʞʝʥʥʷ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʟʛʽʜʥʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʥʘʩʪʽʣʴʢʠ ʙʣʠʟʴʢʦ ʜʦ 

3G  ʥʘʩʢʽʣʴʢʠ ʩʫʯʘʩʥʽ ʢʦʤʧ'ʶʪʝʨʠ ʜʦʟʚʦʣʷʶʪʴ [2]. ʆʜʥʘʢ ʧʽʟʥʽʰʝ ʦʩʪʘʥ-

ʥʽʡ ʧʦʢʘʟʘʚ, ʱʦ ʪʘʢʠʡ ʚʠʙʽʨ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʧʨʘʚʦʤʽʨʥʦʩʪʽ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʢʦʥʪʠʥʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ.  ɹʽʣʴʰʝ ʪʦʛʦ ʷʢ ʢʦʨʠʛʫʚʘʥʥʷ ʚʽʥ ʟʘʧʨʦ-
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ʧʦʥʫʚʘʚ ʚʚʘʞʘʪʠ, ʱʦ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʬʨʦʥʪʫ ʥʘʛʥʽʪʘʥʥʷ ʻ ʧʦʣʦ-

ʞʝʥʥʷʤ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ 120 ʩʝʢʫʥʜ ʝʚʦʣʶʮʽʾ, ʧʦʨʘʭʦʚʘʥʦʾ ʟʛʽʜʥʦ 

ʤʦʜʝʣʽ [2]. ʎʷ ʤʦʜʠʬʽʢʘʮʽʷ ʧʨʠʟʚʝʣʘ ʪʽʣʴʢʠ ʜʦ ʪʨʴʦʭ ʧʨʦʮʝʥʪʥʦʛʦ ʟʤʝʥ-

ʰʝʥʥʷ ʯʘʩʫ ʥʘʛʥʽʪʘʥʥʷ. ʑʦʜʦ ʢʽʥʮʝʚʠʭ ʧʦʟʠʮʽʡ ʬʨʦʥʪʽʚ ʥʘʛʥʽʪʘʥʴ ʪʘ ʥʝ-

ʚʠʟʥʘʯʝʥʦʩʪʝʡ ʚ ʥʠʭ, ʮʷ ʤʦʜʠʬʽʢʘʮʽʷ ʥʘ ʥʠʭ ʥʝ ʚʧʣʠʚʘʻ [1].  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʯʠʩʣʦʚʘ ʧʝʨʝʚʽʨʢʘ ʪʦʛʦ, ʱʦ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʝʚ-

ʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ, ʝʚʦʣʶʮʽʶ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʝ-

ʤʝʥʪʫ ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ ʟʘʜʘʯʝʶ ʟ ʚʽʣʴʥʦʶ ʨʫʭʦʤʦʶ ʤʝʞʝʶ. ʋ ʜʘʥʽʡ 

ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʦʩʥʦʚʘʥʦʤʫ 

ʥʘ ʦʙʯʠʩʣʝʥʥʽ ˉ 1 ʟ ʨʦʙʦʪʠ [1],  

ʅʘʜʘʣʽ, 
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  ̒  ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʚ ʢʽʥʮʝʚʦʤʫ ʧʦʣʦʞʝʥʥʽ ʬʨʦ-

ʥʪʫ ʥʘʛʥʽʪʘʥʥʷ, ʦʪʨʠʤʘʥʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʯʠʩʣʝʥʥʷ ˉ 1, ʚ ʷʢʦʤʫ 

ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʧʦʯʘʪʢʦʚʠʤ ʧʦʣʦʞʝʥʥʷʤ ʬʨʦʥʪʫ ʻ ʧʦʣʦʞʝʥʥʷ ʚʽʣʴ-

ʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ 120 ʩʝʢʫʥʜʽ ʝʚʦʣʶʮʽʾ, ʧʦʨʘʭʦʚʘʥʦʾ ʟʛʽʜʥʦ ʨʦʟʨʘʭʫʥʢʫ [2]. 

ɿ ʊʘʙʣʠʮʽ 1 ʩʣʽʜʫʻ, ʱʦ ʽʩʥʫʻ ʯʽʪʢʠʡ ʧʦʨʽʛ ʚ ʟʘʣʝʞʥʦʩʪʽ 
()01 te¡
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ʚʘʣʽ 
ʩʝʢ 44ʩʝʢ 22 0 <<t
. ʆʩʢʽʣʴʢʠ ʚ ʯʠʩʣʦʚʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ [1] 

ʩʝʢ 1200 =t
, ʪʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʫʥʢʫ ˉ 1 

[1]   ʤʦʜʝʣʶʚʘʥʥʷ ʝʚʦʣʶʮʽʾ ʬʨʦʥʪʫ ʥʘʛʥʽʪʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʜʘʯʽ ʟ 

ʚʽʣʴʥʦʶ ʫʭʦʤʦʶ ʤʝʞʝʶ ʻ ʜʦʨʝʯʥʠʤ.  
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ɹɸɻɸʊʆʄʆɼɽʃʔʅʀʁ ʂʃɸʉʀʌɯʂɸʊʆʈ ʄɸʉʀɺɯɺ ɺʍɯɼʅʀʍ 

ɼɸʅʀʍ 

ɸʚʨʘʤʝʥʢʦ ɸ.ʉ. 

ʏʝʨʢʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʩʠʩʪʝʤ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʷʢ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ. ʄʦʥʽʪʦʨʠʥʛʦʚʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʧʝʚʥʽ 

ʧʦʜʽʾ, ʙʘʟʫʶʯʠʩʴ ʧʨʠ ʮʴʦʤʫ ʣʠʰʝ ʥʘ ʧʦʧʝʨʝʜʥʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʉʘʤʝ ʪʦʤʫ ʜʘʥʽ ʩʠʩʪʝʤʠ ʜʦʩʠʪʴ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴ ʫ ʷʢʦʩʪʽ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʞʠʪʪʷ. 

ʉʢʣʘʜ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʯʠʥʥʠʢʘʤʠ: 

ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ, ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʮʽʣʴʦʚʽ ʫʩʪʘʥʦʚʢʠ 

ʟ ʧʝʨʝʣʽʢʫ ʚʠʨʽʰʫʚʘʥʠʭ ʟʘʜʘʯ, ʬʫʥʢʮʽʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʧʦʢʣʘʜʝʥʽ ʥʘ 

ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʚʠʟʥʘʯʝʥʽ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʩʠʩʪʝʤʘʭ ʻ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɯʥʬʦʨʤʘʮʽʷ ʦʪʨʠ-

ʤʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʮʴʦʛʦ ʦʙôʻʢʪʘ. 

ʉʘʤʝ ʟʘʨʘʟ ʪʘʢʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʇʨʦʪʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʥʘʜʟʚʠʯʘʡ-

ʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘʢʣʘʜʘʻ ʨʷʜ ʦʙʤʝʞʝʥʴ ʥʘ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʮʽ 

ʧʨʦʮʝʩʠ ʽʥʬʦʨʤʘʮʽʻʶ. 

ʈʦʟʚʠʪʦʢ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʻ ʣʘʥʮʶʛʦʚʠʤ ʣʘʚʠʥʦʧʦʜʽʙʥʠʤ ʜʠ-

ʥʘʤʽʯʥʠʤ ʧʨʦʮʝʩʦʤ. ɺʽʥ ʧʦʣʷʛʘʻ ʚ ʨʽʟʢʦʤʫ ʧʦʛʽʨʰʝʥʥʽ ʩʪʘʥʫ ʩʫʢʫʧʥʦʩʪʽ 

ʪʝʨʠʪʦʨʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʦʙ'ʻʢʪ ʯʠ ʦʙ'ʻʢʪʠ ʝʢʦʥʦʤʽʢʠ ʽ ʞʠʪʣʦʚʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʜʣʷ ʮʠʭ ʦʙ'ʻʢʪʽʚ ʪʘ ʾʭ ʦʪʦ-

ʯʝʥʥʷ ʥʘʩʣʽʜʢʽʚ. ʈʽʰʝʥʥʷ ʚ ʜʘʥʠʭ ʩʠʪʫʘʮʽʷʭ ʧʦʚʠʥʥʽ ʦʪʨʠʤʫʚʘʪʠʩʷ ʷʢ 

ʥʘʡʰʚʠʜʰʝ. ʊʘʢʦʞ ʥʝʟʘʜʦʚʽʣʴʥʘ ʧʨʦʛʥʦʟʦʚʘʥʽʩʪʴ ʪʘ ʜʠʥʘʤʽʯʥʽʩʪʴ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʛʝʥʝʨʫʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʤʦʜʝ-

ʣʶʚʘʥʥʷ, ʯʘʩʪʠʥʘ ʟ ʷʢʠʭ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʚʧʝʨʰʝ, ʱʦ ʦʟʥʘʯʘʻ ʚʝʣʠʢʫ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʤʠʣʢʠ ʚ ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʷʭ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʦʜʥʠʤʠ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʩʠʩʪʝʤʠ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʪʝʭʥʦʣʦʛʽʾ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ, ʷʢʘ ʨʝ-

ʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ ʽʻʨʘʨʭʽʯʥʠʤ ʧʦʻʜʥʘʥʥʷʤ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ [1]. 

ʊʘʢʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʠʥʪʝʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʫʢʪʠʚʥʠʭ ʘʣ-

ʛʦʨʠʪʤʽʚ, ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʽʥʰʠʭ. ɺ ʜʘʥʽʡ 
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ʪʝʭʥʦʣʦʛʽʾ ʮʽʡ ʩʠʩʪʝʤʽ ʩʮʝʥʘʨʽʡ ʚʠʙʦʨʫ ʢʨʘʱʦʛʦ ʘʣʛʦʨʠʪʤʫ ʩʠʥʪʝʟʫ ʙʘ-

ʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ (ɸʉʄ) ʨʝʘʣʽʟʦʚʘʥʦ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʾʭ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʚʠʙʦʨʫ ʢʨʘʱʦʛʦ [2]. 

ɿ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʬʦʨʤʫʻʪʴʩʷ ʽʻʨʘʨʭʽʷ. ʄʦʜʝʣʽ ʥʘ ʢʦʞʥʦʤʫ 

ʨʽʚʥʽ ʽʻʨʘʨʭʽʾ ʨʦʟʚôʷʟʫʶʪʴ ʣʦʢʘʣʴʥʽ ʟʘʜʘʯʽ ʽʟ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ. ɺ ʪʘ-

ʢʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʤʦʞʫʪʴ ʧʦʻʜʥʫʚʘʪʠʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʦ-

ʜʝʣʝʡ, ʚʽʜ ʧôʷʪʜʝʩʷʪʠ ʽ ʙʽʣʴʰʝ. 

ɺ ʧʨʦʮʝʩʽ ʤʦʥʽʪʦʨʠʥʛʫ ʢʨʠʟʦʚʠʭ ʩʠʪʫʘʮʽʡ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʩʠʚʫ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ. ʊʦʤʫ ʽʩʥʫʻ ʚʝʣʠʢʘ ʤʦʞʣʠʚʽʩʪʴ, ʱʦ 

ʦʜʥʘ ʘʙʦ ʜʝʢʽʣʴʢʘ ʤʦʜʝʣʝʡ ʤʦʞʫʪʴ ʧʦʯʘʪʠ ʚʠʜʘʚʘʪʠ ʥʝ ʘʜʝʢʚʘʪʥʽ ʨʝʟʫʣʴ-

ʪʘʪʠ. ɼʣʷ ʚʠʧʨʘʚʣʝʥʥʷ ʪʘʢʠʭ çʧʦʰʢʦʜʞʝʥʴè ʧʨʦʚʦʜʠʪʴʩʷ ʟʘʤʽʥʘ ʮʠʭ 

ʤʦʜʝʣʝʡ ʟ ʾʭ ʧʦʚʪʦʨʥʠʤ ʩʠʥʪʝʟʦʤ ʪʘ ʩʠʥʪʝʟʦʤ ʫʩʽʭ ʤʦʜʝʣʝʡ, ʱʦ ʟ ʥʠʤʠ  

ʧʦʚôʷʟʘʥʽ. 

 ʇʨʦʮʝʩ ʩʠʥʪʝʟʫ ʫʩʽʭ çʧʦʰʢʦʜʞʝʥʠʭè ʤʦʜʝʣʝʡ ʪʘ ʤʦʜʝʣʝʡ, ʱʦ ʟ 

ʥʠʤʠ ʧʦʚôʷʟʘʥʽ ʟʘʡʤʘʻ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʧʨʠʙʣʠʟʥʦ 40 ʭʚʠʣʠʥ. ʊʨʠʚʘʣʽʩʪʴ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʤʦʜʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʽ. 

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

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

ʟʤʽʥʶʶʪʴʩʷ ʜʠʥʘʤʽʯʥʦ. ʊʦʤʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʟʤʝʥʰʝʥʥʽ ʯʘʩʫ ʧʝʨʝʥʘʚ-

ʯʘʥʥʷ ʽʻʨʘʨʭʽʯʥʦʾ ʩʠʩʪʝʤʠ ʤʦʜʝʣʝʡ. 

ɺ ʧʦʧʝʨʝʜʥʽʡ ʨʦʙʦʪʽ [3] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʢʨʘʱʝʥʥʷ ʽʩʥʫʶʯʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʰʣʷʭʦʤ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɸ ʩʘʤʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠ-

ʧʨʦʙʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʽʟ ʥʘʷʚʥʠʭ ɸʉʄ ʽʟ ʥʘʩʪʫʧʥʠʤ ʚʠʙʦʨʦʤ ʢʨʘʱʦʛʦ 

ʘʣʛʦʨʠʪʤʫ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʙʫʜʫʚʘʪʠ ʚʠʨʽʰʘʣʴʥʝ ʧʨʘʚʠʣʦ, ʷʢʝ ʟʘ-

ʙʝʟʧʝʯʠʪʴ ʜʣʷ ʢʦʞʥʦʛʦ ʄɺɼ ʚʠʙʽʨ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʦʛʦ ɸʉʄ. 

ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʚʯʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʧʝʨʝʜʥʴʦʾ 

ʨʦʙʦʪʠ  ʪʘ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʦʢʨʘʱʠʪʠ ʨʝʟʫʣʴ-

ʪʘʪʠ ʨʦʙʦʪʠ ɸʉʄ ʪʘ ʥʘʚʯʘʥʥʷ ʽʻʨʘʨʭʽʯʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚ [3], ʚʠʷʚ-

ʣʝʥʦ, ʱʦ ʤʝʪʦʜ ʤʘʻ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ, ʘ ʩʘʤʝ - ʧʦʛʽʨʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʤʦʜʝʣʝʡ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚ ʩʪʨʫʢʪʫʨʽ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʤʽʩʪʠʪʴʩʷ ʚʽʜ 

ʧôʷʪʜʝʩʷʪʠ ʤʦʜʝʣʝʡ ʽ ʙʽʣʴʰʝ, ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʥʫʪʠ ʟʥʘʯʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ ʘʜʘʧʪʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʜʦ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʄɺɼ. ʇʨʦʪʝ, ʫ 

ʪʦʡ ʩʘʤʠʡ ʯʘʩ, ʤʠ ʥʝ ʤʘʻʤʦ ʤʦʞʣʠʚʦʩʪʽ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʷʚʣʷʪʠ, ʷʢʽ ʤʦʜʝʣʽ 

ʙʫʜʫʪʴ ʤʘʪʠ ʧʦʛʽʨʰʝʥʥʷ ʘʙʦ ʧʦʢʨʘʱʝʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʚʥʠʤ ʧʝʨʝʙʦ-

ʨʦʤ. 

ʉʝʨʝʜʥʽʡ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʽʻʾ ̔ ʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʚʠ-

ʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʞʝ ʥʘʚʽʪʴ, ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʙʫʪʠ 

ʢʨʘʱʠʤ ʟʘ ʧʦʚʥʠʡ ʧʝʨʝʙʽʨ, ʘ ʫ ʚʠʧʘʜʢʫ ʚʪʨʘʪ ʪʦʯʥʦʩʪʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦ-
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ʚʘʥʦ  ʢʦʤʧʝʥʩʫʚʘʪʠ ʾʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʙʽʣʴʰʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʙʘʛʘʪʦʰʘ-

ʨʦʚʦʾ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʝʬʝʢʪʫ 

ʝʤʝʨʜʞʝʥʪʥʦʩʪʽ  ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʆʪʞʝ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʞʥʦʾ ʤʦʜʝʣʽ ʻ ʥʝ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ 

ʽ ʤʦʞʫʪʴ ʷʢ ʧʦʣʽʧʰʠʪʠʩʴ ʪʘʢ ʽ ʧʦʛʽʨʰʠʪʠʩʴ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʚʥʠʤ ʧʝ-

ʨʝʙʦʨʦʤ ʫ ʩʪʘʥʜʘʨʪʥʽʡ ʨʝʘʣʽʟʘʮʽʾ. 

 ʆʙôʻʢʪʦʤ ʥʘʰʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʢʨʠʟʦʚʽ ʩʠʪʫʘʮʽʾ,  ʮʝ ʥʘʢʣʘʜʘʻ ʨʷʜ 

ʦʙʤʝʞʝʥʴ ʥʘ ʦʪʨʠʤʘʥʽ ʤʦʜʝʣʽ. ɿʦʢʨʝʤʘ, ʜʣʷ ʧʨʘʚʠʣʴʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʤʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʜʦʚʽʨʫ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʢʦʞʥʦʾ ʦʪʨʠʤʘ-

ʥʦʾ ʤʦʜʝʣʽ, ʘ ʥʝ ʪʽʣʴʢʠ ʜʦ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ɸ ʪʘʢ ʷʢ ʤʝʪʦʜ ʟʘʧʨʦʧʦ-

ʥʦʚʘʥʠʡ ʫ [3] ʦʪʨʠʤʫʻ ʩʚʦʾ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠ ʥʝ ʧʝʨʝʜʙʘʯʫʚʘʥʽ ʚʪʨʘʪʽ ʪʦʯ-

ʥʦʩʪʽ ʤʦʜʝʣʝʡ, ʪʦʤʫ ʟôʷʚʣʷʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʟ ʤʝʪʦʶ 

ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʪʦʯʥʦʩʪʽ. 

ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʄɺɼ ʫ ʙʘʛʘ-

ʪʦʨʽʚʥʝʚʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʩʠʩʪʝʤʘʭ [4]. 

ɼʘʥʠʡ ʤʝʪʦʜ ʩʪʚʦʨʶʻ ʜʫʙʣʽʢʘʪʠ ʨʽʚʥʽʚ ʫ ʽʻʨʘʨʭʽʾ, ʱʦ ʧʨʠ ʦʩʦʙʣʠʚʦ-

ʩʪʷʭ ʫʪʚʦʨʝʥʥʷ ʄɺɼ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚʞʝ ʟʤʦʜʝʣʴʦ-

ʚʘʥʠʭ ʤʦʜʝʣʝʡ ʩʪʚʦʨʠʚʰʠ ʙʘʛʘʪʦʰʘʨʦʚʫ ʩʠʩʪʝʤʫ ʟ ʜʫʙʣʽʢʘʪʽʚ ʮʠʭ ʤʦʜʝ-

ʣʝʡ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʝʨʝʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʠ ʽʻʨʘʨʭʽʾ 

ʤʦʜʝʣʝʡ ʙʝʟ ʟʥʘʯʥʦʾ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʚʠʭʦʜʽ 

ʩʠʩʪʝʤʠ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʜʦʩʢʦʥʘʣʠʪʠ 

ʤʝʪʦʜ ʩʬʦʨʤʫʣʴʦʚʘʥʠʡ ʫ ʧʦʧʝʨʝʜʥʽʡ ʨʦʙʦʪʽ [3] ʪʘ ʫʩʫʥʫʪʠ ʡʦʛʦ 

ʥʝʜʦʣʽʢʠ. 

ʇʨʠ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʙʫʣʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʩʪʫʧʥʽ ʛʽʧʦʪʝʟʠ: 

1. ʉʧʦʩʪʝʨʝʞʝʥʥʷ, ʟ ʷʢʠʤʠ ʢʣʘʩʠʬʽʢʘʪʦʨ ʥʝ ʩʧʨʘʚʠʚʩʷ ʤʦʞʣʠʚʦ ʚʠ-
ʢʦʨʠʩʪʘʪʠ ʜʣʷ ʥʘʚʯʘʥʥʷ ʽʥʰʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʱʦ ʙʫʜʝ ʚʧʽʟʥʘʚʘʪʠ ʩʘʤʝ 

ʮ ̔ʜʘʥʽ. 

2. ʄʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʘ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʢʣʘʩʠ-
ʬʽʢʘʮʽʶ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʩʘʤʦʛʦ ɸʉʄ 

3. ʅʘʙʽʨ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʱʦ ʚʠʢʦʥʫʶʪʴ ʢʣʘʩʠʬʽʢʘʮʽʶ ʄɺɼ ʜʣʷ ʦʜ-
ʥʦʛʦ ʽ ʪʦʛʦ ʞ ɸʉʄ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʝʢʩʧʝʨʪʽʚ ʫ ʧʠʪʘʥʥʽ ʢʣʘ-

ʩʠʬʽʢʘʮʽʾ ʜʣʷ ʜʘʥʦʛʦ ɸʉʄ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʧʦʻʜʥʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦ-

ʜʽʚ ʧʨʠʡʥʷʪʪʷ ʛʨʫʧʦʚʠʭ ʨʽʰʝʥʴ [5] 

4. ʄʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʤʦʞʣʠʚʦ ʧʦʣʽʧʰʠʪʠ ʚʠʢʦʨʠʩʪʘʚʰʠ ʤʝʪʦʜ 
ʘʜʘʧʪʠʚʥʦʛʦ ʜʫʙʣʶʚʘʥʥʷ ʨʽʚʥʽʚ [4]. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʚʯʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʥʘ ʝʪʘʧʽ ʪʝʩʪʫʚʘʥʥʷ ʤʠ 

ʦʪʨʠʤʫʻʤʦ ʥʦʚʠʡ ʄɺɼ ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʷʢʱʦ 
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ʮʝ ʤʦʞʣʠʚʦ. ʅʘʚʯʘʻʤʦ ʡʦʛʦ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʾʭ ʨʦʙʦʪʠ ʧʦʻʜʥʫʻʤʦ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʤʝʪʦʜʫ ʧʨʦʩʪʦʛʦ ʛʦʣʦʩʫʚʘʥʥʷ [5]. 

ɼʘʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʪʝʩʪʫʚʘʥʥʷ ʧʦʻʜʥʘʥʦʛʦ ʨʽʰʝʥʥʷ ʢʣʘʩʠʬʽʢʘ-

ʪʦʨʽʚ ʪʘ ʦʪʨʠʤʫʻʪʴʩʷ ʥʦʚʠʡ ʄɺɼ, ʜʣʷ ʷʢʦʛʦ ʧʦʻʜʥʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʥʝ 

ʨʦʟʧʽʟʥʘʚ ʥʘʡʢʨʘʱʠʡ ɸʉʄ. ɺʩʽ ʮʽ ʜʽʾ ʧʦʚʪʦʨʶʶʪʴʩʷ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʦ-

ʚʦʛʦ ʄɺɼ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʚʞʝ ʥʝʤʦʞʣʠʚʦ ʥʘʚʯʠʪʠ ʥʘʩʪʫʧʥʠʡ ʢʣʘ-

ʩʠʬʽʢʘʪʦʨ. ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʦʪʨʠʤʘʥʥʷ ʩʫ-

ʢʫʧʥʦʩʪʽ ʤʦʜʝʣʝʡ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʛʨʫʧʦʚʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʂʦʞʥʘ ʤʦʜʝʣʴ ʦʪʨʠʤʘʥʘ ʟʘ ʜʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʻ ʨʽʚʥʦʧʨʘʚʥʦʶ, ʘ 

ʦʪʞʝ ʽʻʨʘʨʭʽʯʥʦ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ. ʊʦʤʫ ʮʽ ʤʦʜʝʣʽ ʤʦʞ-

ʣʠʚʦ ʧʦʜʘʣʴʰʝ ʧʦʢʨʘʱʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʘʜʘʧʪʠʚʥʦʛʦ ʜʫʙʣʶ-

ʚʘʥʥʷ ʨʽʚʥʽʚ [4]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʤʦʜʝʨʥʽʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʽʥ-

ʩʪʨʫʤʝʥʪ ʩʪʚʦʨʝʥʠʡ ʫ [3], ʚ ʷʢʦʤʫ ʨʝʘʣʽʟʦʚʘʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʦʢʨʘ-

ʱʝʥʥʷ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ: 

- ʇʝʨʝʚʽʨʢʘ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʦʢʨʘʱʝʥʴ 

- ʇʦʜʘʣʴʰʝ ʪʝʩʪʫʚʘʥʥʷ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ɼʣʷ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʏʝʨʢʘʩʴʢʦʾ ʦʙʣʘʩʪʽ ʚʧʨʦʜʦʚʞ 

2000-2014 ʨʦʢʽʚ [1]. 

 
ʈʠʩʫʥʦʢ 1. ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʚʽʜ ʜʽʡʩʥʠʭ ʟʥʘʯʝʥʴ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ 

ʅʘ ʨʠʩ.1 ʧʦʜʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʝʡ, ʩʠʥʪʝʟʦʚʘʥʠʭ ɸʉʄ, ʱʦ 

ʚʠʙʨʘʥʠʡ ʧʽʩʣʷ ʾʭ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ, ʧʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʤʦʜʝʣʴ-

ʥʦʛʦ ʪʘ ʙʘʛʘʪʦʤʦʜʝʣʴʥʦʛʦ  ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʄɺɼ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʦʜʥʦʤʦ-

ʜʝʣʴʥʦʛʦ ʪʘʢ ʽ ʙʘʛʘʪʦʤʦʜʝʣʴʥʦʛʦ  ʢʣʘʩʠʬʽʢʘʪʦʨʘ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 
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ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʦʜʥʦʤʦʜʝʣʴʥʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʽ ʨʝ-

ʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʤʦʜʝʣʴʥʦʛʦ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ 

ʙʣʠʞʯʝ ʟʥʘʭʦʜʷʪʴʩʷ ʜʦ ʤʦʜʝʣʝʡ, ʚʠʙʨʘʥʠʭ ʧʽʩʣʷ ʾʭ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʧʨʦ-

ʙʫʚʘʥʥʷ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ.  

 

 
ʈʠʩʫʥʦʢ 2. ʏʘʩ ʧʦʚʪʦʨʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʯʘʩʫ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ (ʜʠʚ. ʨʠʩ.2) ʚʠʷʚʣʝʥʦ, ʟ ʦʜ-

ʥʦʤʦʜʝʣʴʥʠʤ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ ʥʝʩʪʘʙʽʣʴʥʦ, ʯʘʩ ʥʘʚ-

ʯʘʥʥʷ ʚ ʤʦʜʝʣʷʭ ʟʥʘʯʥʦ ʨʽʟʥʠʪʴʩʷ. ɹʘʛʘʪʦʤʦʜʝʣʴʥʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʜʦʟ-

ʚʦʣʷʻ ʯʘʩ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʟʤʝʥʰʠʪʠ ʚʪʨʠʯʽ, ʚ ʧʦʨʚʥʷʥʥʽ ʟ ʨʝʞʠʤʦʤ 

ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ ʤʦʜʝʣʝʡ.   

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʄɺɼ ʰʣʷʭʦʤ ʧʦʚʥʦʛʦ 

ʧʝʨʝʙʦʨʫ ɸʄʉ, ʦʜʥʦʤʦʜʝʣʴʥʦʛʦ ʤʝʪʦʜʫ ʽʟ [3] ʪʘ ʡʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ - 

ʙʘʛʘʪʦʤʦʜʝʣʴʥʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʚʠʷʚʠʣʦʩʷ, ʱʦ ʫʜʦʩʢʦʥʘʣʝʥʠʡ  ʤʝʪʦʜ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʩʭʦʞʽ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʽ ʤʦʜʝʣʝʡ (ʨʽʟʥʠʮʷ ʤʽʞ 

ʧʦʭʠʙʢʘʤʠ, ʚ ʩʝʨʝʜʥʴʦʤʫ, ʥʝ ʧʝʨʝʚʠʱʫʻ 1,5 %). ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʜ-

ʥʦʤʦʜʝʣʴʥʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʨʽʟʥʠʮʷ ʉʂɺ ʩʷʛʘʻ 30-40%. 

ʏʘʩ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʦʛʦ ʧʦʢʨʘʰʝʥʦʛʦ ʢʣʘ-

ʩʠʬʽʢʘʪʦʨʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʪʨʠ ʨʘʟʠ ʧʨʠ ʥʝʟʥʘʯʥʠʭ ʚʪʨʘʪʘʭ 

ʷʢʦʩʪʽ ʤʦʜʝʣʝʡ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʷʢʽʩʪʴ ʤʦʜʝʣʝʡ ʛʽʨʰʘ ʪʽʣʴʢʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʦʜʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʫ [3] ʤʦʞʣʠʚʦ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʧʦʩʪʘʚʣʝʥʘ ʤʝʪʘ  ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʜʦʩʷʛʥʫʪʘ. 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ  ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʘʩʠʚʽʚ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʢʨʠʟʦʚʦʛʦ ʤʦ-

ʥʽʪʦʨʠʥʛʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʡʦʛʦ ʧʝʨʝʚʘʛʠ ʚ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʦʜʥʦʤʦʜʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʢʣʘʩʠʬʽʢʘʮʽʾ. 
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ʋɼʂ 004: 791.4 

ʈɸɿʈɸɹʆʊʂɸ ʈɸɿɺʃɽʂɸʊɽʃʔʅʆɻʆ ʉɽʈɺʀʉɸ MANGA & 

ANIME GUESSING GAME ʉ ʉʀʉʊɽʄʆʁ ɼʀʅɸʄʀʏɽʉʂʆɻʆ 

ʅɸʇʆʃʅɽʅʀʗ 

ʆ.ʕ. ɾʠʪʥʠʢ, ɺ.ʉ. ʐʝʚʢʦʧʣʷʩ, ɸ.ɺ. ʉʘʚʝʥʢʦ, ɹ.ʈ. ʉʪʝʮʠʢʝʚʠʯ 

ʏʝʨʥʠʛʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʢʨʘʠʥʘ 

 

ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʚʠʢʪʦʨʠʥʳ - ʵʪʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʚ ʨʫʢʘʭ ʮʠʬ-

ʨʦʚʳʭ ʤʘʨʢʝʪʦʣʦʛʦʚ, ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʩʦʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʨʝʚʨʘ-

ʱʘʪʴ ʦʥʣʘʡʥ-ʧʦʩʝʪʠʪʝʣʝʡ ʚ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʣʠʝʥʪʦʚ [1]. ʇʨʝʜʦʩʪʘʚʣʷʷ 

ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʡ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʨʝʣʝʚʘʥʪʥʳʡ ʢʦʥʪʝʥʪ, ʘ ʥʝ ʧʨʦʩʪʦ 

ʩʧʨʘʰʠʚʘʷ ʧʦʩʝʪʠʪʝʣʝʡ ʩʘʡʪʘ, ʯʪʦʙʳ ʟʘʧʦʣʥʠʪʴ ʬʦʨʤʫ, ʙʨʝʥʜʳ ʫʢʨʝʧ-

ʣʷʶʪ ʦʪʥʦʰʝʥʠʷ ʩ ʠʭ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʠ ʢʣʠʝʥʪʘʤʠ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʯʪʦ-

ʪʦ ʮʝʥʥʦʝ, ʧʨʝʞʜʝ ʯʝʤ ʟʘʧʨʘʰʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚʟʘʤʝʥ. 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʨʘʟʚʣʝʯʝʥʠʷ ʜʝʣʘʶʪ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ ʠʥʪʝʨʝʩʥʝʝ, 

ʥʘʩʳʱʝʥʥʝʝ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ - ɻ ʪʦ ʤʦʱʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʬʝʨʘ, ʧʨʠʥʦ-

ʩʷʱʘʷ ʦʛʨʦʤʥʳʝ ʜʦʭʦʜʳ. ʄʥʦʛʠʝ ʧʨʦʛʨʘʤʤʠʩʪ-rʣʶʙʠʪʝʣʠ - ʠʥʜʠ-ʨʘʟ-

ʨʘʙʦʪʯʠʢʠ - ʩʦʟʜʘʶʪ ʥʝʙʦʣʴʰʠʝ ʠʛʨʦʚʳʝ ʧʨʦʛʨʘʤʤʳ. ʆʥʠ ʥʝ ʦʙʣʘʜʘʶʪ 
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ʩʦʚʨʝʤʝʥʥʦʡ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʚʳʩʦʢʦʢʣʘʩʩʥʦʡ ʛʨʘʬʠʢʦʡ ʠ ʟʚʫʢʦʚʳʤ ʩʦ-

ʧʨʦʚʦʞʜʝʥʠʝʤ, ʥʦ ̫ ʚʣʷʝʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʢʨʫʧʥʳʝ ʢʦʨʧʦʨʘʮʠʠ ʠʤʝʶʪ 

ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʫ ʥʠʭ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠʛʨ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʪʘʢʦʡ ʩʠʪʫ-

ʘʮʠʠ ʥʘʯʠʥʘʶʱʠʤ ʨʘʟʨʘʙʦʪʯʠʢʘʤ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʪʘʢʠʭ ʞʝ ʨʝʩʫʨ-

ʩʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʭʦʜʠʪʴ ʩʚʦʶ ʥʠʰʫ ʥʘ ʨʳʥʢʝ. ʆʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝ-

ʥʠʝʤ ʙʫʜʝʪ ʩʦʟʜʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʫʶ ʛʨʫʧʧʫ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʫʟʠʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʮʝʣʝʚʫʶ ʘʫʜʠʪʦʨʠʶ ʠ ʥʘʡʜʷ ʩʧʨʦʩ 

ʩʨʝʜʠ ʥʘʠʙʦʣʝʝ ʟʘʷʜʣʳʭ ʧʦʯʠʪʘʪʝʣʝʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ, 

ʥʘʧʨʠʤʝʨ, ʥʘʙʠʨʘʶʱʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚʦ ʚʩʸʤ ʤʠʨʝ ʘʥʠʤʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʣʦʞʝʥʠʡ, ʷʚʣʷʶʱʠʭ 

ʩʦʙʦʡ ʚʠʢʪʦʨʠʥʳ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ. ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʦʜʦʙ-

ʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʶʪʩʷ: 

- ʫʩʪʘʨʝʚʰʠʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ; 

- ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ; 

- ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʧʨʦʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʤʦʙʠʣʴʥʳʤʠ ʧʨʠʣʦʞʝ-

ʥʠʷʤʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʟʤʝʨ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʙʘʟʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʩʬʝʨʳ ʟʥʘʥʠʡ ï ʘʥʠʤʝ 

ï ʙʳʣʦ ʧʦʩʪʨʦʝʥ ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʡ ʩʝʨʚʠʩ. ɺ ʥʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʠʨʘʪʴ ʦʜʠʥ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʞʠʤʦʚ. ʕʪʦ ʠʛʨʘ, ʥʘʧʦ-

ʤʠʥʘʶʱʘʷ ʧʦ ʩʚʦʝʤʫ ʥʘʙʦʨʫ ʬʫʥʢʮʠʡ ʚʠʢʪʦʨʠʥʳ. ʉʫʪʴ ʠʛʨʳ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʳʙʨʘʪʴ ʠʟ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʘ ʦʜʠʥ ʧʨʘʚʠʣʴ-

ʥʳʡ. 

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʨʝʰʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʦʨʦʥʥʠʡ ʬʫʥʢʮʠʦʥʘʣ ʨʝ-

ʩʫʨʩʘ Shikimori [3]. ʇʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ API ʜʘʥʥʦʛʦ ʩʝʨʚʠʩʘ 

ʨʝʘʣʠʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʝʥʠʷ. ɺʝʙ-API ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʦʟʜʘʚʘʪʴ ʚʝʙ-ʩʪʨʘʥʠʮʳ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ 

ʜʘʥʥʳʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩʨʘʟʫ. ʇʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʪ API, ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʠʛʨʳʚʘʝʪ ʥʘ ʬʦʥʝ ʧʨʠʣʦʞʝʥʠʡ ʩʚʦʝʛʦ 

ʪʠʧʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʩʝʨʚʠʩ ʤʦʞʝʪ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʧʦ-

ʢʣʦʥʥʠʢʦʚ ʞʘʥʨʘ ʘʥʠʤʝ ʠ ʧʨʠʚʣʝʯʴ ʠʭ ʢ ʧʨʦʭʦʞʜʝʥʠʶ ʩʦʟʜʘʥʥʦʡ ʠʛʨʳ. 
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ʉʃʆɾʅɸʗ ʉʀʉʊɽʄɸ ɺ ʂɸʊɽɻʆʈʀʗʍ ʌʆʈʄɸʃʀɿɸʎʀʀ, 

ʆɹʋʉʃʆɺʃɽʅʅʆʉʊʀ ʀ ʕʅʊʈʆʇʀʀ  

ʉ.ʇ. ɸʣʝʰʠʥ 

ʇʦʣʪʘʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʖʨʠʷ 

ʂʦʥʜʨʘʪʶʢʘ 
 

ʉʣʦʞʥʳʝ ʩʠʩʪʝʤʳ (ʉʉ) ʠ ʫʧʨʘʚʣʝʥʠʝ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʷʚʣʷʝʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʤʘʪʠʢʦʡ, ʢʦʪʦʨʦʡ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ (ɹʫʩʣʝʥʢʦ ʅ. ʇ., ʂʦʥʪʦʨʦʚ ɼ.ʉ., ɼʨʫʞʠʥʠʥ ɺ.ɺ., ɺʠʥʝʨ ʅ.ʗ., 

ʕʰʙʠ ʋ. ʈ., ʐʝʥʥʦʥ ʂ.ʕ. ʠ ʜʨ.). ʇʨʠ ʵʪʦʤ ʦʜʥʦʟʥʘʯʥʦʛʦ, ʫʥʠʚʝʨʩʘʣʴ-

ʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ ʩʣʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʧʨʠʚʦ-

ʜʠʪʩʷ [1]. ʂʘʞʜʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʪʨʘʢʪʫʝʪ ʜʘʥʥʦʝ ʧʦʥʷʪʠʝ ʧʦ-ʩʚʦʝʤʫ, 

ʯʘʩʪʦ ʧʦʧʘʜʘʷ ʚ ʜʠʩʢʫʩʩʠʠ ʧʦʜ ʢʨʠʪʠʢʫ ʦʧʧʦʥʝʥʪʦʚ.   ʇʨʦʙʣʝʤʘ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʣʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ, ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʜʨ., ʦʙʲʝʢ-

ʪʠʚʥʦ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠ ʵʢʦʥʦʤʠʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʪʨʫʜʦ-

ʚʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʩ ʜʨʫʛʦʡ - ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʩʜʝʨʞʠʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ 

ʧʨʦʛʨʘʤʤʥʦ-ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʩʣʦʞʥʦʩʪʴ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ [2]. ʇʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ ʧʦʜʭʦʜʘ ʦʮʝʥʢʠ ʩʣʦʞ-

ʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʢʘʪʝʛʦʨʠʷʭ ʬʦʨʤʘʣʠʟʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʠ ʵʥʪʨʦ-

ʧʠʠ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʧʦʧʳʪʢʦʡ ʧʨʠʜʘʥʠʷ ʝʜʠʥʦʡ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʩʥʠʞʘʝʪ 

ʦʩʪʨʦʪʫ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

ʇʦʜ ʧʦʥʷʪʠʝʤ çʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘè ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʦʙʲʝʢʪ, ʦʙʣʘʜʘ-

ʶʱʠʡ ʚʭʦʜʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʚʳʩʦʢʦʡ ʨʘʟ-

ʤʝʨʥʦʩʪʠ ʩʦ ʩʣʘʙʦ ʬʦʨʤʘʣʠʟʫʝʤʳʤʠ, ʥʝʯʝʪʢʦ ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʚʟʘʠʤʦ-

ʩʚʷʟʷʤʠ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʧʨʠʦʨʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ (ʨʠʩ.1). ɺʳ-

ʩʦʢʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʬʘʢʪʦʨʦʚ ʠ ʩʦʩʪʦʷʥʠʡ, ʩʣʘʙʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʠ ʥʝ 

ʯʝʪʢʦ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʨʦʞʜʘʶʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʠ-

ʩʪʝʤʳ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʘʧʨʠʦʨʠ ʧʨʠʥʠʤʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʮʝʣʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ (ʜʠʘʛʥʦʩʪʠʢʘ, ʵʢʦʣʦ-

ʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ, ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʨ.) [3] ʥɻʪʨʦʧʠʷ ʩʠ-

ʩʪʝʤʳ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʝʝ ʩʦʩʪʦʷʥʠʡ, ʘ ʧʨʠ ʨʘʚʥʦʚʝʨʦʷʪ-

ʥʳʭ ʠʩʭʦʜʘʭ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ) ʫʞʝ ʧʨʠ ʜʚʫʭ 

ʘʣʴʪʝʨʥʘʪʠʚʘʭ ʵʥʪʨʦʧʠʷ ʩʪʨʝʤʠʪʩʷ ʢ ʤʘʢʩʠʤʫʤʫ, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʮʝʥʢʠ 

ʩʦʩʪʦʷʥʠʷ ʢ 0,5. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ (50 

ʥʘ 50) ʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ. 
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ʈʠʩ.1 ʀʣʣʶʩʪʨʘʮʠʷ ʩʚʷʟʠ ʵʥʪʨʦʧʠʠ ʦʙʲʝʢʪʘ ʩ ʯʠʩʣʦʤ ʩʦʩʪʦʷʥʠʡ ʠ 

ʠʭ ʘʧʨʠʦʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʇʨʠ ʵʪʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ ʩʚʷʟʘʥʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 

(ʨ̔) ʩʦʩʪʦʷʥʠʡ, ʯʠʩʣʦʤ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ (n) ʠ ʚʨʝʤʝʥʝʤ (t ʠʩʩʣ.) ʠʭ ʘʥʘ-

ʣʠʟʘ:   

 
ʉʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ (Ŭ) ʦʙʦʟʥʘʯʝʥʳ ʥʦʤʝʨʘʤʠ ʢʣʘʩʩʦʚ (k) ʠ ʦʙʫʩʣʦʚ-

ʣʝʥʳ ʚʝʢʪʦʨʦʤ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ (ʍ). ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʝʨʦʷʪʥʦ-

ʩʪʴʶ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʈ(Ŭ, ʍ) ʠ ʢʘʢ ʢʣʘʩʩʳ ʤʦʛʫʪ ʙʳʪʴ, ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʳʨʘʞʝʥʳ ʢʦʤʧʦʟʠʮʠʝʡ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ (w) ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ  ʚ ʧʨʦʮʝʩʩʝ  ʝʸ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʥʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ:  

( ) ( )ä
=

++++=
H

j

jmjmjjj

mk uxwxwxwvxy
1

2211 ...

 
ʛʜʝ 

ky - ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʡ; k-ʥʦʤʝʨ ʢʣʘʩʩʘ ʩʦʩʪʦʷʥʠʡ; 

( )mx - ʚʝʢʪʦʨ ʬʘʢʪʦʨʦʚ;  m - ʨʘʟʤʝʨʥʦʩʪʴ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʜʘʥʥʳʭ; 

ʅ ï ʤʦʱʥʦʩʪʴ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ; 

jv  - ʧʘʨʘʤʝʪʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  

ʇʨʠ ʵʪʦʤ  ʚʥʦʩʠʤʫʶ ʠʥʬʦʨʤʘʮʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʥʷʪʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʨʠ ʦʮʝʥʢʝ ʩʦʩʪʦʷ-

ʥʠʡ:  

ɯ  = ʅʘ ï ʅʚ 

ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ -̔ʤ ʬʘʢʪʦʨʦʤ, 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

 

                              (̊ὢ) = В  ὴ Ὥlog2 ὴὭ
ὲ
Ὥ= 1    @  log2ὲ  

       ὠὲ 1

ὲ!
;  ὸ̉̒ ̒̌.

log 2ὲ

ὠ(ὲ)
;  ὸ̉̒̒̌.  ὲ! log2ὲ         

)/(log2

jj

i

j

i PPI =
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ɽʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘʛʨʫʞʝʥ-

ʥʳʡ ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ [3] ʩ ʦʮʝʥʢʦʡ ʛʨʘʜʠʝʥ-

ʪʦʚ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʥʦʞʝʩʪʚʘ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʦ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʘʜʘʧ-

ʪʠʚʥʦʛʦ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʮʝʣʝʚʳʭ ʩʦʩʪʦʷʥʠʡ ʦʙʲʝʢʪʘ 

[4]. ʊʘʢ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʠ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʉʇʇʈ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʧʨʝʜ-

ʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ ʢ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʵʬ-

ʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ.  

ɺʳʚʦʜʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʚ ʢʘʪʝʛʦʨʠʷʭ ʬʦʨʤʘʣʠʟʘ-

ʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʠ ʵʥʪʨʦʧʠʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʢʣʘʩʩ ʨʝʘʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ (ʜʠʘʛʥʦʩʪʠʢʘ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ, ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʠ ʜʨ.), ʦʧʠʩʘʪʴ ʠʭ ʢʘʢ ʦʙʨʘʟʳ ʥʘ ʷʟʳʢʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ, 

ʧʦʩʪʨʦʠʪʴ ʘʜʝʢʚʘʪʥʳʝ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʬʦʨʤʘʣʠʟʦʚʘʪʴ 

ʚʥʫʪʨʝʥʥʠʝ ʩʚʷʟʠ ʚ ʛʨʘʥʠʮʘʭ ʢʣʘʩʩʘ. ʈʝʘʣʠʟʘʮʠʷ ʧʦʜʜʝʨʞʢʠ ʨʝʰʝʥʠʡ  ʚ 

ʉʉ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʦʜʦʣʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʝʸ ʩʦʩʪʦʷʥʠʡ ʩ ʤʘʢʩʠʤʠʟʘʮʠʝʡ ʠʭ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʚʭʦʜʥʳʤʠ ʬʘʢʪʦ-

ʨʘʤʠ. 
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ʋɼʂ: 004.056.5 

ʂɯɹɽʈ-ʉʀʊʋɸʎɯʁʅɸ ʆɹɯɿʅɸʅɯʉʊʔ ʈɯɺɽʅʔ ʇɽʈʐʀʁ: 

ʉʋɹ'ɭʂʊʅʆ-ʆɹ'ɭʂʊʅɸ ʄʆɼɽʃʔ ʂʆʃɽʂʊʀɺʅʆɻʆ 

ɼʆʉʊʋʇʋ ɼʆ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʈɽʉʋʈʉɯɺ 

ɺ.ɺ. ʅʝʭʘʡ, ɺ.ɺ. ʃʠʪʚʠʥʦʚ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ɿʨʦʩʪʘʶʯʠʡ ʽ ʝʚʦʣʶʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʢʽʙʝʨʘʪʘʢ ʽ ʟʘʛʨʦʟ ʚ ʢʦʤʧ'ʶʪʝʨ-

ʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠʟʚʝʣʠ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʰʫʢʫ ʥʦʚʠʭ 

ʧʽʜʭʦʜʽʚ ʽ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. ʋ 1995 ʨʦʮʽ ʙʫʣʘ ʦʧʫʙʣʽʢʦʚʘʥʘ 

ʩʪʘʪʪʷ ʢʝʨʽʚʥʠʢʘ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʧʽʜʨʦʟʜʽʣʫ ʇɺʉ ʉʐɸ ʄʠʢʘ ɭʥʜʩʣʽ 

(Mica Endsley) [1], ʜʝ ʙʫʣʦ ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ ʦʙʽʟ-

ʥʘʥʦʩʪʽ ʧʨʦ ʩʠʪʫʘʮʽʶ, ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʩʧʨʠʡʥʷʪʪʷ 

ʝʣʝʤʝʥʪʽʚ ʩʝʨʝʜʦʚʠʱʘ ʚ ʦʙʩʷʟʽ ʯʘʩʫ ʽ ʧʨʦʩʪʦʨʫ, ʨʦʟʫʤʽʥʥʷ ʾʭ ʟʥʘʯʝʥʥʷ ʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʾʭ ʩʪʘʥʫ ʥʘ ʤʘʡʙʫʪʥʻ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʤʦʞʝ 

ʚʠʟʠʚʘʪʠ ʙʘʛʘʪʦ ʩʫʧʝʨʝʯʦʢ ʚ ʦʙʣʘʩʪʽ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʦʜʥʠʤ ʟ ʦʩ-

ʥʦʚʥʠʭ ʘʩʧʝʢʪʽʚ ʩʠʪʫʘʮʽʡʥʦʾ ʦʙʽʟʥʘʥʦʩʪʽ ʻ ʾʾ ʜʠʥʘʤʽʯʥʽʩʪʴ, ʪʦʙʪʦ ʟʜʘʪ-

ʥʽʩʪʴ ʩʚʦʻʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʦʚʽ ʽ ʤʽʥʣʠʚʽ ʤʦʜʝʣʽ ʟʘʛʨʦʟ, ʱʦ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʧʨʷʤʦʤʫ ʧʨʦʪʠʨʽʯʯʽ ʟ ʧʘʨʘʜʠʛʤʦʶ ʢʣʘʩʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ, ʷʢʘ ʩʭʦʞʘ ʥʘ çʩʪʘʪʠʯʥʫ ʬʦʨʪʝʮʶè, ʷʢʘ ʟʘʭʠʱʝʥʘ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʟʘʭʠʩʪʫ: ʘʥʪʠʚʽʨʫʩʥʽ ʧʨʦʛʨʘʤʠ, ʙʨʘʥʜʤʘʫʝʨʠ, ʘʚʪʦʨʠʟʘʮʽʷ ʢʦ-

ʨʠʩʪʫʚʘʯʽʚ, ʨʝʟʝʨʚʥʝ ʢʦʧʽʶʚʘʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ, ʧʽʜʪʨʠʤʢʘ ʮʽʣʽʩʥʦʩʪʽ, 

ʰʠʬʨʫʚʘʥʥʷ ʪʦʱʦ. 

ʊʨʘʜʠʮʽʡʥʘ ʩʠʩʪʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ʫʧʨʘʚ-

ʣʽʥʥʽ ʨʠʟʠʢʘʤʠ ʩʪʘʥʜʘʨʪʥʠʡ ʥʘʙʽʨ ʝʣʝʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʙʘʟʦʚʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ. ʆʜʥʘʢ ʚ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ ʚʠʥʠʢʥʝʥʥʷ ʟʘʛʨʦʟ, 

ʩʣʽʜ ʰʫʢʘʪʠ ʥʦʚʠʡ ʩʧʦʩʽʙ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽ,ʾ ʱʦ ʚʨʘʭʦ-

ʚʫʻ ʰʚʠʜʢʫ ʟʤʽʥʫ ʟʘʛʨʦʟ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʧʮʽʾ çʂʽʙʝʨ-

ʫʩʚʽʜʦʤʣʝʥʥʷ ʩʠʪʫʘʮʽʾè, çʂʽʙʝʨ-ʩʠʪʫʘʮʽʡʥʘ ʦʙʽʟʥʘʥʽʩʪʴè (Cyber situation 

awareness) ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʽʜʡʦʤʽ.  

ʉʧʨʠʡʥʷʪʪʷ, ʨʦʟʫʤʽʥʥʷ, ʧʨʦʝʢʮʽʷ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ ʦʮʽʥʢʘ ʤʦʞʣʠ-

ʚʠʭ ʥʘʩʣʽʜʢʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʝ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʙʝʟ ʣʶʜʝʡ - 

ʘʥʘʣʽʪʠʢʠ, ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ, ʦʧʝʨʘʪʦʨʠ ʽ ʪ.ʜ. 

ɺ ʤʦʜʝʣʽ ʄ. ɭʥʜʩʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʨʠ ʨʽʚʥʷ ʫʩʚʽʜʦʤʣʝʥʥʷ ʩʠʪʫʘʮʽʾ, 

ʩʧʨʠʡʥʷʪʪʷ, ʨʦʟʫʤʽʥʥʷ ʽ ʧʨʦʝʢʮʽʷ, ʧʽʟʥʽʰʝ, ʚʨʘʭʦʚʫʶʯʠ ʣʶʜʩʴʢʠʡ ʬʘʢ-

ʪʦʨ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʧʮʽʾ ʩʠʪʫʘʮʽʡʥʦʾ ʦʙʽʟʥʘʥʦʩʪʽ ʫ ʟʘʭʠʩʪʽ ʽʥʬʦʨ-

ʤʘʮʽʾ, ɹ.ʄʘʢʛʽʥʝʩʩ [2] ʪʘ ʉ. ʆʥʚʫʙʽʢʘ (ʉ. Onwubiko) ʠ T. ʆʫʵʥʩ [3] ʚʠʜʽ-

ʣʠʣʠ ʯʝʪʚʝʨʪʠʡ ʨʽʚʝʥʴ - ʜʦʟʚʽʣ. 
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ʈʽʚʝʥʴ 1. ʉʧʨʠʡʥʷʪʪʷ. ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ, ʘʥʘʣʽʪʠʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ ʚʠʷʚʣʷʶʪʴ ʤʦʞʣʠʚʽ ʫʨʘʟʣʠʚʽ ʤʽʩʮʷ ʚ ʩʠʩʪʝʤʽ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘ-

ʮʽʾ, ʮʝ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʽ ʥʝʟʘʣʝʞʥʠʭ ʽʥʩʪʨʫʤʝ-

ʥʪʘʨʽʾʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʤʝʨʝʞʽ. ʅʘ ʨʽʚʥʽ ʩʧʨʠʡʥʷʪʪʷ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʩʪʘʪʫʩ, ʘʪʨʠʙʫʪʠ ʽ ʜʠʥʘʤʽʢʫ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʛʨʦʟ, ʷʢ ʟ ʙʦʢʫ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʘʢ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ʽʥʬʦ-

ʨʤʘʮʽʾ ʚ ʟʥʘʯʠʤʽ ʫʷʚʣʝʥʥʷ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʨʽʚʥʽʚ: ʨʦʟʫ-

ʤʽʥʥʷ, ʧʨʦʝʢʮʽʾ ʽ ʜʦʟʚʦʣʫ [4]. 

ʈʽʚʝʥʴ 2. ʈʦʟʫʤʽʥʥʷ. ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʘʥʘʣʽʪʠʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟ-

ʧʝʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʷʜ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʤʝʪʦʜʽʚ, ʜʣʷ ʘʛʨʝʛʫʚʘʥʥ,̫ ʘʥʘ-

ʣʽʟʫ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʽ ʟʽʩʪʘʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʜʦʢʘʟʽʚ ʟʘʛʨʦʟ ʪʘ ʚʪʨʫ-

ʯʘʥʴ ʚ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʫʤʽʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦ-

ʙʦʶ ʩʮʝʥʘʨʽʡ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʟʥʘʯʠʤʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʜʦʢʘʟʽʚ ʚʪʨʫʯʘʥʴ ʪʘ ʟʘʛʨʦʟ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʤʦʥʽ-

ʪʦʨʠʥʛʫ. 

ʈʽʚʝʥʴ 3. ʇʨʦʝʢʮʽʷ. ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʝʢʩʧʝʨʪʠ ʟ ʧʠʪʘʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ ʧʨʦʛʥʦʟʫʶʪʴ ʤʦʞʣʠʚʽ ʤʝʪʦʜʠ ʽ ʚʠʜʠ ʘʪʘʢ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩ-

ʪʝʤʫ. ɿʜʘʪʥʽʩʪʴ ʘʥʘʣʽʪʠʢʘ ʟʨʦʙʠʪʠ ʪʦʯʥʠʡ ʧʨʦʛʥʦʟ ʥʘ ʤʘʡʙʫʪʥ ̒ʤʦʞʝ 

ʙʫʪʠ ʧʽʜʚʠʱʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ 

 ̔ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʟʜʘʪʥʽ ʚʠʷʚʠʪʠ ʽ ʧʝʨʝʜʙʘʯʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʠʥʠʢ-

ʥʝʥʥʷ ʤʘʡʙʫʪʥʽʭ ʧʦʜʽʡ, ʷʢ ʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʨʘʥʥʴʦʛʦ ʧʦ-

ʧʝʨʝʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʦʣʽʧʰʠʪʠ ʧʣʘʥʫʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦ-

ʬʽʣʘʢʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʤʦʞʣʠʚʠʭ ʩʠʪʫʘʮʽʡ.  

ʈʽʚʝʥʴ 4. ɼʦʟʚʽʣ. ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʬʘʭʽʚʮʽ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʤʦ-

ʞʫʪʴ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʽ ʟʜʽʡʩʥʶʚʘʪʠ ʘʜʝʢʚʘʪʥʠʡ ʢʦʥʪʨʦʣʴ ʽ ʧʨʠʡʤʘʪʠ ʚʽ-

ʜʧʦʚʽʜʥʽ ʢʦʥʪʨʟʘʭʦʜʠ, ʥʝʦʙʭʽʜʥ ̔ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʯʠ ʫʩʫʥʝʥʥʷ ʨʠʟʠʢʽʚ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ.  

ʄʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʷʢʘ ʻ ʬʦʨʤʘʣʴʥʠʤ ʚʠʨʘʞʝʥʥʷʤ ʧʦʣʽ-

ʪʠʢʠ ʙʝʟʧʝʢʠ (ʤʘʪʝʤʘʪʠʯʥʝ, ʩʭʝʤʦʪʝʭʥʽʯʥʝ, ʘʣʛʦʨʠʪʤʽʯʥʝ ʪʦɦʦ), ʚʢʣʶ-

ʯʘʻ ʚ ʩʝʙʝ ʚʠʙʽʨ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʙʘʟʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʘʨʭʽʪʝʢʪʫʨʠ ʟʘʭʠ-

ʱʝʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʝʭʘʥʽʟʤʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʩʦ-

ʙʽʚ ʽ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʫ ʩʠ-

ʩʪʝʤʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʽʥʬʦʨʤʘʮʽʡʥʽʡ 

ʩʠʩʪʝʤʽ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʥʘ ʦʩʥʦʚʽ ʩʫʙ'ʻʢʪʥʦ-ʦʙ'ʻʢʪʥʦʾ ʤʦʜʝʣ ̔ʢʦʤʧ'ʶ-

ʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʚ ʤʝʭʘʥʽʟʤʘʭ ʽ ʧʨʦʮʝʩʘʭ ʢʦʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦ-

ʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʧʨʦʬʝʩʦʨʦʤ ɻʘʡʜʘʤʘʢʽʥʠʤ ʄ.ʆ. 

[5]. 

ʆʩʥʦʚʥʠʤʠ ʧʦʣʦʞʝʥʥʷʤʠ ʩʫʙ'ʻʢʪʥʦ-ʦʙ'ʻʢʪʥʦʾ ʬʦʨʤʘʣʽʟʘʮʽʾ ʢʦʤʧ'ʶ-

ʪʝʨʥʠʭ ʩʠʩʪʝʤ (ʂʉ) ʚ ʘʩʧʝʢʪʽ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʻ: 

1. ʋ ʂʉ ʜʽʻ ʜʠʩʢʨʝʪʥʠʡ ʯʘʩ. 
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2. ʋ ʢʦʞʝʥ ʬʽʢʩʦʚʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ tk ʂʉ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʢʽʥ-

ʯʝʥʥʫ ʤʥʦʞʠʥʫ ʝʣʝʤʝʥʪʽʚ, ʷʢʘ ʜʽʣʠʪʴʩʷ ʥʘ ʜʚʽ ʧʽʜʤʥʦʞʠʥ: 

- ʧʽʜʤʥʦʞʠʥʘ ʩʫʙ'ʻʢʪʽʚ ʜʦʩʪʫʧʫ S, ʧʽʜ ʷʢʦʶ ʨʦʟʫʤʽʶʪʴ ʘʢʪʠʚʥʫ ʩʫʪ-

ʥʽʩʪʴ ʂʉ, ʷʢʘ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʩʪʘʥ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʥʘʜ ʦʙ'ʻʢʪʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʦʙ'ʻʢʪʠ ʽ ʽʥʽʮʽʶʚʘʪʠ ʩʪʚʦ-

ʨʝʥʥʷ ʥʦʚʠʭ ʩʫʙ'ʻʢʪʽʚ; 

- ʧʽʜʤʥʦʞʠʥʘ ʦʙ'ʻʢʪʽʚ ʜʦʩʪʫʧʫ ʆ,ʧʽʜ ʷʢʦʶ ʨʦʟʫʤʽʶʪʴ ʧʘʩʠʚʥʫ ʩʫʪ-

ʥʽʩʪʴ ʂʉ, ʧʨʦʮʝʩʠ ʥʘʜ ʷʢʦʶ ʤʦʞʫʪʴ ʚ ʧʝʚʥʠʭ ʚʠʧʘʜʢʘʭ ʙʫʪʠ ʜʞʝʨʝʣʦʤ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʫʙ'ʻʢʪʽʚ. 

ʋ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʘʧʨʽʦʨʥʦ ʙʝʟʧʦʤʠʣʢʦʚʦʛʦ ʤʝʭʘ-

ʥʽʟʤʫ ʨʦʟʨʽʟʥʝʥʥʷ ʘʢʪʠʚʥʠʭ ʽ ʧʘʩʠʚʥʠʭ ʩʫʪʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘ-

ʻʪʴʩ,̫ ʱʦ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ tk, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʧʦʯʘʪʢʦʚʠʡ, ʤʥʦ-

ʞʠʥʘ ʩʫʙ'ʻʢʪʽʚ ʜʦʩʪʫʧʫ ʥʝ ʧʦʨʦʞʥ.̫ 

3. ʂʦʨʠʩʪʫʚʘʯʽ ʂʉ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʜʥʠʤ ʘʙʦ ʜʝʷʢʦʶ ʩʫʢʫʧʥʽʩʪʶ ʩʫʙ'-

ʻʢʪʽʚ ʜʦʩʪʫʧʫ, ʱʦ ʜʽʶʪʴ ʚʽʜ ʽʤʝʥʽ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

4. ʉʫʙ'ʻʢʪʠ ʂʉ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʟ ʦʙ'ʻʢʪʽʚ ʪʽʣʴʢʠ ʽʥʰʠʤ ʩʫʙ'ʻʢ-

ʪʦʤ (ʘʢʪʠʚʥʦʶ ʩʫʪʥʽʩʪʶ). 

ɸʢʪʠʚʥʘ ʩʫʪʥʽʩʪʴ ʩʫʙ'ʻʢʪʽʚ ʜʦʩʪʫʧʫ ʧʦʣʷʛʘʻ ʚ ʾʭ ʤʦʞʣʠʚʦʩʪʽ ʟʜʽʡʩʥʶ-

ʚʘʪʠ ʧʝʚʥʽ ʜʽʾ ʥʘʜ ʦʙ'ʻʢʪʘʤʠ, ʱʦ ʦʙ'ʻʢʪʠʚʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʮʝʥʪʨʘʣʴʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʩʫʙ'ʻʢ-

ʪʥʦ-ʦʙ'ʻʢʪʥʦʾ ʤʦʜʝʣʽ ʻ ʥʘʩʪʫʧʥʝ: ʚʩʽ ʧʨʦʮʝʩʠ ʙʝʟʧʝʢʠ ʚ ʂʉ ʦʧʠʩʫʶʪʴʩʷ 

ʜʦʩʪʫʧʘʤʠ ʩʫʙ'ʻʢʪʽʚ ʜʦ ʦʙ'ʻʢʪʽʚ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʧʦʪʦʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʧʽʜ 

ʷʢʠʤ ʨʦʟʫʤʽʶʪʴ ʜʦʚʽʣʴʥʫ ʦʧʝʨʘʮʽ ʁʥʘʜ ʦʙ'ʻʢʪʦʤ ʦj, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ 

ʩʫʙ'ʻʢʪʽ sm ̔  ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙ'ʻʢʪʘ ʦi. ʇʦʪʽʢ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʫ ʚʠʛʣʷʜʽ 

ʨʽʟʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘʜ ʦʙ'ʻʢʪʘʤʠ - ʯʠʪʘʥʥʷ, ʟʤʽʥʘ, ʚʠʜʘʣʝʥʥʷ, ʩʪʚʦʨʝʥʥʷ 

ʪʦʱʦ.  

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʦʪʽʢ ʟʘʚʞʜʠ ʽʥʽʮʽʶʻʪʴʩʷ (ʧʦʨʦʜʞʫʻʪʴʩʷ) ʩʫʙ'ʻʢ-

ʪʦʤ ʜʦʩʪʫʧʫ. ʅʘ ʮʽʡ ʧʽʜʩʪʘʚʽ ʚʚʦʜʠʪʴʩʷ ʮʝʥʪʨʘʣʴʥʝ ʚ ʧʦʣʽʪʠʮʽ ʽ ʤʦʜʝʣʷʭ 

ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʧʦʥʷʪʪʷ: ʜʦʩʪʫʧʦʤ ʩʫʙ'ʻʢʪʘ sm ʜʦ ʦʙ'ʻʢʪʘ ʦj ï ʥʘ-

ʟʠʚʘʻʪʴʩʷ ʧʦʨʦʜʞʝʥʥʷ ʩʫʙ'ʻʢʪʦʤ sm ʧʦʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʦʙ'ʻʢʪʦʤ ʦj ï 

ʽ ʜʝʷʢʠʤ(ʠ) ʦʙ'ʻʢʪʦʤ ʦi. 

ʌʦʨʤʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ ʜʦʩʪʫʧʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʦʙʘʤʠ 

ʩʫʙ'ʻʢʪʥʦ-ʦʙ'ʻʢʪʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʡʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ 

ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʟʘʭʠʱʝʥʠʭ ʂʉ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʚʦʜʠʪʴʩʷ ʤʥʦʞʠʥʘ 

ʧʦʪʦʢʽʚ ʈ ʜʣʷ ʚʩʽʻʾ ʩʫʢʫʧʥʦʩʪʽ ʬʽʢʩʦʚʘʥʠʭ ʜʝʢʦʤʧʦʟʠʮʽʡ ʂʉ ʥʘ ʩʫʙ'ʻʢʪʠ 

ʪʘ ʦʙ'ʻʢʪʠ ʚ ʫʩʽ ʤʦʤʝʥʪʠ ʯʘʩʫ (ʤʥʦʞʠʥʘ ʈ ̒  ʦʙ'ʻʜʥʘʥʥʷʤ ʧʦʪʦʢʽʚ ʟʘ ʚʩʽʤʘ 

ʤʦʤʝʥʪʘʤʠ ʯʘʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʂʉ). 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʮʝʩʽʚ ʙʝʟʧʝʢʠ, ʱʦ ʪʨʘʢʪʫʶʪʴʩʷ ʷʢ ʩʪʘʥ ʟʘʭʠʱʝʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʂʉ, ʤʥʦʞʠʥʘ ʧʦʪʦʢʽʚ ʈ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʜʚ ̔ʥʝʧʝʨʝʩʽʯʥ ̔ʧʽ-

ʜʤʥʦʞʠʥʠ ʈN ʽ ʈL: 
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ʈ = ʈL Ç ʈN, 

ʈLÆʈN = Ï, 

 

ʜʝ, ʈL ï ʤʥʦʞʠʥʘ ʧʦʪʦʢʽʚ, ʱʦ ʚʠʢʣʠʢʘʶʪʴʩʷ ʣʝʛʘʣʴʥʠʤʠ (ʙʝʟʧʝʯ-

ʥʠʤʠ) ʜʦʩʪʫʧʘʤʠ; 

ʈN ï ʤʥʦʞʠʥʘ ʥʝʙʝʟʧʝʯʥʠʭ ʧʦʪʦʢʽʚ ʚ ʂʉ, ʱʦ ʧʦʨʫʰʫʶʪʴ ʩʪʘʥ ʟʘʭʠ-

ʱʝʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ (ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ, ʮʽʣʽʩʥʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ ʽʥʬʦʨʤʘ-

ʮʽʾ ʪʦʱʦ). 

ʅʘ ʦʩʥʦʚʽ ʤʥʦʞʠʥʠ ʧʦʪʦʢʽʚ ʜʘʻʪʴʩʷ ʧʦʥʷʪʪʷ, ʷʢʝ ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ ʬʦ-

ʨʤʘʣʽʟʘʮʽʾ ʧʦʣʽʪʠʢʠ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʚ ʤʦʜʝʣʷʭ ʙʝʟʧʝʢʠ: ʧʨʘʚʠʣʘ 

ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʩʫʙ'ʻʢʪʽʚ ʜʦ ʦʙ'ʻʢʪʽʚ ʻ ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʘʥʽ ʧʦ-

ʪʦʢʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʤʥʦʞʠʥʽ ʈL. ɼʘʥʝ ʚʠʟʥʘʯʝʥʥʷ ʟʘʚʝʨʰʫʻ ʦʩʥʦʚʥʽ ʧʦ-

ʣʦʞʝʥʥʷ ʩʫʙ'ʢ̒ʪʥʦ-ʦʙôʻʢʪʥʦ ʾʤʦʜʝʣʽ ʂʉ, ʥʘ ʤʝʪʦʜʦʣʦʛʽʯʥʦʤʫ ʧʽʜˇʨʫʥʪʽ 

ʷʢʦʾ ʙʫʜʫʻʪʴʩʷ ʙʽʣʴʰʽʩʪʴ ʤʦʜʝʣʝʡ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ, ʱʦ ʚʠʨʘʞʘ-

ʶʪʴ ʧʽʜʭʦʜʠ, ʧʨʠʥʮʠʧʠ ʽ ʤʝʭʘʥʽʟʤʠ ʧʨʘʚʠʣ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ (ʧʦ-

ʣʽʪʠʢʫ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ), ʘ ʪʘʢʦʞ ʬʦʨʤʘʣʴʥʽ ʾʭ ʩʧʝʮʠʬʽʢʘʮʽʾ (ʩʘʤʽ 

ʤʦʜʝʣʽ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ). ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʜʘʥʝ ʚʠʟʥʘʯʝʥʥʷ ʥʝ 

ʢʦʥʢʨʝʪʠʟʫʻ ʽ ʥʝ ʜʝʪʘʣʽʟʫʻ ʢʦʥʢʨʝʪʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʬʽʣʴʪʨʘʮʽʾ ʧʦʪʦʢʽʚ ʥʘ 

ʥʝʙʝʟʧʝʯʥʽ ʽ ʙʝʟʧʝʯʥʽ, ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ, ʱʦ ʩʫʙ'ʻʢʪʥʦ-ʦʙ'ʻʢʪʥʘ ʤʦʜʝʣʴ 

ʂʉ ʽʥʚʘʨʽʘʥʪʥʘ ʱʦʜʦ ʙʫʜʴ-ʷʢʦʾ ʧʨʠʡʥʷʪʦʾ ʚ ʂʉ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʙʝʟʧʝʢʠ, ʙʫʜʴ ʪʦ ʬʽʟʠʯʥʘ ʙʝʟʧʝʢʘ ʘʙʦ 

ʢʽʙʝʨʙʝʟʧʝʢʘ, ʧʦʣʷʛʘʶʪʴ ʫ ʢʦʥʪʨʦʣʽ ʜʦʩʪʫʧʫ ʜʦ ʂʉ, ʤʦʥʽʪʦʨʠʥʛʫ ʦʪʦʯʫ-

ʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʚʠʧʘʜʢʠ ʥʝʩʘ-

ʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ.  

ʋ ʥʦʚʽʡ ʧʘʨʘʜʠʛʤʽ ʥ̔ʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ 

ʩʠʪʫʘʮʽʡʥʘ ʦʙʽʟʥʘʥʽʩʪʴ ʧʨʦ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʽ ʘʜʝʢʚʘʪʥʝ ʨʝʘʛʫ-

ʚʘʥʥʷ ʥʘ ʨʽʚʝʥʴ ʚʠʷʚʣʝʥʦʾ ʟʘʛʨʦʟʠ.  

ʉʠʪʫʘʮʽʡʥʘ ʦʙʽʟʥʘʥʽʩʪʴ ʚ Cyber Security ʻ ʥʝ ʷʢʠʡ-ʥʝʙʫʜʴ ʦʜʠʥ ʧʨʦ-

ʜʫʢʪ ï ʮʝ ʬʽʣʦʩʦʬʽʷ, ʷʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʰʣʷʭʦʤ ʨʦʟʫʤʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ̔  ʧʨʦʮʝʩʽʚ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʤʝʨʝʞʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ. 
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An American sociologist, professor W.I. Thomas put forward the theoret-

ical premise that states: óIf men define situations as real, they are real in their 

consequencesô[1]. Nowadays this statement is known as Thomas Theorem. 

The theorem helps understand the interactions within a society. Moreover it 

can be applied to almost all social processes.  

The first part of the theorem demonstrates that people react not only to 

some objective peculiarities of the situation, but also ï and sometimes mainly 

ï to the meaning which the situation brings to them. So when people add 

some extra meaning to a situation, their behavior that follows and some of its 

consequences are determined by this added meaning. 

Applied to groups, the theorem can be modified in the following way: 

óDesignating a group as real, makes it real in its consequences. Even if groups 

are not real, they may nonetheless have important interpersonal consequences 

if people define them to be realô [2, p.16]. That means that any collection of 

single individuals becomes a true group when its members, or other people 

outside the group, consider this gathering to be a group.  

After this slight shift in perceiving, a lot of changes of psychological and 

interpersonal character take place. They are important for members of the 

group as well as for non-members because it causes changes in perceiving. 

For instance, if people feel uncertain about themselves and the correctness of 

their beliefs, they start identifying with the group and its goals, valuing the 

importance of membership, and feeling bonded to the group. When members 

feel they are part of a group they share its values and beliefs, and they are 

more willing to accept the consequences of outcomes at the group-level. For 

example, in one experiment researchers repeatedly told women working in 

isolation that they were nonetheless members of a group, the women accepted 
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this label and later rated themselves more negatively after their ógroupô failed 
[3]. 

The mentioned above principles can be used in many ways to model hu-

man behavior in groups. One of the brightest examples that can be observed 

in everyday real life ï is provoking and developing ethnical conflicts. In such 

situations there is usually division into in-groups and out-groups. Then the 

task is to demonstrate that all in-groups as ógoodô people and all out-groups 

as óbadô ones. The óextremeô shades of human personal qualities are used for 

this purpose. For instance, if in-groups are generous, out-groups are automat-

ically considered wasteful, if first are thrifty, latter are miserly etc. 

Knowing the principle of Thomas Theorem and some possible ways of its 

use to model human behavior one can perceive life in more realistic and ad-

equate way. Itôs also easier to avoid manipulations of politicians, advertising 

etc. 
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ʋɼʂ 004 

ʆɹʈɸʑɽʅʀɽ ʉ  ʈɸɼʀʆɸʂʊʀɺʅʓʄʀ ɺʊʆʈʀʏʅʓʄʀ 

ʆʊʍʆɼɸʄʀ  ʅɸ ɻʉʇ çʏɽʈʅʆɹʓʃʔʉʂɸʗ ɸʕʉè 

ɽ.ɽ. ɺʪʦʨʥʠʢʦʚʘ 

ʆʜʝʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ 

ʵʥʝʨʛʝʪʠʢʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦ-ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ,  

 

ʈʘʜʠʦʘʢʪʠʚʥʦ-ʟʘʛʨʷʟʥʝʥʥʳʝ ʚʦʜʳ (ʈɿɺ), ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ ʦʙʲʝʢʪʘ çʋʢʨʳʪʠʝè (ʆʋ), ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥ-

ʮʝʥʪʨʘʮʠʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʆʉ) ʠ ʥʘʣʠʯʠʝʤ ʪʨʘʥʩʫʨʘʥʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʊʋʕ), ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʠʭ ʧʝʨʝʨʘʙʦʪʢʫ ʥʘ ʦʙʦ-

ʨʫʜʦʚʘʥʠʠ ʩʧʝʮʚʦʜʦʦʯʠʩʪʢʠ ˉ 4 (ʉɺʆ-4) ɻʉʇ ʏɸʕʉ. ʇʨʠ ʦʧʨʝʜʝʣʝʥ-

ʥʦʤ ʜʦʩʪʠʞʝʥʠʠ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʊʋʕ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʚ ʵʪʠʭ ʚʦʜʘʭ ʥʝ ʧʦʟʚʦʣʠʪ ʚ ʙʫʜʫʱʝʤ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʠʭ ʥʘ ʟʘʚʦʜʝ 

ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ɿʇɾʈʆ) [1]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ɻʉʇ ʏɸʕʉ ʨʝʘʣʠʟʫʝʪʩʷ çʇʨʦʝʢʪ 

ˉU4.01/11ʉ. ʆʙʲʝʢʪ çʈʝʢʦʥʩʪʨʫʢʮʠʷ ʩʠʩʪʝʤʳ ʦʙʨʘʱʝʥʠʷ ʩ ʨʘʜʠʦʘʢ-

ʪʠʚʥʦ-ʟʘʛʨʷʟʥʝʥʥʳʤʠ ʚʦʜʘʤʠ ʠ ʞʠʜʢʠʤʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ ʚ 
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ʯʘʩʪʠ ʩʦʟʜʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʦʯʠʩʪʢʝ ʚʦʜʳ ʠ ʞʠʜʢʠʭ 

ʈɸʆ ʦʪ ʊʋʕ ʠ ʆʉ ʥʘ ɻʉʇ ʏɸʕʉèè [3]. 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʦʯʠʩʪʢʝ ʚʦʜʳ ʠ ʞʠʜ-

ʢʠʭ ʈɸʆ ʦʪ ʊʋʕ ʠ ʆʉ  

ʎʝʣʴʶ ʩʦʟʜʘʥʠʷ ʇʋʆ ɾʈʆ - ʷʚʣʷʝʪʩʷ ʦʯʠʩʪʢʘ ʚʦʜʳ ʆʋ, ʨʘʜʠʦʘʢ-

ʪʠʚʥʦ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ ʅɹʂ ʠ ʢʫʙʦʚʦʛʦ ʦʩʪʘʪʢʘ ɻʉʇ ʏɸʕʉ ʦʪ ʦʨʛʘʥʠ-

ʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦ ʫʨʦʚʥʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʝʨʝʨʘ-

ʙʘʪʳʚʘʪʴ ʵʪʠ ʦʪʭʦʜʳ ʥʘ ɿʇɾʈʆ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʊʋʕ ʜʦ 

ʫʨʦʚʥʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʠʪʴ ʚ ʙʫʜʫʱʝʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʝ ʟʘ-

ʭʦʨʦʥʝʥʠʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ɿʇɾʈʆ. ʊʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʜʘʥ-

ʥʦʡ ʫʩʪʘʥʦʚʢʠ ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚʪʦʨʠʯʥʳʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ 

(ʈɸʆ) ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʆʉ ʠ ʊʋʕ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʮʝʧʦʯʢʘ ʦʯʠʩʪʢʠ ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʚʦʜʳ ʠ ʢʫʙʦʚʦʛʦ 

ʦʩʪʘʪʢʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʆʉ ʠ ʊʋʕ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʮʝʧʦʯʢʘ ʦʯʠʩʪʢʠ ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʚʦʜʳ 

ʠ ʢʫʙʦʚʦʛʦ ʦʩʪʘʪʢʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʆʉ ʠ ʊʋʕ [3] 

ʊʝʭʥʦʣʦʛʠʷ ʦʯʠʩʪʢʠ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ: 

- ʤʝʪʦʜʘ ʦʩʘʞʜʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʜʣʷ 

ʨʘʜʠʦʘʢʪʠʚʥʦ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ; 

- ʤʝʪʦʜʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʦʯʠʩʪʢʠ - ʜʣʷ ʢʫʙʦʚʳʭ ʦʩʪʘʪʢʦʚ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʙʫʜʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ. ʆʞʠʜʘʝʪʩʷ, 
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ʯʪʦ ʚʪʦʨʠʯʥʳʝ ʦʪʭʦʜʳ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʠʟʢʦ-, ʩʨʝʜʥʝʘʢʪʠʚʥʳʤ 

ʜʦʣʛʦʩʫʱʫʩʪʚʫʶʱʠʤ (ʅʉɸ ɼʉʆ) ʈɸʆ.  

ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʱʝʥʠʷ ʩ ʚʪʦʨʠʯʥʳʤʠ ʈɸʆ 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ɻʉʇ ʏɸʕʉ ʦʪʩʫʪʩʪʚʫʝʪ ʘʧʨʦʙʠʨʦʚʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʱʝʥʠʷ ʩ ʚʪʦʨʠʯʥʳʤʠ ʈɸʆ, ʧʦʵʪʦʤʫ ʚ 2015 ʛ. ʥʘ ɻʉʇ 

ʏɸʕʉ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ çʂʦʥʮʝʧʪʫʘʣʴʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦ ʩʦ-

ʟʜʘʥʠʠ ʫʟʣʘ ʦʙʨʘʱʝʥʠʷ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʚʪʦʨʠʯʥʳʤʠ ʦʪʭʦʜʘʤʠ ʧʨʦ-

ʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʯʠʩʪʢʠ ʚʦʜʳ ʠ ʞʠʜʢʠʭ ʈɸʆ ʏɸʕʉ ʦʪ ʊʋʕ ʠ 

ʆʉè. 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ: 

- ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʦʙʨʘʱʝʥʠʷ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ 

ʚʪʦʨʠʯʥʳʤʠ ʦʪʭʦʜʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʯʠʩʪʢʠ ʚʦʜʳ ʠ ʞʠʜ-

ʢʠʭ ʈɸʆ ʏɸʕʉ ʦʪ ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝ-

ʥʠʡ; 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠʤʝʶʱʝʡʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ɻʉʇ ʏɸʕʉ ʩ ʮʝʣʴʶ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʫʧʘʢʦʚʦʢ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʚʪʦʨʠʯʥʳʤʠ ʦʪ-

ʭʦʜʘʤʠ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ [5]. 

ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʦʚ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʠ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ (ɼʉʆ ʠ ɺɸʆ) ʥʘ ɻʉʇ ʏɸʕʉ. 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʋʢʨʘʠʥʳ, ʈɸʆ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ ʢʘʢ 

ɼʉʆ ʠ ɺɸʆ, ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʭʦʨʦʥʝʥʳ ʚ ʛʣʫʙʦʢʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨ-

ʤʘʮʠʷʭ. ʅʦ ʚ ʨʘʤʢʘʭ çʆʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʱʝʥʠʷ ʩ 

ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠè ʩʦʟʜʘʥʠʝ ʭʨʘʥʠʣʠʱʘ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨ-

ʤʘʮʠʷʭ ʧʣʘʥʠʨʫʝʪʩʷ ʥʝ ʨʘʥʝʝ 2035 ʛʦʜʘ [6]. 

ʉʫʱʝʩʪʚʫʶʱʠʭ, ʥʘ ɻʉʇ ʏɸʕʉ, ʤʦʱʥʦʩʪʝʡ ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʧʨʠʝʤ 

ɼʉʆ ʠ ɺɸʆ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʠʝʤʘ ʚʩʝʛʦ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʦʙʲʝʤʘ 

ʪʘʢʠʭ ʦʪʭʦʜʦʚ. ʉ ʫʯʝʪʦʤ ʩʨʦʢʦʚ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʲʝʢʪʦʚ, ʧʨʦʚʝ-

ʜʝʥʠʷ ʨʘʙʦʪ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʈɸʆ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʦʪʩʝʢʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ɺɸʆ ʙʫʜʫʪ ʟʘʧʦʣʥʝʥʳ ʚ 2020 ʛ., ʘ ʦʪʩʝʢʠ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʅʉɸ-ɼʉʆ - ʚ 2025 ʛ.[2]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ɻʉʇ ʏɸʕʉ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʝʢʪ çʉʪʨʦʠ-

ʪʝʣʴʩʪʚʦ ʫʩʪʘʥʦʚʦʢ ʦʙʨʘʱʝʥʠʷ ʩ ʨʘʜʠʦʘʢʪʠʚʥʦ ʟʘʛʨʷʟʥʝʥʥʳʤʠ ʤʘʪʝʨʠ-

ʘʣʘʤʠ ʠ ʈɸʆ ʥʘ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉè. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʧʣʘ-

ʥʠʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ɼʉʆ ʠ ɺɸʆ ʚ ʤʘʰʠʥʥʦʤ 

ʟʘʣʝ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ, ʦʜʥʘʢʦ ʜʘʥʥʳʤ ʧʨʦʝʢʪʦʤ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʭʨʘ-

ʥʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʇʋʆ ɾʈʆ 

[4].  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʭʨʘʥʠʣʠʱʘ ʥʘ ɻʉʇ ʏɸʕʉ ʪʨʝʙʫʶʪ  ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʟʘʪʨʘʪ ʥʘ ʧʨʦʜʣʝʥʠʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ɺʳʚʦʜʳ: 
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1. ʅʘ ɻʉʇ ʏɸʕʉ ʦʪʩʫʪʩʪʚʫʝʪ ʘʧʨʦʙʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʱʝ-

ʥʠʷ ʩ ʚʪʦʨʠʯʥʳʤʠ ʈɸʆ. 

2. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʟʣʫ ʦʙʨʘʱʝʥʠʷ ʩ ʨʘʜʠʦʘʢʪʠʚ-

ʥʳʤʠ ʚʪʦʨʠʯʥʳʤʠ ʦʪʭʦʜʘʤʠ ï ɻ ʪʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʪʦʨʠʯ-

ʥʳʭ ʦʪʭʦʜʦʚ ʢʨʠʪʝʨʠʷʤ ʧʨʠʝʤʢʠ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝ-

ʥʠ̫ (ʟʘʭʦʨʦʥʝʥʠʷ). 

3. ʉʦʜʝʨʞʘʥʠʝ ʊʋʕ ʚʦ ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʘʭ ʥʘʢʣʘʜʳʚʘʝʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʦʙʨʘʱʝʥʠʶ ʩ ʦʪʭʦʜʘʤʠ ʢʘʢ ʜʦʣʛʦ-

ʩʫʱʝʩʪʚʫʶʱʠʤʠ. 

4. ʍʨʘʥʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʥʘ ɻʉʇ ʏɸʕʉ ʭʨʘʥʠʣʠʱʘʭ ʠʟ-ʟʘ ʠʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʠ ʩʨʦʢʘ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʤʝʱʝʥʠʝ ʚʩʝʛʦ ʦʙʲʝʤʘ ʧʣʘʥʠʨʫʝʤʳʭ ʨʘʜʠʦʘʢʪʠʚ-

ʥʳʭ ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʩʪ ʠʭ ʭʨʘ-

ʥʝʥʠʷ ʢʘʢ ʅʉɸ ɼʉʆ ʈɸʆ. 

ʎʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʟʤʦʞ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ ʠ ʚʳʙʦʨ 

ʧʣʦʱʘʜʢʠ ʜʣʷ ʠʭ  ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʨʦʛʨʘʤʤʘ ʦʙʨʘʱʝʥʠʷ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ ʥʘ ʧʣʦʱʘʜʢʝ ɻʉʇ 

çʏʝʨʥʦʙʳʣʴʩʢʘʷ ɸʕʉè, 2ʇʈ-ʉ.  

2. ʇʨʦʛʨʘʤʤʘ ʨʝʘʣʠʟʘʮʠʠ ʵʪʘʧʘ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʟʘʢʨʳʪʠʷ ʠ ʢʦʥʩʝʨʚʘ-

ʮʠʠ ʙʣʦʢʦʚ ˉ1,2,3 ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ, 14ʇʈ-ʉ.  

3.  ʇʨʦʝʢʪ ˉU4.01/11ʉ. ʆʙʲʝʢʪ çʈʝʢʦʥʩʪʨʫʢʮʠʷ ʩʠʩʪʝʤʳ ʦʙʨʘʱʝʥʠʷ ʩ 

ʨʘʜʠʦʘʢʪʠʚʥʦ-ʟʘʛʨʷʟʥʝʥʥʳʤʠ ʚʦʜʘʤʠ ʠ ʞʠʜʢʠʤʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪ-

ʭʦʜʘʤʠ ʚ ʯʘʩʪʠ ʩʦʟʜʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʦʯʠʩʪʢʝ ʚʦʜʳ ʠ 

ʞʠʜʢʠʭ ʈɸʆ ʦʪ ʊʋʕ ʠ ʆʉ ʥʘ ɻʉʇ ʏɸʕʉè. 

4.  ɹʫʜʽʚʥʠʮʪʚʦ ʫʩʪʘʥʦʚʦʢ ʧʦʚʦʜʞʝʥʥʷ ʟ ʨʘʜʽʦʘʢʪʠʚʥʦ-ʟʘʙʨʫʜʥʝʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʈɸɺ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ. ʊʝʭʥʽʢ-ʝʢʦʥʦʤʽʯʥʝ 
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ʨʽʰʝʥʥʷ. 30-222.201.001-ʇ302. 

5.  ʂʦʥʮʝʧʪʫʘʣʴʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʫʟʣʘ ʦʙʨʘʱʝʥʠʷ ʩ 

ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʚʪʦʨʠʯʥʳʤʠ ʦʪʭʦʜʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʦʯʠʩʪʢʠ ʚʦʜʳ ʠ ʞʠʜʢʠʭ ʈɸʆ ʏɸʕʉ ʦʪ ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

6. ʉʪʨʘʪʝʛʠʷ ʦʙʨʘʱʝʥʠʷ ʩ ʜʣʠʪʝʣʴʥʦʩʫʱʝʩʪʚʫʶʱʠʤʠ ʠ ʚʳʩʦʢʦʘʢʪʠʚ-

ʥʳʤʠ ʪʚʝʨʜʳʤʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ ʥʘ ʵʪʘʧʘʭ ʧʨʝʢʨʘʱʝʥʠʷ ʠ 

ʩʥʷʪʠʷ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʙʣʦʢʦʚ ʏɸʕʉ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʲʝʢʪʘ 

çʋʢʨʳʪʠʝè ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʫʶ ʩʠʩʪʝʤʫ 
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ʋɼʂ 532.5 

ʋɿɸɻɸʃʔʅɽʅʀʁ ʃɸʅɻɸʅɾɽɺʀʁ ʏʀʉɽʃʔʅʀʁ ʄɽʊʆɼ ɼʃʗ 

ɿɸɼɸʏ ʇʈɽʊɺʆʈɽʅʔ ʉʊɸʅʋ ʈɽʏʆɺʀʅʀ  

ɹʨʦʚʯʝʥʢʦ ɯ.ʆ. 

ɯʥʩʪʠʪʫʪ ʇʨʦʙʣʝʤ ʄʘʪʝʤʘʪʠʯʥʠʭ ʄʘʰʠʥ ʽ  ʉʠʩʪʝʤ ʅɸʅʋ, ʋʢʨʘʾʥʘ 

 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʪʦʭʘʩʪʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʤʦʞʫʪʴ ʚʚʘʞʘʪʠʩʷ 

ʤʘʨʢʽʚʩʴʢʠʤʠ ʪʘ ʜʦ ʷʢʠʭ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ʂʦʣʤʦʛʦʨʦʚʘ [1] 

ʜʣʷ ʦʧʠʩʫ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʝʨʝʙʫʚʘʥʥʷ ʨʝʯʦʚʠʥʠ ʚ ʜʝʢʽʣʴʢʦʭ 

ʤʦʞʣʠʚʠʭ ʩʪʘʥʘʭ.  ʏʠʩʝʣʴʥʽ ʣʘʛʨʘʥʞʝʚʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʧʨʦ-

ʮʝʩʽʚ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʟʘʜʘʯʘʭ ʧʝʨʝʥʦʩʫ ʥʝʢʦʥʩʝʨʚʘ-

ʪʠʚʥʠʭ ʜʦʤʽʰʦʢ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʯʘʩʪʠʥʢʘ, ʱʦ ʨʫʭʘʻʪʴʩʷ 

ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʩʚʽʡ ʩʪʘʥ. ʅʘʧʨʠʢʣʘʜ, ʢʨʘʧʣʷ ʥʘ-

ʬʪʠ, ʱʦ ʤʦʞʝ ʨʫʭʘʪʠʩʴ ʫ ʩʢʣʘʜʽ ʧʦʚʝʨʭʥʝʚʦʾ ʧʣʽʚʢʠ, ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʜʠʩ-

ʧʝʨʛʦʚʘʥʠʭ ʢʨʘʧʝʣʴ ʚ ʪʦʚʱʽ ʚʦʜʠ, ʘʙʦ ʧʨʠʣʠʧʥʫʪʠ ʜʦ ʜʥʘ ʘʙʦ ʜʦ ʙʝʨʝʛʦ-

ʚʦʾ ʣʽʥʽʾ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʭʽʤʽʯʥʘ ʘʙʦ ʨʘʜʽʦʘʢʪʠʚʥʘ ʨʝʯʦʚʠʥʘ, ʱʦ ʤʦʞʝ ʘʜ-

ʩʦʨʙʫʚʘʪʠʩʴ ʥʘ ʥʘʤʫʣʘʭ, ʘʙʦ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥʘʭ. ɸʙʦ ʯʘʩʪʠʥʢʠ ʤʦ-

ʞʫʪʴ ʟʥʠʢʘʪʠ ʚʥʘʩʣʽʜʦʢ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʘʙʦ ʨʘʜʽʦʘʢʪʠ-

ʚʥʦʛʦ ʨʦʟʧʘʜʫ. ɺʩʽ ʥʘʚʝʜʝʥʽ ʩʪʘʥʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʽʟʥʽ ʬʘʟʠ ʧʝʨʝ-

ʙʫʚʘʥʥʷ ʦʜʥʦʾ ʯʘʩʪʠʥʢʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʨʝʯʦ-

ʚʠʥʠ. ʏʘʩʪʠʥʢʘ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʩʪʘʥʠ ʩʚʦʛʦ ʽʩʥʫʚʘʥʥʷ ʚ ʜʝʷʢʽ ʤʦʤʝʥʪʠ 

ʯʘʩʫ ʟ ʜʝʷʢʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ. ʗʢʱʦ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʡʤʦʚʽʨ-

ʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚ ʽʥʰʠʡ ʩʪʘʥ ʜʣʷ ʨʝʯʦʚʠʥʠ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ 

ʽʩʪʦʨʽʾ ʧʝʨʝʪʚʦʨʝʥʴ ʨʝʯʦʚʠʥʠ, ʪʦ ʪʘʢʠʡ ʧʨʦʮʝʩ ʻ ʤʘʨʢʽʚʩʴʢʠʤ, ʪʘ ʜʦ 

ʥʴʦʛʦ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʪʝʦʨʽʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ ʤʘʨʢʽʚʩʴʢʠʭ 

ʧʨʦʮʝʩʽʚ. 

ʅʝʭʘʡ ʜʝʷʢʘ ʩʠʩʪʝʤʘ ʤʘʻ ʩʢʽʥʯʝʥʠʡ ʥʘʙʽʨ ʜʠʩʢʨʝʪʥʠʭ ʩʪʘʥʽʚ 

1 2, ,., nS S Sʉʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʚʠʟʥʘʯʠʪʠ ʡʤʦʚʽʨʥʦʩʪʽ ( )ip t  ʧʝʨʝʙʫ-

ʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʢʦʞʥʦʤʫ ʟ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʚ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

ʁʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʱʽʣʴʥʦʩʪʷʤʠ ʧʝʨʝʭʦʜʫ: 

0

( )
lim

ij

ij
t

p t

t
l

D ­

D
=

D
    (1) 

ʜʝ ( )ijp tD -  ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʟʽ ʩʪʘʥʫ i  ʚ ʩʪʘʥ j  ʟʘ ʯʘʩ tD. 

ʊʘʢʽ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʦ ʟʦʙʨʘʞʘʪʠ ʛʨʘʬʘʤʠ. ʇʨʠʢʣʘʜ ʪʘʢʦʛʦ ʛʨʘʬʘ 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1, ʪʫʪ ʟʦʙʨʘʞʝʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʚ 

ʪʨʴʦʭ ʩʪʘʥʘʭ 1 2 3, ,S S S
, ʥʘʧʨʷʤʢʠ ʧʝʨʝʭʦʜʫ ʧʦʟʥʘʯʝʥʽ ʩʪʨʽʣʦʯʢʘʤʠ, ʘ 

ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʝʡ  ʩʠʤʚʦʣʘʤʠ ijl. 
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ʈʠʩ. 1 ʇʨʠʢʣʘʜ ʛʨʘʬʫ ʥʝʧʝʨʝʨʚʥʦʛʦ ʤʘʨʢʽʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ 

 

ʊʦʜʽ ʟ ʦʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʤʦʞʥʘ ʚʠʧʠʩʘʪʠ ʩʠʩʪʝʤʫ ʜʠ-

ʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʙʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʟ ʢʦʞʥʦʤʫ ʩʪʘʥʽ. ɼʣʷ ʛʨʘʬʫ ʥʘ ʨʠʩ. 1 ʪʘʢʘ ʩʠʩʪʝʤʘ ʤʘʻ ʚʠʛʣʷʜ: 

1
31 3 13 1 12 1( ) ( ) ( )

p
p t p t p t

t
l l l

µ
= - -

µ
 

                      
2

12 1 32 3 23 2( ) ( ) ( )
p

p t p t p t
t
l l l

µ
= + -

µ
             (2) 

3

13 1 23 2 31 3 32 3( ) ( ) ( ) ( )
p

p t p t p t p t
t
l l l l

µ
= + - -

µ
 

ʉʠʩʪʝʤʘ (2) ʻ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ ʂʦʣʤʦʛʦʨʦʚʘ [1] ʜʣʷ ʨʦʟʧʦʜʽʣʫ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʤʽʞ ʤʦʞʣʠʚʠʤʠ ʩʪʘʥʘʤʠ ʩʠʩʪʝʤʠ. ʈʦʟʚôʷʟʦʢ ʮʽʻʾ ʩʠʩʪʝʤʠ 

( )ip t
 ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ 0(0)i ip p=

 ʚʠʟʥʘʯʘʻ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨ-

ʥʦʩʪʝʡ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʢʦʞʥʦʤʫ ʩʪʘʥʽ ʩʠʩʪʝʤʠ, ʧʨʠʯʦʤʫ 

3

1

( ) 1i

i

p t
=

=ä
. 

ʗʢʱʦ ʚʽʜʦʤʦ, ʱʦ ʩʠʩʪʝʤʘ ʧʝʨʝʙʫʚʘʻ ʚ ʜʝʷʢʦʤʫ ʩʪʘʥʽ iS
, ʪʦʙʪʦ ʚ ʜʝʷʢʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ 0 0t =
 

1, 0,i jp p j i= = ¸
 ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʣʠʰʠʪʠʩʷ ʚ 

ʮʴʦʤʫ ʞ ʩʪʘʥʽ ʯʝʨʝʟ ʯʘʩ tD ʜʦʨʽʚʥʶʻ 
( )ip p t= D

, ʘ ʟʥʘʯʠʪʴ 

ʡʤʦʚʽʨʥʽʩʪʴ  
q

 ʟʤʽʥʠʪʠ ʩʚʽʡ ʩʪʘʥ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

1 ( )iq p t= - D           (3) 

 ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʽʚʥʷʥʥʷ ʂʦʣʤʦʛʦʨʦʚʘ ʜʣʷ ʩʠʩʪʝʤʠ ʟ n  ʤʦʞʣʠʚʠʭ 

ʩʪʘʥʽʚ: 
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,

1

, 1,
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i j j

j

dp
p i n

dt
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=

= =ä           (4) 

ʎʝ ʩʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʦʜʥʦʨʽʜʥʠʭ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚ-

ʥʷʥʴ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʻ ʽʥʪʝʛʨʦʚʥʦʶ ʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʫʥʢʮʽʷʭ ʘʙʦ ʢʚʘʜʨʘ-

ʪʫʨʘʭ. ʅʝʭʘʡ 0 , 1,ip i n= - ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ ʩʠʩʪʝʤʠ (2). ʇʦʟʥʘʯʠʤʦ 

( )ijp p t= D ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʟʽ ʩʪʘʥʫ i  ʚ ʩʪʘʥ j  ʟʘ ʯʘʩ tD ʧʨʠ 

ʫʤʦʚʽ, ʱʦ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʣʘʩʷ ʚ ʧʦʣʦʞʝʥʥʽ 

i,  ʪʦʙʪʦ 
0 01, 0,i jp p j i= = .̧ ʊʦʜʽ, ʱʦʙ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʠʪʠ ʡʤʦʚʽ-

ʨʥʦʩʪʽ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʧʝʨʝʭʦʜʽʚ ʯʘʩʪʠʥʢʠ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ n  ʨʦʟʚ'-

ʷʟʢʽʚ ʩʠʩʪʝʤʠ (2) ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ  
0 01, 0,i jp p j i= =  ̧ ʜʣʷ 

ʢʦʞʥʦʛʦ  1,i n= . ʊʘʙʣʠʮʷ ʟ 
2n  ʬʫʥʢʮʽʡ ( )ijp tD  ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʯʘʩʪʠʥʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʟʘʜʘʯʘ ʤʦʜʝʣʶʚʘʥʥʷ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʯʘʩʪʠʥʢʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘ-

ʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʴ ʂʦʣʤʦʛʦʨʦʚʘ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʬʘ-

ʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʜʦ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʪʘʢʠʭ ʨʽʚʥʷʥʴ.  

ɼʣʷ ʜʝʷʢʠʭ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʠ ʨʘʜʽʦ-

ʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ ʪʘ ʘʜʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʥʘ ʙʘʛʘʪʦʬʨʘʢʮʽʡʥʠʭ ʥʘʤʫʣʘʭ 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʚ ʯʠʩʝʣʴʥʽʡ ʣʘʛʨʘʥʞʝʚʽʡ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ [2]. ɹʫʣʦ ʦʪʨʠ-

ʤʘʥʦ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʴ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʣʘʛʨʘʥʞʝ-

ʚʠʤʠ ʤʝʪʦʜʘʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʤʦʜʝʣʶʚʘʥʥʽ. ʇʦʙʫʜʦʚʘʥʦ ʟʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ, ʪʘ ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ 

ʚʠʨʘʟʠ ʜʣʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ 

ʜʣʷ ʟʘʜʘʯʽ ʧʨʦ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʨʦʟʧʘʜ ʪʘ ʘʜʩʦʨʙʮʽʶ-ʜʝʩʦʨʙʮʽʶ ʥʘ ʦʜʥʦ-

ʬʨʘʢʮʽʡʥʠʭ ʥʘʤʫʣʘʭ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʧʨʦ ʨʦʟʧʦʚʶʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʨʠ ʛʽʧʦʪʝʪʠʯʥʠʭ 

ʘʚʘʨʽʷʭ ʚ ɾʦʚʪʦʤʫ ʤʦʨʽ ʪʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʷ ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫ-

ʢʫʩʽʤʘ [3,4,5]. 
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ɺʇʃʀɺ ʅɽʆɼʅʆʈɯɼʅʆʉʊɽʁ ɼʆʅʅʆɰ ʊʆʇʆɻʈɸʌɯɰ ʅɸ 

ɻʈɸɺɯʊɸʎɯʁʅɯ ʊɽʏɯɰ. ʄʆɼɽʃʖɺɸʅʅʗ ɼʀʅɸʄɯʂʀ ʊɸ 

ʉʊʈʋʂʊʋʈʀ ʇʈʀɼʆʅʅʆɰ ɺʆɼʀ ɿ ʅʀɿʀʅʀ ʌɯʃʔʍʅɽʈɸ  

ʊʝʨʣʝʮʴʢʘ ʂ. ʄʘʜʝʨʠʯ ɺ. ɹʨʦʚʯʝʥʢʦ ɯ. 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʽ ʩʠʩʪʝʤ, ʋʢʨʘʾʥʘ 

 

ʉʧʝʮʠʬʽʯʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʦʨʷ ɺʝʜʝʣʣʘ ʻ ʬʦʨʤʫʚʘʥʥʷ ʘʥʪʘʨʢʪʠʯ-

ʥʦʾ ʧʨʠʜʦʥʥʦʾ ʚʦʜʥʦʾ ʤʘʩʠ (ɸʇɺ) ʟʘ ʨʘʭʫʥʦʢ ʟʠʤʦʚʦʾ ʢʦʥʚʝʢʮʽʾ ʥʘ ʰʝ-

ʣʴʬʽ. ɿʘ ʦʮʽʥʢʦʶ Locarnini et al. (1993) ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ɸʇɺ, ʱʦ ʟʘʧʦ-

ʚʥʶʻ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʘʙʽʩʩʘʣʽ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ, ʥʘʜʭʦʜʠʪʴ ʩʘʤʝ ʟ ʮʴʦʛʦ 

ʤʦʨʷ. ɻʣʠʙʠʥʥʽ ʚʦʜʠ ʤʦʨʷ ɺʝʜʜʝʣʣʘ (ɻɺɺ) ʬʦʨʤʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʝ-

ʢʽʣʴʢʦʭ ʚʟʘʻʤʦʜʽʶʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʢʦʥʚʝʢʮʽʾ: (1) ʰʝʣʴʬʦʚʽʡ ʢʦʥʚʝʢʮʽʾ 

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

ʪʠʥʽ ʤʦʨʷ, (2) ʛʣʠʙʦʢʦʚʦʜʥʦʾ ʢʦʥʚʝʢʮʽʾ ʚ ʦʧʦʣʦʥʢʘʭ, (3) ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʰʝʣʴʬʦʚʠʭ ʚʦʜ ʧʽʜ ʰʝʣʴʬʦʚʠʤ ʣʴʦʜʦʚʠʢʦʤ ʈʦʥʥʝ-ʌʽʣʴʭʥʝʨʘ ʥʘ ʧʽʚʜʥʽ 

ʤʦʨʷ.  

ʇʨʠʜʦʥʥʘ ʪʝʯʽʷ ʚ ʥʠʟʠʥʽ ʌʽʣʴʭʥʝʨʘ ʬʦʨʤʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʢʣʘʜ-

ʥʦʛʦ ʛʽʜʨʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʉʦʣʦʥʽ ʽ ʭʦʣʦʜʥʽ ʚʦʜʠ, ʱʦ ʤʘʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʤʝʨʟʘʥʥʷ ʦʢʝʘʥʩʴʢʦʾ ʚʦʜʠ 1.9oT C=-  ʽ ʷʢʽ ʫʪʚʦʨʠʣʠʩʷ ʚ 

ʨʘʡʦʥʽ ʰʝʣʴʬʦʚʦʛʦ ʣʴʦʜʦʚʠʢʘ ʈʦʥʥʝ, ʦʧʫʩʢʘʶʪʴʩʷ ʫ ʚʧʘʜʠʥʫ ʧʽʜ ʣʴʦʜʦ-

ʚʠʢʦʤ ʥʘ ʛʣʠʙʠʥʠ ʜʦ 1900 ʤ, ʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘʥʝʥʥʷ ʣʴʦʜʫ ʚʠʱʘ, ʪʦʤʫ 

ʣʴʦʜʦʚʠʢ ʟʥʠʟʫ ʪʘʥʝ ʽ ʚʦʜʘ ʩʪʘʻ ʙʽʣʴʰ ʧʨʽʩʥʦʶ, ʧʦʪʽʤ ʚʦʜʘ ʧʦʚʝʨʪʘʻʪʴʩʷ 

ʯʝʨʝʟ ʧʨʦʪʦʢʫ ʤʽʞ ʦʩʪʨʦʚʦʤ ɹʝʨʢʥʝʨʘ, ʧʽʜʥʽʤʘʶʯʠʩʴ ʚʟʜʦʚʞ ʥʠʞʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʣʴʦʜʦʚʠʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʩʪʘʻ ʥʠʞʯʦʶ, ʥʽʞ ʣʦʢʘʣʴʥʘ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʟʘʤʝʨʟʘʥʥʷ ʤʦʨʩʴʢʦʾ ʚʦʜʠ, ʣʽʜ ʥʘʨʦʩʪʘʻ, ʚʠʜʽʣʷʻʪʴʩʷ ʨʦʟʩʽʣ ʽ ʚ 

ʢʽʥʮʽ ʢʽʥʮʽʚ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠʜʦʥʥʘ ʙʽʣʴʰ ʭʦʣʦʜʥʘ ʚʦʜʥʘ ʤʘʩʘ (ʃɺ) ʱʦ ʻ 

ʙʽʣʴʰ ʧʨʽʩʥʦʶ, ʥʽʞ ʪʘ, ʱʦ ʚʪʽʢʘʻ, ʷʢʘ ʧʦʪʽʤ ʚʠʪʽʢʘʻ ʯʝʨʝʟ ʥʠʟʠʥʫ 

ʌʽʣʴʭʥʝʨʘ. ʉʠʣʘ ʂʦʨʽʦʣʽʩʘ ʚʽʜʭʠʣʷʻ ʮʶ ʛʨʘʚʽʪʘʮʽʡʥʫ ʧʨʠʜʦʥʥʫ ʪʝʯʽʶ ʥʘ 
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ʟʘʭʽʜ. ʅʘʷʚʥʽʩʪʴ ʧʽʜʚʦʜʥʠʭ ʭʨʝʙʪʽʚ ʥʘ ʤʘʪʝʨʠʢʦʚʦʤʫ ʩʭʠʣʽ ʤʦʞʝ ʥʘʧʨʘ-

ʚʠʪʠ ʧʦʪʽʢ ʚ ʛʣʠʙʠʥʥʫ ʯʘʩʪʠʥʫ ʤʦʨʷ ɺʝʜʜʝʣʣʘ, ʟʚʽʜʢʠ ɻɺɺ ʯʝʨʝʟ ʧʨʦ-

ʪʦʢʠ ʚ ʤʦʨʽ ʉʢʦʰʘ ʧʽʜʞʠʚʣʶʶʪʴ ɸɸʇɺ.     ʃʘʙʦʨʘʪʦʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʦʢʝʘʥʽ ʧʦʢʘʟʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʨʝʞʠʤʽʚ ʛʨʘ-

ʚʽʪʘʮʽʡʥʠʭ ʪʝʯʽʡ: ʣʘʤʽʥʘʨʥʠʡ, ʷʢʠʡ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʽ ʜʣʷ 

ʷʢʦʛʦ ʭʘʨʘʢʪʝʨʥʠʡ ʙʘʣʘʥʩ ʤʽʞ ʩʠʣʦʶ ʧʣʘʚʫʯʦʩʪʽ, ʩʠʣʘʤʠ ʪʝʨʪʷ ʽ ʂʦʨʽʦ-

ʣʽʩʘ, ʚʠʭʦʨʦʚʠʡ ʚ ʷʢʦʤʫ ʚʠʭʦʨʠ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ ʚʽʩʩʶ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʥʝʩʪʽʡʢʦʩʪʽ ʪʘ ʭʚʠʣʴʦʚʠʡ, ʢʦʣʠ ʚ ʰʘʨʽ ʨʦʟʜʽʣʫ ʤʽʞ ʛʨʘʚʪʘʮʽʡ-

ʥʠʤ ʧʦʪʦʢʦʤ ʪʘ ʦʪʦʯʫʶʯʦʶ ʚʦʜʦʶ ʟʘ ʨʘʭʫʥʦʢ ʥʝʩʪʽʡʢʦʩʪʽ ʚʠʥʠʢʘʶʪʴ 

ʭʚʠʣʴʦʧʦʜʽʙʥʽ ʟʙʫʨʝʥʥʷ. ɺ ʨʦʙʦʪʽ ʥʝʛʽʜʨʦʩʪʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʽʜʝʘʣʽʟʦʚʘʥʠʭ ʪʝʯʽʡ, ʷʢʽ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʚ ʣʘʙʦʨʘ-

ʪʦʨʽʾ (W¬hlin et al., 2008) ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʪʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʥʴʦʥʘ 

ʪʘ ʭʨʝʙʪʘ. ɽʢʩʧʝʨʠʤʝʥʪʠ (W¬hlin et al., 2008) ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʚʝʣʠʢʽʡ 

ʧʣʘʪʬʦʨʤʽ Coriolis (Grenoble) ʟ ʜʽʘʤʝʪʨʦʤ 13 ʤʝʪʨʽʚ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ ʟ 

ʧʝʨʽʦʜʦʤ T=60 cʝʢ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʧʘʨʘʤʝʪʨʫ ʂʦʨʽʦʣʽʩʘ 
10.21f cʝʢ-=

. ʇʦʭʠʣʘ ʧʣʘʪʬʦʨʤʘ, ʱʦ ʤʘʻ ʨʦʟʤʽʨʠ 8 ʤ ʭ 2.5 ʤ ʫʪʚʦʨʶʻ ʢʫʪ 6Á  (s= tanŬ 

= 0.1) ʽʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ. ʂʘʥʴʡʦʥ/ʭʨʝʙʝʪ ʤʘʻ ʟʘʚʰʠʨʰʢʠ 16 

ʩʤ ʪʘ 10 ʩʤ ʟʘʚʚʠʰʢʠ/ʟʘʚʛʣʠʙʰʢʠ. ɼʞʝʨʝʣʦ ʙʽʣʴʰ ʛʫʩʪʦʾ ʧʦ ʩʦʣʦʥʦʩʪʽ 

ʨʽʜʠʥʠ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 25 ʩʤ ʚʽʜ ʰʝʣʴʬʫ. ʈʦʟʤʽʨʠ ʦʪʚʦʨʫ 2,5ʩʤ 

ʭ 20 ʩʤ. ɹʘʩʝʡʥ ʟʘʧʦʚʥʝʥʠʡ ʚʦʜʦʶ, ʱʦ ʤʘʻ ʛʣʠʙʠʥʫ D =0.35 ʤ. ʆʙʩʷʛ 

ʩʦʣʦʥʦʾ ʚʦʜʠ, ʱʦ ʚʠʪʽʢʘʣʘ ʽʟ ʦʪʚʦʨʫ  = 10 ʣʽʪʨʽʚ ʥʘ ʛʦʜʠʥʫ, ʟʥʘʯʝʥʥʷ ʛʫ-

ʩʪʠʥʠ ȹɟ =4.3 ʢʛ ʤ-3. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ ʪʨʴʦʭ ʢʦʥʬʽʛʫʨʘ-

ʮʽʡ: (ʘ) ʛʣʘʜʢʠʡ ʩʭʠʣ; (ʙ) ʩʭʠʣ ʟ ʦʜʥʠʤ ʭʨʝʙʪʦʤ; (ʚ) ʩʭʠʣ ʟ ʜʚʦʤʘ ʭʨʝʙ-

ʪʘʤʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʤʦʜʝʣʴʥʦʛʦ 

ʭʨʝʙʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʧʦʪʦʢʫ ʚʦʜ ʧʦʧʝʨʝʢ ʩʭʠʣʫ, ʭʦʯʘ 

ʯʘʩʪʠʥʘ ʚʦʜʠ ʧʝʨʝʪʽʢʘʻ ʯʝʨʝʟ ʥʴʦʛʦ ʽ ʧʨʦʜʦʚʞʫʻ ʧʦʰʠʨʶʚʘʪʠʩʷ ʫ ʚʠʭʨʦ-

ʚʦʤʫ ʨʝʞʠʤʽ. ʇʨʠ ʮʴʦʤʫ ʚʠʭʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʫ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʧʘʜʢʦʤ ʛʣʘʜʢʦʛʦ ʜʥʘ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʧʦʩʠʣʶʻʪʴʩʷ ʟʩʫʚ 

ʰʚʠʜʢʦʩʪʽ ʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʩʪʨʫʤʝʥʽ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚʟʜʦʚʞ 

ʭʨʝʙʪʘ. ɼʚʘ ʧʘʨʘʣʝʣʴʥʠʭ ʭʨʝʙʪʘ ʪʘʢʦʞ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ 

ʧʦʪʦʢʫ ʚʦʜ ʧʦʧʝʨʝʢ ʩʭʠʣʫ. ɼʚʘ ʭʨʝʙʪʘ ʝʬʝʢʪʠʚʥʦ ʙʣʦʢʫʶʪʴ ʧʦʰʠʨʝʥʥʷ 

ʧʨʠʜʦʥʥʦʛʦ ʪʝʯʽʾ ʚʟʜʦʚʞ ʩʭʠʣʫ. ʇʨʠ ʮʴʦʤʫ ʟ ʥʘʚʽʪʨʷʥʦʛʦ ʙʦʢʫ ʢʦʞʥʦʛʦ 

ʟ ʭʨʝʙʪʽʚ ʚʠʥʠʢʘʻ ʣʘʥʮʶʞʦʢ ʚʠʭʦʨʽʚ ʥʝʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ. ʎʝʡ ʝʬʝʢʪ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʽ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʟ ʦʜʥʠʤ 

ʭʨʝʙʪʦʤ. ʋ ʮʽʣʦʤʫ, ʧʦʚʝʜʽʥʢʘ ʧʦʪʦʢʫ ʚ ʚʠʭʨʦʚʦʤʫ ʨʝʞʠʤʽ ʥʘʜ ʭʨʝʙʪʦʤ 

ʟ ʭʘʨʘʢʪʝʨʥʠʤ ʤʘʩʰʪʘʙʦʤ ʙʘʛʘʪʦ ʤʝʥʰʠʤ ʨʘʜʽʫʩʫ ʜʝʬʦʨʤʘʮʽʾ ʽʩʪʦʪʥʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʰʠʨʝʥʥʷ ʚʠʭʦʨʽʚ ʥʘʜ ʜʥʦʤ ʟ ʧʣʘʚʥʠʤʠ ʟʤʽʥʘʤʠ ʨʝʣʴ-

ʻʬʫ. ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʽʜʚʦʜʥʠʭ ʭʨʝʙʪʽʚ ʥʘ 

ʛʨʘʚʽʪʘʮʽʡʥʽ ʪʝʯʽʾ ʥʘ ʩʭʠʣʽ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʘʩʰʪʘʙʫ ʽ ʥʘ ʧʦʪʽʢ ʪʨʘʥʩʬʦ-
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ʨʤʦʚʘʥʠʭ ʧʽʜ ʣʴʦʜʦʚʠʢʦʤ ʈʦʥʥʝ-ʌʽʣʴʭʥʝʨʘ ʚʦʜ ʫ ʤʦʨʝ ʋʝʜʜʝʣʣʘ ʧʦʢʘ-

ʟʘʣʠ ʥʘʷʚʥʽʩʪʴ ʧʦʤʽʪʥʦʛʦ ʝʬʝʢʪʫ ʧʽʜʚʦʜʥʠʭ ʭʨʝʙʪʽʚ ʚ ʥʘʧʨʷʤʢʫ ʧʨʠʜʦʥ-

ʥʠʭ ʧʦʪʦʢʽʚ ʧʦʧʝʨʝʢ ʩʭʠʣʫ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʮʴʦʛʦ ʧʦʪʦʢʫ ʚ 

ʦʢʦʣʠʮʽ ʭʨʝʙʪʘ ʟʙʽʣʴʰʫʻ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʦʜ, ʱʦ ʦʧʫʩʢʘʶʪʴʩʷ. 
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ʈɽʂʆʅʉʊʈʋʂʎɯʗ ʈɸɼɯɸʎɯʁʅʆɻʆ ɿɸɹʈʋɼʅɽʅʅʗ ʏʆʈʅʆɻʆ 

ʄʆʈʗ ɺ ʈɽɿʋʃʔʊɸʊɯ ɸɺɸʈɯɰ ʅɸ ʏʆʈʅʆɹʀʃʔʉʔʂɯʁ ɸɽʉ 

ʈ.ɺ. ɹʝʞʝʥʘʨ, ɺ.ʉ. ʄʘʜʝʨʠʯ 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʽ ʩʠʩʪʝʤ, ʋʢʨʘʾʥʘ 

 

ɺ ʜʘʥʠʡ ʯʘʩ ʏʦʨʥʝ ʤʦʨʝ ʻ ʜʨʫʛʠʤ ʫ ʩʚʽʪʽ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʨʘʜʽʦʘʢ-

ʪʠʚʥʦʛʦ ʩʪʨʦʥʮʽʶ 90Sr ʪʘ ʪʘ ʪʨʝʪʽʤ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʮʝ-

ʟʽʶ 137Cs. ɯʩʪʦʨʠʯʥʦ ʦʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ 

ʙʫʣʠ ʛʣʦʙʘʣʴʥʝ ʚʠʧʘʜʽʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʘʪʦʤ-

ʥʦʾ ʟʙʨʦʾ ʚʩʝʨʝʜʠʥʽ ʍʍ ʩʪʦʣʽʪʪʷ ʪʘ ʘʚʘʨʽʷ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ʘʪʦʤʥʽʡ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʏɸɽʉ) 1986 ʨʦʢʫ. ɿ ʯʘʩʦʤ ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʤʦʨʽ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ ʽ ʚʠʪʦʢʫ ʚ ʉʝʨʝʜʟʝʤʥʝ 

ʤʦʨʝ ʯʝʨʝʟ ɹʦʩʬʦʨʩʴʢʫ ʧʨʦʪʦʢʫ. ɸʣʝ ʦʩʢʽʣʴʢʠ ʧʝʨʽʦʜ ʥʘʧʽʚʨʦʟʧʘʜʫ 137Cs 

ʽ 90Sr ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 30 ʨʦʢʽʚ, ʘ ʧʦʪʽʢ ʯʝʨʝʟ ɹʦʩʬʦʨ ʤʘʣʠʡ, ʧʦʨʽʚʥʷʥʦ 

ʟ ʦʙᾷʻʤʦʤ ʏʦʨʥʦʛʦ ʤʦʨʷ, ʪʦ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ 

ʤʦʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʫʞʝ ʧʦʚʽʣʴʥʦ. ʆʪʞʝ, ʟʘʚʜʷʢʠ ʛʝʦʛʨʘʬʽʯʥʦʤʫ ʧʦʣʦ-

ʞʝʥʥʶ ʽ ʤʘʣʦʤʫ ʦʙʤʽʥʦʤ ʚʦʜʦʶ ʟ ʉʝʨʝʜʟʝʤʥʠʤ ʤʦʨʝʤ, ʏʦʨʥʝ ʤʦʨʝ ʟʘ-

ʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʟʘʙʨʫʜʥʝʥʠʭ ʤʦʨʽʚ ʫ ʩʚʽʪʽ ʟʘ ʚʤʽʩʪʦʤ ʘʥ-

ʪʨʦʧʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʏʦ-

ʨʥʦʛʦ ʤʦʨʷ, ʧʦʯʠʥʘʶʯʠ ʟ ʩʝʨʝʜʠʥʠ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʣʘʩʴ ʢʘʤʝʨʥʘ ʤʦʜʝʣʴ Poseidon [1], ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʦʾ ʻ ʤʦʞʣʠ-

ʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʦʜʥʦʯʘʩʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʚʦʜʽ, ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ. ɺ ʜʘʥʠʡ ʯʘʩ ʤʦʜʝʣʴ 

Poseidon ʽʥʪʝʛʨʦʚʘʥʘ ʚ ɭʚʨʦʧʝʡʩʴʢʫ ʩʠʩʪʝʤʫ ʟ ʷʜʝʨʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝ-

ʘʛʫʚʘʥʥʷ RODOS, ʘʣʝ ʏʦʨʥʝ ʤʦʨʝ ʪʘʤ ʧʨʝʜʩʪʘʚʣʝʥʝ ʫ ʚʠʛʣʷʜʽ ʜʫʞʝ 

ʩʧʨʦʱʝʥʦʾ ʩʠʩʪʝʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʘʥʦʾ ʨʦʙʦʪʠ ʩʪʚʦʨʝʥʘ ʜʝʪʘʣʴʥʘ 3-ʚʠ-

ʤ̔ ʨʥʘ ʩʠʩʪʝʤʘ ʢʦʤʽʨʦʢ ʏʦʨʥʦʛʦ ʤʦʨʷ. ʆʩʢʽʣʴʢʠ ʚ ʙʘʩʝʡʥʽ ʨʽʯʦʢ, ʷʢʽ ʚʧʘ-



110 

ʜʘʶʪʴ ʚ ʏʦʨʥʝ ʤʦʨʝ ʜʽʶʪʴ 37 ʙʣʦʢʽʚ ɸɽʉ, ʮʝ ʩʢʣʘʜʘʻ ʧʦʪʝʥʮʽʡʥʫ ʥʝʙʝʟ-

ʧʝʢʫ ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʷ. ʊʦʤʫ ʧʦʢʨʘʱʝʥʥʷ ʦʧʠʩʫ ʏʦʨʥʦʛʦ 

ʤʦʨʷ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʠ RODOS ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʄʦʜʝʣʴ Poseidon ʦʧʠʩʫʻ ʤʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ ʷʢ ʩʠʩʪʝʤʫ ʢʘʤʝʨ, ʱʦ 

ʚʢʣʶʯʘʪʴ ʪʦʚʱʫ ʚʦʜʠ, ʜʦʥʥʽ ʚʽʜʢʣʘʜʝʥʥʷ ʽ ʤʦʨʩʴʢʽ ʦʨʛʘʥʽʟʤʠ. ʂʦʞʥʘ ʟ 

ʢʘʤʝʨ ʚ ʤʦʜʝʣʽ ʤʦʞʝ ʤʽʩʪʠʪʠ ʙʫʜʴ-ʷʢʫ ʢʽʣʴʢʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʘʨʽʚ 

ʚʦʜʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʪʨʠʚʠʤʽʨʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʇʝʨʝʥʦʩ ʨʦ-

ʟʯʠʥʝʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʽʞ ʢʘʤʝʨʘʤʠ ʦʧʠʩʫʻʪʴʩʷ ʧʦʪʦʢʘʤʠ ʚʦʜʠ, ʷʢʽ ʚʽ-

ʜʧʦʚʽʜʘʶʪʴ ʧʨʦʮʝʩʘʤ ʘʜʚʝʢʮʽʾ ʽ ʜʠʬʫʟʽʾ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ 

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

ʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʠʥʘʤʽ-

ʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʟʥʠʭ ʣʘʥʮʶʞʢʽʚ ʞʠʚʣʝʥʥʷ ʜʣʷ ʧʦʚʝʨʭ-

ʥʝʚʠʭ ʽ ʜʦʥʥʠʭ ʦʨʛʘʥʽʟʤʽʚ. ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʤʦʜʝʣʽ Poseidon ʧʨʠʚʝʜʝʥʠʡ 

ʚ ʨʦʙʦʪʽ [2]. 

ʆʙᾷʻʤ ʽ ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʢʘʤʝʨ ʚ ʥʦʚʽʡ ʜʝʪʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʤʦʜʝʣʽ 

Poseidon ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʛʣʠʙʠʥ, ʜʦʩʪʫʧʥʠʭ ʚ ɭʚ-

ʨʦʧʝʡʩʴʢʽʡ ʤʦʜʝʣʽ ʦʢʝʘʥʫ NEMO [3]. ʅʦʚʘ ʩʠʩʪʝʤʘ ʢʘʤʝʨ ʜʣʷ ʏʦʨʥʦʛʦ 

ʤʦʨʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 50 ʤʦʨʩʴʢʠʭ ʢʘʤʝʨ ʪʘ 2 ʢʘʤʝʨ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʠʪʽʢ 

ʚʦʜʠ ʟ ʨʽʯʦʢ ɼʥʽʧʨʘ ʽ ɼʫʥʘʶ (ʈʠʩ 1). ɼʣʷ ʦʧʠʩʫ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʨʦʟʧʦʜʽʣʫ ʘʢʪʠʚʥʦʩʪʽ ʚ ʤʦʨʽ ʢʘʤʝʨʠ ʙʫʣʠ ʧʦʜʽʣʝʥʽ ʥʘ ʯʦʪʠʨʠ ʚʝʨʪʠʢʘʣʴ-

ʥʠʭ ʰʘʨʠ: ʧʦʚʝʨʭʥʝʚʠʡ (ʛʣʠʙʠʥʦʶ 25 ʤ), ʧʨʠʧʦʚʝʨʭʥʝʚʠʡ (ʚʽʜ 25 ʜʦ 100 

ʤ), ʩʝʨʝʜʥʽʡ (ʚʽʜ 100 ʜʦ 500 ʤ) ʽ ʛʣʠʙʠʥʥʠʡ (ʚʽʜ 500 ʤ ʜʦ ʜʥʘ). ʅʘ ʨʠʩ. 1 

ʛʣʠʙʦʢʦʚʦʜʥʽ ʢʘʤʝʨʠ, ʱʦ ʤʽʩʪʷʪʴ ʚʩʽ 4 ʚʝʨʪʠʢʘʣʴʥʽ ʰʘʨʠ, ʧʦʟʥʘʯʝʥʽ ʛʦ-

ʣʫʙʠʤ ʢʦʣʴʦʨʦʤ, ʤʽʣʢʦʚʦʜʥʽ ʢʘʤʝʨʠ ʟ 1 ʘʙʦ 2 ʰʘʨʘʤʠ ï ʙʽʣʠʤ, ʘ ʢʘʤʝʨʠ 

ʟ 3 ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʰʘʨʘʤʠ ï ʢʦʩʠʤʠ ʛʦʣʫʙʠʤʠ ʧʦʣʦʩʢʘʤʠ. ʇʦʪʦʢʠ ʚʦʜʠ 

ʤʽʞ ʢʘʤʝʨʘʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʩʝʨʝʜʥʝʥʥʷ 3-ʚʠʤʽʨʥʠʭ ʪʝ-

ʯʽʡ ʟʘ 10 ʨʦʢʽʚ (2005 ï 2014) ʟ ʮʽʻʾ ʞ ʤʦʜʝʣʽ. 

 

 
ʈʠʩ. 1. ʅʦʚʘ ʩʠʩʪʝʤʘ ʢʘʤʝʨ ʏʦʨʥʦʛʦ ʤʦʨʷ ʜʣʷ ʤʦʜʝʣʽ Poseidon 

ɺʝʣʠʯʠʥʘ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʧʘʜʽʥʥʷ 137Cs ʥʘ ʢʘʤʝʨʠ ʏʦʨʥʦʛʦ ʤʦʨʷ ʙʫʣʘ 

ʩʬʦʨʤʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʱʦʨʽʯʥʠʭ ʜʘʥʠʭ ʛʫʩʪʠʥʠ ʚʠʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ 
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ʧʣʘʥʝʪʠ ʤʽʞ 40 ʽ 50 ʛʨʘʜʫʩʘʤʠ ʧʽʚʥʽʯʥʦʾ ʰʠʨʦʪʠ [4]. ʑʦ ʩʪʦʩʫʻʪʴʩʷ 

ʚʠʧʘʜʽʥʥʷ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ, ʪʦ ʟʛʽʜʥʦ ʟ ʦʮʽʥʢʘʤʠ [5] ʘʪʤʦʩʬʝʨʥʝ 

ʚʠʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʏʦʨʥʦʛʦ ʤʦʨʷ ʚ ʪʨʘʚʥʽ 1986 ʨʦʢʫ ʩʢʣʘʣʦ 1700-

2400 ʊɹʢ 137Cs. ʈʦʟʧʦʜʽʣ ʜʘʥʦʛʦ ʚʠʧʘʜʽʥʥʷ ʤʽʞ ʢʘʤʝʨʘʤʠ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ 

ʥʘ ʦʩʥʦʚʽ ʢʘʨʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʏʦʨʥʦʛʦ ʤʦʨʷ [6]. ʇʨʠ-

ʪʽʢ 137Cs ʟ ʚʦʜʘʤʠ ʨʽʯʦʢ ɼʥʽʧʨʘ ʽ ɼʫʥʘʶ ʩʪʘʥʦʚʠʚ ʚʩʴʦʛʦ 26 ʊɹʢ ʧʨʦʪʷ-

ʛʦʤ 1986-2000 ʨʦʢʽʚ. ɿʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʤʦʨʷ 90Sr ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʾ 

ʥʘ ʏɸɽʉ ʙʫʣʦ ʟʥʘʯʥʦ ʤʝʥʰʠʤ [5], ʪʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʦʥʦ ʥʝ ʨʦʟʛʣʷ-

ʜʘʣʦʩʷ. 

ʇʦʨ̔ʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 137Cs 

ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʨʽʟʥʠʭ ʢʘʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʝ ʥʘ ʨʠʩ. 2. ɺʠʜʥʦ, ʱʦ 

ʤʦʜʝʣʴ ʚʽʜʪʚʦʨʶʻ ʤʘʢʩʠʤʫʤ, ʧʦʚᾷʷʟʘʥʠʡ ʟ ʘʪʤʦʩʬʝʨʥʠʤ ʚʠʧʘʜʽʥʥʷʤ ʧʽ-

ʩʣʷ ʘʚʘʨʽʾ ʥʘ ʏɸɽʉ, ʪʘ ʡʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ ʨʦʢʽʚ. ʊʘ-

ʢʦʞ ʦʪʨʠʤʘʥʝ ʜʦʙʨʝ ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʤʽʨʘʤʠ 

ʜʣʷ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ (ʨʠʩ. 3) ʽ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ (ʨʠʩ. 4). 

 

  

ʈʠʩ. 2. ʂʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ʚʦʜʠ ʚ ʧʽʚʜʝʥʥʦ-ʟʘʭʽ-

ʜʥʽʡ ʯʘʩʪʠʥʽ ʏʦʨʥʦʛʦ ʤʦʨʷ (ʢʘʤʝʨʘ 6) ʽ ʙʽʣʷ ʉʝʚʘʩʪʦʧʦʣʷ (ʢʘʤʝʨʘ 39) 

 

  
ʈʠʩ. 3. ʂʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʚ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʚ ʟʘʭʽʜʥʽʡ 

ʯʘʩʪʠʥʽ ʏʦʨʥʦʛʦ ʤʦʨʷ (ʢʘʤʝʨʘ 33) 

ʈʠʩ. 4. ʂʦʥʮʝʥʪʨʘʮʽʷ 137Cs ʚ 

ʥʝʭʠʞʽʡ ʧʦʚʝʨʭʥʝʚʽʡ ʨʠʙʽ ʚ ʟʘʭʽʜ-

ʥʽʡ ʯʘʩʪʠʥʽ ʏʦʨʥʦʛʦ ʤʦʨʷ (ʢʘʤʝʨʘ 

34) 

ɿʘ ʚʝʩʴ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʝ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʞʦʜʥʦʛʦ ʜʝʪʘʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ 137Cs ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ. ɺʩʽ ʦʮʽʥʢʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʦʩ-



112 

ʥʦʚʽ ʚʠʤʽʨʶʚʘʥʴ, ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʷʢʠʭ ʧʨʦʚʦʜʠʣʘʩʷ ʫ ʧʦʚʝʨʭʥʝ-

ʚʦʤʫ ʰʘʨʽ ʏʦʨʥʦʛʦ ʤʦʨʷ ʥʘ ʜʫʞʝ ʦʙʤʝʞʝʥʽʡ ʪʝʨʠʪʦʨʽʾ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʩʴʦʤʫ 

ʤʦʨʽ ʟʘ ʧʝʨʽʦʜ ʟ 1945 ʨʦʢʫ ʧʦ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ. ʄʘʶʯʠ ʨʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʫ ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ ʪʘ ʚʠ-

ʟʥʘʯʠʪʠ ʡʦʛʦ ʧʦʪʦʢʠ ʚ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ, ʷʢʽ ʻ ʚʘʞʣʠʚʠʤʠ ʧʨʠ ʤʦʜʝʣʶ-

ʚʘʥʥʽ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʥʴʦʤʫ. 

ɼʘʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʟʘ ʧʽʜʪʨʠʤʢʠ ʧʨʦʝʢʪʫ ʌʦʥʜʫ ʬʫʥʜʘʤʝʥ-

ʜʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ ʌ68/12779 "ʇʝʨʝʥʦʩ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʤʽʞ 

ʟʘʙʨʫʜʥʝʥʠʤʠ ʜʦʥʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ ʽ ʤʦʨʩʴʢʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʧʽʩʣʷ 

ʘʚʘʨʽʡ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ ʽ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ". 
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ʈʆɿʋʄɯʅʅʗ ʈʀɿʀʂʋ ʋ ʅʆɺʆʄʋ ɿɸʂʆʅɯ ʇʈʆ ʆʎɯʅʂʋ 

ɺʇʃʀɺʋ ʅɸ ɼʆɺʂɯʃʃʗ 

ɸ.ʆ. ɼʝʤʠʜʝʥʢʦ 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʽ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ʉʝʥʜʘʡʩʴʢʘ ʨʘʤʢʦʚʘ ʧʨʦʛʨʘʤʘ ʧʦ ʟʥʠʞʝʥʥʶ ʨʠʟʠʢʫ ʣʠʭ ʥʘ 2015ï

2030 ʛʛ. ʧʨʦʛʦʣʦʩʠʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ çʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʨʠʩʢʘ 

ʙʝʜʩʪʚʠʡ ʚʦ ʚʩʝʭ ʝʛʦ ʘʩʧʝʢʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʟ-

ʜʝʡʩʪʚʠʷ, ʫʷʟʚʠʤʦʩʪʠ ʠ ʦʧʘʩʥʦʩʪʠè ʚ ʟʚôʷʟʢʫ ʟ ʨʦʟʰʠʨʝʥʠʤ ʨʦʟʫʤʽʥʥʷʤ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ, ʱʦ ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚ ʨʘ-

ʤʢʘʭ ʨʦʙʦʪʠ ɯʈʉʉ - ʄʽʞʫʨʷʜʦʚʦʾ ʧʘʥʝʣʽ ʟʽ ʟʤʽʥ ʢʣʽʤʘʪʫ. ʅʝʦʙʭʽʜʥʽʩʪʴ 

ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʽ ʨʠʟʠʢʽʚ ʚʠʢʣʠʢʘʥʘ ʪʠʤ, ʱʦ ʫʨʷʜʠ 

ʽ ʙʽʟʥʝʩ ʟʚʠʢʣʠ ʧʽʜʭʦʜʠʪʠ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʯʥʠʤʠ ʨʠʟʠʢʘʤʠ ʥʘ ʦʩ-

ʥʦʚʽ ʨʝʘʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʧʦʩʪʬʘʢʪʫʤ, ʪʘʢ, ʷʢ ʜʽʷʣʠ ʧʽʩʣʷ ʪʘʢʠʭ ʘʚʘʨʽʡ, ʷʢ 

ʃʘʚ ʂʘʥʘʣ, ɹʭʦʧʘʣ, ʉʝʚʝʟʦ, ʏʦʨʥʦʙʠʣʴ, ʢʦʣʠ ʧʨʠʧʫʩʢʘʣʦʩʴ, ʱʦ ʚʩʝ ʧʦ-

ʚʝʨʥʝʪʴʩʷ ʚ ʥʦʨʤʘʣʴʥʝ ʨʫʩʣʦ ʧʽʩʣʷ ʢʨʠʟʠ - ʧʽʜʭʽʜ, ʷʢʠʡ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʥʠʢʘʶʯʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʨʠʟʠʢʘʤ ʚʽʜ ʧʦʨʽʚʥʷʥʦ ʧʦʚʽʣʴʥʠʭ ʟʤʽʥ ʢʣʽ-

ʤʘʪʫ. ʇʨʠ ʮʴʦʤʫ ʟʚʠʯʥʦ ʥʘʜʘʻʪʴʩʷ ʫʚʘʛʘ ʣʠʰʝ ʚʽʨʦʛʽʜʥʦʩʪʽ ʟʘʛʨʦʟ ʟʤʽʥ 

ʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʫʧʨʘʚʣʽʥʥʷ ʨʘʜʽʘʮʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ, ʥʝ ʟʚʝʨʪʘʻʪʴʩʷ 

ʫʚʘʛʘ ʥʘ ʚʧʣʠʚ ʮʠʭ ʟʤʽʥ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʡʜʝ ʚʽʜ ʨʘʜʷʥʩʴʢʦʾ ʪʨʘʜʠʮʽʾ ʨʦʟʛʣʷʜʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʨʠ-

ʟʠʢʠ ʥʘ ʦʩʥʦʚʽ ʢʦʥʮʝʧʮʽʾ çʥʫʣʴʦʚʦʛʦ ʨʠʟʠʢʫè ʜʣʷ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ, ʢʦʣʠ 

ï ʙʝʟʧʝʢʘ ʨʦʟʫʤʽʻʪʴʩʷ, ʷʢ ʚʽʜʩʫʪʥʽʩʪʴ ʨʠʟʠʢʽʚ ʽ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʣʶʜʝʡ. ʎʷ 

ʧʘʨʘʜʠʛʤʘ ʜʦʩʽ ʟʘʢʨʽʧʣʝʥʘ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʟʦʚʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʟʘʢʦʥʘʭ. 

ʊʘʢ ʚ ɿʘʢʦʥʽ ʧʨʦ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (1990 

ʨʽʢ) ʚʠʟʥʘʯʝʥʦ: çɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʻ ʪʘʢʠʡ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠ-

ʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʨʠ ʷʢʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʦʛʽʨ-

ʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʪʘ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʟʜʦʨʦʚ'ʷ 

ʣʶʜʝʡè, ʘ ʧʦʥʷʪʪʷ çʪʝʭʥʦʛʝʥʥʦʾ ʙʝʟʧʝʢʠè ʚʠʟʥʘʯʝʥʦ ʚ ʂʦʜʝʢʩʽ ʮʠʚʽʣʴ-

ʥʦʛʦ ʟʘʭʠʩʪʫ, ʷʢ ï çʚʽʜʩʫʪʥʽʩʪʴ ʨʠʟʠʢʫ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ ʪʘ/ʘʙʦ ʢʘʪʘʩ-

ʪʨʦʬè.  

ʎʽ ʟʘʢʦʥʠ ʧʝʨʝʜʙʘʯʠʣʠ ʣʠʰʝ ʢʨʠʪʝʨʽʘʣʴʥʠʡ ʘʙʦ ʷʢʽʩʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʦʮʽʥʢʠ ʚʧʣʠʚʽʚ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʚ ʋʢʨʘʾʥʽ, ʢʦʣʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʫʧʨʘʚʣʽʥʥʷ ʣʠʰʝ ʦʜʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʨʠʟʠʢʫ - ʟʘʛʨʦʟʦʶ, ʚʠʢʣʠʢʘʥʦʶ 

ʩʪʘʥʦʤ - ʜʦʚʢʽʣʣʷ ʘʙʦ ʟʘʭʠʩʪʫ, ʚʽʜʧʦʚʽʜʥʦ. ʄʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʨʠ-

ʟʠʢʦʤ ʰʣʷʭʦʤ ʟʤʽʥ ʚʧʣʠʚʫ ʥʘʚʽʪʴ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ. ɺ ɼɹʅ ʟ ʦʮʽʥʢʠ 

ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʨʠʟʠʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʯʝʨʝʟ ʡʤʦʚʽʨʥʽʩʪʴ ï ʷʢ 

çʩʪʫʧʽʥʴ ʽʤʦʚʽʨʥʦʩʪʽ ʧʝʚʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝ-

ʜʦʚʠʱʝ, ʷʢʠʡ ʤʦʞʝ ʚʽʜʙʫʪʠʩʴ ʚ ʧʝʚʥʠʡ ʯʘʩ ʘʙʦ ʟʘ ʧʝʚʥʠʭ ʦʙʩʪʘʚʠʥ ʚʽʜ 
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ʧʣʘʥʦʚʘʥʦʾ ʜʽʷʣʴʥʦʩʪʽè. ʊʦʙʪʦ ʚʽʜʢʠʜʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʨʠʟʠʢʫ ʚʽʜ 

ʚʧʣʠʚʫ, ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʧʣʠʚ ʙʫʚʘʻ ʪʽʣʴʢʠ ʜʚʦʭ ʚʠʜʽʚ ï ʥʦʨʤʘʪʠʚʥʠʡ 

(ʥʝʰʢʽʜʣʠʚʠʡ ʜʣʷ ʜʦʚʢʽʣʣʷ) ʽ ʧʦʥʘʜʥʦʨʤʘʪʠʚʥʠʡ (ʰʢʽʜʣʠʚʠʡ, ʧʨʠʯʦʤʫ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʚʧʣʠʚʫ). ɸ ʦʩʥʦʚʦʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʩʽ ʚʚʘʞʘʻʪʴʩʷ ʢʦʥʪʨʦʣʴ ʜʦʪʨʠʤʘʥʥʷ ʣʽʤʽʪʽʚ ʪʘ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ 

ʥʦʨʤʘʪʠʚʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ, ʜʦʜʝʨʞʘʥʥʷ ʷʢʠʭ ʥʘʯʝʙʪʦ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʝ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʝʢʦʣʦʛʽʯʥʦʛʦ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʘʜʽʘʮʽʡʥʦʛʦ) 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʥʝʤʦʞʣʠʚʝ.  

ɼʠʚʥʦ, ʘʣʝ ʮʷ ʨʘʜʷʥʩʴʢʘ ʧʘʨʘʜʠʛʤʘ ʚʠʷʚʠʣʘʩʷ ʜʫʞʝ ʞʠʚʫʯʦʶ, ʱʦ 

ʟʘʡʚʠʡ ʨʘʟ ʜʦʚʦʜʠʪʴ ʩʣʫʰʥʽʩʪʴ ʟʘʢʣʠʢʫ ʉʝʥʜʘʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ. ʊʘʢ, ʚ 

ʱʦʡʥʦ ʧʽʜʧʠʩʘʥʦʤʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʧʝʢʣʫ ʙʦʨʦʪʴʙʫ, ʇʨʝʟʠʜʝʥʪʦʤ ʟʘ-

ʢʦʥʽ "ʇʨʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ" ʥʘʧʠʩʘʥʦ, ʱʦ ʟʘʢʦʥ çʩʧʨʷʤʦʚʘʥʠʡ 

ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ, ʛʘʨʘʥʪʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠè. 

ʊʦʙʪʦ ʨʘʜʷʥʩʴʢʘ ʢʦʥʮʝʧʮʽʷ çʥʫʣʴʦʚʦʛʦ ʨʠʟʠʢʫè ʧʨʦʜʦʚʞʫʻ ʧʘʥʫʚʘʪʠ ʚ 

ʛʦʣʦʚʽ ʦʩʽʙ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ, ʥʘʚʽʪʴ ʯʝʨʝʟ 25 ʨʦʢʽʚ ʧʽʩʣʷ ʨʦʟʧʘʜʫ 

ʉʈʉʈ.  

ɺ ʯʦʤʫ ʧʨʦʙʣʝʤʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʝ-

ʥʝʜʞʤʝʥʪʫ? ʇʦʢʘʞʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ, ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʢʨʫʛʣʦʤʫ ʩʪʦʣʽ ʟ ʧʦ-

ʜʦʣʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʢʘʪʘʩʪʨʦʬʠ ʚ ʅɯʉɼ 5 ʢʚʽʪʥʷ 2016, ʜʝ 

ʚ ʯʝʨʛʦʚʠʡ ʨʘʟ ʟʛʘʜʫʚʘʣʦʩʷ ʧʨʦ ʚʝʣʠʢʫ ʰʢʦʜʫ ʚʽʜ ʯʦʨʥʦʙʠʣʴʩʴʢʦʛʦ ʟʘ-

ʢʦʥʦʜʘʚʩʪʚʘ, ʱʦ ʚʩʪʘʥʦʚʣʶʚʘʣʦ ʢʨʠʪʝʨʽʡ ʚʽʜʩʝʣʝʥʥʷ ʧʦ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ 

- ʱʽʣʴʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʘ ʥʝ ʧʦ ʤʦʞʣʠʚʽʡ 

ʦʪʨʠʤʘʥʽʡ ʜʦʟʽ. ɺ ʯʦʤʫ ʙʫʣʘ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ?  ɺ ʪʦʤʫ, ʱʦ ʜʣʷ ʜʦʩʷʛ-

ʥʝʥʥʷ ʮʽʣʽ ï ʟʤʝʥʰʝʥʥʷ ʦʪʨʠʤʘʥʦʾ ʜʦʟʠ, ʙʫʣʘ ʦʙʨʘʥʘ ʥʘʡʙʽʣʴʰ ʥʝʝʬʝʢ-

ʪʠʚʥʘ ʩʪʨʘʪʝʛʽʷ ʜʽʡ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʦʣʦʩʘʣʴʥʽ ʛʨʦʤʘʜʩʴʢʽ ʢʦʰʪʠ (ʥʘʛʘʜʘʶ 

ï 12% ʚʽʜ ʬʦʥʜʫ ʟʘʨʧʣʘʪʠ!) ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʙʝʟ ʟʥʘʯʥʦʛʦ ʝʬʝʢʪʫ ʟʤʝ-

ʥʰʝʥʥʷ ʜʦʟʠ, ʷʢʦʛʦ ʤʦʞʥʘ ʙʫʣʦ ʜʦʩʷʛʪʠ ʟʤʝʥʰʫʶʯʠ ʥʝ ʟʘʛʨʦʟʫ, ʘ ʚʧʣʠʚ. 

ʅʘʧʨʠʢʣʘʜ, ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʤʦʚʠ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʩʚʦʛʦ 

ʤʦʣʦʢʘ. ɹʽʣʴʰʝ ʪʦʛʦ, ʮʽ ʟʘʭʦʜʠ (ʚʠʧʣʘʪʠ ʧʝʨʝʩʝʣʝʥʮʷʤ ʪʘ ʚʽʜʚʽʜʫʚʘʯʘʤ 

ʟʦʥ) ʩʪʚʦʨʠʣʠ ʩʪʠʤʫʣ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰʦʾ ʜʦʟʠ, ʟʘʤʽʩʪʴ ʾʾ ʟʤʝʥʰʝʥʥʷ. ʂʽ-

ʣʴʢʽʩʪʴ ʧʨʝʪʝʥʜʝʥʪʽʚ ʥʘ ʚʠʧʣʘʪʠ ʟʥʘʯʥʦ ʟʨʦʩʣʘ, ʱʝ ʙʽʣʴʰʝ ʟʤʝʥʰʫʶʯʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʘʥʦʾ ʩʪʨʘʪʝʛʽʾ. ʋ ʙʘʛʘʪʴʦʭ ʩʢʣʘʣʦʩʷ ʚʨʘʞʝʥʥʷ, ʱʦ ʘʚʪʦ-

ʨʽʚ ʪʘʢʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʮʽʢʘʚʠʣʦ ʥʝ ʩʪʽʣʴʢʠ ʜʦʩʷʛʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ - 

ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʥʘʩʝʣʝʥʥʷ, ʥʘʡʜʝʰʝʚʰʠʤ ʩʧʦʩʦʙʦʤ, ʩʢʽʣʴʢʠ ʚʠ-

ʙʠʚʘʥʥʷ ʬʽʥʘʥʩʫʚʘʥʥʷ ʟ ʮʝʥʪʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʘʪʝʛʽʾ ʜʦʪʨʠʤʘʥʥʷ ʢʨʠ-

ʪʝʨʽʾʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʡʜʦʨʦʞʯʠʤ (ʷʢʱʦ ʚʜʘʩʪʴʩʷ) ʩʧʦʩʦ-

ʙʦʤ.  

ʊʝ ʩʘʤʝ ʩʪʦʩʫʻʪʴʩʷ ʧʦʣʦʞʝʥʴ ʫʢʨʘʾʥʩʴʢʦʛʦ ʚʥʝʩʢʫ ʜʦ ʇʘʨʠʟʴʢʦʾ 

ʫʛʦʜʠ (Intended Nationally-Determined Contribution (INDC) of Ukraine to 

a New Global Climate Agreement), ʜʝ ʋʢʨʘʾʥʘ ʟʽʙʨʘʣʘʩʷ ʧʝʨʝʭʦʜʠʪʠ ʥʘ 
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ʙʝʟʚʫʛʣʝʮʝʚʠʡ ʨʦʟʚʠʪʦʢ (ʧʨʦʪʝ ʟʙʽʣʴʰʫʶʯʠ ʚʠʢʠʜʠ ʉʆ2!?), ʥʝ ʧʝʨʝʜʙʘ-

ʯʠʚʰʠ ʞʦʜʥʠʭ ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥ ʢʣʽʤʘʪʫ ʟʘʭʦʜʽʚ 

ʟ ʘʜʘʧʪʘʮʽʾ ï ʙʫʣʦ ʟʘʷʚʣʝʥʦ, ʱʦ ʮʝ ʪʦʤʫ, ʱʦ ʚ ʋʢʨʘʾʥʠ ʻ ʛʨʦʰʽ ʣʠʰʝ ʥʘ 

ʙʦʨʦʪʴʙʫ ʟʽ ʟʤʽʥʘʤʠ ʢʣʽʤʘʪʫ, ʘ ʥʘ ʘʜʘʧʪʘʮʽʶ ï ʥʝ ʚʠʩʪʘʯʘʻ. 

ɯʈʉʉ ʟʨʦʙʠʣʘ ʚʘʞʣʠʚʠʡ ʚʥʝʩʦʢ ʚ ʨʦʟʫʤʽʥʥʷ ʟʛʘʜʘʥʦʛʦ ʚʠʱʝ ʨʦʟʫ-

ʤʽʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʽ ʨʦʟʰʠʨʝʥʝ ʨʦʟʫʤʽʥʥʷ ʙʝʟʧʝʢʠ. ʑʦʜʦ ʨʠʟʠ-

ʢʽʚ, ʪʦ ɯʈʉʉ ʟʘʧʨʦʧʦʥʫʚʘʣʘ ʨʦʟʛʣʷʜʘʪʠ ʨʠʟʠʢ, ʷʢ ʜʦʙʫʪʦʢ ʤʥʦʞʥʠʢʽʚ ï 

(ʨʠʟʠʢ)=(ʚʽʨʦʛʽʜʥʽʩʪʴ) ʭ (ʚʧʣʠʚ), ʜʝ ʚʧʣʠʚ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʻ ʜʦʙʫʪʢʦʤ ʘʙʦ 

ʧʝʨʝʪʠʥʦʤ (ʝʢʩʧʦʟʠʮʽʾ) ʪʘ (ʚʨʘʟʣʠʚʦʩʪʽ), ʱʦ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻ ʦʧʝʨʘʮʽʡ-

ʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ, ʦʩʢʽʣʴʢʠ ʟʤʝʥ-

ʰʝʥʥʷ ʙʫʜʴ ʷʢʦʛʦ ʟ ʤʥʦʞʥʠʢʽʚ ʜʦ ʥʫʣʷ ï ʫʩʫ-

ʚʘʻ ʨʠʟʠʢ. ɼʣʷ, ʥʘʧʨʠʢʣʘʜ, ʨʠʟʠʢʫ ʧʨʠʨʦʜʥʠʭ 

ʢʘʪʘʩʪʨʦʬ ɯʈʉʉ ʚʠʟʥʘʯʘʻ ʤʥʦʞʥʠʢʠ ʪʘʢ ï 

ʤʥʦʞʥʠʢ hazard, ʷʢ ʚʽʨʦʛʽʜʥʽʩʪʴ ʟʘʛʨʦʟʠ, ʱʦ 

ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʥʘʩʝʣʝʥʥʷ ʽ ʥʝʨʫʭʦʤʽʩʪʴ; 

ʤʥʦʞʥʠʢ vulnerability, ʷʢ ʚʨʘʟʣʠʚʽʩʪʴ, ʱʦ ʭʘ-

ʨʘʢʪʝʨʠʟʫʻ ʯʫʪʣʠʚʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʽ ʥʝʨʫʭʦʤʦ-

ʩʪʽ ʜʦ ʨʫʡʥʫʚʘʥʥʷ; ʪʘ ʤʥʦʞʥʠʢ exposure, ʷʢ 

ʝʢʩʧʦʟʠʮʽʶ ï ʧʦʛʘʥʦ ʩʧʣʘʥʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ (ʥʘʧʨʠʢʣʘʜ, ʙʫʜʽʚʥʠʮʪʚʦ ʚ 

ʟʦʥʽ ʧʦʚʝʥʝʡ), ʙʽʜʥʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʫ ʜʝʛʨʘʜʘʮʽʶ, ʱʦ ʧʦʩʠʣʶʶʪʴ ʘʤʧʣʽ-

ʪʫʜʫ ʚʟʘʻʤʦʜʽʾ ʤʥʦʞʥʠʢʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʨʠʟʠʢʠ.  

ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʨʦʧʦʥʫʻ ʥʦʚʝ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʢʠ, ʷʢ ʜʦʪʨʠʤʘʥʥʷ ʩʦ-

ʮʽʘʣʴʥʦ ʧʨʠʡʥʷʪʥʠʭ ʨʽʚʥʽʚ ʨʠʟʠʢʽʚ ʚ ʩʤʠʩʣʽ ʡʤʦʚʽʨʥʦʩʪʽ ʟʤʽʥ ʪʘ ʾʭ ʧʦʪʝ-

ʥʮʽʡʥʠʭ ʥʘʩʣʽʜʢʽʚ - ʝʢʦʥʦʤʽʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ ʚʧʣʠʚʽʚ, ʽ ʙʘ-

ʣʘʥʩʫʚʘʥʥʷ ʮʴʦʛʦ ʧʨʦʪʠ ʦʯʽʢʫʚʘʥʠʭ ʚʠ-

ʛʦʜ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ. ʎʝ ʜʦʧʦʤʘʛʘʻ 

ʫʧʝʚʥʠʪʠʩʴ ʚ ʪʦʤʫ, ʱʦ ʨʽʚʝʥʴ ʟʤʽʥ ʨʠʟʠʢʫ 

ʚʥʘʩʣʽʜʦʢ ʪʠʭ ʯʠ ʽʥʰʠʭ ʜʽʡ ʚʨʘʭʦʚʫʻ ʩʦ-

ʮʽʘʣʴʥʽ ʮʽʥʥʦʩʪʽ ʽ ʱʦ ʮʽ ʜʽʾ ʻ ʧʨʦʧʦʨʮʽʡ-

ʥʠʤʠ ʜʦ ʚʝʣʠʯʠʥʠ ʨʠʟʠʢʫ.  ʉʘʤʝ ʪʦʤʫ 

ʧʽʜʭʽʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʠʟʠʢʫ, ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʘʪʠ ʦʙʣʘʩʪʽ ʚʠʩʦʢʦʛʦ, ʥʝʧʨʠʡʥʷʪʥʦʛʦ ʨʠʟʠʢʫ, ʜʝ ʜʽʾ ʤʘʶʪʴ ʙʫʪʠ 

ʧʨʽʦʨʠʪʝʟʦʚʘʥʽ. 

ʆʢʨʝʤʦ ʪʨʝʙʘ ʩʢʘʟʘʪʠ ʽ ʧʨʦ ʚʥʝʩʝʥʥʷ ʢʘʫʟʘʣʴʥʦʩʪʽ ʚ ʧʦʥʷʪʪʷ ʙʝʟʧʝʢʠ. 

ɺ ʨʦʟʰʠʨʝʥʦʤʫ ʟʘʚʜʷʢʠ ɯʈʉʉ ʨʦʟʫʤʽʥʥʽ ʙʝʟʧʝʢʠ ʚʽʜʤʽʥʥʽʩʪʴ ʝʢʦʣʦʛʽʯʥʦʾ 

ʚʽʜ ʣʶʜʩʴʢʦʾ ʽ ʩʫʩʧʽʣʴʥʦʾ ʙʝʟʧʝʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʙ'ʻʢʪʦʤ ʝʢʦʣʦʛʽʯ-

ʥʦʾ ʙʝʟʧʝʢʠ ʻ ʝʢʦʩʠʩʪʝʤʠ (ʘ ʥʝ ʣʶʜʩʪʚʦ ʯʠ ʩʫʩʧʽʣʴʩʪʚʦ), ʧʽʜ ʨʠʟʠʢʦʤ 

ʟʥʘʭʦʜʠʪʴʩʷ sustainability/ʩʪʘʣʽʩʪʴ ʨʦʟʚʠʪʢʫ (ʘ ʥʝ ʚʠʞʠʚʘʥʥʷ ʣʶʜʠʥʠ), ʘ 

ʦʪ ʟʘʛʨʦʟʦʶ ʝʢʦʣʦʛʽʯʥʽʡ ʙʝʟʧʝʮʽ ʻ ʩʘʤʝ ʣʶʜʩʪʚʦ (ʘ ʥʝ ʧʨʠʨʦʜʘ ʯʠ ʬʦʨ-

ʤʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʥʦʨʤʘʪʠʚʠ, ʦʜʥʘʢʦʚʽ ʚʽʜ ɺʣʘʜʠʚʦʩʪʦʢʘ ʜʦ ɹʨʝʩʪʘ).  
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ɯʈʉʉ ʧʨʷʤʦ ʚʢʘʟʘʣʦ, ʱʦ ʧʦʤôʷʢʰʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʟʤʽʥ ʢʣʽʤʘʪʫ 

(mitigation) ʩʧʨʷʤʦʚʘʥʝ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʥʘ ʟʤʝʥʰʝʥʥʷ ʟʘʛʨʦʟʠ ʚʽʜ ʟʤʽʥ 

ʢʣʽʤʘʪʫ ʚ ʝʥʝʨʛʝʪʠʮʽ, ʘ ʘʜʘʧʪʘʮʽʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, - ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʚʧʣʠʚʫ ʟʤʽʥ ʢʣʽʤʘʪʫ ʫ ʚʦʜʥʦʤʫ ʩʝʢʪʦʨʽ. ʎʽʢʘʚʠʡ ʧʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʥʘʚʝʜʝʥʠʡ ʚ ʘʨʛʫʤʝʥʪʘʮʽʾ ʪʠʭ ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʚʯʝʥʠʭ, ʱʦ 

ʧʽʜʪʨʠʤʫʶʪʴ ʚʠʭʽʜ ʉʐɸ ʟ ʇʘʨʠʟʴʢʦʾ ʫʛʦʜʠ. ʉʫʪʴ ʘʨʛʫʤʝʥʪʽʚ ʥʘʩʪʫʧʥʘ: 

ʘʥʘʣʽʟ ʟʘʪʨʘʪʠ-ʚʠʛʦʜʠ (cost benefit analysis) ʘʤʝʨʠʢʘʥʩʴʢʦʾ INDC ʢʘʞʝ, 

ʱʦ ʚʠʪʨʘʪʠʪʠ ʚ ʥʘʩʪʫʧʥʽ 25 ʨʦʢʽʚ $1Trillion ʥʘ ʧʦʤôʷʢʰʝʥʥʷ ʛʣʦʙʘʣʴ-

ʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʥʘ ʤʝʥʰʝ ʥʽʞ 0.20ʉ (ʜʠʚ ʤʘʣʶʥʦʢ ʟ The Washington 

Post, June 1, 2017) ʥʝ ʻ ʝʬʝʢʪʠʚʥʠʤ ʚʠʪʨʘʯʘʥʥʷʤ ʛʨʦʰʝʡ. ɿʥʘʯʥʦ ʝʬʝʢ-

ʪʠʚʥʽʰʝ ʚʠʪʨʘʪʠʪʠ 

ʪʨʝʪʠʥʫ ʮʽʻʾ ʩʫʤʠ ʥʘ 

ʘʜʘʧʪʘʮʽʶ ʜʦ ʟʙʽʣʴ-

ʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʪʘ ʯʘʩʪʦʪʠ ʧʦʩʫʭ ʪʘ ʧʘ-

ʚʦʜʢʽʚ, ʙʫʜʫʶʯʠ ʜʦʜʘ-

ʪʢʦʚʽ ʚʦʜʦʩʭʦʚʠʱʘ, 

ʜʘʤʙʠ, ʧʨʦʪʠʧʘʚʦʜ-

ʢʦʚʽ ʩʧʦʨʫʜʠ, ʜʝʩʘʣʽ-

ʥʽʟʘʮʽʡʥʽ ʟʘʚʦʜʠ, ʙʝʨʝ-

ʛʦʟʘʭʠʩʥʽ ʩʧʦʨʫʜʠ. ʗʢ 

ʚʦʥʠ ʩʪʚʝʨʜʞʫʶʪʴ, 

ʘʜʘʧʪʘʮʽʷ, ʘ ʥʝ ʧʦʤôʷʢʰʝʥʥʷ, ʻ ʝʢʦʥʦʤʽʯʥʦ ʨʘʮʽʦʥʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʚ ʽʩ-

ʥʫʶʯʠʭ ʜʫʞʝ ʥʝʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ.  

ʆʩʢʽʣʴʢʠ ʚ ʦʩʪʘʥʥʽʭ ʟʤʽʥʘʭ ʜʦ ɺʦʜʥʦʛʦ ʂʦʜʝʢʩʫ çʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠ-

ʢʘʤʠ ʟʘʪʦʧʣʝʥʥʷ é ʩʧʨʷʤʦʚʘʥʝè ʣʠʰʝ çʥʘ ʟʘʧʦʙʽʛʘʥʥʷè, ʘ ʥʝ ʥʘ ʘʜʘʧ-

ʪʘʮʽʶ, ʚʠʛʣʷʜʘʻ, ʱʦ ʩʪʘʨʝ ʨʦʟʫʤʽʥʥʷ ʨʠʟʠʢʫ ʧʦʢʠ ʟʘʣʠʰʘʻʪʴʩʷ ʽ ʚ ʫʧʨʘʚ-

ʣʽʥʥʽ ʧʘʚʦʜʢʘʤʠ. 

 

ʋɼʂ 004.94+630 

ɺɸʃɯɼɸʎɯʗ ɻʃʆɹɸʃʔʅʀʍ ʄʆɼɽʃɽʁ, ʗʂɯ 

ɺʀʂʆʈʀʉʊʆɺʋʖʊʔ ɼʃʗ ʇʈʆɺɽɼɽʅʅʗ ɯʅʊɽɻʈɸʃʔʅʆɰ 

ʆʎɯʅʂʀ  

ʄ.ɯ. ɻʫʩʪʽ, ɯ.ɸ. ʆʭʨʝʤʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʋʢʨʘʾʥʘ  

 

ɿʛ̔ʜʥʦ ʚʠʟʥʘʯʝʥʥʷ ʊʦʚʘʨʠʩʪʚʘ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ (TIAS) ʽʥʪʝʛʨʘ-

ʣʴʥʘ ʦʮʽʥʢʘ ï ʮʝ ʥʘʫʢʦʚʘ ʤʝʪʘ-ʜʠʩʮʠʧʣʽʥʘ, ʷʢʘ ʽʥʪʝʛʨʫʻ ʟʥʘʥʥʷ ʧʨʦ ʧʨʦ-

ʙʣʝʤʥʫ ʩʬʝʨʫ ʽ ʨʦʙʠʪʴ ʮʽ ʟʥʘʥʥʷ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʩʫʩʧʽʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ 
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ʽ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ [1]. ɯʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝ-

ʥʪʦʤ ʘʥʘʣʽʟʫ ʩʢʣʘʜʥʠʭ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦ-ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʛʦʚʦʨʘʭ. ɿʦʢʨʝʤʘ, ʽʥ-

ʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʚô̫ ʟʘʥʥʽ ʛʣʦʙʘʣʴʥʠʭ 

ʧʨʦʙʣʝʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴ ʧʝʚʥʠʡ ʢʣʘʩ  ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ, ʘʙʦ ʢʦʤʧʣʝʢʩʠ ʤʦʜʝʣʝʡ ï 

ʤʦʜʝʣʽ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ. ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʟʘʻʤʦʧʦʚô̫ ʟʘʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʪʘʢʠʭ ʩʬʝʨʘʭ ʷʢ ʝʢʦʥʦʤʽʢʘ, ʥʘʚʢʦʣʠʰʥʻ ʩʝ-

ʨʝʜʦʚʠʱʝ, ʝʥʝʨʛʝʪʠʢʘ ʪʘ ʽʥʰʠʭ ʚʘʞʣʠʚʠʭ ʩʬʝʨʘʭ ʜʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʢʦʥʢ-

ʨʝʪʥʦʾ ʧʨʦʙʣʝʤʠ. ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʦʜʝʣʝʡ ʽʥʪʝʛʨʘ-

ʣʴʥʦʾ ʦʮʽʥʢʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʠʤʫʣʷʮʽʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʜʣʷ 

ʨʦʟʚô̫ ʟʘʥʥʷ ʧʨʦʙʣʝʤʠ (ʥʘʧʨʠʢʣʘʜ, ʦʧʦʜʘʪʢʫʚʘʚʘʥʥʷ ʝʤʽʩʽʡ ʧʘʨʥʠʢʦʚʠʭ 

ʛʘʟʽʚ) ʪʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ ʟʘʭʦʜʽʚ. 

ɺʘʣʽʜʘʮʽʷ ʤʦʜʝʣʝʡ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʻ ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʜʦʚʽʨʠ ʫʯʘ-

ʩʥʠʢʽʚ ʧʝʨʝʛʦʚʦʨʽʚ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚô̫ ʟʢʫ ʧʨʦʙʣʝʤ, ʦʮʽ-

ʥʢʠ ʟʘʪʨʘʪ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʞʣʠʚʠʭ ʟʘʭʦʜʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʨʠʟʠʢʽʚ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʝ ʽʩʥʫʻ, ʘʙʦ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʙʝʟʧʦʩʝ-

ʨʝʜʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʢʣʘʜʥʠʭ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦ-ʝʢʦʣʦʛʽ-

ʯʥʠʭ ʩʠʩʪʝʤ. ɺ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʜʘʥʠʭ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴ-

ʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʪʦ ʚʠʩʪʫʧʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ, ʜʘʥʽ ʦʪʨʠʤʘʥʽ 

ʥʘ ʦʩʥʦʚʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟʝʤʣʽ ʪʘ ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʟʝ-

ʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ, ʨʝʟʫʣʴʪʘʪʠ ʽʥʰʠʭ ʦʙʯʠʩʣʝʥʴ, ʘʙʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʤʦʜʝʣʽ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʚʢʣʶʯʘʶʪʴ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʩʫʩʧʽʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʻ ʧʦʛʘʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ.  

ʄʦʜʝʣʽ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʻ ʩʢʣʘʜʥʠʤʠ  ʢʦʤʧôʶʪʝʨʥʠʤʠ ʤʦʜʝʣʷʤʠ, 

ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʢʦʤʧʦʥʝʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʽʦʬʽʟʠʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽ-

ʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʧʦʚʝʜʽʥʢʠ ʣʶʜʝʡ. ʎʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʙʻʜʥʘʥʽ ʚ ʦʜʥʽʡ ʤʦʜʝʣʽ (ʤʝʥʰ ʜʝʪʘʣʴʥʦ, ʥʘʧʨʠʢʣʘʜ, AIM /CGE (Asia-

Pacific Integrated Assessment/Computable General Equilibrium) [2], 

International Futures (http://pardee.du.edu/node/484)), ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʢʦʤ-

ʧʣʝʢʩʫ ʟʚʷôʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʭ ʤʦʜʝʣʝʡ (ʥʘʧʨʠʢʣʘʜ, ʢʦʤ-

ʣʝʢʩ ʤʦʜʝʣʝʡ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʧʨʠʢʣʘʜʥʦʛʦ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ [3]). ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʢʦʤʧʦʥʝʥʪʠ ʤʦʜʝʣʝʡ ʦʙô̒ ʜ-

ʥʘʥʽ ʽ ʚʠʥʠʢʘʶʪʴ ʟʚʦʨʦʪʥʽ ʟʚʷʟʢʠ, ʚʘʣʽʜʘʮʽʷ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʜʝ-

ʣʝʡ ʥʝ ʙʫʜʝ ʛʘʨʘʥʪʫʚʘʪʠ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ (ʯʠ ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡ) ʚ ʮʽ-

ʣʦʤʫ. ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʻ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʚʘʣʽʜʘʮʽʷ ʤʦʜʝʣʽ ʪʽʩʥʦ 

ʧʦʚô̫ ʟʘʥʘ ʟ ʧʨʠʟʥʘʯʝʥʥʷʤ ʤʦʜʝʣʽ. Nguyen (2005) [4] ʘʥʘʣʽʟʫʶʯʠ ʧʨʘʮʽ, ʚ 

ʷʢʠʭ ʨʦʟʛʣʷʜʘʶʪʴ ʚʘʣʽʜʘʮʽʶ IAM, ʚʠʜʽʣʷʻ ʪʘʢʽ ʧʨʦʙʣʝʤʠ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝ-

ʣʝʡ ʮʴʦʛʦ ʪʠʧʫ: 

¶ ɺʽʜʩʫʪʥʽʩʪʴ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʚʠʟʥʘʯʝʥʴ ʪʘʢʠʭ ʧʦʥʷʪʴ ʷʢ ʚʘʣʽʜ-
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ʥʽʩʪʴ ʤʦʜʝʣʽ, ʚʘʣʽʜʘʮʽʷ ʤʦʜʝʣʽ ʽ ʢʨʠʪʝʨʽʾʚ ʚʘʣʽʜʥʦʩʪʽ ʤʦʜʝʣʽ (ʬʽʣʦʩʦʬ-

ʩʴʢʘ ʧʨʦʙʣʝʤʘ); 

¶ ʩʢʣʘʜʥʽʩʪʴ ʤʦʜʝʣʝʡ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ (ʤʝʪʦʜʦʣʦʛʽʯʥʘ ʧʨʦ-

ʙʣʝʤʘ); 

¶ ʫʯʘʩʪʴ ʣʶʜʝʡ (ʧʩʠʭʦʣʦʛʽʯʥʘ ʧʨʦʙʣʝʤʘ); 

¶ ʥʝʩʪʘʯʘ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʧʨʦʙʣʝʤʘ ʜʘʥʠʭ); 

¶ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʛʨʝʛʘʮʽʾ (ʧʨʦʙʣʝʤʘ ʚʽʜʢʨʠʪʦʩʪʽ ʩʠʩʪʝʤʠ).  

B.Hughes [5], ʦʜʠʥ ʟ ʨʦʟʨʦʙʥʠʢʽʚ ʤʦʜʝʣʽ International Futures, ʚʠʢʦ-

ʨʠʩʪʦʚʫʻ ʢʦʥʮʝʧʮʽʶ ʚʝʨʠʬʽʢʘʮʽʾ-ʚʘʣʽʜʘʮʽʾ ʪʘ ʘʢʨʝʜʠʪʘʮʽʾ (VVA). ʈʦʟʨʽʟ-

ʥʷʶʪʴ ʚʘʣʽʜʘʮʽʶ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ (ʘʙʦ ʚʘʣʽʜʘʮʽʶ ʩʪʨʫʢʪʫʨʠ ʤʦ-

ʜʝʣʽ -  ʧʝʨʝʚʽʨʢʘ ʪʦʛʦ, ʱʦ ʪʝʦʨʽʾ ʪʘ ʧʨʠʧʫʱʝʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʘʥʦ ʫ ʢʦʥ-

ʮʝʧʪʫʘʣʴʥʽʡ ʤʦʜʝʣʽ, ʻ ʨʘʮʽʦʥʘʣʴʥʠʤʠ, ʚʨʘʭʦʚʫʶʯʠ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʜʝʣʽ), 

ʚʘʣʽʜʘʮʽʶ ʧʦʚʝʜʽʥʢʠ ʤʦʜʝʣʽ (ʘʙʦ ʦʧʝʨʘʮʽʡʥʫ ʚʘʣʽʜʘʮʽʶ ï ʧʝʨʝʚʽʨʢʘ ʪʦʛʦ, 

ʱʦ ʧʦʚʝʜʽʥʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʻ ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʚʽʜʧʦ-

ʚʽʜʥʦ ʜʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʜʝʣʽ), ʚʘʣʽʜʘʮʽʶ ʜʘʥʠʭ (ʧʝʨʝʚʽʨʢʘ ʪʦʛʦ, ʱʦ ʜʘʥʽ, 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʻ ʘʜʝʢʚʘʪʥʠʤʠ ʪʘ ʢʦʨʝʢʪʥʠʤʠ) ʪʘ ʚʝʨʠʬʽʢʘʮʽʶ (ʧʝʨʝʚʽʨʢʘ ʪʦʛʦ, ʱʦ ʢʦʥ-

ʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʧʝʨʝʚʝʜʝʥʘ ʫ  ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣʴ ʢʦʨʝʢʪʥʦ, ʙʝʟ ʧʦ-

ʤʠʣʦʢ) [6] (ʈʠʩ. 1).  

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʥʘʚʝʜʝʥʽ ʧʨʦʙʣʝʤʠ ʚʘʣʽʜʘʮʽʾ ʩʢʣʘʜʥʠʭ ʤʦʜʝʣʝʡ, 

ʪʘʢʽ ʤʦʜʝʣʽ, ʧʨʘʢʪʠʯʥʦ, ʥʝ ʚʘʣʽʜʫʶʪʴ. ɺ ʪʦʤʫ ʯʠʩʣʽ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʤʦʜʝ-

ʣʝʡ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ [7] ʪʘ ʣʽʩʦʚʦʤʫ ʛʦʩ-

ʧʦʜʘʨʩʪʚʽ. ʅʘʪʦʤʽʩʪʴ, ʚʠʟʥʘʯʘʶʪʴ, ʯʠ ʤʦʜʝʣʴ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʝʚʥʠʭ 

ʮʽʣʝʡ, - çʘʢʨʝʜʠʪʘʮʽʷè ʟʛʽʜʥʦ [6] ʽ ʯʦʛʦ ʧʨʠʪʨʠʤʫʻʪʴʩʷ B.Hughes [5] ʧʨʠ 

ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ International Futures. ʊʘʢʘ çʘʢʨʝʜʠʪʘʮʽʷè, ʚ ʪʦʤʫ ʯʠʩʣʽ, 

ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʯʝʨʝʟ ʧʨʦʮʝʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʫ ʨʽʟʥʠʭ ʧʨʦʝʢʪʘʭ 

ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʜʦ ʨʝʮʝʥʟʫʚʘʥʥʷ ʤʦʜʝʣʽ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ-

ʟʘʣʝʞʥʠʭ ʝʢʩʧʝʨʪʽʚ, ʟʘʤʦʚʥʠʢʽʚ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʝʣʽ ʪʘ ʟʘʮʽʢʘʚʣʝʥʠʭ ʦʩʽʙ (ʪʠʭ, ʢʦʛʦ ʤʦʞʫʪʴ ʩʪʦʩʫʚʘʪʠʩʴ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʯʠ ʧʦʣʽʪʠʯʥʽ ʨʽʰʝʥʥʷ, ʥʘ ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʮʽ ʨʝʟʫʣʴ-

ʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ) [5, 7, 8]. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ [6]. 
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ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʥʠʭ çʩʧʦʩʪʝʨʝʞʝʥʴè ʧʦʨʽʚʥʶʶʪʴ ʨʝ-

ʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʮʠʤʠ ʜʘʥʠʤʠ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʽʥʰʠʭ ʤʦʜʝʣʝʡ 

ʧʨʦʚʦʜʷʪʴ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʷʢ ʜʣʷ ʽʩʪʦʠʯʥʦʛʦ 

ʧʝʨʽʦʜʫ ʪʘʢ ʽ ʤʘʡʙʫʪʥʴʦʛʦ ʧʝʨʽʦʜʫ (ʥʘʧʨʠʢʣʘʜ, [9, 10]). ʊʘʢʦʞ ʚʘʞʣʠʚʦ 

ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʤʦʜʝʣʽ ʜʦ ʟʤʽʥʠ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ 

(ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʤʽʨʶʚʘʥʥʷ ʮʴʦʛʦ ʚʧʣʠʚʫ), ʘ ʪʘʢʦʞ, ʧʨʠ ʤʦʞʣʠ-

ʚʦʩʪʽ, ʘʥʘʣʽʟ ʧʦʰʠʨʝʥʥʷ ʧʦʭʠʙʦʢ ʚ ʤʦʜʝʣʽ (ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʦʤ ʤʦʥʪʝ-

ʢʘʨʣʦ). ɺʘʣʽʜʘʮʽʷ ʩʢʣʘʜʥʦʾ ʤʦʜʝʣʽ ï ʮʝ ʪʨʠʚʘʣʠʡ ʧʨʦʮʝʩ, ʘ ʙʫʜʴ-ʷʢʽ ʚʜʦ-

ʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʽ ʚʠʤʘʛʘʶʪʴ ʧʦʚʪʦʨʝʥʥʷ ʧʨʦʮʝʜʫʨ ʚʘʣʽʜʘʮʽʾ (ʦʢʨʝʤʠʭ, 

ʯʠ ʚʩʽʭ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʫʪʪʻʚʦʩʪʽ ʟʤʽʥ). 

ʆʪʞʝ, ʤʦʜʝʣʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦ ʾ

ʦʮʽʥʢʠ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ,  ̒ʩʢʣʘʜʥʠʤʠ ʢʦʤʧôʁʪʝʨʥʠʤʠ ʤʦʜʝʣʷʤʠ, 

ʘʙʦ ʢʦʤʧʣʝʢʩʘʤʠ ʚʟʘʻʤʦʧʦʚô̫ ʟʘʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ, ʩʝʨʝʜ ʽʥʰʦʛʦ, 

ʚʢʣʶʯʘʶʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʩʦʮʽʘʣʴʥʦ-

ʧʦʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʟʚʷʟʢʫ ʟ ʩʢʣʘʜʥʽʩʪʶ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʦʞ 

ʚʽʜʩʫʪʥʽʩʪʶ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʪʘʢʽ ʤʦʜʝʣʽ 

ʚʘʣʽʜʫʶʪʴ ʫ ʧʨʦʮʝʩʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʽ 

ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʨʝʮʝʥʟʫʚʘʥʥʷ ʝʢʩʧʝʨʪʘʤʠ ʪʘ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʷʢ ʩʘʤʠʭ 

ʤʦʜʝʣʝʡ ʪʘʢ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʜʦʚʽʨʠ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɸɼʀʆɸʂʊʀɺʅʆɻʆ ɿɸɻʈʗɿʅɽʅʀʗ ʈɽʂ 

ɼʅɽʇʈ ʀ ʇʈʀʇʗʊʔ ɺ ʉʃʋʏɸɽ ɸɺɸʈʀʀ ʅɸ 

ʏɽʈʅʆɹʓʃʔʉʂʆʁ ɸʕʉ ɺ ɿʀʄʅʀʁ ʇɽʈʀʆɼ 
ɸ. ʇʠʣʠʧʝʥʢʦ*, ɸ. ɹʦʡʢʦ**, ʄ. ɾʝʣʝʟʥʷʢ***.ʉ. ʂʠʚʚʘ*,  

* ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ ʅɸʅ  

ʋʢʨʘʠʥ r

** *  ʀʥʩʪʠʪʫʪ ʨʘʜʠʦʵʢʦʣʦʛʠʠ, ʋʥʠʚʝʨʩʠʪʝʪ ʌʫʢʫʩʠʤʘ, , ʗʧʦʥʠʷ  

 **ʋʥʠʚʝʨʩʠʪʝʪ ɿʠʛʝʥ, ɻʝʨʤʘʥʠʷ 

 

 ɺʳʧʘʜʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʩʥʝʛ  ʚ ʨʝʟʫʣʴʪʘʪʝ  ʘʚʘ-

ʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ɸʕʉ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʟʘʛʨʷʟ-

ʥʝʥʠʝ ʨʝʯʥʳʭ ʩʠʩʪʝʤ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʚʳʧʘʜʝʥʠʡ ʥʘ ʛʨʫʥʪ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʬʠʢʩʘʮʠʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʚʳʧʘʚʰʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ 

ʧʦʯʚʝ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʟʚʠʪʠʝ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʤʳʚʘ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʩ ʚʦʜʦʩʙʦʨʦʚ ʚ ʨʝʢʠ RETRACE-R ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʘʚʘʨʠʷʭ (ʉʇʇʈ) JRODOS ʜʣʷ ʩʠ-

ʪʫʘʮʠʡ ʘʪʤʦʩʬʝʨʥʳʭ ʘʚʘʨʠʡʥʳʭ ʚʳʧʘʜʝʥʠʡ ʥʘ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ. ʈʘʟʨʘ-

ʙʦʪʘʥʥʘʷ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʤʦʜʝʣʴ RETRACE-RS ʪʝʩʪʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ 

ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʩʮʝʥʘʨʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʦʩʙʦʨʘ ʨʝʢʠ ʇʨʠʧʷʪʴ ʚ ʩʣʫ-

ʯʘʝ ʘʚʘʨʠʠ ʥʘ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ ʟʠʤʦʡ 1987 ʛʦʜʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

http://www.informs-sim.org/wsc00papers/009.PDF
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ʩʤʳʚʘ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʨʝʯʥʫʶ ʩʝʪʴ ʧʨʠ ʚʝʩʝʥʥʝʤ ʩʥʝʛʦʪʘʷʥʠʠ. ɼʘʣʴ-

ʥʝʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʧʦ ʨʝʢʝ ʇʨʠʧʷʪʴ ʠ ʚʥʠʟ ʧʦ ʪʝ-

ʯʝʥʠʶ ʯʝʨʝʟ ʂʠʝʚʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʧʦ ʨʝʢʝ ɼʥʝʧʨ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ 

ʦʙʥʦʚʣʝʥʥʦʡ ʚʝʨʩʠʝʡ ʦʜʥʦʤʝʨʥʦʡ ʨʝʯʥʦʡ ʤʦʜʝʣʠ RIVTOX-SV ʩʠ-

ʩʪʝʤʳ. JRODOS [1] ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʤʦʜʫʣʴ RIVTOX-SV ʦʩʥʦʚʘʥ ʥʘ 

ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʉʝʥ-ɺʝʥʘʥʘ, ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʤʦʜʫʣʠ 

ʘʜʚʝʢʪʠʚʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ, ʦʧʠʩʳʚʘʶʪ ʪʨʘʥʩʧʦʨʪ ʚʟʚʝʩʝʡ 

ʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʨʝʯʥʳʭ ʩʠʩʪʝʤʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʛʠʧʦʪʝʪʠ-

ʯʝʩʢʦʤʫ ʩʮʝʥʘʨʠʶ ʟʠʤʥʝʡ ʘʚʘʨʠʠ 1987 ʛʦʜʘ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ ʨʘʩʯʝʪʘ ʨʝʘʣʠʟʦʚʘʚʰʝʛʦʩʷ ʚ ʚʝʩʝʥʥʠʡ ʧʘʚʦʜʦʢ 1987 ʛʦʜʘ ʩʤʳʚʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʥʝʛʦʪʘʷʥʠʷ ʚ ʨʝʯʥʫʶ ʩʝʪʴ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʚʳʧʘʚʰʠʭ ʥʘ 

ʛʨʫʥʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʘʚʘʨʠʠ ʘʧʨʝʣʷ 1986 ʛʦʜʘ. ʆʙʘ ʩʮʝʥʘ-

ʨʠʷ çʨʝʘʣʠʟʦʚʘʥʥʳʡ - ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʜ ʩʥʝʛʦʤè ʠ çʛʠʧʦʪʝʪʠʯʝʩʢʠʡ - ʟʘ-

ʛʨʷʟʥʝʥʠʝ ʥʘ ʩʥʝʛʫè ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʬʘʢʪʠʯʝʩʢʠʤ ʧʦʣʷʤ ʚʳʧʘʜʝʥʠʡ 
137ʉs ʠ 90Sr ʘʧʨʝʣʷ 1986 ʛʦʜʘ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ɻʀʉ-ʜʘʥʥʳʝ ʦ ʤʦʜʝʣʠʨʫʝ-

ʤʦʡ ʦʙʣʘʩʪʠ, ʢʘʨʪʘ ʟʘʛʨʷʟʥʝʥʠʡ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʟʦʥʳ ʦʪʯʫʞʜʝʥʠʷ ʠʟ 

ʙʘʟʳ ʜʘʥʥʳʭ ʋʢʨʘʠʥʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʨʘʜʠʦʣʦʛʠʠ [2], ʜʘʥʥʳʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ 1986-1987 ʛʦʜʳ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʨʘʜʠʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝ-

ʨʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʄɸɻɸʊʕ VAMP [3].  

ʄʦʜʝʣʴ ʩʤʳʚʘ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʚʳʧʘʚʰʠʭ ʥʘ ʧʦʯʚʳ ʚʦʜʦʩʙʦʨʦʚ 

RETRACE-R ʉʇʇʈ RODOS [4] ʚ ʢʘʞʜʦʡ ʷʯʝʡʢʝ ʚʦʜʦʩʙʦʨʘ ʨʘʩʩʯʠʪʳ-

ʚʘʝʪ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʢʦʣʠʯʝʩʪʚʦ ʩʤʳʚʘʝʤʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʢʘʢ ʧʨʦ-

ʠʟʚʝʜʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʳʧʘʜʝʥʠʡ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ (ʩʥʝʛʦʪʘʷ-

ʥʠʷ) ʠ ʥʘ ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʳʚʘ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʦʧʨʝ-

ʜʝʣʷʣʠʩʴ ʧʦ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʟʣʠʯʥʳʭ ʨʝʯʥʳʭ ʩʠʩʪʝʤ 

ʧʦʩʣʝ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʘʚʘʨʠʠ. ʈʘʩʩʯʠʪʘʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʪʦʢ ʨʘʜʠ-

ʦʥʫʢʣʠʜʦʚ ʠʟ ʢʘʞʜʦʡ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ ʧʝʨʝʥʦʩʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ɻʀʉ ʧʦʜʩʠʩʪʝʤʳ ʉʇʇʈ RODOS ʚ ʙʣʠʞʘʡʰʠʡ ʢ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʝ ʚʦ-

ʜʦʩʙʦʨʘ ʵʣʝʤʝʥʪ ʨʫʩʣʘ ʨʝʯʥʦʡ ʩʝʪʠ, ʢʘʢ ʙʦʢʦʚʘʷ ʧʨʠʪʦʯʥʦʩʪʴ ʜʣʷ ʤʦ-

ʜʝʣʠ ʨʫʩʣʦʚʦʛʦ ʧʝʨʝʥʦʩʘ ʨʘʜʠʦʥʫʢʣʠʜʦʚ RIVTOX-SV. ʄʦʜʝʣʴ 

RIVTOX-SV ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʨʝʢʘʭ ʇʨʠʧʷʪʴ ʠ ɼʥʝʧʨ ʠ ʚ ʂʠʝʚʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ.  

ʄʦʜʝʣʴ RETRACE-RS ʨʘʩʩʯʠʪʳʚʘʝʪ ʩʤʳʚ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʩ ʷʯʝʡʢʠ 

ʚʦʜʦʩʙʦʨʘ, ʥʘ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʦ ʚʳʧʘʜʝʥʠʷ ʧʣʦʪʥʦ-

ʩʪʴʶ D, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʚʳʧʘʚʰʠʭ ʨʘʜʠ-

ʦʥʫʢʣʠʜʦʚ ʚ ʚʦʜʥʦʤ ʩʪʦʣʙʝ ʪʘʶ ʝɦʛʦ ʩʥʝʛʘ ʚʳʩʦʪʦʡ hs , ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʪʘʣʦʡ ʚʦʜʝ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʉ = D/hs ʠ 

ʘ ʧʦʪʦʢ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʩ ʪʘʣʦʡ ʚʦʜʦʡ ʩ ʷʯʝʡʢʠ ʚʦʜʦʩʙʦʨʘ ʤʦʞʝʪ ʙʳʪʴ 
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ʨʘʩʩʯʠʪʘʥ ʯʝʨʝʟ ʤʛʥʦʚʝʥʥʫʶ ʚʦʜʦʦʪʜʘʯʫ ʧʨʠ ʩʥʝʛʦʪʘʷʥʠʠ ʄ ʧʦ ʬʦʨ-

ʤʫʣʝ: 

J = C M S = D S M/hs,                                          (1) 

ʟʜʝʩʴ J ï ʧʦʪʦʢ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠʟ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ 

(ɹʢ/ʩʝʢ), D ïʧʣʦʪʥʦʩʪʴ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʷʯʝʡʢʝ (ɹʢ/ʤ2), S 

ï ʧʣʦʱʘʜʴ ʷʯʝʡʢʠ, M (ʤ/ʩʝʢ) ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʜʦʦʪʜʘʯʠ ʧʨʠ ʩʥʝʛʦʪʘʷ-

ʥʠʠ, hs ( ʤ) ï ʚʦʜʥʳʡ ʵʢʚʠʚʘʣʝʥʪ ʚʳʩʦʪʳ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. ʇʨʠ ʵʪʦʤ 

ʜʣʷ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʜʦʦʪʜʘʯʠ M ʚ ʧʨʦʮʝʩʩʝ ʩʥʝʛʦʪʘʷʥʠʷ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʜʝʢʩʘ [5]. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʧʝʨʚʳʝ ʜʣʷ ʙʦʣʴʰʠʭ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʦʩʙʦ-

ʨʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʮʝʧʦʯʢʠ ʤʦʜʝʣʝʡ ʩʤʳʚʘ ʨʘʜʠʦʥʫʢʣʠ-

ʜʦʚ ʩ ʧʦʯʚ ʚʦʜʦʩʙʦʨʘ ʚ ʨʝʯʥʫʶ ʩʝʪʴ ʥʘ ʦʩʥʦʚʝ RETRACE ïR ʠ ʧʦʩʣʝʜʫ-

ʶʱʝʛʦ ʧʝʨʝʥʦʩʘ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʨʫʩʣʝ RIVTOX-SV. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩ-

ʯʝʪʦʚ ʧʦ ʨʝʘʣʠʟʦʚʘʚʰʝʤʫʩʷ ʩʮʝʥʘʨʠʶ ʧʘʚʦʜʢʘ 1987 ʛʦʜʘ ʥʝʧʣʦʭʦ ʩʦʛʣʘ-

ʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʡ (ʨʠʩ .1) ʚ ʧʝʨʠʦʜ ʧʨʦʭʦʞʜʝʥʠʝ ʧʠʢʘ ʧʘ-

ʚʦʜʢʘ. ʆʜʥʘʢʦ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʤʝʪʥʦ ʥʠʞʝ ʜʘʥʥʳʭ ʠʟʤʝ-

ʨʝʥʠʡ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʧʠʢʫ ʧʘʚʦʜʢʘ ʧʝʨʠʦʜʳ ʚ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʟʦʥʝ 

ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʨʘʩʯʝʪʘʭ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʚʦʜʦʩʙʦʨʘ ʇʨʠʧʷʪʠ ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʟʦʥʳ ʦʪʯʫʞʜʝ-

ʥʠʷ. 

 
 

ʈʠʩ. 1: ʉʨʘʚʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʥʮʠ-̫90 ʠ ʜʘʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʚ ʨ. ʇʨʠʧʷʪʴ ï ʛ. ʏʝʨʥʦʙʳʣʴ (ʩʣʝʚʘ) ʠ ʚ ʂʠʝʚʩʢʦʤ ʚʦʜʦʭʨʘ-

ʥʠʣʠʱʝ ʧʝʨʝʜ ʧʣʦʪʠʥʦʡ ʂʠʝʚʩʢʦʡ ɻʕʉ - ʛ. ɺʳʰʛʦʨʦʜʘ (ʩʧʨʘʚʘ) ʚ ʧʝ-

ʨʠʦʜ ʚʝʩʝʥʥʝʛʦ ʧʘʚʦʜʢʘ 1987 ʛ 

 

ʄʦʜʝʣʴ RETRACEïRS ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ 

ʩʮʝʥʘʨʠʷ ʚʳʧʘʜʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 1986 ʛʦʜʘ ʥʘ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ 1987 ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʧʦ ʤʝʪʝʦʫʩʣʦʚʠʷʤ 

1987. .  
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ʈʠʩ. 2: ʈʘʩʩʯʠʪʘʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʥʮʠ-̫90 ʚ ʨ. ʇʨʠʧʷʪʴ ï ʛ ʏʝʨ-

ʥʦʙʳʣʴ (ʩʣʝʚʘ) ʠ ʚ ʂʠʝʚʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʧʝʨʝʜ ʧʣʦʪʠʥʦʡ ɻʕʉ - ʛ. 

ɺʳʰʛʦʨʦʜʘ (ʩʧʨʘʚʘ) ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʩʮʝʥʘʨʠʠ ʟʠʤʥʝʡ ʘʚʘʨʠʠ ʥʘ 

ʏɸʕʉ 1987 ʛ . 

    

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ (ʈʠʩ 2) ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ çʦʮʝʥʢʘ 

ʩʚʝʨʭʫè ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʚʦʜʝ ʩ ʫʯʝʪʦʤ ʩʜʝʣʘʥʥʦʛʦ ʚ 

ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʧʦʯʚʘ ʧʨʦʤʝʨʟʘʝʪ ʜʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʥʝʞ-

ʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʧʦʵʪʦʤʫ ʩʪʝʢʘʥʠʝ ʟʘʛʨʷʟʥʝʥʥʦʡ ʚʦʜʳ ʧʦ ʧʨʦʤʝʨʟʰʝʡ 

ʧʦʯʚʝ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʬʠʢʩʘʮʠʠ ʚ ʥʝʡ ʨʘʜʠʦʥʫʢʣʠʜʦʚ. ʊʘʢʘʷ ʢʦʥʩʝʨʚʘ-

ʪʠʚʥʘʷ ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ ʟʠʤʥʝʡ ʘʚʘʨʠʠ ʜʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʚ ʚʦʜʝ ʇʨʠ-

ʧʷʪʠ ʠ ɼʥʝʧʨʘ, ʢʦʪʦʨʳʝ ʚ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʨʘʟ ʧʨʝʚʦʩʭʦʜʷʪ ʚʝʣʠʯʠʥʳ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʧʝʨʠʦʜ ʨʝʘʣʴʥʦʛʦ ʚʝʩʝʥʥʝʛʦ ʧʘʚʦʜʢʘ 1987 

 ɺʳʚʦʜʳ. ʅʘ ʧʨʠʤʝʨʝ ʜʘʥʥʳʭ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʦʩʙʦʨʘ ʨʝʢʠ ʇʨʠʧʷʪʴ 

ʚ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʟʦʥʝ ʦʪʯʫʞʜʝʥʠʠ, ʜʠʥʘʤʠʢʠ ʧʦʣʝʡ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ 

ʠ ʤʝʪʝʦʩʠʪʫʘʮʠʠ 1987 ʛʦʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʥʦʚʦʛʦ 

ʤʦʜʫʣʷ ʉʇʇʈ ʈʆɼʆʉ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʜʠʦ-

ʥʫʢʣʠʜʦʚ ʚ ʨʝʯʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʠ ʘʚʘʨʠʡʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʟʘʛʨʷʟʥʝ-

ʥʠʷʭ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. ɺʧʝʨʚʳʝ ʧʦ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 

ʚʝʩʝʥʥʠʭ ʧʘʚʦʜʢʦʚ ʥʘ ʨ. ʇʨʠʧʷʪʴ ʧʦʩʣʝ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʘʚʘʨʠʠ ʧʨʦʚʝ-

ʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʩʤʳʚʘ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʩ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ 

ʧʨʠ ʩʥʝʛʦʪʘʷʥʠʠ ʉʇʇʈ ʈʆɼʆʉ.  
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ʆ. ʄʠʭʘʣʴʩʴʢʠʡ, ɭ. ɭʚʜʽʥ 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʪʘ ʩʠʩʪʝʤ 

 

ɺʩʪʫʧ.ɿ 2014 ʨʦʢʫ ʚ ʨʘʤʢʘʭ ʻʚʨʦʧʝʡʩʴʢʦʛʦ  ʧʨʦʝʢʪʫ EAST AVERT 

ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʦʙʢʘ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ  ʽ 

ʩʠʩʪʝʤʠ  ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʴ  ʥʘ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʜʽʣʷʥʢʘʭ 

ʧʨʠʨʽʯʢʦʚʠʭ ʯʘʩʪʠʥ  ʙʘʩʝʡʥʽʚ  ʨʽʯʦʢ ʉʽʨʝʪ ʽ ʇʨʫʪ ʜʣʷ ʏʝʨʥʽʚʝʮʴʢʦʛʦ ʦʙ-

ʣʘʩʥʦʛʦ  ʮʝʥʪʨʫ  ʟ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʾ ɼʉʅʉ ʋʢʨʘʾʥʠ ʽ ɼʥʽʩʪʨʚʩʴʢʦ- 

ʇʨʫʪʩʴʢʦʛʦ ɹʘʩʝʡʥʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʭ  ʨʝʩʫʨʩʽʚ ɺ ʨʦʙʦʪʽ  ʦʧʠʩʘʥʦ 

ʨʦʟʚʠʪʦʢ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʾ ʦʙʦʣʦʥʢʠ ɻɯɼʈʆʉ ʮʽʻʾ ʤʦʜʝʣʶʶ-

ʯʦʾ ʩʠʩʪʝʤʠ.  

ɸʨʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦʾ ʦʙʦʣʦʥʢʠ ñɻʽʜʨʦcò.ʇʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʆʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʩʝʨʚʝʨʘ (ʆʙʯʠʩʣʶʚʘʯʘ) ʜʣʷ ʙʝʟʧʦʩʝ-

ʨʝʜʥʴʦʛʦ ʚʠʢʦʥʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʋʧʨʘʚʣʷʶʯʦʛʦ ʩʝʨʚʝʨʘ 

(ʘʙʦ ʄʝʥʝʜʞʝʨʘ) ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʩʪʫʧʫ ʜʦ ʙʘʟʠ ʜʘʥʠʭ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʨʽʟʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ, ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʂʣʽʻʥʪʘ ʜʣʷ ʟʙʦʨʫ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʧʦʚʽʜʦʤʣʝʥʴ ʪʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʷʥʥʷ ʙʘʟʘʤʠ ʜʘ-

ʥʠʭ (ʉʋɹɼ) ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ, ʢʦʥʬʽʛʫʨʘʮʽʡ ʢʦʨʠ-

ʩʪʫʚʘʯʘ ʪʘ ʟʘʚʘʥʪʘʞʝʥʠʭ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʎʷ ʩʠʩʪʝʤʘ ʟʘʩʥʦʚʘʥʘ ʨʝ-

ʘʣʽʟʦʚʘʥʽʡ ʚ ʩʝʨʝʜʦʚʠʱʽ JAVA  ʘʨʭʽʪʝʢʪʫʨʽ ʩʠʩʪʝʤʠ JRodos , ̫ ʢʘ ʨʦʟʨʦʙ-

ʣʝʥʘ ʚ ɯʇʄʄʉ ʅɸʅ ʋʢʨʘʾʥʠ ʽ ʋʎɽɺʇ ʚ ʧʨʦʝʢʪʘʭ ɭʉ ʢʦʦʨʜʠʥʦʚʘʥʠʭ 

ʂʘʨʣʩʨʫʝ ɯʥʩʪʠʪʫʪʦʤ ʊʝʭʥʦʣʦʛʽʡ. 

ʋʧʨʘʚʣʷʶʯʠʡ ʩʝʨʚʝʨ ʻ ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʟʘʙʝʟ-

ʧʝʯʫʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʩʦʙʦʶ ʫʩʽʭ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʢʦʥʪʨʦʣʶʻ ʪʘ 
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ʥʘʧʨʘʚʣʷʻ ʧʦʪʦʢʠ ʜʘʥʠʭ ʤʽʞ ʯʘʩʪʠʥʘʤʠ ʩʠʩʪʝʤʠ. ʎʝ ʻʜʠʥʠʡ ʢʦʤʧʦʥʝʥʪ 

ʩʠʩʪʝʤʠ, ʷʢʠʡ ʤʘʻ ʟʚ'ʷʟʦʢ ʟ ʫʩʽʻʶ ʨʝʰʪʦʶ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʢʦʥʪʘʢʪʫʶʪʴ ʪʽʣʴʢʠ ʟ ʥʠʤ. ʄʝʥʝʜʞʝʨ ʚʽʜʩʠʣʘʻ ʟʘʧʠʪʠ ʜʦ ʙʘʟ ʜʘ-

ʥʠʭ, ʚʠʜʘʻ ʢʦʤʘʥʜʠ ʥʘ ʟʘʧʫʩʢ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʥʘʜʘʻ ʾʤ ʚʭʽʜʥʽ 

ʜʘʥʽ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ (ʥʘʧʨʠʢʣʘʜ, ʟ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʢʣʽʻʥʪʘ, ʙʘʟʠ 

ʜʘʥʠʭ), ʩʣʽʜʢʫʻ ʟʘ ʩʪʘʥʦʤ ʟʘʜʘʯ ʪʘ ʨʝʘʛʫʻ ʥʘ ʾʭ ʟʤʽʥʫ, ʧʝʨʝʜʘʻ ʚʠʭʽʜʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʚʽʜʧʦʚʽʜʥʠʤ ʘʜʨʝʩʘʪʘʤ (ʛʨʘʬʽʯʥʦʤʫ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫ-

ʚʘʯʘ, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʤʦʜʫʣʶ ʢʣʽʻʥʪʘ, ʙʘʟʽ ʜʘʥʠʭ).  

ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʧʽʜʪʨʠ-

ʤʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʦʙʯʠʩʣʶʚʘʯʘ. ɺ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʦʟʥʘ-

ʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʚʘʥʥʷ ʜʦ ʩʠʩʪʝʤʠ ʥʦʚʠʭ ʚʫʟʣʽʚ, ʥʦʜʽʚ, ʩʝʨʚʝʨʽʚ, ʧʨʦ-

ʮʝʩʦʨʽʚ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʉʠʩʪʝʤʘ ʨʦʟʨʦʙʣʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Java ʚʝʨʩʽʾ 6, ʩʝʨʝʜʦʚʠʱʝ ʚʠ-

ʢʦʥʘʥʥʷ Java-ʧʨʦʛʨʘʤ (Java Runtime Environment, JRE) ʚʭʦʜʠʪʴ ʜʦ ʽʥʩʪʘ-

ʣʷʮʽʡʥʦʛʦ ʧʘʢʝʪʫ ʩʠʩʪʝʤʠ, ʪʘʢʠʤ ʯʠʥʦʤ ʞʦʜʥʦʾ ʜʦʜʘʪʢʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʪʘ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ JRE ʚʠʢʦʥʫʚʘʪʠ ʥʝ ʧʦʪʨʽʙʥʦ. 

ɺ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʉʋɹɼ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ PostgreSQL 8.4. ʎʝ ʻʜʠʥʝ ʟʦʚʥʽʰʥʻ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʟʘʧʫʩʢʫ ʩʠʩʪʝʤʠ. 

ʗʢʱʦ ʦʨʛʘʥʽʟʘʮʽʷ ʚʞʝ ʤʘʻ ʚʩʪʘʥʦʚʣʝʥʫ ʉʋɹɼ PostgreSQL ʚʝʨʩʽʾ 8.2 ʘʙʦ 

ʧʽʟʥʽʰʝ, ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʽʩʣʷ ʜʦʜʘʪ-

ʢʦʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʉʝʨʚʝʨʘ. 

ɯʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʠ ñɻʽʜʨʦʩò.ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ 

ʂʣʽʻʥʪʽ ʤʘʻ ʩʫʯʘʩʥʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʽ ʻ ʟʨʫʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʟʚ'ʷʟʢʫ ʟ ʦʧʝʨʘʪʦʨʦʤ. ʆʩʥʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʩʪʘ-

ʪʠʯʥʦʛʦ ʚʽʢʥʘ ʟ ʜʝʢʽʣʴʢʦʤʘ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʥʘʚʽʛʘʪʦʨ ʧʨʦ-

ʝʢʪʽʚ, ʧʘʥʝʣʴ ʧʦʚʽʜʦʤʣʝʥʴ, ʮʝʥʪʨʘʣʴʥʘ ʧʘʥʝʣʴ ʪʘ ʧʘʥʝʣʴ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʎʝʥʪʨʘʣʴʥʘ ʧʘʥʝʣʴ ʤʽʩʪʠʪʴ ʜʝʢʽʣʴʢʘ ʟʘʢʣʘʜʦʢ, ʷʢʽ ʩʣʫʞʘʪʴ ʜʣʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʷ / ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ (ʩʢʘʣʷʨʥʽ ʟʥʘʯʝʥʥʷ, ʢʘʨʪʘ, 

ʛʨʘʬʽʢʠ, ʪʘʙʣʠʮʽ, ʪʝʢʩʪʠ, ʛʽʩʪʦʛʨʘʤʠ ʪʦʱʦ) ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʛʨʘʬʽʯʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩ ʤʦʜʝʣʽ ʜʣʷ ʟʘʧʦʚʥʝʥʥʷ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɺʢʣʘʜʢʘ ʟ ʢʘʨʪʦʶ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʚʢʣʘʜʦʢ, ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʢʨʠʪʘ ʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ:ʎʠʬʨʦʚʠʭ ʜʘʥʠʭ ʧʨʦ 

ʤʽʩʮʝʚʽʩʪʴ ʚ ʷʢʦʩʪʽ ʬʦʥʦʚʠʭ ʢʘʨʪ (ʢʘʨʪʘ ʚʠʩʦʪ),  

ʈʽʯʢʦʚʦʾ ʤʝʨʝʞʽ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ, ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʡ, 

ʤʝʞ ʚʦʜʦʟʙʦʨʽʚ  

ʅʘʩʪʫʧʥʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʢʘʨʪʫ ʚ ʩʠʩʪʝʤʽ: 

ʌʘʡʣʠ ʫ ʬʦʨʤʘʪʽ ESRI .shp ʘʙʦ GeoTIFF, ʷʢʽ ʧʦʚʥʽʩʪʴ ʟʘʚʘʥʪʘʞʫ-

ʶʪʴʩʷ ʜʦ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʂʣʽʻʥʪʘ; 
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ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʧʠʪʫ ʜʦ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʘaʟʠ ʜʘʥʠʭ 

PostGIS / PostgreSQL. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʮʝ ʜʘʥʽ, ʨʦʟʤʽʨ ʷʢʠʭ ʥʝ ʜʦʟ-

ʚʦʣʷʻ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʾʭ ʮʽʣʢʦʤ ʚ ʦʧʝʨʘʪʠʚʥʫ ʧʘʤ'ʷʪʴ ʂʣʽʻʥʪʘ, ʦʜʥʘʢ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ ʜʘʥʽ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʚʘʥʪʘʞʝʥʽ ʟ ʙʘʟʠ ʜʘʥʠʭ; 

ʈʝʟʫʣʴʪʘʪʠ ʟʘʧʠʪʫ ʜʦ WMS-ʩʝʨʚʝʨʘ, ʩʝʨʚʝʨʘ Google Maps, 

OpenStreetMap, ʱʦ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʚʠʜʠʤʦʾ ʦʙʣʘʩʪʽ, ʤʘʩʰʪʘʙʫ; 

ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʪʘʢʦʞ ʤʘʻ ʥʝʦʙʭʽʜʥʠʡ ʥʘʙʽʨ ʟʘʩʦʙʽʚ ʜʣʷ ʨʦʙʦʪʠ 

ʟ ʢʘʨʪʦʶ, ʩʝʨʝʜ ʷʢʠʭ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʤʘʩʰʪʘʙʫ, ʧʨʦʢʨʫʯʫʚʘʥʥʷ ʚʠ-

ʜʠʤʦʾ ʦʙʣʘʩʪʽ, ʟʤʽʥʠ ʧʨʦʝʢʮʽʾ, ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ, ʚʠʜʽʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ, 

ʧʝʨʝʛʣʷʜʫ ʘʪʨʠʙʫʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʦʙʨʘʥʦʛʦ ʦʙôʻʢʪʫ, ʜʨʫʢʫ ʘʙʦ ʟʙʝʨʝ-

ʞʝʥʥʷ ʚ ʷʢʦʩʪʽ ʢʘʨʪʠʥʢʠ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʢʘʨʪʠ. 

ʉʠʩʪʝʤʘ ʧʽʜʪʨʠʤʫʻ ʪʨʠ ʤʦʚʠ: ʘʥʛʣʽʡʩʴʢʫ, ʨʦʩʽʡʩʴʢʫ ʪʘ ʫʢʨʘʾʥʩʴʢʫ, 

ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʘ ʚ ʥʘʣʘʰʪʫʚʘʥʥʷʭ, ʱʦ ʜʦʩʪʫʧʥʽ ʟ ʚʝʨʭʥʴʦʛʦ ʤʝʥʶ 

ʪʘ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʧʨʦʬʽʣʽ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʉʠʩʪʝʤʘ ʚʽʜʦʙʨʘʞʘʻ ʦʩʪʘʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʤʦʜʝʣʽ ʯʠʩʝʣʴʥʦʛʦ 

ʧʨʦʛʥʦʟʫ ʧʦʛʦʜʠ WRF, ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ çʦʧʘʣʠ-ʩʪʽʢè , ʜʚʦʚʠʤʽʨʥʦʾ 

ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʟʦʥ ʟʘʪʦʧʣʝʥʴ. ɯʥʪʝʨʬʝʡʩ ʤʦʜʝʣʽ  WRF ʚʽʜʦʙʨʘʞʘʻ : 

ī ʇʦʣʝ ʦʧʘʜʽʚ; 

ī ʇʦʣʝ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ; 

ī ʇʦʣʝ ʚʽʪʨʫ; 

ī ʇʦʣʝ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ. 

ʅʘʚʽʛʘʪʦʨ ʧʨʦʝʢʪʽʚ ʪʠʧʫ WRF  ʤʘʻ ʥʘʩʪʫʧʥʫ ʜʝʨʝʚʦʚʠʜʥʫ ʩʪʨʫʢʪʫʨʫ: 

ī ʂʘʨʪʠ 

ī ʆʧʘʜʠ 

ī ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 

ī ɺʽʪʝʨ 

ī ɺʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ 

ɸʢʫʤʫʣʴʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʧʦ ʧʽʜ ʚʦʜʦʟʙʦʨʘʤ ʟʘ 6. 12. 24 ʛʦʜʠʥʽ 

ī ɻʨʘʬʽʢʠ ʪʘ ʪʘʙʣʠʮʽ 

ī ʆʧʘʜʠ 

ī ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 

ī ɺʽʪʝʨ 

ī ɺʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ 

ʂʘʨʪʠ ʤʦʞʥʘ ʘʥʽʤʫʚʘʪʠ. ɼʦʜʘʪʢʦʚʦ ʙʽʣʷ ʩʣʘʡʜʝʨʫ, ʱʦ ʢʝʨʫʻ 

ʘʥʽʤʘʮʽʻʶ, ʨʦʟʤʽʱʫʻʪʴʩʷ ʚʠʧʘʜʘʶʯʠʡ ʩʧʠʩʦʢ ʫʩʽʭ ʜʘʪ ʧʨʦʛʥʦʟʫ ʜʣʷ 

ʰʚʠʜʢʦʛʦ ʧʝʨʝʭʦʜʫ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʨʦʢʫ ʧʨʦʛʥʦʟʫ. 

ɯʥʪʝʨʬʝʡʩ ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʤʦʜʝʣʽ  ʚʽʜʦʙʨʘʞʘʻ: 

ʇʨʦʝʢʪ ñʉʠʥʦʧʪʠʢʘò ʚʽʜʧʦʚʽʜʘʻ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʩʪʘʥʥʴʦʛʦ ʧʨʦʛʥʦʟʫ ʧʦ-

ʛʦʜʥʠʭ ʜʘʥʠʭ, ʘ ʧʨʦʝʢʪ ñɻʽʜʨʦʣʦʛʽʷò, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝ-

ʨʝʛʣʷʜʫ ʧʨʦʛʥʦʟʫ ʨʽʚʥʽʚ ʪʘ ʚʠʪʨʘʪ ʥʘ ʚʦʜʦʟʙʦʨʘʭ ʨ.ʇʨʫʪ ʪʘ ʨ.ʉʽʨʝʪ. 
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ʇʨʦʛʥʦʟʥʽ ʯʘʩʦʚʽ ʨʷʜʠ ʚʠʪʨʘʪ ʪʘ ʨʽʚʥʽʚ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʪʘʙʣʠʯ-

ʥʦʤʫ ʪʘ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ.  

ɯʥʪʝʨʬʝʡʩ  ʜʚʦʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ  ʨʦʟʨʘʭʫʥʢʫ ʟʦʥ ʟʘʪʦʧʣʝʥʴ ʜʘʻ ʟʤʦʛʫ 

ʢʦʨʠʩʪʦʚʘʯʫ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʘ ʧʨʦʚʦʜʠʪʠ ʢʘʨʪʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʟʦʥ ʟʘ-

ʪʦʧʣʝʥʴ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʝʥʝʡ ʥʘ ʨʽʯʢʘʭ. ʎʷ ʤʦʜʝʣʴ ʪʘʢʦʞ ʙʫʣʘ  

ʥʘʣʘʰʪʦʚʘʥʘ ʥʘ ʨ. ɼʥʽʧʨʦ ʚ ʨʘʡʦʥʽ ʤʽʩʪʘ ʂʠʻʚʘ (ʚʽʜ ʥʠʞʥʴʦʛʦ ʙôʻʬʫ 

ʂʠʾʚʩʴʢʦʛʦ, ʪʘ ʜʦ ʚʝʨʭʥʴʦʛʦ ʙôʻʬʫ ʂʘʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ) ʪʘ ʥʘ ʨ. 

ɼʥʽʩʪʝʨ ʚ ʤʝʞʘʭ ʤ. ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʠʡ. 

ʄʦʜʝʣʶʶʯ ̔ ʩʠʩʪʝʤʠ ʟ ʽʥʪʝʨʝʨʬʝʡʩʘʤʠ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ 

ñɻɯɼʈʆʉò ʚʧʨʦʚʘʜʞʝʥʽ ʪʘ ʧʨʦʭʦʜʷʪʴ ʪʝʩʪʦʚʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ ʏʝʨʥʽʚʝʮʴ-

ʢʦʤʫ ʦʙʣʘʩʥʦʤʫ  ʮʝʥʪʨʽ   ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʾ ɼʉʅʉ ʋʢʨʘʾʥʠ ʽ ɼʥʽʩʪʨʚ-

ʩʴʢʦ- ʇʨʫʪʩʴʢʦʤʫ  ɹʘʩʝʡʥʦʚʦʤʫ ʫʧʨʘʚʣʽʥʥ ̔ʚʦʜʥʠʭ  ʨʝʩʫʨʩʽʚ. ʤ ʏʝʨʥʽʚʮʽ 
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ʉɽʂʎɯʗ 2 

ʉʋʏɸʉʅɯ ɸʉʇɽʂʊʀ ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʊɸ 

ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʉʀʉʊɽʄ 

ʋ ɺʀʈʆɹʅʀʎʊɺɯ 
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ʋɼʂ 656.1 

ɺʀɿʅɸʏɽʅʅʗ ɻʈʆʐʆɺʆɰ ʆʎɯʅʂʀ ʅɽʗʂɯʉʅʀʍ 

ʇɸʉɸɾʀʈʉʔʂʀʍ ʊʈɸʅʉʇʆʈʊʅʀʍ ʇʆʉʃʋɻ ʅɸ ʇɯɼʉʊɸɺɯ 

ɼɸʅʀʍ ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ 

ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʈɽʁʉʋ ʄɸʈʐʈʋʊʋ ʄɯʉʔʂʆɰ 

ʇɸʉɸɾʀʈʉʔʂʆɰ ʊʈɸʅʉʇʆʈʊʅʆɰ ʉʀʉʊɽʄʀ 

ʆ.ɭ. ʉʦʢʫʣʴʩʴʢʠʡ, ʂ.ʖ. ɻʽʣʝʚʩʴʢʘ, ʅ.ʄ. ɺʘʩʽʣʴʮʦʚʘ, ɼ.ʃ. ʇʘʯʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯ-

ʥʠʡ ʽʥʩʪʠʪʫʪè 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɼʝʨʞʘʚʥʘ ʝʢʦʣʦʛʽʯʥʘ ʘʢʘʜʝʤʽʷ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

 

ɺ ʨʦʙʦʪʽ [1] ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘ-

ʞʠʨʽʚ, ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʫʶʪʴ ʧʦʨʫʰʝʥʥʷ ʧʨʘʚ ʧʘ-

ʩʘʞʠʨʽʚ ʧʨʠ ʢʦʨʠʩʪʫʚʘʥʥʽ ʤʘʨʰʨʫʪʦʤ ʤʽʩʴʢʦʾ ʧʘʩʘʞʠʨʩʴʢʦʾ ʪʨʘʥʩʧʦʨʪ-

ʥʦʾ ʩʠʩʪʝʤʠ (ʄʇʊʉ) ʫ ʨʠʥʢʦʚʠʭ ʫʤʦʚʘʭ, ʘ ʩʘʤʝ:  

1) ʩʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʽʚ, ʷʢʠʤ ʙʫʣʦ ʚʽʜʤʦʚʣʝʥʦ ʫ ʧʦʩʘʜʮʽ ʚ 

ʧʘʩʘʞʠʨʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ (ʊɿ), ʱʦ ʧʨʘʮʶʚʘʣʠ ʥʘ ʤʘʨʰʨʫʪʽ ʧʨʦ-

ʪʛ̫ʦʤ ʜʦʙʠ, ʚʥʘʩʣʽʜʦʢ ʾʭ ʧʝʨʝʧʦʚʥʝʥʥʷ;  

2) ʩʫʤʘʨʥʠʡ ʯʘʩ ʯʝʢʘʥʥʷ ʧʘʩʘʞʠʨʘʤʠ ʊɿ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʦʨʫʰʝʥʥʷʤʠ 

ʨʦʟʢʣʘʜʫ ʨʫʭʫ;  

3) ʩʫʤʘʨʥʽ ʧʘʩʘʞʠʨʦ-ʢʽʣʦʤʝʪʨʠ, ʱʦ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʥʘ ʧʝʨʝʛʦʥʘʭ ʤʘʨ-

ʰʨʫʪʫ ʟ ʧʦʨʫʰʝʥʥʷʤ ʢʦʤʬʦʨʪʥʦʩʪʽ ʧʦʾʟʜʢʠ (ʟ ʧʝʨʝʚʠʱʝʥʥʷʤ ʤʘʢʩʠʤʘ-

ʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʧʦʚʥʝʥʥʷ ʩʘʣʦʥʫ ʊɿ).  

ʗʢ ʥʘʩʣʽʜʦʢ, ʤʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʟ ʪʨʴʦʤʘ ʧʦʢʘʟʥʠʢʘʤʠ ʟʽ ʨʽʟʥʠʤʠ ʨʦʟ-

ʤʽʨʥʦʩʪʷʤʠ, ʱʦ ʟʘʚʘʞʘʻ ʚʠʟʥʘʯʠʪʠ ʻʜʠʥʠʡ ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʧʦʨʫʰʝʥʥʷ ʧʨʘʚ ʧʘʩʘʞʠʨʽʚ ʥʘ ʤʘʨʰʨʫʪʘʭ ʄʇʊʉ 

ʚʥʘʩʣʽʜʦʢ ʥʝʷʢʽʩʥʦ ʥʘʜʘʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠ ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʘʨʰʨʫʪʫ ʄʇʊʉ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʷʚʥʽ ʊɿ ʟ ʧʘʩʘʞʠ-

ʨʦʤʽʩʪʢʽʩʪʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʥʝ ʤʘʢʩʠʤʘʣʴʥʽʡ, ʘ ʥʦʨʤʘʪʠʚʥʽʡ, ʷʢʫ ʧʨʦʧʦ-

ʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʠʪʠ ʚ ʨʦʟʤʽʨʽ 75% ʚʽʜ ʧʘʩʧʦʨʪʥʦʾ. ʊʘʢʘ ʻʤʥʽʩʪʴ ʤʦʞʝ 

ʙʫʪʠ ʢʦʤʧʨʦʤʽʩʦʤ ʤʽʞ ʝʢʦʥʦʤʽʯʥʠʤʠ ʽʥʪʝʨʝʩʘʤʠ ʧʝʨʝʚʽʟʥʠʢʘ ʪʘ ʢʦʤʬʦ-

ʨʪʥʠʤʠ ʫʤʦʚʘʤʠ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʩʽ ʧʦʨʫ-

ʰʝʥʥʷ ʧʝʨʝʡʜʫʪʴ ʚ ʧʦʢʘʟʥʠʢ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ ʥʘ 

ʟʫʧʠʥʮʽ. 

ɯʥʰʽ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʏʘ-

ʩʦʚʽ ʤʽʪʢʠ ʧʨʠʙʫʪʪʷ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʊɿ ʥʘ ʟʫʧʠʥʢʠ ʟʯʠʪʫʻʤʦ ʟ ʜʘʥʠʭ ʩʫ-
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ʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʤʫʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ [2]. ʇʘʩʘʞʠ-

ʨʦʧʦʪʦʢʠ ʪʘ ʽʤʦʚʽʨʥʦʩʪʽ ʚʠʭʦʜʫ ʧʘʩʘʞʠʨʽʚ ʚʠʟʥʘʯʘʻʤʦ ʥʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ 

ʦʙʩʪʝʞʝʥʥʷ ʤʘʨʰʨʫʪʫ. 

ʉʫʤʘʨʥʽ ʚʪʨʘʪʠ ʯʘʩʫ ʧʘʩʘʞʠʨʘʤʠ ʥʘ ʤʘʨʰʨʫʪʘʭ ʄʇʊʉ ʚʥʘʩʣʽʜʦʢ ʧʦ-

ʨʫʰʝʥʥʷ ʾʭ ʧʨʘʚ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʷʢ ʜʦʙʫʪʦʢ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʚʝʟʝʥʠʭ ʧʘʩʘ-

ʞʠʨʽʚ ʥʘ ʨʽʟʥʠʮʶ ʤʽʞ ʩʝʨʝʜʥʽʤ ʯʘʩʦʤ ʯʝʢʘʥʥʷ ʧʘʩʘʞʠʨʘʤʠ ʥʘ ʟʫʧʠʥʮʽ 

ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʩʝʨʝʜʥʽʤ ʥʦʨʤʘʪʠʚʥʠʤ ʯʘʩʦʤ. ɺ ʷʢʦʩʪʽ 

ʪʘʢʠʭ ʥʦʨʤʘʪʠʚʽʚ ʧʨʦʧʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ: ʩʝʨʝʜʥʽʡ ʯʘʩ ʯʝʢʘʥʥʷ ʧʘʩʘ-

ʞʠʨʩʴʢʠʭ ʊɿ ʚ ʛʦʜʠʥʫ çʧʽʢè - 5 ʭʚʠʣʠʥ, ʚ ʽʥʰʠʡ ʯʘʩ ʜʦʙʠ - 10 ʭʚʠʣʠʥ.  

ɺʠʟʥʘʯʝʥʥʷ ʚʘʨʪʦʩʪʽ ʚʪʨʘʯʝʥʦʛʦ ʯʘʩʫ ʤʘʻ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ, ʦʩʢʽ-

ʣʴʢʠ ʚʢʣʶʯʘʻ ʨʷʜ ʯʠʥʥʠʢʽʚ, ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʘʙʦ ʥʝʚʽʜʦʤʝ, ʘʙʦ 

ʡʦʛʦ ʜʫʞʝ ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ. ʇʝʨʝʙʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ ʫ ʜʦʨʦʟʽ ʻ ʚʪʨʘʪʦʶ 

ʨʦʙʦʯʦʛʦ ʘʙʦ ʚʽʣʴʥʦʛʦ ʯʘʩʫ ʛʨʦʤʘʜʷʥʠʥʘ. 

ɯʩʥʫʶʯʠ ʧʽʜʭʦʜʠ ʜʦ ʚʘʨʪʽʩʥʦʾ ʦʮʽʥʢʠ ʚʪʨʘʯʝʥʦʛʦ (ʧʦʥʘʜ ʥʦʨʤʦʚʘ-

ʥʦʛʦ) ʨʦʙʦʯʦʛʦ ʪʘ ʚʽʣʴʥʦʛʦ ʯʘʩʫ ʙʘʟʫʶʪʴʩʷ ʥʘ ʦʮʽʥʢʘʭ [3]: 

1) ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʙʫʪʢʫ, ʷʢʠʡ ʩʪʚʦʨʝʥʠʡ ʟʘ ʦʜʥʫ ʣʶʜʠʥʦ-ʛʦʜʠʥʫ; 

2) ʩʝʨʝʜʥʴʦʾ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʣʶʜʠʥʠ ʟʘ ʛʦʜʠʥʫ; 

3) ʧʘʩʘʞʠʨʦʤ ʩʚʦʛʦ ʯʘʩʫ ʧʨʠ ʚʠʙʦʨʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʊɿ ʜʣʷ ʧʝʨʝʩʫ-

ʚʘʥʥʷ; 

4) ʚʠʭʦʜʷʯʠ ʟ ʛʽʧʦʪʝʟʠ ʦʙôʻʢʪʠʚʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʫʩʧʽʣʴʥʦʛʦ ʚʠʨʦʙʥʠ-

ʮʪʚʘ ʚʽʜ ʢʫʣʴʪʫʨʥʦ-ʦʩʚʽʪʥʴʦʛʦ ʨʽʚʥʷ ʥʘʩʝʣʝʥʥʷ; 

5) ʚʠʭʦʜʷʯʠ ʟ ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʧʘʩʘʞʠʨʽʚ ʥʘ ʦʩʥʦʚ-

ʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʥʘʩʣʽʜʦʢ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʪʦʤʣʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ ʦʜʥʽʻʾ ʚʪʨʘʯʝʥʦʾ ʧʘʩʘʞʠʨʦ-

ʛʦʜʠʥʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʽʚʥʶʚʘʪʠ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʤʽʞ ʙʫʜʴ-ʷʢʠʤʠ ʨʝʡ-

ʩʘʤʠ ʙʽʜʴ-ʷʢʠʭ ʤʘʨʰʨʫʪʽʚ ʄʇʊʉ. 
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ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɽʍɸʅʀʏɽʉʂʀʍ 

ʉɺʆʁʉʊɺ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʇʈʀ 

ʅɸʈʋʐɽʅʀʀ ʉʇʃʆʐʅʆʉʊʀ  

ʈʘʜʯʝʥʢʦ ʉ.ɻ., ʃʘʧʘʯ ʉ.ʅ. 

ʅʊʋʋ çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʀ.ʉʠʢʦʨʩʢʦʛʦè, ʛ. 

ʂʠʝʚ, ʋʢʨʘʠʥʘ 

 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝ-

ʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʠʝ ʧʨʦʯ-

ʥʦʩʪʥʳʝ, ʞʝʩʪʢʦʩʪʥʳʝ, ʫʩʪʘʣʦʩʪʥʳʝ ʠ ʚʝʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʧʝʮʠ-

ʬʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʦʥ ʧʦʣʫʯʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ. ɺʳʩʦ-

ʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʝʪʘʣʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʷʪ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʫʢʣʘʜʢʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʘʨʤʠʨʫʝʤʳʭ ʚʦʣʦʢʦʥ. ɺ ʧʨʦ-

ʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʠʤʧʫʣʴʩʥʳʤ ʥʘʛʨʫʟʢʘʤ ʠ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ. 

ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʠʩʭʦʜʷ-

ʱʠʭ ʷʚʣʝʥʠʡ, ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʣʠʷʥʠʷ, ʩʣʫʯʘʡʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʝʢʦʪʦ-

ʨʳʭ ʬʘʢʪʦʨʦʚ ʚ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʥʝʣʠʥʝʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝ-

ʥʠʡ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʕʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ  ʠ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʢʦʨʨʝʢʪʥʳʝ ʫʩʣʦʚʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ: ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʵʬʬʝʢʪʦʚ ʚ ʤʦ-

ʜʝʣʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʮʝʥʠʚʘʝʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʉʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝ-

ʣʷʝʤʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʠʟʚʝʩʪʥʘ [1, 

ʩ.87ï111]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʩʧʣʦʰʥʦʩʪʠ.  

ɺ ʬʦʨʤʘʣʴʥʦʡ ʟʘʧʠʩʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

),Xk,...,X(f wwyĔ 1=  

ʛʜʝ  wyĔ ï w-ʪʘʷ ʬʫʥʢʮʠʷ ʮʝʣʠ (ʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ), ʢʦʪʦʨʫʶ 

ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʪʴ; 
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Xk...,,X1   ï ʬʘʢʪʦʨʳ (ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ); 

k ï ʦʙʱʝʝ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ. 

ʉʦʜʝʨʞʘʪʝʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʧʦ ʬʘʢʪʦʨʘʤ ʠ ʬʫʥʢʮʠʷʤ, ʢʦʪʦ-

ʨʳʝ ʠʩʩʣʝʜʫʶʪʩʷ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʦ  ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟʜʝʣʠʡ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʰʠʨʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʧʦ-

ʣʫʯʘʝʤʦʡ ʤʦʜʝʣʠ: ʧʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ ʦʨʪʦʛʦʥʘʣʴʥʳ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʆʨʪʦʛʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʝ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ. ʊʘ-

ʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʦʜʥʦʟʥʘʯʥʦ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘ-

ʯʠʤʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʅʦʨʤʠʨʦʚʘʥʠʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʪʦʡʯʠʚʫʶ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʠ ʠ, ʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʝʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʈʝʰʘʝʤʘʷ ʟʘʜʘʯʘ ʙʫʜʝʪ ʢʦʨʨʝʢʪʥʦ ʧʦ-

ʩʪʘʚʣʝʥʥʦʡ. ʇʦʩʪʨʦʝʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ 

ʠʟʫʯʘʝʤʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʦʜʝʣʠʨʫʝʤʳʝ ʬʫʥʢʮʠʠ [1, 2]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ ʨʘʙʦʪʳ, ʚʳʙʨʘʥʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʫʧʨʘʚʣʷʝʤʳʭ ʬʘʢʪʦʨʦʚ 

ʙʳʣ ʚʳʙʨʘʥ ʨʝʛʫʣʷʨʥʳʡ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʧʣʘʥ 23Ĭ43//32 (3 ʬʘʢʪʦʨʘ ʥʘ 

2 ʫʨʦʚʥʷʭ, 3 ʬʘʢʪʦʨʦʚ ʥʘ 4 ʫʨʦʚʥʷʭ, 32 ʦʧʳʪʘ). ʇʣʘʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʨ-

ʪʦʛʦʥʘʣʴʥʦʩʪʴ ʚʩʝʭ ʛʣʘʚʥʳʭ ʵʬʬʝʢʪʦʚ; ʧʣʘʥ ʙʣʠʟʦʢ ʢ ʢʨʠʪʝʨʠʶ D-

ʦʧʪʠʤʘʣʴʥʦʩʪʠ. 

ʌʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ: 

X1 ï ʥʘʣʠʯʠʝ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʉɺʄ, ʇ3; ʫʨʦʚʥʠ: ʥʝʪ, ʝʩʪʴ. 

ʍ2 ï ʥʘʠʤʝʥʦʚʘʥʠʝ ʩʣʦʷ ʩʦ ʩʪʦʨʦʥʳ ʚʭʦʜʘ ʫʜʘʨʥʠʢʘ ʉʚʭ; ʫʨʦʚʥʠ: 0,̄ 

90̄ . 

ʍ3 ï ʥʘʠʤʝʥʦʚʘʥʠʝ ʩʣʦʷ ʩʦ ʩʪʦʨʦʥʳ ʚʳʭʦʜʘ ʫʜʘʨʥʠʢʘ ʉʚrʭ; ʫʨʦʚʥʠ: 

0 ,̄ 90 .̄. 

ʍ4 ï ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʪʠʧʘ 00, 900), ʂ0,90; 

ʫʨʦʚʥʠ: 1, 2, 3, 4. 

ʍ5 ï ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʪʠʧʘ +450, ï450), ʂ45; 

ʫʨʦʚʥʠ: 1, 2, 3, 4. 

ʍ6 ï ʨʘʟʙʠʝʥʠʝ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʙʣʦʢʠ;  

ʫʨʦʚʥʠ: 1, 2, 3, 4. 

ʇʦʤʠʤʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪ ʙʳʣ ʚʚʝʜʝʥ ʙʣʦʢʦʚʦʡ ʬʘʢʪʦʨ (ʨʘʟʙʠʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʦʨʪʦʛʦ-

ʥʘʣʴʥʳʝ ʙʣʦʢʠ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʠʣʠ ʠʩʢʣʶʯʠʪʴ 

ʚʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʘ ʨʝʟʫʣʴʪʘʪʳ,  ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  
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ɺ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ: 

y1ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ůʚ, ʢɻʩ/ʤʤ2; 

y2ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ɽʨʘʩʪ, ʢɻʩ/ʤʤ2. 

ʉʪʨʫʢʪʫʨ rʧʦʣʫʯʘʝʤʳʭ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

1Ĕy , 2yĔ, ʥʝ ʠʟʚʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʶ, ʚʳʙʠʨʘʣʠʩʴ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢ-

ʪʫʨʳ ʤʦʜʝʣʠ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ [1, ʩ. 92]: 

Ô
=

-
k

i

s
iii

ixxx

1

)1()2()1(
) +...+ +  +(1  ­ Nʇ, 

ʛʜʝ    1 ï ʟʥʘʯʝʥʠʝ ʬʠʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ x0 ¹ 1;  

 ...,, ,
)1()2()1( -is

iii xxx  ï ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʢʦʥʪʨʘʩʪʳ ʬʘʢʪʦʨʦʚ Xi;   

si  ï ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʬʘʢʪʦʨʘ Xi; 

k ï ʦʙʱʝʝ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ, 1 ¢ i ¢ k;   

(1), (2), é, (siï1) ï ʧʦʨʷʜʦʢ ʢʦʥʪʨʘʩʪʦʚ ʬʘʢʪʦʨʘ Xi;   

Nʇ ï ʯʠʩʣʦ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ, ʨʘʚʥʦʝ ʯʠʩʣʫ  ʦʧʳʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺʩʝ ʵʬʬʝʢʪʳ ʚʳʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʥʦʨʤʠʨʦʚʘʥʥʳʭ 

ʢʦʥʪʨʘʩʪʦʚ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 1Ĕy , 2yĔ  ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ çʇʣʘʥʠʨʦʚʘʥʠʝ, ʨʝʛʨʝʩʩʠʷ ʠ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡè 

(ʇʉ ʇʈʀɸʄ), ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘ ʢʘʬʝʜʨʝ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

ʅʊʋʋ çʂʇʀè [3]. 

ʇʦʣʫʯʝʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʧʦ ʢʨʠ-

ʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ: ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ, ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [1, ʩ. 67ï80]. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʠʩʧʝʨʩʠʠ ʚʦʩʧʨʦʠʟʚʦ-

ʜʠʤʦʩʪʠ ʦʜʥʦʨʦʜʥʳʝ. 

ʄʦʜʝʣʠ 1Ĕy ,  2yĔʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ, ʪ. ʝ. ʥʝʩʫʪ ʧʦʣʝʟʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ R ʨʘʚʥʳ 0,9676 

ʠ 0,9690 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ. ʂʨʠʪʝʨʠʠ ɹʦʢʩʘ ʠ 

ɺʝʮʘ ʨʘʚʥʳ 4 ʠ 5, ʪ. ʝ. ʚʳʩʦʢʦʟʥʘʯʠʤʳ. ɼʦʣʷ ʨʘʩʩʝʠʚʘʥʠʷ, ʦʙʲʷʩʥʷʝʤʘʷ 

ʤʦʜʝʣʴʶ, ʩʦʩʪʘʚʣʷʝʪ 0,9353 ʠ 0,9389 ʜʣʷ 1Ĕy ,  2yĔ . 

ʇʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʝʡ ʧʦ F-ʢʨʠʪʝʨʠʶ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʦ-

ʜʝʣʠ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʨʝʜʥʷʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 4,55 % ʠ 14,10 %, ʩʨʝʜʥʷʷ 



135 

ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 1,68 ʠ 1,21 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦ-

ʚʝʨʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʘ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ 

cond ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʦʜʝʣʠ ʚʳʩʦʢʦʫʩʪʦʡʯʠʚʳ: cond = 1,68 ʜʣʷ 1Ĕy  ʠ 

cond = 1,21 ʜʣʷ 2yĔ . 

ɺʩʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʧʦʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʠʣʫʯ-

ʰʠʤ ʚʦʟʤʦʞʥʳʤ.  

ʄʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʜʝʪʘʣʝʡ, ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʜʝʪʘʣʝʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʬʦʨʤʘʣʠ-

ʟʦʚʘʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʥʘʨʫʰʝʥʠʷʭ ʩʧʣʦʰʥʦʩʪʠ ʧʦʣ-

ʥʦʩʪʴʶ ʧʦʜʪʚʝʨʜʠʣʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʦʜʭʦʜʘ. 

ʉ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴ-

ʪʘʪʘʤʠ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ [4, 5]. 
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ʋʢʨʘʠʥʳ çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè. ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝ-

ʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://tm-mmi.kpi.ua/ index.php/ru/1/publications/ 
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ʑʆɼʆ ʄʆɾʃʀɺʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ɻɯʉ ɿ ɺɯɼʂʈʀʊʀʄ 

ʂʆɼʆʄ QGIS ʋ ɿɹʈʆʁʅʀʍ ʉʀʃɸʍ ʋʂʈɸɰʅʀ. 

ɻʨʝʯʘʥʽʥʦʚ ɺ.ʌ., ʃʦʧʫʰʘʥʩʴʢʠʡ ɸ.ɺ. 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʘʰʠʥ ʽ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʾʥʠ 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʈʦʟʚʠʪʦʢ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ɿʙʨʦʡʥʠʤʠ ʉʠʣʘʤʠ ʋʢʨʘʾʥʠ ʻ ʧʝʨʰʦʶ 

ʽʟ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ ʫ ɼʝʨʞʘʚʥʽʡ ʧʨʦʛʨʘʤʽ ʨʦʟʚʠʪʢʫ ɿʙʨʦʡʥʠʭ ʉʠʣ 

ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨʦʢʫ [1]. ʅʘʜʘʥʥʷ ʦʨʛʘʥʘʤ ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʭ 

ʨʽʚʥʽʚ ʥʘʜʽʡʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʾʭ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʦʩʥʦʚʥʠʤ ʧʨʠ-

ʟʥʘʯʝʥʥʷʤ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɻɯʉ) ʫ ʚʽʡʩʴʢʦʚʽʡ ʩʬʝʨʽ. ɿ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ɻɯʉ ʙʫʜʫʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʚʽʡʩʴʢʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, 

ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʥʝʜʦʩʪʫʧʥʦʾ ʜʣʷ ʧʘʧʝʨʦʚʠʭ ʢʘʨʪ, ʢʘʨʪʦ-

ʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʢʦʨʠʩʪʫʚʘʯʘ.  

ɺ ʦʩʪʘʥʥʽʡ ʯʘʩ ʩʝʨʝʜ ʧʫʙʣʽʢʘʮʽʡ ʱʦʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʩʝ 

ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ  ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʶ ʟ ʚʽʜʢʨʠʪʠʤ 

ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʷʢʝ ʤʘʻ ʜʦʟʚʽʣ ʥʘ ʤʦʜʠʬʽʢʘʮʽʶ ʪʘ ʚʽʣʴʥʦ ʧʦʰʠʨʶʻʪʴʩʷ 

ʥʘ ʥʝʢʦʤʝʨʮʽʡʥʽʡ ʦʩʥʦʚʽ, ʟʦʢʨʝʤʘ ʛʝʦʛʨʘʬʽʯʥʽʡ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ 

QGIS (ʨʘʥʽʰʝ ʚʽʜʦʤʽʡ ʷʢ "Quantum GIS"). 

QGIS ʻ ʧʨʦʝʢʪʦʤ Open Source Geospatial Foundation ʟ 2007 ʨʦʢʫ, ʡʦʛʦ 

ʚʝʜʝ ʘʢʪʠʚʥʘ ʛʨʫʧʘ ʜʦʙʨʦʚʦʣʴʮʽʚ-ʨʦʟʨʦʙʥʠʢʽʚ, ʷʢʘ ʨʝʛʫʣʷʨʥʦ ʚʠʧʫʩʢʘʻ 

ʦʥʦʚʣʝʥʥʷ ʪʘ ʚʠʧʨʘʚʣʝʥʥʷ. ʎʝʡ ʜʦʜʘʪʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʤʽʞʥʘʨʦʜ-

ʥʦʤʫ ʨʽʚʥʽ ʚ ʘʢʘʜʝʤʽʯʥʦʤʫ ʘʙʦ ʧʨʦʬʝʩʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [2]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ QGIS ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ, ʨʝʜʘʛʫʚʘʪʠ, ʚʽʟʫʘʣʽʟʫʚʘʪʠ, 

ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʧʫʙʣʽʢʫʚʘʪʠ ʛʝʦʧʨʦʩʪʦʨʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʚ ʦʧʝʨʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ Windows, Mac, Linux, UNIX. QGIS ʤʘʻ ʛʥʫʯʢʫ ʩʠʩʪʝʤʫ ʨʦʟʰʠ-

ʨʝʥʴ, ʷʢʫ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʥʘ ʤʦʚʘʭ ʉ++ ʽ Python ʪʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʧʣʘʛʽʥʽʚ, ʱʦ ʨʦʟʰʠʨʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʙʘʟʦʚʦʾ ʚʝʨʩʽʾ. 

ʋ ʚʽʜʧʦʚʽʜʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ QGIS, ʷʢ ʽ ʙʽʣʴʰʽʩʪʴ ʽʥ-

ʰʠʭ ʚʽʣʴʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʥʝ ʜʦʩʷʛʘʶʪʴ ʟʘ ʩʚʦʾʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʜʦ ʾʭ ʢʦʤʝʨʮʽʡʥʠʭ ʘʥʘʣʦʛʽʚ [3] [4] [5] [6].  

ʇʦʨʽʚʥʶʶʯʠ ʟ ʧʨʦʛʨʘʤʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ArcGIS ʚʽʜ ʢʦʤʧʘʥʽʾ ESRI 

(ʉʐɸ) ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ QGIS: ʥʝ ʣʦʢʘʣʽʟʦʚʘʥʘ ʜʦ-

ʢʫʤʝʥʪʘʮʽʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʟʥʘʥʥʷ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ; 

ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ, ʥʝʜʦʩʪʘʪʥʴʦ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ, ʱʦ ʟʘʚʘ-

ʞʘʻ ʨʦʙʦʪʽ ʧʦʯʘʪʢʽʚʮʷʤ; ArcGIS for Desktop ʨ̔ ʚʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ 

Advanced ʤʘʻ ʢʨʘʱʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝ-

ʣʶʚʘʥʥʷ, ʩʪʚʦʨʝʥʥʷ ʛʦʪʦʚʠʭ ʜʦ ʜʨʫʢʫ ʢʘʨʪ ʽ ʘʪʣʘʩʽʚ ʧʨʦʬʝʩʽʡʥʦʾ ʷʢʦʩʪʽ; 
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ʢʘʪʘʣʦʛ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ArcGIS Online ʥʘʜʘʻ ʪʠʩʷʯʽ ʥʘʙʦʨʽʚ ʧʽʜʛʦ-

ʪʦʚʣʝʥʠʭ ʙʘʟʦʚʠʭ ʢʘʨʪ, ʜʘʥʠʭ ʫʨʷʜʫ ʉʐɸ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ 

ʱʦʜʦ ʢʣʽʤʘʪʫ, ʝʪʥʦʛʨʘʬʽʾ, ʦʢʝʘʥʦʛʨʘʬʽʾ ʪʦʱʦ. 

ɸʣʝ ʚʘʨʪʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʪʨʝʙʘ ʯʽʪʢʦ ʨʦʟʫʤʽʪʠ, ʚʠʟʥʘʶʯʠ 

ʩʫʯʘʩʥʽ ʝʢʦʥʦʤʽʯʥʽ ʨʝʘʣʽʾ,  ʚ ʜʦʩʪʫʧʥʽʡ ʟʦʨʫ ʧʝʨʩʧʝʢʪʠʚʽ ʰʠʨʦʢʝ ʚʧʨʦ-

ʚʘʜʞʝʥʥʷ ArcGIS ʚ ʋʢʨʘʾʥʽ ʧʨʦʙʣʝʤʘʪʠʯʥʝ, ʚʨʘʭʦʚʫʶʯʠ ʜʦʩʠʪʴ ʚʠʩʦʢʫ 

ʚʘʨʪʽʩʪʴ ʣʽʮʝʥʟʽʾ ArcGIS ʪʘ ʟʫʩʠʣʣʷ, ʷʢʽ ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʥʘ ʙʦʨʦʪʴʙʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʨʘʪʩʴʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʉʪʦʩʦʚʥʦ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʤʦʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ ʪʝ, ʱʦ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴ-

ʰʫʻʪʴʩʷ ʯʠʩʝʣʴʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ QGIS, ʷʢ ʚ ʮʽʣʦʤʫ ʫ ʩʚʽʪʽ, ʪʘʢ ʽ ʚ 

ʋʢʨʘʾʥʽ. ɺʽʜʧʦʚʽʜʥʦ, ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʩʪʘʪʝʡ, ʢʦʤʝʥ-

ʪʘʨʽʚ ʥʘ ʪʝʤʫ QGIS ʪʘ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʧʠʪʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʦʙʦʪʽ 

ʟ ʮʽʻʶ ɻɯʉ. ɼʦ ʪʦʛʦ, ʪʠʤ ʬʘʭʽʚʮʷʤ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʪʝʭ-

ʥʦʣʦʛʽʷʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʷʤ,  ʘʥʛʣʽʡʩʴʢʫ ʤʦʚʫ ʟʥʘʪʠ 

ʥʝʦʙʭʽʜʥʦ, ʭʦʯʘ ʙ ʥʘ ʨʽʚʥʽ ʯʠʪʘʥʥʷ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

ɼʞʝʨʝʣ ʚʽʜʢʨʠʪʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʫ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʜʦʚʦʣʽ ʙʘ-

ʛʘʪʦ, ʭʦʯʘ ʜʝʷʢʽ ʟ ʥʠʭ ʜʘʚʥʦ ʥʝ ʦʥʦʚʣʶʚʘʣʠʩʴ, ʘ ʜʝʷʢʽ ʜʫʞʝ ʩʧʝʮʠʬʽʯʥʽ 

[7]. ʎʝ ʪʘʢʽ ʛʣʦʙʘʣʴʥʽ ʙʘʟʠ, ʷʢ: https://www.openstreetmap.org/, 

http://www.naturalearthdata.com/,http://gadm.org/home,http://www.fao.org

/geonetwork/srv/en/main.home,http://geodata.grid.unep.ch ʪʦʱʦ, ʜʝ ʤʦʞʥʘ 

ʚʟʷʪʠ ʜʘʥʽ ʫ ʤʘʩʰʪʘʙʽ ʮʽʣʦʛʦ ʩʚʽʪʫ ʯʠ ʥʝʦʙʭʽʜʥʦʾ ʢʨʘʾʥʠ [7]. 

QGIS ʚ ʜʘʥʠʡ ʯʘʩ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʘ ʩʢʦʨʦʯʫʻʪʴʩʷ ʾʾ ʚʽʜʩʪʘ-

ʚʘʥʥʷ ʚʽʜ ArcGIS ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʥʝ ʧʦʪʨʽʙʥʽ ʤʦʞʣʠʚʦʩʪʽ ArcGIS for Desktop ʨʽʚʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ 

Advanced. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʩʭʝʤʫ ʤʘʨʰʫ ʚʽʡʩʴʢʦʚʦʾ ʢʦʣʦʥʠ, ʬʦʪʦʧʣʘʥ 

ʨʘʡʦʥʫ ʨʦʟʤʽʱʝʥʥʷ ʚʽʡʩʴʢʦʚʦʾ ʯʘʩʪʠʥʠ ʯʠ ʟʙʽʨʥʫ ʪʘʙʣʠʮʶ ʥʘʷʚʥʦʩʪʽ ʪʦ-

ʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʥʘ ʚʠʟʥʘʯʝʥʫ ʪʝʨʠʪʦʨʽʶ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʩʪʚʦʨʶʚʘʪʠ ʟ 

ʷʢʽʩʪʶ ʧʨʦʬʝʩʽʡʥʦʛʦ ʘʪʣʘʩʫ.  

ʅʘ ʞʘʣʴ, ArcGIS ʪʘ QGIS ʥʝ ʩʫʤʽʩʥʽ ʥʘ ʨʽʚʥʽ ʧʨʦʝʢʪʽʚ (ʩʪʚʦʨʝʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʢʘʨʪ). ʇʨʦʝʢʪʠ QGIS ʬʦʨʤʘʪʫ .qgs ʻ ʚʽʜʢʨʠʪʠʤʠ ʬʘʡʣʘʤʠ 

XML, ʷʢʽ ʤʦʞʫʪʴ ʨʝʜʘʛʫʚʘʪʠʩʷ ʽʥʰʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʥʘʚʽʪʴ ʪʝʢʩʪʦʚʠʤʠ 

ʨʝʜʘʢʪʦʨʘʤʠ. ɸʣʝ ʧʨʦʝʢʪʠ ArcGIS ʬʦʨʤʘʪʫ .mxd ʻ ʜʚʽʡʢʦʚʠʤʠ (ʙʽʥʘʨ-

ʥʠʤʠ) ʬʘʡʣʘʤʠ, ʱʦ ʯʠʪʘʶʪʴʩʷ/ʟʘʧʠʩʫʶʪʴʩʷ ʣʠʰʝ ʙʽʙʣʽʦʪʝʢʘʤʠ ArcGIS. 

ʉʪʨʫʢʪʫʨʘ ʬʘʡʣʽʚ .mxd ʥʝ ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʫ ʜʦʢʫʤʝʥʪʘʮʽʾ. ʅʘ ʩʴʦʛʦʜʥʽ 

ʚʽʜʩʫʪʥʽ ʷʢʽʩʥʽ, ʟʜʘʪʥʽ ʚʽʨʥʦ ʧʝʨʝʜʘʚʘʪʠ ʩʠʤʚʦʣʠ, ʧʽʜʧʠʩʠ ʪʦʱʦ, ʢʦʥʚʝʨ-

ʪʦʨʠ ʧʨʦʝʢʪʽʚ ArcGIS ʫ ʚʽʜʢʨʠʪʽ ʬʦʨʤʘʪʠ ʜʘʥʠʭ. ɺʽʜʧʦʚʽʜʥʦ, ʚʟʘʻʤʦʜʽʷ 

ʤʽʞ ArcGIS ʪʘ QGIS ʦʙʤʝʞʝʥʘ ʤʦʞʣʠʚʽʩʪʶ ʦʙʤʽʥʫ ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʜʘ-

ʥʠʤʠ. 

ʎʝ ʻ ʩʫʪʪʻʚʦʶ ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ QGIS ʫ ɿʉ ʋʢʨʘʾʥʠ. 

ʈʦʟʚʠʪʦʢ ɿʉ ʋʢʨʘʾʥʠ ʧʣʘʥʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʧʨʠʡʥʷʪʠʭ ʚ 

https://www.openstreetmap.org/
http://www.naturalearthdata.com/
http://gadm.org/home
http://geodata.grid.unep.ch/
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ʅɸʊʆ ʧʨʠʥʮʠʧʽʚ ʽ ʩʪʘʥʜʘʨʪʽʚ ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʚʟʘʻʤʦʩʫʤʽʩʥʦʩʪʽ ʯʘ-

ʩʪʠʥ ʪʘ ʧʽʜʨʦʟʜʽʣʽʚ ɿʉ ʋʢʨʘʾʥʠ ʟ ʩʠʣʘʤʠ ʇʽʚʥʽʯʥʦʘʪʣʘʥʪʠʯʥʦʛʦ ɸʣʴ-

ʷʥʩʫ. ɸʨʤʽʾ ʢʨʘʾʥ - ʯʣʝʥʽʚ ʅɸʊʆ ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʽʥʽʡʢʫ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ArcGIS, ʱʦ, ʚʽʜʧʦʚʽʜʥʦ, ʩʧʨʠʷʻ ʚʠʙʦʨʫ ʾʾ ʚ ʷʢʦʩʪʽ 

ʙʘʟʦʚʦʾ ɻɯʉ ʜʣʷ ɿʉ ʋʢʨʘʾʥʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʠ ʥʝ ʙʫʜʫʪʴ ʨʦʟʨʦʙʣʝʥʽ ʥʘʜʽʡʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʢʦʥ-

ʚʝʨʪʘʮʽʾ ʤʽʞ ʧʨʦʝʢʪʘʤʠ QGIS ʪʘ ArcGIS, ʦʩʪʘʥʥʷ ʙʫʜʝ ʙʝʟʟʘʧʝʨʝʯʥʠʤ 

ʦʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʽʡʩʴʢʦʚʠʭ ʜʣʷ ʨʦʙʦʪʠ ʟ ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʜʘ-

ʥʠʤʠ. ɸʣʝ, ʚʨʘʭʦʚʫʶʯʠ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ,  ʬʘʭʽʚʮʷʤ ɻɯʉ ʚʩʝ ʞ ʜʦʮʽʣʴʥʦ, ʜʝ ʮʝ 

ʤʦʞʣʠʚʦ, ʧʨʘʮʶʚʘʪʠ ʟ QGIS ʪʘ ʩʧʨʠʷʪʠ ʨʦʟʰʠʨʝʥʥʶ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʡ ʫ ʚʽʡʩʴʢʦʚʽʡ ʩʬʝʨʽ.   

ʃʽʪʝʨʘʪʫʨʘ: 

1. ɼʝʨʞʘʚʥʘ ʧʨʦʛʨʘʤʘ ʨʦʟʚʠʪʢʫ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ ʜʦ 2020 ʨʦʢʫ ʚʠ-

ʟʥʘʯʘʻ ʩʪʨʘʪʝʛʽʯʥʽ ʥʘʧʨʷʤʢʠ ʚʽʡʩʴʢʦʚʦʾ ʨʝʬʦʨʤʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] 

: ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : http://www.mil.gov.ua/news/2017/05/16/ derzhavna-

programa-rozvitku-zbrojnih-sil-ukraini-do-2020-roku-viznachae-

strategichni-napryamki-vijskovoi-reformi. 

2. ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ QGIS ʥʘ ʫʢʨʘʾʥʩʴʢʽʡ ʤʦʚʽ, [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ : http://qgis.org/uk/site/. 

3. Cʤʽʨʥʦʚ ʗ., ʏʦʤʫ ʷ ʣʶʙʣʶ QGIS ʪʽʣʴʢʠ ʥʘ ʩʣʦʚʘʭ, ʘʙʦ ʚʽʜʢʨʠʪʽ ɻɯʉ ʚ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

http://www.50northspatial.org/ua/chomu-ya-lyublyu-qgis-tilky-na-slovah-

abo-vidkryti-gis-v-navchalnomu-protsesi. 

4. 27 Differences Between ArcGIS and QGIS ï The Most Epic GIS Software 

Battle in GIS History  [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

http://gisgeography.com/qgis-arcgis-differences/. 

5. Nicholas Duggan, QGIS v ArcGIS [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ï ʈʝʞʠʤ ʜʦ-

ʩʪʫʧʫ : http://www.xyht.com/spatial-itgis/qgis-v-arcgis/. 

6. ArcGIS vs QGIS ï 10 Most Important Differences Between ArcGIS and 

QGIS [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : http://monde-

geospatial.com/arcgis-vs-qgis-10-most-important-differences-between-

arcgis-and-qgis/. 

7. ʅʦʚʛʦʨʦʜʦʚʘ ɻ., ɼʘʡʪʝ ʜʘʥʽ. ɼʞʝʨʝʣʘ ʚʽʜʢʨʠʪʠʭ ʛʝʦʜʘʥʠʭ [ɽʣʝʢʪʨʦʥ-

ʥʠʡ ʨʝʩʫʨʩ] : ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : http://www.50northspatial.org/ua/dajte-

dani/  
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ʋɼʂ 519.615.5:330.45 

ɼɺʆʉʊʆʈʆʅʅɭ ʆʎɯʅʖɺɸʅʅʗ ʂʆʈɽʅʗ ʌʋʅʂʎɯɰ ʅɸ 

ʇʈʀʂʃɸɼɯ ʇʆʐʋʂʋ ʆʇʊʀʄɸʃʔʅʆɻʆ ʆɹʉʗɻʋ ɺʀʇʋʉʂʋ 

ʇʈʆɼʋʂʎɯɰ ʄʆʅʆʇʆʃɯʉʊʆʄ 

ʖ.ɺ. ʂʦʣʷʜʘ, ʊ.ʆ. ʈʦʞʦʢ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʽʤʝʥʽ ɺʘʜʠʤʘ ɻʝʪʴʤʘʥʘ, ʋʢʨʘʾʥʘ 

 

ʏʠʩʣʦʚʽ ʤʝʪʦʜʠ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʨʝʥʷ ʬʫʥʢʮʽʾ ʤʘʶʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʚ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ, ʟʦʢʨʝʤʘ, ʫ ʟʘʜʘʯʽ ʧʦʚʝ-

ʜʽʥʢʠ ʤʦʥʦʧʦʣʽʩʪʘ ʥʘ ʨʠʥʢʫ [1]. ɺʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʜʦʪʠʯʥʠʭ, ʷʢʠʡ ʧʦ-

ʪʨʝʙʫʻ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʦʾ ʬʫʥʢʮʽʾ ï ʤʦʜʝʣʽ. 

ʎʝʡ ʥʝʜʦʣʽʢ ʫʩʫʥʫʪʦ ʫ ʤʝʪʦʜʽ ʉʪʝʬʬʝʥʩʝʥʘ [2, ʩ. 161]: 
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kx  ï ʦʮʽʥʢʘ ʢʦʨʝʥʷ ʬʫʥʢʮʽʾ f(x) ʥʘ k-ʪʽʡ ʽʪʝʨʘʮʽʾ, ű(x) = x ï f(x) ï 

ʧʨʦʩʪʘ ʽʪʝʨʘʮʽʷ,  f(x) ï ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʫ ʪʦʯʮʽ x. 

ʋ ʤʦʜʠʬʽʢʘʮʽʾ [3, ʩ 1328] ʤʝʪʦʜʫ ʩʽʯʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʦʩʪʦʨʦʥʥʶ 

ʧʨʦʮʝʜʫʨʫ ʦʮʽʥʶʚʘʥʥʷ ʰʫʢʘʥʦʛʦ ʢʦʨʝʥʷ: 
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ʜʝ 
kx , 

kz ï ʦʮʽʥʢʠ ʢʦʨʝʥʷ ʬʫʥʢʮʽʾ f(x) ʥʘ k-ʪʽʡ ʽʪʝʨʘʮʽʾ, ʧʨʠʯʦʤʫ f(x) 

ʥʘʙʫʚʘʻ ʚ ʮʠʭ ʪʦʯʢʘʭ ʧʨʦʪʠʣʝʞʥʠʭ ʟʘ ʟʥʘʢʦʤ ʟʥʘʯʝʥʴ, f(x) ï ʟʥʘʯʝʥʥʷ 

ʬʫʥʢʮʽʾ ʫ ʪʦʯʮʽ x. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʢʦʞʝʥ ʢʨʦʢ ʧʨʦʮʝʜʫʨʠ (2) ʨʽʚʥʦʮʽʥʥʠʡ 

ʜʚʦʤ ʽʪʝʨʘʮʽʷʤ ʟʘ ʤʝʪʦʜʦʤ ʩʽʯʥʠʭ. 

ʅʘ ʙʘʟʽ ʟʘʟʥʘʯʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʨʦʙʣʝʥʦ ʛʽʙʨʠʜʥʠʡ ʤʝʪʦʜ ʜʚʦʩʪʦ-

ʨʦʥʥʴʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʢʦʨʝʥʷ ʬʫʥʢʮʽʾ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦ-

ʞʥʽʡ ʽʪʝʨʘʮʽʾ ʦʜʥʦʛʦ ʢʨʦʢʫ ʟʘ ʤʝʪʦʜʦʤ (1) ʽ ʦʜʥʦʛʦ ï ʟʘ ʤʝʪʦʜʦʤ (2): 
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ʜʝ 
kz  ï ʧʨʦʤʽʞʥʘ ʪʦʯʢʘ, ʱʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʢʨʦʢʫ ʟʘ ʤʝʪʦʜʦʤ ʉʪʝʬʬʝ-

ʥʩʝʥʘ, 
kx  ï ʦʮʽʥʢʘ ʢʦʨʝʥʷ ʬʫʥʢʮʽʾ f(x) ʥʘ k-ʪʽʡ ʽʪʝʨʘʮʽʾ, ʱʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʨʦʢʫ ʟʘ ʤʝʪʦʜʦʤ ʂʨʘʫʪʩʪʝʥʛʣʘ, f(x) ï ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʫ ʪʦʯʮʽ x. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʤʠ ʘʜʘʧʪʠʚʥʠʡ ʯʠʩʣʦʚʠʡ ʘʣʛʦʨʠʪʤ (3), ʧʦʻʜʥʫ-

ʶʯʠ ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ ʤʝʪʦʜʽʚ (1) ʽ (2), ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢ: ʘ) ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʤʝʪʦʜʫ ʜʦʪʠʯʥʠʭ, ʥʝ ʧʦʪʨʝʙʫʻ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʦʾ ʬʫʥʢʮʽʾ; ʙ) ʧʦ 
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ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʤʝʪʦʜʫ ʭʦʨʜ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʭʝʤʠ (2), ʥʝ ʚʠʤʘʛʘ-

ʶʪʴʩʷ ʜʚʽ ʪʦʯʢʠ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ; ʚ) ʥʘʜʘʻ ʜʚʦʩʪʦʨʦʥʥʽʡ ʧʨʦʮʝʩ 

ʦʙʯʠʩʣʝʥʴ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʜʦ ʰʫʢʘʥʦʛʦ ʢʦʨʝʥʷ; ʛ) ʬʘʢʪʠʯʥʦ ʜʝʤʦʥʩʪʨʫʻ 

ʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ ʜʦ ʰʫʢʘʥʦʛʦ ʢʦʨʝʥʷ, ʥʽʞ ʘʣʛʦʨʠʪʤ (1). 

ʇʨʘʚʜʘ, ʘʜʘʧʪʠʚʥʠʡ ʯʠʩʣʦʚʠʡ ʘʣʛʦʨʠʪʤ (3), ʷʢ ʽ ʚʩʽ ʚʽʜʦʤʽ ʽʪʝʨʘʪʠʚʥʽ 

ʤʝʪʦʜʠ, ʟʙʽʛʘʻʪʴʩʷ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʢʦʨʝʥʷ. 

ɿ ʤʝʪʦʶ ʘʧʨʦʙʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʛʣʷʥʝʤʦ ʡʦʛʦ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʤʦʥʦʧʦʣʽʩʪʘ, ʥʘʚʝʜʝʥʦʾ ʫ [1]. ʅʝʭʘʡ 

ʢʨʠʚʘ ʛʨʘʥʠʯʥʦʛʦ ʜʦʭʦʜʫ ʚʽʜ ʚʠʧʫʩʢʫ ʜʦʜʘʪʢʦʚʦʾ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ 

ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʬʫʥʢʮʽʻʶ [1, ʩ. 220]: 
32 432)( DxCxBxAxMR -+-= ,                           (4) 

ʜʝ MR(x) ï ʛʨʘʥʠʯʥʠʡ ʜʦʭʽʜ ʧʨʠ ʥʘʷʚʥʦʤʫ ʦʙʩʷʛʫ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ 

x, A, B, C, D > 0 ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʣʽʥʦʤʘ. 

ʂʨʠʚʘ ʞ ʛʨʘʥʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʚʠʧʫʩʢ ʜʦʜʘʪʢʦʚʦʾ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ 

ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [1, ʩ. 221]: 
232)( GxFxExMC +-= ,                                 (5) 

ʜʝ MC(x) ï ʛʨʘʥʠʯʥʽ ʚʠʪʨʘʪʠ ʧʨʠ ʥʘʷʚʥʦʤʫ ʦʙʩʷʛʫ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ 

x, E, F, G > 0 ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʣʽʥʦʤʘ. 

ʉʣʽʜʫʶʯʠ ʧʨʠʢʣʘʜʫ ʟ [1], ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ ʢʦ-

ʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʧʦʣʽʥʦʤʽʚ (4) ʽ (5): 

A = 5.6, B = 2.7, C = 0.62, D =0.05, E = 2.0, F = 0.3, G = 0.02.          (6) 

ʊʦʜʽ ʬʫʥʢʮʽʷ ʛʨʘʥʠʯʥʦʛʦ ʧʨʠʙʫʪʢʫ ʚʽʜ ʚʠʧʫʩʢʫ ʜʦʜʘʪʢʦʚʦʾ ʦʜʠʥʠʮʽ 

ʧʨʦʜʫʢʮʽʾ ʤʦʥʦʧʦʣʽʩʪʦʤ ʥʘʙʫʚʘʻ ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʠ: 

6.38.48.12.0)()()( 23 +-+-=-= xxxxMCxMRxʇ , (7) 

ʜʝ ʇ(x) ï ʛʨʘʥʠʯʥʽ ʧʨʠʙʫʪʢʠ (ʟʙʠʪʢʠ) ʧʨʠ ʦʙʩʷʛʫ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ 

x. 

ɿʘʜʘʯʘ ʤʦʥʦʧʦʣʽʩʪʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʦʙʩʷʛ 

ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ, ʧʨʠ ʷʢʦʤʫ ʨʽʟʥʠʮʷ ʤʽʞ ʡʦʛʦ ʜʦʭʦʜʘʤʠ ʪʘ ʚʠʪʨʘʪʘʤʠ 

ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʦʶ. ʆʩʢʽʣʴʢʠ ʛʨʘʥʠʯʥʠʡ ʧʨʠʙʫʪʦʢ ʻ ʧʦʭʽʜʥʦʶ ʚʽʜ ʧʨʠ-

ʙʫʪʢʫ ʟʘ ʦʙʩʷʛʦʤ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ, ʪʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʤʦʥʦʧʦʣʽʩʪʘ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʨʝʥʽʚ ʬʫʥʢʮʽʾ ʇ(x). 

ɺ ʷʢʦʩʪʽ ʪʦʯʦʢ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 9.10 =x

 

ʪʘ 

0.10 =z , ʚ ʷʢʠʭ ʬʫʥʢʮʽʷ (7) ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʴ 394.0)( 0 -=xf

 

ʪʘ 

4.0)( 0 =zf  ʚʽʜʧʦʚʽʜʥʦ. ʎʠʢʣʽʯʥʦ ʟʘʩʪʦʩʦʚʫʶʯʠ ʢʦʞʝʥ ʽʟ ʘʣʛʦʨʠʪʤʽʚ (1) 

ï (3) ʜʦ ʽʪʝʨʘʮʽʾ, ʥʘ ʷʢʽʡ ʥʝʚôʷʟʢʘ ʬʫʥʢʮʽʾ ʩʪʘʻ ʤʝʥʰʦʶ ʟʘ ʚʠʙʨʘʥʫ ʧʦʭʠ-

ʙʢʫ Ů = 0.000001, ʦʪʨʠʤʫʻʤʦ ʥʘʙʣʠʞʝʥʽ ʟʥʘʯʝʥʥʷ ʾʾ ʢʦʨʝʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʫ ʪʘʙʣʠʮʽ 1. 
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ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʨʝʥʷ ʬʫʥʢʮʽʾ (7) ʟʘ ʤʝʪʦʜʘʤʠ (1) ï (3) 

ˉ 

ʽʪʝʨʘ-

ʮʽʾ 

ʄʝʪʦʜ ʉʪʝʬ-

ʬʝʥʩʝʥʘ 

ʄʝʪʦʜ  

ʂʨʘʫʪʩʪʝʥʛʣʘ 

ɻʽʙʨʠʜʥʠʡ  

ʤʝʪʦʜ 

x0 x0 z0 z0 x0 

0 1.9 1.9 1.0 ï 1.9 

1 5.727302 1.453515 1.044936 5.727302 1.156461 

2 5.458213 1.302673 1.261402 1.247976 1.266178 

3 5.194824 1.26815 1.267943 1.267943 1.267949 

4 4.964812 1.267949 1.267949 é é 

5 4.80664 é é é é 

6 4.741476 é é é é 

7 4.732217 é é é é 

8 4.732051 é é é é 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 1, ʛʽʙʨʠʜʥʠʡ (ʘʜʘʧʪʠʚʥʠʡ) ʤʝʪʦʜ (3) ʜʚʦʩʪʦʨʦʥ-

ʥʴʦʾ ʦʮʽʥʢʠ ʢʦʨʝʥʷ ʬʫʥʢʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ 

ʜʦ ʰʫʢʘʥʦʛʦ ʢʦʨʝʥʷ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʧʨʠʢʣʘʜʽ. ɺʘʨʪʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ 

ʢʦʞʥʘ ʽʪʝʨʘʮʽʷ ʤʝʪʦʜʽʚ (2) ʽ (3) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʨʦʢʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʚʝʜʝʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ. ʆʢʨʽʤ ʪʦʛʦ, ʚ ʨʽʟʥʠʭ ʟʘʜʘʯʘʭ ʧʦʰʫʢʫ ʢʦʨʝʥʷ ʨʦʟʛʣʷʥʫʪʽ ʘʣ-

ʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʨʽʟʥʫ ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʬʫʥʢʮʽʷ (7) ʤʘʻ ʪʨʠ ʧʨʠʥʘʡʤʥʽ ʢʦʤʧʣʝʢʩʥʽ ʢʦʨʝʥʽ. ɸʣʝ 

ʦʪʨʠʤʘʚʰʠ ʜʦʩʪʘʪʥʻ ʥʘʙʣʠʞʝʥʥʷ ʦʜʥʦʛʦ ʟ ʥʠʭ, ʤʦʞʥʘ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦ 

ʟʥʘʡʪʠ ʽʥʰʽ ʜʚʘ ʢʦʨʝʥʽ. ɯʥʪʝʛʨʫʚʘʥʥʷʤ ʬʫʥʢʮʽʾ (7) ʟʘ ʟʤʽʥʥʦʶ x ʟ ʽʥʪʝʨ-

ʚʘʣʦʤ [0, a], ʜʝ a ï ʢʦʞʝʥ ʽʟ ʜʽʡʩʥʠʭ ʢʦʨʝʥʽʚ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʛʣʦʙʘʣʴ-

ʥʠʡ ʝʢʩʪʨʝʤʫʤ ʬʫʥʢʮʽʾ, ʽ, ʦʪʞʝ, ʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʠʧʫʩʢʫ 

ʧʨʦʜʫʢʮʽʾ ʤʦʥʦʧʦʣʽʩʪʦʤ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘ-

ʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ (3) ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʠʨʽ-

ʰʝʥʥʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ 

ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʢʽʣʴʢʦʤʘ ʟʤʽʥʥʠʤʠ ʽʟ ʜʝʢʽʣʴʢʦʤʘ ʘʨʛʫʤʝʥʪʘʤʠ. ʎʝ 

ʚʠʢʣʠʢʘʻ ʧʦʪʨʝʙʫ ʫ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ 

ʤʦʜʠʬʽʢʘʮʽʾ ʯʠʩʣʦʚʠʭ ʽʪʝʨʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʨʝʥʷ ʬʫʥʢʮʽʾ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. Tºnu Puu, ñAttractors, Bifurcations, & Chaos: Nonlinear Phenomena in 

Economicsò. ï Springer Science & Business Media, 2013. ï 549 p. 

2. ʆʩʪʨʦʚʩʢʠʡ, ɸ.ʄ. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʠ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ : ʧʝʨ. ʩ 

ʘʥʛʣ. ʃ.ɿ. ʈʫʤʰʠʩʢʦʛʦ, ɹ.ʃ. ʈʫʤʰʠʩʢʦʛʦ / [ʊʝʢʩʪ] / ɸ.ʄ. ʆʩʪʨʦʚʩʢʠʡ; 

ʀʟʜ-ʚʦ ʠʥʦʩʪʨʘʥʥʦʡ ʣʠʪ-ʨ .r ï ʄ.: 1963. ï 220 ʩ. 
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ʋɼʂ 372.862:614.84 

ɼʆʉɺɯɼ ʈʆɿʈʆɹʂʀ ʄʆɼɽʃɽʁ ɯ ʇʈʆɻʈɸʄʅʆɻʆ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ɿ ɹɽɿʇɽʂʀ  

ɹʻʛʫʥ1 ɺ.ɺ., ɺʦʣʦʰʠʥ2 ʆ.ʌ., ɻʨʝʯʘʥʽʥʦʚ1 ɺ.ʌ 

1)ɯʇʄʄʉ ʅɸʅ ʋʢʨʘʾʥʠ, 2) ʂʅʋ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

 

ɺʩʪʫʧ. ʐʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʊ) ʧʨʠʟʚʽʚ ʜʦ 

ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʫ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ. ɼʦʩʪʫʧʥʽʩʪʴ  ʽʥʬʦʨʤʘʮʽʾ ʫ ʤʝʨʝʞʽ 

ʽʥʪʝʨʥʝʪ, ʚʽʢʽʧʝʜʽʾ  ʪʘ ʽʥ. ʟʤʽʥʶʻ ʧʩʠʭʦʣʦʛʽʶ ʥʘʚʯʘʥʥʷ, ʟʤʫʰʫʻ ʚʠʢʣʘʜʘ-

ʯʽʚ ʰʫʢʘʪʠ ʰʣʷʭʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʩʪʫʧʥʦʾ ʽʥʬʦʨʤʘʮʽʾ  ʫ ʟʥʘʥʥʷ ʟʘ ʩʧʝ-

ʮʽʘʣʴʥʽʩʪʶ ʩʪʫʜʝʥʪʘ. ʉʫʯʘʩʥʠʡ ʚʽʜʦʤʽʡ ʪʘ ʚʞʝ ʧʨʦʪʦʨʝʥʠʡ  ʰʣʷʭ ï ʮʝ 

ʩʪʚʦʨʝʥʥʷ ʪʘʢ ʟʚʘʥʠʭ çʩʪʘʨʪʘʧʽʚè ʘʙʦ ʽʥʢʫʙʘʪʦʨʽʚ ʙʽʟʥʝʩʫ [1]. ɹʝʟʫʤʦ-

ʚʥʦ, ʮʝ ʜʦʙʨʝ, ʘʣʝ ʧʦʪʨʝʙʘ ʬʽʥʘʥʩʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʩʪʘʨʪʘʧʘ ʨʦʙʠʪʴ ʥʝ ʟʦ-

ʚʩʽʤ ʟʨʫʯʥʠʤ ʮʝʡ ʤʝʪʦʜ ʚ ʋʢʨʘʾʥʽ. ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʨʦʟʧʦʚʩʶ-

ʜʞʝʥʦ (ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ) ʽʥʦʟʝʤʥʠʤʠ ʢʘʤʧʘʥʽʷʤʠ, ʦʩʦʙʣʠʚʦ ɯʊ ʥʘ-

ʧʨʷʤʫ. ɺ ʋʢʨʘʾʥʽ ʥʘʡʯʘʩʪʽʰʝ, ʬʽʨʤʠ ʚʽʜʙʠʨʘʶʪʴ ʩʪʫʜʝʥʪʽʚ ʜʣʷ ʤʘʡʙʫʪ-

ʥʴʦʾ ʨʦʙʦʪʠ ʱʝ ʟ ʧʝʨʰʠʭ ʢʫʨʩʽʚ, ʪʦʙʪʦ, ʬʘʢʪʠʯʥʦ, ʦʪʨʠʤʫʻʤʦ, ʱʦ ʥʘʰʽ 

ɺʅɿ ʥʘʚʯʘʶʪʴ ʬʘʭʽʚʮʽʚ ʜʣʷ ʽʥʰʦʾ ʢʨʘʾʥʠ, ʙʽʣʴʰ ʙʘʛʘʪʦʾ, ʟʘ ʢʦʰʪʠ ʜʝʨ-

ʞʘʚʥʦʛʦ ʙʶʜʞʝʪʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

(ʇɿ) ʟ ʙʝʟʧʝʢʠ ʤʘʻ ʚʘʞʣʠʚʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʜʝʷʢʽ ʟ ʥʠʭ ʦʧʠʩʘʥʽ ʥʠʞʯʝ. ʉʠ-

ʪʫʘʮʽʷ (ʦʙʩʪʘʚʠʥʠ) ʱʦʜʦ ʾʭ ʨʦʟʨʦʙʢʠ ʪʘʢʦʞ ʥʝʦʜʥʦʟʥʘʯʥʘ, ʚʦʥʘ ʩʢʣʘʜ-

ʥʽʰʘ ʥʘʚʽʪʴ ʟʘ ʩʘʤʽ ʧʨʦʮʝʩʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ ʢʦʥʮʝʧʮʽʾ [2,3] ʫʧʨʘʚ-

ʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʧʦʢʠ ʱʦ ʥʝ ʟʘʪʨʝʙʫʚʘʥʝ, ʧʦʧʨʠ ʨʽʰʝʥʥʷ ʋʨʷʜʫ, ʟ ʙʦʢʫ 

ʜʝʨʞʟʘʤʦʚʥʠʢʽʚ, ɼʉʅʉ ʪʦʱʦ. ɸʣʝ, ʨʦʟʫʤʽʶʯʽ, ʱʦ ʥʘ ʰʣʷʭʫ ʜʦ ɭʉ ʢʨʘʾʥʽ 

ʧʦʪʨʽʙʥʽ ʙʫʜʫʪʴ ʮʽ ʨʦʙʦʪʠ, ʫ ʥʘʰʦʤʫ ʽʥʩʪʠʪʫʪʽ ʚʞʝ ʟʘʨʘʟ ʚʠʢʦʥʫʻʪʴʩʷ 

ʥʠʟʢʘ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʮʴʦʛʦ ʥʘʧʨʷʤʫ: ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ 

ʦʙôʻʢʪʽʚ ʪʘ ʧʨʦʮʝʩʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʩʪʚʦʨʝʥʥʷ ʩʠʪʫʘʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʟ 

ʧʦʚʥʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʧʽʜʪʨʠʤʢʦʶ ʦʩʽʙ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ 

(ʆʇʈ), ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʫ ʧʦʚʽʪʨʽ ʪʘ ʚʦʜʽ ʭʽʤʽʯʥʦ ʪʘ ʨʘʜʽ-

ʘʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ, ʩʪʚʦʨʝʥʥʷ ʛʘʨʘʥʪʦʟʜʘʪʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚ-

ʣʽʥʥʷ, ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢ-

ʪʫʨʠ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʪʘ ʽʥʰʝ. ɿʛʘʜʘʥʽ ʇʦʩʪʘʥʦʚʠ ʂʘ-

ʙʤʽʥʫ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ ʢʦʥʮʝʧʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʥʘ ʦʩʥʦʚʽ 

ʈʆʇ ʪʘʢʦʞ ʨʦʟʨʦʙʣʷʣʠʩʷ ʟʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʫʯʘʩʪʽ ɯʇʄʄʉ.  
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ʉʪʦʩʦʚʥʦ ʨʦʟʨʦʙʢʠ ʇɿ ʚ ʮʠʭ ʫʤʦʚʘʭ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʘʧʨʦ-

ʙʘʮʽʾ ʨʦʙʦʪʠ ʤʦʞʣʠʚʠʭ ʤʦʜʝʣʝʡ ʥʘ ʨʽʟʥʠʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʚʦ-

ʣʦʥʪʝʨʩʴʢʠʭ ʟʘʩʘʜʘʭ. ɼʦ ʨʦʙʽʪ ʟʘʣʫʯʘʣʠʩʷ ʩʪʫʜʝʥʪʠ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʨʽ-

ʚʥʷ ʤʘʛʽʩʪʨ  ʢʘʬʝʜʨʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ   ʬʘʢʫʣʴʪʝʪʫ ʢʽʙʝʨ-

ʥʝʪʠʢʠ ʂʅʋ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ (ʄʉʉ) ʪʘ ʩʪʫʜʝʥʪʠ ʌɯʆʊ ʅʊʋʋ 

ʂʇɯ ʽʤ. ʉʽʢʦʨʩʴʢʦʛʦ. ʎʝʡ ʜʦʩʚʽʜ, ʤʠ ʚʚʘʞʘʻʤʦ ʧʦʟʠʪʠʚʥʠʤ, ʷʢ ʜʣʷ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʙʝʟʧʝʢʠ, ʪʘʢ ʡ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʐʣʷʭ ʚʠ-

ʧʨʦʙʫʚʘʥʠʡ ʥʘ ʢʘʬʝʜʨʠ ʄʉʉ ʧʨʦʪʷʛʦʤ 3 ʨʦʢʽʚ, ʥʘʜʘʻ ʩʪʫʜʝʥʪʘʤ, ʢʨʽʤ 

ʟʥʘʥʴ ʪʘ ʚʤʽʥʴ, ʱʝ ʡ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʠʪʠ ʙʽʣʴʰ ʩʚʽʜʦʤʠʡ ʚʠʙʽʨ ʪʘ ʨʦʟʰʠ-

ʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʙʦʨʫ ʤʘʡʙʫʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ.  

ʂʦʨʦʪʢʠʡ ʦʧʠʩ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʦʜʝʣʝʡ ʟ ʙʝʟʧʝʢʠ. ɺʩʪʘʥʦʚʣʝʥʥʷ 

ʧʨʠʧʫʩʪʠʤʦʛʦ ʨʠʟʠʢʫ, ʨʦʟʨʘʭʫʥʦʢ ʨʠʟʠʢʫ, ʱʦ ʟʘʛʨʦʞʫʻ ʣʶʜʠʥʽ ʚʽʜ ʜʽʷ-

ʣʴʥʦʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʡʤʦʚʽʨʥʠʭ ʩʮʝʥʘʨʽʾʚ 

ʘʚʘʨʽʡ, ʩʪʘʥʫ ʟʘʭʠʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʥʘʚʯʝʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ, ʚʽʜʢʨʠ-

ʪʽʩʪʴ ʪʘ ʧʨʦʟʦʨʽʩʪʴ ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ, ʚʽʜʧʦʚʽʜʥʝ ʩʪʨʘʭʫʚʘʥʥʷ ʩʪʘʥʦʚʣʷʪʴ 

ʩʫʪʴ ʨʠʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʨʝʛʫʣʶʚʘʥʥʷ ʙʝʟʧʝʢʠ [4-6]. ʅʘ ʮʝʡ ʯʘʩ ʨʦʟʨʦ-

ʙʣʝʥʦ ʙʘʛʘʪʦ ʘʣʛʦʨʠʪʤʽʚ ʥʝ ʪʽʣʴʢʠ ʨʦʟʨʘʭʫʥʢʽʚ ʨʠʟʠʢʫ, ʘ ʡ ʫʧʨʘʚʣʽʥʥʷ 

ʥʠʤ. ɿʚʠʯʘʡʥʦ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ, ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ ʜʦʧʫ-

ʩʢʘʶʪʴʩʷ ʬʘʭʽʚʮʽ, ʱʦ ʤʘʶʪʴ ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʟʥʘʥʴ, ʫʤʽʥʴ ʪʘ ʥʘʚʠʯʦʢ  

ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʦʤ. ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʩʢʣʘʜʥʠʭ ʽ ʥʝʙʝʟʧʝʯʥʠʭ ʪʝʭʥʦ-

ʣʦʛʽʡ, ʥʘʚʯʘʥʥʷ ʬʘʭʽʚʮʽʚ ʩʪʘʻ ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʚʠʱʝʥʥʷ 

ʙʝʟʧʝʢʠ, ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ. ʊʦʤʫ ʚ ʋʢʨʘʾʥʽ ʚʠ-

ʥʠʢʣʘ ʧʦʪʨʝʙʘ ʚʠʚʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʙʝʟʧʝʢʠ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʫ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʥʘʚʯʘʣʴʥʽ ʧʦʩʽ-

ʙʥʠʢʠ ʱʝ ʥʘʧʨʠʢʽʥʮʽ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ [7], ʷʢʽ, ʥʘʞʘʣʴ, ʚ ʋʢʨʘʾʥʽ ʚʽʜʦʤʽ 

ʪʽʣʴʢʠ ʬʘʭʽʚʮʷʤ ʷʜʝʨʥʦʾ ʛʘʣʫʟʽ. ʋ ʥʘʰʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ ʮʽ ʧʨʠʥʮʠʧʠ, 

ʪʦʙʪʦ ʈʆʇ, ʱʝ ʥʝ ʦʪʨʠʤʘʣʠ ʜʦʩʪʘʪʥʴʦʛʦ ʨʦʟʚʠʪʢʫ. ʎʝ ʩʪʘʣʦʩʷ ʟ ʧʨʠʯʠʥ 

ʥʝʜʦʩʪʘʪʥʴʦʾ ʧʽʜʪʨʠʤʢʠ ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ ʩʬʝʨʦʶ ʦʩʚʽʪʠ ʡ ʥʘʫʢʠ ʪʘ ʥʝʟʘ-

ʮʽʢʘʚʣʝʥʽʩʪʶ ʩʫʙôʻʢʪʽʚ ʙʝʟʧʝʢʠ ʽ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʢʦʨʫʧʮʽʾ [8]. ʆʩʢʽʣʴʢʠ 

ʋʢʨʘʾʥʘ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʰʣʷʭ ʻʚʨʦʧʝʡʩʴʢʦʾ ʽ ʻʚʨʦʘʪʣʘʥʪʠʯʥʦʾ ʽʥʪʝʛʨʘ-

ʮʽʾ, ʟʨʦʟʫʤʽʣʦ, ʱʦ ʢʨʽʤ ʟʘʛʘʣʴʥʦ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʧʨʠʥʮʠʧʽʚ ʩʫ-

ʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʽ ʧʨʠʥ-

ʮʠʧʠ ʟʘʧʦʙʽʛʘʥʥʷ ʨʠʟʠʢʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʠʥʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʪʦʙʪʦ ʤʝ-

ʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ, ʷʢ ʮʝ ʨʦʙʠʪʴʩʷ ʚ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ 

ɭʚʨʦʧʠ. 

ʆʩʥʦʚʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʥʘʫʢʦʚʦʛʦ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʻ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʩʪʝʤ ʽ ʧʨʦʮʝʩʽʚ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʽ ʩʠʩʪʝʤ 

ʙʝʟʧʝʢʠ ʤʦʞʥʘ ʨʦʙʠʪʠ ʟʘ ʷʢʽʩʥʠʤʠ ʽ ʢʽʣʴʢʽʩʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. ʗʢʽʩʥʠʡ 

ʘʥʘʣʽʟ ʧʝʨʝʜʙʘʯʘʻ ʚʠʷʚʣʝʥʥʷ ʜʞʝʨʝʣ ʪʘ ʧʨʠʯʠʥ ʨʠʟʠʢʫ ʧʨʦʮʝʩʽʚ, ʧʨʦʝʢ-

ʪʽʚ ʽ ʨʦʙʽʪ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʦʥ ʪʘ ʚʠʜʽʚ ʨʠʟʠʢʫ, ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʢʪʠʯʥʦʾ ʢʦ-
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ʨʠʩʪʽ ʪʘ ʤʦʞʣʠʚʠʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʜʦʙʨʝ ʦʧʠʩʘʥʽʡ ʫ ʤʽʞʜʝʨʞʘʚ-

ʥʦʤʫ ʩʪʘʥʜʘʨʪʽ ɻʆʉʊ 27.310-95 [9]. ʂʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ, ʮʝ ʧʨʦʮʝʩ ʦʪʨʠ-

ʤʘʥʥʷ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʦʢʨʝʤʠʭ ʨʠʟʠʢʽʚ ʽʟ ʚʠʟʥʘʯʝʥʥʷʤ ʡʤʦʚʽʨʥʠʭ 

(ʤʦʞʣʠʚʠʭ) ʚʪʨʘʪ. ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʢʽʣʴʢʽʩʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘʢʦʞ ʩʪʘʥ-

ʜʘʨʪʠʟʦʚʘʥʽ  ɼʉʊʋ ɯɽʉ/ɯSʆ 31010:2013 [10], ʜʝ ʥʘʚʝʜʝʥʽ ʧʨʘʢʪʠʯʥʽ ʨʝ-

ʢʦʤʝʥʜʘʮʽʾ ʟ ʚʠʙʦʨʫ ʤʦʜʝʣʽ. ʄʽʞʜʝʨʞʘʚʥʠʡ ʩʪʘʥʜʘʨʪ  ɻʆʉʊ 12. 3.047.98  

ʥʘʚʦʜʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʘʚʘʨʽʡʥʠʭ ʧʨʦʮʝ-

ʩʽʚ. ʅʘ ʧʦʙʫʜʦʚʫ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʦʜʝʣʝʡ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʽʩʥʫʻ ʤʝʪʦʜʠʢʘ 

[11], ʘʣʝ, ʥʘʞʘʣʴ, ʥʽʯʦʛʦ ʟ ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʧʨʘʢʪʠʯ-

ʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʥʝ ʚʠʚʯʘʻʪʴʩʷ. ɿʚʽʩʥʦ, ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʴ 

ʷʢʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʦʢ ʨʠʟʠʢʽʚ ʪʝʞ ʥʝ ʽʩʥʫʻ. ʋʩʷʢʘ ʤʦʜʝʣʴ ʤʘʻ ʙʫʪʠ ʨʝʘʣʽ-

ʟʦʚʘʥʘ ʫ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʚʠʜʽ, ʤʘʪʠ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʡ ʽʥʪʝʨʬʝʡʩ ʚʚʦʜʫ 

ʧʘʨʘʤʝʪʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɻɯʉ ʪʘ ʽʥʪʝʨʥʝʪ ʪʝʭʥʦʣʦʛʽʾ.  

ʄʦʞʣʠʚʽ ʰʣʷʭʠ ʰʚʠʜʢʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʧʝʨʝʭʦʜʫ ʥʘ ʥʦʚʽʪʥʽ 

ʧʨʠʥʮʠʧʠ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ. ʇʠʪʘʥʥʷ ʟʤʽʩʪʫ ʥʘʚʯʘʥʥʷ ʟ ʙʝʟʧʝʢʠ ʚ 

ʥʘʰʽʡ ʢʨʘʾʥʽ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ˇʨʫʥʪʦʚʥʦ ʥʝ ʚʠʨʽʰʝʥʦ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʨʷʜʦʤ 

ʧʨʠʯʠʥ. ʆʜʥʘ ʟ ʥʠʭ ʚ ʪʦʤʫ, ʱʦ ʥʘʫʢʘ ʦʩʚʽʪʠ ʟ ʙʝʟʧʝʢʠ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʚʽʜʩʣʽʜʢʦʚʫʻ ʥʘʛʘʣʴʥʽ ʧʦʪʨʝʙʠ ʟ ʙʝʟʧʝʢʠ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ. ɼʣʷ ʚʽ-

ʨʥʦʛʦ ʨʦʟʚʠʪʢʫ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʚʤʽʣʦʛʦ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʙʝʟʧʝʢʘʤ ʧʦʪʨʽ-

ʙʥʝ ʫʧʝʨʝʜʞʝʥʥʷ ʚ ʦʩʚʽʪʽ! ʄʘʻʤʦ ʥʦʚʫ ʚʠʨʦʙʥʠʯʫ ʬʫʥʢʮʽʶ ï ʦʮʽʥʢʘ ʙʝʟ-

ʧʝʢʠ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʨʠʟʠʢʫ, ʷʢʘ ʚʣʘʩʪʠʚʘ ʫʩʽʤ ʚʠʜʘʤ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴ-

ʥʦʩʪʽ [6]. ɸʣʝ, ʷʢ ʚʞʝ ʚʽʜʤʽʯʘʣʦʩʷ, ʞʦʜʝʥ ɺʅɿ ʋʢʨʘʾʥʠ, ʢʨʽʤ ʘʪʦʤʥʦʾ ʛʘ-

ʣʫʟʽ, ʥʝ ʛʦʪʫʻ ʬʘʭʽʚʮʽʚ ʱʦ ʤʘʶʪʴ ʢʦʤʧʝʪʝʥʮʽʾ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʚʠʨʦʙʥʠʯʦʾ 

ʬʫʥʢʮʽʾ.  

ʐʣʷʭ ˉ1. ɺ ʫʥʽʚʝʨʩʠʪʝʪʘʭ ʢʨʘʾʥ ɭʚʨʦʧʠ ʩʪʚʦʨʶʶʪʴ ʩʪʫʜʝʥʪʩʴʢʽ ʢʦ-

ʣʝʢʪʠʚʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʙʣʝʤʥʠʭ ʟʘʚʜʘʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫ-

ʟʷʭ, ʪʘʢ ʟʚʘʥʽ çʽʥʢʫʙʘʪʦʨʠ ʙʽʟʥʝʩʫè (Iɹ) ʘʙʦ ʽʥʥʦʚʘʮʽʡʥʽ ʧʘʨʢʠ. ʎʽ çʙʽʟ-

ʥʝʩ ï ʽʥʢʫʙʘʪʦʨʠè ʧʨʘʮʶʶʪʴ ʥʘʜ ʩʪʚʦʨʝʥʥʷʤ ʢʦʤʝʨʮʽʡʥʠʭ ʢʦʤʧʘʥʽʡ 

(ʩʪʘʨʪʘʧʽʚ). ʉʪʘʨʪʘʧ - ʮʝ ʢʦʤʧʘʥʽʷ, ʷʢʘ ʩʪʚʦʨʝʥʘ ʜʣʷ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ, ʚ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫʥʽʚʝʨʩʠʪʝʪʽʚ, ʉʘʤ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʟ ʨʽʟʥʠʭ ʧʨʠʯʠʥ, ʮʴʦʛʦ ʟʨʦʙʠʪʠ ʥʝ ʤʦʞʝ. ʊʦʤʫ, ʫʥʽʚʝʨʩʠʪʝʪ, 

ʫ ʷʢʦʛʦ ʻ ʨʦʟʨʦʙʢʠ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʚʣʘʩʥʽʩʪʴ, ʤʦʞʝ ʧʨʦʩʪʦ ʫʚʽʡʪʠ ʚ ʩʪʘ-

ʨʪʘʧ, ʘʙʦ ʧʽʜʧʠʩʘʪʠ ʟ ʥʠʤ ʜʦʛʦʚʽʨ ʱʦʜʦ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ-

ʩʣʽʜʞʝʥʴ. ɼʘʣʽ ʤʘʻ ʙʫʪʠ ʨʦʟʚʠʪʦʢ, ʧʽʜʪʨʠʤʢʘ, ʟʦʢʨʝʤʘ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʠ, 

ʚʽʜ ʫʨʷʜʫ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʪʝ, ʱʦʙ ʧʨʦʜʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʝʢʪʫ. ɿʘʤʽʩʪʴ 

ʩʪʘʨʪʘʧʫ ʤʦʞʥʘ ʩʧʨʦʙʫʚʘʪʠ ʟʥʘʡʪʠ ʚʝʣʠʢʫ ʢʦʤʧʘʥʽʶ, ʷʢʘ ʚʽʟʴʤʝ ʮʽ ʨʝ-

ʟʫʣʴʪʘʪʠ ʽ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʥʘʜ ʾʭ ʚʪʽʣʝʥʥʷʤ ʫ ʞʠʪʪʷ. ɹʘʛʘʪʦ ʚʞʝ ʚʽʜʦʤʠʭ 

ʢʦʤʧʘʥʽʡ ʚʠʡʰʣʠ ʟ ʫʥʽʚʝʨʩʠʪʝʪʽʚ. ʅʘʧʨʠʢʣʘʜ, çGoogleè, ʷʢʠʡ ʩʚʦʛʦ ʯʘʩʫ 

ʙʫʚ ʩʪʘʨʪʘʧʦʤ, ʘ ʟʘʨʘʟ ʦʜʥʘ ʟ ʥʘʡʙʽʣʴʰʠʭ ɯʊ-ʢʦʤʧʘʥʽʡ ʩʚʽʪʫ. ʇʦʪʨʽʙʥʽ 

ʙʘʞʘʶʯʽ ʮʝ ʨʦʙʠʪʠ, ʚʤʽʣʽ ʦʨʛʘʥʽʟʘʪʦʨʠ, ʟʜʘʪʥʽ ʫʧʨʘʚʣʷʪʠ ʮʠʤ ʧʨʦʮʝʩʦʤ, 

ʽ ʨʝʟʫʣʴʪʘʪ ʧʨʠʡʜʝ. 
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ʐʣʷʭ ˉ 2. ʎʝ ʬʽʥʘʥʩʫʚʘʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʫʥʽʚʝʨʩʠʪʝʪʘʭ 

ʫʨʷʜʦʤ, ʧʽʜʧʨʠʻʤʮʷʤʠ ʽ ʨʝʛʽʦʥʘʣʴʥʦʶ ʚʣʘʜʦʶ. ʄʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʥʝ 

ʪʽʣʴʢʠ ʧʨʷʤʽ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʥʘʫʢʦʚʽ ʨʦʟʨʦʙʢʠ. ʄʦʞʣʠʚʦ, ʚʥʝʩʪʠ ʜʝʷʢʽ 

ʫʪʦʯʥʝʥʥʷ ʜʦ ʦʧʦʜʘʪʢʫʚʘʥʥʷ, ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʨʦ-

ʙʽʪ ʥʘʜ ʥʘʫʢʦʚʠʤʠ ʧʨʦʝʢʪʘʤʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʩʧʽʚ-

ʧʨʘʮʶ ʤʽʞ ʙʽʟʥʝʩʦʤ ʪʘ ʫʥʽʚʝʨʩʠʪʝʪʘʤʠ. ʂʦʤʧʘʥʽʷʤ ʪʘʢʘ ʩʧʽʚʧʨʘʮʷ ʜʘʩʪʴ 

ʥʘʫʢʦʚʽ ʧʨʦʝʢʪʠ, ʷʢʽ ʥʝ ʚʧʨʦʚʘʜʞʫʚʘʣʠʩʷ. ɺʦʥʠ ʙʫʜʫʪʴ ʨʦʟʨʦʙʣʝʥʽ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʚʠʧʫʩʢʥʠʢʽʚ, ʘʩʧʽʨʘʥʪʽʚ, ʜʦʢʪʦʨʘʥʪʽʚ, ʧʨʦʬʝʩʦʨʽʚ. ʂʦʤʧʘʥʽʾ 

ʤʦʞʫʪʴ ʧʨʦʚʦʜʠʪʠ ʢʦʥʢʫʨʩʠ ʟ ʦʧʣʘʪʦʶ ʫ ʚʠʛʣʷʜʽ ʛʨʦʰʝʡ ʘʙʦ ʧʨʝʩʪʠʞ-

ʥʠʭ ʩʪʘʞʫʚʘʥʴ. ʉʪʫʜʝʥʪʠ ʞ, ʧʨʘʮʶʶʯʠ ʟ ʢʦʤʧʘʥʽʷʤʠ, ʤʦʞʫʪʴ ʨʝʘʣʴʥʦ 

ʚʠʟʥʘʯʠʪʠ ʩʚʦʾ ʤʦʞʣʠʚʦʩʪʽ, ʟʨʦʟʫʤʽʪʠ, ʥʘ ʯʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʦʩʝʨʝʜʠʪʠ 

ʟʫʩʠʣʣʷ, ʘ, ʤʦʞʣʠʚʦ, ʧʝʨʝʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ ʽʥʰʽ, ʩʧʦʨʽʜʥʝʥʽ, ʥʘʧʨʷʤʢʠ 

ʨʦʙʦʪʠ. 

ʐʣʷʭ ˉ 3. ʅʘ ʭʚʠʣʽ ʦʩʪʘʥʥʽʭ ʧʦʜʽʡ ʤʦʞʥʘ ʩʧʨʦʙʫʚʘʪʠ ʨʦʙʠʪʠ ʜʦʩʠʪʴ 

ʙʘʛʘʪʦ ʧʨʦʛʨʘʤ ʨʘʟʦʤ ʽʟ ʨʽʟʥʠʤʠ ʢʨʘʾʥʘʤʠ. ʇʦʢʠ ʋʢʨʘʾʥʘ ʥʘ ʩʣʫʭʫ, ʟ 

ʥʘʤʠ ʛʦʪʦʚʽ ʛʦʚʦʨʠʪʠ. ʅʝʦʙʭʽʜʥʦ ʰʚʠʜʢʦ ʟʨʦʙʠʪʠ ʚʝʣʠʢʠʡ ʢʨʦʢ ʜʦ ʩʧʽʚ-

ʧʨʘʮʽ ʽʟ ʟʘʨʫʙʽʞʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ, ʫʥʽʚʝʨʩʠʪʝʪʘʤʠ ʽ ʪ. ʽʥ. ʆʪʞʝ, ʥʘ ʜʫʤʢʫ 

ʘʚʪʦʨʽʚ, ʢʨʘʱʠʤ ʧʨʠʥʮʠʧʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘʢʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʨʦ-

ʙʦʯʠʭ ʩʪʫʜʝʥʪʩʴʢʠʭ ʢʦʣʝʢʪʠʚʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʛʘʣʫʟʽ, ʘʙʦ 

ʧʨʠʡʦʤ ʩʪʫʜʝʥʪʽʚ ʚ ʨʦʙʦʯʽ ʢʦʣʝʢʪʠʚʠ ʚʠʨʦʙʥʠʮʪʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘ-

ʚʜʘʥʴ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʟ ʦʜʥʦʯʘʩʥʠʤ ʥʘʚʯʘʥʥʷʤ ʫ ɺʅɿ. ɼʦʩʚʽʜ ʜʽʷ-

ʣʴʥʦʩʪʽ ɯɹ ʚ ʫʥʽʚʝʨʩʠʪʝʪʘʭ ɭʚʨʦʧʠ ʧʽʜʪʚʝʨʜʞʫʻ ʩʢʘʟʘʥʝ ʚʠʱʝ ʽ, ʥʘ ʥʘʰ 

ʧʦʛʣʷʜ, ʩʘʤʝ ʪʘʢʠʡ ʥʘʧʨʷʤʦʢ ʚʠʱʦʾ ʦʩʚʽʪʠ ʤʘʻ ʙʫʪʠ ʚ ʥʘʰʽʡ ʜʝʨʞʘʚʽ, 

ʢʦʪʨʘ ʦʙʨʘʣʘ ʻʚʨʦʧʝʡʩʴʢʠʡ ʰʣʷʭ ʨʦʟʚʠʪʢʫ. çɯɹè ʧʦʚʠʥʥʽ ʦʪʨʠʤʫʚʘʪʠ 

ʜʝʨʞʘʚʥʫ ʪʘ ʛʘʣʫʟʝʚʫ ʧʽʜʪʨʠʤʢʫ, ʧʽʜʪʨʠʤʢʫ ʙʽʟʥʝʩʫ, ʱʦ ʚ ʧʽʜʩʫʤʢʫ ʧʨʠ-

ʥʝʩʝ ʢʦʨʠʩʪʴ ʷʢ ʤʘʡʙʫʪʥʽʤ ʬʘʭʽʚʮʷʤ, ʪʘʢ ʽ ʙʽʟʥʝʩʫ, ʽ ʜʝʨʞʘʚʽ ʚ ʮʽʣʦʤʫ. 

ʐʣʷʭ ʧʦ ʷʢʦʤʫ ʧʨʦʡʰʣʠ ʤʠ ʟ ʢʘʬʝʜʨʦʶ ʄʉʉ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʘʧʨʦʙʘʮʽʶ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ ʷʢ ʧʨʦʮʝʩʽʚ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʇɿ, ʪʘʢ ʡ ʥʘʚʯʘʥʥʷ. ʉʪʫʜʝʥʪʘʤ, ʱʦ ʚʞʝ ʤʘʶʪʴ ʜʦʩʪʘ-

ʪʥʶ ʧʽʜʛʦʪʦʚʢʫ ʚ ʷʢʦʩʪʽ ʫʯʙʦʚʠʭ ʟʘʚʜʘʥʴ ʜʘʚʘʣʦʩʷ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ 

ʇɿ ʦʮʽʥʢʠ ʦʜʥʦʛʦ ʪʠʧʫ ʨʠʟʠʢʫ ʷʢʦʾʩʴ ʥʝʙʝʟʧʝʢʠ. ʊʠʧ ʥʝʙʝʟʧʝʢʠ, ʤʝʪʦʜ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʦʙʠʨʘʣʠʩʷ ʩʪʫʜʝʥʪʘʤʠ ʩʘʤʦʩʪʽʡʥʦ 

ʟʘ ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ ʪʘ ʚʣʘʩʥʠʤ ʽʥʪʝʨʝʩʦʤ. ɼʣʷ ʦʙʤʝʞʝʥʥʷ (ʟʤʝʥʰʝʥʥʷ) 

ʦʙôʻʤʫ ʨʦʙʽʪ ʜʦʟʚʦʣʷʣʦʩʷ ʨʦʙʠʪʠ ʜʝʤʦ-ʚʝʨʩʽʶ ʇɿ. ɺʠʢʦʥʘʥʦ ʜʦʩʪʘʪʥʷ 

ʢʽʣʴʢʽʩʪʴ ʣʘʙʦʨʘʪʦʨʥʠʭ, ʢʫʨʩʦʚʠʭ ʪʘ ʥʘʚʽʪʴ ʜʠʧʣʦʤʥʠʭ ʤʘʛʽʩʪʝʨʩʴʢʠʭ 

ʨʦʙʽʪ. ʗʢ ʧʦʢʘʟʘʚ ʜʦʩʚʽʜ, ʫʩʽ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʽ ʤʦʜʝʣʽ ʟʛʘʜʘʥʦʛʦ ʩʪʘʥʜʘ-

ʨʪʫ  ʣʝʛʢʦ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʝ ʇɿ (ʩʪʫʜʝʥʪʠ ʨʦʙʣʷʪʴ ʧʨʦʛʨʘʤʠ 

ʫ ʷʢʦʩʪʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ). ɼʦ ʨʝʯʠ, ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʤʦʜʝʣʝʡ ʮʴʦʛʦ ʩʪʘ-

ʥʜʘʨʪʫ ʇɿ ʨʦʟʨʦʙʣʝʥʦ ʷʢ ʜʣʷ ʩʠʩʪʝʤ Windows, Linux, ʪʘʢ ʡ ʜʣʷ Android. 

ʊʦʙʪʦ, ʩʢʘʞʽʤʦ, ʥʘʩʣʽʜʢʠ ʨʦʟʣʠʚʫ ʮʠʩʪʝʨʥʠ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ ʻ ʤʦ-
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ʞʣʠʚʽʩʪʴ ʧʦʨʘʭʫʚʘʪʠ ʷʢ ʥʘ ʩʪʘʮʽʦʥʘʨʥʠʭ ʢʦʤʧôʶʪʝʨʘʭ, ʪʘʢ ʡ ʥʘ ʩʤʘʨʪ-

ʬʦʥʘʭ. ʇʦʨʽʚʥʷʣʴʥʦ ʣʝʛʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ɻɯʉ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʉʧʨʦʙʘ 

ʨʦʟʨʦʙʢʠ ʇɿ ʜʣʷ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʠ ʥʝ ʜʽʩʪʘʣʠ ʫʩʧʽʭʫ, 

ʭʦʯʘ ʦʢʨʝʤʽ ʧʨʦʮʝʜʫʨʠ, ʪʘʢʽ, ʷʢ ʨʦʟʨʦʙʢʘ ʜʝʨʝʚʘ ʚʽʜʤʦʚ, ʚʠʟʥʘʯʝʥʥʷ ʤʽ-

ʥʽʤʘʣʴʥʠʭ ʧʝʨʝʨʽʟʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʙʫʣʠ ʚʠʢʦ-

ʥʘʥʽ. ʇʦʢʠ ʱʦ ʥʝ ʨʦʟʨʦʙʣʝʥʦ ʇɿ ʡ ʜʣʷ ʷʢʽʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʤʽʞʜʝʨʞʘʚʥʦʛʦ ʩʪʘʥʜʘʨʪʫ [9], ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʟ ʧʨʠʯʠʥ ʚʝʣʠʢʠʭ ʥʝʚʠ-

ʟʥʘʯʝʥʦʩʪʝʡ ʤʝʪʦʜʠʢ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʚʝʜʝʥʦ, ʱʦ ʧʨʠ ʥʘʣʝʞʥʽʡ ʦʨʛʘʥʽʟʘʮʽʾ ʩʧʽʚʧʨʘʮʽ ɺʅɿ 

ʟ ʧʨʦʚʽʜʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʻ ʟʘʚʞʜʠ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʝʘʣʴʥʠʭ ʟʘ-

ʚʜʘʥʴ. ʇʨʠʻʜʥʘʥʥʷ ʩʪʫʜʝʥʪʩʴʢʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʾʭ ʚʠʨʽʰʝʥʥʷ ʧʽʜ ʥʘʛʣʷ-

ʜʦʤ ʚʠʢʣʘʜʘʯʽʚ ʚʠʨʽʰʫʻ ʮʽʣʠʡ ʨʷʜ ʧʠʪʘʥʴ: ʦʟʥʘʡʦʤʣʝʥʥʷ ʩʪʫʜʝʥʪʽʚ ʟ 

ʧʨʦʙʣʝʤʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʦʬʝʩʽʡʥʝ ʩʘʤʦʚʠʟʥʘʯʝʥʥʷ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽ-

ʚʮʽʚ ʧʨʠ ʜʝʪʘʣʴʥʦʤʫ ʦʟʥʘʡʦʤʣʝʥʥʽ ʟ ʧʝʨʝʜʙʘʯʫʚʘʥʦʶ ʨʦʙʦʪʦʶ, ʨʽʰʝʥʥʷ 

ʟʘʜʘʯ ʫ ʙʘʛʘʪʴʦʭ ʚʘʨʽʘʥʪʘʭ, ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʩʪʫʜʝʥʪʽʚ ʫ ʥʘʚʯʘʥʥʽ ʟʘ ʧʨʦ-

ʬʝʩʽʻʶ ʽ, ʱʦ ʱʝ ʜʫʞʝ ʚʘʞʣʠʚʦ, - ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʚʠʨʦʙʥʠʢʘ ʟ ʦʜʥʦʯʘ-

ʩʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʷʢʦʩʪʽ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʤʘʪʝʨʽʘʣʴʥʘ ʧʽʜʪʨʠʤʢʘ ʩʪʫʜʝ-

ʥʪʽʚ. ʅʘʩʘʤʧʝʨʝʜ ʥʝʦʙʭʽʜʥʘ ʩʧʽʚʧʨʘʮʷ ʫ ʩʬʝʨʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʋʥʚ̔ʝʨʩʠʪʝʪʘʤ ʤʘʻ ʙʫʪʠ ʚʠʛʽʜʥʦ ʢʦʤʝʨʮʽʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʩʚʦʾʭ ʥʘ-

ʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʨʦʙʠʪʠ ʪʘʢʠʤ ʾʭ ʟʜʦʙʫʪʦʢ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʧʨʦʜʘ-

ʚʘʪʠ ʽ ʟʘʨʦʙʣʷʪʠ ʥʘ ʮʴʦʤʫ ʛʨʦʰʽ. 

ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʩʚʽʪʫè ʚʽʜʢʨʠʚʘʻ ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ. 

ʊʘʢ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʦʩʚʽʪʫè ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ 

ʧʨʠʥʮʠʧʽʚ ʦʩʚʽʪʠ ʻ ʽʥʪʝʛʨʘʮʽʷ ʟ ʥʘʫʢʦʶ ʽ ʚʠʨʦʙʥʠʮʪʚʦʤ. ʋ ʩʪ. 42 ʥʘʧʠ-

ʩʘʥʦ, ʱʦ ʚʠʱʘ ʦʩʚʽʪʘ ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ, ʧʨʦʬʝʩʽʡʥʫ ʪʘ ʧʨʘʢ-

ʪʠʯʥʫ ʧʽʜʛʦʪʦʚʢʫ. ɸ ʚ ʩʪ. 45 ʛʦʚʦʨʠʪʴʩʷ, ʱʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʨʦʙʦʪʘ ʻ 

ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ, ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʛʦʚʦ-

ʨʘʤʠ, ʢʦʥʪʨʘʢʪʘʤʠ, ʟʘʤʦʚʣʝʥʥʷʤʠ ʽ ʽʥ. ɼʣʷ ʮʴʦʛʦ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘʫʢʦʚʽ, 

ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʽ ʧʽʜʨʦʟʜʽʣʠ, ʦʙ'ʻʜʥʘʥʥʷ, ʘʩʦʮʽʘʮʽʾ, ʨʽʟʥʽ ʮʝʥʪʨʠ, ʧʘ-

ʨʢʠ ʪʘ ʽʥʰʽ ʬʦʨʤʫʚʘʥʥʷ. ʋ ʩʪ. 64 ʟʘʧʠʩʘʥʦ, ʱʦ ʟʘʢʣʘʜʠ ʦʩʚʽʪʠ ʤʘʶʪʴ 

ʧʨʘʚʦ ʫʢʣʘʜʘʪʠ ʜʦʛʦʚʦʨʠ ʧʨʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ, ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʨʷʤʽ 

ʟʚ'ʷʟʢʠ ʟ ʫʩʪʘʥʦʚʘʤʠ ʩʠʩʪʝʤʠ ʦʩʚʽʪʠ ʟʘʨʫʙʽʞʥʠʭ ʢʨʘʾʥ, ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʬʦʥʜʘʤʠ ʪʦʱʦ. 

ɺʠʩʥʦʚʢʠ. ʅʝʦʙʭʽʜʥʦ ʪʚʦʨʯʦ ʧʽʜʭʦʜʠʪʠ ʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʛʦʪʦ-

ʚʢʠ ʚʠʧʫʩʢʥʠʢʽʚ ɺʅɿ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʻʚʨʦʧʝʡʩʴʢʽ 

ʬʦʨʤʠ. ʑʦʜʦ ʥʘʚʯʘʥʥʷ ʟ ʙʝʟʧʝʢʠ, ʚʦʥʦ ʧʦʚʠʥʥʦ ʤʘʪʠ ʥʘʡʚʠʱʠʡ ʧʨʽʦ-

ʨʠʪʝʪ, ʙʦ ʙʝʟʧʝʢʘ ï ʚʘʞʣʠʚʘ ʩʢʣʘʜʦʚʘ ʞʠʪʪʷ ʣʶʜʠʥʠ. ɺʪʨʘʪʘ ʦʩʚʽʪʠ ʟ 

ʙʝʟʧʝʢʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʠʪʫʧʣʝʥʥʷ ʚʘʞʣʠʚʦʛʦ ʽʥʩʪʠʥʢʪʫ ï ʽʥ-

ʩʪʠʥʢʪʫ ʩʘʤʦʟʙʝʨʝʞʝʥʥʷ, ʘ ʚ ʤʘʩʰʪʘʙʘʭ ʢʨʘʾʥʠ ʜʦ ʚʪʨʘʪʠ ʜʝʨʞʘʚʥʦʩʪʽ. 

ʅʘʚʯʘʥʥʷ ʟ ʙʝʟʧʝʢʠ ʧʦʪʨʝʙʫʻ ʦʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʫʯʘʩʥʦʛʦ 

ʩʫʩʧʽʣʴʩʪʚʘ. ʅʘʫʢʦʚʮʷʤ ʧʦʪʨʽʙʥʦ ʦʨʽʻʥʪʫʚʘʪʠ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʦʨʛʘʥʠ 
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ʚʣʘʜʠ ʽ ʩʫʩʧʽʣʴʩʪʚʦ, ʦʩʚʽʪʫ ʪʦʱʦ. ʋʢʨʘʾʥʽ ʜʘʚʥʦ ʚʘʨʪʦ ʧʨʠʻʜʥʘʪʠʩʷ ʜʦ 

ʩʫʯʘʩʥʠʭ ʩʚʽʪʦʚʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʥʘ ʦʩʥʦʚʽ ʥʦʚʽʪʥʴʦʾ ʤʝ-

ʪʦʜʦʣʦʛʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ.  
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ʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ. ʅʦʨʤʘʪʠʚʥʝ ʚʠʨʦʙʥʠʯʦïʧʨʘʢ-

ʪʠʯʥʝ ʚʠʜʘʥʥʷ.  ɼʝʨʞʥʘʛʣʷʜʦʭʦʨʦʥʧʨʘʮʽ. ʂ.: ʆʩʥʦʚʘ. 2003 ʨ. 191 ʩ 
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ʆʇʈɽɼɽʃɽʅʀɽ ɹʀɿʅɽʉ-ʃʆʂɸʎʀʀ ʇʈʀ ʇʆʄʆʑʀ 

ɸʅɸʃʀɿɸ ɼɸʅʅʓʍ ʀɿ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊɽʁ 

ʆʚʯʠʥʥʠʢʦʚ ʂ.ɼ. 

ʅʊʋʋ ñʂʇʀ ʠʤ. ʀʛʦʨʷ ʉʠʢʦʨʩʢʦʛʦò ʌʘʢʫʣʴʪʝʪ ʀʥʬʦʨʤʘʪʠʢʠ ʠ ɺʳ-

ʯʠʩʣʠʪʝʣʴʥʦʡ ʊʝʭʥʠʢʠ. ʂʘʬʝʜʨʘ ɸʉʆʀʋ, ʂʠʝʚ 

 

ʉʦʟʜʘʥʠʝ ʠʣʠ ʨʘʩʰʠʨʝʥʠʝ ʙʠʟʥʝʩʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʣʫʯʰʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʝʛʦ ʚʝʜʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʩʦʮʠʘʣʴʥʳʤ 

ʩʝʪʷʤ, ʤʳ ʠʤʝʝʤ ʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʩʝ ʘʩ-

ʧʝʢʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ. ɸʥʘʣʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ 

ʠʟʚʣʝʢʘʪʴ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʥʘ ʝʝ ʦʩʥʦʚʝ ʧʨʠʥʠʤʘʪʴ ʵʬʬʝʢʪʠʚ-

ʥʳʝ ʨʝʰʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʘʩʘʶʱʠʝʩʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʘʪʝʛʠʡ ʨʘʟʚʠʪʠʷ 

ʙʠʟʥʝʩʘ.  

ɼʣʷ ʙʠʟʥʝʩʤʝʥʦʚ, ʠʤʝʶʱʠʭ ʩʦʙʩʪʚʝʥʥʳʡ ʙʠʟʥʝʩ, ʘʢʪʫʘʣʴʥʦʡ ʝʩʪʴ 

ʟʘʜʘʯʘ ʝʛʦ ʨʘʩʰʠʨʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʚ 

ʩʤʳʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʚʦʛʦ ʘʨʝʘʣʘ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚ ʥʝʤ ʩʚʦʝʛʦ ʙʠʟ-

ʥʝʩʘ. ʊʦ ʝʩʪʴ, ʙʠʟʥʝʩʤʝʥ ʠʤʝʶʱʠʡ ʩʚʦʝ ʜʝʣʦ (ʥʘʧʨʠʤʝʨ, ʦʪʝʣʴ, ʨʝʩʪʦʨʘʥ 

ʠ ʪ.ʧ.) ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʣʦʢʘʮʠʠ (ʨʘʡʦʥʘ, ʛʦʨʦʜʘ, ʩʪʨʘʥʳ, ʧʣʘʥʝʪʳ) ʭʦʯʝʪ 

ʦʪʢʨʳʪʴ ʪʘʢʦʝ ʞʝ ʚ ʜʨʫʛʦʤ ʨʝʛʠʦʥʝ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʵʪʦ ʵʬʬʝʢ-

ʪʠʚʥʦ (ʧʦʜʦʙʨʘʪʴ ʢʦʥʢʨʝʪʥʫʶ ʣʦʢʘʮʠʶ) ʝʤʫ ʥʫʞʝʥ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ 

ʨʳʥʢʘ. ʂʘʢ ʙʳ ʭʦʨʦʰʦ ʥʠ ʨʘʙʦʪʘʣʠ ʠʥʪʫʠʮʠʷ ʠ ʦʧʨʦʩʳ, ʦʥʠ ʤʦʛʫʪ ʥʝ 

ʜʘʪʴ ʞʝʣʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʧʦʧʫʣʷʨʥʦʩʪʠ ʙʫʜʫʱʝʛʦ 

ʟʘʚʝʜʝʥʠʷ (ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʙʠʟʥʝʩʘ). 

 ɺ ʥʘʰʝ ʚʨʝʤʷ ʣʶʜʠ ʦʯʝʥʴ ʘʢʪʠʚʥʦ ʧʦʣʴʟʫʶʪʩʷ ʩʦʮʠʘʣʴʥʳʤʠ ʩʝ-

ʪʷʤʠ, ʠ ʛʫʣʷʷ ʧʦ ʫʣʠʮʘʤ, ʧʨʦʭʦʜʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʩʪʘ, ʜʝʣʘʶʪ ʬʦʪʦʛʨʘ-

ʬʠʠ, ʦʩʪʘʚʣʷʶʪ ʦʪʟʳʚʳ, ʠʣʠ ʧʨʦʩʪʦ ʧʠʰʫʪ ʯʪʦ-ʣʠʙʦ (ʜʘʣʝʝ ʤʳ ʙʫʜʝʤ 

ʥʘʟʳʚʘʪʴ ʵʪʦ ñʩʣʝʜʘʤʠò). ɿʘʯʘʩʪʫʶ, ʵʪʠ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦ-

ʩʪʫʧʝ, ʠ ʤʳ ʤʦʞʝʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʘʥʘʣʠʟʘ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ 

ʧʦʜʭʦʜ ʢ ʩʙʦʨʫ ʠ ʦʙʨʘʙʦʪʢʝ ʪʘʢʦʛʦ ʨʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʚʳʙʦʨʘ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦʛʦ ʘʨʝʘʣʘ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʠʩʢʘ ʢʦʥʢʨʝʪʥʦʡ ʣʦʢʘʮʠʠ ʚ ʥʝʤ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʟʘʜʘʯʫ ʥʘʤ ʥʫʞʝʥ ʥʘʙʦʨ ʦʧʨʝʜʝʣʝʥ-

ʥʳʡ ʜʝʡʩʪʚʠʡ (ʘʣʛʦʨʠʪʤ) ʧʦ ʢʦʪʦʨʦʤʫ ʙʫʜʫʪ ʧʦʜʙʠʨʘʪʴʩʷ ʤʝʩʪʘ. ɺʭʦʜ-

ʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʩʠʩʪʝʤʝ ʷʚʣʷʶʪʩʷ ʨʝʛʠʦʥ, ʥʘ ʢʦʪʦʨʦʡ ʯʝʣʦʚʝʢ ʭʦʯʝʪ 

ʚʝʩʪʠ ʩʚʦʡ ʙʠʟʥʝʩ ʠ ʚʠʜ ʝʛʦ ʙʠʟʥʝʩʘ (ʦʪʝʣʴʥʳʡ/ʨʝʩʪʦʨʘʥʥʳʡ/..). ʇʦʩʣʝ 

ʪʦʛʦ ʢʘʢ ʩʠʩʪʝʤʘ ʧʨʠʥʠʤʘʝʪ ʣʦʢʘʮʠʶ ʥʘ ʚʭʦʜ ʦʥʘ ʠʱʝʪ ʚʩʝ ʩʦʮʠʘʣʴʥʦʝ 

ʤʝʜʠʘ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ (ʥʘʧʨʠʤʝʨ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷ-

ʮʝʚ) ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ Twitter). 
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ʂʘʞʜʳʡ ʪʚʠʪ ʠʤʝʝʪ ʪʝʢʩʪ, ʜʘʪʫ ʧʫʙʣʠʢʘʮʠʠ, ʢʦʦʨʜʠʥʘʪʳ (ʣʦʢʘʮʠʶ), 

ʢʦʣʠʯʝʩʪʚʦ ʨʝʧʦʩʪʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʘʣʠ ʵʪʦ ʩʦ-

ʦʙʱʝʥʠʝ (ʨʠʩʫʥʦʢ 1).  

 
ʈʠʩʫʥʦʢ 1 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʥʷʪʴ, ʚ ʢʘʢʦʤ ʤʝʩʪʝ ʨʝʛʠʦʥʘ ʥʘʤ ʣʫʯʰʝ ʚʝʩʪʠ ʩʚʦʡ 

ʙʠʟʥʝʩ, ʥʘʤ ʥʫʞʥʦ ʨʘʟʜʝʣʠʪʴ ʝʛʦ ʥʘ ʯʘʩʪʠ (ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʠʭ ʘʨʝʘʣʳ). 

ʂʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ - ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʘʨʝʘʣ ʜʣʷ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ.  

ɿʜʝʩʴ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʟʘʜʘʯʝʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ 

- ʟʘʜʘʯʘ ʨʘʟʙʠʝʥʠʷ ʚʳʙʦʨʢʠ ʦʙʲʝʢʪʦʚ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘ, ʥʘʟʳʚʘʝʤʳʝ 

ʢʣʘʩʪʝʨʘʤʠ, ʪʘʢ, ʯʪʦʙʳ ʢʘʞʜʳʡ ʢʣʘʩʪʝʨ ʩʦʩʪʦʷʣ ʠʟ ʩʭʦʞʠʭ ʦʙʲʝʢʪʦʚ, ʘ 

ʦʙʲʝʢʪʳ ʨʘʟʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʠʩʴ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʚʠʪʳ, ʢʘʢ ʪʦʯʢʠ ʥʘ ʢʘʨʪʝ, ʠ ʛʨʫʧʧʠʨʫʝʤ ʠʭ ʚ ʢʣʘʩʪʝʨʳ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠʤʝʝʤ ʥʘ ʚʳʭʦʜʝ ʥʝ-

ʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ ʪʚʠʪʦʚ. 

ɼʘʣʝʝ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʷʪʴ, ʢʘʢʦʡ ʠʤʝʥʥʦ ʠʟ ʢʣʘʩʪʝʨʦʚ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʜʣʷ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢ-

ʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʦʮʝʥʢʫ 

ʪʚʠʪʘ - ʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʩʝʤʘʥ-

ʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʦʢʘʟʳʚʘʝʪ ʭʘʨʘʢʪʝʨ ʚʳʩʢʘʟʳʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ. ʕʪʘ ʦʮʝʥʢʘ ʧʦʢʘʟʳʚʘʝʪ ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ (ʠʣʠ ʧʣʦʭʦ) 

ʦʪʟʳʚʘʣʠʩʴ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʚ ʜʘʥʥʦʤ ʪʚʠʪʝ. 

ɼʘʣʝʝ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʥʠʭ ʧʝʨʠʦʜʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʘʨʥʘʷ ʦʮʝʥʢʘ. ɸʥʘʣʠʟ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʮʝ-

ʥʦʢ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʜʠʥʘʤʠʢʫ (ʪʨʝʥʜ) ʠʟʤʝʥʝʥʠʷ ʧʦʧʫʣʷʨʥʦʩʪʠ 

ʪʝʤʳ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʙʠʟʥʝʩʫ, ʢʦʪʦʨʳʡ ʚʝʜʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ - ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘ-
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ʥʠʷ ʚʣʠʷʥʠʷ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʟʘʚʠ-

ʩʠʤʫʶ ʧʝʨʝʤʝʥʥʫʶ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʷʚʣʷ-

ʶʪʩʷ ʧʝʨʠʦʜʳ (ʥʘʧʨʠʤʝʨ, ʤʝʩʷʮʳ), ʘ ʟʘʚʠʩʠʤʦʡ - ʩʫʤʤʘʨʥʳʝ ʩʝʤʘʥʪʠ-

ʯʝʩʢʠʝ ʦʮʝʥʢʠ ʢʣʘʩʪʝʨʘ ʧʦ ʵʪʠʤ ʧʝʨʠʦʜʘʤ. 

ʊʦʪ ʢʣʘʩʪʝʨ, ʫ ʢʦʪʦʨʦʛʦ ʵʪʦʪ ʜʠʥʘʤʠʢʘ ʨʦʩʪʘ ʙʫʜʝʪ ʩʘʤʳʡ ʙʦʣʴʰʦʡ, 

ʙʫʜʝʪ ʚʟʷʪ ʢʘʢ ʦʙʣʘʩʪʴ, ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘʷ ʜʣʷ ʚʝʜʝʥʠʷ ʙʠʟ-

ʥʝʩʘ. 

ʀʪʘʢ, ʦʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤ ʚʳʛʣʷʜʠʪ ʪʘʢ: ʨʘʟʙʠʝʥʠʝ ʨʝʛʠʦʥʘ 

ʥʘ ʢʣʘʩʪʝʨʳ (ʫʯʘʩʪʢʠ); ʦʧʨʝʜʝʣʝʥʠʝ ʧʦ ʢʘʞʜʦʤʫ ʢʣʘʩʪʝʨʫ ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʟ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʘ ʧʝʨʠʦʜʦʚ ʩʫʤʤʘʨʥʦʡ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʦʧʫ-

ʣʷʨʥʦʩʪʠ; ʧʦʩʪʨʦʝʥʠʝ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʦ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʧʝʨʠʦʜʘʤ 

ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʫʯʘʩʪʢʦʚ ( ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʟʥʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʨʦʩʪʘ/ʧʘ-

ʜʝʥʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʚ ʫʩʣʫʛʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʤʝ ʙʠʟʥʝʩʘ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʆɹʆɹʑɽʅʅɸʗ ʄɽʊʆɼʀʂɸ ʀɼɽʅʊʀʌʀʂɸʎʀʀ 

ʇɸʈɸʄɽʊʈʆɺ ʃʀʅɽʁʅʓʍ ɼʀʅɸʄʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 

ɺ.ʅ.ʊʦʤʘʰʝʚʩʢʠʡ, ɺ.ʇ.ʇʘʩʴʢʦ, ʄ.ɸ.ʉʦʣʜʘʪʦʚʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ çʂʠʝʚʩʢʠʡ ʧʦʣʠ-

ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʀʛʦʨʷ ʉʠʢʦʨʩʢʦʛʦè 

 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʪʝʦʨʠʠ ʦʮʝʥʠʚʘʥʠʷ ʚʦʟʥʠʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʊʉʊʇ), ʘ ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʪʝʦʨʠʠ ʦʮʝʥʠʚʘʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʦʛʨʦʤʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ [1,2]. 

ʉ ʫʯʝʪʦʤ ʧʦʩʣʝʜʥʝʛʦ ʟʘʤʝʯʘʥʠʷ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʙʘʟʠʩʥʳʭ 

ʬʫʥʢʮʠʡ ʋʦʣʰʘ [1,3]. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʬʫʥʢʮʠʠ 

ʋʦʣʰʘ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ ʪʦʣʴʢʦ Ñ1 ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʩʪʨʫ-

ʤʝʥʪ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʜʚʦʠʯʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠʤʝ-

ʥʝʥʠʝ ʩʠʩʪʝʤ ʬʫʥʢʮʠʡ ʋʦʣʰʘ ʧʦʟʚʦʣʷʝʪ ʰʠʨʦʢʦ ʠ ʧʨʦʩʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
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ʮʠʬʨʦʚʫʶ ʪʝʭʥʠʢʫ ʧʨʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʨʠ ʧʦʤʦʱʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʦʢʘʟʳʚʘʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳʤʠ, ʘ ʧʨʠ-

ʤʝʥʝʥʠʝ ʬʫʥʢʮʠʡ ʋʦʣʰʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʜʫʨʳ ʘʥʘʣʠʟʘ ʠ 

ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʦʮʝʜʫʨʫ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʧʦ ʩʠʩʪʝʤʝ 

ʬʫʥʢʮʠʡ ʋʦʣʰʘ ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʚ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ʚ ʚʠʜʝ ʩʧʣʘʡʥ-ʬʫʥʢʮʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʫʙʠʯʝʩʢʠʭ ʩʧʣʘʡʥʦʚ. 

ɿʘʜʘʯʘ ʦʮʝʥʠʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɼʣʷ 

ʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʊʉʊʇ, ʦʧʠʩʳʚʘʝʤʦʡ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ 

0( ) ( ) ( ) ( ) ( ), , jx t A t x t B t u t t t T
¶

è ø= + Íê ú
                (1) 

ʛʜʝ )(tx  ï n -ʤʝʨʥʳʡ ʠʟʤʝʨʷʝʤʳʡ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ, )(tu ï m -

ʤʝʨʥʳʡ ʠʟʤʝʨʷʝʤʳʡ ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ, )(tA ʠ )(tB ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

( )n n³ ʠ ( )n m³  ʤʘʪʨʠʮʳ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʥʝʦʙʭʦ-

ʜʠʤʦ, ʟʥʘʷ ʚʭʦʜʥʫʶ ʠ ʚʳʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʊʉʊʇ ʧʦ-

ʩʪʨʦʠʪʴ ʦʙʦʙʱʝʥʥʫʶ ʤʝʪʦʜʠʢʫ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ h ʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ï ʩʪʘʮʠʦʥʘʨʥʳʭ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ, ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

ɼʣʷ ʚʩʝʭ ʤʦʜʝʣʝʡ ʦʮʝʥʢʫ ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʝʤ ʧʨʦʠʟʚʦʜʠʪʴ, ʠʩʭʦʜʷ ʠʟ 

ʤʠʥʠʤʫʤʘ ʢʚʘʜʨʘʪʘ ʥʝʚʷʟʢʠ 

0

0

2

min ( ) ( ) ( ) ( ) ( )

ft T

t

I x t A t x t B t u t dt

+
¶ë û

î îè ø
= - -ì üé ùê úî îí ý

ñ
  (2) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣ (2) ʠʤʝʝʪ ʧʨʦʩʪʫʶ ʩʪʨʫʢʪʫʨʫ: ʵʪʦ ʢʚʘʜʨʘ-

ʪʠʯʥʘʷ ʬʦʨʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʤʠʥʠʤʠʟʘʮʠʷ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚ-

ʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʨʘʚʥʠʚʘʥʠʷ ʥʫʣʶ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ (2) ʚ ʟʘʯʘʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʠʟʚʝʩʪʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳ-

ʨʘʞʝʥʠʷ ʢʘʢ ʜʣʷ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ( )x t , ʪʘʢ ʠ ʜʣʷ ʝʛʦ ʧʨʦ-

ʠʟʚʦʜʥʦʡ ( )x t
¶

. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʨʘʟʨʘʙʦʪʘʥʘ ʦʙʦʙʱʝʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʊʉʊʇ ʥʘ 
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ʙʘʟʝ ʩʧʣʘʡʥ-ʬʫʥʢʮʠʡ ʠ ʬʫʥʢʮʠʡ ʋʦʣʰʘ, ʢʦʪʦʨʫʶ ʚ ʚʠʜʝ ʦʙʦʙʱʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʐʘʛ 0. ɺʚʦʜʠʤ ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ t ʨʘʚʥʦʝ 
tT

tt

f -

-
= 0t  ʠ ʧʨʠʚʦ-

ʜʠʤ ʠʥʪʝʨʚʘʣ ʫʧʨʘʚʣʝʥʠʷ [ ]fTt ,0
 ʢ ʥʦʨʤʠʨʦʚʘʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ ]1,0[ . 

ʐʘʛ 1. ʅʘ ʥʦʨʤʠʨʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ]1,0[  ʟʘʜʘʝʤ ʩʝʪʢʫ 

)1;,0( ==>< Ni tNit  ʩ ʰʘʛʦʤ ND . ʆʧʨʝʜʝʣʷʝʤ ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʘ 

ʩʦʩʪʦʷʥʠʷ )( ixt  ʠ ʫʧʨʘʚʣʝʥʠʷ )( iu t . 

ʐʘʛ 2. ʅʘ ʚʳʙʨʘʥʥʦʡ ʩʝʪʢʝ ʧʨʦʠʟʚʦʜʠʤ ʠʥʪʝʨʧʦʣʷʮʠʶ, ʧʦʣʫʯʘʷ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʡ ʩʦʩʪʦʷʥʠʷ ʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʢʫʙʠʯʝʩʢʠʭ ʩʧʣʘʡʥʦʚ )(txS  ʠ )(tuS . 

ʐʘʛ 3. ɼʣʷ ʥʘʡʜʝʥʥʳʭ ʬʫʥʢʮʠʡ )(txS  ʠ )(tuS  ʠ ʥʝʠʟʚʝʩʪʥʳʭ (ʚ 

ʩʣʫʯʘʝ 2 ʠ 3 ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ) ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʧʨʠʤʝ-

ʥʷʝʤ ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚ ʨʷʜ ʋʦʣʰʘ. 

ʐʘʛ 4. ʅʦʨʤʠʨʫʝʤ ʧʦ ʚʨʝʤʝʥʠ ʠʩʭʦʜʥʫʶ ʩʠʩʪʝʤʫ (1) ʠ ʧʨʠʚʦʜʠʤ ʝʝ 

ʢ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʜʫ. 

ʐʘʛ 5. ʀʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʘ ʬʫʥʢʮʠʡ ʋʦʣʰʘ, ʟʘʤʝʥʷʝʤ ʚ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʥʦʡ ʬʦʨʤʝ ʬʫʥʢʮʠʠ ʋʦʣʰʘ ʥʘ ʢʚʘʜʨʘʪʥʫʶ ʦʧʝʨʘʮʠʦʥʥʫʶ ʤʘʪʨʠʮʫ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʠʜʘ
)( NNP C
 ʨʘʟʤʝʨʥʦʩʪʴʶ 

nN 2=  [1]. 

ʉʫʪʴ ʜʘʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʚ ʪʦʤ, ʯʪʦ ʠʥʪʝʛʨʘʣ ʬʫʥʢʮʠʠ ʋʦʣʰʘ ʦʩʪʘʝʪʩʷ 

ʚ ʢʣʘʩʩʝ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʡ ʋʦʣʰʘ, ʪ.ʝ. 

                                          
( )

0

( ) ( )

x

N N N Nx dx P xf fCºñ
                                 (3) 

ʛʜʝ { })()...()( 0 xxx NN jjj =  ï ʚʝʢʪʦʨ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚ-

ʣʷʶʪʩʷ ʬʫʥʢʮʠʠ ʋʦʣʰʘ. 

ʉʦʢʨʘʱʘʷ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘ ʚʝʢʪʦʨ 

ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʡ ʋʦʣʰʘ, ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ. 

ʐʘʛ 6. ʇʦʣʫʯʝʥʥʫʶ ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʝʤ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʠʥʪʝʨʚʘʣʘ [ ]fTt ,0
, ʧʝʨʝʩʯʠʪʳʚʘʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʥʘʡʜʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ. 
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ʇʨʠʤʝʯʘʥʠʝ 1. ʂʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʯʣʝʥʦʚ ʨʘʟʣʦʞʝʥʠʷ 

ʚ ʨʷʜ ʋʦʣʰʘ ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʩʨʘʚʥʝʥʠʷ ʚʳʭʦʜʘ ʧʦʣʫʯʝʥʥʦʡ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʚʳʭʦʜʦʤ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʠʤʝʯʘʥʠʝ 2. ɼʣʷ ʩʠʩʪʝʤ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʣʘʡʥ-

ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʫʤʝʨʥʳʤ ʩʧʣʘʡʥʦʤ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʜʣʷ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʠ ʥʝʠʟʚʝʩʪʥʳʭ 

ʬʫʥʢʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʦʡʥʦʡ ʨʷʜ ʋʦʣʰʘ [4]. 

ɼʣʷ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʤʦʜʝʣʝʡ, ʘʣʛʦʨʠʪʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʚʦ-

ʜʷʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

dgC = ,ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʩ ʧʨʠʙʣʠʞʝʥʥʦ ʟʘʜʘʥʥʳʤʠ 

ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ (ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮʳ Cʠ ʚʝʢʪʦʨʘ d ). ʇʦ-
ʛʨʝʰʥʦʩʪʴ ʠʭ ʟʘʜʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠʙʣʠʞʝʥʠʷ ʚʝʢʪʦʨʘ ʩʦ-

ʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ (1) ʩʧʣʘʡʥʘʤʠ, ʚʳʙʨʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʪʦʥʦʨʤʠʨʦ-

ʚʘʥʥʳʭ ʬʫʥʢʮʠʡ ʋʦʣʰʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ. ʂʘʢ ʠʟ-

ʚʝʩʪʥʦ, ʨʝʰʝʥʠʝ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʯʘʩʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʫʩʪʦʡʯʠʚʳʤ ʨʝʰʝʥʠʷʤ ʜʘʞʝ ʧʨʠ ʤʘʣʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚʭʦʜ-

ʥʳʭ ʜʘʥʥʳʭ. ʋʩʪʦʡʯʠʚʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤ ʩ ʧʨʠʙʣʠʞʝʥʥʦ ʟʘʜʘʥʥʳʤʠ 

ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʳʡ ʨʝʛʫʣʷʨʠʟʫ-

ʶʱʠʡ ʘʣʛʦʨʠʪʤ ɸ.ʅ.ʊʠʭʦʥʦʚʘ [5]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʦʙʦʙʱʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ 

ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʊʉʊʇ. 
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ʀɼɽʅʊʀʌʀʂɸʎʀʗ ɿɸʂʆʅɸ ʂʆʃɽɹɸʅʀʁ ʂʆʈʆɹɸ 

ɻʈʆʍʆʊɸ, ɺʆɿɹʋɾɼɽʅʅʓʍ ʇɸʉʉʀɺʅʓʄ 

ɸɺʊʆɹɸʃɸʅʉʀʈʆʄ 

ɻ.ɹ. ʌʠʣʠʤʦʥʠʭʠʥ, ɺ.ɺ. ʗʮʫʥ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʠʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʟʘʢʦʥʘ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠ-

ʞʝʥʠʷ ʢʦʨʦʙʘ ʛʨʦʭʦʪʘ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʠʤʘ ʜʣʷ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʥʘʪʫʨ-

ʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʝʪ ʪʘʢʠʝ ʵʪʘʧʳ: ʧʦʣʫʯʝʥʠʝ ʟʘʢʦʥʘ ʜʚʠʞʝʥʠʷ (ʟʘ-

ʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʣʠ ʫʩʢʦʨʝʥʠʷ) ʢʦʨʦʙʘ ʛʨʦʭʦʪʘ 3D ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝʤ ʣʠʙʦ ʥʘʪʫʨʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠ ʁʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʢʘʢ ʩʠʛʥʘʣʘ; ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʜʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʘ-

ʨʘʤʝʪʨʦʚ ʚ ʟʘʢʦʥʝ ʢʦʣʝʙʘʥʠʡ ʢʦʨʦʙʘ ʛʨʦʭʦʪʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʢʦ-

ʣʝʙʘʥʠʷ ʜʚʫʭʯʘʩʪʦʪʥʳʝ; ʩʨʘʚʥʠʚʘʥʠʝ ʟʘʢʦʥʦʚ ʢʦʣʝʙʘʥʠʡ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʟʘʢʦʥʘ ʜʚʠʞʝʥʠʷ ʢʦʨʦʙʘ ʛʨʦʭʦʪʘ  

ʙʳʣʠ ʧʨʦʚʝʜʝʥ rʠʩʩʣʝʜʦʚʘʥʠʷ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʚ ʉɸʇʈ Solidworks 

ʠ ʥʘʪʫʨʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʩʦʟʜʘʥʘ 3D ʤʦʜʝʣʴ ʛʨʦ-

ʭʦʪʘ [1] ʠ ʥʘʪʫʨʥʳʡ ʩʪʝʥʜ. 3D ʤʦʜʝʣʴ ʧʦʣʥʦʩʪʴʶ ʠʜʝʥʪʠʯʥʘ ʥʘʪʫʨʥʦʤʫ 

ʩʪʝʥʜʫ. ʆʥʠ ʩʦʩʪʦʪ̫ ʠʟ ʪʘʢʠʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ (ʨʠʩ. 1): ʩʪʘʥʠʥʳ 1, ʢʦ-

ʨʦʙʘ 2,  ʧʦʜʘʪʣʠʚʳʭ ʦʧʦʨ ʢʦʨʦʙʘ 3, ʞʝʩʪʢʠʭ ʦʧʦʨ 4, ʚʘʣʘ 5, ʢʦʨʧʫʩʘ ʘʚ-

ʪʦʙʘʣʘʥʩʠʨʘ 6, ʰʘʨʦʚ 7 ʠ ʜʝʙʘʣʘʥʩʘ 8 ʥʘ ʢʦʨʧʫʩʝ ʘʚʪʦʙʘʣʘʥʩʠʨʘ. ɺ 3D 

ʤʦʜʝʣʠ ʥʘ ʢʦʨʦʙ ʨʘʟʤʝʨʘʤʠ 200 ʭ 300 ʤʤ ʥʘʣʦʞʝʥʳ ʩʚʷʟʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʦʥ ʧʦʣʫʯʠʣ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʝʨʰʘʪʴ ʧʣʦʩʢʦʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠ-

ʞʝʥʠʝ (ʨʠʩ. 1, ʘ).  

        
ʘ                                                       ʙ 

ʈʠʩ. 1. ɻʨʦʭʦʪ: 

ʘ ï 3D ʤʦʜʝʣʴ; ʙ ï ʥʘʪʫʨʥʳʡ ʩʪʝʥʜ 
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ɺ ʥʘʪʫʨʥʦʤ ʩʪʝʥʜʝ ʧʣʘʪʬʦʨʤʘ ʩʦʚʝʨʰʘʝʪ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʧʦʩʪʫʧʘ-

ʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʨʠʩ.1, ʙ).  

ʈʝʟʫʣʴʪʘʪʳ ʚʠʨʪʫʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɼʚʠʞʝʥʠʝ 3D ʤʦʜʝʣʠ ʛʨʦʭʦʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʝʭ ʚʟʘ-

ʠʤʥʦ-ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʦʩʝʡ X, Y, Z, ʦʙʨʘʟʫʶʱʠʭ ʧʨʘʚʫʶ ʧʨʷʤʦ-

ʫʛʦʣʴʥʫʶ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ.   

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʯʠʪʳʚʘʶʪʩʷ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʂʦʨʦʙ 

ʩʦʚʝʨʰʘʝʪ ʧʣʦʩʢʦʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʇʦʵʪʦʤʫ ʠʟʫʯʘʪʴ ʟʘʢʦʥ 

ʜʚʠʞʝʥʠʷ ʢʦʨʦʙʘ ʤʦʞʥʦ ʧʦ ʜʚʠʞʝʥʠʶ ʦʜʥʦʡ ʝʛʦ ʪʦʯʢʠ ï ʮʝʥʪʨʫ ʤʘʩʩ 

ʢʦʨʦʙʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

3D ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʪʘʙʣʠʮʘ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʦʨʜʠʥʘʪ 

X,Y ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʦʙʘ ʦʪ ʚʨʝʤʝʥʠ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ (ʚ ʨʘʙʦʪʝ 

ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʵʪʘ ʪʘʙʣʠʮʘ ʥʝ ʧʨʠʚʦʜʠʪʩʷ). ʇʦ ʜʘʥʥʳʤ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʦʙʘ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ï ʵʧʠʪʨʦʭʦʠʜʘ (ʨʠʩ.2). 

 
ʈʠʩ. 2. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ 

ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʦʙʘ ʚ ʚʝʨʪʠʢʘʣʴ-

ʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʨʦʙ ʩʦ-

ʚʝʨʰʘʝʪ ʩʣʦʞʥʦʝ ʧʣʦʩʢʦʝ ʧʦʩʪʫ-

ʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʷʚʣʷʶʱʝ-

ʝʩʷ ʩʫʤʤʦʡ ʜʚʫʭ ʢʨʫʛʦʚʳʭ ʜʚʠ-

ʞʝʥʠʡ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦ-

ʪʦʨʘ ʠ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʰʘ-

ʨʦʚ (c ʥʘʠʤʝʥʴʰʝʡ ʩʦʙʩʪʚʝʥʥʦʡ 

ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪ-

ʬʦʨʤʳ).  

ʉʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ,    

ʯʪʦ      ʜʝʢʘʨʪʦʚʳʝ       ʢʦʦʨʜʠ-

ʥʘʪʳ    

X,Y ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʦʙʘ ʤʝʥʷʶʪʩʷ ʧʦ ʟʘʢʦʥʫ ʜʚʫʭʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘ-

ʥʠʡ: 

 

          H)ɔtɤcos(B)ŭtɤcos(AX rezr ++Ö++Ö= ,    

            )ɔtɤsin(B)ŭtɤsin(AY rezr +Ö++Ö=            (1) 

 

ʛʜʝ ɸ ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ; wr ï ʯʘ-

ʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ; t ï ʚʨʝʤʷ; ŭ ï ʬʘʟʘ; ɺ ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʩ 

ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʰʘʨʦʚ; wres ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʘʨʦʚ; ɔ ï ʬʘʟʘ; H ï 

ʩʜʚʠʛ ʧʦ ʢʦʦʨʜʠʥʘʪʝ X ʚʳʟʚʘʥʥʳʡ ʩʠʣʘʤʠ ʪʷʞʝʩʪʠ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘ-

ʣʠʟʘ Statistica ʠ ʪʘʙʣʠʮʳ ʢʦʦʨʜʠʥʘʪ X,Y ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʦʙʘ ʙʳʣʠ ʦʧʨʝ-
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ʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ A, wr, ŭ, B, wres, ɔ, H, ʚʭʦʜʷʱʠʝ ʚ ʟʘʢʦʥ ʜʚʫʭʯʘ-

ʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦʨʦʙʘ (1). ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ  ʠʩʧʦʣʴʟʦ-

ʚʘʣ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

ʇʦ ʜʘʥʥʳʤ ʧʦʣʫʯʝʥʥʳʤ ʚ Statistica ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ʠʟ-

ʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ X ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʦʙʘ ʥʘ ʨʘʟʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝ-

ʤʝʥʠ (ʨʠʩ.3). ʇʦʩʪʨʦʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʣʠ ʩ ʜʠʘʛʨʘʤ-

ʤʘʤʠ, ʧʦʩʪʨʦʝʥʥʳʤʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʉɸʇʈ Solidworks. ʈʘʩʭʦʞʜʝʥʠʝ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʠʥʪʝʨʚʘʣʘ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 %. ʀʟ ʜʠʘʛʨʘʤʤ (ʨʠʩ. 

3) ʚʠʜʥʦ, ʯʪʦ: 

ï ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ ʚʝʣʠʯʠʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʟʘʢʦʥʝ ʜʚʫʭʯʘʩʪʦʪ-

ʥʳʭ ʚʠʙʨʘʮʠʡ (1) ʫʩʪʦʡʯʠʚʳʡ (ʨʦʙʘʩʪʥʳʡ), ʪʘʢ ʢʘʢ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʦʤ ʚʳ-

ʯʠʩʣʷʶʪʩʷ; 

ï ʢʘʢ ʥʘ ʥʝʙʦʣʴʰʠʭ, ʪʘʢ ʠ ʥʘ ʙʦʣʴʰʠʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ (ʟʘ ʚʨʝʤʷ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʜʣʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦʨʦʙʘ), ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ çʜʝʡ-

ʩʪʚʠʪʝʣʴʥʳʤè ʟʘʢʦʥʦʤ ʢʦʣʝʙʘʥʠʡ ʢʦʨʦʙʘ ʠ ʜʚʫʭʯʘʩʪʦʪʥʳʤ ʥʝ ʧʨʝʚʳ-

ʰʘʝʪ 1 %. 

  
          ʘ                                   ʙ 

ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʳ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʡ ʢʦʨʦʙʘ ʟʘ ʚʨʝʤʷ: 

ʘ ï 1-ʛʦ; ʙ ï 3-ʭ ʤʝʜʣʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦʨʦʙʘ 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

C ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʪʯʠʢʦʚ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ MMA6231Q 2AX 1,5, 

ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʯʝʨʝʟ ʘʥʘʣʦʛʦʚʦ-

ʮʠʬʨʦʚʫʶ ʧʣʘʪʫ ʦʩʮʠʣʣʦʛʨʘʬʘ ADXL202EB-232A ʟ USB ʠʥʪʝʨʬʝʡʩʦʤ 

[2], ʧʦʣʫʯʝʥʳ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʨʦʙʘ. ɼʘʪ-

ʯʠʢʠ ʤʝʨʷʶʪ ʚʠʙʨʦʫʩʢʦʨʝʥʠʝ ʚ ʥʘʧʨʷʞʝʥʠʷʭ (ʚʦʣʴʪʘʭ). ʇʨʝʜʧʦʣʘʛʘ-

ʣʦʩʴ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ U ʤʝʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ʜʚʫʭʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ: 

           
HrezBrA U)ɔtɤcos(U)ŭtɤcos(UU ++Ö++Ö=           (2) 

ʛʜʝ 
AU  ï ʥʘʧʨʷʞʝʥʠʝ ʚʳʟʚʘʥʥʦʝ ʢʦʣʝʙʘʥʠʷʤʠ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ; wr ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ; t ï ʚʨʝʤʷ; ŭ ï ʬʘʟʘ; 
BU  ï ʥʘʧʨʷ-

ʞʝʥʠʝ ʚʳʟʚʘʥʥʦʝ ʢʦʣʝʙʘʥʠʷʤʠ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʰʘʨʦʚ; wres ï ʯʘ-

ʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʘʨʦʚ; ɔ ï ʬʘʟʘ; 
HU  ï ʩʜʚʠʛ ʧʦ ʢʦʦʨʜʠʥʘʪʝ X ʚʳʟʚʘʥ-

ʥʳʡ ʩʠʣʘʤʠ ʪʷʞʝʩʪʠ. 
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ʇʦ ʥʠʤ ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʣʠ ʩ ʜʠʘ-

ʛʨʘʤʤʘʤʠ, ʧʦʩʪʨʦʝʥʥʳʤʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Statistica (ʨʠʩ.5).  

ɺʳʚʦʜʳ: ʧʨʦʚʝʜʝʥʥʳʝ 3D ʠ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʜʠʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʘʢʦʥʘ   ʢʦʣʝʙʘ-

ʪʝʣʴʥʦʛʦ   ʜʚʠʞʝʥʠʷ   ʢʦʨʦʙʘ   ʛʨʦʭʦʪʘ. ɽʝ ʧʨʠʤʝʥʝʥʠʝʤ  

 
ʈʠʩ. 5. ɼʠʘʛʨʘʤʤʳ ʚʠʙʨʦʫʩʢʦʨʝ-

ʥʠʡ ʢʦʨʦʙʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ hʠʨʦ-

ʢʦʡ ʦʙʣʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ ʰʘʨʦʚʦʡ ʘʚʪʦʙʘʣʘʥʩʠʨ 

ʨʘʙʦʪʘʝʪ ʢʘʢ ʜʚʘ ʦʪʜʝʣʴʥʳʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʚʠʙʨʦʚʦʟʙʫʜʠ-

ʪʝʣʷ. ɺ ʧʝʨʚʦʤ ʚʠʙʨʦʚʦʟʙʫʜʠ-

ʪʝʣʝ ʰʘʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦ-

ʤʝʨʥʦ ʚʨʘʱʘʶʪʩʷ ʩ ʨʝʟʦʥʘʥʩ-

ʥʦʡ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ ʢʦ-

ʨʦʙʘ, ʧʨʠʯʝʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʝʛʦ ʟʘʛʨʫʟʢʠ   ʰʘʨʳ   ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ  

ʧʦʜʩʪʨʘʠʚʘʶʪʩʷ ʧʦʜ ʵʪʫ ʯʘʩʪʦʪʫ, ʯʝʤ ʚʦʟʙʫʞʜʘʶʪ ʤʝʜʣʝʥʥʳʝ ʨʝʟʦ-

ʥʘʥʩʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʨʦʙʘ ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ. ɺʦ ʚʪʦʨʦʤ ʚʠʙʨʦʚʦʟ-

ʙʫʜʠʪʝʣʝ ʤʘʩʩʘ ʥʘ ʢʦʨʧʫʩʝ ʘʚʪʦʙʘʣʘʥʩʠʨʘ ʚʦʟʙʫʞʜʘʝʪ ʙʳʩʪʨʳʝ ʢʦʣʝʙʘ-

ʥʠʷ ʢʦʨʦʙʘ ʩ (ʣʶʙʦʡ) ʪʝʢʫʱʝʡ ʟʘʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦ-

ʪʦʨʘ. 

ʇʨʠ ʵʪʦʤ ʘʤʧʣʠʪʫʜʘ ʤʝʜʣʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦʨʦʙʘ ʧʨʷʤʦʧʨʦʧʦʨʮʠ-

ʦʥʘʣʴʥʘ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʝ ʰʘʨʦʚ, ʘ ʘʤʧʣʠʪʫʜʘ ʙʳʩʪʨʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʷ-

ʤʦʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʝʙʘʣʘʥʩʫ ʥʘ ʢʦʨʧʫʩʝ ʘʚʪʦʙʘʣʘʥʩʠʨʘ. 

ʃʠʪʝʨʘʪʫʨʘ  
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼʋ ʈʋʍʆʄʀʍ ʂʃɯʊʀʅʅʀʍ 

ɸɺʊʆʄɸʊɯɺ ɼʃʗ ʈɽɸʃɯɿɸʎɯɰ ʉʎɽʅɸʈɯʖ ʌʆʈʄʋɺɸʅʅʗ 

ʄɸʂʈʆʉʊʈʋʂʊʋʈʀ ʄɽʊɸʃɯɺ ɯ ʉʇʃɸɺɯɺ ʇɯɼ ɺʇʃʀɺʆʄ 

ɻɸɿʆɼʀʅɸʄɯʏʅʆɻʆ ʊʀʉʂʋ 

ʉʝʣʽʚʴʦʨʩʪʦʚʘ ʊ.ɺ., ʉʠʪʥʠʢ ɺ.ɯ. 

ʅʘʮʽʦʥʘʣʴʥʘ ʤʝʪʘʣʫʨʛʽʡʥʘ ʘʢʘʜʝʤʽʷ ʋʢʨʘʾʥʠ 

 

ɺʽʜʦʤʦ, ʱʦ ʦʜʥʽʻʶ ʟʽ ʩʢʣʘʜʦʚʠʭ ʫʩʧʽʰʥʦʛʦ ʧʨʦʩʫʚʘʥʥʷ ʥʘ ʨʠʥʢʫ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʥʘʫʢʦʤʽʩʪʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʤʘʢʩʠʤʘʣʴʥʝ ʫʩʫʥʝʥʥ ̫

ʩʢʣʘʜʥʦʩʪ ̔ʩʧʨʠʡʥʷʪʪʷ ʩʫʪʥʦʩʪʽ ʥʦʚʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʅʘʫʢʦ-

ʚʮʷʤʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʘ 

ʫʩʧʽʰʥʦ ʚʧʨʦʚʘʜʞʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʝʪʘʣ ʫ 

ʣʠʚʘʨʥʽʡ ʬʦʨʤʽ [1, 2]. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʜʝʢʽʣʴʢʘ ʧʨʦʩʪʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʪʝʭʥʦʣʦʛʘʤ ʷʢʽ-

ʩʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʧʝʚʥʽ ʥʶʘʥʩʠ ʧʝʨʝʙʽʛʫ ʜʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

[3, 4]. ʉʢʣʘʜʥʦʱ ̔ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽ ʾʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʨʦʙʫ ʚʠ-

ʥʠʢʘʶʪʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʟ ʧʨʠʯʠʥʠ ʚʽʜʩʫʪʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʜʠʩʢʨʝʪʥʦ-ʙʝʟʧʝʨʝʨʚʥʫ ʩʪʨʫʢʪʫʨʫ ʦʙôʻʤʫ ʣʠ-

ʪʦʛʦ ʤʝʪʘʣʫ. ʈʦʟʨʦʙʣʝʥʘ ʢʦʤʧʣʝʢʩʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʩʧʝ-

ʮʠʬʽʢʫ ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫ ʤʝʪʘʣʽ ʧʽʜ ʯʘʩ ʜʽʾ ʛʘʟʦʜʠ-

ʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ, ʚʦʥʘ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʙʘʟʠʩʽ ʨʫʭʣʠʚʠʭ ʢʣʽʪʠʥʥʠʭ ʘʚʪʦ-

ʤʘʪʽʚ [5, 6] ʽ ʧʦʪʨʝʙʫʻ ʘʜʝʢʚʘʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʪʦʤʫ ʨʦʟʨʦʙʢʘ ʾʾ ʘʥʽ-

ʤʦʚʘʥʦʛʦ ʩʮʝʥʘʨʽʶ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʇʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʘʥʽʤʦʚʘʥʠʭ ʩʮʝʥʘʨʽʾʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ-

ʙʫʚʘʶʪʴ ʦʩʦʙʣʠʚʫ ʟʥʘʯʫʱʽʩʪʴ ʚ ʫʤʦʚʘʭ ʢʦʥʢʫʨʝʥʮʽʾ ʩʫʯʘʩʥʠʭ ʫʢʨʘʾʥʩʴ-

ʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ. ʉʮʝʥʘʨʽʾ, ʱʦ ʘʜʝʢʚʘʪʥʦ ʪʘ ʽʥʬʦʨʤʘ-

ʪʠʚʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʘ ʡ ʬʽʟʠʢʫ ʡʦʛʦ 

ʧʝʨʝʙʽʛʫ ʩʪʚʦʨʶʶʪʴ ʢʦʥʢʫʨʝʥʪʥʽ ʧʝʨʝʚʘʛʠ ʜʣʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʩʮʝʥʘʨʽʶ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ ʧʽʜ ʚʧʣʠʚʦʤ 

ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ, ʷʢʠʡ ʛʝʥʝʨʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʨʫʭʦʤʠʭ ʢʣʽʪʠʥʥʠʭ 

ʘʚʪʦʤʘʪʽʚ, ʙʫʣʦ ʦʙʨʘʥʦ ʩʝʨʝʜʦʚʠʱʝ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ Blender 

[7 ï 9]. ʊʘʢʠʡ ʚʠʙʽʨ ʦʙʫʤʦʚʣʝʥʠʡ ʚʽʜʢʨʠʪʽʩʪʶ ʾʾ ʧʦʰʠʨʝʥʥʷ, ʥʘʷʚʥʽʩʪʶ 

ʟʘʩʦʙʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʥʽʤʘʮʽʾ, ʨʝʥʜʝʨʠʥʛʫ, ʧʦʩʪʦʙʨʦʙʢʠ, ʤʦʥʪʘʞʫ, ʤʦ-

ʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʚʫʢʫ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ Blender ʻ ʩʚʦʻʨʽʜʥʠʤ 

ʩʪʘʥʜʘʨʪʦʤ ʨʦʟʨʦʙʢʠ ʪʨʠʚʠʤʽʨʥʦʾ ʘʥʽʤʘʮʽʾ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʟ 

3DS Max ʽ Maya, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʥʘʯʥʦʶ ʚʘʨʪʽʩʪʶ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Blender ʨʦʟʨʦʙʣʝʥʠʡ ʘʥʽʤʦʚʘʥʠʡ ʩʮʝʥʘʨʽʡ, ʱʦ ʚʽ-

ʟʫʘʣʽʟʫʻ ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ ʪʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʛʽ-
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ʜʥʦ ʢʦʤʧʣʝʢʩʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʩʧʝʮʠʬʽʢʫ ʫʪʚʦ-

ʨʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫ ʤʝʪʘʣʽ ʧʽʜ ʯʘʩ ʜʽʾ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ 

ʪʠʩʢʫ. 
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ɺʀʂʆʅʋɺɸʅʀʍ ʈʆɹɯʊ 

ʆ.ɺ. ɿʘʨiʮʴʢʠʡ, ʇ.ʄ. ʇʘʚʣʝʥʢʦ, ɺ.ɺ. ʉʫʜʽʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ʉʴʦʛʦʜʥʽ ʩʫʩʧʽʣʴʩʪʚʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʨʦʟʽ ʯʝʪʚʝʨʪʦʾ ʽʥʜʫʩʪʨʽʘʣʴʥʦʾ 

ʨʝʚʦʣʶʮʽʾ. ʈʦʟʚʠʪʦʢ ʽʥʞʝʥʝʨʥʠʭ ʥʘʫʢ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ 

ʩʬʝʨʽ ʛʝʥʝʪʠʢʠ, ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, ʪʝ-

ʭʥʦʣʦʛʽʡ 3D ʜʨʫʢʫ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʶʶʪʴ ʦʜʥʘ ʦʜʥʫ ʪʘ ʧʨʠʩʢʦ-

ʨʶʶʪʴ ʧʨʦʮʝʩʠ ʽʥʥʦʚʘʮʽʡ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʩʽ 

ʮʽ ʧʨʦʮʝʩʠ ʨʝʚʦʣʶʮʽʡʥʠʭ ʟʤʽʥ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʢʣʘʜʘʶʪʴ 

ʦʩʥʦʚʫ ʜʣʷ ʽʥʜʫʩʪʨʽʘʣʴʥʦʾ ʨʝʚʦʣʶʮʽʾ ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ʪʘ ʛʣʠʙʦʢʦʾ ʥʽʞ ʚʽ-

ʜʙʫʚʘʣʠʩʷ ʚ ʧʦʧʝʨʝʜʥʽ ʜʝʩʷʪʠʣʽʪʪʷ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʧʝʨʝʛʣʷʜʫ ʬʦʨʤʠ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʪʘ ʟʤʽʩʪʫ ʨʦʙʦʪʠ ʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʥ ʫ 

ʩʠʩʪʝʤʘʭ ʦʧʣʘʪʠ ʧʨʘʮʽ, ʜʝ ʢʣʶʯʦʚʦʶ ʪʝʥʜʝʥʮʽʻʶ ʙʫʜʝ ʧʝʨʝʭʽʜ ʜʦ ʥʝʪʘ-

ʨʠʬʥʠʭ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʠʭ ʥʘ ʦʮʽʥʮʽ ʩʢʣʘʜʥʦʩʪʽ ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ. ʊʘʢ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʦʧʨʦʝʢʪʫ ʚʽʜ 15.09.2016 ʨ. ˉ5130 çʇʨʦ ʚʥʝʩʝʥʥʷ 

ʟʤʽʥ ʜʦ ʜʝʷʢʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ ʋʢʨʘʾʥʠè ʚʥʦʩʷʪʴʩʷ ʟʤʽʥʠ ʚ ʥʠʟʢʫ ʟʘ-

ʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ ʱʦʜʦ ʦʮʽʥʢʠ ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʅʘʡʩʫʪʪʻʚʽʰʘ ʟʤʽʥʘ ʩʪʦʩʫʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷ ʩʠʩʪʝʤ ʦʧʣʘʪʠ ʧʨʘʮʽ ʪʘ ʧʝ-

ʨʝʭʽʜ ʚʽʜ ʪʘʨʠʬʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʽʥʰʠʭ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʦʮʽʥʢʘʭ ʩʢʣʘ-

ʜʥʦʩʪʽ ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ ʽ ʢʚʘʣʽʬʽʢʘʮʽʾ ʧʨʘʮʽʚʥʠʢʽʚ.  

ʋ ʜʘʥʠʭ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʢʦʥʮʝʧʮʽʡ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʩʪʘ-

ʶʪʴ ʘʢʪʫʘʣʴʥʠʤʠ ʪʘ ʚʠʭʦʜʷʪʴ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʟʘʜʘʯʽ ʨʦʟʨʦʙʢʠ ʽʥʪʝʣʝʢ-

ʪʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʘʥʘʣʽʪʠʯʥʦʾ ʦʮʽʥʢʠ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴ-

ʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʾʭ ʽʥʪʝʛʨʘʮʽʷ ʟ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʧʽʜʧʨʠ-

ʻʤʩʪʚʘ. 

ʅʘʫʢʦʚʽ ʨʦʟʨʦʙʢʠ ʚʯʝʥʠʭ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʪʘʢʠʭ 

ʷʢ: Wilson M., Harvey R.J, Lozada-Larsen S.R., Peterson N.G., Barman 

W.G, Fleishman E.A, Mumford M.D., Jeanneret P.R, Fine S.A, Wiley W.W., 

ɯ.ɼʞ. ʄʘʢʢʦʨʤʽʢ ʪʘ ʽʥ. [1-5] ʱʦʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʧʽʜʪʨʠʤʢʠ ʘʥʘʣʽʟʫ 

ʨʦʙʽʪ (job analysis) ʙʫʣʠ ʩʧʨʷʤʦʚʘʥʽ ʙʽʣʴʰʝ ʥʘ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ ʦʙʨʦ-

ʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʥʘ ʬʦʨʤʘʣʽʟʘʮʽʶ ʚʠʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʦʬʝʩʽʡ, ʷʢʽ 

ʧʽʜʣʷʛʘʣʠ ʦʮʽʥʮʽ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʫ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ: PAQ, CMQ, FJA, JEI, FJAS, 

MOSAIC, OAI, WPS, CODAP, PMPQ, Executive Checklist, 0*NET. 
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ɺ ʨʦʙʦʪʽ [6] ʘʚʪʦʨʘʤʠ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʘ ʩʪʨʫʢʪʫʨʥʘ ʤʦʜʝʣʴ ʧʨʦ-

ʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʟʨʦʙʣʝʥʦ ʘʥʘʣʽʟ ʾʾ ʩʢʣʘʜʦʚʠʭ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʦʙʫ-

ʜʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʦʜʝʣʴ ʪʘ ʥʘ ʾʾ ʦʩʥʦʚʽ ʨʦʟʛʣʷʥʫʪʠ ʪʘ 

ʚʠʟʥʘʯʠʪʠʩʷ ʟ ʧʽʜʭʦʜʘʤʠ ʱʦʜʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʦʬʝʩʽʡʥʦʾ 

ʜ̔ ʷʣʴʥʦʩʪʽ, ʷʢʽ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʚ ʨʦʙʦʪʘʭ [7-8].  ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, 

ʷʢʘ ʦʧʠʩʫ ̒ʩʫʪʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʨʦʬʝʩʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʨʦʟʨʦʙʣʝʥʠʭ ʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [9] ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠ-

ʛʣʷʜʽ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʤʘʪʨʠʮʝʶ A ʨʦʟʤʽʨʥʦʩʪʽ m x n  (1): 
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ʜʝ ʘ11 ï ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʽ A, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʦʮʽʥʢʫ ʘʪʨʠʙʫʪʫ ʩʫʪʥʦ-

ʩʪʽ; 

m, n ï ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ (ʟʘʜʘʯ) ʪʘ ʘʪʨʠʙʫʪʽʚ ʩʫʪʥʦʩʪʝʡ ʤʦʜʝʣʽ ʚ ʤʝ-

ʞʘʭ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

ʆʮʽʥʢʘ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ (ʟʘʜʘʯʽ) ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʦʮʽ-

ʥʦʢ ʟʘ ʚʩʽʤʘ ʘʪʨʠʙʫʪʘʤʠ ʜʣʷ ʜʘʥʦʾ ʦʧʝʨʘʮʽʾ (2): 
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ʜʝ 
ija~  ï ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʽ  A, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʦʮʽʥʢʫ ʘʪʨʠʙʫʪʫ ʩʫʪ-

ʥʦʩʪʽ ʜʣʷ ʧʝʚʥʦʾ ʦʧʝʨʘʮʽʾ ,̔  ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʽʜʥʦʩʥʽʡ ʰʢʘʣʽ (3): 

max

~

ij

ij
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a
a = ,                                               (3) 

ʜʝ 
maxija  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ  ̔ï ʛʦ ʘʪʨʠʙʫʪʫ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʢʦʞʥʘ  ̔ʦʧʝʨʘʮʽʷ (ʟʘʜʘʯʘ) ʤʘʻ ʩʚʦʶ ʚʘʛʫ ʚ 

ʨʘʤʢʘʭ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʚʝʜʝʤʦ ʟʚʘʞʝʥʫ ʦʮʽʥʢʫ ʦʧʝʨʘʮʽʾ (ʟʘ-

ʜʘʯʽ), ʷʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ ʩʫʤʘʨʥʦʾ ʦʮʽʥʢʠ ʦʧʝʨʘʮʽʾ 

ʥʘ ʾʾ ʚʘʛʫ (4): 
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ʆʮʽʥʢʘ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʩʝ-

ʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʦʮʽʥʦʢ, ʦʪʨʠʤʘʥʠʭ ʢʦʞʥʦʶ ʦʧʝʨʘʮʽʻʶ (ʟʘʜʘ-

ʯʝʶ) (5): 
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ɺʽʜʧʦʚʽʜʥʦ ʚʠʨʘʟ ʜʣʷ ʟʚʘʞʝʥʦʾ ʦʮʽʥʢʠ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ ʫʨʘ-

ʭʫʚʘʥʥʷʤ (4) ʧʨʠʡʤʝ ʚʠʛʣʷʜ (6): 
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 ʇʨʘʢʪʠʯʥʘ ʘʧʨʦʙʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ï ʤʝʪʦʜʦʣʦʛʽʾ 

ʘʥʘʣʽʪʠʯʥʦʾ ʦʮʽʥʢʠ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʜʣʷ ʨʽʟʥʦʤʘ-

ʥʽʪʥʠʭ ʧʨʦʬʝʩʽʡ ʟ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʩʬʝʨʠ ʦʙʩʣʫʛʦʚʫ-

ʚʘʥʥʷ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʬʝʩʽʡ (ʨʦʙʽʪ) - ʚʠʙʽʨʢʘ, ʟʘʣʫʯʝʥʠʭ ʜʦ ʘʧʨʦ-

ʙʘʮʽʾ, ʩʪʘʥʦʚʠʣʘ 101 h ʪ., ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ 850 ʫʥʽʢʘʣʴʥʠʭ ʦʧʝʨʘ-

ʮʽʡ (ʟʘʜʘʯ) ʜʣʷ ʘʥʘʣʽʟʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʦʮʽʥʢʠ 

ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʟʜʽʡʩʥʝʥʦ ʚʽʜʧʦʚʽʜʥʝ ʨʘʥʞʠʨʫʚʘʥʥʷ (ʪʘʙʣ.1, 

ʬʨʘʛʤʝʥʪ). 

ʊʘʙʣʠʮʷ 1. 

ʇʦʩʘʜʘ (ʧʨʦʬʝʩʽʷ) ʆʮʽʥʢʘ ʈʘʥʛ 

ɼʠʨʝʢʪʦʨ ʧʽʜʧʨʠʻʤʩʪʚʘ 13,296 14 

ʅʘʯʘʣʴʥʠʢ ʮʝʭʫ 9,128 12 

ʄʝʥʝʜʞʝʨ ʽʟ ʟʙʫʪʫ 6,631 10 

é é é 

ʇʨʦʜʘʚʝʮʴ ʧʨʦʜʦʚʦʣʴʯʠʭ ʪʦʚʘʨʽʚ (5ʨʦʟʨʷʜ) 6,301 10 

ɸʜʤʽʥʽʩʪʨʘʪʦʨ ʛʦʪʝʣʶ 5,562 9 

é é é 

ɹʫʭʛʘʣʪʝʨ (ʧʝʨʚʠʥʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ) 5,061 9 

ɼʠʩʧʝʪʯʝʨ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 3,550 7 

ʉʝʢʨʝʪʘʨ ʢʝʨʽʚʥʠʢʘ 2,600 5 

é é é 

ʇʨʠʙʠʨʘʣʴʥʠʢ ʩʣʫʞʙʦʚʠʭ ʧʨʠʤʽʱʝʥʴ 1,129 1 
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ʪʶʢʘ 

 
ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦ - ʜʦʩʣʽʜʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʠʱʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ, ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ ʧʘ-

ʨʘʤʝʪʨʽʚ ʥʘʫʢʦʚʦ ï ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʰʣʷʭʦʤ ʧʦʩʪʽʡʥʦʛʦ ʧʦ-

ʛʣʠʙʣʝʥʥʷ ʥʝʨʦʟʨʠʚʥʦʛʦ ʟʚôʷʟʢʫ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʽʚ ʥʘʫʢʦʚʠʭ ʜʦ-

ʩʣʽʜʞʝʥʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʧʨʘʚʥʦʾ ʫʯʘʩʪʽ ɺʅɿ ʚ ɹʦʣʦʥʩʴʢʦʤʫ 

ʧʨʦʮʝʩʽ, ʚʭʦʜʞʝʥʥʷ ʜʦ ʻʜʠʥʦʛʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʦʩʚʽʪʥʴʦʛʦ ʪʘ ʥʘʫʢʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ. 

ʄʦʥʽʪʦʨʠʥʛʦʚʘ ʦʮʽʥʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘʫʢʦʚʦ-

ʧʝʜʘʛʦʛʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʽʚ ʟʘ 

ʪʘʢʠʤʠ ʥʘʧʨʷʤʘʤʠ:  

ī ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʥʘʫʢʦʚʘ ʨʦʙʦʪʘ;  

ī ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʨʦʙʦʪʘ;  

ī ʽʥʰʽ ʚʠʜʠ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ;  

ī ʢʦʥʩʘʣʪʠʥʛʦʚʘ ʜʽʷʣʴʥʽʩʪʴ.  

ɺʠʢʣʘʜʘʯʽ ʢʘʬʝʜʨ ɺʅɿ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ, ʥʘʫʢʦ-

ʚʦʾ, ʚʠʭʦʚʥʦʾ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʨʦʙʽʪ. ʆʩʥʦʚʥʽ ʚʠʜʠ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʚʠʢʣʘ-

ʜʘʯʽʚ ʚʠʟʥʘʯʝʥʽ ʅʘʢʘʟʦʤ ʄʽʥʽʩʪʝʨʩʪʚʘ ʩʚʽʪʠ ʽ ʥʘʫʢʠ N 450 (z0698-02).  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʘʢʪʫʘʣʴʥʠʤʠ ʩʪʘʶʪʴ ʪʘʢʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦ ʥʘʫʢʦʚʽʡ 

ʜʽʷʣʴʥʦʩʪʽ ʚʠʢʣʘʜʘʯʽ, ʷʢ: 

ī ɺʠʜʘʥʥʷ ʧʫʙʣʽʢʘʮʽʡ ʽ ʥʘʫʢʦ-ʤʝʪʨʠʯʥʠʭ ʙʘʟʘʭ ʨʽʟʥʦʛʦ ʨʽʚʥʷ.  

ī ʆʧʫʙʣʽʢʫʚʘʥʥʷ ʧʫʙʣʽʢʘʮʽʡ ʫ ʟʘʨʫʙʽʞʥʠʭ ʚʠʜʘʥʥʷʭ 

ī ʅʘʷʚʥʽʩʪʴ ʮʠʪʫʚʘʥʴ 

ī ɺʠʟʥʘʯʝʥʥʷ h-index 

ɯʟ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʚʪʦʤʘʪʠʟʘ-

ʮʽʾ ʢʦʥʪʨʦʣʶ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʠʢʣʘʜʘʯʽʚ ʢʘʬʝʜʨ. 

ʊʦʤʫ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʦ ʨʦʟʨʦʙʢʘ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʽʥʪʝʣʝʢ-

ʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʫʯʘʩʪʽ ʚʠʢʣʘʜʘʯʽʚ ʫ ʥʘʫʢʦʚʽʡ 

ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʨʦʟʜʽʣʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʨʦʟʨʦʙʠʪʠ ʘʚʪʦʤʘʪʠʟʦ-

ʚʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʩʠʩʪʝʤʫ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʢʘ-

ʬʝʜʨʠ. 

http://zakon2.rada.gov.ua/laws/show/z0698-02
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ʉʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʥʦʩʪʽ ʟ ʥʘʫ-

ʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʢʘʬʝʜʨʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʦ-

ʜʘʥʥʷ ʟʚʽʪʥʦʩʪʽ. ʊʘʢʦʞ ʥʘ ʧʨʦʪʷʟʽ ʤʽʞ ʟʚʽʪʥʦʛʦ ʧʝʨʽʦʜʫ ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘ-

ʯʘʪʠ ʥʘʫʢʦʚʫ ʜʽʷʣʴʥʽʩʪʴ ʢʦʞʥʦʛʦ ʚʠʢʣʘʜʘʯʘ ʚ ʨʦʟʨʽʟʽ ʜʽʷʣʴʥʦʩʪʽ 

ʧʽʜʨʦʟʜʽʣʫ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʥʘʩʪʫʧʥʽ 

ʝʪʘʧʠ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ: 

ī ʈʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ 

ī ɺʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ī ʈʦʟʨʦʙʣʝʥʥʷ ʤʦʜʫʣʷ ʫʧʨʘʚʣʽʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʪʘ ʾʭ ʩʠʩʪʝʤʥʠʤʠ 
ʨʦʣʷʤʠ 

ī ʧʦʙʫʜʦʚʘ ʜʽʘʛʨʘʤʠ ʧʨʝʮʝʜʝʥʪʽʚ 

ī ʇʦʙʫʜʦʚʘ ʜʽʘʛʨʘʤʠ ʢʣʘʩʽʚ. 

ī ʉʭʝʤʘ ʙʘʟʠ ʜʘʥʠʭ ʩʠʩʪʝʤʠ 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʉʪʨʫʢʪʫʨʘ, 

ʷʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʽʻʨʘʨʭʽʯʥʦʛʦ (ʜʝʨʝʚʦʧʦʜʽʙʥʦʛʦ) ʪʠʧʫ (ʨʠʩ. 1): 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ 

ʃʽʪʝʨʘʪʫʨʘ 

ɹʦʧʢʦ ɯ.ɿ. ʅʘʫʢʦʚʘ ʜʽʷʣʴʥʽʩʪʴ ʚʠʢʣʘʜʘʯʘ ʚʠʱʦʾ ʰʢʦʣʠ ʚ ʫʤʦʚʘʭ ʙʦʣʦʥ-

ʩʴʢʦʛʦ ʧʨʦʮʝʩʫ // ɺʽʩʥʠʢ ʅɸɼʇʉʋ. ï 2014. ï Ї 4. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝ-

ʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: file://Vnadps_2014_4_5.pdf. 

 

ʋɼʂ 621.771.685.5 

ʄʆɼɽʃʖɺɸʅʅʗ ʉʀʉʊɽʄ ʊɽʍʅʆʃʆɻɯʏʅʆɰ 

ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʇʈʆʂɸʊʅʆɰ ʃɯʅɯɰ ʉʆʈʊʆɺʆɻʆ ʉʊɸʅɸ 

ɺ.ʄ. ʂʫʚʘʻʚ, ʆ.ʆ. ɹʦʡʢʦ, ɼ.ʆ. ɹʝʰʪʘ, ʅ.ʆ. ʅʦʚʦʜʨʘʥʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʛʽʨʥʠʯʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ʉʦʨʪʦʚʠʡ ʧʨʦʢʘʪ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʤʘʩʦʚʠʭ ʚʠʜʽʚ ʧʨʦʢʘʪʥʦʾ ʧʨʦ-

ʜʫʢʮʽʾ ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʚ ʋʢʨʘʾʥʽ. ʅʘ ʧʦʪʦʯʥʠʡ ʯʘʩ ʧʨʘʢʪʠʯʥʦ ʚʝʩʴ ʦʙ-

file://///Vnadps_2014_4_5.pdf
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ʩʷʛ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʧʨʦʢʘʪʥʽ ʩʪʘʥʠ, ʱʦ ʙʫʣʠ ʟʙʫʜʦ-

ʚʘʥʽ ʚ ʩʝʨʝʜʠʥʽ ʽ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. ʊʦʤʫ ʧʦʰʫʢ ʨʽ-

ʰʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʾʭʥʴʦʾ ʧʨʦʜʫʢʮʽʾ ʫ ʩʫ-

ʯʘʩʥʠʭ ʫʤʦʚʘʭ ʻ ʘʢʪʫʘʣʴʥʠʤ. ɸʣʝ ʧʨʦʚʦʜʠʪʠ ʩʢʽʣʴʢʠ-ʥʝʙʫʜʴ ʘʢʪʠʚʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʥʘ ʪʘʢʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʘʭ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʽ ʻʜʠʥʠʤ ʰʣʽʭʦʤ 

ʧʦʧʝʨʝʜʥʴʦʾ ʾʭ ʧʝʨʝʚʽʨʢʠ ʻ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʇʦʦʧʝʨʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʦʢʘʪʥʦʾ ʣʽʥʽʾ ʢʣʽʪʝʡ 

ʧʦʢʘʟʫʻ, ʱʦ ʩʪʨʫʢʪʫʨʥʦ ʚʩʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʨʦʢʘʪʥʠʭ ʣʽʥʽʡ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʜʦʩʪʘʪʥʴʦ ʦʙʤʝʞʝʥʠʭ ʪʠʧʦʚʠʭ ʦʧʝʨʘ-

ʮʽʡ, ʘ ʩʘʤʝ ï ʦʙʨʦʙʮʽ ʤʝʪʘʣʘ ʪʠʩʢʦʤ, ʨʦʟʨʽʟʘʥʥʶ ʧʨʦʢʘʪʫ ʪʘ ʟʤʦʪʫʚʘʥʥʶ 

ʧʨʦʢʘʪʫ ʟ ʥʘʪʷʛʦʤ. ʂʦʞʥʘ ʟ ʮʠʭ ʦʧʝʨʘʮʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʢʨʝʤʦʶ/ʦʢʨʝ-

ʤʠʤʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʯʝʨʝʟ 

ʧʨʦʢʘʪ.  

ʉʘʤʽ ʧʦ ʩʝʙʝ ʤʦʜʝʣʽ ʦʢʨʝʤʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʦʧʠʩʫʶʪʴʩʷ 

ʜʦʙʨʝ ʚʽʜʦʤʠʤʠ ʤʦʜʝʣʷʤʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟ ʦʜʥʦʤʘʩʦʚʠʤʠ ʤʝʭʘʥʽʯ-

ʥʠʤʠ  ʩʠʩʪʝʤʘʤʠ. ʊʦʤʫ ʥʘʡʙʽʣʴʰʫ ʩʢʣʘʜʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʻ ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʤʦʜʝʣʴ. 

ɺ ʷʢʦʩʪʽ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ï ʧʨʦʮʝʩʫ ʦʜʥʦʥʠʪʢʦʚʦʾ 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʧʨʦʢʘʪʢʠ, ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʤʦʜʝʣʴ, ʱʦ ʦʧʠʩʘʥʘ ʚ ʨʦʙʦʪʘʭ [1, 

2]. ɺʦʥʘ ʚʢʣʶʯʘʻ ʨʷʜ ʪʠʧʦʚʠʭ ʙʣʦʢʽʚ, ʱʦ ʤʦʜʝʣʶʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ, ʢʽʥʝ-

ʤʘʪʠʯʥʽ ʽ ʝʥʝʨʛʦʩʠʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʢʘʪʢʠ ʚ ʢʣʽʪʷʭ ʽ ʩʪʘʥ ʤʝʪʘʣʫ ʫ ʤʽ-

ʞʢʣʽʪʴʦʚʠʭ ʧʨʦʤʽʞʢʘʭ 

ɼʘʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ: 

ï ʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩ ʧʨʦʢʘʪʢʠ ʦʜʥʦʯʘʩʥʦ ʫ ʚʩʽʭ ʢʣʽʪʷʭ ʯʦʨʥʦʚʦʾ ʽ 

ʯʠʩʪʦʚʦʾ ʛʨʫʧ ʢʣʽʪʝʡ; 

ï ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʙʫʨʝʥʴ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʢʦʣʠʚʘʥ-

ʥʷʤʠ ʨʦʟʤʽʨʽʚ ʧʝʨʝʪʠʥʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʛʦʪʦʚʢʠ; 

ï ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʛʦʣʦʚʥʠʭ ʧʨʠʚʦʜʽʚ ʢʣʽʪʝʡ 

ʥʘ ʤʽʞʢʣʽʪʴʦʚʽ ʟʫʩʠʣʣʷ.  

ʎʷ ʤʦʜʝʣʴ ʙʫʣʘ ʜʦʧʦʚʥʝʥʘ ʤʦʜʝʣʣʶ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʨʝ-

ʛʫʣʶʚʘʥʥʷ ʟʘʟʦʨʫ ʤʽʞ ʚʘʣʢʘʤʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʤʦʜʝʣʶʚʘʪʠ ʩʠʩʪʝʤʫ ʫʧ-

ʨʘʚʣʽʥʥʷ ʜʦʚʞʠʥʦʶ ʧʨʦʢʘʪʫ ʥʘ ʚʠʭʦʜʽ ʧʨʦʢʘʪʥʦʾ ʣʽʥʽʾ ʢʣʽʪʝʡ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʞʦʨʩʪʢʦʩʪʽ ʧʝʨʝʪʠʥʫ ʧʨʦʢʘʪʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʽʞ-

ʢʣʽʪʴʦʚʦʛʦ ʥʘʪʷʛʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʞʦʨʩʪʢʦʛʦ ʩʪʨʠʞʥʷ, ʘʙʦ ʤʦ-

ʜʝʣʴ ʙʘʣʢʠ ʟ ʜʚʦʤʘ ʦʧʦʨʘʤʠ, ʘʙʦ ʛʥʫʯʢʦʾ ʥʠʪʽ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʤʽʞʢʣʽʪʴʦʚʠʭ ʟʫʩʠʣʴ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʤʝʪʘʣʫ ʥʘ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʨʦʢʘʪʫ. 

ʊʘʢʘ ʤʦʜʝʣʴ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʧʝʨʝʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʦʢʘʪʫ ʧʦ ʡʦʛʦ ʜʦʚʞʽʥʽ. ɿʘ ʥʝʶ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʪʷʞʥʽʩʪʴ ʧʝʨʝʜʥʴʦʾ ʽ ʟʘʜʥʴʦʾ ʜʽʣʷʥʦʢ 
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ʧʨʦʢʘʪʫ, ʥʘ ʷʢʠʭ ʟʤʽʥʶʻʪʴʩʷ ʨʦʟʤʽʨʠ ʧʝʨʝʪʠʥʫ ʪʘ ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʧʨʘ-

ʚʠʣʘ ʫʧʨʘʚʣʽʥʥʷ ʜʦʚʞʠʥʦʶ ʧʨʦʢʘʪʫ ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ ʧʨʦʢʘʪʥʠʭ ʢʣʽʪʝʡ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʨʽʟʘʥʥʷ ʧʨʦʢʘʪʫ ʜʚʦʙʘʨʘʙʘʥʥʠʤʠ ʣʝʪʶ-

ʯʠʤʠ ʥʦʞʠʮʷʤʠ ʨʦʟʨʦʙʣʝʥʦ ʝʥʝʨʛʦʩʠʣʦʚʘ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʥʦʞʽʚ ʟ ʧʨʦ-

ʢʘʪʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʫʩʠʣʴ ʨʦʟʨʽʟʘʥʥʷ, ʪʘʢ ʽ ʧʦʟʜʦʚ-

ʞʥʽʭ ʟʫʩʠʣʴ ʚʟʘʻʤʦʜʽʾ ʥʦʞʽʚ ʟ ʧʨʦʢʘʪʦʤ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʦʜʝʣʽ ʤʽʞʢʣʽ-

ʪʴʦʚʦʾ ʚʟʘʻʤʦʜʽʾ, ʷʢʘ ʥʦʩʠʪʴ ʢʚʘʟʽʩʪʘʪʠʯʥʠʡ ʚʠʛʣʷʜ, ʮʷ ʤʦʜʝʣʴ ʦʧʠʩʫʻ ʽ 

ʜʠʥʘʤʽʢʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʭʚʠʣʽ ʚ ʧʨʦʢʘʪʽ ʧʨʠ ʟʘʛʣʠʙ-

ʣʝʥʥʽ ʚ ʥʴʦʛʦ ʥʦʞʽʚ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʧʨʦʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩ ʧʽʜʛʠʥʘʥʥʷ 

ʢʽʥʮʽʚʦʢ ʧʨʦʢʘʪʫ, ʷʢʠʡ ʻ ʧʝʨʝʜʫʤʦʚʦʶ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʽ 

ʧʦʨʫʰʝʥʴ ʩʪʘʣʦʛʦ ʨʝʞʠʤʫ ʧʨʦʢʘʪʢʠ. 

ʑʝ ʦʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ, ʱʦ ʚʠʨʽʰʫʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʙʫʚ ʧʦʰʫʢ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʧʦʣʽʧʰʝʥʥʶ ʧʨʦʮʝʩʫ ʟʤʦʪʫ-

ʚʘʥʥʷ ʧʨʦʢʘʪʫ ʥʘ ʤʦʪʘʣʢʘʭ ʪʠʧʫ ɻʘʨʨʝʪʘ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʦʜʝʣʴ ʟʤʦʪʫʚʘʥʥʷ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʜʠʥʘʤʽʯʥʫ ʟʤʽʥʫ ʜʦʚ-

ʞʠʥʠ ʧʨʦʢʘʪʫ ʥʘ ʜʽʣʷʥʮʽ ʚʠʧʫʩʢʥʘ ʢʣʽʪʴ - ʤʦʪʘʣʢʘ ʪʘ ʟʤʽʥʫ ʥʘ ʥʽʡ ʩʠʣʠ 

ʪʝʨʪʷ ʧʨʦʢʘʪʫ ʫ ʪʨʘʩʽ, ʱʦ ʧʽʜʚʦʜʝ ʧʨʦʢʘʪ ʜʦ ʤʦʪʘʣʢʠ ʪʘ ʫʢʣʘʜʘʣʴʥʠʢʫ 

ʧʨʦʢʘʪʫ ʥʘ ʙʘʨʘʙʘʥ ʤʦʪʘʣʢʠ. ʄʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʤʦʪʘʣʢʠ ʟ ʚʠʧʫʩʢʥʦʶ 

ʢʣʽʪʪʶ ʦʧʠʩʫʻʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʦʶ ʤʦʜʝʣʣʶ ʩʪʨʠʞʥʷ ʽ ʙʘʣʢʠ ʥʘ ʜʚʦʭ ʦʧʦ-

ʨʘʭ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʤʦʜʝʣʽ ʙʫʣʦ ʟʥʘʡʜʝʥʝ ʨʽʰʝʥʥʷ ʧʦ ʫʧʨʘʚʣʽʥʥʶ ʧʨʦ-

ʮʝʩʦʤ ʥʘʤʦʪʫʚʘʥʥʷ ʧʨʦʢʘʪʫ ʥʘ ʙʘʨʘʙʘʥ ʤʦʪʘʣʢʠ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʣʦʢʘʣʴ-

ʥʦʛʦ ʫʪʷʞʽʥʥʷ ʧʨʦʢʘʪʫ ʚ ʚʘʣʢʘʭ ʚʠʧʫʩʢʥʦʾ ʢʣʽʪʽ, ʷʢʘ ʚʠʥʠʢʘʻ ʽʟ-ʟʘ ʩʪʨʠ-

ʙʢʘ ʥʘʪʷʛʫ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʥʘʤʦʪʫʚʘʥʥʷ ʥʦʚʦʛʦ ʰʘʨʫ ʧʨʦʢʘʪʫ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʠʪʘʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʝʡ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ 

ʦʙôʻʢʪʽʚ ʟ ʙʘʛʘʪʴʤʘ ʚʥʫʪʨʽʰʥʽʤʠ ʟʚôʷʟʢʘʤʠ, ʱʦ ʧʝʨʝʭʨʝʱʫʶʪʴʩʷ, ʪʘ ʤʘ-

ʶʯʠʤʠ ʚʠʨʘʞʝʥʫ ʡʤʦʚʽʨʥʽʩʥʫ ʧʨʠʨʦʜʫ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʽ 

ʧʨʦʢʘʪʥʽ ʩʪʘʥʠ, ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʷʢ ʽʟ-ʟʘ 

ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʪʘʢʠʭ ʦʙôʻʢʪʘʭ ʘʢʪʠʚʥʠʭ ʽ ʧʘʩʠ-

ʚʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʪʘʢ ʽ ʪʦʤʫ, ʱʦ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʪʨʽʙʥʠʭ ʧʘʨʘʤʝʪ-

ʨʽʚ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʤʽʨʷʥʘ [1] . ʊʦʤʫ ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʝʡ ʧʝʨʝʚʽʨʷʣʘʩʷ 

ʯʝʨʝʟ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʷʢʽʩʥʠʭ ʽ ʢʽʣʴʢʽʩʥʠʭ ʝʬʝʢʪʽʚ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʨʽʟ-

ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʤʦʜʝʣʶʚʘʣʠʩʷ, ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʝʬʝʢʪʘʤʠ, ʥʘʷʚʥʽʩʪʴ 

ʷʢʠʭ ʦʜʥʦʟʥʘʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʧʨʘʢʪʠʮʽ ʽ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʦʩʚʽʜʦʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʾʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʤʝʣʢʦʩʦʨʪʥʳʭ ʧʨʦʢʘʪ-

ʥʳʭ ʩʪʘʥʘʭ: ʤʦʥʦʛʨʘʬʠʷ/ ɸ.ʉ. ɹʝʰʪʘ, ɺ.ʅ. ʂʫʚʘʝʚ, ʆ.ɽ. ʇʦʪʘʧ, ɸ.ʇ. ɽʛʦ-

ʨʦʚ.-ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ: ɾʫʨʬʦʥʜ, 2014.-283 ʩ 
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2. ʇʦʪʘʧ ʆ.ʖ. ɯʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʦ 

ʷʢʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʞʠʤʫ ʧʨʦʢʘʪʢʠ ʚ ʯʦʨʥʦʚʽʡ ʛʨʫʧʽ ʢʣʽʪʝʡ ʜʨʽʙʥʦ-

ʩʦʨʪʥʦʛʦ ʩʪʘʥʫ / ʇʦʪʘʧ ʆ.ʖ., ɭʛʦʨʦʚ ʆ.ʇ., ʄʝʣʝʜʽʥ ʄ.ɺ.: ʢʦʣʝʢʪʠʚʥʘ 

ʤʦʥʦʛʨʘʬʽʷ/ ʧʽʜ ʟʘʛ. ʨʝʜ. ʃ.ʄ.ʉʘʚʯʫʢ. ï ɼʦʥʝʮʴʢ: ʃɸʅɼʆʅ-ʍʍɯ, 2013.-

592 ʩ 

 

ʋɼʂ 004.896:622.24 

ɿʅɸʅʅʗ-ʆʈɯɭʅʊʆɺɸʅɽ ʋʇʈɸɺʃɯʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ 

ʇʈʆʎɽʉɸʄʀ ʅɸʌʊʆɻɸɿʆɺʆɰ ɻɸʃʋɿɯ 

ʏʝʩʘʥʦʚʩʴʢʠʡ ʄ.ʉ., ʐʝʢʝʪʘ ɺ.ɯ. 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ, 

ʋʢʨʘʾʥʘ 

 

1. ɺʩʪʫʧ. ʅʘʬʪʦʚʘ ʽ ʛʘʟʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʋʢʨʘʾʥʠ ʪʘ ʩʚʽʪʫ ʦʜʥʘ ʟ ʧʝ-

ʨʰʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢʽ ʟʘʧʨʦʚʘʜʠʣʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʚʘʯʽʚ ʜʣʷ 

ʟʙʦʨʫ ʜʘʥʠʭ, ʟʦʢʨʝʤʘ ʟ ʥʘʬʪʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʟ ʤʝʪʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʦʧʝ-

ʨʘʮʽʡ ʪʘ ʧʨʠʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [1]. ɸʣʝ ʚ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ 

ʦʪʨʠʤʫʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʽʥʬʦʨʤʘʮʽʷ ʥʝ ʟʘʚʞʜʠ ʻ ʜʦʩʪʦʚʽʨʥʘ ʽ ʚ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʨʦʟʤʠʪʘ, ʩʣʘʙʦʩʪʨʫʢʪʫʨʦʚʘʥʘ ʽ ʥʝʯʽʪʢʘ, ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʢʦʨʝʢʪ-

ʥʠʭ ʨʽʰʝʥʴ ʩʪʘʻ ʥʝʦʙʭʽʜʥʠʤ ʥʘʢʦʧʠʯʝʥʥʷ ʜʦʩʚʽʜʫ ʽ ʟʥʘʥʴ ʚʠʩʦʢʦʢʚʘʣʽ-

ʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ ʚ ʥʘʬʪʦʛʘʟʦʚʽʡ ʛʘʣʫʟʽ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʦʧʠʨʘʶʯʠʩʴ ʥʘ ʟʥʘʥʥʷ ʪʘ ʜʘʥʽ ʧʦʧʝʨʝʜʥʽʭ ʩʝʘʥʩʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ʅʘʚʝ-

ʜʝʥʽ ʤʽʨʫʢʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʧʨʦ-

ʙʣʝʤʠ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟ ʟʥʘʥʴ ʥʘ ʦʩʥʦʚʽ ʣʦʛʽʯʥʠʭ ʧʨʘʚʠʣ ʜʣʷ ʧʨʠʢʣʘʜʥʠʭ 

ʟʘʜʘʯ ʛʘʣʫʟʽ [2, 3]. 

2. ʇʦʙʫʜʦʚʘ ʟʥʘʥʥʷ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ. ʂʽʥʮʝʚʦʶ ʤʝʪʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʜʘʪʠ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ ʟ ʧʝʚʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʧʝʚʥʝʥʦʩʪʽ, ʥʘʧʨʠ-

ʢʣʘʜ: çʏʠ ʽʩʥʫʻ ʧʦʢʣʘʜ?è. ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʦʩʘʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʻ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟ ʟʥʘʥʴ ʜʣʷ ʧʝʚ-

ʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʦʙôʻʢʪʫ ʽ ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʤʝʭʘʥʽʟʤʫ ʣʦʛʽʯʥʦʛʦ ʚʠʩ-

ʥʦʚʢʫ. 

ʈʦʟʛʣʷʥʝʤʦ, ʜʣʷ ʧʨʠʢʣʘʜʘ, ʤʝʪʦʜʠʢʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʬʪʦʛʘʟʦʥʦʩ-

ʥʦʩʪʽ ʦʩʘʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ. ɿʚʽʜʩʠ 

ʚʠʧʣʠʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʦʙʦʣʦʥʢʠ ʝʢʩʧʝʨʪʥʦʾ ʩʠ-

ʩʪʝʤʠ ʜʽʘʣʦʛ ʫʪʦʯʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʥʴ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʢʽʥʮʝʚʦʛʦ 

ʨʽʰʝʥʥʷ. ɺ ʜʽʘʣʦʟʽ ʩʣʽʜ ʚʚʝʩʪʠ ʥʘʡʚʘʞʣʠʚʽʰʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʦʟʥʘʢʠ ʪʘ ʜʘʪʠ 

ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ: çʏʠ ʚʽʜʦʤʽ ʧʨʷʤʽ ʦʟʥʘʢʠ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ?è ʫ ʚʠʛʣʷʜʽ 

ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ ʪʠʧʫ: çʽʩʥʫʻè, çʥʝ ʽʩʥʫʻè, çʥʝʤʘʻ ʽʥʬʦʨʤʘʮʽʾè. ʋ ʚʠʧʘʜʢʫ 
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ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙôʻʢʪ ʩʠʩʪʝʤʘ ʙʫʜʝ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʪʘʢʫ ʽʥʬʦʨʤʘʮʽʶ 

ʫʪʦʯʥʠʪʠ. ʗʢʱʦ ʚ ʭʦʜʽ ʜʽʘʣʦʛʫ ʚʠʙʨʘʥʦ çʽʩʥʫʻè, ʪʦ ʜʝʨʝʚʦ ʨʽʰʝʥʴ ʨʦʟʛʘʣʫʞʫʻʪʴʩʷ 

ʥʘ ʜʚʘ ʧʽʜʜʝʨʝʚʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʷʢ ʬʽʢʩʫʶʪʴʩʷ ʧʨʷʤʽ ʦʟʥʘʢʠ ʥʘʬʪʦʛʘʟʦʥʦʩ-

ʥʦʩʪʽ. ʊʦʤʫ ʚ ʜʽʘʣʦʛ ʚʚʦʜʠʪʠʤʝʪʴʩʷ ʥʦʚʠʡ ʘʪʨʠʙʫʪ çʦʟʥʘʢʠè ʽʟ ʟʘʧʠʪʘʥʥʷʤ çʏʠ 

ʚʽʜʦʤʽ ʧʨʷʤʽ ʦʟʥʘʢʠ?è ʪʘ ʪʨʘʥʩʢʨʠʧʮʽʻʶ çʧʨʷʤʽ ʦʟʥʘʢʠ (ʚʽʜʦʤʽ/ʥʝʚʽʜʦʤʽ)è. ʋ 

ʚʠʧʘʜʢʫ ʩʪʚʝʨʜʞʫʚʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʮʝ ʧʠʪʘʥʥʷ ʤʝʭʘʥʽʟʤ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ 

ʧʝʨʝʡʜʝ ʥʘ ʥʘʩʪʫʧʥʠʡ ʧʫʥʢʪ ð ʩʧʦʩʽʙ ʬʽʢʩʫʚʘʥʥʷ ʧʨʷʤʠʭ ʦʟʥʘʢ. ʇʨʠ ʽʥʰʽʡ 

ʚʽʜʧʦʚʽʜʽ ʘʢʪʠʚʽʟʫʻʪʴʩʷ ʽʥʰʘ ʯʘʩʪʠʥʘ ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʟʘ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʦʢʣʘʜʫ ʯʝʨʝʟ ʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ ʧʦʨʦʜʠ (ʥʘʧʨʠʢʣʘʜ, ʥʘʷʚʥʽʩʪʴ 

ʧʘʩʪʦʢ ʪʦʱʦ). 

ʉʧʦʩʽʙ ʬʽʢʩʘʮʽʾ ʧʨʷʤʠʭ ʦʟʥʘʢ ʪʘʢʦʞ ʤʦʞʝ ʜʽʣʠʪʠʩʷ ʥʘ ʧʽʜʪʠʧʠ: çʙʝʟʧʦʩʝʨʝʜʥʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷè ʪʘ çʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʣʽʚè. ʆʩʢʽʣʴʢʠ ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʩʧʨʘʚʘ ʡʜʝ ʥʝ ʟʽ ʟʚʠʯʘʡʥʦʶ ʢʦʥʩʪʘʪʘʮʽʻʶ ʬʘʢʪʫ, ʘ ʟ ʚʠʙʦʨʦʤ ʟ ʜʝʢʽʣʴʢʦʭ 

ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ, ʪʦ ʪʠʧ ʮʴʦʛʦ ʘʪʨʠʙʫʪʘ (çʬʽʢʩʫʚʘʥʥʷè) ʙʫʜʝ ʤʘʪʠ ʧʝʨʝʣʽʯʫ-

ʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʗʢʱʦ ʚʠʙʨʘʥʦ ʚʽʜʧʦʚʽʜʴ çʙʝʟʧʦʩʝʨʝʜʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷè, ʪʦ ʧʦʪʨʽʙʥʦ ʚʚʝʩʪʠ 

ʥʦʚʠʡ ʘʪʨʠʙʫʪ ð çʤʽʩʮʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷè. ɺʽʥ ʙʫʜʝ ʤʘʪʠ ʧʝʨʝʣʽʯʫʚʘʣʴʥʠʡ ʪʠʧ ʟ 

ʤʦʞʣʠʚʠʤʠ ʦʧʮʽʷʤʠ ʚʠʙʦʨʫ ï çʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽè, çʚ ʩʚʝʨʜʣʦʚʠʥʘʭè. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʠʙʦʨʽ ʙʫʜʴ-ʢʦʛʦ ʟ ʚʠʱʝ ʚʢʘʟʘʥʠʭ ʧʫʥʢʪʽʚ 

ʟʘʚʞʜʠ ʦʪʨʠʤʫʻʪʴʩʷ ʧʦʟʠʪʠʚʥʝ ʨʽʰʝʥʥʷ ʧʦʪʦʯʥʦʾ ʧʨʦʙʣʝʤʠ; ʪʦʙʪʦ ʟʥʘ-

ʯʝʥʥʷ ʘʪʨʠʙʫʪʫ ʧʦʢʣʘʜ ñʥʘʷʚʥʽʩʪʴò ʙʫʜʝ ʧʦʟʠʪʠʚʥʠʤ. ʈʽʟʥʠʮʷ ʧʦʣʷʛʘʪʠʤʝ 

ʣʠʰʝ ʚ ʢʦʝʬʽʮʽʻʥʪʽ ʚʧʝʚʥʝʥʦʩʪʽ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʪʠʩʷ ʫ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʘʚʠʣʦ ʚʠʙʦʨʫ ʜʣʷ ʜʘʥʦʛʦ ʧʫʥʢʪʫ ʙʫʜʝ ʤʘʪʠ 

ʚʠʛʣʷʜ:  

rule1.If(Expression(<ɺʽʜʦʤʽ ʧʨʷʤʽ ʦʟʥʘʢʠ>) 

.And(<ʆʟʥʘʢʠ ʬʽʢʩʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʽʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ>) 

.And(<ʇʨʷʤʽ ʦʟʥʘʢʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ >) 

.And(<ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘʷʚʥʽ ʷʢ ʧʨʦʩʦʯʫʚʘʥʥʷ ʥʘʬʛʠ>)) 

.Then(result => {<ʇʦʢʣʘʜ ʽʩʥʫʻ>});  

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʚʠʛʣʷʜʽ ʜʽʘʣʦʛʫ ʥʘ ʙʘʟʽ 

ʦʙʦʣʦʥʢʠ ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʚ ʧʘʤôʷʪʴ ɽʆʄ ʟʥʘʥʥʷ 

ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʧʘʩʪʦʢ ʫ ʚʠʛʣʷʜʽ ʪʘʢʠʭ ʧʨʘʚʠʣ:  

rule2.If(Expression(<ʙʘʩʝʡʥ ʦʩʘʜʦʚʠʡ>)) 

.Then(result => <ʚʩʪʘʥʦʚʠʪʠ ʪʠʧ ʙʘʩʝʡʥʫ>;})  

.Else(result => {<ʪʝʨʠʪʦʨʽʶ ʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʚʚʘʞʘʪʠ 

ʙʝʟʧʝʨʩʧʝʢʪʠʚʥʦʶ>;}) ; 

Enum <ʪʠʧ ʙʘʩʝʡʥʫ> { < ʧʣʘʪʬʦʨʤʝʥʥʠʡ >, < ʧʝʨʝʜʛʽʨʩʴʢʠʡ >,  

<ʩʢʣʘʜʯʘʪʠʡ>,  <ʽʥʰʠʡ> };  

rule3.If(Expression.Equal(<ʪʠʧ ʙʘʩʝʡʥʫ>, <ʧʣʘʪʬʦʨʤʝʥʥʠʡ>))  

.Then(result=>{<ʛʝʦʩʪʨʫʢʪʫʨʥʠʡ ʝʣʝʤʝʥʪ >=<ʩʠʥʠʢʣʽʟʘ>;});  
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ɼʣʷ ʧʦʙʫʜʦʚʠ ʘʣʛʦʨʠʪʤʫ ʽ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʛʨʘʤʠ ʧʦ ʬʦʨʤʫʚʘʥʥʶ ʙʘʟ 

ʟʥʘʥʴ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽʩʥʫʚʘʥʥʷ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʚ 

ʧʘʩʪʢʘʭ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʜʝʨʝʚʦ ʨʽʰʝʥʴ ʫ ʚʠʛʣʷʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʤʦʜʝʣʽ, ʚ ʷʢʦʤʫ ʚʠʟʥʘʯʘʪʠʤʫʪʴʩʷ ʩʧʦʩʦʙʠ ʬʢ̔ʩʘʮʽʾ ʦʟʥʘʢ ʥʘʷʚʥʦʩʪʽ ʧʦ-

ʢʣʘʜʽʚ ʥʘʬʪʠ ʪʘ ʛʘʟʫ. ɿʛʘʜʥʦ ʟ ʜʝʨʝʚʦʤ ʨʽʰʝʥʴ ʷʢʱʦ ʚʠʙʨʘʥʦ ʥʘʧʨʷʤʦʢ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʥʘʬʪʦʛʘʟʦʧʨʦʷʚʘʤʠ ʥʘ ʟʝʤʥʽʡ ʧʦ-

ʚʝʨʭʥʽ, ʪʦ ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʙʣʦʢ ʚʠʟʥʘʯʝʥʥʷ ʚʠʛʣʷʜʫ ʧʨʦʷʚʽʚ.  

ʗʢʱʦ ʚʠʙʨʘʥʦ ʥʘʧʨʷʤʦʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʥʘʬʪʦ-

ʛʘʟʦʧʨʦʷʚʘʤʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʚ ʧʨʦʮʝʩʽ ʙʫʨʽʥʥʷ, ʪʦ ʩʣʽʜ ʫʪʦʯʥʠʪʠ ʩʝʨʝʜʦ-

ʚʠʱʝ, ʚ ʷʢʦʤʫ ʚʠʷʚʣʝʥʦ ʦʟʥʘʢʠ ʧʨʦʜʫʢʪʠʚʥʠʭ ʧʦʢʣʘʜʽʚ.  

ʗʢʱʦ ʦʙʨʘʥʦ ʥʘʧʨʷʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʥʘʬʪʦʛʘ-

ʟʦʧʨʦʷʚʘʤʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ, ʪʦ ʩʣʽʜ ʧʝʨʝʜʙʘ-

ʯʠʪʠ ʙʣʦʢ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʦʜʫ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʫ ʥʘʩʠʯʝʥʥʷ. 

ʗʢʱʦ ʚʠʙʨʘʥʦ ʥʘʧʨʷʤʦʢ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʣʽʚ, ʪʦ ʚ ʟʘʣʝʞ-

ʥʦʩʪʽ ʚʽʜ ʪʦʛʦ ʜʝ ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ (ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʯʠ ʥʘ ʧʦ-

ʚʝʨʭʥʽ) ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʩʠʪʠ ʙʣʦʢʠ ʭʘʨʘʢʪʝʨʫ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʠʷʚ-

ʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʪʠʧʫ ʧʦʢʣʘʜ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʟ ʥʝʯʽʪʢʦʶ ʣʦʛʽʢʦʶ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʥʘʬʪʦʛʘʟʦʚʠʭ ʧʦʢʣʘʜʽʚ, ʚʠʥʠʢʘʶʪʴ ʧʝʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʦʣʦʛʽʾ 

ʢʣʘʩʠʯʥʠʭ ñʧʨʦʩʪʠʭò ʧʨʘʚʠʣ. ʅʘʩʘʤʧʝʨʝʜ, ʧʦʚʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚ ʧʨʘ-

ʚʠʣʘʭ ʪʘ ʽʥʪʫʾʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʣʶʜʠʥʦʶ ʝʢʩʧʝʨ-

ʪʦʤ ʧʨʠʟʚʦʜʠʚ ʜʦ ʪʦʛʦ, ʱʦ ʥʘʚʽʪʴ ʧʦʟʠʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦʩʴ ʧʽʜʧʨʘ-

ʚʠʣʘ ʘʙʦ ʧʨʘʚʠʣʘ ʥʝ ʜʘʚʘʪʠʤʝ ʤʘʡʞʝ ʥʽʷʢʦʛʦ ʝʬʝʢʪʫ ʥʘ ʚʠʨʽʰʝʥʥʷ ʛʣʦ-

ʙʘʣʴʥʽʰʦʾ ʧʨʦʙʣʝʤʠ. ʊʦʙʪʦ, ʝʢʩʧʝʨʪ ʧʦʷʩʥʶʶʯʠ ʩʚʦʻ ʨʽʰʝʥʥʷ, ʣʠʰʝ ʚ 

ʜʝʷʢʽʡ ʤʽʨʽ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʧʦʧʝʨʝʜʥʽ ʣʦʛʽʯʥʽ ʧʨʘʚʠʣʘ. ʎʝ ʧʦʟʙʘʚʣʷ ̒

ʟʤʽʩʪʫ ʚʝʣʠʢʫ ʯʘʩʪʠʥʫ ʫʞʝ ʧʨʦʚʝʜʝʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʘʥʘʣʽʟʫ. ɿ ʜʨʫʛʦʛʦ 

ʙʦʢʫ, ʚʠʷʚʠʣʦʩʴ ʪʘʢʝ ʚʘʞʣʠʚʝ ʫʪʦʯʥʝʥʥʷ, ʱʦ ʫ ʢʦʞʥʦʤʫ ʧʨʘʚʠʣʽ ʡʦʛʦ 

ʯʘʩʪʠʥʠ ʤʘʣʠ ʥʝʦʜʥʘʢʦʚʫ ʚʘʞʣʠʚʽʩʪʴ ʽ ʧʦ-ʨʽʟʥʦʤʫ ʚʧʣʠʚʘʣʠ ʥʘ ʢʽʥʮʝʚʠʡ 

ʨʝʟʫʣʴʪʘʪ. ʉʘʤʝ ʮʝ ʜʘ ̒ʧʦʰʪʦʚʭ ʧʦʜʘʣʴʰʦʤʫ ʫʩʢʣʘʜʥʝʥʥʶ ʩʠʩʪʝʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ. ʋʤʦʚʥʦ ʧʦʜʽʣʠʚʰʠ 

ʥʝʯʽʪʢʽ ʩʠʩʪʝʤʠ ʥʘ ʜʚʘ ʪʠʧʠ, ʚʨʘʭʦʚʫʶʯʠ ʨʽʟʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʯʘʩʪʢʦʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜ ʯʘʩ ʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ: ʘ) ʙʝʟʫʤʦʚʥʦ ʥʝʯʽʪʢʽ; ʙ) ʫʤʦʚʥʦ 

ʥʝʯʽʪʢʽ. 

ʅʘʚʝʜʝʥʠʡ ʧʨʠʢʣʘʜ, ʜʣʷ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʧʨʘʚʠʣʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʭ ʧʽʜʫʤʦʚ, ʱʦ ʻ ʥʝʟʘʣʝʞʥʠʤʠ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʧʦʢʘʟʫʻ ʷʢ ʮʝ ʚʠʛʣʷʜʘ-

ʪʠʤʝ ʧʨʘʢʪʠʮʽ: 

                    IF (X1 = A1 && X 2 = A2) THEN Y = C, cf=k                   (1) 

ʜʝ X1, ʍ2 - ʚʭʽʜʥʽ ʚʝʣʠʯʠʥʠ; ɸ1, ɸ2 - ʫʤʦʚʠ; Y - ʨʝʟʫʣʴʪʘʪ; cf - 

ʢʦʝʬʽʮʽʻʥʪ ʥʝʚʧʝʚʥʝʥʦʩʪʽ; k ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, 0.6. 
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ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʦʙʠʜʚʽ ʧʽʜʫʤʦʚʠ ʚʠʢʦʥʫʶʪʴʩʷ, ʨʝʟʫʣʴʪʘʪ 

ʙʫʜʝ Y=C ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʧʝʚʥʝʥʦʩʪʽ 0.6. 

ʗʢʱʦ ʞ ʭʦʯ ʦʜʥʘ ʟ ʧʽʜʫʤʦʚ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʥʘ ʚʠʭʦʜʽ ʙʫʜʝ ʥʝʛʘ-

ʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ (Y=ʉ, cf=0). ʊʦʙʪʦ, ʩʘʤʘ ʥʝʯʽʪʢʽʩʪʴ ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴ-

ʪʘʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʯʽʪʢʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚ ʥʝʯʽʪʢʫ ʚʽʜʧʦʚʽʜʴ.  

ʈʦʟʛʣʷʥʫʚʰʠ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʧʝʨʰʘ ʧʽʜʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ, ʘ ʜʨʫʛʘ ï 

ʥ,̔ ʥʝʛʘʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʨʫʛʦʾ ʧʽʜʫʤʦʚʠ ʧʨʠʟʚʝʜʝ ʣʠʰʝ ʜʦ ʦʪʨʠʤʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʫ ʟ ʥʘʧʦʣʦʚʠʥʫ ʤʝʥʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʧʝʚʥʝʥʦʩʪʽ (Y=C, cf 

=0.3). ʊʘʢʽ ʤʽʨʢʫʚʘʥʥʷ ʻ ʧʨʘʚʠʣʴʥʠʤʠ ʣʠʰʝ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʯʘʩʪʠʥʠ 

ʧʨʘʚʠʣ ʻ ʥʝʟʘʣʝʞʥʠʤʠ ʦʜʥʽ ʚʽʜ ʦʜʥʦʾ ʽ ʥʽʷʢʠʤ ʯʠʥʦʤ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʝʟʫʣʴʪʘʪ ʦʜʥʘ ʦʜʥʦʾ. ʋ ʥʘʚʝʜʝʥʦʤʫ ʧʨʠʢʣʘʜʽ, ʚʠʜʥʦ, ʽʥʰʠʡ ʨʝʟʫʣɹʪʘʪ 

ʧʨʠ ʟʤʽʥʽ ʘʣʛʦʨʠʪʤʫ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ. ɺ ʥʝʯʽʪʢʦʤʫ ʧʨʘʚʠʣʽ ʚʠʢʦʨʠ-

ʩʪʦʚʫʻʪʴʩʷ ʥʝʯʽʪʢʠʡ ʘʣʛʦʨʠʪʤ. ɼʘʥʠʡ ʬʘʢʪ ʤʦʞʥʘ ʧʦʟʥʘʯʠʪʠ ʥʘʟʚʦʶ 

ñʫʤʦʚʥʘ ʥʝʯʽʪʢʽʩʪʴò. ʉʫʪʴ ʾʾ ʧʦʣʷʛʘʻ ʫ ʚʽʜʤʦʚʽ ʚʽʜ ʯʽʪʢʦʛʦ ʦʪʨʠʤʘʥʥʷ ʨʝ-

ʟʫʣʴʪʘʪʫ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʧʨʘʚʠʣ ʧʽʜ ʯʘʩ ʾʭ ʘʥʘʣʽʟʫ. 

3. ɺʠʩʥʦʚʢʠ. ʏʘʩʪʦ ʚ ʧʨʦʮʝʩʽ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʝʢʩʧʝʨʪʘ ʧʨʝʜ-

ʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʥʘʜʽʡʥʦʩʪʽ ʬʘʢʪʽʚ ʽ ʪʚʝʨʜʞʝʥʴ ʟʨʦʙʣʝ-

ʥʠʭ ʥʠʤ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʚʽʥ ʥʝ ʚʩʪʠʛʘʻ ʘʙʦ ʥʘʚʽʪʴ ʥʝ ʚʩʟʤʦʟʽ 

ʦʧʨʘʮʶʚʘʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʟ ʜʘʚʘʯʽʚ, ʱʦ ʩʧʦʥʫʢʘʻ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʦʧʠʨʘʶʯʠʩʴ ʥʘ ʥʝʧʦʚʥʽ ʪʘ ʥʝʧʝʨʝʚʽʨʝʥʽ ʜʘʥʽ, ʱʦ ʙʫʜʝ 

ʦʩʥʦʚʥʠʤ ʧʠʪʘʥʥʷʤ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʟʥʘʥʥʷ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʬʨʝʡʤʚʦʨʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʛʽʯʥʠʭ ʧʨʘʚʠʣ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟ 

ʟʥʘʥʴ ʫʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʟʜʽʙʥʦʩʪʝʡ ʬʘʭʽʚʮʷ ʥʘʬʪʦʛʘʟʦʚʦʾ ʛʘʣʫʟʽ ʟʘ ʨʘʭʫʥʦʢ ʤʽʥʽʤʽʟʘʮʽʾ ʨʫ-

ʪʠʥʥʠʭ ʦʧʝʨʘʮʽʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, ʱʦ ʜʦʟ-

ʚʦʣʠʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦʩʚʽʜ ʩʧʝʮʽʘʣʽʩʪʽʚ ʧʨʝʜʤʝʪʥʦʾ 

ʦʙʣʘʩʪʽ, ʘ ʟʘ ʨʘʭʫʥʦʢ ʩʫʯʘʩʥʠʭ ʜʦʩʷʛʥʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʽ 

ʩʫʪʪʻʚʦ ʧʨʠʩʢʦʨʠʪʠ ʯʘʩ ʥʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 
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ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʉʊʈʋʂʊʋʈʀ ʄʆɼɽʃɯ ʅɽʏɯʊʂʆɰ 

ʉʀʉʊɽʄʀ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ ɺʀɼʆɹʋɺʅʀʄ 

ʂʆʄɹɸʁʅʆʄ 

ɸ.ɺ. ɹʫʙʣʽʢʦʚ 

ɼʝʨʞʘʚʥʠʡ ʚʠʱʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ çʅʘʮ̔ʦʥʘʣʴʥʠʡ ʛʽʨʥʠʯʠʡ ʫʥʚ̔ʝʨ-

ʩʠʪʝʪè 

 

ʅʘʨʘʟʽ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʪʨʦʥʥʠʭ 

ʛʽʨʥʠʯʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟ ʧʦʟʠʮʽʾ ʧʠʪʦʤʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʚʠʜʦʙʫʪʦʢ ʪʘ 

ʧʝʨʝʨʦʙʢʫ ʚʫʛʽʣʣʷ ʽ ʨʫʜʠ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʷʢʦʾ ʻ ʩʪʚʦʨʝʥʥʷ ʥʝ-

ʯʽʪʢʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚ ʛʽʨ-

ʥʠʯʠʭ ʦʙôʻʢʪʘʭ. ʅʝʟʘʜʽʷʥʽ ʥʘ ʩʴʦʛʦʜʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ ʚʩʝʨʝʜʠʥʽ 

ʤʝʭʘʪʨʦʥʥʠʭ ʛʽʨʥʠʯʠʭ ʢʦʤʧʣʝʢʩʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʬʦʨʤʫ-

ʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʨʝʞʠʤʽʚ ʧʨʦʪʽʢʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʚʠʜʦʙʫʪʢʫ ʪʘ ʧʝʨʝʨʦʙʢʠ ʚʫʛʽʣʣʷ ʽ ʨʫʜʠ, ʷʢʽ ʩʢʣʘʜʫʪʴ ʦʩʥʦʚʫ ʙʘʟ 

ʥʝʯʽʪʢʠʭ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʧʨʘʚʠʣ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʫʩʪʘʚʦʢ ʨʝ-

ʛʫʣʷʪʦʨʽʚ ʥʘ ʥʠʞʥʴʦʤʫ ʨʽʚʥʽ ʩʠʩʪʝʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘ-

ʙʝʟʧʝʯʠʪʴ ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʩʠʨʦʚʠʥʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʚʠ-

ʜʦʙʫʪʦʢ ʪʘ ʧʝʨʝʨʦʙʢʫ ʚʫʛʽʣʣʷ ʽ ʨʫʜʠ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʴ ʝʥʝʨʛʦʝʬʝʢʪʠ-

ʚʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ ʛʽʨʥʠʯʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʮʽʣʦʤʫ. 

ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʝʪʘʧʽʚ ʨʦʟʨʦʙʢʠ ʥʘʫʢʦʚʦʛʦ ʧʽʜʭʦʜʫ ʱʦʜʦ ʩʪʚʦ-

ʨʝʥʥʷ ʥʝʯʽʪʢʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʛʽʨʥʠʯʠʤʠ ʤʘʰʠʥʘʤʠ 

ʻ ʧʦʙʫʜʦʚʘ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʮʠʭ ʩʠʩʪʝʤ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʪʦʢʽʚ ʪʘ ʥʝʯʽʪʢʦʛʦ ʚʠʚʦʜʫ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʥʘ ʨʝʛʫʣʷʪʦʨʠ [1]. ʅʘ 

ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʥʝʯʽʪ-

ʢʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʠʜʦʙʫʚʥʠʤ ʢʦʤʙʘʡʥʦʤ ʟ ʚʽʜʦ-

ʙʨʘʞʝʥʥʷʤ ʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ. 

ɼʘʤʦ ʩʪʠʩʣʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ 

ʥʘ ʨʠʩ.1.  

ʉʪʚʦʨʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʚʠʜʦʙʫʚʥʦʛʦ ʢʦʤʙʘʡʥʘ ʷʢ ʦʙôʻʢʪʘ ʢʝ-

ʨʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʪʠʤ ʞʝ ʧʨʠʥʮʠʧʦʤ, ʱʦ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʩʪʚʦ-



173 

ʨʝʥʥʷ ʩʫʯʘʩʥʦʾ ʤʝʭʘʪʨʦʥʥʦʾ ʛʽʨʥʠʯʦʾ ʤʘʰʠʥʠ ï ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʯʘ-

ʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫʩʽʭ ʧʨʦʮʝʩʽʚ ʫ ʧʽʜʩʠʩʪʝʤʘʭ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʚʧʣʠʚʫ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʫ ʥʘʩʪʫʧʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. 

ɺ ʝʣʝʤʝʥʪʽ çʉʠʩʪʝʤʘ ʥʝʯʽʪʢʦʛʦ ʢʝʨʫʚʘʥʥʷè ʩʭʝʤʠ ʥʘ ʨʠʩ.1 ʚʠʢʦʨʠʩ-

ʪʦʚʫʻʪʴʩʷ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʥʝʯʽʪʢʦʛʦ ʚʠʚʦʜʫ ʢʝʨʫʶʯʠʭ ʚʧʣʠ-

ʚʽʚ, ʷʢʠʡ ʤʘʻ ʥʘʩʪʫʧʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜ ʢʣʘʩʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ: 

- ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʘʟʠʬʽʢʘʮʽʷ ʥʝ ʧʝʨʚʠʥʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʜʘʪʯʠʢʽʚ, ʘ ʾʭ ʩʪʘ-

ʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ, ʷʢʽ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤʠ ʧʝʚʥʠʭ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʢʦʤʙʘʡʥʘ; 

- ʘʣʛʦʨʠʪʤ ʥʝʯʽʪʢʦʛʦ ʚʠʚʦʜʫ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʚʨʘʭʦʚʫʻ ʽʩʪʦʨʽʶ 

ʧʨʦʮʝʩʫ ʢʝʨʫʚʘʥʥʷ ʯʝʨʝʟ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʩʥʦʚʢʽʚ. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʥʝʯʽʪʢʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦ-

ʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʠʜʦʙʫʚʥʠʤ ʢʦʤʙʘʡʥʦʤ 

ʆʩʦʙʣʠʚʦʶ ʨʠʩʦʶ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʝʯʽʪʢʦʛʦ ʚʠʚʦʜʫ ʢʝ-

ʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʤʦʜʝʣʽ ʥʘ ʨʠʩ.1 ʻ ʪʝ, ʱʦ ʚʽʥ ʫ ʷʢʦʩʪʽ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ 

ʬʦʨʤʫʻ ʥʝ ʢʝʨʫʶʯʽ ʩʠʛʥʘʣʠ ʥʘ ʚʠʢʦʥʘʚʯʽ ʦʨʛʘʥʠ, ʘ ʫʩʪʘʚʢʠ ʜʣʷ ʨʝʛʫʣʷ-



174 

ʪʦʨʽʚ ʢʦʤʙʘʡʥʘ. ʎʝ ʚʠʤʘʛʘʻ ʦʩʦʙʣʠʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʡʦʛʦ ʨʦʟʨʦʙʢʠ ʟ ʫʨʘ-

ʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʩʪʽ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʢʦʤʙʘʡʥʘ, ʡʦʛʦ 

ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʜʦʩʚʽʜʫ ʦʧʝʨʘʪʦʨʽʚ ʢʦʤʙʘʡʥʘ ʱʦʜʦ ʧʨʠʡ-

ʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʪʽʡ ʯʠ ʽʥʰʽʡ ʩʠʪʫʘʮʽʾ. 

ʊʘʢʦʞ ʦʩʦʙʣʠʚʽʩʪʶ ʝʣʝʤʝʥʪʘ çʉʠʩʪʝʤʘ ʥʝʯʽʪʢʦʛʦ ʢʝʨʫʚʘʥʥʷè ʩʭʝʤʠ 

ʥʘ ʨʠʩ.1 ʻ ʪʝ, ʱʦ ʘʣʛʦʨʠʪʤʠ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʪʘ ʥʝʯʽʪʢʦʛʦ ʚʠʚʦʜʫ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʥʘ ʨʝʛʫʣʷʪʦʨʠ ʨʝʘʣʽʟʦʚʘʥʽ 

ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʙʽʣʴʰʽʩʪʴ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽ-

ʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ. ʎʝ ʥʘʢʣʘʜʘʻ ʥʘ ʘʣʛʦʨʠʪʤʠ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ ʪʘ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʥʝʯʽʪʢʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʠʜʦʙʫ-

ʚʥʠʤ ʢʦʤʙʘʡʥʦʤ ʘʧʘʨʘʪʥʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʣʦʛʽ-

ʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʥʘ ñʥʠʞʥʴʦʤʫò ʨʽʚʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚ-

ʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʤʧôʶʪʝʨʦʤ ʥʘ ñʚʝʨʭʥʴʦʤʫò ʨʽʚʥʽ. 

ʈʝʛʫʣʷʪʦʨ ʥʘ ʨʠʩ.1 ʻ ʤʦʜʝʣʣʶ ʢʣʘʩʠʯʥʦʛʦ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ, ʬʫʥʢʮʽʷ 

ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʟʘʢʦʥʫ ʟʤʽʥʠ ʫ ʯʘʩʽ ʫʩʪʘʚʢʠ, ʱʦ ʬʦʨʤʫ-

ʻʪʴʩʷ ʝʣʝʤʝʥʪʦʤ çʉʠʩʪʝʤʘ ʥʝʯʽʪʢʦʛʦ ʢʝʨʫʚʘʥʥʷè, ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʩʪʘʪʠ-

ʯʥʦʶ ʪʘ ʰʚʠʜʢʽʩʥʦʶ ʧʦʭʠʙʢʘʤʠ. 

ɺʠʩʥʦʚʢʠ. ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʚʠʜʦʙʫʚʥʦʛʦ ʢʦʤʙʘʡʥʘ ʷʢ ʦʙôʻʢʪʘ ʢʝ-

ʨʫʚʘʥʥʷ ʧʦʚʠʥʥʘ ʩʪʚʦʨʶʚʘʪʠʩʷ ʟʘ ʪʠʤ ʞʝ ʧʨʠʥʮʠʧʦʤ, ʟʘ ʷʢʠʤ ʥʘʨʘʟʽ 

ʩʪʚʦʨʶʶʪʴʩʷ ʪʘ ʧʨʦʝʢʪʫʶʪʴʩʷ ʩʫʯʘʩʥ ̔ʤʝʭʘʪʨʦʥʥ ̔ʛʽʨʥʠʯ ̔ʤʘʰʠʥʠ ï ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʯʘʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫʩʽʭ ʧʨʦʮʝʩʽʚ ʫ ʧʽʜʩʠʩʪʝʤʘʭ ʨʽʟ-

ʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʚʧʣʠʚʫ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʫ ʥʘʩʪʫʧʥʽ 

ʤʦʤʝʥʪʠ ʯʘʩʫ. ʆʩʥʦʚʫ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʥʝʯʽʪʢʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯ-

ʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʠʜʦʙʫʚʥʠʤ ʢʦʤʙʘʡʥʦʤ ʩʢʣʘʜʘʻ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʣʛʦ-

ʨʠʪʤ ʥʝʯʽʪʢʦʛʦ ʚʠʚʦʜʫ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʚ ʷʢʦʤʫ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʯʝʨʝʟ 

ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʢʦʤʙʘʡʥʘ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʡʦʛʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʪʘ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʟ ʽʥ-

ʦhʛʦ ʙʦʢʫ ï ʯʝʨʝʟ ʙʘʟʫ ʧʨʘʚʠʣ ʥʝʯʽʪʢʠʭ ʧʨʦʜʫʢʮʽʡ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʽʩʪʦʨʽʾ 

ʧʨʦʮʝʩʫ ʢʝʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦʩʚʽʜ ʦʧʝʨʘʪʦʨʽʚ ʢʦʤʙʘʡʥʘ ʱʦʜʦ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʪʽʡ ʯʠ ʽʥʰʽʡ ʩʠʪʫʘʮʽʾ. 

ʃʪ̔ʝʨʘʪʫʨʘ 

1. ɿʚʽʪ ʧʨʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʫ ʨʦʙʦʪʫ ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚ-

ʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʛʽʨʥʠʯʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʟʘʜʘʯʘʭ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ: ɿʚʽʪ ʧʨʦ ʅɼʈ (ʧʨʦʤʽʞʥʠʡ) / ɼɺʅɿ ñʅɻʋò; ʂʝʨʽʚʥ. 

ɺ.ɺ. ʊʢʘʯʦʚ; ˉ ʜ.ʨ. 0113U000402; ɯʥʚ.ˉ 0214U003224. ï ɼ., 2013. ï 124 

ʩ. 
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ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʉʊɸʅɯɺ ʆɹ'ɭʂʊɯɺ ʊɸ ʇʆɼɯʁ ʋ 

ʊɽʍʅʆʃʆɻɯʏʅɯʁ ʉʀʉʊɽʄɯ ɿɹʀʈɸʅʅʗ ʈɸʅʅɯʍ ɿɽʈʅʆɺʀʍ 

ʂʋʃʔʊʋʈ 

ɺ.ɺ. ɸʜʘʤʯʫʢ, ɺ.ɯ. ɼʥʝʩʴ, ɺ.ɯ. ʉʢʽʙʯʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ çɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʝʣʝʢʪʨʠ-

ʬʽʢʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘè, ʋʢʨʘʾʥʘ 

 

ɿʘ ʜʠʩʢʨʝʪʥʦ-ʧʦʜʽʻʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠ-

ʩʪʝʤ, ʥʝʧʝʨʝʨʚʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ 

ʩʠʩʪʝʤʽ ʟʙʠʨʘʥʥʷ ʨʘʥʥʽʭ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ (ʊʉ ɿʈɿʂ), ʟʘʤʽʥʶʻʪʴʩʷ ʥʘ 

ʤʥʦʞʠʥʫ ʧʦʜʽʡ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʩʪʦʩʫʻʪʴʩʷ ʧʝʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠ [0, 

0]. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʊʉ ɿʈɿʂ ʚʠʜʽʣʷʶʪʴʩʷ ʪʘʢʽ ʦʙôʻʢʪʠ: ʢʫʣʴʪʫʨʠ, 

ʧʦʣʷ, ʟʝʨʥʦʩʪʝʙʣʦʩʪʽʡ, ʢʦʤʙʘʡʥʠ, ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʜʦʨʦʛʠ, ʚʠʢʦ-

ʥʘʚʮʽ. ʂʦʞʝʥ ʟ ʮʠʭ ʦʙôʻʢʪʽʚ ʧʽʜ ʯʘʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊʉ ɿʈɿʂ ʧʝʨʝʙʫʚʘʻ 

ʫ ʧʝʚʥʦʤʫ ʩʪʘʥʽ (ʪʘʙʣ. 2.1).  

ʊʘʙʣʠʮʷ 2.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʥʽʚ ʦʙôʻʢʪʽʚ ʊʉ ɿʈɿʂ 

ʆʙôʻʢʪ 

ʊʉ ɿʈɿʂ 
ʉʪʘʥ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʥʫ 

1 2 3 

ʂʫʣʴʪʫʨʘ 

ʅʝʜʦ-

ʩʪʠʛʣʘ 

ʋʨʦʞʘʡ ʢʫʣʴʪʫʨʠ, ʱʝ ʥʝ ʜʦʩʷʛʥʫʚ ʬʘʟʠ ʧʦ-

ʚʥʦʾ ʩʪʠʛʣʦʩʪʽ 

ʂʦʥʜʠ-

ʮʽʡʥʘ 

ʂʫʣʴʪʫʨʘ ʧʝʨʝʙʫʚʘʻ ʫ ʬʘʟʽ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ 

ʪʘ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʫʨʦʞʘʡʥʦʩʪʽ 

ʇʝʨʽʦʜ 

ʚʪʨʘʪ 

ʂʫʣʴʪʫʨʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʬʘʟʽ ʧʦʚʥʦʾ ʩʪʠʛ-

ʣʦʩʪʽ, ʧʨʦʪʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʱʦʜʦʙʦʚʝ ʟʥʠ-

ʞʝʥʥʷ ʫʨʦʞʘʡʥʦʩʪʽ ʯʝʨʝʟ ʩʘʤʦʦʩʠʧʘʥʥʷ 

ʇʦʣʝ 

ʅʝʧʨʠ-

ʜʘʪʥʝ 

ɿʙʠʨʘʥʥʷ ʥʝʤʦʞʣʠʚʝ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʦʧʘʜʽʚ 

ʘʙʦ ʾʭ ʧʽʩʣʷʜʽʶ 

ʇʨʠʜʘ-

ʪʥʝ 

ɺʽʜʩʫʪʥʽʩʪʴ ʦʧʘʜʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦ-

ʥʫʚʘʪʠ ʟʙʠʨʘʥʥʷ 

ɿʝʨʥʦʩʪʝʙʣʦ-ʩʪʽʡ 

ʈʦʩʷʥʠ-

ʩʪʠʡ 

ɿʙʠʨʘʥʥʷ ʥʝʤʦʞʣʠʚʝ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʨʦʩʠ 

ɺʦʣʦʛʠʡ 
ɿʙʠʨʘʥʥʷ ʥʝʤʦʞʣʠʚʝ ʚ ʟʚôʷʟʢʫ ʟ ʚʠʩʦʢʦʶ 

ʚʦʣʦʛʽʩʪʶ ʟʝʨʥʦʩʪʝʙʣʦʩʪʦʶ 

ʂʦʤʙʘʡʥ 

ʈʦʙʦʪʘ 
ɺʠʢʦʥʘʥʥʷ ʢʦʤʙʘʡʥʦʤ ʟʙʠʨʘʥʥʷ ʟʝʨʥʦʚʦʾ 

ʢʫʣʴʪʫʨʠ ʥʘ ʧʦʣʽ 

ʈʦʟʚʦʨʦʪ 
ʈʦʟʚʦʨʦʪ ʢʦʤʙʘʡʥʘ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʟʘʛʽʥʢʠ 
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ʇʨʦʩʪʽʡ 

ʅʝʚʠʢʦʥʘʥʥʷ ʢʦʤʙʘʡʥʦʤ ʨʦʙʦʪʠ ʫ ʨʦʙʦʯʠʡ 

ʯʘʩ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʢʦʥʘʚʮʷ 

ʇʨʦʩʪʽʡ 

ʆʯʽʢʫʚʘʥʥʷ ʢʦʤʙʘʡʥʦʤ ʥʘ ʚʠʚʘʥʪʘʞʝʥʥʷ 

ʟʝʨʥʘ ʽʟ ʙʫʥʢʝʨʘ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʪʨʘʥʩ-

ʧʦʨʪʫ 

ʇʨʦʩʪʽʡ ʢʦʤʙʘʡʥʘ ʫ ʨʦʙʦʯʠʡ ʯʘʩ ʯʝʨʝʟ ʚʽʜ-

ʩʫʪʥʽʩʪʴ ʨʦʙʦʪʠ (ʧʦʣʷ ʟ ʜʦʩʪʠʛʣʠʤ ʫʨʦ-

ʞʘʻʤ)  

ʊʝʭʥʦ-

ʣʦʛʽʯʥʘ 

ʚʽʜʤʦʚʘ 

ʅʝʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʢʦʤʙʘʡ-

ʥʦʤ ʯʝʨʝʟ ʚʠʥʠʢʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʚʽʜʤʦʚʠ 

ɺʠʚʘʥʪʘ-

ʞʝʥʥʷ 

ʇʝʨʝʚʘʥʪʘʞʝʥʥʷ ʟʝʨʥʘ ʽʟ ʙʫʥʢʝʨʘ ʢʦʤʙʘʡʥʘ 

ʚ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ 

ʊʨʘʥʩʧʦʨʪʥʠʡ 

ʟʘʩʽʙ  

ɿʘʚʘʥʪʘ-

ʞʝʥʥʷ  

ʇʝʨʝʚʘʥʪʘʞʝʥʥʷ ʟʝʨʥʘ ʽʟ ʙʫʥʢʝʨʘ ʢʦʤʙʘʡʥʘ 

ʚ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ 

ʇʨʦʩʪʽʡ 

ʆʯʽʢʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ ʧʦʪʨʝʙʠ 

ʫ ʚʠʚʘʥʪʘʞʝʥʥʽ ʙʫʥʢʝʨʘ ʢʦʤʙʘʡʥʘ 

ʅʝʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʫ ʨʦʙʦʯʠʡ ʯʘʩ ʯʝʨʝʟ 

ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʢʦʥʘʚʮʷ 

ʇʨʦʩʪʽʡ ʫ ʨʦʙʦʯʠʡ ʯʘʩ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʨʦ-

ʙʦʪʠ (ʧʦʣʷ ʟ ʜʦʩʪʠʛʣʠʤ ʫʨʦʞʘʻʤ)  

ɺ ʨʝʡʩʽ 

ɺʽʜʚʝʟʝʥʥʷ ʟʝʨʥʘ ʚʽʜ ʢʦʤʙʘʡʥʘ ʥʘ ʪʽʢ, ʟʚʘ-

ʞʫʚʘʥʥʷ, ʚʠʚʘʥʪʘʞʝʥʥʷ ʪʘ ʡʦʛʦ ʧʦʚʝʨʥʝʥʥʷ 

ʥʘ ʧʦʣʝ 

ɺʽʜʥʦʩʥʦ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ ʚʠʜʽʣʷʶʪʴʩʷ ʭʘʨʘʢʪʝʨʥʽ  ʧʦʜʽʾ, ʷʢʽ 

ʟʤʽʥʶʶʪʴ ʡʦʛʦ ʩʪʘʥ (ʪʘʙʣ. 2.2). ʂʦʞʥʘ ʟ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʘʩʦʤ 

ʚʠʥʠʢʥʝʥʥʷ (ʧʦʷʚʠ). ʋʩʽ ʚʠʜʽʣʝʥʽ ʧʦʜʽʾ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʣʦʢʘʣʴʥʽ ʪʘ ʛʣʦ-

ʙʘʣʴʥʽ. ɺʠʥʠʢʥʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʧʦʜʽʡ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʦʢʨʝʤʠʭ 

ʦʙôʻʢʪʽʚ ʊʉ ɿʈɿʂ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʪʽʣʴʢʠ ʡʦʛʦ ʩʪʘʥʫ. ɺʠʥʠʢʥʝʥʥʷ 

ʛʣʦʙʘʣʴʥʠʭ ʧʦʜʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʩʪʘʥʫ ʫʩʽʭ ʦʙôʻʢʪʽʚ ʧʝʚʥʦʾ ʤʥʦ-

ʞʠʥʠ. ʊʘʢʦʞ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʽʟʥʷʪʠ ʧʦʜʽʾ, ʚʠʥʠʢʥʝʥʥʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʝ 

ʜʣʷ ʜʦʙʠ ʘʙʦ ʩʝʟʦʥʫ [0]. 

ʉʝʟʦʥʥʽ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʧʦʜʽʾ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝ-

ʤʦʛʦ ʩʝʟʦʥʫ. ʊʘʢ, ʥʘʩʪʘʥʥʷ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ ʢʫʣʴʪʫʨʠ ʥʘ ʧʦʣʽ ʦʟʥʘʯʘʻ 

ʧʝʨʝʭʽʜ ʡʦʛʦ ʫ ʩʪʘʥ, ʢʦʣʠ ʤʦʞʣʠʚʝ ʚʠʢʦʥʘʥʥʷ ʢʦʤʙʘʡʥʦʚʦʛʦ ʟʙʠʨʘʥʥʷ. 

ɼʘʥʘ ʧʦʜʽʷ ʻ ʧʨʠʪʘʤʘʥʥʘ ʢʦʞʥʦʤʫ ʧʦʣʶ ʚʠʨʦʙʥʠʯʦʛʦ ʧʣʘʥʫ. ɺʠʥʠʢ-

ʥʝʥʥʷ ʧʦʜʽʾ ʥʘʩʪʘʥʥʷ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ ʻ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʥʘʩʪʫʧ-

ʥʦʾ ʧʦʜʽʾ ï ʥʘʩʪʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʚʪʨʘʪ. ʇʽʩʣʷ ʥʘʩʪʘʥʥʷ ʮʽʻʾ ʧʦʜʽʾ ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʱʦʜʦʙʦʚʝ ʟʥʠʞʝʥʥʷ ʫʨʦʞʘʡʥʦʩʪʽ. ɯʥʪʝʨʚʘʣ ʤʽʞ ʥʘʩʪʘʥʥʷʤ ʮʠʭ 
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ʧʦʜʽʡ ʬʦʨʤʫʻ ʙʝʟʚʪʨʘʪʥʠʡ ʧʝʨʽʦʜ ʟʙʠʨʘʥʥʷ ʨʘʥʥʽʭ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ, 

ʷʢʠʡ ʪʨʠʚʘʻ 5 ʜʽʙ [4]. 

ʊʘʙʣʠʮʷ 2.2 ï ʆʩʥʦʚʥʽ ʧʦʜʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʟʙʠʨʘʥʥʷ ʨʘʥʥʽʭ ʟʝʨ-

ʥʦʚʠʭ ʢʫʣʴʪʫʨ 

ʆʙôʻʢʪ ʊʉ ɿʈɿʂ ʇʦʜʽʷ ʊʠʧ ʧʦʜʽʾ 
ʍʘʨʘʢʪʝʨ 

ʧʦʜʽʾ 

ʇʦʣʝ 

ʇʦʯʘʪʦʢ ʥʝʧʦʛʦʞʦʛʦ 

ʧʨʦʤʽʞʢʫ 
ɻʣʦʙʘʣʴʥʘ ʉʝʟʦʥʥʘ 

ɿʘʚʝʨʰʝʥʥʷ 

ʥʝʧʦʛʦʞʦʛʦ ʧʨʦʤʽʞʢʫ 
ɻʣʦʙʘʣʴʥʘ ʉʝʟʦʥʥʘ 

ɿʝʨʥʦʩʪʝʙʣʦʩʪʽʡ 

ɿʤʽʥʘ ʜʝʬʽʮʠʪʫ 

ʚʦʣʦʛʦʩʪʽ 
ɻʣʦʙʘʣʴʥʘ ɼʦʙʦʚʘ 

ʇʦʷʚʘ ʨʦʩʠ ɻʣʦʙʘʣʴʥʘ ɼʦʙʦʚʘ 

ɿʥʠʢʥʝʥʥʷ ʨʦʩʠ ɻʣʦʙʘʣʴʥʘ ɼʦʙʦʚʘ 

ʂʫʣʴʪʫʨʘ 

ʅʘʩʪʘʥʥʷ ʧʦʚʥʦʾ 

ʩʪʠʛʣʦʩʪʽ ʢʫʣʴʪʫʨʠ 
ʃʦʢʘʣʴʥʘ ʉʝʟʦʥʥʘ 

ʅʘʩʪʘʥʥʷ ʚʪʨʘʪ ʫʨʦʞʘʶ 

ʥʘ ʧʦʣʽ 
ʃʦʢʘʣʴʥʘ ʉʝʟʦʥʥʘ 

ʂʦʤʙʘʡʥ      

ɿʘʢʽʥʯʝʥʥʷ ʟʘʛʽʥʢʠ 

(ʧʦʯʘʪʦʢ ʨʦʟʚʦʨʦʪʫ) 
ʃʦʢʘʣʴʥʘ 

ɼʦʙʦʚʘ 

ɿʘʢʽʥʯʝʥʥʷ ʨʦʟʚʦʨʦʪʫ 

(ʧʦʯʘʪʦʢ ʟʘʛʽʥʢʠ) 
ʃʦʢʘʣʴʥʘ 

ɼʦʙʦʚʘ 

ɺʠʥʠʢʥʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʚʽʜʤʦʚʠ 
ʃʦʢʘʣʴʥʘ 

ɼʦʙʦʚʘ 

ʋʩʫʥʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʚʽʜʤʦʚʠ 
ʃʦʢʘʣʴʥʘ 

ɼʦʙʦʚʘ 

ɿʘʧʦʚʥʝʥʥʷ ʙʫʥʢʝʨʘ ʃʦʢʘʣʴʥʘ ɼʦʙʦʚʘ 

ʇʦʯʘʪʦʢ ʚʠʚʘʥʪʘʞʝʥʥʷ  ʃʦʢʘʣʴʥʘ ɼʦʙʦʚʘ 

ɿʘʢʽʥʯʝʥʥʷ 

ʚʠʚʘʥʪʘʞʝʥʥʷ 
ʃʦʢʘʣʴʥʘ 

ɼʦʙʦʚʘ 

ʊʨʘʥʩʧʦʨʪʥʠʡ 

ʟʘʩʽʙ 

ʇʦʯʘʪʦʢ ʟʘʚʘʥʪʘʞʝʥʥʷ ʃʦʢʘʣʴʥʘ ɼʦʙʦʚʘ 

ɿʘʢʽʥʯʝʥʥʷ 

ʟʘʚʘʥʪʘʞʝʥʥʷ 
ʃʦʢʘʣʴʥʘ 

ɼʦʙʦʚʘ 

ɺʠʾʟʜ ʘʚʪʦʤʦʙʽʣʷ ʥʘ 

ʤʘʨʰʨʫʪ 
ʃʦʢʘʣʴʥʘ 

ɼʦʙʦʚʘ 

ʇʦʚʝʨʥʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ 

ʟ ʤʘʨʰʨʫʪʫ 
ʃʦʢʘʣʴʥʘ 

ɼʦʙʦʚʘ 

ʇʦʯʘʪʦʢ ʟʘʚʘʥʪʘʞʝʥʥʷ ʃʦʢʘʣʴʥʘ ɼʦʙʦʚʘ 

ʊʘʢʦʞ ʜʦ ʩʝʟʦʥʥʠʭ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʦʜʽʡ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʽ 

ʧʦʜʽʾ, ʷʢ: ʧʦʯʘʪʦʢ ʥʝʧʦʛʦʞʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʪʘ ʡʦʛʦ ʟʘʚʝʨʰʝʥʥʷ. ʏʘʩ 

ʟʘʚʝʨʰʝʥʥʷ
 
ʥʝʧʦʛʦʞʦʛʦ ʽʥʪʝʨʚʘʣʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʯʘʪʦʢ ʧʦʛʦʞʦʛʦ ʽʥ-

ʪʝʨʚʘʣʫ ʯʘʩʫ. ʎʽ ʧʦʜʽʾ ʫʪʚʦʨʶʶʪʴ ʚʽʜʧʦʚʽʜʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʦʜʽʡ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʦʭʘʩʪʠʯʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʚʠʥʠʢʥʝʥʥʷ ʽ ʻ ʚʽʜʥʦʩʥʦ 
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ʊʉ ɿʈɿʂ ʛʣʦʙʘʣʴʥʠʤʠ, ʪʦʙʪʦ ʥʝ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʷ ʚʠʨʦ-

ʙʥʠʯʦʛʦ ʧʣʘʥʫ ʉɻʊ, ʘ ʚʢʘʟʫʶʪʴ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʫ ʪʦʡ ʯʠ ʽʥ-

ʰʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʟʙʠʨʘʣʴʥʠʭ ʨʦʙʽʪ ʚ ʮʽʣʦʤʫ.  

ɺʠʦʢʨʝʤʣʝʥʥʷ ʩʪʦʩʦʚʥʦ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʦʙôʻʢʪʘ) ʊʉ ɿʈɿʂ ʧʦʜʽʡ 

ʜʘʻ ʟʤʦʛʫ ʨʦʟʢʨʠʪʠ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ ʟʚôʷʟʢʠ ʤʽʞ ʥʠʤʠ, ʱʦ ʻ 

ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʣʦʢ-ʩʭʝʤʠ ʘʣʛʦʨʠʪʤʫ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦ-

ʛʨʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʊʉ ɿʈɿʂ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ çɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʝʣʝʢʪʨʠʬʽʢʘ-

ʮʽʾ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘè, ʋʢʨʘʾʥʘ 

 

ʆʨʛʘʥʽʟʘʮʽʷ ʛʦʜʽʚʣʽ ʢʦʨʽʚ ʽʟ-ʟʘ ʟʥʘʯʥʦʾ ʯʘʩʪʢʠ ʚʘʨʪʦʩʪʽ ʢʦʨʤʽʚ ʚ ʩʦʙʽ-

ʚʘʨʪʦʩʪʽ ʤʦʣʦʢʘ ɺ ʧʨʦʝʢʪʘʭ ʪʚʘʨʠʥʥʠʮʴʢʠʭ ʬʝʨʤ ʥʝ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʦʜʥʘ 

ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʢʣʘʜʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ï ʨʘʮʽʦʥʘʣʴʥʘ ʦʨ-

ʛʘʥʽʟʘʮʽʷ ʢʦʨʤʦʚʠʨʦʙʥʠʮʪʚʘ [1]. ʈʘʮʽʦʥʘʣʴʥʝ ʢʦʨʤʦʚʠʨʦʙʥʠʮʪʚʦ ï ʮʝ 

ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʪʝʭʥʽʯʠʭ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘ-

ʥʠʭ ʥʘ ʦʪʨʠʤʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʟ ʨʦʩʣʠʥʥʠʮʴʢʦʾ ʙʘʟʠ ʧʦʞʠʚʥʠʤʠ ʝʣʝ-

ʤʝʥʪʘʤʠ ʚ ʟʘʜʘʥʽ ʩʪʨʦʢʠ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʾʭ ʩʦʙʽʚʘʨʪʦʩʪʽ ʥʘ ʨʦʟʨʘʭʫʥ-

ʢʦʚʫ ʦʜʠʥʠʮʶ ʪʚʘʨʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫʢʮʽʾ [1], ʷʢʝ ʧʦʚʠʥʥʘ ʙʘʟʫʚʘʪʠʩʷ ʥʝ 

ʣʠʰʝ ʥʘ ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʥʷʭ ʧʨʦ ʧʦʞʠʚʥʦʩʪ ɹʢʦʨʤʽʚ, ʘ ʽ ʥʘ ʟʥʘʥʥʷʭ 

ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʤʝʭʘʥʽʟʘʮʽʾ ʟʘʛʦʪʽʚʣʽ ʢʦʨʤʽʚ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ. 
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ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʽ ʚ ʪʦʤʫ ʯʠʩʣʽ ʢʦʨʤʦʚʠʨʦʙʥʠ-

ʮʪʚʘ ʧʝʨʝʜʙʘʯʘʻ ʦʙʦʚ'ʷʟʢʦʚʠʡ ʨʦʟʛʣʷʜ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠ-

ʮʪʚʘ ʚ ʜʽʘʣʝʢʪʠʯʥʽʡ ʩʧʽʣʴʥʦʩʪʽ ʦʙôʻʢʪʽʚ - ʟʝʤʣʽ, ʨʦʩʣʠʥ, ʪʚʘʨʠʥ, ʤʘʰʠʥ 

ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʦʙʦʚôʷʟʢʦʚʠʤ ʚʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʥʠʭ 

ʟʚôʷʟʢʽʚ ʽ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ, ʪʦʙʪʦ ʨʦʟʛʣʷʜ ʧʨʦʮʝʩʫ ʷʢ ʩʠʩʪʝʤʠ. 

ʇʨʦʮʝʩ ʟʙʠʨʘʥʥʷ ʩʪʝʙʣʦʚʠʭ ʢʦʨʤʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʢʣʘʜʥʘ ʩʠ-

ʩʪʝʤʘ [2]. ʅʘ ʦʩʥʦʚʽ ʢʦʥʮʝʧʮʽʾ ʩʠʩʪʝʤʦʪʝʭʥʽʢʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʦʢʨʦ-

ʢʦʚʝ ʦʜʥʦʯʘʩʥʝ (ʧʘʨʘʣʝʣʴʥʝ) ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʜʫʨ. 

ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʥʘ 

ʙʫʜʴ-ʷʢʦʤʫ ʝʪʘʧʽ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʯʠ ʨʘʥʽʰʝ ʧʨʦʡʜʝʥʦʛʦ ʽ 

ʚʽʜʢʦʨʝʛʫʚʘʪʠ ʡʦʛʦ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʦʡ-

ʰʦʚʰʠ ʮʠʢʣ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʥʝ ʦʪʨʠʤʘʚʰʠ ʧʨʠʡʥʷʪʥʦʛʦ ʨʝ-

ʟʫʣʴʪʘʪʫ ʤʦʞʣʠʚʦ ʧʦʚʪʦʨʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ, ʷʢʝ ʤʦʞʝ ʧʨʦʚʦ-

ʜʠʪʠʩʷ ʟ ʚʠʢʣʶʯʝʥʥʷʤ ʦʢʨʝʤʠʭ ʝʪʘʧʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɯʥʰʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʝʪʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʝʪʘʧʽ ʩʠ-

ʥʪʝʟʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʦʧʠʩʫ ʢʦʞʥʦʾ 

ʟ ʾʾ ʩʢʣʘʜʦʚʠʭ [3], ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ ʜʽʾ ʯʠʥʥʠʢʽʚ 

(ʥʘʧʨʠʢʣʘʜ, ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ). 

ʈʘʮʽʦʥʠ ʬʦʨʤʫʶʪʴʩʷ ʽʟ ʥʘʷʚʥʠʭ ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ ʩʪʝʙʣʦʚʠʭ ʢʦʨʤʽʚ, ʚ 

ʷʢʠʭ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʫʞʝ ʚʽʜʦʤʽ ʧʦʢʘʟʥʠʢʠ ʧʦʞʠʚʥʦʩʪʽ. ʄʦʞ-

ʣʠʚʘ ʪʘʢʦʞ ʩʠʪʫʘʮʽʷ ʟʘʛʦʪʽʚʣʽ ʢʦʨʤʽʚ ʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩ-

ʪʷʤʠ, ʢʨʘʱʠʤʠ ʥʽʞ ʽʩʥʫʶʪʴ ʩʝʨʝʜʥʽ ʧʦ ʟʦʥʽ (ʟʝʨʥʦʩʽʥʘʞ, ʩʠʣʦʩ ʽʟ ʢʫʢʫ-

ʨʫʜʟʠ ʧʽʟʥʴʦʾ ʬʘʟʠ ʩʪʠʛʣʦʩʪʽ), ʪʦʤʫ ʨʘʮʽʦʥ ʛʦʜʽʚʣʽ ʻ ʧʝʨʰʦʦʩʥʦʚʦʶ ʧʣʘ-

ʥʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʨʤʽʚ. ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʟʘ-

ʛʦʪʽʚʣʽ ʩʪʝʙʣʦʚʠʭ ʢʦʨʤʽʚ [4] ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʙʩʣʫʛʦ-

ʚʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʢʦʨʤʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʦʪʨʝʙ ʬʝʨʤʠ. 

ʈʦʟʤʽʨʠ ʬʝʨʤʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʦʙʩʷʛʠ ʽ ʥʦʤʝʥʢʣʘʪʫʨʫ ʢʦʨʤʽʚ ʽ ʦʜʥʦ-

ʯʘʩʥʦ, ʚʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʩʪʚʦʨʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʢʽʣʴ-

ʢʽʩʪʴ ʦʪʨʠʤʫʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʤʦʞʣʠʚʝ ʦʮʽʥʶʚʘʥʥʷ, ʚʠʙʽʨ 

ʯʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʘʮʽʦʥʫ ʛʦʜʽʚʣʽ ʧʦ ʝʥʝʨʛʝʪʠʯʥʠʤ ʪʘ ʝʢʦʥʦʤʽʯʥʠʤ ʧʦ-

ʢʘʟʥʠʢʘʤ. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʤʦʞʣʠʚʝ ʦʮʽʥʶʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʢʫʣʴʪʫʨ, 

ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʱʫʚʘʥʥʷ ʢʦʨʤʦʚʦʾ ʩʠʨʦʚʠʥʠ, ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʾʭ 

ʨʝʘʣʽʟʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʦʤ ʮʴʦʛʦ ʝʪʘʧʫ ʤʦʜʝʣʽ ʻ ʦʙʩʷʛʠ ʟʘʛʦʪʽʚʣʽ ʩʠʣʦʩʫ 

(ʆʩʩ), ʩʽʥʘʞʫ (ʆʩʞ), ʩʽʥʘ (ʆʩʥ) ʪʘ ʪʝʨʤʽʥʠ ʽ ʯʘʩ ʟʙʠʨʘʥʥʷ ʮʠʭ ʢʦʨʤʽʚ.  

ʅʘ ʧʝʨʽʦʜ ʟʘʛʦʪʽʚʣʽ ʢʦʨʤʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʦʟʤʽʨʽʚ ʬʝʨʤʠ ʩʪʚʦ-

ʨʶʻʪʴʩʷ ʩʠʩʪʝʤʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʩʪʝʙʣʦʚʠʭ ʢʦʨʤʽʚ (ʉʆʇʉʂ), 

ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʧʦʣʷʭ [5]. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ  ʧʘʨʘʤʝʪʨʠ 

ʪʨʴʦʭ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʩʠʩʪʝʤ: ʟʙʠʨʘʣʴʥʦʾ, ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʾ, ʩʢʣʘʜʫʚʘ-
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ʣʴʥʦʾ. ʇʽʜʩʠʩʪʝʤʠ, ʚʠʢʦʥʫʶʯʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʨʦʚʠʥʠ ʤʘ-

ʶʪʴ ʚʭʽʜʥʽ ʬʦʨʤʫʶʪʴ ʚʠʭʽʜʥʽ ʧʦʪʦʢʠ. ɺʢʘʟʘʥʽ ʩʢʣʘʜʦʚʽ ʩʠʩʪʝʤʠ ʧʦ ʦʙ-

ʩʣʫʛʦʚʫʚʘʥʥʶ ʧʦʪʦʢʽʚ ʩʪʝʙʣʦʚʠʭ ʢʦʨʤʽʚ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʯʠʥʥʠʢʽʚ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɺ 

ʥʝʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ [3,5,6,] 

E = f({ʇ} , {ʉ} , {ʊʣ} , {ʊʥ} , {ɺ} , {ɸ} , {ʗʩ} , { Rʝ} , {ʆ} , {ɯ} , {ʋ}) ,  (1) 

ʜʝ ʚʽʜʧʦʚʽʜʥʦ ʤʥʦʞʠʥʠ ʯʠʥʥʠʢʽʚ: ʇ - ʧʨʝʜʤʝʪʥʦʾ; ʉ - ʩʦʮʽʘʣʴʥʦʾ; ʊʣ 

ï ʪʝʭʥʦʣʦʛʽʯʥʦʾ; ʊʥ ï ʪʝʭʥʽʯʥʦʾ; ɺ ï ʚʠʨʦʙʥʠʯʦʾ; ɸ ï ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯ-

ʥʦʾ, ʗʩ ï ʩʪʘʥʜʘʨʪʥʦ-ʷʢʽʩʥʦʾ; Re ï ʨʝʩʫʨʩʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʾ; ʆ ï ʦʨʛʘʥʽʟʘ-

ʮʽʡʥʦ-ʤʘʩʰʪʘʙʥʦʾ; ɯ ï ʽʥʬʦʨʤʘʮʽʡʥʦʾ; ʋ ï ʫʧʨʘʚʣʽʥʩʴʢʦʾ. 

ʉʫʪʥʽʩʪʴ ʢʦʞʥʦʾ ʛʨʫʧʠ ʩʬʦʨʤʦʚʘʥʘ ʫ ʾʾ ʥʘʟʚʽ, ʦʜʥʘʢ ʜʦʜʘʪʢʦʚʦ ʩʣʽʜ 

ʚʢʘʟʘʪʠ ʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʢʦʞʥʦʾ ʛʨʫʧʠ ʯʠʥʥʠʢʽʚ. ɻʨʫʧʘ ʧʨʝʜʤʝʪʥʠʭ ʯʠʥ-

ʥʠʢʽʚ {ʇ} ʚʽʜʦʙʨʘʞʘʻ ʨʽʯʥʠʡ ʧʣʘʥ ʨʦʙʽʪ ʧʦ ʟʘʛʦʪʽʚʣʽ ʢʦʨʤʽʚ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʧʦʣʽʚ, ʾʭ ʧʣʦʱ ̔ʪʘ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʦʣʷ 

ï ʫʨʦʞʘʡʥʽʩʪʴ, ʟʘʙʫʨ'ʷʥʝʥʽʩʪʴ, ʧʦʣʝʛʣʽʩʪʴ, ʚʤʽʩʪ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ. . 

ɻʨʫʧʘ ʩʦʮʽʘʣʴʥʠʭ ʯʠʥʥʠʢʽʚ {ʉ} ʭʘʨʘʢʪʝʨʠʟʫʻ  ʧʦʪʝʥʮʽʘʣ ʧʨʘʮʽʚʥʠʢʽʚ, 

ʷʢʽ ʟʘʜʽʷʥʽ ʚ ʉʆʇʉʂ. ɺʦʥʘ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʚʠʢʦʥʘʚʮʽʚ, ʾʭ ʢʚʘ-

ʣʽʬʽʢʘʮʽʻʶ ʪʘ ʤʦʪʠʚʘʮʽʻʶ (ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ), ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʶ ʩʢʣʘʜʦ-

ʚʦʾ ʧʦ ʧʽʜʪʨʠʤʘʥʥʶ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʪʘ ʚʽʜʧʦʯʠʥʢʫ ʧʨʘʮʽʚʥʠ-

ʢʽʚ. ɻʨʫʧʘ {ʊʥ} ʪʝʭʥʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʚʽʜʦʙʨʘʞʘʻ ʪʝʭʥʽʯʥʫ ʩʢʣʘʜʦʚʫ ʩʠʩ-

ʪʝʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ, ʢʽʣʴʢʽʩʪʶ ʪʝʭʥʽʯ-

ʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʛʦʪʽʚʣʽ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʩʢʣʘʜʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʜʣʷ 

ʢʦʨʤʽʚ, ʾʭ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉʶʜʠ ʪʘʢʦʞ ʥʘʣʝʞʘʪʴ ʧʠ-

ʪʘʥʥʷ ʧʽʜʪʨʠʤʘʥʥʷ ʚ ʨʦʙʦʪʦʟʜʘʪʥʦʤʫ ʩʪʘʥʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ (ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪ). ʊʝʭʥʦʣʦʛʽʯʥʘ ʛʨʫʧʘ {ʊʣ} ʯʠʥʥʠʢʽʚ ʩʠʩʪʝʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʠ ʟʘʛʦʪʽʚʣʽ ʢʦʨ-

ʤʽʚ. ɻʨʫʧʘ ʚʠʨʦʙʥʠʯʠʭ ʯʠʥʥʠʢʽʚ {ɺ} ʚʽʜʦʙʨʘʞʘʻ ʚʠʨʦʙʥʠʯʽ ʦʙʩʪʘʚʠʥʠ, 

ʟʘ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʛʦʪʽʚʣʷ ʢʦʨʤʽʚ ʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠ-

ʢʘʤʠ: ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʦʢʨʝʤʠʤʠ ʧʦʣʷʤʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʣʽʚ (ʧʣʦ-

ʱʝʶ, ʢʫʣʴʪʫʨʦʶ, ʢʦʥʬʽʛʫʨʘʮʽʻʶ), ʚʽʜʩʪʘʥʥʶ ʜʦ ʤʽʩʮʷ ʩʢʣʘʜʫʚʘʥʥʷ ʢʦʨ-

ʤʽʚ. ʉʪʘʥʜʘʨʪʥʦ-ʷʢʽʩʥʘ {ʗʩ} ʛʨʫʧʘ ʯʠʥʥʠʢʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ, ʷʢʽ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʦ ʟʘʛʦʪʽʚʣʽ ʢʦʨʤʽʚ (ʩʪʘʥʜʘʨʪʠ 

ʥʘ ʢʦʨʤʠ, ʚʠʤʦʛʠ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ). ɻʨʫʧʘ 

ʨʝʩʫʨʩʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ {Re} ʯʠʥʥʠʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʪʨʝʙʦʶ ʧʨʦʮʝʩʽʚ 

ʟʘʛʦʪʽʚʣʽ ʢʦʨʤʽʚ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʘʭ (ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʧʘʣʠʚʦ-ʤʘʩ-

ʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ). ʆʨʛʘʥʽʟʘʮʽʡʥʦ-ʤʘʩʰʪʘʙʥʘ {ʆ} ʛʨʫʧʘ ʭʘʨʘʢʪʝʨʠʟʫ-

ʻʪʴʩʷ ʤʝʪʦʜʘʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʢʦʥʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʣʘʥʽʚ, ʦʙʩʷʛʘʤʠ ʨʦ-

ʙʽʪ ʧʦ ʟʘʛʦʪʽʚʣʽ ʢʦʨʤʽʚ. ɻʨʫʧʘ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ {ɸ} ʯʠʥʥʠʢʽʚ ʚʽʜʦ-

ʙʨʘʞʘʻ ʚʧʣʠʚ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʷʢʽ ʻ ʚʠʧʘʜʢʦʚʠʤʠ (ʩʪʦʭʘʩʪʠ-
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ʯʥʠʤʠ) ʥʘ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʉʆʇʉʂ. ɺʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʨʠ-

ʚʘʣʽʩʪʶ ʧʨʠʜʘʪʥʠʭ ʪʘ ʥʝʧʨʠʜʘʪʥʠʭ ʜʣʷ ʨʦʙʦʪʠ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ, ʯʘʩʦʤ 

ʚʠʧʘʜʘʥʥʷ ʨʦʩʠ ʪʘ ʪʨʠʚʘʣʽʩʪʶ ʟʨʦʰʝʥʦʩʪʽ ʪʨʘʚ, ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʟʤʽ-

ʥʦʶ ʜʝʬʽʮʠʪʫ ʚʦʣʦʛʦʩʪʽ ʧʨʦʪʷʛʦʤ ʜʦʙʠ, ʯʘʩʦʤ ʜʦʩʷʛʥʝʥʥʷ ʪʨʘʚ ʢʦʥʜʠ-

ʮʽʡ ʜʣʷ ʟʙʠʨʘʥʥʷ ʥʘ ʦʢʨʝʤʠʭ ʧʦʣʷʭ. ʆʙʦʚ'ʷʟʢʦʚʦʶ ʩʢʣʘʜʦʚʠʤʠ ʩʠʩʪʝʤʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʽʥʬʦʨʤʘʮʽʡʥʘ {ɯ} ʪʘ ʫʧʨʘʚʣʽʥʩʴʢʘ {ʋ} ʛʨʫʧʠ ʯʠʥʥʠʢʽʚ. 

ʏʠʥʥʠʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʛʨʫʧʠ {ɯ} ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʚʦʻʯʘʩʥʝ ʚʠʟʥʘʯʝʥʥʥʷ 

ʪʘ ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʦʚʥʦʪʫ ʪʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʾ ʦʙ-

ˇʨʫʥʪʦʚʫʶʪʴʩʷ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ {ʋ}.  

ʇʦʜʽʣ ʯʠʥʥʠʢʽʚ ʥʘ ʦʢʨʝʤʽ ʛʨʫʧʠ ʥʦʩʠʪʴ ʜʝʷʢʫ ʫʤʦʚʥʽʩʪʴ ʪʘ ʥʝʦʜʥʦ-

ʟʥʘʯʥʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʧʨʝʜʤʝʪʥʘ ʛʨʫʧʘ ʯʠʥʥʠʢʽʚ {ʇ},  ʩʪʦʩʫʶʯʠʩʴ ʧʝʨʝ-

ʪʚʦʨʝʥʥʷ ʧʨʝʜʤʝʪʘ ʧʨʘʮʽ (ʩʪʝʙʣʦʩʪʦʶ) ʫ ʢʦʨʤʠ ʯʠ ʩʠʨʦʚʠʥʫ ʟʘʢʣʘʜʝʥʽ 

ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʩʪʝʙʣʦʚʠʭ ʢʦʨ-

ʤʽʚ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʩʢʣʘʜʦʚʽ: ʟʙʠʨʘʣʴʥʠʡ, ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʡ ʪʘ ʩʢʣʘ-

ʜʫʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʝʜʤʝʪʥʘ ʤʥʦʞʠʥʘ {ʇ} ʯʠʥʥʠʢʽʚ 

ʚʽʜʦʙʨʘʞʘʶʯʠ ʧʨʝʜʤʝʪ ʧʨʘʮʽ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʶ ʤʥʦ-

ʞʠʥʦʶ {ɸ} ʬʦʨʤʫʶʪʴ ʤʥʦʞʠʥʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʉʆʇʉʂ, ʪʦʙʪʦ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʫʣʴʪʫʨʘʤʠ, ʱʦ ʟʙʠʨʘʶʪʴʩʷ ʪʘ ʾʭ 

ʩʪʘʥʦʤ, ʚʠʜʦʤ ʢʦʨʤʫ, ʧʦʛʦʜʥʠʤʠ ʫʤʦʚʘʤʠ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʦʯʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʝʨʝʜʙʘʯʘʻ ʫʟʛʦʜʞʝʥʥʽʩʪʴ ʚʠʢʦ-

ʥʘʥʥʷ ʨʦʙʽʪ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ ʩʠʩʪʝʤʠ. ʈʽʚʝʥʴ ʫʟʛʦʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʯʘʩʦʤ ʦʯʽʢʫʚʘʥʥʷ ʽʟ-ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝ-

ʨʘʮʽʾ ʜʚʦʤʘ ʽ ʙʽʣʴʰʝ ʩʢʣʘʜʦʚʠʤʠ ʩʠʩʪʝʤʠ.  

ɸʥʘʣʽʟʫʶʯʠ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ 

ʥʝʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʦʜʥʫ, ʜʦʤʽʥʫʶʯʫ, ʧʝʨʝʚʘʞʘʶʯʫ ʛʨʫʧʫ ʯʠʥʥʠʢʽʚ. 

ʇʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʝʬʝʢʪʠʚʥʽʩʪʶ ʪʘ ʥʠʤʠ ʥʝ ʻ ʦʜʥʦʟʥʘʯ-

ʥʠʤʠ, ʘ ʧʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʴ ʷʢʦʾ ʟ ʥʠʭ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʽʟ-

ʢʦʛʦ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘʙʦ, ʚʟʘʛʘʣʽ, ʜʦ ʧʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʩʠʩʪʝʤʠ.  

ʆʪʞʝ, ʥʝ ʚʠʜʽʣʷʶʯʠ ʦʜʥʫ ʛʨʫʧʫ ʯʠʥʥʠʢʽʚ ʪʘ ʩʪʚʦʨʶʶʯʠ ʤʦʜʝʣʴ, ʱʦ 

ʽʤʽʪʫʻ ʨʦʙʦʪʫ ʪʝʭʥʽʢʦ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʛʨʫʧʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʽʥʰʠʭ 

ʯʠʥʥʠʢʽʚ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʉʆʇʉʂ ʟʘ ʨʽʟʥʦʛʦ 

ʩʢʣʘʜʫ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ, ʦʙ'ʻʤʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʟ ʚʨʘʭʫ-

ʚʘʥʥʷʤ ʚʧʣʠʚʫ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. 
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ɸʅɸʃɯɿ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʉɽʇɸʈɸʎɯɰ ɿɽʈʅɸ ʊɸ 

ʅɸʉɯʅʅʗ ɿɸ ɼʆʇʆʄʆɻʆʖ ʇɽʈɽɼɸʊʆʏʅʀʍ ʌʋʅʂʎɯʁ 

ɺ.ʆ. ʐʚʠʜʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ çɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʝʣʝʢʪʨʠ-

ʬʽʢʘʮʽʾ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘè, ʋʢʨʘʾʥʘ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʝʧʘʨʘʮʽʾ ʟʝʨʥʘ ʪʘ ʥʘʩʽʥʥʷ, ʷʢ 

ʧʨʘʚʠʣʦ, ʚʠʢʦʥʫʶʪʴ, ʩʢʣʘʜʘʶʯʠ ʜʠʬʝʨʝʥʮʽʡʥʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʬʨʘʢʮʽʡ, ʚ 

ʷʢʠʭ ʘʥʘʣʽʟʫʶʪʴ ʚʧʣʠʚ ʨʝʞʠʤʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʥʘ ʨʽʟʥʠʮʶ ʤʽʞ 

ʪʨʘʻʢʪʦʨʽʷʤʠ ʨʫʭʫ ʬʨʘʢʮʽʡ [1-2]. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ 

ʬʨʘʢʮʽʡ ʟʝʨʥʦʚʦʾ ʪʘ ʥʘʩʽʥʥʻʚʦʾ ʩʫʤʽʰʽ ʦʪʨʠʤʫʶʪʴ ʯʠʩʝʣʴʥʠʤ ʨʦʟʚôʷʟʢʦʤ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʩʝʧʘʨʘʮʽʾ ʟʝʨʥʘ ʪʘ ʥʘʩʽʥʥʷ, ʪʘʢ ʷʢ ʥʝʤʦʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ 

ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʝʧʘʨʘʪʦʨʘ ʥʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʥʦʛʦ ʧʨʦʮʝʩʫ ʩʝʧʘʨʘʮʽʾ ʟʝʨʥʘ ʽ 

ʥʘʩʽʥʥʷ. ɼʣʷ ʧʦʰʫʢʫ ʜʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʰʽ ʤʝʪʦʜʠ. 

ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʣʘ ʥʘʩʪʫʧʥʘ ʤʝʪʘ ʨʦʙʦʪʠ: ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʦʛʦ 

ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʝʧʘʨʘʮʽʾ ʟʝʨʥʘ ʪʘ ʥʘʩʽʥʥʷ, ʷʢʠʡ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʧʣʠʚʫ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʧʘʨʘʪʦʨʘ ʥʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ 

ʡʦʛʦ ʨʦʙʦʪʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʙʫʜʴ-ʷʢʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʟʝʨʥʘ ʪʘ ʥʘʩʽʥʥʷ 

ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʩʠʩʪʝʤʦʶ ñʯʦʨʥʠʡ ʷʱʠʢò ʥʘ ʚʭʽʜ ʷʢʦʛʦ ʧʦʜʘʻʪʴʩʷ ʟʝʨ-
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ʥʦʚʘ ʯʠ ʥʘʩʽʥʥʻʚʘ ʩʫʤʽʰ ʟ ʧʦʯʘʪʢʦʚʦʶ ʟʘʩʤʽʯʝʥʽʩʪʶ s1 ̔  ʚʠʭʦʜʠʪʴ ʽʟ ʟʘ-

ʩʤʽʯʝʥʽʩʪʶ s2 (ʜʠʚ. ʨʠʩ.). ɿʘʩʤʽʯʝʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʽʟ s1 ʜʦ s2 ʚʥʘʩʣʽʜʦʢ 

ʜʽʾ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ ʩʝʧʘʨʘʪʦʨʘ E(s), ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʦʥ-

ʩʪʨʫʢʮʽʡʥʦ-ʨʝʞʠʤʥʽ ʧʘʨʘʤʝʪʨʠ ʩʝʧʘʨʘʪʦʨʘ (ʜʠʚ. ʨʠʩ.). 

 
ʈʠʩ.  ï ʉʭʝʤʘ ʩʠʩʪʝʤʠ ñʯʦʨʥʠʡ ʷʱʠʢò ʩʝʧʘʨʘʪʦʨʘ ʟʝʨʥʘ ʪʘ 

ʥʘʩʽʥʥʷ 

ʊʦʜʽ ʜʽʶ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ ʩʝʧʘʨʘʪʦʨʘ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʨʽʚʥʷʥ-

ʥʷʤ: 

2 1 ( )s s E s= Ö  .    (1) 

ɿ ʨʽʚʥʷʥʥʷ (1) ʚʠʧʣʠʚʘʻ, ʱʦ ʷʢʽʩʪʴ ʦʯʠʱʝʥʥʷ ʟʝʨʥʦʚʦʾ ʯʠ ʥʘʩʽʥʥʻʚʦʾ 

ʩʫʤʽʰʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ E(s). 

ʇʝʨʝʜʘʪʦʯʥʫ ʬʫʥʢʮʽʶ E(s) ʤʦʞʥʘ ʦʧʠʩʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʩʥʦʚʥʝ 

ʨʽʚʥʷʥʥʷ ʩʝʧʘʨʘʮʽʾ [3]: 
tKesE Ö-=)( ,    (2) 

ʜʝ t ð ʯʘʩ ʩʝʧʘʨʘʮʽʾ; K ð ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʫʤʦʚʠ ʩʝʧʘ-

ʨʘʮʽʾ. 

ʂʦʝʬʽʮʽʻʥʪ K ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʩʤʽʪʪʻʚʦʾ 

ʬʨʘʢʮʽʾ ʟ ʟʝʨʥʦʚʦʾ ʯʠ ʥʘʩʽʥʥʻʚʦʾ ʩʫʤʽʰʽ. ɼʘʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ, ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʥʝʟʘʣʝʞʥʠʭ ʧʦʜʽʡ: ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʙôʻʤʫ ʯʘ-

ʩʪʠʥʢʠ ʩʤʽʪʪʻʚʦʾ ʬʨʘʢʮʽʾ ʜʦ ʦʙôʻʤʫ ʧʨʦʩʪʦʨʫ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʠʜʽʣʝʥʥʷ 

ʟ ʟʝʨʥʦʚʦʾ ʯʠ ʥʘʩʽʥʥʻʚʦʾ ʩʫʤʽʰʽ, ʱʦ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʬʫʥʢʮʽʻʶ f1(x); 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʝʧʘʨʫʻʤʦʾ ʦʟʥʘʢʠ ʩʤʽʪʪʻʚʦʾ ʬʨʘʢʮʽʾ ʜʦ ʩʝʧʘʨʫʶʯʦʾ ʜʽʾ 

ð f2(x) ʪʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʩʝʧʘʨʫʶʯʦʾ ʜʽʾ ʧʦ ʦʙôʻʤʫ ʢʘʤʝʨʠ, ʜʝ ʚʠʢʦ-

ʥʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʩʝʧʘʨʘʮʽʾ ʟʝʨʥʘ ʪʘ ʥʘʩʽʥʥʷ ð f3(x). 

ʌʫʥʢʮʽʾ f1(x), f2(x) ʪʘ f3(x) ̫ ʚʣʷʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʬʫʥʢʮʽʷʤʠ ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʧʘʨʘʪʦʨʘ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʝʦʨʝʤʠ ʤʥʦʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ [4] ʬʦʨʤʫʣʘ (2) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 
1( ) 2( ) 3( )( ) f x f x f x tE s e- Ö Ö Ö= .    (3) 

ɼʣʷ ʟôʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ i-ʪʦʛʦ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʨʝʞʠʤʥʦʛʦ ʧʘʨʘʤʝʪʨʫ 

xi ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʡʦʛʦ ʬʫʥʢʮʽʶ ʯʫʪʣʠʚʦʩʪʽ Yi(xi), ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʚʧʣʠʚ ʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʥʘ ʧʝʨʝʜʘʪʦʯʥʫ ʬʫʥʢʮʽʶ E(s). 
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1( ) 2( ) 3( )( ) ( )f x f x f x t

i i

i

Y x e
x

- Ö Ö Öµ
=
µ

.   (4) 

ɼʣʷ ʧʦʰʫʢʫ ʜʽʘʧʘʟʦʥʽʚ ʥʝʯʫʪʣʠʚʦʩʪʽ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ  ʜʦ 

ʧʘʨʘʤʝʪʨʘ xi ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʦʙʣʘʩʪʽ, ʧʨʠ ʷʢʠʭ ʧʘʨʘʤʝʪʨ xi  ʥʝ ʚʧʣʠ-

ʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʯʫʪʣʠʚʦʩʪʽ Yi(xi). ʇʝʨʝʚʽʨʢʘ ʬʫʥʢʮʽʾ ʯʫʪʣʠʚʦʩʪʽ 

Yi(xi) ʥʘ ʥʘʷʚʥʽʩʪʴ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʫʤʦʚʦʶ: 

lim ( )
ix i iY x­¤ ¸¤.     (5) 

ʆʮʽʥʢʫ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʘ xi ʥʘ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ Yi(xi) ʟʨʫʯʥʦ ʭʘʨʘʢ-

ʪʝʨʠʟʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʝʯʫʪʣʠʚʦʩʪʽ Kchi, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʜʦʧʫʩʪʠʤʫ ʟʤʽʥʫ ʬʫʥʢʮʽʾ ʯʫʪʣʠʚʦʩʪʽ ȹYi(xi) ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʘ ȹxi. 

ɿʦʥʘ ʥʝʯʫʪʣʠʚʦʩʪʽ ʧʘʨʘʤʝʪʨʘ xi  ʤʘʻ ʥʘʣʝʞʘʪʠ ʜʽʘʧʘʟʦʥʫ [0; +Ð], ʧʨʠ 

ʯʦʤʫ ʦʜʥʘ ʽʟ ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ ʜʽʘʧʘʟʦʥʫ ʥʝʯʫʪʣʠʚʦʩʪʽ ʧʘʨʘʤʝʪʨʘ xi  ʧʦ-

ʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʩʪʘʮʽʦʥʘʨʥʽʡ ʪʦʯʮʽ ʬʫʥʢʮʽʾ Yi(xi). ɸ ʮʝ ʟʥʘʯʠʪʴ, ʱʦ 

ʷʢʱʦ ʬʫʥʢʮʽʷ ʯʫʪʣʠʚʦʩʪʽ ʦʧʠʩʫʻʪʴʩʷ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ, ʪʦ ʟʦʥʠ ʥʝʯʫʪ-

ʣʠʚʦʩʪʽ ʚʽʜʩʫʪʥʽ. ʊʦʜʽ ʩʪʘʮʽʦʥʘʨʥʽ ʪʦʯʢʠ ʬʫʥʢʮʽʡ ʯʫʪʣʠʚʦʩʪʽ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʨʦʟʚôʷʟʘʚʰʠ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʩʢʣʘʜʝʥʠʭ ʽʟ ʯʘʩʪʠʥ-

ʥʠʭ ʧʦʭʽʜʥʠʭ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ E(s), ʷʢʽ ʧʨʠʨʽʚʥʶʶʪʴʩʷ 0: 

1( ) 2( ) 3( )

1

1( ) 2( ) 3( )

1( ) 2( ) 3( )

1

( ) 0

......................................
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( ) 0
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.    (6) 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʟʥʘʭʦʜʠʤʦ ʽ ʽʥʰʫ ʪʦʯʢʫ ʜʽʘʧʘʟʦʥʫ ʥʝʯʫʪʣʠʚʦʩʪʽ, 

ʧʨʠʨʽʚʥʷʚʰʠ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ  ʜʨʫʛʦʛʦ ʧʦ-

ʨʷʜʢʫ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʝʯʫʪʣʠʚʦʩʪʽ Kchi:  
2
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ʈʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ (6) ʪʘ (7) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠ-

ʷʚʠʪʠ ʜʽʘʧʘʟʦʥʠ ʥʝʯʫʪʣʠʚʦʩʪʽ ʧʘʨʘʤʝʪʨʘ xi ʜʦ ʬʫʥʢʮʽʾ ʯʫʪʣʠʚʦʩʪʽ Yi(xi). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʩʝʧʘʨʘʮʽʾ ʟʝʨʥʘ ʪʘ ʥʘʩʽʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʜʘʪʦʯʥʠʭ ʬʫʥʢʮʽʡ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-

ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʧʘʨʘʪʦʨʘ ʥʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʥʦʛʦ 

ʧʨʦʮʝʩʫ ʩʝʧʘʨʘʮʽʾ ʟʝʨʥʘ ʽ ʥʘʩʽʥʥʷ (ʷʢʱʦ ʬʫʥʢʮʽʾ f1(x), f2(x) ʪʘ f3(x) ʚʠʨʘ-

ʞʝʥʽ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ) ʯʝʨʝʟ ʨʦʟʨʘʭʫʥʦʢ ʬʫʥʢʮʽʡ 

ʯʫʪʣʠʚʦʩʪʽ (4) ʙʝʟ ʘʥʘʣʽʟʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʩʧʨʦʱʫʻ ʨʦ-

ʟʨʘʭʫʥʢʠ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʧʘʨʘʪʦʨʘ.  
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ʋɼʆʉʂʆʅɸʃɽʅʀʁ ʄɽʊʆɼ ʌʆʈʄʋɺɸʅʅʗ ʇʃɸʅɯɺ 

ɿɸɺɸʅʊɸɾɽʅʅʗ ʇʆʈʆʄɯɺ ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʀʄʀ 

ɿɸʉʆɹɸʄʀ 
ʖ.ʆ. ɾʠʮʴʢʠʡ, ɸ.ɺ. ʗʨʤʽʣʢʦ 

ʏʝʨʢʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴ-

ʢʦʛʦ, ʋʢʨʘʾʥʘ 

 

ʋ ʢʦʤʙʽʥʦʚʘʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ ʦʧʝʨʘʪʦʨʘʤ ʣʦʛʽʩʪʠʯ-

ʥʠʭ ʩʣʫʞʙ ʯʘʩʪʦ ʜʦʜʠʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʨʩʴ-

ʢʠʤʠ ʧʦʨʦʤʘʤʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ ʟ ʥʘʧʝʨʝʜ ʥʝ ʚʽʜʦʤʠʤ ʧʝʨʝ-

ʣʽʢʦʤ ʪʠʧʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʾʭʥʴʦʛʦ ʚʘʥʪʘʞʫ ʪʘ 

ʢʽʥʮʝʚʠʤʠ ʧʫʥʢʪʘʤʠ ʧʨʠʟʥʘʯʝʥʥʷ. ʊʘʢʘ ʦʙʩʪʘʚʠʥʘ ʫʩʢʣʘʜʥʶʻ ʚʠʨʽ-

ʰʝʥʥʷ ʟʘʜʘʯ, ʷʢʽ ʧʦʩʪʘʶʪʴ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʦʨʦʤʫ: 1) ʝʬʝ-
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ʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʪʘ ʚʘʥʪʘʞʦʤʽʩʪʢʦʩʪʽ; 2) ʜʦ-

ʜʝʨʞʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʘʚʘʥʪʘʞʝʥʥʷ-ʚʠʚʘʥʪʘʞʝʥʥʷ ʚ ʧʨʦʤʽʞʥʠʭ ʧʫʥ-

ʢʪʘʭ ʟʫʧʠʥʢʠ (ʨʦʪʘʮʽʾ) ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʚʘʥ-

ʪʘʞʫ; 3) ʨʦʟʤʽʱʝʥʥʷ ʚʘʥʪʘʞʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠ-

ʚʦʩʪʝʡ ʽ ʫʤʦʚ ʩʫʤʽʩʥʦʩʪʽ; 4) ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʫ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʦʙʦʚôʷʟʘʥʴ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʚʠʤʦʛ ʧʝʨʝʚʽʟʥʠʢʘ; 5) ʽʥʰʠʭ ʪʝ-

ʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪ̔ ʪʨʘʥʩʧʦʨʪʫ-

ʚʘʥʥʷ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʾʥʘʜʽʡʥʦʩʪʽ ̔  ʙʝʟʧʝʯʥʦʩʪʽ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ 

[1]. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʥʝ ʚʪʨʘʯʘʻ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʦʰʫʢ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʦʜʠʥʠʮʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʻʾ ʤʥʦʞʠʥʠ 

ʘʢʪʫʘʣʴʥʠʭ ʚʠʤʦʛ. 

ɿ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘ-

ʩʦʙʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʚʘʥʪʘʞʥʠʭ ʧʣʘʥʽʚ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʘʚ-

ʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘ ʧʦʨʦʤʘʭ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʨʘʭʫʚʘʥʥʷ ʾʭ ʨʦʟʤʽʨʽʚ, ʨʝ-

ʞʠʤʥʠʭ ʦʙʤʝʞʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʾʭʥʽʤ ʚʘʥʪʘʞʝʤ, ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʚʠʚʘʥ-

ʪʘʞʝʥʥʷ ʫ ʧʫʥʢʪʘʭ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʽʜʩʽʢʽʚ 

ʧʦʨʦʤʘ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʚʘʥʪʘʞʥʦʛʦ ʧʣʘʥʫ ʪʘ ʟʘʛʘʣʴʥʠʭ ʚʠʩʦ-

ʢʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʝʨʝʚʝʟʝʥʴ ʚʠʟʥʘʯʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʦʶ ʻ ʱʽʣʴʥʽʩʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ. 

ɼʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʘʥʪʘʞʥʠʭ ʚʽʜʩʽʢʽʚ ʤʦʨʩʴ-

ʢʠʭ ʧʦʨʦʤʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʟ ʢʣʘʩʫ ʟʘʜʘʯ ʧʨʦ ʧʘʢʫ-

ʚʘʥʥʷ ʚ ʢʦʥʪʝʡʥʝʨʠ, ʘ ʩʘʤʝ ʧʨʦ ʜʚʦʚʠʤʽʨʥʝ ʧʘʢʫʚʘʥʥʷ. ɿʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ 

ʧʘʢʫʚʘʥʥʽ ʦʙ'ʻʢʪʽʚ ʚʠʟʥʘʯʝʥʠʭ ʨʦʟʤʽʨʽʚ ʚ ʩʢʽʥʯʝʥʥʝ ʯʠʩʣʦ ʻʤʥʦʩʪʝʡ, ʨʦ-

ʟʤʽʨʠ ʷʢʠʭ ʪʝʞ ʚʽʜʦʤʽ ʟʘʟʜʘʣʝʛʽʜʴ, ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ, ʘʙʠ ʯʠʩʣʦ ʚʠʢʦʨʠʩʪʘ-

ʥʠʭ ʻʤʥʦʩʪʝʡ ʙʫʣʦ ʥʘʡʤʝʥʰʠʤ, ʘʙʦ ʢʽʣʴʢʽʩʪʴ ʯʠ ʦʙ'ʻʤ ʧʨʝʜʤʝʪʽʚ ʙʫʣʠ 

ʷʢʥʘʡʙʽʣʴʰʠʤʠ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʜʦ ʨʦʟʪʘʱʫʚʘʥʥʷ ʘʚʪʦ-

ʪʨʘʥʩʧʦʨʪʫ ʤʘʶʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʷʢ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʟʘʛʘʣʴʥʽ ʚʠ-

ʤʦʛʠ, ʪʘʢ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʷʢ ʩʘʤʦʨʫʭʦʤʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʆʩʢʽʣʴʢʠ ʟʘʜʘʯʘ ʻ ʢʦʤʙʽʥʘʪʦʨʥʦʶ ʽ ʤʘʻ NP-ʩʢʣʘʜʥʽʩʪʴ [2], ʪʦ ʥʘ ʧʨʘʢ-

ʪʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʜʘʶʪʴ ʥʘʙʣʠʞʝʥʫ ʚʽʜʧʦʚʽʜʴ. ʇʝʨʝ-

ʚʘʞʥʦ ʪʘʢʽ ʘʣʛʦʨʠʪʤʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʚʭʽʜʥʽ ʜʘʥʽ ʩʪʘʮʽʦʥʘʨʥʦʾ ʧʨʠʨʦʜʠ. 

ʉʝʨʝʜ ʥʠʭ ʟʘʩʣʫʛʦʚʫʶʪʴ ʫʚʘʛʠ ʧʦʣʽʥʦʤʽʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ Next Fit 

Decreasing High (NFDH), First Fit Decreasing High (FFDH), Split Fit, 

Knapsack 0-1, Burke ʪʘ ʽʥʰʽ [3]. ʇʨʦʪʝ, ʷʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ, ʚʦʥʠ ʥʝ ʟʘʙʝʟ-

ʧʝʯʫʶʪʴ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʱʽʣʴʥʦʩʪʽ ʨʦʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʽʚ ʟ ʨʽʟʥʠʤʠ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʟ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ, 

ʪʘ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʧʨʠʢʣʘʜʥʦʾ ʛʘʣʫʟʽ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʨʦʟʤʽʱʝʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘ ʧʦʨʦʤʘʭ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʜʚʦʤʽʨʥʦʾ ʫʧʘʢʦʚʢʠ ʢʦʥʪʝʡʥʝʨʘ ʪʘ-

ʢʦʛʦ ʟʤʽʩʪʫ. ʇʨʦʮʝʩ ʟʘʧʦʚʥʝʥʥʷ ʢʦʥʪʝʡʥʝʨʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʨʦʮʝʩ ʟʘ-

ʧʦʚʥʝʥʥʷ n ʧʨʷʤʦʢʫʪʥʠʭ ʧʦʣʽʛʦʥʽʚ ï ʧʣʦʱʠʥ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ. ɼʘʥʽ 
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ʧʣʦʱʠʥʠ ʬʦʨʤʫʶʪʴʩʷ ʧʽʩʣʷ ʢʦʞʥʦʾ ʚʩʪʘʚʢʠ ʥʦʚʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ ʽ ʻ ʧʽ-

ʜʧʨʦʩʪʦʨʘʤʠ ʟʘʣʠʰʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʷʢʠʡ ʫʪʚʦʨʠʚʩʷ ʧʽʩʣʷ ʨʦʟʤʽʱʝʥʥʷ 

ʫ ʢʦʥʪʝʡʥʝʨʽ ʧʦʧʝʨʝʜʥʽʭ ʝʣʝʤʝʥʪʽʚ ʚʭʽʜʥʦʛʦ ʤʘʩʠʚʫ. ʆʪʞʝ, ʥʘ ʧʦʯʘʪʢʦ-

ʚʦʤʫ ʢʨʦʮʽ ʘʣʛʦʨʠʪʤʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʜʥʘ ʧʦʯʘʪʢʦʚʘ ʧʣʦʱʠʥʘ, ʷʢʘ ʚʽʜ-

ʧʦʚʽʜʘʻ ʧʣʦʱʽ ʚʩʴʦʛʦ ʢʦʥʪʝʡʥʝʨʫ. ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʤʦʞʣʠʚʦ-

ʩʪʽ ʨʦʟʤʽʱʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ ʫ ʧʦʪʦʯʥʽʡ ʧʣʦʱʠʥʽ. ʇʨʠ ʫʩʧʽ-

ʰʥʦʤʫ ʚʠʢʦʥʘʥʥʶ ʮʴʦʛʦ ʢʨʦʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʙʠʚʢʘ ʟʘʣʠʰʢʦʚʦʛʦ ʚʽ-

ʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘ ʦʢʨʝʤʽ ʧʦʣʽʛʦʥʠ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʩʪʦʨʦʥʘʤʠ ʨʦʟʤʽʱʝ-

ʥʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ, ʱʦ ʤʝʞʫʶʪʴ ʟ ʚʽʣʴʥʠʤ ʧʨʦʩʪʦʨʦʤ. ʅʘ ʥʘʩʪʫʧʥʠʭ 

ʢʨʦʢʘʭ ʘʣʛʦʨʠʪʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʪʦʨʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʮʝʜʫʨ ʟ ʪʽʻʶ 

ʚʽʜʤʽʥʥʽʩʪʶ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʝʣʝ-

ʤʝʥʪʽʚ ʤʘʩʠʚʫ ʫ ʢʦʞʥʦʤʫ ʟ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʧʦʣʽʛʦʥʽʚ. ʋ ʩʠʪʫʘʮʽʾ ʙʘʛʘʪʦ-

ʚʘʨʽʘʥʪʥʦʩʪʽ ʚʠʙʦʨʫ ʨʽʰʝʥʥʷ ʦʙʠʨʘʻʪʴʩʷ ʧʦʣʽʛʦʥ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʚʩʪʘ-

ʥʦʚʣʝʥʦʤʫ ʟʘʛʘʣʴʥʦʤʫ ʧʨʘʚʠʣʫ ʟʘʧʦʚʥʝʥʥʷ ʢʦʥʪʝʡʥʝʨʘ. ʋ ʥʘʚʝʜʝʥʦʤʫ 

ʥʘ ʨʠʩ. 1 ʧʨʠʢʣʘʜʽ ʪʘʢʠʤ ʧʨʘʚʠʣʦʤ ʻ çLeft-Upperè, ʪʦʙʪʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʤʘʩʠʚʫ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʦ ʜʦ ʚʝʨʭʥʴʦʾ ʪʘ ʣʽʚʦʾ ʤʝʞ ʟʦʙʨʘ-

ʞʝʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ.  

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʨʦʜʞʝʥʥʷ ʚʽʣʴʥʠʭ ʧʽʜʧʨʦʩʪʦʨʽʚ ʢʦʥʪʝʡʥʝʨʘ ʫ ʧʨʦʮʝʩʽ 

ʡʦʛʦ ʟʘʧʦʚʥʝʥʥʷ: s1, s2, s3 ï ʨʦʟʤʽʱʝʥʽ ʝʣʝʤʝʥʪʠ ʚʭʽʜʥʦʛʦ ʤʘʩʠʚʫ, p1, 

p2, p3, p4 ï ʤʝʞʽ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʧʽʜʧʨʦʩʪʦʨʽʚ  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʜʚʦʤʽʨʥʦʾ ʫʧʘʢʦʚʢʠ ʢʦ-

ʥʪʝʡʥʝʨʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʧʨʠ ʚʠʨʽ-

ʰʝʥʥʽ ʟʘʜʘʯʽ ʫʧʘʢʦʚʢʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝ ʩʪʘʪʠʯʥʠʡ ʧʨʦʩʪʽʨ, ʘ ʜʠʥʘʤʽʯʥʘ 

ʤʥʦʞʠʥʘ ʧʦʨʦʜʞʝʥʠʭ ʥʘ ʧʦʪʦʯʥʦʤʫ ʢʨʦʮʽ ʫʧʘʢʫʚʘʥʥʷ ʧʨʷʤʦʢʫʪʥʠʭ ʧʦ-

ʣʽʛʦʥʽʚ, ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʤʽʱʝʥʴ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ, ʟʘ ʫʤʦʚʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʽʦʨʠʪʝʪʥʽʩʪʶ ʟʘʧʦʚʥʝʥʥʷ ʧʦʣʽʛʦʥʽʚ ʪʘ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚʭʽʜʥʦʛʦ ʤʘ-

ʩʠʚʫ, ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʫ ʧʣʦʱʠʥʽ ʢʦʥʪʝʡʥʝʨʘ ʦʙʣʘʩʪʝʡ, 

ʟʘʢʨʠʪʠʭ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʚʘʥʪʘʞʽʚ, ʱʦ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʦʩʷʛʥʝʥʥʷ 

ʚʠʱʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʦʨʫ ʢʦʥʪʝʡʥʝʨʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 
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ʽʩʥʫʶʯʠʤʠ ʧʦʣʽʥʦʤʽʘʣʴʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʟʘʧʦʚʥʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʥʪʝʡʥʝʨʽʚ, ʪʘʢ ʽ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦ-

ʨʪʥʠʭ ʦʜʠʥʠʮʴ ʫ ʜʠʩʢʨʝʪʠʟʦʚʘʥʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʦʪʦʮʽ ʚ ʟʘʜʘʯʘʭ ʟ 

ʙʽʣʴʰʠʤ ʯʠʩʣʦʤ ʫʤʦʚ ʪʘ ʦʙʤʝʞʝʥʴ. ʇʦʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʤʝʪʦʜʘ ʫ ʣʦʛʽʩʪʠʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ʤʦʨʩʴʢʠʭ ʧʝʨʝʚʽʟʥʠʢʽʚ ʧʽʜʪʚʝʨʜʞʫʻ ʡʦʛʦ 

ʧʨʘʢʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʟʘʟʥʘʯʝʥʽʡ ʛʘʣʫʟʽ.   

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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ʆʇʊʀʄɯɿɸʎɯʗ 3D-ʄʆɼɽʃʖɺɸʅʅʗʄ ʇɸʈɸʄɽʊʈɯɺ 

ɺɯɼʎɽʅʊʈʆɺʆɰ ʉʆʂʆɼɸɺʂʀ ɿ ʂʋʃʔʆɺʀʄ 

ɸɺʊʆɹɸʃɸʅʉʀʈʆʄ ʇʈʀ ɯʄʇʋʃʔʉʅɯʁ ɿʄɯʅɯ 

ʅɽɿʈɯɺʅʆɺɸɾɽʅʆʉʊɯ ɰɰ ʉʀʊɸ 

ɺ. ɺ. ɻʦʥʯʘʨʦʚ, ɻ. ɹ. ʌʽʣʽʤʦʥʽʭʽʥ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ɽʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʨʦʪʦʨʽʚ, ʜʠʩʙʘʣʘʥʩ ʷʢʠʭ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ, ʻ ʾʭ ʟʨʽʚʥʦʚʘʞʝʥʥʷ ʥʘ ʭʦʜʫ ʧʘʩʠʚʥʠʤʠ ʘʚ-

ʪʦʙʘʣʘʥʩʠʨʘʤʠ (ɸɹ). ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ɸɹ. ʅʘ ʩʴʦʛʦʜʥʽ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ (ʥʘ ʥʘʪʫʨʥʠʭ ʩʪʝʥʜʘʭ ʪʘ 3D 

ʤʦʜʝʣʷʭ ʜʝʷʢʠʭ ʤʘʰʠʥ) ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʣʠʰʢʦʚʠʭ ʚʽʙʨʦʧʨʠʰʚʠʜʰʝʥʴ 

[1] ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʙʽʛʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ (ʇʇ) [2] ʥʘ ʝʪʘʧʘʭ 

ʨʦʟʙʽʛʫ ʪʘ ʚʠʙʽʛʫ ʨʦʪʦʨʽʚ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʧʦʯʘʪʢʦʚʽʡ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʽ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʦʚʥʽ ʜʣʷ: ʧʨʠʚʦʜʽʚ CD/DVD ʜʠʩʢʽʚ, ʙʘʨʘ-

ʙʘʥʽʚ ʧʨʘʣʴʥʠʭ ʤʘʰʠʥ, ʝʢʩʪʨʘʢʪʦʨʽʚ, ʮʝʥʪʨʠʬʫʛ, ʩʝʧʘʨʘʪʦʨʽʚ, ʢʨʠʣʴʯʘ-

ʪʦʢ ʚʝʥʪʠʣʷʪʦʨʽʚ, ʨʦʪʦʨʽʚ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ, ʪʦʱʦ, ʚ ʷʢʠʭ ʥʝʟʨʽʚʥʦʚʘ-

ʞʝʥʽʩʪʴ ʩʪʘʣʘ ʘʙʦ ʟʤʽʥʶʻʪʴʩʷ ʧʦʚʽʣʴʥʦ. ɸ ʦʪ ʙʘʣʘʥʩʫʚʘʥʥʷ ʨʦʪʦʨʽʚ ʧʨʠ 

ʽʤʧʫʣʴʩʥʽʡ ʟʤʽʥʽ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʽ ʥʘ ʢʨʝʡʩʝʨʩʴʢʽʡ ʰʚʠʜʢʦʩʪʽ (ʱʦ ʤʘʻ 

ʤʽʩʮʝ ʧʨʠ ʨʦʙʦʪʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʜʨʦʙʘʨʦʢ, ʨʫʯʥʠʭ ʰʣʽʬʫʚʘʣʴʥʠʭ ʤʘʰʠʥ, 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʦʢʦʜʘʚʦʢ (ɺʉɼ), ʙʘʨʘʙʘʥʽʚ ʜʝʷʢʠʭ ʝʢʩʪʨʘʢʪʦʨʽʚ, ʪʦʱʦ) ʥʝ 

ʜʦʩʣʽʜʞʫʚʘʣʦʩʴ. 
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ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 3D-ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʚ [1, 2] ʤʝʪʦʜʠʢʠ, ʦʧʪʠʤʽʟʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ɺʉɼ ʪʘ ʢʫʣʴʦʚʦʛʦ ɸɹ (ʤʽ-

ʥʽʤʽʟʫʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʽʛʫ ʇʇ) ʧʨʠ ʽʤʧʫʣʴʩʥʽʡ ʟʤʽʥʽ ʥʝʟʨʽʚʥʦʚʘʞʝ-

ʥʦʩʪʽ ʥʘ ʢʨʝʡʩʝʨʩʴʢʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ. 

ɯʤʧʫʣʴʩʥʘ ʟʤʽʥʘ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʽ ʩʠʪʘ ʤʦʜʝʣʶʻʪʴʩʷ ʚ ʤʦʜʫʣʽ 

Cosmos Motion ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʫ çAction Onlyè. ɺʝʢʪʦʨʠ 

ʩʠʣ ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʜʦ ʩʠʪʘ ʫ ʧʣʦʱʠʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. 

ʉʠʣʘʤ ʥʘʜʘʶʪʴʩʷ ʪʨʠ ʨʽʟʥʽ ʜʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ï ʤʘʣʝ (15 ʅ), ʩʝʨʝʜʥʻ 

(70 ʅ) ʪʘ ʚʝʣʠʢʝ (96 ʅ). ʂʫʣʽ ʚ ʜʚʦʭʢʫʣʴʦʚʦʤʫ ɸɹ ʧʨʠ ʮʴʦʤʫ ʨʦʟʭʦ-

ʜʷʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ 163ʦ, 90ʦ ʽ 30ʦ. 

 
ʈʠʩ. 1. ʄʦʜʝʣʶʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʾ ʟʤʽʥʠ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʽ ʩʠʪʘ 

ʇʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʾ ʟʤʽʥʠ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʝʡ 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ.1.  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʽ ʪʘʢʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ: [0; t1) ï ʩʠʪʦ ʨʦʟʛʘʥʷʻʪʴʩʷ ʜʦ 

ʢʨʝʡʩʝʨʩʴʢʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ; [t1; t1+ȹt) ï çʚʢʣʶʯʘʻʪʴʩʷè ʩʠʣʘ F1 

(ȹt=0,05 ʩ); [t1+ȹt; t2) ï ʛʘʨʘʥʪʦʚʘʥʦ ʥʘʩʪʘʻ ʘʚʪʦʙʘʣʘʥʩʫʚʘʥʥʷ ʽ ʢʫʣʽ ʧʨʠ-

ʭʦʜʷʪʴ ʫ ʧʝʨʰʝ ʘʚʪʦʙʘʣʘʥʩʫʚʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ; [t2; t2+ȹt) ï çʚʠʢʣʶʯʘ-

ʻʪʴʩʷè ʩʠʣʘ F1 ʽ çʚʢʣʶʯʘʻʪʴʩʷè ʩʠʣʘ F2; [t2+ȹt; T) ï ʛʘʨʘʥʪʦʚʘʥʦ ʥʘʩʪʘʻ 

ʘʚʪʦʙʘʣʘʥʩʫʚʘʥʥʷ ʽ ʢʫʣʽ ʧʨʠʭʦʜʷʪʴ ʫ ʜʨʫʛʝ ʘʚʪʦʙʘʣʘʥʩʫʚʘʣʴʥʝ ʧʦʣʦ-

ʞʝʥʥʷ. 

ʅʘ ʧʨʠʢʣʘʜʽ ʜʚʦʭʢʫʣʴʦʚʦʛʦ ɸɹ ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʥʘʡʥʝʩʧʨʠʷ-

ʪʣʠʚʽʰʠʭ ʚʽʜʥʦʩʥʦ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʙʽʛʫ ʇʇ ʟʤʽʥ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʝʡ 

ʩʠʪʘ. ʎʝ ʟʤʽʥʠ, ʧʨʠ ʷʢʠʭ ʢʫʣʷʤ ʧʦʪʨʽʙʥʦ ʜʣʷ ʧʨʠʭʦʜʫ ʚ ʘʚʪʦʙʘʣʘʥʩʫʚʘ-

ʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʟʜʽʡʩʥʠʪʠ ʥʘʡʙʽʣʴʰʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʙʽʛʦʚʦʾ ʜʦʨʽ-

ʞʢʠ. ʆʩʥʦʚʥʠʤʠ ʟ ʥʠʭ ʻ ʧʦʚʦʨʦʪ ʚʝʢʪʦʨʘ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʽ ʥʘʚʢʦʣʦ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʥʘ: 

ï 90Ü ʫ ʚʠʧʘʜʢʫ ʤʘʣʠʭ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʝʡ (ʢʦʞʥʘ ʢʫʣʷ ʧʨʠ ʮʴʦʤʫ 

ʟʤʽʱʫʻʪʴʩʷ ʧʦ ʙʽʛʦʚʽʡ ʜʦʨʽʞʮʽ ʥʘ ʢʫʪ 90ʦ); 

ï 180ʦ ʫ ʚʠʧʘʜʢʫ ʩʝʨʝʜʥʽʭ ʪʘ ʚʝʣʠʢʠʭ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʝʡ (ʢʦʞʥʘ 

ʢʫʣʷ ʧʨʠ ʮʴʦʤʫ ʟʤʽʱʫʻʪʴʩʷ ʧʦ ʙʽʛʦʚʽʡ ʜʦʨʽʞʮʽ ʥʘ ʢʫʪ ʚʽʜ 90ʦ ʜʦ 180ʦ). 
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ʇʨʦʚʦʜʠʣʠʩʴ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʚʦʭ ʪʠʧʽʚ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʙʘʣʘʥʩʫʚʘʣʴ-

ʥʽʡ ʻʤʥʦʩʪʽ ɸɹ. 

ɽʢʩʧʝʨʠʤʝʥʪ 1. ʇʝʨʝʚʽʨʷʣʘʩʴ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʤʝʪʦʜʠʢʠ, ʟʘʧʨʦʧʦʥʦ-

ʚʘʥʦʾ ʚ ʨʦʙʦʪʽ [1, 2], ʜʣʷ ʚʠʧʘʜʢʫ ʽʤʧʫʣʴʩʥʦʾ ʟʤʽʥʠ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʽ; 

ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʢʽʣʴʢʦʩʪʽ ʢʫʣʴ n (ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʨʘʜʽʫʩʽ ʢʫʣʴ) ʥʘ 

ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʽʛʫ ʇʇ. ʂʽʣʴʢʽʩʪʴ ʢʫʣʴ ʧʨʠʡʤʘʣʘʩʴ ʨʽʚʥʦʶ n=2;3;4 ʰʪ. 

ʈʘʜʽʫʩ ʙʽʛʦʚʦʾ ʜʦʨʽʞʢʠ ɸɹ ʚʠʟʥʘʯʘʚʩʷ ʟ ʫʤʦʚʠ ʥʝʟʤʽʥʥʦʩʪʽ ʙʘʣʘʥʩʫʚʘʣʴ-

ʥʦʾ ʻʤʥʦʩʪʽ ɸɹ [3]. 

ɼʣʷ ʢʦʞʥʦʾ ʧʘʨʠ ʟʥʘʯʝʥʴ (Fmax, n) ʧʨʦʚʦʜʠʚʩʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʝʢʩ-

ʧʝʨʠʤʝʥʪ. ɺ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ ʨʝʛʨʝʩʽʾ ʚʠʙʨʘʥʘ ʬʫʥʢʮʽʷ [2]: 

äää = ==
++=-

n

i

n

j jiij

n

i ii xxcxcctt
1 110pʟ

3 )(ln , 

ʜʝ ʟt  ï ʯʘʩ ʟʘʪʫʭʘʥʥʷ ʇʇ, pt  ï ʯʘʩ ʨʦʟʛʦʥʫ ʨʦʪʦʨʘ; 0c  ï ʚʽʣʴʥʠʡ ʯʣʝʥ 

ʨʝʛʨʝʩʽʾ; iji cc , , /,...2,1,/ nji =  ï ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ; ix , /,...2,1/ ni=  ï 

ʢʝʨʫʶʯʽ ʬʘʢʪʦʨʠ. ɺ ʷʢʦʩʪʽ ʢʝʨʫʶʯʠʭ ʬʘʢʪʦʨʽʚ ʚʠʙʨʘʥʽ ʧʘʨʘʤʝʪʨʠ ko, bo, 

bb ï ʚʽʜʧʦʚʽʜʥʦ, ʢʦʝʬʽʮʽʻʥʪ ʩʠʣ ʧʨʫʞʥʦʩʪʽ ʽ ʚôʷʟʢʦʩʪʽ ʦʧʦʨ ɺʉɼ ʪʘ ʚôʷʟ-

ʢʦʛʦ ʦʧʦʨʫ ʚʽʜʥʦʩʥʦʤʫ ʨʫʭʫ ʢʫʣʴ. 

ʋ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦ ʦʪʨʠʤʘʥʽʡ ʬʫ-

ʥʢʮʽʾ ʨʝʛʨʝʩʽʾ ʧʨʦʚʦʜʠʣʘʩʴ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʙʽʛʫ ʇʇ ʟʘ ʢʝʨʫ-

ʶʯʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ɽʢʩʧʝʨʠʤʝʥʪ 2. ɼʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʨʘʜʽʫʩʘ ʙʽʛʦʚʦʾ ʜʦʨʽʞʢʠ ɸɹ ʥʘ 

ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʽʛʫ ʇʇ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʢʽʣʴʢʦʩʪʽ ʢʫʣʴ ʚ ɸɹ (n=4). ʈʘʜʽʫʩ 

ʙʽʛʦʚʦʾ ʜʦʨʽʞʢʠ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ R=31,86; 41,60; 52,36 ʤʤ. ʇʨʠ 

ʮʴʦʤʫ ʨʘʜʽʫʩ ʢʫʣʴ ʚʠʟʥʘʯʘʚʩʷ ʟ ʫʤʦʚʠ ʥʝʟʤʽʥʥʦʩʪʽ ʙʘʣʘʥʩʫʚʘʣʴʥʦʾ ʻʤ-

ʥʦʩʪʽ ɸɹ [3]. 

ɸʥʘʣʦʛʽʯʥʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 1, ʜʣʷ ʢʦʞʥʦʾ ʧʘʨʠ (Fmax, R) ʧʨʦʚʦʜʠʚʩʷ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ. 

ɺ ʪʘʙʣʠʮʷʭ 1, 2 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʙʽʛʫ 

ʇʇ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩ-

ʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʚʽʜʧʦʚʽʜʥʦ, 1 ʪʘ 2. ʊʫʪ ʧʦʢʘʟʘʥʽ ʥʘʡʤʝʥʰʽ ʟʥʘʯʝʥʥʷ 

ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʙʽʛʫ ʇʇ ttr ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʢʝʨʫʶʯʠʭ ʬʘʢʪʦʨʽʚ bo, 

bb. 

ʊʘʙʣ. 1. 

ˉ 

ʧ/ʧ 

Fmax, 

ʅ 

n, ʰʪ. 

2 3 4 

ttr, ʩ 
bo bb 

ttr, ʩ 
bo bb 

ttr, ʩ 
bo bb 

ʅ ʩ/ʤʤ 103 ʅ ʩ/ʤʤ 103 ʅ ʩ/ʤʤ 103 

1 15 1,98 3 0,25 0,35 45 1,0 0,31 45 1,0 

2 70 0,53 45 1,00 0,43 45 1,0 0,35 45 1,2 

3 96 0,54 45 0,60 0,39 45 1,2 0,36 45 1,2 
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ʊʘʙʣ. 2. 

ˉ 

ʧ/ʧ 

Fmax, 

ʅ 

R, ʤʤ 

31,86 41,6 51,34 

ttr, ʩ 
bo bb 

ttr, ʩ 
bo bb 

ttr, ʩ 
bo bb 

ʅ ʩ/ʤʤ 103 ʅ ʩ/ʤʤ 103 ʅ ʩ/ʤʤ 103 

1 15 0,31 45 1,0 0,34 45 0,6 0,38 45 0,35 

2 70 0,35 45 1,2 0,49 45 0,37 0,54 45 0,26 

3 96 0,36 45 1,2 0,60 45 0,37 0,64 45 0,19 

ɺʠʩʥʦʚʢʠ: 

1. 3D ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʪʦʨʥʦʾ ʤʘʰʠʥʠ ʟ ɸɹ ʧʨʠ ʽʤʧʫʣʴʩʥʽʡ ʟʤʽʥʽ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʽ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʨʦʙʦʪʘʭ [1, 2] ʤʝʪʦʜʠʢʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ɺʉɼ ʻ ʝʬʝʢʪʠʚʥʦʶ ʽ ʫ ʚʠʧʘʜʢʫ ʤʽʥʽʤʽʟʘʮʽʾ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʙʽʛʫ ʇʇ ʧʨʠ 

ʽʤʧʫʣʴʩʥʽʡ ʟʤʽʥʽ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʽ ʥʘ ʢʨʝʡʩʝʨʩʴʢʽʡ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʦ-

ʪʦʨʘ. 

3. ʇʽʜʪʚʝʨʜʞʝʥʦ ʨʘʥʽʰʝ ʦʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦ ʪʝ, ʱʦ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʫʣʴ ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʫʩʫ ʙʽʛʦʚʦʾ ʜʦʨʽʞʢʠ ʧʨʠʟ-

ʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʙʽʛʫ ʇʇ. 

4. ɺʠʷʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ɺʉɼ ʽ ɸɹ 

ʚʽʜ ʚʝʣʠʯʠʥʠ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʽ. ɿʘʣʝʞʥʽʩʪʴ ʽʩʪʦʪʥʘ ʪʽʣʴʢʠ ʜʣʷ ʜʚʦʭʢʫ-

ʣʴʦʚʦʛʦ ɸɹ ʽ ʩʣʘʙʰʘʻ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʫʣʴ ʚ ɸɹ. ʇʨʠ ʮʴʦʤʫ: 

ï ʞʦʨʩʪʢʽʩʪʴ ʦʧʦʨ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʪʨʠ-

ʚʘʣʦʩʪʽ ʧʝʨʝʙʽʛʫ ʇʇ; ʮʝ ʧʦʷʩʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʞʦʨʩʪʢʽʩʪʴ ʚʧʣʠʚʘʻ, ʚ ʦʩ-

ʥʦʚʥʦʤʫ, ʥʘ ʯʘʩʪʦʪʫ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʨʧʫʩʫ ʽ ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʟʛʘʩʘʥʥʷ ʮʠʭ ʢʦʣʠʚʘʥʴ; 

ï ʚôʷʟʢʽʩʪʴ ʦʧʦʨ ɺʉɼ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʽʛʫ ʇʇ ʧʨʠ ʚʝ-

ʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʢʫʣʴ (n>2); ʚʠʢʣʶʯʝʥʥʷʤ ʻ ʚʠʧʘʜʦʢ ʜʚʦʭʢʫʣʴʦʚʦʛʦ ɸɹ ʽ 

ʤʘʣʦʾ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʽ (ʢʫʣʷʤ ʧʦʪʨʽʙʥʦ ʙʽʣʴʰʝ ʯʘʩʫ, ʱʦʙ çʚʽʜʯʫʪʠè 

ʟʤʽʥʫ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʽ); 

ï ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʠʣ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ ʚʽʜʥʦʩʥʦʤʫ ʨʫʭʫ ʢʫʣʴ 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʘʜʽʫʩʘ ʙʽʛʦʚʦʾ ʜʦʨʽʞʢʠ ʽ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʢʫʣʴ. 

5. ʅʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʚʦʭʢʫʣʴʦʚʽ ɸɹ ʥʘ ʧʨʘʢʪʠʮʽ, 

ʫ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

6. ʇʨʠ ʨʦʟʙʽʛʫ ɺʉɼ ʟ ʬʽʢʩʦʚʘʥʦʶ ʥʝʟʨʽʚʥʦʚʘʞʝʥʽʩʪʶ ʪʘ ʧʨʠ ʽʤʧʫʣʴ-

ʩʥʽʡ ʟʤʽʥʽ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʽ ʩʠʪʘ ʥʘ ʢʨʝʡʩʝʨʩʴʢʽʡ ʰʚʠʜʢʦʩʪʽ: 

ï ʪʝʥʜʝʥʮʽʾ ʚʧʣʠʚʫ ʨʘʜʽʫʩʘ ʙʽʛʦʚʦʾ ʜʦʨʽʞʢʠ ɸɹ ʪʘ ʢʽʣʴʢʦʩʪʽ ʢʫʣʴ ʚ ɸɹ 

ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʽʛʫ ʇʇ ʻ ʽʜʝʥʪʠʯʥʠʤʠ; 
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ï ʤʘʡʞʝ ʫʩʽ ʚʽʜʧʦʚʽʜʥʽ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ɸɹ ʽ ɺʉɼ 

(ʢʨʽʤ ʢʦʝʬʽʮʽʻʥʪʘ ʩʠʣ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ ʚʽʜʥʦʩʥʦʤʫ ʨʫʭʫ ʢʫʣʴ) ʩʧʽʚʧʘʜʘ-

ʶʪʴ; 

ï ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʠʣ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ ʚʽʜʥʦʩʥʦʤʫ 

ʨʫʭʫ ʢʫʣʴ ʧʨʠ ʨʦʟʙʽʛʫ ʻ ʤʝʥʰʠʤʠ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠ ʽʤʧʫʣʴʩ-

ʥʽʡ ʟʤʽʥʽ ʥʝʟʨʽʚʥʦʚʘʞʝʥʦʩʪʽ ʥʘ 35ï50%. 
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʌɽʈʄɽʅʊɸʎɯʁʅʆɻʆ 

ʇʈʆʎɽʉʋ ʉʇʀʈʊʆɺʆɻʆ ɹʈʆɼɯʅʅʗ 

ʗ.ɭ.ɹʦʨʠʩʶʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʋʢʨʘʾʥʘ 

 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚʠʤʘʛʘʶʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʢʦʥʦʤʽʨ-

ʥʦʩʪʽ ʢʽʥʝʪʠʢʠ ʮʠʭ ʧʨʦʮʝʩʽʚ, ʪʦʙʪʦ ʾʭ ʜʠʥʘʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʟʤʽʥʫ ʫʤʦʚ 

ʢʫʣʴʪʠʚʫʚʘʥʥʷ. ʄʝʭʘʥʽʟʤ ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʨʝʘʢʮʽʡ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʡ, ʘ 

ʪʦʤʫ ʧʦʙʫʜʦʚʘ ʝʬʝʢʪʠʚʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʢʘ-

ʪʘʣʽʟʫ ʪʘ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤʠ, ʭʦʯʘ ʽ ʧʦʚôʷʟʘʥʽ ʟ ʧʝʚʥʠʤʠ ʪʨʫʜ-

ʥʦʱʘʤʠ [1,2]. ʇʦʙʫʜʦʚʘʥʘ ʥʘʤʠ  ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʛʣʷʜʘʻ 

ʙʽʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʷʢ ʭʽʤʽʯʥʠʡ, ʚ ʷʢʦʤʫ ʨʝʘʛʝʥʪʠ (ʩʫʙʩʪʨʘʪʠ) ʧʝʨʝʪʚʦ-

ʨʶʶʪʴʩʷ ʚ ʮʽʣʴʦʚʽ ʧʨʦʜʫʢʪʠ (ʙʽʦʤʘʩʫ ʘʙʦ ʧʨʦʜʫʢʪʠ ʤʝʪʘʙʦʣʽʟʤʫ) ʰʣʷ-

ʭʦʤ ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟ ʫʯʘʩʪʶ ʬʝʨʤʝʥʪʫ. ɺʚʘʞʘʻʪʴʩʷ, 

ʱʦ ʢʽʥʝʪʠʢʘ ʮʠʭ ʨʝʘʢʮʽʡ ʬʦʨʤʘʣʴʥʦ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʟʘʢʦʥʫ ʜʽʻʚʠʭ 

ʤʘʩ.  
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ʋ ʧʦʙʫʜʦʚʘʥʽʡ ʤʦʜʝʣʽ ʚʽʜʦʙʨʘʞʝʥʘ ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʽʟ-

ʥʠʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʙʽʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʦ-

ʩʪʷʤʠ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʪʘʜʽʡ. 

ʉʧʠʨʪʦʚʝ ʙʨʦʜʽʥʥʷ ʦʟʥʘʯʘʻ ʚʠʢʣʶʯʥʦ ʫʪʚʦʨʝʥʥʷ ʩʧʠʨʪʫ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʨʽʚʥʷʥʥʷ (1). ʅʘʩʧʨʘʚʜʽ ʥʝ ʚʩʽ ʤʦʣʝʢʫʣʠ ʛʣʶʢʦʟʠ ʧʽʜʜʘʶʪʴʩʷ ʪʘʢʦʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʶ; ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʾʭ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʛʣʽʮʝʨʠʥʦ-

ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʛʦ ʙʨʦʜʽʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ ʅʝʡʙʝʨʛʘ [1]. ʇʦʨʷʜ 

ʟ ʛʣʽʮʝʨʠʥʦʤ ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʨʦʚʠʥʦʛʨʘʜʥʘ ʢʠʩʣʦʪʘ; ʚʦʥʘ ʻ ʦʩʥʦʚʦʶ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʜʨʫʛʦʨʷʜʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʠʡʤʝʤʦ ʜʦ ʫʚʘʛʠ ʩʪʝʭʽʦʤʝʪʨʽʶ 

ʧʨʦʮʝʩʫ: 

                     252
1

6122 22 COOHHCOHC
k

+½­½                           (1) 

                             363
2

6122 2 OHCOHC
k
½­½                                  (2) 

                       383
3

6122 24 OHCHOHC
k
½­½+                               (3) 

                   242
4

6122 242 COHOHCOHC
k

++½­½                       (4) 

ʇʦʟʥʘʯʝʥʥʷ: 1y  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʣʶʢʦʟʠ [6122 OHC ] ; 2y ï ʢʦʥ-ʮʝʥ-

ʪʨʘʮʽʷ ʝʪʘʥʦʣʫ [ OHHC 52 ], 3y  ï ʢʦʥʮʝʥʪʨʘʮʽʷ  ʛʣʽʮʝʨʠʥʫ[383 OHC ],  4y

ï ʢʦʥʮʝʥʪʨʘʮʽʷ  ʚʦʜʥʶ [H ], 5y  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʦʣʦʯʥʦʾ ʢʠʩʣʦ- 

ʪʠ [ 363 OHC ], 6y  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʮʝʪʘʣʴʜʝʛʽʜʫ [OHC 42 ], 7y  ï ʢʦʥʮʝʥ-

ʪʨʘʮʽʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ [2CO ], x  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʬʝʨʤʝʥʪʫ. 

ʇʦʙʫʜʫʻʤʦ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ, ʷʢʘ ʨʦʟʛʣʷʜʘʻ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ (ʜʨʽʞʜʞʽ) 

ʽ ʩʫʙʩʪʨʘʪ (ʛʣʶʢʦʟʫ) ʷʢ ʥʝʟʚʦʨʦʪʥʦ-ʚʟʘʻʤʦʜʽʶʯʽ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʧʨʠʚʦ-

ʜʷʪʴ ʜʦ ʧʦʜʚʦʻʥʥʷ ʙʽʦʤʘʩʠ ʽ ʧʦʷʚʠ ʧʨʦʜʫʢʪʽʚ: 

 XPXS
k

2+½­½+ , (5) 

ʜʝ k  - ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ. 

ʊʦʜʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ (1)-(4), ʦʪʨʠʤʘʻʤʦ ʢʽʥʝʪʠʢʫ ʧʨʦʮʝʩʫ: 

xyykxy)kkk(
dt

dy 4
4131421

1 4-++-=  

 211
2 /xyk

dt

dy
=   

 xyyk
dt

dy 4
413

3 2=  (6) 
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 )xyykxyk(
dt

dy 4
41314

4

4

1
-=   

   

 303410101 000000 y)(y,)(y)(y,x)(x,y)(y =====   

ʋ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ 04 =
dt

dy
 ʽʟ (6) ʦʪʨʠʤʫʻʤʦ: 

 1
1 2 4 1( 5 )=- + +

dy
k k k y x

dt
  

2
1 1 / 2=

dy
k y x

dt
 

                                             3 4 12=
dy

k y x
dt
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1 2 4 1

1
( 5 )
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= + +

dx
k k k y x

dt
 

30310101 00000 y)(y,)(y,x)(x,y)(y ====  

ʇʝʨʝʡʜʝʤʦ ʜʦ ʙʝʟʨʦʟʤʽʨʥʠʭ  ʟʤʽʥʥʠʭ. ʋʚʝʜʝʤʦ ʙʝʟʨʦʟʤʽʨʥʠʡ ʯʘʩ 

txk 01=t , ʢʦʥʮʝʥʪʨʘʮʽʾ  
1010

3
3

10

2
2

10

1
1 ====

y

x
x

y

y
y

y

y
y

y

y
y ~,~,~,~ , 

10

0

y

x
=e .  

ʇʦʟʥʘʯʠʤʦ: 
3

4

k

k
a= , 

1

42 5

k

kk
b

+
= , ʪʦʜʽ  ʩʠʩʪʝʤʫ (8) ʧʝʨʝʧʠʰʝʤʦ ʫ 

ʚʠʛʣʷʜʽ: 

xyb
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yd ~~)(
~

1
1 +1-=e  

2= 1
2 /~~

~
xy
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yd
e  

                                             xya
dt

yd ~~
~

1
3 2=e                                     (9) 

xyb
dt

xd ~~)(
~

1+1
2

1
=e  

 1030311 =00=0=01=0 yyyyxy /)(~,)(~,)(~,)(~ e  (10) 

ɿ  ʩʠʩʪʝʤʠ (9)-(10) ʣʝʛʢʦ ʦʪʨʠʤʫʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʥʮʝʥ-

ʪʨʘʮʽʷʤʠ ʨʝʯʦʚʠʥ:  
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)(

)~(~

b

y
y

+12

-1
= 1

2 ,   3023 +4= yyay ~~ ,    xy ~~ 2-2+1=1 e ,  2+1+= ybx ~)(~ e . 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ, ʚʠʢʦʨʠʩʪʘʥʦ ʥʝʷʚʥʠʡ 5-ʪʠ ʩʪʘʜʽʡʥʠʡ ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ [3] ʪʘ 

ʤʝʪʦʜ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ ʧʽʜʛʦʥʢʠ [4]. 

ʅʘ ʨʠʩ.1 ʟʦʙʨʘʞʝʥʫ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʝʯʦʚʠʥ ʧʨʠ 

0.1, 0.015, 0.02e a= = =b . 

 
ʈʠʩ. 1. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʟ ʯʘʩʦʤ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʫʙʩʪʨʘʪʫ (ʛʣʶʢʦʟʠ), 

ʝʪʘʥʦʣʫ, ʛʣʽʮʝʨʠʥʫ ʪʘ ʙʽʦʤʘʩʠ 
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ʋɼʂ 004 

ʀʄʀʊɸʎʀʆʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉɹʆʈʆʏʅʆʁ  

ʆʇɽʈɸʎʀʀ ɺɸʃ-ɺʊʋʃʂɸ 

ɺ.ɺ. ʂʘʨʪʘʰʝʚ, ɺ.ɸ. ʂʘʨʪʘʰʝʚ, ɻ.ʂ. ɹʦʨʦʚʠʥ, 

 ɸ.ɸ. ʂʠʨʠʣʝʥʢʦ, ɸ.ɺ. ʇʨʦʪʦʧʦʧʦʚ 

ʀʇʄ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ, ʈʌ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ ʪʝʣ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʩʯʝʪʘʭ. 

ʇʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʪʘʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

[1,2], ʦʩʥʦʚʘʥʳ ʥʘ ʯʠʩʣʝʥʥʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ. 

ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʧʠʩʳʚʘʝʪ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʤʝ-

ʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʷʟʳʢʝ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʘʜʘʥʘ, ʩʠʩʪʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠ ʚʳʚʦʜʠʪ ʫʨʘʚʥʝʥʠʷ ʃʘʛʨʘʥʞʘ ʚʪʦʨʦʛʦ ʨʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥ-

ʮʠʧʠʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʦʜʝʣʠʨʫ-

ʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠ-

ʩʪʝʤʳ ʪʝʣ ʩ ʧʦʤʦʱʴʶ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʢʦʪʦʨʘʷ ʥʝ ʜʦʣʞʥʘ ʤʝ-

ʥʷʪʴʩʷ ʟʘ ʚʩʝ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʅʘ ʧʨʘʢʪʠʢʝ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʵʪʠ ʫʩʣʦʚʠʷ ʥʝ ʚʳ-

ʧʦʣʥʷʶʪʩʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʥʘ ʠʟ ʪʘʢʠʭ ʟʘʜʘʯ ï ʟʘʜʘʯʘ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʚʩʪʘʚʣʝʥʠʷ ʩʙʦʨʦʯʥʳʤ ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʚʘʣʘ ʚ ʦʪʚʝʨʩʪʠʝ 

ʚʪʫʣʢʠ ʙʘʟʦʚʦʡ ʜʝʪʘʣʠ.  

ɺ ʵʪʦʡ ʩʙʦʨʦʯʥʦʡ ʦʧʝʨʘʮʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 4 ʬʘʟʳ: ʦʧʫʩʢʘʥʠʝ ʚʘʣʘ 

ʜʦ ʢʘʩʘʥʠʷ ʩ ʙʘʟʦʚʦʡ ʜʝʪʘʣʴʶ, ʩʢʦʣʴʞʝʥʠʝ ʚʘʣʘ ʧʦ ʬʘʩʢʝ ʦʪʚʝʨʩʪʠʷ, 

ʩʢʦʣʴʞʝʥʠʝ ʢʨʘʷ ʦʪʚʝʨʩʪʠʷ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ, ʦʧʫʩʢʘʥʠʝ 

ʚʘʣʘ ʚʥʫʪʨʴ ʚʪʫʣʢʠ. ɺ ʧʝʨʚʳʭ ʪʨʝʭ ʬʘʟʘʭ ʦʧʝʨʘʮʠʠ ʚʘʣ ʠ ʚʪʫʣʢʘ ʢʘʩʘ-

ʶʪʩʷ ʜʨʫʛ ʜʨʫʛʘ ʚ ʦʜʥʦʡ ʪʦʯʢʝ. ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʬʘʟʝ ʜʚʠʞʝʥʠʷ ʢʘʩʘ-

ʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʫʭ ʪʦʯʢʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟʤʝʥʷʝʪʩʷ 4 ʨʘʟʘ. ʅʝʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʶ-

ʱʠʭʩʷ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʙʦʨʦʯʥʳʭ ʦʧʝʨʘ-

ʮʠʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʠ-

ʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʚ ʦʩʥʦʚʝ ʢʦʪʦ-

ʨʦʛʦ ʣʝʞʠʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʝʣ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʙʘʟʦʚʘʷ ʜʝʪʘʣʴ ʟʘʢʨʝʧʣʝʥʘ ʥʝʧʦʜʚʠʞʥʦ. ɺʘʣ ʟʘ-

ʞʘʪ ʚ ʩʭʚʘʪʝ ʤʘʥʠʧʫʣʷʮʠʦʥʥʦʛʦ ʨʦʙʦʪʘ.  ɺʘʣ ʠ ʚʪʫʣʢʘ ʷʚʣʷʶʪʩʷ ʘʙʩʦ-
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ʣʶʪʥʦ ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚ ʩʦ-

ʙʨʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʟʘʟʦʨ. ɺʪʫʣʢʘ ʠʤʝʝʪ ʬʘʩʢʫ ʩ ʫʛ-

ʣʦʤ 45ʦ. 

ʆʩʴ ʦʪʚʝʨʩʪʠʷ ʚʪʫʣʢʠ ʚʝʨʪʠʢʘʣʴʥʘ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʩʙʦʨʢʠ ʦʩʴ ʚʘʣʘ 

ʪʘʢʞʝ ʚʝʨʪʠʢʘʣʴʥʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʤʝʱʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʦʪʚʝʨʩʪʠʷ. 

ʄʘʩʩʘ ʚʘʣʘ ʠ ʪʨʝʥʠʝ ʤʝʞʜʫ ʚʘʣʦʤ ʠ ʚʪʫʣʢʦʡ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ.  

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʚʘʣʘ ʟʘʞʘʪʘ ʚ ʩʭʚʘʪʝ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʉʙʦʨʢʘ ʚʳʧʦʣʥʷ-

ʝʪʩ̫ ʦʧʫʩʢʘʥʠʝʤ ʚʘʣʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʥʘ ʚʘʣ ʩʦ ʩʪʦ-

ʨʦʥʳ ʚʪʫʣʢʠ, ʤʘʥʠʧʫʣʷʪʦʨ ʩʤʝʱʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʦʩʴ ʚʘʣʘ ʥʘʢʣʦʥʷʝʪʩʷ ʚ ʩʭʚʘʪʝ. ɿʘʚʠʩʠʤʦʩʪʠ ʩʤʝʱʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ 

ʥʘʢʣʦʥʘ ʦʩʠ ʚʘʣʘ ʦʪ ʚʝʣʠʯʠʥʳ ʠ ʤʦʤʝʥʪʘ ʩʙʦʨʦʯʥʳʭ ʫʩʠʣʠʡ ʠʟʚʝʩʪʥʳ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʣʠʯʠʥʘ ʩʙʦʨʦʯʥʦʛʦ ʫʩʠ-

ʣʠʷ ʠ ʜʠʘʧʘʟʦʥ ʥʘʯʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʩʠ ʚʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʙʦʨʢʘ 

ʚʦʟʤʦʞʥʘ (ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʟʦʥʘ ʩʦʙʠʨʘʝʤʦʩʪʠ). 

ɼʚʠʞʝʥʠʝ ʚʘʣʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝʤ ʝʛʦ ʚʥʠʟ ʩ ʥʝʢʦʪʦʨʳʤ 

ʰʘʛʦʤ. ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʚʘʣʦʤ ʠ ʚʪʫʣ-

ʢʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʧʨʦ-

ʚʝʨʢʠ ʥʘʣʠʯʠʷ ʠ ʦʪʩʫʪʩʪʚʠʷ ʦʙʱʠʭ ʪʦʯʝʢ ʤʝʞʜʫ ʥʠʤʠ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʢʦʤ-

ʧʣʝʢʩʘ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʚʚʦʜʦʤ ʧʘʨʘʤʝʪʨʦʚ ʩʙʦʨʦʯʥʦʡ ʦʧʝʨʘ-

ʮʠʠ: ʨʘʟʤʝʨʦʚ ʚʘʣʘ ʠ ʦʪʚʝʨʩʪʠʷ, ʥʘʯʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʦʩʠ ʚʘʣʘ, ʧʘʨʘ-

ʤʝʪʨʦʚ, ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʩʤʝʱʝʥʠʝʤ ʠ ʥʘʢʣʦʥʦʤ ʚʘʣʘ ʠ ʩʠʣʦʡ ʠ ʤʦ-

ʤʝʥʪʦʤ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʩʦ ʩʪʦʨʦʥʳ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʰʘʛʘ ʦʧʫʩʢʘʥʠʷ 

ʚʘʣʘ ʠ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʚʘʣʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ. ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢʦʡ ʠʟ ʯʝ-

ʪʳʨʝʭ ʬʘʟ ʜʚʠʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʟʘʠʤʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʘʣʘ ʠ ʚʪʫʣʢʠ. 

ɽʩʣʠ ʢʦʦʨʜʠʥʘʪʘ ʚʘʣʘ ʜʦʩʪʠʛʣʘ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʳ, ʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘ-

ʢʘʥʯʠʚʘʝʪʩʷ. ɽʩʣʠ ʪʨʝʙʫʝʤʘʷ ʚʳʩʦʪʘ ʥʝ ʜʦʩʪʠʛʥʫʪʘ, ʪʦ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʤʝʱʝʥʠʷ ʠ ʥʘʢʣʦʥʘ ʚʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥ ʢʘʩʘʝʪʩʷ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʦʪʚʝʨʩʪʠʷ ʠ ʚʳʧʦʣʥʝʥʳ ʫʨʘʚʥʝʥʠʷ ʤʝʭʘʥʠʢʠ.     

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʩʦʜʝʨʞʠʪ ʜʚʝ ʚʣʦʞʝʥʥʳʝ ʧʦʜʟʘʜʘʯʠ ʤʠʥʠʤʠʟʘ-

ʮʠʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʠʪʝʨʘʮʠʡ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ - 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʤʝʱʝʥʠʷ ʠ ʥʘʢʣʦʥʘ ʚʘʣʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʥ ʢʘʩʘʝʪʩʷ ʚʪʫʣʢʠ. 

ʆʥʘ ʨʝʰʘʝʪʩʷ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʚʪʦʨʦʡ ʟʘʜʘʯʠ ï ʤʠ-

ʥʠʤʠʟʘʮʠʠ ʥʝʚʷʟʢʠ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʢʠ. 



198 

 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʩʪʘʥʦʚʷʪʩʷ ʠʟʚʝʩʪʥʳ ʧʦʣʦʞʝʥʠʝ 

ʚʘʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ ʦʯʝʨʝʜʥʦʤ ʰʘʛʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ 

ʩʠʣʳ, ʤʦʤʝʥʪʳ ʠ ʩʙʦʨʦʯʥʦʝ ʫʩʠʣʠʝ, ʢʦʪʦʨʦʝ ʜʦʣʞʝʥ ʨʘʟʚʠʪʴ ʤʘʥʠʧʫʣʷ-

ʪʦʨ. ʅʘʡʜʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʘʣʘ ʚ ʩʠʩʪʝʤʝ, ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ ʠ ʤʦ-

ʤʝʥʪʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʜʠʩʧʣʝʝ (ʨʠʩ. 2). 

 
ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʠʨʫʶʱʠʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦ-

ʨʳʡ ʤʦʜʝʣʠʨʫʝʪ ʜʚʠʞʝʥʠʝ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʩʙʦʨʦʯʥʦʡ ʦʧʝʨʘʮʠʠ ʚʩʪʘʚ-

ʣʝʥʠʷ ʚʘʣʘ ʚ ʦʪʚʝʨʩʪʠʝ. ʂʦʤʧʣʝʢʩ ʧʦʩʪʨʦʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʦʥʪʘʢʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʠʩʪʝʤʳ ʪʝʣ.  
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 ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠ ʁʩʙʦʨʦʯʥʦʡ ʦʧʝʨʘʮʠʠ ʚʩʪʘʚʣʝʥʠʷ 

ʚʘʣʘ ʚ ʦʪʚʝʨʩʪʠʝ,  ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʩʦʜʝʨʞʘʱʠʭ 

ʥʝʩʢʦʣʴʢʦ ʪʝʣ ʩ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʩ-

ʯʝʪʳ ʠ ʛʨʘʬʠʯʝʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʤʘʩʰʪʘʙʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʊʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʰʘʛʘ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ. ɸʣʛʦʨʠʪʤ ʫʩʪʦʡʯʠʚ ʢ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʚ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝʥʝʥʠʷ ʰʘʛʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 

1.ʊʠʭʦʥʦʚ ʂ.ʄ., ʊʠʰʢʦʚ ɺ.ɺ. SimMechanics Matlab ʢʘʢ ʩʨʝʜʩʪʚʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʣʦʞʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ: ʕʣʝʢʪʨʦʥʥʳʡ ʞʫʨʥʘʣ çʊʨʫʜʳ ʄɸʀè. ɺʳʧʫʩʢ ˉ41. 

2.ʅʘʯʠʥʘʝʤ ʨʘʙʦʪʘʪʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘ-

ʥʠʟʤè  http://student-madi.ru/DLRs/MODEL-MS/MODEL- 

UM/UM/gs_UM.pdf. 
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ʄɽʊʆɼʀʂɸ ɺʀɿʅɸʏɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ 

ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʊɽʍʅʆʃʆɻɯɰ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ 

ʉʀʉʊɽʄʀ çʆʇɽʈɸʊʆʈ ï ɺɽʈʉʊɸʊ ɿ ʏʀʉʃʆɺʀʄ 

ʇʈʆɻʈɸʄʅʀʄ ʂɽʈʋɺɸʅʅʗʄè 

ʆ.ɯ. ʃʘʢʪʽʦʥʦʚ 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘ-

ʪʶʢʘ, ʋʢʨʘʾʥʘ 
 

ɺʽʜʦʤʦ, ʱʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ: çʧʦʨʽʚʥʷʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʽʻʾ ʩʠ-

ʩʪʝʤʠ ʽ ʟʘʪʨʘʪ ʫʩʽʭ ʚʠʜʽʚ ʨʝʩʫʨʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ, ʜʽʾ ʪʘ ʨʦʟ-

ʚʠʪʢʫ ʮʽʻʾ ʩʠʩʪʝʤʠè [1]. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝ-

ʭʥʦʣʦʛʽʾ ʫ ʩʬʝʨʽ ʚʠʨʦʙʥʠʮʪʚʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ  ʦʮʽʥʢʠ ʜʽʡ ʪʘ ʧʦ-

ʚʝʜʽʥʢʠ ʢʦʥʢʨʝʪʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʾʭ ʩʘʤʦʦʮʽʥʢʠ. 

ʇʨʦʙʣʝʤʫ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  ʘʢ-

ʪʠʚʥʦ ʚʠʚʯʘʣʠ ʚʯʝʥʽ  ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ ʛʘʣʫʟʝʡ: ʆ. ʖ. ʄʫʣʝʩ, ɺ.ɭ. ʉʥʽ-

ʪʶʢ, ʉ.ʆ. ɻʝʨʟʘʥʠʯ [2], ʆ.ɺ. ʑʝʨʙʘʢʦʚ, ɭ.ʉ. ʃʫʮʝʥʢʦ [3], ɸ.ɺ. ʇʽʜʛʦʨ-

ʥʠʡ [4], ʂ.ʖ. ɹʽʣʝʮʴʢʘ [5], ʉ. ɸʥʜʝʨʙʝʨʛ, ʉ. ʂʘʨʘ [6], ɯ.ʃ. ɺʦʣʯʢʝʚʽʯ, ʅ. 

ʄ. ɺʘʩʝʥʽʥʘ [7], ɸ.ɸ. ʆʨʻʭʦʚʘ, ɺ.ʉ. ʍʘʨʯʝʥʢʦ [8] ʡ ʽʥʰʽ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝ-

ʭʥʦʣʦʛʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ çʦʧʝʨʘʪʦʨ-ʚʝʨʩʪʘʪ ʟ ʯʠʩʣʦʚʠʤ ʧʨʦ-

ʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤè (ʜʘʣʽ ʏʇʂ) ʦʧʠʨʘʣʠʩʷ ʥʘ ʽʩʥʫʶʯʽ ʤʽʞʥʘʨʦʜʥʽ ʥʦ-

ʨʤʘʤʠ ʽ ʩʪʘʥʜʘʨʪʠ [9; 10; 11; 12; 13]. ʋ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʬʽʢʩʫʻʪʴʩʷ ʷʢ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʩʫʤʘʨʥʦʶ 
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ʚʝʣʠʯʠʥʦʶ  ʟʘʪʨʘʪ ʯʘʩʫ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ ʜʦ ʨʦ-

ʙʦʪʠ ʦʧʝʨʘʪʦʨʦʤ ʽ ʝʤʧʽʨʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʽʚʥʷ ʯʠʩʣʦʚʦʾ ʚʝʣʠʯʠʥʠ ʮʽʣʽ-

ʩʥʦʛʦ ʨʦʟʚʠʪʢʫ ʦʩʦʙʠʩʪʦʩʪʽ ï ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʦʧʝ-

ʨʘʪʦʨʘ, ʷʢʠʡ ʦʙôʻʜʥʫʻ ʜʚʽ ʤʥʦʞʠʥʠ ʦʮʽʥʦʢ ï ʩʘʤʦʦʮʽʥʢʠ ʽ ʦʮʽʥʢʠ ʝʢʩʧʝ-

ʨʪʽʚ, ʻʜʠʥʠʤʠ ʽʥʜʠʢʘʪʦʨʘʤʠ ʷʢʠʭ ʻ ʧʦʢʘʟʥʠʢʠ  ʧʦʩʘʜʦʚʦʾ ʽʥʩʪʨʫʢʮʽʾ ʧʨʘ-

ʮʽʚʥʠʢʘ.    

ʆʙʩʷʛ ʯʘʩʫ, ʷʢʠʡ ʚʠʪʨʘʯʘʻ ʦʧʝʨʘʪʦʨ ʜʣʷ ʧʫʩʢʫ ʚʝʨʩʪʘʪʘ ʻ ʩʪʽʡʢʠʤ ʧʦ-

ʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʛʦʣʦʚʥʦʛʦ ʝʣʝʤʝʥʪʘ  ʩʦʮʽʘʣʴʥʦʾ ʩʠʩ-

ʪʝʤʠ ï ʦʧʝʨʘʪʦʨʘ ʚʝʨʩʪʘʪʘ ʏʇʂ ʷʢʠʡ ʜʽʘʛʥʦʩʪʫʻʪʴʩʷ  ʟʘ  ʧʝʨʝʣʽʢʦʤ ʻʜʠ-

ʥʠʭ  ʽʥʜʠʢʘʪʦʨʽʚ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ISO 18529, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʠ 

ʦʪʨʠʤʫʻʤʦ  ʩʘʤʦʦʮʽʥʢʠ ʦʧʝʨʘʪʦʨʘ ʪʘ ʦʮʽʥʢʠ ʡʦʛʦ ʝʢʩʧʝʨʪʽʚ, ʟʘ ʚʠʟʥʘʯʝ-

ʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ [15]. ʋ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ  ʩʘʤʦʦʮʽʥʢʠ ʤʥʦʞʠʥʠ ʩʘ-

ʤʦʦʮʽʥʦʢ ʽ ʦʮʽʥʦʢ ʝʢʩʧʝʨʪʽʚ  ʦʙôʻʜʥʫʶʪʴʩʷ ʫ ʽʥʪʝʛʨʦʚʘʥʫ  ʯʠʩʣʦʚʫ ʚʝʣʠ-

ʯʠʥʫ ï ʽʥʜʝʢʩ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ (ɯʇʂ) ʜʘʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʷʢʠʡ 

ʙʫʜʫʚʘʚʩʷ  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʚʽʜʦʤʦʛʦ  ʽʥʜʝʢʩʫ ʄ.ʇ. ʃʝʙʝʜʠʢʘ 

[14].  

 ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʥʘʰʦʶ ʛʽʧʦʪʝʟʦʶ ï çʯʠʤ ʚʠʱʠʡ ʽʥʜʝʢʩ ʧʨʦʬʝʩʽʡ-

ʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ, ʪʠʤ ʤʝʥʰʽ ʩʫʤʘʨʥʽ ʟʘʪʨʘʪʠ ʯʘʩʫ ʥʘ ʧʽʜ-

ʛʦʪʦʚʢʫ ʚʝʨʩʪʘʪʘ ʜʦ ʨʦʙʦʪʠè, ʚʢʘʟʘʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ ï ɯʇʂ = ̠ Ā×t̔, ʷʢʘ ʚʟʷʪʘ ʟʘ ʦʩʥʦʚʫ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ (ʂɯʊ) 
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ʜʝ ʂɯʊ ï ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ,  

ʷʢʠʡ ʫʟʛʦʜʞʫʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʮʽʥʦʢ ʽʥʪʝʛʨʦʚʘʥʠʭ ʷʢʦʩʪʝʡ ʦʩʦʙʠʩ-

ʪʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ʽ ʩʫʤʘʨʥʦʛʦ ʯʘʩʫ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʥʠʤ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ ʜʦ 

ʨʦʙʦʪʠ;  

ɯʇʂ ï ʽʥʜʝʢʩ ʧʨʦʬʝʩʽʡʥʦʾ  ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ  ʦʧʝʨʘʪʦʨʘ, ʝʤʧʽʨʠʯʥʽ  ʽʥ-

ʪʝʛʨʦʚʘʥʽ ʦʮʽʥʢʠ ʟ ʽʥʪʝʨʚʘʣʦʤ 0,5, ʫ ʤʝʞʘʭ ʚʽʜ 1 ʜʦ 5; 

ʧt   ï  ʯʘʩ ʪʝʭʥʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʝʨʩʪʘʪʘ ʦʧʝʨʘʪʦʨʦʤ, ʭʚ.;  

ʦt  ï ʯʘʩ ʚʠʚʯʝʥʥʷ ʦʧʝʨʘʪʦʨʦʤ ʪʝʭʥʽʯʥʠʭ ʟʘʚʜʘʥʴ ʽ ʦʩʤʠʩʣʝʥʥʷ ʤʝʪʠ, 

ʟʤʽʩʪʫ, ʤʝʪʦʜʽʚ, ʪʨʫʜʦʚʠʭ ʦʧʝʨʘʮʽʡ, ʤʦʪʠʚʘʮʽʾ, ʭʚ.;  

ʨk  ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʨʷʜʫ ʦʧʝʨʘʪʦʨʘ, ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʠ-

ʪʦʤʦʾ ʚʘʛʠ (ʰʦʩʪʠʡ 
ʨk =0,5; ʧôʷʪʠʡ ʨk =0,3;  ʯʝʪʚʝʨʪʠʡ ʨk =0,2). 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ (1-ʡ ʜʽʘʛʥʦʩʪʠʯʥʠʡ ʟʨʽʟ, 2016 ʨ.) ʝʪʘʧʽ  ʫ ʜʦʩʣʽ-

ʜʞʝʥʥʽ ʧʨʠʡʤʘʣʠ ʫʯʘʩʪʴ 201 ʦʧʝʨʘʪʦʨʠ ʟ ʨʽʟʥʠʤʠ ʝʤʧʽʨʠʯʥʠʤʠ ʟʥʘʯʝʥ-

ʥʷʤʠ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ, ʷʢʽ ʨʦʟʜʽʣʠʣʠʩʷ ʥʘ ʪʨʠ ʧʽʜʛ-

ʨʫʧʠ: 1) ʝʣʝʤʝʥʪʘʨʥʠʡ (2,1 ï 3,0); 2)  ʜʦʩʪʘʪʥʽʡ  (3,1 ï 4,0); 3) ʚʠʩʦʢʠʡ 
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(4,1 ï 5,9). ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʙʘʟʽ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠ-

ʻʤʩʪʚ ʫ ʤ. ʂʘʨʣʽʚʢʘ, ʤ. ʇʦʣʪʘʚʠ ʪʘ ʤ. ʍʘʨʢʦʚʘ. 

ʇʨʠ ʧʦʚʪʦʨʥʦʤʫ ʜʽʘʛʥʦʩʪʠʯʥʦʤʫ ʟʘʤʽʨʦʚʽ ʽʟ 201 ʦʧʝʨʘʪʦʨʘ ʦʙʨʘʥʦ 

ʣʠʰʝ 24 ʦʧʝʨʘʪʦʨʠ (2-ʡ ʝʪʘʧ ʜʦʩʣʽʜʞʝʥʥʷ, 2017 ʨ.), ʷʢʽ ʧʽʜʚʠʱʫʚʘʣʠ 

ʩʚʦʶ ʢʚʘʣʽʬʽʢʘʮʽʶ (ʨʦʟʨʷʜ). ʄʝʪʦʶ  ʜʦʩʣʽʜʞʝʥʥʷ ï ʻ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ 

ʛʦʪʦʚʥʦʩʪʽ ʢʦʞʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʜʦ ʘʪʝʩʪʘʮʽʾ. ɽʤʧʽʨʠʯʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ 

ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʮʽʾ  ʪʘ ʩʫʤʘʨʥʦʾ ʚʝʣʠʯʠʥʠ ʯʘʩʫ, ʱʦ ʪʨʘʪʠʪʴ ʦʧʝʨʘ-

ʪʦʨ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ ʜʦ ʨʦʙʦʪʠ  ʧʦʢʘʟʘʥʽ ʫ ʚʠʛʣʷʜʽ ʧʦʨʽʚ-

ʥʷʥʥʷ ʜʘʥʠʭ ʦʩʪʘʥʥʴʦʛʦ ʽʟ ʧʦʧʝʨʝʜʥʽʤ ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ ʟʨʽʟʘʤʠ ʦʮʽʥʦʢ 

ʢʦʞʥʦʛʦ ʦʧʝʨʘʪʦʨʘ (ʜʠʚ. ʈʠʩ. 1).  

ʇʦ ʚʝʨʪʠʢʘʣʴʥʽʡ ʚʽʩʽ ʬʽʢʩʫʚʘʣʠʩʷ ʝʤʧʽʨʠʯʥʽ ʩʫʤʘʨʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʫ, 

ʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ï ʽʥʜʝʢʩʫ ʦʧʝʨʘʪʦʨʘ. ʈʦʟʧʦʜʽʣ ʝʤʧʽʨʠʯʥʠʭ ʟʥʘʯʝʥʴ 24 

ʦʧʝʨʘʪʦʨʽʚ, ʷʢʽ ʧʦʜʘʣʠ ʟʘʷʚʢʠ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʩʚʦʾʭ ʨʦʟʨʷʜʽʚ (2-ʡ ʜʽʘʛʥʦ-

ʩʪʠʯʥʠʡ ʟʨʽʟ) ʧʽʜʢʦʨʷʻʪʴʩʷ ʣʽʥʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʟʘ ʬʦʨʤʫʣʦʶ ʫ = -

3,1043ʭ + 30,37, ʜʝ ʘʧʨʦʢʩʠʤʘʮʽʷ ï 0,76. 

 
 

ʈʠʩ. 1  ʇʦʨʽʚʥʷʣʴʥʽ ʝʤʧʽʨʠʯʥʽ  ʜʘʥʽ ʨʽʚʥʷ ʽ ʜʠʥʘʤʽʢʠ ʛʦʪʦʚʥʦʩʪʽ  ʦʧʝʨʘ-

ʪʦʨʽʚ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ  ʜʦ ʘʪʝʩʪʘʮʽʾ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʝʨʞʘʚʥʦʾ ʘʪʝʩʪʘʮʽʾ ʟ 24 ʦʧʝʨʘʪʦʨʽʚ ʥʝ ʧʽʜʚʠʱʠʣʠ 

ʨʽʚʝʥʴ ʨʦʟʨʷʜʫ 4 ʯʦʣ. (ʜʠʚ. ʧʦʨʽʚʥʷʥʥʷ  ʥʘ ʈʠʩ.1 ʝʤʧʽʨʠʯʥʠʭ ʟʥʘʯʝʥʴ 

ʦʧʝʨʘʪʦʨʽʚ ʟʘ ʾʭ ʥʦʤʝʨʘʤʠ ï ˉ2ʘ, ˉ4ʘ, ˉ13ʘ ʽ ˉ14ʘ). ʇʨʦʛʥʦʩʪʠʯʥʦ, 

ʚʦʥʠ ʥʝ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʧʨʦʭʦ-

ʜʞʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʜʝʨʞʘʚʥʦʾ ʧʨʦʬʝʩʽʡʥʦʾ ʘʪʝʩʪʘʮʽʾ.  

ʆʧʝʨʘʪʦʨʠ, ʷʢʽ ʫʩʧʽʰʥʦ ʧʨʦʡʰʣʠ ʘʪʝʩʪʘʮʽʶ, ʷʢ ʧʨʘʚʠʣʦ, ʜʝʤʦʥʩʪʨʫ-

ʚʘʣʠ ʟʨʦʩʪʘʥʥʷ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʮʽʾ ɯʇʂ, ʪʘ ʟʤʝʥʰʝʥʥʷ ʩʫ-

ʤʘʨʥʦʛʦ ʯʘʩʫ, ×ti,  ʭʚ., ʥʘ ʦʧʝʨʘʮʽʡʥʫ ʧʽʜʛʦʪʦʚʢʫ ʚʝʨʩʪʘʪʘ ʜʦ ʨʦʙʦʪʠ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʰʫ ʛʦʣʦʚʥʫ ʛʽʧʦʪʝʟʫ.                                   

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʚʝʣʠʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ, ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʥʠʟʴʢʘ ʛʦʪʦʚ-

ʥʽʩʪʴ ʜʦ ʘʪʝʩʪʘʮʽʾ ʫ ʪʠʭ ʦʧʝʨʘʪʦʨʽʚ,  ʫ ʷʢʠʭ ʟʥʠʞʫʻʪʴʩʷ  ʽʥʜʝʢʩ ʧʨʦʬʝʩʽʡ-

ʥʦʾ ʢʦʤʧʝʪʝʥʮʽʾ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʚʝʨʩʪʘʪʘ ʜʦ ʨʦʙʦʪʠ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦʶ ʩʬʦʨʤʦʚʘʥʽʩʪʶ ʟʥʘʥʴ, ʫʤʽʥʴ, ʧʨʦʬʝʩʽʡʥʦ-
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ʚʘʞʣʠʚʠʭ ʷʢʦʩʪʝʡ, ʤʦʪʠʚʘʮʽʾ, ʽ ʩʫʩʧʽʣʴʥʦ ʟʥʘʯʠʤʠʭ ʮʽʥʥʦʩʪʝʡ, ʷʢʽ ʚʠʟʥʘ-

ʯʘʶʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ.  

ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʜʦ ʘʪʝʩʪʘʮʽʾ 

ʦʧʝʨʘʪʦʨʽʚ ʡ ʽʥʰʠʭ ʛʘʣʫʟʝʡ, ʘʣʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʾʭ ʚʽʜʦʤʯʠʭ ʩʪʘʥʜʘʨ-

ʪʽʚ. ʊʦʤʫ ʫ ʥʦʚʦʩʪʚʦʨʝʥʠʭ  ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʠʢʘʭ  ʙʫʜʫʪʴ ʚʠʢʦʨʠʩ-

ʪʦʚʫʚʘʪʠʩ ̫ʾʭ ʽʥʜʠʢʘʪʦʨʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ  ʝʤʧʽʨʠʯʥʠʭ ʟʥʘʯʝʥʴ  ʩʘʤʦʦʮʽ-

ʥʦʢ ʽ ʦʮʽʥʦʢ ʝʢʩʧʝʨʪʽʚ  ʜʣʷ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʾ ʤʘʡʩʪʝʨʥʦʩʪʽ ʪʘ ʩʫʤʘʨ-

ʥʦʛʦ ʙʶʜʞʝʪʫ ʯʘʩʫ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʦʧʝʨʘʪʦʨʦʤ ʦʙô̒ʢʪʫ ʜʦ ʨʦʙʦʪʠ. 
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ʋɼʂ 629.734 

ʉʋʇʈʆɺʆɼɾɽʅʅʗ ɺʀʇʈʆɹʋɺɸʅʔ ʇʃɸʅʋʖʏʀʍ 

ʇɸʈɸʐʋʊʅʀʍ ʉʀʉʊɽʄ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ʉʊʈʋʂʊʋʈʅʀʍ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄʆɼɽʃɽʁ 

ɺ.ɸ. ɼʤʠʪʨʽʻʚ, ɺ.ʆ. ʂʫʟʥʝʮʦʚ, ɸ.ɻ. ʇʘʚʣʝʥʢʦ 

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʮʝʥʪʨ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ 

 

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʣʴʦʪʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʧʘʨʘʰʫʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

(ʇʉ), ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʥʘʟʝʤʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘ-

ʥʥʷ, ʘ ʪʘʢʦʞ ʽʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʫʤʦʚʠʣʠ 

ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʨʦʣʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴ-

ʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʇʉ. ʆʟʥʘʯʝʥʠʡ ʥʘʧʨʷ-

ʤʦʢ ʤʝʪʦʜʦʣʦʛʽʾ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʇʉ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʚʦʨʝʥʥʽ ʪʘ ʚʠ-

ʢʦʨʠʩʪʘʥʥʽ ʩʪʨʫʢʪʫʨʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ (ʄʄ) ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʦʤʧʦʥʦʚʦʢ ñʦʙôʻʢʪ+ʇʉò, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʩʠʥ-

ʪʝʟ ʩʫʯʘʩʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʽʜ ʩʪʨʫʢʪʫʨʥʦʶ ʄʄ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʇʉ ʨʦʟʫʤʽʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʴ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʛʽʧʦʪʝʟ ʪʘ ʧʨʠʧʫʱʝʥʴ, ʣʦʛʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʴ, ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʧʨʦʛʨʘʤ, ʟʘʩʦʙʽʚ ʦʜʝʨʞʘʥʥʷ, ʦʙʨʦʙʢʠ ʪʘ ʚʽʜʦʙʨʘ-

ʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʪʠʚʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʥʘ ʇɽʆʄ ʷʚʠʱ ʪʘ ʧʨʦʮʝʩʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʇʉ ʫ ʨʝʘʣʴʥʠʭ ʪʘ ʚʽʨʪʫʘʣʴ-

ʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʧʦʪʨʽʙʥʦʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʧʨʘʚʠʣʴʥʠʭ ʨʽʰʝʥʴ 

ʪʦʯʥʽʩʪʶ [1]. 

ʌʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʄʄ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʜʚʦʤʘ ʰʣʷʭʘʤʠ. ʇʝʨ-

ʰʠʡ ʟ ʥʠʭ ʧʝʨʝʜʙʘʯʘʻ ʧʦʙʫʜʦʚʫ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥ-

ʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙôʻʢʪ ʪʘ ʦʙʨʠʩ ʇʉ, ʘ ʩʘʤʝ:  

ʤʘʩʘ ʪʘ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʦʙôʻʢʪʫ, ʡʦʛʦ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʪʘ 

ʽʥʝʨʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

ʦʙʨʠʩ ʇʉ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʟ ʫʥʽʬʽʢʦʚʘʥʠʭ ʧʘʨʘʰʫʪʽʚ, ʜʣʷ ʷʢʠʭ ʻ ʥʘ-

ʷʚʥʠʤʠ ʤʘʩʦʚʽ ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʜʘʥʽ ʪʨʫʙʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʘʙʦ ʧʦʧʝ-

ʨʝʜʥʴʦ ʨʦʟʨʘʭʦʚʘʥʽ ʪʠʤ ʯʠ ʽʥʰʠʤ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʎʶ ʤʦʜʝʣʴ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʩʪʨʫʢʪʫʨʥʦʶ ʄʄ ʩʫʧʨʦʚʦʜʞʝʥʥʷ. 

ɼʨʫʛʠʡ ʰʣʷʭ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʄʄ ʧʘʨʘʣʝʣʴʥʦ ʨʘʟʦʤ ʟ ʇʉ ʫ 

ʧʨʦʮʝʩʽ ʾʾ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʧʦʯʠʥʘʶʯʠ ʟ ʬʦʨʤʫʚʘʥʥʷ ʦʙʨʠʩʫ ʇʉ ʡ ʟʘʚʝʨ-

ʰʫʶʯʠ ʢʦʤʧʣʝʢʩʥʠʤ ʨʦʟʨʘʭʫʥʢʦʤ ʾʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʤʘʩʦʚʠʭ, 

ʤʽʮʥʽʩʥʠʭ, ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʘʝʨʦʧʨʫʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʻ 

ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʨʽʚʥʷʥʴ ʙʘʣʽʩʪʠʢʠ. ʊʘʢʘ ʤʦʜʝʣʴ ʦʜʝʨʞʘʣʘ ʥʘʟʚʫ 

ʩʪʨʫʢʪʫʨʥʦʾ ʄʄ ʧʨʦʝʢʪʫʚʘʥʥʷ ʇʉ. ɺʦʥʘ ʤʘʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʧʨʠ ʧʨʦ-

ʝʢʪʫʚʘʥʥʽ ʇʉ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʽʥʪʝʛʨʫʶʯʦʛʦ ʟʘʩʦʙʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘ-

ʛʘʣʴʥʦʩʠʩʪʝʤʥʠʭ ʧʠʪʘʥʴ ʪʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʨʫʭʫ ʇʉ ʟ ʦʙôʻʢ-

ʪʦʤ ʫ ʨʝʘʣʴʥʠʭ ʘʙʦ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʧʦʜʘʣʴʰʦʤʫ 

ʦʙʠʜʚʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʜʦ ʣʴʦʪʥʠʭ ʚʠ-

ʧʨʦʙʫʚʘʥʴ, ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʇʉ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʷʢ: 

ʧʦʧʝʨʝʜʥʻ ʧʦʛʣʠʙʣʝʥʝ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʇʉ, 

ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʘʚʽʘʮʽʡʥʠʭ ʧʦʜʽʡ, ʨʦʟʨʦʙʢʘ ʟʘʭʦʜʽʚ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʝ-

ʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʫʩʫʥʝʥʥʷ ʧʨʠʯʠʥ; 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʢʦʤʧʦʥʦʚʢʫ ñʦʙôʻʢʪ + ʇʉò, ʨʦʟʨʘʭʫʥʢʫ ʥʘʜʽʡʥʦʩʪʽ ʇʉ, ʱʦ ʧʨʦ-

ʝʢʪʫʻʪʴʩʷ; 

ʨʝʘʣʽʟʘʮʽʷ ʩʪʨʘʪʝʛʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʇʉ ʟʘ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ, ʚʠʨʽʰʝʥʥʷ 

ʧʠʪʘʥʴ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʟʘ ʧʦʰʢʦʜʞʝʥʥʷʤʠ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ ʪʝ, ʱʦ ʩʪʨʫʢʪʫʨʥʘ ʄʄ ʦʭʦʧʣʶʻ 

ʣʠʰʝ ʦʩʥʦʚʥʽ, ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʦʤʧʦʥʦʚʢʠ ñʦʙôʻʢʪ + ʇʉò ʫ ʧʦʪʦʮʽ, ʪʘ ʥʝ ʚʨʘʭʦʚʫʻ ʣʦʢʘʣʴʥʽ ʝʬʝʢʪʠ, 

ʥʘʧʨʠʢʣʘʜ ʚʪʦʨʠʥʥʽ ʚʽʜʨʠʚʠ ʥʘ ʧʦʚʝʨʭʥʽ ʢʫʧʦʣʘ ʧʘʨʘʰʫʪʘ, ʚôʷʟʢʦʧʨʫʞʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʨʘʰʫʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨ-

ʤʦʚʘʥʽ ʩʪʘʥʠ ʤʝʪʘʣʝʚʠʭ ʟôʻʜʥʫʚʘʣʴʥʠʭ ʚʫʟʣʽʚ (ʣʘʥʦʢ) ʪʦʱʦ. ʊʦʤʫ, ʧʨʠ 

ʧʦʙʫʜʦʚʽ ʩʪʨʫʢʪʫʨʥʦʾ ʄʄ ʥʝʦʙʭʽʜʥʦ ʚʽʜʙʠʨʘʪʠ ʪʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʫ ʪʘ 
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ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʡʦʛʦ ʧʽʜʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤʠ ʪʘ 

ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʜʣʷ ʥʴʦʛʦ. 

ɼʦ ʩʢʣʘʜʥʦʩʪʝʡ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨ-

ʥʠʭ ʄʄ ʚʽʜʥʦʩʠʪʴʩʷ ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʚʠʨʽʰʝʥʥʷ ñʟʚôʷʟʘʥʠʭò ʥʝʣʽʥʽʡʥʠʭ 

ʟʘʜʘʯ ʘʝʨʦʧʨʫʞʥʦʩʪʽ ʧʘʨʘʰʫʪʽʚ. ɺʦʥʠ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʬʽʟʠʯʥʦʾ 

ʨʽʟʥʦʨʽʜʥʦʩʪʽ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʟʘʜʘʯʽ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʤʘʪʝ-

ʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʣʷ ʾʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʧʠʩʘʥʥʷ. ʊʦʤʫ, ʚʘʞʣʠʚʝ ʟʥʘ-

ʯʝʥʥʷ ʫ ʧʨʦʙʣʝʤʽ ʩʪʨʫʢʪʫʨʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʄʄ ʘʝʨʦʧʨʫʞʥʦʩʪʽ, ʱʦ ʬʦʨ-

ʤʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʪʘ ʾʭ ʩʠʥʪʝʟʫ ʥʘ ʇɽʆʄ, ʥʘʙʫʚʘʻ ʨʦʟʨʦʙʢʘ ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʟʘʜʘʯʽ, ʥʝ ʧʦʚôʷʟʘʥʠʭ ʬʽʟʠʯʥʦʶ 

ʩʫʪʥʽʩʪʶ ʪʘ ʩʧʦʩʦʙʽʚ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʙʣʝʤʫ 

ʘʝʨʦʧʨʫʞʥʦʩʪʽ ʧʘʨʘʰʫʪʽʚ ʫ ʮʽʣʦʤʫ. 

ʗʢ ʩʚʽʜʯʠʪʴ ʘʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʽʜʦʤʽ ʥʘ 

ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʩʪʨʫʢʪʫʨʥʽ ʄʄ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʢʫʧʥʦʩʪʽ 

ʘʧʨʦʙʦʚʘʥʠʭ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʧʨʘʢʪʠʮʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʇʉ ʪʘʢʠʭ ʯʠʩʝʣʴ-

ʥʠʭ ʤʝʪʦʜʽʚ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢ ʤʝʪʦʜ ʚʠʭʨʦʚʠʭ ʨʘʤʦʢ, 

ʤʝʪʦʜ ʢʨʫʧʥʠʭ ʯʘʩʪʦʢ, ʨʽʟʥʠʮʝʚʽ ʤʝʪʦʜʠ ʚ ʘʝʨʦʜʠʥʘʤʽʮʽ ʡ ʪʝʦʨʽʾ ʧʨʫʞ-

ʥʦʩʪʽ, ʤʝʪʦʜʠ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʟʦʩʝʨʝʜʞʝʥʠʭ ʤʘʩ. ʉʠʥʪʝʟ ʜʘʥʠʭ ʘʝ-

ʨʦʜʠʥʘʤʽʯʥʦʾ ʪʘ ʧʨʫʞʥʦʾ ʯʘʩʪʠʥ ʟʘʜʘʯʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ 

ñʯʘʩʦʚʠʭò ʰʘʨʽʚ. 

 

 
ʈʠʩ. 1. ɺʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʤʘʪʝʤʘʪʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʪʘ 

ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʇʉ. 
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ʅʘ ʨʠʩ. 1 ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʤʘʪʝʤʘʪʠʯʥʠʤ 

ʤʦʜʝʣʶʚʘʥʥʷʤ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʇʉ. ʋ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʡ ʨʦ-

ʟʨʦʙʢʠ ʇʉ ʩʪʚʦʨʶʻʪʴʩʷ ʾʾ ʘʧʨʽʦʨʥʘ ʄʄ, ʷʢʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʧʨʦʙʫʚʘʥʴ. ɿʘ ʜʘʥʠʤʠ, ʦʜʝʨ-

ʞʫʚʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʄʄ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝ-

ʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʜʝʥʪʠ-

ʬʽʢʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʘʧʨʽʦʨʥʦʾ ʄʄ, ʫʪʦʯʥʝʥʥʷ ʄʄ ʪʘ ʤʝʞ 

ʾʾ ʟʘʩʪʦʩʦʚʥʦʩʪʽ [2]. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʦʩʥʦʚʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʇʉ ʪʘ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʩʪʨʫʢʪʫʨʥʦʾ ʄʄ, ʻ: ʨʽʚʥʷʥʥʷ 

ʥʝʨʦʟʨʠʚʥʦʩʪʽ, ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʛʘʟʫ (ʅʘʚʴʻ-ʉʪʦʢʩʘ, ɯ.ʉ. ɻʨʦʤʝʢʦ), 

ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʩʪʽ ʫ ʧʨʦʝʢʮʽʷʭ ʥʘ ʚʽʩʽ ʧʦʚôʷʟʘʥʦʾ ʟ ʢʫʧʦʣʦʤ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ (ʍ.ɸ. ʈʘʭʤʘʪʫʣʣʽʥʘ) ʪʘ ʨʽʚʥʷʥʥʷ ʙʘʣʽʩʪʠʢʠ ʫ ʧʨʦʝʢʮʽʷʭ ʥʘ 

ʧʨʠʨʦʜʥʽ ʚʽʩʽ ʢʦʦʨʜʠʥʘʪ. 

ʏʘʩʪʢʦʚʠʤʠ ʚʠʧʘʜʢʘʤʠ ʦʟʥʘʯʝʥʠʭ ʨʽʚʥʷʥʴ, ʦʜʝʨʞʘʥʠʭ ʜʣʷ ʽʥʞʝʥʝʨ-

ʥʠʭ ʤʦʜʝʣʝʡ, ʻ [3]: 

ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʦʙôʻʤʫ ʧʦʚʽʪʨʷ: 
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ʜʝ: W(r) ï ʦʙôʻʤ ʢʫʧʦʣʘ, V ï h ʚʠʜʢʽʩʪʴ ʧʦʣʴʦʪʫ, n0, n1, n2 ï ʧʦʧʨʘʚʦʯʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ, ɜ̔ ï ʰʚʠʜʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʪʢʘʥʠʥʫ ʢʫʧʦʣʘ, a, 

b ï ʨʦʟʤʽʨʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, C ï ʢʦʝʬʽʮʽʻʥʪ ʰʣʷʭʫ ʥʘʧʦʚʥʝʥʥʷ; Cʇ ï ʢʦʝʬʽ-

ʮʽʻʥʪ ʦʧʦʨʫ ʧʘʨʘʰʫʪʫ, Fʇ ï ʧʣʦʱʘ ʢʫʧʦʣʘ, r, rm, rʇʆ ï ʨʘʜʽʫʩʠ ʢʫʧʦʣʘ 

(ʚʽʜʧʦʚʽʜʥʦ ʚʭʽʜʥʦʛʦ ʦʪʚʦʨʫ, ʤʽʜʝʣʝʚʦʛʦ ʧʝʨʝʪʠʥʫ ʪʘ ʧʦʣʶʩʥʦʛʦ 

ʦʪʚʦʨʫ). 

ʈʦʟʚʠʪʦʢ ʩʧʦʩʦʙʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʣʘʥʫʶʯʠʭ ʧʘʨʘʰʫʪʥʠʭ ʩʠʩʪʝʤ ʧʨʦ-

ʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʜʝʩʷʪʠʨʽʯ, ʘ ʪʘʢʦʞ ʨʝʘʣʽʟʦʚʘʥʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʨʽ-

ʰʝʥʥʷ ʦʙʫʤʦʚʣʶʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʄʄ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʣʘʥʫʚʘʥʥʷ ʣʴʦʪʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʊʘʢ, ʄʄ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʝʷʢʠʭ ʩʫʯʘʩʥʠʭ ʧʣʘʥʫʶʯʠʭ ʇʉ ʜʣʷ ʩʪʨʠʙʢʽʚ ʟ ʚʝʣʠʢʠʭ ʚʠʩʦʪ ʟ ʚʽʜʢʨʠʪ-

ʪʷʤ ʧʘʨʘʰʫʪʫ ʥʘ ʥʠʟʴʢʠʭ ʚʠʩʦʪʘʭ ʤʘʻ ʧʝʨʝʜʙʘʯʘʪʠ ʟʤʽʥʫ ʢʦʤʧʦʥʦʚʢʠ 

ʇʉ ʫ ʧʨʦʮʝʩʽ ʧʦʣʴʦʪʫ. ʊʘʢʦʞ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʇʉ ʧʨʠ ʚʽʜʢʨʠʪʪʽ ʧʘʨʘʰʫʪʫ. 
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ʋɼʂ 004.42 

ɺʀɿʅɸʏɽʅʅʗ ʐɺʀɼʂʆʉʊɯ ɸɺʊʆʊʈɸʅʉʇʆʈʊʋ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ʂɸʄɽʈ ɺɯɼɽʆʉʇʆʉʊɽʈɽɾɽʅʅʗ. 

ɺ.ɺ ʂʘʟʠʤʠʨ, ʈ.ɺ. ɿʘʨʦʚʩʢɹʠʡ, ɼ. ʖ. ʖʨʯʝʥʢʦ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʩʪʘʻ ʟʚʠʯʥʠʤ ʽ ʧʦʚʩʷʢʜʝʥʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʦʨʷʜʢʫ, ʦʭʦʨʦʥʠ ʪʝʨʠʪʦʨʽʡ ʽ 

ʨʽʟʥʦʛʦ ʨʦʜʫ ʦʙ'ʻʢʪʽʚ [1-4]. ʇʨʠʪʦʤʫ, ʜʣʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ, ʧʦʪʨʽʙʥʦ ʚʤʽʪʠ ʰʚʠʜʢʦ ʽ ʪʦʯʥʦ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʚʽʜʝʦʽ-

ʥʬʦʨʤʘʮʽʾ. ʐʠʨʦʢʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʦʝʢʪʠ çɹʝʟʧʝʯʥʝ ʤʽʩʪʦè, ʷʢʽ ʙʘʟʫ-

ʶʪʴʩʷ ʥʘ ʦʙʨʦʙʮʽ ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʾ ʟ ʤʫʥʽʮʠʧʘʣʴʥʠʭ ʢʘʤʝʨ ʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ. ɺ ʤʠʥʫʣʦʤʫ ʚʘʛʦʤʫ ʨʦʣʴ ʫ ʨʦʙʦʪʽ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʚʽʜʽʛʨʘʚʘʣʠ 

ʦʧʝʨʘʪʦʨʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʩʠʪʫʘʮʽʡʥʠʭ(ʦʧʝʨʘʪʠʚʥʠʭ) ʮʝʥʪʨʽʚ. ɸʣʝ, 

ʥʘ ʧʨʝʚʝʣʠʢʠʡ ʞʘʣʴ, ʣʁ ʜʠʥʘ ʥʝ ʤʦʞʝ ʰʚʠʜʢʦ ʘʥʘʣʽʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟ 

ʥʘʙʦʨʫ ʢʘʤʝʨ ʦʜʥʦʯʘʩʥʦ.  

ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ çɹʝʟʧʝʯʥʝ ʤʽʩʪʦè ʚʠʢʦʥʫʶʪʴ ʙʘʛʘʪʦ ʚʘʞʣʠʚʠʭ ʟʘ-

ʚʜʘʥʴ, ʩʝʨʝʜ ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: ʤʦʥʽʪʦʨʠʥʛ ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʦʨʷʜʢʫ, 

ʤʦʥʽʪʦʨʠʥʛ ʟʘ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ, ʧʦʰʫʢ ʟʣʦʯʠʥʮʽʚ, ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʦʙô̒ ʢʪʘʤʠ ʪʦʱʦ. ʉʝʨʝʜ ʮʠʭ ʟʘʚʜʘʥʴ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʧʦʩʽʜʘʻ ʤʦʥʽʪʦʨʠʥʛ 

ʟʘ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʪʘ ʩʫʤʽʩʥʽ ʟ ʥʠʤ ʟʘʜʘʯʽ. 

ʆʩʢʽʣʴʢʠ ʦʙô̒ ʢʪʠ ʚ ʧʦʣʽ ʟʦʨʫ ʢʘʤʝʨʠ ʧʝʨʝʩʫʚʘʶʪʴʩʷ ʟ ʚʝʣʠʢʠʤʠ 

ʰʚʠʜʢʦʩʪʷʤʠ, ʪʦ ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʧʦʚʥʽʩʪʴʶ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ. 

ɺ ʢʦʤʧʣʝʢʩ ʟʘʚʜʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚʭʦʜʷʪʴ: 

¶ ʚʠʷʚʣʝʥʥʷ ʧʦʨʫʰʝʥʴ ʧʨʘʚʠʣ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʟʦʢʨʝʤʘ ʰʚʠʜʢʽʩ-
ʥʦʛʦ ʨʝʞʠʤʫ; 

¶ ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʽʜʝʦʬʽʢʩʘʮʽʷ ɼʊʇ; 

¶ ʚʠʷʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʦʟʰʫʢʫ; 

¶ ʪʦʱʦ. 
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ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʙʝʟ-

ʧʝʢʫ ʨʫʭʫ, ʻ ʚʠʷʚʣʝʥʥʷ ʧʦʨʫʰʥʠʢʽʚ ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ ʟ ʧʦʜʘʣʴʰʦʶ 

ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʪʘ ʦʬʦʨʦʤʣʝʥʥʷ ʰʪʨʘʬʫ. 

 ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʢʨʘʡ ʘʢʪʫʘʣʴʥʘ ʻ ʨʦʟʨʦʙʢʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦ-

ʜʫʣʷ, ʷʢʠʡ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠ ʰʚʠʜʢʽʩʪʴ ʦʙôʻʢʪʽʚ, ʚʽʜʦʙʨʘʞʘʪʠ ʮʶ ʽʥʬʦʨ-

ʤʘʮʽʶ ʦʧʝʨʘʪʦʨʫ ʩʠʩʪʝʤʠ ʚʽʜʝʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʬʽʢʩʫʚʘʪʠ ʚ ɹɼ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʩʦʙʠ ʦʙ-

ʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. ɹʫʣʘ ʦʙʨʘʥʘ ʙʽʙʣʽʦʪʝʢʘ opencv[5] ʷʢ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʡ 

ʟʘʩʽʙ ʨʦʙʦʪʠ ʟ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʷʢʠʡ ʜʦ ʪʦʛʦ ʞ ʤʘʻ ʚʽʜʢʨʠʪʠʡ ʢʦʜ. 

ʆʩʢʽʣʴʢʠ ʥʘʩ ʮʽʢʘʚʣʷʪʴ ʪʽʣʴʢʠ ʨʫʭʦʤ ̔ʦʙ'ʻʢʪʠ, ʪʦ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʻ ʚʠ-

ʟʥʘʯʝʥʥʷ ʟʦʥ ʨʫʭʫ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʢʽʣʴʢʦʭ ʤʝʪʦʜʽʚ, 

ʪʘʢʠʭ ʷʢ: backgroundsubtractormog, backgroundsubtractormog2 ʪʘ 

backgroundsubtractorgmg [5]. ʅʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʡ ʤʝʪʦʜ ʻ 

backgroundsubtractormog, ʷʢʠʡ ʽ ʙʫʚ ʦʙʨʘʥʠʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ. ʈʝʟʫʣʴʪʘʪ 

ʨʦʙʦʪʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʟʘʙʨʘʞʝʥʠʡ ʥʘ ʤʘʣʶʥʢʫ 1, ʥʘ ʷʢʦʤʫ ʙʽʣʽ ʧʽʢʩʝʣʽ 

ʚʠʟʥʘʯʘʶʪʴ ʟʦʥʫ ʨʫʭʫ.  

 

 
ʄʘʣ.1 ʇʨʠʢʣʘʜ ʜʝʪʝʢʮʽʾ ʨʫʭʫ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʚʽʜʝʦ ʚʠʢʦʥʫʻʪʴʩʷ ʜʝʪʝʢʮʽ,̫ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ʩʪʝʞʝʥʥʷ 

ʟʘ ʦʙ'ʻʢʪʘʤʠ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ. ʆʩʢʽʣʴʢʠ ʤʠ ʧʨʘʮʶʻʤʦ ʟ ʙʽʥʘʨʥʠʤ ʟʦʙʨʘ-

ʞʝʥʥʷʤ, ʪʦ ʜʝʪʝʢʮʠʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʫʢʣʘʜʝʥʥʷ ʙʽʣʠʭ ʧʽʢʩʝʣʽʚ ʚ 

ʧʝʚʥʽ ʧʝʨʠʤʝʪʨʠ. ɺ ʦʙô̒ ʢʪʘʭ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʝʨʰʠʥʫ ʧʨʷ-

ʤʦʢʫʪʥʠʢʘ, ʾʭʥʷ ʰʠʨʠʥʘ ʽ ʚʠʩʦʪʘ. 
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ɯʜʝʥʪʠʬʽʢʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʧʨʠ ʦʙʨʦʙʮʽ 

ʥʘʩʪʫʧʥʦʛʦ ʢʘʜʨʫ ʧʨʠʭʦʜʷʪʴ ʜʘʥʽ ʧʨʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʦʙ'ʻʢʪʘ ʚ ʢʘʜʨʽ 

,̔ ʷʢʱʦ ʚʽʥ ʧʝʨʝʪʠʥʘʻʪʴʩʷ ʟ ʧʨʷʤʦʢʫʪʥʠʢʦʤ ʟ̔ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʘʜʨʫ, ʪʦ 

ʤʦʞʥʘ ʟ ʫʧʝʚʥʝʥʽʩʪʶ ʩʢʘʟʘʪʠ, ʱʦ ʮʝ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʦʙ'ʻʢʪ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʤʠ ʧʨʠʟʥʘʯʘʻʤʦ ʡʦʤʫ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʠʡ ʥʦʤʝʨ ʪʘ ʧʨʦʜʦʚʞʫʻʤʦ ʩʪʝ-

ʞʝʥʥʷ ʟʘ ʥʠʤ. ʋ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʥʝʜʦʣʽʢ ï ʚʽʥ ʥʝ ʩʪʽʡʢʠʡ ʜʦ ʢʦʣʽʟʽʡ. ʗʢʱʦ 

ʜʚʘ ʦʙ'ʻʢʪʠ ʧʝʨʝʪʥʫʪʴʩʷ ʚ ʢʘʜʨʽ, ʪʦ ʤʠ ʤʦʞʝʤʦ ʾʭ ʧʝʨʝʧʣʫʪʘʪʠ. ʑʦ ʙ 

ʮʴʦʛʦ ʥʝ ʩʪʘʣʦʩʷ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʘʤʝʨʠ ʥʘʜ ʜʦʨʦʛʦʶ, 

ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʨʫʭʫ. 

ɺʠʟʥʘʯʝʥʥʷ ʽ ʦʙʯʠʩʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙ'ʻʢʪʘ ʚʽʜʙʫʚʘʪʩɹʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʝʨʝʪʠʥʫ ʾʤ ʫʤʦʚʥʠʭ ʣʽʥʽʡ. ɼʣʷ ʮʴʦʛʦ ʤʠ ʧʦʚʠʥʥʽ ʟʘʟʜʘʣʝʛʽʜʴ ʚʩʪʘʥʦ-

ʚʠʪʠ ʚ ʢʘʜʨʽ ʣʽʥʽʡ ʧʝʨʝʪʠʥʫ, ʘ ʪʘʢʦʞ ʨʝʘʣʴʥʫ ʜʠʩʪʘʥʮʽʶ ʤʽʞ ʥʠʤʠ ʥʘ 

ʪʨʘʩʽ (ʤʘʣʶʥʦʢ 2).  

 
ʄʘʣ. 2 ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʨʠ ʧʝʨʝʪʠʥʽ ʣʽʥʽʾ ʦʙ'ʻʢʪʦʤ, ʤʠ ʟʘʩʽʢʘʻʤʦ ʯʘʩ ʽ ʧʨʠ ʧʝʨʝʪʠʥʽ ʦʙʦʭ, 

ʤʘʶʯʠ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʽ ʜʠʩʪʘʥʮʽʶ ʤʽʞ ʣʽʥʽʷʤʠ, ʤʠ ʚʠʟʥʘʯʘʻʤʦ ʡʦʛʦ 

ʰʚʠʜʢʽʩʪʴ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʚʦʜʠʤʦ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘ ʝʢʨʘʥ. ʇʨʠ 

ʧʝʨʝʚʠʱʝʥʥʽ ʣʽʤʽʪʫ ʰʚʠʜʢʦʩʪʽ ʦʙ'ʻʢʪʦʤ ʜʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦʜʘʻʪʴʩʷ ʦʧʝ-

ʨʘʪʦʨʫ, ʘ ʪʘʢʦʞ ʥʘʜʘʻʪʴʩʷ ʩʢʨʽʥʰʦʪ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʨʫʰ-

ʥʠʢʘ (ʤʘʣʶʥʦʢ 3). 

 
ʄʘʣ. 3 ʈʝʟʫʣʴʪʘʪ ʜʝʪʝʢʮʽʾ ʰʚʠʜʢʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʤʦʜʫʣʴ  ʩʧʨʠʷʻ ʧʽʜ-

ʚʠʱʝʥʶ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʰʣʷʭʦʤ ʪʦʛʦ ʱʦ, ʜʦʟʚʦʣʷ ̒ʦʧʝʨʘʪʠ-
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ʚʥʦ ʚʠʟʥʘʯʘʪʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʦʤʠʭ ʦʙ'ʻʢʪʽʚ ʚ ʢʘʜʨʽ, ʘ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʤʦʜʫ-

ʣʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʥʦʤʝʨʽʚ [6] ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɺʠʜʝʦʘʥʘʣʠʪʠʢʘ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ, ʜʝʪʝʢʪʦʨ ʦʯʝʨʝʜʝʡ, ʧʦʠʩʢ 

ʦʙʲʝʢʪʦʚ ʥʘ ʚʠʜʝʦ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://geektimes.ru/company/ivideon/blog/286168/ (ɼʘʪʘ ʟʚʝʨʪʘʥʥʷ 

7.06.2017) 

2. ɺʠʜʝʦʥʘʙʣʶʜʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  

http://www.ipvs.ru/information/ipsurveillance/298-cctv-modern-world.html 

(ɼʘʪʘ ʟʚʝʨʪʘʥʥʷ 7.06.2017) 

3. ʇʨʦ ʇʨʦʛʨʘʤʫ ñɹʝʟʧʝʯʥʝ ʤʽʩʪʦ ʏʝʨʥʽʛʽʚ ʥʘ 2016-2017 ʨʦʢʠò 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ: 

http://www.chernigiv-rada.gov.ua/project/rada/8937 (ɼʘʪʘ ʟʚʝʨʪʘʥʥʷ 

7.06.2017) 

4. çɹʝʟʦʧʘʩʥʘʷ ʩʪʦʣʠʮʘè ʩʣʝʜʠʪ ʟʘ ʪʦʙʦʡ: ʚ ʂʠʝʚʝ ʫʩʪʘʥʦʚʠʣʠ 3700 

ʢʘʤʝʨ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʝʱʝ 4000 ð ʚ ʧʨʦʮʝʩʩʝ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. 

ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://ain.ua/2017/01/26/bezopasnaya-stolica-sledit-za-

toboj (ɼʘʪʘ ʟʚʝʨʪʘʥʥʷ 7.06.2017) 

5. ʄʝʪʦʜ ʥʦʨʤʘʣʟ̔ʘʮ̔ʾ ʟʦʙʨʘʞʝʥʥʷ ʘʚʪʦʤʦʙʣ̔ʴʥʦʛʦ ʥʦʤʝʨʘ ʧʨʠ ʡʦʛʦ 

ʨʦʟʧʟ̔ʥʘʚʘʥʥʽ ʟʘʩʦʙʘʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ / ɺʦʣʦʜʠʤʠʨ ʂʘʟʠʤʠʨ, ʈʫ-

ʩʣʘʥ ɿʘʨʦʚʩʴʢʠʡ, ɸʥʜʨʽʡ ʈʘʜʯʝʥʢʦ // ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ˉ4 

(6) 2016. ï C. 120-131 

 

ʋɼʂ  629.076:623.426 

ʇʈʆ ʇʃɸɺʅɯʉʊʔ ʈʋʍʋ ɹʈʆʅʔʆɺɸʅʀʍ ʄɸʐʀʅ 

ʆ.ʆ. ɸʢʠʤʦʚ1, ɺ.ʊ. ɹʦʷʨʦʚ1, ʉ.ɽ. ʂʫʟʠʥ1, ɯ.ʉ. ʃʫʧʠʥ2 
1ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʮʝʥʪʨ ɿʉ ʋʢʨʘʾʥʠ 

2ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɹʨʦʥʴʦʚʘʥʽ ʤʘʰʠʥʠ ʩʝʨʽʡʥʦ  ʚʠʨʦʙʣʷʣʠʩʷ  ʥʘ ʪʝʨʠʪʦʨʽʾ ʙʫʚʰʦʛʦ 

ʉʈʉʈ ʚ ʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ. ɺ ʮʝʡ ʯʘʩ ʮʽ ʙʨʦʥʴʦʚʘʥ ̔ʤʘʰʠʥʘ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʙʽʣʴʰ ʥʽʞ ʚ 50 ʢʨʘʾʥʘʭ. ɺʦʥʠ ʤʘʻ ʛʘʨʥʫ ʧʨʦʭʽʜʥʽʩʪʴ, ʘʣʝ ʙʽʣʴ-

ʰʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʩʴʦʛʦʜʝʥʥʷ. 

ɹʨʦʥʴʦʚʘʥʽ ʤʘʰʠʥʠ ʟʘʟʥʘʚʘʣʠ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʨʥʽ-

ʟʘʮʽʡ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʷʢʠʭ: ʧʽʜʩʠʣʝʥʥʷ ʦʟʙʨʦʻʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʧʦʪʫ-

ʞʥʦʩʪʽ ʜʚʠʛʫʥʘ; ʤʦʜʝʨʥʽʟʘʮʽʷ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ; ʦʩʥʘʱʝʥʥʷ ʜʦʜʘʪʢʦʚʠʤʠ 

ʣʶʢʘʤʠ (ʟ ʙʦʢʽʚ, ʧʦʟʘʜʫ), ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʝʢʽʧʘʞʫ.  

https://geektimes.ru/company/ivideon/blog/286168/
http://www.ipvs.ru/information/ipsurveillance/298-cctv-modern-world.html
http://www.chernigiv-rada.gov.ua/project/rada/8937
https://ain.ua/2017/01/26/bezopasnaya-stolica-sledit-za-toboj
https://ain.ua/2017/01/26/bezopasnaya-stolica-sledit-za-toboj
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ʄʦʜʝʨʥʽʟʘʮʽʷ, ʱʦ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʜʚʠʛʫʥʘ, ʡʦʛʦ ʮʝʥʪʨʫ-

ʚʘʥʥʷ, ʚʠʜʘʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʢʦʣʽʩ ʚʝʜʝ ʜʦ ʩʫʪʪʻʚʦʾ ʟʤʽʥʠ ʽʥʝʨʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʥʝ ʦʙˇʨʫʥʪʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʛʽʨʰʠʪʠ 

ʧʣʘʚʥʽʩʪʴ ʭʦʜʫ ʤʘʰʠʥʠ, ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʣʘʚʥʽʩʪʴ ʭʦʜʫ ʤʘʰʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʝʨʮʽʡʥʠʭ, ʞʦʨʩʪʢʽʩʥʠʭ ʪʘ ʙʘ-

ʛʘʪʴʦʭ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʰʠʥʠ [1]. 

ʆʩʥʦʚʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʤʘʰʠʥʠ ʥʘ ʧʣʘʚʥʽʩʪʴ ʭʦʜʫ ʻ ʜʦʨʦʞʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ. ʇʨʠ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʚʠʟʥʘʯʘʶʪʴ ʚʝʨʪʠʢʘʣʴʥʽ ʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ, ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ʪʘ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʥʷ 

ʚ ʧʝʚʥʠʭ ʪʦʯʢʘʭ ʤʘʰʠʥʠ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʘʨʘʤʝʪʨʠ 

ʢʦʣʠʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 0,7-22,5 ɻʮ. 

ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʚʠʩʫʚʘʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʧʦʢʨʠʪʪʷ ʜʦʨʽʛ (ʘʩʬʘʣʴ-

ʪʦʚʽ ʧʦʢʨʠʪʪʷ, ʙʨʫʢʽʚʢʘ, ʨʦʟʙʠʪʽ ˇʨʫʥʪʦʚʽ ʜʦʨʦʛʠ). ʋ ʷʢʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ ʧʦʚʝʨʭʥʽ ʜʦʨʽʛ ʧʨʠʡʤʘʶʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʽ ʱʽʣʴʥʦʩʪʽ ʤʽʢʨʦʧʨʦʬʽʣʶ ʡ 

ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʜʦʨʦʛʠ ʥʘ ʘʚʪʦʤʦʙʽʣʴ. 

ʐʚʠʜʢʦʩʪʽ ʨʫʭʫ, ʧʨʠ ʷʢʠʭ ʨʝʻʩʪʨʫʶʪʴʩʷ ʧʦʢʘʟʥʠʢʠ ʢʦʣʠʚʘʥʴ ʟʘʣʝ-

ʞʘʪʴ ʚʽʜ ʢʘʪʝʛʦʨʽʡ ʤʘʰʠʥʠ ʡ ʪʠʧʫ ʚʠʧʨʦʙʥʦʾ ʜʽʣʴʥʠʮʽ ʚʽʜ 10 ʜʦ 90 

ʢʤ/ʛʦʜ. 

ɼʦʚʞʠʥʠ ʜʽʣʷʥʦʢ, ʥʘ ʷʢʠʭ ʟʘʧʠʩʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʧʣʘʚʥʦʩʪʽ ʭʦʜʫ, 

ʫʩʪʘʥʦʚʣʝʥʽ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʜʦʨʦʛʠ ʚʠʙʠʨʘ-

ʶʪʴ ʚʽʜ 250 ʜʦ 1000 ʤ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʚʠʩʦʢʦʾ ʧʣʘʚʥʦʩʪʽ ʭʦʜʫ,  ʧʽʜʚʽʩʢʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟ-

ʧʝʯʠʪʠ ʢʦʣʠʚʘʥʥʷ ʢʦʨʧʫʩʫ ʟ ʯʘʩʪʦʪʦʶ 0,8-1,2 ɻʮ.  

ɾʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʫʤʦʚ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʥʘʷʚʥʦʩʪʽ ʩʧʝʮʽʘʣʴʥʠʭ ʚʠʤʽ-

ʨʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʧʣʘʚʥʽʩʪʴ 

ʭʦʜʫ ʤʘʡʞʝ ʥʝ ʧʨʦʚʦʜʠʪʴʩʷ.  

ɿʚʘʞʘʶʯʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʡ ʩʪʦʩʫʶʪʴʩʷ ʟʤʽʥʠ ʽʥʝʨʮʽʡʥʠʭ 

ʪʘ ʞʦʨʩʪʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʝʚʥʠʭ ʤʝʞʘʭ ʚʚʘʞʘʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ 

ʦʮʽʥʠʪʠ ʧʣʘʚʥʽʩʪʴ ʭʦʜʫ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʤʝʪʦʜʦʤ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʣʘʚʥʽʩʪʴ ʭʦʜʫ ʤʘʰʠʥʠ ʧʝʨʝʚʘʞʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ 

ʚ ʧʨʦʜʦʚʞʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʜʠʥʘʤʽʯʥʦʶ ʤʦʜʝʣʴ ʙʫʜʝ ʦʜʥʦʤʘʩʦʚʘ ʤʦʜʝʣʴ, 

ʷʢʘ ʤʘʻ ʜʚʽ ʩʪʫʧʝʥʽ ʚʽʣʴʥʦʩʪʽ: ʧʝʨʝʤʽʱʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʤʘʰʠʥʠ ʫ ʚʝʨʪʠ-

ʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ-x, ʢʫʪ ʥʘʭʠʣʫ ɻʎʆʀ ʚ ʧʨʦʜʦʚʞʥʦʤʫ ʥʘʧʨʷʤʢʫ-ű. 
ɸʥʘʣʦʛʽʯʥʦ [2], ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ ʢʽʥʝʪʠʯʥʦʾ ʪʘ ʧʦʪʝʥʮʽʘʣʴʥʦʾ 

ʝʥʝʨʛʽʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ ʜʨʫʛʦʛʦ ʨʦʜʫ, ʦʜʝʨʞʠʤʦ ʩʠʩ-

ʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ ʦʧʠʩʫʻ ʚʽʣʴʥʽ ʢʦʣʠ-

ʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
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ʜʝ mïʤʘʩʘ ʙʨʦʥʴʦʚʘʥʦʾ ʤʘʰʠʥʠ; 

ɯïʝʢʚʘʪʦʨʽʘʣʴʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʙʨʦʥʴʦʚʘʥʦʾ ʤʘʰʠʥʠ; 

zp CC , ïʞʦʨʩʪʢʽʩʪʴ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ ʽ ʨʝʩʦʨ ʪʘ ʟʘʜʥʽʭ ʢʦʣʽʩ ʽ ʨʝʩʦʨ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʜʧʦʚʽʜʥʦ; 

zp hh , ïʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʤʘʩ ʤʘʰʠʥʠ ʜʦ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ ʪʘ ʟʘʜʥʽʭ 

ʚʽʜʧʦʚʽʜʥʦ.  

ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʤʘʰʠʥʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʪʘʥʜʘʨ-

ʪʥʦʾ ʟʘʜʘʯʽ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʜʚʘ ʟʥʘʯʝʥʥʷ ʯʘʩ-

ʪʦʪ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʦʨʽʚʥʶʶʯʠ ʟʥʘ-

ʯʝʥʥʷ ʯʘʩʪʦʪ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʙʘʟʦʚʦʾ ʪʘ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʤʘʰʠʥ ʤʦʞ-

ʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ. ʏʘʩʪʦʪʠ ʢʦʣʠ-

ʚʘʥʴ ʥʝ ʧʦʚʠʥʥʽ ʚʠʭʦʜʠʪʠ ʟʘ ʤʝʞʽ 0,8-1,2 ɻʮ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʠʪʴ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʜʝʨʥʽʟʘ-

ʮʽʾ ʟʘʧʦʙʽʛʪʠ ʛʨʫʙʠʤ ʧʦʤʠʣʢʘʤ. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʣʘʚʥʦʩʪʽ ʭʦʜʫ ʤʘʰʠʥʠ ʤʦʞʣʠʚʝ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʚʽʙʨʦʤʝʪʨʽʚ - ʘʥʘʣʽʟʘʪʦʨʽʚ ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʧʝʨʩʦ-

ʥʘʣʴʥʽ ʢʦʤʧʴʶʪʝʨʠ. ʊʠʧʦʚʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʷʢʠʭ ʻ ʚʽʙʨʦʤʝʪʨ ʘʥʘʣʽʟʘ-

ʪʦʨ 795ʄ, ʷʢʠʡ ʤʦʞʝ ʚʠʤʽʨʶʚʘʪʠ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ, ʚʽʙʨʦʰʚʠʜʢʽʩʪʴ ʪʘ 

ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ ʯʠʩʣʽ ʨʝʘʣʽʟʘʮʽʡ, ʱʦ ʧʨʠʡʤʘʶʪʴʩʷ ʜʦ  ʫʩʝʨʝʜʥʝʥʥʷ 

ʚʽʜ  2 ʜʦ 999. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʨʦʭʦʜʠʪʴ ʧʨʘʢʪʠʯʥʫ ʧʝʨʝʚʽʨʢʫ. 
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ʆ.ʆ. ɸʢʠʤʦʚ1, ʆ.ʇ. ʄʘʥʦʡʣʝʥʢʦ2, ʈ.ʉ. ɿʘʚʝʨʪʘʥʠʡ2 

1ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʮʝʥʪʨ ɿʉ ʋʢʨʘʾʥʠ 
2ʂʠʾʽʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ 

 

ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʪʝʢʩʪʠʣʴʥʠʭ ʥʠʪʦʢ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ  ʷʢʽʩʪʴ ʧʘʢʫ-

ʚʘʥʴ ʤʘʻ ʧʨʦʮʝʩ ʾʭ  ʧʝʨʝʤʦʪʫʚʘʥʥʷ ʥʘ ʙʦʙʽʥʘʞʥʠʭ ʧʝʨʝʤʦʪʫʚʘʣʴʥʠʭ ʤʘ-

ʰʠʥʘʭ. 
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ʗʢʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʧʘʢʫʚʘʥʴ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʥʘʤʦʪʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʦʩʥʦʚʥʠʤʠ ʚʫʟʣʘʤʠ ʷʢʦʛʦ ʻ ʙʦʙʽʥʦʪʨʠʤʘʯ ʪʘ 

ʫʢʦʯʫʶʯʠʡ ʨʦʣʠʢ. 

ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʙʦʙʽʥʦʪʨʠʤʘʯʘ ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ, 

ʮʝʥʪʨʫʚʘʥʥʷ, ʫʪʨʠʤʘʥʥʷ ʥʠʪʢʦʥʦʩʽʷ ʟ ʧʘʢʫʚʘʥʥʷʤ ʪʘ ʧʝʨʝʜʘʯʽ ʧʘʢʫ-

ʚʘʥʥʶ ʦʙʝʨʪʘʥʥʷ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʬʽʢʩʫʚʘʥʥʷ ʥʠʪ-

ʢʦʥʦʩʽʷ ʟ ʧʘʢʫʚʘʥʥʷʤ ʪʘ ʡʦʛʦ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʤʦʪʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʻ: 

- ʢʨʠʪʠʯʥʽ ʰʚʠʜʢʦʩʪʽ ʙʦʙʽʥʦʪʨʠʤʘʯʘ;  

- ʜʠʥʘʤʽʯʥʘ ʩʢʣʘʜʦʚʫ ʩʠʣʠ ʧʨʠʪʠʩʢʫʚʘʥʥʷ ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ ʜʦ ʙʦ-

ʙʽʥʦʪʨʠʤʘʯʘ; 

- ʯʘʩʪʦʪʠ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʙʦʙʽʥʦʪʨʠʤʘʯʘ. 

ʂʨʠʪʠʯʥʽ ʰʚʠʜʢʦʩʪʽ ʙʦʙʽʥʦʪʨʠʤʘʯʘ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʢʨʠʪʠʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʰʠʨʦʢʝ ʧʦʰʠ-

ʨʝʥʥʷ ʦʜʝʨʞʘʚ ʤʝʪʦʜ ñʥʘʧʽʚʞʦʨʩʪʢʦʛʦò ʰʧʠʥʜʝʣʷ, ʱʦ ʜʘʻ ʜʚʽ ʢʨʠʪʠʯʥʽ 

ʰʚʠʜʢʦʩʪʽ ʨʦʪʦʨʘ ʟ ʧʦʭʠʙʢʦʶ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 2% [1].  

 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʙʦʙʽʥʦʪʨʠʤʘʯʘ 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʝʨʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʨʘʚʢʠ ʥʝʦʙʭʽʜʥʦ ʾʾ ʨʦʟʯʣʝ-

ʥʫʚʘʪʠ ʥʘ ʨʷʜ ʧʨʦʩʪʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʘ ʢʦʥʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ  [2].   

ʇʘʢʫʚʘʥʥʷ ʧʝʨʝʤʦʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʤʘʻ ʪʨʴʦʭʢʦʥʫʩʥʫ ʬʦʨʤʫ, ʪʦʤʫ 

ʡʦʛʦ ʜʦʮʽʣʴʥʦ ʨʦʟʙʠʪʠ ʥʘ ʪʨʠ ʦʢʨʝʤʽ ʢʦʥʽʯʥʽ ʝʣʝʤʝʥʪʠ (ʚʝʨʭʥʽʡ, ʩʝʨʝʜ-

ʥʽʡ ʪʘ ʥʠʞʥʽʡ ʝʣʝʤʝʥʪʠ). 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʙʦʙʽʥʦʪʨʠʤʘʯʘ ʟ ʦʧʦʨʘʤʠ ʤʘʻ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ [2].  
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,                             (1) 

ʜʝ CAM ,, - ʽʥʝʨʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʙʦʙʽʥʦʪʨʠʤʘʯʘ; 

baVh ,,,  - ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ; 

zzzhhh 321321 ,,,,, mmmmmm -ʢʦʝʬʽʮʽʻʥʪʠ ʞʦʨʩʪʢʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ.  

ɿʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʦʪʦʨʘ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ  ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ [1],  

ʊʘʙʣʠʮʷ 1 ï ɿʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ 

 ɿʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ, ʨʘʜ/ʩ 

ʇʦʯʘʪʦʢ ʧʨʦ-

ʮʝʩʫ ʥʘʤʦʪʫ-

ʚʘʥʥʷ 

ɤ1, ʩ-1 622 

ɤ2, ʩ-1 7062 

ʂʽʥʝʮʴ ʧʨʦʮʝʩʫ 

ʥʘʤʦʪʫʚʘʥʥʷ 

ɤ1, ʩ-1 345 

ɤ2, ʩ-1 5177 

ʅʘʤʦʪʫʚʘʣʴʥʠʡ ʨʦʪʦʨ ʻ çʜʦʢʨʠʪʠʯʥʠʤ ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ 

ʧʝʨʝʚʝʜʝʥʥʷ ʨʦʙʦʪʠ ʨʦʪʦʨʘ ʚ ʟʘʢʨʠʪʠʯʥʫ ʦʙʣʘʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʧʨʫʞʥʠʭ ʦʧʦʨ.   

ʅʘʷʚʥʽʩʪʴ ʧʨʫʞʥʦʛʦ ʪʽʣʘ ʥʘʤʦʪʫʚʘʥʥʷ ʚʝʜʝ ʜʦ ʥʝʟʥʘʯʥʦʛʦ ʧʽʜʚʠ-

ʱʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ - 3,5%. ɿʤʽʱʝʥʥʷ ʥʠʪʢʦʥʦʩʽʷ ʚʽʜ ʦʧʦʨ ʥʘ 

2 ʤʤ (ʜʦʧʫʩʪʠʤʠʡ ʧʘʨʘʤʝʪʨ ʨʝʛʣʘʤʝʥʪʥʠʭ ʨʦʙʽʪ) ʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʢʨʠ-

ʪʠʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʥʘ 3%, ʘ ʟʤʽʱʝʥʥʷ ʜʦ ʦʧʦʨ ï ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʥʘ 2,5%, ʱʦ ʻ ʥʝʩʫʪʪʻʚʠʤ. ʄʘʩʘ ʧʘʢʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʽʥʮʝʚʠʤ ʧʦʣʦʞʝʥʥʷʤ ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ ʧʦʣʦʞʝʥʥʷʤ ʫʢʦʯʫʶʯʦʛʦ ʨʦ-

ʣʠʢʘ, ʱʦ ʧʨʠ ʧʦʭʠʙʮʽ ʧʦʣʦʞʝʥʥʷ ʥʠʪʢʦʥʦʩʽʷ ʧʨʠʚʝʜʝ ʨʽʟʥʠʮʽ ʤʘʩʠ ʧʘ-

ʢʫʚʘʥʴ ʜʦ 5 % ʱʦ ʧʨʠʚʝʜʝ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ  ʟʤʦʪʫʚʘʥʥʽ ʧʘʢʫʚʘʥʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʙʨʘʢʫ.  ʂʦʥʪʨʦʣʴ ʟʘ ʧʝʨʝʤʦʪʫʚʘʥʥʷʤʙʘʞʘʥʦ ʚʝʩʪʠ ʟʘ ʯʘʩʦʤ  

ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ. 

ɼʠʥʘʤʽʯʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʧʨʠʪʠʩʢʫʚʘʥʥʷ.  

ɼʣʷ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʧʨʠʪʠʩʢʫʚʘʥʥʷ ʨʦʟʛʣʷʥʝʤʦ 

ʚʧʣʠʚ ʧʨʫʞʥʦʛʦ ʢʨʽʧʣʝʥʥʷ ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ. 

ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʥʘʤʦʪʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʧʨʫʞʥʠʤ ʢʨʽʧʣʝʥ-

ʥʷʤ ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2 
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ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʥʘʤʦʪʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʧʨʫʞ-

ʥʠʤ ʢʨʽʧʣʝʥʥʷʤ ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ 

ɺ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʪʽʣʘ ʥʘʤʦʪʫʚʘʥʥʷ ʟ ʫʢʦʯʫʶʯʠʤ ʨʦʣʠʢʦʤ ʩʠʩʪʝʤʘ 

ʦʪʨʠʤʫʻ ʢʽʥʝʤʘʪʠʯʥʝ ʟʙʫʜʞʝʥʥʷ: 

)sin(sin 1211 aww ++= tetex x                   (2) 

 ʜʝ 
1e , 

2e  ï ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʠ ʙʦʙʽʥʠ ʽ ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ; 

 
1ww Ö=xx i  ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ; 

 
1w  ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʙʦʙʽʥʦʪʨʠʤʘʯʘ; 

 
1a  ï ʢʫʪ ʟʩʫʚʫ ʬʘʟ. 

 

ʉʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʘ ʦʧʠʩʫʻ ʚʠʤʫʰʝʥʽ ʢʦʣʠʚʘʥʥʷ, 

ʤʘʻ ʚʠʛʣʷʜ: 

îí

î
ì
ë

=+-

++Ö=-++

.0

)),sin(sin()(

2

1

1211

jj

awwj

tptʨ

xntpʧpp

hCxhʉɯ

teteʉhCʭCCxm

##

##
 (3) 

ɼʠʥʘʤʽʯʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʧʨʠʪʠʩʢʫʚʘʥʥʷ ʚ ʧʦʟʥʘʯʝʥʥʷʭ ʧʝʨʝʤʽʥʥʠʭ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ Mathcad ʚʠʨʘʟ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

Pd Cn DcoswY
1àð

Ö( )Ö dcoswr Y
1àð

Ö y+( )Ö+ Y
2àð

-( )Ö:= ,   (4) 

ʜʝ D =e1;  d=e2; y= 0  ï ʟʩʫʚ ʬʘʟʠ ʩʢʣʘʜʦʚʠʭ ʟʤʫʰʫʶʯʠʭ ʩʠʣ;   

Y1 ï ʤʘʩʠʚ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʽʥʪʝʛʨʫʚʘʥʥʷ;   

Y2  =hj.    
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1 ï ʧʨʫʞʥʝ ʢʨʽʧʣʝʥʥʷ ʨʦʣʠʢʘ; 2 ï ʞʦʨʩʪʢʝ ʢʨʽʧʣʝʥʥʷ ʨʦʣʠʢʘ 

 

ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ ʧʨʠʪʠʩʢʫʚʘʥʥʷ ʚʽʜ ʤʘʩʠ 

ʧʘʢʫʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʚʠʜʘʭ ʢʨʽʧʣʝʥʥʷ ʨʦʣʠʢʘ 

ɼʣʷ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʧʨʠʪʠʩʢʫʚʘʥʥʷ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʧʨʫʞʥʦʛʦ ʢʨʽʧʣʝʥʥʷ ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ ʻ ʝʬʝʢʪʠʚʥʠʤ,  ʦʩʦʙʣʠʚʦ 

ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʤʘʩʠ ʧʘʢʫʚʘʥʥʷ.  
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Artificial Intelligence (AI) covers a lot of scientific research fields and 

finds more and more applications for solving real-life business problems. Ca-

pabilities of modern AI-based systems are growing and already helping in 

many aspects of human and business activities. The intent of this overview is 

to discover possibilities of utilization AI technologies for increasing business 

effectiveness. 

Introduction . Image recognition technologies already help to diagnose 

diseases; voice recognition ï build voice command interfaces for automobiles 
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and electronic devices. RPA is the next step towards intelligent process auto-

mation and AI is a key element in it. Finding more and more practical appli-

cation of AI technologies improves in decision making and productivity.  

Goal. A goal of this overview is to discover ways of AI utilization in legal 

and contracting aspects of a business to increase its effectiveness.  

Problem statement. Inalienable part of any operating business is a legal 

part of it. Compliance, contracting, obligations tracking, special conditions 

awareness, law suites are all complex processes and requiring significant in-

vestment into studying them.  

Complexity of a legal language and ambiguity of contract provisions is a 

serious barrier for non-legal Business Executives to run business effectively. 

Another barrier is a weak awareness of a legal specialists in the business do-

main, which leads to serving legal needs to the detriment of business priori-

ties. 

Solution. Empowering Business Leaders with intelligent tools for con-

tract analysis, risk determination, translation of legal-language complexity is 

a way to reduce the barriers between Legal and Business people and increase 

effectiveness of a business. AI -based contract analysis systems can reduce 

number of communication cycles between stakeholders, reduce price of mak-

ing a right decision and make decisions smarter. 

Literature  

1.S. Russell, P. Norvig, Artificial Intelligence: A Modern Approach, 3rd Edi-

tion, Google Inc., 2010 

2.A. Nayyar, The Best Open Source Machine Learning Frameworks 

3.http://opensourceforu.com/2017/01/best-open-source-machine-learning-

frameworks/ 

 

ʋɼʂ 519.857 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɿɸɼɸʏɯ ʇʈʆ ʈʖʂɿɸʂ ɼʃʗ ʅɸɼɸʅʅʗ 

ʈɽʂʆʄɽʅɼɸʎɯʁ ɯʅɺɽʉʊʆʈʋ 

ɼ.ʆ. ʂʘʩʷʥʯʠʢ 

ʅʊʋʋ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

  

ɺʩʪʫʧ. ʅʝʚʽʜ'ʻʤʥʠʤ ʝʣʝʤʝʥʪʦʤ ʨʦʟʚʠʪʢʫ ʧʝʚʥʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ 

ʦʜʠʥʠʮʴ ʻ ʽʥʚʝʩʪʠʮʽʾ. ʈʽʰʝʥʥʷ ʧʨʦ ʥʘʜʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡ ʜʦʩʠʪʴ ʯʘʩʪʦ ʻ 

ʩʫʙ'ʻʢʪʠʚʥʠʤ, ʧʨʦʪʝ ʚʦʥʦ ʟʘʩʥʦʚʘʥʝ ʥʘ ʧʝʚʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʪʘ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʭ ʪʝʨʠʪʦʨʽʡ. ʊʦʤʫ ʟʘʜʘʯʝʶ ʚʣʘʩʥʠʢʽʚ ʻ ʥʘʜʘʪʠ ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ ʽʥ-

ʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʽʙʨʘʪʠ ʥʝʦʙʭʽʜʥʽ ʦʜʠʥʠʮʽ ʽʥʚʝʩʪʦʨʘʤ, ʱʦʙ ʟʘʮʽʢʘʚʠʪʠ ʾʭ. 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʧʨʦ ʨʶʢʟʘʢ, ʷʢ ʤʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ 
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ʟʘʜʘʯʽ ʜʣʷ ʧʽʜʙʦʨʫ ʥʝʦʙʭʽʜʥʠʭ ʦʙ'ʻʢʪʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʽʥʚʝʩʪʠʮʽʡʥʘ ʪʝʨʠ-

ʪʦʨʽʷ. ʇʨʠʟʥʘʯʝʥʥʷʤ ʮʽʻʾ ʟʘʜʘʯʽ ʻ ʦʪʨʠʤʘʥʥʷ ʢʦʤʙʽʥʘʮʽʾ ʟ ʥʘʡʙʽʣʴʰ 

ʮʽʥʥʠʭ ʦʙ'ʻʢʪʽʚ, ʟʘ ʫʤʦʚʠ, ʱʦ ʩʫʤʘ ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʮʽ ʦʙôʻʢʪʠ ʦʙʤʝ-

ʞʝʥʘ. ɼʘʥʘ ʨʦʙʦʪʘ ʤʽʩʪʠʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ, ʚʠʙʽʨ ʤʝʪʦʜʫ ʨʦ-

ʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʪʘ ʘʣʛʦʨʠʪʤ ʨʦʟʚ'ʷʟʢʫ.  

ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ. ɭ ʽʥʚʝʩʪʠʮʽʡʥʘ ʪʝʨʠʪʦʨʽʷ, ʷʢʘ ʚʢʣʶʯʘʻ 

ʥʘʙʽʨ ʢʘʪʝʛʦʨʽʡ n, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʤʘʻ ʧʘʨʘʤʝʪʨ ʮʽʥʥʽʩʪʴ ʜʣʷ ʽʥʚʝʩʪʦʨʘ ʩʽ 

ʜʝ ʽ=1..n. ʂʦʞʥʘ ʢʘʪʝʛʦʨʽʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ m ʦʙ'ʻʢʪʽʚ ʟ ʚʘʨʪʽʩʪʶ wj ʜʝ 

j=1..m ʪʘ ʚʽʜʜʘʣʝʥʽʩʪʶ ʚʽʜ ʪʦʯʢʠ, ʚ ʷʢʽʡ ʭʦʯʝ ʨʦʟʤʽʩʪʠʪʠʩʴ ʽʥʚʝʩʪʦʨ. ʊʘ-

ʢʦʞ ʜʘʥʘ ʩʫʤʘ W, ʷʢʫ ʽʥʚʝʩʪʦʨ ʛʦʪʦʚʠʡ ʚʠʪʨʘʪʠʪʠ. ɼʣʷ ʢʦʞʥʦʛʦ j 

ʦʙôʻʢʪʫ ʧʨʠʩʚʦʾʤʦ ʮʽʥʥʽʩʪʴ ʢʘʪʝʛʦʨʽʾ, ʚ ʷʢʫ ʚʽʥ ʚʭʦʜʠʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʠ ʦʪʨʠʤʘʣʠ ʟʘʜʘʯʫ ʧʨʦ ʨʶʢʟʘʢ [1], ʷʢʘ ʤʘʻ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ:  

cj ï ʮʽʥʥʽʩʪʴ ʦʙôʻʢʪʫ; 

wj ï çʚʘʛʘè ʦʙôʻʢʪʫ; 

W ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʚʘʛʘ. 

ɿʤʽʥʥʦʶ ʜʘʥʦʶ ʟʘʜʘʯʽ ʻ xi, ʜʝ  

ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ï ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʩʫʤʘʨʥʫ ʚʘʨʪʽʩʪʴ ʦʙ'ʻʢʪʽʚ, ʚʨʘʭʦ-

ʚʫʶʯʠ ʦʙʤʝʞʝʥʥʷ ʧʦ ʚʘʟʽ: 

  

ᾀ  ὧὼᴼάὥὼ 

ʆʙʤʝʞʝʥʥʷ: 

  

ύὼ ὡȟὼɴ πȟρ 

ʇʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ. ɺʠʜʽʣʷʶʪʴ ʪʘʢʽ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ 

ʨʦʟʚôʷʟʘʥʥʷ: 

 ʤʝʪʦʜ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ; 

 ʤʝʪʦʜ ʛʽʣʦʢ ʽ ʤʝʞ; 

 ʞʘʜʽʙʥʠʡ ʘʣʛʦʨʠʪʤ; 

 ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ; 

 ʤʝʪʦʜ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʄʝʪʦʜ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ ʤʘʻ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʯʘʩʦʚʫ ʩʢʣʘʜʥʽʩʪʴ 

ʆ(2N), ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʭʦʜʠʪʠ ʨʽʰʝʥʥʷ ʣʠʰʝ ʜʣʷ ʥʝʙʘʛʘʪʴʦʭ ʦʙôʻʢʪʽʚ. 

ʄʝʪʦʜ ʛʽʣʦʢ ʪʘ ʤʝʞ ʻ ʚʘʨʽʘʮʽʻʶ ʤʝʪʦʜʫ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ. ɻʝʥʝʪʠʯʥʠʡ 

ʘʣʛʦʨʠʪʤ ʪʘ ʞʘʜʽʙʥʠʡ ʘʣʛʦʨʠʪʤ ʻ ʧʨʠʙʣʠʞʝʥʠʤʠ, ʪʦʤʫ ʚʦʥʠ ʥʝ ʛʘʨʘʥ-

ʪʫʶʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. ɿʥʘʯʠʤʽʩʪʴ ʜʘʥʦʾ ʟʘʜʘʯʘʤʠ 
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ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʨʽʟʥʠʤʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷʤʠ. ʅʘʧʨʠʢʣʘʜ, ʚ ʥʘ-

ʰʦʤʫ ʚʠʧʘʜʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʰʫʢ ʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʠʭ ʦʙôʻʢʪʽʚ ʜʣʷ ʽʥ-

ʚʝʩʪʦʨʘ. ɺ ʷʢʦʩʪʽ ʚʘʛʠ ʚʠʩʪʫʧʘʻ ʮʽʥʘ ʦʙôʻʢʪʘ, ʘ ʚ ʷʢʦʩʪʽ ʚʘʨʪʦʩʪʽ ʚʠʩʪʫʧʘʻ 

ʢʨʠʪʝʨʽʡ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʘʥʦʛʦ ʦʙôʻʢʪʘ ʜʣʷ ʽʥʚʝʩʪʦʨʘ. ʗʢʱʦ ʩʫʤʘ ʚʘʨʪʦ-

ʩʪʝʡ ʤʘʢʩʠʤʘʣʴʥʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚʘʛʘ ʥʝ ʧʝʨʝʚʠʱʝʥʘ ʪʦ ʟʥʘʡʜʝʥʝ 

ʨʽʰʝʥʥʷ ʻ ʦʧʪʠʤʘʣʴʥʠʤ [2].  

ʆʪʞʝ ʤʝʪʦʜ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʥʘʡʢʨʘ-

ʱʠʤ ʩʝʨʝʜ ʘʥʘʣʽʟʦʚʘʥʠʭ, ʦʩʢʽʣʴʢʠ ʥʘʤ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘ-

ʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʟʘʜʘʯʽ ʻ ʪʝ, ʱʦ ʦʙʠʨʘʪʠʩʷ ʧʦʚʠʥʥʽ ʪʽ ʦʙôʻʢʪʠ ʷʢʽ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʥʘʡʙʣʠʞʯʝ ʜʦ ʪʦʯʢʠ ʚ ʷʢʫ ʧʽʜʧʨʠʻʤʝʮʴ ʧʣʘʥʫʻ ʽʥʚʝʩʪʫʚʘʪʠ. ɸ ʪʘ-

ʢʦʞ ʰʚʠʜʰʝ ʟʘ ʚʩʝ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʧʦ ʦʜʥʦʤʫ ʦʙôʻʢʪʫ ʟ ʢʦʞʥʦʾ ʢʘʪʝʛʦʨʽʾ 

ʊʦʤʫ ʚʨʘʭʦʚʫʶʯʠ ʜʘʥʽ ʟʘʜʘʯʫ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʻʤʦ ʘʣʛʦʨʠʪʤ 

ʤʝʪʦʜʫ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʦʚʞʠʥʠ [3]. 

ɸʣʛʦʨʠʪʤ ʨʦʟʚ'ʷʟʘʥʥʷ. ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷ-

ʶʪʴ ʚʠʤʦʛʠ ʽʥʚʝʩʪʦʨʘ. 

ʂʨʦʢ 1. ɼʃʗ ʢʘʪʝʛʦʨʽʾ i  ʟ ʫʩʽʭ ʢʘʪʝʛʦʨʽʡ: 

ʂʨʦʢ 1.1. ʇʈʀɿʅɸʏʀʄʆ qi  ʷʢʝʩʴ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ , ʜʝ qi ï ʚʘʨʪʽʩʪʴ 

ʟʘ ʜʦʩʪʘʚʢʫ ʚ ʤʝʞʘʭ ʢʘʪʝʛʦʨʽʾ 

ʂʨʦʢ 1.2. ɼʃʗ ʢʦʞʥʦʛʦ j ʦʙ'ʻʢʪʫ ʟ m  ʦʙ 

ʂʨʦʢ 1.2.1. ʇʈʀɿʅɸʏʀʄʆ wj = wj + qi 

ʂʨʦʢ 1.3. ʆɹɽʈɽʄʆ wi = min(wj) 

ʂʨʦʢ 2. ʉʪʚʦʨʶʻʤʦ ʪʘʙʣʠʯʢʫ ʊ ʨʦʟʤʽʨʥʽʩʪʶ n*m, ʜʝ n ï ʢʽʣʴʢʽʩʪʴ 

ʦʙ'ʻʢʪʽʚ, m=0,é,W ( ʜʝ W ï ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʘʛʠ ʚʩʽʭ ʦʙôʻʢʪʽʚ). 

ʊʘ ʟʘʧʦʚʥʠʤʦ ʚʩʽ ʢʣʽʪʠʥʢʠ ʪʘʙʣʠʯʢʠ ʥʫʣʷʤʠ. 

ʂʨʦʢ 2. ɼʃʗ ʢʦʞʥʦʛʦ ʨʷʜʢʘ i ʚʠʢʦʥʘʪʠ: 

ʂʨʦʢ 2.1. ʉʽ - ʚʘʨʪʽʩʪʴ ʧʦʪʦʯʥʦʛʦ ʨʷʜʢʘ, Wi ï ʚʘʛʘ ʧʦʪʦʯʥʦʛʦ ʨʷʜʢʘ. 

ʂʨʦʢ 2.2. ɼʃʗ ʢʦʞʥʦʛʦ j ʩʪʦʚʧʮʷ ʪʘʙʣʠʮʽ: 

ʂʨʦʢ 2.2.1. ʗʂʑʆ Wi > j: 

ʂʨʦʢ 2.2.1.1. ʇʈʀɿʅɸʏʀʊʀ ʊ[i][j]=j 

ʂʨʦʢ 2.2.2. ɯʅɸʂʐɽ: 

ʂʨʦʢ 2.2.2.1. ʇʈʀɿʅɸʏʀʊʀ ʊ[i][j]=max(ʊ[i-1][j]; Ci+ ʊ[i-1][j - Wi])  

ɺʠʙʽʨ ʨʽʰʝʥʥʷ: 

ʂʨʦʢ 3. ɼʃʗ ʢʦʞʥʦʛʦ ʨʷʜʢʘ i ʟ ʢʽʥʮʷ ʪʘʙʣʠʮʽ T ʚʠʢʦʥʘʪʠ: 

ʂʨʦʢ 3.1. ʗʂʑʆ: T[i][W] ʥʝ ʜʦʨʽʚʥʶʻ T[i-1][W]:  

ʂʨʦʢ 3.1.1. ɼʆɼɸʊʀ T[ʽ-1][W] ʜʦ ʤʘʩʠʚʫ ʨʽʰʝʥʴ; 

ʂʨʦʢ 3.1.2. ʇʈʀɿʅɸʏʀʊʀ W=W-Wi-1; 

ʂʨʦʢ 3.1.3. ʗʂʑʆ ʽ=0 ʪʦ ʟʘʢʽʥʯʠʪʠ ʚʠʢʦʥʘʥʥʷ. 

ʅʘ ʮʴʦʤʫ ʨʦʙʦʪʘ ʘʣʛʦʨʠʪʤʫ ʟʘʢʽʥʯʫʻʪʴʩʷ. 
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ɺʠʩʥʦʚʦʢ. ʆʪʞʝ, ʚʠʢʦʥʘʚʰʠ ʜʽʡ ʥʘʚʝʜʝʥʽ ʚ ʘʣʛʦʨʠʪʤʽ ʦʪʨʠʤʘʻʤʦ ʩʫ-

ʢʫʧʥʽʩʪʴ ʥʘʡʙʽʣʴʰ ʥʝʦʙʭʽʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʽʥʚʝʩʪʦʨʦʚʽ, ʚʘʨʪʽʩʪʴ ʷʢʠʭ ʥʝ ʧʝ-

ʨʝʚʠʱʫʻ ʡʦʛʦ ʬʽʥʘʥʩʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. ʇʝʨʝʚʘʛʠ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʫ 

ʪʦʤʫ, ʱʦ ʚʽʥ ʧʽʜʙʠʨʘʻ ʦʙ'ʻʢʪʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʽʜʩʪʘʥʝʡ ʜʦ ʥʠʭ. 

ʃʽʪʝʨʘʪʫʨʘ  

1.ɼʠʥʘʤʽʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: ʄʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʜʦ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

ʪʘ ʚʠʢʦʥʘʥʥʷ ʤʦʜʫʣʴʥʦʾ ʢʦʥʪʨʦʣʴʥʦʾ ʨʦʙʦʪʠ ʟ ʜʠʩʮʠʧʣʽʥʠ Ăʄʘʪʝʤʘ-

ʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡò - ʂ.: ɯɺʎ òɺʠʜʘʚʥʠʮʪʚʦ çʇʦʣʽʪʝʭ-

ʥʽʢʘèò, 2008. 

2.ʀʟʫʯʝʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʟʘ-

ʜʘʯʠ ʦ ʨʶʢʟʘʢʝ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://www.lib.tpu.ru/fulltext/c/2014/C21/198.pdf 

3.Knapsack Problem Dynamic Programming Algorithm [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝ-

ʩʫʨʩ] //  ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.programminglogic.com/knapsack-

problem-dynamic-programming-algorithm/ 

ʋɼʂ 004.055 

ɻɽʁʄɯʌɯʂɸʎɯʗ ʗʂ ɯʅʉʊʈʋʄɽʅʊ ʄɸʈʂɽʊʀʅɻʆɺʆɰ 

ʉʊʈɸʊɽɻɯɰ ɺ ʎɯʃʔʆɺʀʍ ɿɸʉʊʆʉʋɺɸʅʅʗʍ ʉʌɽʈʀ ʇʆʉʃʋɻ  

ʖ.ʆ. ʆʣʽʡʥʠʢ, ʆ.ɺ. ʉʚʽʪʷʱʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭ-

ʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ1, ʋʢʨʘʾʥʘ 

 

ɺʽʜʩʫʪʥʽʩʪʴ ʽʥʪʝʨʘʢʪʠʚʫ ʚ ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʜʣʷ ʩʬʝʨʠ ʧʦʩʣʫʛ ʧʦʨʦʜʞʫʻ 

ʧʨʦʙʣʝʤʫ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʝʤ.  

ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʻ ʧʨʦʙʣʝʤʠ ʣʦʷʣʴʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʥʠʟʴʢʽ ʧʦʢʘʟʥʠʢʠ ʢʦʥʚʝʨʩʽʾ. 

ɿʚôʷʟʦʢ ʤʽʞ ʤʘʨʢʝʪʠʥʛʦʚʠʤʠ ʩʪʨʘʪʝʛʽʷʤʠ, ʩʧʦʩʦʙʘʤʠ ʟʘʣʫʯʝʥʥʷ ʢʦ-

ʨʠʩʪʫʚʘʯʘ ʽ ʚʧʣʠʚ ʥʘ ʡʦʛʦ ʣʦʷʣʴʥʽʩʪʴ ʚʠʩʚʽʪʣʝʥʦ ʫ ʧʨʘʮʷʭ ʪʘʢʠʭ ʥʘʫ-

ʢʦʚʮʽʚ, ʷʢ: ɻ. ʍʫʣʝʡ, ɼʞ. ʉʦʥʜʝʨʩ, ʅ. ʇʽʨʩʽ, ʌ. ʂʦʪʣʝʨ, ɼ. ɸʘʢʝʨ, ʇ. 

ɻʝʤʙʣ, ʄ. ʉʪʦʫʥ, ʅ. ɺʫʜʢʦʢ, ɸ.ɺ. ɿʦʟʫʣʝʚ. ʊʘʢʦʞ ʥʠʟʢʘ ʘʚʪʦʨʽʚ (ɸ.ɻ. 

ɸʥʜʨʝʝʚ, ɸ.ɸ. ɹʦʷʨʰʠʥʦʚ, ɸ.ʉ. ɹʫʪʯʝʨ, ʌ.ʌ ʈʘʡʭʝʣʴʜ, ʊ. ʊʦʤʘʩ, ʖ.ɺ. 

ɺʘʩʠʥ, ʃ.ɻ. ʃʘʚʨʝʥʪʴʝʚ, ɸ.ɺ. ʉʘʤʩʦʥʦʚ, ɿ.ɺ. ʂʫʣʠʢʦʚʘ, ɺ.ɸ. ʅʦʚʦʯʝʥʢʦ, 

ɸ ʈʫʜʝʥʢʦ) ʫ ʨʽʟʥʦʛʦ ʨʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʦʟʢʨʠʚʘʶʪʴ ʧʨʦʙʣʝʤʫ ʚʘʞʣʠ-

ʚʦʩʪʽ ʣʦʷʣʴʥʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ ʷʢ ʽʥʩʪʨʫʤʝʥʪʫ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʢʦʥʢʫʨʝʥʪ-

ʥʠʭ ʧʝʨʝʚʘʛ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʚʘʞʝʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʧʨʠʙʫʪʢʦ-

ʚʦʩʪʽ, ʬʘʢʪʦʨʘ ʫʩʧʽʭʫ ʥʘ ʨʠʥʢʫ, ʪʦʱʦ. 

ɺʠʜʘʥʥʷ, ʱʦ ʦʛʣʷʜʘʶʪʴ  ̔ ʧʨʦʧʦʥʫʶʪʴ ʤʝʪʦʜʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʛʝʡʤʽʬʽʢʘʮʽʾ ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ ʜʝʢʽʣʴʢʦʭ ʩʢʣʘʜʦʚʠʭ [1]: 
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- ʧʽʜʭʽʜ ʛʝʡʤʽʬʽʢʘʮʽʾ (ʚʥʫʪʨʽʰʥʽʡ, ʟʦʚʥʽʰʥʽʡ, ʟʤʽʥʶʶʯʠʡ ʧʦ-

ʚʝʜʽʥʢʫ); 

- ʝʣʝʤʝʥʪʠ ʛʝʡʤʽʬʽʢʘʮʽʾ; 

- ʽʛʨʦʚʽ ʤʝʭʘʥʽʢʠ; 

- ʥʝʛ̔ʨʦʚʽ ʢʦʥʪʝʢʩʪʠ. 

ɯʛʨʦʚʽ ʤʝʭʘʥʽʢʠ ï ʮʝ ʩʢʣʘʜʦʚʘ, ʷʢʘ, ʥʘʮʽʣʝʥʘ ʟʨʦʙʠʪʠ ʧʨʦʮʝʩʠ, ʱʦ 

ʛʝʡʤʽʬʽʢʦʚʘʥʽ, ʟʘʭʦʧʣʶʶʯʠʤʠ, ʩʪʠʤʫʣʶʶʯʠʤʠ ʪʘ ʝʤʦʮʽʡʥʠʤʠ [2]. 

ʇʨʠʢʣʘʜ ʛʝʡʤʽʬʽʢʘʮʽʾ ʥʘʚʦʜʠʪʴ ʩʧʽʚʨʦʙʽʪʥʠʢ ʢʦʤʧʘʥʽʾ Foursquare 

ʄʘʡʢʣ ʃʽ [3].  ɺʽʥ ʨʦʟʧʦʚʽʜʘʻ ʤʘʪʝʤʘʪʠʯʥʫ ʩʪʦʨʦʥʫ ʛʝʡʤʽʬʽʢʘʮʽʾ ʦʥʦʚ-

ʣʝʥʴ ʘʪʨʠʙʫʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʽʩʮʴ ʥʘ ʢʘʨʪʘʭ. ɺ ʩʠʩʪʝʤʽ ʽʩʥʫʶʪʴ ʩʫ-

ʧʝʨʢʦʨʠʩʪʫʚʘʯʽ, ʷʢʽ ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ ʝʣʝʤʝʥʪʘ ʛʝʡʤʽʬʽʢʘʮʽʾ. ʎʷ ʛʨʫʧʘ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘʜʽʣʝʥʘ ʤʦʞʣʠʚʽʩʪʶ ʦʥʦʚʣʶʚʘʪʠ ʜʘʥʽ ʟʥʘʯʠʤʠʭ ʤʽʩʮʴ ʥʘ 

ʢʘʨʪʘʭ, ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʟʘ ʮʝ ʩʧʝʮʽʘʣʴʥʽ ʙʘʣʠ ʯʠ ʛʦʣʦʩʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʾʭ ʨʝʧʫʪʘʮʽʶ. ɸʣʝ ʚ ʮʽʡ ʟʘʜʘʯʽ ʟʘʚʞʜʠ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʪʦʯʥʦʩʪʽ ʧʦʜʘʥʠʭ 

ʚʽʜʧʦʚʽʜʝʡ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʚʝʜʝʥʦ ʤʝʪʦʜ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʦʩʥʦʚʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʝʡ ʢʦ-

ʨʠʩʪʫʚʘʯʽʚ ʥʘ, ʪʘʢ ʟʚʘʥʠʭ, çʧʨʠʤʘʥʢʘʭè (ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʽ ʧʠ-

ʪʘʥʥʷ, ʥʘ ʷʢʽ ʟʘʚʽʜʦʤʦ ʚ ʩʠʩʪʝʤʽ ʽʩʥʫʶʪʴ ʧʨʘʚʠʣʴʥʽ ʚʽʜʧʦʚʽʜʽ)ʶ 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ï ʮʝ ʚʽʨ-

ʥʠʡ ʰʣʷʭ ʜʦ ʥʘʨʘʭʫʚʘʥʥʷ ʙʘʣʽʚ ʢʦʨʠʩʪʫʚʘʯʘʤ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʩʪʦʨʦʥʘ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʦ-

ʟʥʘʯʠʤʦ ʯʝʨʝʟ Ὄ  ʽʩʪʠʥʥʠʡ ʩʪʘʥ ʩʚʽʪʫ: 1 ʘʙʦ -1, ʷʢʠʡ ʤʠ ʧʦʚʠʥʥʽ ʽʥʪʝʨ-

ʧʨʝʪʫʚʘʪʠ ʷʢ ʧʨʦʧʦʥʦʚʘʥʝ ʦʙʥʦʚʣʝʥʥʷ, ʷʢʝ ʻ ʽʩʪʠʥʥʠʤ ʘʙʦ ʭʠʙʥʠʤ, 

ʚʽʜʧʦʚʽʜʥʦ. ʄʠ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʘ ʮʠʤ, ʘʣʝ ʤʠ ʟʥʘʻʤʦ, ʱʦ Ὄ ρ ʟ 
ʘʧʨʽʦʨʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ὖ. ʂʦʨʠʩʪʫʚʘʯ 1 ʚʽʜʜʘʻ ʩʚʽʡ ʛʦʣʦʩ Ὄ  (ʟʥʦʚʫ ʞ 

ʪʘʢʠ, ʦʜʠʥ ʽʟ ʜʚʦʭ ʩʪʘʥʽʚ ï ʽʩʪʠʥʥʠʡ ʯʠ ʭʠʙʥʠʡ) ʟ ʥʝʟʘʣʝʞʥʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ ὖ ʧʨʠ ʧʦʛʦʜʞʝʥʥʽ ʟ ʽʩʪʠʥʦʶ Ὄ  ʪʘ ʧʨʠ ʚʽʜʤʦʚʽ ʚʽʜ ʽʩʪʠʥʠ 

ï ρ ὖ . ʇʨʘʚʠʣʦ ɹʘʻʩʘ ʜʘʩʪʴ ʥʘʤ: 

╟Ὄ ρȿὌ ρ
╟Ὄ ρȿὌ ρ╟Ὄ ρ

╟Ὄ ρ
 

ὴὴ

ὴὴ ρ ὴ ρ ὴ
 

ЉЉ

ЉЉ ρ
 

(1) 

ʜʝ ʤʠ ʟʘʧʠʩʘʣʠ ʨʽʰʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʚʽʜʥʦʰʝʥʥʷ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ 

ЉË ЉÐËЉË ЉÐË ʦʪʨʠʤʘʥʠʭ ʯʝʨʝʟ: 

Љὴ
ὴ

ρ ὴ
     Љ Ͻ

Ͻ

ρ Ͻ
 Ȣ (2) 

ʇʽʩʣʷ ʮʠʭ ʦʧʝʨʘʮʽʡ ʤʠ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ: 
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╟Ὄ ρȿὌ ρ Љ Љὴ Љὴ Ȣ (3) 

ʄʥʦʞʝʥʥʷ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʥʘʜʪʦ ʩʢʣʘʜʥʠʤ, ʪʦʤʫ ʚʠʟʥʘʯʠʤʦ ʣʦʛʽʪ-

ʨʝʛʨʝʩʽʶ ʘʙʦ ʣʦʛʘʨʠʬʤʽʯʥʫ ʧʨʘʚʜʦʧʦʜʽʙʥʽʩʪʴ: 

ὰέὫὭὸȡπȟρᴼ ЊȟЊὰέὫὭὸȡπȟρᴼ ЊȟЊȟ (4) 

ʦʪʨʠʤʘʥʠʭ ʟ: 

ÌÏÇÉÔὴ ÌÏÇЉὴ ÌÏÇ
ὴ

ρ ὴ
         ÌÏÇÉÔϽ

ὩϽ

ρ ὩϽ
Ȣ 

(5) 

ʊʦʜʽ ʤʠ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ: 

 

╟Ὄ ρȿὌ ρ ÌÏÇÉÔÌÏÇÉÔὴ ὬÌÏÇÉÔὴ Ȣ (6) 

ʇʨʦʜʦʚʞʫʶʯʠ, ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʢʦʨʠʩʪʫʚʘʯ 1 ʚʽʜʜʘʻ 

ʩʚʽʡ ʛʦʣʦʩ, ʢʦʨʠʩʪʫʚʘʯ 2 ʛʦʣʦʩʫʻ Ὄ  ʟ ʥʝʟʘʣʝʞʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʽʜ 

ʽʩʪʠʥʥʦʛʦ ʩʫʜʞʝʥʥʷ ï ὖ (ʪʦʙʪʦ ʧʦʛʦʜʞʫʶʯʠʩʴ ʟ Ὄ). ʄʠ ʤʦʞʝʤʦ ʚʟʷʪʠ 

ʧʦʩʪʝʨʽʦʨʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ╟Ὄ ρȿὌ Ὤ  ʷʢ ʥʘʰʫ ʥʦʚʫ ʘʧʨʽʦʨʥʫ 

ʡʤʦʚʽʨʥʽʩʪʴ ʪʘ ʽʥʜʫʢʪʠʚʥʦ ʧʦʚʪʦʨʠʪʠ ɹʘʻʩʦʚʠʡ ʘʥʘʣʽʟ ͒͡Ύ ͙ͦͭͪͣ͊ͤͤΎΥ 

╟Ὄ ρȿὌ ὬȟὌ Ὤ

ÌÏÇÉÔÌÏÇÉÔ╟Ὄ ρȿὌ Ὤ ὬÌÏÇÉÔὴ  

ÌÏÇÉÔÌÏÇÉÔὴ ὬÌÏÇÉÔὴ ὬÌÏÇÉÔὴ Ȣ 

(7) 

ʅʘʩʧʨʘʚʜʽ, ʷʢʱʦ ʽʩʥʫʻ n ʛʦʣʦʩʽʚ H1,é,Hn , ʪʦʜʽ ʤʠ ʤʘʻʤʦ: 

ἜὌ ρȿὌ ὬȟȣȟὌ Ὤ

ÌÏÇÉÔÌÏÇÉÔὴ

ὬÌÏÇÉÔὴ Ȣ 

(8) 

ɺʠʱʝʥʘʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʧʨʠʧʫʩʢʘʻ, ʱʦ ʤʠ ʧʦʚʠʥʥʽ ʥʘʯʠʩʣʷʪʠ Ὓ 

ʙʘʣʽʚ ʢʦʨʠʩʪʫʚʘʯʫ k ʥʘ ʦʩʥʦʚʽ: 

Ὓ ÌÏÇÉÔὴ Ȣ (9) 

ʄʠ ʤʦʞʝʤʦ ʚʠʢʦʥʘʪʠ ʩʫʤʫʚʘʥʥʷ ʚʩʽʭ ʧʦʟʠʪʠʚʥʠʭ ʛʦʣʦʩʽʚ ʪʘ ʚʩʽʭ 

ʥʝʛʘʪʠʚʥʠʭ ʛʦʣʦʩʽʚ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʢʠ ʢʦʨʝʢʪʥʦʩʪʽ ʦʙʥʦʚʣʝʥʥʷ. ʄʠ 
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ʤʦʞʝʤʦ ʚʩʪʘʥʦʚʠʪʠ ʧʦʨʽʛ ʚʠʟʥʘʯʝʥʦʩʪʽ p (ʥʘʧʨʠʢʣʘʜ, p=99) ʚ ʷʢʦʩʪʽ ʧʦ-

ʨʦʛʘ ʜʣʷ ʙʘʞʘʥʦʾ ʪʦʯʥʦʩʪʽ ʧʦʪʦʯʥʦʛʦ çʨʝʜʘʛʫʚʘʥʥʷè, ʷʢ ʪʽʣʴʢʠ: 

ÌÏÇÉÔὴ ὬÌÏÇÉÔὴ ÌÏÇÉÔὴȢ 
                            

(10) 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʷʢʱʦ ʚʟʷʪʠ t = logit(p) ʚ ʧʦʨʽʛ ʙʘʣʽʚ  ̔S0 = logit(P0), 

ʜʣʷ ʪʦʛʦ ʱʦʙ ʮʝ ʙʫʣʠ ʙʘʣʠ, ʚʠʜʽʣʝʥʽ ʜʣʷ ʥʦʚʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʝʜʘ-

ʛʫʚʘʥʥʷ, ʪʦʜʽ (3) ʠ (4): 

ί Ὤί ὸ 
(11) 

ί Ὤί ὸȟ 
(12) 

ʷʢʽ ʚ ʪʦʯʥʦʩʪʽ ʷʚʣʷʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʜʣʷ ʛʦʣʦʩʫʚʘʥʥʷ, ʱʦ ʦʯʽʢʫ-

ʶʪʴʩʷ. ʊʽʣʴʢʠ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʠ ʩʠʥʪʝʟʦʚʘʥʽ ʘʙʩʦʣʶʪʥʦ ʤʘʪʝʤʘ-

ʪʠʯʥʠʤ ʰʣʷʭʦʤ. 

ɺʠʛʦʜʠ, ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ï ʧʝʨʰ ʟʘ ʚʩʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʛʘʨʘʥʪʽʷ ʪʦʯ-

ʥʦʩʪʽ ʙʘʟʠ ʜʘʥʠʭ, ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʫʤʥʦ ʥʘʨʘʭʦʚʫʚʘʪʠ ʙʘʣʠ ʱʦʜʦ ʧʨʦʧʦ-

ʥʦʚʘʥʦʛʦ ʧʦʥʦʚʣʝʥʥʷ ʽ ʟʫʧʠʥʠʪʠ ʧʨʦʮʝʩ ʛʦʣʦʩʫʚʘʥʥʷ, ʢʦʣʠ ʤʘʪʝʤʘʪʠʢʘ 

ʛʘʨʘʥʪʫʻ ʥʝʦʙʭʽʜʥʫ ʚʠʟʥʘʯʝʥʽʩʪʴ. ʉʧʽʚʚʽʜʥʦʩʷʯʠ ʪʦʯʥʽʩʪ ɹʢʦʨʠʩʪʫʚʘʯʘ ʽ 

ʧʦʨʽʛ ʚʠʟʥʘʯʝʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʠʡ, ʱʦʙ ʧʨʠʡʥʷʪʠ ʧʨʦʧʦʥʦʚʘʥʝ ʦʥʦʚʣʝʥʥʷ 

ʜʦ ʩʠʩʪʝʤʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʨʘʭʫʚʘʥʥʷ ʙʘʣʽʚ. ʎʝ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ 

ʚʟʷʪʠ ʩʠʩʪʝʤʫ ʙʘʣʽʚ ʽ ʧʝʨʝʪʚʦʨʠʪʠ ʾʾ ʚ ʨʦʟʫʤʥʫ ʩʠʩʪʝʤʠ, ʟʘʩʥʦʚʘʥʫ ʥʘ 

ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʽ ʨʦʟ-

ʰʠʨʝʥʥʷ ʩʠʩʪʝʤʠ. ʇʘʨʘʤʝʪʨʠ ʘʚʪʦʤʘʪʠʯʥʦ ʥʘʚʯʝʥʽ ʽ ʤʦʞʫʪʴ ʘʜʘʧʪʫʚʘ-

ʪʠʩʷ ʜʦ ʟʤʽʥ ʚ ʧʦʚʝʜʽʥʮʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ. 

ʆʪʞʝ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʩʭʝʤʠ ʧʦʪʨʽʙʥʦ ʧʨʦʡʪʠ ʥʘʩʪʫʧʥʽ 

ʢʨʦʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʛʝʡʤʽʬʽʢʦʚʘʥʦʾ ʩʠʩʪʝʤʠ: 

- ʚʠʟʥʘʯʠʪʠ ʧʽʜʭʽʜ ʛʝʡʤʽʬʽʢʘʮʽʾ. ʋʞʝ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʤʦʞʥʘ ʪʦʯʥʦ 

ʚʠʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʧʦʩʪʘʚʣʝʥʝ ʚ ʜʠʩʝʨʪʘʮʽʾ ʮʝʡ ʧʽʜʭʽʜ ʙʫʜʝ 

ʟʦʚʥʽʰʥʽʤ; 

- ʚʠʟʥʘʯʠʪʠ - ʝʣʝʤʝʥʪʠ ʛʝʡʤʽʬʽʢʘʮʽʾ - ʧʨʝʜʤʝʪʠ, ʜʽʾ ʪʘ ʘʙʩʪʨʘʢʪʥʽ ʧʦ-

ʥʷʪʪʷ; 

- ʽʛʨʦʚʽ ʤʝʭʘʥʽʢʠ - ʥʘʙʽʨ ʤʝʭʘʥʽʢ, ʷʢʽ ʙʫʜʫʪʴ ʥʘʢʣʘʜʘʪʠʩʷ ʥʘ ʜʽʾ ʢʦʨʠ-

ʩʪʫʚʘʯʘ; 

- ʥʝʽʛʨʦʚʽ ʢʦʥʪʝʢʩʪʠ - ʷʢʽ ʩʘʤʝ ʦʙʣʘʩʪʽ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʙʫʜʫʪʴ 

ʚʠʟʥʘʯʝʥʽ ʥʝʽʛʨʦʚʠʤʠ ʢʦʥʪʝʢʩʪʘʤʠ. 
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ɺʠʩʥʦʚʢʠ.  

ɿʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʠʭ ʧʽʜʭʦʜʽʚ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʤʘʨʢʝʪʦʣʦʛʽʾ ʫ 

ʩʬʝʨʽ ʧʦʩʣʫʛ ʧʽʜʭʽʜ ʛʝʡʤʽʬʽʢʘʮʽʾ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʦʚʥʽʰʥʽʤ. ʉʘʤʝ ʚʽʥ ʜʦ-

ʟʚʦʣʠʪʴ ʩʧʨʷʤʫʚʘʪʠ ʜʽʶ ʥʘ ʢʣʽʻʥʪʽʚ, ʘ ʪʦʯʥʽʰʝ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ. 

ʅʝʽʛʨʦʚʠʡ ʢʦʥʪʝʢʩʪ - ʮʝ ʧʦʣʝ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʝʡʤʽʬʽʢʘʮʽʾ. ɺ ʨʘʤʢʘʭ 

ʩʬʝʨʠ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ - ʮʝ ʟʜʽʡʩʥʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʤʦʚʣʝʥʴ ʢʦʨʠʩ-

ʪʫʚʘʯʘʤʠ, ʪʘ ʾʭ ʚʽʜʛʫʢʠ ʧʨʦ ʧʨʦʜʫʢʮʽʶ ʯʠ ʧʦʩʣʫʛʠ. 

ɿʩʠʣʘʶʯʠʩʴ ʥʘ ʥʝʱʦʜʘʚʥʶ ʨʦʙʦʪʫ ʘʩʧʽʨʘʥʪʘ ʢʘʬʝʜʨʠ ʛʦʪʝʣʴʥʦ-ʨʝʩ-

ʪʦʨʘʥʥʦʛʦ ʙʽʟʥʝʩʫ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʇʨʠʩʘʢʘʨʷ ɯ.ɯ. [4], ʷʢʘ ʧʽʜʪʚʝʨʜʞʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩ-

ʣʽʜʞʝʥʥʷ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʨʦʟʛʣʷʥʫʪʽ ʥʠʤ ʧʽʜʭʦʜʠ ʻ ʜʽʻʚʽ.  
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ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ, ʑʆ ʈɽɸʃɯɿʆɺʋʖʊʔ ʄʆɼɽʃɯ 

ʊɸ ʄɽʊʆɼʀ ɸʅɸʃɯɿʋ ɺ ʇʈʆʎɽʉɯ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ 

ʑʆɼʆ ʈɽʉʋʈʉɯɺ ɯ ɺʀʊʈɸʊ ʇʈʀ ʄʆɼɽʈʅɯɿɸʎɯɰ 

ʊɽʇʃʆɽʅɽʈɻɽʊʀʂʀ ɺ ʋʂʈɸɰʅɯ 

ʅ.ʃ. ʖʱʝʥʢʦ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ɿʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ, ʧʝʨʝʜʘʯʽ ʪʘ ʨʦʟʧʦʜʽʣʝʥʥʽ ʪʝʧʣʦ-

ʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʤʘʻ ʧʦʟʥʘʯʠʪʠʩʷ ʥʘ ʨʦʟʤʽʨʽ ʪʘʨʠʬʽʚ ʥʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ, 

ï ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʧʝʨʝʜʙʘʯʝ-

ʥʠʭ ʦʥʦʚʣʝʥʦʶ ɽʥʝʨʛʝʪʠʯʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʋʢʨʘʾʥʠ [1]. ʅʝʜʦʩʪʘʪʥʽ ʦʙ-

ʩʷʛʠ ʨʦʙʽʪ ʟ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʪʝʭʥʽʯʥʦʛʦ ʧʝʨʝʦʩʥʘʱʝʥʥʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝ-

ʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʪʘ ʽʟ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʚʠʜʽʚ ʝʥʝʨ-
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ʛʝʪʠʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʟʥʦʰʝʥʽʩʪʴ ʽʩʥʫʶʯʦʛʦ ʪʝʭʥʦ-

ʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʨʦʩʪʘʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ ʦʙôʻʢʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦ-

ʨʫʰʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʽ ʧʽʜʧʨʠʻʤʩʪʚ ʚʽʜ ʮʝʥ-

ʪʨʘʣʽʟʦʚʘʥʠʭ ʜʞʝʨʝʣ, ʧʝʨʝʚʠʪʨʘʪ ʝʥʝʨʛʦʩʠʨʦʚʠʥʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʟʙʽʣʴ-

ʰʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʚʢʽʣʣʷ, ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʚ ʪʝʧʣʦʚʠʭ 

ʤʝʨʝʞʘʭ, ʦʙʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʽʰʝʥʥʷʭ ʽʟ ʟʘʣʫʯʝʥʥʷʤ 

ʟʥʘʯʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ ʤʦʜʝʨʥʽʟʘʮʽʶ ʪʘ ʨʦʟʚʠʪʦʢ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʥʦʩʽʾʚ. 

ʅʘʩʠʯʝʥʽʩʪʴ ʤʽʩʪ ʋʢʨʘʾʥʠ ʪʝʧʣʦʚʠʤʠ ʤʝʨʝʞʘʤʠ ʦʜʥʘ ʟ ʥʘʡʚʠʱʠʭ ʫ 

ʩʚʽʪʽ. ʇʨʦʪʷʞʥʽʩʪʴ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʽ ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ ʚ 

ʋʢʨʘʾʥʽ (ʟʘ ʚʠʥʷʪʢʦʤ ʚʣʘʩʥʠʭ ʪʝʧʣʦʤʝʨʝʞ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ) 

ʩʪʘʥʦʚʠʪʴ 24,3 ʪʠʩ. ʢʤ ʚ ʜʚʦʪʨʫʙʥʦʤʫ ʦʙʯʠʩʣʝʥʥʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʪʝʧʣʦ-

ʤʝʨʝʞʽ ʄʽʥʧʘʣʠʚʝʥʝʨʛʦ ʋʢʨʘʾʥʠ ï 3,5 ʪʠʩ. ʢʤ ʜʽʘʤʝʪʨʦʤ ʚʽʜ 125 ʜʦ 1400 

ʤʤ, ʢʦʤʫʥʘʣʴʥʽ ʪʝʧʣʦʤʝʨʝʞʽ ï 20,8 ʪʠʩ. ʢʤ ʜʽʘʤʝʪʨʦʤ ʚʽʜ 50 ʜʦ 800 ʤʤ 

[2]. ʉʪʫʧʽʥʴ ʟʥʦʩʫ ʦʩʥʦʚʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦ-

ʝʥʝʨʛʽʾ, ʛʘʟʫ, ʧʘʨʠ ʪʘ ʢʦʥʜʠʮʽʡʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʋʢʨʘʾʥʽ ʫ 2013 ʨʦʮʽ 

ʦʮʽʥʶʚʘʚʩʷ ʥʘ ʨʽʚʥʽ 61,9%, ʫ 2015 ʨ. ï   82,6% [3]. ɿʥʦʰʝʥʽʩʪʴ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʽ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞ ʜʦʩʷʛʘʻ 70% ʾʭ ʟʘʛʘʣʴʥʦʾ ʧʨʦʪʷʞ-

ʥʦʩʪʽ [4]. ɺʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʥʝʷʢʽʩʥʫ ʽʟʦʣʷʮʽʶ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʽʟ ʚʠʪʦ-

ʢʘʤʠ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ ʧʦʰʢʦʜʞʝʥʥʽ ʪʨʫʙ ʩʪʘʥʦʚʣʷʪʴ ʜʦ 20% ʚʽʜ ʚʽʜʧʫʱʝ-

ʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʧʨʦʪʠ 13%, ʷʢʽ ʧʝʨʝʜʙʘʯʝʥʽ ʥʦʨʤʘʤʠ. ʉʝʨʝʜʥʽʡ ʧʦ-

ʢʘʟʥʠʢ ʧʠʪʦʤʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʫ 2-3 ʨʘʟʠ ʚʠʱʠʡ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ. ɿʦ-

ʢʨʝʤʘ, ʩʝʨʝʜʥʻ ʧʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʘʭ ʩʪʘʥʦʚʠʪʴ 264 ʢɺʪÖʛʦʜ/ʤ2, ʚ ʪʦʡ ʞʝ ʯʘʩ ʫ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ 

ʚʽʜʧʦʚʽʜʥʠʡ ʧʦʢʘʟʥʠʢ ʫ ʩʝʨʝʜʥʴʦʤʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 90 ʢɺʪÖʛʦʜ/ʤ2. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʦʪʝʥʮʽʘʣ ʩʢʦʨʦʯʝʥʥʷ (ʫ ʨʘʟʽ ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ ʚʪʨʘʪ 

ʚ ɭʉ) ʩʪʘʥʦʚʠʪʴ 11,4 ʤʣʨʜ. ʤ3 ʛʘʟʫ ï ʙʣʠʟʴʢʦ 58% ʽʤʧʦʨʪʫ ʋʢʨʘʾʥʠ, ʘʜʞʝ 

ʱʦʨʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ ʦʧʘʣʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʦʮʽʥʶʻʪʴʩʷ 

ʫ 18,6 ʤʣʨʜ. ʤ3 [5]. 

ʋʢʨʘʾʥʮʽ ʚʠʤʫʰʝʥʽ ʧʣʘʪʠʪʠ ʟʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ, 45% ʷʢʦʾ ʨʝʘʣʴʥʦ ʥʝ 

ʦʪʨʠʤʫʻ ʯʝʨʝʟ ʾʾ ʚʪʨʘʪʫ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ. ʌʘʢʪʠʯʥʦ ʥʽʢʦʛʦ ʥʝ ʮʽʢʘ-

ʚʠʪʴ, ʷʢʦʾ ʷʢʦʩʪʽ (ʪʝʤʧʝʨʘʪʫʨʠ) ʪʝʧʣʦʥʦʩʽʡ ʦʪʨʠʤʫʶʪʴ ʩʧʦʞʠʚʘʯʽ ï ʚʩʝ 

ʚʞʝ ʦʧʣʘʯʝʥʦ. ɼʽʶʯʘ ʧʨʘʢʪʠʢʘ ʦʙʯʠʩʣʝʥʥʷ ʪʘʨʠʬʽʚ ʥʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ 

ʥʘ ʩʪʘʜʽʾ ʾʾ ʚʽʜʧʫʩʢʫ ʚ ʤʝʨʝʞʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʩʫʪʥʦʩʪʽ ʬʽʥʘʥʩʦʚʠʭ ʩʪʠ-

ʤʫʣʽʚ ʜʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʝʧʣʦʤʝʨʝʞ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʠʟʴʢʽ ʪʝʤʧʠ ʾʭ ʚʽʜ-

ʥʦʚʣʝʥʥʷ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʽʥʚʝʩʪʠʮʽʡ ʚ ʦʥʦʚʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʊɽʎ ʽ ʢʦ-

ʪʝʣʝʥʴ, ʪʦ ʜʽʶʯʠʡ ʧʦʨʷʜʦʢ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘʨʠʬʽʚ ʥʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʨʝ-

ʛʫʣʷʪʦʨʦʤ ʟʘ ʧʨʠʥʮʠʧʦʤ Ăʚʽʜ ʚʠʪʨʘʪò ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʚ 

ʨʝʘʣʴʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘ-

ʯʘʥʥʷ [1]. 
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ɿʘ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʢʦʞʝʥ ʜʦʣʘʨ, ʽʥ-

ʚʝʩʪʦʚʘʥʠʡ ʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʦʙʝʨʥʝʪʴʩʷ 4 ʜʦʣʘʨʘʤʠ ʝʢʦʥʦʤʽʾ, ʧʨʠ-

ʯʦʤʫ ʪʘʢʠʡ ʧʨʦʝʢʪ ʧʦʚʥʽʩʪʶ ʦʢʫʧʠʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʟʘ ʯʦʪʠʨʠ ʨʦʢʠ [6]. 

ʇʦ ʟʘ ʩʫʤʥʽʚʦʤ, ʚ ʋʢʨʘʾʥʽ ʧʦʪʨʽʙʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʘʢʪʠʚʽʚ ʛʘʣʫʟʽ, ʟʥʠ-

ʞʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʪʝʧʣʦʛʝʥʝʨʫʶʯʠʭ ʽ ʪʝ-

ʧʣʦʧʦʩʪʘʯʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ɺ ʩʫʯʘʩʥʠʭ ʨʝʘʣʽʷʭ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽ-

ʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʫʩʧʽʣʴʩʪʚʦ ʪʘ, ʟʦʢ-

ʨʝʤʘ, ʽʥʬʦʨʤʘʮʽʡʥʫ ʝʢʦʥʦʤʽʢʫ, ʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʷʜʨʦʤ ʷʢʠʭ ʻ ʤʦʜʝ-

ʣʶʚʘʥʥʷ [7], ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʬʘʢʪʦʨʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʦʙʨʦʙʫʪ ʥʘʩʝʣʝʥʥʷ ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʨʦʟʧʦʜʽʣʫ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʤʦʜʝʨʥʽʟʘʮʽʾ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʘʤʽʥʠ ʦʙʣʘʜʥʘʥʥʷ ʪʝʧʣʦʧʫʥʢʪʽʚ ʽ ʪʝʧʣʦ-

ʚʠʭ ʤʝʨʝʞ ʧʽʜʧʨʠʻʤʩʪʚ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ, ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ 

ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʨʦʙʽʪ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʝʢʪʫ 

ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʟʘʪʨʠʤʦʢ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʟʜʽʡʩ-

ʥʝʥʥʷ ʧʨʦʝʢʪʫ ʥʘ ʙʘʟʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʤʝʨʝʞʝʚʠʭ ʤʦʜʝʣʝʡ ʽ ʤʝ-

ʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ: critical path method (CPM), Program 

Evaluation and Review Technique (PERT) [8, ʩ. 309-313]. ʇʨʦʧʦʥʦʚʘʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ ĂProject Standard 2016ò [9] ʪʘ ʽʥʰʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʧʨʦʜʫʢʪʽʚ (ʪʘʙʣ.) ʽ ʜʦʟʚʦʣʷʪʠʤʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽ ʪʝʨʤʽʥʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʝʢʪʫ,  
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ʆʬʽʮʽ

ʡʥʠʡ 

ʩʘʡʪ 

ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ 

Micro

soft 

Projec

t 

Microsoft 

Corp. 

(ʉʐɸ) 

http://

www.

micro

soft.c

om/pr

oject 

ɭ ʥʘʡʧʦʰʠʨʝʥʽʰʦʶ ʚ ʩʚʽʪʽ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚ-

ʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, ʷʢʫ ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ 

ʷʢ ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʨʽʚʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʘʢ ʽ 

ʜʣʷ ʧʨʦʬʝʩʽʦʥʘʣʽʚ. ʋ ʙʘʛʘʪʴʦʭ ʟʘʭʽʜʥʠʭ ʢʦʤ-

ʧʘʥʽʷʭ MS Project ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʪʘʥʜʘʨʪ-

ʥʠʡ ʢʦʤʧʦʥʝʥʪ Microsoft Office ʽ ʥʘʚʽʪʴ ʨʷ-

ʜʦʚʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʟʜʘʪʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʡʦʛʦ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʽʪ. ʊʨʘʜʠʮʽʡʥʦ ʟʨʦ-

ʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ ʧʨʦʜʫʢʪʽʚ Microsoft ʽ ʣʝʛ-

ʢʽʩʪʴ ʫ ʢʦʨʠʩʪʫʚʘʥʥʽ ʧʽʜʢʨʽʧʣʶʻʪʴʩʷ ʰʠʨʦ-

ʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʙʫʜʦʚʠ ʪʘ ʨʦʟʨʘʭʫʥʢʫ 

ʩʽʪʴʦʚʠʭ ʛʨʘʬʽʢʽʚ, ʜʽʘʛʨʘʤ ɻʘʥʪʘ, ʟʘʩʦʙʘʤʠ 

ʧʣʘʥʫʚʘʥʥʷ ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ ʪʦʱʦ 
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ʆʬʽʮʽ

ʡʥʠʡ 

ʩʘʡʪ 

ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

Open 

Plan 

Welcom 

Corp. 

(ʉʐɸ); 

ʜʠʩ-

ʪʨʠʙôʶʪʦʨ 

ʚ ʋʢʨʘʾʥʽ - 

ʢʦʤʧʘʥʽʷ 

ʃɸʅɯʊ 

http://

www.

projec

tmana

gemen

t.ru 

ɭ ʩʠʩʪʝʤʦʶ ʧʣʘʥʫʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʚʝʣʠʢʠʭ 

ʧʨʦʝʢʪʽʚ ʽ ʧʨʦʛʨʘʤ. ʆʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʩʠ-

ʩʪʝʤʠ - ʧʦʪʫʞʥʽ ʟʘʩʦʙʠ ʨʝʩʫʨʩʥʦʛʦ ʽ 

ʚʘʨʪʽʩʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʝʬʝʢʪʠʚʥʘ ʦʨ-

ʛʘʥʽʟʘʮʽʷ ʙʘʛʘʪʦʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʨʦʙʦʪʠ ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʽʜʢʨʠʪʦʛʦ, ʤʘʩʰʪʘ-

ʙʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʚʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

Open Plan ʧʦʩʪʘʯʘʻʪʴʩʷ ʚ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ - 

Professional ʽ Desktop, - ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʚʽʜʧʦʚʽʜʘʻ ʨʽʟʥʠʤ ʧʦʪʨʝʙʘʤ ʚʠʢʦʥʘʚʮʽʚ, ʤʝ-

ʥʝʜʞʝʨʽʚ ʪʘ ʽʥʰʠʭ ʫʯʘʩʥʠʢʽʚ ʧʨʦʝʢʪʫ. ɯʩʥʫʻ 

ʣʦʢʘʣʽʟʦʚʘʥʘ ʚʝʨʩʽʷ ʧʨʦʜʫʢʪʫ 

Prima

vera 

Projec

t 

Plann

er 

Primavera 

Systems, 

Inc. 

(ʉʐɸ); 

ʜʠʩ-

ʪʨʠʙôʶʪʦʨ 

ʚ ʈʦʩʽʾ - 

ʢʦʤʧʘʥʽʷ 

ʇʄʉʆʌʊ 

(http://ww

w.pmsoft.r

u) 

http://

www.

prima

vera.c

om 

ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʢʘʣʝʥʜʘʨʥʦ-ʤʝʨʝʞʝʚʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦ-

ʪʨʝʙ ʚ ʤʘʪʝʨʽʘʣʴʥʠʭ, ʪʨʫʜʦʚʠʭ ʽ ʬʽʥʘʥʩʦʚʠʭ 

ʨʝʩʫʨʩʘʭ ʩʝʨʝʜʥʽʤʠ ʪʘ ʚʝʣʠʢʠʤʠ ʧʨʦʝʢʪʘʤʠ ʫ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ, ʭʦʯʘ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦ-

ʰʠʨʝʥʥʷ ʜʘʥʠʡ ʧʨʦʜʫʢʪ ʥʘʙʫʚ ʫ ʩʬʝʨʽ ʢʝ-

ʨʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʤʠ ʪʘ ʽʥʞʝʥʝʨʥʠʤʠ ʧʨʦ-

ʝʢʪʘʤʠ 

SureT

rak 

Projec

t 

Mana

ger 

Primavera 

Systems, 

Inc. 

(ʉʐɸ); 

ʜʠʩ-

ʪʨʠʙôʶʪʦʨ 

ʚ ʋʢʨʘʾʥʽ - 

ʢʦʤʧʘʥʽʷ 

ʇʄʉʆʌʊ 

(http://ww

w.pmsoft.r

u) 

http://

www.

prima

vera.c

om 

SureTrak ï ʩʧʨʦʱʝʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʝʢʪʘʤʠ ʢʦʤʧʘʥʽʾ Primavera Systems. ʎʝʡ 

ʧʦʚʥʽʩʪʶ ʨʫʩʠʬʽʢʦʚʘʥʠʡ ʧʨʦʜʫʢʪ ʦʨʽʻʥʪʦʚʘ-

ʥʠʡ ʥʘ ʢʦʥʪʨʦʣʴ ʚʠʢʦʥʘʥʥʷ ʥʝʚʝʣʠʢʠʭ ʧʨʦ-

ʝʢʪʽʚ ʪʘ/ʘʙʦ ʯʘʩʪʠʥ ʚʝʣʠʢʠʭ ʧʨʦʝʢʪʽʚ. ʄʦʞʝ 

ʧʨʘʮʶʚʘʪʠ ʷʢ ʩʘʤʦʩʪʽʡʥʦ, ʪʘʢ ʽ ʩʧʽʣʴʥʦ ʟ 

Primavera Project Planner ʚ ʢʦʨʧʦʨʘʪʠʚʥʽʡ ʩʠ-

ʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ 

Spide

r 

Projec

t 

Spider 

Technologi

es Group 

(ʈʦʩʽʷ) 

projec

t.ru 

ʉʠʩʪʝʤʘ ʩʧʨʦʝʢʪʦʚʘʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʨʝʙ, 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ ʧʨʽʦʨʠʪʝʪʽʚ ʨʦʩʽʡʩʴʢʦʛʦ 

ʨʠʥʢʫ. ɺʽʜʨʽʟʥʷʻʪʴʩʷ ʧʦʪʫʞʥʠʤʠ ʘʣʛʦʨʠʪ-

ʤʘʤʠ ʨʦʟʧʦʜʽʣʫ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʚʝʣʠ-

ʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʡ. Spider 

Project ʧʦʩʪʘʯʘʻʪʴʩʷ ʚ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ - 

http://www.primavera.com/
http://www.primavera.com/
http://www.primavera.com/
http://www.primavera.com/
http://www.primavera.com/
http://www.primavera.com/
http://www.primavera.com/
http://www.primavera.com/
http://www.primavera.com/
http://www.primavera.com/
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ʆʬʽʮʽ

ʡʥʠʡ 

ʩʘʡʪ 

ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

Professional ʽ Desktop. ʇʘʢʝʪ Spider Project 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʙʝʟʢʦʰʪʦʚʥʫ 

ʣʽʮʝʥʟʽʡʥʫ ʚʝʨʩʽʶ, ʨʦʟʨʘʭʦʚʘʥʫ ʥʘ 40 ʦʧʝ-

ʨʘʮʽʡ 

Projec

t 

Exper

t 

ʇʨʦ-ʀʥ-

ʚʝʩʪ ʂʦʥ-

ʩʘʣʪʠʥʛ 

(ʈʦʩʽʷ) 

http://

www.

pro-

invest.

com 

ɿʘʙʝʟʧʝʯʫʻ ʧʦʙʫʜʦʚʫ ʬʽʥʘʥʩʦʚʦʾ ʤʦʜʝʣʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘʥʘʣʽʟ ʬʽʥʘʥʩʦʚʦʾ ʝʬʝʢʪʠʚ-

ʥʦʩʪʽ ʙʽʟʥʝʩ-ʧʨʦʝʢʪʽʚ, ʨʦʟʨʦʙʢʫ ʩʪʨʘʪʝʛʽʯ-

ʥʦʛʦ ʧʣʘʥʫ ʨʦʟʚʠʪʢʫ ʽ ʧʽʜʛʦʪʦʚʢʫ ʙʽʟʥʝʩ-

ʧʣʘʥʫ. ʉʠʩʪʝʤʘ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʦ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʜʝʨʞʩʪʨʫʢʪʫʨʘʤʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʽ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʷʢ ʩʪʘʥʜʘʨʪʥʠʡ ʽʥʩʪʨʫ-

ʤʝʥʪ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʣʘʥʽʚ ʨʦʟʚʠʪʢʫ 

ʧʽʜʧʨʠʻʤʩʪʚʘ 

1ʉ-

ʈʘ-

ʨʫʩ: 

ʋʧʨʘ

ʚʣʽʥʥ

ʷ ʧʨʦ-

ʝʢ-

ʪʘʤʠ 

1ʉ-ʈʘʨʫʩ 

(ʈʦʩʽʷ) 

 ʈʦʩʽʡʩʴʢʘ ʨʦʟʨʦʙʢʘ ʥʘ ʧʣʘʪʬʦʨʤʽ ʙʫʭʛʘʣʪʝʨ-

ʩʴʢʦʾ ʩʠʩʪʝʤʠ ç1C: ʇʽʜʧʨʠʻʤʩʪʚʦè ʚʝʨʩʽʾ 8.0. 

ʇʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ, ʦʨʛʘʥʽʟʘʮʽʾ, ʢʦ-

ʦʨʜʠʥʘʮʽʾ ʽ ʢʦʥʪʨʦʣʶ ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ ʽ ʨʝ-

ʩʫʨʩʽʚ. ʊʠʧʦʚʝ ʨʽʰʝʥʥʷ ʨʦʟʨʦʙʣʝʥʝ ʪʽʣʴʢʠ ʟʘ-

ʩʦʙʘʤʠ ʪʘ ʤʝʪʦʜʘʤʠ ʧʨʦʛʨʘʤʠ ç1C: 

ʇʽʜʧʨʠʻʤʩʪʚʦè ʽ ʻ ʜʦʜʘʪʢʦʤ ʜʦ ʢʦʤʧʦʥʝʥʪʠ 

çɹʫʭʛʘʣʪʝʨʩʴʢʠʡ ʦʙʣʽʢè ʧʨʦʛʨʘʤʠ ç1C: 

ʇʽʜʧʨʠʻʤʩʪʚʦè ʚʝʨʩʽʾ 8.0. ʋʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢ-

ʪʘʤʠ ʽʥʪʝʛʨʫʻʪʴʩʷ ʟ ʙʫʜʴ-ʷʢʠʤʠ ʢʦʥʬʽʛʫ-

ʨʘʮʽʷʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʧʦʥʝʥʪʫ 1C 

çɹʫʭʛʘʣʪʝʨʩʴʢʠʡ ʦʙʣʽʢè 

ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, ɦ ʦ ʧʨʘʮʶʶʪʴ ʯʝʨʝʟ web-ʽʥʪʝʨʬʝʡʩ 

Team

work 

Projec

t 

Mana

ger 

Digital 

Crew, ɯʨ-

ʣʘʥʜʽʷ 

teamw

orkpm

.net 

ʍʦʨʦʰʠʡ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ, 

ʙʘʛʘʪʦ ajax ʽ ʪʦʯʥʦ ʚ ʪʠʭ ʤʽʩʮʷʭ, ʜʝ ʮʝ ʧʦ-

ʪʨʽʙʥʦ. ʉʠʩʪʝʤʘ ʻ ʮʽʣʢʦʤ ʧʝʨʝʜʙʘʯʫʚʘʥʦʶ, 

ʚʠʙʠʨʘʻʤʦ ʧʨʦʝʢʪ - ʽ ʷʩʥʦ ʙʘʯʠʤʦ ʚʩʽ ʟʘʚ-

ʜʘʥʥʷ ʽ ʩʧʦʚʽʱʝʥʥʷ ʧʦ ʥʴʦʤʫ. ʑʦʙ ʜʦʜʘʪʠ ʟʘ-

ʚʜʘʥʥʷ ʜʦ ʩʧʠʩʢʫ, ʧʦʚʽʜʦʤʣʝʥʥʷ ʘʙʦ ʬʘʡʣ ʜʦ 

ʧʨʦʝʢʪʫ, ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʟʘʚʘʥʪʘ-

ʞʫʚʘʪʠ ʩʪʦʨʽʥʢʫ. ɿʘʜʦʚʦʣʴʥʷʻ ʧʨʘʢʪʠʯʥʦ ʚʩʽ 

ʚʠʤʦʛʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʦʙʣʽʢʫ ʬʽʥʘʥʩʽʚ. ʈʦ-

ʟʨʘʭʫʚʘʪʠ ʙʶʜʞʝʪ ʧʨʦʝʢʪʫ ʪʘ ʢʝʨʫʚʘʪʠ 

ʨʘʭʫʥʢʘʤʠ ʥʝʦʙʭʽʜʥʦ ʚ ʽʥʰʦʤʫ ʤʽʩʮʽ. ɭ 

ʨʦʩʽʡʩʴʢʠʡ ʽʥʪʝʨʬʝʡʩ 

Desk

Away 

ʇʝʨʰʘ 

ʚʝʨʩʽʷ 

DeskAway 

deska

way.c

om 

ʌʫʥʢʮʽʦʥʘʣʴʥʦ ʮʷ ʩʠʩʪʝʤʘ ʜʦʩʠʪʴ ʩʭʦʞʘ ʥʘ 

Teamwork Project Manager. ʊʘʢʦʞ ʻ ʧʦʚʥʠʡ 

ʩʧʠʩʦʢ ʬʫʥʢʮʽʡ ʧʦ ʫʧʨʘʚʣʽʥʥʶ ʧʨʦʝʢʪʘʤʠ ʽ 

ʚʽʜʩʫʪʥʽʩʪʴ ʬʽʥʘʥʩʦʚʦʛʦ ʦʙʣʽʢʫ. ɸʣʝ ʥʝʤʘʻ 
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ʆʬʽʮʽ

ʡʥʠʡ 

ʩʘʡʪ 

ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʙʫʣʘ ʨʦ-

ʟʨʦʙʣʝʥʘ ʚ 

2005 ʨ.; ʟʘ-

ʩʥʦʚʥʠʢʠ 

Sahil ʪʘ 

Sitanshi 

Parikh 

ʮʽʣʽʩʥʦʩʪʽ ʩʠʩʪʝʤʠ: ʚ ʦʜʥʦʤʫ ʚʠʧʘʜʢʫ 

ʩʪʦʨʽʥʢʘ ʧʨʘʮʶʻ ʙʝʟ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ, ʚ ʽʥ-

ʰʦʤʫ ʡʦʛʦ ʚʠʤʘʛʘʻ, ʯʘʩʪʢʦʚʦ ʜʘʥʽ ʚʠʚʦ-

ʜʷʪʴʩʷ ʚ ʧʦʪʦʯʥʦʤʫ ʛʦʪʦʚʦʤʫ ʚʽʢʥʽ, ʘ ʜʝʩʴ ʧʦ-

ʪʨʽʙʥʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʝʨʝʛʣʷʜé 

ɯʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʽʥʥʷ ʟʨʫʯʥʠʡ ʪʘ ʧʨʦʩʪʠʡ. 

ɸʣʝ ʻ ʥʝʜʦʣʽʢʠ: ʤʝʥʶ ʤʽʩʪʠʪʴ ʣʠʰʝ 3-4 ʨʽʚʥʽ, 

ʱʦ ʜʣʷ ʤʘʩʰʪʘʙʥʠʭ ʧʨʦʝʢʪʽʚ ʜʦʩʠʪʴ ʤʘʣʦ. 

ʇʨʠ ʨʦʟʛʦʨʪʘʥʥʽ ʤʝʥʶ ʧʫʥʢʪʫ ʟʘʜʘʯʽ ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ ʧʫʥʢʪ ʚʩʽ ʟʘʜʘʯʽ ʽ ʜʦʜʘʚʘʪʠ ʟʘʜʘʯʽ. 

ʊʘ ʚʩʽ ʩʚʦʾ ʟʘʜʘʯʽ ʽʥʪʝʨʬʝʡʩ ʚʠʨʽʰʫʻ: ɺʠ ʥʘʚ-

ʨʷʜ ʯʠ ʧʦʤʠʣʠʪʝʩʴ ʧʨʠ ʧʦʰʫʢʫ ʩʚʦʛʦ ʧʨʦ-

ʝʢʪʫ ʽ ʟʘʜʘʯ ʫ ʥʴʦʤʫ 

Interv

als 

ʂʦʤʧʘʥʽʷ 

Pelago 

ʩʪʚʦʨʝʥʘ ʚ 

2000 ʨ. 

ʉʝʨʚʽʩ 

ʚʝʙ-ʜʦ-

ʜʘʪʢʫ 

ʫʧʨʘʚ-

ʣʽʥʥʷ ʧʨʦ-

ʝʢʪʘʤʠ ʨʦ-

ʟʨʦʙʣʝʥʦ ʚ 

2005 ʨ., ʘ ʚ 

2006 ʜʦ-

ʜʘʥʦ ʜʦ ʟʘ-

ʛʘʣʴʥʦʛʦ 

ʜʦʩʪʫʧʫ 

myint

ervals.

com 

ɯʥʪʝʨʬʝʡʩ ʜʦʩʠʪʴ ʟʨʫʯʥʠʡ, ʷʢʱʦ ʟ ʥʠʤ 

ʨʦʟʽʙʨʘʪʠʩʷ ʽ ʟʚʠʢʥʫʪʠ ʜʦ ʥʴʦʛʦ. ʇʦʪʫʞʥʽ ʩʠ-

ʩʪʝʤʠ ʬʽʣʴʪʨʽʚ, ʩʦʨʪʫʚʘʥʥʷ ʪʘ ʽʥʰʽ ʤʦʞʣʠ-

ʚʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʚʤʽʩʪʦʤ ʜʦʟʚʦʣʷʶʪʴ ʛʥʫʯʢʦ 

ʫʧʨʘʚʣʷʪʠ ʧʨʦʝʢʪʘʤʠ. 

ɼʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʧʽʜʪʨʠ-

ʤʫʻ ʚʩʽ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ, ʥʘʚʽʪʴ ʜʝʱʦ ʚ ʙʽʣʴ-

ʰʦʤʫ ʦʙʩʷʟʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʩʠʩʪʝ-

ʤʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʪʫʪ ʧʨʠʩʫʪʥʷ ʩʠʩʪʝʤʘ ʚʠ-

ʩʪʘʚʣʝʥʥʷ ʨʘʭʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʪʨʘʯʝʥʦʛʦ 

ʯʘʩʫ, ʚ ʷʢʽʡ ʤʦʞʥʘ ʟʘʜʘʪʠ ʩʧʠʩʢʽʚ ʩʢʣʘʜ 

ʬʘʭʽʚʮʽʚ ʽ ʾʭ ʩʪʘʚʢʠ. ʑʦʙ ʜʦʜʘʪʠ ʟʘʚʜʘʥʥʷ, 

ʜʦʚʝʜʝʪʴʩʷ ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ ʜʦʜʘʪʠ ʟʘʚ-

ʜʘʥʥʷ ʽ ʜʦʯʝʢʘʪʠʩʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʢʠ. ɿ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʥʘʚʝʜʝʥʥʷ ʤʠʰʢʠ ʥʘ ʟʘʜʘʯʫ ʘʙʦ 

ʧʨʦʝʢʪ ʜʦʟʚʦʣʷʻ ʤʦʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʫʚʘʪʠ ʽʥ-

ʬʦʨʤʘʮʽʶ ʧʨʦ ʥʴʦʛʦ ʫ ʚʽʢʥʽ-ʧʽʜʢʘʟʮʽ 

active

Colla

b 

ʉʝʨʙʩʴʢʘ 

ʢʦʤʧʘʥʽʷ 

A51 Doo 

active

collab

.com 

ɯʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʠ ʙʫʜʫʻʪʴʩʷ ʥʘʚʢʦʣʦ ʧʨʦ-

ʝʢʪʫ. ɿʘʡʰʦʚʰʠ ʚ ʧʦʪʨʽʙʥʠʡ ʧʨʦʝʢʪ, ʤʦʞʥʘ 

ʙʘʯʠʪʠ ʚʩʽ ʟʘʚʜʘʥʥʷ ʽ ʬʘʡʣʠ ʟ ʥʠʤ ʧʦʚôʷʟʘʥʽ: 

ʚʽʭʠ ʧʨʦʝʢʪʫ, ʟʘʚʜʘʥʥʷ, ʬʦʨʫʤʠ, ʬʘʡʣʠ, ʜʦ-

ʰʢʠ, ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ, ʟʘʛʘʣʦʤ ʚʩʝ, ʱʦ ʧʦ-

ʪʨʽʙʥʦ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʦʤ. ʊʘʢʦʞ 

ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʬʫʥʢʮʽʦʥʘʣ ʚʠʩʪʘʚʣʝʥʥʷ 

ʨʘʭʫʥʢʽʚ ʽ ʢʦʥʪʨʦʣʶ ʾʭ ʦʧʣʘʪ. ɺ ʘʢʪʠʚʽ ʮʽʻʾ 

ʩʠʩʪʝʤʠ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʽ ʭʦʨʦʰʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʘʣʝ ʛʦʣʦʚʥʦʶ ʾʾ ʧʝʨʝʚʘʛʦʶ 

ʽ ʚʽʜʤʽʥʥʽʩʪʶ ʚʽʜ ʽʥʰʠʭ ʩʠʩʪʝʤ ʻ, ʧʦ-ʧʝʨʰʝ, 
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ʅʘʟʚʘ ʈʦʟʨʦʙʥʠʢ 

ʆʬʽʮʽ

ʡʥʠʡ 

ʩʘʡʪ 

ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʦʞʣʠʚʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʠ ʜʦ ʩʝʙʝ ʥʘ ʭʦ-

ʩʪʠʥʛ, ʘʜʞʝ ʙʘʛʘʪʦ ʭʪʦ ʚʽʜʤʦʚʣʷʻʪʴʩʷ ʚʽʜ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʚʝʙ-ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢ-

ʪʘʤʠ ʯʝʨʝʟ ʦʩʪʨʘʭ ʟʙʝʨʝʞʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡ-

ʥʠʭ ʜʘʥʠʭ. ɯ, ʧʦ-ʜʨʫʛʝ, ʨʘʟ ʤʠ ʩʪʘʚʠʤʦ ʾʾ ʜʦ 

ʩʝʙʝ ʥʘ ʭʦʩʪʠʥʛ, ʦʪʞʝ ʤʦʞʝʤʦ ʤʦʜʠʬʽʢʫʚʘʪʠ 

(ʚ ʨʘʤʢʘʭ ʣʽʮʝʥʟʽʾ, ʟʚʠʯʘʡʥʦ). ʅʘ ʩʘʡʪʽ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʡ ʢʘʪʘʣʦʛ ʤʦʜʫʣʽʚ ʜʣʷ activeCollab, ʘ 

ʪʘʢʦʞ ʣʦʢʘʣʽʟʘʮʽʾ ʜʣʷ ʥʴʦʛʦ, ʚʢʣʶʯʘʶʯʠ 

ʨʦʩʽʡʩʴʢʦʤʦʚʥʫ 

Work

sectio

n 

ʋʢʨʘʾʥ-

ʩʴʢʘ ʨʦ-

ʟʨʦʙʢʘ ʩʠ-

ʩʪʝʤʠ 

ʫʧʨʘʚ-

ʣʽʥʥʷ ʧʨʦ-

ʝʢʪʘʤʠ 

works

ection

.com 

ʎʝ ʟʨʫʯʥʘ ʦʥ-ʣʘʡʥ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦ-

ʝʢʪʘʤʠ ʟ ʭʦʨʦʰʠʤ ʽʥʪʝʨʬʝʡʩʦʤ. ʇʝʨʝʚʘʛʠ: 

ʟʨʫʯʥʠʡ ʽ ʧʨʦʩʪʠʡ ʨʦʩʽʡʩʴʢʦ- ʪʘ ʘʥʛʣʦʤʦʚʥʠʡ 

ʽʥʪʝʨʬʝʡʩ - ʟʨʦʟʫʤʽʣʠʡ ʥʝʜʦʩʚʽʜʯʝʥʦʤʫ ʢʦ-

ʨʠʩʪʫʚʘʯʫ; ʜʦʚʦʣʽ ʧʦʤʽʨʥʘ ʮʽʥʘ; ʤʦʞʝ ʨʦʟʪʘ-

ʰʦʚʫʚʘʪʠʩʴ ʫ ʚʣʘʩʥʦʤʫ ʜʦʤʝʥʽ; ʦʥ-ʣʘʡʥ 

ʩʝʨʚʽʩ - ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʽ ʥʘʣʘʰʪʦʚʫʚʘʪʠ 

ʥʽʯʦʛʦ ʥʝ ʧʦʪʨʽʙʥʦ. ɼʦʩʠʪʴ ʚʝʣʠʢʘ ʫʚʘʛʘ ʜʦ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʫʚʘʛʘ ʜʦ ʜʨʽʙʥʠʮʴ, ʚʽʜʤʽʥʥʘ ʨʝ-

ʘʣʽʟʘʮʽʷ ʽʩʥʫʶʯʠʭ ʬʫʥʢʮʽʡ 

 

ʧʨʦʚʦʜʠʪʠ ʜʠʥʘʤʽʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʨʤʽʥʽʚ ʧʦʯʘʪʢʫ ʢʦʞʥʦʛʦ ʚʠʜʫ 

ʨʦʙʽʪ, ʟʜʽʡʩʥʶʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʩʦʙʽʚ, ʚʽʜʚʝʜʝʥʠʭ ʥʘ ʧʨʦʝʢʪ, 

ʟʘ ʢʨʠʪʝʨʽʻʤ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʫʩʴʦʛʦ ʧʨʦʝʢʪʫ, ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ 

ʢʦʤʧʨʦʤʽʩʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʚʠʪʨʘʪʘʤʠ ʽ ʪʝʨʤʽʥʘʤʠ ʚʠʢʦʥʘʥʥʷ ʨʽ-

ʟʥʦʤʘʥʽʪʥʠʭ ʨʦʙʽʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʦʛʦ ʨʝʟʝʨʚʫ ʯʘʩʫ [10]. 

ʆʜʥʘ ʟ ʢʣʶʯʦʚʠʭ ʪʝʟ V ɺʽʜʝʥʩʴʢʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʬʦʨʫʤʫ, ʧʨʦʚʝ-

ʜʝʥʦʛʦ ʆʨʛʘʥʽʟʘʮʽʻʶ ʦʙôʻʜʥʘʥʠʭ ʥʘʮʽʡ ʟ ʧʨʦʤʠʩʣʦʚʦʛʦ ʨʦʟʚʠʪʢʫ 

ʖʅɯɼʆ, ʄʽʞʥʘʨʦʜʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʧʨʠʢʣʘʜʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ 

(IIASA), ʘʚʩʪʨʽʡʩʴʢʠʤ ʫʨʷʜʦʤ ʪʘ ʽʥʽʮʽʘʪʠʚʦʶ ʉʪʽʡʢʘ ʝʥʝʨʛʽʷ ʜʣʷ ʚʩʽʭ 

(SEforALL), ʷʢʠʡ ʟʽʙʨʘʚ ʫ ʪʨʘʚʥʽ 2017 ʨ. ʙʽʣʴʰʝ 1650 ʫʯʘʩʥʠʢʽʚ ʟʽ 128 

ʢʨʘʾʥ, ʧʝʨʝʜʙʘʯʘʻ ʝʥʝʨʛʝʪʠʢʫ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʢʦʤʧʦʥʝʥʪʦʶ ʜʣʷ ʚʪʽ-

ʣʝʥʥʷ ʇʦʨʷʜʢʫ ʜʝʥʥʦʛʦ ʜʦ 2030 ʨ. ʪʘ ʇʘʨʠʟʴʢʦʾ ʢʣʽʤʘʪʠʯʥʦʾ ʫʛʦʜʠ, ʘ ʪʘ-

ʢʦʞ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʨʽʟʥʠʭ ʢʨʘʾʥ ʱʦʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ 

[11]. ɽʥʝʨʛʦʻʤʥʽʩʪʴ ɺɺʇ ʋʢʨʘʾʥʠ ʧʝʨʝʚʠʱʫʻ ʘʥʘʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ɺʝ-

ʣʠʢʦʾ ɹʨʠʪʘʥʽʾ ʫ 4,8 ʨʘʟʠ, ʊʫʨʝʯʯʠʥʠ ï ʫ 3,8 ʨʘʟʠ, ʇʦʣʴʱʽ ï ʫ 3,0 ʨʘʟʠ 

[12, ʩ. 109], ʱʦ ʥʝ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘʰʦʾ 

ʜʝʨʞʘʚʠ ʜʦ ʨʽʚʥʷ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ ɭʚʨʦʧʠ, ʟʘʙʝʟʧʝʯʝʥʥʶ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʪʘ ʩʪʘʙʽʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ. ʇʦ-

ʜʦʣʘʥʥʶ ʽʤʽʜʞʫ ʦʜʥʽʻʾ ʟ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʽʥʪʝʥʩʠʚʥʠʭ ʢʨʘʾʥ ʫ ɭʚʨʦʧʽ,  
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ʩʢʦʨʦʯʝʥʥʶ ʩʧʦʞʠʚʘʥʥʷ ʛʘʟʫ ʚ ʋʢʨʘʾʥʽ ʤʦʞʥʘ ʜʦʩʷʛʪʠ, ʢʦʣʠ ʟʤʝʥʰʫ-

ʚʘʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʦʩʣʫʛ, ʦʙʣʽʢʦʚʫʚʘʪʠ ʽ ʧʨʠʙʠʨʘʪʠ ʚʪʨʘʪʠ ʪʝʧʣʘ, ʯʦʤʫ 

ʩʧʨʠʷʪʠʤʝ ʤʦʜʝʨʥʽʟʘʮʽʷ ʢʦʪʝʣʝʥʴ ʽ ʪʝʧʣʦʤʝʨʝʞ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʨʝʞʝʚʠʭ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ, ʱʦ ʜʦʟʚʦ-

ʣʷʶʪʴ ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʫʚʘʪʠ ʫʩʽ ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʬʽʟʠʯʥʽ ʫʤʦʚʠ ʽ ʟʥʘʭʦʜʠʪʠ 

ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ ʧʽʜ ʯʘʩ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʤʫʥʘʣʴʥʦʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ, 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʢʦʨʠʩʪʴ ʩʠʩʪʝʤ ʝʥʝʨʛʦʧʦʩʪʘ-

ʯʘʥʥʷ, ʷʢʽ ʻ ʥʘʡʚʠʛʽʜʥʽʰʠʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟ ʧʦ-

ʟʠʮʽʡ ʙʝʟʧʝʢʠ, ʥʘʜʽʡʥʦʩʪʽ (ʙʝʟʧʝʨʝʙʽʡʥʦʩʪʽ), ʷʢʦʩʪʽ ʧʦʩʪʘʯʘʥʥʷ ʝʥʝʨʛʽʾ ʽ 

ʥʘʜʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʩʣʫʛ, ʜʦʩʪʫʧʥʠʭ ʟʘ ʮʽʥʦʶ ʪʘ ʧʨʠʚʘʙʣʠʚʠʭ ʟʘ 

ʝʢʦʣʦʛʽʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ. 
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ʋɼʂ 004.31 

ʈʆɿʈʆɹʂɸ ʂʆʄʇʆʅɽʅʊʀ ʇʈʆɻʈɸʄʅʆ-ɸʇɸʈɸʊʅʆɻʆ 

ɿɸʉʆɹʋ ɼʃʗ ɼɯɸɻʅʆʉʊʋɺɸʅʅʗ ʆɹʃɸɼʅɸʅʅʗ 

ɹɽɿʇɯʃʆʊʅʀʍ ɸɺɯɸʎɯʁʅʀʍ ʂʆʄʇʃɽʂʉɯɺ 

ɭ.ɺ. ʅʽʢʽʪʝʥʢʦ, ɭ.ɺ. ʈʠʥʜʠʯ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 
ʊʝʭʥʽʯʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʻ ʟʘʩʦʙʦʤ ʧʽʜʪʨʠʤʢʠ  ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʥʘʜʽʡʥʦ-

ʩʪʽ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙôʻʢʪʽʚ. 

ʊʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʙôʻʢʪʘ ʤʦʞʝ ʙʫʪʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ  ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ, 

ʱʦ ʧʦʨʫʰʫʶʪʴ ʧʨʘʮʝʟʜʘʪʥʠʡ ʩʪʘʥ ʦʙ'ʻʢʪʘ ʚ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʧʨʘʚʠʣʴʥʽ-

ʩʪʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʡʦʛʦ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ. ʇʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯ-

ʥʦʛʦ ʩʪʘʥʫ ʦʙ'ʻʢʪʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʰʫʢʫ ʽ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʽʟ ʟʘ-

ʟʥʘʯʝʥʥʷʤ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʽʩʮʷ, ʚʠʜʫ ʽ ʧʨʠʯʠʥʠ ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʭʥʽʯ-

ʥʠʤ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷʤ. 

ʊʨʘʜʠʮʽʡʥʝ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙ'ʻʢʪʘ ʧʨʠʧʫʩʢʘʻ ʟʫʧʠʥʢʫ 

ʪʘ ʨʦʟʙʠʨʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʥʘʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʯʘʩʫ ʪʘ 

ʢʦʰʪʽʚ. ɺʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʽ ʟʘʟʚʠʯʘʡ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʦʩʦʙʣʠʚʠʭ (ʜʽʘʛʥʦʩʪʠʯʥʠʭ) ʪʝ-

ʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʥʪʨʦʣʽ ʪʘ ʦʩʦʙʣʠʚʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ (ʪʝ-

ʩʪʘʭ). ʊʠʧʦʚʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚ ʥʘʡʧʨʦʩ-

ʪʽʰʦʤʫ ʚʘʨʽʘʥʪʽ ʚʢʣʶʯʘʻ ʜʽʘʛʥʦʩʪʠʯʥʽ ʜʘʪʯʠʢʠ, ʱʦ ʩʧʨʠʡʤʘʶʪʴ ʜʽʘʛʥʦ-

ʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʦʙ'ʻʢʪʘ; ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʩʠʛ-

ʥʘʣʠ ʚʽʜ ʜʘʪʯʠʢʽʚ ʚ ʫʥʽʬʽʢʦʚʘʥʠʡ ʚʠʛʣʷʜ, ʟʨʫʯʥʠʡ ʜʣʷ ʦʙʨʦʙʢʠ; ʧʨʠʩʪʨʦʾ 

ʦʙʨʦʙʢʠ ʪʘ  ʚʠʚʦʜʫ ʽʥʬʦʨʤʘʮʽʾ. 
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ʉʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴ ʟʘ ʩʪʫʧʝʥʝʤ ʩʧʽʣʴʥʦʩʪʽ ʽʥʬʦʨʤʘ-

ʮʽʾ ʥʘ ʣʦʢʘʣʴʥʫ ʽ ʟʘʛʘʣʴʥʫ, ʘ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʚʟʘʻʤʦʜʽʾ ʟ ʦʙ'ʻʢʪʦʤ ï ʥʘ ʪʝʩ-

ʪʦʚʫ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʫ [1]. ʃʦʢʘʣʴʥʝ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʣʫʞʠʪʴ ʜʣʷ ʦʮʽʥʢʠ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʽ ʤʦʜʫʣʽʚ, ʘ ʟʘʛʘʣʴʥʝ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ  ʦʙ'ʻ-

ʢʪʘ ʚ ʮʽʣʦʤʫ. ʊʝʩʪʦʚʘ ʩʠʩʪʝʤʘ ʬʦʨʤʫʻ ʚʧʣʠʚ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʦʙ'ʻʢʪ, 

ʷʢʠʡ ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʪʠ ʚʽʜ ʥʴʦʛʦ ʚʽʜʧʦʚʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʨʝʻʩʪʨʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʦʙ'ʻʢʪʘ ʚ ʧʨʦʮʝʩʽ 

ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ.  

ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʯʘʩʽ, ʷʢ ʧʨʘʚʠʣʦ, 

ʘʥʘʣʦʛʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙ'ʻʢʪʽʚ. 

ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʜʦ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʘ ʯʘʩ ʷʢʦʛʦʩʴ ʥʘʧʨʘʮʶʚʘʥʥʷ. ɺʠʤʽ-

ʨʶʶʯʠ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʽ ʧʦʨʽʚʥʶʶʯʠ ʡʦʛʦ 

ʟ ʦʟʥʘʢʘʤʠ ʝʪʘʣʦʥʥʦʛʦ ʩʪʘʥʫ ʦʙ'ʻʢʪʘ, ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ 

ʦʙ'ʻʢʪʘ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʡʦʛʦ ʧʦʜʘʣʴʰʠʡ ʩʪʘʥ. ɿʘʟʚʠʯʘʡ 

ʜʣʷ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʚʠʩʥʦʚʢʫ ʧʦʪʨʽʙʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʽ-

ʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʦʤʫ ʜʣʷ ʩʢʣʘʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʩʪʚʦʨʶʶʪʴ ʘʚʪʦ-

ʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʧʝʨʩʦʥʘʣʴʥʠʭ 

ʢʦʤʧ'ʶʪʝʨʽʚ. 

ʉʫʯʘʩʥʽ ʙʝʟʧʽʣʦʪʥʽ ʘʚʽʘʮʽʡʥʽ ʢʦʤʧʣʝʢʩʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 

ʩʢʣʘʜʥʫ ʝʣʝʢʪʨʦʥʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʤʽʩʪʠʪʴ ʙʘʛʘʪʦ ʧʨʠʩʪʨʦʾʚ. ɼʦ-

ʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʨʦʙʦʪʫ ʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟ-

ʧʽʣʦʪʥʠʭ ʘʚʽʘʮʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʧʨʦʛʨʘʤʥʦ-ʘʧʘ-

ʨʘʪʥʦʛʦ ʟʘʩʦʙʫ ʜʣʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʽʘʮʽʡ-

ʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦ-ʘʧʘ-

ʨʘʪʥʦʛʦ ʟʘʩʦʙʫ  ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʽʘʮʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ ʟʘʚʜʘʥʥʷ:  

- ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʷʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽ ʧʨʘʚʠʣʴʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʦ ʩʫʢʫʧʥʦʩʪʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ;  

- ʩʪʚʦʨʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʰʢʦʜʞʝʥʴ ʽ ʚʽʜʤʦʚ, ʱʦ ʜʘʻ 
ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʷʪʠ ʧʨʠʯʠʥʠ ʾʭ ʚʠʥʠʢʥʝʥʥʷ; 

- ʧʦʙʫʜʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʙʦʨʦʤ 

ʪʘʢʦʾ ʩʫʢʫʧʥʦʩʪʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʚʽʨʦʢ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʠʭ ʤʦʞʥʘ 

ʚ ʟʘʜʘʯʘʭ ʚʠʷʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʽ ʚʽʜʤʦʚ ʚʽʜʨʽʟʥʠʪʠ ʩʧʨʘʚʥʠʡ ʘʙʦ 

ʧʨʘʮʝʟʜʘʪʥʠʡ ʩʪʘʥ ʘʙʦ ʩʪʘʥ ʧʨʘʚʠʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜ ʡʦʛʦ 

ʥʝʩʧʨʘʚʥʠʭ ʩʪʘʥʽʚ, ʘ ʚ ʟʘʜʘʯʘʭ ʧʦʰʫʢʫ ʧʦʰʢʦʜʞʝʥʴ ʽ ʚʽʜʤʦʚ ʨʦʟʨʽʟʥʷʪʠ 

ʥʝʩʧʨʘʚʥʽ ʽ ʥʝʧʨʘʮʝʟʜʘʪʥʽ ʩʪʘʥʠ ʤʽʞ ʩʦʙʦʶ. 
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ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʟʘʚʜʘʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʤʘʪʝʤʘ-

ʪʠʯʥʽ ʤʦʜʝʣʽ. ʊʘʢ, ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʚʽʨʷʪʠ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽ ʧʨʘʚʠʣʴʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠ-

ʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʪʘ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʧʦʰʢʦʜ-

ʞʝʥʴ ʽ ʚʽʜʤʦʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʦʧʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ ʜʝʨʝʚ 

ʚʽʜʤʦʚ ʽ ʛʨʘʬʽʚ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʪʝʭʥʽʯʥʠʤʠ ʩʪʘʥʘʤʠ 

ʽ ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʄʦʜʝʣʽ ʦʙ'ʻʢʪʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʻ ʦʩʥʦ-

ʚʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʣʛʦʨʠʪʤʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ɿ ʪʝʭʥʽʯʥʠʤ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷʤ ʧʦʚ'ʷʟʘʥʘ ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʭ-

ʥʽʯʥʦʛʦ ʨʝʩʫʨʩʫ ʦʙ'ʻʢʪʘ. ɸʣʛʦʨʠʪʤ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʣʫʞʠʪʴ 

ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. 

ʆʧʠʩ ʩʭʝʤʠ ʧʨʠʩʪʨʦʾʚ ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʽʘʮʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʫ ʚʠ-

ʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʣʦʛʽʯʥʠʭ ʙʣʦʢʽʚ. ʇʦʯʠʥʘʪʠ ʧʦʰʫʢ ʥʝʩʧʨʘʚʥʦʩ-

ʪʝʡ ʥʝʦʙʭʽʜʥʦ ʟ ʚʠʷʚʣʝʥʥʷ ʽʩʪʦʪʥʠʭ ʧʨʦʪʠʨʽʯ ʫ ʮʠʭ ʧʦʢʘʟʥʠʢʘʭ. ʅʘ ʚʠ-

ʟʥʘʯʝʥʥʽ ʮʠʭ ʧʨʦʪʠʨʽʯ ʟʘʩʥʦʚʘʥʽ ʚʩʽ ʤʝʪʦʜʠ ʧʦʰʫʢʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. ʉʠ-

ʩʪʝʤʘ, ʱʦ ʨʝʘʣʽʟʫʻ ʤʝʪʦʜ ʧʦʰʫʢʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʚ ʩʢʣʘʜʥʠʭ ʝʣʝʢʪʨʦʥ-

ʥʠʭ ʧʨʠʩʪʨʦʷʭ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʤʦʞʝ ʙʫʪʠ ʧʦʜʽʣʝʥʘ 

ʥʘ ʚʟʘʻʤʦʜʽʶʯʽ ʤʽʞ ʩʦʙʦʶ ʤʦʜʫʣʽ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʥʝʦʙʭʽʜʥʽ ʜʽʾ. ʊʘʢʘ 

ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʤʦʜʫʣʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʤʦʜʫʣʽʚ ʩʠʩʪʝʤʠ, ʱʦ ʨʝʘʣʽʟʫʻ ʤʝʪʦʜ ʧʦʰʫʢʫ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ 

ʄʦʜʫʣʴ ʟʙʝ-

ʨʝʞʝʥʥʷ ʜʘʥʠʭ 

(ɹʘʟʘ ʜʘʥʠʭ) 

ʄʦʜʫʣʴ ʛʨʘʬʽ-

ʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

ʄʦʜʫʣʴ ʫʧʨʘʚ-

ʣʽʥʥʷ ʣʦʛʽʢʦʶ ʩʠʩ-

ʪʝʤʠ 

ʄʦʜʫʣʴ ʨʦ-

ʙʦʪʠ ʟ ʤʘʪʨʠʮʝʶ 

ʄʦʜʫʣʴ ʢʦ-

ʨʠʛʫʚʘʥʥʷ ʚʘʛ 

ʄʦʜʫʣʴ ʣʦ-
ʛʫʚʘʥʥʷ ʨʝʟʫʣʴ-

ʪʘʪʽʚ 

ʄʦʜʫʣʴ ʧʦ-
ʰʫʢʫ ʢʘʥʜʠʜʘʪʽʚ 

ʜʣʷ ʧʝʨʝʚʽʨʢʠ 
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ʉʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʝʘʣʽʟʘʮʽʶ ʥʘ ʧʣʘʪʬʦʨʤʽ Java. ʇʨʦʛʨʘʤʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʚʥʫʪʨʽ-

ʰʥʴʦʾ ʣʦʛʽʢʠ. 

ɯʥʪʝʨʬʝʡʩ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽ-

ʜʞʫʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʢʘʟʘʪʠ, ʟ ʷʢʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʙʣʦʢʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʧʨʠʩʪʨʽʡ, ʷʢʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʙʣʦʢʘʤʠ ʪʘ ʷʢʽ ʟʚ'ʷʟʢʠ ʚʩʝ-

ʨʝʜʠʥʽ ʙʣʦʢʽʚ. ʇʽʜ ʟʚ'ʷʟʢʘʤʠ ʨʦʟʫʤʽʻʤʦ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ ʟ'ʻʜʥʘʥʥʷ 

ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ [2]. 

ɺ ʩʠʩʪʝʤʽ ʧʝʨʝʜʙʘʯʝʥʦ ʪʨʠ ʪʠʧʠ ʙʣʦʢʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ 

ʦʧʠʩʘʪʠ ʧʨʠʩʪʨʽʡ, ʘ ʩʘʤʝ: 

1) TYPICAL. ʎʝ ʙʣʦʢ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʘʤ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʝʣʝʤʝʥʪ, 

ʤʦʞʝ ʤʘʪʠ ʟʣʽʯʝʥʫ ʢʽʣʴʢʽʩʪʴ ʚʭʦʜʽʚ ʽ ʚʠʭʦʜʽʚ. 

2) IN. ɹʣʦʢ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʩʠʛʥʘʣʴʥʽ ʚʭʦʜʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

3) OUT. ɹʣʦʢ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʭʦʜʠ ʧʨʠʩʪʨʦʶ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ, 

ʷʢʽ ʜʦʩʪʫʧʥʽ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʂʦʞʥʦʤʫ ʙʣʦʢʫ ʤʦʞʥʘ ʟʘʜʘʪʠ ʽʤ'ʷ. ɯʥʪʝʨʬʝʡʩ ʧʦʙʫʜʦʚʘʥʠʡ ʪʘʢ, ʱʦ 

ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʧʝʨʝʩʫʚʘʪʠ ʝʣʝʤʝʥʪʠ ʚ ʤʝʞʘʭ ʨʦʙʦʯʦʾ ʟʦʥʠ ʽ ʨʦʟʤʽʱʫ-

ʚʘʪʠ ʾʭ ʪʘʢ ʷʢ ʡʦʤʫ ʟʨʫʯʥʦ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʉʠʩʪʝʤʳ ʤʘʣʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ//ʆ. ʀ. ʅʠʢʦʣʘʡʯʫʢ. ï ʄ.: ʉʆʃʆʅ-

ʇʨʝʩʩ, 2003. ï 256 ʩ. 

2.ʊʠʤ ʍʦʫʢʠʥʩ, ʀʣʴʢʦ ʇʣʘʜʞ, ʇʠʪʝʨ ʄʝʤʙʨʠ. The Definitive Guide to 

MongoDB: The NoSQL Database for Cloud and Desktop Compu-

ting//ʄ.: Apress, 2010. ï ʉ. 350. 

 

ʋɼʂ 621.9 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʀʁ ʄɽʊʆɼ ɯɼɽʅʊʀʌɯʂɸʎɯɰ ɻʈɸʌɯʏʅʀʍ 

ɿʆɹʈɸɾɽʅʔ 

ɺ.ɸ.ɹʠʯʢʦ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ.ʏʝʨʥʽʛʽʚ, 

ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘʩʦʙʠ ʪʘ ʤʝʪʦʜʠ ʽʜʝ-

ʥʪʠʬʽʢʘʮʽʾ ʛʨʘʬʽʯʥʠʭ ʦʙóʻʢʪʽʚ  ʫ ʨʘʤʢʘʭ ʨʦʟʚóʷʟʘʥʥʷ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʥʥʷ 

ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ʆʩʦʙʣʠʚʦ ʟʘʧʠʪʘʥʠʤʠ ʻ ʤʝʪʦʜʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʫ 

ʦʮʠʬʨʦʚʘʥʠʭ ʚʽʜʝʦʧʦʪʦʢʘʭ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ, ʷʢ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʪʘʢ ʽ ʚ off-line ʨʝʞʠʤʽ ʫ ʬʘʡʣ.  ɼʦ ʢʘʪʝʛʦʨʽʡ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ 

ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ  ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʨʫʭʦʤʽ ʦʙóʻʢʪʠ, ʷʢ ʞʠʚʦʾ ʪʘʢ ʽ ʥʝʞʠʚʦʾ 

ʧʨʠʨʦʜʠ.  

http://apress.com/book/view/1430230517
http://apress.com/book/view/1430230517
http://apress.com/book/view/1430230517
http://ru.wikipedia.org/wiki/Apress
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ɺ ʨʘʤʢʘʭ ʟʘʜʘʯʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙóʻʢʪʽʚ ʥʝʞʠʚʦʾ ʧʨʠʨʦʜʠ ʤʦʞʥʘ ʨʦʟ-

ʛʣʷʜʘʪʠ ʧʨʦʮʝʩ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʝʣʝʤʝʥʪʘʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʘʙʦ ʥʘ-

ʧʽʚʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʣʽʥʽʡ, ʢʦʥʪʨʦʣʶ ʟʘ ʧʦʪʦʢʦʤ  ʘʚʪʦʪʨʘʥ-

ʩʧʦʨʪʫ, ʪʦʱʦ.  

ɺ ʨʘʤʢʘʭ ʟʘʜʘʯʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙóʻʢʪʽʚ ʞʠʚʦʾ ʧʨʠʨʦʜʠ ʤʦʞʥʘ ʨʦʟʛʣʷ-

ʜʘʪʠ ʧʨʦʮʝʩ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʠʢʠʤʠ ʘʙʦ ʩʚʽʡʩʴʢʠʤʠ ʪʚʘʨʠʥʘʤʠ, ʘʙʦ 

ʚʠʷʚʣʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʧʝʨʩʦʥ  ʫ ʣʶʜʩʴʢʦʤʫ ʥʘʪʦʚʧʽ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽ-

ʛʘʥʥʷ ʪʝʨʦʨʠʩʪʠʯʥʠʭ ʘʪʘʢ. 

ɺ ʟʘʜʘʯʘʭ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʨʦʟʨʽʟʥʷʶʪʴ ʜʝʢʽʣʴʢʘ ʛʨʫʧ ʤʝʪʦʜʽʚ. 

ɿʦʢʨʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ ʧʨʠ 

ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʦʙóʻʢʪʽʚ ʟ ʥʝʩʭʦʞʠʤʠ ʬʽʟʠʯʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʩʪʨʫʢʪʫʨʥʽ 

ʤʝʪʦʜʠ, ʷʢʱʦ ʩʠʣʴʥʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʝʣʝʤʝʥʪʠ ʦʙôʻʢʪʫ ʪʘ ʨʘʩʪʨʦʚʠʤʠ ʤʝ-

ʪʦʜʘʤʠ ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ.  

 ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʠʢʣʘʜʝʥʽ ʟʫʩʠʣʣʷ ʚ ʜʘʥʥʽʡ ʦʙʣʘʩʪʽ ʜʦʩʽ ʥʝ ʟʥʘʡ-

ʜʝʥʦ ʻʜʠʥʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʫ, ʷʢʠʡ ʙʠ ʜʘʚʘʚ ʦʧʪʠʤʘʣʴʥʽ ʦʜʥʦ-

ʟʥʘʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʜʝʪʠʬʽʢʘʮʽʾ ʪʘ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʟʘʜʘʥʦʛʦ ʦʙóʻʢʪʫ ʫ 

ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʫʤʦʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ.  

ʈʦʟʛʣʷʜʘʶʯʽ ʧʨʦʮʝʩ ʚʽʜʩʪʝʞʫʚʘʥʥʷ ʦʙóʻʢʪʽʚ ʞʠʚʦʾ ʧʨʠʨʦʜʠ ʙʫʣʘ 

ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʥʘʩʪʫʧʥʘ ʟʘʜʘʯʘ: ʈʦʟʨʦʙʠʪʠ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ  ʧʨʦʛʨʘʤʥʦ 

ʘʣʛʦʨʠʪʤ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ ʽʜʝʥʪʠʬʽʢʦʚʫʚʘʪʠ ʟʘʜʘʥʠʡ 

ʦʙóʻʢʪ  ʥʘ ʫʩʽʭ ʢʘʜʨʘʭ ʚʽʜʝʦʧʦʩʣʽʜʦʚʥʦʩʪʽ. (ʨʠʩ.1.) 

  
ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʦʙóʻʢʪʽʚ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚ ʧʨʠʨʦʜʥʴʦʤʫ ʩʝ-

ʨʝʜʦʚʠʱʽ:1- ʣʠʥʽʡʥʦ ʥʝʨʦʟʜʽʣʴʥʠʡ ʦʙóʻʢʪ; 2 - ʣʠʥʽʡʥʦ ʨʦʟʜʽʣʴʥʠʡ 

ʦʙóʻʢʪ ʫ  RGB-ʧʨʦʩʪʦʨʽ.  
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ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. ɼʣʷ ʨʦʟʚóʷʟʘʥʥʷ ʦʧʠʩʘʥʦʾ ʟʘʜʘʯʽ ʧʨʠ ʥʘʷʚʥʦ-

ʩʪʽ  ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʧʨʠ ʨʦʟʨʦʙʮʽ  ʚʣʘʩʥʦʛʦ ʤʝʪʦʜʘ ʙʫʣʦ ʚʠʨʽ-

ʰʝʥʦ ʧʦʻʜʥʘʪʠ ʜʝʷʢʽ  ʧʨʠʥʮʠʧʠ, ʚʣʘʩʪʠʚʽ, ʷʢ ʤʝʪʦʜʘʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʫ 

ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ, ʪʘʢ ʽ ʨʘʩʪʨʦʚʠʤ ʤʝʪʦʜʘʤ. ɺ ʨʦʟʨʦʙʣʝʥʥʦʤʫ ʤʝʪʦʜʽ ʜʣʷ 

ʚʠʦʢʨʝʤʣʝʥʥʷ ʦʙóʻʢʪʘ ʧʨʦʧʦʥʫʻʪʴʩʷ  ʨʦʟʛʣʷʜʘʪʠ ʤʘʩʠʚ ʧʽʢʩʝʣʝʡ ʦʙóʢʪʘ, 

ʱʦ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʘ ʚʝʢʪʦʨʽʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʢʦʣʴʦʨʦʚʠʭ ʦʟʥʘʢ (ʨʠʩ. 2.).  

 
ʈʠʩ. 2. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʽʢʩʝʣʽʚ ʦʙóʻʢʪʫ 

ʪʘ ʬʦʥʫ ʫ ʤʘʩʠʚ ʚʝʢʪʦʨʽʚ 3-ʚʠʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ, ʨʦʟʢʣʘʜʝʥʝ ʧʦ 

ʧʣʦʱʠʥʘʤ: R-B, B-G, R-G ʚʽʜʧʦʚʽʜʥʦ. ʏʝʨʚʦʥʘ ʩʤʫʛʘ ʧʦʻʜʥʫʻ ʚʘʛʦʚʽ 

ʮʝʥʪʨʠ ʜʚʦʭ ʢʣʘʩʪʝʨʽʚ. 

ʂʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʽʚ ʦʪʨʠʤʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʥʝʥʦʛʦ ʧʝʨʝʪ-

ʚʦʨʝʥʥʷ RGB-ʬʫʥʢʮʽʾ.  

ʆʙʛʦʚʦʨʝʥʥʷ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʚʝʢʪʦʨʠ ʫʪ-

ʚʦʨʶʶʪʴ ʢʣʘʩʪʝʨ ʥʝʚʠʟʥʘʯʝʥʦʾ ʬʦʨʤʠ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʠʦʢʨʝʤʣʝʥʠʡ 

ʟʘʤʢʥʫʪʠʤ ʙʘʛʘʪʦʛʨʘʥʥʠʢʦʤ, ʦʩʢʽʣʴʢʠ ʤʥʦʞʠʥʘ ʧʽʢʩʝʣʽʚ ʻ ʢʽʥʮʝʚʦʶ. ʋʩʽ 

ʽʥʰʽ ʚʝʢʪʦʨʠ, ʱʦ ʩʪʚʦʨʝʥʽ ʧʽʢʩʝʣʷʤʠ ʬʦʥʫ ʫʪʚʦʨʶʶʪʴ  ʽʥʰʠʡ ʢʣʘʩʪʝʨ, 

ʷʢʠʡ ʪʝʞ ʤʦʞʝ ʙʫʪʠ ʚʠʦʢʨʝʤʣʝʥʠʡ ʟʘʤʢʥʫʪʠʤ ʙʘʛʘʪʦʛʨʘʥʥʠʢʦʤ. (ʨʠʩ. 2, 

3). 

ɺ ʮʽʡ ʨʦʙʦʪʽ ʭʦʜ  ʘʣʛʦʨʠʪʤʫ  ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʣʠʰʝ ʫ ʚʝʨʙʘʣʴʥʦʤʫ ʚʠ-

ʛʣʷʜʽ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʫʪʦʯʥʝʥʥʷ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʡʦʛʦ ʜʽʡ.  

ʆʪʞʝ, ʷʢʱʦ ʢʦʣʴʦʨʦʚʘ ʛʘʤʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʛʦ ʦʙóʻʢʪʫ  ʥʝ ʧʝʨʝʪʠʥʘ-

ʻʪʴʩʷ ʟ ʢʦʣʴʦʨʦʚʦʶ ʛʘʤʦʶ ʬʦʥʫ, ʪʦ ʢʣʘʩʪʝʨʠ ʦʙóʻʢʪʫ ʪʘ ʬʦʥʫ ʥʝ ʧʝʨʝʪʠ-

ʥʘʶʪʴʩʷ. (ʨʠʩ.3). ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʦʩʪʘʪʥʴʦ ʟʛʝʥʝʨʫʚʘʪʠ ʣʽʥʽʡʥʫ ʚʠʨʽ-

ʰʘʣʴʥʫ ʬʫʥʢʮʽʶ, ʷʢʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʚʽʜʦʢʨʝʤʣʶʚʘʪʠ ʩʭʦʞʽ ʧʽʢʩʝʣʽ 

ʽʜʝʥʪʠʬ̔ ʢʦʚʘʥʦʛʦ ʦʙóʻʢʪʫ ʥʘ ʫʩʽʭ ʥʘʩʪʫʧʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ  
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ʈʠʩ. 1. ʃʽʥʽʡʥʦ ʨʦʟʜʽʣʴʥʠʡ ʚʠʧʘʜʦʢ ʛʨʘʬʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʦʙóʻʢʪʫ ʪʘ ʬʦʥʫ ʫ 3-ʚʠʤʽʨʥʦʤʫ RGB-ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ: a) ʧʦʯʘʪʢʦʚʝ 

b)ʢʽʥʝʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʧʣʦʱʠʥʠ, ʜʝ 1-ʢʣʘʩʪʝʨ ʚʝʢʪʦʨʽʚ ʽʜʝʥ-

ʪʠʬʽʢʦʚʘʥʦʛʦ ʦʙóʻʢʪʫ; 2-ʢʣʘʩʪʝʨ ʚʝʢʪʦʨʽʚ ʬʦʥʫ;3-ʨʦʟʜʽʣʴʥʘ ʧʣʦʱʠʥʘ.  

ʗʢʱʦ ʢʦʣʴʦʨʦʚʘ ʛʘʤʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʛʦ ʦʙóʻʢʪʫ ʧʝʨʝʪʠʥʘʻʪʴʩʷ ʟ ʢʦ-

ʣʴʦʨʦʚʦʶ ʛʘʤʦʶ ʬʦʥʫ, ʪʦ ʢʣʘʩʪʝʨʠ ʦʙóʻʢʪʫ ʪʘ ʬʦʥʫ ʪʝʞ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. 

ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʩʣʽʜ ʟʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨʥʽʩʪʴ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ ʜʦ n=5 ʜʦ-

ʜʘʚʰʠ ʜʚʘ ʚʠʤʽʨʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʟʥʘʢ. ʊʦʙʪʦ ʩʣʽʜ ʢʦʤʙʽʥʫʚʘʪʠ ʦʟʥʘʢʠ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙóʻʢʪʫ ʟ  ʡʦʛʦ ʢʦʣʴʦʨʦʚʠʤʠ ʦʟʥʘʢʘʤʠ.  

ɸʣʝ ʦʩʢʽʣʴʢʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʨʝʙʘ ʨʦʟʛʣʷʜʘʪʠ ʨʫʭʦʤʠʡ ʦʙóʻʢʪ 

ʪʦ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʡʦʪʦ ʛʝʦʤʝʪʨʠʯʥʽ ʦʟʥʘʢʠ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ 

ʚʽʜ ʦʜʥʦʛʦ ʢʘʜʨʘ ʜʦ ʽʥʰʦʛʦ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʩʣʽʜ  ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʯʠʥʫ  

ʥʘʩʪʫʧʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ:   

tv

L
D

*
=  (1) 

ʜʝ L- ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʛʦ ʦʙóʻʢʪʘ;  v- ʰʚʠʜʢʽʩʪʴ 

ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʛʦ ʦʙóʻʢʪʘ; t- ʯʘʩ ʬʽʢʩʘʮʽʾ ʢʘʜʨʘ. 

ʗʢʱʦ ʰʚʠʜʢʽʩʪʴ  ʨʫʭʫ ʦʙóʻʢʪʘ ʧʦʨʽʚʥʷʥʦ ʤʘʣʘ, ʘ ʰʚʠʜʢʽʩʪʴ  ʟʤʽʥʠ  

ʢʘʜʨʽʚ ʚʝʣʠʢʘ, ʥʘ ʩʪʽʣʴʢʠ ʱʦʙ ʚʽʜʥʦʰʝʥʥʷ D <1, ʪʦ  ʩʣʽʜ ʰʫʢʘʪʠ  ʚʠʟʥʘ-

ʯʝʥʠʡ ʦʙóʻʢʪ çʧʦʨʫʯè ʟ ʧʦʧʝʨʝʜʥʽʤ ʡʦʛʦ ʧʦʣʦʞʝʥʥʷʤ.  

ʗʢʱʦ ʰʚʠʜʢʽʩʪʴ  ʨʫʭʫ ʦʙóʻʢʪʘ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʘ, ʥʘ ʩʪʽʣʴʢʠ, ʱʦʙ ʚʽ-

ʜʥʦʰʝʥʥʷ D >1, ʪʦ  ʩʣʽʜ ʚʚʝʩʪʠ  ʧʦʧʨʘʚʢʫ ȹ, ʥʘ ʟʤʽʱʝʥʥʷ ʽʜʝʥʪʠʬʽʢʦʚʘ-

ʥʦʛʦ ʦʙóʻʢʪʘ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʧʨʘʚʢʠ ʋ RGB-ʧʨʦʩʪʦʨ ̔ʩʣ̔ʜ ʰʫʢʘʪʠ 

ʦʙóʻʢʪ ʥʘ ʜʝʢʽʣʴʢʦʭ ʢʘʜʨʘʭ  ʧʦ ʫʥʽʢʘʣʴʢʦʤʫ ʢʦʣʴʦʨʫ, ʷʢʠʡ ʚʣʘʩʪʠʚʠʡ  

ʣʠʰʝ ʟʘʜʘʥʦʤʫ ʦʙóʻʢʪʫ .  

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ  ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ, ʱʦ 

ʚʠʜʽʣʝʥʠʡ ʥʘ ʧʝʨʰʦʤʫ ʢʘʜʨʽ ʦʙóʻʢʪ ʤʘʨʢʫʻ ʥʘ ʧʦʜʘʣʴʰʠʭ ʢʘʜʨʘʭ ʽʥʰʠʤ 

ʢʦʣʴʦʨʦʤ. 
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ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ  ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ 

ʚ ʥʘʧʨʷʤʢʫ ʧʽʜʚʠʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʨʦʟʰʠʨʝʥʥʷ ʫʤʦʚ ʽʜʝ-

ʥʪʠʬʽʢʘʮʽʾ  ʰʣʷʭʦʤ ʛʝʥʝʨʘʮʽʾ ʨʦʟʜʽʣʷʶʯʠʭ ʬʫʥʢʮʽʡ. 
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ʄʆʅʀʊʆʈʀʅɻ ʆɹʑɽʉʊɺɽʅʅʆɻʆ ʊʈɸʅʉʇʆʈʊɸ 

ɸ.ɸ.ɿʘʜʦʨʦʞʥʠʡ, ɼ.ʀ.ʇʘʥʪʝʣʝʝʥʢʦ 

ʏʝʨʥʠʛʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʇʘʩʩʘʞʠʨʩʢʠʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦ-

ʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʛʦʨʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʦʪʨʝʙʥʦʩʪʴ ʞʠʪʝ-

ʣʝʡ ʚ ʛʦʨʦʜʩʢʠʭ, ʧʨʠʛʦʨʦʜʥʳʭ ʠ ʤʝʞʜʫʛʦʨʦʜʥʳʭ ʧʝʨʝʚʦʟʢʘʭ. ʅʘʜʝʞʥʘʷ 

ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʛʦʨʦʜʘ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʝʡʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʦʮʠʘʣʴʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʨʦʚʝʥʴ ʠ ʢʘʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʘ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ, ʠ ʵʪʦ ʚʳʟʳʚʘʝʪ ʩʧʨʘ-

ʚʝʜʣʠʚʳʝ ʥʘʨʝʢʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʛʥʝʪʘʥʠʶ ʩʦʮʠ-

ʘʣʴʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚ ʛʦʨʦʜʝ. ɺ ʮʝʣʦʤ ʧʦʣʦʞʝʥʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʚ ʩʬʝʨʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʥʘʰʝʤ ʛʦʨʦʜʝ 

ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʢʨʠʪʠʯʝʩʢʦʝ. ɺ ʩʠʣʫ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʥʘʰʝʛʦ ʛʦʨʦʜʘ ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʙʦʣʴʰʦʡ ʚʤʝʩʪʠʤʦ-

ʩʪʠ, ʘ ʦʩʦʙʝʥʥʦ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪ, ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʚʦʟʦʢ ʧʘʩʩʘʞʠʨʦʚ. ʆʜʥʘʢʦ ʩʝʛʦʜʥʷʰʥʝʝ ʩʦʩʪʦʷʥʠʝ ʛʦʨʦʜʩʢʦʡ 
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ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʥʝ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʡ ʞʠʟʥʠ ʛʦʨʦʜʘ 

ʠ ʥʘʢʣʘʜʳʚʘʝʪ ʥʝʛʘʪʠʚʥʳʡ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʘʷ ʠʟʥʦʰʝʥʥʦʩʪʴ ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʪʝʤʧʳ ʦʙʥʦʚʣʝʥʠʷ ʧʦ-

ʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʠʟʥʦʩʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ï ʩʥʠʞʘ-

ʝʪʩʷ ʫʨʦʚʝʥʴ ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʘʩʩʘʞʠʨʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʦʢ ʩʭʦʜʦʚ ʩ ʣʠʥʠʠ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʥʝʠʩʧʨʘʚ-

ʥʦʩʪʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʨʘʩʪʫʪ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘ-

ʪʘʮʠʶ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʦʢ ʧʘʩʩʘʞʠʨʦʚ. ʉ 

ʧʝʨʝʭʦʜʦʤ ʥʘ ʦʩʝʥʥʝ-ʣʝʪʥʝʝ ʨʘʩʧʠʩʘʥʠʝ, ʚʦʟʦʙʥʦʚʣʝʥʠʝʤ ʜʘʯʥʳʭ 

ʤʘʨʰʨʫʪʦʚ ʜʚʠʞʝʥʠʷ ʥʝʜʦʩʪʘʪʦʢ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʤʘʨʰʨʫʪʘʭ 

ʦʱʫʱʘʝʪʩʷ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ. ʋʚʝʣʠʯʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ, ʚ ʫʩʣʦʚʠʷʭ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʚʦʟʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʚʦʜʠʪ 

ʢ ʨʦʩʪʫ ʥʘʧʦʣʥʷʝʤʦʩʪʠ ʩʘʣʦʥʦʚ. ɺ ʯʘʩʳ çʧʠʢè ʦʥʘ ʧʦʯʪʠ ʚʪʨʦʝ ʧʨʝʚʳ-

ʰʘʝʪ ʟʥʘʯʝʥʠʷ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʩʦʶʟʦʤ ʦʙʱʝʩʪʚʝʥ-

ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʠ ʜʦʩʪʠʛʘʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ. ʅʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʢʦʤʬʦʨʪʥʦʩʪʠ ʧʦʝʟʜʦʢ ʧʘʩʩʘʞʠʨʦʚ, ʥʦ 

ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʩʦʙʣʶʜʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʠʭ ʧʝʨʝʚʦʟʢʘʭ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʦʩʪʫʧʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʞʘʣʦʙʳ, ʚʳʩʢʘʟʳʚʘʶʪʩʷ 

ʥʝʜʦʚʦʣʴʩʪʚʘ, ʨʘʩʪʝʪ ʩʦʮʠʘʣʴʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ. ʇʦʜ-

ʜʝʨʞʘʥʠʝ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚʳʧʫʩʢ ʥʘ ʣʠʥʠʶ ʠʟʥʦʰʝʥ-

ʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘ-

ʪʨʘʪ, ʫʭʫʜʰʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʛʦʨʦʜʘʭ ʠ ʩʥʠʞʘʝʪ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʅʝʤʘʣʫʶ ʨʦʣʴ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʛʦʨʦʜʩʢʠʭ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ, ʘ ʪʦʯʥʝʝ ʚ ʫʩʫʛʫʙʣʝʥʠʠ ʦʙʩʪʘʥʦʚʢʠ, ʩʣʦʞʠʚ-

ʰʝʡʩʷ ʚ ʚʦʣʛʦʛʨʘʜʩʢʦʤ ʦʙʱʝʩʪʚʝʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʠʛʨʘʶʪ ʘʚʪʦʙʫʩʳ ʤʘ-

ʣʦʡ ʚʤʝʩʪʠʤʦʩʪʠ ï ʤʘʨʰʨʫʪʥʳʝ ʪʘʢʩʠ. ʅʝ ʦʪʚʝʯʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʢ ʠʟ-ʟʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʠ ʠʟ-ʟʘ ʥʠʟʢʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʚʦʜʠʪʝʣʝʡ ʠ ʧʦʩʪʦʷʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠʤʠ ʧʨʘʚʠʣ ʜʚʠʞʝ-

ʥʠʷ ʠ ʧʝʨʝʚʦʟʢʠ ʧʘʩʩʘʞʠʨʦʚ, çʤʘʨʰʨʫʪʢʠè ʩʪʘʣʠ ʩʝʨʴʸʟʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʥʘʰʝʛʦ ʛʦʨʦʜʘ.  

GPS ʤʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣʴ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ ʢʘʞʜʳʤ 

ʛʦʜʦʤ ʩʪʘʥʦʚʠʪʴʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʘʨʰʨʫʪʳ ʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʘ, ʥʦ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢ, ʩʦʩʪʘʚʣʷʪʴ ʧʣʘʥʳ ʧʝ-

ʨʝʚʦʟʦʢ, ʚʝʩʪʠ ʢʦʥʪʨʦʣʴ ʥʘʨʫʰʝʥʠʡ, ʫʯʠʪʳʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦ-

ʙʣʝʤʳ ʠ ʥʶʘʥʩʳ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ. 

ɹʣʘʛʦʜʘʨʷ gps ʩʠʩʪʝʤʝ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʥʩʧʦʨʪʘ ʩ ʧʦʤʦʱʴʶ ʣʶʙʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʠʤʝʶʱʝʛʦ ʜʦʩʪʫʧ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʤʦʞʥʦ: 

-ʦʧʝʨʘʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 
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-ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʩʚʝʱʘʪʴ ʦ ʣʶʙʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʤʘʨʰʨʫʪʘ, ʧʦʚʳ-

ʰʝʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ; 

- ʫʯʠʪʳʚʘʪʴ ʬʘʢʪʠʯʝʩʢʠ ʦʪʨʘʙʦʪʘʥʥʦʝ ʚʨʝʤʷ ʚʦʜʠʪʝʣʝʡ ʠ ʢʦʥʜʫʢʪʦ-

ʨʦʚ ʧʨʠ ʧʦʚʨʝʤʝʥʥʦʡ ʦʧʣʘʪʝ ʪʨʫʜʘ; 

- ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʪʨʦʣʴ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ; 

- ʩʦʩʪʘʚʣʷʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʦʪʯʝʪʳ. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ: 

-ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ; 

-ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʝʜʠʥʦʡ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ ʦʙʱʝʩʪʚʝʥ-

ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ; 

-ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʤ ʪʨʘʥʩ-

ʧʦʨʪʦʤ; 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʜʘʞʠ ʧʨʦʝʟʜʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʡ, 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ, ʚʦʟʜʫʰʥʳʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʚʦʜʥʳʡ ʦʙʱʝʩʪʚʝʥʥʳʡ 

ʪʨʘʥʩʧʦʨʪ. 

ʃʽʪʝʨʘʪʫʨʘ 
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ʋɼʂ 001.57 

ʄʆɼɽʃʖɺɸʅʅʗ ʊʈɸʅʉʇʆʈʊʅʆɰ ʉʀʉʊɽʄʀ 

ɯ.ɺ.ʉʊɽʎɽʅʂʆ, ɸ.ɸ.ɻʈʀʑɽʅʂʆ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʜʽʶʯʠʭ ʚ ʋʢʨʘʾʥʽ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞ-

ʥʽʤ ʨʫʭʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʨʫʭʫ ʪʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʰʚʠʜʢʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʤʽʥʶʚʘʥʥʷ ʧʦʪʦʢʫ ʪʨʘʥʩ-

ʧʦʨʪʫ. ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ ʪʘ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʚʽʜʢʨʠʚʘʻ ʤʦʞ-

ʣʠʚʽʩʪʴ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʥʘ ʧʝʨʝʭʨʝʩʪʽ, 

ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʦʪʦʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʧʦʢʘʟʥʠʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʷʢʘ ʟʥʘʯʥʦ ʧʦʣʝʛʰʠʣʘ ʙ ʨʫʭ 

ʧʦ ʧʝʨʝʭʨʝʩʪʷʤ, ʘ ʪʘʢʦʞ ʧʨʠʩʢʦʨʠʣʘ ʙ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʫ ʨʘʟʽ ʧʦʛʽʨ-

ʰʝʥʥʷ ʫʤʦʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. 

ʄʦʜʝʣʴ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤ ʨʫʭʦʤ ʚʠʭʦʜʠʪʴ ʟ ʪʘʢʠʭ 

ʧʨʠʧʫʱʝʥʴ: 1) ʚʽʜʦʤʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʥʘʜʭʦʜʞʝʥʥʷ 
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ʘʚʪʦ ʫ ʚʠʟʥʘʯʝʥʠʭ ʚʭʽʜʥʠʭ ʪʦʯʢʘʭ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ; 2) ʚʽʜʦʤʽ ʟʥʘ-

ʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʘ ʜʦʚʞʠʥʘ ʰʣʷʭʫ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ 

ʧʝʨʝʭʨʝʩʪʷʤʠ; 3) ʜʣʷ ʢʦʞʥʦʛʦ ʧʝʨʝʭʨʝʩʪʷ ʚʽʜʦʤʘ ʢʽʣʴʢʽʩʪʴ ʚʭʽʜʥʠʭ ʪʘ 

ʚʠʭʽʜʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʫʭʫ, ʢʽʣʴʢʽʩʪʴ ʩʤʫʛ ʨʫʭʫ ʫ ʢʦʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʪʘ 

ʡʤʦʚʽʨʥʦʩʪʽ ʩʣʽʜʫʚʘʥʥʷ ʘʚʪʦ, ʱʦ ʥʘʜʽʡʰʣʦ ʫ ʚʠʟʥʘʯʝʥʦʤʫ ʚʭʽʜʥʦʤʫ 

ʥʘʧʨʷʤʢʫ, ʜʦ ʢʦʞʥʦʛʦ ʟ ʚʠʭʽʜʥʠʭ ʥʘʧʨʷʤʢʽʚ ʧʝʨʝʭʨʝʩʪʷ; 4) ʜʣʷ ʢʦʞʥʦʛʦ 

ʧʝʨʝʭʨʝʩʪʷ ʚʽʜʦʤʽ ʟʘʩʦʙʠ ʨʝʛʫʣʶʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘ 

ʜʘʥʦʤʫ ʧʝʨʝʭʨʝʩʪʽ ʟ ʦʛʣʷʜʫ ʥʘ ʙʝʟʧʝʢʫ ʨʫʭʫ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʷʢʠʭ ʜʦ-

ʩʣʽʜʞʫʻʪʴʩʷ; 5) ʜʣʷ ʧʝʨʝʭʨʝʩʪʷ, ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʩʚʽʪʣʦʬʦʨʘʤʠ, ʚʽʜʦʤʽ ʽʥ-

ʪʝʨʚʘʣʠ ʛʦʨʽʥʥʷ ʞʦʚʪʦʛʦ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʘ, ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʭʨʝʩʪʷ ʪʘ ʚʠʤʦʛ ʙʝʟʧʝʢʠ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ 

ʚôʾʭʘʣʠ ʥʘ ʧʝʨʝʭʨʝʩʪʷ ʧʽʜ ʯʘʩ ʛʦʨʽʥʥʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʫ. 

ʊʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʤʽʩʪʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʧʝʨʝʭʨʝʩʪʴ, 

ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʜʦʨʦʛʘʤʠ (ʨʠʩ.1). ɸʚʪʦ, ʱʦ ʧʽʜôʾʞʜʞʘʶʪʴ ʜʦ ʧʝʨʝ-

ʭʨʝʩʪʷ, ʨʫʭʘʶʪʴʩʷ ʧʦ ʩʤʫʛʘʭ ʨʫʭʫ ʜʦ ʚʭʽʜʥʠʭ ʪʦʯʦʢ ʧʝʨʝʭʨʝʩʪʷ. ʇʝʨʝʾʟʜ 

ʧʝʨʝʭʨʝʩʪʷ ʘʚʪʦʤʦʙʽʣʝʤ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʦʜʽʷ, ʧʨʠ ʷʢʽʡ ʘʚʪʦ ʧʦʪʨʘʧʣʷʻ 

ʟ ʚʭʽʜʥʦʾ ʪʦʯʢʠ ʧʝʨʝʭʨʝʩʪʷ ʜʦ ʚʠʭʽʜʥʦʾ ʪʦʯʢʠ ʧʝʨʝʭʨʝʩʪʷ. 

 
ʈʠʩ. 1 

ʊʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʻ ʜʦʨʦʞʥʽ ʟʥʘʢʠ, 

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʝʨʝʚʘʛʫ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʥʘʧʨʷʤʢʫ ʨʫʭʫ, ʪʘ ʩʚʽʪʣʦʬʦʨʠ, 

ʷʢʽ ʩʠʛʥʘʣʽʟʫʶʪʴ ʧʨʦ ʥʘʜʘʥʥʷ ʜʦʟʚʦʣʫ ʥʘ ʨʫʭ ʪʨʘʥʩʧʦʨʪʫ. ʗʢʽʩʪʴ ʩʠ-

ʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤ ʨʫʭʦʤ ʦʮʽʥʶʻʪʴʩʷ ʧʦʢʘʟʥʠʢʘʤʠ, ʱʦ 

ʚʠʤʽʨʶʶʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʫ ʤʽʩʮʷʭ ʧʝʨʝʪʠʥʫ ʜʦʨʽʛ. 
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ʅʝʭʘʡ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʚ ʦʜʥʠʭ ʥʘʧʨʷʤʢʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʥʘʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʚ ʯʝʨʛʘʭ, ʘ ʚ ʽʥʰʠʭ ï ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʫʣʴʦʚʝ. ʉʝ-

ʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʦʯʽʢʫʚʘʥʥʷ, ʟʘ ʨʘʭʫʥʦʢ ʥʫʣʴʦʚʠʭ ʟʥʘʯʝʥʴ, ʧʨʠʡʤʘʻ ʥʝ-

ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ. ʏʠ ʤʦʞʝ ʪʘʢʝ ʫʧʨʘʚʣʽʥʥʷ ʚʚʘʞʘʪʠʩʴ ʷʢʽʩʥʠʤ? ʆʯʝ-

ʚʠʜʥʦ, ʱʦ ʦʙʤʝʞʠʚʰʠ ʨʫʭ ʪʨʘʥʩʧʦʨʪʫ ʚ ʪʠʭ ʥʘʧʨʷʤʢʘʭ, ʥʘ ʷʢʠʭ ʩʧʦ-

ʩʪʝʨʽʛʘʻʪʴʩʷ ʥʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʻʤʦ ʜʦʜʘʪʢʦʚʠʡ ʨʝʟʝʨʚ ʜʣʷ ʟʤʝʥ-

ʰʝʥʥʷ ʦʯʽʢʫʚʘʥʥʷ ʫ ʙʽʣʴʰ ʟʘʚʘʥʪʘʞʝʥʠʭ ʥʘʧʨʷʤʢʘʭ. ʆʪʞʝ, ʩʝʨʝʜʥʻ 

ʦʯʽʢʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦ ʫ ʯʝʨʛʘʭ ʥʝ ʤʦʞʫʪʴ ʧʨʝʜʩʪʘʚ-

ʣʷʪʠ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ. ʅʘ ʨʠʩ. 2 ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤ ʨʫʭʦʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʯʽʢʫʚʘʥʥʽ:  

ᾀ ÍÁØὒȟὒȟȣ ὒ ᴼάὭὲ                                (1) 

ʜʝ ὒï ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʤʘʰʠʥ, ʱʦ ʦʯʽʢʫʶʪʴ ʧʝʨʝʾʟʜʫ ʥʘ j-ʦʤʫ ʧʝ-

ʨʝʭʨʝʩʪʽ ʚ i-ʦʤʫ ʥʘʧʨʷʤʢʫ.  

 
ʈʠʩ. 2 

ʅʘ ʨʠʩ. 3 ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʽʜʰʫʢʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʯʝʨʝʟ ʨʝʛʫʣʴʦʚʘʥʽ ʧʝʨʝʭʨʝʩʪʷ ʤʽʩʪʘ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʤʽʪʘʮʽʡʥʽʡ ʤʦʜʝʣʽ ʪʘ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʦʙôʻʢʪʘ ʟʘʜʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʬʘʟ. 

ʂʦʞʥʘ ʬʘʟʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʦʛʦ ʪʘ ʧʨʦʤʽʞʥʦʛʦ ʪʘʢʪʽʚ. ʇʽʜ ʯʘʩ ʦʩ-

ʥʦʚʥʦʛʦ ʪʘʢʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʫʭ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʥʘ ʟʝʣʝʥʠʡ 

ʩʠʛʥʘʣ ʩʚʽʪʣʦʬʦʨʘ. ʇʨʦʤʽʞʥʠʡ ʪʘʢʪ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟ-

ʧʝʢʠ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʧʽʰʦʭʦʜʽʚ ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʟ ʫʤʦʚ 

ʙʝʟʧʝʢʠ ʟʘ ʬʦʨʤʫ- ʣʘʤʠ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1. ʉʠʛʥʘʣʠ ʩʚʽʪʣʦʬʦʨʽʚ ʧʝ-

ʨʝʤʠʢʘʶʪʴʩʷ ʜʦʨʦʞʥʽʤʠ ʢʦʥʪʨʦʣʝʨʘʤʠ ʮʠʢʣʽʯʥʦ ʟʘ ʟʘʜʘʥʦʶ ʧʨʦʛʨʘ-

ʤʦʶ. ʋ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʝʨʝʢʣʶʯʝʥʴ ʩʠʛʥʘʣʽʚ N-ʬʘʟʥʦʛʦ 
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ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʮʠʢʣʫ, ʱʦ ʟʘʜʘʻ ʩʠʛʥʘʣʠ ʜʣʷ ʄ ʩʚʽʪʣʦʬʦʨʽʚ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʄ ʚʭʽʜʥʠʭ ʪʦʯʦʢ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʫʭʫ. 

 
ʈʠʩ. 3 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʬʦʨʥʠʤ ʦʙôʻʢʪʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʪʘʢʽ ʚʝʣʠʯʠʥʠ: ʪʨʠʚʘʣʽʩʪʴ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʮʠʢʣʫ, ʢʽʣʴʢʽʩʪʴ ʬʘʟ ʫ ʩʚʽʪ-

ʣʦʬʦʨʥʦʤʫ ʮʠʢʣʽ, ʢʽʣʴʢʽʩʪʴ ʩʚʽʪʣʦʬʦʨʽʚ, ʩʠʛʥʘʣʠ ʩʚʽʪʣʦʬʦʨʽʚ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʞʥʦʛʦ ʪʘʢʪʫ ʽ ʢʦʞʥʦʾ ʬʘʟʠ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʮʠʢʣʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʜʦʟʚʦʣʠʣʦ ʚʧʝʨʰʝ ʧʦʙʫʜʫʚʘʪʠ       ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ 

ʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʨʝʛʫʣʶʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴʩʷ ʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘʭ, ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ 

ʫʧʨʘʚʣʷʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʆʙôʻʢʪʠ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩ-

ʧʦʨʪʥʠʤ ʨʫʭʦʤ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʽ, ʤʦʞʫʪʴ ʩʪʘʪʠ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʧʨʝʜʤʝʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪ-

ʥʠʭ ʩʠʩʪʝʤ. ʆʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʷʢʦʩʪʽ 

(ʨʠʩ. 2) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʚʦʣʶʮʽʡʥʦʾ ʩʪʨʘʪʝʛʽʾ, ʦʧʠʩʘʥʦʾ ʥʘ ʨʠʩ. 3, 

ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʫ ʨʦʟʨʦʙʦʢ ʫ ʥʘʧʨʷʤʢʫ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʘʜʘʧʪʠʚ-

ʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʤʽʩʪʘ. 
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ʋɼʂ 539.4:621.6 

ʄɽʊʆɼʀʂɸ ʈɽɸʃʀɿɸʎʀʀ ʈɸʉʏɽʊɸ ʅɸʇʈʗɾɽʅʅʆ-

ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ɺ ʎʀʃʀʅɼʈʀʏɽʉʂʆʁ 

ʊʈʋɹɽ ɺ ʇʆɼɸʊʃʀɺʆʁ ʆɹʆʃʆʏʂɽ 

ɺ.ɺ. ʄʦʞʘʨʦʚʩʢʠʡ, ɼ.ʉ. ʂʫʟʴʤʝʥʢʦʚ, ɽ.ɸ. ɻʦʣʫʙʝʚʘ, 

ʈ.ɸ. ɸʣʴ-ɸʙʩʠ 

ɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʌʨʘʥʮʠʩʢʘ ʉʢʦ-

ʨʠʥʳ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʳ ʧʦʣʫʯʠʣʠ ʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝ ʪʨʫʙ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ ʥʘʧʨʷ-

ʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʦʡ. 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʦ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʤ ʫʧʨʫʛʦʤ 

ʮʠʣʠʥʜʨʝ, ʟʘʢʣʶʯʝʥʥʦʤ ʚ ʧʦʜʘʪʣʠʚʫʶ ʦʙʦʣʦʯʢʫ ʠ ʧʦʣʠʫʨʝʪʘʥʦʚʦʡ ʪʝʧ-

ʣʦʠʟʦʣʷʮʠʝʡ, ʥʘʛʨʫʞʝʥʥʦʤ ʚʥʫʪʨʝʥʥʠʤ ʜʘʚʣʝʥʠʝʤ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʠʤ 

ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʟʘʜʘʯ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʤ ʫʧʨʫʛʦʤ ʮʠʣʠʥʜʨʝ (ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ), ʟʘʢʣʶʯʝʥʥʦʤ ʚ ʧʦʜʘʪʣʠʚʫʶ ʦʙʦʣʦʯʢʫ, ʥʘʛʨʫʞʝʥʥʦʤ ʚʥʫʪʨʝʥ-

ʥʠʤ ʜʘʚʣʝʥʠʝʤ. ɺʥʫʪʨʝʥʥʠʡ ʩʣʦʡ (ʪ.ʝ. ʩʘʤ ʮʠʣʠʥʜʨ) ʩʦʩʪʦʠʪ ʠʟ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʦ-ʛʨʘʜʠʝʥʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʎʠʣʠʥʜʨ ʚ ʧʦʜʘʪʣʠʚʦʡ ʦʙʦʣʦʯʢʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ 

ʇʦʚʝʜʝʥʠʝ ʦʙʦʣʦʯʢʠ ʠ ʥʘʧʦʣʥʠʪʝʣʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʪʝʦ-

ʨʠʠ ʫʧʨʫʛʦʩʪʠ ʠ 0* == zz ee . ʈʝʰʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʨʠ ʟʘʜʘʥ-
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ʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ (ʩ ʫʯʸʪʦʤ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦ-ʛʨʘʜʠʝʥʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʮʠʣʠʥʜʨʘ), ʥʘʭʦʜʠʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʝ-

ʨʝʤʝʱʝʥʠʷ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʰʝʥʠʷ ʫʧʨʫʛʦʡ ʟʘʜʘʯʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚʷʟʢʦʫʧʨʫʛʠʡ 

ʩʣʫʯʘʡ, ʚ ʢʦʪʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʫʙʳ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʦʡ ʪʨʫʙʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ ɺʦʣʴʪʝʨʘ ʠ ʤʝ-

ʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʷʜʨʘ ʈʞʘʥʠʮʳʥʘ-ʂʦʣʪʫʥʦʚʘ. ʉ ʫʯʝʪʦʤ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʜʝʬʦʨʤʘʮʠʡ ʚʦ ʚʨʝʤʝʥʠ ʪʨʫʙʳ ʠʟ ʢʦʤʧʦʟʠʪʘ ʩ ʫʯʝʪʦʤ ʷʚ-

ʣʝʥʠʡ ʧʦʣʟʫʯʝʩʪʠ ʠ ʨʝʣʘʢʩʘʮʠʠ. 

ʉ ʫʯʝʪʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ 

ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʜʝʬʦʨʤʘʮʠʡ ʚʦ ʚʨʝʤʝʥʠ ʪʨʫʙʳ ʠʟ ʢʦʤʧʦʟʠʪʘ ʩ 

ʫʯʝʪʦʤ ʷʚʣʝʥʠʡ ʧʦʣʟʫʯʝʩʪʠ ʠ ʨʝʣʘʢʩʘʮʠʠ. ʉʦʟʜʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦ-

ʛʨʘʤʤʘ ʚ ʩʨʝʜʝ Delphi, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪ ʨʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝ-

ʱʝʥʠʡ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʪʨʫʙʳ ʚ ʧʦʜʘʪʣʠʚʦʡ ʦʙʦʣʦʯʢʝ ʩ ʧʦʣʠʫʨʝʪʘ-

ʥʦʚʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. 
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ɺʚʝʜʝʥʠʝ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩ ̫ʧʦʜʭʦʜʳ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ (ʊʉ) ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʠʤʝʶʱʠʭ ʚʝʨʦ-
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ʷʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʩʣʫʯʘʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʊʉ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ web-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʝʛʦ ʩʦʙʦʡ ʩʨʝʜʩʪʚʦ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʥʥʳʭ ʠʤʠ-

ʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʮʝʥʢʠ ʥʘʜʸʞʥʦʩʪʠ ʤʥʦʛʦʢʦʤ-

ʧʦʥʝʥʪʥʳʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩ ʫʯʸʪʦʤ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʢʦʤ-

ʧʦʥʝʥʪʦʚ. 

ʇʦʜʭʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠ-

ʩʪʝʤ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʊʉ ʠ ʠʭ ʧʦ-

ʪʦʢʦʚ. ʂʣʘʩʩʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʨʘʪʯʘʡʰʝʛʦ (ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʛʦ) ʧʫʪʠ ʚ ʊʉ ʠ ʥʘʭʦʞʜʝʥʠʝ ʤʘʢʩʠʤʘʣʴ-

ʥʦʡ ʚʝʣʠʯʠʥʳ (ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ) ʧʦʪʦʢʘ. ʆʜʥʘʢʦ ʨʝʰʝʥʠʝ ʫʢʘ-

ʟʘʥʥʳʭ ʟʘʜʘʯ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ 

ʊʉ ʠ ʠʭ ʫʯʘʩʪʢʦʚ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʘʪ-

ʯʘʡʰʝʛʦ ʧʫʪʠ ʤʝʞʜʫ ʟʘʜʘʥʥʳʤʠ ʧʫʥʢʪʘʤʠ ʊʉ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʦʷʥ-

ʥʘʷ ʚʝʣʠʯʠʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʯʘʩʪʢʦʚ ʊʉ. ɽʩʣʠ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʷʚʣʷʝʪʩʷ ʜʣʠʥʘ ʫʯʘʩʪʢʦʚ, ʪʦ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʨʘʩʯʸʪʘʭ, ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ. ʆʜʥʘʢʦ, ʚʳʙʦʨ ʢʨʘʪʯʘʡ-

ʰʝʛʦ ʧʫʪʠ ʚ ʩʤʳʩʣʝ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʩʪʦ-

ʠʤʦʩʪʠ ʠ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʯʝʩʪʴ ʩʣʫʯʘʡ-

ʥʳʡ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʚʝʣʠʯʠʥ [1]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ web-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʢʨʘʪʯʘʡʰʝʛʦ 

ʧʫʪʠ/ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʚ ʫʩʣʦʚʠʷʭ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 

ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʝʨʰʠʥ/ʩʦʩʪʦʷʥʠʡ/ʩʚʷ-

ʟʝʡ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ ʙʦʣʴʰʦʡ (ʦʛʨʘ-

ʥʠʯʝʥʥʦʡ) ʨʘʟʤʝʨʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʘʷ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʥʝʩʦʚʤʝʩʪʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʉʦ-

ʩʪʦʷʥʠʷ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʠʩ-

ʩʣʝʜʫʝʤʦʛʦ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʝʢʦʪʦ-

ʨʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʉʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢ-

ʪʦʨʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦ ʚʝʨʦʷʪʥʦʩʪʥʳʤ 

ʟʥʘʯʝʥʠʷʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʚʦʡʩʪʚʘ ʝʸ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʩʣʫʯʘʡʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʯʸʪʥʦʛʦ ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʩʦ-

ʯʝʪʘʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠ ʤʝ-

ʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ. ʉʫʪʴ ʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʠʬʠʮʠ-

ʨʦʚʘʥʥʳʭ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʫʯʝʪʝ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʫʯʘʩʪʢʦʚ ʩʠʩʪʝʤʳ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ çʨʘʟʳʛʨʳʚʘʶʪʩʷè ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ [2]. ʇʨʠʤʝʥʝʥʠʝ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʙʦʣʴʰʠʥʩʪʚʦ 

ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʪʨʘʥʟʠʪʥʳʭ ʧʦʪʦʢʦʚ. ʆʜʥʘʢʦ ʤʝʪʦʜ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ ʚʦ ʚʨʝʤʝʥʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʨʝʜʥʝʥʠʝʤ ʧʦʣʫʯʝʥ-

ʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʨʝʩʫʨʩʦʸʤʢʠʤ ʢʘʢ 

ʧʦ ʤʘʪʝʨʠʘʣʴʥʳʤ, ʪʘʢ ʠ ʧʦ ʚʨʝʤʝʥʥʳʤ ʟʘʪʨʘʪʘʤ ʧʨʦʮʝʩʩʦʤ. 

 ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʦʮʝʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʊʉ ʷʚʣʷ-

ʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʊʉ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʛʨʘʬʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʫʢʘʟʘʥ ʠʩʪʦʢ ʠ ʩʪʦʢ. ɺ ʨʘʩʯʝʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜ-

ʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʢʪʦʨʳ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪ ʚʝʨʦʷʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʊʉ. ɿʘʜʘ-

ʯʝʡ ʷʚʣʷʣʩʷ ʧʦʠʩʢ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʊʉ, ʘ 

ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʪʝʨʚʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦ-

ʩʪʠ ʊʉ ʫʯʸʪʦʤ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ. ɼʣʷ ʊʉ ʧʨʦʩʪʦʡ ʛʨʘʬʦʚʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʆʥ ʛʘʨʘʥʪʠʨʫʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʊʉ, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʫʯʘʩʪʢʦʚ ʢʦʪʦʨʳʭ ʠ ʠʭ ʩʦʩʪʦ-

ʷʥʠʡ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʨʘʩʯʸʪʦʚ. 

 ɼʣʷ ʊʉ ʩʪʨʫʢʪʫʨʥʦ-ʩʣʦʞʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʪʦʜ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʘʣ-

ʛʝʙʨʘʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʝʢʦʤʧʦʟʠʮʠʶ ʠʩʩʣʝʜʫʝ-

ʤʦʡ ʊʉ ʚ ʚʠʜʝ ʥʝʧʝʨʝʩʝʢʘʶʱʝʡʩʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʛʨʘʬʦʚʳʭ ʧʦʜʩʪʨʫʢʪʫʨ-

ʯʝʪʳʨʸʭʧʦʣʶʩʥʠʢʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʦʙʨʘʟʘʤʠ ʧʦʜʩʠʩʪʝʤ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠ-

ʩʪʝʤʳ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʫʤʥʦʞʝʥʠʝ ʧʦʣʫ-

ʯʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʚʳʜʝʣʝʥʥʳʭ ʛʨʘʬʦʚʳʭ ʩʪʨʫʢʪʫʨ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʊʉ. 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʤʝʪʦʜʳ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ web-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʧʪʠʤʠʟʠʨʫʶʱʝʛʦ ʦʨʛʘʥʠʟʘʮʠʶ ʊʉ ʩ 

ʫʯʸʪʦʤ ʩʣʫʯʘʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘ ʩʯʸʪ ʨʝʰʝʥʠʷ 

ʪʠʧʦʚʳʭ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʠ-

ʟʦʚʘʥʥʳʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ [3]. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʨʝʜʩʪʚʦ ʚʠʨʪʫʘʣʠ-

ʟʘʮʠʠ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʥʥʳʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʨʝʘʣʠʟʦ-

ʚʘʥ ʙʘʟʦʚʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʨʘʟʨʘʙʦʪʢʠ web-ʧʨʠʣʦʞʝʥʠʡ. ʉʪʨʫʢʪʫʨʘ ʧʨʠ-

ʣʦʞʝʥʠʷ ʩʦʩʪʘʚʣʝʥʘ ʥʘ ʷʟʳʢʝ ʛʠʧʝʨʪʝʢʩʪʦʚʦʡ ʨʘʟʤʝʪʢʠ HTML5, ʣʦʛʠʢʘ 

ʧʨʠʣʦʞʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʷʟʳʢʝ JavaScript, ʜʨʫʞʝʩʪʚʝʥʥʳʡ ʛʨʘʬʠʯʝ-

ʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠ ʧʦʤʦʱʠ ʥʘʙʦʨʘ ʢʘʩʢʘʜʥʳʭ ʪʘʙʣʠʮ ʩʪʠ-

ʣʝʡ CSS3. 
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ɺʳʙʦʨ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʨʘʩʪʫʱʝʡ ʧʦʧʫʣʷʨʥʦ-

ʩʪʴʶ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʨʝʜʩʪʚʘ ʜʦʩʪʫʧʘ ʚ Internet 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʯʝʣʦʚʝʢʘ 

(ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ, ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʥʦʫʪʙʫʢ, ʧʣʘʥʰʝʪ), ʘ 

ʟʥʘʯʠʪ ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʫʧʥʦ ʯʝʨʝʟ ʧʨʝʜʩʪʘʚ-

ʣʷʝʤʳʝ ʧʦʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʩʝʪʝʚʳʤ ʩʝʨʚʠʩʦʤ. 

ʉʪʠʣʴ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʠʥʪʝʨʬʝʡʩʝ 

ʢʘʩʢʘʜʥʳʭ ʪʘʙʣʠʮ ʠ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʝʥʳ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ JavaScript ʙʠʙʣʠʦʪʝʢ, ʪʘʢʠʭ ʢʘʢ jQuery, ʛʠʙʢʘʷ 

ʥʘʩʪʨʦʡʢʘ ʩʪʨʫʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʧʫ-

ʣʷʨʥʦʛʦ ʬʨʝʡʤʚʦʨʢʘ Bootstrap, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʣʦʞʝʥʠʶ ʨʘʙʦʪʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʥʦ ʠ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʙʠʣʴʥʳʭ 

ʧʣʘʪʬʦʨʤʘʭ ʧʦʩʨʝʜʩʪʚʦʤ ʦʜʥʦʛʦ ʣʠʰʴ web-ʙʨʘʫʟʝʨʘ. 

ʃʦʛʠʢʘ ʧʨʠʣʦʞʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʤ ʷʟʳʢʝ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ JavaScript (ECMAScript), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʠ ʙʝʟ ʧʝʨʝʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ ʧʨʠ-

ʣʦʞʝʥʠʷ. ɿʘʜʘʥʥʘʷ ʛʨʘʬʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʣʦʞʠʪʩʷ ʚ ʦʩʥʦʚʫ ʦʙʲʝʢʪʥʦ-ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʣʘʜʘʝʪ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʲʝʢʪʘ ʢʣʘʩʩʘ ʙʠʙʣʠʦʪʝʢʠ GoJS ï JavaScript ʙʠʙʣʠʦ-

ʪʝʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʜʠʘʛʨʘʤʤ, ʛʨʘʬʠʢʦʚ, ʘ ʪʘʢʞʝ ʠʥʦʛʦ 

ʨʦʜʘ ʦʙʲʝʢʪʥʳʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʄʥʦʛʠʝ ʧʨʝʜʫʩʪʘ-

ʥʦʚʣʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʢʦʤʘʥʜʳ ʫʞʝ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʜʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʝ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʠ ʜʠʥʘʤʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʨʝʟʫʣʴ-

ʪʘʪʘʤ ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʦʚ ʤʦʜʝʣʠ ʧʦ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʀʟʤʝʥʝʥʠʝ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ, ʘ ʪʘʢʞʝ ʧʦʚʝʜʝʥʠʷ ʧʦʣʫʯʘʝʤʦʡ ʥʘ ʚʳʭʦʜʝ ʜʠʘʛʨʘʤʤʳ 

(ʚʠʟʫʘʣʴʥʦʡ ʛʨʘʬʦʚʦʡ ʩʪʨʫʢʪʫʨʳ) ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦ-

ʩʦʤ ʟʘʜʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʤʦʜʝʣʠ. 

ʂʦʥʮʝʧʮʠʷ ʧʨʦʩʪʘ: ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʪ ʠʟ ʯʘʩʪʝʡ ï ʋʟʣʦʚ, ʢʦʪʦʨʳʝ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʩʦʝʜʠʥʷʪʴʩʷ ʉʚʷʟʷʤʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʝʜʠ-

ʥʝʥʦ ʚ ʣʦʛʠʯʝʩʢʠʝ ɻʨʫʧʧʳ. ɺʩʝ ʵʪʠ ʵʣʝʤʝʥʪʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʉʣʦʠ, ʦʨ-

ʛʘʥʠʟʦʚʳʚʘʷʩʴ ʚ ʄʘʢʝʪ. ʇʨʠ ʵʪʦʤ, ʢʘʞʜʘʷ ʜʠʘʛʨʘʤʤʘ ʠʤʝʝʪ ʩʚʦʶ ʄʦ-

ʜʝʣʴ, ʢʦʪʦʨʘʷ ʠ ʩʦʜʝʨʞʠʪ, ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʟʘʜʘʥʥʳʝ ʧʨʠʣʦʞʝʥʠʝʤ 

ʜʘʥʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʰʝʥʠʡ ʫʟʝʣ-ʫʟʝʣ, ʘ ʪʘʢʞʝ ʥʘʭʦʞʜʝʥʠʷ ʚ 

ʛʨʫʧʧʘʭ. 

ʇʦʥʷʪʠʝ ʄʦʜʝʣʠ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʘʩʭʦʜʠʪʩʷ ʩ 

ʧʦʥʷʪʠʝʤ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʪʠʧʦʚʳʭ 

ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ. ɺ ʢʦʥʪʝʢʩʪʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʪʘ, ʄʦ-

ʜʝʣʴ ï ʣʦʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʣʦ-

ʛʠʢʫ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʶʱʠʤʠʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʜʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷ ʠ ʦʪʦʙʨʘʞʘʝʤʦʛʦ ʨʝ-

ʟʫʣʴʪʘʪʘ. 
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ɺʩʝ ʧʨʦʛʨʘʤʤʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʚʦʡʩʪʚʘʭ ɼʠʘʛʨʘʤʤʳ, ʄʦʜʝʣʠ, ʜʨʫ-

ʛʠʭ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʟʘʜʘʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʪʨʘʥʟʘʢʮʠʷʭ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴʩʢʠʭ ʜʝʡʩʪʚʠʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʨʨʝʢʪʥʦʝ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ 

ʦʙʲʝʢʪʳ ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʥʘ ʚʥʝʩʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʛʥʦʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʦʪʦʙʨʘʞʘʝʤʦʡ 

ʩʪʨʫʢʪʫʨʳ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʦʟʚʦʣʠʪ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʦʮʝʥʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩ ʫʯʸʪʦʤ ʩʦ ʚʨʝʤʝʥʝʤ ʠʟʤʝʥʷʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ 

ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʥʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʪ ʠʥʪʫʠʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʦʪʦʙʨʘʞʝʥʠʝʤ ʜʘʥʥʳʭ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ. 
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ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (ʉʇʇʈ) ʽ ʧʦʚôʷʟʘʥʽ ʟ 

ʥʠʤʠ ʘʥʘʣʽʪʠʯʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʩʚʦʾʡ ʦʩʥʦʚʽ ʙʘʟʫʶʪʴʩʷ ʥʘ 
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ʜʠʥʘʤʽʯʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʘʥʘʣʽʟʫ ʩʠʪʫʘʮʽʡ. ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʩʴ-

ʢʦʛʦ ʨʽʰʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʜʝʷʢʽʡ ʧʨʦʛʥʦʩʪʠʯʥʠʡ ʚʽʨʪʫʘʣʴʥʠʡ 

ʩʮʝʥʘʨʽʡ ʨʦʟʚʠʪʢʫ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʜʝʢ-

ʚʘʪʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʘʙʦ ʩʠʩʪʝʤʽ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ. ɼʣʷ ʧʦʙʫ-

ʜʦʚʠ ʽ ʢʦʨʝʢʮʽʾ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʷʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʦʪʨʠʤʘʥʽ ʚ 

ʧʨʦʮʝʩʽ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ. ʆʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʦʾ 

çʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʨʦʚʠʥʠè ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʘʜʝʢʚʘʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ . 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʪʽ ʯʠ ʽʥʰʽ ʘʣʛʦʨʠʪʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʧʨʠʡ-

ʥʷʪʪʷ ʨʽʰʝʥʴ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʘʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ 

ʦʙʤʝʞʝʥʦ ʥʘʙʦʨʦʤ ʫʤʦʚ. ɼʘʥʽ ʫʤʦʚʠ ʟʘʟʚʠʯʘʡ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʩʪʘʪʠʩ-

ʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. ʇʨʠ ʥʝʚʠʢʦʥʘʥʥʽ 

ʮʠʭ ʫʤʦʚ ʚʽʜʧʦʚʽʜʥʽ ʘʣʛʦʨʠʪʤʠ, ʚ ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ, ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʘ ʧʨʠ ʜʝʷʢʠʭ ʦʙʩʪʘʚʠʥʘʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʧʦʤʠʣʢʦʚʠʭ ʚʠʩʥʦʚʢʽʚ [1, 2]. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʟʘʩʪʦʩʫʚʘʥʥʶ ʬʦʨʤʘʣʽʟʦ-

ʚʘʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʝʥ ʧʝʨʝʜʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʚʣʘ-

ʩʪʠʚʦʩʪʝʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʽ ʾʭ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ. ɿʚʽʜʩʠ ʙʝʟʧʦ-

ʩʝʨʝʜʥʴʦ ʚʠʧʣʠʚʘʻ ʨʦʟʛʣʷʥʫʪʝ ʥʠʞʯʝ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʤʦʜʫʣʷ (ʇʄ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʚʘʞʣʠʚʠʭ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʚʜʘʥʴ, ʷʢ: 

¶ ʦʧʝʨʘʪʠʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʪʦʢʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʫ-
ʢʫʧʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʧʫʩʢʘʶʪʴ ʥʘʦʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʧʨʦʪʽʢʘʶʪʴ; 

¶ ʚʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʦʾ (ʣʘʪʝʥʪʥʦʾ) ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʦʧʠʩʫʻ 

ʚʟʘʻʤʦʟʚôʷʟʢʠ ʽ ʚʟʘʻʤʦʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦ-

ʚʠʱʘ; 

¶ ʘʛʨʝʛʫʚʘʥʥʷ, ʩʪʠʩʥʝʥʥʷ ʽ ʚʽʟʫʘʣʽʟʘʮʽʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʚʟʘʻʤʦ-
ʧʦʚôʷʟʘʥʠʭ ʧʨʦʮʝʩʽʚ; 

¶ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽ ʧʨʠʭʦʚʘʥʠʭ ʥʝʚʽʜʧʦʚʽʜʥʦ-
ʩʪʝʡ ʽ ʪ. ʧ. 

ʊʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʇʄ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ 

ʬʦʨʤʘʭ - ʚʽʜ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʽʥʪʝʛʨʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʘʥʘʣʽʪʠʯ-

ʥʠʭ ʥʘʜʙʫʜʦʚ ʚ ɸʉʋ, ʜʦ ʧʨʦʛʨʘʤʥʠʭ ʜʦʜʘʪʢʽʚ ɹɼ. ʋ ʮʽʣʦʤʫ, ʇʄ ʧʦʧʝ-

ʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʉʇʇʈ, 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʨʫʚʘʥʴ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʥʢʨʝʪʥʠʡ ʧʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʇʄ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦ-

ʙʢʠ, ʷʢʠʡ ʦʨʽʻʥʪʦʚʘʥʦ ʥʘ ʟʘʚʜʘʥʥʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚ ʧʨʦʮʝʩʽ 

ʤʦʥʽʪʦʨʠʥʛʫ ʜʘʚʘʯʽʚ ʪʘ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʚʫʟʣʽʚ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʫ (ɻʊʂ). 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʜʣʷ ɻʊʂ (ʨʠʩ. 1) 
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ʈʝʟʫʣʴʪʘʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ɻʊʂ ʽ ʾʾ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʜʭʦ-

ʜʷʪʴ ʚ ɹɼ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʜʘʥʠʭ. ɺʤʽʱʝʥʽ ʚ ɹɼ 

ʜʘʥʽ ʤʦʞʫʪʴ ʥʝ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʜʘ-

ʥʠʭ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʷ ʧʦʧʝ-

ʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʘʢʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʷʢ ʚʠ-

ʷʚʣʝʥʥʷ ʽ ʦʙʨʦʙʢʘ ʧʨʦʧʫʩʢʽʚ ʚ ɹɼ, ʚʠʷʚʣʝʥʥʷ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʫ ʚʠ-

ʭʽʜʥʠʭ ʜʘʥʠʭ, ʟʛʣʘʜʞʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽ ʽʥ. 

  

ʈʠʩ. 1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʜʫʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʜʣʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʫʟʣʽʚ, ʜʘʚʘʯʽʚ ʪʘ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ɻʇʂ 

 

ɺʠʙʽʨ ʟʘʚʘʥʪʘʞʫʚʘʥʦʛʦ ʤʘʩʠʚʫ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-

ʩʪʝʡ ʽ ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥ-

ʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʉʶʜʠ ʞ, ʚ ʛʨʘʬʽʯʥʽ ʚʽʢʥʘ ʽʥʪʝʨʬʝʡʩʫ, ʚʠʚʦʜʷʪʴʩʷ 

ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʨʘʥʽʡ ʟʘʜʘʯʽ (ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ). 

ɿʘʚʜʘʥʥʷ ʚʠʨʽʰʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ. ʇʨʠ ʢʦʞʥʦʤʫ ʟʚʝʨʥʝʥʥʽ ʜʦ ʧʨʦ-

ʛʨʘʤʠ ʚʠʙʠʨʘʻʪʴʩʷ ʦʜʥʘ ʢʦʥʢʨʝʪʥʘ ʟʘʜʘʯʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʾ ʟʘʚʜʘʥʥʷ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽʡ ʧʨʦʮʝʜʫʨʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʝʘʣʽʟʘʮʽʶ ʜʘʥʦʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʫʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠʩʷ ʘʚʪʦʥʦʤʥʦ, ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʨʦʙʦʯʦʤʫ ʢʦʤʧôʶʪʝʨʽ ʟ ʩʫʯʘʩʥʠʤʠ 

ʚʝʨʩʽʷʤʠ ʦʧʝʨʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Windows. ʇʨʠ ʮʴʦʤʫ ʚʠʭʽʜʥʽ ʤʘʩʠʚʠ 

ʜʘʥʠʭ ʧʝʨʝʜʘʶʪʴʩʷ ʘʙʦ ʚ ʪʝʢʩʪʦʚʦʤʫ ʬʦʨʤʘʪʽ, ʘʙʦ ʚ ʬʦʨʤʘʪʽ ʝʣʝʢʪʨʦʥ-

ʥʠʭ ʪʘʙʣʠʮʴ MS Exʩel. 

ɿʚʝʨʥʝʥʥʷ ʜʦ ʦʩʥʦʚʥʦʾ ʧʨʦʛʨʘʤʠ ʇʄ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ Visual 

Studio IDE ʽʥʪʝʨʬʝʡʩ. ʂʨʽʤ ʪʨʘʜʠʮʽʡʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʝʡ ʘʥʘʣʽʟʫ ʜʘ-

ʥʠʭ, ʟʦʢʨʝʤʘ ʜʝʩʢʨʠʧʪʠʚʥʠʡ ʘʥʘʣʽʟ, ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʪʘ ʽʥʰʽ, ʇʄ 

ʤʽʩʪʠʪʴ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ɹɼ ʽ ʤʝʪʦʜʠ ʢʦʤ-

ʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʩʪʘʥʫ ɻʊʂ. 

ʇʨʠ ʮʴʦʤʫ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʘʥʦʤʘʣʴʥʦʩʪʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʠʞʯʝʦʧʠʩʘʥʽ ʧʨʘʚʠʣʘ ʚʠʷʚʣʝʥʥʷ ʚʝʣʠʢʠʭ ʚʽʜʭʠʣʝʥʴ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʾʭ ʚ 

ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʩʣʽʜʦʚʥʦ ʧʦ ʢʦʞʥʽʡ ʛʦʣʦʚʥʽʡ ʢʦʤʧʦʥʝʥʪʽ. 

ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʩʪʘʪʠʩ-

ʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʥʘʷʚʥʽʩʪʴ ʫ ʚʠʙʽʨʮʽ ʘʥʦʤʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʽʩʪʦʪʥʦʾ ʚʪʨʘʪʠ ʚ ʪʦʯʥʦʩʪʽ ʬʦʨʤʦʚʘʥʠʭ ʦʮʽʥʦʢ ʽ ʧʨʦ-

ʛʥʦʟʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚ ʇʄ ʧʝʨʝʜʙʘʯʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʱʦ ʜʦʟʚʦ-

ʣʷʻ ʚʠʷʚʣʷʪʠ ʽ ʫʩʫʚʘʪʠ ʘʥʦʤʘʣʴʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ɼʣʷ ʛʘʫʩʩʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʭʠʙʦʢ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʷʢʦʩʪʽ ʚʠʨʽʰʘ-

ʣʴʥʦʛʦ ʧʨʘʚʠʣʘ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝ-

ʞʝʥʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʡʧʨʦʩʪʽʰʠʡ ʧʽʜʭʽʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʦ-

ʧʘʜʘʥʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʤʝʞʽ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ȹ x = (x-ŭx, x + ŭx). 

ʇʨʠ ʮʴʦʤʫ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ ʜʘʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʟʘʟʚʠʯʘʡ ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʯʠʩʣʦʚʦʛʦ ʨʷʜʫ 0,95, 0,99, 0,999, 0,997. 

ʅʝʭʪʫʶʯʠ ʡʤʦʚʽʨʥʽʩʪʶ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʤʠʣʢʠ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʚʩʽ ʩʧʦ-

ʩʪʝʨʝʞʝʥʥʷ, ʷʢʽ ʥʝ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ȹ x, ʷʢ ʘʥʦʤʘʣʴʥʽ. ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴ-

ʪʘʪʠ ʜʘʻ ʧʽʜʭʽʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʝʨʝʚʽʨʮʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʛʽʧʦʪʝʟ. ʆʜʥʠʤ ʟ 

ʧʦʰʠʨʝʥʠʭ ʚʠʨʽʰʘʣʴʥʠʭ ʧʨʘʚʠʣ ʻ ʢʨʠʪʝʨʽʡ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʠʭ ʩʧʦ-

ʩʪʝʨʝʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʢʠ ʚʠʜʫ [3] 
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ʥʴʦʛʦ ʽ ʩʢʚ, ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʚʠʙʽʨʢʦʶ ʦʙʩʷʛʫ n. 

ʂʦʤʧʦʥʝʥʪʥʠʡ ʘʥʘʣʽʟ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʙʘʛʘʪʦ-

ʚʠʤʽʨʥʠʭ ʧʨʦʮʝʩʽʚ (ʙʣʠʟʴʢʦ m > 3) ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ 
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( 3...2¢k , ʪʦʙʪʦ ʜʦʧʫʩʢʘʣʘ ʙ ʚʽʟʫʘʣʽʟʘʮʽʶ ʜʘʥʠʭ), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʫʤʦʚʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʤʘʩʠʚʽ 

ʩʧʦʩʪʝʨʝʞʝʥʴ X. 

ʆʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʛʦʣʦʚʥʠʭ ʢʦʤ-

ʧʦʥʝʥʪ [4], ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʟʥʘʯʝʥʦʾ ʣʽʥʽʡʥʦʾ ʬʦʨʤʠ 

ʻ ʚʣʘʩʥʠʤʠ ʚʝʢʪʦʨʘʤʠ A, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʡʙʽʣʴʰʠʤ ʚʣʘʩʥʠʤ ʯʠʩʣʘʤ 

{ɚj, j = 1,...,m} ʢʦʚʘʨʽʘʮʽʡʥʦʾ ʤʘʪʨʠʮʽ S ʤʘʩʠʚʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ X. ɼʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʚʣʘʩʥʠʭ ʯʠʩʝʣ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ 

0=- IS l , 

ʜʝ I - ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ.  

ʈʦʟʛʣʷʥʫʪʠʡ ʇʄ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʦʜʘʪʢʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʪʠʩʪʠʯʥʽ ʽ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʚʟʘʻʤʦʟʚôʷʟʢʘʭ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʦʪʨʠʤʘʪʠ ʽʥʪʝʛʨʦʚʘʥʝ ʫʷ-

ʚʣʝʥʥʷ ʧʨʦ ʟʤʽʥʫ ʩʪʘʥʫ ʚʫʟʣʽʚ, ʜʘʚʘʯʽʚ ʪʘ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ɻʊʂ. ʆʪʨʠʤʘʥʘ 

ʽʥʬʦʨʤʘʮʽʷ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ,  ʱʦʜʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɻʊʂ. 

ʃʽʪʝʨʘʪʫʨʘ 
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ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɿɸɼɸʏʀ ʉʆʉʊɸɺʃɽʅʀʗ 

ʈɸʉʇʀʉɸʅʀʗ ʈɸɹʆʊʓ ʄɽɼʀʎʀʅʉʂʆɻʆ ʋʏʈɽɾɼɽʅʀʗ 

ɺ.ɸ. ɺʠʪʝʨ, ɸ.ɻ. ɻʨʝʙʝʥʥʠʢ, ʉ.ɺ. ɿʣʦʙʠʥ, ɽ.ɺ. ʊʨʫʥʦʚʘ 

ʏʝʨʥʠʛʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʰʝʛʦ ʤʠʨʘ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʢʘ-

ʯʝʩʪʚʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʂʘʞʜʳʡ ʛʨʘʞʜʘʥʠʥ ʣʶʙʦʡ ʩʪʨʘʥʳ 

ʠʤʝʝʪ ʧʨʘʚʦ ʥʘ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʫʶ ʧʦʤʦʱʴ ʩʧʝʮʠʘ-

ʣʠʩʪʘ-ʤʝʜʠʢʘ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʨʠʪʤʝ ʞʠʟʥʠ ʫ ʣʶʜʝʡ ʚʩʝ ʤʝʥʴʰʝ ʚʨʝ-
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ʤʝʥʠ ʦʩʪʘʸʪʩʷ ʥʘ ʩʚʦʸ ʟʜʦʨʦʚʴʝ, ʘ ʚʠʟʠʪ ʚ ʙʦʣʴʥʠʮʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʪʷ-

ʛʠʚʘʝʪʩʷ ʥʘʜʦʣʛʦ. ʆʜʥʘʢʦ, ʠʤʝʷ ʪʘʣʦʥ ʥʘ ʧʦʩʝʱʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʚʨʘʯʘ ʥʘ ʦʧʨʝʜʝʣʸʥʥʫʶ ʜʘʪʫ ʠ ʚʨʝʤʷ, ʯʝʣʦʚʝʢ ʙʝʟ ʪʨʫʜʘ ʩʧʣʘʥʠʨʫʝʪ 

ʚʨʝʤʷ ʠ ʧʦʧʘʜʸʪ ʥʘ ʧʨʠʸʤ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʠʩʪʝʤʫ ʤʝʜʠ-

ʮʠʥʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ. 

ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʠʩʘʥʠʷ ʨʘʙʦʪʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʯʨʝʞʜʝʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɼʣʷ ʝʸ ʨʝʰʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ, ʦʩʥʦʚʘʥ-

ʥʳʡ ʥʘ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʥʝʡ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʠ ʩʪʨʫʢʪʫʨʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʙʲʝʢʪʦʚ ʛʝʥʝ-

ʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʨʘʩʧʠʩʘʥʠʷ ʚʳ-

ʩʪʫʧʘʶʪ: 

ʘ) ʤʥʦʞʝʩʪʚʦ },...,,{ 21 NssssS=  ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ; 

ʙ) ʤʥʦʞʝʩʪʚʦ },...,,{ 21 NppppP=  ʧʘʮʠʝʥʪʦʚ; 

ʚ) ʤʥʦʞʝʩʪʚʦ },...,,{ 21 NddddD=   ʤʝʜʠʮʠʥʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ; 

ʛ) ʤʥʦʞʝʩʪʚʦ },...,,{ 21 NrrrrR=   ʠʤʝʶʱʠʭʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʢʘʙʠʥʝʪʦʚ; 

ʜ) ʤʥʦʞʝʩʪʚʦ },...,,{ 21 NttttT=  ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ (ʚʨʝʤʷ ʧʨʠ-

ʸʤʘ), 

ʛʜʝ sN  ï ʯʠʩʣʦ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ,pN  ï ʯʠʩʣʦ ʧʘʮʠʝʥʪʦʚ, dN  ï 

ʯʠʩʣʦ ʤʝʜʠʮʠʥʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, rN  ï ʯʠʩʣʦ ʢʘʙʠʥʝʪʦʚ, tN  ï ʯʠʩʣʦ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ (ʢʦʥʩʫʣʴʪʘʮʠʡ). 

ʄʝʞʜʫ ʜʘʥʥʳʤʠ ʤʥʦʞʝʩʪʚʘʤʠ ʠʤʝʶʪ ʤʝʩʪʦ ʩʚʷʟʠ, ʚʳʪʝʢʘʶʱʠʝ ʠʟ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʨʘʙʦʪʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʯʨʝʞʜʝ-

ʥʠʷ, ʨʝʘʣʠʟʫʶʱʝʡ ʧʨʦʮʝʩʩ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʢʘ-

ʯʝʩʪʚʝ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʨʘʩʧʠʩʘʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʬʫʥʢʮʠʶ, ʦʪʦʙʨʘʞʘʶʱʫʶ ʜʝʢʘʨʪʦʚʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʥʦʞʝʩʪʚ 

TRDPSSch ³³³³= ʥʘ ʤʥʦʞʝʩʪʚʦ {0,1}: 

}1,0{: ­³³³³ TRDPSsch , 

ʧʨʠʯʸʤ 1),,,,( =kjmli trdpsr ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʢʘʟʘʥʠʝ ʫʩʣʫʛʠ is  ʜʣʷ ʧʘ-

ʮʠʝʥʪʘ lp  ʧʨʦʚʦʜʠʪʩʷ ʤʝʜʠʮʠʥʩʢʠʤ ʨʘʙʦʪʥʠʢʦʤ md  ʚ ʢʘʙʠʥʝʪʝ 
jr  ʚ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ kt . 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʨʘʩʧʠʩʘʥʠʷ ʙʫʜʝʤ ʦʧʝʨʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʪʨʝʤʷ 

ʤʥʦʞʝʩʪʚʘʤʠ ʦʙʲʝʢʪʦʚ: 



257 

( )iri
l

i
w

i
h

i
g

i
p

i
s

i
di cccccccʩʩʉ ,,,,,,,}{ == , cNj ,1Í  ï ʤʥʦʞʝʩʪʚʦ ʮʠʢʣʦʚ 

ʢʦʥʩʫʣʴʪʘʮʠʡ, 

ʛʜʝ iʩ ï i-ʡ ʵʣʝʤʝʥʪ ʤʥʦʞʝʩʪʚʘ ʮʠʢʣʦʚ ʢʦʥʩʫʣʴʪʘʮʠʡ; i
dʩï ʤʝʜʠʮʠʥ-

ʩʢʠʡ ʩʧʝʮʠʘʣʠʩʪ; ʉ ï ʫʩʣʫʛʠ; 
i
pc  ï ʧʘʮʠʝʥʪʳ; 

i
gʩ  ï ʛʨʫʧʧʦʚʘʷ ʢʦʥʩʫʣʴ-

ʪʘʮʠʷ; i
hʩ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ (ʯʠʩʣʦ ʢʦʥʩʫʣʴʪʘʮʠʡ); i

wʩ  ï ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʧʨʠʸʤʘ; i
lʩ ï ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʠʜ ʫʩʣʫʛʠ; 

i
rʩ ï ʢʦʜ ʜʦ-

ʧʫʩʪʠʤʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʢʘʙʠʥʝʪʦʚ. 

}{ jrR= , rNj ,1Í  ï ʤʥʦʞʝʩʪʚʦ ʢʘʙʠʥʝʪʦʚ ʠ ʧʦʤʝʱʝʥʠʡ ʜʣʷ ʧʨʦʚʝ-

ʜʝʥʠʷ ʢʦʥʩʫʣʴʪʘʮʠʡ. 

}{ ktT= , tNk ,1Í  ï ʤʥʦʞʝʩʪʚʦ ʝʜʠʥʠʮ ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ. 

ʈʘʩʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʜʚʫʤʷ ʚʝʢʪʦʨʘʤʠ 

Ŭ ʠ Ű: 

},...,,{ 21 Nraaaa= , 

},...,,{ 21 Nttttt= , 

ʛʜʝ RÍ1a ð ʢʦʜ ʢʘʙʠʥʝʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʮʠʢʣʫ ʢʦʥʩʫʣʴʪʘʮʠʡ, 

TÍ1t ð ʢʦʜ ʢʦʥʩʫʣʴʪʘʮʠʠ, ʥʘʟʥʘʯʝʥʥʦʡ ʧʝʨʚʦʡ ʫʩʣʫʛʦʡ ʠʟ ʮʠʢʣʘ ʦʙ-

ʩʣʝʜʦʚʘʥʠʷ. 

ɺʩʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʨʘʩʧʠʩʘʥʠʶ ʨʘʙʦʪʳ ʤʝʜʠʮʠʥʩʢʠʭ 

ʫʯʨʝʞʜʝʥʠʡ, ʫʩʣʦʚʥʦ ʨʘʟʦʙʴʸʤ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʦʙʷʟʘʪʝʣʴʥʳʝ ʠ ʞʝʣʘ-

ʪʝʣʴʥʳʝ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʪʨʝʙʦʚʘʥʠʷ, ʥʝʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦ-

ʨʳʭ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ. ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʙʫ-

ʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʛʨʘʥʠʯʝʥʠʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʩʦ-

ʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʝʙʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʷʚ-

ʣʷʝʪʩʷ ʞʝʣʘʪʝʣʴʥʳʤ. ʂ ʯʠʩʣʫ ʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʦʪʥʦʩʷʪʩʷ: 

ǒ ʩʦʙʣʶʜʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʪʝʯʝʥʠʝ ʥʝ-

ʜʝʣʠ; 

ǒ ʩʦʙʣʶʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʦʤ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʚʨʝ-

ʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʠʭ ʧʨʦʚʝʜʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʥʘʧʨʠʤʝʨ, ʘʥʘʣʠʟ ʢʨʦʚʠ 

ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʥʘʯʘʣʝ ʜʥʷ ʠ ʪ. ʜ.); 

ǒ ʫʯʸʪ ʧʦʞʝʣʘʥʠʡ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʛʦ 

ʨʘʩʧʠʩʘʥʠʷ ʨʘʙʦʪʳ; 

ǒ ʪʨʝʙʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʢʦʤʬʦʨʪʘ ʧʘʮʠʝʥʪʦʚ ʠ ʤʝ-

ʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʢʦʡ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

(ʥʘʧʨʠʤʝʨ, ʤʠʥʠʤʠʟʘʮʠʷ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʧʝʨʝʭʦʜʦʚ ʦʪ ʦʜʥʦʛʦ ʩʧʝ-

ʮʠʘʣʠʩʪʘ ʢ ʜʨʫʛʦʤʫ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ). 
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ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʜʝʣʠ: 

1) ʦʪʩʫʪʩʪʚʠʝ ʥʘʢʣʘʜʦʢ ʜʣʷ ʧʘʮʠʝʥʪʦʚ 

2) ʦʪʩʫʪʩʪʚʠʝ ʥʘʢʣʘʜʦʢ ʜʣʷ ʢʘʙʠʥʝʪʦʚ; 

3) ʦʪʩʫʪʩʪʚʠʝ ʥʘʢʣʘʜʦʢ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ; 

4) ʦʧʪʠʤʠʟʘʮʠʷ çʦʢʦʥè ʜʣʷ ʧʘʮʠʝʥʪʦʚ; 

5) ʦʧʪʠʤʠʟʘʮʠʷ çʦʢʦʥè ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ; 

6) ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ; 

7) ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʠʧʘ ʢʘʙʠʥʝʪʘ ʚʠʜʫ ʦʙʩʣʝʜʦʚʘʥʠʷ; 

8) ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʫʩʣʫʛ ʚ ʧʦʣʥʦʤ 

ʦʙʲʝʤʝ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʤʝ-

ʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʦʛʨʘʥʠʯʝʥʠʷʤ (1)-(8) ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʈʆɿʈʆɹʂɸ ɸʈʄ ɸɼʄɯʅɯʉʊʈɸʊʆʈɸ ʇʈʀɺɸʊʅʆɰ ʂʃɯʅɯʂʀ 

ɺʽʪʝʨ ɺ.ʆ., ɿʣʦʙʽʥ ʉ.ɺ., ʊʨʫʥʦʚʘ ʆ.ɺ. 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ, ʋʢʨʘʾʥʘ 

 

ʉʴʦʛʦʜʥʽ ʋʢʨʘʾʥʘ ʧʨʦʜʦʚʞʫʻ ʛʘʨʤʦʥʽʟʫʚʘʪʠ ʟʘʢʦʥʦʜʘʚʯʫ ʙʘʟʫ ʚ ʛʘ-

ʣʫʟʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ ʥʦʨʤ. ʋ 

ʙʽʣʴʰʦʩʪʽ ʢʣʽʥʽʢ ʚ ʋʢʨʘʾʥʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʜʠʯʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ ʜʣʷ ʦʙʣʽʢʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʮʽʻʥʪʘ, ʡʦʛʦ ʦʛʣʷʜʘʭ ʫ ʣʽʢʘʨʷ, ʧʨʠ-

ʟʥʘʯʝʥʦʛʦ ʣʽʢʫʚʘʥʥʷ, ʚʠʧʠʩʘʥʠʭ ʨʝʮʝʧʪʽʚ ʽ ʪ.ʽʥ., ʱʦ ʚʠʢʣʶʯʘʻ ʦʪʨʠ-

ʤʘʥʥʷ ʦʙ'ʻʢʪʠʚʥʠʭ ʜʘʥʠʭ ʧʨʦ ʣʽʢʫʚʘʥʥʷ ʦʢʨʝʤʦʛʦ ʧʘʮʽʻʥʪʘ ʘʙʦ ʩʪʘʪʠʩ-

ʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʟʘʭʚʦʨʶʚʘʥʽʩʪʴ ʞʠʪʝʣʽʚ ʤʽʩʪʘ / ʨʘʡʦʥʫ ʚ ʮʽʣʦʤʫ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʚ ʟʘʢʣʘʜʘʭ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʋʢʨʘʾʥʠ ʤʝʜʠʯʥʠʭ ʽʥʬʦʨʤʘ-

ʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʘʮʽʻʥʪ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʘʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤ ʻ ʦʜ-

ʥʠʤ ʽʟ ʰʣʷʭʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʘʥʥʷ ʷʢʽʩʥʦʾ ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ ʥʘʩʝ-

ʣʝʥʥʶ ʋʢʨʘʾʥʠ. 
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ʄʝʪʦʶ ʨʦʟʨʦʙʢʠ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʤʝʜʠʯʥʠʭ 

ʮʝʥʪʨʽʚ, ʢʣʽʥʽʢ ʪʘ ʽʥʰʠʭ ʣʽʢʫʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦ-

ʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫʩʪʘʥʦʚ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʧʝʨʚʠʥʥʦʛʦ ʨʽʚʥʷ ʥʘʜʘʥʥʷ 

ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʾ, ʩʚʦʻʯʘʩʥʦʾ ʪʘ ʜʦʩ-

ʪʫʧʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʣʽʢʫʚʘʥʥʷ ʛʨʦʤʘʜʷʥ ʋʢʨʘʾʥʠ. ʈʦʟʤʽʱʝʥʥʷ ʤʝʜʠ-

ʯʥʦʾ ʩʠʩʪʝʤʠ ʚ çʭʤʘʨʽè ʜʦʟʚʦʣʷʻ ʫʩʪʘʥʦʚʘʤ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʫʥʠʢʥʫʪʠ 

ʧʝʨʚʠʥʥʠʭ ʥʝʧʦʪʨʽʙʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʥʘ ʟʘʢʫʧʽʚʣʶ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʣʽʮʝʥ-

ʟʽʡ, ʽʩʪʦʪʥʦ ʟʥʠʟʠʪʠ ʩʫʢʫʧʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʦʣʦʜʽʥʥʷ ʩʠʩʪʝʤʦʶ ʽ, ʨʘʟʦʤ ʟ 

ʮʠʤ, ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧ ʤʝʜʠʯʥʠʭ ʬʘʭʽʚʮʽʚ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʮʽʻʥʪʘ 

ʟ ʙʫʜʴ-ʷʢʦʛʦ ʤʽʩʮʷ ʚ ʨʝʞʠʤʽ 24/7. 

ʉʠʩʪʝʤʘ çʄʝʜʫʯʝʪè ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʤʝʜʠʯʥʠʭ ʮʝʥʪʨʽʚ, ʢʣʽʥʽʢ ʪʘ ʽʥ-

ʰʠʭ ʣʽʢʫʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚ. ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʠʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʨʦ-

ʙʦʪʫ ʨʝʮʝʧʮʽʾ ʤʝʜʠʯʥʦʛʦ ʟʘʢʣʘʜʫ, ʘ ʪʘʢʦʞ ʨʦʙʦʯʽ ʤʽʩʮʷ ʣʽʢʘʨʽʚ ʟʘʚʜʷʢʠ 

ʚʝʜʝʥʥʶ ʚʩʝʙʽʯʥʦʛʦ ʦʙʣʽʢʫ. ɭ ʧʦʧʝʨʝʜʥʽʡ ʟʘʧʠʩ ʧʘʮʽʻʥʪʽʚ, ʢʦʥʪʨʦʣʴ ʥʘ-

ʜʘʥʠʭ ʧʦʩʣʫʛ, ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʮʽʻʥʪʽʚ ʽ ʚʩʽʭ ʾʭ ʚʽʜʚʽʜʫʚʘʥʴ, 

ʘ ʪʘʢʦʞ ʟʙʝʨʽʛʘʥʥʷ ʽʩʪʦʨʽʾ ʭʚʦʨʦʙʠ ʢʦʞʥʦʛʦ ʢʣʽʻʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʧʨʦ-

ʚʘʜʞʝʥʥʷ ʜʘʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʽʜʚʠʱʠʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʧʝʨʩʦ-

ʥʘʣʫ, ʟʘʛʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʷʢ ʥʘʩʣʽʜʦʢ, ʧʨʠʙʫʪʦʢ. 

ʂʦʥʬʽʛʫʨʘʮʽʷ ʣʝʛʢʦ ʽ ʰʚʠʜʢʦ ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʚʠʤʦʛʠ ʟʘ-

ʤʦʚʥʠʢʘ. 

ɻʥʫʯʢʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʠ ʜʘʥʠʭ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʪʘʙ-

ʣʠʮʽ, ʟʚʽʪʠ, ʛʨʘʬʽʢʠ, ʜʦʜʘʚʘʪʠ ʧʦʣʷ, ʟʘʜʘʚʘʪʠ ʩʧʠʩʢʠ ʽ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. 

ʇʨʦʛʨʘʤʘ ʜʣʷ ʤʝʜʠʯʥʦʛʦ ʮʝʥʪʨʫ ʽʥʪʫʾʪʠʚʥʦ ʧʨʦʩʪʘ ʽ ʟʨʦʟʫʤʽʣʘ ʜʣʷ ʢʦ-

ʨʠʩʪʫʚʘʯʽʚ, ʪʘʢ ʷʢ ʥʝ ʚʠʤʘʛʘʻ ʢʚʘʣʽʬʽʢʫʶʪʴʩʷ ɯʊ-ʨʝʩʫʨʩʽʚ. 

ʉʠʩʪʝʤʘ çʄʝʜʫʯʝʪè ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʥʘ ʩʪʘʮʽʦʥʘʨʥʠʭ, ʘʣʝ 

ʽ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʄɯʉ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʬʫ-

ʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʽ ʟʘʛʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʜʣʷ ʢʣʶʯʦʚʠʭ ʫʯʘʩʥʠʢʽʚ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ: 

Å ʆʙʣʽʢ ʧʘʮʽʻʥʪʽʚ 

ɺʝʜʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʚʩʽʭ ʧʘʮʽʻʥʪʽʚ, ʾʭ ʘʥʢʝʪʥʠʭ ʜʘʥʠʭ ʪʘ ʢʦʥʪʘʢʪʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. 

Å ɼʦʚʽʜʥʠʢʠ 

ɺʝʜʝʥʥʷ ʜʦʚʽʜʥʠʢʽʚ ʧʦʩʣʫʛ ʢʣʽʥʽʢʠ, ʟʘʭʚʦʨʶʚʘʥʴ (ʜʽʘʛʥʦʟʽʚ), ʩʠʤʧ-

ʪʦʤʽʚ. 

Å ʈʝʻʩʪʨʘʮʽʷ ʚʩʽʭ ʚʽʟʠʪʽʚ (ʚʽʜʚʽʜʫʚʘʥʴ) ʢʣʽʻʥʪʽʚ 

Å ɿʘʧʠʩ ʥʘ ʧʨʠʡʦʤ 

ʇʦʧʝʨʝʜʥʽʡ ʟʘʧʠʩ ʢʣʽʻʥʪʽʚ ʥʘ ʧʨʠʡʦʤ ʜʦ ʣʽʢʘʨʷ ʘʙʦ ʥʘ ʧʨʦʮʝʜʫʨʫ, 

ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʯʝʨʛʠ ʥʘ ʧʨʠʡʦʤ ʜʦ ʣʽʢʘʨʷ. 

Å ʆʙʣʽʢ ʥʘʜʘʥʠʭ ʧʦʩʣʫʛ ʧʘʮʽʻʥʪʘʤ 

Å ʆʙʣʽʢ ʧʣʘʪʝʞʽʚ ʧʘʮʽʻʥʪʽʚ 
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Å ɺʝʜʝʥʥʷ ʽʩʪʦʨʽʾ ʭʚʦʨʦʙʠ ʧʘʮʽʻʥʪʽʚ 

Å ʆʙʣʽʢ ʚʠʪʨʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʦʧʮʽʦʥʘʣʴʥʦ) 

Å ʄʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʦʙʣʽʢʫ ʱʦʤʽʩʷʯʥʦʾ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʜʣʷ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ 

Å ɿʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ (ʣʽʢʘʨʽʚ), ʥʘʩʪʨʦʡʢʘ ʧʝʨ-

ʩʦʥʘʣʴʥʠʭ ʧʨʘʚ ʜʦʩʪʫʧʫ 

Å ʃʦʛʫʚʘʥʥʷ ʽ ʤʦʜʝʣʴʥʘ ʩʠʩʪʝʤʘ ʜʦʩʪʫʧʫ 

Å ʄʦʞʣʠʚʽʩʪʴ ʽʤʧʦʨʪʫ ʽ ʝʢʩʧʦʨʪʫ ʜʘʥʠʭ 

Å ɺʽʜʙʽʨ, ʧʦʰʫʢ, ʫʛʨʫʧʦʚʘʥʥʷ, ʩʦʨʪʫʚʘʥʥʷ ʜʘʥʠʭ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽ-

ʷʤʠ 

Å ʇʽʜʛʦʪʦʚʢʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʚʽʪʽʚ 

Å ɻʥʫʯʢʘ ʩʪʨʫʢʪʫʨʘ ɹɼ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʧʽʜ ʙʫʜʴ-ʷʢʽ ʟʘʚʜʘʥʥʷ 

ʈʝʘʣʽʟʫʚʘʪʠ ʜʘʥʠʡ ʧʨʦʝʢʪ ʥʘ ʨʽʚʥʽ ʨʦʟʨʦʙʢʠ ʥʘʤ ʜʦʧʦʤʦʛʣʠ ʦʙ'ʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʘ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Java, ʪʝʭʥʦʣʦʛʽʷ ORM (ʦʙ'ʻʢʪʥʦ-ʨʝʣʷ-

ʮʽʡʥʘ ʧʨʦʝʢʮʽʷ) ʫ ʟʚ' ʟ̫ʮ̔ ʟ ʉʂɹɼ (ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ) 

PostgreSQL ʪʘ ʬʨʝʡʤʚʦʨʢʠ Spring, Vaadin. 

ORM (Object-relational mapping) ð ʪʝʭʥʦʣʦʛʽʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʘ 

ʟʚ'ʷʟʫʻ ʙʘʟʠ ʜʘʥʠʭ ʟ ʢʦʥʮʝʧʮʽʷʤʠ ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫ-

ʚʘʥʥʷ, ʩʪʚʦʨʶʶʯʠ çʚʽʨʪʫʘʣʴʥʫ ʦʙ'ʻʢʪʥʫ ʙʘʟʫ ʜʘʥʠʭè. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʚʠ-

ʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ. ORM ʧʦʟʙʘʚʣʷʻ ʧʨʦʛʨʘʤʽʩʪʘ ʚʽʜ ʥʘ-

ʧʠʩʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʜʫ, ʯʘʩʪʦ ʦʜʥʦʤʘʥʽʪʥʦʛʦ ʽ ʩʭʠʣʴʥʦʛʦ ʜʦ ʧʦ-

ʤʠʣʦʢ, ʪʠʤ ʩʘʤʠʤ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʯʠ ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʦʙʢʠ. [1] 

Spring Framework ʥʘʜʘʻ ʧʦʚʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʜʣʷ ʩʫʯʘʩʥʠʭ ʢʦʨʧʦʨʘ-

ʪʠʚʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ Java. ɼʘʥʠʡ ʬʨʝʡʤʚʦʨʢ ʜʦʧʦʤʘʛʘʻ ʙʫʜʫʚʘʪʠ ʧʨʦʩʪʽ, 

ʧʦʨʪʘʪʠʚʥʽ, ʰʚʠʜʢʽ ʪʘ ʛʥʫʯʢʽ ʩʠʩʪʝʤʠ ʡ ʜʦʜʘʪʢʠ ʥʘ ʦʩʥʦʚʽ JVM. [2,3] 

Vaadin Framework ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʦʜʥʦʩʪʦʨʽʥʢʦʚʽ ʚʝʙ-ʟʘʩʪʦʩʫ-

ʥʢʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʠʭ ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ. ɭʜʠʥʘ ʚʠʤʦʛʘ - VM-

ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, Java, ʷʢʫ ʤʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʨʠ 

ʥʘʧʠʩʘʥʥʽ ʥʘʰʦʛʦ ʧʨʦʝʢʪʫ. ɼʣʷ ʜʦʩʪʫʧʫ ʜʦ ʟʘʩʪʦʩʫʥʢʘ ʥʝʦʙʭʽʜʥʠʡ 

ʪʽʣʴʢʠ ʙʨʘʫʟʝʨ ʙʝʟ ʧʽʜʢʣʶʯʝʥʥʷ ʷʢʠʭ-ʥʝʙʫʜʴ ʙʽʙʣʽʦʪʝʢ.[4,5] 

ɺʘʞʣʠʚʽ ʧʝʨʝʚʘʛʠ ʮʠʭ ʜʚʦʭ ʬʨʝʡʤʚʦʨʢʽʚ ʟʘʢʣʶʯʘʶʪʴʩʷ ʫ ʪʦʤʫ, ʱʦ 

ʚʦʥʠ ʙʝʟʢʦʰʪʦʚʥʽ, ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʾʭ ʬʫʥʢʮʽʦʥʘʣ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʨʦʟʨʦʙʢʫ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʽʚ, 

ʷʢʠʤ ʻ ʽ ʥʘʰ ʧʨʦʜʫʢʪ çʄʝʜʫʯʝʪè. 

ʆʪʞʝ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ çʄʝʜʫʯʝʪè ʤʦʞʥʘ ʥʝ 

ʪʽʣʴʢʠ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʮʽʻʥʪʽʚ, ʘʣʝ ʽ ʧʦʢʨʘʱʠʪʠ 

ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʎʴʦʤʫ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʩʧʨʠʷʻ ʢʦʤʧʘʢʪʥʝ ʟʙʝʨʽ-

ʛʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʧʘʮʽʻʥʪʽʚ ʣʽʢʘʨʥʽ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʧʦʰʫʢʫ ʟʘ 

ʟʘʜʘʥʠʤ ʰʘʙʣʦʥʦʤ. 

  

https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%91%D0%B0%D0%B7%D0%B0_%D0%B4%D0%B0%D0%BD%D0%B8%D1%85
https://uk.wikipedia.org/wiki/%D0%9E%D0%B1%27%D1%94%D0%BA%D1%82%D0%BD%D0%BE-%D0%BE%D1%80%D1%96%D1%94%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D0%BD%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
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2. https://spring.io/ 

3. https://projects.spring.io/spring-framework/  

4. https://vaadin.com/  

5. https://vaadin.com/framework 
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ʆʎɯʅʂɸ ʈʀɿʀʂʋ ʇʃɸʅʋɺɸʅʅʗ ʇʈʀ ɺʀʈɯʐɽʅʅɯ 

ʃʆɻɯʉʊʀʏʅʆɰ ɿɸɼɸʏɯ 

ʂʘʟʠʤʠʨ ɺ.ɺ, ʇʦʩʘʜʩʴʢʘ ɸ.ʉ. 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ʄʝʪʦʜʠ ʤʝʨʝʞʝʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʟʘʜʘʯ, ʟʦʢʨʝʤʘ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ 

ʤʘʨʰʨʫʪʫ ʧʦʣʴʦʪʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʜʨʦʥʽʚ (ʘʛʨʦʜʨʦʥʽʚ), ʦʩʢʽʣʴʢʠ 

ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʻ ʦʜʥʽʻʶ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʬʝʨ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʇʃɸ) ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʽʣʴʩʴ-

ʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ [1]. ɺ ʷʢʦʩʪʽ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʩʭʝʤʠ ʚʠ-

ʩʪʫʧʘʻ ʛʨʘʬ ʽʟ ʪʦʯʢʘʤʠ ʦʙʣʴʦʪʫ ʚ ʷʢʦʩʪʽ ʚʝʨʰʠʥ, ʷʢʠʡ ʤʦʞʥʘ ʧʨʝʜʩʪʘ-

ʚʠʪʠ ʷʢ ʩʽʪʴʦʚʠʡ ʛʨʘʬ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʪʠ 

ʤʝʪʦʜ ʜʠʥʘʤʽʯʥʦʾ ʦʮʽʥʢʠ ʨʠʟʠʢʫ [2], ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʘʧʘʨʘʪʫ ʢʝʨʫʶʯʠʭ ɽ-ʤʝʨʝʞ ʜʣʷ ʬʦʨʤʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʽʪʴʦʚʦʛʦ 

ʛʨʘʬʽʢʫ ʪʘ ʪʝʤʧʦʨʘʣʴʥʦʾ ʣʦʛʽʢʠ CTL ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩ-

ʪʠʚʦʩʪʝʡ ʧʣʘʥʫ ʨʦʙʽʪ. ʆʮʽʥʢʫ ʨʠʟʠʢʫ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ ʟʘ ʘʣʴʪʝʨʥʘʪʠʚ-

ʥʠʤʠ ʰʣʷʭʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ ʡʤʦʚʽ-

ʨʥʦʩʪʝʡ ʚʠʢʦʥʘʥʥʷ ʬʦʨʤʫʣ ʪʝʤʧʦʨʘʣʴʥʦʾ ʣʦʛʽʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʽʪʘ-

ʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʤʝʨʝʞʝʚʦʶ ʤʦʜʝʣʣʶ ʧʣʘʥʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʤʦʜʝʣʴ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʨʰʨʫʪʫ ɹʇʃɸ ʧʨʠ ʦʙʣʴʦʪʽ ʯʦʪʠʨʴʦʭ ʪʦʯʦʢ ʟ ʤʝʪʦʶ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ. 

ɿʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʦʙʦʚôʷʟʢʦʚʦ ʧʨʦʡʪʠ ʯʝʨʝʟ ʢʦʞʥʫ 

ʚʝʨʰʠʥʫ ʛʨʘʬʫ ʧʦ ʦʜʥʦʤʫ ʨʘʟʫ ʽ ʧʦʚʝʨʥʫʪʠʩʴ ʥʘʟʘʜ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʰʣʷʭʠ ʤʘʨʰʨʫʪʫ ʪʘ ʦʮʽʥʠʪʠ ʨʠʟʠʢ ʾʭ ʚʠʢʦʥʘʥʥʷ (ʨʠʩ.1). 

ɺʠʨʽʰʠʚʰʠ ʟʘʜʘʯʫ ʢʦʤʽʚʦʷʞʝʨʘ, ʦʧʪʠʤʘʣʴʥʠʡ (ʥʘʡʢʦʨʦʪʰʠʡ) ʰʣʷʭ 

ʤʘʨʰʨʫʪʫ ʧʦʣʴʦʪʫ ʩʢʣʘʜʘʻ 24 ʢʤ, ʧʦʨʷʜʦʢ ʦʙʣʴʦʪʫ ʪʦʯʦʢ: 1, 3, 5, 4, 2, 1. 

ʆʜʥʘʢ ʨʦʙʦʪʘ ʜʨʦʥʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʥʘ ʰʚʠ-

ʜʢʽʩʪʴ ʧʦʣʴʦʪʫ ʜʨʦʥʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ  ʟʤʽʥʠ ʦʜʥʦʛʦ ʬʘʢʪʦʨʫ ï ʬʘʢ-

ʪʦʨʫ ʯʘʩʫ. ʏʘʩ ʟʘʪʨʠʤʢʠ ʧʦʣʴʦʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦ. ʇʽʜ ʯʘʩ ʧʨʦ-

ʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʡʦʛʦ ʤʦʞʥʘ ʟʘʜʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʨʤʘʣʴʥʦʛʦ 
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ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ (ὔȡὓȟ„), ʧʨʠ ʷʢʦʤʫ ʛʝʥʝʨʫʶʪʴʩʷ ʯʠʩʣʘ ʟ ʤʘʪʝʤʘʪʠ-
ʯʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ ὓ ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ „, ʜʝ „
π. 

 
ʈʠʩ. 1. ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʣʦʛʽʩʪʠʯʥʦʾ ʤʝʨʝʞʽ 

  

ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʤʘʨʰʨʫʪʫ ʦʙ-

ʣʴʦʪʫ ʟ ʚʽʜʩʪʘʥʷʤʠ ʤʽʞ ʪʦʯʢʘʤʠ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʨʦʟ-

ʧʦʜʽʣʝʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ EMS [3], ʚ ʷʢʽʡ ʨʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ 

ʦʮʽʥʢʠ ʨʠʟʠʢʫ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʦʙʣʴʦʪʫ ʟ ʚʽʜʩʪʘʥʷʤʠ ʤʽʞ ʪʦʯʢʘʤʠ 

 

ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5 ʘʛʨʝʛʘʪʽʚ R1, R2, R3, R4 ʪʘ R5, ʷʢʽ 

ʤʦʜʝʣʶʶʪʴ ʪʦʯʢʠ ʧʦʣʴʦʪʫ 1, 2, 3, 4, 5, ʧʦʯʠʥʘʶʯʠ ʟ R1 ï ʧʦʯʘʪʢʦʚʦʾ, ʪʘ 

ʰʣʷʭʽʚ ʦʙʣʴʦʪʫ.  

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʪʘʢʠʭ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʘʭ: 

Å Model_Logistic ï ʥʘʟʚʘ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

Å 300.0 ï ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ; 
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Å 2400 ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʛʦʥʽʚ ʤʦʜʝʣʽ (ʪʘʢ ʷʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʦʤ 

çʧʦ ʢʦʞʥʦʤʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʰʣʷʭʫ ʧʦʪʨʽʙʥʦ ʧʨʦʡʪʠ ʧʨʠʙʣʠʟʥʦ 100 

ʨʘʟʽʚè, ʪʦ ʜʦʨʽʚʥʶʻ τȦρππ); 
Å AG ï ʦʧʝʨʘʪʦʨ ʪʝʤʧʦʨʘʣʴʥʦʾ ʣʦʛʽʢʠ; 

Å TIME< 300 ï ʬʦʨʤʫʣʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʫʤʦʚʘ, ʯʠ 

ʧʝʨʝʚʠʱʫʻʪʴʩʷ ʟʘʜʘʥʠʡ ʯʘʩ ʧʦʣʴʦʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3, ʧʦʢʘʟʘʣʠ, ʱʦ ʰʣʷʭ 

-->ʈ6-->ʈ23-->ʈ40-->ʈ30-->ʈ12 ʽʟ ʥʘʡʤʝʥʰʠʤ ʨʠʟʠʢʦʤ (11%) ʱʦʜʦ ʚʠ-

ʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʥʷ, ʟʘʜʘʥʦʛʦ ʫ ʚʠʛʣʷʜʽ ʬʦʨʤʫʣ CTL, ʻ ʦʧʪʠʤʘʣʴʥʠʤ.  

 
ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ  ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʣʴʦʪʫ ʪʦʯʦʢ ʙʫʜʝ ʪʘʢʘ: 1, 3, 5, 4, 2, 

1, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʨʦʟʨʘʭʦʚʘʥʠʤ ʤʘʨʰʨʫʪʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʜʘʯʽ ʢʦʤʽ-

ʚʦʷʞʝʨʘ. ʊʘʢʦʞ ʚʠʜʽʣʝʥʦ ʱʝ 2 ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʰʣʷʭʠ ʟ ʪʨʦʭʠ ʤʝʥʰʠʤ ʨʠ-

ʟʠʢʦʤ ʚʠʢʦʥʘʥʥʷ ʤʘʨʰʨʫʪʫ ʧʦʣʴʦʪʫ ï 14% ʪʘ 26% ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʟʘʚʘ-

ʥʪʘʞʫʶʪʴʩʷ ʜʦ ʧʘʤôʷʪʽ ʜʨʦʥʫ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʦʣʴʦʪʫ. 

ʊʦʯʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ: ʧʦʭʠʙʢʘ ʩʢʣʘʜʘʻ ɝ πȢπρ ʧʨʠ 
ʜʦʚʽʨʯʽʡ ʡʤʦʚʽʨʥʦʩʪʽ 95%, ʢʽʣʴʢʽʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʰʣʷʭʽʚ ὔ ςτ. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʘ ʚʠʟʥʘ-

ʯʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʤʘʨʰʨʫʪ ʧʦʣʴʦʪʫ ʙʝʟʧʽʣʦʪʥʠʢʘ ʟʛʽʜʥʦ ʟʘʜʘʥʠʭ ʦʙʤʝ-

ʞʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʠʟʠʢʫ ʪʘ ʫʤʦʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ.  

ʃʽʪʝʨʘʪʫʨʘ 

1. ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. - ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://zala.aero/category/applications/monitoring/selskoe-xozyajstvo/ ï 

10.11.2016. 

2. ʂʘʟʠʤʠʨ, ɺ.ɺ. ɼʠʥʘʤʽʯʥʘ ʦʮʽʥʢʘ ʨʠʟʠʢʫ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ ʨʦʙʽʪ ʤʝʪʦ-

ʜʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [ʊʝʢʩʪ] / ɺ.ɺ. ʂʘʟʠʤʠʨ, ɸ.ʉ. ʇʦʩʘʜʩʴʢʘ 

// ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ: ʥʘʫʢʦʚʠʡ ʞʫʨʥʘʣ / ʏʝʨʥʽʛ.ʥʘʮ.ʪʝʭʥʦʣ.ʫʥ-

ʪ. ï ʏʝʨʥʽʛʽʚ, 2016. - ˉ 3(5). ï ʉ. 113-122. 
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3. ʂʘʟʠʤʠʨ, ɺ. ɺ. ʈʦʟʧʦʜʽʣʝʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ EMS ʥʘ ʦʩʥʦʚʽ ʘʨʭʽʪʝʢ-

ʪʫʨʠ HLA [ʊʝʢʩʪ] / ɺ. ɺ. ʂʘʟʠʤʠʨ. ɻ. ɸ. ʉʽʨʘ // ʄʘʪʝʤʘʪʠʯʥʽ ʤʘʰʠʥʠ ʽ 

ʩʠʩʪʝʤʠ, 2011. - ˉ 4. ï ʉ. 125-135. 

 

ʋɼʂ 004.89 

ʆɹʄɽɾɽʅʅʗ ɿɸɼɸʏɯ ʄɯʅɯʄɯɿɸʎɯɰ ɽʅɽʈɻʆʉʇʆɾʀɺɸʅʅʗ 

ʆ.ɯ. ɼʽʜʢʦʚʩʴʢʠʡ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʂʠʾʚ 

  

"ʂʦʤʬʦʨʪʥʽ" ʫʤʦʚʠ ʫ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʽʥʰʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʪʦʤʫ ʢʽʣʴʢʽʩʪʴ 

ʝʥʝʨʛʽʾ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʾʭ ʧʽʜʪʨʠʤʢʫ ʟʥʘʯʥʦ ʢʦʨʝʣʶʻ ʟ ʟʦʚʥʽʰʥʽʤʠ 

ʟʤʽʥʘʤʠ. ɺʽʜʦʤʦ, ʱʦ ʜʦ 47% ʚʠʪʨʘʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʧʨʠʧʘʜʘʻ ʥʘ ʩʠ-

ʩʪʝʤʠ ʢʣʽʤʘʪ ʢʦʥʪʨʦʣʶ, ʩʘʤʝ ʪʦʤʫ ʨʦʟʛʣʷʜ ʟʘʜʘʯʽ ʤʽʥʽʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦ-

ʞʠʚʘʥʥʷ ʯʝʨʝʟ ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʥʘ "ʢʦʬʤʦʨʪʥʽ" ʫʤʦʚʠ ʻ ʜʦʮʽʣʴʥʠʤ. 

ʂʨʽʤ ʪʦʛʦ, ʜʦʚʦʣʽ ʯʘʩʪʦ, ʚʽʜʦʤʠʡ ʨʦʟʧʦʜʽʣ ʚʠʪʨʘʪ ʥʘ ʪʝʨʤʦʩʪʘʪʘʭ, ʢʦʥ-

ʜʠʮʽʦʥʝʨʘʭ ʽ ʪ.ʜ. 

ʋ ʧʝʨʽʦʜʠ ʧʦʛʦʜʥʠʭ ʢʦʣʠʚʘʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʟʨʦʩ-

ʪʘʻ ʫ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚʘʨ-

ʪʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʋ ʨʦʙʦʪʽ [1] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʢʘʣʽʬʦʨʥʽʡʩʴʢʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʨʠʟʠ 2000-2001 ʨ. ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 5% ʧʨʠʚʦ-

ʜʠʣʦ ʜʦ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 50%. 

ʉʘʤʝ ʪʦʤʫ ʻ ʥʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʫ ʧʦʙʫʜʦʚʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ "ʢʦʤʬʦ-

ʨʪʥʠʭ" ʫʤʦʚ ʢʦʞʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʪʘ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʫ ʧʦʛʦʜʥʠʭ ʫʤʦ-

ʚʘʭ, ʤʽʥʽʤʽʟʫʶʯʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ.  

"ʂʦʤʬʦʨʪʥʽ" ʫʤʦʚʠ  ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʝʨʝʟ ʜʦʧʦʤʽʞʥʫ ʬʫʥʢʮʽʶ "ʚʜʦ-

ʚʦʣʝʥʦʩʪʽ" ὟὝȟ‫ ς , ʜʝ Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʘ ʖ ï ʫʤʦʚʠ 

ʩʧʦʞʠʚʘʥʥʷ: ʯʘʩ ʜʥʷ, ʧʦʛʦʜʘ ʪʦʱʦ. ɼʣʷ ʢʦʞʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʽʩʥʫʻ ʧʨʦ-

ʤʽʞʦʢ ʢʦʤʬʦʨʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʦʤʫ ʧʦʪʨʽʙʥʦ ʚʚʝʩʪʠ ʜʦʜʘʪʢʦʚʽ ʚʝʣʠ-

ʯʠʥʠ Ὕ ï ʥʠʞʥʷ ʤʝʞʘ ʧʨʦʤʽʞʢʫ ʪʘ Ὕ ï ʚʝʨʭʥʷ ʤʝʞʘ. ɼʦʧʦʤʽʞʥʘ ʬʫʥʢ-

ʮʽʷ çʚʜʦʚʦʣʝʥʦʩʪʽè ʟʘʜʦʚʦʣʴʥʷʻ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ[ , ]l uT T T" Î  : 

. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʧʨʦʩʪʽʰʠʡ ʚʠʧʘʜʦʢ ʚ ʷʢʦʤʫ ʤʽʥʽʤʽʟʫʻʪʴʩʷ  ʩʧʦʞʠ-

ʚʘʥʥʷ ʪʽʣʴʢʠ ʟʘ ʧʝʨʽʦʜ ʟʘ ʧʝʨʽʦʜ ʟ Ὕ ʧʦ Ὕ ʟʘ ʫʤʦʚʠ, ʱʦ ʩʪʨʘʪʝʛʽʷ ʤʽʥʽ-

ʤʽʟʘʮʽʾ ʥʘ ʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʘʪʝʛʽʶ ʜʣʷ ʽʥʰʦʛʦ 
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ʧʨʦʤʽʞʢʫ ʯʘʩʫ. ʊʦʜʽ ʩʠʩʪʝʤʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʣʘ-

ʜʦʤ ʢʣʽʤʘʪ-ʢʦʥʪʨʦʣʶ ʙʫʜʝ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

Ὁ
ȟȟ
ựự άὭὲȟ 

ʜʝ Ὁ ï ʦʮʽʥʢʘ ʚʠʪʨʘʯʝʥʦʾ ʝʥʝʨʛʽʾ ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ  

Ὁ Ὁ
ȟȟ ȟ ȟ

Ὁȟ ὴzὸ Ὁ ὸȟὸ ȟὸ ȟὝ ȟ ȟὸȟȣ ȟ 

ʜʝ Ὁȟ  ï ʝʥʝʨʛʽʷ, ʷʢʘ ʙʫʜʝ ʚʠʪʨʘʯʝʥʘ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʧʦʞʠʚʘʯ ʟʤʽ-

ʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʧʨʠʣʘʜʽ ʢʣʽʤʘʪ-ʢʦʥʪʨʦʣʶ ʟ ὸ ʜʦ ὸ, ὴὸ ï ʡʤʦʚʽʨ-

ʥ̔ ʩʪʴ ʮʽʻʾ ʧʦʜʽʾ. Ὁ ὸȟὸ ȟὸ ȟὝ ȟ ȟὸȟȣ  ï ʟʙʝʨʝʞʝʥʘ ʝʥʝʨʛʽʷ.  

ʊʘʢʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ: 

1. ʅʘ ʞʘʣʴ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʜʘʥʠʭ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʧʨʠʣʘʜʽʚ 

ʥʘ ʚʥʫʪʨʽʰʥʽ ʫʤʦʚʠ: ʅʘʧʨʠʢʣʘʜ ʨʽʟʥʠʮʷ ʫ ʂʂɼ ʤʽʞ ʛʘʟʦʚʦʶ ʪʘ ʝʣʝʢʪʨʦ-

ʧʣʠʪʦʶ, ʉʠʩʪʝʤʥʽ ʙʣʦʢʠ, ʷʢʽ ʛʨʽʶʪʴʩʷ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʪʦʱʦ.  

2. "ʂʦʤʬʦʨʪʥʽ" ʫʤʦʚʠ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʤʽʥʷʶʪʴʩʷ ʟ ʯʘʩʦʤ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʮʠʭ ʟʤʽʥ ʜʦʧʦʤʽʞʥʘ ʬʫʥʢʮʽʷ "ʚʜʦʚʦʣʝʥʦʩʪʽ" ʤʘʻ ʙʫʪʠ 

ʩʪʦʭʘʩʪʠʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻ ʩʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠ 

3. ɼʣʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʧʦʪʨʽʙʥʘ ʜʫʞʝ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝ-

ʞʝʥʴ ʟʘ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ, ʦʩʢʽʣʴʢʠ ʥʝ ʟʘʚʞʜʠ ʻ ʪʘʢʘ ʽʥʬʦʨʤʘʮʽʷ, ʪʦ ʧʦʪʨʽ-

ʙʝʥ ʯʘʩ ʜʣʷ ʟʙʠʨʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ. 

4. ʊʘʢʦʞ ʥʝ ʚʩʽ ʣʶʜʠ ʙʘʞʘʶʪʴ ʜʽʣʠʪʠʩʷ ʩʚʦʾʤʠ ʧʨʠʚʘʪʥʠʤʠ ʜʘʥʠʤʠ. 

ʂʨʽʤ ʪʦʛʦ, ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʦʚʠʥʝʥ ʧʨʦʭʦʜʠʪʠ ʟʛʽʜʥʦ ʟ ʽʩʥʫʶʯʠʤ ʨʝʛʫ-

ʣʶʚʘʥʥʷʤ. ʅʘ ʞʘʣʴ ʥʝ ʫ ʚʩʽʭ ʢʨʘʾʥʘʭ ʽʩʥʫʻ ʥʦʨʤʘʪʠʚʥʦ- ʧʨʘʚʦʚʘ ʙʘʟʘ, 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʢʦʨʠʩʪʫʚʘ-

ʯʽʚ 

5. ɿʘʜʘʯʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʘʜʘʯʽ ʤʽ-

ʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʢʦʤʧʘʥʽʾ ʧʦʩʝʨʝʜʥʠʢʘ, ʦʩʢʽʣʴʢʠ ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʫ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʥʘʙʘʛʘʪʦ ʚʦʣʘʪʠʣʴʥʽʰʘ. ʂʨʽʤ ʪʦʛʦ, ʧʦʯʘʪʢʦʚʦ, ʟʘʜʘʯʘ 

ʧʦʩʝʨʝʜʥʠʢʘ - ʤʘʢʩʠʤʽʟʘʮʽʷ ʧʨʠʙʫʪʢʫ, ʯʘʩʪʠʥʘ ʷʢʦʾ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ. 

ʉʘʤʝ ʪʦʤʫ, ʥʝʤʦʞʣʠʚʦ ʧʦʙʫʜʫʚʘʪʠ ʩʠʩʪʝʤʫ, ʷʢʘ ʦʜʥʦʯʘʩʥʦ ʤʘʢʩʠʤʽʟʫʻ 

ʧʨʠʙʫʪʦʢ ʢʦʤʧʘʥʽʾ ʧʦʩʝʨʝʜʥʠʢʘ, ʥʘʚʽʪʴ ʟʘ ʫʤʦʚʠ, ʱʦ ʢʦʨʠʩʪʫʚʘʯʽ ʟʘʣʠ-

ʰʘʶʪʴʩʷ ʟʘʜʦʚʦʣʝʥʽ, ʽ ʤʽʥʽʤʽʟʫʻ ʾʭ ʚʠʪʨʘʪʠ. ʊʦʤʫ ʩʧʦʯʘʪʢʫ ʩʠʩʪʝʤʘ ʙʫ-

ʜʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʩʧʦʞʠʚʘʯʘ. ɸ ʟʘʜʘʯʘ ʧʦʙʫʜʦʚʠ ʩʠʩ-

ʪʝʤʠ, ʷʢʘ ʤʘʢʩʠʤʽʟʫʻ ʧʨʠʙʫʪʦʢ, ʟʘ ʫʤʦʚʠ ʣʦʷʣʴʥʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ ʻ ʽʥ-

ʰʦʶ. 

ʃʽʪʝʨʘʪʫʨʘ 
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ʆɻʃʗɼ ʌɸʂʊʆʈɯɺ ʈʀɿʀʂʋ ʇʈʀ ɺʇʈʆɺɸɼɾɽʅʅɯ 

ʄɽɼʀʏʅʀʍ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ 

ʆ.ɺ. ɻʦʨʙʠʢ 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʄɯʉ ʟʘ ʜʣʷ ʟʤʝ-

ʥʰʝʥʥʷ ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ ʧʨʠ ʨʦʙʦʪʽ ʟ ʧʘʮʽʻʥʪʦʤ.  

ʇʠʪʘʥʥʷ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʤʝʜʠʮʠʥʠ ʟ ʢʦʞʥʠʤ ʜʥʝʤ ʚʩʝ ʙʽʣʴʰʝ ʽ ʙʽ-

ʣʴʰʝ ʥʘʙʫʚʘʻ ʩʚʦʻʾ ʘʢʪʫʘʣʴʥʦʩʪʽ. ʈʦʙʦʪʘ ʟʘ ʢʦʤʧôʶʪʝʨʦʤ, ʩʪʚʦʨʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʟʘʧʦʚʥʝʥʥʷ ʜʘʥʠʭ ʪʘ ʢʦʨʝʢʪʥʽ ʜʽʘʛʥʦʟʠ ï ʮʝ ʛʦ-

ʣʦʚʥʽ ʦʙʦʚôʷʟʢʠ ʣʽʢʘʨʷ, ʢʦʪʨʠʡ ʧʨʘʮʶʻ ʚ ʄɯʉ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʝ-

ʟʫʣʴʪʘʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʦʪʦʚʥʦʩʪʽ ʣʽʢʘʨʽʚ ʥʘ-

ʚʯʘʪʠʩʴ ʪʘ ʦʩʚʦʶʚʘʪʠ ʜʣʷ ʩʝʙʝ ʥʦʚʽ ʦʙʦʚôʷʟʢʠ.  

ʆʮʽʥʢʘ ʨʠʟʠʢʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʫʢʫʧʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʦʮʽʥʦʢ, ʦʪʨʠʤʘʥʠʭ 

ʚʝʣʠʯʠʥ ʨʠʟʠʢʫ, ʧʦʨʽʚʥʷʣʴʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʤʦʞʣʠʚʠʭ ʚʪʨʘʪ ʜʣʷ ʟʜʦ-

ʨʦʚôʷ, ʤʦʞʣʠʚʠʭ ʚʠʪʨʘʪ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʨʽʰʝʥʴ, ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʡ ʪʠʭ ʚʠʛʽʜ, ʱʦ ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʚ ʨʝ-

ʟʫʣʴʪʘʪʽ ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʫʩʢʣʘʜʥʝʥʴ 

ʧʨʠ ʣʽʢʫʚʘʥʥʽ). ʋ ʟʘʚʜʘʥʥʷ ʢʝʨʫʚʘʥʥʷ ʨʠʟʠʢʦʤ ʚʭʦʜʠʪʴ ʪʘʢʦʞ ʚʠʙʽʨ 

ʩʪʨʘʪʝʛʽʾ ʜʠʥʘʤʽʯʥʦʛʦ (ʧʝʨʽʦʜʠʯʥʦʛʦ ʘʙʦ ʧʦʩʪʽʡʥʦʛʦ) ʤʦʥʽʪʦʨʠʥʛʫ ʝʢʩ-

ʧʦʟʠʮʽʡ ʽ ʨʠʟʠʢʽʚ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʩʣʽʜʫʶʪʴʩʷ ʪʘʢʽ ʬʫʥʢʮʽʾ:  

ī ʢʦʥʪʨʦʣʴʥʘ (ʧʦʨʽʚʥʷʥʥʷ ʟ ʛʨʘʥʠʯʥʦ ʧʨʠʧʫʩʪʠʤʠʤʠ ʘʙʦ ʧʨʠʡʥʷʪ-
ʥʠʤʠ ʨʽʚʥʷʤʠ); 

ī ʩʠʛʥʘʣʴʥʘ (ʰʚʠʜʢʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʯʥʦʾ ʩʠʪʫʘ-

ʮʽʾ); 

ī ʧʨʦʛʥʦʩʪʠʯʥʘ (ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʘʥʘ-
ʣʽʟʫ ʪʝʥʜʝʥʮʽʡ);  

ī ̔ ʥʩʪʨʫʤʝʥʪʘʣʴʥʘ (ʷʢ ʟʘʩʽʙ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʧʦʩ-
ʪʝʨʝʞʫʚʘʥʠʭ ʷʚʠʱ).  

ʄʦʥʽʪʦʨʠʥʛ ʨʠʟʠʢʽʚ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ 

ʜʣʷ ʟʜʦʨʦʚôʷ, ʻ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʚʝʜʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʭʚʦ-

ʨʠʤʠ ʛʨʫʧʠ ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʢʦʨʝʢʮʽʾ. ɸʢʪʠʚʥʝ ʚʠʷʚ-

ʣʝʥʥʷ ʟʘʭʚʦʨʶʚʘʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʢʣʽʥʽʯʥʦʛʦ ʧʣʘʥʫ, ʧʦ ʩʫʪʽ, ʷʚʣʷʻ 

ʩʦʙʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʥʝʚʠʷʚʣʝʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʩʪʫ-

ʚʘʥʥʷ. 

ɺʠʩʥʦʚʦʢ. ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʣʽʢʫʚʘʥʥʷ ʪʘ ʧʨʦʬʽʣʘʢʪʠʢʠ ʧʘʮʽʻʥʪʘ ʤʝ-

ʜʠʯʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʯʥʝ ʣʽʢʫʚʘʥʥʷ ʥʝ 

ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ.  
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ʉʋʏɸʉʅɯ ɸʉʇɽʂʊʀ ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʊɸ 

ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʉʀʉʊɽʄ 

ɺ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʗʍ 
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ʇɽʈʂʆʃʗʎʀʗ ʅɸ ʉʃʋʏɸʁʅʆʁ ʉɽʊʂɽ 

ʄʋʃʔʊʀʄɸʉʐʊɸɹʅʓʍ ʕʃɽʄɽʅʊʆɺ ʂʆɺʈɸ 

ʉɽʈʇʀʅʉʂʆɻʆ ʂɸʂ ʄʆɼɽʃʔ ʅʆɺʆɻʆ ʂʃɸʉʉɸ ɿɸɼɸʏ  

ʖ.ɺ. ʂʨʳʚʯʝʥʢʦ  

ʆʜʝʩʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

 

ɺ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʧʨʦʪʝʢʘʥʠʷ ʚʚʝʜʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʫʣʴʪʠʤʘʩ-

ʰʪʘʙʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʝʨʢʦʣʷʮʠʦʥʥʦʛʦ ʢʣʘʩʪʝʨʘ. ʂʘʞʜʳʡ ʪʘʢʦʡ ʵʣʝʤʝʥʪ 

ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʢʦʣʷʮʠʦʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʤʝʥʴʰʝʛʦ ʤʘʩʰʪʘʙʘ, ʪʘʢʞʝ ʩʦʜʝʨ-

ʞʘʱʝʤ ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʳʝ ʵʣʝʤʝʥʪʳ, ʠ ʪʘʢ ʜʘʣʝʝ ad infinitum. ʇʦʥʷʪʠʝ 

ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢʘʨʜʠʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʘ-

ʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʝʨʢʦʣʷʮʠʦʥʥʳʡ ʢʣʘʩʪʝʨ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʛʝʥʝʨʘʮʠʠ ʠ ʵʚʦʣʶʮʠʠ 

ʧʝʨʢʦʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠ-

ʯʠʪʴ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʫʩʣʦʚʠʡ ʦʙʲʝʜʠʥʝʥʠʷ ʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʢʣʘ-

ʩʪʝʨʦʦʙʨʘʟʦʚʘʥʠʷ.  

ɺ ʨʘʤʢʘʭ ʧʠʣʦʪʥʦʡ ʤʦʜʝʣʠ ʧʝʨʢʦʣʷʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʢʦʚʨʝ ʉʝʨ-

ʧʠʥʩʢʦʛʦ ʦʧʠʩʘʥʳ ʘʣʛʦʨʠʪʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʨʳ ʃʝʙʝʛʘ ʥʘ ʤʥʦʞʝʩʪʚʝ 

çʧʨʦʚʦʜʷʱʠʭè ʫʯʘʩʪʢʦʚ ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʨʘʩʯʝʪʘ ʨʘʟ-

ʤʝʨʥʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʩʢʝʡʣʠʥʛʦʚʦʝ ʧʦʚʝʜʝʥʠʝ ʵʥʪʨʦʧʠʠ ʠʭ ʨʘʟʙʠʝ-

ʥʠʷ; ʚʚʝʜʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʥʦ-

ʩʪʠ ʩʪʨʫʢʪʫʨʳ ʵʣʝʤʝʥʪʦʚ, ʧʦʢʘʟʘʥʘ ʧʨʠʛʦʜʥʦʩʪʴ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʜʣʷ 

ʦʮʝʥʢʠ ʜʨʝʡʬʘ ʠʭ ʩʚʦʡʩʪʚ. ʆʜʠʥ ʠʟ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʤʦʜʝʣʠ ï ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢʘʢ ʤʥʦʞʝʩʪʚʘ, ʧʨʠʥʘʜʣʝ-

ʞʘʱʝʛʦ ʢʣʘʩʩʫ çʪʦʣʩʪʳʭè ʬʨʘʢʪʘʣʦʚ.  
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ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʋʇʈɸɺʃɯʅʅɯ ʉʂʃɸɼʅʀʄʀ 

ʉʀʉʊɽʄɸʄʀ 

ʆ.ɺ.ʉʢʘʢʘʣʽʥʘ 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ʆʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ  ʩʠʩʪʝʤ (ɯʊ ʪʘ ɯʉ) ʫ XXI  ʩʪʦʣʽʪʪʽ ʙʫʜʝ ʧʦʚ'ʷʟʘʥʘ ʟ ʚʠʨʽ-

ʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʚʩʝʙʽʯʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʟʘʟʥʘʯʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤ 

ʟ ʽʩʥʫʶʯʠʤʠ ʪʘ ʤʘʡʙʫʪʥʽʤʠ ʚʠʨʦʙʥʠʯʠʤʠ ʪʘ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʽ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ (ʉʋ). ʊʦʤʫ ʦʜʥʽʻʶ ʟ 

ʘʢʪʫʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ ʻ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ 

ʪʝʨʠʪʦʨʽʘʣʴʥʦ ï ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʜʦ ʢʦʪʨʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʚʠʨʦ-

ʙʥʠʯʦ-ʝʢʦʥʦʤʽʯʥʽ ʩʠʩʪʝʤʠ. ʆʩʥʦʚʥʠʤ ʚʠʜʦʤ ʚʠʨʦʙʥʠʯʦ-ʝʢʦʥʦʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʻ   ʩʫʯʘʩʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʪʦʙʪʦ- ʛʦʩʧʦʜʘʨʶʶʯʠʡ ʩʫʙô̒ ʢʪ.  ɺ 

ʷʢʦʩʪʽ  ʪʘʢʦʛʦ  ʩʫʙôʻʢʪʫ  ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ  ʘʛʨʦʭʦʣʜʠʥʛ, ʥʘʬʪʦʛʘʟʦʚʘ ʢʦʤ-

ʧʘʥʽʷ, ʝʥʝʨʛʝʪʠʯʥʠʡ ʢʦʤʧʣʝʢʩ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʛʘʣʫʟʝʚʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʢʨʫʧʥʽ ʙʘʥʢʽʚʩʴʢʽ ʩʪʨʫʢʪʫʨʠ  ʪʘ ʾʤ ʧʦʜʽʙʥʽ ʩʢʣʘʜʥʽ ʪʝʨʠʪʦ-

ʨʽʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʩʪʝʤʠ. 

ɺ ʷʢʦʩʪʽ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʥʘʩʪʫʧʥʽ[1]: 

1. ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʽ ʚʟʘʻʤʦʜʽʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 

2. ʩʢʣʘʜʥʽʩʪʴ ʚʠʢʦʥʫʚʘʥʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

3. ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʽʣʫ ʩʠʩʪʝʤʠ ʥʘ ʧʽʜʩʠʩʪʝʤʠ 

4. ʥʘʷʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ, ʽʥʪʝʥʩʠʚʥʠʭ ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʨʦʟʛʘ-

ʣʫʞʝʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʝʨʝʞʽ 

5. ʚʟʘʻʤʦʜʽʷ ʽʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ 
ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʦ ʦʨʛʘʥʽʟʦ-

ʚʘʥʠʭ  ʪʝʨʠʪʦʨʽʘʣʴʥʦ ï ʨʦʟʧʦʜʽʣʝʥʠʭ  ʩʠʩʪʝʤ  (ʉʆʊʈʉ ) ʷʢ ʽʥʪʝʛʨʦʚʘʥʠʭ 

ʩʪʨʫʢʪʫʨ ʪʘ ʩʪʫʧʝʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʠʭ ʚ  ʉʆʊʈʉ  ERP, BMP 

ʪʘ ʽʥʰʠʭ ʩʠʩʪʝʤ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʫʯʘʩʥʠʤ ʧʦʪʨʝʙʘʤ  

ʉʆʊʈʉ  ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʚʩʽʭ ʽʩʥʫʶʯʠʭ ʚʠʜʽʚ ʚʠʨʦʙʥʠʯʦʾ ʪʘ ʩʫʧʨʦʚʦʜʞʫ-

ʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʛʦʩʧʦʜʘʨʶʶʯʠʭ  ʩʫʙôʻʢʪʽʚ ʜʦʟʚʦʣʷʻ ʜʽʡʪʠ ʦʙˇʨʫʥʪʦ-

ʚʘʥʦʛʦ  ʚʠʩʥʦʚʢʫ ʱʦʜʦ ʩʫʪʪʻʚʦʾ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʠʭ ʚ ʮʠʭ ʩʠ-

ʩʪʝʤʘʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ  ʚʠʨʦʙʥʠʯʠʭ ʪʘ  ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ.  

ʆʙôʻʢʪʠʚʥʽ  ʚʠʢʣʠʢʠ  ʩʫʯʘʩʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʉʆʊʈʉ   ʚʠʤʘʛʘʶʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ 
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ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʟʘ ʫʤʦʚ ʤʽʥʽʤʽʟʘʮʽʾ ʪʘʢʠʭ ʢʣʶʯʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʧʦʚʥʘ ʚʘʨʪʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ERP, BMP ʪʘ ʽʥʰʠʭ ʩʠʩʪʝʤ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʪʝʨʤʽʥʠ  ʾʭ  ʚʧʨʦʚʘʜʞʝʥʥʷ , ʥʘʷʚʥʽʩʪʴ ʧʝʨ-

ʩʦʥʘʣʫ ʟ   ʚʽʜʧʦʚʽʜʥʠʤ ʨʽʚʥʝʤ  ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ. ɸʥʘʣʽʟ ʢʣʘʩʠʯ-

ʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʩʢʣʘʜʽ ʚʽʜʦʤʠʭ ERP ï ʩʠʩʪʝʤ, 

ʧʦʢʘʟʫʻ , ʱʦ ʜʦʚʦʣʽ ʯʘʩʪʦ ʚʦʥʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʘʜʝʢʚʘʪʥʠʭ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʯʝʨʝʟ ʟʥʘʯʥʽ ʯʘʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʨʽʰʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʾ  ʣʦʛʽʩʪʠʢʠ ʷʢ ʩʘʤʦʩʪʽʡʥʦʾ ʢʦʥ-

ʢʫʨʝʥʪʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʚʦʣʠʪʴ ʥʘʮʽʦʥʘʣʴʥʠʤ  ʉʆʊʈʉ  ʚ ʫʤʦʚʘʭ ʰʚʠ-

ʜʢʦ ʤʽʥʣʠʚʦʛʦ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ ʟʙʝʨʝʛʪʠ ʣʽʜʝʨʩʪʚʦ ʚ ʧʨʦʮʝʩʘʭ ʜʦʩʷʛ-

ʥʝʥʥʷ ʤʝʪʠ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʡ. 

ɺʨʘʭʦʚʫʶʯʽ ʚʩʝ ʚʠʱʝʥʘʚʝʜʝʥʝ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ ʥʘʷʚʥʽʩʪʴ ʚʘʞʣʠ-

ʚʦʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʷʢʦʾ ʟʫʤʦʚʣʝʥʘ ʦʙôʻʢʪʠ-

ʚʥʦʶ ʥʝʦʙʭʽʜʥʽʩʪʶ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ  ʽʥʥʦʚʘʮʽʡʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭ-

ʥʦʣʦʛʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ ʪʘ  ʣʦʛʽʩʪʠʯʥʠʤʠ  ʧʨʦʮʝ-

ʩʘʤʠ  ʚ ʫʤʦʚʘʭ  ʉʆʊʈʉ , ʟʦʢʨʝʤʘ, ʘʣʛʦʨʠʪʤʽʚ, ʤʝʪʦʜʽʚ ʪʘ ʽʥ. ʜʣʷ ʧʽʜʚʠ-

ʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ  ʾʭʥʴʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʻʜʥʘʥʥʷ ʤʝʪʦʜʽʚ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʝʢʪʘʤʠ  ʪʘ ʝʚʦʣʶʮʽʡʥʠʭ  ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʝʬʝʢʪʫ.   

ɺʚʝʜʝʤʦ ʥʘʩʪʫʧʥʝ ʪʚʝʨʜʞʝʥʥʷ : ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝ-

ʟʫʣʴʪʘʪʫ  ʚ ʧʨʦʮʝʩʽ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʦ ʦʨʛʘʥʽʟʦʚʘʥʦʶ  ʪʝʨʠʪʦʨʽʘʣʴʥʦ ï 

ʨʦʟʧʦʜʽʣʝʥʦʶ ʩʠʩʪʝʤʦʶ ʜʦʩʪʘʪʥʴʦ ʥʘ ʚʭʽʜ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʧʦʜʘʪʠ ʭʦʯʘ ʙ 

ʦʜʥʫ ʫʧʨʘʚʣʷʶʯʫ  ʜʽʶ ʟ ʤʥʦʞʠʥʠ ɗ. ɽʣʝʤʝʥʪʘʤʠ ʮʽʻʾ ʤʥʦʞʠʥʠ ʻ ʥʘʩʪʫ-

ʧʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ  ʪʝʭʥʦʣʦʛʽʾ [2]: 

Ū1 ï ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʩʢʣʘʜʥʦ ʦʨʛʘʥʽʟʦʚʘʥʦʾ  ʪʝʨʠʪʦʨʽʘʣʴʥʦ ï ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ (ʉʆʊʈʉ) 

ʟʘʩʦʙʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ; 

Ū2 ï ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʣʦʛʽʩʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ  

ʉʆʊʈʉ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʥʝʯʽ-

ʪʢʠʭ ʤʥʦʞʠʥ; 

Ū3   - ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʬʽʥʘʥʩʦʚʠʭ ʨʠʟʠʢʽʚ 

ʉʆʊʈʉ; 

Ū4  -  ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ  ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʧʦʢʘʟʥʠ-

ʢʽʚ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʉʆʊʈʉ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʤʦʜʠʬʽʢʘ-

ʮʽʾ ʤʝʪʦʜʫ ʛʨʫʧʦʚʦʛʦ ʦʙʨʘʭʫʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ . 

  ɺ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʘʥʘ ʩʪʨʘʪʝʛʽʷ ʢʦʤʙʽʥʫʚʘʥʥʷ ʤʝʪʦʜʽʚ, ʪʘʢ ʷʢ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʦʜʥʦʛʦ ʤʝʪʦʜʫ  ʥʘʡʯʘʩʪʽʰʝ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ 

ʘʜʝʢʚʘʪʥʦʛʦ  ʨʽʰʝʥʥʷ. ʊʦʤʫ ʨʽʟʥʽ ʤʝʪʦʜʠ ʢʦʤʙʽʥʫʶʪʴ, çʟʘʧʫʩʢʘʶʯʠè ʾʭ 

ʘʙʦ ʧʦʩʣʽʜʦʚʥʦ, ʘʙʦ ʧʘʨʘʣʝʣʴʥʦ. ɿʚʠʯʘʡʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʩʪʨʘʪʝʛʽʾ ʢʦʤʙʽʥʫʚʘʥʥʷ: ʧʦʝʪʘʧʥʠʡ ʟʘʧʫʩʢ, ʽʪʝʨʘʪʠʚʥʠʡ ʟʘʧʫʩʢ, ʢʦʥʢʫʨʝ-

ʥʮʽʷ, ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘ ʙʣʦʢʠ ʜʘʥʠʭ (ʜʝʢʦʤʧʦʟʠʮʽʷ ï ʨʦʟʧʦʜʽʣʷʻʤ ʜʘʥʽ ʥʘ 
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ʦʢʨʝʤʽ ʬʨʘʛʤʝʥʪʠ , ʷʢʽ ʦʙʨʦʙʣʷʻʤʦ ʦʢʨʝʤʦ ʘʙʦ ʦʜʥʠʤ ʤʝʪʦʜʦʤ, ʘʙʦ - ʨʽ-

ʟʥʠʤʠ).  ɺ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ ʽʩʥʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʚʘʞ-

ʣʠʚʠʭ ʚ ʥʘʮʽʦʥʘʣʴʥʠʡ ʚʠʨʦʙʥʠʯʽʡ ʜʽʷʣʴʥʦʩʪʽ   ʉʆʊʈʉ  - ʘʛʨʦʩʝʢʪʦʨ ʪʘ 

ʥʘʬʪʦʛʘʟʦʚʠʜʦʙʫʚʥʠʡ  - ʟʘʩʪʦʩʦʚʘʥʽ ʤʝʪʦʜʠ ʜʝʢʦʤʧʦʟʠʮʽʾ ʪʘ ʧʦʝʪʘʧʥʠʡ 

ʟʘʧʫʩʢ. 
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ʋɼʂ 519.237.5 

ɼʆɺɯʈʏʀʁ ɯʅʊɽʈɺɸʃ ɼʃʗ ɺɯɼɻʋʂʋ ʈɽɻʈɽʉɯʁʅʆɰ ʄʆɼɽʃɯ 

ʉ.ʄ. ʃʘʧʘʯ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯè, ʋʢʨʘʾʥʘ 

 

ʉʪʘʥ ʧʨʦʙʣʝʤʠ.ɿ ʜʦʚʽʨʯʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ ʥʝ ʚʩʝ ʧʦʨʷʜʢʫ ʧʨʠ ʾʭ ʚʠ-

ʢʦʨʠʩʪʘʥʥʽ ʧʝʨʝʩʽʯʥʠʤ ʥʘʫʢʦʚʮʝʤ. ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʨʦʟʨʘʭʦʚʫʶʪʴ ʜʦʚʽ-

ʨʯʽ ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʽ ʜʠʩʧʝʨʩʽʾ. ɸʣʝ, ʤʘʡʞʝ ʥʽʭʪʦ ʟ ʢʦʨʠʩʪʫʚʘ-

ʯʽʚ ʥʝ ʩʪʘʪʠʩʪʠʢʽʚ ʥʝ ʟʥʘʻ, ʱʦ ʾʭ ʥʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ. 

ɸʚʪʦʨʫ ʚʽʜʦʤʦ ʪʽʣʴʢʠ ʧʨʦ ʦʜʠʥ ʤʘʩʦʚʠʡ ʧʽʜʨʫʯʥʠʢ [1], ʚ ʷʢʦʤʫ ʧʨʦ ʮʝ 

ʛʦʚʦʨʠʪʴʩʷ. ɿʚʠʯʘʡʥʦ, ʚ ʙʘʛʘʪʴʦʭ ʧʽʜʨʫʯʥʠʢʘʭ ʽ ʜʦʚʽʜʥʠʢʘʭ ʧʠʰʫʪʴ ʧʨʦ 

ʽʥʪʝʨʚʘʣʠ ɹʦʥʬʝʨʦʥʽ, ʘʣʝ ʤʘʣʦ ʭʪʦ ʟ ʧʝʨʝʩʽʯʥʠʭ ʯʠʪʘʯʽʚ ʟʜʦʛʘʜʘʻʪʴʩʷ, 

ʱʦ ʾʭ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ. 

ʈʦʟʨʘʭʫʥʦʢ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜ-

ʛʫʢʫ ʟʘ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʣʶ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʽ-

ʚʥʷʥʥʷ [2, 3]. ʇʨʠ ʮʴʦʤʫ ʩʪʨʫʢʪʫʨʘ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝʚʽʜʦʤʘ ʽ ʤʦʞʝ ʙʫʪʠ ʤʝʪʦʶ ʜʦʩʣʽ-

ʜʞʝʥʥʷ [3, 4]. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʰʚʠʜʢʦʟʤʽʥʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʚʠʤʘʛʘʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʽ ʩʪʝʧʝʥʽ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ ʤʥʦʛʦʯʣʝʥʘ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʧʨʠ ʟʘʜʦʚʽʣʴʥʽʡ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʦʯʢʘʭ 

ʜʦ ʚʝʣʠʢʠʭ ʚʽʜʭʠʣʝʥʴ (ʜʦ ʩʦʪʝʥʴ ʧʨʦʮʝʥʪʽʚ) ʤʽʞ ʪʦʯʢʘʤʠ [5, 6, 7].  ɼʦ-

ʚʝʜʝʥʦ, ʱʦ ʚʩʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʮʽʥʦʢ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʚ ʨʝʛʨʝʩʽʡʥʦʤʫ ʘʥʘʣʽʟʽ 

ʤʘʶʪʴ ʤʽʩʮʝ ʪʽʣʴʢʠ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʨʽʚʥʷʥʥʷ 

ʨʝʛʨʝʩʽʾ [8].  
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ʅʘʧʽʚʰʠʨʠʥʘ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʋ-ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʨʠ ʟʘʜʘ-

ʥʠʭ ʟʥʘʯʝʥʥʷʭ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

ö
÷
õ

æ
ç
å + -

¡- 0

1

0;2/ )(1 XXXX
N

t TT

yxkN sa . ʊʫʪ ʍ0 ï ʚʝʢʪʦʨ ʨʽʟʥʠʮʽ ʤʽʞ 

ʟʘʜʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʽ ʚʽʜʧʦʚʽʜʥʠʤ ʩʝʨʝʜʥʽʤ ʟʥʘ-

ʯʝʥʥʷʤ ʢʦʞʥʦʾ ʟʤʽʥʥʦʾ; ʍ ï ʤʘʪʨʠʮʷ, ʟʘ ʷʢʦʶ ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ ʤʦʜʝʣʴ;

yxs  ï ʩʪʘʥʜʘʨʪʥʝ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜʛʫʢʫ;
kNt ¡-;a

 ï ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʶ ʉʪʶʜʝʥʪʘ ʟ ʨʽʚʥʝʤ ʟʥʘʯʫʱʦʩʪʽ a;  N ï ʯʠʩʣʦ ʝʢʩʧʝʨʠʤʝʥʪʽʚ; k` 

ï ʯʠʩʣʦ ʯʣʝʥʽʚ ʤʦʜʝʣʽ, ʚʢʣʶʯʘʶʯʠ ʚʽʣʴʥʠʡ ʯʣʝʥ b0. 

 ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʠʤʦʛʠ ʢʦʨʠʩʪʫʚʘʯʘ ʤʦʜʝʣʽ ʜʦ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ 

ʯʘʩʪʦ ʚʭʦʜʷʪʴ ʚ ʧʨʦʪʠʨʽʯʯʷ ʦʜʥʝ ʟ ʦʜʥʠʤ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ ʚʽʥ ʙʘʞʘʻ ʤʘʪʠ 

ʽʥʪʝʨʚʘʣ ʷʢ ʤʦʞʥʘ ʙʽʣʴʰ ʚʫʟʴʢʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ. ɿ 

ʜʨʫʛʦʛʦ ʙʦʢʫ, ʙʘʞʘʥʘ ʥʘʜʽʡʥʽʩʪʴ, ʱʦ ʚʠʤʘʛʘʻ ʡʦʛʦ (ʽʥʪʝʨʚʘʣʫ) ʨʦʟʰʠ-

ʨʝʥʥʷ. 

ɿ ʚʠʱʝ ʧʨʠʚʝʜʝʥʦʾ ʬʦʨʤʫʣʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʝʣʠʯʠʥʘ ʽʥʪʝʨʚʘʣʫ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʥʘʩʪʫʧʥʠʭ ʯʠʥʥʠʢʽʚ: 

1. ʚʝʣʠʯʠʥʘ ʜʠʩʧʝʨʩʽʾ; 

2. ʙʣʠʟʴʢʽʩʪʴ ʪʦʯʢʠ, ʜʣʷ ʷʢʦʾ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽʥʪʝʨʚʘʣ, ʜʦ ʩʝʨʝʜʥʴʦʛʦ; 

3. ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʨʠʮʽ, ʟʘ ʷʢʦʶ ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ. 

ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʚʪʦʨʥʠʭ ʜʦʩʣʽʜʽʚ ʥʘʫʢʦʚʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʢʘ-

ʟʘʥʽʡ ʬʦʨʤʫʣʽ ʟʘʣʠʰʢʦʚʫ ʜʠʩʧʝʨʩʽʶ ʟʘʤʽʩʪʴ ʜʠʩʧʝʨʩʽʾ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ. 

ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʟʘʣʝʞʠʪʴ ʥʝ 

ʪʽʣʴʢʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʨʠʮʽ, ʘʣʝ ʡ ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ. ɿʤʽʥʘ ʩʪʨʫʢʪʫʨʠ 

ʧʨʠʚʦʜʠʪʴ ʦʜʥʦʯʘʩʥʦ ʜʦ ʟʤʽʥʠ ʤʘʪʨʠʮʽ ʍ ʽ ʜʦ ʟʤʽʥʠ ʟʘʣʠʰʢʦʚʦʾ ʜʠʩʧʝʨ-

ʩʽʾ ,̔ ʚʽʜʧʦʚʽʜʥʦ, ʽʥʰʦ ʾʧʽʚʰʠʨʠʥʠ ʽʥʪʝʨʚʘʣʫ. 

ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʪʦʯʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ [9] ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ. ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʤʦʞʝ ʤʘʪʠ ʦʙʦʨʦʪʥʦʶ ʩʪʦʨʦʥʦʶ 

ʥʝʜʦʩʪʦʚʽʨʥʽʩʪʴ. ɺ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ, ʷʢ ʧʨʘʚʠʣʦ, ʦʜʥʦʯʘʩʥʦ ʟ ʧʝʚʥʠʤ 

ʨʽʚʥʝʤ ʪʦʯʥʦʩʪʽ ʜʦ ʤʦʜʝʣʽ, ʚʽʜ ʥʝʾ ʚʠʤʘʛʘʻʪʴʩʷ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ. ʊʦʙʪʦ, ʤʠ 

ʦʯʽʢʫʻʤʦ, ʱʦ ʟ ʟʘʜʘʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʷ 

ʚ ʨʦʟʨʘʭʦʚʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ. ɺʽʜʨʘʟʫ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʧʨʠ ʦʧʠʩʽ ʰʚʠʜ-

ʢʦʟʤʽʥʥʠʭ ʬʫʥʢʮʽʡ ʤʠ ʥʝ ʦʪʨʠʤʘʻʤʦ ʙʘʞʘʥʦʛʦ [5, 6, 7, 10]: ʤʽʞ ʪʦʯʢʘʤʠ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʙʫʜʫʪʴ ʜʘʣʝʢʦ ʟʘ ʤʝʞʘʤʠ ʜʦʚʽʨʯʦʛʦ 

ʽʥʪʝʨʚʘʣʫ. ɸʣʝ ʥʝʧʨʠʻʤʥʦʩʪʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʽ ʚ ʟʚôʷʟʢʫ ʟ ʢʦʥʬʣʽʢʪʦʤ 

ʨʽʟʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʠ ʚʠʙʦʨʽ çʥʘʡʢʨʘʱʦʾè, ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʜʦʩʣʽʜʥʠʢʘ ʤʦʜʝʣʽ [11,  12] ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʫ ʦʧʠʩʫʻ 

ʤʦʜʝʣʴ. 

ʇʨʦʽʣʶʩʪʨʫʻʤʦ ʮʽ ʧʨʦʙʣʝʤʠ ʥʘ ʧʨʠʢʣʘʜʘʭ. 
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ʆʧʠʩ ʬʫʥʢʮʽʡ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʧʦʚʽʣʴʥʦ. ʗʢ ʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʜʘ-

ʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʟʘʣʝʞʥʦʩʪʽ ʩʪʽʡʢʦʩʪʽ ʚʽʜ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʨʽʟʮʽʚ ʩ ʧʣʘʩ-

ʪʠʥʢʘʤʠ ʟʽ ʩʧʣʘʚʫ ʊ14ʂ8. ʆʧʠʩ ʟʘʜʘʯʽ ʚʟʷʪʠʡ ʟ [13, ʉ.152], ʚʘʨʽʘʥʪʠ ʤʦ-

ʜʝʣʝʡ ʟ [11]. ɺ ʪʘʙʣʠʮʽ 1 ʧʨʠʚʝʜʝʥʽ ʩʪʨʫʢʪʫʨʠ ʨʷʜʫ ʤʦʜʝʣʝʡ ʽ ʾʭ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʎʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʷʢʽʩʪʴ ʤʦʜʝʣʽ. ʊʘʙʣʠʮʷ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʚʘʨʽʘʥʪʠ ʤʦʜʝʣʝʡ (ʚ ʧʦʨʷʜʢʫ 

ʨʦʟʤʽʱʝʥʥʷ): ʛʦʣʦʚʥʠʭ ʝʬʝʢʪʽʚ (1); ʝʬʝʢʪʽʚ, ʜʣʷ ʷʢʠʭ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘ-

ʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪʶʜʝʥʪʘ ʙʽʣʴʰʝ ʦʜʠʥʠʮʽ (2); ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʽ ʝʬʝ-

ʢʪʠ (3); ʛʦʣʦʚʥʽ ʝʬʝʢʪʠ ʧʣʶʩ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʘ ʚʟʘʻʤʦʜʽʷ (4); ʛʦʣʦʚʥʽ 

ʝʬʝʢʪʠ ʧʣʶʩ ʚʩʽ ʧʘʨʥʽ ʚʟʘʻʤʦʜʽʾ (5); ʦʜʠʥ ʛʦʣʦʚʥʠʡ ʝʬʝʢʪ, ʷʢʠʡ ʧʦʷʩʥʶʻ 

ʙʽʣʷ 90% ʨʦʟʩʽʷʥʥʷ (6); ʥʘʡʙʽʣʴʰ ʩʠʣʴʥʽ ʝʬʝʢʪʠ (7). ɼʣʷ ʚʠʙʦʨʫ ʙʫʜʴ 

ʷʢʦʛʦ ʚʘʨʽʘʥʪʫ ʤʦʞʣʠʚʦ ʥʘʡʪʠ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚ ʚʽʜʧʦʚʽʜʥʽʡ ʣʽʪʝʨʘʪʫʨʽ. 

ʗʢʱʦ ʤʠ ʧʦʜʠʚʠʤʦʩʴ ʪʘʙʣ..1, ʪʦ ʧʦʙʘʯʠʤʦ, ʱʦ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʭʦʜʷʪʴ ʚ ʧʨʦʪʠʨʽʯʯʷ ʦʜʥʝ ʜʦ ʦʜʥʦʤʫ. ɯ ʮʝ ʧʨʠ ʮʴʦʤʫ, ʱʦ ʤʠ ʤʘʻʤʦ 

ʩʧʨʘʚʫ ʟ ʽʜʝʘʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ ï ʤʘʪʨʠʮʝʶ ʧʦʚʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠ-

ʤʝʥʪʫ. 

 ʅʘʧʨʠʢʣʘʜ, ʥʘʡʚʠʱʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ (FR) ʤʘʻ ʤʦʜʝʣʴ (6), ʧʨʠ 

ʮʴʦʤʫ ʚʦʥʘ ʥʝ ʘʜʝʢʚʘʪʥʘ ʽ ʚʨʘʭʦʚʫʻ ʪʽʣʴʢʠ ʦʜʥʫ ʟ ʪʨʴʦʭ ʥʝʟʘʣʝʞʥʠʭ 

ʟʤʽʥʥʠʭ. ʅʘʡʙʽʣʴʰ ʧʦʚʥʦ ʦʧʠʩʫʻ ʜʘʥʽ (R2) ʤʦʜʝʣʴ (5), ʘʣʝ ʧʨʠ ʮʴʦʤʫ 

ʚʦʥʘ ʤʘʻ ʥʘʡʥʠʞʯʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ. ʄʦʜʝʣʴ, ʷʢʘ ʤʘʻ ʥʘʡʚʠʱʫ ʽʥʬʦʨ-

ʤʘʪʠʚʥʽʩʪʴ ʩʝʨʝʜ ʘʜʝʢʚʘʪʥʠʭ (3), ʚʢʣʶʯʘʻ ʪʽʣʴʢʠ ʜʚʽ ʟ ʪʨʴʦʭ ʥʝʟʘʣʝʞʥʠʭ 

ʟʤʽʥʥʠʭ. ɿʘʫʚʘʞʠʤʦ ʪʘʢʦʞ, ʱʦ ʽʟ ʩʝʤʠ ʤʦʜʝʣʝʡ ʯʦʪʠʨʠ ʘʜʝʢʚʘʪʥʽ, ʪʦʙʪʦ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʨʽʚʥʦʟʥʘʯʥʽ. ʅʘʚʨʷʜ ʯʠ ʤʠ ʤʦ-

ʞʝʤʦ ʚʚʘʞʘʪʠ ʾʭ ʨʽʚʥʦʟʥʘʯʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫ-

ʚʘʥʥʷ: ʚʦʥʠ ʥʘʚʽʪʴ ʚʢʣʶʯʘʶʪʴ ʨʽʟʥʽ ʥʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ. 

ʊʘʙʣʠʮʷ 1. ʇʦʨʽʚʥʷʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʟʥʠʭ ʟʘ ʩʪʨʫʢʪʫ-

ʨʦʶ ʤʦʜʝʣʝʡ  

ʅʘʟʚʘ 

ʨʝʛʨʝ-

ʩʦʨʘ 

ʈʦʟʨʘʭʫʥʢʦʚʝ 

ʟʥʘʯʝʥʥʷ t-

ʢʨʠʪʝʨʽʶ  

ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʽ (ʚʘʨʽʘʥʪʠ)  

1 2 3 4 5 6 7 

b0 39,89 X X X X X X X 

x1 -9,47 X X X X X X X 

x2 -2,86 X X X X X  X 

x3 1,27 X X  X X   

x1x2 -2,29  X X X X  X 

x1x3 -0,92     X   

x2x3 -1,58  X   X  X 

ʉʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ʏʘʩʪʢʘ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʩʽ-

ʷʥʥʷ, ʧʦʷʩʥʶʚʘʥʘ ʤʦ-

ʜʝʣʣʶ, R2 

0,9

03 

0,9

76 

0,9

36 

0,9

50 

0,9

81 

0,8

14 

0,95

8 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʢʨʠʪʝʨʽʶ 

ʌʽʰʝʨʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʟʥʘʯʠʤʦʩʪʽ R, FR 

12,

36 

14,

36 

19,

41 

14,

35 

8,3

9 

26,

20 

17,2

3 

ʏʘʩʪʢʘ ʚʨʘʭʦʚʘʥʠʭ ʥʝʟʘ-

ʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʚ ʤʦ-

ʜʝʣʽ, % 

100 100 
66,

67 
100 100 

33,

33 
100 

ɿʘʣʠʰʢʦʚʘ ʜʠʩʧʝʨʩʽʷ 
0,2

20 

0,1

23 

0,1

46 

0,1

50 

0,1

76 

0,2

81 

0,12

6 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ ʜʣʷ 

ʘʜʝʢʚʘʪʥʦʩʪʽ 

3,6

7 

2,0

4 

2,4

2 

2,5

0 

2,9

4 

4,6

9 
2,10 

ʊʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠ-

ʪʝʨʽʶ ʌʽʰʝʨʘ ʜʣʷ ʘʜʝʢ-

ʚʘʪʥʦʩʪʽ 

3,0

1 

3,6

3 

3,0

1 

3,0

1 

4,4

9 

2,7

4 
3,24 

 ɼʣʷ ʚʩʽʭ ʤʦʜʝʣʝʡ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘʧʽʚʰʠʨʠʥʘ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʜʠʩʧʝʨʩʽʾ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ, ʪʘʢ ʽ ʟʘʣʠʰʢʦʚʦʾ ʜʠʩʧʝʨ-

ʩʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʟʚʝʜʝʥʽ ʚ ʪʘʙʣ.2. 

ʊʘʙʣʠʮʷ 2. ʅʘʧʽʚʰʠʨʠʥʘ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʤʦʜʝʣʝʡ ʨʽʟʥʦʾ 

ʩʪʨʫʢʪʫʨʠ 

 ɺʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʜʠʩʧʝʨ-

ʩʽʷ 

ʄʦʜʝʣʴ 

 2 3 4 5 6 7 

ʅʘʧʽʚʰʠʨʠʥʘ 

ʜʦʚʽʨʯʦʛʦ ʽʥ-

ʪʝʨʚʘʣʫ 

ʚʽʜʪʚʦʨʶʚʘ-

ʥʦʩʪʽ 
1,86 0,98 1,26 5,94 0,79 1,26 

ʟʘʣʠʰʢʦʚʘ 1,31 0,75 0,97 4,99 0,83 0,89 

ɺ ʪʘʙʣ..4 ʧʨʠʚʝʜʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯ-

ʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʽ ʨʦʟʤʽʨʘʤʠ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ. 

ɿ ʘʥʘʣʽʟʫ ʚʠʱʝʚʢʘʟʘʥʠʭ ʪʘʙʣʠʮʴ ʷʩʥʦ, ʱʦ ʟʤʽʥʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯ-

ʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʤʽʨ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʚ ʥʝʟʥʘʯʥʽʡ ʤʽʨʽ. 

ʊʦʙʪʦ, ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʩʫʪʪʻʚʫ ʟʤʽʥʫ ʽʥʪʝʨʚʘʣʫ ʻ 

ʩʪʨʫʢʪʫʨʘ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ, ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʘʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʨʠʮʽ. 

ɼʫʞʝ ʯʘʩʪʦ ʜʦʩʣʽʜʥʠʢʠ ʥʝ ʚʠʟʥʘʯʘʶʪʴ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ, ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʯʠ ʪʽʣʴʢʠ ʤʥʦʞʠʥʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ. ʇʨʦ ʥʝʧʨʘʚʠʣʴ-

ʥʽʩʪʴ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʛʦʚʦʨʠʣʦʩʴ ʥʝʦʜʥʦʨʘʟʦʚʦ [5,  11, 12]. 
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ʊʘʙʣʠʮʷ 3. ʂʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʨʦʟʤʽʨʘʤʠ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ 

 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽ-

ʜʭʠʣʝʥʥʷ ʚ % ʚʽʜʥʦ-

ʰʝʥʥʷ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʠʩʧʝʨʩʽʷ  ʚʽʜʪʚʦ-

ʨʶʚʘʥʦʩʪʽ 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʠʩʧʝʨʩʽʷ  ʚʽʜʪʚʦ-

ʨʶʚʘʥʦʩʪʽ 

-0,01995 1 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʟʘʣʠʰʢʦʚʘ ʜʠʩʧʝ-

ʨʩʽʷ   

0,063194 0,996238 

ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʤʽʨʫ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʚʽʜ ʽʥʬʦ-

ʨʤʘʪʠʚʥʦʩʪʽ ʤʦʜʝʣʽ (ʪʦʯʥʽʰʝ ʚʽʜ ʟʥʘʯʝʥʥʷ FR ʜʣʷ ʦʮʽʥʢʠ ʟʥʘʯʫʱʦʩʪʽ 

ʤʥʦʞʠʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ), ʘ ʥʘ ʨʠʩ. 2 ʟʘʣʝʞʥʽʩʪʴ ʪʦʛʦ ʞ ʨʦʟ-

ʤʽʨʫ ʚʽʜ ʷʢʦʩʪʽ ʥʘʙʣʠʞʝʥʥʷ ʤʦʜʝʣʽ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ R). 

ɺʠʜʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʘʩʠʤ-

ʧʪʦʪʠʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʤʥʦʞʠʥʥʦʾ ʢʦʨʝ-

ʣʷʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʏʠʤ ʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʾ ʽ ʪʦʯ-

ʥʽʩʪʴ ʦʧʠʩʫ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ, ʪʠʤ ʛʽʨʰʝ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʻ ʟʘ ʤʝʞʘʤʠ 

ʽʥʪʝʨʚʘʣʫ ʦʧʠʩʫ ʽ ʤʘʻ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʥʝ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦ-

ʮʝʩʫ, ʘ ʚʠʧʘʜʢʦʚʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʴʦʛʦ. ɼʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʜʣʷ 5-ʾ ʤʦʜʝʣʽ 

ʥʘʩʢʽʣʴʢʠ ʚʝʣʠʢʽ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʥʝ ʪʽʣʴʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʦ-

ʯʢʠ ʩʘʤʫ ʧôʷʪʫ ʤʦʜʝʣʴ, ʘʣʝ ʡ ʰʦʩʪʫ ʤʦʜʝʣʴ ʧʦʚʥʽʩʪʶ. ʄʦʜʝʣʴ 5, ʷʢʘ ʥʘʡ-

ʪʦʯʥʽʰʝ ʦʧʠʩʫʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʤʘʻ ʥʘʡʰʠʨʰʠʡ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨ-

ʚʘʣ, ʱʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʤʦʜʝʣʽ ʚʠʢʣʠʢʘʻ ʟʜʠʚʫ-

ʚʘʥʥʷ. ɸʣʝ ʩʘʤʘ ʧʦ ʩʦʙʽ ʚʠʩʦʢʘ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʥʝ ʻ ʛʘʨʘʥʪʽʻʶ ʥʘʜʽʡʥʦ-

ʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ. ɼʣʷ ʤʦʜʝʣʽ 6 ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʥʘ-

ʚʽʪʴ ʥʝ ʚʢʣʶʯʘʻ ʧʦʚʥʽʩʪʶ ʚʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʦʯʢʠ. ʇʨʘʚʜʘ, ʷʢʱʦ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʠʩʧʝʨʩʽʶ ʟʘʣʠʰʢʦʚʫ ʟʘʤʽʩʪʴ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ, ʪʦ ʚ ʪʘ-

ʢʦʤʫ ʨʘʟʽ ʽʥʪʝʨʚʘʣ ʙʫʜʝ ʾʭ ʚʢʣʶʯʘʪʠ. 

 
ʈʠʩ.1. ɿʘʣʝʞʥʽʩʪʴ ʥʘʧʽʚʰʠʨʠʥʠ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʚʽʜ ʽʥʬʦʨʤʘʪʠ-
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ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʥʘʧʽʚʰʠʨʠʥʠ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʚʽʜ ʷʢʦʩʪʽ ʥʘ-

ʙʣʠʞʝʥʥʷ ʤʦʜʝʣʽ  

ʆʧʠʩ ʬʫʥʢʮʽʡ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʰʚʠʜʢʦ. ʈʦʟʛʣʷʥʝʤʦ ʜʣʷ ʽʣʶʩʪʨʘʮʽʾ 

ʫʤʦʚʥʠʡ ʧʨʠʢʣʘʜ ʟ [10]. ɺ ʪʘʙʣ.. 6 ʧʨʠʚʝʜʝʥʽ ʥʝʦʙʭʽʜʥʽ ʨʦʟʨʘʭʫʥʢʠ.  

ʊʘʙʣʠʮʷ 4. ɼʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʽ ʨʝʛʨʝʩʽʷ ʜʣʷ ʰʚʠʜʢʦʟʤʽʥʥʦʾ ʬʫʥʢʮʽʾ 

ʌʘʢ-

ʪʦʨ 
ʈʝʛʨʝʩʽʷ 

ʌʫʥʢ-

ʮʽʷ 

ʅʠʞʥʷ 

ʛʨʘʥʠʮʷ 

ʜʦʚʽʨʯʦʛʦ 

ʽʥʪʝʨʚʘʣʫ 

ɺʝʨʭʥʷ ʛʨʘ-

ʥʠʮʷ 

ʜʦʚʽʨʯʦʛʦ ʽʥ-

ʪʝʨʚʘʣʫ 

% ʚʽʜʭʠ-

ʣʝʥʥʷ 

10 148,4132 
148,41

32 
-328,674 625,5001 0,00 

11 5416,793 
244,69

19 
5118,791 5714,794 2113,72 

12 7146,753 
403,42

88 
6884,909 7408,597 1671,50 

13 6408,486 
665,14

16 
6135,208 6681,763 863,48 

14 4272,185 
1096,6

33 
4000,988 4543,381 289,57 

15 1808,042 
1808,0

42 
1556,296 2059,789 0,00 

16 86,25202 
2980,9

58 
-146,4 318,9043 -97,11 

17 177,0063 
4914,7

69 
-55,646 409,6586 -96,40 

18 3150,498 
8103,0

84 
2898,752 3402,244 -61,12 

19 10076,92 
13359,

73 
9805,724 10348,12 -24,57 

20 22026,47 
22026,

47 
21753,19 22299,74 0,00 
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21 40069,33 
36315,

5 
39807,48 40331,17 10,34 

22 65275,7 
59874,

14 
64977,7 65573,7 9,02 

23 98715,77 
98715,

77 
98238,68 99192,86 0,00 

ɺ ʪʦʯʢʘʭ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 10, 15, 20, 23, ʟʘ ʷʢʠʤʠ ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ 

ʜʦʩʷʛʥʫʪʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ: ʚʽʜʭʠʣʝʥʥʷ 0%, ʪʦʙʪʦ ʤʦʜʝʣʴ ʧʨʦʭʦ-

ʜʠʪʴ ʯʝʨʝʟ ʮʽ ʪʦʯʢʠ. ʈʘʟʦʤ ʟ ʪʠʤ, ʤʽʞ ʪʦʯʢʘʤʠ ʘʧʨʦʢʩʠʤʘʮʽʾ (ʢʦʦʨʜʠʥʘʪʠ 

11, 12, 13, 14, 16, 17, 18, 19) ʚʽʜʭʠʣʝʥʥʷ ʜʦʩʷʛʘʻ ʥʝʧʨʠʡʥʷʪʥʠʭ ʜʣʷ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʚʝʣʠʯʠʥ ʽ ʚʠʭʦʜʠʪʴ ʜʘʣʝʢʦ ʟʘ ʤʝʞʽ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʜʦʚʽʨʯʦʛʦ 

ʽʥʪʝʨʚʘʣʫ. ɯ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʥʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ. 

 ɿʘʫʚʘʞʠʤʦ, ʱʦ ʜʦʙʠʪʠʩʴ ʙʘʞʘʥʠʭ ʟʥʘʯʝʥʴ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ 

ʽ ʟʙʽʛʫ ʬʫʥʢʮʽʾ ʨʝʛʨʝʩʽʾ ʟ ʦʧʠʩʫʚʘʥʦʶ ʤʦʞʣʠʚʦ, ʘʣʝ ʧʨʠ ʽʥʰʽʡ ʩʪʨʫʢʪʫʨʽ 

ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. 

ɺʠʩʥʦʚʢʠ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ. ɺʝʣʠʯʠʥʘ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʚ ʦʩʥʦʚ-

ʥʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʨʠʮʽ, ʟʘ ʷʢʦʶ ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ, 

ʪʦʙʪʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. ɿʘʛʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʽ (ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʪʘ ʘʜʝʢʚʘʪ-

ʥʽʩʪʴ) ʥʝ ʛʘʨʘʥʪʫʶʪʴ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʣʠʰʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʟʘʤʽʩʪʴ ʜʠʩʧʝʨʩʽʾ 

ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʪʝʞ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

ɻʦʣʦʚʥʠʤ ʚʠʩʥʦʚʢʦʤ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʛʘʨʘʥʪʽʾ ʧʦʧʘʜʘʥʥʷ ʚʽʜʛʫʢʫ ʚ ʨʦʟ-

ʨʘʭʦʚʘʥʠʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽʥʪʝʨʚʘʣ ʧʨʠ a priori ʥʝʚʽʜʦʤʽʡ 

ʩʪʨʫʢʪʫʨʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. ʊʦʙʪʦ, ʥʝ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʚʽʨʯʠʡ 

ʽʥʪʝʨʚʘʣ ʧʨʠ ʥʝʚʽʜʦʤʽʡ ʩʪʨʫʢʪʫʨʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. 

ɻʘʨʘʥʪʽʻʶ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʚʽʜ-

ʛʫʢʫ ʻ ʧʨʘʚʠʣʴʥʽʩʪʴ ʢʦʥʢʨʝʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. ɺ ʙʽʣʴʰʦ-

ʩʪʽ ʚʠʧʘʜʢʽʚ ʮʷ ʩʪʨʫʢʪʫʨʘ ʥʝʚʽʜʦʤʘ ʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʧʦʙʫʜʦʚʠ 

ʤʦʜʝʣʽ. ʌʦʨʤʘʣʽʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʙ ʜʘʚʘʣʠ ʦʙʯʠʩʣʶʚʘʥʫ ʦʮʽʥʢʫ ʥʘ-

ʜʽʡʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʝ ʽʩʥʫʻ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʻ ʩʚʦʛʦ ʨʦʜʫ ʟʘʩʧʦʢʽʡʣʠʚʠʤ ʩʘʤʦʦʙʤʘ-

ʥʦʤ.  

ɻʘʨʘʥʪʦʚʘʥʦʶ ʧʝʨʝʚʽʨʢʦʶ ʧʨʦʛʥʦʟʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʝʣʽ ʻ ʧʝʨʝ-

ʚʽʨʢʘ ʤʦʜʝʣʽ ʥʘ ʢʦʥʪʨʦʣʴʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʦʩʣʽʜʽʚ, ʪʦʙʪʦ ʥʘʙʦʨʫ ʝʢʩ-

ʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʥʘʚʯʘʣʴʥʦʶ, ʧʦ ʷʢʽʡ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ 

ʤʦʜʝʣʴ. ɺ ʽʜʝʘʣʽ ʟʘ ɯʚʘʭʥʝʥʢʦʤ ʚʠʙʽʨʦʢ ʤʘʻ ʙʫʪʠ ʪʨʠ: ʧʦ ʦʜʥʽʡ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ, ʧʦ ʪʨʝʪʽʡ ʦʙʯʠʩʣʶʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ, ʘ ʪʨʝʪʷ ʜʣʷ ʧʝʨʝ-

ʚʽʨʢʠ. ʊʦʙʪʦ ʩʧʝʮʠʬʽʢʘʮʽʷ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʽ ʧʝʨʝʚʽʨʢʘ. ɸʣʝ, ʚʨʘʭʦʚʫʶʯʠ, 

ʱʦ ʧʝʨʰʽ ʜʚʽ ʚʠʙʽʨʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ, ʪʦ 
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ʪʘʢʠʡ ʧʽʜʭʽʜ ʚʠʤʘʛʘʻ ʟʙʽʣʴʰʝʥʥʷ ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʘʡʞʝ ʚʜʚʽʯʽ. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʩʫʪʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧ̔ ʜʪʨʠʤʢʫ ʨʦʟʜʽʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʮʠʬʽʢʘʮʽʾ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ, ʱʦ 

ʟʤʫʰʫʻ ʚʠʢʦʥʫʚʘʪʠ ʾʭ ʢʫʩʪʘʨʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʎʝ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʢʚʘʣʽ-

ʬʽʢʘʮʽʾ ʜʦʩʣʽʜʥʠʢʘ ʽ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻ ʟʘʪʨʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ. ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʘʪ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʩʢʣʘʜʥʦʛʦ 

ʥʦʞʘ, ʘʣʝ ʜʣʷ ʚʧʝʚʥʝʥʦʩʪʽ ʚ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ʋɼʂ 517.957 

ɸʅɸʃɯɿ ɸʃɻʆʈʀʊʄɯɺ ʂʃɸʉʀʌɯʂɸʎɯɰ ʊɽʂʉʊʆɺʆɰ 

ɯʅʌʆʈʄɸʎɯɰ 

ɻ.ɺ. ʍʘʥʴʢʦ 

ʅʊʋʋ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʬʘʢʫʣʴʪʝʪ ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʦʙʯʠ-

ʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʽʥʬʦ-

ʨʤʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

 

ʉʴʦʛʦʜʥʽ ʚʘʞʣʠʚʽʩʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ 

ʩʪʨʽʤʢʦ ʨʦʩʪʝ. ʆʩʢʽʣʴʢʠ ʱʦʜʥʷ ʬʦʨʤʫʶʪʴʩʷ ʤʽʣʴʡʦʥʠ ʩʠʤʚʦʣʽʚ ʢʦʥʪʝ-

ʥʪʫ, ʪʦ ʣʶʜʠʥʘ ʥʝ ʤʘʻ ʬʽʟʠʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʙʨʦʙʢʠ ʚʩʽʻʾ ʽʥʬʦʨʤʘ-

ʮʽʾ. ʉʘʤʝ ʪʦʤʫ ʥʝʦʙʭʽʜʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ ʟʥʘʡʪʠ, ʚʽʜʬʽʣʴ-

ʪʨʫʚʘʪʠ ʪʘ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʪʝʢʩʪʦʚʽ ʜʘʥʥʽ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʝʢʩʪʽʚ ï ʟʘʜʘʯʫ ʤʘʰʠʥ-

ʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʦʙʣʘʩʪʽ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ (Natural Language Pro-

cessing). ɿʘʜʘʯʘ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʠʙʨʘʪʠ ʥʘʡ-

ʢʨʘʱʽ ʪʘʢʽ ʦʟʥʘʢʠ ʽ ʩʬʦʨʤʫʣʶʚʘʪʠ ʧʨʘʚʠʣʘ, ʷʢʽ ʙʫʜʫʪʴ ʧʨʠʡʤʘʪʠ ʨʽ-

ʰʝʥʥʷ ʧʨʦ ʚʽʜʥʝʩʝʥʥʷ ʪʝʢʩʪʫ ʜʦ ʧʝʚʥʦʾ ʢʘʪʝʛʦʨʽʾ ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʽʥʪʝʨʘʢ-

ʪʠʚʥʦʛʦ ʙʫʨʽʥʥʷ (ʨʦʟʙʠʪʪʷ ʧʝʚʥʠʭ ʢʣʘʩʽʚ ʥʘ ʧʽʜʢʣʘʩʠ).  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɿʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʤʦʞʝ 

ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʷʢ ʟʘʜʘʯʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʝʚʽʜʦʤʦʾ ʬʫʥʢʮʽʾ ʌ: D Ĭ C 

Ÿ {0,1} (ʷʢʠʤ ʯʠʥʦʤ ʜʦʢʫʤʝʥʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʽ) ʯʝʨʝʟ ʬʫ-

ʥʢʮʽʶ K: D Ĭ C Ÿ {0,1}, ʷʢʘ ʻ ʢʣʘʩʠʬʽʢʘʪʦʨ, ʜʝ ʉ ὧȟȣȟὧȿȿ ï ʤʥʦ-

ʞʠʥʘ ʤʦʞʣʠʚʠʭ ʢʘʪʝʛʦʨʽʡ, ʘ Ὀ ὨȟȣȟὨȿȿ ï ʤʥʦʞʠʥʘ ʜʦʢʫʤʝʥʪʽʚ. 

ūὨȟὧ
ρȟ ʷʢʱʦ Ὠᶰὧ

πȟ ʷʢʱʦ Ὠᶱὧ
 

ɼʦʢʫʤʝʥʪ Ὠ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʟʠʪʠʚʥʠʤ ʧʨʠʢʣʘʜʦʤ ʢʘʪʝʛʦʨʽʾ ὧ, ʷʢʱʦ 

ūὨȟὧ ρ, ʪʘ ʥʝʛʘʪʠʚʥʠʤ ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ. ʗʢʱʦ ʢʦʞʥʦʤʫ ʜʦʢʫʤʝ-

ʥʪʫ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʣʠʰʝ ʦʜʥʘ ʢʘʪʝʛʦʨʽʷ, ʪʦ ʮʝ  ʟʘʜʘʯʘ ʦʜʥʦʟʥʘʯʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘ ʷʢʱʦ ʜʝʢʽʣʴʢʘ ï ʙʘʛʘʪʦʟʥʘʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ʇʝʨʝʜ ʪʠʤ, ʷʢ ʚʠʙʠʨʘʪʠ ʦʟʥʘʢʠ, ʟʘ ʷʢʠʤʠ ʘʣʛʦʨʠʪʤ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ 

ʥʘʣʝʞʥʽʩʪʴ ʪʝʢʩʪʫ ʜʦ ʧʝʚʥʦʾ ʢʘʪʝʛʦʨʽʾ, ʪʨʝʙʘ ʟʨʦʙʠʪʠ ʧʨʝ ʦʙʨʦʙʢʫ ʪʝʢʩ-

ʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʪʦʙʪʦ ʪʦʢʝʥʽʟʫʚʘʪʠ ʪʝʢʩʪ, ʚʠʢʦʥʘʪʠ ʩʪʝʤʽʥʛ ʪʘ ʚʠʜʘ-

ʣʠʪʠ ʪʘʢ ʟʚʘʥʽ çʩʪʦʧ-ʩʣʦʚʘè: ʧʨʠʡʤʝʥʥʠʢʠ, ʩʧʦʣʫʯʥʠʢʠ, ʟʘʡʤʝʥʥʠʢʠ ʽ 

ʪ.ʜ., ʪʦʙʪʦ ʩʣʦʚʘ, ʷʢʽ ʥʝ ʥʝʩʫʪʴ ʮʽʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʤʽʩʪ ʜʦʢʫʤʝʥʪʘ.  
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 ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʤ ʤʝʪʦʜʽʚ ʚʠʙʦʨʫ ʦʟʥʘʢ ʻ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ TF-IDF ʤʝʪʨʠʢʠ. TF-IDF - ʩʪʘʪʠʩʪʠʯʥʘ ʤʽʨʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʦʮʽʥʢʠ ʚʘʞʣʠʚʦʩʪʽ ʩʣʦʚʘ ʚ ʢʦʥʪʝʢʩʪʽ ʜʦʢʫʤʝʥʪʘ, ʱʦ ʻ ʯʘʩʪʠʥʦʶ ʢʦ-

ʣʝʢʮʽʾ ʜʦʢʫʤʝʥʪʽʚ ʘʙʦ ʢʦʨʧʫʩʫ.  

ὸὪὭὨὪὸȟὨȟὈ  
В

ὰέὫ
ȿȿ

ȿ    ȿ   ȿ
, 

ʜʝ ὲ ï ʢʽʣʴʢʽʩʪʴ ʚʭʦʜʽʚ ʩʣʦʚʘ t ʚ ʜʦʢʫʤʝʥʪ, В ὲ - ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʩʣʦʚ ʫ ʜʦʢʫʤʝʥʪʽ, |D| - ʢʽʣʴʢʽʩʪʴ ʜʦʢʫʤʝʥʪʽʚ ʚ ʢʦʨʧʫʩʽ, ȿὨ ‭ Ὀ ȿ ὸ ‭ Ὠȿ - 
ʢʽʣʴʢʽʩʪʴ ʜʦʢʫʤʝʥʪʽʚ ʟ ʢʦʣʝʢʮʽʾ D, ʚ  ʷʢʠʭ ʟʫʩʪʨʽʯʘʻʪʴʩʷ t.  

ʇʽʩʣʷ ʚʠʙʦʨʫ ʦʟʥʘʢ ʜʦʢʫʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʣʝʛʢʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʬʦ-

ʨʤʽ, ʷʢʫ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʅʘʡ-

ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʫ ï ʮʝ ʥʘʾʚʥʠʡ ʙʘʡʻʩʦʚʩʴʢʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ, ʤʝʪʦʜ ʦʧʦ-

ʨʥʠʭ ʚʝʢʪʦʨʽʚ ʪʘ ʣʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ.  

ɹʘʻʩʽʚʩʴʢʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʮʽʥʢʫ ʘʧʦʩʪʝʨʽʦʨʥʦʛʦ ʤʘʢ-

ʩʠʤʫʤʫ (Maximum a posteriori estimation) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʚʽ-

ʨʦʛʽʜʥʦʛʦ ʢʣʘʩʫ [1]. 

ὧάὥὴ ÁÒÇάὥὼ
ὖὨȿὧὖὧ

ὖὨ
 

ʜʝ ὖὧȿὨ - ʡʤʦʚʽʨʥʽʩʪʴ ʱʦ ʜʦʢʫʤʝʥʪ d ʥʘʣʝʞʠʪʴ ʢʣʘʩʫ c, ʩʘʤʝ ʾʾ 

ʪʨʝʙʘ ʨʦʟʨʘʭʫʚʘʪʠ; 

ὖὨȿὧ - ʡʤʦʚʽʨʥʽʩʪʴ ʟʫʩʪʨʽʪʠ ʜʦʢʫʤʝʥʪ d ʩʝʨʝʜ ʚʩʽʭ ʜʦʢʫʤʝʥʪʽʚ 

ʢʣʘʩʫ c; 

ὖὧ  ʙʝʟʫʤʦʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʟʫʩʪʨʽʪʠ ʜʦʢʫʤʝʥʪ ʢʣʘʩʫ c ʚ ʢʦʨʧʫʩʽ 
ʜʦʢʫʤʝʥʪʽʚ; 

ὖὨ - ʙʝʟʫʤʦʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʜʦʢʫʤʝʥʪʘ d ʚ ʢʦʨʧʫʩʽ ʜʦʢʫʤʝʥʪʽʚ. 

ʅʘʾʚʥʠʡ ʙʘʻʩʽʚʩʴʢʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʻ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʢʣʘʩʠʬʽ-

ʢʘʮʽʾ ʜʣʷ ʜʘʥʠʭ, ʤʘʣʦʛʦ ʨʦʟʤʽʨʫ [2]. ʆʪʨʠʤʘʥʘ ʪʦʯʥʽʩʪʴ ʩʢʣʘʜʘʻ 82.7 % 

ʥʘ ʚʘʣʽʜʘʮʽʡʥʠʭ ʜʘʥʠʭ. 

ɹʫʩʪʽʥʛʦʚʽ ʘʣʛʦʨʠʪʤʠ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘ-

ʮʽʾ. ɹʫʩʪʽʥʛ ï ʮʝ ʘʣʛʦʨʠʪʤ ʧʦʩʣʽʜʦʚʥʦʾ ʧʦʙʫʜʦʚʠ ʢʦʤʧʦʟʠʮʽʾ ʘʣʛʦʨʠʪʤʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʢʦʣʠ ʢʦʞʥʠʡ ʥʘʩʪʫʧʥʠʡ ʘʣʛʦʨʠʪʤ ʥʘʤʘʛʘʻʪʴʩʷ 

ʢʦʤʧʝʥʩʫʚʘʪʠ ʥʝʜʦʣʽʢʠ ʢʦʤʧʦʟʠʮʽʾ ʫʩʽʭ ʧʦʧʝʨʝʜʥʽʭ ʢʦʤʧʦʟʠʮʽʡ [3]. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʘʣʛʦʨʠʪʤ ʛʨʘʜʽʻʥʪʥʦʛʦ 

ʙʫʩʪʽʥʛʫ, ʷʢʠʡ ʙʫʜʫʻ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʜʝʨʝʚ 

Ὢὼ Ὤ ὺ Ὤὼȟ 
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ʜʝ Ὤ ï ʜʝʷʢʘ ʢʦʥʩʪʘʥʪʥʘ ʤʦʜʝʣʴ, ὺᶰ πȟρ - ʧʘʨʘʤʝʪʨ, ʱʦ ʨʝʛʫʣʶʻ 

ʰʚʠʜʢʽʩʪʴ ʥʘʚʯʘʥʥʷ ʪʘ ʚʧʣʠʚ ʦʢʨʝʤʠʭ ʜʝʨʝʚ ʥʘ ʚʩʶ ʤʦʜʝʣʴ, Ὤὼ - ʨʝ-

ʛʨʝʩʽʡʥʽ ʜʝʨʝʚʘ ʨʽʰʝʥʴ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤ, ʦʪʨʠʤʘʥʦ ʪʦʯʥʽʩʪʴ 

ʥʘ ʚʘʣʽʜʘʮʽʡʥʠʭ ʜʘʥʠʭï 78.3 %.  
ʃʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ ï ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡʥʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʘʧʦʩʪʝʨʽʦʨʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʦʙôʻʢʪʽʚ ʢʣʘ-

ʩʘʤ. ʃʦʛ̔ʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ ʜʘʻ ʙʽʣʴʰ ʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʥʽʞ ʥʘʾʚʥʠʡ ʙʘʻ-

ʩʽʚʩʴʢʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʥʘ ʜʘʥʠʭ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ, ʘʣʝ ʥʘ ʜʘʥʠʭ ʤʘʣʦʛʦ 

ʦʙʩʷʛʫ ʙʽʣʴʰ ʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʫʻ ʥʘʾʚʥʠʡ ʙʘʻʩʽʚʩʴʢʠʡ ʢʣʘʩʠʬʽʢʘ-

ʪʦʨ [2]. ʆʪʨʠʤʘʥʘ ʪʦʯʥʽʩʪʴ ʥʘ ʚʘʣʽʜʘʮʽʡʥʠʭ ʜʘʥʠʭ ï 84.8%. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʥʘ ʪʝʩʪʦʚʽʡ ʚʠʙʦʨʮʽ ʜʘ-

ʥʠʭ (ʜʘʥʠʭ, ʥʘ ʷʢʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨ ʥʝ ʥʘʚʯʘʚʩʷ).  

ɼʦʣʷ ʜʦʢʫʤʝʥʪʽʚ, ʜʣʷ ʷʢʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨ ʟʨʦʙʠʚ ʚʽʨʥʝ ʨʽʰʝʥʥʷ ʦʙʨʘ-

ʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὃὧὧόὶὥὧώ 
ὖ

ὔ
 

ʜʝ  P ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʜʦʢʫʤʝʥʪʽʚ, ʜʣʷ ʷʢʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨ ʟʨʦʙʠʚ ʚʽʨʥʝ 

ʨʽʰʝʥʥʷ, N ï ʨʦʟʤʽʨ ʚʠʙʦʨʮʽ [4].  

ʊʦʯʥʽʩʪʴ ï ʮʝ ʜʦʣʷ ʜʦʢʫʤʝʥʪʽʚ, ʷʢʽ ʜʽʡʩʥʦ ʥʘʣʝʞʘʪʴ ʜʘʥʦʤʫ ʢʣʘʩʫ ʚʽ-

ʜʥʦʩʥʦ ʚʩʽʭ ʜʦʢʫʤʝʥʪʽʚ, ʷʢʠʭ ʩʠʩʪʝʤʘ ʚʽʜʥʝʩʣʘ ʜʦ ʜʘʥʦʛʦ ʢʣʘʩʫ. ʇʦʚʥʦʪʘ 

ʩʠʩʪʝʤʠ ï ʮʝ ʜʦʣʷ ʟʥʘʡʜʝʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ ʜʦʢʫʤʝʥʪʽʚ, ʷʢʽ ʥʘʣʝʞʘʪʴ 

ʢʣʘʩʫ, ʚʽʜʥʦʩʥʦ ʚʩʽʭ ʜʦʢʫʤʝʥʪʽʚ ʮʴʦʛʦ ʢʣʘʩʫ ʚ ʪʝʩʪʦʚʽʡ ʚʠʙʦʨʮʽ. 

ʎʽ ʟʥʘʯʝʥʥʷ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʙʣʠʮʽ ʢʦʥʪʠʥʛʝʥʪ-

ʥʦʩʪʽ.  

ʊʘʙʣʠʮʷ 1  - ʊʘʙʣʠʮʷ ʢʦʥʪʠʥʛʝʥʪʥʦʩʪʽ 

 ɽʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ 

ʇʦʟʠʪʠʚʥʘ ʅʝʛʘʪʠʚʥʘ 

ʆʮʽʥʢʘ ʩʠʩʪʝʤʠ ʇʦʟʠʪʠʚʥʘ TP FP 

ʅʝʛʘʪʠʚʥʘ FN TN 

 

TP ï ʽʩʪʠʥʥʦ-ʧʦʟʠʪʠʚʥʝ ʨʽʰʝʥʥʷ, TN ï ʽʩʪʠʥʥʦ-ʥʝʛʘʪʠʚʥʝ ʨʽʰʝʥʥʷ, 

FP ï ʭʠʙʥʦ-ʧʦʟʠʪʠʚʥʝ ʨʽʰʝʥʥʷ, FN ï ʭʠʙʥʦ-ʥʝʛʘʪʠʚʥʝ ʨʽʰʝʥʥʷ. 

ʊʦʯʥʽʩʪʴ ʪʘ ʧʦʚʥʦʪʫ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὖὶὩὧὭίὭέὲ        ὙὩὧὥὰὰ  

ʆʪʨʠʤʘʥʦ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʦʙʨʘʥʠʭ ʘʣʛʦʨʠʪʤʘʭ: 

ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ɸʣʛʦʨʠʪʤ Accuracy Average 

Precision 

Average 

Recall 

AUC 

ʃʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ 0.848 0.878 0.811 0.87 
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ʅʘʾʚʥʠʡ ʙʘʻʩʽʚʩʴ-

ʢʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ 

0.827 0.842 0.773 0.85 

ɻʨʘʜʽʻʥʪʥʠʡ ʙʫʩʪʽʥʛ 0.783 0.801 0.739 0.83 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʦʙʨʘʥʦʾ ʟʘ-

ʜʘʯʽ ʚʠʷʚʠʚʩʷ ʘʣʛʦʨʠʪʤ ʣʦʛʽʩʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ. ʁʦʛʦ ʧʦʢʘʟʥʠʢʠ ʪʦʯʥʦʩʪʽ, 

ʧʦʚʥʦʪʠ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʷʚʠʣʠʩʷ ʥʘʡʚʠʱʠʤʠ. ʅʘʡʛʽʨʰʽ ʨʝʟʫʣʴʪʘʪʠ ʫ 

ʛʨʘʜʽʻʥʪʥʦʛʦ ʙʫʩʪʽʥʛʫ. ɻʦʣʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʘʣʛʦʨʠʪʤʫ ʻ ʡʦʛʦ ʩʭʠʣʴ-

ʥʽʩʪʴ ʜʦ ʧʝʨʝʥʘʚʯʘʥʥʷ, ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʠʢʠʜʽʚ ʪʘ ʥʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ 

ʨʦʙʦʪʽ ʟ ʨʦʟʨʽʜʞʝʥʠʤʠ ʜʘʥʠʤʠ.  
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ɸʅɸʃʀʊʀʏɽʉʂɸʗ ʆʎɽʅʂɸ 

ʅɸɼɽɾʅʆʉʊʀ ʂɺɸɿʀʄʆʉʊʀʂʆɺʆʁ ʉʊʈʋʂʊʋʈʓ 

ɸ.ɺ. ʌʝʜʫʭʠʥ, ʅ.ɺ. ʉʝʩʧʝʜʝʩ ɻʘʨʩʠʷ, ɸʨ.ɸ. ʄʫʭʘ 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʠʥʳ, 

ʋʢʨʘʠʥʘ 

 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʛʦʪʦʚʥʦʩʪʠ 

ʜʫʙʣʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʝʝ ʜʝʢʦʤʧʦʟʠʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʢʘʞʜʳʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ (ʌɹ) ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ n  ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʫʙʙʣʦʢʦʚ (ʌʉɹ), ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʢʦʥʪʨʦʣʷ ʠ ʨʝʢʦʥʬʠʛʫʨʘ-

ʮʠʠ (ɹʂʈ) ʦʙʨʘʟʫʶʪ n  ʜʫʙʣʠʨʦʚʘʥʥʳʭ ʫʟʣʦʚ. ʊʘʢʘʷ ʥʦʚʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ñʢʚʘʟʠʤʦʩʪʠʢʦʚʦʡò [1]. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʧʦ-

ʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʘʭ ɹʂʈ ʩʯʠʪʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʥʘʜʝʞʥʳʤ ʠ ʥʝ ʦʪʦʙʨʘ-

ʞʘʝʪʩʷ ʥʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ ʥʘʜʝʞʥʦʩʪʠ.  
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ʇʨʠʤʝʯʘʥʠʝ. ɽʩʣʠ ʌɹ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʫʩʣʦʚʥʦ ʨʘʚʥʦʥʘʜʝʞʥʳʝ 

ʌʉɹ, ʪʦ ʩʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʜʦ ʦʪʢʘʟʘ ʪʘʢʦʛʦ ʌʉɹ ʤʦʞʝʪ ʙʳʪʴ ʦʨʠʝʥʪʠ-

ʨʦʚʦʯʥʦ ʚʳʯʠʩʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 
ÔÁÔÑÁ TnT Ö= .  

ɼʣʷ ʘʥʘʣʠʟʘ ʥʘʜʝʞʥʦʩʪʠ ʢʚʘʟʠʤʦʩʪʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʙʳʣ ʠʩʧʦʣʴʟʦ-

ʚʘʥ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ï RELIABmod v.2.0 (ʨʠʩ. 1)[2]. 
 

 
ʈʠʩ. 1 ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ RELIABmod v.2.0 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ çʩʣʘʙʦʛʦ ʟʚʝʥʘè ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

DN-ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ [3]. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʨʦʚʦʜʠʣʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʥʘʜʝʞʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, 

ʠʩʧʦʣʴʟʫʷ ʙʘʟʦʚʳʝ ʪʝʦʨʝʤʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ʉʦʩʪʘʚʠʤ ʪʘʙʣʠʮʫ ʩʦʩʪʦʷʥʠʡ ʜʫʙʣʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ 1 ʫʟʣʘ 

(ʨʠʩ. 2, ʪʘʙʣ. 1), ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʪʨʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʩʦʩʪʦʷʥʠ.̫ 
 

 

 

 

 

 

ʈʠʩ. 2 ɼʫʙʣʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟ 1 ʫʟʣʘ 
 

X Y 

ʌɹ

1 

ʌɹ

2 
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ʊʘʙʣ. 1 ʊʘʙʣʠʮʘ ʩʦʩʪʦʷʥʠʡ ʜʫʙʣʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ 1 ʫʟʣʘ 

ʆʙʦʟʥʘʯʝʥʠʝ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʪʨʫʢʪʫʨʳ, iA  

ʆʪʢʘʟʘʚʰʠʝ ʌɹ ʟʘ 

ʚʨʝʤʷ t  

ɹʝʟʦʪʢʘʟʥʦ ʧʨʦʨʘ-

ʙʦʪʘʚʰʠʝ ʌɹ ʚ ʪʝ-

ʯʝʥʠʝ ʚʨʝʤʝʥʠ t  

1A  - 1, 2 

2A  1 2 

3A  2 1 

 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʦʨʝʤʦʡ ʩʣʦʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʟʘʧʠʰʝʤ ʚʳʨʘ-

ʞʝʥʠʝ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ: 

)()()()( 321 APAPAPtR ++=  (1) 

ʈʘʩʧʠʰʝʤ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʩʦʙʳʪʠʡ: 

211)( RRAP Ö= ; 
21212 )1()( RRRFAP Ö-=Ö= ; 

12123 )1()( RRRFAP Ö-=Ö= ;  

 

 

(2) 

ʇʨʠ ʨʘʚʥʦʥʘʜʝʞʥʳʭ ʌɹ: 

ÔÁRAP 2

1)( = ; ÔÁÔÁ RRAP Ö-= )1()( 2 ; 

ÔÁÔÁ RRAP Ö-= )1()( 3 . 

 (3) 

ɿʘʧʠʰʝʤ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʪʨʫʢʪʫʨʳ: 
22 2)1()1()( ÔÁÔÁÔÁÔÁÔÁÔÁÔÁC RRRRRRRtR -=Ö-+Ö-+=  (4) 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʯʠʩʣʝʥʥʳʡ ʧʨʠʤʝʨ. 

ʇʨʠʤʝʨ 1. ʇʫʩʪʴ ÔÁT =1000 ʯ. ʇʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʜʠʬʬʫʟʠʦʥ-

ʥʦʛʦ ʥʝʤʦʥʦʪʦʥʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (DN-ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ʜʣʷ t

=500ʯ. ʠ ÔÁV =0,75 ʧʦ ʪʘʙʣʠʮʷʤ [4] ʚʳʯʠʩʣʠʤ ÔÁR =0,635, ʦʪʢʫʜʘ ʧʦ 

(4) ʧʦʣʫʯʘʝʤ 22)( ÔÁÔÁC RRtR -= =0,669. 

ʉʦʩʪʘʚʠʤ ʪʘʙʣʠʮʫ ʩʦʩʪʦʷʥʠʡ ʢʚʘʟʠʤʦʩʪʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ 2-ʭ ʫʟ-

ʣʦʚ (ʨʠʩ. 3, ʪʘʙʣ. 2), ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʜʝʚʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʩʦʩʪʦʷ-

ʥʠʡ. 
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ʈʠʩ. 3 ʂʚʘʟʠʤʦʩʪʠʢʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟ 2-ʭ ʫʟʣʦʚ 

 

ʊʘʙʣ. 2 ʊʘʙʣʠʮʘ ʩʦʩʪʦʷʥʠʡ ʢʚʘʟʠʤʦʩʪʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ 2-ʭ ʫʟʣʦʚ 

ʆʙʦʟʥʘʯʝʥʠʝ ʨʘ-

ʙʦʪʦʩʧʦʩʦʙʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʪʨʫʢ-

ʪʫʨʳ, iA  

ʆʪʢʘʟʘʚʰʠʝ ʌɹ 

ʟʘ ʚʨʝʤʷ t  

ɹʝʟʦʪʢʘʟʥʦ ʧʨʦ-

ʨʘʙʦʪʘʚʰʠʝ ʌɹ 

ʚ ʪʝʯʝʥʠʝ ʚʨʝ-

ʤʝʥʠ t  

1A  - 1.1, 1.2, 2.1, 2.2 

2A  1.1 1.2, 2.1, 2.2 

3A  2.1 1.1, 1.2, 2.2 

4A  1.2 1.1, 2.1, 2.2 

5A  2.2 1.1, 1.2, 2.1 

6A  1.1, 1.2 2.1, 2.2 

7A  1.1, 2.2 1.2, 2.1 

8A  1.2, 2.1 1.1, 2.2 

9A  2.1, 2.2 1.1, 1.2 

 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʦʨʝʤʦʡ ʩʣʦʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʟʘʧʠʰʝʤ ʚʳʨʘ-

ʞʝʥʠʝ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ: 

)()()()()()()()()()( 987654321 APAPAPAPAPAPAPAPAPtR ++++++++=  (5

) 

 

ʌɹ

1.1 

ʌɹ2 

ʌɹ1 

X Y 

ʌʉ

ɹ2.2 

ʌʉ

ɹ1.2 

ʌʉ

ɹ1.1 

ʌʉ

ɹ2.1 
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ʈʘʩʧʠʰʝʤ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʩʦʙʳʪʠʡ: 

2.22.11.21.11)( RRRRAP ÖÖÖ= ; 

2.22.11.21.12.22.11.21.12 )1()( RRRRRRRFAP ÖÖÖ-=ÖÖÖ= ; 

2.22.11.11.22.22.11.11.23 )1()( RRRRRRRFAP ÖÖÖ-=ÖÖÖ= ; 

2.21.21.12.12.21.21.12.14 )1()( RRRRRRRFAP ÖÖÖ-=ÖÖÖ= ; 

2.11.21.12.22.11.21.12.25 )1()( RRRRRRRFAP ÖÖÖ-=ÖÖÖ= ; 

2.21.22.11.12.21.22.11.16 )1()1()( RRRRRRFFAP ÖÖ-Ö-=ÖÖÖ= ; 

2.11.22.21.12.11.22.21.17 )1()1()( RRRRRRFFAP ÖÖ-Ö-=ÖÖÖ= ; 

2.21.12.11.22.21.12.11.28 )1()1()( RRRRRRFFAP ÖÖ-Ö-=ÖÖÖ= ; 

2.11.12.21.22.11.12.21.29 )1()1()( RRRRRRFFAP ÖÖ-Ö-=ÖÖÖ= . 

(6) 

ʇʨʠ ʨʘʚʥʦʥʘʜʝʞʥʳʭ ʌʉɹ: 

ÔÑÁRAP 4

1)( = ; ÔÑÁÔÑÁ RRAP 3

2 )1()( Ö-= ; 

ÔÑÁÔÑÁ RRAP 3

3 )1()( Ö-= ; ÔÑÁÔÑÁ RRAP 3

4 )1()( Ö-= ; 

ÔÑÁÔÑÁ RRAP 3

5 )1()( Ö-= ; ÔÑÁÔÑÁ RRAP 22

6 )1()( Ö-= ; 

ÔÑÁÔÑÁ RRAP 22

7 )1()( Ö-= ; ÔÑÁÔÑÁ RRAP 22

8 )1()( Ö-= ; 

ÔÑÁÔÑÁ RRAP 22

9 )1()( Ö-= . 

(7) 

ɿʘʧʠʰʝʤ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʪʨʫʢʪʫʨʳ: 

ÔÑÁÔÑÁÔÑÁÔÑÁÔÑÁC RRRRRtR 2234 )1(4)1(4)( Ö-Ö+Ö-Ö+=  (8) 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʯʠʩʣʝʥʥʳʡ ʧʨʠʤʝʨ. 

ʇʨʠʤʝʨ 2. ʇʫʩʪʴ ʌʉɹ ʨʘʚʥʦʥʘʜʝʞʥʳ ʠ 
ÔÁÔÑÁ TnT Ö= , ʛʜʝ n =2 ï 

ʢʦʣʠʯʝʩʪʚʦ ʌʉɹ ʚ ʢʘʥʘʣʝ, ÔÁT =1000 ʯ., ʦʪʢʫʜʘ 
ÔÑÁT =1414ʯ. ʇʨʠ ʩʧʨʘ-

ʚʝʜʣʠʚʦʩʪʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʝʤʦʥʦʪʦʥʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (DN-

ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ʜʣʷ t =500ʯ. ʠ ÔÁV =0,75 ʧʦ ʪʘʙʣʠʮʘʤ [4] ʚʳʯʠʩʣʠʤ 

ÔÁR =0,7809, ʦʪʢʫʜʘ ʧʦ (8) 

9063,0)1(4)1(4)( 2234 =Ö-Ö+Ö-Ö+= ÔÑÁÔÑÁÔÑÁÔÑÁÔÑÁC RRRRRtR . 

ʇʨʦʚʝʜʝʤ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩ-

ʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʢʚʘʟʠʤʦʩʪʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [5]. 

ʊʘʙʣ. 3 ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʢʚʘʟʠʤʦʩʪʠʢʦʚʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʤʝʪʦʜʦʤ "ʩʣʘʙʦʛʦ ʟʚʝʥʘ" 
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ʂʦʣʠ-

ʯʝʩʪʚʦ 

ʫʟʣʦʚ 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʥʘʨʘ-

ʙʦʪʢʠ ʜʦ ʦʪʢʘʟʘ ʩʠʩʪʝʤʳ, CV  

ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟ-

ʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, 

CR  

1 0,595 0,9414 

2 0,476 0,9740 
 

ʊʘʙʣ. 4 ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʢʚʘʟʠʤʦ-

ʩʪʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 
 

ʂʦʣʠʯʝ-

ʩʪʚʦ ʫʟʣʦʚ 

ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, 

 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

1d,% 

1 0,8669 8,6 

2 0,9063 7,4 

 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʫʪʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʨʦ-

ʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʢʚʘʟʠʤʦʩʪʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠ-

ʯʝʥʠʝ ʝʝ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ. 

ʀʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʫʟʣʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʥʘʨʘʙʦʪʢʠ ʜʦ ʦʪʢʘʟʘ ʩʪʨʫʢʪʫʨʳ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʨʦʩʪʦʤ ʩʨʝʜʥʝʡ ʥʘʨʘʙʦʪʢʠ ʜʦ ʦʪʢʘʟʘ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʨʦʩʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʪʨʫʢ-

ʪʫʨʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ ʢʚʘʟʠʤʦʩʪʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʙʦʨʪʦʚʳʭ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ ʩʠʩʪʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʦʪ-

ʢʨʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʘʧʧʘ-

ʨʘʪʥʳʭ ʟʘʪʨʘʪ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʬʫʥʢʮʠʡ ʩʘʤʦʢʦʥʪʨʦʣʷ ʠ ʨʝʢʦʥʬʠʛʫʨʘ-

ʮʠʠ. 

ʃʠʪʝʨʘʪʫʨʘ  

1. ʌʝʜʫʭʠʥ ɸ.ɺ. ʂ ʚʦʧʨʦʩʫ ʦʙ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʟʙʳʪʦʯʥʳʭ 

ʩʪʨʫʢʪʫʨ: ʨʝʟʝʨʚʠʨʦʚʘʥʥʘʷ ʜʚʫʭʢʘʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩ ʨʝʢʦʥʬʠʛʫʨʘʮʠʝʡ / 

ɸ.ɺ. ʌʝʜʫʭʠʥ, ɸʨ.ɸ. ʄʫʭʘ // ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʠ ʩʠʩʪʝʤʳ. ð 

2010. ð ˉ 4. ð ʉ. 156-159. 

2. ʌʝʜʫʭʠʥ ɸ.ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ ʩʨʝʜʩʪʚʘʤʠ ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤʤ RELIABmod / ɸ.ɺ. ʌʝʜʫʭʠʥ, ɺ.ʇ. ʇʘʩʴʢʦ // ʄʘʪʝʤʘʪʠʯʥʽ ʤʘ-

ʰʠʥʠ ʽ ʩʠʩʪʝʤʠ. - 2011. - ˉ 4. - ʉ.176 ï 182. 

CR
~
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3. ʌʝʜʫʭʠʥ ɸ.ɺ. ʂ ʚʦʧʨʦʩʫ ʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘʜʝʞʥʦ-

ʩʪʠ / ɸ.ɺ. ʌʝʜʫʭʠʥ, ʅ.ɺ. ʉʝʩʧʝʜʝʩ ɻʘʨʩʠʷ // ʄʘʪʝʤʘʪʠʯʥʽ ʤʘʰʠʥʠ ʽ ʩʠ-

ʩʪʝʤʠ. - 2006. - ˉ 1. - ʉ. 156-163. 

4. ʉʪʨʝʣʴʥʠʢʦʚ ɺ.ʇ. ʆʮʝʥʢʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘʜʸʞʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ / ɺ.ʇ. ʉʪʨʝʣʴʥʠʢʦʚ, ɸ.ɺ. ʌʝʜʫʭʠʥ. ð 

ʂ.: ʃʦʛʦʩ, 2002. ð 486 c. 

5. ʌʝʜʫʭʠʥ ɸ.ɺ. ʂ ʚʦʧʨʦʩʫ ʦ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘʜʝʞʥʦʩʪʠ 

ʜʚʫʭʢʘʥʘʣʴʥʦʛʦ ʥʝʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ / ɸ.ɺ. ʌʝʜʫʭʠʥ, ɺ.ʇ. ʇʘʩʴʢʦ // ʄʘʪʝʤʘʪʠʯʥʽ 

ʤʘʰʠʥʠ ʽ ʩʠʩʪʝʤʠ. - 2016. - ˉ.4 - ʉ. 142-145. 

 

ʋɼʂ 004 

ʄʀʈʆɺʓɽ ʇʈʆɽʂʊʓ ʇʆ ʉʆɿɼɸʅʀʖ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ 

ʄʆɿɻɸ 

ɺ.ɸ.ʗʱʝʥʢʦ 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʠʥʳ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ 5 ʢʨʫʧʥʳʭ ʤʠʨʦʚʳʭ ʧʨʦʝʢʪʦʚ ʨʘʟʨʘ-

ʙʦʪʢʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʦʟʛʘ: 1.Human Brain Project;  2.SpiNNaker; 

3.SyNAPSE (DARPA);  4.NeuroGrid; 5.BrainScaleS. ʅʘʧʨʘʚʣʝʥʠʝ ʵʪʠʭ 

ʨʘʟʨʘʙʦʪʦʢ - ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʨʝʘʣʠʩʪʠʯʥʦʝ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ ʠ ʥʝʡʨʦʥʥʳʭ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʢʦʪʦʨʳʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʭʦʞʝ ʤʦʜʝʣʠʨʫʶʪ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʥʝʨʚʥʳʝ ʪʢʘʥʠ. 

1. Human Brain Project. ʉʪʨʘʥʘ - ʐʚʝʡʮʘʨʠʷ. ʆʨʛʘʥʠʟʘʮʠʷ  - IBM ʠ 

ʐʚʝʡʮʘʨʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪ ʃʦʟʘʥʥʳ  (£cole 

Polytechnique F®d®rale de Lausanne - EPFL). ʈʫʢʦʚʦʜʠʪʝʣʴ - ʇʨʦʬ. ɻʝʥʨʠ 

ʄʘʨʢʨʘʤ (Henry Markram). ʀʩʪʦʯʥʠʢ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ - ʐʚʝʡʮʘʨʩʢʦʝ 

ʧʨʘʚʠʪʝʣʴʩʪʚʦ, ʛʨʘʥʪʳ ɽʚʨʦʩʦʶʟʘ. ʆʙʲʝʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ -  1 ʤʣʨʜ 

ʝʚʨʦ ʥʘ 2012-2023.  ʕʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ -  ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨ çBlue Geneè ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

çNEURONè. 

2. SpiNNaker (Spiking Neural Network Architecture). ʉʪʨʘʥʘ ï ɺʝʣʠ-

ʢʦʙʨʠʪʘʥʠʷ. ʆʨʛʘʥʠʟʘʮʠʷ - ʄʘʥʯʝʩʪʝʨʩʢʠʡ ʫʥ-ʪ, ʋʥʠʚʝʨʩʠʪʝʪ ʉʘʫʪ-

ʛʝʤʧʪʦʥʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ - ʇʨʦʬʝʩʩʦʨ ʉʪʠʚ ʌʘʨʙʝʨ (Steve Furber) 

ʀʩʪʦʯʥʠʢ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. EPSRC (Engineering and Physical Sci-

ences Research Council). ʆʙʲʝʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ Ã 2.5m ʥʘ 2005-2010 ʠ 

ʝʱʝ Ã 2.5m ʥʘ 2010-2014. ʕʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ -  ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʳ. 
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3. SyNAPSE (Systems of Neuromorphic  Adaptive Plastic Scalable 

Electronics). ʉʪʨʘʥʘ ï ʉʐɸ. ʆʨʛʘʥʠʟʘʮʠʷ - IBM, ʚʝʜʫʱʠʝ ʫʥʠʚʝʨʩʠ-

ʪʝʪʳ: ʂʦʣʫʤʙʠʡʩʢʠʡ, ʂʦʨʥʝʣʴʢʠʡ ʠ ʜʨ., Hughes Research Labs, HP. ʈʫ-

ʢʦʚʦʜʠʪʝʣʴ - ɼʭʘʨʤʝʥʜʨʘ ʄʦʜʘ (Dharmendra Modha). 

ʀʩʪʦʯʥʠʢ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ - DARPA (Defense Advanced Research 

Projects Agency), IBM. ʆʙʲʝʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ - 2009-2013: $ 102 ʤʣʥ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ - ʎʠʬʨʦʚʳʝ ʉɹʀʉ. 

4. NeuroGrid (Grid technology for neuroscinces). ʉʪʨʘʥʘ   -  ʉʐɸ. ʆʨ-

ʛʘʥʠʟʘʮʠʷ - IBM,  ʉʪʵʥʬʦʨʜʩʴʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (Stanford University) ʠ ʜʨ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʇʨʦʬʝʩʩʦʨ ʂʚʘʙʝʥʘ ɹʦʵʥ (Kwabena Boahen). ʀʩʪʦʯʥʠʢ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ - NSF (National Science Foundation), NIH (National Inst 

of Health). ʆʙʲʝʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 2006-2009:  $ 4,9 ʤʣʥ 

ʕʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ - ɸʥʘʣʦʛʦʚʳʝ ʉɹʀʉ ʥʘ ʦʩʥʦʚʝ ʢ-ʄɼʇ.  

5.BrainScaleS (Brain-inspired multiscale computation in neuromorphic 

hybrid systems) 

ʉʪʨʘʥʘ  - ɽʚʨʦʩʦʶʟ. ʆʨʛʘʥʠʟʘʮʠʷ  - 18 ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ (ʚ 

ʪ.ʯ. 13 ʫʥʠʚʝʨʩʠʪʝʪʦʚ) ʠʟ 10 ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ. ʈʫʢʦʚʦʜʠʪʝʣʴ - ʇʨʦʬʝʩ-

ʩʦʨ ʂʘʨʣʭʘʡʥʮ ʄʘʡʝʨ (Karlheinz Meier),  

ʀʩʪʦʯʥʠʢ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ - ɻʨʘʥʪ ɽʚʨʦʩʦʶʟʘ. ʆʙʲʝʤ ʬʠʥʘʥʩʠʨʦʚʘ-

ʥʠʷ - ú 8 500 000 ʩʥʘʯʘʣʘ,  ʧʣʶʩ ú 700 000 ʚ ʧʨʦʜʦʣʞʝʥʠʝ. ʅʘʯʘʣʦ   2005-

2010 - ʧʨʦʝʢʪ FACETS, ʩ 2011 ï BrainScaleS. ʆʢʦʥʯʘʥʠʝ  2014. ʕʣʝʢ-

ʪʨʦʥʥʘʷ ʙʘʟʘ - ɸʥʘʣʦʛʦʚʳʝ ʉɹʀʉ (180 ʥʤ) ʥʘ ʦʩʥʦʚʝ ʢ-ʄɼʇ [1]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʦʝʢʪʦʚ: ʅuman ɺrain Project ʩʚʷʟʘʥ 

ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶ-

ʪʝʨʝ. ɸʥʘʣʦʛʠʯʥʳʡ ʘʤʝʨʠʢʘʥʩʢʠʡ ʧʨʦʝʢʪ ʙʦʣʴʰʝ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ  ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʟʛʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʝʡʨʦ-

ʥʘʤʠ. ɺ ɻʪʦʤ ʧʦʜʭʦʜʝ ʢʦʥʝʯʥʘʷ ʮʝʣʴ - ʜʝʪʘʣʴʥʦ ʫʟʥʘʪʴ, ʢʘʢ ʫʩʪʨʦʝʥ ʤʦʟʛ. 

ɺ ʝʚʨʦʧʝʡʩʢʦʤ ʧʨʦʝʢʪʝ ʜʨʫʛʦʡ ʧʦʜʭʦʜ. ɿʜʝʩʴ ʩʦʟʜʘʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʘ ̫

ʤʦʜʝʣ ɹʤʦʟʛʘ ð ʵʪʦ ʙʫʜʝʪ ʥʝʧʨʦʩʪʦ ʤʦʜʝʣʴ, ʘ ʙʘʟʘ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʡ 

ʙʫʜʫʪ ʭʨʘʥʠʪʴʩʷ ʚʩʝ ʟʥʘʥʠʷ ʦ ʪʦʤ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʤʦʟʛ. ʇʨʠ ʚʩʝʭ ʧʣʶʩʘʭ 

ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʥʠ ʦʯʝʥʴ ʪʨʫʜʦʟʘʪʨʘʪʥʳʝ, ʠ ʚ ʧʨʠʥʮʠʧʝ 

ʥʝʧʦʥʷʪʥʦ, ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʥʘʜʦ ʥʘ ʠʭ ʨʝʘʣʠʟʘʮʠʶ. ʆʜʥʘʢʦ, ʦʙʘ ʧʦʜ-

ʭʦʜʘ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʥʝʢʠʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʢʘʯʦʢ ʚ ʧʦʥʠʤʘʥʠʠ ʨʘʙʦʪʳ 

ʤʦʟʛʘ.  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʷʟʠ 

ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ ʚ ʧʣʦʩʢʦʩʪʠ  ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʟʘʤʝʥʷʶʪʩʷ ʦʨʛʘʥʠʟʘ-

ʮʠʝʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʧʨʦʪʦʢʦʣʦʚ ʦʙʤʝʥʘ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʥʝʡʨʦʥʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʠʡ ʩʚʷʟʠ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦ-
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ʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʘʨʫʰʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʨʘ-

ʙʦʪʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʟʛʘ; 2) ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʥʝ ʩ ʧʦʤʦʱʴʶ ʩʦʙʩʪʚʝʥʥʳʭ ʥʝ-

ʧʨʦʛʨʘʤʤʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʩʨʝʜʩʪʚ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʯʠʩʣʝʥʠʷʤʠ. 

ʇʨʦʝʢʪ ʕʣʝʢʪʨʦʥʥʳʡ ʤʦʟʛ. ʅʘʰʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʧʨʦʝʢʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠ-

ʩʪʝʤʥʦʛʦ, ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠʟʫʯʝʥʠʷ ʬʠʟʠʦʣʦʛʠʠ ʤʦʟʛʘ ʚʳʜʝ-

ʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʤʦʟʛʘ ʠ ʨʘʟʨʘ-

ʙʦʪʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ. ʕʪʦ ʥʦʚʘʷ ʘʢʪʠʚʥʘʷ, ʘʩʩʦʮʠʘʪʠʚʥʘʷ, ʤʘʪ-

ʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʙʘʟʝ ʥʦʚʦʛʦ ʪʠʧʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, 

ʥʝ ʠʤʝʶʱʠʭ ʘʥʘʣʦʛʘ.  
ɻʣʘʚʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʮʝʧʮʠʠ: ʥʝʡʨʦʧʦʜʦʙʥʳʡ ʵʣʝʤʝʥʪ ï ʥʦʚʦʛʦ 

ʪʠʧʘ; ʤʥʦʛʦʤʝʨʥʘʷ ʨʝʮʝʧʪʦʨʥʦ-ʵʬ-

ʬʝʢʪʦʨʥʘʷ ʥʝʡʨʦʧʦʜʦʙʥʘʷ ʨʘʩʪʫʱʘʷ 

ʩʝʪʴ (ʨʠʩ.1), ʩʦʩʪʦʷʱʘʷ ʠʟ ʘʢʪʠʚʥʦʡ, 

ʘʩʩʦʮʠʘʪʠʚʥʦʡ, ʤʥʦʛʦʤʝʨʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʡ ʨʝʮʝʧʪʦʨʥʳʝ ʠ ʵʬ-

ʬʝʢʪʦʨʥʳʝ ʟʦʥʳ (ʦʙʱʝʥʠʝ ʥʘ ʝʩʪʝ-

ʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʝʟ-

ʫʩʣʦʚʥʳʭ ʠ ʫʩʣʦʚʥʳʭ ʨʝʬʣʝʢʩʦʚ, ʦʙʫ-

ʯʝʥʠʝ ʠ ʩʘʤʦʦʙʫʯʝʥʠʝ); ʨʝʮʝʧʪʦʨʥʘʷ 

ʟʦʥʘ ï ʚʦʩʧʨʠʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʘʥʘ-

ʣʠʟ, ʩʠʥʪʝʟ ʠ ʟʘʧʦʤʠʥʘʥʠʝ; ʵʬʬʝʢʪʦʨ-

ʥʘʷ ʟʦʥʘ ï ʫʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴ-

ʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ [2-5]. ʇʨʠʥʮʠʧ ʧʘ-

ʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʦʧʝ-

ʨʘʮʠʠ ʥʘʜ ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʘʢʪʠʚʥʦʡ, ʥʝʡʨʦ-

ʧʦʜʦʙʥʦʡ, ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ (ʘʥʘʣʦʛ ʤʦʟʛ ʯʝʣʦʚʝʢʘ). 
ɸʧʧʘʨʘʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʜʥʦʨʦʜʥʦʡ, ʤʥʦʛʦʩʚʷʟʥʦʡ, ʤʥʦʛʦʤʝʨʥʦʡ, 

ʥʝʡʨʦʧʦʜʦʙʥʦʡ, ʨʘʩʪʫʱʝʡ, ʘʢʪʠʚʥʦʡ, ʘʩʩʦʮʠʘʪʠʚʥʦʡ,  ʤʘʪʨʠʯʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ  ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʤʦʜʫʣʝʡ (ʯʠʧʦʚ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʨʘʤ-

ʢʘʭ ʧʨʦʝʢʪʘ ʕʣʝʢʪʨʦʥʥʳʡ ʤʦʟʛ ʩʪʦʠʪ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʯʠʧʘ ʥʝʡʨʦʧʦ-

ʜʦʙʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʝʛʦ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʆʙʲʝʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʨʦʝʢʪʘ ʦʪʣʠ-

ʯʘʝʪʩʷ ʦʪ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʥʘ ʧʦ-

ʨʷʜʦʢ ʧʦʪʦʤʫ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʟʛʘ 

ʫʞʝ ʧʨʦʚʝʜʝʥʳ ʠ ʦʧʨʝʜʝʣʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ. ʇʨʦʝʢʪ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ. ʉʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ çʕʣʝʢʪʨʦʥʥʦʛʦ ʤʦʟʛʘè 

- ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʠ ʚʩʝ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʪʨʝʙʫʶʪʩʷ ʨʘʟʫʤ-

ʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʊʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʈʠʩ.1. ʄʥʦʛʦʤʝʨʥʘʷ ʨʝʮʝʧ-

ʪʦʨʥʦ-ʵʬʬʝʢʪʦʨʥʘʷ ʥʝʡʨʦʧʦʜʦʙ-

ʥʘʷ ʨʘʩʪʫʱʘʷ ʩʝʪʴ 
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ʤʦʟʛʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʫʤʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʤʘʰʠʥ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʥʘʰʝʤʫ ʧʨʦʝʢʪʫ ʠ ʥʘʠʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʤ ʧʨʦʝʢ-

ʪʦʤ ʩʯʠʪʘʝʪʩʷ ʧʨʦʝʢʪ SyNAPSE. ʂʦʨʧʦʨʘʮʠ ̫IBM ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 

ʨʷʜʦʤ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʨʘʟʨʘʙʦʪʘʣʠ ʥʦʚrʡ ʢʣʘʩʩ 

ʥʝʡʨʦʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ. ʎʝʣʴ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʥʝ ʪʦʣʴʢʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʝʥʩʦʨʥʳʭ ʤʦʜʘʣʴʥʦʩʪʝʡ, ʥʦ ʠ ʜʠʥʘʤʠʯʝʩʢʠ 

ʧʝʨʝʩʪʨʘʠʚʘʪ ɹʩʝʙʷ ʥʘ ʙʘʟʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. ʆʜʥʘʢʦ 

ʩʝʡʯʘʩ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʛʦʚʦʨʷʪ, ʯʪʦ ʩʦʟʜʘʥʥʳʝ ʯʠʧʳ ʧʦʢʘ ʩʧʦʩʦʙʥʳ ʘʥʘ-

ʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʥʦ ʥʝ ʩʧʦʩʦʙʥʳ ʩʘʤʦʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ. ɼʘʥʥʘʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ, ʢʘʢ ʥʘʜʝʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʫ ʥʠʭ ʧʦʷʚʠʪʩʷ ʚ ʙʫʜʫʱʝʤ.  

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ɼʭʘʨʤʝʥʜʨʘ ʄʦʜʘ ʩʢʘʟʘʣ: çɽʩʣʠ ʵʪʦ ʚ ʢʦʥʝʯ-

ʥʦʤ ʠʪʦʛʝ ʧʨʠʚʝʜʝʪ ʢ ʩʝʨʠʡʥʦʤʫ ʚʳʧʫʩʢʫ ʤʦʟʛʦʚʳʭ ʯʠʧʩʝʪʦʚ, ʪʦ ʧʨʦʝʢʪ 

ʤʦʞʝʪ ʧʝʨʝʚʝʨʥʫʪʴ ʚʩʝ ʩ ʥʦʛ ʥʘ ʛʦʣʦʚʫ. ʄʦʞʝʪ ʪʨʘʜʠʮʠʦʥʥʳʡ ʩʪʠʣʴ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʢʦʪʦʨʳʡ ʧʨʘʚʠʪ ʩ ʤʦʤʝʥʪʘ ʟʘʨʦʞʜʝʥʠʷ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʵʧʦʭʠ ʟʘʤʝʥʠʪʴ ʥʘ ʯʪʦ-ʪʦ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʧʦʭʦʞʠʝ ʥʘ 

ʤʳʰʣʝʥʠʝ - ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʤʦʟʛ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʯʠʧʘ ʤʦʞʝʪ ʠʤʝʪʴ 

ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʠʟʥʝʩ, ʥʘʫʢʫ ʠ ʧʨʘʚʠʪʝʣʴʩʪʚʦè.  

ʂ ʩʢʘʟʘʥʥʦʤʫ ɼʭʘʨʤʝʥʜʨʘ ʄʦʜʘ ʜʦʙʘʚʣʶ, ʯʪʦ ʥʘʰ ʧʨʦʝʢʪ çʕʣʝʢ-

ʪʨʦʥʥʳʡ ʤʦʟʛè ʭʦʪʴ ʠ  ʧʦʭʦʞ ʥʘ ʧʨʦʝʢʪ SyNAPSE, ʥʦ ʧʦʢʘ ʦʥ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʦʧʝʨʝʞʘʝʪ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʝʢʪʳ ʟʘ ʩʯʝʪ ʥʦʚʦʡ ʥʝʡʨʦʧʦ-

ʜʦʙʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʅʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʤʝʥʷ ʩʠʣʴʥʦ ʨʘʩʩʪʨʘʠʚʘʝʪ ʪʦ, ʯʪʦ 

ʚ ʋʢʨʘʠʥʝ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘʰ ʧʨʦʝʢʪ. ʄʳ ʪʝʨʷʝʤ ʪʝʤʧ. 

ʅʘʫʢʘ ʥʘʩʪʦʣʴʢʦ ʙʳʩʪʨʦ ʜʚʠʞʝʪʩʷ ʚʧʝʨʝʜ, ʯʪʦ ʧʦʪʝʨʷ ʪʝʤʧʘ ʤʦʞʝʪ ʧʨʠ-

ʚʝʩʪʠ ʢ ʢʘʪʘʩʪʨʦʬʝ. ʅʝʦʙʭʦʜʠʤʦ ʩʨʦʯʥʦ ʦʙʲʝʜʠʥʷʪʴ ʥʘʰʠ ʫʩʠʣʠʷ ʠ ʧʨʠ-

ʩʪʫʧʘʪʴ ʢ ʩʦʟʜʘʥʠʶ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʤʳʩʣʷʱʠʭ ʤʘʰʠʥ.  ʀʥʘʯʝ 

ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʜʘʚʘʪʴ ʠʭ ʠ ʧʦʣʫʯʘʪʴ ʧʨʠʙʳʣʴ, ʧʨʦʡʜʸʪʩʷ ʧʦʢʫ-

ʧʘʪʴ ʠʭ ʫ ʢʦʥʢʫʨʝʥʪʦʚ. 
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ʋɼʂ 519.2:530.1:600.1 

ʊɽʆʈʀʗ ɺɽʈʆʗʊʅʆʉʊɽʁ ʀ ʊɽʆʈʀʗ ɻʀʇɽʈʉʃʋʏɸʁʅʓʍ 

ʗɺʃɽʅʀʁ ʉ ʊʆʏʂʀ ɿʈɽʅʀʗ ʌʀɿʀʂʀ ʀ ʄɸʊɽʄɸʊʀʂʀ 

ʀ.ʀ. ɻʦʨʙʘʥʴ 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ, ʋʢʨʘʠʥʘ 

 

ɺʚʝʜʝʥʠʝ. ʆʜʥʠʤ ʠʟ ʫʜʠʚʠʪʝʣʴʥʝʡʰʠʭ ʬʠʟʠʯʝʩʢʠʭ ʬʝʥʦʤʝʥʦʚ ʷʚʣʷ-

ʝʪʩʷ ʬʝʥʦʤʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʩʩʦʚʳʭ ʷʚʣʝʥʠʡ, ʧʨʦ-

ʷʚʣʷʶʱʠʡʩʷ ʧʨʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʚʳʙʦʨʢʠ ʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʪʘʪʠ-

ʩʪʠʢ (ʬʫʥʢʮʠʡ ʚʳʙʦʨʢʠ). ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ ʪʝʦʨʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʵʪʦʪ 

ʬʝʥʦʤʝʥ: ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʠʤʝʶʱʘʷ ʤʥʦʛʦʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʨʘʟ-

ʚʠʪʠʷ, ʠ ʪʝʦʨʠʷ ʛʠʧʝʨʩʣʫʯʘʡʥʳʭ ʷʚʣʝʥʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʚ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ. 

ʈʘʟʥʳʝ ʫʯʝʥʳʝ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʵʪʠ ʪʝʦʨʠʠ ʧʦ-

ʨʘʟʥʦʤʫ. ʌʠʟʠʢʠ ʠ ʠʥʞʝʥʝʨʳ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪ ʠʭ ʢ ʬʠʟʠʯʝʩʢʠʤ (ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ), ʘ ʤʘʪʝʤʘʪʠʢʠ ï ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ. 

ʂʪʦ ʠʟ ʥʠʭ ʧʨʘʚ? 

ʎʝʣʴ ʜʦʢʣʘʜʘ ï ʨʘʩʩʢʘʟʘʪʴ ʦʙ ʵʚʦʣʶʮʠʠ ʚʟʛʣʷʜʦʚ ʥʘ ʵʪʠ ʪʝʦʨʠʠ ʠ ʦʪ-

ʚʝʪʠʪʴ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ.  

ɼʣʷ ʧʨʦʷʩʥʝʥʠʷ ʚʦʧʨʦʩʘ ʨʘʩʩʤʦʪʨʠʤ ʵʚʦʣʶʮʠʶ ʚʟʛʣʷʜʦʚ ʥʘ ʦʙʲʝʢʪ 

ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʪʝʦʨʠʡ. 

ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ. ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʦʟʜʘ-

ʚʘʣʘʩʴ ʚ ʠʥʪʝʨʝʩʘʭ ʦʧʠʩʘʥʠʷ ʬʝʥʦʤʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʠ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʬʠʟʠʯʝʩʢʘʷ ʜʠʩʮʠʧʣʠʥʘ. ʊʘʢ ʚʦʩʧʨʠʥʠʤʘʣ ʝʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ɼ. ɻʠʣʴʙʝʨʪ [1]. ʅʘ ʥʘʯʘʣʦ XX ʚʝʢʘ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʩʯʠʪʘʣʩʷ ʬʝʥʦʤʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘ 

ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʧʦʩʦʙʳ ʝʛʦ ʦʧʠʩʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʩʣʫʯʘʡ-

ʥʳʭ ʤʦʜʝʣʝʡ.  

ɺ 1929 ʛ. ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚ ʧʨʝʜʣʦʞʠʣ ʚʘʨʠʘʥʪ ʘʢʩʠʦʤʘʪʠʟʘʮʠʠ ʪʝʦ-

ʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʥʘʰʝʜʰʠʡ ʚʩʝʦʙʱʝʝ ʧʨʠʟʥʘʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

[2]. ʕʪʦʪ ʚʘʨʠʘʥʪ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʯʠʪʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ. 

ʇʦʜ ʚʣʠʷʥʠʝʤ ʠʜʝʡ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ ʬʠʟʠʯʝʩʢʘʷ ʩʫʱʥʦʩʪʴ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʘʣʘ ʦʪʭʦʜʠʪʴ ʥʘ ʟʘʜʥʠʡ ʧʣʘʥ, ʫʩʪʫʧʘʷ ʤʝ-

ʩʪʦ ʤʘʪʝʤʘʪʠʢʝ.  
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ʉʤʝʱʝʥʠʝ ʘʢʮʝʥʪʘ ʚ ʩʪʦʨʦʥʫ ʤʘʪʝʤʘʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʧʦʣʥʝ 

ʝʩʪʝʩʪʚʝʥʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʘʢʩʠʦʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ 

ʥʝ ʩʚʷʟʘʥ ʩ ʬʠʟʠʢʦʡ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʬʝʥʦʤʝʥʦʤ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʵʪʦʤ ʧʦʜʭʦʜʝ ʬʠʟʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ ʚʦʦʙʱʝ ʥʝ 

ʬʠʛʫʨʠʨʫʶʪ. ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʙʩʪʨʘʢʪʥʳʭ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʭ ʧʦʥʷʪʠʷʭ: ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʦʙʳʪʠʡ W, ʙʦʨʝʣʝʚ-

ʩʢʦʡ s-ʘʣʛʝʙʨʝ À, ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʝʨʝ P, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʝʨʦʷʪ-

ʥʦʩʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ( , , )PW À , ʠ ʥʘ ʯʝʪʳʨʝʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʘʢʩʠʦ-

ʤʘʭ.  

ʇʨʠ ʪʘʢʦʤ ʚʘʨʠʘʥʪʝ ʘʢʩʠʦʤʘʪʠʟʘʮʠʠ ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʤʝʝʪ 

ʜʝʣʦ ʥʝ ʩ ʨʝʘʣʴʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʘ ʩ ʠʭ ʘʙʩʪʨʘʢʪʥʳʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ï ʩʣʫʯʘʡʥʳʤʠ ʩʦʙʳʪʠʷʤʠ, ʚʝʣʠʯʠʥʘʤʠ ʠ 

ʬʫʥʢʮʠʷʤʠ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʩʦʙʳʪʠʷ, ʚʝʣʠʯʠʥʳ ʠʣʠ 

ʬʫʥʢʮʠʠ (ʧʨʦʮʝʩʩʳ ʠʣʠ ʧʦʣʷ), ʠʤʝʶʱʠʝ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʤʝʨʫ. ʗʚʣʝʥʠʷ, 

ʥʝ ʠʤʝʶʱʠʝ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʝʨʳ, ʩʣʫʯʘʡʥʳʤʠ ʥʝ ʩʯʠʪʘʶʪʩʷ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʩ ʪʘʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ï ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʘʷ ʜʠʩʮʠʧʣʠʥʘ. ʆʙʲʝʢʪʦʤ ʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʘʙ-

ʩʪʨʘʢʪʥʦʝ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ï ʩʚʷʟʠ ʤʝʞʜʫ ʘʙʩʪʨʘʢʪʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʤʦʜʝʣʷʤʠ. 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʡ ʪʝʦʨʠʠ. ɺʦ-ʧʝʨʚʳʭ, ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʝʥʦʤʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʦʢʘʟʳʚʘʶʪʩʷ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ. ɺʦ-ʚʪʦʨʳʭ, ʩʣʫʯʘʡʥʳʝ ʤʦʜʝʣʠ ʵʪʦʡ 

ʪʝʦʨʠʠ ʦʧʠʩʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʡ ʬʝʥʦʤʝʥ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʦ ʝʱʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʢʨʫʛ ʬʠʟʠʯʝ-

ʩʢʠʭ ʷʚʣʝʥʠʡ, ʘʜʝʢʚʘʪʥʦ ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʤʥʦʛʦʟʥʘʯʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʩ ʤʝʨʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʭʦʜ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ ʧʨʠ-

ʤʝʥʠʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʘʩʩʦʚʳʭ ʷʚʣʝʥʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ, ʥʦ ʠ ʦʜʠʥʦʯʥʳʭ ʤʥʦʛʦʟʥʘʯʥʳʭ ʷʚʣʝʥʠʡ 

(ʤʦʜʝʣʝʡ), ʜʣʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʘ ʤʝʨʘ (ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʟʥʘʯʥʘʷ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ).  

ɺ ʨʘʤʢʘʭ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʦʧʠʩʳʚʘ-

ʶʱʝʡ ʨʝʘʣʴʥʳʝ ʤʘʩʩʦʚʳʝ ʷʚʣʝʥʠʷ, ʩʚʷʟʴ ʩ ʬʠʟʠʢʦʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʚʝ 

ʬʠʟʠʯʝʩʢʠʝ ʛʠʧʦʪʝʟʳ ʘʜʝʢʚʘʪʥʦʩʪʠ: ʛʠʧʦʪʝʟʘ ʠʜʝʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʠʟʥʘʶʱʘʷ ʩʭʦʜʠʤʦʩʪʴ ʩʪʘʪʠʩʪʠʢ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʳ ʣʶʙʦʛʦ ʩʦʙʳʪʠʷ ʢ ʥʝʢʦʪʦʨʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʝ-

ʣʠʯʠʥʝ, ʪʨʘʢʪʫʝʤʦʡ ʚ ʬʠʟʠʢʝ ʠ ʧʨʠʢʣʘʜʥʳʭ ʨʘʟʜʝʣʘʭ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦ-

ʩʪʝʡ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ, ʠ ʛʠʧʦʪʝʟʘ ʘʜʝʢʚʘʪʥʦʛʦ ʧʠʩʘʥʠʷ ʨʝʘʣʴʥʳʭ ʬʠ-

ʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʩʣʫʯʘʡʥʳʤʠ ʤʦʜʝʣʷʤʠ [3, 4].  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʡ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʷʚ-

ʣʷʝʪʩʷ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʡ ʬʝʥʦʤʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘ 
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ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʧʦʩʦʙʳ ʝʛʦ ʦʧʠʩʘʥʠʷ ʩʣʫʯʘʡʥʳʤʠ ʤʦʜʝ-

ʣʷʤʠ.  

ʊʝʦʨʠʷ ʛʠʧʝʨʩʣʫʯʘʡʥʳʭ ʷʚʣʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʙʦʣʴʰʠʭ ʠʥʪʝʨʚʘʣʘʭ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ [3, 

4], ʯʪʦ ʛʠʧʦʪʝʟʘ ʠʜʝʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝ ʥʘʭʦʜʷʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. ɺ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʠʤʝʝʪ ʤʝʩʪʦ 

ʦʛʨʘʥʠʯʝʥʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ-

ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʚʳʙʦʨʢʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʪʩʯʝʪʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʬʣʫʢʪʫʘʮʠʠ ʩʪʘʪʠʩʪʠʢ. ʅʦ ʧʨʠ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʚʳʙʦʨʢʠ 

ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ: ʜʦʩʪʠʛʥʫʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʫʨʦ-

ʚʝʥʴ ʬʣʫʢʪʫʘʮʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʠʣʠ ʜʘʞʝ ʨʘʩʪʝʪ.  

ɺ ʠʥʪʝʨʝʩʘʭ ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʝʥʦʤʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʦʧʠʩʘʥʠʷ ʤʘʩʩʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʩ ʫʯʝʪʦʤ ʥʘʨʫ-

ʰʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

ʛʠʧʝʨʩʣʫʯʘʡʥʳʭ ʷʚʣʝʥʠʡ [3, 4].  

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʝʝ ʯʘʩʪʠ ʙʘʟʦʚʦʝ ʧʦʥʷʪʠʝ ï ʛʠʧʝʨʩʣʫʯʘʡʥʦʝ ʩʦ-

ʙʳʪʠʝ ï ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʥʦʞʝʩʪʚʘ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ 

( , , , )gG PW À , ʛʜʝ W  ï ʧʨʦʩʪʨʘʥʩʪʚʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʦʙʳʪʠʡ, À ï ʙʦʨʝ-

ʣʝʚʩʢʘʷ s-ʘʣʛʝʙʨʘ, gP  ï ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʝʨʘ ʚ ʫʩʣʦʚʠʷʭ g GÍ , ʠ ʩʠ-

ʩʪʝʤʳ ʘʢʩʠʦʤ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ. ɻʠʧʝʨʩʣʫʯʘʡʥʦʝ ʷʚʣʝʥʠʝ (ʩʦʙʳʪʠʝ, ʚʝ-

ʣʠʯʠʥʘ, ʬʫʥʢʮʠʷ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʩʣʫʯʘʡʥʳʭ ʷʚʣʝʥʠʡ 

(ʩʦʙʳʪʠʡ, ʚʝʣʠʯʠʥ, ʬʫʥʢʮʠʡ), ʟʘʚʠʩʷʱʠʭ ʦʪ ʫʩʣʦʚʠʡ g. ɼʣʷ ʢʘʞʜʦʛʦ g

-ʛʦ ʩʣʫʯʘʡʥʦʛʦ ʷʚʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʘ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʝʨʘ, ʥʦ ʜʣʷ ʫʩʣʦʚʠʡ 

g  ʤʝʨʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ. ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʪʝʦʨʠʠ ʛʠʧʝʨʩʣʫʯʘʡ-

ʥʳʭ ʷʚʣʝʥʠʡ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʝʨʦʷʪʥʦʩʪ-

ʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʘ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʚʷʟʠ ʤʝʞʜʫ ʛʠʧʝʨʩʣʫ-

ʯʘʡʥʳʤʠ ʤʦʜʝʣʷʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʪʝʦʨʠʠ ʛʠʧʝʨ-

ʩʣʫʯʘʡʥʳʭ ʷʚʣʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʤʘʩʩʦʚʳʝ ʷʚʣʝʥʠʷ ʩ 

ʫʯʝʪʦʤ ʥʘʨʫʰʝʥʠʡ ʩʭʦʜʠʤʦʩʪʠ, ʥʦ ʠ ʣʶʙʳʝ ʷʚʣʝʥʠʷ, ʘʜʝʢʚʘʪʥʦ ʧʨʝʜ-

ʩʪʘʚʣʷʝʤʳʝ ʤʥʦʛʦʟʥʘʯʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʩ ʤʥʦʞʝ-

ʩʪʚʦʤ ʤʝʨ (ʪ.ʝ. ʤʥʦʛʦʟʥʘʯʥʳʤʠ (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ) ʬʫʥʢʮʠʷʤʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ), ʫʯʠʪʳʚʘʶʱʠʤʠ ʥʘʨʫʰʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ [3ï7].  

ɺ ʨʘʤʢʘʭ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʛʠʧʝʨʩʣʫʯʘʡʥʳʭ ʷʚʣʝ-

ʥʠʡ, ʦʧʠʩʳʚʘʶʱʝʡ ʨʝʘʣʴʥʳʝ ʤʘʩʩʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʩ ʫʯʝʪʦʤ 

ʥʘʨʫʰʝʥʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʤʝʩʪʦ ʛʠʧʦʪʝʟ ʘʜʝʢʚʘʪʥʦ-

ʩʪʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʨʫʛʠʝ ʛʠʧʦʪʝʟʳ: ʛʠʧʦʪʝʟʘ ʦʛʨʘ-

ʥʠʯʝʥʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʛʠʧʦʪʝʟʘ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠ-

ʩʘʥʠʷ ʨʝʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʛʠʧʝʨʩʣʫʯʘʡʥʳʤʠ ʤʦʜʝʣʷʤʠ. ʆʙʲʝʢ-

ʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʡ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ʬʝʥʦʤʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 
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ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʠʯʝʤ ʙʝʟ ʢʘʢʠʭ ï ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʡ, ʘ ʧʨʝʜʤʝʪʦʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ï ʩʧʦʩʦʙʳ ʝʛʦ ʦʧʠʩʘʥʠʷ ʛʠʧʝʨʩʣʫʯʘʡʥʳʤʠ ʤʦʜʝʣʷʤʠ.  

ɺʳʚʦʜʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʪʦʛʦ, ʯʪʦ ʩʯʠʪʘʝʪʩʷ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ, ʤʝʥʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʢ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʪʝʦʨʠʠ ʛʠʧʝʨʩʣʫʯʘʡ-

ʥʳʭ ʷʚʣʝʥʠʡ. ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʬʝʥʦʤʝʥ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʪʦ ʦʙʝ ʵʪʠ ʪʝʦʨʠʠ ï ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʝ ʜʠʩʮʠʧʣʠʥʳ. ɽʩʣʠ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʘʙʩʪʨʘʢʪʥʦʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ (ʚ ʩʣʫʯʘʝ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ï ʚʝʨʦʷʪʥʦʩʪʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘ ʚ ʩʣʫʯʘʝ ʪʝʦʨʠʠ ʛʠʧʝʨʩʣʫʯʘʡʥʳʭ ʷʚʣʝʥʠʡ ï ʤʥʦʞʝʩʪʚʦ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ), ʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʪʝʦʨʠʠ ï ʯʠʩʪʦ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʠʝ ʜʠʩʮʠʧʣʠʥʳ.  
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ʄʆɼɽʃʀ ʉʀʉʊɽʄʓ ʇʆɼɼɽʈɾʂʀ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ 

ʅɸ ʆʉʅʆɺɽ ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ʇʆʀʉʂɸ 

ɺ. ɸ. ʊʝʨʪʳʰʥʳʡ, ʀ. ɺ. ʐʝʚʯʝʥʢʦ 

ʂʨʝʤʝʥʯʫʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʄʠʭʘʠʣʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ, ʋʢʨʘʠʥʘ 

 

ʉʨʝʜʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʉʇʇʈ ʠʤʝʝʪʩʷ ʢʣʘʩʩ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʧʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪ ʜʣʷ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷ ʜʘʥʥʳʝ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʥʦ ʥʝ ʛʝʥʝʨʠʨʫʶʪ ʨʝʰʝʥʠʷ ʢʘʢ ʪʘ-

ʢʦʚʳʝ [1]. ʉʨʝʜʠ ʧʘʩʩʠʚʥʳʭ ʉʇʇʈ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʠʩʪʝʤʳ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʠʩʢ. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʉʇʇʈ, 

ʫʧʨʘʚʣʷʝʤʳʝ ʜʦʢʫʤʝʥʪʘʤʠè (Document-Driven DSS), ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚ-

ʣʷʶʪ ʧʦʠʩʢ ʠ ʤʘʥʠʧʫʣʠʨʫʶʪ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʟʘ-

ʜʘʥʥʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ. ɼʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝ-

ʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʚ ʤʘʨʢʝʪʠʥʛʝ, ʧʘʩʩʠʚʥʳʝ ʉʇʇʈ ʜʦʣʞʥʳ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʡ ʧʦʠʩʢ, ʘ ʠʤʝʥʥʦ ï ʧʦʠʩʢ ʥʝʩʪʨʫʢʪʫʨʠʨʦ-

ʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʨʝʣʝʚʘʥʪʥʳʭ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ. 

ɿʘʜʘʯʘ ʧʦʜʛʦʪʦʚʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ:  

                                       QRAIRSSSDMZ K ),(,,,, 0= ,                         (1) 

ʛʜʝ Dʄ ï ʤʦʜʝʣʴ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ; S ï 

ʤʥʦʞʝʩʪʚʦ ʪʝʢʫʱʠʭ ʩʦʩʪʦʷʥʠʡ (ʩʠʪʫʘʮʠʡ); S0ÍS ï ʧʦʜʤʥʦʞʝʩʪʚʦ ʥʘʯʘʣʴ-

ʥʳʭ ʩʦʩʪʦʷʥʠʡ; Sʢ Í S ï ʧʦʜʤʥʦʞʝʩʪʚʦ ʢʦʥʝʯʥʳʭ, ʠʣʠ ʮʝʣʝʚʳʭ ʩʦʩʪʦʷʥʠʡ; 

IR ï ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ 

ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʘʩʧʝʢʪʘʤ ɸ; QR ï 

ʤʥʦʞʝʩʪʚʦ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʥʘʡʜʝʥʥʳʭ ʨʝʩʫʨʩʦʚ.  

ʄʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʉʇʇʈ. ʌʦʨʤʘʣʴʥʦ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʳ ʧʦʜ-

ʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ SɸD ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝ-

ʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ: 

                DSISPSMABDBKBFSESEDPSMFRSAD ,,,,,,,),(= , (2) 

ʛʜʝ ʄFR ï ʤʦʜʝʣʴ ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ; ʈS ï ʤʦʜʝʣʴ 

ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ;  SɽD ï ʧʦʠʩʢʦʚʘʷ ʤʘʰʠʥʘ 

ʜʦʢʫʤʝʥʪʦʚ; FSɽ ï ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʘʷ ʧʦʠʩʢʦʚʘʷ ʤʘʰʠʥʘ; KB ï ʙʘʟʘ ʟʥʘ-

ʥʠʡ; DB ï ʙʘʟʘ ʜʘʥʥʳʭ; ɸɺ ï ʙʘʟʘ ʘʣʛʦʨʠʪʤʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʦʙʨʘʙʦʪʢʫ 

ʟʘʧʨʦʩʦʚ, ʧʦʠʩʢ ʜʦʢʫʤʝʥʪʦʚ ʠ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʡ ʧʦʠʩʢ; SM ï ʙʣʦʢ ʩʠʥ-

ʭʨʦʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ; ISʈ ï ʙʣʦʢ ʠʥʪʝʛʨʘʮʠʠ ʩ ʀʋʉ 

ʧʨʝʜʧʨʠʷʪʠʷ; DS ï ʧʦʜʩʠʩʪʝʤʘ ʜʠʘʣʦʛʘ ʩ ʃʇʈ.  

ʇʨʦʙʣʝʤʥʘʷ ʩʠʪʫʘʮʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʦʧʠʩʳ-

ʚʘʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʢʦʪʦʨʦʛʦ ʚʳʜʝʣʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʠʣʠ 
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ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʢʦʪʦʨʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʪʨʘʞʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʩʚʷʟʠ (ʦʪʥʦʰʝʥʠʷ) ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ. ʌʦʨʤʠʨʦ-

ʚʘʥʠʝ ʤʦʜʝʣʠ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʠ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʬʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʡ ʜʘʥʦ ʚ ʧʦʩʣʝʜʫʶ-

ʱʠʭ ʧʦʜʨʘʟʜʝʣʘʭ. 

ʄʦʜʝʣʴ ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʄFR, ʧʨʝʜʥʘʟʥʘʯʝʥ-

ʥʫʶ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʥʦʛʦʘʩʧʝʢʪʥʦʛʦ ʧʦʠʩʢʘ ʜʘʥʥʳʭ, ʬʦʨ-

ʤʘʣʴʥʦ ʦʧʨʝʜʝʣʠʤ ʥʘʙʦʨʦʤ:  

                            ),(,,,, qdRFDQPSMFR= ,                          (3) 

ʛʜʝ ʈS ï ʜʝʩʢʨʠʧʪʠʚʥʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʙʣʝʤʥʫʶ ʩʠʪʫ-

ʘʮʠʶ; Q ï ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ (ʟʘ-

ʧʨʦʩʘ); D ï ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʦʢʫʤʝʥʪʘ; F ï ʩʨʝʜʩʪʚʘ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʦʢʫʤʝʥʪʘ, ʟʘʧʨʦʩʦʚ ʠ ʠʭ ʦʪʥʦʰʝʥʠʡ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʤʦʜʝʣʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʠʩʢʘ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʘʥ-

ʥʳʭ ʜʘʥʥʳʭ [2,3]. R(d,q) ï ʬʫʥʢʮʠʷ ʨʘʥʞʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʩʪʘʚʠʪ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʝ d ʠʟ D ʠ q ʠʟ Q ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʦʨʷʜʦʢ ʥʘ 

ʤʥʦʞʝʩʪʚʝ ʜʦʢʫʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʧʨʦʩʘ q. 

SɽD ï ʧʦʠʩʢʦʚʘʷ ʤʘʰʠʥʘ ʜʦʢʫʤʝʥʪʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʝʪʦʜʝ ʢʦʨʧʦ-

ʨʘʪʠʚʥʦʛʦ ʧʦʠʩʢʘ ʩʫʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʘʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶ-

ʱʝʛʦ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʘʣʠʟʘ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ ʩʯʝʪ ʥʘʩʪʨʘʠʚʘʥʠʷ ʛʠʙʢʠʭ ʰʘʙʣʦʥʦʚ ʩʫʱʥʦʩʪʝʡ ʥʘ ʦʩ-

ʥʦʚʝ ʥʝʯʝʪʢʠʭ ʢʨʠʪʝʨʠʝʚ [3].  

FSɽ ï ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʘʷ ʧʦʠʩʢʦʚʘʷ ʤʘʰʠʥʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʣʦʛʠʢʦ-

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʝ ʤʥʦʛʦʘʩʧʝʢʪʥʦʛʦ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʦʠʩʢʘ [4]. 

ʄʦʜʝʣʴ ʙʘʟʳ ʟʥʘʥʠʡ KB ʢʨʦʤʝ ʦʪʥʦʰʝʥʠʡ ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ 

ʩʦʜʝʨʞʠʪ ʤʝʪʘʟʥʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ 

(ʚʳʙʦʨʘ) ʥʝʦʙʭʦʜʠʤʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʩʥʦʚʥʦʡ ɹɿ ʠ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʠʯ-

ʥʳʭ ʟʘʧʨʦʩʦʚ ʜʣʷ ʧʦʠʩʢʘ ʜʦʢʫʤʝʥʪʦʚ: 

                                    SRNDKB ,= ,                                                (4) 

ʛʜʝ ND ï ʤʘʪʨʠʮʳ ʥʝʯʝʪʢʠʭ ʧʨʦʜʫʢʮʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʚʘʪʴ 

ʩʪʝʧʝʥʴ ʙʣʠʟʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʜʦʢʫʤʝʥʪʘ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʝ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʠ ʣʝʢʩʝʤ ʧʦ ʘʩʧʝʢʪʘʤ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ; 

SR ï ʥʘʙʦʨ ʧʨʘʚʠʣ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʢʦʤʤʝʥʪʘʨʠʝʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɹʘʟʘ ʜʘʥʥʳʭ DB ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʩʣʝʜʫʶʱʠʭ ʢʘʪʝʛʦʨʠʡ: 

ï ʬʦʨʤʘ ʠʩʭʦʜʥʦʛʦ ʟʘʧʨʦʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʬʦʨʤʳ ʚʪʦʨʠʯʥʳʭ ʧʦʠʩ-
ʢʦʚʳʭ ʟʘʧʨʦʩʦʚ; 

ï ʪʝʟʘʫʨʫʩʳ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʨʘʟʜʝʣʝʥʥʳʝ ʧʦ ʟʘʜʘʯʘʤ ʠ ʘʩʧʝʢ-
ʪʘʤ; 
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ï ʤʘʪʨʠʮʳ ʯʘʩʪʦʪ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʪʝʨʤʦʚ ʠ ʣʝʢʩʝʤ ʚ ʵʪʘʣʦʥʥʳʭ ʜʦʢʫ-
ʤʝʥʪʘʭ; 

ï ʤʘʪʨʠʮʳ ʯʘʩʪʦʪ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʪʝʨʤʦʚ ʠ ʣʝʢʩʝʤ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 
ʜʦʢʫʤʝʥʪʘʭ; 

ï ʤʘʩʩʠʚʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʧʠʩʢʠ ʦʪʦʙʨʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ; 

ï ʬʦʨʤʳ ʦʪʯʝʪʦʚ ʧʦ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʦʠʩʢʫ. 

ɹʣʦʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ SM ï ʦʩʥʦʚʥʦʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʉʇʇʈ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʶ ʧʨʦ-

ʮʝʩʩʘ ʘʥʘʣʠʟʘ, ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʛʝʥʝʨʘʮʠʠ ʩʦʦʙʱʝ-

ʥʠʡ, ʟʘʧʫʩʢ ʠ ʦʩʪʘʥʦʚʢʫ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʉʇʇʈ. 

ɹʘʟʘ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʙʦʨʦʤ:  

                                ɸʌʆɸʌɸɸʇɼɸʌɿɸʂɸɺ ,,,,= ,                       (5) 

ʛʜʝ ɸʂ ï ʘʣʛʦʨʠʪʤʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʦʢʫʤʝʥʪʦʚ; ɸʌɿ 

ï ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ; ɸʇɼ ï ʘʣʛʦʨʠʪʤʳ 

ʧʦʠʩʢʘ ʜʦʢʫʤʝʥʪʦʚ;  ɸʌɸ ï ʘʣʛʦʨʠʪʤʳ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ; 

ɸʌʆ ï ʘʣʛʦʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʦʚ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʨʝʘʣʠʟʦʚʘʥʳ 

ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʉʇʇʈ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʤʦʜʫʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ.  

ɹʣʦʢ ʠʥʪʝʛʨʘʮʠʠ ʩ ʀʋʉ ï  ISʈ  ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ:  

                                             XSXMISP ,= ,                                          (6) 

ʛʜʝ XM ï ʤʥʦʞʝʩʪʚʦ ʚʭʦʜʦʚ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʟʘʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

XS ï ʤʥʦʞʝʩʪʚʦ ʚʭʦʜʦʚ ʧʦʜʩʠʩʪʝʤʳ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʜʘʥʥʳʝ, ʧʦʣʫʯʘʝ-

ʤʳʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʝʡ ʀʋʉ. 

ʄʥʦʞʝʩʪʚʦ XM ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨʦʤ:  

                                                 
sTTXM ,=                                              (7) 

ʛʜʝ ʊ ï ʪʝʢʩʪ ʟʘʧʨʦʩʘ; ʊS ï ʪʝʢʩʪʳ ʦʪʚʝʪʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʨʝʞʠʤʝ ʜʠʘ-

ʣʦʛʘ. 

ʄʥʦʞʝʩʪʚʦ XS ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ:  

                  },{ EʇʨʆAEXS= ,                                      (8) 

ʛʜʝ ɽʇʨʆ ï ʩʫʱʥʦʩʪʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ; ɸɽ ï ʘʪʨʠʙʫʪʳ ʩʫʱʥʦʩʪʝʡ. 

ʇʦʜʩʠʩʪʝʤʫ ʜʠʘʣʦʛʘ ʩ ʃʇʈ ï  DS ï  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘʙʦʨʦʤ: 

               ),,,,(,)),,(,( APMRSMTMMSPDDSRRDLDS MCS= ,   (9) 

ʛʜʝ L ï ʷʟʳʢ ʜʠʘʣʦʛʘ; RD ï ʧʨʘʚʠʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ  ʩʦʦʙʱʝʥʠʡ; SR ï 

ʤʥʦʞʝʩʪʚʦ ʩʪʘʥʜʘʨʪʥʳʭ ʩʦʦʙʱʝʥʠʡ; DS ï ʤʥʦʞʝʩʪʚʦ ʩʪʘʥʜʘʨʪʥʳʭ ʩʦʦʙ-

ʱʝʥʠʡ ʧʦ ʟʘʧʨʦʩʘʤ; Dʉ ï ʤʥʦʞʝʩʪʚʦ ʩʪʘʥʜʘʨʪʥʳʭ ʩʦʦʙʱʝʥʠʡ ʧʨʦʮʝʩʩʘ 

ʜʠʘʣʦʛʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʠʩʢʘ; PA ï ʧʨʦʮʝʜʫʨʘ ʚʳʜʘʯʠ ʩʦʚʝʪʦʚ.     ʄS ï 

ʩʪʘʥʜʘʨʪʥʦʝ ʩʦʦʙʱʝʥʠʝ, ʛʜʝ ʊʄ ï ʚʨʝʤʷ ʩʦʦʙʱʝʥʠʷ; Sʄ ï ʢʣʶʯʝʚʘʷ ʪʝʤʘ 
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ʩʦʦʙʱʝʥʠʷ; R ï ʩʩʳʣʢʘ ʥʘ ʧʨʝʜʳʜʫʱʝʝ ʩʦʦʙʱʝʥʠʝ PM;  ɸ ï ʦʪʚʝʪ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʨʘʞʝʥʠʷʤʠ (2) ï (9). 

ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʤ ʠ ʪʝʭʥʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʩʠʩʪʝʤʫ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʤʥʦʛʦʘʩʧʝʢʪʥʦʛʦ ʬʘʢ-

ʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ.  
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ʋɼʂ 004.052 

ʂʆʅʉʊʈʋʀʈʆɺɸʅʀɽ ɸʅɸʃʀʊʀʂʆ-ʀʄʀʊɸʎʀʆʅʅʓʍ 

ʄʆɼɽʃɽʁ ɼʃʗ ʉʊʈʋʂʊʋʈʅʆ-ʌʋʅʂʎʀʆʅɸʃʔʅʆʁ 

ʆʇʊʀʄʀɿɸʎʀʀ  ɻɸʈɸʅʊʆʉʇʆʉʆɹʅʓʍ ʂʆʄʇʔʖʊɽʈʅʓʍ 

ʉʀʉʊɽʄ 

ɺ.ʅ. ʊʦʤʘʰʝʚʩʢʠʡ 1, ʀ.ɺ. ʉʪʝʮʝʥʢʦ 1, ʊ.ɿ. ʌʠʜʘʨʦʚ 2 

1 ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ çʂʠʝʚʩʢʠʡ ʧʦ-

ʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʀʛʦʨʷ ʉʠʢʦʨʩʢʦʛʦè, ʋʢʨʘʠʥʘ 
2 ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘ-

ʠʥʳ, ʋʢʨʘʠʥʘ 

 

ɺ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦ-ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʛʘʨʘʥʪʦʩʧʦʩʦʙʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ (ɻʂʉ) ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʕʪʠ ʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʪʨʘʥʩʧʦʨʪʝ, ʚ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʘʪʦʤ-

ʥʭr ʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʠ ʜʨ. ʦʙʲʝʢʪʘʭ ʩ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʚʢʣʶ-

ʯʘʶʱʝʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ, ʩʠʩʪʝʤʳ ʜʘʪ-
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ʯʠʢʦʚ ʠ ʪ.ʧ. ɺ ʧʨʦʙʣʝʤʥʦʤ ʧʣʘʥʝ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʩʪʘʣʘ ʨʘʙʦʪʘ [1], ʘ ʚ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʤ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠ ʪʝʭʥʦ-

ʣʦʛʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ɻʂʉ, ʨʘʟʨʘʙʦʪʢʘ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɻʂʉ, ʢʘʢ 

ʮʝʣʴʥʳʭ ʩʠʩʪʝʤ), - ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʥʝʩʣʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʫʯʸʥʳʝ 

[2, 3]. 

ɺ ʜʦʢʣʘʜʝ ʘʚʪʦʨʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ:    

1. ʆʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʤʠʪʘʮʠʦʥ-

ʥr ʭ ʠ ʘʥʘʣʠʪʠʢʦ-ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ (ʀʄ ʠ ɸʀʄ). 

2. ɺʘʞʥʝʡʰʠʝ ʪʨʝʙʦʚʘʥʠ ̫ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʘʥʘʣʠʪʠʢʦ-ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ (ʉʂɸʀʄ) ɻʂʉ, ʚʢʣʶʯʘʷ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʧʨʦʛʨʘʤʤʥʳʤ ʩʠʩʪʝʤʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʝ yʨʝʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʀʊ) ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʉʂɸʀʄ ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʧʨʦʛʨʘʤʤ-

ʥʳʭ ʤʦʜʫʣʝʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʤʝʪʦʜʠʢʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ çʩʙʦʨʢʘè ʀʄ ʠ/ʠʣʠ ɸʀʄ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘ-

ʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ (ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ) ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ɻʂʉ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʘʭ ʠʭ ɾʎ. ʍʦʨʦʰʠʤ ʧʨʠʤʝʨʦʤ ʧʦʩʪʨʦʝʥʠʷ ʧʦ-

ʜʦʙʥʳʭ ʙʠʙʣʠʦʪʝʢ ʩʣʫʞʠʪ ʇʝʪʨʠ-ʦʙʲʝʢʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ [4]. 

3. ʆʪʣʘʜʦʯʥʳʝ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʀʄ ʠ ɸʀʄ.  

ʆʙʦʙʱʸʥʥʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ɻʂʉ. ʆʙʦʩʥʦʚʘʥʠʝ 

ʚʳʙʦʨʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʉʂɸʀʄ.   

4. ʆʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ɸʀʄ ɻʂʉ ʩ ʫʯʝʪʦʤ ʠʟ-

ʤʝʥʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʚʘʞʥʝʡʰʠʭ 

ʬʘʟʘʭ (ʵʪʘʧʘʭ) ʠʭ ɾʎ. 

5. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ɸʀʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʙʨʘʥʥʳʭ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ.  

6. ʊʝʭʥʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʉʂɸʀʄ ʩ ʫʯʝʪʦʤ ʝʸ ʩʦʦʪ-

ʚʝʪʩʪʚʠʷ ʧʨʦʝʢʪʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

7. ʉʨʦʢʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. 

8. ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʠ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝ-

ʰʝʥʳ ʩ ʧʦʤʦʱʴʶ ʉʂɸʀʄ ɻʂʉ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʚʠʪ ɹʧʘʢʝʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 

(ʇʇʇ) GARANTmod [5], ʘ ʠʤʝʥʥʦ, ʜʦʧʦʣʥʠʪʴ ʝʛʦ ʩʨʝʜʩʪʚʘʤʠ ʘʥʘʣʠ-

ʪʠʢʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ɻʂʉ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʵʪʘʧʘʭ ʠʭ ɾʎ. 

ɸʥʘʣʠʟ ʨʘʙʦʪʳ [5] ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʘʧʧʘʨʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɻʂʉ ʚ ʩʦ-

ʩʪʘʚʝ GARANTmod ʠʩʧʦʣʴʟʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʫʧʨʦʱʘʶʱʠʭ ʧʨʝʜʧʦʣʦ-

ʞʝʥʠʡ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʣʘʥʘ, ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʡ 

ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʝʡ ʥʘ ʫʨʦʚʥʝ ʠʭ ʦʪʣʠʯʠ ̫ʚ 5-7% ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢ-
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ʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ, - ʩʦʤʥʠʪʝʣʴʥʦ. ʇʦʵʪʦʤʫ, ʚ ʢʘʯʝ-

ʩʪʚʝ ʚʳʭʦʜʘ ʠʟ ʩʦʟʜʘʚʰʝʛʦʩʷ ʧʦʣʦʞʝʥʠʷ ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ 

ʩʦʟʜʘʥʠʠ ʉʂɸʀʄ.  

ʀʄ ʠ ɸʀʄ, ʢʘʢ ʦʩʦʙʳʡ ʚʠʜ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʪ ʜʦ-

ʙʠʪʴʩʷ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʩʨʘʚʥʝ-

ʥʠʁ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ. ʕʪʠ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ 

çʩʥʷʪʴè ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʫʧʨʦʱʘʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʥʦ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦ-

ʩʪʷʤʠ (ʚ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥ ʭ ʤʘʩʰʪʘʙʘʭ) [6], ʘ ʪʘʢʞʝ ʜʝʪʘʣʴʥʝʝ ʦʧʠʩʳ-

ʚʘʪ ɹʩʪʨʫʢʪʫʨʫ, ʬʫʥʢʮʠʠ ʠ ʧʨʦʮʝʩʩ,r ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʡ 

ɻʂʉ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʦʮʝʩʩʳ ʚ ɻʂʉ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚ ʚʠʜʝ ʮʝʣʴ-

ʥʦʛʦ ʦʙʲʝʢʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʀʄ ʠ ɸʀʄ ʤʦʞʥʦ ʫʯʝʩʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʟ-

ʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʩʣʫʯʘʡʥʦʛʦ ʠ ʜʘʞʝ ʛʠʧʝʨʩʣʫʯʘʡʥʦʛʦ ʭʘʨʘʢʪʝʨʦʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʪʦʜʦʣʦʛʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʠ ʘʥʘʣʠʪʠʢʦ-ʠʤʠʪʘʮʠ-

ʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-ʦʙʲ-

ʝʢʪʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʥʘʠʙʦʣʝʝ  ʨʘʟʚʠʪʳʝ ʤʝʪʦʜʳ ʠ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʩʧʝʰʥʦ ʨʝ-

ʘhʪʴ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ ʠ ʬʫʥʢʮʠʡ ɻʂʉ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʨʘʟʚʝʪʚʣʥyʥʦʡ ʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ 

ʚʥʝʰʥʠʭ ʦʙʲʝʢʪʦʚ ʩ ʧʨʠʥʷʪʠʝʤ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʠ 

ɻʂʉ (ʜʦʧʨʦʝʢʪʥʘʷ ʬʘʟʘ), ʥʦ ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ɻʂʉ çʫʟʢʠʭ ʤʝʩʪè, ʢʦ-

ʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʷʚʠʪʴʩʷ ʢʘʢ ʥʘ ʣʶʙʦʤ ʠʟ ʧʝʨʠʦʜʦʚ ʠʭ ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢ ʠ 

ʥʘ ʣʶʙʦʤ ʠʟ ʵʪʘʧʦʚ ɾʎ ɻʂʉ (ʦʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʜʝʠ ʧʦ ʝʸ ʩʦʟʜʘʥʠʶ ʜʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʜʝʨʞʢʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɻʂʉ ʥʘ ʪʨʝʙʫʝʤʦʤ ʫʨʦʚʥʝ 

ʚ ʧʝʨʠʦʜʘʭ (ʬʘʟʘʭ) ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʛʨʘʜʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ), ʘ ʪʘʢʞʝ 

ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʠ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʫʩʪʨʘʥʝʥʠʷ ʚ ʩʠ-

ʩʪʝʤʝ çʫʟʢʠʭ ʤʝʩʪè.  

ʇʦʵʪʦʤʫ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʠ ʘʥʘʣʠʪʠʢʦ-ʠʤʠʪʘ-

ʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʘʢʪʫʘʣʴʥʳʤ ʠ ʩʦʚʨʝʤʝʥ-

ʥʳʤ, ʥʦ ʠ ʝʜʠʥʩʪʚʝʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠ̫ ʫʩʣʦʚʠʡ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɻʂʉ ʥʘ ʣʶʙʦʤ ʠʟ ʧʝʨʠʦʜʦʚ ɾʎ, - ʩʦʛʣʘʩʥʦ ʠʭ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʶ. ʋʯʠʪʳʚʘʷ ʩʣʦʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ɻʂʉ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, - ʘʥʘʣʠʪʠʢʦ-ʠʤʠ-

ʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʩʝʛʦʜʥʷ ʥʘʠʣʫʯʰʠʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ. ʆʧʪʠʤʠʟʘʮʠʷ ʢʘʯʝʩʪʚ ʫʧʨʘʚʣʝʥʠʷ, - ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʠʥʪʝʛʨʘʣʴ-

ʥʝr ʩʠʩʪʝʤʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫʙʝʜʠʪʝʣʴʥʦ ʦʪʨʘʞʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʪʘ-

ʢʠʭ ʩʠʩʪʝʤ.  



302 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩʦʟʜʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨ ɻʂʉ ʚʢʣʶʯʘʪʁ: ʤʫʣʴ-

ʪʠʚʝʨʩʠʦʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʦ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʶ ʫʟʣʦʚ ɻʂʉ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʴʥʦʩʪʠ ʠ ʦʪʢʘʟʦʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ, ʥʝʦʙʭʦʜʠʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤʳ, ʢ ʧʦʜʜʝʨʞʢʝ ʮʝʣʴʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɻʂʉ ʥʘ 

ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ ʠʭ ɾʎ, ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʣʠ ʧʨʝʜ-

ʣʘʛʘʝʤʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʝʰʝʥʠʡ. ɺ 

ʵʪʦʤ ʧʣʘʥʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʩʦʟʜʘʥʠʷ ʉʂɸʀʄ ɻʂʉ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʣʦʛʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʭʝʤ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʧʣʘʥʠʨʫʝʤʳʭ ʠ/ʠʣʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ɻʂʉ ʧʨʦʮʝʩʩʦʚ.  

ʊʘʢʠʝ ʦʙʦʙʱʝʥʥʳʝ ʩʭʝʤʳ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʦʧʠʩʘʥʠʷ ʨʘʙʦʪʳ ɻʂʉ 

ʷʚʣʷʶʪʩ̫ ʥʘʜʸʞʥʦʡ ʙʘʟʦʡ ʜʣʷ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʯʪʦ ʪʨʝ-

ʙʫʝʪ ʧʦʩʪʨʦʝʥʠ ̫ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʭʝʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʜʥʦʡ ʠʣʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʝʨʩʠʡ ʩʦʟʜʘʥʠʷ (ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢ-

ʪʫʨʳ ʠ ʘʣʛʦʨʠʪʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ) ɻʂʉ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʠ ̫ʚ ʨʘʤ-

ʢʘʭ ʧʦʣʫʯʝʥʥʳʭ ʙʣʦʢ-ʩʭʝʤ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʀʄ ʠ/ʠʣʠ ɸʀʄ ʚ ʩʦ-

ʩʪʘʚʝ ʉʂɸʀʄ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʭʝʤʳ ʠ ʤʦʜʫʣʠ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʢʫʤʝʥʪʠʨʫʶʪʩʷ, ʘ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʠʭ ʩʨʘʚʥʝʥʠʷ ʚʳʜʝʣʷʶʪ ʥʝʢʦʪʦʨʫ  ʁʥʝʠʟʤʝʥʷʝʤʫ  ʁʜʣʷ ʨʘʟʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʩʪʨʫʢʪʫʨ ɻʂʉ ʯʘʩʪʴ ʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʫʶ ʤʳ 

ʥʘʟʚʘʣʠ ʙʘʟʦʚʦʡ. ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʉʂɸʀʄ ɻʂʉ ʧʦ-

ʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1 ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ɸʀʄ (ʉʂɸʀʄ) ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʬʘʟ ɾʎ ɻʂʉ 

           ʇʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ɸʀʄ ʧʦ ʬʘʟʘʤ ɾʎ 

ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ 

ʬʘʟʘʤ ɾʎ 

 

 

ʄʝʪʦʜʠʢʘ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʝʡ ɸʀʄ ʩ ʠʥʪʝʨʬʝʡ-

ʩʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ɸʀʄ ʠʟ ʤʦʜʫʣʝʡ 

ʇʦʣʟɹʦʚʘ-

ʪʝʣʴ 

ɹʠʙʣʠʦʪʝʢʘ ʦʪʣʘʞʝʥʥʳʭ (ʩʢʦʥʩʪʨʫʠ-

ʨʦʚʘʥʥʳʭ) ʤʦʜʝʣʝʡ 

ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʝ ʙʣʦʢ-ʩʭʝʤʳ ʚʘʨʠʘʥʪʦʚ ɸʀʄ 

ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʙʣʦʢ-ʩʭʝʤʳ ʤʦʜʫʣʝʡ ɸʀʄ 

ɹʠʙʣʠʦʪʝʢʘ ʙʘʟʦʚʳʭ ʤʦʜʫ-

ʣʝʡ          

ɹʠʙʣʠʦʪʝʢʘ ʤʦʜʠʬʠʢʘʮʠʡ ʤʦ-

ʜʫʣʝʡ 
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ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʩʦʟʜʘʥʠʷ ʉʂɸʀʄ ʷʚʣʷʝʪʩ ̫ʚʳʙʦʨ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʙʣʠʦʪʝʢ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʥʘ ʦʩʥʦʚʝ ʨʘʟ-

ʨʘʙʦʪʘʥʥʳʭ ʙʣʦʢ-ʩʭʝʤ ï ʙʘʟʦʚʦʡ ʠ ʤʦʜʠʬʠʮʠʨʫʝʤʦʡ (ʤʫʣʴʪʠʚʝʨʩʠʦʥ-

ʥʦʡ) [4, 7]. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʂɸʀʄ ʥʝʦʙʭʦʜʠʤʘ ʥʝ ʪʦʣʴʢʦ ʤʝʪʦʜʠʢʘ 

ʫʥʠʬʠʢʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʙʠʙʣʠʦʪʝʢ ʤʦʜʫʣʝʡ, ʥʦ ʠ ʤʝʪʦ-

ʜʠʢʘ ʧʦ çʩʙʦʨʢʝè ʀʄ ʠ/ʠʣʠ ɸʀʄ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯʘʤ ʧʨʦʚʦʜʠ-

ʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʚʘʨʠʘʥʪʦʚ ʤʦʜʫʣʝʡ ʦʪʣʘʞʠʚʘʶʪʩʷ ʦʪ-

ʜʝʣʴʥʦ ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʙʦʨʢʝ ʠ ʦʪʣʘʜʢʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴ-

ʢʠʭ ʚʘʨʠʘʥʪʦʚ ʩʪʨʫʢʪʫʨ ɸʀʄ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʀʄ (ɸʀʄ) ʩʦʩʪʘʚʪ̫ ʦʪ-

ʜʝʣʴʥʫʶ ʙʠʙʣʠʦʪʝʢʫ ʫʞʝ ʦʪʣʘʞʝʥʥʳʭ ʠ ʛʦʪʦʚʳʭ ʢ ʨʝʘʣʴʥʳʤ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʤ ʤʦʜʝʣʝʡ ɻʂʉ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ɻʂʉ ʪʨʝʙʫʪʁ ʩʦʟʜʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʛʦ 

ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʬʫʥʢʮʠʷʤ ʧʨʦʛʨʘʤʤʥʦ-ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ-

ʨʠʷ ʧʦ ʠʭ ʠʤʠʪʘʮʠʦʥʥʦʤʫ ʠ/ʠʣʠ ʘʥʘʣʠʪʠʢʦ-ʠʤʠʪʘʮʠʦʥʥʦʤʫ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʶ. ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥ ʦʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʉʂɸʀʄ. ʉʨʦʢ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʦʛʦ ʧʨʦʝʢʪʘ ʚ ʝʛʦ ʙʘʟʦʚʦʡ ʬʦʨʤʝ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʝ-

ʩʷʮʝʚ ʜʦ ʛʦʜʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʩʪʝʧʝʥʠ 

ʩʣʦʞʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʳʭ ʙʠʙʣʠʦʪʝʢ ʤʦʜʫʣʝʡ ʠ ʤʦʜʝʣʝʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʩʧʝʮʠʬʠʢʦʡ ʪʨʝʙʦʚʘʥʠʡ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ɿʘʢʘʟʯʠʢʦʚ ɻʂʉ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ʆʎɯʅʖɺɸʅʅʗ ʇʆʂɸɿʅʀʂɯɺ ʅɸɼɯʁʅʆʉʊɯ 

ʅɸ ʈɸʅʅɯʍ ɽʊɸʇɸʍ ɾʀʊʊɭɺʆɻʆ ʎʀʂʃʋ ʇʈʆɻʈɸʄʅʀʍ 

ɿɸʉʆɹɯɺ ʇʈʆɻʈɸʄʅʆ-ʊɽʍʅɯʏʅʀʍ ʂʆʄʇʃɽʂʉɯɺ 
1ʆ.ɸ. ʈʫʜʝʥʢʦ, 2ɿ.ʄ. ʈʫʜʝʥʢʦ, 2ʅ.ʄ. ʈʝʚʫʮʴʢʘ 

1ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜ-

ʨʘʪʶʢʘ 
2ʇʦʣʪʘʚʩʴʢʠʡ ʢʦʣʝʜʞ ʥʘʬʪʠ ʽ ʛʘʟʫ ʇʦʣʪʘʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭ-

ʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ 

 

ɺ ʫʤʦʚʘʭ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʚʩʽʭ ʩʬʝʨ ʣʶʜʩʴʢʦʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʜʦ ʧʨʦ-

ʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʇʊʂ) ʚʠʩʫʚʘʶʪʴʩʷ ʚʠʤʦʛʠ ʱʦʜʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʥʠʤʠ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʠʢʦʥʫʶʪʴ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʬʫʥʢʮʽʾ, ʧʦʚôʷʟʘʥʽ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʬʽʥʘʥʩʦʚʦʾ ʪʘ ʬʽʟʠʯ-

ʥʦʾ ʙʝʟʧʝʢʠ ʣʶʜʠʥʠ.  

ɿʨʦʩʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʇʊʂ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʨʦʩʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʾʭ 

ʧʨʦʛʨʘʤʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʚʠʩʫʚʘʻ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ 

ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʘ ʟ ʽʥʰʦʛʦ, ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʦʮʽʥʶ-

ʚʘʥʥʷ ʾʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ. 

ʗʢ ʚʽʜʦʤʦ, ʦʮʽʥʢʘ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʟʜʽʡʩ-

ʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʚʥʠʤʠ ʢʣʘʩʠʬʽʢʘ-

ʮʽʡʥʠʤʠ ʦʟʥʘʢʘʤʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʛʽʜʥʦ ʩʠʩʪʝʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʇʦʣʦʥ-

ʥʽʢʦʚʘ-ʅʽʢʘʥʜʨʦʚʘ ʤʦʜʝʣʽ ʧʦʜʽʣʷʶʪʴ ʟʘ ʦʟʥʘʢʘʤʠ: ʩʪʨʫʢʪʫʨʘ ʯʘʩʫ, ʩʢʣʘ-

ʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʦʟʤʽʪʢʘ ʧʦʤʠʣʦʢ, ʩʪʨʫʢ-

ʪʫʨʘ ʪʝʢʩʪʫ ʧʨʦʛʨʘʤʠ, ʩʪʨʫʢʪʫʨʘ ʧʨʦʩʪʦʨʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ [1]. ɯʩʥʫʶʪʴ 

ʽʥʰʽ ʩʠʩʪʝʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ (ɻʦʝʣʘ [2], ʌʘʪʫʻʚʘ [3], ʍʝʪʯʘ [4] ʪʦʱʦ), ʫ 

ʷʢʠʭ ʧʦʜʽʣ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʝʱʦ ʽʥʘʢʰʝ.  

ʋ ʚʽʜʦʤʠʭ ʤʦʜʝʣʷʭ ʥʝ ʟʘʚʞʜʠ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʝʪʘʧ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʧʨʦʛʨʘʤʠ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʾʭ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ. ɸ ʮʝʡ ʬʘʢʪʦʨ ʚʽʜʽʛʨʘʻ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ. ʊʘʢ, ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʝʬʝʢʪʠ ʚʠʷʚʣʷʶʪʴ ʥʘ ʦʩ-

ʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʠʭ ʧʨʦʮʝʜʫʨ, ʘʙʦ ʚʽʟʫʘʣʴʥʦ. ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʣʘʩʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʥʝʜʦʮʽʣʴʥʝ, 

ʦʩʢʽʣʴʢʠ ʚʽʜʩʫʪʥʷ ʩʪʘʪʠʩʪʠʢʘ ʜʝʬʝʢʪʽʚ, ʥʝ ʩʪʚʦʨʝʥʽ ʪʝʩʪʦʚʽ ʧʨʦʛʨʘʤʠ.  



305 

ʅʘ ʝʪʘʧʽ ʤʦʜʫʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʚʽʜʜʘʪʠ ʧʝʨʝʚʘʛʫ ʤʦʜʝʣʷʤ 

ʥʘ ʦʩʥʦʚʽ ʚʥʝʩʝʥʥʷ ʜʝʬʝʢʪʽʚ (ʄʽʣʣʩʘ, ɹʝʡʟʽʥʘ [1]), ʟʚʘʞʘʶʯʠ ʥʘ ʙʣʠʟʴ-

ʢʽʩʪʴ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʷʚʥʠʭ ʽ ʚʥʝʩʝʥʠʭ ʜʝʬʝʢʪʽʚ. ʅʘ ʜʘ-

ʥʦʤʫ ʝʪʘʧʽ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʥʽ ʤʦʜʝʣʽ (ɼʞʝʣʽʥ-

ʩʴʢʽ-ʄʦʨʘʥʜʠ [5], ʐʠʢʘ-ʋʦʣʚʝʨʪʦʥʘ [6] ʪʘ ʽʥ.), ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʝʚʽʜʧʦ-

ʚʽʜʥʽʩʪʴ ʜʝʷʢʠʭ ʧʨʠʧʫʱʝʥʴ (ʧʨʦ ʨʦʟʧʦʜʽʣ ʯʘʩʫ ʤʽʞ ʚʠʷʚʣʝʥʥʷʤ ʜʝʬʝʢ-

ʪʽʚ, ʧʨʦ ʦʜʥʘʢʦʚʠʡ ʩʪʫʧʽʥʴ ʩʝʨʡʦʟʥʦʩʪʽ ʜʝʬʝʢʪʽʚ) ʨʝʘʣʽʷʤ. ʁʤʦʚʽʨʥʽʩʥʽ 

ʤʦʜʝʣʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʜʝʬʝʢʪʽʚ.  

ɼʠʬʝʨʝʥʮʽʡʦʚʘʥʠʡ ʧʽʜʭʽʜ ʧʨʠ ʚʠʙʦʨʽ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʟ ʦʛʣʷʜʫ ʥʘ ʝʪʘʧʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʛʨʘʤ ʜʦʟʚʦ-

ʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʦʮʽʥʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ. 
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ɹɸɿɸ ʄʆɼɽʃʔʅʀʍ ɿʅɸʅʔ ʗʂ ɿɸʉɯɹ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɻʆ 

ʄʆʅɯʊʆʈʀʅɻʋ ʆɹôɭʂʊɯɺ ɸɼɸʇʊʀɺʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ 

ɯ.ɸ. ɾʠʨʷʢʦʚʘ, ʉ.ɺ. ɻʦʣʫʙ 

ʏʝʨʢʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ, 

ʋʢʨʘʾʥʘ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦʮʝʩʽʚ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚ ʟʘʜʘ-

ʥʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ ʚʠʤʘʛʘʻ ʢʦʥʩʦʣʽʜʘʮʽʾ ʪʘ ʥʘʩʪʫʧʥʦʾ ʦʙʨʦʙʢʠ ʚʝʣʠ-

ʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ. ɰʭ ʟʜʦʙʫʚʘʶʪʴ ʟ ʨʽʟʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ ʚ ʨʽʟʥʠʭ ʧʨʝʜ-

ʤʝʪʥʠʭ ʛʘʣʫʟʷʭ, ʧʽʜʜʘʶʪʴ ʢʨʠʪʠʯʥʦʤʫ ʘʥʘʣʽʟʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʪʝʭʥʦʣʦʛʽʾ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦ-

ʨʠʥʛʫ ʦʙôʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʻ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʟʥʘʥʥʷ-ʦʨʽʻ-

ʥʪʦʚʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʟʘ ʩʣʦʚʘʤʠ ʅʴʶʝʣʣʘ [1] ʻ ʦʩʥʦʚʥʠʤ ʟʘʩʦʙʦʤ ʽʥʪʝ-

ʣʝʢʪʫʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʗʢ ʩʪʘʥʜʘʨʪ ʜʝ-ʬʘʢʪʦ ʟʥʘʥʥʷ-ʦʨʽʻʥʪʦʚʥʽ ʤʦʜʝʣʽ ʩʪʘʣʠ ʟʘʩʪʦʩʦʚʫʚʘ-

ʪʠʩʴ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʨʠʢʣʘʜʥʠʭ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʝʢʩʧʝʨʪʥʠʭ 

ʩʠʩʪʝʤ, ʜʣʷ ʬʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ ʧʨʦ ʧʨʝʜʤʝʪʥʫ ʦʙ-

ʣʘʩʪʴ, ʧʽʟʥʽʰʝ ʜʣʷ ʜʽʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤ ʪʠʧʫ çʧʠʪʘʥʥʷ-ʚʽʜʧʦʚʽʜʴè [2], ʧʨʠ-

ʨʦʜʥʦ-ʤʦʚʥʠʭ ʜʽʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤ [3] ʪʘ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʨʦʟʚôʷʟʫʚʘʯʘʭ 

ʟʘʜʘʯ  ̔ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ [4-6]. ɸʣʝ ʥʘʚʽʪʴ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʦʩʥʦʚ-

ʥʠʤ ʥʝʜʦʣʽʢʦʤ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ ʻ ʧʽʜʪʨʠʤʢʘ ʘʢ-

ʪʫʘʣʴʥʦʩʪʽ ʙʘʟʠ ʟʥʘʥʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʥʦʚʠʭ ʟʘʜʘʯ. ʆʪʞʝ, ʨʦʟʨʦʙʢʘ 

ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʙʦʪʠ ʟʽ ʟʥʘʥʥʷʤʠ ʪʘ ʧʨʠʥʮʠʧʽʚ ʾʭ ʟʙʝʨʝʞʝʥʥʷ ʻ ʘʢ-

ʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʠ ʤʦ-

ʜʝʣʴʥʠʭ ʟʥʘʥʴ (ɹʄɿ) ʜʣʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦʮʝʩʽʚ ʘʜʘʧ-

ʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚ ʨʘʤʢʘʭ ʙʫʜʴ-ʷʢʦʾ ʧʨʝʜʤʝʪʥʦʾ ʛʘʣʫʟʽ. ʆʩʦʙʣʠʚʽʩʪʶ 

ɹʄɿ ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʟʘ ʪʘʢʠʤ ʧʽʜʭʦʜʦʤ ʻ ʘʚʪʦʤʘʪʠʯʥʘ ʧʝʨʝʙʫʜʦʚʘ ʾʾ ʩʪʨʫ-

ʢʪʫʨʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ. ʆʪʞʝ, ʟʘʚʜʷʢʠ ʮʴʦʤʫ 

ɹʄɿ ʙʫʜʝ ʘʢʪʫʘʣʴʥʦʶ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʧʨʠʧʫʩʢʘʻ 

ʽʥʰʽ ʧʨʠʥʮʠʧʠ ʟʙʝʨʝʞʝʥʥʷ ʟʥʘʥʴ, ɦ ʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦ-

ʨʝʥʥʷ ʥʦʚʠʭ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʩʠʪʴ ʢʨʦʧʽ-

ʪʢʦʛʦ ʪʘ ʪʨʠʚʘʣʦʛʦ ʧʨʦʮʝʩʫ ʾʭ ʽʥʪʝʛʨʘʮʽʾ ʚ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚ-

ʣʽʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʩʥʦʚʥʠʭ ʧʦ-

ʣʦʞʝʥʴ ʪʝʦʨʽʾ ʽʻʨʘʨʭʽʯʥʠʭ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʩʠʩʪʝʤ [7], ʟʦʢʨʝʤʘ ʧʦʣʦ-
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ʞʝʥʥʽ ʧʨʦ ʢʦʦʨʜʠʥʘʮʽʶ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ, ʪʘ ʤʝʪʦʜʫ ʙʘʛʘʪʦ-

ʨʽʚʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʟʘ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ 

ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ [8]. 

ɿʥʘʥʥʷ ï ʮʝ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚ ʜʠʥʘʤʽʮʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʦʙôʻʢʪʽʚ. ʆʪʞʝ, ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʟʥʘʥʴ ï ʮʝ ʧʨʦʣʦʥʛʦʚʘʥʠʡ ʫ ʯʘʩʽ ʧʨʦ-

ʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʜʣʷ 

ʙʫʜʴ-ʷʢʦʾ ʧʨʝʜʤʝʪʥʦʾ ʛʘʣʫʟʽ ʝʪʘʧʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʬʦ-

ʨʤʫʚʘʥʥʷ ʨʽʰʝʥʥʷ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʩʭʝʤʦʶ, ʷʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʃʦʭʝʡʟʝ-

ʥʦʤ [9] (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʨʽʰʝʥʥʷ. 

ɿʛʽʜʥʦ ʟ ʥʘʚʝʜʝʥʠʤʠ ʝʪʘʧʘʤʠ ʨʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʧʝʨʝ-

ʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ɹʄɿ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʘʢʦ-

ʧʠʯʝʥʽ ʯʠ ʦʪʨʠʤʘʥʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʘʥʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʝʨ-

ʚʠʥʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʦʙ'ʻʢʪʦʤ ʚʽʜʙʠʨʘʶʪʴʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʽʜ ʩʪʘʥʦʤ ʨʦ-

ʟʫʤʽʻʪʴʩʷ ʚʝʢʪʦʨ ʟʥʘʯʝʥʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʘ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʚ ʧʨʦ-

ʮʝʩʽ ʤʦʥʽʪʦʨʠʥʛʫ. ʉʪʨʫʢʪʫʨʫʚʘʥʥʷ ʽʟ ʤʘʩʠʚʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʾ 

ʜʣʷ ʘʥʘʣʽʟʫ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʽʥʜʫʢʪʠʚʥʠʡ ʩʠʥʪʝʟ ʟʥʘʥʴ, ʱʦ ʨʝ-

ʘʣʽʟʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʾ ʙʘʛʘʪʦ-

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʪʝʩʪʦʚʠʭ 

(ʥʘʚʯʘʣʴʥʠʭ) ʜʘʥʠʭ. ʅʘʚʯʘʣʴʥʽ ʚʠʙʽʨʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʝ-

ʚʝʣʠʢʽ ʥʘʙʦʨʠ ʜʘʥʠʭ, ʚʽʜʧʦʚʽʜʥʽ ʦʧʠʩʘʤ ʫʞʝ ʚʽʜʦʤʠʭ ʦʙôʻʢʪʽʚ ʟʥʘʥʴ. ɸ 

ʽʥʜʫʢʪʠʚʥʘ ʤʦʜʝʣʴ ʚʠʛʣʷʜʘʻ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʟʨʘʟʢʽʚ (ʨʝʘʣʽʟʘʮʽʡ) ʜʘʥʠʭ, ʟʘ 

ʷʢʠʤʠ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ ʧʦʜʽʙʥʠʡ ʦʙôʻʢʪ. ʂʦʞʥʘ ʤʦʜʝʣʴ ʥʘ ʝʪʘʧʽ ʩʠʥʪʝʟʫ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʧʣʠʚʦʚʦʩʪʽ 

ʢʦʞʥʦʾ ʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʚʠʚʯʘʻ ʤʠʡ ʦʙôʻʢʪ, ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʷʢʫ 
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ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʝʚʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʡʦʛʦ ʢʦʥʪʝʢʩʪʫ. ʉʢʣʘʜʥʽʩʪʴ 

ʢʦʤʙʽʥʘʮʽʡ ʤʦʜʝʣʝʡ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʟʨʦʩʪʘʻ ʚ ʟʘ-

ʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʥʦʚʠʭ ʦʙʨʘʟʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʩʠʥ-

ʪʝʟʫ ʤʦʜʝʣʽ. ʆʪʨʠʤʘʥʽ ʽʻʨʘʨʭʽʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʷʚʣʷʪʠʤʫʪʴ ʩʦʙʦʶ ʬʨʘʛ-

ʤʝʥʪʠ ʟʥʘʥʴ (ʦʙʨʘʟʠ). ɺ ʨʝʟʫʣʴʪʘʪʽ, ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ 

ʚʠʩʭʽʜʥʠʡ ʩʠʥʪʝʟ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʟʥʘʥʴ, ʷʢʠʡ ʧʦʨʦʜʞʫʚʘʪʠʤʝ ʦʙ-

ʨʘʟ. ʂʦʞʝʥ ʦʙʨʘʟ ï ʮʝ ʜʝʜʘʣʽ ʩʢʣʘʜʥʽʰʘ ʢʦʤʙʽʥʘʮʽʷ ʥʦʚʠʭ ʟʥʘʥʴ ʧʨʦ ʜʦ-

ʩʣʽʜʞʫʚʘʥʠʡ ʦʙôʻʢʪ. ʂʦʞʝʥ ʨʽʚʝʥʴ ʽʻʨʘʨʭʽʾ ʙʫʜʝ ʚʽʜʦʙʨʘʞʘʪʠ ʚʧʣʠʚ ʟʤʽʥ 

ʩʪʘʥʫ ʦʙôʻʢʪʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʝʡ ʪʘ ʬʘʢʪʠʯʥʦ ʛʝʥʝʨʫʚʘʪʠʤʝ ʤʥʦʞʠʥʫ 

ʥʦʚʠʭ ʟʥʘʥʴ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʮʝʥʘʨʽʶ ʜʽʡ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʪʘ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ (ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʤʦʜʝʣʝʡ ʧʦ 

ʢʦʞʥʽʡ ʟʤʽʥʥʽʡ). 

ʇʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ɹʄɿ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʪʽʡ-

ʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʩʪʘʥʦʤ ʦʙôʻʢʪʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʜʦʜʘʚʘʥʥʷ ʜʦʜʘ-

ʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʙʦ ʞ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʥʪʝʟʘʪʦʨʘ ʤʦʜʝʣʝʡ ʯʠ ʥʘ ʦʩʥʦʚʽ ʟʘʧʠʪʽʚ, ʷʢʽ ʬʦʨʤʫʻ ʢʽʥʮʝʚʠʡ ʢʦʨʠʩ-

ʪʫʚʘʯ ʯʝʨʝʟ ʦʢʨʝʤʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʝʣʝʤʝʥʪ ɹʄɿ ï ʙʨʦʢʝʨ ʟʥʘʥʴ (ʨʠʩ. 2). 

ʉʠʥʪʝʟʘʪʦʨ

ʤʦʜʝʣʝʡ

ɿʤʦʜʝʣʴʦʚʘʥʽ 

ʨʽʰʝʥʥʷ

(ʩʮʝʥʘʨʽʾ ʜʽʡ)

ɺʍɯɼ ʇʈʆʎɽʉ ɺʀʍɯɼ

ʇʈʆɺɸʁɼɽʈ 

ɿʅɸʅʔ

ʆʉʆɹɸ, ʑʆ 

ʇʈʀʁʄɸɭ ʈɯʐɽʅʅʗ

ɹʨʦʢʝʨ ʟʥʘʥʴ

ʄʆʅɯʊʆʈʀʅɻ ʇɸʈɸʄɽʊʈɯɺ 

ʉʊɸʅʋ ʆɹôɭʂʊɸ

 

ʈʠʩ. 2. ʇʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ɹʄɿ. 

ɹʨʦʢʝʨ ʟʥʘʥʴ ʚ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʩʪʨʫʢʪʫʨʽ ʩʣʫʞʠʪʴ ʧʦʩʝʨʝʜʥʠʢʦʤ ʤʽʞ 

ʢʽʥʮʝʤ ʢʦʨʠʩʪʫʚʘʯʝʤ (ʦʩʦʙʦʶ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ) ̔  ʟʥʘʥʥʷʤʠ, ʷʢʽ ʬʦ-

ʨʤʫʶʪʴʩʷ ɹʄɿ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ ï ʮʝ ʰʣʶʟ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʟʥʘʥʴ ʧʦ 

ʩʬʦʨʤʦʚʘʥʽʡ ʤʝʨʝʞʽ ʟʥʘʥʴ, ʷʢʠʡ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʢʨʝʤʠʡ ʩʪʨʫʢʪʫʨ-

ʥʠʡ ʝʣʝʤʝʥʪ ɹʄɿ. ʌʘʢʪʠʯʥʦ, ʚʽʥ ʷʚʣʷʻ ʩʦʙʦʶ ʩʪʨʫʢʪʫʨʫ ʥʘʢʦʧʠʯʝʥʠʭ 

ʟʥʘʥʴ ̫ ʢʘ ʛʨʘ ̒ʨʦʣʴ ʤʝʪʘ-ʢʘʪʘʣʦʛʫ (ʦʥʪʦʣʦʛʽʾ) ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ 

ʟʥʘʥʴ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʷʢʦʩʪʽ ʤʦʜʝʣʝʡ ʚ ɹʄɿ, ʽ ʥʘʜʘʻ ʜʦʩʪʫʧ ʜʦ ʥʠʭ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʙʽʨ ʘʙʩʪʨʘʢʮʽʡ ʦʙôʻʢʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʤʝʪʘ-ʢʘ-

ʪʘʣʦʛʫ. 

ʊʦʙʪʦ, ʚʽʥ ʤʽʩʪʠʪʴ ʥʝ ʣʠʰʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʥʘʥʥʷ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ 

ɹʄɿ, ʘ ʽ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ, ʚʨʘʭʦʚʫ-

ʶʯʠ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʩʪʨʫʢʪʫʨʽ ʦʥʪʦʣʦʛʽʾ. ʊʘʢʦʞ ʚ ʩʪʨʫʢʪʫʨʽ ʦʥʪʦʣʦʛʽʾ 
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ʟʙʝʨʽʛʘʶʪʴʩʷ ʚʩʽ ʧʨʦʤʽʞʥʽ ʦʙʨʘʟʠ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʧʦʰʫʢʫ ʦʙ-

ʨʘʟʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ (ʦʮʽʥʝʥʠʡ ʥʘ ʧʨʝʜʤʝʪ ʡʦʛʦ ʪʦʯʥʦʩʪʽ ʪʘ ʘʜʝ-

ʢʚʘʪʥʦʩʪʽ) ʪʘ ʘʢʩʽʦʤʘʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʧʦ ʟʘʩʪʦʩʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʘʤ ʩʠ-

ʥʪʝʟʫ ʤʦʜʝʣʝʡ ʪʘ ʾʭ ʩʪʨʫʢʪʫʨʽ. ʂʦʞʝʥ ʨʘʟ, ʢʦʣʠ ʥʦʚʘ ʧʦʨʮʽʷ ʟʥʘʥʴ ʜʦʜʘ-

ʪ̒ʴʩʷ ʜʦ ɹʄɿ, ʩʪʨʫʢʪʫʨʘ ʦʥʪʦʣʦʛʽʾ ʦʥʦʚʣʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. 

ʇʨʝʜʤʝʪʥʘ ʦʙʣʘʩʪʴ

ɸʙʩʪʨʘʢʪʥʠʡ 

ʦʙô̒ ʢʪ

ʂʘʪʝʛʦʨʽʷ

ɸʙʩʪʨʘʢʪʥʘ 

ʧʦʜʽʷ

ʄʽʩʮʝ
ʌʽʟʠʯʥʠʡ 

ʦʙô̒ʢʪ
ʏʘʩʦʚʠʡ 

ʧʨʦʤʽʞʦʢ

ʉʪʘʥ 

ʦʙô̒ ʢʪʘ
ʅʘʙʽʨ ʇʨʦʮʝʩ

ʏʠʩʣʦ ʏʘʩ

 

ʈʠʩ. 3. ʅʘʙʽʨ ʘʙʩʪʨʘʢʮʽʡ ʦʙôʻʢʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʘʚʪʦʤʘʪʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʧʦʜʘʣʴʰʠʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʩʫʧʨʦʚʽʜ ʙʘʟ ʟʥʘʥʴ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʧʨʝʜʤʝʪ-

ʥʦʾ ʦʙʣʘʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʘ ʬʦʨʤʘ ʧʦʜʘʥʥʷ ʟʥʘʥʴ ʣʝʛʢʦ ʯʠʪʘʻʪʴʩʷ, ʽ 

ʘʥʘʣʽʪʠʢ ʤʘʡʞʝ ʟʘʚʞʜʠ ʤʦʞʝ ʧʨʦʩʪʝʞʠʪʠ ʰʣʷʭ, ʧʦ ʷʢʦʤʫ ʨʫʭʘʣʘʩʷ ʽʥʪʝ-

ʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʧʦʙʫʜʦʚʽ ʦʩʪʘʪʦʯʥʦʾ ʢʣʘ-

ʩʠʬʽʢʘʮʽʾ ʽ ʚʽʜʙʦʨʽ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ. 
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ʋɼʂ 519.85 

ʆɹʆɹʑɽʅʅʅɸʗ ʄʆɼɽʃʔ ʋʇɸʂʆɺʂʀ ʐɸʈʆɺ  

ʇʠʯʫʛʠʥʘ ʆ.ʉ. 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʫʧʘʢʦʚʢʠ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: ʟʘʜʘʥ ʥʘʙʦʨ ʰʘ-

ʨʦʚ  

                                    (1)  

ʚ ʥʦʨʤʠʨʦʚʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
n nE RÌ : 

( ) { }
i

i n i

r iB x x E : x x r= Í - ¢ - ʰʘʨ ʨʘʜʠʫʩʘ ir  ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ  ix

{ }1m, i J ,...,nÍ = . ʊʘʢʞʝ ʟʘʜʘʥ ʮʝʥʪʨʘʣʴʥʦ ʩʠʤʤʝʪʨʠʯʥʳʡ ʢʦʥʪʝʡʥʝʨ 

B. ʅʝʦʙʭʦʜʠʤʦ ʫʧʘʢʦʚʘʪʴ ʵʪʠ ʰʘʨʳ ʚ ʵʪʦʪ ʢʦʥʪʝʡʥʝʨ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʝʨʠʷ K , ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʢʦʥʪʝʡʥʝʨʘ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʢʘʨʪʦʚʦ ʧʨʦ-

ʠʟʚʝʜʝʥʠʝ ʰʘʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ jn

jE ,n n¢ : 

( ) ( ){ }
1

1

j

j j

nk
nj j

R R j j
j

j

B , B y E : y R , n n
=

=

=Ã = Í ¢ =äB 0 0  ( jnj RË0 - ʥʫ-

ʣʝʚʦʡ ʚʝʢʪʦʨ) , ʯʘʩʪʴ ʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʨʘʜʠʫʩʦʚ ʰʘʨʦʚ - ʢʦ-

ʪʦʨʳʭ ʥʝʠʟʚʝʩʪʥʳ: 

{ } { }
k

j k jj J j I
R : I J  = R

Í Í
$ Ì R  ʥʝʠʟʚʝʩʪʥʳ, { }i i I

R
Î

 ʟʘʜʘʥʳ.  (2) 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʘʜʘʯʠ. ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʧʘʨʘʤʝʪʨʳ 

ʨʘʟʤʝʱʝʥʠʷ  
i

mx , i JÍ  ʫʧʘʢʦʚʳʚʘʝʤʳʭ ʰʘʨʦʚ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʨʠʪʝʨʠʷ K  

       ()K f extr= ­R                                      (3) 

ʧʨʠ ʫʩʣʦʚʠʠ ʠʭ ʚʟʘʠʤʥʦʛʦ ʥʝʧʝʨʝʩʝʯʝʥʠʷ (ʋʩʣʦʚʠʝ 1) ʠ ʨʘʟʤʝʱʝʥʠʷ 

ʚ ʦʙʣʘʩʪʠ B  (ʋʩʣʦʚʠʝ 2). 

ʌʦʨʤʘʣʠʟʫʝʤ ʵʪʠ ʫʩʣʦʚʠʷ:  

( ){ } { }1
i

m

i

r m
i J

B x , i J ,...,n
Í

Í =
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1. ʇʦʩʢʦʣʴʢʫ ʦʙʲʝʢʪʳ ʫʧʘʢʦʚʢʠ ʷʚʣʷʶʪʩʷ ʰʘʨʘʤʠ ʚ 
nE , ʫʩʣʦʚʠʝʤ ʠʭ 

ʚʟʘʠʤʥʦʛʦ ʥʝʧʝʨʝʩʝʯʝʥʠʷ ʙʫʜʝʪ ʪʦ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʰʘ-

ʨʦʚ ʥʝ ʤʝʥʴʰʝ ʩʫʤʤʳ ʠʭ ʨʘʜʠʫʩʦʚ: 

ʋʩʣʦʚʠʝ 1: i j

i jx x r r , 1 i<j n- ² + ¢ ¢.                                 (4) 

2. ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʚʪʦʨʦʛʦ ʫʩʣʦʚʠʷ, ʦʩʫʱʝʩʪʚʠʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʰʘʨʦʚ (1)  ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʥʴʰʝʡ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ  

ʧʨʦʝʢʮʠʷʤʠ ʙʫʜʫʪ ʪʘʢʞʝ ʰʘʨʳ ʵʪʦʛʦ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʘʟ-

ʤʝʨʥʦʩʪʠ ʥʠʞʝ: 

    
(){ } ( )0 0j

nj i ij
m

ni ij ij j ' i

r ij RE i J

ij i m k

Pr B x x E : x x R B x , 

R r , i J , j J .

Í
= Í - ¢ =

² Í Í

.           (5) 

ʋʩʣʦʚʠʝʤ ʨʘʟʤʝʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ B  ʙʫʜʝʪ ʪʦ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ  ʦʪ ʮʝʥ-

ʪʨʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʰʘʨʘ  (5) ʜʦ ʪʦʯʢʠ jnj RË0  - ʵʪʦ ʢʘʢ ʤʠʥʠʤʫʤ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʨʘʜʠʫʩʘʤʠ ( )
j

j

RB 0  ʠ ʵʪʦʛʦ ʰʘʨʘ. ɺ ʠʪʦʛʝ ʠʤʝʝʤ: 

ʋʩʣʦʚʠʝ 2: 0 j

j ij m kx R R , i J , j J¢ - Í Í. (6) 

ʀʪʘʢ, ʤʳ ʧʦʩʪʨʦʠʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ (3),(4),(6) ʧʦʩʪʘʚʣʝʥ-

ʥʦʡ ʟʘʜʘʯʠ ʫʧʘʢʦʚʢʠ. ʅʘ ʦʭʚʘʪʳʚʘʝʪ ʤʥʦʛʠʝ ʠʟʚʝʩʪʥʳʝ ʟʘʜʘʯʠ ʫʧʘʢʦʚʢʠ 

ʦʜʠʥʘʢʦʚʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʢʘʩʘʝʪʩʷ ʨʘʟ-

ʥʦʦʙʨʘʟʠʷ ʬʦʨʤ ʦʙʲʝʢʪʦʚ ʠ ʦʙʣʘʩʪʠ, ʪʦ:  

¶ ɽʩʣʠ 
2

. .=  - ʝʚʢʣʠʜʦʚʘ ʥʦʨʤʘ, ʵʪʘ ʤʦʜʝʣʴ ʦʭʚʘʪʳʚʘʝʪ ʧʨʠ 2n=  

ʟʘʜʘʯʠ ʫʧʘʢʦʚʢʠ ʢʨʫʛʦʚ ʚ ʢʨʫʛ ʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʠʢ; ʧʨʠ 3n=  - ʟʘʜʘʯʠ 

ʫʧʘʢʦʚʢʠ ʰʘʨʦʚ ʚ ʰʘʨ, ʚ ʢʨʫʛʦʚʦʡ ʮʠʣʠʥʜʨ ʠʣʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʠʢ. 

¶ ɽʩʣʠ . .
¤

=  - ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʦʨʤʘ, ʪʦ ʧʨʠ 2n=  - ʵʪʦ ʟʘʜʘʯʘ ʫʧʘ-

ʢʦʚʢʠ ʢʚʘʜʨʘʪʦʚ ʚ ʢʚʘʜʨʘʪ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢ; ʧʨʠ 3n  -=  ɻ ʪʦ ʙʫʜʝʪ ʟʘ-

ʜʘʯʘ ʫʧʘʢʦʚʢʠ ʢʫʙʦʚ ʚ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. 

¶ ɽʩʣʠ 
1

. .=  - ʘʙʩʦʣʶʪʥʘʷ ʥʦʨʤʘ, ʧʨʠ 2n=  ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʟʘ-

ʜʘʯʝʡ ʫʧʘʢʦʚʢʠ ʨʦʤʙʦʚ 1 2 ix x r+ =  ʚ ʨʦʤʙ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢ; ʧʨʠ 

3n=  - ʩ ʟʘʜʘʯʝʡ ʫʧʘʢʦʚʢʠ ʦʢʪʘʵʜʨʦʚ ʚ ʦʢʪʘʵʜʨ,  ʮʠʣʠʥʜʨ ʩ ʦʩʥʦʚʘʥʠʝʤ 

ʚ ʚʠʜʝ ʨʦʤʙʘ ʠʣʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ.  

ʇʦʤʠʤʦ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʠʟʚʝʩʪʥʳʭ ʥʦʨʤ,  ʚʳʙʦʨ ʜʨʫʛʠʭ pl -ʥʦʨʤ 

- 
p

. .=  ( ( )1p ,Í ¤)  ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʢʣʘʩʩʳ ʦʙʲʝʢ-

ʪʦʚ ʫʧʘʢʦʚʢʠ ʥʘ ʤʥʦʞʝʩʪʚʦ ʩʫʧʝʰʘʨʦʚ, ʘ ʬʦʨʤʳ ʦʙʣʘʩʪʠ - ʥʘ ʩʫʧʝʨ-

ʰʘʨʳ ʠ ʩʫʧʝʨʮʠʣʣʠʥʜʨʳ.  

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʵʜʨʘʣʴʥʳʝ ʥʦʨʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʯʠʩʣʦ ʤʥʦʛʦʛʨʘʥʥʳʭ ʬʦʨʤ ʦʙʲʝʢʪʦʚ 
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ʫʧʘʢʦʚʢʠ ʩ ʢʣʘʩʩʦʚ ʛʠʧʝʨʢʫʙʦʚ ʠ ʛʠʧʝʨʦʢʪʘʵʜʨʦʚ (ʨʠʩ.1,2). ʊʘʢ, ʥʘʧʨʠ-

ʤʝʨ, ʩʫʧʝʨʧʦʟʠʮʠʷ . .
¤

=  ʠ 
1

. .=  ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʚ 
2R  ʢ ʫʧʘ-

ʢʦʚʢʝ ʚʦʩʴʤʠʫʛʦʣʴʥʠʢʦʚ, ʚ 
3R  - ʢ ʫʧʘʢʦʚʢʝ, ʧʦʤʠʤʦ ʢʫʙʦʚ ʠ ʦʢʪʘʵʜʨʦʚ 

ï ʪʨʝʭ ʚʠʜʦʚ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʢʫʙʘ ʦʪʩʝʯʝʥʠʝʤ ʚʝʨ-

ʰʠʥ (ʨʠʩ.3-5). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʨʤʳ  
[]2

. .=  ʚʦʟʥʠʢʘʶ  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ, ʪʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨ-

ʥʦʩʪʠ ʟʘʜʘʯʠ ʠ ʪʦʛʦ, ʨʘʜʠʫʩʳ ʢʘʢʠʭ ʰʘʨʦʚ ʚ (2) ʥʝʠʟʚʝʩʪʥʳ, ʠ ʚʠʜʘ 

ʬʫʥʢʮʠʠ (3), ʮʝʣʴʶ ʤʦʞʝʪ ʙʳʪʴ ʤʠʥʠʤʠʟʘʮʠʷ ʧʝʨʠʤʝʪʨʘ, ʦʙʲʝʤʘ, ʧʣʦ-

ʱʘʜʠ ʦʙʣʘʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʠ ʪ.ʧ.  

ʄʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥʘ ʥʘ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʦʜʠʥʘʢʦʚʦ ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʥʳʭ ʛʦʤʦʪʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʫʧʘʢʦʚʢʠ. ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦ-

ʚʘʥʠʷʤʠ ʢ ʥʠʤ ʷʚʣʷʝʪʩʷ ʚʳʧʫʢʣʦʩʪʴ ʠ ʮʝʥʪʨʘʣʴʥʦ-ʩʠʤʤʝʪʠʯʥʦʩʪʴ. 

 
 

ʋɼʂ 004.94: 004.428 

ʉʂʃɸɼʅɯʉʊʔ ɸʃɻʆʈʀʊʄʋ ʈʆɿʈʆɹʂʀ ʄʆɼɽʃɯ 

ɼʀʉʂʈɽʊʅʆ-ʇʆɼɯʁʅʆɰ ʉʀʉʊɽʄʀ ɺ ʉɽʈɽɼʆɺʀʑɯ 

ɺɯɿʋɸʃʔʅʆɻʆ ʇʈʆɻʈɸʄʋɺɸʅʅʗ 

ɯ.ɺ. ʉʪʝʮʝʥʢʦ, ʆ.ʖ.ɼʠʬʫʯʠʥʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭ-

ʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

ʄʦʜʝʣʽ ʜʠʩʢʨʝʪʥʦ-ʧʦʜʽʡʥʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʘʥʘʣʽʟʫ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʾʭ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʪʘʢʦʞ ʚ ʷʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʫʧʨʘʚʣʷʶʯʠʭ ʩʠʩʪʝʤ 

ʪʘ ʩʠʩʪʝʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʦʤ 
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[1], ʚʽʡʩʴʢʦʚʽ ʩʪʨʘʪʝʛʽʾ, ʢʽʙʝʨʟʘʭʠʩʪ [2] ʪʘ ʽʥʰʽ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦ-ʧʦʜʽʡʥʠʭ ʩʠʩʪʝʤ ʤʘʻ ʟʘʜʦʚʦʣʴʥʷʪʠ ʢʽʣʴʢʦʤ ʚʠ-

ʤʦʛʘʤ: ʛʥʫʯʢʽʩʪʴ ʧʨʠ ʬʦʨʤʫʣʶʚʘʥʥʽ ʫʤʦʚ ʧʦʜʽʡ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ 

ʚʽʜʥʦʩʥʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʢʦʨʝʢʪʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʨʫʯʥʽʩʪʴ ʽʥʪʝʨʬʝʡʩʫ ʚʚʝʜʝʥʥʷ ʤʦʜʝʣʽ ʪʘ ʤʘʩʰʪʘʙʦ-

ʚʘʥʽʩʪʴ ʚʽʜʥʦʩʥʦ ʯʘʩʫ ʚʚʝʜʝʥʥʷ ʽ ʤʦʜʝʣʽ. 

ʇʝʪʨʽ-ʦʙôʻʢʪʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʽ ʜʠʩʢʨʝʪʥʦ-ʧʦʜʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʩʪʦʭʘ-

ʩʪʠʯʥʦʶ ʤʝʨʝʞʝʶ ʇʝʪʨʽ ʟ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʤʠ ʪʘ ʢʦʥʬʣʽʢʪʥʠʤʠ ʧʝʨʝʭʦ-

ʜʘʤʠ [3], ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʛʥʫʯʢʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʝʣʝʤʝʥʪʘʨ-

ʥʠʭ ʧʦʜʽʡ. ʄʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʘʣʛʦʨʠʪʤʫ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʝʢʪʥʽʩʪʴ ʪʘ 

ʪʦʯʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʽʤʽʪʘʮʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʽʤʽʪʘʮʽʾ, 

ʚʠʢʦʥʘʥʝ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʮʽʥʦʢ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʝ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʜʦʚʦʜʠʪʴ ʢʫʙʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ 

ʘʣʛʦʨʠʪʤʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʦʜʽʡ [4].  

ʈʦʟʨʦʙʢʘ ʇʝʪʨʽ-ʦʙôʻʢʥʦʾ ʤʦʜʝʣʽ ʻ ʜʚʦʨʽʚʥʝʚʦʶ: ʥʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ ʨʦ-

ʟʨʦʙʣʷʶʪʴ ʤʝʨʝʞʽ ʇʝʪʨʽ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʜʠʥʘʤʽʢʫ ʦʙôʻʢʪʽʚ, ʘ ʥʘ ʜʨʫ-

ʛʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʪʠʨʘʞʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʠ-

ʥʘʤʽʢʠ ʪʘ ʟʚôʷʟʫʚʘʥʥʷ ʾʭ. ɺʽʟʫʘʣʴʥʽ ʟʘʩʦʙʠ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʟʽ ʩʢʣʘʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʧʨʠ ʾʾ ʚʚʝʜʝʥʥʽ ʪʘ 

ʩʧʨʦʱʫʶʪʴ ʾʾ ʩʧʨʠʡʥʷʪʪʷ. ɺʦʜʥʦʯʘʩ ʚʦʥʠ ʧʦʪʨʝʙʫʶʪʴ ʨʦʟʨʦʙʢʠ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʦʙʨʦʙʢʠ ʛʨʘʬʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʦʜʝʣʽ ʪʘ ʾʾ ʧʨʦ-

ʛʨʘʤʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʣʷ ʚʟʘʻʤʥʦʾ ʦʜʥʦʟʥʘʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʮʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʴ (ʛʨʘʬʽʯʥʦʛʦ ʚ ʧʨʦʛʨʘʤʥʝ ʽ ʥʘʚʧʘʢʠ) [5]. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʚʚʝʜʝʥʥʷ ʤʦʜʝʣʽ, ʷʢ ʧʨʘ-

ʚʠʣʦ, ʩʪʘʚʠʪʴʩʷ ʟʘ ʤʝʪʫ ʥʘʦʯʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʚʧʣʠʚ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʨʦʪʝ 

ʦʩʪʘʥʥʽʡ ʬʘʢʪʦʨ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦ-

ʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʘʤʝ ʬʘʭʽʚʮʷʤʠ, ʘ ʥʝ ʧʦʯʘʪʢʽʚʮʷʤʠ. ɺ ʜʘʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʟʫʘʣʴʥʦʾ ʨʦʟʨʦʙʢʠ 

ʇʝʪʨʽ-ʦʙôʻʢʪʥʦʾ ʤʦʜʝʣʽ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ. 

ʆʩʢʽʣʴʢʠ ʢʦʞʥʠʡ ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʦʩʦʙʠʩʪʽ ʷʢʦʩʪʽ, ʪʘʢʽ ʷʢ ʥʘʚʠʯʢʠ ʨʦ-

ʙʦʪʠ ʟ ʩʝʨʝʜʦʚʠʱʝʤ ʚʽʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʥʘʙʦʨʫ ʯʠ 

ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ, ʜʣʷ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʟʘʧʨʦʧʦʥʦ-

ʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʧʝʨʘʮʽʡ ʩʝʨʝʜʦʚʠʱʘ 

ʚʽʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʚʠʪʨʘʯʝʥʠʭ ʥʘ ʨʦʟʨʦʙʢʫ. 

ʇʨʠ ʚʚʝʜʝʥʥʽ ʤʝʨʝʞʽ ʇʝʪʨʽ ʢʦʨʠʩʪʫʚʘʯ ʚʠʢʦʥʫʻ ʪʘʢʽ ʜʽʾ: 1) ʨʦʟʨʦʙʢʘ 

ʧʦʟʠʮʽʾ: 1.1) ʢʣʘʮʥʫʪʠ ʪʘ 1.2) ʧʦʪʷʛʪʠ, 1.3) ʚʽʜʢʨʠʪʠ ʚʽʢʥʦ ʧʘʨʘʤʝʪʨʽʚ, 

1.4) ʟʘʜʘʪʠ ʥʘʟʚʫ, 1.5) ʟʘʜʘʪʠ ʤʘʨʢʫʚʘʥʥʷ, 1.6) ʟʘʢʨʠʪʠ ʚʽʢʥʦ ʧʘʨʘʤʝʪʨʽʚ; 

2) ʨʦʟʨʦʙʢʘ ʧʝʨʝʭʦʜʫ: 2.1) ʢʣʘʮʥʫʪʠ ʪʘ 2.2) ʧʦʪʷʛʪʠ, 2.3) ʚʽʜʢʨʠʪʠ ʚʽʢʥʦ 

ʧʘʨʘʤʝʪʨʽʚ, 2.4) ʟʘʜʘʪʠ ʥʘʟʚʫ, 2.5) ʟʘʜʘʪʠ ʯʘʩʦʚʫ ʟʘʪʨʠʤʢʫ, 2.6) ʟʘʢʦʥ 
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ʨʦʟʧʦʜʽʣʫ,  2.7) (ʥʝ ʜʣʷ ʚʩʽʭ) ʡʤʦʚʽʨʥʽʩʪʴ ʘʙʦ ʧʨʽʦʨʠʪʝʪ, 2.8)  ʟʘʢʨʠʪʠ 

ʚʽʢʥʦ ʧʘʨʘʤʝʪʨʽʚ; 3) ʨʦʟʨʦʙʢʘ ʜʫʛʠ: 3.1) ʢʣʘʮʥʫʪʠ ʥʘ ʧʦʟʥʘʯʮʽ ʝʣʝʤʝʥʪʘ 

ʚ ʢʦʤʘʥʜʥʦʤʫ ʤʝʥʶ, 3.2) ʢʣʘʮʥʫʪʠ ʥʘ ʝʣʝʤʝʥʪʽ, ʷʢʠʡ ʻ ʧʦʯʘʪʢʦʤ ʜʫʛʠ, 

3.3) ʢʣʘʮʥʫʪʠ ʥʘ ʝʣʝʤʝʥʪʽ, ʷʢʠʡ ʻ ʢʽʥʮʝʤ ʜʫʛʠ, 3.3) (ʥʝ ʜʣʷ ʚʩʽʭ) ʚʽʜʢʨʠʪʠ 

ʚʽʢʥʦ ʧʘʨʘʤʝʪʨʽʚ, 3.4) ʟʘʜʘʪʠ ʢʽʣʴʢʽʩʪʴ ʟʚôʷʟʢʽʚ, 3.5) (ʥʝ ʜʣʷ ʚʩʽʭ) ʦʟʥʘ-

ʯʠʪʠ, ʱʦ ʜʫʛʘ ʻ ʽʥʬʦʨʤʘʮʽʡʥʦʶ, 3.6) ʟʘʢʨʠʪʠ ʚʽʢʥʦ ʧʘʨʘʤʝʪʨʽʚ. ʇʦʟʥʘ-

ʯʠʤʦ z ï ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʭʦʜʽʚ, p ï ʢʽʣʴʢʽʩʪʴ ʧʦʟʠʮʽʡ, a ï ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ 

ʚʠʭʽʜʥʠʭ ʜʫʛ ʝʣʝʤʝʥʪʘ ʤʝʨʝʞʽ ʇʝʪʨʽ, ʪʦʜʽ ʢʽʣʴʢʽʩʪʴ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ 

ʦʮʽʥʶʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ: 

ὅ ψᾀ φὴ φὥᾀ ὴ.  (1) 

ʇʨʠ ʚʚʝʜʝʥʥʽ ʇʝʪʨʽ-ʦʙôʻʢʪʘ ʢʦʨʠʩʪʫʚʘʯ ʚʠʢʦʥʫʻ ʪʘʢʽ ʜʽʾ: 1) ʟʙʝʨʝʛʪʠ 

ʤʝʨʝʞʫ ʇʝʪʨʽ ʷʢ ʤʝʪʦʜ, 2) ʩʪʚʦʨʠʪʠ ʥʦʚʫ ʤʝʨʝʞʫ ʇʝʪʨʽ ʟʙʝʨʝʞʝʥʠʤ ʤʝ-

ʪʦʜʦʤ, ʚ ʘʨʛʫʤʝʥʪ ʷʢʦʛʦ ʧʝʨʝʜʘʻʪʴʩʷ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ, 3) 

ʩʪʚʦʨʠʪʠ ʦʙôʻʢʪ ʢʦʥʩʪʨʫʢʪʦʨʦʤ, ʚ ʘʨʛʫʤʝʥʪʽ ʷʢʦʛʦ ʧʝʨʝʜʘʻʤʦ ʩʪʚʦʨʝʥʫ 

ʤʝʨʝʞʫ ʇʝʪʨʽ. ʊʦʙʪʦ, 3 ʝʣʝʤʝʥʪʘʨʥʽ ʜʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ ʧʣʶʩ ʜʽʾ, 

ʚʠʪʨʘʯʝʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʤʝʨʝʞʽ ʇʝʪʨʽ ʦʙôʻʢʪʘ. ʆʩʪʘʥʥʽ ʦʮʽʥʶʶʪʴʩʷ ʚʝʣʠ-

ʯʠʥʦʶ Cnet, ʷʢʱʦ ʤʝʨʝʞʘ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʚʧʝʨʰʝ ʽ 2+m, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʚʞʝ ʨʦʟʨʦʙʣʝʥʘ ʤʝʨʝʞʘ ʇʝʪʨʽ, ʱʦ ʧʦʪʨʝʙʫʻ ʥʘʣʘʰʪʫʚʘʥʥʷ m ʧʘ-

ʨʘʤʝʪʨʽʚ ʟ ʚʽʢʥʘ ʨʝʜʘʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. ʄʘʻʤʦ, 

ὅ σ &ÏÂÊὅ &ÏÂÊς ά  ,                (2) 

 ʜʝ ὊέὦὮ ï ʧʨʝʜʠʢʘʪ, ʨʽʚʥʠʡ 1, ʷʢʱʦ ʦʙôʻʢʪ ʩʪʚʦʨʶʻʪʴʩʷ ʧʝʨʰʠʤ ʟ 

ʛʨʫʧʠ ʦʜʥʦʪʠʧʥʠʭ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʇʝʪʨʽ-ʦʙôʻʢʪʥʦʾ ʤʦʜʝʣʽ ʢʦʨʠʩʪʫʚʘʯ ʚʠʢʦʥʫʻ ʪʘʢʽ ʜʽʾ: 1) 

ʨʦʟʨʦʙʠʪʠ ʚʩʽ ʇʝʪʨʽ-ʦʙôʻʢʪʠ, 2) ʩʪʚʦʨʠʪʠ ʩʧʠʩʦʢ ʇʝʪʨʽ-ʦʙôʻʢʪʽʚ, 2) ʜʦ-

ʜʘʪʠ ʨʦʟʨʦʙʣʝʥʽ ʦʙôʻʢʪʠ ʚ ʩʧʠʩʦʢ, 3) ʩʪʚʦʨʠʪʠ ʟʚôʷʟʢʠ, 4) ʟʘʧʫʩʪʠʪʠ ʤʦ-

ʜʝʣʴ ʥʘ ʚʠʢʦʥʘʥʥʷ. ʄʘʻʤʦ, 

ὅ ὔὅ ρ ὔ Ὧ ρ ὔ ὅ ρ ς,     (3) 

ʜʝ N ï ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ, k ï ʢʽʣʴʢʽʩʪʴ ʟʚôʷʟʢʽʚ ʦʙôʻʢʪʘ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʇʝʪʨʽ-ʦʙôʻʢʪʥʦʾ ʤʦʜʝʣʽ ʟ N ʦʜʥʦʪʠʧʥʠʭ ʦʙôʻʢʪʽʚ, 

ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʤʘʻ ʜʚʘ ʟʚôʷʟʢʠ ʟ ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʤʘʻʤʦ 

ὅ ὔὅ ς ς ὔ σ &ÏÂÊὅ &ÏÂÊς ά

ς ς υὔ ὅ ὔ ρ ς ά ς χ άὔ ὅ ά. 

ʆʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʚʽʟʫʘʣʴʥʦʾ ʨʦʟʨʦʙʢʠ ʇʝʪʨʽ-ʦʙôʻʢʪ-

ʥʦʛʦ ʤʦʜʝʣʝʡ ʦʪʨʠʤʘʻʤʦ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʚʽʟʫʘʣʴʥʦʾ ʨʦ-

ʟʨʦʙʢʠ ʤʝʨʝʞʽ ʇʝʪʨʽ ʟʘ ʟʚʠʯʘʡʥʦʶ ʪʘ ʇʝʪʨʽ-ʦʙôʻʢʪʥʦʶ ʪʝʭʥʦʣʦʛʽʷʤʠ: 

Ὂ  .  (4) 
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ʜʝ ὅ ȟὅ  ï ʦʮʽʥʢʘ ʩʢʣʘʜʥʦʩʪʽ ʚʽʟʫʘʣʴʥʦʾ ʨʦʟʨʦʙʢʠ ʤʝʨʝʞʽ ʇʝʪʨʽ 

ʟʘ ʬʦʨʤʫʣʦʶ (1) ʜʣʷ ʚʩʽʻʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʪʘ ʜʣʷ ʦʢʨʝʤʦʛʦ ʇʝʪʨʽ-ʦʙôʻʢʪʘ 

ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ (4) ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ  ʧʦʜʽʾ çʛʝʥʝʨʫʚʘʥʥʷè ʪʘ ʜʝʢʽʣʴʢʦʭ ʧʦʩʣʽʜʦʚʥʠʭ ʧʦʜʽʡ çʦʙʩʣʫʛʦ-

ʚʫʚʘʥʥʷè, ʷʢʘ ʻ ʟʨʫʯʥʦʶ ʜʣʷ ʰʚʠʜʢʦʛʦ ʟʤʽʥʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʜʽʡ ʚ 

ʢʦʞʥʦʤʫ ʦʙôʻʢʪʽ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ. ʄʦʞʝʤʦ ʨʦʟʨʦʙʣʷʪʠ ʤʦʜʝʣʴ ʷʢ 

ʤʝʨʝʞʫ ʇʝʪʨʽ ʟ ὤὔ ʧʦʜʽʡ çʦʙʩʣʫʛʦʚʫʚʘʥʥʷè, ʘʙʦ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ὔ ʇʝʪʨʽ-

ʦʙôʻʢʪʽʚ ʟ  ὤ ʧʦʩʣʽʜʦʚʥʠʤʠ ʧʦʜʽʷʤʠ çʦʙʩʣʫʛʦʚʫʚʘʥʥʷè ʚ ʢʦʞʥʦʤʫ.  

ʋ ʚʠʧʘʜʢʫ ʨʦʟʨʦʙʢʠ ʤʝʨʝʞʽ ʇʝʪʨʽ ʤʘʻʤʦ ʪʘʢʫ ʦʮʽʥʢʫ ʩʢʣʘʜʥʦʩʪʽ: 

ὅ υφ ψὤὔ φςὤὔ ρ ρςσὤὔ ρ υφὤὔ χτ. (5) 

ʋ ʚʠʧʘʜʢʫ ʨʦʟʨʦʙʢʠ ʪʘʢʦʾ ʞ ʤʝʨʝʞʽ ʇʝʪʨʽ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʇʝʪʨʽ-

ʦʙôʻʢʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ  ʤʘʻʤʦ (ά ρ): 
ὅ σ ψ φϽς φϽφ ψὔ ὅ ρ  

υψ ψὔ ψὤ φςὤ ρ ρςὤ ςὤ ρ χφ υφὤ ψὔ. 

(6) 

ɿ ʦʮʽʥʦʢ (5), (6) ʩʣʽʜʫʻ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

Ὂ  .   (7) 

 
ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ (7) ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ɺ ʫʩʽʭ 

ʚʠʧʘʜʢʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʯʘʩʫ ʥʘ ʚʚʝʜʝʥʥʷ 

ʇʝʪʨʽ-ʦʙôʻʢʪʥʦʾ ʤʦʜʝʣʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʦʶ ʤʝʨʝʞʝʶ ʇʝʪʨʽ, ʘ 

ʩʘʤʝ, ʚ 8 ̔  ʙʽʣʴʰʝ ʨʘʟʽʚ. ʅʘʡʙʽʣʴʰʝ ʩʧʦʩʪʝʨʝʞʫʚʘʥʝ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʫ -  ʚ 

91 ʨʘʟ. ʇʨʠ ʚʽʜʥʦʩʥʦ ʥʝʩʢʣʘʜʥʠʭ ʤʦʜʝʣʷʭ (ʜʦ 1500 ʧʦʜʽʡ), ʥʘʡʙʽʣʴʰʠʡ 

ʝʬʝʢʪ ʜʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙôʻʢʪʽʚ ʧʦ 10 ʧʦʜʽʡ, ʘ ʥʘʡʤʝʥʰʠʡ ï ʦʙôʻʢʪʽʚ ʧʦ 

100 ʧʦʜʽʡ. ʇʨʠ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʤʦʜʝʣʷʭ (ʙʽʣʴʰʝ 2000 ʧʦʜʽʡ) ʥʘʡʙʽʣʴ-

ʰʠʡ ʝʬʝʢʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙôʻʢʪʽʚ ʧʦ 25 ʧʦʜʽʡ, ʘ ʥʘʡ-

ʤʝʥʰʠʡ ï ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙôʻʢʪʽʚ ʧʦ 5 ʧʦʜʽʡ.  
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ʈʠʩ. 1 ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʽʟʫʘʣʴʥʦʾʨʦʟʨʦʙʢʠ ʇʝʪʨʽ-ʦʙ'ʻʢʪʥʦʾ ʤʦʜʝʣʽ
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ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʢʠ 

ʤʦʜʝʣʝʡ ʜʠʩʢʨʝʪʥʦ-ʧʦʜʽʡʥʠʭ ʩʠʩʪʝʤ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʚʽʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʚʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʫ ʚʽʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʝʪʨʽ-ʦʙôʻʢʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʩʢʣʘʜʥʦʩʪʽ ʤʦʜʝʣʽ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʙʘʛʘʪʦʢʨʘʪʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞ ʇʝʪʨʽ ʪʘ ʪʠʨʘʞʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʟʽ ʩʭʦʞʦʶ ʜʠ-

ʥʘʤʽʢʦʶ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟ-

ʤʽʨʫ ʇʝʪʨʽ-ʦʙôʻʢʪʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ. ʆʪʞʝ, ʇʝʨʽ-ʦʙôʻʢʪʥʘ ʪʝʭʥʦʣʦʛʽʷ ʥʘʜʘʻ ʧʝʨʝʚʘʛʠ ʚ 

ʰʚʠʜʢʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʥʘ ʝʪʘʧʽ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʽʤʽʪʘʮʽʾ, ʘʣʝ ʡ ʥʘ 

ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ. 
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ʇʦʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʘʟʦʤ ʟ ʪʨʘʜʠʮʽʡ-

ʥʠʤʠ ʢʦʧʘʣʠʥʘʤʠ-ʝʥʝʨʛʦʥʦʩʽʷʤʠ, ʽ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʢʦʞʥʠʤ 

ʜʥʝʤ ʩʪʘʶʪʴ ʚʩʝ ʚʠʛʽʜʥʽʰʝ ʽ ʟʨʫʯʥʽʰʝ.  

ʆʜʥʘʢ ʙʽʣʴʰʽʩʪʴ ʧʦʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʧʦʩʪʽʡʥʦ ʚʠ-

ʨʦʙʣʷʪʠ ʧʦʪʨʽʙʥʠʡ ʦʙʩʷʛ ʝʥʝʨʛʽʾ. ɰʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʠʪʴ ʩʠʣʴʥʦ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʦʪʦʯʝʥʥʷ ʩʠʩʪʝʤʠ, ʷʢ ʧʦʪʦʯʥʠʡ ʩʝʟʦʥ, ʯʘʩ ʜʦʙʠ, 

ʧʦʪʦʯʥʽ ʧʦʛʦʜʥʽ ʫʤʦʚʠ, ʪʘ ʽʥʰʠʭ. ɼʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ ʧʦʧʠʪʫ ʽ ʧʨʦʧʦʟʠʮʽʾ ʝʥʝʨʛʽʾ, ʚʠʨʦʙʣʝʥʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʥʦʚʣʶ-

ʚʘʥʠʭ ʽ ʥʝ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʝʦʙʭʽʜʥʽ ʩʠʩʪʝʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ. ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʦʜʥʽʻʾ ʟ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʦʝʢʪʫʻʪʴʩʷ ʚ ʧʨʦ-

ʧʦʥʦʚʘʥʦʤʫ ʧʽʜʭʦʜʽ. 

ʋ ʥʘʰ ʯʘʩ ʤʝʪʦʜʠ ʨʦʡʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ ʜʦʟʚʦ-

ʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ: ʟʚ'ʷʟʘʪʠ ʦʙ'ʻʢʪʠ ʝʥʝʨʛʦʤʝʨʝʞ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʮʝʥʪʨʠ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ (ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, 

ʚʽʪʨʦʚʽ ʫʩʪʘʥʦʚʢʠ, ʪʝʧʣʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʽ) ʽ ʮʝʥʪʨʠ ʩʧʦʞʠʚʘʥʥʷ (ʙʫʜʽʚʣʽ, 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʝʣʝʢʪʨʦʤʦʙʽʣʽ). ʉʫʯʘʩʥʽ  ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʨʽʰʝʥʥʷ ʟʜʘʪʥʽ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʩʧʦʩʦʙʠ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʤʽʞ ʧʦʩʪʘʯʘʣʴʥʠ-

ʢʘʤʠ ʽ ʩʧʦʞʠʚʘʯʘʤʠ, ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʧʠʪ ʽ ʧʨʦʧʦʟʠʮʽʶ, ʚʨʘʭʦ-

ʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʥʘʢʦʧʠʯʝʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ. 

ʉʠʩʪʝʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʝʥʝʨʛʦʩʠ-

ʩʪʝʤʘʤʠ. ɻʣʦʙʘʣʴʥʠʡ ʨʠʥʦʢ ʪʝʭʥʦʣʦʛʽʡ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʚ çʨʦʟʫʤ-

ʥʠʭè ʝʥʝʨʛʦʤʝʨʝʞʘʭ ʤʦʞʝ ʜʦʩʷʛʪʠ $68 ʤʣʨʜ ʜʦ 2024 ʨ. ʁʤʦʚʽʨʥʠʡ 

ʪʝʨʤʽʥ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʷʚʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʨʝʥʜʫ - 2030-2030 ʨʨ. ʉʠ-

ʩʪʝʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʝʥʝʨʛʦʩʠʩʪʝʤʘʤʠ 

ʥʘʜʘʶʪʴ ʥʘʩʪʫʧʥʽ ʝʬʝʢʪʠ: 

- ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʩʪʽʡʢʦʩʪʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʝʣʝʢʪʨʦʤʝʨʝʞ; 

- ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ; 

- ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʧʦʜʽʣ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ, ʟʥʠʞʝʥʥʷ 
ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. 

- ʈʦʟʨʦʙʢʘ ʮʠʭ ʩʠʩʪʝʤ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʜʨʘʡʚʝʨʘʤʠ ʽ 

ʙʘʨ'ʻʨʘʤʠ: 

- ʨʦʟʚʠʪʦʢ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʧʨʦʛʨʘʤ ʽ ʧʨʦʝʢʪʽʚ ʚ ʛʘʣʫʟʽ 
ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ; 

- ʞʦʨʩʪʢʽʩʪʴ ʝʢʦʣʦʛʽʯʥʠʭ ʥʦʨʤ ʫ ʩʬʝʨʽ ʝʥʝʨʛʝʪʠʢʠ; 

- ʜʦʨʦʞʥʝʯʘ ʽ ʩʢʣʘʜʥʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 
ʝʥʝʨʛʦʤʝʨʝʞ; 

- ʝʢʦʥʦʤʽʯʥʘ ʚʠʛʦʜʘ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ 

(ʥʘʬʪʘ, ʛʘʟ, ʚʫʛʽʣʣʷ) [1, 2]. 

ɽʪʘʧʠ ʨʦʟʚʠʪʢʫ ʤʝʨʝʞ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʧʨʝʜʩʪʘʚ-

ʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʊʝʭʥʦʣʦʛʽʯʥʘ ʝʚʦʣʶʮʽʷ: ʝʪʘʧʠ ʨʦʟʚʠʪʢʫ ʤʝʨʝʞ ʟ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ 

ʅʝʯʽʪʢʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ ʧʨʦ ʩʠʩʪʝʤʫ. ʋ ʧʽʜʭʦʜʽ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʚʠʢʦʨʠ-

ʩʪʦʚʫʻʪʴʩʷ ʥʝʯʽʪʢʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ ʧʨʦ ʩʠ-

ʩʪʝʤʫ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʥʴ ʽ ʜʦʩʚʽʜʫ ʣʶʜʠʥʠ, ʛʣʠ-

ʙʦʢʦ ʢʦʤʧʝʪʝʥʪʥʦʾ ʚ ʧʠʪʘʥʥʷʭ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʩʠʩʪʝʤʦʶ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ. 

ʉʫʢʫʧʥʽʩʪʴ ʫʩʚʽʜʦʤʣʝʥʠʭ (ʷʚʥʠʭ) ʽ ʥʝʫʩʚʽʜʦʤʣʝʥʠʭ (ʟʜʘʪʥʽʩʪʴ 

ʽʥʪʫʾʪʠʚʥʦ çʚʽʜʯʫʚʘʪʠè ʤʝʭʘʥʽʟʤ) ʟʥʘʥʴ ʧʨʦ ʨʝʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʥʘʢʦ-

ʧʠʯʫʶʪʴʩʷ ʚ ʜʫʤʢʘʭ ʝʢʩʧʝʨʪʘ, ʛʦʚʦʨʷʪʴ ʷʢ ʧʨʦ ʤʝʥʪʘʣʴʥʫ ʤʦʜʝʣʴ 

(mental model) [3]. ʐʣʷʭʦʤ ʙʝʩʽʜʠ ʟ ʝʢʩʧʝʨʪʦʤ ʤʦʞʥʘ ʚʠʣʫʯʠʪʠ ʪʽʣʴʢʠ 

çʷʚʥʫè ʯʘʩʪʠʥʫ ʥʘʷʚʥʠʭ ʫ ʥʴʦʛʦ ʟʥʘʥʴ ʧʨʦ ʩʠʩʪʝʤʫ, ʚʠʨʘʞʝʥʫ ʫ ʬʦʨʤʽ 

ʚʝʨʙʘʣʴʥʠʭ ʧʨʘʚʠʣ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʚʭʽʜʥʠʤʠ ʪʘ 

ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʠ, ʪʘ ʤʘʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʠʡ ʚʠʛʣʷʜ: 

ʗʂʑʆ (ʭʤʘʨʥʽʩʪʴ ʥʠʟʴʢʘ) ɯ (ʯʘʩ ʜʦʙʠ ʨʘʥʢʦʚʠʡ) 

ʊʆ (ʚʠʨʦʙʣʝʥʥʷ ʝʥʝʨʛʽʾ ʚʠʩʦʢʝ), 

ʘʙʦ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ: 

ˬ˗˦ ̨ὼ ̤ ὃ  ˴ ὼ ̤ ὄ  ˟ ώ̨ ̤ ὅ ȟ 

ʜʝ ὼ, ὼ ï ʚʭʦʜʠ ʩʠʩʪʝʤʠ; ώ ï ʚʠʭ̔ʜ; ὃ, ὄ, ὅ ï ʥʝʯʽʪʢʽ ʤʥʦʞʠʥʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʢʩʧʝʨʪʦʤ ʜʣʷ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʟʥʘʯʝʥʴ ʚʭʦʜʽʚ ʽ 

ʚʠʭʦʜʽʚ. 

ɽʢʩʧʝʨʪ ʪʘʢʦʞ ʤʦʞʝ ʥʘʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ 

ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʥʘʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ: çʢʘʞʫʯʠ ʧʨʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘ-

ʨʷʜʢʠ ʥʘʢʦʧʠʯʫʚʘʯʘ, ʷ ʤʘʶ ʥʘ ʫʚʘʟʽ ʨʽʚʝʥʴ ʟʘʨʷʜʫ ʙʽʣʴʰʝ 70 %è 

ʅʝʯʽʪʢʽ ʝʢʩʧʝʨʪʥʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʪʽʣʴʢʠ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ-

ʚʠʟʥʘʯʝʥʽʩʪʴ, ʘ ʡ ʤʦʜʝʣʶʚʘʪʠ ʤʽʨʢʫʚʘʥʥʷ, ʱʦ ʟ ʚʝʣʠʢʠʤʠ ʪʨʫʜʥʦʱʘʤʠ 

ʧʽʜʜʘʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʾ ʚ ʩʠʩʪʝʤʘʭ ʥʘ ʢʣʘʩʠʯʥʽʡ ʣʦʛʽʮʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩ-

ʥʦʚʥʦʶ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʻ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʫ, ʟʜʘʪ-

ʥʦʛʦ ʤʦʜʝʣʶʚʘʪʠ ʣʶʜʩʴʢʽ ʤʽʨʢʫʚʘʥʥʷ ʽ ʧʦʷʩʥʶʚʘʪʠ ʧʨʠʡʦʤʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ [4]. 

ʇʽʜʭʽʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʦʨʠʪʤ ʨʦʶ 

ʯʘʩʪʦʢ ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʛʝʥʪʘ ʩʠʩʪʝʤʠ, ʽ 

ʥʝʯʽʪʢʫ ʣʦʛʽʢʫ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʄʘʤʜʘʥʽ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʘʪʝʛʽʡ ʡʦʛʦ ʧʦʚʝʜʽʥʢʠ. ʊʘʢʘ ʢʦʤʙʽʥʘʮʽʷ ʩʧʨʠʷʻ ʟʨʫʯʥʦʩʪʽ ʚ ʘʜʘʧʪʘʮʽʾ 

ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʽʜ ʨʝʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʽ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ 
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ʛʥʫʯʢʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʘʛʝʥʪʽʚ, ʟʘʣʝʞʥʫ ʚʽʜ ʬʘʢʪʦʨʽʚ ʦʪʦ-

ʯʝʥʥʷ ʩʠʩʪʝʤʠ. 

ɸʛʝʥʪʠ ʩʠʩʪʝʤʠ  ̒ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦ ̒

ʚʣʘʩʥʝ ʧʦʥʦʚʣʶʚʘʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ (ʥʘʧʨʠʢʣʘʜ, ʩʦʥʷʯʥʫ ʧʘʥʝʣʴ) ʽ ʘʢʫ-

ʤʫʣʷʪʦʨ, ʟʜʘʪʥʠʡ ʥʘʢʦʧʠʯʫʚʘʪʠ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʉʠʩʪʝʤʘ ʪʘʢʦʞ ʤʘʻ ʘʛʝʥʪʘ-ʛʝʥʝʨʘʪʦʨʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʩʧʦʞʠʚʘʯʽʚ 

ʝʥʝʨʛʽʻʶ ʟ ʥʝ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ. ʎʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʤʦʞʝ ʙʫʪʠ, 

ʥʘʧʨʠʢʣʘʜ, ʪʝʧʣʦʚʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽ.̫ ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʦʩʪʘʯʘʥʥʷ 

ʝʥʝʨʛʽʾ ʚʽʜ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʩʪʘʙʽʣʴʥʝ ʽ ʮʽʣʦʜʦʙʦʚʦ, ʤʦʞʝ ʧʦʚʥʽʩʪʶ ʧʦʢʨʠ-

ʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʯʘ. ʆʜʥʘʢ ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʽʾ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ ʩʧʦʞʠʚʘʥʥʷ (ʟʘ ʧʦʪʦʯʥʠʤ ʟʘʛʘʣʴʥʠʤ 

ʪʘʨʠʬʦʤ), ʘ ʯʘʩʪʢʦʚʦ ʧʦʢʨʠʚʘʪʠ ʚʠʪʨʘʪʠ ʚʽʥ ʤʦʞʝ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʜʘʞʫ 

ʝʥʝʨʛʽʾ (ʟʘ ʧʦʪʦʯʥʠʤ "ʟʝʣʝʥʠʤ" ʪʘʨʠʬʦʤ). ʇʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʦʾ 

ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2. ʉʧʦʞʠʚʘʯʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʝʣʝʥʠʤʠ 

ʢʨʫʞʢʘʤʠ, ʾʭ ʧʦʪʦʯʥʽ ʯʠʩʝʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʨʠʩʪʫʚʘʯ ʤʦʜʝʣʽ ʤʦʞʝ ʩʧʦ-

ʩʪʝʨʽʛʘʪʠ ʫ ʚʽʢʥʘʭ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦʛʨʘʤʠ. 

ʅʘ ʘʛʝʥʪʽʚ ʧʦʩʪʽʡʥʦ ʚʧʣʠʚʘʶʪʴ ʬʘʢʪʦʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʪʘʢʽ ʷʢ ʭʤʘʨʥʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ, ʚʦʣʦʛʽʩʪʴ, ʯʘʩ ʜʦʙʠ ʽ ʽʥʰʽ. 

ɿʘʚʜʘʥʥʷ ʢʦʞʥʦʛʦ ʘʛʝʥʪʘ-ʩʧʦʞʠʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʤʽʥʽʤʽʟʘʮʽʾ ʩʚʦʾʭ ʚʠʪ-

ʨʘʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. ɼʣʷ ʮʴʦʛʦ ʘʛʝʥʪ ʢʦʞʥʫ ʦʜʠʥʠʮʶ ʯʘʩʫ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʡ ʯʘʩʪʦʢ (ʥʘʙʽʨ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʨʽʰʝʥʴ), ʷʢʽ ʟʥʘʭʦ-

ʜʷʪʴ ʥʝʦʙʭʽʜʥʝ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟʘ ʧʦʪʦʯʥʠʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

 

ʋɼʂ681.3  

ʕʂʉʇɽʈʊʅʆ-ɸʅɸʃʀʊʀʏɽʉʂʆɽ ʉʆʇʈʆɺʆɾɼɽʅʀɽ 

ʉʀʉʊɽʄʓ ʈɽʐɽʅʀʁ ʆʈɻɸʅʀɿɸʎʀʀ 

ɽ.ʇ. ʀʣʴʠʥʘ 

ʀʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʅɸʅ ʋʢʨʘʠʥʳ 

 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʘʨʘʜʠʛʤ ʫʧʨʘʚʣʝʥʠʷ 

ʚ ʦʨʛʘʥʠʟʘʮʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʘʢ ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ(ʉʆʋ),ʪʨʝʙʫʝʪ ʦʧʝʨʠʨʦʚʘʥʠʷ ʤʦʜʝʣʴʶ ʟʥʘʥʠʡ, ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʥʘ ʩʠʩʪʝʤʝ ʨʝʰʝʥʠʡ ʉʆʋ.ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʘʢʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʫʚʷʟʳʚʘʪʴ 

ʨʝʰʝʥʠʷ ʩ ʢʦʥʮʝʧʪʘʤʠ ʜʚʫʭ ʜʨʫʛʠʭ ʨʘʢʫʨʩʦʚ ʉʆʋ-ʮʝʣʷʤʠ ʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘʤʠ, ʚ ʩʠʣʫ ʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʚ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝ-

ʥʠʷ. ʕʪʠ ʪʝʥʜʝʥʮʠʠ ʧʦʩʪʝʧʝʥʥʦ ʚʭʦʜʷʪ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩ-

ʩʦʚ, ʯʝʨʝʟ ʤʦʜʝʣʴ DMN,ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʚʦʜʷʱʫʶ ʨʝʰʝʥʠʝ ʚ ʤʦʜʝʣʴ 

BPMN,ʠ ʧʨʦʝʢʪʳ GoalSpec ʠ  GOBPMN,ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʚʷʟʴ ʮʝʣʝʡ ʩ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ. ʅʦ ʧʨʦʙʣʝʤʘ, ʧʦʤʠʤʦ ʥʝʧʦʣʥʦʪʳ ʟʘʤʳʢʘʥʠʷ, ʚ ʪʦʤ, 
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ʯʪʦ ʩʬʝʨʘ  ʚʥʠʤʘʥʠʷ ʦʛʨʘʥʠʯʝʥʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʯʴʝ 

ʧʨʠʥʷʪʠʝ ʩʚʦʜʠʪʩʷ ʢ ʚʳʙʦʨʫ ʚʘʨʠʘʥʪʘ ʠʟ ʟʘʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʦ ʠʟ-

ʚʝʩʪʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. 

ʅʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʝʨʭʥʠʭ ʫʨʦʚʥʝʡ 

ʫʧʨʘʚʣʝʥʠʷ, ʥʦʚʳʭ ʚʳʟʦʚʦʚ  ʠ ʜʠʥʘʤʠʯʥʦʩʪʠ ʫʩʣʦʚʠʡ, ʚʢʣʶʯʘʶʪ ʵʪʘʧʳ 

ʘʥʘʣʠʟʘ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ, ʚʳʨʘʙʦʪʢʠ ʘʣʴʪʝʨʥʘʪʠʚ, ʥʝʬʦʨʤʘʣʴʥʦʛʦ 

ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʦʮʝʩʩʳ ʠʭ ʧʨʠ-

ʥʷʪʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʚ BPMN,ʥʦ ʩ ʘʜʨʝʩʘʮʠʝʡ ʢ ʦʥʪʦʣʦʛʠʠ ʠ ʨʝ-

ʪʨʦʩʧʝʢʪʠʚʝ ʨʝʰʝʥʠʡ ʉʆʋ ʠ ʢ ʩʝʨʚʠʩʘʤ ʵʢʩʧʝʨʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʦʜ-

ʜʝʨʞʢʠ ʠʭ ʵʪʘʧʦʚ[1] 

ʕʢʩʧʝʨʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʧʘʨʘʜʠʛʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʜʜʝʨʞʢʫ ʧʨʦ-

ʮʝʩʩʘ ʵʢʩʧʝʨʪʠʟʳ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʚʠʜʦʚ ʬʫʥʢʮʠʡ. ʕʢʩʧʝʨʪʥʳʝ ʬʫʥʢ-

ʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʢʩʧʝʨʪʦʤ (ʟʘʧʨʦʩ ʤʥʝʥʠʷ, ʠʥʬʦʨ-

ʤʠʨʦʚʘʥʠʝ, ʩʦʚʝʪ, ʚʚʝʜʝʥʠʝ ʤʥʝʥʠʷ ʠ ʘʨʛʫʤʝʥʪʘʮʠʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʧʦʣʝ ʧʨʦʮʝʩʩʘ).ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʬʦʨʤʠʨʫʶʪ ʥʦʚʳʝ ʩʚʝʜʝʥʠʷ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ(ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ)ʦʧʝʨʠʨʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʘʤʠ ʟʥʘʥʠʡ ʉʆʋ ʠ ʠʥʬʦʨʤʘʮʠʝʡ ʪʝʢʫʱʝʛʦ ʧʨʦʮʝʩʩʘ. 

ʄʦʜʝʣʴ ʟʘʜʘʯʠ ʵʢʩʧʝʨʪʠʟʳ ʠʤʝʝʪ ʚʠʜ 

MET = <E1, E2, E3, E4, E5, E6, E7>, 

ʛʜʝ E1 - ʦʧʝʨʘʮʠʦʥʥʳʡ ʪʠʧ (ʦʮʝʥʠʚʘʶʱʘʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ, 

ʬʠʣʴʪʨʫʶʱʘʷ, ʚʳʙʠʨʘʶʱʘʷ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ); E2 - ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ; 

E3 - ʢʦʥʪʝʢʩʪ; E4 - ʤʦʜʝʣʴ ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧʳ (ʕɻ); E5 - ʤʦʜʝʣʴ ʨʝ-

ʟʫʣʴʪʘʪʘ; E6 - ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʘ; E7 - ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʵʢʩ-

ʧʝʨʪʠʟʳ.  

E2 = <E21, E22, E23>, 

ʛʜʝ E21 - ʦʙʲʝʢʪ ʵʢʩʧʝʨʪʠʟʳ (ʆʕ); E22- ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʆʕ; E23 - ɻ ʣʝʤʝʥʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʧʨʘʚʣʷʝʤʳʝ ʨʝʟʫʣʴʪʘʪʦʤ ʵʢʩ-

ʧʝʨʪʠʟʳ. 

E3 = <E31, E32, E33, E34>, 

ʛʜʝ E31 - ʥʦʨʤʘʪʠʚʥʳʡ; E32 - ʧʦʩʪʘʥʦʚʦʯʥʳʡ (ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ); 

E33 - ʩʧʨʘʚʦʯʥʳʡ (ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ); E34 - ʢʦʥʩʫʣʴʪʘʪʠʚ-

ʥʳʡ (ʜʘʥʥʳʝ ʦʙ ʘʥʘʣʦʛʘʭ ʠ ʛʠʧʦʪʝʟʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʪʨʦʩʧʝʢʪʠʚʝ ʠ 

ʩʚʷʟʷʭ ʚ ʦʥʪʦʣʦʛʠʠ). 

E4 = <E41, E42, E43>, 

ʛʜʝ E41 - ʨʝʧʨʝʟʝʥʪʫʝʤʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʙʣʘʩʪʠ; E42 - ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʩʪʨʫʢʪʫʨʳ ʉʆʋ; E43 - ʧʨʠʝʤʣʝ-

ʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʣʦʚʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʵʢʩʧʝʨʪʦʚ. 

E5 = {<E51i, E52i, E53i>} i=1, é, N, 
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ʛʜʝ N  - ʯʠʩʣʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʝʡ; E51 - ʮʝʣʝʚʘʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ; E52 - ʤʥʦʞʝʩʪʚʦ ʢʦʥʢʨʝʪʠʟʠʨʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; E53 - ʦʪʥʦ-

ʰʝʥʠʷ, ʟʘʜʘʶʱʠʝ ʩʪʨʫʢʪʫʨ ʤʦʜʝʣʠ. 

E6 = <E61, E62>, 

ʛʜʝ E61 - ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʠʩʭʦʜʥʳʭ ʠ ʦʙʦʙʱʝʥʥʳʭ ʵʢʩʧʝʨʪ-

ʥʳʭ ʤʥʝʥʠʡ; E62 - ʫʩʣʦʚʠʷ ʧʨʠʝʤʣʝʤʦʩʪʠ. 

E7 = {E71j i {  E72j i, E73j i, E74j i, E75j i } i=1, é, Mi, E76j i}  i=1, é, N, 

ʛʜʝ N  - ʯʠʩʣʦ ʪʫʨʦʚ ʵʢʩʧʝʨʪʠʟʳ; Mi - ʯʠʩʣʦ ʵʪʘʧʦʚ i-ʛʦ ʪʫʨʘ; E71 - 

ʠʤʷ ʪʫʨʘ; E72 - ʠʤʷ ʵʪʘʧʘ; E73 - ʵʢʩʧʝʨʪʥʳʝ ʬʫʥʢʮʠʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʵʪʘʧ; E74 - ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʵʪʘʧʝ; E75 - ʩʚʷʟʠ 

ʩ ʜʨʫʛʠʤʠ ʵʪʘʧʘʤʠ; E76 - ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʪʫʨʘʤʠ. 

 ʉʪʨʫʢʪʫʨʘʤʠ ʟʥʘʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ, 

ʷʚʣʷʶʪʩʷ ʦʥʪʦʣʦʛʠʷ ʮʝʣʝʡ, ʨʝʰʝʥʠʡ ʠ ʩʪʨʫʢʪʫʨʳ ʉʆʋ ʠ ʨʝʪʨʦʩʧʝʢʪʠʚʘ 

ʨʝʰʝʥʠʡ[1],ʘ ʪʘʢʞʝ ʙʠʙʣʠʦʪʝʢʘ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ, ʟʥʘʯʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ MET ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʵʢʩʧʝʨʪʥʦʡ ʟʘʜʘʯʠ, 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʵʢʩʧʝʨʪʠʟʳ E7. 

ɺ ʩʦʩʪʘʚ ʥʝʦʙʭʦʜʠʤʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝ-

ʤʝʥʪʦʚ ʤʦʜʝʣʠ MET ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ. 

FA1 ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥ-

ʪʦʚ MET ʧʦ ʧʨʝʮʝʜʝʥʪʘʤ. ʀʩʧʦʣʴʟʫʝʪ ʬʦʨʤʘʣʠʟʤ ʩʭʦʜʩʪʚʘ ʜʣʷ ʦʥʪʦʣʦ-

ʛʠʯʝʩʢʠʭ ʢʦʥʮʝʧʪʦʚ [2], ʘʥʘʣʠʟ ʨʝʪʨʦʩʧʝʢʪʠʚʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉʆʋ; ʤʦ-

ʜʝʣʴ ʮʝʣʝʚʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʜʦʩʪʠʞʠʤʦʩʪʠ [3]. 

FA2 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʦʩʪʘʚʘ ʵʣʝʤʝʥʪʘ. ʀʩʧʦʣʴʟʫʝʪ 

ʤʝʭʘʥʠʟʤ ʥʘʩʣʝʜʦʚʘʥʠ̫ ʚ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʢʣʘʩʩʘʭ [1]. 

FA3 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʧʦʙʦʯʥʳʭ ʚʣʠʷʥʠʡ ʆʕ ʥʘ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʉʆʋ ʚ ʝʝ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ. ʀʩʧʦʣʴʟʫʝʪ ʬʦʨʤʘʣʠʟʤʳ ʩʭʦʜ-

ʩʪʚʘ [2], ʥʘʩʣʝʜʦʚʘʥʠʷ ʚ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʢʣʘʩʩʘʭ ʠ ʚʳʷʚʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ 

ʚʟʘʠʤʦʚʣʠʷʶʱʠʭ ʨʝʰʝʥʠʡ [3]. 

FA4 ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʚʣʠʷʥʠʡ ʆʕ ʥʘ ʮʝʣʠ ʠ ʠʥʪʝʨʝʩʳ, ʘʢʪʫ-

ʘʣʴʥʳʝ ʜʣʷ ʉʆʋ. ʀʩʧʦʣʴʟʫʝʪ ʬʦʨʤʘʣʠʟʤʳ ʘʥʘʣʠʟʘ ʦʥʪʦʣʦʛʠʯʝʩʢʠ ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʮʝʣʝʡ [3]. 

FA5 ʜʣʷ ʦʮʝʥʢʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʆʕ ʩ ʪʝʢʫʱʠʤ ʩʦ-

ʩʪʦʷʥʠʝʤ ʉʆʋ. ʀʩʧʦʣʴʟʫʝʪ ʩʠʩʪʝʤʫ ʦʥʪʦʣʦʛʠʯʝʩʢʠ ʙʘʟʠʨʦʚʘʥʥʳʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʩʠʩʪʝʤʳ ʨʝʰʝʥʠʡ [3]. 

FA6 ʜʣʷ ʧʦʜʙʦʨʘ ʤʦʜʝʣʠ ʮʝʥʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʝʪ ʚʳʷʚʣʝʥʠʝ ʘʥʘʣʦʛʠʯ-

ʥʳʭ ʧʦʩʪʘʥʦʚʦʢ ʵʢʩʧʝʨʪʥʳʭ ʟʘʜʘʯ, ʦʪʦʙʨʘʞʝʥʥʳʭ ʚ ʨʝʪʨʦʩʧʝʢʪʠʚʝ ʨʝ-

ʰʝʥʠʡ ʠ ʚ ʩʠʩʪʝʤʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ. 
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FA7 ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʜʣʷ ʟʘʜʘʯʠ ʩʦʦʪʥʦʰʝʥʠʡ ʠ ʢʦʥʬʣʠʢ-

ʪʦʚ ʚ ʦʥʪʦʣʦʛʠʯʝʩʢʠ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʪʦʯʝʢ ʟʨʝʥʠʷ. ʀʩ-

ʧʦʣʴʟʫʝʪ ʤʝʪʦʜʳ ʦʥʪʦʣʦʛʠʯʝʩʢʠ ʙʘʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʦʥʮʝʧʪʫʘʣʴ-

ʥʦʛʦ ʢʦʤʧʨʦʤʠʩʩʘ [4]. 

FA8 ʜʣʷ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʵʢʩʧʝʨ-

ʪʠʟʳ ʩ ʟʘʜʘʥʥʦʡ ʤʦʜʝʣʴʶ. ʀʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜʳ [4] ʠ ʘʥʘʣʠʟ ʨʝʪʨʦʩʧʝʢ-

ʪʠʚʳ ʧʨʠʥʠʤʘʚʰʠʭʩʷ ʨʝʰʝʥʠʡ. 

FA9 ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʨʦʤʠʩʩʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʠ ʵʢʩʧʝʨʪ-

ʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʪʝʢʫʱʝʛʦ ʪʫʨʘ ʵʢʩʧʝʨʪʠʟʳ, ʩʥʠʞʘʶʱʠʭ ʨʠʩʢʠ ʠʪʦʛʦʚʦʛʦ 

ʨʝʰʝʥʠʷ ʧʨʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʵʢʩʧʝʨʪʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ. ʀʩʧʦʣʴʟʫʝʪ ʤʝ-

ʪʦʜʳ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʢʦʤʧʨʦʤʠʩʩʘ [4]; ʛʘʨʤʦʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʮʝʣʝʡ 

[3]; ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʵʢʩʧʝʨʪʥʳʭ ʤʥʝʥʠʡ [5]. 

FA10 ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʘʨʛʫʤʝʥʪʘʮʠʠ ʚ ʧʦʣʴʟʫ ʧʨʝʜ-

ʣʦʞʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʨʘʤʦʯʥʦʡ ʤʦʜʝʣʠ ʮʝʣʝʜʦʩʪʠʞʝʥʠʷ ʜʣʷ ʚʳʙʠʨʘ-

ʝʤʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʜʦʩʪʠʞʠʤʦʩʪʠ ʮʝʣʠ ʚʦʟ-

ʜʝʡʩʪʚʠʷ. ʀʩʧʦʣʴʟʫʝʪ ʤʝʭʘʥʠʟʤʳ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤ ʮʝʣʝʡ [3] ʠ ʩʧʝʮʠʘʣʴ-

ʥʫʶ ʧʨʦʜʫʢʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʜʦʩʪʠʞʠʤʦʩʪʠ ʮʝʣʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʙʘʟʠʨʫ-

ʶʱʫʶʩʷ ʥʘ ʦʥʪʦʣʦʛʠʠ ʨʝʰʝʥʠʡ ʠ ʮʝʣʝʡ. 

FA11 ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʨʝʰʝ-

ʥʠʷ. ʀʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜʳ: ʠʥʪʝʛʨʘʮʠʠ ʠ ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝʨʪʥʳʭ ʤʥʝʥʠʡ 

ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʜʝʨʝʚʴʷʭ ʮʝʥʥʦʩʪʠ [6]; ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ ʨʝʰʝʥʠʷ 

[4,5]. 

FA12 ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʫʝʤʦʛʦ ʩʦʩʪʘʚʘ ʕɻ. ʀʩʧʦʣʴʟʫʝʪ 

ʘʥʘʣʠʟ ʨʝʪʨʦʩʧʝʢʪʠʚʳ ʨʝʰʝʥʠʡ ʠ ʜʘʥʥʳʭ ʦ ʩʫʙʲʝʢʪʘʭ ʜʝʣʦʚʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʉʆʋ. 

FA13 ʜʣʷ ʚʳʚʦʜʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʫʧʨʘʚʣʝʥʠʶ ʆʕ. 

ʀʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʚʳʚʦʜʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʜʠʘʛʥʦʟʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʦʙʦʙʱʝʥʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʤʥʝʥʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʢʣʘʩʩʫ ʆʕ [6]. 

ʉʦʟʜʘʥʠʝ ʩʝʨʚʠʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʘʥʘʣʠʪʠʯʝ-

ʩʢʠʤ ʬʫʥʢʮʠʷʤ, ʥʘʨʷʜʫ ʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʩʨʝʜʩʪʚ ʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠ-

ʤʳʭ ʩʪʨʫʢʪʫʨ ʟʥʘʥʠʡ ʉʆʋ, ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʧʫʪʴ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʤʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʘ-

ʨʘʜʠʛʤʳ Business Process Management ʥʘ ʥʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʝ ʨʝʰʝ-

ʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʵʪʘʧʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ, 

ʥʘ ʢʦʪʦʨʳʭ  ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʨʘʙʦʪʢʘ ʣʠʙʦ ʧʝʨʝʩʤʦʪʨ ʘʣʛʦʨʠʪʤʦʚ ʠʭ 

ʧʨʠʥʷʪʠʷ. 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

ʅʘ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚʧʣʠʚʘʻ ʥʝʯʽʪʢʠʡ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʄʘʤʜʘʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʬʦʨ-

ʤʫʻʪʴʩʷ ʧʦʪʦʯʥʘ ʩʪʨʘʪʝʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʙʘʣʘʥʩʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʧʦʞʠ-

ʚʘʯʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʨʷʜ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʮʽʻʾ ʩʪʨʘʪʝʛʽʾ ʧʦʪʨʽʙʥʘ ʙʘʟʘ ʟʥʘʥʴ ʥʝʯʽʪʢʠʭ ʟʤʽʥʥʠʭ ʽ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ, 

ʷʢʘ ʙʫʜʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʛʣʷʥʫʪʦʛʦ ʨʘʥʽʰʝ ʤʝʪʦʜʫ ʥʘ ʦʩʥʦʚʽ 

ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ ʧʨʦ ʩʠʩʪʝʤʫ. 
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ɺʠʩʥʦʚʦʢ. ʅʘ ʧʨʠʢʣʘʜʽ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʨʦʟʧʦʜʽʣʝʥʦʾ ʝʥʝʨʛʦʩʠ-

ʩʪʝʤʠ ʙʫʚ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʨʦʡʦʚʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʟ ʥʝʯʽʪʢʦʶ ʣʦʛʽʢʦʶ ʚ ʧʦʚʝʜʽʥʮʽ ʘʛʝʥʪʽʚ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʚʽʜʨʽʟʥʷ-

ʶʪʴʩʷ ʚʠʩʦʢʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʟʙʦʾʚ, ʘʜʘʧʪʠʚʥʽʩʪʶ ʜʦ ʧʦʢʘʟʥʠʢʽʚ ʨʝʘʣʴ-

ʥʦʛʦ ʩʚʽʪʫ ʽ ʛʥʫʯʢʽʩʪʶ ʚ ʨʝʛʫʣʶʚʘʥʥʽ. ʂʦʨʠʩʪʫʚʘʯ ʩʠʩʪʝʤʠ ʤʦʞʝ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʩʧʝʮʠʬʽʢʫ ʧʦʚʝʜʽʥʢʠ ʘʛʝʥʪʽʚ, ʟʘʜʘʶʯʠ ʥʝʦʙʭʽʜʥʽ ʬʫʥʢʮʽʾ 

ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʽ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʽʚ ʘʛʝʥʪʽʚ, ʪʘʢʽ ʷʢ ʚʘ-

ʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʩʪʨʘʪʝʛʽʡ ʧʦʚʝʜʽʥʢʠ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʇʨʦʛʥʦʟ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ ʜʦ 2030 ʛʦʜʘ 

(prognoz2030.hse.ru) 

2. International Federation of Robotics (IFR) (http://worldrobotics.org/) 

3. Babuska R. (1995) Fuzzy modeling a control engineering perspective. 

Proceedings of the International Conference FUZZ-IEEE/IFESô95. Yoko-

hama, Japan, pp.1897-1902. 

Zadeh, L. A. (1965). Fuzzy sets. Information and Control 8 (3). ʩ. 338. 

doi:10.1016/S0019-9958(65)90241-X 

 

ʋɼʂ 004 

ʄʆɼʀʌɯʂʆɺɸʅʀʁ ʄɽʊʆɼ ɼɽʂʆɼʋɺɸʅʅʗ 

ɹɸɻɸʊʆʂʆʄʇʆʅɽʅʊʅʀʍ ʊʋʈɹʆ ʂʆɼɯɺ 

ʉ.ɺ. ɿʘʡʮʝʚ, ɹ.ɺ. ɻʦʨʣʠʥʩʴʢʠʡ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɹɼʝʨʞʘʚʥʘ ʩʣʫʞʙʘ ʩʧʝʮʽʘʣʴʥʦʛʦ ʟʚô̫ ʟʢʫ ʪʘ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʋʢʨʘ-

ʾʥʠ 

 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤʘʭ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʘʚʘʜʦʩʪʽʡʢʽ ʢʦʜʠ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚ-

ʥʠʤʠ ʩʝʨʝʜ ʥʠʭ ʻ ʪʫʨʙʦ ʢʦʜʠ (ʊʂ). ʇʦ ʝʥʝʨʛʝʪʠʯʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʊʂ 

ʧʦʩʪʫʧʘʶʪʴ ʪʝʦʨʝʪʠʯʥʦʤʫ ʛʨʘʥʠʯʥʦʤʫ ʟʥʘʯʝʥʥʶ ʣʠʰʝ 0,5 ʜɹ [1]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʪʘ ʧʨʘʢʪʠʯʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʚʠʩʦʢʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ʊʂ ʦʪʨʠʤʘʣʠ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʧʨʠʩʪʨʦʶ ʧʝʨʝʤʝʞʝʥʥʷ ʚ ʩʪʨʫʢʪʫʨʽ ʢʦʜʝʨʘ ʊʂ, ʽʪʝʨʘʪʠʚʥʦʛʦ ʜʝʢʦʜʫ-

ʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʡʤʦʚʽʨʥʽʩʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚ ʜʝʢʦʜʝʨʽ, ʘ ʪʘʢʦʞ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʜʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʊʂ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʡʤʦʚʽʨʥʽʩʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ, ʷʢʽ ʤʽʥʽʤʽʟʫʶʪʴ 

ʡʤʦʚʽʨʥʽʩʪʴ ʜʝʢʦʜʫʚʘʥʥʷ ʙʽʪ ʜʘʥʠʭ, ʚʽʜʥʦʩʷʪʴʩʷ Map, Max Log Map ʪʘ 

Log Map. ʇʨʠʥʮʠʧ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ ʦʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʰʽʪ-
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ʯʘʩʪʦʾ ʜʽʘʛʨʘʤʠ ʩʪʘʥʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʢʫʨʩʠʚʥʠʭ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʟʛʦʨʪʦ-

ʯʥʠʭ ʢʦʜʽʚ ʢʦʜʝʨʘ ʊʂ, ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʢʽʚ ʦʩʥʦʚʥʠʭ ʤʝʪʨʠʢ, ʨʝʢʫʨʩʽʡ 

ʪʘ ʬʫʥʢʮʽʡ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʧʨʦ ʧʝʨʝʜʘʥʽ ʙʽʪʠ ʜʘʥʠʭ [2]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʠʪʠ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ 

ʊʂ ʤʦʞʥʘ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ ʟʘ ʨʘʭʫʥʦʢ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʦʩʥʦʚ-

ʥʠʭ ʤʝʪʨʠʢ, ʨʝʢʫʨʩʽʡ ʪʘ ʬʫʥʢʮʽʡ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦ-

ʮʝʩʫ ʜʝʢʦʜʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʊʂ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫ-

ʥʢʮʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʣʦʛʘʨʠʬʤʽ-

ʯʥʠʭ ʚʽʜʥʦʰʝʥʴ ʬʫʥʢʮʽʡ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʧʨʦ ʧʝʨʝʜʘʥʽ ʙʽʪʠ ʽʥʬʦʨʤʘ-

ʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ ʢʦʞʥʦʤʫ ʢʦʤʧʦʥʝʥʪʥʦʤʫ ʜʝʢʦʜʝʨʽ. 

ɺ ʟʚô̫ ʟʢʫ ʟ ʪʠʤ, ʱʦ ʨʽʰʝʥʥʷ ʥʘ ʧʨʠʡʦʤʥʽʡ ʩʪʦʨʦʥʽ ʧʨʠʡʤʘʶʪʴʩʷ ʟʘ 

ʫʤʦʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʥʝʯʽʪʢʝ ʦʧʠʩʘʥʥʷ ʬʫʥʢʮʽʾ 

()*Q .  ʇʨʠ ʮʴʦʤʫ ʟʘʜʘʯʘ (1) ʙʫʜʝ ʬʦʨʤʫʣʶʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ʜʝ ʭʚʠʣʷʩʪʘ ʣʽʥʽʷ ʚ ʥʝʨʽʚʥʦʩʪʷʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʥʝʯʽʪʢʽʩʪʴ, 0q  ï ʟʘ-

ʜʘʥʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʤʝʪʠ ()*Q . 

ʌʫʥʢʮʽʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʥʝʯʽʪʢʦʾ ʤʝʪʠ ʪʘ ʦʙʤʝʞʝʥʴ ʟʘʧʠʩʫʶʪʴʩʷ ʫ ʚʠ-

ʛʣʷʜʽ: 
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C  

ʜʝ [ ]1;0:, 21 ­Gmm  ï ʬʫʥʢʮʽʾ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʫʧʽʥʴ ʚʠʢʦ-

ʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʢʘʟʥʠʢ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʪʘ 

ʚʚʝʩʪʠ ʥʝʯʽʪʢʫ ʤʥʦʞʠʥʫ ʨʽʰʝʥʴ.  
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ʅʝʭʘʡ {}g=G  ï ʟʘʜʘʥʘ ʤʥʦʞʠʥʘ ʘʣʴʪʝʨʥʘʪʠʚ, ʪʦʜʽ ʥʝʯʽʪʢʘ ʤʝʪʘ M 

ʙʫʜʝ ʦʪʦʪʦʞʥʶʚʘʪʠʩʷ ʟ ʬʽʢʩʦʚʘʥʦʶ ʥʝʯʽʪʢʦʶ ʤʥʦʞʠʥʦʶ M, ʷʢʘ ʦʧʠ-

ʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʧʨʠʥʘʣʝʞʥʦʩʪʽ [ ]1;0: ­GmM . ɼʽʡʩʥʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʷ çʤ'ʷʢʦʛʦè ʨʽʰʝʥʥʷ ʘʙʦ ʣʦʛʘʨʠʬʤʽʯʥʝ  ʚʽʜʥʦʰʝʥʥʷ ʬʫʥʢʮʽʡ ʧʨʘʚ-

ʜʦʧʦʜʽʙʥʦʩʪʽ (ʃɺʌʇ) ʧʦʟʘ ʜʝʢʦʜʝʨʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ [2,3] 

)|()(
)1(

)1(
ln

)1|(

)1|(
ln)|( ttta

t

t

tt

tt
tt xyLxL

xP

xP

xyP

xyP
yxL +=

-=

+=
+

-=

+=
=

, 

ʜʝ )|( tt xyL  ï  ʃɺʌʇ ty , ʷʢʝ ʦʜʝʨʞʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʤʽʨʫ ty  ʥʘ 

ʚʠʭʦʜʽ ʢʘʥʘʣʫ ʧʨʠ ʯʝʨʛʫʚʘʥʥʽ ʫʤʦʚ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʘʥʠʡ 1+=tx  

ʘʙʦ 1-=tx , ʘ )( ta xL  ï ʘʧʨʽʦʨʥʝ ʃɺʌʇ ʙʽʪʘ ʜʘʥʠʭ tx . 

ʇʨʠʥʮʠʧ ʥʝʯʽʪʢʦʛʦ ʽʪʝʨʘʪʠʚʥʦʛʦ ʪʫʨʙʦ ʜʝʢʦʜʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝ-

ʥʪʥʠʭ ʊʂ ʧʦʣʷʛʘ ̒ʚ ʨʦʟʨʘʭʫʥʢʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ä *=*
L

i

iF
F

L
M

1
, ʜʝ 

*

iF  ï ʫʩʝʨʝʜʥʝʥʘ ʦʮʽʥʢʘ ʥʝʚʠʟʥʘ-

ʯʝʥʦʩʪʽ ʜʝʢʦʜʫʚʘʥʥʷ, ʥʘ ʧʨʦʪʷʟʽ ʚʽʢʥʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʦʟʤʽʨʦʤ L ʪʘ ʟʤʽ-

ʥʝʥʥʷ ʥʝʯʽʪʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʣʛʦʨʠʪʤʫ ʜʝʢʦʜʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥ-

ʪʥʦʛʦ ʜʝʢʦʜʝʨʘ ʊʂ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʯʽʪʢʦʾ ʤʝʪʠ. 

ɺ ̫ʢʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʤʘʣʴʥʦʩʪ ̔ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʨʝʜ-

ʥʴʦʢʚʘʜʨʘʪʠʯʥʫ ʧʦʭʠʙʢʫ RMSE (Root Mean Square Error): 

ä
=

-=
M

h

h FF
M

RMSE
1

2*

ʥ

* )(
1

, 

ʜʝ L ï ʨʦʟʤ̔ʨ ʚʽʢʥʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 
*

ʥF  ï ʟʘʜʘʥʝ ʥʦʨʤʘʣʽʟʦʚʘʥʝ ʟʥʘ-

ʯʝʥʥ ̫ʧʦʢʘʟʥʠʢʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ.  

ɸʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʢʦʞʥʦʛʦ ʢʦʤʧʦ-

ʥʝʥʪʥʦʛʦ ʜʝʢʦʜʝʨʘ ʊʂ ʥʘʩʪʫʧʥʠʡ: 

ʂʨʦʢ 1. ʆʜʝʨʞʫʻʤʦ ʟʥʘʯʝʥʥʷ RMSE ʧʨʠ ʧʦʪʦʯʥʦʤʫ ʟʥʘʯʝʥʥʽ ʜʝʷʢʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ p . 

ʂʨʦʢ 2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʦʜʝʨʞʫʻʤʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢ-

ʮʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ )(RMSEAm  ʡ )(RMSEBm . 

ʂʨʦʢ 3. ɿʥʘʭʦʜʠʤʦ ʧʝʨʝʪʠʥʘʥʥʷ (ʫʟʷʪʪʷ ʤʽʥʽʤʫʤʫ) ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ 

)(RMSEAm  ʽ )(RMSEBm : 

( ) ( ) ( ){ }RMSERMSERMSE i

B

i

A

i

D mm=m ;min . 
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ʂʨʦʢ 4. ʇʦʨʽʚʥʶʻʤʦ ( )RMSEi

Dm  ʟ ʧʦʧʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 

( )RMSEi

D

1-m . 

ʂʨʦʢ 5. ʗʢʱʦ ( )RMSEi

Dm  < ( )RMSEi

D

1-m , ʪʦ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʥʦʚʝ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘp, ʷʢʱʦ ( )RMSEi

Dm  > ( )RMSEi

D

1-m , ʪʝ ʟʥʘ-

ʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ p  ʟʘʣʠʰʘʻʪʴʩʷ ʙʝʟ ʟʤʽʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʠʡ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʜʝʢʦʜʫ-

ʚʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʡ ʬʫʥʢʮʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʣʷ ʧʨʠʡ-

ʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʚʽʜʥʦʩʠʥ ʬʫʥʢʮʽʡ ʧʨʘʚʜʦ-

ʧʦʜʽʙʥʦʩʪʽ ʧʨʦ ʧʝʨʝʜʘʥʽ ʙʽʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ ʘʣʛʦʨʠʪʤʘʭ 

ʜʝʢʦʜʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʜʝʢʦʜʝʨʘ ʪʫʨʙʦ ʢʦʜʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝ-

ʜʘʯʽ ʜʘʥʠʭ ʟ ʪʫʨʙʦ ʢʦʜʘʤʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʧʦʣʽʧʰʠʪʠ ʾʭʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. 

ʃʽʪʝʨʘʪʫʨʘ 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʈɽɾ ʇɽʊʈɯ ɼʃʗ ʆʎɯʅʂʀ ʈʀɿʀʂʋ 

ɺʈɸɿʃʀɺʆʉʊɽʁ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ 

ʇ. ʉ. ɼʘʚʠʜʝʥʢʦ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄʝʪʦʜʠ , ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʥʷ ʚʨʘ-

ʟʣʠʚʦʩʪʝʡ (ʉɺɺ) ʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤʠ, ʷʢʱʦ ʚʽʜʦʤʽ ʪʦʯʥʽ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʘʪʘʢʠ ʘʙʦ ʟʘʛʨʦʟʠ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ (ɯɹ). ʇʨʦʪʝ ʪʘʢʪʠʢʘ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʘʪʘʢ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ɯʉ) ʽ, ʟʦʢʨʝʤʘ, ʤʝʨʝʞʝʚʽ 

ʚʘʨʽʘʥʪʠ ʘʪʘʢ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʟ ʧʦʷʚʦʶ ʥʦʚʠʭ ʪʝʭʥʦ-

ʣʦʛʽʡ GPRS, Wi-Fi ʪʘ ʽʥ. ɺ ʧʦʜʽʙʥʠʭ ʩʠʪʫʘʮʽʷʭ ʧʝʨʰʦʯʝʨʛʦʚʝ ʟʥʘʯʝʥʥʷ 
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ʥʘʙʫʚʘʻ ʚʤʽʥʥʷ ʩʢʦʨʠʩʪʘʪʠʩʷ ʜʦʩʪʫʧʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʚʩʽ ʧʦʪʝʥ-

ʮʽʡʥʽ ʟʘʛʨʦʟʠ ɯɹ .  

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʙʘʛʘʪʦ ʨʦʙʽʪ, ʷʢʽ ʨʦʟʢʨʠʚʘʶʪʴ ʨʽʟʥʽ ʧʽʜ-

ʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʘʪʘʢ: ʤʝʨʝʞʽ ʇʝʪʨʽ, ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʩʪʘʥʽʚ, 

ʝʤʫʣʷʮʽʷ ʚʪʦʨʛʥʝʥʴ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ ʽ ʧʘʨʘʣʝʣʴʥʦʤʫ ʨʝʞʠʤʘʭ, ʧʨʠʯʠʥʥʦ-

ʥʘʩʣʽʜʢʦʚʠʡ ʤʦʜʝʣʴ, ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʤʦʜʝʣʽ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʚʪʦʨʛʥʝʥʴ, 

ʦʧʠʩʦʚʽ ʤʦʜʝʣʽ ʤʝʨʝʞʽ ʽ ʟʣʦʚʤʠʩʥʠʢʽʚ, ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʦʧʠʩ ʥʘ ʙʘʟʽ ʜʝ-

ʨʝʚ, ʤʦʜʝʣʶʚʘʥʥʷ "ʚʠʞʠʚʘʥʥʷ" ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦ-

ʚʘʥʝ ʜʠʩʢʨʝʪʥʝ ʧʦʜʽʻʚʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʜʝʣʴ ʟʘʧʠʪ / ʚʽʜʧʦʚʽʜʴ ʜʣʷ ʢʦʤ-

ʧ'ʶʪʝʨʥʠʭ ʘʪʘʢ, ʩʠʪʫʘʮʽʡʥʝ ʦʙʯʠʩʣʝʥʥʷ ʽ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʚʠʢʣʠʢ ʧʨʦ-

ʮʝʜʫʨ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʚ ʘʪʘʢ ʜʣʷ ʘʥʘʣʽʟʫ ʚʨʘʟʣʠʚʦʩʪʝʡ ʪʦʱʦ. 

ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ɯʉ ʻ ʟʘʭʠʱʝʥʽʩʪʴ, ʧʦʨʷʜ ʟ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢ ʥʘʜʽʡʥʽʩʪʴ, ʚʽʜʤʦʚʦʩ-

ʪʽʡʢʽʩʪʴ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʪ. ʜ. ʇʽʜ ʟʘʭʠʱʝʥʽʩʪʶ ɯʉ ʟʘʟʚʠʯʘʡ ʨʦʟʫʤʽʶʪʴ 

ʩʪʫʧʽʥʴ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʝʘʣʽʟʦʚʘʥʠʭ ʚ ʥʽʡ ʤʝʭʘʥʽʟʤʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

ʚʽʜ ʽʩʥʫʶʯʠʭ ʚ ʜʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʠʟʠʢʽʚ [1], ʧʦʚ'ʷʟʘ-

ʥʠʭ ʽʟ ʟʜʽʡʩʥʝʥʥʷʤ ʟʘʛʨʦʟ ʙʝʟʧʝʢʠ , ʱʦ ʧʦʨʫʰʫʶʪʴ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥ-

ʬʦʨʤʘʮʽʾ, ʷʢ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ, ʮʽʣʽʩʥʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ. 

ʊʠʧʦʚʘ ʤʝʪʦʜʠʢʘ ʚʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʤʝʪʦʜʽʚ [2]: 

Å ʜʦʩʣʽʜʞʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ɯʉ; 

Å ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʟʜʽʡʩʥʝʥʥʷʤ ʟʘʛʨʦʟ ʙʝʟʧʝʢʠ ʱʦʜʦ ʨʝ-

ʩʫʨʩʽʚ ɯʉ; 

Å ʘʥʘʣʽʟ ʤʝʭʘʥʽʟʤʽʚ ʙʝʟʧʝʢʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʨʽʚʥʷ ʽ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ 

ʦʨʛʘʥʽʟʘʮʽʾ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʞʠʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʘ ʪʘʢʦʞ 

ʾʭ ʘʜʝʢʚʘʪʥʦʩʪʽ ʽʩʥʫʶʯʠʤ ʨʠʟʠʢʘʤ; 

Å ʨʫʯʥʠʡ ʘʥʘʣʽʟ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʬʘʡʣʽʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʤʽʞʤʝʨʝ-

ʞʝʚʠʭ ʝʢʨʘʥʽʚ ʽ ʧʨʦʢʩʽ-ʩʝʨʚʝʨʽʚ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʫʧʨʘʚʣʽʥʥʷ ʤʽʞʤʝʨʝʞʝ-

ʚʠʤʠ ʚʟʘʻʤʦʜʽʷʤʠ, ʧʦʰʪʦʚʠʭ ʽ DNS ʩʝʨʚʝʨʽʚ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʢʨʠʪʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʅʘ ʝʪʘʧʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʘʥʘʣʽʟʫ ʚʨʘʟʣʠʚʦʩʪʝʡ 

ʽ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʚʽ ʦʩʥʦʚʥʽ 

ʛʨʫʧʠ ʤʝʪʦʜʽʚ: ʧʘʩʠʚʥʽ ʪʘ ʘʢʪʠʚʥʽ. ɸʢʪʠʚʥʝ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ 

ʧʦʣʷʛʘʻ ʚ ʝʤʫʣʷʮʽʾ ʜʽʡ ʧʦʪʝʥʮʽʡʥʦʛʦ ʟʣʦʚʤʠʩʥʠʢʘ ʧʦ ʧʦʜʦʣʘʥʥʶ ʤʝʭʘ-

ʥʽʟʤʽʚ ʟʘʭʠʩʪʫ. ʇʘʩʠʚʥʝ ʪʝʩʪʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʢʦʥʬʽʛʫʨʘʮʽʾ ʦʧʝ-

ʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ʆʉ) ʽ ʧʨʦʛʨʘʤ ʟʘ ʰʘʙʣʦʥʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʠʩʢʽʚ 

ʧʝʨʝʚʽʨʢʠ. ʊʝʩʪʫʚʘʥʥʷ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʚʨʫʯʥʫ, ʘʙʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. ɯʩʥʫʻ ʙʝʟʣʽʯ ʩʠʩʪʝʤ ʘʥʘʣʽʟʫ ʟʘʭʠ-

ʱʝʥʦʩʪʽ (ʉɸɿ), ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘ ʝʪʘʧʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, 

Retina, Internet Scanner, CyberCop Scanner, Nessus Security Scanner ʪʦʱʦ. 

ɰʭ ʦʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʻ: 
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1) ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʥʷ: "ʗʢʽ ʧʦʤʠʣʢʠ ʚ ʧʦʣʽʪʠʮʽ ʙʝʟʧʝʢʠ 

ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʚ ʧʨʦʮʝʩʽ ʩʢʘʥʫʚʘʥʥʷ?"; 

2) ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʚʨʘʟʣʠʚʦʩʪʝʡ ʜʣʷ ʬʫʥʢʮʽʦʥʫʶʯʦʾ 

ʩʠʩʪʝʤʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʨʫʰʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʢʨʝʤʦʛʦ ʩʝʨ-

ʚʽʩʫ ʘʙʦ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʽ ʪ.ʜ. 

ʉʝʨʝʜ ʤʝʪʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʉɺɺ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʥʘ-

ʧʨʷʤʢʠ: ʦʜʥʝ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʚ ʟʘʭʠʱʘʻʪʴʩʷ ʩʠʩʪʝʤʽ, 

ʘ ʽʥʰʝ - ʥʘ ʧʦʰʫʢ ʟʣʦʚʞʠʚʘʥʴ. 

ʊʨʘʜʠʮʽʡʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʟʘʙʝʟʧʝʯʠʪʠ ʛʘʨʘʥʪʦʚʘʥʠʡ ʟʘʭʠʩʪ ɯʉ ʚ 

ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʘʪʘʢ ʟʜʘʻʪʴʩʷ ʤʘʣʦʡʤʦʚʽʨʥʠʤ. ʅʝʜʦʩʢʦʥʘ-

ʣʽʩʪʴ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦ-

ʚʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯʉ ʥʝʚʽʜʦʤʽ ʘʪʘʢʠ ʜʦʣʘʶʪʴ ʛʨʘʥʠʮʽ ʧʨʦʪʠʜʽʾ ʽ ʚʯʠʥʷʶʪʴ 

ʜʝʩʪʨʫʢʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʩʠʩʪʝʤʫ. 

ʅʘʷʚʥʽʩʪʴ ʬʘʢʪʦʨʽʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʘʧʨʽʦʨʥʠʭ ʟʥʘʥʴ ʧʨʦ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʩʮʝʥʘʨʽʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʘʢʮʽʡ ʧʦʨʫʰʥʠʢʘ ʽ ʟʘʩʦʙʘʭ ʨʝʘʣʽʟʘʮʽʾ 

ʘʪʘʢ, ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʽ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ɯʉ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʽʥʢʠ ʟʘʭʠʱʝʥʦ-

ʩʪʽ ɯʉ [3].  

ʄʦʜʝʣʴ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʗʢʽʩʪʴ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ɯʉ ʤʘʻ 

ʦʙʤʝʞʝʥʫ ʪʦʯʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ. ʇʽʜʚʠʱʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʦʞ-

ʣʠʚʝ ʧʨʠ ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ɯʉ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞ ʇʝʪʨʽ [4].  

ʇʦʢʘʞʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʬʘʨʙʦʚʘʥʠʭ ʤʝʨʝʞ ʇʝʪʨʽ, 

ʤʦʜʝʣʴʦʚʘʥʠʭ ʫ ʩʠʩʪʝʤʽ CPN Tools ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ʋ ʩʠʩʪʝʤʽ ʤʦʜʝʣʶʚʘʥʥʷ CPN Tools ʨʦʟʬʘʨʙʦʚʘʥʽ ʤʝʨʝʞʽ ʇʝʪʨʽ ʷʚʣʷ-

ʶʪʴ ʩʦʙʦʶ ʢʦʤʙʽʥʘʮʽʶ ʛʨʘʬʘ ʤʝʨʝʞʽ ʇʝʪʨʽ ʪʘ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ CPN 

ML, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʜʣʷ ʦʧʠʩʫ ʘʪʨʠʙʫʪʽʚ ʝʣʝʤʝʥʪʽʚ. ʌʽʰʢʘ ʨʦʟʬʘʨʙʦ-

ʚʘʥʦʾ ʤʝʨʝʞʽ ʇʝʪʨʽ - ʝʣʝʤʝʥʪ ʘʙʩʪʨʘʢʪʥʦʛʦ ʪʠʧʫ ʜʘʥʠʭ, ʷʢʠʡ ʟʘʟʚʠʯʘʡ 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʣʴʦʨʦʤ [5]. 

ʉʪʨʫʢʪʫʨʥʦ ʤʦʜʝʣʴ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ɯʉ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʝʣʝʤʝʥʪʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.  
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ʈʠʩ. 1 - ʄʦʜʝʣʴ ʦʙʨʦʙʢʠ ʨʠʟʠʢʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʨʝʞʘ ʇʝʪʨʽ (ʨʠʩ. 1) ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 8 ʧʦʟʠʮʽʡ ʪʘ 3 ʧʝ-

ʨʝʭʦʜʽʚ. ɿʥʘʯʝʥʥʷ ʫ ʧʦʟʠʮʽʾ A one time loss ʩʠʛʥʘʣʽʟʫʻ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʧʦ-

ʪʝʥʮʽʡʥʠʭ ʧʦʨʫʰʥʠʢʽʚ ʪʘ ʻʜʠʥʦʨʘʟʦʚʽ ʟʙʠʪʢʠ ʚʽʜ ʜʽʡ ʧʦʨʫʰʥʠʢʘ, ʟʥʘ-

ʯʝʥʥʷ ʫ ʧʦʟʠʮʽʾ Total loss ï ʟʘʛʘʣʴʥʽ ʟʙʠʪʢʠ ʜʦ ʚʞʠʪʪʷ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ, 

ʥʘʷʚʥʽʩʪʴ ʬʽʰʢʠ ʫ ʧʦʟʠʮʽʾ Incident detect ʩʚʽʜʯʠʪʴ ʧʨʦ ʬʘʢʪ, ʱʦ ʽʥʮʠʜʝʥʪ 

ʚʠʷʚʣʝʥʦ ʯʝʨʝʟ ʧʨʦʤʽʞʦʢ ʯʘʩʫ IRstartTime, ʬʽʰʢʘ ʚ ʧʦʟʠʮʽʾ 

Countermeasure ʩʠʛʥʘʣʽʟʫʻ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʟʘʭʦʜʫ ʟʘʭʠʩʪʫ ʧʨʦʪʠ ʟʘʛʨʦʟʠ. 

ʇʝʨʝʭʽʜ Incident response ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ, ʱʦ ʚʞʠ-

ʚʘʶʪʴʩʷ ʟʘʭʦʜʠ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʽʥʮʠʜʝʥʪʫ, ʧʝʨʝʭʽʜ Calculatoin of losses 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʛʘʣʴʥʠʭ ʟʙʠʪʢʽʚ, ʧʝʨʝʭʽʜ Risk 

treatment ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʨʘʥʥʷ ʚʘʨʽʘʥʪʘ ʦʙʨʦʙʣʝʥʥʷ ʨʠʟʠʢʫ. 

ʋ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʦ ʪʨʠ ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʬʽʰʦʢ: ʩʪʘʥʜʘʨʪʥʠʡ ʪʠʧ 

REAL, ʷʢʠʡ ʦʧʠʩʫʻ ʨʽʚʝʥʴ ʟʙʠʪʢʽʚ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟ; ʪʠʧ SM, ʷʢʠʡ 

ʦʧʠʩʫʻ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ (ʘ ʩʘʤʝ ʾʭ ʚʘʨʪʽʩʪʴ ʪʘ ʚʽʜʩʦʪʦʢ ʥʝʟʘʭʠʱʝʥʦʩʪʽ, 

ʷʢʠʡ ʟʘʣʠʰʠʪʴʩʷ ʧʽʩʣʷ ʡʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ); ʪʠʧ E, ʷʢʠʡ ʚ ʜʘʥʽʡ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʨʤʘʣʴʥʦ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʤʦʞʣʠʚʦʩʪʽ ʬʘʢʪʫ ʚʠʷʚ-

ʣʝʥʥʷ ʽʥʮʠʜʝʥʪʫ ʙʝʟʧʝʢʠ. 

ʌʫʥʢʮʽʷ RAvoidance ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʚʠʤʦʟʽ ʫʭʠʣʝʥʥʷ ʚʽʜ ʨʠʟʠʢʽʚ, RRetention ï ʫʪʨʠʤʘʥʥʷ ʨʠʟʠʢʽʚ, 

RReduction ï  ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ. 

ʆʛʦʣʦʰʝʥʥʷ IRstartTime, ʷʢʝ ʚʠʟʥʘʯʘʻ ʯʘʩ ʚʽʜ ʤʦʤʝʥʪʫ ʥʘʩʪʘʥʥʷ ʽʥ-

ʮʠʜʝʥʪʫ ʜʦ ʡʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ, ʪʦʙʪʦ ʚʞʠʚʘʥʥʷ ʟʘʭʦʜʽʚ ʪʘ/ʘʙʦ ʟʘʩʦʙʽʚ ʟʘ-

ʭʠʩʪʫ, RACriteria ï ʢʨʠʪʝʨʽʡ ʧʨʠʡʥʷʪʪʷ ʨʠʟʠʢʽʚ, Profit ï ʧʨʠʙʫʪʦʢ ʫʩʪʘ-

ʥʦʚʠ ʟʘ ʧʝʚʥʠʤ ʧʨʦʮʝʩʦʤ ʘʙʦ ʚ ʮʽʣʦʤʫ. 

ɿʤʽʥʘ loss ʦʧʠʩʫʻ ʟʙʠʪʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʻʜʠʥʦʨʘʟʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘ-

ʛʨʦʟʠ, lossT ï ʟʘʛʘʣʴʥʽ ʟʙʠʪʢʠ, ʷʢʽ ʙʫʜʝ ʥʘʥʝʩʝʥʦ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦ ʤʦʤʝʥʪʫ 

ʚʞʠʪʪʷ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ, priceCM ï ʚʘʨʪʽʩʪʴ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, 
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efectCM ï ʥʝʙʝʟʧʝʢʘ, ʷʢʘ ʟʘʣʠʰʠʪʴʩʷ ʧʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʤʝʭʘ-

ʥʽʟʤʫ. 

ɺʠʩʥʦʚʦʢ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʨʝʞʽ ʇʝʪʨʽ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʨʘʟʣʠʚʦʩʪʝʡ ɯʉ, ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʮʽʣʽʩʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦ ʨʠʟʠʢʠ ɯɹ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʽʚ ʩʠʩʪʝʤʠ. ʄʦʜʝʣʽ, 

ʨʦʟʨʦʙʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞ ʇʝʪʨʽ ʜʘʶʪʴ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ 

ʟʘʭʠʩʪʫ ɯʉ ʽ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʟʘʛʨʦʟ ʪʘ ʟʘʪʨʘʪ ʨʝʩʫʨʩʽʚ ʥʘ ʥʘʩʣʽʜʢʠ ʚʪʦ-

ʨʛʥʝʥʴ. 
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ʧʦʣʴʟʫʝʤʳʝ ʚ ʥʠʭ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʷʚʣʷʶʪʩʷ 

ʩʣʦʞʥʳʤʠ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ, ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʥʦʦʙ-

ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʫʯʠʪʳʚʘʶʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʬʘʢ-

ʪʦʨʦʚ. ʀʟʫʯʝʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʘʢʪʫʘʣʴʥʦ ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʥʘ-

ʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʘʥʘ-

ʣʠʪʠ- ʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟʫʯʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʬʦʨʤʘʣʠ-

ʟʘʮʠʠ ʦʧʠʩʘʥʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ.  ʇʦʵʪʦʤʫ, ʥʘ 
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ʧʝʨʚʳʡ ʧʣʘʥ ʨʝʰʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʚʳʩʪʫʧʘʝʪ ʪʘʢʦʡ ʜʦ-

ʚʦʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʢʘʢ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ. 

ʆʧʠʩʘʥʠʝ ʧʨʦʙʣʝʤʳ. ʂ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤ ʦʰʠʙʢʘʤ ʚ ʧʦʩʪʨʦʝʥʠʠ ɺʉ 

ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʦʪʥʦʩʷʪʩʷ: ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʧʨʝʜ-

ʤʝʪʥʦʡ ʦʙʣʘʩʪʠ; ʥʝʪʦʯʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʦʪʦʢʦʚ 

ʜʘʥʥʳʭ ʚ ʠʟʫʯʘʝʤʳʭ ʤʦʜʝʣʷʭ; ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʪʩʫʪʩʪʚʠʝ ʵʩʢʠʟʥʳʭ ʤʘʢʝ-

ʪʦʚ ʠ ʧʨʦʪʦʪʠʧʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʀʉ). ʅʝ-

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʘʥʘ- ʣʠʟʠʨʦʚʘʥʥʳʝ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʭʦʜʥʳʭ ʩʠʛʥʘ-

ʣʦʚ ʚ ʠʥʬʦʨʤʘʮʠʦʥ- ʥʳʭ ʧʦʪʦʢʘʭ ʩʦʟʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʢ ʚʟʣʦʤʫ ʀʉ. 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʀʉ ʫʜʘʝʪʩʷ ʨʝʰʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʪʝʦʨʠʠ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘ-

ʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ. ʂʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ (ʂɸ) ð ʵʪʦ ʥʝʢʦʪʦʨʘʷ ʘʙ-

ʩʪʨʘʢʪʥʘʷ ʤʦʜʝʣʴ, ʩʦʜʝʨʞʘʱʘʷ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʩʦʩʪʦʷʥʠʡ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʦʙʲʝʢʪʘ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʣʠ ʷʚʣʝʥʠʷ. ʂɸ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʚʳʧʦʣʥʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʢʦʤʘʥʜ 

ʠʣʠ ʜʝʡʩʪʚʠʡ.  

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʢʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ (ɼʂɸ) - ʵʪʦ ʤʦʜʝʣʴ ʚʳʯʠʩ-

ʣʝʥʠʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʤʘʰʠʥʝ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʘʷ ʦʧʠ-

ʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

                               DFA:   L(DFA) = {w | 1...1}                                  (1) 

ʉʦʦʪʥʦʰʝʥʠʝ (1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ɼʂɸ ʧʨʠʥʠʤʘʝʪ ʷʟʳʢ L, ʩʦʩʪʦʷ- 

ʱʠʡ ʠʟ ʤʥʦʞʝʩʪʚʘ ʙʠʥʘʨʥʳʭ ʩʣʦʚ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪʩʷ ʩ ʩʠʤʚʦʣʘ 1 ʠ 

ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʩʠʤʚʦʣʦʤ 1. 

ɺ ʦʜʠʥ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ɼʂɸ ʪʦʣʴʢʦ ʦʜʥʦ ʩʦʩʪʦʷʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʘʢʪʠʚʥʳʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʜʝʡʩʪʚʠʡ ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ɼʂɸ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ: 

ὈὊὃ ȟὗȟήᶰὗȟὊṖὗȟ‏ȡὗ  ᴼὗ             (2) 

ʛʜʝ Q - ʤʥʦʞʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ; 

 - ʢʦʥʝʯʥʳʡ ʘʣʬʘʚʠʪ; 

ή - ʤʥʦʞʝʩʪʚʦ ʥʘʯʘʣʴʥʳʡ ʩʦʩʪʦʷʥʠʡ; 

F - ʤʥʦʞʝʩʪʚʦ ʢʦʥʝʯʥʳʭ ʩʦʩʪʦʷʥʠʡ; 

 .ʬʫʥʢʮʠʷ ʧʝʨʝʭʦʜʘ -‏

ɼʂɸ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʛʨʘʬʘ, ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʩʦ-

ʩʪʦʷʥʠʷʤʠ, ʘ ʨʝʙʨʘ ð ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʥʠʤʠ. ʂʘʞʜʦʝ ʨʝʙʨʦ ʠʤʝʝʪ 

ʤʝʪʢʫ, ʠʥʬʦʨʤʠʨʫʶʱʫʶ ʦ ʪʦʤ, ʢʦʛʜʘ ʜʦʣʞʝʥ ʧʨʦʠʟʦʡʪʠ ʧʝʨʝʭʦʜ. 

ʇʦʩʪʨʦʝʥʠʝ ʠ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚ ɺʉ. ʆʧʠʰʝʤ ʚʦʟʤʦʞʥʳʝ ʩʦʩʪʦ-

ʷʥʠʷ ʧʨʦʮʝʩʩʘ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ɺʉ. ʈʝʘʣʠʟʘʮʠʷ ɼʂɸ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʝʛʦ ʩʦʩʪʦʷʥʠʡ ʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʥʠʤʠ (ʨʠʩ. 1.1). ʂʦʜ ʩʦʩʪʦʷ-
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ʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʥʳʡ ʵʪʘʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʧʨʦʮʝʩʩʘ ʚʦ ʚʨʝʤʝʥʠ. ɺʳʜʝʣʷʶʪ ʩʝʤʴ ʵʪʘʧʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ (ʈ7) 

ʷʚʣʷʝʪʩʷ ʘʪʠʧʠʯʥʦ ʟʘʚʝʨʰʝʥʥʳʤ. 

 
 

ʈʠʩʫʥʦʢ 1.1. ʆʧʠʩʘʥʠʝ ʚʦʟʤʦʞ-

ʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʦʮʝʩʩʘ ɺʉ 

ʈʠʩʫʥʦʢ 1.2. ʊʝʩʪʠʨʦʚʘʥʠʝ 

ɼʂɸ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʪʘʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʠʩʧʦʣʴ- ʟʫʝ-

ʤʳʝ ʨʝʩʫʨʩʳ ʦʧʠʩʘʥʳ ʚ ʪʘʙʣ. 1. ʂʘʞʜʳʡ ʵʪʘʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦ-

ʮʝʩʩʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʝʨʝʭʦʜʦʚ: 

ʈ1: 0 - ʧʨʦʮʝʩʩ ʩʦʟʜʘʝʪʩʷ; 1 - ʧʨʦʮʝʩʩ ʟʘʚʝʨʰʠʣ ʩʦʟʜʘʥʠʝ ʣʦʢʘʣʴʥʦ; 

ʈ2: 0 - ʧʨʦʮʝʩʩ ʩʦʟʜʘʝʪʩʷ; 1 - ʧʨʦʮʝʩʩ ʟʘʚʝʨʰʠʣ ʩʦʟʜʘʥʠʝ ʫʜʘʣʝʥʥʦ; 

ʈ3: 0 - ʧʨʦʮʝʩʩ ʦʞʠʜʘʝʪ ʚʳʧʦʣʥʝʥʠʷ; 1 - ʧʨʦʮʝʩʩ ʟʘʢʦʥʯʠʣ ʦʞʠʜʘʪʴ 

ʚʳʧʦʣʥʝʥʠʷ; 

ʈ4: 0 - ʧʨʦʮʝʩʩ ʚ ʩʪʘʜʠʠ ʚʳʧʦʣʥʝʥʠʷ; 1 - ʧʨʦʮʝʩʩ ʧʨʠʦʩʪʘʥʦʚʠʣ ʚʳ-

ʧʦʣʥʝʥʠʝ; 

ʈ5: 0 - ʧʨʦʮʝʩʩ ʟʘʙʣʦʢʠʨʦʚʘʥ; 1 - ʧʨʦʮʝʩʩ ʨʘʟʙʣʦʢʠʨʦʚʘʥ; 

ʈ6: 0 - ʧʨʦʮʝʩʩ ʟʘʚʝʨʰʘʝʪʩʷ; 1 - ʧʨʦʮʝʩʩ ʟʘʚʝʨʰʠʣʩʷ; 

ʈ7: 0 - ʧʨʦʮʝʩʩ ʥʘ ʵʪʘʧʝ ʘʪʠʧʠʯʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ (ʟʦʤʙʠ, ʨʝʩʫʨʩʳ 

ʦʩʚʦʙʦʞʜʝʥʳ, ʦʜʥʘʢʦ PID - ʠʤʝʝʪʩʷ); 1 - ʧʨʦʮʝʩʩ ʦʩʚʦʙʦʜʠʣ PID. 

ʊʘʙʣʠʮʘ 1. ʉʦʩʪʦʷʥʠʷ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʝʩʫʨʩʳ ʧʨʦʮʝʩʩʘ ʚ ɺʉ 

ʂʦʜ ʩʦ-

ʩʪʦʷʥʠʷ 

ʧʨʦʮʝʩʩʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʵʪʘʧʘ (ʩʪʘ-

ʜʠʠ)  ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʀʩʧʦʣʴʟʫʝʤʳʝ 

ʨʝʩʫʨʩʳ 

ʂʦʜ ʨʝ-

ʩʫʨʩʘ 

P1 ʉʦʟʜʘʥʥʳʡ ʣʦʢʘʣʴʥʦ 

(Created Locally) 

Processor, 

Hard Disk 

R1 

R3 

P2 ʉʦʟʜʘʥʥʳʡ ʫʜʘʣʝʥʥʦ 

(Created Remotely) 

Processor, 

Hard Disk, 

Network 

R1 

R3 

R4 

P3 ʆʞʠʜʘʶʱʠʡ Processor, R1 
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(Waiting) Memory R2 

P4 ɺʳʧʦʣʥʷʝʤʳʡ 

(Running) 

Processor, 

Memory 

R1 

R2 

P5 ɹʣʦʢʠʨʫʝʤʳʡ 

(Blocked) 

Processor, 

Memory 

R1 

R2 

P6 ʆʢʦʥʯʘʪʝʣʴʥʳʡ 

(Terminated) 

Processor, 

Hard Disk 

R1 

R3 

P7 ɿʦʤʙʠʨʦʚʘʥʥʳʡ 

(Zombied) 

Processor, 

Hard Disk 

R1 

R3 

 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʘʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ɼʂɸ. 

ʀʩʭʦʜʷ ʠʟ (2) ʦʧʨʝʜʝʣʠʤ ʜʣʷ ʠʟʫʯʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ (ʨʠʩ. 1.1):  

 = {0, 1, 2, 3}; 

 Q = {P1, P2, P3, P4, P5, P6, P7}; 

ή= {P1, P2}; 

 F = {P6, P7}. 

ʌʫʥʢʮʠʷ  ʧʝʨʝʭʦʜʘ ‏ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 2. 

ʊʘʙʣʠʮʘ 2.ʌʫʥʢʮʠʷ ʧʝʨʝʭʦʜʘ ɼʂɸ 

ʌʫʥʢʮʠʷ 3 2 1 0 ‏ 

P1 P1 P3 P2 -- 

P2 P2 P3 -- -- 

P3 P3 P4 -- -- 

P4 P4 P5 P6 P7 

P5 P5 P3 -- -- 

P6 P6 F -- -- 

P7 P7 F -- -- 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ɼʂɸ ʪʘʢʠʭ ʢʘʢ jflap ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʜʘʥʥʳʭ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʠ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ (ʮʝʧʦʯʢʠ ʩʠʤʚʦʣʦʚ), ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʚʭʦʜ ʘʚʪʦ-

ʤʘʪʘ. ʊʘʢ, ʥʘ ʨʠʩ. 1.2 ʠʟʦʙʨʘʞʝʥʳ ʧʨʘʚʠʣʴʥʳʝ (Accept) ʠ ʦʰʠʙʦʯʥʳʝ 

(Reject) ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʩʨʝʜʝ jflap ʠ ʧʦʜʘʚʘʝ-

ʤʳʝ ʚ ʚʠʜʝ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʲʷʩʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ: 

2 0 0 1 1 0 2 - ʇʨʦʮʝʩʩ ʧʦʨʦʞʜʝʥ ʯʝʨʝʟ ʫʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ, ʜʘʣʝʝ ʯʝʨʝʟ 

ʦʞʠʜʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʠ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʦʙʳʯʥʦʤ ʨʝʞʠʤʝ. 

0 1 0 1 0 0 3 -  ʇʨʦʮʝʩʩ ʧʦʨʦʞʜʝʥ ʣʦʢʘʣʴʥʦ, ʜʘʣʝʝ ʯʝʨʝʟ ʦʞʠʜʘʥʠʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʠ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʘʪʠʧʠʯʥʦʤ ʨʝʞʠʤʝ. 

0 0 1 1 0 0 1 -  ʇʨʦʮʝʩʩ ʧʦʨʦʞʜʝʥ ʣʦʢʘʣʴʥʦ, ʜʘʣʝʝ ʯʝʨʝʟ ʦʞʠʜʘʥʠʝ ʠ 

ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʝʭʦʜʠʪ ʥʘ ʵʪʘʧ ʙʣʦʢʠʨʦʚʘʥʠʷ (ʥʝ ʩʚʦʡʩʪʚʝʥʥʦʝ ʧʨʦ-

ʮʝʩʩʫ ʟʘʚʝʨʰʝʥʠʝ ). 

ʇʦʩʣʝ ʵʪʘʧʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʮʝʧʦʯʝʢ ɼʂɸ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʩʪʨʦʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʵʩʢʠʟʥʳʤʠ ʤʘʢʝʪʘʤʠ ʠ ʧʨʦʪʦʪʠʧʘʤʠ  ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʀʉ. 

 

ʋɼʂ 004.415.52 

ʇʆɺʓʐɽʅʀɽ ʂɸʏɽʉʊɺɸ ʈɸɿʈɸɹʆʊʂʀ ʇʈʆɻʈɸʄʄʅʆɻʆ 

ʆɹɽʉʇɽʏɽʅʀʗ ɼʃʗ ʄʆɹʀʃʔʅʓʍ ʋʉʊʈʆʁʉʊɺ 

ʄ.ɺ. ʃʘʧʘ*, ɸ.ʆ. ʂʠʩʣʠʮʳʥ 

*ʏʝʨʥʠʛʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʢʨʘʠʥʘ 

 

ʇʨʦʙʣʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʩʚʷ-

ʱʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʘʚʪʦʨʦʚ ʄ. ʍʦʣʩʪʝʜʘ, ɸ.ɸʣʴʙʨʝʭʪʘ, ɹ. 

ɹʦʵʤʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʘ-

ʯʝʩʪʚʦʤ ʪʘʢʠʭ ʫʯʝʥʳʭ, ʢʘʢ ʕ. ɼʝʤʠʥʛ, ɸ.ʋ.ʐʫʭʘʨʪ, ʂ.ʀʩʠʢʘʚʘ, ɼ.ɼʞʫ-

ʨʘʥ ʠ ʜʨʫʛʠʝ. ʇʨʦʙʣʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʠ ʫʧʨʘʚʣʝʥʠʷ Iʊ-ʫʩʣʫʛʘʤʠ ʧʦʩʚʷʱʝʥʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʌ.ɹʨʫʢʩʘ, ʋ.ʍʵʤʬʨʠ, ʌ. ʂʨʘʪʯʝʥʘ, ʄ.ʇʦʣʢʘ, ʄ. ʄʶʣʣʝʨʘ, ʊ. 

ʌʝʣʤʘʥʥʘ, ʉ. ʂʘʥʘ, ɺ.ɸ.ʃʠʧʘʪʥʠʢʦʚʘ, ɺ.ʐ. ʉʫʣʘʙʝʨʠʜʟʝ, ʄ.ɸ.ɻʦʜʣʝʚ-

ʩʢʦʛʦ, ɺ.ɸ.ʐʝʭʦʚʮʦʚʘ, ɽ.ʄ.ʂʦʨʥʳʰʦʚʦʡ ʠ ʜʨ. ʆʜʥʘʢʦ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʇʆ ʜʣʷ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʝʜʠʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘ-

ʙʦʪʢʠ ʇʆ ʥʝʪ. 

ʆʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʜʫʢ-

ʪʘʤ, ʫʩʣʫʛʘʤ ʠ ʧʨʦʮʝʩʩʘʤ ʚʥʝʩʣʠ ʪʘʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʘʢ ISO[1], SEI, 

Microsoft, Oracle, CETIC, Eurostat, Apple, Google, Nokia. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ 
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ʩʪʘʥʜʘʨʪʦʚ ʰʠʨʦʢʦʛʦ ʧʨʦʬʠʣʷ, ʧʨʠʤʝʥʠʤʳʭ ʢ ʨʘʟʨʘʙʦʪʢʝ ʇʆ: ISO 

9001-2011, ʀʉʆ 9004-2010. ʀʩʧʦʣʴʟʫʶʪʩʷ ʠ  ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʪʘʥʜʘʨʪʳ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʢʦʤʧʘʥʠʠ↑, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʬʝʨʝ Iʊ-ʫʩʣʫʛ ʠ ʨʘʟʨʘ-

ʙʦʪʢʠ ʇʆ: ʙʨʠʪʘʥʩʢʠʡ ʩʪʘʥʜʘʨʪ TickIT, ʩʚʦʜ ʟʥʘʥʠʠ↑ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʧʨʦʝʢʪʘʤʠ PMBOK, ʩʪʘʥʜʘʨʪ ʀʉʆ/ʄʕʂ 20000-2010, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ Iʊ-ʫʩʣʫʛʘʤʠ, ʩʪʘʥʜʘʨʪ ʀʉʆ/ʄʕʂ 

12207-2010, ʦʧʠʩʳʚʘʶʱʠʡ ʧʨʦʮʝʩʩʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʇʨʠʤʝʥʷʶʪʩʷ ʧʦʜʭʦʜʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʢʨʫʧʥʳʤʠ ʢʦʤʧʘʥʠ-

ʷʤʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ, ʘ ʟʘʪʝʤ ʩʪʘʚʰʠʝ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ï Oracle CDM (Oracle), RUP (Rational 

Software), MSF (Microsoft). ʈʷʜ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʤʝʪʘʤʦ-

ʜʝʣʝʡ ʦʩʥʦʚʘʥʳ ʥʘ ʤʦʜʝʣʷʭ ʟʨʝʣʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ï CMMI, ʀʉʆ/ʄʕʂ 

15504 [2] ʠ ʠʭ ʘʜʘʧʪʘʮʠʠ ʜʣʷ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʢʦʤʧʘʥʠʠ↑ ï OWPL. ʅʘʯʠ-

ʥʘʷ ʩ 2007 ʛʦʜʘ ʨʳʥʦʢ ʇʆ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʦʯʝʥʴ 

ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ ʥʝ ʫʩʧʝʚʘʝʪ ʟʘ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʮʝʩʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʢʘʯʝʩʪʚʦ ʧʨʦ-

ʮʝʩʩʘ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. ɺʳʙʦʨ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʇʆ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʡ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠ-

ʥʘʜʣʝʞʥʦʩʪʠ ʇʆ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʧʦʜʢʣʘʩʩʫ [3]. ɺʳʙʨʘʥʥʘʷ ʥʦʤʝʥʢʣʘ-

ʪʫʨʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ ʥʘ ʨʘʟ-

ʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ. ʀʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʨʘʟʨʘʙʦʪʢʠ ʇʆ 

ʥʘ ʧʨʠʤʝʨʝ ʇʂ Fibiz - ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʠʥʚʝʩʪʠʮʠʡ ʥʘ ʨʳʥʢʝ 

ʙʠʥʘʨʥʳʭ ʦʧʮʠʦʥʦʚ, ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Swift 3.0 (ʨʠʩ.1).    

 
ʈʠʩ.1 - ʇʂ Fibiz  

ʅʘ ʨʠʩ.2 ʧʦʩʪʨʦʝʥʘ  ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʀʩʠʢʘʚʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʝʢʪʦʚ ʇʆ. 
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ʈʠʩ.2 - ʇʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝ-

ʬʝʢʪʦʚ ʇʆ 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ ʨʘʟ-

ʨʘʙʦʪʢʠ ʇʆ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (çWaterfall Modelè, çV-Modelè, 

çIncremental Modelè, çRAD Modelè, çAgile Modelè, çSpiral Modelè, 

çIterative Modelè). ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳ, ʥʝʪ ʝʜʠʥʩʪʚʝʥʥʦ ʚʝʨʥʦʡ ʜʣʷ 

ʚʩʝʭ ʧʨʦʝʢʪʦʚ, ʩʪʘʨʪʦʚʳʭ ʫʩʣʦʚʠʡ ʠ ʤʦʜʝʣʝʡ ʦʧʣʘʪʳ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ, ʦʧʨʝ-

ʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ ʇʆ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɸʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, ʤʝʞʜʫʥʘ-

ʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʀʉʆ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʨʤʠʥʦʣʦʛʠʷ ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ 

ʠ ʦʙʥʦʚʣʝʥʠʷ, ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʦʨʷʜʦʢ ʠ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʦʪʢʘʟʦʚ, ʧʦ-

ʩʣʝʜʩʪʚʠʡ ʠ ʢʨʠʪʠʯʥʦʩʪʠ ʦʪʢʘʟʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʪʝʛʦʨʠʠ ʪʷʞʝʩʪʠ 

ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘʟʦʚ. 
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ʋɼʂ 510.635:004.891(045) 

ɺʀʗɺʃɽʅʅʗ ɿʄɯʉʊʆɺʅʀʍ ɿɺôʗɿʂɯɺ ʋ ʊɽʂʉʊʆɺʀʍ 

ʌʈɸɻʄɽʅʊɸʍ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʃʆɻɯʂʆ-

ʃɯʅɻɺɯʉʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ 

ɸ.ɯ. ɺʘʚʽʣʝʥʢʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ʇʨʦʙʣʝʤʘ ʚʠʷʚʣʝʥʥʷ ʟʤʽʩʪʦʚʥʠʭ ʟʚôʷʟʢʽʚ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʪʝʢʩʪʦʚʠʭ 

ʜʦʢʫʤʝʥʪʘʭ ʦʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʦʢʨʝʩʣʠʣʘʩʷ ʩʴʦʛʦʜʥʽ ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʥʷ 

ʚʽʜʩʦʪʢʫ ʧʣʘʛʽʘʪʫ ʘʢʘʜʝʤʽʯʥʠʭ ʨʦʙʽʪ, ʧʦʷʚʫ ʦʜʥʦʪʠʧʥʠʭ ʩʪʘʪʝʡ ʚ ʤʝʨʝʞʽ 

ɯʥʪʝʨʥʝʪ, ʥʝʢʦʨʝʢʪʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤ ʪʘ ʽʥ. ʆʜ-

ʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ ʣʦʛʽʢʦ-ʣʽʥʛ-

ʚʽʩʪʠʯʥʽ ʤʦʜʝʣʽ [1], ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʪʘ ʘʥʘʣʽʟʫ ʷʢʠʭ ʤʦʞʥʘ ʚʠʷʚʠʪʠ 

ʣʦʛʽʯʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʨʝʯʝʥʥʷʤʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ. ʉʘʤʝ ʮʴʦʤʫ ʧʠʪʘʥʥʶ 

ʧʨʠʩʚʷʯʝʥʦ ʤʘʪʝʨʽʘʣʠ ʜʦʧʦʚʽʜʽ. 

ʊʝʢʩʪ ï ʮʝ ʦʙôʻʜʥʘʥʘ ʟʤʽʩʪʦʚʥʠʤ ʟʚôʷʟʢʦʤ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʦʚʣʝʥʥʻ-

ʚʠʭ ʦʜʠʥʠʮʴ ï ʨʝʯʝʥʴ, ʚʠʩʣʦʚʣʶʚʘʥʴ, ʘʙʟʘʮʽʚ, ʨʦʟʜʽʣʽʚ, ʜʣʷ ʷʢʦʛʦ ʭʘʨʘ-

ʢʪʝʨʥʽ ʩʪʨʫʢʪʫʨʥʘ ʪʘ ʟʤʽʩʪʦʚʥʘ ʻʜʥʽʩʪʴ, ʢʦʤʫʥʽʢʘʪʠʚʥʘ ʮʽʣʝʩʧʨʷʤʦʚʘ-

ʥʽʩʪʴ ʪʘ ʞʘʥʨʦʚʘ ʚʽʜʥʝʩʝʥʽʩʪʴ. ʉʪʨʫʢʪʫʨʥʠʡ ʧʨʠʥʮʠʧ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʢʩʪʫ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʞʠʚʘʥʥʽ ʨʦʟʜʽʣʦʚʠʭ ʟʥʘʢʽʚ ʽ ʧʦʚôʷʟʘʥʠʡ ʟʽ ʟʤʽʩʪʦʚʥʠʤ 

ʧʨʠʥʮʠʧʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʢʩʪʫ, ʦʩʢʽʣʴʢʠ ʩʪʨʫʢʪʫʨʥʦ ʟʥʘʯʫʱʽ ʯʘʩʪʠʥʠ ʻ 

ʦʜʥʦʯʘʩʥʦ ʽ ʣʦʛʽʯʥʦ ʟʥʘʯʠʤʠʤʠ [2].  

ʂʦʞʝʥ ʪʝʢʩʪ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʢʦʞʝʥ ʪʝʢʩʪʦʚʠʡ ʬʨʘʛʤʝʥʪ, ʙʫʜʫʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʧʝʚʥʦʛʦ ʪʠʧʫ ʪʝʤʘʪʠʯʥʦʛʦ ʟʚôʷʟʢʫ [3]. ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʘ ʪʘʢʦʞ 

ʧʦʧʝʨʝʜʥʶ ʪʝʟʫ ʱʦʜʦ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʟʤʽʩʪʦʚʥʦʛʦ ʧʨʠʥ-

ʮʠʧʫ ʧʦʙʫʜʦʚʠ ʪʝʢʩʪʽʚ, ʤʦʞʥʘ ʚʠʚʝʩʪʠ ʣʦʛʽʯʥʽ ʩʭʝʤʠ (ʰʘʙʣʦʥʠ) ʬʦʨʤʫ-

ʚʘʥʥʷ ʟʤʽʩʪʦʚʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʨʝʯʝʥʥʷʤʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ. 

ʅʝʭʘʡ ʪʝʢʩʪʦʚʠʡ ʬʨʘʛʤʝʥʪ t  ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ ʣʦʛʽʢʦ-

ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʝʯʝʥʴ: 
( )1 2{ , ,..., ,..., }N tSSS S

t L L L Ld= = 

1

1 1
1 1 1 1 1 1 1 1 1 1 1 1 11 1

1 1 1 1 1 1 1 1
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( )

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( ) ( )

( , , , , ) ( , , , , , )

( , , , , , , )},N t

S S N t N t N t N t N t N t N t N tN t N t
N t p N t N t N t N t N t pN t N t N t N t N t N t N tN t N t

S

z Z x g y q h r R x g y q z h

L p x g y q z r h
Í Í

= Ø Ø  

ʜʝ 
S

L µï ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʘ ʤʦʜʝʣʴ ʨʝʯʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʱʦ ʚʭʦ-

ʜʠʪʴ ʫ ʬʨʘʛʤʝʥʪ ʪʝʢʩʪʫ; 

( )N t  ï ʢʽʣʴʢʽʩʪʴ ʨʝʯʝʥʴ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʫ ʪʝʢʩʪʦʚʦʤʫ ʬʨʘʛʤʝʥʪʽ, ʧʨʠ 

ʮʴʦʤʫ 1, ( )N tµ= . 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʦ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʟʚôʷʟʢʽʚ ʤʽʞ ʣʦʛʽʢʦ-

ʣʽʥʛʚʽʩʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʨʝʯʝʥʴ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʪʝʢʩʪʦ-

ʚʠʡ ʬʨʘʛʤʝʥʪ ʽʟ ʧôʷʪʠ ʨʝʯʝʥʴ ʟ ʣʘʥʮʶʛʦʚʠʤ ʟʚôʷʟʢʦʤ.  

 
ʈʠʩ. 1. ɻʝʦʤʝʪʨʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʟʚôʷʟʢʽʚ ʤʽʞ ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʠʤʠ 

ʤʦʜʝʣʷʤʠ ʫ ʪʝʢʩʪʦʚʦʤʫ ʬʨʘʛʤʝʥʪʽ ʟ ʣʘʥʮʶʛʦʚʠʤ ʟʚôʷʟʢʦʤ 

ʗʢʱʦ ʧʽʩʣʷ ʩʠʥʪʝʟʫ ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ [4] ʜʣʷ ʬʨʘʛʤʝʥʪʫ 

ʪʝʢʩʪʫ ʦʪʨʠʤʘʥʦ ʦʜʠʥ ʽʟ ʤʘʩʠʚʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʛʦ ʻ 

ʩʫʙôʻʢʪʠ, ʦʙôʻʢʪʠ ʪʘ ʧʨʝʜʤʝʪʠ ʚʽʜʥʦʰʝʥʴ ʧʨʠ ʜʦʚʽʣʴʥʦʤʫ ʾʭ ʨʦʟʪʘʰʫ-

ʚʘʥʥʽ ʫ ʚʝʢʪʦʨʽ: 

1 1 2 3 ( ) 1 ( ){ , , ,..., ..., , },N y N tK z x y z y xµ -=  

2 1 2 3 ( ) 1 ( ){ , , ,..., ..., , },N y N tK x x z y x xµ -=  

éééééééééééééé.. 

1 2 3 ( ) 1 ( ){ , , ,..., ..., , },i N y N tK y x y y x zµ -=  

éééééééééééééé.. 

1 2 3 ( ) 1 ( ){ , , ,..., ..., , }.n N y N tK z z x x y zµ -=  
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ʜʝ 1,i n= , nï ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʢʦʤʧʦʥʝʥʪ ʣʦʛʽʢʦ-ʣʽ-

ʥʛʚʽʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʝʯʝʥʴ, ʘ ʤʘʩʠʚ 
iK KÍ ʥʘʣʝʞʠʪʴ ʜʦ ʤʥʦʞʠʥʠ 

ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʚʩʴʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʜʦʢʫʤʝʥʪʫ, ʪʦ ʫ ʬʨʘʛʤʝ-

ʥʪʽ ʚʞʠʪʦ ʣʘʥʮʶʛʦʚʠʡ ʟʚôʷʟʦʢ, ʪʦʙʪʦ ʢʦʞʥʝ ʥʘʩʪʫʧʥʝ ʨʝʯʝʥʥʷ ʟʘ ʟʤʽʩʪʦʤ 

ʪʘ ʙʫʜʦʚʦʶ ʦʙôʻʜʥʫʶʪʴʩʷ ʟ ʧʦʧʝʨʝʜʥʽʤ, ʧʦʩʪʫʧʦʚʦ ʨʦʟʚʠʚʘʶʯʠ ʜʫʤʢʫ.  

ɿʘ ʘʥʘʣʦʛʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʫʤʦʚʠ ʜʣʷ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʟʚôʷʟʢʫ ʪʘ ʚʩʽʭ ʚʠʜʽʚ ʪʝʤʘʪʠʯʥʠʭ ʧʨʦʛʨʝʩʽʡ.  
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INTRODUCTION TO EDUC ATIONAL DATA MINING   

E. Borodina, A. Kikot 

Poltava National Technical Yuri Kondratyuk University, Ukraine 

 

Educational Data Mining is a relatively new part of Data Mining. It de-

scribes a multidisciplinary research field contained Data Mining itself, Sta-

tistics, and Machine Learning, applied to Educational Systems. 

EDM is concerned with developing methods for exploring the unique and 

increasingly large-scale data that come from educational settings, and using 

those methods to better understand students, and the settings which they learn 

in.  Wherever educational information is taken (e.g., universities and intelli-

gent tutoring systems), it often has multiple levels of meaningful hierarchy, 

which often need to be determined by properties in the data itself, rather than 

in advance. Issues of time, sequence, and context also play important roles in 

this field. 

It's obvious, that both Data Mining and Educational Data Mining is seek-

ing hiding patterns, but the difference between them is, firstly, a purpose. 

http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%9629114
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EDM is striving by all means to improve educational process, to properly 

manage students, to give recommendations to lecturers, and, moreover, to get 

to the bottom of educational phenomenon by understanding how we, after all, 

truly acquire our skills and abilities.  

Ryan S. Baker and Kalina Yacef identified the following four goals of 

EDM: 

1. Predicting students' future learning behavior ï With the use of student 

modeling, this goal can be achieved by creating student models that incorpo-

rate the learnerôs characteristics, including detailed information such as their 

knowledge, behaviors and motivation to learn. The user experience of the 

learner and their overall satisfaction with learning are also measured. 

2. Discovering or improving domain models ï Through the various 

methods and applications of EDM, discovery of new and improvements to 

existing models is possible. Examples include illustrating the educational 

content to engage learners and determining optimal instructional sequences 

to support the studentôs learning style. 

3. Studying the effects of educational support that can be achieved 

through learning systems. 

4. Advancing scientific knowledge about learning and learners by build-

ing and incorporating student models, the field of EDM research and the tech-

nology and software used. 

Secondly, what sets EDM apart of DM is a quite difficult inner data se-

mantics. It includes both a few important hierarchy levels and relations be-

tween different data types.  

And thirdly, the difference is methods themselves. Apart from standard 

methods of DM (clustering, classification, regression, correlation, visualiza-

tion, statistics, association rule mining etc) EDM uses also some specific 

ones, e.g. from psychometrics. According to sources, psychometrics is a field 

of study concerned with the theory and technique of psychological measure-

ment. In EDM field it helps to divide students into groups by perception of 

information, what in turn allows adapting learning process to any student (to 

select a proper content type and arrange it in a suitable way).  

There are four main users and stakeholders involved with educational data 

mining. These include: 

1. Learners - Learners are interested in understanding student needs and 

methods to improve the learnerôs experience and performance. 

2. Educators - Educators attempt to understand the learning process and 

the methods they can use to improve their teaching methods. 

3. Researchers - Researchers focus on the development and the evalua-

tion of data mining techniques for effectiveness. 
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4. Administrators - Administrators are responsible for allocating the re-

sources for implementation in institutions. 

EDM generally consists of four phases: 

1. The first phase of the EDM process (not counting pre-processing) is 

discovering relationships in data. This involves searching through a reposi-

tory of data from an educational environment with the goal of finding con-

sistent relationships between variables. Several algorithms for identifying 

such relationships have been utilized, including classification, regression, 

clustering, factor analysis, social network analysis, association rule mining, 

and sequential pattern mining. 

2. Discovered relationships must then be validated in order to avoid 

overfitting. 

3. Validated relationships are applied to make predictions about future 

events in the learning environment. 

4. Predictions are used to support decision-making processes and policy 

decisions. 

During phases 3 and 4, data is often visualized or in some other way dis-

tilled for human judgment. 
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ʂʣʘʩʩʠʯʝʩʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʷ ʧʨʦʚʦʜʷʪ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ ʧʨʦʮʝʩʩʝ, ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠ ʧʨʦ-

ʚʝʨʠʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʧʨʦʚʝʨʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʙʦʨʦʯʥʳʭ ʜʘʥʥʳʭ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʷʜʘ 

ʥʘʙʣʶʜʝʥʠʡ, ʨʝʰʝʥʠʷ ʠʤʝʶ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʰʠʙʦʯʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʚʳ-

ʟʳʚʘʷ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ /ʚʪʦʨʦʛʦ ʨʦʜʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ ʫʚʝʣʠʯʝʥʠʝ ʚʝʨʦʷʪ-

ʥʦʩʪʠ ʦʜʥʦʡ ʠʟ ʦʰʠʙʦʢ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʜʨʫʛʦʡ, ʧʦʵʪʦʤʫ ʧʨʠʥʷʪʦ 

ʟʘʜʘʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʘ ʠʤʝʥʥʦ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦ-

ʩʪʠ. ʅʝʦʙʭʦʜʠʤʦ ʚʩʝʛʜʘ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʝʨʢʠ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʭ ʛʠʧʦʪʝʟ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʦʷʪ-

ʥʦʩʪʴʶ ʣʠʰʴ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʭ ʛʠʧʦʪʝʟ ʧʨʠʤʝʥʷʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʦʧʨʝʜʝʣʠʪʴ ʤʝʨʫ ʨʘʩʭʦʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʙʦʨʦʯʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʩ 

ʚʳʩʢʘʟʘʥʥʦʡ ʛʠʧʦʪʝʟʦʡ [1].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʘʚʠʣʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝ-

ʨʠʝʚ ʦʜʠʥʘʢʦʚʦ ʠ ʩʚʦʜʠʪʩʷ ʢ ʩʨʘʚʥʝʥʠʶ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʩ 

ʧʦʨʦʛʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʣʠʰʴ ʚ ʚʝʣʠʯʠʥʝ ʧʦʨʦ-

ʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧ-

ʣʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʦʙʳʪʠʷ. ɼʘʥʥʳʝ ʢʨʠʪʝʨʠʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝ-

ʣʠʪʴ ʠ ʫʯʝʩʪʴ ʧʦʣʥʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʦʪ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ʇʦ-

ʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʠʜʝʘʣʴʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʠ ʢʨʠʪʝʨʠʷ ʅʝʡʤʘʥʘ-

ʇʠʨʩʦʥʘ ʚ ʟʘʜʘʯʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʜ-

ʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴ ʚʳʙʦʨ ʧʦʨʦʛʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʥʬʦʨ-

ʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʦʞʠʜʘʝʤʳʭ ʧʦʪʝʨʴ ʚ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ.   

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

 

                              [ ]jmAU Ö= )ʍ/,( ʧʦʨog baj ,                         (1) 

 

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ { }0| HTP aa WÍ=  ʠ { }1| HTP ab WÎ= ; ʧʦʨʍ  ï 

ʧʦʨʦʛ ʨʘʟʜʝʣʘ ʧʨʠʟʥʘʢʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʣʘʩʩʦʚ, ,nmjm MA Í ʛʜʝ 

nmM ï ʤʘʪʨʠʮʘ ʧʦʪʝʨʴ. 

ʇʦʨʦʛ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠ ʚ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ 

ʜʦʣʞʝʥ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʪʦʯʢʦʡ (ʠʣʠ ʦʙʣʘʩʪʴʶ), ʢʦʪʦʨʘʷ ʜʝʣʠʪ ʚʝʣʠʯʠʥʫ 

ʫʱʝʨʙʘ ʧʦʧʦʣʘʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʙʫʜʫʪ ʦʪʨʘʞʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 
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ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʫʯʪʝʥʳ ʚ ʵʣʝʤʝʥʪʘʭ ʤʘʪʨʠʮʳ ʧʦʪʝʨʴ. ɺʳ-

ʙʦʨ ʧʦʨʦʛʘ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʪʨʝ-

ʙʫʝʪ ʧʦʷʩʥʝʥʠʡ (ʨʠʩ.1). 

 
ʈʠʩ.1.ɼʝʤʦʥʩʪʨʘʮʠʷ ʥʝʩʦʚʧʘʜʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʰʠʙʦʢ ʠ ʬʠ-

ʟʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʦʪ ʥʠʭ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʘ ʨʘʟʜʝʣʝʥʠʷ ʢʣʘʩʩʦʚ ʩ ʫʯʝʪʦʤ ʦʰʠʙʦʢ ʧʝʨ-

ʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʚʘʪʴ ʚʝ-

ʨʦʷʪʥʦʩʪʠ ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʨʘʩʩʯʠʪʳʚʘʪʴ ʚʝʩʦʚʳʝ ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ ʧʦʪʝʨʴ. ɺʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʪʝʨʴ ʨʝʘʣʠʟʦʚʘʥʳ ʩ ʚʝʨʦ-

ʷʪʥʦʩʪʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʰʠʙʦʢ. ʇʨʦʠʟʚʝʜʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟ-

ʤʦʞʥʳʭ ʧʦʪʝʨʴ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʵʪʠʭ ʧʦʪʝʨʴ ʧʦʟʚʦʣʠʣʦ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʦʞʠʜʘʝʤʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʙʘʟʝ ʧʘʢʝʪʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥ-

ʥʳʭ ʦʙʲʝʜʠʥʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʠ ʣʠʥʝʡʥʳʭ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ. 

ʉʣʝʜʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʅʝʡʤʘʥʘ-

ʇʠʨʩʦʥʘ ʧʦ ʪʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ [2]. 

ʄʦʜʠʬʠʢʘʮʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʘ ̫ʤʠʥʠʤʠ-

ʟʘʮʠʶ ʦʞʠʜʘʝʤʳʭ ʧʦʪʝʨʴ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʦʙʳʪʠ,̫ ʘ 

ʪʘʢʞʝ ʚʳʙʦʨʘ ʧʦʨʦʛʘ ʨʘʟʜʝʣʝʥʠʷ ʢʣʘʩʩʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʥʬʦʨʤʘʪʠʚ-

ʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʩ ʫʯʝʪʦʤ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦʪʝʨʴ ʦʪ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʀʊ, ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘ-

ʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʚʳʙʦʨʢʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ 

ʢʣʘʩʩʘʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦ-

ʛʦʚ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ ʩ ʫʯʝʪʦʤ ʫʱʝʨʙʘ ʠ ʙʝʟ ʫʯʝʪʘ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʀʊ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦ-

ʧʘʜʘʥʠʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʩ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʣʘʩʩʫ, ʥʘʭʦʞʜʝʥʠʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʤʝʞʜʫ ʚʩʝʤʠ 
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ʢʣʘʩʩʘʤʠ ʙʝʟ ʫʯʝʪʘ ʫʱʝʨʙʘ ʠ ʩ ʫʯʝʪʦʤ, ʘ ʪʘʢʞʝ  ʨʘʩʯʸʪ ʫʨʦʚʥʷ ʫʱʝʨʙʘ 

ʦʪ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ʂ ʦʩʥʦʚʥʳʤ ʵʪʘʧʘʤ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʪʥʦʩʠʪʩʷ: 

1. ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʚʳʙʦʨʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʟʙʠʝʥʠʝ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʢʣʘʩʩʳ. 

2. ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  

3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʢʘʞ-
ʜʦʛʦ ʢʣʘʩʩʘ 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥ-
ʥʦʡ ʚʳʙʦʨʢʠ. 

5. ʈʘʩʯʝʪ ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʫʯʝʪʦʤ ʫʱʝʨʙʘ. 

6. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ 
ʩ ʫʢʘʟʘʥʠʝʤ ʧʦʨʦʛʦʚ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ. 

7. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ 
ʩ ʫʢʘʟʘʥʠʝʤ ʧʦʨʦʛʦʚ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ ʩ ʫʯʝʪʦʤ ʫʱʝʨʙʘ. 

8. ɺʳʯʠʩʣʝʥʠʝ ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ ʩ ʫʯʝʪʦʤ ʫʩʪʘʥʦʚ-
ʣʝʥʥʳʭ ʧʦʨʦʛʦʚ. 

9. ɺʳʯʠʩʣʝʥʠʝ ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ ʩ ʫʯʝʪʦʤ ʫʩʪʘʥʦʚ-
ʣʝʥʥʳʭ ʧʦʨʦʛʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʟʥʘʯʝʥʠʝ ʫʱʝʨʙʘ. 

10. ɺʳʯʠʩʣʝʥʠʝ ʫʱʝʨʙʘ ʦʪ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝ-

ʣʷʪʴ ʥʝ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʷ, ʘ ʧʦʥʝʩʝʥʥʳʡ ʫʱʝʨʙ ʦʪ ʜʘʥ-

ʥʦʛʦ ʩʦʙʳʪʠʷ. ʏʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʠʪʴ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝ-

ʥʠʡ, ʪʝʤ ʩʘʤʳʤ ʧʝʨʝʚʦʜʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ (ʨʠʩ. 2).  

 

 
 

ʈʠʩ. 2. ʉʤʳʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʦʚ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠʤʠ ʢʨʠʪʝʨʠʷʤʠ ʠ ʙʝʟ 
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ʃʠʪʝʨʘʪʫʨʘ  

1. ʇʨʦʮʝʩʩ ʠ ʢʨʠʪʝʨʠʠ ʧʨʦʚʝʨʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://xreferat.com/113/1279-1-process-i-

kriterii-proverki-statisticheskih-gipotez.html 

2. ɸʣʸʰʠʥ ʉ.ʇ., ʃʷʭʦʚ ɸ.ʃ, ɹʦʨʦʜʠʥʘ ɽ.ɸ. ʅʝʡʨʦʩʝʪʝʚʘʷ ʦʮʝʥʢʘ ʧʨʝʜ-

ʤʝʪʥʳʭ ʨʠʩʢʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʚʝʣʠʯʠʥʝ ʧʨʦʛʥʦʟʘ ʧʨʝʜʦʪʚʨʘʱʝʥ-

ʥʦʛʦ ʫʱʝʨʙʘ. /ɸʣʸʰʠʥ ʉ.ʇ., .ʃʷʭʦʚ ɸ.ʃ, ɹʦʨʦʜʠʥʘ ɽ.ɸ. // ʅʘʫʯʥʳʝ ʚʝ-

ʜʦʤʦʩʪʠ ɹʝʣɻʋ (ʅʘʫʯʥʳʡ ʨʝʮʝʥʟʠʨʫʝʤʳʡ ʞʫʨʥʘʣ). ï 2014. ï ˉ21 (192) 

ï ɺʳʧʫʩʢ 32/1 ï ʉ. 142ï147. ï ɹʝʣʛʦʨʦʜ, (ʈʦʩʩʠʷ). 

 

ʋɼʂ 004.94 

ʆɹʈʆɹʂɸ ʄʋʃʔʊʀʄɽɼɯʁʅʆɰ ɯʅʌʆʈʄɸʎɯɰ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʊɽʍʅʆʃʆɻɯʁ ʆɹʈʆɹʂʀ ʅɸɼɺɽʃʀʂʀʍ 

ʄɸʉʀɺɯɺ ɯʅʌʆʈʄɸʎɯɰ ʊɸ ʊɽʍʅʆʃʆɻɯɰ NVIDIA CUDA 

ɺ.ʄ. ʈʦʤʘʥʯʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ ñʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨ-

ʩʴʢʦʛʦò ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʫʧ-

ʨʘʚʣʽʥʥʷ, ʋʢʨʘʾʥʠ 

 

ɺʩʪʫʧ. ʇʨʦʙʣʝʤʘ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʟ ʢʦʞʥʠʤ ʜʥʝʤ ʩʪʘʻ ʚʩʝ ʛʦ-

ʩʪʨʽʰʦʶ ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʟ ʢʦʞʥʠʤ ʜʥʝʤ ʟʨʦʩʪʘʻ ʚʩʝ ʰʚʠ-

ʜʰʝ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ Apache Spark ʪʘ NVIDIA 

CUDA ʜʣʷ ʦʙʨʦʙʢʠ ʛʨʘʬʽʯʥʦʾ ʪʘ ʤʫʣʴʪʠʤʝʜʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚʠʨʽ-

ʰʝʥʥʷ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ.. 

ɿʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

- ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʩʪʝʢ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ 
ʥʘʜʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʽʥʬʦʨʤʘʮʽʾ. 

- ʚʠʢʦʥʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʢʦʤʧʣʝʢʩʫ ʟʘʜʘʯ 
ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙʣʠʯ ʥʘ ʦʩʥʦʚʽ ʚʽʜʝʦʨʷʜʫ ʯʠ 

ʦʢʨʝʤʠʭ ʛʨʘʬʽʯʥʠʭ ʬʘʡʣʽʚ 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʽʟ ʟʙʝʨʝʞʝʥʠʤʠ ʰʘʙʣʦʥʘʤʠ ʚʠ-

ʢʦʨʠʩʪʘʻʤʦ ʚʽʜʩʪʘʥʴ ʍʝʤʽʥʛʘ. ɺ ʷʢʦʩʪʽ ʧʦʨʽʚʥʶʚʘʥʠʭ ʚʝʢʪʦʨʽʚ ʚʠʢʦʨʠʩ-

ʪʘʻʤʦ ʚʝʢʪʦʨʠ ʢʣʶʯʦʚʠʭ ʨʠʩ ʦʙʣʠʯ ʚʠʟʥʘʯʝʥʽ ʟʘ ʤʝʪʦʜʦʤ ɺʘʭʽʜʦʤ ʂʘ-

ʟʝʤʽ ʪʘ ɼʞʦʟʝʬʽʥ ʉʘʣʣʽʚʘʥ [1]. 

ʋ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʻʤʦ ʙʽʙʣʽʦʪʝʢʫ OPENCV ʟ 

ʧʽʜʪʨʠʤʢʦʶ NVIDIA  CUDA ʪʘ Apache Spark. NVIDIA  CUDA ʟʘʨʝʢʦʤʝ-

ʥʜʫʚʘʣʘ ʩʝʙʝ ʷʢ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʘ ʪʝʭʥʦʣʦʛʽʷ [1]. 
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ʇʨʦʛʨʘʤʥʘ ʢʦʤʧʦʥʝʥʪʘ OPENCV ʟ ʧʽʜʪʨʠʤʢʦʶ NVIDIA CUDA ʚʠ-

ʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʜʘʯ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ.  ɺ ʥʘ-

ʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ Kʨʦʢʠ 0-2.  ʂʨʦʢʠ 0-2 ʚʠʤʘʛʘʶʪʴ ʦʙʨʦʙʢʫ ʧʦʪʦʢʫ ʟʦ-

ʙʨʘʞʝʥʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ.  

ʆʧʠʩ ʘʣʛʦʨʠʪʤʫ 

ʂʈʆʂ 0. ʆʙʯʠʩʣʠʪʠ ʚʝʢʪʦʨʠ ʢʣʶʯʦʚʠʭ ʨʠʩ ʜʣʷ ʦʙʣʠʯ, ʷʢʽ ʚʽʜʦʤʽ ʩʠ-

ʩʪʝʤʽ 

ʂʈʆʂ 1. ɿʥʘʡʪʠ ʦʙʣʠʯʯʷ ʥʘ ʚʭʽʜʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ 

ʂʈʆʂ 2. ɼʣʷ ʢʦʞʥʦʛʦ ʟʥʘʡʜʝʥʦʛʦ ʦʙʣʠʯʯʷ ʨʦʟʨʘʭʫʚʘʪʠ ʚʝʢʪʦʨ ʢʣʶ-

ʯʦʚʠʭ ʨʠʩ. 

ʂʈʆʂ 3 ɼʣʷ ʢʦʞʥʦʛʦ ʽʟ ʦʙʯʠʩʣʝʥʠʭ ʚʝʢʪʦʨʽʚ ʟʥʘʡʪʠ ʚʝʢʪʦʨ ʚʽʜʦʤʦʛʦ 

ʦʙʣʠʯʯʷ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʚʽʜʩʪʘʥʥʶ ʍʝʤʽʥʛʘ. 

ʂʈʆʂ 4 ɺʠʢʦʥʘʪʠ ʧʦʩʪʦʙʨʦʙʢʫ ʧʦʪʦʢʫ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʣʠʯʯʷ, ʧʦ ʧʘʨʘʤʝʪʨʘʤ, ʟʥʘʡʜʝʥʠʤ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʢʨʦʢʘʭ. 

 ʂʈʆʂ 5 ɺʠʜʘʯʘ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʷʢʱʦ ʦʙʣʠʯʯʷ ʢʣʘʩʠʬʽʢʦʚʘʥʝ. 

ʂʨʦʢ 3-5 ʥʝ ʚʠʤʘʛʘʻ ʨʦʙʦʪʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʊʦʤʫ ʮʽ ʢʨʦʢʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ  Apache Spark Stream. ʇʝʨʝʚʘʛʠ 

ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ: ʚʽʜʢʨʠʪʽʩʪʴ, ʚʠʩʦʢʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʚʠʩʦʢʘ ʧʨʦʜʫʢ-

ʪʠʚʥʽʩʪʴ.  

ʅʘʚʝʜʝʤʦ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ OPENCV ʟ CUDA ʪʘ ʙʝʟ ʥʴʦʛʦ.  

 
 

ʈʠʩʫʥʦʢ 1 - ʐʚʠʜʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙʣʠʯ ʥʘ ʦʩʥʦʚʽ ʙʽʙʣʽʦ-

ʪʝʢʘ OPENCV ʟ CUDA ʪʘ ʙʝʟ ʥʴʦʛʦ (ʚ ʤʽʣʽʩʝʢʫʥʜʘʭ) 

ɺʠʩʥʦʚʢʠ. ɺ ʷʢʦʩʪʽ ʚʠʨʽʰʫʚʘʥʦʾ ʟʘʜʘʯʽ ʦʙʨʘʥʦ ʟʘʜʘʯʫ ʢʣʘʩʠʬʽʢʘʮʽʾ 

(ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ). ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʚʠʢʦʨʠʩʪʘʥʘ ʙʽʙʣʽʦʪʝʢʘ 

OPENCV ʪʘ ʪʝʭʥʦʣʦʛʽʷ Apache Spark. ɺʠʢʦʥʘʥʽ ʟʘʤʽʨʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ CUDA ʜʘʻ ʟʥʘʯʥʠʡ ʧʨʠʨʽʩʪ ʫ ʰʚʠʜʢʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ɸʨ-

ʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʣʝʛʢʦ ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʪʘ ʭʘʨʘʢʪʝʨʠ-

ʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ. 
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ʃʽʪʝʨʘʪʫʨʘ 

1.ʖ.ʆ. ʆʣʽʡʥʠʢ, ɸ.ɯ. ʉʣʶʥʴʢʦ, ɺ.ɺ. ɿʘʜʚʝʨʥʶʢ. ʈɽɸʃɯɿɸʎɯʗ 

ʄɽʊʆɼʋ Xʆʃʔʊɸ-ʋɯʅʊɽʈʉɸ ʅɸ ʆʉʅʆɺɯ ʊɽʍʅʆʃʆɻɯɰ NVIDIA 

CUDA ʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ. ʄʆɼʉ 2015 : 

ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ɼʝʩʷʪʦʾ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ  ʢʦʥʬʝʨʝʥʮʽʾ 

(ʏʝʨʥʽʛʽʚ, 22-26 ʯʝʨʚʥʷ 2015 ʨ.) / ʄ-ʚʦ  ʦʩʚ. ʽ ʥʘʫʢ. ʋʢʨʘʾʥʠ, ʅʘʮ. ɸʢʘʜ. 

ʥʘʫʢ ʋʢʨʘʾʥʠ, ɸʢʘʜʝʤʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʋʢʨʘʾʥʠ, ɯʥʞʝʥʝʨʥʘ ʘʢʘʜʝ-

ʤʽʷ ʋʢʨʘʾʥʠ ʪʘ ʽʥ. ï ʏʝʨʥʽʛʽʚ : ʏʅʊʋ, 2015 ʉʪ.. 295-297 

 

ʋɼʂ 004.41 

ʇʈʆɽʂʊʋɺɸʅʅʗ ɸʈʍɯʊɽʂʊʋʈʀ ʉʀʉʊɽʄʀ ɺʀʗɺʃɽʅʅʗ 

ɺʊʆʈɻʅɽʅʔ ʅɸ ʆʉʅʆɺɯ UML ɼɯɸɻʈɸʄʀ 

ɯ.ʉ. ʉʢʽʪʝʨ, ɯ.ɸ. ɹʫʨʤʘʢʘ,  

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʐʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʥʦʩʠʪʴ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ 

ʧʨʦʙʣʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʚ ʤʝʨʝʞʘʭ. ɿʘʩʦʙʽʚ ʷʢʽ 

ʤʦʛʣʠ ʙ ʩʪʦʚʽʜʩʦʪʢʦʚʦ ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ ʥʝʤʘʻ, ʧʨʦʪʝ ʚʮʽʣʦʤʫ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʨʽʰʝʥʴ ʟʜʘʪʥʝ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ 

ʟʘʭʠʱʝʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʤʝʨʝʞ ʪʘ ʧʦʷʚʘ ʥʦʚʠʭ 

ʚʠʜʽʚ ʟʘʛʨʦʟ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʦʚʠʭ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʪʘ ʫʥʽʚʝʨ-

ʩʘʣʴʥʠʭ ʩʠʩʪʝʤ [1]. 

ʅʘʷʚʥʽʩʪʴ ʚʝʣʠʢʠʭ ʨʦʟʛʘʣʫʜʞʝʥʠʭ ʤʝʨʝʞ ʨʦʙʠʪʴ ʥʝʤʦʞʣʠʚʠʤ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʧʦʚʥʽʩʪʶ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʤʝʨʝʞʽ ʪʘ 

ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ Host-based ʟʘʩʦʙʽʚ [2]. 

ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʤʝʨʝʞʽ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ  ʤʘʪʠ ʤʦʞ-

ʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶ ʷʢ ʥʘʜ ʚʭʽʜʥʠʤʠ ʪʦʯʢʘʤʠ ʤʝʨʝʞʽ, ʪʘʢ ʽ ʥʘʜ 

ʧʨʦʤʽʞʥʠʤʠ ʚʫʟʣʘʤʠ ʚ ʤʝʨʝʞʽ. ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʫ ʚʠʧʘʜʢʫ ʟʘʛʨʦʟʠ 

ʯʘʩʪʢʦʚʦ ʯʠ ʧʦʚʥʽʩʪʶ ʟʘʙʣʦʢʫʚʘʪʠ ʧʝʚʥʠʡ ʩʝʛʤʝʥʪ ʤʝʨʝʞʽ ʘʙʦ ʚʽʜʢʣʶ-

ʯʠʪʠ ʤʝʨʝʞʫ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʟʘʛʨʦʟ [4]. ʇʨʠ ʮʴʦʤʫ ʨʦʟʧʦʜʽʣʝʥʽ ʬʨʘʛʤʝʥʪʠ 

ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʷʢ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʘʚʪʦʥʦʤʥʦ (ʜʣʷ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʟʘʭʠʩʪʫ ʫ ʚʠʧʘʜʢʫ ʧʨʦʙʣʝʤ ʫ ʨʦʙʦʪʽ ʤʝ-

ʨʝʞʽ), ʪʘʢ ʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʚôʷʟʢʫ ʟ ʽʥʰʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʜʣʷ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʦʙʤʽʥʫ ʩʣʫʞʙʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʚʟʘʻʤʥʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʧʨʦ ʤʦʞʣʠʚʽ ʟʘʛʨʦʟʠ. ʊʘʢʠʤ ʚʠʤʦʛʘʤ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʧʦʜʽʣʝʥʘ ʤʫʣʴʪʠʘ-

ʛʝʥʪʥʘ ʩʠʩʪʝʤʘ [3]. 

ʂʦʞʝʥ ʘʛʝʥʪ ʩʠʩʪʝʤʠ ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʚʟʘʻʤʦʜʽʷʪʠ ʷʢ ʟ ʽʥʰʠʤʠ ʘʛʝʥ-

ʪʘʤʠ, ʪʘʢ ʽ ʟ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʩʠʩʪʝʤʠ. ɹʘʟʦʚʽ ʩʮʝʥʘʨʽʾ ʚʟʘʻʤʦʜʽʾ ʢʦʞʥʦʛʦ 

ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ ʘʛʝʥʪʘ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1. 
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ʇʨʠ ʮʴʦʤʫ ɸʜʤʽʥʽʩʪʨʘʪʦʨ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʧʨʘʢʪʠʯʥʦ 

ʙʫʜʴ-ʷʢʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ɸ ʤʽʞʘʛʝʥʪʥʘ ʚʟʘʻʤʦʜʽʷ ʧʝʨʝʜʙʘʯʘʻ 

ʣʠʰʝ ʦʙʤʽʥ ʦʥʦʚʣʝʥʥʷʤʠ ʩʠʛʥʘʪʫʨ ʪʘ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʤʦʞʣʠʚʽ ʟʘʛʨʦʟʠ 

ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʾʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ.  

ʗʢʱʦ ʞ ʨʦʟʛʣʷʥʫʪʠ ʚʟʘʻʤʦʜʽʶ ʘʛʝʥʪʘ ʟ ʤʝʨʝʞʝʶ, ʪʦ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʧʽʜʢʦʥʪʨʦʣʴʥʽ ʘʛʝʥʪʫ LAN ʤʦʥʽʪʦʨʠ ʜʣʷ ʟʘʭʦʧʣʝʥʥʷ ʪʨʘʬʽʢʫ ʚ ʤʝʨʝʞʽ 

(ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʦʪʨʽʙʥʦ ʪʘʢʦʞ ʧʨʘʚʠʣʴʥʦ 

ʥʘʣʘʰʪʫʚʘʪʠ ʤʝʨʝʞʝʚʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦʙ ʪʨʘʬʽʢ ʜʟʝʨʢʘʣʶʚʘʚʩʷ ʥʘ  LAN 

ʤʦʥʽʪʦʨʠ), ʪʘ ʧʽʜʢʦʥʪʨʦʣʴʥʽ ʘʛʝʥʪʫ ʤʽʞʤʝʨʝʞʝʚʽ ʝʢʨʘʥʠ, ʟʘʚʜʷʢʠ  ʷʢʠʤ 

ʩʪʘʻ ʤʦʞʣʠʚʝ ʙʣʦʢʫʚʘʥʥʷ. 

 
ʈʠʩ. 1. ʉʮʝʥʘʨʽʾ ʚʟʘʻʤʦʜʽʾ ʘʛʝʥʪʘ ʩʠʩʪʝʤʠ. 

ɺʥʫʪʨʽʰʥʷ ʞ ʙʫʜʦʚʘ ʘʛʝʥʪʘ (ʨʠʩ. 2) ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘ-

ʮʴʢʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʘʥʦʤ ʩʠʩʪʝʤʠ ʪʘ ʥʘʣʘʰʪʫ-

ʚʘʥʥʷ ʷʢ ʧʦʚʝʜʽʥʢʠ ʦʢʨʝʤʦʛʦ ʘʛʝʥʪʘ, ʪʘʢ ʽ ʩʠʩʪʝʤʠ ʚʮʽʣʦʤʫ. 

ʄʦʜʫʣʴ ʩʧʦʚʽʱʝʥʥʷ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ  ʥʘʜʩʠʣʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʘʙʦ ʚʪʦʨʛ-

ʥʝʥʥʷ ʚ ʤʝʨʝʞʽ.  

ʄʦʜʫʣʴ ʦʙʨʦʙʢʠ ʪʘ ʚʠʷʚʣʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʙʨʦʙʢʫ ʟʘʭʦ-

ʧʣʝʥʦʛʦ ʤʝʨʝʞʝʚʠʤʠ ʤʦʥʽʪʦʨʘʤʠ ʪʨʘʬʽʢʫ ʪʘ ʡʦʛʦ ʘʥʘʣʽʟ ʷʢ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʩʠʛʥʘʪʫʨʥʠʭ ʤʝʪʦʜʽʚ, ʪʘʢ ʽ ʤʝʪʦʜʘʤʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ (ʥʘ ʦʩʥʦʚʽ 

ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʤʝʨʝʞʽ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ). 
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ʈʠʩ 2. ɼʽʘʛʨʘʤʘ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʜʣʷ ʘʛʝʥʪʘ ʩʠʩʪʝʤʠ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʚʠ-

ʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʜʣʷ 

ʟʘʭʠʩʪʫ ʷʢ ʚʝʣʠʢʠʭ ʤʝʨʝʞ, ʪʘʢ ʽ ʤʝʨʝʞ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ. ʇʨʠ ʮʴʦʤʫ ʤʦ-

ʜʫʣʴʥʘ ʙʫʜʦʚʘ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʪʴ ʜʦʧʦʚʥʶʚʘʪʠ ʾʾ ʬʫʥʢʮʽʦʥʘʣ, ʘ ʤʫʣʴ-

ʪʠʘʛʝʥʪʥʽʩʪʴ ʜʦʟʚʦʣʠʪʴ ʰʚʠʜʢʦ ʤʘʩʰʪʘʙʫʚʘʪʠ ʩʠʩʪʝʤʫ ʫ ʚʠʧʘʜʢʫ ʨʦʟ-

ʰʠʨʝʥʥʷ ʤʝʨʝʞʽ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʾʾ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ. 
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ʋɼʂ 004.043  

ɺʀʂʆʈʀʉʊɸʅʅʗ ʌʋʅʂʎɯɰ ʌʋʈʔɭ ɼʃʗ ɺʀʗɺʃɽʅʅʗ 

ʄɽʈɽɾɽɺʀʍ ɸʅʆʄɸʃɯʁ  

ɯ.ʉ. ʉʢʽʪʝʨ1, ɼ.ʆ.ɻʦʨʦʰʢʦ2, ɽ.ʇ.ʉʽʜʽʥ2 
1 ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

2 ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʮʝʥʪʨ ʟʙʨʦʡʥʠʭ ʩʠʣ ʋʢʨʘʾʥʠ 

 

ɿʘʩʪʦʩʦʚʫʚʘʥʽ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʪʘ ʟʘʧʦʙʽʛʘʥʥʽ ʤʝʨʝʞʝʚʠʭ ʘʥʦʤʘʣʽʡ ʤʝ-

ʪʦʜʠ ʟʚʦʜʷʪʴʩʷ ʜʦ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨ [1] ʪʘ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ  ʩʪʘʪʠʩʪʠʯ-

ʥʠʤʠ ʤʝʪʦʜʘʤʠ [2]. 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʠʥʘʤʽʯʥʠʭ ʨʷʜʽʚ ʜʘʥʠʭ 

ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʪʨʘʬʽʢʫ ʤʝʨʝʞʽ. ʇʝʨʝʚʘʛʦʶ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʪʨʘʬʽʢʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʧʣʠʚʫ ʥʘ ʢʦʤʧôʶʪʝʨʥʫ 

ʤʝʨʝʞʫ. 

ʄʝʪʦʜʠ ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴ-

ʥʦʾ ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ, ʪʘʢ ʷʢ ʚ ʾʭ ʦʩʥʦʚʫ ʧʦʢʣʘʜʝʥʠʡ ʧʨʠʥ-

ʮʠʧ ʜʝʢʦʤʧʦʟʠʮʽʾ ʜʠʥʘʤʽʯʥʦʛʦ ʨʷʜʫ, ʷʢʠʡ ʧʽʜʣʷʛʘʻ ʘʥʘʣʽʟʫ [3]. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ 

ʚʠʛʣʷʜʽ ʩʫʧʝʨʧʦʟʠʮʽʾ ʪʨʴʦʭ ʢʣʘʩʽʚ ʩʢʣʘʜʦʚʠʭ - ʪʨʝʥʜʫ )( ittr ,ʧʝʨʽʦʜʠʯ-

ʥʦʾ ʩʢʣʘʜʦʚʦʾ )( itC  , ʘʥʦʤʘʣʽʾ   )( itA . 

ɸʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʦʛʦ ʚʝʡʚʣʝʪïʘʥʘʣʽʟʫ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘ-

ʬʽʢʫ [4] ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʦʙʩʷʛʫ ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʙʘʡʪʘʭ, ʢʽʣʴ-

ʢʽʩʪʴ ʧʝʨʝʜʘʥʠʭ ʧʘʢʝʪʽʚ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʮʝʩʦʨʘ ʪʦʱʦ ʟʘ ʧʝʚʥʠʡ ʽʥʪʝʨ-

ʚʘʣ ʯʘʩʫ itD . ɺʝʡʚʣʝʪ-ʤʦʜʝʣʴ  ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 ä ä+=
t t

tttt yj
, ,

,,,, )()()(
k k

ikkikki tdtbtY , ¤=,1,tk        (1) 

ʜʝ, )(, ik ttj  - ʤʘʩʰʪʘʙʫʶʯʘ ʬʫʥʢʮʽʷ, ʬʫʥʢʮʽʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʤʝʨʝʞʝ-

ʚʦʛʦ ʪʨʘʬʽʢʫ; 

)(, ik tty - ʚʝʡʚʣʝʪ-ʬʫʥʢʮʽʷ, ʜʝʪʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʽ ʡʦʛʦ 

ʣʦʢʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ; 

t,kb  , t,kd  - ʘʧʨʦʢʩʠʤʫʶʯʽ ʽ ʜʝʪʘʣʽʟʫʶʯ ̔ʢʦʝʬʽʮʽʻʥʪʠ ʟ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʘʩʰʪʘʙʫkʪʘ ʟʩʫʚʫt. 

ɸʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʦʛʦ ʚʝʡʚʣʝʪïʘʥʘʣʽʟʫ ʤʝʨʝʞʝʚʦʛʦ 

ʪʨʘʬʽʢʫ ʟʘʙʝʟʧʝʯʫʻ ʧʦʢʨʘʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʤʝ-

ʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ.  
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ʇʨʠ ʦʙʛʨʫʥʪʦʚʘʥʦʤʫ ʪʘ ʢʦʨʝʢʪʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʷʜʫ ʌʫʨʴʻ ʷʢ 

ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʬʫʥʢʮʽʾ ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʘʩʪʴ ʟʤʦʛʫ ʧʨʦʚʦʜʠʪʠ ʟ ʤʽʥʽʤʘʣʴ-

ʥʠʤʠ ʟʘʪʨʘʪʘʤʠ ʨʝʩʫʨʩʽʚ ʧʨʦʮʝʜʫʨʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʪʘ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʪʨʘʬʽʢʫ ʟʘ ʚʠʙʨʘʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ itD .  

ɿʛʽʜʥʦ ʟ (2) ʚʝʡʚʣʝʪ-ʤʦʜʝʣʴ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʬʫʥʢʮʽʶ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ 

ʬʫʥʢʮʽʶ ʜʝʪʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ. ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʬʫʥʢʮʽʾ ʨʷʜʫ ʌʫʨʴʻ: 
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      k  - ʧʦʨʷʜʦʢ ʚʝʡʚʣʝʪʫ, ʛʘʨʤʦʥʽʢʘ ʨʷʜʫ ʌʫʨʴʻ; 

      N  - ʜʦʚʞʠʥʘ ʧʝʨʽʦʜʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʪʨʘʬʽʢʫ; 

      )( itT  - ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʫ ʪʨʘʬʽʢʫ ʟʘ ʜʝʪʘʣʽʟʫʶʯʠʡ ʧʝʨʽʦʜ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ  ʨʷʜʫ ʌʫʨʴʻ ʚ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʘʻ ʤʦʞ-

ʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʩʭʦʞʽʩʪʴ ʯʠ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʨʽʟʥʠʭ ʜʠʩʢʨʝʪʠʟʦʚʘ-

ʥʠʭ ʯʘʩʪʠʥʘʭ ʪʨʘʬʽʢʫ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ çʽʜʝ-

ʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶè ʟ ʨʝʘʣʴʥʠʤ ʪʨʘʬʽʢʦʤ [5]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʘ ʥʘ ʚʠʷʚʣʝʥʥʷ 

ʘʥʦʤʘʣʽʡ ʙʫʣʦ ʚʟʷʪʦ ʣʦʛ ï ʬʘʡʣ ʩʘʡʪʫ ʬʦʨʫʤʫ (zadrots.ua). ʃʦʛïʬʘʡʣ ʤʽ-

ʩʪʠʪʴ ʙʽʣʴʰʝ 1 000 000 ʟʘʧʠʩʽʚ ʽ ʚʢʣʶʯʘʻ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ )( itT ʪʘ ʯʘʩ 

it . ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʦʙʨʘʥʠʡ ʜʦʙʦʚʠʡ ʽʥʪʝ-

ʨʚʘʣ t=24 ʛʦʜ. ʟ ʧʦʛʦʜʠʥʥʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʻʶ ʪʨʘʬʽʢʫ. ʐʠʨʠʥʘ ʚʝʡ-

ʚʣʝʪʫ ʩʢʣʘʜʘʻ N=6 ʛʦʜ. 

 ʇʝʨʽʦʜ ʜʦʙʦʚʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ   ʨʦʟʙʠʪʠʡ ʧʦʛʦʜʠʥʥʦ  ʥʘ 4 ʧʝʨʽʦʜʠ: 

[ ]00.1200.061 -ÍN , ] ]00.1800.122 -ÍN ,  ] ]00.2400.183 -ÍN , 

] ]00.0600.244 -ÍN . 

ɼʠʩʢʨʝʪʠʟʦʚʘʥʠʡ ʪʨʘʬʽʢ ʟʘ 4 ʜʦʙʠ (96 ʛʦʜʠʥ), ʧʦʛʦʜʠʥʥʦ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʡ ʥʘ ʨʠʩ.1. 
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ʈʠʩ.1. ɼʠʩʢʨʝʪʠʟʦʚʘʥʠʡ  ʪʨʘʬʽʢ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʝʨʝʞʽ  ʟʘ ʧʝʨʽʦʜ 

24.01.2017ʨ. - 27.01.2017ʨ. 

ɸʧʨʦʢʩʠʤʘʮʽ ̫ ʜʠʩʢʨʝʪʠʟʦʚʘʥʦʛʦ ʪʨʘʬʽʢʫ ʧʨʦʚʝʜʝʥʘ ʜʣʷ k -ʾ ʛʘʨ-

ʤʦʥʽʢʠ  ʨʷʜʫ ʌʫʨʴʻ (¤=,1k ) ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʽ 

ʜʝʪʘʣʽʟʫʶʯʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 
t,kb  , t,kd   ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʩʰʪʘʙʫkʪʘ 

ʟʩʫʚʫt, ʩʠʥʪʝʟʦʤ ʤʘʩʰʪʘʙʫʶʯʦʾ ʬʫʥʢʮʽʾ ʚʠʜʫ (4) ʪʘ ʨʦʟʨʘʭʫʥʢʦʤ ʪʨʝʥ-
ʜʦʚʠʭ ʨʽʚʥʽʚ ʚʝʡʚʣʝʪ-ʤʦʜʝʣʽ.  

ʇʨʦʮʝʩ ʚʠʙʦʨʫ ʚʝʡʚʣʝʪʫ, ʷʢʠʡ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʦʚʽʨʥʦ ʚʽʜʦʙʨʘʞʘʻ 

ʨʝʘʣʴʥʠʡ ʪʨʘʬʽʢ ʻ ʽʪʝʨʘʮʽʡʥʠʤ ʽ ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ  k =1, k =2, k=3,é.. 

k =m  ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʧʦʭʠʙʢʠ ʘʧʨʦʢʩʠʤʘʮʽʾ. ʂʨʠ-

ʪʝʨʽʻʤ ʟʫʧʠʥʢʠ ʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ks   

ɼʣʷ ʘʜʘʧʪʘʮʽʾ ʚʝʡʚʣʝʪïʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦ  ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʘ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʪʝʭʥʽʢʘ ʜʚʦʭ ʚʽʢʦʥ:  W1(ʚʽʢʥʦ ʧʦʨʽʚʥʷʥʥʷ) ʽ W2(ʚʽʢʥʦ ʚʠʷʚ-

ʣʝʥʥʷ). ɺʽʢʥʦ ʧʦʨʽʚʥʷʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʡ ʨʝʘʣʴʥʠʡ 

ʪʨʘʬʽʢ, ʦʪʨʠʤʘʥʠʡ ʟ ʣʦʛ-ʬʘʡʣʫ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʝʨʽʦʜʽʚ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, 

ʚʽʢʥʦ ʚʠʷʚʣʝʥʥʷ ï ʪʨʝʥʜʦʚʽ ʟʥʘʯʝʥʥʷ ʪʨʘʬʽʢʫ ʜʣʷ ʥʘʡʢʨʘʱʦʛʦ ʚʝʡʚʣʝʪʫ 

(ůk=min).  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʬʽʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʫ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2. 
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a                                                          b 

ʈʠʩ.2. ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʟʘ ʘʥʘʣʽʟʦʤ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʬʫʥʢʮʽʾ ʌʫʨʴʻ: 

a- [ ]00.1200.061 -ÍN , b - ] ]00.1800.122 -ÍN ,  

 

ʇʦʧʝʨʝʜʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʘʥʦʤʘʣʽʾ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ ʟʦʥʘʤʠ, 

ʚ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʚʠʱʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʪʨʘʬʽʢʫ ʥʘʜ ʨʝʘʣʴ-

ʥʠʤ. 
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1. Denning Dorothy. An Intrusion-Detection Model. IEEE Transactions on 

Software Engineering, 1987, Vol. SE-13, No. 2. p.222-232. 

2. Amoroso Edward G., Intrusion Detection, 1st ed., Intrusion.Net Books, 

Sparta, New Jersey, USA, 1999, ʨ.218. 

3. Paul Barford, Jeffery Kline, David Plonka and Amos Ron. A Signal Anal-

ysis of Network Traffic Anmalies / in Proceedings of the 2nd ACM 

SOGCOMM Workshop on Internet Measurement/ New York, NY, USA, 

ISBN:1-58113-603-X. Pp.71-82. 

4. ʉʢʽʪʝʨ ɯ.ʉ., ɹʘʣʴʯʝʥʢʦ ɯ.ɺ. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʘʥʦʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʪʨʘʬʽʢʫ ʢʦʤʧʴʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ EWMA-ʩʪʘʪʠʩʪʠʢʠ. ʇʝʨʰʘ 

ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ INUDECOô16 25-27 ʢʚʽʪʥʷ 2016 ɿʙʽʨʢʘ ʤʘ-

ʪʝʨʽʘʣʽʚ.  ʉʣʘʚʫʪʠʯ,: ʉʌ ʅʊʋʋ çʂʇɯè. ʉ.171-178.  

5. ʃʠʪʚʠʥʦʚ ɺ.ɺ., ʂʘʟʠʤʠʨ ɺ.ɺ., ʉʪʝʮʝʥʢʦ ɯ.ɺ., ʊʨʫʥʦʚʘ ʆ.ɺ., ʉʢʽʪʝʨ 

ɯ.ʉ., ʊʢʘʯ ʖ.ʄ. ʪʘ ʽʥ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʙʝʟʧʝʢʠ ʨʦʟʧʦʜʽʣʝʥʠʭ ʽʥ-

ʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ, 2016,  ʏʝʨʥʽʛʽʚ ʏʅʊʋ, - 254 
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ʋɼʂ 004.043 

ɸʃɻʆʈʀʊʄ ʏʀʉɽʃʔʅʆɰ ʆʎɯʅʂʀ  ʊɽʄɸʊʀʏʅʆɰ 

ʅɸɹʃʀɾɽʅʆʉʊɯ ɼʆʂʋʄɽʅʊʋ ɼʆ ɿʈɸɿʂɸ 

ɯ.ʉ. ʉʢʽʪʝʨ, ʖ.ʆ. ʉʝʨʛʽʻʥʢʦ, ʆ.ɺ. ʇʨʦʥʴʢʦ,  

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʅʘʨʘʟʽ ʧʦʚʥ!ʦʪʝʢʩʪʦʚʠʡ ʧʦʰʫʢ ʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʜʦʢʫʤʝʥʪʽʚ ʥʝ ʚʨʘ-

ʭʦʚʫʶʪʴ ʜʦʩʪʘʪʥʴʦʶ ʤʽʨʦʶ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʽ ʻ ʟʜʝʙʽʣʴʰʦʛʦ ʥʝʜʦʩʢʦ-

ʥʘʣʠʤ. ʆʜʥʠʤ ʽʟ ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʧʦʰʫʢ ʜʦʢʫʤʝʥʪʽʚ 

ʟʘ ʟʨʘʟʢʦʤ, ʢʦʣʠ ʟʘ ʟʨʘʟʦʢ ʟʘʜʘʻʪʴʩʷ ʧʝʚʥʠʡ ʜʦʢʫʤʝʥʪ, ʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʨʝ-

ʘʣʽʟʫʻ ʮʝʡ ʚʘʨʽʘʥʪ ʧʦʰʫʢʫ, ʧʽʜʙʠʨʘʻ ʜʦʢʫʤʝʥʪʠ, ʷʢʽ ʧʦʜʽʙʥʽ ʜʦ ʟʘʜʘʥʦʛʦ 

(ʩʭʦʞʽ ʟʘ ʟʤʽʩʪʦʤ, ʪʝʤʘʪʠʢʦʶ).  

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫ-

ʨʦʚʘʥʦʾ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʧʦ-

ʰʫʢʫ ʜʦʢʫʤʝʥʪʽʚ ʟʘ ʟʨʘʟʢʦʤ. 

ɺ ʦʩʥʦʚʽ ʨʦʟʨʦʙʢʠ ʣʝʞʠʪʴ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʜʘʥʥʷ ʪʝʢʩʪʫ ʫ ʚʠ-

ʛʣʷʜʽ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʤʫʣʴʪʠʛʨʘʬʫ, ʘ ʪʘʢʦʞ ʩʧʦʩʦʙʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʘʥʘʣʽʟʫ ʪʘʢʦʾ ʤʦʜʝʣʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʧʦʰʫʢʫ ʜʦʢʫʤʝʥʪʽʚ ʟʘ ʟʨʘʟʢʦʤ, 

ʘ ʩʘʤʝ ð ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʘʪʠʯʥʦʾ ʙʣʠʟʴʢʦʩʪʽ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʧʨʦʨʘʥʞʫʚʘʪʠ ʜʦʢʫʤʝʥʪʠ ʟʘ ʩʪʝʧʝʥʝʤ ʥʘʙʣʠʞʝʥʦʩʪʽ ʜʦ ʟʨʘʟʢʘ. 

ʋʩʶ ʩʫʢʫʧʥʽʩʪʴ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫ ʱʦʜʦ ʟʘʜʘʯʽ ʡʦʛʦ ʟʤʽʩʪʫ 

ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʣʽʥʛʚʽʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʽ ʩʪʘʪʠʩʪʠʯʥʠʡ 

ʘʥʘʣʽʟ. ʇʝʨʰʠʡ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʚʠʜʦʙʫʚʘʥʥʷ ʟʤʽʩʪʫ ʪʝʢʩʪʫ ʟʘ ʡʦʛʦ ʩʝ-

ʤʘʥʪʠʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɼʨʫʛʠʡ ð ʟʘ ʯʘʩʪʦʪʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʩʣʽʚ ʫ 

ʪʝʢʩʪʽ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʯʝʨʝʟ ʾʭʥʶ ʧʨʦʩʪʦʪʫ, ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʥʝʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜʤʦʚʠ. ʆʜʥʘʢ ʩʫʯʘʩʥʠʡ ʯʘʩʪʦʪʥʠʡ ʘʥʘʣʽʟ ʥʝ ʜʦʟʚʦʣʷʻ ʫ ʧʦʚʥʽʡ ʤʽʨʽ 

ʚʨʘʭʫʚʘʪʠ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ ʪʝʢʩʪʫ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʪʘʢʦʤʫ ʘʥʘʣʽʟʽ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʚôʷʟʥʽʩʪʴ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʝʢʩʪʫ. ʍʦʯʘ ʩʘʤʝ ʮʝ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʫʤʦʚ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʡʦʛʦ ʟʤʽʩʪʫ. ʎʝ ʧʦʣʦʞʝʥʥʷ ʻ ʢʣʶ-

ʯʦʚʠʤ ʷʢ ʫ ʧʩʠʭʦʣʽʥʛʚʽʩʪʠʮʽ, ʪʘʢ ʽ ʚ ʥʝʡʨʦʧʩʠʭʦʣʦʛʽʾ. ʋ ʨʷʜʽ ʨʦʙʽʪ [1] ʚ 

ʦʙʣʘʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ ʪʘʢʦʞ ʟʘʟʥʘʯʘʻʪʴʩʷ ʮʷ ʦʩʦʙʣʠʚʽʩʪʴ. 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ [2], ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʜʘʥʥʷ ʪʝʢʩʪʫ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʡʦʛʦ ʟʚôʷʟʥʽʩʪʴ. 

ɿʘʜʘʯʘ ʦʙʯʠʩʣʝʥʥʷ ʩʪʝʧʝʥʶ ʪʝʤʘʪʠʯʥʦʾ ʥʘʣʝʞʥʦʩʪʽ ʪʝʢʩʪʫ ʜʦ ʟʨʘʟʢʘ 

ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʅʝʭʘʡ: 

S ï ʤʥʦʞʠʥʘ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫ ʟʨʘʟʢʘ:  

S = {k1i1, k2i2, é, knin}, (1) 
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ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ k1, k2, é, kn ʧʝʨʝʜ i ï ʮʝ ʚʘʛʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ,  

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʚʘʛʦʤʽʩʪʴ ʜʘʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ʪʝʤʘʪʠʮʽ ʪʝʢʩʪʫ ʟʨʘʟʢʘ. 

Sf ï ʤʥʦʞʠʥʘ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʜʝʷʢʦʛʦ ʟʥʘʡʜʝʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʰʫʢʫ ʪʝʢʩʪʫ ʜʦʢʫʤʝʥʪʫ, ʷʢʠʡ ʥʘʤ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘ ʪʝʤʘ-

ʪʠʯʥʫ ʥʘʙʣʠʞʝʥʽʩʪʴ ʜʦ ʪʝʢʩʪʫ ʟʨʘʟʢʘ. 

Sf = {k f1i1, kf2i2, é, kfnin}, (2) 

ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ  kf1, kf2, é, kfn ʧʝʨʝʜ i ï ʮʝ ʚʘʛʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʝʣʝ-

ʤʝʥʪʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʠʤʽʩʪʴ ʜʘʥʦʛʦ ʝʣʝʤʝʥʪʫ  ʚ ʪʝʤʘʪʠʮʽ ʟʥʘʡʜʝ-

ʥʦʛʦ ʪʝʢʩʪʫ. 

ʇʨʠ ʮʴʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʽ ʝʣʝʤʝʥʪʠ i1, i2, é, in , ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʪʝʤʘ-

ʪʠʢʫ ʦʙʦʭ ʧʽʜʤʥʦʞʠʥ S ʽ Sf ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ, ʪʦʙʪʦ ʾʭʥʽ 

ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʤʝʥʪʠ ʽʜʝʥʪʠʯʥʽ. ʆʜʥʘʢ ʮʝ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʘʤʽ ʧʽʜʤʥʦ-

ʞʠʥʠ ʽʜʝʥʪʠʯʥʽ. 

ʉʫʤʘ ʚʩʽʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʷʢ ʜʣʷ ʤʥʦʞʠʥʠ S, ʪʘʢ ʽ ʜʣʷ ʤʥʦʞʠʥʠ Sf ʤʘʻ 

ʜʦʨʽʚʥʶʚʘʪʠ ʦʜʠʥʠʮʽ. 
В Ὧ ρ, n = | I |;  В Ὧ ρ, n = | If |. (3) 

ʗʢʱʦ ʮʷ ʧʦʯʘʪʢʦʚʘ ʫʤʦʚʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʥʝʦʙʭʽʜʥʦ ʧʨʠʚʝʩʪʠ ʮʽ 

ʩʫʤʠ ʜʦ ʦʜʠʥʠʮʽ (ʥʦʨʤʫʚʘʪʠ ʟʘ 1). 

В Ὧ ὲ, В ρ. (4) 

ɸʥʘʣʦʛʽʯʥʦ ʜʣʷ kfi. 

ʇʽʩʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʝʤʘʪʠʯʥʫ ʥʘʙʣʠʞʝʥʽʩʪʴ ʟʘ 

ʢʦʞʥʠʤ ʽʟ ʝʣʝʤʝʥʪʽʚ. 

ʊʨʘʜʠʮʽʡʥʦ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ 

ʚʝʢʪʦʨʥʫ ʤʦʜʝʣʴ ʧʦʰʫʢʫ, ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʤʽʨʠ ʥʘʙʣʠʞʝʥʥʷ ʚʝʢʪʦʨʽʚ ʚʠ-

ʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʩʠʥʫʩ ʢʫʪʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʩʢʘʣʷʨʥʠʡ ʜʦʙʫ-

ʪʦʢ ʚʝʢʪʦʨʽʚ [8]: 

ὧέί•
Ͻ

ȿ ȿϽȿ ȿ
, (5) 

ʜʝ: ὠ  ̔ὠð ʚʝʢʪʦʨʠ, ʷʢʽ ʧʦʨʽʚʥʶʶʪʴʩʷ. 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʥʝʜʦʮʽʣʴʥʝ, 

ʦʩʢʽʣʴʢʠ ÃÏÓ•  ʚʠʟʥʘʯʘʻ ʤʽʨʫ ʥʘʙʣʠʞʝʥʦʩʪʽ ʩʘʤʠʭ ʚʝʢʪʦʨʽʚ, ʘ ʥʝ ʾʭʥʽʭ 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʊʝʤʘʪʠʯʥʫ ʥʘʙʣʠʞʝʥʽʩʪʴ ʟʘ ʢʦʞʥʠʤ ʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ‫ 

ʙʫʜʝʤʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʘʢ. 

‫  

 
ϽὯ, (6) 

Ὧ  ὯȟὯ  Ὧ  ᵾ Ὧ Ὧȟ (7) 

Ὧ  ὯȟὯ  Ὧ ᵾ Ὧ ὯȢ (8) 

ʉʝʥʩ ʮʽʻʾ ʬʦʨʤʫʣʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʘʛʦ-

ʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ̫ ʢʽ ʚʨʘʭʦʚʫʶʪʴ ʨʽʟʥʠʮʶ ʤʽʞ ʥʠʤʠ. 
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ʂʦʝʬʽʮʽʻʥʪ ʟʘʛʘʣʴʥʦʾ ʪʝʤʘʪʠʯʥʦʾ ʥʘʙʣʠʞʝʥʦʩʪʽ ʜʣʷ ʚʩʴʦʛʦ ʪʝʢʩʪʫ 

ʙʫʜʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʷʢ ʩʫʤʘ ʚʩʽʭ :‫Ὥ 

‫ В ‫Ȣ (9) 

ʇʨʠ ʮʴʦʤʫ .ʧʨʠʡʤʘʪʠʤʝ ʟʥʘʯʝʥʥʷ ʚʽʜ 0 ʜʦ 1 ‫  

ɯʩʥʫʻ ʜʚʘ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʨʘʭʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʢʦʥʪʝʢʩʪʫ. 

ʇʝʨʰʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʧʝʨʝʜʥʴʦ ʩʬʦʨʤʦʚʘʥʽ ʪʝʟʘʨʽʫʩʠ [3]. ɼʨʫʛʠʡ 

ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʢʦʣʝʢʮʽʡ ʜʦʩʪʫʧʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʽ ʫʪʦʯʥʝʥʥʽ ʤʝʪ-

ʨʠʢ ʥʘʙʣʠʞʝʥʦʩʪʽ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʢʦʣʝʢʮʽʡ [4, 5, 6]. 

ʇʨʦʛʨʘʤʥʠʡ ʟʘʩʪʦʩʫʥʦʢ, ʷʢʠʡ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʮʽʻʾ ʨʦʙʦʪʠ, 

ʟʥʘʡʜʝ ʤʽʩʮʝ ʚ ʦʙʣʘʩʪʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʘʫʜʠʪʫ. 

ʃʽʪʝʨʘʪʫʧʘ 

1. ɼʫʙʠʥʩʢʠʡ ɸ.ɻ. ʅʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʚʝʢʪʦʨʥʦʡ ʤʦʜʝʣʠ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʠʩʢʝ // ʋʧʨʘʚʣʷʶʱʠʝ 

ʩʠʩʪʝʤʳ ʠ ʤʘʰʠʥʳ. - 2001. - ˉ4. - ʉ. 77-83.  

2. ɽʨʤʘʢʦʚ ɸ.ɽ., ʇʣʝʰʢʦ ɺ.ɺ. ɸʩʩʦʮʠʘʪʠʚʥʘʷ ʤʦʜʝʣʴ ʧʦʨʦʞʜʝʥʠʷ ʪʝʢ-
ʩʪʘ ʚ ʟʘʜʘʯʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ // ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. - 2000. - N 

12. 

3. Gruber T. A translation approach to portable ontology specifications. 

Knowledge Acquisition, 5(2), 1993, pp. 199-220. 

4. Merkl D. A Handbook of Natural Language Processing: Techniques and 

Applications for the Processing of Language as Text, chapter Text data min-

ing. Marcel Dekker, New York, 1998. 

5. Salton G., Buckley C. Term-weighting approaches in automatic text re-

trieval. Information Processing and Management, 24:513-523, 1988. 

Salton G., McGill M. J. Introduction to modern Information Retrieval. 

McGraw-Hill Computer Science Series. McGraw-Hill, New York, 1983. 

 

ʋɼʂ  004.415.2.043 

ʆʉʆɹʃʀɺʆʉʊɯ ʆʇʀʉʋ ɸɺʊʆʄɸʊʅʆɰ ʄʆɼɽʃɯ ʉʀʉʊɽʄʀ 

ʉʘʣʘʧʘʪʦʚ ɺ.ɯ. 

ʏʝʨʢʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

 

ʄʦʜʝʣʴ ʙʫʜʴ-ʷʢʦʾ ʩʠʩʪʝʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʨʦʛʨʘʤʥʦʾ ʫ ʚʠʛʜʷʜʽ ʩʢʽʥ-

ʯʝʥʥʦʛʦ ʘʚʪʦʤʘʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʫʢʫʧʥʦʩʪʽ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʧʨʠ ʧʝʨʝ-

ʭʦʜʘʭ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ. ɼʣʷ ʦʧʠʩʫ ʤʦʜʝʣʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʨ-

ʤʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʦʧʠʩʫ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʩʢʽʥʯʝʥʦʛʦ ʘʚʪʦʤʘʪʘ - 

ʩʪʨʫʢʪʫʨʘ ʂʨʽʧʢʝ MÍ(S, S0, R, AP, L). ɺʩʽ ʰʣʷʭʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʨʫʢʪʫ-

ʨʦʶ ʂʨʠʧʢʝ, ʜʝ ʚʢʘʟʫʶʪʴʩʷ ʫʩʽ ʩʪʘʥʠ - S ʘʚʪʦʤʘʪʥʦʾ ʤʦʜʝʣʽ ʨʘʟʦʤ ʟ ʧʦ-

ʯʘʪʢʦʚʠʤʠ ʩʪʘʥʘʤʠ - S0, ʤʥʦʞʠʥʦʶ ʪʦʪʘʣʴʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʩʪʘʥʘʤʠ - R, 
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ʤʥʦʞʠʥʦʶ ʧʨʝʜʠʢʘʪʽʚ - P ʪʘ ʤʥʦʞʠʥʦʶ ʧʨʠʧʫʩʪʠʤʠʭ ʢʦʤʙʽʥʘʮʽʡ ʧʨʝ-

ʜʠʢʘʪʽʚ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʧʝʨʝʭʦʜʠ ʟ ʦʜʥʠʭ ʩʪʘʥʽʚ ʚ ʽʥʰʽ - L [1]. ɸʧʘʨʘʪ 

ʪʝʤʧʦʨʘʣʴʥʦʾ ʣʦʛʽʢʠ ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʢʦʥʢʨʝʪʥʽ ʰʣʷʭʠ ʚ ʘʚʪʦʤʘʪʥʽʡ 

ʤʦʜʝʣʽ ʦʧʝʨʘʪʦʨʘʤʠ ʣʽʥʽʡʥʦʾ ʪʝʤʧʦʨʘʣʴʥʦʾ ʣʦʛʽʢʠ - LTL. ʎʷ ʣʦʛʽʢʘ ʷʚʣʷʻ 

ʩʦʙʦʶ ʧʦʻʜʥʘʥʥʷ ʟʚʠʯʘʡʥʦʾ ʣʦʛʽʢʠ ʟ ʪʝʤʧʦʨʘʣʴʥʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ pUq 

(p - ʽʩʪʠʥʥʝ Until q - ʭʠʙʥʝ) ʪʘ Nq (Next). ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʪʦʨʘ pUq 

ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʥʽ ʧʝʨʝʭʦʜʠ ʪʘ ʮʠʢʣʠ. ʇʨʠ ʮʴʦʤʫ ʧʨʝʜʠʢʘʪ p 

ʙʫʜʝ ʽʩʪʠʥʥʠʡ, ʷʢʱʦ ʧʨʝʜʠʢʘʪ q ʙʫʜʝ ʭʠʙʥʠʤ. ʊʚʝʨʜʞʝʥʥʷ ʧʨʝʜʠʢʘʪʘ p 

ʫ ʚʠʧʘʜʢʫ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ. ʊʦʜʽ ʜʣʷ ʚʩʽʭ ʚʠʜʽʚ ʮʠʢʣʽʚ ʟʥʘʯʝʥʥʷ ʧʨʝʜʠʢʘʪʘ q ʻ 

ʫʤʦʚʦʶ ʚʠʢʦʥʘʥʥʷ ʮʠʢʣʫ. ɺ ʨʘʟʽ ʨʦʟʛʘʣʫʞʝʥʥʷ ʰʣʷʭ ʚ ʘʚʪʦʤʘʪʥʽʡ ʤʦ-

ʜʝʣʽ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʩʪʠʥʦʩʪʶ ʧʨʝʜʠʢʘʪʫ q ʚ ʦʧʝʨʘʪʦʨʽ  pUq ʘʙʦ 

ʫʤʦʚʦʶ. ʆʧʝʨʘʪʦʨ Nq ʬʘʢʪʠʯʥʦ ʦʧʠʩʫʻ ʣʽʥʽʡʥʠʡ ʙʣʦʢ. ʗʢ ʧʨʘʚʠʣʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ LTL - ʣʦʛʽʢʠ ʦʧʠʩʫʶʪʴʩʷ ʦʢʨʝʤʽ ʤʦʜʫʣʽ ʩʠʩʪʝʤʠ ʘʙʦ ʾʭ ʯʘ-

ʩʪʠʥʠ ʟʽ ʩʚʦʾʤʠ ʚʥʫʪʨʽʰʥʽʤʠ ʨʦʟʛʘʣʫʞʝʥʥʷʤʠ ʪʘ ʮʠʢʣʘʤʠ. ʆʧʠʩ ʽʥʰʠʭ 

ʰʣʷʭʽʚ ʚ ʘʚʪʦʤʘʪʥʽʡ ʤʦʜʝʣʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʝʤʧʦʨʘʣʴʥʠʤʠ ʦʧʝʨʘʪʦ-

ʨʘʤʠ ɸű (All) ʪʘ ɽű (Exist) CTL - ʣʦʛʽʢʠ, ʷʢʽ ʻ ʢʚʘʥʪʦʨʘʤʠ ʰʣʷʭʽʚ ʽ ʬʘʢ-

ʪʠʯʥʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʚ'ʷʟʦʢ ʤʽʞ ʤʦʜʫʣʷʤʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʨʦʟʨʦʙʢʫ ʩʠ-

ʩʪʝʤʠ ʪʨʝʙʘ ʧʦʯʠʥʘʪʠ ʟ ʨʦʟʨʦʙʢʠ ʾʾ ʤʦʜʫʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʘ ʟʚôʷʟʢʠ ʤʽʞ 

ʤʦʜʫʣʷʤʠ ʦʧʠʩʘʪʠ ʚ ʪʝʨʤʽʥʘʭ ʪʝʤʧʦʨʘʣʴʥʦʾ ʣʦʛʽʢʠ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʠʡ 

ʤʦʜʫʣʴ ʙʫʜʝ ʷʚʣʷʪʠ ʩʪʘʥ ʘʚʪʦʤʘʪʥʦʾ ʤʦʜʝʣʽ. ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʠʢʘʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʭʽʜ ʟ ʦʜ-

ʥʦʛʦ ʤʦʜʫʣʷ (ʩʪʘʥʫ) ʚ ʽʥʰʠʡ ʩʪʘʥ (ʤʦʜʫʣʴ). ɼʘʣʽ ʢʦʞʝʥ ʤʦʜʫʣʴ ʪʨʝʙʘ 

ʦʧʠʩʘʪʠ ʟʘʩʦʙʘʤʠ ʪʝʤʧʦʨʘʣʴʥʦʾ ʣʦʛʽʢʠ ʪʘ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʫ 

ʚʠʛʣʷʜʽ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʩʢʽʥʯʝʥʦʛʦ ʘʚʪʦʤʘʪʫ. ʇʨʝʜʠʢʘʪʠ ʫ ʚʠʛʣʷʜʽ 

ʚʠʩʣʦʚʣʶʚʘʥʴ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʝʚʥʽ ʜʽʾ, ʷʢʽ ʤʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠʩʴ, ʷʢʱʦ 

ʧʨʝʜʠʢʘʪ ʤʘʻ ʽʩʪʠʥʥʝ ʟʥʘʯʝʥʥʷ. ʊʘʢʘ ʩʭʝʤʘ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʫʩʫʚʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʝʨʠʬʽʢʘʮʽʾ ʧʨʦʛʨʘʤ, ʦʩʢʽʣʴʢʠ ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʛʽʜʥʦ ʦʧʠʩʫ ʽ ʙʫʜʝ ʟʘʜʦʚʦʣʴʥʷʪʠ ʫʩʽʤ ʚʠʤʦʛʘʤ 

ʪʘʢʦʛʦ ʦʧʠʩʫ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʻ ʨʦʟʨʦʙʢʘ 

ʢʦʤʧʽʣʷʪʦʨʘ ʟ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʩʪʚʦʨʝʥʥʷ 

ʤʦʜʝʣʽ ʦʙʠʨʘʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʦʩʥʦʚʥʽ ʾʾ ʢʦʤʧʦʥʝʥʪʠ ʫ 

ʚʠʛʣʷʜʽ ʤʦʜʫʣʽʚ ʘʙʦ ʦʢʨʝʤʠʭ ʧʨʦʛʨʘʤʥʠʭ ʯʘʩʪʠʥ ʘʙʦ ʧʽʜʧʨʦʛʨʘʤ ʨʘʟʦʤ 

ʽʟ ʬʫʥʢʮʽʷʤʠ, ʷʢʽ ʚʦʥʠ ʤʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠ. ɼʘʣʽ ʦʧʠʩʫʶʪʴʩʷ ʪʘ ʚʩʪʘʥʦʚ-

ʣʶʶʪʴʩʷ ʟʚôʷʟʢʠ ʤʽʞ ʮʠʤʠ ʯʘʩʪʠʥʘʤʠ ʽ ʩʪʚʦʨʶʻʪʴʩʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʫ 

ʚʠʛʣʷʜʽ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʩʢʽʥʯʝʥʦʛʦ ʘʚʪʦʤʘʪʫ. ʊʘʢ, ʷʢʱʦ ʟʘ ʦʩʥʦʚʫ 

ʨʦʙʦʪʠ ʢʦʤʧʽʣʷʪʦʨʘ ʦʙʨʘʥʦ ʩʪʝʢʦʚʠʡ ʘʣʛʦʨʠʪʤ [2], ʪʦ ʣʝʢʩʠʯʥʠʡ 

ʘʥʘʣʽʟʘʪʦʨ, ʷʢ ʧʨʦʛʨʘʤʥʘ ʯʘʩʪʠʥʘ ʢʦʤʧʽʣʷʪʦʨʘ ʤʘʻ ʚʠʷʚʣʷʪʠ ʜʚʘ ʪʠʧʠ 

ʣʝʢʩʝʤ ï ʣʝʢʩʝʤʠ ʜʘʥʠʭ ʪʘ ʣʝʢʩʝʤʠ ʜʽʾ. ʉʠʥʪʘʢʩʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʷʢ ʱʝ 

ʦʜʥʘ ʧʨʦʛʨʘʤʥʘ ʯʘʩʪʠʥʘ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʘʚʠʣ 
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ʦʧʝʨʘʪʦʨʘ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʘʙʦ ʡʦʛʦ ʯʘʩʪʠʥʠ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʷʚ-

ʣʷʶʪʴʩʷ ʜʘʥʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʙʦʪʠ ʘʥʘʣʽʟʘʪʦʨʘ ï ʮʝ ʪʘʙʣʠʮʽ ʢʣʶ-

ʯʦʚʠʭ ʩʣʽʚ, ʪʘʙʣʠʮʽ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ, ʙʫʬʝʨʠ ʦʙʤʽʥʫ ʽ ʪ.ʽ. ɺ ʨʘʟʽ ʢʦʨʝʢʪ-

ʥʦʛʦ ʦʧʠʩʫ ʦʧʝʨʘʪʦʨʘ ʧʦʨʦʜʞʫʻʪʴʩʷ ʡʦʛʦ ʚʥʫʪʨʽʰʥʻ ʫʷʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʙʘʟʠ ʜʘʥʠʭ. ʅʘʩʪʫʧʥʘ ʯʘʩʪʠʥʘ 

ʢʦʤʧʽʣʷʪʦʨʘ ʤʘʻ ʚʠʢʦʥʘʪʠ ʤʘʰʠʥʥʦ-ʥʝʟʘʣʝʞʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʮʴʦʛʦ ʫʷʚ-

ʣʝʥʥʷ, ʪʦʙʪʦ ʬʘʢʪʠʯʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ ʚ ʦʧʝʨʘʪʦʨʘʭ 

ʪʘ ʧʦʢʨʘʱʠʪʠ ʮʠʢʣʠ. ʆʩʪʘʥʥʷ ʯʘʩʪʠʥʘ ʢʦʤʧʽʣʷʪʦʨʘ ʬʦʨʤʫʻ ʘʩʝʤʙʣʝʨ-

ʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʤʘʻ ʦʙʨʦʙʣʷʪʠʩʴ, ʽ ʧʦʨʦʜʞʫʻ ʦʙôʻʢʪʥʠʡ 

ʬʘʡʣ ʢʦʜʫ ʧʨʦʛʨʘʤʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʟʚôʷʟʢʠ ʤʽʞ ʮʠʤʠ ʯʘʩʪʠʥʘʤʠ ʤʦʞʥʘ 

ʧʦʜʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ. 

 

 
ʈʠʩ. ʄʦʜʝʣʴ ʨʦʙʦʪʠ ʩʪʝʢʦʚʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ɿ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ 0 ʚ ʩʠʥʪʘʢʩʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ 1 ʥʘʜʭʦʜʠʪʴ ʪʝʢʩʪ 

ʧʨʦʛʨʘʤʠ. ʉʠʥʪʘʢʩʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʣʝʢʩʠʯʥʦʛʦ ʘʥʘʣʽʟʘ-

ʪʦʨʘ 2 ʽ ʚʠʷʚʣʷʻ ʧʘʨʫ ʣʝʢʩʝʤ: ʣʝʢʩʝʤʫ ʜʘʥʠʭ ʪʘ ʣʝʢʩʝʤʫ ʜʽʾ. ɼʘʣʽ ʩʠʥʪʘ-

ʢʩʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʚ ʩʪʘʥʽ 3 ʧʦʨʽʚʥʶʻ ʧʨʽʦʨʠʪʝʪʠ ʧʦʧʝʨʝʜʥʴʦʾ ʣʝʢʩʝʤʠ 

ʜʽʾ ʟ ʧʦʪʦʯʥʦʶ. ʗʢʱʦ ʧʨʽʦʨʠʪʝʪ ʧʦʧʝʨʝʜʥʴʦʾ ʣʝʢʩʝʤʠ ʙʫʜʝ ʙʽʣʴʰʝ ʟʘ 

ʧʨʽʦʨʠʪʝʪ ʧʦʪʦʯʥʦʾ ʣʝʢʩʝʤʠ, ʪʦ ʧʘʨʘ ʧʦʪʦʯʥʠʭ ʣʝʢʩʝʤ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ 

ʩʪʝʢʫ (ʩʪʘʥ 4) ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʫ ʩʪʘʥ 1 ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

ʗʢʱʦ ʧʨʽʦʨʠʪʝʪ ʧʦʧʝʨʝʜʥʴʦʾ ʣʝʢʩʝʤʠ ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʨʽʦʨʠʪʝʪ ʧʦʪʦʯʥʦʾ 

ʣʝʢʩʝʤʠ, ʪʦ ʧʦʨʦʜʞʫʻʪʴʩʷ ʚʥʫʪʨʽʰʥʻ ʫʷʚʣʝʥʥʷ ʦʧʝʨʘʪʦʨʘ ʧʨʦʛʨʘʤʠ ʘʙʦ 

ʡʦʛʦ ʯʘʩʪʠʥʠ (ʩʪʘʥ 5). ʇʽʩʣʷ ʮʴʦʛʦ ʟʥʦʚ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʧʨʽʦʨʠʪʝʪʠ ʣʝʢ-

ʩʝʤ ʜʽʾ ʚ ʩʪʝʢʫ ʪʘ ʧʦʪʦʯʥʦʾ (ʧʝʨʝʭʽʜ ʫ ʩʪʘʥ 3) ʽ ʧʨʦʮʝʩ  ʤʦʞʝ ʧʦʚʝʨʥʫʪʠʩʴ 
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ʫ ʩʪʘʥ 5 ʘʙʦ ʥʘ ʧʦʯʘʪʦʢ ï ʫ ʩʪʘʥ 1. ɺ ʨʘʟʽ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʠʥʪʘʢʩʠʯʥʠʤ 

ʧʨʘʚʠʣʘʤ ʚʠʢʦʥʫʻʪʴʩʷ ʦʙʨʦʙʢʘ ʧʦʤʠʣʢʠ (ʩʪʘʥ 6) ʪʘ ʧʝʨʝʭʽʜ ʫ ʩʪʘʥ 1 ʥʘ 

ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʧʦʯʘʪʢʦʚʦʾ ʧʨʦʛʨʘʤʠ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʧʠʩ ʣʝʢʩʠʯʥʦʛʦ ʪʘ ʩʠʥʪʘʢʩʠʯʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʽʚ, ʷʢ 

ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ ʢʦʤʧʽʣʷʪʦʨʘ. ɺ ʣʝʢʩʠʯʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ ʩʧʦʯʘʪʢʫ ʟʜʽʡ-

ʩʥʶʻʪʴʩʷ ʧʨʦʧʫʩʢ ʤʦʞʣʠʚʠʭ ʧʨʦʙʽʣʽʚ ʪʘ ʟʥʘʢʽʚ ʪʘʙʫʣʷʮʽʾ. ɼʘʣʽ ʚʠʜʽʣʷ-

ʻʪʴʩʷ ʣʝʢʩʝʤʘ ʜʘʥʠʭ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʽʪʝʨ ʪʘ ʮʠʬʨ ʽ ʦʙʤʝʞʫʻʪʴʩʷ ʽʥ-

ʰʠʤʠ ʩʠʤʚʦʣʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʜʽʣʷʻʪʴʩʷ ʧʘʨʘ ʣʝʢʩʝʤ ï ʣʝʢʩʝʤʘ ʜʘ-

ʥʠʭ ʪʘ ʣʝʢʩʝʤʘ ʜʽʾ, ʷʢʽ ʧʦʚʝʨʪʘʶʪʴʩʷ ʜʦ ʩʠʥʪʘʢʩʠʯʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ. 

LEX: pU(symol Íô ó or symol Í tab) N( pU(symol Í cyf or symol Í lit )) 

q N pU(symol Íô ó or symol Í tab) N (p1U(symol Íô ó or symol Í tab symol 

Í cyf or symol Í lit )) 

ʉʠʥʪʘʢʩʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʧʝʨʝʚʽʨʷʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʥʪʘ-

ʢʩʠʯʥʠʤ ʧʨʘʚʠʣʘʤ ʽ ʬʦʨʤʫʻ ʚ ʨʘʟʽ ʢʦʨʝʢʪʥʦʩʪʽ ʧʨʦʤʽʞʥʝ ʫʷʚʣʝʥʥʷ ʤʦʚ-

ʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

SYNT: N(lex) (symÍfop)U(Nq); (p1Uq2 and (rul = P)) or ( p2Uq2 and 

(rul = P)) 

ɹʣʦʢ ʤʘʰʠʥʥʦ-ʥʝʟʘʣʝʞʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʬʘʡʣʘ ʦʙôʻʢʪ-

ʥʦʛʦ ʢʦʜʫ ʚ ʜʘʥʽʡ ʜʦʧʦʚʽʜʽ ʥʝ ʧʦʢʘʟʘʥʠʡ ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʧʫʙʣʽʢʘʮʽʾ, ʘʣʝ 

ʾʭ ʦʧʠʩ ʧʦʰʠʨʝʥʠʡ ʚ ʣʽʪʝʨʘʪʫʨʽ ʽ ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ ʦʧʠʩʘʥʠʡ ʚ ʪʝʨʤʽʥʘʭ 

ʪʝʤʧʦʨʘʣʴʥʦʾ ʣʦʛʽʢʠ. 

ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ, ʪʘʢ ʡ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʏʝʨʢʘʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ. 
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ʋɼʂ 506+510 

ʇʈʆʎɽɼʋʈɸ ɸʅɸʃɯɿʋ ʏɸʉʆɺʀʍ ʈʗɼɯɺ  ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʃɯʅɻɺɯʉʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʗ 

ʍʘʣʠʤʦʥ ɸ.ʖ., ɹʘʢʣʘʥ ɯ.ɺ. 

ʅʊʋʋ ñʂʇɯò ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʭʘʨʘʢʪʝ-

ʨʠʟʫʻʪʴʩʷ ʜʠʥʘʤʽʢʦʶ ʝʢʦʥʦʤʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ 

ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ. ɯʥʰʠʤ ʩʝʨʡʦʟʥʠʤ ʚʠʢʣʠʢʦʤ ʻ ʚʠʙʫʭʦʧʦʜʽʙʥʝ ʟʨʦʩʪʘʥʥʷ 
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ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ, ʱʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʣʶʜʩʪʚʦʤ ʧʨʦ ʪʽ ʩʘʤʽ ʞ ʧʨʦʮʝʩʠ. ʎʝ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʥʘʜʟʚʠʯʘʡʥʦʤʫ ʧʦʰʠʨʝʥʥʽ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʘ 

ʧʦʪʨʝʙʫʻ ʜʣʷ ʩʚʦʛʦ ʩʪʚʦʨʝʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦʩʪʦʚʽʨʥʽ ʤʦʜʝʣʽ, ʟ ʽʥʰʦʾ ʞ 

ʩʪʦʨʦʥʠ - ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʙʠʨʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʧʨʦ 

ʜʽʷʣʴʥʽʩʪʴ ʤʘʰʠʥ, ʣʶʜʝʡ, ʧʨʠʨʦʜʠ (ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʨʦʜʫ ʜʘʪʯʠʢʠ - GPS, 

ʛʽʨʦʩʢʦʧʠ, ʘʢʩʝʣʝʨʦʤʝʪʨʠ, ʪʝʨʤʦʤʝʪʨʠ, ʚʝʩʴ Internet of Things (IoT)), ʽ 

ʟʘʩʦʙʽʚ ʜʦ ʦʙʨʦʙʢʠ ʮʠʭ ʜʘʥʠʭ (GPU, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʙʘʟʠ ʜʘʥʠʭ ʜʣʷ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ (InfluxDB), Hadoop ʪʘ ʽʥ.).  

ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʩʘʤʝ ʚʥʫʪʨʽʰʥʴʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʨʦʮʝʩʫ, ʡʦʛʦ ʬʘʟ. ʃʽʥʛʚʽʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʦʮʝʩʫ ʚʞʝ ʚʽʜʦʤʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʥʝ ʥʘʜʘʻ ʤʦʜʝʣʽ ʧʨʦ-

ʮʝʩʫ ʬʦʨʤʠ ʚʞʝ ʚʽʜʦʤʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʘʣʝ ʛʥʫʯʢʦ ʦʧʠʩʫʻ 

ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ ʧʨʦʮʝʩʫ, ʜʘʶʯʠ ʟʤʦʛʫ ʥʝ ʪʽʣʴʢʠ ʧʨʦʚʦʜʠʪʠ ʝʢʩ-

ʪʨʘʧʦʣʷʮʽʶ ʨʷʜʫ, ʘ ʽ ʜʘʪʠ ʜʦʩʣʽʜʥʠʢʫ ʨʦʟʫʤʽʥʥʷ ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʫ. 

ʇʨʠʯʠʥʠ ʪʘ ʽʩʪʦʨʽʷ ʚʠʥʠʢʥʝʥʥʷ. ʃʽʥʛʚʽʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʨʦ-

ʟʚʠʪʢʦʤ ʽʜʝʾ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ, ʟʘʧʨʦʧʦʥʦ-

ʚʘʥʦʛʦ K.S. Fu ʚ [1]. ɺʽʥ ʛʦʚʦʨʠʚ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʛʽʙʨʠʜʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ, ʷʢʽ ʙ ʧʦʻʜʥʫʚʘʣʠ ʩʪʘʪʠʩʪʠʯʥʠʡ(ʱʦ ʜʦʩʣʽʜʞʫʻ 

ʦʙôʻʢʪ ʷʢ ʮʽʣʠʡ, ʽ ʩʬʦʢʫʩʦʚʘʥʠʡ ʥʘ ʚʠʦʢʨʝʤʣʝʥʥʽ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ) 

ʪʘ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʭʽʜ (ʢʦʣʠ ʦʙôʻʢʪ ʨʦʟʧʽʟʥʘʻʪʴʩʷ ʟʘ ʦʟʥʘʢʘʤʠ ʩʚʦʻʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ). ʂʣʶʯʝʤ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢ-

ʪʫʨʠ ʻ ʽʥʪʝʨʚʘʣʴʥʘ ʤʘʪʝʤʘʪʠʢʘ. ɯʜʝʷ ʽʥʪʝʨʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʚ ʤʦʞʣʠ-

ʚʦʩʪʽ ʜʠʩʢʨʝʪʠʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʟʘ ʟʥʘʯʝʥʥʷʤʠ, ʽ ʚʠʜʽʣʠʪʠ 

ʩʪʽʡʢʽ ʽʥʪʝʨʚʘʣʠ ʟʥʘʯʝʥʴ, ʷʢʽ ʧʦʪʽʤ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʚ ʧʨʦʮʝʩʽ ʚʽʜʥʦʚ-

ʣʝʥʥʷ ʛʨʘʤʘʪʠʢʠ - ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʷʜʫ. ʄʘʶʯʠ ʪʘʢʫ ʛʨʘʤʘʪʠʢʫ, 

ʤʦʞʥʘ ʨʦʙʠʪʠ ʧʨʦʛʥʦʟʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ. 

ɼʘʥʘ ʩʪʘʪʪʷ ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʨʦʙʽʪ [2], [3], [4]. ɯʜʝʷ ʽʥʪʝʨʚʘʣʴʥʦʛʦ 

ʧʽʜʭʦʜʫ ʚʧʝʨʰʝ ʦʧʠʩʘʥʘ ʚ [5], ʩʫʯʘʩʥʘ ʪʝʦʨʽʷ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʠʢʣʘʜʝʥʘ ʚ [6], ʦʜʥʝ ʟ ʪʠʧʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʦʧʠʩʘʥʦ ʚ 

[7]. ɯʩʥʫʶʯʽ ʩʪʘʪʠʩʪʠʯʥʽ  ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʨʦʟʛʣʷ-

ʥʫʪʽ ʚ [8]. ʎʝ ʘʚʪʦʨʝʛʨʝʩʽʷ, ʢʦʚʟʥʝ ʩʝʨʝʜʥʻ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟ ʪʨʝʥʜʦʤ, 

ʜʨʝʡʬʦʤ ʪʘ ʽʥʰʝ.  

ɯʥʰʠʤʠ ʽʜʝʷʤʠ, ʥʘ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʤʝʪʦʜ, ʻ ʧʨʠʭʦʚʘʥʽ ʤʘʨʢʽʚʩʴʢʽ ʤʝ-

ʨʝʞʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʜʣʷ ʘʥʘʣʽʟʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ 

ʨʦʟʛʣʷʥʫʪʦ ʚ [9] , ʪʘ ʤʝʪʦʜ ʧʨʘʚʜʦʧʦʜʽʙʥʠʭ ʪʨʘʻʢʪʦʨʽʡ. [0] 

ʉʪʘʜʽʾ ʧʨʦʮʝʜʫʨʠ ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɿʙʽʨ ʜʘʥʠʭ, ʱʦ ʦʧʠ-

ʩʫʶʪʴ ʩʭʦʞʽ ʧʨʦʮʝʩʠ. ʄʘʶʯʠ ʜʘʥʽ ʟ ʜʝʢʽʣʴʢʦʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʤʦʞʥʘ ʧʦ-

ʙʫʜʫʚʘʪʠ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʫ ʛʨʘʤʘʪʠʢʫ. 

ɺʘʣʽʜʘʮʽʷ ʜʘʥʠʭ ʪʘ ʾʭ ʦʯʠʩʪʢʘ ʚʽʜ ʥʝʜʦʩʪʦʚʽʨʥʠʭ ʘʙʦ ʥʝʝʬʝʢʪʠʚʥʠʭ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʤʦʜʝʣʶʚʘʥʥʷ (ʰʫʤ, ʚʧʣʠʚʠ ʽʥʰʠʭ, ʜʦʤʽʥʫʶʯʠʭ ʬʘʢʪʦʨʽʚ). ɺ 
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ʮʽʣʽʩʥʦʤʫ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʥʘ ʮʝʡ ʝʪʘʧ ʤʦʞʝ ʧʨʠʧʘʜʘʪʠ ʜʦ 80% ʚʽʜ 

ʚʩʽʭ ʟʫʩʠʣʴ, ʚʠʪʨʘʯʝʥʠʭ ʥʘ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʈʦʟʙʠʚʢʘ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʥʘ ʽʥʪʝʨʚʘʣʠ ï ʨʦʟʙʠʚʢʘ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ 

ʥʘ ʽʥʪʝʨʚʘʣʠ ʽ ʧʨʠʩʚʦʻʥʥʷ ʾʤ ʩʠʤʚʦʣʽʚ. ʉʭʝʤʘ ʧʨʠʩʚʦʻʥʥʷ ʜʦʚʽʣʴʥʘ, 

ʻʜʠʥʦʶ ʚʠʤʦʛʦʶ ʻ ʧʨʠʩʚʦʻʥʥʷ ʨʽʟʥʠʤ (ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ) ʽʥʪʝʨʚʘʣʘʤ 

ʨʽʟʥʠʭ ʩʠʤʚʦʣʽʚ. ʎʝʡ ʝʪʘʧ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʚ ʥʘʩʪʫʧʥʦʤʫ 

ʨʦʟʜʽʣʽ. 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʥʪʘʢʩʠʩʫ ï ʦʪʨʠʤʘʥʫ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʘʥʘʣʽʟʫʶʪʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʛʨʘʤʘʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʅʘ ʚʠ-

ʭʦʜʽ ʦʪʨʠʤʫʻʤʦ ʩʧʠʩʦʢ ʛʨʘʤʘʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʾʭ ʥʘ-

ʷʚʥʦʩʪʽ ʚ ʧʨʦʮʝʩʽ, ʘ ʪʘʢʦʞ ʤʘʪʨʠʮʶ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʝʨʝʭʦʜʫ ʟ ʩʠʤʚʦʣʫ ʚ 

ʩʠʤʚʦʣ. ɼʣʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʨʷʜʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʛʨʘʤʘʪʠʢ, 

ʷʢʽ ʙʫʜʫʪʴ ʧʝʨʝʚʽʨʷʪʠʩʷ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ. ʇʨʦʮʝʜʫʨʘ ʜʝʪʘʣʴʥʦ ʦʧʠ-

ʩʘʥʘ ʚ [3]. 

ɺʝʨʠʬʽʢʘʮʽʷ ʤʦʜʝʣʽ ï ʧʝʨʝʚʽʨʢʘ ʤʦʜʝʣʽ ʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʽ ʢʦʨʠʩʥʽʩʪʴ. 

ɸʜʝʢʚʘʪʥʽʩʪʴ ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʦʥʫ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ 

ʪʨʝʥʫʚʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʜʦ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ ʦʮʽʥʶʶʪʴʩʷ ʟʘ: ʟʙʝʨʝʞʝʥʥʷʤ ʘʣ-

ʬʘʚʽʪʫ, ʟʙʝʨʝʞʝʥʥʷʤ ʛʨʘʤʘʪʠʢʠ, ʟʙʝʨʝʞʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʫ 

ʙʫʢʚ ʪʘ ʩʣʽʚ. 

ʂʦʨʠʩʥʽʩʪʴ ʤʦʜʝʣʽ ʚʠʤʽʨʶʻʪʴʩʷ ʝʚʨʠʩʪʠʢʘʤʠ. ʊʘʢʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʰʪʨʘʬʠ ʟʘ: 

¶ ʢʦʨʦʪʢʽ ʩʣʦʚʘ (ʛʨʘʤʘʪʠʢʘ ʟʘʥʘʜʪʦ ʧʨʦʩʪʘ ʽ ʥʝ ʥʘʜʘʻ ʢʦʨʠʩʥʦʾ 
ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʮʝʩ); 

¶ ʜʦʚʛʽ ʩʣʦʚʘ (ʤʦʜʝʣʴ ʟʘʥʘʜʪʦ ʩʢʣʘʜʥʘ, ʽ ʥʝ ʻ ʘʜʝʢʚʘʪʥʦʶ); 

¶ ʢʽʣʴʢʽʩʪʴ ʩʣʽʚ, ʱʦ ʤʘʶʪʴ ʩʫʪʪʻʚʫ ʩʧʽʣʴʥʫ ʯʘʩʪʠʥʫ (ʮʝ ʚʢʘʟʫʚʘʪʠʤʝ 
ʥʘ ʥʝʧʨʘʚʠʣʴʥʫ ʨʦʟʙʠʚʢʫ ʥʘ ʽʥʪʝʨʚʘʣʠ - ʩʧʽʣʴʥʫ ʯʘʩʪʠʥʫ ʤʦʞʥʘ ʙʫʣʦ 

ʟʘʤʽʥʠʪʠ ʦʜʥʽʻʶ ʙʫʢʚʦʶ). 

ʆʪʨʠʤʘʚʰʠ ʩʫʤʘʨʥʫ ʦʮʽʥʢʫ ʧʦ ʢʦʞʥʽʡ ʤʦʜʝʣʽ, ʚʠʙʠʨʘʻʪʴʩʷ 

ʥʘʡʢʨʘʱʘ, ʷʢʘ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʮʽʣʴʦʚʦʛʦ ʧʨʦʮʝʩʫ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʮʽʣʴʦʚʦʛʦ ʧʨʦʮʝʩʫ ï ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʙʫʜʦʚʘʥʫ ʤʦ-

ʜʝʣʴ, ʙʫʜʫʻʪʴʩʷ ʦʧʠʩ ʩʠʥʪʘʢʩʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʽʨʦʛʽʜʥʦʩʪʷʤʠ ʾʭ 

ʥʘʩʪʘʚʘʥʥʷ. ɼʣʷ ʢʦʞʥʦʾ ʩʠʥʪʘʢʩʠʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʝ 

ʪʨʘʢʪʫʚʘʥʥʷ ʚ ʪʝʨʤʽʥʘʭ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ʎʷ ʜʘʥʘ ʤʥʦʞʠʥʘ ʽ ʚʠʢʦʨʠ-

ʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʜʣʷ ʜʦʧʦʤʦʛʠ 

ʧʨʠʡʥʷʪʪʷ ʷʢʠʭ ʧʨʦʚʦʜʠʣʦʩʷ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʬʦʨʤʘʣʴʥʦ ʦʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʧʦʙʫʜʦʚʠ 

ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʤʦʜʝʣʽ . ʄʘʶʯʠ ʯʘʩʦʚʠʡ ʨʷʜ 
)}({ iy
, ʜʝ, 

Niiy ,1),( =
 ï 

ʮʝ ʜʝʷʢʽ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʦʪʨʠʤʘʥʦ ʚ ʭʦʜʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʷʢʠʤʦʩʴ ʢʨʦʢʦʤ, 
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Niconst
i
ȹt ,1, ==

, ʱʦ ʤʽʩʪʠʪʴ ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʯʘʩʽ , 

ʨʘʭʫʻʤʦ: 

¶ ʈʽʟʥʠʮʽ ʩʫʩʽʜʥʽʭ ʟʥʘʯʝʥʴ ʨʷʜʫ Niyiyiy ,1),1()()( +-=D  ʤʽʞ 

ʩʫʩʽʜʥʽʤʠ ʯʣʝʥʘʤʠ ʨʷʜʫ. 

¶ ɺʽʜʩʦʨʪʦʚʫʻʤʦ ʦʢʨʝʤʦ ʜʦʜʘʪʥʽ ʪʘ ʚʽʜôʻʤʥʽ ʟʥʘʯʝʥʥʷ )(iyD  ʟʘ 

ʩʧʘʜʘʥʥʷʤ (ʯʠ ʟʘ ʟʨʦʩʪʘʥʥʷʤ). ʆʪʨʠʤʘʻʤʦ ʜʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ )(ka  ʽ 

)(lb , 1-=+ NLK . 

¶ ʂʦʞʥʦʤʫ ʯʣʝʥʫ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ )(ka  ʽ )(lb  ʩʪʘʚʠʤʦ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʠʤʚʦʣʠ ʘʙʝʪʢʠ LjKiba ji ,1,,1,, ==  ʚʽʜʧʦʚʽʜʥʦ. 

¶ ʇʝʨʝʧʠʰʝʤʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ )(iyD  ʩʠʤʚʦʣʘʤʠ ia  ʽ 
jb , ʪʘʢʦʞ 

ʙʫʜʝʤʦ ʩʪʘʚʠʪʠ ʤʽʞ ʧʘʨʘʤʠ ʩʫʩʽʜʥʽʭ ʩʠʤʚʦʣʽʚ 
pq ba ,  ʩʠʤʚʦʣ ʩ, ʘ ʤʽʞ 

ʧʘʨʘʤʠ ʩʫʩʽʜʥʽʭ ʩʠʤʚʦʣʽʚ nm ba ,  ʩʠʤʚʦʣ d, ʷʢʽ ʙʫʜʫʪʴ ʦʟʥʘʯʘʪʠ ʪʦʯʢʠ 

ʣʦʢʘʣʴʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ )(iy , ʣʦʢʘʣʴʥʽ ʤʘʢʩʠʤʫʤʠ ʽ 

ʣʦʢʘʣʴʥʽ ʤʽʥʽʤʫʤʠ ʚʽʜʧʦʚʽʜʥʦ. ʆʪʨʠʤʘʻʤʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ie . 

¶ ɺ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ie  ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʯʘʩʪʦʪʫ ʽʩʥʫʚʘʥʥʷ ʧʘʨ ʩʠʤʚʦʣʽʚ 

1,1),( 1 -=+ Niee ii ʽ ʧʦʙʫʜʫʻʤʦ ʪʘʙʣʠʮʶ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʠʥʠʢʥʝʥʥʷ 

ʩʠʤʚʦʣʫ )...|( 111 ikiiji eeePe -+++
. ʊʦʙʪʦ ʦʙʯʠʩʣʶʻʤʦ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ 

ʩʠʤʚʦʣʫ 1+ie  ʟʘ ʫʤʦʚʠ ʱʦ ʧʦʧʝʨʝʜʥʽ ʩʠʤʚʦʣʠ iki ee ...- . 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʙʯʠʩʣʝʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ 

ʽʤʦʚʽʨʥʽʩʥʠʡ ʧʨʦʛʥʦʟ ʚʠʥʠʢʥʝʥʥʷ ʩʠʤʚʦʣʫ 1+ie  ʟʘ ʫʤʦʚʠ, ʱʦ ʚʽʜʦʤʽ 

ʣʘʥʮʶʞʢʠ ʧʦʧʝʨʝʜʥʽʭ ʩʠʤʚʦʣʽʚ. 
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ɸʅɸʃɯɿ ʇʆʊʆʂʋ ɺʀʄʆɻ ʇʈʀ ʆɹʈʆɹʎɯ ɯʅʌʆʈʄɸʎɯɰ 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʆʖ ʉʀʉʊɽʄʆʖ 

ɺ.ʇ. ɻʦʨʦʙʶʢ 

ʌʘʢʫʣʴʪʝʪ ɯʥʬʦʨʤʘʪʠʢʠ ʪʘ ʆʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʅʊʋʋ çʂʇɯ ʽʤ. 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

 

ʄʝʪʦʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʟʘʜʦʚʦʣʝʥʥʷ ʟʘʷʚʦʢ (ʚʠʤʦʛ) ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɿʘʷʚʦʶ ʘʙʦ 

ʚʠʤʦʛʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʧʠʪ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ-

ʪʦʢʫ ʚʠʤʦʛ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʽ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʘʩʧʝʢʪʽʚ ʪʝʦʨʽʾ ʤʘ-

ʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [1]. ɸʥʘʣʽʟ ʧʦʪʦʢʫ ʚʠʤʦʛ ʻ ʧʝʨʰʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ 
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ʥʝʤʠʥʫʯʝ ʚʠʥʠʢʘʻ ʷʢ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʘʢ 

ʽ ʧʨʠ ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʾʾ ʤʝʪʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘ-

ʚʜʘʥʴ. 

The purpose of functioning of any automated information processing sys-

tem is satisfaction of requests (requirements) on service. Therefore research 

of stream of requirements is one of basic and most essential aspects of theory 

of mass service [1]. An analysis of stream of requirements is the first task, 

which inevitably arises up both at development of problems of mass service 

and at practical application of its methods to the decision of specific prob-

lems. 

ʇʦʷʚʘ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ ʤʘʻ ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʰʣʷʭʠ ʨʦ-

ʟʚʠʪʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ɼʦʩʪʘʚʢʘ ʽʥʬʦʨʤʘ-

ʮʽʾ ʧʦ ʻʜʠʥʽʡ ʤʝʨʝʞʝʚʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʤʫʪʘʮʽʾ ʧʘ-

ʢʝʪʽʚ, ʪʘʢʦʛʦ ʨʽʟʥʦʨʽʜʥʦʛʦ ʪʨʘʬʽʢʫ, ʷʢ ʜʘʥʽ, ʛʦʣʦʩ ʽ ʚʽʜʝʦ, ʻ ʧʝʨʩʧʝʢʪʠʚ-

ʥʦʶ ʜʣʷ ʢʦʨʧʦʨʘʮʽʡ ʽ ʩʝʨʚʽʩ-ʧʨʦʚʘʡʜʝʨʽʚ [2]. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦ-

ʩʪʽ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʧʦ-

ʪʦʢʫ ʚʠʤʦʛ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚ ʩʠʩʪʝʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʧʨʘʚʠʣʴʥʦ ʦʮʽ-

ʥʠʪʠ ʧʦʪʽʢ ʚʠʤʦʛ ʢʽʣʴʢʽʩʥʦ. 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʧʦʪʽʢ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʬʫʥʢʮʽʡ ὠ Ô 

                        ὠ ὸ
ẗ

Ȧ
ẗὩ ẗ      (k=0,1,2,é)                        (1) 

ʜʝ ɚ - ʧʘʨʘʤʝʪʨ ʧʦʪʦʢʫ; k - ʯʠʩʣʦ ʚʠʤʦʛ, ʱʦ ʥʘʜʽʡʰʣʠ ʚ ʩʠʩʪʝʤʫ ʦʙ-

ʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. 

 ʌʫʥʢʮʽʷ ὠ Ô ̫ ʚʣʷʻ ʩʦʙʦʶ ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ k ʚʠʤʦʛ ʟʘ 

ʯʘʩ (0, t). ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʧʦʪʦʢʫ ʯʠʩʣʦ ʚʠʤʦʛ ʚ ʧʨʦʤʽʞʢʫ 

ʯʘʩʫ t ʨʦʟʧʦʜʽʣʝʥʦ ʟʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ʇʫʘʩʩʦʥʘ, ʧʘʨʘʤʝʪʨʦʤ ɚĿt [1]. 

ʆʪʞʝ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʜʘʪʠ ʚʽʨʦʛʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʡʧʨʦʩʪʽʰʦʛʦ 

ʧʦʪʦʢʫ, ʜʦʩʠʪʴ ʟʥʘʪʠ ʪʽʣʴʢʠ ʦʜʥʫ ʚʝʣʠʯʠʥʫ - ʧʘʨʘʤʝʪʨ ʧʦʪʦʢʫ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷʤʠ k ʫ ʬʦʨʤʫʣʽ (1) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ (ʪʘʙʣʠʮʷ 1). 

ɺʨʘʭʦʚʫʶʯʠ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ k ʫ ʪʘʙʣʠʮʽ 1 ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʽʜʤʦʚʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ (ʨʠʩ.1) 

ɿ ʨʠʩʫʥʢʫ 1 ʚʠʜʥʦ, ʱʦ ʜʣʷ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʧʦʪʦʢʫ ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠ-

ʤʘʥʥʷ ʧʨʦʪʷʛʦʤ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʪʨʠʚʘʣʦʩʪʽ t ʢʽʣʴʢʽʩʪʴ k ʚʠʤʦʛ ʜʦʩʷʛʘʻ 

ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ 

t = k / ɚ (k = 0, 1, 2,.. .5)                                              (2) 

ɿʦʢʨʝʤʘ, ʧʨʠ ɚ = 1 ʤʘʢʩʠʤʫʤʠ ʙʫʜʫʪʴ ʜʦʩʷʛʘʪʠʩʷ ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ, ʷʢʽ 

ʜʦʨʽʚʥʶʶʪʴ 0, 1, 2, ...n  ʦʜʠʥʠʮʴ ʯʘʩʫ. ʂʨʽʤ ʪʦʛʦ, ʟ ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ 

ʷʢʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʦʜʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʝʣʝʤʝʥʪʘ ʥʝ ʜʫʞʝ ʚʝʣʠʢʘ, 
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ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʻ ʤʽʩʮʝ ʥʘ ʧʨʘʢʪʠʮʽ, ʪʦ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʜʚʘ ʤʝ-

ʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʘ ʚʽʜʤʦʚʣʷʪʴ ʚ ʦʜʠʥ ʤʦʤʝʥʪ ʯʘʩʫ, ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʷ. 

ʊʘʙʣʠʮʷ 1 ï ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʨʽʟ-

ʥʠʭ k 

ɯʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ 

ʇʨʠ k=0 ʇʨʠ k=1 ʇʨʠ k=2 ʇʨʠ k=3 

V1t = 

1 

0.368 

0.135 

0.05 

0.018 

6.738 Ŀ 10-3 

2.479 Ŀ 10-3 

9.119 Ŀ 10-4 

3.355 Ŀ 10-4 

1.234 Ŀ 10-4 

4.54 Ŀ 10-5 
 

V2t = 

0 

0.368 

0.271 

0.149 

0.073 

0.034 

0.015 

6.383 Ŀ 10-3 

2.684 Ŀ 10-3 

1.111 Ŀ 10-3 

4.54 Ŀ 10-4 
 

V3t = 

0 

0.184 

0.271 

0.224 

0.147 

0.084 

0.045 

0.022 

0.011 

4.998 Ŀ 10-3 

2.27 Ŀ 10-3 
 

V4t = 

0 

3.066 Ŀ 10-3 

0.036 

0.101 

0.156 

0.175 

0.161 

0.128 

0.092 

0.061 

0.038 
 

 

 
ʈʠʩ. 1. ɻʨʘʬʽʢ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ k ʚʠʤʦʛ (k = 0,1, 2, 5) 

ʧʨʠ ʧʨʦʩʪʦʤʫ ʧʦʪʦʮʽ. 
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ʆʪʞʝ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʥʘʚʝʜʝʥʫ ʚ ʪʘʙʣʠʮʽ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʧʦʙʫʜʦʚʘ-

ʥʠʡ ʟʘ ʥʝʶ ʛʨʘʬʽʢ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ 

ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʷʤʫʻ ʜʦ ʥʝʩʢʽʥʯʝʥʦʩʪʽ, ʡʤʦʚʽʨʥʽʩʪʴ ʾʭ ʚʽʜʤʦʚʠ ʚ 

ʦʜʠʥ ʤʦʤʝʥʪ ʯʘʩʫ ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ. 

ʃʽʪʝʨʘʪʫʨʘ 
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"ʄʠʨ", 1989 ʛ. - 544 ʩ. 
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2006. - ˉ 11.10. 

 

ʋɼʂ 004.056 

ɯʅʉʊʈʋʄɽʅʊɸʃʔʅʀʁ ʂʆʄʇʃɽʂʉ ʇʈʆɻʈɸʄ ɼʃʗ 

ʆʎɯʅʖɺɸʅʅʗ ʊɸ ʋʇʈɸɺʃɯʅʅʗ ʈʀɿʀʂɸʄʀ 

ɯʅʌʆʈʄɸʎɯʁʅʆɰ ɹɽɿʇɽʂʀ  

ʆ.ɯ.ʌʝʜʶʰʠʥ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʋʢʨʘʾʥʘ 

 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ̔  ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ 

ʧʨʠʟʚʝʣʘ ʜʦ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜ ʟʘʭʠʱʝ-

ʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʩʠʩʪʝʤ, ʱʦ ʾʭ ʧʽʜʪʨʠʤʫʶʪʴ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʘʫʢʦʚʠʡ ʥʘʧʨʷʤ, ʱʦ ʨʦʟʛʣʷʜʘʻ ʧʨʦ-

ʙʣʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ (ɯɹ) ʟ ʧʦʟʠʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʽʥ-

ʬʦʨʤʘʮʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ. ɼʦʩʣʽʜʞʝʥʥʶ ʮʽʻʾ ʧʨʦʙʣʝʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ 

ʧʦʟʠʮʽʾ ʪʝʦʨʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʝʢʩʧʝʨʪʥʠʭ ʪʘ ʥʝʯʽʪʢʠʭ ʩʠʩʪʝʤ, ʧʨʠ-

ʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ɺ.ɸ. ɻʝʨʘʩʠʤʝʥʢʦ, ʃ. ʍʦʬʬʤʘʥʘ, ɸ.ɽ. ɸʣʪʫʥʽʥʘ, G.F. 

Florez, S.M. Bridges, R.B. Vaughn, P.F. Peter ʪʘ ʽʥʰʠʭ.  

ʆʜʥʘʢ, ʙʘʛʘʪʦ ʧʠʪʘʥʴ ʚ ʦʙʣʘʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ɯɹ ʟʘʣʠʰʘʶʪʴʩʷ 

ʥʝ ʜʦ ʢʽʥʮʷ ʜʦʩʣʽʜʞʝʥʠʤʠ, ʥʘʧʨʠʢʣʘʜ, ʬʦʨʤʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ɯʉ), ʷʢ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ɯɹ [1-3]. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʟʘ-

ʜʘʯʽ ʦʮʽʥʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ɯɹ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ ʧʨʦ-

ʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ, ʷʢ ʽ ʤʘʪʝʨʽʘʣʴʥʽ, ʚʦʣʦʜʽʶʪʴ ʷʢʽʩʪʶ ʪʘ ʢʽʣʴ-

ʢʽʩʪʶ, ʤʘʶʪʴ ʩʦʙʽʚʘʨʪʽʩʪʴ ʽ ʮʽʥʫ. ʆʮʽʥʢʘ ʨʠʟʠʢʽʚ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ ʻ 

ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʮʝʩʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ɰʾ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʰʪʘʙʫ ʟʘʛʨʦʟ ʙʝʟʧʝʮʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʡʤʦʚʽʨʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟʠ. 
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ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʜʣʷ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʷʢʽ ʧʦʜʽʣʷʶʪʴ ʥʘ ʝʢʩʧʝʨʪʽ, ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʽʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʽ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ.1. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʧʦʻʜʥʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʦʚʥʦʪʠ ʦʭʦʧʣʝʥʥʷ ʽʥ-

ʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʝʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʽʟʫ [1, 3-4]. 

ʇʨʦʮʝʩ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʦʮʽʥʶʻ ʡʤʦʚʽʨʥʽʩʪʴ ʽ ʧʦʪʝʥʮʽʡʥʠʡ ʟʙʠʪʦʢ ʚʽʜ 

ʚʠʷʚʣʝʥʠʭ ʟʘʛʨʦʟ, ʟʘʭʦʜʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʨʽʚʥʷ ʨʠʟʠʢʫ ʢʦʞʥʦʛʦ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦʛʦ ʘʢʪʠʚʫ ʽ ʷʢ ʚʦʥʠ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʮʽʣʽʩʥʦʩʪʽ 

ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ. ʇʦʪʽʤ ʚʠʤʽʨʶʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʩʥʫʶʯʠʭ ʟʘʭʦʜʽʚ. ʈʝ-

ʟʫʣʴʪʘʪʠ ʜʦʧʦʤʘʛʘʶʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʘʢʪʠʚʠ ʻ ʥʘʡʙʽʣʴʰ ʢʨʠ-

ʪʠʯʥʠʤʠ, ʩʣʫʞʘʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʽ ʨʝʢʦʤʝʥʜʫʶʪʴ 

ʢʫʨʩ ʜʽʡ ʜʣʷ ʟʘʭʠʩʪʫ ʘʢʪʠʚʽʚ. 

ɺ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʠʡ ʝʢʩʧʝʨʪʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ, ʱʦ ʜʦʟʚʦ-

ʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʨʦʙʦʪʫ ɯʉ ʦʨʛʘʥʽʟʘʮʽʡ, ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʦʮʽʥʢʠ 

ʨʠʟʠʢʽʚ ɯɹ ʚ ʥʝʯʽʪʢʠʭ ʫʤʦʚʘʭ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʫʧʨʘʚ-

ʣʽʥʥʶ ʥʠʤʠ. 

 

 
ʈʠʩ.1ï ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ ʨʠ-

ʟʠʢʽʚ ɯɹ 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʤʦʜʝʣʝʡ, ʱʦ ʧʨʦ-

ʧʦʥʫʶʪʴʩʷ, ʤʝʪʦʜʠʢʠ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʥʘ ʢʦʥʢʨʝʪʥʠʭ ɯʉ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ɯʉ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝ-

ʜʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʥʪʨʟʘʭʦʜʽʚ, ʱʦ ʜʣʷ ʪʝʩʪʦʚʦʾ ʟʘʜʘʯʽ ʩʢʣʘʣʦ 28,5%. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʚ ʟʜʽʡʩʥʝʥʠʡ ʚʠʙʽʨ ʦʧʝʨʘʮʽʡ T-ʥʦʨʤ 

ʪʘ S-ʥʦʨʤ ʜʣʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʥʝʯʽʪʢʦʾ ʦʮʽʥʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʠ-

ʟʠʢʘʤʠ ɯɹ ɯʉ. 
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ʇʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʮʽʥʢʠ, ʘʥʘʣʽʟʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ɯɹ ʚʠ-

ʢʦʥʫʻʪʴʩʷ ʚ ʛʦʣʦʚʥʦʤʫ ʤʦʜʫʣʽ ʢʦʤʧʣʝʢʩʫ (ʨʠʩ.2). ɼʘʥʠʡ ʧʨʦʮʝʩ ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʰʝʩʪʠ ʝʪʘʧʽʚ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʠʭ 

ʝʢʩʧʝʨʪ-ʘʥʘʣʽʪʠʢ ʦʪʨʠʤʫʻ ʟʤʽʩʪʦʚʥʽ ʟʚʽʪʠ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʦʢ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʨʠʟʠʢʽʚ, ʽ ʘʥʘʣʽʟ ʢʦʥʪʨʟʘʭʦʜʽʚ, ʱʦ ʧʨʦʧʦʥʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ. ʁʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠ-

ʢʘʤʠ ɯɹ ʦʨʛʘʥʽʟʘʮʽʾ. 

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ (ɯɹ) ʦʨʛʘʥʽʟʘʮʽʾ, ʤʝʪʦʶ ʷʢʦʛʦ ʻ ʚʠʷʚʣʝʥʥʷ, ʢʦʥʪʨʦʣʴ ʪʘ 

ʤʽʥʽʤʽʟʘʮʽʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʧʣʠʚʫ ʯʠʥʥʠʢʽʚ ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ ʚ ʢʦʨʧʦʨʘ-

ʪʠʚʥʽʡ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ (ʂʄɿ). ʋʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ɯɹ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘ-

ʪʠʩʷ ʜʣʷ ʚʩʽʻʾ ʦʨʛʘʥʽʟʘʮʽʾ ʘʙʦ ʞ ʧʦʰʠʨʶʚʘʪʠʩʴ ʣʠʰʝ ʥʘ ʧʝʚʥʫ ʾʾ ʩʬʝʨʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʜʣʷ ʩʚʦʻʾ ʨʝʘʣʽʟʘʮʽʾ ʰʽʩʪʴ ʦʩʥʦʚ-

ʥʠʭ ʝʪʘʧʽʚ:  

 
ʈʠʩ. 1 ï ʆʮʽʥʶʚʘʥʥʷ, ʘʥʘʣʽʟ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ɯɹ 

1-ʡ ʝʪʘʧ. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʘʢʪʠʚʽʚ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʢʦʤʘʥʜʘ ʟ ʫʧʨʘʚʣʽʥʥʷ 

ʨʠʟʠʢʘʤʠ ɯɹ ʪʘ ʚʣʘʩʥʠʢ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʘʢʪʠʚʫ ʧʦʚʠʥʥʽ ʚʠʟʥʘʯʘʪʠ ʧʨʦ-
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ʮʝʩʠ, ʜʦʜʘʪʢʠ, ʩʠʩʪʝʤʠ ʘʙʦ ʘʢʪʠʚʠ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. ʂʣʶʯʦʚʠʤ ʤʦ-

ʤʝʥʪʦʤ ʻ ʨʦʟʫʤʽʥʥʷ ʬʘʢʪʫ, ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʜʫ ʧʽʜʣʷʛʘʶʪʴ 

ʣʠʰʝ ʪʽ ʩʠʩʪʝʤʠ/ʘʢʪʠʚʠ, ʷʢʽ ʻ ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʧʝʨʝʨʚ-

ʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ (ʉɿɯ) ʚ ʂʄɿ. 

ɽʪʘʧ 2. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʟʘʛʨʦʟ. ʂʦʤʘʥʜʘ ʟ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ɯɹ 

ʚʠʟʥʘʯʘʻ ʟʘʛʨʦʟʠ ʷʢ ʥʝʙʘʞʘʥʽ ʧʦʜʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʨʦʙʦʪʫ ʉɿɯ 

ʚ ʂʄɿ. 

ɽʪʘʧ 3. ɺʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʩʧʠʩʦʢ 

ʟʘʛʨʦʟ ʚʠʟʥʘʯʝʥʦ ʽ ʢʦʤʘʥʜʘ ʟ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʧʦʛʦʜʠʣʘ ʡʦʛʦ, ʥʝʦʙ-

ʭʽʜʥʦ ʟôʷʩʫʚʘʪʠ, ʥʘʩʢʽʣʴʢʠ ʡʤʦʚʽʨʥʝ ʚʠʥʠʢʥʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʛʨʦʟ. 

ɽʪʘʧ 4. ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟʠ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʩʪʘ-

ʥʦʚʣʝʥʦ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʟʘʛʨʦʟʠ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ, 

ʷʢʠʡ ʩʧʨʠʯʠʥʠʪʴ ʾʾ ʨʝʘʣʽʟʘʮʽʷ. 

ɽʪʘʧ 5. ʆʙʨʦʙʣʝʥʥʷ ʨʠʟʠʢʽʚ ɯɹ ʪʘ ʚʠʙʽʨ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʢʦʥʪʨʦʣʽʚ. 

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʨʽʚʝʥʴ ʨʠʟʠʢʫ ʚʠʟʥʘʯʝʥʦ, ʢʦʤʘʥʜʘ ʟ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ 

ʚʠʟʥʘʯʘʻ ʩʧʦʩʦʙʠ, ʷʢʽ ʤʦʛʣʠ ʙ ʫʩʫʥʫʪʠ ʨʠʟʠʢ ʘʙʦ ʧʨʠʥʘʡʤʥʽ ʟʥʠʟʠʪʠ 

ʡʦʛʦ ʜʦ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ, ʪʘ ʚʠʙʠʨʘʻ ʚʽʜʧʦʚʽʜʥʽ ʢʦʥʪʨʦʣʽ ʘʙʦ ʟʘʭʦʜʠ 

ʟʘʭʠʩʪʫ. 

ɽʪʘʧ 6. ɼʦʢʫʤʝʥʪʘʮʽʷ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʽ ʚ ʩʪʘʥʜʘʨʪʥʦʤʫ ʬʦʨʤʘʪʽ ʡ ʫ ʟʚʽʪʽ, ʧʨʠʟʥʘ-

ʯʝʥʦʤʫ ʜʣʷ ʚʣʘʩʥʠʢʘ ʘʢʪʠʚʽʚ. ʋ ʟʚʽʪʽ ʟ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʧʦʚʠʥʥʘ 

ʤʽʩʪʠʪʠʩʴ ʩʠʩʪʝʤʘʪʠʯʥʘ ʪʘ ʘʥʘʣʽʪʠʯʥʘ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ, ʪʘʢ, ʱʦʙ ʚʠʱʝ 

ʢʝʨʽʚʥʠʮʪʚʦ ʦʮʽʥʠʣʦ ʨʠʟʠʢʠ ɯɹ ʽ ʚʠʜʽʣʠʣʦ ʥʝʦʙʭʽʜʥʽ ʨʝʩʫʨʩʠ ʜʣʷ ʟʥʠ-

ʞʝʥʥʷ ʨʠʟʠʢʫ ʜʦ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʙʘʛʘʪʦʨʽʚʥʝʚʘ ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʟ ʙʽʣʴʰʦ ʁʪʦʯ-

ʥʽʩʪʶ ʤʦʜʝʣʶʚʘʪʠ ʨʦʙʦʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʝʯʽʪʢʽ ʦʮʽʥʢʠ ʝʢʩʧʝʨʪʽʚ ʜʣʷ ʟʚʫʞʝʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʭʘʨʘʢʪʝʨʫ ʟʘʛʨʦʟ ʚ 

ʂʄɿ ʦʨʛʘʥʽʟʘʮʽʾ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʣʽʧʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʘʭʠ-

ʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʦʨʛʘʥʽʟʘʮʽʾ. 
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In a number of research problems, the modeling of the distribution of spa-

tial and attributive parameters of spatial objects using the regular cell method 

is used. This method is a set of spatial operations, in the course of which the 

territory is divided into regular cells of a strictly established size and the sta-

tistical values of the spatial or attribute data of the objects in these cells are 

calculated. A regular cell is a two-dimensional spatial object, an element of 

the division of the earth's surface by lines of a regular grid, and the entire 

object (the investigated territory) is mapped into spatial cells forming a reg-

ular grid [1]. 

In this study, an spatial object is understood as a multipolygon, and each 

regular cell is represented by a polygon in the form of a square with 

dimensions of 80 km, 10 km, 1 km, 500 m and 100 m. As a means of 

implementation was selected PostGIS as a spatial database extender for Post-

greSQL object-relational database. PostGIS is licensed under the GNU GPL 

and operated as a Free Software Project [2]. It adds support for geographic 

objects allowing location queries to be run in SQL. 

Three methods of solving this problem were investigated. 

a) Usual method. 

1) Calculate the spatial extent of the source multipolygon (figure 1-1). 

2) Generate each mesh by the spatial extent and needed mesh size (figure 

1-2, all blue and grey meshes). 

3) Check of intersecting of each mesh with source multipolygon (figure 

1-2, only grey meshes).  

 
Figure 1 ï Illustration of a usual procedure of polygonôs division 
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By the usual procedure above, the number of the spatial search will in-

crease as the spatial extents gets bigger. Thus it would take a long process 

time when the polygon is enormous or separated. 

b) Usual method with using spatial index in the temporary table. 

Using PostGIS effectively requires knowing what spatial functions are 

available, and ensuring that appropriate indexes are in place to provide good 

performance [3]. So, for increasing of performance was needed using spatial 

indexes in temporary table with mesh grid. The next steps are proposed. 

1) Calculate the spatial extent of the source multipolygon. 

2) Generate all meshes in the certain area and put it into temporary table 

and creating spatial index.  

3) Check of intersecting of all meshes with source multipolygon using 

spatial search. 

This method using standard spatial operations that are provided by Post-

GIS. In most cases this method has good result by time of executing. There 

is one case when this method has problem. This is when border of mesh 

touches to border of source multipolygon. In this case we need to exclude this 

mesh from result. For that needed use other special spatial operations of Post-

GIS, that not use spatial index. Wherein the run time is greatly increased. To 

solve this problem, the following method is proposed. 

c) Optimization method 

For example, one wants to create a 500m mesh polygon for a certain 

source polygon. So, needed spatial search by 1km mesh (red gridline), not 

from 500m (figure 2-1). It could be figured out that: 

- source polygon contains ALL 1km mesh A1 & A2;  

- source polygon does not intersect with 1km mesh B1 & B2 at all.  

Next, spatial search by 500m. A1&A2 has been figured that A1 &A2 area 

contained by the source polygon so no spatial search is needed, it only has to 

be divided into 500m. Also B1 & B2 has no source polygon inside so they 

could skip the spatial search by 500m mesh. 

 
Figure 2 ï Illustration of an optimization method of polygonôs divi-

sion  
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If  the more the source polygon gets bigger, the more 1km mesh polygons 

will be contained in the source polygon and lessen the spatial search process. 

But, if the source polygon was huge (such as a whole continent polygon 

data), apparently 1km will be too small to start so it should be started from 

80km (refer the example #figure3-1). This source polygon exceeds 80km in 

latitude or longitude direction so start the spatial search from 80km. In this 

process there were no contained mesh or intersected mesh. Next, spatial 

search by 10km(#figure3-2). Few meshes were contained in the source poly-

gon or didnôt intersect at all. Next, 1km. This time only process meshes that 

are not pink or grey mesh in the figure. 500m mesh process as well. 

 
Figure 3 ï Illustration of an optimization method of polygonôs division 

for large size 

For testing of all methods two polygons was chosen. First polygon had 

spatial extend 24 km and had a right form. Second polygon had spatial extend 

209 km and was elongated and separated. In figure 4 results of tests are pre-

sented. In figure 5 results of testing methods with excluding touch® meshes 

with source polygon are presented. 

Figure 4 ï Results of testing methods for two different polygons 
































































































































