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ʈɸʉʐʀʈɽʅʀɽ ʏɸʉʊʆʊʅʆɻʆ ɼʀɸʇɸɿʆʅɸ ɸʋɼʀʆ ʉʀɻʅɸʃɸ 

ʃʶʙʠʤʦʚ ʅʠʢʦʣʘʡ ɸʥʜʨʝʝʚʠʯ 

ʉʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

e-mail: lubimov.nicolas@gmail.com 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-ʤ.ʥ. ʃʫʢʠʥ ɸʣʝʢʩʝʡ ʉʝʨʛʝʝʚʠʯ 

ʉ ʨʘʩʪʫʱʝʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʮʠʬʨʦʚʦʤ ʰʠʨʦʢʦʬʦʨʤʘʪʥʦʤ ʪʝʣʝ- ʠ ʨʘʜʠʦʚʝʱʘʥʠʠ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʤʘʣʦʤ 

çʙʠʪʨʝʡʪʝè - ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʮʠʬʨʦʚʦʤʫ ʢʘʥʘʣʫ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʠʩʪʝʤʳ ʩʞʘʪʠʷ ʘʫʜʠʦ ʜʘʥʥʳʭ, ʪʘʢʠʝ ʢʘʢ MPEG Layer 3 (mp3) ʠ Vorbis 

(ogg), ʥʫʞʜʘʶʪʩʷ ʚ ʨʘʟʚʠʪʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʫʣʫʯʰʘʶʱʠʭ ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʢʘʯʝʩʪʚʦ 

ʩʠʛʥʘʣʘ ʧʦʩʣʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʜʝʢʦʜʠʨʦʚʘʥʠʷ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʣʘ 

ʪʝʭʥʦʣʦʛʠʡ ʈʘʩʰʠʨʝʥʠʷ ʉʧʝʢʪʨʘʣʴʥʦʡ ʇʦʣʦʩʳ (Spectral Band Replication - SBR) [3], ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʠʣʘ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʫʜʠʦ ʢʦʜʠʨʦʚʘʥʠʷ  ʥʘ 50%. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦʬʦʨʤʘʪʥʦʛʦ ʚʝʱʘʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ XM Satellite Radio ʠ Digital Radio Mondiale [4]. 

ʉʫʪʴ ʪʝʭʥʦʣʦʛʠʠ SBR ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʩʞʘʪʠʷ ʘʫʜʠʦ ʜʘʥʥʳʭ, ʢʦʜʠʨʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʣʠʰʴ ʦʧʨʝʜʝʣʸʥʥʳʡ ʜʠʘʧʘʟʦʥ ʚ ʦʙʣʘʩʪʠ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪ. ɺʳʩʦʢʠʝ ʯʘʩʪʦʪʳ ʜʦʩʪʨʘʠʚʘʶʪʩʷ ʜʝʢʦʜʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʛʝʥʝʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʘʫʜʠʦ ʧʦʪʦʢʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʈʘʩʰʠʨʝʥʠʷ ʏʘʩʪʦʪʥʦʛʦ ɼʠʘʧʘʟʦʥʘ (ʈʏɼ) ʘʫʜʠʦ 

ʩʠʛʥʘʣʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʩʪʨʘʠʚʘʪʴ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʥʝʨʠʨʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ. ʆʩʥʦʚʦʡ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʛʨʫʙʘʷ 

ʛʝʥʝʨʘʮʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠ ʧʦʤʦʱʠ ʥʝʣʠʥʝʡʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʤʧʣʠʪʫʜʥʦʡ ʦʛʠʙʘʶʱʝʡ ʩʧʝʢʪʨʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʝʣʠ ʚʟʚʝʰʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ [7]. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʈʏɼ ʚ ʤʦʙʠʣʴʥʦʡ ʠ IP-ʪʝʣʝʬʦʥʠʠ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ 

ʨʘʟʙʦʨʯʠʚʦʩʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ ʨʝʯʠ  ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʢʦʜʝʢʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ 

ʛʦʣʦʩʦʚʦʡ ʩʚʷʟʠ. ʅʝ ʪʨʝʙʫʶʱʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʪʝʭʥʦʣʦʛʠʷ ʈʏɼ ʜʦʩʪʫʧʥʘ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʣʶʙʦʤ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʟʚʫʢʦʚʦʡ ʢʘʨʪʳ ʤʦʙʠʣʴʥʦʛʦ 

ʪʝʣʝʬʦʥʘ ʠʣʠ ʇʂ ʚ ʢʘʯʝʩʪʚʝ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ 

ʩʠʛʥʘʣʘ. 

ʊʘʢʞʝ ʚ ʨʘʤʢʘʭ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʈʏɼ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʩʧʝʮʵʬʬʝʢʪʦʚ ʜʣʷ ʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ: ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʯʝʩʪʚʘ 
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ʠʩʧʦʨʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʠʜʘʥʠʝ ʵʬʬʝʢʪʘ ʷʨʢʦʩʪʠ (çbrightnessè) ʠ ʧʦʣʥʦʪʳ ʟʚʫʯʘʥʠʷ 

ʤʫʟʳʢʘʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʟʘ ʩʯʸʪ ʦʙʦʛʘʱʝʥʠʷ ʩʠʛʥʘʣʘ ʛʘʨʤʦʥʠʢʘʤʠ. 

ɺ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʷʜ ʪʝʩʪʦʚ ʠ ʜʘʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ [6, 8] ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʈʏɼ. ɼʣʷ 

ʧʦʣʥʦʪʳ ʘʥʘʣʠʟʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʩʠʛʥʘʣʘ ʢʘʢ ʚ ʦʙʲʝʢʪʠʚʥʳʭ (ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʝʥʝʨʠʨʫʝʤʳʤ ʠ 

ʠʩʭʦʜʥʳʤ ʩʧʝʢʪʨʦʤ), ʪʘʢ ʠ ʚ ʩʫʙʲʝʢʪʠʚʥʳʭ (ʘʢʫʩʪʠʯʝʩʢʠʡ ʪʝʩʪ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʩʣʫʰʘʪʝʣʷʤʠ) ʤʝʪʨʠʢʘʭ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʦʮʝʥʦʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʈʏɼ. ʇʦ ʠʪʦʛʘʤ ʨʘʙʦʪʳ 

ʛʦʪʦʚʠʪʩʷ ʧʫʙʣʠʢʘʮʠʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 
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ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 
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ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ï ʢ.ʬ.-ʤ.ʥ.  ʀʛʥʘʪʝʥʢʦ ɸʣʝʢʩʝʡ ɺʠʢʪʦʨʦʚʠʯ,  

ʢ.ʬ.-ʤ.ʥ. ʂʨʳʣʦʚ ɸʥʜʨʝʡ ʉʝʨʜʞʝʚʠʯ 

ɺ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʩʰʠʨʝʥʥʦʡ 

ʛʣʫʙʠʥʳ ʨʝʟʢʦʩʪʠ (ʤʫʣʴʪʠʬʦʢʫʩ-ʠʟʦʙʨʘʞʝʥʠʡ). ɻʣʫʙʠʥʘ ʨʝʟʢʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ð ʵʪʦ 

ʜʠʘʧʘʟʦʥ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʧʣʦʩʢʦʩʪʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʤʘʪʨʠʮʳ) ʜʦ ʦʙʲʝʢʪʦʚ ʩʮʝʥʳ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʝʤʳʝ ʥʘ ʤʘʪʨʠʮʝ ʦʙʲʝʢʪʳ ʠʣʠ ʯʘʩʪʠ ʦʙʲʝʢʪʦʚ ʠʤʝʶʪ ʚʳʩʦʢʫʶ 

ʨʝʟʢʦʩʪʴ. ɻʣʫʙʠʥʘ ʨʝʟʢʦʩʪʠ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʦʯʝʥʴ ʙʦʣʴʰʦʡ (ʧʘʥʦʨʘʤʥʳʝ ʦʙʲʝʢʪʠʚʳ) ʜʦ 

ʦʯʝʥʴ ʤʘʣʝʥʴʢʦʡ (ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʤʠʢʨʦʩʢʦʧʦʚ). ɿʘʜʘʯʘ 

ʧʦʩʪʨʦʝʥʠ ̫ʤʫʣʴʪʠʬʦʢʫʩ-ʠʟʦʙʨʘʞʝʥʠʡ ʘʢʪʫʘʣʴʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ 

ʤʘʣʦʡ ʛʣʫʙʠʥʦʡ ʨʝʟʢʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʠʢʨʦʩʢʦʧʦʚ. ʊʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʚʠʟʫʘʣʴʥʦ ʤʘʣʦ ʦʪʣʠʯʘʶʱʝʝʩʷ ʦʪ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ ʨʝʟʢʦʩʪʠ, ʠʟ ʥʘʙʦʨʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʤʘʣʦʡ ʛʣʫʙʠʥʦʡ ʨʝʟʢʦʩʪʠ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʨʘʟʣʠʯʥʦʡ ʬʦʢʫʩʠʨʦʚʢʦʡ ʩʠʩʪʝʤʳ.  

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʠ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʨʝʰʝʥʠʡ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʦ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʦʜʭʦʜʘ [1], ʧʨʠ ʢʦʪʦʨʦʤ ʠʩʭʦʜʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʩʫʧʝʨʧʠʢʩʝʣʠ (ʨʝʛʠʦʥʳ). ʈʘʟʨʘʙʦʪʘʥ ʨʷʜ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ ʤʝʪʦʜʘ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʘʨʪʝʬʘʢʪʦʚ ʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ ʤʫʣʴʪʠʬʦʢʫʩ-ʠʟʦʙʨʘʞʝʥʠʠ 

ʠ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʝʛʦ ʧʦʩʪʨʦʝʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʩʨʝʜʝ MATLAB. ʉ ʧʦʤʦʱʴʶ ʥʝʛʦ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʦʢʘʟʘʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʢʘʯʝʩʪʚʘ ʠ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ ʟʘ ʩʯʝʪ ʧʨʝʜʣʦʞʝʥʥʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ. 

ʇʣʘʥʠʨʫʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ.  
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estimation and mosaickingò, IEEE International Conference on Image Processing, pp. 227ï

231, 2006.  
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ʄɽʊʆɼʓ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʅɽʃʀʅɽʁʅʆɻʆ ʀʉʊʆʏʅʀʂɸ ɺ 

ʋʈɸɺʅɽʅʀʀ ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʀ 

ʇʘʚʝʣʴʯʘʢ ʀʚʘʥ ɸʣʝʢʩʝʝʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

eïmail: pavelchaki@gmail.com 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʧʨʦʬʝʩʩʦʨ ɼʝʥʠʩʦʚ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʚ ʫʨʘʚʥʝʥʠʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʕʪʘ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʙʠʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʜʨʫʛʠʭ ʥʘʫʢʘʭ. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥ r

ʜʚʘ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʝʨʚʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʚʪʦʚʦʣʥʦʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʂʦʰʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʚʪʦʨʦʡ ʤʝʪʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʙʣʠʞʝʥʠʠ 

ʥʝʠʟʚʝʩʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʥʦʛʦʯʣʝʥʘʤʠ ɹʝʨʥʰʪʝʡʥʘ.  

ʇʨʦʚʝʜʝʥʳ ʚʯrʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ 

ʠʩʪʦʯʥʠʢʘ ʠ ʚʣʠʷʥʠʶ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʤʝʪʦʜʦʚ. ʆʙʘ 

ʤʝʪʦʜʘ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʥʝʢʦʪʦʨʳʡ ʢʣʘʩʩ ʬʫʥʢʮʠʡ ʠʩʪʦʯʥʠʢʘ, 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʪʦʨʳʡ ʚʟʷʪʳ ʠʟ ʤʦʜʝʣʝʡ ʙʠʦʣʦʛʠʠ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ. ʄʝʪʦʜ ʘʚʪʦʚʦʣʥʦʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʬʫʥʢʮʠʠ ʠʩʪʦʯʥʠʢʘ ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʧʦʛʨʝʰʥʦʩʪʠ. ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʙʣʘʜʘʝʪ ʤʘʣʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʴʶ. ʄʝʪʦʜ ʧʨʠʙʣʠʞʝʥʠʷ ʤʥʦʛʦʯʣʝʥʘʤʠ ɹʝʨʥʰʪʝʡʥʘ ʪʨʝʙʫʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ, ʥʦ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʣʫʯʰʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ 

ʬʫʥʢʮʠʶ ʠʩʪʦʯʥʠʢʘ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. Fisher R. A.. The Wave of Advantageous Genes.  ï   Ann.Eugenics 7,355-369, 1937. 

2. Murray J. D.. Mathematical Biology. ï   Springer NY, 1993. 

3. ʂʦʣʤʦʛʦʨʦʚ ɸ. ʅ., ʇʝʪʨʦʚʩʢʠʡ ʀ. ɻ., ʇʠʩʢʫʥʦʚ ʅ. ʉ.. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ 

ʜʠʬʬʫʟʠʠ, ʩʦʝʜʠʥʸʥʥʦʡ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ, ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʢ 

ʦʜʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʝ.  ï   ɹʶʣʣ. ʄɻʋ, ʉʝʢʮʠʷ ɸ. ʄʘʪʝʤʘʪʠʢʘ ʠ ʤʝʭʘʥʠʢʘ, 

1937, ʪ. 1, ʚʳʧ. 6, ʩ. 1-26.  
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ɸʃɻʆʈʀʊʄ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʊʈɽʍʄɽʈʅʓʍ ʉʎɽʅ 

ʉʝʤʝʡʢʠʥʘ ɽʢʘʪʝʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ 

ʩʪʫʜʝʥʪʢʘ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

eïmail: semeikinae@gmail.com 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʩ.ʥ.ʩ., ʢ.ʬ.-ʤ.ʥ. ʖʨʠʥ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʩʮʝʥʳ ʧʦ ʝʸ 
ʜʚʫʤʝʨʥʳʤ ʧʨʦʝʢʮʠʷʤ (ʬʦʪʦʛʨʘʬʠʷʤ), ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʥʝʠʟʚʝʩʪʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ 
ʦʨʠʝʥʪʘʮʠʠ ʢʘʤʝʨ ʠ ʥʝʠʟʚʝʩʪʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʢʘʤʝʨʳ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 
ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 
ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʮʝʥʘ ʩʦʩʪʦʠʪ ʠʟ ʪʦʯʝʢ, ʪʦ ʢʘʞʜʦʡ ʪʘʢʦʡ ʪʨʝʭʤʝʨʥʦʡ ʪʦʯʢʝ ʩʮʝʥʳ 

(ʥʝʠʟʚʝʩʪʥʦʡ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʸ ʧʨʦʝʢʮʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʡʪʠ 
ʥʘ ʠʤʝʶʱʠʭʩʷ ʠʟʦʙʨʘʞʝʥʠʷʭ ʪʦʯʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʩʪʨʫʢʪʫʨʫ ʩʮʝʥʳ, - ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 
ʪʦʯʢʠ; ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢʠʝ ʠʟ ʵʪʠʭ ʪʦʯʝʢ ʥʘ ʨʘʟʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʠʤ ʠ ʪʝʤ 
ʞʝ ʪʦʯʢʘʤ ʩʮʝʥʳ; ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʭ ʪʨʝʭʤʝʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʧʦʣʦʞʝʥʠʷ ʢʘʤʝʨ. 
ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 

1. ɼʣʷ ʧʦʠʩʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ SIFT [1], ʷʚʣʷʶʱʠʡʩʷ 
ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ 
ʥʘʭʦʜʷʪʩʷ ʧʷʪʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ. ɺʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʘʜʠʝʥʪʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ. 
2. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʥʘʙʦʨ ʩʦʦʪʚʝʪʩʪʚʠʡ ʤʝʞʜʫ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʥʘ ʜʚʫʭ ʠʟʦʙʨʘʞʝʥʠʷʭ 

ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʧʨʠʟʥʘʢʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʦʯʝʢ 
3. ɿʘʪʝʤ ʠʟ ʵʪʠʭ ʩʦʦʪʚʝʪʩʪʚʠʡ ʚʳʙʠʨʘʝʪʩʷ ʯʘʩʪʴ çʥʘʜʝʞʥʳʭè, ʦʪʚʝʯʘʶʱʠʭ ʙʦʣʝʝ 

ʞʝʩʪʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʥʘ ʙʣʠʟʦʩʪʴ ʚʝʢʪʦʨʦʚ ʧʨʠʟʥʘʢʦʚ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʪʘʢ ʢʘʢ ʜʣʷ ʧʝʨʚʦʛʦ 
ʵʪʘʧʘ ʥʘʭʦʞʜʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʘʪʨʠʮʳ ʥʫʞʥʦ ʠʩʢʣʶʯʠʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʣʦʞʥʳʭ 
ʩʦʦʪʚʝʪʩʪʚʠʡ. 
4. ʊʘʢ ʢʘʢ, ʜʘʞʝ ʠʩʧʦʣʴʟʫʷ ʧʨʠʟʥʘʢʠ ʩ ʭʦʨʦʰʝʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʥʝʣʴʟʷ 

ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʦʞʠʪʴ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘ ʢʘʜʨʘʭ ʦʪʚʝʯʘʶʱʠʭ ʜʨʫʛ 
ʜʨʫʛʫ ʪʦʯʝʢ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʤʘʪʨʠʮʘ (ʌʄ) F  ʟʘʜʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʪʦʯʢʘ 'x  
ʚʪʦʨʦʛʦ ʢʘʜʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʦʯʢʝ x  ʧʝʨʚʦʛʦ, ʜʦʣʞʥʘ ʣʝʞʘʪʴ ʥʘ ʣʠʥʠʠ Fxl  
(ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʟʜʝʩʴ ʠ ʜʘʣʝʝ - ʦʜʥʦʨʦʜʥʳʝ). ɺ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʝ ʨʝʘʣʠʟʦʚʘʥʦ ʜʚʘ 
ʚʘʨʠʘʥʪʘ ʧʦʠʩʢʘ ʌʄ: ʯʝʨʝʟ ʛʦʤʦʛʨʘʬʠʠ ʠ ʧʦ ʧʦʪʦʯʝʯʥʳʤ ʩʦʦʪʚʝʪʩʪʚʠʷʤ. ʕʪʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 
ʩʦʜʝʨʞʘʪ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʪʦʯʝʢ, ʠ ʯʘʩʪʴ ʩʦʦʪʚʝʪʩʪʚʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʦʰʠʙʦʯʥʦ ʠ 
ʜʦʣʞʥʘ ʙʳʪʴ ʠʩʢʣʶʯʝʥʘ ʠʟ ʚʳʯʠʩʣʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʨʦʙʘʩʪʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 
ʘʣʛʦʨʠʪʤ RANSAC [2], ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʠʪʝʨʘʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ DLT-ʘʣʛʦʨʠʪʤ [2] ʨʝʰʝʥʠʷ 
ʉʃɸʋ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʠʥʛʫʣʷʨʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʤʘʪʨʠʮ. 

 
  

 

1. ʇʦʠʩʢ ʭʘʨʘʢʪʝʨʠʩʪʠʯ. ʪʦʯʝʢ 
ʠ ʠʭ ʚʝʢʪʦʨʦʚ ʧʨʠʟʥʘʢʦʚ 

2. ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʨʝʜʚʘʨʠʪ. 
ʩʦʦʪʚʝʪʩʪʚʠʡ 

5. ɺʳʙʦʨ ʩʦʦʪʚʝʪʩʪʚʠʡ, ʫʜʦʚʣ. 
 ɻ ʧʠʧʦʣʷʨʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ 

 

4. ʇʦʠʩʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʘʪʨʠʮʳ 
 

 ʯʝʨʝʟ ʛʦʤʦʛʨʘʬʠʠ ʧʦ ʪʦʯʢʘʤ 

 

3. ɺʳʙʦʨ ʥʘʜʝʞʥʳʭ 
ʩʦʦʪʚʝʪʩʪʚʠʡ 

6. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ 
ʢʘʣʠʙʨʦʚʢʘ ʢʘʤʝʨ 

8. ʄʝʪʨʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ  

9. ʇʦʩʪʨʦʝʥʠʝ VRML ʤʦʜʝʣʠ  

7. ʇʨʦʝʢʪʠʚʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ  



˗́̆̅̑́̕ ˙ˡ 
 

15 

 

5. ʀʟ ʥʘʙʦʨʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ ʚʳʙʠʨʘʶʪʩʷ ʪʦʯʢʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 
ʵʧʠʧʦʣʷʨʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʌʄ. ʇʦ ʥʦʚʦʤʫ ʥʘʙʦʨʫ 
ʩʦʦʪʚʝʪʩʪʚʠʡ ʌʄ ʠʪʝʨʘʪʠʚʥʦ ʫʪʦʯʥʷʝʪʩʷ. 

6. 1,, ffdiagK  - ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʤʘʪʨʠʮʘ [2], ʩʦʜʝʨʞʘʱʘʷ ʥʘ ʜʠʘʛʦʥʘʣʠ ʬʦʢʫʩʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʢʘʤʝʨʳ f . ʉ ʝʸ ʧʦʤʦʱʴʶ ʦʪ ʌʄ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ (ʉʄ): 

FKTKE . ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʚʘ ʠʟ ʩʠʥʛʫʣʷʨʥʳʭ ʯʠʩʝʣ i  ʉʄ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ, ʘ ʪʨʝʪʴʝ - 

ʨʘʚʥʦ ʥʫʣʶ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝ ʤʠʥʠʤʠʟʘʮʠʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ: 
21

21minargf . 

7. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʠʚʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʪʦ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʠʝ 3D 
ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
ʄʘʪʨʠʮʘ ʢʘʤʝʨʳ P  ï ʵʪʦ ʤʘʪʨʠʮʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʟ 

ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʧʣʦʩʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ. ʄʘʪʨʠʮʘ ʧʝʨʚʦʡ ʢʘʤʝʨʳ ʤʦʞʝʪ ʙʳʪʴ 
ʚʳʙʨʘʥʘ ʚ ʢʘʥʦʥʠʯʝʩʢʦʤ ʚʠʜʝ: 0|IP . ɼʣʷ ʤʘʪʨʠʮʳ ʚʪʦʨʦʡ 'P  ʢʘʤʝʨʳ ʧʦ ʉʄ ʥʘʭʦʜʠʪʩʷ 4 
ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘ, ʚʳʙʦʨ ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʨʦʚʝʨʢʠ, ʯʪʦ 
ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʪʦʯʢʠ ʣʝʞʘʪ ʚʧʝʨʝʜʠ ʦʙʝʠʭ ʢʘʤʝʨ. 

3D ʢʦʦʨʜʠʥʘʪʳ X  ʪʦʯʝʢ ʥʘʭʦʜʷʪʩʷ [2] ʠʟ ʩʠʩʪʝʤʳ XPxPXx '', . 
8. ʅʘ ʵʪʘʧʝ ʤʝʪʨʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʝʢʪʠʬʠʮʠʨʫʶɦ ʝʡ 

ʛʦʤʦʛʨʘʬʠʠ H. ɽʩʣʠ ʧʨʠʤʝʥʠʪʴ ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢ ʤʘʪʨʠʮʘʤ ʢʘʤʝʨ, ʘ ʦʙʨʘʪʥʦʝ - ʢ 

ʥʘʡʜʝʥʥʳʤ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʪʨʝʭʤʝʨʥʳʤ ʪʦʯʢʘʤ XPHHx 1
, ʪʦ ʥʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʙʫʜʫʪ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʦʙʠʷ ʩʮʝʥʳ.  
9. ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʬʦʨʤʘʪʝ VRML (Virtual Reality Modeling 

Language - ʷʟʳʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ). 

   

 
         ʈʠʩ.1. ʇʨʠʤʝʨ ʧʘʨʳ ʠʟʦʙʨʘʞʝʥʠʡ          ʈʠʩ.2. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʪʦʯʢʠ,  ʈʠʩ.3. ʊʝʢʩʪʫʨʥʘʷ ʤʦʜʝʣʴ, 
  (ʜʚʝ ʢʥʠʛʠ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ ʜʨʫʛ ʢ ʜʨʫʛʫ)                        ʚʠʜ ʩʙʦʢʫ                                     ʚʠʜ  ʩʧʝʨʝʜʠ 

ɸʣʛʦʨʠʪʤ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʝ ʉ++. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 
ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʦʯʝʢ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʝʨʥʦ, ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʢʦʦʨʜʠʥʘʪ ʪʘʢʠʭ ʪʦʯʝʢ 
ʥʝʚʝʣʠʢʘ. ʅʝʚʝʨʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʝʝ 2ʭ ʧʨʦʮʝʥʪʦʚ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ 
ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʪʦʯʝʢ. ɸʣʛʦʨʠʪʤ ʥʝ ʥʘʢʣʘʜʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʨʘʢʫʨʩʳ 
ʩʲʝʤʢʠ, ʩ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʩʜʝʣʘʥʳ ʩʥʠʤʢʠ, ʥʘ ʤʘʩʰʪʘʙ, ʚ ʢʦʪʦʨʦʤ ʩʥʠʤʘʝʪʩʷ ʩʮʝʥʘ, ʠ 
ʫʤʝʨʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʩʚʝʱʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʥʝ ʪʨʝʙʫʝʪʩʷ 
ʧʨʦʚʝʜʝʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʩʲʝʤʦʢ. 

[1] D.G.Lowe Object recognition from local scale-invariant features//ICCV1999-P.1150-1157. 

[2] R. Hartley, A. Zisserman Multiple View Geometry in Computer Vision. Cambridge University Press 2004, 672 p., ISBN: 
0521540518 
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ɽɼʀʅʉʊɺɽʅʅʆʉʊʔ ʆʇʈɽɼɽʃɽʅʀʗ ɿɸɺʀʉʗʑɽʁ ʆʊ ʈɽʐɽʅʀʗ 

ʅɽʆɼʅʆʈʆɼʅʆʉʊʀ ɺ ʋʈɸɺʅɽʅʀʀ ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʀ 

ʏʫʨʙʘʥʦʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

eïmail: dmitriychurbanov@mail.ru 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ ʑʝʛʣʦʚ ɸʣʝʢʩʝʡ ʖʨʴʝʚʠʯ 

ʂʚʘʟʠʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʦʧʠʩʳʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʧʣʘ ʧʨʠ ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʵʣʝʢʪʨʦʥʥʘʷ ʠ 

ʠʦʥʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʧʣʘʟʤʝ ʠ ʪ.ʜ.).  ʏʘʩʪʦ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ, 

ʪʨʝʙʫʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʄʫʟʳʣʝʚʘ ʅ.ɺ. ʠ ɼʨʦʞʞʠʥʦʡ ʆ.ɺ. ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ 

ʫʨʘʚʥʝʥʠʷ ʩ ʥʝʣʠʥʝʡʥʦʩʪʷʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʨʘʚʥʝʥʠʡ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʢʘʪʴ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʧʨʦʠʟʚʦʜʥʦʡ 

ʨʝʰʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʇʫʩʪʴ ʬʫʥʢʮʠʷ  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʣʝʜʫʶʱʝʡ 

ʟʘʜʘʯʝ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ : 

 

ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ . 

ʊʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʚʠʜʠʤʦ ʨʘʥʝʝ ʥʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ. ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʳ ʬʫʥʢʮʠʡ  ʥʘ ʟʘʜʘʥʥʳʝ ʫʩʣʦʚʠʷ ʥʘʢʣʘʜʳʚʘʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʛʣʘʜʢʦʩʪʠ ʠ ʤʦʥʦʪʦʥʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ ʧʦ . ʇʨʘʚʘʷ ʯʘʩʪʴ  ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʢʫʩʦʯʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʠʟʚʝʩʪʥʦʡ ʥʘ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʘ ʠʤʝʥʥʦ ʥʘ ʦʪʨʝʟʢʝ ). ʅʘ 

ʦʩʥʦʚʝ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ ʠ 

ʜʦʢʘʟʳʚʘʝʪʩʷ ʪʝʦʨʝʤʘ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ. ʅʘ ʵʪʦʡ ʙʘʟʝ ʩʪʨʦʠʪʩʷ 

ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ. ʇʨʘʚʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʢʦʥʝʯʥʦʛʦ ʨʷʜʘ ʬʫʥʢʮʠʡ . ɿʜʝʩʴ  ʬʠʢʩʠʨʫʝʪʩʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ  ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʭʦʜʝ ʠʪʝʨʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʚʷʟʢʫ . ɼʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʯʠʩʣʘ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʰʘʛ ʩʝʪʢʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʚʳʯʠʩʣʝʥʠʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʟʘʜʘʥʥʦʡ ʧʨʘʚʦʡ ʯʘʩʪʠ ʠ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʂ ʧʨʠʤʝʨʫ, ʧʨʠ  ʚʩʝʛʜʘ ʩʯʠʪʘʣʦʩʴ ʙʳʩʪʨʝʝ, ʥʝʞʝʣʠ ʯʝʤ ʧʨʠ  

. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʤʝʪʥʦ ʥʘʨʘʩʪʘʥʠʝ 
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ʧʦʛʨʝʰʥʦʩʪʠ. ʀʪʘʢ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʫʩʣʦʚʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ  ʟʘʜʘʯʠ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮ. ʂʨʳʣʦʚ ɸʥʜʨʝʡ ʉʝʨʜʞʝʚʠʯ 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʝʪʦʜʦʚ ʜʚʫʭʤʝʨʥʦʡ ʠ ʪʨʝʭʤʝʨʥʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʠʜʝʦʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʜʠʦʛʥʦʩʪʠʢʠ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ ʠ ʧʦʜʛʦʪʦʚʢʠ ʚʠʟʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ ʢʨʦʚʝʥʦʩʥʳʭ 

ʩʦʩʫʜʦʚ ʧʝʯʝʥʠ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ.  

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳʝ ʩʣʝʜʫʶʱʠʝ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ: 

 ʆʪʩʣʝʞʠʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʩʪʝʥʢʠ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ ʚ ʟʘʜʘʯʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ. 

 ʉʝʛʤʝʥʪʘʮʠʷ ʧʦʩʪʨʦʝʥʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʦʩʫʜʦʚ ʧʝʯʝʥʠ ʜʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʧʦ ʧʝʨʝʩʘʜʢʝ ʬʨʘʛʤʝʥʪʦʚ ʧʝʯʝʥʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʪʝʥʦʢ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʚʘʨʠʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ 

ʚʳʯʠʩʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʪʝʥʦʢ ʩʝʨʜʮʘ, ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʠ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ  ʢʦʥʪʫʨʦʚ ʞʝʣʫʜʦʯʢʘ  

[1]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʪʨʝʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʧʝʯʝʥʠ ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʣʛʦʨʠʪʤ ʩʢʝʣʝʪʠʟʘʮʠʠ ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʩʢʝʣʝʪʘ ʩʦʩʫʜʦʚ, ʨʷʜ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʛʨʘʬʘʭ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʩʝʛʤʝʥʪʘʮʠʠ ʩʢʝʣʝʪʘ, 

ʤʝʪʦʜʳ ʦʙʲʝʤʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ [2].  

  
a)                                                           b)                                                        c) 
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ʈʠʩʫʥʦʢ 1: ʊʨʝʭʤʝʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ: (a) ï ʚʭʦʜʥʳʭ ʦʙʲʝʤʥʳʭ ʜʘʥʥʳʭ, (b) ï 

ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʩʦʩʫʜʦʚ ʧʝʯʝʥʠ, (c) ï ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʦʤʳʚʘʥʠʷ ʧʝʯʝʥʠ. 

ʄʝʪʦʜʳ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʧʦʜ ʚʳʧʦʣʥʝʥʠʝ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʨʝʘʣʠʟʦʚʘʥʥʳ 

ʥʘ ʧʣʘʪʬʦʨʤʝ .NET ʠ ʚʩʪʨʦʝʥʳ ʚ ʩʪʘʥʮʠʶ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ ɸʈʀʉ 

MultiVox 5.5. ʊʨʝʭʤʝʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʦʙʲʝʤʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʷʟʳʢʘ HLSL ʠ ʘʜʘʧʪʠʨʦʚʘʥʘ ʧʦʜ ʚʳʧʦʣʥʝʥʠʝ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʘʜʘʧʪʝʨʝ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʰʝʡʜʝʨʳ ʚʝʨʩʠʠ 3 [3] (ʩʤ. ʈʠʩʫʥʦʢ 1). 

ʀʩʧʳʪʘʥʠʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʈʦʩʩʠʡʩʢʦʤ ʅʘʫʯʥʦʤ ʎʝʥʪʨʝ ʍʠʨʫʨʛʠʠ ʈɸʄʅ 

(ʣʘʙʦʨʘʪʦʨʠʠ ʥʘʛʨʫʟʦʯʥʳʭ ʪʝʩʪʦʚ ʠ ʘʙʜʦʤʠʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ) ʠ ʧʦʢʘʟʘʣʠ ʠʭ 

ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʝʛʤʝʥʪʘʮʠʠ ʩʦʩʫʜʦʚ ʧʝʯʝʥʠ 

ʢʣʠʥʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ɻʋ ʈʦʩʩʠʡʩʢʠʡ 

ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʭʠʨʫʨʛʠʠ ʠʤ.ɹ.ɺ. ʇʝʪʨʦʚʩʢʦʛʦ ʈɸʄʅ, ʄʦʩʢʚʘ ʚ ʜʦʢʣʘʜʝ ʥʘ ʍʍ 

ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʨʘʜʠʦʣʦʛʠʯʝʩʢʦʤ ʩʲʝʟʜʝ 26-28 ʤʘʷ 2009ʛ. ʛ. ʄʦʩʢʚʘ. [4]  
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ʩʲʝʟʜʘ. (2009) ʩʪʨ. 53-56 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʆʋɼɸʈɽʅʀʗ ʉɺɽʈʍɿɺʋʂʆɺʓʍ ʇʆʊʆʂʆɺ ɻɸɿɸ ʉ  

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʉʋʇɽʈʂʆʄʇʔʖʊɽʈʅʆɻʆ ʂʆʄʇʃɽʂʉɸ 

ɹʘʪʯʠʢʦʚ ʇʝʪʨ ʉʝʨʛʝʝʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

eïmail: batchikov@mail.ru 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʬ.ʤ.ʥ. ʃʝʙʝʜʝʚ ʄʠʭʘʠʣ ɻʣʝʙʦʚʠʯ 

ɿʘʜʘʯʘ ʦʙ ʦʙʪʝʢʘʥʠʠ ʠʩʪʦʯʥʠʢʘ ʨʘʚʥʦʤʝʨʥʳʤ ʧʦʪʦʢʦʤ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ 

ʜʠʥʘʤʠʢʠ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ [1].  

ɺ ʩʣʫʯʘʝ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʘ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʧʦʜʨʦʙʥʦ. ʇʝʨʚʦʝ 

ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʩʦʫʜʘʨʝʥʠʠ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʨʘʚʥʦʤʝʨʥʦʛʦ ʠ ʨʘʜʠʘʣʴʥʦʛʦ 

ʧʦʪʦʢʦʚ ʛʘʟʘ, ʚ ʨʘʤʢʘʭ ʥʝʚʷʟʢʠʭ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʨʘʙʦʪʝ [2] ʧʨʠ ʧʦʤʦʱʠ 

ʠʟʚʝʩʪʥʦʛʦ ʤʝʪʦʜʘ ɹʘʙʝʥʢʦ-ʈʫʩʘʥʦʚʘ [3]. ʆʜʥʘʢʦ ʨʝʰʝʥʠʝ [2] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʣʠʰʴ ʜʣʷ 

ʣʦʙʦʚʦʡ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʝʯʝʥʠʷ ʚ ʭʚʦʩʪʦʚʦʡ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʪʦ ʦʥʦ ʦʙʣʘʜʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʜʣʷ ʝʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʝʠʟʙʝʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʩʢʚʦʟʥʦʛʦ ʩʯʝʪʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ  ʟʘʜʘʯʘ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʠ 

ʨʘʜʠʘʣʴʥʦʛʦ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʧʦʪʦʢʦʚ ʛʘʟʘ ʚ ʭʚʦʩʪʦʚʦʡ ʦʙʣʘʩʪʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʰʘʝʪʩʷ 

ʤʝʪʦʜʦʤ ʉ. ʂ. ɻʦʜʫʥʦʚʘ [4]. ʇʨʠ ʵʪʦʤ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʚ [2] ʜʣʷ ʣʦʙʦʚʦʡ 

ʦʙʣʘʩʪʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʥʘ ʚʭʦʜʥʦʡ ʛʨʘʥʠʮʝ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʢʣʶʯʘʶʪ ʪʘʢʞʝ ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ ʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʤʷʛʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʚʳʭʦʜʥʳʭ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʨʘʩʯʸʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʣʝʜʫʶʱʝʡ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ:  

  ʠ   

ʥʘ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʝ (1150x750) ʩʦ ʩʪʦʨʦʥʘʤʠ ʷʯʝʝʢ: deltaX = 0.013, deltaY = 0.013. ɺ 

ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʦʙʪʝʢʘʥʠʷ ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʨʘʚʥʦʤʝʨʥʳʤ ʧʦʪʦʢʦʤ ʩ ʯʠʩʣʦʤ ʄʘʭʘ ; ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ .  

ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʩʢʚʦʟʥʦʛʦ ʩʯʝʪʘ ʉ.ʂ. ɻʦʜʫʥʦʚʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʘʭ ʉ++ ʠ ʉ#, ʚ 

ʭʦʜʝ ʢʦʪʦʨʦʡ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʩʦʫʜʘʨʝʥʠʠ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʧʦʪʦʢʦʚ ʛʘʟʘ ʚ ʭʚʦʩʪʦʚʦʡ ʦʙʣʘʩʪʠ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʜʣʷ ʫʜʦʙʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʇʨʦʛʨʘʤʤʘ, ʥʘʧʠʩʘʥʥʘʷ ʥʘ ʷʟʳʢʝ ʉ++ ʦʪʣʘʞʝʥʘ 

ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ IBM eSeries p690 (çʈʝʛʘʪʪʘè) ʠ ʨʘʩʧʘʨʘʣʣʝʣʝʥʘ 

ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ OpenMP. ʇʨʦʛʨʘʤʤʘ, ʥʘʧʠʩʘʥʥʘʷ ʥʘ ʷʟʳʢʝ ʉ#, ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʠ 

ʠʩʧʦʣʴʟʫʝʪ ʜʨʫʛʦʡ ʤʝʪʦʜ ʜʣʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ɼʣʷ ʫʜʦʙʥʦʡ 

ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ, ʥʘʧʠʩʘʥʥʦʡ ʥʘ ʷʟʳʢʝ ʉ#, ʩʦʟʜʘʥ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʨʷʜʘ, ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʚʩʝʚʦʟʤʦʞʥʦʡ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ. ʊʘʢʞʝ, ʥʘ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʷʟʳʢʘʭ, ʥʘʧʠʩʘʥʳ ʩʢʨʠʧʪʳ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ 

ʚʠʜʝ ʦʜʥʦʤʝʨʥʳʭ ʛʨʘʬʠʢʦʚ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥ ʚ ʚʳʜʝʣʝʥʥʦʡ ʪʦʯʢʝ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ ʠʟʦʣʠʥʠʡ ʚ ʯʸʨʥʦ-

ʙʝʣʦʤ ʠ ʮʚʝʪʥʦʤ ʚʘʨʠʘʥʪʘʭ, ʘ ʪʘʢʞʝ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʥʠʡ ʪʦʢʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʷʟʳʢ 

Python, ʬʫʥʢʮʠʠ Matplotlib ʠ NCAR Command Language ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʳ IBM eSeries p690 (çʈʝʛʘʪʪʘè) ʧʦʟʚʦʣʠʣʦ 

ʧʨʦʚʝʩʪʠ ʨʘʩʯʸʪʳ ʩ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʩʯʝʪʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʭʥʦʣʦʛʠʷ 

OpenMP. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʨʘʩʧʘʨʘʣʣʝʣʝʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʮʠʢʣʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ X ʠ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ Y, ʘ ʪʘʢʞʝ ʜʦʙʘʚʣʝʥ ʢʦʜ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʠʪʝʡ ʚ ʢʦʥʮʝ ʨʘʩʯʸʪʘ ʦʜʥʦʛʦ ʰʘʛʘ 

ʧʦ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʣʦʩʴ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʩʯʸʪʘ ʟʘʜʘʯʠ ʥʘ ʩʝʪʢʝ 1150ʭ750 ʥʘ 

ʧʦʨʷʜʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʧʨʦʮʝʩʩʦʨʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ (ʩ 219 404 ʩʝʢʫʥʜ ʜʦ 46 437 ʩʝʢʫʥʜ 

ʜʣʷ ʵʪʦʡ ʩʝʪʢʠ ʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʚʨʝʤʝʥʠ ʨʘʩʯʸʪʘ, ʨʘʚʥʦʤ 200). ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʝʩʪʥʘʜʮʘʪʠ ʧʨʦʮʝʩʩʦʨʦʚ.  ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʨʘʩʧʘʨʘʣʣʝʣʝʥʘ ʧʨʦʛʨʘʤʤʘ, ʥʘʧʠʩʘʥʥʘʷ ʥʘ ʷʟʳʢʝ ʉ# ʜʣʷ ʨʘʙʦʪʳ 

ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ. ɼʣʷ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʢʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ: using System.Threading. ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ 

IntelÈ CoreÊ2 Quad CPU Q6600 @ 2.40GHz ʩ 4 ʧʨʦʮʝʩʩʦʨʘʤʠ. ɺʳʧʦʣʥʷʷ ʧʨʦʛʨʘʤʤʫ ʧʨʠ 

ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʝ ʚʩʝʭ ʧʨʦʮʝʩʩʦʨʦʚ,  ʫʜʘʣʦʩʴ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʩʯʸʪʘ ʟʘʜʘʯʠ ʥʘ ʩʝʪʢʝ 

1150ʭ750 ʚ 3.25 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʧʨʦʮʝʩʩʦʨʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ (ʩ 219 404 ʩʝʢʫʥʜ ʜʦ 70 097 

ʩʝʢʫʥʜ ʜʣʷ ʵʪʦʡ ʩʝʪʢʠ ʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʚʨʝʤʝʥʠ ʨʘʩʯʸʪʘ, ʨʘʚʥʦʤ 200). 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʟʘʜʘʯʘ ʦ ʩʦʫʜʘʨʝʥʠʠ ʜʚʫʭ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʧʦʪʦʢʦʚ ʛʘʟʘ ʚ ʭʚʦʩʪʦʚʦʡ 

ʦʙʣʘʩʪʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ , ʚʳʙʦʨ ʥʘʯʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʦʩʦʙʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ʚʦ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʙʨʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʟʘʜʘʯʘ ʩʭʦʜʠʣʘʩʴ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ, ʚʥʫʪʨʠ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ, ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʶʪʩʷ ʧʫʪʸʤ ʧʝʨʝʥʦʩʘ 

ʟʥʘʯʝʥʠʡ ʩ ʣʝʚʦʡ ʛʨʘʥʠʮʳ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʚʩʝ ʫʟʣʳ ʩʝʪʢʠ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʩʠʤʤʝʪʨʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʸʪʦʚ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʠʤʝʣ 

ʤʝʩʪʦ ʬʘʢʪ ʫʩʪʘʥʦʚʣʝʥʠʷ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʝʯʝʥʠʷ ʚ ʭʚʦʩʪʦʚʦʡ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʶʱʫʶ 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʝ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʠ ʜʨʫʛʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʳʚʘ, ʘ ʪʘʢʞʝ 

ʨʘʟʚʠʪʫʶ ʦʙʣʘʩʪʴ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʩ ʧʨʦʪʠʚʦʪʦʢʦʤ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʠ ʩʠʤʤʝʪʨʠʠ. ɺʝʩʴʤʘ 

ʣʶʙʦʧʳʪʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʝʯʝʥʠʷ ʦʢʘʟʘʣʦʩʴ ʥʘʣʠʯʠʝ ʨʘʟʚʠʪʦʡ ʧʨʠʦʩʝʚʦʡ ʦʙʣʘʩʪʠ 

ʧʨʦʪʠʚʦʪʦʢʘ, ʪ.ʝ. ʚʠʭʨʝʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʩʢʦʨʦʩʪʴ ʚʩʪʨʝʯʥʦʛʦ ʪʝʯʝʥʠʷ 

ʜʦʩʪʠʛʘʝʪ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʟʥʘʯʝʥʠʡ. ʆʪʨʘʞʝʥʠʝ ʧʘʜʘʶʱʝʡ ʚʥʫʪʨʝʥʥʝʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʦʪ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʯʝʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʘʩʯʸʪʦʚ ʨʝʛʫʣʷʨʥʦʝ ʠ ʤʘʭʦʚʩʢʦʝ ʦʪʨʘʞʝʥʠʷ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʝʪʩʷ 

ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʘʜʘʶʱʝʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʢʦʥʠʯʝʩʢʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩ ʚʝʨʰʠʥʦʡ 

ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʠ ʩʦʝʜʠʥʷʶʱʝʛʦ ʠʭ ʤʦʩʪʦʦʙʨʘʟʥʦʛʦ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 

          [1] ʂʦʯʠʥ ʅ.ɽ., ʂʠʙʝʣʴ ʀ.ɸ. ʈʦʟʝ ʅ.ɺ., ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʛʠʜʨʦʤʝʭʘʥʠʢʘ ʊ1. 

ʄ.: ʌʠʟʤʘʪʛʠʟ. 1963. 

[2] ʃʝʙʝʜʝʚ ʄ.ɻ., ʉʘʥʜʦʤʠʨʩʢʘʷ ʀ.ɼ. ɺʩʪʨʝʯʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʥʝʚʷʟʢʠʭ ʧʦʪʦʢʦʚ ʛʘʟʘ // ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. ɺʳʧ. 34. ʄ.: ʀʟʜ-ʚʦ ʄɻʋ, 1981. 

[3] ɹʘʙʝʥʢʦ ʂ.ʀ., ʈʫʩʘʥʦʚ ɺ.ɺ. ʈʘʟʥʦʩʪʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʟʘʜʘʯ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ  // ʊʨʫʜʳ II ɺʩʝʩʦʶʟʥʦʛʦ ʩʲʝʟʜʘ ʧʦ ʤʝʭʘʥʠʢʝ. ʆʙʟʦʨʥʳʝ 

ʜʦʢʣʘʜʳ. ɺʳʧ. 2. ʄ.: ʅʘʫʢʘ, 1965. 

[4] ɻʦʜʫʥʦʚ ʉ.ʂ., ɿʘʙʨʦʜʠʥ ɸ.ɺ., ʀʚʘʥʦʚ ʄ.ʗ., ʂʨʘʡʢʦ ɸ.ʅ., ʇʨʦʢʦʧʦʚ. 

çʅʘʫʢʘè, ʄ.: 1976. 
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ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼɺʋʍʂʆʄʇʆʅɽʅʊʅʆʁ ʆʇʊʀʏɽʉʂʆʁ 

ʉʀʉʊɽʄʓ. 

ɼʘʥʠʣʠʥ ʀʚʘʥ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

e-mail: danilin.iv@gmail.com 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʧʨʦʬʝʩʩʦʨ ʈʘʟʛʫʣʠʥ ɸʣʝʢʩʘʥʜʨ ɺʠʪʘʣʴʝʚʠʯ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʤʦʜʝʣʴ ʩʨʝʜʳ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʩʦʧʨʷʞʝʥʦ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʧʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʘʨʴʠʨʦʚʘʥʠʷ ʝʝ 

ʧʘʨʘʤʝʪʨʦʚ. ɼʠʥʘʤʠʢʘ ʪʘʢʠʭ ʩʨʝʜ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʜʚʫʭ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

[1] ʪʠʧʘ ʨʝʘʢʮʠʷ-ʜʠʬʬʫʟʠʷ [2]: 

, 

, 

ʛʜʝ    ï  ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ,  - ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʘ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʨʝʣʘʢʩʘʮʠʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ:  

ʉʠʩʪʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʨʫʛʝ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 3-ʛʦ ʨʦʜʘ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʦʜʥʦʨʦʜʥʳʭ ʨʝʰʝʥʠʡ :  

 

ʆʩʥʦʚʦʡ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ɻʝʣʴʤʛʦʣʴʮʘ ʚ ʢʨʫʛʝ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʫʛʣʦʚʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ʠ ʩʠʤʤʝʪʨʠʯʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʧʦ ʨʘʜʠʘʣʴʥʦʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʠʪʝʨʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ: ʩʭʝʤʘ 2-ʛʦ ʧʦʨʷʜʢʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ 

ʚ ʧʦʣʶʩʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ; ʩʭʝʤʳ 2-ʛʦ ʠ 4-ʛʦ ʧʦʨʷʜʢʘ ʥʘ ʩʝʪʢʝ ʩʦ ʩʤʝʱʝʥʠʝʤ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʚ ʥʫʣʝ. 

ʅʘʠʣʫʯʰʫʶ ʪʦʯʥʦʩʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʘ ʩʭʝʤʘ 4-ʛʦ ʧʦʨʷʜʢʘ; ʩʭʝʤʘ 

2-ʛʦ ʧʦʨʷʜʢʘ ʥʘ ʩʤʝʱʝʥʥʦʡ ʩʝʪʢʝ ʦʢʘʟʘʣʘʩʴ ʣʫʯʰʝ ʩʭʝʤʳ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʚ 

ʥʫʣʝ. ʇʦ ʚʨʝʤʝʥʠ ʩʭʝʤʘ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʦ ʷʚʥʦʡ/ʥʝʷʚʥʦʡ 

ʩʭʝʤʦʡ ʪʦʯʥʦʩʪʴ. 

ʉ ʧʦʤʦʱʴʶ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʳʙʦʨʘ ʩʪʘʮʠʦʥʘʨʦʚ 

ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ: 

 ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʪʘʮʠʦʥʘʨʘʤ 

 ʩʪʘʙʠʣʠʟʘʮʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʬʦʨʤʳ (ʨʠʩ. 1) 

(

1) 
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ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ ʧʨʠ 

 

 ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʨʘʚʥʦʤʝʨʥʳʝ ʠ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʩʠʩʪʝʤʳ (ʨʠʩ. 2) 

 

ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ ʧʨʠ 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʨʦʚ (GPU) ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʩʝʪʢʝ - ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ - ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʘʨʘʣʣʝʣʠʟʤʘ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ (ʜʠʩʢʨʝʪʠʟʘʮʠʷ 

ʬʫʥʢʮʠʡ ʧʦ ʫʟʣʘʤ ʩʝʪʢʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʨʝʰʝʥʠʝ ʉʃɸʋ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʱʥʦʩʪʠ ʤʘʩʩʦʚʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ 

nVidia CUDA. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʚʠʜʝʦʢʘʨʪʝ nVidia GTX260 ʠ ʧʨʦʮʝʩʩʦʨʝ 

Intel Core2Duo E6400. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʫʩʢʦʨʝʥʠʝ ʚ ʜʝʩʷʪʢʠ ʨʘʟ 

(ʪʘʙʣ. 1). 

 
3

2x32 

6

4x64 

1

28x128 

2

56x256 

ʋʩʢʦʨʝʥʠʝ

, ʨʘʟ 

9

.7x 

1

5.9x 

3

4.3x 

1

02.3x 

ʊʘʙʣ. 1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ CPU ʠ GPU ʨʝʘʣʠʟʘʮʠʡ, ʫʩʢʦʨʝʥʠʝ GPU vs. CPU 

ɸʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ɻʝʣʴʤʛʦʣʴʮʘ ʦʙʱʝʛʦ ʚʠʜʘ ʩ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʚʩʪʨʝʯʘʶʱʝʛʦʩʷ ʚʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ, ʙʳʣʠ ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ. ʈʝʘʣʠʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ 

ʜʣʷ CPU ʠ GPU. 

1. ʈʘʭʤʘʥʦʚ ɸ. ʄ., ɺʦʨʦʥʮʦʚ ʄ. ɸ., ʇʦʧʦʚʘ ɸ. ʇ., ʐʤʘʣʴʛʘʫʟʝʥ ɺ. ʀ.  

ʆʧʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʫʤʝʨʥʦʡ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ // ʂʚʘʥʪʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ, ʪ.19, ˉ7, 

c.643-645, 1992 

2. John G. Alford, Giles Auchmuty. Rotating wave solutions of the FitzHugh-Nagumo 

equations // Mathematical Biology, Vol. 53: pp. 797ï819, 2006 
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ʈɽʐɽʅʀɽ ʀʅʊɽɻʈɸʃʔʅʆɻʆ ʋʈɸɺʅɽʅʀʗ ʇɽʈɺʆɻʆ ʈʆɼɸ ʉ ɼɽʃʔʊɸ-

ʆɹʈɸɿʅʓʄ ʗɼʈʆʄ 

ʂʦʨʩʘʢʦʚ ʄʘʢʩʠʤ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

eïmail: maxim.korsakov@gmail.com 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʧʨʦʬʝʩʩʦʨ ɼʤʠʪʨʠʝʚ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʨʦʜʘ ʩ ʜʝʣʴʪʘ-ʦʙʨʘʟʥʳʤ ʷʜʨʦʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʧʘʨʘʤʝʪʨʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʨʦʜʘ ʩ ʷʜʨʦʤ 

ʪʠʧʘ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʠ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʪʘʪʴʝ ɸ.ʅ. ʊʠʭʦʥʦʚʘ ʠ ɸ.ɸ. ʉʘʤʘʨʩʢʦʛʦ çʆ 

ʨʘʟʣʦʞʝʥʠʠ ʧʦ ʧʘʨʘʤʝʪʨʫ ʠʥʪʝʛʨʘʣʦʚ ʩ ʷʜʨʦʤ ʪʠʧʘ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʠè [1], ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʘʟʣʦʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʪʝʛʨʘʣʦʚ. ʅʘ 

ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʟʣʦʞʝʥʠʷ ʠʥʪʝʛʨʘʣʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʝʨʝʡʪʠ ʦʪ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʧʨʠʙʣʠʞʝʥʥʦʝ 

ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ 

ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʦʧʨʦʙʦʚʘʥ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ ʩ ʷʜʨʦʤ ʇʫʘʩʩʦʥʘ. ʄʝʪʦʜ 

ʧʦʢʘʟʘʣ ʧʨʝʢʨʘʩʥʫʶ ʪʦʯʥʦʩʪʴ, ʚʦʟʨʘʩʪʘʶʱʫʶ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ. 

ɹʳʣ ʨʘʩʩʤʦʪʨʝʥ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʨʦʜʘ 

[2]. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʠ ʤʝʪʦʜʘ ʧʝʨʝʭʦʜʘ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ. ɽʛʦ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ 

ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʦʢʘʟʘʣ ʧʨʝʢʨʘʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʩ 

ʜʝʣɹʪʘʦʙʨʘʟʥʳʤ ʷʜʨʦʤ ʜʘʞʝ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ʠ ʤʠʥʠʤʘʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʠʪʝʨʘʮʠʡ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʊʠʭʦʥʦʚ ɸ.ʅ. çʀʟʙʨʘʥʥʳʝ ʪʨʫʜʳ ɸ.ʅ. ʊʠʭʦʥʦʚʘè - ʄ.: ʄɸʂʉ ʇʨʝʩʩ, 2001 

2. ɼʤʠʪʨʠʝʚ ɺ.ʀ., ʉʘʣʴʥʠʢʦʚ ʈ.ɺ. çʀʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ 
ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʨʦʜʘè: çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ ˉ15è - ʄ.: ʄɸʂʉ 

ʇʨʝʩʩ, 2003 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊʈɽʍʄɽʈʅʓʍ ʊʋʈɹʋʃɽʅʊʅʓʍ ʊɽʏɽʅʀʁ ɺʗɿʂʆʁ 

ʅɽʉɾʀʄɸɽʄʆʁ ɾʀɼʂʆʉʊʀ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ɻʈɸʌʀʏɽʉʂʀʍ 

ʇʈʆʎɽʉʉʆʈʆɺ 

ʈʘʙʦʪʘ ʫʜʦʩʪʦʝʥʘ ʜʠʧʣʦʤʘ I-ʝʡ ʩʪʝʧʝʥʠ 

ʉʘʭʘʨʥʳʭ ʅʠʢʦʣʘʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

eïmail: nikolai.sakharnykh@gmail.com 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ï ʧʨʦʬʝʩʩʦʨ ʜ.ʬ.ʤ.ʥ. ʇʘʩʢʦʥʦʚ ɺʠʣʝʥ ʄʠʭʘʡʣʦʚʠʯ, 

ʢ.ʬ.ʤ.ʥ. ɹʝʨʝʟʠʥ ʉʝʨʛʝʡ ɹʦʨʠʩʦʚʠʯ 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʠʤʝʥʝʥʠʶ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʨʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʫʨʙʫʣʝʥʪʥʳʭ ʪʝʯʝʥʠʡ ʚʷʟʢʠʭ 

ʞʠʜʢʦʩʪʝʡ.  

ɺ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʝʡ, 

ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʠ ʚʳʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʧʦʣʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ 

[1]. ʇʨʝʜʣʦʞʝʥ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʧʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ [2] ʠ ʝʛʦ ʵʬʬʝʢʪʠʚʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʤʦʜʝʣʠ NVDIA  CUDA [3] ʜʣʷ ʤʘʩʩʠʚʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ. ʅʘ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨ ʥʦʚʳʭ ʤʥʦʛʦʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʦʪ Intel, 

ʩʫʧʝʨʢʦʤʴʶʪʝʨʘ IBM Regatta ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ NVIDIA  Tesla. ɹʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʘʨʭʠʪʝʢʪʫʨʘʤʠ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʛʦ ʫʜʘʝʪʩʷ ʧʦʣʫʯʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʜʝʩʷʪʢʠ ʨʘʟ 

ʙʳʩʪʨʝʝ. ʉ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʚʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʳ ʩʪʘʨʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʜʨʫʛʠʭ 

ʨʘʙʦʪʘʭ [2].  

ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʜʣʷ 

ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʪʝʯʝʥʠʡ.  
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ɺʓʏʀʉʃʀʊɽʃʔʅʓɽ ɸʃɻʆʈʀʊʄʓ ʀʅʊɽʈʇʆʃʗʎʀʀ ʀ ʕʂʉʊʈɸʇʆʃʗʎʀʀ 

ɺ ʇʈʆɹʃɽʄɸʍ ʏʀʉʃɽʅʅʆɻʆ ʈɽʐɽʅʀʗ ɿɸɼɸʏ ɺɸʈʀɸʎʀʆʅʅʆʁ 

ɸʉʉʀʄʀʃʗʎʀʀ ɻɽʆʌʀɿʀʏɽʉʂʀʍ ɼɸʅʅʓʍ ʅɸɹʃʖɼɽʅʀʁ 

ʈʘʙʦʪʘ ʫʜʦʩʪʦʝʥʘ ʜʠʧʣʦʤʘ II-ʝʡ ʩʪʝʧʝʥʠ 

ɿʘʭʘʨʦʚʘ ʅʘʪʘʣʴʷ ɹʦʨʠʩʦʚʥʘ 

ʩʪʫʜʝʥʪʢʘ ʢʘʬʝʜʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

eïmail: zakharova_nb@mail.ru 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʧʨʦʬʝʩʩʦʨ ɸʛʦʰʢʦʚ ɺʘʣʝʨʠʡ ʀʚʘʥʦʚʠʯ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʨʝʩ ʢ ʟʘʜʘʯʘʤ ʘʩʩʠʤʠʣʷʮʠʠ (ʫʩʚʦʝʥʠʷ) ʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʕʪʠ ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʳ ʠʭ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʥʘʫʢʘʭ 

ʦ ɿʝʤʣʝ. ʅʘʠʙʦʣʴʰʠʝ ʧʨʠʣʦʞʝʥʠʷ ʦʥʠ ʧʦʣʫʯʠʣʠ ʚ ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʦʢʝʘʥʦʣʦʛʠʠ, ʛʜʝ ʜʘʥʥʳʝ 

ʠʟʤʝʨʝʥʠʡ ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ ʘʩʩʠʤʠʣʠʨʫʶʪʩʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (ʠʣʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ) ʠʣʠ ʩ ʮʝʣʴʶ 

ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʭ 

ʧʨʦʛʥʦʟʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʙʱʠʭ ʟʘʢʦʥʦʚ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʟʘʢʦʥʘʭ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʤʦʤʝʥʪʘ, ʵʥʝʨʛʠʠ (ʠ ʪ.ʧ.) ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʕʪʠ ʫʨʘʚʥʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʵʚʦʣʶʮʠʠ ʤʦʜʝʣʠʨʫʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʦ 

ʥʝ ʜʦʩʪʘʪʦʯʥʳ. ʏʘʩʪʦ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʦʜʝʣʠ (ʥʘʧʨʠʤʝʨ, ʥʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ, ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ, ʬʫʥʢʮʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʜʨ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʠʣʠ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʨʦʣʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʣʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʛʨʘʶʪ ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ ʠʣʠ ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʬʫʥʢʮʠʡ), ʚʭʦʜʷʱʠʭ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. ɼʣʷ 

ʟʘʤʳʢʘʥʠʷ ʚʦʟʥʠʢʘʶʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʣʝʢʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ. ʕʪʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʷʚʣʷʶʪʩʷ ʦʧʝʨʘʪʠʚʥʳʝ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ. 

ʏʪʦʙʳ ʩʚʷʟʘʪʴ ʵʪʠ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʟʘʪʝʤ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʦʙʨʘʪʥʳʝ ʟʘʜʘʯʠ 

(ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ), ʘ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʠ ʧʨʝʜʩʢʘʟʘʪʴ ʩʦʩʪʦʷʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʠʨʫʝʤʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʚʦʜʷʪ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʚʘʨʠʘʮʠʦʥʥʦʡ ʘʩʩʠʤʠʣʷʮʠʠ 

ʜʘʥʥʳʭ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʷʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʟʜʝʣʦʚ ʤʘʪʝʤʘʪʠʢʠ, ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʝʪʦʜʦʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ.  

ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʩʚʦʝʥʠʷ 

ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʤʝʪʦʜʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʣʶʙʦʡ ʧʨʦʛʥʦʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʩʪʨʘʧʦʣʷʮʠʶ ʧʦ ʚʨʝʤʝʥʠ, ʘ ʧʦʩʪʨʦʝʥʠʝ 

ʠʟʦʣʠʥʠʡ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʜʫʨ ʠʥʪʝʨʧʦʣʷʮʠʠ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʠʥʪʝʨʧʦʣʷʮʠʷ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʫʟʣʳ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʩʚʦʝʥʠʷ ʜʘʥʥʳʭ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʦʙ ʫʩʚʦʝʥʠʠ ʜʘʥʥʳʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʘʭ ʠ ʫʯʠʪʳʚʘʶʱʠʭ ʧʦʩʣʝʜʥʠʝ 

ʜʦʩʪʠʞʝʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʙʘʟ ʦʧʝʨʘʪʠʚʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʠʩʪʦʯʥʠʢʦʚ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʤʝʪʦʜʦʚ 
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ʦʙʨʘʙʦʪʢʠ, ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʚʘʨʠʘʮʠʦʥʥʦʡ ʘʩʩʠʤʠʣʷʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʠʭ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʥʝʩʢʦʣʴʢʠʭ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʂʦʤʧʣʝʢʩʘ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʦʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʤʝʪʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʝʜʠʥʦʛʦ ʧʦʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜ ʚ ʦʢʝʘʥʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥ ʂʦʤʧʣʝʢʩ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʭ 

ʧʨʦʛʨʘʤʤ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʡ ʜʘʝʪ ʙʘʟʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʱʝʛʦ ʧʦʚʝʜʝʥʠʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠʭ ʧʦʚʝʜʝʥʠʷ. ɽʛʦ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʚ ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʦʢʝʘʥʦʛʨʘʬʠʠ, ʛʜʝ ʥʘʙʣʶʜʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ 

ʘʩʩʠʤʠʣʠʨʫʶʪʩʷ ʚ ʘʪʤʦʩʬʝʨʥʳʝ ʠ ʦʢʝʘʥʩʢʠʝ ʤʦʜʝʣʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

(ʠʣʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ) ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ 

ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʀʥʩʪʠʪʫʪʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʦʩʪʘʚʣʷʶʱʠʝ ʝʛʦ ʧʨʦʛʨʘʤʤʳ ʠ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴʩʷ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʠʟ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʥʘʫʢʠ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-ʤ.ʥ. ɻʣʘʟʫʥʦʚ ɸʥʜʨʝʡ ɺʘʩʠʣʴʝʚʠʯ 

ɺʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚʩʪʨʝʯʘʶʪʩʷ ʦʙʣʘʩʪʠ ʩʦ ʩʣʦʞʥʦʡ 

ʛʝʦʤʝʪʨʠʝʡ. ʏʘʩʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʶʪ ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʩʝʪʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʥʠʮʘʤ ʦʙʣʘʩʪʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ 

ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʝʪʢʠ, ʦʩʦʙʝʥʥʦ ʚ ʟʘʜʘʯʘʭ ʩ ʜʚʠʞʫʱʠʤʠʩʷ ʠʣʠ ʜʝʬʦʨʤʠʨʫʝʤʳʤʠ ʛʨʘʥʠʮʘʤʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʦʙʣʘʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʨʘʩʪʫʱʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʤʝʪʦʜʘʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦ ʪʝʯʝʥʠʠ ʚ ʩʣʦʞʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘ ʜʝʢʘʨʪʦʚʳʭ ʩʝʪʢʘʭ. ʂ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʵʪʠʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʣʝʛʢʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʩʝʪʦʢ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʥʘʛʣʷʜʥʦʩʪʴ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ, 

ʧʦʣʫʯʘʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʆʩʥʦʚʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʛʨʘʥʠʮʝ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʇʝʨʚʳʝ ʧʦʧʳʪʢʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʥʘ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʛʨʘʥʠʮʝ ʥʘ ʜʝʢʘʨʪʦʚʳʭ ʩʝʪʢʘʭ ʧʦʷʚʠʣʠʩʴ ʚ ʢʦʥʮʝ ʧʷʪʠʜʝʩʷʪʳʭ ʛʦʜʦʚ XX 

ʚʝʢʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʤʝʪʦʜʳ ʢʘʢ ʤʝʪʦʜ ʩʪʫʧʝʥʯʘʪʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʥʠʮʳ (stair-step method), ʤʝʪʦʜ ʩʢʦʰʝʥʥʳʭ ʷʯʝʝʢ (cut-cell method), ʤʝʪʦʜ 

ʚʥʝʩѾʥʥʦʡ ʛʨʘʥʠʮʳ (immersed boundary method). ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚʩʝ ʙʦʣʴʰʝʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʤʝʪʦʜʘ ʚʥʝʩʝʥʥʦʡ ʛʨʘʥʠʮʳ. 

ɺʘʞʥʦʡ ʧʨʠʯʠʥʦʡ ʚʥʠʤʘʥʠʷ ʠʤʝʥʥʦ ʢ ʵʪʦʤʫ ʤʝʪʦʜʫ ʷʚʣʷʝʪʩʷ ʨʘʩʪʫʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ ʩʦ 

ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʠʙʣʠʞʝʥʠʝ ʛʨʘʥʠʮʳ ʩʪʫʧʝʥʴʢʘʤʠ ʦʢʘʟʳʚʘʝʪʩʷ ʛʨʫʙʳʤ, ʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ ʩʝʪʢʘʤʠ ʙʫʜʝʪ ʠʟʙʳʪʦʯʥʳʤ ʜʣʷ 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʨʝʰʝʥʠʷ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʩʢʦʰʝʥʥʳʭ ʷʯʝʝʢ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʚʥʝʩʝʥʥʦʡ ʛʨʘʥʠʮʳ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʪʝʯʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʚʠʞʥʳʝ 

ʛʨʘʥʠʮʳ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ɺ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʜʥʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʤʝʪʦʜʘ 

ʚʥʝʩʝʥʥʦʡ ʛʨʘʥʠʮʳ (ʤʝʪʦʜʘ ʬʠʢʪʠʚʥʳʭ ʷʯʝʝʢ) ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʜʚʫʭʤʝʨʥʳʭ 

ʟʘʜʘʯ ʦʙ ʦʙʪʝʢʘʥʠʠ ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ, ʦ ʪʝʯʝʥʠʠ ʥʘʜ ʩʪʫʧʝʥʴʢʦʡ, ʦʙ ʦʙʪʝʢʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʢʨʫʛʦʚʳʭ ʮʠʣʠʥʜʨʦʚ ʚ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʪʨʝʭʤʝʨʥʦʡ ʟʘʜʘʯʠ ʦ ʪʝʯʝʥʠʠ 

ʚʦʢʨʫʛ ʩʬʝʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʤʝʪʦʜʘ ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʩ ʤʝʪʦʜʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ 

ʧʦʩʪʨʦʝʥʠʠ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʩʝʪʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʘʥʠʮʘʤ ʦʙʣʘʩʪʠ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʉʳʪʠʥ ɽʚʛʝʥʠʡ ɸʥʪʦʥʦʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

eïmail: sytin@cs.msu.su 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-ʤ.ʥ. ʈʫʜʥʝʚ ʉʝʨʛʝʡ ɻʝʥʥʘʜʴʝʚʠʯ 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʪʫʙʝʨʢʫʣʝʟʘ. ʆʩʥʦʚʥʳʤ ʫʯʘʩʪʢʦʤ 

ʛʝʥʦʤʥʦʡ ɼʅʂ ʯʝʣʦʚʝʢʘ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʬʫʥʢʮʠʶ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʤʘ ʧʨʠ 

ʟʘʙʦʣʝʚʘʥʠʷʭ, ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʡ ʢʦʤʧʣʝʢʩ ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ (HLA), ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʚ 6-ʡ 

ʭʨʦʤʦʩʦʤʝ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʛʨʘʤʤʘ-ʦʙʦʣʦʯʢʘ IrGene 1.0 ʜʣʷ ʘʥʘʣʠʟʘ 

ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʩʠʩʪʝʤʳ HLA ʠ ʧʦʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʯʘʩʪʦʪʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʛʝʥʦʪʠʧʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʥʘ ʦʩʥʦʚʝ ʪʘʙʣʠʮ ʩʦʧʨʷʞʝʥʥʦʩʪʠ [1]. ʉ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦ ʜʘʥʥʳʤ ɼʅʂ-ʪʠʧʠʨʦʚʘʥʠʷ ʥʠʟʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʤ 

ʦʪʜʝʣʦʤ ʠʤʤʫʥʦʛʝʥʝʪʠʢʠ ʯʝʣʦʚʝʢʘ ʀʥʩʪʠʪʫʪʘ ʠʤʤʫʥʦʣʦʛʠʠ ʌʄɹɸ ʈʦʩʩʠʠ, ʧʦʩʪʨʦʝʥʳ 

ʦʮʝʥʢʠ ʚʝʣʠʯʠʥ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʠʩʢʘ ʠ ʦʧʠʩʘʥʳ ʤʘʨʢʝʨʳ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʨʘʟʚʠʪʠʶ ʪʫʙʝʨʢʫʣʝʟʘ [2]. ʏʠʩʣʝʥʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʙʣʦʯʥʘʷ ʤʦʜʝʣʴ 

ʧʘʪʦʛʝʥʝʟʘ ʪʫʙʝʨʢʫʣʝʟʥʦʡ ʠʥʬʝʢʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [3], ʠ ʨʘʩʩʤʦʪʨʝʥʘ ʩʭʝʤʘ ʫʯʝʪʘ 

ʚʣʠʷʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʦʨʬʠʟʤʦʚ ʥʘ ʧʨʦʮʝʩʩʳ ʠʤʤʫʥʥʦʡ ʟʘʱʠʪʳ ʧʨʠ ʪʫʙʝʨʢʫʣʝʟʥʦʡ 

ʠʥʬʝʢʮʠʠ. 
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ʂʈʀʊɽʈʀʁ ʋʉʊʆʁʏʀɺʆʉʊʀ ʆɼʅʆʇɸʈɸʄɽʊʈʀʏɽʉʂʆɻʆ ʉɽʄɽʁʉʊɺɸ 

ʅɽʃʆʂɸʃʔʅʓʍ ʈɸɿʅʆʉʊʅʓʍ ʉʍɽʄ ɼʃʗ ʋʈɸɺʅɽʅʀʗ 

ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʀ 

ʈʘʙʦʪʘ ʫʜʦʩʪʦʝʥʘ ʜʠʧʣʦʤʘ II-ʝʡ ʩʪʝʧʝʥʠ 

ɹʦʨʟʦʚ ɸʥʜʨʝʡ ɻʝʥʥʘʜʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ 

eïmail: kritikmeister@gmail.com 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʧʨʦʬʝʩʩʦʨ ɻʫʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ ʠ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʩ ʚʝʩʘʤʠ ʜʣʷ ʵʪʦʡ ʟʘʜʘʯʠ. 

ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʠʟʫʯʘʝʤʦʡ ʧʨʦʙʣʝʤʳ - ʥʘʣʠʯʠʝ ʢʨʘʝʚʦʛʦ ʫʩʣʦʚʠʷ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ 

ʩʚʷʟʳʚʘʶʱʝʛʦ ʧʦʪʦʢʠ ʥʘ ʢʦʥʮʘʭ ʦʪʨʝʟʢʘ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʭʦʜʠʤʦʩʪʠ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʜʘʯʠ, 

ʜʦʢʘʟʘʥʳ ʪʝʦʨʝʤʳ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʢʨʠʪʝʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʛʘʨʤʦʥʠʢ, 

ʦʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʣʫʯʝʥʘ ʘʩʠʤʧʪʦʪʠʢʘ C-ʥʦʨʤʳ ʨʝʰʝʥʠʷ. 

ɼʣʷ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʧʦʣʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʢʨʠʪʝʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʩʧʝʮʠʘʣʴʥʦʡ ʩʝʪʦʯʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʦʨʤʝ. ʋʩʪʘʥʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʩʭʦʜʠʤʦʩʪʠ ʤʝʪʦʜʘ 

ʚʥʝ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʜʘʯʠ.  

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʫʧʦʤʷʥʫʪʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʦʨʤʳ. ʋʩʪʘʥʦʚʣʝʥʘ ʝʝ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʩʝʪʦʯʥʦʡ L2-ʥʦʨʤʝ ʩ ʢʦʥʩʪʘʥʪʘʤʠ, ʥʝ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʰʘʛʦʚ ʩʝʪʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʘ ʠʜʝʷ ʤʝʪʦʜʘ ʦʢʘʡʤʣʝʥʠʷ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʛʦʥʢʠ, ʫʢʘʟʘʥ ʘʣʛʦʨʠʪʤ 

ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ ʥʘ ʚʝʨʭʥʝʤ ʩʣʦʝ. 
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ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʥʝʢʦʪʦʨʳʭ ʘʩʧʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʨʘʟʚʠʪʠʠ ʢʨʫʧʥʦʛʦ ʛʦʨʦʜʘ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʦʜʥʦʡ ʠʟ 

ʥʝʤʘʣʦʚʘʞʥʳʭ ʤʠʨʦʚʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʫʧʨʘʚʣʝʥʠʠ ʦʯʠʩʪʢʦʡ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ 

ʦʪʭʦʜʦʚ. ʊʚʸʨʜʳʝ ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ (ʊɹʆ) ð ʪʦʚʘʨʳ, ʧʦʪʝʨʷʚʰʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʥʘʠʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʪʭʦʜʦʚ ʧʦʪʨʝʙʣʝʥʠʷ. ɽʞʝʛʦʜʥʦ ʢʦʣʠʯʝʩʪʚʦ ʤʫʩʦʨʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠʤʝʨʥʦ 

ʥʘ 3% ʧʦ ʦʙʲʸʤʫ. ʂʦʣʠʯʝʩʪʚʦ ʊɹʆ ʚ ʉʅɻ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 100 ʤʣʥ. ʪʦʥʥ/ʛʦʜ. ʇʨʦʙʣʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʦʯʠʩʪʢʦʡ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʟʘʥʠʤʘʝʪ ʚ ʩʠʩʪʝʤʝ ʛʦʨʦʜʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʟʘʪʨʘʪʘʤ ʠ ʠʥʚʝʩʪʠʮʠʷʤ ʧʦʩʣʝ ʩʝʢʪʦʨʘ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʢʘʥʘʣʠʟʘʮʠʠ. 

ʇʦʩʪʫʣʘʪʳ ʷʜʨʘ ʤʦʜʝʣʠ. 

 

 ʇʨʠʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʢʘʢ ʧʨʠʨʦʩʪ ʤʫʩʦʨʘ ï ʊɹʆ, ʪʘʢ ʠ 

ʨʘʜʠʫʩ ʛʦʨʦʜʩʢʦʛʦ ʨʘʩʩʝʣʝʥʠʷ; 

 ʧʨʠʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʤʫʩʦʨʘ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʯʠʩʣʝʥʥʦʩʪʠ ʧʣʦʱʘʜʦʢ ʟʘʭʦʨʦʥʝʥʠʷ ï 

ʩʚʘʣʦʢ ʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʯʪʦ ʚʝʜʝʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʧʣʦʱʘʜʠ ʧʨʠʨʦʜʥʳʭ ʟʦʥ 

ʦʪʜʳʭʘ; 

 ʫʚʝʣʠʯʝʥʠʝ ʩʚʘʣʦʯʥʳʭ ʧʣʦʱʘʜʦʢ ʠ ʩʦʢʨʘʱʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʟʦʥ ʦʪʜʳʭʘ ʚʝʜʝʪ ʢ 

ʨʦʩʪʫ ʯʠʩʣʘ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʩʥʠʞʝʥʠʶ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʞʠʟʥʠ ʚ ʛʦʨʦʜʝ; 

 ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʚ ʛʦʨʦʜʝ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ, ʢʘʢ ʨʦʞʜʘʝʤʦʩʪʠ 

ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʪʘʢ ʠ ʝʛʦ ʧʦʧʦʣʥʝʥʠʷ ʟʘ ʩʯʝʪ ʤʠʛʨʘʥʪʦʚ; 

 ʞʝʩʪʢʦʩʪʴ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʨʦʩʪ ʮʝʥ ʦʪʨʘʞʝʥʳ ʚ ʢʦʥʝʯʥʦʤ ʨʘʜʠʫʩʝ R0. 

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʧʦʩʪʫʣʘʪʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʠʟ ʦʜʠʥʥʘʜʮʘʪʠ ʆɼʋ ʠ ʟʘʜʘʝʪ ʟʘʜʘʯʫ ʂʦʰʠ: 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʦʙʣʘʜʘʝʪ ʠʤʧʫʣʴʩʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ; ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʦʙʣʘʜʘʝʪ ʯʘʩʪʠʯʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʦ ʃʷʧʫʥʦʚʫ, ʥʦ ʥʝ ʫʩʪʦʡʯʠʚʦ ʧʦ ʃʘʛʨʘʥʞʫ; ʥʘʡʜʝʥʥʦʝ ʯʠʩʣʦ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟʳ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʰʠʙʢʦʡ ï ʯʪʦ ʠ 

ʙʳʣʦ ʧʨʦʚʝʨʝʥʦ ʚ ʭʦʜʝ ʧʦʩʣʝʜʫʶʱʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʥʘʩʪʨʦʡʢʠ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚ ʧʨʦʚʝʜʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʮʝʣʴʶ ʥʘʭʦʞʜʝʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʤʝʥʝʝ ʢʘʧʠʪʘʣʦʸʤʢʠʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʘʥʠʪʘʨʥʦʡ ʦʯʠʩʪʢʦʡ ʊɹʆ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʢʨʫʧʥʦʤ ʛʦʨʦʜʝ.  
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ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ ɻʃʋɹʀʅʓ ʉʎɽʅʓ ʇʆ ɽɽ ʀɿʆɹʈɸɾɽʅʀʗʄ 

ʉʝʚʨʶʢʦʚ ɹʦʛʜʘʥ ɻʝʥʥʘʜʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

eïmail: bsevryukov@gmail.com 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-ʤ.ʥ. ʃʫʢʴʷʥʠʮʘ ɸʥʜʨʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ  

ʎʝʣʴʶ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʪʨʫʢʪʫʨʝ ʩʮʝʥʳ, ʧʦ ʝʝ ʧʣʦʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ: ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʬʦʪʦʛʨʘʬʠʷʤ ʠʣʠ 

ʢʘʜʨʘʤ ʘʥʠʤʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʘʩ ʠʥʪʝʨʝʩʫʝʪ ʧʦʩʪʨʦʝʥʠʝ ʤʝʪʦʜʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʢʘʨʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʳ ʩʮʝʥʳ ʜʣʷ ʝʝ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʩʥʷʪʳʭ ʨʫʯʥʦʡ, ʥʝʢʘʣʠʙʨʦʚʘʥʥʦʡ ʢʘʤʝʨʦʡ. ʂʘʨʪʘ ʛʣʫʙʠʥʳ ï ʵʪʦ ʥʘʙʦʨ ʨʘʩʩʪʦʷʥʠʡ ʦʪ 

ʧʣʦʩʢʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʢʘʤʝʨʳ ʜʦ ʚʠʜʠʤʳʭ ʪʦʯʝʢ ʩʮʝʥʳ. ʊʦ ʝʩʪʴ ʢʘʞʜʦʤʫ ʧʠʢʩʝʣʶ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʯʠʩʣʦ ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʦʯʢʠ ʩʮʝʥʳ. ʆʙʳʯʥʦ ʢʘʨʪʘ ʛʣʫʙʠʥʳ ʢʦʜʠʨʫʝʪʩʷ ʚ ʠʟʦʙʨʘʞʝʥʠʝ 

ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ.  

ʇʦʣʫʯʝʥʥʳʝ ʢʘʨʪʳ ʛʣʫʙʠʥʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ 

ʧʦʩʪʨʦʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ: ʢʘʢ ʜʣʷ ʩʪʝʨʝʦʜʠʩʧʣʝʝʚ, ʪʘʢ ʠ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ. ʂʘʨʪʳ ʛʣʫʙʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʚ ʥʘʚʠʛʘʮʠʠ ʘʚʪʦʥʦʤʥʳʭ ʨʦʙʦʪʦʚ, ʚ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʝ ʠ ʩʦʟʜʘʥʠʠ ʚʠʟʫʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʜʣʷ ʢʠʥʦ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ 

ʩʮʝʥʳ ʠʣʠ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʠʩʧʦʣʴʟʫʶʪ ʧʦʪʦʯʝʯʥʳʝ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ ʢʘʜʨʘʤʠ (ʜʚʫʤʷ ʠʣʠ ʙʦʣʝʝ). ʇʦʪʦʯʝʯʥʳʝ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʤʝʞʜʫ ʢʘʜʨʘʤʠ - ʵʪʦ ʧʘʨr (ʠʣʠ ʙʦʣʴʰʝ ʪʦʯʝʢ) ʪʦʯʝʢ i ix x
, ( , , )Tx x y w 1 , ʷʚʣʷʶʱʠʭʩʷ 

ʧʨʦʝʢʮʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʠ iX
, ( , , )TX x y z" ""

, ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ (ʟʜʝʩʴ - ʜʚʫʭ) ʢʘʜʨʦʚ: i ix PX
, i ix P X

, ʛʜʝ P  ʠ P - ʥʝʠʟʚʝʩʪʥʳʝ 

ʧʨʦʝʢʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʤʝʨ.  

ʊʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʨʝʞʝʥʥʳʡ ʥʘʙʦʨ ʧʦʪʦʯʝʯʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ. ʕʪʦ 

ʦʙʳʯʥʦ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʥʘʡʜʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ ʜʝʪʝʢʪʦʨʘ ʫʛʣʦʚ ʍʘʨʨʠʩʘ ([10]) ʠʣʠ 

ʤʝʪʦʜʘ  ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʩʦʙʳʭ ʪʦʯʝʢ ʂʘʥʘʜʝ-ʃʫʢʘʩʘ-ʊʦʤʘʩʠ ([9]). ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʜʣʷ ʧʦʠʩʢʘ ʪʘʢʠʭ ʩʦʦʪʚʝʪʩʪʚʠʡ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʘʜʨʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʯʝʩʢʠʡ ʧʦʪʦʢ. ʆʧʪʠʯʝʩʢʠʡ ʧʦʪʦʢ ʤʝʞʜʫ ʧʘʨʦʡ ʠʟʦʙʨʘʞʝʥʠʡ ʝʩʪʴ ʧʦʣʝ 

ʚʝʢʪʦʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʤʝʱʝʥʠʝ ʪʦʯʝʢ ʧʝʨʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦ ʚʪʦʨʦʝ.  ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʜʦʚʦʣʴʥʦ ʘʢʢʫʨʘʪʥʦ 

ʚʳʯʠʩʣʠʪʴ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʯʝʯʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ, ʢʦʪʦʨʦʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʣʦʪʥʦʡ ʢʘʨʪʳ ʛʣʫʙʠʥʳ, ʘ ʥʝ ʪʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʭ ʪʦʯʢʘʭ.  
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ɺ ʜʠʧʣʦʤʥʦʤ ʧʨʦʝʢʪʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʘʙʦʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʮʝʥʳ ʧʦ ʝʝ ʠʟʦʙʨʘʞʝʥʠʷʤ. ɺ ʩʚʷʟʠ ʩ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʤʝʪʦʜʦʚ 

ʚʳʯʠʩʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʘʢ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, ʪʘʢ ʠ ʧʦ ʢʘʯʝʩʪʚʫ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʨʘʚʥʠʚʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ 

([1],[2]-[3],[4],[5],ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʙʣʦʢʦʚ). ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʨʪʳ 

ʛʣʫʙʠʥʳ ʩʮʝʥʳ ʧʦ ʦʜʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʬʦʢʫʩʠʨʦʚʢʠ ʩʥʠʤʢʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʣʫʙʠʥʝ. ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʧʦʪʦʯʝʯʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ ʤʝʞʜʫ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʩʮʝʥʳ ʚ ʘʣʛʦʨʠʪʤʘʭ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʘʜʨʘʤ. ʇʨʝʜʣʦʞʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʫʣʫʯʰʝʥʠʷ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʨʪʳ ʛʣʫʙʠʥʳ ʩʮʝʥʳ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʘʜʨʘʤ.  

ʈʝʘʣʠʟʦʚʘʥʳ ʜʚʘ ʦʪʜʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘ: ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʣʫʙʠʥʳ ʧʦ 

ʝʜʠʥʩʪʚʝʥʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʣʫʙʠʥʳ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʠʟʦʙʨʘʞʝʥʠʷʤ ʩʮʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ, ʨʝʘʣʠʟʫʶʱʠʡ ʥʝʩʢʦʣʴʢʦ 

ʘʣʛʦʨʠʪʤʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʦ ʠʭ ʩʨʘʚʥʝʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʦʜʠʥ ʠʟ 

ʘʣʛʦʨʠʪʤʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʚʠʜʝʦʢʘʨʪʝ, ʯʝʨʝʟ ʙʠʙʣʠʦʪʝʢʫ CUDA ([6]). 

ɸʚʪʦʨ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʟʘʥʠʤʘʣʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʥʘʧʨʠʤʝʨ, ʟʘʜʘʯʝʡ 

ʫʩʢʦʨʝʥʠʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʠ, ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [7] ʠ [8]. ʇʨʦʪʦʪʠʧ 

ʘʣʛʦʨʠʪʤʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʚʠʜʝʦʢʘʨʪʝ ʨʘʙʦʪʘʝʪ ʥʘ 1-2 ʧʦʨʷʜʢʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ 

ʠʟʦʙʨʘʞʝʥʠʷ) ʙʳʩʪʨʝʝ, ʯʝʤ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ.  

   

   

ʈʠʩ. 1. ʅʝʢʦʪʦʨʳʝ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʢʘʨʪʳ ʛʣʫʙʠʥʳ ʧʦ ʜʚʫʤ ʢʘʜʨʘʤ. ʅʘ 

ʨʠʩʫʥʢʘʭ ʠʟʦʙʨʘʞʝʥʳ ʜʚʝ ʪʨʝʭʤʝʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʢʘʨʪʘʤ ʛʣʫʙʠʥʳ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʧʨʦʬʝʩʩʦʨ ɿʘʡʮʝʚ ʌʝʜʦʨ ʉʝʨʛʝʝʚʠʯ 

ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʙʣʝʤʝ ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ 

ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʦʨʦʠʜʘʣʴʥʦʡ ʧʣʘʟʤʳ ʧʦ 

ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʝʠʟʤʝʨʷʝʤʳʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʣʘʟʤʳ, ʚʳʨʘʙʘʪʳʚʘʪʴ ʥʘʜʸʞʥʫʶ ʪʝʭʥʠʢʫ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʨʷʜʦʤ [1-3]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʟʘʜʘʯʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, 

ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʨʦʠʜʘʣʴʥʦʡ ʧʣʘʟʤʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʪʘʢʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦ ʥʝʢʦʨʨʝʢʪʥʦʡ [2]. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʝʸ ʨʝʰʝʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʠʝ ʢʦʜʳ, ʢʘʢ SCoPE [2] ʠ EFIT [3]. 

ʊʠʧʠʯʥʳʝ ʤʝʪʦʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʨʘʟʳʩʢʠʚʘʶʪ ʢʘʢʦʝ-ʪʦ ʨʝʰʝʥʠʝ 

ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ. ɺʦʧʨʦʩ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʪʘʸʪʩʷ ʦʪ-

ʢʨʳʪʳʤ. ʆʜʥʘʢʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʧʨʦʱʸʥʥʳʭ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʧʦʢʘʟʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʥʝʩʢʦʣʴʢʠʭ ʨʝʰʝʥʠʡ. ʇʦʵʪʦʤʫ ʚ ʨʝʘʣʴʥʳʭ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯʘʭ 

ʢʨʘʡʥʝ ʚʘʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʡ ʠ ʚʳʜʝʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʝʜʠʥʩʪʚʝʥʥʦʛʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʠʟʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ. 

ʎʝʣʴʶ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʪʦʯʥʸʥʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʦʙʨʘʪʥʦʡ ʤʘʪʝʤʘʪʠ- 

ʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʪʦʢʘ ʚ ʧʣʘʟʤʝ, ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʧʦʠʩʢʘ ʚʩʝʭ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʝʸ ʨʝʰʝʥʠʡ, 

ʧʦʩʪʨʦʝʥʠʝ ʧʨʠʤʝʨʦʚ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʨʝʰʝʥʠʡ ʚ ʙʣʠʟʢʠʭ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʫʩʣʦʚʠʷʭ. 
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ʅɸʍʆɾɼɽʅʀɽ ʆʇʊʀʄɸʃʔʅʓʍ ʊʈɸɽʂʊʆʈʀʁ ʆɹʒɽʂʊʆɺ  

ʅɸ ʆʉʅʆɺɽ ʄɽʊʆɼɸ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 

ʏʝʨʪʦʢ ɸʥʜʨʝʡ ɺʠʢʪʦʨʦʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ɸʅʀ) 

eïmail: a.v.chertok@gmail.com 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-ʤ.ʥ. c.ʥ.ʩ. ʃʫʢʴʷʥʠʮʘ ɸʥʜʨʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʟʘʜʘʯʘʤ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʨʝʟʢʠʤ ʫʜʝʰʝʚʣʝʥʠʝʤ ʚʠʜʝʦʢʘʤʝʨ, ʫʣʫʯʰʝʥʠʝʤ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʦʚʳʰʝʥʠʝʤ ʥʘʜʝʞʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʚʩʝʭ 

ʩʪʨʘʥ ʫʜʝʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʨʘʞʜʘʥ ʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɹʦʣʝʝ ʪʦʛʦ, ʢʘʤʝʨʳ ʩʪʘʣʠ ʵʬʬʝʢʪʠʚʥʦ ʚʥʝʜʨʷʪʴʩʷ ʚ ʩʬʝʨʫ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʊʆʂɸʄɸʂ 

ʚʠʜʝʦʢʘʤʝʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʧʣʘʟʤʳ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʳʭʦʜʘ ʧʣʘʟʤʳ ʥʘ ʩʪʝʥʢʫ ʢʘʤʝʨʳ. 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʘʷ ʨʝʰʘʝʪʩʷ ʧʨʠ 

ʘʥʘʣʠʟʝ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ ï ʥʘʭʦʞʜʝʥʠʶ ʪʨʘʝʢʪʦʨʠʡ ʦʙʲʝʢʪʦʚ, ʟʘ ʢʦʪʦʨʳʤʠ ʚʝʜʝʪʩʷ 

ʥʘʙʣʶʜʝʥʠʝ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʤʠʥʠʤʠʟʘʮʠʠ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʛʣʘʜʢʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʘ 

ʪʘʢʞʝ ʧʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ  ʵʪʦʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʣʦʢʘʣʴʥʳʭ ʦʧʪʠʤʠʟʘʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʚʳʯʠʩʣʝʥʠʡ. ʆʜʥʘʢʦ ʥʘʡʜʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʥʝ ʚʩʝʛʜʘ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝ. ɺ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ ʚʩʝʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʜʨʦʚ. ʕʪʦʪ ʧʦʜʭʦʜ ʦʢʘʟʘʣʩʷ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤ: ʥʝʩʤʦʪʨʷ ʥʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʨʷʜʘ ʦʥ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʛʣʦʙʘʣʴʥʳʡ 

ʦʧʪʠʤʫʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʨʘʝʢʪʦʨʠʡ. ɼʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʧʦʢʠʜʘʪʴ ʦʙʣʘʩʪʴ 

ʥʘʙʣʶʜʝʥʠʷ ʣʠʙʦ ʚ ʥʘʙʣʶʜʘʝʤʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʥʦʚʳʝ ʦʙʲʝʢʪʳ, ʘʚʪʦʨʦʤ ʨʘʙʦʪʳ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘʭʦʞʜʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʢʦʨʨʝʢʪʥʦ ʫʯʠʪʳʚʘʪʴ ʩʣʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ. ʉʨʘʚʥʝʥʠʝ ʩ 

ʜʨʫʛʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʧʨʦʚʝʜʝʥʥʦʝ ʘʚʪʦʨʦʤ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ 

ʧʨʝʚʦʩʭʦʜʠʪ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ 

ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʩʦʟʜʘʥʠʝ ʦʭʨʘʥʥʳʭ ʩʠʩʪʝʤ, ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʞʠʚʦʪʥʳʤʠ, 

ʩʣʝʞʝʥʠʝ ʟʘ ʯʘʩʪʠʮʘʤʠ ʚ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʨʝʰʝʥʠʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʟʘʜʘʯ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ (ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ, ʘʥʘʣʠʟ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʦʚ, 3-D ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʜʨ.). 
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ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʦʤ, ʚʢʣʶʯʝʥʳ ʚ ʪʨʫʜʳ ʩʣʝʜʫʶʱʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʟʨʝʥʠʶ ʠ ʘʥʘʣʠʟʫ ʠʟʦʙʨʘʞʝʥʠʡ: çInternational Conference on 

Computer Vision Theory and Applicationsè (VISAPP 2009, ʃʠʩʩʘʙʦʥ, ʇʦʨʪʫʛʘʣʠʷ), çThe 2009 

International Conference on Image Processing, Computer Vision, and Pattern Recognitionè (IPCV 

2009, ʃʘʩ-ɺʝʛʘʩ, ʉʐɸ), ʘ ʪʘʢʞʝ ʧʨʠʥʷʪʳ ʢ ʫʯʘʩʪʠʶ ʚ ʢʦʥʬʝʨʝʥʮʠʠ çIEEE Congress on 

Evolutionary Computationè (ʊʨʦʥʜʭʝʡʤ, ʅʦʨʚʝʛʠʷ). ʆʥ ʩʪʘʣ ʬʠʥʘʣʠʩʪʦʤ ʢʦʥʢʫʨʩʘ ʢʫʨʩʦʚʳʭ ʠ 

ʜʠʧʣʦʤʥʳʭ ʧʨʦʝʢʪʦʚ, ʧʨʦʚʦʜʠʤʦʛʦ ʢʦʤʧʘʥʠʝʡ Intel ʚ ʨʘʤʢʘʭ ʢʦʥʬʝʨʝʥʮʠʠ Graphicon-2008 

(23-27 ʠʶʥʷ 2008 ʛ.). 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʧʨʦʬʝʩʩʦʨ ʇʦʧʦʚ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ñʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚò 
ʤʦʣʝʢʫʣʷʨʥʳʭ ʥʘʥʦʧʝʨʝʢʣʶʯʘʪʝʣʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 
ʦʙʦʩʥʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 
IBM ʚ ʎʶʨʠʭʝ, ʧʨʝʜʣʦʞʠʚʰʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʣʝʢʫʣʫ ʥʘʬʪʘʣʦʮʠʘʥʠʥʘ ʚ ʢʘʯʝʩʪʚʝ 
ʧʝʨʝʢʣʶʯʘʪʝʣʷ[1]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʢʘ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ, 
ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʩʢʘʥʠʨʫʶʱʝʤ ʪʫʥʥʝʣʴʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʊʄ), ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʢʣʶʯʝʥʠʝ 
ʧʨʦʚʦʜʠʤʦʩʪʠ  ʤʦʣʝʢʫʣʳ ʥʘʬʪʘʣʦʮʠʘʥʠʥʘ, ʥʝ ʤʝʥʷʶʱʝʝ ʝʸ ʛʝʦʤʝʪʨʠʠ.  

ɺ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ñʠʟ ʧʝʨʚʳʭ 
ʧʨʠʥʮʠʧʦʚò (ʙʝʟ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ) ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʦʣʝʢʫʣʳ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʚʘʥʪʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʬʦʨʤʫʣʠʨʦʚʢʝ ʂʘʨ-
ʇʘʨʨʠʥʝʣʣʦ [2]. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʨʘʣʣʝʣʴʥʳʡ ʢʦʜ ʢʚʘʥʪʦʚʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ CPMD 
[3-4], ʠʥʩʪʘʣʣʠʨʦʚʘʥʥʳʡ ʘʚʪʦʨʦʤ  ʥʘ ʩʫʧʝʨ-ʕɺʄ IBM BlueGene/P. ʇʨʦʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ ʩʪʘʣʦ 
ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʫʧʝʨ-ʕɺʄ IBM BlueGene/P, ʪʘʢ ʢʘʢ ʚʳʯʠʩʣʝʥʠʷ 
ʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʜʣʠʣʦʩʴ ʙʳ 3 ʛʦʜʘ. 

ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʨʘʩʩʯʠʪʘʥ ʧʫʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘ ʧʦʣʫʯʝʥʥʦʡ 
ʤʥʦʛʦʤʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʳ ʠ ʥʘʡʜʝʥʘ ʚʳʩʦʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 
ʙʘʨʴʝʨʘ ʚ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʦʜʦʨʦʜʥʦʡ ʪʘʫʪʦʤʝʨʠʟʘʮʠʠ. ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʤʝʪʘʜʠʥʘʤʠʢʠ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʄ. ʇʘʨʨʠʥʝʣʣʦ[5]. 

ɺ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 
1. ʉ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʜʘ CPMD ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟ ñʧʝʨʚʳʭ 

ʧʨʠʥʮʠʧʦʚò ʧʨʦʮʝʩʩʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʟʚʦʣʷʶʪ ʦʙʲʷʩʥʠʪʴ ʦʩʥʦʚʥʳʝ ʵʬʬʝʢʪʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ 
ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

2. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʝʪʘʜʠʥʘʤʠʢʠ ʧʦʣʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʦʙʦʜʥʦʡ 
ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʳ: ʥʘʡʜʝʥʳ ʩʝʜʣʦʚʳʝ ʪʦʯʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʳʩʦʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʤʝʞʜʫ ʜʚʫʤʷ ʫʩʪʦʡʯʠʚʳʤʠ 
ʩʦʩʪʦʷʥʠʷʤʠ ʤʦʣʝʢʫʣʳ ʥʘʬʪʘʣʦʮʠʘʥʠʥʘ. 

3. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʚʦʣʶʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʢʣʶʯʝʥʠʷ, 
ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʪʴ ʤʦʜʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʠ 
ʧʦʣʫʯʘʪʴ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʣʘʩʩʘ  ʤʦʣʝʢʫʣ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʚʧʝʨʚʳʝ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʘʞʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 
ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʇʦʜʛʦʪʦʚʣʝʥʘ ʚ ʧʝʯʘʪʴ ʩʪʘʪʴʷ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺʆʁʉʊɺ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ ʅʆɺʆɻʆ ʊʀʇɸ ʀ ɽɽ 

ʇʈʀʄɽʅɽʅʀɽ ɼʃʗ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʀ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʈɸʉʊʈʆɺʓʍ 

ʀɿʆɹʈɸɾɽʅʀʁ 

ɻʨʝʙʸʥʢʠʥʀʣʴʷ ʆʣʝʛʦʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʅɼʉʠʇʋ 

 

ɺ ʨʘʙʦʪʝ ɻʨʝʙʸʥʢʠʥʘ ʀ. ʆ. ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʥʦʚʘʷ ʥʝʡʨʦʥʥʘʷ 

ʩʝʪʴ LICS (Linear Characters Separation), ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʤʥʦʛʦʩʣʦʡʥʳʤ 

ʧʝʨʩʝʧʪʨʦʥʘʤ ʠʣʠ ʧʝʨʩʝʧʪʨʦʥʘʤ ʩʦ ʩʢʨʳʪʳʤ ʩʣʦʝʤ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʦʙʨʘʟʦʚ. ʆʩʥʦʚʥʳʤ ʥʦʚʦʚʚʝʜʝʥʠʝʤ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ LICS ʷʚʣʷʝʪʩʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ ʎʠʙʝʥʢʦ ʠ ʌʫʥʘʭʘʰʠ  ʬʦʨʤʫʣʳ 
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ʦʧʠʩʳʚʘʶʱʝʡ ʪʨʝʭʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʝʰʘʶʱʝʡ ʟʘʜʘʯʫ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʩʪʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠʟ n ʧʠʢʩʝʣʝʡ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʬʦʨʤʫʣʳ ʟʘʪʨʫʜʥʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ 

KknjNiikiij ,...,1;,...,1;,...,1,,, ʵʪʦʡ ʩʝʪʠ, ʛʜʝ n, N, K ï 
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ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʚʝʩʦʚ ij  
 ʚʟʷʪʳ ʧʠʢʩʝʣʠ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʤʫ ʢʣʘʩʩʫ, ʘ ʩʠʛʤʦʠʜʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ  

ʟʘʤʝʥʝʥʘ ʧʨʦʩʪʦʡ ʬʫʥʢʮʠʝʡ ʝʜʠʥʦʛʦ ʩʢʘʯʢʘ . 

ɻʨʝʙʸʥʢʠʥʳʤ ʀ. ʆ. ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʵʤʫʣʠʨʫʶʱʘʷ ʠʩʩʣʝʜʫʝʤʫʶ 

ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʙʘʟ ʠʟʦʙʨʘʞʝʥʠʡ: ʙʘʟʳ 
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ʠʟʦʙʨʘʞʝʥʠʡ ʨʫʢʦʧʠʩʥʳʭ ʮʠʬʨ MNIST ʠ ʙʘʟʳ ʬʦʪʦʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʦʚ ʥʘ 

ʩʣʦʞʥʦʤ ʬʦʥʝ NORB, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ LICS, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ ʝʝ ʩʚʦʡʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʆʙʝ ʙʘʟʳ ʥʘʭʦʜʷʪʩʷ 

ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʧʦ ʚʝʙ-ʘʜʨʝʩʫ http://yann.lecun.com. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, 

ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʣʫʯʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ, ʘ ʚ ʩʣʫʯʘʝ ʩ ʙʘʟʦʡ NORB, ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʝʨʚʳʤʠ ʵʪʦʡ ʙʘʟʳ. ʇʦʣʫʯʠʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʨʷʜ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʢʘʩʘʶʱʠʭʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘʜ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤʠ, ʘ ʠʤʝʥʥʦ: 

ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʦʤ ʩʣʦʝ, ʦʪʩʫʪʩʪʚʠʝ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʕʪʦ 

ʛʘʨʘʥʪʠʨʫʝʪ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ ʚ ʮʝʣʦʤ ʢʣʘʩʩʝ ʟʘʜʘʯ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʥʘʩʪʦʡʢʠ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʜʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʧʨʠ 

ʨʝʰʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ LICS, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʙʘʟʝ 

ʠʟʦʙʨʘʞʝʥʠʡ MNIST, ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʞʫʨʥʘʣʝ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ 

ʅʘʫʢ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʊʝʭʥʦʣʦʛʠʠ ʠ ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʉʠʩʪʝʤʳè (1, 2009). 

http://yann.lecun.com/
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ɸʃɻʆʈʀʊʄʓ ʇʆʉʊʈʆɽʅʀʗ ʈɽɻʋʃʗʊʆʈʆɺ,ʆɼʅʆɺʈɽʄɽʅʅʆ 

ʉʊɸɹʀʃʀɿʀʈʋʖʑʀʍ ɼʀʉʂʈɽʊʅʓɽ ʃʀʅɽʁʅʓɽ ʆɹʒɽʂʊʓ ɺʊʆʈʆɻʆ 

ʇʆʈʗɼʂɸ 

ʄʠʥʷʝʚ ʉʝʨʛʝʡ ʀʛʦʨʝʚʠʯ 

ʂʘʬʝʜʨʘ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ ʌʫʨʩʦʚ ɸʥʜʨʝʡ ʉʝʨʘʬʠʤʦʚʠʯ 

ɿʘʜʘʯʘ ʦʙ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʝʘʣʴʥʳʡ ʦʙʲʝʢʪ 

ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʝʞʠʤʘʭ ʠ ʧʨʠ ʵʪʦʤ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʛʦ ʨʝʞʠʤʘ 

ʢ ʜʨʫʛʦʤʫ ʦʪʩʫʪʩʪʚʫʝʪ (ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʙʲʝʢʪ ʨʘʙʦʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ). ɺ ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʨʝʛʫʣʷʪʦʨʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ (ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʩʪʦʡʯʠʚʦʩʪʴ) ʩʠʩʪʝʤʳ ʚ ʣʶʙʦʤ 

ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʞʠʤʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ n  

ʜʠʩʢʨʝʪʥʳʭ ʣʠʥʝʡʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʲʝʢʪʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 
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ʨʝʛʫʣʷʪʦʨʦʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 
0

01)(
qz

pzp
zR . ʌʘʢʪʠʯʝʩʢʠ, ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʧʦʠʩʢʝ 

ʧʘʨʘʤʝʪʨʦʚ 100 ,, ppq , ʧʨʠ ʢʦʪʦʨʳʭ ʚʩʝ ʢʦʨʥʠ ʧʦʣʠʥʦʤʦʚ 
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2  

ʣʝʞʘʪ ʩʪʨʦʛʦ ʚʥʫʪʨʠ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʆʩʥʦʚʥʦʡ ʧʦʜʭʦʜ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʧʨʠ ʨʝʰʝʥʠʠ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʩʚʝʜʝʥʠʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʣʝʚʫʶ 

ʧʦʣʫʧʣʦʩʢʦʩʪʴ ʧʨʦʙʣʝʤʳ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʠʩʢʨʝʪʥʳʭ ʦʙʲʝʢʪʦʚ ʢ ʧʨʦʙʣʝʤʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʧʨʝʨʳʚʥʳʭ ʦʙʲʝʢʪʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ [1], ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʷ ʦʙɦ ʝʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ 

ʣʠʥʝʡʥʳʭ ʥʝʨʘʚʝʥʩʪʚ [2], ʤʝʪʦʜʳ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ [3].    

ʆʩʥʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ: ʧʨʦʚʝʨʷʝʤʦʝ ʯʠʩʣʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦʝ 

ʫʩʣʦʚʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ, ʜʦʧʫʩʢʘʶʱʝʝ ʧʦʩʪʨʦʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʦʚʝʨʢʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʩʣʦʚʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʩʥʦʚʘʥʘ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʚʤʝʩʪʥʦʩʪʠ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʥʝʨʘʚʝʥʩʪʚ 
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ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʩʪʘʙʠʣʠʟʠʨʫʝʤʳʭ ʩʠʩʪʝʤ ʠ 

ʥʦʩʠʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɼʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʩʠʩʪʝʤʝ ʥʝʣʠʥʝʡʥʳʭ 

ʥʝʨʘʚʝʥʩʪʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʫʣʷʪʦʨʘ, ʨʘʟʨʝh ʠʪʴ ʢʦʪʦʨʫʶ ʘʥʘʣʠʪʠʯʝʩʢʠ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʚʝʨʢʘ ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʩʣʦʚʠʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ  ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʨʚʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʆʥʘ ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ),(h ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʙʣʘʩʪʴ ʧʦʠʩʢʘ ʢʦʪʦʨʳʭ ʜʦʧʫʩʢʘʝʪ ʣʦʢʘʣʠʟʘʮʠʶ. ɼʘʣʝʝ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʨʝʛʫʣʷʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ),(h ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ.  
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ʉʇʀʈɸʃʔʅʓɽ ɺʆʃʅʓ ʀ ɼʀʌʌʋɿʀʆʅʅʓʁ ʍɸʆʉ ɺ ʋʈɸɺʅɽʅʀʀ 

ʂʋʈɸʄʆʊʆ-ʎʋɿʋʂʀ 

ʅʠʢʠʪʠʥʘ ʄʘʨʠʥʘ ʖʨʴʝʚʥʘ 

ʩʪʫʜʝʥʪʢʘ ʢʘʬʝʜʨʳ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ 

eïmail: nikitina_marina@inbox.ru 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʧʨʦʬʝʩʩʦʨ ʄʘʛʥʠʮʢʠʡ ʅʠʢʦʣʘʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʭʘʦʩʘ ʚ ʫʨʘʚʥʝʥʠʠ ʂʫʨʘʤʦʪʦ-ʎʫʟʫʢʠ, ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʚ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ.  
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21 )1())(1(  , ivuW . 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʠʟʚʝʩʪʥʳʤʠ 

ʨʘʥʝʝ ʚʦʟʥʠʢʘʶʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ï ʩʧʠʨʘʣʴʥʳʤʠ ʚʦʣʥʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʩʦʙʦʡ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ imriatierRW )()( , ʠ ʪʨʘʝʢʪʦʨʠʝʡ ʨʝʰʝʥʠʷ ʚ 

ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

 ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʡʜʝʥʳ ʦʙʣʘʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʜʥʦʨʦʜʥʦʝ 

ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʨʝʰʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʩʦʧʨʠʢʘʩʘʶʱʠʝʩʷ ʪʦʨʳ ʨʘʟʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ ʩʦʧʨʠʢʘʩʘʶʱʠʝʩʷ ʩʧʠʨʘʣʴʥʳʝ ʚʦʣʥʳ ʚ ʝʚʢʣʠʜʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩʝʯʝʥʠʡ ʇʫʘʥʢʘʨʝ ʙʳʣʠ ʥʘʡʜʝʥʳ ʜʚʫʤʝʨʥʳʝ, ʪʨʝʭʤʝʨʥʳʝ 

ʪʦʨʳ, ʠ ʨʝʰʝʥʠʷ, ʪʨʘʝʢʪʦʨʠʠ ʢʦʪʦʨʳʭ ʩʣʦʞʥʝʝ, ʯʝʤ ʪʨʝʭʤʝʨʥʳʡ ʪʦʨ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʦʡ 

ʩʧʠʨʘʣʴʥʦʡ ʚʦʣʥʝ ʚ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʨ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʋʩʣʦʞʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʨʝʰʝʥʠʷ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʥʘʣʦʞʝʥʠʷ 

ʯʘʩʪʦʪ ʦʪ ʨʘʟʥʳʭ ʩʧʠʨʘʣʴʥʳʭ ʚʦʣʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʤʝʨʥʦʩʪʴ ʪʦʨʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʫʝʪʩʷ ʩʮʝʥʘʨʠʡ ʧʝʨʝʭʦʜʘ ʢ ʭʘʦʩʫ - ʩʮʝʥʘʨʠʡ ʃʘʥʜʘʫ ʨʦʞʜʝʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ 

ʪʦʨʦʚ. 

ʊʘʢ ʞʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʡʜʝʥʳ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʝʰʝʥʠʝ 

ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʨʦʜʥʳʤ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʤʝʨʥʳʡ ʪʦʨ ʚ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʙʠʬʫʨʢʘʮʠʷ ʍʦʧʬʘ, ʨʦʞʜʘʝʪʩʷ ʪʨʝʭʤʝʨʥʳʡ ʪʦʨ. ʀ ʟʘʪʝʤ 

ʪʨʘʝʢʪʦʨʠʷ ʨʝʰʝʥʠʷ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʝʝ, ʯʝʤ ʪʨʝʭʤʝʨʥʳʡ ʪʦʨ. ʇʨʠ 

ʵʪʦʤ ʪʦʨʘʤ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʘ ʤʥʦʛʦʚʠʪʢʦʚʘʷ 

ʩʧʠʨʘʣʴʥʘʷ ʚʦʣʥʘ ʚ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʏʠʩʣʦ ʚʠʪʢʦʚ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʦʡ ʪʦʨʘ ʚ 

ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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ʉʊɸɹʀʃʀɿɸʎʀʗ ʉʀʉʊɽʄ ʋʇʈɸɺʃɽʅʀʗ ʉ ʇʆʄʆʑʔʖ ʇʆʅʀɾɽʅʀʗ  

ʀʍ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʇʆʈʗɼʂɸ  

ʈʦʜʠʯʝʥʢʦ ʅʠʢʠʪʘ ʉʝʨʛʝʝʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ 

eïmail: Nikita.Rodichenko@gmail.com 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ɽʤʝʣʴʷʥʦʚ ʉʪʘʥʠʩʣʘʚ ɺʘʩʠʣʴʝʚʠʯ 

ɼʘʥʥʘʷ ʜʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʪʝʤ ʚ ʪʝʦʨʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ð ʪʝʤʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʨʝʰʝʥ ʚʦʧʨʦʩ ʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʢʦʪʦʨʦʛʦ ʢʣʘʩʩʘ ʩʠʩʪʝʤ N-ʛʦ ʧʦʨʷʜʢʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʫʪʝʤ ʧʦʥʠʞʝʥʠʷ ʠʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʨʷʜʢʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣ ʚʳʙʨʘʥ ʧʦʜʭʦʜ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʘʢʘʜʝʤʠʢʘʤʠ ʉ.ɺ. ɽʤʝʣʴʷʥʦʚʳʤ ʠ ʉ.ʂ. ʂʦʨʦʚʠʥʳʤ ʥʦʚʳʝ ʪʠʧʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʝʛʫʣʷʪʦʨʳ, ʨʝʰʘʶʱʠʝ ʟʘʜʘʯʫ ʧʦʥʠʞʝʥʠʷ ʧʦʨʷʜʢʘ ʩʠʩʪʝʤʳ 

ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ.  

ɺ ʨʘʙʦʪʝ ʧʦʩʪʨʦʝʥʳ ʨʝʛʫʣʷʪʦʨʳ, ʧʦʥʠʞʘʶʱʠʝ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʨʷʜʦʢ ʤʥʦʛʦʤʝʨʥʦʡ 

ʩʠʩʪʝʤʳ ʚʧʣʦʪʴ ʜʦ ʧʝʨʚʦʛʦ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʠʤʝʶʪ ʤʦʜʫʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʠʭ ʢ ʩʠʩʪʝʤʘʤ ʣʶʙʦʛʦ ʩʢʦʣʴ ʫʛʦʜʥʦ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. 

ʕʪʦ ʜʘʝʪ ʜʚʘ ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʘ: 

 

1. ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ, ʧʝʨʝʚʝʜʷ ʝʝ ʜʚʠʞʝʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʫʶ 

ʛʠʧʝʨʧʣʦʩʢʦʩʪʴ; 

2. ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʥʠʟʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʨʷʜʦʢ ʩʠʩʪʝʤʳ ʚʧʣʦʪʴ ʜʦ ʧʝʨʚʦʛʦ. 

 

ʊʘʢ ʞʝ ʚ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʝʝ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʳ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʥʝʠʜʝʘʣʴʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʈʝʰʝʥʥʘʷ ʟʘʜʘʯʘ ʥʝ ʪʦʣʴʢʦ ʩʘʤʘ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʚʘʞʥʦʡ, ʥʦ ʠ ʜʦʧʫʩʢʘʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʥʝʢʦʪʦʨʳʝ ʢʣʘʩʩʳ ʥʝʣʠʥʝʡʥʳʭ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʤʝʥʷʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʦʙʲʝʢʪʦʚ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʧʨʦʬʝʩʩʦʨ ʄʘʛʥʠʮʢʠʡ ʅʠʢʦʣʘʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʥʝʢʦʪʦʨʳʤ ʚʦʧʨʦʩʘʤ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ. ɺ ʥʝʡ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴʥʘʷ ʜʚʫʤʝʨʥʘ ̫ ʥʝʣʠʥʝʡʥʘ ̫

ʥʝʘʚʪʦʥʦʤʥʘʷ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʢʦʥʩʝʨʚʘʪʠʚʥʘʷ ʩʣʦʞʥʘʷ ʜʠʥʘʤʠʢʘ, ʠ ʜʠʩʩʠʧʘʪʠʚʥʘʷ (ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ). ʉʠʩʪʝʤʘ ʧʦʣʫʯʝʥʘ ʥʝʙʦʣʴʰʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʦʜʥʦʡ ʠʟ ʩʠʩʪʝʤ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ [2]. ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ 

ûûʦʩʪʨʦʚʢʠüü ʚ ʢʦʥʩʝʨʚʘʪʠʚʥʦʤ ʩʣʫʯʘʝ (ʥʘʟʚʘʥʠʝ ʧʦʷʚʠʣʦʩʴ ʚ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʤʝʭʘʥʠʢʝ, ʩʤ. 

[4], [7]) ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʦʨʙʠʪʘʣʴʥʦ-ʫʩʪʦʡʯʠʚʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ (ʮʠʢʣʦʚ) ʚ ʜʠʩʩʠʧʘʪʠʚʥʦʤ ʩʣʫʯʘʝ (ʠʭ ʧʦʣʦʞʝʥʠʝ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʥʝʧʨʝʨʳʚʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʚʷʟʠ ʩʣʦʞʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʵʪʠʭ 

ʜʚʫʭ ʩʣʫʯʘʷʭ. ɺ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʡ ʜʠʩʩʠʧʘʮʠʠ ʧʦʨʷʜʦʢ ʧʦʷʚʣʝʥʠʷ ʮʠʢʣʦʚ ʩ ʨʦʩʪʦʤ ʦʜʥʦʛʦ ʠʟ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʪʦʯʥʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʨʷʜʢʦʤ ʧʦʷʚʣʝʥʠʷ ʮʠʢʣʦʚ ʚ ʫʥʠʤʦʜʘʣʴʥʳʭ 

ʦʪʦʙʨʘʞʝʥʠʷʭ (ʜʠʩʢʨʝʪʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʩʤ. [1]). ɿʘʪʝʤ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʜʠʩʩʠʧʘʮʠʠ, ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʮʠʢʣʦʚ ʥʘʯʠʥʘʶ ʧʝʨʝʩʝʢʘʪʴʩʷ, ʠ ʩʪʨʦʛʠʡ ʧʦʨʷʜʦʢ 

ʥʘʨʫʰʘʝʪʩʷ, ʧʝʨʝʭʦʜʷ ʚ ʢʦʥʩʝʨʚʘʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚ ʪʦʪ ʧʦʨʷʜʦʢ, ʚ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʶʪ 

ûûʦʩʪʨʦʚʢʠüü. ɺʳʷʚʠʪʴ ʩʪʨʦʛʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʟʜʝʩʴ ʫʞʝ ʥʝ ʫʜʘʝʪʩʷ, ʭʦʪʷ ʝʩʪʴ ʧʦʧʳʪʢʠ 

ʦʙʲʷʩʥʠʪʴ ʠʭ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʣʠʤʦʜʘʣʴʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ (ʩʤ. [5],[6]). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʟʘ ʨʫʙʝʞʦʤ  ʧʨʦʚʦʜʷʪʩʷ ʠ ʧʫʙʣʠʢʫʶʪʩʷ ʚ 

ʨʘʟʜʝʣʝ Experimental Math, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʩʪʨʦʛʠʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʬʘʢʪʦʤ, ʘ ʣʠʰʴ ʥʝʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʢ ʨʘʟʤʳʰʣʝʥʠʶ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʧʨʦʬʝʩʩʦʨ ʐʠʢʠʥ ɽʚʛʝʥʠʡ ɺʠʢʪʦʨʦʚʠʯ 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ, ʨʝʘʣʠʟʘʮʠʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ 

ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʦ ʝʩʪʴ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʦʙʨʘʟʠʪʴ ʥʘ 

ʧʣʦʩʢʦʩʪʠ (ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ) ʦʙʲʝʢʪʳ ʤʥʦʛʦʤʝʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʂʦʥʝʯʥʦʡ ʮʝʣʴʶ ʩʪʘʣʦ 

ʧʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʜʘʶʱʠʭ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʚʧʝʯʘʪʣʝʥʠʝ ʦ ʩʚʦʡʩʪʚʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʠ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʯʝʪʳʨʝʭʤʝʨʥʦʤ ʠ ʧʷʪʠʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʪʦʨ ʂʣʠʬʬʦʨʜʘ, ʘ ʪʘʢʞʝ ʨʷʜ 

ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʝʡ ʯʘʩʪʥʦʛʦ ʚʠʜʘ. 

ɺ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʣʝʛʣʠ ʩʣʝʜʫʶʱʠʝ ʧʨʠʥʮʠʧʳ: ʚʦ-ʧʝʨʚʳʭ, 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠʭ ʩʝʯʝʥʠʡ; ʚʦ-

ʚʪʦʨʳʭ, ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʢʠ 

ʩʨʝʜʩʪʚʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʟʥʘʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʮʚʝʪʘ ʩ ʫʯʝʪʦʤ ʩʪʝʧʝʥʠ ʝʛʦ 

ʭʨʦʤʘʪʠʯʥʦʩʪʠ, ʫʨʦʚʥʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʪʦʯʢʠ. 

ɺ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʦʣʫʯʠʪʴ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʚʦʡʩʪʚʘʭ ʤʥʦʛʦʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ 

ʚʦʟʤʦʞʥʦ ʢʘʢ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʘʢ ʠ ʧʨʠ ʨʝʰʝʥʠʠ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ. 
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ʆ ʏɽʊʓʈɽʍ ʉʄɽʐɸʅʅʓʍ ɿɸɼɸʏɸʍ ɼʃʗ ʋʈɸɺʅɽʅʀʗ ʂʆʃɽɹɸʅʀʁ 

ʉʊʈʋʅʓ ʉ ɻʈɸʅʀʏʅʓʄʀ ʀ ʅɽʃʆʂɸʃʔʅʓʄʀ ʋʉʃʆɺʀʗʄʀ ʇɽʈɺʆɻʆ ʀ 

ɺʊʆʈʆɻʆ ʈʆɼʆɺ 

ʈʘʙʦʪʘ ʫʜʦʩʪʦʝʥʘ ʜʠʧʣʦʤʘ I-ʝʡ ʩʪʝʧʝʥʠ 

ʂʫʣʝʰʦʚ ɸʣʝʢʩʘʥʜʨ ɸʥʜʨʝʝʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʤʘʪʝʤʘʪʠʢʠ 

eïmail: losos@comtv.ru 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ʧʨʦʬʝʩʩʦʨ ʀʣʴʠʥ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʤʝʰʘʥʥʳʭ ʟʘʜʘʯ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥʳ 

ʥʘ ʦʪʨʝʟʢʝ ʩ ʥʫʣʝʚʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʩ ʛʨʘʥʠʯʥʳʤʠ ʠ ʥʝʣʦʢʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʦʚ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʤʝʰʘʥʥʳʝ ʟʘʜʘʯʠ ʜʣʷ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ 

      (1) 

ʩ ʥʫʣʝʚʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

        (2) 

ʠ ʩ ʦʜʥʦʡ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʛʨʘʥʠʯʥʳʭ ʠ ʥʝʣʦʢʘʣʴʥʳʭ ʫʩʣʦʚʠʡ: 

                                            (3) 

                                                                                  (4) 

          (5) 

          (6)

  

ɺ ʫʩʣʦʚʠʷʭ (3)-(6)  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʫ , Ŭ ï ʧʨʦʠʟʚʦʣʴʥʘʷ 

ʢʦʥʩʪʘʥʪʘ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ: 

1. ʇʦʣʫʯʝʥ ʷʚʥʳʡ ʚʠʜ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʩʪʨʫʥʳ ʥʘ ʦʪʨʝʟʢʝ ʩ ʥʫʣʝʚʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʧʝʨʚʦʛʦ 

ʨʦʜʘ ʥʘ ʣʝʚʦʤ ʢʦʥʮʝ ʠ ʥʝʣʦʢʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʧʝʨʚʦʛʦ ʨʦʜʘ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ Ŭ, ʣʶʙʳʭ  [֑0,l) ʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ TÓ0. 

2. ʇʦʣʫʯʝʥ ʷʚʥʳʡ ʚʠʜ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʩʪʨʫʥʳ ʥʘ ʦʪʨʝʟʢʝ ʩ ʥʫʣʝʚʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʧʝʨʚʦʛʦ 
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ʨʦʜʘ ʥʘ ʣʝʚʦʤ ʢʦʥʮʝ ʠ ʥʝʣʦʢʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʚʪʦʨʦʛʦ ʨʦʜʘ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ Ŭ, ʣʶʙʳʭ  [֑0,l) ʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ TÓ0. 

3. ʇʦʣʫʯʝʥ ʷʚʥʳʡ ʚʠʜ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʩʪʨʫʥʳ ʥʘ ʦʪʨʝʟʢʝ ʩ ʥʫʣʝʚʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʚʪʦʨʦʛʦ 

ʨʦʜʘ ʥʘ ʣʝʚʦʤ ʢʦʥʮʝ ʠ ʥʝʣʦʢʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʧʝʨʚʦʛʦ ʨʦʜʘ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ Ŭ, ʣʶʙʳʭ  [֑0,l) ʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ TÓ0. 

4. ʇʦʣʫʯʝʥ ʷʚʥʳʡ ʚʠʜ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʩʪʨʫʥʳ ʥʘ ʦʪʨʝʟʢʝ ʩ ʥʫʣʝʚʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʚʪʦʨʦʛʦ 

ʨʦʜʘ ʥʘ ʣʝʚʦʤ ʢʦʥʮʝ ʠ ʥʝʣʦʢʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʚʪʦʨʦʛʦ ʨʦʜʘ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ Ŭ, ʣʶʙʳʭ  [֑0,l) ʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ TÓ0. 
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ʆ ʉʂʆʈʆʉʊʀ ʉʍʆɼʀʄʆʉʊʀ ʉʇɽʂʊʈɸʃʔʅʓʍ ʈɸɿʃʆɾɽʅʀʁ ɼʃʗ 

ʆɹʓʂʅʆɺɽʅʅʓʍ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʆʇɽʈɸʊʆʈʆɺ ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ 

ʈʘʙʦʪʘ ʫʜʦʩʪʦʝʥʘ ʜʠʧʣʦʤʘ II-ʝʡ ʩʪʝʧʝʥʠ 

ʄʘʨʢʦʚ ɸʣʝʢʩʝʡ ʉʝʨʛʝʝʚʠʯ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʤʘʪʝʤʘʪʠʢʠ 

eïmail: markov.cs@gmail.com 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʧʨʦʬʝʩʩʦʨ ʃʦʤʦʚ ʀʛʦʨʴ ʉʝʨʛʝʝʚʠʯ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤ ʢʦʨʥʝʚʳʭ ʬʫʥʢʮʠʡ ʣʠʥʝʡʥʳʭ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ L, ʧʦʨʦʞʜʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʦʧʝʨʘʮʠʝʡ ),1,0(,)(')('' 11 Gxuxquxpulu  ʥʘ ʢʣʘʩʩʝ ʬʫʥʢʮʠʡ ,D  ʘʙʩʦʣʶʪʥʦ 

ʥʝʧʨʝʨʳʚʥʳʭ ʥʘ ]1,0[G  ʚʤʝʩʪʝ ʩʦ ʩʚʦʝʡ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ; 

).,()(,1),,()( 11 CGLxqsCGLxp s  ʆʧʝʨʘʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʩʘʤʦʩʦʧʨʷʞʝʥʥʳʤʠ, ʪʘʢ ʠ 

ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʳʤʠ, ʧʨʠʯʝʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʣʫʯʘʶ ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʩʠʩʪʝʤʳ ʢʦʨʥʝʚʳʭ ʬʫʥʢʮʠʡ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʙʝʩʢʦʥʝʯʥʦʝ 

ʯʠʩʣʦ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʬʫʥʢʮʠʡ. 

ɺ.ɸ. ʀʣʴʠʥʳʤ ([1]) ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʩʭʦʜʠʤʦʩʪʠ ʠ 

ʨʘʚʥʦʩʭʦʜʠʤʦʩʪʠ ʩ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʨʷʜʦʤ ʌʫʨʴʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʨʘʟʣʦʞʝʥʠʡ ʰʠʨʦʢʦʛʦ 

ʢʣʘʩʩʘ ʬʫʥʢʮʠʡ ʧʦ ʢʦʨʥʝʚʳʤ ʬʫʥʢʮʠʷʤ ʥʝʢʦʪʦʨʦʛʦ ʩʫʞʝʥʠʷ ʦʧʝʨʘʪʦʨʘ L  ʚ ʨʘʚʥʦʤʝʨʥʦʡ 

ʤʝʪʨʠʢʝ ʥʘ ʢʦʤʧʘʢʪʝ ʦʩʥʦʚʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʀ.ʉ. ʃʦʤʦʚʳʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ 

ʦʮʝʥʢʠ ([2]) ʚ ʤʝʪʨʠʢʝ ʧʨʦʩʪʨʘʥʩʪʚ 
pL  ʥʘ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ G  ([3]) ʠ ʥʘ ʣʶʙʦʤ ʚʥʫʪʨʝʥʥʝʤ 

ʦʪʨʝʟʢʝ ([4]). ʉʫʞʝʥʠʝ ʦʧʝʨʘʪʦʨʘ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʠʟʚʝʩʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʀʣʴʠʥʘ. 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ kf  ʠʤʝʶʪ ʘʩʠʤʧʪʦʪʠʢʫ 

kk kconstO ,,0),( ʩʧʝʢʪʨʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ kf  ʠʤʝʶʪ ʘʩʠʤʧʪʦʪʠʢʫ 

.1|||),|ln( kkkO  ʋʩʪʘʥʦʚʣʝʥʘ ʨʘʚʥʦʩʭʦʜʠʤʦʩʪʴ ʚʧʣʦʪʴ ʜʦ ʛʨʘʥʠʮʳ ʦʪʨʝʟʢʘ 

ʙʠʦʨʪʦʛʦʥʘʣʴʥʳʭ ʨʘʟʣʦʞʝʥʠʡ ʬʫʥʢʮʠʡ ʧʦ ʢʦʨʥʝʚʳʤ ʬʫʥʢʮʠʷʤ ʦʧʝʨʘʪʦʨʘ L  ʩ ʨʘʟʣʦʞʝʥʠʝʤ 

ʵʪʦʡ ʬʫʥʢʮʠʠ ʚ ʦʙʳʯʥʳʡ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʨʷʜ ʌʫʨʴʝ. ʇʦʣʫʯʝʥʳ ʪʦʯʥʳʝ ʦʮʝʥʢʠ 

ʩʢʦʨʦʩʪʠ ʨʘʚʥʦʩʭʦʜʠʤʦʩʪʠ ʥʘ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ. ʇʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʨʘʚʥʦʩʭʦʜʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʢʦʤʧʘʢʪʘ ʜʦ ʛʨʘʥʠʮʳ ʦʩʥʦʚʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʨʘʚʥʦʩʭʦʜʠʤʦʩʪʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʩʪʝʧʝʥʠ ʩʫʤʤʠʨʫʝʤʦʩʪʠ s  

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ. 

ʃʠʪʝʨʘʪʫʨʘ 
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3. ʃʦʤʦʚ ʀ.ʉ. // ɼʠʬʬʝʨʝʥʮ. ʫʨ-ʠʷ. 1996. ʊ. 32, ˉ1. ʉ. 71-82. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸɼɸʏʀ ʊʈʀʂʆʄʀ ɼʃʗ ʋʈɸɺʅɽʅʀʗ ʃɸɺʈɽʅʊʔɽɺɸ-

ɹʀʎɸɼɿ ɺ ʅɽʂʆʊʆʈʓʍ ʆɹʃɸʉʊʗʍ ʉ ʆʊʂʃʆʅɽʅʀɽʄ ʆʊ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʈʘʙʦʪʘ ʫʜʦʩʪʦʝʥʘ ʜʠʧʣʦʤʘ III -ʝʡ ʩʪʝʧʝʥʠ 

ʅʘʟʘʨʦʚʘ ʀʨʠʥʘ ʕʨʢʠʥʦʚʥʘ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʤʘʪʝʤʘʪʠʢʠ 

eïmail: ienazarova@gmail.com 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ ʇʦʣʦʩʠʥ ɸʣʝʢʩʝʡ ɸʥʜʨʝʝʚʠʯ 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʜʘʯʠ ʊʨʠʢʦʤʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ 

ʃʘʚʨʝʥʪʴʝʚʘ-ɹʠʮʘʜʟʝ  

0sgn yyxx yuu  

ʚ ʦʙʣʘʩʪʠ D, ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʠ 0y  ʧʦʣʫʦʢʨʫʞʥʦʩʪʴʶ  ʨʘʜʠʫʩʘ 
2

1  ʩ ʢʦʥʮʘʤʠ ʚ ʪʦʯʢʘʭ 

)0,0(A  ʠ )0,1(B , ʘ ʧʨʠ 0y  ï ʦʪʨʝʟʢʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ],0[, pxxy  ʠ ]1,[,1 qxxy , 

ʠ ʦʪʨʝʟʢʦʤ ʧʨʷʤʦʡ ],[,)( qpxppxky , ʛʜʝ )
2

1,0(p , 

).1,1(
1

,1,
1

)1(1

p

p
k

k

kp
q  

 

ʈʠʩ. 2 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʠʟ ʢʣʘʩʩʘ ʬʫʥʢʮʠʡ, ʥʝʧʨʝʨʳʚʥʳʭ ʚ ʟʘʤʢʥʫʪʦʡ ʦʙʣʘʩʪʠ D , 

ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʚ ʦʪʢʨʳʪʦʡ ʦʙʣʘʩʪʠ D, ʟʘ ʚʳʯʝʪʦʤ ʦʪʨʝʟʢʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

1, iiii ʉEEC , ʚʳʧʫʩʢʘʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟ ʪʦʯʢʠ ),(1 ppC  ʠ ʠʟ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʵʪʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʣʠʥʠʝʡ ʠʟʤʝʥʝʥʠʷ ʪʠʧʘ, ʣʠʙʦ ʩ ʛʨʘʥʠʮʝʡ, ʠ ʜʚʘʞʜʳ ʥʝʧʨʝʨʳʚʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʚ ʦʪʢʨʳʪʦʡ ʦʙʣʘʩʪʠ D, ʟʘ ʚʳʯʝʪʦʤ ʣʠʥʠʠ ʠʟʤʝʥʝʥʠʷ ʪʠʧʘ ʠ ʫʢʘʟʘʥʥʳʭ 

ʦʪʨʝʟʢʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʨʘʙʦʪʝ ʜʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʵʢʩʪʨʝʤʫʤʘ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ 

ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯ ʪʘʢʦʛʦ ʨʦʜʘ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ ʢ 

ʤʦʜʝʣʷʤ ʪʨʘʥʩʟʚʫʢʦʚʦʡ ʛʘʟʦʜʠʥʘʤʠʢʠ ʦʧʠʩʘʥʘ ʌ.ʀ. ʌʨʘʥʢʣʝʤ ʚ ʨʘʙʦʪʝ [1]. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʌʨʘʥʢʣʴ ʌ.ʀ. ʀʟʙʨʘʥʥʳʝ ʪʨʫʜʳ ʧʦ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʝ. ï ʄʦʩʢʚʘ, ʅʘʫʢʘ, 1973. 
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ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʀʅɸʄʀʂʀ ɿɸʇʋʊɸʅʅʆʉʊʀ 

ʗɼɽʈ ɺ ʍʀʄʀʏɽʉʂʀʍ ʈɽɸʂʎʀʗʍ 

ɸʢʩʸʥʦʚ ɹʦʨʠʩ ɽʚʛʝʥʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʢʚʘʥʪʦʚʦʡ ʠʥʬʦʨʤʘʪʠʢʠ 

eïmail: miofthena@gmail.com 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʧʨʦʬʝʩʩʦʨ, ʜ.ʬ.-ʤ.ʥ. ʆʞʠʛʦʚ ʖʨʠʡ ʀʛʦʨʝʚʠʯ  

ʎʝʣʴʶ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ, ʨʘʩʰʠʨʷʝʤʦʛʦ ʷʜʨʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ExperimentWork. ʅʘʩ ʠʥʪʝʨʝʩʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ 

ʘʙʩʪʨʘʢʮʠʠ ï ʘʪʦʤʥʳʡ ʫʨʦʚʝʥʴ ʠ ʫʨʦʚʝʥʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

  ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʜʘʥʥʦʡ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʝ ʥʝʢʦʡ ʝʜʠʥʦʡ 

ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ , ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʘʜʝʢʚʘʪʥʳʤ ʦʙʨʘʟʦʤ ʙʫʜʝʪ 

ʦʪʨʘʞʝʥʦ ʧʦʚʝʜʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ï 

ʢʚʘʥʪʦʚʦʛʦ, ʢʚʘʥʪʦʚʦʛʦ ʩ ʟʘʧʫʪʘʥʥʦʩʪʴʶ ʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʣʫʯʘʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʚʩʝʚʦʟʤʦʞʥʳʤʠ ʜʦʩʪʫʧʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʮʝʥʪʨʘʣʴʥʦʤ 

ʧʨʝʜʤʝʪʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ï ʦ ʯʘʩʪʠʮʝ. ʏʘʩʪʠʮʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ 

ʨʦʡ ʩʚʦʠʭ ʵʢʟʝʤʧʣʷʨʦʚ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʣʫʯʘʠ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʟʘʭʚʘʪ 

ʧʨʦʪʦʥʦʤ ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ, ʧʨʳʞʢʠ ʵʣʝʢʪʨʦʥʘ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʦʪʦʥʘʤʠ, ʧʝʨʝʟʘʨʷʜʢʘ 

ʘʪʦʤʘ ʠ ʠʦʥʘ ʚʦʜʦʨʦʜʘ. 

 ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʢʘʢ ʠ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ, ʪʘʢ ʠ ʚ ʫʪʦʯʥʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫʯʘʝʚ (ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʵʢʟʝʤʧʣʷʨʦʚ ʯʘʩʪʠʮ). 

ɺ ʠʪʦʛʝ ʤʳ ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʫ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʫʶ ʛʠʙʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʝʸ ʨʘʩʰʠʨʝʥʠʷ 

ʠ ʫʪʦʯʥʝʥʠʷ. 
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ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʀʉʊɽʄ ɺʀʍʈɽɺʆɻʆ ʇʈʆɻʅʆɿɸ ʇʈʀ 

ʇʆʃɽʊɸʍ ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ 

ʀʟʚʦʣʝʥʩʢʠʡ ɸʥʪʦʥ ʉʝʨʛʝʝʚʠʯ 

ʉʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʀʩʩʣʝʜʦʚʘʥʠʷ ʆʧʝʨʘʮʠʡ 

E-mail: izvolenskiy@gmail.com 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï  ʜʦʮʝʥʪ ʄʦʨʦʟʦʚ ɺʣʘʜʠʤʠʨ ɺʠʢʪʦʨʦʚʠʯ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʠʨʦʚʦʝ ʘʚʠʘʮʠʦʥʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʚʳʥʫʞʜʝʥʦ ʨʝʰʘʪʴ ʦʩʥʦʚʥʫʶ 

ʧʨʦʙʣʝʤʫ ï ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ  ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ.  ʆʜʥʦʡ ʠʟ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʚ 

ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, ʷʚʣʷʝʪʩʷ ʚʠʭʨʝʚʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʣʝʜ. ʆʙʨʘʟʦʚʘʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʚʩʝʛʜʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠ ʩʭʦʜʦʤ ʚ ʧʦʪʦʢ ʩʚʦʙʦʜʥʳʭ ʚʠʭʨʝʡ. ʆʥʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 

ʫʩʪʦʡʯʠʚʳʝ ʚʠʭʨʝʚʳʝ ʞʛʫʪʳ, ʢʦʪʦʨʳʝ ʪʷʥʫʪʩʷ ʟʘ ʪʷʞʝʣʳʤʠ ʩʘʤʦʣʝʪʘʤʠ 10... 15 ʢʤ, 

ʧʦʧʘʜʘʥʠʝ ʚ ʥʠʭ ʜʨʫʛʠʭ ʃɸ ʯʨʝʚʘʪʦ ʘʚʘʨʠʝʡ ʠʣʠ ʜʘʞʝ ʢʘʪʘʩʪʨʦʬʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ 

ʫʨʦʚʝʥʴ ʦʧʘʩʥʦʩʪʠ ʚʠʭʨʝʚʳʭ ʩʣʝʜʦʚ, ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʚ ʩʧʫʪʥʳʡ ʩʣʝʜ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʩʣʦʞʠʚʰʝʡʩʷ ʧʨʦʙʣʝʤʳ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʠʜʠʪʩʷ ʧʫʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ ʩʣʝʜʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʦʟʜʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

 

ɺ ʜʘʥʥʦʡ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʩʧʫʪʥʦʛʦ 

ʚʠʭʨʝʚʦʛʦ ʩʣʝʜʘ, ʦʙʨʘʟʫʶʱʠʤʩʷ ʟʘ ʣʝʪʷʱʠʤ ʩʘʤʦʣʝʪʦʤ, ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʩʘʤʦʣʝʪʘ-ʛʝʥʝʨʘʪʦʨʘ (ʚʳʩʦʪʳ, ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ, ʚʝʩʘ ʩʘʤʦʣʝʪʘ ʠ ʪ.ʜ.) ʠ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ 

(ʘʪʤʦʩʬʝʨʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʩʠʣʳ ʚʩʪʨʝʯʥʦʛʦ ʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʦʚ, ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ, 

ʪʝʤʧʝʨʘʪʫʨʳ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʠʭʨʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʚʝʨʩʥʦʡ 

ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ, ʢʦʪʦʨʦʡ ʦʙʦʨʫʜʦʚʘʥʳ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʘʵʨʦʧʦʨʪʦʚ 

ʤʠʨʘ. 

 

ɺ ʨʘʤʢʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚʠʭʨʝʚʦʛʦ ʧʨʦʛʥʦʟʘ ʩʘʤʦʣʝʪʳ 

ʫʩʣʦʚʥʦ ʜʝʣʷʪʩʷ ʥʘ 3 ʪʠʧʘ ʧʦ ʤʘʩʩʝ, ʧʦʩʘʜʦʯʥʦʡ ʩʢʦʨʦʩʪʠ, ʨʘʟʤʘʭʫ ʢʨʳʣʘ ʠ ʥʝʢʦʪʦʨʳʤ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʄʠʥʠʤʘʣʴʥʳʝ ʙʝʟʦʧʘʩʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʵʰʝʣʦʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʦʚ ʩʣʝʜʫʶʱʠʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʩʘʤʦʣʝʪʦʚ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ 

ʚʨʝʤʝʥ ʦʩʚʦʙʦʞʜʝʥʠʷ ʦʢʦʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʛʣʠʩʩʘʜʳ, ʦʪ ʚʠʭʨʝʚʦʛʦ ʩʣʝʜʘ 

ʧʨʦʣʝʪʝʚʰʝʛʦ ʧʝʨʚʳʤ ʩʘʤʦʣʝʪʘ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʨʘʟʤʝʨʳ ʦʢʦʥ, ʚʣʠʷʥʠʝ ʟʝʤʣʠ, ʠ 

ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ (ʙʦʢʦʚʦʡ ʚʝʪʝʨ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ). ɼʣʷ ʫʯʝʪʘ 

ʘʪʤʦʩʬʝʨʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ EDR(Energy Dissipation Rate)-ʤʦʜʝʣʴ 

ʉʘʨʧʢʘʡʷ. ʇʦ ʙʝʟʦʧʘʩʥʳʤ ʨʘʩʩʪʦʷʥʠʷʤ ʤʝʞʜʫ ʩʘʤʦʣʝʪʘʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʜʣʠʥʘ ʵʰʝʣʦʥʘ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘʟʤʝʨʘʤʠ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʘʵʨʦʧʦʨʪʘ, ʘ ʪʘʢʞʝ ʯʠʩʣʦʤ ʩʘʤʦʣʝʪʦʚ ʚ ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʦʤ ʵʰʝʣʦʥʝ. ʉʘʤʦʣʝʪʳ, 

ʧʨʠʙʳʚʘʶʱʠʝ ʩʚʝʨʭ ʵʪʦʛʦ ʯʠʩʣʘ, ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ʩʪʝʯʝʥʠʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʥʝ ʩʤʦʛʫʪ 

ʧʨʠʩʪʨʦʠʪʴʩʷ ʚ ʵʰʝʣʦʥ ʠ ʚʳʥʫʞʜʝʥʳ ʙʫʜʫʪ ʧʦʡʪʠ ʥʘ ʚʪʦʨʦʡ ʢʨʫʛ. ɺʇʇ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʩʠʩʪʝʤʘ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʉʘʤʦʣʝʪʳ ʧʨʠʙʳʚʘʶʪ ʧʦ ʧʫʘʩʩʦʥʦʚʩʢʦʤʫ ʟʘʢʦʥʫ ʩ 

ʧʘʨʘʤʝʪʨʦʤ . ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʘʤʦʣʝʪʘ ʟʘʜʘʥʥʦʤʫ ʪʠʧʫ ʦʧʨʝʜʝʣʷʝʪʩʷ 
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54 

 

ʯʘʩʪʦʪʦʡ ʧʦʩʘʜʦʢ ʩʘʤʦʣʝʪʦʚ ʵʪʦʛʦ ʪʠʧʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʠʩʘʥʠʝʤ ʧʦʣʝʪʦʚ. ɺʨʝʤʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʘʤʦʣʝʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʨʘʚʥʦʡ ʠʥʪʝʨʚʘʣʘʤ ʚʨʝʤʝʥʠ 

ʤʝʞʜʫ ʧʦʩʘʜʢʘʤʠ ʜʘʥʥʦʛʦ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʝʤʫ ʩʘʤʦʣʝʪʦʚ. ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʟʘ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ  ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʦʩʘʜʢʘʤʠ ʚ ʵʰʝʣʦʥ ʜʦʙʘʚʠʣʦʩʴ ʨʦʚʥʦ k 

ʩʘʤʦʣʝʪʦʚ, ʨʘʚʥʘ  

 ʛʜʝ  - ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʣʝʪʘ ʩʘʤʦʣʝʪʘ i-ʛʦ ʪʠʧʘ. ʏʠʩʣʦ 

ʩʘʤʦʣʝʪʦʚ ʚ ʵʰʝʣʦʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʮʝʧʠ ʄʘʨʢʦʚʘ. ʅʘʭʦʜʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ , ʧʨʠ ʢʦʪʦʨʦʤ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʭʦʜʘ ʩʘʤʦʣʝʪʦʚ ʥʘ ʚʪʦʨʦʡ ʢʨʫʛ ʥʝ 

ʧʨʝʚʦʩʭʦʜʠʪ ʟʘʜʘʥʥʫʶ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʚʝʣʠʯʠʥʫ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʳʤ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ɺʇʇ. ʇʨʠ ʨʘʩʯʝʪʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ɺʇʇ ʫʯʠʪʳʚʘʣʠʩʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʚʝʪʨʦʚ ʚ ʨʘʡʦʥʝ ʘʵʨʦʧʦʨʪʘ ʚ ʚʠʜʝ ʨʦʟʳ ʚʝʪʨʦʚ. 

ʇʫʩʪʴ ʧʘʨʘ ʩʢʦʨʦʩʪʝʡ ʚʩʪʨʝʯʥʦʛʦ ʠ ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʫʯʘʡʥʫʶ 

ʚʝʣʠʯʠʥʫ. ʅʘʡʜʝʤ ʝʝ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɼʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ   ʠʟ ʵʪʦʡ 

ʪʘʙʣʠʮʳ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʙʝʟʦʧʘʩʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ,   ʚ ʵʰʝʣʦʥʝ ʠ ʛʣʠʩʩʘʜʝ, ʘ 

ʪʘʢʞʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ,   ʤʝʞʜʫ ʩʘʤʦʣʝʪʘʤʠ i-ʛʦ ʠ -ʛʦ ʪʠʧʦʚ. ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʡʪʠ  - ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ɺʇʇ ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʚʩʪʨʝʯʥʦʤ ʚʝʪʨʝ ʠ ʙʦʢʦʚʦʤ ʚʝʪʨʝ . ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ   ʙʫʜʝʪ 

ʫʩʨʝʜʥʝʥʥʦʡ ʦʮʝʥʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ɺʇʇ. ɽʝ ʩʣʝʜʫʝʪ ʩʨʘʚʥʠʪʴ ʩ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ  ɺʇʇ, ʧʦʣʫʯʘʝʤʦʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʟʦʧʘʩʥʳʭ ʠʥʪʝʨʚʘʣʦʚ , 

ʧʨʠʥʷʪʳʭ ʀʂɸʆ.  

 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ 

ʚʠʭʨʝʚʦʛʦ ʧʨʦʛʥʦʟʘ ʚ ʩʠʩʪʝʤʫ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʟʚʦʣʠʪ ʫʩʠʣʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ ʧʫʪʝʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʚ ʚʠʭʨʝʚʦʡ 

ʩʣʝʜ ʠ ʫʚʝʣʠʯʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʘʵʨʦʜʨʦʤʦʚ ʥʘ 30ï40%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʚʠʭʨʝʚʦʛʦ ʧʨʦʛʥʦʟʘ ʧʦʤʦʞʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ, ʩʪʦʷʱʠʝ ʧʝʨʝʜ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʝʡ ʚ ʯʘʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʘʵʨʦʜʨʦʤʦʚ ʧʨʠ ʩʥʠʞʝʥʠʠ ʘʚʘʨʠʡʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

 

ʇʦʜʜʝʨʞʘʥʦ ʛʨʘʥʪʦʤ ʧʨʝʟʠʜʝʥʪʘ ʈʌ çʇʦʜʜʝʨʞʢʘ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣè, ʧʨʦʝʢʪ 

ˉʅʐ-693.2008.1 ʠ ʛʨʘʥʪʦʤ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ08-01-00-249. 
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ʄʫʨʘʚʝʡ ɼʤʠʪʨʠʡ ʃʝʦʥʠʜʦʚʠʯ 

ʉʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ 

E-mail: godendm@mail 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ - ʜʦʮʝʥʪ ʄʦʨʦʟʦʚ ɺʣʘʜʠʤʠʨ ɺʠʢʪʦʨʦʚʠʯ 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʚʠʪʠʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʮʝʥʦʢ ʦʧʮʠʦʥʦʚ ʠ ʦʙʣʠʛʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩ ʨʘʟʥʳʤʠ ʤʦʜʝʣʷʤʠ ʧʨʦʮʝʥʪʥʳʭ ʩʪʘʚʦʢ.  

ɺ ʥʘʯʘʣʝ 70ïʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ ʧʦʷʚʠʣʠʩʴ ʤʦʜʝʣʠ ʨʳʥʢʘ ʮʝʥʥʳʭ ʙʫʤʘʛ(ʦʧʨʝʜʝʣʝʥʠʝ ʠ 

ʚʠʜʳ ʮʝʥʥʳʭ ʙʫʤʘʛ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ, ʥʘʧʨʠʤʝʨ ʚ [1]), ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʧʦʚʝʜʝʥʠʷ ʮʝʥ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʧʮʠʦʥʦʚ ʠ ʦʙʣʠʛʘʮʠʡ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʡ ʠʟ ʵʪʠʭ ʤʦʜʝʣʝʡ  ʷʚʣʷʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʘʷ ʤʦʜʝʣʴ ʨʳʥʢʘ ɹʣʵʢʘ-ʄʝʨʪʦʥʘ-

ʐʦʫʣʣʩʘ [2-3], ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʪʦʨʦʡ, ɻʝʨʙʝʨ [4], ʂʦʢʩ[5], ɹʶʪʪʣʝʨ[6] 

ʠ ʜʨʫʛʠʝ ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʮʝʥʥʳʭ ʙʫʤʘʛ.  

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʤʝʪʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʚʝʜʝʥʠʠ 

ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʜʘʥʥʦʡ ʮʝʥʥʦʡ ʙʫʤʘʛʠ, ʥʘʧʨʠʤʝʨ, ʦʧʮʠʦʥʘ ʠʣʠ ʦʙʣʠʛʘʮʠʠ, ʢ 

ʩʤʝʰʘʥʥʦʡ(ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ) ʟʘʜʘʯʝ ʜʣʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ 

ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʥʘ ʧʦʣʫʦʩʠ: 

( , ) ( , ),  0,  0,tu x t Au x t t x  ( ,0) ( ),  0,u x x x (0, ) 0,  0Bu t t ,                  (1) 

ʛʜʝ B - ʟʘʜʘʥʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʦ x . 

 ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʠʤʘ ʠʟʚʝʩʪʥʘʷ 

ʪʝʦʨʝʤʘ ʉʪʦʫʥʘ [7], ʚ ʩʠʣʫ ʢʦʪʦʨʦʡ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ:  

                                     
0

( , ) ( )( ),tu x t e dE x                                                                 (2) 

ʛʜʝ E - ʩʧʝʢʪʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ.  

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʟʘʜʘʯʠ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʚʪʦʤʦʜʝʣʴʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʠ ʪʝʦʨʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ. 

 ʉʣʫʯʘʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʧʝʢʪʨʘ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [8-9], ʠʟ ʢʦʪʦʨʳʭ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚʳʪʝʢʘʶʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʩʪʦʠʤʦʩʪʠ ʝʚʨʦʧʝʡʩʢʠʭ ʦʧʮʠʦʥʦʚ ʪʠʧʘ 

çLookbackè, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʨʪʠʥʛʘʣʴʥʳʤ ʧʦʜʭʦʜʦʤ ʚ [4].  

ɿʜʝʩʴ ʤʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʩʣʫʯʘʝ ʜʠʩʢʨʝʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʳʡ 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʮʝʥʢʠ ʩʪʦʠʤʦʩʪʠ ʦʙʣʠʛʘʮʠʠ ʚ ʤʦʜʝʣʠ ʧʝʨʝʤʝʥʥʦʡ ʧʨʦʮʝʥʪʥʦʡ 

ʩʪʘʚʢʠ ( )r t  ʂʦʢʩʘ-ʀʥʛʝʨʩʦʣʣʘ-ʈʦʩʩʘ:  

                    
1

2( ) ( ( )) ( )dr t r t d r t dW ,                                                        (3) 

ʛʜʝ W  ð ʩʪʘʥʜʘʨʪʥʳʡ ʚʠʥʝʨʦʚʩʢʠʡ ʧʨʦʮʝʩʩ, .0const  

ʊʦʛʜʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ(ʦʙʣʠʛʘʮʠʠ) ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ],0[ T  ʨʘʚʥʦ .)(exp)(

T

dttrEF                                                          (4) 

ʉʯʠʪʘʷ  r  ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ (ʪʦ ʝʩʪʴ rr )(  ʠ ( ) ( , )F F r ) ʠ ʠʩʧʦʣʴʟʫʷ 

ʬʦʨʤʫʣʫ ʀʪʦ ʧʦʣʫʯʘʝʤ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʜʣʷ  ( , )F r : 
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2

( ) , 0,0 ;
2

( , ) 1,0 ;  ( , ) 1,0 .

rr rrF F r rF F r T

F r T r F T

                            (5) 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʉʪʦʫʥʘ (2) ʜʣʷ ʟʘʜʘʯʠ (5) ʠʤʝʝʪ ʚʠʜ:   

                                                     
* *

0

( , ) ( )nt x

n n

n

F x t C e L x                                                  

(6)                                                                                                                     

ʛʜʝ 
*

( )nL x - ʦʙʦʙʱʝʥʥʳʝ ʧʦʣʠʥʦʤʳ ʃʘʛʝʨʨʘ ï ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʟʘʜʘʯʠ 

ʥʘ ʧʦʣʫʦʩʠ:            

2 2

'' ' * * *

2 2 2

22
( 1 ) 0,   , ,  ,n n

n n n n nxU U x nU n x r
"

" "
" "

  (7) 

 ʊʘʢ ʢʘʢ ʜʣʷ ʦʙʦʙʱʝʥʥʳʭ ʧʦʣʠʥʦʤʦʚ ʃʘʛʝʨʨʘ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʙʠʦʨʪʦʛʦʥʘʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ʚ ʷʚʥʦʤ ʚʠʜʝ, ʪʦ ʚ ʷʚʥʦʤ ʚʠʜʝ ʤʦʞʥʦ ʥʘʡʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ nC , ʘ ʠʤʝʥʥʦ, 

*

*

* 1

( )

(1 )

n

n n
C ; ʟʥʘʯʠʪ  

*
*

*
2*

* *2

* *

* 2
2

* 1 * 1
0 0

( )
( , ) ( ) ( )

(1 ) (1 )

t
x

t t nx
n

n nn
n n

e e
F x t e L x z L x , 

ʛʜʝ 
*

*
,   

2 1 (1 )

t

t

n e
z

e

"
. ʇʦʩʣʝʜʥʠʡ ʨʷʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʦʜʷʱʫʶ 

ʬʫʥʢʮʠʶ ʜʣʷ ʧʦʣʠʥʦʤʦʚ ʃʘʛʝʨʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ( , )F r  ʚ ʷʚʥʦʤ ʚʠʜʝ: 
* 1

* *
*

* * 2

1 (1 )
( , ) exp

1 1 (1 ) 2

t t

t

e xe xt
F x t x

e
. 
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ʂʦʧʥʳʰʝʚ ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ 

ʉʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ 

e-mail: kopnyshev.alex@gmail.com 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ, ʢ.ʬ.-ʤ.ʥ. ʇʦʩʧʝʣʦʚʘ ʀʨʠʥʘ ʀʛʦʨʝʚʥʘ 

ʈʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʠʛʨʘ  ʪʨʝʭ ʣʠʮ   N={1,2,3} ʧʦ ʚʳʙʦʨʘʤ ʦʜʥʦʛʦ ʠʟ ʢʘʥʜʠʜʘʪʦʚ {a,b,c}.  
ʀʛʨʦʢʠ ʛʦʣʦʩʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʟʘʢʨʳʪʫʶ, ʘ ʧʦʙʝʜʠʪʝʣʝʤ ʩʯʠʪʘʝʪʩʷ ʢʘʥʜʠʜʘʪ, 
ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʧʨʘʚʠʣʫ ʙʦʣʴʰʠʥʩʪʚʘ ʩ ʨʝʰʘʶʱʠʤ ʛʦʣʦʩʦʤ ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ ʚ ʩʣʫʯʘʝ 
ʨʘʚʝʥʩʪʚʘ. ɽʩʣʠ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ ʦʪ ʠʟʙʨʘʥʠʷ ʢʘʥʜʠʜʘʪʘ ʟʘʜʘʥʳ ʩʣʝʜʫʶʱʠʤ 
ʮʠʢʣʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ: 

U1(a)=0, U1(b)=1/2, U1(c)=1; 
U2(b)=0, U2(c)=1/2, U2(a)=1; 
U3(c)=0, U3(a)=1/2, U3(b)=1, 

ʪʦ ʩʦʛʣʘʩʥʦ ʫʪʚʝʨʞʜʝʥʠʶ ʕ.ʄʫʣʝʥʘ, ʧʨʠ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʠʛʨʦʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʬʫʥʢʮʠʡ ʧʦʣʝʟʥʦʩʪʠ ʢʘʞʜʦʛʦ ʙʫʜʝʪ ʠʟʙʨʘʥ ʢʘʥʜʠʜʘʪ ʘ, ʥʘʠʭʫʜʰʠʡ ʜʣʷ ʧʝʨʚʦʛʦ. ʊʘʢʘʷ ʠʛʨʘ 
ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʇʘʨʘʜʦʢʩ ʂʦʥʜʦʨʩʝ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʠʛʨʘ, ʧʨʦʭʦʜʷʱʘʷ ʚ ʜʚʘ ʵʪʘʧʘ, ʥʘ ʧʝʨʚʦʤ ʠʟ ʢʦʪʦʨʳʭ ʠʛʨʦʢʠ ʩʦʛʣʘʩʥʦ 
ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʭʦʜʦʚ ʧʦ ʦʯʝʨʝʜʠ ʤʦʛʫʪ ʩʜʝʣʘʪʴ ʧʨʝʜʣʦʞʝʥʠʝ ʚ 
ʦʪʢʨʳʪʫʶ  ʦʜʥʦʤʫ ʠʛʨʦʢʫ ʛʦʣʦʩʦʚʘʪʴ ʟʘ ʥʝʢʦʪʦʨʦʛʦ ʦʜʥʦʛʦ ʢʘʥʜʠʜʘʪʘ y ʟʘ ʩʫʤʤʫ t, ʧʨʠʯʝʤ 
ʧʨʝʜʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʯʝʩʪʥʳʤʠ, ʪʦ ʝʩʪʴ, ʦʙʝʱʘʥʥʘʷ ʩʫʤʤʘ t ʚʳʧʣʘʯʠʚʘʝʪʩʷ ʚ ʪʦʤ ʠ ʪʦʣʴʢʦ 
ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʛʨʦʢ, ʢʦʪʦʨʦʤʫ ʧʨʝʜʣʦʞʠʣʠ ʧʦʙʦʯʥʳʡ ʧʣʘʪʝʞ, ʛʦʣʦʩʫʝʪ ʟʘ y. ʌʫʥʢʮʠʠ 
ʧʦʣʝʟʥʦʩʪʠ ʦʪ ʠʟʙʨʘʥʠʷ ʠʛʨʦʢʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʩʫʤʤʘ ʚʭʦʜʷʱʠʭ ʧʦʙʦʯʥʳʭ ʧʣʘʪʝʞʝʡ ʦʪ 
ʜʨʫʛʠʭ ʠʛʨʦʢʦʚ ʠ ʧʦʣʝʟʥʦʩʪʠ ʦʪ ʠʟʙʨʘʥʠʷ ʢʘʥʜʠʜʘʪʘ ʟʘ ʚʳʯʝʪʦʤ ʠʩʭʦʜʷʱʠʭ ʧʦʙʦʯʥʳʭ 
ʧʣʘʪʝʞʝʡ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʛʨʘ ʧʨʦʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʦ ʇʘʨʘʜʦʢʩʫ ʂʦʥʜʦʨʩʝ, ʩ ʠʟʤʝʥʝʥʥʳʤʠ 
ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʬʫʥʢʮʠʷʤʠ ʧʦʣʝʟʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʚʳʠʛʨʳʰʝʡ ʚʩʝʭ ʠʛʨʦʢʦʚ ʚ ʢʘʞʜʦʤ ʠʟ 
6 ʩʣʫʯʘʝʚ ʧʦʨʷʜʢʘ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦʙʦʯʥʳʭ ʧʣʘʪʝʞʝʡ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʛʨʘ ʩʫʱʝʩʪʚʝʥʥʦ 
ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ ʧʨʝʜʣʦʞʝʥʠʡ, ʘ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ ʚ ʪʨʝʭ ʠʟ 
ʰʝʩʪʠ ʩʣʫʯʘʝʚ ʨʘʚʝʥ 0. 

ʀʟʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʛʨʳ ʩ ʧʦʙʦʯʥʳʤʠ ʧʣʘʪʝʞʘʤʠ. ʀʛʨʘ ʩʚʝʜʝʥʘ ʢ 
ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʠʛʨʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʜʥʦʛʦ ʵʪʘʧʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʫʥʢʮʠʷ ʥʘʠʣʫʯʰʝʛʦ 
ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ Wi(pi,p-i), ʛʜʝ pi ï ʚʝʢʪʦʨ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦʙʦʯʥʳʭ ʧʣʘʪʝʞʝʡ i-ʛʦ 
ʠʛʨʦʢʘ, ʘ p-I ï ʚʝʢʪʦʨʳ ʧʨʝʜʣʦʞʝʥʠʡ ʦʩʪʘʣʴʥʳʭ ʠʛʨʦʢʦʚ, ʷʚʣʷʝʪʩʷ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ 
ʬʫʥʢʮʠʝʡ, ʠʤʝʶʱʝʡ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʛʨʘʥʝʡ ʨʘʟʨʳʚʘ, ʘ ʦʙʣʘʩʪʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʚʳʧʫʢʣʦʝ ʤʥʦʛʦʛʨʘʥʥʦʝ ʤʥʦʞʝʩʪʚʦ.  
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ʉʊʈɸʊɽɻʀʁ ʋʇʈɸɺʃɽʅʀʗ ɼɽʄʆɻʈɸʌʀʏɽʉʂʀʄʀ ʇʈʆʎɽʉʉɸʄʀ  

ʂʨʫʛʣʷʢ ʃʶʙʦʚʴ ʂʦʥʩʪʘʥʪʠʥʦʚʥʘ 

ʩʪʫʜʝʥʪʢʘ ʢʘʬʝʜʨʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ. ʈʝʰʝʪʦʚ ɺʘʣʝʨʠʡ ʖʨʴʝʚʠʯ 

ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯ ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʦʞʥʦʩʪʴʶ ʦʮʝʥʢʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ ʚ ʈʦʩʩʠʠ, ʘ ʪʘʢ ʞʝ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʜʝʧʦʧʫʣʷʮʠʝʡ ʢʦʨʝʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ, ʠ ʚʣʠʷʥʠʷ, ʢʦʪʦʨʦʝ ʦʢʘʟʳʚʘʝʪ ʥʘ ʜʝʤʦʛʨʘʬʠʯʝʩʢʫʶ, ʩʦʮʠʘʣʴʥʫʶ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʧʨʠʚʣʝʯʝʥʠʝ ʤʠʛʨʘʥʪʦʚ. 

ɿʘ ʦʩʥʦʚʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʝʨʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʶʱʘʷ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ, ʚ ʢʦʪʦʨʫʶ ʚʚʦʜʠʪʩʷ ʤʠʛʨʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ɺ ʨʘʙʦʪʝ  

ʧʦʣʫʯʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʛʣʘʞʝʥʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʧʦ ʚʦʟʨʘʩʪʘʤ  ʩ ʫʯʝʪʦʤ ʤʠʛʨʘʮʠʠ.  

ɹʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʘʷ ʟʘʜʘʯʘ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʦ ʠʥʪʝʛʨʘʣʴʥʦʝ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʦʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʟʘ ʧʣʘʥʠʨʫʝʤʳʡ ʧʝʨʠʦʜ. 

,  

ʛʜʝ  - ʛʦʨʠʟʦʥʪ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

 - ʢʦʣʠʯʝʩʪʚʦ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. 

 - ʚʝʣʠʯʠʥʘ ʢʘʧʠʪʘʣʘ 

- ʢʦʣʠʯʝʩʪʚʦ ʦʙʱʝʛʦ ʥʘʩʝʣʝʥʠʷ. 

 - ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʝʣʠʯʠʥʫ ʚʳʧʫʩʢʘ 

ʦʙʦʙʱʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʚ ʛʦʩʫʜʘʨʩʪʚʝ 

  - ʩʨʝʜʥʝʝ ʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ. 

- ʟʘʪʨʘʪʳ ʥʘ ʨʝʰʝʥʠʝ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ (ʧʦʚʳʰʝʥʠʝ ʨʦʞʜʘʝʤʦʩʪʠ, 

ʧʨʠʚʣʝʯʝʥʠʝ ʤʠʛʨʘʥʪʦʚ ʠ ʜʨ.).  

  - ʢʦʵʬʬʠʮʠʝʥʪ ʨʦʞʜʘʝʤʦʩʪʠ, 

  - ʚʝʣʠʯʠʥʘ ʤʠʛʨʘʮʠʠ. 


