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ʄʦʣʦʜʝʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ X ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʄʦʣʦʜʝʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè. ʊʦʤʩʢ, 13-16 ʥʦʷʙʨʷ 2012 ʛ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʇʋ. ï 408 ʩ. 

 

ʉʙʦʨʥʠʢ ʩʦʜʝʨʞʠʪ ʜʦʢʣʘʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ X ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʫʶ ʢʦʥʬʝʨʝʥʮʠʶ 

ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʄʦʣʦʜʝʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, 

ʧʨʦʰʝʜʰʝʡ ʚ ʊʦʤʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʘ ʙʘʟʝ ʠʥʩʪʠʪʫʪʘ ʂʠʙʝʨʥʝʪʠʢʠ. ʄʘʪʝʨʠʘʣʳ 

ʩʙʦʨʥʠʢʘ ʦʪʨʘʞʘʶʪ ʜʦʢʣʘʜʳ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʧʨʠʥʷʪʳʝ ʢ ʦʙʩʫʞʜʝʥʠʶ ʥʘ 

ʩʝʢʮʠʷʭ: çʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠè, çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʢʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭè, çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ (ʚ 

ʧʨʠʢʣʘʜʥʳʭ ʦʙʣʘʩʪʷʭ)è, çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭè, çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ 

ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʫʧʨʘʚʣʝʥʠʠè, çɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠè, 

çʂʦʤʧʴʶʪʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʤʝʪʨʦʣʦʛʠʷè, çʂʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ ʠ ʜʠʟʘʡʥè, 

çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠè. 

 

ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʪʫʜʝʥʪʦʚ ʠ 

ʘʩʧʠʨʘʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ.  
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ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ ʩʙʦʨʥʠʢʘ: 

ʉʠʢʦʨʘ ɽ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. ɸʈʄ ʀʂ ʊʇʋ, ʫʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʢʦʥʬʝʨʝʥʮʠʠ; 
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ɿʠʤʠʥ ɺ.ɹ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. ʇʄ ʀʂ ʊʇʋ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ ˉ 2; 

ʊʫʟʦʚʩʢʠʡ ɸ.ʌ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬ. ʆʉʋ ʀʂ ʊʇʋ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ ˉ 3; 

ʈʫʜʥʠʮʢʠʡ ɺ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. ʀʂʉʋ ʀʂ ʊʇʋ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ ˉ 4; 

ɼʤʠʪʨʠʝʚʘ ɽ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. ɸʠʂʉ ʀʂ ʊʇʋ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ ˉ 5; 

ʐʝʨʩʪʥʝʚ ɺ.ʉ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. ɺʊ ʀʂ ʊʇʋ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ ˉ 6; 

ɿʘʨʝʚʠʯ ɸ.ʀ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. ʂʀʉʄ ʀʂ ʊʇʋ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ ˉ 7; 

ɺʠʥʦʢʫʨʦʚʘ ɻ.ʌ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. ʅɻɻ ʀʂ ʊʇʋ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ ˉ 8; 

ɹʫʭʘʥʯʝʥʢʦ ʉ.ɽ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. ɸʈʄ ʀʂ ʊʇʋ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ ˉ 9. 

 

 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ ʧʨʝʜʫʧʨʝʞʜʘʝʪ, ʯʪʦ ʟʘ ʩʦʜʝʨʞʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʝʩʫʪ ʘʚʪʦʨʳ. 

 

 

ʂʦʥʬʝʨʝʥʮʠʠ çʄʦʣʦʜʝʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè ʧʦʣʫʯʠʣʘ ʧʦʜʜʝʨʞʢʫ 

ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʈʌʌʀ) ʚ ʚʠʜʝ ʛʨʘʥʪʘ ʥʘ ʧʨʦʝʢʪ ˉ 12-07-06830-

ʤʦʙ_ʛ " ʆʨʛʘʥʠʟʘʮʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝ X ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ "ʄʦʣʦʜʝʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ". 

 

 

 

 

 

 

 

 

É ɻʆʋ ɺʇʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 2012 

É ʆʬʦʨʤʣʝʥʠʝ. ʀʟʜʘʪʝʣʴʩʪʚʦ ʊʦʤʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2012  



X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʄʦʣʦʜʸʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 
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ʅʦʨʚʝʞʩʢʘʷ ʩʠʩʪʝʤʘ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ CCTV 

HERNIS ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʘ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʘ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʥʘ ʰʝʣʴʬʝ. ɹʣʘʛʦʜʘʨʷ 

ʚʳʩʦʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʢʦʤʧʘʥʠʠ HERNIS ʫʜʘʣʦʩʴ 

ʨʘʟʨʘʙʦʪʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʙʣʘʜʘʶʱʝʝ 

ʧʦʚʳʰʝʥʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɼʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʝ ʠ ʫʜʦʙʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʩʠʩʪʝʤ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʝʚʦʩʭʦʜʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ 

ʧʦʜʜʝʨʞʢʦʡ ʠ ʛʘʨʘʥʪʠʡʥʳʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ 

ʜʝʣʘʶʪ ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʉʉTV 

ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʧʨʦʮʝʩʩʦʤ ʙʫʨʝʥʠʷ, ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʠ ʜʨʫʛʠʤʠ 

ʟʦʥʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʦʩʦʙʦʛʦ ʧʦʜʭʦʜʘ ʢ ʚʳʙʦʨʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʦʙʲʝʢʪʘʭ 

ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʠ ʤʦʨʩʢʦʛʦ ʧʨʦʤʳʩʣʘ ʵʪʘ ʩʠʩʪʝʤʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ. ʉʨʝʜʠ ʢʨʫʧʥʳʭ 

ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʠ HERNIS ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʣʠʰʴ ʤʦʨʩʢʫʶ ʩʪʘʮʠʦʥʘʨʥʫʶ 

ʣʝʜʦʩʪʦʡʢʫʶ ʧʣʘʪʬʦʨʤʫ çʇʨʠʨʘʟʣʦʤʥʦʝè - ʦʜʥʦ 

ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʘʨʢʪʠʯʝʩʢʦʤ 

ʰʝʣʴʬʝ, ʘ ʪʘʢʞʝ ʉʘʭʘʣʠʥ-1 ʠ ʉʘʭʘʣʠʥ-2 ï 

ʧʨʦʝʢʪʳ ʢʦʤʧʘʥʠʠ Sakhalin Energy. ʂʦʤʧʘʥʠʷ 

HERNIS - ʧʨʠʟʥʘʥʥʳʡ ʤʠʨʦʚʦʡ ʣʠʜʝʨ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʠʩʪʝʤ CCTV ʜʣʷ ʧʨʠʙʨʝʞʥʳʭ ʠ 

ʥʝʬʪʝʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʜʣʷ ʪʦʯʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʚ ʮʝʣʦʤ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʣʴʢʦ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʥʘʜʝʞʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʦʙʝʩʧʝʯʠʪʴ 

ʯʠʩʪʫʶ ʠ ʯʝʪʢʫʶ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ ʩ ʪʦʯʢʠ 

ʨʘʟʤʝʱʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʩʣʝʞʝʥʠʷ ʚ ʦʧʝʨʘʪʦʨʥʫʶ, 

ʧʨʠ ʫʯʝʪʝ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ.  

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʪʦʠʪ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʧʝʨʝʜʘʯʠ ʘʫʜʠʦ- ʠ ʚʠʜʝʦ- 

ʜʘʥʥʳʭ Optical System Design (OSD), ʢʦʪʦʨʘʷ 

ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ CCTV ʩʝʪʷʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʝʪʷʭ ʠ ʩʠʩʪʝʤʘʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʠʥʮʠʧʘʤ ʨʘʙʦʪʳ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʦʛʦ ʚʠʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʦʦʙʱʝ, ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ OSD ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʦʚ ʚ ʩʠʩʪʝʤʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʚʦʣʴʥʦ 

ʰʠʨʦʢʘ: CCTV, ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ, ʦʭʨʘʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʦʙʲʝʢʪʦʚ. ʐʠʨʦʢʘʷ 

ʘʜʘʧʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʢ ʨʘʟʣʠʯʥʳʤ ʦʙʣʘʩʪʷʤ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʝʪ ʢʦʤʧʘʥʠʷ. ʉʨʝʜʠ 

ʥʠʭ ʘʥʘʣʦʛʦʚʳʝ ʠ ʮʠʬʨʦʚʳʝ ʤʦʜʝʤʳ ʠ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ, ʘʫʜʠʦ-ʤʦʜʝʤʳ, ʩʠʩʪʝʤʳ CATV 

ʠ ʧʨʦʯʝʝ. 

ʇʦ ʧʨʠʥʮʠʧʫ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʩʠʩʪʝʤʫ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ HERNIS CCTV ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʦʡ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʤʦʞʝʪ 

ʧʦʩʣʫʞʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʠʜʝʦʩʠʛʥʘʣ ʦʪ ʢʘʞʜʦʡ 

ʢʘʤʝʨʳ ʦʪʧʨʘʚʣʷʝʪʩʷ ʧʦ ʩʚʦʝʤʫ ʢʦʘʢʩʠʘʣʴʥʦʤʫ 

ʢʘʙʝʣʶ. ʀʟʚʝʩʪʝʥ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʨʘʙʦʪʘʪʴ ʫʜʦʙʥʝʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ 

ʢ ʪʦʤʫ, ʯʪʦʙʳ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ, ʪ. ʝ. 

ʥʘʡʪʠ ʠ ʧʨʠʤʝʥʠʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʩʧʦʩʦʙʥʦʝ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʠʝʤ ʩʠʛʥʘʣʘ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʦʪʧʨʘʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʧʝʨʘʪʦʨʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʘʷ ʵʪʫ ʟʘʜʘʯʫ, ʤʳ ʤʦʞʝʤ 

ʧʨʠʤʝʥʠʪʴ ʦʧʪʠʯʝʩʢʠʡ ʮʠʬʨʦʚʦʡ 4-ʭ ʢʘʥʘʣʴʥʳʡ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨ OSD8600ʊ, ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʝʤʫ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʶ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʤʠʪʪʝʨʦʤ 

(ʧʝʨʝʜʘʪʯʠʢʦʤ), ʧʝʨʝʜʘʶʱʠʤ ʚʠʜʝʦʩʠʛʥʘʣ ʧʦ 

ʦʧʪʦʚʦʣʦʢʦʥʥʦʤʫ ʢʘʥʘʣʫ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ 

ʨʝʩʠʚʝʨʫ (ʧʨʠʝʤʥʠʢʫ) OSD8600R. 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʚʠʜʝʦʩʠʛʥʘʣʘ ʧʦ 

ʦʧʪʦʚʦʣʦʢʦʥʥʦʤʫ ʢʘʙʝʣʶ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʧʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ 

ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ (ʘʤʧʣʠʪʫʜʥʘʷ, ʯʘʩʪʦʪʥʘʷ 

ʤʦʜʫʣʷʮʠʠ) ʠ ʮʠʬʨʦʚʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ 

ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʄʫʣʴʪʠʧʣʝʢʩʦʨ OSD8600T 

ʨʘʙʦʪʘʝʪ ʠʤʝʥʥʦ ʥʘ ʧʨʠʥʮʠʧʝ ʮʠʬʨʦʚʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ, ʯʪʦ ʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ 

ʜʨʫʛʠʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɺʝʜʴ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 

ʦʛʨʘʥʠʯʝʥʦ ʜʘʣʴʥʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʚʠʜʝʦʩʠʛʥʘʣʘ ʚ 

ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ - ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ 

ɸʄ-ʦʙʦʨʫʜʦʚʘʥʠʷ ʣʠʥʝʡʥʦ ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʜʣʠʥʳ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ, ʘ ʥʝʣʠʥʝʡʥʦʩʪʴ 

ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʘʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʳʤ ʠʩʢʘʞʝʥʠʷʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʬʘʟʳ ʠ ʫʩʠʣʝʥʠʷ. ʏʄ-

ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣ ʫʞʝ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ, ʥʦ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʦʪ ʜʘʣʴʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʘ. ʂ ʪʦʤʫ ʞʝ, ʤʦʜʫʣʠ ʏʄ 

ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʚʥʝʰʥʠʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤ[1]. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʮʠʬʨʦʚʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷ OSD8600, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʦʮʠʬʨʦʚʳʚʘʥʠʝ 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʚʠʜʝʦʩʠʛʥʘʣʘ, ʚʦ ʤʥʦʛʦʤ ʩʭʦʞ ʩ 

ʧʨʠʥʮʠʧʦʤ ʨʘʙʦʪʳ ʘʥʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤ. ʆʥ 

ʠʩʧʦʣʴʟʫʝʪ ʮʠʬʨʦʚʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʚʭʦʜʷʱʝʛʦ 

ʘʥʘʣʦʛʦʚʦʛʦ ʚʠʜʝʦʩʠʛʥʘʣʘ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ 
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__________________________________________________________________________________________ 

ʯʘʩʪʦʪ (ʦʪ ʢʘʤʝʨʳ ʪʝʣʝʥʘʙʣʶʜʝʥʠʷ) ʯʝʨʝʟ 

ʚʥʫʪʨʝʥʥʠʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʢʦʥʚʝʨʪʝʨ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚʥʫʪʨʠ ʤʦʜʫʣʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʝʨʝʜʘʪʯʠʢʘ OSD8600T. ɼʘʣʝʝ ʦʮʠʬʨʦʚʘʥʥʳʡ 

ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʘʪʝʣʝʤ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ ʢʘʙʝʣʶ ʜʦ 

ʤʦʜʫʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ OSD8600R. 

ʅʦ ʢʘʢ ʞʝ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ? ʃʘʟʝʨʥʳʡ ʠʟʣʫʯʘʪʝʣʴ ʚ 

OSD8600T - ʠʩʪʦʯʥʠʢ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʚʳʩʦʢʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʠ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ. 

ɺ ʥʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʠʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɻʣʘʚʥʳʡ 

ʵʣʝʤʝʥʪ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ - ʘʢʪʠʚʥʘʷ ʩʨʝʜʘ, 

ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʤʝʞʜʫ ʟʝʨʢʘʣʘʤʠ, 

ʦʙʨʘʟʫʶʱʠʤʠ ʦʧʪʠʯʝʩʢʠʡ ʨʝʟʦʥʘʪʦʨ[2].  

ʃʘʟʝʨʥʳʡ ʠʟʣʫʯʘʪʝʣʴ ʚ ʤʫʣʴʪʠʧʣʝʢʩʦʨʝ OSD 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣ ʦʨʠʛʠʥʘʣʴʥʦʡ 

ʧʨʠʨʦʜʳ, ʥʝ ʠʤʝʶʱʠʡ ʘʥʘʣʦʛʘ ʚ ʦʢʨʫʞʘʶʱʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʠʟʙʘʚʣʷʝʪ ʦʪ ʧʦʤʝʭ. ʃʘʟʝʨʥʳʡ ʠʟʣʫʯʘʪʝʣʴ 

ʨʘʙʦʪʘʝʪ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1310 ʥʤ ʠʣʠ 1550 ʥʤ ʠ 

ʩʦʜʝʨʞʠʪ 8 CWDM (Coarse wavelength-division 

multiplexing) ʜʣʠʥ ʚʦʣʥ ʤʝʞʜʫ 1470 ʠ 1610 ʥʤ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʠʤʝʥʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ WDM 

ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʧʦ ʦʜʥʦʤʫ 

ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ ʥʘ ʨʘʟʥʳʭ ʥʝʩʫʱʠʭ 

ʯʘʩʪʦʪʘʭ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʠʝʤʥʠʢʦʤ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ 

ʦʙʨʘʪʥʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ 

ʮʠʬʨʦʘʥʘʣʦʛʦʚʳʤ ʢʦʥʚʝʨʪʝʨʦʤ ʚ ʘʥʘʣʦʛʦʚʳʡ 

ʚʠʜʝʦʩʠʛʥʘʣ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʣʥʦʩʪʴʶ 

ʵʣʝʢʪʨʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʘ ʦʪ ʨʘʟʲʝʤʘ ʤʦʜʫʣʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ (ʚʢʣʶʯʘʷ ʦʧʪʠʯʝʩʢʫʶ 

ʩʨʝʜʫ ʧʝʨʝʜʘʯʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ) ʜʦ ʨʘʟʲʝʤʘ 

ʤʦʜʫʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ. ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, 

ʯʪʦ ʚʠʜʝʦʩʠʛʥʘʣ ʧʨʠ ʦʮʠʬʨʦʚʢʝ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʢʘʢʦʡ-ʣʠʙʦ ʢʦʤʧʨʝʩʩʠʠ. ʉʠʛʥʘʣ ʦʮʠʬʨʦʚʳʚʘʝʪʩʷ, 

ʥʦ ʥʝ ʩʞʠʤʘʝʪʩʷ ʚʠʜʝʦʢʦʜʝʢʦʤ, ʧʦʵʪʦʤʫ ʥʘ 

ʚʳʭʦʜʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʧʦʣʫʯʘʝʪ 100-ʧʨʦʮʝʥʪʥʳʡ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʙʝʟ 

ʧʨʦʨʝʞʠʚʘʥʠʷ, ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʘʯʝʩʪʚʘ. 

ʇʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦʤ ʙʠʪ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʝ. ʏʠʩʣʦ 

ʙʠʪ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʦʧʨʝʜʝʣʷʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʩʠʩʪʝʤʳ ʠ ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ/ʰʫʤ, ʦʢʘʟʳʚʘʶʱʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ (ʨʠʩʫʥʦʢ 1).  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊʈ 50725-

94 ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʘ RS-250C ʧʦ 

ʢʘʯʝʩʪʚʫ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ, ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ 

ʙʠʪ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʢʦʡ-ʣʠʙʦ 

ʩʠʩʪʝʤʝ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʦʛʦ ʚʠʜʝʦʩʠʛʥʘʣʘ ï 8 [1], 

ʯʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 256 ʫʨʦʚʥʝʡ ʘʤʧʣʠʪʫʜʳ 

ʩʠʛʥʘʣʘ. ɺ ʦʧʪʠʯʝʩʢʦʤ ʤʫʣʴʪʠʧʣʝʢʩʦʨʝ 

OSD8600T ʢʦʜʠʨʦʚʘʥʠʝ ʚʠʜʝʦʩʠʛʥʘʣʘ 9 ʙʠʪ (512 

ʫʨʦʚʥʝʡ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ). ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʫ 9-ʙʠʪʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʚʠʜʝʦʩʠʛʥʘʣʘ ʥʠʞʝ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2 ʤɺ), ʯʝʤ ʫ 

8-ʙʠʪʥʦʛʦ, ʫ ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚ 2 ʨʘʟʘ 

ʙʦʣʴʰʝ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 4 ʤɺ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 9-

ʙʠʪʥʳʡ ʩʠʛʥʘʣ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʭʦʨʦʰʠʤ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ. 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʚʠʜʝʦʩʠʛʥʘʣʘ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ 

ʇʨʝʠʤʫʱʝʩʪʚʘ OSD8600 ʟʘʢʣʶʯʘʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ. ʅʘʧʨʠʤʝʨ, 

ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ 4 ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʝʦʩʠʛʥʘʣʘ ʧʦ ʦʜʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʞʠʣʝ ʧʦ 

ʧʨʦʪʦʢʦʣʫ RS422. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʨʦʡʩʪʚʦ 

ʦʩʥʘʱʝʥʦ ʨʘʟʲʝʤʘʤʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʝʤʘ 

ʜʘʥʥʳʭ ʧʦ ʧʨʦʪʦʢʦʣʫ RS422/485, ʝʩʣʠ ʢʘʤʝʨʳ 

HERNIS ʷʚʣʷʶʪʩʷ ʧʦʚʦʨʦʪʥʳʤʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʚʘʞʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ OSD8600T: 

¶ ʧʦʜʜʝʨʞʢʘ ʠʥʪʝʨʬʝʡʩʘ Ethernet ʜʣʷ 

ʨʘʙʦʪʳ ʧʦ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ; 

¶ 2 ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

¶ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʚʠʜʝʦ ʦʪ 10 

ɻʮ ʜʦ 6,5 ʄɻʮ ʧʨʠ SNR>63 ʜɹ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʦʠʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 

OSD8600 ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʚʠʜʝʦʩʠʛʥʘʣʘ ʦʩʪʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ, 

ʧʨʝʜʩʢʘʟʫʝʤʳʤʠ ʠ ʥʝʠʟʤʝʥʷʝʤʳʤʠ ʧʨʠ 

ʤʥʦʛʦʢʨʘʪʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʣʠʥʠʠ 

ʩʚʷʟʠ. ʄʠʥʠʤʘʣʴʥʦʝ ʫʭʫʜʰʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘ 

ʧʝʨʚʦʤ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ, ʦʪ 

ʚʳʭʦʜʘ ʚʠʜʝʦʢʘʤʝʨʳ ʜʦ ʤʦʜʫʣʷ ʧʝʨʝʜʘʪʯʠʢʘ 

OSD8600T, ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʥʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʩʚʷʟʠ ʦʪ ʥʘʯʘʣʘ ʠ 

ʜʦ ʢʦʥʮʘ, ʦʩʪʘʚʣʷʷ ʝʛʦ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʦʧʪʠʯʝʩʢʠʤ 

ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʮʠʬʨʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʪʝʭʥʠʯʝʩʢʠ 

ʩʦʚʝʨʰʝʥʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʝ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʝʨʝʜʘʯʘ ʚʠʜʝʦʩʠʛʥʘʣʘ ʧʦ ʦʧʪʠʯʝʩʢʠʤ 

ʢʘʥʘʣʘʤ ʩʚʷʟʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. - ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://www.secuteck.ru/articles2/videonabl/ 

http://www.secuteck.ru/articles2/videonabl/peredacha-cifrovogo-videosignala-po-opticheskim-kanalam-svyazi/


X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʄʦʣʦʜʸʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

__________________________________________________________________________________________ 

2. ʃʘʟʝʨʥʳʡ ʠʟʣʫʯʘʪʝʣʴ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.stroyverno.ru/encycl/  

3. OSD systems technical passport 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ 

ʤʥʦʛʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʩʫʱʝʩʪʚʫʶʪ ʫʛʨʦʟʳ, ʪʘʢʠʝ 

ʢʘʢ Trojan horses, Viruses and Worms, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʨʘʟʨʫʰʘʶʱʠʝ ʜʝʡʩʪʚʠʷ ʚ ʨʘʙʦʪʝ 

ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʚ ʀʥʪʝʨʥʝʪʝ. ʊʘʢ ʢʘʢ ʩʝʪʴ 

ʀʥʪʝʨʥʝʪ ʥʘʧʨʘʚʣʝʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʪʦ ʫʛʨʦʟʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ. ʇʨʦʙʣʝʤʫ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ 

ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʸ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʩʝʭ ʝʸ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

XML, RDF, ʚʝʙïʩʝʨʚʝʨʘ, ʦʥʪʦʣʦʛʠʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʠʚʦʜʠʪʩʷ ʤʥʦʛʦ 

ʨʝʰʝʥʠʡ ʧʦ ʚʦʧʨʦʩʫ ʙʝʟʦʧʘʩʥʦʩʪʠ XML-ʜʘʥʥʳʭ, 

ʥʦ ʤʘʣʦ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ 

RDF-ʜʘʥʥʳʭ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʝʞʜʫ ʩʦʙʦʡ 

[1]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʥʘʯʘʣʴʥʳʝ ʵʪʘʧʳ 

ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ RDF-ʜʘʥʥʳʭ, 

ʧʦʩʪʨʦʷʪʩʷ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʵʣʝʤʝʥʪʘʤ ʪʨʠʧʣʝʪʘ ʠʣʠ ʩʘʤʦʤʫ 

RDF-ʪʨʠʧʣʝʪʫ. 

ʄʝʪʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʪʨʠʧʣʝʪʘ RDF-

ʜʘʥʥʳʭ 

ʂʘʞʜʳʡ RDF-ʜʦʢʫʤʝʥʪ ʩʦʩʪʦʠʪ ʠʟ ʛʨʘʬʦʚ 

(ʪʨʠʧʣʝʪʦʚ), ʷʚʣʷʶʱʠʭʩʷ ʥʘʙʦʨʦʤ ʪʨʦʝʢ: ʩʫʙʲʝʢʪ 

(s), ʧʨʝʜʠʢʘʪ (p), ʦʙʲʝʢʪ (o). ɺ ʮʝʣʷʭ ʙʝʟʦʧʘʩʥʦʩʪʠ 

RDF-ʜʘʥʥʳʭ ʢʘʞʜʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʨʠʧʣʝʪʘ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʦʛʣʘʩʥʦ ʩʚʦʠʤ ʤʝʪʢʘʤ ʦʙʝʩʧʝʯʝʥʠʷ (sl1, sl2,é, 

sln), ʩʦʟʜʘʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʅʘʧʨʠʤʝʨ, sl1 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʶ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

sl2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ,é, sln 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʝʨʭʩʝʢʨʝʪʥʦʩʪʠ. 

ɺ ʪʨʠʧʣʝʪʝ ʩʫʙʲʝʢʪ, ʧʨʝʜʠʢʘʪ, ʦʙʲʝʢʪ ʤʦʛʫʪ 

ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʫʶ ʤʝʪʢʫ sl ʠʣʠ ʨʘʟʥʳʝ ʤʝʪʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ sls, slp, slo (ʛʜʝ sls - ʤʝʪʢʘ ʜʣʷ 

ʩʫʙʲʝʢʪʘ, slp - ʤʝʪʢʘ ʜʣʷ ʧʨʝʜʠʢʘʪʘ, slo - ʤʝʪʢʘ ʜʣʷ 

ʦʙʲʝʢʪʘ). ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʨʠ ʵʣʝʤʝʥʪʘ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʫʶ ʤʝʪʢʫ sl, ʪʦ sl ʷʚʣʷʝʪʩʷ ʤʝʪʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʪʨʠʧʣʝʪʘ. ɽʩʣʠ ʪʨʠ ʤʝʪʢʠ 

ʷʚʣʷʶʪʩʷ ʨʘʟʥʳʤʠ (sls, slp, slo), ʪʦ ʥʘʜʦ ʦʙʨʘʟʦʚʘʪʴ 

ʤʠʥʠʤʘʣʴʥʫʶ ʛʨʘʥʠʮʫ ʤʝʪʢʠ slmin ʵʪʠʭ ʤʝʪʦʢ, 

ʪʦʛʜʘ slmin ʷʚʣʷʝʪʩʷ ʤʝʪʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʨʠʧʣʝʪʘ. ʂ ʵʪʦʤʫ ʤʝʪʦʜʫ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʤʝʪʢʘ 

ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʘʷ ʩ RDF-ʜʘʥʥʳʤʠ ʠ 

ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ 

ʣʶʙʳʤ ʪʨʠʧʣʝʪʘʤ, ʨʝʩʫʨʩʘʤ ʠ ʢ ʥʘʩʣʝʜʦʚʘʥʥʳʤ 

ʪʨʠʧʣʝʪʘʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʝʨʘʮʠʠ 

ʥʘʩʣʝʜʦʚʘʥʠʷ. 

ʆʜʠʥ ʠ ʪʦʪ ʞʝ ʨʝʩʫʨʩ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʩʫʙʲʝʢʪʦʤ ʠʣʠ ʦʙʲʝʢʪʦʤ (ʠʥʦʛʜʘ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʠʢʘʪʦʤ) ʚ ʨʘʟʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʥ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʥʳʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʝʪʢʠ 

(sl1, sl2,é, sln) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʝʛʦ ʧʦʣʦʞʝʥʠʷ. 

ʊʨʠʧʣʝʪ, ʠʤʝʶʱʠʡ ʨʝʩʫʨʩ ʚ ʢʦʥʢʨʝʪʥʦʤ 

ʧʦʣʦʞʝʥʠʠ, ʜʦʣʞʝʥ ʠʤʝʪʴ ʢʦʥʢʨʝʪʥʫʶ ʤʝʪʢʫ slt, 

ʦʭʚʘʪʳʚʘʶʱʫʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʤʝʪʢʫ ʨʝʩʫʨʩʘ 

ʚ ʜʘʥʥʦʡ ʧʦʟʠʮʠʠ, ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ slt Ò min (sl1, 

sl2,é, sln). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʠʧʣʝʪ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʫʧʝʥ ʪʦʣʴʢʦ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩ ʤʝʪʢʘʤʠ stuser, 

ʦʭʚʘʪʳʚʘʶʱʠʤʠ ʤʝʪʢʠ ʪʨʠʧʣʝʪʘ ʠ ʨʝʩʫʨʩʘ, ʠ 

ʦʙʦʟʥʘʯʘʝʪʩʷ stuserÒslt. 

 
ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʠʧʣʝʪʘ RDF-ʜʘʥʥʳʭ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʠʧʣʝʪʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʪʨʠʧʣʝʪʫ 

ʘʚʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ 1, ʧʨʠʚʝʜʸʥʥʳʡ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ sls = ʥʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʡ, 

slp = ʥʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʡ, slo = ʩʝʢʨʝʪʥʦʡ. 

ʊʦʛʜʘ ʤʝʪʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʪʨʠʧʣʝʪʘ ʷʚʣʷʝʪʩʷ 

ʩʝʢʨʝʪʥʦʡ. ɽʩʣʠ ʩʝʢʨʝʪʥʘʷ ʤʝʪʢʘ ʦʭʚʘʪʳʚʘʝʪ 

ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ 

ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʥʠʢʘʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʵʪʦʤ 

ʪʨʠʧʣʝʪʝ. ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʝʛʦ ʫʨʦʚʝʥʴ 
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X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʄʦʣʦʜʸʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

__________________________________________________________________________________________ 

ʜʦʩʪʫʧʘ ʷʚʣʷʝʪʩʷ ʩʝʢʨʝʪʥʦʩʪʴʶ, ʠʣʠ 

ʩʚʝʨʭʩʝʢʨʝʪʥʦʩʪʴʶ, ʪʦ ʦʥ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ 

ʨʘʟʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘ ʵʪʦʤ ʪʨʠʧʣʝʪʝ. 

 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʨʠʧʣʝʪʘ 

RDF-ʜʘʥʥʳʭ 

ʂʘʢ ʧʨʘʚʠʣʦ, ʨʝʩʫʨʩ, ʚʭʦʜʷʱʠʡ ʚ ʧʦʣʦʞʝʥʠʠ 

ʦʙʲʝʢʪʘ ʪʨʠʧʣʝʪʘ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʩ ʧʦʤʦʱʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʪʚʝʨʞʜʝʥʠʡ 

RDF. ʈʝʩʫʨʩ RDF, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʧʦʟʠʮʠʠ 

ʦʙʲʝʢʪʘ ʵʪʦʛʦ ʪʨʠʧʣʝʪʘ, ʤʦʞʝʪ ʧʦʷʚʣʷʪʴʩʷ ʚ 

ʧʦʟʠʮʠʠ ʩʫʙʲʝʢʪʘ ʜʨʫʛʦʛʦ ʪʨʠʧʣʝʪʘ. ʊʦʛʜʘ ʝʩʣʠ 

ʨʝʩʫʨʩ ʚ ʧʦʟʠʮʠʠ ʦʙʲʝʢʪʘ ʥʝ ʠʤʝʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʤʝʪʢʠ, ʪʦ ʤʝʪʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʪʘʢʠʤ ʨʝʩʫʨʩʦʤ ʚ ʧʦʟʠʮʠʠ ʩʫʙʲʝʢʪʘ, ʷʚʣʷʝʪʩʷ 

ʤʝʪʢʦʡ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʣʷ ʦʙʲʝʢʪʘ [2].  

ʈʝʩʫʨʩ ʧʦʷʚʣʷʝʪʩʷ ʚ ʨʦʣʠ ʩʫʙʲʝʢʪʘ ʪʨʠʧʣʝʪʘ, 

ʢʦʛʜʘ ʫʪʚʝʨʞʜʝʥʠʝ ʩʜʝʣʘʥʦ ʦ ʨʝʩʫʨʩʝ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʤʝʪʢʘ sls, ʩʚʷʟʘʥʥʘʷ ʩ 

ʨʝʩʫʨʩʦʤ, ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

1. slt ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʠʥʠʤʘʣʴʥʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʤʝʪʢʫ ʜʣʷ ʣʶʙʦʛʦ ʪʨʠʧʣʝʪʘ, 

ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʨʝʩʫʨʩ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʲʝʢʪʘ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʤʝʪʢʘ slt ʜʣʷ 

ʪʨʠʧʣʝʪʘ ʜʦʣʞʥʘ ʦʭʚʘʪʳʚʘʝʪ ʤʝʪʢʫ ʜʣʷ ʩʫʙʲʝʢʪʘ 

sls, ʛʜʝ sttÓsls; 

2. ʤʝʪʢʘ sltnew ʜʣʷ ʥʦʚʦʛʦ ʜʦʙʘʚʣʝʥʥʦʛʦ 

ʪʨʠʧʣʝʪʘ ʷʚʣʷʝʪʩʷ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʪʦʣʴʢʦ ʝʩʣʠ ʦʥʘ ʜʦʤʠʥʠʨʫʝʪ 

ʤʝʪʢʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʩʫʙʲʝʢʪʦʤ ʪʨʠʧʣʝʪʘ, ʟʥʘʯʠʪ 

sltnew Ó sls; 

3. ʪʦʣʴʢʦ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʠʤʝʶʱʠʡ 

ʜʦʩʪʫʧʥʫʶ ʤʝʪʢʫ stuser, ʜʦʤʠʥʠʨʫʶʱʫʶ ʤʝʪʢʫ 

ʩʫʙʲʝʢʪʘ ʠ ʪʨʠʧʣʝʪʘ, ʤʦʞʝʪ ʯʠʪʘʪʴ ʪʨʠʧʣʝʪ, 

ʟʥʘʯʠʪ stuser Ó slt ʠ stuser Ó sls . 

ʇʦ ʫʤʦʣʯʘʥʠʶ sls ʚʦʟʥʠʢʘʝʪ ʚ ʩʨʝʜʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʦʛʜʘ ʨʝʩʫʨʩ RDF 

ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʨʦʣʠ ʩʫʙʲʝʢʪʘ ʪʨʠʧʣʝʪʘ ʧʨʠ 

ʥʘʯʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʤʝʪʢʘ ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 

ʥʘʯʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʤʝʪʢʝ ʪʨʠʧʣʝʪʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʤʝʪʢʘ ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʷʚʣʷʝʪʩʷ ʤʝʪʢʦʡ, ʚʩʪʘʚʣʝʥʥʦʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʣʷ ʚʩʝʭ ʪʨʠʧʣʝʪʦʚ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʤʝʪʦʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʠʧʣʝʪʦʚ SL ={sl1, sl2, , sln} ʠ 

ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʪʨʠʧʣʝʪʘ Tnew, ʚ ʢʦʪʦʨʳʭ 

ʩʫʙʲʝʢʪ S ʠʤʝʝʪ ʤʝʪʢʫ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʘʣʛʦʨʠʪʤ 2 (ʨʠʩ. 2). 

 
ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʪʨʠʧʣʝʪʘ 

 

ɿʘʢʣʶʯʝʥʠʝ 

RDF-ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɼʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ RDF-ʜʘʥʥʳʭ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ 

RDF-ʜʘʥʥʳʭ. ʆʧʠʩʘʥʳ ʘʣʛʦʨʠʪʤʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʠʧʣʝʪʘ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʢ ʪʨʠʧʣʝʪʘʤ. 

ɺ RDF-ʜʘʥʥʳʭ ʨʝʩʫʨʩ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʥʳʝ 

ʨʦʣʠ (ʩʫʙʲʝʢʪ, ʧʨʝʜʠʢʘʪ, ʦʙʲʝʢʪ) ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʨʠʧʣʝʪʘʭ. ʀʟ-ʟʘ ʵʪʦʛʦ ʤʝʪʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʨʠʧʣʝʪʦʚ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ 

ʨʝʩʫʨʩʘ, ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ ʤʝʪʦʢ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɼʣʷ 

ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʤʝʪʦʢ ʙʝʟʦʧʘʩʥʦʩʪʝʡ 

ʪʨʠʧʣʝʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ 2. 
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ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ 

ʭʨʘʥʠʣʠʱʝ. ɼʘʥʥʳʝ ʷʚʣʷʶʪʩʷ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤʠ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ, ʪʘʢʠʤ 

ʢʘʢ: ʣʠʯʥʳʝ ʠ ʯʘʩʪʥʳʝ ʚʦʧʨʦʩʳ, ʧʣʘʥʳ ʢʘʤʧʘʥʠʠ, 

ʚʦʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʧʣʘʥʳ. 

ɽʩʣʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ, ʪʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʳʡ 

ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʠ ʚʳʧʦʣʥʷʪʴ ʦʧʘʩʥʳʝ ʜʝʡʩʪʚʠʷ ʢ 

ʙʘʟʝ ʜʘʥʥʳʭ [1]. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʧʦ ʩʦʟʜʘʥʠʶ 

ʢʦʥʪʨʦʣʷ ʧʨʘʚ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ. 

ɺ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ 

ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʨʠʧʣʝʪʘ RDF-ʜʘʥʥʳʭ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʠʨʫʝʪ ʜʦʩʪʫʧ ʢ ʪʨʠʧʣʝʪʘʤ 

RDF-ʜʘʥʥʳʭ ʩʨʘʚʥʝʥʠʝʤ ʤʝʪʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʨʠʧʣʝʪʦʚ ʩ ʧʨʘʚʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʧʨʘʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ 

ʤʦʜʠʬʠʢʘʮʠʶ ʜʘʥʥʳʭ. 

ɸʣʛʦʨʠʪʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʘʚʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ ʜʘʥʥʳʭ 

ʄʝʪʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʘʪʨʠʙʫʪʦʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ: ʫʨʦʚʝʥʴ, ʦʪʜʝʣʝʥʠʝ ʠ ʛʨʫʧʧʘ. ɺʩʝ ʤʝʪʢʠ 

ʜʘʥʥʳʭ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʢʦʤʧʦʥʝʥʪ çʫʨʦʚʝʥʴè, 

ʥʦ ʦʥʠ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʩʦʜʝʨʞʘʪ ʢʦʤʧʦʥʝʥʪʳ 

çʦʪʜʝʣʝʥʠʝè ʠ çʛʨʫʧʧʘè [2]. 

ʂʦʤʧʦʥʝʥʪ ʫʨʦʚʝʥʴ ʫʢʘʟʳʚʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢʫʶ ʢʘʢ: 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ, ʩʝʢʨʝʪʥʦʩʪʴ, 

ʩʚʝʨʭʩʝʢʨʝʪʥʦʩʪʴ ʠ ʪ.ʜ. 

ʂʦʤʧʦʥʝʥʪ ʦʪʜʝʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʦʙʣʘʩʪʠ, ʚ 

ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʳʭ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʪʦʯʥʳʤ ʫʨʦʚʥʝʤ ʜʝʪʘʣʠʟʘʮʠʠ ʚ 

ʧʨʝʜʝʣʘʭ ʫʨʦʚʥʷ. ʆʥ ʩʚʷʟʳʚʘʝʪ ʜʘʥʥʳʝ ʩ ʦʜʥʦʡ 

ʠʣʠ ʥʝʢʦʪʦʨʳʤʠ ʦʙʣʘʩʪʷʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ ʦʪʜʝʣʝʥʠʷ ʜʣʷ ʜʘʥʥʳʭ: 

ʦʙʨʘʟʦʚʘʥʠʝ, ʬʠʥʘʥʩʳ, ʙʠʟʥʝʩ, ʧʦʣʠʪʠʢʘ,  

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʜʨʫʛʠʝ.  

ʂʦʤʧʦʥʝʥʪ ʛʨʫʧʧʘ ʚʳʷʚʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʚ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʠʣʠ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʪʘʢʠʤ ʢʘʢ: 

ʧʦ ʛʦʨʦʜʘʤ ʚ ʈʦʩʩʠʠ: ʊʦʤʩʢ, ʄʦʩʢʚʘ ʠ ʪ.ʜ., ʧʦ 

ʩʪʨʘʥʘʤ: ɺʴʝʪʥʘʤ, ʈʦʩʩʠʷ, ɸʥʛʣʠʷ, ʇʦʣʴʰʘ ʠ ʪ.ʜ. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ (US) 

ʟʘʭʦʜʠʪ ʚ ʩʠʩʪʝʤʫ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʨʘʚʘ 

(ACUS) ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʨʘʟʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘ 

ʤʦʜʠʬʠʢʘʮʠʶ ʜʘʥʥʳʭ, ʪʘʢʠʝ ʢʘʢ: ʜʦʙʘʚʣʝʥʠʝ, 

ʫʜʘʣʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʚ ʢʦʥʢʨʝʪʥʦʤ ʪʨʠʧʣʝʪʝ 

ʥʫʞʥʦ ʧʨʠʤʝʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʘʚʠʣʘ, 

ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʫʢʘʟʘʥʥʦʤ ʧʦʨʷʜʢʝ: 

1. ʋʨʦʚʝʥʴ ʧʨʘʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦʣʞʝʥ 

ʙʦʣʴʰʝ, ʯʝʤ ʫʨʦʚʝʥʴ ʤʝʪʦʢ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʨʠʧʣʝʪʘ. 

2. ʂʦʛʜʘ ʛʨʫʧʧʳ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʫʨʦʚʝʥʴ ʧʨʘʚʘ 
ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʦʜʥʫ ʠʟ ʛʨʫʧʧ, ʥʘ ʢʦʪʦʨʦʡ ʦʥ ʠʤʝʝʪ ʧʨʘʚʦ ʥʘ 

ʟʘʧʠʩʴ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʥʘ ʤʝʪʢʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ (ʠʣʠ ʨʦʜʠʪʝʣʴ ʦʜʥʦʡ ʠʟ 

ʪʘʢʠʭ ʧʦʜʛʨʫʧʧ). ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʢʘ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʚʩʝ ʦʪʜʝʣʝʥʠʷ ʥʘ ʤʝʪʢʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʠʧʣʝʪʘ ʜʘʥʥʳʭ.  

3. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʜʦʩʪʫʧ ʥʘ ʟʘʧʠʩʴ ʥʘ ʚʩʝ ʦʪʜʝʣʝʥʠʷ 

ʥʘ ʵʪʦʤ ʪʨʠʧʣʝʪʝ.  

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ 

ʤʦʞʝʪ ʟʘʧʠʩʘʪʴ ʜʘʥʥʳʝ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʥʦ ʥʝ ʚʳʰʝ ʪʝʢʫʱʝʛʦ 

ʫʨʦʚʥʷ ʩʝʩʩʠʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʩʝʛʜʘ ʤʦʞʝʪ 

ʧʨʦʯʠʪʘʪʴ ʜʘʥʥʳʝ ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʤʝʪʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʠʧʣʝʪʘ. 

 

 
ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʘʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ ʜʘʥʥʳʭ 
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ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʘʣʛʦʨʠʪʤ ʜʣʷ 

ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ. ʇʦ ʵʪʦʤʫ ʘʣʛʦʨʠʪʤʫ 

ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʞʜʳʡ ʪʨʠʧʣʝʪ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʝʝ:  

1. ʕʪʦʪ ʫʨʦʚʝʥʴ ʤʝʪʦʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ 
ʨʘʚʝʥ ʠʣʠ ʤʝʥʴʰʝ, ʯʝʤ ʫʨʦʚʝʥʴ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

2. ʕʪʦʪ ʫʨʦʚʝʥʴ ʤʝʪʦʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ 
ʨʘʚʝʥ ʠʣʠ ʙʦʣʴʰʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ.  

3. ɽʩʣʠ ʜʘ, ʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʣʠ ʜʦʩʪʫʧ, 
ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʢ ʦʜʥʦʡ ʠʟ ʛʨʫʧʧ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʜʘʥʥʦʡ ʤʝʪʢʝ.  

4. ɽʩʣʠ ʜʘ, ʪʦ ʠʤʝʝʪ ʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʩʪʫʧ 
ʢʦ ʚʩʝʤ ʦʪʜʝʣʝʥʠʷʤ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ ʯʪʝʥʠʝ 

ʦʪʜʝʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʜʘʥʥʳʭ.  

5. ɽʩʣʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʛʨʫʧʧʘ, ʥʦ ʩʫʱʝʩʪʚʫʝʪ 
ʦʪʜʝʣʝʥʠʷ, ʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʣʠ ʜʦʩʪʫʧ ʥʘ 

ʟʘʧʠʩʴ ʜʣʷ ʚʩʝʭ ʦʪʜʝʣʝʥʠʡ.  

ɽʩʣʠ ʠʤʝʝʪʩʷ ʦʪʚʝʪ çʅɽè ʥʘ ʣʶʙʦʡ ʩʪʘʜʠʠ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʮʝʥʢʠ, ʪʦ ʘʣʛʦʨʠʪʤ ʙʣʦʢʠʨʫʝʪ 

ʜʦʩʪʫʧ ʢ ʪʨʠʧʣʝʪʫ, ʠ ʧʝʨʝʭʦʜʠʪ ʢ ʦʮʝʥʢʝ 

ʩʣʝʜʫʶʱʝʛʦ ʪʨʠʧʣʝʪʘ ʜʘʥʥʳʭ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʠʪʫʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʪʨʠʧʣʝʪ 

ʠʤʝʝʪ ʤʝʪʢʫ S: ʘʣʴʬʘ, ʙʝʪʘ, ʥʦ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʠʤʝʝʪ ʧʨʘʚʦ ʥʘ ʟʘʧʠʩʴ ʪʦʣʴʢʦ ʘʣʴʬʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʯʠʪʘʪʴ ʪʨʠʧʣʝʪ ʩ 

ʤʝʪʢʦʡ S: ʘʣʴʬʘ, ʙʝʪʘ, ʥʦ ʦʥ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ 

ʝʸ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʫʧ ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʙʘʚʣʝʥʠʝ, ʦʙʥʦʚʣʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ 

ʜʘʥʥʳʭ ʚ ʪʨʠʧʣʝʪʝ.  

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʞʜʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʠʤʝʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ, 

ʥʠʞʝ ʢʦʪʦʨʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʤʦʞʝʪ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʜʘʥʥʳʝ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ 

ʜʝʪ̫ʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʧʦʵʪʦʤʫ ʟʘʜʘʯʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ. ɺ ʩʪʘʪʴʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʠʜʝʷ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʧʦ ʤʝʪʢʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʪʨʠʧʣʝʪʘ RDF-

ʜʘʥʥʳʭ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʝ 

ʤʦʛʫʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʨʘʟʥʳʤ ʫʨʦʚʥʷʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʨʘʟʥʳʭ ʦʪʜʝʣʝʥʠʷʭ ʩ ʨʘʟʥʳʤʠ 

ʜʠʘʧʘʟʦʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʩʚʷʟʠ ʩ ʠʜʝʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʘʥʥʳʭ ʧʦ ʤʝʪʢʘʤ ʪʨʠʧʣʝʪʦʚ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʨʘʚʠʣʘ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʢ ʜʘʥʥʳʤ ʩʨʘʚʥʝʥʠʝʤ ʫʨʦʚʥʷ ʜʦʩʪʫʧʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʫʨʦʚʥʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʠʧʣʝʪʘ. 

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʧʨʘʚʠʣ ʙʳʣʠ ʩʦʟʜʘʥʳ ʘʣʛʦʨʠʪʤʳ 

ʜʣʷ ʯʪʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʪʨʠʧʣʝʪʘ RDF-ʜʘʥʥʳʭ.  

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʚʝʜʸʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʘʥʥʳʭ ʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʨʘʟʥʳʭ ʦʪʜʝʣʝʥʠʷʭ, ʚ ʨʘʟʥʳʭ 

ʛʨʫʧʧʘʭ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʫʜʫʪ ʣʝʛʢʦ ʚʳʧʦʣʥʷʪʴʩʷ; 

- ʧʨʦʚʝʨʢʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʜʣʷ ʚʩʝʭ 

ʪʨʠʧʣʝʪʦʚ RDF-ʜʘʥʥʳʭ, ʪʦʛʜʘ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʤʦʞʝʪ 

ʠʤʝʪʴ ʜʦʩʪʫʧ ʢ ʵʪʠʤ ʪʨʠʧʣʝʪʘʤ. 

ʆʜʥʘʢʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʩʝʤʘʥʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʫ ʢʦʪʦʨʳʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʨʠʧʣʝʪʦʚ, ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʝʨʦʢ ʙʫʜʝʪ 

ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʤ. 
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ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʡ ʙʠʟʥʝʩ ʥʘʩʪʦʣʴʢʦ ʟʘʚʠʩʠʤ ʦʪ 

ʦʙʩʣʫʞʠʚʘʶʱʝʡ ʝʛʦ ʧʦʪʨʝʙʥʦʩʪʠ ʀʊ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʙʦʡ ʚ ʝʝ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʙʳʪʢʘʤ ʠʣʠ ʜʘʞʝ ʢ ʙʘʥʢʨʦʪʩʪʚʫ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ɺʩʝʤʠʨʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʬʦʨʫʤʘ ʚ ɼʘʚʦʩʝ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ 10 ʦʩʥʦʚʥʳʭ 

ʨʠʩʢʦʚ ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʚ 2012 ʛʦʜʫ [1], ʚ ʩʧʠʩʦʢ 

ʢʦʪʦʨʳʭ ʚʦʰʣʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʫʛʨʦʟʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʮʠʘʣʴʥʫʶ ʩʝʪʴ Facebook. 

ʇʨʠʙʳʣʴ ʦʪ ʨʝʢʣʘʤʳ ʟʘ ʧʝʨʚʳʡ ʢʚʘʨʪʘʣ 2012 ʛʦʜʘ 

ʩʦʩʪʘʚʠʣʘ 872 ʤʠʣʣʠʦʥʘ ʜʦʣʣʘʨʦʚ [2]. ʇʨʝʜʩʪʘʚʠʤ 

ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ ʙʫʜʝʪ 

ʥʝʜʦʩʪʫʧʥʘ ʚ ʪʝʯʝʥʠʠ ʯʘʩʘ ʧʦ ʧʨʠʯʠʥʝ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʩʝʪʝʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʣʠ 

ʦʰʠʙʦʢ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ, ʪʦ ʝʩʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʥʝ ʙʫʜʫʪ ʚʠʜʝʪʴ ʨʝʢʣʘʤʫ. ʊʦʛʜʘ 

ʧʨʝʜʧʨʠʷʪʠʝ ʙʫʜʝʪ ʪʝʨʷʪʴ ʦʢʦʣʦ 400000 ʜʦʣʣʘʨʦʚ 

ʟʘ ʯʘʩ. ɺ ʤʘʩʰʪʘʙʝ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ ʩʫʤʤʳ 

ʦʯʝʥʴ ʙʦʣʴʰʠʝ, ʚ ʤʘʣʝʥʴʢʠʭ ï ʤʝʥʴʰʝ ʠ, ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ, ʚʦʧʨʦʩʫ ʤʦʥʠʪʦʨʠʥʛʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʝ 

ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʷ, ʘʜʝʢʚʘʪʥʦʛʦ ʚʦʟʤʦʞʥʳʤ 

ʨʠʩʢʘʤ. ʕʪʦ ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʩʘʤʘ 

ʧʦ ʩʝʙʝ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʥʠʢʘʢʦʡ ʙʠʟʥʝʩ-

mailto:gabrv@yandex.ru


X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʄʦʣʦʜʸʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

__________________________________________________________________________________________ 

ʮʝʥʥʦʩʪʠ ʥʝ ʩʦʟʜʘʝʪ, ʘ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʩʨʝʜʩʪʚʦʤ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʡ, ʚʳʧʦʣʥʷʶʱʠʭ 

ʙʠʟʥʝʩ ʟʘʜʘʯʠ. ʊʘʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʣʦʢʘʣʴʥʫʶ ʠʣʠ ʛʣʦʙʘʣʴʥʫʶ ʩʝʪʴ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʤʝʥʥʦ 

ʛʣʦʙʘʣʴʥʫʶ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʯʠʥʘʶʪ 

ʧʝʨʝʥʦʩʠʪʴ ʩʚʦʶ ʩʝʪʝʚʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚ 

ʦʙʣʘʢʘ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʧʨʦʱʘʝʪ 

ʦʙʩʣʫʞʠʚʘʥʠʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ 

ʚʳʜʚʠʛʘʶʪʩʷ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʢʘʥʘʣʘ ʦʪ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦ ʎʆɼ, ʛʜʝ ʚ ʦʙʣʘʢʝ 

ʨʘʟʚʝʨʥʫʪʘ ʜʘʥʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ɺ ʠʪʦʛʝ, 

ʧʣʦʭʦ ʥʘʩʪʨʦʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠʣʠ ʩʝʪʴ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʚʣʠʷʷ ʥʘ ʢʦʥʝʯʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʨʝʟʫʣʴʪʘʪ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 

ʧʨʠʣʦʞʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʦ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ 

ʧʨʠʣʦʞʝʥʠʷ ʚʥʫʪʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʝʪʠ, 

ʧʦʣʫʯʘʝʤ ʧʨʠʝʤʣʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ, ʥʦ ʧʨʠ 

ʟʘʧʫʩʢʝ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʨʝʘʣʴʥʦʤ 

ʦʙʲʝʢʪʝ ʧʨʠʣʦʞʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʙʣʝʤʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʝʪʠ ʠ ʧʨʠʣʦʞʝʥʠʡ. 

ʄʦʥʠʪʦʨʠʥʛʦʤ ʩʝʪʠ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ 

ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʩʝʪʴʶ ʚ ʧʦʠʩʢʘʭ ʤʝʜʣʝʥʥʳʭ ʠʣʠ 

ʥʝʠʩʧʨʘʚʥʳʭ ʩʠʩʪʝʤ, ʠ ʢʦʪʦʨʳʡ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʩʙʦʝʚ ʩʦʦʙʱʘʝʪ ʦ ʥʠʭ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʨʝʜʩʪʚ ʦʧʦʚʝʱʝʥʠʷ. ʏʘʩʪʦ ʚ ʩʝʪʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʥʘʩʪʨʦʝʥʦ ʧʨʘʚʠʣʴʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦ ʩʪʦʨʦʥʳ 

ʘʧʧʘʨʘʪʥʦʛʦ ʧʦʜʭʦʜʘ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʙʘʟʦʚʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʘʙʦʪʫ ʩʝʪʠ, ʥʝ ʧʨʝʚʳʰʘʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ. ɿʘ ʪʘʢʠʝ 

ʙʘʟʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʥʷʪʳ ʟʘʛʨʫʞʝʥʥʦʩʪʴ 

ʢʘʥʘʣʘ ʩʚʷʟʠ ʩʝʪʠ, ʦʙʱʝʝ ʯʠʩʣʦ ʦʰʠʙʦʢ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ [3]. ʆʜʥʘʢʦ, ʧʨʠʣʦʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʩʝʪʴ, ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʥʝʨʘʮʠʦʥʘʣʴʥʦ ʠ ʧʦʪʨʝʙʣʷʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʕʬʬʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʩʝʪʝʚʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʪʨʝʙʫʝʪ ʘʜʝʢʚʘʪʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʙʦʪʝ ʝʛʦ ʦʪʜʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ, ʩʦʩʪʦʷʥʠʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, 

ʫʟʣʦʚ ʠ ʪ.ʜ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ 

ʧʦ ʩʙʦʨʫ ʪʨʝʙʫʝʤʳʭ ʜʘʥʥʳʭ, ʠʭ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʙʦʪʳ ʩʝʪʝʚʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʩʝʪʝʚʳʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʝʪʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʧʦʨʷʜʢʘ ʟʘʧʫʩʢʘ ʧʨʠʣʦʞʝʥʠʡ ʠʣʠ ʠʭ ʤʦʜʫʣʝʡ, 

ʧʝʨʝʤʝʱʝʥʠʷ ʠʭ ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʫʟʣʘʤʠ 

ʩ ʮʝʣʴʶ ʣʦʢʘʣʠʟʘʮʠʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, 

ʨʝʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ. ɺʩʝ ʵʪʠ 

ʤʝʨʳ ʧʦʟʚʦʣʷʶʪ ʫʣʫʯʰʠʪʴ ʥʝ ʪʦʣʴʢʦ ʩʢʦʨʦʩʪʥʳʝ, 

ʥʦ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʜʝʞʥʦʩʪʠ ʩʝʪʠ. ʇʦʜʦʙʥʳʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʢʨʫʧʥʳʤ ʎʆɼ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʷʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʫʟʣʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʩʪʦʷʥʥʦʤʫ ʨʘʚʥʦʤʝʨʥʦʤʫ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ ʮʝʥʪʨʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʤʝʪʦʜʘ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʦʜʭʦʜ ʦʪ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ. 

ʄʦʥʠʪʦʨʠʥʛ ʜʦʩʪʫʧʥʦʩʪʠ ʩʝʨʚʝʨʦʚ ʠ 

ʧʨʠʣʦʞʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʪʨʘʥʟʘʢʮʠʡ ʢ ʩʝʨʚʝʨʘʤ 

ʧʨʠʣʦʞʝʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ʢʣʠʝʥʪʦʚ. ɺ ʫʩʣʦʚʠʷʭ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʘʥʥʘʷ ʩʭʝʤʘ 

ʚʳʛʣʷʜʠʪ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦʡ. ʀʟ-ʟʘ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʫʜʘʣʝʥʥʳʭ ʫʟʣʦʚ, ʪʨʘʥʟʘʢʮʠʠ ʤʦʛʫʪ 

ʩʥʠʞʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠʭ ʩʝʨʚʝʨʦʚ, ʪʝʤ ʩʘʤʳʤ 

ʠʩʢʘʞʘʷ ʨʝʘʣʴʥʫʶ ʢʘʨʪʠʥʫ. ʉʘʤʘʷ ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʛʝʥʝʨʘʮʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʟʘʧʨʦʩʦʚ ʢʦʩʚʝʥʥʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʡ, ʠ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʪʦʣʴʢʦ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ. 

ʉʣʝʜʫʶʱʠʡ ʤʝʪʦʜ ï ʵʪʦ ʫʩʪʘʥʦʚʢʘ 

ʧʨʦʛʨʘʤʤʥʳʭ ʘʛʝʥʪʦʚ ʥʘ ʩʝʨʚʝʨʳ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʦʪʦʙʨʘʞʘʪʴ 

ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʜʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʥʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚ ʮʝʣʦʤ, ʚʢʣʶʯʘʷ ʦʪʜʝʣʴʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʢʘʯʝʩʪʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʚ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʠʣʦʞʝʥʠʡ. 

ʉʣʦʞʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʠ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ, ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʠ ʦʙʩʣʫʞʠʚʘʪʴ ʘʛʝʥʪʳ ʚ ʢʘʞʜʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʦʬʠʩʝ. 

ʇʦʩʣʝʜʥʠʡ ʤʝʪʦʜ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ [4]. ʂʦʣʣʝʢʪʦʨ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʎʆɼ, ʧʦʩʣʝ ʯʝʛʦ ʥʘ ʥʝʛʦ 

ʢʦʧʠʨʫʝʪʩʷ ʚʭʦʜʷʱʠʡ ʠ ʠʩʭʦʜʷʱʠʡ ʪʨʘʬʠʢ ʩʦ 

ʚʩʝʭ ʩʝʨʚʝʨʦʚ. ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʧʘʩʩʠʚʥʦʤ 

ʨʝʞʠʤʝ, ʙʝʟ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʙʦʪʫ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʘʥʘʣʠʟʠʨʫʝʪ ʚʩʝ ʟʘʧʨʦʩʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʩʠʩʪʝʤʝ. ʇʘʩʩʠʚʥʳʡ ʨʝʞʠʤ 

ʘʥʘʣʠʟʘ ʢʨʘʡʥʝ ʫʜʦʙʝʥ, ʪʘʢ ʢʘʢ ʝʜʠʥʦʞʜʳ 

ʥʘʩʪʨʦʝʥʥʳʡ ʢʦʣʣʝʢʪʦʨ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʨʝʙʫʝʪ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ. ɸʥʘʣʠʟʠʨʫʷ 

ʚʩʝ ʪʨʘʥʟʘʢʮʠʠ ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʡ ʩʝʩʩʠʠ, 

ʢʦʣʣʝʢʪʦʨ ʨʘʩʢʣʘʜʳʚʘʝʪ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʦʪʚʝʪʘ ʦʪ ʧʨʠʣʦʞʝʥʠʷ ʥʘ 

ʩʦʩʪʘʚʣʷʶʱʠʝ: 

¶ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʘ ʩʝʨʚʝʨʦʤ; 

¶ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʧʨʠʣʦʞʝʥʠʶ ʯʪʦʙʳ 

ʧʝʨʝʜʘʪʴ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ; 

¶ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʘʢʝʪʦʚ ʧʦ ʩʝʪʠ. 

ʄʝʪʦʜ ʜʦʚʦʣʴʥʦ ʜʦʨʦʛʦʡ, ʟʘ ʩʯʸʪ ʮʝʥʳ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʦ ʚʩʝ ʟʘʪʨʘʪʳ ʦʢʫʧʘʶʪʩʷ ʚ 

ʜʦʣʛʦʩʨʦʯʥʦʤ ʧʝʨʠʦʜʝ, ʧʦʩʢʦʣʴʢʫ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ 

ʎʆɼ ʥʝ ʧʨʦʩʪʘʠʚʘʝʪ, ʘ ʚʩʝʛʜʘ ʨʘʙʦʪʘʝʪ ʩ 
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ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʧʨʝʜʧʨʠʷʪʠʡ ʙʝʟ ʎʆɼ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʦʚʠʟʥʫ, ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ 

ʢɻʦʥʦʤʠʯʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʙʦʪʳ ʩʝʪʝʚʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʢʘʢ ʪʨʘʬʠʢ ʥʝ ʨʘʩʭʦʜʫʝʪʩʷ, 

ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ ʧʨʠʣʦʞʝʥʠʡ. ɼʣʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʥʝʦʙʭʦʜʠʤ ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʘʟʤʝʱʝʥʠʶ ʢʦʣʣʝʢʪʦʨʦʚ, 

ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʝ 

ʧʦʩʪʫʧʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʙʦʪʝ ʧʨʠʣʦʞʝʥʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʦʧʝʨʘʪʦʨ ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ ʚ 

ʥʘʛʣʷʜʥʦʡ ʬʦʨʤʝ, ʛʜʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʩʤʦʪʨʝʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙʦ ʚʩʝʭ ʫʟʣʘʭ ʚ ʩʝʪʠ, ʘ 

ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʦʧʦʚʝʱʝʥʠʝ ʦ ʩʙʦʷʭ ʚ ʨʘʙʦʪʝ 

ʧʨʠʣʦʞʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʦʙʱʝʥʠʷ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʥʘ 

ʩʝʨʚʝʨʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʘʫʜʠʪʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤʠ ʦʙʨʘʟʦʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʧʦʜʭʦʜ çʦʪ 

ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠè. ʆʥ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʪʝʤ, ʯʪʦ ʟʜʝʩʴ 

ʠʟʤʝʨʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʝʪʠ, ʥʦ ʠ 

ʧʦʢʘʟʘʪʝʣʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʙʦʪʫ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʛʨʘʤʤ. ɸ ʧʦʩʢʦʣʴʢʫ ʚ 

ʦʙʣʘʢʘʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚʠʨʪʫʘʣʴʥʦ, ʪʦ ʝʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʘʷ 

ʧʨʦʩʣʦʡʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʠʨʪʫʘʣʠʟʘʮʠʶ 

ʨʝʩʫʨʩʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʤʝʞʜʫ 

ʧʨʠʣʦʞʝʥʠʷʤʠ, ʤʦʥʠʪʦʨʠʥʛ ʧʨʠʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʳʛʦʜʳ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʘʥʥʳʝ ʠ ʦʪʯʝʪʳ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʦʪʦʨʳʭ ʥʘ ʩʫʱʝʩʪʚʫʶʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʤʦʞʥʦ 

ʜʦʩʪʠʯʴ ʩʪʘʙʠʣʴʥʦʡ ʠ ʙʳʩʪʨʦʡ ʨʘʙʦʪʳ 

ʧʨʠʣʦʞʝʥʠʡ ʧʫʪʝʤ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ, ʧʝʨʝʥʦʩʘ 

ʤʦʜʫʣʝʡ ʠ ʧʨʠʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʛʨʘʤʦʪʥʦʡ ʠʭ 

ʥʘʩʪʨʦʡʢʝ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʠʣʠ ʘʧʧʘʨʘʪʥʦʡ ʬʦʨʤʝ. 
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ɺ ʪʝʨʤʠʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ, 

ʙʘʣʘʥʩʠʨʦʚʢʘ (ʚʳʨʘʚʥʠʚʘʥʠʝ) ʥʘʛʨʫʟʢʠ (ʘʥʛʣ. 

Load balancing) ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ 

ʩʝʨʚʝʨʘʤʠ ʩʝʪʠ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ 

ʚʳʯʠʩʣʝʥʠʷ. 

ɹʘʣʘʥʩʠʨʦʚʢʘ ʥʘʛʨʫʟʢʠ ʥʝʦʙʭʦʜʠʤʘ ʢʨʫʧʥʳʤ 

ʤʫʣʴʪʠʤʝʜʠʡʥʳʤ ʩʘʡʪʘʤ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤ 

ʜʦʩʪʫʧ ʩʨʘʟʫ ʢ ʥʝʩʢʦʣʴʢʠʤ ʚʠʜʘʤ ʢʦʥʪʝʥʪʘ: ʪʝʢʩʪ, 

ʘʫʜʠʦ, ʚʠʜʝʦ, ʬʦʪʦ. ʅʘʧʨʠʤʝʨ ʢʨʫʧʥʳʤ 

ʩʦʮʠʘʣʴʥʳʤ ʩʝʪʷʤ. 

ʇʦʩʤʦʪʨʠʤ ʥʘ ʩʪʘʪʠʩʪʠʢʫ ʧʦʧʫʣʷʨʥʦʡ ʚ 

ʈʦʩʩʠʠ ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ ɺʢʦʥʪʘʢʪʝ [1]: 

ω 95 ʤʠʣʣʠʦʥʦʚ ʫʯʝʪʥʳʭ ʟʘʧʠʩʝʡ; 

ω 40 ʤʠʣʣʠʦʥʦʚ ʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʦ 

ʚʩʝʤ ʤʠʨʝ (ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʘʫʜʠʪʦʨʠʝʡ ʠʥʪʝʨʥʝʪʘ ʚ 

ʈʦʩʩʠʠ); 

ω 11 ʤʠʣʣʠʘʨʜʦʚ ʟʘʧʨʦʩʦʚ ʚ ʜʝʥʴ; 

ω 200 ʤʠʣʣʠʦʥʦʚ ʣʠʯʥʳʭ ʩʦʦʙʱʝʥʠʡ ʚ 

ʜʝʥʴ; 

ω ʚʠʜʝʦʧʦʪʦʢ ʜʦʩʪʠʛʘʝʪ 160ɻʙʠʪ/ʩ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʘʡʪʘ: ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʧʦʣʦʩʫ 

ʧʨʦʧʫʩʢʘʥʠʷ, ʫʩʪʘʥʦʚʠʪʴ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʩʝʪʝʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ Web, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ 

ʠ ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ Web-ʩʝʨʚʝʨʘ, ʘ ʪʘʢʞʝ 

ʚʟʷʪʴ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʪʝʭʥʦʣʦʛʠʶ ʢʵʰʠʨʦʚʘʥʠʷ ʚ 

ʩʨʝʜʝ Web. 

ɽʱʝ ʦʜʠʥ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʟʣʘ Web ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ Web-ʩʝʨʚʝʨʦʚ ʠ 

ʩʘʡʪʦʚ ʠ ʨʘʟʤʝʱʘʪʴ ʥʘ ʥʠʭ "ʟʝʨʢʘʣʴʥʳʝ" ʢʦʧʠʠ 

ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ 

ʦʙʫɦʶ ʥʘʛʨʫʟʢʫ ʧʦ ʚʩʝʤ ʢʦʤʧʦʥʝʥʪʘʤ ʩʠʩʪʝʤʳ ʠ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʪʢʣʠʢʘ. ʇʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʶʪʩʷ ʠ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʝʨʚʝʨʳ, ʧʦʩʢʦʣʴʢʫ ʚʳʚʦʜʠʪʴ ʠʭ 

ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʟʘʤʝʥʷʪʴ ʥʦʚʳʤʠ ʥʝ ʧʨʠʜʝʪʩʷ.  
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X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʄʦʣʦʜʸʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

__________________________________________________________________________________________ 

ɹʘʣʘʥʩʠʨʦʚʢʘ ʥʘʛʨʫʟʢʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʬʝʨʤʳ ʩʝʨʚʝʨʦʚ, 

ʩʦʩʪʦʷʱʝʡ ʙʦʣʝʝ ʯʝʤ ʠʟ ʦʜʥʦʛʦ ʩʝʨʚʝʨʘ. ʆʥʘ 

ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʧʨʦʜʦʣʞʘʪʴ ʨʘʙʦʪʫ ʜʘʞʝ ʚ 

ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʥʝʩʢʦʣʴʢʦ ʩʝʨʚʝʨʦʚ ʚʳʰʣʠ ʠʟ 

ʩʪʨʦʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʨʘʩʪʸʪ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʟʘ ʩʯʸʪ ʫʩʪʘʥʦʚʢʠ ʫʩʪʨʦʡʩʪʚ 

ʚ ʢʣʘʩʪʝʨʝ.[2] 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʙʦʪʳ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʩʝʨʚʝʨʘ 

ɺʦʪ ʪʠʧʳ ʩʝʨʚʝʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ [3]: 

ω ʩʝʨʚʝʨʥʳʝ ʢʣʘʩʪʝʨʳ; 

ω ʢʝ ;h 

ω Firewall'ʳ; 

ω ʩʝʨʚʝʨʳ ʠʥʩʧʝʢʪʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

(ʪʘʢʠʝ ʢʘʢ AntiVirus- ʠʣʠ AntiSpam- ʩʝʨʚʝʨʳ). 

ʆʙʳʯʥʦ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ 

ʘʧʧʘʨʘʪʥʳʝ (ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʙʘʣʘʥʩʠʨʦʚʱʠʢʠ) ʠʣʠ 

ʩʧʝʮʠʘʣʴʥʦ ʥʘʩʪʨʦʝʥʥʳʝ ʩʝʨʚʝʨʘ (Front-End). ɺ 

ʩʠʣʴʥʦ ʥʘʛʨʫʞʝʥʥʳʭ ʧʨʦʝʢʪʘʭ ʵʪʠ ʤʝʪʦʜʳ 

ʩʦʚʤʝʱʘʶʪ. 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩ Back-end 

ʩʝʨʚʝʨʦʤ 

ʄʘʨʰʨʫʪʠʟʘʪʦʨʳ ʦʪʜʘʶʪ ʟʘʧʨʦʩʳ ʥʝʩʢʦʣʴʢʠʤ 

ʩʝʨʚʝʨʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʟʘʛʨʫʞʝʥʥʦʩʪʠ. 

ɼʘʣʝʝ ʵʪʠ ʩʝʨʚʝʨʘ ʦʧʨʝʜʝʣʷʶʪ ʪʠʧ ʟʘʧʨʦʰʝʥʥʦʛʦ 

ʢʦʥʪʝʥʪʘ (ʬʦʪʦ/ʚʠʜʝʦ/ʪʝʢʩʪ) ʠ ʟʘʧʨʘʰʠʚʘʶʪ ʝʛʦ ʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʝʨʚʝʨʘ. ʉʝʨʚʝʨ, ʥʘ ʢʦʪʦʨʳʡ 

ʧʝʨʝʜʘʝʪ ʟʘʧʨʦʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʥʘʟʳʚʘʝʪʩʷ Front-

end. Front-end ʩʝʨʚʝʨ çʦʙʱʘʝʪʩʷè ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ: 

ʧʨʠʥʠʤʘʝʪ ʠ ʧʝʨʝʥʘʧʨʘʚʣʷʝʪ ʟʘʧʨʦʩʳ, ʠ ʦʪʜʘʝʪ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ HTML-ʢʦʜ. ʉʝʨʚʝʨ, 

ʢʦʪʦʨʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʝʪ ʚʳʯʠʩʣʝʥʠʷ 

ʠ ʬʦʨʤʠʨʫʝʪ ʦʪʚʝʪ, ʥʘʟʳʚʘʝʪʩʷ Back-end. 

ʅʘ ʧʦʜʦʙʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʧʦʩʪʨʦʝʥʘ ʩʝʪʴ 

ɺʢʦʥʪʘʢʪʝ. 

ʉʝʨʚʝʨʘ ɺʂʦʥʪʘʢʪʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳ. ʊ.ʝ. 

ʥʝʪ ʯʝʪʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʩʝʨʚʝʨʳ ʙʘʟ ʜʘʥʥʳʭ, 

ʬʘʡʣʦʚʳʝ ʩʝʨʚʝʨʳ ʠ ʪ.ʜ. ð ʦʥʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʦʣʷʭ. ʇʨʠ ʵʪʦʤ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʦʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʫʯʘʩʪʠʝʤ 

ʩʠʩʪʝʤʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ.  

ɹʘʣʘʥʩʠʨʦʚʢʘ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʩʝʨʚʝʨʘʤʠ 

ɺʢʦʥʪʘʢʪʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʭʝʤʝ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʘʣʘʥʩʠʨʦʚʢʫ ʥʘ ʫʨʦʚʥʝ 

DNS (ʜʦʤʝʥ ʦʙʩʣʫʞʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 32 IP-

ʘʜʨʝʩʦʚ), ʘ ʪʘʢʞʝ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʟʘʧʨʦʩʦʚ 

ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ, ʧʨʠʯʝʤ ʨʘʟʥʳʝ ʩʝʨʚʝʨʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʟʘʧʨʦʩʦʚ. 

ʅʘʧʨʠʤʝʨ, ʛʝʥʝʨʘʮʠʷ ʩʪʨʘʥʠʮ ʩ ʥʦʚʦʩʪʷʤʠ 

ʠʩʧʦʣʴʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʪʦʢʦʣʘ memcached ʧʦ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʪʧʨʘʚʢʝ ʟʘʧʨʦʩʦʚ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʜʘʥʥʳʭ ʧʦ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʢʣʶʯʝʡ. ɺ 

ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʜʘʥʥʳʭ ʚ ʢʵʰʝ, ʘʥʘʣʦʛʠʯʥʳʡ 

ʟʘʧʨʦʩ ʦʪʧʨʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʘ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʦʨʪʠʨʦʚʢʝ, 

ʬʠʣʴʪʨʘʮʠʠ ʠ ʦʪʙʨʘʩʳʚʘʥʠʶ ʣʠʰʥʝʛʦ ʫʞʝ ʥʘ 

ʫʨʦʚʥʝ PHP-ʢʦʜʘ [1]. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʝʛʦʜʥʷ ʘʣʛʦʨʠʪʤʳ 

(ʜʠʩʮʠʧʣʠʥʳ) ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ. 

ʉʪʘʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʧʨʝʜʝʣʷʶʪ 

ʟʘʧʨʦʩʳ, ʥʝ ʫʯʠʪʳʚʘʷ ʠʭ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ʂ ʪʘʢʠʤ ʘʣʛʦʨʠʪʤʘʤ ʦʪʥʦʩʷʪʩʷ 

Random ʠ Round Robbin.  

ω Random ð ʦʪʜʘʝʪ ʟʘʧʨʦʩ ʥʘ ʦʙʨʘʙʦʪʢʫ 

ʩʣʫʯʘʡʥʦʤʫ ʩʝʨʚʝʨʫ. 

ω Round Robbin ð ʢʘʞʜʳʡ ʩʝʨʚʝʨ ʚ ʜʘʥʥʦʤ 

ʘʣʛʦʨʠʪʤʝ ʚʩʪʘʝʪ ʚ ʦʯʝʨʝʜʴ ʠ ʟʘʧʨʦʩʳ ʮʠʢʣʠʯʥʦ 

ʦʪʜʘʶʪʩʷ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩʣʝʜʫʶʱʝʤʫ ʚ ʦʯʝʨʝʜʠ 

ʩʝʨʚʝʨʫ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʷʚʣʷʶʪʩʷ: 

ω Least Loaded (LL) - ʚʳʙʦʨ ʩʝʨʚʝʨʘ ʧʦ 

ʢʨʠʪʝʨʠʶ ʥʘʠʤʝʥʴʰʝʡ ʟʘʛʨʫʟʢʠ ʝʛʦ ʨʝʩʫʨʩʦʚ 

(ʧʨʦʮʝʩʩʦʨʘ, ʧʘʤʷʪʠ, ʜʠʩʢʘ, ʢʦʣʠʯʝʩʪʚʘ ʦʯʝʨʝʜʝʡ 

ʩʦʦʙʱʝʥʠʡ); 

ω Least Connected (LC) - ʚʳʙʦʨ ʩʝʨʚʝʨʘ ʧʦ 

ʢʨʠʪʝʨʠʶ ʥʘʠʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʪʝʢʫʱʠʭ ʦʪʢʨʳʪʳʭ 

TCP / IP ʩʝʩʩʠʡ; 

ω Fast Response (FR) - ʚʳʙʦʨ ʩʝʨʚʝʨʘ ʧʦ 

ʢʨʠʪʝʨʠʶ ʩʘʤʦʡ ʙʳʩʪʨʦʛʦ ʦʪʚʝʪʘ ʥʘ ʪʝʩʪʦʚʳʡ 

ʟʘʧʨʦʩ ʦʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʥʘʛʨʫʟʢʠ; 

ω Weighted Round Robbin (WRR) - ʧʨʠ 

ʮʠʢʣʠʯʝʩʢʦʤ ʧʝʨʝʙʦʨʝ ʢʘʞʜʦʤʫ ʩʝʨʚʝʨʫ 

ʧʝʨʝʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʟʘʧʨʦʩʦʚ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʝʩʦʤ ʩʝʨʚʝʨʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ, ʥʘʧʨʠʤʝʨ, ʝʛʦ 

ʪʝʢʫʱʝʡ ʟʘʛʨʫʟʢʝ; 

ω MC-RR (Multi Class Round Robbin) - ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʟʘʧʨʦʩʳ ʨʘʟʜʝʣʝʥʳ ʧʦ ʦʞʠʜʘʝʤʦʤʫ 

ʚʣʠʷʥʠʶ ʥʘ ʩʝʪʴ, ʧʨʦʮʝʩʩʦʨ ʠ ʜʠʩʢ: ʩ ʚʳʩʦʢʦʡ 

ʥʘʛʨʫʟʢʦʡ ʥʘ ʜʠʩʢ; ʩ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ 



X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʄʦʣʦʜʸʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

__________________________________________________________________________________________ 

ʧʨʦʮʝʩʩʦʨ, ʩ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʜʠʩʢ ʠ 

ʧʨʦʮʝʩʩʦʨ. ɿʘʧʨʦʩʳ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʩʠʩʪʝʤ Web-ʧʫʙʣʠʢʘʮʠʡ, ʜʨʫʛʠʝ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ Web-ʪʨʘʥʟʘʢʮʠʡ ʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ 

Web-ʧʨʠʣʦʞʝʥʠʡ. ɿʘʧʨʦʩʳ ʦʜʥʦʛʦ ʪʠʧʘ (ʢʣʘʩʩʘ) 

ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʜʠʩʮʠʧʣʠʥʳ RR ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʣʷ ʵʪʦʛʦ ʪʠʧʘ ʟʘʧʨʦʩʦʚ ʩʝʨʚʝʨʘʭ. 

ʉ ʥʝʙʦʣʴʰʠʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʤʝʪʦʜ MC-RR 

ʠʟʚʝʩʪʝʥ ʪʘʢʞʝ ʢʘʢ CAP (Client-Aware Policy).[4] 

ʉʠʩʪʝʤʳ ʚʳʨʘʚʥʠʚʘʥʠʷ ʥʘʛʨʫʟʢʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʦʥʠʪʦʨʠʥʛ ʥʘʛʨʫʟʦʢ ʠ ʩʦʩʪʦʷʥʠʷ 

ʩʝʨʚʝʨʦʚ, ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʠʟ ʧʫʣʘ ʩʝʨʚʝʨʦʚ 

ʤʘʰʠʥʳ, ʩʧʦʩʦʙʥʦʡ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʦʙʨʘʙʦʪʘʪʴ ʟʘʧʨʦʩ ʢʣʠʝʥʪʘ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝ 

ʪʨʘʬʠʢʦʤ ʢʘʢ ʚʥʫʪʨʠ ʫʟʣʘ, ʪʘʢ ʠ ʚ ʛʣʦʙʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ 

ʤʦʱʥʳʤ ʦʨʫʞʠʝʤ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʝ ʤʝʞʜʫ 

ʢʦʤʧʘʥʠʷʤʠ, ʦʪʢʨʳʚʰʠʤʠ ʩʚʦʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ ʚ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɺʂʦʥʪʘʢʪʝ: ʢʘʢ ʫʩʪʨʦʝʥʘ ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.xakep.ru/post/55052/ 

2. ʉʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ Web-

ʩʝʨʚʝʨʦʚ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://citforum.ru/internet/webservers/websbal.shtml  

3. ɹʘʣʘʥʩʠʨʦʚʢʘ ʥʘʛʨʫʟʢʠ. [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://ru.wikipedia.org/wiki/ɹʘʣʘʥʩʠʨʦʚʢʘ_ʥʘʛʨʫʟʢʠ 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ ʚ ʧʦʜʚʠʞʥʳʭ ʠ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ. [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://masters.donntu.edu.ua/2011/fkita/shahov/diss/i

ndex.htm 

 

ʆʈɻɸʅʀɿɸʎʀʗ ʈɸɹʆʊʓ ʆɼʅʆʈɸʅɻʆɺʆʁ ʃɺʉ ʉ ɺʓʍʆɼʆʄ ɺ ʀʅʊɽʈʅɽʊ 

˘̖̉̏̅̔̍̏̃ ˏ Ȣ˒Ȣȟ ˍ̌̆̋̒̆̆̃́ ˍȢˍȢ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ɺʚʝʜʝʥʠʝ 

ʃʦʢʘʣʴʥʘʷ ʩʝʪʴ, ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʷʚʣʷʝʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʣʶʙʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ, ʦʬʠʩʘ, ʛʜʝ ʥʫʞʥʘ ʦʧʝʨʘʪʠʚʥʦʩʪʴ, 

ʙʳʩʪʨʳʡ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʨʘʟʣʠʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ - 

ʩʣʦʞʥʳʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʢʘʙʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, 

ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʚ ʵʪʦʡ ʩʪʘʪʴʝ, ʤʳ 

ʭʦʪʠʤ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʣʦʢʘʣʴʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʨʘʙʦʪʳ ʦʜʥʦʨʘʥʛʦʚʦʡ ʃɺʉ. 

ʆʜʥʦʨʘʥʛʦʚʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ 

(ʦʜʥʦʨʘʥʛʦʚʘʷ ʃɺʉ, ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʃɺʉ, 

ʧʠʨʠʥʛʦʚʘʷ ʩʝʪʴ) ï çʙʝʟʩʝʨʚʝʨʥʘʷè ʦʨʛʘʥʠʟʘʮʠʷ 

ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʜʦʧʫʩʢʘʝʪ ʚʢʣʶʯʝʥʠʝ ʚ 

ʥʝʝ ʢʘʢ ʢʦʤʧʴʶʪʝʨʦʚ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ, ʪʘʢ ʠ 

ʪʝʨʤʠʥʘʣʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ. ʇʨʝʠʤʫʱʝʩʪʚʦ 

ʦʜʥʦʨʘʥʛʦʚʳʭ ʩʝʪʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʨʘʟʜʝʣʷʝʤʳʤʠ ʨʝʩʫʨʩʘʤʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʨʝʩʫʨʩʳ 

ʚʩʝʭ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʩʝʪʠ ʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʢʦʧʠʨʦʚʘʪʴ ʚʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʬʘʡʣʳ ʥʘ ʩʝʨʚʝʨ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʦʣʥʦʩʪʴʶ 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʫʶ ʦʜʥʦʨʘʥʛʦʚʫʶ ʃɺʉ Ethernet 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʝʣʘʪʴ ʩʣʝʜʫʶʱʝʝ: 

1. ɺʳʙʦʨ ʪʦʧʦʣʦʛʠʠ. 

2. ɿʘʢʫʧʢʘ ʠ ʥʘʩʪʨʦʡʢʘ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

3. ʅʘʩʪʨʦʡʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 
ʈʠʩ. 1. ʇʦʵʪʘʧʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʦʜʥʦʨʘʥʛʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ 

 

1. ɼʣʷ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʧʦ 

ʢʘʢʦʡ ʪʦʧʦʣʦʛʠʠ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥʘ ʙʫʜʫʱʘʷ 

ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ: 

¶ ʠhʥʘ; 

¶ ʟʚʝʟʜʘ;  

¶ ʢʦʣʴʮʦ  

ʆʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ ʩʝʪʴ ʩ 

ʪʦʧʦʣʦʛʠʝʡ ʪʠʧʘ çʟʚʝʟʜʘè, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʜʦʩʪʦʠʥʩʪʚ: ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʦʜʥʦʡ ʨʘʙʦʯʝʡ 

ʩʪʘʥʮʠʠ ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʨʘʙʦʪʝ ʚʩʝʡ ʩʝʪʠ ʚ 

ʮʝʣʦʤ, ʣʸʛʢʠʡ ʧʦʠʩʢ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʦʙʨʳʚʦʚ ʚ 

http://www.xakep.ru/post/55052/
http://citforum.ru/internet/webservers/websbal.shtml
http://ru.wikipedia.org/wiki/Балансировка_нагрузки
http://masters.donntu.edu.ua/2011/fkita/shahov/diss/index.htm
http://masters.donntu.edu.ua/2011/fkita/shahov/diss/index.htm
http://www.megabook.ru/Article.asp?AID=606802


X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʄʦʣʦʜʸʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

__________________________________________________________________________________________ 

ʩʝʪʠ, ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ (ʧʨʠ 

ʫʩʣʦʚʠʠ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ), ʛʠʙʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʧʫʥʢʪʳ: ʚʳʭʦʜ ʠʟ 

ʩʪʨʦʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʦʙʝʨʥʸʪʩʷ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʩʝʪʠ (ʠʣʠ ʩʝʛʤʝʥʪʘ ʩʝʪʠ) ʚ 

ʮʝʣʦʤ, ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʚ ʩʝʪʠ 

(ʠʣʠ ʩʝʛʤʝʥʪʝ ʩʝʪʠ) ʦʛʨʘʥʠʯʝʥʦ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʦʨʪʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʢʦʥʮʝʥʪʨʘʪʦʨʝ, ʜʣʷ 

ʧʨʦʢʣʘʜʢʠ ʩʝʪʠ ʟʘʯʘʩʪʫʶ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ 

ʢʘʙʝʣʷ, ʯʝʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʪʦʧʦʣʦʛʠʡ.  

2. ʇʦʩʣʝ ʚʳʙʦʨʘ ʪʦʧʦʣʦʛʠʠ ʟʘʢʫʧʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ:  

¶ ʩʚʠʪʯ (Switch); 

¶ ʤʦʜʝʤ; 

¶ ʢʘʙʝʣʴ (ʚʠʪʘʷ ʧʘʨʘ); 

¶ ʢʦʥʥʝʢʪʦʨʳ; 

¶ ʦʙʞʠʤʥʦʡ ʠʥʩʪʨʫʤʝʥʪ; 

¶ ʢʦʨʦʙʘ. 

3. ɿʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ-ʥʘʩʪʨʦʡʢʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ: 

ʉʚʠʪʯ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʥʘʩʪʨʦʡʢʝ, ʢ ʥʝʤʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʢʣʶʯʘʶʪʩʷ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ 

ʃɺʉ. ɺ ʥʘʩʪʨʦʡʢʝ ʥʫʞʜʘʝʪʩʷ ʤʦʜʝʤ. ʄʥʦʛʠʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʤʳ, ʢʨʦʤʝ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʤʦʜʝʤʘ, ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʨʦʫʪʝʨ, ʬʘʡʨʚʦʣʣ, nat-

ʩʝʨʚʝʨ, DHCP, DDNS ʠ ʜʨʫʛʠʝ ʩʝʨʚʠʩʳ. ʏʪʦʙʳ 

ʦʪʜʝʣʠʪʴ ʚʥʫʪʨʝʥʥʶʶ ʩʝʪʴ ʦʪ ʚʥʝʰʥʝʡ (Inernet) 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ NAT, ʧʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʚʩʝ 

ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ ʃɺʉ ʩʤʦʛʫʪ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ ʚʥʫʪʨʝʥʥʝʡ ʩʝʪʠ ʘ ʚ Internet 

ʚʳʭʦʜʠʪʴ ʯʝʨʝʟ NAT ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʚʢʣʶʯʘʝʤ ʧʨʦʪʦʢʦʣ DHCP ʠ 

ʥʘʩʪʨʘʠʚʘʝʤ ʜʠʘʧʘʟʦʥ ʨʘʟʜʘʚʘʝʤʳʭ IP ʘʜʨʝʩʦʚ, 

ʜʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʴʶʪʝʨʘʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʣʫʯʘʪʴ IP-ʘʜʨʝʩ ʠ ʜʨʫʛʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʝʪʠ 

TCP/IP 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʩʣʝ ʚʩʝʭ ʧʨʦʜʝʣʘʥʥʳʭ ʵʪʘʧʦʚ, ʤʳ ʧʦʣʫʯʠʣʠ 

ʦʜʥʦʨʘʥʛʦʚʫʶ ʃɺʉ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ 

ʜʦʩʪʘʪʦʯʥʳʤ ʫʨʦʚʥʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʦʩʪʦʪʦʡ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʫʤʝʨʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ, 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢ ʞʝ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ (ʥʘʧʨʠʤʝʨ, ʧʦ ʯʠʩʣʫ 

ʚʢʣʶʯʝʥʥʳʭ ʚ ʥʝʝ ʪʝʨʤʠʥʘʣʦʚ). 

 

 

ʂʆʅʎɽʇʎʀʗ ʈɸɿʈɸɹʆʊʂʀ ʀʅɼʀɺʀɼʋɸʃʔʅʆɻʆ ʇʃɸʅɸ ʈɸɹʆʊʓ 

ʇʈɽʇʆɼɸɺɸʊɽʃʗ ɺ ʉɽʄɽʉʊʈɽ 

ˏ̙̏̑̔̉̎́ ̱ ȢˎȢȟ ˙́̋̒̔̍̏̃́ ̊ Ȣ˝Ȣȟ ˘̖̏̔̉̎́̚ ˟Ȣ˒Ȣ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

vorushina_alexa@mail .ru 

 

ɺʚʝʜʝʥʠʝ 

ɺʩʝ ʚʠʜʳ ʫʯʝʙʥʦʡ, ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ, 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʠ 

ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʳ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʢʚʘʣʠʬʠʢʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʧʦ ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʣʘʥʘʤ 

ʨʘʙʦʪʳ, ʝʞʝʛʦʜʥʦ ʩʦʩʪʘʚʣʷʝʤʳʤ ʥʘ ʧʨʝʜʩʪʦʷʱʠʡ 

ʫʯʝʙʥʳʡ ʛʦʜ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʣʘʥ ʩʦʩʪʘʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʧʣʘʥʠʨʫʝʤʳʭ ʨʘʙʦʪ ʢʘʬʝʜʨʳ ʠ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ 

ʧʦ ʦʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʙʦʪʳ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʜʨʫʛʠʭ ʩʦʪʨʫʜʥʠʢʦʚ ʢʘʬʝʜʨʳ. 

ʆʙʲʝʤ ʫʯʝʙʥʳʭ ʧʦʨʫʯʝʥʠʡ ʜʣʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʘʚʝʜʫʶʱʠʤ ʢʘʬʝʜʨʦʡ, ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʧʫʥʢʪʦʚ: 

¶ ʫʪʚʝʨʞʜʝʥʥʦʛʦ ʢʘʬʝʜʨʝ ʦʙʲʝʤʘ ʫʯʝʙʥʳʭ 

ʧʦʨʫʯʝʥʠʡ ʥʘ ʦʯʝʨʝʜʥʦʡ ʫʯʝʙʥʳʡ ʛʦʜ; 

¶ ʠʤʝʶʱʝʛʦʩʷ ʥʘ ʢʘʬʝʜʨʝ ʩʦʩʪʘʚʘ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ; 

¶ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʦʧʳʪʘ, ʟʘʥʠʤʘʝʤʦʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʜʦʣʞʥʦʩʪʠ, ʦʛʦʚʦʨʝʥʥʳʭ ʚ 

ʟʘʢʣʶʯʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʩ ʜʘʥʥʳʤ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʪʨʫʜʦʚʦʤ ʜʦʛʦʚʦʨʝ ʦʙʲʝʤʦʚ ʠ 

ʚʠʜʦʚ ʝʛʦ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʢʘʞʜʦʛʦ ʠʟ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ 

ʣʦʞʠʪʩʷ ʟʘʜʘʯʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʠʜʦʚ ʨʘʙʦʪ ʠ ʟʘʜʘʥʠʡ, ʠʩʭʦʜʷ ʠʟ 36-ʯʘʩʦʚʦʡ 

ʨʘʙʦʯʝʡ ʥʝʜʝʣʠ ʠ ʵʣʝʤʝʥʪʦʚ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʧʦʤʦʱʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʧʦʜʭʦʜʳ ʠ 

ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ, ʢʘʢ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʪʘʢ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ ʧʨʝʧʦʜʥʦʩʠʤʳʭ 

ʟʥʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʫʜʠʪʦʨʠʠ. 

ʆʙʱʠʡ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʦʜʭʦʜʘ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ ʣʦʞʘʪʩʷ 

ʜʚʝ ʘʙʩʦʣʶʪʥʦ ʨʘʟʥʳʝ ʠʜʝʦʣʦʛʠʠ [2]. ʆʜʥʘʢʦ ʦʙʘ 

ʧʦʜʭʦʜʘ ʧʨʝʢʨʘʩʥʦ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʠ 

ʟʘʩʣʫʞʠʚʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ, 

ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʨʦʠʪʴ ʧʦʣʥʦʮʝʥʥʫʶ 

ʢʦʥʮʝʧʮʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. 

ʇʝʨʚʳʡ ʧʦʜʭʦʜ ï ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʘ ʮʝʣʝʡ 

ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ; ʚʪʦʨʦʡ ï ʩʚʷʟʥʦʝ 

ʤʦʜʫʣʴʥʦʝ ʦʙʫʯʝʥʠʝ. 

ʄʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ çʜʝʨʝʚʦ ʮʝʣʝʡè 

ʆʩʥʦʚʥʳʝ ʮʝʣʠ ʦʙʫʯʝʥʠʷ ï ʵʪʦ ʪʦ, ʯʪʦ ʜʦʣʞʝʥ 

ʟʥʘʪʴ ʠ ʫʤʝʪʴ ʚʳʧʫʩʢʥʠʢ ɺʋɿʘ. ʂʘʞʜʦʡ ʮʝʣʠ 

ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʜʠʩʮʠʧʣʠʥ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ. ʂʘʞʜʫʶ ʜʠʩʮʠʧʣʠʥʫ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʪʝʤʳ. ʆʩʥʦʚʥʘʷ 

ʩʫʪʴ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʙʲʸʤʘ 

ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ (ʚʝʣʠʯʠʥʘ, ʠʟʚʝʩʪʥʘʷ ʟʘʨʘʥʝʝ ʚ 

ʯʘʩʘʭ), ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʙʠʪʴ ʥʘ 
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ʦʪʜʝʣʴʥʳʝ ʤʦʜʫʣʠ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ʄʦʜʫʣʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʨʦʙʷʪʩʷ ʥʘ ʫʯʝʙʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʝʙʝ ʥʘʠʙʦʣʝʝ 

ʢʨʠʪʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ʂʘʞʜʫʶ ʜʠʩʮʠʧʣʠʥʫ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ 17-

ʯʘʩʦʚʳʝ ʵʣʝʤʝʥʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʨʝʚʦ ʮʝʣʝʡ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʜʝʨʞʠʪ ʪʨʠ ʫʨʦʚʥʷ: 

¶ ʮʝʣʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

¶ ʨʘʟʜʝʣʳ (ʙʣʦʢʠ ʜʠʩʮʠʧʣʠʥ) ʫʯʝʙʥʦʛʦ 

ʧʣʘʥʘ; 

¶ 17-ʯʘʩʦʚʳʝ ʵʣʝʤʝʥʪʳ. 

ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʘʞʥʦʩʪʠ ʮʝʣʝʡ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʚʝʩʘ ʮʝʣʝʡ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʣʝʡ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʠʭ ʜʘʥʥʳʭ, ʚʳʯʠʩʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʘʞʥʦʩʪʠ ʮʝʣʝʡ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ, 

ʚʝʩʘ ʮʝʣʝʡ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʣʝʡ 

ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʘʞʥʦʩʪʠ ʮʝʣʝʡ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ (17-ʯʘʩʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ), ʘ ʪʘʢʞʝ ʛʨʫʧʧʦʚʳʝ ʚʝʩʘ ʵʣʝʤʝʥʪʦʚ 

ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ. 

ʆʙʲʝʤ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʚ ʯʘʩʘʭ ʠʟʚʝʩʪʝʥ, 

ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʝʛʦ ʚ ʵʣʝʤʝʥʪʳ. ʊʦʛʜʘ, 

ʨʘʟʤʝʩʪʠʚ ʵʣʝʤʝʥʪʳ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ 

ʛʨʫʧʧʦʚʳʭ ʚʝʩʦʚ ʵʣʝʤʝʥʪʦʚ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ, 

ʥʫʞʥʦ ʦʪʦʙʨʘʪʴ ʚ ʫʯʝʙʥʳʡ ʧʣʘʥ R ʧʝʨʚʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʛʜʝ R ï ʦʙʲʝʤ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʚ 

ʵʣʝʤʝʥʪʘʭ [1].  

ʄʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ çʩʚʷʟʴ ʤʝʞʜʫ 

ʤʦʜʫʣʷʤʠè 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʝʜʘʛʦʛʠʢʝ, ʤʦʜʫʣʴ ï 

ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʮʝʣʦʛʦ ʚ ʩʠʩʪʝʤʝ ʦʙʫʯʝʥʠʷ, ʯʝʪʢʦ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʋʯʝʙʥʳʤ ʤʦʜʫʣʝʤ ʥʘʟʳʚʘʝʪʩʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʧʦ ʩʪʨʫʢʪʫʨʝ ʬʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʳ, ʦʬʦʨʤʣʝʥʥʳʡ 

ʢʘʢ ʝʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʯʘʩʪʴ. ʆʥ ʩʦʜʝʨʞʠʪ 

ʢʦʤʧʣʝʢʪ (ʧʘʢʝʪ) ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʢʦʥʢʨʝʪʥʦʡ ʪʝʤʝ ʠ ʚʩʶ 

ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʝʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʠʟʫʯʝʥʠʷ. ɺʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʫʣʝʡ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ: ʤʦʜʝʣʴ 

ʢʘʢ ʯʘʩʪʴ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢʫʨʩʘ; ʤʦʜʫʣʴ ʢʘʢ 

ʧʦʣʥʳʡ ʢʫʨʩ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʚʠʜʝ ʦʜʥʦʛʦ 

ʙʦʣʴʰʦʛʦ ʤʦʜʫʣʷ ʠ ʥʝʩʢʦʣʴʢʠʭ çʤʠʥʠè ʤʦʜʫʣʝʡ; 

ʢʘʢ ʧʦʣʥʘʷ ʫʯʝʙʥʘʷ ʧʨʦʛʨʘʤʤʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʤʦʜʫʣʷ ʩʦʩʪʘʚʣʷʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ 

ʦʙʫʯʘʶʱʠʡʩʷ ʯʝʪʢʦ ʧʨʝʜʩʪʘʚʣʷʣ ʩʝʙʝ, ʯʪʦ ʦʥ 

ʜʦʣʞʝʥ ʟʥʘʪʴ ʠ ʫʤʝʪʴ ʧʦʩʣʝ ʠʟʫʯʝʥʠʷ ʤʦʜʫʣʷ, ʢʘʢ 

ʦʥ ʩʤʦʞʝʪ ʜʦʩʪʠʯʴ ʵʪʠʭ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, ʠ ʢʘʢ ʦʥ 

ʙʫʜʝʪ ʜʦʢʘʟʳʚʘʪʴ ʥʘʣʠʯʠʝ ʫ ʥʝʛʦ ʵʪʠʭ ʟʥʘʥʠʡ ʠ 

ʫʤʝʥʠʡ. 

ʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ (ʤʦʜʫʣʠ) 

ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʘʤʠ ʧʦ ʩʝʙʝ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ 

ʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʝʥʠʝʤ, ʯʝʤ-ʪʦ ʚʨʦʜʝ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʟʥʘʥʠʡ ʦʙʫʯʘʶʱʠʭʩʷ. ʊʘʢʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʥʦʩʠʪ ʣʦʛʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ: ʣʠʙʦ ʦʥʘ ʝʩʪʴ, ʣʠʙʦ ʝʸ ʥʝʪ. ʆʜʥʘʢʦ ʚ 

ʮʝʣʷʭ ʧʦʣʥʦʪʳ ʠ ʢʘʯʝʩʪʚʘ ʧʨʝʧʦʜʘʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʥʘʠʙʦʣʝʝ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʛʨʘʬ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʧʣʘʥʘ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ 

ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʛʨʘʬʘ ʦʯʝʥʴ 

ʣʝʛʢʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦʜ 

ʥʫʞʜʳ ʠ ʚʟʛʣʷʜʳ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʇʦʩʣʝ 

ʩʦʩʪʘʚʣʝʥʠʷ ʧʦʣʥʦʛʦ ʛʨʘʬʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ï ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʝʛʦ ʩʦʢʨʘʪʠʪʴ, 

ʯʪʦʙʳ ʫʙʨʘʪʴ ʠʟʙʳʪʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʠʟ 

ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʦʚ ʦʙʫʯʝʥʠʷ ʠ ʥʝ ʫʧʫʩʪʠʪʴ 

ʚʘʞʥʳʝ ʵʪʘʧʳ ʧʨʦʛʨʘʤʤʳ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʨʘʟʤʝʨʥʦʩʪʠ ʛʨʘʬʘ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʤʝʪʦʜʳ: ʚʳʷʚʣʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʢʦʥʪʫʨʦʚ ʠ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʚʷʟʝʡ; ʠʩʢʣʶʯʝʥʠʷ 

ʥʝʩʫʱʝʩʪʚʝʥʥʳʭ ʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʫʪʝʡ 

(ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʥʘʟʳʚʘʶʪʩʷ ʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ, ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʧʫʪʠ ʢ 

ʦʜʥʦʡ ʚʝʨʰʠʥʝ); ʠʩʢʣʶʯʝʥʠʷ ʩʚʷʟʝʡ, 

ʧʝʨʝʢʨʝʱʠʚʘʶʱʠʭʩʷ ʩʣʦʸʚ ʛʨʘʬʘ [2].  

ʇʦʜ ʢʦʥʪʫʨʦʤ ʧʦʥʠʤʘʝʪʩʷ ʣʶʙʘʷ ʩʪʨʫʢʪʫʨʘ 

ʛʨʘʬʘ, ʚ ʢʦʪʦʨʦʡ ʢʦʥʝʯʥʘʷ ʚʝʨʰʠʥʘ ʥʝʢʦʪʦʨʦʛʦ 

ʤʘʨʰʨʫʪʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʥʘʯʘʣʴʥʦʡ ʚʝʨʰʠʥʦʡ 

(ʨʠʩ. 1), ʘ ʧʘʨʘʣʣʝʣʴʥʳʝ ʩʚʷʟʠ ï ʩʚʷʟʠ, 

ʜʫʙʣʠʨʫʶʱʠʝ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʘʨʰʨʫʪ, ʥʦ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʨʠʩ. 2). ʊʘʢʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʛʨʘʬʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʙʳʪʦʯʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʮʠʢʣʠʯʝʩʢʦʤʫ ʧʦʚʪʦʨʝʥʠʶ, ʯʪʦ 

ʫʞʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʜʠʜʘʢʪʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʫʨʥʦʛʦ ʤʘʨʰʨʫʪʘ 

 
ʈʠʩ. 2. ʇʨʠʤʝʨ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʚʷʟʝʡ ʤʘʨʰʨʫʪʘ ʚ 

ʛʨʘʬʝ 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʫʪʠ ʚ ʛʨʘʬʝ (ʨʠʩ. 3) ʠ ʚ ʢʘʞʜʦʤ ʠʟ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʫʪʝʡ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʟʚʝʥʴʝʚ, 

ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʫʜʘʣʝʥʠʝ 

ʢʘʢʦʛʦ ʠʟ ʤʘʨʰʨʫʪʦʚ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳʤ 

ʠ ʩʧʦʩʦʙʝʥ ʥʘʨʫʰʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠʟʣʦʞʝʥʠʷ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦʜʘʯʠ ʧʨʦʬʠʣʴʥʦʡ ʣʠʙʦ 

ʤʝʪʦʜʠʯʝʩʢʦʡ ʯʘʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ 

ʧʦʣʝʟʥʦ ʚʚʝʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʠʪʠʯʥʦʩʪʠ (ʚʝʩ) 

ʥʘʜ ʢʘʞʜʦʡ ʠʟ ʩʚʷʟʝʡ; ʤʘʨʰʨʫʪ, ʠʤʝʶʱʠʡ 

ʤʝʥʴʰʠʡ ʩʫʤʤʘʨʥʳʡ ʚʝʩ ʠʩʢʣʶʯʘʝʪʩʷ. ɽʩʣʠ ʞʝ 

ʦʜʠʥ ʤʘʨʰʨʫʪ ʦʢʘʟʘʣʩʷ ʪʨʘʥʟʠʪʥʳʤ (ʚʢʣʶʯʘʝʪ 

ʦʜʠʥ ʠʣʠ ʙʦʣʝʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʚʝʥʴʝʚ), ʘ 

ʜʨʫʛʦʡ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ (ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʟʚʝʥʴʝʚ), ʪʦ ʫʜʘʣʷʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʡ ʧʫʪʴ.  

 
ʈʠʩ. 3. ʇʨʠʤʝʨ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʫʪʝʡ ʛʨʘʬʘ 



X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʄʦʣʦʜʸʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

__________________________________________________________________________________________ 

ʏʝʤ ʠʥʬʦʨʤʘʪʠʚʥʝʝ ʥʦʚʳʝ ʤʦʜʫʣʠ ʦʙʫʯʝʥʠʷ, 

ʪʝʤ ʟʘʧʫʪʘʥʥʝʝ ʩʚʷʟʠ ʤʝʞʜʫ ʫʯʝʙʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʠ ʩʘʤʠʤʠ ʤʦʜʫʣʷʤʠ. ɿʘʯʘʩʪʫʶ ʠʟ 

ʦʜʥʦʡ ʚʝʨʰʠʥʳ ʛʨʘʬʘ ʤʦʛʫʪ ʠʩʭʦʜʠʪʴ ʜʚʝ ʠ ʙʦʣʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʫʛ, ʘ ʪʘʢʞʝ ʧʝʨʝʩʝʢʘʪʴʩʷ ʩ 

ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʚʝʨʰʠʥʘʤʠ, ʦʙʨʘʟʫʷ ʢʦʥʪʫʨʳ, 

ʢʦʪʦʨʳʝ ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʩʦʢʨʘʪʠʪʴ, ʠʩʧʦʣʴʟʫʷ 

ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʨʷʜʥʦʡ 

ʧʫʪʘʥʠʮʳ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʩʚʷʟʷʤʠ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʘʪʴʩʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, ʩʣʦʠ ʛʨʘʬʘ. ʇʨʠ 

ʥʘʣʦʞʝʥʠʠ ʩʣʦʸʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʤʘʪʝʨʠʘʣ 

ʧʦʣʫʯʘʝʪʩʷ ʨʘʟʨʦʟʥʝʥʥʳʤ, ʧʦʚʪʦʨʷʝʤʳʤ ʠʣʠ 

ʨʘʟʤʳʪʳʤ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʮʝʣʠ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʵʪʦʛʦ ʧʨʘʢʪʠʢʫʝʪʩʷ ʚʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʤʦʜʫʣʠ ʚ ʦʙʫʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʩʣʦʷʤʠ, ʧʦʟʚʦʣʷʷ 

ʠʟʙʝʞʘʪʴ ʨʘʟʨʦʟʥʝʥʥʦʩʪʠ ʠ ʜʫʙʣʠʨʦʚʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʠ ʦʜʥʘ ʛʦʪʦʚʘʷ ʩʠʩʪʝʤʘ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʠʜʝʘʣʴʥʘ, ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʬʘʢʪʦʨʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ï ʵʪʦ ʠ 

ʥʘʯʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʣʫʰʘʶʱʝʡ ʘʫʜʠʪʦʨʠʠ, 

ʵʬʬʝʢʪ ʚʣʠʷʥʠʷ ʥʘ ʣʶʜʝʡ, ʥʫ ʠ ʢʦʥʝʯʥʦ ʞʝ 

ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ, ʠʭ ʛʨʘʥʠʮʳ ʠ ʦʪʚʝʜʸʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʥʘ ʦʙʫʯʘʝʤʫʶ ʜʠʩʮʠʧʣʠʥʫ ʥʫ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʦʙʫʯʘʶʱʝʛʦ 

ʧʨʦʮʝʩʩʘ. ʇʦʵʪʦʤʫ ʣʶʙʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʦʙʫʯʝʥʠʷ 

ʜʦʣʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʩʪʨʫʢʪʫʨʠʟʘʮʠʶ ʤʘʪʝʨʠʘʣʘ, 

ʧʨʠʥʮʠʧ ʘʜʘʧʪʠʚʥʦʩʪʠ (ʥʘʣʠʯʠʝ ʧʨʦʬʠʣʴʥʦʡ 

ʯʘʩʪʠ ʚ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʘʪʝʨʠʘʣʘ) ʠ ʧʨʠʥʮʠʧ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʫʩʚʦʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ). ɺ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʫʩʠʣʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʩʣʝʜʫʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ 

ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ, ʩ ʫʯʝʪʦʤ 

ʩʧʝʮʠʬʠʢʠ ʦʙʫʯʘʝʤʳʭ, ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʦʜʘ 

ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʤ, ʛʜʝ ʚʦʟʤʦʞʥʦ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʱʝʧʨʠʥʷʪʳʝ 

ʧʦʜʭʦʜʳ, ʥʦ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʧʣʘʥʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ ʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ 

ʦʙʱʠʭ ʠ ʢʦʥʢʨʝʪʥʳʭ ʮʝʣʷʭ ʦʙʫʯʝʥʠʷ ʚ ʨʘʤʢʘʭ 

ʫʢʘʟʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ.  
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ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʝʡʰʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʨʘʟʚʠʪʠʷ ʥʳʥʝʰʥʝʡ 

ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʫʩʧʝʰʥʦʡ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʚʦʜʠʪʴ ʢʦʥʪʨʦʣʴ 

ʠ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʟʥʘʥʠʡ ʫʯʘʱʠʭʩʷ. 

ʏʘʱʝ ʚʩʝʛʦ ʪʘʢʦʡ ʢʦʥʪʨʦʣʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ 

ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1]:  

¶ ʥʘʣʠʯʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʡ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʨʝʜʳ; 

¶ ʤʫʣʴʪʠʧʨʝʜʤʝʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ; 

¶ ʘʜʝʢʚʘʪʥʦʝ ʦʪʨʘʞʝʥʠʝ ʢʦʥʩʪʨʫʠʨʫʝʤʦʡ 

ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʩʪʠʨʦʚʘʥʠʷ; 

¶ ʠʥʪʝʛʨʠʨʫʝʤʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; 

¶ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ; 

¶ ʜʦʩʪʫʧʥʦʩʪʴ; 

¶ ʜʨʫʞʝʩʪʚʝʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ; 

¶ ʚʝʜʝʥʠʝ ʙʘʟʳ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ; 

¶ ʥʘʩʪʨʘʠʚʘʝʤʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ 

ʫʧʨʘʚʣʝʥʠʝ; 

¶ ʥʘʮʝʣʝʥʥʦʩʪʴ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʤʦʪʠʚʘʮʠʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʉʝʛʦʜʥʷʰʥʠʡ ʨʳʥʦʢ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʩʠʩʪʝʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢʘʢ ʧʨʦʩʪʝʡʰʠʤ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʩʪʦʚ, ʪʘʢ ʠ 

ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʨʝʰʝʥʠʝʤ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ (ʨʘʟʨʘʙʦʪʢʘ ʤʫʣʴʪʠʤʝʜʠʘ-

ʢʫʨʩʦʚ, ʧʨʦʚʝʜʝʥʠʝ ʩʝʪʝʚʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, 

ʨʝʘʣʠʟʘʮʠʷ ʧʦʢʘʟʘ, ʫʯʝʪʘ ʠ ʢʦʥʪʨʦʣʷ ʦʪʚʝʜʝʥʥʦʛʦ, 

ʠʩʪʨʘʯʝʥʥʦʛʦ ʠ ʦʩʪʘʚʰʝʛʦʩʷ ʚʨʝʤʝʥʠ).  

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʠʟ ʥʠʭ ʪʨʝʙʫʶʪ ʠʥʩʪʘʣʣʷʮʠʠ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ, 

ʧʨʠ ʵʪʦʤ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʪʨʫʜʦʝʤʢʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʨʫʯʥʦʛʦ 



X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʄʦʣʦʜʸʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

__________________________________________________________________________________________ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʘ 

ʪʘʢʞʝ ʠʤʝʶʪ ʥʝʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ 

ʧʦʧʦʣʥʝʥʠʷ ʙʘʟʳ ʚʦʧʨʦʩʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʡ 

ʟʘʛʨʫʟʢʠ ʪʝʩʪʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʦʙʥʦʚʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ: 

¶ ʚʥʝʜʨʠʪʴ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʵʣʝʤʝʥʪʳ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ; 

¶ ʫʜʝʰʝʚʠʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ; 

¶ ʫʧʨʦʩʪʠʪʴ ʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡ; 

¶ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ; 

¶ ʧʦʚʳʩʠʪʴ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʦʮʝʥʢʝ 

ʟʥʘʥʠʡ. 

ʆʩʥʦʚʥʘʷ ʢʦʥʮʝʧʮʠʷ 

ʆʩʥʦʚʥʘʷ ʮʝʥʥʦʩʪʴ ʣʶʙʦʡ ʩʠʩʪʝʤʳ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ï ʵʪʦ ʰʠʨʦʢʘʷ 

ʙʘʟʘ ʪʝʩʪʦʚ. ʅʦ ʩʦʩʪʘʚʣʝʥʠʝ ʪʝʩʪʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʟʘʯʘʩʪʫʶ ʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷ 

ʧʨʦʩʪʦ ʥʝ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜ ʨʫʢʦʡ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʫʞʥʳʡ ʤʘʪʝʨʠʘʣ 

ʪʝʨʷʝʪʩʷ ʠʣʠ ʟʘʙʳʚʘʝʪʩʷ. ʇʨʝʧʦʜʘʚʘʪʝʣʶ ʙʳʣʦ ʙʳ 

ʣʝʛʯʝ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʩʪʝ ʚ 

ʦʙʳʯʥʦʤ ʪʝʢʩʪʦʚʦʤ ʨʝʜʘʢʪʦʨʝ ʠ ʟʘʪʝʤ 

ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʚ ʙʘʟʫ ʪʝʩʪʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ, ʘ 

ʨʘʙʦʪʫ ʧʦ ʧʝʨʝʚʦʜʫ ʜʘʥʥʳʭ ʥʘ ʤʘʰʠʥʥʳʡ ʷʟʳʢ 

ʜʦʚʝʨʠʪʴ ʩʠʩʪʝʤʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʙʳʣʦ ʨʝʰʝʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʚ ʚʠʜʝ xml-ʬʘʡʣʦʚ.  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ɺʦ-

ʧʝʨʚʳʭ, xml ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ 

ʨʘʟʤʝʪʢʫ ʩʪʨʫʢʪʫʨʳ ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ 

ʠʝʨʘʨʭʠʶ ʪʵʛʦʚ, ʢʦʪʦʨʘʷ ʫʧʨʦʱʘʝʪ ʠʭ ʨʘʟʙʦʨ. ɺʦ-

ʚʪʦʨʳʭ, ʚ ʩʪʘʥʜʘʨʪ xml ʚʢʣʶʯʝʥʘ 

ʧʦʜʜʝʨʞʢʘʢʦʜʦʚʳʭ ʩʪʨʘʥʠʮ Unicode, ʯʪʦ 

ʫʧʨʦʱʘʝʪ ʩʦʟʜʘʥʠʝ ʤʥʦʛʦʷʟʳʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ɺ-

ʪʨʝʪʴʠʭ, xml ï ʵʪʦ ʪʝʢʩʪʦʚʳʡ ʬʦʨʤʘʪ, ʪʦ ʝʩʪʴ 

ʯʠʪʘʝʤʳʡ, ʣʝʛʢʦ ʜʦʢʫʤʝʥʪʠʨʫʝʤʳʡ ʠ ʙʦʣʝʝ 

ʧʨʦʩʪʦʡ ʚ ʦʪʣʘʜʢʝ. 

ʉʝʤʘʥʪʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʜʝʨʝʚʘ. Xml-ʬʘʡʣʳ ʩ ʪʝʩʪʘʤʠ 

ʭʨʘʥʷʪʩʷ ʥʝ ʚ ʦʜʥʦʡ ʦʙʱʝʡ ʧʘʧʢʝ, ʘ ʜʦʩʪʫʧʥʳ 

ʯʝʨʝʟ ʜʝʨʝʚʦ ʢʘʪʘʣʦʛʦʚ ʚʠʜʘ ʌʘʤʠʣʠʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ï ʅʘʟʚʘʥʠʝ ʜʠʩʮʠʧʣʠʥʳ ï 

ʅʘʟʚʘʥʠʝ ʪʝʤ .r ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʭʨʘʥʝʥʠʷ 

ʬʘʡʣʦʚ ʦʙʣʝʛʯʘʝʪ ʧʦʠʩʢ ʪʝʩʪʦʚ ʧʦ ʙʘʟʝ ʠ 

ʨʘʟʛʨʘʥʠʯʠʚʘʝʪ ʜʦʩʪʫʧ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʢ 

ʪʝʩʪʦʚʳʤ ʬʘʡʣʘʤ. 

ʀʩʧʦʣʥʝʥʠʝ ʩʠʩʪʝʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʨʝʘʣʠʟʫʝʪ 

ʨʝʛʠʩʪʨʘʮʠʶ ʠ ʘʚʪʦʨʠʟʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʬʘʡʣʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ. ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʫʢʘʟʳʚʘʶʪʩʷ 

ʬʘʤʠʣʠʷ, ʠʤʷ, ʢʘʬʝʜʨʘ ʠ ʠʥʩʪʠʪʫʪ (ʬʘʢʫʣʴʪʝʪ). 

ɺʳʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʣʦʛ-

ʬʘʡʣʦʚ ʠ jsp-ʩʪʨʘʥʠʮ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʝʤ ʷʚʣʷʝʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴ, ʦʥ ʤʦʞʝʪ ʣʠʙʦ ʟʘʛʨʫʟʠʪʴ ʪʝʩʪʳ, 

ʣʠʙʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʪʝʩʪʠʨʦʚʘʥʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʘʟʛʨʘʥʠʯʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʠʭ ʨʦʣʠ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʷ 

(ʩʪʫʜʝʥʪ ʣʠʙʦ ʧʨʝʧʦʜʘʚʘʪʝʣʴ). 

ʇʦʩʣʝ ʘʚʪʦʨʠʟʘʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʧʦʧʘʜʘʝʪ ʥʘ 

ʩʪʨʘʥʠʮʫ ʟʘʛʨʫʟʢʠ ʪʝʩʪʦʚʳʭ ʬʘʡʣʦʚ.  

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʟʘʛʨʫʞʝʥʥʳʝ ʪʝʩʪʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʤʝʪʘʦʧʠʩʘʥʠʷ (ʚ 

ʬʦʨʤʘʪʝ xml). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ xml-ʬʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ ʦʧʠʩʘʥʠʝ 

ʚʦʧʨʦʩʘ ʩ ʚʳʙʦʨʦʤ ʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʦʪʚʝʪʘ. 

 

<?xml version="1.0" encoding="UTF-8" 

standalone="no"?> 

<test> 

<name>ʇʨʦʩʪʦʡ ʪʝʩʪ</name> 

<question> 

<text>ʂʘʢʦʛʦ ʮʚʝʪʘ ʘʧʝʣʴʩʠʥ?</text> 

<answer>ʟʝʣʝʥʦʛʦ</answer> 

<answer>ʢʨʘʩʥʦʛʦ</answer> 

<answer right="yes">ʦʨʘʥʞʝʚʦʛʦ</answer> 

</question> 

</test> 

ɺʳʙʨʘʥʥʳʝ ʬʘʡʣʳ ʩʦʭʨʘʥʷʶʪʩʷ ʪʦʣʴʢʦ ʚ 

ʢʘʪʘʣʦʛ ʩ ʬʘʤʠʣʠʝʡ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʢʦʪʦʨʳʡ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʧʨʠ ʧʝʨʚʦʡ 

ʟʘʛʨʫʟʢʝ ʬʘʡʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʣʝʛʯʠʪʴ ʧʦʠʩʢ ʚ 

ʙʘʟʝ ʪʝʩʪʦʚ. ʇʦʵʪʦʤʫ, ʢʦʛʜʘ ʩʪʫʜʝʥʪ ʚʭʦʜʠʪ ʚ 

ʩʠʩʪʝʤʫ, ʝʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʢʘʪʘʣʦʛ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʘ ʫʞʝ ʟʘʪʝʤ ʜʠʩʮʠʧʣʠʥʫ. ʇʦʩʣʝ 

ʪʦʛʦ, ʢʘʢ ʥʫʞʥʳʡ ʬʘʡʣ ʚʳʙʨʘʥ, ʥʘʯʠʥʘʝʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ñʧʘʨʩʠʥʛò ʬʘʡʣʘ ï ʜʘʥʥʳʝ 

ʩʯʠʪʳʚʘʶʪʩʷ ʠʟ xml-ʪʵʛʦʚ, ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʠ 

ʚʳʜʘʶʪʩʷ ʥʘ ʵʢʨʘʥ ʚ ʚʠʜʝ jsp-ʩʪʨʘʥʠʮʳ.  

ʇʦ ʦʢʦʥʯʘʥʠʠ ʪʝʩʪʘ ʥʘ ʵʢʨʘʥ ʚʳʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ, ʛʜʝ ʫʢʘʟʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ, 

ʧʨʦʮʝʥʪ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ ʠ ʥʦʤʝʨʘ ʚʦʧʨʦʩʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʜʦʧʫʱʝʥʳ ʦʰʠʙʢʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʡʜʝʥʥʳʭ ʪʝʩʪʦʚ ʟʘʧʠʩʳʚʘʶʪʩʷ 

ʚ ʣʦʛ-ʬʘʡʣ, ʢʦʪʦʨʳʡ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʢʘʪʘʣʦʛʝ ʩ 

ʪʝʩʪʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʝʪʴ ʩʪʘʪʠʩʪʠʢʫ 

ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ  
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʩʝʨʚʝʨʥʦʝ 

web-ʧʨʠʣʦʞʝʥʠʝ, ʧʦʣʥʦʩʪʴʶ ʛʦʪʦʚʦʝ ʢ 

ʧʨʠʤʝʥʝʥʠʶ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ web-ʪʝʭʥʦʣʦʛʠʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʟʜʘʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʝ web-

ʩʪʨʘʥʠʮʳ. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʦʢʘʟʘʣʘʩʴ ʩʧʝʮʠʬʠʢʘʮʠʷ 

Java EE, ʠʩʧʦʣʴʟʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʠ Java Server 

Page ʠ Java Servlet. 



X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʄʦʣʦʜʸʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

__________________________________________________________________________________________ 

ɼʣʷ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʦ 

ʧʨʦʚʝʜʝʥʠʶ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳ 

ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

¶ ʥʘʣʠʯʠʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ; 

¶ ʫʯʘʩʪʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʙʘʟʳ ʪʝʩʪʦʚ; 

¶ ʦʨʛʘʥʠʟʘʮʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ. 

ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʢʘʢ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʪʦʛʦʚʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʠʟʫʯʝʥʠʷ ʢʫʨʩʘ ʣʝʢʮʠʡ, ʪʘʢ ʠ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʦʩʪʘʪʦʯʥʳʭ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ, 

ʚʳʷʚʣʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʥʘʥʠʡ ʦʩʚʦʝʥʠʷ 

ʜʠʩʮʠʧʣʠʥʳ. 

ɼʣʷ ʩʪʫʜʝʥʪʦʚ ʩʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʦʠʩʢʘ ʥʫʞʥʦʛʦ ʪʝʩʪʘ. 

ʉʫʱʝʩʪʚʝʥʥʳʤʠ ʧʣʶʩʘʤʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ: 

¶ ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʣʘʪʬʦʨʤʳ. Web-

ʠʥʪʝʨʬʝʡʩ ʷʚʣʷʝʪʩʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʤ Java 

EE-ʧʨʠʣʦʞʝʥʠʝʤ ʠ ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʚʝʨʥʫʪ ʥʘ ʣʶʙʦʤ Java EE-ʩʝʨʚʝʨʝ. 

¶ ʄʦʙʠʣʴʥʦʩʪʴ ʠ ʤʘʩʩʦʚʦʩʪʴ. ɼʦʩʪʫʧ ʢ 

ʩʠʩʪʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʤʥʦʞʝʩʪʚʦʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ñʩʧʝʮʠʘʣʴʥʦʛʦò ʤʝʩʪʘ ʦʙʫʯʘʝʤʦʛʦ ʠ 

ñʩʧʝʮʠʘʣʴʥʦʛʦò ʚʨʝʤʝʥʠ ʜʣʷ ʦʙʫʯʝʥʠʷ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʙʣʘʜʘʝʪ 

ʙʦʣʴʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʦʮʝʥʢʠ ʦʩʚʦʝʥʠʷ 

ʩʪʫʜʝʥʪʘʤʠ ʣʝʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʮʝʥʢʠ ʟʥʘʥʠʡ, 

ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ɺʚʝʜʝʥʠʝ 
ɺʥʝʜʨʝʥʠʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʚ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ, ʢʘʢ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ: ʧʨʝʚʘʣʠʨʫʶʱʠʤʠ ʩʪʘʥʦʚʷʪʩʷ ʩʪʨʫʢʪʫʨʳ 

ʩ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, 

ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʩ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺʩʝ ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʢʘʢ 

ʵʣʝʤʝʥʪʦʚ ʮʠʬʨʦʚʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʩʦʯʝʪʘʶʱʘʷʩʷ ʩ 

ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʤʘʣʳʤʠ ʛʘʙʘʨʠʪʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ, ʤʘʩʩʦʡ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ 

ʩʪʦʠʤʦʩʪʴʶ. 

 ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʪʨʝʙʫʶʪ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʧʦ 

ʢʦʪʦʨʳʤ ʧʨʦʪʝʢʘʝʪ ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʦʮʝʩʩ, ʠ 

ʧʨʠʚʦʜʷʪ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢ ʦʙʨʘʙʦʪʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʚʠʜʝ 

ʚʳʙʦʨʢʠ ʠʣʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʪʘʙʣʠʮ ʠ ʤʘʪʨʠʮ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ, ʮʝʣʳʡ ʨʷʜ ʨʘʙʦʪ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʘʚʪʦʨʦʤ, 

ʜʦʢʘʟʳʚʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʨʷʜʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʧʳʪʥʳʭ 

ʜʘʥʥʳʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʤʝʪʦʜ 

ʠʟʦʙʨʘʞʘʶʱʠʭ ʚʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʠʟʣʦʞʝʥ ʚ 

ʨʘʙʦʪʘʭ [1, 2, 3]. ʉʫʪʴ ʤʝʪʦʜʘ ʠʟʦʙʨʘʞʘʶʱʠʭ 

ʚʝʢʪʦʨʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ f (t) 

ʢʘʢ ʵʣʝʤʝʥʪʫ ʛʠʣʴʙʝʨʪʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ L
2 

p (t) 

ʩʪʘʚʠʪʩʷ ʚ ʦʜʥʦʟʥʘʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʝʢʪʦʨ 

F={ f1, f2, é,fp} ʝʚʢʣʠʜʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ l2. ɼʣʷ 

ʬʫʥʢʮʠʠ f (t) Í L
2
 p (t), ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘ 

ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ [0, t0], ʠʤʝʝʪ ʤʝʩʪʦ 

ʨʘʟʣʦʞʝʥʠʝ 

 Ὢ† ὪὝ † ρ 

ʛʜʝ fk ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ; 

Tk (t) ïʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʝ ʩʤʝʱʝʥʥʳʝ ʧʦʣʠʥʦʤʳ 

ʏʝʙʳʰʝʚʘ I-ʛʦ ʨʦʜʘ; 

t = t/t0 ïʙʝʟʨʘʟʤʝʨʥʘʷ ʥʝʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ.  

ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʦʜʘ 

ʠʟʦʙʨʘʞʘʶʱʠʭ ʚʝʢʪʦʨʦʚ. ʆʧʝʨʘʮʠʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʠ f (t) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚ 

ʦʙʣʘʩʪʠ ʠʟʦʙʨʘʞʘʶʱʠʭ ʚʝʢʪʦʨʦʚ ʫʤʥʦʞʝʥʠʶ ʝʝ 

ʠʟʦʙʨʘʞʘʶʱʝʛʦ ʚʝʢʪʦʨʘ ʥʘ ʤʘʪʨʠʮʫ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ: 

ὣ ὍὊ
 
 (2) 

ʛʜʝ I ï ʤʘʪʨʠʮʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ; 

y (0) ï ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ; 

e1 ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ; 
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T0 (t) ï ʧʦʣʠʥʦʤ ʏʝʙʳʰʝʚʘ. 

ɼʣʷ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʨʠ 

ʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʤʘʪʨʠʮʘ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʦʟʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʩʪʝʧʝʥʴ: Y = I
k
 F. 

ʇʨʦʠʟʚʝʜʝʥʠʶ ʜʚʫʭ ʬʫʥʢʮʠʡ g (t) = z (t) f (t), 

ʚ ʦʙʣʘʩʪʠ ʠʟʦʙʨʘʞʘʶʱʠʭ ʚʝʢʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʦʪʥʦʰʝʥʠʝ ʚʠʜʘ 

G = Z (J)F (3) 

ʛʜʝ J-ʤʘʪʨʠʮʘ ʗʢʦʙʠ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʜʚʫʭ ʬʫʥʢʮʠʡ ʨʘʚʥʦ ʧʨʦʠʟʚʝʜʝʥʠʶ ʠʟʦʙʨʘʞʝʥʠʡ 

ʤʘʪʨʠʮʳ ʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ z (t) ʥʘ 

ʠʟʦʙʨʘʞʘʶʱʠʡ ʚʝʢʪʦʨ ʜʨʫʛʦʡ. ʀʟʦʙʨʘʞʘʶʱʝʡ 

ʤʘʪʨʠʮʝʡ ʫʩʣʦʚʥʦ ʥʘʟʚʘʥʘ ʤʘʪʨʠʯʥʘʷ ʬʫʥʢʮʠʷ Z 

(J), ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ z (t) 

ʟʘʤʝʥʦʡ ʩʢʘʣʷʨʥʦʛʦ ʘʨʛʫʤʝʥʪʘ t ʥʘ ʤʘʪʨʠʮʫ J. 

ɺʚʠʜʫ ʨʘʚʥʦʟʥʘʯʥʦʩʪʠ ʜʚʫʭ ʬʫʥʢʮʠʡ ʠʭ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʤʤʫʪʘʪʠʚʥʦ, ʪʦ ʝʩʪʴ ʨʘʚʥʦ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʘʪʨʠʮʳ ʚʪʦʨʦʡ ʬʫʥʢʮʠʠ ʥʘ 

ʠʟʦʙʨʘʞʘʶʱʠʡ ʚʝʢʪʦʨ ʧʝʨʚʦʡ. ʉ ʫʯʝʪʦʤ 

ʧʦʣʫʯʝʥʥʳʭ ʦʧʳʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʨʘʞʝʥʠʝ (3) 

ʟʘʧʠʰʝʪʩʷ ʢʘʢ 

G = Q
ʪ
 diag [z (t1),z (t2),é,z (tp)] Q F (4) 

ʛʜʝ z (tk) ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʬʫʥʢʮʠʠ 

z(t) ʚ ʥʫʣʷʭ ʈ-ʛʦ ʧʦʣʠʥʦʤʘ ʏʝʙʳʰʝʚʘ. 

ɼʣʷ ʫʯʝʪʘ ʠʥʪʝʨʚʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʤʘʪʨʠʮʘ 

ʗʢʦʙʠ J ʫʤʥʦʞʘʝʪʩʷ ʩʢʘʣʷʨʥʦ ʥʘ ʚʝʣʠʯʠʥʫ t0. 

ɺʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʩʭʦʜʥʘʷ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ f 

(t) ʧʦ ʠʟʦʙʨʘʞʘʶʱʝʤʫ ʚʝʢʪʦʨʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʦʨʤʫʣʦʡ ʦʙʨʘʱʝʥʠʷ 

f (t) = (F,T (t)) (5) 

ʛʜʝ ʧʨʘʚʘʷ ʯʘʩʪʴ ʠʤʝʝʪ ʩʤʳʩʣ ʩʢʘʣʷʨʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʟʦʙʨʘʞʘʶʱʝʛʦ ʚʝʢʪʦʨʘ ʥʘ 

ʧʝʨʝʤʝʥʥʳʡ ʚʝʢʪʦʨ ʧʦʣʠʥʦʤʦʚ ʏʝʙʳʰʝʚʘ T (t). 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʩʪʴʶ ʠ ʩʣʦʞʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ 

ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ. ʀ ʧʦʵʪʦʤʫ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʩʪʝʤ ʩ ʧʝʨʝʤʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, 

ʧʨʠʚʝʣʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʢ ʠʥʪʝʥʩʠʚʥʦʡ 

ʨʘʟʨʘʙʦʪʢʝ ʮʠʬʨʦʚʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʠ ʦʙʲʝʢʪʦʚ. 

ʂʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ ʚ ʜʠʥʘʤʠʢʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚʦʟʤʫʱʝʥʠʡ ʠ ʠʭ 

ʭʘʨʘʢʪʝʨʦʤ, ʪʠʧʦʤ ʦʙʲʝʢʪʘ (ʩʪʘʮʠʦʥʘʨʥʳʡ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ, ʣʠʥʝʡʥʳʡ, ʥʝʣʠʥʝʡʥʳʡ). 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʜʝ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ, ʫʨʘʚʥʝʥʠʝ ʩʚʷʟʳʚʘʶʱʝʝ 

ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʫ (t) ʠ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ u (t) ʚ 

ʦʧʝʨʘʪʦʨʥʦʡ ʬʦʨʤʝ ʟʘʧʠʰʝʪʩʷ ʢʘʢ 

 ὣ ὡ ὴ Ὗz ρ 

ʛʜʝ W (p) ï ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʦʙʲʝʢʪʘ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʀʟʦʙʨʘʞʘʶʱʠʡ ʚʝʢʪʦʨ ʚʨʝʤʝʥʥʦʛʦ ʦʨʠʛʠʥʘʣʘ 

y(t) ʥʘ ʠʥʪʝʨʚʘʣʝ [0, t0], ʦʪʚʝʯʘʶʱʠʡ 

ʩʦʦʪʥʦʰʝʥʠʶ (1), ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʝʛʦ 

ʦʧʝʨʘʪʦʨʥʦʤʫ (ʠʥʚʝʨʩʥʦʤʫ) ʠʟʦʙʨʘʞʝʥʠʶ. 

ʉʦʛʣʘʩʥʦ [2, 4] ʠʤʝʝʤ 

ὣ  ὸὍ  ὡ ὸὍὟ (2) 

ʛʜʝ I ï ʤʘʪʨʠʮʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ [2]. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ, 

ʧʦʣʫʯʠʤ ʈʘʟʨʝʰʘʷ ʩʦʦʪʥʦʰʝʥʠʝ (2) 

Ὗ ὡ ὸὍ   ὸὍὣ (3) 

ʛʜʝ Y ï ʚʝʢʪʦʨ ʞʝʣʘʝʤʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ y (t) ʤʦʞʥʦ ʟʘʜʘʪʴ ʚ ʚʠʜʝ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʲʝʢʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʟʘʜʘʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʘʶʱʝʛʦ ʚʝʢʪʦʨʘ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ Y ʥʘ ʠʥʪʝʨʚʘʣʝ 

ʚʨʝʤʝʥʠ [0, t0] ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʧʝʨʝʭʦʜʘ ʦʪ ʪʦʯʝʯʥʦʛʦ ʠʟʦʙʨʘʞʘʶʱʝʛʦ ʚʝʢʪʦʨʘ ʢ 

ʠʟʦʙʨʘʞʘʶʱʝʤʫ ʚʝʢʪʦʨʫ Y ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ 

 ὣ
ς

ὖὗὣ†
 τ 

ɺ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Q ï ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʘʷ 

ʤʘʪʨʠʮʘ, ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ ʟʥʘʯʝʥʠʡ ʙʘʟʦʚʳʭ 

ʧʦʣʠʥʦʤʦʚ ʚ ʫʟʣʘʭ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʷ; 

P ï ʨʘʟʤʝʨʥʦʩʪʴ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ 

Q; 

Y (tk)={y  (tk)} ï ʪʦʯʝʯʥʳʡ ʠʟʦʙʨʘʞʘʶʱʠʡ 

ʚʝʢʪʦʨ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʚʝʢʪʦʨ, ʵʣʝʤʝʥʪʳ 

ʢʦʪʦʨʦʛʦ ʝʩʪʴ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ y (t) ʚ ʥʫʣʷʭ 

ʧʝʨʚʦʛʦ ʠʟ ʦʪʙʨʦʰʝʥʥʳʭ ʧʦʣʠʥʦʤʦʚ ʏʝʙʳʰʝʚʘ tʣ, 

ʢ=1,2éʨ. ʉ ʫʯʝʪʦʤ ʪʦʯʝʯʥʦʛʦ ʠʟʦʙʨʘʞʘʶʱʝʛʦ 

ʚʝʢʪʦʨʘ (4) ʩʦʦʪʥʦʰʝʥʠʝ (3) ʟʘʧʠʰʝʪʩʷ ʢʘʢ 

 Ὗ
ς

ὖ
ὡ ὸὍ ὗὣ†  υ 

ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 

ʚʠʜʘ (6) 

 

ὣ ὸ ὃ ὸ 

 ὣ ὸ Ễ ὃ ὸ (6) 

ὣὸ ὃ ὸ 

ὣὸ Ὗ ὸ 

ʛʜʝ ɸi(t), i= 1,0 -n ï ʧʝʨʝʤʝʥʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʥʝʧʨʝʨʳʚʥʳʝ ʥʘ ʠʥʪʝʨʚʘʣʝ [0, t0]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʘʚʠʣ ʧʝʨʝʭʦʜʘ ʢ 

ʠʟʦʙʨʘʞʘʶʱʠʤ ʚʝʢʪʦʨʘʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ (6) ʟʘʧʠʰʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὀ ὃ ὐὈ Ễ ὃ ὐὈ ὃ ὐὣ Ὗ 

ʠʣʠ 

Ὀ ὐὣ Ὗ (7) 

ʛʜʝ D-ʤʘʪʨʠʮʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʘ ʚ 

[2]; 

J-ʤʘʪʨʠʮʘ ʗʢʦʙʠ ʧʨʠʚʝʜʝʥʘ ʚ [2]; 

Y-ʞʝʣʘʝʤʳʡ ʚʝʢʪʦʨ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʤʝʪʦʜ 

ʧʦʩʪʨʦʝʥʠʷ ʢʦʪʦʨʦʛʦ, ʠʟʣʦʞʝʥ ʚ [1]. 

ʉ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ (4) ʚʳʨʘʞʝʥʠʝ (7) 

ʟʘʧʠʰʝʪʩʷ ʢʘʢ 

Ὗ ςȾὖ Ὀ ὐ ὗ ὣȢ 



X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʄʦʣʦʜʸʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

__________________________________________________________________________________________ 

ɺʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʫʧʨʘʚʣʷʶʱʘʷ ʬʫʥʢʮʠʷ 

ʚʨʝʤʝʥʠ U (t) ʧʦ ʠʟʦʙʨʘʞʘʶʱʝʤʫ ʚʝʢʪʦʨʫ (3) ʠ (5) 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ ʦʙʨʘʱʝʥʠʷ 

Ὗ t  ὟȟὝ t (8) 

ʛʜʝ ʧʨʘʚʘʷ ʯʘʩʪʴ ʠʤʝʝʪ ʩʤʳʩʣ ʩʢʘʣʷʨʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʟʦʙʨʘʞʘʶʱʝʛʦ ʚʝʢʪʦʨʘ ʥʘ 

ʧʝʨʝʤʝʥʥʳʡ ʚʝʢʪʦʨ ʧʦʣʠʥʦʤʦʚ ʏʝʙʳʰʝʚʘ T(t) [2], 

ʘ t=t/t0. 

ɿʘʢʣʶʯʝʥʠʝ  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʧʠʩʘʥʠʠ ʦʙʲʝʢʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʝʣʷʤʠ ʤʦʞʝʤ 

ʧʦʣʫʯʠʪʴ ʚʝʢʪʦʨ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ Y ʠ ʧʦʜʘʪʴ ʝʛʦ 

ʥʘ ʚʭʦʜ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʘʥʘʣʦʛʦʚʦʡ ʬʦʨʤʝ. 
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ʀʜʝʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʘʣʠ 

ʟʘʨʦʞʜʘʪʴʩʷ ʚ ʭʦʜʝ ʦʩʦʟʥʘʥʠʷ ʧʨʦʙʣʝʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʘʣʛʦʨʠʪʤʦʚ. 

ʊʝʨʤʠʥ çʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʘʣʛʦʨʠʪʤʦʚè ʫʧʦʤʠʥʘʝʪʩʷ ʚ [1] ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ 

ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʢʦʥʝʯʥʳʡ ʚʘʨʠʘʥʪ ʘʣʛʦʨʠʪʤʘ ʝʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝ ʦʧʨʝʜʝʣʝʥ. ʀʩʭʦʜʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʥʝʯʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʠʩʪʝʤʳ 

ʙʘʟʠʨʫʝʪʩʷ ʣʠʰʴ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ 

ʨʘʟʨʘʙʦʪʯʠʢʘ ʧʨʦʝʢʪʘ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ ʧʨʠʭʦʜʠʪʩʷ ʚʝʩʪʠ ʥʘ ʤʦʜʝʣʠ 

ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ 

ʝʝ ʠʩʭʦʜʥʳʡ ʚʘʨʠʘʥʪ, ʵʚʦʣʶʮʠʦʥʥʦ ʫʣʫʯʰʘʶʱʠʭ 

ʧʨʦʝʢʪ. 

ʕʚʦʣʶʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʢʘʢʠʤʠ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʩʠʩʪʝʤʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʉʈɺ). ʅʘ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʚʠʜʝʪʴ ʝʸ ʢʦʥʝʯʥʳʡ 

(ʧʨʠʝʤʣʝʤʳʡ) ʚʘʨʠʘʥʪ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʙʳ 

ʠʟʚʝʩʪʥʳ: 

¶ ʥʝʦʙʭʦʜʠʤʳʡ ʩʦʩʪʘʚ ʩʪʘʥʮʠʡ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʝʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ; 

¶ ʩʦʩʪʘʚ ʤʦʜʫʣʝʡ ʧʨʦʛʨʘʤʤʥʦʡ ʥʘʛʨʫʟʢʠ 

ʉʈɺ; 

¶ ʥʘ ʢʘʢʠʭ ʩʪʘʥʮʠʷʭ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ 

ʤʦʜʫʣʠ ʠ ʚ ʩʦʩʪʘʚ ʢʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʙʫʜʫʪ ʚʭʦʜʠʪʴ; 

¶ ʢʘʢʠʝ ʙʫʜʫʪ ʧʨʠʥʷʪʳ ʫʩʣʦʚʠʷ ʟʘʧʫʩʢʘ 

ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʧʨʠʦʨʠʪʝʪʳ; 

¶ ʧʨʘʚʠʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ; 

¶ ʫʩʣʦʚʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ 
ʦʙʥʦʚʣʝʥʠʷ ʚʳʭʦʜʥʳʭ; 

¶ ʧʨʘʚʠʣʘ ʩʝʣʝʢʮʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ 
ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʠ ʤʘʨʰʨʫʪʳ ʠʭ 

ʧʝʨʝʜʘʯʠ ʚ ʩʝʪʠ; 

¶ ʧʨʘʚʠʣʘ ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʘʤ. 

ʈʝʰʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʚʦʧʨʦʩʘʤ ʤʦʛʫʪ 

ʧʨʠʥʠʤʘʪʴʩʷ ʵʚʦʣʶʮʠʦʥʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʘʥʘʣʠʟʘ ʪʝʢʫʱʝʛʦ ʚʘʨʠʘʥʪʘ ʤʦʜʝʣʠ ʉʈɺ. 

ɺ ʭʦʜʝ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ ʷʟʳʢ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʧʠʩʳʚʘʪʴ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʠ ʩʦʭʨʘʥʷʪʴ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʥʘ ʚʩʝʭ 

ʩʪʘʜʠʷʭ ʵʚʦʣʶʮʠʠ ʤʦʜʝʣʠ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʈɺ, ʷʟʳʢ 

ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪʳ 

ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʨʘʟʨʘʙʦʪʯʠʢʘ 

ʧʨʦʝʢʪʘ ʧʦ ʠʟʤʝʥʝʥʠʶ ʤʦʜʝʣʠ. ɺ ʮʝʣʦʤ, ʤʦʜʝʣʴ 

ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ, ʠʥʘʯʝ ʚʩʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʝʘʣʠʟʘʮʠʝʡ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʩʪʘʥʦʚʷʪʩʷ ʥʝʨʝʘʣʠʩʪʠʯʥʳ. 

ʆʙʦʙʱʘʷ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ, ʩʪʘʥʦʚʠʪʩʷ 

ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʷʟʳʢ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʉʈɺ, 

ʦʪʚʝʯʘʶʱʠʡ ʫʢʘʟʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʚ ʢʣʘʩʩʝ 

ʷʟʳʢʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ ʟʘʥʠʤʘʪʴ ʦʩʦʙʦʝ 

ʤʝʩʪʦ. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʷʟʳʢʘ 

ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʠʥʮʠʧʘʤʠ, ʢʦʪʦʨʳʤʠ 

ʨʫʢʦʚʦʜʩʪʚʫʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢ ʧʨʦʝʢʪʘ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʵʚʦʣʶʮʠʠ ʤʦʜʝʣʠ: 

ʜʠʩʢʨʝʪʥʦʩʪʴ, ʚʠʟʫʘʣʴʥʦʩʪʴ, ʠʝʨʘʨʭʠʯʥʦʩʪʴ, 



X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʄʦʣʦʜʸʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

__________________________________________________________________________________________ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʴ, ʵʚʦʣʶʮʠʦʥʥʦʩʪʴ, 

ʘʢʪʠʚʥʦʩʪʴ. 

ɼʠʩʢʨʝʪʥʦʩʪʴ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʦʜʝʣʴ ʥʘ ʣʶʙʦʤ 

ʫʨʦʚʥʝ ʠʝʨʘʨʭʠʠ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦʡ 

ʢʦʤʧʦʟʠʮʠʝʡ ʤʦʜʫʣʝʡ. ʉʚʦʡʩʪʚʦ ʚʠʟʫʘʣʴʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʝʤʘʥʪʠʢʠ ʘʣʛʦʨʠʪʤʦʚ ʤʦʜʝʣʠ ʚ 

ʷʚʥʦʤ ʚʠʜʝ ʚ ʬʦʨʤʝ ʛʨʘʬʘ ʧʦʪʦʢʘ ʜʘʥʥʳʭ 

(ɻʇɼ) [1]. ʇʨʠʥʮʠʧ ʠʝʨʘʨʭʠʯʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʦʜʝʣʠ ʚ ʦʩʥʦʚʥʦʤ ʦʪʨʘʞʘʝʪ ʚʣʦʞʝʥʥʦʩʪʴ 

ʤʦʜʫʣʝʡ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʷʟʳʢʘ, ʧʦʤʠʤʦ 

ʚʣʦʞʝʥʥʦʩʪʠ ʤʦʜʫʣʝʡ, ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʦʪʨʘʞʘʝʪ 

ʚʠʟʫʘʣʴʥʳʡ ʠ ʪʝʢʩʪʦʚʳʡ ʫʨʦʚʝʥʴ ʷʟʳʢʘ, ʘ ʪʘʢʞʝ 

ʠʝʨʘʨʭʠʶ ʩʪʘʜʠʡ ʧʦʣʥʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦʩʪʴ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʩʪʝʤʳ ʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʝʣʠ. 

ʕʚʦʣʶʮʠʦʥʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ ʥʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʤʦʜʝʣʠ. ʇʨʠ ʵʪʦʤ ʟʘʜʘʥʠʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʧʨʦʝʢʪʘ, ʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʦʜʝʣʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʬʦʨʤʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ.  

ʇʨʠʥʮʠʧ ʘʢʪʠʚʥʦʩʪʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʦʨʤʘʣʴʥʳʭ ʧʨʘʚʠʣ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ʚ ʥʝʢʦʪʦʨʫʶ ʩʪʘʥʜʘʨʪʥʫʶ 

ʬʦʨʤʫ, ʥʘʟʚʘʥʥʫʶ ʘʢʪʠʚʥʦʡ ʤʦʜʝʣʴʶ, ʢʦʪʦʨʘʷ 

ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʧʦʜ ʵʪʦʪ ʩʪʘʥʜʘʨʪ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ɺʄʄ). ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ 

ʣʶʙʦʤ ʵʪʘʧʝ ʵʚʦʣʶʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʤʦʜʝʣʴ ʚ 

ʘʢʪʠʚʥʫʶ ʬʦʨʤʫ ʠ, ʚʳʧʦʣʥʷʷ ʝʝ ʥʘ ɺʄʄ, 

ʠʤʠʪʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʉʈɺ.  

ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ, 

ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʵʚʦʣʶʮʠʠ ʤʦʜʝʣʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʜʚʝʨʞʝʥʳ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʝʤʘʥʪʠʢʠ ʤʦʜʝʣʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʉʈɺ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ 

ʧʨʠ ʵʚʦʣʶʮʠʠ ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʦʜʫʣʝʡ, ʨʝʘʣʠʟʫʶʱʠʭ ʘʣʛʦʨʠʪʤʳ 

ʤʦʜʝʣʠ, ʦʪʭʦʜʠʪ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʫʩʣʦʚʠʣʦ ʚʘʞʥʝʡʰʫʶ ʜʣʷ ʷʟʳʢʘ 

ʠʜʝʶ çʨʘʩʱʝʧʣʝʥʠʷè ʤʦʜʫʣʷ ʥʘ ʜʚʝ ʯʘʩʪʠ ï 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʠ ʩʪʨʫʢʪʫʨʥʫʶ.  

ɺʪʦʨʘʷ ʯʘʩʪʴ ʦʪʨʘʞʘʝʪ ʫʩʣʦʚʠʷ ʚʥʝʜʨʝʥʠʷ 

ʤʦʜʫʣʷ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʨʝʜʫ ʤʦʜʝʣʠ ʠ ʚ 

ʙʦʣʴʰʝʡ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʥʷʪʠʶ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʪ.ʢ. ʚ ʥʝʡ ʥʘʨʷʜʫ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ 

ʯʘʩʪʴʶ ʦʪʨʘʞʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʪʦʡ ʩʨʝʜʳ. ʅʦ, 

ʫʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʥʷʪʠʝ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʝʥʦ 

ʙʦʣʝʝ ʯʝʪʢʦ, ʘ ʩʪʨʫʢʪʫʨʥʳʝ ʘʩʧʝʢʪʳ ʧʨʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʠ ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ 

ʭʦʜʝ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʈɺ 

ʧʨʝʦʙʣʘʜʘʶʪ, ʷʟʳʢ ʥʘʟʚʘʥ ʷʟʳʢʦʤ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (Structural Modeling Language ï 

SML), ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï SML-ʪʝʭʥʦʣʦʛʠʝʡ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʦʙʱʝʥʠʝ 

ʨʘʟʨʘʙʦʪʯʠʢʘ ʧʨʦʝʢʪʘ ʩ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ SML-ʪʝʭʥʦʣʦʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʩʪʨʫʢʪʫʨʥʦʤ ʫʨʦʚʥʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʥʘ 

ʷʟʳʢʝ SML ʚ ʬʦʨʤʝ ɻʇɼ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʫʪʠ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʉʈɺ ʚʳʧʦʣʥʷʝʪʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩʶʜʘ ʦʪʥʦʩʷʪʩʷ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʩʦʙʦ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʟʘʥʠʤʘʶʪ ʟʘʜʘʯʠ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ 

ʧʨʠʝʤʣʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʈɺ ʚ 

ʜʠʩʢʨʝʪʥʦʤ ʚʨʝʤʝʥʠ [2]. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʡ ʙʣʘʛʦʜʘʨʷ ʦʪʜʝʣʝʥʠʶ 

ʩʪʨʫʢʪʫʨʥʦʡ ʯʘʩʪʠ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ ʦʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʧʠʩʘʥʠʷ 

ʦʢʘʟʘʣʘʩʴ ʙʦʣʝʝ ʤʦʙʠʣʴʥʦʡ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʬʦʨʤʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʯʝʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʦ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʢ ʚʥʝʩʝʥʠʶ ʠʟʤʝʥʝʥʠʡ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʵʪʦʤ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ 

ʜʠʥʘʤʠʢʠ ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʩʪʨʦʷʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʘʝʢʪʦʨʠʠ ʩʤʝʥʳ 

ʩʦʩʪʦʷʥʠʡ ʤʦʜʝʣʠ. ʆʮʝʥʠʚʘʷ ʪʨʘʝʢʪʦʨʠʠ ʥʘ 

ʩʦʙʣʶʜʝʥʠʝ ʫʩʣʦʚʠʡ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʝʤʣʝʤʦʤʫ ʚʘʨʠʘʥʪʫ ʤʦʜʝʣʠ 

ʉʈɺ [2]. 
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ʀʤʠʪʘʮʠʦʥʥʘʷ ʯʘʩʪʴ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʫʪʠ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʉʈɺ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʠ ʩʚʷʟʘʥʘ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʘʢʪʠʚʥʫʶ 

ʬʦʨʤʫ (SML-ʧʨʦʛʨʘʤʤʫ) ʠ ʚʳʧʦʣʥʝʥʠʝʤ ʝʝ ʥʘ 

ɺʄʄ. ʇʦʩʪʨʦʝʥʠʝ SML-ʧʨʦʛʨʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʬʦʨʤʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʦʛʦ ʠ 

ʪʝʢʩʪʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʩʠʩʪʝʤʳ. 

SML-ʧʨʦʛʨʘʤʤʘ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 

çʧʫʪʝʚʦʜʠʪʝʣʷè ʜʣʷ ɺʄʄ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʘʢʪʠʚʥʦʡ ʤʦʜʝʣʠ. ʇʨʠ ʵʪʦʤ ʫʧʨʦʱʘʝʪʩʷ 

ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ɺʄʄ ʠ ʧʦʚʳʰʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʝ ʨʘʙʦʪʳ. ɽʩʣʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

SML-ʧʨʦʛʨʘʤʤʳ ʥʘ ɺʄʄ ʙʫʜʫʪ ʦʙʥʘʨʫʞʝʥʳ 

ʥʘʨʫʰʝʥʠʷ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʈɺ, ʪʦ ʩ 

ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʥʠ ʫʩʪʨʘʥʷʶʪʩʷ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ SML-ʧʨʦʛʨʘʤʤʘ ʚʥʦʚʴ 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ɺʄʄ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ SML-

ʪʝʭʥʦʣʦʛʠʠ ʫʜʘʝʪʩʷ ʩʦʚʤʝʩʪʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʴʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ. 

ʀʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʷʟʳʢʫ 

SML ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʈɺ, 

ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʤʥʦʛʦʦʙʨʘʟʠʠ ʬʦʨʤ 

ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʪʝʢʩʪʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʝʡ: 

ʤʦʜʫʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, SML-

ʧʨʦʛʨʘʤʤʘ ʠ ʜʨʫʛʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʬʦʨʤʳ. ʇʦ 

ʩʫʱʝʩʪʚʫ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʷʟʳʢʦʚʦʡ ʩʠʩʪʝʤʦʡ SML, 

ʚ ʢʦʪʦʨʦʡ ʨʘʟʥʳʝ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ 

ʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʸʥ ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʷʟʳʢʦʚʦʡ ʩʠʩʪʝʤʳ SML. ʐʪʨʠʭʦʚʢʦʡ 

ʥʘ ʨʠʩʫʥʢʝ ʚʳʜʝʣʝʥʳ ʢʦʤʧʦʥʝʥʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ ʥʘʩʪʨʦʡʢʠ 

ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʠ, ʟʘʜʘʚʘʝʤʳʭ ʟʥʘʯʝʥʠʷʤʠ 

ʧʘʨʘʤʝʪʨʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʳ. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ SML-ʪʝʭʥʦʣʦʛʠʠ ʥʘ 

ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʳ 

ʚʳʧʦʣʥʷʶʪ ʥʘʩʪʨʦʡʢʠ ʤʦʜʫʣʝʡ, ʫʢʘʟʘʥʥʳʝ ʚ ʠʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʯʘʩʪʷʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ (ʧʨʘʚʠʣ) 

ʥʘʩʪʨʦʡʢʠ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʷʟʳʢʦʚʦʡ ʩʠʩʪʝʤʝ SML. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʤʦʜʝʣʠ ʠ 

ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

(ʫʪʦʯʥʝʥʠʝʤ) ʧʘʨʘʤʝʪʨʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʳ, 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ SML-ʪʝʭʥʦʣʦʛʠʠ. 
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ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʩʫʨʩʳ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦ- ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʘʤʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʂʝʤʝʨʦʚʩʢʦʛʦ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʛʦ ʪʝʭʥʠʢʫʤʘ (ɻʆʋ 

ʉʇʆ ñʂɻʊʊò). 

ʎʝʣʴ ʠʩʩʣʝʜʫʝʤʦʡ ʨʘʙʦʪʳ: ʧʨʦʚʝʩʪʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʝʧʦʜʘʚʘʪʝʣʴ- 

ʩʪʫʜʝʥʪ- ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʥʘ ʙʘʟʝ ʩʘʡʪʘ ʂʝʤʝʨʦʚʩʢʦʛʦ 

ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʛʦ ʪʝʭʥʠʢʫʤʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʚʩʸ ʯʘʱʝ 

ʠ ʛʣʫʙʞʝ ʥʘʯʠʥʘʶʪ ʚʥʝʜʨʷʪʴʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʝ. ɺ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʠʭ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʢʦʦʨʜʠʥʘʮʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʦʚ, 

ʦʙʫʯʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʩʫʣʴʪʘʮʠʡ. 

ɺ ʩʠʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʷ ɻʆʋ ʉʇʆ ñʂɻʊʊò ï ʀʂʊ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʠʭ ʨʦʜʠʪʝʣʝʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʪʫʜʝʥʪʦʚ, ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʚʠʜʘʤʠ 

ʪʚʦʨʯʝʩʢʠʭ ʨʘʙʦʪ, ʥʘ ʦʩʥʦʚʝ ʰʠʨʦʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʤʝʪʦʜʦʚ, 

ʩʚʦʙʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʚʩʝʦʙʱʝʛʦ ʜʦʩʪʫʧʘ.  

ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʯʪʦʙʳ 

ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʦʪʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ, 

ʤʘʣʦʢʦʤʧʣʝʢʪʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, 

ʨʘʟʙʨʦʩʘʥʥʳʭ ʧʦ ʤʘʣʳʤ ʜʝʨʝʚʥʷʤ, ʥʦ ʠ ʜʣʷ 

ʙʦʣʴʥʳʭ ʜʝʪʝʡ, ʜʝʪʝʡ-ʠʥʚʘʣʠʜʦʚ, ʥʝ ʠʤʝʶʱʠʭ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʝʱʘʪʴ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ. ʀʤʝʥʥʦ 



X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 
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ʛʣʦʙʘʣʴʥʦʩʪʴ, ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʛʝʦʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ, ʷʨʢʦ ʠʣʣʶʩʪʨʠʨʫʶʱʝʡ 

ʦʪʢʨʳʪʦʩʪʴ ʣʶʙʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ, 

ʨʝʘʣʠʟʫʝʤʦʛʦ ʚ ʨʘʤʢʘʭ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʦʙʫʯʝʥʠʶ ʠ 

ʚʦʩʧʠʪʘʥʠʶ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʡ: 

ʘ)ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʰʠʨʦʢʦʤ ʦʙʱʝʥʠʠ, ʩʪʠʨʘʥʠʠ 

ʛʨʘʥʠʮ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʩʦʮʠʫʤʘʤʠ, ʥʘ 

ʩʚʦʙʦʜʥʦʤ ʦʙʤʝʥʝ ʤʥʝʥʠʷʤʠ, ʠʜʝʷʤʠ, ʠʥʬʦʨʤʘʮʠʝʡ 

ʫʯʘʩʪʥʠʢʦʚ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʦʝʢʪʘ; 

ʙ)ʠʤʝʝʪ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʰʠʨʦʢʠʭ 

ʢʦʥʪʘʢʪʘʭ ʩ ʢʫʣʴʪʫʨʦʡ ʜʨʫʛʠʭ ʥʘʨʦʜʦʚ, ʦʧʳʪʦʤ 

ʜʨʫʛʠʭ ʣʶʜʝʡ; 

ʛ)ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ 

ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ; 

ʜ)ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʨʦʜʥʦʡ ʨʝʯʠ ʠ 

ʦʚʣʘʜʝʥʠʝ ʠʥʦʩʪʨʘʥʥʳʤʠ ʷʟʳʢʘʤʠ, ʢʦʛʜʘ ʜʝʣʦ 

ʢʘʩʘʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ; 

ʝ)ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʦʙʨʝʪʝʥʠʶ, ʢʘʢ ʩʪʫʜʝʥʪʘʤ, 

ʪʘʢ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʥʘʚʳʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʧʦʣʝʟʥʳʤʠ ʚ ʧʦʩʣʝʜʫʶʱʝʡ ʞʠʟʥʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʥʘʚʳʢʦʚ ʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʦʡ ʠ 

ʪʝʭʥʦʣʦʛʠʝʡ. 

ʇʨʝʧʦʜʘʚʘʪʝʣʴ, ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, 

ʤʦʞʝʪ ʦʧʝʨʘʪʠʚʥʦ ʩ ʫʯʝʪʦʤ ʩʚʦʠʭ ʪʝʢʫʱʠʭ ʟʘʜʘʯ 

ʧʦʜʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʫʨʦʢ ʠʟ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʝʝ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʪʫʘʮʠʶ. 

ʉʘʤʦʡ ʠʟʚʝʩʪʥʦʡ ʠ ʥʘʠʙʦʣʝʝ ʝʤʢʦʡ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʴʶ ʷʚʣʷʝʪʩʷ ʀʥʪʝʨʥʝʪ. 

ʀʥʪʝʨʥʝʪ - ʵʪʦ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʩʝʪʴ, ʚ ʢʦʪʦʨʦʡ 

ʨʘʙʦʪʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʠ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ ʠ ʯʘʩʪʥʳʭ ʬʠʨʤ ʠ ʪ.ʧ. ʉʝʪʴ ʧʦʟʚʦʣʷʝʪ 

ʧʝʨʝʩʳʣʘʪʴ ʧʘʢʝʪʳ ʜʘʥʥʳʭ ʩ ʦʜʥʦʛʦ ʧʦʜʢʣʶʯʝʥʥʦʛʦ 

ʢ ʀʥʪʝʨʥʝʪʫ ʢʦʤʧʴʶʪʝʨʘ ʥʘ ʣʶʙʦʡ ʜʨʫʛʦʡ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʩʦʝʜʠʥʝʥʳ ʦʥʠ ʤʝʞʜʫ ʩʦʙʦʡ 

ʠʣʠ ʥʝʪ. ʊʘʢʞʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʦʙʤʝʥʠʚʘʪʴʩʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʦʡ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ (e-mail) ï 

ʧʝʨʝʩʳʣʢʘ ʧʝʯʘʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʛʨʘʬʠʢʦʚ, 

ʜʝʣʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʬʦʪʦʛʨʘʬʠʡ, ʪʘʙʣʠʮ, ʛʘʟʝʪ ʠ 

ʞʫʨʥʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʙʤʝʥʘ 

ʠʥʬʦʨʤʘʮʠʝʡ.  

ɹʦʣɹh ʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ Web-ʩʘʡʪʳ. 

ʀʟʥʘʯʘʣʴʥʦ ʩʘʡʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʪʘʪʠʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ ð 

ʩʘʡʪ-ʚʠʟʠʪʢʘ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʮʠʡ, 

ʢʦʣʠʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʩʩʳʣʦʢ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ. ʉʘʡʪ ʩʪʘʣ ʚʳʧʦʣʥʷʪʴ ʥʝ ʪʦʣʴʢʦ ʨʦʣʴ 

ʩʧʨʘʚʢʠ, ʘʥʥʦʪʘʮʠʠ, ʥʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʦʬʠʩʘ, 

ʥʦʚʦʩʪʥʦʛʦ ʠʣʠ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʮʝʥʪʨʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʫ ʠʟ ʥʠʭ ʩʚʦʡʩʪʚʝʥʥʘ 

ʜʠʥʘʤʠʯʥʦʩʪʴ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ. ɼʣʷ ʪʘʢʠʭ 

ʩʣʫʯʘʝʚ ʩʧʝʮʠʘʣʠʩʪʳ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʥ Web-

ʧʨʠʣʦʞʝʥʠʝ ð ʛʦʪʦʚʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʘʡʪʘ.  

ʋ ɻʆʋ ʉʇʆ ñʂɻʊʊò ʝʩʪʴ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ 

ʩʘʡʪ, ʝʛʦ ʧʦʜʜʝʨʞʢʦʡ ʟʘʥʠʤʘʶʪʩʷ, ʢʘʢ ʧʝʨʩʦʥʘʣ, ʪʘʢ 

ʠ ʩʪʫʜʝʥʪʳ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ ʠ ʪʚʦʨʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʩʪʫʜʝʥʪʦʚ.  

ʅʘ ʩʘʡʪʝ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ 

ʦʙʥʦʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ, ʚʝʜʦʤʦʩʪʠ ʫʩʧʝʚʘʝʤʦʩʪʠ, 

ʧʦʩʝʱʘʝʤʦʩʪʠ, ʚʝʜʸʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʧʦʪʦʢ ʥʦʚʦʩʪʝʡ 

ʦʙ ʘʢʪʠʚʥʦʡ ʞʠʟʥʠ ʥʘʰʝʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ. ʊʘʢ 

ʞʝ, ʥʝ ʦʪʭʦʜʷ ʦʪ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʯʝʨʝʟ ʩʘʡʪ ʪʝʭʥʠʢʫʤʘ ʤʦʞʝʪ ʧʦʜʘʪʴ ʟʘʷʚʢʫ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʚ ʨʘʤʢʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʮʝʥʪʨʘ, ʙʝʟ ʫʯʘʩʪʠʷ ʙʫʤʘʞʥʦʛʦ ʥʦʩʠʪʝʣʷ (ʨʠʩ. 1, 2). 

ʈʠʩ. 1. ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʜʣʷ ʧʦʜʘʯʠ 

 
ʈʠʩ. 2. ʇʨʠʤʝʨ ʧʦʜʘʯʠ ʟʘʷʚʢʠ 

ɹʣʘʛʦʜʘʨʷ ʬʦʨʫʤʫ ʥʘ ʩʘʡʪʝ, ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʛʣʷʜʥʦ ʫʚʠʜʝʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʪʫʜʝʥʪ - ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʥʘ 

ʢʦʪʦʨʫʶ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʫʯʘʩʪʥʠʢʠ ʥʘʰʝʛʦ 

ʧʨʦʝʢʪʘ. 

http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D1%80%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%92%D0%B5%D0%B1-%D0%BF%D1%80%D0%B8%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%92%D0%B5%D0%B1-%D0%BF%D1%80%D0%B8%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5


X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 
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ʈʠʩ. 3 ʌʦʨʫʤ ʥʘ ʩʘʡʪʝ http://www.kemgtt.ru/forum/ 

ʉʘʡʪ ʦʙʣʘʜʘʝʪ ʫʜʦʙʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʧʦʥʷʪʥʳʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʣʶʙʳʭ ʚʦʟʨʘʩʪʦʚ.  

 
ʈʠʩ. 4 ʀʥʪʝʨʬʝʡʩ ʩʘʡʪʘ http://www.kemgtt.ru/ 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʡ 

(ʧʨʝʜʤʝʪʥʦʡ) ʢʦʤʤʫʥʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʧʝʜʘʛʦʛʠʢʠ ʠ ʧʩʠʭʦʣʦʛʠʠ. 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʝʝ ʨʝʰʝʥʠʝ ʩʝʛʦʜʥʷ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʧʨʠʚʣʝʯʝʥʠʷ ʚ ʩʬʝʨʫ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʨʝʜʩʪʚ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷ ʠ 

ʝʩʪʴ ʯʘʩʪʴ ʪʘʢʠʭ ʩʨʝʜʩʪʚ. ɺ ʧʨʦʮʝʩʩʝ ʚʦʩʧʠʪʘʥʠʷ ʠ 

ʦʙʫʯʝʥʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴʩʷ 

ʩʘʤʠ ʢʦʥʮʝʧʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ. ʉ ʠʭ ʧʦʤʦʱʴʶ 

ʤʠʨʦʚʘʷ ʢʫʣʴʪʫʨʘ ʩʪʘʥʦʚʠʪʩʷ ʦʙʱʝʤʠʨʦʚʳʤ 

ʜʦʩʪʦʷʥʠʝʤ, ʜʦʩʪʫʧʥʳʤ ʚʩʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʝʪʝʡ. ʆʥʠ ʩʪʠʨʘʶʪ ʛʨʘʥʠʮʳ, 

ʩʦʢʨʘʱʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʵʢʦʥʦʤʷʪ ʢʦʣʦʩʩʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʨʘʥʴʰʝ ʫʭʦʜʠʣʦ ʥʘ 

ʧʦʠʩʢ ʠ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʝʥʷʝʪ ʩʘʤ 

ʭʘʨʘʢʪʝʨ ʤʳʰʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʫʯʘʱʠʭʩʷ. 

ʉʪʫʜʝʥʪ, ʚʣʘʜʝʷ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʩʧʦʩʦʙʘʤʠ ʝʝ 

ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ, ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʘʢʪʠʚʥʦʛʦ ʩʫʙʲʝʢʪʘ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʠʩʩʣʝʜʦʚʘʪʝʣʷ, 

ʫʤʝʶʱʝʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ ʪʚʦʨʯʝʩʢʠ ʩʪʘʚʠʪʴ ʠ 

ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ. ʆʙʫʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʭʦʜʝ ʦʙʱʝʥʠʷ, ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʘʙʦʪʳ ʩ ʥʝʡ. 
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ɺʚʝʜʝʥʠʝ 
ʇʦʩʣʝ ʉʐɸ ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʆʙʱʘʷ ʠʭ ʜʣʠʥʘ ʧʨʝʚʳʰʘʝʪ 240 ʪʳʩ. ʢʤ, ʘ ʚʤʝʩʪʝ ʩ 

ʧʨʦʤʳʩʣʦʚʳʤʠ ï 550 ʪʳʩ. ʢʤ. ʕʪʦʪ ʩʧʦʩʦʙ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʙʝʟʦʧʘʩʥʳʤ ʠ ʵʢʦʥʦʤʠʯʥʳʤ, ʦʜʥʘʢʦ ʚʩʝ ʙʦʣʴʰʝ 

ʬʘʢʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʥʝʬʪʝʧʨʦʚʦʜʘʭ ʈʦʩʩʠʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʫʜʝʣʷʝʪʩʷ 

ʩʣʠʰʢʦʤ ʤʘʣʦ ʚʥʠʤʘʥʠʷ.  

ʇʨʠ ʦʙʱʝʡ ʜʠʥʘʤʠʢʠ ʘʚʘʨʠʡʥʦʩʪʠ, ʧʦ ʦʮʝʥʢʘʤ 

ʵʢʩʧʝʨʪʦʚ, ʧʨʠʯʠʥʘʤʠ ʨʘʟʨʳʚʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʷʚʣʷʶʪʩʷ: 60% ʩʣʫʯʘʝʚ ï ʛʠʜʨʦʫʜʘʨʳ, ʧʝʨʝʧʘʜʳ 

ʜʘʚʣʝʥʠʷ ʠ ʚʠʙʨʘʮʠʠ; 25% ï ʢʦʨʨʦʟʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ; 15% ï ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ ʠ ʬʦʨʩ-

ʤʘʞʦʨʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ [1].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʫʪʝʯʝʢ ʥʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ. ɺ [2] ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ 

ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʠʟ ʥʠʢ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʘʥʘʣʠʟʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʥʝʬʪʝʧʨʦʚʦʜʘ, 

ʧʨʠʤʝʥʷʶʪ ʜʘʪʯʠʢʠ ʘʙʩʦʣʶʪʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʢʘʯʢʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʦ 

ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʥʝʬʪʝʧʨʦʚʦʜʘʤ ʜʣʠʥʦʡ ʙʦʣʝʝ 50 ʢʤ. 

ʚʦʟʥʠʢʘʶʪ ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ 

ʄʇʘ. ʇʨʠ ʵʪʦʤ ʜʘʞʝ ʜʘʪʯʠʢʠ ʘʙʩʦʣʶʪʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʝ, ʠʤʝʶʪ 

ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʪʥʠ ʢʇʘ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩ 

ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ 

ʫʪʝʯʝʢ. 
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ɺ [3] ʦʧʠʩʘʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʣʦʢʘʮʠʠ ʫʪʝʯʢʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʜʦʣʴ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʶʪ 

ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʝ ʦʪ ʚʨʝʤʝʥʠ æP (t). ʇʨʠ 

ʟʥʘʯʝʥʠʠ æP (t)Ó1,2 ʢʇʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ 

ʰʫʤʦʚ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʨʠ ʧʝʨʝʢʘʯʠʚʘʥʠʠ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ [4], ʠʤʝʝʪ ʤʝʩʪʦ ʫʪʝʯʢʘ ʥʘ ʫʯʘʩʪʢʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʨʦʣʝʛʘʶʱʝʛʦ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʝʨʝʢʘʯʠʚʘʶʱʠʤʠ ʩʪʘʥʮʠʷʤʠ. ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ 

ʫʪʝʯʢʠ (ʢʦʦʨʜʠʥʘʪʘ ɝ ʠ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ GT) 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

 

2112

21

)( PxPxl

Plx

D+D-

D
=x , (1) 

],
)()(

)(
[

28 2

2121
2

gl

PPgzz

lP

PxxlPdgd
G

KʅKʅ

T

r

r

l
p

-+-
-

-
D

D+-D
=

(2) 

ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʞʠʜʢʦʩʪʠ 

[ʢʛ/ʤ
3
], g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ [ʤ/ʩ

2
], x1, 

x2 ï ʢʦʦʨʜʠʥʘʪʘ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ 

[ʤ]; l, d ï ʜʣʠʥʘ ʠ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ 

ʪʨʫʙʦʧʨʦʚʦʜʘ [ʤ]; ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, zʅ, zʂ ï ʚʳʩʦʪʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʛʦʨʠʟʦʥʪʫ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ [ʤ], PH, PK ï ʜʘʚʣʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʥʘʯʘʣʝ ʠ ʥʘ ʢʦʥʮʝ ʫʯʘʩʪʢʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ [ʇʘ], æP1 ʠ æP2 ï ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ 

ʚ ʤʝʩʪʘʭ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʧʦ ʜʣʠʥʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ x1 ʠ x2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [ʇʘ]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʯʸʪʥʳʭ ʬʦʨʤʫʣ (1) ʠ (2) ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʘʢʝʪʝ COMSOL 

Multiphysics 3.5 ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [4].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʩʪʨʦʡʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʠʟʤʝʨʷʝʪ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʝ ʦʪ 

ʚʨʝʤʝʥʠ. ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʜʘʪʯʠʢʦʤ 

ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ, ʠʟʤʝʨʷʝʤʦʡ ʚ ʦʜʥʦʤ 

ʩʝʯʝʥʠʠ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʡ ʚ ʥʝʬʪʝʛʘʟʦʧʨʦʚʦʜʘʭ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ. ʊʘʢʦʡ ʜʘʪʯʠʢ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʫʪʝʯʢʠ ʚ ʥʝʬʪʝʧʨʦʚʦʜʘʭ, ʩ 

ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. 

ʆʧʠʩʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʘʪʯʠʢʘ ʨʘʟʥʦʩʪʠ 

ʜʘʚʣʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ, ʠʟʤʝʨʷʝʤʦʡ ʚ ʦʜʥʦʤ ʩʝʯʝʥʠʠ 

ʪʨʫʙʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʡ ʚ 

ʥʝʬʪʝ-ʛʘʟʦʧʨʦʚʦʜʘʭ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

ʉʭʝʤʘ ʩʦʜʝʨʞʠʪ ʠʟʤʝʨʠʪʝʣʴ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ 

(ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ), ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʘʪʯʠʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ 1 ʩ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʷ, ʚʳʙʠʨʘʝʤʳʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʡ ʯʫʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʚʭʦʜ 2 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ 1 

ʧʦʜʩʦʝʜʠʥʝʥ ʯʝʨʝʟ ʰʪʫʮʝʨ 3 ʢ ʪʨʫʙʦʧʨʦʚʦʜʫ 4. 

ɿʘʧʦʤʠʥʘʶʱʠʡ ʚʭʦʜ 5 ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ 

ʜʘʚʣʝʥʠʷ 1 ʧʦʜʢʣʶʯʝʥ ʢ ʫʧʨʘʚʣʷʝʤʦʤʫ ʢʣʘʧʘʥʫ 6, 

ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʰʪʫʮʝʨ 7 ʧʦʜʢʣʶʯʝʥ ʢ ʪʨʫʙʦʧʨʦʚʦʜʫ 

4. ʐʪʫʮʝʨʳ 4 ʠ 7 ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʦʜʥʦʤ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʩʝʯʝʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ 4. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ 1 ʠ 

ʫʧʨʘʚʣʷʝʤʳʡ ʢʣʘʧʘʥ 6 ʩʚʷʟʘʥʳ ʩ ʩʠʩʪʝʤʦʡ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʧʦ 

ʩʧʝʮʠʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʠʘʛʥʦʩʪʠʢʫ 

ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʫʪʝʯʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʦʜʥʘ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʘʪʯʠʢʘ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ 

ʚʦ ʚʨʝʤʝʥʠ, ʠʟʤʝʨʷʝʤʦʡ ʚ ʦʜʥʦʤ ʩʝʯʝʥʠʠ ʪʨʫʙʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʡ ʚ ʥʝʬʪʝ-

ʛʘʟʦʧʨʦʚʦʜʘʭ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʪʝʯʢʠ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʢʦʪʦʨʦʤ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʘʪʯʠʢ. 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʠʪ 

ʦʧʨʝʜʝʣʠʪʴ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʚʦ 

ʚʨʝʤʝʥʠ ʜʘʚʣʝʥʠʷ ʚ ʩʝʯʝʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚ 

ʢʦʪʦʨʦʤ ʦʥʦ ʫʩʪʘʥʦʚʣʝʥʦ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʫʪʝʯʢʠ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ. 
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ɺʚʝʜʝʥʠʝ 
ʇʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝʜʘʛʦʛʘ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʢʦʣʣʝʢʪʠʚʘ ʚʩʝʛʜʘ ʙʳʣʘ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʠ 

ʪʨʫʜʥʝʡʰʠʭ ʧʨʦʙʣʝʤ, ʢʘʩʘʶʱʠʭʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʩʦʮʠʫʤʦʤ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ ʩʘʤʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʇʇʉ). ʗʚʣʷʷʩʴ ʧʦ ʩʚʦʝʡ 

ʩʫʪʠ ʩʦʮʠʘʣʴʥʳʤ ʠʥʩʪʠʪʫʪʦʤ, ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ 

ʦʙʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʭʦʯʝʪ ʟʥʘʪʴ, ʥʘʩʢʦʣʴʢʦ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʩʣʝʜʥʷʷ ʨʝʘʣʠʟʫʝʪ ʧʨʝʜʧʠʩʘʥʥʳʝ ʝʡ 

ʩʦʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ. ʉʦʙʩʪʚʝʥʥʦ ʞʝ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʩʚʦʡʩʪʚʝʥʥʳ 

ʨʝʬʣʝʢʩʠʚʥʦʩʪʴ, ʩʪʨʝʤʣʝʥʠʝ ʢ ʢʨʠʪʠʯʝʩʢʦʡ ʦʮʝʥʢʝ 

ʧʨʦʮʝʩʩʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʧʳʪʢʘ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʫʯʰʠʝ ʦʙʨʘʟʮʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʧʨʘʢʪʠʢʠ. 

ʎʝʣʴ ʚʚʝʜʝʥʠʷ ʨʝʡʪʠʥʛʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʢʘʬʝʜʨ 

ʠ ʬʘʢʫʣʴʪʝʪʦʚ ʚ ɺʋɿʝ ð ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʇʇʉ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɻʣʘʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʨʝʡʪʠʥʛʘ ʷʚʣʷʶʪʩʷ: 

¶ ʧʦʚʳʰʝʥʠʝ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ 

ʦʙʣʘʩʪʠ ʢʘʜʨʦʚʦʡ ʧʦʣʠʪʠʢʠ); 

¶ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʦʙʲʝʢʪʠʚʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʝ ʠ ʨʝʟʫʣʴʪʘʪʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʚʫʟʘ; 

¶ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʤʦʪʠʚʘʮʠʠ ʇʇʉ, 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʠ 

ʣʠʯʥʦʩʪʥʦʛʦ ʨʦʩʪʘ;  

¶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʫʜʘ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʜʝʨʞʢʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʯʘʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ɼʨʫʛʠʝ ʩʠʩʪʝʤʳ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ɺʋɿ 

ʠʤʝʝʪ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʩʠʩʪʝʤʫ ʦʮʝʥʢʠ ʨʝʡʪʠʥʛʘ. 

ʇʦʢʘʟʘʪʝʣʠ, ʧʦ ʢʦʪʦʨʳʤ ʚʳʯʠʩʣʷʝʪʩʷ ʨʝʡʪʠʥʛ, 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʬʦʨʤʘʣʴʥʳʝ. 

ʈʘʟʣʠʯʥʳʝ ɺʋɿʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʪʝ, ʪʘʢ ʠ 

ʜʨʫʛʠʝ, ʠʣʠ ʜʘʞʝ ʠʭ ʚʤʝʩʪʝ. ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʈʝʡʪʠʥʛ ʢʘʢ 

ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʧʦ ʬʦʨʤʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʦʙʣʘʜʘʝʪ ʚ ʧʨʠʥʷʪʦʡ ʣʦʛʠʢʝ ʥʝʦʩʧʦʨʠʤʳʤʠ 

ʜʦʩʪʦʠʥʩʪʚʘʤʠ ð ʷʩʥʦʩʪʴʶ ʢʨʠʪʝʨʠʝʚ, ʧʨʦʩʪʦʪʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʠʟʚʦʣʴʥʦ 

ʟʘʚʳʰʘʪʴ ʠʣʠ ʟʘʥʠʞʘʪʴ ʦʮʝʥʢʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʛʦ, ʯʴʷ ʠʤʝʥʥʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʬʝʩʩʦʨʩʢʦ-

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʦ ʨʝʰʝʥʦ ʩʦʟʜʘʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʠʤʝʶʱʫʶ ʤʦʜʝʣʴ 

ʨʘʩʯʝʪʘ ʨʝʡʪʠʥʛʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʩʙʦʨ, 

ʦʙʨʘʙʦʪʢʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʥʘ ʵʪʘʧʘʭ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʪʯʝʪʥʦʩʪʠ ʫʯʝʙʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʚʫʟʘ.  

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʨʝʡʪʠʥʛʘ 

ʇʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʠʚʘʪʴ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʦʙʲʝʜʠʥʝʥʳ ʚ ʨʘʟʜʝʣʳ: 

¶ ʦʙʱʠʡ ʨʝʡʪʠʥʛ (ʆʈ); 

¶ ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʙʦʪʘ (ʄʈ); 

¶ ʥʘʫʯʥʘʷ ʨʘʙʦʪʘ (ʅʈ); 

¶ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʨʘʙʦʪʘ (ʇʈ). 

ɺ ʢʘʞʜʦʤ ʨʘʟʜʝʣʝ ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʥʘʙʦʨʳ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʝʡʪʠʥʛ ʵʪʦʛʦ ʨʘʟʜʝʣʘ. 

ʆʙʱʠʡ ʨʝʡʪʠʥʛ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

http://www.rlt.ru/products/lds/
mailto:seifer1@sibmail.com
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˛  ̋  ὥȟ 

ʛʜʝ  - ʢʦʵʬʬʠʮʠʝʥʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʆʈ. ʅʘʧʨʠʤʝʨ, ʜʣʷ  

(ʫʯʝʥʘʷ ʩʪʝʧʝʥʴ) ʧʨʠ ʫʢʘʟʘʥʠʠ ʦʧʮʠʠ çʂʘʥʜʠʜʘʪè, 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʚʝʥ 0.1, ʘ ʧʨʠ ʫʢʘʟʘʥʠʠ ʜʣʷ  

ʦʧʮʠʠ çʇʨʦʬʝʩʩʦʨè - 0.15. ʇʨʠ ʫʢʘʟʘʥʠʠ çʅʝʪè 

ʣʠʙʦ çʆʪʩʫʪʩʪʚʫʝʪè, ʢʦʵʬʬʠʮʠʝʥʪ ʙʝʨʝʪʩʷ ʨʘʚʥʳʤ 

ʥʫʣʶ (ʥʘʧʨʠʤʝʨ, ʫʢʘʟʳʚʘʷ  (ʏʣʝʥ ʋʄʆ) çɼʘè, 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʚʝʥ 0.05, ʘ ʜʣʷ çʅʝʪè - 0). 

ɼʣʷ ʨʘʟʜʝʣʘ ʄʈ, ʅʈ ʠ ʇʈ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

˙  ̋  ὦ 

˚  ̋  ὧ 

˜  ̋  Ὠ 

 

ɸʙʩʦʣʶʪʥʳʡ ʣʠʯʥʳʡ ʨʝʡʪʠʥʛ (ɸʃʈ) 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʦʣʫʯʘʝʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝʤ 

ʧʦʢʘʟʘʪʝʣʷ ʜʘʥʥʳʭ ʨʘʟʜʝʣʦʚ, ʫʤʥʦʞʝʥʥʳʭ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʥʘʯʠʤʦʩʪʠ, ʚʳʩʪʘʚʣʝʥʥʳʝ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ: 

, 

ʛʜʝ a, b, c, d - ʢʦʵʬʬʠʮʠʝʥʪʳ, ʘ ʆʈ, ʄʈ, ʅʈ, ʇʈ - 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʜʝʣʳ ʨʝʡʪʠʥʛʦʚ. 

ʅʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʚʩʝʭ 

ɸʃʈ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ɸʃʈ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʩʰʝʛʦ ʨʝʡʪʠʥʛʘ ʙʫʜʝʪ 1, ʘ 

ʦʩʪʘʣʴʥʳʝ ɸʃʈ ʙʫʜʫʪ ʚ ʜʠʘʧʘʟʦʥʝ (0-1). ʅʘʧʨʠʤʝʨ, 

ʜʣʷ ʯʝʪʳʨʝʭ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ɸʃʈ (1) = 0.8, ɸʃʈ (2) 

= 0.7, ɸʃʈ (3) = 0.7, ɸʃʈ (4) = 0.6. ʊʦʛʜʘ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ɸʃʈmax = ɸʃʈ (1)=0.8. ɺ ʠʪʦʛʝ 

ʨʝʡʪʠʥʛ ʧʝʨʚʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʨʘʚʝʥ 0.8/0.8=1, 

ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ï 0.7/0.8=0.875, ʯʝʪʚʝʨʪʦʛʦ ï 

0.6/0.8=0.75. 

ʀʩʧʦʣʥʝʥʠʝ ʩʠʩʪʝʤʳ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ 

ʷʚʣʷʝʪʩʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝʤ, ʢʦʪʦʨʘʷ ʘʚʪʦʨʠʟʫʝʪ ʠ 

ʟʘʧʦʤʠʥʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʪʘʢ ʞʝ ʘʥʘʣʠʟʠʨʫʝʪ 

ʜʘʥʥʳʝ, ʚʚʝʜʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʡʪʠʥʛʘʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ɺʋɿʘ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʫʧʦʣʥʦʤʦʯʝʥʥʦʤʫ ʣʠʮʫ ʥʘʩʪʨʘʠʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʟʥʘʯʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʫʯʠʪʳʚʘʝʤʳʭ ʚ ʨʝʡʪʠʥʛʘʭ. 

ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʩʪʝʤʫ ʛʠʙʢʦʩʪʴʶ, 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʤʦʩʪʴʶ ʢ ʥʦʚʳʤ ʟʘʜʘʯʘʤ, ʥʦʚʳʤ 

ʧʨʠʦʨʠʪʝʪʘʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʝ ɺʋɿʘ. 

ɺ ʩʠʩʪʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʚʝ ʨʦʣʠ - 

ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ. ɸʜʤʠʥʠʩʪʨʘʪʦʨʦʤ 

ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: ʫʩʪʘʥʦʚʢʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʡʪʠʥʛʘ, ʧʨʦʚʝʨʢʘ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʟʘʧʦʣʥʝʥʠʷ ʬʦʨʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. ʈʦʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʧʦʣʫʯʘʶʪ ʚʩʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʩʠʩʪʝʤʝ 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ ɺʋɿʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: 

¶ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɸʃʈ; 

¶ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʜʝʣʦʚ 

ʨʝʡʪʠʥʛʘ ʆʈ, ʄʈ, ʅʈ, ʇʈ; 

¶ ʧʨʦʩʤʦʪʨ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʩʠʩʪʝʤʳ; 

¶ ʧʨʦʩʤʦʪʨ ʦʙʱʝʛʦ ʨʝʡʪʠʥʛʘ; 

¶ ʧʨʦʩʤʦʪʨ ʙʘʟʳ ʜʘʥʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʟʘ 

ʨʘʟʣʠʯʥʳʝ ʦʪʯʝʪʥʳʝ ʛʦʜʘ. 

ɼʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ: 

¶ ʨʝʛʠʩʪʨʘʮʠʷ ʚ ʩʠʩʪʝʤʝ; 

¶ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʫʢʘʟʘʥʥʳʭ ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ; 

¶ ʧʨʦʩʤʦʪʨ ʨʘʟʜʝʣʦʚ ʨʝʡʪʠʥʛʘ; 

¶ ʟʘʧʦʣʥʝʥʠʝ ʨʘʟʜʝʣʦʚ ʨʝʡʪʠʥʛʘ; 

¶ ʧʨʦʩʤʦʪʨ ʦʙʱʝʛʦ ʨʝʡʪʠʥʛʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ  
ʇʨʦʮʝʩʩ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʇʇʉ, 

ʬʘʢʫʣʴʪʝʪʦʚ ʠ ʢʘʬʝʜʨ ʚʫʟʘ ʠʤʝʶʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ, 

ʩʦʮʠʘʣʴʥʳʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʩʧʝʢʪʳ: ʨʝʡʪʠʥʛʦʚʘʷ 

ʦʮʝʥʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʢʨʝʧʣʝʥʠʝʤ 

ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʘʪʪʝʩʪʘʮʠʝʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ 

ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʤʦʪʠʚʘʮʠʝʡ, ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʮʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ɺʋɿʝ. 

ʋʩʧʝʰʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʚʥʝʜʨʝʥʠʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ɺʋɿʘ ʠ ʝʝ ʩʦʧʨʦʚʦʞʜʝʥʠʷ. ɼʣʷ ʚʥʝʜʨʝʥʠʷ 

ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʇʇʉ, ʬʘʢʫʣʴʪʝʪʦʚ ʠ ʢʘʬʝʜʨ ʚ 

ʧʨʘʢʪʠʢʫ ʨʘʙʦʪʳ ʚʫʟʘ ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ 

ʫʩʣʦʚʠʷ: 

¶ ʛʦʪʦʚʥʦʩʪʴ ʨʫʢʦʚʦʜʩʪʚʘ ʚʫʟʘ ʢ ʚʥʝʜʨʝʥʠʶ 

ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ; 

¶ ʥʘʣʠʯʠʝ ʢʦʤʧʝʪʝʥʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʛʨʫʧʧʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʤʦʜʝʣʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʡʪʠʥʛʘ; 

¶ ʫʯʘʩʪʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʦʮʝʥʦʯʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠ ʠʭ ʧʦʟʠʪʠʚʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʢ ʠʜʝʝ ʨʝʡʪʠʥʛʘ; 
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¶ ʦʙʫʯʝʥʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ (ʨʫʢʦʚʦʜʠʪʝʣʝʡ) 

ʦʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʘʤ ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ; 

¶ ʦʨʛʘʥʠʟʘʮʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʈʝʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʙʰʠʨʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ 

ʚʳʚʦʜʘ ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʮʠʷʭ, ʥʘʧʨʠʤʝʨ ʧʨʦʩʤʦʪʨ ʨʝʡʪʠʥʛʘ ʩʨʝʜʠ 

ʧʨʦʬʝʩʩʦʨʦʚ, ʧʦ ʬʘʢʫʣʴʪʝʪʫ ʠ ʪ.ʜ. 
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ɺʚʝʜʝʥʠʝ 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ ʮʠʬʨʦʚʦʛʦ ʩʞʘʪʠʷ ʚʠʜʝʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʩʪʝʪ ʚʤʝʩʪʝ ʩ ʨʘʟʚʠʪʠʝʤ 

ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʝʩʧʨʦʚʦʜʥʳʭ, 

ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʤʦʱʥʦʩʪʝʡ ʧʝʨʩʦʥʘʣʴʥʳʭ ʠ 

ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ 

ʚʠʜʝʦ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʶʪ, ʩʪʠʤʫʣʠʨʫʷ ʨʘʟʚʠʪʠʝ 

ʩʪʘʥʜʘʨʪʦʚ ʚʠʜʝʦ ʢʦʜʠʨʦʚʘʥʠʷ. 

ɺ ʷʥʚʘʨʝ 2013 ʛʦʜʘ ʚʳʭʦʜʠʪ ʩʪʘʥʜʘʨʪ ʮʠʬʨʦʚʦʛʦ 

ʩʞʘʪʠʷ ʚʠʜʝʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ H.265/HEVC[1], 

- ʩʪʘʥʜʘʨʪ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʜʦ ʜʚʫʭ ʨʘʟ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʪʝʢʫʱʠʤ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ 

ʩʪʘʥʜʘʨʪʦʤ H.264/AVC [2]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʪʘʥʜʘʨʪʘ H.265/HEVC ʧʦ ʩʞʘʪʠʶ ʦʧʦʨʥʳʭ ʢʘʜʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʩʪʘʥʜʘʨʪʘ H.264/AVC. 

ʇʨʠʥʮʠʧʳ ʩʞʘʪʠʷ ʚʠʜʝʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʉʞʘʪʠʝ ʚʠʜʝʦ ʠʥʬʦʨʤʘʮʠʠ ʦʩʥʦʚʘʥʦ ʥʘ ʜʚʫʭ 

ʚʘʞʥʳʭ ʧʨʠʥʮʠʧʘʭ. ɺʦ-ʧʝʨʚʳʭ, ʢʘʞʜʳʡ ʢʘʜʨ ʚʠʜʝʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʣʘʜʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʠʟʙʳʪʦʯʥʦʩʪʴʶ ï ʢʦʨʨʝʣʷʮʠʝʡ ʟʥʘʯʝʥʠʡ ʧʠʢʩʝʣʝʡ 

ʚʥʫʪʨʠ ʢʘʜʨʘ. ɺʦ-ʚʪʦʨʳʭ, ʙʦʣʴʰʠʥʩʪʚʦ ʢʘʜʨʦʚ 

ʚʠʜʝʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʭʦʞʠ ʥʘ ʧʨʝʜʳʜʫʱʠʝ, 

ʘ ʟʥʘʯʠʪ ʦʙʣʘʜʘʶʪ ʚʨʝʤʝʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʴʶ [3]. 

ɸʣʛʦʨʠʪʤʳ ʩʞʘʪʠʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʦʩʥʦʚʘʥʳ ʥʘ ʫʩʪʨʘʥʝʥʠʠ ʵʪʠʭ ʜʚʫʭ ʚʠʜʦʚ 

ʠʟʙʳʪʦʯʥʦʩʪʠ. 

ɺ ʩʞʘʪʦʡ ʚʠʜʝʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʳʯʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʢʘʜʨʳ ʩ ʫʩʪʨʘʥʝʥʠʝʤ ʪʦʣʴʢʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʪʘʢ ʠ ʢʘʜʨʳ ʩ 

ʫʩʪʨʘʥʝʥʠʝʤ ʦʙʦʠʭ ʚʠʜʦʚ ʠʟʙʳʪʦʯʥʦʩʪʠ. ʂʘʜʨʳ 

ʧʝʨʚʦʛʦ ʪʠʧʘ ʥʘʟʳʚʘʶʪʩʷ ʢʣʶʯʝʚʳʤʠ (ʢʣʶʯʝʚʳʤʠ, 

ʦʧʦʨʥʳʤʠ) ʢʘʜʨʘʤʠ ʠ ʦʙʦʟʥʘʯʘʶʪʩʷ ʩʠʤʚʦʣʦʤ I 

(ʩʦʢʨ. intra ï ʦʪ ʘʥʛʣ. ʚʥʫʪʨʝʥʥʠʡ). ʊʘʢʠʝ ʢʘʜʨʳ 

ʧʦʟʚʦʣʷʶʪ ʥʘʯʘʪʴ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʩʨʘʟʫ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʠ ʥʝ ʩʩʳʣʘʶʪʩʷ ʥʘ ʧʨʝʜʳʜʫʱʠʝ ʢʘʜʨʳ. 

ʂʘʜʨ, ʩʩʳʣʘʶʱʠʡʩʷ ʥʘ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʧʨʝʜʳʜʫʱʠʭ, ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʥʦʩʪʥʳʤ, ʠ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʠʤʚʦʣʦʤ P (ʩʦʢʨ. predicted ï ʦʪ ʘʥʛʣ. 

ʧʨʝʜʩʢʘʟʘʥʥʳʡ). ʂʘʜʨ, ʜʣʷ ʩʞʘʪʠʷ ʢʦʪʦʨʦʛʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʧʨʝʜʳʜʫʱʠʝ, ʪʘʢ ʠ ʧʦʩʣʝʜʫʶʱʠʝ 

ʢʘʜʨʳ ʚʠʜʝʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʤ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʠʤʚʦʣʦʤ B (ʦʪ 

ʘʥʛʣ. bidirectional). 

ʉʞʘʪʠʝ ʦʧʦʨʥʳʭ ʢʘʜʨʦʚ ʚ ʩʪʘʥʜʘʨʪʝ 

H.265/HEVC 

ʇʨʠ ʩʞʘʪʠʠ ʦʧʦʨʥʳʭ ʢʘʜʨʦʚ ʚ ʩʪʘʥʜʘʨʪʝ 

H.265/HEVC ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ï ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʫʞʝ ʩʞʘʪʦʡ 

ʯʘʩʪʠ ʵʪʦʛʦ ʢʘʜʨʘ. ɺ ʵʪʦʤ ʩʪʘʥʜʘʨʪʝ ʦʧʨʝʜʝʣʝʥʦ 35 

ʨʝʞʠʤʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ: DC, ʧʣʦʩʢʠʡ ʠ 

33 ʫʛʣʦʚʳʭ ʧʨʝʜʩʢʘʟʘʥʠʷ (ʨʠʩ. 1). 

ɺ ʩʪʘʥʜʘʨʪʝ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ H.264/AVC 

ʦʧʨʝʜʝʣʝʥʦ ʚʩʝʛʦ 10 ʚʘʨʠʘʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʙʣʦʢʦʚ: DC, ʧʣʦʩʢʠʡ ʠ 8 ʫʛʣʦʚʳʭ 

(ʥʘʧʨʘʚʣʝʥʠʷ 6, 10, 14, 18, 22, 26, 30, 34 ʥʘ ʨʠʩ. 1). 
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ʈʠʩ. 1. ʋʛʣʦʚʳʝ ʚʥʫʪʨʝʥʥʠʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚ 

ʩʪʘʥʜʘʨʪʝ H.265/HEVC [1] 

ʇʨʠ DC ʧʨʝʜʩʢʘʟʘʥʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʧʠʢʩʝʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʩʚʝʨʭʫ ʠ ʩʣʝʚʘ ʦʪ ʧʨʝʜʩʢʘʟʳʚʘʝʤʦʛʦ ʙʣʦʢʘ (ʨʠʩ. 2), 

ʢʦʪʦʨʳʤ ʟʘʧʦʣʥʷʝʪʩʷ ʚʝʩʴ ʰʘʙʣʦʥ ʧʨʝʜʩʢʘʟʘʥʠʷ. 

 
ʈʠʩ. 2. DC ʧʨʝʜʩʢʘʟʘʥʠʝ ʚ ʩʪʘʥʜʘʨʪʘʭ H.265/HEVC ʠ 

H.264/AVC [4] 

ʇʨʠ ʧʣʦʩʢʦʤ ʧʨʝʜʩʢʘʟʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʦʪ ʣʝʚʳʭ ʠ ʚʝʨʭʥʠʭ ʛʨʘʥʠʯʥʳʭ 

ʧʠʢʩʝʣʝʡ ʧʨʝʜʩʢʘʟʳʚʘʝʤʦʛʦ ʙʣʦʢʘ (ʨʠʩ. 3). 

ʇʨʠ ʫʛʣʦʚʳʭ ʧʨʝʜʩʢʘʟʘʥʠʷʭ ʰʘʙʣʦʥ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ 

ʟʥʘʯʝʥʠʡ ʛʨʘʥʠʯʥʳʭ ʧʠʢʩʝʣʝʡ, ʧʦʧʘʜʘʶʱʠʭ ʧʦʜ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʜʩʢʘʟʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 4 

ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʝʨʪʠʢʘʣʴʥʦʝ ʚʥʫʪʨʝʥʥʝʝ 

ʧʨʝʜʩʢʘʟʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʠʢʩʝʣʠ 

A-D. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʦʤ 

H.264/AVC ʤʦʜʠʬʠʮʠʨʦʚʘʥʦ ʵʥʪʨʦʧʠʡʥʦʝ 

ʢʦʜʠʨʦʚʘʥʠʝ. ɺ H.264/AVC ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʥʪʝʢʩʪʥʦ-ʘʜʘʧʪʠʚʥʦʝ ʜʚʦʠʯʥʦʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʢʦʜʠʨʦʚʘʥʠʝ (CABAC), ʚʢʣʶʯʘʶʱʝʝ 15 

ʢʦʥʪʝʢʩʪʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ 

ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʩʪʘʥʜʘʨʪʝ 

H.265/HEVC ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʥʪʘʢʩʠʯʝʩʢʠ 

ʘʜʘʧʪʠʚʥʦʝ ʜʚʦʠʯʥʦʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ 

(SBAC), ʠʩʧʦʣʴʟʫʶʱʝʝ 31 ʢʦʥʪʝʢʩʪʥʫʶ ʤʦʜʝʣʴ. 

 
ʈʠʩ. 3. ʇʣʦʩʢʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʚ ʩʪʘʥʜʘʨʪʘʭ 

H.265/HEVC ʠ H.264/AVC [4] 

 
ʈʠʩ. 4. ɺʝʨʪʠʢʘʣʴʥʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʚ ʩʪʘʥʜʘʨʪʘʭ 

H.265/HEVC ʠ H.264/AVC [4] 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʞʘʪʠʷ ʦʧʦʨʥʳʭ ʢʘʜʨʦʚ 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʞʘʪʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʢʘʜʨʦʚ ʧʦ ʩʪʘʥʜʘʨʪʫ H.265/HEVC ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʛʦ 

ʪʝʩʪʦʚʘʷ ʤʦʜʝʣʴ HM 8.0. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʚʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ: ʧʝʨʚʘʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ 

ʙʣʦʢʘ ʢʦʜʠʨʦʚʘʥʠʷ 64Ĭ64 ʧʠʢʩʝʣʝʡ, ʛʣʫʙʠʥʘ 

ʨʘʟʙʠʝʥʠʷ 4 (HM 64-4); ʜʨʫʛʘʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʨʘʟʤʝʨʦʤ ʙʣʦʢʘ ʢʦʜʠʨʦʚʘʥʠʷ 16Ĭ16 ʧʠʢʩʝʣʝʡ, 

ʛʣʫʙʠʥʘ ʨʘʟʙʠʝʥʠʷ 2, ʧʦʜʦʙʥʦ ʨʘʟʙʠʝʥʠʶ ʚ 

H.264/AVC (HM 16-2). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʩ ʦʪʢʣʶʯʝʥʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ 

ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ, ʦʪʩʫʪʩʪʚʫʶʱʠʤʠ ʚ H.264/AVC 

(HM 16-2-AVC). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʝʩʪʦʚʘʷ ʤʦʜʝʣʴ ʩʪʘʥʜʘʨʪʘ H.264/AVC ï JM 18.3. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʥʘʙʦʨʝ ʚʠʜʝʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʥʠʚʝʨʩʠʪʝʪʘ ɻʘʥʥʦʚʝʨʘ [5], 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʊʝʩʪʦʚʳʡ ʥʘʙʦʨ ʚʠʜʝʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʅʘʟʚʘʥʠʝ BasketballDrill PeopleOnStreet 

ʈʘʟʨʝʰʝʥʠʝ 832Ĭ480 2560Ĭ1600 

ʏʘʩʪʦʪʘ, ʢʘʜʨ/ʩ 50 30 

ɺʩʝʛʦ ʢʘʜʨʦʚ 501 150 

ɹʠʪʨʝʡʪ, ʄʙʠʪ/ʩ 228 1406,25 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʚʠʜʝʦ ʧʦʪʦʢʘ 

(ʙʠʪʨʝʡʪʘ) ʦʪ ʢʘʯʝʩʪʚʘ ʩʞʘʪʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 6-

7. ɺʠʜʥʦ, ʯʪʦ ʥʦʚʳʡ ʩʪʘʥʜʘʨʪ H.265/HEVC 

ʧʦʟʚʦʣʷʝʪ ʥʘ 20-30% ʵʬʬʝʢʪʠʚʥʝʝ ʩʞʠʤʘʪʴ ʚʠʜʝʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʦʧʦʨʥʳʭ 

ʚʠʜʝʦ ʢʘʜʨʦʚ. ʇʨʠ ʵʪʦʤ ʚʩʝʛʦ 5-10% ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʥʦʛʦ ʥʘʙʦʨʘ 

ʚʥʫʪʨʝʥʥʠʭ ʧʨʝʜʩʢʘʟʘʥʠʡ. ʆʯʝʚʠʜʥʦ, ʦʩʥʦʚʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 



X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʄʦʣʦʜʸʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 
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ʠʟʤʝʥʝʥʥʦʡ ʤʦʜʝʣʠ ʵʥʪʨʦʧʠʡʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ. 

ʉʪʦʠʪ ʪʘʢʞʝ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʫʢʘʟʘʥʥʳʭ ʚʠʜʝʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʥʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʣʦʢʦʚ ʨʘʟʤʝʨʦʤ 

64Ĭ64 ʧʠʢʩʝʣʝʡ ʩ ʛʣʫʙʠʥʦʡ ʨʘʟʙʠʝʥʠʷ 4, ʧʦʩʢʦʣʴʢʫ 

ʦʥʠ ʜʘʣʠ ʪʘʢʦʡ ʞʝ ʨʝʟʫʣʴʪʘʪ, ʯʪʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʣʦʢʦʚ ʨʘʟʤʝʨʦʤ 16Ĭ16 ʧʠʢʩʝʣʝʡ ʩ 

ʛʣʫʙʠʥʦʡ 2. 
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ʈʠʩ. 6. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʞʘʪʠʷ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ BasketballDrill 
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ʈʠʩ. 7. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʞʘʪʠʷ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ PeopleOnStreet 

ɿʘʢʣʶʯʝʥʠʝ  
ʎʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʥʜʘʨʪʘ H.265/HEVC 

ʷʚʣʷʣʦʩʴ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʚʠʜʝʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʦ ʜʚʫʭ ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʪʘʥʜʘʨʪʘ H.264/AVC ʧʨʠ ʪʦʤ ʞʝ 

ʢʘʯʝʩʪʚʝ. ʊʦʣʴʢʦ ʥʘ ʩʞʘʪʠʠ ʦʧʦʨʥʳʭ ʢʘʜʨʦʚ 

ʩʪʘʥʜʘʨʪ H.265/HEVC ʜʘʝʪ ʜʦ 30% ʫʚʝʣʠʯʝʥʠʷ 

ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʧʨʠ ʪʦʤ ʞʝ ʢʘʯʝʩʪʚʝ, ʚ ʦʩʥʦʚʥʦʤ ʟʘ 

ʩʯʝʪ ʠʟʤʝʥʝʥʥʦʛʦ ʵʥʪʨʦʧʠʡʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʥʜʘʨʪʘ 

H.265/HEVC ʧʦ ʩʞʘʪʠʶ ʨʘʟʥʦʩʪʥʳʭ ʢʘʜʨʦʚ. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʘ 

ʦʙʣʘʩʪʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʧʘʨʘʣʣʝʣʴʥʦ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʟʘʯʘʩʪʫʶ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ.  ʏʘʩʪʴ ʠʟ ʥʠʭ ʧʨʠʛʦʜʥʘ ʢ 

ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʚʳʧʦʣʥʝʥʠʶ, ʜʨʫʛʘʷ ʯʘʩʪʴ ʪʨʝʙʫʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ [1-2].  

 ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʦʙʣʘʩʪʴ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʝʨʝʩʪʘʣʘ ʙʳʪʴ 

ʧʨʝʨʦʛʘʪʠʚʦʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʨʦʚ (CPU). ʊʘʢʫʶ ʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʠʣʠ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠ ̫(GPGPU) [3-4]. 

 ʅʘ ʨʳʥʢʝ GPGPU ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ ʨʝʰʝʥʠʷ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʡ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʂʦʨʧʦʨʘʮʠʷ 

NVIDIA, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʥʠʭ, ʨʘʟʨʘʙʘʪʳʚʘʝʪ 

ʩʦʙʩʪʚʝʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʚʳʯʠʩʣʝʥʠʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʠ 

ʪʝʭʥʦʣʦʛʠʶ CUDA, ʧʦʟʚʦʣʷʶʱʫʶ ʠʭ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ [5]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚʳʯʠʩʣʝʥʠʡ ʥʘ 

GPU  
ʇʨʠʥʮʠʧ ʚʳʯʠʩʣʝʥʠʡ ʥʘ GPGPU ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʨʘʟʜʝʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ 

ʫʧʨʘʚʣʷʶʱʝʝ ʠ ʫʧʨʘʚʣʷʝʤʦʝ. ʋʧʨʘʚʣʷʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ (CPU) ʥʘʟʳʚʘʝʪʩʷ host, ʫʧʨʘʚʣʷʝʤʦʝ 

(GPGPU) ï device. GPGPU ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

¶ ʷʚʣʷʝʪʩʷ ʩʦʧʨʦʮʝʩʩʦʨʦʤ ʢ CPU;  

¶ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʩʦʙʩʪʚʝʥʥʦʡ 

ʧʘʤʷʪʠ;  

ftp://hvc:US88Hula@ftp.tnt.uni-hannover.de/testsequences
ftp://hvc:US88Hula@ftp.tnt.uni-hannover.de/testsequences
mailto:Flar@sibmail.com
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¶ ʦʙʣʘʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʜʝʣʴʥʳʭ 

ʧʦʪʦʢʦʚ [6].  

GPGPU ʦʙʣʘʜʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʩʫʤʤʘʨʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʥʝʞʝʣʠ CPU, ʠ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʛʨʫʟʠʪʴ ʮʝʥʪʨʘʣʴʥʳʡ 

ʧʨʦʮʝʩʩʦʨ ʚʦ ʚʨʝʤʷ ʨʝʩʫʨʩʦʝʤʢʠ ʚʳʯʠʩʣʝʥʠʡ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʥʘ 

GPGPU ʦʛʨʘʥʠʯʝʥʘ ʩʢʦʨʦʩʪʴʶ ʨʘʙʦʪʳ ʧʘʤʷʪʠ [6-7].  

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʟʘʜʘʯʘʤʠ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʡ ʥʘ GPGPU ʷʚʣʷʶʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦ-

ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʥʘʜ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʨʝʜʢʦ 

ʧʦʩʪʫʧʘʶʱʠʭ ʜʘʥʥʳʭ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʯʝʨʝʟ 

ʘʪʤʦʩʬʝʨʥʫʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʩʪʘʨʦʡ ʠ ʜʦ 

ʩʠʭ ʧʦʨ ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʝ ʨʝʰʝʥʥʦʡ ʟʘʜʘʯʝʡ. ʆʜʥʠʤ 

ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʩʝʨʠʠ ʩʥʠʤʢʦʚ.  

ʇʨʠ ʩʲʝʤʢʝ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ ʢʘʯʝʩʪʚʦ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪ ʠʟʦʙʨʘʞʝʥʠʷ ʢ 

ʠʟʦʙʨʘʞʝʥʠʶ, ʥʦ ʠ ʦʪ ʨʝʛʠʦʥʘ ʢ ʨʝʛʠʦʥʫ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʲʝʤʢʝ 

ʦʙʨʘʟʫʶʪʩʷ ʢʘʜʨʳ, ʠʤʝʶʱʠʝ ʥʝʧʨʠʝʤʣʝʤʦʝ 

ʢʘʯʝʩʪʚʦ ʚ ʮʝʣʦʤ, ʥʝʢʦʪʦʨʳʝ ʨʝʛʠʦʥʳ ʢʦʪʦʨʳʭ 

ʧʨʠʛʦʜʥʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 

ʂʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʚʳʩʪʫʧʘʝʪ 

ʯʝʪʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ [1] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ 

ʜʦʢʘʟʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʮʝʥʢʠ ʯʝʪʢʦʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʮʝʣʦʤ. ʇʨʠʚʝʜʝʤ ʧʝʨʚʳʝ ʜʚʘ 

ʚʳʨʘʞʝʥʠʷ: 

Ὓ  ὨὼὨώὍ 

Ὓ  Ὅὼȟώ  

ɹʣʘʛʦʜʘʨʷ ʦʮʝʥʢʝ ʯʝʪʢʦʩʪʠ ʮʝʣʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʩʪʠ ʤʠʥʠʤʘʣʴʥʳʡ 

ʧʦʨʦʛ ʢʘʯʝʩʪʚʘ. ʀʟʦʙʨʘʞʝʥʠʷ, ʢʘʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʥʝ 

ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʘ, ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ.  

ʆʜʥʘʢʦ, ʪʘʢʘʷ ʦʮʝʥʢʘ ʥʝ ʧʨʠʛʦʜʥʘ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ 

ʨʘʙʦʪʝ [2] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʫʥʢʮʠʷ ʢʘʯʝʩʪʚʘ 

ʣʦʢʘʣʴʥʦʛʦ ʨʝʛʠʦʥʘ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʇʫʩʪʴ ʬʫʥʢʮʠʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʠʤʝʝʪ ʚʠʜ: 

ὐ  ȿὗὍὶ ȿὨὶ 

ʛʜʝ Q{*} ï ʥʝʢʠʡ ʦʧʝʨʘʪʦʨ, ʧʨʠʤʝʥʷʝʤʳʡ ʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʣʦʩʢʦʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʷ I (r).  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʣʦʢʘʣʴʥʦʛʦ ʨʝʛʠʦʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʘʚʪʦʨʳ ʚʚʦʜʷʪ ʬʫʥʢʮʠʶ: 

ὐὶ  ȿὗὍὶ ȿὴὶ ὶὨὶ 

ʛʜʝ p (r) ï ʦʢʦʥʥʘʷ ʬʫʥʢʮʠʷ, ʰʠʨʠʥʦʡ d < a, ʧʨʠ 

ʧʣʦʱʘʜʠ ʠʟʦʙʨʘʞʝʥʠʷ S = a * a. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ GPGPU 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʳʯʠʩʣʝʥʠʝ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ 

ʪʨʝʙʫʝʪ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʥʘʜ ʜʚʫʤʝʨʥʳʤʠ 

ʤʘʩʩʠʚʘʤʠ ʜʘʥʥʳʭ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʢʘʜʨʦʚ ʩ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʢʘʤʝʨ (ʩʦʪʥʠ ï ʪʳʩʷʯʠ ʢʘʜʨʦʚ ʚ 

ʩʝʢʫʥʜʫ) ʦʙʨʘʙʦʪʢʘ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʛʦʨʘʟʜʦ 

ʙʦʣʴʰʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʯʝʤ ʤʦʞʝʪ 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʩʦʚʨʝʤʝʥʥʳʡ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠʤʝʥʝʥʠʝ GPGPU ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʠ ʨʘʟʛʨʫʟʠʪʴ 

CPU ʜʣʷ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʡ ʥʘʜ ʜʚʫʤʝʨʥʳʤʠ 

ʤʘʩʩʠʚʘʤʠ ʜʘʥʥʳʭ ʥʘ GPGPU ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ [7]: 

ɿʘʜʘʯʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʦʜʥʦʪʠʧʥʳʝ ʙʣʦʢʠ, 

ʚʳʯʠʩʣʷʝʤʳʝ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘ ʨʘʟʥʳʭ ʷʜʨʘʭ: 

#define BLOCK_SIZE 16; 

dim3 dimBlock (BLOCK_SIZE, BLOCK_SIZE); 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨ ʙʣʦʢʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 16 

ʥʘ 16 ʵʣʝʤʝʥʪʦʚ, ʠ ʨʘʟʤʝʨ ʩʝʪʢʠ ʙʣʦʢʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʦʢʨʳʪʠʷ ʤʘʪʨʠʮʳ: 

dim3 dimGrid (sze/dimBlock.x,sze/dimBlock.y); 

ʂʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʙʣʦʢʘ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩʚʦʡ 

ʧʦʪʦʢ, ʙʣʦʢʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʷʜʨʘʤ.  

ɼʣʷ ʥʘʯʘʣʘ ʚʳʯʠʩʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ 

ʧʘʤʷʪʴ ʥʘ GPU: 

float *pDeviceMemA; 

cudaMalloc ( (void **)&pDeviceMemA, sze*sze * 

sizeof (float)); 

ʇʦʩʣʝ ʯʝʛʦ ʩʢʦʧʠʨʦʚʘʪʴ ʚ ʥʝʝ ʪʨʝʙʫʝʤʳʝ 

ʜʘʥʥʳʝ, ʟʘʜʘʪʴ ʨʘʟʤʝʨʳ ʩʝʪʢʠ ʠ ʙʣʦʢʘ ʠ ʚʳʟʚʘʪʴ 

kernel-ʬʫʥʢʮʠʶ: 

best_kernel_ever<<<dimGrid, dimBlock>>> 

(pDeviceMemA, pDeviceMemB, sze); 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʢʦʧʠʨʫʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ, ʧʘʤʷʪʴ 

ʥʘ GPU ʦʩʚʦʙʦʞʜʘʝʪʩʷ.  

cudaMemcpy ( (void *)pA, pDeviceMemA, 

sze*sze* sizeof (float),cudaMemcpyDeviceToHost); 

cudaFree (pDeviceMemA); 

Kernel-ʬʫʥʢʮʠʷ ï ʬʫʥʢʮʠʷ, ʚʳʟʳʚʘʝʤʘʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʷʜʨʘ. ɺ ʨʘʤʢʘʭ ʬʫʥʢʮʠʠ 

ʩʫʱʝʩʪʚʫʶʪ ʠʥʜʝʢʩʳ ʧʦʪʦʢʘ ʚ ʙʣʦʢʝ, ʙʣʦʢʘ ʚ ʩʝʪʢʝ, 

ʨʘʟʤʝʨʥʦʩʪʠ ʙʣʦʢʘ ʠ ʩʝʪʢʠ ʙʣʦʢʦʚ [10]: 

// Block index 

int bx = blockIdx.x; 

int by = blockIdx.y; 

// Thread index 

int tx = threadIdx.x; 

int ty = threadIdx.y; 

// Block size 

int bdx = blockDim.x; 

int bdy = blockDim.y; 

// Grid size 

int gdx = gridDim.x; 

int gdy = gridDim.y; 
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ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʠʥʜʝʢʩʦʚ ʨʝʘʣʠʟʫʝʪʩʷ 

ʚʳʯʠʩʣʝʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʙʣʦʢʘ ʚ ʢʘʞʜʦʡ kernel-

ʬʫʥʢʮʠʠ. ɺʳʯʠʩʣʷʝʤʳʡ ʷʜʨʦʤ ʙʣʦʢ ʢʦʧʠʨʫʝʪʩʷ ʚ 

ʨʘʟʜʝʣʷʝʤʫʶ ʧʘʤʷʪʴ ʧʨʠ ʷʜʨʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʵʣʝʤʝʥʪʘʤ ʤʘʪʨʠʮʳ: 

__shared__ float  

As[BLOCK_SIZE][BLOCK_SIZE];  

int elemnum =  

BLOCK_SIZE*by + sze*bdx*bx + tx*sze + ty;  

As[ty][tx] = A[elemnum]; 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ GPGPU, 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʝ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʳʭ 

ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ ʤʝʞʜʫ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʴʶ ʠ ʧʘʤʷʪʴʶ GPGPU.  

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʟʚʦʣʠʪ ʦʪʩʝʠʚʘʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ 

ʜʦʣʶ ʠʟʦʙʨʘʞʝʥʠʡ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ. ʉʦʯʝʪʘʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʙʫʬʝʨʠʟʘʮʠʠ ʠ ʙʣʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

ʧʦʟʚʦʣʠʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪ, ʚ ʨʘʟʳ 

ʧʨʝʚʦʩʭʦʜʷʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ. 
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Introduction  

Nowadays information plays a great role in all 

domains of human life. Concepts of information society 

and information age, which came from twentieth 

century, known to all intuitively. There is nothing 

strange in wish to defend such important resources from 

outsiders. Just as in wish to take them contrary to 

holder`s wish. At the turn of these wishes emerges 

cryptography. 

The goal of this work was to review the elliptic 

curve cryptography primitives realization in openSSH 

(OpenBSD Secure Shell) ð which is used on most of 

node in network[1] and to create realization of attack. 

OpenSSH is a set of computer programs providing 

encrypted communication sessions over a computer 

network using the SSH protocol. It was created as an 

open source alternative to the proprietary Secure Shell 

software suite offered by SSH Communications 

Security. OpenSSH is developed as a part of the 

security conscious OpenBSD project, which is led by 

Theo de Raadt[2]. Starting with 5.7 supports ECDSA 

and ECDH [3]. Keys are NIST rule-based, including 

primary three: nistp256, nistp384 and nistp521 [4]. 

OpenSSL is used for operation with elliptic curve. The 

core openSSL library, written in the C programming 

language, implements the basic cryptographic functions 

and provides various utility functions. 

 As aim ECDSA was chosen, because ECDH is used 

only for sessional key. For attack Pollard`s-rho 

algorithm was chosen, because it universal and has 

exponential complexity. Also this algorithm has parallel 

version, that allows to compute program on several 

cores simultaneously. Mpich2 was chosen as mpi-

implementation and C++ as programming language for 

http://developer.download.nvidia.com/compute/DevZone/docs/html/C/doc/CUDA_C_Programming_Guide.pdf
http://developer.download.nvidia.com/compute/DevZone/docs/html/C/doc/CUDA_C_Programming_Guide.pdf
http://developer.download.nvidia.com/compute/DevZone/docs/html/C/doc/CUDA_C_Programming_Guide.pdf
http://developer.download.nvidia.com/compute/DevZone/docs/html/C/doc/CUDA_C_Best_Practices_Guide.pdf









































































































































































































































































































































































































































































































































































































































































































































