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ɼʝʨʞʘʚʥʝ ʚʠʜʘʥʥʷ 

ʉʚʽʜʦʮʪʚʦ ɼʝʨʞʢʦʤʽʪʝʪʫ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ  

ʂɺ ˉ 5256 ʚʽʜ 2 ʣʠʧʥʷ 2001 ʨʦʢʫ 

ɿʙʽʨʥʠʢ ʚʠʭʦʜʠʪʴ ʫʢʨʘʾʥʩʴʢʦʶ ʪʘ ʨʦʩʽʡʩʴʢʦʶ ʤʦʚʘʤʠ. 

ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè ʚʥʝʩʝʥʦ ʜʦ çʇʝʨʝʣʽʢʫ 

ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, ʚ ʷʢʠʭ ʤʦʞʫʪʴ ʧʫʙʣʽʢʫʚʘʪʠʩʷ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ ʜʦʢʪʦʨʘ ʽ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢè, 

ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʇʦʩʪʘʥʦʚʦʶ ʇʨʝʟʠʜʽʾ ɺɸʂ ʋʢʨʘʾʥʠ ʚʽʜ 26 ʪʨʘʚʥʷ 2010 ʨ., ˉ 1 ï 05/4 

(ɹʶʣʝʪʝʥʴ ɺɸʂ ʋʢʨʘʾʥʠ, ˉ 6, 2010 ʨ., ʩ. 3, ˉ 20). 
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ʂʘʬʝʜʨʘ ɸʉʋ: 50 ʣʝʪ ʥʘ ʩʣʫʞʙʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʋʢʨʘʠʥʳ 
 

ɺ 2014 ʛ. ʢʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ (ɸʉʋ) ʦʪʤʝ-

ʯʘʝʪ ʩʚʦʡ ʧʦʣʫʚʝʢʦʚʦʡ ʶʙʠʣʝʡ: ʚ 1964 ʛ. ɸʨʝʛ ɺʘʛʘʨʰʘʢʦʚʠʯ ɼʘʙʘʛʷʥ ʩʦʚ-

ʤʝʩʪʥʦ ʛʝʥʝʨʘʣʴʥʳʤ ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʂɹ çʕʣʝʢʪʨʦʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝè ɺʣʘʜʠ-

ʤʠʨʦʤ ɻʨʠʛʦʨʴʝʚʠʯʝʤ ʉʝʨʛʝʝʚʳʤ ʦʩʥʦʚʘʣ ʢʘʬʝʜʨʫ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʦʚ-ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ (ɸʋɼ). 

ɺ 1977 ʛ. ʢʘʬʝʜʨʘ ɸʋɼ ʙʳʣʘ ʨʝʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʢʘ-

ʬʝʜʨʫ ɸʉʋ. ʇʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʩʫʱʝʩʪʚ-

ʣʷʣʘʩʴ ʧʦ ʦʨʠʛʠʥʘʣʴʥʳʤ ʫʯʝʙʥʳʤ ʧʣʘʥʘʤ, ʨʘʟʨʘ-

ʙʦʪʘʥʥʳʤ ʣʠʯʥʦ ɸ. ɺ. ɼʘʙʘʛʷʥʦʤ: ʚʧʝʨʚʳʝ ʚ ʩʪʨʘʥʝ 

ʠʟʫʯʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʕɺʄ ʥʘʯʠʥʘʣʦʩʴ ʩ 

ʧʝʨʚʦʛʦ ʩʝʤʝʩʪʨʘ. 

ɺ ʧʝʨʚʳʝ ʛʦʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʬʝʜʨʳ ʦʩʥʦʚ-

ʥʳʤ ʟʘʢʘʟʯʠʢʦʤ ʅʀʈ ʷʚʣʷʣʦʩʴ ʂɹ çʕʣʝʢʪʨʦʧʨʠ-

ʙʦʨʦʩʪʨʦʝʥʠʝè. ʂʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ ɸʉʋ ʩʫʤʝʣ 

ʧʦʢʘʟʘʪʴ ʩʝʙʷ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʠ 

ʥʘʜʝʞʥʳʤ ʧʘʨʪʥʝʨʦʤ ʚ ʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʟʜʘʥʠʝʤ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʵʢʩʧʣʫʘʪʠʨʦʚʘʚʰʠʤʠʩʷ ʥʘ ʟʝʤʣʝ ʠ ʚ 

ʢʦʩʤʦʩʝ. 

ɺ 70ï90 ʛʛ. ʢʘʬʝʜʨʘ ʧʣʦʜʦʪʚʦʨʥʦ ʩʦʪʨʫʜʥʠʯʘʣʘ ʩ ʅʀʀ ʎʝʥʪʨʦʤ ʧʦʜʛʦ-

ʪʦʚʢʠ ʢʦʩʤʦʥʘʚʪʦʚ ʠʤ. ʖ. ɸ. ɻʘʛʘʨʠʥʘ (ʛ. ʄʦʩʢʚʘ), ʂɹ çʕʣʝʢʪʨʦʧʨʠʙʦʨʦ-

ʩʪʨʦʝʥʠʝè (ʛ. ʍʘʨʴʢʦʚ), ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʅʀʀ ɻʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

(ʛ. ʄʦʩʢʚʘ), ʅʀʀ ɻɸ çɸʵʨʦʧʨʦʝʢʪè (ʛ. ʄʦʩʢʚʘ), ʅʀʀ çɸʛʘʪè (ʛ. ʄʦʩʢʚʘ) ʠ 

ʜʨʫʛʠʤʠ ʚʝʜʫʱʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʦʪʨʘʩʣʠ. ʉ ʢʦʥʮʘ 90-ʭ ʛʛ. ʢʘʬʝʜʨʘ 

ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʩ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʜʝʧʘʨʪʘʤʝʥʪʦʤ ʩʪʨʘʭʦʚʦʛʦ ʬʦʥʜʘ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʋʢʨʘʠʥʳ (ʛ. ʍʘʨʴʢʦʚ), ʟʘʢʣʶʯʘʶʪʩʷ ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʜʦʛʦʚʦʨʘ ʩ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʛ. ʍʘʨʴʢʦʚʘ: ʂɹ çʇʨʦʤʘʚʪʦʤʘʪʠʢʘè, ʆʆʆ çɸʉʋʛʘʟʩʝʨʚʠʩè, 

ʨʝʛʠʦʥʘʣʴʥʳʤ ʛʘʟʦʜʦʙʳʚʘʶʱʠʤ ʫʧʨʘʚʣʝʥʠʝʤ çʍʘʨʴʢʦʚʛʘʟʜʦʙʳʯʘè. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʘʬʝʜʨʘ ɸʉʋ ʚʝʜʝʪ ʨʘʟʨʘʙʦʪʢʫ ʜʚʫʭ ʪʝʤ ʛʦʩʙʶʜ-

ʞʝʪʥʦʡ ʅʀʈ ʄʆʅ ʋʢʨʘʠʥʳ: çʈʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠè (ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʟʘʚ. ʢʘʬ, ʧʨʦʬ. ʜ.ʪ.ʥ. ʄ. ɼ. ɻʦʜʣʝʚʩʢʦʛʦ) ʠ 

çʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤè 

(ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬ., ʜ.ʪ.ʥ. ʅ. .ɺ. ʊʢʘʯʫʢʘ). 



 

4 ISSN 2079-0023. ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2014. ˉ 55 (1097) 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʩʧʝʢʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʬʝʜʨʳ ɸʉʋ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʷʚʣʷʝʪʩʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʧʘʨʪʥʝʨʘʤʠ ï ʩ ʫʥʠ-

ʚʝʨʩʠʪʝʪʦʤ ʛ. ʂʣʘʛʝʥʬʫʨʪʘ (ɸʚʩʪʨʠʷ), ʩ ʊʝʭʥʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ɻʘʤ-

ʙʫʨʛ-ɻʘʨʙʫʨʛ (ɻʝʨʤʘʥʠʷ) ʠ ʊʝʭʥʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʂʘʨʠʥʪʠʠ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʦʤ ʚ ʛ. ʌʠʣʣʘʭ (ɸʚʩʪʨʠʷ). 

ɺ 2001 ʛ. ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʨʝʢʪʦʨʘ ʅʊʋ çʍʇʀè ʧʨʦʬ. ʃ. ʃ. ʊʦʚʘʞ-

ʥʷʥʩʢʦʛʦ ʠ ʧʨʠ ʫʯʘʩʪʠʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʘʬʝʜʨʳ ɸʉʋ ʧʨʦʬʝʩʩʦʨʦʚ ʄ. ɼ ɻʦʜ-

ʣʝʚʩʢʦʛʦ ʠ ʅ. ɺ. ʊʢʘʯʫʢʘ, ʘ ʪʘʢʞʝ ʇʨʝʜʩʝʜʘʪʝʣʷ ʆʙʱʝʩʪʚʘ ʀʥʬʦʨʤʘʪʠʢʠ 

ɻʝʨʤʘʥʠʠ (GI) ʧʨʦʬʝʩʩʦʨʘ ɻ. ʄʘʡʝʨʘ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʊʝʭʥʦʣʦʛʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʝʝ ʧʨʠʤʝʥʝʥʠʝè 

(ISTA), ʢʦʪʦʨʘʷ ʦʭʚʘʪʳʚʘʣʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʥʝʡ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʙʦʣʝʝ 100 ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ ʤʠʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ɻʝʨʤʘʥʠʠ, ɸʚʩʪʨʠʠ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, 

ɼʘʥʠʠ, ʀʪʘʣʠʠ, ʈʦʩʩʠʠ, ʉʣʦʚʝʥʠʠ, ʌʠʥʣʷʥʜʠʠ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʢʦʥʬʝ-

ʨʝʥʮʠʷ ISTA ʧʨʦʭʦʜʠʣʘ ʚ ʉʦʣʪ-ʃʝʡʢ ʉʠʪʠ (ʰʪʘʪ ʖʪʘ, ʉʐɸ), ɺʝʣʣʠʥʛʪʦʥʝ 

(ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ), ʂʣʘʛʝʥʬʫʨʪʝ (ɸʚʩʪʨʠʷ), ʉʠʜʥʝʝ (ɸʚʩʪʨʘʣʠʷ), ʗʣʪʝ 

(ʋʢʨʘʠʥʘ). ʉʣʝʜʫʶʱʫʶ ʢʦʥʬʝʨʝʥʮʠʶ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʚ 2015 ʛʦʜʫ. 

ʉ 2001 ʛ. ʥʘ ʢʘʬʝʜʨʝ ɸʉʋ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʎʝʥʪʨ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (IT-ʎʝʥʪʨ), ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʷʚʣʷ-

ʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ ʚ 

ʩʬʝʨʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ 2006 ʛ. ʧʨʠ ʫʯʘʩʪʠʠ ʢʘ-

ʬʝʜʨʳ ɸʉʋ ʙʳʣ ʦʪʢʨʳʪ ʫʯʝʙʥʦ-ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ çʉʠʣʠ-

ʢʦʥʦʚʘʷ ʜʦʣʠʥʘè, ʢʦʪʦʨʳʡ ʧʨʠʟʚʘʥ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʫʜʝʥʪʘʤ ʠ ʧʨʝʧʦʜʘ-

ʚʘʪʝʣʷʤ ʚʫʟʘ ʙʝʟ ʦʪʨʳʚʘ ʦʪ ʫʯʝʙʳ ʠʣʠ ʨʘʙʦʪʳ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ ʚ ʚʦʧʣʦʱʝʥʠʠ 

ʨʝʘʣʴʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʙʠʟʥʝʩ-ʧʨʦʝʢʪʦʚ. 

ʉʝʛʦʜʥʷ ʢʘʬʝʜʨʘ ɸʉʋ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʛʦʪʦʚʢʫ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ï çʢʦʤʧʴʶʪʝʨʥʳʝ ʥʘʫʢʠè ʠ çʧʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷè. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ 

ʢʘʬʝʜʨʳ çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷè ʅʊʋ çʍʇʀè ʚʩʝʛʜʘ 

ʷʚʣʷʣʘʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʙʳʣ 

ʟʘʣʦʞʝʥ ʚ 60ï70-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʘʚʜʘʣ ʩʝʙʷ ʚ 

ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ. ʄʥʦʛʠʝ ʚʳʧʫʩʢʥʠʢʠ ʢʘʬʝʜʨʳ ɸʉʋ ʩʪʘʣʠ ʠʟʚʝʩʪʥʳʤʠ 

ʫʯʝʥʳʤʠ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʚʫʟʦʚ, ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʜʦʙʠʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʧʝʭʦʚ ʚ ʙʠʟʥʝʩʝ. 

ɿʘʣʦʛʦʤ ʫʩʧʝʭʘ ʢʘʬʝʜʨʳ ʚ ʥʘʫʢʝ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʷʚʣʷʶʪʩʷ: ʚʳʩʦʢʠʡ ʫʨʦ-

ʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʢʠ, ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʥʦʩʪʨʘʥ-

ʥʳʭ ʷʟʳʢʦʚ ʥʘ ʦʩʥʦʚʝ ʪʱʘʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʘʙʠʪʫʨʠʝʥʪʦʚ; ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʘʬʝʜʨʳ, ʢʦʪʦʨʳʡ ʧʦʣʥʦʩʪʴʶ ʩʬʦʨʤʠʨʦʚʘʥ ʠʟ ʝʸ 

ʣʫʯʰʠʭ ʚʳʧʫʩʢʥʠʢʦʚ; ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʦʩʥʘʱʝʥʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭ-

ʥʠʢʦʡ. 
ɿʘʚ. ʢʘʬ. ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ɸ. ʉ. ʂʫʮʝʥʢʦ 
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ʄ. ɼ. ɻʆɼʃɽɺʉʂʀʁ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʟʘʚ. ʢʘʬ. ɸʉʋ ʅʊʋ çʍʇʀè; 

ʕ. ɽ. ʈʋɹʀʅ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. ʅʊʋ çʍʇʀè; 

ɸ. ɸ. ɻʆʃʆʉʂʆʂʆɺɸ, ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ɸʉʋ ʅʊʋ çʍʇʀè
1
 

ʋʃʋʏʐɽʅʀɽ ʂɸʏɽʉʊɺɸ ʇʈʆʎɽʉʉɸ ʈɸɿʈɸɹʆʊʂʀ 

ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ʅɸ ʆʉʅʆɺɽ ʄɽʊʆɼʆɺ 

ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆɻʆ ɸʅɸʃʀɿɸ ɺɸʈʀɸʅʊʆɺ ʀ 

ʃʆʂɸʃʔʅʆʁ ʆʇʊʀʄʀɿɸʎʀʀ 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʣʦʢʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʘʣʛʦʨʠʪʤʘ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ, ʯʪʦ 
ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 
ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʣʦʢʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʘʨʠʘʥʪʦʚ. 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ 

ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʨʛʘʥʠʟʘʮʠʝʡïʨʘʟʨʘʙʦʪʯʠʢʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ (ʇʆ), ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ (ʇʈ) ʇʆ. 

ɼʘʥʥʦʝ ʧʦʥʷʪʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʜʜʝʨʞʠʚʘʶʱʠʤ ʧʨʦʮʝʩʩʘʤ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

(ʇɾʎ) ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ (ʇʉ). ʕʪʘʧʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʇɾʎ ʨʝʛʣʘ-

ʤʝʥʪʠʨʦʚʘʥʳ ʩʪʘʥʜʘʨʪʦʤ ɼʉʊʋ ISO/IEC TR 15504ï7. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʵʪʘ-

ʧʦʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʧʣʘʥʘ ʧʨʦʛʨʘʤʤʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʘʪʝʛʠʶ ʧʨʦʜʚʠʞʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ 

ʫʨʦʚʥʶ ʟʨʝʣʦʩʪʠ. ʌʦʨʤʘʣʠʟʘʮʠʷ ʢʨʠʪʝʨʠʝʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ 

ʜʘʥʥʦʝ ʧʨʦʜʚʠʞʝʥʠʝ, ʫʯʸʪ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʠʭ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦ ʧʝʨʠʦʜʘʤ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʨʘʟʨʘ-

ʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʇɾʎ ʠ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ï ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴ-

ʥʳʤ ʥʘʙʦʨʦʤ ʟʘʜʘʯ ʥʘ ʧʫʪʠ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʇʈ ʇʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʦʨʷʜʦʯʝʥʥʫʶ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʇɾʎ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʄʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʥʘʙʦʨʦʚ ʇɾʎ, ʥʘʟʳʚʘʝʤʳʭ ʤʦʜʝʣʷʤʠ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ɺ ʨʘʙʦʪʝ [1] ʧʨʠʚʝʜʝʥʦ 

ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʜʘʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. ʀʟ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘʙʦʨ ʇɾʎ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʦʜʝʣʠ ʟʨʝʣʦʩʪʠ CMMI (Capability Maturity Model Integration). 

ʄʦʜʝʣʴ ʟʨʝʣʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜ ʠʣʠ ʪʝʭʥʦʣʦʛʠʶ, ʥʘʧʨʘʚʣʝʥʥʫʶ 

ʥʘ ʫʣʫʯʰʝʥʠʝ ʇʈ ʇʆ. 

ʊʝʭʥʦʣʦʛʠʷ çʤʦʜʝʣʴ ʟʨʝʣʦʩʪʠè ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʠʜʝʘʣʴʥʦʝ 

ʧʨʦʜʚʠʞʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ (ʠʣʠ ʦʪʜʝʣʴʥʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ) ʢ ʞʝʣʘʝʤʦʤʫ 
                                                                                                                                                                                                                                                                                                                                                                                                                       

1É ʄ. ɼ. ɻʦʜʣʝʚʩʢʠʡ, ɸ. ɸ. ɻʦʣʦʩʢʦʢʦʚʘ, 2014 



 

6 ISSN 2079-0023. ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2014. ˉ 55 (1097) 

ʫʨʦʚʥʶ ʨʝʘʣʠʟʘʮʠʠ ʇʈ, ʟʘʜʘʥʥʦʝ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ 

(ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ) ʠʣʠ ʫʨʦʚʥʝʡ (ʢʦʪʦʨʳʭ ʥʫʞʥʦ ʜʦʩʪʠʯʴ), 

ʜʦʧʦʣʥʝʥʥʦʝ ʩʨʝʜʩʪʚʘʤʠ ʦʮʝʥʠʚʘʥʠʷ ʧʦʣʥʦʪʳ ʚʳʧʦʣʥʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʵʪʘʧʦʚ 

ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʮʝʩʩʘ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʠʩʘʥʥʳʤ ʫʨʦʚʥʷʤ [2]. ɺ ʨʘʙʦʪʝ [2] 

ʧʨʦʚʝʜʝʥʦ ʚʝʨʙʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʝʡ ʟʨʝʣʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʇʈ ʇʆ, ʘ ʚ [3] ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʮʝʥʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʇʈ ʇʆ, ʘ ʪʘʢ ʞʝ ʥʘ ʦʩʥʦʚʝ 

ʪʝʦʨʠʠ ʥʝʯʸʪʢʠʭ ʤʥʦʞʝʩʪʚ ʚʚʝʜʝʥʘ ʬʫʥʢʮʠʷ ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ kïʤʫ 

ʫʨʦʚʥʶ ʟʨʝʣʦʩʪʠ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʟʘʜʘʯʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ [4]. 

ʅʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʪʨʠʮʳ *c , ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʶ 
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ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ (1) ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ 

ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ ʇʈ ʇʆ ʥʘ ʚʩʸʤ ʧʣʘʥʦʚʦʤ ʧʝʨʠʦʜʝ. ( )1,t t tc c-F  ï 

ʧʨʠʨʦʩʪ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ ( 1)t- ïʛʦ ʥʘ tïʡ ʧʦʜʧʝʨʠʦʜ 

ʧʣʘʥʠʨʦʚʘʥʠʷ, ʛʜʝ { }tc c= , ʘ { }
t

t ijxc=  ï ʤʘʪʨʠʮʘ ʧʝʨʝʤʝʥʥʳʭ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʚʦʟʤʦʞʥʦʩʪʠ jïʡ ʯʘʩʪʥʦʡ ʧʨʘʢʪʠʢʠ iïʡ 

ʬʦʢʫʩʥʦʡ ʦʙʣʘʩʪʠ ʥʘ tïʤ ʧʦʜʧʝʨʠʦʜʝ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʋʩʣʦʚʠʝ (2) ʦʧʨʝʜʝʣʷʝʪ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ, ʛʜʝ Rt, Rt ï ʨʘʩʭʦʜʫʝʤʳʝ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʣʘʥʠʨʫʝʤʳʝ ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ, ʘ (3) ï ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʧʝʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ ( 1)t- ïʛʦ ʥʘ t ʫʨʦʚʝʥʴ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

0

ijm  ï ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʚʦʟʤʦʞʥʦʩʪʠ jïʡ ʯʘʩʪʥʦʡ ʧʨʘʢʪʠʢʠ iïʡ 

ʬʦʢʫʩʥʦʡ ʦʙʣʘʩʪʠ. 
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ɼʘʜʠʤ ʥʘʛʣʷʜʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʤʦʜʝʣʠ (1)ï(4). ʇʫʩʪʴ 
tä , 0,t T=  ï 

ʛʠʧʝʨʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʨʝʤʝʥʥʳʭ { }
t

t ijxc= , ʘ ʫʩʣʦʚʠʷ (2)ï(4) ʦʧʨʝʜʝʣʷʶʪ 

ʦʙʣʘʩʪʠ 
tG  ʠʭ ʠʟʤʝʥʝʥʠʷ ʥʘ ʢʘʞʜʦʤ tïʤ ʧʦʜʧʝʨʠʦʜʝ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʊʦʛʜʘ 

ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 
1( , )t tc c-

 ï ʦʪʨʝʟʦʢ ʣʦʤʘʥʦʡ, ʩʦʝʜʠʥʷʶʱʝʡ 

ʛʠʧʝʨʧʨʦʩʪʨʘʥʩʪʚʘ 
1t-ä  ʠ 

tä , ʘ 
1( , )t t tc c-F  ï ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ ʦʪʨʝʟʢʘ. 

ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʣʦʤʘʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ, ʩʦʝʜʠʥʷʶʱʝʡ 

ʛʠʧʝʨʧʨʦʩʪʨʘʥʩʪʚʘ 
0ä  ʠ 

Tä . ɺʩʸ ʚʦʟʤʦʞʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ 

ʣʦʤʘʥʦʡ ʦʙʦʟʥʘʯʠʤ W. 

ɺ ʨʘʙʦʪʝ [4] ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʨʝʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ ʇʈ ʇʆ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʝʸ ʨʝʰʝʥʠʷ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʩʪʦʡ ʧʝʨʝʙʦʨ ʚʘʨʠʘʥʪʦʚ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʪʩʝʯʝʥʠʠ ʧʦʜʤʥʦʞʝʩʪʚ ʚʘʨʠʘʥʪʦʚ 

ʨʘʟʚʠʪʠʷ ʇʈ ʇʆ ʥʘ ʢʘʞʜʦʤ ʧʦʜʧʝʨʠʦʜʝ ʫʧʨʘʚʣʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʪʘʥʦʚʠʪʩʷ 

ʷʩʥʳʤ, ʯʪʦ ʦʥʠ ʥʝ ʚʦʡʜʫʪ ʚ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ʉʦʛʣʘʩʥʦ [4] 

ʦʩʥʦʚʥʘʷ ʩʫʪʴ ʘʣʛʦʨʠʪʤʘ ʩʦʩʪʦʠʪ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʞʘʪʠʠ ʠʩʭʦʜʥʦʛʦ 

ʤʥʦʞʝʩʪʚʘ W ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʚʘʨʠʘʥʪʦʚ ʝʸ ʨʝʰʝʥʠʷ. ʅʘ ʢʘʞʜʦʤ sïʤ 

ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ ʧʨʦʠʟʚʦʜʠʪʩʷ çʦʪʤʝʪʘʥʠʝè ʤʥʦʞʝʩʪʚʘ 
sW  ʥʝʢʦʥʢʫʨʝʥʪʦ-

ʩʧʦʩʦʙʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʦ ʢʦʪʦʨʦʤ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʩʪʘʣʦ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʥʝ ʩʦʜʝʨʞʠʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ 

ʛʣʦʙʘʣʴʥʳʡ ʵʢʩʪʨʝʤʫʤ. ʆʜʥʘʢʦ ʦʜʥʠʤ ʠʟ ʝʛʦ ʥʝʜʦʩʪʘʪʢʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ 

ʪʨʫʜʦʝʤʢʦʩʪʴ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʥʝʢʦʪʦʨʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʢʦʪʦʨʳʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʥʘʡʪʠ ʛʣʦʙʘʣʴʥʳʡ ʵʢʩʪʨʝʤʫʤ, ʥʦ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʝʛʦ ʪʨʫʜʦʝʤʢʦʩʪʴ. 

ɺ ʨʘʙʦʪʝ [5] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ) ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

ʢʘʯʝʩʪʚʦʤ ʇʈ ʇʆ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʨʘʪʝʛʠʶ ʧʨʦʜʚʠʞʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠï

ʨʘʟʨʘʙʦʪʯʠʢʘ ʇʆ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʫʨʦʚʥʶ ʟʨʝʣʦʩʪʠ. ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʇʇʈ ʧʨʦʚʝʨʝʥʘ ʥʘ ʠʩʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʢʦʤʧʘʥʠʠ çNIX Solutionsè. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ NPïʩʣʦʞʥʦʡ ʠ ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʦʚ ʚʨʝʤʷ ʥʘ ʝʝ 

ʨʝʰʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʝ ʧʨʝʜʝʣʳ. ʋʯʠʪʳʚʘʷ ʙʦʣʴʰʫʶ 

ʨʘʟʤʝʨʥʦʩʪʴ ʟʘʜʘʯʠ ʧʨʠ ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʜʝʶ ʤʝʪʦʜʘ ʣʦʢʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ʘʣʛʦʨʠʪʤʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʦʚ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʚʠʪʠʷ ʇʈ ʇʆ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʪʨʫʜʦʝʤʢʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 
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ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʣʦʢʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʘʣʛʦʨʠʪʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʦʚ. ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ 

ʨʝʰʝʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ çɹʣʫʞʜʘʶʱʘʷ ʪʨʫʙʢʘè, ʢʦʪʦʨʳʡ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʩʦʪʨʫʜʥʠʢʘʤʠ ɺʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ. ʆʥ 

ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ ʤʝʪʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ 

ʛʣʦʙʘʣʴʥʳʡ ʵʢʩʪʨʝʤʫʤ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʪʨʫʜʦʝʤʢʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʣʛʦʨʠʪʤʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʦʚ. ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʣʦʤʘʥʘʷ 
0L, ʟʘʜʘʥʥʘʷ 

ʵʣʝʤʝʥʪʘʤʠ 
0 G , 0,t t TcÍ = , ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ (3,4). 

ʅʘʧʨʠʤʝʨ, 
0L  ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʃʇʈ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ 0

tc  ʣʦʤʘʥʦʡ 
0L  

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʦʛʦ ʮʝʥʪʨʘ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, 

ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʣʦʢʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ [6] ʚ 

ʧʨʝʜʝʣʘʭ ʥʝʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʛʠʧʝʨʧʨʦʩʪʨʘʥʩʪʚʘ t

wä . ɺʩʝ ʵʣʝʤʝʥʪʳ 

tc, ʚʭʦʜʷʱʠʝ ʚ ʣʦʢʘʣʴʥʫʶ ʦʙʣʘʩʪʴ, ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʛʨʘʥʠʯʝʥʠʷʤ ʥʘ 

ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

1) ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʷʶʱʠʝ ʛʠʧʝʨʧʨʦʩʪʨʘʥʩʪʚʘ t

wä , 1,t T= ; 

2) ʚʚʝʩʪʠ ʤʝʪʨʠʢʫ ʚ ʧʨʝʜʝʣʘʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʛʠʧʝʨʧʨʦʩʪʨʘʥʩʪʚ; 

3) ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʣʦʢʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʩ ʮʝʥʪʨʘʤʠ 0

tc , 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʚʠʜʝ çʢʘʨʢʘʩʘ ʙʣʫʞʜʘʶʱʝʡ ʪʨʫʙʢʠè. 

ʂʨʘʪʢʦ ʨʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. 

ɻʠʧʝʨʧʣʦʩʢʦʩʪʴ 
tä  ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʧʝʨʝʤʝʥʥʳʭ 

1

, ,
k

t

ij i l

l

x j J i I
=

Í Í . ʆʜʥʘʢʦ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʩʧʝʮʠʘʣʠʩʪʦʚ ʃʇʈ 

ʤʦʞʝʪ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʢʘʯʝʩʪʚʦʤ ʇʈ ʇʆ ʥʘ ʢʘʞʜʦʤ ʧʦʜʧʝʨʠʦʜʝ ʨʝʰʘʪʴ 

ʟʘʜʘʯʫ ʚ ʧʨʝʜʝʣʘʭ ʥʝʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ, ʨʘʟʤʝʨʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʘ 
tä . ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ 

ʬʦʢʫʩʥʳʝ ʦʙʣʘʩʪʠ ʧʦ ʪʝʤ ʠʣʠ ʠʥʳʤ ʧʨʠʯʠʥʘʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥʳ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʠʷ, ʘ ʚ ʨʘʤʢʘʭ ʦʩʪʘʚʰʠʭʩʷ ʦʙʣʘʩʪʝʡ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦʣʴʢʦ 

ʦʪʜʝʣʴʥʳʝ ʧʨʘʢʪʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʥʦʞʝʩʪʚʘ , 1,lI l kw =  

ʠ 
1

,
k

i l

l

J i Iw w

=

Í .  

ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʧʨʦʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʨʠʢʠ 

ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʛʠʧʝʨʧʨʦʩʪʨʘʥʩʪʚʘ t

wä . ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʵʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ 
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ʜʠʩʢʨʝʪʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʨʠʥʠʤʘʶʱʠʭ ʟʥʘʯʝʥʠʷ ʮʝʣʳʭ ʯʠʩʝʣ ʥʘ ʠʥʪʝʨʚʘʣʝ 

[0,3] ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʄʘʥʭʵʪʪʝʥʩʢʫʶ ʤʝʪʨʠʢʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ t

wä  ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 ( , )

i

s l ts tl

t t ij ij

i I j J

d x x
w w

c c
Í Í

= -ää ,  

ʛʜʝ ʠʥʜʝʢʩʳ s, l ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʫʤ ʧʨʦʠʟʚʦʣʴʥʳʤ ʪʦʯʢʘʤ ʧʨʦʩʪʨʘʥʩʪʚʘ 

1

,
k

ɤ ɤ ɤ

t l

l

I I
=

S = . ʄʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ 
t ɤ

ij tx ÍS, ʜʣʷ ʢʦʪʦʨʳʭ  

 ( )0,t t td dc c¢D ,  

ʥʘʟʦʚʝʤ ʟʘʤʢʥʫʪʳʤ ʰʘʨʦʤ ʨʘʜʠʫʩʘ 
tdD  ʩ ʮʝʥʪʨʦʤ 0

tc  ʠ ʦʙʦʟʥʘʯʠʤ ( )0
ɤ
t

t tdS cS

D
. 

ɺʝʣʠʯʠʥʘ 
tdD  ʷʚʣʷʝʪʩʷ ʮʝʣʳʤ ʯʠʩʣʦʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʦʜʧʝʨʠʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

ʊʘʢ ʢʘʢ ʥʘ ʢʘʞʜʦʤ ʧʦʜʧʝʨʠʦʜʝ ʫʧʨʘʚʣʝʥʠʷ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘ ʨʝʩʫʨʩʳ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʝ ʵʣʝʤʝʥʪʳ 

( )0
ɤ
t

tt tdSc cS

DÍ , ʢʦʪʦʨʳʝ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ (2). ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ 

ʢʘʞʜʦʤ ʧʦʜʧʝʨʠʦʜʝ ʫʧʨʘʚʣʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʦʙʣʘʩʪʠ 

 ( ) ( )0 0 , 0, 1
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ʥʘ ʵʣʝʤʝʥʪʘʭ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʶʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʦʚ [4].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʘʷ ʣʦʤʘʥʘʷ 
1L  ʠ ʪ.ʜ. ɺ ʨʘʙʦʪʝ [7] ʧʦʢʘʟʘʥʦ, 

ʯʪʦ, ʝʩʣʠ ʣʦʤʘʥʘʷ jL  ʠʟʚʝʩʪʥʘ, ʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʡ ʣʦʤʘʥʦʡ 1j+L , ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʦʚ, ʚ ʤʝʪʦʜʝ 

çɹʣʫʞʜʘʶʱʘʷ ʪʨʫʙʢʘè ʪʨʫʜʦʝʤʢʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʪʝʪ ʣʠʥʝʡʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ.  

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʦʚ ʠ ʣʦʢʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʪʨʫʜʦʸʤʢʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʭʦʪʷ ʠ ʥʝ ʜʘʸʪ ʛʘʨʘʥʪʠʠ, ʯʪʦ 

ʥʘʡʜʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʦʙʘʣʴʥʦʤʫ ʵʢʩʪʨʝʤʫʤʫ. ʎʝʣʴʶ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ: ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʣʦʢʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʚʘʨʠʘʥʪʦʚ ʠ ʝʸ ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʧʨʝʜʤʝʪ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ 

ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʠʜʘ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ 
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ʥʝʢʦʪʦʨʦʤʫ ʫʨʦʚʥʶ ʟʨʝʣʦʩʪʠ; ʫʤʝʥʴʰʝʥʠʝ ʪʨʫʜʦʸʤʢʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ 

ʦʩʥʦʚʝ ʜʝʢʦʤʧʦʟʠʮʠʠ ʤʦʜʝʣʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʦʜʟʘʜʘʯʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ 

ʢʦʦʨʜʠʥʘʮʠʝʡ. 
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ʄ. ɺ. ʊʂɸʏʋʂ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʧʨʦʬ. ʢʘʬ. çɸʉʋè, ʅʊʋ çʍʇɯè; 

ʄ. ʆ. ʇɸʅʊɽʃɽɭɺ, ʩʪʫʜʝʥʪ ʅʊʋ çʍʇɯè
2
 

ʈʆɿʈʆɹʂɸ ʇʈʆʊʆʊʀʇʋ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ 

ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ ʄɸʈʂɽʈʅʆɰ ʄʆɹɯʃʔʅʆɰ ʉʀʉʊɽʄʀ 

ɼʆʇʆɺʅɽʅʆɰ ʈɽɸʃʔʅʆʉʊɯ 

ɺ ʨʦʙʦʪʽ ʥʘʜʘʻʪʴʩʷ ʦʛʣʷʜ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʠʭ ʩʠʩʪʝʤ 
ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʠʢʣʘʜʠ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʥʘ 
ʤʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦʾ ʤʘʨʢʝʨʥʦʾ ʤʦʙʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʪʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 
ʧʦʙʫʜʦʚʘ ʧʨʦʪʦʪʠʧʫ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʥʘ ʧʣʘʪʬʦʨʤʽ Google Android ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ 
Metaio SDK. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ ʧʨʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʤʦʙʽʣʴʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʦʞʣʠʚʽ ʤʝʪʦʜʠ 
ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʚʠʩʦʢʦʛʦ ʯʘʩʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʙʽʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʤʦʙʽʣʴʥʘ ʩʠʩʪʝʤʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, Android, Metaio. 

ɺʩʪʫʧ. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʩʝʛʤʝʥʪ ʨʠʥʢʫ ʤʦʙʽʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩ-

ʪʝʤ (ʄɯʉ) ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʰʚʠʜʢʦ ʟʨʦʩʪʘʶʯʠʭ ʩʝʛʤʝʥʪʽʚ ʨʠʥʢʫ ʧʨʦʛʨʘʤ-

ʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [1]. ʑʦʨʦʢʫ ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʚʝʨʩʽʾ ʤʦʙʽʣʴʥʠʭ 

ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʥʦʚʽ ʤʦʜʝʣʽ ʪʘ ʧʦʢʦʣʽʥʥʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʄʇ). ɺ 

ʩʚʦʶ ʯʝʨʛʫ, ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʢʣʘʩʦʤ ʄɯʉ ʟʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʄʇ ʻ ʤʦʙʽʣʴʥʽ ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ (ʄʉɼʈ) [2]. 

ʈʦʟʨʦʙʥʠʢʘʤ ʄʉɼʈ ʥʝʦʙʭʽʜʥʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʦʙʤʝʞʝʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʪʨʠʤʢʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʄʇ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟ 

ʤʝʪʦʶ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʄʉɼʈ ʥʘ ʨʽʟʥʠʭ ʪʠʧʘʭ ʄʇ ʪʘ ʚ 

ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʄʇ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʨʝʩʫʨʩʘʤ ʄʉɼʈ [2, 3]. ɼʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʦʛʣʷʜʫ ʩʫʯʘʩʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʄʉɼʈ ʪʘ ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʪʠʧʦʚʠʭ ʘʨʭʽʪʝʢʪʫʨ, 

ʨʦʟʨʦʙʮʽ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʪʦʪʠʧʫ ʤʘʨʢʝʨʥʦʾ ʄʉɼʈ ʥʘ ʧʣʘʪʬʦʨʤʽ Google 

Android [4] ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

1. ʄʝʭʘʥʽʟʤʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚ-
ʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ɯʩʥʫʻ ʨʷʜ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʙʫʜʫʚʘʪʠ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ [5]. ʆʩʥʦʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʨʝʘ-

ʣʽʟʘʮʽʾ ʄʉɼʈ ʻ: ʤʘʨʢʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʙʝʟʤʘʨʢʝʨʥʽ  ʪʝʭʥʦʣʦʛʽʾ, ʛʝʦʣʦʢʘʮʽʡʥʽ ʪʝ-

ʭʥʦʣʦʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʜʘʪʯʠʢʽʚ. ʂʦʞʥʘ ʟ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʘʻ 

ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʄʘʨʢʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ [5] ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʤʘʨʢʝʨʽʚ (QR [6] ʘʙʦ 

ʰʪʨʠʭ-ʢʦʜ [7]), ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʧʦʣʝ ʟʦʨʫ ʢʘʤʝʨʠ ʤʦʙʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ɼʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʜʦʩʪʘʪʥʴʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ 

ʥʘʷʚʥʽʩʪʶ ʢʘʤʝʨʠ. ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʤʦʛ ʜʦ ʚʠʩʦʢʦʾ 

                                                                                                                                                                                                                                                                                                                                                                                                                       

2É ʄ. ɺ. ʊʢʘʯʫʢ, ʆ. ɺ. ɺʝʢʰʠʥ, ʄ. ʆ. ʇʘʥʪʝʣʝʻʚ, 2014 
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ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʤʘʨʢʝʨʫ.  ʋ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʽʚ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʥʘʚʝʩʪʠ 

QR Droid [8]. 

ɹʝʟʤʘʨʢʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʄʉɼʈ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʨʘʟʽʚ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʥʘ ʟʦʙʨʘʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʥʘʢʣʘʜʘʻʪʴʩʷ ʚʽʨʪʫʘʣʴʥʘ ʩʽʪʢʘ, ʥʘ ʥʠʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʝʚʥʽ ʦʧʦʨʥʽ ʪʦʯʢʠ, ʜʦ 

ʷʢʠʭ ʙʫʜʝ ʧʨʠʚôʷʟʘʥʦ ʚʽʨʪʫʘʣʴʥʫ ʤʦʜʝʣʴ ʦʙôʻʢʪʫ [5]. ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʘ ʜʦ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʻ ʢʦʥʪʨʘʩʪʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ, ʽ ʷʢ ʧʨʠʢʣʘʜ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʝ ʙʫʪʠ ʥʘʚʝʜʝʥʘ . ʪʘʢʘ ʄʉɼʈ ʷʢ Layer [9]. 

ɻʝʦʣʦʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʠʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʢʣʘʜʽ ʄʉɼʈ, 

ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʘ ʚʽʜʩʪʘʥʝʡ ʜʦ ʦʙôʻʢʪʽʚ ʚ 

ʨʝʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ 

ʪʘ ʦʙôʻʢʪʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʨʷʜ ʥʴʦʛʦ. ʄʉɼʈ, ʷʢʽ  ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ GPS-ʤʦʜʫʣʴ [10], ʢʦʤʧʘʩ ʪʘ ʛʽʨʦʩʢʦʧ, ʮʝ 

ʪʘʢʽ ʩʠʩʪʝʤʠ, ʷʢ, ʥʘʧʨʠʢʣʘʜ iOnRoad [11] ʪʘ RoadAR [12]. 

ʆʩʥʦʚʥʠʤʠ ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʽʥʬʨʘʯʝʨʚʦʥʠʭ 

ʜʘʪʯʠʢʽʚ ʫ ʄʉɼʈ ʻ  ʚʽʜʧʦʚʽʜʥʠʡ ʜʘʪʯʠʢ ʜʣʷ ʟʘʤʽʨʫ ʛʣʠʙʠʥʠ ʪʘ ʚʽʜʩʪʘʥʽ ʜʦ 

ʦʙôʻʢʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʄʉɼʈ,  ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ, 

ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʧʽʟʥʘʚʘʪʠ ʞʝʩʪʠ ʪʘ ʨʫʭʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʮʠʭ ʩʠʩʪʝʤ, ʽ ʩʘʤʝ ʪʦʤʫ  

ʪʘʢʽ ʩʠʩʪʝʤʠ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʫ ʩʬʝʨʽ ʨʦʟʚʘʛ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, ʦʧʠʩ ʄʉɼʈ 

Kinect [13]). 

ɺ ʮʽʡ ʨʦʙʦʪʽ ʥʘʡʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʤʘʨʢʝʨʥʽ ʪʝʭʥʦʣʦʛʽʡ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʄʉɼʈ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ ʥʘʢʣʘʜʘʶʪʴ ʽʩʪʦʪʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ 

ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʄʇ ʪʘ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʦʛʨʘʤʥʠʭ 

ʙʽʙʣʽʦʪʝʢ. 

2. ʈʦʟʨʦʙʢʘ ʘʨʭʽʪʝʢʪʫʨʠ ʧʨʦʪʦʪʠʧʫ ʘʜʘʧʪʠʚʥʦʾ ʤʦʙʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʦ-

ʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʪʠʧʦʚʠʭ ʘʨʭʽʪʝ-

ʢʪʫʨ ʄʉɼʈ [14, 15, 16] ʪʘ ʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʨʝʘʣʽʟʘʮʽʾ ʘʜʘʧ-

ʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʪʘʢʠʭ ʩʠʩʪʝ-

ʤʘʭ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʠʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʦʪʦʪʠʧ ʚʽʜʧʦʚʽʜʥʦʾ 

ʄʉɼʈ ʥʘ ʦʩʥʦʚʽ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʙʫʣʦ ʚʠʢʣʘʜʝʥʦ ʚ [14].ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʘ 

UML-ʜʽʘʛʨʘʤʘ ʨʦʟʛʦʨʪʘʥʥʷ [17] ʪʨʠʨʽʚʥʝʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʄʉɼʈ ʟ ʢʦʤʧʦ-

ʥʝʥʪʘʤʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ʊʘʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʘ ʢʣʽʻʥʪʩʴʢʦʤʫ ʚʫ-

ʟʣʽ ʩʠʩʪʝʤʠ ʻ ʥʘʩʪʫʧʥʽ: 1) ʧʨʦʚʘʡʜʝʨ ʚʽʜʜʘʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ (remote calculation 

provider), ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʟ ʧʝʨʝʘʜʨʝʩʘʮʽʾ ʦʙʯʠʩʣʝʥʴ ʥʘ ʩʝʨʚʝʨ ʟʘʩʪʦʩʫ-

ʚʘʥʴ; 2) ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʢʦʤʧʦʥʝʥʪ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʷʜʨʘ (computing core). 

ɺʫʟʦʣ ʩʝʨʚʝʨʘ ʟʘʩʪʦʩʫʚʘʥʴ ʨʦʟʰʠʨʝʥʦ ʥʘʩʪʫʧʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ: 

1) ʢʦʥʪʨʦʣʝʨ ʚʽʜʜʘʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ (remote calculation controller) ʱʦ ʥʘʜʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʥʘ ʩʪʦʨʦʥʽ  ʩʝʨʚʝʨʫ ʟʘʩʪʦʩʫʚʘʥʴ; 2) ʤʦʜʝʣʴ 

ʦʙʯʠʩʣʝʥʴ (calculation model) ï ʨʝʧʦʟʠʪʦʨʽʡ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ 

ʦʙʯʠʩʣʝʥʥʷ; 3) ʩʝʨʚʝʨʥʠʡ ʢʦʤʧʦʥʝʥʪ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʷʜʨʘ (computing core). 

ʆʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʻ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝ-

ʥʦʩʫ ʦʙʯʠʩʣʝʥʴ ʟ ʚʫʟʣʘ ʤʦʙʽʣʴʥʦʛʦ ʢʣʽʻʥʪʫ ʥʘ ʚʫʟʦʣ ʩʝʨʚʝʨʫ ʟʘʩʥʦʚʫʚʘʥʴ 

ʄʉɼʈ ʪʘ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʧʝʨʝʥʦʩʫ. 
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ʈʠʩ. 1 ï ʊʨʠʨʽʚʥʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘ ʘʜʘʧʪʠʚʥʦʾ ʄʉɼʈ 

ɺʟʘʻʤʦʜʽʷ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘʢʦʾ ʄʉɼʈ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2  ʫ 

ʚʠʛʣʷʜʽ UML - ʜʽʘʛʨʘʤʠ ʚʟʘʻʤʦʜʽʾ [17]. 
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ʈʠʩ. 2 ï ɺʟʘʻʤʦʜʽʷ ʢʦʤʧʦʥʝʥʪʽʚ ʘʜʘʧʪʠʚʥʦʾ ʄʉɼʈ 

ʅʘ ʮʽʡ ʜʽʘʛʨʘʤʽ  ʚʢʘʟʘʥʦ ʦʙôʻʢʪ ʢʦʤʧʦʥʝʥʪʫ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

(ʂɸʋ),  ʷʢʠʡ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʥʘ ʚʫʟʣʽ ʄʇ ʘʙʦ ʧʨʦ 

ʧʝʨʝʥʦʩ ʦʙʯʠʩʣʝʥʴ ʥʘ ʩʪʦʨʦʥʫ ʩʝʨʚʝʨʫ ʄʉɼʈ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʚʠʧʘʜʢʫ ʦʙʤʝ-

ʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʄʇ ʪʘ ʚʝʣʠʢʦʾ ʦʙʯʠʩʣʶʚʘʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʧʝʚʥʠʭ ʦʧʝʨʘʮʽʡ ʩʪʘʻ 

ʤʦʞʣʠʚʠʤ ʾʭ ʚʠʢʦʥʘʥʥʷ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʫ ʄʉɼʈ. 

3. ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʪʦʪʠʧʫ ʤʦʙʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝ-
ʘʣʴʥʦʩʪʽ. ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʩʧʨʦʝʢʪʦʚʘʥʦ ʪʘ ʨʦʟʨʦʙ-

ʣʝʥʦ ʤʘʨʢʝʨʥʫ ʄʉɼʈ ʥʘ ʧʣʘʪʬʦʨʤʽ Android 4. ʈʦʟʨʦʙʣʝʥʘ ʄʉɼʈ ʤʘʻ ʪʨʠʨ-̔

ʚʥʝʚʫ ʘʨʭʽʪʝʢʪʫʨʫ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ Metaio-SDK [18]. ʎʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʫʻ  

ʟʦʙʨʘʞʝʥʥʷ ʟ ʢʘʤʝʨʠ ʄʇ  ̔ʨʝʘʣʽʟʫʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʝʚʥʦʛʦ ʤʘʨʢʝʨʫ ʥʘ ʮʴʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ, ʚʠʢʦʥʫʻ ʧʦʰʫʢ ʜʘʥʠʭ, ʧʦʚôʷʟʘʥʠʭ ʟ ʮʠʤ ʤʘʨʢʝʨʦʤ ʪʘ ʚʽʜʦʙʨʘʞʘʻ 

ʨʝʟʫʣʴʪʘʪ ʦʙʨʦʙʢʠ ʥʘ ʝʢʨʘʥʽ ʄʇ.  

 

ʈʠʩ. 3 ï ɺʟʘʻʤʦʜʽʷ ʧʨʦʪʦʪʠʧʫ ʄʉɼʈ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 
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ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʧʨʦʪʦʪʠʧ ʄʉɼʈ ʥʝ ʤʽʩʪʠʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʢʦʥʫʻ ʫʩʽ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʩʪʦʨʦʥʽ ʄʇ. ɼʽʘʛʨʘʤʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. ʅʘ ʥʽʡ 

ʟʘʟʥʘʯʝʥʽ ʚʫʟʴʢʽ ʤʽʩʮʽ, ʷʢʽ ʚ ʥʘʩʪʫʧʥʠʭ ʨʝʘʣʽʟʘʮʽʷʭ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ɯʥʪʝʨʬʝʡʩ ʧʨʦʪʦʪʠʧʫ 

ʄʉɼʈ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4 ʪʘ 5. ʅʘ ʨʠʩ. 4 ʥʘʚʝʜʝʥʦ ʚʠʭʽʜʥʽ ʜʘʥʽ ʟ ʢʘʤʝʨʠ ʄʇ, 

ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʄʉɼʈ. 

 

ʈʠʩ. 4 ï ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʄʉɼʈ 

ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʨʦʪʦʪʠʧʦʤ ʄʉɼʈ ʥʘ ʮʝ ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʦ 

ʥʘʢʣʘʜʝʥʦ ʟʛʝʥʝʨʦʚʘʥʫ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʚʫʟʣʘ, ʱʦ ʤʽʩʠʪʴ ʦʙôʻʢʪ ʟ 

ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʫ ʷʢʦʩʪʽ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ. ʈʝʟʫʣʴʪʘʪ ʜʦʧʦʚʥʝʥʥʷ  

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5. 

 

ʈʠʩ. 5 ï ɼʦʧʦʚʥʝʥʝ ʟʦʙʨʘʞʝʥʥʷ ʄʉɼʈ. 

ɼʣʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʪʦʪʠʧʫ ʤʘʨʢʝʨʥʦʾ ʄʉɼʈ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʫ-

ʚʘʥʥʷ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ [19]. ʄʝʪʦʶ ʮʴʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʙʫʣʦ ʚʠʷʚʣʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʽʜ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʄʇ ʪʘ ʯʘʩʫ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʽʜ ʦʙôʻʤʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʋ ʷʢʦʩʪʽ ʪʝʩʪʦʚʠʭ ʄʇ ʙʫʣʦ ʦʙʨʘʥʦ 
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HTC One, HTC Wildfire S, Samsung Galaxy S2. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ 

ʧʨʠʩʪʨʦʾʚ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʷ 1 ï ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʪʦʚʠʭ ʄʇ 

ʂʣʘʩ 

ʄʇ 

ʅʘʟʚʘ ʧʨʠ-

ʩʪʨʦʶ 

ʇʨʦʮʝʩʦʨ ʆɿʋ ɺʽʜʝʦʧʨʦʮʝ-

ʩʦʨ 

ʆʮʽʥʢʘ 

ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʽ 

P1 HTC One Snapdragon 

600, 1,7 ɻɻʮ 

(4 ʷʜʨʘ) 

2 ɻɹ RAM Adreno 320 26556 

P2 Samsung 

Galaxy S2 

Exynos 4210, 

1200 ʄɻʮ 

(2 ʷʜʨʘ) 

1 ɻɹ RAM Mali-400 MP 6173 

P3 HTC 

Wildfire S 

MSM7227, 600 

ʄɻʮ (1 ʷʜʨʦ) 

512 ʄɹ 

RAM 

Adreno 200 1804 

 

ɼʣʷ ʦʮʽʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʙʽʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʙʫʣʦ ʦʙʨʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʦʮʽʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʤʦʙʽʣʴʥʝ ʇɿ 

Antutu [20]. ʋ ʷʢʦʩʪʽ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ ʙʫʣʦ ʦʙʨʘʥʦ ʟʦʙʨʘʞʝʥʥʷ ʟ ʨʽʟʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʴʯʦʾ ʟʜʘʪʥʦʩʪʽ (ʈɿ). ʄʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʯʦʪʠʨʠ ʢʣʘʩʠ 

ʦʙôʻʤʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʘʙʦ ʢʣʘʩʽʚ ʩʢʣʘʜʥʦʩʪʽ: 

¶ C1 ʈɿ ʩʢʣʘʜʘʻ 480x320; 

¶ C2 ʈɿ ʩʢʣʘʜʘʻ 720x480; 

¶ C3 ʈɿ ʩʢʣʘʜʘʻ 960x720; 

¶ C4 ʈɿ ʩʢʣʘʜʘʻ 1280x720. 

ɺ ʭʦʜʽ ʪʝʩʪʫʚʘʥʥʷ ʙʫʣʦ ʦʮʽʥʝʥʦ ʯʘʩ ʦʙʨʦʙʢʠ ʧʨʦʪʦʪʠʧʦʤ ʄʉɼʈ ʟʦʙʨʘ-

ʞʝʥʴ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʩʢʣʘʜʥʦʩʪʽ, ʪʦʙʪʦ ʟʦʙʨʘʞʝʥʥʷ ʨʽʟʥʦʛʦ ʨʦʟ-

ʤʽʨʫ. ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ  ʄʇ 

ˉ ʅʘʟʚʘ ʧʨʠʩʪʨʦʶ ʈʦʟʧʦʜʽʣʴʯʘ ʟʜʘʪʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʏʘʩ, ʤʩ 

1 HTC One 480x320 27 

2 HTC One 720x480 38 

3 HTC One 960x720 61 

4 HTC One 1280x720 117 

5 HTC Wildfire S 480x320 38 

6 HTC Wildfire S 720x480 62 

7 HTC Wildfire S 960x720 132 

8 HTC Wildfire S 1280x720 289 

9 Samsung Galaxy S2 480x320 32 

10 Samsung Galaxy S2 720x480 49 

11 Samsung Galaxy S2 960x720 95 

12 Samsung Galaxy S2 1280x720 196 
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ɻʨʘʬʽʯʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6 ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ. 

 
ʈʠʩ. 6 ï ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʧʨʷʤʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙôʻʤʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʘ ʯʘʩ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʣʷ ʧʨʠʩʪʨʦʾʚ 

ʢʣʘʩʽʚ P2 ʪʘ P3 ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʴ (250ï300 ʤʩ), ʱʦ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʟʨʫʯʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʥʥʷ ʄʉɼʈ [21].  ɼʣʷ 

ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʥʝʜʦʣʽʢʽʚ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʘʜʘʧʪʠʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ 

ʄʉɼʈ [14], ʟ ʤʝʪʦʶ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʄʉɼʈ. 

ɺʠʩʥʦʚʢʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʘʜʘʧʪʘʮʽʾ 

ʄʉɼʈ ʪʘ ʨʦʟʨʦʙʢʠ ʤʘʨʢʝʨʥʦʾ ʄʉʈɼ ʥʘ ʧʣʘʪʬʦʨʤʽ Android. ʈʦʟʛʣʷʥʫʪʽ 

ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʄʉɼʈ ʪʘ ʪʠʧʦʚʽ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘʢʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ. ʊʘʢʦʞ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʪʦʪʠʧ ʤʘʨʢʝʨʥʦʾ ʄʉɼʈ ʪʘ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʇʨʠ ʘʥʘʣʽʟʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʄʉɼʈ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʥʷ ʚʽʜ ʡʦʛʦ ʨʦʟʤʽʨʫ ʪʘ ʚʠʷʚʣʝʥʦ ʢʨʠʪʠʯʥʝ ʟʨʦʩʪʘʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʥʷ ʄʉɼʈ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʄʉɼʈ. ʋ ʤʘʡʙʫʪʥʴʦʤʫ 

ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʰʠʨʠʪʠ ʮʝʡ ʧʨʦʪʦʪʠʧ ʢʦʤʧʦʥʝʥʪʘʤʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, 

ʱʦ ʙʫʜʫʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦʾ ʘʜʘʧʪʘʮʽʾ ʄʉɼʈ. 

ʉʧʠʩʦʢ ʣʪ̔ʝʨʘʪʫʨʠ: 1. Research Smartphones Forecast to Represent Over 50% of Total Cellphone 
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ɸʅɸʃɯɿ ɽʃɽʂʊʈʆʅʅʀʍ ʌɯʃʔʊʈɯɺ ɹɸʊʊɽʈɺʆʈʊɸ 

ʏʀʉɽʃʔʅʀʄʀ ʄɽʊʆɼɸʄʀ 

ʉʪʚʦʨʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʥʥʠʭ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ ʨʽʟʥʠʭ ʧʦʨʷʜʢʽʚ. ʅʘ ʦʩʥʦʚʽ 
ʤʘʪʨʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ 
ʧʨʦʛʨʘʤʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʬʽʣʴʪʨʘʭ ʪʘ ʾʭ ʧʨʷʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ. 
ʈʦʟʨʘʭʦʚʘʥʽ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʪʘ ʧʨʷʤʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 
ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ ʨʽʟʥʠʭ ʧʦʨʷʜʢʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʥʥʽ ʬʽʣʴʪʨʠ, ʬʽʣʴʪʨ ɹʘʪʪʝʨʚʦʨʪʘ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, 

ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ, ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ, ʧʨʷʤʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ. 

ɺʩʪʫʧ. ʌʽʣʴʪʨ ɹʘʪʪʝʨʚʦʨʪʘ ï ʝʣʝʢʪʨʦʥʥʠʡ ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ, ʷʢʠʡ 

ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʦ ʛʣʘʜʢʫ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘ ʯʘʩʪʦʪʘʭ 

ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʢʦʪʨʘ ʟʥʠʞʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʜʦ ʥʫʣʷ ʥʘ ʯʘʩʪʦʪʘʭ ʩʤʫʛʠ 

ʧʦʜʘʚʣʝʥʥʷ. ʈʦʟʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʥʥʦʛʦ ʬʽʣʴʪʨʘ ʽʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʻ ʩʢʣʘʜʥʦʶ ʦʧʪʠʤʽʟʘʮʽʡʥʦʶ ʟʘʜʘʯʝʶ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ [1]. ʇʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʬʽʣʴʪʨʽʚ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʬʽʣʴʪʨʽʚ, ʚʠʟʥʘʯʝʥʠʭ ʫ 

ʚʠʛʣʷʜʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʪʘ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʷʢʠʭ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʨʠʯʥʽ ʤʝʪʦʜʠ ʽʥʪʝʛʨʫʚʘʥʥʷ 

[1, 2]. ɿʘ ʧʝʨʝʭʽʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʧʨʷʤʽ ʧʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ ʬʽʣʴʪʨʽʚ [1, 3]. 

ʄʝʪʘ ʩʪʘʪʪʽ ʧʦʣʷʛʘʻ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʘʣʛʦʨʠʪʤʽʚ 

ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʧʨʷʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ 

ʝʣʝʢʪʨʦʥʥʠʭ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ. 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ. ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɸʏʍ) ʬʽʣʴʪʨʘ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ɹʘʪʪʝʨʚʦʨʪʘ ʧʦʨʷʜʢʫ n  

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʚʠʨʘʟʦʤ 

 
nA 211)( w+=w , (1) 

ʜʝ w ï ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ. 

ɺʩʽ ʧʦʣʶʩʠ ʢʚʘʜʨʘʪʘ ʤʦʜʫʣʷ ʮʽʻʾ ɸʏʍ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʢʦʣʽ ʦʜʠʥʠʯʥʦʛʦ 

ʨʘʜʽʫʩʫ ʥʘ ʢʫʪʦʚʽʡ ʚʽʜʩʪʘʥ ̔ n/p=q . ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

ʬʽʣʴʪʨʘ ʦʙʠʨʘʶʪʴ ʧʦʣʶʩʠ, ʱʦ ʣʝʞʘʪʴ ʚ ʣʽʚʽʡ ʧʽʚʧʣʦʱʠʥʽ: 

 ))2(exp( kk js j+p= ,    1-=j ,    2)12( q-=j kk
,    nk ,1= . (2) 

                                                                                                                                                                                                                                                                                                                                                                                                                       

3 É ɺ. ʇ. ʉʝʚʝʨʠʥ, ʆ. ʄ. ʅʽʢʫʣʽʥʘ, ɺ. ʉ. ɹʫʨʷʢʦʚʩʴʢʠʡ, 2014 
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ʇʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʬʽʣʴʪʨʫ ɹʘʪʪʝʨʚʦʨʪʘ ʤʘʻ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ: 

 )(/1)( sDsH = ,   
nn

nnn

k k dsdsdsdsssD ++++=-= -

-

=Ô 1

1

101
...)()( , (3) 

ʜʝ 10=d  ʽ 1=nd . 

ɼʣʷ ʥʝʧʘʨʥʦʛʦ ʪʘ ʧʘʨʥʦʛʦ n  ʚʽʜʧʦʚʽʜʥʦ ʦʪʨʠʤʘʻʤʦ: 

 Ô
-

=
+j++=

2)1(

1

2 )1sin2()1()(
n

k kssssD ,   Ô=
+j+=

2

1

2 )1sin2()(
n

k ksssD . (4) 

ʆʙʯʠʩʣʠʤʦ ʢʦʝʬʽʮʽʻʥʪʠ 
1/ -= kkk dda , nk ,1= , ʪʘ ʧʝʨʝʡʜʝʤʦ ʚʽʜ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ (3) ʜʦ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʥɹʠʭ ʨʽʚʥʷʥʴ (ʉɼʈ): 

 udtd BAXX += ,     0=0X ,     CX=y , (5) 

ʜʝ )(tXX =   ʽ  
0X  ï ʚʝʢʪʦʨʠ ʩʪʘʥʫ ʽ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ;  

A  ʽ B  ï ʤʘʪʨʠʮʽ ʩʪʘʥʫ ʽ ʚʭʦʜʫ; 

)(1 tu=  ï ʚʭʽʜʥʠʡ ʚʧʣʠʚ; 

C   ̔ )(tyy=  ï ʤʘʪʨʠʮʷ ʽ ʟʤʽʥʥʘ ʚʠʭʦʜʫ. 

ʄʘʪʨʠʮʽ ʉɼʈ (5) ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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B ,    ( )0...001=C . (6) 

ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ. ʄʘʪʨʠʯʥʽ ʤʝʪʦʜʠ ʽʥʪʝʛʨʫʚʘʥʥʷ, 

ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʦʟʨʘʭʫʥʢʫ ʤʘʪʨʠʯʥʦʾ ʝʢʩʧʦʥʝʥʪʠ ʪʘ ʾʾ ʽʥʪʝʛʨʘʣʫ, ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʷʢ ʞʦʨʩʪʢʠʭ, ʪʘʢ ʽ ʥʝʞʦʨʩʪʢʠʭ ʉɼʈ [1, 2]. 

ʄʘʪʨʠʯʥʘ ʝʢʩʧʦʥʝʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʷʜʦʤ, ʱʦ ʨʽʚʥʦʤʽʨʥʦ ʩʭʦʜʠʪʴʩʷ:  

 2++++== !3!2)( 32
AAAEA

Aej , (7) 

ʜʝ A  ï ʢʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ; 

E  ï ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ. 

ɸʥʘʣʦʛʽʯʥʦ ʧʨʝʜʩʪʘʚʠʤʦ ʨʷʜ ʜʣʷ ʽʥʪʝʛʨʘʣʫ ʤʘʪʨʠʯʥʦʾ ʝʢʩʧʦʥʝʥʪʠ 

 [ ]2++++==ñ !4)(!3)(!2),( 32

0
hhhhdteh

h
t

AAAEA
AF , (8) 

ʜʝ h  ï ʢʨʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ. 
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ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʬʫʥʢʮʽʾ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʘʪʨʠʯʥʘ ʝʢʩʧʦʥʝʥʪʘ (7) ʪʘ ʾʾ ʽʥʪʝʛʨʘʣ (8), ʟʘ ʢʦʪʨʠʤ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʝʢʪʦʨ 

BAg ),( hF= . ʎʽ ʧʘʨʘʤʝʪʨʠ ʟʥʘʡʜʝʤʦ ʟʘ ʥʘʩʪʫʧʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

ɸʣʛʦʨʠʪʤ 1. ʇʘʨʘʤʝʪʨʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʬʫʥʢʮʽʾ. 

ɺʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ: A  ʪʘ B  ï ʤʘʪʨʠʮ ̔ ʩʪʘʥʫ ʪʘ ʚʭʦʜʫ, h  ï ʢʨʦʢ 

ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ɺʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ: j ï ʤʘʪʨʠʯʥʘ ʝʢʩʧʦʥʝʥʪʘ, g  ï ʜʦʙʫʪʦʢ ʽʥʪʝʛʨʘʣʘ 

ʤʘʪʨʠʯʥʦʾ ʝʢʩʧʦʥʝʥʪʽ ʥʘ ʤʘʪʨʠʮʶ ʚʭʦʜʫ. 

1. ʇʦʢʣʘʩʪʠ 1,0=e , 1210-=d , AA =N . 2. ʗʢʱʦ e<hNA
, ʪʦ ʧʦʢʣʘʩʪʠ 

0=l , hs= , ʽʥʘʢʰʝ ʦʙʯʠʩʣʠʪʠ )]([log2 e= hNl A
, lhs 2= . 3. ʇʦʢʣʘʩʪʠ 

sAB= , BC 5,0= , CE+=F , 2=i . 4. ʗʢʱʦ Fd>C , ʪʦ ʧʦʢʣʘʩʪʠ 1+=ii , 

iBCC= , C+=FF , ̔ ʥʘʢʰʝ ʧʝʨʝʡʪʠ ʜʦ ʧ. 6. 5. ʇʝʨʝʡʪʠ ʜʦ ʧ. 4. 6. ʇʦʢʣʘʩʪʠ 

FF s= , Fj AE+= , Bg F= , 1=i . 7. ʗʢʱʦ 0=l , ʪʦ ʧʝʨʝʡʪʠ ʜʦ ʧ. 10. 

8. ʇʦʢʣʘʩʪʠ gEg )( j+= , jjj= , 1+=ii . 9. ʗʢʱʦ li<, ʪʦ ʧʝʨʝʡʪʠ ʜʦ ʧ. 8. 

10. ɿʫʧʠʥʠʪʠʩʴ. 

ʇʝʨʝʭʽʜʥʘ ʬʫʥʢʮʽʷ ʩʠʩʪʝʤʠ (5) ʤʘʻ ʚʠʛʣʷʜ: 

 ñ t+= t
t

t deet
0

0)( BXX
AA ,    )()( tty CX= . (9) 

ɿʚʽʜʩʠ ʦʪʨʠʤʘʻʤʦ ʨʝʢʫʨʝʥʪʥʽ ʚʠʨʘʟʠ ʜʣʷ ʜʠʩʢʨʝʪʥʠʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ: 

 0=0X ,     gXAX += -1)( kk hj ,     Lk ,1= , (10) 

ʜʝ L  ï ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ɿʘ ʬʦʨʤʫʣʦʶ (10) ʧʦʙʫʜʫʻʤʦ ʘʣʛʦʨʠʪʤ. 

ɸʣʛʦʨʠʪʤ 2. ʈʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʴ ʧʝʨʝʭʜ̔ʥʦʾ ʬʫʥʢʮʽʾ. 

ɺʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ: A , B  ʪʘ C  ï ʤʘʪʨʠʮ ̔ʩʪʘʥʫ, ʚʭʦʜʫ ʽ ʚʠʭʦʜʫ, fT  ʪʘ 

L  ï ʢʽʥʝʮʴ ʽʥʪʝʨʚʘʣʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ ʽʥʪʝʛʨʫʚʘʥʥ̫ . 

ɺʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ: T  ʪʘ Y  ï ʤʘʩʠʚʠ ʤʦʤʝʥʪʽʚ ʯʘʩʫ  ̔ʟʥʘʯʝʥʴ ʧʝʨʝʭʽʜʥʦʾ 

ʬʫʥʢʮʽʾ.  

1. ʇʦʢʣʘʩʪʠ LTh f= , 0=X , ʟʘ ʘʣʛʦʨʠʪʤʦʤ 1 ʦʙʯʠʩʣʠʪʠ ),( gj . 

2. ʇʦʢʣʘʩʪʠ 00=T , 00=Y , 1=k . 3. ʇʦʢʣʘʩʪʠ gXX +=j . 4. ʇʦʢʣʘʩʪʠ 

hTT kk += -1
, CX=kY . 5. ʗʢʱʦ Lk< , ʪʦ ʧʦʢʣʘʩʪʠ 1+=kk  ʽ ʧʝʨʝʡʪʠ ʜʦ ʧ 3. 

6. ɿʫʧʠʥʠʪʠʩʴ. 

ɸʣʛʦʨʠʪʤʠ 1 ʪʘ 2 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʘʪʨʠʯʥʠʭ ʤʝʪʦʜʘʭ ʨʦʟʚôʷʟʘʥʥʷ 

ʉɼʈ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤʘʭ ʪʘ ʾʭ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʧʝʨʝʡʜʝʤʦ ʜʦ ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʬʫʥʢʮʽʾ ʚʽʜ 

ʾʾ ʩʪʘʣʦʛʦ ʟʥʘʯʝʥʥʷ )()()( ¤-= ytytz . ɺ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ ],0[ fT  ʦʙʯʠʩʣʠʤʦ 

ʤʘʩʠʚ ʝʢʩʪʨʝʤʫʤʽʚ E  ʬʫʥʢʮʽʾ )(tz  ʨʦʟʤʽʨʥʦʩʪʽ m. ɺʠʟʥʘʯʠʤʦ ʤʘʢʩʠʤʘʣʴʥʝ 
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ʚʽʜʭʠʣʝʥʥʷ }0},max{{ iE=s . ɼʣʷ 1>m  ʦʙʯʠʩʣʠʤʦ ʨʦʟʤʘʭ ʢʦʣʠʚʘʥʴ z ʪʘ 

ʧʦʢʘʟʥʠʢ ʟʘʛʘʩʘʥʥʷ ʢʦʣʠʚʘʥʴ l: 

 
ii

i
EE 212max -=z -

,  ]2[,1 mi = ;    }{max 1-=l ii
i

EE ,  mi ,2= . (11) 

ɼʣʷ ʤʦʥʦʪʦʥʥʦʾ ʬʫʥʢʮʽʾ ʧʦʢʣʘʜʝʤʦ 0=s . ɼʣʷ ʪʘʢʦʾ ʬʫʥʢʮʽʾ ʪʘ ʬʫʥʢʮʽʾ ʟ 

ʦʜʥʠʤ ʝʢʩʪʨʝʤʫʤʦʤ 0=z  ʽ 0=l . ʏʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ 
ct  ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʤʦʤʝʥʪʦʤ ʯʘʩʫ ʧʦʧʘʜʘʥʥʷ )(tz  ʚ ʟʘʜʘʥʠʡ ʽʥʪʝʨʚʘʣ ],[ zz dd- : 

 )},0[,)(max{ ¤Íd== ttztt zc
. (12) 

ɺʠʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ s, z, l ʪʘ 
ct  ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʧʨʷʤʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʬʫʥʢʮʽʡ ʬʽʣʴʪʨʽʚ. 

ɸʥʘʣʽʟ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ. ɿʘ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʤʦʜʝʣʷʤʠ ʪʘ 

ʘʣʛʦʨʠʪʤʘʤʠ ʨʦʟʨʦʙʣʝʥʽ ʧʨʦʛʨʘʤʠ ʘʥʘʣʽʟʫ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ: ʜʣʷ ʘʥʘʣʽʟʫ 

ʦʜʥʦʛʦ ʬʽʣʴʪʨʫ ʪʘ ʜʣʷ ʩʫʤʽʩʥʦʛʦ ʘʥʘʣʽʟʫ 

ʢʽʣʴʢʦʭ ʬʽʣʴʪʨʽʚ ʨʽʟʥʠʭ ʧʦʨʷʜʢʽʚ. 

ɼʣʷ ʧʝʨʰʦʛʦ ʨʝʞʠʤʫ ʟʘ ʟʘʜʘʥʠʤ 

ʧʦʨʷʜʢʦʤ ʬʽʣʴʪʨʫ ɹʘʪʪʝʨʚʦʨʪʘ n  

ʦʙʯʠʩʣʶʶʪʴʩʷ ʡʦʛʦ ʧʦʣʶʩʠ (2), ɸʏʍ (1), 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ (3), (4), 

ʧʘʨʘʤʝʪʨʠ ʤʘʪʨʠʮʴ (6) ʩʠʩʪʝʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʥɹʠʭ ʨʽʚʥʷʥʴ (5), ʧʝʨʝʭʽʜʥʘ 

ʬʫʥʢʮʽʷ (9) ʪʘ ʧʨʷʤʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ (11), 

(12). ʈʦʟʤʽʱʝʥʥʷ ʧʦʣʶʩʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ ʬʽʣʴʪʨʘ ɹʘʪʪʝʨʚʦʨʪʘ ʧʦʨʷʜʢʫ 10=n  

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ɺʩʽ ʧʦʣʶʩʠ ʣʝʞʘʪʴ ʥʘ 

ʢʦʣʽ ʦʜʠʥʠʯʥʦʛʦ ʨʘʜʽʫʩʫ ʚ ʣʽʚʽʡ ʧʽʚʧʣʦʱʠʥʽ. 

ɼʣʷ ʜʨʫʛʦʛʦ ʨʝʞʠʤʫ ʩʫʤʽʩʥʦʛʦ ʘʥʘʣʽʟʫ 

ʢʽʣʴʢʦʭ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ ʟʘ ʟʘʜʘʥʠʤʠ 

ʧʦʨʷʜʢʘʤʠ ʬʽʣʴʪʨʽʚ ʦʙʯʠʩʣʶʶʪʴʩʷ ʾʭ ɸʏʍ 

(1), ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ (3), 

(4), ʧʘʨʘʤʝʪʨʠ ʤʘʪʨʠʮʴ (6) ʩʠʩʪʝʤ 

ʜʠʬʝʨʝʥʮʽʘʣʥɹʠʭ ʨʽʚʥʷʥʴ (5), ʧʝʨʝʭʽʜʥʽ 

ʬʫʥʢʮʽʾ ʚʠʛʣʷʜʫ (9) ʪʘ ʧʨʷʤʽ ʧʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ (11), (12). 

ɻʨʘʬʽʢʠ ʦʙʯʠʩʣʝʥʠʭ ɸʏʍ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ ʜʣʷ ʧʦʨʷʜʢʽʚ ʚʽʜ 2 ʜʦ 10 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2. ʎʽ ʛʨʘʬʽʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʬʽʣʴʪʨʠ ɹʘʪʪʝʨʚʦʨʪʘ 

ʜʽʡʩʥʦ ʻ ʬʽʣʴʪʨʘʤʠ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ, ʷʢ ̔ ʤʘʁʪʴ ʛʣʘʜʢ̔ ʤʦʥʦʪʦʥʥʦ ʩʧʘʜʥʽ 

ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿ ʨʦʩʪʦʤ ʧʦʨʷʜʢʫ ʬʽʣʴʪʨʫ ʡʦʛʦ ɸʏʍ 

-1 -0.5 0
-1

-0.5

0

0.5

1

u

v

 

ʈʠʩ. 1 ï ʇʦʣʶʩʠ ʬʽʣʴʪʨʘ ʧʨʠ 
10=n  
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ʙʽʣʴʰ ʧʦʩʪʽʡʥʘ ʥʘ ʯʘʩʪʦʪʘʭ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʰʚʠʜʰʝ ʟʥʠʞʫʻʪʴʩʷ ʥʘ 

ʯʘʩʪʦʪʘʭ ʩʤʫʛʠ ʧʦʜʘʚʣʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʜʦ ʥʫʣʷ. 
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ʈʠʩ. 2 ï ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ 

ɿʘ ʘʣʛʦʨʠʪʤʘʤʠ 1 ʪʘ 2 ʨʦʟʨʘʭʦʚʘʥʽ ʧʝʨʝʭʽʜʥʽ ʬʫʥʢʮʽʾ ʬʽʣʴʪʨʽʚ 

ɹʘʪʪʝʨʚʦʨʪʘ ʜʣʷ ʧʦʨʷʜʢʽʚ ʚʽʜ 2 ʜʦ 10, ʛʨʘʬʽʢʠ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3. ʎʽ 

ʛʨʘʬʽʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʬʽʣʴʪʨʠ ɹʘʪʪʝʨʚʦʨʪʘ ʤʘʶʪʴ ʢʦʣʠʚʘʣʴʥʽ ʧʝʨʝʭʽʜʥʽ 

ʬʫʥʢʮʽʾ. ɿ ʨʦʩʪʦʤ ʧʦʨʷʜʢʫ ʬʽʣʴʪʨʫ ʡʦʛʦ ʧʝʨʝʭʽʜʥʘ ʬʫʥʢʮʽʷ ʩʪʘʥʦʚʠʪʴʩʷ ʙʽʣʴʰ 

ʢʦʣʠʚʘʣʴʥʦʶ ʪʘ ʟʤʽʱʫʻʪʴʩʷ ʚʧʨʘʚʦ, ʪʦʙʪʦ ʽʥʝʨʮʽʡʥʽʩʪʴ ʬʽʣʴʪʨʫ ʧʽʜʚʠʱʫʻʪʴʩʷ. 
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ʈʠʩ. 3 ï ʇʝʨʝʭʽʜʥʽ ʬʫʥʢʮʽʾ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ 

ɿʘ ʬʦʨʤʫʣʘʤʠ (11) ʪʘ (12) ʦʙʯʠʩʣʝʥʽ ʧʨʷʤʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ (ʇʇʗ) ʜʣʷ 

ʬʽʣʴʪʨʽʚ ʨʽʟʥʠʭ ʧʦʨʷʜʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʇʇʗ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ 

ʜʣʷ ʧʦʨʷʜʢʽʚ ʚʽʜ 2 ʜʦ 10 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 1. ɸʥʘʣʽʟ ʮʽʻʾ ʪʘʙʣʠʮʽ ʧʦʢʘʟʫʻ, 
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ʱʦ ʟ ʨʦʩʪʦʤ ʧʦʨʷʜʢʫ ʬʽʣʴʪʨʫ ʚʩʽ ʡʦʛʦ ʧʨʷʤʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʫʪʪʻʚʦ 

ʟʨʦʩʪʘʶʪʴ. ɺʠʤʦʛʠ ʧʦʢʨʘʱʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʥʥʠʭ 

ʬʽʣʴʪʨʽʚ ʟʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʷʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʬʽʣʴʪʨʽʚ. 

ʊʘʙʣʠʮʷ 1 ï ʇʨʷʤʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ 

ʇʇʗ 
n  

2 3 4 5 6 7 8 9 10 
s 0,04 0,08 0,11 0,13 0,14 0,15 0,16 0,17 0,18 

z 0,04 0,10 0,14 0,17 0,20 0,22 0,24 0,25 0,26 

l 0,04 0,18 0,28 0,36 0,43 0,49 0,53 0,56 0,59 

ct , ʩ 2,93 5,97 6,85 7,66 10,77 11,79 12,68 13,52 14,34 

 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʨʦʟʤʽʱʝʥʥʷ ʧʦʣʶʩʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ ʩʪʚʦʨʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʬʽʣʴʪʨʽʚ ʨʽʟʥʠʭ ʧʦʨʷʜʢʽʚ. 

ʇʨʝʜʩʪʘʚʣʝʥ ̔ ʧʝʨʝʜʘʚʘʣʴʥ ̔ ʬʫʥʢʮʽ ʾ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ ʥʝʧʘʨʥʦʛʦ ʪʘ 

ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʽʚ. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʬʽʣʴʪʨʫ ɹʘʪʪʝʨʚʦʨʪʘ 

ʜʦʚʽʣʴʥʦʛʦ ʧʦʨʷʜʢʫ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʥɹʠʭ ʨʽʚʥʷʥʴ. 

ʈʦʟʛʣʷʥʫʪʽ ʬʦʨʤʫʣʠ ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʨʠʯʥʦʾ ʝʢʩʧʦʥʝʥʪʠ ʪʘ ʾʾ ʽʥʪʝʛʨʘʣʫ ʜʣʷ 

ʤʘʪʨʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ ʣʥ̔̔ ʡʥʠʭ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʘʣʥɹʠʭ ʨʽʚʥʷʥʴ. 

ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʦʙʯʠʩʣʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʬʽʣʴʪʨʘʭ ʪʘ ʾʭ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ. ʆʙʯʠʩʣʝʥʽ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʝʨʝʭʽʜʥʽ 

ʬʫʥʢʮʽʾ ʪʘ ʧʨʷʤʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ ʨʽʟʥʠʭ ʧʦʨʷʜʢʽʚ. 

ʇʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʬʽʣʴʪʨʽʚ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʟʥʘʯʝʥʥʷ ʧʨʷʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʬʽʣʴʪʨʽʚ 

ɹʘʪʪʝʨʚʦʨʪʘ ʨʽʟʥʠʭ ʧʦʨʷʜʢʽʚ. ɿ ʨʦʩʪʦʤ ʧʦʨʷʜʢʫ ʬʽʣʴʪʨʘ ɹʘʪʪʝʨʚʦʨʪʘ ʚʩʽ ʡʦʛʦ 

ʧʨʷʤʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʶʪʴ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʬʽʣʴʪʨʽʚ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 1. ɼʦʤʥʠʥ ʀ. ʌ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ. / 
ʀ. ʌ. ɼʦʤʥʠʥ, ɺ. ʇ. ʉʝʚʝʨʠʥ, ɽ. ʅ. ʅʠʢʫʣʠʥʘ. ï ʍ. : ʅʊʋ çʍʇʀè, 2014. ï 164 ʩ. 
2. ʈʘʢʠʪʩʢʠʡ ʖ. ɺ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʞʝʩʪʢʠʭ ʩʠʩʪʝʤ / ʖ. ɺ. ʈʘʢʠʪʩʢʠʡ, 
ʉ. ʄ. ʋʩʪʠʥʦʚ, ʀ. ɻ. ʏʝʨʥʦʨʫʮʢʠʡ. ï ʄ. : ʅʘʫʢʘ, 1979. ï 421 ʩ. 3. ʉʝʚʝʨʠʥ ɺ. ʇ. ʆʧʪʠʤʠʟʘʮʠʷ 
ʧʨʷʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ / 
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ʋɼʂ 519.2 

ɺ. ɸ. ɻʋɾɺɸ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ʅʊʋ çʍʇʀè;  

ɸ. ɻ. ʉʆʂʆʃʆɺɸ, ʩʪʫʜʝʥʪ ʅʊʋ çʍʇʀè
4
 

ʂ ɺʆʇʈʆʉʋ ʆ ʇʈʀʄɽʅɽʅʀʀ ʄɽʊʆɼʀʂʀ ʉʂʆʈʀʅɻɸ ʂ 

ɿɸɼɸʏɽ ʌʆʈʄʀʈʆɺɸʅʀʗ  ʇʆʈʊʌɽʃʗ  ʎɽʅʅʓʍ ɹʋʄɸɻ 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʦʨʪʬʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʧʦ 
ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʘʩʩʠʯʝʩʢʦʡ. ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʤʦʜʝʣʠ ʩʢʦʨʠʥʛʘ ʮʝʥʥʳʭ ʙʫʤʘʛ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ ʬʦʨʤʫʣʳ ʩʚʸʨʪʢʠ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʦʮʝʥʦʢ ʜʦʭʦʜʥʦʩʪʠ, ʨʠʩʢʘ ʠ 
ʣʠʢʚʠʜʥʦʩʪʠ ʮʝʥʥʳʭ ʙʫʤʘʛ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʩʯʸʪʘ ʧʦ ʵʪʦʡ ʤʦʜʝʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʮʝʥʥʳʭ ʙʫʤʘʛ 
ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʟʥʘʯʝʥʠʶ 
ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʦʣʠ ʮʝʥʥʳʭ ʙʫʤʘʛ ʚ ʧʦʨʪʬʝʣʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʥʥʳʝ ʙʫʤʘʛʠ, ʩʢʦʨʠʥʛ, ʜʦʭʦʜʥʦʩʪʴ, ʣʠʢʚʠʜʥʦʩʪʴ, ʨʠʩʢ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ. 

ɺʚʝʜʝʥʠʝ. ʋʧʨʘʚʣʝʥʠʝ ʠʥʚʝʩʪʠʮʠʷʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʪʨʘʭʦʚʳʭ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʢʦʤʧʘʥʠʡ, ʧʝʥʩʠʦʥʥʳʭ 

ʬʦʥʜʦʚ ʠ ʙʘʥʢʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨ ʠ ʯʘʩʪʥʳʭ ʣʠʮ, ʠʥʚʝʩʪʠʨʫʶʱʠʭ 

ʩʨʝʜʩʪʚʘ ʚ ʙʠʨʞʝʚʳʝ ʬʠʥʘʥʩʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ.  

 ʕʪʦ ʫʧʨʘʚʣʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʯʝʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʮʝʥʥʳʭ ʙʫʤʘʛ, ʧʦʜʙʦʨʝ ʪʠʧʦʚ ʵʤʠʪʝʥʪʘ, ʦʧʨʝʜʝʣʝʥʠʠ ʩʨʦʢʦʚ ʧʦʛʘʰʝʥʠʷ ʠ 

ʚʨʝʤʝʥʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʣʦʚʦʛʦ ʮʠʢʣʘ, ʦʮʝʥʢʝ ʩʦʭʨʘʥʥʦʩʪʠ 

ʢʘʧʠʪʘʣʘ ʠ ʜʦʩʪʫʧʘ ʢ ʥʘʣʠʯʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʣʠʢʚʠʜʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʬʠʥʘʥʩʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʤʝʩʪʦ ʦʜʥʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʧʠʪʘʣʦʤ, ʧʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʝʜʠʥʦʝ 

ʮʝʣʦʝ, ʪ.ʝ. ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʦʙʲʝʢʪ ï ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʦʨʪʬʝʣʴ. 

 ʉʤʳʩʣ ʫʧʨʘʚʣʝʥʠʷ ʮʝʥʥʳʤʠ ʙʫʤʘʛʘʤʠ ʠʤʝʥʥʦ ʢʘʢ ʝʜʠʥʳʤ ʧʦʨʪʬʝʣʝʤ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʠʜʘʪʴ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʮʝʥʥʳʭ ʙʫʤʘʛ ʪʘʢʠʝ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʥʝʜʦʩʪʠʞʠʤʳ ʩ ʧʦʟʠʮʠʠ ʦʪʜʝʣʴʥʦ 

ʚʟʪ̫ʦʡ ʮʝʥʥʦʡ ʙʫʤʘʛʠ ʠ ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʧʨʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ.  

ʎʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʪʬʝʣʷ ï ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ, 

ʜʦʩʪʠʛʥʫʚ ʥʦʚʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ʅʳʥʝʰʥʝʝ ʩʦʩʪʦʷʥʠʝ ʬʠʥʘʥʩʦʚʦʛʦ ʨʳʥʢʘ ʟʘʩʪʘʚʣʷʝʪ ʙʳʩʪʨʦ ʠ ʘʜʝʢʚʘʪʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʝʛʦ ʠʟʤʝʥʝʥʠʷ, ʧʦʵʪʦʤʫ ʨʦʣʴ ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤ 

ʧʦʨʪʬʝʣʝʤ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʪʦʡ ʛʨʘʥʠ ʤʝʞʜʫ 

ʣʠʢʚʠʜʥʦʩʪʴʶ, ʜʦʭʦʜʥʦʩʪʴʶ ʠ ʨʠʩʢʦʤ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʚʳʙʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʨʪʬʝʣʷ. 

ɺʦʧʨʦʩʘʤ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʬʦʥʜʦʚʦʤ ʨʳʥʢʝ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ, ʘ ʩ ʥʘʯʘʣʘ 90ïʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʵʪʠ 

ʚʦʧʨʦʩʳ ʩʪʘʣʠ ʠʟʫʯʘʪʴʩʷ ʪʘʢʞʝ ʚ ʋʢʨʘʠʥʝ ʠ ʩʪʨʘʥʘʭ ʉʅɻ. ɿʘ ʨʘʟʨʘʙʦʪʢʫ 
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ʤʝʪʦʜʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʪʦʨʛʦʚʣʝ ʮʝʥʥʳʤʠ ʙʫʤʘʛʘʤʠ ʧʨʠʩʚʦʝʥʦ ʧʦʨʷʜʢʘ 

ʜʝʩʷʪʠ ʅʦʙʝʣʝʚʩʢʠʭ ʧʨʝʤʠʡ [1] (ʥʘʧʨʠʤʝʨ, ɻ. ʄʘʨʢʦʚʠʮʫ ʟʘ ʪʝʦʨʠʶ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ). ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʘʧʘʭ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥ ʠ 

ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʚ ʮʝʣʦʤ, ʩʦ ʚʨʝʤʝʥʝʤ ʥʘʯʠʥʘʶʪ ʜʘʚʘʪʴ  ʥʝʜʦʩʪʦʚʝʨʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʠ ʦʪʜʝʣʴʥʳʭ 

ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʧʦʨʦʞʜʘʝʪ ʢʨʠʟʠʩʳ ʨʘʟʣʠʯʥʳʭ 

ʤʘʩʰʪʘʙʦʚ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʨʝʤʷ ʥʘ ʧʨʠʥʷʪʠʝ ʠ 

ʨʝʘʣʠʟʘʮʠʶ ʨʝʰʝʥʠʷ ʚ ʙʠʨʞʝʚʦʡ ʪʦʨʛʦʚʣʝ ʠʥʦʛʜʘ ʠʟʤʝʨʷʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ 

ʤʠʥʫʪʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʲʝʤ ʜʘʥʥʳʭ ʬʦʥʜʦʚʦʛʦ ʨʳʥʢʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʫ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʝʨʝʩʤʦʪʨʘ, 

ʦʙʥʦʚʣʝʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨ ʠ ʤʝʪʦʜʦʚ ʧʨʠʥʷʪʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʙʠʨʞʝʚʳʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʘʥ ʠ ʠʭ 

ʬʦʥʜʦʚʳʭ ʨʳʥʢʦʚ. 

ʉʦʛʣʘʩʥʦ [2], ʬʦʥʜʦʚʳʝ ʨʳʥʢʠ ʜʝʣʷʪʩʷ ʥʘ ʨʘʟʚʠʪʳʝ ʠ ʬʦʨʤʠʨʫʶʱʠʝʩʷ. 

ʌʦʥʜʦʚʳʡ ʨʳʥʦʢ ʋʢʨʘʠʥʳ ʦʪʥʦʩʠʪʩʷ ʢ ʬʦʨʤʠʨʫʶʱʠʤʩʷ  ʬʦʥʜʦʚʳʤ ʨʳʥʢʘʤ 

ʠ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ: 

¶ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʦʙʦʨʦʪʘ ʮʝʥʥʳʭ ʙʫʤʘʛ; 

¶ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʥʦʨʤʘʪʠʚʥʘʷ ʠ ʧʨʘʚʦʚʘʷ ʙʘʟʘ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ 

ʨʳʥʢʘ; 

¶ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʠʥʘʥʩʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠʭ ʤʘʣʳʡ 

ʘʩʩʦʨʪʠʤʝʥʪ; 

¶ ʥʝʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʩʥʦʚʥʠʭ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ (ʠʥʚʝʩʪʦʨʦʚ ʠ 
ʩʘʤʠʭ ʵʤʠʪʝʥʪʦʚ); 

¶ ʩʫʱʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ ʢʘʢ ʥʝʩʠʩʪʝʤʥʦʛʦ, ʪʘʢ ʠ ʩʠʩʪʝʤʥʦʛʦ ʨʠʩʢʦʚ.   

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʟʚʠʪʳʭ ʬʦʥʜʦʚʳʭ ʨʳʥʢʦʚ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ, ʮʝʥʥʳʝ 

ʙʫʤʘʛʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʘʢʮʠʠ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʚʘʪʠʟʠʨʫʝʤʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʠʨʫʶʱʠʭʩʷ ʥʘ ʬʦʥʜʦʚʳʭ ʙʠʨʞʘʭ ʋʢʨʘʠʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʠʤʝʶʪ ʩʚʦʝʡ ʨʳʥʦʯʥʦʡ ʧʨʝʜʳʩʪʦʨʠʠ. ɼʘʞʝ ʥʘ ʚʪʦʨʠʯʥʦʤ ʙʠʨʞʝʚʦʤ 

ʨʳʥʢʝ ʵʪʠ ʘʢʮʠʠ, ʟʘ ʥʝʤʥʦʛʠʤʠ ʠʩʢʣʶʯʝʥʠʷʤʠ, ʥʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʦʙʨʘʱʝʥʠʠ, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʯʝʥʴ 

ʤʘʣʳʤ ʧʦʢʘ ʩʨʦʢʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʢʨʘʠʥʩʢʦʛʦ ʨʳʥʢʘ ʮʝʥʥʳʭ ʙʫʤʘʛ ʧʦ 

ʤʠʨʦʚʳʤ ʤʝʨʢʘʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʩ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʦʧʳʪʘ ʨʘʙʦʪʳ ʠ ʩʚʦʠʭ 

ʬʦʥʜʦʚʳʭ ʪʨʘʜʠʮʠʡ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʠ. 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʢʫʱʫʶ (ʘ ʥʝ ʠʩʪʦʨʠʯʝʩʢʫʶ) ʮʝʥʦʚʫʶ ʩʪʘʪʠʩʪʠʢʫ ʩʦʚʤʝʩʪʥʦ ʩ 

ʦʪʯʝʪʥʦʩʪʴʶ ʵʤʠʪʝʥʪʦʚ. 
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ʊʘʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʡ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʬʠ-

ʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ ï ʩʢʦʨʠʥʛ ʮʝʥʥʳʭ ʙʫʤʘʛ. ʉʢʦʨʠʥʛ ʮʝʥʥʳʭ ʙʫʤʘʛ ï ʵʪʦ ʧʨʦ-

ʮʝʩʩ ʦʮʝʥʠʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʠʷ ʨʝʡʪʠʥʛʘ ʠ 

ʚʳʜʝʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʢʣʘʩʩʦʚ ʮʝʥʥʳʭ ʙʫʤʘʛ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʨʦʜʥʦʡ 

ʛʨʫʧʧʳ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʮʝʥʦʯʥʦʛʦ ʠʥʜʝʢʩʘ ʜʣʷ ʢʘʞʜʦʡ ʮʝʥ-

ʥʦʡ ʙʫʤʘʛʠ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʚʩʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʚʳʛʦʜʥʦʩʪʴ ʠʥ-

ʚʝʩʪʠʮʠʡ ʚ ʥʝʝ ʩʦʛʣʘʩʥʦ ʩʪʝʧʝʥʷʤ ʟʥʘʯʠʤʦʩʪʠ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ [3]. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʢʦʨʠʥʛʘ ʮʝʥʥʥʳʭ ʙʫʤʘʛ ʠʤʝʝʪ ʚʠʜ (1) ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʯʝʪ ʚʩʝʭ ʬʘʢʪʦʨʦʚ, ʧʨʷʤʦ ʠ ʢʦʩʚʝʥʥʦ ʚʣʠʷʶʱʠʭ ʥʘ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʮʝʥʥʦʡ ʙʫʤʘʛʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʣʠʢʚʠʜʥʦʩʪʠ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʤʠʪʝʥʪʦʚ. 

 äää
===

++=
Lriskret N

i

L

i

L

iL

N

i

risk

i

risk

irisk

N

i

ret

i

ret

iret XppXppXppJ
111

 (1) 

ʛʜʝ  J  ï ʧʦʢʘʟʘʪʝʣʴ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʮʝʥʥʦʡ ʙʫʤʘʛʠ; 

 ï ʩʪʝʧʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʠʥʚʝʩʪʦʨʘ ʜʦʭʦʜʥʦʩʪʠ; 

 ï ʩʪʝʧʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʠʥʚʝʩʪʦʨʘ ʨʠʩʢʘ; 

Lp  ï ʩʪʝʧʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʠʥʚʝʩʪʦʨʘ ʣʠʢʚʠʜʥʦʩʪʠ; 

 ï ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʜʦʭʦʜʥʦʩʪʴ; 

 ï ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʠʩʢ; 

 ï ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʣʠʢʚʠʜʥʦʩʪʴ; 

 ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʜʦʭʦʜʥʦʩʪʴ; 

 ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʠʩʢ; 

 ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʣʠʢʚʠʜʥʦʩʪʴ; 

ï ʩʪʝʧʝʥʴ ʟʥʘʯʠʤʦʩʪʠ i-ʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʫʧʧʳ. 

ʇʨʠ ʦʮʝʥʢʝ ʘʢʮʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

¶ ʚʣʠʷʶʱʠʝ ʥʘ ʜʦʭʦʜʥʦʩʪʴ: ʜʦʭʦʜ ʥʘ ʘʢʮʠʶ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʘʢʮʠʠ, 

ʢʦʵʬʬʠʮʠʝʥʪ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʪʠʨʦʚʢʠ ʘʢʮʠʠ, ʮʝʥʥʦʩʪʴ ʘʢʮʠʠ, ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʘʢʪʠʢʝ ʠʟʚʝʩʪʥʘʷ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʈ/ɽ ʦʪʥʦʰʝʥʠʷ 

ʨʳʥʦʯʥʦʡ ʮʝʥʳ ʘʢʮʠʠ ʢ ʜʦʭʦʜʫ ʥʘ ʥʝʝ; 

¶ ʚʣʠʷʶʱʠʝ ʥʘ ʨʠʩʢ: ʠʥʜʝʢʩʳ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ ʵʤʠʪʝʥʪʘ, ʢʦʪʦʨʳʝ ʚʳʯʠʩʣʷʶʪʩʷ 

ʧʦ ʜʘʥʥʳʤ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ ʵʤʠʪʝʥʪʘ; 

¶ ʚʣʠʷʶʱʠʝ ʥʘ ʣʠʢʚʠʜʥʦʩʪʴ: ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʦʨʛʦʚʳʭ ʜʥʝʡ, ʚ 

ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʣʠʩʴ ʩʜʝʣʢʠ ʧʦ ʘʢʮʠʷʤ, ʢ ʜʣʠʥʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʧʝʨʠʦʜʘ ʚ ʜʥʷʭ, ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʜʝʣʦʢ ʧʦ ʘʢʮʠʷʤ ʚ ʜʝʥʴ, ʦʙʲʝʤ 
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ʪʦʨʛʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʬʦʥʜʦʚʦʛʦ ʨʳʥʢʘ, ʟʘʢʣʶʯʠʚʰʠʭ 

ʩʜʝʣʢʠ ʧʦ ʘʢʮʠʷʤ. 

ʊʝʨʧʠʤʦʩʪʴ ʢ ʨʠʩʢʫ ʚ ʤʦʜʝʣʠ ʩʢʦʨʠʥʛʘ ʮʝʥʥʳʭ ʙʫʤʘʛ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ 

ʩʪʝʧʝʥʠ ʟʥʘʯʠʤʦʩʪʠ ʜʦʭʦʜʥʦʩʪʠ, ʨʠʩʢʘ ʠ ʣʠʢʚʠʜʥʦʩʪʠ [4]. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʠʥʚʝʩʪʦʨʘ, ʧʨʝʜʧʦʯʠʪʘʶʱʝʛʦ ʚʢʣʘʜʳʚʘʪʴ ʜʝʥʴʛʠ ʩ ʤʝʥʴʰʠʤ 

ʨʠʩʢʦʤ, ʥʦ ʠ ʚ ʤʝʥʝʝ ʜʦʭʦʜʥʳʝ ʮʝʥʥʳʝ ʙʫʤʘʛʠ ʩʦʦʪʥʦʰʝʥʠʝ ʩʪʝʧʝʥʝʡ 

ʟʥʘʯʠʤʦʩʪʠ ʜʦʭʦʜʥʦʩʪʠ, ʨʠʩʢʘ ʠ ʣʠʢʚʠʜʥʦʩʪʠ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ ï ret

i

L

i

risk

i ppp >> , ʜʣʷ ʘʛʨʝʩʩʠʚʥʦʛʦ ʠʥʚʝʩʪʦʨʘ ï

risk

i

L

i

ret

i ppp >> .  

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʮʝʥʥʳʭ, ʧʦ ʢʦʪʦʨʳʤ ʨʘʩʩʯʠʪʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʜʘʥʥʳʝ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 ï ɼʘʥʥʳʝ ʧʦ ʛʨʫʧʧʘʤ ʬʘʢʪʦʨʦʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ 

ʅʦʤʝʨ  ʮʝʥʥʦʡ 

ʙʫʤʘʛʠ ɼʦʭʦʜʥʦʩʪʴ ʈʠʩʢ ʃʠʢʚʠʜʥʦʩʪʴ 

1 0,571 0,133 0,333 
2 0,966 0,245 0,532 
3 0,4 0,589 0,8 
4 0,743 0,543 0,9 
5 0,633 0,052 0,1 
6 0,5 0,643 0,64 
7 0,856 0,453 0,8 
8 0,223 0,564 0,34 
9 0,561 0,237 0,63 
10 0,288 0,31 0,22 

 

ɼʘʣʝʝ ʧʨʠʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ ʩʢʦʨʠʥʛʘ ʜʣʷ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʠ 

ʘʛʨʝʩʩʠʚʥʦʛʦ ʠʥʚʝʩʪʦʨʦʚ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʩʢʦʨʠʥʛʘ 

ʅʦʤʝʨ ʮʝʥʥʦʡ ʙʫʤʘʛʠ 

ʈʝʟʫʣʴʪʘʪʳ ʩʢʦʨʠʥʛʘ 
ʇʦʢʘʟʘʪʝʣʴ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ J 
ʂʦʥʩʝʨʚʘʪʠʚʥʳʡ 

ʠʥʚʝʩʪʦʨ 
ɸʛʨʝʩʩʠʚʥʳʡ 

ʠʥʚʝʩʪʦʨ 
1 0,2368 0,4439 
2 0,4032 0,742 
3 0,6334 0,5589 
4 0,6701 0,77795 
5 0,1245 0,38835 
6 0,6278 0,5633 
7 0,5974 0,832 
8 0,4627 0,29805 
9 0,3873 0,55275 
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10 0,2808 0,2664 
ʇʦʣʫʯʘʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʢʦʨʠʥʛʘ ʧʦʢʘʟʘʪʝʣʴ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʧʦʩʪʨʦʝʥʠʷ ʨʝʡʪʠʥʛʘ ʮʝʥʥʳʭ ʙʫʤʘʛ, 

ʚʳʜʝʣʝʥʠʷ ʚ ʥʝʤ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʠ ʥʝʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʢʣʘʩʩʦʚ, ʧʦʨʪʬʝʣʴʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ. 

ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʠʥʜʝʢʩʦʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʮʝʥʥʳʭ 

ʙʫʤʘʛ ʧʦ ʬʦʨʤʫʣʝ (1) ʩʪʨʦʠʪʩʷ ʨʝʡʪʠʥʛ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʚ ʢʦʪʦʨʦʤ ʚʳʜʝʣʷʶʪʩʷ 

ʢʣʘʩʩʳ ʧʦ ʧʨʘʚʠʣʘʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 ï ʇʨʘʚʠʣʘ ʚʳʜʝʣʝʥʠʷ ʨʝʡʪʠʥʛʦʚʳʭ ʢʣʘʩʩʦʚ ʮʝʥʥʳʭ ʙʫʤʘʛ 

ɿʥʘʯʝʥʠʝ 

ʠʥʜʝʢʩʘ J  
ʈʝʡʪʠʥʛ 

ʊʦʨʛʦʚʘʷ 

ʨʝʢʦʤʝʥʜʘʮʠʷ 

ʉʪʝʧʝʥʴ ʫʚʝʨʝʥʥʦʩʪʠ ʚ 

ʪʦʨʛʦʚʦʡ 

ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʈʝʡʪʠʥʛʦʚʳʡ 

ʢʣʘʩʩ 

0,8  1 ɺʳʩʦʢʠʡ ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʦʢʫʧʢʘ 

ʮʝʥʥʦʡ ʙʫʤʘʛʠ 

100% ɸ 

0,6 ¢¢J 0,8 ʄʝʞʜʫ 

ʩʨʝʜʥʠʤ 

ʠ 

ʚʳʩʦʢʠʤ 

ɺʦʟʤʦʞʥʘ 

ʧʦʢʫʧʢʘ 

ʮʝʥʥʦʡ ʙʫʤʘʛʠ 

(0,8īJ /0,2)*100% ī 

ʫʜʝʨʞʘʥʠʝ 

( J ī 0,6)/0,2*100% ī 

ʧʦʢʫʧʢʘ 

ɸɺ 

0,4 ¢¢J 0,6 ʉʨʝʜʥʠʡ ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʫʜʝʨʞʘʥʠʝ 

ʮʝʥʥʦʡ ʙʫʤʘʛʠ 

100% ɺ 

0,2 ¢¢J 0,4 ʄʝʞʜʫ 

ʥʠʟʢʠʤ 

ʠ 

ʩʨʝʜʥʠʤ 

ɺʦʟʤʦʞʥʘ 

ʧʨʦʜʘʞʘ 

ʮʝʥʥʦʡ ʙʫʤʘʛʠ 

(0,4īJ )/0,2*100% ī 

ʧʨʦʜʘʞʘ 

( J ī0,2)/0,2*100% ī 

ʫʜʝʨʞʘʥʠʝ 

ɺʉ 

0 ¢¢J 0,2 ʅʠʟʢʠʡ ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʜʘʞʘ 

ʮʝʥʥʦʡ ʙʫʤʘʛʠ 

100% ʉ 

 

ɺ ʧʦʨʪʬʝʣʴ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʢʣʶʯʘʪʴ ʮʝʥʥʳʝ ʙʫʤʘʛʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʨʝʡʪʠʥʛʦʚʳʤ ʢʣʘʩʩʘʤ ɸ ʠ ɸɺ. ʎʝʥʥʳʝ ʙʫʤʘʛʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʣʘʩʩʫ ɸ,  

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʘʢʮʠʡ, 

ʧʨʠʙʳʣʴʥʦʩʪʴ ʁʚʣʦʞʝʥʠʡ ʚ ʥʠʭ. ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʮʝʥʥʳʭ ʙʫʤʘʛ ʢ ʢʣʘʩʩʫ ɸɺ 

ʦʙʦʟʥʘʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʢʫʧʢʠ ʯʘʩʪʠ ʘʢʮʠʡ, ʦʜʥʘʢʦ, ʠʟʤʝʥʷʶʱʠʝʩʷ 

ʨʳʥʦʯʥʳʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʯʘʩʪʠʯʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʠʭ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʢʘʯʝʩʪʚ.  ʆʩʪʘʣʴʥʳʝ ʢʣʘʩʩʳ ʧʨʠ ʵʪʦʤ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, 

ʪ.ʢ. ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʮʝʥʥʳʭ ʙʫʤʘʛ ʢ ʵʪʠʤ ʢʣʘʩʩʘʤ ʦʟʥʘʯʘʝʪ ʥʝʚʳʩʦʢʠʝ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ ʵʪʠʭ ʙʫʤʘʛ ʠ ʠʥʚʝʩʪʠʨʦʚʘʥʠʝ ʚ ʥʠʭ ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ. 

ɼʦʣʠ ʮʝʥʥʳʭ ʙʫʤʘʛ ʚ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʨʪʬʝʣʷ ʚʳʯʠʩʣʷʶʪʩʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʣʝʜʫʶʱʠʤ ʠʥʜʝʢʩʘʤ: 
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ʛʜʝ A
iy  ï ʦʧʪʠʤʘʣʴʥʘʷ ʜʦʣʷ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʤ ʧʦʨʪʬʝʣʝ i-ʡ ʮʝʥʥʦʡ ʙʫʤʘʛʠ, 

ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʨʝʡʪʠʥʛʦʚʦʤʫ ʢʣʘʩʩʫ ɸ; 
A

iJ  ï ʠʥʜʝʢʩ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʵʪʦʡ ʮʝʥʥʦʡ ʙʫʤʘʛʠ; 

s  ï ʢʦʣʠʯʝʩʪʚʦ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʝʡʪʠʥʛʦʚʦʤʫ ʢʣʘʩʩʫ ɸ; 

m ï ʥʦʤʝʨʘ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʝʡʪʠʥʛʦʚʦʤʫ ʢʣʘʩʩʫ ɸ; 
A

mJ  ï ʠʥʜʝʢʩʳ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʮʝʥʥʳʭ ʙʫʤʘʛ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʝʡʪʠʥʛʦʚʦʤʫ ʢʣʘʩʩʫ ɸ; 

w  ï ʢʦʣʠʯʝʩʪʚʦ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʝʡʪʠʥʛʦʚʦʤʫ ʢʣʘʩʩʫ ɸɺ; 

l  ï ʥʦʤʝʨʘ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʝʡʪʠʥʛʦʚʦʤʫ ʢʣʘʩʩʫ ɸɺ; 
AB

iy  ï  ʦʧʪʠʤʘʣʴʥʘʷ ʜʦʣʷ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʤ ʧʦʨʪʬʝʣʝ i-ʡ ʮʝʥʥʦʡ 

ʙʫʤʘʛʠ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʨʝʡʪʠʥʛʦʚʦʤʫ ʢʣʘʩʩʫ ɸɺ; 
AB

iY  ï ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ ʠʥʜʝʢʩ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʮʝʥʥʦʡ ʙʫʤʘʛʠ, 

ʨʘʚʥʳʡ ʧʨʦʠʟʚʝʜʝʥʠʶ AB

iJ  ʥʘ ʩʪʝʧʝʥʴ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʪʦʨʛʦʚʦʡ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʦ ʧʦʢʫʧʢʝ. 

ʆʧʪʠʤʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʨʪʬʝʣʷ ʮʝʥʥʳʭ ʙʫʤʘʛ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʧʨʠʤʝʨʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʪʘʙʣ. 4, ʪʘʙʣ. 5). 

ʊʘʙʣʠʮʘ 4 ï ʆʧʪʠʤʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʨʪʬʝʣʷ ʮʝʥʥʳʭ ʙʫʤʘʛ ʜʣʷ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ 

ʠʥʚʝʩʪʦʨʘ 

ʅʦʤʝʨ ʮʝʥʥʦʡ 

ʙʫʤʘʛʠ 

ʇʦʢʘʟʘʪʝʣʴ 

J 

ʈʝʡʪʠʥʛʦʚʳʡ 

ʢʣʘʩʩ 

ʆʧʪʠʤʘʣʴʥʘʷ ʜʦʣʷ ʚ 

ʧʦʨʪʬʝʣʝ 

3 0,6334 ɸɺ 0,254379 

4 0,6701 ɸɺ 0,533892 

6 0,6278 ɸɺ 0,211729 

ʊʘʙʣʠʮʘ 5 ï ʆʧʪʠʤʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʨʪʬʝʣʷ ʮʝʥʥʳʭ ʙʫʤʘʛ ʜʣʷ ʘʛʨʝʩʩʠʚʥʦʛʦ 

ʠʥʚʝʩʪʦʨʘ 

ʅʦʤʝʨ ʮʝʥʥʦʡ 

ʙʫʤʘʛʠ 

ʇʦʢʘʟʘʪʝʣʴ 

J 

ʈʝʡʪʠʥʛʦʚʳʡ 

ʢʣʘʩʩ 

ʆʧʪʠʤʘʣʴʥʘʷ ʜʦʣʷ ʚ 

ʧʦʨʪʬʝʣʝ 

2 0,742 ɸɺ 0,291971 

4 0,77795 ɸɺ 0,365889 

7 0,832 ɸ 0,34214 



 

ISSN 2079-0023. ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2014. ˉ 55 (1097) 31 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ, ʧʨʝʜʧʦʯʪʝʥʠʷ ʠʥʚʝʩʪʦʨʘ ʦʢʘʟʳʚʘʶʪ 

ʚʘʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʩʢʦʨʠʥʛʘ: ʧʦ ʥʝʢʦʪʦʨʳʤ ʮʝʥʥʳʤ ʙʫʤʘʛʘʤ 

ʨʝʡʪʠʥʛʦʚʳʝ ʢʣʘʩʩʳ ʥʝ ʩʦʚʧʘʜʘʶʪ. ʆʜʥʘʢʦ ʤʳ ʤʦʞʝʤ ʚʠʜʝʪʴ, ʯʪʦ ʮʝʥʥʘʷ 

ʙʫʤʘʛʘ 4 ʷʚʣʷʝʪʩʷ ʚʳʛʦʜʥʦʡ ʜʣʷ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ.  

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʨʪʬʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷ-

ʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʧʦʜʭʦʜʫ ɻ. ʄʘʨʢʦʚʠʮʘ ʠ ʦʩʥʦʚʘʥʘ ʥʘ 

ʤʦʜʝʣʠ ʩʢʦʨʠʥʛʘ ʮʝʥʥʳʭ ʙʫʤʘʛ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʝʡ 

ʮʝʧʦʯʢʠ ʜʝʡʩʪʚʠʡ: ʩʙʦʨ ʠ/ʠʣʠ ʚʳʯʠʩʣʝʥʠʝ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʬʦʥʜʦʚʦʛʦ ʨʳʥʢʘ ʠ ʵʤʠʪʝʥʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ ʧʨʠʚʣʝʢʘ-

ʪʝʣʴʥʦʩʪʴ ʮʝʥʥʳʭ ʙʫʤʘʛ; ʚʳʯʠʩʣʝʥʠʝ ʦʙʦʙʱʸʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʱʠʭ ʜʦʭʦʜʥʦʩʪʴ, ʨʠʩʢ ʠ ʣʠʢʚʠʜʥʦʩʪʴ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʟʥʘʯʠʤʦʩʪʠ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʠʥʚʝʩʪʦʨʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ 

ʨʝʰʝʥʠʝ; ʚʳʯʠʩʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʠʭ ʩʚʸʨʪʢʠ ʝʜʠʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʚʝʩ-

ʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʡ ʮʝʥʥʦʡ ʙʫʤʘʛʠ; ʧʦʩʪʨʦʝʥʠʝ ʨʝʡʪʠʥʛʘ 

ʮʝʥʥʳʭ ʙʫʤʘʛ ʠ ʚʳʜʝʣʝʥʠʝ ʚ ʥʸʤ ʨʝʡʪʠʥʛʦʚʳʭ ʢʣʘʩʩʦʚ; ʦʪʩʝʠʚʘʥʠʝ ʮʝʥʥʳʭ 

ʙʫʤʘʛ, ʥʝʚʳʛʦʜʥʳʭ ʜʣʷ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ; ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ 

ʜʣʷ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʮʝʥʥʳʭ ʙʫʤʘʛ; ʫʯʸʪ ʦʛʨʘʥʠʯʝʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ 

ʬʦʥʜʦʚʦʛʦ ʨʳʥʢʘ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʦʨʪʬʝʣʷ; 

ʨʘʩʯʸʪ ʜʦʣʝʡ ʚʳʙʨʘʥʥʳʭ ʮʝʥʥʳʭ ʙʫʤʘʛ; ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʝ ʦ 

ʩʪʨʫʢʪʫʨʝ ʧʦʨʪʬʝʣʷ; ʪʦʨʛʦʚʳʝ ʦʧʝʨʘʮʠʠ; ʤʦʥʠʪʦʨʠʥʛ ʧʦʨʪʬʝʣʷ.  

ʄʝʪʦʜʠʢʘ ʦʪʣʠʯʘʝʪʩʷ ʫʯʸʪʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, 

ʮʝʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʥʥʳʭ ʙʫʤʘʛ ʠ ʣʠʢʚʠʜʥʦʩʪʠ, ʧʨʝʜʧʦʯʪʝʥʠʡ ʠʥʚʝʩ-

ʪʦʨʘ; ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʩʣʘʙʦ ʨʘʟʚʠʪʳʭ ʬʦʥʜʦʚʳʭ ʨʳʥʢʘʭ ʩ ʥʠʟ-

ʢʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʴʶ; ʧʨʦʩʪʦʪʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; ʥʝʟʘʚʠʩʠʤʳʤ ʨʘʩʩʤʦʪʨʝ-

ʥʠʝʤ ʜʦʭʦʜʥʦʩʪʠ ʠ ʨʠʩʢʘ; ʥʘʣʠʯʠʝʤ ʧʨʦʮʝʜʫʨʳ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʥʝʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʜʣʷ ʠʥʚʝʩʪʠʮʠʡ ʮʝʥʥʳʭ ʙʫʤʘʛ. ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʮʝʥʠʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʩʪʨʫʢʪʫʨʳ ʧʦʨʪ-

ʬʝʣʷ ʮʝʥʥʳʭ ʙʫʤʘʛ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʠ ʧʦ-

ʣʫʯʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 1. ʈʫʙʮʦʚ ɹ. ɹ. ʄʠʨʦʚʳʝ ʬʦʥʜʦʚʳʝ ʨʳʥʢʠ: ʧʨʦʙʣʝʤʳ ʠ ʪʝʥʜʝʥʮʠʠ 
ʨʘʟʚʠʪʠʷ : ʜʠʩʩ. ʜ-ʨʘ ʵʢʦʥ. ʥʘʫʢ : 08.00.10, 08.00.14 / ɹ. ɹ. ʈʫʙʮʦʚ. ï ʄ., 2000. ï 152 ʩ. 2. ɹʦʨʦʚ-
ʢʦʚʘ ɺ. ɸ. ʈʳʥʦʢ ʮʝʥʥʳʭ ʙʫʤʘʛ. ï ʉʇʙ. : ʇʠʪʝʨ, 2005. ï 320 ʩ. 3. ɾʝʣʝʟʢʦ ɹ. ʉʢʦʨʠʥʛ ʮʝʥʥʳʭ 
ʙʫʤʘʛ ʢʘʢ ʩʧʦʩʦʙ ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ / ɹ. ɾʝʣʝʟʢʦ, ʆ. ʉʠʥʷʚʩʢʘʷ // ʌʠʥʘʥʩ. 
ʜʠʨʝʢʪʦʨ. ï 2005. ï ˉ 5. ï ʉ. 43 ï 49. 4. Carlsson ʉ. A posibilistic approach to selecting portfolios 
with highest utility score / C. Carlsson, R. Fuller, P. Majlender // Fuzzy Sets and Systems. ï 2002. ï 
ˉ 131. ï P. 13ï21. 
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ɼ. ʃ. ʆʈʃʆɺʉʔʂʀʁ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʅʊʋ çʍʇɯè;  

ɸ. ʄ. ʂʆʇʇ, ʩʪʫʜʝʥʪ ʅʊʋ çʍʇɯè
5
 

ʇʈʆ ʆɼʀʅ ʇɯɼʍɯɼ ɼʆ ʌʆʈʄʋɺɸʅʅʗ ʈɽʂʆʄɽʅɼɸʎɯʁ ʑʆɼʆ 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ɹɯɿʅɽʉ-ʇʈʆʎɽʉɯɺ, ʇʆɺôʗɿɸʅʀʍ ɿ 

ʇʆʉʊɸʏɸʅʅʗʄ ʇʈʆɼʋʂʎɯɰ 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʽʜʭʽʜ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, 
ʧʦʚôʷʟʘʥʠʭ ʟ ʧʦʩʪʘʯʘʥʥʷʤ ʧʨʦʜʫʢʮʽʾ, ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʥʘʯʝʥʴ ʧʣʘʥʦʚʠʭ ʪʘ ʬʘʢʪʠʯʥʠʭ 
ʧʦʢʘʟʥʠʢʽʚ ʣʦʛʽʩʪʠʯʥʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʤʦʜʝʣʽ, ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʷʢʽ 
ʧʦʪʨʝʙʫʶʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʣʘʥʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ 
ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʟʘʤʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʩʪʘʯʘʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ, ʧʨʦʮʝʩʥʠʡ ʧʽʜʭʽʜ, ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ, 

ʪʦʨʛʽʚʝʣʴʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʤʦʜʝʣʴ SCOR. 

ɺʩʪʫʧ. ɺ ʫʤʦʚʘʭ ʢʦʥʢʫʨʝʥʮʽʾ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʫʢʨʘʾʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʟʙʝʨʝʞʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ. ɺ ʫʤʦʚʘʭ ʢʦʥʢʫʨʝʥʮʽʾ ʘʢʪʫʘʣʴʥʦʶ 

ʟʘʜʘʯʝʶ ʜʣʷ ʙʘʛʘʪʴʦʭ ʫʢʨʘʾʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʟʙʝʨʝʞʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ. ʅʘ 

ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʷʢ ʥʽʢʦʣʠ ʛʦʩʪʨʦ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ 

ʨʦʟʚʠʪʢʫ ʣʦʛʽʩʪʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʣʘʥʮʶʛʘʤʠ ʧʦʩʪʘʚʦʢ. ʊʘʢ, ʜʦʣʷ ʣʦʛʽʩʪʠʯʥʠʭ 

ʚʠʪʨʘʪ, ʦʜʥʦʛʦ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʦʛʽʩʪʠʯʥʠʭ 

ʩʠʩʪʝʤ, ʚ ʩʪʨʫʢʪʫʨʽ ɺɺʇ (ʚʘʣʦʚʠʡ ʚʥʫʪʨʽʰʥʽʡ ʧʨʦʜʫʢʪ) ʚ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ 

ʩʢʣʘʜʘʻ 10ï12%. ɺ ʋʢʨʘʾʥʽ ʟʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 15%. 

ɿʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʣʦʛʽʩʪʠʯʥʽ ʧʨʦʮʝʩʠ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʮʝʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ɺʘʞʣʠʚʠʤʠ ʣʦʛʽʩʪʠʯʥʠʤʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʪʦʨʛʽʚʝʣʴʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ, ʻ ʧʨʦʮʝʩʠ ʧʦʩʪʘʯʘʥʥʷ 

ʧʨʦʜʫʢʮʽʾ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ ʥʘʢʦʧʠʯʝʥʦ ʯʠʤʘʣʦ ʜʦʩʚʽʜʫ, ʷʢʠʡ 

ʧʦʪʨʽʙʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ, ʚʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʬʝʨʝʥʪʥʠʭ ʤʦʜʝʣʝʡ. 

ʇʝʨʝʜʫʤʦʚʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʬʝʨʝʥʪʥʦʾ ʤʦʜʝʣʽ. ʋ ʩʫʯʘʩʥʽʡ 

ʧʨʘʢʪʠʮʽ ʚ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʝʬʝʨʝʥʪʥʽ ʤʦʜʝʣʽ. ɺʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʝʪʘʣʦʥʥʫ ʩʭʝʤʫ ʦʨʛʘʥʽʟʘʮʽʾ ʙʽʟʥʝʩʫ, 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʦʛʦ 

ʜʦʩʚʽʜʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʨʽʟʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʽ ʚʢʣʶʯʘʶʪʴ 

ʧʝʨʝʚʽʨʝʥʽ ʥʘ ʧʨʘʢʪʠʮʽ ʧʨʦʮʝʜʫʨʠ ʽ ʤʝʪʦʜʠ ʦʨʛʘʥʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ. ʋ ʤʦʜʝʣʷʭ 

ʚʠʟʥʘʯʝʥʽ ʪʠʧʦʚʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʪʘ ʾʭ ʧʦʢʘʟʥʠʢʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʽ ʚʝʨʪʠʢʘʣʴʥʽ 

ʟʚôʷʟʢʠ ʽ ʙʽʟʥʝʩ-ʧʨʘʚʠʣʘ, ʱʦ ʜʽʶʪʴ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʤʦʜʝʣʝʡ 

ʻ SCOR (Supply-Chain Operations Reference) [1].  
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ʈʝʬʝʨʝʥʪʥʘ ʤʦʜʝʣʴ ʣʦʛʽʩʪʠʯʥʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ SCOR. ʄʦʜʝʣʴ SCOR 

ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʠʟʥʘʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʤʽʞʥʘʨʦʜʥʦʛʦ ʤʽʞʛʘʣʫʟʝʚʦʛʦ 

ʩʪʘʥʜʘʨʪʫ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʪʘ ʫʧʨʘʚʣʽʥʥʽ ʣʘʥʮʶʞʢʘʤʠ ʧʦʩʪʘʚʦʢ. ʄʦʜʝʣʴ 

ʚʠʟʥʘʯʘʻ ʪʨʠ ʨʽʚʥʽ ʧʦʢʘʟʥʠʢʽʚ (ʨʠʩ. 1). ʇʝʨʰʠʡ ʨʽʚʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʜʽʘʛʥʦʩʪʠʢʠ ʟʘʛʘʣʴʥʦʛʦ ʩʪʘʥʫ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ʎʽ ʧʦʢʘʟʥʠʢʠ ʪʘʢʦʞ ʚʽʜʦʤʽ 

ʷʢ ʩʪʨʘʪʝʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽ ʢʣʶʯʦʚʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ KPI (Key 

Performance Indicators). ɹʝʥʯʤʘʨʢʽʥʛ ʧʦʢʘʟʥʠʢʽʚ ʮʴʦʛʦ ʨʽʚʥʷ ʜʦʧʦʤʘʛʘʻ 

ʚʩʪʘʥʦʚʠʪʠ ʨʝʘʣʽʩʪʠʯʥʽ ʮʽʣʽ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʩʪʨʘʪʝʛʽʯʥʽ ʮʽʣʽ. ɼʨʫʛʠʡ ʨʽʚʝʥʴ 

ʧʦʢʘʟʥʠʢʽʚ ʩʣʫʞʠʪʴ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʧʝʨʰʦʛʦ ʨʽʚʥʷ. ɼʽʘʛʥʦʩʪʠʯʥʘ ʚʟʘʻʤʦʜʽʷ 

ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ ʧʝʨʰʦʧʨʠʯʠʥʫ ʘʙʦ ʧʨʠʯʠʥʠ ʧʨʦʙʣʝʤ ʟʥʠʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ. ʇʦʢʘʟʥʠʢʠ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷ ʩʣʫʞʘʪʴ ʜʣʷ 

ʜʽʘʛʥʦʩʪʠʢʠ ʜʨʫʛʦʛʦ ʨʽʚʥʷ. ɸʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜ ʧʝʨʰʦʛʦ ʜʦ ʪʨʝʪʴʦʛʦ ʨʽʚʥʽʚ 

ʥʘʟʠʚʘʻʪʴʩʷ ʨʦʟʢʣʘʜʘʥʥʷʤ. ʈʦʟʢʣʘʜʘʥʥʷ ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ ʧʨʦʮʝʩʠ (ʱʦ 

ʧʦʻʜʥʘʥʽ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʨʽʚʥʽʚ), ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ 

ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ. 

P1 ʇʣʘʥʫʚʘʥʥ̫

MX 

ɺʠʨʦʙʥʠʮʪʚʦ

SX 

ʇʦʩʪʘʯʘʥʥ̫
DX ɿʙʫʪ

SRX ʇʦʚʝʨʥʝʥʥ̫ 

ʧʦʩʪʘʯʘʣɹʥʠʢʘʤ

DRX ʇʦʚʝʨʥʝʥʥ̫ ʚ̔ʜ 

ʩʧʦʞʠʚʘʯ̔ʚ

ʌʦʢʫʩʥʝ ʧ̔ʜʧʨʠ̒ʤʩʪʚʦ

DX ɿʙʫʪ SX ʇʦʩʪʘʯʘʥʥ̫

ʇʦʩʪʘʯʘʣɹʥʠʢ ʉʧʦʞʠʚʘʯ

SX.1 ʉʢʣʘʜʘʥʥ̫ ʛʨʘʬ̔ʢʘ ʧʦʩʪʘʯʘʥʥ̫

SX.2 ʆʪʨʠʤʘʥʥ̫ ʧʨʦʜʫʢʮ̔ʾ

SX.3 ʇʝʨʝʚ̔ʨʢʘ ʧʨʦʜʫʢʮ̔ʾ

SX.4 ʇʝʨʝʚʝʟʝʥʥ̫ ʧʨʦʜʫʢʮ̔ʾ

SX.5 ɼʦʟʚ̔ʣ ʚʠʧʣʘʪʠ ʧʦʩʪʘʯʘʣɹʥʠʢʫ

DX.1 ʆʪʨʠʤʘʥʥ̫, ʧʝʨʝʚ̔ʨʢʘ, ʪʘ 

ʩʪʚʦʨʝʥʥ̫ ʟʘʤʦʚʣʝʥɹ

DX.2 ʉʢʣʘʜʘʥʥ̫ ʛʨʘʬ̔ʢʘ ʧʦʩʪʘʚʦʢ 

ʢʣ̔̒ʥʪʘʤ

DX.3 ɺ̔ʜʙ̔ʨ, ʟʘʧʘʢʦʚʫʚʘʥʥ̫, ʪʘ 

ʚ̔ʜʚʘʥʪʘʞʝʥʥ̫

DX.4 ɺʠʩʪʘʚʣʝʥʥ̫ ʨʘʭʫʥʢʫ ʢʣ̔̒ʥʪʫ

SRX ʇʦʚʝʨʥʝʥʥ̫ 

ʧʦʩʪʘʯʘʣɹʥʠʢʘʤ

DRX ʇʦʚʝʨʥʝʥʥ̫ 

ʚ̔ʜ ʩʧʦʞʠʚʘʯ̔ʚ

SRX.1 ʆʮ̔ʥʢʘ ʧʦʚʝʨʪʘ̒ʤʦʾ ʧʨʦʜʫʢʮ̔ʾ

SRX.2 ɺ̔ʜʙ̔ʨ ʧʦʚʝʨʪʘ̒ʤʦʾ ʧʨʦʜʫʢʮ̔ʾ

SRX.3 ɿʘʧʠʪ ʧʨʦ ʜʦʟʚ̔ʣ ʧʦʚʝʨʥʝʥʥ̫

SRX.4 ʉʢʣʘʜʘʥʥ̫ ʛʨʘʬ̔ʢʘ ʧʦʚʝʨʥʝʥɹ

SRX.5 ɺ̔ʜʚʘʥʪʘʞʝʥʥ̫ ʧʦʚʝʨʪʘ̒ʤʦʾ 

ʧʨʦʜʫʢʮ̔ʾ

DRX.1 ɼʦʟʚ̔ʣ ʧʦʚʝʨʥʝʥʥ̫

DRX.2 ʉʢʣʘʜʘʥʥ̫ ʛʨʘʬ̔ʢʘ ʧʦʚʝʨʥʝʥɹ

DRX.3 ʆʪʨʠʤʘʥʥ̫ ʧʦʚʝʨʪʘ̒ʤʦʾ 

ʧʨʦʜʫʢʮ̔ʾ

 

ʈʠʩ. 1 ï ʈʽʚʥʽ ʤʦʜʝʣʽ SCOR 

ɹʘʟʦʚʽ ʧʦʢʘʟʥʠʢʠ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʧʦʩʪʘʯʘʥʥʷʤ, ʪʘ 

ʚʽʜʧʦʚʽʜʥʽ ʜʦ ʥʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ [2], ʚʠʟʥʘʯʝʥʽ ʤʦʜʝʣʣʶ SCOR, ʥʘʚʝʜʝʤʦ 

ʥʠʞʯʝ. 

ʇʨʦʮʝʩ çʇʦʩʪʘʯʘʥʥʷè ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʙʘʟʦʚʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ: 

- ʚʠʪʨʘʪʠ ʥʘ ʧʦʩʪʘʯʘʥʥʷ CtS; 

- ʯʘʩ ʮʠʢʣʫ ʧʦʩʪʘʯʘʥʥʷ ʧʨʦʜʫʢʮʽʾ SCT. 
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ʇʨʦʮʝʩ çʉʢʣʘʜʘʥʥʷ ʛʨʘʬʽʢʫ ʧʦʩʪʘʚʦʢ ʪʦʚʘʨʫè ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʙʘʟʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: 

- ʚʠʪʨʘʪʠ ʥʘ ʩʢʣʘʜʘʥʥʷ ʛʨʘʬʽʢʘ ʧʦʩʪʘʚʦʢ ʪʦʚʘʨʫ CoSS (12% ʚʽʜ CtS); 

- ʯʘʩ ʥʘ ʩʢʣʘʜʘʥʥʷ ʛʨʘʬʽʢʘ ʧʦʩʪʘʚʦʢ ʪʦʚʘʨʫ SSCT; 

- ʽʥʪʝʨʚʘʣ ʤʽʞ ʧʦʩʪʘʚʢʘʤʠ 
0T ; 

- ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʘʚʦʢ 
01/T . 

ʇʨʦʮʝʩ çʆʪʨʠʤʘʥʥʷ ʧʨʦʜʫʢʮʽʾè ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʙʘʟʦʚʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ: 

- ʚʠʪʨʘʪʠ ʥʘ ʦʪʨʠʤʘʥʥʷ ʧʨʦʜʫʢʮʽʾ CoRS (26% ʚʽʜ CtS); 

- ʯʘʩ ʥʘ ʦʪʨʠʤʘʥʥʷ ʧʨʦʜʫʢʮʽʾ RSCT; 

- ʚʽʜʩʦʪʦʢ ʧʦʩʪʘʚʦʢ, ʦʪʨʠʤʘʥʠʭ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ 
%OSF ; 

- ʚʽʜʩʦʪʦʢ ʚʯʘʩʥʠʭ ʧʦʩʪʘʚʦʢ 
%OST ; 

- ʦʙʩʷʛʠ ʧʨʦʜʫʢʮʽʾ q . 

ʇʨʦʮʝʩ çʇʝʨʝʚʽʨʢʘ ʧʨʦʜʫʢʮʽʾè ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʙʘʟʦʚʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ: 

- ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʽʨʢʫ ʧʨʦʜʫʢʮʽʾ CoVS (10% ʚʽʜ CtS); 

- ʯʘʩ ʥʘ ʧʝʨʝʚʽʨʢʫ ʧʨʦʜʫʢʮʽʾ VSCT; 

- ʚʽʜʩʦʪʦʢ ʧʦʩʪʘʚʦʢ, ʦʪʨʠʤʘʥʠʭ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ 
%OSF ; 

- ʦʙʩʷʛʠ ʧʨʦʜʫʢʮʽʾ q . 

ʇʨʦʮʝʩ çʇʝʨʝʚʝʟʝʥʥʷ ʧʨʦʜʫʢʮʽʾè ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʙʘʟʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: 

- ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʧʨʦʜʫʢʮʽʾ CoTS (46% ʚʽʜ CtS); 

- ʯʘʩ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʧʨʦʜʫʢʮʽʾ TSCT; 

- ʚʽʜʩʦʪʦʢ ʧʦʩʪʘʚʦʢ, ʦʪʨʠʤʘʥʠʭ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ 
%OSF ; 

- ʚʽʜʩʦʪʦʢ ʚʯʘʩʥʠʭ ʧʦʩʪʘʚʦʢ 
%OST ; 

- ʦʙʩʷʛʠ ʧʨʦʜʫʢʮʽʾ q . 

ʇʨʦʮʝʩ çɼʦʟʚʽʣ ʚʠʧʣʘʪʠ ʧʦʩʪʘʯʘʣʴʥʠʢʫè ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʙʘʟʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: 

- ʚʠʪʨʘʪʠ ʥʘ ʜʦʟʚʽʣ ʚʠʧʣʘʪʠ ʧʦʩʪʘʯʘʣʴʥʠʢʫ CoASP (6% ʚʽʜ CtS); 

- ʯʘʩ ʥʘ ʜʦʟʚʽʣ ʚʠʧʣʘʪʠ ʧʦʩʪʘʯʘʣʴʥʠʢʫ ASPCT. 

ʂʦʞʥʠʡ ʙʽʟʥʝʩ-ʧʨʦʮʝʩ ʤʘʻ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʤʦʞʝ ʥʘʣʘʰʪʦʚʫʚʘʪʠʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʢʦʥʢʨʝʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʜʽʷʣʴʥʦʩʪʽ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɹʽʟʥʝʩ-ʧʨʦʮʝʩʠ, ʧʦʚôʷʟʘʥʽ ʟ ʧʦʩʪʘʯʘʥʥʷʤ ʧʨʦʜʫʢʮʽʾ, 

ʟʘʡʤʘʶʪʴ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʚ ʩʪʨʫʢʪʫʨʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʷʢ ʥʽʢʦʣʠ ʛʦʩʪʨʦ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʨʦʟʚʠʪʢʫ ʣʦʛʽʩʪʠʢʠ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʣʘʥʮʶʛʘʤʠ ʧʦʩʪʘʚʦʢ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʦʛʽʩʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʫʢʨʘʾʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘʣʠʰʘʻ ʙʘʞʘʪʠ ʢʨʘʱʦʛʦ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, 
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ʱʦ ʜʦʣʷ ʦʜʥʦʛʦ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ï 

ʣʦʛʽʩʪʠʯʥʠʭ ʚʠʪʨʘʪ ʚ ʩʪʨʫʢʪʫʨʽ ɺɺʇ ʚ ʋʢʨʘʾʥʽ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʜʦʣʝʶ ʣʦʛʽʩʪʠʯʥʠʭ ʚʠʪʨʘʪ ʚ ʩʪʨʫʢʪʫʨʽ ɺɺʇ ʫ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ. ɿʘʟʥʘʯʝʥʘ 

ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʣʦʛʽʩʪʠʯʥʠʤʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʾʭ ʧʦʩʪʽʡʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. ʆʜʥʠʤʠ ʟ ʮʠʭ ʧʨʦʮʝʩʽʚ ʻ 

ʧʨʦʮʝʩʠ ʧʦʩʪʘʯʘʥʥʷ ʧʨʦʜʫʢʮʽʾ. ʊʦʤʫ, ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʬʦʨʤʫʚʘʥʥʷ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʦʩʪʘʯʘʥʥʷʤ 

ʧʨʦʜʫʢʮʽʾ. ʌʦʨʤʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʝʢʩʧʝʨʪʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʠʭ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʚʦʜʠʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʾʭ ʧʣʘʥʦʚʠʭ ʪʘ ʬʘʢʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʪʘ ʨʦʟʙʽʞʥʦʩʪʝʡ ʤʽʞ 

ʥʠʤʠ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 
ʟʘʜʘʯʽ. ɿʛʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʧʣʘʥʦʚʽ ʧʦʢʘʟʥʠʢʠ ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʽʚ ʧʦʩʪʘʯʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʟʘʤʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ [3]. ɼʘʥʘ ʟʘʜʘʯʘ ʷʚʣʷʻ 

ʩʦʙʦʶ ʟʘʜʘʯʫ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʫʤʦʚʘʤʠ. ɺʦʥʘ ʤʘʻ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ: 
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ʜʝ 
iD  ï ʩʧʦʞʠʚʘʥʥʷ i -ʛʦ ʪʦʚʘʨʫ ʫ ʧʝʨʽʦʜ; 

0T  ï ʽʥʪʝʨʚʘʣ ʧʦʚʪʦʨʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ; 

hiC  ï ʚʠʪʨʘʪʠ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʦʜʠʥʠʮʽ i -ʛʦ ʪʦʚʘʨʫ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʚʘʨʫ); 

0C  ï ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʦʜʥʽʻʾ ʧʦʩʪʘʚʢʠ (ʟʘʛʘʣʴʥʽ ʜʣʷ ʧʘʨʪʽʾ ʟʘʤʦʚʣʝʥʥʷ); 

01/T  ï ʱʦʧʝʨʽʦʜʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʘʚʦʢ (ʜʝ 
0T  ï ʤʽʩʷʮʴ, ʨʽʢ); 

iw  ï ʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ i -ʛʦ ʪʦʚʘʨʫ; 

V  ï ʩʫʤʘ ʢʦʰʪʽʚ, ʷʢʠʤʠ ʚʦʣʦʜʽʻ ʧʽʜʧʨʠʻʤʩʪʚʦ; 

iz  ï ʦʙʩʷʛ, ʷʢʠʡ ʟʘʡʤʘʻ ʦʜʠʥʠʮʷ i -ʛʦ ʪʦʚʘʨʫ ʥʘ ʩʢʣʘʜʽ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ; 

S  ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙʩʷʛ ʩʢʣʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʴ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʊʘʢʫ ʟʘʜʘʯʫ ʙʫʜʝʤʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʥʝʚʠʟʥʘʯʝʥʠʭ 

ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ [3]. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʬʫʥʢʮʽʶ ʃʘʛʨʘʥʞʘ, ʜʦʜʘʤʦ 

ʚʠʨʘʟʠ ʦʙʤʝʞʝʥʴ ʜʦ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʆʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʟʘʜʘʯʫ: 
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ʎʷ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ɿʥʘʡʰʦʚʰʠ ʢʦʨʝʥʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʨʦʩʪʠʭ 

ʽʪʝʨʘʮʽʡ [4], ʟʤʦʞʝʤʦ ʚʠʟʥʘʯʠʪʠ ʦʙʩʷʛʠ ʟʘʤʦʚʣʝʥʥʷ i -ʛʦ ʪʦʚʘʨʫ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ: 
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ɺ̔ ʜʟʥʘʯʠʤʦ, ʱʦ ʩʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ, ʚʠʨʽʰʠʚʰʠ ʟʘʜʘʯʫ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʝ ʻ 

ʮʽʣʦʯʠʩʝʣʴʥʠʤʠ. ʎʝʡ ʬʘʢʪ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʧʦʣʦʞʝʥʥʷʤ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ï 

ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʘʚʦʢ ʟʘ ʧʝʨʽʦʜ 
01/T  ʧʦʚʠʥʥʘ ʙʫʪʠ ʮʽʣʦʶ ʚʝʣʠʯʠʥʦʶ. 

ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʤʝʪʦʜʦʤ ʛʽʣʦʢ ʪʘ ʤʝʞ [4], ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ 

ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʛʨʘʬʽʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʤʝʪʦʜʦʤ ʛʽʣʦʢ ʪʘ ʤʝʞ (ʨʠʩ. 2). 

 

ʈʠʩ. 2 ï ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʤʝʪʦʜʦʤ ʛʽʣʦʢ ʪʘ ʤʝʞ 

ʅʘ ʥʘʚʝʜʝʥʦʤʫ ʨʠʩʫʥʢʫ { }01/T  ï ʮʽʣʘ ʯʘʩʪʠʥʘ ʟʥʘʯʝʥʥʷ 
01/T . 

ɺʠʨʽʰʫʻʪʴʩʷ ʚʠʭʽʜʥʘ ʟʘʜʘʯʘ ʥʘ ʤʥʦʞʠʥʽ 
1G  ʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʦʧʪʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ 
011/T . ɺʽʜʧʦʚʽʜʥʦ ʚʠʨʽʰʫʻʪʴʩʷ ʚʠʭʽʜʥʘ ʟʘʜʘʯʘ ʥʘ ʤʥʦʞʠʥʽ 

2G  ʪʘ 
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ʟʥʘʭʦʜʠʪʴʩʷ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 
021/T . ʆʙʯʠʩʣʶʶʪʴʩʷ ʦʮʽʥʢʠ 

( ) ( )1 01G C Tx =  ʪʘ ( ) ( )2 02G C Tx = . ʇʝʨʝʚʽʨʷʻʪʴʩʷ ʦʟʥʘʢʘ ʦʧʪʠʤʘʣʴʥʦʩʪʽ. ʗʢʱʦ 

011/T  ï ʮʽʣʦʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʘ  ( ) ( ) ( ){ }1 1 2min ,G G Gx x x= , ʪʦ 
011/T  ï 

ʦʧʪʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʘʚʦʢ ʟʘ ʧʝʨʽʦʜ. ʗʢʱʦ ʞ 
021/T  ï ʮʽʣʦʯʠʩʝʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʪʘ ( ) ( ) ( ){ }2 1 2min ,G G Gx x x= , ʪʦ 
021/T  ï ʦʧʪʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʧʦʩʪʘʚʦʢ ʟʘ ʧʝʨʽʦʜ. ɿʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʦʙʩʷʛʽʚ ʟʘʤʦʚʣʝʥʥʷ ʪʦʚʘʨʫ ʙʫʜʝʤʦ 

ʧʨʠʡʤʘʪʠ ʷʢ { }0i iq DT= , ʜʝ { }0iDT  ï ʮʽʣʘ ʯʘʩʪʠʥʘ ʟʥʘʯʝʥʥʷ 
0iDT . 

ʅʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʽʰʝʥʥʷ ʥʘʚʝʜʝʥʦʾ 

ʚʠʱʝ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʧʣʘʥʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʽʚ ʧʦʩʪʘʯʘʥʥʷ 

ʧʨʦʜʫʢʮʽʾ ʟ ʬʘʢʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʧʨʽʦʨʠʪʝʪʠ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ï ʷʢʽ ʧʨʦʮʝʩʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʫʜʦʩʢʦʥʘʣʝʥʽ ʫ ʧʝʨʰʫ ʯʝʨʛʫ. ɼʣʷ 

ʮʴʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʾ (ʄɸɯ) [5]. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʬʦʨʤʫʻʪʴʩʷ ʤʘʪʨʠʮʷ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʽʚ: 
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A  

ʜʝ n  ï ʢʽʣʴʢʽʩʪʴ ʘʥʘʣʽʟʦʚʘʥʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ; 

ija  ï ʦʮʽʥʢʘ ʧʦʢʘʟʫʻ, ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʧʨʦʮʝʩ i  ʚʘʞʣʠʚʽʰʠʡ ʟʘ ʧʨʦʮʝʩ j . 

ɿʜʽʡʩʥʶʶʯʠ ʧʨʦʮʝʜʫʨʫ ʄɸɯ, ʤʦʞʝʤʦ ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ 

ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ ʟ ʤʝʪʦʶ ʚʠʙʦʨʫ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ 

ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ: 
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ʜʝ n  ï ʢʽʣʴʢʽʩʪʴ ʘʥʘʣʽʟʦʚʘʥʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ. 

ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 
ʟʘʜʘʯʽ. ɺʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʷʚʣʷʻ ʩʦʙʦʶ ʪʨʫʜʦʤʽʩʪʢʠʡ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʦʙʯʠʩʣʝʥʴ ʧʨʦʮʝʩ. ʆʪʞʝ, ʪʘʢʘ ʟʘʜʘʯʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʙʘʟʫ ʜʘʥʠʭ, ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʣʷ 

ʨʦʙʦʪʠ ʟ ʨʦʟʨʦʙʣʝʥʦʶ ʙʘʟʦʶ ʜʘʥʠʭ, ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ 

ʚʽʜʧʦʚʽʜʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɹʘʟʫ ʜʘʥʠʭ ʙʫʣʦ 

ʨʝʘʣʽʟʦʚʘʥʦ ʟʛʽʜʥʦ ʟ ʨʦʟʨʦʙʣʝʥʦʶ ʤʦʜʝʣʣʶ ʜʘʥʠʭ (ʨʠʩ. 3).  
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ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʙʘʟʠ ʜʘʥʠʭ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ 

ʜʘʥʠʭ MySQL. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʨʦʙʣʝʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʚʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ PHP ʪʘ ʚʝʙ-ʩʝʨʚʝʨʫ Apache. ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʚʝʙ-ʜʦʜʘʪʢʫ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʢʣʽʻʥʪʩʴʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ 

ʢʦʤʧôʶʪʝʨ ʢʦʨʠʩʪʫʚʘʯʘ ï ʜʦʩʪʘʪʥʴʦ ʤʘʪʠ ʟʚʠʯʘʡʥʠʡ ʚʝʙ-ʙʨʘʫʟʝʨ. 

ʂʦʥʪʨʦʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʷʢʦʩʪʽ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʟʘ 

2009 ʨʽʢ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʽʷʣʴʥʽʩʪʴ ʪʦʨʛʽʚʝʣʴʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʱʦʜʦ 

ʧʦʩʪʘʯʘʥʥʷ ʪʘ ʟʙʫʪʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ ʪʘ ʚʠʪʨʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʨʦʚʝʜʝʤʦ ʯʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʧʦʩʪʘʯʘʥʥʷ ʜʣʷ 

ʧʝʨʰʦʛʦ ʢʚʘʨʪʘʣʫ 2009 ʨʦʢʫ. ɹʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʧʦʩʪʘʯʘʥʥʷ ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʽ ʜʦ ʥʠʭ 

ʧʦʢʘʟʥʠʢʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 ï ʈʦʟʨʘʭʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦʩʪʘʯʘʥʥʷ 

ɹʽʟʥʝʩ-ʧʨʦʮʝʩ ʇʦʢʘʟʥʠʢ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ ʇʣʘʥ ʌʘʢʪ ɺʽʜʭʠʣʝʥʥʷ, % 

ʉʢʣʘʜʘʥʥʷ 

ʛʨʘʬʽʢʘ 

ʧʦʩʪʘʚʦʢ ʪʦʚʘʨʫ 

ɺʠʪʨʘʪʠ ʥʘ ʩʢʣʘʜʘʥʥʷ 

ʛʨʘʬʽʢʘ ʧʦʩʪʘʚʦʢ ʪʦʚʘʨʫ 

CoSS 

161.19 

 

136.34 ï15.42 

ɯʥʪʝʨʚʘʣ ʤʽʞ ʧʦʩʪʘʚʢʘʤʠ 

0T  

0.14 0.17 +21.43 

ʆʪʨʠʤʘʥʥʷ 

ʧʨʦʜʫʢʮʽʾ 

ɺʠʪʨʘʪʠ ʥʘ ʦʪʨʠʤʘʥʥʷ 

ʧʨʦʜʫʢʮʽʾ CoRS 

349.26 295.40 ï15.42 

ɺʽʜʩʦʪʦʢ ʚʯʘʩʥʠʭ ʧʦʩʪʘʚʦʢ 

%OST  

100 82.35 ï17.65 

ʇʝʨʝʚʽʨʢʘ 

ʧʨʦʜʫʢʮʽʾ 

ɺʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʽʨʢʫ 

ʧʨʦʜʫʢʮʽʾ CoVS 

134.33 113.61 ï15.42 

ʇʝʨʝʚʝʟʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ 

ɺʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ CoTS 

617.91 522.62 ï15.42 

ɺʽʜʩʦʪʦʢ ʚʯʘʩʥʠʭ ʧʦʩʪʘʚʦʢ 

%OST  

100 82.35 ï17.65 

ɼʦʟʚʽʣ ʚʠʧʣʘʪʠ 

ʧʦʩʪʘʯʘʣʴʥʠʢʫ 

ɺʠʪʨʘʪʠ ʥʘ ʜʦʟʚʽʣ ʚʠʧʣʘʪʠ 

ʧʦʩʪʘʯʘʣʴʥʠʢʫ CoASP 

80.60 68.17 ï15.42 

 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʚʽʜʭʠʣʝʥʴ ʧʦʢʘʟʥʠʢʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ 1, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʣʷʭʦʤ ʝʢʩʧʝʨʪʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʤʘʪʨʠʮʷ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ W. ɽʣʝʤʝʥʪʠ ijw  

ʤʘʪʨʠʮʽ W  ʚʠʟʥʘʯʘʶʪʴ, ʚ ʷʢʽʡ ʤʽʨʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩ i  ʧʝʨʝʚʘʞʘʻ ʥʘʜ ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʦʤ j  ʫ ʧʦʪʨʝʙʽ ʧʨʦʚʝʜʝʥʥʷ ʡʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. ʄʘʪʨʠʮʷ ʧʘʨʥʠʭ 

ʧʦʨʽʚʥʷʥʴ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʚ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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ʅʘ ʦʩʥʦʚʽ ʩʬʦʨʤʦʚʘʥʦʾ ʤʘʪʨʠʮʽ W  ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʧʨʽʦʨʠʪʝʪʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, 

ʚʠʟʥʘʯʝʥʠʭ ʫ ʪʘʙʣʠʮʽ 1. ʎʽ ʧʨʽʦʨʠʪʝʪʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 2. 

ʊʘʙʣʠʮʷ 2 ï ʈʦʟʨʘʭʦʚʘʥʽ ʧʨʽʦʨʠʪʝʪʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ 

ɹʽʟʥʝʩ-ʧʨʦʮʝʩ ʇʨʽʦʨʠʪʝʪ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ 

ʉʢʣʘʜʘʥʥʷ ʛʨʘʬʽʢʘ ʧʦʩʪʘʚʦʢ ʪʦʚʘʨʫ 0,60 

ʆʪʨʠʤʘʥʥʷ ʧʨʦʜʫʢʮʽʾ 0,14 

ʇʝʨʝʚʽʨʢʘ ʧʨʦʜʫʢʮʽʾ 0,14 

ʇʝʨʝʚʝʟʝʥʥʷ ʧʨʦʜʫʢʮʽʾ 0,06 

ɼʦʟʚʽʣ ʚʠʧʣʘʪʠ ʧʦʩʪʘʯʘʣʴʥʠʢʫ 0,06 

 

 

ʈʠʩ. 4 ï ʇʦʪʦʯʥʠʡ ʩʪʘʥ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ 

ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʠʟʥʘʯʠʤʦ, ʱʦ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʜʣʷ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʻ ʙʽʟʥʝʩ-ʧʨʦʮʝʩ çʉʢʣʘʜʘʥʥʷ ʛʨʘʬʽʢʘ ʧʦʩʪʘʚʦʢ ʪʦʚʘʨʫè. 

ʆʙʨʘʥʠʡ ʙʽʟʥʝʩ-ʧʨʦʮʝʩ ʻ ʩʪʘʥʜʘʨʪʥʠʤ ʧʨʦʮʝʩʦʤ ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʨʝʬʝʨʝʥʪʥʦʾ 

ʤʦʜʝʣʽ SCOR. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ SCOR ʚʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʨʦʙʽʪ 

(ʨʠʩ. 4). ʆʩʢʽʣʴʢʠ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʩʷʛʫ 

ʟʘʤʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʜʦʟʚʦʣʷʻ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʣʦʛʽʩʪʠʯʥʽ ʚʠʪʨʘʪʠ, 

ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʘʚʦʢ ʪʘ ʦʧʪʠʤʘʣʴʥʽ ʦʙʩʷʛʠ ʪʦʚʘʨʽʚ, ʜʦ 

ʦʙʨʘʥʦʛʦ ʧʨʦʮʝʩʫ ʙʫʜʝ ʜʦʮʽʣʴʥʠʤ ʚʢʣʶʯʠʪʠ ʨʦʙʦʪʫ çɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʟʘʤʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾè (ʨʠʩ. 5). 
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ʈʠʩ. 5 ï ʈʝʢʦʤʝʥʜʦʚʘʥʽ ʟʤʽʥʠ ʫ ʩʪʨʫʢʪʫʨʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ 

ɺʠʩʥʦʚʢʠ. ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʦʜʠʥ ʟ ʧʽʜʭʦʜʽʚ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʧʦʩʪʘʯʘʥʥʷʤ ʧʨʦʜʫʢʮʽʾ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʝ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʙʘʟʫ ʜʘʥʠʭ, ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʣʷ 

ʨʦʙʦʪʠ ʟ ʨʦʟʨʦʙʣʝʥʦʶ ʙʘʟʦʶ ʜʘʥʠʭ, ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ 

ʚʽʜʧʦʚʽʜʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʢʦʥʪʨʦʣʴʥʽ 

ʨʦʟʨʘʭʫʥʢʠ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʧʦʩʪʘʯʘʥʥʷ ʪʦʨʛʽʚʝʣʴʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. 
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6
 

ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʉʊɸʅʋ ʌʋʊɹʆʃʔʅʆɻʆ ʂʃʋɹʋ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ɿɹɸʃɸʅʉʆɺɸʅʆɰ ʉʀʉʊɽʄʀ ʇʆʂɸɿʅʀʂɯɺ 

ʇʨʦʧʦʥʫʶʪʴʩʷ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʘʥʫ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ, ʥʘ ʦʩʥʦʚʽ 
ʟʜʦʙʫʪʦʾ ʫ ʨʝʟʫʣʴʪʘʪʽ ʟʙʦʨʫ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʢʣʶʯʦʚʠʤ ʧʦʢʘʟʥʠʢʘʤ ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʜʽʷʣʴʥʦʩʪʽ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ. ɺʠʜʽʣʝʥʽ ʢʣʶʯʦʚʽ ʧʦʢʘʟʥʠʢʠ ʜʽʷʣʴʥʦʩʪʽ, ʷʢʽ ʧʨʠʪʘʤʘʥʥʽ 
ʬʫʪʙʦʣʴʥʦʤʫ ʢʣʫʙʫ, ʨʦʟʨʦʙʣʝʥʘ ʙʘʟʘ ʜʘʥʠʭ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, 
ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʩʪʘʥʫ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʘʥʫ, ʟʙʘʣʘʥʩʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʦʢʘʟʥʠʢʽʚ, ʙʘʟʘ ʜʘʥʠʭ, 
ʧʨʦʙʣʝʤʥʘ ʩʠʪʫʘʮʽʷ, ʬʫʪʙʦʣʴʥʠʡ ʢʣʫʙ, ʧʦʢʘʟʥʠʢʠ ʜʽʷʣʴʥʦʩʪʽ, ʩʠʪʫʘʮʽʡʥʝ ʫʧʨʘʚʣʽʥʥʷ, ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɺʩʪʫʧ. ʉʴʦʛʦʜʥʽ ʬʫʪʙʦʣ ʻ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʤ ʚʠʜʦʤ ʩʧʦʨʪʫ ʩʝʨʝʜ 

ʥʘʩʝʣʝʥʥʷ ʚʩʽʻʾ ʧʣʘʥʝʪʠ, ʪʦʤʫ ʥʝ ʜʠʚʥʦ, ʱʦ ʚʽʥ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. 

ʈʦʟʚʠʚʘʻʪʴʩʷ ʪʘ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʩʠʩʪʝʤʘ ʟʤʘʛʘʥʴ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʨʽʚʝʥʴ ʚʠʤʦʛ 

ʱʦʜʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ(ʌʂ), ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ 

ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ. ɺ ʮʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʝʤʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʬʫʪʙʦʣʴʥʦʛʦ 

ʢʣʫʙʫ ʷʢ ʦʢʨʝʤʦʛʦ ʚʠʜʫ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʉʫʯʘʩʥʠʡ ʬʫʪʙʦʣʴʥʠʡ ʢʣʫʙ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʫʞʝ ʩʢʣʘʜʥʫ, ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʩʠʩʪʝʤʫ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʦʶ ʩʠʩʪʝʤʦʶ ʥʝʦʙʭʽʜʥʽ ʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʬʽʥʘʥʩʦʚʠʭ, ʪʨʫʜʦʚʠʭ, 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ. ɺʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʘʩʧʝʢʪʽʚ 

ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʬʫʪʙʦʣʴʥʠʤ ʢʣʫʙʦʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɿʘʨʘʟ ʜʽʡʩʥʦ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʧʨʠʜʽʣʷʶʪʴ 

ʝʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʶ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. ɹʝʟ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘʢʝ 

ʫʧʨʘʚʣʽʥʥʷ, ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ, ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʬʫʪʙʦʣʴʥʠʭ ʢʣʫʙʽʚ, ʷʢʽ ʤʘʶʪʴ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ. 

ʃʶʜʠʥʘ ʥʝ ʟʤʦʞʝ ʚʦʜʥʦʯʘʩ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʫʩʽʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʽʷʣʴʥʦʩʪʽ 

ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ ʪʘ ʚʠʟʥʘʯʘʪʠ ʩʪʘʥ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ ʟʚʘʞʘʶʯʠ ʥʘ ʫʩʽ 

ʧʦʢʘʟʥʠʢʠ ʜʽʷʣʴʥʦʩʪʽ. ʆʪʞʝ ʥʝʦʙʭʽʜʥʠʤ ʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʫʩʽ ʮʽ ʧʨʦʮʝʩʠ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʨʦʟʛʣʷʥʫʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ ʷʢ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ. ʌʫʪʙʦʣʴʥʠʡ ʢʣʫʙ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʦʢʨʝʤʠʡ ʚʠʜ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʎʝ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʧʽʩʣʷ ʚʠʜʽʣʝʥʥʷ ʢʣʶʯʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʫʩʧʽʰʥʽʩʪʴ ʘʙʦ ʥʝʫʩʧʽʰʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ ʷʢ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ɺʠʟʥʘʯʝʥʥʷ ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʩʪʘʥʫ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ ʥʘ 

ʚʠʟʥʘʯʝʥʦʤʫ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʢʣʘʜʦʚʠʭ 

ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʬʫʪʙʦʣʴʥʠʤ ʢʣʫʙʦʤ. ʇʨʦʙʣʝʤʥʦʶ ʩʠʪʫʘʮʽʻʶ ʙʫʜʝʤʦ 
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ʥʘʟʠʚʘʪʠ ʩʫʪʪʻʚʝ ʚʽʜʭʠʣʝʥʥʷ ʟʥʘʯʝʥʴ ʦʜʥʦʛʦ, ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʧʦʢʘʟʥʠʢʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜ ʟʘʧʣʘʥʦʚʘʥʦʛʦ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʬʫʪʙʦʣʴʥʠʤ ʢʣʫʙʦʤ. ʅʘ ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ɼʝʚʽʜʦʤ 

ʅʦʨʪʦʥʦʤ (David Norton) ʪʘ ʈʦʙʝʨʪʦʤ ʂʘʧʣʘʥʦʤ (Robert Kaplan) ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʫ, ʷʢʘ ʟʘ ʽʜʝʻʶ ʤʘʣʘ ʧʝʨʝʜʙʘʯʘʪʠ ʷʢ ʟʚôʷʟʦʢ ʩʪʨʘʪʝʛʽʯʥʠʭ ʽ 

ʪʘʢʪʠʯʥʠʭ ʧʣʘʥʽʚ, ʪʘʢ ʽ ʽʥʪʝʛʨʘʮʽʶ ʟ ʧʽʜʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ. 

ʎʷ ʩʭʝʤʘ ʙʫʣʘ ʥʘʟʚʘʥʘ ʘʚʪʦʨʘʤʠ ʪʝʨʤʽʥʦʤ Balanced Scorecard. ɿʛʽʜʥʦ ʟ ʈ. 

ʂʘʧʣʘʥʦʤ ʽ ɼ. ʅʦʨʪʦʥʦʤ, Balanced Scorecard ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʯʦʪʠʨʴʦʭ 

ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʛʦʣʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ: ʬʽʥʘʥʩʦʚʦʾ, ʢʣʽʻʥʪʩʴʢʦʾ, ʚʥʫʪʨʽʰʥʴʦʾ ʽ 

ʩʢʣʘʜʦʚʦʾ ʥʘʚʯʘʥʥʷ ʡ ʨʦʟʚʠʪʢʫ: ʬʽʥʘʥʩʦʚʘ, ʢʣʽʻʥʪʩʴʢʘ, ʚʥʫʪʨʽʰʥʷ, ʥʘʚʯʘʥʥʷ ʽ 

ʨʦʟʚʠʪʦʢ. ʌʽʥʘʥʩʦʚʘ ʦʧʠʩʫʻ ʤʘʪʝʨʽʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʨʘʜʠʮʽʡʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʧʦʥʷʪʴ; ʮʽʣʽ ʬʽʥʘʥʩʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ï 

ʝʢʦʥʦʤʽʯʥʽ ʧʽʜʩʫʤʢʠ ʫʩʧʽʰʥʦʾ ʩʪʨʘʪʝʛʽʾ (ʟʨʦʩʪʘʥʥʷ ʜʦʭʦʜʽʚ ʽ ʧʨʠʙʫʪʢʫ, ʘ 

ʪʘʢʦʞ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ). ʇʨʠ ʬʦʨʤʫʣʶʚʘʥʥʽ ʢʣʽʻʥʪʩʴʢʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʘʪʝʛʽʯʥʦʾ 

ʢʘʨʪʠ ʤʝʥʝʜʞʝʨʠ ʚʠʟʥʘʯʘʶʪʴ ʮʽʣʴʦʚʽ ʩʝʛʤʝʥʪʠ ʩʧʦʞʠʚʯʦʛʦ ʨʠʥʢʫ, ʫ ʷʢʠʭ 

ʢʦʥʢʫʨʫʻ ʜʘʥʠʡ ʙʽʟʥʝʩ ʧʽʜʨʦʟʜʽʣ ʪʘ ʧʦʢʘʟʥʠʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʡʦʛʦ ʜʽʷʣʴʥʦʩʪʽ ʟ 

ʧʦʛʣʷʜʫ ʢʣʽʻʥʪʽʚ. ɺʥʫʪʨʽʰʥʷ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʜʚʽ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʠ 

ʩʪʨʘʪʝʛʽʾ:  ʨʦʟʨʦʙʢʘ ʡ ʥʘʜʘʥʥʷ ʢʣʽʻʥʪʦʚʽ ʧʨʦʧʦʟʠʮʽʾ ʮʽʥʥʦʩʪʽ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʽ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʷʢ ʟʘʩʦʙʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫ 

ʬʽʥʘʥʩʦʚʽʡ ʩʢʣʘʜʦʚʽʡ. ʅʘʚʯʘʥʥʷ ʡ ʨʦʟʚʠʪʦʢ ʚʽʜʙʠʚʘʻ ʪʽ ʥʝʤʘʪʝʨʽʘʣʴʥʽ ʘʢʪʠʚʠ, 

ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʩʪʨʘʪʝʛʽʾ. ɺ ʷʢʦʩʪʽ ʮʽʣʝʡ ʜʣʷ ʜʘʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʠʜʠ ʜʽʷʣʴʥʦʩʪʽ (ʣʶʜʩʴʢʠʡ ʢʘʧʽʪʘʣ), ʩʠʩʪʝʤʠ (ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʢʘʧʽʪʘʣ) ʽ ʤʦʨʘʣʴʥʠʡ ʢʣʽʤʘʪ (ʦʨʛʘʥʽʟʘʮʽʡʥʠʡ ʢʘʧʽʪʘʣ), ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʚʘʨʪʦʩʪʽ. ʎʽʣʽ ʯʦʪʠʨʴʦʭ ʩʢʣʘʜʦʚʠʭ ʟʚ'ʷʟʘʥʽ ʦʜʠʥ 

ʟ ʦʜʥʠʤ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʤʠ ʚʽʜʥʦʩʠʥʘʤʠ [5]. ʋʩʝ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʛʽʧʦʪʝʟʠ 

ʧʨʦ ʪʝ, ʱʦ ʬʽʥʘʥʩʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, 

ʷʢʱʦ ʟʘʜʦʚʦʣʝʥʦ ʮʽʣʴʦʚʫ ʛʨʫʧʫ ʢʣʽʻʥʪʽʚ. ʈʦʟʛʣʷʜʘʶʯʠ ʜʘʥʫ ʧʨʝʜʤʝʪʥʫ 

ʦʙʣʘʩʪʴ, ʢʦʞʝʥ ʟ ʽʥʜʠʢʘʪʦʨʽʚ ʩʠʩʪʝʤʠ Key Performance Indicators, ʜʣʷ ʦʮʽʥʢʠ 

ʜʽʷʣʴʥʦʩʪʽ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ, ʤʦʞʥʘ ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʥʝʩʪʠ ʜʦ ʦʜʥʽʻʾ ʟ 

ʯʦʪʠʨʴʦʭ ʛʨʫʧ ʟʙʘʣʘʥʩʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʽʚ. ʅʘ ʦʩʥʦʚʽ ʽʩʥʫʶʯʠʭ ʜʘʥʠʭ 

ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʟʙʘʣʘʥʩʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʦʢʘʟʥʠʢʽʚ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ. ʊʘʢʘ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 1. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʩʠʪʫʘʮʽʡʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 
ʬʫʪʙʦʣʴʥʠʤ ʢʣʫʙʦʤ. ʉʫʯʘʩʥʠʡ ʧʦʛʣʷʜ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʦʨʛʘʥʽʟʘʮʽʷʤʠ 

ʢʦʥʮʝʥʪʨʫʻ ʩʚʦʶ ʫʚʘʛʫ ʥʘ ʩʠʪʫʘʮʽʡʥʠʭ ʨʽʟʥʠʮʷʭ ʤʽʞ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʽ 

ʚʩʝʨʝʜʠʥʽ ʩʘʤʠʭ ʦʨʛʘʥʽʟʘʮʽʡ. ʊʘʢʠʡ ʩʠʪʫʘʮʽʡʥʠʡ ʧʦʛʣʷʜ ʚʽʜʧʦʚʽʜʘʻ 

ʚʽʜʦʙʨʘʞʝʥʥʶ ʨʝʘʣʴʥʠʭ ʦʙʩʪʘʚʠʥ ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ, ʷʢʘ ʚʽʜʯʫʚʘʻ ʧʨʦʷʚ 

ʥʦʚʠʭ, ʨʘʥʽʰʝ ʥʝʟʥʘʥʠʭ ʷʚʠʱ ʪʘ ʪʨʫʜʥʦʱʽʚ, ʟ ʷʢʠʤʠ ʩʪʠʢʘʶʪʴʩʷ ʷʢ ʦʢʨʝʤʽ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʪʘʢ ʽ ʮʽʣʽ ʛʘʣʫʟʽ ʪʘ ʩʬʝʨʠ ʝʢʦʥʦʤʽʢʠ. ʊʦʤʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʦʚʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʨʦʙʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʭ ʜʦ ʥʦʚʠʭ 

ʢʦʥʢʨʝʪʥʠʭ ʩʠʪʫʘʮʽʡ ʨʽʰʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʪʫʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ð 
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ʽʤʦʚʽʨʥʠʡ, ʟʘʣʝʞʥʠʡ ʚʽʜ ʚʠʧʘʜʢʽʚ, ʦʙʩʪʘʚʠʥ, ʚʽʜ ʩʠʪʫʘʮʽʡ ʩʧʦʩʽʙ ʤʠʩʣʝʥʥʷ ʧʨʦ 

ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ʪʘ ʾʭ ʚʠʨʽʰʝʥʥʷ, ʫ ʨʘʤʢʘʭ ʷʢʦʛʦ ʩʬʦʨʤʫʚʘʣʘʩʴ 

ʢʦʥʮʝʧʮʽʷ ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ.  

 

ʈʠʩ. 1 ï ɿʙʘʣʘʥʩʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʦʢʘʟʥʠʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʌʂ. 

ʉʠʪʫʘʮʽʡʥʝ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʠʡʥʷʪʪʷʤ ʫʧʨʘʚʣʽʥʩʴʢʠʤ 

ʧʝʨʩʦʥʘʣʦʤ ʨʽʰʝʥʴ ʫ ʩʠʪʫʘʮʽʾ, ʷʢʘ ʨʝʘʣʴʥʦ ʩʢʣʘʣʘʩʷ ʘʙʦ ʩʢʣʘʜʘʻʪʴʩʷ. 

ʉʠʪʫʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʚʠʟʥʘʻ, ʱʦ ʭʦʯʘ ʫʧʨʘʚʣʽʥʩʴʢʠʡ ʧʨʦʮʝʩ ʦʜʥʘʢʦʚʠʡ, 

ʩʧʝʮʠʬʽʯʥʽ ʧʨʠʡʦʤʠ, ʷʢʽ ʧʦʚʠʥʝʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʝʨʽʚʥʠʢ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʦʨʛʘʥʽʟʘʮʽʾ, ʤʦʞʫʪʴ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʽʜʨʽʟʥʷʪʠʩʷ. ɺʽʥ 

ʥʘʤʘʛʘʻʪʴʩʷ ʧʦʚ'ʷʟʘʪʠ ʢʦʥʢʨʝʪʥʽ ʧʨʠʡʦʤʠ ʽ ʢʦʥʮʝʧʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʟ ʧʝʚʥʠʤʠ 

ʩʠʪʫʘʮʽʷʤʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʜʦʩʷʛʪʠ ʮʽʣʝʡ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʡʝʬʝʢʪʠʚʥʽʰʝ. 

ʎʝʥʪʨʘʣʴʥʠʤ ʤʦʤʝʥʪʦʤ ʩʠʪʫʘʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʩʠʪʫʘʮʽʷ, ʪʦʙʪʦ ʢʦʥʢʨʝʪʥʠʡ 

ʥʘʙʽʨ ʦʙʩʪʘʚʠʥ, ʷʢʽ ʩʠʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʚ ʧʝʚʥʠʡ ʢʦʥʢʨʝʪʥʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ [4]. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʠʪʫʘʮʽʡʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 2. 
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ʈʠʩ. 2 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʠʪʫʘʮʽʡʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʩʪʘʥʫ ʌʂ ʜʽʾ ʜʦʩʣʽʜʥʠʢʽʚ 

ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʜʽʷʤʠ ʘʥʘʣʽʟʘʪʦʨʘ ʚ ʟʘʛʘʣʴʥʽʡ ʩʭʝʤʽ ʩʠʪʫʘʮʽʡʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʽʾ ʘʥʘʣʽʟʘʪʦʨʘ ʜʦʢʣʘʜʥʽʰʝ. ʆʧʠʩ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʷʢʘ ʩʢʣʘʣʘʩʷ 

ʥʘ ʦʙôʻʢʪʽ ʫʧʨʘʚʣʽʥʥʷ, ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ ʘʥʘʣʽʟʘʪʦʨʘ. ʁʦʛʦ ʟʘʜʘʯʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʚ ʦʮʽʥʮʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʪʨʫʯʘʥʥʷ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʧʨʦʮʝʩ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ ʚ ʦʙôʻʢʪʽ ʫʧʨʘʚʣʽʥʥʷ. ʗʢʱʦ ʧʦʪʦʯʥʘ 

ʩʠʪʫʘʮʽʷ ʥʝ ʧʦʪʨʝʙʫʻ ʪʘʢʦʛʦ ʚʪʨʫʯʘʥʥʷ, ʪʦ ʘʥʘʣʽʟʘʪʦʨ ʥʝ ʧʝʨʝʜʘʻ ʾʾ ʥʘ 

ʧʦʜʘʣʴʰʫ ʦʙʨʦʙʢʫ. ɺ ʧʨʦʪʠʚʥʦʤʫ ʚʠʧʘʜʢʫ ʦʧʠʩ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ ʧʦʩʪʫʧʘʻ 

ʜʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ. ʂʣʘʩʠʬʽʢʘʪʦʨ ʚʽʜʥʦʩʠʪʴ ʧʦʪʦʯʥʫ ʩʠʪʫʘʮʽʶ ʜʦ ʦʜʥʦʛʦ ʯʠ 

ʢʽʣʴʢʦʭ ʢʣʘʩʽʚ, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʜʥʦʢʨʦʢʦʚʽ ʨʽʰʝʥʥʷ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ 

ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʢʦʨʝʣʷʪʦʨʘ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʦʙʨʘʪʠ ʦʜʥʝ ʟ  ʣʦʛʽʢʦ-

ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʠʭ ʧʨʘʚʠʣ, ʷʢʝ ʧʦʚʠʥʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ. ʗʢʱʦ ʪʘʢʝ 

ʧʨʘʚʠʣʦ ʻʜʠʥʝ, ʪʦ ʚʦʥʦ ʚʠʜʘʻʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ, ʘʣʝ ʷʢʱʦ ʪʘʢʠʭ ʧʨʘʚʠʣ 

ʜʝʢʽʣʴʢʘ, ʪʦ ʚʠʙʽʨ ʢʨʘʱʦʛʦ ʟ ʥʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʧʦʧʝʨʝʜʥʽʭ 

ʨʽʰʝʥʴ ʚ ʝʢʩʪʨʘʧʦʣʷʪʦʨʽ, ʧʽʩʣʷ ʯʦʛʦ ʢʦʨʝʣʷʪʦʨ ʚʠʜʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʚʧʣʠʚ ʥʘ 

ʦʙôʻʢʪ. ʗʢʱʦ ʢʦʨʝʣʷʪʦʨ ʘʙʦ ʢʣʘʩʠʬʽʢʘʪʦʨ ʥʝ ʤʦʞʫʪʴ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ, ʪʦ 

ʩʧʨʘʮʴʦʚʫʻ ʙʣʦʢ ʚʠʧʘʜʢʦʚʦʛʦ ʚʠʙʦʨʫ ʽ ʚʠʙʠʨʘʻʪʴʩʷ ʦʜʥʝ ʽʟ ʚʧʣʠʚʽʚ, ʷʢʝ ʤʘʻ ʥʝ 

ʥʘʜʪʦ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʦʙôʻʢʪ, ʘʙʦ ʞ ʩʠʩʪʝʤʘ ʚʽʜʤʦʚʣʷʻʪʴʩʷ ʥʘ ʙʫʜʴ-ʷʢʠʡ 

ʚʧʣʠʚ ʥʘ ʦʙôʻʢʪ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʚʦʶ ʧʦʚʝʜʽʥʢʫ ʚ ʜʘʥʽʡ ʩʠʪʫʘʮʽʾ. ʊʦʙʪʦ ʘʥʘʣʽʟʘʪʦʨ ʚʠʟʥʘʯʘʻ ʯʠ 

ʻ ʩʠʪʫʘʮʽʷ ʱʦ ʩʢʣʘʣʘʩʷ ʧʨʦʙʣʝʤʥʦʶ. 

ɺʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʢʘʟʥʠʢʽʚ 
ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʾʭ ʪʨʘʻʢʪʦʨʽʾ. ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʧʨʦʙʣʝʤʥʦʶ ʩʠʪʫʘʮʽʻʶ 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʪʪʻʚʝ ʚʽʜʭʠʣʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʜʽʷʣʴʥʦʩʪʽ ʚʽʜ 

ʟʘʧʣʘʥʦʚʘʥʠʭ ʟʥʘʯʝʥʴ. ɼʣʷ ʙʽʣʴʰ ʥʘʦʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʷʚʣʝʥʥʷ 

ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʨʘʬʽʢʠ. ʅʘ ʪʘʢʠʭ ʛʨʘʬʽʢʘʭ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʧʣʘʥʦʚʫ ʪʨʘʻʢʪʦʨʽʶ, ʾʾ ʦʙʤʝʞʝʥʥʷ, ʬʘʢʪʠʯʥʫ, ʪʦʙʪʦ ʪʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʥʘ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʊʘʢʦʞ ʥʘ ʪʘʢʠʭ ʛʨʘʬʽʢʘʭ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʦʛʥʦʟʥʽ 
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ʪʨʘʻʢʪʦʨʽʾ, ʚʠʭʽʜ ʷʢʠʭ ʟʘ ʦʙʤʝʞʝʥʥʷ ʧʣʘʥʦʚʦʾ ʤʦʞʝ ʢʘʟʘʪʠ ʧʨʦ ʥʘʙʣʠʞʝʥʥʷ 

ʧʨʦʙʣʝʤʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʤʘʡʙʫʪʥʽʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʇʨʠʢʣʘʜ ʪʘʢʦʛʦ ʛʨʘʬʽʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3. ɺʩʽ ʮʽ ʪʨʘʻʢʪʦʨʽʾ ʙʫʜʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ 

ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʌʂ. 

 

ʈʠʩ. 3 ï ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʙʣʝʤʥʦʾ ʩʠʪʫʘʮʽʾ 

ʇʽʜ ʥʝʩʧʨʠʷʪʣʠʚʠʤ ʷʚʠʱʝʤ ʘʙʦ ʷʚʠʱʘʤʠ ʚ ʜʽʷʣʴʥʦʩʪʽ ʌʂ ʤʦʞʥʘ 

ʨʦʟʫʤʽʪʠ ʙʫʜʴ-ʷʢʫ ʧʨʦʙʣʝʤʥʫ ʩʠʪʫʘʮʽʶ, ʚʠʢʣʠʢʘʥʫ ʷʢ ʟʦʚʥʽʰʥʽʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʪʘʢ ʽ ʯʠʥʥʠʢʘʤʠ ʚʥʫʪʨʽʰʥʴʦ ʬʽʨʤʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʘ ʧʨʷʤʦ ʟʘʛʨʦʞʫʻ 

ʽʩʥʫʚʘʥʥʶ ʢʦʥʢʨʝʪʥʦʛʦ ʌʂ. ʇʨʠʯʠʥʠ, ʷʢʽ ʧʨʦʚʦʢʫʶʪʴ ʥʝʩʧʨʠʷʪʣʠʚʽ ʟʤʽʥʠ 

ʧʦʟʠʮʽʾ ʌʂ, ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ ʽ ʾʭ ʤʦʞʝ ʙʫʪʠ ʙʝʟʣʽʯ, ʧʨʦʪʝ ʨʝʟʫʣʴʪʘʪʠ ʾʭ 

ʚʧʣʠʚʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʩʭʦʞʽ. ʉʠʤʧʪʦʤʠ ʚʧʣʠʚʫ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʷʚʠʱ, ʷʢ 

ʧʨʘʚʠʣʦ, ʦʜʥʽ ʽ ʪʽ ʞ: ʟʥʠʞʝʥʥʷ ʣʽʢʚʽʜʥʦʩʪʽ, ʚʪʨʘʪʘ ʧʨʠʙʫʪʢʦʚʦʩʪʽ, ʬʽʥʘʥʩʦʚʦʾ 

ʩʪʽʡʢʦʩʪʽ, ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪ, ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʢʠ ʨʠʥʢʫ, ʧʘʜʽʥʥʷ ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʩʪʘʪʫʩʫ ʽ ʪ.ʜ. ɺʥʘʩʣʽʜʦʢ ʩʠʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʝʢʦʥʦʤʽʯʥʝ ʙʣʘʛʦʧʦʣʫʯʯʷ ʌʂ, ʧʦʛʽʨʰʝʥʥʷ ʦʜʥʦʛʦ ʟ ʧʦʢʘʟʥʠʢʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʌʂ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʥʝʛʘʡʥʝ ʥʝʛʘʪʠʚʥʝ ʟʤʽʥʘ ʙʝʟʣʽʯʽ ʽʥʰʠʭ, 

ʨʝʟʫʣʴʪʘʪʦʤ ʯʦʛʦ ʻ ʥʝʛʘʡʥʝ ʣʘʚʠʥʦʧʦʜʽʙʥʝ ʧʘʜʽʥʥʷ ʧʦʟʠʮʽʡ ʌʂ, ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʡʦʛʦ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʥʘ ʨʠʥʢʫ. ʎʷ ʩʠʪʫʘʮʽʷ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʠʤ ʦʩʣʘʙʣʝʥʥʷʤ ʦʟʥʘʢ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʝʨʝʚʘʛʠ ʌʂ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʝʬʝʢʪʦʤ ʧʘʜʘʶʯʦʛʦ ʜʦʤʽʥʦ. ʊʘʢʠʡ ʧʨʠʙʣʠʟʥʦ ʟʘʛʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʥʘʩʪʘʥʥʷ 

ʢʨʠʟʠ (ʢʨʠʟʦʚʦʛʦ ʩʪʘʥʫ) ʌʂ, ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʮʽʣʦʤʫ. ɺʟʘʛʘʣʽ ʧʦʥʷʪʪʷ ʢʨʠʟʠ 

ʻ ʫʟʘʛʘʣʴʥʝʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʙʫʜʴ-ʷʢʠʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʷʚʠʱ, ʟ ʷʢʠʤʠ 

ʩʪʠʢʘʻʪʴʩʷ ʌʂ. ʂʨʠʟʘ - ʮʝ ʝʢʦʥʦʤʽʯʥʘ ʢʘʪʝʛʦʨʽʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʘʛʘʣʴʥʠʡ 

ʥʝʩʧʨʠʷʪʣʠʚʠʡ ʨʝʟʫʣʴʪʘʪ ʜʽʷʣʴʥʦʩʪʽ ʌʂ (ʧʽʜʧʨʠʻʤʩʪʚʘ) ʥʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ 

ʟʘ ʙʘʛʘʪʴʤʘ ʧʦʢʘʟʥʠʢʘʤʠ. ɼʽʘʛʥʦʩʪʠʢʘ ʩʪʘʥʫ ʌʂ ï ʮʝ ʧʨʠʡʥʷʪʪʷ 

ʜʚʦʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʯʠ ʚʽʜʩʫʪʥʽʩʪʴ ʢʨʠʟʦʚʦʾ ʩʠʪʫʘʮʽʾ ʚ 

ʌʂ, ʚʠʭʦʜʷʯʠ ʟʽ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʜʽʷʣʴʥʦʩʪʽ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʘʥʫ 
ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ 
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ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʌʂ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʦʜʥʝ ʟ ʜʚʦʭ ʚʟʘʻʤʦʚʠʢʣʶʯʥʠʭ ʩʪʘʥʽʚ: S1 ï 

ʥʦʨʤʘʣʴʥʝ ʽ S2 ï ʢʨʠʟʦʚʝ. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ 

ʥʝʚʽʜʦʤʦʛʦ ʩʪʘʥʫ ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʟʘʜʘʥʦʛʦ ʩʫʢʫʧʥʽʩʪʶ Xn ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʥʘʜ ʡʦʛʦ ʦʟʥʘʢʘʤʠ X1, X2, é, Xp, 
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ʜʦ ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʚʟʘʻʤʦʚʠʢʣʶʯʥʠʭ ʩʪʘʥʽʚ S1 ʘʙʦ S2. ʂʦʞʥʠʡ ʩʪʦʚʙʝʮʴ 
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= , ʤʘʪʨʠʮʽ nX  ʷʚʣʷʻ ʩʦʙʦʶ ʨ-ʤʽʨʥʠʡ 

ʚʝʢʪʦʨ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʟʥʘʯʝʥʴ ʨ ʦʟʥʘʢ X1, X2, é, Xp ʚʽʜʦʙʨʘʞʫʚʘʥʠʭ 

ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ. ʅʘʙʽʨ ʦʟʥʘʢ ʨ, ʟʘʟʚʠʯʘʡ, ʻ 

ʦʜʥʘʢʦʚʠʤ ʜʣʷ ʚʩʽʭ ʨʦʟʧʽʟʥʘʚʘʥʠʭ ʢʣʘʩʽʚ S1, S2. ʗʢʱʦ ʢʦʞʥʠʡ ʢʣʘʩ S1 ʽ S2 

ʦʧʠʩʫʻʪʴʩʷ ʩʚʦʾʤ ʥʘʙʦʨʦʤ ʦʟʥʘʢ, ʪʦ ʟʘʜʘʯʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʘʻ ʪʨʠʚʽʘʣʴʥʦʶ, 

ʦʩʢʽʣʴʢʠ ʦʜʥʦʟʥʘʯʥʝ ʚʽʜʥʝʩʝʥʥʷ ʥʘʷʚʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʦ ʧʝʚʥʦʛʦ 

ʢʣʘʩʫ ʣʝʛʢʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʥʘʙʦʨʫ ʩʢʣʘʜʦʚʠʭ ʾʾ ʦʟʥʘʢ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ ʩʪʘʥʫ ʜʦ ʦʜʥʦʛʦ ʟ ʜʚʦʭ 

ʢʣʘʩʽʚ S1, S2, ʦʧʠʩʫʚʘʥʠʭ ʦʜʥʘʢʦʚʠʤ ʜʣʷ ʚʩʽʭ ʢʣʘʩʽʚ ʥʘʙʦʨʦʤ ʦʟʥʘʢ X1, X2, é, 

Xp. ʇʨʠ ʮʴʦʤʫ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʢʣʘʩʘʤʠ ʙʫʜʝ ʚʠʷʚʣʷʪʠʩʷ ʪʽʣʴʢʠ ʚ ʪʦʤʫ, ʱʦ ʚ 

ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ ʦʜʥʽ ʡ ʪʽ ʞ ʦʟʥʘʢʠ ʙʫʜʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʢʽʣʴʢʽʩʥʽ, 

ʷʢʽʩʥʽ ʪʘ ʽʥʰʽ), ʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʥʘʙʦʨʫ ʦʟʥʘʢ X1, X2, é, Xp ʤʦʞʥʘ ʟʘʜʘʪʠ 

ʧʨʘʚʠʣʘ, ʟʛʽʜʥʦ ʟ ʷʢʠʤʠ ʜʚʦʤ ʢʣʘʩʘʤ S1 ʽ S2ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʝʢʪʦʨ 

d12: 
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ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʨ ʩʢʘʣʷʨʽʚ, ʱʦ ʥʘʟʠʚʘʶʪʴʩʷ ʤʽʞʢʣʘʩʦʚʠʤʠ ʚʽʜʩʪʘʥʷʤʠ, ʽ 

ʚʠʨʘʞʘʶʪʴ ʩʪʫʧʽʥʴ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʮʠʭ ʢʣʘʩʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʠʭ ʦʟʥʘʢ. ɺʠʙʽʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʨʽʰʘʣʴʥʦʛʦ ʧʨʘʚʠʣʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ 

ʚʽʜʥʦʩʠʪʠ ʢʦʥʪʨʦʣʴʥʫ ʚʠʙʽʨʢʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʦ ʦʜʥʦʛʦ ʟ ʚʟʘʻʤʦʚʠʢʣʶʯʥʠʭ 

ʢʣʘʩʽʚ S1 ʪʘ S2, ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʪʝʦʨʽʻʶ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʨʽʰʝʥʴ [1, 2, 3] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʪʨʠʤʘʥʠʭ ʚ ʧʨʦʮʝʩʽ 

ʥʘʚʯʘʥʥʷ. ʋ ʨʘʤʢʘʭ ʮʽʻʾ ʪʝʦʨʽʾ ʚʩʽ ʚʠʜʠ ʚʠʨʽʰʘʣʴʥʠʭ ʧʨʘʚʠʣ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʬʦʨʤʫʚʘʥʥʽ ʩʪʘʚʣʝʥʥʷ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ L (ʘʙʦ ʡʦʛʦ ʣʦʛʘʨʠʬʤʘ lln ) ʽ ʡʦʛʦ 
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ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʚʥʠʤ ʧʦʨʦʛʦʤ ʉ (ʘʙʦ Cln ) (ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʦʙʨʘʥʠʤ ʢʨʠʪʝʨʽʻʤ ʷʢʦʩʪʽ [2, 3]): 
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ʜʝ wn(x1, x2, é,xn|Sj) - ʫʤʦʚʥʘ ʩʧʽʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʚʝʢʪʦʨʽʚ 

ʚʠʙʽʨʢʦʚʠʭ ʟʥʘʯʝʥʴ x1, x2, é, xn (ʬʫʥʢʮʽʷ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ) ʟʘ ʫʤʦʚʠ ʾʭ 

ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʦ ʢʣʘʩʫ Sj, j = 1, 2. ʆʜʥʘʢ ʷʢʱʦ ʚ ʪʝʦʨʽʾ ʩʪʘʪʠʩʪʠʯʥʠʭ ʨʽʰʝʥʴ 

ʟʘʟʥʘʯʝʥʽ ʱʽʣʴʥʦʩʪʽ wn(x1, x2, é, xn|Sj) ʻ ʘʧʨʽʦʨʥʦ ʚʽʜʦʤʠʤʠ, ʪʦ ʚ 

ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʚʦʥʠ ʚ ʧʨʠʥʮʠʧʽ ʥʝ ʚʽʜʦʤʽ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚ 

ʚʠʨʽʰʘʣʴʥʝ ʧʨʘʚʠʣʦ ʧʽʜʩʪʘʚʣʷʶʪʴʩʷ ʥʝ ʚʣʘʩʥʝ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ 

wn(x1, x2, é,xn|Sj), ʘ ʾʭ ʦʮʽʥʢʠ )|,...,,(Ĕ 21 jnn Sxxxw , ʦʜʝʨʞʫʚʘʥʽ ʚ ʧʨʦʮʝʩʽ 

ʥʘʚʯʘʥʥʷ, ʪʦʤʫ ʚ ʚʠʨʽʰʘʣʴʥʦʤʫ ʧʨʘʚʠʣʽ ʟ ʧʦʨʦʛʦʤ ʉ ʧʦʨʽʚʥʶʻʪʴʩʷ ʚʞʝ ʥʝ 

ʩʘʤʝ ʚʽʜʥʦʰʝʥʥʷ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ L, ʘ ʡʦʛʦ ʦʮʽʥʢʘ LĔ:  
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ʇʨʠ L ² C ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ 1g: ʢʦʥʪʨʦʣʴʥʘ ʚʠʙʽʨʢʘ ʥʘʣʝʞʠʪʴ 
ʢʣʘʩʫ S1, ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ (ʧʨʠ L < C) ʚʦʥʘ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʥʘʣʝʞʠʪʴ ʢʣʘʩʫ 

S2 ʽ, ʚʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ 2g .  

ʈʦʟʨʦʙʢʘ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ. ɺ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ ʚʠʨʽʰʝʥʥʷ ʩʭʦʞʠʭ ʟʘʜʘʯ ʻ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʠʤ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʚʝʣʠʯʝʟʥʠʤʠ ʦʙʩʷʛʘʤʠ ʽʥʬʦʨʤʘʮʽʾ ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ. ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʘʥʫ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ ʥʝʦʙʭʽʜʥʦ 

ʨʝʘʣʽʟʫʚʘʪʠ ʙʘʟʫ ʜʘʥʠʭ, ʷʢʘ ʙ ʟʙʝʨʽʛʘʣʘ ʪʘ ʦʙʨʦʙʣʶʚʘʣʘ ʚʩʶ ʥʝʦʙʭʽʜʥʫ 

ʩʪʘʪʠʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ. ɺ ʙʘʟʽ ʜʘʥʠʭ ʪʘʢʦʞ ʟʙʝʨʽʛʘʪʠʤʝʪʴʩʷ ʚʩʷ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʬʫʪʙʦʣʴʥʠʡ ʢʣʫʙ ʽ ʡʦʛʦ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ, ʟʥʘʯʝʥʥʷ 

ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴʩʷ ʚ ʭʦʜʽ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ 

ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ. ʄʦʜʝʣʴ ʜʘʥʠʭ ʪʘʢʦʾ ʙʘʟʠ ʜʘʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4. 

ʈʦʟʨʦʙʣʝʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʽʩʪʶ ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʢʽʥʮʝʚʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʟ ʨʦʟʨʦʙʣʝʥʦʶ ʙʘʟʦʶ ʜʘʥʠʭ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʧʝʨʝʛʣʷʜʘʪʠ, ʢʦʨʝʛʫʚʘʪʠ, 

ʚʠʜʘʣʷʪʠ, ʜʦʜʘʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ ʜʦ ʙʘʟʠ ʜʘʥʠʭ. 
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ʈʠʩ. 4 ï ʄʦʜʝʣʴ ʜʘʥʠʭ 

ʊʘʢʦʞ ʫ ʢʦʨʠʩʪʫʚʘʯʘ ʻ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʪʠ ʟʚʽʪʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʟʘʮʽʢʘʚʠʪʠ ʡʦʛʦ, ʥʘʧʨʠʢʣʘʜ ʪʫʨʥʽʨʥʫ ʪʘʙʣʠʮʶ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʇʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʩʪʘʥʫ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʨʘʪʠ 

ʧʦʢʘʟʥʠʢʠ ʜʽʷʣʴʥʦʩʪʽ ʌʂ, ʷʢʽ ʡʦʛʦ ʮʽʢʘʚʣʷʪʴ, ʪʘ ʟʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʪʦʛʦ ʱʦʙ ʦʪʨʠʤʘʪʠ 

ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ï ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʌʂ. ɺʟʘʻʤʦʚʽʜʥʦʩʠʥʠ ʪʘ ʟʘʣʝʞʥʦʩʪʽ 

ʤʽʞ ʛʨʫʧʘʤʠ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʜʽʶʯʠʭ ʦʩʽʙ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʧʨʦʮʝʩʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤʠ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

Microsoft Visual Studio 2008 ʪʘ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C#. ɹʘʟʘ ʜʘʥʠʭ ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʣʷʮʽʡʥʠʤʠ ʙʘʟʘʤʠ ʜʘʥʠʭ 

Microsoft SQL Server 2008. 

ʇʨʠʢʣʘʜ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʘʥʫ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ. 
ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʭʽʜʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʘʥʦʤʫ 

ʧʨʠʢʣʘʜʽ ʻ ʢʦʤʝʨʮʽʡʥʦʶ ʪʘʻʤʥʠʮʝʶ ʽ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʰʠʨʦʢʦʤʫ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ, ʪʦʤʫ ʚ ʧʨʠʢʣʘʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫʤʦʚʥʽ ʜʘʥʽ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ʨʝʘʣʴʥʠʭ. 
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ʈʠʩ. 5 ï ɼʽʘʛʨʘʤʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʌʂ çZè ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʫʩʧʽʰʥʠʤʠ ʬʫʪʙʦʣʴʥʠʤʠ ʢʣʫʙʘʤʠ çɸè, çɺ, çʉè, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ 

ʜʦ ʢʣʘʩʫ S1, ʽ ʢʨʠʟʦʚʠʤʠ çDè ʪʘ çɽè, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ S2. ɼʣʷ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʌʂ ʚʽʟʴʤʝʤʦ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ ʜʽʷʣʴʥʦʩʪʽ: ʦʙôʻʤ 

ʨʝʘʣʽʟʘʮʽʾ ʢʚʠʪʢʽʚ ʟʘ ʨʽʢ, ʧʨʠʙʫʪʦʢ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʢʣʫʙʥʦʾ ʩʠʤʚʦʣʽʢʠ, ʚʠʪʨʘʪʠ 

ʥʘ ʪʨʘʥʩʬʝʨʠ (ʪʠʩ ʛʨʥ.). ʋʩʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʪʙʦʣʴʥʠʭ ʢʣʫʙʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚ ʪʘʙʣʠʮʽ ʥʠʞʯʝ. 

ʉʣʽʜ ʪʘʢʦʞ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʝʨʝʣʽʢ ʧʦʢʘʟʥʠʢʽʚ 

ʜʽʷʣʴʥʦʩʪʽ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʨʦʙʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʤʦʞʝ ʙʫʪʠ ʩʫʪʪʻʚʦ 

ʟʙʽʣʴʰʝʥʠʡ, ʘʣʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʪʘʢʽ ʟʤʽʥʠ ʥʝ ʚʧʣʠʚʘʪʠʤʫʪʴ. ʊʘʢʦʞ ʤʦʞʣʠʚʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʽʷʣʴʥʦʩʪʽ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ, ʷʢʱʦ 

ʜʦʩʣʽʜʥʠʢʘ ʮʽʢʘʚʠʪʴ ʩʠʪʫʘʮʽʷ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʪʽʣʴʢʠ ʟ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ. ʊʘʢʦʞ 

ʩʢʣʘʜ ʢʣʘʩʽʚ S1 ʪʘ S2 ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠʩʴ, ʘʙʦ 

ʟʤʝʥʰʫʚʘʪʠʩʴ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚ ʪʘʙʣʠʮʽ ʚʠʱʝ, ʦʪʨʠʤʘʥʦ ʦʮʽʥʢʫ LĔln  

 139.87Ĕln =L  

ʊʘʢ ʷʢ 139.87Ĕln =L  > 0, ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʬʫʪʙʦʣʴʥʠʡ ʢʣʫʙ ʻ ʫʩʧʽʰʥʠʤ ʟʘ 

ʦʙʨʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ. 
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ʊʘʙʣʠʮʷ 1 ï ɼʘʥʽ ʧʨʦ ʧʦʢʘʟʥʠʢʠ ʜʽʷʣʴʥʦʩʪʽ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ 

 

ɺʠʩʥʦʚʢʠ. ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʨʦʙʦʪʽ ʙʫʚ ʨʦʟʛʣʷʥʫʪʠʡ ʦʜʠʥ ʟ ʧʽʜʭʦʜʽʚ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʦʢʨʝʤʘ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʢʣʘʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʙʘʟʘ 

ʜʘʥʠʭ, ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʬʫʪʙʦʣʴʥʦʛʦ ʢʣʫʙʫ, 

ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʡʦʛʦ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʚʠʨʽʟʥʷʶʪʴ ʬʫʪʙʦʣʴʥʠʡ ʢʣʫʙ ʩʝʨʝʜ 

ʽʥʰʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 
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ɻ. ʈ.  ʊʘʨʣʦʚʩʢʠʡ ï ʄ. : ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1986. 2. ʄʝʩʢʦʥ ʄ. ʆʩʥʦʚʳ ʤʝʥʝʜʞʤʝʥʪʘ. / ʄ. ʄʝʢʩʦʥ, 
ʄ ɸʣʴʙʝʨʪ, ʌ. ʍʝʜʦʫʨʠ ï ʄ. : ɼʝʣʦ, 1998. 3. ʌʦʤʠʥ ʗ. ɸ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 
ʦʙʨʘʟʦʚ. / ʗ. ɸ. ʌʦʤʠʥ, ɻ. P. ʊʘʨʣʦʚʩʢʠʡ ï ʄ. : ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1986. 4. ʉʪʨʘʪʝʛʽʯʥʝ ʪʘ ʩʠʪʫʘʮʽʡʥʝ 
ʫʧʨʘʚʣʽʥʥʷ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : http://safari-perm.ru/teoriya-ta-istoriya-derzhavnogo-upravlinnya/40-
strategichne-ta-situacijne-upravlinnya.html. ï ɼʘʪʘ ʟʚʝʨʪʘʥʥʷ 21 ʩʽʯʥʷ 2014. 5. ʂʘʧʣʘʥ ʈ. 
ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʢʘʨʪʳ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ ʘʢʪʠʚʦʚ ʚ ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ / 
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ʇʦʢʘʟʥʠʢʠ 

ʜʽʷʣʴʥʦʩʪʽ 

( S1) ʫʩʧʽʰʥʽ ʌʂ ( S2) ʢʨʠʟʦʚʽ ʌʂ ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʌʂ 

ʌʂ çɸè ʌʂ çɺè ʌʂ çʉè ʌʂ çDè ʌʂ çEè çZè 

ʆʙôʻʤ 

ʨʝʘʣʽʟʘʮʽʾ 

ʢʚʠʪʢʽʚ ʟʘ 

ʨʽʢ, ʪʠʩ. ʛʨʥ 

4815,4 3276,6 3865,3 4051,4 2522,3 4473,1 

ʇʨʠʙʫʪʦʢ 

ʚʽʜ 

ʨʝʘʣʽʟʘʮʽʾ 

ʢʣʫʙʥʦʾ 

ʩʠʤʚʦʣʽʢʠ, 

ʤʣʥ. ʛʨʥ 

755,3 181,1 622,8 341,0 61,8 693,2 

ɺʠʪʨʘʪʠ ʥʘ 

ʪʨʘʥʩʬʝʨʠ, 

ʪʠʩ. ʛʨʥ 

566,2 3391,9 948,1 398,4 646,2 1111,6 

http://safari-perm.ru/teoriya-ta-istoriya-derzhavnogo-upravlinnya/40-strategichne-ta-situacijne-upravlinnya.html
http://safari-perm.ru/teoriya-ta-istoriya-derzhavnogo-upravlinnya/40-strategichne-ta-situacijne-upravlinnya.html
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ʋɼʂ 658.012 

ʗʄɽʅ ʍɸɿʀʄ, ʘʩʧ. ʅʊʋ "ʍʇʀ";
7
 

ɺ. ɸ. ɻʆʃʆɺʂʆ, ʘʩʧ. ʅʊʋ "ʍʇʀ"; 

ʄ. ʅ. ʉʊɸʈʆɺɸ, ʘʩʧ. ʅʊʋ "ʍʇʀ" 

ʈɽʂʋʈʈɽʅʊʅʓʁ ʄɽʊʆɼ ʅɸʀʄɽʅʔʐʀʍ ʂɺɸɼʈɸʊʆɺ 

ʆɹʈɸɹʆʊʂʀ ʅɽʏɽʊʂʀʍ ʀɿʄɽʈɽʅʀʁ 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʟʘʜʘʯʝ ʦʙʨʘʙʦʪʢʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. ʉʬʦʨʤʠʨʦʚʘʥʳ 
ʝʛʦ ʥʝʜʦʩʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʭʨʘʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʧʦʧʦʣʥʷʝʤʦʛʦ ʤʘʩʩʠʚʘ 
ʠʟʤʝʨʝʥʠʡ ʠ ʥʝʫʯʝʪʦʤ ʨʘʟʣʠʯʥʦʡ ʧʦʣʝʟʥʦʩʪʠ çʩʪʘʨʳʭè ʠ çʩʚʝʞʠʭè ʠʟʤʝʨʝʥʠʡ. ʆʙʦʩʥʦʚʘʥʦ 
ʧʨʠʤʝʥʝʥʠʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʇʨʝʜʣʦʞʝʥʘ ʧʨʦʮʝʜʫʨʘ 
ʨʝʘʣʠʟʘʮʠʠ ʨʝʢʫʨʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʦʥʠ ʟʘʜʘʥʳ ʥʝʯʝʪʢʦ. 
ʆʧʨʝʜʝʣʝʥʘ ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʨʝʢʫʨʨʝʥʪʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʥʝʯʝʪʢʠʝ 

ʠʟʤʝʨʝʥʠʷ 

ɺʚʝʜʝʥʠʝ. ʇʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʦʙʳʯʥʦ ʠʩʭʦʜʷʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʩʫʤʤʠʨʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʦʰʠʙʦʢ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʤʥʦʞʝʩʪʚʘ ʧʣʦʭʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʦʜʠʥʘʢʦʚʦ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʝʤʫ ʢ ʜʦʧʫʱʝʥʠʠ ʦ ʥʦʨʤʘʣʴʥʦʤ 

ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ [1ï3]. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʤʘʢʩʠʤʫʤʘ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʭʝʤʝ-ʤʝʪʦʜʫ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ) [4, 5]. ʕʪʘ ʩʭʝʤʘ ʦʧʨʝʜʝʣʷʝʪ ʦʜʥʫ ʠʟ ʩʘʤʳʭ 

ʧʨʦʩʪʳʭ ʧʨʦʮʝʜʫʨ ʦʮʝʥʠʚʘʥʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʦʨʤʘʣʴʥʦ. ʇʨʠ ʵʪʦʤ 

ʩʪʘʥʜʘʨʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʄʅʂ ʦʙʳʯʥʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʯʪʦ ʜʝʣʘʪʴ ʥʝ ʚʩʝʛʜʘ ʫʜʦʙʥʦ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʦʩʪʦ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ. 

1. 1. ʆʙʨʘʙʦʪʢʘ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʝʙʫʝʪ ʭʨʘʥʝʥʠʷ 

ʥʝʧʨʝʨʳʚʥʦ ʧʦʧʦʣʥʷʝʤʦʛʦ ʤʘʩʩʠʚʘ ʠʟʤʝʨʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʫʩʣʦʞʥʝʥʠʶ 

ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʙʦʪʢʠ. 

2. 2. ʇʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʟʘʜʘʯ ʪʠʧʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʬʝʥʦʤʝʥ 

çʫʩʪʘʨʝʚʘʥʠʷè ʨʘʥʥʠʭ ʠʟʤʝʨʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʘʭ ʩʣʝʞʝʥʠʷ), 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʣʝʟʥʦʩʪʠ çʩʚʝʞʠʭè ʠʟʤʝʨʝʥʠʡ. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʤʦʥʩʪʨʘʪʠʚʥʦ, ʢʦʛʜʘ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʦʷʚʣʷʶʪʩʷ ʥʝ ʚʩʝ 

ʩʨʘʟʫ, ʘ ʧʦʩʪʝʧʝʥʥʦ, ʧʦ ʤʝʨʝ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. 

                                                                                                                                                                                                                                                                                                                                                                                                                       

7 É ʗʤʝʥ ʍʘʟʠʤ, ɺ. ɸ. ɻʦʣʦʚʢʦ, ʄ. ʅ. ʉʪʘʨʦʚʘ, 2014 
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ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ 

ʩʪʘʥʜʘʨʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʄʅʂ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʠʤʝʣʠ 

ʨʝʢʫʨʨʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʝʩʪʴ ʧʦʟʚʦʣʷʣʠ ʙʳ ʨʘʩʩʯʠʪʳʚʘʪʴ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʦʯʝʨʝʜʥʦʤ ʰʘʛʝ (ʧʦʩʣʝ ʦʯʝʨʝʜʥʦʛʦ ʠʟʤʝʨʝʥʠʷ) ʯʝʨʝʟ ʦʮʝʥʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ, ʠ ʠʟʤʝʨʝʥʠʝ, ʩʜʝʣʘʥʥʦʝ ʥʘ ʦʯʝʨʝʜʥʦʤ 

ʰʘʛʝ. 

ʇʫʩʪʴ ʟʥʘʯʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʦʧʠʩʳʚʘʝʪʩʷ 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʪʘʥʜʘʨʪʥʳʤ ʄʅʂ ʦʮʝʥʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʘ 1+nAĔ  

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ, ʦʙʨʘʟʫʶʱʠʭ ʚʝʢʪʦʨ 1+nY , ʠʤʝʝʪ ʚʠʜ [4, 5] 
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++ +=  ï ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʥʝ 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ.  

ʈʝʢʫʨʨʝʥʪʥʘʷ ʧʨʦʮʝʜʫʨʘ (2) ï (5) ʨʘʙʦʪʘʝʪ, ʥʘʯʠʥʘʷ ʩ ( )2+d -ʛʦ 

ʠʟʤʝʨʝʥʠʷ. ʅʘʯʘʣʴʥʳʝ ʤʘʪʨʠʮʳ ( )1

111

-

+++= d

T

dd HHP  ʠ ʚʝʢʪʦʨ 

1111 ++++= d

T

ddd YHPA  ʧʦʣʫʯʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʉʠʪʫʘʮʠʷ ʫʩʣʦʞʥʷʝʪʩʷ, ʝʩʣʠ ʠʟʤʝʨʝʥʠʷ 

ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʦʡ, ʥʘʧʨʠʤʝʨ, ʚ 

ʪʝʨʤʠʥʘʭ ʥʝʯʝʪʢʦʡ ʤʘʪʝʤʘʪʠʢʠ. ʉʬʦʨʤʫʣʠʨʫʝʤ ʟʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ 
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ʧʨʦʮʝʜʫʨʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʨʝʢʫʨʨʝʥʪʥʳʡ ʄʅʂ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʠʟʤʝʨʝʥʠʷ 

ʟʘʜʘʥʳ ʥʝʯʝʪʢʦ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʫʩʪʴ ʠʟʤʝʨʝʥʠʝ jy  ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʯʝʪʢʠʤ 

ʯʠʩʣʦʤ ( )L-R -ʪʠʧʘ ʩ ʬʫʥʢʮʠʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ [8, 9] 
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jy  ï ʤʦʜʘ ʥʝʯʝʪʢʦʛʦ ʯʠʩʣʘ ny , ja  ʠ jb  ï ʣʝʚʳʡ ʠ ʧʨʘʚʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝʯʝʪʢʦʩʪʠ. 

ʊʦʛʜʘ ʚʝʢʪʦʨ ʥʝʯʝʪʢʠʭ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ 

ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ (1) ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʧʦʣʫʯʘʝʤʳʭ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [10]. 
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ɼʘʣʝʝ, ʧʫʩʪʴ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ n  ʠʟʤʝʨʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʢʫʨʨʝʥʪʥʦʡ ʧʨʦʮʝʜʫʨʳ (2)-(5) ʧʦʣʫʯʝʥ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʥʝʯʝʪʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ( )ndnn aaa ,,,
Ĕ,,Ĕ,Ĕ 110 +2  ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ (1). ʊʦʛʜʘ, 

ʧʦʩʢʦʣʴʢʫ ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ B  ʚ (5) ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʠʟʤʝʨʝʥʠʡ ʠ  
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ʉʦʦʪʥʦʰʝʥʠʝ (6) ʧʦʟʚʦʣʷʝʪ ʜʣʷ ʣʶʙʦʛʦ ʧʨt  ʨʘʩʩʯʠʪʘʪʴ ʛʨʘʥʠʮʳ 

ʠʥʪʝʨʚʘʣʘ, ʥʘʢʨʳʚʘʶʱʝʛʦ ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨy  ʩ ʟʘʜʘʥʥʦʡ ʩʪʝʧʝʥʴʶ 

ʫʚʝʨʝʥʥʦʩʪʠ. 

ɺʳʚʦʜʳ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ, 

ʫʨʦʚʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʢʦʪʦʨʦʡ ʟʘʜʘʥ ʬʫʥʢʮʠʷʤʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʘʙʦʨʘ 

ʥʝʯʝʪʢʠʭ ʠʟʤʝʨʝʥʠʡ ʵʪʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʙʦʪʢʘ ʥʘʙʣʶʜʝʥʠʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 1. ɺʝʥʪʮʝʣʴ ɽ. ʉ. ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ / ɽ. ʉ. ɺʝʥʪʮʝʣʴ. ï ʄ. : ʅʘʫʢʘ, 
1973. ï 576 ʩ. 2. ʉʝʚʘʩʪʴʷʥʦʚ ɹ. ɸ. ʂʫʨʩ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ / 
ɹ. ɸ. ʉʝʚʘʩʪʴʷʥʦʚ. ï ʄ. : ʅʘʫʢʘ, 1982. ï 256 ʩ. 3. ɻʥʝʜʝʥʢʦ ɹ. ɺ. ʂʫʨʩ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ / 
ɹ. ɺ. ɻʥʝʜʝʥʢʦ. ï ʄ. : ʅʘʫʢʘ, 1988. ï 448 ʩ. 4. ʃʠʥʥʠʢ ʖ. ɺ. ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ 
ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʝʥʠʡ / ʖ. ɺ. ʃʠʥʥʠʢ. ï ʄ. : ʌʠʟʪʘʤʛʠʟ, 1962. ï 352 ʩ. 
5. ʇʫʩʪʳʣʴʥʠʢ ɽ. ʀ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʝʥʠʡ / 
ɽ. ʀ. ʇʫʩʪʳʣʴʥʠʢ. ï ʄ. : ʅʘʫʢʘ, 1968. ï 288 ʩ. 6. ʈʘʦ ʉ. ʈ. ʃʠʥʝʡʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʠʭ 
ʧʨʠʤʝʥʝʥʠʷ. / ʉ. ʈ. ʈʘʦ //: ʧʝʨ. ʩ ʘʥʛʣ. ʧʦʜ ʨʝʜ. ʃʠʥʥʠʢʘ ʖ. ɺ. ï ʄ. : ʅʘʫʢʘ, 1968. ï 547 ʩ. 
7. ʄʫʜʨʦʚ ɺ. ʀ. ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ / ɺ. ʀ. ʄʫʜʨʦʚ, ɺ. ʃ. ʂʫʰʢʦ. ï ʄ. : ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 
1983. ï 304 ʩ. 8. ɼʶʙʫʘ ɼ. ʊʝʦʨʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʇʨʠʣʦʞʝʥʠʷ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʟʥʘʥʠʡ ʚ 
ʠʥʬʦʨʤʘʪʠʢʝ / ɼ. ɼʶʙʫʘ, ɸ. ʇʨʘʜ: ʧʝʨ. ʩ ʬʨʘʥʮ. ï ʄ. : ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1990. ï 286 ʩ. 9. ʂʦʬʤʘʥ ɸ. 
ɺʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ / ɸ. ʂʦʬʤʘʥ ʧʝʨ. ʩ ʬʨʘʥʮ. ï ʄ. : ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1982. ï 
432 ʩ. 10. ʈʘʩʢʠʥ ʃ. ɻ. ʅʝʯʝʪʢʘʷ ʤʘʪʝʤʘʪʠʢʘ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ. ʇʨʠʣʦʞʝʥʠʷ / ʃ. ɻ. ʈʘʩʢʠʥ, 
ʆ. ɺ. ʉʝʨʘʷ. ï ʍ. : ʇʘʨʫʩ, 2008. ï 352 ʩ. 
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ʇʆʉʊʈʆɽʅʀɽ ʃʀʅɽʁʅʆʁ ʈɽɻʈɽʉʉʀʆʅʅʆʁ ʄʆɼɽʃʀ 

ɼʀʌʌʋɿʀʆʅʅʆɻʆ ʆʊɼɽʃɽʅʀʗ ʉɸʍɸʈʅʆɻʆ 

ʇʈʆʀɿɺʆɼʉʊɺɸ 

ɺ ʨʘʙʦʪʝ ʩʜʝʣʘʥ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ ʚ ʩʘʭʘʨʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 
ʧʦʢʘʟʘʪʝʣʠ ʠ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɼʣʷ ʦʩʥʦʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʟʫʯʘʝʤʦʛʦ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʩʦʢʘ ʦʧʨʝʜʝʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
ʇʦʣʫʯʝʥʘ ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ 
ʘʥʘʣʠʟʘ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʠ, ʯʪʦ ʚʧʝʨʚʳʝ ʩʦʟʜʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʚ ʧʝʨʚʦʤ 
ʧʨʠʙʣʠʞʝʥʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʭʘʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʜʠʬʬʫʟʠʷ, 
ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʬʘʢʪʦʨʳ, ʧʘʨʘʤʝʪʨʳ, ʘʜʝʢʚʘʪʥʦʩʪʴ, ʫʨʘʚʥʝʥʠʝ 

ʨʝʛʨʝʩʩʠʠ. 

ɺʚʝʜʝʥʠʝ. ʉʘʭʘʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʋʢʨʘʠʥʝ ʚʩʝʛʜʘ ʟʘʥʠʤʘʣʦ ʦʜʥʦ ʠʟ 

ʚʝʜʫʱʠʭ ʤʝʩʪ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʠʝʤ. ɺ ʩʚʷʟʠ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʚ ʵʪʦʡ ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʚʝʜʫʱʠʤʠ 

ʤʠʨʦʚʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʩʘʭʘʨʘ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʩʚʝʢʣʦʩʘʭʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʘʭʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʚʳʭʦʜʦʤ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʦ ʩ 

ʵʢʦʥʦʤʠʝʡ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ 

ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʫʜʝʣʠʪʴ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʚʦʧʨʦʩʘʤ ɸʉʋʊʇ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʨʝʘʣʠʟʠʨʫʶʱʠʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠ ʢʦʤʧʴʶʪʝʨʥʦ-ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʩʣʦʞʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ [1]. 

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʚʦʧʨʦʩʘ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʘʭʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ï 

ʩʣʦʞʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɻʣʘʚʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ 

ʫʯʘʩʪʢʦʤ ʩʘʭʘʨʥʦʛʦ ʟʘʚʦʜʘ ʷʚʣʷʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʦʝ ʦʪʜʝʣʝʥʠʝ, ʟʘʜʘʶʱʝʝ 

ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ  ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʆʩʥʦʚʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʜʠʬʬʫʟʠʦʥʥʳʡ ʘʧʧʘʨʘʪ, ʚ ʢʦʪʦʨʦʤ ʠʟʨʝʟʘʥʥʫʶ ʩʚʝʢʣʫ ʧʨʝʦʙʨʘʟʫʶʪ ʚ 

ʜʠʬʬʫʟʠʦʥʥʳʡ ʩʦʢ. ɺʳʜʝʣʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʦʢʘ ʠʟ ʩʚʝʢʣʦʚʠʯʥʦʡ 

ʩʪʨʫʞʢʠ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʘʭʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʡ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʩʘʭʘʨʘ, 

ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʚʦʜʘ ʚ ʮʝʣʦʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 
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ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ (ɼɸ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ, 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʘʭʘʨʘ ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʩʦʢʝ ʠ ʧʦʪʝʨʷʤʠ ʩʘʭʘʨʘ ʚ ʞʦʤʝ ʇʨʦʮʝʩʩ 

ʜʠʬʬʫʟʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ, ʟʥʘʯʝʥʠʷ 

ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘ ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʪʘʢʦʡ ʬʘʢʪʦʨ, 

ʢʘʢ ʢʘʯʝʩʪʚʦ ʩʳʨʴʷ.  

ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʧʣʦʭʦ ʦʪʤʳʪʘʷ ʩʚʝʢʣʘ, 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʩʪʨʫʞʢʠ, ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʱʥʦʩʪʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ 

ʥʘ ʜʠʬʬʫʟʠʶ, ʘ ʪʘʢʞʝ ʥʝʥʦʨʤʠʨʦʚʘʥʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝʙʳʚʘʥʠʷ ʧʦʪʦʢʘ 

ʩʤʝʩʠ ʩʚʝʢʣʦʚʠʯʥʦʡ ʩʪʨʫʞʢʠ ʠ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʘʧʧʘʨʘʪʝ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ ʚ ʦʪʜʝʣʝʥʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʪʘʢ ʢʘʢ ʚʝʩʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʩʘʭʘʨʘ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥ, ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʥʝ 

ʜʘʝʪ ʦʱʫʪʠʤʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʅʦʨʤʘʣʴʥʘʷ ʨʘʙʦʪʘ ʵʪʦʛʦ ʦʪʜʝʣʝʥʠʷ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʦʦʪʥʦʰʝʥʠʡ ʚʝʱʝʩʪʚ, ʚʭʦʜʷʱʠʭ ʚ ʧʨʦʮʝʩʩ 

ʜʠʬʬʫʟʠʠ. ʕʪʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ: ʚʨʫʯʥʫʶ, 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʩʘʭʘʨʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩ 

ʜʫʙʣʠʨʦʚʘʥʠʝʤ ʨʫʯʥʦʛʦ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʙʦʪʳ, ʝʩʣʠ ʢʘʢʦʡ-

ʣʠʙʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʚʳʡʜʝʪ ʠʟ ʩʪʨʦʷ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ, ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪ.ʝ. ʝʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ [2, 3]. 

ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʵʪʘʧʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʥʘʩʢʦʣʴʢʦ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʝʪ 

ʤʦʜʝʣʴ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ. ʇʨʠ ʵʪʦʤ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ 

ʩʣʦʞʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ, ʪʘʢ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʣʦʞʥʦʡ, ʥʦ ʪʦʯʥʦ ʦʪʨʘʞʘʶʱʝʡ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʫʯʝʥʠʶ ʩʣʦʞʥʳʭ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʥʘ ʧʨʘʢʪʠʢʝ 

ʟʘʯʘʩʪʫʶ ʣʠʙʦ ʟʘʪʨʫʜʥʝʥʘ, ʣʠʙʦ ʥʝʚʦʟʤʦʞʥʘ. ʇʦʩʪʨʦʝʥʠʝ ʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʥʝʣʠʥʝʡʥʦʩʪʴ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ [4]. 

ɿʘʯʘʩʪʫʶ ʦʧʨʘʚʜʳʚʘʝʪ ʩʝʙʷ ʧʨʠʤʝʥʝʥʠʝ ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʕʪʠ ʚʦʧʨʦʩʳ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʣʠʰʴ ʧʨʠ 

ʭʦʨʦʰʝʤ ʠʟʫʯʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʟʥʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʫʤʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠʩʩʣʝʜʫʝʤʳʝ ʧʨʦʮʝʩʩʳ. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ɸʉʋʊʇ 

ʩʘʭʘʨʥʦʛʦ ʟʘʚʦʜʘ. 

ɿʘʜʘʯʠ ʨʘʙʦʪʳ: 
ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ 

ʜʠʬʬʫʟʠʠ; 

ʇʦʣʫʯʝʥʠʝ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ; 

ʇʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ɸʉʋʊʇ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʣʦʞʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʦʪʜʝʣʝʥʠʠ ʧʦʣʫʯʝʥʠʷ ʩʦʢʘ ʜʣʷ 

ɸʉʋʊʇ ʩʘʭʘʨʥʦʛʦ ʟʘʚʦʜʘ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʪʘʢ 

ʢʘʢ ɼɸ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʟʘʜʘʶʱʠʤ ʨʝʞʠʤ ʨʘʙʦʪʳ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʚʩʝʛʦ ʦʪʜʝʣʝʥʠʷ, ʘ ʠ ʜʣʷ ʚʩʝʛʦ ʟʘʚʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʡ 

ʚʝʣʠʯʠʥʳ Y  ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʜʥʘ ʧʝʨʝʤʝʥʥʘʷ ï ʨʘʩʭʦʜ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʦʢʘ. 

ɺʭʦʜʥʳʤʠ (ʫʧʨʘʚʣʷʝʤʳʤʠ) ʧʘʨʘʤʝʪʨʘʤʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʷʚʣʷʣʠʩʴ: 1X  ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʢʦʩʪʨʫʞʝʯʥʦʡ ʩʤʝʩʠ ʦʪ ʧʘʨʘ ʚ 1-ʡ ʟʦʥʝ ɼɸ; 2X  

ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʢʦʩʪʨʫʞʝʯʥʦʡ ʩʤʝʩʠ ʦʪ ʧʘʨʘ ʚ 2-ʡ ʟʦʥʝ ɼɸ; 3X  ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʢʦʩʪʨʫʞʝʯʥʦʡ ʩʤʝʩʠ ʦʪ ʧʘʨʘ  ʚ 3-ʡ ʟʦʥʝ ɼɸ; 4X  ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʦʢʦʩʪʨʫʞʝʯʥʦʡ ʩʤʝʩʠ ʦʪ ʧʘʨʘ ʚ 4-ʡ ʟʦʥʝ ɼɸ; 5X  ï ʨʘʩʭʦʜ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʡ 

(ʧʠʪʘʪʝʣʴʥʦʡ) ʚʦʜʳ; 6X  ï ʨʘʩʭʦʜ ʩʚʝʢʣʦʚʠʯʥʦʡ ʩʪʨʫʞʢʠ; 7X  ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʡ ʩʫʣʴʬʠʪʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʯʠʪʳʚʘʣʠʩʴ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʠʣʠʩʴ: 8X  ï ʫʨʦʚʝʥʴ ʚ ʩʙʦʨʥʠʢʝ ʩʫʣʴʬʠʪʠʨʦʚʘʥʥʦʡ ʧʦʜʦʛʨʝʪʦʡ 

ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʡ ʚʦʜʳ; 9X  ï ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʙʦʨʥʠʢʝ ʧʦʜʦʛʨʝʪʦʡ 

ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʡ ʚʦʜʳ; 10X  ï ʨʘʩʭʦʜ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ; 11X  ï ʨʘʩʭʦʜ 

ʞʦʤʦʧʨʝʩʩʦʚʦʡ ʚʦʜʳ; 12X  ï ʫʨʦʚʝʥʴ ʚ ʩʙʦʨʥʠʢʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʦʢʘ; 13X  ï 

ʫʨʦʚʝʥʴ ʟʘ ʩʠʪʦʤ ʠ ʧʝʨʝʜ ʩʠʪʦʤ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ; 14X  ï ʫʨʦʚʝʥʴ 

ʩʦʢʦʩʪʨʫʞʝʯʥʦʡ ʩʤʝʩʠ; 15X  ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʚ ɼɸ; 16X  ï ʨʅ 

ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʡ ʚʦʜʳ; 17X  ï ʫʨʦʚʝʥʴ ʚ ʩʙʦʨʥʠʢʝ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʡ ʚʦʜʳ 

ʧʦʩʣʝ ʢʦʥʜʝʥʩʘʪʦʨʘ; 18X  ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ; 19X  ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʙʦʨʥʠʢʝ ʩʫʣʴʬʠʪʠʨʦʚʘʥʥʦʡ ʧʦʜʦʛʨʝʪʦʡ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʡ 

ʚʦʜʳ; 20X  ï ʨʅ ʩʦʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ; 21X  ï ʉɺ ʩʦʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ; 22X  ï 
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ʫʨʦʚʝʥʴ ʚ ʩʙʦʨʥʠʢʝ ʧʦʜʦʛʨʝʪʦʡ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʡ ʚʦʜʳ; 
6123-X - ʢʦʥʪʨʦʣʴ 

ʨʘʙʦʪʳ ʫʟʣʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʦʪʜʝʣʝʥʠʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʩʪʨʦʠʣʠʩʴ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʝʤʳʝ 

ʫʨʘʚʥʝʥʠʝʤ 

 ,,1   ;
1

kibXaY i

k

i

i =+Ö=ä
=

 (1) 

ʛʜʝ 
ia  ï ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʞʜʦʡ 

ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ 
iX ;  

b  ï ʧʦʩʪʦʷʥʥʘʷ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ia  ʠ b  ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ (1) 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʄʅʂ, ʪʘʢ ʢʘʢ ʧʨʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʘʚʠʩʠʤʦʡ 

ʧʝʨʝʤʝʥʥʦʡ Y , ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʤʧʠʨʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ, ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʵʤʧʠʨʠʯʝʩʢʠʭ ʪʦʯʝʢ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʦʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʧʘʩʩʠʚʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʧʦʯʘʩʦʚʦʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʪʜʝʣʝʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʢʦʪʦʨʳʝ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ (1). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘʢʦʧ-

ʣʝʥʥʳʝ ʯʘʩʪʦʪʳ )(0 xP , ʦʞʠʜʘʝʤʳʝ ʥʘʢʦʧʣʝʥʥʳʝ ʯʘʩʪʦʪʳ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʟʘʪʝʤ ʚʳʙʠʨʘʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ S(x)(x)P -0 , ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʠ ʦʧʨʝʜʝʣʷʣʩʷ ʢʨʠʪʝʨʠʡ ʩʦʛʣʘʩʠʷ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ 

D. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʘʚʥʠʚʘʣʦʩʴ ʩ ʢʨʠʪʠʯʝʩʢʠʤ, ʚʟʷʪʳʤ ʠʟ ʪʘʙʣʠʮ [5]. 

ʈʝʟʫʣʴʪʘʪʳ ʫʢʘʟʘʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ 95% ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʛʠʧʦʪʝʟʫ ʦ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʦʩʥʦʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʜʩʠʩʪʝʤ. 

ɼʣʷ ʦʩʥʦʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʟʫʯʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʜʠʬʬʫʟʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ɼɸ, ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ xm , ʜʠʩʧʝʨʩʠʷ xD , ʤʝʜʠʘʥʘ 

xMed  (ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʢʘʢ ʫʩʪʦʡʯʠʚʘʷ ʦʮʝʥʢʘ ʮʝʥʪʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʩ ʚʳʙʨʦʩʘʤʠ, ʤʠʥʠʤʘʣʴʥʦ ʚʣʠʷʶʱʠʤʠ ʥʘ ʥʝʝ), ʢʦʵʬʬʠʮʠʝʥʪ 

ʘʩʠʤʤʝʪʨʠʠ  
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ʘ ʪʘʢʞʝ ʮʝʥʪʨʘʣʴʥʳʝ ʤʦʤʝʥʪʳ 

 [ ] ñ -=-=b

T

k

x

k

x

k

x dtmtx
T

mtxM
0

,))((
1

))((  (4) 

ʛʜʝ k  ï ʧʦʨʷʜʦʢ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ;  

xs  ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ )( xx D=s ; 

M  ï ʩʠʤʚʦʣ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. 

ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʬʦʨʤʫʣʘʤ ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪʳ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ.  

ʆʩʥʦʚʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʝʜʝʥʳ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 ï ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ɼɸ 

 

ʄʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʧʝʨʝʤʝʥʥʳʭ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʙʣ. 2. 

ʇ
ʦ
ʢ
ʘ
ʟ
ʘ
ʪ
ʝ
ʣ
ʠ

 

ʨ
ʝ
ʞ
ʠ
ʤ
ʦ
ʚ
 
ʨ
ʘ
ʙ
ʦ
ʪ
ʳ
 
ɼ
ɸ

 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 
ʩ
ʦ
ʢ
ʦ
ʩ
ʪ
ʨ
ʫ
ʞ
ʝ
ʯ
ʥ
ʦ
ʡ
 

ʩ
ʤ
ʝ
ʩ
ʠ
 
ʚ
 
ʧ
ʝ
ʨ
ʚ
ʦ
ʡ
 
ʟ
ʦ
ʥ
ʝ
,
 

ʍ
1
,  Ü
ʉ

 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 
ʩ
ʦ
ʢ
ʦ
ʩ
ʪ
ʨ
ʫ
ʞ
ʝ
ʯ
ʥ
ʦ
ʡ
 

ʩ
ʤ
ʝ
ʩ
ʠ
 
ʚ
ʦ
 
ʚ
ʪ
ʦ
ʨ
ʦ
ʡ
 
ʟ
ʦ
ʥ
ʝ
,
 

ʍ
2
, 
 Ü
ʉ

 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 
ʩ
ʦ
ʢ
ʦ
ʩ
ʪ
ʨ
ʫ
ʞ
ʝ
ʯ
ʥ
ʦ
ʡ
 

ʩ
ʤ
ʝ
ʩ
ʠ
 
ʦ
ʪ
 
ʚ
 

ʪ
ʨ
ʝ
ʪ
ʴ
ʝ
ʡ
 
ʟ
ʦ
ʥ
ʝ
,
 

ʍ
3
, 
 Ü
ʉ

 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 
ʩ
ʦ
ʢ
ʦ
ʩ
ʪ
ʨ
ʫ
ʞ
ʝ
ʯ
ʥ
ʦ
ʡ
 

ʩ
ʤ
ʝ
ʩ
ʠ
 
ʦ
ʪ
 
ʚ
 
ʯ
ʝ
ʪ
ʚ
ʝ
ʨ
ʪ
ʦ
ʡ
 
ʟ
ʦ
ʥ
ʝ
,
 

ʍ
4
, 
 Ü
ʉ

 

ʈ
ʘ
ʩ
ʭ
ʦ
ʜ
 
ʧ
ʠ
ʪ
ʘ
ʪ
ʝ
ʣ
ʴ
ʥ
ʦ
ʡ
 

 

ʚ
ʦ
ʜ
ʳ
,
 

ʍ
5
, 
 ʤ

3
/
ʯ
ʘ
ʩ

 

ʈ
ʘ
ʩ
ʭ
ʦ
ʜ
 
ʩ
ʪ
ʨ
ʫ
ʞ
ʢ
ʠ
,

 ʍ
6
 ʪ
/
ʯ
ʘ
ʩ

 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 
ʙ
ʘ
ʨ
ʦ
ʤ
ʝ
ʪ
ʨ
ʠ
ʯ
ʝ
ʩ
ʢ
ʦ
ʡ
 

ʚ
ʦ
ʜ
ʳ
 

ʍ
7
, 
 Ü
ʉ

  

ʈ
ʘ
ʩ
ʭ
ʦ
ʜ

 

ʜ
ʠ
ʬ
ʬ
ʫ
ʟ
ʠ
ʦ
ʥ
ʥ
ʦ
ʛ
ʦ
 
ʩ
ʦ
ʢ
ʘ
,
 

Y
,
 
ʤ

3
/
ʯ
ʘ
ʩ

 

ɺʝʨʭʥʠʡ  69 76 74 70 100 80 68 105 

ʅʠʞʥʠʡ  60 72 72 64 75 60 65 80 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
2

xD  84,3 7,4 4,8 3,6 102,4 76,5 66,3 224,6 

xm  58,2 72,3 70,4 68,2 90,6 75,4 66,7 95,7 

xMed  62,5 74,7 73,2 67,7 95,4 77,2 67,1 96,5 

xA  -0,5 0,09 -0,74 0,9 -2,4 -1,6 -0,93 -0,8 

xE  2,0 2,8 3,1 2,9 6,4 9.6 5,4 6,8 
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ʊʘʙʣʠʮʘ 2 ï ʄʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ɼɸ 

 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʪʝʨʤʠʥʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʪʝʨʤʠʥʘʮʠʠ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ  

 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʘ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʦʢʘ ʦʪ ʦʩʪʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʜʠʬʬʫʟʠʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʧʦʰʘʛʦʚʦʡ ʨʝʛʨʝʩʩʠʠ. 

ɺ ʩʪʨʦʢʝ ñ2R ò (ʪʘʙʣ. 3) ʩʪʦʷʪ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʪʝʨʤʠʥʘʮʠʠ, 

ʩʣʫʞʘʱʠʭ ʤʝʨʦʡ ʩʦʛʣʘʩʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ ʩ 

ʠʤʝʶʱʠʤʠʩʷ ʜʘʥʥʳʤʠ. 

ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʄʅʂ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʤʦʜʝʣʴ: 

 
.36,73,24657,363,10

42,18435,965,1227,63

7654

321

XXXX

XXXY

++-+

++++=
 (5) 

ɿʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ ʜʣʷ ʵʪʦʡ ʤʦʜʝʣʠ ʨʘʚʥʦ 3,162ʨʘʩʯ=F  ʧʨʠ 

36,4ʪʘʙʣ=F , ʘ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ 67,3ʨʘʩʯ=t  ʧʨʠ 78,2ʪʘʙʣ=t . 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ 1X  2X  3X  4X  5X  6X  7X  Y  

1X
 

1,0        

2X
 

0,58 1,0       

3X
 

0,79 0,09 1,0      

4X
 

0,48 -0,20 0,63 1,0     

5X
 

0,58 0,79 0,29 0,06 1,0    

6X
 

-0,75 -0,74 -0,41 -0,20 -0,70 1,0   

7X
 

-0,75 -0,54 -0,39 -0,37 -0,37 0,71 1,0  

Y  0,61 0,13 0,61 0,49 0,43 -0,41 -0,39 1,0 

iX  1X  2X  3X  5X  4X  6X  7X  

2R  0,571 0,618 0,645 0,659 0,670 0,692 0,71 
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ʆʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʯF  ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʪʘʙʣʠʯʥʳʤ ʪʘʙʣF  ʧʨʠ 

ʢʦʣʠʯʝʩʪʚʝ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ )( f , ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʘʙʣʠʮʝ [5], ʠ ʥʦʤʠʥʘʣʴʥʦʤ ʫʨʦʚʥʝ 

ʟʥʘʯʠʤʦʩʪʠ %5=a .  

ɺʳʚʦʜ. ʀʟ ʩʨʘʚʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ ʌʠʰʝʨʘ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʫʩʣʦʚʠʝ ʪʘʙʣʨʘʩʯFF >  ʚʳʧʦʣʥʷʝʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʧʝʨʚʳʝ ʩʦʟʜʘʥʥʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʘʧʧʘʨʘʪʘ. 

ʀʟ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʨʠʪʝʨʠʝʚ ʉʪʴʶʜʝʥʪʘ ʤʦʞʥʦ 

ʚʠʜʝʪʴ, ʯʪʦ ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ 

ʨʘʩʯʝʪʝ ʧʘʨʘʤʝʪʨʳ ʧʦ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʫʧʨʘʚʣʷʶʱʠʡ 

ʧʘʨʘʤʝʪʨ ʟʥʘʯʠʤʳ, ʠ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʧʘʨʘʤʝʪʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʫʯʝʥʥʘʷ ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ 

ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʦʙʲʝʢʪʫ. ʅʦ ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʚʦʟʤʫʱʝʥʠʡ ʠ ʧʦʤʝʭ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʦʙʲʝʢʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʩʨʝʜʫ ʧʨʠʤʝʥʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ.  
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ɼɽʂʆʄʇʆɿʀʎʀʆʅʅɸʗ ʆʇʊʀʄʀɿɸʎʀʗ ʂʆʄʇʃɽʂʉɸ 

ʊɽʍʅʀʏɽʉʂʀʍ ʉʈɽɼʉʊɺ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ 

ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ɺʆɼʆʆʊɺɽɼɽʅʀɽʄ ʅɸ 

ʆʏʀʉʊʅʓɽ ʉʆʆʈʋɾɽʅʀʗ 

ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʪʚʝʜʝʥʠʝʤ ʩʤʝʩʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ 
ʚʦʜ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ ʥʘ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʭʝʤʘ 
ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʩʥʦʚʘʥʘ ʥʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʠʩʭʦʜʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʟʘʜʘʯʠ ʥʘ ʨʷʜ ʙʦʣʝʝ ʧʨʦʩʪʳʭ 
ʣʦʢʘʣʴʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʘ 
ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʥʳʡ ʦʙʲʝʢʪ, ʩʪʦʯʥʳʝ ʚʦʜʳ, ʚʦʜʦʦʪʚʝʜʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. 

ɺʩʪʫʧʣʝʥʠʝ. ʉʫʱʝʩʪʚʫʶʱʝʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʚ ʩʪʨʘʥʝ ʜʝʣʘʝʪ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʫ ʚʥʝʜʨʝʥʠʷ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʟʜʦʨʦʚʣʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩʪʨʘʥʳ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʠʭ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʘ ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ. ʆʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤʳ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʭʝʤʳ ʚʦʜʦʦʪʚʝʜʝʥʠʷ 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʝʤʢʦʩʪʝʡ ʜʣʷ ʧʨʠʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ ʠ 

ʤʦʜʫʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʨʘʙʦʪʦʡ ʜʣʷ ʩʦʚʤʝʩʪʥʦʡ ʧʦʜʘʯʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ ʥʘ ʦʯʠʩʪʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ [1]. ɼʣʷ ʥʘʢʦʧʣʝʥʠʷ ʩʤʝʩʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ 

ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʜʘʯʠ ʝʝ ʥʘ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʠʟ ʜʚʫʭ ʨʝʛʫʣʠʨʫʶʱʠʭ ʝʤʢʦʩʪʝʡ. ʇʝʨʚʘʷ ʝʤʢʦʩʪʴ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ, 

ʩʦʟʜʘʶʱʝʛʦʩʷ ʚʦ ʚʨʝʤʷ ʜʦʞʜʷ ʩ ʨʘʩʯʝʪʥʳʤ ʧʝʨʠʦʜʦʤ ʦʜʥʦʢʨʘʪʥʦʛʦ 

ʧʨʝʚʳʰʝʥʠʷ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɺʪʦʨʘʷ ʝʤʢʦʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʭ ʜʦʞʜʷʭ, ʘ ʪʘʢ ʞʝ ʜʣʷ ʧʝʨʝʭʚʘʪʘ ʚʳʩʦʢʦʟʘʛʨʷʟʥʸʥʥʳʭ ʚʦʜ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʛʝʥʥʳʭ ʘʚʘʨʠʡ ʠ ʢʘʪʘʩʪʨʦʬ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ,  

ʠʩʢʣʶʯʠʪʴ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʠ, ʩ ʜʨʫʛʦʡ ï ʥʝ ʜʦʧʫʩʪʠʪʴ 

ʚʳʚʝʜʝʥʠʷ ʠʟ ʩʪʨʦʷ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʦʯʠʩʪʢʫ ʨʘʩʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʙr ʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʵʪʠʭ ʚʦʜ ʪʨʝʙʦʚʘʥʠʷʤ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʥʘ ʚʭʦʜʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʟʚʝʥʘ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. 
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ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʝʪʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ 

ʩʠʩʪʝʤʫ ʢʘʥʘʣʦʚ ʠ ʪʨʫʙ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʪʝʯʝʥʠʝ ʩʪʦʯʥʦʡ ʚʦʜʳ ʠ ʧʝʨʝʥʦʩ 

ʟʘʛʨʷʟʥʝʥʠʡ. ʅʦ ʜʣʷ ʮʝʣʝʡ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʪʦʢʦʚ 

ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ ʚ ʩʝʪʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ, ʘ ʠʟʤʝʨʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ 

ʝʝ ʨʘʙʦʪʳ. ʃʶʙʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʩʝʛʜʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʶʙʳʝ ʦʰʠʙʢʠ ʧʨʷʤʳʭ ʟʘʤʝʨʦʚ ʟʥʘʯʝʥʠʡ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʚʝʣʠʨʫʶʪʩʷ ʨʝʛʫʣʷʨʥʦʡ 

ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʚʳʨʘʙʘʪʳʚʘʝʤʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʝʪʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ, ï ʨʘʩʭʦʜʦʤ ʠ ʩʦʩʪʘʚʦʤ ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ 

ʥʝʝ ʩʪʦʯʥʳʭ ʚʦʜ ï ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʪʯʠʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ, ʦʪ ʢʦʪʦʨʳʭ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ ʧʫʥʢʪ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʛʜʝ ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʙʨʘʙʦʪʢʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʨʝʥʠʷ, ʩʙʦʨʘ, ʧʦʜʛʦʪʦʚʢʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ, ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʦʪʚʝʜʝʥʠʝʤ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʜʝʣʷʝʤʳʤʠ ʫʨʦʚʥʷʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫ  ʁ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʨʸʭʫʨʦʚʥʝʚʦʡ ʜʨʝʚʦʚʠʜʥʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʠʟʤʝʨʠʪʝʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ [2], ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ: ʥʘ 1-ʤ ʫʨʦʚʥʝ ï ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ, ʩʙʦʨʘ, ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ; ʥʘ 2-ʤ ʫʨʦʚʥʝ ï ʩʨʝʜʩʪʚʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ; 

ʥʘ 3-ʤ ʫʨʦʚʥʝ ï ʩʨʝʜʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʧʦʜʩʠʩʪʝʤʘʭ ʦʜʥʦʛʦ 

ʫʨʦʚʥʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ, ʘ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ï 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. 

ʂʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʠʟʤʝʨʠʪʝʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʫʤ ʧʨʠʚʝʜʝʥʥʳʭ 

ʟʘʪʨʘʪ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ, 

ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ ʩʠʩʪʝʤʳ ʧʨʠʥʠʤʘʶʪʩʷ ʚʨʝʤʷ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʘʞʜʘʷ ʧʦʜʩʠʩʪʝʤʘ, ʘ ʟʥʘʯʠʪ ʠ ʩʠʩʪʝʤʘ ʚ 

ʮʝʣʦʤ, ʠʤʝʝʪ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ 

ʚʨʝʤʝʥʝʤ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʦʡ 

ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʜʘʯʫ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʘ ʪʝʨʤʠʥʘʭ ʜʠʩʢʨʝʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 
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ʇʨʦʥʫʤʝʨʫʝʤ ʧʦʜʩʠʩʪʝʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʚ ʧʨʝʜʝʣʘʭ ʫʨʦʚʥʷ ʠ ʩʥʠʟʫ ʚʚʝʨʭ ʧʦ ʫʨʦʚʥʷʤ. ʇʫʩʪʴ Li ï 

ʤʥʦʞʝʩʪʚʦ ʥʦʤʝʨʦʚ ʧʦʜʩʠʩʪʝʤ, ʩʪʨʫʢʪʫʨʥʦ ʧʦʜʯʠʥʝʥʥʳʭ ʧʦʜʩʠʩʪʝʤʝ i. ʊʦʛʜʘ 

ʚʨʝʤʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʢʘʢ 

 ,ɔmaxɔmaxɔ ö
÷

õ
æ
ç

å ++=
ÍÍ

vv
Lv

kk
Lk

nn tttT
kn

 (1) 

ʛʜʝ ti ï ʚʨʝʤʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʦʜʩʠʩʪʝʤʝ i; 

ɔi ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʚʤʝʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ 

ʧʦʜʩʠʩʪʝʤ (0Ò ɔiÒ1); 

n ï ʯʠʩʣʦ ʧʦʜʩʠʩʪʝʤ. 

ʇʨʝʥʝʙʨʝʛʘʷ ʤʘʣʳʤʠ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ (ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ ʚʝʨʦʷʪʥʦʩʪʝʡ), 

ʚʝʨʦʷʪʥʦʩʪʴ ʠʩʢʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ 

 ä
=

=
n

i

ii pP
1

,z  (2) 

ʛʜʝ pi ï ʚʝʨʦʷʪʥʦʩʪʴ ʠʩʢʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʦʜʩʠʩʪʝʤʝ i;                                

ɕi ï ʜʦʣʷ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʧʦʜʩʠʩʪʝʤʫ i ʚ ʦʙʱʝʤ 

ʦʙʲʝʤʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʦʙʨʘʟʫʝʤʦʤ ʚ ʩʠʩʪʝʤʝ (0 < ɕi  Ò 1). 

ɼʣʷ ʧʨʦʩʪʦʪʳ ʟʘʧʠʩʠ ʜʘʣʝʝ ʧʦʣʦʞʠʤ ɔi=ɕi=1, iÍ{1én}, ʪʘʢ ʢʘʢ ʚʩʝʛʜʘ 
ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʥʦʚʳʤ ʧʝʨʝʤʝʥʥʳʤ t

1
i=ɔiti ʠ p

1
i=ɕipi, iÍ{1én}. ʊʦʛʜʘ ʟʘʜʘʯʫ 

ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤ r ʫʧʨʘʚʣʝʥʠʷ ʦʪʚʝʜʝʥʠʝʤ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ 

ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
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 (3) 

ʛʜʝ fi(ǐ) ï ʧʨʠʚʝʜʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʦʜʩʠʩʪʝʤʳ i; 

Tʜʦʧ, Pʜʦʧ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʦʧʫʩʪʠʤʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʝʝ ʠʩʢʘʞʝʥʠʷ ʚ ʩʠʩʪʝʤʝ; 

Ti, Pi ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʝʝ ʠʩʢʘʞʝʥʠʷ ʚ ʧʦʜʩʠʩʪʝʤʝ i. 

ʇʨʠʤʝʥʝʥʠʝ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠ ̫ʟʘʜʘʯʠ (3) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʤ ʚʳʰʝ ʚʠʜʝ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʝ ʧʝʨʚʦʛʦ 

ʦʛʨʘʥʠʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ, ʩʦʜʝʨʞʘʱʠʤ 

ʬʫʥʢʮʠ ʁ max. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ 

ʵʬʬʝʢʪʠʚʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ (3) ʥʘ ʨʷʜ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʟʘʜʘʯ ʤʝʥʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 
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ʈʘʩʩʤʦʪʨʠʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʟʘʜʘʯʫ 
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ʛʜʝ ɝk ï ʚʝʨʦʷʪʥʦʩʪʴ ʠʩʢʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʝʪʚʠ, ʚʢʣʶʯʘʶʱʝʡ 

ʧʦʜʩʠʩʪʝʤʫ k ʠ ʩʪʨʫʢʪʫʨʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʡ ʧʦʜʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʩʙʦʨʘ 

ʠʥʬʦʨʤʘʮʠʠ v; 

ȿk(ǐ) ï ʧʨʠʚʝʜʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʚʝʪʚʠ, ʥʘʯʠʥʘʶʱʝʡʩʷ ʩ  

ʧʦʜʩʠʩʪʝʤʳ k. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (4) ʦʧʨʝʜʝʣʷʝʪ ʬʫʥʢʮʠʶ ȿk(ǐ) ʥʘ ʤʥʦʞʝʩʪʚʝ ʟʥʘʯʝʥʠʡ 

ɝk(tn). ʀʩʧʦʣʴʟʫʷ ʩʭʝʤʫ ʧʦʵʪʘʧʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ (ʧʨʦʝʢʮʠʠ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʩʚʷʟʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ) [3], ʚʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʟʘʜʘʯʫ 
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ʀʩʧʦʣʴʟʫʷ ʟʘʜʘʯʫ (5), ʟʘʜʘʯʫ (4) ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʚʠʜʫ  

 ( ) ( ){ },|ɝ,,minɝ, 1

kkkkknk
t

knk VTtttt
k

1ÍL=L  (6) 

ʛʜʝ Vk ï ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ tk, ʧʨʠ ʢʦʪʦʨʳʭ ʟʘʜʘʯʘ (5) ʠʤʝʝʪ ʨʝʰʝʥʠʝ. 

ʇʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʠ fi(ǐ) ʤʦʥʦʪʦʥʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʨʛʫʤʝʥʪʦʚ, ʧʝʨʚʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʜʘʯʠ (5) ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ tv 

 ( ) { } .,,|max, ʜʦʧ

*

kvvknvvknv LvTtttTttttt ÍÍ--¢=  (7) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʜʘʯʫ (5) ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʚʠʜʫ 
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(8) 

ʛʜʝ *

vt , vÍLk ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (7).  

ʄʘʩʰʪʘʙʠʨʫʝʤ ʟʥʘʯʝʥʠʷ pi ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʩʝ pi, iÍ{1én} ʙʳʣʠ 
ʮʝʣʳʤʠ ʯʠʩʣʘʤʠ. ʊʦʛʜʘ ʟʘʜʘʯʘ (8) ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʤʝʪʦʜʦʤ 
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ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʦʩʣʝ ʯʝʛʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (7), ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʟʘʜʘʯʠ (4), ʩʚʦʜʠʪʩʷ ʢ ʚʳʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʟʘʜʘʯʫ 
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 (9) 

ʛʜʝ Kk(tn) ï ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ɝk, ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʟ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (4). 

ʀʩʧʦʣʴʟʫʷ ʟʘʜʘʯʫ (9), ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜʦʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʠ ʩʭʝʤʫ ʧʦʵʪʘʧʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʟʘʜʘʯʫ 

(3) ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʚʠʜʫ 

 (){ }.|min nnnn
t

Ttt
n

ÍL  (10) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ (3) ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʘ ʥʘʤʠ ʥʘ ʨʷʜ ʙʦʣʝʝ 

ʧʨʦʩʪʳʭ ʟʘʜʘʯ ʚʠʜʘ (7)-(10). ʀʟ ʥʠʭ ʟʘʜʘʯʠ (8), (9) ʨʝʰʘʶʪʩʷ ʤʝʪʦʜʦʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ (7), (10) ʩʚʦʜʠʪʩʷ ʢ 

ʚʳʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʟʣʦʞʝʥʥʳʭ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʘʭ, ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ (3) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʭʝʤʳ: 

 

3. ɺʳʙʨʘʪʴ ʦʯʝʨʝʜʥʦʝ ʟʥʘʯʝʥʠʝ tnÍTn. 

4. ɺʳʙʨʘʪʴ ʦʯʝʨʝʜʥʦʝ ʟʥʘʯʝʥʠʝ kÍLn. 

5. ɺʳʙʨʘʪʴ ʦʯʝʨʝʜʥʦʝ ʟʥʘʯʝʥʠʝ tkÍTk. 

6. ʅʘʡʪʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (7). 

7. ɽʩʣʠ ʨʝʰʝʥʠʷ ʥʝʪ, ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ (9). 

8. ʅʘʡʪʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (8). 

9. ʅʘʡʪʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (5). 

10. ɽʩʣʠ ʝʩʪʴ ʝʱʝ tkÍTk, ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 3. 

11. ʅʘʡʪʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (10). 

12. ɽʩʣʠ ʝʩʪʴ ʝʱʝ kÍLn, ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 2. 

13. ʅʘʡʪʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (9). 

14. ɽʩʣʠ ʝʩʪʴ ʝʱʝ tnÍTn, ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 1, ʠʥʘʯʝ ʧʦʣʫʯʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ 

ʨʝʰʝʥʠʝ. 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (8) ʜʣʷ ʨʘʟʣʠʯʥʳʭ tkÍTk ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ 

ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʥʦʞʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ɝk. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʨʘʟʤʝʨʥʦʩʪʴ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ 

ʪʘʙʣʠʮʳ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ (10) ʙʫʜʝʪ ʥʝ ʚʳʰʝ, ʯʝʤ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ (3) ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ti, iÍ{1én}.  

 ɽʩʣʠ ʚʤʝʩʪʦ ʟʘʜʘʯʠ (9) ʨʘʩʩʤʦʪʨʝʪʴ ʟʘʜʘʯʫ 



 

70 ISSN 2079-0023. ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2014. ˉ 55 (1097) 

 ( ) ( ) ( ) (),ɝ,,ɝɝ|ɝ,,minɝ,
ɝ, îý

î
ü
û

ÍÍ¢+
îí

î
ì
ë

L+=L ää
ÍÍ

nkknnn

Lk

kn

Lk

knknnn
p

nnn tKPpptptft
nn

kn

 (11) 

ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʩʝ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʧʫʩʪʠʤʦʛʦ ʚʨʝʤʝʥʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʦʧʫʩʪʠʤʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʝʝ ʠʩʢʘʞʝʥʠʷ ʚ 

ʩʠʩʪʝʤʝ ʦʪ ʚʝʣʠʯʠʥʳ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ 

ʚʦʟʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʟʘʜʘʯʫ ʚ ʦʙʨʘʪʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ï "ʤʘʢʩʠʤʫʤ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʥʘ ʝʝ ʩʪʦʠʤʦʩʪʴ". 

ɺr ʚʦʜʳ. ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʮʝʣʝʡ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʝʡ 

ʘʧʧʘʨʘʪʫʨʦʡ ʦʪʚʝʜʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʘʷ 

ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʥʘ 

ʧʦʩʪʨʦʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʟʘʜʘʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ, 

ʪʘʢ ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʝʝ ʨʝʘʣʠʟʘʮʠʠ. ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʙʱʝʥ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ ʫʨʦʚʥʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʟʘ ʨʘʤʢʠ ʨʘʩʩʤʦʪʨʝʥʥʦʡ 

ʚʳʰʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 1. ɼʤʠʪʨʠʝʚʘ ɽ. ɸ. ʋʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʚʦʜʦʦʪʚʝʜʝʥʠʷ 
ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʋʢʨʘʠʥʳ / ɽ. ɸ. ɼʤʠʪʨʠʝʚʘ, ʉ. ɸ. ʎʳʙʫʣʴʥʠʢ, ʀ. ɺ. ʍʦʨʝʥʞʘʷ [ʠ ʜʨ.] 
// ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʉʅʋʗɽʪʘʇ. ï ʉʝʚʘʩʪʦʧʦʣʴ : ʉʅʋʗɽʪʘʇ. ï 2012. ï ɺʠʧ. 3 ( 43 ). ï 
ʉ. 75ï81. 2. ɸʨʪʝʤʦʚ ɸ. ʇ. ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ / ɸ. ʇ. ɸʨʪʝʤʦʚ. ï ʊʘʤʙʦʚ. : 
ʀʟʜ-ʚʦ ʊɻʊʋ, 2002. ï 80 ʩ. 3. ʇʝʨʚʦʟʚʘʥʩʢʠʡ ɸ. ɸ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚ ʫʧʨʘʚʣʝʥʠʠ 
ʧʨʦʠʟʚʦʜʩʪʚʦʤ / ɸ. ɸ. ʇʝʨʚʦʟʚʘʥʩʢʠʡ. ï ʄ. : ʅʘʫʢʘ, 1975. ï 616 ʩ. 

Bibliography (transliterated): 1. Dmitrieva E. A., et al. ñUpravlenie rezhimami raboty sistem 
vodootvedenija naselennyh punktov Ukrainy.ò Zbʽrnik naukovih prac' SNUJaEtaP. ï Sevastopol: 
SNUJaEtaP. Vol. 3 (43). 2012. 75ï81. Print.  2. Artemov A. P. Tehnicheskie sredstva informatizacii. 
Tambov: Izd-vo TGTU, 2002. Print. 3. Pervozvanskij A. A. Matematicheskie modeli v upravlenii 
proizvodstvom. Moscow: Nauka, 1975. Print. 
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ʌʆʈʄɸʃʔʅɸ ɸʈʍɯʊɽʂʊʋʈɸ ɸɻɽʅʊʅʆɰ ʉʀʉʊɽʄʀ 

ʄʆʅɯʊʆʈʀʅɻʋ ʈɽɿʋʃʔʊɸʊɯɺ ʅɸʋʂʆɺʆɰ ɼɯʗʃʔʅʆʉʊɯ 

ɺʀʑʆɻʆ ʅɸɺʏɸʃʔʅʆɻʆ ɿɸʂʃɸɼʋ 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʫʣʴʪʠʘʛʝʥʪʥʫ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ 
ʚʠʱʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. ʈʦʟʛʣʷʥʫʪʦ ʟʘʩʦʙʠ ʧʦʜʘʥʥʷ ʘʙʩʪʨʘʢʪʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʘʛʝʥʪʽʚ, ʱʦ 
ʜʦʟʚʦʣʷʶʪʴ ʫ ʬʦʨʤʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʦʧʠʩʘʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʛʝʥʪʽʚ. ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ 
ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʤʥʦʞʠʥʠ ʩʪʘʥʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʛʝʥʪʘ, ʤʥʦʞʠʥʠ 
ʩʧʨʠʡʥʷʪʪʽʚ ʩʝʨʝʜʦʚʠʱʘ ʘʛʝʥʪʦʤ, ʤʥʦʞʠʥʠ ʤʦʞʣʠʚʠʭ ʜʽʡ ʘʛʝʥʪʘ, ʘ ʪʘʢʦʞ ʬʫʥʢʮʽʾ ʩʧʨʠʡʥʷʪʪʷ ʪʘ 
ʬʫʥʢʮʽʾ ʚʠʙʦʨʫ ʜʽʾ ʘʛʝʥʪʘ. ɿ ʤʝʪʦʶ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʘʚʠʣ, ʟʘ ʷʢʠʤʠ ʜʽʻ ʨʝʬʣʝʢʩʥʠʡ ʘʛʝʥʪ, 
ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʦʜʝʣʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʢʦʤʧʘʨʘʪʦʨʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʝʦʨʽʾ 
ʽʥʪʝʣʝʢʪʫ. ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʬʦʨʤʘʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʘʛʝʥʪʽʚ ʯʦʪʠʨʴʦʭ ʪʠʧʽʚ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ 
ʧʦʰʫʢ ʜʞʝʨʝʣ ʜʘʥʠʭ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʥʽʪʦʨʠʥʛ, ʪʝʤʘʪʠʯʥʠʡ ʧʦʰʫʢ, ʤʫʣʴʪʠʘʛʝʥʪʥʘ ʩʠʩʪʝʤʘ, ʘʙʩʪʨʘʢʪʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ, ʢʦʤʧʘʨʘʪʦʨʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ. 

ɺʩʪʫʧ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʜʦ ʚʠʤʦʛ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ 

ʩʧʨʠʯʠʥʶʻ ʧʦʰʫʢ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʦʮʽʥʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʠʱʦʾ ʦʩʚʽʪʠ. ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʫʤʦʚʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʷʢʦʩʪʽ ʻ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʪʘ ʘʥʘʣʽʟ ʦʙôʻʢʪʠʚʥʠʭ ʜʘʥʠʭ ʧʨʦ ʜʽʷʣʴʥʽʩʪʴ 

ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ (ɺʅɿ). ʄʦʥʽʪʦʨʠʥʛ ʨʝʟʫʣʴʪʘʪʽʚ ʜʽʷʣʴʥʦʩʪʽ ɺʅɿʻ 

ʦʜʥʠʤ ʽʟ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ɺʅɿ. 

ʇʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ ʫ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʧʦʩʪʽʡʥʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʥʘʜʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ɺʅɿ ʫ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ, ʪʘʢʠʭ ʷʢ ʦʩʚʽʪʥʴʦʤʫ, ʥʘʫʢʦʚʦʤʫ, 

ʢʫʣʴʪʫʨʥʦʤʫ ʽ ʪ. ʜ. ʅʘ ʧʨʘʢʪʠʮʽ ʪʘʢʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ɺʅɿ, ʚʢʣʶʯʘʶʪʴ ʧʽʜʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʮʽʥʶʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʢʝʨʽʚʥʠʮʪʚʦʤ ʦʨʛʘʥʽʟʘʮʽʾ. ɼʘʥʘ ʨʦʙʦʪʘ 

ʧʨʠʩʚʷʯʝʥʘ ʘʛʝʥʪʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ɺʅɿ. 

ɼʞʝʨʝʣʘʤʠ ʜʘʥʠʭ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʦʬʽʮʽʡʥʽ ʟʚʽʪʠ ʪʘ 

ʜʦʢʫʤʝʥʪʘʮʽʷ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ɺʅɿ, ʘ ʪʘʢʦʞ ̔ʥʬʦʨʤʘʮʽʷ, ʦʪʨʠʤʘʥʘ ʚʽʜ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ʜʘʥʦʛʦ ɺʅɿ. ʆʢʨʽʤ ʮʠʭ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ 

ʜʘʥʠʭ, ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʜʽʷʣʴʥʦʩʪʽ ɺʅɿ ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʚʝʙ-ʧʨʦʩʪʦʨʽ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʨʦʟʛʣʷʜʘʪʁʴʩʷ ʚʝʙ-ʩʪʦʨʽʥʢʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 
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ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ɺʅɿ. ɺʽʜʧʦʚʽʜʥʦ ʤʝʪʦʜʘʤʠ ʟʙʦʨʫ ʜʘʥʠʭ ʻ 

ʤʝʪʦʜʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. 

ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʪʝʤʦʶ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʭʥʦʣʦʛʽʷ ʚʝʙ-ʤʦʥʽʪʦʨʠʥʛʫ 

ʻ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʥʘʧʨʠʢʣʘʜ, ʚʦʥʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʢʦʥʢʫʨʝʥʪʥʦʾ ʨʦʟʚʽʜʢʠ [1]. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʽʚ 

ʧʨʠʩʚʷʯʝʥʽ ʚʠʨʽʰʝʥʥʶ ʟʘʜʘʯ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʫ ʩʠʩʪʝʤʽ ʚʠʱʦʾ 

ʦʩʚʽʪʠ [2, 3]. ɿʦʢʨʝʤʘ, ʽʜʝʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʚʝʙ-ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʣʘʜʝʥʘ ʫ 

ʨʦʙʦʪʽ [4]. ɺʝʙ-ʤʦʥʽʪʦʨʠʥʛ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ɺʅɿ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʫ ʨʦʙʦʪʘʭ [4, 5]. ʈʽʟʥʽ ʝʪʘʧʠ ʚʝʙ-ʤʦʥʽʪʦʨʠʥʛʫ, ʪʘʢʽ ʷʢ ʧʦʰʫʢ ʜʞʝʨʝʣ ʜʘʥʠʭ ʪʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʨʦʙʦʪʘʭ [5, 6]. 

ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʛʝʥʪʥʫ 

ʘʨʭʽʪʝʢʪʫʨʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʛʨʘʤʥʦʾ 

ʽʥʞʝʥʝʨʽʾ, ʘʛʝʥʪ ï ʮʝ ʘʚʪʦʥʦʤʥʘ ʧʨʦʛʨʘʤʥʘ ʩʫʪʥʽʩʪʴ, ʱʦ ʤʘʻ ʜʦʚʛʠʡ ʯʘʩ 

ʽʩʥʫʚʘʥʥʷ ʪʘ ʘʜʘʧʪʫʻ ʩʚʦʶ ʧʦʚʝʜʽʥʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʟʜʘʪʥʘ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʽʥʰʠʤʠ ʘʛʝʥʪʘʤʠ [7, 8]. ɼʣʷ ʪʦʛʦ 

ʱʦʙ ʙʫʜʫʚʘʪʠ ʧʨʦʛʨʘʤʥʽ ʘʛʝʥʪʥʽ ʩʠʩʪʝʤʠ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʟʘʩʦʙʠ 

ʬʦʨʤʘʣʴʥʦʛʦ ʧʦʜʘʥʥʷ ʧʨʘʚʠʣ ʨʦʙʦʪʠ ʘʛʝʥʪʽʚ. ʌʦʨʤʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʘʨʭʽʪʝʢʪʫʨʠ ʘʛʝʥʪʽʚ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʫ ʨʦʙʦʪʘʭ [8ï10]. ʇʨʦʪʝ ʘʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʫ 

ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʧʦʢʘʟʘʚ, ʱʦ ʬʦʨʤʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʛʝʥʪʽʚ ʩʠʩʪʝʤʠ ʚʝʙ-

ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʨʦʟʛʣʷʥʫʪʦ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʆʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʧʨʦʮʝʩʫ ʚʝʙ-ʤʦʥʽʪʦʨʠʥʛʫ ʻ 

ʧʦʰʫʢ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʚʠʜʦʙʫʚʘʥʥʷ ʜʘʥʠʭ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ. ʄʝʪʦʶ 

ʧʨʦʮʝʩʫ ʧʦʰʫʢʫ ʜʞʝʨʝʣ ʜʘʥʠʭ ʻ ʟʙʽʨ ʚʝʙ-ʩʪʦʨʽʥʦʢ, ʥʘ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʷ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ. ɺʠʜʦʙʫʚʘʥʥʷ ʜʘʥʠʭ ʤʘʻ 

ʥʘ ʤʝʪʽ ʦʪʨʠʤʘʥʥʷ ʩʠʨʠʭ ʜʘʥʠʭ ʽʟ ʟʥʘʡʜʝʥʠʭ ʚʝʙ-ʩʪʦʨʽʥʦʢ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ʻ ʪʝ, ʱʦ ʩʠʨʽ ʜʘʥʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʢʽʣʴʢʽʩʥʽ 

ʟʥʘʯʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ. 

ʇʦʰʫʢ ʜʘʥʠʭ ʫ ʚʝʙ-ʧʨʦʩʪʦʨʽ ʚʠʩʪʫʧʘʻ ʦʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʥʘʢʣʘʜʘʶʪʴ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ. ɯʥʰʠʤ ʬʘʢʪʦʨʦʤ ʻ ʪʝ, ʱʦ ʮʷ 

ʩʠʩʪʝʤʘ ʻ ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ɺʅɿ. ɺʦʥʘ ʧʦʚʠʥʥʘ ʣʝʛʢʦ 

ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ʽʩʥʫʶʯʦʶ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ, ʟʦʢʨʝʤʘ, ʩʪʦʩʫʻʪʴʩʷ 

ʧʠʪʘʥʥʷ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʟʜʘʪʥʦʩʪʽ ʜʦ ʧʝʨʝʥʝʩʝʥʥʷ. ɺ ʮʽʣʦʤʫ ʩʠʩʪʝʤʘ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʧʨʠʥʮʠʧʘʤ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ. 

ɺʨʘʭʦʚʫʶʯʠ ʥʘʚʝʜʝʥʽ ʬʘʢʪʦʨʠ, ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʩʠʩʪʝʤʘ ʚʝʙ-ʤʦʥ̔ʪʦʨʠʥʛʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ɺʅɿ ʧʨʦʝʢʪʫʻʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʪʘʢʽ ʩʫʪʪʻʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʛʝʥʪʽʚ, ʷʢ ʘʚʪʦʥʦʤʥʽʩʪʴ, 

ʨʝʘʢʪʠʚʥʽʩʪʴ ʪʘ ʢʦʤʫʥʽʢʘʪʠʚʥʽʩʪʴ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʬʦʨʤʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʙʩʪʨʘʢʪʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʘʛʝʥʪʽʚ ʩʠʩʪʝʤʠ ʚʝʙ-ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʧʨʠʢʣʘʜʽ ʧʽʜʩʠʩʪʝʤʠ ʧʦʰʫʢʫ ʜʞʝʨʝʣ 

ʜʘʥʠʭ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʌʦʨʤʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʙʩʪʨʘʢʪʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʘʛʝʥʪʽʚ. ɼʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʦʞʣʠʚʠʭ ʜʽʡ ʘʛʝʥʪʘ ʪʘ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʽʟ ʟʦʚʥʽʰʥʽʤ 
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ʩʝʨʝʜʦʚʠʱʝʤ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʫ ʬʦʨʤʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ ʦʧʠʩʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʘʛʝʥʪʘ. ɸʙʩʪʨʘʢʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʘʛʝʥʪʘ ï ʮʝ 

ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʦʝʢʪʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʘʛʝʥʪʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʯʽʪʢʠʭ ʬʦʨʤʘʣʴʥʠʭ ʤʝʪʦʜʽʚ [9, 10]. ɸʙʩʪʨʘʢʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʘʛʝʥʪʘ ʟʘʜʘʻʪʴʩʷ 

ʯʝʨʝʟ ʦʧʠʩ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ ʬʫʥʢʮʽʦʥʫʻ ʘʛʝʥʪ, ʩʧʨʠʡʥʷʪʪʷ ʘʛʝʥʪʦʤ ʮʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʡʦʛʦ ʜʽʷʤʠ. 

ʅʝʭʘʡ Sï ʤʥʦʞʠʥʘ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʛʝʥʪʘ, ɸ ï 

ʤʥʦʞʠʥʘ ʤʦʞʣʠʚʠʭ ʜ̔ʡ ʘʛʝʥʪʘ. ʊʦʜʽ ʘʛʝʥʪ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ: 

 A: SgS
, 

ʪʦʙʪʦ ʚʠʙʽʨ ʢʦʥʢʨʝʪʥʦʾ ʜʽʾ ʽʟ ʤʥʦʞʠʥʠ ʤʦʞʣʠʚʠʭ ʜʽʡ ʘʛʝʥʪ ʟʜʽʡʩʥʶʻ ʥʘ ʦʩʥʦʚʽ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Ssi
. ʇʨʠ ʮʴʦʤʫ ʜʽʾ ʘʛʝʥʪʘ 

ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʩʝʨʝʜʦʚʠʱʝ, ʘʣʝ ʥʝ ʢʦʥʪʨʦʣʶʚʘʪʠ ʡʦʛʦ ʧʦʚʥʽʩʪʶ. 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʛʝʥʪʘ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴ ʩʧʨʠʡʥʷʪʪʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʮʴʦʛʦ ʚʚʦʜʠʪʴʩʷ ʤʥʦʞʠʥʘ ʤʦʞʣʠʚʠʭ 

ʩʧʨʠʡʥʷʪʪʽʚ ʈ ʪʘ ʬʫʥʢʮʽʷ PSf ­: , ʷʢʘ ʦʧʠʩʫʻ, ʫ ʷʢʠʡ ʩʧʦʩʽʙ ʧʝʚʥʽ ʩʪʘʥʠ 

ʩʝʨʝʜʦʚʠʱʘ ʩʧʨʠʡʤʘʶʪʴʩʷ ʘʛʝʥʪʦʤ. ʊʦʜʽ ʘʛʝʥʪ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʫʥʢʮʽʾ A: PgP , ʪʦʙʪʦ ʜʽʷ ʘʛʝʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʧʦʪʦʯʥʠʤ ʩʧʨʠʡʥʷʪʪʷʤ ʩʪʘʥʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Pp j . 

ʄʦʜʝʣʴ ʘʛʝʥʪʘ ʽʟ ʩʧʨʠʡʥʷʪʪʷʤ ʝʢʚʽʚʘʣʝʥʪʥʘ ʙʘʟʦʚʽʡ. ʇʨʦʪʝ ʚʦʥʘ ʜʦʟʚʦʣʷʻ 

ʚʚʝʩʪʠ ʥʘʩʪʫʧʥʫ ʜʦʜʘʪʢʦʚʫ ʚʣʘʩʪʠʚʽʩʪʴ ʘʛʝʥʪʘ: ʨʽʟʥʽ ʩʪʘʥʠ ʩʝʨʝʜʦʚʠʱʘ 

ʤʦʞʫʪʴ ʦʜʥʘʢʦʚʦ ʩʧʨʠʡʤʘʪʠʩʷ ʽ ʥʘʚʧʘʢʠ ï ʦʜʠʥ ʩʪʘʥ ʤʦʞʝ ʧʦ-ʨʽʟʥʦʤʫ 

ʩʧʨʠʡʤʘʪʠʩʷ ʘʛʝʥʪʦʤ. 

ɯʥʰʠʡ ʚʘʨʽʘʥʪ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʛʝʥʪʘ ʧʦʪʨʝʙʫʻ ʚʚʝʜʝʥʥʷ ʧʦʥʷʪʪʷ ʩʪʘʥʫ 

ʘʛʝʥʪʘ. ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʘʛʝʥʪ ʤʘʻ ʧʝʚʥʽ ʚʥʫʪʨʽʰʥʽ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ, 

ʷʢʽ ʚʽʥ ʤʦʜʠʬʽʢʫʻ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʨʠʡʥʷʪʪʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʪʘ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʠʨʘʻ ʜʽʶ. ɼʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ 

ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʚʚʦʜʠʪʴʩʷ ʤʥʦʞʠʥʘ ɯ ʚʥʫʪʨʽʰʥʽʭ ʩʪʘʥʽʚ ʘʛʝʥʪʘ ʪʘ ʬʫʥʢʮʽʷ 

ʦʥʦʚʣʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʪʘʥʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʥʦʚʣʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʩʪʘʥʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʦʪʦʯʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʩʝʨʝʜʦʚʠʱʘ: IPIh: ³ . 

ʊʦʜʽ ʘʛʝʥʪ ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾA: IgI
,ʪʦʙʪʦ ʜʽʷ 

ʦʙʠʨʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʘʛʝʥʪʘ. ɼʣʷ ʢʦʨʝʢʪʥʦʛʦ ʦʧʠʩʫ 

ʧʦʚʝʜʽʥʢʠ ʘʛʝʥʪʘ ʽʟ ʩʪʘʥʦʤ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ Ii0 . 

ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ ʘʛʝʥʪʘ ʤʘʻ ʦʜʠʥ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ, ʘ ʩʘʤʝ ï ʘʛʝʥʪ, ʱʦ 

ʟʘʜʘʻʪʴʩʷ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ, ʥʝ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʜʽʡʩʥʝʥʽ ʥʠʤ ʜʽʾ, ʱʦ 

ʦʙʤʝʞʫʻ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʽ ʫ ʥʘʢʦʧʠʯʝʥʥʽ ʜʦʩʚʽʜʫ ʪʘ ʘʥʘʣʽʟʽ ʧʦʪʝʥʮʽʡʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʡʦʛʦ ʜʽʡ. ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ ʧʦʜʦʣʘʥʥʷ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ ʻ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʽʾ ʘʛʝʥʪʘ ʷʢ ʯʘʩʪʠʥʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʦʚʥʽʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ, ʧʨʦʪʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʻ ʥʘʦʯʥʠʤ ʪʘ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤ. ɹʽʣʴʰ 
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ʧʨʘʚʠʣʴʥʠʤ ʚʠʨʽʰʝʥʥʷʤ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʚʢʣʶʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʟʜʽʡʩʥʶʚʘʥʽ ʜʽʾ ʷʚʥʦ ʫ ʚʭʽʜʥʽ ʜʘʥʽ ʬʫʥʢʮʽʾ ʚʠʙʦʨʫ ʜʽʾ: 

 A)A(: *

A ³Pg . 

ʋ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ ʘʛʝʥʪ ʷʚʥʦ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʞʝ ʟʜʽʡʩʥʝʥʽ ʜʽʾ 

ʪʘ ʧʨʠ ʚʠʙʦʨʽ ʜʽʾ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʩʧʨʠʡʥʷʪʪʷ ʩʪʘʥʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ɼʣʷ ʘʛʝʥʪʘ ʽʟ ʩʪʘʥʦʤ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʧʝʨʝʜʥʽ ʜʽʾ ʚʨʘʭʦʚʫʻʪʴʩʷ ʫ 

ʬʫʥʢʮʽʾ ʦʥʦʚʣʝʥʥʷ ʩʪʘʥʫ: IPIh ­³³ *)A(: . 

ʇʘʨʘʤʝʪʨʦʤ ʬʫʥʢʮʽʾ ʦʥʦʚʣʝʥʥʷ ʩʪʘʥʫ ʻ ʥʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʫʩʽʭ ʜʽʡ ʘʛʝʥʪʘ, 

ʘ ʪʽʣʴʢʠ ʦʩʪʘʥʥʷ ʚʠʢʦʥʘʥʘ ʜʽʷ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʽʜʭʦʜʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʬʦʨʤʘʣʴʥʽʡ ʣʦʛʽʮʽ, ʬʫʥʢʮʽʾ 

ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʚʠʙʦʨʫ ʜʽʾ ʘʛʝʥʪʘ ʦʧʠʩʫʻʪʴʩʷ ʷʢ ʥʘʙʽʨ ʪʚʝʨʜʞʝʥʴ, ʘʙʦ ʧʨʘʚʠʣ, 

ʮʽʻʾ ʣʦʛʽʢʠ. ʇʨʠ ʮʴʦʤʫ ʘʛʝʥʪ ʧʽʜʪʨʠʤʫʻ ʙʘʟʫ ʟʥʘʥʴ, ʱʦ ʤʽʩʪʠʪʴ ʤʥʦʞʠʥʫ 

ʪʚʝʨʜʞʝʥʴ ʬʦʨʤʘʣʴʥʦʾ ʣʦʛʽʢʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ ʟʚôʷʟʢʠ ʤʽʞ 

ʩʪʘʥʘʤʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʩʧʨʠʡʥʷʪʪʷʤʠ ʘʛʝʥʪʘ, ʘ ʪʘʢʦʞ ʤʽʞ 

ʩʧʨʠʡʥʷʪʪʷʤʠ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʜʽʷʤʠ ʘʛʝʥʪʘ. ʊʘʢʠʡ ʘʛʝʥʪ ʥʘʟʠʚʘʻʪʴʩʷ ʣʦʛʽʯʥʠʤ 

ʘʛʝʥʪʦʤ [11]. 

ɸʛʝʥʪ, ʷʢʠʡ ʦʙʠʨʘʻ ʜʽʶ ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ, ʽʛʥʦʨʫʶʯʠ ʚʩʶ 

ʽʩʪʦʨʽʶ ʧʦʧʝʨʝʜʥʽʭ ʩʧʨʠʡʥʷʪʪʽʚ, ʻ ʧʨʦʩʪʠʤ ʨʝʬʣʝʢʩʥʠʤ ʘʛʝʥʪʦʤ [11]. ʊʘʢʠʡ 

ʪʠʧ ʘʛʝʥʪʽʚ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʧʨʦʩʪʠʤ, ʧʨʦʪʝ ʤʘʻ ʟʥʘʯʥʦ ʦʙʤʝʞʝʥʠʡ ʽʥʪʝʣʝʢʪ. ʋ 

ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʛʝʥʪʘ ʤʦʞʫʪʴ ʟʥʘʜʦʙʠʪʠʩʷ 

ʟʥʘʥʥʷ ʜʚʦʭ ʚʠʜʽʚ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʮʝ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʝ, ʷʢ ʩʝʨʝʜʦʚʠʱʝ 

ʟʤʽʥʶʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʘʛʝʥʪʘ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʮʝ ʟʥʘʥʥʷ ʧʨʦ ʪʝ, ʷʢ ʚʣʘʩʥʽ 

ʜʽʾ ʘʛʝʥʪʘ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʝʨʝʜʦʚʠʱʝ. ɸʛʝʥʪ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʘʢʽ ʟʥʘʥʥʷ 

ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʻ ʨʝʬʣʝʢʩʥʠʤ ʘʛʝʥʪʦʤ, ʟʘʩʥʦʚʘʥʠʤ ʥʘ 

ʤʦʜʝʣʽ [11]. 

ɿʥʘʥʥʷ ʪʘ ʧʨʘʚʠʣʘ, ʷʢʠʤʠ ʚʦʣʦʜʽʻ ʨʝʬʣʝʢʩʥʠʡ ʘʛʝʥʪ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʤʦʜʝʣʽ, ʤʦʞʥʘ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʽʥʪʝʣʝʢʪʫ, ʟʦʢʨʝʤʘ 

ʤʝʪʦʜʫ ʢʦʤʧʘʨʘʪʦʨʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʮʝʥʪʨʘʣʴʥʠʤ ʧʦʥʷʪʪʷʤ ʷʢʦʛʦ ʻ 

ʢʦʤʧʘʨʘʪʦʨ [12, 13]. ʂʦʤʧʘʨʘʪʦʨ ʨʝʘʣʽʟʫʻ ʧʨʝʜʠʢʘʪ tyyyK m =),...,,( 21
, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʥʦʰʝʥʥʶ ʂ, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ 
myyy ,...,, 21

. 

ʇʨʠ ʮʴʦʤʫ t ï ʮʝ ʜʚʽʡʢʦʚʘ ʨʝʘʢʮʽʷ ʢʦʤʧʘʨʘʪʦʨʘ, {}0,1, =SSt . ɼʦ ʚʭʦʜʽʚ 

ʢʦʤʧʘʨʘʪʦʨʘ ʧʽʜʢʣʶʯʝʥʽ ʩʚʦʾʤʠ ʚʠʭʦʜʘʤʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʧʨʦʮʝʩʠ 
mfff ,...,, 21
. ɯʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʤʝʭʘʥʽʟʤʠ 

ʩʧʨʠʡʥʷʪʪʷ ʚʭʽʜʥʠʭ ʬʽʟʠʯʥʠʭ ʩʠʛʥʘʣʽʚ 
mxxx ,...,, 21
. ʉʠʛʥʘʣʠ )( 111 xfy = , 

)( 222 xfy = , é, )( mmm xfy =  ʻ ʚʥʫʪʨʽʰʥʽʤʠ ʩʪʘʥʘʤʠ ʦʙôʻʢʪʘ, ʥʝʜʦʩʪʫʧʥʠʤʠ 

ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʂʦʤʧʘʨʘʪʦʨ ʨʘʟʦʤ ʽʟ ʧʽʜʢʣʶʯʝʥʠʤʠ ʜʦ ʥʴʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʥʘʟʠʚʘʻʪʴʩʷ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʤ ʦʙôʻʢʪʦʤ (ʨʠʩ. 1). 

ʇʨʝʜʠʢʘʪ ʦʙôʻʢʪʘ txxxP m =),...,,( 21
 ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 
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 ))(),...,(),((),...,,( 221121 mmm xfxfxfKxxxP = .  

 

ʈʠʩ.1 ï ʆʙôʻʢʪ ʽʟ ʜʚʦʤʘ ʚʭʽʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ 

ɺʚʝʜʝʤʦ ʫʥʽʚʝʨʩʫʤ ʝʣʝʤʝʥʪʽʚ U. ʇʨʝʜʠʢʘʪʦʤ ʈ, ʟʘʜʘʥʠʤ ʥʘ U, 

ʥʘʟʠʚʘʻʪʴʩʷ ʙʫʜʴ-ʷʢʘ ʬʫʥʢʮʽʷ ),...,,( 21 nxxxP=e , ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʤʥʦʞʠʥʫ U ʚ 

ʤʥʦʞʠʥʫ { }0,1=S . ʆʩʢʽʣʴʢʠ ʤʥʦʞʠʥʘ U ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʘʛʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʻ 

ʩʢʽʥʯʝʥʥʦʶ, ʪʦ ʧʨʝʜʠʢʘʪ ʈ ʻ ʪʘʢʦʞ ʩʢʽʥʯʝʥʥʠʤ. 

ʄʥʦʞʠʥʘ ʚʩʽʭ n-ʘʨʥʠʭ ʧʨʝʜʠʢʘʪʽʚ, ʟʘʜʘʥʠʭ ʥʘ nU , ʥʘ ʷʢʦʤʫ ʚʠʟʥʘʯʝʥʽ 

ʦʧʝʨʘʮʽʾ ʜʠʟôʶʥʢʮʽʾ, ʢʦʥôʶʥʢʮʽʾ ʪʘ ʟʘʧʝʨʝʯʝʥʥʷ (ʱʦ ʻ ʙʘʟʦʚʠʤʠ), ʥʘʟʠʚʘʻʪʴʩʷ 

ʘʣʛʝʙʨʦʶ n-ʘʨʥʠʭ ʧʨʝʜʠʢʘʪʽʚ ʥʘ U, ʚ ʷʢʽʡ ʚʠʢʦʥʫʶʪʴʩʷ ʫʩʽ ʪʦʪʦʞʥʦʩʪʽ ʙʫʣʝʚʦʾ 

ʘʣʛʝʙʨʠ. ɿʤʽʥʥʽ 
nxxx ,...,, 21
, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʧʨʝʜʤʝʪʥʠʤʠ ʪʘ ʾʭʥʽ ʟʥʘʯʝʥʥʷ, 

ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʧʨʝʜʤʝʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʧʨʝʜʠʢʘʪʦʤ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ 

ʧʨʝʜʤʝʪʘ ʘ ʟʤʽʥʥʽʡ 
ix : 

 ),1(
,ʷʢʱʦ,0

,ʷʢʱʦ,1
),( ni

ax

ax
axE

i

i

i =
í
ì
ë =
=  

ʜʝ ʘ ï ʙʫʜʴ-ʷʢʠʡ ʝʣʝʤʝʥʪ ʫʥʽʚʝʨʩʫʤʫ. 

ɿ ʤʝʪʦʶ ʧʦʰʫʢʫ ʨʝʣʝʚʘʥʪʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩ ʦʮʽʥʶʚʘʥʥʷ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ, ʷʢ ʮʝ ʨʦʙʠʪʴ 

ʣʶʜʠʥʘ. ʃʶʜʩʴʢʠʡ ʽʥʪʝʣʝʢʪ ʟʜʘʪʥʠʡ ʟ ʣʝʛʢʽʩʪʶ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʻ ʜʘʥʘ ʚʝʙ-

ʩʪʦʨʽʥʢʘ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʦʰʫʢʫ (ʪʦʙʪʦ ʦʙʭʦʜʫ ʾʾ ʧʦʩʠʣʘʥʴ), 

ʯʠ ʚʽʜʧʦʚʽʜʘʻ ʚʦʥʘ ʪʝʤʽ ʧʦʰʫʢʫ ʪʘ ʯʠ ʤʽʩʪʠʪʴ ʚʦʥʘ ʥʝʦʙʭʽʜʥʫ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʽʥʬʦʨʤʘʮʽʶ. 

ʄʝʪʦʜ ʢʦʤʧʘʨʘʪʦʨʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʣʦʛʽʯʥʫ ʤʦʜʝʣʴ 

ʩʧʨʠʡʥʷʪʪʷ ʚʝʙ-ʩʪʦʨʽʥʢʠ. ʄʦʜʝʣʽ ʩʧʨʠʡʥʷʪʪʷ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʚʠʙʦʨʫ ʜʽʾ ʘʛʝʥʪʘ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʘ ʢʦʤʧʘʨʘʪʦʨʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʘʨʭʽʪʝʢʪʫʨʠ ʣʦʛʽʯʥʦʛʦ ʘʛʝʥʪʘ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ 

ʤʦʜʝʣʽ. ʊʦʜʽ ʬʫʥʢʮʽʾ ʘʛʝʥʪʘ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: PSf
K

­:  ʪʘ A)A(: *

A

K

Pg ­³ . 

ʄʫʣʴʪʠʘʛʝʥʪʥʘ ʩʠʩʪʝʤʘ ʚʝʙ-ʤʦʥʽʪʦʨʠʥʛʫ. ɸʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʟʜʽʡʩʥʶʚʘʪʠ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʤʦʥʽʪʦʨʠʥʛʫ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ɺʅɿ 

ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʩʠʩʪʝʤʠ (ʄɸʉ) (ʨʠʩ. 2). ɼʣʷ ʩʪʚʦʨʝʥʥʷ 

ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʛʝʥʪʥʫ ʧʨʦʛʨʘʤʥʫ ʧʣʘʪʬʦʨʤʫ 
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JADE ʪʘ ʟʘʩʦʙʠ ʜʦʩʪʫʧʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʣʦʢʘʣʴʥʦʶ ʢʝʰ-ʧʘʤô̫ ʪʪʶ Ehcache. 

ʄɸʉ ʚʝʙ-ʤʦʥʽʪʦʨʠʥʛʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʛʝʥʪʽʚ ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ, ʷʢʽ ʽʩʥʫʶʪʴ 

ʚʩʝʨʝʜʠʥʽ ʘʛʝʥʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʫ. ʇʨʠʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʘʛʝʥʪʘ ʥʘʚʝʜʝʥʦ 

ʫ ʪʘʙʣ. 1.  

 

ʈʠʩ.2 ï ʄʫʣʴʪʠʘʛʝʥʪʥʘ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ɺʅɿ 

ʊʘʙʣʠʮʷ 1 ï ʊʠʧʠ ʘʛʝʥʪʽʚ ʧʽʜʩʠʩʪʝʤʠ ʧʦʰʫʢʫ ʜʞʝʨʝʣ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ 

ʇʦʟʥʘʯʝʥʥʷ ʅʘʟʚʘ ʘʛʝʥʪʘ ʇʨʠʟʥʘʯʝʥʥʷ 

ɸ0 ɸʛʝʥʪ-

ʢʦʦʨʜʠʥʘʪʦʨ 

ʆʪʨʠʤʘʥʥʷ ʽʟ ʦʥʪʦʣʦʛʽʾ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʧʦʯʘʪʢʫ ʧʦʰʫʢʫ ʜʞʝʨʝʣ ʜʘʥʠʭ; 

ʩʪʚʦʨʝʥʥʷ ʧʝʨʰʦʛʦ ʘʛʝʥʪʘ-ʢʨʦʫʣʝʨʘ; ʩʪʚʦʨʝʥʥʷ 

ʘʛʝʥʪʽʚ ʧʦʰʫʢʫ ʜʞʝʨʝʣ ʜʘʥʠʭ ʪʘ ʦʯʠʩʪʢʠ ʜʘʥʠʭ 

ɸ1 ɸʛʝʥʪ-ʢʨʦʫʣʝʨ ʆʙʭʽʜ ʚʝʙ-ʧʨʦʩʪʦʨʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʚʝʙ-

ʩʪʦʨʽʥʦʢ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʤʽ ʧʦʰʫʢʫ 

ɸ2 ɸʛʝʥʪ ʧʦʰʫʢʫ 

ʜʞʝʨʝʣ ʜʘʥʠʭ 

ɺʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜ ʚʝʙ-ʩʪʦʨʽʥʦʢ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʤʽ ʧʦʰʫʢʫ, ʪʠʭ, ʱʦ ʻ 

ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ 

ɸ3 ɸʛʝʥʪ ʦʯʠʩʪʢʠ 

ʜʘʥʠʭ 

ʇʨʠʚʝʜʝʥʥʷ ʚʝʙ-ʩʪʦʨʽʥʦʢ, ʱʦ ʻ ʜʞʝʨʝʣʘʤʠ 

ʜʘʥʠʭ, ʜʦ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʚʠʛʣʷʜʫ ï ʰʘʙʣʦʥʫ 
 

ʆʪʞʝ, ʧʦʰʫʢ ʜʞʝʨʝʣ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʛʝʥʪʘʤʠ ɸ0, ɸ1, 

ɸ2 ʪʘ ɸ3, ʚʟʘʻʤʦʜʽʶ ʷʢʠʭ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3. ʄʦʜʝʣ ̔ʪʝʤʠ ʧʦʰʫʢʫ, ʜʞʝʨʝʣʘ 

ʜʘʥʠʭ ʪʘ ʰʘʙʣʦʥʫ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʤʦʥʽʪʦʨʠʥʛʫ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʧʨʘʚʠʣ ʚ ʦʥʪʦʣʦʛʽʾ ʪʘ ʧʝʨʝʜʘʶʪʴʩʷ ʘʛʝʥʪʫ ɸ0 ʧʽʜ ʯʘʩ ʡʦʛʦ ʽʥʽʮʽʘʣʽʟʘʮʽʾ. 

ɺʢʘʟʘʥʽ ʘʛʝʥʪʠ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʣʦʢʘʣʴʥʦʶ ʢʝʰ-ʧʘʤôʷʪʪʶ ʪʘ ʙʘʟʦʶ ʜʘʥʠʭ. 
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ʇʨʦʤʽʞʥʽ ʨʝʟʫʣʴʪʘʪʠ ʾʭʥʴʦʾ ʨʦʙʦʪʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʢʝʰ-ʧʘʤôʷʪʽ ʟ ʤʝʪʦʶ 

ʫʥʠʢʥʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʟʘʧʠʪʽʚ ʜʦ ʙʘʟʠ ʜʘʥʠʭ, ʱʦ ʫʧʦʚʽʣʴʥʶʻ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚ 

ʮʽʣʦʤʫ. 

 

ʈʠʩ. 3  ï ɺʟʘʻʤʦʜʽʷ ʘʛʝʥʪʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ɿʘ ʧʦʰʫʢ ʜʞʝʨʝʣ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʧʦʚʽʜʘʻ ʘʛʝʥʪ-ʢʦʦʨʜʠʥʘʪʦʨ ɸ0. 

ɺʽʥ ʩʪʚʦʨʶʻ ʧʝʨʰʦʛʦ ʘʛʝʥʪʘ ɸ1, ʷʢʦʤʫ ʧʝʨʝʜʘʻ ʪʝʤʫ ʪʘ ʩʪʘʨʪʦʚʫ ʩʪʦʨʽʥʢʫ ʜʣʷ 

ʧʦʯʘʪʢʫ ʧʦʰʫʢʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʽʥʢʠ ʩʪʦʨʽʥʢʠ ɸ1 ʚʠʜʦʙʫʚʘʻ ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʧʦʩʠʣʘʥʥʷ ʪʘ ʩʪʚʦʨʶʻ ʢʣʦʥʽʚ, ʷʢʽ ʧʨʦʜʦʚʞʫʶʪʴ ʧʦʰʫʢ ʟʘ ʟʘʜʘʥʦʶ ʪʝʤʦʶ. ʇʦ 

ʤʽʨʽ ʦʙʭʦʜʫ ʚʝʙ-ʧʨʦʩʪʦʨʫ ʘʛʝʥʪʘʤʠ ɸ1 ʫ ʢʝʰ-ʧʘʤôʷʪʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʧʦʩʠʣʘʥʥʷ. 

ɸʛʝʥʪ ɸ0 ʧʝʨʝʙʠʨʘʻ ʫʩʽ ʧʦʩʠʣʘʥʥʷ, ʟʙʝʨʝʞʝʥʽ ʫ ʢʝʰ-ʧʘʤôʷʪʽ. ɼʣʷ ʢʦʞʥʦʛʦ 

ʧʦʩʠʣʘʥʥʷ, ʧʦʟʠʪʠʚʥʦ ʦʮʽʥʝʥʦʛʦ ʘʛʝʥʪʦʤ ɸ1, ʘʛʝʥʪ ɸ0 ʩʪʚʦʨʶʻ ʘʛʝʥʪʘ 

ʜʨʫʛʦʛʦ ʪʠʧʫ ɸ2, ʷʢʠʡ ʦʮʽʥʶʻ ʚʝʙ-ʩʪʦʨʽʥʢʫ ʥʘ ʧʨʝʜʤʝʪ ʾʾ ʟʜʘʪʥʦʩʪʽ ʙʫʪʠ 

ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʝʚʥʦʛʦ ʧʦʢʘʟʥʠʢʘ. ʊʘʢʦʞ ʘʛʝʥʪ ɸ0 ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʦʩʠʣʘʥʥʷ, ʦʮʽʥʝʥʦʛʦ ʧʦʟʠʪʠʚʥʦ ʘʛʝʥʪʦʤ ɸ2, ʩʪʚʦʨʶʻ ʘʛʝʥʪʘ 

ʪʨʝʪʴʦʛʦ ʪʠʧʫ ɸ3, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʦʯʠʩʪʢʫ ʚʽʜʽʙʨʘʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ, 

ʟʘʧʦʚʥʶʶʯʠ ʰʘʙʣʦʥʠ ʜʣʷ ʢʦʞʥʦʾ ʚʝʙ-ʩʪʦʨʽʥʢʠ. ʉʪʦʨʽʥʢʠ, ʥʝʛʘʪʠʚʥʦ ʦʮʽʥʝʥʽ 

ʘʛʝʥʪʦʤ ɸ1 ʘʙʦ ɸ2, ʪʘ ʩʪʦʨʽʥʢʠ, ʜʣʷ ʷʢʠʭ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʰʘʙʣʦʥʠ ʘʛʝʥʪʦʤ ɸ3, 

ʟʘʧʠʩʫʶʪʴʩʷ ʘʛʝʥʪʦʤ ɸ0 ʫ ʙʘʟʫ ʜʘʥʠʭ ʪʘ ʚʠʜʘʣʷʶʪʴʩʷ ʽʟ ʢʝʰ-ʧʘʤôʷʪʽ. 

ʆʪʞʝ, ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʘʛʝʥʪʘ ɸ0 ʻ ʢʝʰ-ʧʘʤ'ʷʪʴ, ʚ ʷʢʽʡ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚʝʙ-ʩʪʦʨʽʥʢʠ. ɿʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʥʦʞʠʥʠ ʩʪʘʥʽʚ { }7,1,ɸ0 == isS i  (ʪʘʙʣ. 2). 
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ʊʘʙʣʠʮʷ 2 ï ʉʪʘʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʛʝʥʪʘ ɸ0 

ʇʦʟʥʘʯʝʥʥʷ ʅʘʟʚʘ ʆʧʠʩ 

1s  empty ʂʝ-hʧʘʤ'ʷʪʴ ʧʦʨʦʞʥʷ 

2s
 

page_is_being_processed ɺʝʙ-ʩʪʦʨʽʥʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʦʙʨʦʙʢʠ 

3s
 

positive_estimate_A1 ɺʝʙ-ʩʪʦʨʽʥʢʘ ʤʘʻ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʚʽʜ 

ʘʛʝʥʪʘ ɸ1 

4s
 

negative_estimate_A1 ɺʝʙ-ʩʪʦʨʽʥʢʘ ʤʘʻ ʥʝʛʘʪʠʚʥʫ ʦʮʽʥʢʫ ʚʽʜ 

ʘʛʝʥʪʘ ɸ1 

5s
 

positive_estimate_A2 ɺʝʙ-ʩʪʦʨʽʥʢʘ ʤʘʻ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʚʽʜ 

ʘʛʝʥʪʘ ɸ2 

6s
 

negative_estimate_A2 ɺʝʙ-ʩʪʦʨʽʥʢʘ ʤʘʻ ʥʝʛʘʪʠʚʥʫ ʦʮʽʥʢʫ ʚʽʜ 

ʘʛʝʥʪʘ ɸ2 

7s
 

pattern_done ɺʝʙ-ʩʪʦʨʽʥʢʘ ʙʫʣʘ ʦʙʨʦʙʣʝʥʘ ʘʛʝʥʪʦʤ ɸ3 

 

ʄʦʞʣʠʚʽ ʩʧʨʠʡʥʷʪʪʷ ʩʝʨʝʜʦʚʠʱʘ ʘʛʝʥʪʦʤ ɸ0 ʟʘʜʘʶʪʴʩʷ ʤʥʦʞʠʥʦʶ 

{ }5,1,A0 == jpP j (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʷ 3 ï ɽʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ʩʧʨʠʡʥʷʪʪʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʛʝʥʪʦʤ ɸ0 

ʇʦʟʥʘʯʝʥʥʷ ʅʘʟʚʘ ʆʧʠʩ 

1p
 empty ʂʝ-hʧʘʤ'ʷʪʴ ʧʦʨʦʞʥʷ 

2p
 

page_is_being_processed ɺʝʙ-ʩʪʦʨʽʥʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʦʙʨʦʙʢʠ 

3p
 

positive_estimate_A1 ɺʝʙ-ʩʪʦʨʽʥʢʘ ʤʘʻ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʚʽʜ 

ʘʛʝʥʪʘ ɸ1 

4p
 

positive_estimate_A2 ɺʝʙ-ʩʪʦʨʽʥʢʘ ʤʘʻ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʚʽʜ 

ʘʛʝʥʪʘ ɸ2 

5p
 

to_be_deleted_from_cache ɺʝʙ-ʩʪʦʨʽʥʢʘ ʤʘʻ ʙʫʪʠ ʚʠʜʘʣʝʥʘ ʽʟ 

ʢʝ-hʧʘʤôʷʪʽ 

 

ʊʦʜʽ ʬʫʥʢʮʽʷ ʩʧʨʠʡʥʷʪʪʷ ʘʛʝʥʪʘ ɸ0 ʤʘʻ ʚʠʛʣʷʜ: 
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ʜʝ ),( issE  ï ʧʨʝʜʠʢʘʪ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʦʜʠʥ ʽʟ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ɼʽʾ ʘʛʝʥʪʘ ɸ0 ʟʘʜʘʶʪʴʩʷ ʤʥʦʞʠʥʦʶ { }5,1,AA0 == kak
 (ʪʘʙʣ. 4). 

ʊʘʙʣʠʮʷ 4 ï ɼʽʾ ʘʛʝʥʪʘ ɸ0 

ʇʦʟʥʘʯʝʥʥʷ ʅʘʟʚʘ ʆʧʠʩ 

1a
 kill _A0 ɺʠʜʘʣʝʥʥʷ ʘʛʝʥʪʘ ɸ0 

2a
 create_A1 ʉʪʚʦʨʠʪʠ ʜʣʷ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʘʛʝʥʪʘ ɸ1 

3a
 create_A2 ʉʪʚʦʨʠʪʠ ʜʣʷ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʘʛʝʥʪʘ ɸ2 

4a
 create_A3 ʉʪʚʦʨʠʪʠ ʜʣʷ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʘʛʝʥʪʘ ɸ3 

5a
 

free_cache ɿʘʧʠʩʘʪʠ ʚʝʙ-ʩʪʦʨʽʥʢʫ ʜʦ ʙʘʟʠ ʜʘʥʠʭ ʪʘ 

ʟʚʽʣʴʥʠʪʠ ʢʝʰ-ʧʘʤô̫ ʪʴ 

6a
 

next_page ɸʛʝʥʪ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʥʘʩʪʫʧʥʦʾ ʩʪʦʨʽʥʢʠ ʫ 

ʢʝ-hʧʘʤô̫ ʪʽ 
 

ʌʫʥʢʮʽʷ ʚʠʙʦʨʫ ʜʽʾ ʘʛʝʥʪʘ ɸ0 ʟʘʜʘʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
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ɸʛʝʥʪ-ʢʨʦʫʣʝʨ ɸ1 ʟʜʽʡʩʥʶʻ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʝʙ-ʩʪʦʨʽʥʢʠ, ʾʾ ʦʮʽʥʢʫ ʪʘ 

ʚʠʜʦʙʫʚʘʥʥʷ ʜʦʯʽʨʥʽʭ ʧʦʩʠʣʘʥʴ. ɸʛʝʥʪ ɸ1 ʥʝ ʤʦʞʝ ʟʘʚʘʥʪʘʞʠʪʠ ʚʝʙ-ʩʪʦʨʽʥʢʫ, 

ʷʢʱʦ ʚʦʥʘ ʥʝʜʦʩʪʫʧʥʘ. ʗʢʱʦ ʘʛʝʥʪ ɸ1 ʦʮʽʥʠʚ ʚʝʙ-ʩʪʦʨʽʥʢʫ ʧʦʟʠʪʠʚʥʦ, ʪʦ ʚʽʥ 

ʚʠʜʦʙʫʚʘʻ ʚʩʽ ʧʦʩʠʣʘʥʥʷ ʟ ʮʽʻʾ ʩʪʦʨʽʥʢʠ. ʆʮʽʥʢʘ ʪʘ ʤʝʪʘʜʘʥʽ ʚʝʙ-ʩʪʦʨʽʥʢʠ 

ʟʘʧʠʩʫʶʪʴʩʷ ʥʠʤ ʜʦ ʢʝʰ-ʧʘʤôʷʪʽ. ʅʘʜʘʣʽ ʘʛʝʥʪ ɸ1 ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʩʠʣʘʥʥʷ 

ʩʪʚʦʨʶʻ ʘʛʝʥʪʘ-ʢʣʦʥʘ ʽʟ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʽʜʝʥʪʠʯʥʦʶ ʚʣʘʩʥʽʡ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʘʛʝʥʪ ɸ1 ʧʨʠʧʠʥʷʻ ʩʚʦʶ ʨʦʙʦʪʫ.  

ʇʝʨʝʚʽʨʢʫ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʦʙʭʦʜʫ ʽʟ ʟʘʚʘʥʪʘʞʝʥʦʾ ʚʝʙ-

ʩʪʦʨʽʥʢʠ ʟʜʽʡʩʥʶʻ ʘʛʝʥʪ-ʢʨʦʫʣʝʨ ɸ1 ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʘʨʘʪʦʨʥʦʾ ʤʦʜʝʣʽ (ʨʠʩ. 4). 

 

ʈʠʩ.4 ï ʆʮʽʥʶʚʘʥʥʷ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʢʦʤʧʘʨʘʪʦʨʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 
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ʅʝʭʘʡ ʧʨʝʜʤʝʪʥʠʤʠ ʟʤʽʥʥʠʤʠ ʚʠʩʪʫʧʘʶʪʴ ʩʣʦʚʘ ʫ ʟʘʛʦʣʦʚʢʫ ʚʝʙ-

ʩʪʦʨʽʥʢʠ ï t, ʩʣʦʚʘ ʫ ʢʣʶʯʦʚʠʭ ʩʣʦʚʘʭ ï k, ʩʣʦʚʘ ʫ ʪʝʢʩʪʽ ʧʦʩʠʣʘʥʥ̫  ï h, ʘ 

ʪʘʢʦʞ ʪʝʤʘ ʧʦʰʫʢʫ ï q. ʂʦʞʥʘ ʪʝʤʘ ʧʦʰʫʢʫ 
iq  ʘʩʦʮʽʶʻʪʴʩʷ ʽʟ ʥʘʙʦʨʦʤ ʩʣʽʚ, 

ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʟʘʛʦʣʦʚʢʫ ʚʝʙ-ʩʪʦʨʽʥʢʠ mt ,1= , ʾʾ ʢʣʶʯʦʚʠʭ ʩʣʦʚʘʭ nk ,1=  

ʪʘ ʪʝʢʩʪʽ ʧʦʩʠʣʘʥʴ ph ,1= . ʎʝʡ ʟʚ'ʷʟʦʢ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʚʦʜʦʣʴʥʠʭ 

ʛʨʘʬʽʚ (ʨʠʩ. 5) ʪʘ ʧʨʝʜʠʢʘʪʽʚ 
mit tttqtM ÙÙÙ= ...),( 21

, 

nik kkkqkM ÙÙÙ= ...),( 21
 ʪʘ pih hhhqhM ÙÙÙ= ...),( 21 . 

 

ʈʠʩ.5 ï ɼʚʦʜʦʣʴʥʽ ʛʨʘʬʠ ʧʨʝʜʠʢʘʪʽʚ 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʪʝʤʽ ʧʦʰʫʢʫ *q ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʝʜʠʢʘʪʦʤ: 

 ),(M),(M),(),,,( **** qhqkqtMqhktMY hkt ÙÙ== , 

ʪʦʙʪʦ ʷʢʱʦ ʭʦʯʘ ʙ ʟʘ ʦʜʥʠʤ ʝʣʝʤʝʥʪʦʤ ʤʝʪʘ-ʜʘʥʠʭ ʦʮʽʥʢʘ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʻ 

ʧʦʟʠʪʠʚʥʦʶ, ʪʦ ʚʝʙ-ʩʪʦʨʽʥʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʦʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʽʡ ʪʝʤʽ 

ʧʦʰʫʢʫ.  

ʆʪʞʝ, ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʘʛʝʥʪʘ-ʢʨʦʫʣʝʨʘ ɸ1 ʻ ʚʝʙ-ʩʪʦʨʽʥʢʘ, 

ʦʩʢʽʣʴʢʠ ʦʜʠʥ ʘʛʝʥʪ ʧʨʘʮʶʻ ʪʽʣʴʢʠ ʟ ʦʜʥʽʻʶ ʩʪʦʨʽʥʢʦʶ ʪʘ ʧʦ ʟʘʚʝʨʰʝʥʥʽ 

ʦʙʨʦʙʢʠ ʚʠʜʘʣʷʻʪʴʩʷ. ɿʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʦʧʠʩʫʻʪʴʩʷ ʤʥʦʞʠʥʦʶ ʩʪʘʥʽʚ 

{ }4,1,1 == isS iA
 (ʪʘʙʣ. 5). 

ʊʘʙʣʠʮʷ 5 ï ʉʪʘʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʛʝʥʪʘ ɸ1 

ʇʦʟʥʘʯʝʥʥʷ ʅʘʟʚʘ ʆʧʠʩ 

1s  
unavailable ʇʦʩʠʣʘʥʥʷ ʥʝʜʦʩʪʫʧʥʝ 

2s
 unknown_format ʇʦʩʠʣʘʥʥʷ ʜʦʩʪʫʧʥʝ ʫ ʥʝʚʽʜʦʤʦʤʫ ʬʦʨʤʘʪʽ 

3s
 

unavailable_metadata ʇʦʩʠʣʘʥʥʷ ʜʦʩʪʫʧʥʝ ʫ ʚʽʜʦʤʦʤʫ ʬʦʨʤʘʪʽ, ʥʝ 

ʤʘʻ ʤʝʪʘʜʘʥʠʭ 

4s
 

available_metadata ʇʦʩʠʣʘʥʥʷ ʜʦʩʪʫʧʥʝ ʫ ʚʽʜʦʤʦʤʫ ʬʦʨʤʘʪʽ, ʤʘʻ 

ʤʝʪʘʜʘʥʽ 

 

ɸʛʝʥʪ ʩʧʨʠʡʤʘʻ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟʛʽʜʥʦ ʽʟ ʩʚʦʻʶ ʤʝʥʪʘʣʴʥʦʶ 

ʤʦʜʝʣʣʶ (ʪʘʙʣ. 6). ʌʫʥʢʮʽʷ ʩʧʨʠʡʥʷʪʪʷ ʘʛʝʥʪʘ-ʢʨʦʫʣʝʨʘ ɸ1 ʝʢʚʽʚʘʣʝʥʪʥʘ 
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ʣʦʛʽʯʥʠʤ ʚʠʩʥʦʚʢʘʤ: çʗʢʱʦ ʧʦʩʠʣʘʥʥʷ ʥʝʜʦʩʪʫʧʥʝ ʘʙʦ ʜʦʩʪʫʧʥʝ ʫ 

ʥʝʚʽʜʦʤʦʤʫ ʬʦʨʤʘʪʽ, ʪʦ ʘʛʝʥʪ ʩʧʨʠʡʤʘʻ ʚʝʙ-ʩʪʦʨʽʥʢʫ ʷʢ ʥʝʜʦʩʪʫʧʥʫ ʜʣʷ 

ʦʙʨʦʙʢʠè, çʗʢʱʦ ʧʦʩʠʣʘʥʥʷ, ʱʦ ʻ ʜʦʩʪʫʧʥʠʤ ʫ ʚʽʜʦʤʦʤʫ ʬʦʨʤʘʪʽ ʪʘ ʥʝ ʤʘʻ 

ʤʝʪʘʜʘʥʠʭ, ʪʦ ʚʝʙ-ʩʪʦʨʽʥʢʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘè, çʗʢʱʦ ʧʦʩʠʣʘʥʥʷ, ʱʦ ʻ 

ʜʦʩʪʫʧʥʠʤ ʫ ʚʽʜʦʤʦʤʫ ʬʦʨʤʘʪʽ ʪʘ ʤʘʻ ʤʝʪʘʜʘʥʽ, ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʽ ʧʦʰʫʢʫ, ʪʦ 

ʚʝʙ-ʩʪʦʨʽʥʢʘ ʦʮʽʥʝʥʘ ʧʦʟʠʪʠʚʥʦè, çʗʢʱʦ ʧʦʩʠʣʘʥʥʷ, ʱʦ ʻ ʜʦʩʪʫʧʥʠʤ ʫ 

ʚʽʜʦʤʦʤʫ ʬʦʨʤʘʪʽ ʪʘ ʤʘʻ ʤʝʪʘʜʘʥʽ, ʪʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʽ ʧʦʰʫʢʫ, ʪʦ ʚʝʙ-

ʩʪʦʨʽʥʢʘ ʦʮʽʥʝʥʘ ʥʝʛʘʪʠʚʥʦè. 

ʊʘʙʣʠʮʷ 6 ï ɽʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ 
A1P ʩʧʨʠʡʥʷʪʪʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʛʝʥʪʦʤ ɸ1 

ʇʦʟʥʘʯʝʥʥʷ ʅʘʟʚʘ ʆʧʠʩ 

1p
 unprocessable ɺʝʙ-ʩʪʦʨʽʥʢʘ ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ ʦʙʨʦʙʢʠ 

2p
 unknown_estimate ɺʝʙ-ʩʪʦʨʽʥʢʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ 

3p
 positive_estimate ɺʝʙ-ʩʪʦʨʽʥʢʘ ʦʮʽʥʝʥʘ ʧʦʟʠʪʠʚʥʦ 

4p
 negative_estimate ɺʝʙ-ʩʪʦʨʽʥʢʘ ʦʮʽʥʝʥʘ ʥʝʛʘʪʠʚʥʦ 

 

ʌʫʥʢʮʽʷ ʩʧʨʠʡʥʷʪʪʷ ʘʛʝʥʪʘ ɸ1 ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʥʫ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʥʘʯʝʥʥʷ ʧʨʝʜʠʢʘʪʫ ʦʮʽʥʢʠ ʚʝʙ-ʩʪʦʨʽʥʢʠ: 
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ɼʽʾ ʘʛʝʥʪʘ-ʢʨʦʫʣʝʨʘ ɸ1 ʟʘʜʘʶʪʴʩʷ ʤʥʦʞʠʥʦʶ { }4,1,AA1 == kak
 (ʪʘʙʣ. 7). 

ʊʘʙʣʠʮʷ 7 ï ɼʽʾ ʘʛʝʥʪʘ ɸ1 

ʇʦʟʥʘʯʝʥʥ ̫ ʅʘʟʚʘ ʆʧʠʩ 

1a
 kill_ɸ1 ɺʠʜʘʣʝʥʥʷ ʘʛʝʥʪʘ ɸ1 

2a
 

save_estimate ɿʙʝʨʝʛʪʠ ʦʮʽʥʢʫ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʪʘ ʚʠʜʦʙʫʪʽ 

ʽʟ ʥʝʾ ʤʝʪʘʜʘʥʽ ʫ ʢʝʰ-ʧʘʤôʷʪʽ 

3a
 extract_ChildURL ɺʠʜʦʙʫʪʠ ʧʦʩʠʣʘʥʥʷ ʽʟ ʚʝʙ-ʩʪʦʨʽʥʢʠ 

4a
 

ʩlone_A1 ʂʣʦʥʫʚʘʪʠ ʘʛʝʥʪʘ ɸ1 ʪʘ ʧʝʨʝʜʘʪʠ ʡʦʤʫ 

ʧʦʩʠʣʘʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ 

 

ʌʫʥʢʮʽʷ ʚʠʙʦʨʫ ʜʽʾ ʘʛʝʥʪʘ-ʢʨʦʫʣʝʨʘ ɸ1 ʟʘʜʘʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʘʛʝʥʪʘ-ʢʨʦʫʣʝʨʘ ɸ1 ʫ ʢʝʰ-ʧʘʤ'ʷʪʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫʩʽ 

ʧʦʩʠʣʘʥʥʷ, ʯʘʩʪʠʥʘ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʽ ʧʦʰʫʢʫ, ʘʣʝ ʥʝ ʚʩʽ ʚʦʥʠ ʻ 

ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ. ʊʦʤʫ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʽʟ 

ʟʽʙʨʘʥʠʭ ʩʪʦʨʽʥʦʢ ʚʽʜʽʙʨʘʪʠ ʪʽ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʻ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʢʘʟʥʠʢʽʚ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ɺʅɿ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʘ ʧʦʜʘʣʴʰʘ ʦʙʨʦʙʢʘ ʟʙʝʨʝʞʝʥʠʭ ʫ ʢʝʰ-ʧʘʤôʷʪʽ ʧʦʩʠʣʘʥʴ, ʷʢʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʛʝʥʪʦʤ ɸ2.  

ʆʪʞʝ,ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʘʛʝʥʪʘ ɸ2 ʻ ʟʙʝʨʝʞʝʥʘ ʫ ʢʝʰ-ʧʘʤôʷʪʽ 

ʚʝʙ-ʩʪʦʨʽʥʢʘ. ɺʟʘʛʘʣʽ ʘʛʝʥʪ ɸ2 ʬʫʥʢʮʽʦʥʫʻ ʘʥʘʣʦʛʽʯʥʦ ʘʛʝʥʪʫ ɸ1, ʘʣʝ ʦʮʽʥʢʘ 

ʩʪʦʨʽʥʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʙʘʟʽ ʤʦʜʝʣʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. ɺ ʷʢʦʩʪʽ ʧʨʝʜʤʝʪʥʠʭ 

ʟʤʽʥʥʠʭ ʨʦʟʛʣʷʥʝʤʦ ʩʣʦʚʘ { }nwW= , ʝʣʝʤʝʥʪʠ ʚʝʙ-ʩʪʦʨʽʥʢʠ {}meE= . 

ɼʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚʝʙ-ʩʪʦʨʽʥʢʠ je  ʧʨʝʜʠʢʘʪ ),( j

Ww

j ewR

je

 ʚʠʟʥʘʯʘʻ 

ʥʘʷʚʥʽʩʪʴ ʧʝʚʥʠʭ ʩʣʽʚ ʘʙʦ ʾʭʥʽʭ ʢʦʤʙʽʥʘʮʽʡ ʫ ʮʴʦʤʫ ʝʣʝʤʝʥʪʽ. ʇʨʝʜʠʢʘʪ 

)),((),(
,,

jj
EeWwEeWw

ewRMewM =  ʚʠʟʥʘʯʘʻ, ʯʠ ʻ ʚʝʙ-ʩʪʦʨʽʥʢʘ ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ ʟʘ 

ʥʘʷʚʥʽʩʪʶ ʧʝʚʥʠʭ ʩʣʽʚ ʪʘ ʾʭʥʽʭ ʢʦʤʙʽʥʘʮʽʡ ʫ ʚʩʽʭ ʚʠʟʥʘʯʝʥʠʭ ʝʣʝʤʝʥʪʘʭ ʚʝʙ-

ʩʪʦʨʽʥʢʠ. 

ɺ ʪʘʙʣʠʮʷʭ 8ï10 ʥʘʚʝʜʝʥʦ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥ ʩʪʘʥʽʚ ʩʝʨʝʜʦʚʠʱʘ A2S , 

ʩʧʨʠʡʥʷʪʪʷ A2P  ʪʘ ʜʽʡ A2A  ʘʛʝʥʪʘ ɸ2. 

ʊʘʙʣʠʮʷ 8 ï ʉʪʘʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʛʝʥʪʘ ɸ2 

ʇʦʟʥʘʯʝʥʥʷ ʅʘʟʚʘ ʆʧʠʩ 

1s  unavailable ɺʝʙ-ʩʪʦʨʽʥʢʘ ʥʝʜʦʩʪʫʧʥʘ 

2s
 available ɺʝʙ-ʩʪʦʨʽʥʢʘ ʜʦʩʪʫʧʥʘ 

 

ʊʘʙʣʠʮʷ 9 ï ɽʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ʩʧʨʠʡʥʷʪʪʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʛʝʥʪʦʤ ɸ2 

ʇʦʟʥʘʯʝʥʥʷ ʅʘʟʚʘ ʆʧʠʩ 

1p
 unprocessable ɺʝʙ-ʩʪʦʨʽʥʢʘ ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ ʦʙʨʦʙʢʠ 

2p
 positive_estimate ɺʝʙ-ʩʪʦʨʽʥʢʘ ʦʮʽʥʝʥʘ ʧʦʟʠʪʠʚʥʦ 

3p
 negative_estimate ɺʝʙ-ʩʪʦʨʽʥʢʘ ʦʮʽʥʝʥʘ ʥʝʛʘʪʠʚʥʦ 
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ʊʘʙʣʠʮʷ 10 ï ɼʽʾ ʘʛʝʥʪʘ ɸ2 

ʇʦʟʥʘʯʝʥʥʷ ʅʘʟʚʘ ʆʧʠʩ 

1a
 save_estimate ɿʙʝʨʝʛʪʠ ʦʮʽʥʢʫ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʫ ʢʝʰ-ʧʘʤôʷʪʽ 

2a
 kill _A2 ɺʠʜʘʣʝʥʥʷ ʘʛʝʥʪʘ ɸ2 

 

ʌʫʥʢʮʽʷ ʩʧʨʠʡʥʷʪʪʷ ʘʛʝʥʪʘ ɸ2 ʤʘʻ ʚʠʛʣʷʜ: 
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ʌʫʥʢʮʽʷ ʚʠʙʦʨʫ ʜʽʾ ʘʛʝʥʪʘ ɸ2 ʟʘʜʘʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
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ɼʣʷ ʢʦʞʥʦʾ ʚʝʙ-ʩʪʦʨʽʥʢʠ, ʧʦʟʠʪʠʚʥʦ ʦʮʽʥʝʥʦʾ ʘʛʝʥʪʦʤ ɸ2, ʘʛʝʥʪ ɸ0 

ʩʪʚʦʨʶʻ ʘʛʝʥʪʘ ʦʯʠʩʪʢʠ ʜʘʥʠʭ ɸ3. ɸʛʝʥʪ ɸ3 ʩʪʚʦʨʶʻ ʫʥʽʬʽʢʦʚʘʥʝ ʧʦʜʘʥʥʷ 

ʚʝʙ-ʩʪʦʨʽʥʢʠ ʟʘ ʧʝʚʥʠʤ ʰʘʙʣʦʥʦʤ.ɼʣʷ ʮʴʦʛʦ ʘʛʝʥʪ ʘʥʘʣʽʟʫʻ ʝʣʝʤʝʥʪʠ ʚʝʙ-

ʩʪʦʨʽʥʢʠ ʪʘ ʟʥʘʭʦʜʠʪʴ ʥʘ ʥʠʭ ʧʝʚʥʽ ʩʣʦʚʘ, ʱʦ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʧʦʢʘʟʥʠʢʫ, ʚʠʟʥʘʯʘʻ ʥʘʟʚʫ ʽʥʜʠʢʘʪʦʨʘ ʪʘ ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ. ɸʛʝʥʪ ɸ3 

ʩʪʚʦʨʶʻ ʰʘʙʣʦʥ ʩʪʦʨʽʥʢʠ, ʟʘʧʦʚʥʶʶʯʠ ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʤʝʥʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʟʘʫʨʫʩʫ ʘʙʦ ʜʘʥʠʭ ʽʟ ʦʥʪʦʣʦʛʽʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. 

ʆʪʞʝ, ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʘʛʝʥʪʘ ɸ3 ʻ ʚʝʙ-ʩʪʦʨʽʥʢʘ.ʅʝʭʘʡ 

{}jlL=  ï ʤʥʦʞʠʥʘ ʩʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʧʦʢʘʟʥʠʢʘ; { }lll uU =  ï 

ʤʥʦʞʠʥʘ ʩʣʽʚ ʪʘ ʩʣʦʚʦʩʧʦʣʫʯʝʥʴ, ʷʢʽ ʧʦʟʥʘʯʘʶʪʴ ʽʥʜʠʢʘʪʦʨ; {}gll tT =  ï 

ʤʥʦʞʠʥʘ ʩʣʽʚ, ʷʢʽ ʟʘʜʘʶʪʴ ʢʦʥʢʨʝʪʥʫ ʨʝʘʣʽʟʘʮʽʶ ʽʥʜʠʢʘʪʦʨʘ l-ʛʦ ʧʦʢʘʟʥʠʢʘ. 

ʊʦʜʽ ʧʨʝʜʠʢʘʪ )(lM L  ʚʠʟʥʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʜʘʥʠʭ ʱʦʜʦ ʧʦʢʘʟʥʠʢʘ ʫ ʟʘʛʦʣʦʚʢʫ 

ʚʝʙ-ʩʪʦʨʽʥʢʠ, ʧʨʝʜʠʢʘʪ )(uMU  ʚʠʟʥʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʜʘʥʠʭ ʱʦʜʦ ʽʥʜʠʢʘʪʦʨʽʚ ʫ 

ʟʘʛʦʣʦʚʢʘʭ ʨʽʟʥʠʭ ʨʽʚʥʽ ʚʝʙ-ʩʪʦʨʽʥʢʠ, ʘ ʧʨʝʜʠʢʘʪ )(tMT ʚʠʟʥʘʯʘʻ ʥʘʷʚʥʽʩʪʴ 

ʜʘʥʠʭ ʱʦʜʦ ʟʥʘʯʝʥʴ ʽʥʜʠʢʘʪʦʨʽʚ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʘʭ 

ʧʽʩʣʷ ʥʘʟʚʠ. 

ɺ ʪʘʙʣʠʮʷʭ 11ï13 ʥʘʚʝʜʝʥʦ ʝʣʝʤʝʥʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʤʥʦʞʠʥ ʩʪʘʥʽʚ 

ʩʝʨʝʜʦʚʠʱʘ A3S , ʩʧʨʠʡʥʷʪʪʷ A3P  ʪʘ ʜʽʡ A3A  ʘʛʝʥʪʘ ɸ3. 

ʊʘʙʣʠʮʷ 11 ï ʉʪʘʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʛʝʥʪʘ ɸ3 

ʇʦʟʥʘʯʝʥʥʷ ʅʘʟʚʘ ʆʧʠʩ 

1s  unprocessed ɺʝʙ-ʩʪʦʨʽʥʢʘ ʥʝ ʙʫʣʘ ʦʙʨʦʙʣʝʥʘ 




