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ɼʝʨʞʘʚʥʝ ʚʠʜʘʥʥʷ 

ʉʚʽʜʦʮʪʚʦ ɼʝʨʞʢʦʤʽʪʝʪʫ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ  

ʂɺ ˉ 5256 ʚʽʜ 2 ʣʠʧʥʷ 2001 ʨʦʢʫ 

ʄʦʚʘ ʩʪʘʪʝʡ ï ʫʢʨʘʾʥʩʴʢʘ, ʨʦʩʽʡʩʴʢʘ, ʘʥʛʣʽʡʩʴʢʘ. 

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 

ʧʨʝʟʠʜʽʾ ɺɸʂ ʋʢʨʘʾʥʠ ʚʽʜ 26 ʪʨʘʚʥʷ 2010 ʨ., ˉ 1 ï 05/4 (ɹʶʣʝʪʝʥʴ ɺɸʂ ʋʢʨʘʾʥʠ, ˉ 6, 2010 ʨ., 

ʩ. 3, ˉ 20). 

ʂʦʦʨʜʠʥʘʮʽʡʥʘ ʨʘʜʘ: 
ʃ. ʃ. ʊʦʚʘʞʥʷʥʩʴʢʠʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. (ʛʦʣʦʚʘ); 

ʂ. ʆ. ɻʦʨʙʫʥʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. (ʩʝʢʨʝʪʘʨ); 

ɸ. ʇ. ʄʘʨʯʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɭ. ɯ. ʉʦʢʦʣ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʯʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ; 

ɭ. ɭ. ɸʣʝʢʩʘʥʜʨʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɸ. ɺ. ɹʦʡʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;  

ʌ. ʌ. ɻʣʘʜʢʠʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʄ. ɼ. ɻʦʜʣʝʚʩʴʢʠʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;  

ɸ. ɯ. ɻʨʘʙʯʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ. ɻ. ɼʘʥʴʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; 

ɺ. ɼ. ɼʤʠʪʨʠʻʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɯ. ʌ. ɼʦʤʥʽʥ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;  

ɺ. ɺ. ɭʧʽʬʘʥʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʖ. ɯ. ɿʘʡʮʝʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; 

ʇ. ʆ. ʂʘʯʘʥʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ. ɹ. ʂʣʝʧʽʢʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;  

ʉ. ɯ. ʂʦʥʜʨʘʰʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ. ɯ. ʂʨʘʚʯʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; 

 ɻ. ɺ. ʃʽʩʘʯʫʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʆ. ʂ. ʄʦʨʘʯʢʦʚʩʴʢʠʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;  

ɺ. ɯ. ʅʽʢʦʣʘʻʥʢʦ, ʢʘʥʜ. ʽʩʪ. ʥʘʫʢ, ʧʨʦʬ.; ʇ. ɻ. ʇʝʨʝʨʚʘ, ʜ-ʨ ʝʢʦʥ. ʥʘʫʢ, ʧʨʦʬ.;  

ɺ. ɸ. ʇʫʣʷʻʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʄ. ɯ. ʈʠʱʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;  

ɺ. ɹ. ʉʘʤʦʨʦʜʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɻ. ʄ. ʉʫʯʢʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;  

ʖ. ɺ. ʊʠʤʦʬʽʻʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;  ʄ. ɸ. ʊʢʘʯʫʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ ʩʝʨʽʾ: 
ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʨʝʜʘʢʪʦʨ: ʄ. ɼ. ɻʦʜʣʝʚʩʴʢʠʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

ɿʘʩʪ. ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʨʝʜʘʢʪʦʨʘ: ʆ. ʉ. ʂʫʮʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ: ʄ. ɯ. ɹʝʟʤʝʥʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

ʏʣʝʥʠ ʨʝʜʢʦʣʝʛʽʾ: ɯ. ʇ. ɻʘʤʘʶʥ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ. ɼ. ɼʤʠʪʨʠʻʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; 

ʆ. ɺ. ɭʬʽʤʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɯ. ɺ. ʂʦʥʦʥʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;  

ɺ. ʇ. ʉʝʚʝʨʠʥ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʃ. ʄ. ʃʶʙʯʠʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;  

ʃ. ɻ. ʈʘʩʢʽʥ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʅ. ɺ. ʐʘʨʦʥʦʚʘ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;  

ʄ. ʆ. ʗʩʪʨʝʙʝʥʝʮʴʢʠʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 
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ʄ. ɼ. ɻʆɼʃɽɺʉʂʀʁ, ʕ. ɽ. ʈʋɹʀʅ, ɸ. ɸ. ɻʆʃʆʉʂʆʂʆɺɸ 

ɼʀʅɸʄʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʇʃɸʅʀʈʆɺɸʅʀʗ ʋʃʋʏʐɽʅʀʗ ʂɸʏɽʉʊɺɸ ʇʈʆʎɽʉʉɸ 

ʈɸɿʈɸɹʆʊʂʀ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʩʨʝʜʥʝʩʨʦʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ (ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ) ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ CMMI (capability maturity model integration), ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʤʦʜʝʣʴ ʟʨʝʣʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ ʜʚʫʭ ʛʨʫʧʧ ʢʨʠʪʝʨʠʝʚ: ʩʪʝʧʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʬʘʡʣʘ ʠ ʨʝʩʫʨʩʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʬʠʥʘʥʩʦʚʘʷ ʠ 
ʚʨʝʤʝʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ). ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪ ʮʝʣʝʚʦʡ ʧʨʦʬʘʡʣ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʩʪʘʚʠʪ ʦʩʥʦʚʫ ʩʪʘʪʠʯʝʩʢʦʡ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ, ʤʦʜʝʣʴ ʟʨʝʣʦʩʪʠ, ʬʫʥʢʮʠʷ ʧʦʣʝʟʥʦʩʪʠ, ʮʝʣʝʚʦʡ ʧʨʦʬʘʡʣ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚ-

ʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʢʦʥʦʤʠʢʠ ʋʢʨʘʠʥʳ. ʉʝʛʦʜʥʷ 

ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ (ʇʈ) ʇʆ ʚʦʩ-

ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʦʙʷʟʘʪʝʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʢʦʤʧʘʥʠʡïʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚʦʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘ-

ʯʝʩʪʚʘ ʇʆ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ. ʉʫʱʝ-

ʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ 

ʥʘʙʦʨʳ ʧʨʦʮʝʩʩʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʩʪʝʤ, ʪʘʢʠʝ ʢʘʢ IEEE, ISO ï 12207, CMMI [1] ʠ ʜʨʫ-

ʛʠʝ. ʎʝʣʴ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ ï ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʢʦʥʝʯ-

ʥʳʡ ʧʨʦʜʫʢʪ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ 

ʨʳʥʢʘ ʠ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɻʠʙ-

ʢʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʤʦʜʝʣʠ CMMI [2, 3] ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʧʘʥʠʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʦʮʝʥʠʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ 

ʵʪʘʧʳ ʇʈ ʇʆ, ʘ ʪʘʢ ʞʝ ʫʨʦʚʝʥʴ ʟʨʝʣʦʩʪʠ ʚʩʝʛʦ ʧʨʦ-

ʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʇʆ. ɺ ʨʘʙʦʪʘʭ [4, 5] ʚʧʝʨʚʳʝ ʧʨʦʚʝ-

ʜʝʥʘ ʬʦʨʤʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ CMMI ʠ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʇʈ ʇʆ. ʀʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ NPïʩʣʦʞʥʦʡ. ʇʦ-

ʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʦʜʝʣʠ ʠ ʘʣ-

ʛʦʨʠʪʤʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʜʝʢʚʘʪʥʦʩʪʠ 

ʇʈ ʇʆ ʠ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ɿʘʜʘʯʘ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʇʈ ʇʆ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʚʠʜʝ ʧʨʦʙʣʝʤʳ ʩʢʦʣʴʟʷʱʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʠʥʪʝʟ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʝʡ (ʤʦʜʝʣʝʡ ʪʝʢʫʱʝʛʦ ʠ ʩʨʝʜʥʝʩʨʦʯʥʦʛʦ ʧʣʘʥʠʨʦ-

ʚʘʥʠʷ). ɺ ʨʘʙʦʪʝ [6] ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʪʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʇʈ ʇʆ ʥʘ 

ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʟʨʝʣʦʩʪʠ CMMI.  

ʇʨʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩʪʦʠʪ ʟʘʜʘʯʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʦʜʚʠʞʝʥʠʷ ʇʈ 

ʇʆ ʥʘ ʥʝʢʦʪʦʨʦʤ ʧʣʘʥʦʚʦʤ ʧʝʨʠʦʜʝ [0,T] ʢ ʙʦʣʝʝ ʚʳ-

ʩʦʢʦʤʫ ʫʨʦʚʥʶ ʢʘʯʝʩʪʚʘ, ʛʜʝ ʊ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʣʘʥʦʚʦʛʦ ʧʝʨʠʦʜʘ. ɺ ʨʘʙʦʪʝ ʢʘʯʝʩ-

ʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 

ʧʨʦʜʚʠʞʝʥʠʷ ʇʈ ʇʆ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʟʨʝʣʦ-

ʩʪʠ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ CMMI, ʘ ʪʘʢ ʞʝ ʩʪʨʘʪʝʛʠʷʤʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʝʩʫʨʩʦʚ ʜʣʷ ʜʦʩʪʠ-

ʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʇʈ ʇʆ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʡ ʧʦʣʝʟʥʦʩʪʠ ʜʚʫʭ 

ʛʨʫʧʧ ʢʨʠʪʝʨʠʝʚ: 

1) ʩʪʝʧʝʥʴ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʬʘʡʣʘ; 

2) ʨʝʩʫʨʩʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʬʠʥʘʥʩʳ ʠ ʚʨʝʤʷ). 

ʄʦʜʝʣʴ ʩʨʝʜʥʝʩʨʦʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ (ʜʠʥʘ-

ʤʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ). ʇʨʝʜʣʘʛʘʝʪʩʷ ʮʝʣʝ-

ʚʫʶ ʬʫʥʢʮʠʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʪʴ ʚ 

ʚʠʜʝ ʘʜʜʠʪʠʚʥʦʡ ʬʫʥʢʮʠʠ, ʢʘʞʜʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʠʨʦʩʪ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ 

[7] ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʜʧʝʨʠʦʜʝ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʊʘʢ ʢʘʢ ʬʫʥʢʮʠʷ ʧʦʣʝʟʥʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʛʨʫʧʧ 

ʢʨʠʪʝʨʠʝʚ, ʨʘʩʩʤʦʪʨʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʸ ʦʪʜʝʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. ɺ ʨʘʙʦʪʝ [6] ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʬʫʥʢʮʠʷ 

ʧʦʣʝʟʥʦʩʪʠ ʯʘʩʪʥʦʛʦ ʢʨʠʪʝʨʠʷ ʩʪʝʧʝʥʠ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʝʚʦʛʦ ʧʨʦʬʘʡʣʘ { }( )1 ( )j

i isP x t  ʥʘ ʫʨʦʚʥʝ i -ʡ ʬʦʢʫʩ-

ʥʦʡ ʦʙʣʘʩʪʠ. ɼʠʩʢʨʝʪʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ( )j

isx t  ʧʨʠʥʠʤʘʝʪ 

ʟʥʘʯʝʥʠʷ ʮʝʣʳʭ ʯʠʩʝʣ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪ-

ʚʫʝʪ ʫʨʦʚʥʶ ʚʦʟʤʦʞʥʦʩʪʠ j-ʡ ʧʨʘʢʪʠʢʠ, ʢʦʪʦʨʘʷ ʫʯʘʩ-

ʪʚʫʝʪ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʜʦʩʪʠʞʝʥʠʷ s -ʡ ʮʝʣʠ i -ʡ ʬʦʢʫʩ-

ʥʦʡ ʦʙʣʘʩʪʠ ʥʘ t-ʤ ʧʦʜʧʝʨʠʦʜʝ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʊʦʛʜʘ ʚʝʣʠʯʠʥʘ ʧʨʠʨʦʩʪʘ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ ʥʘ 

t-ʤ ʧʦʜʧʝʨʠʦʜʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʦʡ ʬʦʢʫʩʥʦʡ ʦʙʣʘʩʪʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ 

 { }{ }( )1 ( 1) , ( )t j j

i is isP x t x tD - =  

 { }( ) { }( )1 1( ) ( 1) , 1, .j j

i is i isP x t P x t t Tè ø= - - Í
ê ú

  

ʀʩʭʦʜʷ ʠʟ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ 

ʩʣʝʜʫʝʪ, ʯʪʦ (){ }( )1 0 0 .j

i isP x i= " 

ʇʨʠʨʦʩʪ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ l-ʡ ʢʘʪʝʛʦʨʠʠ ʚ 

ʧʨʝʜʝʣʘʭ k-ʛʦ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ ʥʘ t-ʤ ʧʦʜʧʝʨʠʦʜʝ 

ʟʘʧʠʰʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
 

 { }{ }( )1 ( 1) , ( )lt j j
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ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʝ ʚ ʨʘʙʦʪʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʞʥʦʩʪʠ ʥʝ 

ʤʝʥʷʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʣʘʥʦʚʦʛʦ ʧʦʜ-

ʧʝʨʠʦʜʘ ʠ ʘʥʘʣʦʛʠʯʥʳ ʪʝʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʩʪʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ. ʇʨʠʨʦʩʪʳ ʬʫʥʢʮʠʡ 

ʧʦʣʝʟʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ 

ʢʘʪʝʛʦʨʠʡ ʤʦʜʝʣʠ CMMI ʠ ʥʘ ʫʨʦʚʥʝ ʚʩʝʛʦ ʇʈ ʇʆ 

ʠʤʝʶʪ ʚʠʜ 

 { }{ }( )1 ( 1) , ( )lt j j

is isW x t x tD - =  

 { }{ }( ) [ ]1 1ŭ ( 1) , ( ) , 1, ,l lt j j

k k is is

k K

Q x t x t t T
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 ( )1 ( 1), ( )tV t tD - =ɢ ɢ   
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Í

= D - Íä   
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l L
Í

² Í =ä   

ʉ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʟʘʧʠʩʝʡ ʚʚʝ-

ʜʝʥʳ ʤʘʪʨʠʮʳ { }( ) ( ) ,j

ist x t=ɢ [ ]0, ,t TÍ  

ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʦʩʪʦʷʥʠʷ ʇʈ ʇʆ ʥʘ t-ʤ ʧʦʜʧʝʨʠʦʜʝ 

ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʇʨʠʨʦʩʪ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʦ-

ʚʘʥ ʢ ʥʘʯʘʣʫ ʧʝʨʚʦʛʦ ʧʦʜʧʝʨʠʦʜʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʫʜʝʪ 

ʧʨʠʥʦʩʠʪʴ ʧʦʣʴʟʫ ʇʈ ʇʆ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʣʘʥʦ-

ʚʦʛʦ ʧʝʨʠʦʜʘ [ ]1,T  (ʥʘ ʢʘʞʜʦʤ ʠʟ ʊ ʧʦʜʧʝʨʠʦʜʦʚ). 

ʇʨʠʨʦʩʪ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʢ ʥʘ-

ʯʘʣʫ ʚʪʦʨʦʛʦ ʧʦʜʧʝʨʠʦʜʘ, ʙʫʜʝʪ ʧʨʠʥʦʩʠʪʴ ʧʦʣʴʟʫ ʇʈ 

ʇʆ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʫʶʱʠʭ ʊï1 ʧʦʜʧʝʨʠʦʜʦʚ ʠ 

ʪ.ʜ., ʧʨʠʨʦʩʪ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ ʢ ʥʘʯʘʣʫ ʊ-ʛʦ ʧʦʜ-

ʧʝʨʠʦʜʘ ʙʫʜʝʪ ʧʨʠʥʦʩʠʪʴ ʧʦʣʴʟʫ ʪʦʣʴʢʦ ʚ ʪʝʯʝʥʠʠ ʊ-

ʛʦ ʧʦʜʧʝʨʠʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʦʛʠʯʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʞʥʦʩʪʠ ʧʨʠʨʦʩʪʦʚ ʬʫʥʢʮʠʠ 

ʧʦʣʝʟʥʦʩʪʠ ɝt  ʥʘ ʢʘʞʜʦʤ ʧʦʜʧʝʨʠʦʜʝ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʦʣʠʯʝʩʪʚʫ ʧʦʜʧʝʨʠ-

ʦʜʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʦʥʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʇʈ ʇʆ: 
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ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʧʨʦʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ ʨʝʩʫʨʩʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʪʘʢ ʞʝ ʚʝʣʠʯʠʥʳ ʝʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʩ (1t- )-ʛʦ ʥʘ t-ʡ ʧʦʜʧʝʨʠʦʜ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʢʘʞʜʦʡ j-ʡ ʧʨʘʢʪʠʢʠ ʚʚʦʜʷʪʩʷ ʜʚʝ ʪʨʝʫʛʦʣʴʥʳʝ 

ʤʘʪʨʠʮʳ ʨʝʩʫʨʩʦʚ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʳʭ ( , )j

isr i jt
 

ʦʧʨʝʜʝʣʷʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ 

( )Ű 2=  ʠ ʨʝʩʫʨʩʳ ʚʨʝʤʝʥʠ ( )Ű 3=  ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ 

ʫʨʦʚʥʷ ʚʦʟʤʦʞʥʦʩʪʠ ( 1)j

isx t-  ʥʘ ʫʨʦʚʝʥʴ ʚʦʟʤʦʞʥʦʩʪʠ 

( )j

isx t  (ʪʘʙʣ. 1).  

ʊʘʙʣʠʮʘ 1 ï ʄʘʪʨʠʮʘ ʨʝʩʫʨʩʦʚ ʜʣʷ j-ʡ ʧʨʘʢʪʠʢʠ 

( )j
isx t  

 

( 1)j
isx t-  

0 1 2 3 

0 (0,0) 0j
isr t =  (0,1)j

isr t  (0,2)j
isr t  (0,3)j

isr t  

1  (1,1) 0j
isr t =  (1,2)j

isr t  (1,3)j
isr t  

2   (2,2) 0j
isr t =  (2,3)j

isr t  

3    (3,3) 0j
isr t =  

ʇʝʨʝʤʝʥʥʳʝ { }( )j

isx t  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ  

 [ ]( ) 0,3 , , , ,j s l

is i kx t j J s S i IÍ Í Í Í   

 [ ], , 0, .kl L k K t TÍ Í Í  (1) 

ʈʝʩʫʨʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ (1t- )-ʛʦ 

ʥʘ t-ʡ ʧʦʜʧʝʨʠʦʜ ʧʣʘʥʦʚʦʛʦ ʧʝʨʠʦʜʘ ʥʘ ʫʨʦʚʥʝ i -ʡ 

ʬʦʢʫʩʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢ ʞʝ ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʚʳʨʘʞʝʥʠʡ 

 { }{ }( )( 1) , ( )j j

i is isR x t x tt - =  

 

 ( )( 1), ( ) ,
s

i i

j j j

is is is

s S j J

r x t x tt

Í Í

= -ää   

 { }{ }( )( 1) , ( )t j j

i is isP x t x ttD - =  

 
{ }{ }( )
( )

( 1) , ( )
,

j j

i is is

ʅʃ ʅʍ

i i

R x t x t

R R

t

t t

-
=

-
  

 [ ]Ű 2,3, , , , 1, .l

k ki I l L k K t T= Í Í Í Í   

ɺʝʣʠʯʠʥʫ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ l-ʡ 

ʢʘʪʝʛʦʨʠʠ ʚ ʧʨʝʜʝʣʘʭ k-ʛʦ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ ʥʘ t-ʤ 
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ʧʦʜʧʝʨʠʦʜʝ ʟʘʧʠʰʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 { }{ }( )( 1) , ( )lt j j

k is isQ x t x ttD - =  

 { }{ }( ) [ ]ɔ ( 1) , ( ) , 1, ,
l
k

t j j

i i is is

i I

P x t x t t Tt t

Í

= D - Íä   

ʛʜʝ 

 ɔ 0, , ɔ 1,Ű 2,3, , .
l
k

l

i k i k

i I

i I l L k Kt t

Í

² Í = = Í Íä   

ɼʣʷ ʬʠʥʘʥʩʦʚʳʭ ( )Ű 2=  ʠ ʚʨʝʤʝʥʥʳʭ ( )Ű 3=  

ʨʝʩʫʨʩʦʚ ʚʝʣʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʡ ʧʦʣʝʟʥʦʩʪʠ ʥʘ 

ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ ʢʘʪʝʛʦʨʠʡ ʤʦʜʝʣʠ CMMI ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ 

 { }{ }( )Ĕ ( 1) , ( )lt j j

is isW x t x ttD - =  

 { }{ }( ) [ ]ŭ ( 1) , ( ) , 1, ,l lt j j

k k is is

k K

Q x t x t t Tt t
Í

= D - Íä   

 ŭ 0, , ŭ 1,Ű 2,3, .l l

k k

k K

k K l Lt t
Í

² Í = = Íä   

ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʤ ʘʛʨʝʛʠʨʦʚʘʥʥʫʶ ʚʝʣʠʯʠʥʫ 

ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ ʨʝʩʫʨʩʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ t-ʤ ʧʦʜʧʝʨʠʦʜʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ l-ʡ ʢʘʪʝʛʦʨʠʠ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʬʫʥʢʮʠʡ ʧʦʣʝʟʥʦʩʪʠ ʬʠʥʘʥʩʦʚ ʠ ʚʨʝʤʝʥʠ 

 { }{ }( )2 ( 1) , ( )lt j j

is isW x t x tD - =  

 { }{ }( ) [ ]
3

2

Ĕɛ ( 1) , ( ) , 1, ,l lt j j

is isW x t x t t Tt t
t=

= D - Íä   

ʛʜʝ 

 2 3ɛ 0,Ű 2,3,ɛ ɛ 1, .l l l l Lt² = + = Í  

ɺ ʠʪʦʛʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢ-

ʮʠʠ ʧʦʣʝʟʥʦʩʪʠ ʨʝʩʫʨʩʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ t-ʤ ʧʦʜʧʝ-

ʨʠʦʜʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʘ ʫʨʦʚʥʝ ʚʩʝʛʦ ʇʈ ʇʆ: 

 ( )2 ( 1), ( )tV t tD - =ɢ ɢ   

 { }{ }( ) [ ]2 2ɖ ( 1) , ( ) , 1, ,l lt j j

is is

l L

W x t x t t T
Í

= D - Íä   

 

ʛʜʝ 

 
2 2ɖ 0, , ɖ 1.l l

l L

l L
Í

² Í =ä   

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʜʜʠʪʠʚʥʘʷ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ 

ʤʦʜʝʣʠ ʩʨʝʜʥʝʩʨʦʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʫʣʫʯʰʝʥʠʷ ʢʘ-

ʯʝʩʪʚʘ ʇʈ ʇʆ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
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T

t

t

F t t
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= F -äɢ ɢ ɢ  (2) 

ʛʜʝ  
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t
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1
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2

Ŭ Ŭ
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ʇʝʨʝʡʜʸʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʧʨʦʩʘ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʨʝʩʫʨʩʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ (ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʬʠʥʘʥ-

ʩʳ) ʜʣʷ ʮʝʣʝʚʦʡ ʘʜʜʠʪʠʚʥʦʡ ʬʫʥʢʮʠʠ (2). ɹʫʜʝʤ ʩʯʠ-

ʪʘʪʴ, ʯʪʦ ʥʘ ʧʦʜʧʝʨʠʦʜʝ t ʚʳʜʝʣʷʶʪʩʷ ʨʝʩʫʨʩʳ ʚ 

ʦʙʲʝʤʝ tR  ʠ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʥʘ t-ʤ ʧʦʜʧʝʨʠʦʜʝ 

ʬʠʥʘʥʩʳ ʤʦʛʫʪ ʙʳʪʴ ʠʟʨʘʩʭʦʜʦʚʘʥʳ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ 

ʧʦʜʧʝʨʠʦʜʘʭ. ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʧʣʘʥʦʚʦʤ ʧʝʨʠʦʜʝ 

[ ]0, 1T-  ʣʶʙʘʷ ʧʨʘʢʪʠʢʘ ʇʈ ʇʆ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʝʢʪʦʤ 

ʚʢʣʘʜʘ ʨʝʩʫʨʩʦʚ, ʪʦ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʝ ʥʘ (t 1- )-ʤ ʧʦʜʧʝʨʠʦʜʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ 
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ʈʠʩ. 1 ï ʅʘʛʣʷʜʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʬʠʥʘʥʩʳ  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʩʫʨʩʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʧʠʩʳʚʘ-

ʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 ( ) [ ]
1

1

1 0

Ĕ( 1), ( ) , Ű 1, .t t

t t

R t t R R T
t t

t

-

-

= =

- ¢ = Íä äɢ ɢ  (3) 

ʇʨʠ ʵʪʦʤ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ 

 ( ) () ()1 , 0 ,
j

ist t x
ë û

- ¢ =ì ü
í ý

ɢ ɢ ɢ   

 (){ } [ ], 1, ,
j

isT x t T= Íɢ   

ʛʜʝ 
j

isx
ë û
ì ü
í ý

 ʠ { }jisx  ï ʠʩʭʦʜʥʳʝ ʩʦʩʪʦʷʥʠʷ ʇʈ ʇʆ ʠ 

ʮʝʣʝʚʦʡ ʧʨʦʬʘʡʣ. ʅʘʛʣʷʜʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʦʛʨʘʥʠʯʝ-

ʥʠʷ (3) ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʟʘʜʘʯʠ ʩʨʝʜʥʝʩʨʦʯʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ (ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ) 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʇʈ ʇʆ, ʢʦʪʦʨʘʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʪʝʦʨʠʠ ʧʦʣʝʟʥʦʩʪʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʅʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʪʨʠʮʳ *,=ɢ ɢ 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʜʜʠʪʠʚʥʦʡ 

ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ (2) ʧʨʠ ʫʩʣʦʚʠʷʭ (1), (3), (4). 

ɺʳʚʦʜʳ. ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʟʘʜʘʯʠ 

ʩʨʝʜʥʝʩʨʦʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʇʈ 

ʇʆ ʥʘ ʦʩʥʦʚʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ. ɽʸ ʨʝʰʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʮʝʣʝʚʦʡ ʧʨʦʬʘʡʣ ʜʣʷ ʩʪʘʪʠ-

ʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʫʪʦʯʥʷʝʪ 

ʧʣʘʥ ʨʘʟʚʠʪʠʷ ʇʈ ʇʆ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʝʰʘʝʪʩʷ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʥʘ ʧʦʜʧʝʨʠʦʜʝ [ ]2, 1T+  ʜʣʷ 

ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʇʈ ʇʆ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚ ʭʦʜʝ 

ʨʝʰʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʠ ʪ.ʜ. ʎʝʣʴʶ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʩʢʦʣʴʟʷʱʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʇʈ ʇʆ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʯ ʪʝʢʫʱʝʛʦ ʠ ʩʨʝʜʥʝ-

ʩʨʦʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 1. Mutafelija B. Process improvement with 

CMMI v1.2 and ISO standards / B. Mutafelija. ï Auerbach Pubs, 2009. ï 
406 p. 2. Chrissis M. B. CMMI: Guidelines for Process Integration and 

Product Improvement / M. B Chrissis, M. Konrad, S. Shrum. ï Addisonï

Wesley, 2003. ï 688 p. 3. Ahern D. M. CMMI Distilled: A Practical 
Introduction to Integrated Process Improvement, Third Edition / 

D. M. Ahern, A. Clouse, R. Turner. ï Addison-Wesley, 2008. ï 288 p. 

4. ɻʦʜʣʝʚʩʢʠʡ ʄ. ɼ. ʇʨʠʥʮʠʧʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʮʝʥʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 
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M. V. TKACHUK, R. A. GAMZAEV, I . O. MARTINKUS, S. D. IANUSHKEVYCH 

METHODS AND TOOLS FO R DYNAMIC REQUIREMEN TS CATALOG MANAGEMEN T IN AGILE 

SOFTWARE DEVELOPMENT  

A method for managing dynamic requirements catalog in agile software development, especially on example of Scrum-methodology is proposed. 

Popular approaches to solving this problem are reviewed. The proposed approach is based on the combined usage of the latent semantic analysis and 

analytical hierarchy process, it allows to evaluate the given textual software specification with respect to their possible redundancy and possible logical 
conflicts. Besides that this approach supports the decision making procedure to prioritize the requirements taking into account their functionality 

importance for target software product. The effectiveness of the proposed method was tested on the test case. 

Keywords: Agile, latent semantic analysis, dynamic catalog of requirements analytic hierarchy process. 

Introduction: Problem Actuality and Research 

Goal. Requirements management (RM) is one of the most 

important and weak-formalized disciplines in the modern 

software engineering (SE), because of permanent changes 

in an application business logic and /or in a projects 

configuration. This is the real challenge for any new 

software system to be designed ñfrom scratchò or for 

already existing software systems. To resolve these 

problems the several adaptive SE-methodologies called as 

agile software development (ASD) are proposed [1]. The 

main concepts of any ASD-methodology supposed to 

meet requirement changes in a following way: 

 (1) organization of a permanent and closed 

collaboration between several actors involved in 

ASD: stakeholders, analysts, developers, end-

users, etc.;  

(2)  usage of an iterative approach for the project 

development; 

(3) providing a requirements traceability in order to 

reflect all requirement changes into appropriate 

projects artifacts. 

In all ASD-methodologies, taking into account their 

base principles (1)ï(3) is supposed, that the management 

of permanent changed in software requirement 

specifications (SRS) should be provided in an adaptive 

mode. It means necessity in appropriate way quickly to 

change the design solutions, development environment, 

the organization forms of a developer team, etc. Such 

dynamic and multidimensional vision for Requirements 

management is well shown on qualitative model of this 

process proposed by S. Ambler [2], which is shown below 

in Fig. 1. 

 

Figure 1 ï Conceptual scheme for adaptive requirements management by S. Ambler [2] 

It is necessary to note that besides some empirical 

recommendations concerning the problem how to build 

such a dynamic requirements catalog (DRC ), in recent 

literature there are no more or less proved suggestions 

about possible quantitative effectiveness estimations for 

this purpose. 

This problem is actual also in a broader sense, 

because DRC is a high-level requirements representation 

for any domain, independently from their specification 

method with any notation (UML, IDEF0 etc.). So DRC is 

essentially an example of such important concept in Agile 

methods as initial requirements[3], which are required for 

building on their base Domain Model, which in turn is 

basis for such modern and effective software development 

approach as Domain Driven Development (DDD) [4]. 

But in [3] donôt proposed any quantitative methods and 

evaluations as for priority determination of particular 

requirements, as well as solving of such important tasks, 

as the elimination of logical contradictions and data 

duplications in text specifications. 

That is why the main research aim of this paper is to 

consider some specific features of requirements 

management in ASD, to analyze available formal methods 

for requirements evaluation and prioritization, and to 
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propose the complex of algorithms and software tools, 

which can be used for DRC processing. 

Specific features of requirements management in 

Agile-software development on Scrum-methodology 

example. As already mentioned above, ASD 

methodologies are widely used due to new nature of 

software projects and due to permanent changes in the 

SRS. ASD implies refusal from a huge of project 

documentation, but really needs support for automated of 

stakeholders knowledge processing, in order to reduce the 

time for adaptation to requirements changes and to 

minimize risks related to them. 

 Exactly because of these reasons in the modern SE-

concepts process control methods called also as ñsoftware 

cyberneticsò (e.g. in [5]) are used. On Fig. 2 the 

cybernetics-centered scheme is shown [6], which 

represent one of the most used ASD-methodology, namely 

Scrum method [1, 2]. There are 2 feedback loops included 

in this control scheme: (1) daily process control loop, 

which is organized basing on sprint backlog (SB) and 

using some source code quality metrics, (2) iteration 

process control loop, which is provided basing on product 

backlog (PB) and using some requirements quality 

metrics. The SB and PB both collect the selected 

requirements to be met in final software product. In the 

control loop (1) usually some IDE, e.g. the Eclipse is used 

by developers team, while in the control loop (2) an 

appropriate requirements management system (RMS) can 

be exploited by stakeholders (or Product owner ï in 

Scrum project) and by domain analysts.  

 

Figure 2 ï The cybernetic-centered scheme of a Scrum-methodology

In [6] the approach to creation so-called advanced 

traceability matrix is elaborated, which allows to take into 

account all developers activities in time-oriented data 

model, and the appropriate CASE-tool designed to 

combine the features of typical RMS and the functionality 

of integrated development environments (e.g. Eclipse). 

But the problem how to form and to maintenance an 

appropriate DRC is still open, and below we propose 

methods and software tools for this problem solution. 

Overview of the text specifications analysis and 

prioritization methods for the composition of the 

dynamic catalog of requirements. Current approaches to 

the treatment of software requirements formulated in 

natural language can be divided into 3 main groups: 

1. The construction of formal models for the 

original text descriptions of requirements, using 

the algebraic notation or the apparatus of 

predicate logic ([7]), for subsequent qualitative 

analysis and automatic verification; 

2. Development and application of different 

methods for building automated visual, structural 

and graphical forms of presentation of software 

requirements: e.g. in the form of ER-diagrams 

and UML-diagrams, based on their initial 

descriptions of natural language etc., this group 

includes many works such as [8]; 

3. Various methods of logical and linguistic 

analysis of the semantic features of natural 

language texts of specifications that are used to 

extract hidden knowledge, establish semantic 

dependencies, eliminate logical contradictions, 

etc. [9]. 

Obviously, considering the properties of agile 

software development in general, and the scheme of the 

Scrum-project in particular, out of the above methods for 

processing requirements text descriptions, in the context 

of this work the methods of the third group should be 

considered, as no formal requirements specification 

(covered by the Group 1 methods), or their diagrammatic 

documentation (covered by Group 2 methods) constitute 

essential prerequisites (conditions) for the successful 

implementation of agile-projects [10ï11].  

In the selected group of methods for processing text 

requirements, taking into account the specific tasks in the 

control loop of the process of forming the dynamic catalog 

of requirements DRC, for the solution of the first of them 

ï namely, for eliminating possible logical inconsistencies 

and redundancy (duplication) of data ï different data 

mining methods [12], the methods of the analysis of 

hypertext links [13], and the various modifications of the 

method of latent semantic analysis (LSA) [14] can be 

effectively applied. 

Product backlog

Daily control

Testing of the 

implementing 

tasks

Software 

productPrioritization and 

requirements 

assessment

Requirements 

tracing

(ɸʊʄ)

DOI

Programming (Task 

implementation)

Product 

metrics

Focus interface

Sprint backlog 

(SB)

Testing

Task

requirements 

metrics

Dynamic 

product backlog 

(PB)

Project domain 

(Initial requirements)

 
 

Product owner (PO)

Static Product 

backlog (PB)



ISSN 2079-0023 (print)  

ISSN 2410-2857 (online) ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2015. ̄  58 (1167) 9 

The LSA method is a statistical method for 

processing natural language texts, the purpose of which is 

to establish the relationships between documents that are 

the part of a collection (case), and a set of some terms 

contained in these documents. It is possible to identify the 

thematic proximity of certain terms, which can then be 

used to calculate statistical estimates of the thematic 

proximity of the entire documents. As the input data the 

LSA method uses so-called "term-to-documents" matrix 

("term" refers to a specific lexical unit), which reflects the 

frequency of occurrence of the particular term in the text 

of the particular document. Each column of the matrix 

refers to the certain document, and each line ï to the 

certain term. Various approaches (metrics) are used for 

defining the value of a certain matrix element on the 

intersection of the i-th row and j-th column. One of such 

metrics is so-called TF-IDF (Term Frequency ï Inverse 

Document Frequency) ï the metrics which is used for the 

estimation of the importance of the term for the certain 

document from a collection [15]. To solve the second 

problem of the initial processing of the text description of 

requirements in the control loop of forming the dynamic 

catalog ï namely, to prioritize the requirements, we first 

should take into account some methodological features of 

this process in the context of the agile methodologies of 

software development. It should be noted that in many 

works concerning the characteristics of the requirements 

engineering in agile methodologies it is directly stated that 

the creation and use of the appropriate mechanisms for 

prioritization and reprioritization of requirements is a key 

factor in the success of the projects making use of the 

agile methodologies. At the same time, in the agile 

projects (XP, Scrum, ASD), there are characteristic 

differences from the traditional methodologies (cascade, 

spiral, etc.) in the requirement prioritization process 

(RPP), these differences are analyzed in detail in [15], and 

are summarized in table.1. 

Table 1 ï The characteristic properties of RPP in the agile 

methodologies [15] 

RPP 

characteristics  

Traditional 

methodologies 

Agile 

methodologies 

When RPP is 

carried out 

As a rule, once, 

after the analysis 

stage and before the 

implementation 

stage  

Before each design 

iteration, or even 

during  the iteration 

Who 

initializes / 

leads RPP  

Software 

developers, with the 

assistance of the 

manager of the 

project and other 

stakeholders 

The software 

customer with the 

help of the manager 

of the agile 

development group 

(Scrum master) 

Goals / 

prerequisites 

of carrying 

out RPP 

The control for the 

process of carrying 

out the project  

Support of the max. 

business 

significance of the 

results of software 

development / more 

precise specification 

of the amount of 

works of the current 

iteration of the 

project 

The presence of all these factors leads to the fact that 

for RPP various expert methods are generally used, a 

fairly complete overview of which is given in [15]. 

Among them the following methods can be considered: 

1. The method of the direct pairwise analysis  ï is 

carried out by pairwise comparing of separate 

requirements until the requirement with the 

highest priority appears at peak of their initiating 

list; owing to it this approach is applicable only 

in projects with a small amount of well-

structured and plain text descriptions of require-

ments; 

2. Wiegers matrix approach ï is based on 

representing the set of software functional 

requirements in the form of the special table 

(matrix), the elements of which represent 

estimations, and are directly proportional to their 

technical significance for the final software 

products and inversely proportional to the cost 

and possible risks of their implementation; as a 

result of the analysis of such matrix it is possible 

to select the requirements with a maximum 

priority taking into account a compromise choice 

based on the values of the corresponding 

elements of this matrix;  

3. The method of creation of a binary search tree ï 

represents the approach based on a well-known 

method of binary search from the area of 

information search which can be adapted to the 

tasks of the prioritization of requirements, as a 

result of it the initial list of requirements can be 

represented in a way when the requirements with 

maximal and minimal priorities will be 

positioned in the ordered list. 
 

Among the other methods it is important to mention 

the analytic hierarchy process [16]. This method will be 

used in this paper to prioritize DRC requirements after 

LSA preprocessing. 
 

 

The complex procedure for constructing the 

dynamic requirements catalogue. The corresponding 

algorithms implementing its separate stages are given in 

more details below. 
 

LSA requirements processing algorithm. 
 

Step 1: Forming the matrix of the occurrence frequ-

ency for the i-th term in j-th requirements text: 
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where  
ijx  ï is the occurrence frequency of the i-th term 

in the j-th requirement text. 

Step 2: Removal of the columns in the matrix []ijxM  

where the term is included in only one requirement, 

resulting in reduced matrix []ijxi
M  with dimensions mĬn. 
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Step 3: Creating the reduced matrix []jixi
M  by 

means of a method of singular expansion [11], i.e. to 

present a matrix in a type: 

 T' UWVM = , (2) 

where   U and V are the orthogonal matrixes.  

Step 4. By selecting k largest singular values 
jw , the 

approximation of an initial matrix by the matrix of the 

smaller rank k can be made. Performing the procedure of 

the rank reduction allows to eliminate surplus information, 

the rank value k is defined heuristically [13]. Matrixes are 

displayed as follows: 
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Step 5: Obtaining the final matrix A with the 

frequencies of the occurrence of i-th term in j-th 

requirements description that contains only k first linearly 

independent elements: 

 T''' VWUȷ= . (6) 

In contrast to the original matrix M, the resulting 

matrix A is not sparse [13], which allows calculating 

dependencies between requirements documents even if the 

documents have no common terms. 

Step 6: For finding dependencies between texts of 

different requirements on the basis of the obtained matrix 

A it is necessary to calculate the Piersons correlation [17] 

between requirements documents: 

 []ijrR= , for ji >" , nji ,1, =  and 1=ijr  if ji = .  

As a result of the given step the triangular matrix R 

containing correlations coefficients is obtained: 
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The values of the correlation coefficients 
xyr  bet-

ween two documents x and y are calculated on the basis of 

the data received in 8. Denoting pairwise the compared 

columns of matrix A as vectors }{ ix=x  and }{ iy=y , we 

receive: 
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where:  Ni ,1= , Nj ,1= , yx,  ï average value of 

samples 
n

x

x

n

iä
= 1  and 

n

y

y

n

iä
= 1 . 

Step 7: Determining the critical value of the Pearson 

correlation coefficient crr  for a given level of signify-

cance. Here the positive value of correlation coefficients 

between the requirement x and y, 
crxy rr >  which exceeds 

the positive critical value 0>crr , means the existence of 

the contradiction in the description of these requirements. 

The negative value of the correlation coefficients between 

the requirement x and y, 
crxy rr -< means that these requi-

rements have redundancy in their description, and one of 

the requirements can be removed. 

As a result of the execution of this algorithm 

(possibly, in multiple iterations) it is possible to determine 

all requirements whose descriptions contain logical 

contradictions and overlapping texts. 

AHP-based requirements processing algorithm.  

1 stage: generate criteria which will be used for an 

estimation of the requirements importance. 

2 stage: generate a matrix of pairwise comparison of 

the importance criteria, we denote it as []ijxM  with 

dimensions mĬm, where m is the number of criteria. As 

an estimation of the importance measure we will use score 

estimations. The resulting matrix by definition should 

possess the following properties: 

All diagonal elements are equal to 1 

All remaining elements possess the property of 

reverse symmetry, i.e. the values of matrix 

elements symmetric to the main diagonal are 

reverse values [16]. 

3 stage: to generate m reverse-semantic matrixes 

with dimensions nĬn where m ï the number of criteria, n 

ï the number of requirements. The matrixesô values are 

estimations of pairwise importance of each requirement 

for each criterion: 

 ][ ija=kA , mk ,1= ; nji ,1, = . (9) 

4 stage: For M and kA  matrixes obtained at the 

previous steps calculate local priorities of criteria by the 

formulas (10) and (11) respectively: 
 

 n

n

j

iji xL Ô
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1

, ni ,1=  (10) 
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k

i aAL Ô
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where 
ijx  ï an element of matrix M; 
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 k

ija  ï elements of a matrix kA ; 

 Ô
=

n

j

ijx
1

 and Ô
=

n

j

k

ija
1

 ï  product of all elements in i-th 

line. 

5 stage: For iL  and 
k

iAL  values obtained at the 4th 

step carry out the normalization of the local priority 

criteria for all pairwise comparisons, for this purpose it is 

necessary to calculate local priorities of criteria by the 

formula (12): 
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On the base of the normalized calculated values it is 

possible to form matrixes L and AL: 

 i1=L , mi ,1=  (14) 

 k

jAL=AL , nj ,1= , mk ,1= . (15) 

6 stage: calculate global priorities, as matrix products 

ï the formula (16): 

 LALGj ³= , nj ,1= . (16) 

The matrix },...,{ 1 nww=jG  contains coefficients 

defining requirements priorities. 

As a result, by means of AHP algorithm the weight 

coefficients defining the importance of the requirements 

based on the selected criteria have been obtained. 

The instrumental complex for implementing the 

procedure of constructing the dynamic requirements 

catalogue and the test calculations results. As the 

frequency of solving the task of constructing and 

modifying the dynamic requirements catalogue is not real-

time, but assumes the possibility of performing the 

analysis and the formation of such requirements set 

synchronously with the planning of the next iteration of 

the agile-project, i.e. in case of Scrum-methodology its 

execution frequency corresponds to the period of 2-4 

weeks, for the implementation of the corresponding 

procedure  it is possible to use already existing software 

tools, such as MS Ecxel from the MS Open Office [18] 

tool suite and Matlab math package [19]. 

The input data in this schema are unprocessed initial 

requirements to the developed software product. 

Requirements are received from the product owner who 

forms the list of requirements and highlights keywords for 

each requirement. The developed application allows to 

form an occurrence matrix of keywords which forms the 

basis for calculation of correlation coefficients between 

requirements. The MatLab environment is used for this 

purpose, the data is imported from Excel file into this 

environment. 

For carrying out the numerical experiment the table 

of requirements and the highlighted keywords has been 

made, see table 2. 

Table 2 ï The list of requirements and keywords from the terms dictionary 

ˉ The requirement (the initial text) Keywords Id. 

1 çThe automated calculation system (ɸCʉ) should be expected to be 

used for processing the data about corporate customers, physical 

persons, legal bodiesè. 

çThe automated calculation systemè, 

"customers", "physical persons", 

"legal bodies". 

r1 

2 ñThe capability of working with groups of clients, supporting 

functions" friends "and" family "and the cost-based user groups that 

are grouped based on arbitrary attributes, adding / removing 

subscribers in a group as the operator and authorized person 

"Customer", "add/remove", 

"subscribers". 

r2 

3 çCreating complex tariff plans with the participation of services 

that belong to different personal accountsè. 

"Tariff plan", "Personal account". r3 

4 çConvenience of tariff plans creation, a visual programming 

environmentè. 

"Tariff plan", "Programming 

environment". 

r4 

5 çFormation of the new, modification and removal of existing tariff 

plans by ACC operatorè. 

"Tariff plan", "modification", 

"removal". 

r5 

6 çExplicit representation of tariff plans in automated ACC 

workplace for different types of ACC usersè. 

"Tariff plan", ñTypes of usersò. r6 

7 çCreation of tariff plans of arbitrary complexity (including in the 

TP an unlimited number of tariff zones)è.  

"Tariff plan", ñTariff zoneò. r7 

 

The calculation final results of Pierson mutual 

correlation are shown in table 3. For a significance level 

rcr = 0,874 values that have the correlation above critical, 

are of interest for the further analysis. As correlation 

between r1 and r6, r3 and r4, r3 and r7 is above critical 

value these requirements have been analyzed and the 

conclusion was made about the data redundancy in their 

description. So the requirements r4, r6 and r7 have been 

excluded from the log of requirements. After this, for each 

criterion, the pairwise comparison of the requirements 

importance has been performed, their local priorities, and 

the normalized priorities have been calculated, and then 

the generalized global priority has been calculated. The 

results are shown in table 4. 
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Table 3 ï Pierson correlation 

r1 1           

r2 -0,423 1         

r3 0,362 0,430 1       

r4 0,362 0,430 0,897 1     

r5 0,507 0,557 0,640 0,640 1   

r6 0,936 -0,092 0,485 0,485 0,774 1 

r7 0,362 0,430 0,919 0,904 0,640 0,485 

Table 4 ï Result of LSA application 

 Criteria 

priorities  

r1 r2 r3 r4 

Importance for 

the customer 

0,615 0,263 0,203 0,267 0,267 

Development 

time 

0,292 0,311 0,311 0,198 0,180 

Development 

complexity 

0,093 0,266 0,263 0,276 0,195 

The 

generalized 

priority 

 0,277 0,240 0,248 0,235 

 

 

 

As a results of calculation we formed table 5 which 

contains requirements in decreasing order of their priority. 

Thus, as a result of applying LSA and AHP methods with 

a complex procedure proposed earlier (fig. 2 in the 

previous section of this paper) the dynamic catalogue of 

requirements is formed, the requirements are then trans-

ferred then into adaptive tracing control loop. 

Conclusions and Future Work. In this paper some 

existing approaches to requirements assessment and 

prioritization were e analyzed, and the appropriate 

methods and software tools were developed to 

management dynamic requirements catalog (DRC) 

management in agile software development, especially on 

example of Scrum-methodology. The proposed approach 

is based on the combined usage of the latent semantic 

analysis and analytical hierarchy process, was allows to 

evaluate the given textual software specification with 

respect to their possible redundancy and possible logical 

conflicts. Besides that this approach supports the decision 

making procedure to prioritize the requirements taking 

into account their functionality importance for target 

software product. Our future work concerns final 

implementation of the proposed CASE-tool, as well as 

improving the algorithms for DRC management using 

other experts estimation methods in order to make its 

more precise and efficient. 

Table 5 ï Method AHP results 

ˉ The requirement (the initial text) Keywords Id. 

1 çThe automated calculation system (ɸCʉ) should be 

expected to be used for processing the data about corporate 

customers, physical persons, legal bodiesè. 

çThe automated calculation systemè, 

"customers", "physical persons", "legal 

bodies". 

r1 

2 çCreating complex tariff plans with the participation of 

services that belong to different personal accountsè. 

"Tariff plan",  

"Personal account". 

r3 

3 ñThe capability of working with groups of clients, 

supporting functions" friends "and" family "and the cost-

based user groups that are grouped based on arbitrary 

attributes, adding / removing subscribers in a group as the 

operator and authorized person 

"Customer", "add/remove", "subscribers". r2 

4 çFormation of the new, modification and removal of 

existing tariff plans by ACC operatorè. 

"Tariff plan", "modification", "removal". r5 
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ʉ. B. ʇɽʊʈɸʉʆɺɸ, ʅ. ʌ. ʍɸʁʈʆɺɸ 

ʃʆɻʀʂʆ-ʃʀʅɻɺʀʉʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʉɽʄɸʅʊʀʏɽʉʂʀ 

ʕʂɺʀɺɸʃɽʅʊʅʓʍ ʂʆʃʃʆʂɸʎʀʁ  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʣʦʛʠʢʦ-ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʝʤʘʥʪʠʯʝʩʢʠ ʙʣʠʟʢʠʭ ʢʦʣʣʦʢʘʮʠʡ. ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʤʝʞʜʫ ʢʦʣʣʦʢʘʪʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʜʣʷ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʩʝʤʘʥʪʠʯʝʩʢʠ ʙʣʠʟʢʠʭ ʢʦʣʣʦʢʘʮʠʡ ʦʧʨʝʜʝʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʩʝʤʘʥʪʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʣʦʢʘʪʦʚ, ʦʪʥʦʰʝʥʠʷ 
ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʧʠʩʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʘʣʛʝʙʨʳ ʧʨʝʜʠʢʘʪʦʚ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʢʘʢ 

ʩʠʥʪʘʢʩʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʣʝʢʩʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʤʘʥʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʤʘʥʪʠʯʝʩʢʠ ʙʣʠʟʢʠʝ ʢʦʣʣʦʢʘʮʠʠ, ʢʦʨʨʝʣʷʮʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʢʦʣʣʦʢʘʪʳ, ʤʝʪʦʜ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʩʝʤʘʥʪʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʧʧʘʨʘʪ ʘʣʛʝʙʨʳ ʧʨʝʜʠʢʘʪʦʚ. 

ɺʚʝʜʝʥʠʝ. ʉʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʝʢʩʪʘ ï ʦʜʥʦ 

ʠʟ ʩʘʤʳʭ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦ ʨʝʘʣʠʟʫʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʬʝʨʝ 

Natural language processing (NLP). ʉʣʦʞʥʦʩʪʴ ʩʝʤʘʥ-

ʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦ-ʷʟʳʢʦʚʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʛʦʟʥʘʯʥʦʩʪʴʶ 

ʠ ʩʠʥʦʥʠʤʠʯʥʦʩʪʴʶ, ʧʨʠʩʫʱʠʤʠ ʷʟʳʢʫ ʥʘ ʚʩʝʭ ʫʨʦʚ-

ʥʷʭ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ, ʩʠʥʪʘʢʩʠ-

ʯʝʩʢʦʤ, ʩʝʤʘʥʪʠʯʝʩʢʦʤ ʠ ʧʨʘʛʤʘʪʠʯʝʩʢʦʤ), ʯʪʦ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʨʦʙʣʝʤʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʷʟʳʢʦʚʳʭ ʝʜʠʥʠʮ. 

ʇʨʠ ʵʪʦʤ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ ʧʦʚʳʰʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠ-

ʘʣʴʥʦ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʤʳʩʣʦʚʘʷ ʙʣʠʟʦʩʪʴ ʥʝ 

ʩʣʦʚ, ʘ ʤʥʦʛʦʩʣʦʚʥʳʭ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ.  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʤʳʩʣʦʚʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ 

ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʣʦʛʠʢʦ-ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʙʣʠʟʦʩʪʠ. ʇʨʠʤʝ-

ʥʝʥʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʙʣʠʟʦʩʪʠ ʜʚʫʭʩʣʦʚʥʳʭ 

ʢʦʣʣʦʢʘʮʠʡ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʣʣʦʢʘʮʠʡ ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʠʥʪʘʢʩʠ-

ʯʝʩʢʠʝ, ʪʘʢ ʠ ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫ-

ʝʤʳʭ ʣʝʢʩʠʯʝʩʢʠʭ ʝʜʠʥʠʮ. 

ʇʦʜ ʢʦʣʣʦʢʘʮʠʝʡ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ 

ʦʧʨʝʜʝʣʷʝʤ ʢʦʤʙʠʥʘʮʠʶ ʜʚʫʭ ʣʝʢʩʠʯʝʩʢʠʭ ʝʜʠʥʠʮ, 

ʠʤʝʶʱʠʭ ʪʝʥʜʝʥʮʠʶ ʢ ʩʦʚʤʝʩʪʥʦʡ ʥʝ ʩʣʫʯʘʡʥʦʡ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚ ʪʝʢʩʪʝ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʝʤʘʥʪʠʯʝʩʢʠʝ 

ʵʢʚʠʚʘʣʝʥʪʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʩʣʦʚʘ ʩ ʙʣʠʟʢʠʤ 

ʟʥʘʯʝʥʠʝʤ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʦʜʥʦʤ ʢʦʥʪʝʢʩʪʝ (ʪ.ʝ. 

ʩʣʦʚʘ ʩ ʩʦʚʧʘʜʘʶʱʠʤ ʜʝʥʦʪʘʪʦʤ ʠ ʨʘʟʣʠʯʥʳʤʠ 

ʩʠʛʥʠʬʠʢʘʪʘʤʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʩʝʤʘʥʪʠ-

ʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʜʠʨʦʚʘʥʠʝ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʥʳʤʠ ʬʦʨʤʘʣʴʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ.  

ʇʦʥʷʪʠʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ (ʙʣʠ-

ʟʦʩʪʠ) ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʢʦʥʪʝʢʩʪʦʤ. ʊʘʢ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʙʣʠʟʢʠʭ ʧʦ ʩʤʳʩʣʫ ʦʪʜʝʣʴʥʳʭ ʣʝʢʩʝʤ 

(ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ) ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʠʭ ʟʥʘʯʝʥʠʡ ʢ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʧʨʝʜʤʝʪʥʦʡ ʠʣʠ ʧʦʥʷʪʠʡʥʦʡ ʦʙʣʘʩʪʠ. ʊʦʛʜʘ ʢʘʢ, ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʙʣʠʟʦʩʪʠ ʢʦʣʣʦʢʘʮʠʡ ʠʣʠ 

ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʝʤʘʥʪʠ-

ʯʝʩʢʫʶ ʙʣʠʟʦʩʪʴ ʢʦʥʢʨʝʪʥʳʭ ʩʤʳʩʣʦʚ ʢʦʣʣʦʢʘʮʠʡ 

ʧʦʣʥʦʩʪʴʶ, ʘ ʥʝ ʣʝʢʩʝʤ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʪ ʩʣʦʚʦ-

ʩʦʯʝʪʘʥʠʷ, ʩʦ ʚʩʝʡ ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʤʥʦʛʦʟʥʘʯ-

ʥʦʩʪʴʶ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʦʢʘʮʠʡ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ 

ʤʝʪʦʜʦʚ ʦʪʥʦʩʷʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (window-

based, ʤʝʨʳ ʘʩʩʦʮʠʘʮʠʠ MI, PMI, t-scores, Chi-squared 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ), ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʤʝʨʝʥʠʠ ʯʘʩʪʦʪʳ 

ʩʦʚʤʝʩʪʥʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʦʣʣʦʢʘʪʦʚ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ 

ï ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʩʠʥʪʘʢʩʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʢʦʣʣʦʢʘʮʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʛʝʥʝʨʠ-

ʨʫʝʪʩʷ ʩʧʠʩʦʢ ʢʦʣʣʦʢʘʪʦʚ. 

ʄʝʪʦʜʳ "window-based" ʦʩʥʦʚʘʥʳ ʥʘ ʤʦʜʝʣʠ ʣʠ-

ʥʝʡʥʦʛʦ ʧʦʨʷʜʢʘ ʩʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʢʘʥʜʠʜʘʪʳ ʢʦʣʣʦʢʘ-

ʮʠʠ (ʢʦʣʣʦʢʘʪʳ) ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ "ʦʢʥʘ" ʬʠʢʩʠʨʦʚʘʥ-

ʥʦʛʦ ʨʘʟʤʝʨʘ [1]. ʄʝʨʳ MI (Mutual information) ʠ PMI 

(Pointwise mutual information) ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ, 

ʥʘʩʢʦʣʴʢʦ ʟʥʘʯʠʤʦʡ ʷʚʣʷʝʪʩʷ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʜʚʫʭ ʩʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʯʘʩʪʦʪʳ ʩʦʚʤʝʩʪʥʦʛʦ ʧʦʷʚʣʝʥʠʷ 

ʜʚʫʭ ʩʣʦʚ ʠ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʯʘʩʪʦʪ ʠʭ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʧʦʷʚʣʝʥʠʷ ʚ ʪʝʢʩʪʝ [2]. ʄʝʨʘ t-score ʫʯʠʪʳʚʘʝʪ 

ʯʘʩʪʦʪʫ ʩʦʚʤʝʩʪʥʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʣʶʯʝʚʦʛʦ ʩʣʦʚʘ ʠ 

ʝʛʦ ʢʦʣʣʦʢʘʪʘ. ʉʣʦʚʘ ʩ ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ t-score 

ʦʢʘʟʳʚʘʶʪʩʷ ʯʘʩʪʦʪʥʳʤʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘ-

ʚʘʪʴ ʩʧʠʩʦʢ ʩʪʦʧ-ʩʣʦʚ, ʯʪʦʙʳ ʦʪʙʨʦʩʠʪʴ ʩʘʤʳʝ ʯʘʩʪʦʪ-

ʥʳʝ ʩʣʦʚʘ. ɺ Chi-squared ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ɢ2-ʢʨʠʪʝʨʠʡ ʇʠʨʩʦʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʪʘʙʣʠʮ ʩʦʧʨʷʞʝʥ-

ʥʦʩʪʠ. ɿʥʘʯʝʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʝ ʪʘʙʣʠʮʫ:  

¶ ʯʘʩʪʦʪʘ ʜʘʥʥʦʡ ʢʦʣʣʦʢʘʮʠʠ,  

¶ ʯʘʩʪʦʪʘ ʢʦʣʣʦʢʘʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʧʝʨʚʦʛʦ ʩʣʦʚʘ 

(ʥʦ ʥʝ ʚʪʦʨʦʛʦ),  

¶ ʯʘʩʪʦʪʘ ʢʦʣʣʦʢʘʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʚʪʦʨʦʛʦ ʩʣʦʚʘ 

(ʥʦ ʥʝ ʧʝʨʚʦʛʦ),  

¶ ʯʘʩʪʦʪʘ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʦʣʣʦʢʘʮʠʡ [3]. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʚʣʝʢʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʰʫʤʥʳʝ ʜʘʥʥʳʝ ʠ ʠʛʥʦʨʠʨʫʶʪ 

ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʣʦʚʘʤʠ ʥʘ ʜʣʠʥʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʥʘʣʠʟʝ 

ʩʠʥʪʘʢʩʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʟʚʦʣʷʝʪ ʦʪʬʠʣʴʪʨʦʚʘʪʴ 

ʣʦʞʥʳʝ ʢʦʣʣʦʢʘʪʳ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ 

ʢʦʣʣʦʢʘʪʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʜʣʠʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʪʦʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʱʘʪʝʣʴʥʦ ʦʧʠʩʘʥʠʷ ʚʩʝʭ 

ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʦʟ-

ʥʠʢʥʫʪʴ ʜʚʘ ʢʦʣʣʦʢʘʪʘ [4]. 

É ʉ. ɺ. ʇʝʪʨʘʩʦʚʘ, ʅ. ʌ. ʍʘʡʨʦʚʘ, 2015 
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ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʥʠ ʧʝʨʚʘʷ, ʥʠ ʚʪʦʨʘʷ 

ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʵʢʚʠ-

ʚʘʣʝʥʪʥʦʩʪʴ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʧʦʣʥʦʪʦʡ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʣʣʦʢʘʮʠʡ ʚ ʪʝʢʩʪʘʭ ʪʨʝʙʫʝʪ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʩʝʤʘʥʪʠʢʦ-ʩʠʥʪʘʢʩʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʘʤ ʘʥʘʣʠʟʘ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʢʦʛʥʠʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʩʝʤʘʥʪʠʯʝʩʢʠ 

ʙʣʠʟʢʠʭ ʢʦʣʣʦʢʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ  ʫʯʠʪʳʚʘʪʴ 

ʤʥʦʛʦʟʥʘʯʥʦʩʪʴ ʝʜʠʥʠʮ ʷʟʳʢʘ, ʥʦ ʠ ʬʦʨʤʘʣʠʟʦʚʘʪʴ 

ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʢʦʨʨʝʣʷʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʝʤʘʥʪʠ-

ʯʝʩʢʫʶ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʗʟʳʢʦʚʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʦʩʥʦʚ-

ʥʳʤʠ ʢʣʘʩʩʘʤʠ ʢʦʛʥʠʪʠʚʥʳʭ ʩʨʝʜʩʪʚ: ʷʟʳʢʦʚʳʤʠ ʠ 

ʧʨʘʛʤʘʪʠʯʝʩʢʠʤʠ. ʇʝʨʚʳʡ ʢʣʘʩʩ ï ʵʪʦ ʟʥʘʥʠʷ, ʟʘ-

ʢʨʝʧʣʝʥʥʳʝ ʚ ʩʝʤʘʥʪʠʢʝ ʷʟʳʢʘ; ʚʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʷʟʳʢʦʚʳʭ ʟʥʘʥʠʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʷʟʳʢʦʚʳʤʠ [5], ʥʘʣʠʯʠʝʤ ʧʨʝʩʫʧʧʦʟʠʮʠʠ ï ʥʝʦʙʭʦ-

ʜʠʤʦʛʦ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʤʳʩʣʘ ʚ ʫʪʚʝʨʞʜʝʥʠʠ. ɺ ʩʚʷʟʠ 

ʩ ʯʝʤ ʥʠ ʦʜʥʘ ʠʟ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʪʝʢʩʪʘ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʠʩʢʣʶ-

ʯʠʪʝʣʴʥʦ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʠ/ʠʣʠ ʩʠʥʪʘʢʩʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʝ, ʘ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ (ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ) 

ʫʨʦʚʥʷ ʦʙʨʘʙʦʪʢʠ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʣʦʛʠʢʦ-

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩʝʤʘʥʪʠʯʝʩʢʠ ʙʣʠʟʢʠʭ ʢʦʣʣʦʢʘʮʠʡ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʘʣʛʝʙʨʳ ʢʦʥʝʯʥʳʭ 

ʧʨʝʜʠʢʘʪʦʚ.  

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʦʙʣʘʜʘʶʱʠʝ ʩʝʤʘʥʪʠʯʝʩʢʠʤʠ ʢʦʨʨʝʣʷʮʠʷʤʠ 

ʢʦʣʣʦʢʘʪʳ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʦʙʱʥʦʩʪʴ ʩʦʜʝʨʞʘ-

ʥʠʷ, ʚʳʨʘʞʘʶʱʫʶ ʩʭʦʜʩʪʚʦ ʦʙʦʟʥʘʯʘʝʤʳʭ ʷʚʣʝʥʠʡ 

ʠʣʠ ʧʦʥʷʪʠʡ [6]. 

ʇʨʠʤʝʨ ʚʳʷʚʣʝʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪ-

ʥʳʭ ʢʦʣʣʦʢʘʮʠʡ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʣʝʢʩʠʯʝʩʢʠʝ 

ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʵʢʚʠʚʘʣʝʥʪʳ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʟʥʘʥʠʡ ʛʣʦʩʩʘʨʠʷ [7].  

ɼʚʫʭʩʣʦʚʥʳʝ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ (ʢʦʣʣʦʢʘʮʠʠ), 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʦʧʘʨʥʦ ʩʝʤʘʥʪʠʯʝʩʢʠ ʙʣʠʟʢʠʤʠ ʢʦʣʣʦ-

ʢʘʪʘʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʩʝʤʘʥʪʠʯʝʩʢʠ ʙʣʠʟʢʠʤʠ, ʪʘʢ ʠ 

ʩʝʤʘʥʪʠʯʝʩʢʠ ʥʝ ʙʣʠʟʢʠʤʠ, ʠʤʝʶʱʠʤʠ ʦʯʝʥʴ ʤʘʣʝʥʴ-

ʢʫʶ ʩʤʳʩʣʦʚʫʶ ʦʙʱʥʦʩʪʴ. ʇʨʠʤʝʨʳ ʩʝʤʘʥʪʠʯʝʩʢʠ 

ʙʣʠʟʢʠʭ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1, ʵʪʦ ʧʘʨʳ 

ï ʢʦʥʪʝʥʪ ʨʝʩʫʨʩʫ º ʟʤʽʩʪ ʜʞʝʨʝʣʘ; ʦʙôʻʜʥʘʥʥʷ 

ʩʧʦʞʠʚʘʯʽʚ º ʘʩʦʮʽʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʽʚ; ʯʘʩʦʚʠʡ ʽʥʪʝʨ-

ʚʘʣ º ʧʨʦʤʽʞʦʢ ʯʘʩʫ; ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ º ʪʨʠʤʘʪʠ ʧʦ-

ʢʘʟʥʠʢʠ. 

ʂ ʩʝʤʘʥʪʠʯʝʩʢʠ ʥʝ ʙʣʠʟʢʠʤ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷʤ, 

ʩʦʩʪʘʚʣʝʥʥʳʤ ʠʟ ʩʝʤʘʥʪʠʯʝʩʢʠ ʙʣʠʟʢʠʭ ʩʣʦʚ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ: ʚʠʜʽʣʷʪʠʩʷ ʬʦʨʤʘʪʦʤ Í ʧʦʟʥʘʯʘʪʠ ʨʦʟʤʽʨ; 

ʛʫʨʪʫʚʘʥʥʷ ʩʪʘʥʜʘʨʪʘʤʠ Í ʧʦʻʜʥʘʥʥʷ ʰʘʙʣʦʥʽʚ; 

ʦʩʥʘʱʝʥʠʡ ʢʘʙʝʣʝʤ Í ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʨʦʪʫ (ʨʠʩ. 2). 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʣʦʛʠʢʦ-ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʬʦʨʤʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʝʤʘʥʪʠʯʝʩʢʫʶ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʜʚʫʭʩʣʦʚʥʳʭ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ ʟʘ ʩʯʝʪ 

ʦʪʥʦʰʝʥʠʡ ʩʝʤʘʥʪʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ʛʣʘʚʥʳʭ ʠ ʟʘʚʠʩʠʤʳʭ ʢʦʣʣʦʢʘʪʦʚ ʚ ʩʫʙʩʪʘʥʪʠʚʥʦʡ, 

ʘʜʲʝʢʪʠʚʥʦʡ ʠ ʛʣʘʛʦʣʴʥʦʡ ʢʦʣʣʦʢʘʮʠʷʭ. 
 

 
 

ʈʠʩ. 1 ï ʉʝʤʘʥʪʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʢʦʣʣʦʢʘʮʠʠ 

 

 

 

 

ʈʠʩ. 2 ï ʉʝʤʘʥʪʠʯʝʩʢʠ ʥʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʢʦʣʣʦʢʘʮʠʠ 

ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʝʤʘʥʪʠʯʝ-

ʩʢʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʢʦʣʣʦʢʘʮʠʡ. ʈʘʩʩʤʦʪʨʠʤ 

ʤʥʦʞʝʩʪʚʦ ʩʣʦʚʦʬʦʨʤ, ʦʙʨʘʟʫʶʱʠʭ ʩʣʦʚʦʩʦʯʝʪʘʥʠʝ 

},...{ 1 nmmM = , ʛʜʝ n  ï ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʚʦʬʦʨʤ ʚ ʩʣʦ-

ʚʘʨʝ ʩʠʩʪʝʤʳ. ʆʙʨʘʟʫʷ ʢʦʣʣʦʢʘʮʠʠ, ʩʣʦʚʦʬʦʨʤʳ ʠʟ 

ʤʥʦʞʝʩʪʚʘ M  ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʝʤʘʥʪʠʢʦ-ʩʠʥʪʘʢʩʠʯʝ-

ʩʢʠʝ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʬʦʨʤʘʣʴʥʦ, ʠʩ-

ʧʦʣʴʟʫʷ ʙʘʟʦʚʳʝ ʩʨʝʜʩʪʚʘ ʘʣʛʝʙʨʳ ʢʦʥʝʯʥʳʭ ʧʨʝʜʠʢʘ-

ʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʣʠʥʛʚʠʩʪʠʯʝʩ-

ʢʠʝ ʦʙʲʝʢʪʳ.  

ʉʝʤʘʥʪʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʜʚʫʭ-

ʩʣʦʚʥʳʭ ʢʦʣʣʦʢʘʮʠʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʨʝ-

ʜʠʢʘʪʘ ),( yxP , ʛʜʝ Myx Í, , ʧʨʠ ʵʪʦʤ x  ï ʛʣʘʚʥʦʝ 

ʩʣʦʚʦ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ, ʘ y  ï ʟʘʚʠʩʠʤʦʝ ʩʣʦʚʦ ʩʣʦʚʦ-

ʩʦʯʝʪʘʥʠʷ. ʇʨʝʜʠʢʘʪ 1),( =yxP  ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʩʦʯʝʪʘʥʠʝ ʩʝʤʘʥʪʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʜʚʫʭ ʨʷʜʦʤ ʩʪʦʷʱʠʭ ʩʣʦʚʦʬʦʨʤ ʦʙʨʘʟʫʝʪ ʢʦʣʣʦʢʘʮʠʶ, 

ʠ 0),( =yxP , ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. 

ɼʣʷ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʦʢʘʮʠʡ ʚʳʜʝ-

ʣʝʥʳ ʠ ʦʧʠʩʘʥʳ ʩʣʝʜʫʶʱʠʝ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʠ 

ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʣʦʢʘʪʦʚ ʩʣʦʚʦʩʦʯʝ-

ʪʘʥʠʡ: 
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ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʝʜʤʝʪʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʠʝ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʢʘʪʝʛʦʨʠʠ: NNoma  ï ʩʫʱʝʩ-

ʪʚʠʪʝʣʴʥʦʝ ʚ ʠʤʝʥʠʪʝʣʴʥʦʤ ʧʘʜʝʞʝ, NGena  ï ʩʫʱʝʩʪ-
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ʚʠʪʝʣʴʥʦʝ ʚ ʨʦʜʠʪʝʣʴʥʦʤ ʧʘʜʝʞʝ, NAcca  ï ʩʫʱʝʩʪʚʠ-

ʪʝʣʴʥʦʝ ʚ ʚʠʥʠʪʝʣʴʥʦʤ ʧʘʜʝʞʝ, NData  ï ʩʫʱʝʩʪʚʠʪʝʣʴ-

ʥʦʝ ʚ ʜʘʪʝʣʴʥʦʤ ʧʘʜʝʞʝ, NIna  ï ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʝ ʚ 

ʪʚʦʨʠʪʝʣʴʥʦʤ ʧʘʜʝʞʝ, PrNa  ï ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʝ ʚ 

ʧʨʝʜʣʦʞʥʦʤ ʧʘʜʝʞʝ, ANoma  ï ʧʨʠʣʘʛʘʪʝʣʴʥʦʝ ʚ ʠʤʝ-

ʥʠʪʝʣʴʥʦʤ ʧʘʜʝʞʝ, AGena  ï ʧʨʠʣʘʛʘʪʝʣʴʥʦʝ ʚ ʨʦʜʠ-

ʪʝʣʴʥʦʤ ʧʘʜʝʞʝ, AAcca  ï ʧʨʠʣʘʛʘʪʝʣʴʥʦʝ ʚ ʚʠʥʠ-

ʪʝʣʴʥʦʤ ʧʘʜʝʞʝ, AData  ï ʧʨʠʣʘʛʘʪʝʣʴʥʦʝ ʚ ʜʘʪʝʣʴʥʦʤ 

ʧʘʜʝʞʝ, AIna  ï ʧʨʠʣʘʛʘʪʝʣʴʥʦʝ ʚ ʪʚʦʨʠʪʝʣʴʥʦʤ 

ʧʘʜʝʞʝ, PrAa  ï ʧʨʠʣʘʛʘʪʝʣʴʥʦʝ ʚ ʧʨʝʜʣʦʞʥʦʤ ʧʘʜʝʞʝ, 
fVa Re  ï ʛʣʘʛʦʣ ʚʦʟʚʨʘʪʥʳʡ, fVNona Re  ï ʛʣʘʛʦʣ ʥʝʚʦʟ-

ʚʨʘʪʥʳʡ; ʠ ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʢʘʪʝʛʦʨʠʠ: Agc  ï ʘʛʝʥʩ, 
Attc  ï ʘʪʨʠʙʫʪ, Pacc  ï ʧʘʮʠʝʥʩ, Adrc  ï ʘʜʨʝʩʘʪ, Insc  ï 

ʠʥʩʪʨʫʤʝʥʪ, Mc  ï ʩʦʜʝʨʞʘʥʠʝ. 

ɺʚʝʜʝʥʥʳʡ ʥʘ ʤʥʦʞʝʩʪʚʝ ʩʣʦʚʦʬʦʨʤ M  ʧʨʝʜʠ-

ʢʘʪ )(xP  ʦʙʨʘʱʘʝʪʩʷ ʚ 1, ʝʩʣʠ ʛʣʘʚʥʘʷ ʩʣʦʚʦʬʦʨʤʘ 

ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʝʤʘʥʪʠʢʦ-

ʛʨʘʤʤʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʠ 0)( =xP , ʝʩʣʠ 

ʛʣʘʚʥʘʷ ʩʣʦʚʦʬʦʨʤʘ ʢʦʣʣʦʢʘʮʠʠ ʥʝ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ 

ʟʘʜʘʥʥʦʡ ʩʝʤʘʥʪʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ: 
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ʄʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʩʝʤʘʥʪʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩ-

ʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʠʩʠʤʦʛʦ ʩʣʦʚʘ ʩʣʦʚʦʩʦʯʝʪʘʥʠ ̫

ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʝʜʠʢʘʪʦʤ )(yP : 
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 (3) 

ɼʚʫʭʤʝʩʪʥʳʡ ʧʨʝʜʠʢʘʪ ),( yxP  ʦʧʠʩʳʚʘʝʪ ʙʠʥʘʨ-

ʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʷʚʣʷʶʱʝʝʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʢʦʥʲ-

ʶʥʢʮʠʠ )()( yPxP ¶ , ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʦʟʤʦʞʥʳʝ ʩʦʯʝ-

ʪʘʥʠ ̫ʩʝʤʘʥʪʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʣʦʚʦ-

ʬʦʨʤ ʜʚʫʭʩʣʦʚʥʳʭ ʢʦʣʣʦʢʘʮʠʡ: 
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 (4) 

ʅʘʧʨʠʤʝʨ, Att

y

NGen

y

Ag

x

NNom

x caca  ʦʧʠʩʳʚʘʝʪ ʩʝʤʘʥʪʠ-

ʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ: 

¶ ʤʦʚʘ ʨʦʟʤʽʪʢʠ; 

¶ ʧʝʨʽʦʜ ʢʦʨʠʩʪʫʚʘʥʥʷ. 

ʄʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʠʢʘʪ ʩʝʤʘʥʪʠʯʝʩʢʦʡ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʤʝʞʜʫ ʢʦʣʣʦʢʘʮʠʷʤʠ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʡ ʩʝʤʘʥʪʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣ-

ʣʦʢʘʪʦʚ ʙʣʠʟʢʠʭ ʧʦ ʩʤʳʩʣʫ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ. ʆʪʥʦ-

ʰʝʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʜʚʫʭ ʜʚʫʭʩʣʦʚ-

ʥʳʭ ʢʦʣʣʦʢʘʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ: 
 

 ),(),(),,,(),(),( 221122112211 yxPyxPyxyxyxPyxP i ¶¶=* g  (5) 

 

ʛʜʝ ʟʥʘʢ * ʦʙʦʟʥʘʯʘʝʪ ʦʧʝʨʘʮʠʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʤʳʩ-

ʣʦʚʦʡ ʙʣʠʟʦʩʪʠ, ʟʥʘʢ ¶ ï ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʲʶʥʢʮʠʶ, 

ʧʨʝʜʠʢʘʪ ),,,( 2211 yxyxig ʠʩʢʣʶʯʘʝʪ ʢʦʣʣʦʢʘʮʠʠ, ʤʝʞ-

ʜʫ ʢʦʪʦʨʳʤʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʩʤʳʩʣʦʚʘʷ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ. 
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Re  ʧʦʢʘʟʳʚʘʝʪ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʙʣʠʟʦʩʪʴ 

ʛʣʘʛʦʣʴʥʳʭ ʢʦʣʣʦʢʘʮʠʡ. ʅʘʧʨʠʤʝʨ: 

¶ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ º ʪʨʠʤʘʪʠ ʧʦʢʘʟʥʠʢʠ; 

¶ ʚʠʟʥʘʯʘʪʠ ʚʽʜʦʤʦʩʪʽ º ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʜʘʥʽ º 
ʚʠʷʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʇʨʝʜʠʢʘʪ Att

y

NGen

y

Ag

x

NNom

x cacayxyx
1111

),,,( 22112 =g  

Att

y

NGen

y

Ag

x

NNom

x caca
2222

 ʧʦʢʘʟʳʚʘʝʪ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʙʣʠʟʦʩʪʴ 

ʩʫʙʩʪʘʥʪʠʚʥʳʭ ʢʦʣʣʦʢʘʮʠʡ, ʪʘʢʠʤʠ ʢʘʢ: 

¶ ʥʘʙʽʨ ʧʨʠʣʘʜʜʷ º ʢʦʤʧʣʝʢʪ ʫʩʪʘʪʢʫʚʘʥʥʷ; 

¶ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ º ʭʽʜ ʬʦʨʤʫʚʘʥʥʷ º 
ʧʨʦʮʝʜʫʨʘ ʟʘʩʥʫʚʘʥʥʷ. 
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 ʧʦʢʘʟʳʚʘʝʪ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʙʣʠʟʦʩʪʴ ʤʝʞʜʫ 

ʘʜʲʝʢʪʠʚʥʦʡ ʠ ʩʫʙʩʪʘʥʪʠʚʥʦʡ ʢʦʣʣʦʢʘʮʠʷʤʠ, 

ʥʘʧʨʠʤʝʨ: 

¶ ʛʨʦʰʦʚʠʡ ʧʝʨʝʢʘʟ º ʚʽʜʧʨʘʚʣʝʥʥʷ ʢʦʰʪʽʚ; 

¶ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʽʢ º ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʠʢʘʪ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʙʣʠʟʦʩ-

ʪʠ ʜʚʫʭʩʣʦʚʥʳʭ ʢʦʣʣʦʢʘʮʠʡ, ʫ ʢʦʪʦʨʳʭ  ʤʦʞʥʦ ʦʧʨʝ-

ʜʝʣʠʪʴ ʢʦʣʣʦʢʘʪʳ ʢʘʢ ʧʦʧʘʨʥʦ ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʵʢʚʠ-

ʚʘʣʝʥʪʳ, ʦʧʨʝʜʝʣʝʥ ʢʘʢ: 
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 (6) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʠʢʘʪʳ ʢʦʣʣʦʢʘʮʠʡ, ʩʝʤʘʥʪʠʢʦ-

ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʣʦʢʘʪʦʚ ʢʦʪʦʨʳʭ 

ʦʙʝʩʧʝʯʘʪ ʨʘʚʝʥʩʪʚʦ ʝʜʠʥʠʮʝ, ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʙʣʠʟʢʠʝ ʧʦ ʩʤʳʩʣʫ ʠʣʠ ʩʝʤʘʥʪʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ. ɸ ʢʦʣʣʦʢʘʮʠʠ, ʩʝʤʘʥʪʠʢʦ-ʛʨʘʤʤʘʪʠ-

ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʦʙʨʘʪʷʪ ʧʨʝʜʠʢʘʪ 

),,,( 2211 yxyxig  ʚ ʥʫʣʴ, ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ ʥʝ ʙʣʠʟʢʠʤ 

ʩʝʤʘʥʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʦʛʠʢʦ-ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʠʥʘʨʥʳʭ ʩʚʷʟʝʡ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʵʢʚʠ-

ʚʘʣʝʥʪʥʦʩʪʠ ʤʝʞʜʫ ʢʦʣʣʦʢʘʮʠʷʤʠ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘ-

ʣʠʟʦʚʘʪʴ ʦʪʥʦʰʝʥʠʝ ʩʝʤʘʥʪʠʢʠ, ʥʝʷʚʥʦ ʚʳʨʘʞʝʥʥʦʝ ʚ 

ʝʩʪʝʩʪʚʝʥʥʦ-ʷʟʳʢʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. 
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ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʣʦʛʠʢʦ-ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʤʦ-

ʜʝʣʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʝʤʘʥʪʠʯʝʩʢʠ ʙʣʠʟʢʠʭ ʢʦʣʣʦ-

ʢʘʮʠʡ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʩʝʤʘʥʪʠ-

ʯʝʩʢʠ ʙʣʠʟʢʠʭ ʢʦʣʣʦʢʘʮʠʡ ʚʳʜʝʣʝʥʳ ʩʝʤʘʥʪʠʢʦ-

ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʣʦʢʘʪʦʚ, ʦʪʥʦʰʝ-

ʥʠʷ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʧʠʩʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʦ-

ʚʦʛʦ ʘʧʧʘʨʘʪʘ ʘʣʛʝʙʨʳ ʢʦʥʝʯʥʳʭ ʧʨʝʜʠʢʘʪʦʚ.  

ʇʨʝʜʣʦʞʝʥʥʘʷ ʣʦʛʠʢʦ-ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʨʠʟʚʘʥʘ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʫʱʝʩʪ-

ʚʫʶʱʠʭ ʩʠʩʪʝʤ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʫʩʪʨʘʥʝʥʠʠ ʩʤʳʩʣʦʚʦʡ ʥʝʦʜʥʦ-

ʟʥʘʯʥʦʩʪʠ, ʠʟʚʣʝʯʝʥʠʠ ʬʘʢʪʦʚ, ʧʦʩʪʨʦʝʥʠʠ ʪʝʟʘʫʨʫʩʘ 

ʠ ʜʨ. ʟʘ ʩʯʝʪ ʬʦʨʤʘʣʠʟʘʮʠʠ ʢʘʢ ʩʠʥʪʘʢʩʠʯʝʩʢʦʡ, ʪʘʢ ʠ 

ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʣʝʢʩʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ 

ʷʟʳʢʘ, ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʳʷʚʣʝʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ. 
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ʆ. ʅ. ɹɽɿʄɽʅʆɺɸ, ʀ. ʇ. ɻɸʄɸʖʅ, ʅ. ʀ. ɹɽɿʄɽʅʆɺ 

ʇʆʂɸɿɸʊɽʃʀ ʉʊɽʇɽʅʀ ʉɺʗɿʀ ʄɽɾɼʋ ʅʆʄʀʅɸʃʔʅʓʄʀ ʇʈʀɿʅɸʂɸʄʀ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʮʝʥʠʚʘʥʠʷ ʩʪʝʧʝʥʠ ʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ, ʠʟʤʝʨʷʝʤʳʤʠ ʚ ʰʢʘʣʝ ʥʘʠʤʝʥʦʚʘʥʠʡ. ʇʨʝʜʣʦʞʝʥʳ ʧʦʢʘʟʘʪʝʣʠ 
ʩʪʝʧʝʥʠ ʩʚʷʟʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʘʢʩʠʤʠʟʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʟʥʘʯʝʥʠʷ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ ʟʥʘʯʝʥʠʶ ʜʨʫʛʦʛʦ. 

ʇʦʩʪʨʦʝʥʳ ʧʦʢʘʟʘʪʝʣʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʠ ʩ 

ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʚʷʟʠ. ʇʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʧʨʝʜʣʦʞʝʥʥʳʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ ʩʚʷʟʠ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʧʨʠʥʮʠʧʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ ʩʚʷʟʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʛʨʫʧʧʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʝʧʝʥʴ ʩʚʷʟʠ, ʧʘʨʘʤʝʪʨ, ʰʢʘʣʘ ʥʘʠʤʝʥʦʚʘʥʠʡ, ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʩʚʷʟʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ, ʣʠʥʝʡʥʘʷ 
ʟʘʚʠʩʠʤʦʩʪʴ, ʵʣʣʠʧʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. 

ɺʚʝʜʝʥʠʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʦʚ ʛʨʫʧʧʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʦʙʲʝʢʪʦʚ (ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ) ʦʙʱʝʧʨʠʥʷʪʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʫʧʧ ʠ ʢʣʘʩʩʦʚ ʥʝʪ [1]. ɹʦʣʴʰʠʥʩʪʚʦ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʠʤʘʶʪ ʪʦ, 

ʯʪʦ ʵʣʝʤʝʥʪʳ ʦʜʥʦʡ ʛʨʫʧʧʳ (ʠʣʠ ʦʜʥʦʛʦ ʢʣʘʩʩʘ) 

ʜʦʣʞʥʳ ʙʳʪʴ ʙʣʠʞʝ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʯʝʤ ʢ ʜʨʫʛʠʤ 

ʵʣʝʤʝʥʪʘʤ, ʦʜʥʘʢʦ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʷʚʥʦ ʫʢʘʟʘʪʴ ʥʝʣʴʟʷ. ʈʘʟʨʘʙʦʪʘʥʦ 

ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, [2ï4]), ʧʨʠʯʝʤ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʯʘʱʝ ʚʩʝʛʦ 

ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ [5ï7]. 

ʎʝʣʴ ʩʪʘʪʴʠ ï ʨʘʟʨʘʙʦʪʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ 

ʦʮʝʥʠʚʘʥʠʷ ʩʪʝʧʝʥʠ ʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʠʟʤʝʨʷʝʤʳʤʠ ʚ ʰʢʘʣʝ ʥʘʠʤʝʥʦʚʘʥʠʡ. 
 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʧʘʨʘʤʝʪʨʦʚ },1|{ NjXS j == , ʦʧʠʩʳʚʘʶʱʠʭ 

ʥʝʢʦʪʦʨʳʡ ʦʙʲʝʢʪ, ʥʘʜ ʢʦʪʦʨʳʤ ʧʨʦʠʟʚʝʜʝʥʦ n  

ʥʘʙʣʶʜʝʥʠʡ. ɺ ʭʦʜʝ ʢʘʞʜʦʛʦ ʥʘʙʣʶʜʝʥʠʷ 

ʬʠʢʩʠʨʫʶʪʩʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
jX , Nj ,1= . 

ʇʫʩʪʴ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʥʘʜ ʥʝʢʦʪʦʨʳʤ 

ʦʙʲʝʢʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʥʘʙʣʶʜʝʥʠʡ 

NnijxU ³= ][ , i -ʷ ʩʪʨʦʢʘ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ 

i -ʛʦ ʥʘʙʣʶʜʝʥʠʷ ʥʘʜ ʤʥʦʞʝʩʪʚʦʤ S  ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʲʝʢʪʘ, ʘ j -ʡ ʩʪʦʣʙʝʮ ʩʦʩʪʘʚʣʷʶʪ ʨʝʘʣʠʟʘʮʠʠ 

ʧʘʨʘʤʝʪʨʘ 
jX  ʚ n  ʥʘʙʣʶʜʝʥʠʷʭ. ʇʨʠ ʦʮʝʥʠʚʘʥʠʠ 

ʩʪʝʧʝʥʠ ʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʧʦʧʘʨʥʳʝ ʩʚʷʟʠ. ɹʝʟ ʥʘʨʫʰʝʥʠʷ 

ʦʙʱʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʳ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʤʦʪʨʠʤ 1X  

ʠ 2X . 

ʇʫʩʪʴ ʠʤʝʶʪʩʷ ʜʚʘ ʧʘʨʘʤʝʪʨʘ 1X  ʠ 2X , 

ʠʟʤʝʨʷʝʤʳʝ ʚ ʰʢʘʣʝ ʥʘʠʤʝʥʦʚʘʥʠʡ, ʠ ʧʫʩʪʴ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʥʷʪʴ ʵʪʠ ʧʘʨʘʤʝʪʨʳ, ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1n  ʠ 

2n . ʇʦʩʪʨʦʠʤ ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ ʩʚʷʟʠ ʜʣʷ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. 
 

ʈʝʰʝʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʧʘʨʘʤʝʪʨʳ 1X  ʠ 2X  ʢʘʢ 

ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʠ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʟʚʝʩʪʥʦ 

ʠʭ ʩʦʚʤʝʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ: 

ʈʘʩʩʤʦʪʨʠʤ ʧʘʨʘʤʝʪʨʳ 1X  ʠ 2X  ʢʘʢ ʩʣʫʯʘʡʥʳʝ 

ʚʝʣʠʯʠʥʳ ʠ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʟʚʝʩʪʥʦ ʠʭ 

ʩʦʚʤʝʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ: 

 
i jp , 1,1 ni = , 2,1 nj = . 

ʉʚʷʟʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ 1X  ʠ 2X  ʙʫʜʝʤ 

ʦʮʝʥʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʝʜʩʢʘʟʘʥʠʷ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ 2X  ʧʦ ʟʥʘʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ 1X  (ʣʠʙʦ 

ʥʘʦʙʦʨʦʪ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʚʷʟʴ ʙʫʜʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʣʶʙʦʤʫ 

ʟʥʘʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ 1X  ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʜʥʦ ʠ 

ʪʦʣʴʢʦ ʦʜʥʦ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 2X , ʪʦ ʝʩʪʴ ʜʣʷ 

ʣʶʙʦʛʦ i  ( 1,1 ni= ) ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 
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ʄʠʥʠʤʘʣʴʥʦʡ ʩʚʷʟʠ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʩʣʫʯʘʡ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʟʥʘʯʝʥʠʷ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 2X  ʧʦ ʟʥʘʯʝʥʠʶ ʚʝʣʠʯʠʥʳ 1X , 

ʪʦ ʝʩʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ 

 
2n

p
p i

ij
¶= , 2,1 nj = , 1,1 ni= . 

ʀʩʭʦʜʷ ʠʟ ʠʟʣʦʞʝʥʥʦʛʦ ʚʳʰʝ, ʩʚʷʟʴ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ 1X  ʠ 2X  ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʧʦ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦ ʟʥʘʯʝʥʠʶ 

ʧʘʨʘʤʝʪʨʘ 1X  ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 2X , ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʤʦʩʪʠ 2X  ʦʪ 1X  

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʫʤʤʫ ʵʪʠʭ ʚʝʨʦʷʪʥʦʩʪʝʡ: 
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è
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ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʘ 
1X  ʦʪ ʧʘʨʘʤʝʪʨʘ 

2X : 
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ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʨʠʥʠʤʘʝʪ ʩʚʦʠ ʟʥʘʯʝʥʠʷ ʚ 

ʦʪʨʝʟʢʝ ù
ú

ø
é
ê

è
1,1

1n
. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʦʟʤʦʞʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʦʜʠʥ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ: 

 
2

)()(
):( 211211

211

XXXX
XX

«z+­z
=V ;  

 ( ))()(max):( 211211212 XXXXXX «z+­z=V ;  

 ( ))()(min):( 211211213 XXXXXX «z+­z=V .  

ʇʦʩʢʦʣʴʢʫ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʟʥʘʯʝʥʠʝ 

ʜʨʫʛʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʞʝʣʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʵʪʦʛʦ 

ʬʘʢʪʘ ʚ ʧʦʢʘʟʘʪʝʣʝ ʩʪʝʧʝʥʠ ʩʚʷʟʠ. ʋʯʝʪ ʪʦʛʦ, ʚ ʢʘʢʦʡ 

ʩʪʝʧʝʥʠ ʢʘʞʜʦʝ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʦʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʝ ʜʨʫʛʦʛʦ ʧʘʨʘʤʝʪʨʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ: 
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):( 212212

214

XXXX
XX

«z+­z
=V ;  

 ( ))()(max):( 212212215 XXXXXX «z+­z=V ;  

 ( ))()(min):( 212212216 XXXXXX «z+­z=V . 

 

ɺʝʣʠʯʠʥʘ 
jp
¶

 ʚ ʚʳʨʘʞʝʥʠʠ (2) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 
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ʇʫʩʪʴ ʪʝʧʝʨʴ ʠʤʝʝʪʩʷ ʚʳʙʦʨʢʘ ʠʟ n  ʥʘʙʣʶʜʝʥʠʡ 

ʥʘʜ ʧʘʨʦʡ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 1X  ʠ 2X  ʠ ʧʫʩʪʴ 

ʚʝʣʠʯʠʥʘ 
i jm  ( 1,1 ni= , 2,1 nj = ) ʦʧʨʝʜʝʣʷʝʪ, ʩʢʦʣʴʢʦ 

ʨʘʟ ʚ ʚʳʙʦʨʢʝ i -ʤʫ ʟʥʘʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ 1X  

ʩʦʦʪʚʝʪʩʪʚʫʝʪ j -ʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 2X . ʊʦʛʜʘ ʜʣʷ 

ʚʝʣʠʯʠʥʳ 
i jp  ʠʤʝʝʤ ʩʣʝʜʫʶʱʫʶ ʦʮʝʥʢʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ: 
 

 
n

m
p

ij

ij =Ĕ , 1,1 ni= , 2,1 nj = . 

ɺʳʙʦʨʦʯʥʳʤʠ ʦʮʝʥʢʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦ-

ʧʦʜʦʙʠʷ ʟʥʘʯʝʥʠʡ 
¶ip  ʠ 

jp
¶

 ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʚʝʣʠʯʠʥʳ: 
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ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʪʝʧʝʥʠ ʩʚʷʟʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 
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ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ ʩʚʷʟʠ ʩʣʝʜʫʶʱʠʭ ʩʚʦʡʩʪʚ: 

ǅ ʧʨʠʥʷʪʠʝ ʟʥʘʯʝʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 1 

ʚʢʣʶʯʠʪʝʣʴʥʦ; 

ǅ ʧʨʠʥʷʪʠʝ ʟʥʘʯʝʥʠʷ 1 ʧʨʠ ʞʝʩʪʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ; 

ǅ ʧʨʠʥʷʪʠʝ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ. 
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ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ 
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ʩʚʦʡʩʪʚʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʝʨʚʳʭ ʜʚʫʭ. 
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2

)()(
):( 217217

2117

XXXX
XX

«z+­z
=V ,  

 ( ))(),(max):( 2172172118 XXXXXX «z­z=V ,  

 ( ))(),(min):( 2172172119 XXXXXX «z­z=V   

ʠ ʠʭ ʚʳʙʦʨʦʯʥʳʝ ʦʮʝʥʢʠ: 

 
2

)(Ĕ)(Ĕ
):(Ĕ 215215

2111

XXXX
XX

«z+­z
=V ,  

 ( ))(Ĕ),(Ĕmax):(Ĕ 2152152112 XXXXXX «z­z=V ,  

 ( ))(Ĕ),(Ĕmin):(Ĕ 2152152113 XXXXXX «z­z=V ,  

 
2

)(Ĕ)(Ĕ
):(Ĕ 216216

2114

XXXX
XX

«z+­z
=V ,  

 ( ))(Ĕ),(Ĕmax):(Ĕ 2162162115 XXXXXX «z­z=V ,  

 ( ))(Ĕ),(Ĕmin):(Ĕ 2162162116 XXXXXX «z­z=V ,  

 
2

)(Ĕ)(Ĕ
):(Ĕ 217217

2117

XXXX
XX

«z+­z
=V ,  

 ( ))(Ĕ),(Ĕmax):(Ĕ 2172172118 XXXXXX «z­z=V , 

 ( ))(Ĕ),(Ĕmin):(Ĕ 2172172119 XXXXXX «z­z=V .  

ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ 

ʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʛʨʫʧʧʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʪʝʧʝʥʠ ʩʚʷʟʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʥʦʤʠʥʘʣʴʥʫʶ ʰʢʘʣʫ. 

ʇʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʧʨʠ ʘʥʘʣʠʟʝ 

ʩʠʩʪʝʤ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʚ 

ʧʦʨʷʜʢʦʚʳʭ ʰʢʘʣʘʭ, ʜʣʷ ʯʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʦʩʫʱʝʩʪʚʠʪʴ 

ʧʝʨʝʭʦʜ ʦʪ ʧʦʨʷʜʢʦʚʦʡ ʰʢʘʣʳ ʢ ʰʢʘʣʝ ʥʘʠʤʝʥʦʚʘʥʠʡ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʢʘʟʘ ʦʪ ʫʯʝʪʘ ʦʪʥʦʰʝʥʠʷ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʟʥʘʯʝʥʠʡ, ʧʨʠʩʫʱʝʛʦ ʧʦʨʷʜʢʦʚʳʤ ʰʢʘʣʘʤ, ʠ ʫʯʠʪʳ-

ʚʘʪʴ ʪʦʣʴʢʦ ʨʘʟʣʠʯʠʝ ʟʥʘʯʝʥʠʡ.  
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ɸ. ʉ. ʂʋʎɽʅʂʆ, ʉ. ɺ. ʂʆɺɸʃɽʅʂʆ, ɺ. ʀ. ʊʆɺɸɾʅʗʅʉʂʀʁ 

ʉʊʈʋʂʊʋʈʅʓʁ ʀ ʇɸʈɸʄɽʊʈʀʏɽʉʂʀʁ ʉʀʅʊɽɿ ʉʀʉʊɽʄʓ ʉʊɸɹʀʃʀɿɸʎʀʀ 

ʂɺɸɿʀʉʊɸʊʀʏɽʉʂʆɻʆ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʨʝʛʫʣʷʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʩʠʩʪʝʤ rʪʨʘʥʩʮʝʥʜʝʥʪʥʭr ʫʨʘʚʥʝʥʠʡ, ʩʚʷʟʚrʘʶʱʠʭ ʚʭʦʜ rʠ ʚrʭʦʜr ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʷ ʤʝʪʦʜʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʢ ʫʧʨʘʚʣʝʥʠʶ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʣʠʥʝʡʥʳʡ 
ʩʣʫʯʘʡ ʚʟʘʠʤʦʩʚʷʟʠ çʚʭʦʜ-ʚʳʭʦʜè ʠ ʢʚʘʜʨʘʪʠʯʥʳʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʩʠʩʪʝʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʜʘʯʘ, ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʪʝʦʨʠʷ ʫʧʨʘʚʣʝʥʠʷ. 

ɺʚʝʜʝʥʠʝ. ɿʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ʊʇ) ʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʝ, 

ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʙʳʯʥʦ 

ʦʩʣʦʞʥʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤʠ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʦʙʲʝʢʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ. ɺ ʩʘʤʦʤ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʦʩʪʦʷʪ ʠʟ ʢʦʤʧʦʟʠʮʠʡ ʧʦʜʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (ʦʙʳʢʥʦʚʝʥʥʳʭ ʠʣʠ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜ-

ʥʳʭ), ʜʦʧʦʣʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʪʘʪʠʯʝʩʢʠʤʠ ʩʚʷ-

ʟʷʤʠ [1ï4]. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʬʦʨʤʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʢʘʢ ʧʝʨʝʭʦʜʥʳʝ, ʪʘʢ ʠ ʫʩʪʘ-

ʥʦʚʠʚʰʠʝʩʷ ʨʝʞʠʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʫʣʝʚʳʤ 

ʟʥʘʯʝʥʠʷʤ ʧʨʦʠʟʚʦʜʥʳʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʫ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʂʚʘʟʠʩʪʘʪʠʯʝʩʢʠʝ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʙʣʘʜʘʶʪ 

ʪʝʤ ʜʦʩʪʦʠʥʩʪʚʦʤ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʘ 

ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜʘʤʠ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʝʜʦʩʪʘʪʢʦʤ ʢʚʘʟʠʩʪʘʪʠʯʝ-

ʩʢʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʷʝʤʳʭ ʧʨʦʮʝʩʩʦʚ 

ʷʚʣʷʝʪʩʷ ʠʭ ʩʣʘʙʘʷ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʢ ʤʝʪʦʜʘʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ 

ʫʧʨʘʚʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʷ 

ʥʝʢʦʪʦʨʳʭ ʤʝʪʦʜʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʤʠ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝ-

ʣʷʤʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝʢʦ-

ʪʦʨʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ 

ʚʝʢʪʦʨʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ mx RÍ . ʂʦʤʧʦ-

ʥʝʥʪʳ ʚʝʢʪʦʨʘ x  ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʠʩʪʝʤʦʡ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

 ( ) 021 =mk x,...,x,xf , pk ,1= , (1) 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺʝʢʪʦʨ x  

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʩʪʦʷʱʠʤ ʠʟ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 
nRx Í1
 ʠ 

nmRx -Í2
. ɺʝʢʪʦʨ 

1x  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʢʪʦʨʫ 

ʚʳʭʦʜʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ 2x  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʞʝʩʪʚʦ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʙʦʨ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʝʪ ʨʝʟʫʣʴʪʘʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 1x . 

ɹʫʜʝʤ ʜʘʣʝʝ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʫʨʘʚʥʝʥʠʡ p  ʚ ʩʠʩʪʝʤʝ (1) ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ 

n  ʚʝʢʪʦʨʘ 1x , ʘ ʨʘʟʤʝʨʥʦʩʪʴ 1x  ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʟʤʝʨ-

ʥʦʩʪʴʶ 2x . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, (1) ʟʘʜʘʝʪ ʥʝʷʚʥʦʝ ʦʪʦʙʨʘ-

ʞʝʥʠʝ  

 n n

G
R R­  

ɹʫʜʝʤ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ G  ʛʦʤʝʦʤʦʨʬʥʦ 

ʠ ʩʫʱʝʩʪʚʫʝʪ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ G. ʄʘʪʝʤʘʪʠ-

ʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʧʝʨʝʯʠʩʣʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʥʦʨʤʘʣʴʥʦʡ ʠ ʜʘʣʝʝ 

ʟʘʧʠʩʳʚʘʪʴ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ 

 ( ) 0, =uxf ,  (2) 

ʛʜʝ 1x x
D
=  ï ʚʝʢʪʦʨ ʚʳʭʦʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ; 2u x
D
=  ï ʚʝʢʪʦʨ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ; 

( )uxf ,  ï n -ʤʝʨʥʘʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ. 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ (2), ʩʬʦʨʤʫ-

ʣʠʨʫʝʤ ʜʚʝ ʧʦʩʪʘʥʦʚʢʠ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. 

ɿʘʜʘʯʘ 1. ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʘ ʚʳʭʦʜʘ 
*x  ʥʘʡʪʠ ʚʝʢʪʦʨ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ *u  ʪʘʢʦʡ, 

ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ 

 ( ) 0, =**uxf .  

ʕʪʫ ʟʘʜʘʯʫ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʟʘʜʘʯʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩ-

ʩʘ, ʠ ʩʚʦʜʠʪʩʷ ʦʥʘ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʘ u  ʧʨʠ ʟʘʜʘʥʥʦʤ x x*= . 

ɿʘʜʘʯʘ 2. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʜʘʯʫ ʩʪʘʙʠʣʠʟʘ-

ʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʨʘʥ-

ʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ( )**ux , . 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʪʨʫʢʪʫʨʥʦʤʫ ʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤʫ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʟʘʜʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʪ. ʝ. ʨʝʰʝʥʠʶ 

ʟʘʜʘʯʠ 2. 

ɺʳʙʦʨ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ. 
ʇʦʩʢʦʣʴʢʫ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʠʜʘ (2) ʷʚʣʷʝʪʩʷ 

ʧʨʠʙʣʠʞʝʥʥʦʡ ʠ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʤʝʩʪʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ 

ʚʦʟʤʫʱʝʥʠʷ, ʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʘʧʨʠʦʨʠ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʟʤʝʨʝʥʠʷʭ 
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ʚʦʟʤʫʱʝʥʠʡ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʝʛʫʣʷ-

ʪʦʨ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʷʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʬʦʨʤʝ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʚʝʜʝʤ ʚ ʢʦʥʪʫʨ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʠʥʪʝʛʨʠʨʫʶʱʠʝ ʟʚʝʥʴʷ 

 u=d.  (3) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʤʝʩʪʦ ʫʧʨʘʚʣʝʥʠʡ ()tu  ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʫʧʨʘʚʣʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠ ̫ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʘ u, ʪ. ʝ. ʚʝʣʠʯʠʥʫ d. ɺ ʩʚʷʟʠ ʩ ʦʪʤʝʯʝʥʥʳʤʠ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ ʠ ʩʜʝʣʘʥʥʳʤʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤʠ 

ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ 

ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʯʝʡ ʪʦʯʢʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʨʠʩ. 1). 

 

ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʝʛʫʣʷʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʈ ï ʨʝʛʫʣʷʪʦʨ, ʀɿ ï ʠʥʪʝʛʨʠʨʫʶʱʝʝ ʟʚʝʥʦ, 

ʊʇ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 
 

ʉʭʝʤʘ ʥʘ ʨʠʩ. 1 ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʦʡ 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʣʶʙʦʤ ʫʯʝʙʥʠʢʝ ʧʦ ʊɸʋ. ʆʜʥʘʢʦ, 

ʥʝʢʦʪʦʨʳʝ ʝʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʘ-

ʪʠʯʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʥʘʣʠʯʠʝʤ 

ʯʠʩʪʳʭ ʠʥʪʝʛʨʘʪʦʨʦʚ ʚ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, 

ʧʦʟʚʦʣʷʪʁ ʧʦʣʫʯʠʪʴ ʨʷʜ ʯʘʩʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʩʠʥʪʝʟʘ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ. ʅʠʞʝ ʚ ʨʘʤʢʘʭ ʚʳʙʨʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʨʝʛʫʣʷʪʦʨʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʥʘʠʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʊʇ. 

ʃʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʜʘʯʘ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʊʇ. ʃʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʜʘʯʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʃʂɿ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʥʝʤʥʦʛʠʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʰʝʥʥʳʭ ʚ 

ʦʙʱʝʤ ʚʠʜʝ. ʇʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʪʦʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʃʂɿ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʘʯʝʩʪʚʦ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʚʳʙʦʨʦʤ 

ʚʝʩʦʚʳʭ ʤʘʪʨʠʮ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ ʣʠʥʝʡʥʫʶ ʩʪʘʪʠʯʝ-

ʩʢʫʶ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 
 

 

 Bux= , (4) 
 

 

ʛʜʝ nx RÍ , nRuÍ , B  ï ʥʝʚʳʨʦʞʜʝʥʥʘʷ nn³  ʤʘʪ-

ʨʠʮʘ, ʠ ʧʦʩʪʘʚʠʤ ʟʘʜʘʯʫ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʫʣʝʚʦʛʦ ʧʦʣʦ-

ʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 0=x , 0u=  ʩ ʠʥʪʝʛʨʘʣʴʥʳʤ ʢʚʘʜ-

ʨʘʪʠʯʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ 
 

 

 ( )
0

1

2

T TY x Qx R dt

¤

= +d dñ , (5) 

 

 

ʛʜʝ Q ʠ R ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʠʤʤʝʪʨʠʯʝʩʢʠʝ ʤʘʪʨʠʮʳ; 

ʘ 
nRdÍ  ï ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʫʧʨʘʚ-

ʣʷʶʱʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʝʤ (3). 
 

ʉʦʦʪʥʦʰʝʥʠʷ (4) ʠ (3) ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʪʨʘʜʠ-

ʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ 

ʬʦʨʤʝ ʂʦʰʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʩʪʘʥʜʘʨʪʥʳʡ ʚʠʜ 

ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ 

 x B= d. (6) 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʦʙʱʝʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ 

ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ [5], ʧʦʣʫʯʠʤ 

ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʜʝ 

 1 TR B Px Kx-d=- =, (7) 

ʛʜʝ 
1 TK R B P-=-  ï ʤʘʪʨʠʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ; ʘ ʈ ï ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʤʘʪʨʠʯʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʈʠʢʢʘʪʠ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 
1 TPBR B P Q- = . (8) 

ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ (8) ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʱʝʛʦ 

ʚʠʜʘ ʫʨʘʚʥʝʥʠʷ ʈʠʢʢʘʪʠ ʦʪʩʫʪʩʪʚʠʝʤ ʣʠʥʝʡʥʳʭ 

ʩʣʘʛʘʝʤʳʭ ʚ ʩʚʷʟʠ ʩ ʥʫʣʝʚʦʡ ʤʘʪʨʠʮʝʡ ʜʠʥʘʤʠʢʠ. ɼʣʷ 

ʝʛʦ ʨʝʰʝʥʠʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʣʝʜʫʶʱʠʤ ʧʨʠʝʤʦʤ. ɹʝʟ 

ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʱʥʦʩʪʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʩʠʤʤʝʪ-

ʨʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ 
1 TBR B-  ʝʜʠʥʠʯʥʦʡ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ 

ʠʟʚʝʩʪʥʦ ʠʟ ʪʝʦʨʠʠ ʤʘʪʨʠʮ [6], ʚʩʝʛʜʘ ʤʦʞʥʦ ʚʳʙʨʘʪʴ 

ʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ y Tx=  ʪʘʢʦʝ, ʯʪʦ 

ʚ ʥʦʚʦʤ ʙʘʟʠʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʘʪʨʠʮʘ ʙʫʜʝʪ ʝʜʠ-

ʥʠʯʥʦʡ, ʘ ʤʘʪʨʠʮʘ Q  ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ Q . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʤʝʩʪʦ ʫʨʘʚʥʝʥʠʷ (8) ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʫʨʘʚʥʝʥʠʝ  

 
2P Q= . (9) 

ɼʣʷ ʨʝʰʝʥʠʷ (9) ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʪʝʦʨʝʤʦʡ [7]. ʇʫʩʪʴ 1 2, ,..., nl l l ï ʩʧʝʢʪʨ ʤʘʪʨʠʮʳ Q , 

ʘ 1 2, ,..., nu u u  ʠ 1 2, ,..., nv v v  ï ʢʚʘʟʠʙʠʦʨʪʦʛʦʥʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ ʧʨʘʚʳʭ ʠ ʣʝʚʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ. ʊʦʛʜʘ 

ʝʝ ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʤʝʝʪ ʚʠʜ  

 
1

n

i i

i

Q G
=

= lä , (10) 

ʛʜʝ 
T

i i iG u v=  ( 1,i n= ) ï ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʤʘʪʨʠʮʳ. 

ʇʦʩʢʦʣʴʢʫ ʚʩʝ 0il > ʚ ʩʠʣʫ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ 

ʤʘʪʨʠʮʳ Q, ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [7] ʨʝʰʝʥʠʝ (9) ʠʤʝʝʪ 
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ʚʠʜ  

 
1

n

i i

i

P G
=

= lä . (11) 

ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʘ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʷʚʣʷʝʪʩʷ ʠʩʢʦʤʳʤ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ 

ʈʠʢʢʘʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʩʪʘʙʠ-

ʣʠʟʘʮʠʠ ʥʫʣʝʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩ ʫʧʨʘʚ-

ʣʝʥʠʝʤ (6). ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʟʘʧʠʰʝʪʩʷ ʢʘʢ 

 1 Tx BR B Px-=-  (12) 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʢʘʯʝʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʝʨʝ-

ʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʜʥʦʨʦʜʥʦʡ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʝ 

(12) ʧʨʠ ʥʝʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʝʜʩʪʘʚʠʤ (12) ʚ ʚʠʜʝ 

 0Fx Px+ =, (13) 

ʛʜʝ ʤʘʪʨʠʮʘ 
1 1( )TF BR B- -=  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦ-

ʞʠʪʝʣʴʥʫʶ ʩʠʤʤʝʪʨʠʯʝʩʢʦʶ ʤʘʪʨʠʮʫ. 

ʀʟ ʪʝʦʨʠʠ ʤʘʪʨʠʮ [6] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ x Yy= ʪʘʢʦʝ, ʯʪʦ 

ʤʘʪʨʠʮʳ FYYT
 ʠ PYYT

 ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʥʠʤʘʶʪ 

ʜʠʘʛʦʥʘʣʴʥʳʡ ʚʠʜ: 

 EFYYT = ,  1 2diag( , ,..., )T

nY PY= m m m,  

ʛʜʝ km  ï ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʧʫʯʢʘ ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʦʨʤ ʩ ʤʘʪʨʠʮʘʤʠ P  ʠ F  

 0P F-m =. (14) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ y  ʚʝʢʪʦʨ-

ʥʦʝ ʫʨʘʚʥʝʥʠʝ (13) ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ n  ʥʝʟʘʚʠʩʠʤʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

 k k ky y=-m, 1,k n= , (15) 

ʛʜʝ ʚʩʝ ʯʠʩʣʘ 0km >. 

ʇʦʩʢʦʣʴʢʫ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (15) ʠʤʝʶʪ ʚʠʜ 

 
0 kt

k ky y e
-m

= , (16) 

ʛʜʝ 
0

ky  ï ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʪʦ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦ-

ʮʝʩʩʳ ʧʦ ʚʩʝʤ ʢʦʤʧʦʥʝʥʪʘʤ ʚʝʢʪʦʨʘ x  ʪʘʢʞʝ ʠʤʝʶʪ 

ʘʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ɺʝʨʥʝʤʩʷ ʪʝʧʝʨʴ ʢ ʟʘʜʘʯʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʥʫʣʝ-

ʚʦʡ ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʦʛʜʘ 

ʩʭʝʤʝ ʥʘ ʨʠʩ. 1 ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʣʝʜʫʶʱʘʷ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ: 

 x Bu= , u=d, Kd= e, *x xe= -, (17) 

ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʥʝʩʣʦʞʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʤʝʪ ʚʠʜ 

 BKe= e. (18) 
 

ʉʠʩʪʝʤʘ (18) ʦʧʪʠʤʘʣʴʥʘ ʚ ʩʤʳʩʣʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ 
 

 ( )
0

T TY Q R dt

¤

= e e+d dñ , (19) 

 

ʘ ʚʝʢʪʦʨ ʚʳʭʦʜʘ x  ʘʧʝʨʠʦʜʠʯʝʩʢʠ ʩʪʨʝʤʠʪʩʷ ʢ ʟʘʜʘʥ-

ʥʦʡ ʨʘʙʦʯʝʡ ʪʦʯʢʝ *x . 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʦʧʪʠ-

ʤʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʩʥʦʚʘʥ ʥʘ 

ʠʟʤʝʨʝʥʠʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ x. ʈʘʩʩʤʦʪʨʠʤ 

ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʷʝʪʩʷ 

ʚʝʢʪʦʨ 
lRyÍ   

 

 y Cx= , (20) 
 

ʛʜʝ C  ï ( )nl³  ʤʘʪʨʠʮʘ ʠʟʤʝʨʝʥʠʡ. 

ɺ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʝʢʪʦʨʘ 

x  ʧʦ ʠʟʤʝʨʝʥʠʷʤ y  ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʙʣʶʜʘʶ-

ʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʇʦʣʥʦʨʘʟʤʝʨʥʳʡ ʥʘʙʣʶʜʘʪʝʣʴ 

ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ (6) ʧʦ ʠʟʤʝʨʝʥʠʷʤ (20) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [8] ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 
 

 ( )Ĕ Ĕx L y Cx B= - + d, (21) 
 

ʛʜʝ Ĕ
nx RÍ  ï ʦʮʝʥʢʘ ʚʝʢʪʦʨʘ x . 

ʀʟ (21) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʚʳʙʦʨʝ ʤʘʪʨʠʮʳ 

ʥʘʙʣʶʜʘʪʝʣʷ L  ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʩʠʤʧʪʦʪʠʯʝ-

ʩʢʫʶ ʩʭʦʜʠʤʦʩʪʴ ʦʮʝʥʢʠ xĔ ʢ x, ʧʦʩʢʦʣʴʢʫ nn³  ʤʘʪ-

ʨʠʮʘ ʜʠʥʘʤʠʢʠ ʥʘʙʣʶʜʘʪʝʣʷ ( )LC-  ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʤʘʪʨʠʮ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʨʘʥʛ l n< , ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʘʪʨʠʮʘ LC  ʚʩʝʛʜʘ ʚʳʨʦʞʜʝʥʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ 

ʠʟʤʝʨʝʥʠʶ ʜʦʩʪʫʧʥʳ ʥʝʢʦʪʦʨʳʝ ʣʠʥʝʡʥʳʝ ʢʦʤʙʠʥʘ-

ʮʠʠ (ʠʣʠ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ) ʚʝʢʪʦʨʘ ʚʳʭʦʜʘ 
 

 y Cx= ,  
lRyÍ  (22) 

 

ʠ ʚʝʢʪʦʨʘ ʚʭʦʜʘ 

 z Du= ,  
lnRz -Í . (23) 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʝʢʪʦʨʘ x  ʧʦ ʠʟʤʝʨʝʥʠʷʤ y  

ʠ z (22) ʠ (23) ʧʦʜʩʪʘʚʠʤ (4) ʚ (22). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ u  
 

 
CB y

u
D z

å õ å õ
=æ ö æ öæ ö æ ö

ç ÷ ç ÷
. (24) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʪʝʨʠʝʤ ʥʘʙʣʶʜʘʝʤʦʩʪʠ 

ʚʝʢʪʦʨʘ u  ʧʦ y , z  ʷʚʣʷʝʪʩʷ ʥʝʦʩʦʙʝʥʥʦʩʪʴ ʤʘʪʨʠʮʳ 

ʩʠʩʪʝʤʳ (24) 

 0
CB

D
¸ . (25) 

 

ɺʝʢʪʦʨ x  ʥʘʭʦʜʠʪʩʷ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 
 

 

1
CB y

x B
D z

-
å õ å õ

= æ ö æ öæ ö æ ö
ç ÷ ç ÷

. (26) 
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ʪʦʯʢʠ ( )**ux ,  ʩʪʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (2) ʩ ʠʥʪʝʛʨʠʨʫ-

ʶʱʠʤ ʨʝʛʫʣʷʪʦʨʦʤ (3). ʉʚʝʜʝʤ ʟʘʜʘʯʫ ʢ ʫʞʝ ʨʝʰʝʥ-

ʥʦʡ ʃʂɿ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʩʠʩʪʝʤʫ (2) ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʊʇ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 
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, (27) 

ʛʜʝ 
x

f

µ

µ*
 ʠ 

u

f

µ

µ*
 ï ʤʘʪʨʠʮʳ ʗʢʦʙʠ, ʚʳʯʠʩʣʝʥʥʳʝ ʚ 

ʨʘʙʦʯʝʡ ʪʦʯʢʝ ,x u* *
. 

ʇʨʠʤʝʥʷʷ ʢ (27) ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʘ ʤʘʪʨʠʯʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʚ ʢʦʥʪʫʨʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, 

ʧʦʣʫʯʠʤ ʫʩʪʦʡʯʠʚʫʶ ʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ. ʇʦʩʢʦʣʴʢʫ 

ʧʦʩʣʝʜʥʷʷ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢ 

ʠʩʭʦʜʥʦʡ ʥʝʣʠʥʝʡʥʦʡ, ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʦʡ 

ʪʝʦʨʝʤʦʡ ʃʷʧʫʥʦʚʘ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʧʝʨʚʦʤʫ 

ʧʨʠʙʣʠʞʝʥʠʶ ʠʩʭʦʜʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ ʚ ʪʦʯʢʝ 

,x u* *
 ʪʘʢʞʝ ʙʫʜʝʪ ʫʩʪʦʡʯʠʚʘ. 

ɺʳʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʛʨʠʨʫʶʱʝʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʤʥʦʛʦʤʝʨʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʃʂɿ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʪʘʙʠʣʠ-

ʟʘʮʠʠ ʜʣʷ ʣʶʙʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʘʪʨʠʮ ʢʨʠʪʝʨʠʷ 

ʢʘʯʝʩʪʚʘ; 

ï ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʙʦʯʝʡ 

ʪʦʯʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʘ 

ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʩʝʭ 

ʢʦʤʧʦʥʝʥʪʘʭ ʚʝʢʪʦʨʘ ʚʳʭʦʜʘ; 

ï ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʝʢʪʦʨʝ ʚʳʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʘ ʚʭʦʜʘ ʠ ʚʝʢʪʦʨʘ ʚʳʭʦʜʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʢʨʠʪʝʨʠʷ ʥʘʙʣʶʜʘʝʤʦʩʪʠ (25). 
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ɺ. ʇ. ʉɽɺɽʈʀʅ, ʃ. ɺ. ʆɺɽʈʔʗʅʆɺɸ, ʆ. ɺ. ʆʄɽʃʔʗʅɽʅʂʆ 

ʋʇʈɸɺʃɽʅʀɽ ʇʆʊʆʂʆʄ ʄʆʑʅʆʉʊʀ ɺ ʊʗɻʆɺʆʄ ʇʈʀɺʆɼɽ ʕʃɽʂʊʈʆʇʆɽɿɼɸ ʇʈʀ 

ʇʀʊɸʅʀʀ ʆʊ ʂʆʅʊɸʂʊʅʆʁ ʉɽʊʀ ʀ ʀʅɽʈʎʀʆʅʅʓʍ ʅɸʂʆʇʀʊɽʃɽʁ ʕʅɽʈɻʀʀ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʛʦʨʦʜʥʳʡ ʵʣʝʢʪʨʦʧʦʝʟʜ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ ʪʷʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʠ ʙʦʨʪʦʚʳʤʠ ʥʘʢʦʧʠʪʝʣʷʤʠ ʵʥʝʨʛʠʠ. ʇʨʝʜʣʦʞʝʥʘ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʪʦʢʦʤ ʤʦʱʥʦʩʪʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʪʷʛʦʚʦʤ ʧʨʠʚʦʜʝ ʩ ʥʘʢʦʧʠʪʝʣʝʤ ʧʨʠ ʧʠʪʘʥʠʠ ʦʪ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ. ʇʦʢʘʟʘʥʘ 

ʩʪʨʘʪʝʛʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʤʧʝʥʩʘʮʠʠ ʠʟʣʠʰʢʦʚ ʠʣʠ ʥʝʭʚʘʪʢʠ ʤʦʱʥʦʩʪʠ ʪʷʛʦʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʟʘ ʩʯʝʪ 
ʫʧʨʘʚʣʝʥʠʷ ʪʦʢʦʤ ʥʘʢʦʧʠʪʝʣʷ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʤʦʱʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʨʝʢʫʧʝʨʠʨʦʚʘʪʴ ʵʥʝʨʛʠʶ ʚ ʥʘʢʦʧʠʪʝʣʴ ʜʦ 

ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʵʣʝʢʪʨʦʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʛʦʨʦʜʥʳʡ ʵʣʝʢʪʨʦʧʦʝʟʜ, ʘʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʠʥʝʨʮʠʦʥʥʳʡ ʥʘʢʦʧʠʪʝʣʴ 
ʵʥʝʨʛʠʠ, ʪʷʛʦʚʳʡ ʠʥʚʝʨʪʦʨ, DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ. 

ɺʚʝʜʝʥʠʝ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤʳ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ 

ʥʘ ʙʦʨʪʫ ʵʣʝʢʪʨʦʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʕʇʉ).  

ɼʣʷ ʧʠʪʘʥʠʷ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʘ ʩ ʥʘʢʦʧʠʪʝʣʝʤ 

ʵʥʝʨʛʠʠ (ʅʕ) ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥ 

ʪʦʢ, ʧʦʩʪʫʧʘʶʱʠʡ ʢʘʢ ʦʪ ʪʦʢʦʧʨʠʝʤʥʠʢʘ, ʪʘʢ ʠ ʦʪ 

ʙʦʨʪʦʚʦʛʦ ʅʕ. ʕʥʝʨʛʠʷ ʨʝʢʫʧʝʨʘʮʠʠ ʚʦ ʚʨʝʤʷ 

ʪʦʨʤʦʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʚʨʘʱʝʥʘ ʚ ʢʦʥʪʘʢʪʥʫʶ 

ʩʝʪʴ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘʥʘ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʅʕ. ʇʨʠ 

ʨʘʙʦʪʝ ʕʇʉ ʩʦʛʣʘʩʥʦ ʩʠʪʫʘʮʠʠ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʠʟʤʝʥʷʪʴʩʷ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʤʝʞʜʫ 

ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʴʶ ʠ ʙʦʨʪʦʚʳʤ ʅʕ. 

ʅʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʩʭʝʤʳ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʘ 

ʕʇʉ ʩ ʅʕ ʙʝʟ ʫʯʘʩʪʠʷ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʠ ʦʧʨʝʜʝʣʝʥʘ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ [1]. ʇʦ-

ʩʢʦʣʴʢʫ ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩʳ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʷʚʣʷʶʪʩʷ 

ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ʙʦʣʝʝ ʦʙʱʝʛʦ ʧʨʦʮʝʩʩʘ, ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʭʝʤʫ ʩ ʫʯʘʩʪʠʝʤ ʢʦʥʪʘʢʪʥʦʡ 

ʩʝʪʠ ʠ ʧʨʝʜʣʦʞʠʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ 

ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʪʷʛʦʚʳʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝ-

ʣʷʤʠ, ʅʕ ʠ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʴʶ. 

ʂʦʥʮʝʧʮʠʷ ʕʇʉ ʩ ʅʕ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ 

ʵʣʝʢʪʨʦʧʦʝʟʜʘ ʨʘʩʩʤʦʪʨʝʥ ʯʝʪʳʨʝʭʚʘʛʦʥʥʳʡ 

ʵʣʝʢʪʨʦʧʦʝʟʜ ʩʦʯʣʝʥʥʝʥʥʦʛʦ ʪʠʧʘ ʜʣʷ ʧʨʠʛʦʨʦʜʥʦʛʦ 

ʩʦʦʙʱʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʜʚʘ ʚʘʛʦʥʘ ʤʦʪʦʨʥʳʭ ʠ ʜʚʘ 

ʧʨʠʮʝʧʥʳʭ (ʨʠʩ. 1). ʂʦʥʮʳ ʩʤʝʞʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʚʘʛʦʥʦʚ ʵʪʦʛʦ ʵʣʝʢʪʨʦʧʦʝʟʜʘ ʜʦʣʞʥʳ ʦʧʠʨʘʪʴʩʷ ʥʘ 

ʪʝʣʝʞʢʠ ʗʢʦʙʩʘ, ʘ ʛʦʣʦʚʥʳʝ ʯʘʩʪʠ ʢʦʥʮʝʚʳʭ ʚʘʛʦʥʦʚ ï 

ʥʘ ʦʙʳʯʥʳʝ ʜʚʫʭʦʩʥʳʝ ʤʦʪʦʨʥʳʝ ʪʝʣʝʞʢʠ. ʉʠʩʪʝʤʘ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 3300 ɺ. ʂʦʣʠ-

ʯʝʩʪʚʦ ʪʷʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ï 4. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦ-

ʨʦʩʪʴ ʧʦʝʟʜʘ ï 120 ʢʤ/ʯ. 

 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʘʟʦʚʦʛʦ ʧʦʝʟʜʘ 

ɺ ʩʠʩʪʝʤʝ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʧʨʝʜʫʩʤʦʪʨʝʥ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʠʥʝʨʮʠʦʥʥʳʡ 

ʥʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʚ ʨʝʞʠʤʝ ʪʦʨʤʦʞʝʥʠʷ 

ʟʘʧʘʩʘʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʧʦʝʟʜʘ, ʯʪʦʙʳ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠ ʨʘʟʛʦʥʝ ʚʳʜʘʚʘʪʴ ʝʝ ʚ ʪʷʛʦʚʫʶ ʮʝʧʴ 

ʢʘʢ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʴʶ, ʪʘʢ ʙʝʟ ʝʝ ʫʯʘʩʪʠʷ. 

ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʨʝʞʠʤʳ ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ ʜʣʷ 

ʵʣʝʢʪʨʦʧʦʝʟʜʦʚ ʧʨʠʛʦʨʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʰʪʘʪʥʳʤʠ, ʵʬʬʝʢʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ 

ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʥʘʢʦʧʠʪʝʣʷ ʚʧʦʣʥʝ ʦʞʠʜʘʝʤ. 

ʉʭʝʤʘ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʕʇʉ ʩ ʅʕ. 

ʊʷʛʦʚʘʷ ʮʝʧʴ. ʊʷʛʦʚʳʡ ʧʨʠʚʦʜ ʵʣʝʢʪʨʦʧʦʝʟʜʘ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʠʜʝʥʪʠʯʥʳʭ ʪʷʛʦʚʳʭ ʘʛʨʝʛʘʪʦʚ, 

ʧʦʣʫʯʘʝʪ ʧʠʪʘʥʠʝ ʯʝʨʝʟ ʘʧʧʘʨʘʪʫʨʫ ʟʘʱʠʪʳ ʦʪ ʦʜʥʦʛʦ 

ʠʟ ʜʚʫʭ ʪʦʢʦʧʨʠʝʤʥʠʢʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʢʘʙʝʣʝʤ. ʊʷʛʦʚʳʡ ʘʛʨʝʛʘʪ, ʩʭʝʤʘ 

ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2, ʩʦʜʝʨʞʠʪ ʜʚʝ ʧʘʨʘʣ-

ʣʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ ʮʝʧʠ. ʂʘʞʜʳʡ ʠʟ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʝʡ ʠʤʝʝʪ ʧʨʷʤʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʢʦʥʪʘʢʪʥʦʡ 

ʩʝʪʠ ʯʝʨʝʟ ʚʭʦʜʥʦʡ ʬʠʣʴʪʨ. 

ʈʝʚʝʨʩʠʚʥʳʡ ʧʦʚʳʰʘʶʱʝ-ʧʦʥʠʞʘʶʱʠʡ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʴ (DC-DC ï chopper), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʝʨʝʜ 

ʥʘʢʦʧʠʪʝʣʝʤ ʵʥʝʨʛʠʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʳʨʝʭ-

ʢʚʘʜʨʘʥʪʥʳʡ ʦʙʨʘʪʠʤʳʡ ʢʦʥʚʝʨʪʦʨ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʘʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʚ 3ï4 ʝʜʠʥʠʮʳ [2]. 

ʊʷʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ ʤʦʤʝʥʪʘ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʚʪʦ-

ʥʦʤʥʳʡ ʠʥʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ (ɸʀʅ) ʩ ʰʠʨʦʪʥʦ-

ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʝʡ (ʐʀʄ), ʩʦʟʜʘʥʥʳʡ ʥʘ ʙʘʟʝ 

ʙʠʧʦʣʷʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʟʘʪʚʦʨʦʤ 

(IGBT). ʆʩʥʦʚʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʪʷʛʦ-

ʚʦʛʦ ʧʨʠʚʦʜʘ ʷʚʣʷʶʪʩʷ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ. ɸʀʅ 

ʩ ʢʦʥʚʝʨʪʦʨʦʤ ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ, ʯʪʦʙʳ ʨʘʩʧʨʝ-

ʜʝʣʷʪʴ ʧʦʪʦʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʧʨʠʚʦʜ ʠ 

ʭʨʘʥʝʥʠʝ. ʇʨʦʮʝʩʩʳ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ ʥʘʢʦʧʠʪʝʣʷ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʥʝʤ ʦʢʦʣʦ 1000 ɺ 

ʠ ʥʘʧʨʷʞʝʥʠʠ ʚ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ 3300 ɺ. ʃʶʙʳʝ 

ʠʟʣʠʰʢʠ ʠʣʠ ʥʝʜʦʩʪʘʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʫʨʦʚʥʷ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʚ ʪʝʢʫʱʝʡ ʪʦʯʢʝ ʪʷʛʦʚʦʡ ʩʝʪʠ, ʙʫʜʫʪ 

ʩʥʷʪʳ ʩ ʥʘʢʦʧʠʪʝʣʷ ʠʣʠ ʧʝʨʝʜʘʥʳ ʚ ʥʝʛʦ ʢʦʥʚʝʨʪʦʨʦʤ 

ʧʦ ʩʠʛʥʘʣʫ ʮʝʧʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʡ ʩʭʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʦʝʟʜʘʭ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʠʥʚʝʨʪʦʨʘʤʠ. 
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ʈʠʩ. 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʷʛʦʚʦʛʦ ʘʛʨʝʛʘʪʘ: 

ʂ1, ʂ2 ï ʢʣʶʯʠ; Lin, Lch, Cin, Cch1, Cch2 ï ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʝʤʢʦʩʪʠ ʩʝʪʝʚʳʭ ʬʠʣʴʪʨʦʚ; 

Lnch, Rnch ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ DC-DC ʩhopper; 

en, Ln, Rn ï ʕɼʉ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʢʦʧʠʪʝʣʷ 

ʋʩʪʨʦʡʩʪʚʦ ʙʦʨʪʦʚʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ. ʇʨʠ 

ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʨʦʡʩʪʚʘ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ, 

ʙʳʣʦ ʫʯʪʝʥʦ ʟʥʘʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʝʟʜʘ. 

ɼʣʷ ʧʨʠʛʦʨʦʜʥʦʛʦ ʧʦʝʟʜʘ ʩ ʯʝʪʳʨʴʤʷ ʚʘʛʦʥʘʤʠ ï 

ʜʚʫʤʷ ʤʦʪʦʨʥʳʤʠ ʠ ʜʚʫʤʷ ʧʨʠʮʝʧʥʳʤʠ ï ʨʝʢʫ-

ʧʝʨʘʪʠʚʥʦʝ ʪʦʨʤʦʞʝʥʠʝ ʦʪ ʩʢʦʨʦʩʪʠ 70 ʢʤ/ʯ ʜʦ 

ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʪʦʨʥʦʛʦ 

ʚʘʛʦʥʘ ʩ ʵʥʝʨʛʠʝʡ ʦʙʤʝʥʘ 12 Mɼʞ ʧʨʠ ʤʦʱʥʦʩʪʠ 

500 ʢɺʪ. 

ʅʘʢʦʧʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʤʘʭʦ-

ʚʠʢʘ (ʘʢʢʫʤʫʣʷʪʦʨʘ) ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʵʥʝʨʛʠʠ (ʉʕʄʇʕ) ʚ ʚʠʜʝ ʦʙʨʘ-

ʱʝʥʥʦʡ ʤʘʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʦʪ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʢʦʤʤʫ-

ʪʘʪʦʨʦʤ [3]. 

ʇʨʠ ʪʦʨʤʦʞʝʥʠʠ ʵʣʝʢʪʨʦʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʵʥʝʨʛʠʷ ʟʘʤʝʜʣʝʥʠʷ ʝʛʦ ʤʘʩʩʳ ʧʨʝʦʙʨʘʟʫʝʪʩʷ 

ʥʘʢʦʧʠʪʝʣʝʤ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚʨʘʱʝʥʠʷ 

ʤʘʭʦʚʠʢʘ, ʘ ʧʨʠ ʨʘʟʛʦʥʝ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʤʘʭʦʚʠʢʘ ʧʝʨʝʜʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʘ, 

ʥʘʛʨʫʟʢʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʤʘʩʩʘ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ. 

ʂʦʛʜʘ ʉʕʄʇʕ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʜʚʠʛʘʪʝʣʷ, 

ʥʘʢʦʧʠʪʝʣʴ ʟʘʧʘʩʘʝʪ ʵʥʝʨʛʠʶ, ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘʢʦʧʠʪʝʣʴ ʚʳʜʘʝʪ ʵʥʝʨʛʠʶ, 

ʢʦʛʜʘ ʉʕʄʇʕ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩʥʠʞʘʝʪʩʷ. ʋʨʦʚʝʥʴ 

ʟʘʧʘʩʝʥʥʦʡ ʥʘʢʦʧʠʪʝʣʝʤ ʵʥʝʨʛʠʠ ʟʘʚʠʩʠʪ ʦʪ ʤʦʤʝʥʪʘ 

ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ ʠ ʯʘʩʪʦʪʳ ʝʛʦ ʚʨʘʱʝʥʠʷ. ʋʨʦʚʝʥʴ 

ʤʦʱʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʉʕʄʇʕ, ʘ 

ʪʘʢʞʝ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ï ʢʘʢ ʢʦʤʤʫʪʘʪʦʨʦʤ 

ʉʕʄʇʕ, ʪʘʢ ʠ ʦʙʱʝʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʥʘʢʦ-

ʧʠʪʝʣʝʤ. 

ʆʧʠʩʘʥʥʘʷ ʚʳʰʝ ʩʭʝʤʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʷʛʠ ʪʦʢ, ʧʦʩʪʫʧʘʶʱʠʡ 

ʢʘʢ ʠʟ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ, ʪʘʢ ʠ ʦʪ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ. 

ʇʨʠ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʷ ʪʦʨʤʦʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʚʦʟʚʨʘʱʝʥʘ ʚ ʢʦʥʪʘʢʪʥʫʶ ʩʝʪʴ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʟʘʧʘʩʝʥʘ ʚ ʥʘʢʦʧʠʪʝʣʝ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ 

ʧʨʠʚʦʜ ʠ ʭʨʘʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʚʢʣʶʯʝʥʠʷ ʠʥʚʝʨʪʦʨʘ ʪʷʛʠ ʠ ʨʝʚʝʨʩʠʚʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʜʚʫʩʪʦʨʦʥʥʝʝ 

ʧʨʦʪʝʢʘʥʠʝ ʪʦʢʘ. ʈʝʘʣʠʟʦʚʘʪʴ ʵʪʦ ʚʦʟʤʦʞʥʦ 

ʩʧʝʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʠʩʢʣʶʯʠʪ ʧʨʠʪʦʢ ʵʥʝʨʛʠʠ ʦʪ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ 

ʢ ʥʘʢʦʧʠʪʝʣʶ ʧʨʠ ʨʝʢʫʧʝʨʘʮʠʠ, ʠ ʝʝ ʦʪʪʦʢ ʦʪ 

ʥʘʢʦʧʠʪʝʣʷ ʚ ʢʦʥʪʘʢʪʥʫʶ ʩʝʪʴ ʚ ʨʝʞʠʤʝ ʪʷʛʠ. 

ʊʨʝʙʫʝʤʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʟʘ ʩʯʝʪ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ 

ʥʘʧʨʷʞʝʥʠʡ ʠʥʚʝʨʪʦʨʘ ʪʷʛʠ ʠ ʨʝʚʝʨʩʠʚʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʢʘ 

ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ [4]. ʇʦʜʦʙʥʳʡ ʧʨʠʥʮʠʧ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʮʠʦʥʘʣʴʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʧʦʪʦʢʠ 

ʵʥʝʨʛʠʠ ʢʘʢ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʘ 

ʦʪʜʝʣʴʥʦʛʦ ʧʦʝʟʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʝʛʦ 

ʥʘʭʦʞʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ, ʪʘʢ ʠ 

ʧʨʠ ʚʳʙʝʛʝ ʠʣʠ ʪʦʨʤʦʞʝʥʠʠ ʜʨʫʛʠʭ ʧʦʝʟʜʦʚ, ʥʘʭʦ-

ʜʷʱʠʭʩʷ ʥʘ ʵʪʦʡ ʟʦʥʝ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʧʨʠ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʠ ʠ ʨʝʢʫʧʝʨʘʮʠʠ. 

ʈʘʙʦʪʘ ʩʭʝʤʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʕʇʉ ʩ ʅʕ ʧʨʠ 

ʦʪʢʣʶʯʝʥʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ. 

ʅʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ 

ʨʘʩʩʤʦʪʨʝʥ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʦʥʪʘʢʪʥʘʷ ʩʝʪʴ ʥʝ 

ʧʨʠʥʠʤʘʣʘ ʫʯʘʩʪʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ 

ʤʝʞʜʫ ʥʘʢʦʧʠʪʝʣʝʤ ʠ ʪʷʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ. ʇʨʠ 

ʵʪʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʦʙʤʝʥʘ 

ʵʥʝʨʛʠʝʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʪʨʝʤ ʢʘʥʘʣʘʤ ʩ ʧʦʤʦʱʴʶ 

ɸʀʅ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʫʪʝʤ ʐʀʄ, ʚʥʫʪʨʝʥʥʠʤ 

ʢʦʤʤʫʪʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʥʘʢʦʧʠʪʝʣʷ ʠ ʢʦʥ-

ʚʝʨʪʦʨʦʤ ʅʕ ʧʨʠ ʝʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʫʱʝʥʠʷ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ 

ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʥʘ ʚʭʦʜʝ ʚ ʘʚʪʦʥʦʤʥʳʡ ʠʥʚʝʨʪʦʨ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʢʦʥʚʝʨʪʦʨ ï ʩʫʪʴ ʦʜʥʠ ʠ ʪʝ ʞʝ 

ʚʝʣʠʯʠʥʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʦʚ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. 

ʇʨʠ ʪʦʨʤʦʞʝʥʠʠ (ʨʝʢʫʧʝʨʘʮʠʷ): 
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ʛʜʝ  in ï ʪʦʢ ʚ ʮʝʧʠ ʥʘʢʦʧʠʪʝʣʴ-ʜʚʠʛʘʪʝʣʴ; 

Uz ï ʥʘʧʨʷʞʝʥʠʝ ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ; 

k ï ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ ʢʦʥʚʝʨʪʦʨʘ; 

vps ï ʩʢʦʨʦʩʪʴ ʕʇʉ; 

wn ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʅʕ; 

ɖdv, ɖpr, ɖch, ɖn ï ʢ.ʧ.ʜ. ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʪʷʛʦʚʦʡ 

ʧʝʨʝʜʘʯʠ, ʢʦʥʚʝʨʪʦʨʘ ʠ ʥʘʢʦʧʠʪʝʣʷ; 

mps ï ʤʘʩʩʘ ʕʇʉ; 

Bsr ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʅʕ; 

Cen, Cmn ï ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ ʅʕ; 

J ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʅʕ; 

fw ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʕʇʉ; 

Kv, Kw ï ʢʦʵʬʬʠʮʠʝʥʪʳ: 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʙʦʪʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʷʛʦʚʦʛʦ ʧʨʠ-

ʚʦʜʘ ʚ ʨʝʞʠʤʘʭ ʪʦʨʤʦʞʝʥʠʷ ʠ ʨʘʟʛʦʥʘ, ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 3. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ 

ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʢʘʥʘʣʘʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʢʦʧʠʪʝʣʴ 

ʫʪʠʣʠʟʠʨʫʝʪ ʧʦʨʷʜʢʘ 60% ʵʥʝʨʛʠʠ ʪʦʨʤʦʞʝʥʠʷ ʕʇʉ. 

ɼʦ 47% ʵʪʦʡ ʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʪʦʨʥʦ ʧʨʠ 

ʨʘʟʛʦʥʝ ʧʦʝʟʜʘ. ɺ ʠʪʦʛʝ ʥʘ ʢʘʞʜʦʤ ʮʠʢʣʝ çʪʦʨʤʦʞʝ-

ʥʠʝ ï ʩʪʦʷʥʢʘ ï ʨʘʟʛʦʥè ʵʢʦʥʦʤʠʪʩʷ ʜʦ 28% ʵʥʝʨʛʠʠ. 

ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʧʦʚʳ-

ʩʠʪʴ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʤʦʱʥʦʩʪʠ ʚ ʪʷʛʦʚʦʤ ʧʨʠʚʦʜʝ 

ʧʨʠ ʫʯʘʩʪʠʠ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ. 

ʈʘʙʦʪʘ ʩʭʝʤʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʕʇʉ ʩ ʅʕ ʧʨʠ 

ʧʦʜʢʣʶʯʝʥʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʭʝʤʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʠʪʘʥʠʝ 

ʪʛ̫ʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʪ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ 

ʠ ʅʕ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʙʳ ʥʝ ʠʤʝʣʘ ʧʨʦʙʣʝʤ ʩ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʙʳʣʘ ʥʘʜʝʞʥʘ ʚ 

ʦʙʩʣʫʞʠʚʘʥʠʠ (ʨʠʩ. 4). 

ʆʩʥʦʚʥʘʷ ʩʪʨʘʪʝʛʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʩʪʦʠʪ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʤʧʝʥʩʘʮʠʠ ʠʟʣʠʰʢʦʚ ʠʣʠ 

ʥʝʭʚʘʪʢʠ ʤʦʱʥʦʩʪʠ ʠʥʚʝʨʪʦʨʘ ʪʷʛʠ ʟʘ ʩʯʝʪ ʫʧʨʘʚʣʝʥʠʷ 

ʪʦʢʦʤ ʥʘʢʦʧʠʪʝʣʷ ʧʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ 

ʠʥʚʝʨʪʦʨʘ ʪʷʛʠ ʠ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜʝ 

ʢʦʥʚʝʨʪʦʨʘ uch. 

 

ʈʠʩ. 3 ï ʇʨʦʮʝʩʩʳ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʚ ʪʷʛʦʚʦʤ ʧʨʠʚʦʜʝ: 

Wps ï ʵʥʝʨʛʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ; Wn ï ʵʥʝʨʛʠʷ ʥʘʢʦʧʠʪʝʣʷ; 

Pʢ ï ʤʦʱʥʦʩʪʴ ʥʘ ʢʦʣʝʩʝ; Pn ï ʤʦʱʥʦʩʪʴ ʥʘʢʦʧʠʪʝʣʷ 

ʕʪʘ ʩʭʝʤʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʨʝʦʙʨʘʟʦʚʘʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʤ ʟʚʝʥʦʤ 

PI ʨʘʟʥʠʮʫ ʪʦʢʘ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ itppp iii lim-=D
 ʚʦ 

ʚʭʦʜʥʦʝ ʧʦʨʦʛʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʢʦʥʚʝʨʪʦʨʘ uch*, ʤʳ 

ʤʦʞʝʤ ʫʧʨʘʚʣʷʪʴ ʵʪʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʧʦ ʪʦʢʫ 

ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ip. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʦʪʪʦʢ ʪʦʢʘ ʠʟ ʅʕ ʚ ʢʦʥʪʘʢʪʥʫʶ ʩʝʪʴ ʚ 

ʨʝʞʠʤʝ ʪʷʛʠ ʠʣʠ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʧʨʠʪʦʢ ʪʦʢʘ ʠʟ 

ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʢ ʅʕ ʚ ʨʝʞʠʤʝ ʨʝʢʫʧʝʨʘʮʠʠ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʪʦʢʝ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ, ʙʫʜʫʯʠ 

ʢʦʨʨʝʢʪʠʨʫʝʤʦʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʩʪʚʦ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʥʝʞʝʣʘʪʝʣʴʥʳʝ 

ʧʝʨʝʪʦʢʠ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʴʶ ʠ ʅʕ. ʇʨʠ 

ʨʘʚʝʥʩʪʚʝ ʦʛʨʘʥʠʯʠʪʝʣʷ ʪʦʢʘ ʚ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʥʫʣʶ 

( )0lim =itpi  
0²pi  ï ʦʪʪʦʢ ʤʦʱʥʦʩʪʠ ʦʪ ʥʘʢʦʧʠʪʝʣʷ ʢ 

ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʚ ʨʝʞʠʤʝ ʪʷʛʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʧʨʠ 

0¢pi  ï ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʠʪʦʢ ʤʦʱʥʦʩʪʠ ʦʪ ʢʦʥʪʘʢʪʥʦʡ 

ʩʝʪʠ ʢ ʅʕ ʚ ʨʝʞʠʤʝ ʨʝʢʫʧʝʨʘʮʠʠ. 

ʊʨʝʙʫʝʤʳʡ ʧʝʨʝʪʦʢ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʢʦʥʪʘʢʪʥʦʡ 

ʩʝʪʴʶ ʠ ʥʘʢʦʧʠʪʝʣʝʤ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʧʫʪʝʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʢʦʥʚʝʨʪʦʨʘ uch* ʠ ʦʛʨʘʥʠʯʠʪʝʣʷ ʪʦʢʘ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ 

itpi lim . 

ʈʘʙʦʪʘ ʢʦʥʚʝʨʪʦʨʘ ʥʝ ʩʚʷʟʘʥʘ ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʦʢʦʧʨʠʝʤʥʠʢʝ. ʇʨʠ ʦʛʨʘʥʠʯʝʥʠʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʪʦʢʘ ʥʘʢʦʧʠʪʝʣʷ in 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʙʤʝʥʫ ʤʦʱʥʦʩʪʠ 

ʤʝʞʜʫ ʥʘʢʦʧʠʪʝʣʝʤ ʠ ʠʥʚʝʨʪʦʨʦʤ ʪʷʛʠ, ʠ ʪʦʣʴʢʦ 

ʠʟʣʠʰʝʢ ʠʣʠ ʥʝʭʚʘʪʢʘ ʵʪʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʝʝ 

ʧʝʨʝʪʦʢʘʤ ʤʝʞʜʫ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʴʶ ʠ ʠʥʚʝʨʪʦʨʦʤ 

ʪʷʛʠ. 
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ʈʠʩ.4 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʘ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʕʇʉ ʩ ʅʕ 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʜʝʥʠʝ ʚ 

ʝʛʦ ʪʷʛʦʚʳʡ ʧʨʠʚʦʜ ʙʦʨʪʦʚʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ. 

ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ 

ʪʨʝʙʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʠʩʢʣʶʯʠʪ ʧʨʠʪʦʢ ʵʥʝʨʛʠʠ ʦʪ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʢ 

ʥʘʢʦʧʠʪʝʣʶ ʧʨʠ ʨʝʢʫʧʝʨʘʮʠʠ, ʠ ʝʝ ʦʪʪʦʢ ʦʪ 

ʥʘʢʦʧʠʪʝʣʷ ʚ ʢʦʥʪʘʢʪʥʫʶ ʩʝʪʴ ʚ ʨʝʞʠʤʝ ʪʷʛʠ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʠʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʢʫʧʝʨʘʮʠʶ ʜʦ ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 1. ʆʤʝʣʴʷʥʝʥʢʦ ɺ. ʀ. ʇʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʙʦʨʪʦʚʦʛʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉʇɸɼɸʖʑɽɻʆ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʉʆʃɽʅʆʀɼɸ ɼʃʗ ʋʇʈɸɺʃɽʅʀʗ 

ʇɸʈɸʄɽʊʈɸʄʀ ʕʃɽʂʊʈʆʅʅʆɻʆ ʇʋʏʂɸ, ʌʆʈʄʀʈʋɽʄʆɻʆ ʄɸɻʅɽʊʈʆʅʅʆʁ ʇʋʐʂʆʁ 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʫʧʨʘʚʣʝʥʠʶ ʨʘʜʠʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʤʘʛʥʝʪʨʦʥʥʦʡ ʧʫʰʢʦʡ 

ʩ ʚʪʦʨʠʯʥʦʵʤʠʩʩʠʦʥʥʳʤ ʢʘʪʦʜʦʤ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʵʣʝʢʪʨʦʥʦʚ 35é65 ʢʵɺ, ʠ ʠʟʤʝʨʝʥʠʶ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʚ 

ʩʫʤʤʘʨʥʦʤ ʩʧʘʜʘʶʱʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʦʣʝʥʦʠʜʘ ʠ ʧʦʣʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʘʛʥʠʪʘ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʜʚʠʞʝʥʠʷ ʪʨʫʙʯʘʪʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʛʣʘʩʫʪʁʩʷ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ ʤʝʩʪʘ ʧʦʧʘʜʘʥʠʷ ʧʫʯʢʘ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʪʝʥʢʫ ʧʨʠ ʚʘʨʠʘʮʠʠ ʘʤʧʣʠʪʫʜʳ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ, ʤʘʛʥʝʪʨʦʥʥʘʷ ʧʫʰʢʘ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ, 
ʫʧʨʘʚʣʝʥʠʝ ʨʘʜʠʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ. 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʚʥʝʜʨʷʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʫʯʢʦʚʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦʪʦʢʘʤʠ ʵʥʝʨʛʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʢʦʨʠʪʝʣʠ ʠʥʪʝʥʩʠʚʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʫʯʢʦʚ ʩ ʵʥʝʨʛʠʝʡ ʵʣʝʢʪʨʦʥʦʚ 100é400 ʢʵɺ [1, 2]. ɺ 

ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʘʢʪʫʘʣʴʥʳʭ 

ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ ʩ ʮʝʣʴʶ ʠʟʤʝʥʝʥʠʷ ʠʭ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʫʪʝʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʫʯʢʦʤ [3]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʩʪʘʣʝʡ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʧʦʣʫʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪ 2 ʜʦ 5 ʨʘʟ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʨʦʢʘ ʩʣʫʞʙʳ. ʆʙʨʘʙʦʪʢʘ 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʣʦʧʘʪʦʢ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʚ 2ï2,5 ʨʘʟʘ [4]. 

ʈʝʰʝʥʠʝ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʫʯʢʦʤ ʪʨʝʙʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʥʫʞʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʝʛʦ ʧʝʨʝʜʘʯʝ ʚʜʦʣʴ ʢʘʥʘʣʘ 

ʫʩʢʦʨʠʪʝʣʷ.  

ɺ ʅʅʎ ʍʌʊʀ ʙʳʣ ʩʦʟʜʘʥ ʫʩʢʦʨʠʪʝʣʴ ʵʣʝʢʪʨʦʥʦʚ 

[5] ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʝʪʨʦʥʥʦʡ ʧʫʰʢʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʭʦʣʦʜʥʳʤ ʚʪʦʨʠʯʥʦʵʤʠʩʩʠʦʥʥʳʤ ʢʘʪʦʜʦʤ. ʇʨʠʥʮʠʧ 

ʪʘʢʠʭ ʧʫʰʝʢ ʦʩʥʦʚʘʥ ʥʘ ʚʪʦʨʠʯʥʦʵʤʠʩʩʠʦʥʥʦʤ 

ʨʘʟʤʥʦʞʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʦʙʨʘʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʣʘʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʚ 

ʩʢʨʝʱʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʷʭ [3, 5]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ Z  

(ʧʨʷʤʘʷ ʟʘʜʘʯʘ) ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʦʣʝʥʦʠʜʘ (ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ). 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ E, ʥʘʯʠʥʘʶʱʠʭ ʜʚʠʞʝ-

ʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ Z  ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ 0R  

ʦʪ ʥʝʸ. ʏʘʩʪʠʮʳ ʬʦʨʤʠʨʫʶʪʩʷ ʤʘʛʥʝʪʨʦʥʥʦʡ ʧʫʰʢʦʡ ʩ 

ʚʪʦʨʠʯʥʦʵʤʠʩʩʠʦʥʥʳʤ ʢʘʪʦʜʦʤ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʡʩʪʚʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʟʘʜʘʥʥʳʤ ʥʘʙʦʨʦʤ ʩʦʣʝʥʦʠʜʦʚ. ɺ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʩʦʣʝʥʦʠʜʝ ʧʫʪʝʤ ʚʘʨʠʘʮʠʠ ʪʦʢʘ ʚ ʝʛʦ 

ʦʙʤʦʪʢʝ ʩʦʟʜʘʝʪʩʷ ʛʨʘʜʠʝʥʪ ʧʦʣʷ, ʧʨʠʚʦʜʷʱʠʡ ʢ 

ʠʟʤʝʥʝʥʠʶ ʪʨʘʝʢʪʦʨʠʡ ʯʘʩʪʠʮ. ʄʝʩʪʦ ʜʦʩʪʠʞʝʥʠʷ 

ʟʘʜʘʥʥʦʛʦ ʨʘʜʠʫʩʘ UR  ʬʠʢʩʠʨʫʝʪʩʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ UZ . ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʦʨʜʠʥʘʪʫ UZ  ʢʘʢ ʬʫʥʢʮʠʶ ʟʘʜʘʥʥʦʛʦ ʨʘʜʠʫʩʘ UR .  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʜʠʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʫʯʢʘ ʤʘʛʥʝʪʨʦʥʥʦʡ ʧʫʰʢʦʡ ʩ ʚʪʦʨʠʯʥʦʵʤʠʩʩʠʦʥʥʳʤ 

ʢʘʪʦʜʦʤ ʠ ʠʟʤʝʨʝʥʠʶ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʝ ʧʫʯʢʘ ʚ ʩʧʘʜʘʶʱʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʦʣʝʥʦʠʜʘ 

[3, 5]. ʀʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʥʦʚ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʚʘʢʫʫʤʥʦʤ 

ʦʙʲʝʤʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʤʘʛʥʝʪʨʦʥʥʘʷ ʧʫʰʢʘ ʩ ʜʠʘʤʝʪʨʦʤ ʘʥʦʜʘ 78 ʤʤ 

ʠ ʜʠʘʤʝʪʨʦʤ ʢʘʪʦʜʘ 38 ʤʤ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʣʷ ʛʝʥʝ-

ʨʠʨʦʚʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ 

ʩʦʟʜʘʝʪʩʷ ʩʦʣʝʥʦʠʜʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ 4 ʩʝʢʮʠʡ. ʇʠʪʘ-

ʥʠʝ ʩʝʢʮʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʦʷʥ-

ʥʦʛʦ ʪʦʢʘ. ʈʝʛʫʣʠʨʫʷ ʪʦʢ ʚ ʢʘʞʜʦʡ ʠʟ ʢʘʪʫʰʝʢ, ʤʦʞʥʦ 

ʠʟʤʝʥʷʪʴ ʘʤʧʣʠʪʫʜʫ ʠ ʧʨʦʜʦʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʜʦʣʴ ʦʩʠ ʤʘʛʥʝʪʨʦʥʥʦʡ ʧʫʰʢʠ ʠ 

ʢʘʥʘʣʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʯʢʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫ-

ʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʫʯʢʘ. ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʧʫʯʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʩʠ-

ʩʪʝʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ 14 ʤʝʜʥʳʭ ʢʦʣʝʮ ʩ ʚʥʫʪʨʝʥʥʠʤ 

ʜʠʘʤʝʪʨʦʤ ~66 ʤʤ ʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

~85 ʤʤ ʦʪ ʩʨʝʟʘ ʤʘʛʥʝʪʨʦʥʥʦʡ ʧʫʰʢʠ. ʐʠʨʠʥʘ ʢʦʣʝʮ 

ʩʦʩʪʘʚʠʣʘ 8 ʤʤ, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ï 1,5 ʤʤ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʘʟʠʤʫʪʘʣʴʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʨʘʜʠʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ 11-ʝ ʢʦʣʴʮʦ ʙʳʣʦ 

ʨʘʟʨʝʟʘʥʦ ʥʘ 4 ʠʜʝʥʪʠʯʥʳʭ ʩʝʛʤʝʥʪʘ. ʉʠʩʪʝʤʘ 

ʥʘʭʦʜʠʣʘʩɹ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʤ 

ʩʦʣʝʥʦʠʜʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʦʢʘʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʧʘʜʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʠʜʘ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʨʘʩʩʝʷʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ 

ʩʦʟʜʘʚʘʣʦʩʴ ʢʦʣʴʮʝʚʳʤʠ ʤʘʛʥʠʪʘʤʠ ʠʟ SmCo5, 

ʨʘʟʤʝʱʝʥʥʳʤʠ ʥʘ ʦʩʠ ʩʠʩʪʝʤʳ ʟʘ 14-ʤ ʢʦʣʴʮʦʤ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʝʡ ʢʦʣʴʮʝʚʳʭ ʤʘʛʥʠʪʦʚ ʠ ʩʦʣʝʥʦʠʜʘ 

ʙʳʣʦ ʚʩʪʨʝʯʥʦʝ ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ ʥʘ ʢʘʪʦʜʝ 

30é70 ʢɺ. ɻʨʘʜʠʝʥʪ ʩʧʘʜʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʟʤʝʥʷʣʩʷ 

ʦʪ 50 ʆʝ/ʩʤ ʜʦ 300 ʆʝ/ʩʤ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʛʘʤʠʣʴʪʦʥʠʘʥʘ, ʢʦʪʦʨʳʡ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ),,( Jzr  ʠʤʝʝʪ 

ʚʠʜ  
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H zr , (1) 

ʛʜʝ 0e , m ï ʟʘʨʷʜ ʠ ʤʘʩʩʘ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ; rp , zp , 

Jp  ï ʢʘʥʦʥʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ; A  ï ʤʘʛʥʠʪʥʳʡ 

ʧʦʪʝʥʮʠʘʣ.  

ɼʘʥʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩ ʫʯʝʪʦʤ 

ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʧʦʢʘ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ 

, ʛʜʝ  ï ʬʫʥʢʮʠʷ ʧʨʦʜʦʣʴʥʦʡ 

ʢʦʦʨʜʠʥʘʪʳ;  ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʚʳʙʨʘʥʥʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ. ʌʫʥʢʮʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢ ʠʟ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʦʧʫʱʝʥʠʡ, ʪʘʢ ʠ ʥʘ ʦʩʥʦʚʝ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʇʨʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʰʘʛʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʢʘʞʜʳʡ ʨʘʟ ʜʣʷ ʪʝʢʫʱʝʡ ʢʦʦʨʜʠʥʘʪʳ  

ʟʘʜʘʚʘʪʴ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʬʫʥʢʮʠʠ , ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʝ ʝʸ ʧʨʦʠʟʚʦʜʥʦʡ . 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʬʦʨʤʫʣʠʨʦʚʢʘ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʡ ʚʤʝʩʪʝ ʩ ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ, ʚʢʣʶʯʘʶʱʠʤ ʤʘʛʥʠʪ-

ʥʳʡ ʧʦʪʝʥʮʠʘʣ , ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʦ ʧʦʩʪʨʦʝʥʠʠ ʪʨʘʝʢʪʦʨʠʠ 

ʯʘʩʪʠʮʳ ʠ, ʪʝʤ ʩʘʤʳʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʦ 

ʜʠʥʘʤʠʢʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʮʝ-

ʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʝʛʫʣʠʨʫʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ (ʩʤ. ʨʠʩ. 1), ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʫʧʨʘʚʣʷʪʴ 

ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʫʯʢʘ. 

ɼʣʷ ʢʘʥʦʥʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ , ,  

ʟʘʧʠʰʝʤ:    ʛʜʝ ʪʦʯʢʦʡ 

ʥʘʜ ʧʝʨʝʤʝʥʥʳʤʠ ʦʙʦʟʥʘʯʝʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ 

ʪʝʢʫʱʝʤʫ ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴʟʫʝʤ ʛʘʤʠʣʴʪʦʥʦʚʫ ʬʦʨʤʫ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʜʣʷ ʢʦʦʨʜʠʥʘʪ ʠ ʠʤʧʫʣʴʩʦʚ 

ʵʣʝʢʪʨʦʥʘ, ʠʤʝʶʱʠʭ ʦʙʱʠʡ ʚʠʜ 

  (2) 

ʕʪʦ ʜʘʝʪ 

  (3) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ (3) ʧʦʣʫʯʘʝʤ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʢʦʦʨʜʠʥʘʪ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʘʥʦʥʠʯʝʩʢʠʭ 

ʠʤʧʫʣʴʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʳʙʠʨʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʩʪʦʷʥ-

ʥʦʡ ʘʤʧʣʠʪʫʜʳ  ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣ̫ ʥʘ ʦʩʠ ʩʦʣʝʥʦʠʜʘ, ʥʘʧʨʠʤʝʨ, ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʇʨʠʤʝʤ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝ-

ʥʠʡ (3) ʬʠʛʫʨʠʨʫʶʪ ʚʝʣʠʯʠʥʳ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʦʪ-

ʣʠʯʘʶʪʩʷ ʥʘ ʤʥʦʛʠʝ ʧʦʨʷʜʢʠ. ʉ ʮʝʣʴʶ ʫʨʘʚʥʦʚʝʩʠʪʴ 

ʵʪʠ ʜʝʩʷʪʠʯʥʳʝ ʧʦʨʷʜʢʠ ʧʝʨʝʡʜʝʤ, ʠʩʧʦʣʴʟʫʷ ʩʢʦ-

ʨʦʩʪʴ ʩʚʝʪʘ , ʦʪ ʪʝʢʫʱʝʛʦ ʚʨʝʤʝʥʠ  ʢ ʧʝʨʝʤʝʥʥʦʡ 

. ʕʪʫ ʧʝʨʝʤʝʥʥʫʶ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ 

ʧʨʦʡʜʝʥʥʳʡ ʧʫʪʴ ʯʘʩʪʠʮʝʡ, ʘ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ  

ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʰʪʨʠʭʦʤ. ʂʨʦʤʝ ʵʪʦʛʦ, ʜʣʷ ʢʘʥʦʥʠ-

ʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ , ,  ʦʩʫʱʝʩʪʚʠʤ ʟʘʤʝʥʫ 

, , . ʂ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʤ ʫʨʘʚʥʝʥʠʷʤ (3) ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʦʝʜʠʥʠʪʴ 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ , , , ʘ ʪʘʢʞʝ ʜʣʷ , 

, . ɺ ʢʘʞʜʦʡ ʠʟ ʩʪʨʦʢ ʩʠʩʪʝʤʳ (3) ʤʦʞʥʦ ʚʳʜʝ-

ʣʠʪʴ ʣʘʨʤʦʨʦʚʩʢʠʡ ʤʥʦʞʠʪʝʣʴ , ʘ ʪʘʢʞʝ 

 ï ʬʫʥʢʮʠʶ ʧʨʦʜʦʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ,  ï ʬʫʥʢʮʠʶ, ʦʧʠʩʳʚʘʶʱʫʶ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʜʦʣʴ ʦʩʠ . ɸʤʧʣʠʪʫʜʫ  

ʫʜʦʙʥʦ ʦʜʠʥ ʨʘʟ ʚʳʙʨʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʦʞʥʦ 

ʙʳʣʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ  ʥʘ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ 

ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ . ʂʨʦʤʝ ʪʦʛʦ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʳ ʬʫʥʢ-

ʮʠʠ  ʠ , ʦʧʠʩʳʚʘʶʱʠʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʥʘ ʦʩʠ ʩʦʣʝʥʦʠʜʘ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʝʛʦ 

ʙʝʟʫʩʣʦʚʥʫʶ ʩʭʦʜʠʤʦʩʪʴ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʙʳʩʪ-

ʨʦʪʫ ʝʛʦ ʚʨʝʤʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙ  rʧʨʦ-

ʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʯʘʩʪʠʮ (ʧʦʨʷʜʢʘ 1000).  

ʋʩʪʦʡʯʠʚʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ 

ʩʚʷʟʘʥʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʰʘʛʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

 ʠ ʣʘʨʤʦʨʦʚʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ . ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʫʩʣʦʚʠʷ  ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʩʭʦʜʠʤʦʩʪʴ ʯʠʩʣʝʥ-

ʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (3) ʢ ʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʘʥʘ-

ʣʦʛʫ. ʇʦʩʢʦʣʴʢʫ =586.69, ʪʦ ʧʨʠ  ʊʣ, 

ʧʦʣʫʯʠʤ =117.34 ʤ . ʊʦʛʜʘ ʫʩʣʦʚʠʝ 

 ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ, ʝʩʣʠ  ʤ. 

ʊʝʧʝʨʴ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʟʘʜʘʯʘ ʤʦʞʝʪ 

ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʢʘʢ ʟʘʜʘʯʘ ʂʦʰʠ, ʪ.ʝ. ʟʘʜʘʯʘ 

ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʡ ʫʨʘʚʥʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʥʘʯʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʪʨʘʝʢʪʦʨʠʷ 

ʵʣʝʢʪʨʦʥʘ (ʧʫʯʦʢ ʪʘʢʠʭ ʪʨʘʝʢʪʦʨʠʡ), ʦʪʚʝʯʘʶʱʠʡ 

ʤʥʦʞʝʩʪʚʫ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʇʦʪʨʝʙʦʚʘʚ ʚʳʧʦʣʥʝ-

ʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ (ʥʘʧʨʠʤʝʨ, ʜʦʩʪʠʞʝʥʠʝ ʨʘʜʠ-

ʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ  ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ), 

ʤʦʞʥʦ, ʟʘʬʠʢʩʠʨʦʚʘʚ ʟʥʘʯʝʥʠʷ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪ 

ʪʨʘʝʢʪʦʨʠʠ ʵʣʝʢʪʨʦʥʘ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ 

ʧʫʯʦʢ ʠ ʠʟʫʯʠʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ. 

ʈʝʟʫʣʴʪʘʪ  r ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ 

ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʜʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 1, ʘïʙ) ʚʜʦʣʴ ʦʩʠ ʤʘʛʥʝʪʨʦʥʥʦʡ 

ʧʫʰʢʠ ʠ ʚ ʢʘʥʘʣʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʯʢʘ. ʅʘ 

ʨʠʩ. 1, ʚïʛ ʧʨʠʚʝʜʝʥʦ ʩʝʤʝʡʩʪʚʦ ʠʟ ʧʷʪʠ ʪʨʘʝʢʪʦʨʠʡ 

ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʵʪʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 


