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ʉʇʀʉʆʂ ʀʉʇʆʃʅʀʊɽʃɽʁ 

ʉʦʨʫʢʦʚʦʜʠʪʝʣʠ ʪʝʤʳ:    

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ, ʜ.ʪ.ʥ., ʟʘʚ. 

ʢʘʬ., ʧʨʦʬ. 
__________ ʌ.ʊ. ɸʣʝʩʢʝʨʦʚ 

(ʚʚʝʜʝʥʠʝ, ʟʘʢʣʶʯʝ-

ʥʠʝ) 

ɻʣ. ʥʘʫʯʥ. ʩʦʪʨ., PhD __________ ʕ. ʄʘʩʢʠʥ (ʧʫʥʢʪ 1.1.1) 

 

ʀʩʧʦʣʥʠʪʝʣʠ ʪʝʤʳ: 
   

ɺʝʜ. ʥʘʫʯ. ʩʦʪʨ., ʜ.ʪ.ʥ., ʧʨʦʬ. __________ ɸ.ʉ. ɹʝʣʝʥʴʢʠʡ (ʧʫʥʢʪʳ 1.1.2, 1.1.6) 

ʃʘʙʦʨʘʥʪ, ʩʪʫʜʝʥʪ __________ ɼ.ʉ. ɹʦʣʢʫʥʦʚ (ʧʫʥʢʪ 1.1.3) 

ʃʘʙʦʨʘʥʪ, ʩʪʫʜʝʥʪ __________ ɸ.ʄ. ɹʦʨʠʩʢʦʚʘ (ʧʫʥʢʪ 2.3.2) 

ʉʪ.-ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʴ, ʘʩʧʠʨʘʥʪ 
__________ ʖ.ɸ. ɺʝʩʝʣʦʚʘ (ʧʫʥʢʪ 3.2.1) 

ʄʣ. ʥʘʫʯ. ʩʦʪʨ., ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʴ, ʘʩʧʠʨʘʥʪ 
__________ ʃ.ɻ. ɽʛʦʨʦʚʘ (ʧʫʥʢʪ r2.3.1, 2.3.4) 

ʉʪ.-ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʩʪʫʜʝʥʪ __________ ɸ.ɸ. ʀʚʘʥʦʚ (ʧʫʥʢʪ 3.2.3) 

ʉʪ.-ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʩʪʫʜʝʥʪ __________ ɽ.ʆ. ʂʘʣʫʛʠʥʘ (ʧʫʥʢʪ 3.4.1-3.4.3) 

ʉʪ.-ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʴ, ʘʩʧʠʨʘʥʪ 
__________ ʈ.ʋ. ʂʘʤʘʣʦʚʘ (ʧʫʥʢʪ 3.3.1, 3.3.2) 

ʅʘʫʯ. ʩʦʪʨ., ʢ.ʵ.ʥ., ʜʦʮʝʥʪ __________ ɼ.ʉ. ʂʘʨʘʙʝʢʷʥ (ʧʫʥʢʪ 2.3.3) 

ʅʘʫʯ. ʩʦʪʨ., ʢ.ʵ.ʥ., ʜʦʮʝʥʪ __________ ɸ.ɺ. ʂʘʨʧʦʚ 
(ʧʦʜʨʘʟʜʝʣ 1.2.2-

1.2.3) 

ʄʣ. ʥʘʫʯ. ʩʦʪʨ., ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʴ 
__________ ʉ.ɻ. ʂʠʩʝʣʴʛʦʬ (ʧʫʥʢʪ 2.3.2) 

ɺʝʜ. ʥʘʫʯ. ʩʦʪʨ., ʜ.ʬ.-ʤ.ʥ., 

ʧʨʦʬ. 
__________ ɸ.ɸ. ʃʘʟʘʨʝʚ (ʧʫʥʢʪ 1.1.5) 
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ɺʝʜʫʱʠʡ ʵʢʩʧʝʨʪ, ʢ.ʪ.ʥ. __________ ɸ.ʉ. ʃʝʙʝʜʝʚ (ʧʫʥʢʪ 2.3.3) 

ɿʘʤ. ʟʘʚ. ʣʘʙ., ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. __________ ɸ.ɽ. ʃʝʧʩʢʠʡ (ʧʫʥʢʪʳ 2.3.7, 2.3.8) 

ʉʪ.-ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʩʪʫʜʝʥʪ __________ ɸ.ɽ. ʃʠʧʘʯʝʚʘ (ʧʫʥʢʪʳ 3.3.4, 3.3.5) 

ʃʘʙʦʨʘʥʪ, ʩʪʫʜʝʥʪ __________ ʅ.ɻ. ʄʝʱʝʨʷʢʦʚʘ (ʧʫʥʢʪ 2.3.1) 

ɺʝʜ. ʥʘʫʯ. ʩʦʪʨ., ʜ.ʪ.ʥ., ʧʨʦʬ. __________ ɹ.ɻ. ʄʠʨʢʠʥ (ʧʫʥʢʪʳ 2.1.1, 2.1.5) 

ʉʪ.-ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʘʩʧʠʨʘʥʪ __________ ɸ.ʃ. ʄʷʯʠʥ (ʧʫʥʢʪ 2.3.3) 

ʉʪ.-ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʩʪʫʜʝʥʪ __________ ɺ.ɺ. ʆʣʝʡʥʠʢ (ʧʫʥʢʪʳ 3.3.3) 

ʉʪ. ʥʘʫʯ. ʩʦʪʨ., ʢ.ʵ.ʥ., ʜʦʮʝʥʪ __________ ɻ.ʀ. ʇʝʥʠʢʘʩ (ʧʫʥʢʪ 2.3.6) 

ʃʘʙʦʨʘʥʪ, ʩʪʫʜʝʥʪ __________ ɸ.ʉ. ʇʝʪʨʦʚ (ʧʫʥʢʪ 2.1.2) 

ʉʪ.-ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʩʪʫʜʝʥʪ __________ ɺ.ɺ. ʇʝʪʨʫʱʝʥʢʦ (ʧʫʥʢʪ 2.3.5) 

ɺʝʜ. ʥʘʫʯ. ʩʦʪʨ., ʜ.ʪ.ʥ., ʧʨʦʬ. __________ ɺ.ɺ. ʇʦʜʠʥʦʚʩʢʠʡ (ʧʦʜʨʘʟʜʝʣ 3.1) 

ʉʪ. ʥʘʫʯ. ʩʦʪʨ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ __________ ɸ.ɸ. ʈʫʙʯʠʥʩʢʠʡ (ʧʫʥʢʪ 2.1.3) 

ʉʪ. ʥʘʫʯ. ʩʦʪʨ., ʢ.ʬ.-ʤ.ʥ., ʜʦʮ. __________ ʂ.ʉ. ʉʦʨʦʢʠʥ (ʧʫʥʢʪ 1.2.1) 

ʉʪ. ʥʘʫʯ. ʩʦʪʨ., ʢ.ʬ.-ʤ.ʥ., ʜʦʮ. __________ ɸ.ʅ. ʉʫʙʦʯʝʚ (ʧʫʥʢʪ r2.2.1, 2.2.4) 

ʉʪ.-ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʘʩʧʠʨʘʥʪ __________ ɼ.ʅ. ʊʚʝʨʩʢʦʡ (ʧʫʥʢʪ 2.3.4) 

ʉʪ.-ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʩʪʫʜʝʥʪ __________ ʄ.ʅ. ʋʰʘʢʦʚ (ʧʫʥʢʪ 1.3.1) 

ʃʘʙʦʨʘʥʪ, ʩʪʫʜʝʥʪ __________ ɻ.ɻ. ʌʝʜʠʥ (ʧʫʥʢʪ 1.1.4) 

ʉʪ.-ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʩʪʫʜʝʥʪ __________ ɹ.ɼ. ʎʚʝʣʠʭʦʚʩʢʠʡ (ʧʫʥʢʪʳ 3.2.2) 

ʄʣ. ʥʘʫʯ. ʩʦʪʨ., ʘʩʧʠʨʘʥʪ __________ ɽ.ʃ. ʏʝʨʥʷʢ (ʧʫʥʢʪ 2.1.4 

ʄʣ. ʥʘʫʯ. ʩʦʪʨ., ʢ.ʬ.-ʤ.ʥ., ʧʨʝ-

ʧʦʜʘʚʘʪʝʣʴ 
__________ ɼ.ɸ. ʐʚʘʨʮ (ʧʫʥʢʪʳ 1.3.2, 1.3.3) 

ʉʪ.-ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʩʪʫʜʝʥʪ __________ ʉ.ɺ. ʐʚʳʜʫʥ (ʧʫʥʢʪ r3.4.4-3.4.7) 
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ʈɽʌɽʈɸʊ 

 

ʆʪʯʝʪ 284 ʩ., 1 ʯ., 17 ʨʠʩ., 34 ʪʘʙʣ., 230 ʠʩʪʦʯʥʠʢ. 

ʊɽʆʈʀʗ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ, ɼʀɿɸʁʅ ʄɽʍɸʅʀɿʄʆɺ, ʊɽʆʈʀʗ 

ʂʆʃʃɽʂʊʀɺʅʆɻʆ ɺʓɹʆʈɸ, ʊɽʆʈʀʗ ʀɻʈ, ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʁ 

ɸʅɸʃʀɿ ɼɸʅʅʓʍ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʜʠ-

ʟʘʡʥʘ ʤʝʭʘʥʠʟʤʦʚ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ.  

ʎʝʣʴ ʨʘʙʦʪʳ  ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʚ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʧʦʣʠʪʠʯʝʩʢʦʡ ʠ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʘʭ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʢ ʨʝʰʝʥʠʶ ʨʷʜʘ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʡ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʮʝʣʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ: 

 ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ; 

 ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʳʭ ʤʦʜʝʣʝʡ ʩʦʘʚʪʦʨʩʪʚʘ ʧʫʙʣʠʢʘʮʠʡ; 

 ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʠʥʜʝʢʩʦʚ ʚʣʠʷʥʠʷ ʠʛʨʦʢʦʚ ʚ ʢʦʘʣʠʮʠʷʭ; 

 ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʢ ʟʘʜʘʯʘʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʙʨʠʢʘʮʠʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ; 

ï ʧʦʩʪʨʦʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʝʨʩʠʡ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʡʪʠʥʛʘ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥ ʩ ʧʦʤʦʱʴʶ ʦʨʜʠʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ; 

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʩʨʘʚʥʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ (ʛʠʩʪʦ-

ʛʨʘʤʤ, ʥʝʯʝʪʢʠʭ ʯʠʩʝʣ) ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʢ ʨʘʥʞʠʨʦʚʘʥʠʶ ʚʫʟʦʚ ʧʦ ʛʠʩʪʦ-

ʛʨʘʤʤʘʤ ɽɻʕ; 

 ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʨʘʚʥʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ; 

 ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʙʠʨʞʠ ʤʝʪʦʜʦʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ; 

 ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʨʠʠ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʦʢʨʠʪʝʨʠ-

ʘʣʴʥʳʭ ʟʘʜʘʯ; 
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 ʧʦʩʪʨʦʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʝʧʝʥʠ ʤʘ-

ʥʠʧʫʣʠʨʫʝʤʦʩʪʠ ʧʨʘʚʠʣ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʡ; 

 ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʜʝʢʩʦʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʩʪʠ ʩʦ-

ʮʠʘʣʴʥʳʭ ʛʨʫʧʧ; 

 ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʧʨʦʮʝʜʫʨ ʚʳʙʦʨʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʫʧʝʨʧʦʟʠʮʠʠ. 

ʇʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʝʰʝʥʠʝ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʧʨʦʙʣʝʤ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʪʝʦʨʠʷ ʠʛʨ, ʪʝʦʨʠʷ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʪʝʦʨʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠ ʢʦʣʣʝʢ-

ʪʠʚʥʦʛʦ ʚʳʙʦʨʘ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ 

ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʯʠʩʣʝʥʥʳʝ ʠ ʢʦʤʙʠʥʘ-

ʪʦʨʥʳʝ ʤʝʪʦʜʳ, ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, 

ʤʝʪʦʜʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ ʠ ʜʨ. 

ʊʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. ɼʣʷ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʠʥʪʝʨʥʝʪ-ʜʘʥʥʳʝ ʠ ʙʘʟʳ ʜʘʥʥʳʭ ʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

 ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʧʦʩʪʨʦʝʥʳ 

ʥʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ: ʘ) ʨʘʩʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʧʦʝʟʜʦʚ; ʙ) ʩʪʨʘʪʝʛʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʦʞʥʠʭ ʚʘʛʦʥʦʚ; ʚ) ʪʘʨʠʬʦʚ ʥʘ ʧʝʨʝ-

ʚʦʟʢʠ ʛʨʫʟʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ; ʛ) ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʩʦʨʪʠʨʦʚʦʯʥʦʡ ʩʪʘʥʮʠʠ; ʜ) ʦʙʲʝʤʦʚ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʘʟʦʚʳʤʠ 

ʛʝʥʝʨʘʪʦʨʘʤʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʝʪʝʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ; 

 ʚ ʨʘʤʢʘʭ ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʙʠʙʣʠʦʤʝʪʨʠʠ ʧʦʢʘʟʘʥʘ ʢɻ-

ʚʠʚʘʣʝʥʪʥʦʩʪʴ ʚʝʢʪʦʨʘ ʐʝʧʣʠ ʠ ʤʝʪʦʜʘ ʨʘʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʜʦʣʝʡ ʩʦʘʚʪʦ-

ʨʦʚ ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ ʚʢʣʘʜʘ ʘʚʪʦʨʦʚ ʚ ʩʦʚʤʝʩʪʥʳʝ ʧʫʙʣʠʢʘʮʠʠ; 

 ʧʦʩʪʨʦʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʠʥʜʝʢʩʦʚ ʚʣʠʷʥʠʷ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʘʣʠʮʠʡ ʩ ʫʯʝʪʦʤ ʧʨʝʜʧʦʯʪʝʥʠʡ ʘʛʝʥʪʦʚ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʩʝ 

ʠʛʨʦʢʠ ʠʤʝʶʪ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʦʣʦʩʦʚ; 
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 ʚ ʨʘʤʢʘʭ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ: ʘ) ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʦʮʝʥʠʚʘʥʠʷ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʩʪʨʦʢ ʠ ʪʝʢʩʪʦʚ ʜʣʷ ʨʝ-

ʰʝʥʠʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʘʥʥʦʪʠʨʦʚʘʥʠʷ ʩʪʘʪʝʡ; ʙ) ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʩʩʣʝ-

ʜʦʚʘʥʘ ʤʝʨʘ ʙʣʠʟʦʩʪʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʘʥʥʦʪʠʨʦʚʘʥ-

ʥʳʭ ʩʫʬʬʠʢʩʥʳʭ ʜʝʨʝʚʴʝʚ; ʚ) ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʣʠʬʪʠʥʛʘ ʚ ʪʘʢʩʦʥʦʤʠʷʭ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ; 

 ʠʩʩʣʝʜʦʚʘʥʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʨʦʮʝʜʫʨʳ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʧʝʨʝ-

ʤʝʥʥʳʭ ʠʥʜʝʢʩʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʵʢʩʧʝʨʪʘʤʠ ʖʅʀɼʆ; ʚʤʝʩʪʦ ʢʘʨʜʠʥʘʣʴʥʦʡ ʘʛʨʝʛʠʨʫʶʱʝʡ 

ʬʫʥʢʮʠʠ ʧʨʠʤʝʥʝʥʳ ʦʨʜʠʥʘʣʴʥʳʝ ʤʝʪʦʜʳ ʨʘʥʞʠʨʦʚʘʥʠʷ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ 

ʠʟ ʪʝʦʨʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʘʚʠʣʝ ʙʦʣʴʰʠʥʩʪʚʘ; ʧʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʦʚʳʭ ʚʝʨʩʠʡ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʡʪʠʥʛʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʜʘʥʥʳʡ ʥʘʙʦʨ ʢʨʠʪʝʨʠʝʚ ʣʫʯʰʝ, ʯʝʤ ʠʩʭʦʜʥʘʷ ʚʝʨʩʠʷ; 

 ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʝʯʝʪʢʦʩʪʥʳʝ ʤʝʪʦʜʳ ʩʨʘʚʥʝʥʠʷ ʛʠʩʪʦʛʨʤʤ ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʚʫʟʦʚ ʧʦ ʛʠʩʪʦ-

ʛʨʘʤʤʘʤ ɽɻʕ ʧʦʩʪʫʧʠʚʰʠʭ ʘʙʠʪʫʨʠʝʥʪʦʚ; ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ çʠʜʝʘʣʴʥʦ-

ʛʦè ʟʘʯʠʩʣʝʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʯʠʩʣʝʥʥʳʭ 

ʘʙʠʪʫʨʠʝʥʪʦʚ ʚ ʚʫʟ ʚ ʪʘʢʦʡ ʤʦʜʝʣʠ ʙʫʜʝʪ ʫʥʠʤʦʜʘʣʴʥʳʤ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ 

ʦʙʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʦ ʬʫʥʢʮʠʠ ʧʨʝʜʧʦʯʪʝʥʠʷ; ʧʦʩʪʘʚʣʝʥʘ ʠ ʨʝʰʝʥʘ ʟʘ-

ʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʠʩʪʦʛʨʘʤʤ, ʧʨʠʚʦʜʷʱʝʡ ʝʝ ʢ ʫʥʠʤʦ-

ʜʘʣʴʥʦʤʫ ʚʠʜʫ; 

 ʥʘʡʜʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʫʨʦʚʝʥʴ ʠʩʢʘʞʝʥʠʡ ʛʠʩʪʦ-

ʛʨʘʤʤ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʳʭ ʨʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ ʥʝʢʦʪʦ-

ʨʳʤʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʝ ʠʟʤʝʥʠʪʩʷ; 

 ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʠʛʦʨʢʦʚ ʥʘ ʙʠʨʞʝ, ʚ ʢʦʪʦʨʦʡ ʘʛʝʥʪʳ (ʪʨʝʡʜʝʨʳ) ʷʚʣʷʶʪʩʷ ʤʝʣʢʠʤʠ ʠ/ʠʣʠ 

ʩʨʝʜʥʠʤʠ ʠʛʨʦʢʘʤʠ; ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

(ʦʧʳʪ/ʫʜʘʯʣʠʚʦʩʪʴ ʪʨʝʡʜʝʨʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʪʦʨʛʦʚʣʠ ʠ ʜʨ.), 
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ʧʨʠ ʢʦʪʦʨʳʭ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ ʪʨʝʡʜʝʨʦʤ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦ-

ʢʘ/ʥʠʟʢʘ; 

 ʚ ʨʘʤʘʭ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʦʧʨʝʜʝʣʝʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʦ 

ʧʦʥʷʪʠʝ ʧʨʝʚʦʩʭʦʜʩʪʚʘ ʚ ʚʘʞʥʦʩʪʠ ʦʜʥʦʡ ʛʨʫʧʧʳ ʢʨʠʪʝʨʠʝʚ ʥʘʜ ʜʨʫʛʦʡ; 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʰʘʶʱʠʝ ʧʨʘʚʠʣʘ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʚʠʜʦʚ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʫʧʧʘʭ ʢʨʠʪʝʨʠʝʚ; ʧʨʝʜʣʦʞʝʥʦ ʥʦʚʦʝ ʘʥʘʣʠ-

ʪʠʯʝʩʢʦʝ ʧʨʘʚʠʣʦ ʜʣʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʢʨʠʪʝʨʠʠ ʩ ʧʦ-

ʨʜ̫ʢʦʚʦʡ ʰʢʘʣʦʡ ʥʝʩʪʨʦʛʦ ʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʚʘʞʥʦʩʪʠ; 

 ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʧʨʘʚʠʣ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʯʪʝ-

ʥʠʡ ʙʳʣʠ ʥʘʡʜʝʥʳ ʠʥʜʝʢʩʳ ʤʘʥʠʧʫʣʠʨʫʝʤʦʩʪʠ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʤ 

ʯʠʩʣʝ ʠʟʙʠʨʘʪʝʣʝʡ ʜʣʷ ʧʦʧʫʣʷʨʥʳʭ ʧʦʟʠʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʚʳʙʦʨʘ; ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʧʨʘʚʠʣ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʡ; 

 ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʜʝʢʩʦʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʠʥʜʝʢʩʦʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʩʪʠ ɸʣʝʩʢʝʨʦʚʘ-ɻʦʣʫʙʝʥʢʦ ʠ ʕʩʪʝʙʘʥʘ-ʈʵʷ ʚ ʩʣʫʯʘ-

ʷʭ ʨʘʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʝʪʥʦʛʦ ʠ ʥʝʯʝʪʥʦʛʦ ʯʠʩʣʘ ʛʨʫʧʧ; ʢʨʦʤʝ ʪʦʛʦ, 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʠʥʜʝʢʩʦʚ ʩʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ ʦʪʢʣʦʥʝ-

ʥʠʝʤ ʧʦʣʦʞʝʥʠʡ ʛʨʫʧʧ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ; ʠʩʩʣʝʜʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʵʪʠʭ ʠʥʜʝʢʩʦʚ ʢ ʤʘʣʳʤ ʚʦʟʤʫʱʝʥʠʷʤ; 

 ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʧʨʦʮʝʜʫʨ ʚʳʙʦʨʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʫʧʝʨʧʦ-

ʟʠʮʠʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 28 ʠʟʚʝʩʪʥʳʭ ʠ 190 ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʧʨʦʮʝʜʫʨ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʥʘ ʧʨʝʜʤʝʪ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʤ 

ʥʦʨʤʘʪʠʚʥʳʤ ʫʩʣʦʚʠʷʤ (ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ, ʤʦʥʦʪʦʥʥʦʩʪʠ, ʧʦʨʦʛʦʚʦʡ ʥʝʢʦʤ-

ʧʝʥʩʠʨʫʝʤʦʩʪʠ), ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʧʨʦʮʝʜʫʨ 

ʚʳʙʦʨʘ; ʢʨʦʤʝ ʪʦʛʦ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʨʘʩʩʤʦʪ-

ʨʝʥʥʳʭ ʧʨʦʮʝʜʫʨ ʚʳʙʦʨʘ. 
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ɺɺɽɼɽʅʀɽ 

ɺ ʜʘʥʥʦʤ ʦʪʯʝʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚ 2014 ʛʦʜʫ ʢʦʣʣʝʢʪʠ-

ʚʘ ʩʦʪʨʫʜʥʠʢʦʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʫʯʝʙʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʘʥʘʣʠʟʘ ʠ ʚʳ-

ʙʦʨʘ ʨʝʰʝʥʠʡ ʅʀʋ ɺʐʕ ʥʘʜ ʧʨʦʝʢʪʦʤ çʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ, 

ʧʦʣʠʪʠʯʝʩʢʦʡ ʠ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʘʭè. ɺ ʧʨʦʝʢʪʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦʩʴ ʨʝʰʝʥʠʝ 

ʨʷʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʥʷʪʠʝʤ ʨʝʰʝʥʠʡ 

ʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʬʠʥʘʥʩʦʚʦʡ ʠ ʧʦʣʠʪʠʯʝʩʢʠʡ ʩʬʝʨʘʭ, ʩ ʫʯʝʪʦʤ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʩʪʠ ʵʪʠʭ ʟʘʜʘʯ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʘʥʥʳʭ, ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʩʢʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

 ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʭʘʥʠʟ-

ʤʦʚ; 

 ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʠ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ; 

 ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ. 

ʈʘʙʦʪʘ ʥʘʜ ʜʘʥʥʳʤ ʧʨʦʝʢʪʦʤ ʩʪʘʣʘ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦ-

ʜʠʤʳʭ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʫʯʝʙʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʘʥʘʣʠʟʘ ʠ ʚʳʙʦʨʘ ʨʝ-

ʰʝʥʠʡ ʚ 2013 ʛ. ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ çʀʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ 

ʧʦʜʭʦʜʦʚ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʜʠʟʘʡʥʘ ʤʝʭʘʥʠʟʤʦʚ ʚ 

ʩʦʮʠʘʣʴʥʦʡ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʬʝʨʘè. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 2013 ʛ. 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʦʚʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

 ʨʘʟʨʘʙʦʪʘʥ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʜʚʦʡʩʪʚʝʥʥʳʭ ʨʝʰʘʶʱʠʭ ʧʨʘʚʠʣ ʚ 

ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʠ ʧʨʠʚʝʜʝʥʦ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʝ ʨʝʰʘʶ-

ʱʝʝ ʧʨʘʚʠʣʦ ʜʣʷ ʩʣʫʯʘʷ ʢʨʠʪʝʨʠʝʚ ʩʦ ʰʢʘʣʦʡ ʧʝʨʚʦʡ ʧʦʨʷʜʢʦʚʦʡ ʤʝʪʨʠʢʠ 

ʦʙʱʝʛʦ ʚʠʜʘ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʘʶʱʝʝ ʧʨʘʚʠʣʦ ʜʣʷ ʩʣʫʯʘʷ ʢʨʠʪʝʨʠʝʚ ʩ 

ʧʦʨʷʜʢʦʚʦʡ ʰʢʘʣʦʡ; ʨʘʟʨʘʙʦʪʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʘʶʱʠʝ ʧʨʘʚʠʣʘ ʜʣʷ 

ʩʣʫʯʘʷ ʢʨʠʪʝʨʠʝʚ ʩʦ ʰʢʘʣʦʡ ʧʝʨʚʦʡ ʧʦʨʷʜʢʦʚʦʡ ʤʝʪʨʠʢʠ ʦʙʱʝʛʦ ʚʠʜʘ; 
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 ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʠʥʜʝʢʩʘ ʅʠʪʮʘʥʘ ʂʝʣʣʠ ʜʣʷ ʦʮʝʥʢʠ ʢʦʘʣʠʮʠʦʥ-

ʥʦʡ ʤʘʥʠʧʫʣʠʨʫʝʤʦʩʪʠ ʧʨʘʚʠʣ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ; ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ 

ʠʥʜʝʢʩʦʚ ʢʦʘʣʠʮʠʦʥʥʦʡ ʤʘʥʠʧʫʣʠʨʫʝʤʦʩʪʠ ʜʣʷ ʨʷʜʘ ʧʨʘʚʠʣ ʠ ʜʣʷ ʨʘʟʣʠʯ-

ʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʨʘʟʤʝʨ ʢʦʘʣʠʮʠʠ; ʥʘʡʜʝʥ ʧʨʝʜʝʣ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʟʥʦ-

ʩʪʠ ʠʥʜʝʢʩʦʚ ʤʘʥʠʧʫʣʠʨʫʝʤʦʩʪʠ ʚ ʤʦʜʝʣʷʭ IC ʠ IANC, IAC ʠ IANC ʧʨʠ 

ʙʝʩʢʦʥʝʯʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʠʟʙʠʨʘʪʝʣʝʡ ʠʣʠ ʯʠʩʣʘ ʘʣʴʪʝʨʥʘʪʠʚ;  

 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʘʚʠʣʦ ʧʦʨʦʛʦʚʦʛʦ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʨʘʚʠʣʦʤ ʧʦʜʩʯʝʪʘ ʦʯʢʦʚ; ʥʘʡʜʝʥʳ ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʘ ʚʝʩʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʧʨʦʩʪʦʝ ʧʨʘʚʠʣʦ ʧʦʜʩʯʝʪʘ ʦʯʢʦʚ ʜʘʝʪ ʪʦʪ ʞʝ ʨʝʟʫʣʴʪʘʪ, ʯʪʦ ʠ ʧʨʘʚʠʣʦ ʧʦʨʦ-

ʛʦʚʦʛʦ ʘʛʨʝʛʠʨʦʚʘʥʠʷ; 

 ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʧʘʪʪʝʨʥʦʚ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʮʠʘʣʴʥʦ- ʢɻʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠ-

ʪʠʷ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʛʠʦʥʦʚ ʈʌ ʩʦ ʩʭʦʞʝʡ ʩʪʨʫʢʪʫʨʦʡ ʨʘʟʚʠ-

ʪʠʷ, ʚʳʷʚʣʝʥʳ ʫʩʪʦʡʯʠʚʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʨʝʛʠʦʥʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝ-

ʤʳʝ ʩʭʦʞʝʡ ʨʝʘʢʮʠʝʡ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʦʜʠʥʘʢʦʚʦʡ ʩʪʨʘʪʝʛʠ-

ʝʡ ʨʘʟʚʠʪʠʷ; 

 ʧʨʝʜʣʦʞʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʚ ʦʙʦʣʦʯʝʯʥʦʤ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʚ 

ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʚʳʙʦʨʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʚ ʧʨʠʦʨʠʪʝʪʘʭ ʦʮʝʥʠʚʘʝʤʳʭ ʘʣʴʪʝʨʥʘʪʠʚ; 

ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʧʦʜʭʦʜʘ; 

 ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʠʨʞʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʢʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

ʦʧʳʪʘ (ʠʣʠ ʫʜʘʯʣʠʚʦʩʪʠ) ʘʛʝʥʪʦʚ, ʪʘʢʦʡ ʯʪʦ ʘʛʝʥʪʳ, ʠʤʝʶʱʠʝ ʧʦʢʘʟʘʪʝʣʴ 

ʫʩʧʝʰʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʮʝʥ, ʧʨʝʚʳʰʘʶʱʠʡ ʵʪʦʪ ʢʨʠʪʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ, ʧʦʯʪʠ ʥʘʚʝʨʥʷʢʘ çʚʳʞʠʚʫʪè ʥʘ ʨʳʥʢʝ; ʝʩʣʠ ʘʛʝʥʪ ʥʝ ʠʩʧʦʣʴʟʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʨʞʠʥʘʣʴʥʦʡ ʪʦʨʛʦʚʣʠ ʠ ʟʘʢʣʶʯʘʝʪ ʩʜʝʣʢʠ ʪʦʣʴʢʦ ʥʘ ʩʦʙʩʪ-

ʚʝʥʥʳʡ ʢʘʧʠʪʘʣ, ʪʦ ʪʘʢʦʡ ʢʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʯʫʪʴ ʚʳʰʝ İ; 

ʝʩʣʠ ʞʝ ʪʨʝʡʜʝʨ ʪʦʨʛʫʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʝʤʥʳʭ ʩʨʝʜʩʪʚ, ʪʦ ʢʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʥʘʤʥʦʛʦ ʚʳʰʝ ʠ ʜʣʷ ʫʩʧʝʰʥʦʡ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʪʦʨʛʦʚʣʠ ʥʘ 

ʨʳʥʢʝ ʧʦʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʚʝʨʥʳʭ ʨʝʰʝʥʠʡ; 
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 ʚ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʬʠʥʘʥʩʦʚʦʛʦ ʩʝʢʪʦʨʘ 

ʵʢʦʥʦʤʠʢʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʭʝʜʞʠʨʫʶʱʝʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʤʝʞʜʥʝʚʥʦʛʦ ʠ ʚʥʫʪʨʠʜʥʝʚʥʦʛʦ ʨʠʩʢʦʚ ʪʦʨʛʦʚʳʭ ʧʦ-

ʟʠʮʠʡ; ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ ʤʝʞʜʥʝʚʥʘʷ ʜʦʭʦʜʥʦʩʪʴ ʟʥʘʯʠʤʦ ʙʦʣʴʰʝ 

ʩʨʝʜʥʝʡ ʚʥʫʪʨʠʜʥʝʚʥʦʡ, ʘ ʜʠʩʧʝʨʩʠʷ ʤʝʞʜʥʝʚʥʦʡ ʜʦʭʦʜʥʦʩʪʠ ʟʥʘʯʠʤʦ 

ʤʝʥʴʰʝ ʜʠʩʧʝʨʩʠʠ ʚʥʫʪʨʠʜʥʝʚʥʦʡ; 

 ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʥʝʝ ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʦʡ ʤʦʜʝʣʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʘʥʢʦʚ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚʳʙʦʨ ʩʪʨʘʪʝʛʠʠ ʙʘʥʢʦʤ ʚ ʫʩʣʦʚʠ-

ʷʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʥʦ ʟʥʘʯʠʤʳʭ ʙʘʥʢʦʚ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; ʧʦʜʪʚʝʨʞʜʝʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʝ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʫʨʦʚʥʝ ʢʨʝʜʠʪʦʚʘʥʠʷ ʚ ʵʢʦʥʦʤʠʢʝ, ʠ ʦʧ-

ʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʠʟʜʝʨʞʝʢ ʚʚʝʜʝʥʠʷ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ; 

 ʚ ʨʘʤʢʘʭ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʜʣʷ ʧʦʩʪʨʦʝ-

ʥʠʷ ʨʘʥʞʠʨʦʚʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ, ʩ ʧʦʤʦʱʴʶ ʦʨʜʠʥʘʣʴ-

ʥʳʭ ʤʝʪʦʜʦʚ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳʭ ʙʠʙʣʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳ-

ʣʠ ʧʦʩʪʨʦʝʥʳ ʧʷʪʴ ʥʦʚʳʭ (ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ) ʨʝʡʪʠʥʛʦʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ 

ʧʦ ʵʢʦʥʦʤʠʢʝ, ʤʝʥʝʜʞʤʝʥʪʫ ʠ ʧʦʣʠʪʦʣʦʛʠʠ; ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ 

ʨʘʥʞʠʨʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʝʤ ʦʪʜʝʣʴʥʳʝ ʙʠʙʣʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ; 

 ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʩʪʳʝ ʠ ʩʫʧʝʨʧʦʟʠʮʠʦʥʥʳʝ (ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʝ) ʧʨʦʮʝʜʫʨʳ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʥʘ ʧʨʝʜʤʝʪ ʚʳʧʦʣʥʝʥʠʷ ʜʣʷ ʥʠʭ ʫʩʣʦʚʠʡ ʨʘʮʠʦʥʘʣʴ-

ʥʦʩʪʠ, ʤʦʥʦʪʦʥʥʦʩʪʠ ʠ ʧʦʨʦʛʦʚʦʡ ʥʝʢʦʤʧʝʥʩʠʨʫʝʤʦʩʪʠ; 

 ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʠʩʩʣʝʜʦʚʘʥʘ 

ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʛʝ-

ʥʝʨʘʪʦʨʦʤ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʘ 

ʪʘʢʞʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 
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 ʠʩʩʣʝʜʦʚʘʥʘ ʦʙʦʙʱʝʥʥʘʷ ʧʨʦʙʣʝʤʘ ʙʘʥʢʨʦʪʩʪʚʘ, ʢʦʪʦʨʘʷ ʙʣʠʞʝ ʢ ʨʝʘʣʴʥʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ; ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʝ ʷʜʨʘ ʚ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʧʨʦʙʣʝʤʦʡ ʠʛʨʝ ʠ ʧʦʩʪʨʦʝʥʦ ʦʜʥʦʪʦʯʝʯʥʦʝ 

ʨʝʰʝʥʠʝ (ʧʨʝʥʫʢʣʝʦʣʫʩ), ʛʘʨʘʥʪʠʨʫʶʱʝʝ ʦʪʩʫʪʩʪʚʠʝ ʜʘʣʴʥʝʡʰʠʭ ʙʘʥ-

ʢʨʦʪʩʪʚ; 

 ʧʨʝʜʣʦʞʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʘʥʘʣʠʟʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʪʝʣʴʥʳʭ 

ʩʦʛʣʘʰʝʥʠʡ ʢʘʢ ʥʝʢʦʦʧʝʨʘʪʠʚʥʦʡ ʠʛʨʳ, ʚ ʢʦʪʦʨʦʡ ʩʪʨʘʪʝʛʠʷʤʠ ʠʛʨʦʢʦʚ ʷʚ-

ʣʷʶʪʩʷ ʢʦʘʣʠʮʠʠ, ʢ ʢʦʪʦʨʳʤ ʵʪʠ ʠʛʨʦʢʠ (ʬʠʨʤʳ) ʞʝʣʘʶʪ ʧʨʠʤʢʥʫʪʴ; ʧʨʝʜ-

ʣʦʞʝʥ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʥʘʙʦʨ ʘʢʩʠʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʠʪʦʛʦʚʦʡ ʢʦʘʣʠʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪ ʩʪʨʘʪʝʛʠʡ 

ʠʛʨʦʢʦʚ; 

 ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʧʘʨʦʩʦʯʝʪʘʥʠʡ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʧʨʝʜʧʦʯʪʝʥʠʷ ʟʘʜʘʥʳ ʠʥʪʝʨʚʘʣʴʥʳʤʠ ʧʦʨʷʜʢʘʤʠ, ʩʫʱʝʩʪʚʫʝʪ ʫʩʪʦʡ-

ʯʠʚʦʝ ʧʘʨʦʩʦʯʝʪʘʥʠʝ; 

 ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʫʩʪʦʡʯʠʚʳʤʠ ʦʙʦʙʱʝʥʥʳʤʠ ʧʘʨʦʩʦʯʝʪʘʥʠʷʤʠ ʠ ʩʠʩ-

ʪʝʤʘʤʠ ʧʨʦʭʦʜʥʳʭ ʙʘʣʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʙʠʪʫʨʠʝʥ-

ʪʦʚ ʧʦ ʚʫʟʘʤ ʠ ʜʨʫʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ; ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫʩʪʦʡ-

ʯʠʚʦʛʦ ʧʘʨʦʩʦʯʝʪʘʥʠʷ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʪʠʢʠ çʦʜʠʥʘʢʦʚʦʛʦ ʨʝʟʫʣʴ-

ʪʘʪʘè ʜʣʷ ʘʙʠʪʫʨʠʝʥʪʦʚ, ʥʘʙʨʘʚʰʠʭ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʙʘʣʣʦʚ;  

 ʘʢʩʠʦʤʘʪʠʯʝʩʢʠ ʚʚʝʜʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʦʙʱʝʥʥʳʝ ʠʥʜʝʢʩʳ ʚʣʠʷʥʠʷ, ʟʘ-

ʚʠʩʷʱʠʝ ʦʪ ʧʨʝʜʧʦʯʪʝʥʠʷ ʫʯʘʩʪʥʠʢʦʚ; ʧʦʢʘʟʘʥʘ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʢʣʘʩʩʠʯʝ-

ʩʢʠʤʠ ʠʥʜʝʢʩʘʤʠ; ʜʦʢʘʟʘʥʳ ʪʝʦʨʝʤʳ ʦ ʩʨʝʜʥʝʤ ʜʣʷ ʦʙʦʙʱʝʥʥʳʭ ʠʥʜʝʢʩʦʚ 

ʚʣʠʷʥʠʷ; 

 ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʵʪʥʦʧʦʣʠʪʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʨʦʘʥʘ-

ʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʠʥʜʝʢʩʳ ʵʪʥʠʯʝʩʢʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ; ʜʘʥ ʦʙʟʦʨ ʦʩ-

ʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʥʘʭʦʞʜʝʥʠʷ ʚʘʞʥʝʡʰʝʛʦ ʧʘʨʘʤʝʪʨʘ ʵʪʠʭ ʠʥʜʝʢʩʦʚ ï ʨʘʩ-

ʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʪʥʠʯʝʩʢʠʤʠ ʛʨʫʧʧʘʤʠ; ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʠʥʜʝʢʩʦʚ 

ʵʪʥʠʯʝʩʢʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʠ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ; 
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 ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʬʨʘʢʮʠʡ ʠ ʛʨʫʧʧ ʚ ɺʝʨʭʦʚʥʦʡ ʈʘʜʝ ʋʢʨʘʠ-

ʥʳ ʟʘ ʧʝʨʠʦʜ 1990 2012 ʛʛ. ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʬʨʘʢʮʠʡ ʠ ʛʨʫʧʧ, 

ʦʮʝʥʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʠʥʜʝʢʩʘ ɹʘʥʮʘʬʘ, ʥʝ ʚʩʝʛʜʘ ʟʘʚʠʩʠʪ ʦʪ ʜʦʣʠ ʠʭ ʤʝʩʪ ʚ 

ʧʘʨʣʘʤʝʥʪʝ; ʦʮʝʥʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ Ŭ-

ʠʥʜʝʢʩʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʧʨʝʜʧʦʯʪʝʥʠʷ, ʠ ʠʥʜʝʢʩʘ ɹʘʥʮʘʬʘ ʯʘʩʪʦ ʟʥʘʯʠʪʝʣʴ-

ʥʦ ʦʪʣʠʯʘʶʪʩʷ; ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʨʘʢʮʠʠ ʠ ʛʨʫʧʧʳ, ʟʘʥʠʤʘʶʱʠʝ ʮʝʥʪʨʠʩʪʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ, ʫʚʝʣʠʯʠʚʘʶʪ ʩʚʦʝ ʚʣʠʷʥʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʜʠʢʘʣʴʥʳʝ ʬʨʘʢ-

ʮʠʠ ʠ ʛʨʫʧʧʳ ʫʤʝʥʴʰʘʶʪ ʝʛʦ; 

 ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʣʘʩʪʝʨ-ʘʥʘʣʠʟʫ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʠ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʨʘʟʚʠʪʘ ʦʙʱʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʘʛʨʝʛʠʨʦʚʘʥʠʷ 

(ʩʫʤʤʘʨʠʟʘʮʠʠ) ʜʘʥʥʳʭ; ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʤʝ-

ʪʦʜʦʚ ʦʮʝʥʢʠ ʙʣʠʟʦʩʪʠ ʤʝʞʜʫ ʩʪʨʦʢʦʡ ʠ ʪʝʢʩʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʘʥʥʦʪʠʨʦʚʘʥʠʷ ʩʪʘʪʝʡ; ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘ-

ʥʝʝ ʤʝʨʳ ʙʣʠʟʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʘʥʥʦʪʠʨʦʚʘʥʥʦʛʦ ʩʫʬʬʠʢʩʥʦʛʦ ʜʝʨʝʚʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ; 

 ʚʚʝʜʝʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʦ ʧʦʥʷʪʠʝ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʚ ʢʣʘʩʪʝʨ-ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ; 

ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʠʷ ʚʦʣʘʪʠʣʴ-

ʥʦʩʪʠ; ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ ʤʦʜʝʣʴʥʳʭ 

ʠ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ; ʧʨʦʚʝʜʝʥʦ ʝʛʦ ʩʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ; 

 ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʠʜʝʪʝʣʴʩʪʚ 

ʧʨʠ ʠʭ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ɼʝʤʧʩʪʝʨʘ ʐʝʡʬʝʨʘ, ʦʧʨʝʜʝʣʝʥ ʠ 

ʠʩʩʣʝʜʦʚʘʥ ʠʥʜʝʢʩ ʫʤʝʥʴʰʝʥʠʷ ʥʝʟʥʘʥʠʷ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚ; ʥʘʡʜʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʫʤʝʥʴʰʝʥʠʷ ʵʪʦʛʦ ʠʥʜʝʢʩʘ ʜʣʷ ʥʝ-

ʢʦʪʦʨʳʭ ʧʨʘʚʠʣ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚ; ʘʢ-

ʩʠʦʤʘʪʠʯʝʩʢʠ ʚʚʝʜʝʥʘ ʤʝʨʘ ʢʦʥʬʣʠʢʪʘ ʤʝʞʜʫ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ; ʥʘʡʜʝʥ ʦʙ-

ʱʠʡ ʚʠʜ ʙʠʣʠʥʝʡʥʦʡ ʤʝʨʳ ʢʦʥʬʣʠʢʪʘ; ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠʩ-

ʩʣʝʜʦʚʘʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʝʨʦʡ ʢʦʥʬʣʠʢʪʘ ʠ ʠʥʜʝʢʩʦʤ ʫʤʝʥʴʰʝʥʠʷ ʥʝ-

ʟʥʘʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ 2014 ʛʦʜʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦ-

ʝʢʪʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʨʘʟʚʠʚʘʶʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʫʢʘʟʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʰʣʦʛʦ ʛʦʜʘ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʧʦʣʴʟʫʶʪ ʧʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʘʪ ʪʝʦʨʠʷ ʠʛʨ (ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ), ʪʝʦʨʠʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʚʳʙʦʨʘ, ʪʝʦʨʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʤʝʪʦʜʘʤʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʠ ʢʦʤʙʠʥʘʪʦʨʥʳʝ ʤʝʪʦʜʳ, ʧʨʦʮʝʜʫʨʳ ʦʧʪʠ-

ʤʠʟʘʮʠʠ, ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʤʝʪʦʜʳ 

ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ, ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʜʨ. 

ʊʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʘʪ ʵʣʝʢʪʨʦʥʥʳʝ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʝ ʤʘʰʠʥʳ. ɼʣʷ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʥʪʝʨʥʝʪ-

ʜʘʥʥʳʝ ʠ ʦʪʢʨʳʪʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʨʘʟʜʠʯʥʳʤ ʪʝʤʘʪʠʢʘʤ.  

ɼʘʥʥʳʡ ʦʪʯʝʪ ʩʦʩʪʦʠʪ ʠʟ 3 ʨʘʟʜʝʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʥʦʚʥʳʤ ʥʘ-

ʧʨʘʚʣʝʥʠʷʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ 

ʠ 2 ʧʨʠʣʦʞʝʥʠʡ. 

ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʦʨʝʪʠʢʦ-

ʠʛʨʦʚʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫ-

ʱʝʩʪʚʣʷʣʠʩʴ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʦʜʨʘʟʜʝʣʝ 1.1 ʨʘʩʩʤʦʪʨʝʥʳ ʥʦʚʳʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʦ-

ʜʝʣʠ ʠ ʤʝʭʘʥʠʟʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʪʳ-

ʩʢʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʥʘ ʝʝ 

ʦʩʥʦʚʝ ʟʘʜʘʯʘ ʦʪʳʩʢʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʦʯʝʨʝʜʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʚ ʚʠʜʝ 

ʟʘʜʘʯʠ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʘ ʥʦʚʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦ-

ʜʝʣʴ ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʦʞʥʠʭ ʚʘʛʦʥʦʚ 

ʢʘʢ ʟʘʜʘʯʘ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʘ ʥʦʚʘʷ ʪʝʦʨʝʪʠʢʦ-

ʠʛʨʦʚʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʪʘʨʠʬʦʚ ʥʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʚʠʜʝ ʠʛʨʳ ʤʥʦʛʠʭ ʣʠʮ, ʧʦʩʪʨʦʝʥʘ ʥʦʚʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʦʨʪʠʨʦ-

ʚʦʯʥʦʡ ʩʪʘʥʮʠʠ, ʧʨʝʜʣʦʞʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʪʳ-
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ʩʢʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʦʙʲʝʤʦʚ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʘʟʦʚʳʤʠ ʛʝʥʝʨʘʪʦ-

ʨʘʤʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʝʪʝʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʳʭ ʦʙʲʝʤʦʚ ʭʨʘʥʝ-

ʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʬʦʨʤʝ ʠʛʨʳ ʤʥʦʛʠʭ ʣʠʮ ʥʘ ʧʦʣʠʵʜʨʘʣʴʥʳʭ ʤʥʦʞʝʩʪʚʘʭ 

ʩʪʨʘʪʝʛʠʡ ʠʛʨʦʢʦʚ. 

ɺ ʧʦʜʨʘʟʜʝʣʝ 1.2 ʚ ʨʘʤʢʘʭ ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʙʠʙʣʠʦ-

ʤʝʪʨʠʠ ʧʦʢʘʟʘʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʚʝʢʪʦʨʘ ʐʝʧʣʠ ʠ ʤʝʪʦʜʘ ʨʘʚʥʦʛʦ ʨʘʟʜʝʣʝ-

ʥʠʷ ʜʦʣʝʡ ʩʦʘʚʪʦʨʦʚ ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ ʚʢʣʘʜʘ ʘʚʪʦʨʦʚ ʚ ʩʦʚʤʝʩʪʥʳʝ ʧʫʙʣʠʢʘ-

ʮʠʠ. 

ɺ ʧʦʜʨʘʟʜʝʣʝ 1.3 ʧʦʩʪʨʦʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʠʥʜʝʢ-

ʩʦʚ ʚʣʠʷʥʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʘʣʠʮʠʡ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʩʝ ʠʛʨʦʢʠ ʠʤʝʶʪ 

ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʦʣʦʩʦʚ ʠ ʩ ʫʯʝʪʦʤ ʧʨʝʜʧʦʯʪʝʥʠʡ ʘʛʝʥʪʦʚ. 

ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʘʥʘʣʠʟʫ ʜʘʥ-

ʥʳʭ ʠ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ.  

ɺ ʧʦʜʨʘʟʜʝʣʝ 2.1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

ʇʦʜʨʘʟʜʝʣ 2.2 ʧʦʩʚʷʱʝʥ ʧʨʠʤʝʥʝʥʠʶ ʦʨʜʠʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʢʦʣ-

ʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʝʨʩʠʡ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʡ-

ʪʠʥʛʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥ. 

ɺ ʧʦʜʨʘʟʜʝʣʝ 2.3 ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʝʯʝʪʢʦʩʪʥʳʝ ʤʝʪʦʜʳ ʩʨʘʚʥʝʥʠʷ 

ʛʠʩʪʦʛʨʤʤ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʨʘʥʞʠʨʦʚʘ-

ʥʠʷ ʚʫʟʦʚ ʧʦ ʛʠʩʪʦʛʨʘʤʤʘʤ ɽɻʕ ʧʦʩʪʫʧʠʚʰʠʭ ʘʙʠʪʫʨʠʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʵʪʦʤ ʞʝ ʧʦʜʨʘʟʜʝʣʝ ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʥʘ ʫʨʦʚʝʥʴ ʠʩʢʘʞʝʥʠʡ ʛʠʩʪʦʛʨʘʤʤ, ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʳʭ ʨʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ ʥʝʢʦʪʦʨʳʤʠ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʝ ʠʟʤʝʥʠʪʩʷ.  

ʇʦʜʨʘʟʜʝʣ 2.4 ʧʦʩʚʷʱʝʥ ʦʙʩʫʞʜʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʪʨʝʡʜʝʨʦʚ ʥʘ ʙʠʨʞʝ. 

ɺ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʦʪʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʜʝʣʝʡ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ.  

ʊʘʢ, ʚ ʧʦʜʨʘʟʜʝʣʝ 3.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʨʠʠ 

ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯ. ɺ ʯʘʩʪʥʦʩʪʠ, 
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ʚʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʚʦʩʭʦʜʩʪʚʘ ʚ ʚʘʞʥʦʩʪʠ ʦʜʥʦʡ ʛʨʫʧʧʳ ʢʨʠʪʝʨʠʝʚ ʥʘʜ 

ʜʨʫʛʦʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʰʘʶʱʠʝ ʧʨʘʚʠʣʘ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠ ʩʧʝʮʠʘʣʴ-

ʥʳʭ ʚʠʜʦʚ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʫʧʧʘʭ ʢʨʠʪʝʨʠʝʚ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʟʘʜʘʯ ʩ ʠʝ-

ʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ.  

ɺ ʧʦʜʨʘʟʜʝʣʝ 3.2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʝʧʝʥʠ ʤʘʥʠʧʫʣʠʨʫʝʤʦʩʪʠ ʧʨʘʚʠʣ ʘʛʨʝʛʠ-

ʨʦʚʘʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʠ ʘʣʛʦʨʠʪʤʦʚ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ 

ʧʨʘʚʠʣ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʝʥʠʝ ʠʥʜʝʢʩʦʚ ʤʘʥʠʧʫ-

ʣʠʨʫʝʤʦʩʪʠ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʠʟʙʠʨʘʪʝʣʝʡ ʜʣʷ ʧʦʧʫʣʷʨʥʳʭ ʧʦ-

ʟʠʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ. 

ʇʦʜʨʘʟʜʝʣ 3.3 ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥ-

ʜʝʢʩʦʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʩʪʠ ʩʦʮʠʘʣʴʥʳʭ ʛʨʫʧʧ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʵʪʦʤ ʧʦʜʨʘʟʜʝ-

ʣʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʠʥʜʝʢʩʦʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʩʪʠ ɸʣʝʩʢʝʨʦʚʘ-

ɻʦʣʫʙʝʥʢʦ ʠ ʕʩʪʝʙʘʥʘ-ʈʵʷ. 

ɺ ʧʦʜʨʘʟʜʝʣʝ 3.4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʧʨʦ-

ʮʝʜʫʨ ʚʳʙʦʨʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʫʧʝʨʧʦʟʠʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʵʪʦʤ ʧʦʜʨʘʟʜʝʣʝ 

ʧʨʦʮʝʜʫʨʳ ʚʳʙʦʨʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʜʣʷ ʥʠʭ 

ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʘʯʝʩʪʚʦ ʵʪʠʭ ʧʨʦʮʝʜʫʨ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʵʪʦʤ ʞʝ ʧʦʜʨʘʟʜʝʣʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪɹ  ʧʨʦʮʝʜʫʨ 

ʚʳʙʦʨʘ. 

ɺ ɿʘʢʣʶʯʝʥʠʠ ʧʨʠʚʝʜʝʥʳ ʢʨʘʪʢʠʝ ʚʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʠʠ 

ʅʀʈ ʠ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʇʨʠʣʦʞʝʥʠʷʭ ɸ, ɹ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʘʙʣʠʮʳ ʠ 

ʨʠʩʫʥʢʠ ʢ ʦʪʜʝʣʴʥʳʤ ʧʦʜʨʘʟʜʝʣʘʤ ʦʪʯʝʪʘ. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ. ʀʭ ʟʥʘʯʠʤʦʩʪʴ ʧʦʜʪʚʝʨ-

ʞʜʝʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʘʧʨʦʙʘʮʠʷʤʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʬʦʨʫʤʘʭ 

(ʢʦʥʬʝʨʝʥʮʠʷʭ, ʩʝʤʠʥʘʨʘʭ ʠ ʧʨ.). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʝʜʩʪʘʚʣʝʥ-
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ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʝʬʝʨʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘ-

ʥʠʷʭ. 
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ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ɺ ʨʘʤʢʘʭ ʟʘʷʚʣʝʥʥʦʡ ʪʝʤʳ ʧʨʦʝʢʪʘ çʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ, 

ʧʦʣʠʪʠʯʝʩʢʦʡ ʠ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʘʭè ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʣʝ-

ʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

 ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʭʘʥʠʟ-

ʤʦʚ; 

 ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʠ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ; 

 ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ. 

 

1 ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʭʘ-

ʥʠʟʤʦʚ 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʦʪʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʦʨʝʪʠʢʦ-

ʠʛʨʦʚʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ, ʦʪʨʘʞʝʥʥʳʝ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

 ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ; 

 ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʙʠʙʣʠʦʤʝʪʨʠʠ; 

 ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʜʝʢʩʦʚ ʚʣʠʷʥʠʷ ʠʛʨʦʢʦʚ ʚ ʢʦʘʣʠʮʠʷʭ. 

 

1.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ɺ 2014 ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʜʦʣʞʘʣʠʩʴ ʚ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

ʘ) ʦʙʦʙʱʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʦʙʲ-

ʝʤʦʚ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʘʟʦʚʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʝʪʝʡ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʳʭ ʦʙʲʝʤʦʚ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʬʦʨʤʝ 

ʠʛʨʳ ʤʥʦʛʠʭ ʣʠʮ ʥʘ ʧʦʣʠʵʜʨʘʣʴʥʳʭ ʤʥʦʞʝʩʪʚʘʭ ʩʪʨʘʪʝʛʠʡ ʠʛʨʦʢʦʚ-ʚʩʝʭ 
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ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʛʝʥʝʨʘʪʦʨʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠ ʢʦʤʧʘʥʠʠ, ʚʣʘʜʝʶʱʝʡ 

ʣʠʥʠʷʤʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʥʘ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʨʫʧʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʟʘʢʫ-

ʧʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʝ ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʛʝʥʝʨʘʪʦʨʦʚ, ʥʦ ʠ ʥʘ ʨʝ-

ʛʠʦʥʘʣʴʥʳʭ ʨʳʥʢʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

ʙ) ʧʦʩʪʨʦʝʥʠʝ ʥʦʚʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʦʨʪʠʨʦʚʦʯʥʦʡ ʩʪʘʥʮʠʠ ʠ ʬʦʨʤʫʣʠʨʦʚʢʘ ʥʘ ʝʝ ʦʩʥʦʚʝ ʟʘ-

ʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʦʨʪʠʨʦʚʦʯʥʦʡ ʩʪʘʥʮʠʠ ʚ ʚʠʜʝ 

ʟʘʜʘʯʠ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; 

ʚ) ʧʦʩʪʨʦʝʥʠʝ ʥʦʚʦʡ ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʪʘʨʠʬʦʚ ʥʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʚʠʜʝ 

ʠʛʨʳ ʤʥʦʛʠʭ ʣʠʮ, ʠʤʝʶʱʝʡ ʩʧʝʮʠʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ; 

ʛ) ʧʦʩʪʨʦʝʥʠʝ ʥʦʚʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʬʦʨʤʫʣʠʨʦʚʢʘ ʥʘ ʝʝ ʦʩ-

ʥʦʚʝ ʟʘʜʘʯʠ ʦʪʳʩʢʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʦʞʥʠʭ ʚʘʛʦ-

ʥʦʚ ʢʦʤʧʘʥʠʠ-ʚʣʘʜʝʣʴʮʘ ʚʘʛʦʥʥʦʛʦ ʧʘʨʢʘ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʩʧʨʦʩʘ ʥʘ ʚʘʛʦʥʳ ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʟʘʢʘʟʯʠʢʦʚ (ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʝʡ) 

ʚ ʚʠʜʝ ʟʘʜʘʯʠ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; 

ʜ) ʦʙʦʙʱʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʦʯʝ-

ʨʝʜʥʦʩʪʠ ʨʘʩʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʧʦ ʥʘʧʨʷʞʝʥʥʳʤ (ʦʜʥʦʢʦʣʝʡʥʳʤ) 

ʫʯʘʩʪʢʘʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʥʘ ʩʣʫʯʘʡ "ʧʘʢʝʪʥʦʛʦ" ʧʨʦʧʫʩʢʘ ʧʦʝʟʜʦʚ ʧʦ 

ʵʪʠʤ ʫʯʘʩʪʢʘʤ ʧʫʪʠ ʠ ʬʦʨʤʫʣʠʨʦʚʢʘ ʥʘ ʝʝ ʦʩʥʦʚʝ ʟʘʜʘʯʠ ʦʪʳʩʢʘʥʠʷ ʵʪʦʡ ʦʧ-

ʪʠʤʘʣʴʥʦʡ ʦʯʝʨʝʜʥʦʩʪʠ ʚ ʚʠʜʝ ʟʘʜʘʯʠ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʈʦʩʩʠʠ, ʩʚʷʟʘʥ-

ʥʳʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʪʝʤ, ʯʪʦ ʣʦʢʦʤʦʪʠʚʳ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʫʪʠ ʠ ʩʪʘʥʮʠʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʜʝʥʠʠ ʆɸʆ ʈɾɼ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʘʛʦʥʥʳʡ ʧʘʨʢ, ʠʩʧʦʣʴʟʫʝʤʳʡ 

ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʦʚ, ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʦʛʨʦʤʥʦʛʦ ʯʠʩʣʘ ʯʘʩʪ-

ʥʳʭ ʚʣʘʜʝʣʴʮʝʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʝʡ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʢʦʤʧʘʥʠʷʤʠ-ʚʣʘʜʝʣʴʮʘʤʠ ʚʘʛʦʥʥʦʛʦ ʧʘʨʢʘ ʩʪʨʘʪʝʛʠʡ ʧʦ 

ʨʘʙʦʪʝ ʩ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʷʤʠ. ʇʨʠ ʵʪʦʤ ʦʪʳʩʢʘʥʠʝ ʢʘʢ ʩʪʨʘʪʝʛʠʠ ʧʝʨʝʤʝʱʝ-

ʥʠʷ (ʧʦʜʘʯʠ) ʧʦʨʦʞʥʠʭ ʚʘʛʦʥʦʚ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʶ, ʪʘʢ ʠ ʩʪʨʘʪʝʛʠʠ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʚʘʛʦʥʦʚ ʧʦʩʣʝ ʚʳʛʨʫʟʢʠ ʠʟ ʥʠʭ ʛʨʫʟʦʚ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʥʘ ʦʯʠʩʪʢʫ, 
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ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʢʘʢ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʧʨʦʩʘ ʥʘ ʚʘʛʦʥʳ, ʪʘʢ ʠ ʚ 

ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʛʨʫʟʦʚʣʘʜʝʣʴʮʝʚ-ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ 

ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ. ʋʯʝʪ ʵʪʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʝʥ 

ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙ-

ʥʳʭ ʩʪʨʘʪʝʛʠʡ ʠ ʛʠʙʢʦʡ ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʠ ʚʣʘʜʝʣʴʮʘʤʠ ʚʘʛʦʥʥʦʛʦ ʧʘʨʢʘ, ʠ 

ʠʤʝʥʥʦ ʫʯʝʪ ʫʢʘʟʘʥʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʷʚʠʣʩʷ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚ) ʠ ʛ). 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʝʪʠ ʷʚʣʷʶʪʩʷ 

ʩʦʨʪʠʨʦʚʦʯʥʳʝ ʩʪʘʥʮʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʨʘʩʬʦʨʤʠʨʦʚʘ-

ʥʠʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ, ʧʨʦʧʫʩʢʫ ʪʨʘʥʟʠʪʥʳʭ ʧʦʝʟʜʦʚ ʠ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʦʩʪʘʚʦʚ. ɺ ʦʙʱʝʤ ʚʨʝʤʝʥʠ 

ʧʫʪʠ ʛʨʫʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʪ ʧʫʥʢʪʘ ʦʪʧʨʘʚʣʝʥʠʷ ʢ ʧʫʥʢʪʫ ʥʘʟʥʘʯʝʥʠʷ ʥʝʤʘʣʘʷ 

ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʪʨʘʪʠʪʩʷ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʩʦʨʪʠʨʦʚʦʯʥʳʭ ʩʪʘʥʮʠʡ. ʕʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦʨʪʠʨʦʚʦʯʥʦʡ ʩʪʘʥʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦ-

ʩʪʴʶ ʚ ʩʫʪʢʠ, ʩʨʝʜʥʠʤ ʚʨʝʤʝʥʝʤ, ʢʦʪʦʨʦʝ ʚʘʛʦʥ ʧʨʦʚʦʜʠʪ ʥʘ ʩʦʨʪʠʨʦʚʦʯʥʦʡ 

ʩʪʘʥʮʠʠ, ʘ ʪʘʢʞʝ ʟʘʪʨʘʪʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ 

ʨʘʙʦʪ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʨʘʩʬʦʨʤʠʨʦʚʘʥʠʶ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʦʩʪʘʚʦʚ.  

ʉʦʨʪʠʨʦʚʦʯʥʳʝ ʩʪʘʥʮʠʠ ʠ ʥʘʧʨʷʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʧʫʪʠ ʦʙʲʝʢʪʠʚʥʦ ʧʨʠ-

ʥʘʜʣʝʞʘʪ ʢ ʯʠʩʣʫ "ʫʟʢʠʭ ʤʝʩʪ" ʥʘ ʩʝʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʠ ʧʦʪʦʤʫ ʦʧʪʠʤʠʟʘ-

ʮʠʷ ʠʭ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ ʢʘʢ ʜʣʷ ʆɸʆ ʈɾɼ, ʪʘʢ 

ʠ ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ ʠ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʦʩʪʘʚʠʣʘ ʧʨʝʜʤʝʪ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʚ 2014 ʛʦʜʫ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʙ) ʠ ʜ). 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʦʙʟʦʨ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘ) ʦʙʦʩʥʦʚʘʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʟʜʝʣʝ ʦʪʯʝʪʘ ʣʘʙʦʨʘʪʦʨʠʠ ʟʘ 2013 ʛʦʜ [1]. 

 

1.1.1 ʆʙʦʙʱʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʦʙʲʝʤʦʚ ʚʳʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʬʦʨʤʝ ʠʛʨʳ ʤʥʦʛʠʭ ʣʠʮ ʥʘ 

ʧʦʣʠʵʜʨʘʣʴʥʳʭ ʤʥʦʞʝʩʪʚʘʭ ʩʪʨʘʪʝʛʠʡ ʠʛʨʦʢʦʚ 

ɺ  [2] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʘʟʦʚʳʭ 

ʛʝʥʝʨʘʪʦʨʦʚ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʝʪʝʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʚʩʝʭ ʛʨʫʧʧ ʢʨʫʧʥʳʭ 
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ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʵʪʠʭ ʩʝʪʝʡ ʚ ʬʦʨʤʝ ʠʛʨʳ ʤʥʦʛʠʭ (ʙʦʣʝʝ ʪʨʝʭ) ʣʠʮ ʥʘ ʧʦʣʠʵʜ-

ʨʘʣʴʥʳʭ ʤʥʦʞʝʩʪʚʘʭ ʜʦʧʫʩʪʠʤʳʭ ʩʪʨʘʪʝʛʠʡ ʠʛʨʦʢʦʚ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʚʩʷ 

ʧʦʪʨʝʙʣʷʝʤʘʷ ʠʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʤʦʞʝʪ ʟʘʢʫʧʘʪʴʩʷ ʠʣʠ ʫ ʙʘʟʦʚʳʭ ʛʝʥʝʨʘʪʦ-

ʨʦʚ ʠʣʠ ʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʪʘʢ ʠ ʯʝʨʝʟ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʵʪʠ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʧʦʢʫʧʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ 

ʪʘʢʞʝ ʥʘ ʨʳʥʢʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʤʦʞʝʪ ʣʠ ʧʨʝʜʣʦʞʝʥʥʘʷ 

ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʪʴ ʫʢʘʟʘʥʥʦʝ ʚʳʰʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʦʣʴʟʦ-

ʚʘʪʝʣʠ ʤʦʛʫʪ ʧʦʢʫʧʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʝʱʝ ʠ ʥʘ ʨʳʥʢʘʭ? ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ 

ʨʘʟʜʝʣʘ ʦʪʯʝʪʘ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʫʪʚʝʨʜʠʪʝʣʴʥʳʡ.  

ʂʘʢ ʠ ʚ  [2], ʧʦʜ ʢʨʫʧʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩʝʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʨʝ-

ʛʠʦʥʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʥʠʤʘʶʪʩʷ ʘ) ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ (ʪ.ʝ. ʧʨʦ-

ʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʙʠʟʥʝʩʳ, ʟʘʥʷʪʳʝ ʚ ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ), ʢʦʤʧʘ-

ʥʠʠ, ʩʥʘʙʞʘʶʱʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʠ ʧʦ ʥʠʟʢʦ-

ʚʦʣʴʪʥʳʤ ʣʠʥʠʷʤ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʚ) ʛʨʫʧʧʳ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʧʦʣʫʯʘʶʱʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʦ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʣʠʥʠʷʤ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ) , 1,i i mÍ , ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʧʘʨʘ-

ʤʝʪʨʳ [3]: 

( )w
iy l   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴ , 1,i i mÍ ʠʟ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ 

, 1,24l lÍ ; 

( )w st
iy l-   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ , 1,i i mÍ  ʠʟ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ 

, 1,24l lÍ  ʠ ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʩ-

ʧʦʣʴʟʫʝʤʫʶ ʵʪʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ; 

( )w dir
iy l-   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʣʴ-

ʟʦʚʘʪʝʣʴ , 1,i i mÍ  ʠʟ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ 
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, 1,24l lÍ  ʠ ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʨʘʟʫ ʧʦ ʤʝʨʝ ʧʦʣʫ-

ʯʝʥʠʷ ʵʪʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

( )s
iy l   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴ , 1,i i mÍ  ʠʟ ɻʥʝʨʛʠʠ ʩʦʣʥʮʘ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ 

, 1,24l lÍ ; 

( )s st
iy l-   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ , 1,i i mÍ  ʠʟ ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ 

, 1,24l lÍ  ʠ ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʩ-

ʧʦʣʴʟʫʝʤʫʶ ʵʪʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ; 

( )s dir
iy l-   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ , 1,i i mÍ  ʠʟ ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ 

, 1,24l lÍ  ʠ ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʨʘʟʫ ʧʦ ʤʝʨʝ ʧʦʣʫ-

ʯʝʥʠʷ ʵʪʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

( ) ( )iyM l   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ 

, 1,i i mÍ  ʧʦʢʫʧʘʝʪ ʥʘ ʨʳʥʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʠʣʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʨʳʥʢʘʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ) ʠ ʢʦʪʦʨʳʡ ʦʥ ʩʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 

1l-  ʜʦ ʯʘʩʘ , 1,24l lÍ ; 

( ) ( )st
iyM l   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ 

, 1,i i mÍ  ʧʦʢʫʧʘʝʪ ʥʘ ʨʳʥʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʠʣʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʨʳʥʢʘʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ) ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ , 1,24l lÍ , ʠ ʢʦʪʦʨʳʡ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʵʪʠʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ; 

( ) ( )dir
iyM l   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ 

, 1,i i mÍ  ʧʦʢʫʧʘʝʪ ʥʘ ʨʳʥʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʠʣʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʨʳʥʢʘʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ) ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ , 1,24l lÍ  ʠ ʢʦʪʦʨʳʡ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʨʘʟʫ ʧʦ ʤʝʨʝ ʧʦʣʫʯʝʥʠʷ ʵʪʦʡ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ; 

( )g
iy l   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴ , 1,i i mÍ  ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ , 1,24l lÍ ; 

( )g dir
iy l-   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʣʴ-

ʟʦʚʘʪʝʣʴ , 1,i i mÍ  ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ 

, 1,24l lÍ  ʠ ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʩ-

ʧʦʣʴʟʫʝʤʫʶ ʵʪʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ; 

( )g st
iy l-   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ , 1,i i mÍ  ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ 

, 1,24l lÍ  ʠ ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʨʘʟʫ ʧʦ ʤʝʨʝ ʧʦʣʫ-

ʯʝʥʠʷ ʵʪʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ; 

( )st
iy l   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʜʦʩʪʫʧʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʫʩʪ-

ʨʠʘʣʴʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ , 1,i i mÍ ʠʟ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʩ-

ʧʦʣʴʟʫʝʤʦʡ ʵʪʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ 

, 1,24l lÍ ; 

(0)st
iy   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʠʤʝʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʵʪʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʚ ʥʘʯʘʣʝ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʚ 

24 ʯʘʩʘ; 

(0)st
iy +   ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʭʨʘʥʠʪʴʩʷ ʚ 

ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ ʧʦʣʴʟʦ-

ʚʘʪʝʣʝʤ , 1,i i mÍ ; 

st
iy -  ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ , 1,i i mÍ , ʢʦʪʦʨʳʡ ʧʦʣʴ-

ʟʦʚʘʪʝʣʴ ʦʙʷʟʘʥ ʧʦʜʜʝʨʞʠʚʘʪʴ; 
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y
iD   ʝʞʝʯʘʩʥʳʡ ʩʨʝʜʥʠʡ ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʝʨʷʝʤʳʡ ʚ ʩʠʩʪʝʤʝ ʭʨʘʥʝ-

ʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ i , 

0 1y
i<D <, 1,i mÍ ; 

yw
iD   ʩʨʝʜʥʠʝ (ʝʞʝʯʘʩʥʳʝ) ʟʘʪʨʘʪʳ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ , 1,i i mÍ , 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ʵʥʝʨʛʠʠ ʚʝʪʨʘ; 

ys
iD   ʩʨʝʜʥʠʝ (ʝʞʝʯʘʩʥʳʝ) ʟʘʪʨʘʪʳ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ , 1,i i mÍ , 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ; 

y
ip   ʩʨʝʜʥʠʝ (ʝʞʝʯʘʩʥʳʝ) ʟʘʪʨʘʪʳ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ , 1,i i mÍ , 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

( )
w

i
y l   ʦʮʝʥʢʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʠʟ ʵʥʝʨ-

ʛʠʠ ʚʝʪʨʘ, ʢʦʪʦʨʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʦʛʣʘʰʘʝʪʩʷ ʧʦʣʫʯʘʪʴ ʦʪ 

ʧʦʩʪʘʚʱʠʢʘ ʵʪʦʡ ʵʥʝʨʛʠʠ; 

( )
s

i
y l   ʦʮʝʥʢʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʠʟ ʵʥʝʨʛʠʠ 

ʩʦʣʥʮʘ, ʢʦʪʦʨʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʦʛʣʘʰʘʝʪʩʷ ʧʦʣʫʯʘʪʴ ʦʪ 

ʧʦʩʪʘʚʱʠʢʘ ʵʪʦʡ ʵʥʝʨʛʠʠ; 

( )dem
iy l   ʧʦʪʨʝʙʥʦʩʪʴ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʝ-

ʨʠʦʜʝ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ , 1,24l lÍ ; 

( )
dem

iy l   ʦʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʝʨʠʦʜʝ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ , 1,24l lÍ ; 

( )
dem

i
y l   ʦʮʝʥʢʘ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʝʨʠʦʜʝ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ , 1,24l lÍ ; 

( )dem st
iy l-   ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʤ , 1,i i mÍ  ʠʟ ʠʩʧʦʣʴʟʫʝʤʦʡ ʠʤ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʝ-

ʨʠʦʜʝ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ , 1,24l lÍ . 
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ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ , 1,i i mÍ  ʦʧʠʩʳʚʘʝʪ-

ʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʙʘʣʘʥʩʦʚʦʛʦ ʪʠʧʘ, ʩʚʷʟʳʚʘʶʱʠʤʠ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʝʨʝ-

ʤʝʥʥʳʝ ʠ ʧʘʨʘʤʝʪʨʳ [3]: 

( ) ( )
1 1

( ) ( ),

( ) ( ),

( ) ( ) ( ),

( ) (0) ( ) ( ) ( ) ( ) ( ) ( ) ,

( ) ,

( ) ( ) ( ) ( )

w w
ii

s s
ii

demdem dem
i ii

l l
st st g st s st w st st dem st y
i i i i i i i i

x x

st st st
i ii

dem w dir s dir g dir
i i i i

y l y l

y l y l

y l y l y l

y l y y x y x y x yM l y x x

y y l y

y l y l y l y l

- - - -

= =

+

- - -

¢

¢

¢ ¢

= + + + + - +D

¢ ¢

= + + +

ä ä

( ) ( ),

( ) ( ) ( ),

( ) ( ) ( ),

( ) ( ) ( ),

( ) ( ) ( ) ( ) ( ) ( ),

1, ,   1,24.

dir dem st
i i

w w dir w st
i i i

s s dir s st
i i i

g g dir g st
i i i

dir st
i i i

yM y l

y l y l y l

y l y l y l

y l y l y l

yM l yM l yM l

i m l

-

- -

- -

- -

+

= +

= +

= +

= +

Í Í

(1.1) 

ɿʜʝʩʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʠʩʪʝʤʘ (1.1) ʩʦʚʤʝʩʪʥʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦ-

ʚʝʨʝʥʦ ʧʨʦʩʪʳʤ ʤʝʪʦʜʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʚ [4]. 

ʇʫʩʪʴ ʜʘʣʝʝ ( )y
ip l   ʮʝʥʘ, ʧʦ ʢʦʪʦʨʦʡ ʝʜʠʥʠʮʘ ʦʙʲʝʤʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʧʨʦʜʘʝʪʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʠʥʜʫʩʪʨʠʘʣʴʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ , 1,i i mÍ  ʚ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʘ 1l-  ʜʦ ʯʘʩʘ , 1,24l lÍ . 

ɸʥʘʣʦʛʠʯʥʦ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʨʫʛʠʭ ʢʨʫʧʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʠʩʘʥʦ ʧʦʭʦʞʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʧʝʨʝʤʝʥʥʳʝ 

ʠ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʪʦʪ ʞʝ ʩʤʳʩʣ ʜʣʷ ʢʦʤʧʘʥʠʠ ʧʦ ʩʥʘʙʞʝʥʠʶ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ , 1,j j nÍ  ʠ ʜʣʷ ʛʨʫʧʧʳ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ , 1,k k rÍ  ʢʘʢʦʡ ʠʤʝʶʪ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ) ʧʝʨʝʤʝʥʥʳʝ ʠ 

ʧʘʨʘʤʝʪʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 

, 1,i i mÍ : 

( ), ( ), ( ), ( ), ( ), ( )w w st w dir s s st s dir
j j j j j jz l z l z l z l z l z l- - - - , 
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( ) ( ),( ) ( ),( ) ( ),( ) ( ),( ) ( ),( ) ( ),( ) ( )dir st g g dir g st st
j j j j j j jzM l zM l zM l zM l zM l zM l zM l- - , 

( ), (0), , , , ,
stdem st st st z zw zs
jj j j j j jz l z z z l l

+- D , 

, ( ), ( ), ( ), ( ), ( ), ( ),   1, ,  1,24
dem dem w sz dem z
j j j jj j jz l p l z l z l z l z l j n lp Í Í , 

ʠ 

( ), ( ), ( ), ( ), ( ), ( )w w st w dir s s st s dir
k k k k k ku l u l u l u l u l u l- - - - , 

( ) ( ),( ) ( ),( ) ( ), ( ), ( ), ( ), ( )dir st g g dir g st st
k k k k k k kuM l uM l uM l u l u l u l u l- - , 

( ), (0), , , , ,
stdem st st st u uw us

k k k k k kku l u u u l l
+- D , 

, ( ), ( ), ( ), ( ), ( ), ( ),   1, ,  1,24
dem w su dem u dem

k k k k k k ku l p l u l u l u l u l k r lp - Í Í . 

ɼʘʣʝʝ, ʧʫʩʪʴ: 

yq   ʚʝʢʪʦʨ, ʢʦʤʧʦʥʝʥʪʘ ʢʦʪʦʨʦʛʦ y
iq  ʝʩʪʴ ʮʝʥʘ, ʢʦʪʦʨʘʷ ʧʣʘʪʠʪʩʷ ʛʝʥʝʨʘʪʦ-

ʨʦʤ ʢʦʤʧʘʥʠʠ ʧʦ ʧʝʨʝʜʘʯʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʣʠʥʠʷʤ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʟʘ ʧʝʨʝʜʘʯʫ ʝʜʠʥʠʮʳ ʦʙʲʝʤʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʥʜʫʩʪʨʠʘʣʴ-

ʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ , 1,i i mÍ , ʧʨʠʯʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʘ ʮʝʥʘ ʥʝ ʤʝʥʷ-

ʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʚ 24 ʯʘʩʘ; 

ys  ʚʝʢʪʦʨ, ʢʦʤʧʦʥʝʥʪʘ ʢʦʪʦʨʦʛʦ y
is  ʝʩʪʴ ʮʝʥʘ, ʢʦʪʦʨʘʷ ʧʣʘʪʠʪʩʷ ʠʥʜʫʩʪʨʠ-

ʘʣʴʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ i ʢʦʤʧʘʥʠʠ ʧʦ ʧʝʨʝʜʘʯʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʚʳʩʦʢʦ-

ʚʦʣʴʪʥʳʤ ʣʠʥʠʷʤ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʟʘ ʧʝʨʝʜʘʯʫ ʝʜʠʥʠʮʳ ʦʙʲʝʤʘ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʦʪ ʛʝʥʝʨʘʪʦʨʘ 1,i mÍ , ʧʨʠʯʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʘ ʮʝʥʘ ʥʝ ʤʝʥ̫-

ʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʚ 24 ʯʘʩʘ; 

q  ʮʝʥʘ, ʢʦʪʦʨʘʷ ʧʣʘʪʠʪʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʢʦʤʧʘʥʠʠ ʧʦ ʧʝʨʝʜʘʯʝ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ ʧʦ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʣʠʥʠʷʤ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʟʘ ʝʜʠʥʠʮʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʪʝʨʷʝʤʦʡ ʧʨʠ ʧʝʨʝʜʘʯʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʢʨʫʧʥʳʤ ʧʦʣʴʟʦʚʘʪʝ-

ʣʷʤ ʩʝʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʨʝʛʠʦʥʘ, ʧʨʠʯʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʘ ʮʝʥʘ 

ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʚ 24 ʯʘʩʘ; 
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ʠ ʧʫʩʪʴ ʯʠʩʣʘ zq , z
jq , zs , z

js  ʠ ʯʠʩʣʘ uq , u
kq , us , u

ks  ʠʤʝʶʪ ʪʦʪ ʞʝ ʩʤʳʩʣ ʜʣʷ 

ʢʦʤʧʘʥʠʠ ʧʦ ʩʥʘʙʞʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ , 1,j j nÍ  

ʠ ʜʣʷ ʛʨʫʧʧʳ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ , 1,k k rÍ , ʢʘʢʦʡ ʠʤʝʶʪ ʯʠʩʣʘ yq ,

y
iq , ys , y

is  ʜʣʷ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 1,i mÍ , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʫʩʪʴ  

24

( (1),..., (24)); ( (1),..., (24)); ( (1),..., (24));

( (1),..., (24)); ( ) ( ,..., ); ( ) ( ,..., );

( (1),..., (24)); ( ), ( )

g g g w w w s s s
i i i i i i i i i

y y y yw yw yw ys ys ys
i i i i i i i i i

st st st yw ys
i i i i i

y y y y y y y y y

p p p av av

y y y av av R

l l l l l l

l l +

= = =

= = =

= Í , 1, ;

( (1),..., (24)); ( (1),..., (24)); ( (1),..., (24));

( (1),..., (24)); ( ) ( ,..., ); ( ) ( ,..., );

( (1),..., (24)); ( ), (

g g g w w w s s s
j j j j j j j j j

z z z zw zw zw zs zs zs
j j j j j j j j j

st st st zw zs
j j j j j

i m

z z z z z z z z z

p p p av av

z z z av a

l l l l l l

l l

Í

= = =

= = =

= 24) , 1, ;

( (1),..., (24)); ( (1),..., (24)); ( (1),..., (24));

( (1),..., (24)); ( ) ( ,..., ); ( ) ( ,..., );

( (1),..., (24)); ( )

g g g w w w s s s
k k k k k k k k k

u u u uw uw uw us us us
k k k k k k k k k

st st st uw
k k k k

v R j n

u u u u u u u u u

p p p av av

u u u av

l l l l l l

l

+Í Í

= = =

= = =

= 24, ( ) , 1, ;us
k av R k rl +Í Í

 

1 2( , ,,..., )g g g g
my y y y= , 1 2( , ,,..., )g g g g

nz z z z= , 1 2( , ,,..., )g g g g
ku u u u= , 

1 2( , ,,..., )y y y y
np p p p= , 1 2( , ,,..., )z z z z

np p p p= , 1 2( , ,,..., )u u u u
kp p p p= . 

ʀ ʧʫʩʪʴ 

1 2 1 2 1 2

1 1 1

1 2 1 2

( ; , ,,..., ; , ,,..., ; , ,,..., ),

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

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

( ; , ,,..., ; , ,,..

g w w w s s s st st st
m m m

y y

y yw yw ys ys y y
m m m

g w w w s s
n

y y y y y y y y y y y

p p

q av av av av

z z z z z z z

l l l l p p

=

=

=

= 1 2

1 1 1

1 2 1 2 1 2

., ; , ,,..., ),

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

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

( ; , ,,..., ; , ,,..., ; , ,,..., ),

( ;

s st st st
n n

z z

z zw zw zs zs z z
n n n

g w w w s s s st st st
k k k

u u

z z z z

p p

q av av av av

u u u u u u u u u u u

p p

l l l l p p

=

=

=

=

1 1 1

0,0,...,0;0,0,...,0;0,0,...,0),

(0; ( ),..., ( ); ( ),..., ( ); ,..., ),u uw uw us us z u
k k kq av av av avl l l l p p=

 

ʪʘʢ ʯʪʦ  
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, , , , , , , ,g y y g z z g u uy p y p z p z p u p u p= = = , 

( , , ), ( , , ), ( , , )y z u y z uy y z u x p p p q q qd= = = . 

ʂʨʦʤʝ ʪʦʛʦ, ʠ ʧʫʩʪʴ 

( ,0,0, ,0, ,0,0, ,0, ,0,0, ,0)y z ut q q q= , 

( ,0,0, ,0, ,0,0, ,0, ,0,0, ,0)y z us s s s= , 

ʛʜʝ ʚʩʝ ʥʫʣʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ t  ʠ s, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʤʧʦʥʝʥʪʘʤ 

ʚʝʢʪʦʨʦʚ y , z  ʠ u , 

( )s
1 2 1 2 1 2, , , ;  y , , , ;  , , ,w w w s s st st st

m m my y y y y y y y , 

( )s
1 2 1 2 1 2, , , ;  , , , ;  , , ,w w w s s st st st

n n nz z z z z z z z z , 

( )s
1 2 1 2 1 2, , , ;  , , , ;  , , ,w w w s s st st st

k k ku u u u u u u u u , 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʧʫʩʪʴ ( , )gy y Y= , ( ,0 )rx x= , ( ,0 )rs s= , ( ,0 )YdD= , ʛʜʝ 

( (1), , (24))g g gY Y Y= , 240Y RÍ   ʥʫʣʝʚʦʡ ʚʝʢʪʦʨ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʚʝʜʝʥʥʳʝ ʚʳʰʝ ʦʙʦʟʥʘʯʝʥʠʷ, ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʩʠʩʪʝʤʦʡ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ  

[4, 5]: 

( ), , , , , ( ) 0g y g z g u g g
lossY y z u MAX Ye e e e e- + + - =, 

min max, gH Y He¢ ¢ , 

exp
( , , )

, , , , ( ) ( ) max
y z u

g y g z g u g
en

p p p
y p z p u p MAX Y ye+ + - -Y ­ , 

ʛʜʝ  

( ) ( )
1 1 24 241, 1,1 24 24

( ) max (1) , , max (24)g g g
loss

u
MAX Y a b Y a b Yl l p l

l lÍ L Í L

å õ
= + +æ ö
ç ÷
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ʦʧʠʩʳʚʘʶʪ ʧʦʪʝʨʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʣʠʥʠʷʤ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ [3, 5], ( )g

l l
a b Y ll l+ ʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʥʥʳʭ 

( ),   1,g
l lY l lÍ L, 

1,  ,   1,24
l l

a b R ll lÍ Í  (ʚ ʧʨʝʜʝʣʘʭ ʥʝʢʦʪʦʨʦʛʦ ʩʝʛʤʝʥʪʘ ʦʙʲʝ-

ʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [ ]min max,c c ), , , ,y z ue e e e  ʚʝʢʪʦʨʳ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʨʘʟʤʝʨʦʚ, ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ ʨʘʚʥʳ 1, ʠ minH  ʠ maxH   ʤʠ-

ʥʠʤʘʣʴʥʘʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɿʜʝʩʴ ʬʫʥʢʮʠʷ ( )yY  ʦʧʠʩʳʚʘʶʱʘʷ 

ʟʘʪʨʘʪʳ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢʨʫʧʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ [3, 5], 

( )
24

1 11,
1 1 1 1

( ) max ( ) , , ,
l

m n r
l l y y y z u u

i j k
i j k

li i j k

y a b Y l y z ue
l l

l
q e q e q e q

Í L
= = = =

å õ
Y = + + + +æ ö

æ ö
ç ÷

ä ä ä ä

 

ʠ ʬʫʥʢʮʠʷ  

( ) ( )exp 1 1 24 241, 1,ɻ1 1 24 24

( ) max (1) , , max (24)g g g
en

u u
MAX Y c b Y c b Ym m m m

Í G Í

å õ
= + +æ ö
ç ÷

 

ʦʧʠʩʳʚʘʝʪ ʟʘʪʨʘʪʳ ʛʝʥʝʨʘʪʦʨʘ ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

[5], ʛʜʝ ( )g

l l
c b Y lm m+  ʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʥʥʳʭ 

1( ), ,g

l l
Y l c b Rm mÍ , 

1,24lÍ  (ʚ ʧʨʝʜʝʣʘʭ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʩʝʛʤʝʥʪʘ [ ]min max,c c ), ʧʨʠʯʝʤ ʧʨʝʜʧʦ-

ʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʢʣʶʯʝʥʠʷ ( )1 1 1, , , , , , , ,0y y z z u u
m n k Ys s s s s s SÍ  ʠ ( , , , )dy z u Y ÍW, 

( , , ,0 )y z u yp p p MÍ , ( )1 1 1, , , , , , , ,0y y z z u u
m n k Y Tq q q q q qÍ  ʠʤʝʶʪ ʤʝʩʪʦ ʜʣʷ 

ʧʝʨʝʤʝʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʝʭ ʢʨʫʧʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʩʝʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʛʝʥʝʨʘʪʦʨʘ, ʠ ʢʦʤʧʘʥʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʝʨʝʜʘʯʫ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʣʠʥʠʷʤ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ; ʟʜʝʩʴ , ,y z ue e e 

ʚʝʢʪʦʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʤʝʨʦʚ ʫ ʢʦʪʦʨʳʭ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʨʘʚʥʳ 1, ʠ 

M , W, S ʠ T  ʚʳʧʫʢʣʳʝ ʤʥʦʛʦʛʨʘʥʥʠʢʠ. 
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ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [5], ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʝʥʝʨʘʪʦʨʘ, ʚʩʝʭ ʢʨʫʧʥʳʭ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʡ ʠ ʢʦʤʧʘʥʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʚʳʩʦʢʦ-

ʚʦʣʴʪʥʳʤ ʣʠʥʠʷʤ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʠʛʨʦʡ 2m n r+ + + 

ʣʠʮ 

1 2, , ( ) ( ) max
x M

y x y t f y f y
Í

- - - ­ , 

1
( , )

, , ( ) max
t s T S

y t y s f y
Í ³

+ + ­ , 

, , min,  1
y

y x y  i ,m
ÍW

+ D ­ Í , 

, , min,  1
j j y

y x y  j ,n
ÍW

+ D ­ Í , 

, , min,  1
k k y

y x y  k ,r
ÍW

+ D ­ Í , 

(ʀʛʨʘ 1) 

ʛʜʝ ʚʳʧʫʢʣʳʝ ʤʥʦʛʦʛʨʘʥʥʠʢʠ M , W, T  ʠ S ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʥʦ-

ʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʩʪʨʘʪʝʛʠʡ ʠʛʨʦʢʦʚ, ʧʨʠʯʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʠ ʤʥʦ-

ʛʦʛʨʘʥʥʠʢʠ ʦʧʠʩʳʚʘʶʪʩʷ ʩʦʚʤʝʩʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʣʠʥʝʡʥʳʭ ʥʝʨʘʚʝʥʩʪʚ (ʢʦ-

ʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʩʠʩʪʝʤʫ (1.1) ʜʣʷ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ k ʠ ʩʠʩʪʝ-

ʤʳ, ʧʦʜʦʙʥʳʝ (1.1) ʜʣʷ ʢʦʤʧʘʥʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʢʦʥʝʯ-

ʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʠ, ʠ ʜʣʷ ʛʨʫʧʧʳ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ), ʧʦʜʨʦʙ-

ʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ [5]. ɿʜʝʩʴ 1( ) ,MAX ( )lossf y yqe= , 

2 exp( ) ,MAX ( )enf y ye=  ï ʩʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ, ,
i

y x  ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 

ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ,y x , ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʧʝʨʝʤʝʥʥʳʤ, ʩʚʷʟʘʥʥʳʤ ʩ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ , 1,i i mÍ , 24Re +Í  ʚʝʢʪʦʨ, ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʢʦ-

ʪʦʨʦʛʦ ʨʘʚʥʳ 1, ʠ ʬʫʥʢʮʠʠ lossMAX ( )gY  ʠ expenMAX ( )gY  ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʢʘʢ ʬʫʥʢʮʠʠ ʚʝʢʪʦʨʘ y  ʚ ʩʠʣʫ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ 

ʚʝʢʪʦʨʘʤʠ y  ʠ gY . ʇʫʩʪʴ 0yM , 0zM , 0uM  ʚʝʢʪʦʨʳ ʪʝʭ ʞʝ ʨʘʟʤʝʨʦʚ ʯʪʦ ʠ ʚʝʢ-

ʪʦʨʳ My , Mz  ʠ Mu  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʜʝ  
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( )( ) ( ) , ,( ) (24) ,i i iyM yM yM=  

( )( ) ( ) (1), ,( ) (24) ,j j jzM zM zM=  

( )( ) ( ) (1), ,( ) (24)k k kuM uM uM= , 

( ) ( ) ( )1 1 1( ) , ,( ) ,  ( ) , ,( ) ,  ( ) , ( )M M M
m n ky yM yM z zM zM u uM uM= = = , 

( ) ( ) ( ),0 ,0 ,0 ,  ,0 ,0 ,0 ,  y , ,yM zM uM yM zM uM M M Mx x t t y,y z u= = = , 

1, ,   1, ,   1,i m j n k rÍ Í Í . 

ʇʫʩʪʴ: 

( )yM mc av RÍ  ï ʚʝʢʪʦʨ, ʫ ʢʦʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ i  ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʡ ʨʳʥʦʯʥʦʡ 

ʮʝʥʦʡ ʟʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝ-

ʣʷ , 1,i i mÍ , 

yM ms RÍ  ï ʚʝʢʪʦʨ, ʫ ʢʦʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ i  ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʡ ʮʝʥʦʡ ʟʘ ʧʝʨʝ-

ʜʘʯʫ ʝʜʠʥʠʮʳ ʦʙʲʝʤʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 

, 1,i i mÍ  ʩ ʨʳʥʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʠ ʧʫʩʪʴ ( )zM nc av RÍ , zM ns RÍ  ʠ ( )uM kc av RÍ , uM ks RÍ  ʠʤʝʶʪ ʪʦʪ ʞʝ ʩʤʳʩʣ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʤʧʘʥʠʠ ,j j nÍ , ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʢʦʥʝʯ-

ʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʠ ʠ ʛʨʫʧʧʫ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ , 1,k k rÍ , ʢʘʢʦʡ 

ʠʤʝʶʪ ( )yMc av , yMs  ʜʣʷ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ , 1,i i mÍ , ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ. ɼʘʣʝʝ, ʧʫʩʪʴ ( ), ( ), ( ), ( )yM zM uMc av c av c avD= D  ʠ yMs , zMs , uMs   ʢʦʤ-

ʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʠʟ ʚʳʧʫʢʣʦʛʦ ʤʥʦʛʦʛʨʘʥʥʠʢʘ M
sPËP , 

( )0 ,0 ,0 ,  yM zM uMM M Q= ³ W=W³, ʛʜʝ 
M
yQËP  ʚʳʧʫʢʣʳʡ ʤʥʦʛʦʛʨʘʥʥʠʢ, 

ʦʪʨʘʞʘʶʱʠʡ ʦʮʝʥʢʫ ʛʝʥʝʨʘʪʦʨʦʤ ʥʘʣʠʯʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʨʳʥʢʝ (ʨʳʥʢʘʭ) 

ʜʣʷ ʧʦʢʫʧʢʠ ʢʨʫʧʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʩʝʪʠ, ʛʜʝ M
sP  ʠ M

yP  ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʳ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʤʝʨʦʚ, ( )S S P= ³  ʠ 
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( )0 ,0 ,0yM zM uMT T= ³  ʪʘʢ ʯʪʦ M , W, S ʠ T  ʚʳʧʫʢʣʳʝ ʤʥʦʛʦʛʨʘʥʥʠʢʠ, ʦʧʠ-

ʩʳʚʘʝʤʳʝ ʣʠʥʝʡʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʧʦʜʦʙʥʳʤʠ ʪʝʤ, ʢʦʪʦʨʳʤʠ ʦʧʠʩʳʚʘ-

ʶʪʩʷ ʚʳʧʫʢʣʳʝ ʤʥʦʛʦʛʨʘʥʥʠʢʠ M , W, S ʠ T  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʦ ʩʚʷʟr-

ʚʘʶʱʠʤʠ ʧʝʨʝʤʝʥʥʳʝ ,  y, x s ʠ t , ʛʜʝ ( , , , )yM zM uMs s s s s= . ɿʜʝʩʴ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪʩʷ, ʯʪʦ ʘ) ʝʞʝʯʘʩʥʳʝ ʮʝʥʳ ʟʘ ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢʨʫʧʥʳʤ ʧʦʣʴʟʦ-

ʚʘʪʝʣʷʤ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʢʫʧʣʝʥʘ ʥʘ ʨʳʥʢʝ (ʥʘ ʨʳʥʢʘʭ), ʧʦʩʪʦʷʥʥʳ ʚ ʪʝʯʝʥʠʝ 

ʢʘʞʜʦʛʦ ʯʘʩʘ ʚ 24 ʯʘʩʦʚʦʤ ʧʝʨʠʦʜʝ ʚʨʝʤʝʥʠ (ʭʦʪʷ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʵʪʠ ʮʝʥʳ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ ʜʣʷ ʨʘʟʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʠ), ʙ) ʛʝʥʝʨʘʪʦʨ ʠʤʝʝʪ ʠʥ-

ʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʠʭ ʮʝʥ, ʧʦ ʢʦʪʦʨʳʤ ʢʨʫʧʥʳʝ ʧʦʣʴʟʦʚʘ-

ʪʝʣʠ ʤʦʛʫʪ ʢʫʧʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʘ ʨʳʥʢʝ (ʨʳʥʢʘʭ). 

ʈʘʩʩʤʦʪʨʠʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʠʛʨʫ 3-ʭ ʣʠʮ ʚ ʬʦʨʤʝ 

1 2, , ( ) ( ) max
x M

y x y t F y F y
Í

- - - ­ , 

1
( , )

, , ( ) max
t s T S

y t y s F y
Í ³

+ + ­ , 

, , , min,  
y

y x y s y
ÍW

+ + D ­  

(ʀʛʨʘ 2) 

ʛʜʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʡ 1F  ʠ 2F  ʪʝ ʞʝ, ʯʪʦ ʠ ʜʣʷ ʬʫʥʢʮʠʡ 1f  ʠ 2f , ʠ ʚr-

ʧʦʣʥʷʶʪʩʷ ʨʘʚʝʥʩʪʚʘ 1 1( ) ( )F y f y=  ʠ 2 2( ) ( )F y f y= . 

ʈʘʩʩʤʦʪʨʠʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʠʛʨʫ 2-ʭ ʣʠʮ ʥʘ ʚʳʧʫʢʣʳʭ ʤʥʦʛʦʛʨʘʥʥʠ-

ʢʘʭ W ʠ M S³  ʜʦʧʫʩʪʠʤʳʭ ʩʪʨʘʪʝʛʠʡ ʠʛʨʦʢʦʚ 

( )
( ,( , )) ( )

( *,( *, *)) , ,p
y x s M S

y x s S y x s y
ÍW³ ³

Í + + D . 

(ʀʛʨʘ 3) 

ʛʜʝ ʬʫʥʢʮʠʷ ʚʳʠʛʨʳʰʘ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʢʪʦʨʫ y  ʠ ʤʘʢ-

ʩʠʤʠʟʠʨʫʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʘʨʝ ʚʝʢʪʦʨʦʚ ( , )x s   
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ɺ [3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʳ  

ʋʪʚʝʨʞʜʝʥʠʝ 1.1. ʏʝʪʚʝʨʢʘ ʚʝʢʪʦʨʦʚ ( *, *, *, *)y x t s  ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʨʘʚ-

ʥʦʚʝʩʠʷ ʚ ʠʛʨʝ 2 ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʪʨʦʡʢʘ ʚʝʢʪʦʨʦʚ ( *( *, *))y x s  ʚ̫-

ʣʷʝʪʩʷ ʪʦʯʢʦʡ ʨʘʚʥʦʚʝʩʠʷ ʚ ʠʛʨʝ 3 ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ 

* Arg max *,
t T

t y t
Í

= . 

ʋʪʚʝʨʞʜʝʥʠʝ 1.2. ʊʦʯʢʘ ʨʘʚʥʦʚʝʩʠʷ ʚ ʀʛʨʝ 2 ʦʧʨʝʜʝʣʷʝʪ ʪʦʯʢʫ ʨʘʚʥʦʚʝ-

ʩʠʷ ʚ ʀʛʨʝ 1. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʙʦʠʭ ʫʪʚʝʨʞʜʝʥʠʡ ʩʦʚʝʨʰʝʥʥʦ ʘʥʘʣʦʛʠʯʥʦ ʜʦʢʘʟʘʪʝʣʴ-

ʩʪʚʫ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʫʪʚʝʨʞʜʝʥʠʡ ʠʟ [5]. ʃʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʢʦʥʢʨʝʪʥʳʝ 

ʬʦʨʤʳ ʬʫʥʢʮʠʡ 1( )F y  ʠ 2( )F y  ʥʝ ʚʣʠʷʶʪ ʥʘ ʩʘʤ ʬʘʢʪ ʪʦʛʦ, ʯʪʦ ʪʦʯʢʘ ʨʘʚʥʦ-

ʚʝʩʠʷ ʚ ʀʛʨʝ 2 ʦʧʨʝʜʝʣʷʝʪ ʪʦʯʢʫ ʨʘʚʥʦʚʝʩʠʷ ʚ ʠʛʨʝ 1 [3] ʭʦʪʷ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, 

ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʨʘʚʥʦʚʝʩʠʷ ʚ ʀʛʨʝ 2 ʦʧʨʝʜʝʣʷʝʪ ʣʠʰʴ ʧʦʜʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ 

ʨʘʚʥʦʚʝʩʠʷ ʚ ʀʛʨʝ 1, ʠ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʨʘʚʥʦʚʝʩʠʷ ʚ ʀʛʨʝ 1, ʨʘʟʫʤʝʝʪʩʷ, ʟʘ-

ʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʬʦʨʤʳ ʦʙʝʠʭ ʬʫʥʢʮʠʡ. 

ʇʦʣʘʛʘʷ 1 1m n m= =, ʛʜʝ m ï ʨʘʟʤʝʨ ʚʝʢʪʦʨʦʚ  y, ,x s, ʧʦʣʘʛʘʷ 1p =D, 

1x y= , 1y x s= +, 1 0q = , ʠ ʧʦʣʘʛʘʷ 1mE D= , ʛʜʝ mE  ï ʤʘʪʨʠʮʘ m m³  ʫ ʢʦʪʦ-

ʨʦʡ ʥʝʥʫʣʝʚʳʝ ʵʣʝʤʝʥʪʳ ʨʘʚʥʳ 1 ʠ ʟʘʥʠʤʘʶʪ ʛʣʘʚʥʫʶ ʜʠʘʛʦʥʘʣʴ ʤʘʪʨʠʮʳ 

mE , ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʀʛʨʘ 3 ʷʚʣʷʝʪʩʷ ʠʛʨʦʡ 2-ʭ ʣʠʮ ʩ ʧʣʘʪʝʞʥʦʡ 

ʬʫʥʢʮʠʝʡ 1 1 1 1 1 1 1, ,p x x D y q y+ +  ʥʘ ʚʳʧʫʢʣʳʭ ʤʥʦʛʦʛʨʘʥʥʠʢʘʭ 1M  ʠ 1W , 

ʛʜʝ 1M  ʠ 1W  ʚʳʧʫʢʣʳʝ ʤʥʦʛʦʛʨʘʥʥʠʢʠ, ʦʧʠʩʳʚʘʝʤʳʝ ʩʦʚʤʝʩʪʥʳʤʠ ʩʠʩʪʝʤʘ-

ʤʠ ʣʠʥʝʡʥʳʭ ʥʝʨʘʚʝʥʩʪʚ { }1
1 1 1 1 1:   

m
M x R A x b+= Í ² , { }1

1 1 1 1 1:   
n

y R B y d+W = Í ² , 

1A , 1B , 1D  ï ʤʘʪʨʠʮʳ ʠ 1b , 1d , 1p , 1q , 1x , 1y  ʚʝʢʪʦʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟ-

ʤʝʨʦʚ ʠ ʩʪʨʫʢʪʫʨʳ. 

ʊʝʦʨʝʤʘ 1.1 [4]. ʈʘʟʨʝʰʠʤʦʩʪʴ ʀʛʨʳ 3 ʵʢʚʠʚʘʣʝʥʪʥʘ ʨʘʟʨʝʰʠʤʦʩʪʠ ʜʚʫʭ 

ʟʘʜʘʯ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

1 1 1

1 1 1 1
(z , )

, , max
y Q

b z q y
Í

+ ­ , 
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1 1 1

1 1 1 1
(t , )

, , min
x R

d t p x
Í

- + ­  

ʦʙʨʘʟʫʶʱʠʭ ʜʚʦʡʩʪʚʝʥʥʫʶ ʧʘʨʫ, ʛʜʝ 

{ }1 1 1 1 1 1 1 1 1 1 1( , 0) :   ,Q z y z A p D y B y d= ² ¢ + ², 

{ }1 1 1 1 1 1 1 1 1 1 1( , 0) :   ,P t x t B q x D A x b= ² ¢- - ² ʠ 1t , 1zʚʝʢʪʦʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʘʟʤʝʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʳʩʢʠʚʘʪʴ ʨʘʚʥʦʚʝʩʠʷ ʚ ʨʘʟʨʝʰʠʤʦʡ ʀʛʨʝ 3 ʤʝʪʦ-

ʜʘʤʠ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʣʶʙʦʛʦ ʯʠʩʣʘ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʧʝʨʝ-

ʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʩʪʨʝʪʠʪʴʩʷ ʚ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʝʪʠ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʤʦʛʫʪ ʧʦʢʫʧʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʝ ʪʦʣʴʢʦ ʫ ʙʘʟʦʚʳʭ ʛʝʥʝ-

ʨʘʪʦʨʦʚ, ʥʦ ʠ ʥʘ ʨʳʥʢʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʬʦʨʤʝ ʠʛ-

ʨ  r ʥʝʩʢʦʣʴʢʠʭ (ʙʦʣʝʝ ʪʨʝʭ) ʣʠʮ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʩʝʪʠ, ʘ ʦʪʳʩʢʘʥʠʝ ʪʦʯʝʢ ʨʘʚʥʦʚʝʩʠʷ ʚ ʵʪʦʡ 

ʠʛʨʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʠʟ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʦʙʨʘʟʫʶʱʠʭ ʜʚʦʡʩʪʚʝʥʥʫʶ ʧʘʨʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʧʦʜʨʘʟʜʝʣʘ ʦʪʯʝʪʘ ʦʪʨʘ-

ʞʝʥʳ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [2, 3, 5, 6]. 

1.1.2 ʇʦʩʪʨʦʝʥʠʝ ʥʦʚʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦ-

ʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʦʨʪʠʨʦʚʦʯʥʦʡ ʩʪʘʥʮʠʠ 

ʉʦʨʪʠʨʦʚʦʯʥʳʝ ʩʪʘʥʮʠʠ ʧʨʝʜʥʘʟʥʘʯʘʶʪʩʷ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠ ʨʘʩʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ. ʅʘ ʥʠʭ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚʭʦʜʷʱʠʝ ʧʦ-

ʪʦʢʠ ʚʘʛʦʥʦʚ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʷʤʳʝ ʧʦʝʟʜʘ, ʪ.ʝ. ʧʦʝʟʜʘ, ʩʣʝʜʫʶʱʠʝ ʙʝʟ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦ ʧʫʥʢʪʘ ʥʘʟʥʘʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʥʠʭ 

ʚʳʧʦʣʥʷʶʪʩʷ ʨʝʤʦʥʪ ʚʘʛʦʥʦʚ, ʣʦʢʦʤʦʪʠʚʦʚ, ʟʘʤʝʥʘ ʧʦʝʟʜʥʦʡ ʙʨʠʛʘʜʳ, ʜʦʟʘ-

ʧʨʘʚʢʘ ʣʦʢʦʤʦʪʠʚʦʚ ʠ ʜʨʫʛʠʝ ʦʧʝʨʘʮʠʠ. ʉʦʨʪʠʨʦʚʦʯʥʳʝ ʩʪʘʥʮʠʠ ʨʘʟʤʝʱʘʶʪ 

ʚ ʤʝʩʪʘʭ ʤʘʩʩʦʚʦʡ ʧʦʛʨʫʟʢʠ ʠʣʠ ʚʳʛʨʫʟʢʠ ʛʨʫʟʦʚ, ʚ ʨʘʡʦʥʘʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʮʝʥʪʨʦʚ ʠʣʠ ʚ ʫʟʣʦʚʳʭ ʧʫʥʢʪʘʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʩ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʚʘʛʦʥʦʧʦʪʦʢʦʚ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʚʘʛʦʥʦʧʦʪʦʢʦʚ ʥʘ ʛʨʫʟʦʚʦʡ ʩʦʨʪʠʨʦʚʦʯʥʦʡ 

ʩʪʘʥʮʠʠ ʠʤʝʶʪʩʷ ʧʘʨʢ ʧʨʠʙʳʪʠʷ, ʩʦʨʪʠʨʦʚʦʯʥʳʡ ʧʘʨʢ, ʧʘʨʢ ʦʪʧʨʘʚʣʝʥʠʷ ʠ 
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ʩʦʨʪʠʨʦʚʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; ʪʨʠ ʫʢʘʟʘʥʥʳʭ ʧʘʨʢʘ ʠ ʩʦʨʪʠʨʦʚʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʦʙʨʘʟʫʶʪ ʩʦʨʪʠʨʦʚʦʯʥʫʶ ʩʠʩʪʝʤʫ. ʇʘʨʢʠ ʧʨʠʙʳʪʠʷ ʠ ʦʪʧʨʘʚʣʝʥʠʷ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʩ ʧʦʝʟʜʘʤʠ (ʨʘʩʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ, ʪʝʭʥʠʯʝʩʢʘʷ ʠʥʩʧʝʢʮʠʷ). ʇʘʨʢ ʩʦʨʪʠʨʦʚʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʩʦʨʪʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ. ʉʦʨʪʠʨʦʚʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʚʢʣʶʯʘʝʪ ʩʦʨʪʠʨʦʚʦʯʥʫʶ ʛʦʨʢʫ, ʤʘʥʝʚʨʦʚʳʝ ʣʦʢʦʤʦʪʠʚʳ, ʠ ʦʙʩʣʫʞʠʚʘʶʱʠʡ 

ʠʭ ʧʝʨʩʦʥʘʣ.  

ʉʦʨʪʠʨʦʚʦʯʥʘʷ ʩʪʘʥʮʠʷ ʦʙʣʘʜʘʝʪ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʨʠʙʳʪʠʠ ʚʩʝʭ ʩʦʩʪʘ-

ʚʦʚ ʥʘ ʥʝʢʦʪʦʨʳʡ ʟʘʜʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʧʠʩʘʥʠʝ 

ʜʚʠʞʝʥʠʝ ʛʨʫʟʦʚʳʭ ʩʦʩʪʘʚʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤ, ʥʘʧʨʠʤʝʨ, ʩ ʧʝʨʠʦʜʦʤ 

ʨʘʚʥʳʤ ʦʜʥʦʡ ʥʝʜʝʣʝ. ɼʣʷ ʚʩʝʭ ʧʨʠʙʳʚʘʶʱʠʭ ʩʦʩʪʘʚʦʚ ʠʟʚʝʩʪʥʦ ʚʨʝʤʷ ʧʨʠ-

ʙʳʪʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʚʘʛʦʥʦʚ, ʪʠʧ ʢʘʞʜʦʛʦ ʚʘʛʦʥʘ, ʝʛʦ ʛʨʫʟ, ʧʫʥʢʪ ʥʘʟʥʘʯʝʥʠʷ. 

ʉʪʘʥʮʠʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʨʘʩʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʙʳʚʘʶʱʠʭ ʩʦʩʪʘʚʦʚ ʠ ʦʙ-

ʨʘʙʦʪʘʪʴ ʚʘʛʦʥʳ ʠʟ ʚʥʦʚʴ ʧʨʠʙʳʚʰʠʭ ʩʦʩʪʘʚʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʩʪʘʥʮʠʝʡ ʥʘʟʥʘʯʝʥʠʷ (ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʪʘʥʮʠʝʡ), ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʠʪʴ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʙʣʦʢʦʚ ʚʘʛʦʥʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʭʦʞʜʝʥʠʝ ʯʝʨʝʟ 

ʩʪʘʥʮʠʶ ʪʨʘʥʟʠʪʥʳʭ ʚʘʛʦʥʦʚ, ʪʦ ʝʩʪʴ ʪʘʢʠʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʥʘ ʷʚʣʷʝʪʩʷ ʧʨʦ-

ʤʝʞʫʪʦʯʥʦʡ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʣʦʢʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 

(ʧʨʦʮʝʜʫʨʘ ʥʘʢʦʧʣʝʥʠʷ), ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʦʝʜʠʥʠʪʴ ʥʘʢʦʧʣʝʥʥʳʝ ʚʘʛʦʥʳ ʢ 

ʥʝʢʦʪʦʨʳʤ ʦʪʭʦʜʷʱʠʤ ʩʦ ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʘʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʜʚʠʞʝʥʠʷ ʵʪʠʭ ʚʘʛʦʥʦʚ ʠ ʵʪʠʭ ʩʦʩʪʘʚʦʚ. ʀʟʚʝʩʪʥʦ ʚʨʝʤʷ ʦʪʧʨʘʚʣʝʥʠʷ ʦʪʭʦ-

ʜʷʱʠʭ ʩʦ ʩʪʘʥʮʠʠ ʧʦʝʟʜʦʚ, ʧʫʥʢʪ ʥʘʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ ʧʦʝʟʜʘ, ʘ ʪʘʢʞʝ ʧʫʥʢʪʳ 

ʥʘʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʚʘʛʦʥʦʚ ʚ ʢʘʞʜʦʤ ʠʟ ʩʦʩʪʘʚʦʚ. ʊʨʝʙʫʝʪʩʷ ʚʥʘʯʘʣʝ ʦʪ-

ʩʦʨʪʠʨʦʚʘʪʴ ʚʩʝ ʧʨʠʙʳʚʘʶʱʠʝ ʥʘ ʩʪʘʥʮʠʶ ʚʘʛʦʥʳ ʚ ʙʣʦʢʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʜʚʠʞʝʥʠʷ, ʠ ʟʘʪʝʤ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʪʧʨʘʚʣʷʶʱʠʝʩʷ ʩʦ ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʳ. ɹʦʣʝʝ 

ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʝʭʥʠʯʝʩʢʫʶ ʠʥʩʧʝʢʮʠʶ ʚʩʝʭ ʧʨʠʙʳʚʘʶʱʠʭ ʠ 

ʦʪʧʨʘʚʣʷʶʱʠʭʩʷ ʩʦ ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʦʚ.  

ʉʦʜʝʨʞʘʪʝʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞ-

ʥʦʡ ʩʦʨʪʠʨʦʚʦʯʥʦʡ ʩʪʘʥʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʪʝ-

ʯʝʥʠʝ ʩʫʪʦʢ ʩ ʩʦʨʪʠʨʦʚʦʯʥʦʡ ʩʪʘʥʮʠʠ (ʜʘʣʝʝ ʩʪʘʥʮʠʠ) ʜʦʣʞʥʦ ʦʪʧʨʘʚʠʪʴʩʷ 
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K* ʧʦʝʟʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʨʘʩʧʠʩʘʥʠʝʤ. ʀʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʦʪʧʨʘʚʣʷʪʴʩʷ ʚʘʛʦʥʳ ʚ ʩʦʩʪʘʚʝ ʦʪʭʦʜʷʱʠʭ ʩʦ 

ʩʪʘʥʮʠʠ ʧʦʝʟʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʦʞʠʚʰʝʡʩʷ ʛʝʦʛʨʘʬʠʝʡ ʧʝʨʝʚʦʟʦʢ ʯʝʨʝʟ 

ʩʪʘʥʮʠʶ, ʪʘʢ ʯʪʦ ʚʩʝ ʧʨʠʙʳʚʘʶʱʠʝ ʥʘ ʩʪʘʥʮʠʶ ʚʘʛʦʥʳ ʧʦʜʣʝʞʘʪ ʦʪʧʨʘʚʢʝ ʩʦ 

ʩʪʘʥʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʭʦʪʷ ʙʳ ʦʜʥʘʞʜʳ ʚʘʛʦʥʳ ʦʪʧʨʘʚʣʷʣʠʩʴ ʩ 

ʵʪʦʡ ʩʪʘʥʮʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʙʦʪʘ ʩʪʘʥʮʠʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʠ ʧʨʝʜʧʦʣʘʛʘ-

ʝʪʩʷ, ʯʪʦ ʢ ʥʘʯʘʣʫ ʩʫʪʦʢ ʠʟʚʝʩʪʥʳ:  

ʘ) ʨʘʩʧʠʩʘʥʠʝ ʠ ʧʦʚʘʛʦʥʥʳʡ ʩʦʩʪʘʚ ʧʨʠʙʳʚʘʶʱʠʭ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ (ʜʘʣʝʝ 

ʧʦʝʟʜʦʚ); 

ʙ) ʨʘʩʧʠʩʘʥʠʝ ʧʦʝʟʜʦʚ, ʦʪʭʦʜʷʱʠʭ ʚ ʪʝʯʝʥʠʝ ʵʪʠʭ ʩʫʪʦʢ ʩʦ ʩʪʘʥʮʠʠ, ʚ ʢʦʪʦ-

ʨʳʭ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚʘʛʦʥʳ, ʧʦʜʣʝʞʘʱʠʝ ʦʪʧʨʘʚʢʝ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʚʭʦ-

ʜʷʱʠʭ ʚ ʫʢʘʟʘʥʥʦʝ ʚʳʰʝ ʤʥʦʞʝʩʪʚʦ ʥʘʧʨʘʚʣʝʥʠʡ; 

ʚ) ʧʦʚʘʛʦʥʥʳʡ ʩʦʩʪʘʚ ʫʞʝ ʧʨʠʙʳʚʰʠʭ ʥʘ ʩʪʘʥʮʠʶ ʧʦʝʟʜʦʚ ʩ ʚʘʛʦʥʘʤʠ, ʦ ʢʘʞ-

ʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʦ, ʚ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʤʥʦʞʝ-

ʩʪʚʘ ʥʘʧʨʘʚʣʝʥʠʡ) ʵʪʦʪ ʚʘʛʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʦʪʧʨʘʚʣʝʥ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ (ʝʩʣʠ 

ʵʪʦ ʦʢʘʞʝʪʩʷ ʚʦʟʤʦʞʥʳʤ) ʠʣʠ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʩʫʪʢʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʨʪʠʨʦʚʦʯʥʘʷ ʩʪʘʥʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ: 

ʘ) ʥʘʙʦʨ ʧʫʪʝʡ, ʦʙʨʘʟʫʶʱʠʭ ʧʘʨʢ ʧʨʠʙʳʪʠʷ ʧʦʝʟʜʦʚ; 

ʙ) ʥʘʙʦʨ ʧʫʪʝʡ, ʦʙʨʘʟʫʶʱʠʭ ʧʘʨʢ ʦʪʧʨʘʚʣʝʥʠʷ ʧʦʝʟʜʦʚ; 

ʚ) ʥʘʙʦʨ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʫʪʝʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʠʟ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʤʥʦʞʝʩʪʚʘ ʥʘʧʨʘʚʣʝʥʠʡ (ʧʨʠ ʵʪʦʤ ʦʜʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʦʜʥʦʛʦ ʧʫʪʠ), ʠ ʢʘʩʢʘʜ ʠʟ ʤʠʥʠ-

ʤʫʤ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʦʨʪʠʨʦʚʦʯʥʳʭ ʛʦʨʦʢ, ʥʘ ʢʦʪʦ-

ʨʳʝ ʚʩʝ ʧʨʠʙʳʚʘʶʱʠʝ ʥʘ ʩʪʘʥʮʠʶ ʧʦʝʟʜʘ çʟʘʚʦʟʷʪʩʷè ʤʘʥʝʚʨʦʚʳʤʠ ʣʦʢʦ-

ʤʦʪʠʚʘʤ.  

ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʝʨʚʦʡ ʩʦʨʪʠʨʦʚʦʯʥʦʡ ʛʦʨʢʠ, ʚʘʛʦʥʳ ʠʟ ʧʦʝʟʜʘ, çʟʘ-

ʚʝʟʝʥʥʦʛʦè ʥʘ ʥʝʝ ʤʘʥʝʚʨʦʚʳʤ ʣʦʢʦʤʦʪʠʚʦʤ, ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʩʪʨʝʣʦʢ 

ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʫʢʘʟʘʥʥʳʤ ʚ ʧʫʥʢʪʝ ʚ) ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʫʪʷʤ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʜʚʠʞʝʥʠʷ ʩʦ ʩʪʘʥʮʠʠ. ʅʝʧʦʩʨʝʜʩʪ-
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ʚʝʥʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʭʦʜʷʱʠʭ ʩʦ ʩʪʘʥʮʠʠ ʧʦʝʟʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʧʨʦʭʦʞʜʝʥʠʷ ʚʘʛʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʫʪʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʦʪʧʨʘʚʢʠ ʚʘʛʦʥʦʚ, ʯʝʨʝʟ ʚʪʦʨʫʶ ʩʦʨʪʠʨʦʚʦʯʥʫʶ ʛʦʨʢʫ [7].  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ʩʪʘʥʮʠʠ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʯʠʩʣʦ ʤʘʥʝʚʨʦʚʳʭ 

ʣʦʢʦʤʦʪʠʚʦʚ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʩʦʥʘʣʘ ʜʣʷ ʧʦʜʘʯʠ ʚʩʝʭ ʧʨʠʙʳʚʘʶʱʠʭ ʥʘ 

ʩʪʘʥʮʠʶ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʠ ʚʩʝʭ ʫʞʝ ʧʨʠʙʳʚʰʠʭ ʢ ʥʘʯʘʣʫ ʩʫʪʦʢ ʧʦʝʟʜʦʚ ʥʘ 

ʩʦʨʪʠʨʦʚʦʯʥʳʝ ʛʦʨʢʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚʘʛʦʥʳ ʠʟ ʢʘʞʜʦʛʦ ʧʨʠʙʳʚʘʶʱʝʛʦ 

ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʧʦʝʟʜʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʩʦʩʪʘʚ ʧʦʝʟʜʦʚ, ʝʱʝ 

ʥʝ ʦʪʧʨʘʚʣʝʥʥʳʭ ʩʦ ʩʪʘʥʮʠʠ ʢ ʤʦʤʝʥʪʫ ʧʨʠʙʳʪʠʷ ʵʪʦʛʦ ʧʦʝʟʜʘ (ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʦʨʪʠʨʦʚʦʯʥʳʭ ʛʦʨʦʢ). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ ʩʨʝʜʠ ʧʨʠ-

ʙʳʚʘʶʱʠʭ ʥʘ ʩʪʘʥʮʠʶ ʚʘʛʦʥʦʚ ʠʤʝʶʪʩʷ ʚʘʛʦʥʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʵʪʘ ʩʪʘʥʮʠʷ ʷʚ-

ʣʷʝʪʩʷ ʩʪʘʥʮʠʝʡ ʥʘʟʥʘʯʝʥʠʷ (ʪʘʢʠʝ ʚʘʛʦʥʳ ʦʪʩʦʨʪʠʨʦʚʳʚʘʶʪʩʷ ʥʘ ʧʝʨʚʦʡ 

ʩʦʨʪʠʨʦʚʦʯʥʦʡ ʛʦʨʢʝ ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ ʧʫʪʠ, ʥʝ ʚʭʦʜʷʱʠʝ ʚʦ ʤʥʦʞʝʩʪʚʦ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʭ ʧʫʪʝʡ).  

ʂʘʞʜʳʡ ʠʟ ʧʦʝʟʜʦʚ, ʦʪʭʦʜʷʱʠʭ ʩʦ ʩʪʘʥʮʠʠ, ʩʯʠʪʘʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ 

ʝʩʣʠ: 

ʘ) ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʥʘʭʦʜʷʪʩʷ ʪʦʣʴʢʦ ʪʝ ʚʘʛʦʥʳ, ʢʦʪʦʨʳʝ ʜʚʠʞʫʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠ-

ʷʭ (ʚʭʦʜʷʱʠʭ ʚ ʧʦʜʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ), ʚʢʣʶʯʝʥʥʳʭ 

ʚ ʥʘʙʦʨ ʥʘʧʨʘʚʣʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʣʷ ʵʪʦʛʦ ʧʦʝʟʜʘ ʧʝʨʩʦʥʘʣʦʤ ʫʧʨʘʚʣʝ-

ʥʠʷ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʦʡ (ʥʘʧʨʠʤʝʨ, ʆɸʆ çʈɾɼè); 

ʙ) ʯʠʩʣʦ ʚʘʛʦʥʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʦʩʪʘʚ ʧʦʝʟʜʘ ʥʝ ʤʝʥʴʰʝ ʥʝʢʦʪʦʨʦʛʦ ʤʠʥʠ-

ʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʠʭ ʯʠʩʣʘ ʠ ʥʝ ʙʦʣʝʝ ʥʝʢʦʪʦʨʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠ-

ʤʦʛʦ ʠʭ ʯʠʩʣʘ (ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʨʘʚʠʣʘʤʠ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʥʘ ʢʦʥʢʨʝʪʥʦʡ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ); 

ʚ) ʩʫʤʤʘʨʥʳʡ ʚʝʩ ʚʩʝʭ ʚʘʛʦʥʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʦʩʪʘʚ ʧʦʝʟʜʘ, ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʜʣʷ ʧʦʝʟʜʘ ʚʝʩ (ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʨʘʚʠʣʘʤʠ 

ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ).  

ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʚʘʛʦʥʥʳʡ ʩʦʩʪʘʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʦʪʭʦʜʷʱʠʭ K* 

ʧʦʝʟʜʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ: 
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ʘ) ʤʠʥʠʤʠʟʠʨʫʶʪ ʯʠʩʣʦ ʚʘʛʦʥʦʚ, ʥʝ ʦʪʧʨʘʚʣʝʥʥʳʭ ʩʦ ʩʪʘʥʮʠʠ ʚ ʪʝʯʝʥʠʝ ʩʫ-

ʪʦʢ, ʠʣʠ  

ʙ) ʤʘʢʩʠʤʠʟʠʨʫʶʪ ʜʦʭʦʜ ʩʪʘʥʮʠʠ ʦʪ ʝʝ ʨʘʙʦʪʳ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ (ʚ ʧʨʝʜʧʦʣʦ-

ʞʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ ʠʟʚʝʩʪʝʥ ʜʦʭʦʜ, ʧʦʣʫʯʘʝʤʳʡ ʩʪʘʥʮʠʝʡ, ʦʪ ʦʪʧʨʘʚʢʠ ʢʘʞʜʦ-

ʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʘʛʦʥʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ). 

ʇʫʩʪʴ: 

S ï ʯʠʩʣʦ ʧʦʝʟʜʦʚ, ʧʨʠʙʳʚʰʠʭ ʥʘ ʩʪʘʥʮʠʶ ʢ ʥʘʯʘʣʫ ʩʫʪʦʢ, ʥʦ ʥʝ ʦʪʩʦʨʪʠʨʦ-

ʚʘʥʥʳʭ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʪʧʨʘʚʢʠ ʚʘʛʦʥʦʚ, 

Q  ï ʯʠʩʣʦ ʥʘʧʨʘʚʣʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʦʪʧʨʘʚʣʷʪʴʩʷ ʧʦʝʟʜʘ ʩʦ ʩʪʘʥʮʠʠ, 

( ) 1,R k QË  ï ʧʦʜʤʥʦʞʝʩʪʚʦ ʥʘʧʨʘʚʣʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʦʪʧʨʘʚʣʷʪʴʩʷ ʚʘ-

ʛʦʥʳ ʚ ʩʦʩʪʘʚʝ ʧʦʝʟʜʘ , 1,k k K*Í , 

T  ï ʯʠʩʣʦ ʧʦʝʟʜʦʚ, ʧʨʠʙʳʚʘʶʱʠʭ ʥʘ ʩʪʘʥʮʠʶ ʜʦ ʤʦʤʝʥʪʘ ʦʪʧʨʘʚʢʠ ʧʦʩʣʝʜ-

ʥʝʛʦ ʠʟ K* ʧʦʝʟʜʦʚ, 

minL  ï ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʯʠʩʣʦ ʚʘʛʦʥʦʚ ʚ ʩʦʩʪʘʚʝ ʦʪʭʦʜʷʱʝʛʦ ʧʦʝʟʜʘ, 

maxL  ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʯʠʩʣʦ ʚʘʛʦʥʦʚ ʚ ʩʦʩʪʘʚʝ ʦʪʭʦʜʷʱʝʛʦ ʧʦʝʟʜʘ, 

P  ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʩʫʤʤʘʨʥʳʡ ʚʝʩ ʚʘʛʦʥʦʚ ʚ ʩʦʩʪʘʚʝ ʦʪʭʦʜʷʱʝʛʦ 

ʧʦʝʟʜʘ. 

ʇʫʩʪʴ ʜʘʣʝʝ: 
0
qx  ï ʯʠʩʣʦ ʚʘʛʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʧʫʪʠ ʥʘʧʨʘʚʣʝʥʠʷ q  ʢ 

ʥʘʯʘʣʫ ʩʫʪʦʢ, 1,q QÍ , 

( )I ʦʞh  ï ʯʠʩʣʦ ʚʘʛʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʝʟʜʝ ( )I ʦʞ, ʢʦʪʦʨʳʡ ʧʨʠʙʳʣ ʥʘ 

ʩʪʘʥʮʠʶ ʜʦ ʥʘʯʘʣʘ ʩʫʪʦʢ, ( ) 1,I ʦʞ SÍ , 

( )H ʧʨn  ï ʯʠʩʣʦ ʚʘʛʦʥʦʚ ʚ ʧʦʝʟʜʝ ( )H ʧʨ, ʢʦʪʦʨʳʡ ʧʨʠʙʳʚʘʝʪ ʥʘ ʩʪʘʥʮʠʶ ʚ ʪʝ-

ʯʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʫʪʦʢ ( ) 1,H ʧʨ TÍ , 
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( )ʥʘʟʥH ʧʨ  ï ʤʥʦʞʝʩʪʚʦ ʚʘʛʦʥʦʚ ʚ ʧʦʝʟʜʝ ( )H ʧʨ, ʢʦʪʦʨʳʡ ʧʨʠʙʳʚʘʝʪ ʥʘ ʩʪʘʥ-

ʮʠʶ ʚ ʪʝʯʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʫʪʦʢ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʪʘʥʮʠʷ ʷʚʣʷʝʪʩʷ ʧʫʥʢ-

ʪʦʤ ʥʘʟʥʘʯʝʥʠʷ, 

0K  ï ʤʥʦʞʝʩʪʚʦ ʥʦʤʝʨʦʚ ʦʪʭʦʜʷʱʠʭ ʧʦʝʟʜʦʚ, ʚ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝ-

ʥʳ ʚʘʛʦʥʳ ʠʟ ʤʥʦʞʝʩʪʚʘ ʪʝʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʦ ʢʦʪʦʨʳʤ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʧʫʪʷʭ ʩʪʦʷʪ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʝ (ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ) ʢ ʥʘʯʘʣʫ ʩʫʪʦʢ ʚʘʛʦʥʳ, 

0 1,K K*Ë , 

( )ʦʞK  ï ʤʥʦʞʝʩʪʚʦ ʪʝʭ ʥʦʤʝʨʦʚ ʦʪʭʦʜʷʱʠʭ ʧʦʝʟʜʦʚ, ʚ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʚʢʣʶʯʝʥʳ ʚʘʛʦʥʳ, ʧʨʠʙʳʚʰʠʝ ʥʘ ʩʪʘʥʮʠʶ ʜʦ ʥʘʯʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʫ-

ʪʦʢ, ( ) 1,ʦʞK K*Ë , 

( )KH ʧʨ ï ʤʥʦʞʝʩʪʚʦ ʥʦʤʝʨʦʚ ʦʪʭʦʜʷʱʠʭ ʧʦʝʟʜʦʚ, ʚ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʚʢʣʶʯʝʥʳ ʚʘʛʦʥʳ ʠʟ ʧʦʝʟʜʘ, ʧʨʠʙʳʚʘʶʱʝʛʦ ʥʘ ʩʪʘʥʮʠʶ ʚ ʤʦʤʝʥʪ ( )H ʧʨ, 

( ) 1,KH ʧʨ K*Ë , ( ) 1,H ʧʨ TÍ , 

( ) 1,K1ʧʨ K*Ë  ï ʤʥʦʞʝʩʪʚʦ ʧʦʝʟʜʦʚ, ʫʭʦʜʷʱʠʭ ʩʦ ʩʪʘʥʮʠʠ ʜʦ ʧʨʠʙʳʪʠʷ ʧʝʨ-

ʚʦʛʦ ʠʟ ʧʦʝʟʜʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʧʨʠʙʳʪʴ ʥʘ ʩʪʘʥʮʠʶ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, 

( )ʥʘʟʥI ʦʞ  ï ʤʥʦʞʝʩʪʚʦ ʚʘʛʦʥʦʚ ʚ ʧʦʝʟʜʝ ( )I ʦʞ, ʢʦʪʦʨʳʡ ʧʨʠʙʳʣ ʥʘ ʩʪʘʥʮʠʶ 

ʜʦ ʥʘʯʘʣʘ ʩʫʪʦʢ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʪʘʥʮʠʷ ʷʚʣʷʝʪʩʷ ʧʫʥʢʪʦʤ ʥʘʟʥʘʯʝʥʠʷ 

0

1,ʝʩʣʠʚʘʛʦʥʩʧʦʨʷʜʢʦʚʳʤʥʦʤʝʨʦʤ ʥʘʧʨʦʤʝʞʫʪʦʯʥʳʭ

   ʧʫʪʷʭ ʥʘʧʨʘʚʣʝʥʠʷ ʙʫʜʝʪʚʢʣʶʯʝʥʚʩʦʩʪʘʚʦʪʭʦʷʜʱʝʛʦ
( )

  ʧʦʝʟʜʘ , 1, ,
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( )

( )

( )

( )

(

1,ʝʩʣʠʚʘʛʦʥʩʧʦʨʷʜʢʦʚʳʤʥʦʤʝʨʦʤ ʧʦʝʟʜʘ ( )

ʠʟʯʠʩʣʘ ʧʦʝʟʜʦʚ,ʧʨʠʙʳʚʰʠʭʥʘʩʪʘʥʮʠʶʜʦʥʘʯʘʣʘʩʫʪʦʢ,

ʠʤʝʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝʜʚʠʞʝʥʠʷ ,ʙʫʜʝʪʚʢʣʶʯʝʥ
( )

   ʚ ʩʦʩʪʘʚ ʦʪʭʦʜʷʱʝʛʦ ʧʦʝʟʜʘ ,
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j
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1,ʝʩʣʠʚʘʛʦʥʩʧʦʨʷʜʢʦʚʳʤʥʦʤʝʨʦʤ ʧʦʝʟʜʘ ( )

ʠʟʯʠʩʣʘ ʧʦʝʟʜʦʚ,ʧʨʠʙʳʚʰʠʭʥʘʩʪʘʥʮʠʶʚʪʝʯʝʥʠʝʩʫʪʦʢ,

ʠʤʝʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝʜʚʠʞʝʥʠʷ ,ʙʫʜʝʪʚʢʣʶʯʝʥ
( )

   ʚ ʩʦʩʪʘʚ ʦʪʭʦʜʷʱʝʛʦ ʧʦʝʟʜʘ ,
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( )
q

PO qa  ï ʚʝʩ ʚʘʛʦʥʘ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ 

( )
q

kXO qa ; 

( )

( )( )
I ʦʞ
j

I ʦʞ
j

PI ʦʞ
q

b
 ï ʚʝʩ ʚʘʛʦʥʘ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ 

( )

( )( )
I ʦʞ
j

I ʦʞ
j

kXI ʦʞ
q

b
; 

( )

( )( )
H ʧʨ
j

H ʧʨ
j

PH ʧʨ
q

g
 ï ʚʝʩ ʚʘʛʦʥʘ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ 

( )

( )( )
H ʧʨ
j
H ʧʨ
j

kYH ʧʨ
q

g
; 

( )
q

CO qa  ï ʩʪʦʠʤʦʩʪʴ (ʜʦʭʦʜ ʦʪ) ʦʪʧʨʘʚʢʠ ʚʘʛʦʥʘ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳ-

ʚʘʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ ( )
q

kXO qa ; 

( )

( )( )
I ʦʞ
j

I ʦʞ
j

CI ʦʞ
q

b
 ï ʩʪʦʠʤʦʩʪʴ (ʜʦʭʦʜ ʦʪ) ʦʪʧʨʘʚʢʠ ʚʘʛʦʥʘ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʛʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ 
( )

( )( )
I ʦʞ
j

I ʦʞ
j

kXI ʦʞ
q

b
; 



43 

( )

( )( )
H ʇʨ
j

H ʧʨ
j

CH ʧʨ
q

g
 ï ʩʪʦʠʤʦʩʪʴ (ʜʦʭʦʜ ʦʪ) ʦʪʧʨʘʚʢʠ ʚʘʛʦʥʘ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʛʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ 
( )

( )( )
H ʧʨ
j
H ʧʨ
j

kYH ʧʨ
q

g
. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʟʘʜʘʯʘ ʘʥʘʣʠʟʘ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʫʟʦʚʦʡ ʩʦʨ-

ʪʠʨʦʚʦʯʥʦʡ ʩʪʘʥʮʠʠ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 
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ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʠʩʪʝʤʝ ʦʛʨʘʥʠʯʝʥʠʡ 
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ʃʶʙʦʡ ʚʘʛʦʥ ʠʟ ʯʠʩʣʘ ʚʘʛʦʥʦʚ ʚ ʩʦʩʪʘʚʝ ʧʦʝʟʜʦʚ, ʧʨʠʙʳʚʘʶʱʠʭ ʥʘ ʩʪʘʥ-
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ʩʪʘʥʮʠʶ ʜʦ ʥʘʯʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʫʪʦʢ, ʧʨʠʯʝʤ ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʚ ʢʘʞ-
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(1.3) 

ʆʛʨʘʥʠʯʝʥʠʷ (1.2) ʠ (1.3) ʦʟʥʘʯʘʶʪ, ʯʪʦ ʧʦʝʟʜʘ, ʦʪʭʦʜʷʱʠʝ ʩʦ ʩʪʘʥʮʠʠ ʜʦ 

ʧʨʠʙʳʪʠʷ ʧʦʝʟʜʘ ( )ʧʨL , ʜʦʣʞʥʳ ʢʦʤʧʣʝʢʪʦʚʘʪʴʩʷ ʚʘʛʦʥʘʤʠ ʘ) ʠʟ ʯʠʩʣʘ ʦʪ-

ʩʦʨʪʠʨʦʚʘʥʥʳʭ ʠ ʩʪʦʷʱʠʭ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʫʪʷʭ ʢ ʥʘʯʘʣʫ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʭ ʩʫʪʦʢ, ʙ) ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʘʚʝ ʧʦʝʟʜʦʚ, ʧʨʠʙʳʚʘʶʱʠʭ ʥʘ ʩʪʘʥʮʠʶ ʜʦ 

ʥʘʯʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʫʪʦʢ, ʚ) ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʘʚʝ ʧʦʝʟʜʦʚ 1, ( ) 1ʧʨL -, 

ʧʨʠʙʳʚʘʶʱʠʭ ʥʘ ʩʪʘʥʮʠʶ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ.  

ɿʜʝʩʴ ( ( ))K ʧʨL  ï ʯʠʩʣʦ ʧʦʝʟʜʦʚ, ʦʪʭʦʜʷʱʠʭ ʩʦ ʩʪʘʥʮʠʠ ʜʦ ʧʨʠʙʳʪʠʷ 

ʧʦʝʟʜʘ ( )ʧʨL , ( ) 1, 1ʧʨ TL Í +. 
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ʆʛʨʘʥʠʯʝʥʠʝ (1.4) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʘʛʦʥ, ʩʪʦʷʱʠʡ ʥʘ ʣʶʙʦʤ ʧʨʦʤʝʞʫʪʦʯ-

ʥʦʤ ʧʫʪʠ ʣʶʙʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥ ʚ ʩʦʩʪʘʚ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʠʟ ʦʪʭʦʜʷʱʠʭ ʧʦʝʟʜʦʚ, ʝʩʣʠ ʚʘʛʦʥʳ, ʩʪʦʷʱʠʝ ʚʧʝʨʝʜʠ ʵʪʦʛʦ ʚʘʛʦʥʘ (ʪʦ ʝʩʪʴ 

ʠʤʝʶʱʠʝ ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨ ʤʝʥʴʰʝ, ʯʝʤ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʵʪʦʛʦ ʚʘʛʦʥʘ ʥʘ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʧʫʪʠ) ʥʝ ʚʢʣʶʯʝʥʳ ʚ ʩʦʩʪʘʚ ʥʠ ʦʜʥʦʛʦ ʠʟ ʧʦʝʟʜʦʚ ʠʟ ʤʥʦʞʝ-

ʩʪʚʘ 1,K*. 

ɸʥʘʣʦʛʠʯʥʳʡ ʩʤʳʩʣ ʠʤʝʶʪ ʥʝʨʘʚʝʥʩʪʚʘ  
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(1.5) 

ʇʦʩʢʦʣʴʢʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʚʘʛʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʩʪʘʥʮʠʠ, ʢʦʪʦ-

ʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʧʨʘʚʣʝʥʳ ʚ ʩʦʩʪʘʚʝ K* ʦʪʭʦʜʷʱʠʭ ʧʦʝʟʜʦʚ, ʥʝ ʤʦʞʝʪ ʧʨʝ-

ʚʦʩʭʦʜʠʪʴ ʥʝʢʦʪʦʨʦʛʦ (ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʢʘʟʘʥʥʳʤʠ ʚʳʰʝ ʯʠʩʣʦʤ ʚʘʛʦʥʦʚ ʚ 

ʧʦʝʟʜʝ ʠ ʩʫʤʤʘʨʥʳʤ ʚʝʩʦʤ ʧʦʝʟʜʘ) ʤʠʥʠʤʠʟʘʮʠʷ ʯʠʩʣʘ ʥʝʦʪʧʨʘʚʣʝʥʥʳʭ ʚʘ-

ʛʦʥʦʚ ʵʢʚʠʚʘʣʝʥʪʥʘ ʤʘʢʩʠʤʠʟʘʮʠʠ ʯʠʩʣʘ ʦʪʧʨʘʚʣʝʥʥʳʭ ʚʘʛʦʥʦʚ. ʉʦʦʪʚʝʪʩʪ-
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ʚʫʶʱʘʷ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʪʦʪ ʞʝ ʚʠʜ, ʯʪʦ ʠ ʚ (1.5) ʠ ʧʦʣʫʯʘʝʪʩʷ ʠʟ (1.5) 

ʧʫʪʝʤ ʧʨʠʨʘʚʥʠʚʘʥʠʷ ʝʜʠʥʠʮʝ ʚʩʝʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ, ʪʦ ʝʩʪʴ  
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 (1.6) 

ɿʘʜʘʯʘ (1.6) ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʙʫʣʝʚʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʰʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

 

1.1.3 ʇʦʩʪʨʦʝʥʠʝ ʥʦʚʦʡ ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʪʘʨʠʬʦʚ ʥʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʳʥʦʢ ʫʩʣʫʛ ʦʧʝʨʘʪʦʨʦʚ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʈʦʩʩʠʠ, ʥʘ 

ʢʦʪʦʨʦʤ n  ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ï ʦʧʝʨʘʪʦʨʦʚ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ, ʧʨʝʜʣʘʛʘʶʪ 

ʩʚʦʠ ʫʩʣʫʛʠ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʧʦʜ ʧʝʨʝʚʦʟʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʥʘʟʳʚʘʝʤʳʭ ʜʘʣʝʝ (ʩ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ) ʚʘʛʦʥʘʤʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ʤʦʞʝʪ ʚʣʘʜʝʪʴ ʜʦ m ʪʠʧʦʚ ʚʘʛʦʥʦʚ, ʘ ʩʧʨʦʩ 

ʥʘ ʚʩʝ ʧʨʝʜʣʘʛʘʝʤʳʝ ʠ ʪʨʝʙʫʝʤʳʝ ʥʘ ʨʳʥʢʝ ʪʠʧʳ ʚʘʛʦʥʦʚ ʧʦʜʯʠʥʷʶʪʩʷ ʥʝʢʦ-

ʪʦʨʳʤ ʙʘʣʘʥʩʦʚʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʠʤʝʶʱʠʤ ʬʦʨʤʫ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʥʝʨʘ-

ʚʝʥʩʪʚ, ʧʨʠʯʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ʪʘʢʞʝ ʦʧʠʩʳʚʘ-

ʶʪʩʷ (ʤʘʪʝʤʘʪʠʯʝʩʢʠ) ʩʠʩʪʝʤʘʤʠ ʣʠʥʝʡʥʳʭ ʥʝʨʘʚʝʥʩʪʚ ʙʘʣʘʥʩʦʚʦʛʦ ʪʠʧʘ. 

ʂʘʞʜʳʡ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʳʥʢʘ ʩʪʨʝʤʠʪʴʩʷ çʟʘʭʚʘʪʠʪʴè ʢʘʢ 

ʤʦʞʥʦ ʙʦʣʴʰʫʶ ʜʦʣʶ ʨʳʥʢʘ, ʠʟʤʝʥʷʷ ʩʚʦʠ ʪʘʨʠʬʳ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʦʜ 

ʧʝʨʝʚʦʟʢʫ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʝʤʫ ʚʘʛʦʥʦʚ, ʠʩʭʦʜʷ ʠʟ ʥʘʣʠʯʠʷ ʫ ʥʝʛʦ ʢʦʥʢʨʝʪ-
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ʥʳʭ ʪʠʧʦʚ ʚʘʛʦʥʦʚ, ʞʝʣʘʝʤʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ (ʜʦʭʦʜʘ) ʠ ʠʤʝʶʱʝʛʦ 

ʫ ʥʝʛʦ (ʠʣʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʠʤ ʜʦʩʪʦʚʝʨʥʦʡ) ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠ 

ʥʘʤʝʨʝʥʠʷʭ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ. ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ çʢʦʤ-

ʤʝʨʯʝʩʢʘʷè ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʘʨʠʬʘ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʦʜ ʧʝʨʝʚʦʟʢʫ ʢʘʞʜʦʛʦ 

ʪʠʧʘ ʚʘʛʦʥʦʚ, ʠ ʘʥʘʣʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʳʥʢʘ ʝʛʦ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʥʘ ʥʝʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʘʨʠʬʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʆɸʆ çʈɾɼè, ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʚʘʛʦʥʦʚ. ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʥʘʙʦʨ ʪʘʨʠʬʦʚ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ, ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʪʠʧʦʚ ʚʘʛʦʥʦʚ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʡ çʢʦʤʧʨʦʤʠʩʩʥʦʝè ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʥʘ ʨʳʥʢʝ ʚʘʛʦʥʦʚ (ʢ 

ʧʦʜʘʯʝ ʠʭ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʷʤ) ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʨʳʥʢʘ ʚ ʩʤʳʩʣʝ ʦʞʠʜʘʝ-

ʤʦʛʦ ʢʘʞʜʳʤ ʠʟ ʥʠʭ ʜʦʭʦʜʘ ʦʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʚʘʛʦʥʦʚ ʧʦʜ ʧʦʛʨʫʟʢʫ [8].  

ʇʫʩʪʴ: 

n  ï ʯʠʩʣʦ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ; 

m ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʪʠʧʦʚ ʚʘʛʦʥʦʚ, ʪʨʝʙʫʝʤʳʭ ʥʘ ʨʳʥʢʝ; 

i my RÍ  ï ʚʝʢʪʦʨ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʢʦʣʠʯʝʩʪʚʘ ʚʘʛʦʥʦʚ ʢʘʞ-

ʜʦʛʦ ʪʠʧʘ, ʥʘ ʩʧʨʦʩ ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ i  ʫʯʘʩʪʥʠʢ ʨʳʥʢʘ, 

1,i nÍ , ʪ.ʝ., i
jy  ï ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʢʘʟʘʥʥʳʭ ʚʘʛʦʥʦʚ ʪʠʧʘ j  ʫ 

ʫʯʘʩʪʥʠʢʘ ʨʳʥʢʘ i , 1,i nÍ , 1,j mÍ ; 

i mx RÍ  ï ʚʝʢʪʦʨ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʪʘʨʠʬʳ ʥʘ ʚʘʛʦʥʳ ʢʘʞʜʦ-

ʛʦ ʪʠʧʘ, ʥʘ ʩʧʨʦʩ ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ i  ʫʯʘʩʪʥʠʢ ʨʳʥʢʘ, 1,i nÍ , 

ʪ.ʝ., i
jx  ï ʪʘʨʠʬ ʥʘ ʘʨʝʥʜʫ ʚʘʛʦʥʘ ʪʠʧʘ j  ʜʣʷ ʫʯʘʩʪʥʠʢʘ ʨʳʥʢʘ i , 1,i nÍ , 

1,j mÍ ; 

( )
i

mx R* Í  ï ʚʝʢʪʦʨ ʞʝʣʘʝʤʳʭ ʜʣʷ i -ʛʦ ʫʯʘʩʪʥʠʢʘ ʨʳʥʢʘ ʪʘʨʠʬʦʚ ʥʘ ʚʘʛʦʥʳ, 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʢʦʪʦʨʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʪʠʤ ʫʯʘʩʪʥʠʢʦʤ ʨʳʥʢʘ ʢʘʢ ʥʝʞʝ-

ʣʘʪʝʣʴʥʦʝ; 
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i mM RÍ  ï ʚʳʧʫʢʣʳʡ ʤʥʦʛʦʛʨʘʥʥʠʢ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʩʦʚʤʝʩʪʥʦʡ ʩʠʩʪʝʤʦʡ ʣʠ-

ʥʝʡʥʳʭ ʥʝʨʘʚʝʥʩʪʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʳ ʫʜʦʚʣʝ-

ʪʚʦʨʷʪʴ ʪʘʨʠʬʳ ʥʘ ʘʨʝʥʜʫ ʚʘʛʦʥʦʚ i -ʛʦ ʫʯʘʩʪʥʠʢʘ ʨʳʥʢʘ (ʧʦ ʤʥʝʥʠʶ ʦʩ-

ʪʘʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ), 1,i nÍ ; 

i mRW Í  ï ʚʳʧʫʢʣʳʡ ʤʥʦʛʦʛʨʘʥʥʠʢ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʩʦʚʤʝʩʪʥʦʡ ʩʠʩʪʝʤʦʡ ʣʠ-

ʥʝʡʥʳʭ ʥʝʨʘʚʝʥʩʪʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ i -ʛʦ ʫʯʘʩʪʥʠʢʘ ʨʳʥʢʘ ʧʦ ʧʦʩʪʘʚʢʘʤ ʚʘʛʦʥʦʚ ʥʘ ʨʳʥʦʢ (ʧʦ 

ʤʥʝʥʠʶ ʦʩʪʘʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ), 1,i nÍ ; 

mRWÍ  ï ʚʳʧʫʢʣʳʡ ʤʥʦʛʦʛʨʘʥʥʠʢ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʩʦʚʤʝʩʪʥʦʡ ʩʠʩʪʝʤʦʡ ʣʠ-

ʥʝʡʥʳʭ ʥʝʨʘʚʝʥʩʪʚ, ʦʧʠʩʳʚʘʶʱʝʡ ʢʘʢ ʧʦʪʨʝʙʥʦʩʪʠ ʨʳʥʢʘ ʧʦ ʚʩʝʤ ʪʠʧʘʤ 

ʚʘʛʦʥʦʚ, ʪʘʢ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ʧʦ ʧʦʩʪʘʚʢʝ ʚʘʛʦʥʦʚ ʥʘ 

ʨʳʥʢʝ (ʦʧʠʩʳʚʘʝʤʳʝ ʚʳʧʫʢʣʳʤʠ ʤʥʦʛʦʛʨʘʥʥʠʢʘʤʠ iW , 1,i nÍ ). 

ʇʫʩʪʴ ʜʘʣʝʝ 

{ }: , 1, 0;i i m i i iM x R A x b i n+= Í ² Í ¸/ 

{ }: , 1, 0;i i m i i iy R B y d i n+W = Í ² Í ¸/ 

( )

{ }

1

1

: ,..., , , 1, , ,

: 0;

k

n
mn n i i i i

k

i i I

mn

y R y y y y i n h y h y T

y R By d

+

= Í

+

ë ûî î
W= Í = ÍW Í ¢ ¢ ² =ì ü
î îí ý

= Í ² ¸ /

ä ä
 

1

(0,...,0, ,0,...,0)

i n i

i i mnx x R

- -

= Í , ʛʜʝ 0 ï ʥʫʣʝʚʳʝ ʚʝʢʪʦʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟ-

ʤʝʨʘ. 

1

{ : , 1, , (0,...,0, ,0,...,0)}

i n i

i i mn i i i i iM x R A x b i n A A

- -

+= Í ² Í = , ʛʜʝ 0 ï ʥʫʣʝʚʳʝ ʤʘʪ-

ʨʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʤʝʨʦʚ, ʪʘʢ ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ i i i iA x A x= . 

ɿʜʝʩʴ iA , iB , B  ï ʤʘʪʨʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʤʝʨʦʚ ʩ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ: ib , id , d , h , h  ï ʚʝʢʪʦʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʤʝʨʦʚ ʩ 
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ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ; kT ï ʚʝʢʪʦʨʳ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ 

kI ï ʧʦʜʤʥʦʞʝʩʪʚʘ ʤʥʦʞʝʩʪʚʘ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ 1,n . 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ ʠʛʨʫ n  ʣʠʮ 

ʥʘ ʚʳʧʫʢʣʦʤ ʤʥʦʛʦʛʨʘʥʥʦʤ ʤʥʦʞʝʩʪʚʝ ʩʚʷʟʘʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʠʛʨʦʢʦʚ W ʩ 

ʬʫʥʢʮʠʷʤʠ ʚʳʠʛʨʳʰʘ: 

min ( ) ( ) , , 1,
i i

i i

x M
x x y i n*

Í
< - > Í, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʠʛʨʳ n  ʠʛʨʦʢʦʚ ʩ ʧʣʘʪʝʞʥʳʤʠ ʬʫʥʢʮʠʷ-
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ʛʜʝ iq =( )ix* , 1 2 1 1( , ,..., , ,..., )Ti i i i nD O O O E O O- += - , iE  ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ 

ʨʘʟʤʝʨʘ m ʠ jO , 1, 1, 1,j i j i nÍ - Í + ï ʥʫʣʝʚʳʝ ʢʚʘʜʨʘʪʥʳʝ ʤʘʪʨʠʮʳ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʨʘʟʤʝʨʦʚ, ʠ ʢʘʞʜʘʷ ʠʟ n  ʧʣʘʪʝʞʥʳʭ ʬʫʥʢʮʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʩʫʤ-

ʤʦʡ ʙʠʣʠʥʝʡʥʦʡ ʠ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʜʚʫʭ ʚʝʢʪʦʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʦʜʣʝ-

ʞʠʪ ʤʘʢʩʠʤʠʟʘʮʠʠ ʥʘ ʤʥʦʞʝʩʪʚʝ W. 

ʇʨʠ ʵʪʦʤ ʤʥʦʞʝʩʪʚʦ W ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʩʚʷʟʘʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʠʛ-

ʨʦʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʠʩʪʝʤʫ ʦʛʨʘʥʠʯʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʤʥʦʞʝʩʪʚʦ W, ʚʭʦ-

ʜʷʪ ʢʘʢ ʦʛʨʘʥʠʯʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʤʥʦʞʝʩʪʚʘ iW , 1,i nÍ , ʪʘʢ ʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘ ʩʫʤʤʫ ʚʝʢʪʦʨʦʚ i iy ÍW, 1,i nÍ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʠʩʢʝ ʢʦʤʧʨʦʤʠʩʩʘ, 

ʢʘʞʜʳʡ ʠʟ n  ʠʛʨʦʢʦʚ ʚʳʙʠʨʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʝʤʣʝʤʳʭ ʜʣʷ ʥʝʛʦ ʟʥʘʯʝʥʠʡ 

ʚʝʢʪʦʨʘ iy  (ʯʠʩʣʘ ʚʘʛʦʥʦʚ ʢʘʞʜʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʦʝ ʦʥ ʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ ʥʘ 

ʨr ʥʢʝ) ʠ ʪʘʨʠʬ ʥʘ ʘʨʝʥʜʫ ʚʘʛʦʥʦʚ ʢʘʞʜʦʛʦ ʠʭ ʵʪʠʭ ʪʠʧʦʚ ʚʘʛʦʥʦʚ, ʧʨʝʜʦʩʪʘʚ-

ʣʷʝʤʳʭ ʠʤ ʥʘ ʨʳʥʦʢ ʫʩʣʫʛ ʧʦ ʧʝʨʝʚʦʟʢʘʤ ʛʨʫʟʦʚ ʥʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ. 

ɼʣʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʣʫʯʝʥʳ ʧʨʦʚʝʨʷʝʤʳʝ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝ-

ʩʠʷ [9], ʧʨʠʯʝʤ ʧʨʦʚʝʨʢʘ ʵʪʠʭ ʫʩʣʦʚʠʡ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʧʦʜʨʘʟʜʝʣʘ ʦʪʯʝʪʘ ʦʪʨʘ-

ʞʝʥʳ ʚ ʧʫʙʣʠʢʘʮʠʠ [10]. 
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1.1.4 ʇʦʩʪʨʦʝʥʠʝ ʥʦʚʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʘ-

ʪʝʛʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʦʞʥʠʭ ʚʘʛʦʥʦʚ 

ʉʦʜʝʨʞʘʪʝʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘ-

ʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʙʦʪʘ ʢʦʤʧʘʥʠʠ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝ-

ʥʠʶ ʚ ʘʨʝʥʜʫ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʘʷ ʩʪʨʝʤʠʪʩʷ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʨʠ-

ʙʳʣʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʩʦʭʨʘʥʠʪʴ, ʘ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʩʚʦʠʭ 

ʢʣʠʝʥʪʦʚ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʠʟʜʝʨʞʢʠ ʠ.ʪ.ʜ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ 

ʢʦʤʧʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʵʬʬʝʢʪʠʚʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ (ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ) ʠʤʝʶʱʝʛʦʩʷ ʫ ʥʝʝ ʚʘʛʦʥʥʦʛʦ ʧʘʨʢʘ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʧʨʦʩʘ 

ʥʘ ʚʘʛʦʥʳ ʩʦ ʩʪʦʨʦʥʳ ʢʣʠʝʥʪʦʚ ʠ ʢʦʥʢʫʨʝʥʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤ-

ʧʘʥʠʡ-ʚʣʘʜʝʣʴʮʝʚ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʢʦʤʧʘʥʠʠ ʷʚʣʷʝʪʩʷ 

ʆɸʆ "ʌʝʜʝʨʘʣʴʥʘʷ ɻʨʫʟʦʚʘʷ ʢʦʤʧʘʥʠʷ". 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʴ ʤʦʛ ʦʪʧʨʘʚʠʪʴ 

ʛʨʫʟ ʠʟ ʦʜʥʦʛʦ ʧʫʥʢʪʘ ʥʘ ʩʝʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʚ ʜʨʫʛʦʡ, ʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳ-

ʙʨʘʪʴ ʢʦʤʧʘʥʠʶ-ʦʧʝʨʘʪʦʨʘ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʝ-

ʰʘʝʪ ʧʨʦʙʣʝʤʫ ʜʦʩʪʘʚʢʠ ʧʦʨʦʞʥʠʭ ʚʘʛʦʥʦʚ ʚ ʧʫʥʢʪ ʦʪʧʨʘʚʣʝʥʠʷ ʛʨʫʟʘ, ʟʘ-

ʢʣʶʯʘʷ ʢʦʥʪʨʘʢʪ ʥʘ ʧʝʨʝʚʦʟʢʫ ʵʪʠʭ ʚʘʛʦʥʦʚ ʩ ʆɸʆ ʈɾɼ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʘʷ 

ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʭʚʘʪʢʘ ʩʚʦʙʦʜʥʳʭ ʧʦʨʦʞʥʠʭ 

ʚʘʛʦʥʦʚ ʚ ʧʫʥʢʪʝ ʦʪʧʨʘʚʣʝʥʠʷ ʛʨʫʟʘ. ʉʣʦʞʠʚʰʘʷʩʷ ʧʨʘʢʪʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʛʨʫʟʦʚʣʘʜʝʣʴʮʝʚ ʩ ʚʣʘʜʝʣʴʮʘʤʠ ʚʘʛʦʥʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʤʝʱʝʥʠʝ ʢʣʠʝʥʪʦʤ 

(ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʝʤ) ʟʘʢʘʟʘ ʥʘ ʧʦʜʘʯʫ ʚʘʛʦʥʦʚ ʟʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʜʦ ʧʨʝʜʧʦ-

ʣʘʛʘʝʤʦʛʦ ʦʪʧʨʘʚʣʝʥʠʷ ʛʨʫʟʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, ʚ ʤʦʤʝʥʪ 

ʧʦʣʫʯʝʥʠʷ ʟʘʧʨʦʩʘ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʚʘʛʦʥʦʚ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʚʣʘʜʝʣʴʮʘ ʛʨʫ-

ʟʘ, ʚʣʘʜʝʣʝʮ ʚʘʛʦʥʦʚ ʤʦʞʝʪ ʥʝ ʟʥʘʪʴ ʧʫʥʢʪ ʥʘʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʛʨʫʟʘ, ʯʪʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʧʨʦʙʣʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʚʘʛʦʥʥʳʤ ʧʘʨʢʦʤ ʚʣʘʜʝʣʴʮʘ ʚʘʛʦ-

ʥʦʚ, ʦʩʦʙʝʥʥʦ ʪʘʢʦʛʦ ʢʨʫʧʥʦʛʦ, ʢʘʢ ʆɸʆ "ʌʝʜʝʨʘʣʴʥʘʷ ɻʨʫʟʦʚʘʷ ʢʦʤʧʘʥʠʷ". 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʜʘʯʠ ʧʦʨʦʞʥʠʭ ʚʘʛʦʥʦʚ ʢʦʤ-

ʧʘʥʠʷ-ʚʣʘʜʝʣʝʮ ʚʘʛʦʥʦʚ (ʜʘʣʝʝ, ʦʧʝʨʘʪʦʨ) ʠʤʝʝʪ ʩʧʠʩʦʢ ʟʘʢʘʟʦʚ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ "ʧʨʠʚʷʟʘʥ" ʢ ʥʝʢʦʪʦʨʦʡ ʩʪʘʥʮʠʠ ʦʪʧʨʘʚʢʠ ʛʨʫʟʘ, ʢ ʪʠʧʫ ʚʘʛʦʥʦʚ, ʢ 
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ʯʠʩʣʫ ʪʨʝʙʫʝʤʳʭ ʢʣʠʝʥʪʦʤ ʚʘʛʦʥʦʚ ʠ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ, ʢ ʢʦʪʦʨʦʤʫ ʟʘʢʘʟ 

ʥʘ ʧʦʜʘʯʫ ʚʘʛʦʥʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʧʦʣʥʝʥ, ʥʦ ʧʫʥʢʪʳ ʥʘʟʥʘʯʝʥʠʷ ʧʦʜʘʚʘʝ-

ʤʳʭ ʚʘʛʦʥʦʚ ʤʦʛʫʪ ʥʝ ʙʳʪʴ ʠʟʚʝʩʪʥʳ ʦʧʝʨʘʪʦʨʫ. 

ʇʫʩʪʴ ʢ ʤʦʤʝʥʪʫ ʥʘʯʘʣʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʦ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ 

ʟʘʢʘʟʦʚ ʩ ʠʟʚʝʩʪʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʧʫʩʪʴ ʠʟʚʝʩʪʥʳ ʢʦʣʠʯʝʩʪʚʘ ʚʘʛʦʥʦʚ ʢʦʤʧʘʥʠʠ ʚ ʢʘʞʜʦʤ ʧʫʥʢʪʝ ʠʭ ʜʠʩʣʦʢʘ-

ʮʠʠ. ʇʫʩʪʴ ʠʟʚʝʩʪʥʳ ʢʦʣʠʯʝʩʪʚʘ ʚʘʛʦʥʦʚ ʚʩʝʭ ʪʠʧʦʚ, ʢʦʪʦʨʳʝ ʚ ʤʦʤʝʥʪ ʥʘʯʘ-

ʣʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʚʠʞʫʪʩʷ ʠʟ ʧʫʥʢʪʦʚ ʥʘʟʥʘʯʝʥʠʷ ʜʦʩʪʘʚʣʝʥʥʳʭ ʛʨʫʟʦʚ ʚ 

ʧʫʥʢʪʳ ʜʠʩʣʦʢʘʮʠʠ ʧʦʨʦʞʥʠʭ ʚʘʛʦʥʦʚ (ʚ ʢʦʪʦʨʳʭ ʚʘʛʦʥʳ ʧʨʦʭʦʜʷʪ ʥʝʦʙʭʦ-

ʜʠʤʫʶ ʦʙʨʘʙʦʪʢʫ ʩ ʮʝʣʴʶ ʠʭ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʜʨʫʛʠʭ ʛʨʫʟʦʚ). ʗʩʥʦ, 

ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʪʧʨʘʚʣʷʝʤʳʭ ʚʘʛʦʥʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʭ ʟʘʧʘʩʦʤ ʚ ʧʫʥʢʪʘʭ 

ʜʠʩʣʦʢʘʮʠʠ ʧʦʨʦʞʥʠʭ ʚʘʛʦʥʦʚ. ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʚʘʛʦʥʳ ʢʘʞʜʦʛʦ ʪʠʧʘ ʤʦʛʫʪ 

ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʯʝʨʝʜʥʦʛʦ ʟʘʢʘʟʘ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝ-

ʥʠʷ ʦʜʥʦʛʦ ʠʟ ʧʫʥʢʪʦʚ ʜʠʩʣʦʢʘʮʠʠ ʚʘʛʦʥʦʚ, ʘ ʪʘʢʞʝ, ʯʪʦ ʦʧʝʨʘʪʦʨ ʤʦʞʝʪ 

ʘʨʝʥʜʦʚʘʪʴ ʚʘʛʦʥʳ ʫ ʜʨʫʛʠʭ (ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʩ ʥʠʤ) ʦʧʝʨʘʪʦ-

ʨʦʚ, ʪʨʝʙʫʝʪʩʷ ʩʦʩʪʘʚʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʧʦ-

ʨʦʞʥʠʭ ʚʘʛʦʥʦʚ ʢʦʤʧʘʥʠʠ ʠ ʚʘʛʦʥʦʚ, ʘʨʝʥʜʦʚʘʥʥʳʭ ʝʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʚʳʧʦʣʥʝʥʠʝ ʧʦʩʪʫʧʠʚʰʠʭ ʟʘʢʘʟʦʚ ʥʘ ʧʦʜʘʯʫ ʚʘʛʦʥʦʚ [11].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʟʘʜʘʯʘ ʩʬʦʨ-

ʤʫʣʠʨʦʚʘʥʘ ʚ ʚʠʜʝ ʟʘʜʘʯʠ ʙʫʣʝʚʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʠʯʝʤ, ʧʨʠ ʥʝʢʦʪʦʨʳʭ 

ʫʧʨʦʱʘʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ, ʤʘʪʨʠʮʘ ʵʪʦʡ ʟʘʜʘʯʠ ʦʢʘʟʳʚʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦ 

ʫʥʠʤʦʜʫʣʷʨʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʳʩʢʠʚʘʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʠʤʧʣʝʢʩ-

ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʧʦʜʨʘʟʜʝʣʘ ʦʪʯʝʪʘ ʦʪʨʘ-

ʞʝʥʳ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [12, 13]. 

 

1.1.5 ʆʙʦʙʱʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʩʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʩʝʪʴ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ ʤʠʨʝ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʩʫ-
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ʱʝʩʪʚʣʷʷ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʛʨʫʟʦʚʳʭ ʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ. ʉ ʨʦʩʪʦʤ 

ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʙʲʝʤʳ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʪ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʯʨʝʟʤʝʨʥʘʷ ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʦʚ 

ʧʫʪʠ, ʢʦʪʦʨʘʷ ʫʩʫʛʫʙʣʷʝʪʩʷ ʝʱʝ ʠ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʪʨʝʪʴ ʧʫʪʝʡ ʚ 

ʩʪʨʘʥʝ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʦʜʥʦʢʦʣʝʡʥʦʡ. ʊʘʤ, ʛʜʝ ʠʟ-ʟʘ ʧʨʠʨʦʜʥʳʭ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʠʣʠ ʥʝʭʚʘʪʢʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʚʫʭʢʦʣʝʡ-

ʥʦʛʦ ʧʫʪʠ ʙʳʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ, ʦʜʥʦʢʦʣʝʡʥʳʝ ʫʯʘʩʪʢʠ ʧʫʪʠ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʤʠ, ʧʨʠʯʝʤ ʧʦ ʥʠʤ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʧʨʦʭʦʜʷʪ ʧʘʩʩʘʞʠʨʩʢʠʝ ʠ ʧʨʠʛʦʨʦʜʥʳʝ ʧʦʝʟʜʘ, ʛʨʘʬʠʢ ʜʚʠʞʝʥʠʷ ʢʦʪʦʨʳʭ 

ʠʟʤʝʥʠʪʴ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʪʘʢ ʯʪʦ ʣʠʰʴ ʩʚʦʙʦʜʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝ-

ʥʠ ʤʦʛʫʪ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʤʝʞʜʫ ʛʨʫʟʦʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ.  

ʇʨʦʙʣʝʤʘ ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʠ ʦʜʥʦʢʦʣʝʡʥʳʭ ʧʫʪʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʮʝʥ-

ʪʨʘʣʴʥʳʭ ʜʣʷ ʨʦʩʩʠʡʩʢʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʢʦʤʧʘʥʠʠ ʆɸʆ ʈɾɼ, ʜʣʷ ʨʝʰʝ-

ʥʠʷ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ: 

ʘ) ʩʦʩʪʘʚʠʪʴ ʨʘʩʧʠʩʘʥʠʝ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʟʘ ʦʛʨʘʥʠ-

ʯʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʙʳʣʦ ʧʨʦʧʫʩʪʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʧʦʝʟʜʦʚ, ʩʣʝʜʫʶʱʠʭ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʠʥʪʝʨʚʘ-

ʣʦʤ ʜʚʠʞʝʥʠʷ ʠ ʧʨʠ ʵʪʦʤ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʥʦʨʤ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

ʙ) ʠʟʚʣʝʯʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʠʙʳʣʴ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʦʜʥʦʢʦʣʝʡ-

ʥʦʛʦ ʧʫʪʠ; 

ʚ) ʝʩʣʠ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʧʫʩʪʠʪʴ ʚʩʝ ʧʦʝʟʜʘ, ʪʦ, ʢʘʢ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʤ ʛʨʫʟʦ-

ʚʳʤ ʢʦʤʧʘʥʠʷʤ ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ ʧʨʠʦʨʠʪʝʪ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʨʘʩʧʠʩʘʥʠʷ.  

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʯʨʝʟʤʝʨʥʦʡ ʧʝʨʝ-

ʛʨʫʞʝʥʥʦʩʪʠ ʦʜʥʦʢʦʣʝʡʥʳʭ ʫʯʘʩʪʢʦʚ ʧʫʪʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʘʫʢʮʠʦʥʘ ʟʘ 

ʧʨʘʚʦ ʧʨʦʝʟʜʘ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʝʛʦ ʫʯʘʩʪʥʠʢʠ (ʛʨʫ-

ʟʦʚʳʝ ʢʦʤʧʘʥʠʠ), ʧʨʝʜʣʦʞʠʚʰʠʝ ʥʘʠʙʦʣʴʰʫʶ ʮʝʥʫ ʟʘ ʧʨʦʝʟʜ, ʧʦʣʫʯʘʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʨʦʝʭʘʪʴ ʧʦ ʥʘʧʨʷʞʝʥʥʦʤʫ ʫʯʘʩʪʢʫ ʧʫʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʆɸʆ ʈɾɼ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʠʙʳʣʴ. ʆʜʥʘʢʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʧʨʦʚʝʜʝʥʠʝ ʘʫʢʮʠʦʥʘ ʥʝ ʛʘʨʘʥ-

ʪʠʨʫʝʪ ʪʦʛʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʙʫʜʝʪ ʦʧʪʠʤʘʣʴʥʳʤ ʠ ʚʳʧʦʣʥʠʤʳʤ 

ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ɺʦʟʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʠʪʫʘʮʠʷʭ 
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ʙʫʜʝʪ ʚʳʛʦʜʥʝʡ ʧʫʩʪʠʪʴ ʜʚʘ ʧʦʝʟʜʘ, ʧʨʝʜʣʦʞʠʚʰʠʭ ʙʦʣʝʝ ʥʠʟʢʫʶ ʮʝʥʫ, ʥʦ 

ʛʦʪʦʚʳʭ ʧʦʜʦʣʛʫ ʩʪʦʷʪʴ ʥʘ ʩʪʘʥʮʠʷʭ, ʩʦʝʜʠʥʷʝʤʳʭ ʦʜʥʦʢʦʣʝʡʥʳʤ ʫʯʘʩʪʢʦʤ 

ʧʫʪʠ, ʯʝʤ ʧʨʦʧʫʩʪʠʪʴ ʦʜʠʥ ʧʦʝʟʜ, ʧʨʝʜʣʦʞʠʚʰʠʡ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʮʝʥʫ ʟʘ 

ʧʨʦʝʟʜ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʛʦʪʦʚʳʡ ʦʞʠʜʘʪʴ ʥʘ ʵʪʠʭ ʩʪʘʥʮʠʷʭ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʩʤʦʞʝʪ ʚʳʷʚʣʷʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴ-

ʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʜʣʦʞʝʥʠʷʭ ʮʝʥʳ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʛʨʘ-

ʥʠʯʝʥʠʭ̫ ʦʜʥʦʢʦʣʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʧʫʪʠ, ʘ ʪʘʢʞʝ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʦʙʝʜʠʪʝʣʷ 

ʠʩʭʦʜʷ ʥʝ ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʛʦ ʢʨʠʪʝʨʠʷ ï ʧʨʝʜʣʦʞʝʥʥʦʡ ʮʝʥʳ ʟʘ ʛʨʫʟʦʧʝʨʝʚʦʟ-

ʢʫ, ʥʦ ʪʘʢʞʝ ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʜʨʫʛʠʤʠ ʢʨʠʪʝʨʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʛʦʪʦʚʥʦʩʪʴ 

ʧʨʦʧʫʩʢʘʪʴ ʧʦʝʟʜʘ ʠ ʦʞʠʜʘʪʴ ʥʘ ʩʪʘʥʮʠʷʭ, ʩʦʝʜʠʥʷʝʤʳʭ ʦʜʥʦʢʦʣʝʡʥʳʤ ʫʯʘ-

ʩʪʢʦʤ ʧʫʪʠ, ʧʝʨʝʚʦʟʠʪʴ ʛʨʫʟ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʠ ʪ.ʜ. [14]. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʧʫʩʢʘʪʴ ʛʨʫʟʦʚʳʝ ʧʦʝʟʜʘ 

ʧʘʨʪʠʷʤʠ ʠʣʠ çʧʘʢʝʪʘʤʠè (ʦʜʠʥ ʛʨʫʟʦʚʦʡ ʩʦʩʪʘʚ ʚʩʣʝʜ ʟʘ ʜʨʫʛʠʤ ʯʝʨʝʟ ʢʦ-

ʨʦʪʢʠʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ) ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʝʝ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʘ ʧʨʦʚʝʜʝʥʠʷ 

ʦʜʥʦʰʘʛʦʚʦʛʦ ʘʫʢʮʠʦʥʘ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʚ ʩʣʫʯʘʝ, ʝʩ-

ʣʠ ʩʧʨʦʩ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʢʦʣʝʡʥʦʛʦ ʧʫʪʠ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʧʨʦʧʫʩʢʥʳʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʤ ʛʨʫʟʦʚʳʤ ʢʦʤʧʘʥʠʷʤ ʩʣʝʜʫʝʪ 

ʦʪʜʘʪʴ ʧʨʠʦʨʠʪʝʪ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤ ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤ ʚ ʨʝʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʆɸʆ 

ʈɾɼ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘʧʨʷʞʝʥʥʦʛʦ ʫʯʘʩʪ-

ʢʘ ʧʫʪʠ ʧʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʨʫʟʦʚʳʭ ʩʦʩʪʘʚʦʚ ʧʘʨʪʠʷʤʠ ʩ ʫʯʝʪʦʤ ʧʘʩʩʘʞʠʨ-

ʩʢʠʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ ʬʦʨʤʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʩʠ-

ʪʫʘʮʠʶ. ʅʘ ʜʚʫʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʥʮʠʷʭ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘʧʨʷʞʝʥʥʳʤ 

ʫʯʘʩʪʢʦʤ ʧʫʪʠ (ʦʜʥʦʢʦʣʝʡʥʳʤ ʫʯʘʩʪʢʦʤ) ʥʘʭʦʜʷʪʩʷ ʛʨʫʟʦʚʳʝ ʩʦʩʪʘʚʳ, ʦʞʠ-

ʜʘʶʱʠʝ ʧʨʦʭʦʜʘ ʧʦ ʵʪʦʤʫ ʫʯʘʩʪʢʫ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʇʦʵʪʦʤʫ ʞʝ ʫʯʘʩʪʢʫ ʚ ʪʝ-

ʯʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʫʪʦʢ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʘʩʩʘʞʠʨʩʢʠʝ ʠ ʧʨʠʛʦʨʦʜʥʳʝ 

ʧʦʝʟʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʢʦʪʦʨʳʤ ʨʘʩʧʠʩʘʥʠʝʤ. ɼʣʷ ʧʨʦʝʟʜʘ ʫʢʘʟʘʥʥʳʭ 
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ʚʳʰʝ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʦʩʪʘʝʪʩʷ K  ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ ʜʣʠʥʳ , 1,k k KD Í . 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʘʞʜʳʡ ʧʨʦʤʝʞʫʪʦʢ ʠʤʝʝʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʧʦʟʚʦʣʷʶ-

ʱʫʶ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʥʦʤʫ ʠʟ ʦʞʠʜʘʶʱʠʭ ʧʨʦʝʟʜʘ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ 

ʧʨʦʝʭʘʪʴ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʀʟʚʝʩʪʥʦ ʯʠʩʣʦ 

ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ, ʦʞʠʜʘʶʱʠʭ ʧʨʦʝʟʜʘ ʥʘ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ ʠ ʚʨʝʤʷ, ʪʨʝʙʫʝ-

ʤʦʝ ʢʘʞʜʦʤʫ ʠʟ ʧʦʝʟʜʦʚ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ, ʘ ʪʘʢʞʝ ʩʪʦʠ-

ʤʦʩʪʴ ʧʨʦʝʟʜʘ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʆɸʆ ʈɾɼ ʟʘ ʧʨʦʝʟʜ ʢʘʞʜʦʛʦ ʠʟ 

ʫʢʘʟʘʥʥʳʭ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʫʯʘʩʪʢʫ ʧʫʪʠ. ʊʨʝʙʫʝʪʩʷ 

ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʠʝ ʧʦʝʟʜʘ (ʠʟ ʯʠʩʣʘ ʦʞʠʜʘʶʱʠʭ ʧʨʦʝʟʜʘ) ʩʣʝʜʫʝʪ ʧʨʦʧʫʩʪʠʪʴ 

ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʥʘʧʨʷʞʝʥʥʦʤʫ ʫʯʘʩʪʢʫ ʧʫʪʠ ʩ ʪʝʤ, ʯʪʦʙʳ ʞʝʣʝʟʥʦʜʦ-

ʨʦʞʥʘʷ ʢʦʤʧʘʥʠʷ ʧʦʣʫʯʠʣʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʜʦʭʦʜ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ 

ʫʯʘʩʪʢʘ ʧʫʪʠ ʚ ʫʢʘʟʘʥʥʳʝ K  ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʙʦʪʳ [9], ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʧʦʜʦʙʥʘʷ ʟʘʜʘʯʘ, ʚ ʨʘʤʢʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 2014 ʛ.ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ çʧʘʢʝʪʥʦʝè ʜʚʠʞʝʥʠʝ ʛʨʫʟʦʚʳʭ ʧʦʝʟ-

ʜʦʚ, ʪ.ʝ. ʚʟʘʠʤʦʩʚʷʟʴ ʦʪʧʨʘʚʢʠ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʩ ʠʥʪʝʨʚʘʣʦʤ 

(ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʥʦʨʤʘʤʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ), ʩ 

ʪʝʤ, ʯʪʦʙʳ ʥʘ ʢʘʞʜʦʤ ʠʟ ʂ ʧʨʦʤʝʞʫʪʢʦʚ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʦʧʫʩʪʠʪʴ çʧʘʢʝʪè 

(ʠʣʠ ʧʘʨʪʠʶ) ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʚ ʦʜʥʦʤ ʠʣʠ ʚ ʜʨʫʛʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɿʘʤʝʪʠʤ, 

ʯʪʦ ʭʦʪʷ ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʂ ʧʨʦʤʝʞʫʪʢʦʚ ʤʦʞ-

ʥʦ ʙʳʣʦ ʙʳ ʧʨʦʧʫʩʪʠʪʴ çʧʘʢʝʪʳè ʧʦʝʟʜʦʚ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʘʷ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪ, ʚʩʝ ʞʝ, ʚ ʦʩʥʦʚʥʦʤ ʪʝʦʨʝʪʠʯʝʩʢʠʡ, ʥʝʞʝʣʠ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʠ ʧʦʵʪʦʤʫ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ. ʅʝʢʦʪʦʨʳʝ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [14]. 

 

1.1.6 ʅʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦ-

ʩʪʨʦʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʨʛʘʥʠ-

ʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ ʚ ʬʦʨʤʝ ʟʘʜʘʯ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ 
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ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʦʙʣʘʜʘʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʤʝʪʦʜʳ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʜʣʷ 

ʩʪʦʣʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʠʩʪʝʤ ʢʘʢ ʨʝʛʠʦʥʘʣʴʥʳʝ ʩʝʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʚʳ-

ʰʝ ʨʝʟʫʣʴʪʘʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʠʨʘʶʪʩʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʫʧʨʦʱʘʶʱʠʝ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʩʩʣʝʜʦ-

ʚʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʧʨʘʢ-

ʪʠʢʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ, ʩʣʝʜʫʝʪ 

ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʷʛʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʫʧʨʦʱʘʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝ-

ʥʠʡ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʦʚʝʩʪʠ ʵʪʦ ʠʟʫʯʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʦʩʪʘʚʘʷʩʴ, ʦʜʥʘ-

ʢʦ, ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʦʚ ʤʦʜʝʣʝʡ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘ-

ʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʜʦʧʫʩʢʘʶʱʠʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ, ʦʙʣʘ-

ʜʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ.  

ʊʘʢʦʛʦ ʨʦʜʘ ʠʟʫʯʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʯʘʩʪʠ ʦʪʳʩʢʘʥʠʷ ʢʣʘʩʩʦʚ ʠʛʨ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʚʝʨʷʝʤʳʝ ʜʦʩʪʘʪʦʯʥʳʝ, ʥʦ ʠ ʧʨʦʚʝʨʷʝʤʳʝ ʥʝʦʙʭʦ-

ʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʷ ʢʣʘʩʩʦʚ ʧʨʠ-

ʢʣʘʜʥʳʭ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʣʠʥʝʡʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʤʘʪ-

ʨʠʮʳ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ ʘʙʩʦʣʶʪʥʦʡ ʫʥʠʤʦʜʫʣʷʨʥʦʩʪʠ.  

 

1.2 ʊʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʙʠʙʣʠʦʤʝʪʨʠʠ 

ɺʦʟʨʘʩʪʘʶʱʝʝ ʯʠʩʣʦ ʨʘʙʦʪ ʩ ʤʥʦʞʝʩʪʚʦʤ ʩʦʘʚʪʦʨʦʚ ʩʦʟʜʘʝʪ ʥʦʚʳʝ ʟʘʜʘ-

ʯʠ ʜʣʷ ʙʠʙʣʠʦʤʝʪʨʠʠ. ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʥʞʠʨʦʚʘʥʠʶ ʘʚ-

ʪʦʨʦʚ, ʛʨʫʧʧ ʫʯʝʥʳʭ, ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠʣʠ ʩʪʨʘʥ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʧʨʦʙʣʝʤʦʡ ʨʘʟʜʝʣʝʥʠʷ ʮʝʥʥʦʩʪʠ ʧʫʙʣʠʢʘʮʠʠ [15]. ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʠʩʪʠʥʥʦʤ 



57 

ʚʢʣʘʜʝ ʩʦʘʚʪʦʨʦʚ ʯʘʩʪʦ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʇʝʨʚʳʡ 

ʧʦʜʭʦʜ (ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʜʩʯʝʪ) ʧʨʠʧʠʩʳʚʘʝʪ ʧʦʣʥʫʶ ʮʝʥʥʦʩʪʴ ʧʫʙʣʠʢʘʮʠʠ 

ʢʘʞʜʦʤʫ ʩʦʘʚʪʦʨʫ [15]. ʃʠʥʜʩʠ [16] ʨʘʩʩʤʦʪʨʝʣ 40 ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʥʘʫʢʠ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʠʩʧʦʣʴʟʦʚʘʣʦ ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʜʩʯʝʪ. ʐʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ h-ʠʥʜʝʢʩ ʦʩʥʦʚʘʥ ʥʘ ʵʪʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʠ [17]. ɺʪʦʨʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʦʜʭʦʜ ï ʨʘʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚʢʣʘʜʘ ʤʝʞʜʫ ʩʦʘʚʪʦʨʘʤʠ [16, 

18]. ʎʝʥʥʦʩʪʴ ʧʫʙʣʠʢʘʮʠʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʝʣʠʪʩʷ ʧʦʨʦʚʥʫ. ʊʨʝʪʠʡ ʧʦʜʭʦʜ 

ʧʦʷʚʠʣʩʷ ʚ ʙʠʙʣʠʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ  [19, 20, 

21, 22]. ɺ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʢʪʦʨ ʐʝʧʣʠ  [23] ʚ ʢʘʯʝʩʪʚʝ 

ʤʝʨʳ ʨʘʟʜʝʣʝʥʠʷ ʚʢʣʘʜʘ ʩʦʘʚʪʦʨʦʚ. 

ɺʝʢʪʦʨ ʐʝʧʣʠ ï ʢʦʥʮʝʧʮʠʷ ʨʝʰʝʥʠʷ ʢʦʦʧʝʨʘʪʠʚʥʦʡ ʠʛʨʳ. ʆʥ ʙʳʣ ʨʘʟ-

ʨʘʙʦʪʘʥ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʚʳʛʦʜ ʦʪ ʢʦʦʧʝʨʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʠʥʜʠʚʠʜ ɸ ʟʘʨʘʙʘ-

ʪʳʚʘʝʪ $100, ʠʥʜʠʚʠʜ ɺ ʟʘʨʘʙʘʪʳʚʘʝʪ $60. ʉʦʚʤʝʩʪʥʦ ʦʥʠ ʟʘʨʘʙʘʪʳʚʘʶʪ 

$180. ʉʫʱʝʩʪʚʫʶʪ ʯʝʪʳʨʝ ʚʦʟʤʦʞʥʳʭ ʢʦʘʣʠʮʠʠ: Å, {}A , {}B , { },A B . ʀʥʜʠ-

ʚʠʜ ɸ ʤʦʞʝʪ ʧʨʠʩʦʝʜʠʥʠʪʩɹʷ ʢ ʢʦʘʣʠʮʠʠ Å, ʠ ʪʦʛʜʘ ʝʛʦ ʧʨʝʜʝʣʴʥʳʡ ʚʢʣʘʜ 

ʙʫʜʝʪ ʨʘʚʝʥ $100, ʠʣʠ ʦʥ ʤʦʞʝʪ ʧʨʠʩʦʝʜʠʥʠʪʩʷ ʢ ʢʦʘʣʠʮʠʠ {}B , ʠ ʪʦʛʜʘ ʝʛʦ 

ʧʨʝʜʝʣʴʥʳʡ ʚʢʣʘʜ ʙʫʜʝʪ ʨʘʚʝʥ $180-$60=$120. ʀʥʜʠʚʠʜ ɺ ʤʦʞʝʪ ʧʨʠʩʦʝʜʠ-

ʥʠʪɹʩʷ ʢ ʢʦʘʣʠʮʠʠ Å, ʠ ʪʦʛʜʘ ʝʛʦ ʧʨʝʜʝʣʴʥʳʡ ʚʢʣʘʜ ʙʫʜʝʪ ʨʘʚʝʥ $60, ʠʣʠ ʦʥ 

ʤʦʞʝʪ ʧʨʠʩʦʝʜʠʥʠʪʩɹʷ ʢ ʢʦʘʣʠʮʠʠ {}A , ʠ ʪʦʛʜʘ ʝʛʦ ʧʨʝʜʝʣʴʥʳʡ ʚʢʣʘʜ ʙʫʜʝʪ 

ʨʘʚʝʥ $180-$100=$80. ʆʙʘ ʠʥʜʠʚʠʜʘ ʠʤʝʶʪ ʨʘʚʥʳʝ ʧʨʘʚʘ ʥʘ ʚʳʛʦʜʳ ʦʪ ʢʦʦ-

ʧʝʨʘʮʠʠ. ʕʪʘ ʠʜʝʷ ʚʦʧʣʦʱʝʥʘ ʚ ʚʝʢʪʦʨʝ ʐʝʧʣʠ, ʫʩʨʝʜʥʷʷ ʧʨʝʜʝʣʴʥʳʝ ʚʢʣʘʜʳ 

ʠʥʜʠʚʠʜʦʚ ʧʦ ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ ʢʦʘʣʠʮʠʷʤ. ʉʦʛʣʘʩʥʦ ʚʝʢʪʦʨʫ ʐʝʧʣʠ, ʠʥʜʠ-

ʚʠʜ ɸ ʚ ʢʦʦʧʝʨʘʪʠʚʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʫʜʝʪ ʠʤʝʪʴ ($120+$100)/2=$110. 

ɸʥʘʣʦʛʠʯʥʦ ʠʥʜʠʚʠʜ ɺ ʙʫʜʝʪ ʠʤʝʪʴ ($60+$80)/2=$70. 

ɺʝʢʪʦʨ ʐʝʧʣʠ ʠʤʝʝʪ ʧʨʦʟʨʘʯʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʚ ʙʠʙʣʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺʳʛʦʜʦʡ ʦʪ ʢʦʦʧʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʦʚʤʝʩʪʥʦ ʥʘʧʠ-

ʩʘʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ. ɸʚʪʦʨʳ ʷʚʣʷʶʪʩʷ ʠʛʨʦʢʘʤʠ, ʢʦʪʦʨʳʝ ʜʝʣʷʪ ʦʙʱʫʶ ʮʝʥ-

ʥʦʩʪʴ ʧʫʙʣʠʢʘʮʠʡ. ʂʘʞʜʦʡ ʢʦʘʣʠʮʠʠ (ʧʦʜʤʥʦʞʝʩʪʚʫ ʘʚʪʦʨʦʚ) ʩʪʘʚʠʪʩʷ ʚ ʩʦ-
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ʦʪʚʝʪʩʪʚʠʝ ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ. ɺʝʢʪʦʨ ʐʝʧʣʠ ʨʘʚʝʥ ʧʨʝʜʝʣʴʥʦʤʫ ʚʢʣʘʜʫ ʘʚ-

ʪʦʨʘ, ʫʩʨʝʜʥʝʥʥʦʤʫ ʧʦ ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ ʢʦʘʣʠʮʠʷʤ. ʂʘʞʜʳʡ ʘʚʪʦʨ ʧʦʣʫʯʘʝʪ 

ʩʧʨʘʚʝʜʣʠʚʫʶ ʯʘʩʪʴ ʧʫʙʣʠʢʘʮʠʡ. 

ʀʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʘ ʐʝʧʣʠ ʚ ʙʠʙʣʠʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʠʙʣʠʞʝʥʠʷ. ʊʦʣʴ [22] ʠʩʧʦʣʴʟʦʚʘʣ 

ʚʝʢʪʦʨ ʐʝʧʣʠ ʜʣʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ. ʊʦʣʴ ʨʘʩʩʯʠʪʳ-

ʚʘʣ ʩʨʝʜʥʠʡ ʧʨʝʜʝʣʴʥʳʡ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʦʥ ʨʘʩʩʤʘʪʨʠʚʘʣ 

ʚʢʣʘʜ ʪʦʣʴʢʦ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʠʥʩʪʠʪʫʪʳ, ʘ ʥʝ ʚʦ ʚʩʝʚʦʟʤʦʞ-

ʥʳʝ ʢʦʘʣʠʮʠʠ. ʇʘʧʘʧʝʪʨʫ ʠ ʜʨ.  [20] ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʛʨʫʧʧʳ ʘʚʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʠʤʝʣʠ ʩʦʚʤʝʩʪʥʫʶ ʧʫʙʣʠʢʘʮʠʶ, ʘ ʥʝ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʢʦʣʣʘʙʦʨʘʮʠʠ. ʅʘʨʘʡʘ-

ʥʘʤ ʠ ʅʘʨʘʭʘʨʠ [19] ʨʘʩʩʯʠʪʳʚʘʣʠ ʚʝʢʪʦʨ ʐʝʧʣʠ, ʠʩʧʦʣʴʟʫʷ ʚʳʙʦʨʦʯʥʳʡ 

ʤʝʪʦʜ. 

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʪʘʢʦʛʦ ʠʥʜʝʢʩʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʙʳ ʵʢʚʠ-

ʚʘʣʝʥʪʥʳʤ ʚʝʢʪʦʨʫ ʐʝʧʣʠ, ʥʦ ʙʦʣʝʝ ʧʨʦʩʪ ʚ ʨʘʩʯʸʪʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʙʳʣ ʧʨʠ-

ʤʝʥʝʥ ʢ ʧʨʦʙʣʝʤʘʤ ʫʧʨʘʚʣʝʥʠ ̫ʮʝʧʷʤʠ ʧʦʩʪʘʚʦʢ  [24] ʠ ʚ ʠʥʜʝʢʩʘʭ ʬʠʣʦʛʝ-

ʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ  [25], ʥʦ ʥʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ʢ ʧʨʦʙʣʝʤʝ ʨʘʟʜʝʣʝʥʠʷ 

ʚʢʣʘʜʘ ʩʦʘʚʪʦʨʦʚ. ɼʘʥʥʳʡ ʧʦʜʨʘʟʜʝʣ ʧʦʢʘʟʳʚʘʝʪ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʚʝʢʪʦʨʘ 

ʐʝʧʣʠ ʠ ʤʝʪʦʜʘ ʨʘʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʜʦʣʝʡ ʩʦʘʚʪʦʨʦʚ. ʕʪʦ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʚ ʪʦʯʥʦʩʪʠ ʨʘʩʩʯʠʪʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ ʐʝʧʣʠ, ʘ ʥʝ ʝʛʦ 

ʧʨʠʙʣʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ɺʝʢʪʦʨ ʐʝʧʣʠ ʠ ʤʝʪʦʜ ʨʘʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚʢʣʘʜʘ 

ʩʦʘʚʪʦʨʦʚ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʦʙʦʩʥʦʚʘʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙ-

ʣʘʩʪʝʡ. 

ɺʝʢʪʦʨ ʐʝʧʣʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʢʦʪʦʨʳʤ ʞʝʣʘʪʝʣʴʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ. ʐʝʧʣʠ [23] ʜʦʢʘʟʘʣ, ʯʪʦ ʯʝʪʳʨʝ ʘʢʩʠʦʤʳ ʦʜʥʦʟʥʘʯʥʦ ʟʘʜʘʶʪ ʜʘʥ-

ʥʦʝ ʨʝʰʝʥʠʝ. ɺʦ-ʧʝʨʚʳʭ, ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʧʦʣʥʫʶ ʮʝʥʥʦʩʪʴ 

ʧʫʙʣʠʢʘʮʠʠ (ʵʬʬʝʢʪʠʚʥʦʩʪʴ); ʚʦ-ʚʪʦʨʳʭ, ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʜʘʚʘʪʴ ʨʘʚʥʳʝ ʜʦ-

ʣʠ ʘʚʪʦʨʘʤ ʩ ʨʘʚʥʳʤʠ ʧʨʝʜʝʣʴʥʳʤʠ ʚʢʣʘʜʘʤʠ (ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ); ʚ-ʪʨʝʪʴʠʭ, 

ʘʚʪʦʨ ʙʝʟ ʧʫʙʣʠʢʘʮʠʡ ʥʝ ʜʦʣʞʝʥ ʧʦʣʫʯʠʪʴ ʥʠʯʝʛʦ (ʘʢʩʠʦʤʘ ʙʦʣʚʘʥʘ); ʚ-

ʯʝʪʚʝʨʪʳʭ, ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʘʜʜʠʪʠʚʥʦ, ʪ.ʝ. ʜʣʷ ʣʶʙʳʭ ʜʚʫʭ ʥʝʧʝʨʝʩʝ-

ʢʘʶʱʠʭʩʷ ʤʥʦʞʝʩʪʚ ʧʫʙʣʠʢʘʮʠʡ ʨʝʰʝʥʠʝ, ʧʦʩʯʠʪʘʥʥʦʝ ʧʦ ʦʙʲʝʜʠʥʸʥʥʦʤʫ 
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ʤʥʦʞʝʩʪʚʫ, ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ʩʫʤʤʝ ʨʝʰʝʥʠʡ, ʧʦʩʯʠʪʘʥʥʳʭ ʧʦ ʢʘʞʜʦʤʫ 

ʤʥʦʞʝʩʪʚʫ ʧʫʙʣʠʢʘʮʠʡ ʦʪʜʝʣʴʥʦ (ʘʜʜʠʪʠʚʥʦʩʪʴ). ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʜʨʫ-

ʛʠʭ ʘʢʩʠʦʤʘʪʠʯʝʩʢʠʭ ʦʙʦʩʥʦʚʘʥʠʡ ʚʝʢʪʦʨʘ ʐʝʧʣʠ. ʍʘʨʪ ʠ ʄʘʩ-ʂʦʣʝʡ [26] 

ʦʧʠʩʘʣʠ ʚʝʢʪʦʨ ʐʝʧʣʠ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʩʠʤ-

ʤʝʪʨʠʯʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ. ʏʫʥ [27] ʦʧʠʩʘʣ ʚʝʢʪʦʨ ʐʝ-

ʧʣʠ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʨʠʚʠʘʣʴ-

ʥʦʩʪʠ, ʢʦʘʣʠʮʠʦʥʥʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʧʨʘʚʝʜʣʠʚʦʤʫ ʨʘʥ-

ʞʠʨʦʚʘʥʠʶ. ʇʦʩʣʝʜʥʠʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʦʟʥʘʯʘʶʪ, ʯʪʦ ʦʪʥʦʩʠ-

ʪʝʣʴʥʳʝ ʨʘʥʛʠ ʘʛʝʥʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʦʘʣʠʮʠʠ, ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʠʟʤʝʥʝʥʠʷ ʙʦ-

ʛʘʪʩʪʚʘ ʢʦʘʣʠʮʠʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ. 

ʄʘʡʝʨʩʦʥ [28] ʨʘʩʩʤʘʪʨʠʚʘʣ ʠʛʨʳ ʩ ʢʦʘʣʠʮʠʦʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʦʧʠ-

ʩʘʥʥʳʤʠ ʛʨʘʬʘʤʠ. ɺ ʙʠʙʣʠʦʤʝʪʨʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʝʪʴ ʩʦ-

ʘʚʪʦʨʦʚ. ʆʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʝʢʪʦʨ ʐʝʧʣʠ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʨʘʚʝʜʣʠ-

ʚʳʤ ʧʨʘʚʠʣʦʤ ʜʝʣʝʞʘ ʜʣʷ ʪʘʢʠʭ ʧʨʦʙʣʝʤ. ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢ-

ʩʪʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʦʘʚʪʦʨʳ ʠʤʝʶʪ ʨʘʚʥʳʡ ʚʳʠʛʨʳʰ ʦʪ ʢʦʦʧʝʨʘʮʠʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʦʜʭʦʜʦʚ ʢ ʟʘʜʘʯʝ ʨʘʟʜʝʣʝʥʠʷ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ 

ʮʝʥʥʦʩʪʠ ʤʝʞʜʫ ʩʦʘʚʪʦʨʘʤʠ, ʪʨʝʙʫʶʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ: ʧʦ-

ʟʠʮʠʦʥʥʳʝ ʚʝʩʘ [29, 30, 31], ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʚʝʩʘ [32], ʚʢʣʘʜ ʚ ʟʘʤʝʪʥʦʩʪʴ 

ʧʫʙʣʠʢʘʮʠʠ [26] ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʝʡ ʮʝʥʥʦʩʪʠ ʧʫʙʣʠʢʘʮʠʠ ʛʣʘʚʥʦʤʫ ʩʦʘʚ-

ʪʦʨʫ [33] ʠ ʜʨʫʛʠʝ ʧʦʜʭʦʜʳ. 

ʉʣʝʜʫʶʱʠʡ ʧʫʥʢʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʲʷʩʥʷʶʱʠʡ ʧʨʠʤʝʨ. ʄʘʪʝʤʘʪʠʯʝ-

ʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʛʨ ʠ ʛʣʘʚʥʘʷ ʪʝʦʨʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʫʥʢʪʝ 1.2.2. 

1.2.1 ʇʨʠʤʝʨʳ ʨʘʟʜʝʣʝʥʠʝ ʩʦʘʚʪʦʨʩʪʚʘ 

ʕʪʦʪ ʧʫʥʢʪ ʠʣʣʶʩʪʨʠʨʫʝʪ ʟʘʜʘʯʫ ʨʘʟʜʝʣʝʥʠʷ ʘʚʪʦʨʩʪʚʘ. ʇʫʩʪʴ ʪʨʠ ʘʚʪʦ-

ʨʘ { }, ,a b cN=  ʩʦʟʜʘʣʠ ʰʝʩʪʴ ʧʫʙʣʠʢʘʮʠʡ (ʊʘʙʣʠʮʘ 1.1). ʇʫʙʣʠʢʘʮʠʷ 1 ʠʤʝʝʪ 

ʦʜʥʦʛʦ ʘʚʪʦʨʘ, ʘ ʧʫʙʣʠʢʘʮʠʷ 6 ï ʪʨʸʭ ʩʦʘʚʪʦʨʦʚ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʚʢʣʘʜʝ ʩʦʘʚ-

ʪʦʨʦʚ ʚ ʢʘʞʜʫʶ ʧʫʙʣʠʢʘʮʠʶ ʦʪʩʫʪʩʪʚʫʝʪ.  

ʊʘʙʣʠʮʘ 1.1  ʄʥʦʞʝʩʪʚʘ ʩʦʘʚʪʦʨʦʚ 

1 2 3 4 5 6 

{}a  {}a  {}b  { },a b  { },a c  { }, ,a b c  
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ɸʚʪʦʨ a ʥʘʠʙʦʣʝʝ ʚʳʜʘʶʱʠʡʩʷ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʝʛʦ ʧʫʙʣʠʢʘʮʠʡ ʥʘʧʠ-

ʩʘʥʳ ʚ ʩʦʘʚʪʦʨʩʪʚʝ. ʇʨʦʙʣʝʤʘ ʚ ʪʦʤ, ʢʘʢ ʨʘʟʜʝʣʠʪʴ ʰʝʩʪʴ ʧʫʙʣʠʢʘʮʠʡ ʤʝʞʜʫ 

ʪʨʝʤʷ ʩʦʘʚʪʦʨʘʤʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʘʚʪʦʨ a ʠʤʝʝʪ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʧʫʙʣʠʢʘʮʠʡ, 

ʥʘʧʠʩʘʥʥʳʭ ʙʝʟ ʩʦʘʚʪʦʨʦʚ, ʥʦ ʥʝ ʙʦʣʝʝ ʧʷʪʠ ʧʫʙʣʠʢʘʮʠʡ (ʚʩʝ ʧʫʙʣʠʢʘʮʠʠ ʘʚ-

ʪʦʨʘ a, ʥʘʧʠʩʘʥʥʳʝ ʚ ʦʜʠʥʦʯʢʫ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ). ʅʘʭʦʞʜʝʥʠʝ ʪʦʯʥʦʛʦ ʯʠʩ-

ʣʘ ʧʫʙʣʠʢʘʮʠʡ ʢʘʞʜʦʛʦ ʘʚʪʦʨʘ ʪʨʝʙʫʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʨʘʚʥʳʭ ʚʝʩʦʚ. ʎʝʥʥʦʩʪʴ ʧʫʙʣʠʢʘʮʠʠ 

ʜʝʣʠʪʩʷ ʧʦʨʦʚʥʫ ʤʝʞʜʫ ʩʦʘʚʪʦʨʘʤʠ. ʊʘʙʣʠʮʘ 1.2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʘʥʥʦʝ ʨʝʰʝ-

ʥʠʝ ( )3.33, 1.83, 0.83EWy = . 

ʊʘʙʣʠʮʘ 1.2  ʄʝʪʦʜ ʨʘʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʜʦʣʝʡ ʩʦʘʚʪʦʨʦʚ 

ɸʚʪʦʨʳ 
1

1
( )

j

j

m
i S i

i j

kj

k S

w
v q

w
j

Í

=

Í

=ä
ä

 {}a  {}b  { },a b  { },a c  { }, ,a b c  EW
iy  

a 1 1 0 1/2 1/2 1/3 3.33 

b 0 0 1 1/2 0 1/3 1.83 

c 0 0 0 0 1/2 1/3 0.83 

ʇʦʜʭʦʜ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʝʢʪʦʨ ʐʝʧʣʠ, ʩʣʦʞʥʝʝ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʝʜʫʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʢʘʞʜʳʤ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʘʚʪʦʨʦʚ ʠ ʯʠʩʣʦʤ 

ʧʫʙʣʠʢʘʮʠʡ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʛʣʘʚʥʳʭ ʧʦʜʭʦʜʘ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʥʘʟʳʚʘʝʪʩʷ 

ʠʛʨʦʡ ʧʦʣʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ, ʛʜʝ ʢʘʞʜʳʡ ʩʦʘʚʪʦʨ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ. 

ʎʝʥʥʦʩʪʴ ʧʫʙʣʠʢʘʮʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʘʣʠʮʠʠ, ʝʩʣʠ ʚʩʝ ʩʦʘʚʪʦʨʳ ʧʫʙʣʠʢʘʮʠʠ 

ʚʭʦʜʷʪ ʚ ʢʦʘʣʠʮʠʶ. ʌʫʥʢʮʠʷ 1( )v S , ʦʪʨʘʞʝʥʥʘʷ ʚ ʊʘʙʣʠʮʝ 1.3, ʩʦʧʦʩʪʘʚʣʷʝʪ 

ʢʘʞʜʦʤʫ ʧʦʜʤʥʦʞʝʩʪʚʫ ʘʚʪʦʨʦʚ (ʢʦʘʣʠʮʠʠ) ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ ʜʣʷ ʠʛʨʳ ʧʦʣ-

ʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ. 

ʊʘʙʣʠʮʘ 1.3  ʀʛʨʘ ʧʦʣʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ 

i  Ï {}a  {}b  {}c  { },a b  { },a c  ( ) ( ) ( )i i iv w v wj j j+ = +  
1

( ) ( )
m

j
i i

j

v vj j
=

=ä  

1( )v S  0 2 1 0 4 3 1 6 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʢʪʦʨ ʐʝʧʣʠ ʟʘʜʘʝʪ ʩʨʝʜʥʠʡ ʧʨʝʜʝʣʴʥʳʡ ʚʢʣʘʜ ʘʚʪʦ-

ʨʦʚ. ɺ ʊʘʙʣʠʮʝ 1.4 ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʘʚʪʦʨʦʚ. ʇʨʝ-

ʜʝʣʴʥʳʡ ʚʢʣʘʜ ʨʘʩʩʯʠʪʘʥ ʜʣʷ ʢʘʞʜʦʛʦ ʘʚʪʦʨʘ ʠ ʢʘʞʜʦʡ ʧʝʨʝʩʪʘʥʦʚʢʠ. 
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ʊʘʙʣʠʮʘ 1.4  ɺʝʢʪʦʨ ʐʝʧʣʠ ʜʣʷ ʠʛʨʳ ʧʦʣʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ 

ʇʝʨʝʩʪʘʥʦʚʢʠ ɺʢʣʘʜ ʘʚʪʦʨʘ a  ɺʢʣʘʜ ʘʚʪʦʨʘ b ɺʢʣʘʜ ʘʚʪʦʨʘ c 

abc 2 2 2 

acb 2 3 1 

bac 3 1 2 

bca 5 1 0 

cab 3 3 0 

cba 5 1 0 

ɺʝʢʪʦʨ ʐʝʧʣʠ 3.33 1.83 0.83 

ʊʘʙʣʠʮʘ 1.4 ʧʦʩʪʨʦʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʘʩʩʤʦʪʨʠʤ, ʥʘʧʨʠʤʝʨ, 

ʪʨʝʪʴʶ ʩʪʨʦʢʫ. ɸʚʪʦʨ b ï ʧʝʨʚʳʡ ʚ ʧʝʨʝʩʪʘʥʦʚʢʝ. ʆʥ ʚʥʦʩʠʪ ʚʢʣʘʜ {}1( ) 1v b = . 

ɸʚʪʦʨ a, ʚʪʦʨʦʡ ʚ ʧʝʨʝʩʪʘʥʦʚʢʝ, ʧʦʣʫʯʘʝʪ { } {}1 1( , ) ( ) 3v a b v b- =. ɸʚʪʦʨ c ʠʤʝ-

ʝʪ ʦʩʪʘʚʰʠʝʩʷ 2 ʧʫʙʣʠʢʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʩʝ ʧʝʨʝʩʪʘ-

ʥʦʚʢʠ. 

ʀʛʨʘ ʧʦʣʥʦʡ ʮʝʥʥʦʩʪʠ ʦʩʥʦʚʘʥʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʫʙʣʠʢʘ-

ʮʠʡ ʢʦʘʣʠʮʠʠ. ʅʘʣʠʯʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʘʚʪʦʨʘ ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʦʘʚʪʦʨʦʚ ʜʦʩʪʘ-

ʪʦʯʥʦ ʜʣʷ ʦʙʣʘʜʘʥʠʷ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʮʝʥʥʦʩʪʴʶ. ʌʫʥʢʮʠʷ 2( )v S  ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʚ ʊʘʙʣʠʮʝ 1.5.  

ʊʘʙʣʠʮʘ 1.5  ʀʛʨʘ ʧʦʣʥʦʡ ʮʝʥʥʦʩʪʠ 

S Ï {}a  {}b  {}c  { },a b  { },a c  { },b c  { }, ,a b c  

2( )v S  0 5 3 2 6 5 4 6 

ɺʳʧʦʣʥʷʷ ʪʝ ʞʝ ʦʧʝʨʘʮʠʠ ʢʘʢ ʚ ʊʘʙʣʠʮʝ 1.4, ʨʘʩʯʝʪ ʚʝʢʪʦʨʘ ʐʝʧʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʊʘʙʣʠʮʝ 1.6. ɹʦʣʝʝ ʪʦʛʦ ʊʘʙʣʠʮʘ 1.6 ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ 

ʊʘʙʣʠʮʳ 1.4 ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʪʨʦʢ. ʕʪʦ ʥʝ ʩʣʫʯʘʡʥʦʝ ʩʦʚʧʘʜʝʥʠʝ. 

ɺʝʢʪʦʨ ʐʝʧʣʠ ʫ ʜʚʦʡʩʪʚʝʥʥʳʭ ʠʛʨ ʩʦʚʧʘʜʘʝʪ [34]. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠʛʨr 1v  

ʠ 2v  ʷʚʣʷʶʪʩʷ ʜʚʦʡʩʪʚʝʥʥʳʤʠ.  

ʊʘʙʣʠʮʘ 1.6  ɺʝʢʪʦʨ ʐʝʧʣʠ ʜʣʷ ʠʛʨʳ ʧʦʣʥʦʡ ʮʝʥʥʦʩʪʠ 

ʇʝʨʝʩʪʘʥʦʚʢʠ ɺʢʣʘʜ ʘʚʪʦʨʘ a  ɺʢʣʘʜ ʘʚʪʦʨʘ b ɺʢʣʘʜ ʘʚʪʦʨʘ c 

abc 5 1 0 

acb 5 1 0 

bac 3 3 0 

bca 2 3 1 

cab 3 1 2 

cba 2 2 2 

ɺʝʢʪʦʨ ʐʝʧʣʠ 3.33 1.83 0.83 
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ʕʪʦʪ ʧʨʠʤʝʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʤʝʪʦʜʘ ʨʘʚʥʦʛʦ ʨʘʟʜʝʣʝ-

ʥʠʷ ʜʦʣʝʡ ʩʦʘʚʪʦʨʦʚ ʠ ʚʝʢʪʦʨʘ ʐʝʧʣʠ ʜʣʷ ʧʨʠʚʝʜʝʥʥʳʭ ʠʛʨ. ʉʣʝʜʫʶʱʠʡ 

ʧʫʥʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ ʦʙ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ. 

 

1.2.2 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʙʣʝʤʳ ʨʘʟʜʝʣʝʥʠʷ ʘʚʪʦʨʩʪʚʘ ʚʢʣʶʯʘʝʪ ʤʥʦ-

ʞʝʩʪʚʦ ʘʚʪʦʨʦʚ { }1,...,nN= , ʤʥʦʞʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ { }1,...,mR= . ʂʘʞʜʘʷ 

ʧʫʙʣʠʢʘʮʠʷ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʤʥʦʞʝʩʪʚʦʤ ʩʦʘʚʪʦʨʦʚ 2jS NÍ  ʠ ʟʥʘʯʝʥʠʝʤ ʧʫʙ-

ʣʠʢʘʮʠʦʥʥʦʡ ʮʝʥʥʦʩʪʠ jq RÍ . ɺ ʢʘʯʝʩʪʚʝ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʮʝʥʥʦʩʪʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʮʠʪʠʨʦʚʘʥʠʡ, ʠʣʠ ʧʨʠʨʘʚʥʷʪʴ ʮʝʥʥʦʩʪʠ ʚʩʝʭ ʧʫʙʣʠ-

ʢʘʮʠʡ ʢ ʝʜʠʥʠʮʝ. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʡʪʠ ʧʦʢʘʟʘʪʝʣʴ ʨʘʙʦʪʳ ʢʘʞ-

ʜʦʛʦ ʘʚʪʦʨʘ iy RÍ . ʉʫʤʤʘ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʘʚʪʦʨʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ 

ʩʫʤʤʝ ʮʝʥʥʦʩʪʝʡ ʧʫʙʣʠʢʘʮʠʡ 

1 1

n m

i j

i j

y q
= =

=ä ä . 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʜʘʥʥʦʡ ʟʘʜʘʯʝ: ʤʝʪʦʜ ʨʘʚʥʦʛʦ ʨʘʟ-

ʜʝʣʝʥʠʷ ʜʦʣʝʡ ʩʦʘʚʪʦʨʦʚ ʠ ʚʝʢʪʦʨ ʐʝʧʣʠ.  

ʄʝʪʦʜ ʨʘʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʜʦʣʝʡ ʩʦʘʚʪʦʨʦʚ. ʎʝʥʥʦʩʪʴ ʧʫʙʣʠʢʘʮʠʠ jq  

ʜʝʣʠʪʩʷ ʧʦʨʦʚʥʫ ʤʝʞʜʫ ʩʦʘʚʪʦʨʘʤʠ 

1

1
j

m
i SEW

i j

j j

y q
S

Í

=

=ä ,     (1.7) 

ʛʜʝ jS  ʤʦʱʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ jS , ʯʠʩʣʦ ʩʦʘʚʪʦʨʦʚ ʠ 1 1
ji SÍ =  ʝʩʣʠ ji SÍ  ʠ 

1 0
ji SÍ =  ʠʥʘʯʝ. 

ɼʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ ʐʝʧʣʠ ʟʘʜʘʜʠʤ ʢʦʦʧʝʨʘʪʠʚʥʫʶ ʠʛʨʫ. ʂʦʦʧʝʨʘ-

ʪʠʚʥʘʷ ʠʛʨʘ ʦʧʠʩʳʚʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ( )v S , ʢʦʪʦʨʘʷ ʩʦʦʪ-
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ʥʦʩʠʪ ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ ʢʘʞʜʦʡ ʢʦʘʣʠʮʠʠ. ʉʫʱʝʩʪʚʫʶʪ ʪʨʠ ʨʘʟʫʤʥʳʭ ʧʦʜʭʦʜʘ 

ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʵʪʦʡ ʬʫʥʢʮʠʠ. 

ʀʛʨʘ ʧʦʣʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ. ʆʪʩʫʪʩʪʚʠʝ ʦʜʥʦʛʦ ʠʟ ʩʦʘʚʪʦʨʦʚ ʥʝ ʜʘʝʪ ʧʨʘ-

ʚʦ ʢʦʘʣʠʮʠʠ ʧʨʠʩʚʦʠʪʴ ʮʝʥʥʦʩʪʴ ʧʫʙʣʠʢʘʮʠʠ. ɼʣʷ ʚʩʝʭ 2S NÍ  ʟʘʜʘʝʪʩʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʠʛʨʳ 

1

1

( ) 1
j

m

S S j

j

v S qÌ

=

=ä . 

ʀʛʨʘ ʧʦʣʥʦʡ ʮʝʥʥʦʩʪʠ. ʂʘʞʜʳʡ ʩʦʘʚʪʦʨ ʧʦʣʫʯʘʝʪ ʧʦʣʥʫʶ ʮʝʥʥʦʩʪʴ ʧʫʙ-

ʣʠʢʘʮʠʠ 

2

1

( ) 1
j

m

S S j

j

v S qÆ ¸Å

=

=ä . 

ʀʛʨʘ ʨʘʚʥʳʭ ʜʦʣʝʡ. ʂʘʞʜʳʡ ʩʦʘʚʪʦʨ ʧʦʣʫʯʘʝʪ ʨʘʚʥʫʶ ʜʦʣʶ ʮʝʥʥʦʩʪʠ 

ʧʫʙʣʠʢʘʮʠʠ 

3

1

1
( )

j
m

i S

j

i S j j

v S q
S

Í

Í =

=ää . 

ɺʝʢʪʦʨ ʐʝʧʣʠ ʵʪʦ ʩʨʝʜʥʠʡ ʧʨʝʜʝʣʴʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʢʦʘʣʠʮʠʶ. ʆʜ-

ʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʡ ʧʨʝʜʝʣʴʥʳʡ ʚʢʣʘʜ ʠʛʨʦʢʘ 

ʧʨʠ ʩʣʫʯʘʡʥʦʤ ʧʦʨʷʜʢʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʘʣʠʮʠʡ. ʇʫʩʪʴ s ʙʫʜʝʪ ʧʝʨʝʩʪʘʥʦʚ-

ʢʦʡ ʠʛʨʦʢʦʚ ʠ ( )is   ʤʝʩʪʦ ʠʛʨʦʢʘ i  ʚ ʧʝʨʝʩʪʘʥʦʚʢʝ s. ʇʨʝʜʝʣʴʥʳʤ ʚʢʣʘʜʦʤ 

ʠʛʨʦʢʘ i  ʷʚʣʷʝʪʩʷ ( ) ( )( ) ( ) 1i iv S v Ss s
s s -- , ʛʜʝ ( ) 1iSss - ʤʥʦʞʝʩʪʚʦ ʧʝʨʚʳʭ ( ) 1is -  

ʠʛʨʦʢʦʚ ʚ ʧʝʨʝʩʪʘʥʦʚʢʝ s (ʤʥʦʞʝʩʪʚʦ ʠʛʨʦʢʦʚ ʠʟ N, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ 

ʨʘʥʴʰʝ ʠʛʨʦʢʘ i  ʚ ʧʝʨʝʩʪʘʥʦʚʢʝ s). ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʩʝ ʚʦʟʤʦʞʥʳʝ 

ʧʝʨʝʩʪʘʥʦʚʢʠ, ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʸʪʘ ʚʝʢʪʦʨʘ ʐʝʧʣʠ ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ: 

( ) ( )( ) ( ) 1

1
( )

!
i i iv v S v S

n

s s
s s

s

j -
è ø= -
ê úä . 

ʊʝʦʨʝʤʘ ʦʙ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʩʝ ʯʝʪʳʨʝ ʩʧʦʩʦʙʘ ʧʦʜ-

ʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʘʚʪʦʨʦʚ ʜʘʝʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʨʝʟʫʣʴʪʘʪ. 
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ʊʝʦʨʝʤʘ 1.2 (ʦʙ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ). ɼʣʷ ʚʩʝʭ ʟʘʜʘʯ ʨʘʟʜʝʣʝʥʠʷ ʩʦʘʚʪʦʨʩʪ-

ʚʘ, 1 2 3( ) ( ) ( ) EW
i i i iv v v yj j j= = = . 

ɼʣʷ ʚʩʝʭ ʠʛʨ, ʢʦʪʦʨʳʝ ʥʝ ʨʘʟʣʠʯʘʶʪ ʘʚʪʦʨʦʚ ʠ ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʠʤʝʥʘʤ 

ʠʣʠ ʜʨʫʛʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʳ ʧʦʣʫʯʠʣʠ, ʯʪʦ ʤʝʪʦʜ ʨʘʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʦ-

ʘʚʪʦʨʩʪʚʘ ʵʢʚʠʚʘʣʝʥʪʝʥ ʚʝʢʪʦʨʫ ʐʝʧʣʠ. ʊʦʪ ʞʝ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʘʝʪʩʷ ʯʝʨʝʟ 

ʘʢʩʠʦʤʘʪʠʢʫ ʚʝʢʪʦʨʘ ʐʝʧʣʠ (ʩʤ. [35]). ɺʝʢʪʦʨ ʐʝʧʣʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʚʦʡʩʪ-

ʚʫ ʘʜʜʠʪʠʚʥʦʩʪʠ: 

( ) ( ) ( )i i iv w v wj j j+ = + . 

ɺʝʢʪʦʨ ʐʝʧʣʠ ʜʣʷ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʧʫʙʣʠʢʘʮʠʡ ʨʘʚʝʥ ʩʫʤʤʝ ʚʝʢʪʦʨʦʚ 

ʐʝʧʣʠ ʠʛʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʝʣʝʞʫ ʦʜʥʦʡ ʧʫʙʣʠʢʘʮʠʠ 

1

( ) ( )
m

j
i i

j

v vj j
=

=ä , 

ʛʜʝ 
jv   ʠʛʨʘ ʨʘʟʜʝʣʝʥʠʷ ʮʝʥʥʦʩʪʠ ʧʫʙʣʠʢʘʮʠʠ j: ( ) 1j

jv S = , ( \ ) 0j
jv SN =. 

ʎʝʥʥʦʩʪʴ ʧʫʙʣʠʢʘʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʤʝʞʜʫ ʩʦʘʚʪʦʨʘʤʠ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʘʢʩʠʦʤʘʪʠʢʦʡ ʚʝʢʪʦʨʘ ʐʝʧʣʠ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ, 

ʘʢʩʠʦʤʘ ʙʦʣʚʘʥʘ, ʘʜʜʠʪʠʚʥʦʩʪʴ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʮʝʥʥʦʩʪʠ 

ʧʫʙʣʠʢʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʵʪʦ ʨʘʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʤʝʞ-

ʜʫ ʩʦʘʚʪʦʨʘʤʠ. 

ʇʦʜʭʦʜ ʚʝʢʪʦʨʘ ʐʝʧʣʠ ʧʨʠʤʝʥʠʤ ʢ ʥʝʦʜʥʦʨʦʜʥʦʤʫ ʤʥʦʞʝʩʪʚʫ ʫʯʝʥʳʭ, 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʥʝʢʦʪʦʨʳʤʠ ʚʝʩʘʤʠ. ʕʪʠ ʚʝʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘ ʧʦʨʷʜʢʘʭ ʘʚʪʦʨʦʚ, ʠ ʚʟʚʝʰʝʥʥʳʡ ʚʝʢʪʦʨ ʐʝ-

ʧʣʠ ʷʚʣʷʝʪʩʷ ʦʞʠʜʘʝʤʳʤ ʚʢʣʘʜʦʤ ʘʚʪʦʨʦʚ [36]. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʘʢ-

ʩʠʦʤʘʪʠʯʝʩʢʠʭ ʦʙʦʩʥʦʚʘʥʠʡ ʚʝʢʪʦʨʘ ʐʝʧʣʠ [37, 38]. ʉʦʛʣʘʩʥʦ ʚʟʚʝʰʝʥʥʦʤʫ 

ʧʦʜʭʦʜʫ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʘʚʪʦʨʘ ʚ ʧʫʙʣʠʢʘʮʠʶ ð ʵʪʦ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʝʩ ʚ 

ʧʫʙʣʠʢʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʢʪʦʨ ʐʝʧʣʠ ʵʪʦ ʩʫʤʤʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʝʩʦʚ 

ʘʚʪʦʨʘ ʚ ʢʘʞʜʦʡ ʧʫʙʣʠʢʘʮʠʠ 
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1
( )

j
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m
i S i

i j
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w
v q
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j

Í

=

Í

=ä
ä

.     (1.8) 

ʌʦʨʤʫʣʘ (1.8) ʦʙʦʙʱʘʝʪ ʬʦʨʤʫʣʫ (1.7) ʥʘ ʩʣʫʯʘʡ ʥʝ ʨʘʚʥʳʭ ʚʝʩʦʚ ʘʚʪʦ-

ʨʦʚ. ʕʢʚʠʚʘʣʝʥʪʦʤ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʐʝʧʣʠ ʙʫʜʝʪ ʧʦʢʘʟʘʪʝʣʴ, ʚ ʢʦʪʦʨʦʤ 

ʮʝʥʥʦʩʪʴ ʢʘʞʜʦʡ ʧʫʙʣʠʢʘʮʠʠ ʜʝʣʠʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʩʘʤ ʩʦʘʚʪʦʨʦʚ. 

 

1.2.3 ʅʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʟʘʧʦʣʥʷʝʪ ʧʨʦʙʝʣ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʩʪʴ ʜʚʫʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʦ ʨʘʟʜʝʣʝʥʠʠ ʮʝʥʥʦʩʪʠ ʧʫʙ-

ʣʠʢʘʮʠʡ ʤʝʞʜʫ ʩʦʘʚʪʦʨʘʤʠ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʚ ʵʪʦʤ ʧʦʜʨʘʟʜʝʣʝ ʪʝʦʨʝʤʘ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʮʝʥʥʦʩʪʠ ʧʫʙʣʠʢʘʮʠʡ 

ʤʝʞʜʫ ʩʦʘʚʪʦʨʘʤʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʚʝʢʪʦʨʘ ʐʝʧʣʠ, ʠ ʤʝʪʦʜ ʨʘʚ-

ʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʜʦʣʝʡ ʩʦʘʚʪʦʨʦʚ ʵʢʚʠʚʘʣʝʥʪʥʳ. ʕʪʘ ʪʝʦʨʝʤʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦ-

ʥʳ, ʜʘʝʪ ʪʝʦʨʝʪʠʢʦ-ʠʛʨʦʚʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʘ ʨʘʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʜʦʣʝʡ 

ʩʦʘʚʪʦʨʦʚ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʝʜʣʘʛʘʝʪ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʘ 

ʐʝʧʣʠ, ʟʘʤʝʥʷʷ ʝʛʦ ʧʦʜʩʯʝʪ ʚʳʯʠʩʣʝʥʠʝʤ ʩʫʤʤʳ ʜʦʣʝʡ ʩʦʘʚʪʦʨʦʚ. ʂʨʦʤʝ ʪʦ-

ʛʦ, ʚ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʐʝʧʣʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʧʦʜʨʘʟʜʝʣʘ ʦʪʯʝʪʘ ʦʪʨʘ-

ʞʝʥʳ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [39]. 

 

1.3 ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʥʜʝʢʩʦʚ ʚʣʠʷʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʭ ʧʨʝʜʧʦʯʪʝʥʠʷ ʫʯʘ-

ʩʪʥʠʢʦʚ ʚ ʘʥʦʥʠʤʥʳʭ ʠʛʨʘʭ 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʠʥʜʝʢʩʦʚ ʚʣʠʷʥʠʷ, ʢʘʢ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ (ɹʘʥʮʘʬʘ, 

ʐʝʧʣʠ-ʐʫʙʠʢʘ ʠ ʜʨʫʛʠʭ [40, 41]), ʪʘʢ ʠ ʥʦʚʳʭ (ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʨʝʜʧʦʯʪʝʥʠʡ 

ʘʛʝʥʪʘ, [42]) ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʙʨʘʪʴ ʧʦʯʪʠ ʚʩʝ ʢʦʘʣʠʮʠʠ, ʪʦ ʝʩʪʴ ʧʦʜʤʥʦʞʝʩʪ-

ʚʘ ʤʥʦʞʝʩʪʚʘ ʠʛʨʦʢʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʨʘʩʯʝʪʳ ʥʝʚʦʟʤʦʞʥʳʤʠ, ʝʩʣʠ ʢʦʣʠʯʝʩʪʚʦ 

ʠʛʨʦʢʦʚ ʧʨʝʚʳʰʘʝʪ ʧʷʪʴʜʝʩʷʪ.  
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ʊʝʤ ʥʝ ʤʝʥʝʝ, ʝʩʣʠ ʚʩʝ ʠʛʨʦʢʠ ʠʤʝʶʪ ʮʝʣʦʝ ʯʠʩʣʦ ʛʦʣʦʩʦʚ, ʝʩʪʴ ʠʛʨʦʢʠ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʦʣʦʩʦʚ, ʤʥʦʛʠʝ ʧʘʨʪʠʡʥʳʝ ʙʣʦʢʠ ʠʤʝʶʪ ʨʘʚʥʦʝ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʦʣʦʩʦʚ ʠʣʠ ʩʫʤʤʘ ʛʦʣʦʩʦʚ ʚʩʝʭ ʠʛʨʦʢʦʚ ʤʘʣʘ, ʪʦ ʩʪʘʥʦ-

ʚʷʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʘʣʛʦʨʠʪʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʨʦʠʟʚʦʜʷʱʠʝ ʬʫʥʢʮʠʠ.  

ʅʦ ʵʪʠ ʘʣʛʦʨʠʪʤʳ ʨʘʟʨʘʙʦʪʘʥʳ ʪʦʣʴʢʦ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʚʣʠʷ-

ʥʠʷ ʠ ʥʝʢʦʪʦʨʳʭ ʢʦʥʢʨʝʪʥʳʭ ʪʠʧʦʚ ʠʥʜʝʢʩʦʚ ʚʣʠʷʥʠʷ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʨʝʜ-

ʧʦʯʪʝʥʠʡ ʘʛʝʥʪʦʚ [43].  

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʦʪʯʝʪʘ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʚʘʞʥʳʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʩʝ 

ʠʛʨʦʢʠ ʠʤʝʶʪ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʦʣʦʩʦʚ. ɼʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʚʣʠʷ-

ʥʠʝ ʚʩʝʭ ʠʛʨʦʢʦʚ ʦʜʠʥʘʢʦʚʦ, ʥʦ, ʝʩʣʠ ʫʯʝʩʪʴ ʧʨʝʜʧʦʯʪʝʥʠʷ ʠʛʨʦʢʦʚ, ʩʠʪʫʘʮʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʥʘʤʥʦʛʦ ʩʣʦʞʥʝʝ ʠ ʠʥʪʝʨʝʩʥʝʝ. 

ɺ ɻʪʦʤ ʧʦʜʨʘʟʜʝʣʝ ʙʫʜʫʪ ʧʦʩʪʨʦʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʘʩʯʝ-

ʪʘ ʠʥʜʝʢʩʦʚ ʚʣʠʷʥʠʷ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʨʝʜʧʦʯʪʝʥʠʡ ʘʛʝʥʪʦʚ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʪʠʧʦʚ ([42]) ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

 

1.3.1 ʆʩʥʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʆʧʨʝʜʝʣʝʥʠʝ 1.1. ʅʘʟʦʚʝʤ ʧʨʦʩʪʦʡ ʠʛʨʦʡ ʧʘʨʫ (N,v), ʛʜʝ N ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʠʛʨʦʢʦʚ, ʘ v  ʬʫʥʢʮʠʷ, ʩʦʧʦʩʪʘʚʣʷʶʱʘʷ ʢʘʞʜʦʤʫ ʧʦʜʤʥʦ-

ʞʝʩʪʚʫ N ʠʣʠ ʥʦʣʴ ʠʣʠ 1. ʂʨʦʤʝ ʪʦʛʦ, ʬʫʥʢʮʠʷ v ʜʦʣʞʥʘ ʙʳʪʴ ʤʦʥʦʪʦʥʥʦʡ, 

ʪʦ ʝʩʪʴ, ʝʩʣʠ S ʠ T ʷʚʣʷʶʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʘʤʠ N, ʘ S ʷʚʣʷʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦʤ 

T, ʪʦ v(T) Óv(S).  

ʂʦʘʣʠʮʠʷ S ʥʘʟʳʚʘʝʪʩʷ ʚʳʠʛʨʳʚʘʶʱʝʡ, ʝʩʣʠ v(S) = 1 ʠ ʧʨʦʠʛʨʳʚʘʶʱʝʡ 

ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ.  

ɼʘʣʝʝ ʤʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ ʧʨʦʩʪʳʭ 

ʠʛʨ ï ʛʦʣʦʩʦʚʘʥʠʷ ʩ ʢʚʦʪʦʡ.  

ʆʧʨʝʜʝʣʝʥʠʝ 1.2. ɻʦʣʦʩʦʚʘʥʠʝʤ ʩ ʢʚʦʪʦʡ ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨ ʠʟ ( 1)n+ -ʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ 1( ; ,..., )nq w w , ʧʝʨʚʦʝ ʠʟ ʢʦʪʦʨʳʭ ʥʘʟʳʚʘʝʪʩʷ ʢʚʦʪʦʡ, ʘ 

ʦʩʪʘʣʴʥʳʝ ï ʯʠʩʣʦʤ ʛʦʣʦʩʦʚ (ʠʣʠ ʚʝʩʦʤ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʛʨʦʢʘ. 
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ʂʦʘʣʠʮʠʷ S  ʚʳʠʛʨʳʚʘʶʱʘʷ, ʝʩʣʠ ʩʫʤʤʘ ʛʦʣʦʩʦʚ ʚʩʝʭ ʯʣʝʥʦʚ S ʥʝ ʤʝ-

ʥʝʝ ʯʝʤ ʟʥʘʯʝʥʠʝ ʢʚʦʪr ii W
w q

Í
²ä . 

ʇʨʠʤʝʨ 1.1. ʇʫʩʪʴ n = 4 ʠ v = (301; 238,92,64,56). ʏʪʦʙʳ ʢʦʘʣʠʮʠʷ ʙʳʣʘ 

ʚʳʠʛʨʳʚʘʶʱʝʡ, ʚ ʥʝʝ ʜʦʣʞʥʳ ʚʭʦʜʠʪʴ ʧʝʨʚʳʡ ʠʛʨʦʢ ʠ ʣʠʙʦ ʚʪʦʨʦʡ, ʣʠʙʦ 

ʪʨʝʪʠʡ. ʇʦʵʪʦʤʫ ʤʥʦʞʝʩʪʚʦ ʚʳʠʛʨʳʚʘʶʱʠʭ ʢʦʘʣʠʮʠʡ:  

W={{1,2},{1,3},{1,2,3},{1,2,4},{1,3,4},{1,2,3,4}.  

ʆʧʨʝʜʝʣʝʥʠʝ 1.3. ʀʛʨʦʢ i  ʥʘʟʳʚʘʝʪʩʷ ʢʣʶʯʝʚʳʤ ʚ ʢʦʘʣʠʮʠʠ S, ʝʩʣʠ S 

ʚʳʠʛʨʳʚʘʶʱʘʷ ʠ \ { }S i   ʧʨʦʠʛʨʳʚʘʶʱʘʷ.  

ɺ ʧʨʝʜʳʜʫʱʝʤ ʧʨʠʤʝʨʝ ʘʛʝʥʪ 1 ʢʣʶʯʝʚʦʡ ʚ ʣʶʙʦʡ ʚʳʠʛʨʳʚʘʶʱʝʡ ʢʦʘ-

ʣʠʮʠʠ, ʘ ʘʛʝʥʪ 3  ʚ ʢʦʘʣʠʮʠʷʭ {1,3}, {1,3,4}.  

ʀʥʜʝʢʩ ʚʣʠʷʥʠʷ ʩʦʧʦʩʪʘʚʣʷʝʪ ʢʘʞʜʦʡ ʧʨʦʩʪʦʡ ʠʛʨʝ ʚʝʢʪʦʨ ū (v). ɽʛʦ i-ʷ 

ʢʦʤʧʦʥʝʥʪʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʚʣʠʷʥʠʝ ʠʛʨʦʢʘ i. ʉʘʤʳʝ ʠʟʚʝʩʪʥʳʝ ʠʥʜʝʢ-

ʩʳ ʚʣʠʷʥʠʷ ï ʠʥʜʝʢʩʳ ɹʘʥʮʘʬʘ ʠ ʐʝʧʣʠ-ʐʫʙʠʢʘ.  

ʀʥʜʝʢʩ ʚʣʠʷʥʠʷ ɹʘʥʮʘʬʘ (BI) [40] ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʚʣʠʷʥʠʝ ʠʛʨʦʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ ʢʦʘʣʠʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʢʣʶʯʝ-

ʚʦʡ.  

ʆʙʱʠʡ ʠʥʜʝʢʩ ɹʘʥʮʘʬʘ iTBz  ʜʣʷ ʠʛʨʦʢʘ i ʨʘʚʝʥ  

i iTBz W= . 

ʀʥʜʝʢʩ ɹʘʥʮʘʬʘ (iBz) ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʦʙʱʝʛʦ ʠʥʜʝʢʩʘ ʥʦʨʤʠʨʦʚʘʥʠʝʤ:  

( ) i
i

ii

TBz
v

TBz
b =

ä
. 

ʇʦʜʩʯʠʪʘʝʤ ʦʙʘ ʵʪʠʭ ʠʥʜʝʢʩʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ. ʇʝʨʚʳʡ ʠʛʨʦʢ ʢʣʶʯʝʚʦʡ ʚ 

ʣʶʙʦʡ ʚʳʠʛʨʳʚʘʶʱʝʡ ʢʦʘʣʠʮʠʠ, ʚʪʦʨʦʡ ʠʛʨʦʢ  ʚ ʜʚʫʭ ʢʦʘʣʠʮʠʷʭ ({1,2} ʠ 

{1,2,4}), ʪʨʝʪʠʡ ʪʘʢʞʝ ʚ ʜʚʫʭ ʢʦʘʣʠʮʠʷʭ ʠ ʧʦʩʣʝʜʥʠʡ  ʥʝ ʢʣʶʯʝʚʦʡ ʥʠ ʚ ʦʜ-

ʥʦʡ ʠʟ ʢʦʘʣʠʮʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʠʡ ʠʥʜʝʢʩ ɹʘʥʮʘʬʘ ʨʘʚʝʥ 

1 6TBz= , 2 3 2TBz TBz= =, 4 0TBz = , 

ʘ ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʠʥʜʝʢʩ ɹʘʥʮʘʬʘ 
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1( ) 0.6vb = , 2 3( ) ( ) 0.2v vb b= = , 4( ) 0vb = . 

 

1.3.2 ʀʥʜʝʢʩʳ ʚʣʠʷʥʠʷ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʨʝʜʧʦʯʪʝʥʠʡ ʫʯʘʩʪʥʠʢʦʚ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ. ʇʫʩʪʴ N = {A, B, C} ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʘʛʝʥ-

ʪʦʚ, v = (3; 2,1,1). ɺʳʠʛʨʳʚʘʶʱʠʝ ʢʦʘʣʠʮʠʠ  { A, B}, { A, C}, { A, B, C}.  ʀʥ-

ʜʝʢʩ ɹʘʥʮʘʬʘ ʠʥʜʝʢʩ ʨʘʚʝʥ 3 1 1
5 5 5, ,

A B C
b b b= = =. ʇʨʝʜʧʦʣʦʞʠʤ ʪʝʧʝʨʴ, ʯʪʦ 

ʘʛʝʥʪʳ ɺ ʠ ʉ ʥʝ ʚʩʪʫʧʘʶʪ ʚ ʢʦʘʣʠʮʠʶ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɼʦʣʞʥʦ ʣʠ ʵʪʦ ʧʦʚʣʠʷʪʴ 

ʥʘ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʛʦʣʦʩʦʚʘʥʠʠ? ʆʯʝʚʠʜʥʦ, ʢʦʘʣʠʮʠʷ {A, B, C} ʥʝʚʦʟʤʦʞ-

ʥʘ, ʥʦ ʵʪʦ ʩʥʠʞʘʝʪ ʦʙʱʠʡ ʠʥʜʝʢʩ ɹʘʥʮʘʬʘ ʪʦʣʴʢʦ ʜʣʷ ʠʛʨʦʢʘ ɸ, ʧʦʪʦʤʫ ʯʪʦ 

ʪʦʣʴʢʦ ʦʥ ʢʣʶʯʝʚʦʡ ʚ ʵʪʦʡ ʢʦʘʣʠʮʠʠ. ʅʦʚʳʡ ʠʥʜʝʢʩ ɹʘʥʮʘʬʘ ʨʘʚʝʥ 

1 1 1
2 4 4, ,

A B C
b b b= = =. ʂʘʢ ʚʠʜʥʦ, ʞʝʣʘʥʠʝ ʜʚʫʭ ʠʛʨʦʢʦʚ ʥʝ ʚʩʪʫʧʘʪʴ ʚ ʢʦʘʣʠ-

ʮʠʶ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʚʳʰʘʝʪ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʵʪʦʤ ʛʦʣʦʩʦʚʘʥʠʠ. ʊʦ ʞʝ ʩʘ-

ʤʦʝ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʜʘʪʴ ʪʘʢʞʝ ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʛʨʦʢʠ ɸ ʠ 

ɺ ʥʝ ʚʩʪʫʧʘʶʪ ʚ ʦʜʥʫ ʢʦʘʣʠʮʠʶ.  

ʀʪʘʢ, ʚʣʠʷʥʠʝ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʧʦʯʪʝʥʠʡ ʘʛʝʥʪʦʚ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʯʝʩʪʴ ʞʝʣʘʥʠʝ ʠʛʨʦʢʘ i ʩʦʪʨʫʜʥʠʯʘʪʴ ʩ ʧʘʨʪʠʝʡ S, ʨʘʩ-

ʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ f(i,S) [42, 44]. ʊʦʛʜʘ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ɢ(i) 

ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ 

( ) ( , )
S

i f i Sc =ä , 

ʛʜʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʳʠʛʨʳʚʘʶʱʠʤ ʢʦʘʣʠʮʠ̫ ʤ, ʚ ʢʦʪʦʨʦʡ ʠʛ-

ʨʦʢ i  ʢʣʶʯʝʚʦʡ. ʊʦʛʜʘ ʠʥʜʝʢʩʳ ʚʣʠʷʥʠʷ ʚʳʯʠʩʣʷʶʪʩʷ, ʢʘʢ 
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,
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( , )

( 1)
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i j S

f S P p
s s Í

=
-
ä , 
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,

( , , ) max
ij

j S j i
f i S P p+

Í ¸
= , 
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,

( , , ) min
ij

j S j i
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( )1
2 max min

( , , ) ( , , ) ( , , )
mf
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( , , ) max
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j S j i
f i S P p-
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ji
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f i S P p-
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1
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j S

f p
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+

Í

=
-
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1
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s
ssm ji

j S

f p
s

-

Í

=
-
ä , 

maxmin
,

( , ) max min
ij

j S j ii S
f S P p

Í ¸Í
= , 

minmax
,

( , ) min max
ij

i S j S j i
f S P p

Í Í ¸
= ,  

( )1
2 maxmin minmax

( , ) ( , ) ( , )
mf

f S P f S P f S P= + . 

ɺ ʵʪʦʤ ʧʫʥʢʪʝ ʤʳ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ ʩʘʤʦʤ ʚʘʞʥʦʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤ 

ʚʠʜʝ ʛʦʣʦʩʦʚʘʥʠʷ ʩ ʢʚʦʪʦʡ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʣʶʙʦʡ ʘʛʝʥʪ ʠʤʝʝʪ ʪʦʣʴʢʦ 

ʦʜʠʥ ʛʦʣʦʩ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʠʛʨʦʢʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʙʦʡ ʠʥʜʝʢʩ ʚʣʠʷʥʠʷ, ʥʝ ʫʯʠʪʳʚʘʁ ʱʠʡ ʧʨʝʜʧʦʯʪʝʥʠʡ ʘʛʝʥ-

ʪʦʚ, ʙʫʜʝʪ ʦʜʠʥʘʢʦʚ ʜʣʷ ʚʩʝʭ ʠʛʨʦʢʦʚ. ʅʦ ʨʝʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʛʝʥʪʦʚ ʤʦ-

ʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʩʶ ʠʥʬʦʨ-

ʤʘʮʠʶ ʦʙ ʵʪʦʤ ʪʠʧʝ ʛʦʣʦʩʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʝʜ-

ʧʦʯʪʝʥʠʷ ʘʛʝʥʪʦʚ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣ, ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ Ŭ-ʠʥʜʝʢʩʦʚ ʤʳ ʜʦʣʞʥʳ ʧʝʨʝʙʨʘʪʴ 

ʚʩʝ ʚʳʠʛʨʳʚʘʶʱʠʝ ʢʦʘʣʠʮʠʠ. ʅʦ ʠʥʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʢʦʘʣʠʮʠʡ ʤʦʞʝʪ 

ʙʳʪʴ ʩʣʠʰʢʦʤ ʚʝʣʠʢʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʵʪʦ. ʇʫʩʪʴ n  ʯʠʩʣʦ ʘʛʝʥʪʦʚ ʙʳʪʴ ʠ 

ʢʚʦʪʘ ʢ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ 2[ 1]n+ , ʪʦʛʜʘ ʯʠʩʣʦ ʚʳʠʛʨʳʚʘʶʱʠʭ ʢʦʘʣʠʮʠʡ ʙʫʜʝʪ 

ʨʘʚʥʦ 

 

ɿʜʝʩʴ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʬʦʨʤʫʣʫ ʉʪʠʨʣʠʥʛʘ. ʂʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʠʛʨʦʢʦʚ ʙʦʣʴʰʝ, 

ʯʝʤ 500, ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʬʫʥʢʮʠʷ ʙʫʜʝʪ ʙʦʣʝʝ 14810 . ʅʠʞʝ ʙʫʜʝʪ ʧʨʦʜʝʤʦʥʩʪ-

ʨʠʨʦʚʘʥʦ, ʢʘʢ ʵʪʠ ʠʥʜʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳ-

ʤʠ ʩʧʦʩʦʙʘʤʠ. 
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ɺʦ-ʧʝʨʚʳʭ, ʦʪʤʝʪʠʤ, ʯʪʦ ʥʘʤ ʥʝ ʥʫʞʥʦ ʚʳʯʠʩʣʷʪʴ Ŭ ï ʠʥʜʝʢʩ ʜʣʷ ʣʶʙʦʡ 

ʬʫʥʢʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ [44]. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 1( )va  ʫʞʝ ʚʳʯʠʩʣʝʥ, ʪʦ 2( )va  

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʛʦ ʞʝ ʤʝʪʦʜʘ ʢ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥ-

ʥʦʡ ʤʘʪʨʠʮʝ ʈ. ʆʜʥʘ ʬʫʥʢʮʠʷ ʚʳʯʠʩʣʷʝʪ ʩʫʤʤʫ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʨʦʢʝ, ʜʨʫʛʘʷ 

ʬʫʥʢʮʠʷ ʚʳʯʠʩʣʷʝʪ ʪʦʪ ʞʝ ʧʦʢʘʟʘʪʝʣʴ ʚ ʩʪʦʣʙʮʘʭ, ʠ ʧʨʠ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʠ 

ijp  ʠ 
jip  ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ. ʕʪʘ ʠʜʝʷ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʵʪʠ ʠʥʜʝʢʩʳ ʚ 

ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ:  

1) ʣʠʥʝʡʥʦʛʦ ʪʠʧʘ;  

2) ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʪʠʧʘ;  

3) ʪʠʧʘ çʤʘʢʩʠʤʫʤè;  

4) ʪʠʧʘ ʄʠʥʢʦʚʩʢʦʛʦ;  

5) ʪʠʧʘ çʤʠʥʠʤʘʢʩè.  

ɽʩʪʴ ʪʨʠ ʩʧʦʩʦʙʘ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʚʳʨʘʟʠʪʴ Ŭ-ʠʥʜʝʢʩʳ ʦʜʠʥ ʯʝʨʝʟ 

ʜʨʫʛʦʡ:  

1) ʧʨʠ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʠ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʈ ʚ ʩʪʨʦʢʘʭ ʠ ʩʪʦʣʙʮʘʭ ʤʝʥʷʶʪ-

ʩʷ ʤʝʩʪʘʤʠ, ʧʦʵʪʦʤʫ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ ʠʥʜʝʢʩʳ 1aʠ 2a , 5a  ʠ 8a , 6a  ʠ 9a , 

10a  ʠ 11a ; 

2) ʢ ʟʘʤʝʥʝ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ 
ijp  ʤʘʪʨʠʮʳ ʈ ʥʘ 1 ijp-  ʤʠʥʠʤʫʤ ʧʦ ʣʶʙʦʤʫ 

ʧʦʜʤʥʦʞʝʩʪʚʫ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʘʢʩʠʤʫʤ ʠ ʥʘʦʙʦʨʦʪ, ʧʦʵʪʦʤʫ ʠʥʜʝʢʩʳ 5a  ʠ 

6a , 8a  ʠ 9a , 12a  ʠ 13a  ʚʳʨʘʞʘʶʪʩʷ ʦʜʠʥ ʯʝʨʝʟ ʜʨʫʛʦʡ; 

3) ʠʥʜʝʢʩʳ 3a , 7a  ʠ 14a  ʚʳʯʠʩʣʷʶʪʩʷ ʢʘʢ, 1 21
2
( )a a+ , 5 61

2
( )a a+  ʠ 

12 131
2
( )a a+ , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʥʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʠʥʜʝʢʩʦʚ.  

ʇʦʵʪʦʤʫ ʜʦʩʪʘʪʦʯʥʦ ʥʘʫʯʠʪʴʩʷ ʚʳʯʠʩʣʷʪʴ ʠʥʜʝʢʩʳ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʤʫ 

ʧʨʝʜʩʪʘʚʠʪʝʣʶ ʠʥʜʝʢʩʦʚ ʢʘʞʜʦʛʦ ʪʠʧʘ, ʥʘʧʨʠʤʝʨ, 1a , 4a , 5a , 10a  ʠ 12a . 

 

1. ʃʠʥʝʡʥʳʡ ʪʠʧ:  
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,     . 

ʆʪʤʝʪʠʤ ʯʝʪʳʨʝ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʠʥʜʝʢʩʘ. ɺʦ-ʧʝʨʚʳʭ, ʠʥ-

ʜʝʢʩ ʧʦʢʘʟʘʪʝʣʷ ʨʘʚʝʥ ʩʫʤʤʝ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʈ. ʊʦʣʴʢʦ ,ixp x i̧  ʚʢʣʶʯʝ-

ʥʳ ʚ ʵʪʫ ʩʫʤʤʫ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʜʣʷ ,ixp x i̧  ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʭ, ʪʘʢ ʯʪʦ ʚʩʝ ʵʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʚʥʳ. ʀ, ʥʘ-

ʢʦʥʝʮ, ʩʫʤʤʘ ʚʩʝʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʘ 1

1 ( 1)k

nʉ k-

- - , ʯʪʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ i.  

ʇʦʵʪʦʤʫ ʤʳ ʤʦʞʝʤ ʚʳʯʠʩʣʠʪʴ ʧʝʨʚʳʡ Ŭ-ʠʥʜʝʢʩ, ʢʘʢ  

, 

ʛʜʝ ʩ  ʧʦʩʪʦʷʥʥʘʷ, ʢʦʪʦʨʘʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ i. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʨ-

ʤʠʨʦʚʘʥʥʳʡ Ŭ-ʠʥʜʝʢʩ ʨʘʚʝʥ  

, . 

ʂʘʢ ʤʳ ʫʞʝ ʛʦʚʦʨʠʣʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʩ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ 

P, ʧʦʵʪʦʤʫ ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʙʫʜʝʪ ʪʝʤ ʞʝ ʩʘʤʳʤ ʠ ʜʣʷ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʡ 

ʤʘʪʨʠʮʳ P. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ 3 1 21
2
( )i i ia a a= + , ʪʦ 

. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ 

. 
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, . 

ʕʪʦʪ ʠʥʜʝʢʩ ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʢʣʶʯʝʚʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʝʜʳʜʫʱʝʛʦ, 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʪʦʨʦʛʦ ʧʨʠʟʥʘʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʛʨʦʢʘ ʭ ʦʙʘ 

ʵʣʝʤʝʥʪʘ ixp  ʠ ,ixp x i̧  ʠʤʝʶʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʨʘʚʥʳʝ ʯʠʩʣʫ 

ʢʦʘʣʠʮʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʭ ʠ i, ʪ.ʝ. ixp  ʠ ,ixp x i̧. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʜʚʫʭ ʠʛʨʦʢʦʚ 

ʭ ʠ ʫ, ʭ, ʫ Í z, ʵʪʦ ʯʠʩʣʦ ʙʫʜʝʪ ʨʘʚʥʦ 3

3

k

nʉ
-

-
. ʇʦʵʪʦʤʫ 4( )i va  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʚ ʚʠʜʝ  

 

, 

 

 

 

. 

ʂʘʢ ʤʳ ʫʞʝ ʫʧʦʤʠʥʘʣʠ, ʠʥʜʝʢʩ ʚʣʠʷʥʠʷ ɹʘʥʮʘʬʘ ʚ ʵʪʦʡ ʠʛʨʝ ʨʘʚʝʥ 1
n , 

ʧʦʵʪʦʤʫ ʤʳ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ 4( )iN va , ʢʘʢ  

. 

ʇʫʩʪʴ 1n , ʪʦʛʜʘ 

4

, ,| | , ,

( )i kj

S i S S k k j S j k

v pa
Í = Í ¸

= ä ä 4 4 4

1

( ) ( ) / ( )
n

i i j

j

N v v va a a
=

= ä

4

1, , 1, , ,

( ) (( 2)· · ( ) ( 2)· · )
n n

i ij ji jk

j j i j k j k i j k

v n c p p k c pa
= ¸ = ¸ ¸

= - + + - =ä ä

1, , 1,

(( )· · ( ) ( 2)· · )
n n

ij ji jk

j j i j k j k

n k c p p k c p
= ¸ = ¸

= - + + -ä ä

1, , 1,4

, 1, , 1,

( )· · ( ) ( 2)· ·

( )

2 ·( )· · ·( 2)·

n n

ij ji jk

j j i j k j k

i n n

jk jk

j k j k j k j k

n k c p p k c p

N v

c n k p c n k p

a
= ¸ = ¸

= ¸ = ¸

- + + -

= =

- + -

ä ä

ä ä

1, , 1,

, 1,

( )· ( ) ( 2)·

·( 2)·

n n

ij ji jk

j j i j k j k

n

jk

j k j k

n k p p k p

k n p

= ¸ = ¸

= ¸

- + + -

= =

-

ä ä

ä

3 32( ) 2 2( ) ( 2) 1
( ) · ( ) ·

( 2) ( 2) ( 2) ( 2)
i i

n k k n k k n
N v N v

k n k n k n k n n
a a

- - - -
= + = +

- - - -

4 32( ) ( 2)
( ) · ( ) ·

( 2) ( 2)
i i i

n k k n
N v N v Bz

k n k n
a a

- -
= +

- -



73 

. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʦʡ ʬʦʨʤʫʣʳ, ʠʥʜʝʢʩ 4( )iN va  ʧʨʠʤʝʨʥʦ ʨʘʚʝʥ ʠʥʜʝʢʩʫ 

ɹʘʥʮʘʬʘ ʜʣʷ ʙʦʣʴʰʠʭ ʢ ʠ 3( )iN va  ʧʨʠ ʤʘʣʳʭ ʢ. ʇʦʵʪʦʤʫ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ 

ʠʥʜʝʢʩʘ ʚʣʠʷʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʚʳʚʦʜʳ. 

 

3. ʊʠʧ çʄʘʢʩʠʤʫʤè: 

5

,

, ,| |

( ) maxi j S j i ij

S i S S k

v pÍ ¸

Í =

= äŬ , 5 5 5

1
( ) ( ) ( )

n

i i j jN v v v
=

= äŬ Ŭ Ŭ . 

ʊʨʝʙʫʝʤʳʡ ʠʥʜʝʢʩ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ P ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʇʫʩʪʴ x ʪʘʢʦʚ, ʯʪʦ maxix ij
j i

p p
¸

= . ʂʦʣʠʯʝʩʪʚʦ ʤʠʥʠʤʘʣʴʥʳʭ 

ʚʳʠʛʨʳʚʘʶʱʠʭ ʢʦʘʣʠʮʠʡ S, ʩʦʜʝʨʞʘʱʠʭ ʭ ʠ i, ʨʘʚʥʦ 2

2

k

nC -

-
. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

2

2

k

x nc C -

-= . ʊʝʧʝʨʴ ʧʫʩʪʴ ʫ ʪʘʢʦʚ, ʯʪʦ 
,

maxiy ij
j i x

p p
¸

= , ʪʦʛʜʘ 
3

3

k

y nc C -

-= . ʉʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ zc = 2

2

k

kC -

-
 ʠ, ʥʘʢʦʥʝʮ, ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʢʘʞʜʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʙʫʜʝʪ ʨʘʚʝʥ 

ʥʫʣʶ.  

ʀʪʘʢ, ʵʪʦʪ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʘ ʵʪʘʧʘ. ʉʥʘʯʘʣʘ ʥʫʞʥʦ ʫʧʦ-

ʨʷʜʦʯʠʪʴ ʵʣʝʤʝʥʪʳ, ʘ ʧʦʪʦʤ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʩ ʥʘʜʣʝʞʘʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥ-

ʪʘʤʠ. ʇʫʩʪʴ 
1 1 1

( ,..., ,..., )
n k nij ij ijp p p
+ - -

, 
1 2 1

... )
nij ij ijp p p
-

² ² ² , kj i̧ , 1,2,..., 1k n= -. 

ʊʦʛʜʘ ʥʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʠʥʜʝʢʩ ʨʘʚʝʥ  

1 2 1

5 2 2 2

2 3 2( ) ...
n k

k k k

i n ij n ij k ijv C p C p C p
+ -

- - -

- - -= + + +Ŭ . 

ʉʘʤ ʠʥʜʝʢʩ ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʩʪʦ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʥʘ ʩʫʤʤʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ.  

 

4. ʊʠʧ ʄʠʥʢʦʚʩʢʦʛʦ: 
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ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʩʣʠʰʢʦʤ ʩʣʦʞʥʦʡ, ʯʪʦʙʳ ʨʝʰʠʪʴ 

ʝʝ ʙʳʩʪʨʦ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʩʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ P ʨʘʟʣʠʯʥʳ, ʥʫʞʥʦ ʧʝʨʝ-

ʙʠʨʘʪʴ ʚʩʝ ʤʥʦʞʝʩʪʚʘ ʠʟ k ʘʛʝʥʪʦʚ. ʂʦʥʝʯʥʦ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʥʦ ʦʰʠʙʢʠ ʨʘʩʯʝʪʘ ʠʥʜʝʢʩʦʚ ʤʦ-

ʞʝʪ ʙʳʪʴ ʚʳʰʝ, ʯʝʤ ʩʘʤʠ ʟʥʘʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʘʞ-

ʜʳʡ ʵʣʝʤʝʥʪ 1{0, ,...,1}ij m
p MÍ = , |M|=m+1. ʊʘʢʠʝ ʤʦʜʝʣʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʳ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʨʝʜʧʦʣʦʞʝʥʠʶ, ʤʳ ʥʝ ʟʘʙʦ-

ʪʠʤʩʷ ʦ ʧʨʝʜʧʦʯʪʝʥʠʷʭ ʣʶʙʦʛʦ ʘʛʝʥʪʘ, ʘ ʠʤʝʝʤ ʜʝʣʦ ʪʦʣʴʢʦ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʜʠʥʘʢʦʚʳʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ. ʈʘʩʩʤʦʪʨʠʤ ʚʝʢʪʦʨ 0( ,..., )mr r r= , 

ʛʜʝ ir   ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ i -ʤ ʩʪʦʣʙʮʝ (ʢʨʦʤʝ iip ), ʠ ʚʝʢʪʦʨ 0( ,..., )ml l l= , 

i il r¢ , 
0

1
m

jj
l k

=
= -ä . ɼʣʷ ʣʶʙʦʛʦ ʚʝʢʪʦʨʘ l  ʬʫʥʢʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ, ʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʫʯʠʪʳʚʘʝʪʩʷ 0 1

0 1
... m

m

l ll

r r rC C C  ʨʘʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʳ ʜʦʣʞʥʳ ʫʤʥʦʞʠʪʴ ʢʘʞʜʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʠ ʧʦʣʫʯʠʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʯʠʩʣʘ ʜʣʷ ʨʘʩʯʝʪʘ 

ʜʘʥʥʦʛʦ ʠʥʜʝʢʩʘ. 

 

1.3.3 ʅʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ 

ɺ ɻʪʦʤ ʧʦʜʨʘʟʜʝʣʝ ʦʪʯʝʪʘ ʧʦʩʪʨʦʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʘʩ-

ʯʝʪʘ ʠʥʜʝʢʩʦʚ ʚʣʠʷʥʠʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʩʝ ʠʛʨʦʢʠ ʠʤʝʶʪ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʛʦʣʦʩʦʚ ʠ ʩ ʫʯʝʪʦʤ ʧʨʝʜʧʦʯʪʝʥʠʡ ʘʛʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯ-

ʥʳʭ ʠʥʜʝʢʩʦʚ ʚʣʠʷʥʠʷ ʙʳʣʦ ʨʘʟʙʠʪʦ ʥʘ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʢʣʘʩʩʦʚ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʥʘ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳ-

ʯʠʩʣʝʥʠʷ.  

ɹʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʦʣʫʯʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʳʙʦʨʥʳʭ ʦʨʛʘʥʦʚ ʩ ʘʥʦʥʠʤ-

ʥʳʤ ʧʨʘʚʠʣʦʤ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʜʦʣʞʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠ ̫ʚ ɽʚʨʦʧʘʨʣʘʤʝʥʪʝ. 
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2 ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʠ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʦʪʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʘʥʘʣʠʟʫ 

ʜʘʥʥʳʭ ʠ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʪʨʘʞʝʥ-

ʥʳʝ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʢʣʘʜ-

ʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

ï ʧʨʠʤʝʥʝʥʠʝ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʩʪʨʦʢʘ-ʪʝʢʩʪ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʙʨʠʢʘʮʠʠ 

ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ;  

ï ʧʨʠʤʝʥʝʥʠʝ ʦʨʜʠʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʢ ʧʦ-

ʩʪʨʦʝʥʠʶ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʝʨʩʠʡ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʡʪʠʥʛʘ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥ; 

ï ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʩʨʘʚʥʝʥʠʡ ʥʝʯʝʪʢʠʭ ʯʠʩʝʣ ʢ ʨʘʥʞʠʨʦʚʘʥʠʶ ʚʫʟʦʚ ʧʦ 

ʛʠʩʪʦʛʨʘʤʤʘʤ ɽɻʕ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʨʘʚʥʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ; 

 ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʙʠʨʞʠ ʤʝʪʦʜʦʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ. 

 

2.1 ʇʨʠʤʝʥʝʥʠʝ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʩʪʨʦʢʘ-ʪʝʢʩʪ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʙ-

ʨʠʢʘʮʠʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ 

ʈʘʟʨʘʙʦʪʢʘ ʥʘʜʸʞʥʳʭ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʪʝʢʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʥʘʩʫʱʥʳʭ ʟʘʜʘʯ ʠʥʬʦʨʤʘʪʠ-

ʢʠ. ʋʨʦʚʝʥʴ ʘʢʪʫʘʣʴʥʦʩʪʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʦʮʝʥʸʥ ʠʟ-ʟʘ 

ʚʟʨʳʚʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʠʥʪʝʨʥʝʪʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʥʠ-

ʤʘʥʠʝ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʝʪ ʧʨʦʙʣʝʤʘ ʢʘʪʝʛʦʨʠʟʘʮʠʠ ʠʣʠ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʠ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ: ʜʣʷ ʟʘʜʘʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫ-

ʤʝʥʪʦʚ ʠ ʟʘʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʢʘʪʝʛʦʨʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʝʢʩʪʦʚʳʤʠ ʤʝʪ-

ʢʘʤʠ, ʪʨʝʙʫʝʪʩʷ ʢʘʞʜʦʤʫ ʜʦʢʫʤʝʥʪʫ ʧʨʠʧʠʩʘʪʴ ʨʝʣʝʚʘʥʪʥʳʝ ʝʤʫ ʢʘʪʝʛʦʨʠʠ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʪʘʢʠʭ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʥ-

ʬʦʨʤʘʪʠʢʠ ʢʘʢ ʠʟʚʣʝʯʝʥʠʝ/ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ [45], ʢʘʪʘʣʦʛʠʟʘʮʠʷ ʜʦʢʫʤʝʥ-

ʪʦʚ [46], ʘʥʥʦʪʠʨʦʚʘʥʠʝ ʪʝʢʩʪʦʚ [47] ʠ ʧʨ. ʀʤʝʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ 

ʝʸ ʨʝʰʝʥʠʶ: ʦʙʫʯʝʥʠʝ ʩ ʫʯʠʪʝʣʝʤ, ʢʦʛʜʘ ʘʣʛʦʨʠʪʤ çʦʙʫʯʘʝʪʩʷè ʟʘʜʘʚʘʝʤʳʤ 
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çʫʯʠʪʝʣʝʤè ʢʘʪʝʛʦʨʠʷʤ, ʠ ʩʘʤʦʦʙʫʯʝʥʠʝ, ʢʦʛʜʘ ʘʣʛʦʨʠʪʤ ʩʘʤ ʦʧʨʝʜʝʣʷʝʪ, ʢʘ-

ʢʠʝ ʢʘʪʝʛʦʨʠʠ ʨʝʣʝʚʘʥʪʥʳ ʜʘʥʥʦʤʫ ʪʝʢʩʪʫ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʨʝʯʴ ʰʣʘ ʦ ʪʦʤ, 

ʯʪʦʙʳ ʢʘʞʜʦʤʫ ʪʝʢʩʪʫ ʧʨʠʧʠʩʳʚʘʣʘʩʴ ʝʜʠʥʩʪʚʝʥʥʘʷ ʢʘʪʝʛʦʨʠʷ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʚʩʸ ʯʘʱʝ ʜʦʧʫʩʢʘʝʪʩʷ ʤʥʦʛʦʘʩʧʝʢʪʥʘʷ ʢʘʪʝʛʦʨʠʟʘʮʠʷ, ʢʦʛʜʘ ʦʜʠʥ ʠ ʪʦʪ 

ʞʝ ʜʦʢʫʤʝʥʪ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʤʥʦʛʠʤʠ ʢʘʪʝʛʦʨʠʷʤʠ (multi-label 

classification). ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʩ ʠʥʪʝʨʝʩʫʝʪ ʧʨʦʙʣʝʤʘ ʨʫʙʨʠʢʘʮʠʠ ʜʦʢʫʤʝʥʪʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʚ ʩʠʩʪʝʤʝ ʨʫʙʨʠʢ, ʟʘʜʘʥʥʳʭ ʪʘʢʩʦʥʦʤʠʝʡ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʷ ʠʣʠ ʪʝʭʥʦʣʦʛʠʠ. ʅʘʧʨʠʤʝʨ, ʧʫʙʣʠʢʘʮʠʠ ʚ 

ʩʬʝʨʝ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʛʫʪ ʠʥʜʝʢʩʠʨʦʚʘʪʴʩʷ 

ʨʫʙʨʠʢʘʤʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ Computing Classification System[48] ï ʤʥʦʛʦʫʨʦʚ-

ʥʝʚʦʡ ʪʘʢʩʦʥʦʤʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ɸʩʩʦʮʠʘʮʠʝʡ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ (Association for Computing Machinery (ACM)) [49]. ʄʳ ʙʫ-

ʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʵʪʫ ʪʘʢʩʦʥʦʤʠʶ ʯʝʨʝʟ ACM CCS. ʂʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʠ, ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʢʘʞ-

ʜʘʷ ʨʫʙʨʠʢʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʙʦʣʝʝ ʦʙʱʝʡ ʢʦʥʮʝʧʮʠʠ ʠ ʩʘʤʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʜʝʣʠʪʩʷ ʥʘ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʳʝ ʯʘʩʪʠ. ʅʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʥʦ ACM CCS, çʤʘʡ-

ʥʠʥʛ ʜʘʥʥʳʭè ï ʵʪʦ ʯʘʩʪʴ çʧʨʠʣʦʞʝʥʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʦʜʝʨʞʘʱʘʷ ʪʘʢʠʝ ʯʘʩʪʠ ʢʘʢ çʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟè ʠ çʘʩʩʦʮʠʘʪʠʚʥʳʝ 

ʧʨʘʚʠʣʘè. ɺ [50] ʧʨʠʚʦʜʷʪʩʷ ʦʙʟʦʨ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʨʘʚʥʝ-

ʥʠʷ ʤʝʪʦʜʦʚ ʤʥʦʛʦʘʩʧʝʢʪʥʦʡ ʢʘʪʝʛʦʨʠʟʘʮʠʠ ʩ ʫʯʠʪʝʣʝʤ ʜʣʷ ʩʠʪʫʘʮʠʡ, ʚ ʢʦ-

ʪʦʨʳʭ ʢʘʪʝʛʦʨʠʠ ʦʙʨʘʟʫʶʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʘ ʚ [51] ʧʦʜʦʙʥʳʡ ʤʝʪʦʜ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʩʠʩʪʝʤʝ ʨʫʙʨʠʢ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ACM CCS.  

ʊʝʤʘʪʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʨʫʙʨʠʢʘʮʠʠ ʚ ʨʝʞʠʤʝ ʩʘʤʦʦʙʫʯʝʥʠʷ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝ ʧʨʠʚʣʝʢʘʣʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚʝʨʦʷʪʥʦ, ʧʦʪʦʤʫ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʦ-

ʚʘʣʦ ʘʜʝʢʚʘʪʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɺʦʦʙʱʝ, ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʪʝʢʩʪʦʚ ʚ ʨʝ-

ʞʠʤʝ ʩʘʤʦʦʙʫʯʝʥʠʷ ʧʦʢʘ ʨʝʰʘʶʪʩʷ ʩ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʫʨʦʚʥʷʤʠ 

ʪʦʯʥʦʩʪʠ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʜʘʯʠ ʚ ʨʝʞʠʤʝ ʦʙʫʯʝʥʠʷ ʩ ʫʯʠʪʝʣʝʤ (ʩʤ., ʥʘ-

ʧʨʠʤʝʨ, [52, 53, 54]). ɺ ʵʪʦʤ ʧʦʜʨʘʟʜʝʣʝ ʦʪʯʝʪʘ ʦʪʨʘʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʧʫʣʷʨʥʦʛʦ ʚ ʘʥʘʣʠʟʝ ʪʝʢʩʪʦʚ ʠʥʩʪʨʫʤʝʥʪʘ ï ʤʝʨ 



77 

ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʩʪʨʦʢʘ-ʪʝʢʩʪ ï ʜʣʷ ʨʫʙʨʠʢʘʮʠʠ ʜʦʢʫʤʝʥʪʦʚ ʚ ʨʝʞʠʤʝ ʩʘʤʦ-

ʦʙʫʯʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʩʪʨʦʢ ʠ ʪʝʢʩʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘ-

ʜʘʯʘʭ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚ ʥʘʩʯʠʪʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʣʛʫʶ ʠʩʪʦʨʠʶ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [55, 56, 57]) ʠ ʚʢʣʶʯʘʝʪ ʜʦʚʦʣʴʥʦ ʨʘʟʚʠʪʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘ-

ʨʘʪ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʙʣʝʤʘʪʠʢʝ ʠʟʚʣʝʯʝ-

ʥʠʷ ʠʥʬʦʨʤʘʮʠʠ [56, 58]. ʆʩʦʙʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʩʠʤʚʦʣʴʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ʠʭ ʬʨʘʛ-

ʤʝʥʪʦʚ, ʪ.ʝ. ʦʪʩʫʪʩʪʚʫʝʪ ʢʘʢʘʷ-ʣʠʙʦ ʧʨʠʚʷʟʢʘ ʢ ʩʠʥʪʘʢʩʠʩʫ, ʛʨʘʤʤʘʪʠʢʝ ʠ ʩʝ-

ʤʘʥʪʠʢʝ ʷʟʳʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʧʠʩʘʥʳ ʪʝʢʩʪʳ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʦʧʨʝʜʝ-

ʣʸʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʪʘʢ ʢʘʢ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʨʘʭ ʨʝʣʝʚʘʥʪʥʦʩʪʠ, 

ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʟʳʢʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʥʠʚʝʨʩʘʣʴʥʳ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʚʟʷʪʳʝ ʢʘʢ ʝʩʪʴ, ʦʥʠ ʥʝ ʤʦʛʫʪ ʫʯʝʩʪʴ ʪʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥ-

ʥʦʛʦ ʷʟʳʢʘ ʢʘʢ ʥʘʣʠʯʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʦʥʠʤʦʚ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦʙ ʦʩʦ-

ʙʝʥʥʦʩʪʷʭ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʣʦʞʝʥʠʡ.  

ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʠʟʤʝʨʝʥʠʶ ʨʝʣʝʚʘʥʪʥʦʩʪʠ 

ʩʪʨʦʢʘ-ʪʝʢʩʪ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʣʠʪʝʨʘʪʫʨʝ:  

1) ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʝʢʪʦʨʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʪʝʢʩʪʦʚ, ʠʜʫʱʠʡ ʦʪ ʩʘ-

ʤʳʭ ʨʘʥʥʠʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ [59, 60];  

2) ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʪʝʢʩʪʦʚ ʠ ʠʭ ʪʝʤʘʪʠʢʠ [58];  

3) ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʪʝʢʩʪʦʚ ʘʥʥʦʪʠʨʦʚʘʥʥʳʤʠ ʩʫʬ-

ʬʠʢʩʥʳʤʠ ʜʝʨʝʚʴʷʤʠ [57, 61]. 

ʇʦʩʣʝʜʥʠʡ ʧʦʜʭʦʜ ʜʦʧʦʣʥʝʥ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʝʨʦʡ ʨʝʣʝʚʘʥʪʥʦʩʪʠ, ʠʜʝʷ 

ʢʦʪʦʨʦʡ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠ ʦʧʠʩʘʥʘ ʘʚʪʦʨʘʤʠ ʦʪʯʝʪʘ ʚ [55]. ʕʪʘ ʤʝʨʘ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʪʝʤ, ʯʪʦ ʠʤʝʝʪ ʯʸʪʢʠʡ ʦʧʝʨʘʮʠʦ-

ʥʘʣʴʥʳʡ ʩʤʳʩʣ ï ʩʫʤʤʘʨʥʦʡ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʩʠʤʚʦʣʘ ʚ çʩʦʚʧʘʜʝʥʠʠè, 

ʚ ʩʦʢʨʘʱʸʥʥʦʡ ʬʦʨʤʝ, ʉʋɺʉʉ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʪʨʘʞʝʥʥʳʭ ʚ ʜʘʥʥʦʤ 

ʧʦʜʨʘʟʜʝʣʝ ï ʧʦʜʚʝʨʛʥʫʪʴ ʵʪʠ ʤʝʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʨʘʚʥʝʥʠʶ ʚ ʧʨʦ-

ʙʣʝʤʝ ʨʫʙʨʠʢʘʮʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʝʱʸ ʦʜʥʫ ʠʥʥʦʚʘʮʠʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʜʸʞʥʦʡ ʢʦʣʣʝʢʮʠʠ ʪʝʢʩʪʦʚ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥ-
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ʪʠʨʦʚʘʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʙʣʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʠʣʠ, ʢʘʢ ʝʸ ʚ ʧʦ-

ʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʟʳʚʘʶʪ, ʧʨʦʙʣʝʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʠʤʝʝʪʩʷ ʦʛ-

ʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʨʝʘʣʴʥʳʝ ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ ʨʝʘʣʴʥʦ-

ʛʦ ʤʠʨʘ, ʚ ʧʨʦʙʣʝʤʝ ʨʫʙʨʠʢʘʮʠʠ ʪʘʢʠʭ çʦʙʲʝʢʪʠʚʥʳʭè ʜʘʥʥʳʭ ʥʝʪ ʠ ʙʳʪʴ ʥʝ 

ʤʦʞʝʪ. ʃʶʙʘʷ ʨʫʙʨʠʢʘʮʠʷ ʪʝʢʩʪʦʚ ʧʦʨʦʞʜʝʥʘ ʩʫʙʲʝʢʪʠʚʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷʤʠ ʪʝʭ, ʢʪʦ ʨʫʙʨʠʢʘʮʠʶ ʚʳʧʦʣʥʷʝʪ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ, ʯʪʦʙʳ ʨʫʙʨʠʢʘʮʠʷ 

ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʵʢʩʧʝʨʪʘʤʠ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʨʝʯʴ ʠʜʸʪ ʦʙ ʘʥʥʦʪʘʮʠʷʭ ʩʪʘ-

ʪʝʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʥʝʢʦʪʦʨʳʤʠ ʞʫʨʥʘʣʘʤʠ, ʠʟʜʘʚʘʝʤʳʤʠ ʚʳʰʝʫʧʦʤʷʥʫ-

ʪʦʡ ɸʩʩʦʮʠʘʮʠʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ACM. ɸʚʪʦʨʳ ʵʪʠʭ ʩʪʘʪʝʡ ʩʘʤʠ 

ʚʳʧʦʣʥʷʣʠ ʨʫʙʨʠʢʘʮʠʶ ʩ ʧʦʤʦʱʴʶ ʪʝʤʘʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʪʘʢʩʦʥʦʤʠʠ ACM 

CCS, ʯʪʦ ʜʘʸʪ ʜʘʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʦʧʨʝʜʝʣʸʥʥʫʶ ʩʪʝʧʝʥʴ ʜʦʙʨʦʪʥʦʩʪʠ.  

ʄʳ ʧʦʩʪʘʨʘʣʠʩʴ ʚʢʣʶʯʠʪʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪ ʚʩʝ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʩʧʦ-

ʩʦʙʳ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʫʙʨʠʢʘʮʠʠ ʤʳ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʧʦʧʫʣʷʨʥʳʭ ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ, ʢʦʪʦʨʳʝ ʧʦ-ʨʘʟʥʦʤʫ ʦʙʦʙʱʘʶʪ 

ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʪʨʘʜʠ-

ʮʠʦʥʥʳʭ ʟʘʜʘʯʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʣʠ ʝʱʸ ʦʜʥʫ, ʚ ʥʝʢʦʪʦʨʳʭ 

ʦʪʥʦʰʝʥʠʷʭ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʫʶ ʤʝʨʫ. ʅʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝ-

ʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʉʋɺʉʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʨʘʤʠ ʨʝʣʝʚʘʥʪ-

ʥʦʩʪʠ ʚ ʨʘʟʨʝʟʝ ʚʩʝʭ ʪʨʸʭ ʦʮʝʥʦʢ, ʭʦʪʷ ʠ ʦʩʪʘʚʣʷʶʪ ʞʝʣʘʪʴ ʣʫʯʰʝʛʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʜʦʩʪʠʛʘʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʨʫʙʨʠʢʘʮʠʠ. 

 

2.1.1 ʄʝʨʳ ʨʝʣʝʚʘʥʪʥʦʩʪʠ  

ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʨʠ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʢʩʪʦʚ: ʚʝʢ-

ʪʦʨʥʫʶ ʤʦʜʝʣʴ, ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʤʦʜʝʣʴ ʠ ʘʥʥʦʪʠʨʦʚʘʥʥʦʝ ʩʫʬʬʠʢʩʥʦʝ ʜʝʨʝʚʦ 

ɸʉɼ.  

 

2.1.1.1 ɺʝʢʪʦʨʥʘʷ ʤʦʜʝʣʴ 

ʉʦʛʣʘʩʥʦ ʚʝʢʪʦʨʥʦʡ ʤʦʜʝʣʠ [59], ʪʝʢʩʪʦʚʳʡ ʜʦʢʫʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦʤ ʩʣʦʚ (ʠʣʠ ʢʘʢʠʭ-ʥʠʙʫʜʴ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʜʦʢʫʤʝʥʪʘ), ʧʨʠʯʸʤ 
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ʢʘʞʜʦʤʫ ʩʣʦʚʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʷ ʢʦʦʨʜʠʥʘʪʘ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʣʠʯʠʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ tf-idf ʢʦʜʠ-

ʨʦʚʢʠ, ʨʘʚʥʘʷ ʢʦʣʠʯʝʩʪʚʫ ʚʭʦʞʜʝʥʠʡ ʩʣʦʚʘ ʚ ʜʦʢʫʤʝʥʪ, ʜʝʣʸʥʥʦʤʫ ʥʘ ʣʦʛʘ-

ʨʠʬʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʢʫʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʵʪʦ ʩʣʦʚʦ [59]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʢʩʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʢʪʦʨʦʤ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʩʣʦʚ. ʈʝʣʝʚʘʥʪʥʦʩʪʴ ʩʪʨʦʢʠ ʚʝʢʪʦʨʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʝʢʪʦʨʥʦʡ ʤʦʜʝʣʠ ʪʘʢ: 

ʩʪʨʦʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ ʚ ʪʦʤ ʞʝ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʨʝʣʝ-

ʚʘʥʪʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʭʦʜʩʪʚʫ ʜʚʫʭ ʧʦʩʪʨʦʝʥʥʳʭ ʚʝʢʪʦʨʦʚ. ɺ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩʦ ʩʢʘʟʘʥʥʳʤ, ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʘʥʥʦʪʘʮʠʶ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ ʠ ʪʘʢ-

ʩʦʥʦʤʠʯʝʩʢʫʶ ʪʝʤʫ ʢʘʢ ʜʚʘ ʥʘʙʦʨʘ ʪʝʨʤʦʚ. ʊʝʨʤ ï ʵʪʦ ʩʣʦʚʦ ʣʠʙʦ ʚ ʪʦʤ ʚʠʜʝ, 

ʚ ʢʦʪʦʨʦʤ ʦʥʦ ʚʩʪʨʝʪʠʣʦʩʴ ʚ ʪʝʢʩʪʝ, ʣʠʙʦ ʧʦʩʣʝ ʥʝʢʦʪʦʨʦʡ ʧʨʝʜʦʙʨʘʙʦʪʢʠ.  

ʇʫʩʪʴ ύ ὸὪὭὨὪὸὪ log
ȿȿ

n
 , ʛʜʝ ὸὪ ï ʯʘʩʪʦʪʘ ʪʝʨʤʘ ὸ ʚ ʘʥ-

ʥʦʪʘʮʠʠ ὥ, nὸ  ï ʯʠʩʣʦ ʘʥʥʦʪʘʮʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʪʝʨʤ ὸ, ȿὃȿ  ï ʦʙʱʝʝ ʯʠʩʣʦ 

ʘʥʥʦʪʘʮʠʡ. ʂʘʞʜʦʡ ʘʥʥʦʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʢʪʦʨ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʝʨʤʦʚ. 

ʈʘʟʤʝʨʥʦʩʪʴ ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʦʚ ʚʦ 

ʚʩʝʭ ʘʥʥʦʪʘʮʠʷʭ ὔ, ʘ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ï ʵʪʦ tf-idf ʚʝʩʘ. ʉʦʩʪʘʚʠʤ ʘʥʘʣʦ-

ʛʠʯʥʳʡ ʚʝʢʪʦʨ ʜʣʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ tf-idf ʚʝʩʦʚ ʜʣʷ 

ʪʝʨʤʦʚ ʠʟ ʵʪʦʡ ʪʝʤʳ. ʋʨʦʚʝʥʴ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʪʝʤʳ ʠ ʘʥʥʦ-

ʪʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʢʦʩʠʥʫʩʥʫʶ ʤʝʨʫ ʙʣʠʟʦʩʪʠ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤʠ ʚʝʢʪʦʨʘʤʠ. ʇʫʩʪʴ ύ , ύ  ï ʚʝʩʘ ʪʝʨʤʘ ὸ ʚ ʘʥʥʦʪʘʮʠʠ (abstract) ὥᶰὃ ʠ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʪʝʤʝ (topic) q. ʉʭʦʜʩʪʚʦ ʤʝʞʜʫ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʪʝʤʦʡ ʠ 

ʘʥʥʦʪʘʮʠʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

relevance(topic,abstract) cosήᴆȟὥᴆ
ᴆ ᴆ

ȿȿᴆȿȿȿȿᴆȿȿ

В

В В

.  

 

2.1.1.2 ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ 

ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʤʝʨʘ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʟʘʜʘʯʘʭ 

ʠʟʚʣʝʯʝʥʠʷ /ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ. ʆʥʘ ʧʦʩʪʨʦʝʥʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʪʝʦʨʝʪʠ-
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ʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʪʝʢʩʪʦʚʳʡ ʜʦʢʫʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ-

ʩʷ ʢʘʢ ʩʤʝʩʴ ʜʚʫʭ ʇʫʘʩʩʦʥʦʚʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ [58]. ʆʜʥʦ ʠʟ ʥʠʭ ʦʪʚʝʯʘʝʪ 

ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʳʯʥʳʭ ʩʣʦʚ, ʜʨʫʛʦʝ ï ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ çʵʣʠʪʥʳʭè ʩʣʦʚ, 

ʪʦ ʝʩʪʴ, ʪʝʭ, ʥʘ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʦʩʥʦʚʥʘʷ ʩʤʳʩʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʚ ʨʘʟʨʝʟʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʤʘʪʠʢʠ. ʆʙʳʯʥʦ ʪʝʤʘʪʠʢʘ ʟʘʜʘʸʪʩʷ ʪʝʤ ʟʘʧʨʦʩʦʤ ʥʘ ʠʟʚʣʝʯʝ-

ʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʨʝʣʝʚʘʥʪʥʦʩʪʴ. ʋʨʦ-

ʚʝʥʴ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʜʘʥʥʦʡ ʩʪʨʦʢʠ ʜʘʥʥʦʤʫ ʪʝʢʩʪʫ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʩʣʦʚʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʩʪʨʦʢʝ, ʦʢʘʞʫʪʩʷ ʵʣʠʪ-

ʥʳʤʠ ʚ ʪʝʢʩʪʝ.  

ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚʝʢʪʦʨʥʘʷ ʤʦʜʝʣʴ, ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʘʥʥʦʪʘʮʠʷ (abstract) ʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʘʷ ʪʝʤʘ (topic) ï ʜʚʘ ʥʘʙʦʨʘ ʪʝʨʤʦʚ. 

ʉʪʘʚʰʘʷ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʦʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʝʨʘ ʨʝʣʝʚʘʥʪʥʦʩʪʠ BM25 

ʧʨʠʜʘʸʪ ʙʦʣʴʰʠʡ ʚʝʩ çʟʥʘʯʠʤʳʤè ʪʝʨʤʘʤ ʠ ʤʝʥʴʰʠʡ ï çʥʝʟʥʘʯʠʤʳʤè: 

relevance(topic,abstract) В IDFὸ ȿȿ ,  

ʛʜʝ ὥὺὫὨὰ ï ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʚ ʚ ʘʥʥʦʪʘʮʠʠ, ʘ ὦ, Ὧ ï ʢʦʥʩʪʘʥʪʳ, ʨʘʚ-

ʥʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ 1.5 ʠ 0.75, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʛʣʘʩʥʦ [58].  

ɺ ʢʘʯʝʩʪʚʝ ʥʦʨʤʘʣʠʟʫʶʱʝʛʦ ʩʦʤʥʦʞʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ IDF, 

ʠʤʝʶʱʘʷ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: IDFὸ log
ȿȿn Ȣ

n Ȣ
, ʛʜʝ ȿὃȿ ï ʦʙʱʝʝ ʯʠʩʣʦ 

ʘʥʥʦʪʘʮʠʡ, ʘ nὸ  ï ʯʠʩʣʦ ʘʥʥʦʪʘʮʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʪʝʨʤ ὸ. ʌʫʥʢʮʠʷ IDF 

ʠʤʝʝʪ ʩʤʳʩʣ ʦʙʨʘʪʥʦʡ ʯʘʩʪʦʪʳ: ʯʝʤ ʙʦʣʴʰʝ ʜʦʢʫʤʝʥʪʦʚ ʩʦʜʝʨʞʘʪ ʜʘʥʥʳʡ 

ʪʝʨʤ, ʪʝʤ ʤʝʥʝʝ ʦʥ ʟʥʘʯʠʤ.  

 

2.1.1.3 ʄʦʜʝʣʴ ʘʥʥʦʪʠʨʦʚʘʥʥʦʛʦ ʩʫʬʬʠʢʩʥʦʛʦ ʜʝʨʝʚʘ (ɸʉɼ) 

ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ɸʉɼ [57, 55], ʪʝʢʩʪʦʚʳʡ ʜʦʢʫʤʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʩʣʦʚ ʠʣʠ ʪʝʨʤʦʚ, ʘ ʬʨʘʛʤʝʥʪʘʤʠ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

ʩʠʤʚʦʣʦʚ ʚ ʪʦʤ ʧʦʨʷʜʢʝ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʪʝʢʩʪʝ. ʂʘʞʜʦʤʫ ʪʘʢʦ-

ʤʫ ʬʨʘʛʤʝʥʪʫ ʪʝʢʩʪʘ ʧʨʠʧʠʩʳʚʘʶʪ ʯʠʩʣʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʧʦʢʘʟʳʚʘʶ-

ʱʫʶ, ʢʘʢʠʝ ʬʨʘʛʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʚʘʞʥʳʤʠ ʚ ʜʘʥʥʦʤ ʪʝʢʩʪʝ.  
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ɸʥʥʦʪʠʨʦʚʘʥʥʦʝ ʩʫʬʬʠʢʩʥʦʝ ʜʝʨʝʚʦ ï ʵʪʦ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ, ʠʩʧʦʣʴ-

ʟʫʝʤʘʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʚʩʝʭ ʬʨʘʛʤʝʥʪʦʚ ʪʝʢʩʪʘ ʩʦʚʤʝʩʪʥʦ ʩ ʠʭ 

ʯʘʩʪʦʪʘʤʠ. ʆʥʘ ʟʘʜʘʸʪʩʷ ʢʘʢ ʢʦʨʥʝʚʦʝ ʜʝʨʝʚʦ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʫʟʝʣ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʩʠʤʚʦʣʫ ʠ ʧʦʤʝʯʝʥ ʯʘʩʪʦʪʦʡ ʪʦʛʦ ʬʨʘʛʤʝʥʪʘ ʪʝʢʩʪʘ, ʢʦʪʦ-

ʨʡr ʢʦʜʠʨʫʝʪ ʧʫʪʴ ʦʪ ʢʦʨʥʷ ʜʦ ʜʘʥʥʦʛʦ ʫʟʣʘ.  

ʏʪʦʙʳ ʦʛʨʘʥʠʯʠʪʴ ʛʣʫʙʠʥʫ ʢʦʥʩʪʨʫʠʨʫʝʤʦʛʦ ɸʉɼ, ʤʳ ʨʘʟʙʠʚʘʝʤ ʪʝʢʩʪ 

ʥʘ ʢʦʨʦʪʢʠʝ ʬʨʘʛʤʝʥʪʳ ï çʩʪʨʦʢʠè, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ï ʯʝʪʳʨʝʭ ʩʣʦʚ. ɸʣʛʦ-

ʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ɸʉɼ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʦʜʠʬʠʢʘʮʠʶ ʠʟʚʝʩʪʥʳʭ ʤʝ-

ʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʩʫʬʬʠʢʩʥʳʭ ʜʝʨʝʚʴʝʚ [57, 61], ʦʧʠʩʘʥ ʥʘʤʠ ʚ [55] (ʨʠʩʫʥʦʢ 

2.1). ʊʘʤ ʞʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʦʮʝʜʫʨʘ ʩʣʠʯʝʥʠʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʪʝʤʳ ʩ ɸʉɼ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʣʫʙʠʥʘ ʜʝʨʝʚʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʩʪʨʦʢʘʤ ʠʟ 

2-4 ʩʣʦʚ, ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʘ ʚ ʟʘʜʘʯʝ ʨʫʙʨʠʢʘʮʠʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʪʠʢʠ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʜʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʬʦʨʤʫʣʠʨʦʚʢʠ ʪʘʢʩʦʥʦʤʠ-

ʯʝʩʢʠʭ ʪʝʤ ACM CCS ʩʦʩʪʦʷʪ ʠʟ ʧʨʠʤʝʨʥʦ ʪʘʢʦʛʦ ʞʝ ʯʠʩʣʘ ʩʣʦʚ. 

ʂʘʞʜʫʶ ʥʘʫʯʥʫʶ ʧʫʙʣʠʢʘʮʠʶ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʩʚʦʠʤ ɸʉɼ, ʩ ʢʦʪʦʨʳʤ ʩʣʠ-

ʯʘʝʤ ʩʪʨʦʢʠ ʬʦʨʤʫʣʠʨʦʚʦʢ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʝʤ ʠʟ ʪʘʢʩʦʥʦʤʠʠ ACM CCS 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʮʝʥʦʢ ʨʝʣʝʚʘʥʪʥʦʩʪʠ. ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʨʝʣʝʚʘʥʪʥʦʩʪʠ, ʠʣʠ 

çʧʨʠʩʫʪʩʪʚʠʷè ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʪʝʤʳ ʚ ʜʘʥʥʦʤ ɸʉɼ, ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ: 

ɺʳʜʝʣʷʶʪʩʷ ʚʩʝ ʩʫʬʬʠʢʩʳ, ʪ.ʝ. ʢʦʥʝʯʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʩʪʨʦʢʠ ʪʘʢʩʦʥʦʤʠʯʝ-

ʩʢʦʡ ʪʝʤʳ.  

 

ʈʠʩʫʥʦʢ 2.1  ɸʥʥʦʪʠʨʦʚʘʥʥʦʝ ʩʫʬʬʠʢʩʥʦʝ ʜʝʨʝʚʦ (ɸʉɼ) ʜʣʷ ʩʪʨʦ-

ʢʠ ñminingò 
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ɼʣʷ ʢʘʞʜʦʛʦ ʩʫʬʬʠʢʩʘ ʚʳʯʠʩʣʷʝʪʩʷ ʦʮʝʥʢʘ ʝʛʦ ʩʦʚʧʘʜʝʥʠʷ (match) ʩ 

ɸʉɼ:  

scorematcὬίόὪὪὭὼȟὥίὸ В ű
f

fparentᶰ ,  

ʛʜʝ ʩʦʚʧʘʜʝʥʠʝ ï ʵʪʦ ʧʫʪʴ ʦʪ ʢʦʨʥʷ ʜʝʨʝʚʘ, ʢʦʜʠʨʫʶʱʠʡ ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʥʠʤ 

ʧʨʝʬʠʢʩ ʩʫʬʬʠʢʩʘ ʠʣʠ ʩʫʬʬʠʢʩ ʮʝʣʠʢʦʤ, fὲέὨὩ ï ʯʘʩʪʦʪʘ, ʧʨʠʧʠʩʘʥʥʘʷ ʫʟ-

ʣʫ ɸʉɼ ʠʟ ʩʦʚʧʘʜʝʥʠʷ, fparentὲέὨὩ) ï ʯʘʩʪʦʪʘ, ʧʨʠʧʠʩʘʥʥʘʷ ʨʦʜʠʪʝʣʶ 

ʜʘʥʥʦʛʦ ʫʟʣʘ.  

ʆʮʝʥʢʘ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʚʩʝʭ ʦʮʝʥʦʢ, ʧʨʠʭʦʜʷ-

ʱʝʝʩʷ ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ:  

relevanceὸέὴὭὧȟὥὦίὸὶὥὧὸSCOREὸέὴὭὧȟὥίὸ

В scorematc ȟ
ȿ ȿ

ȿ ȿ
, 

ʛʜʝ ȿίόὪὪὭὼȿ, ȿίὸὶὭὲὫȿ ï ʢʦʣʠʯʝʩʪʚʦ ʩʠʤʚʦʣʦʚ ʚ ʩʫʬʬʠʢʩʝ ʠ ʚ ʩʪʨʦʢʝ. ɺ ʵʪʦʡ 

ʬʦʨʤʫʣʝ score ï ʵʪʦ ʰʢʘʣʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ, ʧʝʨʝʚʦʜʷʱʘʷ ʦʮʝʥʢʫ ʩʦʚʧʘʜʝʥʠʷ 

ʚ ʫʨʦʚʝʥʴ ʨʝʣʝʚʘʥʪʥʦʩʪʠ. ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʨʠ ʚʠʜʘ ʰʢʘʣʠʨʫʶʱʝʡ ʬʫʥʢ-

ʮʠʠ jὼ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʚ [57] ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʢʘʪʝʛʦʨʠʟʘ-

ʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ: 

 ʣʠʥʝʡʥʘʷ (ʦʙʦʟʥʘʯʝʥʠʝ ï linear), űὼ ὼ; 

 ʣʦʛʠʩʪʠʯʝʩʢʘʷ (ʦʙʦʟʥʘʯʝʥʠʝ ï logit), űὼ ÌÏÇ
 
logὼ logρ ὼ); 

 ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ (ʦʙʦʟʥʘʯʝʥʠʝ ï root), űὼ Ѝὼ. 

ʀʟ ʵʪʠʭ ʪʨʸʭ ʪʦʣʴʢʦ ʣʠʥʝʡʥʘʷ, ʥʠʯʝʛʦ ʥʝ ʤʝʥʷʶʱʘʷ ʬʫʥʢʮʠʷ, ʠʤʝʝʪ ʦʯʝ-

ʚʠʜʥʳʡ ʦʧʝʨʘʮʠʦʥʘʣʴʥʳʡ ʩʤʳʩʣ ï ʩʨʝʜʥʝʡ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʩʠʤʚʦʣʘ ʚ 

ʩʦʚʧʘʜʝʥʠʠ (ʉʋɺʉʉ); ʜʚʝ ʥʝʣʠʥʝʡʥʳʝ ʰʢʘʣʳ ʠʟ [57] ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʦʥ-

ʪʨʦʣʷ. 

ʆʮʝʥʢʘ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʩʪʨʦʢʠ ñdineò ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʥʝʡʥʦʡ ʰʢʘ-

ʣʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʜʣʷ ɸʉɼ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 2.1 (ɸʉɼ), ʨʘʚʥʘ, 

ʩʦʛʣʘʩʥʦ ʚʳʰʝʧʨʠʚʝʜʸʥʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ: 
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scoredineȟ scoreineȟ scoreneȟ
scoreeȟ

π
ű ű

ᶻ

ű

ᶻ
π

. 

ɺ ʙʦʣʴʰʠʭ ɸʉɼ ʥʘ ʧʝʨʚʳʭ ʫʨʦʚʥʷʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʫʟʣʦʚ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʦ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʦʮʝʥʢʫ ʣʶʙʦʡ ʩʪʨʦʢʠ, ʥʘʢʣʘʜʳʚʘʝʤʦʡ ʥʘ ɸʉɼ. 

ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʯʘʩʪʦʪʳ ʦʪʜʝʣʴʥʳʭ ʩʠʤʚʦʣʦʚ, ʚʪʦʨʦʡ ï ʯʘʩʪʦ-

ʪʳ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʘʨ ʩʠʤʚʦʣʦʚ, ʪʨʝʪʠʡ ï ʯʘʩʪʦʪʳ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʪʨʦʝʢ ʠ 

ʪ.ʜ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʠʝ ʢʦʨʦʪʢʠʝ ʵʣʝʤʝʥʪʳ ʪʝʢʩʪʘ ʥʝ ʤʦʛʫʪ ʥʝʩʪʠ ʦʩʦʙʦʡ 

ʪʝʤʘʪʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʚʢʣʘʜʳ ʫʟ-

ʣʦʚ ʥʘʯʘʣʴʥʳʭ ʫʨʦʚʥʝʡ ɸʉɼ ʚ ʦʮʝʥʢʠ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʥʦʩʷʪ ʭʘʨʘʢʪʝʨ ʰʫʤʘ, ʠ 

ʦʮʝʥʢʘ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʩʪʘʥʝʪ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʡ, ʝʩʣʠ ʝʝ ʦʯʠʩʪʠʪʴ ʦʪ ʚʢʣʘʜʘ 

ʫʟʣʦʚ ʥʘʯʘʣʴʥʳʭ ʫʨʦʚʥʝʡ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʤʳ ʦʙʥʫʣʷʣʠ ʯʘʩʪʦʪʳ 

ʫʟʣʦʚ ʥʘ ʧʝʨʚʦʤ, ʚʪʦʨʦʤ ʠ ʪ.ʜ. ʫʨʦʚʥʷʭ ʦʪ ʢʦʨʥʷ ʠ ʦʙʦʟʥʘʯʘʣʠ ʪʘʢʠʝ ʩʧʦʩʦʙʳ 

ʚʳʯʠʩʣʝʥʠʷ ʯʝʨʝʟ űȢὢ, ʛʜʝ ű ï ʚʠʜ ʰʢʘʣʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ, ʘ ὢ ï ʫʨʦʚʝʥʴ ʚ 

ɸʉɼ, ʜʦ ʢʦʪʦʨʦʛʦ ʦʙʥʫʣʷʣʠʩʴ ʯʘʩʪʦʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʠ 

ʩʝʤʝʡʩʪʚʘ ʤʦʜʝʣʝʡ ɸʉɼ ʩ ʨʘʟʣʠʯʥʳʤʠ ʰʢʘʣʠʨʫʶʱʠʤʠ ʬʫʥʢʮʠʷʤʠ ʠ ʪʨʠ 

ʩʧʦʩʦʙʘ ʫʜʘʣʝʥʠʷ çʢʦʨʦʪʢʠʭè ʩʦʚʧʘʜʝʥʠʡ ʧʫʪʸʤ ʥʘʩʠʣʴʩʪʚʝʥʥʦʛʦ ʧʨʠʨʘʚʥʠ-

ʚʘʥʠʷ ʥʫʣʶ ʯʘʩʪʦʪ ʥʘ ʥʘʯʘʣʴʥʳʭ ʫʨʦʚʥʷʭ ɸʉɼ.  

ʈʝʟʫʣʴʪʘʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʶʙʦʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʘʥʥʦʤʫ ʪʝʢʩʪʫ ï ʫʧʦʨʷʜʦʯʝʥʠʝ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʝʤʘ-

ʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʧʦ ʩʪʝʧʝʥʠ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʤʝʞʜʫ ʥʠʤʠ ʠ ʪʝʢʩʪʦʤ. 

2.1.2 ʉʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʢʩʪʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʢʪʦʨʥʦʡ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʪʝʢʩʪʘ ʚ ʚʠʜʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʪʝʨʤʦʚ. ʇʦʜ ʪʝʨʤʘʤʠ ʧʦ-

ʥʠʤʘʶʪʩʷ ʣʠʙʦ ʩʣʦʚʘ ʚ ʠʩʭʦʜʥʦʤ ʚʠʜʝ, ʣʠʙʦ ʥʝʢʦʪʦʨʳʝ ʟʥʘʯʠʤʳʝ ʬʨʘʛʤʝʥʪʳ 

ʩʣʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʳ, ʯʘʩʪʦ ʥʘʟʳʚʘʝʤʳʝ çʩʪʝʤʘʤʠè, ʣʠʙʦ ʞʝ ʩʣʦʚʘʨʥʳʝ 

ʬʦʨʤʳ (ʣʝʤʤʳ) ʩʣʦʚ [46]. ʂʨʦʤʝ ʵʪʠʭ ʜʚʫʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʪʝʢʩʪʘ, ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʩʧʦʩʦʙ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚ ʢʘʯʝʩʪʚʝ 
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ʪʝʨʤʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʧʘʜʝʥʠʷ, ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʚʩʝʭ ʢʣʶʯʝ-

ʚʳʭ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ ʥʘ ɸʉɼ. ʇʦʥʷʪʥʦ, ʯʪʦ ʚ çʜʣʠʥʥʳʭè ʩʦʚʧʘʜʝʥʠʷʭ ʬʠʢʩʠ-

ʨʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʪʦʣʴʢʦ ʦʙ ʦʪʜʝʣʴʥʳʭ ʩʣʦʚʘʭ, ʢʘʢ ʦʙʳʯʥʦ, ʥʦ ʠ ʦʙ ʠʭ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ, ʘ ʚ ʢʦʨʦʪʢʠʭ ï ʯʘʩʪʠ ʩʣʦʚ, ʥʝ ʫʯʠʪʳʚʘʝʤʳʝ ʪʨʘʜʠʮʠʦʥʥʳ-

ʤʠ ʩʧʦʩʦʙʘʤʠ. ʂʦʥʢʨʝʪʥʳʝ ʩʧʦʩʦʙʳ ʚʳʙʦʨʘ ʪʝʨʤʦʚ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʩʣʦʚ 

ʠʣʠ ʚʩʝʭ ʩʦʚʧʘʜʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙ-

ʣʠʮʝ 2.1. 

ʊʘʙʣʠʮʘ 2.1  ʉʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʢʩʪʘ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʪʝʨʤʦʚ 

ʆʙʦʟʥʘʯʝʥʠʝ  ʆʧʠʩʘʥʠʝ 

words ɺʩʝ ʚʭʦʞʜʝʥʠʷ ʩʣʦʚ ʚ ʥʝʠʟʤʝʥʸʥʥʦʤ ʚʠʜʝ. 

stems ʉʪʝʤʳ (ʦʩʥʦʚʳ) ʚʩʝʭ ʩʣʦʚ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʩʪʝʤʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʩʪʝʤʤʝʨ ʇʦʨʪʝʨʘ [62] 

ʠʟ ʙʠʙʣʠʦʪʝʢʠ NLTK [63]. 

coll3 ɺʩʝ ʩʦʚʧʘʜʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʣʦʞʝʥʠʝʤ ʚʩʝʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʝʤ ʥʘ ɸʉɼ ʜʣʷ 

ʪʝʢʩʪʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʢ ʢʦʪʦʨʳʭ ʚʟʷʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʪʨʦʡʢʠ ʩʣʦʚ. 

coll3.4 ʊʝ ʠʟ ʪʝʨʤʦʚ coll3, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ 4 ʠ ʙʦʣʝʝ ʙʫʢʚ. 

coll3.5 ʊʝ ʠʟ ʪʝʨʤʦʚ coll3, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ 5 ʠ ʙʦʣʝʝ ʙʫʢʚ. 

coll3.6 ʊʝ ʠʟ ʪʝʨʤʦʚ coll3, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ 6 ʠ ʙʦʣʝʝ ʙʫʢʚ. 

coll3_long ʊʝ ʪʝʨʤʳ ʠʟ coll3, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʜʣʠʥʥʳʤʠ ʠʟ ʩʦʚʧʘʜʝʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʪʝʤʳ ʩ ɸʉɼ. 

coll3_long.4 ʊʝ ʠʟ ʪʝʨʤʦʚ coll3_long, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ 4 ʠ ʙʦʣʝʝ ʙʫʢʚ. 

coll3_long.5 ʊʝ ʠʟ ʪʝʨʤʦʚ coll3_long, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ 5 ʠ ʙʦʣʝʝ ʙʫʢʚ. 

coll3_long.6 ʊʝ ʠʟ ʪʝʨʤʦʚ coll3_long, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ 6 ʠ ʙʦʣʝʝ ʙʫʢʚ. 

ʉʠʤʚʦʣʴʥʳʝ ʩʦʚʧʘʜʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʝʤ ʩ ʬʨʘʛʤʝʥʪʘ-

ʤʠ ʘʥʥʦʪʘʮʠʡ ʤʦʛʫʪ ʜʦ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦʤʦʯʴ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʦʪʝʨʠ 

ʧʦʨʷʜʢʘ ʩʣʦʚ ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʪʝʢʩʪʘ ʚ ʚʠʜʝ çʤʝʰʢʘè ʪʝʨʤʦʚ. ɼʦʧʫʩʪʠʤ, 

ʥʘʧʨʠʤʝʨ, ʯʪʦ ʚ ʪʝʢʩʪʦʚʦʤ ʜʦʢʫʤʝʥʪʝ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʚʘ ʩʣʦ-

ʚʘ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʪʝʤʝ. ɽʩʣʠ ʵʪʫ ʪʘʢʩʦʥʦʤʠʯʝ-

ʩʢʫʶ ʪʝʤʫ ʥʘʣʦʞʠʪʴ ʥʘ ɸʉɼ, ʧʦʩʪʨʦʝʥʥʦʝ ʧʦ ʜʦʢʫʤʝʥʪʫ, ʪʦ ʪʦʯʥʦ ʧʦʣʫʯʠʪʩʷ 

ʩʦʚʧʘʜʝʥʠʝ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʵʪʠʭ ʩʣʦʚ, ʘ ʪʘʢʞʝ ʠ ʚʩʝ ʠʭ ʬʨʘʛʤʝʥʪʳ. ɽʩʣʠ 

ʞʝ ʙʫʜʫʪ ʫʯʠʪʳʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚʭʦʞʜʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʣʦʚ ʠʣʠ ʠʭ ʩʪʝʤʦʚ (ʦʩ-

ʥʦʚ), ʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʪʘʢʠʤʠ ʜʚʫʤʷ ʩʣʦʚʘʤʠ ʙʫʜʝʪ ʫʪʝʨʷʥʘ. ʇʨʠ ʧʦʠʩʢʝ ʩʦʚ-

ʧʘʜʝʥʠʡ ʧʦ ʤʝʪʦʜʫ ɸʉɼ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʥʘʣʦʞʝʥʠʷ ʪʘʢʩʦ-

ʥʦʤʠʯʝʩʢʠʭ ʪʝʤ ʥʘ ɸʉɼ, ʧʦʩʪʨʦʝʥʥʦʝ ʜʣʷ ʜʘʥʥʦʡ ʘʥʥʦʪʘʮʠʠ, ʠ ʨʘʟʣʠʯʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʠʥʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʩʦʚʧʘʜʝʥʠʷ (ʩʤ. ʊʘʙʣʠʮʫ 2.1). 
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2.1.3 ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʩʪʘʚʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʚ 

ʧʨʦʙʣʝʤʝ ʨʫʙʨʠʢʘʮʠʠ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʥʘʜʦ ʦʧʨʝʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʘʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ:  

1) ʥʘʙʦʨ ʜʘʥʥʳʭ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ;  

2) ʥʘʙʦʨ ʤʝʪʦʜʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʨʘʚʥʝʥʠʠ;  

3) ʩʧʦʩʦʙ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ. 

ʕʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʧʠʩʘʥʳ ʚ ʥʠʞʝʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ.  

 

2.1.3.1 ɺʳʙʦʨ ʜʘʥʥʳʭ 

ɼʘʥʥʳʝ ʚʟʷʪʳ ʠʟ ʵʣʝʢʪʨʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ACM Digital Library. ɺ ʵʪʦʡ 

ʙʠʙʣʠʦʪʝʢʝ ʭʨʘʥʷʪʩʷ ʘʨʭʠʚʳ ʞʫʨʥʘʣʦʚ ACM. ɺ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʥʘʭʦʜʷʪʩʷ 

ʘʥʥʦʪʘʮʠʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʝ ʪʝʤʳ ʪʘʢʩʦʥʦʤʠʠ ACM CCS, ʧʨʠʧʠ-

ʩʘʥʥʳʝ ʘʚʪʦʨʘʤʠ ʢ ʥʘʫʯʥʳʤ ʩʪʘʪʴʷʤ ʜʣʷ ʨʫʙʨʠʢʘʮʠʠ ʩʪʘʪʝʡ ʚ ʙʠʙʣʠʦʪʝʢʝ, 

ʪ.ʥ. ʘʚʪʦʨʩʢʠʝ ʪʝʤʳ. ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʜʦʙʨʘʪʴ ʢ ʢʘʞʜʦʡ 

ʥʘʫʯʥʦʡ ʩʪʘʪʴʝ ʥʝʩʢʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʝʤ.  

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʢʦʣʣʝʢʮʠʠ ʜʘʥʥʳʭ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ ʯʘʩ-

ʪʝʡ: ʘʥʥʦʪʘʮʠʡ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, ʪʘʢʩʦʥʦʤʠʠ ACM CCS 2012, ʘ ʪʘʢʞʝ ʧʨʠʧʠ-

ʩʘʥʥʳʭ ʩʪʘʪʴʷʤ ʠʭ ʘʚʪʦʨʘʤʠ ʪʝʤ ʠʟ ʵʪʦʡ ʪʘʢʩʦʥʦʤʠʠ (ʩʤ. ʨʠʩʫʥʦʢ 2.2). ʕʪʠ 

ʯʘʩʪʠ ʢʨʘʪʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ.  

ɸʥʥʦʪʘʮʠʠ ʚʩʝʭ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ ʩ ʥʘʯʘʣʘ 

2007 ʛʦʜʘ ʧʦ ʧʝʨʚʳʡ ʢʚʘʨʪʘʣ 2013 ʛʦʜʘ ʚʢʣʶʯʠʪʝʣʴʥʦ, ʚ ʩʣʝʜʫʶʱʠʭ ʞʫʨʥʘ-

ʣʘʭ, ʨʘʟʤʝʱʸʥʥʳʭ ʥʘ ʧʦʨʪʘʣʝ ACM [49]: 

 ACM Transactions on Knowledge Discovery from Data (TKDD); 

 ACM Transactions on Internet Technology (TOIT); 
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 ACM Transactions on Speech and Language Processing (TSLP). 

ɺʳʙʦʨ ʞʫʨʥʘʣʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʠʥʪʝʨʝʩʘʤʠ ʘʚʪʦʨʦʚ. 

ʆʙʱʝʝ ʯʠʩʣʦ ʘʥʥʦʪʘʮʠʡ ʚ ʜʘʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ï 244. 

ʊʘʢʩʦʥʦʤʠʷ ACM CCS 2012, ʩʦʩʪʦʷʱʘʷ ʠʟ 2074 ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʝʤ 

[48]. ɺ ʪʘʢʩʦʥʦʤʠʠ ACM CCS 2012 6 ʫʨʦʚʥʝʡ. ʅʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʨʘʩʧʦʣʘʛʘ-

ʝʪʩʷ 13 ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 2.2), ʥʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ï 90, ʥʘ ʪʨʝʪʴ-

ʝʤ ï 547, ʥʘ ʯʝʪʚʝʨʪʦʤ ʫʨʦʚʥʝ ʥʘʭʦʜʠʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʣʠʩʪʴʝʚ ʪʘʢʩʦʥʦʤʠʠ 

ï 1074 ʪʝʤ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʣʠʩʪʴʝʚ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʜʨʦʙʣʝʥʠʠ 

ʪʝʤ ï ʥʘ ʧʷʪʦʤ ʠ ʰʝʩʪʦʤ ʫʨʦʚʥʷʭ; ʥʦ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʤʥʦʛʦ ï 326 ʠ 24. 

ɸʚʪʦʨʩʢʠʝ ʪʝʤʳ, ʧʨʠʧʠʩʘʥʥʳʝ ʘʥʥʦʪʘʮʠʠ ï ʵʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 2-3 ʪʘʢʩʦ-

ʥʦʤʠʯʝʩʢʠʝ ʪʝʤʳ ʥʠʟʰʠʭ ʫʨʦʚʥʝʡ ʪʘʢʩʦʥʦʤʠʠ, ʘ ʪʘʢʞʝ ʚʩʝ ʪʝʤʳ, ʣʝʞʘʱʠʝ ʥʘ 

ʧʫʪʠ ʦʪ ʢʦʨʥʷ ʜʦ ʥʠʭ ʚ ʜʝʨʝʚʝ ʪʘʢʩʦʥʦʤʠʠ ACM CCS.  

 

ʈʠʩʫʥʦʢ 2.2  ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ ʪʘʢʩʦʥʦʤʠʠ ACM CCS 2012 [48] 

ʇʨʠʤʝʨ ʜʦʢʫʤʝʥʪʘ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʨʠʚʝʜʸʥ ʚ ʊʘʙʣʠʮʝ 

2.2. 
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ʊʘʙʣʠʮʘ 2.2  ʇʨʠʤʝʨ ʘʥʥʦʪʘʮʠʠ, ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʉʪʘʪʴʷ ʚʳ-

ʙʨʘʥʘ ʩʣʫʯʘʡʥʦ. 

Discovering Knowledge-Sharing Communities in Question-Answering Forums 

Mohamed Bouguessa, Shengrui Wang, Benoit Dumoulin 

ACM Transactions on Knowledge Discovery from Data (TKDD),V. 5, no.1, December 2010 

In this article, we define a knowledge-sharing community in a question-answering forum as a set of 

askers and authoritative users such that, within each community, askers exhibit more homogeneous 

behavior in terms of their interactions with authoritative users than elsewhere. A procedure for 

discovering members of such a community is devised. As a case study, we focus on Yahoo!Answers, 

a large and diverse online question-answering service. Our contribution is twofold. First, we propose a 

method for automatic identification of authoritative actors in Yahoo!Answers. To this end, we 

estimate and then model the authority scores of participants as a mixture of gamma distributions. The 

number of components in the mixture is determined using the Bayesian Information Criterion (BIC), 

while the parameters of each component are estimated using the Expectation-Maximization (EM) 

algorithm. This method allows us to automatically discriminate between authoritative and 

nonauthoritative users. Second, we represent the forum environment as a type of transactional data 

such that each transaction summarizes the interaction of an asker with a specific set of authoritative 

users. Then, to group askers on the basis of their interactions with authoritative users, we propose a 

parameter-free transaction data clustering algorithm which is based on a novel criterion function. The 

identified clusters correspond to the communities that we aim to discover. To evaluate the suitability 

of our clustering algorithm, we conduct a series of experiments on both synthetic data and public real-

life data. Finally, we put our approach to work using data from Yahoo!Answers which represent users 

activities over one full year. 

ʊʘʢʩʦʥʦʤʠʯʝʩʢʠʝ ʪʝʤʳ ACM CCS, ʧʨʠʧʠʩʘʥʥʳʝ ʘʚʪʦʨʦʤ (ʘʚʪʦʨʩʢʠʝ ʪʝʤʳ) 

Human-centered computing Information systems 

Human computer interaction (HCI) Information systems applications 

Interaction paradigms Data mining 

Web-based interaction  

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʘʚʪʦʨʳ ʩʪʘʪʴʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʊʘʙʣʠʮʝ 2.2, ʚ ʩʚʦʝʡ ʨʫʙ-

ʨʠʢʘʮʠʠ ʧʨʝʜʧʦʯʣʠ ʦʪʪʝʥʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʠ ʢʦʤʧʴʶʪʝʨʘ ʢʘʢ ʝʸ 

ʦʩʥʦʚʥʦʡ ʩʶʞʝʪ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʵʪʦ ʥʝ ʦʯʝʥʴ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʥ-

ʥʦʪʘʮʠʠ. ʉʦʛʣʘʩʥʦ ʘʥʥʦʪʘʮʠʠ, ʩʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʢʦʨʝʝ ʫʧʨʘʞʥʝʥʠʝ 

ʚ ʧʨʠʤʝʥʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʢʣʘʩʪʝʨ-ʘʥʘʣʠʟʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʦʦʙ-

ʱʝʩʪʚ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʩ ʩʘʡʪʦʚ, ʧʦʣʴʟʦʚʘʪʝʣʠ ʢʦʪʦʨʳʭ ʟʘʜʘʶʪ ʚʦʧʨʦ-

ʩʳ ʠ ʧʦʣʫʯʘʶʪ ʦʪʚʝʪʳ ʦʪ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʊʝʨʤʠʥʳ ñclusterò ʠ 

ñclusteringò 6 ʨʘʟ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʪʘʢʩʦʥʦʤʠʠ ACM 

CCS, ʥʦ ʥʠʢʘʢ ʥʝ ʦʪʨʘʞʝʥʳ ʚ ʘʚʪʦʨʩʢʦʡ ʨʫʙʨʠʢʘʮʠʠ. ʇʦʜʦʙʥʳʝ ʥʶʘʥʩʳ ʠʥ-

ʪʝʨʧʨʝʪʘʮʠʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʦʮʝʥʢʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʫʙʨʠ-

ʢʘʮʠʠ. 
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2.1.3.2 ɺʳʙʦʨ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʨ ʦʮʝʥʢʠ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʪʝʤʳ ʠ ʘʥʥʦʪʘ-

ʮʠʠ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ, ʙʝʨʫʪʩʷ ʧʦʧʫʣʷʨʥʳʝ ʤʝʨʳ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ: 

 ʢʦʩʠʥʫʩʥʘʷ ʤʝʨʘ ʙʣʠʟʦʩʪʠ ʥʘ ʚʝʢʪʦʨʘʭ tf-idf ʚ ʚʝʢʪʦʨʥʦʡ ʤʦʜʝʣʠ ʨʝʣʝʚʘʥʪ-

ʥʦʩʪʠ; 

 ʤʝʨʘ ʨʝʣʝʚʘʥʪʥʦʩʪʠ BM25 ʚ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʨʝʣʝʚʘʥʪʥʦʩʪʠ; 

 ʤʝʨʘ ʩʨʝʜʥʝʡ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʩʠʤʚʦʣʘ ʚ ʩʦʚʧʘʜʝʥʠʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ɸʉɼ, ʩ ʪʨʝʤʷ ʰʢʘʣʠʨʫʶʱʠʤʠ ʬʫʥʢʮʠʷʤʠ. 

ʕʪʠ ʤʝʨʳ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2.3. 

ʊʘʙʣʠʮʘ 2.3  ʆʙʦʟʥʘʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ 

ʆʙʦʟʥʘʯʝʥʠʝ ʄʝʨʘ ʨʝʣʝʚʘʥʪʥʦʩʪʠ 

cosine ʢʦʩʠʥʫʩʥʘʷ ʤʝʨʘ ʨʝʣʝʚʘʥʪʥʦʩʪʠ 

okapibm25 ʤʝʨʘ ʨʝʣʝʚʘʥʪʥʦʩʪʠ BM25 

ast.linear ʤʝʨʘ ʉʋɺʉʉ ʩ ʣʠʥʝʡʥʦʡ ʰʢʘʣʠʨʫʶʱʝʡ 

ʬʫʥʢʮʠʝʡ 

ast.logit ʤʝʨʘ ʉʋɺʉʉ ʩ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʰʢʘʣʠʨʫʶʱʝʡ 

ʬʫʥʢʮʠʝʡ 

ast.root ʤʝʨʘ ʉʋɺʉʉ ʩʦ ʰʢʘʣʠʨʫʶʱʝʡ ʬʫʥʢʮʠʝʡ ʚ ʚʠʜʝ 

ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ 

 

2.1.3.3 ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ɿʥʘʷ ʘʚʪʦʨʩʢʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʝ ʪʝʤʳ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʢʦʨ-

ʨʝʢʪʥʳʤʠ ʧʦʣʫʯʠʣʠʩʴ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʧʠʩʢʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʝʤ, ʧʦʣʫ-

ʯʘʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʳ ʨʝʣʝʚʘʥʪʥʦʩʪʠ. ʄʳ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʚʝ ʧʦʧʫʣʷʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʥʦ-

ʩʪʠ: MAP (Mean Average Precision) ʠ nDCG (normalized discounted cumulative 

gain) [56]. ʆʥʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠ 

ʨʘʟʨʘʙʦʪʢʘʭ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʥʞʠʨʦʚʘʥʠʡ, ʥʘ-

ʧʨʠʤʝʨ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ [64] ʠʣʠ ʩʠʩʪʝʤ ʠʟʚʣʝʯʝ-

ʥʠʷ ʥʦʚʦʩʪʝʡ [65]. ɼʨʫʛʦʝ ʧʨʠʣʦʞʝʥʠʝ ʵʪʠʤ ʤʝʨʘʤ ï ʚ ʨʘʙʦʪʘʭ ʧʦ ʦʙʫʯʝʥʠʶ 

ʨʘʥʞʠʨʦʚʘʥʠʶ (learning to rank) [66]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ MAP ʠ nDCG ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʢʨʠʪʝʨʠʷ ʚ ʭʦʜʝ ʦʙʫʯʝʥʠʷ. ʄʝʨʳ MAP ʠ 

nDCG ʧʨʠʤʝʥʠʤʳ ʠ ʜʣʷ ʮʝʣʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʪʘʢ ʢʘʢ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦ-
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ʚʘʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʳ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʪʦʞʝ ʨʘʥʞʠʨʦʚʘʥʳ ʧʦ ʟʥʘʯʝʥʠʶ 

ʵʪʦʡ ʤʝʨʳ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝ-

ʜʫʶʱʘʷ ʦʙʱʘʷ ʩʭʝʤʘ ʦʪʙʦʨʘ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʝʤ: 

 ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʝ ʪʝʤʳ ʨʘʥʞʠʨʫʶʪʩʷ ʧʦ ʫʙʳʚʘʥʠʶ ʠʭ ʨʝʣʝʚʘʥʪʥʦʩʪʠ; 

 ʦʪʙʠʨʘʶʪʩʷ ʧʝʨʚʳʝ k (ʪʦʧ k) ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʝ ʪʝʤʳ, ʦʪʩʝʢʘʷ ʚʩʝ ʦʩʪʘʣʴʥʳʝ; 

 ʚr ʯʠʩʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʨʘʥʞʠʨʦʚʘʥʠʷ. 

ʄʝʨʘ MAP ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

AveP
В P rel

ȿ ͺ ȿ
, MAP  

В AvePᶰ

ȿ ȿ
, 

ʛʜʝ PὯ ï ʪʦʯʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ Ὧ ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʧʦ ʫʙʳʚʘʥʠʶ ʤʝʨʳ ʨʝʣʝ-

ʚʘʥʪʥʦʩʪʠ ʩʧʠʩʢʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʝʤ, relὯ ï ʙʠʥʘʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʧʨʠ-

ʥʠʤʘʶʱʠʡ ʟʥʘʯʝʥʠʝ 1, ʝʩʣʠ k-ʪʘʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʘʷ ʪʝʤʘ ʚ ʩʧʠʩʢʝ ʷʚʣʷʝʪʩʷ 

ʘʚʪʦʨʩʢʦʡ, ʠ 0 ʚ ʦʙʨʘʪʥʦʤ ʩʣʫʯʘʝ, ȿὶὩὰὩὺὥὲὸὸͅέὴὭὧίȿ ï ʯʠʩʣʦ ʘʚʪʦʨʩʢʠʭ ʪʘʢ-

ʩʦʥʦʤʠʯʝʩʢʠʭ ʪʝʤ, ὲ ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʝʜʠ-

ʥʠʮ ʠʟ ʪʦʧʘ ʩʧʠʩʢʘ. ɿʜʝʩʴ AveP ï ʩʨʝʜʥʷʷ ʪʦʯʥʦʩʪʴ ï ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʢʘ-

ʞʜʦʛʦ ʪʝʢʩʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʥʦʞʝʩʪʚʘ. ʄʝʨʘ MAP ʠʤʝʝʪ ʩʤʳʩʣ ʩʨʝʜʥʝʡ 

ʪʦʯʥʦʩʪʠ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʧʦ ʚʩʝʤ ʘʥʥʦʪʘʮʠʷʤ. 

ʄʝʨʘ nDCG ï ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʥʞʠʨʦʚʘʥʠʷ ʢ ʦʮʝʥ-

ʢʝ ʠʜʝʘʣʴʥʦʛʦ ʩʣʫʯʘʷ: nDCG
DCG

IDCG
, ʛʜʝ DCG  relρ В

rel

log
 ï ʢʦ-

ʣʠʯʝʩʪʚʦ ʘʚʪʦʨʩʢʠʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʝʤ ʩʨʝʜʠ ʪʦʧ Ὧ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʝʤ, 

ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʥʘ ʠʭ ʤʝʩʪʦ ʚ ʨʘʥʞʠʨʦʚʘʥʠʠ, IDCG  relρ

В
log

ȿ ͺ ȿ
 ï ʟʥʘʯʝʥʠʝ DCG ʫ ʠʜʝʘʣʴʥʦʛʦ ʨʘʥʞʠʨʦʚʘʥʠʷ. ʄʝʨʫ 

nDCG ʤʦʞʥʦ ʫʩʨʝʜʥʷʪʴ, ʯʪʦ ʤʳ ʠ ʜʝʣʘʝʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʙʱʝʝ ʟʥʘʯʝʥʠʝ 

nDCG ʜʣʷ ʚʩʝʭ 244 ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ.  

ʄʳ ʚʳʙʨʘʣʠ Ὧ ρυ ʜʣʷ MAP ʠ nDCG, ʯʝʛʦ ʟʘʚʝʜʦʤʦ ʜʦʣʞʥʦ ʭʚʘʪʠʪʴ, 

ʪʘʢ ʢʘʢ ʵʪʦ k ʙʦʣʴʰʝ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʨʩʢʠʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʝʤ ʚ ʥʘ-

ʰʝʡ ʢʦʣʣʝʢʮʠʠ.  
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ʂʨʦʤʝ ʤʝʨ MAP ʠ nDCG, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʘʢʞʝ ʩʦʙʩʪʚʝʥʥʫʶ ʤʝʨʫ 

ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʤʝʶʱʫʶ ʧʨʦʩʪʦʡ ʦʧʝʨʘʮʠʦʥʘʣʴʥʳʡ ʩʤʳʩʣ 

ï ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʫ ʢʦʪʦʨʳʭ ʘʚʪʦʨʩʢʠʝ ʪʝʤʳ ʧʦʧʘʣʠ ʚ ʪʦʧ k ʨʘʥʞʠ-

ʨʦʚʘʥʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʝʤ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʯʠʩʣʦ ʘʚ-

ʪʦʨʩʢʠʭ ʪʝʤ, ʧʦʧʘʚʰʠʭ ʚ ʪʦʧ k. ɹʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʵʪʫ ʤʝʨʫ ʯʝʨʝʟ I 

(Intersection at k). ɼʘʥʥʘʷ ʤʝʨʘ ʫʜʦʙʥʘ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʦʪʜʝʣʠʪʴ çʭʦ-

ʨʦʰʠʝè ʧʫʙʣʠʢʘʮʠʠ ï ʪʝ, ʜʣʷ ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ ʚʦʩʩʪʘʥʦʚʠʪʴ ʚʩʝ ʠʣʠ ʧʦʯʪʠ 

ʚʩʝ ʘʚʪʦʨʩʢʠʝ ʪʝʤʳ ï ʦʪ çʪʨʫʜʥʳʭè, ʜʣʷ ʢʦʪʦʨʳʭ ʘʚʪʦʨʩʢʠʝ ʪʝʤʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʢʦʥʮʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʥʞʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʘʣʴʥʳʡ ʧʦʨʦʛ ʦʪʩʝʯʝ-

ʥʠʷ k, ʪ. ʝ. ʯʠʩʣʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʨʫʙʨʠʢʘʮʠʠ ʢʦʥʢʨʝʪʥʦʡ ʧʫʙʣʠʢʘʮʠʠ.  

ɺ ʧʨʠʥʮʠʧʝ, ʤʝʨʳ MAP ʠ nDCG ʪʦʞʝ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʨʦʛʦ-

ʚʳʝ ʟʥʘʯʝʥʠʷ, ʥʦ ʦʥʠ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʠʥʪʫʠʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨ, ʯʝʤ 

ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʨʦʡ Ik. 

 

2.1.4 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʥʞʠʨʦʚʘʥʠʷ ʪʝʤ ʦʮʝʥʠʚʘʣʠʩʴ ʧʦ 6 ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʝʣʝ-

ʚʘʥʪʥʦʩʪʠ: ʯʝʪʳʨʝ ʟʥʘʯʝʥʠʷ Ik, ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʘʜʘʥʠʡ ʘʚʪʦʨʩʢʠʭ ʪʝʤ ʚ ʪʦʧ k, 

ʧʨʠ k = 1, 5, 10, 15, ʘ ʪʘʢʞʝ ʤʝʨʳ MAP ʠ nDCG ʧʨʠ k=15. ʕʪʠ ʦʮʝʥʢʠ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʚʦ-ʧʝʨʚʳʭ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ, ʚʦ-

ʚʪʦʨʳʭ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʧʦʩʦʙʦʚ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʦʮʝʥʢʠ ʩʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʳ 2.4  2.6, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʤʝ-

ʨʘʤ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ï ʢʦʩʠʥʫʩʥʦʡ (ʊʘʙʣʠʮʘ 2.4), Bʄ25 (ʊʘʙʣʠʮʘ 2.5) ʠ 

ʉʋɺʉʉ (ʊʘʙʣʠʮʘ 2.6). 
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ʊʘʙʣʠʮʘ 2.4  ʆʮʝʥʢʘ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʩʠʥʫʩʥʦʡ ʤʝʨʳ ʨʝʣʝʚʘʥʪ-

ʥʦʩʪʠ 

 

ʊʘʙʣʠʮʘ 2.4 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʩʠʥʫʩʥʘʷ ʤʝʨʘ ʚ ʮʝʣʦʤ ʨʘʙʦʪʘʝʪ ʣʫʯʰʝ 

ʚʩʝʛʦ ʥʘ ʩʦʚʧʘʜʝʥʠʷʭ ʠʟ coll3 (ʧʦʣʥʳʡ ʩʧʠʩʦʢ). ʕʪʦʪ ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʢʘʢ ʟʥʘʯʝʥʠʷʤʠ MAP_15 ʠ nDCG_15, ʪʘʢ ʠ ʟʥʘʯʝʥʠʝʤ ʤʝʨʳ I ʧʨʠ ʚʩʝʭ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʭ k. ʆʜʥʘʢʦ ʨʘʟʣʠʯʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘ ʩʣʦʚʘʭ ʠ ʦʩʥʦʚʘʭ (word 

ʠ stem) ʥʝ ʪʘʢ ʫʞ ʠ ʟʥʘʯʠʪʝʣʴʥʳ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʩʣʝʜʥʠʝ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʤʦʛʫʪ ʜʘʞʝ ʜʘʪʴ ʥʝʩʢʦʣʴʢʦ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʊʘʙʣʠʮʘ 2.5 ʚʳʷʚʣʷʝʪ ʜʚʫʭ ʧʦʙʝʜʠʪʝʣʝʡ, ʦʜʥʦʛʦ ʧʨʠ k=1, 5, ʘ ʜʨʫʛʦʛʦ ï 

ʧʨʠ k=10, 15. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʙʝʞʜʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʥʦʚ (stems), ʢʘʢ ʧʦ 

I, ʪʘʢ ʠ ʧʦ MAP_15. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʩʣʦʚʘ (words) ï ʥʘʠʣʫʯʰʠʝ ʢʘʢ ʧʦ 

ʉʋɺʉʉ, ʪʘʢ ʠ nDCG_15. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʨʝʟʫʣʴʪʘ-

ʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʨʳ ɺʄ25 ʭʫʞʝ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʢʦʩʠʥʫʩʘ. ʆʩʦʙʝʥʥʦ ʯʸʪʢʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦ ʦʮʝʥʢʘʤ I. 

ʊʘʙʣʠʮʘ 2.6 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʥʝʰʢʘʣʠʨʦʚʘʥʥʘʷ, ʪ.ʝ. 

ʣʠʥʝʡʥʘʷ, ʉʋɺʉʉ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʝʡ ʧʦ ʚʩʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʢʨʠʪʝʨʠʷʤ, 

ʧʨʠʯʸʤ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʘʶʪʩʷ ʥʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ çʦʯʠʩʪʢʠè. 

ʇʦʜ ʫʨʦʚʥʝʤ ʦʯʠʩʪʢʠ ʧʦʥʠʤʘʝʪʩʷ ʪʦʪ ʷʨʫʩ ɸʉɼ, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ ʯʘʩʪʦʪʳ 

ʩʯʠʪʘʶʪʩʷ ʰʫʤʦʤ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ.  

ʉʧʦʩʦʙ 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ 

ʉʣʦʚ 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʧʘʜʘʥʠʡ ʘʚʪʦʨʩʢʠʭ ʪʝʤ ʚ ʪʦʧ k MAP_15 nDCG_15 

I_1 I_5  I_10 I_15 

Words 10 44 60 73 0.0748 0.0245 

Stems 8 37 57 77 0.0788 0.0250 

coll3 14 41 58 76 0.0911 0.0278 

coll3.4 14 31 46 59 0.0727 0.0207 

coll3.5 9 31 50 71 0.0642 0.0237 

coll3.6 12 31 45 57 0.0633 0.0218 

coll3_long 8 32 48 60 0.0599 0.0187 

coll3_long.4 7 22 41 56 0.0570 0.0182 

coll3_long.5 7 12 51 65 0.0643 0.0208 

coll3_long.6 8 32 46 53 0.0444 0.0158 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʰʢʘʣʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʜʘʸʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʭʫʜʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʚʣʝʯʝʥʠʝ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʨʘʥʞʠʨʦʚʘʥʠʡ.  

 

ʊʘʙʣʠʮʘ 2.5  ʆʮʝʥʢʘ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʨʳ ʨʝʣʝʚʘʥʪʥʦʩʪʠ BM25 

ʉʧʦʩʦʙ 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ 

ʩʣʦʚ 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʧʘʜʘʥʠʡ ʘʚʪʦʨʩʢʠʭ ʪʝʤ ʚ ʪʦʧ k MAP_15 nDCG_15 

I_1 I_5  I_10 I_15 

Words 1 14 40 52 0.0631 0.0279 

Stems 7 21 30 36 0.0869 0.0259 

coll3 3 15 30 46 0.0524 0.0224 

coll3.4 4 13 28 45 0.0532 0.0212 

coll3.5 4 16 29 46 0.0577 0.0228 

coll3.6 4 17 30 43 0.0547 0.0214 

coll3_long 2 12 26 37 0.0446 0.0188 

coll3_long.4 3 11 27 42 0.0482 0.0199 

coll3_long.5 3 14 27 46 0.0540 0.0223 

coll3_long.6 3 17 28 46 0.0528 0.0217 

 

ʉʨʘʚʥʝʥʠʝ ʪʘʙʣʠʮ 2.4, 2.5 ʠ 2.6 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʨʳ 

ʉʋɺʉʉ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʤʝʪʦʜʝ ɸʉɼ, ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʦʩʭʦʜʷʱʠʤ ʪʝ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʤʝʨ. ʅʘ-

ʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʋɺʉʉ ʧʦʨʦʞʜʘʝʪ ʨʘʥʞʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʧʝʨ-

ʚʦʝ ʤʝʩʪʦ ʧʦʧʘʜʘʝʪ 35-39 ʘʚʪʦʨʩʢʠʭ ʪʝʤ, ʪʦʛʜʘ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʩʠʥʫʩʘ ʠ 

BM25 ʧʨʠʚʦʜʠʪ ʤʘʢʩʠʤʫʤ ʢ 14 ʠ 7 ʘʚʪʦʨʩʢʠʤ ʪʝʤʘʤ ʥʘ ʧʝʨʚʳʭ ʤʝʩʪʘʭ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʨʠʪʝʨʠʝʚ, MAP_15 ʠ nDCG_15, ʜʣʷ 

ʨʘʥʞʠʨʦʚʘʥʠʡ ʧʦ ʉʋɺʉʉ ʧʨʝʚʳʰʘʶʪ ʟʥʘʯʝʥʠʷ, ʜʦʩʪʠʛʥʫʪʳʝ ʥʘ ʨʘʥʞʠʨʦʚʘ-

ʥʠʷʭ ʧʦ ʢʦʩʠʥʫʩʥʦʡ ʤʝʨʝ ʠ ɺʄ25, ʚ 4-5 ʨʘʟ. 

ʇʨʠ ʵʪʦʤ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʦʯʠʩʪʢʘ ʤʝʨʳ ʦʪ ʢʦʨʦʪʢʠʭ, ʜʚʫʭ- ʠ ʪʨʝʭ-

ʙʫʢʚʝʥʥʳʭ ʩʝʛʤʝʥʪʦʚ ʪʝʢʩʪʘ ʫʣʫʯʰʠʪ ʨʝʟʫʣʴʪʘʪʳ, ʥʝ ʧʦʜʪʚʝʨʜʠʣʘʩʴ. ʊʦʣʴʢʦ 

ʦʜʥʦʙʫʢʚʝʥʥʳʝ ʩʝʛʤʝʥʪʳ ʦʢʘʟʘʣʠʩʴ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳ. 
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ʊʘʙʣʠʮʘ 2.6  ʆʮʝʥʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʨʳ ʨʝ-

ʣʝʚʘʥʪʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ɸʉɼ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʰʢʘ-

ʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʨʘʚʥʝʥʠʝ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʚ ʨʘʟʨʝʟʝ ʢʨʠʪʝʨʠʷ Ik ʧʨʠ ʨʘʟʥʳʭ k ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʛʨʘʬʠʯʝʩʢʠ, ʠʩʧʦʣʴʟʫʷ ʪʦ, ʯʪʦ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʨʠʚʳʤʠ ʧʦʧʘʜʘʥʠʷ, 

ʪ.ʝ. ʢʨʠʚʳʝ ʠʣʠ ʣʦʤʘʥʳʝ, ʩʦʝʜʠʥʷʶʱʠʝ ʟʥʘʯʝʥʠʷ ʤʝʨʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ k ʦʪ 1 

ʜʦ 15 ʥʘ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʣʦʩʢʦʩʪʠ (k, Ik). ʏʝʤ ʚʳʰʝ ʢʨʠʚʘʷ ʧʦʧʘʜʘʥʠʷ, ʪʝʤ 

ʪʦʯʥʝʝ ʠ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʤʝʨʘ ʨʝʣʝʚʘʥʪʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2.3).  

ʉʨʘʚʥʝʥʠʝ ʢʨʠʚʳʭ ʧʦʧʘʜʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʢʨʠʚʳʝ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʩʝʤʝʡʩʪʚʘʤ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ast.linear ʠ ast.root, ʧʦʙʝʞʜʘʶʪ ʢʦ-

ʩʠʥʫʩʥʫʶ ʤʝʨʫ ʙʣʠʟʦʩʪʠ ʠ ʤʝʨʫ ʙʣʠʟʦʩʪʠ BM 25, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, 

ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʩʧʦʣʴʟʦʚʘʥʳ. ʀʟ ʜʚʫʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ 

ʢʦʩʠʥʫʩʥʘʷ ʤʝʨʘ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʯʝʤ ʤʝʨʘ BM25.  

ɺʠʜ ʰʢʘʣʠʨʫʶʱʝʡ 

ʬʫʥʢʮʠʠ ʠ ʛʣʫʙʠʥʘ 

ʦʯʠʩʪʢʠ 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʧʘʜʘʥʠʡ ʘʚʪʦʨʩʢʠʭ ʪʝʤ ʚ ʪʦʧ 

k 

MAP_15 nDCG_15 

 I_1 I_5 I_10 I_15   

linear.0 38 75 84 102 0.3588 0.1124 

linear.1 35 77 89 105 0.3550 0.1133 

linear.2 35 75 88 103 0.3486 0.1120 

linear.3 34 70 90 105 0.3192 0.1020 

linear.4 33 68 88 105 0.3059 0.0978 

root.0 39 75 88 102 0.3657 0.1125 

root.1 36 77 91 104 0.3561 0.1122 

root.2 34 77 89 106 0.3497 0.1126 

root.3 34 72 90 105 0.3232 0.1030 

root.4 32 66 88 105 0.3064 0.0983 

logit.0 7 36 48 57 0.1214 0.0450 

logit.1 4 18 26 33 0.0521 0.0216 

logit.2 6 29 46 56 0.0780 0.0335 

logit.3 8 24 42 58 0.0850 0.0348 

logit.4 8 37 54 64 0.1201 0.0482 
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ʈʠʩʫʥʦʢ 2.3  ʉʨʘʚʥʝʥʠʝ ʢʨʠʚʳʭ ʧʦʧʘʜʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 4-ʭ 

ʩʝʤʝʡʩʪʚ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ: ast.linear, ast.root, cosine ʠ okapibm25 

 

ʈʠʩʫʥʦʢ 2.4  ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ MAP ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ 

ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ 

 

ʈʠʩʫʥʦʢ 2.5  ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ nDCG ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʨʘʟʥʳʭ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ 

ʊʦ ʞʝ ʚʠʜʥʦ ʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʣʫʯʰʠʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ MAP ʠ nDCG 

(ʩʤ. ʨʠʩʫʥʢʠ 2.4 ʠ 2.5). 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʫʙʨʠʢʘʮʠʠ ʧʦ ʉʋɺɺʉ, 

ʭʦʪʷ ʠ ʥʘʤʥʦʛʦ ʣʫʯʰʠʝ, ʯʝʤ ʧʦ ʜʨʫʛʠʤ ʤʝʨʘʤ, ʥʦ ʚʩʸ ʞʝ ʥʝ ʦʯʝʥʴ ʚʳʩʦʢʠ. 

ʅʘʧʨʠʤʝʨ, ʦʥʠ ʧʦʯʪʠ ʚʜʚʦʝ ʥʠʞʝ, ʯʝʤ ʪʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʚ ʫʞʝ 

ʫʧʦʤʷʥʫʪʦʡ ʚʳʰʝ ʨʘʙʦʪʝ [50], ʛʜʝ, ʚ ʦʙʱʝʤ ʠ ʮʝʣʦʤ ʪʦʯʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʡ 

ʨʫʙʨʠʢʘʮʠʠ ʙʳʣʘ ʧʦʨʷʜʢʘ 70% ʪʝʢʩʪʦʚ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʜʚʫʤʷ ʬʘʢʪʦ-

ʨʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʨʫʙʨʠʢʘʮʠʷ ʚ [50] ʜʝʣʘʣʘʩʴ ʚ ʨʝʞʠʤʝ ʦʙʫʯʝʥʠʷ ʩ ʫʯʠʪʝʣʝʤ, 
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ʘ ʥʝ ʩʘʤʦʦʙʫʯʝʥʠʷ; ʦʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʣʫʯʰʝ, ʯʝʤ ʚʪʦʨʦʛʦ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʨʫʙʨʠʢʘʮʠʠ ʩʪʘʪʝʡ ʩ ʫʯʠʪʝʣʝʤ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʥʝ ʚʩʝʚʦʟʤʦʞʥʳʝ, ʘ ʪʦʣʴʢʦ ʧʦʧʫʣʷʨʥʳʝ ʨʫʙʨʠʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʮʝ-

ʜʫʨʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʙʦʪʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʪʦʯʥʝʝ, ʯʝʤ ʜʣʷ ʥʝʧʦʧʫʣʷʨʥʳʭ. 

ɽʩʣʠ ʞʝ ʦʙʨʘʪʠʪʴʩʷ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʫʯʝʪʝ ʚʩʝʭ ʨʫʙʨʠʢ, ʪʦ ʦʥʠ 

ʚʧʦʣʥʝ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʥʘʰʠʤʠ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʧʦʢʘʟʘʪʝʣʴʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ-

ʙʝʜʠʪʝʣʝʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʡ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʢʩʪʦʚʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ [67]. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʫʙʨʠʢʘʮʠʠ ʢʘʪʝʛʦʨʠʡ ʠʟʚʝʩʪ-

ʥʦʡ ʢʦʣʣʝʢʮʠʠ ʚʝʙ-ʩʪʨʘʥʠʮ DMOZ (www.dmoz.org) ʫʯʘʩʪʥʠʢʠ ʨʘʟʣʠʯʥʳʭ ʩʦ-

ʨʝʚʥʦʚʘʥʠʡ (ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ, ʠ ʥʝ ʦʯʝʥʴ ʙʦʣʴʰʠʤʠ, ʤʥʦʞʝʩʪʚʘʤʠ ʢʘʪʝʛʦ-

ʨʠʡ) ʧʦʢʘʟʳʚʘʣʠ ʫʨʦʚʝʥʴ ʫʩʧʝʰʥʦʩʪʠ ʦʪ 5% ʜʦ 50% [67].  

 

2.1.5 ʅʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ 

ɺ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʦʪʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦ-

ʙʣʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʙʨʠʢʘʮʠʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʪʝʤʘʪʠʯʝʩʢʠʤʠ ʝʜʠʥʠʮʘʤʠ 

ʪʘʢʩʦʥʦʤʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʫʯʥʦʡ ʦʙʣʘʩʪʠ. ʊʘʢ ʢʘʢ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʦʪ-

ʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʝʥʪʘʣʴʥʳʭ, ʘ ʥʝ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʈʘʟʤʝʪʢʘ ʤʥʦʞʝʩʪʚʘ ʧʫʙʣʠʢʘʮʠʡ ʪʝʤʘʪʠʯʝʩʢʠʤʠ ʝʜʠʥʠʮʘʤʠ ʢʘʢʦʡ-ʣʠʙʦ ʠʝ-

ʨʘʨʭʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʥʝʧʨʦʩʪʦʝ ʠ ʥʝ ʦʯʝʥʴ ʧʦʥʷʪʥʦʝ ʜʝʣʦ. ʇʦ ʥʘ-

ʰʝʤʫ ʤʥʝʥʠʶ, ʚ ʢʘʯʝʩʪʚʝ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʣʫʯʰʝ ʙʨʘʪʴ ʨʘʟʤʝʪʢʫ, 

ʩʜʝʣʘʥʥʫʶ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʯʝʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʜʠ-

ʣʝʪʘʥʪʘʤʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ DMOZ, ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʚʝʙʩʘʡʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʦʙʨʦʚʦʣʴʮʘʤʠ, ʚ [50]). ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʳ ʚʳ-

ʙʨʘʣʠ ʩʪʘʪʴʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʞʫʨʥʘʣʘʭ, ʠʟʜʘʚʘʝʤʳʭ ʥʘʠʙʦʣʝʝ ʘʚʪʦʨʠʪʝʪ-

ʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʢʠ, ACM, ʠ ʨʘʟʤʝʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ 

ʩʦʛʣʘʩʥʦ ACM CCS ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʤʝʥʥʦ ʵʪʦʡ ʦʨʛʘʥʠʟʘʮʠ-

ʝʡ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʤʳ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʩʣʝʜʦʚʘʣʠ [51], ʚ ʢʦʪʦʨʦʡ ʪʦʞʝ ʠʩʧʦʣʴ-

ʟʦʚʘʣʘʩʴ ACM CCS, ʭʦʪʷ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʨʘʥʥʝʡ ʚʝʨʩʠʠ 1998 ʛ. ʆʜʥʘ-

ʢʦ ʚ [51] ʚʳʙʦʨ ʧʫʙʣʠʢʘʮʠʡ ʠ ʠʭ ʨʫʙʨʠʢ ʦʢʘʟʘʣʩʷ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʩʣʫʯʘʡʥʳʤ, 

http://www.dmoz.org/
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ʪʘʢ ʯʪʦ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʦʪʦʙʨʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʙʳʣʘ ʧʦʤʝʯʝʥʘ ʪʦʣʴʢʦ 

ʦʜʥʦʡ ʨʫʙʨʠʢʦʡ ʠʣʠ ʚʦʦʙʱʝ ʥʝ ʧʦʤʝʯʝʥʘ: ʤʝʥʝʝ ʯʝʤ 10% ʚʳʙʨʘʥʥʳʭ ʪʝʢʩʪʦʚ 

ʦʢʘʟʘʣʠʩʴ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʨʫʙʨʠʢʘʮʠʠ. ʅʘʰʝ ʤʥʦʞʝʩʪʚʦ ʪʝʢʩʪʦʚ ʚʳʙʨʘʥʦ 

ʧʦ-ʜʨʫʛʦʤʫ. ʆʥʠ ʚʩʝ ʠʤʝʶʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʨʫʙʨʠʢʘʮʠʶ, ʧʨʠʧʠʩʘʥʥʫʶ ʩʘ-

ʤʠʤʠ ʘʚʪʦʨʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʞʝ çʧʨʠ ʚʩʸʤ ʧʨʠ ʪʦʤè ʨʫʙʨʠʢʘʮʠʷ ʵʪʦʡ 

ʢʦʣʣʝʢʮʠʠ ʥʝ ʤʦʞʝʪ ʥʝ ʚʳʟʳʚʘʪʴ ʚʦʧʨʦʩʦʚ, ʢʘʢ ʦʪʤʝʯʝʥʦ ʚ ʢʦʤʤʝʥʪʘʨʠʠ ʢ 

ʊʘʙʣʠʮʝ 2.2. 

ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʮʝʥʢʫ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʩʪʨʦʢʘ-ʜʦʢʫʤʝʥʪ ʢʘʢ ʦʩʥʦʚʥʦʡ 

ʤʝʭʘʥʠʟʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʙʨʠʢʘʮʠʠ ʜʦʢʫʤʝʥʪʦʚ ʩʪʨʦʢʘʤʠ ʠʟ ʟʘʨʘʥʝʝ ʟʘʜʘʥ-

ʥʦʛʦ ʩʧʠʩʢʘ ʚ ʨʝʞʠʤʝ ʩʘʤʦʦʙʫʯʝʥʠʷ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʨʸʭ ʨʘʟʣʠʯ-

ʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʟʤʝʨʝʥʠʶ ʨʝʣʝʚʘʥʪʥʦʩʪʠ: (ʘ) ʢʦʩʠʥʫʩʥʘʷ ʤʝʨʘ ʚʝʢʪʦʨʥʦʡ 

ʤʦʜʝʣʠ, (ʙ) ʧʦʧʫʣʷʨʥʘʷ ʤʝʨʘ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʨʦʞʜʝʥʠʷ ʨʫʙʨʠʢ ʚ ʨʘʤʢʘʭ ʚʝʨʦ-

ʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ, (ʚ) ʩʨʝʜʥʷʷ ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʩʠʤʚʦʣʘ ʚ ʩʦʚʧʘʜʘʶʱʠʭ 

ʯʘʩʪʷʭ ʨʫʙʨʠʢʠ ʠ ʪʝʢʩʪʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʘʥʥʦʪʠʨʦʚʘʥʥʦʛʦ ʩʫʬʬʠʢʩʥʦʛʦ ʜʝ-

ʨʝʚʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʟʘʜʘʯʝ ʨʫʙʨʠʢʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʘʤʠ ʤʝʨʘ (ʚ) ʩ 

ʙʦʣʴʰʠʤ ʦʪʨʳʚʦʤ ʧʨʝʚʦʩʭʦʜʠʪ ʜʚʝ ʜʨʫʛʠʝ, ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʤʝʨʳ. ʕʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʘʧʧʘʨʘʪʘ ɸʉɼ ʦʪʤʝʯʘʣʘʩʴ ʠ ʚ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʢʘʪʝ-

ʛʦʨʠʟʘʮʠʷ [57]. ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʪʦʤ, ʯʪʦ ʢʦʨʦʪʢʠʝ, ʦʜʥʦ-, ʜʚʫʭ- ʠ ʪʨʝʭ-

ʙʫʢʚʝʥʥʳʝ ʩʝʛʤʝʥʪʳ ʪʝʢʩʪʘ ʥʝ ʚʥʦʩʷʪ ʧʦʣʝʟʥʦʛʦ ʚʢʣʘʜʘ ʚ ʢʘʯʝʩʪʚʦ ʨʫʙʨʠʢʘ-

ʮʠʠ, ʝʸ ʥʝ ʧʦʜʪʚʝʨʜʠʣʘ. ʊʦʯʥʝʝ, ʛʠʧʦʪʝʟʘ ʦʢʘʟʘʣʘʩʴ ʚʝʨʥʘ ʪʦʣʴʢʦ ʚ ʪʦʡ ʯʘʩʪʠ, 

ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʙʫʢʚʝʥʥʳʤ ʩʝʛʤʝʥʪʘʤ. ʂʦʥʝʯʥʦ, ʘʙʩʦʣʶʪʥʳʡ ʫʨʦ-

ʚʝʥʴ ʜʦʩʪʠʛʥʫʪʦʡ ʪʦʯʥʦʩʪʠ ʦʩʪʘʸʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʠ 

ʜʣʷ ʜʨʫʛʠʭ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ ʚ ʨʝʞʠʤʝ ʩʘʤʦʦʙʫʯʝʥʠʷ [67, 68, 52, 54]. 

ʆʜʥʘʢʦ ʩʠʪʫʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʙʝʟʥʘʜʸʞʥʦʡ. ʄʳ ʩʦʙʠʨʘʝʤʩʷ ʚ ʙʫ-

ʜʫʱʝʤ ʠʩʩʣʝʜʦʚʘʪʴ ʜʚʘ ʧʫʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. ʇʝʨʚʳʡ ï ʫʯʸʪ ʩʠʥʦʥʠ-

ʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʧʨʠ ʦʮʝʥʢʝ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʩʪʨʦʢʘ-ʪʝʢʩʪ. ʕʪʦʪ ʧʫʪʴ ʩʚʷ-

ʟʘʥ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʤʘʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʥʝ ʦʜʥʠʤ ʩʣʦʚʦ-

ʩʦʯʝʪʘʥʠʝʤ, ʢʘʢ ʩʝʡʯʘʩ, ʥʦ ʤʥʦʞʝʩʪʚʦʤ ʩʠʥʦʥʠʤʠʯʥʳʭ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ, ʢʦ-

ʪʦʨʳʝ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʩʣʠʯʝʥʠʠ ʩ ɸʉɼ ʪʝʢʩʪʘ ʠ, ʪʝʤ ʙʦʣʝʝ, ʧʨʠ 

ʦʮʝʥʢʝ ʨʝʣʝʚʘʥʪʥʦʩʪʠ. ɺʪʦʨʦʡ ʧʫʪʴ ʩʚʷʟʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʪʝʥʪʥʦʛʦ ʩʝ-
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ʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (LSA) [69] ʠ/ʠʣʠ ʘʧʧʘʨʘʪʘ ʣʘʪʝʥʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ɼʠʨʠʭʣʝ (ʃʈɼ, LDA) [70, 71] ʜʣʷ ʚʳʚʦʜʘ ʥʦʚʳʭ ʤʝʨ ʨʝʣʝʚʘʥʪʥʦʩʪʠ, ʦʩʥʦʚʘʥ-

ʥʳʭ ʥʘ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʦʛʨʫʞʝʥʠʠ ʧʘʨ ʩʪʨʦʢʘ-ʪʝʢʩʪ [72]. ɺ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʵʪʠ ʧʦʜʭʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʨʫʙʨʠʢʘʮʠʠ (multi-label 

classification) ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʦʚ ʩʘʤʠʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʝʢʩʪʦʚ; ʩʣʝʜʫʝʪ 

ʠʭ ʘʜʘʧʪʠʨʦʚʘʪʴ ʢ ʟʘʜʘʯʝ ʨʫʙʨʠʢʘʮʠʠ ʪʝʢʩʪʦʚ ʩ ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʳ 

ʨʫʙʨʠʢʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʧʦʜʨʘʟʜʝʣʘ ʦʪʯʝʪʘ ʦʪʨʘ-

ʞʝʥʳ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [[73, 74, 75, 76]. 

 

2.2 ʇʨʠʤʝʥʝʥʠʝ ʦʨʜʠʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʢ 

ʧʦʩʪʨʦʝʥʠʶ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʝʨʩʠʡ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʡʪʠʥʛʘ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥ 

ʇʦʜ ʥʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʁʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʧʦʥʠ-

ʤʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʚʦ-ʧʝʨʚʳʭ, ʧʨʦʠʟʚʦʜʠʪʴ ʪʦʚʘ-

ʨʳ ʠ ʫʩʣʫʛʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʚʩʣʝʜʩʪʚʠʝ ʤʝʞ-

ʜʫʥʘʨʦʜʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʨʘʞʜʘʥʘʤ ʫʨʦʚʝʥʴ 

ʞʠʟʥʠ, ʢʦʪʦʨʳʡ ʫʩʪʦʡʯʠʚ ʠ ʥʝʧʨʝʨʳʚʥʦ ʧʦʚʳʰʘʝʪʩʷ [77]. ʍʦʪʷ ʢʦʥʩʝʥʩʫʩ ʚ 

ʚʦʧʨʦʩʝ ʢʘʢ ʦʧʨʝʜʝʣʷʪʴ ʥʘʮʠʦʥʘʣʴʥʫʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʝʱʝ ʥʝ ʜʦʩ-

ʪʠʛʥʫʪ, ʚʩʝ ʩʦʛʣʘʩʥʳ ʩ ʪʝʤ, ʯʪʦ ʧʦʥʷʪʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʩʘʤʦʜʦʩʪʘʪʦʯʥʳʤ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʤʝʨʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʙʦʨ ʬʘʢʪʦʨʦʚ, ʯʴʠ ʟʥʘʯʝʥʠʷ ʣʠʙʦ ʦʧʨʝʜʝ-

ʣʷʶʪ ʫʨʦʚʝʥʴ ʥʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʣʠʙʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʤ. 

ʂʘʢ ʪʦʣʴʢʦ ʪʘʢʦʡ ʥʘʙʦʨ ʬʘʢʪʦʨʦʚ ʦʧʨʝʜʝʣʝʥ, ʟʘʜʘʯʘ ʠʟʤʝʨʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ. 

 

2.2.1 ʀʥʜʝʢʩ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʆʙʲʝʢʪʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʥʜʝʢʩ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (Competitive Industrial Performance Index, CIP), 
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ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʜʦʢʣʘʜʝ ʖʅʀɼʆ ʟʘ 2012/2013 ʛʛ. [78]. ʕʪʦʪ ʠʥʜʝʢʩ ʦʩʥʦ-

ʚʘʥ ʥʘ ʚʦʩʴʤʠ ʧʝʨʝʤʝʥʥʳʭ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʪʨʠ ʛʨʫʧʧʳ, ʠʤʝʥʫʝʤʳʝ ʠʟʤʝʨʝ-

ʥʠʷʤʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ.  

ʀʟʤʝʨʝʥʠʝ I. ʉʧʦʩʦʙʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʧʨʦʤʳʰʣʝʥ-

ʥʳʝ ʪʦʚʘʨʳ. ʆʥʘ ʠʟʤʝʨʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ:  

MVApc ï ʩʨʝʜʥʷʷ ʜʦʙʘʚʣʝʥʥʘʷ ʩʪʦʠʤʦʩʪʴ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʜʫʰʫ ʥʘʩʝ-

ʣʝʥʠʷ; 

MXpc ï ʦʙʲʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʢʩʧʦʨʪʘ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ. 

ʀʟʤʝʥʝʥʠʝ II. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʦʙʥʦʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʠʟʤʝ-

ʨʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʫʙʠʟʤʝʨʝʥʠʡ. 

ʉʫʙʠʟʤʝʨʝʥʠʝ IIa. ʆʙʲʝʤ ʠ ʢʘʯʝʩʪʚʦ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʵʢʦʥʦʤʠʢʠ. ʆʥʠ ʠʟʤʝʨʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ: 

MHVAsh ï ʜʦʣʷ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʩʦʟʜʘʥʥʦʡ ʚ ʩʝʢʪʦʨʝ ʩʨʝʜʥʝ- ʠ ʚr-

ʩʦʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠ-

ʤʦʩʪʠ, ʩʦʟʜʘʥʥʦʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; 

MVAsh ï ʜʦʣʷ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʩʦʟʜʘʥʥʦʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ 

ɺʅʇ. 

ʉʫʙʠʟʤʝʨʝʥʠʝ IIb. ʂʘʯʝʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʢʩʧʦʨʪʘ. ʆʥʦ ʠʟʤʝʨʷʝʪʩʷ 

ʜʚʫʤʷ ʧʝʨʝʤʝʥʥʳʤʠ: 

MHXsh ï ʜʦʣʷ ʧʨʦʜʫʢʮʠʠ ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦ-

ʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʵʢʩʧʦʨʪʝ; 

MXsh ï ʜʦʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʢʩʧʦʨʪʘ ʚʦ ʚʩʝʤ ʵʢʩʧʦʨʪʝ. 

ʀʟʤʝʨʝʥʠʝ III. ɺʢʣʘʜ ʚ ʤʠʨʦʚʫʶ ʵʢʦʥʦʤʠʢʫ. ʆʥ ʠʟʤʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ: 

ImWMVA ï ʜʦʣʷ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʩʦʟʜʘʥʥʦʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʜʘʥʥʦʡ ʩʪʨʘʥʳ, ʚ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʩʦʟʜʘʥʥʦʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʩʝʭ 

ʩʪʨʘʥ; 

ImWMT ï ʜʦʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʢʩʧʦʨʪʘ ʩʪʨʘʥʳ ʚ ʦʙʱʝʤʠʨʦʚʦʤ ʧʨʦʤʳʰ-

ʣʝʥʥʦʤ ʵʢʩʧʦʨʪʝ. 
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ɼʚʝ ʧʘʨʳ ʠʥʜʠʢʘʪʦʨʦʚ (MVApc, MXpc ʠ MHXsh, MXsh) ʘʛʨʝʛʠʨʫʶʪʩʷ ʚ 

ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʷʪʠʷ ʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʩʨʝʜʥʠʭ. 

ɿʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ CIP ʨʘʚʥʦ ʧʨʦʠʟʚʝʜʝʥʠʶ ʰʝʩʪʠ ʬʘʢʪʦʨʦʚ: 

ὅὍὖὓὠὃὴὧϽὓὢὴὧϽ Ͻ ϽὍάὡὓὡὃϽὍάὡὓὝ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʩʪʘʚʠʣʠʩʴ ʧʦʜ ʩʦʤʥʝʥʠʝ ʥʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥ-

ʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʥʠ ʚʳʙʦʨ ʝʝ ʥʘʙʣʶʜʘʝʤʳʭ ʢʦʨʨʝʣʷʪʦʚ. ʆʙʲʝʢʪʦʤ ʠʥʪʝ-

ʨʝʩʘ ʙʳʣ ʩʧʦʩʦʙ ʘʛʨʝʛʠʨʦʚʘʥʠʷ. ʄʝʪʦʜ ʘʛʨʝʛʠʨʦʚʘʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʚʪʦ-

ʨʘʤʠ ʠʥʜʝʢʩʘ CIP, ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʀ ʩʘʤʘ ʬʦʨʤʫʣʘ ʘʛʨʝʛʠʨʦʚʘʥʠʷ, ʠ ʟʥʘʯʝʥʠʷ ʚʝʩʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʥʝʡ, ʥʝ 

ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤʠ. ʇʦʵʪʦʤʫ ʮʝʣʴ ʨʘʙʦʪʳ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦ-

ʨʦʡ ʦʪʨʘʞʝʥʳ ʚ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ, ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʫʩ-

ʪʦʡʯʠʚʦʩʪʴ ʨʝʡʪʠʥʛʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʤʝʥʝʥʠʷ 

ʤʝʪʦʜʦʣʦʛʠʠ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ɹʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʨʝʡʪʠʥ-

ʛʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʨʜʠʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʨʘʥʞʠʨʦʚʘʥʠʷ, 

ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʪʝʦʨʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ, ʘ ʟʘʪʝʤ ʧʨʠʤʝʥʝʥ-

ʥʳʭ ʚ ʟʘʜʘʯʘʭ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ. ʈʘʟʣʠʯʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ, 

ʧʦ ʢʦʪʦʨʳʤ ʦʮʝʥʠʚʘʶʪʩʷ ʩʪʨʘʥʳ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦ-

ʨʦʚ ʤʦʜʝʣʠ ʠʥʜʝʢʩʘ CIP. ʂʨʠʪʝʨʠʘʣʴʥʳʝ ʦʮʝʥʢʠ ʘʛʨʝʛʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʤʘʞʦʨʠʪʘʨʥʦʛʦ ʧʨʘʚʠʣʘ (ʧʨʘʚʠʣʘ ʙʦʣʴʰʠʥʩʪʚʘ). ʈʝʟʫʣʴʪʘʪʦʤ ʘʛʨʝʛʠʨʦʚʘʥʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʙʠʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʥʘʟʳʚʘʝʤʦʝ ʤʘʞʦʨʠʪʘʨʥʳʤ. ʕʪʦ ʦʪʥʦʰʝʥʠʝ 

ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʷʭ ʩʪʨʘʥ, ʪʦ ʝʩʪʴ ʜʘʝʪ ʦʪʚʝʪ ʥʘ ʚʦ-

ʧʨʦʩ  ʢʘʢʘʷ ʠʟ ʜʚʫʭ ʩʨʘʚʥʠʚʘʝʤʳʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʵʢʦʥʦʤʠʢ ʩʠʣʴʥʝʝ ʧʦ 

ʙʦʣʴʰʠʥʩʪʚʫ ʢʨʠʪʝʨʠʝʚ. ʉ ʧʦʤʦʱʴʶ ʤʘʞʦʨʠʪʘʨʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʤʦʞʥʦ ʦʧ-

ʨʝʜʝʣʠʪʴ ʪʝ ʩʪʨʘʥʳ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʩʠʣʴʥʝʡʰʠʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʙʦ ʦʩʥʦ-

ʚʘʥʥʳʝ ʥʘ ʤʘʞʦʨʠʪʘʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʘʚʠʣʘ ʨʘʥʞʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʧʨʘ-

ʚʠʣʦ ʂʦʫʧʣʘʥʜʘ ʠ ʤʘʨʢʦʚʩʢʠʡ ʤʝʪʦʜ, ʣʠʙʦ ʩʦʨʪʠʨʦʚʢʫ ʩ ʧʦʤʦʱʴʶ ʪʫʨʥʠʨ-

ʥʳʭ ʨʝʰʝʥʠʡ  ʧʨʘʚʠʣ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʙʦʙʱʝʥʠʠ 
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ʧʨʠʥʮʠʧʘ ʚʳʙʦʨʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ (ʪ.ʝ. ʥʘʠʣʫʯʰʝʛʦ) ʵʣʝʤʝʥʪʘ ʦʪʥʦʰʝʥʠʷ, ʥʘ-

ʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʦʪʙʦʨʘ ʘʣʴʪʝʨʥʘʪʠʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʥʝʧʦʢʨʳʪʦʤʫ ʤʥʦ-

ʞʝʩʪʚʫ, ʠʣʠ ʘʣʴʪʝʨʥʘʪʠʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʤʠʥʠʤʘʣʴʥʦʤʫ ʚʥʝʰʥʝʫʩʪʦʡʯʠʚʦ-

ʤʫ ʤʥʦʞʝʩʪʚʫ.  

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʧʦ ʦʙʨʘʟʮʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷ-

ʪʝʣʴʥʦʩʪʠ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ, ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ [79, 80, 

81] ʠ ʦʪʨʘʞʝʥʥʳʝ ʚ ʆʪʯʝʪʝ 2013ʛ. 

 

2.2.2 ʆʨʜʠʥʘʣʴʥʳʝ ʧʨʘʚʠʣʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ 

ʂʣʘʩʩʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʨʘʥʞʠʨʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚ, ʦʮʝʥʠʚʘʝ-

ʤʳʭ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʪʝʨʠʷʤ, ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʩʫʤʤʳ ʠʣʠ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚ ʠ ʠʭ ʫʧʦʨʷʜʦ-

ʯʝʥʠʝ ʧʦ ʵʪʦʡ ʚʝʣʠʯʠʥʝ. ʆʜʥʘʢʦ ʫ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʝʩʪʴ ʩʝʨʴʝʟʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ ʟʥʘʯʝʥʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʚʳʙʦʨ 

ʚʝʩʦʚ. ɺʳʭʦʜʦʤ ʠʟ ʧʦʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʥʦʛʦ-

ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯʘʭ ʦʨʜʠʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʪʝʦʨʠʠ ʢʦʣ-

ʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʪʝʦʨʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʩʧʦ-

ʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚ, ʢʦʪʦʨʳʝ ʠʣʠ ʙʫʜʫʪ ʚʳʙʨʘʥʳ, ʠʣʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʚʳʙʨʘʥʳ ʠʟ ʯʠʩʣʘ ʠʤʝʶʱʠʭʩʷ ʚ ʥʘʣʠʯʠʠ ʚʘʨʠʘʥʪʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʥʝ-

ʥʠʷ ʦ ʥʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʢʦʣʣʝʢʪʠʚʥʳʭ ʨʝ-

ʰʝʥʠʡ. ʇʨʠʤʝʥʠʪʴ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʚ ʟʘʜʘʯʝ ʤʥʦʛʦʢʨʠ-

ʪʝʨʠʘʣʴʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʤʦʞʥʦ, ʝʩʣʠ ʦʮʝʥʢʫ ʘʣʴʪʝʨʥʘʪʠʚ ʧʦ ʢʘʞʜʦʤʫ ʠʟ 

ʢʨʠʪʝʨʠʝʚ ʩʯʠʪʘʪʴ ʤʥʝʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʯʣʝʥʦʚ ʛʨʫʧʧʳ, ʦʪ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʚʳʙʦʨ ʢʦʣʣʝʢʪʠʚʘ. 

ʇʫʩʪʴ ʜʘʥʦ ʤʥʦʞʝʩʪʚʦ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʚʳʙʦʨʘ ʘʣʴʪʝʨʥʘʪʠʚ A, |A|=m, m²3, 

ʠ ʛʨʫʧʧʘ G, |G|=n, n²2, ʣʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʢʦʣʣʝʢʪʠʚʥʦ-

ʛʦ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʚʦʜʠʪʩʷ ʢ ʚʳʙʦʨʫ ʦʧʨʝʜʝʣʝʥʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ ʠʟ A. 
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ʄʥʝʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʫʯʘʩʪʥʠʢʘ i, iÍG, ʦʙ ʘʣʴʪʝʨʥʘʪʠʚʘʭ ʠʟ ɸ, ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʚʳʙʦʨ, ʤʦʜʝʣʠʨʫʝʪʩʷ ʙʠʥʘʨʥʳʤ ʦʪʥʦʰʝʥʠʝʤ Pi ʥʘ A, Pi 

ÌA³A, ʬʠʢʩʠʨʫʶʱʠʤ ʨʝʟʫʣʴʪʘʪʳ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚ. ɽʩʣʠ 

ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʘʨʳ ʘʣʴʪʝʨʥʘʪʠʚ x ʠ ʫ ʫʯʘʩʪʥʠʢ i ʦʪʜʘʝʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʘʣʴ-

ʪʝʨʥʘʪʠʚʝ x, ʪʦ ʛʦʚʦʨʷʪ, ʯʪʦ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʘʨʘ (x, ʫ) ʧʨʠʥʘʜʣʝʞʠʪ ʦʪʥʦʰʝ-

ʥʠʶ Pi, (x, ʫ)ÍPi, ʠʣʠ, ʯʪʦ ʘʣʴʪʝʨʥʘʪʠʚʘ x ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ ʘʣʴʪʝʨʥʘʪʠʚʦʡ y ʧʦ 

ʦʪʥʦʰʝʥʠʶ Pi, xPiy. ɽʩʣʠ ʚʳʙʠʨʘʶʱʠʡ ʥʝ ʩʧʦʩʦʙʝʥ ʨʝʰʠʪʴ, ʢʘʢʘʷ ʠʟ ʜʚʫʭ 

ʘʣʴʪʝʨʥʘʪʠʚ ʣʫʯʰʝ, ʠʣʠ ʩʯʠʪʘʝʪ ʠʭ ʨʘʚʥʦʮʝʥʥʳʤʠ, ʪʦ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʥ 

ʥʝ ʧʨʝʜʧʦʯʠʪʘʝʪ ʥʠ ʦʜʥʫ ʠʟ ʥʠʭ ʜʨʫʛʦʡ, ʪʦ ʝʩʪʴ ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʫʪʚʝʨʞʜʝʥʠʝ 

(x, ʫ)ÎPi & (y, x)ÎPi. 

ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʧʨʝʜʧʦʯʪʝʥʠʷ ʪʦʛʦ, ʢʪʦ ʜʝʣʘʝʪ ʚʳʙʦʨ (ʪ.ʝ. ʙʠʥʘʨʥʦʝ ʦʪ-

ʥʦʰʝʥʠʝ ʥʘ A), ʠ ʝʩʣʠ ʟʘʜʘʥʦ ʧʨʘʚʠʣʦ ʚʳʙʦʨʘ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʘʢ ʬʫʥʢʮʠʷ, 

ʦʪʦʙʨʘʞʘʶʱʘʷ ʤʥʦʞʝʩʪʚʦ ʙʠʥʘʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʥʘ A ʚ ʤʥʦʞʝʩʪʚʦ ʥʝʧʫʩʪʳʭ 

ʧʦʜʤʥʦʞʝʩʪʚ ɸ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʢʘʢʠʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʜʦʣʞʥʳ ʩʪʘʪʴ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʚʳʙʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ, ʟʘʜʘ-

ʯʫ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʤʦʞʥʦ ʨʝʰʠʪʴ, ʝʩʣʠ, ʚʦ-ʧʝʨʚʳʭ, ʦʧʨʝʜʝʣʠʪʴ ʙʠ-

ʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ m, mÌA³A, ʤʦʜʝʣʠʨʫʶʱʝʝ ʢʦʣʣʝʢʪʠʚʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ 

(ʤʥʝʥʠʝ ʢʦʣʣʝʢʪʠʚʘ ʦʙ ʘʣʴʪʝʨʥʘʪʠʚʘʭ ʠʟ A), ʘ ʚʦ-ʚʪʦʨʳʭ, ʟʘʜʘʪʴ ʧʨʘʚʠʣʦ ʚʳ-

ʙʦʨʘ S(m, A): {m}­2
A
\Å, ʥʘʟʳʚʘʝʤʦʝ ʪʘʢʞʝ ʨʝʰʝʥʠʝʤ. ʆʙʳʯʥʦ ʦʪʥʦʰʝʥʠʝ m 

ʩʪʨʦʠʪʩʷ ʠʟ ʦʪʥʦʰʝʥʠʡ ʧʨʝʜʧʦʯʪʝʥʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʩ ʧʦʤʦ-

ʱʴʶ ʤʘʞʦʨʠʪʘʨʥʦʛʦ ʧʨʘʚʠʣʘ ʠ ʧʦʵʪʦʤʫ ʥʘʟʳʚʘʝʪʩʷ ʤʘʞʦʨʠʪʘʨʥʳʤ ʦʪʥʦʰʝ-

ʥʠʝʤ: x ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ y ʧʦ ʦʪʥʦʰʝʥʠʶ m, ʝʩʣʠ ʯʠʩʣʦ ʪʝʭ ʯʣʝʥʦʚ ʛʨʫʧʧʳ, 

ʢʪʦ ʧʨʝʜʧʦʯʠʪʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʫ x ʘʣʴʪʝʨʥʘʪʠʚʝ y, ʙʦʣʴʰʝ ʯʠʩʣʘ ʪʝʭ, ʢʪʦ 

ʧʨʝʜʧʦʯʠʪʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʫ ʫ ʘʣʴʪʝʨʥʘʪʠʚʝ x, xmy Ú |G1|>|G2|, ʛʜʝ G1={ iÍG| 

xPiy}, G2 ={ iÍG| yPix}.  

ɺʳʙʦʨ ʚ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʤʘʞʦʨʠʪʘʨʥʦʛʦ ʧʨʘʚʠʣʘ ʦʜʥʦ-

ʟʥʘʯʥʦ ʜʠʢʪʫʝʪʩʷ ʨʷʜʦʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ [82], ʩʧʨʘʚʝʜʣʠʚʳʭ ʠ ʜʣʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯʘʭ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʤʘʞʦʨʠʪʘʨʥʦʛʦ ʧʨʘʚʠʣʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʘʪʴ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ 
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ʦʮʝʥʢʠ ʘʣʴʪʝʨʥʘʪʠʚ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʷʤ ʥʘʜ ʢʨʠʪʝ-

ʨʠʷʤʠ, ʦʙʦʩʥʦʚʘʪʴ ʟʘʢʦʥʥʦʩʪʴ ʢʦʪʦʨʳʭ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʟʘʪʨʫʜʥʠ-

ʪʝʣʴʥʦ ʠʣʠ ʚʦʦʙʱʝ ʥʝʚʦʟʤʦʞʥʦ.  

ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ m ʘʩʠʤʤʝʪʨʠʯʥʦ, (x, y)Ím Ý 

(y, x)Îm. ɽʩʣʠ ʠʤʝʝʪ ʤʝʩʪʦ (x, y)Îm & (y, x)Îm, ʪʦ ʛʦʚʦʨʷʪ, ʯʪʦ ʘʣʴʪʝʨʥʘʪʠʚʳ x 

ʠ y ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʚʝʥʩʪʚʘ ʛʦʣʦʩʦʚ t, tÌA³A, (x, y)Ít & (y, x)Ít. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʨʘʚʝʥʩʪʚʘ ʛʦʣʦʩʦʚ t  ʩʠʤʤʝʪʨʠʯʥʦ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʤʘʞʦʨʠʪʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ m 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʞʦʨʠʪʘʨʥʦʡ ʤʘʪʨʠʮʳ M=[mxy], ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʪʘʢ:  

mxy =1 Ú (x, y)Ím, ʠʣʠ mxy =0 Ú (x, y)Îm. 

ɸʥʘʣʦʛʠʯʥʦ ʤʘʞʦʨʠʪʘʨʥʦʡ ʤʘʪʨʠʮʝ M  ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʤʘʪʨʠʮʫ T=[tij], 

ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʦʪʥʦʰʝʥʠʝ ʨʘʚʝʥʩʪʚʘ ʛʦʣʦʩʦʚ t. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʘʚʠʣ ʚʳʙʦʨʘ ʥʝʦʙʭʦʜʠʤʳ ʪʘʢʞʝ ʧʦʥʷʪʠʷ ʥʠʞʥʝʛʦ 

ʩʨʝʟʘ, ʚʝʨʭʥʝʛʦ ʩʨʝʟʘ ʠ ʛʦʨʠʟʦʥʪʘ ʘʣʴʪʝʨʥʘʪʠʚʳ x. ʅʠʞʥʠʤ ʩʨʝʟʦʤ ʘʣʴʪʝʨʥʘ-

ʪʠʚʳ x ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ L(x) ʘʣʴʪʝʨʥʘʪʠʚ, ʥʘʜ ʢʦʪʦʨʳʤʠ ʭ ʜʦʤʠʥʠʨʫʝʪ, 

L(x)={y| xmy}, ʚʝʨʭʥʠʤ ʩʨʝʟʦʤ  ʤʥʦʞʝʩʪʚʦ D(x) ʘʣʴʪʝʨʥʘʪʠʚ, ʜʦʤʠʥʠʨʫʶʱʠʭ 

ʥʘʜ x, D(x)={y| ymx}, ʛʦʨʠʟʦʥʪʦʤ x ï ʤʥʦʞʝʩʪʚʦ H(x) ʘʣʴʪʝʨʥʘʪʠʚ, ʥʘʭʦʜʷ-

ʱʠʭʩʷ ʩ x ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʚʝʥʩʪʚʘ ʛʦʣʦʩʦʚ, H(x)={y| ytx}.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʩʧʦʩʦʙʦʚ ʧʦʩʪʨʦʝʥʠʷ ʨʝʡʪʠʥʛʘ ʘʣʴʪʝʨʥʘʪʠʚ 

ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʦ ʂʦʫʧʣʘʥʜʘ [83]. ɺ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʨʘʚʠʣʘ ʣʝʞʠʪ ʩʣʝʜʫʶʱʝʝ 

ʩʦʦʙʨʘʞʝʥʠʝ: ʯʝʤ ʙʦʣʴʰʝ ʯʠʩʣʦ ʘʣʴʪʝʨʥʘʪʠʚ, ʢʦʪʦʨʳʝ ʭʫʞʝ (ʧʨʠ ʧʘʨʥʦʤ 

ʩʨʘʚʥʝʥʠʠ), ʯʝʤ ʘʣʴʪʝʨʥʘʪʠʚʘ ʭ, ʪʝʤ ʣʫʯʰʝ ʜʘʥʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʚ ʮʝʣʦʤ. 

ʄʦʞʥʦ ʨʘʩʩʫʞʜʘʪʴ ʠ ʪʘʢ: ʘʣʴʪʝʨʥʘʪʠʚʘ x ʪʝʤ ʣʫʯʰʝ ʚ ʮʝʣʦʤ, ʯʝʤ ʤʝʥʴʰʝ 

ʯʠʩʣʦ ʘʣʴʪʝʨʥʘʪʠʚ, ʢʦʪʦʨʳʝ ʣʫʯʰʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʭ. ʅʘʢʦʥʝʮ, ʵʪʠ ʜʚʘ ʧʨʘʚʠʣʘ 

ʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ.  

ʉ ʬʦʨʤʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʘʛʨʝʛʠʨʦʚʘʥʥʦʝ ʨʘʥʞʠʨʦʚʘʥʠʝ ʧʦ ʂʦʫʧʣʘʥ-

ʜʫ ʝʩʪʴ ʫʧʦʨʷʜʦʯʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚ ʧʦ ʯʠʩʣʫ ʦʯʢʦʚ s(x), ʢʦʪʦʨʳʝ ʧʨʠʩʫʞʜʘʶʪ-

ʩʷ ʦʜʥʠʤ ʠʟ ʪʨʝʭ ʩʧʦʩʦʙʦʚ: 
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 ʚʝʨʩʠʷ 1: s1(x)=|L(x)|  |D(x)|; 

 ʚʝʨʩʠʷ 2: s2(x)=|L(x)|; 

 ʚʝʨʩʠʷ 3: s3(x)=|A|  |D(x)|. 

ɺʝʢʪʦʨʳ s1, s2 ʠ s3 ʦʯʢʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʘʥʘʤʠ ʧʦ ʧʝʨʚʦʡ, ʚʪʦʨʦʡ ʠ 

ʪʨʝʪʴʝʡ ʚʝʨʩʠʷʤ ʧʨʘʚʠʣʘ ʂʦʫʧʣʘʥʜʘ, ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 

s2 = MÖa,   s3 = (I  M
tr
)Öa,   s1 = s2 + s3  mÖa,  

ʛʜʝ I ʠ a ï ʵʪʦ ʤʘʪʨʠʮʘ ʠ ʚʝʢʪʦʨ, ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ ʨʘʚʥʳ 1. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʝʡʪʠʥʛʘ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʚʝʩʪʥʦʝ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʠʭ ʘʣʴʪʝʨʥʘʪʠʚ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʠʪʝʨʘʮʠʦʥ-

ʥʫʶ ʧʨʦʮʝʜʫʨʫ. ʈʝʰʝʥʠʝ S(m, A) ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʞʝʩʪʚʦ B(1) ʥʘʠʣʫʯʰʠʭ ʘʣʴ-

ʪʝʨʥʘʪʠʚ ʚ A, B(1) = S(m, A). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ ʘʣʴʪʝʨʥʘʪʠ-

ʚʘʤʠ ʚʘʨʠʘʥʪʳ ʠʟ B(1) ï ʵʪʦ ʘʣʴʪʝʨʥʘʪʠʚʳ çʧʝʨʚʦʛʦ ʩʦʨʪʘè. ɽʩʣʠ ʧʦʚʪʦʨʠʪʴ 

ʧʨʦʮʝʜʫʨʫ ʚʳʙʦʨʘ ʜʣʷ ʤʥʦʞʝʩʪʚʘ A\B(1), ʪʦ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʦ ʤʥʦʞʝʩʪʚʦ B(2) 

= S(m, A\B(1)) = S(m, A\S(m, A)), ʩʦʜʝʨʞʘʱʝʝ ʘʣʴʪʝʨʥʘʪʠʚʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘ-

ʟʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ çʚʪʦʨʦʛʦ ʩʦʨʪʘè (ʦʥʠ ʭʫʞʝ ʘʣʴʪʝʨʥʘʪʠʚ ʠʟ B(1), ʥʦ ʣʫʯ-

ʰʝ ʘʣʴʪʝʨʥʘʪʠʚ ʠʟ A\(B(1)ÇB(2))). ʇʦʚʪʦʨʷʷ ʦʧʝʨʘʮʠʶ ʫʜʘʣʝʥʠʷ ʥʘʠʣʫʯʰʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ, ʟʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʰʘʛʦʚ 

ʤʳ ʨʘʟʜʝʣʠʤ ʚʩʝ ʤʥʦʞʝʩʪʚʦ ɸ ʥʘ ʛʨʫʧʧʳ ʘʣʴʪʝʨʥʘʪʠʚ ʨʘʟʥʳʭ ʩʦʨʪʦʚ, B(k) = 

S(m, A\(B(k 1)Ç B(k 2)Ç...Ç B(2)Ç B(1))), ʯʪʦ ʠ ʙʫʜʝʪ ʠʩʢʦʤʳʤ ʨʘʥʞʠʨʦʚʘʥʠʝʤ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ ʨʝʡʪʠʥʛʘ ʩ ʧʦ-

ʤʦʱʴʶ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʩʦʨʪʠʨʦʚʢʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ ʨʝʰʝʥʠʷ: 

ʥʝʧʦʢʨʳʪʦʝ ʤʥʦʞʝʩʪʚʦ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʚʥʝʰʥʝʫʩʪʦʡʯʠʚʦʝ ʤʥʦʞʝʩʪʚʦ. 

ʇʝʨʚʦʝ ʠʟ ʵʪʠʭ ʨʝʰʝʥʠʡ ʦʩʥʦʚʘʥʦ ʥʘ ʩʣʝʜʫʶʱʝʤ ʧʨʠʥʮʠʧʝ ʚʳʙʦʨʘ: ʫʩʠ-

ʣʠʤ ʫʩʣʦʚʠʝ ʜʦʤʠʥʠʨʦʚʘʥʠʷ, ʘ ʟʘʪʝʤ ʚʳʙʝʨʝʤ ʥʝʜʦʤʠʥʠʨʫʝʤʳʝ ʘʣʴʪʝʨʥʘʪʠ-

ʚʳ. ɽʩʣʠ ʥʝ ʫʩʠʣʠʚʘʪʴ ʫʩʣʦʚʠʝ ʜʦʤʠʥʠʨʦʚʘʥʠʷ, ʪʦ ʚʳʙʦʨ ʥʝʜʦʤʠʥʠʨʫʝʤʦʡ 

(ʧʦ ʦʪʥʦʰʝʥʠʶ m) ʘʣʴʪʝʨʥʘʪʠʚʳ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʝʥ, ʪʘʢ ʢʘʢ ʪʘʢʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚ ʤʦʞʝʪ ʥʝ ʙʳʪʴ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʠʟʚʝʩʪʝʥ ʢʘʢ çʧʘʨʘʜʦʢʩ ʂʦʥʜʦʨ-

ʩʝè (ʩʤ., ʥʘʧʨʠʤʝʨ, [84]). 
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ɻʦʚʦʨʷʪ, ʯʪʦ ʘʣʴʪʝʨʥʘʪʠʚʘ x ʧʦʢʨʳʚʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʫ y, ʝʩʣʠ x ʜʦʤʠʥʠ-

ʨʫʝʪ ʠ ʥʘʜ y, ʠ ʥʘʜ ʚʩʝʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ, ʥʘʜ ʢʦʪʦʨʳʤʠ ʜʦʤʠʥʠʨʫʝʪ y, xmy & 

L(y)ÌL(x) [85]. ʊ.ʝ. ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʛʦʣʦʩʫʶʱʠʭ x ʣʫʯʰʝ, ʯʝʤ y, ʠ ʥʝ ʩʫʱʝ-

ʩʪʚʫʝʪ ʪʘʢʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ z, ʢʦʪʦʨʘʷ ʙʳʣʘ ʙʳ ʭʫʞʝ (ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ), ʯʝʤ 

y, ymz, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʭʫʞʝ ʯʝʤ x, zmx Ù ztx. ʅʘʠʣʫʯʰʠʤʠ ʷʚʣʷʶʪʩʷ ʘʣʴ-

ʪʝʨʥʘʪʠʚʳ, ʥʝ ʧʦʢʨʳʪʳʝ ʥʠʢʘʢʠʤʠ ʜʨʫʛʠʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ, ʠʭ ʤʥʦʞʝʩʪʚʦ 

ʥʘʟʳʚʘʝʪʩʷ ʥʝʧʦʢʨʳʪʳʤ ʤʥʦʞʝʩʪʚʦʤ UC. ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʚʝʨʩʠʠ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʧʦʢʨʳʪʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʧʦʢʨʳʪʦʛʦ ʤʥʦʞʝʩʪʚʘ. ʀʭ 

ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ, ʥʘʧʨʠʤʝʨ, ʚ [86]. 

ɺʪʦʨʦʝ ʨʝʰʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʥʮʠʧʝ ʚʳʙʦʨʘ ʘʣʴʪʝʨʥʘʪʠʚ, ʧʨʠʥʘʜʣʝ-

ʞʘʱʠʭ ʤʥʦʞʝʩʪʚʫ ʩ ʢʘʢʠʤ-ʣʠʙʦ ʭʦʨʦʰʠʤ ʩʚʦʡʩʪʚʦʤ. ʄʥʦʞʝʩʪʚʦ ES ʦʙʣʘʜʘ-

ʝʪ ʚʥʝʰʥʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ (ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʟʳʚʘʝʪʩʷ ʚʥʝʰʥʝʫʩʪʦʡʯʠ-

ʚʳʤ), ʝʩʣʠ ʜʣʷ ʣʶʙʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ x, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʝʡ ES, ʚʦ ʤʥʦʞʝʩʪʚʝ 

ES ʥʘʡʜʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʘ y, ʢʦʪʦʨʘʷ ʣʫʯʰʝ (ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ), ʯʝʤ x, "xÎES 

$y: yÍES & ymx [87]. ɺʥʝʰʥʝʫʩʪʦʡʯʠʚʦʝ ʤʥʦʞʝʩʪʚʦ ʥʘʟʳʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴ-

ʥʳʤ, ʝʩʣʠ ʥʠ ʦʜʥʦ ʠʟ ʝʛʦ ʧʦʜʤʥʦʞʝʩʪʚ, ʢʨʦʤʝ ʥʝʛʦ ʩʘʤʦʛʦ, ʥʝ ʷʚʣʷʝʪʩʷ ʚʥʝʰ-

ʥʝʫʩʪʦʡʯʠʚʳʤ. ʅʘʠʣʫʯʰʝʡ ʩʯʠʪʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʘ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʭʦʪʷ ʙʳ 

ʦʜʥʦʤʫ ʤʠʥʠʤʘʣʴʥʦʤʫ ʚʥʝʰʥʝʫʩʪʦʡʯʠʚʦʤʫ ʤʥʦʞʝʩʪʚʫ MES, ʧʦʵʪʦʤʫ ʨʝʰʝ-

ʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʚʥʝʰʥʝʫʩʪʦʡʯʠʚʳʭ ʤʥʦʞʝʩʪʚ, ʢʦ-

ʪʦʨʦʝ ʪʘʢʞʝ ʦʙʦʟʥʘʯʘʝʪʩʷ MES [88]; ʩʤ. ʪʘʢʞʝ [86]. ʄʠʥʠʤʘʣʴʥʦʝ ʚʥʝʰʥʝʫʩ-

ʪʦʡʯʠʚʦʝ ʤʥʦʞʝʩʪʚʦ ʙʳʣʦ ʚʚʝʜʝʥʦ ʉʫʙʦʯʝʚʳʤ  [88] ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʜʨʫʛʠʤ 

ʨʝʰʝʥʠʝʤ ï ʤʠʥʠʤʘʣʴʥʳʤ ʩʣʘʙʦʫʩʪʦʡʯʠʚʳʤ ʤʥʦʞʝʩʪʚʦʤ (MWS), ʧʨʝʜʣʦ-

ʞʝʥʥrʤ ɸʣʝʩʢʝʨʦʚʳʤ ʠ ʂʫʨʙʘʥʦʚʳʤ [89]. ʇʦʵʪʦʤʫ ʚ [88, 90] ʤʠʥʠʤʘʣʴʥʦʝ 

ʚʥʝʰʥʝʫʩʪʦʡʯʠʚʦʝ ʤʥʦʞʝʩʪʚʦ ʥʘʟʳʚʘʝʪʩʷ ʚʪʦʨʦʡ ʚʝʨʩʠʝʡ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʣʘ-

ʙʦʫʩʪʦʡʯʠʚʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ MWS
II
. ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʥʘʰʝʤ 

ʘʥʘʣʠʟʝ ʚʝʨʩʠʷ ʥʝʧʦʢʨʳʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʦʙʦʟʥʘʯʝʥʘ UC
II
. 

ʀʟ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʧʦʢʨʳʪʦʝ ʤʥʦ-

ʞʝʩʪʚʦ ʠ ʦʙʲʝʜʠʥʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʚʥʝʰʥʝʫʩʪʦʡʯʠʚʳʭ ʤʥʦʞʝʩʪʚ ʚʩʝʛʜʘ 

ʥʝʧʫʩʪʳ ʠ ʝʜʠʥʩʪʚʝʥʥʳ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮ M  ʠ 
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T, ʚʚʝʜʝʥʥʳʭ ʚʳʰʝ. ʌʦʨʤʫʣʳ, ʚʳʨʘʞʘʶʱʠʝ UC ʠ MES ʯʝʨʝʟ M ʠ T, ʧʨʠʚʝ-

ʜʝʥʳ ʚ [86]. 

ʆʧʨʝʜʝʣʠʚ UC (ʠʣʠ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, MES) ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ 

ʩʪʨʘʥ, ʤʳ ʧʨʠʧʠʩʳʚʘʝʤ ʠʟʜʘʥʠʷʤ, ʚʦʰʝʜʰʠʤ ʚ ʵʪʦ ʤʥʦʞʝʩʪʚʦ, ʧʝʨʚʦʝ ʤʝʩʪʦ 

ʚ ʥʦʚʦʤ ʨʝʡʪʠʥʛʝ ʠ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʫʜʘʣʷʝʤ ʵʪʠ ʩʪʨʘʥʳ ʠʟ ʤʘʩʩʠʚʘ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʮʝʜʫʨʘ ʥʘʭʦʞʜʝʥʠʷ UC (ʠʣʠ MES) ʧʦʚʪʦʨʷʝʪʩʷ ʜʣʷ ʥʦʚʦʛʦ, 

ʫʩʝʯʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʩʪʨʘʥ ʠ ʪ.ʜ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʣʶʙʦʤ ʤʘʞʦʨʠʪʘʨʥʦʤ ʦʪʥʦ-

ʰʝʥʠʠ m ʤʥʦʞʝʩʪʚʘ UC ʠ MES ʩʦʜʝʨʞʘʪ ʥʝ ʤʝʥʴʰʝ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʟʘ ʢʦ-

ʥʝʯʥʦʝ ʯʠʩʣʦ ʧʦʚʪʦʨʝʥʠʡ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʪʙʦʨʘ ʠ ʠʩʢʣʶʯʝʥʠʷ 

ʤʘʩʩʠʚ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʨʧʘʥ, ʘ ʩʪʨʘʥʳ ʨʘʟʜʝʣʝʥʳ ʥʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ 

ʨʘʥʛʦʚ. 

ʅʘʢʦʥʝʮ, ʤʳ ʭʦʪʝʣʠ ʙʳ ʧʨʠʤʝʥʠʪʴ ʦʜʥʫ ʠʟ ʚʝʨʩʠʡ ʤʝʪʦʜʘ, ʥʘʟʳʚʘʝʤʦʛʦ 

ʤʘʨʢʦʚʩʢʠʤ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʩʥʦʚʘʥ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʨʢʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʩʣʫʯʘʡʥʦʛʦ ʙʣʫʞʜʘʥʠʷ ʧʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʛʨʘʬʫ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʤʫ ʙʠ-

ʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ m. ʇʝʨʚʳʝ ʚʘʨʠʘʥʪʳ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ɼʘʥʠʝʣʩʦʤ [91] ʠ ʋʰʘʢʦʚʳʤ [92], ʩʩʳʣʢʠ ʥʘ ʜʨʫʛʠʝ ʨʘʙʦʪʳ ʤʦʞʥʦ ʥʘʡʪʠ ʚ 

ʩʪʘʪʴʝ ʏʝʙʦʪʘʨʝʚʘ ʠ ʐʘʤʠʩ [93]. 

ʈʘʩʩʤʦʪʨʠʤ ʜʝʡʩʪʚʠʝ ʵʪʦʛʦ ʧʨʘʚʠʣʘ ʥʘ ʩʣʝʜʫʶʱʝʤ ʧʨʠʤʝʨʝ. ʇʨʝʜʧʦʣʦ-

ʞʠʤ, ʯʪʦ ʘʣʴʪʝʨʥʘʪʠʚʳ ʠʟ ʤʥʦʞʝʩʪʚʘ A ï ʵʪʦ ʠʛʨʦʢʠ ʚ ʥʘʩʪʦʣʴʥʳʡ ʪʝʥʥʠʩ. ɿʘ 

ʪʝʥʥʠʩʥʳʡ ʩʪʦʣ ʤʦʛʫʪ ʚʩʪʘʪʴ ʪʦʣʴʢʦ ʜʚʘ ʯʝʣʦʚʝʢʘ, ʧʦʵʪʦʤʫ ʦ ʩʠʣʝ ʠʛʨʦʢʦʚ 

ʤʳ ʤʦʞʝʤ ʩʫʜʠʪʴ ʣʠʰʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʷʭ, ʪʦ 

ʝʩʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʜʝʣʴʥʳʭ ʠʛʨ. 

ʅʘʰʘ ʟʘʜʘʯʘ  ʧʦʩʪʨʦʝʥʠʝ ʦʙʱʝʛʦ ʨʝʡʪʠʥʛʘ ʠʛʨʦʢʦʚ. ʇʦʩʢʦʣʴʢʫ ʩ ʧʦʤʦ-

ʱʴʶ ʦʜʥʦʡ ʠʛʨʳ ʵʪʦ ʩʜʝʣʘʪʴ ʥʝʣʴʟʷ, ʤʳ ʫʩʪʨʘʠʚʘʝʤ ʪʫʨʥʠʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʤʥʦʞʝʩʪʚʘ ʠʛʨ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʪʫʨʥʠʨʘ ʤʳ ʨʘʟʜʝʣʷʝʤ ʠʛʨʦʢʦʚ ʥʘ ʛʨʫʧʧʳ, ʦʪʜʝʣʷʷ ʟʘʚʝ-

ʜʦʤʦ ʙʦʣʝʝ ʩʣʘʙʳʭ ʦʪ ʟʘʚʝʜʦʤʦ ʙʦʣʝʝ ʩʠʣʴʥʳʭ, ʯʪʦʙʳ ʚ ʢʘʞʜʦʡ ʠʛʨʝ ʫʯʘʩʪʚʦ-

ʚʘʣʠ ʪʦʣʴʢʦ ʠʛʨʦʢʠ ʩʦʧʦʩʪʘʚʠʤʳʝ ʧʦ ʩʚʦʝʤʫ ʤʘʩʪʝʨʩʪʚʫ. ʉʦʨʪʠʨʦʚʢʘ ʠʛʨʦʢʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʩ ʧʦʤʦʱʴʶ ʪʫʨʥʠʨʥʦʛʦ ʨʝʰʝʥʠʷ, 

ʥʘʟʳʚʘʝʤʦʛʦ ʩʣʘʙʳʤ ʤʘʢʩʠʤʘʣʴʥʳʤ ʮʠʢʣʦʤ WTC. ʕʪʦ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ-
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ʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʄʥʦʞʝʩʪʚʦ WTC ʥʘʟʳʚʘʝʪʩʷ ʩʣʘʙʳʤ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʮʠʢʣʦʤ, ʝʩʣʠ, ʚʦ-ʧʝʨʚʳʭ, ʣʶʙʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʠʟ WTC ʜʦʤʠʥʠʨʫʝʪ ʣʶʙʫʶ 

ʘʣʴʪʝʨʥʘʪʠʚʫ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʫʶ WTC, " xÎWTC, yÍWTC Ý ymx, ʠ, ʚʦ-

ʚʪʦʨʳʭ, ʥʠ ʦʜʥʦ ʩʦʙʩʪʚʝʥʥʦʝ ʥʝʧʫʩʪʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ WTC ʥʝ ʦʙʣʘʜʘʝʪ ʚʳ-

ʰʝʫʢʘʟʘʥʥʳʤ ʩʚʦʡʩʪʚʦʤ.  

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʠʣʘ ʠʛʨʦʢʦʚ, ʧʦʧʘʚʰʠʭ ʚ ʨʘʟʥʳʝ ʛʨʫʧʧʳ, ʩʯʠʪʘʝʪʩʷ ʦʧ-

ʨʝʜʝʣʝʥʥʦʡ (ʦʪʥʦʰʝʥʠʝʤ ʜʦʤʠʥʠʨʦʚʘʥʠʷ), ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʠʣʫ ʠʛʨʦʢʦʚ ʠʟ ʦʜʥʦʡ ʛʨʫʧʧʳ, ʪ.ʦ. ʚʩʝ ʠʛʨʳ ʧʨʦʚʦ-

ʜʷʪʩʷ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʛʨʫʧʧ, ʜʣʷ ʯʝʛʦ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʚʳʜʘʝʪʩʷ ʠʛʨʦʚʦʡ ʩʪʦʣ. 

ʊʘʢ ʢʘʢ ʠʛʨʦʚʦʡ ʩʪʦʣ ʫ ʛʨʫʧʧʳ ʪʦʣʴʢʦ ʦʜʠʥ, ʪʦ ʠʛʨʳ ʛʨʫʧʧʳ ʜʦʣʞʥʳ ʠʜʪʠ 

ʩʪʨʦʛʦ ʦʜʥʘ ʟʘ ʜʨʫʛʦʡ.  

ʀʛʨʦʢʠ, ʢʦʪʦʨʳʝ ʚʩʪʘʥʫʪ ʟʘ ʩʪʦʣ ʚ ʜʘʥʥʦʡ ʠʛʨʝ, ʚʳʙʠʨʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʩʧʦʩʦʙʦʤ: ʪʦʪ, ʢʪʦ ʙʳʣ ʦʙʲʷʚʣʝʥ ʧʦʙʝʜʠʪʝʣʝʤ ʚ ʧʨʝʜʳʜʫʱʝʡ ʠʛʨʝ, ʦʩʪʘʝʪʩʷ 

ʩʪʦʷʪʴ ʟʘ ʩʪʦʣʦʤ, ʘ ʝʛʦ ʧʨʦʪʠʚʥʠʢ ʧʦ ʞʨʝʙʠʶ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʠʛ-

ʨʦʢʦʚ, ʚ ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʪʘʢʞʝ ʠ ʠʛʨʦʢ, ʚ ʧʨʝʜʳʜʫʱʝʡ ʠʛʨʝ ʦʙʲʷʚʣʝʥ-

ʥʳʡ ʧʨʦʠʛʨʘʚʰʠʤ. ɺʝʨʦʷʪʥʦʩʪʴ ʙʳʪʴ ʚʳʙʨʘʥʥʳʤ ʧʦ ʞʨʝʙʠʶ ʜʣʷ ʚʩʝʭ ʦʜʠʥʘ-

ʢʦʚʘ. ɽʩʣʠ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʝʜʳʜʫʱʝʡ ʠʛʨʳ ʙʳʣʘ ʥʠʯʴʷ, ʪʦ ʪʠʪʫʣ ʧʦʙʝʜʠʪʝʣʷ 

ʧʝʨʝʭʦʜʠʪ ʢ ʠʛʨʦʢʫ, ʢʦʪʦʨʳʡ ʚʩʪʘʣ ʢ ʩʪʦʣʫ, ʙʫʜʫʯʠ ʚʳʙʨʘʥ ʧʦ ʞʨʝʙʠʶ, ʪʦ 

ʝʩʪʴ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʠʯʴʠ, ʚ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʠʛʨʝ ʝʩʪʴ ʧʦʙʝʜʠ-

ʪʝʣʴ ʠ ʧʨʦʠʛʨʘʚʰʠʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʠʣʫ ʠʛʨʦʢʘ ʤʦʞʥʦ ʠʟʤʝ-

ʨʷʪʴ, ʧʦʜʩʯʠʪʳʚʘʷ ʯʠʩʣʦ ʠʛʨ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʙʳʣ ʦʙʲʷʚʣʝʥ ʧʦʙʝʜʠʪʝʣʝʤ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʯʘʪʴ ʪʫʨʥʠʨ, ʦʜʥʦʛʦ ʠʟ ʠʛʨʦʢʦʚ ʥʫʞʥʦ ʥʘʟʥʘʯʠʪʴ ʧʦ-

ʙʝʜʠʪʝʣʝʤ ʚ ʬʠʢʪʠʚʥʦʡ çʥʫʣʝʚʦʡè ʠʛʨʝ. ʆʜʥʘʢʦ, ʯʝʤ ʜʦʣʴʰʝ ʙʫʜʝʪ ʠʜʪʠ ʪʫʨ-

ʥʠʨ (ʯʝʤ ʙʦʣʴʰʝ ʚ ʥʝʤ ʙʫʜʝʪ ʠʛʨ), ʪʝʤ ʤʝʥʴʰʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʯʠʩʣʦ ʧʦʙʝʜ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ ʦʪ ʪʦʛʦ, ʢʦʛʦ ʠ ʢʘʢ ʤʳ ʚʳʙʠʨʘʝʤ ʥʘ ʨʦʣʴ 

çʧʦʙʝʜʠʪʝʣʷ ʚ ʧʨʝʜʳʜʫʱʝʡ ʠʛʨʝè ʜʣʷ ʩʘʤʦʡ ʧʝʨʚʦʡ ʠʛʨʳ. ɺ ʧʨʝʜʝʣʝ ʧʨʠ 

ʩʪʨʝʤʣʝʥʠʠ ʯʠʩʣʘ ʠʛʨ ʚ ʪʫʨʥʠʨʝ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʧʦʙʝʜ 

ʥʠʢʘʢ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʧʦʙʝʜʠʪʝʣʷ ʚ ʥʫʣʝʚʦʡ ʠʛʨʝ. 

ɺʤʝʩʪʦ ʧʨʝʜʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʧʦʙʝʜ ʤʦʞʥʦ ʚʳʯʠʩʣʷʪʴ ʧʨʝʜʝʣ 

ʚʝʨʦʷʪʥʦʩʪʠ ʩʪʘʪʴ ʧʦʙʝʜʠʪʝʣʝʤ ʚ ʧʦʩʣʝʜʥʝʡ ʠʛʨʝ ʪʫʨʥʠʨʘ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ 
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ʚʝʣʠʯʠʥʳ ʨʘʚʥʳ. ʕʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮ M ʠ T, ʦʧ-

ʨʝʜʝʣʝʥʥʳʭ ʚʳʰʝ.  

ɼʦʧʫʩʪʠʤ, ʧʦ ʠʪʦʛʘʤ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʚʩʪʨʝʯ ʤʳ ʟʥʘʝʤ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʩʠʣʫ ʠʛʨʦʢʦʚ ʚ ʢʘʞʜʦʡ ʧʘʨʝ, ʠ ʵʪʘ ʩʠʣʘ ʦʧʠʩʳʚʘʝʪʩʷ ʙʠʥʘʨʥʳʤʠ ʦʪʥʦʰʝʥʠʷ-

ʤʠ m ʠ t, ʷʚʣʷʷʩʴ ʥʝʠʟʤʝʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʚʝʣʠʯʠʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʤʳ 

ʟʥʘʝʤ, ʯʪʦ ʠʤʝʥʘ ʠʛʨʦʢʦʚ, ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʶʪʩʷ ʥʘʯʘʪʴ ʥʦʚʫʶ ʠʛʨʫ,  x ʠ y, ʪʦ, 

ʟʥʘʷ m, ʤʳ ʤʦʞʝʤ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʨʝʟʫʣʴʪʘʪ ʚʩʪʨʝʯʠ: ʧʦʙʝʜʫ x 

(ʝʩʣʠ xmy), ʧʦʙʝʜʫ y (ʝʩʣʠ ymx) ʠ ʥʠʯʴʶ (ʝʩʣʠ xty).  

ʇʫʩʪʴ p
(k)

 ï ʵʪʦ ʚʝʢʪʦʨ, i-ʘʷ ʢʦʤʧʦʥʝʥʪʘ ʢʦʪʦʨʦʛʦ pi
(k)

 ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ i-

ʛʦ ʠʛʨʦʢʘ ʧʦʣʫʯʠʪʴ ʪʠʪʫʣ ʧʦʙʝʜʠʪʝʣʷ ʚ k-ʦʡ ʠʛʨʝ. ɺʦʟʤʦʞʥʳ ʜʚʘ ʚʟʘʠʤʦʠʩ-

ʢʣʯʁʘʶʱʠʭ ʩʣʫʯʘʷ. ɽʩʣʠ i-ʳʡ ʠʛʨʦʢ ʙʳʣ ʦʙʲʷʚʣʝʥ ʧʦʙʝʜʠʪʝʣʝʤ ʚ (k 1)-ʦʡ 

ʠʛʨʝ, ʪʦ ʦʥ ʩʪʘʥʝʪ ʧʦʙʝʜʠʪʝʣʝʤ ʚ k-ʦʡ ʠʛʨʝ, ʝʩʣʠ ʧʦ ʞʨʝʙʠʶ ʙʫʜʝʪ ʚʳʙʨʘʥ 

ʧʨʦʪʠʚʥʠʢ, ʢʦʪʦʨʦʛʦ i-ʳʡ ʠʛʨʦʢ ʧʦʙʝʞʜʘʝʪ, ʪʦ ʝʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʘ ʠʟ ʥʠʞʥʝʛʦ 

ʩʨʝʟʘ ʘʣʴʪʝʨʥʘʪʠʚʳ i. ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ i ʩʪʘʥʝʪ ʧʦʙʝʜʠʪʝʣʝʤ ʚ (k 1)-ʦʡ 

ʠʛʨʝ ʨʘʚʥʘ pi
(kⱷ1)
, ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʘʣʴʪʝʨʥʘʪʠʚʳ ʠʟ L(i) ʨʘʚʥʘ , ʛʜʝ 

ί Ὥ ï ʵʪʦ ʯʠʩʣʦ ʦʯʢʦʚ ʧʦ ʚʪʦʨʦʡ ʚʝʨʩʠʠ ʧʨʘʚʠʣʘ ʂʦʫʧʣʘʥʜʘ, ί ὼ=|L(x)|. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʭʦʜʘ ʨʘʚʥʘ ὴ Ͻ . 

ɺʪʦʨʦʡ ʩʣʫʯʘʡ  i-ʪʳʡ ʠʛʨʦʢ ʥʝ ʙʳʣ ʦʙʲʷʚʣʝʥ ʧʦʙʝʜʠʪʝʣʝʤ ʚ (k 1)-ʦʡ 

ʠʛʨʝ. ʆʥ ʩʪʘʥʝʪ ʧʦʙʝʜʠʪʝʣʝʤ ʚ k-ʦʡ ʠʛʨʝ, ʝʩʣʠ i ʙʫʜʝʪ ʧʦ ʞʨʝʙʠʶ ʚʳʙʨʘʥ 

ʧʨʦʪʠʚʥʠʢʦʤ ʧʦʙʝʜʠʪʝʣʷ (k 1)-ʦʡ ʠʛʨʳ, ʚʝʨʦʷʪʥʦʩʪʴ ʯʝʛʦ ʨʘʚʥʘ , ʠ ʝʩʣʠ 

ʧʦʙʝʜʠʪʝʣʴ (k 1)-ʦʡ ʠʛʨʳ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʥʠʞʥʝʤʫ ʩʨʝʟʫ ʠʣʠ ʛʦʨʠʟʦʥʪʫ ʘʣʴ-

ʪʝʨʥʘʪʠʚʳ i, ʚʝʨʦʷʪʥʦʩʪʴ ʯʝʛʦ ʨʘʚʥʘ В ά ὸ Ͻὴ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚʝʨʦʷʪʥʦʩʪʴ pi
(k)

 ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ 

ὴ ὴ Ͻ ϽВ ά ὸ Ͻὴ . 

ʇʦʩʣʝʜʥʶʶ ʬʦʨʤʫʣʫ ʫʜʦʙʥʦ ʟʘʧʠʩʘʪʴ ʚ ʤʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ 

p WĀp ϽM 4 3Āp . 

ʄʘʪʨʠʮʘ S=[sij] ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ: sii = ί Ὥ ʠ sij = 0 ʧʨʠ i j̧.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜʘʯʘ ʪʠʪʫʣʘ ʧʦʙʝʜʠʪʝʣʷ ʦʪ ʠʛʨʦʢʘ ʢ ʠʛʨʦʢʫ ʝʩʪʴ 

ʤʘʨʢʦʚʩʢʠʡ ʧʨʦʮʝʩʩ ʩ ʤʘʪʨʠʮʝʡ ʧʝʨʝʭʦʜʘ W.  

ʅʘʩ ʠʥʪʝʨʝʩʫʝʪ ʚʝʢʪʦʨ p=ÌÉÍOp . ʅʝʪʨʫʜʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʚʥʝ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ ʢʘʢʦʚʳ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ (ʪ.ʝ. ʯʝʤʫ ʨʘʚʝʥ ʚʝʢʪʦʨ p(0)), ʠʩ-

ʢʦʤʡr ʧʨʝʜʝʣ ʙʫʜʝʪ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʢʪʦʨʦʤ ʤʘʪʨʠʮʳ W, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʩʦʙʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ l=1 (ʩʤ., ʥʘʧʨʠʤʝʨ, [94]). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʡʪʠ p 

ʤʦʞʥʦ, ʨʝʰʠʚ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ WÖp=p. ʀʩʢʦʤʦʝ ʚʥʫʪʨʠʛʨʫʧʧʦ-

ʚʦʝ ʨʘʥʞʠʨʦʚʘʥʠʝ ʝʩʪʴ ʫʧʦʨʷʜʦʯʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚ ʧʦ ʫʙʳʚʘʥʠʶ ʟʥʘʯʝʥʠʡ 

ʢʦʤʧʦʥʝʥʪ pi. ʇʦʩʢʦʣʴʢʫ ʤʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʩʦʨʪʠʨʦʚʘʣʠ ʠʛʨʦʢʦʚ ʩ ʧʦʤʦ-

ʱʴʶ WTC, ʥʠ ʦʜʥʘ ʠʟ ʢʦʤʧʦʥʝʥʪ pi ʥʝ ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ [94]. 

 

2.2.3 ʈʝʟʫʣʴʪʘʪʳ ʨʘʥʞʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʜʝʣʠ CIP ʩ ʧʦʤʦʱʴʶ ʧʨʘ-

ʚʠʣ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ 

ʅʦʚʳʝ ʚʝʨʩʠʠ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʡʪʠʥʛʘ ʩʪʨʘʥ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʩʪʨʘʥ ʧʦ ʚʦʩʴʤʠ ʧʦʢʘʟʘʪʝʣʷʤ ʤʦʜʝʣʠ CIP ʩ ʧʦʤʦʱʴʶ ʧʨʘ-

ʚʠʣʘ ʂʦʫʧʣʘʥʜʘ, ʧʨʘʚʠʣʘ ʚʳʙʦʨʘ ʘʣʴʪʝʨʥʘʪʠʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʥʝʧʦʢʨʳʪʦʤʫ 

ʤʥʦʞʝʩʪʚʫ, ʧʨʘʚʠʣʘ ʚʳʙʦʨʘ ʘʣʴʪʝʨʥʘʪʠʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʤʠʥʠʤʘʣʴʥʦʤʫ 

ʚʥʝʰʥʝʫʩʪʦʡʯʠʚʦʤʫ ʤʥʦʞʝʩʪʚʫ, ʠ ʤʘʨʢʦʚʩʢʦʛʦ ʤʝʪʦʜʘ ʨʘʥʞʠʨʦʚʘʥʠʷ ʜʘʥʳ ʚ 

ʊʘʙʣʠʮʘ ɸ.1 ʇʨʠʣʦʞʝʥʠʷ ɸ. ʉʧʠʩʢʠ ʩʪʨʘʥ ʫʧʦʨʷʜʦʯʝʥʳ ʩʦʛʣʘʩʥʦ ʠʩʭʦʜʥʦʤʫ 

ʨʝʡʪʠʥʛʫ ʖʅʀɼʆ. 

ʅʦʤʝʨ ʧʦʟʠʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʥʛʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʩʦ-

ʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʨʝʡʪʠʥʛʦʚ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʥʛʦʚʳʝ ʤʝ-

ʨʳ ʢʦʨʨʝʣʷʮʠʠ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʨʘʟʣʠʯʠʷ ʜʚʫʭ ʨʘʥʞʠʨʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʩʭʦʞʠʝ, ʥʦ 

ʥʝ ʠʜʝʥʪʠʯʥʳʝ ʚʝʣʠʯʠʥʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʤʝʨʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʂʝʥʜʘʣʣʘ: 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʂʝʥʜʘʣʣʘ [95,96] ʠ ʜʦʣʷ ʩʦʚʧʘʜʘʶʱʠʭ 

ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʘʨʫ ʘʣʴʪʝʨʥʘʪʠʚ ʠ ʩʨʘʚʥʠʤ ʠʭ ʧʦʟʠʮʠʠ ʚ ʜʚʫʭ ʨʝʡʪʠʥʛʘʭ. 

ɽʩʣʠ ʚ ʦʜʥʦʤ ʨʝʡʪʠʥʛʝ ʧʦʟʠʮʠʷ ʧʝʨʚʦʡ ʚʳʰʝ ʧʦʟʠʮʠʠ ʚʪʦʨʦʡ, ʘ ʚ ʜʨʫʛʦʤ 
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ʨʝʡʪʠʥʛʝ ï ʥʠʞʝ, ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʠʥʚʝʨʩʠʷ. ʈʘʩʩʪʦʷʥʠʝ ʂʝʥʜʘʣʣʘ ʤʝʞʜʫ ʜʚʫ-

ʤʷ ʨʘʥʞʠʨʦʚʘʥʠʷʤʠ ï ʵʪʦ ʯʠʩʣʦ ʠʥʚʝʨʩʠʡ N- (ʯʠʩʣʦ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʘʨ 

ʘʣʴʪʝʨʥʘʪʠʚ, ʨʘʥʞʠʨʦʚʘʥʥʳʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʦʙʨʘʟʦʤ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʯʝʤ ʙʦʣʴʰʝ ʤʝʞʜʫ ʨʝʡʪʠʥʛʘʤʠ ʠʥʚʝʨʩʠʡ, ʪʝʤ ʜʘʣʴʰʝ ʦʥʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʂʝʥʜʘʣʣʘ tb ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʂʝʥʜʘʣʣʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

tb =
Ͻ

. 

ɿʜʝʩʴ N
+
 ï ʵʪʦ ʯʠʩʣʦ ʧʘʨ, ʚ ʢʦʪʦʨʳʭ ʧʦʟʠʮʠʷ ʦʜʥʦʡ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚ ʚʳʰʝ ʧʦ-

ʟʠʮʠʠ ʜʨʫʛʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʢʘʢ ʚ ʦʜʥʦʤ ʨʝʡʪʠʥʛʝ, ʪʘʢ ʠ ʚ ʜʨʫʛʦʤ, n1 ï ʯʠʩʣʦ 

ʪʘʢʠʭ ʧʘʨ, ʚ ʢʦʪʦʨʳʭ ʦʙʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʨʘʥʛ ʚ ʧʝʨʚʦʤ 

ʨʝʡʪʠʥʛʝ, ʘ n2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  ʵʪʦ ʯʠʩʣʦ ʪʘʢʠʭ ʧʘʨ ʚʦ ʚʪʦʨʦʤ ʨʝʡʪʠʥʛʝ. 

ɽʩʣʠ ʞʝ ʧʦʟʠʮʠʷ ʦʜʥʦʡ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚ ʚʳʰʝ ʧʦʟʠʮʠʠ ʜʨʫʛʦʡ ʘʣʴʪʝʨʥʘ-

ʪʠʚʳ ʢʘʢ ʚ ʦʜʥʦʤ ʨʝʡʪʠʥʛʝ, ʪʘʢ ʠ ʚ ʜʨʫʛʦʤ, ʠʣʠ ʝʩʣʠ ʥʦʤʝʨʘ ʧʦʟʠʮʠʡ ʦʙʝʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚ ʩʦʚʧʘʜʘʶʪ ʢʘʢ ʚ ʦʜʥʦʤ ʨʝʡʪʠʥʛʝ, ʪʘʢ ʠ ʚ ʜʨʫʛʦʤ, ʪʦ ʤʦʞʥʦ ʩʢʘ-

ʟʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʨʝʡʪʠʥʛʠ ʩʦʚʧʘʜʘʶʪ ʚ ʦʮʝʥʢʝ ʜʘʥʥʦʡ ʧʘʨʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʩʦʛʣʘʩʠʷ ʨʝʡʪʠʥʛʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʨʘʞʝʥʥʫʶ ʚ ʧʨʦ-

ʮʝʥʪʘʭ ʜʦʣʶ (ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ) ʧʘʨ ʘʣʴʪʝʨʥʘʪʠʚ, ʚ ʦʮʝʥʢʝ ʢʦʪʦʨʳʭ ʨʝʡʪʠʥʛʠ 

ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, r=ρππϽ , ʛʜʝ N0 ï ʯʠʩʣʦ ʧʘʨ, ʚ ʢʦʪʦʨʳʭ ʥʦʤʝʨʘ 

ʧʦʟʠʮʠʡ ʦʙʝʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʩʦʚʧʘʜʘʶʪ ʢʘʢ ʚ ʦʜʥʦʤ ʨʝʡʪʠʥʛʝ, ʪʘʢ ʠ ʚ ʜʨʫʛʦʤ, 

N ï ʦʙʱʝʝ ʯʠʩʣʦ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʘʨ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ tb ʠ r ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʊʘʙʣʠʮʝ ɸ.2 ʇʨʠʣʦʞʝʥʠʷ ɸ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ ʤʝʨ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʨʘʥʞʠʨʦʚʘʥʠʡ ʤʦʞʥʦ ʦʧ-

ʨʝʜʝʣʠʪʴ ʨʘʥʞʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʠʣʫʯʰʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʜʘʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʝʡʪʠʥʛʦʚ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʩʴʤʠ ʠʩʭʦʜʥʳʭ ʨʘʥʞʠ-

ʨʦʚʘʥʠʡ ʧʦ ʟʥʘʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʘʢʪʦʨʘ ʤʦʜʝʣʠ). ɼʣʷ ʵʪʦʛʦ ʚʦʩ-

ʧʦʣʴʟʫʝʤʩʷ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʪʝʭʥʠʢʦʡ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣʘ 

ʙʦʣʴʰʠʥʩʪʚʘ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʝʡʪʠʥʛ ɸ ʣʫʯʰʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʘʥʥʫʶ ʩʦ-

ʚʦʢʫʧʥʦʩʪʴ ʨʝʡʪʠʥʛʦʚ, ʯʝʤ ʨʝʡʪʠʥʛ ɺ, ʝʩʣʠ ʦʥ ʣʫʯʰʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʙʦʣʴ-

ʰʠʥʩʪʚʦʤ ʨʝʡʪʠʥʛʦʚ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ (ʪ.ʝ. ʘʛʨʝʛʠ-
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ʨʦʚʘʪʴ). ɺ ʠʪʦʛʝ, ʥʘ ʤʥʦʞʝʩʪʚʝ ʨʝʡʪʠʥʛʦʚ ʚʦʟʥʠʢʘʝʪ ʤʘʞʦʨʠʪʘʨʥʦʝ ʦʪʥʦʰʝ-

ʥʠʝ (ʩʚʦʝ ʜʣʷ ʩʚʦʝʡ ʤʝʨʳ ʙʣʠʟʦʩʪʠ ʨʝʡʪʠʥʛʦʚ). ʉʘʤʦ ʤʘʞʦʨʠʪʘʨʥʦʝ ʦʪʥʦʰʝ-

ʥʠʝ ʦ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʡʪʠʥʛʦʤ (ʪʦ ʝʩʪʴ ʩʣʘʙʳʤ ʧʦʨʷʜʢʦʤ). ʆʜ-

ʥʘʢʦ ʚʤʝʩʪʦ ʜʘʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʡʪʠʥʛ, ʤʘʢʩʠʤʘʣʴʥʦ 

çʧʦʭʦʞʠʡè ʥʘ ʥʝʛʦ, ʪʦ ʝʩʪʴ ʙʣʠʞʘʡʰʠʡ ʢ ʤʘʞʦʨʠʪʘʨʥʦʤʫ ʦʪʥʦʰʝʥʠʶ ʧʦ ʨʘʩ-

ʩʪʦʷʥʠʶ ʂʝʥʜʘʣʣʘ. ɺ ʠʪʦʛʝ ʤʳ ʧʦʣʫʯʘʝʤ ʨʘʥʞʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʠ ʘʛʨʝʛʠ-

ʨʦʚʘʥʥʳʭ ʨʝʡʪʠʥʛʦʚ ʧʦ ʩʪʝʧʝʥʠ ʠʭ çʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠè. ʈʝʟʫʣʴʪʘʪʳ ʚʳ-

ʯʠʩʣʝʥʠʡ ʜʣʷ ʜʚʫʭ ʤʝʨ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2.7. ʈʝʡʪʠʥʛʠ ʫʧʦʨʷʜʦʯʝʥʳ 

ʦʪ ʥʘʠʙʦʣʝʝ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ (ʨʘʥʛ 1) ʜʦ ʥʘʠʤʝʥʝʝ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ (ʨʘʥʛ 15). 

ʊʘʙʣʠʮʘ 2.7 ï ʈʘʥʞʠʨʦʚʘʥʠʝ ʨʘʥʞʠʨʦʚʘʥʠʡ 

ʈʘʥʛ 
ʋʧʦʨʷʜʦʯʝʥʳ ʧʦ ʟʥʘʯʝʥʠʷʤ  

tb R 

1 UC ʂʦʫʧʣʘʥʜ (1) 

2 ʂʦʫʧʣʘʥʜ (1) ʄʘʨʢʦʚʩʢʠʡ 

3 ʂʦʫʧʣʘʥʜ (3) 

CIP, ʂʦʫʧʣʘʥʜ (2), ʂʦʫʧʣʘʥʜ (3) 4 ʂʦʫʧʣʘʥʜ (2) 

5 CIP 

6 MES UC 

7 ʄʘʨʢʦʚʩʢʠʡ 
ImWMT, MES 

8 ImWMT 

9 ImWMVA  ImWMVA  

10 MVApc MVApc 

11 MXsh MXsh 

12 MHXsh MHXsh 

13 MHVAsh MHVAsh 

14 MVAsh MVAsh 

15 MXpc MXpc 

 

2.2.4 ʅʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ 

ʀʥʜʝʢʩ ʧʨʦʤʳʰʣʝʥʥʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥ ʷʚʣʷʝʪʩʷ ʘʛʨʝʛʘ-

ʪʦʤ ʚʦʩʴʤʠ ʵʤʧʠʨʠʯʝʩʢʠ ʥʘʙʣʶʜʘʝʤʳʭ ʚʝʣʠʯʠʥ. ɽʛʦ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʧʦʣʫ-

ʦʨʜʠʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ  ʦʥʘ ʢʘʨʜʠʥʘʣʴʥʘ ʧʦ ʬʦʨʤʝ, ʥʦ ʦʩʥʦʚʘʥʘ ʥʘ ʯʠʩʪʦ 

ʦʨʜʠʥʘʣʴʥʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʠ: ʟʥʘʯʝʥʠʝ ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ ʠʥʜʝʢʩʘ ʜʦʣʞʥʦ 

ʙʳʪʴ ʩʪʨʦʛʦ ʤʦʥʦʪʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ʢʘʞʜʦʛʦ ʠʟ ʬʘʢʪʦʨʦʚ. ʇʦʵʪʦʤʫ ʪʦʣʴʢʦ 

ʧʘʨʥʳʝ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠʤʝʶʪ ʩʤʳʩʣ, ʥʦ ʥʝ ʩʘʤʠ ʟʥʘʯʝʥʠʷ, ʠʭ 

ʨʘʟʥʦʩʪʠ ʠʣʠ ʯʘʩʪʥʳʝ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʠʥʪʝʨʝʩʥʦ ʧʨʦʚʝʨʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʪʦ-

ʛʦʚʦʛʦ ʨʘʥʞʠʨʦʚʘʥʠʷ, ʟʘʤʝʥʠʚ ʠʩʭʦʜʥʫʶ ʬʦʨʤʫʣʫ ʯʠʩʪʦ ʦʨʜʠʥʘʣʴʥʦʡ ʧʨʦ-
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ʮʝʜʫʨʦʡ ʘʛʨʝʛʠʨʦʚʘʥʠʷ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʟʘʜʘʯʫ ʘʛʨʝʛʠʨʦʚʘʥʠʷ 

ʢʘʢ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʨʜʠ-

ʥʘʣʴʥʳʝ ʤʝʪʦʜʳ ʝʝ ʨʝʰʝʥʠʷ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʠʟ ʪʝʦʨʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦ-

ʨʘ.  

ʅʘʤʠ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʰʝʩʪʴ ʨʘʥʞʠʨʦʚʘʥʠʡ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʘʞʦʨʠʪʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʧʦʩʪʨʦʝʥʥʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦ 

ʨʘʥʞʠʨʦʚʘʥʠʷʤ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ ʙʠʙʣʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʕʪʠ 

ʰʝʩʪʴ ʨʘʥʞʠʨʦʚʘʥʠʡ ʧʦʩʪʨʦʝʥʳ ʩʦʛʣʘʩʥʦ ʪʨʝʤ ʚʝʨʩʠʷʤ ʧʨʘʚʠʣʘ ʂʦʫʧʣʘʥʜʘ, ʩ 

ʧʦʤʦʱʴʶ ʤʘʨʢʦʚʩʢʦʛʦ ʤʝʪʦʜʘ, ʘ ʪʘʢʞʝ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʜʝʣʝʥʠʷ 

ʥʝʧʦʢʨʳʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʥʝʰʥʝʫʩʪʦʡʯʠʚʦʛʦ ʤʥʦʞʝʩʪʚʘ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʡʪʠʥʛʦʚ (ʚʝʨʩʠʠ ʧʨʘʚʠʣʘ ʂʦʫʧʣʘʥʜʘ, ʤʘʨ-

ʢʦʚʩʢʦʝ ʨʘʥʞʠʨʦʚʘʥʠʝ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʠʩʢʨʠʤʠʥʘʮʠʠ, 

ʪ.ʝ. ʜʦʣʷ ʧʘʨ ʩʪʨʘʥ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʡ ʨʘʥʛ ʦʯʝʥʴ ʤʘʣʘ. 

ɼʨʫʛʠʝ ʨʝʡʪʠʥʛʠ (ʩʦʨʪʠʨʦʚʢʘ ʩ ʧʦʤʦʱʴʶ UC ʠ MES) ʥʘʦʙʦʨʦʪ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʲʝʜʠʥʝʥʠʝ ʩʪʨʘʥ ʚ ʢʨʫʧʥʳʝ ʛʨʫʧʧʳ, ʪʦ ʝʩʪʴ çʛʨʫʙʦʝè ʨʘʥ-

ʞʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʮʝʥʥʳʤ. ʊʘʢʦʝ ʙʦʣʝʝ çʛʨʫʙʦʝè ʨʘʟ-

ʙʠʝʥʠʝ ʣʫʯʰʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʫʠʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʨʘʟʣʠʯʠʠ ʚ ʢʦʥ-

ʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ çʛʨʫʙʳʭè ʨʝʡʪʠʥʛʦʚ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʝʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ. 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʠʥʜʝʢ-

ʩʦʚ ʜʣʷ ʣʶʙʦʛʦ ʠʟ ʧʦʩʪʨʦʝʥʥʳʭ ʨʘʥʞʠʨʦʚʘʥʠʡ ʧʨʠ ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʨʘʥ-

ʞʠʨʦʚʘʥʠʷʤʠ ʧʦ ʬʘʢʪʦʨʘʤ ʤʦʜʝʣʠ ʧʨʝʚʦʩʭʦʜʠʪ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʘʶʱʠʝʩʷ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʦ ʝʩʪʴ ʧʝʨʝʭʦʜ ʦʪ ʠʩʭʦʜʥʳʭ ʨʝʡʪʠʥʛʦʚ ʢ 

ʘʛʨʝʛʠʨʦʚʘʥʥʳʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʚʳʠʛʨʳʰʥʳʤ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʘʛʨʝ-

ʛʠʨʦʚʘʥʥʳʝ ʨʘʥʞʠʨʦʚʘʥʠʷ ʣʫʯʰʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʝʡʪʠʥʛʦʚ, ʦʩ-

ʥʦʚʘʥʥʳʭ ʥʘ ʚʦʩʴʤʠ ʚʳʙʨʘʥʥʳʭ ʬʘʢʪʦʨʘʭ, ʯʝʤ ʣʶʙʦʡ ʠʟ ʠʩʭʦʜʥʳʭ ʨʝʡʪʠʥ-

ʛʦʚ, ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʛʨʘʣʴʥʳʭ. ʍʦʪʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʠ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʠʩʭʦʜʥʘʷ ʚʝʨʩʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʡʪʠʥʛʘ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠ-

ʚʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʤʝʥʝʥʠʶ ʤʝʪʦʜʦʣʦʛʠʠ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ, ʦʥ 
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ʪʘʢʞʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʝʩʪʴ ʚʝʨʩʠʠ ʨʝʡʪʠʥʛʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʫʶ ʩʦ-

ʚʦʢʫʧʥʦʩʪʴ ʣʫʯʰʝ, ʯʝʤ ʨʝʡʪʠʥʛ ʖʅʀɼʆ. 

ʆʙʱʠʡ ʚʳʚʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʦʚ. ɺ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʝʩʪʴ ʦʯʝʥʴ ʤʥʦʛʦ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʘʛʨʝʛʠʨʦʚʘʥʠʷ, ʘ ʩʪʝʧʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʟʥʘʯʝʥʠʡ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʝʣʠʢʘ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʷʩʥʠʪʴ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʯʪʦ 

ʪʘʢʦʝ ʥʘʮʠʦʥʘʣʴʥʘʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʠ ʢʘʢ ʝʝ ʠʟʤʝʨʷʪʴ, ʥʝʦʙʭʦʜʠʤʘ 

ʙʦʣʝʝ ʛʣʫʙʦʢʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʦʛʦ ʧʦʜʨʘʟʜʝʣʘ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [97]: 

Subochev A., Zakhlebin I. Alternative versions of the global competitive industrial 

performance ranking constructed by methods from social choice theory// Work-

ing paper WP7/2014/06. National Research University Higher School of Eco-

nomics. Moscow: Higher School of Economics Publ. House, 2014. 

 

2.3 ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʩʨʘʚʥʝʥʠʡ ʥʝʯʝʪʢʠʭ ʯʠʩʝʣ ʢ ʨʘʥʞʠʨʦʚʘʥʠʶ 

ʚʫʟʦʚ ʧʦ ʛʠʩʪʦʛʨʘʤʤʘʤ ɽɻʕ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʨʘʚʥʝʥʠʷ ʛʠʩʪʦ-

ʛʨʘʤʤ 

ɺʦ ʤʥʦʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʨʘʚʥʝʥʠʷ 

ʜʚʫʭ ʛʠʩʪʦʛʨʘʤʤ. ʊʘʢʘʷ ʟʘʜʘʯʘ ʚʦʟʥʠʢʘʝʪ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʨʘʚʥʝʥʠʷ (ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʥʞʠʨʦʚʘʥʠʷ) ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʣʠʯʥʳʭ ʦʧʳʪʦʚ 

(ʥʘʧʨʠʤʝʨ, ʚ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪʘʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʉ.ʕ. ʐʥʦʣʷ [98, 99] ʩʨʘʚ-

ʥʠʚʘʶʪʩʷ ʬʦʨʤʳ ʛʠʩʪʦʛʨʘʤʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʦʮʝʩʩʦʚ ʨʘʟʥʦʡ ʧʨʠ-

ʨʦʜʳ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʤʝʩʪʥʦʝ ʚʨʝʤʷ ʠ ʚ ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʫʥʢʪʘʭ), ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʦʜʥʦ-

ʨʦʜʥʳʭ (ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨ.) ʩʠʩʪʝʤ [100], ʧʨʠ ʧʨʠʥʷʪʠʠ 

ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʯʝʪʢʦʩʪʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ [101], ʧʨʠ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʠ ʥʝʯʝʪʢʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ [102], ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʦʭʦʜʦʚ ʚ 

ʨʘʤʢʘʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [103, 104, 105], ʧʨʠ ʨʘʥʞʠʨʦʚʘ-

ʥʠʠ ʫʯʘʱʠʭʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ-ʛʠʩʪʦʛʨʘʤʤʘʤ ʠʭ ʦʮʝʥʦʢ ʠ ʪ.ʜ.  
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ʉʨʘʚʥʠʚʘʪʴ ʛʠʩʪʦʛʨʘʤʤʳ ʤʦʞʥʦ ʧʦ ʬʦʨʤʝ, ʧʦ ʤʝʨʝ ʙʣʠʟʦʩʪʠ ʠ ʪ.ʜ. 

ɺ ʨʷʜʝ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʚʘʪʴ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʪʠʧʘ 

çʙʦʣʴʰʝ-ʤʝʥʴʰʝè, ʪ.ʝ. ʥʘʜʦ ʨʘʥʞʠʨʦʚʘʪʴ ʛʠʩʪʦʛʨʘʤʤʳ. ʅʘʧʨʠʤʝʨ, ʨʝʯʴ ʤʦ-

ʞʝʪ ʠʜʪʠ ʦ ʧʦʩʪʨʦʝʥʠʠ ʦʪʥʦʰʝʥʠʷ ʧʦʣʥʦʛʦ ʧʨʝʜʧʦʨʷʜʢʘ (ʨʝʬʣʝʢʩʠʚʥʦʛʦ, 

ʧʦʣʥʦʛʦ ʠ ʪʨʘʥʟʠʪʠʚʥʦʛʦ ʦʪʥʦʰʝʥʠʷ) .́ ʇʦʩʢʦʣʴʢʫ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ 

ʙʘʟʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʨʘʥʞʠʨʦʚʘʥʠʷ ʚʫʟʦʚ ʧʦ ʙʘʣʣʘʤ 

ɽɻʕ, ʪʦ ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʝʢʪʦʨ ʘʨʛʫʤʝʥʪʦʚ (ʙʘʣʣʳ ɽɻʕ) ʛʠʩʪʦʛʨʘʤʤ 

ʫʧʦʨʷʜʦʯʝʥ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʠʭ ʚʘʞʥʦʩʪʠ, ʪ.ʝ. ʝʩʣʠ ʜʚʝ ʛʠʩʪʦʛʨʘʤʤʳ ʦʪʣʠʯʘ-

ʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʦʣʴʢʦ ʚ ʜʚʫʭ çʩʪʦʣʙʮʘʭè, ʪʦ ʛʠʩʪʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 

çʙʦʣʴʰʠʡ ʩʪʦʣʙʠʢè ʩ ʙʦʣʴʰʠʤ ʥʦʤʝʨʦʤ, ʜʣʷ ʥʘʩ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ, ʯʝʤ 

ʛʠʩʪʦʛʨʘʤʤʘ, ʠʤʝʶʱʘʷ çʙʦʣʴʰʠʡ ʩʪʦʣʙʠʢè ʩ ʤʝʥʴʰʠʤ ʥʦʤʝʨʦʤ (ʪʦʯʥʦʝ ʦʧ-

ʨʝʜʝʣʝʥʠʝ ʩʤ. ʥʠʞʝ).  

ɺ ʟʘʜʘʯʝ ʨʘʥʞʠʨʦʚʘʥʠʷ ʛʠʩʪʦʛʨʘʤʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦ-

ʜʦʚ. ʇʝʨʚʳʡ (ʚ ʧʦʨʷʜʢʝ ʧʝʨʝʯʠʩʣʝʥʠʷ, ʥʦ ʥʝ ʠʩʪʦʨʠʯʝʩʢʠ) ï ʚʝʨʦʷʪʥʦʩʪʥʳʡ 

ʧʦʜʭʦʜ. ɺ ʵʪʦʤ ʧʦʜʭʦʜʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʯʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʨʘʚʥʠʚʘʝʤʦʡ ʧʘʨʦʡ ʛʠʩʪʦʛʨʘʤʤ [106]. 

ʂʨʦʤʝ ʪʦʛʦ, ʢ ʚʝʨʦʷʪʥʦʩʪʥʦʤʫ ʧʦʜʭʦʜʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʧʨʠʥʮʠʧ ʩʪʦʭʘʩʪʠ-

ʯʝʩʢʦʛʦ ʜʦʤʠʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʦʨʠʠ ʨʠʩʢʘ [107, 

108]. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʩʚʷʟʘʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʨʘʥʞʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʡ ʜʦʭʦʜʦʚ ʚ ʪʝʦʨʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ [104]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʨʘʚʥʠ-

ʚʘʶʪʩʷ ʛʠʩʪʦʛʨʘʤʤʳ ʜʦʭʦʜʦʚ ʚʠʜʘ 1 1( , ) ( )U Un n
i i i iU i u u= == = , ʛʜʝ 1 2 ...

Un
u u u¢ ¢ ¢  ʩ 

ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ( )W U , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʫʩʣʦʚʠʷʤ (ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ, ʤʦʥʦʪʦʥʥʦʩʪʠ, ʚʦʛʥʫʪʦʩʪʠ ʠ ʜʨ.). ʕʪʦʪ ʧʦʜʭʦʜ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʘʟʤʝʨʥʦʩʪʠ ʚʝʢʪʦʨʦʚ-ʛʠʩʪʦʛʨʘʤʤ ʦʜʠʥʘʢʦʚʳ, ʨʘʚʥʦʩʠʣʝʥ ʨʘʥ-

ʞʠʨʦʚʘʥʠʶ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʚʝʢʪʦʨʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ [109], ʤʝʪʦʜʳ 

ʥʝʢʦʤʧʝʥʩʘʪʦʨʥʦʛʦ ʚʳʙʦʨʘ [110] ʠ ʜʨ. 
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ʊʨʝʪʠʡ ʧʦʜʭʦʜ ʢ ʨʘʥʞʠʨʦʚʘʥʠʶ ʛʠʩʪʦʛʨʘʤʤ ʩʚʷʟʘʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥ-

ʩʪʨʫʤʝʥʪʘʨʠʷ ʩʨʘʚʥʝʥʠʷ ʥʝʯʝʪʢʠʭ ʯʠʩʝʣ ʠ ʙʫʜʝʪ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʥʠʞʝ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʛʠʩʪʦʛʨʘʤʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʘʤʠ ʛʠʩʪʦʛʨʘʤ-

ʤʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʴʶ ʥʝʪʦʯʥʦʩʪʠ. ʍʘʨʘʢʪʝʨ ʵʪʠʭ 

ʥʝʪʦʯʥʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʛʠʩʪʦʛʨʘʤʤ 

ʢʘʢ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʦʚ ʥʝʪʦʯʥʦʩʪʴ ʤʦʞʝʪ ʥʦʩʠʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɸ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʦʭʦʜʦʚ ʚ ʪʝʦʨʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʥʝ-

ʪʦʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʤʝʨʝʥʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʜʘʥʥʳʭ. ɺ ʭʦʜʝ 

ʚʳʙʦʨʥʳʭ ʢʘʤʧʘʥʠʡ ʦʙʩʫʞʜʘʝʪʩʷ ʘʥʘʣʠʟ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʨʘʚʥʝʥʠʝ) ʛʠʩʪʦ-

ʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʠʣʠ ʛʦʣʦʩʦʚ ʠʟʙʠʨʘʪʝʣʝʡ ʧʦ 

ʷʚʢʝ ʠ ʧʦ ʧʨʦʮʝʥʪʘʤ ʛʦʣʦʩʦʚʘʥʠʷ ʟʘ ʨʘʟʣʠʯʥʳʭ ʢʘʥʜʠʜʘʪʦʚ (ʧʘʨʪʠʠ). ʊʘʢʠʝ 

ʛʠʩʪʦʛʨʘʤʤʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʢʘʞʝʥʳ, ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʘʣʴ-

ʩʠʬʠʢʘʮʠʡ ʠʣʠ, ʚ ʙʦʣʝʝ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʜʘʥ-

ʥʳʤʠ. ɽʱʝ ʦʜʠʥ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʪʠʧ ʠʩʢʘʞʝʥʠʡ  ʟʘʧʦʣʥʝʥʠʝ ʧʨʦʙʝʣʦʚ 

ʚ ʜʘʥʥʳʭ. 

ɺʦ ʚʩʝʭ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʩʠʪʫʘʮʠʷʭ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ, ʤʦʞʝʪ 

ʣʠ ʜʘʥʥʦʝ ʠʩʢʘʞʝʥʠʝ ʛʠʩʪʦʛʨʘʤʤ ʠʟʤʝʥʠʪʴ ʠʭ ʩʨʘʚʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʤʝ-

ʪʦʜʦʤ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ. ʀʣʠ, ʜʣʷ ʢʘʢʠʭ ʠʩʢʘʞʝʥʠʡ ʨʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ 

ʥʝ ʠʟʤʝʥʠʪʩʷ? 

ɺ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʦʪʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʠʭ 

ʚʦʧʨʦʩʦʚ. ʇʨʠ ʵʪʦʤ ʧʨʝʩʣʝʜʦʚʘʣʠʩʴ ʜʚʝ ʮʝʣʠ:  

1) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝʯʝʪʢʦʩʪʥʳʝ ʤʝʪʦʜʳ ʩʨʘʚʥʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʟʘʜʘʯʝ ʨʘʥʞʠʨʦʚʘʥʠʷ ʛʠʩʪʦʛʨʘʤʤ 

ʚʫʟʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʝʤʘ ʧʦ ʙʘʣʣʘʤ ɽɻʕ;  

2) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʩʢʘʞʝʥʠʷʤ ʥʝʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʧʦʧʫ-

ʣʷʨʥʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʝʪʦʜʦʚ ʩʨʘʚʥʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʤ ʧʦʜʨʘʟʜʝʣʝ ʦʪʯʝʪʘ ʦʪʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʘʥʘʣʠʟʫ 

ʛʠʩʪʦʛʨʘʤʤ ʙʘʣʣʦʚ ɽɻʕ ʟʘʯʠʩʣʝʥʥʳʭ ʚ ʚʫʟʳ ʘʙʠʪʫʨʠʝʥʪʦʚ. ʇʨʝʜʣʦʞʝʥʘ ʤʦ-

ʜʝʣʴ çʠʜʝʘʣʴʥʦʛʦè ʟʘʯʠʩʣʝʥʠʷ ʘʙʠʪʫʨʠʝʥʪʦʚ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʘʯʠʩʣʝʥʥʳʭ ʘʙʠʪʫʨʠʝʥʪʦʚ ʚ ʚʫʟ ʚ ʪʘʢʦʡ ʤʦʜʝʣʠ ʙʫʜʝʪ ʫʥʠʤʦʜʘʣʴʥʳʤ ʧʨʠ 
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ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʦ ʬʫʥʢʮʠʠ ʧʨʝʜʧʦʯʪʝʥʠʷ. ʈʝʘʣʴʥʳʝ ʞʝ 

ʛʠʩʪʦʛʨʘʤʤʳ ʟʘʯʠʩʣʝʥʥʳʭ ʘʙʠʪʫʨʠʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʟʘʯʘʩʪʫʶ ʥʝ ʫʥʠʤʦʜʘʣʴ-

ʥʳʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʫʥʠʤʦʜʘʣʴʥʦʩʪʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʧʝʮʠʘʣʴ-

ʥʳʡ ʩʣʫʯʘʡ ʠʩʢʘʞʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʥʝʯʝʪʢʦ-

ʩʪʥʳʭ ʤʝʪʦʜʦʚ ʩʨʘʚʥʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʫʥʠʤʦʜʘʣʴʥʦʩʪʴ ʛʠʩʪʦʛʨʘʤʤ. ʇʦʵʪʦʤʫ 

ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʠ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʠʩʪʦʛʨʘʤʤ, 

ʧʨʠʚʦʜʷʱʝʡ ʝʝ ʢ ʫʥʠʤʦʜʘʣʴʥʦʤʫ ʚʠʜʫ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʪʘʢʞʝ ʥʘʰʣʠ 

ʩʚʦʸ ʦʪʥʦʰʝʥʠʝ ʚ ʦʪʯʝʪʝ. 

 

2.3.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʨʘʥʞʠʨʦʚʘʥʠʷ ʛʠʩʪʦʛʨʘʤʤ 

ʇʦʜ ʛʠʩʪʦʛʨʘʤʤʦʡ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʧʘʨʫ ʜʚʫʭ ʫʧʦʨʷʜʦʯʝʥ-

ʥʳʭ ʥʘʙʦʨʦʚ ʯʠʩʝʣ ( , )i i i IU x u Í= , ( )i i Ix Í   ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ 

ʚʝʢʪʦʨ ʨʘʟʣʠʯʥʳʭ ʘʨʛʫʤʝʥʪʦʚ ʛʠʩʪʦʛʨʘʤʤʳ (ʪ.ʝ. 1i ix x+< , i IÍ ), ( )i i Iu Í   ʚʝʢ-

ʪʦʨ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʛʠʩʪʦʛʨʘʤʤʳ, I   ʥʝʢʦʪʦʨʦʝ ʠʥʜʝʢʩʥʦʝ ʤʥʦ-

ʞʝʩʪʚʦ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʟʘʜʘʥʦ ʤʥʦʞʝʩʪʚʦ ʛʠʩʪʦʛʨʘʤʤ { }U=U , ʛʜʝ 

( )( , )
U

U
i i i IU x u Í= , 

( ) ( )
1

U U
i ix x+< , 0iu ²  ʜʣʷ ʚʩʝʭ Ui IÍ  ʠ ʜʣʷ ʚʩʝʭ UÍU. ʅʝʦʙʭʦ-

ʜʠʤʦ ʟʘʜʘʪʴ ʨʘʥʞʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ U, ʪ.ʝ. ʧʦʩʪʨʦʠʪʴ ʦʪʥʦʰʝ-

ʥʠʝ ʧʦʣʥʦʛʦ ʧʨʝʜʧʦʨʷʜʢʘ (ʨʝʬʣʝʢʩʠʚʥʦʛʦ, ʧʦʣʥʦʛʦ ʠ ʪʨʘʥʟʠʪʠʚʥʦʛʦ ʦʪʥʦʰʝ-

ʥʠʷ) R. ɽʩʣʠ ʛʠʩʪʦʛʨʘʤʤʳ U  ʠ V  ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʥʦʰʝʥʠʠ R (ʪ.ʝ. ( , )U V RÍ

)), ʪʦ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʵʪʦ ʪʘʢ: U VÕ  ʠ ʛʦʚʦʨʠʪʴ, ʯʪʦ çU  ʥʝ ʤʝʥʴʰʝ Vè. 

ɽʩʣʠ ʞʝ U VÕ  ʠ V UÕ , ʪʦ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʵʪʠ ʛʠʩʪʦʛʨʘʤʤʳ çʨʘʚʥʳʤʠè ʠ 

ʦʙʦʟʥʘʯʘʪʴ ʵʪʦ ʪʘʢ: U V. ʕʪʦ ʦʪʥʦʰʝʥʠʝ ʪʘʢʞʝ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩ-

ʣʦʚʠʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʘʨʛʫʤʝʥʪʦʚ ʛʠʩʪʦʛʨʘʤʤ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʠʭ ʚʘʞʥʦ-

ʩʪʠ: ʝʩʣʠ ( , )i iU x u¡ ¡= , ( , )i iU x u¡¡ ¡¡=  ʜʚʝ ʪʘʢʠʝ ʛʠʩʪʦʛʨʘʤʤʳ, ʯʪʦ i iu u¡ ¡¡=  ʜʣʷ ʚʩʝʭ 

,i k l¸  ʠ 0l l k ku u u u¡ ¡¡ ¡¡ ¡- = - ², ʪʦ U U¡¡ ¡Õ  ʧʨʠ k l>  ʠ U U¡ ¡¡Õ  ʧʨʠ k l< . 

ɹʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʱʥʦʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʩʝ ʛʠʩʪʦʛʨʘʤʤʳ çʚʳ-

ʨʦʚʥʝʥʳ ʧʦ ʯʠʩʣʫ ʩʪʦʣʙʮʦʚè, ʪ.ʝ. UI I=  ʜʣʷ ʚʩʝʭ UÍU  ʠ ( ){ } { }
U

U
i i I i i Ix xÍ Í= . 
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ʊʦʛʜʘ ( , ) ( )i i i I i i IU x u uÍ Í= =  ʜʣʷ ʚʩʝʭ UÍU. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʣʷ ʚʳʨʘʚʥʠʚʘ-

ʥʠʷ ʛʠʩʪʦʛʨʘʤʤ ʥʘʜʦ ʦʙʲʝʜʠʥʠʪʴ ʚʩʝ ʤʥʦʞʝʩʪʚʘ ʘʨʛʫʤʝʥʪʦʚ ʛʠʩʪʦʛʨʘʤʤ: 

( ) ( ){ }
U

U U
i i IX x Í= , ( ) { }U

iU
X X x= =  ʠ ʧʨʠʤʝʥʠʪʴ ʢʘʢʫʶ-ʣʠʙʦ ʧʨʦʮʝʜʫʨʫ ʟʘ-

ʧʦʣʥʝʥʠʷ ʧʨʦʙʝʣʦʚ ʚ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʝʝ 

ʧʨʘʚʠʣʦ: i ku u= , ʝʩʣʠ 
( ) ( )

1
U U

k i kx x x+¢ < . 

ʇʨʠʤʝʨ 2.1. ʇʫʩʪʴ 1 2{ , }U U=U , ʛʜʝ 1

1

( ) (1)
1 ( , )

U

U
i i i IU x u Í= =

{(1,2),(2,5),(4,6),(6,3)}, 2

2

( ) (2)
2 ( , )

U

U
i i i IU x u Í= ={(1,3),(3,4),(4,5),(5,3)}. ʊʦʛʜʘ 

1( )
{1,2,4,6}

U
X = , 2( )

{1,3,4,5}
U

X = . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 1 2( ) ( )U U
X X X= Ç = 

{1,2,3,4,5,6}  ʦʙʲʝʜʠʥʸʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʘʨʛʫʤʝʥʪʦʚ ʛʠʩʪʦʛʨʘʤʤ, ʘ 

(1)( ) {2,5,5,6,6,3}i i Iu Í = , 
(2)( ) {3,3,4,5,3,3}i i Iu Í =   ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ, 

ʚʳʨʦʚʥʝʥʥʳʭ ʧʦ ʯʠʩʣʫ ʩʪʦʣʙʮʦʚ. 

 

2.3.2 ʅʦʨʤʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ 

ʄʥʦʛʠʝ ʤʝʪʦʜʳ ʨʘʥʞʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʪʦʣʴʢʦ ʢ ʦʧʨʝʜʝ-

ʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʥʦʨʤʠʨʦʚʘʥʥʳʤ ʛʠʩʪʦʛʨʘʤʤʘʤ. ʀ ʥʘʦʙʦʨʦʪ, ʥʝʢʦʪʦʨʳʝ ʩʧʦ-

ʩʦʙʳ ʥʦʨʤʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʠ ʢʣʘʩʩ ʚʦʟʤʦʞʥʳʭ ʤʝʪʦʜʦʚ ʨʘʥʞʠʨʦʚʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʛʠʩʪʦʛʨʘʤʤʳ ʚʳʨʦʚʥʝʥʳ ʧʦ ʚʳʩʦʪʝ, ʪ.ʝ.  ʜʣʷ 

ʚʩʝʭ  ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʩʣʦʚʠʷʤ çʚʳʧʫʢʣʦʩʪʠè 

(ʩʤ. ʥʠʞʝ), ʪʦ ʜʣʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʩʨʘʚʥʝʥʠʷ 

ʥʝʯʝʪʢʠʭ ʯʠʩʝʣ. ɽʩʣʠ ʞʝ ʛʠʩʪʦʛʨʘʤʤʳ ʚʳʨʦʚʥʝʥʳ ʧʦ ʧʣʦʱʘʜʠ, ʪ.ʝ.  

ʜʣʷ ʚʩʝʭ , ʪʦ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʩʨʘʚʥʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪ-

ʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. 

ɺʳʙʨʘʥʥʳʡ ʩʧʦʩʦʙ ʥʦʨʤʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʛʠʩʪʦʛʨʘʤʤ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʤʳ ʩʨʘʚʥʠ-

ʚʘʝʤ ʛʠʩʪʦʛʨʘʤʤʳ ʩʨʝʜʥʠʭ ʙʘʣʣʦʚ ɽɻʕ ʘʙʠʪʫʨʠʝʥʪʦʚ, ʧʨʠʥʷʪʳʭ ʚ ʚʫʟʳ, ʪʦ 

ʥʦʨʤʠʨʦʚʘʥʠʝ ʧʦ ʧʣʦʱʘʜʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʳ ʩʨʘʚʥʠʚʘʝʤ ʜʦʣʠ (ʦʪʥʦʩʠʪʝʣʴʥʦ 










































































































































































































































































































































