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ʇʈɽɼʀʉʃʆɺʀɽ 

ʊʝʭʥʦʣʦʛʠʠ ʙʣʠʞʘʡʰʝʛʦ ʙʫʜʫʱʝʛʦ ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʘʢʪʠʚʥʳʤ ʚʢʣʶʯʝ-

ʥʠʝʤ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʨʦʮʝʩʩʳ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ ʟʥʘʥʠʡ, ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʪʨʘʥʩʧʦʨʪʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʚ ʨʝʰʝʥʠʝ ʩʦʮʠʘʣʴʥʳʭ 

ʟʘʜʘʯ ʠ ʟʘʜʘʯ ʧʦʚʳʰʝʥʠʷ ʦʙʦʨʦʥʦʩʧʦʩʦʙʥʦʩʪʠ.  

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʟʚʦʣʷʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʢʦʣʣʝʢʪʠʚʦʚ, ʩʪʨʘʥ ʠ ʛʨʫʧʧ ʩʪʨʘʥ, ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʥʬʣʠʢʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ.  

ʈʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʛʥʠʪʠʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʝʜʫʪ ʢ ʩʦʟʜʘʥʠʶ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ ʬʘʢʪʦʚ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʩʚʷʟʝʡ, ʫʧʨʘʚʣʝ-

ʥʠʷ ʩʣʦʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʢ ʘʚʪʦʥʦʤʥʦʤʫ ʮʝʣʝʧʦ-

ʣʘʛʘʥʠʶ, ʧʣʘʥʠʨʦʚʘʥʠʶ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʨʘʩʩʫʞʜʝʥʠʷʤ ʠ ʦʙʫʯʝʥʠʶ.  

ʅʘʫʯʥʦʡ↑ ʦʩʥʦʚʦʡ↑ ʩʣʝʜʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʢʣʘʜʘ, ʥʘʨʷʜʫ ʩ ʜʦʩʪʠʞʝʥʠ-

ʷʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ, ʩʪʘʥʫʪ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣ-

ʣʝʢʪʘ ʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʧʦʜʭʦʜʳ.  

ɺʩʝ ʵʪʠ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʝʥʳ ʚ ʪʨʫʜʘʭ ʂʀʀ-2016.  

ʅʘ ʢʦʥʬʝʨʝʥʮʠʶ ʙʳʣʦ ʧʦʜʘʥʦ 186 ʜʦʢʣʘʜʦʚ, ʧʨʦʰʝʜʰʠʭ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʠ ʧʦ-

ʩʣʝʜʫʶʱʠʡ ʦʪʙʦʨ ʇʨʦʛʨʘʤʤʥʳʤ ʢʦʤʠʪʝʪʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʥʷʪʦ 125 ʜʦʢʣʘʜʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʧʦ 13 ʩʝʢʮʠʷʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʉʝʢʮʠʷ 1. çʀʥʞʝʥʝʨʠʷ ʟʥʘʥʠʡ ʠ ʦʥʪʦʣʦʛʠʠè ï 16, 

ʉʝʢʮʠʷ 2. çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ï 7, 

ʉʝʢʮʠʷ 3. çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʫʧʨʘʚ-

ʣʝʥʠʷè ï 8, 

ʉʝʢʮʠʷ 4. çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭè ï 15, 

ʉʝʢʮʠʷ 5. çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʢʩʪʦʚ ʠ ʩʝʤʘʥʪʠʯʝʩʢʠʡ WEBè ï 17, 

ʉʝʢʮʠʷ 6. çʂʣʘʩʩʠʬʠʢʘʮʠʷ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʘè ï 11, 

ʉʝʢʮʠʷ 7. çʂʦʛʥʠʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷè ï 8, 

ʉʝʢʮʠʷ 8. çʄʥʦʛʦʘʛʝʥʪʥʳʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳè ï 8, 

ʉʝʢʮʠʷ 9. çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʩʫʞʜʝʥʠʡ ʠ ʥʝʢʣʘʩʩʠʯʝʩʢʠʝ ʣʦʛʠʢʠè ï 7, 

ʉʝʢʮʠʷ 10. çʅʝʯʝʪʢʠʝ ʤʦʜʝʣʠ ʠ ʤʷʛʢʠʝ ʚʳʯʠʩʣʝʥʠʷè ï 13, 

ʉʝʢʮʠʷ 11. çʇʨʠʢʣʘʜʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳè ï 7, 

ʉʝʢʮʠʷ 12. çʇʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè ï 8. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʤʢʘʭ ʢʦʥʬʝʨʝʥʮʠʠ ʩʦʩʪʦʠʪʩʷ ʚʦʨʢʰʦʧ ʥʘ ʪʝʤʫ çʇʦʚʝʜʝʥʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤè (Intelligent System Behavior, ISB-2016). ɼʦʢʣʘʜʳ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʝ ʥʘ ʚʦʨʢʰʦʧ, ʪʘʢʞʝ ʚʢʣʶʯʝʥʳ ʚ ʥʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ.  

ɻʝʦʛʨʘʬʠʷ ʫʯʘʩʪʥʠʢʦʚ ʥʘʩʪʦʷʱʝʡ ʧʷʪʥʘʜʮʘʪʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʦʙ-

ʰʠʨʥʘ ʠ ʦʭʚʘʪʳʚʘʝʪ 20 ʛʦʨʦʜʦʚ ʈʦʩʩʠʠ: ʄʦʩʢʚʫ, ʅʦʚʦʩʠʙʠʨʩʢ, ɹʝʣʛʦʨʦʜ, ɺʦʨʦ-

ʥʝʞ, ʋʣʴʷʥʦʚʩʢ, ɺʣʘʜʠʚʦʩʪʦʢ, ʀʨʢʫʪʩʢ, ʉʤʦʣʝʥʩʢ, ɹʨʷʥʩʢ, ʊʚʝʨʴ, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʂʘʣʫʛʫ, ʂʠʨʦʚ, ʂʘʟʘʥʴ, ʊʦʤʩʢ, ʊʘʛʘʥʨʦʛ, ɸʧʘʪʠʪʳ, ʂʨʘʩʥʦʷʨʩʢ, ʂʘʣʠ-

ʥʠʥʛʨʘʜ, ɹʦʨʦʢ (ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣ.). 

ɺ ʨʘʙʦʪʝ ʂʀʀ-2016 ʫʯʘʩʪʚʫʶʪ ʠ ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ ʠʟ ʋʢʨʘʠʥʳ, ɹʝʣʘʨʫʩʠ ʠ ʉʐɸ. 
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ʇʈʆɻʈɸʄʄʅʓʁ ʂʆʄʀʊɽʊ ʂʀʀ-2016 

ɺʘʩʠʣʴʝʚ ʉ.ʅ., ʘʢʘʜʝʤʠʢ ʈɸʅ, ʀʇʋ ʈɸʅ, ʛ. ʄʦʩʢʚʘ (ʧʨʝʜʩʝʜʘʪʝʣʴ) 

ʆʩʠʧʦʚ ɻ.ʉ., ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ., ʌʀʎ ʀʋ ʈɸʅ, ʛ. ʄʦʩʢʚʘ (ʩʦʧʨʝʜʩʝʜʘʪʝʣʴ) 

ʌʝʜʫʣʦʚ ɸ.ʉ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʬʠʣʠʘʣ ʅʀʋ ʄʕʀ ʚ ʛ. ʉʤʦʣʝʥʩʢʝ (ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ) 

ɸʚʝʨʢʠʥ ɸ.ʅ., ʢ.ʬ-ʤ.ʥ., ʜʦʮʝʥʪ, ʌʀʎ ʀʋ ʈɸʅ, ʛ. ʄʦʩʢʚʘ 

ɺʘʛʠʥ ɺ.ʅ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʅʀʋ ʄʕʀ, ʛ. ʄʦʩʢʚʘ 

ɻʘʚʨʠʣʦʚʘ ʊ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʉʇʙɻʋ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ɻʦʣʝʥʢʦʚ ɺ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ., ɹɻʋʀʈ, ʛ. ʄʠʥʩʢ 

ɽʨʝʤʝʝʚ ɸ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʅʀʋ ʄʕʀ, ʛ. ʄʦʩʢʚʘ 

ʂʘʨʧʦʚ ɺ.ʕ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʅʀʎ ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʛ. ʄʦʩʢʚʘ 

ʂʦʙʨʠʥʩʢʠʡ ɹ.ɸ., ʜ.ʤ.ʥ., ʧʨʦʬ., ʌʀʎ ʀʋ ʈɸʅ, ʛ. ʄʦʩʢʚʘ 

ʂʫʟʥʝʮʦʚ ʆ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʀʇʋ ʈɸʅ, ʛ. ʄʦʩʢʚʘ  

ʂʫʨʝʡʯʠʢ ɺ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʊʊʀ ʖʌʋ, ʛ. ʊʘʛʘʥʨʦʛ 

ʃʘʭʫʪʠ ɼ.ɻ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʈɻɻʋ, ʛ. ʄʦʩʢʚʘ 

ʄʠʭʝʝʥʢʦʚʘ ʄ.ɸ., ʜ.ʪ.ʥ., ʌʀʎ ʀʋ ʈɸʅ, ʄʦʩʢʚʘ 

ʇʘʣʶʭ ɹ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʊʚɻʊʋ, ʛ. ʊʚʝʨʴ 

ʇʝʪʨʦʚʩʢʠʡ ɸ.ɹ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʌʀʎ ʀʋ ʈɸʅ, ʛ. ʄʦʩʢʚʘ 

ʇʣʝʩʥʝʚʠʯ ɻ.ʉ., ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʄʕʀ, ʛ. ʄʦʩʢʚʘ 

ʇʦʧʢʦʚ ʖ.ʉ., ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ, ʌʀʎ ʀʋ ʈɸʅ, ʛ. ʄʦʩʢʚʘ 

ʇʦʩʧʝʣʦʚ ɼ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʌʀʎ ʀʋ ʈɸʅ, ʛ. ʄʦʩʢʚʘ 

ʈʦʡʟʝʥʟʦʥ ɻ.ɺ., ʢ.ʪ.ʥ., ʌʀʎ ʀʋ ʈɸʅ, ʛ. ʄʦʩʢʚʘ  

ʈʳʙʠʥʘ ɻ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʅʀʗʋ ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ 

ʉʪʝʬʘʥʶʢ ɺ.ʃ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʀʇʇʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ 

ʊʘʨʘʩʦʚ ɺ.ɹ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʄɻʊʋ, ʛ. ʄʦʩʢʚʘ 

ʉʫʣʝʡʤʘʥʦʚ ɼ.ʐ., ʘʢʘʜʝʤʠʢ ɸʅ ʈʊ, ʀʇʉ ɸʅ ʈʊ, ʛ. ʂʘʟʘʥʴ 

ʊʝʣʴʥʦʚ ʖ.ʌ., ʜ.ʵ.ʥ., ʧʨʦʬ., ʄʕʉʀ, ʛ. ʄʦʩʢʚʘ 

ʊʠʭʦʤʠʨʦʚ ʀ.ɸ., ʢ.ʪ.ʥ., ʌʀʎ ʀʋ ʈɸʅ, ʛ. ʄʦʩʢʚʘ 

ʌʝʜʫʥʦʚ ɹ.ɽ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʈʦʩʅʀʀ ɸʉ, ʛ. ʄʦʩʢʚʘ 

ʌʠʥʥ ɺ.ʂ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʌʀʎ ʀʋ ʈɸʅ, ʛ. ʄʦʩʢʚʘ 

ʌʦʤʠʥʳʭ ʀ.ɹ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʅʀʋ ʄʕʀ, ʛ. ʄʦʩʢʚʘ  

ʍʦʨʦʰʝʚʩʢʠʡ ɺ.ʌ., ʜ.ʪ.ʥ., ʌʀʎ ʀʋ ʈɸʅ, ʛ. ʄʦʩʢʚʘ 

 

ʆʈɻʂʆʄʀʊɽʊ ʂʀʀ-2016 

ʆʢʫʥʝʚʘ ʆ.ɺ., ʟʘʤʝʩʪʠʪʝʣʴ ɻʫʙʝʨʥʘʪʦʨʘ ʉʤʦʣʝʥʩʢʦʡ ʦʙʣʘʩʪʠ (ʧʨʝʜʩʝʜʘʪʝʣʴ) 

ɼʣʠ ʄ.ʀ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʬʠʣʠʘʣ ʅʀʋ ʄʕʀ ʚ ʛ. ʉʤʦʣʝʥʩʢʝ (ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ) 

ɸʥʘʥʴʝʚʘ ʄ.ʀ., ʌʀʎ ʀʋ ʈɸʅ, ʄʦʩʢʚʘ 

ɹʦʨʠʩʦʚ ɺ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʬʠʣʠʘʣ ʅʀʋ ʄʕʀ ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

ʂʘʨʧʦʚ ɺ.ʕ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʛ. ʄʦʩʢʚʘ  

ʇʦʧʦʚ ɸ.ʀ., ʢ.ʪ.ʥ., ʅʘʫʯʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ ʩʦʶʟ, ʛ. ʉʤʦʣʝʥʩʢ 

ʊʠʭʦʤʠʨʦʚ ʀ.ɸ., ʢ.ʪ.ʥ. ʌʀʎ ʀʋ ʈɸʅ, ʛ. ʄʦʩʢʚʘ  
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ʆʅʊʆʃʆɻʀʏɽʉʂʆɻʆ ʇʆɼʍʆɼɸ
1
 

ɸ.ʅ. ɸʬʘʥʘʩʴʝʚ (a.afanasev@ulstu.ru)  

ɼ.ʉ. ʂʘʥʝʚ (dima.kanev@gmail.com)  

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʘʜʘʧʪʠʚʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʦʙʫʯʘʶʱʠʭ ʩʠʩʪʝʤ. ʇʨʝʜʣʦʞʝʥʳ 

ʘʜʘʧʪʠʚʥʘʷ ʦʙʫʯʘʶʱʘʷ ʩʠʩʪʝʤʘ ʦʙʫʯʝʥʠʷ ʩ ʘʚʪʦʨʩʢʠʤ ʤʝʪʦʜʦʤ 

ʩʠʥʪʝʟʘ ʪʨʘʝʢʪʦʨʠʠ ʦʙʫʯʝʥʠʷ ʠ ʨʷʜ ʦʩʥʦʚʥʳʭ ʤʦʜʝʣʝʡ (ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ, ʧʨʦʬʠʣʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, ʪʝʩʪʠʨʦʚʘʥʠʷ) ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ. ʈʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʦʙʫ-

ʯʘʶʱʝʡ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʦʙʫʯʘʶʱʘʷ ʩʠʩʪʝʤʘ, ʤʦʜʝʣʴ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʤʦʜʝʣʴ ʦʙʫʯʘʝʤʦʛʦ, ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ 

                                                           
1
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-07-08268_a). 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶ-

ʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ ï ʨʝʘʣʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ 

ʦʙʫʯʝʥʠʷ ʩ ʫʯʸʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɸʜʘʧ-

ʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʟʘ ʩʯʸʪ ʫʜʝʨʞʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʦʧʪʠʤʘʣʴʥʦʡ ʟʦʥʝ 

ʦʙʫʯʝʥʠʷ, ʠʟʤʝʥʷʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʜʲʷʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʟʘʜʘ-

ʥʠʡ, ʩʦʜʝʨʞʘʥʠʝ, ʪʝʤʧ ʦʙʫʯʝʥʠʷ ʠ ʥʘʛʨʫʟʢʫ. 

ɺ ʩʦʩʪʘʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʚʭʦʜʷʪ ʤʦ-

ʜʝʣʴ ʧʨʦʬʠʣʷ ʦʙʫʯʘʝʤʦʛʦ ʠ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʦʙʫʯʝʥʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʧʨʦʬʠʣʷ ʦʙʫʯʘʝʤʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʨʠʪʴ ʪʝʢʫʱʠʡ ʫʨʦʚʝʥʴ ʟʥʘʥʠʷ. ʇʨʠ ʦʙʫʯʝʥʠʠ ʧʘʢʝʪʘʤ ʉɸʇʈ ʢʨʦʤʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙʫʯʘʶʱʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʦʩʚʦʝʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʩ ʉɸʇʈ, ʪ.ʝ. ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʦʧʝʨʘ-

ʮʠʡ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʪʝʢʫʱʠʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʘʜʘʧʪʠʚʥʳʭ 

ʩʠʩʪʝʤ ʦʙʫʯʝʥʠʷ  ʟʘʜʘʯʠ ʠʥʪʝʛʨʘʮʠʠ ʦʙʫʯʘʶʱʠʭ ʩʠʩʪʝʤ ʩ ʉɸʇʈ ʚ ʧʦʣʥʦʤ 

ʦʙʲʸʤʝ ʥʝ ʨʝʰʝʥʳ. 

1. ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ  

ʦʙʫʯʝʥʠʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʦʙʫʯʘʶʱʠʭ ʩʠʩʪʝʤʘʭ 

ʈʘʩʩʤʦʪʨʝʥ ʨʷʜ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ 

ʦʙʫʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ [ʐʘʙʘʣʠʥʘ, 2013] ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʦʙʫʯʝʥʠʷ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʢʦʥʮʝʧʪʳ, ʛʦʪʦʚʳʝ ʢ ʠʟʫʯʝʥʠʶ ʥʘ ʦʩʥʦʚʝ ʟʥʘʥʠʡ ʦʙʫʯʘʝʤʦʛʦ, ʠ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢʦʥʮʝʧʪ, ʠʤʝʶʱʠʡ ʣʫʯʰʝʝ ʟʥʘʯʝʥʠʝ ʛʦʪʦʚʥʦʩʪʠ. ɺ IDEA 

[ʂʫʜʨʷʚʮʝʚ ʠ ʜʨ., 2009] ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʦʧʝʨʠʨʫʶʱʝʡ ʩʣʝʜʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʝʡ: ʪʝʢʫʱʘʷ 

ʩʪʨʘʪʝʛʠʷ (ʟʘʜʘʯʘ ʦʙʫʯʝʥʠʷ), ʠʩʪʦʨʠʠ ʦʙʫʯʝʥʠʷ, ʪʠʧ ʫʯʝʥʠʢʘ, ʣʦʢʘʣʴʥʳʝ 

ʩʦʙʳʪʠʷ, ʜʝʨʝʚʦ ʫʯʝʙʥʳʭ ʮʝʣʝʡ. ɺ ʩʠʩʪʝʤʳ WAPE [ʂʘʩʴʷʥʦʚʘ, 2006] ʩʪʫ-

ʜʝʥʪʳ ʩʚʦʙʦʜʥʳ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʚʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʮʝʣʝʡ ʦʙʫʯʝʥʠʷ ʠ ʩʚʦ-

ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʙʫʯʝʥʠʷ. ɺ [ɼʦʨʨʝʨ, 2007] ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʦʪʚʝʪʦʚ ʦʙʫʯʘʝʤʦʛʦ ʚʦʟʤʦʞʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ 

ʦʙʫʯʝʥʠʷ: ʧʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʤʫ ʤʦʜʫʣʶ ʩ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʩʣʦʞʥʦ-

ʩʪʠ, ʠʟʫʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʟʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʥʠ-

ʞʝʥʥʳʤ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ [Khribi at el., 2009] ʦʧʠʩʳʚʘʝʪʩʷ ʩʠ-

ʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʦʙʫʯʘʶʱʠʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʷʚʣʝʥʥʳʭ ʠʥʪʝʨʝʩʦʚ ʯʝʨʝʟ ʘʥʘʣʠʟ ʧʦʩʝʱʸʥʥʳʭ ʚʝʙ-ʩʪʨʘʥʠʮ, ʠʩʧʦʣʴʟʫʷ 

ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʦʜʝʨʞʠʤʦʛʦ ʠ ʢʦʣʣʘʙʦʨʘʪʠʚʥʫʶ. ɺ ʨʘʙʦʪʝ 
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[Esichaikul at el., 2011] ʘʜʘʧʪʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʪʝʩʪʘ, ʩʠʩʪʝʤʘ ʚʳʯʠʩ-

ʣʷʝʪ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʠ ʦʙʥʦʚʣʷʝʪ ʤʦʜʝʣʴ ʦʙʫʯʘʝʤʦʛʦ. ɽʩʣʠ ʩʪʫʜʝʥʪ ʥʝ 

ʥʘʙʨʘʣ ʜʦʩʪʘʪʦʯʥʦʛʦ ʙʘʣʣʘ ʧʦʩʣʝ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʩʠʩʪʝʤʘ ʧʨʝʜʣʘʛʘʝʪ ʩʩʳʣ-

ʢʠ ʥʘ ʨʘʟʜʝʣʳ ʪʝʢʫʱʝʡ ʛʣʘʚʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ. ɺ [Eltigani at 

el., 2011] ʤʦʜʝʣʴ ʘʜʘʧʪʘʮʠʠ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʫʢʮʠʡ ʠ ʨʘʟʜʝʣʝʥʘ ʥʘ 

ʜʚʘ ʩʣʦʷ: ʚʳʙʦʨ ʧʦʥʷʪʠʡ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʠ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ɺ ʩʠʩʪʝʤʝ AEHS-

TLS [Mahnane at el., 2013] ʩʮʝʥʘʨʠʡ ʦʙʫʯʝʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʪʠʣʷ 

ʤʳʰʣʝʥʠʷ, ʩʪʠʣʷ ʦʙʫʯʝʥʠʷ ʠ ʫʨʦʚʥʷ ʟʥʘʥʠʡ. ɺ QuizGuide [Sosnovsky at 

el., 2015] ʧʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝʥʠʷ ʥʘʧʨʘʚʣʷʝʪ ʩʪʫʜʝʥ-

ʪʦʚ ʚ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʪʝʤʳ, ʢʦʪʦʨʳʝ ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʮʝʣʠ 

ʦʙʫʯʝʥʠʷ ʠ ʫʨʦʚʥʷ ʟʥʘʥʠʡ. ɺ ʩʠʩʪʝʤʝ GRAPPLE [Ploum at el., 2009], [De 

Bra at el., 2010] ʤʦʜʝʣʴ ʘʜʘʧʪʘʮʠʠ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʫʢʮʠʡ. ɺ 

PCMAT [Couto P. et el., 2013] ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝʥʠʷ 

ʧʦʩʪʨʦʝʥʘ ʥʘ ʧʨʘʚʠʣʘʭ ʘʜʘʧʪʘʮʠʠ. ʇʨʘʚʠʣʘ ʦʩʥʦʚʘʥʳ ʥʘ ʧʦʚʝʜʝʥʠʠ ʩʪʫ-

ʜʝʥʪʘ, ʥʘ ʟʥʘʥʠʷʭ, ʠ ʥʘ ʩʪʠʣʝ ʦʙʫʯʝʥʠʷ.  

ɺ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝ-

ʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʣʠ ʥʘ ʦʩʥʦʚʝ ʚʳʙʦʨʘ ʧʦʜʭʦʜʷʱʝʛʦ, ʫʞʝ ʟʘʣʦʞʝʥʥʦʛʦ 

ʩʮʝʥʘʨʠʷ ʦʙʫʯʝʥʠʷ, ʠʣʠ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʮʝʥʘʨʠʷ ʦʙʫʯʝ-

ʥʠʷ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʪʨʫʜʦʸʤʢʦʡ ʨʫʯʥʦʡ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʧʨʘʚʠʣ 

ʘʜʘʧʪʘʮʠʠ. 

ʆʙʱʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʶʪʩʷ: ʦʪʩʫʪʩʪʚʠʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʝʥʠʷ ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʢʣʶʯʘʪʴ ʛʠʙʨʠʜʥʳʝ ʟʥʘʥʠʷ ʠ ʝʜʠʥʠʮʳ ʦʧʳʪʘ ʧʨʝʜʧʨʠʷʪʠʷ 

ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ; ʙʦʣʴʰʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʥʘʧʦʣʥʝʥʠʷ ʫʯʝʙʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʦʙʫ-

ʯʘʶʱʠʝ ʩʠʩʪʝʤʳ ʥʝ ʫʯʠʪʳʚʘʶʪ ʩʧʝʮʠʬʠʢʫ ʦʙʫʯʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ, ʚ ʥʠʭ ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʪʝʛʨʘʮʠʷ ʩ ʧʨʦʬʠʣʝʤ ʢʦʤʧʝʪʝʥʮʠʡ ʧʨʦʝʢʪʠ-

ʨʦʚʱʠʢʘ ʠ ʦʮʝʥʢʘ ʝʛʦ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʚʷʟʴ ʩ ʙʘʟʦʡ ʧʨʦ-

ʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʨʝʜʧʨʠʷʪʠʷ. 

2. ʄʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ  

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʄʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʩʪʨʦʝʥʘ (ʇʨʆ) ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʠ ʠ ʩʦ-

ʜʝʨʞʠʪ ʪʨʠ ʫʨʦʚʥʷ: ʫʨʦʚʝʥʴ ʩʭʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ.  

ʋʨʦʚʝʥʴ ʩʭʝʤʳ ʦʧʠʩʳʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʪ-

ʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʟʥʘʥʠʡ. ʅʘ ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʦʧʨʝʜʝʣʝʥʦ ʦʪʥʦ-

ʰʝʥʠʝ ʧʦʨʷʜʢʘ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʧʦʨʷʜʦʢ ʠʟʫʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. 

ʋʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ï ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʋʄ) ʠ 

ʩʧʨʘʚʦʯʥʠʢʦʚ ʚ ʚʠʜʝ ʛʠʧʝʨʪʝʢʩʪʘ. ʉʧʨʘʚʦʯʥʠʢʠ ʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʩʳʣʢʘʤʠ ʜʣʷ ʥʝʦʙʷʟʘʪʝʣʴʥʦʛʦ ʦʟʥʘʢʦʤʣʝʥʠʷ.  
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ʇʨʘʢʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ï ʵʪʦ ʫʨʦʚʝʥʴ ʜʣʷ ʧʨʦʚʝʨʢʠ ʫʤʝʥʠʡ ʧʨʦʝʢʪʠ-

ʨʦʚʱʠʢʘ, ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʧʦʣʥʷʪʴ ʧʨʦʝʢʪʥʳʝ ʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʦʙʨʝ-

ʪʝʥʥʳʭ ʟʥʘʥʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʥʦʡ ʧʨʘʢ-

ʪʠʢʠ, ʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥ ʤʥʦʞʝʩʪʚʦʤ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ.  

ɺ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʳ: ʘʪʦʤʳ ʟʥʘʥʠʡ, 

ʧʦʥʷʪʠʷ ï ʘʪʦʤʳ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ ʧʨʠʥʮʠʧʫ; ʫʯʝʙʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ï ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʫʯʝʥʠʷ; ʮʝʣʠ ʦʙʫʯʝʥʠʷ ï ʛʨʫʧʧʘ ʘʪʦʤʦʚ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ; ʢʦʤʧʝʪʝʥʮʠʠ ï ʛʨʫʧʧʘ ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ 

ʚʭʦʜʷʪ ʚ ʜʘʥʥʫʶ ʢʦʤʧʝʪʝʥʮʠʶ. ʄʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠʤʝʝʪ ʚʠʜ: 

O = (PSL, T, R, F, Ax), 

ʛʜʝ PSL ï ʤʥʦʞʝʩʪʚʦ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, 

T ï ʪʝʨʤʠʥʳ ʧʨʠʢʣʘʜʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʫʶ ʦʧʠʩʳʚʘʝʪ ʦʥʪʦʣʦʛʠʷ, 

R ï ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʦʥʪʦʣʦʛʠʠ: 

R = {Rlearn, Rpart, Rnext} , 

ʛʜʝ Rlearn ï ʙʠʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ çʠʟʫʯʘʝʪʩʷ_ʚè, ʠʤʝʶʱʝʝ ʩʝʤʘʥʪʠʢʫ 

çconnected_toè ʠ ʩʚʷʟʳʚʘʶʱʝʝ ʦʙʲʝʢʪʳ ʢʣʘʩʩʦʚ ʦʥʪʦʣʦʛʠʠ (çɸʪʦʤè, çʇʦ-

ʥʷʪʠʝè) ʩ ʦʙʲʝʢʪʘʤʠ ʢʣʘʩʩʘ çʋʯʝʙʥʳʡʄʘʪʝʨʠʘʣè, 

Rpart ï ʙʠʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ çʩʦʩʪʦʠʪ_ʚè, ʠʤʝʶʱʝʝ ʩʝʤʘʥʪʠʢʫ çpart_ofè 

ʠ ʩʚʷʟʳʚʘʶʱʝʝ ʦʙʲʝʢʪʳ ʢʣʘʩʩʦʚ ʦʥʪʦʣʦʛʠʠ (çɸʪʦʤè, çʇʦʥʷʪʠʝè) ʩ ʦʙʲʝʢ-

ʪʘʤʠ ʢʣʘʩʩʦʚ çʇʦʥʷʪʠʝè, çʎʝʣʴʆʙʫʯʝʥʠʷè, 

Rnext ï ʙʠʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ çʠʟʫʯʘʝʪʩʷ_ʧʦʩʣʝè, ʠʤʝʶʱʝʝ ʩʝʤʘʥʪʠʢʫ 

çafter_ofè ʠ ʩʚʷʟʳʚʘʶʱʝʝ ʦʙʲʝʢʪʳ ʢʣʘʩʩʦʚ ʦʥʪʦʣʦʛʠʠ (çɸʪʦʤè, çʇʦʥʷ-

ʪʠʝè) ʩ ʦʙʲʝʢʪʘʤʠ ʢʣʘʩʩʘ çʇʦʥʷʪʠʝè ʠ çɸʪʦʤè, 

Ax ï ʤʥʦʞʝʩʪʚʦ ʘʢʩʠʦʤ. 

ʄʥʦʞʝʩʪʚʦ ʠʥʪʝʨʧʨʝʪʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ: 

F = {Fatom_op, Fpsl_a, Fedu, Fdefine, Fsimilar, T} ,  

ʛʜʝ Fatom_op: A Ÿ Operation*  ï ʬʫʥʢʮʠʷ ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʢʣʘʩʩʘ 

çɸʪʦʤè ʥʘ ʤʥʦʞʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ, 

Fpsl_a: PSL Ÿ A*  ï ʬʫʥʢʮʠʷ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ 

ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ʢʣʘʩʩʘ çɸʪʦʤè, 

Fedu: A* Ÿ D*  ï ʬʫʥʢʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʘʪʦʤʦʚ ʟʥʘʥʠʡ, 

Fdefine: P Ÿ D*  ï ʬʫʥʢʮʠʷ ʧʦʠʩʢʘ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʦʧʨʝʜʝʣʸʥʥʦʝ ʧʦʥʷʪʠʝ, 

Fsimilar: D Ÿ D* ï ʬʫʥʢʮʠʷ ʧʦʠʩʢʘ ʥʘʠʙʦʣʝʝ ʧʦʭʦʞʠʭ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

T: D Ÿ N ï ʜʠʜʘʢʪʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 1), ʛʜʝ çʇʣʦʩ-

ʢʦʩʪʴè ï ʘʪʦʤ, çʕʩʢʠʟ (21)è ï ʧʦʥʷʪʠʝ, çʋʨʦʢ ˉ13. ɺʨʘʱʝʥʠʝè ï ʫʯʝʙʥʳʡ 

ʤʘʪʝʨʠʘʣ, çʀʩʪʦʨʠʷ ʵʩʢʠʟʘè ï ʩʧʨʘʚʦʯʥʳʡ ʤʘʪʝʨʠʘʣ. 
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ʈʠʩ. 1. ʇʨʠʤʝʨ ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 
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ʆʧʝʨʘʮʠ̫ 

çɺr ʜʘʚʣʠʚʘʥʠʝè(8)

ʆʧʝʨʘʮʠ̫ 

çɺʨʘɦ ʝʥʠʝè (7)

ʆʧʝʨʘʮʠʠ (15)

ɺr ʙʦʨ ʧʣʦʩʢʘʩʪʠ ʜʣ̫ ɻʩʢʠʟʘ

ʈʝʞʠʤ ɻʩʢʠʟʘ

ʕʩʢʠʟ (21)

ʆʙɦ ʠʝ ʩʚʝʜʝʥʠ̫

ʉʦʟʜʘʥʠʝ ɻʩʢʠʟʘ

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʦʙ̡ʝʢʪr (17)

ɼʫʛʘ (5)

ʆʢʨʫʞʥʦʩʪɹ (7)

ʆʪʨʝʟʦʢ (5)

ʊʝʣʘ (37)

ʆʧʨʝʜʝʣʝʥʠʝ

ʇʣʦʩʢʦʩʪɹʇʣʦʩʢʦʩʪɹ XY

ʕʩʢʠʟ

ʕʩʢʠʟ ʩ ʦʢʨʫʞʥʦʩʪɹʶ

ʐʘʡʙʘ

 
 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʠʥʪʝʛʨʘʮʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʜʝʪʘʣʴʶ çʐʘʡʙʘè 

3. ʄʦʜʝʣʴ ʧʨʦʬʠʣʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ 

ɼʣʷ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʚʳʙʨʘʥʘ ʦʚʝʨʣʝʡʥʘʷ ʤʦʜʝʣʴ, ʢʦ-

ʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʥʠʷ ʢʘʢ ʥʘʣʦʞʝʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʂʘʞʜʦʤʫ ʘʪʦʤʫ ʟʥʘʥʠʷ ʩʦʧʦʩʪʘʚʣʝʥʘ ʩʪʝʧʝʥʴ ʚʣʘʜʝ-

ʥʠʷ ʟʥʘʥʠʷʤʠ ʦʙʫʯʘʝʤʳʤ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʘʪʦʤʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʨʦʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʜʘʥʥʦʛʦ ʘʪʦʤʘ, ʪʘʢʞʝ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʩʦʧʦʩʪʘʚʣʝʥʘ ʩʪʝʧʝʥʴ 

ʚʣʘʜʝʥʠʷ ʥʘʚʳʢʘʤʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘʚʳʢʘ. ʉʪʝʧʝ-

ʥʠ ʚʣʘʜʝʥʠʷ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʠʟʤʝʥʷʶʪʩʷ ʧʦʩʣʝ ʢʦʥʪʨʦʣʷ. 

ʄʦʜʝʣʴ ʧʨʦʬʠʣʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʠʤʝʝʪ ʚʠʜ: 

U = (UA, P, C, P_AB, C_AB, ACT_G, ACT_C), 

ʛʜʝ UA ï ʧʦʜʤʥʦʞʝʩʪʚʦ ʘʪʦʤʦʚ ʟʥʘʥʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ; P = 

A Ÿ [0 .. 1] ï ʩʪʝʧʝʥʴ ʚʣʘʜʝʥʠʷ ʟʥʘʥʠʷʤʠ ʘʪʦʤʘ A; C = A Ÿ N ï ʢʦʣʠʯʝ-

ʩʪʚʦ ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʟʥʘʥʠʡ ʘʪʦʤʘ A; P_AB = A Ÿ [0 .. 1] ï ʩʪʝ-

ʧʝʥʴ ʚʣʘʜʝʥʠʷ ʥʘʚʳʢʘʤʠ ʘʪʦʤʘ A; C_AB = A Ÿ N ï ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʨʦʣʴ-

ʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘʚʳʢʘ ʘʪʦʤʘ A; ACT_G = A Ÿ N ï ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʝʡʩʪʚʠʡ ʧʨʠ ʵʪʘʣʦʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʚʳʢʘ ʘʪʦʤʘ A; ACT_C = A Ÿ N 

ï ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʡʩʪʚʠʡ ʧʨʠ ʪʝʢʫʱʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʚʳʢʘ 

ʘʪʦʤʘ A. 
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4. ʄʦʜʝʣʴ ʧʨʦʝʢʪʥʦʛʦ ʟʘʜʘʥʠʷ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʪʝʧʝʥʠ ʚʣʘʜʝʥʠʷ ʥʘʚʳʢʦʚ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ. ʉʠʩʪʝʤʘ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʠ ʩʨʘʚʥʠʚʘʝʪ ʨʝʰʝʥʠʝ ʩ ʵʪʘʣʦʥʦʤ ʠ ʢʦʨʨʝʢʪʠʨʫʝʪ ʩʪʝʧʝʥʠ ʚʣʘ-

ʜʝʥʠʷ ʥʘʚʳʢʘʤʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʢʦʥʢʨʝʪʥʳʭ ʘʪʦ-

ʤʦʚ ʟʥʘʥʠʡ..  

ʄʦʜʝʣʴ ʧʨʦʝʢʪʥʦʛʦ ʟʘʜʘʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

PTZ = (pq, std_start, std_finish), 

ʛʜʝ pq ï ʦʧʠʩʘʥʠʝ ʟʘʜʘʥʠʷ; std_start ï ʥʘʯʘʣʴʥʦʝ ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ; 

std_finish ï ʵʪʘʣʦʥʥʦʝ ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ. 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʧʨʦʬʠʣʴ ʧʨʦʝʢʪʠ-

ʨʦʚʱʠʢʘ. ʄʥʦʞʝʩʪʚʦ ʘʪʦʤʦʚ ʟʥʘʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʜʠʣʠʩʴ ʥʘʚʳʢʠ 

ʦʙʫʯʘʝʤʦʛʦ, ʠʟʤʝʥʷʶʪ ʩʪʝʧʝʥʠ ʚʣʘʜʝʥʠʷ ʥʘʚʳʢʘʤʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥ-

ʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʬʦʨʤʫʣʝ: 

C_ABʧʦʩʣʝ= C_ABʜʦ + 1, 

1_

1_*_
_

+

+
=

ʜʦ

ʜʦʜʦ
ʧʦʩʣʝ

ABʉ

ABʉABP
ABP , 

ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʧʦʜʪʚʝʨʜʠʣʠʩʴ ʥʘʚʳʢʠ ʦʙʫʯʘʝʤʦʛʦ: 

C_ABʧʦʩʣʝ= C_ABʜʦ + 1, 

1_

1_*_
_

+

-
=

ʜʦ

ʜʦʜʦ
ʧʦʩʣʝ

ABʉ

ABʉABP
ABP . 

5. ʄʦʜʝʣʴ ʩʮʝʥʘʨʠʷ 

ʉʮʝʥʘʨʠʡ ʩʦʩʪʦʠʪ ʠʟ ʵʪʘʧʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʥʦʞʝʩʪʚʦ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ, ʪʝʩʪʦʚʳʭ ʠ ʧʨʦʝʢʪʥʳʭ ʫʧʨʘʞʥʝʥʠʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʮʝʥʘʨʠʷ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦ ʘʪʦʤʦʚ ʟʥʘʥʠʡ, ʢʦʪʦʨʦʝ ʦʙʷʟʘʥ ʫʩʚʦʠʪʴ ʦʙʫʯʘʝʤʳʡ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢ. 

6. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ 

ɸʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʮʝʥʘʨʠʷ ʧʦʜʨʦʙʥʦ ʩ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʤʠ ʠʟʣʦʞʝʥʠʷʤʠ ʧʨʠʚʝʜʸʥ ʚ [ɸʬʘʥʘʩʴʝʚ ʠ ʜʨ., 2014]. ʅʠʞʝ 

ʫʢʘʟʘʥʦ ʩʦʜʝʨʞʘʪʝʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʣʝʜʫ-

ʶʱʠʭ ʰʘʛʦʚ. 

1. ɺʳʙʦʨ ʮʝʣʠ ʦʙʫʯʝʥʠʷ ʠʟ ʤʦʜʝʣʠ ʇʨʆ. 

2. ɿʘʛʨʫʟʢʘ ʙʘʟʦʚʦʛʦ ʩʮʝʥʘʨʠʷ ʦʙʫʯʝʥʠʷ.  

3. ʇʨʦʝʢʪʠʨʦʚʱʠʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʫʯʘʝʪ ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʨʘʤ-

ʢʘʭ ʵʪʘʧʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʘʢʪʠʚʳ ʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʨʠ ʚʳʚʦʜʝ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʬʦʨʤʠʨʫʶʪʩʷ 
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ʩʩʳʣʢʠ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ:  ʩʧʨʘʚʦʯʥʠʢʠ ï ʠʟ ʇʨʆ ʚʳʙʠʨʘʶʪ-

ʩʷ ʩʧʨʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʘʪʦʤʘʤʠ ʟʥʘʥʠʡ ʚʳʙʨʘʥʥʦʛʦ 

ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; ʦʧʨʝʜʝʣʝʥʠʷ ï ʚʳʙʠʨʘʶʪʩʷ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦ-

ʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʪʦʣʴʢʦ ʦʜʠʥ ʘʪʦʤ ʟʥʘʥʠʡ; ʧʦʭʦʞʠʝ ʤʘʪʝʨʠʘʣʳ ï ʚʳʙʠ-

ʨʘʶʪʩʷ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙ-

ʱʠʭ ʘʪʦʤʦʚ ʟʥʘʥʠʡ (ʙʦʣʴʰʝ ʧʦʨʦʛʘ t). 

4. ɺʳʧʦʣʥʝʥʠʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʢʦʨʨʝʢʪʠʨʫʶʪ ʫʨʦʚʝʥʴ ʟʥʘ-

ʥʠʡ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ ʦʙʫʯʘʝʤʳʡ ʬʦʨʤʠ-

ʨʫʝʪ ʧʦʜʤʥʦʞʝʩʪʚʦ ʦʪʚʝʪʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʪʚʝʪʘʤʠ ʠʟʤʝʥʷʶʪʩʷ ʩʪʝ-

ʧʝʥʠ ʚʣʘʜʝʥʠʷ ʟʥʘʥʠʷʤʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʧʨʦʬʠʣʝ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ. ʇʨʘʚʠʣʴʥʳʝ ʦʪʚʝʪʳ ʫʚʝʣʠʯʠʚʘʶʪ ʩʪʝʧʝʥʴ ʚʣʘʜʝʥʠʷ ʟʥʘ-

ʥʠʷʤʠ, ʥʝʧʨʘʚʠʣʴʥʳʝ ï ʫʤʝʥʴʰʘʶʪ. 

5. ʇʨʦʚʝʨʢʘ ʥʘʚʳʢʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣ-

ʥʝʥʠʷ ʢʘʞʜʦʛʦ ʟʘʜʘʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʚʝ-

ʨʷʝʪʩʷ ʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ c ʵʪʘʣʦʥʦʤ. ɽʩʣʠ ʨʝʰʝʥʠʝ ʧʨʘʚʠʣʴʥʦʝ, ʪʦ ʩʪʝʧʝʥʠ 

ʚʣʘʜʝʥʠʷ ʫʤʝʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʪʦʤʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʚ ʧʨʦʪʠʚ-

ʥʦʤ ï ʫʤʝʥʴʰʘʶʪʩʷ. 

6. ʆʮʝʥʢʘ ʫʨʦʚʥʷ ʟʥʘʥʠʡ, ʥʘʚʳʢʦʚ. ɽʩʣʠ ʦʥʠ ʩʯʠʪʘʶʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠ-

ʪʝʣʴʥʳʤʠ, ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʧʝʨʝʭʦʜʠʪ ʥʘ ʩʣʝʜʫʶʱʠʡ ʵʪʘʧ ʩʮʝʥʘʨʠʷ (ʥʘ 

ʰʘʛ 2). ʇʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʟʘʚʝʨʰʸʥʥʳʤ. ɺ 

ʩʣʫʯʘʝ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʟʥʘʥʠʡ, ʥʘʚʳʢʦʚ ʥʘ ʰʘʛʝ 7 ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʮʝʥʘʨʠʡ ʦʙʫʯʝʥʠʷ. 

7. ɺʳʙʦʨ ʘʪʦʤʦʚ ʟʥʘʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. ʉʥʘ-

ʯʘʣʘ ʚʳʙʠʨʘʶʪʩʷ ʘʪʦʤʳ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʣʠʩʴ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ, ʠʟ ʥʠʭ 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʚʠʪʴ ʪʦʣʴʢʦ ʪʝ ʘʪʦʤʳ ʟʥʘʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʫʯʘʝʤʳʡ ʧʨʦʝʢ-

ʪʠʨʦʚʱʠʢ ʥʝ ʟʥʘʝʪ ʠ ʩʪʝʧʝʥʴ ʚʣʘʜʝʥʠʷ ʢʦʪʦʨʳʭ ʥʠʞʝ ʧʦʨʦʛʘ thr. 

8. ʇʦʜʙʦʨ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʟ ʤʦʜʝʣʠ ʇʨʆ ʚʳʙʠʨʘʶʪʩʷ ʫʯʝʙʥʳʝ 
ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʧʦʢʨʳʚʘʶʪ ʚʳʙʨʘʥʥʳʝ ʘʪʦʤʳ. ɺ ʮʝʣʷʭ ʩʦʢʨʘʱʝʥʠʷ 

ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ ʚʳʙʠʨʘʶʪʩʷ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʘʠʤʝʥʴʰʝʝ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʚʨʝʤʷ ʠʟʫʯʝʥʠʷ. ʄʠʥʠʤʠʟʠʨʫʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʦʚ ʩ 

ʫʞʝ ʧʨʦʡʜʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʇʨʆ ʫʧʦʨʷʜʦʯʠʚʘʝʪʩʷ 

ʜʘʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

9. ʌʦʨʤʠʨʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ʪʝʩʪʦʚʳʭ ʠ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘ-

ʥʠʡ, ʧʦʢʨʳʚʘʶʱʠʭ ʘʪʦʤʳ. 

10. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʮʝʥʘʨʠʷ ʦʙʫʯʝʥʠʷ 
ʧʨʦʚʦʜʠʪʩʷ ʢʦʥʪʨʦʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʝʩʣʠ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʦʙʫʯʘʝʤʦʛʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʞʠʜʘʝʤʳʤ, ʪʦ ʩʪʨʦʠʪʩʷ ʧʦʚʪʦʨʥʳʡ 

ʩʮʝʥʘʨʠʡ, ʦʪʣʠʯʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʫʯʝʙʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʧʦʜʙʠʨʘʝʪʩʷ ʩ ʥʘʠʤʝʥʴʰʠʤ ʧʦʚʪʦʨʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʳʜʫ-

ʱʝʛʦ ʩʮʝʥʘʨʠʷ. 
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7. ɸʨʭʠʪʝʢʪʫʨʘ  

 
ʈʠʩ. 3. ɸʨʭʠʪʝʢʪʫʨʘ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3, ʟʘ ʦʩʥʦʚʫ 

ʚʳʙʨʘʥʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. ʈʝʘʣʠʟʘʮʠʝʡ ʢʣʠʝʥʪʘ ʷʚʣʷʝʪʩʷ 

ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʩʠʩʪʝʤʦʡ ʦʙʫʯʝʥʠʷ. ʉʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʆʉ Windows 7. ɹʘʟʳ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ, ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʙʫʯʘʝʤʳʭ ʠʥʞʝʥʝʨʦʚ ʭʨʘʥʷʪʩʷ ʥʘ ʩʝʨʚʝʨʝ 

MySQL 5.1. ɻʝʥʝʨʘʪʦʨ ʪʨʘʝʢʪʦʨʠʠ ʦʙʫʯʝʥʠʷ, ʘʥʘʣʠʟ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, 

ʧʦʜʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʜʝʡʩʪʚʠʡ ʦʙʫʯʘʝʤʦʛʦ ʠʥʞʝʥʝʨʘ, ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʨʘʟ-

ʨʘʙʦʪʘʥʳ ʥʘ PHP 5.3. ɸʥʘʣʠʟ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ï ʥʘ C# 2.0.  
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ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʘ ʘʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʦʙʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʥʦʚʳʝ ʦʥʪʦ-

ʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʠ-

ʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʮʝʥʘʨʠʷ ʦʙʫʯʝʥʠʷ. ʆʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʠ ʧʦʨʷʜʢʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʠʥʪʝʛʨʘʮʠʝʡ ʩ ʧʨʦʝʢʪʥʳʤʠ ʨʝ-

ʰʝʥʠʷʤʠ. ʄʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʮʝʥʘʨʠʷ ʦʙʫʯʝʥʠʷ 

ʦʪʣʠʯʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʜʝʣʝʡ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʙʫʯʝʥʠʷ (ʦʙʫʯʘʝʤʦʛʦ, ʪʝʩʪʘ, ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʘ, 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʜʘʥʠʷ, ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʩʮʝʥʘʨʠʷ) ʩ ʦʥʪʦʣʦ-

ʛʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠ-

ʥʘʤʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʦʙʫʯʝʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ. 
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ʋɼʂ 004.82 

ʉʀʉʊɽʄʅʓʁ ɺɿɻʃʗɼ 

ʅɸ ʇʆɼɻʆʊʆɺʂʋ ʀʅɾɽʅɽʈʆɺ ʇʆ ɿʅɸʅʀʗʄ  

ʀ ɹʀɿʅɽʉ ɸʅɸʃʀʊʀʂʆɺ
1
 

ʊ.ɸ. ɻʘʚʨʠʣʦʚʘ (gavrilova@gsom.pu.ru) 

ʀ.ɸ. ʃʝʱʝʚʘ (leshcheva@gsom.pu.ru) 

ɺʳʩʰʘʷ ʰʢʦʣʘ ʤʝʥʝʜʞʤʝʥʪʘ ʉʇʙɻʋ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ɸʥʘʣʠʪʠʢ (ʠʣʠ ʠʥʞʝʥʝʨ ʧʦ ʟʥʘʥʠʷʤ) ï ʢʣʶʯʝʚʘʷ ʬʠʛʫʨʘ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʦʙ-

ʱʝʥʠʝ ʦʧʳʪʘ ʘʚʪʦʨʦʚ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʘʥʘʣʠʪʠʢʦʚ ʚ ʨʘʤʢʘʭ ʢʦʨʧʦʨʘ-

ʪʠʚʥʳʭ ʪʨʝʥʠʥʛʦʚ. ɸʢʮʝʥʪ ʩʪʘʚʠʪʩʷ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝ-

ʪʝʥʮʠʠ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʆʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ ʦ ʚʣʠʷʥʠʠ ʢʦʛʥʠʪʠʚʥʦʛʦ ʩʪʠʣʷ ʵʢʩ-

ʧʝʨʪʘ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʦʥʪʦʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʞʝʥʝʨʠʷ ʟʥʘʥʠʡ, ʘʥʘʣʠʪʠʢ, ʢʦʛʥʠʪʠʚʥʳʡ 

ʩʪʠʣʴ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ɺʚʝʜʝʥʠʝ 

ɺ XXI ʚʝʢʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʬʝʩʩʠʡ ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʚʥʦʡ ʤʥʦ-

ʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʠ ʚ ʮʝ-

ʣʦʤ ʯʝʣʦʚʝʯʝʩʪʚʦ ʟʘʭʣʝʙʳʚʘʝʪʩʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʤʦʨʝ, ʠʩʧʳʪʳʚʘʷ 

ʩʪʨʝʩʩ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʣʠ ʙʳ ʩʪʘʪʴ 

ʧʦʤʦʱʥʠʢʦʤ, ʥʦ ʟʘʯʘʩʪʫʶ ʩʪʘʥʦʚʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʣʠʰ-

ʥʝʡ ʠ ʙʝʩʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʧʝʮʠʘʣʠʩʪʳ ʥʫʞʜʘʶʪʩʷ ʚ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʦʤ ʧʦʤʦʱʥʠʢʝ, ʢʦʪʦʨʳʡ ʙʳ ʩʤʦʛ ʦʪʬʠʣʴʪʨʦʚʘʪʴ, ʦʙʦʙʱʠʪʴ ʠ ʩʞʘʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ. ʀʥʞʝʥʝʨʠʷ ʟʥʘʥʠʡ ï ʧʝʨʚʘʷ ʥʘʫʢʘ ʦ ʩʧʦʩʦʙʘʭ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠ ʢʦʤʧʨʝʩʩʠʠ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʝʝ ʦʩʥʦʚʝ ʚʦʟʤʦʞʥʦ ʪʠ-

ʨʘʞʠʨʦʚʘʥʠʝ ʟʥʘʥʠʡ ʯʝʨʝʟ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʨʠʟʚʘʥʳ 

ʧʦʤʦʯʴ ʩʧʝʮʠʘʣʠʩʪʘʤ ʚ ʦʙʨʘʙʦʪʢʝ ʩʣʦʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠʥʷʪʠʠ ʨʝʰʝ-

ʥʠʡ, ʘʥʘʣʠʟʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ. ʅʦ ʠ ʧʦʤʠʤʦ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʘʜ ʠʥʞʝʥʝʨʠʠ ʟʥʘʥʠʡ ʚ ʚʦʧʨʦʩʳ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-07-00294). 
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ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦʤʦʛʘʝʪ ʩʜʝʣʘʪʴ ʟʥʘʥʠʷ çʚʠʜʠʤʳʤʠè, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʙʣʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ï ʦʪ 

ʤʝʥʝʜʞʤʝʥʪʘ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʥʝʦʙʭʦʜʠʤ ʠʥʞʝʥʝʨ ʧʦ ʟʥʘʥʠʷʤ (knowledge engineer) ʠʣʠ ɸʅɸʃʀʊʀʂ ï 

ʯʝʣʦʚʝʢ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʦʙʨʘʚʰʠʡ ʧʨʦʙʣʝʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʝʝ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ.  

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʀʥʩʪʠʪʫʪ ɹʠʟʥʝʩ-ɸʥʘʣʠʟʘ (IIBA, International Institute 

of Business Analysis) ʦʧʨʝʜʝʣʷʝʪ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʘ çʢʘʢ ʧʦʩʨʝʜʥʠʢʘ ʤʝʞʜʫ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʣʠʮʘʤʠ ʜʣʷ ʩʙʦʨʘ, ʘʥʘʣʠʟʘ, ʢʦʤʤʫʥʠʮʠʨʦʚʘʥʠʷ ʠ ʧʨʦ-

ʚʝʨʢʠ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʠʟʤʝʥʝʥʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʨʝʛʣʘʤʝʥʪʦʚ ʠ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɹʠʟʥʝʩ-ʘʥʘʣʠʪʠʢ ʧʦʥʠʤʘʝʪ ʧʨʦʙʣʝʤʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʙʠʟʥʝʩʘ ʚ ʢʦʥʪʝʢʩʪʝ ʪʨʝʙʦʚʘʥʠʡ ʠ ʨʝʢʦʤʝʥʜʫʝʪ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʠʯʴ ʩʚʦʠʭ ʮʝʣʝʡè. ɹʠʟʥʝʩ-ʘʥʘʣʠʪʠʢ ï ʩʧʝʮʠʘʣʠʩʪ, ʠʩ-

ʧʦʣʴʟʫʶʱʠʡ ʤʝʪʦʜʳ ʙʠʟʥʝʩ-ʘʥʘʣʠʟʘ, ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʪʨʝʙʥʦʩʪʝʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʡ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʙʣʝʤ ʙʠʟʥʝʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ 

ʠʭ ʨʝʰʝʥʠʷ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ ʚʳʩʦʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʪʨʝʙ-

ʥʦʩʪʴ ʚ ʘʥʘʣʠʪʠʢʘʭ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʩʧʨʦʩʫ ʥʘ ʧʨʦʛʨʘʤʤʠʩʪʦʚ. ʕʪʠʭ ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ ʥʘʟʳʚʘʶʪ ʧʦ-ʨʘʟʥʦʤʫ ï ʩʠʩʪʝʤʥʳʝ ʘʥʘʣʠʪʠʢʠ, ʧʦʩʪʘʥʦʚʱʠʢʠ 

ʟʘʜʘʯ, ʠʥʞʝʥʝʨʳ ʧʦ ʟʥʘʥʠʷʤ, ʠʥʞʝʥʝʨʳ-ʢʦʛʥʠʪʦʣʦʛʠ (ʧʦ-ʘʥʛʣʠʡʩʢʠ ï 

knowledge engineers). ɹʣʠʟʢʠʝ ʧʦʥʷʪʠʷ ʠ ʩʠʥʦʥʠʤʳ: CKO (chief knowledge 

officer) ï ʜʠʨʝʢʪʦʨ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʟʥʘʥʠʷʤʠ / ʤʝʥʝʜʞʝʨ ʟʥʘʥʠʡ / ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʳʡ ʘʥʘʣʠʪʠʢ ʠʣʠ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢ. 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʢʨʘʪʢʦ ʦʙʦʙʱʘʝʪʩʷ ʦʧʳʪ ʘʚʪʦʨʦʚ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʘʥʘ-

ʣʠʪʠʢʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ. 

1. ʇʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʧʦʨʪʨʝʪ ʘʥʘʣʠʪʠʢʘ 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ ʧʨʦʬʝʩʩʠʠ ʠ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʠ-

ʨʦʜʥʳʝ ʢʘʯʝʩʪʚʘ ʣʠʯʥʦʩʪʠ (ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʠ, ʪʝʤʧʝʨʘʤʝʥʪ) 

ʤʦʛʫʪ ʠʤʝʪʴ ʭʘʨʘʢʪʝʨ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʢʘʟʘʥʠʷ ʠʣʠ ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʠʷ ʢ 

ʟʘʥʷʪʠʷʤ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʠʥʞʝʥʝʨʠʷ ʟʥʘʥʠʡ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʪʘʢʠʤ ʧʨʦʬʝʩ-

ʩʠʷʤ. ʅʘ ʨʠʩ. 1 ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʯʝʨʪʳ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʨʪʨʝʪʘ ʠʥʞʝʥʝʨʘ ʧʦ ʟʥʘʥʠʷʤ.  

1.1. ʃʠʯʥʦʩʪʴ 

ʆʩʥʦʚʥʳʝ ʣʠʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ʆʪ-

ʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʧʨʦʢʦʤʤʝʥʪʠʨʦʚʘʪʴ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʯʝʨʪʳ. ʀʥʞʝʥʝʨ ʧʦ 

ʟʥʘʥʠʷʤ çʟʘʜʘʝʪ ʪʦʥè ʚ ʦʙʱʝʥʠʠ ʩ ʵʢʩʧʝʨʪʦʤ, ʦʥ ʚʝʜʝʪ ʜʠʘʣʦʛ, ʠ ʦʪ ʥʝʛʦ, ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʟʘʚʠʩʠʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʩʪʠʣʷ ʦʙ-

ʱʝʥʠʷ: ʜʝʣʦʚʦʡ ʠʣʠ ʞʝʩʪʢʠʡ, ʠ ʜʨʫʞʝʩʢʠʡ ʠʣʠ ʤʷʛʢʠʡ, ʜʝʣʠʢʘʪʥʳʡ. ɼʨʫ-

ʞʝʩʢʠʡ ʙʫʜʝʪ ʟʘʚʝʜʦʤʦ ʙʦʣʝʝ ʫʩʧʝʰʥʳʤ, ʪʘʢ ʢʘʢ ʩʥʠʞʘʝʪ çʵʬʬʝʢʪ ʬʘʩʘ-

http://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%B7%D0%BD%D0%B5%D1%81-%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81
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ʜʘè ʫ ʵʢʩʧʝʨʪʘ, ʨʘʩʢʨʝʧʦʱʘʝʪ ʝʛʦ. ɼʝʣʠʢʘʪʥʦʩʪʴ, ʚʥʠʤʘʪʝʣʴʥʦʩʪʴ, ʠʥʪʝʣ-

ʣʠʛʝʥʪʥʦʩʪʴ, ʥʝʥʘʚʷʟʯʠʚʦʩʪʴ, ʩʢʨʦʤʥʦʩʪʴ, ʫʤʝʥʠʝ ʩʣʫʰʘʪʴ ʠ ʟʘʜʘʚʘʪʴ ʚʦ-

ʧʨʦʩʳ, ʭʦʨʦʰʘʷ ʢʦʤʤʫʥʠʢʘʙʝʣʴʥʦʩʪʴ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʩʝʙʝ ï 

ʚʦʪ ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʩʪʠʣʴ ʦʙʱʝʥʠʷ. ʇʦʨʪʨʝʪ ʠʥʞʝʥʝʨʘ ʧʦ ʟʥʘʥʠʷʤ ʤʦʞʥʦ 

ʙʳʣʦ ʙʳ ʜʦʧʦʣʥʠʪʴ ʜʨʫʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ï ʰʠʨʦʪʦʡ ʚʟʛʣʷʜʦʚ ʠ ʠʥ-

ʪʝʨʝʩʦʚ, ʘʨʪʠʩʪʠʯʥʦʩʪʴʶ, ʯʫʚʩʪʚʦʤ ʶʤʦʨʘ, ʦʙʘʷʥʠʝʤ ʠ ʪ.ʜ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʛʝʥʜʝʨʥʳʭ ʨʘʟʣʠʯʠʡ, ʧʩʠʭʦʣʦʛʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʫʞʯʠ-

ʥʳ ʙʦʣʝʝ ʩʢʣʦʥʥʳ ʢ ʰʠʨʦʢʦʤʫ ʦʭʚʘʪʫ ʷʚʣʝʥʠʡ ʠ ʚ ʩʨʝʜʥʝʤ ʫ ʥʠʭ ʚʳʰʝ 

ʘʥʘʣʠʪʠʯʥʦʩʪʴ [Becker et al., 2007], ʯʨʝʟʚʳʯʘʡʥʦ ʧʦʣʝʟʥʘʷ ʠʥʞʝʥʝʨʫ ʧʦ 

ʟʥʘʥʠʷʤ, ʢʦʪʦʨʦʤʫ ʥʘʜʦ ʠʤʝʪʴ ʨʘʟʚʠʪʦʝ ʣʦʛʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʠ ʫʤʝʥʠʝ 

ʦʧʝʨʠʨʦʚʘʪʴ ʩʣʦʞʥʳʤʠ ʬʦʨʤʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫ ʞʝʥʱʠʥ ʚʳʰʝ ʥʘʙʣʶʜʘʪʝʣʴʥʦʩʪʴ ʢ ʦʪʜʝʣʴʥʳʤ ʜʝʪʘʣʷʤ 

ʦʙʲʝʢʪʦʚ. ʊʘʢ ʯʪʦ ʧʦʣ ʥʝ ʷʚʣʷʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʳʤ ʧʦʢʘʟʘʥʠʝʤ ʠʣʠ ʧʨʦʪʠ-

ʚʦʧʦʢʘʟʘʥʠʝʤ ʢ ʜʘʥʥʦʡ ʧʨʦʬʝʩʩʠʠ. 

 
 

ʈʠʩ. 1. ʀʥʪʝʣʣʝʢʪ-ʢʘʨʪʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʘʣʠʪʠʢʘ 

1.2. ʄʳʰʣʝʥʠʝ  

ʂʦʛʥʠʪʠʚʥʳʝ ʩʪʠʣʠ ï ʵʪʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦ ʤʠʨʝ ʚ ʚʠʜʝ ʨʘʟʣʠʯʠʡ ʚ ʚʦʩʧʨʠʷʪʠʠ, ʘʥʘʣʠʟʝ, ʩʪʨʫʢʪʫʨʠʨʦʚʘ-

ʥʠʠ, ʢʘʪʝʛʦʨʠʟʘʮʠʠ ʠ ʦʮʝʥʠʚʘʥʠʠ ʧʨʦʠʩʭʦʜʷʱʝʛʦ. ʂʦʛʥʠʪʠʚʥʳʡ ʩʪʠʣʴ ï 

ʵʪʦ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, 

ʫʩʪʦʡʯʠʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʫʙʲʝʢʪʘ, ʩʪʘʙʠʣʴʥʦ ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʧʨʠ ʨʝ-

ʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʠ ʚ ʨʘʟʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ 

ʢʦʛʥʠʪʠʚʥʦʡ ʧʩʠʭʦʣʦʛʠʠ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʙʦʣʝʝ 20 ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪ ʢ ʢʦʛʥʠʪʠʚʥʳʤ ʩʪʠʣʷʤ [ʍʦʣʦʜʥʘʷ, 2004]. 
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ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʧʨʦʚʝʜʝʥʥʦʤ ʘʚʪʦʨʘʤʠ [ɻʘʚʨʠʣʦʚʘ ʠ ʜʨ., 2016], ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʛʥʠʪʠʚʥʳʝ ʩʪʠʣʠ çʧʦʣʝʟʘʚʠʩʠʤʦʩʪʴ/ʧʦʣʝʥʝʟʘʚʠʩʠʤʦʩʪʴè, 

çʠʤʧʫʣʴʩʠʚʥʦʩʪʴ/ʨʝʬʣʝʢʪʠʚʥʦʩʪʴè ʠ çʫʟʦʩʪʴ/ʰʠʨʦʪʘ ʢʘʪʝʛʦʨʠʠè ʚʣʠʷʶʪ 

ʥʘ ʪʦ, ʢʘʢ ʯʝʣʦʚʝʢ ʩʪʨʫʢʪʫʨʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʣʠʷʶʪ 

ʥʘ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʘʟ ʟʥʘʥʠʡ.  

ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʠʤʧʫʣʴʩʠʚʥʦʩʪʠ ʠ ʨʝʬʣʝʢʪʠʚʥʦʩʪʠ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʦʙʲʝʤʝ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʠʥʜʠʚʠʜʫʫʤ ʩʦʙʠʨʘʝʪ ʜʦ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ: ʠʤʧʫʣʴʩʠʚʥʳʝ ʣʠʮʘ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʷ ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʦʩʥʦʚʝ, ʪʦʛʜʘ ʢʘʢ ʨʝʬʣʝʢʪʠʚʥʳʝ ï ʩʢʣʦʥʥʳ ʧʨʠʥʠʤʘʪʴ ʨʝ-

ʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʠʪʫʘʮʠʠ. ɹʳʣʦ ʚʳ-

ʷʚʣʝʥʦ, ʯʪʦ ʨʝʬʣʝʢʪʠʚʥʳʝ ʘʥʘʣʠʪʠʢʠ ʩʪʨʦʷʪ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʤʦʜʝʣʠ (ʦʥʪʦ-

ʣʦʛʠʠ [Gruber, 1993]) ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʳ ʠ ʩʪʨʦʡʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝ-

ʟʫʣʴʪʘʪ ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʠʤʧʫʣʴʩʠʚʥʳʤ ʘʥʘʣʠʪʠʢʦʤ, ʥʦ-

ʩʠʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ çʟʘʧʫʪʘʥʥʳʡè ʭʘʨʘʢʪʝʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʬʣʝʢʪʠʚ-

ʥʦʩʪʴ ï ʧʦʟʠʪʠʚʥʘʷ ʯʝʨʪʘ ʚ ʧʦʨʪʨʝʪʝ ʘʥʘʣʠʪʠʢʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ çʫʟʦʩʪʴ/ʰʠʨʦʪʘ ʢʘʪʝʛʦʨʠʠè ʦʪʨʘʞʘʝʪ ʰʠʨʦʪʫ ʦʩʫ-

ʱʝʩʪʚʣʷʝʤʦʡ ʠʥʜʠʚʠʜʫʫʤʦʤ ʢʘʪʝʛʦʨʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ: çʫʟʢʠʝè 

ʢʘʪʝʛʦʨʠʟʘʪʦʨʳ ʩʢʣʦʥʥʳ ʦʛʨʘʥʠʯʠʚʘʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʘʪʝʛʦʨʠʠ, ʪʦʛʜʘ ʢʘʢ çʰʠʨʦʢʠʝè ʢʘʪʝʛʦʨʠʟʘʪʦʨʳ, ʥʘʧʨʦʪʠʚ, ʩʢʣʦʥʥʳ ʧʦʜ-

ʚʦʜʠʪʴ ʧʦʜ ʦʜʥʫ ʢʘʪʝʛʦʨʠʶ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʝʝ ʧʨʠʤʝʨʦʚ. 

ɾʝʣʘʪʝʣʴʥʳʤ ʢʦʛʥʠʪʠʚʥʳʤ ʩʪʠʣʝʤ ʜʣʷ ʘʥʘʣʠʪʠʢʘ ʷʚʣʷʝʪʩʷ çʫʟʦʩʪʴ ʢʘʪʝ-

ʛʦʨʠʠè, ʪʘʢʦʡ ʘʥʘʣʠʪʠʢ ʪʦʥʢʦ ʯʫʚʩʪʚʫʝʪ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʦʥʷʪʠʷʤʠ, ʯʪʦ 

ʚʳʣʠʚʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʝ ʠʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʠ ʙʦʣʝʝ çʪʦʯ-

ʥʳʭè ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʨʝʟ-

ʤʝʨʥʘʷ çʫʟʦʩʪʴ ʢʘʪʝʛʦʨʠʠè ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʘʥʘʣʠʪʠʢʘ 

ʦʙʦʙʱʘʪʴ ʠʣʠ ʦʪʙʨʘʩʳʚʘʪʴ ʥʝʩʫʱʝʩʪʚʝʥʥʳʝ ʜʝʪʘʣʠ, ʪʘʢ ʯʪʦ ʟʥʘʯʝʥʠʝ ʵʪʦ-

ʛʦ ʩʪʠʣʷ ʥʝ ʜʦʣʞʥʦ ʟʘʥʠʤʘʪʴ ʢʨʘʡʥʝʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʰʢʘʣʝ çʫʟʦʩʪʴ/ʰʠʨʦʪʘ 

ʢʘʪʝʛʦʨʠʠè. 

ʂʦʛʥʠʪʠʚʥʳʡ ʩʪʠʣʴ çʧʦʣʝʟʘʚʠʩʠʤʦʩʪʴ/ʧʦʣʝʥʝʟʘʚʠʩʠʤʦʩʪʴè ʦʧʠʩʳʚʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ ʢ ʚʳʜʝʣʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠʟ ʦʙʱʝʛʦ ʢʦʥ-

ʪʝʢʩʪʥʦʛʦ ʧʦʣʷ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʚʳʜʝʣʝʥʠʶ ʩʠʛʥʘʣʘ ʥʘ ʬʦʥʝ ʧʦʤʝʭ; ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʝʟʘʚʠʩʠʤʳʝ ʠʥʜʠʚʠʜʫʫʤʳ ʩʢʣʦʥʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʜʝʣʴ-

ʥʳʝ ʦʙʲʝʢʪʳ ʠ ʷʚʣʝʥʠʷ ʚ ʦʙʱʝʤ ʢʦʥʪʝʢʩʪʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʝʥʝʟʘʚʠʩʠ-

ʤʳʝ ʙʦʣʝʝ ʩʢʣʦʥʥʳ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴʩʷ ʦʪ ʢʦʥʪʝʢʩʪʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʛʥʠʪʠʚʥʳʡ ʩʪʠʣʴ çʧʦʣʝʟʘʚʠʩʠ-

ʤʦʩʪʴ/ʧʦʣʝʥʝʟʘʚʠʩʠʤʦʩʪʴè ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʢʦʣʣʝʢʪʠʚʥʫʶ 

ʨʘʙʦʪʫ. ɾʝʣʘʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʜʣʷ ʘʥʘʣʠʪʠʢʘ ʷʚʣʷʝʪʩʷ çʧʦʣʝʥʝʟʘʚʠʩʠ-

ʤʦʩʪʴè, ʪʘʢ ʢʘʢ ʪʘʢʠʝ ʘʥʘʣʠʪʠʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʤʝʥʠʝ ʧʝʨʝʨʘʙʦʪʘʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʟʘʜʘʯʝ ʵʢʩʧʝʨʪʘ ʠʣʠ ʟʘʢʘʟʯʠʢʘ ʚ ʬʦʨʤʫ, ʫʜʦʙʥʫʶ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ.  
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ɹʦʣʝʝ ʪʦʛʦ, ʪʘʢʠʝ ʘʥʘʣʠʪʠʢʠ ʣʫʯʰʝ ʩʦʚʤʝʱʘʶʪ ʚʟʛʣʷʜʳ ʨʘʟʣʠʯʥʳʭ 

ʵʢʩʧʝʨʪʦʚ ʚ ʦʜʥʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʠʭ ʥʝʩʦʤʥʝʥʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʠ ʨʘʙʦʪʝ ʥʘʜ ʧʨʦʝʢʪʘʤʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʯʘʩʪ-

ʥʠʢʦʚ. 

2. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʘʥʘʣʠʪʠʢʘ 

2.1. ʂʦʤʧʝʪʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʠʥʞʝʥʝʨʠʠ ʟʥʘʥʠʡ 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʥʘʣʠʪʠʢʫ, ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʝʤʫ ʥʝʦʙʭʦʜʠʤʳ ʨʘʟʣʠʯʥʳʝ ʥʘʚʳʢʠ ʠ ʫʤʝʥʠʷ ʜʣʷ ʛʨʘʤʦʪʥʦʛʦ 

ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠʟʚʣʝʯʝʥʠʷ, ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʠ ʠ ʬʦʨ-

ʤʘʣʠʟʘʮʠʠ ʟʥʘʥʠʡ. ʕʪʠ ʢʦʤʧʝʪʝʥʮʠʠ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 2, ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘ-

ʥʳ ʩʦ ʟʥʘʥʠʝʤ ʠ ʦʧʳʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ï ʦʪ ʪʝʦʨʠʠ ʠ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ ʜʦ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

2.2. ʂʦʤʧʝʪʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ 

ʋʧʨʘʚʣʝʥʠʝ ʟʥʘʥʠʷʤʠ ï ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʥʠʡ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ. ʊʘʢʞʝ ʦʥʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʠʥʥʦʚʘʮʠʠ, ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ, ʥʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʥʦʚʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʕʪʦʪ 

ʥʘʙʦʨ ʢʦʤʧʝʪʝʥʮʠʡ ʠʤʝʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ. 

 
 

ʈʠʩ. 2. ʀʥʪʝʣʣʝʢʪ-ʢʘʨʪʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʘʥʘʣʠʪʠʢʘ 
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3. ʇʨʦʛʨʘʤʤʘ ʧʦʜʛʦʪʦʚʢʠ ʘʥʘʣʠʪʠʢʦʚ 

ʊʨʝʥʠʥʛʠ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʠʥʞʝʥʝʨʦʚ ʧʦ ʟʥʘʥʠʷʤ ʠ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʦʚ ʚʝ-

ʜʫʪʩʷ ʦʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ [ɻʘʚʨʠʣʦʚʘ ʠ 

ʜʨ., 1992ï2016; Gavrilovaet. al., 2007ï2011]. ɿʘ ʵʪʦ ʚʨʝʤʷ ʧʨʦʛʨʘʤʤʘ ʧʦʜʛʦ-

ʪʦʚʢʠ ʧʨʝʪʝʨʧʝʣʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʘʟʣʠʯʥʳʭ ʤʦ-

ʜʠʬʠʢʘʮʠʷʭ ï ʜʣʷ ʩʪʫʜʝʥʪʦʚ-ʧʨʦʛʨʘʤʤʠʩʪʦʚ, ʩʪʫʜʝʥʪʦʚ-ʤʝʥʝʜʞʝʨʦʚ, ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʬʠʣʝʡ ʠ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʡ.  

ʊʨʝʥʠʥʛ ʧʨʦʚʦʜʠʪʩʷ ʢʘʢ ʥʘ ʨʫʩʩʢʦʤ, ʪʘʢ ʠ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ (ʦʧʳʪ 

ʨʘʙʦʪʳ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʕʩʪʦʥʠʠ, ʌʠʥʣʷʥʜʠʠ, ʀʪʘʣʠʠ, ʌʨʘʥʮʠʠ, ʉʐɸ ʠ 

ʂʘʪʘʨʘ). ʗʜʨʦ ʧʨʦʛʨʘʤʤʳ ʧʦʜʛʦʪʦʚʢʠ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʤʦʜʫʣʝʡ. 

ʄʦʜʫʣʴ I ï ʀʥʞʝʥʝʨʠʷ ʟʥʘʥʠʡ ʠ ʚʠʟʫʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ 

(ʦʪ 12 ʜʦ 40 ʯʘʩʦʚ). 

ʄʦʜʫʣʴ II  ï ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʟʥʘʥʠʷʤʠ (ʦʪ 24 ʜʦ 48 ʯʘʩʦʚ). 

ʆʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ ʧʝʨʚʦʛʦ ʤʦʜʫʣʷ: 

¶ ʆʩʥʦʚʳ ʚʠʟʫʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. ʇʦʥʷʪʠʝ ʩʠʩʪʝʤʳ. 

ʄʝʪʦʜʦʣʦʛʠʷ. ɼʘʥʥʳʝ ʠ ʟʥʘʥʠʷ. ʆʪʣʠʯʠʷ ʤʝʞʜʫ ʟʥʘʥʠʷʤʠ ʠ ʜʘʥ-

ʥʳʤʠ, ʠʥʪʝʥʩʠʦʥʘʣ ʠ ʵʢʩʪʝʥʩʠʦʥʘʣ ʧʦʥʷʪʠʡ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʟʥʘ-

ʥʠʡ. ɻʣʫʙʠʥʥʳʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ, ʧʨʦʮʝʜʫʨʥʳʝ ʠ ʜʝʢʣʘʨʘʪʠʚʥʳʝ, 

ʩʝʪʝʚʳʝ ʠ ʤʦʜʫʣʴʥʳʝ.  

¶ ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ. ʄʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ. ʀʥʪʝʣʣʝʢʪ-

ʢʘʨʪʳ (mind maps). ʂʦʥʮʝʧʪʫʘʣʴʥʳʝ ʛʨʘʬʳ (ʩoncept maps). ʌʨʝʡ-

ʤʳ. ʊʘʙʣʠʮʳ ʨʝʰʝʥʠʡ. ɹʠʟʥʝʩ-ʧʨʘʚʠʣʘ. ɼʝʨʝʚʴʷ ʨʝʰʝʥʠʡ. ʂʘʫ-

ʟʘʣʴʥʳʝ ʩʝʪʠ.  

¶ ʂʦʤʧʴʶʪʝʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʈʘʙʦʪʘ 
ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ: Mindjet, IHMC ʉmap tool, MS Visio. 

¶ ʀʥʞʝʥʝʨʠʷ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ. ʇʩʠʭʦʣʦʛʠʯʝʩʢʠʝ, ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʠ 
ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ. ɸʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚ-

ʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ. ʂʦʤʤʫʥʠʢʘʪʠʚ-

ʥʳʝ ʛʨʫʧʧʦʚʳʝ ʤʝʪʦʜʳ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ (ʢʨʫʛʣʳʡ ʩʪʦʣ, ʤʦʟʛʦʚʦʡ 

ʰʪʫʨʤ ʠ ʜʨ.). ʊʝʢʩʪʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ. ʄʝʪʦ-

ʜʠʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ. ʆʙʲʝʢʪʥʦ-ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. 

ʉʪʨʘʪʠʬʠʢʘʮʠʷ ʟʥʘʥʠʡ.  

¶ ʆʥʪʦʣʦʛʠʯʝʩʢʠʡ ʠʥʞʠʥʠʨʠʥʛ. ʊʘʢʩʦʥʦʤʠʠ, ʧʘʨʪʦʥʦʤʠʠ, ʛʝʥʝʘʣʦ-

ʛʠʠ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʦʥʪʦʣʦʛʠʡ. ʆʥʪʦʣʦʛʠʠ ʢʘʢ ʷʜʨʦ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝ-

ʥʠʷ ʟʥʘʥʠʷʤʠ. ʈʘʙʦʪʘ ʚ ʩʠʩʪʝʤʝ PROT£G£ (ʉʪʵʥʬʦʨʜ) [Prot®g®, 

2015]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʦʩʚʝʱʝʥʦ ʚ [ɻʘʚʨʠʣʦʚʘ ʠ ʜʨ., 2000a]. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʝʢʪʦʚ ʧʦ  ʬʦʨ-

ʤʠʨʦʚʘʥʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʤʘʩʩʦʚʳʭ ʠ ʚʦʩʪʨʝʙʦʚʘʥ-

ʥʳʭ ʩʧʝʮʠʘʣʠʟʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʀʊ, ʦʧʠʩʳʚʘʶʱʠʭ ʜʦʣʞʥʦʩʪʠ, ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʨʦʚʥʷʤ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʪʘʞʫ ʨʘʙʦʪʳ 

ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʤʠ ʫʨʦʚʥʷʤʠ [ɺʦʣʢʦʚ 

ʠ ʜʨ., 2015].  

ʉʪʘʥʜʘʨʪʳ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʜʣʷ ʧʦʜ-

ʙʦʨʘ ʠ ʨʘʩʩʪʘʥʦʚʢʠ ʢʘʜʨʦʚ; ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʥʦʨʤʠʨʦʚʘʥʠʷ ʪʨʫʜʘ; ʨʘʟʚʠ-

ʪʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ; ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ; ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʧʝ-

ʨʝʧʦʜʛʦʪʦʚʢʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʥʞʝʥʝʨ ʧʦ ʟʥʘʥʠʷʤ ʧʦʢʘ ʥʝ çʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥè. ɹʣʠʞʝ 

ʚʩʝʛʦ ʢ ʥʝʤʫ ʧʨʠʙʣʠʞʘʝʪʩʷ ʩʪʘʥʜʘʨʪ ʧʦʟʠʮʠʠ çʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʪʠʢè. ɺ 

ʥʝʤ ʚʳʜʝʣʝʥʦ 5 ʫʨʦʚʥʝʡ, ʠ ʦʥ ʞʝʩʪʢʦ ʬʦʨʤʘʣʠʟʦʚʘʥ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ, ʚ ʥʝʛʦ ʥʝ 

ʚʦʰʣʠ. 
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ʀɸʇʋ ɼɺʆ ʈɸʅ, ɺʣʘʜʠʚʦʩʪʦʢ 

ʉʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʳ IACPaaS, ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʪʨʠ ʤʦʜʝʣʠ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ï PaaS, SaaS ʠ DaaS ʠ ʧʨʝʜʥʘʟʥʘʯʝ-

ʥʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʨʚʠʩʦʚ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʪʝʭ-

ʥʦʣʦʛʠʷʤ ï ʙʘʟʦʚʦʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥ ʩʝʨʚʠʩ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʠ ʜʚʫʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ. ɺʩʝ ʨʝ-

ʩʫʨʩʳ ʧʣʘʪʬʦʨʤʳ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʘ ʪʠʧʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʧʨʦ-

ʛʨʘʤʤʥʳʝ. ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʧʨʦʛʨʘʤʤ-

ʥʳʭ ʨʝʩʫʨʩʦʚ ï ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʝʪʠ (ʨʘʟʤʝʯʝʥʥʳʡ ʠʝʨʘʨʭʠʯʝʩʢʠʡ 

ʦʜʥʦʨʦʜʥʳʡ ʙʠʥʘʨʥʳʡ ʦʨʛʨʘʬ ʩ ʚʦʟʤʦʞʥʳʤʠ ʧʝʪʣʷʤʠ ʠ ʮʠʢʣʘʤʠ). 

ʄʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʧʦʜʟʘʜʘʯʠ, ʛʜʝ ʢʘʞʜʦʡ ʧʦʜ-

ʟʘʜʘʯʝ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʰʘʶʱʠʡ ʝʝ ʘʛʝʥʪ; ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʘʛʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʪʧʨʘʚʢʠ/ʧʨʠʝʤʘ ʩʦʦʙʱʝʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʝʨʚʠʩʳ, ʙʘʟʳ ʟʥʘʥʠʡ, ʦʙʣʘʯ-

ʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʩʝʨʚʠʩʦʚ 

ɺʚʝʜʝʥʠʝ 

ʆʙʱʝʧʨʠʟʥʘʥʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʪʝʤ, ʯʪʦ ʚ ʠʭ ʘʨʭʠ-

ʪʝʢʪʫʨʝ ʠʤʝʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ï ʙʘʟʘ ʟʥʘʥʠʡ. ʀʩʧʦʣʴ-

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ  

ˉ 16-07-00340 ʠ ˉ 15-07-03193) ʠ ʇʌʀ ɼɺʆ ʈɸʅ çɼʘʣʴʥʠʡ ɺʦʩʪʦʢè (ʧʨʦʝʢʪ  

ˉ 15-I-4-029). 
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ʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʩʦʟʜʘʥʠʝ ʠ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʦʵʪʦʤʫ ʜʣʷ ʠʭ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʷʟʳʢʠ, ʦʙʦʣʦʯʢʠ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʳ. ʇʦʩʣʝʜʥʠʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʤʠ ʧʨʦʛʨʘʤʤ-

ʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦ-

ʩʪʝʡ, ʧʦʜʜʝʨʞʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʷ ʩʨʝʜʩʪʚʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʠʥ-

ʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʷʚʣʷʶʪʩʷ G2 [Gensym, 2016], ʯʘʩʪʦ ʫʧʦ-

ʤʠʥʘʝʤʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ RT Works, COMDALE/C, COGSYS, ILOG Rules 

[ʃʘʚʠʣʣʘ, 2016], ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʙʝʣʦʨʫʩʩʢʠʡ ʧʨʦʝʢʪ 

OSTIS [ɻʦʣʝʥʢʦʚ ʠ ʜʨ., 2013]. ʉʨʝʜʠ ʨʦʩʩʠʡʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʩʣʝʜʫʝʪ ʚʳʜʝ-

ʣʠʪʴ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ ʩʨʝʜʫ ɸʊ-ʊɽʍʅʆʃʆɻʀʗ [ʈʳʙʠʥʘ, 2013], ʪʝʭʥʦ-

ʣʦʛʠʶ ʧʦʩʪʨʦʝʥʠʷ ʧʦʨʪʘʣʦʚ ʟʥʘʥʠʡ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʙʘʟʠʨʫ-

ʶʱʘʶʩʷ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʦʣʦʯʢʘʭ [Zagorulko, 2011]. 

ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʪʠʧʦʤ ʩʦʟʜʘʚʘʝʤʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ (ʩʪʘʪʠʯʝʩʢʘʷ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʘʷ), ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʤʦʜʝʣʴʶ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʚʠʪʠʷ ʙʘʟ 

ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʠʧʦʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʘʨʭʠʪʝʢʪʫʨʝ ʩʘʤʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʣʦʢʘʣʴ-

ʥʘʷ, ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ, ʦʙʣʘʯʥʘʷ), ʥʘʣʠʯʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ 

ʧʦʜʜʝʨʞʢʠ ʨʘʟʨʘʙʦʪʢʠ, ʙʠʙʣʠʦʪʝʢʦʡ ʧʦʚʪʦʨʥʦ-ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ, ʥʘʢʦʥʝʮ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ, ʝʛʦ ʮʝ-

ʥʦʡ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʠʪʫʘ-

ʮʠʷ, ʢʦʛʜʘ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʨʠʢʣʘʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʠʭ ʢʦʤ-

ʧʦʥʝʥʪʦʚ, ʦʜʥʘʢʦ ʦʥʠ ʥʝʜʦʩʪʫʧʥʳ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʫʞʝ ʠʤʝ-

ʶʱʠʭʩʷ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚ ʢʦʣʣʝʢʪʠʚʳ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʠ ʩʦʚʤʝʩʪʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʧʨʠʢʣʘʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ, ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʯʝʨʝʟ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʭ ʢʘʢ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʠ ʨʝʩʫʨʩʦʚ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʳ 

IACPaaS, ʝʝ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʨʚʠʩʦʚ. 

1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʪʬʦʨʤʳ IACPaaS 

ʇʣʘʪʬʦʨʤʘ IACPaaS ʷʚʣʷʝʪʩʷ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʠ ʨʝʘʣʠʟʫʝʪ ʪʨʠ 

ʤʦʜʝʣʠ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ï PaaS, SaaS ʠ DaaS (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Platform 

as a Service, Software as a Service ʠ Desktop as a Service). ʋʧʨʘʚʣʝʥʠʝ ʵʣʝ-
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ʤʝʥʪʘʤʠ ʵʪʠʭ ʤʦʜʝʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ɼʦʩʪʫʧ ʢ 

ʦʩʪʘʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʤʦʜʝʣʠ çʩʢʨʳʪè ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʭ ʧʦʜʜʝʨʞʢʘ 

ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤʠ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʳ ʠ 

ʜʨʫʛʠʤ ʦʙʩʣʫʞʠʚʘʶʱʠʤ ʧʝʨʩʦʥʘʣʦʤ. ʇʦʜʜʝʨʞʢʘ ʤʦʜʝʣʝʡ PaaS ʠ SaaS 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʘʢ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ 

ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʦʙʣʘʯʥʳʤʠ ʩʝʨʚʠ-

ʩʘʤʠ. ʇʦʜʜʝʨʞʢʘ ʤʦʜʝʣʠ DaaS ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʩʝʤ ʪʠʧʘʤ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ ï ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʢʦʥʝʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝ-

ʣʷʤ ʧʣʘʪʬʦʨʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʠʨʪʫʘʣʴʥʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ.  

ɺʩʝ ʨʝʩʫʨʩʳ ʧʣʘʪʬʦʨʤʳ ʥʘʟʚʘʥʳ ʪʝʨʤʠʥʦʤ ʝʜʠʥʠʮʳ ʭʨʘʥʝʥʠʷ ʠ 

ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʘ ʪʠʧʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ. ɺʩʝ 

ʝʜʠʥʠʮʳ ʭʨʘʥʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʝʨʚʝʨʝ ʧʣʘʪʬʦʨʤʳ IACPaaS ï ʌʦʥʜʝ, 

ʨʘʟʜʝʣʝʥʥʦʤ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʌʦʥʜ ʧʣʘʪʬʦʨʤʳ, ʚ ʢʦʪʦʨʦʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʣʠʪʠʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʝʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʨʘʟʤʝʱʘʪʴ ʧʨʠʢʣʘʜʥʳʝ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʝʨʚʠʩʳ ʠʣʠ ʠʭ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʜʨʫʛʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʠ ʌʦʥʜ ʧʦʣʴʟʦʚʘʪʝʣʷ ï ʥʘʙʦʨ ʝʜʠʥʠʮ ʭʨʘʥʝ-

ʥʠʷ ʚ ʣʠʯʥʦʤ ʢʘʙʠʥʝʪʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺʩʝ ʝʜʠʥʠʮʳ ʭʨʘʥʝʥʠʷ ʌʦʥʜʘ ï 

ʢʦʤʧʦʥʝʥʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ (ʙʘʟʳ ʟʥʘʥʠʡ ʠ ʜʘʥʥʳʭ, ʦʥʪʦʣʦʛʠʠ, 

ʨʝʰʘʪʝʣʠ ʟʘʜʘʯ, ʘʛʝʥʪʳ, ʰʘʙʣʦʥʳ ʩʦʦʙʱʝʥʠʡ, ʠ ʜʨ.) ʠ ʛʦʪʦʚʳʝ ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʳʝ ʩʝʨʚʠʩʳ ï ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʨʘʟʜʝʣʘʤ (ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʜʝʣʫ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ). 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʤʝʪʘʠʥʬʦʨʤʘ-

ʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʫ ʵʪʠʭ ʨʝʩʫʨʩʦʚ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʝʸ ʵʣʝʤʝʥʪʘ-

ʤʠ; ʜʚʫʭʫʨʦʚʥʝʚʳʡ ʛʨʘʤʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʤʝʝʪ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʥʘ ʧʣʘʪʬʦʨʤʝ. 

ʇʣʘʪʬʦʨʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʨʚʠʩʦʚ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ï ʙʘʟʦʚʦʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʩʦ-

ʟʜʘʥ ʩʝʨʚʠʩ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ. ʉʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʠʭ ʧʦʜʜʝʨʞʢʠ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʘʢʣʘʜʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ (ʧʦ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʠ/ʠʣʠ ʢʣʘʩʩʫ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ) ʥʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʩ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʚʠʩʳ, ʘ ʩ ʜʨʫʛʦʡ, ʟʘ ʩʯʝʪ ʫʯʝʪʘ ʩʧʝʮʠʬʠʢʠ ʧʨʦʙʣʝʤʥʦʡ 

ʦʙʣʘʩʪʠ ʠ/ʠʣʠ ʢʣʘʩʩʘ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʫʨʦʚ-

ʥʝʚʫʶ ʧʦʜʜʝʨʞʢʫ ʨʘʟʨʘʙʦʪʢʠ ʧʦʩʣʝʜʥʠʭ.  

1.1. ɽʜʠʥʠʮʳ ʭʨʘʥʝʥʠʷ 

ɹʘʟʳ ʟʥʘʥʠʡ ʠ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ ʩʝʤʘʥʪʠʯʝ-

ʩʢʠʤʠ ʩʝʪʷʤʠ (ʩ ʧʝʪʣʷʤʠ ʠ ʮʠʢʣʘʤʠ), ʧʦʨʦʞʜʝʥʥʳʤʠ ʧʦ ʵʪʠʤ ʘʙʩʪʨʘʢʪ-

ʥʳʤ ʛʨʘʤʤʘʪʠʢʘʤ (ʤʝʪʘʠʥʬʦʨʤʘʮʠʠ). ʊʝʨʤʠʥʘʣʴʥʳʝ ʚʝʨʰʠʥʳ ʵʪʠʭ ʩʝʪʝʡ 

ʨʘʟʤʝʯʝʥʳ ʦʙʲʝʢʪʘʤʠ ʨʘʟʥʳʭ ʩʦʨʪʦʚ: ʩʪʨʦʢʘʤʠ, ʯʠʩʣʘʤʠ ʠ ʜʨ. ʀʝʨʘʨʭʠʯ-

ʥʦʩʪʴ ʩʝʪʝʡ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʨʰʠʥʘ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ 
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ʧʨʦʩʪʦʡ (ʥʝ ʠʤʝʶʱʝʡ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ), ʣʠʙʦ ʩʪʨʫʢʪʫʨʥʦʡ: ʥʝʢʦʪʦ-

ʨʦʡ ʧʦʜʩʝʪʴʶ ʠʣʠ ʜʨʫʛʦʡ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʴʶ. 

ʄʝʪʘʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʙʘʟʳ ʟʥʘʥʠʡ ʠ ʜʘʥʥʳʭ ʩʦʟʜʘʚʘʝʤʦʛʦ ʩʝʨʚʠʩʘ ʯʘ-

ʱʝ ʚʩʝʛʦ ʫʥʠʢʘʣʴʥʘ. ʆʜʥʘʢʦ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʩʪʦ-

ʷʱʠʭ ʚ ʥʝʡ ʟʘʜʘʯ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʷʪ ʢ ʧʦʣʫʯʝʥʠʶ ʪʘʢʦʡ ʦʥʪʦʣʦʛʠʠ, ʢʦʪʦ-

ʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʝʪʘʠʬʦʨʤʘʮʠʝʡ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʟʥʘʥʠʡ ʠ ʜʘʥʥʳʭ. ʊʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ 

ʤʝʪʘʠʥʬʦʨʤʘʮʠʷ ʦʧʠʩʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, ʫʯʠʪʳʚʘʶʱʘʷ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʤʝʪʘʠʥʬʦʨʤʘʮʠʷ ʠʩʪʦʨʠʠ ʙʦʣʝʟʥʠ ʩ ʜʥʝʚʥʠʢʦʤ ʪʝʤʧʦʨʘʣʴ-

ʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʜʨʫʛʠʝ ʨʝʩʫʨʩʳ. 

ʂʘʞʜʘʷ ʝʜʠʥʠʮʘ ʭʨʘʥʝʥʠʷ, ʷʚʣʷʶʱʘʷʩʷ ʤʝʪʘʠʥʬʦʨʤʘʮʠʝʡ, ʠʥʪʝʨʧʨʝʪʠ-

ʨʫʝʪʩʷ ʢʘʢ ʘʙʩʪʨʘʢʪʥʘʷ ʧʦʨʦʞʜʘʶʱʘʷ ʛʨʘʤʤʘʪʠʢʘ ʥʝʢʦʪʦʨʦʛʦ ʷʟʳʢʘ ʠʝʨʘʨ-

ʭʠʯʝʩʢʠʭ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʝʪʝʡ (ʦʥʪʦʣʦʛʠʷ), ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʤʝʪʘʷʟʳʢʝ 

ʧʣʘʪʬʦʨʤʳ [Gribova et al., 2015]. ʆʥʘ ʪʘʢʞʝ ʠʤʝʝʪ ʬʦʨʤʫ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ ʩ ʧʝʪʣʷʤʠ ʠ ʮʠʢʣʘʤʠ. ɺʳʜʝʣʝʥʥʘʷ ʥʘʯʘʣʴʥʘʷ ʚʝʨʰʠʥʘ 

ʵʪʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʘʢʩʠʦʤʦʡ ʛʨʘʤʤʘʪʠʢʠ. ʇʣʘʪʬʦʨʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʝʜʘʢ-

ʪʦʨ ʤʝʪʘʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʤ, ʠʥʪʝʨʬʝʡʩ ʨʝʜʘʢ-

ʪʦʨʦʚ ʠʥʬʦʨʤʘʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʦ ʤʝʪʘʠʥʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʜʝʢʣʘʨʘʪʠʚʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʩʫʨʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʰʘʙʣʦʥʥʘʷ (ʪ.ʝ. ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʥʘ 100%) ʤʝʪʘʠʥʬʦʨʤʘʮʠʷ. ʊʘʢʦ-

ʚʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʘʠʥʬʦʨʤʘʮʠʷ ʩʧʝʮʠʬʠʢʘʮʠʠ ʨʝʰʘʪʝʣʝʡ, ʘʛʝʥʪʦʚ ʠ ʰʘʙ-

ʣʦʥʦʚ ʩʦʦʙʱʝʥʠʡ. ɼʝʢʣʘʨʘʮʠʷ ʢʘʞʜʦʛʦ ʨʝʰʘʪʝʣʷ ʟʘʜʘʯ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʝ-

ʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʴʶ, ʧʦʨʦʞʜʝʥʥʦʡ ʧʦ ʭʨʘʥʷʱʝʡʩʷ ʚ ʌʦʥʜʝ ʧʣʘʪʬʦʨʤʳ ʤʝ-

ʪʘʠʥʬʦʨʤʘʮʠʠ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʡ ʢʘʢ ʘʙʩʪʨʘʢʪʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʷʟʳʢʘ ʜʝ-

ʢʣʘʨʘʮʠʠ ʨʝʰʘʪʝʣʝʡ ʟʘʜʘʯ. ɸʛʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʴʶ, 

ʧʦʨʦʞʜʝʥʥʦʡ ʧʦ ʭʨʘʥʷʱʝʡʩʷ ʚ ʌʦʥʜʝ ʧʣʘʪʬʦʨʤʳ ʤʝʪʘʠʥʬʦʨʤʘʮʠʠ, ʠʥʪʝʨ-

ʧʨʝʪʠʨʫʝʤʦʡ ʢʘʢ ʘʙʩʪʨʘʢʪʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʷʟʳʢʘ ʜʝʢʣʘʨʘʮʠʠ ʘʛʝʥʪʦʚ. ʅʝʢʦ-

ʪʦʨʳʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʚʝʨʰʠʥʳ ʩʝʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʘʛʝʥʪʘ, ʨʘʟʤʝʯʝʥʳ 

ʦʙʲʝʢʪʘʤʠ ʩʦʨʪʘ ʙʠʥʘʨʥʳʝ ʜʘʥʥʳʝ, ʷʚʣʷʶʱʠʤʠʩʷ ʠʩʧʦʣʥʷʝʤʳʤ ʢʦʜʦʤ 

ʘʛʝʥʪʘ. 
ɺʩʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʩʫʨʩʳ ʚ ʌʦʥʜʝ ʧʣʘʪʬʦʨʤʳ 

IACPaaS ʠʤʝʶʪ ʝʜʠʥʦʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʝ ʜʝʢʣʘʨʘʪʠʚʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, 
ʧʦʩʨʝʜʩʪʚʦʤ ʯʝʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠʭ ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʜʦʩʪʫʧʘ 
ʘʛʝʥʪʦʚ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʠʥ-
ʪʝʨʬʝʡʩʳ. 
ʍʨʘʥʠʤʳʝ ʥʘ ʧʣʘʪʬʦʨʤʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ ʚʦ ʚʥʝʰ-

ʥʠʝ ʬʦʨʤʘʪʳ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʷʝʤʳʤ.  

1.2. ɺʠʨʪʫʘʣʴʥʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ 
ɼʣʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʣʘʪʬʦʨʤʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ 

ʚʠʨʪʫʘʣʴʥʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ï ʣʠʯʥʳʝ ʢʘʙʠʥʝʪʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʦʣʴ-
ʟʦʚʘʪʝʣʝʡ. ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ 
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ʫʧʨʘʚʣʝʥʠʷ ʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʧʦʣʥʦʤʦʯʠʷʤʠ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝ-
ʣʷ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʚʰʠʩʴ ʥʘ ʧʣʘʪʬʦʨʤʝ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʩʣʝʜʫʶ-
ʱʠʡ ʥʘʙʦʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ: ʟʘʧʫʩʢ ʩʝʨʚʠʩʦʚ, ʩʦʟʜʘʥʠʝ 
ʩʝʨʚʠʩʦʚ ʧʦ ʧʨʝʜʣʘʛʘʝʤʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʩʦʟʜʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʝʨʚʠʩʘ ʩ 
ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʣʘʪʬʦʨʤʳ, ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʪʘʢʞʝ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʢʦʧʠʠ ʝʜʠ-

ʥʠʮ ʭʨʘʥʝʥʠʷ ʌʦʥʜʘ ʧʣʘʪʬʦʨʤʳ ʣʠʙʦ ʧʦʣʫʯʠʪʴ ʩʩʳʣʢʠ ʥʘ ʥʠʭ ʚ ʣʠʯʥʦʤ 
ʢʘʙʠʥʝʪʝ (ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʚʣʘʜʝʣʴʮʝʤ ʝʜʠʥʠʮʳ ʭʨʘʥʝʥʠʷ), ʧʝʨʝʜʘʪʴ 
ʩʦʟʜʘʥʥʳʝ ʠʤ ʝʜʠʥʠʮʳ ʭʨʘʥʝʥʠʷ ʚ ʌʦʥʜ ʧʣʘʪʬʦʨʤʳ, ʦʧʨʝʜʝʣʠʚ ʫʩʣʦʚʠʷ 
ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ï çʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧè ʠʣʠ çʦʛʨʘʥʠʯʝʥʥʳʡ ʜʦʩʪʫʧè. 
ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʠʤʝʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʦʣʠ: 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ (ʛʨʫʧʧʳ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʨʘʙʦʪ ʠʣʠ ʩʦʟʜʘ-
ʥʠʶ ʩʝʨʚʠʩʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʠ); ʨʘʩʧʦʨʷʜʠʪʝʣʴ (ʫʧʨʘʚʣʷʶʱʠʡ) ʝʜʠʥʠʮʳ 
ʭʨʘʥʝʥʠʷ; ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʧʦʨʪʘʣʘ (ʨʘʟʜʝʣʘ). ʈʫʢʦʚʦʜʠʪʝʣʠ ʛʨʫʧʧ ʦʧʨʝʜʝ-
ʣʷʶʪ ʩʦʩʪʘʚ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ, ʥʘʜʝʣʷʶʪ ʢʘʞʜʦʛʦ ʯʣʝʥʘ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ 
ʥʘʙʦʨʦʤ ʧʦʣʥʦʤʦʯʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʨʚʠʩʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʪ 
ʨʘʙʦʪʫ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʝʨʝʜʘʶʪ ʚ ʌʦʥʜ ʧʣʘʪʬʦʨʤʳ ʩʦʟʜʘʥʥʳʝ 
ʛʨʫʧʧʦʡ ʝʜʠʥʠʮʳ ʭʨʘʥʝʥʠʷ. 

2. ʊʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʨʚʠʩʦʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʣʘʪʬʦʨʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠʥʪʝʣʣʝʢʪʫ-
ʘʣɹʥʳʭ ʩʝʨʚʠʩʦʚ ʧʦ ʪʨʝʤ ʪʝʭʥʦʣʦʛʠʷʤ: 

¶ ʙʘʟʦʚʦʡ (ʫʥʠʚʝʨʩʘʣʴʥʦʡ) ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʩʝʨʚʠʩʦʚ; 

¶ ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʨʚʠʩʦʚ ʩ ʠʥʪʝʨʘʢʪʠʚ-

ʥʳʤʠ ʚʠʨʪʫʘʣʴʥʳʤʠ ʩʨʝʜʘʤʠ; 

¶ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʩʝʨʚʠʩʦʚ ʩ ʘʛʝʥʪʘʤʠ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʢ 
ʤʝʪʘʠʥʬʦʨʤʘʮʠʠ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʣʘʪʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʯʠʩʣʘ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʧʣʘʪʬʦʨʤʘ ʠʤʝʝʪ ʩʨʝʜʩʪʚʘ ʦʧʠʩʘʥʠʷ 
ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʵʪʘʧʘʤ ʨʘʟʨʘʙʦʪʢʠ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʝʨʚʠʩʦʚ. 

2.1. ɹʘʟʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʝʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʄʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʧʦʜʟʘʜʘʯʠ, ʛʜʝ ʢʘʞʜʦʡ ʧʦʜʟʘʜʘ-

ʯʝ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʰʘʶʱʠʡ ʝʝ ʘʛʝʥʪ; ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʛʝʥʪʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʪʧʨʘʚʢʠ/ʧʨʠʝʤʘ ʩʦʦʙʱʝʥʠʡ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʩʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʩʝʨʚʠʩʘ ʧʦ ʙʘʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʢʣʶʯʘʝʪ 

ʩʦʟʜʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʚʭʦʜʥʳʭ ʙʘʟ ʟʥʘʥʠʡ ʠ ʜʘʥʥʳʭ, ʩʪʨʫʢʪʫʨʳ (ʤʝʪʘʠʥ-

ʬʦʨʤʘʮʠʠ) ʚʳʭʦʜʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ (ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʥʝ 

ʙʳʪʴ), ʘ ʪʘʢʞʝ ʨʝʰʘʪʝʣʷ ʟʘʜʘʯ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ ʘʛʝʥʪʦʚ, ʦʙʤʝʥʠʚʘʶʱʠʭ-

ʩʷ ʩʦʦʙʱʝʥʠʷʤʠ. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʝʨʚʠʩʘ ʢʦʤʧʦʥʝʥʪʳ ʠʤʝʶʪʩʷ ʚ 
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ʌʦʥʜʝ ʧʣʘʪʬʦʨʤʳ, ʪʦ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʥʦʚʳʡ ʩʦʟʜʘʚʘʝʤʳʡ 

ʩʝʨʚʠʩ. 

ʉʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʩʝʨʚʠʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ 

ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ çʉʦʟʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶè ʠ çʉʦʟʜʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ 

ʨʝʰʘʪʝʣʴ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʝʨʚʠʩʘ çʩ ʥʫʣʷè ʧʦʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʨʘʟ ʨʘʙʦʪʫ çʉʦʟʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶè, ʠ ʦʜʠʥ ʨʘʟ ʨʘʙʦʪʫ çʉʦʟʜʘʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʨʝʰʘʪʝʣʴè. ɼʣʷ ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʧʦʥʘʜʦ-

ʙʠʪʴʩʷ ʚʳʧʦʣʥʠʪʴ ʨʘʙʦʪʫ çʉʦʟʜʘʪʴ ʤʝʪʘʠʥʬʦʨʤʘʮʠʶè. 

ʕʪʘʧ çʉʦʟʜʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʨʝʰʘʪʝʣʴè ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʳʤ, ʝʛʦ 

ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: (1) ʧʨʦʭʦʜʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʩʝ ʦʩ-

ʥʦʚʥʳʝ ʵʪʘʧʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʥʘʯʠʥʘʷ ʦʪ ʤʦʜʝʣʠ ʪʨʝʙʦʚʘʥʠʡ, ʠʣʠ (2) 

ʧʨʠʩʪʫʧʘʷ ʩʨʘʟʫ ʢ ʨʘʟʨʘʙʦʪʢʝ ʘʨʪʝʬʘʢʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʨʝʰʘʪʝʣʷ ʚ ʩʦʩʪʘʚʝ ʩʝʨʚʠʩʘ (ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʜʭʦʜ çcode-and-fixè). 

ʇʝʨʚʳʡ ʧʫʪʴ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʝʥʠʷ, ʚʪʦʨʦʡ ï ʫʩʢʦʨʷʝʪ ʧʦʣʫ-

ʯʝʥʠʝ ʧʝʨʚʦʡ ʚʝʨʩʠʠ ʩʝʨʚʠʩʘ. 

ʇʨʦʝʢʪʥʘʷ ʤʦʜʝʣʴ ʨʝʰʘʪʝʣʷ ʩʦʜʝʨʞʠʪ ʬʦʨʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʬʦʨʤʘ-

ʪʳ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʘʧʨʠʤʝʨ, ʤʝʪʘʠʥʬʦʨʤʘ-

ʮʠʠ ʙʘʟ ʟʥʘʥʠʡ) ʠ ʠʤʷ ʢʦʨʥʝʚʦʛʦ ʘʛʝʥʪʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʧʦʩʦʙʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʨʝʰʘʪʝʣʷ, ʤʦʛʫʪ ʙʳʪʴ ʫʢʘʟʘʥʳ ʣʠʙʦ ʥʘʙʦʨ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʨʝʘʣʠʟʦʚʘʪʴ ʣʦʛʠʢʫ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, 

ʣʠʙʦ ʫʧʨʘʚʣʷʶʱʠʡ ʛʨʘʬ, ʦʧʠʩʳʚʘʶʱʠʡ ʢʦʥʢʨʝʪʥʳʝ ʩʚʷʟʠ ʘʛʝʥʪʦʚ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ. ɼʣʷ ʩʝʨʚʠʩʘ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʧʦʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʘʪʴ ʘʛʝʥʪ ʀʥʪʝʨʬʝʡʩʥʳʡ ʢʦʥʪʨʦʣʣʝʨ web-ʩʪʨʘʥʠʮʫ ʠʥʪʝʨʬʝʡʩʘ ʨʝʰʘ-

ʪʝʣʷ (ʚʦʟʤʦʞʥʦ, ʥʝʩʢʦʣʴʢʦ ʩʪʨʘʥʠʮ). 

ʇʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʨʝʰʘʪʝʣʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ ʚ ʩʦʩʪʘʚ ʘʛʝʥʪʦʚ ʧʨʦʝʢʪʥʦʡ ʤʦʜʝʣʠ ʨʝʰʘ-

ʪʝʣʷ ʜʦʣʞʝʥ ʙʳʪʴ ʚʢʣʶʯʝʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʘʛʝʥʪ çɸʛʝʥʪ ʚʥʝʰʥʠʭ 

ʟʘʧʨʦʩʦʚè, ʨʝʘʣʠʟʫʶʱʠʡ ʢʦʤʤʫʥʠʢʘʮʠʶ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʨʫʛʠʭ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʧʦ ʠʭ ʧʨʦʪʦʢʦʣʘʤ. 

ɹʘʟʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʪʦʨʥʦ-

ʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʩʝʨʚʠʩʦʚ ʠʟ ʌʦʥʜʘ ʧʣʘʪ-

ʬʦʨʤʳ ʠʣʠ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ ʨʘʟʨʘʙʦʪʯʠʢʘ. 

2.2. ʊʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʨʚʠʩʦʚ ʩ ʠʥʪʝʨ-
ʘʢʪʠʚʥʳʤʠ ʚʠʨʪʫʘʣʴʥʳʤʠ ʩʨʝʜʘʤʠ 
ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ 

ʛʨʘʬʠʯʝʩʢʠʭ ʩʮʝʥ ʧʦ ʜʝʢʣʘʨʘʪʠʚʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʦʤ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʟʜʘʥʠʝ ʩʝʨʚʠʩʦʚ ʧʦ ʵʪʦʡ ʪʝʭ-
ʥʦʣʦʛʠʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ: çʉʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʦʛʦ ʨʝʩʫʨʩʘ ñʦʧʠʩʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʩʮʝʥʳòè ʠ çʉʦʟʜʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴ-
ʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʝʜʠʥʠʮ ï ʘʛʝʥʪʦʚ ʦʙʨʘʙʦʪʢʠè (ʵʪʦʪ ʵʪʘʧ ʤʦʞʝʪ ʦʪʩʫʪ-
ʩʪʚʦʚʘʪʴ).  
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ʇʝʨʚʳʡ ʵʪʘʧ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʳʤ ʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʨʘʙʦʪʳ:  

¶ çʉʦʟʜʘʪʴ ʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʮʝʥʳè; 

¶ çʉʦʟʜʘʪʴ ʧʨʝʟʝʥʪʘʮʠʦʥʥʦʝ ʦʧʠʩʘʥʠʝ ʩʮʝʥʳè. 

ʈʘʙʦʪʘ çʉʦʟʜʘʪʴ ʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʮʝʥʳè ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʠ 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: ʩʦʟʜʘʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʦʚ 

ʩʮʝʥʳ, ʦʧʠʩʘʥʠʝ ʜʝʡʩʪʚʠʡ ʩ ʦʙʲʝʢʪʘʤʠ ʩʮʝʥʳ, ʦʧʠʩʘʥʠʝ ʩʮʝʥʘʨʠʷ. ʈʘʙʦʪʳ 

ʧʦ ʦʧʠʩʘʥʠʶ ʜʝʡʩʪʚʠʡ ʠ ʦʧʠʩʘʥʠʝ ʩʮʝʥʘʨʠʷ ʤʦʛʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. ʅʘʣʠʯʠʝ 

ʵʪʠʭ ʜʚʫʭ ʨʘʙʦʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʚʠʨʪʫʘʣʴʥʦʡ ʩʮʝʥʳ.  

ʈʘʙʦʪʘ çʉʦʟʜʘʪʴ ʧʨʝʟʝʥʪʘʮʠʦʥʥʦʝ ʦʧʠʩʘʥʠʝ ʩʮʝʥʳè ʤʦʞʝʪ ʙʳʪʴ ʚʳ-

ʧʦʣʥʝʥʘ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʳʧʦʣʥʝʥʦ ʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʮʝʥʳ. 

ʉʫʪʴ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʨʘʙʦʪʳ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʝʟʝʥʪʘʮʠʦʥʥʳʭ 

ʘʪʨʠʙʫʪʦʚ ʦʙʲʝʢʪʦʚ ʩʮʝʥʳ, ʦʧʠʩʘʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʩ ʧʦʤʦʱʴʶ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʩʝʨʚʠʩʘ çɻʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥè. 

ʕʪʘʧ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʩʦʟʜʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʛʝʥʪʦʚ ʦʙʨʘʙʦʪʢʠ ʥʝ ʷʚ-

ʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ, ʦʥ ʥʝʦʙʭʦʜʠʤ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ 

ʛʨʘʬʠʯʝʩʢʦʡ ʩʮʝʥʳ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ, ʚʳʯʠʩʣʝʥʠʝ ʢʦʪʦ-

ʨʳʭ ʥʝ ʦʧʨʝʜʝʣʝʥʦ ʚ ʠʥʪʝʨʧʨʝʪʘʪʦʨʝ. ʉʦʟʜʘʥʠʝ ʘʛʝʥʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʨʘʙʦʪ ʙʘʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

2.3. ʊʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʨʚʠʩʦʚ ʩ ʘʛʝʥʪʘʤʠ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ 
ʢ ʤʝʪʘʠʥʬʦʨʤʘʮʠʠ  

ʊʝʭʥʦʣʦʛʠʶ ʨʘʟʨʘʙʦʪʢʠ ʩʝʨʚʠʩʦʚ ʩ ʘʛʝʥʪʘʤʠ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʢ ʤʝ-

ʪʘʠʥʬʦʨʤʘʮʠʠ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ 

ʩʝʨʚʠʩʘ ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʚʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ, ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦ ʤʝʪʘʠʥʬʦʨʤʘʮʠʠ ʵʪʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ çʩʚʝʨʭʫ-ʚʥʠʟè. ʈʘʟʨʘʙʦʪʢʘ ʚʭʦʜʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʨʝʩʫʨʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʙʘʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʨʘʙʦʪʢʘ ʨʝʰʘʪʝʣʷ 

ʟʘʜʘʯ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʦʪ ʙʘʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʇʦ ʩʫʪʠ, ʩʦʟʜʘʥʠʝ ʨʝʰʘʪʝʣʷ ʟʘʜʘʯ ï ʵʪʦ ʦʩʥʘʱʝʥʠʝ ʤʝʪʘʠʥʬʦʨʤʘʮʠʠ 

ʚʳʭʦʜʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʘʛʝʥʪʘʤʠ. ʅʝʢʦʪʦʨʳʤ ʵʣʝʤʝʥʪʘʤ ʤʝʪʘʠʥʬʦʨʤʘʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʧʦ-

ʩʪʘʚʣʝʥʳ ʘʛʝʥʪʳ, ʣʠʙʦ ʛʝʥʝʨʠʨʫʶʱʠʝ ʬʨʘʛʤʝʥʪʳ ʚʳʭʦʜʥʦʛʦ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʛʦ ʨʝʩʫʨʩʘ (ʨʝʟʫʣʴʪʘʪʘ ʨʘʙʦʪʳ ʩʝʨʚʠʩʘ), ʣʠʙʦ ʚʳʧʦʣʥʷʶʱʠʝ ʜʨʫʛʠʝ 

ʪʨʝʙʫʝʤʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɽʩʣʠ ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʩʝʨʚʠʩʘ 

ʠʤʝʶʪʩʷ ʚ ʌʦʥʜʝ, ʪʦ ʦʥʠ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ 

ʩʝʨʚʠʩʘ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʝʨʚʠʩʘ çʩ ʥʫʣʷè ʧʦʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʨʘ-

ʙʦʪʳ: çʉʦʟʜʘʪʴ ʤʝʪʘʠʥʬʦʨʤʘʮʠʶè ʠ çʉʦʟʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶè ʜʣʷ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ (ʵʪʠ ʨʘʙʦʪʳ ʤʦʛʫʪ ʦʪʩʫʪ-

ʩʪʚʦʚʘʪʴ); çʉʦʟʜʘʪʴ ʤʝʪʘʠʥʬʦʨʤʘʮʠʶè ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʦʛʦ  
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(ʮʝʣʝʚʦʛʦ) ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ; ʜʘʣʝʝ ʚʳʧʦʣʥʠʪʴ ʨʘʙʦʪʫ çʉʦʟʜʘʪʴ 

ʨʝʰʘʪʝʣʴè, ʩʦʩʪʦʷʱʫʶ ʠʟ ʨʘʙʦʪ çʉʦʟʜʘʪʴ ʘʛʝʥʪè,  çʉʦʟʜʘʪʴ ʪʘʙʣʠʮʫ ʩʦʦʪ-

ʚʝʪʩʪʚʠʡè, çʈʘʟʨʘʙʦʪʘʪʴ web-ʩʪʨʘʥʠʮʫ ʩʝʨʚʠʩʘè.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʜʦʙʥʦ ʪʘʢʞʝ ʠ ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʨʬʝʡʩ, ʦʪʣʠʯʥʳʡ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩʪʨʫʢʪʫʨʥʦ-

ʛʦ ʨʝʜʘʢʪʦʨʘ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʙʣʠʮ ʠʣʠ ʛʨʘʬʠʢʦʚ, 

ʣʠʙʦ ʢʦʛʜʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʨʘʛʤʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ 

ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦ-

ʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʟʘʜʘʪʴ ʩʨʝʜʩʪʚʘʤʠ ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ ʤʝʪʘʠʥʬʦʨʤʘʮʠʠ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʦʧʠʩʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʘ-

ʥr  ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ ʦʩʪʨʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʩʝʨʚʠʩ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʝʦʨʝʤ, ʩʝʨʚʠʩ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʛʦʨʦʜʩʢʦʡ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʨʷʜ ʜʨʫʛʠʭ ʩʝʨʚʠʩʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʳ IACPaaS ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʝʨʚʠʩʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʨʘʟ-

ʨʘʙʦʪʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʘʢʪʠʚʥʳʝ ʨʘʙʦʪʳ ʧʦ ʨʘʩʰʠʨʝʥʠʶ 

ʩʝʨʚʠʩʥʳʭ ʬʫʥʢʮʠʡ ʧʣʘʪʬʦʨʤʳ: ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʵʪʘ-

ʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʩʝʨʚʠʩʦʚ ʧʦ ʫʢʘʟʘʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʧʦ ʧʦʜʜʝʨʞʢʝ ʢʦʣ-

ʣʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦ ʧʦʜʜʝʨʞ-

ʢʝ ʨʘʟʨʘʙʦʪʢʠ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʠʥʪʝʨʬʝʡʩʦʚ, ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ɹɸɿ ɿʅɸʅʀʁ ʅɸ ʆʉʅʆɺɽ ʊʈɸʅʉʌʆʈʄɸʎʀʀ  

ʂʆʅʎɽʇʊʋɸʃʔʅʓʍ ʄʆɼɽʃɽʁ
1
 

ʅ.ʆ. ɼʦʨʦʜʥʳʭ (tualatin32@mail.ru) 

ɸ.ʖ. ʖʨʠʥ (iskander@icc.ru) 

ʀʥʩʪʠʪʫʪ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤ ʠ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ  

ʠʤ. ɺ.ʄ. ʄʘʪʨʦʩʦʚʘ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟ ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʥʮʝʧ-

ʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. ʆʧʠʩʘʥʘ ʤʦʜʝʣʴ çʪʠʧʦʚʦʛʦè ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤ-

ʧʦʥʝʥʪʘ, ʚʢʣʶʯʘʷ ʤʦʜʝʣʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ (ʧʨʘʚʠʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʚ ʙʘʟʳ ʟʥʘʥʠʡ), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʩʦʟʜʘ-

ʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʨʦʮʝʩʩʘ 

ʠʭ ʩʦʟʜʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʦʜʝʣʝʡ, ʧʦʣʫʯʝʥʠʝ ʟʥʘʥʠʡ, ʙʘʟʳ ʟʥʘʥʠʡ, ʢʦʥ-

ʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʳʭ ʩʠʩʪʝʤ (ʀʉ) ʦʩʪʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ [ɼʞʘʨʨʘʪʘʥʦ ʠ ʜʨ., 2007], [Babar et al., 2009]. ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʩʦʟʜʘ-

ʥʠʷ ʙʘʟ ʟʥʘʥʠʡ (ɹɿ), ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʝʪʩʷ çʫʟʢʠʤ ʤʝʩʪʦʤè ʧʨʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʀʉ [ɻʘʚʨʠʣʦʚʘ ʠ ʜʨ., 2000]. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʦʜʭʦʜʦʚ (ʤʝʪʦʜʠʢ) ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʩʦʟʜʘʥʠʷ ɹɿ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ (ʪʨʘʥʩʬʦʨʤʘʮʠʷ) ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʦʚ ʚʠʟʫʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, UML ʠ ʜʨ.) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉ 15-37-20655, 

ˉ 16-37-00122). 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: 

ʨʘʟʨʘʙʦʪʢʘ çad hocè ʨʝʰʝʥʠʡ (ʧʦʜ ʢʦʥʢʨʝʪʥʳʡ ʬʦʨʤʘʪ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ ʠ ɹɿ) ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʤʦʜʝʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʦʛʦ ʧʦʜʭʦʜʘ (Model Driven Development, MDD) [Frankel, 2003], ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʷʟʳʢʦʚ ʠ ʩʨʝʜʩʪʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʜʝʣʝʡ [Czarnecki et al., 2006]. ʇʨʠ 

ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ: ʫʟʢʘʷ ʩʧʝʮʠʘ-

ʣʠʟʘʮʠʷ ʚ ʯʘʩʪʠ ʧʦʜʜʝʨʞʢʠ ʬʦʨʤʘʪʦʚ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʷʟʳʢʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ (ʗʇɿ) ʠ ʷʟʳʢʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʜʝʣʝʡ, ʯʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ (ʠʥʦʛʜʘ, ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʜʝʣʴʥʦʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʩʨʝʜʩʪʚʦ). ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘ-

ʥʠʷ ʢ ʧʦʣʴʟʦʚʘʪʝʣʶ (ʩʧʝʮʠʘʣʠʩʪʫ) ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʘʚʠʣ (ʩʮʝʥʘʨʠʷ) 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʦʜʦʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ (ʪʝʭʥʦʣʦʛʠʠ) ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʟ-

ʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ɹɿ ʥʘ ʦʩʥʦʚʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʶ ʚ ʬʦʨʤʝ ʩʝʨ-

ʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʮʝʧʪʫʘʣʴ-

ʥʳʝ ʤʦʜʝʣʠ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ XML, ʥʘʧʨʠ-

ʤʝʨ, UML-ʤʦʜʝʣʠ [UML, 2015], ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥ-

ʜʘʨʪʦʤ XMI (XML Metadata Interchange) [XMI, 2015]; ʢʦʥʮʝʧʪ-ʢʘʨʪʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ XTM (XML Topic Maps) 

[XTM, 2006] ʠ ʜʨ. ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʳʭ ʗʇɿ ʚʳʙʨʘʥʳ ï CLIPS (C Language 

Integrated Production System) [CLIPS, 2016] ʠ OWL (Web Ontology 

Language) [OWL, 2012], ʢʘʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ʚʠʜʝ ʧʨʦʜʫʢʮʠʡ ʠ ʦʥʪʦʣʦʛʠʡ. 

1. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʜʭʦʜʘ 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ (ʪʝʭʥʦʣʦʛʠʠ) ʢ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʷʚʣʷʶʪʩʷ: 

¶ ʤʦʜʝʣʴ ʪʠʧʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʚʢʣʶʯʘʶʱʘʷ ʤʦʜʝʣʴ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ; 

¶ ʧʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʜʝʢʣʘʨʘʪʠʚʥʳʡ ʷʟʳʢ ï Transformation 

Model Representation Language (TMRL), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʤʦʜʝʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ; 

¶ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ çʢʣʦʥʠʨʦʚʘ-

ʥʠʷè (ʢʦʧʠʨʦʚʘʥʠʷ) ʪʠʧʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʝʛʦ 

ʥʘʩʪʨʦʡʢʠ (ʩʧʝʮʠʘʣʠʟʘʮʠʠ) ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 
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ɼʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ, ʦʩʥʦ-

ʚʘʥʥʘʷ ʥʘ ʧʨʠʥʮʠʧʘʭ SaaS (Software-as-a-Service ï ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʢʘʢ ʫʩʣʫʛʘ) [NIST, 2016]. ɸʨʭʠʪʝʢʪʫʨʘ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʝʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʠʜʳ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʦʙʩʫʞʜʘʣʘʩʴ ʚ [OSTIS, 2016]. 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʝʝ ʨʘʩʰʠ-

ʨʷʝʤʦʩʪʴ ʚ ʯʘʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ (ʩʝʨʚʠʩʦʚ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʤʧʦʨʪ ʠ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʦʚ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʛʝʥʝʨʘʮʠʶ ʢʦʜʘ ɹɿ ʥʘ ʨʘʟʥʳʭ ʗʇɿ. ʇʨʠ 

ʵʪʦʤ ʩʦʟʜʘʚʘʝʤʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʦʪʯʫʞʜʘʪʴʩʷ ʠ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʚʪʦʥʦʤʥʳʭ ʧʦʜʩʠʩʪʝʤ ʜʣʷ ʜʨʫʛʠʭ ʀʉ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʜʭʦʜʘ ʧʦʜʨʦʙʥʝʝ. 

1.1. ʄʦʜʝʣʴ ʪʠʧʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ɺ ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʠʜʝʷ çʢʣʦʥʠʨʦʚʘʥʠʷè (ʢʦʧʠʨʦ-

ʚʘʥʠʷ) ʠ ʥʘʩʪʨʦʡʢʠ ʪʠʧʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʪ.ʝ. ʝʛʦ ʩʧʝʮʠʘ-

ʣʠʟʘʮʠʷ) ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʬʦʨʤʘʪʳ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʇʨʝʜʩʪʘʚʠʤ ʤʦʜʝʣʴ ʪʠʧʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

, , , ,TPC T IN OUTM M A CG I=           (1.1) 

ʛʜʝ TM  ï ʤʦʜʝʣʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ; INA  ï ʘʥʘʣʠʟʘʪʦʨ ʚʭʦʜʥʳʭ ʤʦʜʝʣʝʡ; 

OUTCG  ï ʛʝʥʝʨʘʪʦʨ ʚʳʭʦʜʥʳʭ ʤʦʜʝʣʝʡ; I  ï ʠʥʪʝʨʬʝʡʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʚʥʝʰʥʠʤʠ ʀʉ. 

ʇʨʠ ʵʪʦʤ: 

{ }ONT
IN

CM
ININ AAA ,= , ʛʜʝ CM

INA  ï ʘʥʘʣʠʟʘʪʦʨ ʚʭʦʜʥʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʬʦʨʤʘʪʝ XML; ONT
INA  ï ʘʥʘʣʠʟʘʪʦʨ ʚʭʦʜʥʦʡ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ ʤʦʜʝʣʠ ʦʥʪʦʣʦʛʠʠ. 

{ }KBOWL
OUT

KBCLIPS
OUT

ONT
OUTOUT CGCGCGCG --= ,, , ʛʜʝ ONT

OUTCG  ï ʛʝʥʝʨʘʪʦʨ 

ʚʳʭʦʜʥʦʡ ʤʦʜʝʣʠ ʦʥʪʦʣʦʛʠʠ; KBCLIPS
OUTCG -  ï ʛʝʥʝʨʘʪʦʨ ʢʦʜʘ ɹɿ ʥʘ ʗʇɿ 

CLIPS; KBOWL
OUTCG -  ï ʛʝʥʝʨʘʪʦʨ ʢʦʜʘ ɹɿ ʥʘ ʗʇɿ OWL. 

ɼʣʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ 

ʠʟ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʥʪʦʣʦʛʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʫʶ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴʩʷ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʠʩʘʥʠʷ ʟʥʘ-

ʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʗʇɿ (ʥʘʧʨʠʤʝʨ, CLIPS, JESS, Drools, RuleML, SWRL ʠ 

ʜʨ.). ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ (ʚʭʦʜ-

ʥʦʡ), ʪʘʢ ʠ ʮʝʣʝʚʦʡ (ʚʳʭʦʜʥʦʡ). ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʠ ʧʨʠʚʦʜʠʪʩʷ ʚ [ɼʦʨʦʜʥʳʭ ʠ ʜʨ., 2015]. 
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{ }1,..., , , , 1,n j j jI i i i name command j n= = Í , ʛʜʝ jname  ï ʥʘʠʤʝʥʦ-

ʚʘʥʠʝ j  ʤʝʪʦʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; jcommand  ï ʫʧʨʘʚʣʷʶʱʘʷ ʢʦʤʘʥʜʘ j  

ʤʝʪʦʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʀʥʪʝʨʬʝʡʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʟʚʦʣʷʝʪ ʚʥʝʰʥʠʤ 

ʀʉ ʦʙʨʘʱʘʪʴʩʷ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʧʨʦʩʘ ʩ ʮʝ-

ʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ɹɿ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʗʇɿ. 

ɺ ʧʨʦʮʝʩʩʝ ʥʘʩʪʨʦʡʢʠ ʪʠʧʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʝʛʦ ʩʧʝʮʠ-

ʘʣʠʟʘʮʠʠ) ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʠ TM , ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʚʠʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʮʝʥʘʨʠʡ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʠ) ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʚ ʮʝʣʝʚʫ  ʁɹɿ. ʊʘʢʞʝ ʧʦʣʴ-

ʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ (ʠʣʠ ʚʳʙʨʘʪʴ ʠʟ ʜʦʩʪʫʧʥʳʭ) ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʙʣʦʢʠ ʘʥʘʣʠʟʘ INA  ʠ ʛʝʥʝʨʘʮʠʠ OUTCG , ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʡʜʝʪ 

çʩʙʦʨʢʘè ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʀʩʧʦʣʴʟʫʷ (1.1), ʦʧʨʝʜʝʣʠʤ ʤʦʜʝʣʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ TM : 

TMMMMM OUTINT ,,= , ʛʜʝ INMM  ï ʤʝʪʘʤʦʜʝʣʴ ʠʩʭʦʜʥʦʡ 

(ʚʭʦʜʥʦʡ) ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ; OUTMM  ï ʤʝʪʘʤʦʜʝʣʴ ʮʝʣʝʚʦʡ (ʚʳ-

ʭʦʜʥʦʡ) ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ (ɹɿ); T  ï ʦʧʝʨʘʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʤʦʜʝʣʝʡ. 

ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʤʦʜʝʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʪʦʨ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ T : 

: ,T CM KB­                (1.2) 

ʛʜʝ CM  ï ʠʩʭʦʜʥʘʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ; KB  ï ʮʝʣʝʚʘʷ ɹɿ. 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ (1.2) ʚʳʜʝʣʠʤ ʘʙʩʪʨʘʢʪʥʳʡ (abstract syntax) ʠ ʢʦʥʢʨʝʪ-

ʥʳʡ (concrete syntax) ʩʠʥʪʘʢʩʠʩ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʷʟʳʢʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʗʇɿ (ʩʦʛʣʘʩʥʦ [Greenfield et al., 2004]): 

: , : ,AS CM KB CS XML KRLT MM MM T M Code­ ­        (1.3) 

ʛʜʝ CMMM  ï ʤʝʪʘʤʦʜʝʣʴ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ; KBMM  ï 

ʤʝʪʘʤʦʜʝʣʴ ʮʝʣʝʚʦʡ ɹɿ. XMLM  ï ʠʩʭʦʜʥʘʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʘʷ ʚ ʬʦʨʤʘʪʝ XML; KRLCode  ï ʢʦʜ ɹɿ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʮʝʣʝ-

ʚʦʤ ʗʇɿ. ʇʨʠ ʵʪʦʤ { }OWL
KRL

CLIPS
KRLKRL CodeCodeCode ,= , ʛʜʝ CLIPS

KRLCode  ï 

ʮʝʣʝʚʦʡ ʢʦʜ ɹɿ ʥʘ ʗʇɿ CLIPS; OWL
KRLCode  ï ʮʝʣʝʚʦʡ ʢʦʜ ɹɿ ʥʘ ʗʇɿ OWL. 

ʉʦʛʣʘʩʥʦ (1.3), ʧʨʦʮʝʩʩ ʪʨʘʥʩʬʦʨʤʘʮʠʠ XMLM  ʚ KRLCode  ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʡ (ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʘʚʠʣ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʠ) ʤʝʞʜʫ ʘʙʩʪʨʘʢʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʩʭʦʜʥʦʡ CMMM  ʠ ʮʝʣʝʚʦʡ 

KBMM  ʤʝʪʘʤʦʜʝʣʝʡ. 
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ɼʘʣʝʝ ʚʚʝʜʝʤ ʦʧʝʨʘʪʦʨ TR  ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʥʘʙʦʨʘ ʧʨʘʚʠʣ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ (ʪʨʘʥʩʬʦʨʤʘʮʠʠ) ʵʣʝʤʝʥʪʦʚ ʤʝʪʘʤʦʜʝʣʝʡ: 1 2( , ,..., ) :T nR r r r=  

CM KBMM MM­ , ʛʜʝ ir  ï ʧʨʘʚʠʣʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ʇʨʠ ʵʪʦʤ nipeer i
out
i

in
ii ,1,,, Í= , ʛʜʝ in

ie  ï ʠʩʭʦʜʥʳʡ ʵʣʝʤʝʥʪ ʤʝʪʘʤʦ-

ʜʝʣʠ CMMM  (ʣʝʚʘʷ ʯʘʩʪʴ ʧʨʘʚʠʣʘ); out
ie  ï ʮʝʣʝʚʦʡ ʵʣʝʤʝʥʪ ʤʝʪʘʤʦʜʝʣʠ 

KBMM  (ʧʨʘʚʘʷ ʯʘʩʪʴ ʧʨʘʚʠʣʘ); ip  ï ʧʨʠʦʨʠʪʝʪ ʚʳʧʦʣʥʝʥʠʷ ʧʨʘʚʠʣʘ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʘʚʠʣ, 1, .ip kÍ  

1.2. ʇʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ TMRL 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ TM  ʨʘʟʨʘʙʦʪʘʥ ʧʨʝʜʤʝʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ (Domain Specific Language, DSL) ï Transformation 

Model Representation Language (TMRL). ɻʨʘʤʤʘʪʠʢʘ TMRL ʧʨʠʥʘʜʣʝʞʠʪ 

ʢ ʢʣʘʩʩʫ ʢʦʥʪʝʢʩʪʥʦ-ʩʚʦʙʦʜʥʳʭ ʛʨʘʤʤʘʪʠʢ (ʂʉ-ʛʨʘʤʤʘʪʠʢ ï LL(1)) [ɸʭʦ ʠ 

ʜʨ., 2008]. ʂʦʥʩʪʨʫʢʮʠʠ TMRL ʧʦʟʚʦʣʷʶʪ ʚ ʜʝʢʣʘʨʘʪʠʚʥʦʤ ʚʠʜʝ ʦʧʠʩʳ-

ʚʘʪʴ ʵʣʝʤʝʥʪʳ TM , ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʘʚʠʣʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʤʝʪʘ-

ʤʦʜʝʣʝʡ TR . 

ʆʧʠʰʝʤ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ TMRL ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʈʘʩʰʠʨʝʥ-

ʥʦʡ ʌʦʨʤʳ ɹʵʢʫʩʘ-ʅʘʫʨʘ (ʈɹʅʌ). ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʚʦʩʧʨʠʷʪʠʷ ʦʧʠʩʘʥʠʷ 

TMRL ʦʧʫʩʪʠʤ ʥʝʢʦʪʦʨʳʝ ʥʝʪʝʨʤʠʥʘʣʴʥʳʝ ʩʠʤʚʦʣʳ. 

 
ʄʦʜʝʣʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ TMRL = ʀʩʭʦʜʥʘʷ ʤʝʪʘʤʦʜʝʣʴ, ʎʝʣʝʚʘʷ ʤʝ-

ʪʘʤʦʜʝʣʴ, ʆʧʝʨʘʪʦʨ ʪʨʘʥʩʬʦʨʤʘʮʠʠ; 

ʀʩʭʦʜʥʘʷ ʤʝʪʘʤʦʜʝʣʴ = "Source Meta - Model ", ɿʘʛʦʣʦʚʦʢ, ʊʝʣʦ ʤʝʪʘʤʦʜʝʣʠ; 

ʎʝʣʝʚʘʷ ʤʝʪʘʤʦʜʝʣʴ = "Target Meta - Model", ɿʘʛʦʣʦʚʦʢ, ʊʝʣʦ ʤʝʪʘʤʦʜʝʣʠ; 

ʆʧʝʨʘʪʦʨ ʪʨʘʥʩʬʦʨʤʘʮʠʠ = "Transformation ",ɿʘʛʦʣʦʚʦʢ,ʊʝʣʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ; 

ʊʝʣʦ ʤʝʪʘʤʦʜʝʣʠ = ʕʣʝʤʝʥʪʳ, ʉʚʷʟʠ ; 

ʕʣʝʤʝʥʪʳ = "Elements ", " (" , { ʕʣʝʤʝʥʪ } , ") ";  

ʉʚʷʟʠ = "Relationships " , " (" , { ʉʚʷʟʴ } , ") ";  

ʊʝʣʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ = { ʇʨʘʚʠʣʦ };  

ʇʨʘʚʠʣʦ = ɿʘʛʦʣʦʚʦʢ ʧʨʘʚʠʣʘ , ʊʝʣʦ ʧʨʘʚʠʣʘ;  

ɿʘʛʦʣʦʚʦʢ ʧʨʘʚʠʣʘ = "Rule " , ʀʩʭʦʜʥʳʡ ʵʣʝʤʝʥʪ , "to " , ʎʝʣʝʚʳʝ 

ʵʣʝʤʝʥʪʳ , "priority " , ʎʠʬʨʘ;  

ʊʝʣʦ ʧʨʘʚʠʣʘ = {ɺʳʨʘʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʠʷ}, {ʋʩʣʦʚʥʦʝ ʚʳʨʘʞʝʥʠʝ};  

ɺʳʨʘʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʠʷ = ʃʝʚʳʡ ʵʣʝʤʝʥʪ ʚʳʨʘʞʝʥʠʷ , "is " , ʇʨʘʚʳʡ 

ʵʣʝʤʝʥʪ ʚʳʨʘʞʝʥʠʷ;  

ʋʩʣʦʚʥʦʝ ʚʳʨʘʞʝʥʠʝ = "if " , " (" , ʋʩʣʦʚʠʝ , ")" , ɼʝʡʩʪʚʠʝ. 

 

1.3. ʄʝʪʦʜ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʄʝʪʦʜ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝ-

ʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʝʡʩʪʚʠʡ (ʰʘʛʦʚ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʝh-

ʥʠʝ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʀʉ 
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ʥʘ ʦʩʥʦʚʝ çʢʣʦʥʠʨʦʚʘʥʠʷè (ʢʦʧʠʨʦʚʘʥʠʷ) ʠ ʥʘʩʪʨʦʡʢʠ ʪʠʧʦʚʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʪʠʧʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʳʙʦʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʣʦʢʦʚ ʘʥʘʣʠʟʘ ʠ ʛʝʥʝʨʘʮʠʠ). 

ʇʝʨʝʯʠʩʣʠʤ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʤʝʪʦʜʘ. 

1. ɺʠʟʫʘʣʴʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʡ (ʧʨʘʚʠʣ ʪʨʘʥʩʬʦʨʤʘʮʠʠ) ʵʣʝ-

ʤʝʥʪʦʚ ʤʝʪʘʤʦʜʝʣʝʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʜʝʣʝʡ (ʥʘʧʨʠʤʝʨ, QVT, ATL ʠ ʜʨ.). 

2. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʭʦʜʥʦʡ ʤʝʪʘʤʦʜʝʣʠ CMMM  

ʧʫʪʝʤ ʘʥʘʣʠʟʘ XML-ʩʭʝʤʳ (XML Schema Definition, XSD) [XSD, 2012] ʢʦʥ-

ʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʣʠʙʦ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʦʛʦ XML -ʜʦʢʫʤʝʥʪʘ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ (reverse engineering). 

3. ɼʦʩʪʫʧʥʦʩʪʴ çʧʦ ʫʤʦʣʯʘʥʠʶè ʤʝʪʘʤʦʜʝʣʝʡ KBMM  ʗʇɿ CLIPS ʠ 

OWL ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ TM . 

4. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʭʨʘʥʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʘʚʠʣ ʩʦʦʪʚʝʪʩʪʚʠʷ 
ʵʣʝʤʝʥʪʦʚ ʤʝʪʘʤʦʜʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TMRL. 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʤʝʪʦʜʘ. 

ʕʪʘʧ 1: ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʪʘʤʦʜʝʣʠ CMMM  (ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ XML -

ʩʭʝʤʳ ʠʣʠ ʠʩʭʦʜʥʦʛʦ ʜʦʢʫʤʝʥʪʘ XML ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʩʭʦʜʥʦʡ ʢʦʥ-

ʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨ ʮʝʣʝʚʦʛʦ 

ʬʦʨʤʘʪʘ ɹɿ (KBMM  ʗʇɿ CLIPS ʠʣʠ OWL). ʕʪʦʪ ʚʳʙʦʨ ʧʦʚʣʠʷʝʪ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ (ʩʙʦʨʢʝ) ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ. 

ʕʪʘʧ 2: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʤʦʜʝʣʠ .CMMM  

ʕʪʘʧ 3: ʫʪʦʯʥʝʥʠʝ ʤʦʜʝʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʠʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʠʩʭʦʜʥʦʡ ʠ ʮʝʣʝʚʦʡ ʤʝʪʘʤʦʜʝʣʝʡ. 

ʕʪʘʧ 4: ʩʠʥʪʝʟ TM  ʥʘ TMRL.  

ʕʪʘʧ 5: ʫʪʦʯʥʝʥʠʝ (ʜʦʧʦʣʥʝʥʠʝ) TM  (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ). 

ʕʪʘʧ 6: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʧʫʪʝʤ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʪʠʧʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʩʬʦʨʤʠʨʦ-

ʚʘʥʥʦʡ TM  ʠ ʚʳʙʨʘʥʥʳʭ ʨʘʥʝʝ ʙʣʦʢʦʚ ʘʥʘʣʠʟʘ ʠ ʛʝʥʝʨʘʮʠʠ. 

  



 

 

39 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ (ʪʝʭʥʦʣʦʛʠʷ) ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥ-

ʥʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟ ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʥʮʝʧ-

ʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. ɺ ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʣʝ-

ʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ:  

¶ ʤʦʜʝʣʠ ʪʠʧʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʡ 
ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ (ʧʨʦʛʨʘʤʤʳ) ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ ʘʚ-

ʪʦʨʩʢʦʤ ʷʟʳʢʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʧʝʮʠʘʣʠʟʘʮʠʶ (ʥʘʩʪʨʦʡʢʫ) ʢʦʤ-

ʧʦʥʝʥʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʦʨʤʘʪʘʤʠ ʚʭʦʜʥʳʭ ʠ 

ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

¶ ʧʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʝʢʣʘʨʘʪʠʚʥʦʛʦ ʷʟʳʢʘ (TMRL), ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʤʦʜʝʣʠ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʠ ʠ  ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʫʟʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʠ ʧʨʦ-

ʩʪʦʪʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʧʨʦʩʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ; 

ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ʜʨʫʛʠʭ ʷʟʳʢʦʚ; ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʜʨʫʛʠʭ ʷʟʳʢʦʚ);  

¶ ʤʝʪʦʜʘ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʧʠʨʦʚʘʥʠʷ 
ʪʠʧʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʝʛʦ ʥʘʩʪʨʦʡʢʠ (ʩʧʝʮʠʘʣʠʟʘ-

ʮʠʠ), ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ: ʚʠʟʫʘʣʴʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʧʨʘ-

ʚʠʣ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʝʪʘʤʦ-

ʜʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʭʨʘʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʭʦʜʥʳʭ ʤʝʪʘʤʦʜʝʣʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TMRL. ʊʝʭʥʦʣʦʛʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʬʦʨʤʘʪʝ XML. ɺ ʢʘʯʝ-

ʩʪʚʝ ʮʝʣʝʚʳʭ ʬʦʨʤʘʪʦʚ ɹɿ ʠʩʧʦʣʴʟʫʝʪʩʷ CLIPS ʠ OWL. 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʦʜʭʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʩʝʨʚʠʩ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ [OSTIS, 2016], ʘʧʨʦʙʘʮʠʷ ï ʥʘ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʢʠ ʙʘʟ ʟʥʘʥʠʡ ʜʣʷ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ (ʩʦʩʫʜʳ, ʘʧʧʘʨʘʪʳ, ʝʤʢʦʩʪʠ, ʪʨʫʙʦʧʨʦʚʦʜʳ) ʚ ʥʝʬʪʝʭʠ-

ʤʠʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʪʠʟʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [ɹʝʨʤʘʥ ʠ 

ʜʨ., 2014]. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨ r
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[ɹʝʨʤʘʥ ʠ ʜʨ., 2014] ɹʝʨʤʘʥ ɸ.ʌ., ʅʠʢʦʣʘʡʯʫʢ ʆ.ɸ., ʖʨʠʥ ɸ.ʖ., ʂʫʟʥʝʮʦʚ ʂ.ɸ. 
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ʋɼʂ 519.688 

ʇʈʆɹʃɽʄʅʆ-ʆʈʀɽʅʊʀʈʆɺɸʅʅʓʁ ʉʇʆʉʆɹ  

ʆɹʒɽʂʊʀɺʅʆɻʆ ʌʆʈʄʀʈʆɺɸʅʀʗ ɹɸɿ ɿʅɸʅʀʁ  

ɼʃʗ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ ʉʀʉʊɽʄ
1
 

ɸ.ʉ. ʂʣʝʱʝʚ (kleschev@iacp.dvo.ru)  

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ɼɺʆ ʈɸʅ, ɺʣʘʜʠʚʦʩʪʦʢ 

ʉ.ɺ. ʉʤʘʛʠʥ (smagin.sv@dvfu.ru)  

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʦʙʲʝʢ-

ʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʦʨʦʰʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʙʘʟ ʟʥʘʥʠʡ ʜʣʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦ-

ʛʨʘʤʤ InForMedKB, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʠʥʜʫʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʙʘʟ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠ-

ʟʦʚʘʥ ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ. ʇʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʢʦʤ-

ʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ ï ʬʨʘʛʤʝʥʪ ʠʥʜʫʢʪʠʚʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʤʝ-

ʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ çʆʩʪʨʳʡ ʘʧʧʝʥʜʠʮʠʪè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʜʫʢʪʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʥʘʥʠʡ, ʤʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ, ʤʦʜʝʣʴ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʥʪʦʣʦʛʠʷ, ʭʦʨʦʰʘʷ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ, ʙʘʟʘ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, 

ʟʘʜʘʯʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ, ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ 

ɺʚʝʜʝʥʠʝ 

ʇʦʣʥʦʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʘʜʝʢʚʘʪʥʦʩʪʴ ʨʝʰʘʪʝʣʝʡ ʟʘʜʘʯ ʠ ʢʘ-

ʯʝʩʪʚʦ ʙʘʟ ʟʥʘʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʘʧʨʷ-

ʤʫʶ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʩ ʠʭ ʧʦʤʦʱʴʶ ʨʝʟʫʣʴʪʘʪʘ. ʇʨʠ ʵʪʦʤ 

ʟʘʣʦʛʦʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʧʦʥʠʤʘʥʠʝ (ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ) ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʘʢ ʩʘʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, 

ʪʘʢ ʠ ʪʦʛʦ, ʧʦʯʝʤʫ ʙʳʣ ʧʦʣʫʯʝʥ ʠʤʝʥʥʦ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʘʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʦʜʩʠʩʪʝʤʘ ʦʙʲʷʩʥʝʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘ-

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ  

ˉ 14-07-00270, ˉ 15-07-03193) ʠ ʂʇʌʀ çɼʘʣʴʥʠʡ ɺʦʩʪʦʢè. 
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ʣʠʟʘ ʛʠʧʦʪʝʟ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʨʝʰʝʥʠʷ (ʚʳʚʦʜʘ) ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ ʚ ʢʦʥ-

ʪʝʢʩʪʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʙʘʟʳ ʟʥʘʥʠʡ [ɻʘʚʨʠʣʦʚʘ 

ʠ ʜʨ., 2000]. ɺ ʩʣʦʞʠʚʰʝʡʩʷ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʙʘʟʳ ʟʥʘ-

ʥʠʡ ʜʣʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʬʦʨʤʠʨʫʶʪʩʷ ʵʢʩʧʝʨʪʘʤʠ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ 

(ʇʆ) ʚʨʫʯʥʫʶ ï ʧʨʠ ʧʦʤʦʱʠ ʨʝʜʘʢʪʦʨʦʚ ʟʥʘʥʠʡ. ʆʥʪʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ 

ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʇʆ ʷʚʥʦ ʬʦʨʤʘʣʠʟʫʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʟʥʘʥʠʷʤʠ ʠ ʜʘʥʥʳ-

ʤʠ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʟʥʘʥʠʷʤʠ ʠ ʜʘʥʥʳʤʠ ʭʦʨʦʰʦ ʠʥ-

ʪʝʨʧʨʝʪʠʨʫʝʤʳ ʵʢʩʧʝʨʪʘʤʠ ʇʆ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʜʘʢʪʦ-

ʨʘʭ ʟʥʘʥʠʡ [Prot®g®, 2016], ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʤʦʜʝʣʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʧʘ-

ʨʘʤʝʪʨʘʤʠ [ʂʣʝʱʝʚ ʠ ʜʨ., 2001]. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʙʘʟ ʟʥʘʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʵʢʩʧʝʨʪʘʤʠ ʇʆ, ʷʚʣʷʶʪʩʷ ʠʭ 

ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ, ʚʚʠʜʫ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʵʢʩʧʝʨʪʘ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʦʙʲʝʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟ ʟʥʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

(ʠʥʜʫʢʪʠʚʥʦʝ) ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟ ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ɻʣʘʚʥʳʝ ʮʝʣʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʢʘʢ çʇʦʠʩʢ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ, ʩʦʧʦʩʪʘʚʣʷʶʱʝʛʦ ʥʦʚʳʤ ʦʙʲʝʢʪʘʤ ʠʭ 

ʢʣʘʩʩʳ ʠʣʠ ʢʣʘʩʪʝʨʳè (ʪ.ʝ. ʧʦʩʪʨʦʝʥʠʝ ʨʝʰʘʪʝʣʷ ʟʘʜʘʯ) ʠ çʇʦʣʫʯʝʥʠʝ 

ʦʧʠʩʘʥʠʷ ʢʣʘʩʩʦʚ ʠʣʠ ʢʣʘʩʪʝʨʦʚè (ʪ.ʝ. ʧʦʣʫʯʝʥʠʝ ʟʥʘʥʠʡ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʵʢʩʧʝʨʪʘʤʠ ʇʆ). ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʥʝʷʚʥʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʦʙʲʝʢʪʠʚʥʳʝ ʦʧʠʩʘʥʠʷ ʢʣʘʩʩʦʚ (ʢʣʘʩʪʝ-

ʨʦʚ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʇʆ. ʇʦʩʪʨʦʝʥʠʝ ʦʧʠʩʘʥʠʷ ʢʣʘʩʩʘ (ʢʣʘʩʪʝʨʘ) 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʷʚʣʝʥʠʝ ʩʭʦʜʩʪʚʘ (ʥʘʭʦʞʜʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ) ʤʝʞʜʫ 

ʜʘʥʥʳʤʠ, ʚʢʣʶʯʝʥʥʳʤʠ ʚ ʵʪʦʪ ʢʣʘʩʩ (ʢʣʘʩʪʝʨ). ɺ ʢʦʥʪʝʢʩʪʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ çʆʙʥʘʨʫʞʝʥʠʝ ʟʥʘʥʠʡ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭè ʦʧʠʩʘʥʠʝ ʢʣʘʩʩʦʚ 

(ʢʣʘʩʪʝʨʦʚ) ʩʯʠʪʘʝʪʩʷ ʙʦʣʝʝ ʚʘʞʥʳʤ, ʯʝʤ ʧʦʠʩʢ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ. ʕʪʦ 

ʢʦʥʪʨʘʩʪʠʨʫʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ çʈʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚè ʠ çʄʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝè, ʚ ʢʦʪʦʨʳʭ ʧʦʠʩʢ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʡ ʮʝʣʴʶ [ɺʘʛʠʥ ʠ ʜʨ., 2004]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʙʘʟ ʟʥʘʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʨʘʤʢʘʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ ʟʘʜʘʯ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʤʦʜʝʣʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʟʥʘʥʠʷʤʠ ʠ ʜʘʥʥʳʤʠ (ʢʣʘʩʩʘʤʠ (ʢʣʘʩʪʝʨʘʤʠ) ʠ ʦʙʲʝʢ-

ʪʘʤʠ) ï ʥʝ ʠʟʚʝʩʪʥʘ. ʇʦʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦ-

ʙʣʝʤʥʦ-ʥʝʟʘʚʠʩʠʤʳʝ ʤʦʜʝʣʠ ʟʥʘʥʠʡ ʠ ʘʣʛʦʨʠʪʤʳ ʦʙʫʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʜʣʷ ʵʪʠʭ ʤʦʜʝʣʝʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʢʦʥʢʨʝʪ-

ʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ [ɿʘʛʦʨʫʡʢʦ, 2012]. ʌʦʨʤʠʨʫʝʤʘʷ ʧʨʠ ʪʘʢʦʤ ʧʦʜ-

ʭʦʜʝ ʙʘʟʘ ʟʥʘʥʠʡ ʧʦʣʫʯʘʝʪʩʷ ʥʝʧʦʥʷʪʥʦʡ ʵʢʩʧʝʨʪʘʤ ʢʦʥʢʨʝʪʥʳʭ ʇʆ ʚʚʠʜʫ 

ʪʦʛʦ, ʯʪʦ ʦʥʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ ʨʘʤʢʘʭ (ʠ ʚ ʪʝʨʤʠʥʘʭ) ʘʙʩʪʨʘʢʪʥʦʡ ʤʘʪʝʤʘ-
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ʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʪʘʢʞʝ ʥʝʧʦʥʷʪʥʦʡ ʵʢʩʧʝʨʪʘʤ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʦʪʤʝʪʠʣ ɼ. 

ʄʠʢʠ [Michie, 1980], ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʙʘʟʳ ʟʥʘʥʠʡ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʦʥʠ ʧʦʥʷʪʥʳ ʵʢʩʧʝʨʪʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʇʆ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʵʪʠ ʵʢʩʧʝʨʪʳ 

ʩʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʩʘʤʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢʠʤʠ ʙʘʟʘʤʠ ʟʥʘʥʠʡ ʚ ʩʚʦʝʡ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʙʫʜʫʪ ʜʦʚʝʨʷʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʠʩʪʝ-

ʤʘʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʵʪʠ ʙʘʟʳ ʟʥʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʤʦʛʫʪ ʧʨʦʚʝʨʷʪʴ ʚʳʚʦʜʳ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʭ ʧʦʜʩʠʩʪʝʤʘʤʠ ʦʙʲʷʩʥʝʥʠʡ. 

ɺ ʩʝʨʠʠ ʩʪʘʪʝʡ ʘʚʪʦʨʦʚ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʜʝʣʘʝʪʩʷ ʧʦʧʳʪʢʘ ʦʙʲʝʜʠʥʝʥʠʷ 

ʜʦʩʪʦʠʥʩʪʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʲʝʢʪʠʚʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʘʟ 

ʟʥʘʥʠʡ ʠ ʠʩʢʣʶʯʝʥʠʷ ʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʨʘʙʦʪʝ [ʂʣʝʱʝʚ ʠ ʜʨ., 2008] ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʣʦʞʝʥ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʧʨʦʚʝ-

ʜʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʥʘ ʤʦʜʝʣʴʥʳʭ ʜʘʥʥʳʭ) ʩʚʦʡʩʪʚ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʦʙʱʝʛʦ ʧʦʜ-

ʭʦʜʘ ʜʣʷ ʭʦʨʦʰʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʥʦʡ ʦʥʪʦʣʦʛʠʝʡ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘ-

ʛʥʦʩʪʠʢʠ. ɺ ʨʘʙʦʪʝ [ʂʣʝʱʝʚ ʠ ʜʨ., 2011] ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʤʦʜʝʣʴʥʳʭ ʜʘʥʥʳʭ (ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ 

[ʂʣʝʱʝʚ ʠ ʜʨ., 2008] ʦʙʱʝʛʦ ʧʦʜʭʦʜʘ ʠ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʘʤ ʩʭʝʤʝ) ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʜʚʫʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ (ʘʣʛʦʨʠʪʤʘ ʩʣʫʯʘʡʥʦʡ 

ʨʘʩʩʪʘʥʦʚʢʠ ʛʨʘʥʠʮ ʧʝʨʠʦʜʦʚ ʜʠʥʘʤʠʢʠ ʠ ʘʣʛʦʨʠʪʤʘ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʠʩʢʘ) 

ʜʣʷ ʫʧʨʦʱʝʥʥʦʡ ʦʥʪʦʣʦʛʠʠ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ 

[ʂʣʝʱʝʚ ʠ ʜʨ., 2011] ʚʳʜʚʠʥʫʪʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʛʠʧʦʪʝʟʘ 

ʦ ʪʦʤ, ʯʪʦ ʚʥʝʰʥʠʝ ʩʚʦʡʩʪʚʘ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ (ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʧʦ-

ʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʣʠʪʝʨʘ-

ʪʫʨʝ) ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʦʪʨʘʞʘʶʪ ʩʪʝʧʝʥʴ ʨʘʟʜʝʣʠʤʦʩʪʠ ʢʣʘʩʩʦʚ ʇʆ ʠ ʚ 

ʤʝʥʴʰʝʡ ï ʩʚʦʡʩʪʚʘ ʩʘʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ, ʘ ʝʛʦ ʚʥʫʪʨʝʥʥʠʝ ʩʚʦʡʩʪʚʘ 

(ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ 

[ʂʣʝʱʝʚ ʠ ʜʨ., 2012]), ʥʘʧʨʦʪʠʚ, ʦʪʨʘʞʘʶʪ ʠʤʝʥʥʦ ʩʚʦʡʩʪʚʘ ʘʣʛʦʨʠʪʤʘ ʦʙʫ-

ʯʝʥʠʷ, ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩ ʨʘʟʜʝʣʠʤʦʩʪʴʶ ʢʣʘʩʩʦʚ ʇʆ. ɺ ʨʘʙʦʪʝ 

[ʂʣʝʱʝʚ ʠ ʜʨ., 2012] ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʦʙʱʠʝ ʧʦʩʪʘʥʦʚʢʠ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ 

ʠʥʜʫʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟ ʟʥʘʥʠʡ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ) 

ʜʣʷ ʤʦʜʝʣʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ (ʟʘʜʘʥʥʳʭ ʩʠʩʪʝʤʘʤʠ ʣʦʛʠʯʝʩʢʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʟʘʜʘʯʠ 

ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʠ (ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʢʘʯʝ-

ʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʣʷ ʥʝʝ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ), ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʠ 

ʠʩʩʣʝʜʦʚʘʥ ʥʘ ʤʦʜʝʣʴʥʳʭ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʨʝʰʘʝʪ ʫʢʘ-

ʟʘʥʥʳʝ ʟʘʜʘʯʠ (ʚ ʠʭ ʥʦʚʳʭ ʧʦʩʪʘʥʦʚʢʘʭ) ʜʣʷ ʦʥʪʦʣʦʛʠʠ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘ-

ʛʥʦʩʪʠʢʠ, ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʨʝʘʣʴʥʦʡ. 
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1. ʇʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʦʙʲʝʢʪʠʚʥʦʛʦ  

ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʦʨʦʰʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʙʘʟ ʟʥʘʥʠʡ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ 

ʦʙʲʝʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʦʨʦʰʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʙʘʟ ʟʥʘʥʠʡ ʜʣʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʨʝʰʝʥʠʠ ʦʩʥʦʚʥʳʭ ʟʘ-

ʜʘʯ ʠʥʜʫʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟ ʟʥʘʥʠʡ ʚ ʠʭ ʥʦʚʳʭ ʧʦʩʪʘʥʦʚʢʘʭ, ʧʨʠ 

ʧʦʤʦʱʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ ʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ 

InForMedKB, ʝʛʦ ʨʝʘʣʠʟʫʶʱʝʛʦ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦ-

ʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʘʩʩʤʦʪʨʝʥʘ ʇʆ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʘ ʠʤʝʥʥʦ ʝʝ 

ʭʦʨʦʰʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʧʘʨʘ-

ʤʝʪʨʘʤʠ (ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʥʪʦʣʦʛʠʝʡ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʨʠ-

ʙʣʠʞʝʥʥʦʡ ʢ ʨʝʘʣʴʥʦʡ). ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʤʦʜʝʣʠ, ʥʘ ʦʩʥʦʚʝ ʦʙʫʯʘʶʱʝʡ ʚr -

ʙʦʨʢʠ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʝʡ ʠʩʪʦʨʠʠ ʙʦʣʝʟʥʠ ʟʘʙʦʣʝʚʘʥʠʷ çʆʩʪ-

ʨʳʡ ʘʧʧʝʥʜʠʮʠʪè, ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ InForMedKB, ʠʥʜʫʢ-

ʪʠʚʥʦ ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʘʟʘ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ. 

ʅʝʬʦʨʤʘʣʴʥʦ ʟʘʜʘʯʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ [ɾʫʨʘʚʣʝʚ ʠ ʜʨ., 2006], ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʤʥʦʞʝʩʪʚʘ ʤʦʜʝʣʝʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ 

ʥʝʠʟʚʝʩʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ ʠ ʦʙʲʝʢʪʘʤʠ) ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦ-

ʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [MachineLearning.ru, 2016], ʢʦʪʦʨʳʡ ʥʘ ʦʩʥʦʚʝ ʦʧʠ-

ʩʘʥʠʷ ʦʙʲʝʢʪʦʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʩʪʨʦʠʪ ʨʝʰʘʶʱʝʝ ʧʨʘʚʠʣʦ ʩ ʚʦʟʤʦʞ-

ʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʘʚʠʣʴʥʦʡ ʠ ʪʦʯʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

[ɺʠʪʷʝʚ, 2006]. ɿʘʜʘʯʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʧʦʩʪʘʥʦʚʢʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘ-

ʙʦʪʝ [ʂʣʝʱʝʚ ʠ ʜʨ., 2012], ʩʦʩʪʦʠʪ ʚ ʧʦʠʩʢʝ ʦʮʝʥʦʢ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʇʆ (ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʧʘ-

ʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʦʙʨʘʟʫʶʪ ʙʘʟʫ ʟʥʘʥʠʡ). ɽʩʣʠ ʤʦʜʝʣʴ ʟʘʚʠʩʠʤʦʩʪʠ ʷʚʣʷ-

ʝʪʩʷ ʘʜʝʢʚʘʪʥʦʡ ʠ ʭʦʨʦʰʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʡ, ʪʦ ʪʨʘʜʠʮʠʦʥʥʘʷ ʠ ʥʦʚʘʷ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫ-

ʶʱʠʤ ʦʙʨʘʟʦʤ ï ʧʦʠʩʢ ʥʘʠʣʫʯʰʝʛʦ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ ʧʨʦʪʠʚ ʧʦʠʩʢʘ 

ʘʜʝʢʚʘʪʥʳʭ ʟʥʘʥʠʡ ʦ ʇʆ. 

ɺ [ʂʣʝʱʝʚ ʠ ʜʨ., 2012] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʭʦʨʦʰʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʘʷ ʤʦ-

ʜʝʣʴ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʚʣʷʶʱʘʷʩʷ ʦʥʪʦʣʦʛʠʝʡ ʤʝʜʠʮʠʥʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʨʝʘʣʴʥʦʡ. ʕʪʘ ʦʥʪʦʣʦʛʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

ʥʝʦʙʦʛʘʱʝʥʥʦʡ ʩʠʩʪʝʤʳ ʣʦʛʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʷʚʣʷʝʪ-

ʩʷ ʚʘʞʥʳʤ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʦʥʪʦʣʦʛʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʝ-

ʜʠʮʠʥʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [ʂʣʝʱʝʚ ʠ ʜʨ., 2005]. ɺ 

ʫʢʘʟʘʥʥʦʡ ʦʥʪʦʣʦʛʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʚʠʜ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ 

ʦʪʥʦʰʝʥʠʡ ï ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, ʫʯʠʪʳʚʘʶʪʩʷ ʤʥʦʛʦ-

ʢʨʘʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʘʮʠʝʥʪʦʚ (ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ 

ʥʘʙʣʶʜʝʥʠʷ), ʘ ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠʟʥʘʢʠ ʧʦʣʘʛʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ. 
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ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [ʂʣʝʱʝʚ ʠ ʜʨ., 2012] ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ 

(ʘʣʛʦʨʠʪʤ ʠʥʜʫʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟ ʤʝʜʠʮʠʥʩʢʠʭ ʟʥʘʥʠʡ, ʨʝʰʘʶ-

ʱʠʡ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚ ʠʭ ʥʦʚʳʭ ʧʦʩʪʘʥʦʚʢʘʭ ʠʟ 

ʵʪʦʡ ʞʝ ʨʘʙʦʪʳ) ʜʣʷ ʫʢʘʟʘʥʥʦʡ ʦʥʪʦʣʦʛʠʠ ʠ ʠʥʜʫʢʪʠʚʥʦ ʬʦʨʤʠʨʫʶʱʠʡ 

ʙʘʟʫ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨ-

ʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʠʩʪʦʨʠʠ ʙʦʣʝʟʥʠ (ʀɹ) ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʨʘʟʜʝʣʘ ʤʝʜʠʮʠʥʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʦʙʨʘʙʦʪʢʫ 

ʀɹ ʩ ʜʠʘʛʥʦʟʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʦʙʣʘʜʘʶʱʠʤ ʠʟ-

ʤʝʥʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚ ʚʦ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʜʠʥʘʤʠʢʦʡ. ʆʧʠʩʘʥʠʝ ʚʘ-

ʨʠʘʥʪʦʚ ʜʠʥʘʤʠʢʠ ʪʘʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʤ ʠ 

ʩʣʦʞʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʩʧʝʨʪʦʚ ʇʆ, ʘ ʧʦʪʦʤʫ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥ-

ʥʳʤ. ʋʩʣʦʚʠʝʤ ʧʨʠʤʝʥʠʤʦʩʪʠ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʭʦʨʦ-

ʰʘʷ ʦʙʩʣʝʜʦʚʘʥʥʦʩʪʴ ʀɹ, ʚʭʦʜʷʱʠʭ ʚ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ (ʪ.ʝ. ʜʦʩʪʘ-

ʪʦʯʥʦ ʧʦʜʨʦʙʥʦʝ ʠ ʨʝʛʫʣʷʨʥʦʝ ʦʧʠʩʘʥʠʝ ʣʝʯʘʱʠʤ ʚʨʘʯʦʤ ʧʨʠʟʥʘʢʦʚ ʚ 

ʀɹ). ɽʩʣʠ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʩʦʜʝʨʞʠʪ ʪʘʢʞʝ ʠ ʧʣʦʭʦ ʦʙʩʣʝʜʦʚʘʥʥʳʝ 

ʀɹ, ʢʘʯʝʩʪʚʦ ʠʥʜʫʢʪʠʚʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʤʝʜʠʮʠʥʩʢʠʭ ʟʥʘʥʠʡ (ʢʘ-

ʯʝʩʪʚʦ ʦʧʠʩʘʥʠʡ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʟʘʙʦʣʝʚʘʥʠʡ) ʟʘʚʠʩʠʪ ʠʩʢʣʶʯʠ-

ʪʝʣʴʥʦ ʦʪ ʜʦʣʠ ʭʦʨʦʰʦ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʀɹ ʚ ʵʪʦʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ. 

2. ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʣʷ ʠʥʜʫʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʙʘʟ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [ʂʣʝʱʝʚ ʠ ʜʨ., 2008, 2011, 2012] ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ InForMedKB v1.1 (INductive 

FORmation of MEDical Knowledge Bases), ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʚʘʪʴ ʦʙʫʯʘ-

ʶʱʠʝ ʚʳʙʦʨʢʠ (ʩʦʩʪʦʷʱʠʝ ʠʟ ʀɹ ʨʘʟʣʠʯʥʳʭ ʨʘʟʜʝʣʦʚ ʤʝʜʠʮʠʥʳ), ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʠʥʜʫʢʪʠʚʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʙʘʟʳ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘ-

ʥʠʡ (ʚ ʬʦʨʤʝ, ʧʨʠʥʷʪʦʡ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ) ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʠʥ-

ʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʙʲʷʩʥʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʙʘʟ 

ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ 

[ʉʤʘʛʠʥ, 2014]. ɺ ʢʦʤʧʣʝʢʩʝ ʧʨʦʛʨʘʤʤ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ ʠʟ 

ʨʘʙʦʪʳ [ʂʣʝʱʝʚ ʠ ʜʨ., 2012] ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʦʡ ʠ ʭʦʨʦʰʦ ʠʥʪʝʨ-

ʧʨʝʪʠʨʫʝʤʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʚʣʷ-

ʶʱʝʡʩʷ ʦʥʪʦʣʦʛʠʝʡ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʨʝʘʣʴ-

ʥʦʡ). ɸʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ ʥʘʭʦʜʠʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ (ʙʘʟʫ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ) ʤʦʜʝʣʠ, ʙʣʠʟʢʠʝ ʢ 

ʟʥʘʯʝʥʠʷʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʇʆ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʂʦʤʧʣʝʢʩ 

ʧʨʦʛʨʘʤʤ InForMedKB ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

¶ ʩʦʟʜʘʥʠʝ ʦʥʪʦʣʦʛʠʠ (ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʣʦʛʠ-

ʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ) ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚ 

ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʝ (ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʥʪʦʣʦʛʠʠ ʚ 

ʚʠʜʝ ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʪʘʥʜʘʨʪʘ); 
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¶ ʩʦʟʜʘʥʠʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ (ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ 
ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʠ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ) ʀɹ ʧʦ ʥʘʙʦʨʫ ʟʘʙʦʣʝ-

ʚʘʥʠʡ ʥʝʢʦʪʦʨʦʛʦ ʨʘʟʜʝʣʘ ʤʝʜʠʮʠʥʳ (ʜʣʷ ʢʘʞʜʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʩʦ-

ʟʜʘʝʪʩʷ ʩʚʦʷ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ, ʢʘʢ ʯʘʩʪʴ ʮʝʣʦʛʦ); 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʚʳʙʦʨʢʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʨʷʜʘ ʢʨʠʪʝʨʠʝʚ ʦʪʙʦʨʘ ʀɹ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ: ʯʠʩʣʦʚʳʤʠ, ʣʦʛʠ-

ʯʝʩʢʠʤʠ, ʧʝʨʝʯʠʩʣʠʤʳʤʠ); 

¶ ʠʥʜʫʢʪʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 
ʟʥʘʥʠʡ (ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʧʠʩʘʥʠʡ ʢʣʠ-

ʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦ-

ʚʘʥʦ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʪʦʤʫ ʟʘʙʦʣʝʚʘʥʠʶ ʦʙʫʯʘʶʱʝʡ 

ʚʳʙʦʨʢʠ) ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʝ, ʘ ʪʘʢʞʝ ʛʝʥʝʨʘʮʠʷ ʦʙʲʷʩʥʝʥʠʷ ʵʪʦʡ 

ʙʘʟʳ ʟʥʘʥʠʡ (ʥʘ ʦʩʥʦʚʝ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ); 

¶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʤʝʜʠʮʠʥʩʢʠʭ ʟʥʘʥʠʡ ʚ ʬʦʨ-

ʤʫ, ʧʨʠʥʷʪʫʶ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ InForMedKB ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʩʠʩʪʝʤʳ: ʚʚʦʜʘ 

ʦʥʪʦʣʦʛʠʠ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʀɹ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ; ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʬʦʨʤʘʪ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ; 

ʠʥʜʫʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ; ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʙʘʟ ʤʝʜʠʮʠʥʩʢʠʭ ʟʥʘʥʠʡ 

ʚ ʬʦʨʤʝ, ʧʨʠʥʷʪʦʡ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ [ʉʤʘʛʠʥ, 2014]. 

3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ InForMedKB 

ʇʨʠ ʧʦʤʦʱʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ InForMedKB, ʥʘ ʦʩʥʦʚʝ ʦʙʫʯʘʶʱʝʡ 

ʚʳʙʦʨʢʠ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʠʥʜʫʢʪʠʚʥʦ ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʘʟʘ ʤʝʜʠʮʠʥʩʢʠʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʩ ʭʦʨʦʰʠʤ ʫʨʦʚʥʝʤ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ. 

3.1. ʆʧʠʩʘʥʠʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ɼʣʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʦʪʦʙʨʘʥʳ ʠ ʚʚʝʜʝʥʳ ʨʝʘʣʴʥʳʝ ʀɹ ʧʘʮʠʝʥʪʦʚ 

ʩ ʟʘʙʦʣʝʚʘʥʠʝʤ çʆʩʪʨʳʡ ʘʧʧʝʥʜʠʮʠʪè. ɺ ʚʳʙʦʨʢʫ ʚʢʣʶʯʝʥʦ 126 ʀɹ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʘʨʭʠʚʦʤ ɻʦʩʧʠʪʘʣʷ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʌʣʦʪʘ ɺʄʌ ʈʦʩ-

ʩʠʠ. ʆʪʙʦʨ ʀɹ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʢʨʠʪʝʨʠʶ: ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʜʠʘʛʥʦʟ ï 

çʆʩʪʨʳʡ ʘʧʧʝʥʜʠʮʠʪè, ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʧʧʝʥʜʵʢʪʦʤʠʝʡ. ɺʩʝ ʀɹ, 

ʚʢʣʶʯʝʥʥʳʝ ʚ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ, ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʝʧʝʨʩʦʥʘʣʠ-

ʟʠʨʦʚʘʥʳ. 

3.2. ʆʧʠʩʘʥʠʝ ʙʘʟʳ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ 

ʉʦʛʣʘʩʥʦ ʦʥʪʦʣʦʛʠʠ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʨʝ-

ʘʣʴʥʦʡ (ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ [ʂʣʝʱʝʚ ʠ ʜʨ., 2012]), ʙʘʟʦʡ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘ-

ʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʥʘʟʚʘʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʧʠʩʘʥʠʡ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʦʷʚ-

ʣʝʥʠʡ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʣʠʩʴ ʜʠʘʛʥʦʟʘʤʠ ʚ ʀɹ, ʚʭʦʜʷʱʠʭ ʚ ʦʙʫ-
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ʯʘʶʱʫʶ ʚʳʙʦʨʢʫ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʵʪʘ ʙʘʟʘ ʟʥʘʥʠʡ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ. 

ʂʘʞʜʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʦʙʣʘʜʘʝʪ çʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʦʡè ï ʥʘʙʦʨʦʤ ʪʘʢʠʭ 

ʧʨʠʟʥʘʢʦʚ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʠʟʤʝʥʷʶʪʩʷ ʝʛʦ 

ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ (ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʪʘʢʠʭ ʧʨʠʟʥʘ-

ʢʦʚ ʭʦʪʷ ʙʳ ʚ ʦʜʥʦʤ ʠʟ ʩʚʦʠʭ ʧʝʨʠʦʜʦʚ ʜʠʥʘʤʠʢʠ ʠʤʝʝʪ ʭʦʪʷ ʙʳ ʦʜʥʦ ʟʥʘ-

ʯʝʥʠʝ, ʦʪʣʠʯʥʦʝ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ). ʂʘʞʜʦʝ ʢʣʠʥʠʯʝʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʧʨʠ-

ʟʥʘʢʘ ʤʦʞʝʪ ʠʤʝʪʴ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʜʠʥʘʤʠʢʠ (ɺɼ), ʢʦʪʦ-

ʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʠʧʫ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ 

ʧʦ ʜʘʥʥʦʤʫ ʧʨʠʟʥʘʢʫ. ʂʘʞʜʳʡ ɺɼ ʟʘʙʦʣʝʚʘʥʠʷ ʧʦ ʧʨʠʟʥʘʢʫ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʦʚ ʜʠʥʘʤʠʢʠ (ʇɼ) ʵʪʦʛʦ ʧʨʠʟʥʘʢʘ, ʢʦʣʠ-

ʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ çʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʜʠʥʘʤʠ-

ʢʠè, ʘ ʢʘʞʜʳʡ ʧʝʨʠʦʜ ʜʠʥʘʤʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ: 

çʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷè ʧʨʠʟʥʘʢʘ, çʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘè ʧʨʠʟʥʘʢʘ ʠ çʥʠʞʥʷʷ 

ʛʨʘʥʠʮʘè ʧʨʠʟʥʘʢʘ. 

ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ InForMedKB ʠʥʜʫʢʪʠʚʥʦ ʬʦʨʤʠʨʫʝʪ ʦʧʠʩʘʥʠʝ 

ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʧʨʠʟʥʘʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʜʠʘʛʥʦʟʦʤ ʚ ʀɹ, ʦʙʨʘʟʫʶʱʠʭ ʦʙʫʯʘʶʱʫʶ 

ʚʳʙʦʨʢʫ. ɺ ʦʧʠʩʘʥʠʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ 

ʫʢʘʟʳʚʘʝʪʩʷ: ʯʠʩʣʦ ʀɹ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠʟʥʘʢ; ʯʠʩʣʦ ʠʥʜʫʢʪʠʚʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ɺɼ ʧʨʠʟʥʘʢʘ; ʦʧʠʩʘʥʠʝ ʚʩʝʭ ɺɼ ʧʨʠʟʥʘʢʘ. ʆʧʠʩʘʥʠʝ 

ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʜʠʥʘʤʠʢʠ ʧʨʠʟʥʘʢʘ ʩʦʜʝʨʞʠʪ: ʥʦʤʝʨ ɺɼ; ʦʙʲʷʩʥʝʥʠʝ 

ɺɼ; ʯʠʩʣʦ ʇɼ ʚ ɺɼ; ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʇɼ ʚ ɺɼ. ʆʧʠʩʘʥʠʝ ʢʘʞʜʦʛʦ ʇɼ ʚ ɺɼ 

ʩʦʜʝʨʞʠʪ: ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʘ (ʚ ʪʝʢʩʪʝ ʙʘʟʳ ʟʥʘʥʠʡ ʦʥʠ ʚʳʜʝ-

ʣʷʶʪʩʷ ʢʫʨʩʠʚʦʤ); (ʜʣʷ ʚʩʝʭ ʇɼ, ʢʨʦʤʝ ʧʝʨʚʦʛʦ) ʟʥʘʯʝʥʠʷ ʥʠʞʥʝʡ ʠ ʚʝʨʭ-

ʥʝʡ ʛʨʘʥʠʮ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʳʜʫʱʝʛʦ ʇɼ. 

ʆʙʲʷʩʥʝʥʠʝ ɺɼ ʧʨʠʟʥʘʢʘ ʩʦʜʝʨʞʠʪ: ʯʠʩʣʦ ʀɹ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʳʣ 

ʩʬʦʨʤʠʨʦʚʘʥ ɺɼ; ʥʦʤʝʨʘ ʀɹ, ʚʭʦʜʷʱʠʭ ʚ ʦʧʨʝʜʝʣʷʶʱʝʝ ʧʦʜʤʥʦʞʝʩʪʚʦ 

ɺɼ (ʠʩʢʣʶʯʝʥʠʝ ʵʪʠʭ ʀɹ ʠʟ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʥʝ ʧʦʟʚʦʣʠʪ ʠʥʜʫʢʪʠʚʥʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ɺɼ). ʉʦʚʦʢʫʧʥʦʩʪʴ ʦʙʲʷʩʥʝʥʠʡ ʚʩʝʭ ʠʥʜʫʢʪʠʚʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ɺɼ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʢʘʨʪʫ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʦʙʨʘʟʫʝʪ ʦʙʲʷʩʥʝʥʠʝ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. 

3.3. ʌʨʘʛʤʝʥʪ ʙʘʟʳ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ï ʦʧʠ-
ʩʘʥʠʝ ʧʨʠʟʥʘʢʘ çɹʦʣʴ ʚ ʞʠʚʦʪʝ (ʇʝʨʠʦʜʠʯʥʦʩʪʴ)è 

ʅʘʙʣʶʜʘʣʩʷ ʚ 80 ʀɹ, ʯʠʩʣʦ ʠʥʜʫʢʪʠʚʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ɺɼ ï 8: ʚʘ-

ʨʠʘʥʪ 1 ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ 43 ʀɹ, ʯʠʩʣʦ ʇɼ ï 1: ʧʦʩʪʦʷʥʥʘʷ; ʚʘʨʠʘʥʪ 2 

ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ 27 ʀɹ, ʯʠʩʣʦ ʇɼ ï 2: ʧʝʨʠʦʜʠʯʝʩʢʘʷ; ʟʘʪʝʤ ʯʝʨʝʟ 4-46 

ʯʘʩʦʚ ʧʦʩʪʦʷʥʥʘʷ; ʚʘʨʠʘʥʪ 3 ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ 3 ʀɹ, ʯʠʩʣʦ ʇɼ ï 1: ʧʝʨʠʦ-

ʜʠʯʝʩʢʘʷ; ʚʘʨʠʘʥʪ 4 ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ 2 ʀɹ, ʯʠʩʣʦ ʇɼ ï 1: ʩʭʚʘʪʢʦʦʙʨʘʟ-

ʥʘ;̫ ʚʘʨʠʘʥʪ 5 ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ 2 ʀɹ, ʯʠʩʣʦ ʇɼ ï 2: ʧʝʨʠʦʜʠʯʝʩʢʘʷ; ʟʘʪʝʤ 

ʯʝʨʝʟ 3 ʩʫʪʦʢ ʧʦʩʪʦʷʥʥʘʷ; ʚʘʨʠʘʥʪ 6 ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ 1 ʀɹ, ʯʠʩʣʦ ʇɼ ï 2: 

ʧʦʩʪʦʷʥʥʘʷ; ʟʘʪʝʤ ʯʝʨʝʟ 1,1 ʩʫʪʦʢ ʧʨʠʩʪʫʧʦʦʙʨʘʟʥʘʷ ʀʃʀ ʩʭʚʘʪʢʦʦʙʨʘʟ-
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ʥʘ;̫ ʚʘʨʠʘʥʪ 7 ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ 1 ʀɹ, ʯʠʩʣʦ ʇɼ ï 2: ʧʦʩʪʦʷʥʥʘʷ; ʟʘʪʝʤ 

ʯʝʨʝʟ 2,1 ʩʫʪʦʢ ʧʝʨʠʦʜʠʯʝʩʢʘʷ; ʚʘʨʠʘʥʪ 8 ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ 1 ʀɹ, ʯʠʩʣʦ ʇɼ 

ï 2: ʧʝʨʠʦʜʠʯʝʩʢʘʷ; ʟʘʪʝʤ ʯʝʨʝʟ 10,5 ʩʫʪʦʢ ʧʦʩʪʦʷʥʥʘʷ. 

3.4. ʌʨʘʛʤʝʥʪ ʙʘʟʳ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ï  
ʦʧʠʩʘʥʠʝ ʧʨʠʟʥʘʢʘ çʅʘʧʨʷʞʝʥʠʝ ʤʳʰʮ ʞʠʚʦʪʘ (ʃʦʢʘʣʠʟʘʮʠʷ)è 

ʅʘʙʣʶʜʘʣʩʷ ʚ 72 ʀɹ, ʯʠʩʣʦ ʠʥʜʫʢʪʠʚʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ɺɼ ï 7: ʚʘ-

ʨʠʘʥʪ 1 ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ 61 ʀɹ, ʯʠʩʣʦ ʇɼ ï 1: ʧʨʘʚʘʷ ʧʦʜʚʟʜʦʰʥʘʷ ʦʙ-

ʣʘʩʪʴ; ʚʘʨʠʘʥʪ 2 ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ 5 ʀɹ, ʯʠʩʣʦ ʇɼ ï 1: ʧʨʘʚʘʷ ʧʦʣʦʚʠʥʘ 

ʞʠʚʦʪʘ; ʚʘʨʠʘʥʪ 3 ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ 2 ʀɹ, ʯʠʩʣʦ ʇɼ ï 1: ʥʝʣʦʢʘʣʠʟʦʚʘʥʥʘʷ 

(ʚʝʩʴ ʞʠʚʦʪ); ʚʘʨʠʘʥʪ 4 ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ 1 ʀɹ, ʯʠʩʣʦ ʇɼ ï 1: ʧʨʘʚʘʷ ʧʦʜ-

ʚʟʜʦʰʥʘʷ ʠ ʦʢʦʣʦʧʫʧʦʯʥʘʷ ʦʙʣʘʩʪʠ; ʚʘʨʠʘʥʪ 5 ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ 1 ʀɹ, ʯʠʩ-

ʣʦ ʇɼ ï 1: ʧʨʘʚʘʷ ʧʦʜʚʟʜʦʰʥʘʷ ʠ ʥʘʜʣʦʙʢʦʚʘʷ ʦʙʣʘʩʪʠ; ʚʘʨʠʘʥʪ 6 ʩʬʦʨ-

ʤʠʨʦʚʘʥ ʧʦ 1 ʀɹ, ʯʠʩʣʦ ʇɼ ï 2: ʥʝʣʦʢʘʣʠʟʦʚʘʥʥʘʷ (ʚʝʩʴ ʞʠʚʦʪ); ʟʘʪʝʤ 

ʯʝʨʝʟ 10 ʯʘʩʦʚ ʧʨʘʚʘʷ ʧʦʜʚʟʜʦʰʥʘʷ ʦʙʣʘʩʪʴ; ʚʘʨʠʘʥʪ 7 ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ 1 

ʀɹ, ʯʠʩʣʦ ʇɼ ï 1: ʥʠʞʥʠʡ ʦʪʜʝʣ ʞʠʚʦʪʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʦʙʲʝʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟ ʟʥʘʥʠʡ ʜʣʷ 

ʦʥʪʦʣʦʛʠʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʠʤʝʶʱʠʭ ʚʠʜ ʥʝʦʙʦʛʘʱʝʥʥʳʭ ʩʠʩʪʝʤ 

ʣʦʛʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʦʭʨʘʥʷʝʪ ʚʩʝ ʜʦʩʪʦʠʥʩʪʚʘ ʪʨʘ-

ʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʠʩʢʣʶʯʘʝʪ ʠʭ ʥʝʜʦʩʪʘʪʢʠ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʰʘʪʴ ʫʨʦʚʝʥʴ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʢʘʯʝʩʪʚʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠ-

ʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʭʦʨʦʰʦ ʠʥʪʝʨ-

ʧʨʝʪʠʨʫʝʤʳʭ ʙʘʟ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ. ʌʦʨʤʘʣʴʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʘʢʠʭ ʙʘʟ ʟʥʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʤ ʧʨʦʛʨʘʤʤ In-

ForMedKB ʥʘ ʦʩʥʦʚʝ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ (ʘ ʪʘʢʞʝ ʧʦʜ-

ʪʚʝʨʞʜʝʥʥʳʭ ʠ ʦʙʲʷʩʥʝʥʥʳʭ ʨʝʘʣʴʥʳʤʠ ʠʩʪʦʨʠʷʤʠ ʙʦʣʝʟʥʠ), ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʩʠʩʪʝʤʘʭ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[ɺʘʛʠʥ ʠ ʜʨ., 2004] ɺʘʛʠʥ ɺ.ʅ., ɻʦʣʦʚʠʥʘ ɽ.ʖ., ɿʘʛʦʨʷʥʩʢʘʷ ɸ.ɸ., ʌʦʤʠʥʘ ʄ.ɺ. 

ɼʦʩʪʦʚʝʨʥʳʡ ʠ ʧʨʘʚʜʦʧʦʜʦʙʥʳʡ ʚʳʚʦʜ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ / ʧʦʜ 

ʨʝʜ. ɺ.ʅ. ɺʘʛʠʥʘ, ɼ.ɸ. ʇʦʩʧʝʣʦʚʘ. ï ʄ.: ʌʠʟʤʘʪʣʠʪ, 2004. 

[ɺʠʪʷʝʚ, 2006] ɺʠʪʷʝʚ ɽ.ɽ. ʀʟʚʣʝʯʝʥʠʝ ʟʥʘʥʠʡ ʠʟ ʜʘʥʥʳʭ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʧʦʟʥʘ-

ʥʠʝ. ʄʦʜʝʣʠ ʢʦʛʥʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʤʦʥʦʛʨʘʬʠʷ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʅʦʚʦʩʠʙ. 

ʛʦʩ. ʫʥ-ʪ, 2006. 

[ɻʘʚʨʠʣʦʚʘ ʠ ʜʨ., 2000] ɻʘʚʨʠʣʦʚʘ ʊ.ɸ., ʍʦʨʦʰʝʚʩʢʠʡ ɺ.ʌ. ɹʘʟʳ ʟʥʘʥʠʡ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ï ʉʇʙ: ʇʠʪʝʨ, 2000. 

[ɾʫʨʘʚʣʝʚ ʠ ʜʨ., 2006] ɾʫʨʘʚʣʝʚ ʖ.ʀ., ʈʷʟʘʥʦʚ ɺ.ɺ., ʉʝʥʴʢʦ ʆ.ɺ. çʈʘʩʧʦʟʥʘʚʘ-

ʥʠʝè. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝ-

ʥʠʷ. ï ʄ.: ʌʘʟʠʩ, 2006. 



 

 

49 

[ɿʘʛʦʨʫʡʢʦ, 2012] ɿʘʛʦʨʫʡʢʦ ʅ.ɻ. ʂʦʛʥʠʪʠʚʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ï ʅʦʚʦʩʠʙʠʨʩʢ: 

ɸʢʘʜʝʤʠʯʝʩʢʦʝ ʠʟʜ-ʚʦ çɻɽʆè, 2012. 

[ʂʣʝʱʝʚ ʠ ʜʨ., 2001] ʂʣʝʱʝʚ ɸ.ʉ., ɸʨʪʝʤʴʝʚʘ ʀ.ʃ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʥʪʦ-

ʣʦʛʠʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ. ɺ 2 ʯ. // ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ. ʉʝʨ. 2. 

2001. ˉ 2ï3. 

[ʂʣʝʱʝʚ ʠ ʜʨ., 2005] ʂʣʝʱʝʚ ɸ.ʉ., ʏʝʨʥʷʭʦʚʩʢʘʷ ʄ.ʖ., ʄʦʩʢʘʣʝʥʢʦ ʌ.ʄ. ʄʦʜʝʣʴ 

ʦʥʪʦʣʦʛʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ çʄʝʜʠʮʠʥʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘè. ɺ 2 ʯ. // ʅʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ. ʉʝʨ. 2. 2005 (ˉ 12). 2006 (ˉ 2). 

[ʂʣʝʱʝʚ ʠ ʜʨ., 2008] ʂʣʝʱʝʚ ɸ.ʉ., ʉʤʘʛʠʥ ʉ.ɺ. ʆʙʱʠʡ ʧʦʜʭʦʜ ʢ ʧʨʦʚʝʜʝʥʠʶ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʥʜʫʢʪʠʚʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʟʥʘʥʠʡ // 

ʇʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʩʠʩʪʝʤʳ. 2008. ˉ 1. 

[ʂʣʝʱʝʚ ʠ ʜʨ., 2011] ʂʣʝʱʝʚ ɸ.ʉ., ʉʤʘʛʠʥ ʉ.ɺ. ʆ ʨʦʣʠ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʦʮʝʥʦʢ ʩʚʦʡʩʪʚ ʤʝʪʦʜʦʚ ʠʥʜʫʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ // ʅʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ. ʉʝʨ. 2. 2011. ˉ 4. 

[ʂʣʝʱʝʚ ʠ ʜʨ., 2012] ʂʣʝʱʝʚ ɸ.ʉ., ʉʤʘʛʠʥ ʉ.ɺ. ɿʘʜʘʯʠ ʠʥʜʫʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʟʥʘʥʠʡ ʜʣʷ ʦʥʪʦʣʦʛʠʠ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ // ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ. ʉʝʨ. 2. 2012. ˉ 1. 

[ʉʤʘʛʠʥ, 2014] ʉʤʘʛʠʥ ʉ.ɺ. ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʣʷ ʠʥʜʫʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʙʘʟ ʤʝʜʠʮʠʥʩʢʠʭ ʟʥʘʥʠʡ // ʇʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʩʠʩʪʝʤʳ. 2014. ˉ 4. 

[MachineLearning.ru, 2016] ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ 

ʨʝʩʫʨʩ, ʧʦʩʚʷʱʝʥʥʳʡ ʤʘʰʠʥʥʦʤʫ ʦʙʫʯʝʥʠʶ, ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʦʙʨʘʟʦʚ ʠ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ. ï http://machinelearning.ru. 

[Michie, 1980] Michie D. Expert Systems // The Computer Journal. 1980. Vol. 23 (4). 

[Prot®g®, 2016] Prot®g® ï a Free Ontology Editor and Knowledge-Base Framework. ï 

http://protege.stanford.edu. 

  

http://kias.rfbr.ru/Issue.aspx?id=4670965
http://kias.rfbr.ru/Issue.aspx?id=4670965
http://machinelearning.ru/
http://protege.stanford.edu/download/download.html
http://protege.stanford.edu/


 

 

50 

ʋɼʂ 004.822  

ɺɽʈʀʌʀʂɸʎʀʗ ʆʅʊʆʃʆɻʀʁ, 

ʇʆʉʊʈʆɽʅʅʓʍ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʉʈɽɼʉʊɺ 

ʉʀʉʊɽʄʅʆ-ʆɹʒɽʂʊʅʆɻʆ ʇʆɼʍʆɼɸ
1
 

ɸ.ɸ. ʂʦʥʜʨʘʪʝʥʢʦ (a.kondratenko-sl@yandex.ru) 

ʉ.ʀ. ʄʘʪʦʨʠʥ (matorin@bsu.edu.ru) 

ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ɹʝʣʛʦʨʦʜ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʝʨʠʬʠʢʘʮʠʠ ʦʥ-

ʪʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʳʭ ʛʨʘʬʦʘʥʘʣʠʪʠ-

ʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʪʝʨʤʠʥʘʭ ʩʠʩʪʝʤʥʦ-ʦʙʲʝʢʪ-

ʥʦʛʦ ʧʦʜʭʦʜʘ (ʋʟʝʣ-ʌʫʥʢʮʠʷ-ʆʙʲʝʢʪ). ʇʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʘ-

ʚʠʣʘ ʚʝʨʠʬʠʢʘʮʠʠ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, ʘ ʪʘʢʞʝ ʚʘʨʠʘʥʪʳ ʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘ ʷʟʳʢʝ ʧʨʘʚʠʣ SWRL, ʧʦʟʚʦʣʷʶʱʠʤ ʚʢʣʶʯʘʪʴ 

ʧʨʘʚʠʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʬʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʩʘʤʦʡ ʦʥʪʦʣʦʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʥʪʦʣʦʛʠʷ, ʚʝʨʠʬʠʢʘʮʠʷ ʦʥʪʦʣʦʛʠʠ, ʋʌʆ-

ʧʦʜʭʦʜ, SWRL 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʠʥʞʝʥʝʨʠʠ ʟʥʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʠʥʞʠʥʠʨʠʥʛ ï ʪʝʦʨʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʦʥʪʦʣʦ-

ʛʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʧʦʜʨʦʙʥʫʶ ʩʧʝʮʠʬʠʢʘʮʠʶ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝ-

ʜʝʣʝʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʆʥʪʦʣʦʛʠʠ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʢʘʢ 

ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʠʢʣʘʜʥʳʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ: ʚ ʤʝ-

ʜʠʮʠʥʝ (HEARTFAID Project, Virtual Medical Doctor), ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ (Onto WEDSS System, ʉʆʄʊʀ), ʚ ʵʢʦʥʦʤʠʢʝ 

ʠ ʫʧʨʘʚʣʝʥʠʠ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʥʪʦʣʦʛʠʠ ʟʘʯʘʩʪʫʶ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʚ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠ-

ʨʦʚʘʥʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʶʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠʟʙʳʪʦʯʥʦʩʪʴʶ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʰʘʝʤʳʤ ʟʘʜʘʯʘʤ, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝ ʚ ʧʦʣʥʦʡ ʤʝ-

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-47-08003). 
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ʨʝ ʦʪʨʘʞʘʶʪ ʩʧʝʮʠʬʠʢʫ ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʇʦʵʪʦʤʫ ʘʢʪʫ-

ʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʙʳʩʪʨʦʛʦ ʧʦ-

ʩʪʨʦʝʥʠʷ ʥʦʚʳʭ ʦʥʪʦʣʦʛʠʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ. 

ɸʚʪʦʨʘʤʠ [ʉʣʦʙʦʜʶʢ ʠ ʜʨ., 2013], [ʂʦʥʜʨʘʪʝʥʢʦ ʠ ʜʨ., 2016] ʧʨʝʜʣʦ-

ʞʝʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʩʪʚ 

ʩʠʩʪʝʤʥʦ-ʦʙʲʝʢʪʥʦʛʦ ʧʦʜʭʦʜʘ (ʋʌʆ-ʧʦʜʭʦʜʘ), ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʉ.ʀ. ʄʘ-

ʪʦʨʠʥʳʤ [ʄʘʪʦʨʠʥ, 2001, ʄʘʪʦʨʠʥ, 2002]. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʟʚʣʝʯʝʥʠʝ ʥʘʙʦʨʘ ʬʘʢʪʦʚ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠʟ ʋʌʆ-

ʤʦʜʝʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʘʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʠ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʝ ʬʦʨʤʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʋʌʆ-ʤʦʜʝʣʠ ʚ ʦʧʠʩʘʥʠʝ ʦʥʪʦ-

ʣʦʛʠʠ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʷʟʳʢʝ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʘʞʥʝʡ-

ʰʠʤ ʵʪʘʧʦʤ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʣʶʙʦʡ ʦʥʪʦʣʦʛʠʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦ-

ʩʦʙʘ ʝʝ ʩʦʟʜʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʝʨʠʬʠʢʘʮʠʷ. ʇʦʩʢʦʣʴʢʫ 

ʬʦʨʤʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʩʭʦʜʥʦʡ ʋʌʆ-ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʢʘʯʝ-

ʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʠ, ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʚ ʩʝʙʝ ʣʦʛʠʯʝ-

ʩʢʠʝ ʠ ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ ʦʰʠʙʢʠ, ʠʩʢʘʞʘʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʦʧʠʩʘʥʠʷ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʧʨʦʮʝʩʩʘ ʚʝʨʠʬʠʢʘʮʠʠ ʦʥʪʦʣʦʛʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ  ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʟʥʘʥʠʡ ʋʌʆ-ʤʦʜʝʣʝʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ. 

1. ɺʝʨʠʬʠʢʘʮʠʷ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʮʝʥʢʠ ʦʥʪʦʣʦʛʠʠ 

ʆʮʝʥʢʘ ʦʥʪʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʪʝʨʤʠʥ, ʢʦʪʦʨʳʡ 

ʚ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ʅʘ ʦʩʥʦʚʝ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʦʮʝʥʢʠ ʦʥʪʦʣʦʛʠʡ 

ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʪʦʣʢʦʚʘ-

ʥʠʷ ʜʘʥʥʦʛʦ ʪʝʨʤʠʥʘ: 

¶ ʘʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʥʪʦʣʦʛʠʠ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʠʣʦʞʝʥʠʷ, ʚ ʢʦʪʦ-

ʨʦʤ ʦʥʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ; 

¶ ʧʨʦʚʝʨʢʘ ʥʘ ʥʘʣʠʯʠʝ ʜʫʙʣʠʨʦʚʘʥʥʳʭ ʠ/ʠʣʠ ʥʝʢʦʨʨʝʢʪʥʦ ʩʛʨʫʧʧʠ-

ʨʦʚʘʥʥʳʭ ʢʦʥʮʝʧʪʦʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʦʥ-

ʪʦʣʦʛʠʡ ʠʣʠ ʧʦʩʪʨʦʝʥʠʠ ʦʥʪʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯ-

ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ; 

¶ ʦʮʝʥʢʘ ʧʦʣʥʦʪʳ ʠ ʪʦʯʥʦʩʪʠ ʩʣʦʚʘʨʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʩʦʜʝʨʞʘ-

ʱʝʛʦʩʷ ʚ ʦʥʪʦʣʦʛʠʠ; 

¶ ʚʳʙʦʨ ʣʫʯʰʝʡ ʦʥʪʦʣʦʛʠʠ ʠʟ ʠʤʝʶʱʠʭʩʷ. 

ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʷʪʦʛʦ ʧʦʥʠʤʘʥʠʷ ʮʝʣʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʦʮʝʥʢʘ ʦʥʪʦʣʦʛʠʠ ï ʦʙʷʟʘʪʝʣʴʥʘʷ ʯʘʩʪʴ ʝʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ɼʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʦʪʜʝʣʴʥʳʤ ʵʪʘʧʦʤ, ʪʘʢ ʠ ʩʚʦʝʛʦ ʨʦʜʘ ʥʘʜʧʨʦʮʝʩ-

ʩʦʤ, ʚʥʝʜʨʝʥʥʳʤ ʚʦ ʚʩʝ ʵʪʘʧʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʥʪʦʣʦʛʠʠ: ʦʪ ʧʨʦʪʦʪʠ-

ʧʠʨʦʚʘʥʠʷ ʜʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʪʦʚʦʡ ʦʥʪʦʣʦʛʠʠ. ɺ 

ʢʦʥʪʝʢʩʪʝ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʭ 
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ʋʌʆ-ʤʦʜʝʣʝʡ ʠʤʝʝʪ ʩʤʳʩʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʝʨʠʬʠʢʘʮʠʶ ʦʥʪʦʣʦʛʠʠ ʚ ʢʘ-

ʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʘʢʦʛʦ ʤʝʪʦʜʘ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʜʝʥʠʡ ʦ ʧʨʝʜʤʝʪ-

ʥʦʡ ʦʙʣʘʩʪʠ ʚʳʩʪʫʧʘʝʪ ʝʜʠʥʘʷ, ʘʢʢʫʤʫʣʠʨʫʶʱʘʷ ʟʥʘʥʠʷ ʵʢʩʧʝʨʪʦʚ ʋʌʆ-

ʤʦʜʝʣʴ, ʘ ʥʝ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʙʦʣʴʰʫʶ ʚʘʞʥʦʩʪʴ 

ʥʘ ʵʪʘʧʝ ʦʮʝʥʢʠ ʦʥʪʦʣʦʛʠʠ ʙʫʜʝʪ ʠʤʝʪʴ ʧʨʦʮʝʩʩ ʝʝ ʚʝʨʠʬʠʢʘʮʠʠ. ʇʦʜ ʚʝ-

ʨʠʬʠʢʘʮʠʝʡ ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʦʮʝʥʢʫ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʦʥ-

ʪʦʣʦʛʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠ ̫ʝʝ ʬʦʨʤʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ-

ʥʳʤ ʧʨʘʚʠʣʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʷʟʳʢʘ (ʬʦʨʤʘʪʘ). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʥʷʪʠʡ, ʢʦʪʦʨʳʝ ʚʢʣʘʜʳʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ 

ʦʮʝʥʢʫ ʦʥʪʦʣʦʛʠʡ, ʚʳʜʝʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ ʪʘʢʦʡ ʦʮʝʥʢʠ. 

ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [Tartir et al., 2008] ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ 

ʦʮʝʥʢʝ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʦʥʪʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʮʝʥʢʝ ʠʟʤʝʥʝʥʠʷ (ʨʘʟʚʠ-

ʪʠʷ) ʦʥʪʦʣʦʛʠʡ ʩʦ ʚʨʝʤʝʥʝʤ, ʥʘ ʧʨʘʚʠʣʘʭ ʠ ʥʘ ʤʝʪʨʠʢʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʝʪʘʣʴʥʝʝ ʧʦʜʭʦʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʚʠʣ.  

2. ʇʨʘʚʠʣʘ ʢʘʢ ʦʩʥʦʚʘ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʦʥʪʦʣʦʛʠʡ 

ɺ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʚʝʨʠʬʠʢʘʮʠʠ ʦʥʪʦʣʦʛʠʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʙʘʟʝ ʚʠ-

ʟʫʘʣʴʥʦʡ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʥʦ-ʦʙʲʝʢʪʥʦʡ ʤʦʜʝʣʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʘʚʠʣ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʤ ʬʦʨʤʘʪʘ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʦʥʪʦʣʦʛʠʠ, ʠ ʥʝʢʦʪʦʨʦʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʘ-

ʚʠʣ. ʉʪʘʥʜʘʨʪʥʳʝ ʧʨʘʚʠʣʘ ʩʣʫʞʘʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʦʥʪʦʣʦʛʠʠ ʥʦʨʤʘʤ ʩʠʥʪʘʢʩʠʩʘ ʷʟʳʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ, RDF. ʇʦʜʦʙ-

ʥʘʷ ʧʨʦʚʝʨʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʚʨʫʯʥʫʶ ʩʧʝʮʠʘʣʠʩʪʦʤ ʚ ʦʙʣʘʩʪʠ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ, ʘ ʪʘʢʞʝ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʩ 

ʧʦʤʦʱʴʶ ʣʶʙʦʛʦ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʘʣʠʜʘʪʦʨʦʚ, ʢʘʢ ʚʩʪʨʦʝʥʥʳʭ ʚ ʨʝ-

ʜʘʢʪʦʨʳ ʦʥʪʦʣʦʛʠʡ ʠ ʨʝʰʘʪʝʣʠ (Pellet Integrity Constraints; Fluent Editor, an 

Ontology Editor; Prot®g®), ʪʘʢ ʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ (RDF Validator; rdfabout.comôs Validator; Total Validator 

ʠ ʜʨʫʛʠʝ). ʇʨʦʚʝʨʢʘ RDF ʠ OWL-ʢʦʜʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʠʥʪʘʢʩʠʩʫ ʷʟʳʢʘ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʣʦʛʠʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʧʨʝʜʠʢʘʪʘʤʠ, 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʧʦʣʥʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ 

ʥʝ ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʘʚʠʣʘ ʧʨʦʚʝʨʢʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʦʥʪʦʣʦʛʠʠ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʧʦʥʷʪʠʡ ʠ 

ʧʨʠʥʮʠʧʦʚ ʋʌʆ-ʧʦʜʭʦʜʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʘʥʥʳʝ ʧʨʘʚʠʣʘ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʥʘ ʷʟʳʢʝ ʧʨʘʚʠʣ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʚʝʙʘ (Semantic Web Rule 

Language, SWRL). ɼʘʥʥʳʡ ʷʟʳʢ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʝ çopen worldè ï 

ʦʪʢʨʳʪʦʛʦ ʤʠʨʘ. ʕʪʦʪ ʧʨʠʥʮʠʧ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʣʝʜʫʶʱʝʝ: ʥʝʢʦʪʦʨʦʝ 

ʫʪʚʝʨʞʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʪʠʥʥʳʤ, ʝʩʣʠ ʤʳ ʟʥʘʝʤ, ʯʪʦ ʦʥʦ ʠʩʪʠʥʥʦ, ʣʠ-
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ʙʦ ʥʝ ʟʥʘʝʤ, ʠʩʪʠʥʥʦ ʦʥʦ ʠʣʠ ʣʦʞʥʦ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʠʥʮʠʧʫ çclosed worldè ï ʟʘʢʨʳʪʦʛʦ ʤʠʨʘ, 

ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʥʝʢʦʪʦʨʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʠʩ-

ʪʠʥʥʦ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʥʦ ʠʩʪʠʥʥʦ; ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʫʪʚʝʨʞʜʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʣʦʞʥʳʤ.  

ʇʨʘʚʠʣʘ, ʥʘʧʠʩʘʥʥʳʝ ʥʘ SWRL, ʩʦʩʪʦʷʪ ʠʟ ʢʦʥʩʝʢʚʝʥʪʘ ʠ ʘʥʪʝʮʝʥʜʝʥ-

ʪʘ, ʪʦ ʝʩʪʴ ʟʘʛʦʣʦʚʢʘ ʠ ʪʝʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʥʩʝʢʚʝʥʪ ʷʚʣʷʝʪʩʷ ʠʩʪʠʥ-

ʥʳʤ ʪʦʛʜʘ, ʢʦʛʜʘ ʘʥʪʝʮʝʥʜʝʥʪ ʧʫʩʪ ʠʣʠ ʚʩʝ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʩʪʠʥʥʳ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʩʪʦʪʳ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʦʤ ʠʩʧʦʣʴʟʫʝʤ ʪʘʢ ʥʘʟʳʚʘ-

ʝʤʳʡ çʯʝʣʦʚʝʢʦʯʠʪʘʝʤʳʡè ʩʠʥʪʘʢʩʠʩ ʷʟʳʢʘ SWRL (Human Readable 

Syntax), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ SWRL-ʧʨʘʚʠʣʘ ʚ ʚʠʜʝ: ʘʥʪʝʮʝʥ-

ʜʝʥʪ (ʪʝʣʦ, ʫʩʣʦʚʠʝ) Ý ʢʦʥʩʝʢʚʝʥʪ (ʟʘʛʦʣʦʚʦʢ, ʩʣʝʜʩʪʚʠʝ). 

3. ʆʩʥʦʚʥʳʝ ʧʨʘʚʠʣʘ ʚʝʨʠʬʠʢʘʮʠʠ ʦʥʪʦʣʦʛʠʡ,  

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʋʌʆ-ʤʦʜʝʣʝʡ 

1. ɼʣʷ ʢʘʞʜʦʡ ʩʚʷʟʠ ʜʦʣʞʝʥ ʙʳʪʴ ʫʢʘʟʘʥ ʢʣʘʩʩ. 

(? , ) (? ),hasClass L null hasNoLinkCLass LÝ          (3.1) 

ʛʜʝ ?L ï ʧʝʨʝʤʝʥʥʘʷ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʣʶʙʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʫʟʣʘʤʠ ʚ ʋʌʆ-ʤʦʜʝʣʠ, ʪ.ʝ. ʩʫʱʥʦʩʪʴ çʉʚʷʟʴè ʚ ʦʥʪʦʣʦʛʠʠ;  

?LC ï ʧʝʨʝʤʝʥʥʘʷ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʦʜʠʥ 

ʠʟ ʵʢʟʝʤʧʣʷʨʦʚ ʢʣʘʩʩʘ çʂʣʘʩʩ ʩʚʷʟʠè. 

2. ɼʣʷ ʢʘʞʜʦʡ ʩʚʷʟʠ ʜʦʣʞʝʥ ʙʳʪʴ ʫʢʘʟʘʥ ʪʦʣʴʢʦ ʦʜʠʥ ʢʣʘʩʩ. 

(? , ? 1) (? , ? 2) (? ),hasClass L LC hasClass L LC hasManyLinkClassesLØ Ý   (3.2) 

ʛʜʝ ?L ï ʧʝʨʝʤʝʥʥʘʷ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʣʶʙʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʫʟʣʘʤʠ ʚ ʋʌʆ-ʤʦʜʝʣʠ, ʪ.ʝ. ʩʫʱʥʦʩʪʴ çʉʚʷʟʴè ʚ ʦʥʪʦʣʦʛʠʠ; 

?LC1 ʠ ?LC2 ï ʧʝʨʝʤʝʥʥʳʝ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳ-

ʩʪʫʧʘʪʴ ʵʢʟʝʤʧʣʷʨʳ ʢʣʘʩʩʘ çʂʣʘʩʩ ʩʚʷʟʠè. 

3. ɺ ʦʥʪʦʣʦʛʠʠ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʫʱʥʦʩʪʝʡ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʟʥʘʯʝʥʠʝʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ (ID). 

: (? , ? ) : (? , ? ) (? , ? ),rdfs hasID x id rdfs hasID y id hasSameID x yØ Ý  (3.3) 

ʛʜʝ ?x ʠ ?y ï ʥʝʢʦʪʦʨʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʣʶʙʳʝ ʩʫʱʥʦʩʪʠ ʦʥʪʦʣʦʛʠʠ; 

?id ï ʩʪʨʦʢʦʚʦʝ ʠʣʠ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. 

ɽʩʣʠ ʢʦʥʩʝʢʚʝʥʪ ʚʳʨʘʞʝʥʠʷ (3.3) ʧʨʠʥʠʤʘʝʪ ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʟʥʘ-

ʯʠʪ, ʦʥʪʦʣʦʛʠʷ ʩʦʜʝʨʞʠʪ ʦʰʠʙʢʫ: ʜʚʝ ʩʫʱʥʦʩʪʠ ʠʤʝʶʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʟʥʘ-

ʯʝʥʠʝ ʩʚʦʡʩʪʚʘ ID. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʠʣʠ ʦʙ ʦʰʠʙʢʝ ʚ ʠʩʭʦʜ-

ʥʳʭ ʜʘʥʥʳʭ, ʪʦ ʝʩʪʴ ʚ ʬʦʨʤʘʣʴʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʋʌʆ-ʤʦʜʝʣʠ, ʠʣʠ ʦʙ 

ʦʰʠʙʢʝ, ʚʦʟʥʠʢʰʝʡ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʋʌʆ-ʤʦʜʝʣʠ ʚ ʦʥʪʦʣʦʛʠʶ.  
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4. ɺ ʦʥʪʦʣʦʛʠʠ ʥʝ ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴʩʷ ʩʚʝʜʝʥʠʡ ʦ ʪʦʤ, ʯʪʦ ʦʜʥʘ ʠ ʪʘ 

ʞʝ ʬʫʥʢʮʠʷ ʙʘʣʘʥʩʠʨʫʝʪ ʥʝʩʢʦʣʴʢʦ ʫʟʣʦʚ (ʬʫʥʢʮʠʷ ʠ ʫʟʝʣ ʚ ʜʘʥʥʦʤ ʩʣʫ-

ʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʠʝ ʋʌʆ-ʵʣʝʤʝʥʪʘ). 

(? , ? 1) (? , ? 2) (? ),balances f u balances f u balancesManyNodes fØ Ý (3.4) 

ʛʜʝ ?f ï ʧʝʨʝʤʝʥʥʘʷ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʬʫʥʢ-

ʮʠʷ (ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʘʷ ʋʌʆ-ʵʣʝʤʝʥʪʘ); 

?u1, ?u2 ï ʧʝʨʝʤʝʥʥʳʝ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʫʟʣʳ (ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʠʝ ʋʌʆ-ʵʣʝʤʝʥʪʘ). 

5. ʆʜʠʥ ʠ ʪʦʪ ʞʝ ʦʙʲʝʢʪ ʥʝ ʜʦʣʞʝʥ ʟʘʥʠʤʘʪʴ ʙʦʣʝʝ ʦʜʥʦʛʦ ʫʟʣʘ. 

(? , ? 1) (? , ? 2) (? ),represents o u represents o u representsManyNodes oØ Ý (3.5) 

ʛʜʝ ?o ï ʧʝʨʝʤʝʥʥʘʷ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʦʙʲ-

ʝʢʪ (ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʘʷ ʋʌʆ-ʵʣʝʤʝʥʪʘ), 

?u1, ?u2 ï ʧʝʨʝʤʝʥʥʳʝ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʫʟʣʳ (ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʠʝ ʋʌʆ-ʵʣʝʤʝʥʪʘ). 

6. ɺ ʦʥʪʦʣʦʛʠʠ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʩʢʦʣʴʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʠʤʝʥʝʤ (ʟʥʘʯʝʥʠʝʤ ʩʚʦʡʩʪʚʘ Name). 

(? 1, ? ) (? 2, ? ) (? 1, ? 2),Name o N Name o N sameNameObjects o oØ Ý    (3.6) 

ʛʜʝ ?o1, ?o2 ï ʧʝʨʝʤʝʥʥʳʝ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʦʙʲʝʢʪʳ (ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʠʝ ʋʌʆ-ʵʣʝʤʝʥʪʘ); 

?N ï ʧʝʨʝʤʝʥʥʘʷ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʥʝʢʦ-

ʪʦʨʳʡ ʣʠʪʝʨʘʣ, ʦʙʦʟʥʘʯʘʶʱʠʡ ʠʤʷ ʦʙʲʝʢʪʘ. 

ʀʩʪʠʥʥʦʩʪʴ ʢʦʥʩʝʢʚʝʥʪʘ ʚʳʨʘʞʝʥʠʷ (3.6) ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʥʪʦʣʦ-

ʛʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʜʚʫʭ ʦʙʲʝʢʪʘʭ (ʠʤʝʶʪʩʷ ʚ ʚʠʜʫ ʦʙʲʝʢʪʳ ʢʘʢ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʋʌʆ-ʵʣʝʤʝʥʪʦʚ ʠʩʭʦʜʥʦʡ ʋʌʆ-ʤʦʜʝʣʠ) ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʠʤʝʥʘʤʠ. ɼʘʥʥʦʝ ʧʨʘʚʠʣʦ ʥʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʥʳʤ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʧʨʠ-

ʩʫʪʩʪʚʠʝ ʦʙʲʝʢʪʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʠʤʝʥʘʤʠ ʚ ʋʌʆ-ʤʦʜʝʣʠ ʜʦʧʫʩʪʠʤʦ, 

ʦʜʥʘʢʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʝʪʦʯʥʦʩʪʠ ʚ ʦʧʠʩʘʥʠʠ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʣʦʛʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʦʥʪʦʣʦʛʠʠ. 

7. ɺ ʦʥʪʦʣʦʛʠʠ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʡ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʠʤʝʥʝʤ (ʟʥʘʯʝʥʠʝʤ ʩʚʦʡʩʪʚʘ Name). 

(? 1, ? ) (? 2, ? ) (? 1, ? 2),Name f N Name f N sameNameFunctions f fØ Ý  (3.7) 

ʛʜʝ ?f1, ?f2 ï ʧʝʨʝʤʝʥʥʳʝ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʬʫʥʢʮʠʠ (ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʠʝ ʋʌʆ-ʵʣʝʤʝʥʪʘ); 

?N ï ʧʝʨʝʤʝʥʥʘʷ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʥʝʢʦ-

ʪʦʨʳʡ ʣʠʪʝʨʘʣ, ʦʙʦʟʥʘʯʘʶʱʠʡ ʠʤʷ ʬʫʥʢʮʠʠ. 

ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʘʚʠʣʘ (3.7) ʘʥʘʣʦʛʠʯʥʘ ʧʨʝʜʳʜʫʱʝʤʫ: 

ʥʘʣʠʯʠʝ ʜʚʫʭ ʬʫʥʢʮʠʡ (ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʠʭ ʋʌʆ-ʵʣʝʤʝʥʪʦʚ) ʩ ʦʜʠʥʘʢʦʚʳ-

ʤʠ ʠʤʝʥʘʤʠ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʳʭ ʥʝʪʦʯʥʦʩʪʷʭ ʚ ʦʧʠʩʘʥʠʠ ʧʨʝʜʤʝʪʥʦʡ 
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ʦʙʣʘʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚ ʚʠʜʝ ʋʌʆ-ʤʦʜʝʣʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʦʥʪʦʣʦ-

ʛʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

8. ɺ ʦʥʪʦʣʦʛʠʠ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʩʢʦʣʴʢʠʭ ʫʟʣʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʥʦʪʘ-

ʮʠʝʡ (ʟʥʘʯʝʥʠʝʤ ʩʚʦʡʩʪʚʘ Notation). 

(? 1, ? ) (? 2, ? ) (? 1, ? 2),Notation u N Notation u N sameNotationNodes u uØ Ý  (3.8) 

ʛʜʝ ?u1, ?u2 ï ʧʝʨʝʤʝʥʥʳʝ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʫʟʣʳ (ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʠʝ ʋʌʆ-ʵʣʝʤʝʥʪʘ); 

?N ï ʧʝʨʝʤʝʥʥʘʷ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʥʝʢʦ-

ʪʦʨʳʡ ʣʠʪʝʨʘʣ, ʦʙʦʟʥʘʯʘʶʱʠʡ ʥʦʪʘʮʠʶ ʫʟʣʘ. 

ʉʤʳʩʣ ʧʨʘʚʠʣʘ, ʦʧʠʩʳʚʘʝʤʦʛʦ ʚʳʨʘʞʝʥʠʝʤ (3.8), ʘʥʘʣʦʛʠʯʝʥ ʩʤʳʩʣʫ 

ʜʚʫʭ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʧʨʘʚʠʣ. ʅʘʣʠʯʠʝ ʚ ʦʥʪʦʣʦʛʠʠ ʩʚʝʜʝʥʠʡ ʦ ʜʚʫʭ ʫʟʣʘʭ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʩʚʦʡʩʪʚʘ çʅʦʪʘʮʠʷè ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ 

ʦʰʠʙʢʘʭ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʚʝʜʝʥʠʡ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʜʦʧʫʱʝʥʥʳʭ ʢʘʢ 

ʥʘ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʨʝʜʩʪʚ ʋʌʆ-ʧʦʜʭʦʜʘ, ʪʘʢ ʠ ʥʘ ʵʪʘʧʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʦʥʪʦʣʦʛʠʶ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʧʨʘʚʠʣʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ 

ʥʦʪʘʮʠʡ ʷʟʳʢʘ SWRL, ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʪʘʢʩʠʩʘ RDF/XML. ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʘʚʠʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʘʢʩʠʦʤ ʠ ʜʦ-

ʙʘʚʣʷʶʪʩʷ ʚ ʢʦʜ ʦʥʪʦʣʦʛʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʵʪʘʧʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʋʌʆ-

ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʢʣʶʯʝʥʠʝ ʚ ʩʦʩʪʘʚ ʦʥʪʦʣʦʛʠʠ 

SWRL-ʧʨʘʚʠʣ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ 

ʩʥʠʟʠʪʴ ʯʠʩʣʦ ʣʦʛʠʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʥʪʦʣʦʛʠʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[ʂʦʥʜʨʘʪʝʥʢʦ ʠ ʜʨ., 2016] ʂʦʥʜʨʘʪʝʥʢʦ ɸ.ɸ., ʄʘʪʦʨʠʥ ʉ.ʀ. ʌʦʨʤʘʣʴʥʳʝ ʘʩʧʝʢʪʳ 

ʚʟʘʠʤʦʩʚʷʟʠ ʋʌʆ-ʧʦʜʭʦʜʘ ʠ ʷʟʳʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʥʪʦʣʦʛʠʡ RDF// ʅʘʫʯʥʳʝ 

ʚʝʜʦʤʦʩʪʠ ɹʝʣɻʋ. ʉʝʨʠʷ ʕʢʦʥʦʤʠʢʘ. ʀʥʬʦʨʤʘʪʠʢʘ. 2016. ˉ2 (223). ɺʳʧ. 37. 

[ʄʘʪʦʨʠʥ, 2001] ʄʘʪʦʨʠʥ ʉ.ʀ. ʆ ʥʦʚʦʤ ʤʝʪʦʜʝ ʩʠʩʪʝʤʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʩʦ-

ʛʣʘʩʦʚʘʥʥʦʤ ʩ ʧʨʦʮʝʜʫʨʦʡ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʏʘʩʪʴ 1// ʂʠʙʝʨʥʝʪʠʢʘ ʠ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ. 2001. ˉ4. 

[ʄʘʪʦʨʠʥ, 2002] ʄʘʪʦʨʠʥ ʉ.ʀ. ʆ ʥʦʚʦʤ ʤʝʪʦʜʝ ʩʠʩʪʝʤʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʩʦ-

ʛʣʘʩʦʚʘʥʥʦʤ ʩ ʧʨʦʮʝʜʫʨʦʡ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʏʘʩʪʴ 2// ʂʠʙʝʨʥʝʪʠʢʘ ʠ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ. 2002. ˉ1.  

[ʉʣʦʙʦʜʶʢ ʠ ʜʨ., 2013] ʉʣʦʙʦʜʶʢ ɸ.ɸ., ʄʘʪʦʨʠʥ ʉ.ʀ., ʏʝʪʚʝʨʠʢʦʚ ʉ.ʅ. ʆ ʧʦʜʭʦ-

ʜʝ ʢ ʩʦʟʜʘʥʠʶ ʦʥʪʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦ-ʦʙʲʝʢʪʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ// ʅʘʫʯʥʳʝ ʚʝʜʦʤʦʩʪʠ ɹʝʣɻʋ. ʉʝʨʠʷ ʀʩʪʦʨʠʷ. ʇʦʣʠʪʦʣʦʛʠʷ. ʕʢʦʥʦʤʠ-

ʢʘ. ʀʥʬʦʨʤʘʪʠʢʘ. 2013. ˉ22 (165). ɺʳʧ. 28/1. 

[Tartir  et al., 2008] Tartir, S., Arpinar, I., Sheth, A.: Ontological Evaluation and Validation/ 

In: Theory and Applications of Ontology (TAO). Vol. 2. ï Berlin: Springer, 2008.  
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ʋɼʂ 004.89  

ʆʅʊʆʃʆɻʀʏɽʉʂʀʁ ʈɽʐɸʊɽʃʔ ɻɽʆʄɽʊʈʀʏɽʉʂʀʍ 

ɿɸɼɸʏ ʇʆ ɽʉʊɽʉʊɺɽʅʅʆ-ʗɿʓʂʆɺʆʄʋ ʆʇʀʉɸʅʀʖ
1
 

ʉ.ʉ. ʂʫʨʙʘʪʦʚ (curbatow.serg@yandex.ru)  

ʅʀʎʕɺʊ, ʄʦʩʢʚʘ 

ɸ.ɹ. ɺʦʨʦʙʴʝʚ (cool-t2007@mail.ru)  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè, ʄʦʩʢʚʘ 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʨʝʰʘʪʝʣʴ ʟʘʜʘʯ ʧʦ ʛʝʦʤʝʪ-

ʨʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʝʩʪʝʩʪʚʝʥʥʦ-ʷʟʳʢʦʚʦʝ ʦʧʠʩʘʥʠʝ ʫʩʣʦʚʠʡ. ɼʘʥʘ 

ʩʭʝʤʘ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʛʨʘʬʠʢʫ ʠ 

ʩʦʙʩʪʚʝʥʥʦ ʨʝʰʘʪʝʣʴ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʭ 

ʦʮʝʥʢʘ. ʇʨʝʜʣʦʞʝʥʦ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʚ ʧʨʠʢʣʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʰʘʪʝʣʴ, ʦʥʪʦʣʦʛʠʷ, ʛʝʦʤʝʪʨʠʷ, ʝʩʪʝʩʪʚʝʥʥʳʡ ʷʟʳʢ 

ɺʚʝʜʝʥʠʝ 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʝʰʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ, 

ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʧʨʠʚʣʝʢʘʶʱʝʡ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ). ʂʣʘʩʩʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʚ ʨʘʙʦʪʝ 

[ɻʝʣʝʨʥʪʝʨ, 1967]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʜʦʩʪʠʛʥʫʪʳ ʚ ʨʘʙʦʪʘʭ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʢʘʬʝʜʨʝ ʄʘʊʀʉ ʤʝ-

ʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ [ʇʦʜʢʦʣʟʠʥ, 2015]. ʀʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʧʨʘʚʦʯʥʦʛʦ ʪʠʧʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ 
[ɼʘʚʳʜʝʥʢʦ ʠ ʜʨ., 2011]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʜʭʦʜ, ʦʪʣʠʯʘʁ-

ʱʠʡʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʘʢʮʝʥʪʦʤ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦ-ʷʟʳʢʦʚʳʡ ʠʥʪʝʨʬʝʡʩ ʢ ʩʠʩʪʝ-

ʤʝ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʩʫʱʝʩʪʚʝʥʥʦʡ ʦʧʦʨʦʡ ʥʘ ʦʥʪʦʣʦʛʠʶ ʧʨʠ ʬʦʨʤʫʣʠʨʦʚʢʝ 

ʟʘʜʘʯʠ, ʝʝ ʨʝʰʝʥʠʠ, ʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʝ ʠ ʦʙʲʷʩʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʘ. 

1. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ  

ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʡ ʪʨʘʥʩ-

ʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʧʝʨʝʚʦʜʠʪ ʬʦʨʤʫʣʠʨʦʚʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʝʩʪʝ-

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-07-03847). 
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ʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (ɽʗ) ʥʘ ʷʟʳʢ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ. ʆʥʪʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ 

ʩʦʜʝʨʞʠʪ ʟʥʘʥʠʷ ʦ ʩʝʤʘʥʪʠʢʝ ɽʗ, ʦʙ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʣʦʚ, ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ 

ʠ ʢʦʥʩʪʨʫʢʮʠʡ ɽʗ ʚ ʢʦʥʮʝʧʪʳ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʟʥʘʥʠʷ ʦʙ ʠʥʪʝʨʬʝʡ-

ʩʝ ʩ ʨʝʰʘʪʝʣʝʤ ʠ ʩʠʩʪʝʤʦʡ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʩʘʤʦʡ 

ʦʥʪʦʣʦʛʠʠ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (ʯʝʨʪʝʞ ʚ ʜʠ-

ʥʘʤʠʢʝ). ʉʠʩʪʝʤʘ ʨʝʰʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʠʩʢ ʨʝ-

ʰʝʥʠʷ ʟʘʜʘʯʠ, ʧʨʠʤʝʥʷʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʝʨʘʪʦʨʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʤʫ ʦʧʠʩʘʥʠʶ ʟʘʜʘʯʠ. ʀ ʩʠʩʪʝʤʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʢʦ-

ʪʦʨʘʷ ʥʘʛʣʷʜʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪʦʙʨʘʞʘʝʪ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ 

ʵʢʨʘʥʝ ʜʠʩʧʣʝʷ. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʩʪʝʤʳ 

1.1. ʃʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ 

ʎʝʣʴʶ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʪʨʘʥʩʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʬʠʢʩʘʮʠʷ ʚ ʦʥʪʦʣʦʛʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʦʙʲʝʢʪʦʚ ʠ ʦʪʥʦʰʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ ʠ 

ʪʨʝʙʫʝʤʳʡ ʨʝʟʫʣʴʪʘʪ. ʆʩʥʦʚʥʫʶ ʨʦʣʴ ʧʨʠ ʵʪʦʤ ʠʛʨʘʶʪ ʧʨʘʚʠʣʘ ʧʝʨʠʬʨʘ-

ʟʠʨʦʚʘʥʠʷ, ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʘʥʘ ʚ [ɸʧʨʝʩʷʥ ʠ 

ʜʨ., 1989] ʠ  ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʮʝʣʝʡ. ʂʦʥʮʝʧʮʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ 

ʢʘʥʦʥʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʫʯʘʩʪʚʫʶʪ ʠʤʝʥʥʦ ʪʝ ʦʙʲʝʢʪʳ ʠ 

ʦʪʥʦʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʤʠ ʜʣʷ ʛʝʦʤʝʪʨʠʠ. 

ʂʘʥʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʳ 

ʦʥʪʦʣʦʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʘʚʠʣʘ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡʪʠ ʦʪ ʬʨʘʟ ʪʠʧʘ çʦʢʨʫʞ-

ʥʦʩʪʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʜʚʝ ʪʦʯʢʠè ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ çʪʦʯʢʘ A 
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ʧʨʠʥʘʜʣʝʞʠʪ ʦʢʨʫʞʥʦʩʪʠè ʠ çʪʦʯʢʘ B ʧʨʠʥʘʜʣʝʞʠʪ ʦʢʨʫʞʥʦʩʪʠè ʠʣʠ 

ʦʪ çʫʛʦʣ ʤʝʞʜʫ ʦʪʨʝʟʢʘʤʠ ʨʘʚʝʥ 90 ʛʨʘʜʫʩʦʚè ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ çʦʪ-

ʨʝʟʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳè, ʠʣʠ ʦʪ çʧʨʷʤʳʝ ʧʝʨʝʩʝʢʘʶʪʩʷè ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ 

ʚʠʜʫ çʪʦʯʢʘ A ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʷʤʦʡè ʠ çʪʦʯʢʘ B ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʷʤʦʡè. 

ʇʦʜʨʦʙʥʝʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ ʩʠʩʪʝʤʳ ʦʧʠʩʘʥʘ ʚ [ʃʦʙʟʠʥ ʠ ʜʨ, 

2015] ʠ  [ʃʦʙʟʠʥ, 2015].  

1.2. ʆʥʪʦʣʦʛʠʷ, ʨʝʰʘʪʝʣʴ ʠ ʛʨʘʬʠʢʘ 

ɺ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʪʝʢʩʪʫ ʟʘʜʘʯʠ, ʵʢʟʝʤʧʣʷʨʳ 

ʢʦʥʮʝʧʪʦʚ (ʪʦʯʢʠ, ʧʨʷʤʳʝ, ʫʛʣʳ, ʦʪʨʝʟʢʠ, ʦʢʨʫʞʥʦʩʪʠ ʠ ʪ.ʧ.) ʧʦʤʝʯʝʥʳ 

ʢʘʢ ʠʟʚʝʩʪʥʳʝ (ʜʘʥʦ) ʠ ʥʝʠʟʚʝʩʪʥʳʝ. ɿʘʜʘʯʘ ʨʝʰʘʪʝʣʷ ï ʦʟʥʘʯʠʪʴ ʪʨʝʙʫʝ-

ʤʳʝ ʧʦ ʫʩʣʦʚʠʶ ʵʢʟʝʤʧʣʷʨʳ ʢʘʢ çʠʟʚʝʩʪʥʳʝè. ʈʝʰʘʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʘʢʩʠ-

ʦʤʘʪʠʢʫ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʵʚʨʠʩʪʠʢʠ ʠ ʙʘʟʦʚʳʝ ʦʧʝʨʘʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ (ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʰʠʨʝʥʠʠ) ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʨʝʰʘʪʝʣʴ ʩʦʚʝʨʰʘʝʪ ʤʥʦʛʦ ʤʦʜʠʬʠʢʘʮʠʡ, ʥʦ ʧʦʩʣʝ ʫʩʧʝ-

ʭʘ ʪʦʣʴʢʦ ʬʠʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʫʝʪ ʬʘʡʣ, ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʡ ʨʝʰʝ-

ʥʠʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɹʘʟʦʚʳʝ ʦʧʝʨʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦ ʧʦʜʜʝʨʞʠʚʘʶʪ ʦʙʳʯʥʳʝ ʧʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʜʝʡʩʪʚʠʷ ʥʘ ʯʝʨʪʝʞʝ ʪʠʧʘ çʧʨʦʚʝʩʪʠ ʧʨʷʤʫʶ ʯʝʨʝʟ ʜʚʝ ʪʦʯʢʠè, 

çʧʨʦʚʝʩʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʠʟ ʪʦʯʢʠ ʥʘ ʦʪʨʝʟʦʢ/ʧʨʷʤʫʶè ʠ ʪ.ʧ. ɺ ʦʥʪʦʣʦ-

ʛʠʠ ʙʘʟʦʚʳʝ ʦʧʝʨʘʮʠʠ ʬʦʨʤʠʨʫʶʪ ʥʦʚʳʝ ʵʢʟʝʤʧʣʷʨʳ ʢʦʥʮʝʧʪʦʚ ʠ ʫʩʪʘ-

ʥʘʚʣʠʚʘʶʪ ʩʚʷʟʠ ʤʝʞʜʫ ʵʢʟʝʤʧʣʷʨʘʤʠ. ɺ ʛʨʘʬʠʢʝ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ 

ʙʘʟʦʚʳʭ ʦʧʝʨʘʮʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʯʝʨʪʝʞʝ. ɺ ʜʦʧʦʣʥʝ-

ʥʠʠ ʢ ʯʝʨʪʝʞʫ ʬʦʨʤʠʨʫʝʪʩʷ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʩ ʢʦʤʤʝʥʪʘʨʠʷʤʠ ʢ ʚʳʧʦʣʥʷ-

ʝʤʳʤ ʜʝʡʩʪʚʠʷʤ (ʥʘʧʨʠʤʝʨ, çʩʦʟʜʘʥʠʝ ʦʪʨʝʟʢʘ ABè, çʧʨʦʚʝʜʝʥʠʝ ʧʨʷʤʦʡ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʩʝʨʝʜʠʥʝ ʦʪʨʝʟʢʘè ʠ ʪ.ʜ.). ʕʪʦʪ ʬʘʡʣ, ʧʦ ʩʫʪʠ, ʷʚʣʷʝʪʩʷ 

ʧʨʦʪʦʢʦʣʦʤ ʨʝʰʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʢʦʤʤʝʥʪʘʨʠʡ ʢ 

ʰʘʛʘʤ ʨʝʰʝʥʠʷ, ʚʧʣʦʪʴ ʜʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠʭ ʚʳʙʦʨʘ. 

2. ʆʩʥʦʚʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ɼʘʣʝʝ ʧʨʠʚʝʜʝʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʦʥʪʦ-ʨʝʰʘʪʝʣʷ ʠ ʢʦʤ-

ʤʝʥʪʘʨʠʠ ʢ ʝʛʦ ʚʳʧʦʣʥʝʥʠʶ. 

1. ʇʦ ʦʧʠʩʘʥʠʶ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ ʥʘ ɽʗ ʩʪʨʦʠʪʩʷ ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʟʘʜʘʯʠ (ʜʘʥʦ ʠ ʫʩʣʦʚʠʷ). ʕʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʙʝʨʝʪʩʷ ʢʘʢ ʪʝʢʫʱʝʝ. 

2. ʇʦ ʪʝʢʫʱʝʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʚʳʙʠʨʘʝʪʩʷ ʚʝʨʰʠʥʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦʩʪʴʶ, ʚ ʦʥʪʦʣʦʛʠʠ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, 

ʘ ʜʣʷ ʚʝʨʰʠʥʳ ʬʦʨʤʠʨʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʙʘʟʦʚʳʭ ʦʧʝʨʘʮʠʡ. 

3. ɼʣʷ ʤʥʦʞʝʩʪʚʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʧʝʨʘʮʠʡ ʚʳʯʠʩʣʷʝʪʩʷ ʠʭ ʧʝʨʩʧʝʢ-

ʪʠʚʥʦʩʪʴ. 

4. ʇʨʦʚʝʨʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʨʝʰʝʥʠʷ. ɽʩʣʠ ʜʘ, ʪʦ ʥʘ 5, ʠʥʘʯʝ ʥʘ 2. 

5. ʇʦ ʨʝʰʝʥʠʶ ʩʬʦʨʤʠʨʦʚʘʪʴ ʬʘʡʣ ʜʣʷ ʚʳʟʦʚʘ ʙʘʟʦʚʳʭ ʦʧʝʨʘʮʠʡ ʚ ʛʨʘʬʠʢʝ. 
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ʆʥʪʦ-ʨʝʰʘʪʝʣʴ ʬʦʨʤʠʨʫʝʪ ʧʦʣʥʦʝ ʜʝʨʝʚʦ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ. ʆʩʥʦʚʥʘʷ 

ʛʠʧʦʪʝʟʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʟʘʪʨʘʪʳ ʥʘ 

ʚʳʯʠʩʣʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʦʢʫʧʘʶʪʩʷ ʩʫʱʝ-

ʩʪʚʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝ ʧʝʨʝʙʦʨʘ. ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʦʥʪʦʣʦ-

ʛʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʦ ʧʨʝʜʤʝʪ-

ʥʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʠ ʠʥʬʦʨʤʘʮʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ʇʨʠʤʝʨʳ ʪʘ-

ʢʦʡ ʠʥʬʦʨʤʘʮʠʠ:  

¶ ʙʦʣʴʰʠʡ ʧʨʠʦʨʠʪʝʪ ʦʧʝʨʘʮʠʡ, ʧʨʠʚʣʝʢʘʶʱʠʭ ʝʱʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʥ-

ʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ;   

¶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʙ ʫʩʧʝʰʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʦʧʝʨʘʮʠʡ; 

¶ ʤʝʪʘʟʥʘʥʠʷ ʦʙ ʦʧʝʨʘʮʠʷʭ, ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʚʠʜʝ ʠʥʜʝʢʩʦʚ ʙʘʟʳ 
ʜʘʥʥʳʭ; 

¶ ʛʣʫʙʠʥʘ ʧʦʠʩʢʘ; 

¶ ʧʝʨʝʬʦʨʤʫʣʠʨʦʚʢʘ ʮʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɽʗ-ʦʧʠʩʘʥʠʡ ʦʧʝʨʘʮʠʡ 

ʚ ʦʥʪʦʣʦʛʠʠ; 

¶ ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʪ ʤʦʜʝʣʠ. 

ʌʠʢʩʘʮʠʷ ʪʘʢʠʭ ʟʥʘʥʠʡ ʚ ʦʥʪʦʣʦʛʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʵʚʨʠʩʪʠʢ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝ-

ʟʫ. ʇʨʦʛʨʘʤʤʥʦʝ ʚʦʧʣʦʱʝʥʠʝ ʦʩʥʦʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʘʪʝʣʷ  ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʳ ʩ ʨʷʜʦʤ ʨʝʰʝʥʥʳʭ ʟʘʜʘʯ  ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʝʨʴʝʟʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠ-

ʝʤ. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʦʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ ʧʦʩʣʫʞʠʪ 

ʥʘʠʙʦʣʝʝ ʩʝʨʴʝʟʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʙʫʜʝʪ 

ʧʨʝʜʤʝʪʦʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʝʤʘʥʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʛʨʘʬ ʠ ʠʟ ʤʥʦʞʝ-

ʩʪʚʘ ʙʘʟʦʚʳʭ ʦʧʝʨʘʮʠʡ ʚʳʙʠʨʘʶʪʩʷ ʧʦʜʭʦʜʷʱʠʝ. ʕʪʠ ʦʧʝʨʘʮʠʠ ʚʢʣʶʯʘ-

ʶʪʩʷ ʚ ʜʝʨʝʚʦ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ, ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʭ ʚʳʧʦʣ-

ʥʝʥʠʷ. ɼʘʣʝʝ ʚ ʜʝʨʝʚʝ ʥʘʭʦʜʠʪʩʷ ʚʝʨʰʠʥʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦ-

ʩʪʴʶ (ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʦʥʘ ʙʳʣʘ ʦʜʥʦʡ ʠʟ ʨʘʩʢʨʳʚʘʝʤʳʭ). ʇʝʨʩʧʝʢ-

ʪʠʚʥʘʷ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʚʝʨʰʠ-

ʥʳ ʠ ʝʝ ʤʥʦʞʝʩʪʚʘ ʙʘʟʦʚʳʭ ʦʧʝʨʘʮʠʡ. ɺ ʩʝʤʘʥʪʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʦʚʳʝ ʚʝʨʰʠʥʳ ʠ ʦʪʥʦʰʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʧʦʣʥʷʝ-

ʤʦʡ ʦʧʝʨʘʮʠʠ. 

ɺʝʨʰʠʥʳ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʤʝʯʝʥʳ ʢʘʢ çʟʘʜʘʥʥʳʝè 

(fix) ʠ çʥʝʠʟʚʝʩʪʥʳʝè (undf). ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʙʘʟʦʚʦʡ ʦʧʝʨʘʮʠʠ ʤʝʪʢʠ 

ʚʝʨʰʠʥ ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ. ʇʦʣʫʯʝʥʠʝ ʨʝʰʝʥʠʷ ʦʟʥʘʯʘʝʪ ʧʨʠʩʚʦʝʥʠʝ ʤʝʪ-

ʢʠ fix ʚʩʝʤ ʚʝʨʰʠʥʘʤ, ʪʨʝʙʫʶʱʠʤ ʥʘʭʦʞʜʝʥʠʷ ʧʦ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ. ɽʩʣʠ 

ʨʝʰʝʥʠʝ ʧʦʣʫʯʝʥʦ, ʪʦ ʧʦ ʚʝʪʚʠ ʜʝʨʝʚʘ ʦʪ ʢʦʨʥʷ ʢ ʮʝʣʝʚʦʡ ʚʝʨʰʠʥʝ ʬʦʨ-

ʤʠʨʫʝʪʩʷ ʬʘʡʣ ʩ ʚʳʟʦʚʘʤʠ ʬʫʥʢʮʠʡ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʰʝʥʠʷ ʚ ʛʨʘʬʠʢʝ. 

ɼʝʪʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʥʪʦʣʦʛʠʠ ʠ ʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤʳ ʦʧʠʩʘʥʳ ʚ 

ʨʘʟʜʝʣʝ 3. 
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3. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʥʪʦʣʦ-

ʛʠʠ ʧʨʠʚʝʜʝʥʳ ʚ [ʃʦʙʟʠʥ, 2015]. ʆʥʪʦʣʦʛʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʩʨʝʜʝ ʉʋɹɼ 

Progress, ʚʠʟʫʘʣʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠʤʠ ʧʨʠʤʠʪʠʚʘʤʠ Word. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʨʝʰʘʪʝʣʷ ʨʘʟʨʘʙʦʪʘʥ ʫʧʨʦʱʝʥʥʳʡ ʘʥʘʣʦʛ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʜʝʪʘʣʠ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥʳ ʚ [ʃʦʙʟʠʥ ʠ 

ʜʨ., 2015]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʵʪʦʤ ʘʥʘʣʦʛʝ ʦʪʥʦʰʝʥʠʷ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʵʣʝʤʝʥʪʳ ʩʦ ʩʚʦʡʩʪʚʘʤʠ, ʵʣʝʤʝʥʪʦʤ ʚʩʝʛʜʘ ʚʳʩʪʫʧʘʝʪ ʪʨʠʧʣʝʪ çʦʙʲʝʢʪ-1 

ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʢʪ-2è, ʩʜʝʣʘʥ ʨʷʜ ʜʨʫʛʠʭ ʫʧʨʦʱʝʥʠʡ, ʢʘʩʘʶʱʠʭʩʷ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʧʦʜʜʝʨʞʢʠ ʢʦʥʮʝʧʪʦʚ.  

ɻʨʘʬʠʢʘ Word ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʯʝʨʪʝ-

ʞʦʤ, ʀʟʤʝʥʝʥʠʝ ʯʝʨʪʝʞʘ ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʟʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣ-

ʥʝʥʠʝ ʙʘʟʦʚʳʭ ʦʧʝʨʘʮʠʡ (ʰʘʛ çʚʧʝʨʝʜè ʠʣʠ ʰʘʛ çʥʘʟʘʜè), ʯʪʦ ʚʘʞʥʦ ʜʣʷ 

ʥʘʛʣʷʜʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʨʝʰʝʥʠʷ. 

4. ʕʢʩʧʝʨʠʤʝʥʪ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʚʢʣʶʯʘʣʘ ʢʘʢ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʣʥʦʡ ʩʠʩʪʝʤʳ, 

ʪʘʢ ʠ ʝʝ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʆʜʥʘ ʠʟ ʪʠʧʠʯʥʳʭ ʟʘʜʘʯ ʦʧʠʩʘʥʘ ʚ [ʂʫʨʙʘ-

ʪʦʚ ʠ ʜʨ., 2016], ʥʠʞʝ ʥʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥ ʜʨʫʛʦʡ ʧʨʠʤʝʨ. ɹʘʟʦʚʳʝ ʬʫʥʢ-

ʮʠʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʛʨʘʬʠʢʝ Word, ʠʩʧʦʣʴʟʫʶʪ ʧʦʥʷʪʠʝ ʜʣʠʥʳ ʦʪʨʝʟʢʦʚ, 

ʦʜʥʘʢʦ, ʚ ʦʥʪʦʣʦʛʠʠ ʩʫʤʤʘ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʦʪʢʣʘʜʳʚʘʥʠʝ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ 

ʦʪʨʝʟʢʦʚ, ʨʘʚʥʳʭ (ʢʦʥʛʨʫʵʥʪʥʳʭ) ʢʘʪʝʪʫ ʠ ʛʠʧʦʪʝʥʫʟʝ.  

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥ ʯʝʨʪʝʞ ʩ ʨʝʰʝʥʠʝʤ ʠ ʝʛʦ ʪʝʢʩʪʦʚʳʤ ʢʦʤʤʝʥʪʘʨʠʝʤ. 

ɺ ʨʝʘʣʴʥʦʩʪʠ ʯʝʨʪʝʞ ʚʳʚʦʜʠʪʩʷ ʚʤʝʩʪʝ ʩ ʬʦʨʤʦʡ word, ʩʦʜʝʨʞʘʱʝʡ ʢʘʢ 

ʧʨʦʪʦʢʦʣ, ʪʘʢ ʠ ʢʥʦʧʢʠ ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʨʘʙʦʪʳ. ʌʦʨʤʘ ʧʦʟʚʦʣʷʝʪ ʚ 

ʜʠʥʘʤʠʢʝ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʝʰʝʥʠʷ ʠ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦʙ ʵʣʝʤʝʥʪʘʭ ʯʝʨʪʝʞʘ. 

ʌʦʨʤʠʨʫʝʤʳʡ ʜʣʷ ʛʨʘʬʠʢʠ ʬʘʡʣ ʚʢʣʶʯʘʝʪ ʠʤʷ ʚʳʟʳʚʘʝʤʦʡ ʦʧʝʨʘʮʠʠ 

ʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʦʧʝʨʘʮʠʡ ʩʦʜʝʨʞʘʪʝʣʴ-

ʥʘʷ ʩʪʦʨʦʥʘ ʤʦʞʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʤʝʞʜʫ ʦʥʪʦʣʦʛʠʝʡ ʠ ʛʨʘʬʠʯʝʩʢʦʡ 

ʧʦʜʩʠʩʪʝʤʦʡ. ɺ ʪʝʢʫʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʛʨʘʬʠʢʫ (ʤʘʢʨʦʩʳ Word), ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʪʦʣʦʛʠʷ ʤʦʞʝʪ ʪʨʝʙʦʚʘʪʴ ʚʳ-

ʧʦʣʥʝʥʠʷ ʥʠʟʢʦʫʨʦʚʥʝʚʳʭ ʦʧʝʨʘʮʠʡ. ʅʘʧʨʠʤʝʨ, ʦʧʝʨʘʮʠʷ ʤʦʞʝʪ ʬʦʨʤʫ-

ʣʠʨʦʚʘʪʴʩʷ ʢʘʢ çʧʦʩʪʨʦʠʪʴ ʪʦʯʢʫ A ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (150, 220)è, ʘ ʥʘ 

ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ï çʧʦʩʪʨʦʠʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ ʪʦʯʢʫè. ɺ ʧʦʩʣʝʜʥʝʤ 

ʩʣʫʯʘʝ ʩʣʫʯʘʡʥʳʡ ʚʳʙʦʨ ʢʦʦʨʜʠʥʘʪ ʠ ʠʤʝʥʠ ʪʦʯʢʠ ʚʦʟʣʘʛʘʝʪʩʷ ʥʘ ʛʨʘʬʠ-

ʢʫ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʬʘʡʣʘ ʛʨʘʬʠʢʦʡ ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ ʪʨʝʙʫʝʤʦʡ ʦʧʝʨʘ-

ʮʠʠ, ʦʟʥʘʯʠʚʘʥʠʝ ʝʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʳʟʦʚʫ (ʧʦ CALL). 
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ʈʠʩ. 2. ʏʝʨʪʝʞ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ (ʨʝʘʣʴʥʦ ʩʦʜʝʨʞʠʪ ʬʦʨʤʫ 

word, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʜʠʥʘʤʠʢʫ) 
 

ʈʘʟʚʠʪʘʷ ʪʝʭʥʠʢʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʧʦʩʪʨʦʝʥʠʷ ʙʳʣʘ ʫʩʧʝʰʥʦ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʥʘ ʰʢʦʣʴʥʳʭ ʟʘʜʘʯʘʭ, ʥʦ ʠ ʥʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ 

ʪʝʦʨʝʤʳ 4 ʠʟ [ɽʬʠʤʦʚ, 1971], ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ, ʧʦ ʩʫʪʠ, ʩʚʦʜʠʣʦʩʴ ʢ ʧʦ-

ʩʪʨʦʝʥʠʶ ʪʨʝʙʫʝʤʦʡ ʪʦʯʢʠ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʳʟʳʚʘʣʠʩʴ ʙʘʟʦʚʳʝ ʬʫʥʢ-

ʮʠʠ, ʧʨʦʛʨʘʤʤʥʦ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʥʝʢʦʪʦʨʳʝ ʘʢʩʠʦʤʳ [ɻʠʣʴʙʝʨʪ, 1923], 

ʚʳʟʦʚ ʚʧʦʣʥʝ ʘʥʘʣʦʛʠʯʝʥ ʨʝʰʝʥʠʶ ʦʙʳʯʥʦʡ ʟʘʜʘʯʠ ʥʘ ʧʦʩʪʨʦʝʥʠʝ. ʅʘ 

ʨʠʩ. 3 ʦʪʨʘʞʝʥ ʬʨʘʛʤʝʥʪ ʫʧʨʦʱʝʥʥʦʛʦ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʘʢʩʠʦʤʳ ʇʘʰʘ, ʪʝʦʨʝʤʳ 4, ʦʧʠʩʘʥʠʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ (ʜʦʢʘʟʘ-

ʪʝʣʴʩʪʚʘ) ʠ ʝʛʦ ʛʨʘʬʠʢʘ.   

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ ʪʨʠʧʣʝʪʳ ʦʧʠʩʳʚʘʶʪ ʘʢʩʠʦʤʫ ʇʘʰʘ, ʢʦʪʦʨʘʷ 

ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʷʤʘʷ ʥʝ ʤʦʞʝʪ ʧʝʨʝʩʝʯʴ ʚʩʝ ʪʨʠ ʩʪʦʨʦʥʳ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʢʘʭ. A, B, C, E, F ï ʪʦʯʢʠ, ʧʨ-1 ï ʧʨʷʤʘʷ, 

ʦʪʥʦʰʝʥʠʷ çʥʘè ʠ çʚʥʝè ʦʟʥʘʯʘʶʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʪʦʯʢʘ ʧʨʠʥʘʜʣʝ-

ʞʠʪ/ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʷʤʦʡ. ʆʪʥʦʰʝʥʠʷ çʤʝʞ-1/2è ʦʧʨʝʜʝʣʷʶʪ ʦʪʥʦʰʝ-

ʥʠʝ çʤʝʞʜʫè. ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ (ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ) ʧʨʦʪʠʚʦʨʝʯʠʷ ʬʠʢʩʠ-

ʨʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʦʪʨʠʮʘʥʠʶ ʥʘ ʦʪʥʦʰʝʥʠʠ, ʥʦ ʠ ʧʦ ʥʘʣʠʯʠʶ ʫ ʦʙʲʝʢ-

ʪʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʭ ʩʝʤʘʥʪʠʯʝʩʢʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʦʪʥʦʰʝʥʠʡ (ʥʘ-

ʚʥʝ, ʨʘʟʣʠʯʥʳ-ʩʦʚʧʘʜʘʶʪ ʠ ʪ.ʧ.). 
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ʈʠʩ. 3. ɸʢʩʠʦʤʳ, ʪʝʦʨʝʤʘ ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʠ ʦʥʪʦ-ʛʨʘʬʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 
 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʩʦʩʪʦʷʣ ʚ ʧʦʠʩʢʝ ʧʦʜʭʦʜʷʱʝʡ ʘʢʩʠ-

ʦʤʳ, ʝʝ ʧʨʠʤʝʥʝʥʠʶ ʢ ʪʝʢʫʱʝʡ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʝʝ ʤʦʜʠʬʠʢʘ-

ʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʘʢʩʠʦʤʳ ʠ ʧʝʨʝʩʯʝʪʝ ʤʝʪʦʢ ʚʝʨʰʠʥ (ʠʣʠ 

ʪʨʠʧʣʝʪʦʚ).  ʇʨʠʤʝʥʝʥʠʝ ʘʢʩʠʦʤʳ ï ʵʪʦ ʦʟʥʘʯʠʚʘʥʠʝ ʝʝ ʪʨʠʧʣʝʪʦʚ ʚ ʣʝʚʦʡ 

ʯʘʩʪʠ (çʝʩʣʠè) ʪʨʠʧʣʝʪʘʤʠ ʠʟ ʪʝʢʫʱʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʜʦʙʘʚʣʝʥʠʝ ʚ ʥʝʝ ʪʨʠ-

ʧʣʝʪʦʚ ʠʟ ʧʨʘʚʦʡ ʯʘʩʪʠ (çʪʦè). ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ ʦʥʦ 

ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ, ʯʪʦ ʜʝʣʘʝʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʦʟʨʘʯʥʳʤ ʠ ʠʥʪʫʠʪʠʚʥʦ 

ʦʯʝʚʠʜʥʳʤ. 

5. ɿʘʢʣʶʯʝʥʠʝ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʚ ʮʝʣʦʤ ʧʦʜʪʚʝʨʜʠʣʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚ ʧʨʠʢʣʘʜʥʦʤ ʘʩʧʝʢʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʜʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʜʦ ʫʨʦʚʥʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ ʮʝʣʷʭ 

ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʛʨʘʤʤʥʦ ʚʦʧʣʦʪʠʚ ʤʝʪʦʜʦʣʦʛʠʶ ʧʨʘʚʜʦʧʦ-

ʜʦʙʥʳʭ ʜʦʛʘʜʦʢ [ʇʦʡʷ, 1970]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʥʝ ʪʦʣʴ-

ʢʦ ʨʝʰʘʪʴ ʦʧʠʩʳʚʘʝʤʫʶ ʥʘ ɽʗ ʟʘʜʘʯʫ, ʥʦ ʠ ʚ ʜʠʘʣʦʛʝ ʫʪʦʯʥʷʪʴ ʬʦʨʤʫʣʠ-

ʨʦʚʢʫ, ʘ ʪʘʢʞʝ ʦʙʫʯʘʪʴ ʰʢʦʣʴʥʠʢʘ ʵʣʝʤʝʥʪʘʤ ʛʨʘʬʠʢʠ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʢʦʤʧʣʝʢʩʥʫʶ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʫʶ ʧʦʜʜʝʨʞʢʫ ʪʘʢʠʭ 

ʧʨʝʜʤʝʪʦʚ ʢʘʢ ʛʝʦʤʝʪʨʠʷ, ʘʣʛʝʙʨʘ, ʠʥʬʦʨʤʘʪʠʢʘ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ ʝʩʪʝ-

ʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʤʘʪʝʤʘʪʠʢʫ.  
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[ʇʦʡʷ, 1970] ʇʦʡʷ.ɼ., ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʪʢʨʳʪʠʝ. ï ʄ.: ʅʘʫʢʘ, 1970. 
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ʋɼʂ 004.825  

ʆɹ ɸʃɻɽɹʈɸʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ʈɸʉʇʈɽɼɽʃɽʅʅʆʁ  

ʇʈʆɼʋʂʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ
1
 

ʉ.ɼ. ʄʘʭʦʨʪʦʚ (makhortov@amm.vsu.ru)  

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʨʦʥʝʞ  

ʊʝʦʨʠ ̫LP-ʩʪʨʫʢʪʫʨ ʤʦʜʝʣʠʨʫʝʪ ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʠ ʧʦʜʦʙʥʳʝ ʠʤ ʩʠ-

ʩʪʝʤʳ ʚ ʠʥʬʦʨʤʘʪʠʢʝ. ʆʜʥʦ ʠʟ ʝʝ ʧʨʠʣʦʞʝʥʠʡ ï ʤʝʪʦʜ ʨʝʣʝʚʘʥʪʥʦ-

ʛʦ ʦʙʨʘʪʥʦʛʦ ʚʳʚʦʜʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʱʠʡ ʯʠʩʣʦ ʦʙʨʘʱʝʥʠʡ ʢ 

ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʘʤ ʠʥʬʦʨʤʘʮʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ LP-ʩʪʨʫʢʪʫʨʘ, 

ʚʳʨʘʟʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʪʦʨʦʡ ʦʭʚʘʪʳʚʘʶʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʨʘʪʥʦʛʦ ʚʳʚʦʜʘ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʨʦʜʫʢʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, LP-

ʩʪʨʫʢʪʫʨʘ, ʧʨʦʜʫʢʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʨʝʣʝʚʘʥʪʥʳʡ ʦʙ-

ʨʘʪʥʳʡ ʚʳʚʦʜ 

ɺʚʝʜʝʥʠʝ 

ɸʣʛʝʙʨʘʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʬʬʝʢʪʠʚʥʳʡ ʘʧʧʘʨʘʪ ʬʦʨ-

ʤʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ [ɹʝʥʠʘʤʠʥʦʚ, 2003]. 

ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʥʦʩʠʪʩʷ ʢ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʩʠʩʪʝʤʘʤ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʪʠʧʘ [ɾʦʞʠʢʘʰʚʠʣʠ ʠ ʜʨ., 2002]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʚʪʦʨʦʤ ʠ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʷʤʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʦʩ-

ʥʦʚʘʥʥʘʷ ʥʘ ʨʝʰʝʪʢʘʭ ʪʝʦʨʠʷ LP-ʩʪʨʫʢʪʫʨ [ʄʘʭʦʨʪʦʚ, 2009a], [ɹʦʣʦʪʦʚʘ ʠ 

ʜʨ., 2011]. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʨʷʜʘ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʜʫʢʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ, ʚʝʨʠʬʠʢʘʮʠʷ, ʫʩʢʦʨʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʚʳʚʦʜʘ. ʈʝʘʣʠʟʦʚʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ 

ʧʨʦʜʫʢʪʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʧʨʠʣʦʞʝʥʠʷ ʪʝʦʨʠʠ [ʄʘʭʦʨʪʦʚ, 2009b].  

ʇʨʦʛʨʝʩʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʤʘʩʰʪʘʙʦʚ ʠ 

ʩʣʦʞʥʦʩʪʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʴʰʠ-

ʤʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʙʫʶʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʦʜʚʠʞʝ-

ʥʠʷ ʚ ʤʝʪʦʜʘʭ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺ ʩʪʘʪʴʝ [ʄʘʭʦʨʪʦʚ, 2015] ʧʨʝʜʣʦʞʝʥʘ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʚʳʨʘ-

ʟʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʪʦʨʦʡ ʦʭʚʘʪʳʚʘʶʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʜʫʢʮʠ-

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-07-05341). 
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ʦʥʥʳʝ ʩʠʩʪʝʤʳ. ɼʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ LP-ʩʪʨʫʢʪʫʨʳ ʨʘʩʩʤʦʪʨʝʥ ʩʪʘʥʜʘʨʪ-

ʥʳʡ ʢʨʫʛ ʚʦʧʨʦʩʦʚ ï ʦ ʟʘʤʳʢʘʥʠʠ, ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ, ʢʘʥʦ-

ʥʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʣʦʛʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʜʦʧʦʣʥʷʝʪ ʵʪʫ 

ʤʦʜʝʣʴ ʦʙʦʩʥʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʩʢʦʨʝʥʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʦʜ ʨʝʣʝʚʘʥʪʥʦʛʦ ʦʙʨʘʪʥʦʛʦ ʚʳʚʦʜʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. 

ʉʪʘʪʴʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʦʚ. ɺ ʧ.1 ʚʚʦʜʷʪʩʷ ʙʘʟʦʚʳʝ ʧʦʥʷ-

ʪʠʷ. ɺ ʧ.2 ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ LP-ʩʪʨʫʢʪʫʨʘ. ɺ ʧ.3 ʨʘʩʩʤʘʪʨʠ-

ʚʘʶʪʩʷ ʧʨʦʜʫʢʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ LP-

ʩʪʨʫʢʪʫʨʝ, ʧʨʠʚʦʜʷʪʩʷ ʠʭ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʤʝʪʦʜ ʨʝʰʝʥʠʷ. ɺʚʠʜʫ 

ʦʛʨʘʥʠʯʝʥʠ ̫ʦʙʲʝʤʘ ʩʪʘʪʴʠ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʳ ʙʝʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚ. ɺ ʧ.4 ʠʟ-

ʣʘʛʘʶʪʩʷ ʠʜʝʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʜʫʢʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʫʩʢʦʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʨʘʪʥʦʛʦ ʚʳʚʦʜʘ. ɺ ɿʘʢʣʶʯʝʥʠʠ ʧʦʜʚʦʜʷʪʩʷ 

ʠʪʦʛʠ ʠ ʫʢʘʟʳʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʧʝʨʩʧʝʢʪʠʚʳ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʦʛʨʘʥʠʯʝʥʠʝ ʦʙʲʝʤʘ ʪʝʢʩʪʘ ʥʝ ʧʦʟʚʦʣʠʣʦ ʪʘʢʞʝ ʧʨʦʠʣʣʶ-

ʩʪʨʠʨʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʴʠ ʢʦʥʢʨʝʪʥʳʤ ʧʨʠʤʝʨʦʤ. ʆʜʥʘ-

ʢʦ ʠʭ ʧʨʘʢʪʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʚʪʦʨʫ ʥʝʩʣʦʞʥʦʡ. 

1. ɹʘʟʦʚʳʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ LP-ʩʪʨʫʢʪʫʨ 

ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʜʨʦʙʥʦ ʦʧʠ-

ʩʘʥʳ ʚ [ʄʘʭʦʨʪʦʚ, 2009a, 2015]. ʅʘʧʦʤʥʠʤ ʦʩʥʦʚʥʳʝ ʠʟ ʥʠʭ.  

ɹʠʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ R  ʥʘ ʤʥʦʞʝʩʪʚʝ F  ʥʘʟʳʚʘʝʪʩʷ: ʨʝʬʣʝʢʩʠʚʥʳʤ, 

ʝʩʣʠ ʜʣʷ ʣʶʙʦʛʦ a FÍ  ʩʧʨʘʚʝʜʣʠʚʦ ( , ) ;a a RÍ  ʪʨʘʥʟʠʪʠʚʥʳʤ, ʝʩʣʠ ʜʣʷ 

ʣʶʙʳʭ , ,a b c FÍ  ʠʟ ( , ), ( , )a b b c RÍ  ʩʣʝʜʫʝʪ ( , )a c RÍ .  

ʂʘʢ ʠʟʚʝʩʪʥʦ [Aho et al., 1972], ʩʫʱʝʩʪʚʫʝʪ ʟʘʤʳʢʘʥʠʝ *R  ʧʨʦʠʟʚʦʣʴ-

ʥʦʛʦ ʦʪʥʦʰʝʥʠʷ R  ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʡʩʪʚ ʨʝʬʣʝʢʩʠʚʥʦʩʪʠ ʠ ʪʨʘʥʟʠʪʠʚʥʦ-

ʩʪʠ (ʨʝʬʣʝʢʩʠʚʥʦ-ʪʨʘʥʟʠʪʠʚʥʦʝ ʟʘʤʳʢʘʥʠʝ). ʆʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ï ʥʘʭʦʞʜʝ-

ʥʠʝ ʪʨʘʥʟʠʪʠʚʥʦʡ ʨʝʜʫʢʮʠʠ: ʧʦ R  ʚʳʯʠʩʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ 
'R  ʪʘʢʦʝ, ʯʪʦ ʝʛʦ ʪʨʘʥʟʠʪʠʚʥʦʝ ʟʘʤʳʢʘʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ *R . ɼʣʷ ʯʘʩʪʠʯʥʦ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʥʦʞʝʩʪʚ ʨʘʟʣʠʯʘʶʪ ʧʦʥʷʪʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ (ʜʣʷ ʥʝʛʦ ʥʝʪ 

ʤʝʥʴʰʝʛʦ) ʠ ʥʘʠʤʝʥʴʰʝʛʦ (ʦʥ ʤʝʥʴʰʝ ʚʩʝʭ) ʵʣʝʤʝʥʪʦʚ [ɹʠʨʢʛʦʬ, 1984]. ɺ 

[Aho et al., 1972] ʜʘʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʥʟʠʪʠʚʥʦʡ ʨʝʜʫʢʮʠʠ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ ʟʘʜʘʯʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʢʚʠʚʘʣʝʥʪʥʘ 

ʧʦʩʪʨʦʝʥʠʶ ʪʨʘʥʟʠʪʠʚʥʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʠ ʜʦʢʘʟʘʥʘ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʪʨʘʥ-

ʟʠʪʠʚʥʦʡ ʨʝʜʫʢʮʠʠ ʘʮʠʢʣʠʯʝʩʢʦʛʦ ʛʨʘʬʘ. 

ɹʘʟʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʝʰʝʪʢʘʭ ʩʦʜʝʨʞʘʪʩʷ ʚ [ɹʠʨʢʛʦʬ, 

1984]. ʈʝʰʝʪʢʘ  ï ʤʥʦʞʝʩʪʚʦ ʩ ʯʘʩʪʠʯʥʳʤ ʧʦʨʷʜʢʦʤ ¢ (çʥʝ ʙʦʣʴʰʝè, 

çʩʦʜʝʨʞʠʪʩʷè), ʛʜʝ ʜʣʷ ʣʶʙʦʡ ʧʘʨʳ ,a bÍ  ʦʧʨʝʜʝʣʝʥʳ ʦʧʝʨʘʮʠʠ  

(çʧʝʨʝʩʝʯʝʥʠʝè) ʠ  (çʦʙʲʝʜʠʥʝʥʠʝè). ʕʣʝʤʝʥʪ a bÍ  ï ʵʪʦ ʪʦʯʥʘʷ 

ʥʠʞʥʷʷ ʛʨʘʥʴ ʵʣʝʤʝʥʪʦʚ ,a b  ʚ ʩʤʳʩʣʝ ʦʪʥʦʰʝʥʠʷ ¢, ʪʦ ʝʩʪʴ ʥʘʠʙʦʣʴʰʠʡ 
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ʠʟ ʚʩʝʭ cÍ , ʜʣʷ ʢʦʪʦʨʳʭ , ʩʩ a b¢ ¢. ɸʥʘʣʦʛʠʯʥʦ a bÍ  ï ʪʦʯʥʘʷ 

ʚʝʨʭʥʷʷ ʛʨʘʥʴ ,a b. ʈʝʰʝʪʢʘ  ʦʛʨʘʥʠʯʝʥʘ, ʝʩʣʠ ʩʦʜʝʨʞʠʪ ʦʙʱʠʝ ʥʠʞ-

ʥʶʶ ʠ ʚʝʨʭʥʶʶ ʛʨʘʥʠ, ʘ ʠʤʝʥʥʦ ï ʪʘʢʠʝ ʜʚʘ ʵʣʝʤʝʥʪʘ O, I, ʯʪʦ 

,O a I a¢ ¢ " Í. ɸʪʦʤʦʤ ʦʛʨʘʥʠʯʝʥʥʦʡ (ʩʥʠʟʫ) ʨʝʰʝʪʢʠ  ʥʘʟʳʚʘʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʝʝ ʧʦʜʤʥʦʞʝʩʪʚʘ \ { }O . ʈʝʰʝʪʢʘ ʘʪʦʤʥʦ-ʧʦʨʦʞ-

ʜʝʥʥʘʷ, ʝʩʣʠ ʢʘʞʜʳʡ ʝʝ ʵʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʠʤ ʦʙʲʝʜʠʥʝʥʠʝʤ ʘʪʦʤʦʚ.  

LP-ʩʪʨʫʢʪʫʨʘ ï ʵʪʦ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʨʝʰʝʪʢʦʡ, 

ʥʘ ʢʦʪʦʨʦʡ ʟʘʜʘʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʙʠʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ R, ʦʙʣʘʜʘʶʱʝʝ 

ʥʝʢʦʪʦʨʳʤʠ (çʧʨʦʜʫʢʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʠʤʠè) ʩʚʦʡʩʪʚʘʤʠ. ʊʠʧ ʨʝʰʝʪʢʠ 

ʤʦʞʝʪ ʫʪʦʯʥʷʪʴʩʷ ʚ ʢʦʥʢʨʝʪʥʳʭ ʤʦʜʝʣʷʭ ʠ ʧʨʠʣʦʞʝʥʠʷʭ.  

ʆʪʥʦʰʝʥʠʝ R ʥʘ ʨʝʰʝʪʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ (ʧʨʦʜʫʢ-

ʮʠʡ) ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʕʣʝʤʝʥʪʳ ʨʝʰʝʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʝʜ-

ʧʦʩʳʣʢʘʤ ʠ ʟʘʢʣʶʯʝʥʠʷʤ ʧʨʘʚʠʣ, ʩʦʜʝʨʞʘʱʠʤ ʵʣʝʤʝʥʪʘʨʥʳʝ ʬʘʢʪʳ ʠ 

ʚʳʨʘʞʝʥʠʷ ʥʘʜ ʥʠʤʠ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʠʟʣʦʞʝʥʠʷ ʜʘʣʝʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ LP-ʩʪʨʫʢʪʫʨʳ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʨʝʰʝʪʢʠ ï ʤʥʦʞʝʩʪʚʦ ʢʦʥʝʯʥʳʭ ʧʦʜʤʥʦ-

ʞʝʩʪʚ ʫʥʠʚʝʨʩʫʤʘ F. ɺʤʝʩʪʦ ʩʠʤʚʦʣʦʚ ¢, ,  ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʢʠ ʪʝʦ-

ʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ Ì, , , ʘ ʵʣʝʤʝʥʪʳ ʨʝʰʝʪʢʠ ʦʙʳʯʥʦ 

ʦʙʦʟʥʘʯʘʶʪʩʷ ʙʦʣʴʰʠʤʠ ʙʫʢʚʘʤʠ. ʄʘʣʝʥʴʢʠʤʠ ʙʫʢʚʘʤʠ ʦʙʦʟʥʘʯʘʶʪʩʷ 

ʣʠʰʴ ʘʪʦʤʳ. ʀʤʠ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʚʩʝ ʧʦʜʤʥʦʞʝʩʪʚʘ, ʩʦʩʪʦʷʱʠʝ ʨʦʚʥʦ ʠʟ 

ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʫʥʠʚʝʨʩʫʤʘ.  

ʆʪʥʦʰʝʥʠʝ R ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʜʫʢʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʠʤ (ʜʣʷ ʢʨʘʪʢʦʩʪʠ ï 

ʧʨʦʩʪʦ ʣʦʛʠʯʝʩʢʠʤ), ʝʩʣʠ ʦʙʣʘʜʘʝʪ ʨʝʬʣʝʢʩʠʚʥʦʩʪʴʶ, ʪʨʘʥʟʠʪʠʚʥʦʩʪʴʶ ʠ 

ʜʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʴʶ.  

ʆʜʥʦ ʠʟ ʪʘʢʠʭ ʩʚʦʡʩʪʚ ï ʜʠʩʪʨʠʙʫʪʠʚʥʦʩʪʴ. ʅʝʬʦʨʤʘʣʴʥʦ ʦʥʦ ʦʟʥʘʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʧʦ ʯʘʩʪʷʤ ʠ ʩʦʚʤʝʱʝʥʠʷ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʪʦʯʥʳʭ ʦʧʝʨʘʮʠʡ. ɺ ʫʧʨʦʱʝʥʥʦʡ (ʪʝʦʨʝʪʠʢʦ-

ʤʥʦʞʝʩʪʚʝʥʥʦʡ) ʤʦʜʝʣʠ ʦʪʥʦʰʝʥʠʝ R ʥʘʟʳʚʘʝʪʩʷ ʜʠʩʪʨʠʙʫʪʠʚʥʳʤ, ʝʩʣʠ 

ʠʟ 1 2( , ), ( , )A B A B RÍ  ʩʣʝʜʫʝʪ 1 2( , )A B B RÍ . 

ɼʣʷ LP-ʩʪʨʫʢʪʫʨ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ [ʄʘʭʦʨʪʦʚ, 

2009a]: ʦ ʣʦʛʠʯʝʩʢʦʤ ʟʘʤʳʢʘʥʠʠ, ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ, ʢʘʥʦ-

ʥʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʣʦʛʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʤʥʦʞʝʩʪʚ ʧʨʦʜʫʢʮʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ. 

2. ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ LP-ʩʪʨʫʢʪʫʨʘ 

ʇʫʩʪʴ ʝʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ, ʚ ʢʘʞʜʦʤ ʫʟʣʝ ʢʦʪʦʨʦʡ 

ʭʨʘʥʠʪʩʷ ʩʦʙʩʪʚʝʥʥʳʡ ʥʘʙʦʨ ʬʘʢʪʦʚ (ʙʘʟʘ ʜʘʥʥʳʭ ï ɹɼ), ʧʦʜʤʥʦʞʝʩʪʚʦ 

ʧʨʦʜʫʢʮʠʡ (ʙʘʟʘ ʟʥʘʥʠʡ ï ɹɿ), ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʤʘʰʠʥʘ ʣʦʛʠʯʝʩʢʦʛʦ 
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ʚʳʚʦʜʘ ʩ ʣʦʢʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʧʘʤʷʪʴʶ. ʊʦ ʝʩʪʴ ʜʘʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʨʦʜʫʢ-

ʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʘʙʦʨʘ ʣʦʢʘʣʴʥʳʭ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

(ʧʦʜʩʠʩʪʝʤ), ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʇʦʜ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʤʦʞʥʦ 

ʧʦʥʠʤʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ ʠʟ [ɻʠʥʢʫʣ ʠ ʜʨ., 2013]. 

1) ʀʜʝʥʪʠʯʥʳʝ ʧʦ ʩʝʤʘʥʪʠʢʝ ʵʣʝʤʝʥʪʳ ʜʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʜʩʠ-

ʩʪʝʤʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ ʬʘʢʪʘʤʠ.  

2) ɺ ʨʘʟʣʠʯʥʳʭ ʧʦʜʩʠʩʪʝʤʘʭ ʧʨʦʜʫʢʮʠʠ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʦʙʱʝʛʦ 

ʩʠʥʪʘʢʩʠʩʘ.  

3) ʇʦʧʘʨʥʳʝ ʧʝʨʝʩʝʯʝʥʠʷ ʤʥʦʞʝʩʪʚ ʬʘʢʪʦʚ, ʭʨʘʥʠʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʩʠʩʪʝʤʘʭ, ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʫʩʪʳʤʠ.  

ʇʝʨʚʳʝ ʜʚʘ ʫʩʣʦʚʠʷ ʧʦʟʚʦʣʷʶʪ ʢʦʧʠʨʦʚʘʪʴ ʠʣʠ ʧʝʨʝʥʦʩʠʪʴ ʧʨʦʜʫʢʮʠʠ 

ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ, ʘ ʪʨʝʪʴʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ çʢʦʥʩʠ-

ʣʠʫʤʳè ʧʦʜʩʠʩʪʝʤ.  

ʂʘʞʜʦʤʫ ʬʘʢʪʫ ʠ ʧʨʘʚʠʣʫ ʧʨʦʜʫʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ 

ʧʦʜʤʥʦʞʝʩʪʚʦ ʫʟʣʦʚ ʩʝʪʠ, ʥʘ ʢʦʪʦʨʳʭ ʦʥʠ ʭʨʘʥʷʪʩʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʧʦʜʩʠʩʪʝʤʳ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳ, ʥʦ ʪʨʝʙʫʶʪ ʥʝʢʦʪʦʨʦʛʦ (ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ.  

ʎʝʣʴ ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʦʩʪʦʠʪ ʚ 

ʨʝʝhʥʠʠ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ, ʘ 

ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠʠ ʟʥʘʥʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ ʧʨʦʮʝʩʩʝ 

ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. 

ʇʫʩʪʴ N ï ʤʥʦʞʝʩʪʚʦ ʫʟʣʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ,  ï ʧʦʨʦʞʜʝʥʥʳʡ 

ʠʤ ʙʫʣʝʘʥ, ʪʦ ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʧʦʜʤʥʦʞʝʩʪʚ N. ɸʪʦʤʳ ʨʝʰʝʪʢʠ  ʠ 

ʧʘʨʳ ʦʪʥʦʰʝʥʠʷ R ʧʦʤʝʯʘʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʨʝʰʝʪʢʠ  ʢʘʢ ʘʪʨʠʙʫʪʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ  ʦʧʨʝʜʝʣʝʥʦ ʦʪʦʙʨʘʞʝʥʠʝ Nodes(), ʩʦʧʦʩʪʘʚʣʷʶ-

ʱʝʝ ʢʘʞʜʦʤʫ ʘʪʦʤʫ aÍ  ʝʜʠʥʩʪʚʝʥʥʳʡ ʵʣʝʤʝʥʪ XÍ  (Nodes(a) = X, 

X¸Å). ʂʘʞʜʦʡ ʧʘʨʝ ( , )A B RÍ  ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʣʝʤʝʥʪ YÍ  

(Nodes(A, B) = Y, Y¸Å). ʇʨʠ ʟʘʜʘʥʥʦʤ ʦʪʦʙʨʘʞʝʥʠʠ Nodes() ʨʝʰʝʪʢʘ  ʠ 

ʦʪʥʦʰʝʥʠʝ R ʩʯʠʪʘʶʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ. 

ʆʧʠʩʘʥʥʘʷ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʘʟʳʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ LP-

ʩʪʨʫʢʪʫʨʦʡ [ʄʘʭʦʨʪʦʚ, 2015]. 

ʈʘʩʧʨʝʜʝʣʝʥʥʦʝ ʙʠʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ R ʥʘ ʨʝʰʝʪʢʝ  ʥʘʟʳʚʘʝʪʩʷ ʧʨʦ-

ʜʫʢʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʠʤ, ʝʩʣʠ ʦʥʦ ʨʝʬʣʝʢʩʠʚʥʦ, ʪʨʘʥʟʠʪʠʚʥʦ ʠ ʜʠʩʪʨʠʙʫ-

ʪʠʚʥʦ, ʧʨʠʯʝʤ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ( , )A B RÍ   ʩʧʨʘʚʝʜʣʠʚʦ Nodes(A, B) = N. 

ʃʦʛʠʯʝʩʢʠʤ ʟʘʤʳʢʘʥʠʝʤ ʦʪʥʦʰʝʥʠʷ R ʥʘʟʳʚʘʝʪʩʷ ʥʘʠʤʝʥʴʰʝʝ ʧʨʦʜʫʢʮʠ-

ʦʥʥʦ-ʣʦʛʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ R. 

ɺ [ʄʘʭʦʨʪʦʚ, 2015] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʙʠʥʘʨʥʦʛʦ ʦʪʥʦʰʝʥʠʷ R ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʨʝʰʝʪʢʝ ʩʫʱʝʩʪʚʫʝʪ ʣʦʛʠʯʝ-

ʩʢʦʝ ʟʘʤʳʢʘʥʠʝ L RR = ½½­.  
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ɿʘʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʦʝ ʧʦʥʷʪʠʝ ʥʝ ʦʟʥʘʯʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ, 

ʪʦ ʝʩʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ ʧʨʦʜʫʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʦʙʷʟʘʥʘ ʭʨʘʥʠʪʴ-

ʩʷ ʥʘ ʚʩʝʭ ʫʟʣʘʭ ʩʝʪʠ. ʕʪʦʪ ʪʝʨʤʠʥ ʥʦʩʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʦʜʥʘʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʚʘ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʦʪʥʦʰʝʥʠʷ 1 2,R R  ʥʘʟʳʚʘʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ 

( 1 2~R R ), ʝʩʣʠ ʠʭ ʣʦʛʠʯʝʩʢʠʝ ʟʘʤʳʢʘʥʠʷ ʩʦʚʧʘʜʘʶʪ. ʕʢʚʠʚʘʣʝʥʪʥʳʤ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʪʥʦʰʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʟʘʤʝʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘ ʝʛʦ ʧʘʨ, ʧʨʠ-

ʚʦʜʷʱʘʷ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʦʪʥʦʰʝʥʠʶ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʧʨʠʟʥʘʢʠ çʭʦʨʦʰʝʛʦè ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥ-

ʬʦʨʤʘʮʠʠ ʧʦ ʫʟʣʘʤ. ʄʦʞʥʦ ʩʯʠʪʘʪ ɹʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʭʨʘʥʝʥʠʝ ʥʘ ʫʟʣʝ 

ʚʩʝʭ ʧʨʘʚʠʣ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʘʢʪʳ ʵʪʦʛʦ ʞʝ ʫʟʣʘ. ɼʣʷ ʬʦʨʤʘʣʠ-

ʟʘʮʠʠ ʪʘʢʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʚ LP-ʩʪʨʫʢʪʫʨʝ ʥʘʨʷʜʫ ʩ Nodes() ʚʚʦʜʷʪʩʷ ʝʱʝ 

ʜʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ʠʟ  ʚ . ʇʦʩʢʦʣʴʢʫ ʨʝʰʝʪʢʘ  ʘʪʦʤʥʦ-ʧʦʨʦʞʜʝʥʥʘʷ, 

ʜʣʷ ʣʶʙʦʛʦ ʝʝ ʵʣʝʤʝʥʪʘ A ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ i

i

A a=  ʚ ʚʠʜʝ ʦʙʲ-

ʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ. ʆʙʦʟʥʘʯʠʤ ( ) ( )i

i

NodesMeet A Nodes a= , 

( ) ( )i

i

NodesJoin A Nodes a= . 

ʆʪʦʙʨʘʞʝʥʠʝ NodesMeet() ʦʧʨʝʜʝʣʷʝʪ ʫʟʣʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦ-

ʜʝʨʞʠʪ ʚʩʝ ʘʪʦʤʳ ʵʣʝʤʝʥʪʘ A. ʆʪʦʙʨʘʞʝʥʠʝ NodesJoin() ʚʳʜʘʝʪ ʚʩʝ ʫʟʣʳ, 

ʭʨʘʥʷʱʠʝ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ ʪʘʢʠʭ ʘʪʦʤʦʚ. 

ʈʘʩʧʨʝʜʝʣʝʥʥʦʝ ʙʠʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ R ʥʘʟʳʚʘʝʪʩʷ ʨʝʣʝʚʘʥʪʥʦ-

ʢʦʨʨʝʢʪʥʳʤ, ʝʩʣʠ ʜʣʷ ʣʶʙʦʡ ʧʘʨʳ ( , )A B RÍ  ʩʧʨʘʚʝʜʣʠʚʦ  

,  ( ) ( ) ( )Nodes A B NodesJoin A NodesJoin BÉ ; 

ʠ ʨʝʣʝʚʘʥʪʥʦ-ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ, ʝʩʣʠ  

,  =( ) ( ) ( )Nodes A B NodesJoin A NodesJoin B. 

ʈʘʩʧʨʝʜʝʣʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ R ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʨʝʰʝʪʢʝ   ʥʘʟʳʚʘ-

ʝʪʩʷ ʢʘʥʦʥʠʯʝʩʢʠʤ, ʝʩʣʠ ʦʥʦ ʨʝʣʝʚʘʥʪʥʦ-ʥʦʨʤʘʣʠʟʦʚʘʥʦ ʠ ʟʘʜʘʥʦ ʤʥʦʞʝ-

ʩʪʚʦʤ ʧʘʨ ʚʠʜʘ ( , )A a , ʛʜʝ AÍ , a  ï ʘʪʦʤ ʚ . 

ɺ [ʄʘʭʦʨʪʦʚ, 2015] ʜʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʘʥʦʥʠʯʝ-

ʩʢʦʛʦ ʦʪʥʦʰʝʥʠ ̫ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ. 
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3. ʇʨʦʜʫʢʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ  

ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ LP-ʩʪʨʫʢʪʫʨʝ 

ʅʠʞʝ ʚʚʦʜʠʪʩʷ ʢʣʘʩʩ ʨʝʣʷʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ LP-

ʩʪʨʫʢʪʫʨʘʭ. ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʙ ʠʭ ʨʘʟʨʝʰʠʤʦʩʪʠ ʠ ʤʝʪʦʜʝ ʨʝʰʝ-

ʥʠʷ. ʇʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʪʥʦʤʫ ʣʦʛʠʯʝʩʢʦʤʫ 

ʚʳʚʦʜʫ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʨʝʰʝʪʢʝ.  

ʇʫʩʪʴ ʜʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ R  ʠ R½½­  ï ʝʛʦ ʣʦʛʠʯʝʩʢʦʝ 

ʟʘʤʳʢʘʥʠʝ (ʩʤ. ʧ. 2). ɽʩʣʠ RA B½½­ , ʪʦ B  ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʤ A, ʘ A   ï 

ʧʨʦʦʙʨʘʟʦʤ B  ʧʨʠ ʦʪʥʦʰʝʥʠʠ R½½­. ʕʣʝʤʝʥʪ ʨʝʰʝʪʢʠ ʤʦʞʝʪ ʠʤʝʪʴ 

ʤʥʦʛʦ ʦʙʨʘʟʦʚ ʠ ʧʨʦʦʙʨʘʟʦʚ. ʄʠʥʠʤʘʣʴʥʳʤ ʧʨʦʦʙʨʘʟʦʤ ʵʣʝʤʝʥʪʘ B
ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʦʙʨʘʟ, ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʜʨʫʛʦʛʦ ʧʨʦʦʙʨʘʟʘ ʵʣʝʤʝʥʪʘ B .  

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʟʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʪʦʤʥʦ-ʧʦʨʦʞʜʝʥʥʳʝ ʨʝʰʝʪʢʠ. 

ʄʥʦʛʠʝ ʠʟ ʬʦʨʤʫʣʠʨʫʝʤʳʭ ʥʠʞʝ ʦʧʨʝʜʝʣʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʝʶʪ ʘʥʘ-

ʣʦʛʠ ʚ [ʄʘʭʦʨʪʦʚ, 2009a], ʦʜʥʘʢʦ ʪʝʧʝʨʴ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʦʚʦʤʫ ʢʣʘʩʩʫ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ LP-ʩʪʨʫʢʪʫʨ. 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ɸʪʦʤ xÍ  ʥʘʟʳʚʘʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʧʨʠ ʦʪʥʦʰʝʥʠʠ R , 

ʝʩʣʠ ʚ R  ʥʝʪ ʧʘʨ ( , )A B  ʪʘʢʠʭ, ʯʪʦ x  ʩʦʜʝʨʞʠʪʩʷ ʚ B  ʠ ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʚ 

A. ʕʣʝʤʝʥʪ ʥʘʯʘʣʴʥʳʡ, ʝʩʣʠ ʚʩʝ ʝʛʦ ʘʪʦʤʳ ʥʘʯʘʣʴʥʳʝ. ʇʦʜʤʥʦʞʝʩʪʚʦ 

0 ( )R  (ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ R  ʦʙʦʟʥʘʯʘʝʤ 0), ʩʦʩʪʦʷʱʝʝ ʠʟ ʚʩʝʭ 

ʥʘʯʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ , ʥʘʟʳʚʘʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʨʝʰʝʪʢʠ . 

ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ 

( )LR X B= ,                                                 (3.1) 

ʛʜʝ L RR = ½½­, BÍ   ï ʟʘʜʘʥʥʳʡ ʵʣʝʤʝʥʪ, XÍ  ï ʥʝʠʟʚʝʩʪʥʳʡ.  

ʆʧʨʝʜʝʣʝʥʠʝ 2. ʏʘʩʪʥʳʤ (ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ) ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (3.1) 

ʥʘʟʳʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʧʨʦʦʙʨʘʟ ʵʣʝʤʝʥʪʘ B  ʚ 0. ʇʨʠʙʣʠʞʝʥʥʳʤ 

ʨʝʰʝʥʠʝʤ (3.1) ʥʘʟʳʚʘʝʪʩʷ ʣʶʙʦʡ ʧʨʦʦʙʨʘʟ ʵʣʝʤʝʥʪʘ B  ʚ 0. ʆʙʱʠʤ 

ʨʝʰʝʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ. 

ʋʨʘʚʥʝʥʠʷ ʚʠʜʘ (3.1) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʧʨʦʜʫʢʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʨʝʰʝʪʢʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʝʛʦ ʨʝʰʝʥʠʷ. ʇʫʩʪʴ R  ï ʢʦʥʝʯʥʦʝ ʢʘʥʦʥʠʯʝʩʢʦʝ 

ʦʪʥʦʰʝʥʠʝ, ʥʝ ʩʦʜʝʨʞʘʱʝʝ ʧʘʨ ʦʪʥʦʰʝʥʠʷ É, ʘ ʧʨʘʚʘʷ ʯʘʩʪʴ (3.1) ï ʢʦ-

ʥʝʯʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʘʪʦʤʦʚ ʨʝʰʝʪʢʠ. ʆʧʨʝʜʝʣʠʤ ʨʘʩʩʣʦʝʥʠʝ ʦʪʥʦʰʝʥʠʷ 

R  ʥʘ ʩʣʦʠ { | }tR t TÍ  ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  

ʈʘʟʦʙʴʝʤ R  ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʦʙʨʘʟʦʚʘʥʦ ʧʘʨʘʤʠ 

ʚʠʜʘ ( , )pA x  ʩ ʦʙʱʠʤ ʘʪʦʤʦʤ px . ʆʙʦʟʥʘʯʠʤ ʵʪʠ ʧʦʜʤʥʦʞʝʩʪʚʘ pR  ʧʦ ʠʭ 

ʘʪʦʤʫ ,px p PÍ , ʘ ʠʭ ʤʦʱʥʦʩʪʠ ï pM . 
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ʆʧʨʝʜʝʣʝʥʠʝ 3. ʉʣʦʝʤ tR  ʚ ʦʪʥʦʰʝʥʠʠ R  ʥʘʟʳʚʘʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦ, 

ʦʙʨʘʟʦʚʘʥʥʦʝ ʧʘʨʘʤʠ, ʚʟʷʪʳʤʠ ʧʦ ʦʜʥʦʡ ʠʟ ʢʘʞʜʦʛʦ ʥʝʧʫʩʪʦʛʦ ,pR p PÍ .  

ɼʣʷ ʨʘʩʩʣʦʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʨʷʜ ʧʦʣʝʟ-

ʥʳʭ ʩʚʦʡʩʪʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʦʧʠʩʘʥʥʳʤ ʚ [ʄʘʭʦʨʪʦʚ, 2009a]. 

ɿʘʤʝʯʘʥʠʝ 1. ʂʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ p

p P

M M
Í

=Ô .  

ʃʝʤʤʘ 1. ʃʦʛʠʯʝʩʢʦʝ ʟʘʤʳʢʘʥʠʝ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʦʪ-

ʥʦʰʝʥʠʷ R  ʨʘʚʥʦ ʦʙʲʝʜʠʥʝʥʠʶ ʣʦʛʠʯʝʩʢʠʭ ʟʘʤʳʢʘʥʠʡ ʝʛʦ ʩʣʦʝʚ. 

ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ X  ʫʨʘʚʥʝʥʠʷ (3.1) (ʪʦʯʥʦʝ ʠʣʠ ʧʨʠʙʣʠ-

ʞʝʥʥʦʝ) ʧʦʨʦʞʜʘʝʪʩʷ ʚ R  ʥʝʢʦʪʦʨʳʤ ʩʣʦʝʤ tR, ʝʩʣʠ tR
X B½½­ . 

ɿʘʤʝʯʘʥʠʝ 2. ʉʦʛʣʘʩʥʦ ʣʝʤʤʝ 1, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

(3.1) ʚ ʥʝʢʦʪʦʨʦʤ ʩʣʦʝ tR  ʜʦʩʪʘʪʦʯʥʦ ʨʝʰʠʪʴ ʘʥʘʣʦʛʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩ 

ʦʪʥʦʰʝʥʠʝʤ tR .  

ʃʝʤʤʘ 2. ʆʜʠʥ ʩʣʦʡ ʥʝ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʥʳʭ ʨʝ-

ʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (3.1). 

ʀʟ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʚʳʰʝ ʣʝʤʤ 1 ʠ 2 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʪʝʢʘʝʪ 

ʪʝʦʨʝʤʘ ʦ ʩʧʦʩʦʙʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (3.1). 

ʊʝʦʨʝʤʘ 1. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (3.1) ʜʦʩʪʘ-

ʪʦʯʥʦ ʥʘʡʪʠ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ tX  ʚ ʢʘʞʜʦʤ ʩʣʦʝ tR , ʛʜʝ ʦʥʦ ʩʫʱʝʩʪʚʫʝʪ. 

ɼʘʣʝʝ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʨʝʰʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʵʣʝ-

ʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʵʪʦʛʦ ʞʝ ʤʥʦʞʝʩʪʚʘ. 

ʉʣʝʜʩʪʚʠʝ 1. ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (3.1) ʦʮʝʥʠʚʘ-

ʝʪʩʷ ʩʚʝʨʭʫ ʚʳʨʘʞʝʥʠʝʤ p

p P

M M
Í

=Ô  (ʩʤ. ʟʘʤʝʯʘʥʠʝ 1).   

ʊʝʦʨʝʤʘ 1 ʠ ʟʘʤʝʯʘʥʠʝ 2 ʧʦʟʚʦʣʷʶʪ ʩʚʝʩʪʠ ʟʘʜʘʯʫ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

(3.1) ʢ ʥʘʭʦʞʜʝʥʠʶ ʯʘʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

( )L

tR X B= ,                                                 (3.2) 

ʛʜʝ B  ï ʟʘʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʨʝʰʝʪʢʠ, tR   ï ʧʨʦʠʟʚʦʣʴʥʳʡ ʩʣʦʡ ʚ R .  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʚʦʡʩʪʚʘʭ ʨʘʩʩʣʦʝʥʠʷ R, ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (3.2) 
ʜʦʩʪʘʪʦʯʥʦ ʨʝʰʠʪʴ ʝʛʦ ʩ ʢʘʞʜʳʤ ʘʪʦʤʦʤ b  ɻ ʣʝʤʝʥʪʘ B  ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ:  

( )L

tR X b= .                                                (3.3) 

ɸʥʘʣʦʛʠʯʥʦ [ʄʘʭʦʨʪʦʚ, 2009a] ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝ-

ʥʠʷ ʯʘʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (3.3) ʵʢʚʠʚʘʣʝʥʪʥʘ ʟʘʜʘʯʝ ʧʝʨʝʯʠʩʣʝʥʠʷ 

ʚʭʦʜʥʳʭ ʚʝʨʰʠʥ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ, ʠʟ ʢʦʪʦʨʳʭ 

ʜʦʩʪʠʞʠʤʘ ʟʘʜʘʥʥʘʷ ʚʝʨʰʠʥʘ.  
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4. ʈʝʣʝʚʘʥʪʥʳʡ ʚʳʚʦʜ ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ LP-ʩʪʨʫʢʪʫʨ r

ɸʧʧʘʨʘʪ ʧʨʦʜʫʢʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʘʢʪʠʯʝ-

ʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʨʘʪʥʦʛʦ ʚʳʚʦʜʘ (ʚ 

ʚʠʜʝ ʨʝʣʝʚʘʥʪʥʦʛʦ LP-ʚʳʚʦʜʘ).  

ʉʦʛʣʘʩʥʦ [ɹʦʣʦʪʦʚʘ ʠ ʜʨ., 2011], ʮʝʣʴ ʤʝʪʦʜʘ ʨʝʣʝʚʘʥʪʥʦʛʦ ʚʳʚʦʜʘ ï 

ʤʠʥʠʤʠʟʘʮʠ ̫ʯʠʩʣʘ ʤʝʜʣʝʥʥʳʭ ʟʘʧʨʦʩʦʚ (ʢ ɹɼ ʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʶ). ɿʘʧʨʦ-

ʩʳ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʘʢʪʘʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʠ ʚʳʚʦʜʝ. ʇʝʨʚʘʷ 

ʩʪʘʜʠʷ LP-ʚʳʚʦʜʘ ʩʪʨʦʠʪ ʤʠʥʠʤʘʣʴʥʳʝ ʥʘʯʘʣʴʥʳʝ ʧʨʦʦʙʨʘʟ r ʚ LP-

ʩʪʨʫʢʪʫʨʝ ʜʣʷ ʘʪʦʤʦʚ ʦʙʲʝʢʪʘ ʵʢʩʧʝʨʪʠʟʳ. ɼʘʣʝʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʙʨʘʪʴ ʧʨʦ-

ʦʙʨʘʟ, ʘʪʦʤʳ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʰʴ ʠʩʪʠʥʥʳʤ ʬʘʢʪʘʤ.  

ʉ ʵʪʦʡ ʮʝʣʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʡ ʧʨʦʩʤʦʪʨ ʧʨʦʦʙʨʘʟʦʚ, ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʷʤ ʥʘʠʙʦʣʝʝ çʨʝʣʝʚʘʥʪʥʳʭè ʦʙʲʝʢʪʦʚ. ʊʘʢʦʚʳʤʠ 

ʩʯʠʪʘʶʪʩʷ ʦʙʲʝʢʪʳ, ʯʴʠ ʟʥʘʯʝʥʠʷ ʦʪʨʘʞʝʥʳ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʧʨʦʦʙʨʘʟʦʚ. ʊʦʛʜʘ ʝʜʠʥʩʪʚʝʥʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʦʪʚʝʪ ʠʩʢʣʶʯʘʝʪ ʠʟ ʨʘʩ-

ʩʤʦʪʨʝʥʠʷ ʩʨʘʟʫ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʨʦʦʙʨʘʟʦʚ. ɺʪʦʨʦʡ ʧʦʢʘʟʘʪʝʣʴ ʨʝʣʝʚʘʥʪ-

ʥʦʩʪʠ ʦʙʲʝʢʪʘ ï ʧʨʠʩʫʪʩʪʚʠʝ ʝʛʦ ʟʥʘʯʝʥʠʡ ʚ ʧʨʦʦʙʨʘʟʘʭ ʤʠʥʠʤʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ. ɺ ʠʪʦʛʝ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʧʨʦʦʙʨʘʟʘʤ, ʧʨʦʚʝʨʢʘ ʠʩʪʠʥʥʦ-

ʩʪʠ ʢʦʪʦʨʳʭ ʧʦʪʨʝʙʫʝʪ ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʚʦʧʨʦʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʶ (ʠʣʠ ʦʙ-

ʨʘʱʝʥʠʡ ʢ ɹɼ). ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʳ [ɹʦʣʦʪʦʚʘ ʠ ʜʨ., 2011], 

ʧʨʠʤʝʥʷʷ ʨʝʣʝʚʘʥʪʥʳʡ LP-ʚʳʚʦʜ, ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʯʠʩʣʦ ʚʥʝʰʥʠʭ ʟʘʧʨʦʩʦʚ 

ʚ ʩʨʝʜʥʝʤ ʥʘ 15ï20%.  

ʈʘʩʧʨʝʜʝʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʦʟʜʘʝʪ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. 

ʆʜʥʦʡ ʠʟ ʮʝʣʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʪʨʘʬʠʢʘ ʤʝʞʜʫ ʫʟʣʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʚ ʧʨʦʮʝʩʩʝ ʚʳʚʦʜʘ. ʇʦʵʪʦʤʫ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʘʪʝʛʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʨʝʣʝʚʘʥʪʥʦʛʦ LP-ʚʳʚʦʜʘ, 

ʥʘʨʷʜʫ ʩ ʫʧʦʤʷʥʫʪʳʤʠ ʚʳʰʝ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʝʣʝʚʘʥʪʥʦʩʪʠ. ʆʥʠ ʩʚʷʟʘʥʳ ʩ ʘʪʨʠʙʫʪʘʤʠ ʭʨʘ-

ʥʝʥʠʷ ʬʘʢʪʦʚ ʠ ʧʨʘʚʠʣ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʪʦʙʨʘʞʝʥʠʷʤʠ Nodes(), 

NodesMeet(), NodesJoin(). ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ ʦʧʪʠ-

ʤʠʟʘʮʠʠ ʚʳʚʦʜʘ, ʥʦ ʜʝʣʘʝʪ ʝʝ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥ ʢʣʘʩʩ ʧʨʦʜʫʢʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʠʭ ʫʨʘʚ-

ʥʝʥʠʡ ʚ ʦʙʦʙʱʝʥʥʦʡ LP-ʩʪʨʫʢʪʫʨʝ, ʨʘʩʰʠʨʷʶʱʝʡ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʜʘʥʥʦʡ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʜʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠ-

ʩʪʝʤ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʪʠʧʘ.  

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʦ ʨʘʟʨʝʰʠʤʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʝ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝ-

ʥʠʡ, ʦʧʠʩʘʥ ʤʝʪʦʜ ʠʭ ʨʝʰʝʥʠʷ. ʅʘʭʦʞʜʝʥʠʝ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙ-

ʨʘʪʥʦʤʫ ʚʳʚʦʜʫ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʨʦʜʫʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ.  
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ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʝʪ ʩʪʘʪʴ ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʘʪʝʛʠʡ 

ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʚ LP-ʚʳʚʦʜʝ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. 
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ʉʀʉʊɽʄʓ ʇʈɽɼʉʊɸɺʃɽʅʀʗ ɿʅɸʅʀʁ 

ʊ.ɸ. ʄʝʭʘʥʮʝʚʘ (tamara.mekhantseva@gmail.com)  

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʚʠʟʫʘʣʴʥʦ-ʢʦʛʥʠ-

ʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʆʧʠ-

ʩʳʚʘʝʪʩʷ ʧʨʦʝʢʪ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʥʪʦʣʦʛʠʠ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʤ ʠʩʢʫʩʩʪʚʝ. ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʪʘʢʦʛʦ ʨʦʜʘ ʜʣʷ ʨʘʟʚʠ-
ʪʠʷ ʜʝʪʝʡ ʩ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʩʪʨʫʢʪ, ʛʝʰʪʘʣʴʪ, ʚʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ɺʚʝʜʝʥʠʝ 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʫʯʸʪ ʚʟʘʠʤʦʩʚʷʟʝʡ ʬʘʢʪʦʨʦʚ ʚʦʩʧʨʠʷʪʠʷ, ʧʩʠ-

ʭʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʧʦʟʥʘʥʠʷ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʛʨʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʡɻ-

ʜʝʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʟʘ ʩʯʸʪ ʟʨʠʪʝʣʴʥʳʭ ʦʙʨʘʟʦʚ, ʧʦʟ-

ʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʩʠʩʪʝʤ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜ-

ʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ.  

ʇʦʤʠʤʦ ʚʠʟʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚ, ʢʘʞʜʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʩʦ-

ʧʦʩʪʘʚʠʪʴ ʷʟʳʢ, ʩʠʩʪʝʤʫ ʦʩʥʦʚʥʳʭ ʪʝʨʤʠʥʦʚ, ʠʣʠ ʢʣʶʯʝʚʳʭ ʩʣʦʚ. ʇʨʠ ʠʭ 

ʦʜʥʦʟʥʘʯʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʯʝʣʦʚʝʢ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʥʘʜ ʪʘʢʠʤʠ ʪʝʨ-

ʤʠʥʘʤʠ ʬʦʨʤʘʣʴʥʳʝ ʦʧʝʨʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʘʥʩʘʤʙʣʷ ʚʠʟʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚ ʠ ʝʸ ʢʣʶʯʝʚʳʭ ʩʣʦʚ. ʆʙʲʝʜʠʥʝʥʠʝ ʵʪʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʟʚʦʣʷʶʱʫʶ ʩʬʦʨʤʠʨʦʚʘʪʴ ʝʸ ʮʝʣʦʩʪʥʳʡ ʦʙʨʘʟ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʚʠʟʫʘʣʴʥʦ-

ʢʦʛʥʠʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʣ-

ʣʶʩʪʨʘʮʠʠ ʦʧʠʩʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ ʧʦʜʭʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʠʟʫʘʣʴʥʦ-

ʢʦʛʥʠʪʠʚʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʠʩʪʦʨʠʠ ʞʠ-

ʚʦʧʠʩʠ. 



 

 

74 

 

1. ɺʠʟʫʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʠ ʢʦʛʥʠʪʠʚʥʳʝ ʢʦʥʩʪʨʫʢʪʳ 

ʌʠʟʠʦʣʦʛʠʯʝʩʢʠ, ʚʦʩʧʨʠʷʪʠʝ ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚ-

ʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʟʥʘʥʠʷ [ʃʫʨʠʷ, 1969]. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʚʦʩʧʨʠʷʪʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʵʡʜʝʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ï ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʟʛʘ ʦʧʝʨʠʨʦʚʘʪʴ ʟʨʠ-

ʪʝʣʴʥʳʤʠ ʦʙʨʘʟʘʤʠ [ɺʳʛʦʪʩʢʠʡ, 2005]. ɺʠʟʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʣʫʯʰʝ 

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʠ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʜʦʥʝʩʪʠ ʜʦ ʟʨʠʪʝʣʷ 

ʠʜʝʶ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʙʦʣʝʝ 70% 

ʠʥʬʦʨʤʘʮʠʠ ʯʝʣʦʚʝʢ ʚʦʩʧʨʠʥʠʤʘʝʪ ʯʝʨʝʟ ʟʨʝʥʠʝ [Merieb, Hoen, 2007] ʠ 

ʟʘʧʦʤʠʥʘʝʪ ʦʢʦʣʦ 80% ʠʟ ʫʚʠʜʝʥʥʦʛʦ ʧʨʦʪʠʚ 10% ʠʟ ʫʩʣʳʰʘʥʥʦʛʦ ʠ 20% 

ʠʟ ʧʨʦʯʠʪʘʥʥʦʛʦ [Lester, 2006].  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʥʠʤʘʥʠʝ ʥʝʨʘʟʨʳʚʥʦ ʩ 

ʚʠʜʝʥʠʝʤ, ʟʨʠʪʝʣʴʥʳʤ ʚʦʩʧʨʠʷʪʠʝʤ [Gregory, 1997].  

ɿʘʢʦʥʦʤʝʨʥʦ ʚʩʪʘʸʪ ʚʦʧʨʦʩ ʦ ʧʦʩʪʨʦʝʥʠʠ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦ-

ʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʘʩʧʝʢʪʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʩ-

ʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʌʦʨʤʘʣʴʥʳʝ ʦʧʠʩʘʥʠʷ ʤʥʦʛʠʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʝʜʧʦʣʘʛʘʶʪ: 

¶ ʥʘʣʠʯʠʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʩʫʱʥʦʩʪʝʡ ʠ 

¶ ʥʘʣʠʯʠʝ ʩʠʩʪʝʤʳ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʪʠʤʠ ʩʫʱʥʦʩʪʷʤʠ ʯʝʨʝʟ ʠʭ ʘʪʨʠʙʫʪʳ.  

ʇʦʩʢʦʣʴʢʫ ʩʫʱʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨʦʤ ʩʚʦʠʭ ʘʪʨʠʙʫʪʦʚ, ʪʦ ʜʣʷ 

ʢʘʞʜʦʡ ʩʫʱʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʘʪʨʠʙʫʪʦʚ, 

ʢʦʪʦʨʦʝ ʦʜʥʦʟʥʘʯʥʦ ʝʸ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ. ɽʩʣʠ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʠ-

ʩʪʝʤʫ ʘʪʨʠʙʫʪʦʚ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʳʰʣʝʥʠʝ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʧʝʨʠʨʦʚʘ-

ʥʠʝ ʘʙʩʪʨʘʢʪʥʳʤʠ ʩʠʤʚʦʣʘʤʠ [ʃʘʢʦʬʬ, 2011], ʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ ʤʦʟʛ ʩ ʣʸʛ-

ʢʦʩʪʴʶ ʩʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ, 

ʚʳʧʦʣʥʷʷ ʬʦʨʤʘʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʩʚʷʟʳʚʘʶʱʠʤʠ ʩʫʱʥʦʩʪʠ ʘʪʨʠʙʫʪʘʤʠ.  

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʩʫʱʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʘʪʨʠʙʫʪʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʪʘʢʦʝ 

ʝʸ ʦʧʨʝʜʝʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʪʨʘʞʘʝʪ ʝʸ ʦʪʥʦʰʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʩʫʱʥʦʩʪʷʤʠ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʠʩʪʝʤʳ ʘʪʨʠʙʫʪʦʚ ʠʤʝʝʪ ʩʤʳʩʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʦʩʥʦʚʥʳʭ ʪʝʨʤʠ-

ʥʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʠʣʠ ʢʣʶʯʝʚʳʭ ʩʣʦʚ. 

ɼʣʷ ʚʳʙʦʨʘ ʩʪʨʫʢʪʫʨʳ ʤʥʦʞʝʩʪʚʘ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʠ ʠʭ ʩʦʚʤʝʩʪʥʦʡ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʦʨʠʝʡ ʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʦʚ ɼʞʦʨʜʞʘ ʂʝʣʣʠ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ɼʞʦʨʜʞ ʂʝʣʣʠ ʚ ʩʚʦʝʡ ʪʝʦʨʠʠ ʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʦʚ 

[ʂʝʣʣʠ, 2000] ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʦʩʥʦʚʥʦʡ ʧʦʩʪʫʣʘʪ, ʘ ʪʘʢʞʝ 11 ʢʦʨʦʣʣʘʨʠʝʚ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʚʦʩʧʨʠʷʪʠʷ.  

ɺ ʠʥʪʝʨʝʩʘʭ ʥʘʩʪʦʷʱʝʛʦ ʧʨʦʝʢʪʘ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʦʚ: 

1. ʅʘʧʨʘʚʣʝʥʠʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʯʝʣʦʚʝʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʪʝʤ ʢʘʥʘʣʘʤ, ʚ ʨʫʩʣʝ ʢʦʪʦʨʳʭ ʦʥ ʘʥʪʠʧʠʮʠʨʫʝʪ ʩʦʙʳʪʠʷ. ʈʘʩʩʫʞʜʝʥʠʝ ʦ 
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ʧʨʦʮʝʩʩʝ ʧʦʟʥʘʥʠʷ, ʢʘʢ ʦ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʧʦ ʂʝʣʣʠ ʧʦʟʚʦʣʷʝʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʧʦʪʝʟ ʦʙ ʠʟʫʯʘʝʤʦʤ 

ʧʨʝʜʤʝʪʝ/ʷʚʣʝʥʠʠ. ɻʠʧʦʪʝʟʳ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʚʦʟʤʦʞʥʳʤʠ, 

ʢʦʛʜʘ ʯʝʣʦʚʝʢ ʚ ʧʨʦʮʝʩʩʝ ʧʦʟʥʘʥʠʷ ʦʪʤʝʯʘʝʪ ʩʚʦʡʩʪʚʝʥʥʳʝ ʩʫʱʥʦʩʪʠ ʧʨʠ-

ʟʥʘʢʠ, ʥʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʨʫʛʠʭ ʩʫʱʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʧʨʠʟʥʘʢʠ, ʦʙʲʝʜʠ-

ʥʷʶʱʠʝ ʵʪʫ ʩʫʱʥʦʩʪʴ ʩ ʜʨʫʛʠʤʠ, ʪ.ʝ. ʢʦʛʜʘ ʦʥ ʩʦʟʜʘʸʪ ʢʦʥʩʪʨʫʢʪʳ ʧʦʜʦ-

ʙʠʷ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ.  

2. ʃʠʯʥʳʡ ʢʦʥʩʪʨʫʢʪ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʝʧʨʝʟʝʥʪʘʮʠʶ ʤʠʨʘ, 
ʠʣʠ ʦʮʝʥʦʯʥʫʶ ʩʠʩʪʝʤʫ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʯʝʣʦʚʝʢʦʤ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʧʦʪʝʟ ʦ ʥʠʭ. ʂʦʥʩʪʨʫʢʪʳ ʜʠʭʦʪʦ-

ʤʠʯʥʳ, ʪ.ʝ. ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʦʣʶʩʘ: ʭʦʨʦʰʠʡ-

ʧʣʦʭʦʡ, ʢʠʩʣʳʡ-ʩʣʘʜʢʠʡ, ʯʸʨʥʳʡ-ʙʝʣʳʡ ʠ ʧʨ. ʏʝʣʦʚʝʢ ʚʳʙʠʨʘʝʪ ʜʣʷ ʩʝʙʷ 

ʚ ʨʘʟʜʝʣʸʥʥʦʤ ʥʘ ʜʚʘ ʧʦʣʶʩʘ ʢʦʥʩʪʨʫʢʪʝ ʪʫ ʘʣʴʪʝʨʥʘʪʠʚʫ, ʩ ʢʦʪʦʨʦʡ ʦʥ 

ʩʚʷʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʫʯʰʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʦʙʳʪʠʡ, ʦʧʨʝʜʝʣʷʷ ʧʦʜʦ-

ʙʠʝ ʠʣʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʧʦʟʥʘʥʠʷ. ʌʦʨʤʠʨʫʷ ʢʦʥʩʪʨʫʢʪʳ 

ʧʦʜʦʙʠʷ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʯʝʣʦʚʝʢ ʠʩʪʦʣʢʦʚʳʚʘʝʪ ʪʫ ʠʣʠ ʠʥʫʶ ʯʘʩʪʴ 

ʤʠʨʘ, ʦʧʨʝʜʝʣʷʝʪ ʝʸ, ʨʘʩʰʠʨʷʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʝʡ, ʩʪʨʦʠʪ ʛʠʧʦʪʝʟʳ. 

3. ʇʦʣʫʯʠʚ ʥʝʢʦʪʦʨʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʯʝʣʦʚʝʢ ʩʚʷʟʳʚʘ-

ʝʪ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʪʳ ʧʦʜʦʙʠʷ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʠ ʬʦʨʤʠʨʫʝʪ ʥʘ 

ʠʭ ʦʩʥʦʚʘʥʠʠ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʪʳ. ɹʦʣʝʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ ʠʩʪʦʣʢʦʚʘʥʠʷ ʯʝʣʦʚʝʢʘ 

ʩʦʩʪʦʠʪ ʠʟ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʜʠʭʦʪʦʤʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʦ-

ʩʪʘʚʠʪʴ ʯʝʣʦʚʝʢʫ ʦʛʨʘʥʠʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʜʠʭʦʪʦʤʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʪʦʚ. 

ʇʨʠ ʵʪʦʤ ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʝʥʷʝʪʩʷ ʧʦ ʤʝʨʝ ʧʦʚʪʦʨʝʥʠʷ ʩʦ-

ʙʳʪʠʡ. ʇʨʝʜʰʝʩʪʚʫʶʱʠʡ ʦʧʳʪ ʧʦʤʦʛʘʝʪ ʯʝʣʦʚʝʢʫ ʜʦʧʦʣʥʷʪʴ ʟʘʧʝʯʘʪʣʸʥʥʳʡ 

ʚ ʧʘʤʷʪʠ ʦʙʨʘʟ ʠ ʩʪʨʦʠʪʴ ʛʠʧʦʪʝʟʳ ʦʙ ʠʟʫʯʘʝʤʦʡ ʯʘʩʪʠ ʤʠʨʘ.  

4. ʏʝʣʦʚʝʢ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤ ʜʘʨʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʣʴʟʦʚʘʪʴ-

ʩʷ ʤʥʦʞʝʩʪʚʦʤ ʧʦʜʩʠʩʪʝʤ ʠʩʪʦʣʢʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʣʦʛʠʯʝʩʢʠ ʥʝʩʦʚʤʝʩʪʠ-

ʤʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ ʩ ʧʦʤʦ-

ʱʴʶ ʥʝ ʩʚʷʟʘʥʥʳʭ ʧʦʥʷʪʠʡ.  

ʇʝʨʝʭʦʜ ʦʪ ʢʦʥʩʪʨʫʢʪʦʚ ʢ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ (ʪʝʛʘʤ) ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘ-

ʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʧʦʥʷʪʠʷ ʣʠʯʥʦʛʦ ʢʦʥ-

ʩʪʨʫʢʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʳʙʦʨ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʪʦʚ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʨʝʜ-

ʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʥʘʙʦʨ ʢʦʥʩʪʨʫʢʪʦʚ, ʦʩʪʘʚʠʚ 

ʟʘ ʯʝʣʦʚʝʢʦʤ ʧʨʘʚʦ ʚʳʙʦʨʘ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ. ʊʘʢʘʷ çʧʦʜʩʢʘʟʢʘè ʢʘʞʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʧʦʟ-

ʚʦʣʠʣʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫʩʪʦʷʚʰʠʝʩʷ ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʨʷʜʳ ʧʦʥʷʪʠʡ, ʦʪʥʦ-

ʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʩʫʱʥʦʩʪʷʤ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʊʝʛʠ ʜʣʷ ʚʳʧʦʣʥʝ-

ʥʠʷ ʨʦʣʠ ʢʦʥʩʪʨʫʢʪʦʚ ʚʦʟʤʦʞʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʧʦʧʘʨʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʜʠʭʦʪʦʤʠʯʝʩʢʠʭ ʧʘʨ. 
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ʆʧʠʩʘʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʩʚʷʟʘʥʥʳʭ ʪʝʛʦʚ, ʚʳʧʦʣ-

ʥʷʶʱʠʭ ʨʦʣʴ ʢʦʥʩʪʨʫʢʪʦʚ, ʦʙʨʘʟʫʝʪ ʝʜʠʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʊʘʢʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʝʪ ʯʝʣʦʚʝʢʫ ʩʬʦʨʤʠʨʦʚʘʪʴ ʝʸ ʮʝʣʦʩʪʥʳʡ ʦʙʨʘʟ ʚ ʩʦʟʥʘʥʠʠ. 

ʏʝʣʦʚʝʢ ʦʧʨʝʜʝʣʠʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʥʦʚʳʭ ʩʫʱʥʦʩʪʝʡ ʢ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪ-

ʥʦʡ ʦʙʣʘʩʪʠ ʠ ʚʳʷʚʠʪ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʜʘʞʝ ʝʩʣʠ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ ʠ 

ʝʸ ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʪʝʨʧʝʣʠ ʠʟʤʝʥʝʥʠʷ.  

ʇʨʠʦʨʠʪʝʪ ʮʝʣʦʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʩʠʭʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʦ-

ʮʝʩʩʘ ʧʦʟʥʘʥʠʷ, ʙʳʣʠ ʫʩʧʝʰʥʦ ʜʦʢʘʟʘʥ rʨʷʜʦʤ ʘʚʪʦʨʦʚ ʪʘʢʠʭ, ʢʘʢ ʄʘʢʩ 

ɺʝʨʪʛʝʡʤʝʨ, ʂʫʨʪ ʂʦʬʬʢʘ, ɺʦʣʴʬʛʘʥʛ ʂʸʣʝʨ [ʄʘʨʮʠʥʢʦʚʩʢʘʷ, 2004]. ʀʤʠ 

ʙʳʣʦ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʛʝʰʪʘʣʴʪʘ, ʠʣʠ ʮʝʣʦʩʪʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʦʟʥʘʥʠʠ. 

ɻʝʰʪʘʣʴʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʜʝʣʠʤʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʘʛʣʷʜʥʫʶ 

ʬʦʨʤʫ ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦ-

ʪʦʨʦʡ ʥʝʣʴʟʷ ʧʦʥʷʪʴ ʧʫʪʸʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʝʸ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ.  

ɻʝʰʪʘʣʴʪ-ʧʩʠʭʦʣʦʛʠʷ, ʧʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʚʳʜʝʣʷʝʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʯʝʣʦ-

ʚʝʯʝʩʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ:  

¶ ʬʘʢʪʦʨ ʙʣʠʟʦʩʪʠ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʦʙʲʝʜʠʥʝʥʠʝ ʙʣʠʟʢʠʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 
ʠʣʠ ʚʦ ʚʨʝʤʝʥʠ ʵʣʝʤʝʥʪʦʚ ʚ ʛʨʫʧʧʳ; 

¶ ʬʘʢʪʦʨ çʦʙʱʝʡ ʩʫʜʴʙʳè, ʧʦʟʚʦʣʷʶʱʠʡ ʩʚʷʟʳʚʘʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʵʣʝ-

ʤʝʥʪʳ ʚ ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ; 

¶ ʬʘʢʪʦʨ ʩʭʦʜʩʪʚʘ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʩʭʦʜʥʳʝ ʧʦ ʬʦʨʤʝ, ʮʚʝʪʫ, ʚʝʣʠʯʠʥʝ ʠ 
ʜʨʫʛʠʤ ʧʨʠʟʥʘʢʘʤ ʵʣʝʤʝʥʪʳ ʚ ʝʜʠʥʫʶ ʬʠʛʫʨʫ; 

¶ ʬʘʢʪʦʨ ʟʘʤʳʢʘʥʠʷ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʟʘʧʦʣʥʝʥʠʝ ʣʘʢʫʥ ʚ ʦʙʨʘʟʝ ʠʟʫʯʘʝ-

ʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ.  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨ-

ʞʜʘʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʪʦʚ ʮʝʣʦʩʪʥʦʛʦ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʩʪʨʦʝʥʠʶ ʮʝʣʦʩʪʥʦʛʦ ʦʙʨʘʟʘ 

ʠʟʫʯʘʝʤʦʡ ʦʙʣʘʩʪʠ; ʵʪʦʪ ʦʙʨʘʟ ʯʝʣʦʚʝʢ ʙʫʜʝʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʦʣʥʷʪʴ 

ʥʝʜʦʩʪʘʶʱʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʠ ʧʨʠʩʦʝʜʠʥʷʪʴ ʢ ʥʝʤʫ ʥʦʚʳʝ ʩʚʝʜʝʥʠʷ, ʘ ʪʘʢ-

ʞʝ ʩʪʨʦʠʪʴ ʛʠʧʦʪʝʟʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʦʙʲʝʢʪʦʚ 

ʢ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʂʘʯʝʩʪʚʦ ʚʦʩʧʨʠʷʪʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʦʨʠʠ ʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʦʚ ʠ 

ʧʨʠʥʮʠʧʦʚ ʛʝʰʪʘʣʴʪ-ʧʩʠʭʦʣʦʛʠʠ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ.  

ʇʦʣʫʯʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʪʝʦʨʠʠ ʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʦʚ ʂʝʣ-

ʣʠ ʠ ʧʨʠʥʮʠʧʦʚ ʛʝʰʪʘʣʴʪ-ʧʩʠʭʦʣʦʛʠʠ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ̫-

ʣʷʶʪʩʷ ʚʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʦʩʦʙʝʥʥʦ-

ʩʪʷʭ ʧʨʦʝʢʪʘ ʧʨʦʛʨʘʤʤʥʦʡ ʚʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʸʤ ʧʨʠʤʝʨ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʠʤʝʥʝ-

ʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʮʝʧʮʠʠ.  
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2. ʇʨʦʝʢʪ ʚʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʦʡ ʩʠʩʪʝʤʳ  

ʇʨʠ ʦʧʠʩʘʥʠʠ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʚʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʩʢʚʦʟʥʦʛʦ ʧʨʠʤʝ-

ʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʩʪʦʨʠʠ ʟʘʧʘʜʥʦʡ ʞʠʚʦʧʠʩʠ [Little, 2004].  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʝʜ-

ʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ. 

1. ɺʳʙʨʘʪʴ ʮʝʥʪʨʘʣʴʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʥʘʛʣʷʜʥʦ ʧʝʨʝʜʘʶʱʠʡ 

ʦʩʥʦʚʥʫʶ ʠʜʝʶ ʥʘʧʨʘʚʣʝʥʠʷ ʞʠʚʦʧʠʩʠ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʩ-

ʢʫʩʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʙʦʪʳ ʪʠʧʠʯʥʳʭ ʭʫʜʦʞʥʠʢʦʚ-ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʳ-

ʙʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ: ʮʝʥʪʨʘʣʴʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ ʧʦʩʣʫʞʠʪ 

ʠʟʚʝʩʪʥʦʝ ʧʦʣʦʪʥʦ ʜʘʥʥʦʛʦ ʩʪʠʣʷ.  

2. ʇʦ ʩʪʦʨʦʥʘʤ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʚʠʜʝ ʧʣʦʩ-

ʢʦʡ ʪʘʙʣʠʮʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʩʪʦʣʙʮʦʚ, ʨʘʟʤʝʩʪʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢʦʥʩʪʨʫʢʪʳ: ʣʝʚʘʷ ʢʦʣʦʥʢʘ ʩʦʜʝʨʞʠʪ ʪʝʛʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ (ʙʣʠʟʢʠʝ ʪʝʛʠ) ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʣʝʚʘ ʦʪ ʠʟʦʙʨʘʞʝ-

ʥʠʷ, ʧʨʘʚʘʷ ʢʦʣʦʥʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʧʨʘʚʘ ʦʪ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩʦʜʝʨʞʠʪ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʙʣʠʟʢʠʤ ʪʝʛʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʝʚʘʷ ʯʘʩʪʴ ʩʣʦʞʥʦ ʧʦ-

ʩʪʨʦʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠʚʣʝʢʘʝʪ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʯʪʝʥʠʝʤ ʩʣʝʚʘ-ʥʘʧʨʘʚʦ. 

3. ɼʣʷ ʫʩʠʣʝʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʙʣʠʟʢʠʝ ʪʝʛʠ ʚʳʜʝʣʠʪʴ ʨʘʟ-

ʤʝʨʦʤ ʠ ʦʢʨʘʩʢʦʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʦʧʠʩʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʧʠʰʝʤ ʧʨʝʨʘʬʘʵʣʠʪʠʟʤ ï 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʘʥʛʣʠʡʩʢʦʡ ʞʠʚʦʧʠʩʠ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ XIX ʚʝʢʘ.  

4. ʎʝʥʪʨʘʣʴʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ ʚʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʝʨʘʬʘʵʣʠʪʠʟʤʘ ʧʦʩʣʫʞʠʪ ʦʜʥʦ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʠʟʚʝʜʝ-

ʥʠʡ ʧʨʝʨʘʬʘʵʣʠʪʦʚ ï çʆʬʝʣʠʷè ɼʞʦʥʘ ʕʚʝʨʝʪʪʘ ʄʠʣʣʝ.  

5. ʇʦ ʩʪʦʨʦʥʘʤ ʦʪ ʢʘʨʪʠʥʳ ʨʘʟʤʝʱʘʶʪʩʷ ʪʝʛʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 
ʪʘʙʣ. 1. ʉʪʦʣʙʝʮ ʩ ʙʣʠʟʢʠʤ ʪʝʛʘʤʠ ï ʩʣʝʚʘ ʦʪ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʪʦʣʙʝʮ ʩ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʳʤʠ ʪʝʛʘʤʠ ï ʩʧʨʘʚʘ ʦʪ ʠʟʦʙʨʘʞʝʥʠʷ. 

6. ɹʣʠʟʢʠʝ ʢ ʧʨʝʨʘʬʘʵʣʠʪʠʟʤʫ ʪʝʛʠ ʠʟʦʙʨʘʞʘʶʪʩʷ ʢʨʫʧʥʳʤ ʪʸʤʥʳʤ 
ʰʨʠʬʪʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʠʤ ï ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ ʠ ʚ 

ʩʝʨʦʤ ʮʚʝʪʝ.  

ʇʦʣʫʯʝʥʥʦʝ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʢʦʚʦʡ ʜʣʷ 

ʚʳʙʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʤ ʠʩʢʫʩʩʪʚʝ ʢʘʨʪʠʥʳ ʠ ʩʠʩʪʝʤʳ 

ʜʠʭʦʪʦʤʠʯʝʩʢʠʭ ʪʝʛʦʚ ʩʬʦʨʤʠʨʫʝʪ ʠ ʟʘʧʝʯʘʪʣʝʝʪ ʫ ʯʝʣʦʚʝʢʘ ʮʝʣʦʩʪʥʳʡ 

ʦʙʨʘʟ ʥʘʧʨʘʚʣʝʥʠʷ. ʕʪʦʪ ʦʙʨʘʟ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʥ ʩʤʦʞʝʪ ʜʦʧʦʣʥʷʪʴ, ʠʟʫʯʘʷ 

ʢʘʨʪʠʥʳ ʪʠʧʠʯʥʳʭ ʭʫʜʦʞʥʠʢʦʚ-ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʪʦʤʫ 

ʠʣʠ ʠʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʚ ʠʩʢʫʩʩʪʚʝ, ʠ ʚʥʦʚʴ ʩʨʘʚʥʠʚʘ ̫ʨʝʣʝʚʘʥʪʥʳʝ ʪʝʛʠ-

ʢʦʥʩʪʨʫʢʪʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʦʙʨʘʟʘ ʯʝʣʦʚʝʢ ʩʤʦʞʝʪ ʩʪʨʦʠʪʴ ʛʠʧʦʪʝʟʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʭ ʜʣʷ ʥʝʛʦ ʢʘʨʪʠʥ ʠ ʦʧʨʝʜʝʣʷʪʴ ʠʭ ʥʘʧʨʘʚʣʝʥʠʷ. 
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ʊʘʙʣ. 1. 

ɹʣʠʟʢʠʝ ʪʝʛʠ ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʪʝʛʠ 

ʈʦʤʘʥʪʠʟʤ ɸʢʘʜʝʤʠʟʤ 

ʉʨʝʜʥʝʚʝʢʦʚʦʝ ʠʩʢʫʩʩʪʚʦ ʄʦʜʝʨʥʠʟʤ, ʇʦʩʪʤʦʜʝʨʥʠʟʤ 

ʕʩʪʝʪʠʟʤ ʄʘʪʝʨʠʘʣʠʟʤ 

ʉʠʤʚʦʣʠʟʤ ʈʝʘʣʠʟʤ 

ʅʘʪʫʨʘʣʠʟʤ ɹʘʨʦʢʢʦ, ʈʦʢʦʢʦ 

ʈʝʬʦʨʤʘ ʂʘʥʦʥ 

ʏʠʩʪʦʪʘ ʬʦʨʤ ʀʜʝʘʣʠʟʘʮʠʷ ʬʦʨʤ 

ʉʚʦʙʦʜʘ ʋʩʣʦʚʥʦʩʪʠ 

 

ɺʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʦʧʠʩʘʪʝʣʴʥʳʭ ʥʘʫʢʘʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʦʙʣʘʩʪʷʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʠʟʫʘʣʴʥʦ-

ʢʦʛʥʠʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʦʙʫʯʝʥʠʷ ʜʝʪʝʡ ʩ ʨʘʩ-

ʩʪʨʦʡʩʪʚʘʤʠ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ (ʈɸʉ). ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʜʝʪʝʡ ʩ ʈɸʉ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʨʘʚʥʦʤʝʨʥʦ: ʩʠʣʴʥʦʡ ʠʭ ʩʪʦʨʦ-

ʥʦʡ ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʴʥʦʝ ʠ ʩʝʥʩʦʨʥʦʝ ʚʦʩʧʨʠʷʪʠʝ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʘʤʷʪʴ, ʘ 

ʩʣʘʙʦʡ ï ʬʨʘʛʤʝʥʪʘʨʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʫʩʪʥʦʡ ʨʝʯʠ ʠ ʠʩʢʘʞʸʥʥʦʝ ʧʦʥʠʤʘʥʠʝ 

ʦʙʱʝʛʦ ʩʤʳʩʣʘ ʪʝʢʩʪʘ [Antony, 1958]. ɺʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʘʷ ʩʠʩʪʝʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʝʩʪʝʩʪʚʝʥʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʦʚʤʝʩʪʠʤʦʛʦ ʩ ʧʣʘʥʰʝʪʥʳʤʠ ʪʘʢʪʠʣʴʥʳʤʠ ʢʦʤ-

ʧʴʶʪʝʨʘʤʠ ʩ ʮʚʝʪʥʳʤ ʵʢʨʘʥʦʤ: ʵʪʦ ʦʙʝʩʧʝʯʠʪ ʥʝ ʪʦʣʴʢʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʚʠʟʫʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʨʝʙʸʥʢʘ ʩ ʈɸʉ, ʥʦ ʠ ʥʘ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʘʤʷʪʴ, 

ʘ ʪʘʢʞʝ ʩʝʥʩʦʨʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʟʘ ʩʯʸʪ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʦʡ ʧʨʠʢʦʩʥʦ-

ʚʝʥʠʷʤʠ ʨʫʢ ʠʣʠ ʩʪʠʣʫʩʘ.  

ʅʦʤʝʥʢʣʘʪʫʨʘ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʨʘʟʚʠʪʠʷ ʜʝʪʝʡ ʩ ʈɸʉ ʥʘ ʩʝ-

ʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʨʘʡʥʝ ʙʝʜʥʘ, ʘ ʧʣʘʥʰʝʪʥʳʭ ʨʝʰʝʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ. ʀʤʝʶʱʠʝʩʷ ʧʨʦʛʨʘʤʤʳ ʥʦʩʷʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʛʨʦʚʦʡ ʭʘ-

ʨʘʢʪʝʨ ʠ ʥʘʧʨʘʚʣʝʥ rʪʦʣʴʢʦ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʩʦʮʠʘʣʠʟʘʮʠʠ ʜʝʪʝʡ ʩ 

ʈɸʉ, ʦʜʥʘʢʦ ʥʠ ʦʜʥʦ ʠʟ ʧʨʠʣʦʞʝʥʠʡ ʥʝ ʩʦʩʨʝʜʦʪʘʯʠʚʘʝʪʩʷ ʥʘ ʦʙʫʯʝʥʠʠ 

ʜʝʪʝʡ ʩ ʈɸʉ. ʇʣʘʥʰʝʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʠʪ ʫʩʪʨʘʥʠʪʴ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ. 

ʇʦʤʠʤʦ ʫʞʝ ʦʪʤʝʯʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʣʘʥʰʝʪʥʘʷ ʚʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʘʷ 

ʩʠʩʪʝʤʘ ʜʣʷ ʦʙʫʯʝʥʠʷ ʜʝʪʝʡ ʩ ʈɸʉ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʢʦʤʧʦʥʝʥʪʳ:  

¶ ʩʝʥʩʦʨʥʳʡ ʠʥʪʝʨʬʝʡʩ; 

¶ ʠʥʪʫʠʪʠʚʥʫʶ ʥʘʚʠʛʘʮʠʶ: ʦʜʥʦʫʨʦʚʥʝʚʦʝ ʤʝʥʶ ʩ ʧʨʦʩʪʳʤʠ ʟʘʛʦʣʦʚ-

ʢʘʤʠ, ʟʘʤʝʪʥʳʝ çʭʣʝʙʥʳʝ ʢʨʦʰʢʠè, ʦʯʝʚʠʜʥʘʷ ʢʥʦʧʢʘ ʚʦʟʚʨʘʪʘ ʢ ʛʣʘʚ-

ʥʦʡ ʩʪʨʘʥʠʮʝ; 

¶ ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ ʢ ʨʘʟʣʠʯʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʜʝ-

ʪʝʡ ʩ ʈɸʉ: ʥʘʩʪʨʦʡʢʠ ʮʚʝʪʦʚʦʡ ʩʭʝʤʳ ʠ ʷʨʢʦʩʪʠ, ʥʘʩʪʨʦʡʢʠ ʬʦʥʘ, 
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ʥʘʩʪʨʦʡʢʠ ʰʨʠʬʪʘ, ʥʘʩʪʨʦʡʢʠ ʟʚʫʢʦʚʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ, ʥʘʩʪʨʦʡʢʠ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘ ʧʨʠʢʦʩʥʦʚʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʥʰʝʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʚʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʦʜ-

ʭʦʜʘ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʜʝʪʝʡ ʩ 

ʈɸʉ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʜʝʪʝʡ ʩ ʈɸʉ ʟʘ ʩʯʸʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʠʟʫʘʣʴʥʦʝ ʠ ʩʝʥʩʦʨʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʘʤʷʪʴ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʚʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʝʜʤʝʪʥʳʭ 

ʦʙʣʘʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʚʳʜʝʣʝʥʠʷ ʤʥʦʞʝʩʪʚ ʧʘʨʥʳʭ ʢʦʥʩʪʨʫʢʪʦʚ, ʘ ʪʘʢʞʝ ʠʭ 

ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʇʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʯʝʣʦʚʝʢʫ ʥʝ ʪʦʣʴʢʦ ʩʬʦʨʤʠ-

ʨʦʚʘʪʴ ʮʝʣʦʩʪʥʳʡ ʦʙʨʘʟ ʠʟʫʯʘʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʟʘʧʝʯʘʪʣʝʪʴ ʝʛʦ ʚ 

ʧʘʤʷʪʠ, ʥʦ ʠ ʜʦʧʦʣʥʷʪʴ ʝʛʦ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʛʝʰʪʘʣʴʪ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʜʧʦʣʦʞʝ-

ʥʠʡ ʦ ʥʦʚʳʭ ʦʙʲʝʢʪʘʭ ʠʟʫʯʘʝʤʦʡ ʯʘʩʪʠ ʤʠʨʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʚʠʟʫʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʢʘʯʝʩʪʚʦ ʠʭ ʠʟʫʯʝʥʠʷ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ï 

ʜʦʢʪʦʨʫ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ ʉ.ʖ. ʉʦʣʦʚʴʸʚʫ. 
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ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ  

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʩʘʤʦʦʙʫ-

ʯʝʥʠʷ ʧʨʝʜʤʝʪʥʳʭ ʦʥʪʦʣʦʛʠʡ, ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʚʣʝʯʝʥʠʷ ʪʝʨʤʠʥʦʣʦ-

ʛʠʠ ʠʟ ʙʦʣʴʰʠʭ ʢʦʨʧʫʩʦʚ ʪʝʢʩʪʦʚ. ʆʧʠʩʘʥʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʧʨʝʮʝʜʝʥʪʦʚ ʚ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤ ʨʘʩʰʠʨʝ-

ʥʠʷ ʙʘʟʳ ʟʥʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʧʨʝʮʝʜʝʥʪʦʚ. ʇʦʤʠ-

ʤʦ ʵʪʦʛʦ, ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʘʤʦʦʙʫʯʝʥʠʶ 

ʦʥʪʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʥʪʦʣʦʛʠʷ, ʦʙʫʯʝʥʠʝ ʦʥʪʦʣʦʛʠʠ, ʧʨʝʮʝʜʝʥʪʳ, ʠʟ-

ʚʣʝʯʝʥʠʝ ʪʝʨʤʠʥʦʚ 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʨʝʰʝʥʠʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʥʘʣʠʟʦʤ ʧʨʦʮʝʩʩʦʚ ʚ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʤʝʪʥʳʭ ʦʥʪʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʫʥʠʬʠ-

ʮʠʨʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʘʥʘʣʠʟʘ ʠ ʩʦʟʜʘʪʴ ʩʤʳʩʣʦʚʦʡ ʢʦʥʪʝʢʩʪ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʚʦʩʧʨʠʷʪʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʜʣʷ ʯʝʣʦʚʝʢʘ ʬʦʨʤʝ.  

ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʤʝʪʥʳʭ ʦʥʪʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʝʸ ʨʘʟʚʠʪʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʇʨʆ), ʪ.ʝ. ʦʙʫʯʝʥʠʝ. ʆʙʫʯʝʥʠʝ ʦʥʪʦʣʦʛʠʠ ï ʩʙʦʨ 

ʟʥʘʥʠʡ, ʦʧʠʨʘʶʱʠʡʩʷ ʥʘ (ʧʦʣʫ-) ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ, ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ-

ʥʳʭ ʜʘʥʥʳʭ ʚ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-41-02413), 

ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ2014/232 ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʭ ʨʘʙʦʪ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʧʦ ʧʨʦʝʢʪʫ 

çʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥ-

ʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚè. 
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ɺ ʨʘʙʦʪʘʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʘʣʛʦʨʠʪʤʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʥʪʦʣʦʛʠʡ: 

¶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʟʥʘʥʠʡ ʠʟ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ (ʚ 

ʪʦʤ ʯʠʩʣʝ, wiki-ʨʝʩʫʨʩʦʚ) ï ʖ.ɸ. ɿʘʛʦʨʫʣʴʢʦ [ɿʘʛʦʨʫʣʴʢʦ ʠ ʜʨ., 

2013], ɸ.ʄ. ʅʘʤʝʩʪʥʠʢʦʚ ʠ ʜʨ. 

¶ ʠʟʚʣʝʯʝʥʠʝ ʟʥʘʥʠʡ ʠʟ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʠʟ UML-ʩʭʝʤ ʠ ʧʨʦʝʢ-

ʪʦʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ï L. Hart, S. Cranefield, S. Brockmans ʠ ʜʨ. 

¶ ʩʣʠʷʥʠʝ (ʤʝʨʜʞʠʥʛ) ʦʥʪʦʣʦʛʠʡ ʦʜʥʦʡ ʇʨʆ, ʥʦ ʚʢʣʶʯʘʶʱʠʭ ʨʘʟ-

ʣʠʯʥʳʝ ʢʦʥʪʝʢʩʪʳ ï ɺ.ʅ. ɺʘʛʠʥ [ɺʘʛʠʥ ʠ ʜʨ., 2008], ɸ.ʌ. ʊʫʟʦʚ-

ʩʢʠʡ, A.Gangemi, N. Noy, M. Musen ʠ ʜʨ. 

¶ ʠʟʚʣʝʯʝʥʠʝ ʪʝʨʤʠʥʦʣʦʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚ ʧʦ ʪʝʤʘʪʠʢʝ 

ʇʨʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ, ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʠ ʩʝʤʘʥʪʠ-

ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ï ʊ.ɸ. ɻʘʚʨʠʣʦʚʘ [ɻʘʚʨʠʣʦʚʘ, 2001], ɺ.ʌ. ʍʦʨʦʰʝʚ-

ʩʢʠʡ [ʍʦʨʦʰʝʚʩʢʠʡ, 2002], K. Ahmad, L. Gillam, M. Pazienza ʠ ʜʨ. 

ɺʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʘʣʛʦʨʠʪʤʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʨʘʩʰʠʨʝʥʠʝ 

ʧʨʝʜʤʝʪʥʦʡ ʦʥʪʦʣʦʛʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʥʝʢʦʪʦʨʳʭ ʚʥʝʰʥʠʭ ʠʩʪʦʯ-

ʥʠʢʦʚ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʘʣʛʦʨʠʪʤʳ ʥʘʮʝʣʝʥʳ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʜʝ-

ʢʣʘʨʘʪʠʚʥʦʡ ʯʘʩʪʠ ʦʥʪʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʚʘʞʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʦʥʪʦʣʦʛʠʠ, ʦʜʥʘʢʦ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ ʧʫʪʝʤ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʘ ʛʠʙʨʠʜʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʰʠʨʝʥʠʷ ʠ ʦʙʫʯʝʥʠʷ 

ʧʨʝʜʤʝʪʥʳʭ ʦʥʪʦʣʦʛʠʡ, ʮʝʣʴʶ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʟʥʳʭ ʧʨʦʬʠʣʝʡ.  

1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ ʨʘʩʩʫʞʜʝʥʠʷ ʧʦ ʧʨʝʮʝʜʝʥʪʘʤ 

ʇʨʠ ʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʦʣʫʯʘʪʴ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜ-

ʜʝʨʞʢʫ ʩʦ ʩʪʦʨʦʥʳ ʩʠʩʪʝʤʳ, ʠʤʝʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʨʝʰʝʥʠʷ ʥʝ ʪʦʣʴʢʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ, ʭʨʘʥʷʱʝʡʩʷ ʚ ʙʘʟʝ ʩʠʩʪʝ-

ʤʳ, ʥʦ ʠ ʩ ʫʯʝʪʦʤ ʦʧʳʪʘ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʧʨʦ-

ʰʣʦʤ [ʗʨʫʰʢʠʥʘ, 2012]. ʊʘʢʦʡ ʦʧʳʪ ʤʦʞʝʪ ʙʳʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ 

ʥʘʙʦʨʘ ʧʨʝʮʝʜʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʚ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʟʘ-

ʜʘʯʠ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʥʦʚʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. 

ʉʦʛʣʘʩʥʦ [Leake, 1996], ʨʘʩʩʫʞʜʝʥʠʷ ʧʦ ʧʨʝʮʝʜʝʥʪʘʤ (case-based 

reasoning, CBR) ï ɻʪʦ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʧʫʪʝʤ ʧʦʠʩʢʘ ʧʦʜʦʙʥʳʭ ʧʨʦ-

ʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʧʨʦʰʣʦʤ ʠ ʘʜʘʧʪʘʮʠʠ ʥʘʡʜʝʥʥʳʭ ʨʝʰʝʥʠʡ ʢ ʥʦʚʳʤ 

ʫʩʣʦʚʠʷʤ. ʄʦʜʝʣʴ ʩʠʩʪʝʤʳ ʪʘʢʦʛʦ ʚʳʚʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

CBR = {Cases, I, SCASE}, 

ʛʜʝ Cases ï ʙʘʟʘ ʧʨʝʮʝʜʝʥʪʦʚ, I ï ʦʥʪʦʣʦʛʠʷ ʇʨʆ (ʥʝʯʝʪʢʘʷ), SCASE ï ʘʣʛʦ-

ʨʠʪʤ ʧʦʠʩʢʘ ʧʦʜʭʦʜʷʱʝʛʦ ʧʨʝʮʝʜʝʥʪʘ. 
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ʉʪʨʫʢʪʫʨʘ ʧʨʝʮʝʜʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

Case = {IndexCASE, D(IndexCASE), Eff (D(IndexCASE))}, 

ʛʜʝ IndexCASE ï ʠʥʜʝʢʩ ʧʨʝʮʝʜʝʥʪʘ, ʪ.ʝ. ʦʧʠʩʘʥʠʝ ʥʘʯʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ, 

D(IndexCASE) ï ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, Eff (D(IndexCASE)) ï 

ʤʥʦʞʝʩʪʚʦ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʷʪʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ʊʘʢ ʢʘʢ ʧʨʝʮʝʜʝʥʪʳ ʥʝ ʦʧʝʨʠʨʫʶʪ ʥʝ ʧʝʨʝʤʝʥʥʳʤʠ, ʘ ʢʦʥʢʨʝʪʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ, ʪʦ ʥʘʯʘʣʴʥʘʷ ʩʠʪʫʘʮʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʤʥʦʞʝʩʪʚʦʤ: 

IndexCASE = {If  , Pf }, 

ʛʜʝ If ï ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ʢʣʘʩʩʦʚ ʦʥʪʦʣʦʛʠʠ, Pf  ï ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ 

ʩʚʦʡʩʪʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ [Pal, Shiu, 2004]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʡ ʢʘʢ ʩ ʫʯʝʪʦʤ ʘʥʘʣʠʟʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʦʧʳʪʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ ʧʨʝʮʝʜʝʥʪʦʚ 
 

ʈʝʰʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʙʘʟʳ 

ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʠ ʚʳʙʨʘʥʥʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʘʚʠʣʴʥʦ-

ʛʦ, ʙʫʜʝʪ ʟʘʥʝʩʝʥʦ ʚ ʙʘʟʫ ʧʨʝʮʝʜʝʥʪʦʚ ʩ ʠʩʭʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʟʘʜʘʯʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ  ʧʨʠ ʨʝʰʝʥʠʠ ʘʥʘʣʦʛʠʯʥʦʡ ʟʘʜʘʯʠ  ʧʦʣʴʟʦʚʘ-

ʪʝʣʴ ʧʦʣʫʯʠʪ ʵʪʫ ʨʝʢʦʤʝʥʜʘʮʠʶ ʚ ʢʘʯʝʩʪʚʝ ʘʧʨʠʦʨʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʙʫʯʝʥʠʝ ʦʥʪʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʨʨʝʢʪʥʳʤʠ ʜʘʥʥʳʤʠ ʙʝʟ ʚʦʟʤʦʞʥʳʭ 

ʣʦʛʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʚ ʩʪʨʫʢʪʫʨʝ. 
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2. ʈʘʩʰʠʨʝʥʠʝ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ  

ʧʨʝʜʤʝʪʥʦʡ ʦʥʪʦʣʦʛʠʠ 

ʇʦʤʠʤʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʦʥʪʦʣʦʛʠʡ ʟʘ ʩʯʝʪ ʟʘʧʠʩʠ ʥʦʚʳʭ ʣʦʛʠ-

ʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʚʠʜʝ CBR-ʚʳʨʘʞʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʰʠʨʷʪʴ ʠ 

ʜʝʢʣʘʨʘʪʠʚʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʦʥʪʦʣʦʛʠʠ. ʆʜʥʦʡ ʠʟ ʤʝʪʦʜʠʢ ʦʙʫʯʝʥʠʷ 

ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʝʜʤʝʪʥʦʡ ʦʥʪʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʩʝʤʘʥʪʠʢʠ ʠʟ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ, ʯʘʱʝ ʚʩʝʛʦ ï ʠʟ ʪʝʢʩʪʦʚ. 

ʀʟʚʣʝʯʝʥʠʝ ʩʝʤʘʥʪʠʢʠ ʠʟ ʪʝʢʩʪʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʝ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʩʤʳʩʣʦʚʳʭ ʝʜʠʥʠʮ, ʪʝʨʤʠʥʦʚ ʠ ʬʘʢʪʦʚ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʥʘ ʚʳʭʦʜʝ ʘʥʘʣʠʪʠʢ ʧʦʣʫʯʠʣ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʩ 

ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʜʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʇʨʆ.  

ʆʪʩʶʜʘ ʘʥʘʣʠʟ ʇʨʆ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʚʳʚʦʜ ʥʦʚʳʭ ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʫʞʝ ʠʤʝʶʱʠʭʩʷ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʷʜʨʘ ʧʨʝʜʤʝʪʥʦʡ ʦʥʪʦʣʦʛʠʠ. 

2. ʈʘʩʰʠʨʝʥʠʝ ʷʜʨʘ ʦʥʪʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʘʣʛʦ-

ʨʠʪʤʦʚ ʠʟʚʣʝʯʝʥʠʷ ʪʝʨʤʠʥʦʣʦʛʠʠ ʠʟ ʪʝʢʩʪʦʚ ʇʨʆ. 

3. ʃʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ ʥʦʚʳʭ ʟʥʘʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʛʨʘʮʠʠ ʦʥʪʦʣʦ-

ʛʠʠ ʠ ʩʠʩʪʝʤʳ ʧʨʘʚʠʣ (SWRL) [ʄʦʰʢʠʥ ʠ ʜʨ., 2015]. 

4. ʇʝʨʝʭʦʜ ʢ ʧ.2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʝʶʱʝʛʦʩʷ ʷʜʨʘ ʦʥʪʦʣʦʛʠʠ (ʨʠʩ. 2). 
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ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʦʥʪʦʣʦʛʠʠ 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʪʝʨʤʠʥʦʚ ʠʟ ʪʝʢʩʪʦʚ ʇʨʆ, ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʶʱʝʛʦʩʷ ʷʜʨʘ ʦʥʪʦʣʦʛʠʠ. ɸʣʛʦʨʠʪʤ ʠʟʚʣʝʢʘʝʪ 

ʪʝʨʤʠʥʳ ʠʟ ʪʝʢʩʪʘ ʧʫʪʝʤ ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʦʙʲʝʢʪʘʤʠ ʠ 

ʩʦʯʝʪʘʥʠʷʤʠ ʣʝʤʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʦʪʥʦʰʝʥʠʡ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʦʥʪʦʣʦʛʠʠ. ɺʩʝ ʩʦʯʝʪʘʥʠʷ, ʚʳʙʨʘʥʥʳʝ ʠʟ ʪʝʢʩʪʘ ʠ ʧʦʩʪʫ-

ʧʘʶʱʠʝ ʥʘ ʚʭʦʜ ʘʣʛʦʨʠʪʤʘ, ʧʨʦʭʦʜʷʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ (ʣʝʤ-

ʤʘʪʠʟʘʮʠʶ, ʫʜʘʣʝʥʠʝ ʩʪʦʧ-ʩʣʦʚ) ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ Mystem, ʘ ʪʘʢʞʝ 

ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ (ʩʦʯʝʪʘʥʠʷ çʩʫʱ.è ï çʧʨʠʣ.è, 

çʩʫʱ.è ï çʩʫʱ.è ʠ ʪ.ʜ.). ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʬʠʣʴʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʣʘʩʩʳ ʚʟʘʠʤʦʩʚʷʟʝʡ Ri  ʤʝʞʜʫ ʩʣʦʚʘʤʠ ʚʥʫʪʨʠ 

ʩʦʯʝʪʘʥʠʡ. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.  

ʄʦʜʝʣʴ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

t1+R1+ t2+  R2+ é Rm + tn,  

ʛʜʝ 
i addR RÍ , 

jt TÍ , Radd ï ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʩʰʠʨʷʪʴ 

ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ ʇʨʆ ʟʘ ʩʯʝʪ ʩʦʯʝʪʘʥʠʷ ʣʝʤʤ ʩʚʷʟʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʦʥʪʦ-

ʣʦʛʠʠ ʦʪʥʦʰʝʥʠʷ Ri ʟʘʜʘʶʪʩʷ ʵʢʩʧʝʨʪʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʥʪʦ-

ʣʦʛʠʠ. ʇʨʠʤʝʨ: ʩʚʦʡʩʪʚʘ çʠʤʝʝʪʆʪʥʦʰʝʥʠʝè ʠ çʷʚʣʷʝʪʩʷ ʏʘʩʪʴʶè.  
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ʇʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʣʦʚʠʡ ʩ ʧʦʤʦʱʴʶ ʩʚʦʡʩʪʚʘ çʠʤʝʝʪʆʪ-

ʥʦʰʝʥʠʝè: 

1. ʅʘʡʜʝʥʥʳʝ ʦʙʲʝʢʪʳ: çɺʨʘʱʝʥʠʝè + çʠʤʝʝʪʆʪʥʦʰʝʥʠʝè + çɼʚʠʛʘ-

ʪʝʣʴè + çʠʤʝʝʪʆʪʥʦʰʝʥʠʝè + çʇʝʨʝʤʝʥʥʳʡʊʦʢè. 

2. ʆʙʲʝʜʠʥʝʥʠʝ ʣʝʤʤ ʦʙʲʝʢʪʦʚ ʦʥʪʦʣʦʛʠʠ: çʚʨʘʱʝʥʠʝè + çʜʚʠʛʘʪʝʣʴè 

+ çʧʝʨʝʤʝʥʥʳʡ ʪʦʢè. 

3. ʀʟʚʣʝʢʘʝʤʳʡ ʪʝʨʤʠʥ: çʚʨʘʱʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʠʟ ʪʝʢʩʪʘ ʠʟʚʣʝʢʘʶʪʩʷ ʤʥʦʛʦʩʣʦ-

ʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʞʝ ʠʤʝʶʱʠʤʠʩʷ ʚ ʦʥʪʦʣʦʛʠʠ ʦʙʲʝʢʪʘʤʠ ʇʨʆ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʨʘʩʰʠʨʷʪʴ ʷʜʨʦ ʦʧʠʩʘʥʠʷ ʇʨʆ ʩʝʤʘʥʪʠʯʝʩʢʠ ʩʦʧʨʷʞʝʥʥʳʤʠ ʦʙʲ-

ʝʢʪʘʤʠ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦ ʚʥʝʩʝʥʠʠ ʠʟʚʣʝʯʝʥʥʦʛʦ ʪʝʨʤʠʥʘ ʚ ʦʥ-

ʪʦʣʦʛʠʶ ʧʨʠʥʠʤʘʝʪ ʵʢʩʧʝʨʪ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʙʫʯʝʥʠʶ ʦʥʪʦʣʦʛʠʠ  

3.1 ʇʨʠʤʝʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʧʨʝʮʝʜʝʥʪʦʚ 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ ʙʘʟʳ ʟʥʘʥʠʡ, ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ 

ʥʘʙʦʨʘ ʧʨʝʮʝʜʝʥʪʦʚ ʦʥʪʦʣʦʛʠʠ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʨʘʤ-

ʢʘʭ ʢʦʪʦʨʳʭ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʧʨʦʙʣʝʤʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦ-

ʪʳ ʃɺʉ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʟʘʛʨʫʟʢʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ.  

ʆʙʲʝʢʪʦʤ ʜʣʷ ʧʨʦʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʪʘʣʘ ʃɺʉ ʮʝʥʪʨʘ ʨʘʟʨʘʙʦʪ-

ʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʤʫʣʴʪʠʤʝʜʠʘ ʪʝʭʥʦʣʦʛʠʡ ʋʣɻʊʋ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥ-

ʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣ. 1.  

ʅʦʤʝʨ/ (ʇʘʨʪʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ) 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
ʏʠʩʣʦʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʧʨʝʮʝʜʝʥʪʦʚ ʠʟ ʙʘʟʳ 
ʅʝʪ  

ʨʝʰʝʥʠʡ 

ʅʝʩʢʦʣʴʢʦ  

ʨʝʰʝʥʠʡ 

ʆʜʥʦ  

ʨʝʰʝʥʠʝ 

1 (1ï10) 1 8 1 1 

2 (11ï20) ï 9 1 3 

3 (21ï30) ï 8 2 4 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʩ ʢʘʞʜʦʡ ʩʣʝʜʫʶʱʝʡ ʧʘʨʪʠʝʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʚʳʚʦʜ ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʮʝʜʝʥʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʯʘʱʝ, ʠʟ-ʟʘ 

ʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤʘ, ʙʣʘʛʦʜʘʨʷ ʚʥʝʩʝʥʠʶ ʚʝʨʥʳʭ ʨʝʰʝʥʠʡ ʚ CBR-ʙʘʟʫ. ʄʝʪʦ-

ʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʣʫʯʘʪʴ ʢʦʥʢʨʝʪʥʦʝ ʨʝʰʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ 

ʥʘ ʦʧʳʪʝ ʧʨʝʜʳʜʫʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ ʨʝʰʝʥʠʠ ʘʥʘʣʦʛʠʯʥʦʡ ʟʘʜʘʯʠ, ʷʚʣʷ-

ʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ, ʚʦʩʧʦʣʥʷʶʱʝʡ ʥʝʜʦʩʪʘʪʢʠ ʘʣʛʦʨʠʪʤʦʚ, ʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʠʥʪʝʛʨʘʮʠʠ ʥʝʯʝʪʢʠʭ ʦʥʪʦʣʦʛʠʡ (FuzzyOWL) ʠ SWRL, ʪ.ʝ. ʦʥʪʦʣʦʛʠʠ ʠ ʥʘʙʦ-

ʨʘ ʧʨʘʚʠʣ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʠ ʧʨʝʠʤʫʱʝʩʪʚʦ ʛʠʙʨʠʜʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩ-

ʰʠʨʝʥʠʷ ʜʝʢʣʘʨʘʪʠʚʥʦʡ ʯʘʩʪʠ ʦʥʪʦʣʦʛʠʠ ʠ ʤʝʭʘʥʠʟʤʘ ʧʨʝʮʝʜʝʥʪʦʚ ʧʝʨʝʜ 

ʚʘʨʠʘʥʪʘʤʠ ʦʪʜʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ, ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʠ 

ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ ʦʥʪʦʣʦʛʠʠ. 
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3.2 ʈʝʟʫʣʴʪʘʪʳ ʠʟʚʣʝʯʝʥʠʷ ʪʝʨʤʠʥʦʣʦʛʠʠ 

ʆʮʝʥʢʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʰʠʨʝʥʠʷ ʷʜʨʘ ʦʥʪʦʣʦʛʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʯʝʪʳ-

ʨʝʭ ʢʘʪʝʛʦʨʠʷʭ ʩʣʦʚʦʫʧʦʪʨʝʙʣʝʥʠʡ: ʦʜʠʥʦʯʥʳʭ ʩʣʦʚ, ʜʚʫʭ-, ʪʨʝʭʩʣʦʚʥʳʭ 

ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʢʩʪ ʦʙʲʝʤʦʤ ʦʢʦʣʦ 

62000 ʩʣʦʚ ʠʟ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ ʩ 

ʏʇʋ. ʊʘʢʞʝ ʜʣʷ ʵʪʦʡ ʇʨʆ ʵʢʩʧʝʨʪʦʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ OWL ï ʦʥʪʦʣʦʛʠʷ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ 261 ʵʢʟʝʤʧʣʷʨʘ ʢʣʘʩʩʦʚ ʠ ʠʤʝʶʱʘʷ 4 ʫʨʦʚʥʷ ʠʝʨʘʨʭʠʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʨʳ 

Precision (P), Recall (R) ʠ F1-ʤʝʨʘ [ɸʥʜʨʝʝʚ ʠ ʜʨ., 2015] ʚ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ 

ʩʣʦʚʦʫʧʦʪʨʝʙʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟ-

ʚʣʝʯʝʥʠʶ ʪʝʨʤʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʭ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: Frequency, TF*IDF, C-Value [ɸʥʜʨʝʝʚ ʠ ʜʨ., 2015]. ʈʝ-

ʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.  
 

ʊʘʙʣ. 2. 

ʏʠʩʣʦ ʩʣʦʚ ʚ ʩʣʦʚʦ-

ʫʧʦʪʨʝʙʣʝʥʠʠ 
ʊʝʨʤʠʥʳ ʂʘʥʜʠʜʘʪʳ ɺʝʨʥʦ P R F1 

ʆʥʪʦʣʦʛʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ 

1 294 168 134 0,80 0,46 0,58 

2 631 431 372 0,86 0,59 0,70 

3 361 370 327 0,88 0,91 0,89 

Frequency 

1 294 134 123 0,92 0,42 0,58 

2 631 469 347 0,74 0,55 0,63 

3 361 334 267 0,80 0,74 0,77 

TF* IDF 

1 294 147 138 0,94 0,47 0,63 

2 631 456 328 0,72 0,52 0,60 

3 361 277 166 0,60 0,46 0,52 

C-Value 

1 294 120 112 0,93 0,38 0,54 

2 631 789 316 0,40 0,50 0,44 

3 361 295 162 0,55 0,45 0,50 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʨʝʜʤʝʪʥʳʭ ʦʥʪʦʣʦʛʠʡ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʘʢʪʫʘʣʴʥʳʤʠ ʟʥʘʥʠʷʤʠ, ʧʦʟ-

ʚʦʣʷʶʱʠʤʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʇʨʆ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠ-

ʤʝʥʝʥʠʷ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ ʚ ʨʘʙʦʪʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʬʠʣʝʡ.  

ʆʜʥʘʢʦ ʦʙʫʯʝʥʠʝ ʦʥʪʦʣʦʛʠʡ, ʩʫʜʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʦʚ, ʜʦʣʞʥʦ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʠʟʚʣʝʯʝʥʠʠ ʩʝʤʘʥʪʠʢʠ ʠʟ 
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ʩʪʦʨʦʥʥʠʭ ʧʦʧʦʣʥʷʝʤʳʭ ʨʝʩʫʨʩʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʤʫ ʨʘʩʰʠʨʝʥʠʶ ʜʝʢʣʘ-

ʨʘʪʠʚʥʦʡ ʯʘʩʪʠ ʙʘʟʳ ʟʥʘʥʠʡ, ʥʦ ʠ ʜʦʧʦʣʥʷʪʴ ʠʤʝʶʱʫʶʩʷ ʙʘʟʫ ʧʨʘʚʠʣ ʦʥ-

ʪʦʣʦʛʠʠ, ʠʟʚʣʝʢʘʷ ʠ ʬʦʨʤʘʣʠʟʫʷ ʥʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʧʦ ʨʝʰʝʥʠʶ ʘʥʘʣʦ-

ʛʠʯʥʳʭ ʟʘʜʘʯ ʵʢʩʧʝʨʪʦʚ ʜʘʥʥʦʡ ʇʨʆ.  

ʇʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʰʠʨʝʥʠʷ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʥʪʦʣʦʛʠʠ ʠ ʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʬʦʨʤʝ ʧʨʝʮʝʜʝʥʪʦʚ ʧʦʟ-

ʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ ʙʘʟʫ ʟʥʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʥʝʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʇʨʆ, ʨʘʩʰʠʨʷʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʩʧʝ-

ʮʠʘʣʠʩʪʦʤ, ʘ ʪʘʢʞʝ ʫʧʨʦʱʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ 

ʨʝʰʝʥʠʡ, ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʨʝʮʝʜʝʥʪʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʋɼʂ 004.891 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɽ ʇʆʉʊʈʆɽʅʀɽ  

ʊɽʄʇʆʈɸʃʔʅʓʍ ɹɸɿ ɿʅɸʅʀʁ ɼʃʗ ɼʀʅɸʄʀʏɽʉʂʀʍ  

ʀʅʊɽɻʈʀʈʆɺɸʅʅʓʍ ʕʂʉʇɽʈʊʅʓʍ ʉʀʉʊɽʄ:  

ʅɽʂʆʊʆʈʓɽ ʈɽɿʋʃʔʊɸʊʓ
1
 

ɻ.ɺ. ʈʳʙʠʥʘ (galina@ailab.mephi.ru) 

ʀ.ɼ. ɼʘʥʷʢʠʥ (galina@ailab.mephi.ru)  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ  

ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, ʄʦʩʢʚʘ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʧʨʠʦʙʨʝʪʝʥʠʷ ʪʝʤʧʦʨʘʣʴʥʳʭ ʟʥʘʥʠʡ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʙʘʟ ʟʥʘʥʠʡ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤʘʭ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʯʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʠ 

ʢʦʤʧʣʝʢʩʘ ɸʊ-ʊɽʍʅʆʃʆɻʀʗ. ʆʧʠʩʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʰʠ-

ʨʝʥʥʦʛʦ ʷʟʳʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʤʧʦʨʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠʦʙʨʝʪʝʥʠʷ ʟʥʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʟʘʜʘʯʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ, ʧʨʠʦʙʨʝʪʝʥʠʝ ʪʝʤʧʦʨʘʣʴʥʳʭ ʟʥʘ-

ʥʠʡ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʦʙʨʝʪʝʥʠʷ ʟʥʘʥʠʡ, ʢʦʤʧʣʝʢʩ  

ɸʊ-ʊɽʍʅʆʃʆɻʀʗ 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʙʣʝʤʳ ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʡ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʟʥʘʥʠʡ ʨʘʟʣʠʯʥʦʡ ʪʠʧʦʣʦ-

ʛʠʠ (ʵʢʩʧʝʨʪʳ, ʝʩʪʝʩʪʚʝʥʥʦ-ʷʟʳʢʦʚʳʝ ʪʝʢʩʪʳ, ʙʘʟʳ ʜʘʥʥʳʭ), ʘ ʪʘʢʞʝ ʚʦ-

ʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʠʦʙʨʝ-

ʪʝʥʠʷ ʟʥʘʥʠʡ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ (ʀʕʉ), ʦʙʣʘʜʘʶʱʠʭ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ 

ʨʘʩʰʠʨʷʝʤʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ [ʈʳʙʠʥʘ, 2008]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʩʚʷʟʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʣʫʯʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʦʧʨʦʩʘʤʠ ʧʨʠʦʙʨʝʪʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʪʝʤʧʦʨʘʣʴʥʳʭ ʟʥʘ-

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-01-04696). 
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ʥʠʡ (ʪ.ʝ. ʟʥʘʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚʨʝʤʷ ʢʘʢ ʩʫʱʥʦʩʪʴ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚʦʟʨʦʩʣʠ ʟʥʘʯʠʤʦʩʪʴ ʠ ʨʦʣʴ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʘʢ ʪʨʫʜʘ ʵʢʩʧʝʨʪʦʚ 

ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʧʦʜʜʝʨʞʢʠ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ 

ʟʥʘʥʠʡ, ʪʘʢ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʧʦʣʫʯʝʥʠʷ (ʚʳʷʚʣʝʥʠʷ) ʪʝʤ-

ʧʦʨʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠʟ ʝʩʪʝʩʪʚʝʥʥʦ-ʷʟʳʢʦʚʳʭ ʪʝʢʩʪʦʚ (ɽʗ-ʪʝʢʩʪʦʚ) ʚ ʢʦʥ-

ʪʝʢʩʪʝ ʪʝʭʥʦʣʦʛʠʠ Text Mining [Aggarwal, 2008] ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ɽʗ-ʪʝʢʩʪʦʚ [ɽʬʠʤʝʥʢʦ, 2007], ʧʨʠʯʝʤ ʥʘʠʙʦʣʴʰʠʝ ʫʩʧʝʭʠ ʜʦʩʪʠʛ-

ʥʫʪʳ ʚ ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʦʪʢʠ ʘʥʛʣʦʷʟʳʯʥʳʭ ʪʝʢʩʪʦʚ.  

ɺ ʮʝʣʦʤ ʧʦʩʪʨʦʝʥʠʝ ʪʝʤʧʦʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ɽʗ-ʪʝʢʩʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟ-

ʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ, ʭʨʘʥʷʱʝʡʩʷ ʚ ʚʠʜʝ ɽʗ-ʪʝʢʩʪʦʚ (ʧʨʦʪʦʢʦʣʳ, 

ʦʪʯʝʪʳ, ʠʥʩʪʨʫʢʮʠʠ, ʠʩʪʦʨʠʠ ʙʦʣʝʟʥʠ ʠ ʪ.ʜ.). ɸʥʘʣʠʟ ʘʥʛʣʦʷʟʳʯʥʳʭ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʧʨʦʩʘʤ ʠʟʚʣʝʯʝʥʠʷ ʪʝʤʧʦʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ɽʗ-

ʪʝʢʩʪʦʚ [ʈʳʙʠʥʘ ʠ ʜʨ., 2015], ʧʦʢʘʟʘʣ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʫʥʠʬʠ-

ʮʠʨʦʚʘʥʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ, ʠʟʚʣʝʯʝʥʠʝ ʪʝʤʧʦʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠʟʚʣʝʯʝʥʠʷ ʪʝʤʧʦʨʘʣʴ-

ʥʳʭ ʧʨʠʤʠʪʠʚʦʚ (ʩʫʱʥʦʩʪʝʡ) ï ʩʦʙʳʪʠʡ ʠ ʪʝʤʧʦʨʘʣʴʥʳʭ ʫʢʘʟʘʪʝʣʝʡ (ʤʘʨ-

ʢʝʨʦʚ) ʠ ʧʨʦʮʝʩʩʦʚ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʤʧʦʨʘʣʴʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ, 

ʘ ʨʘʙʦʪʘ ʣʶʙʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʧʝʨʠʨʦʚʘʥʠʷ ʪʝʤʧʦʨʘʣʴʥʳ-

ʤʠ ʩʚʷʟʷʤʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʳʜʝʣʝʥʠʷ ʨʝʣʝʚʘʥʪʥʳʭ ʩʝʛʤʝʥʪʦʚ ɽʗ-ʪʝʢʩʪʘ (ʪ.ʝ. 

ʩʝʛʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʙʳʪʠʷʭ, ʪʝʤʧʦʨʘʣʴʥʳʭ 

ʫʢʘʟʘʪʝʣʷʭ ʠ ʩʚʷʟʷʭ). ʆʜʥʘʢʦ ʧʨʦʮʝʩʩʳ ʠʟʚʣʝʯʝʥʠʷ ʪʝʤʧʦʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʠʟ ɽʗ-ʪʝʢʩʪʦʚ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʪʘʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʢʘʢ [ɽʬʠʤʝʥʢʦ, 2007] [ɿʘʙʦʣʝʝʚʘ-ɿʦʪʦʚʘ ʠ ʜʨ., 2013]: ʙʦʣʴʰʦʝ 

ʣʝʢʩʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʧʦʩʦʙʦʚ ʚʳʨʘʞʝʥʠʷ ʚʨʝʤʝʥʠ; ʩʣʦʞʥʦʩʪʴ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʪʝʤʧʦʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ; ʥʘʣʠʯʠʝ ʭʘʨʘʢʪʝʨʥʦʡ 

ʜʣʷ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʠ ʜʨ. 

ʇʨʦʮʝʩʩʳ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ 

ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʢʘʪʝʛʦʨʠʡ, ʚʳʨʘʞʘʶʱʠʭ ʚʨʝʤʷ ʚ ɽʗ-ʪʝʢʩʪʘʭ, ʢʘʢ ʚʠʜ ʠ 

ʚʨʝʤʷ ʛʣʘʛʦʣʦʚ) ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʷʚʥʦʡ ʠʣʠ ʥʝʷʚʥʦʡ ʤʦʜʝʣʴʶ ʚʨʝʤʝ-

ʥʠ. ɿʜʝʩʴ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʣʦʛʠʢʠ ʚʨʝʤʝʥʠ, ʦʥʪʦʣʦʛʠʠ ʩʦʙʳʪʠʡ, 

ʪʝʦʨʠʠ ʚʨʝʤʝʥʠ ʠ ʜʨ., ʧʨʠʯʝʤ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʠʥʪʝʨʚʘʣʴʥʘʷ 

ʪʝʦʨʠʷ ʚʨʝʤʝʥʠ (ʣʦʛʠʢʘ ɸʣʣʝʥʘ [Allen, 1983]). 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ ʠʟʚʣʝʯʝʥʠʷ ʪʝʤʧʦʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ɽʗ-

ʪʝʢʩʪʦʚ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʧʦʜʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʢʘʢ ʩ ʧʦʠʩʢʦʤ ʪʝʤʧʦʨʘʣʴʥʳʭ 

ʦʪʥʦʰʝʥʠʡ ʚʥʫʪʨʠ ʧʨʝʜʣʦʞʝʥʠʷ ʠ/ʠʣʠ ʚ ʩʦʩʝʜʥʠʭ ʧʨʝʜʣʦʞʝʥʠʷʭ, ʪʘʢ ʠ ʩ 

ʧʦʠʩʢʦʤ ʦʪʥʦʰʝʥʠʡ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ ʪʝʢʩʪʘ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʵʪʠʭ ʧʨʦʙʣʝʤ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ: ʤʘʰʠʥʥʦʝ ʦʙʫ-

ʯʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ [Pan, 2009], ʧʦʩʪʨʦʝʥʠʝ ʦʥʪʦʣʦʛʠʡ ʠ ʧʦʠʩʢ ʥʘ ʛʨʘʬʝ 

ʧʦʥʷʪʠʡ [Schilder, 1997], ʣʦʛʠʢʘ ʄʘʨʢʦʚʘ [Yoshikawa, 2009] ʠ ʜʨ. ʅʝʢʦʪʦ-

ʨʳʝ ʤʝʪʦʜʳ ʦʧʠʨʘʶʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʨʧʫʩʘ ʘʥʥʦʪʠʨʦʚʘʥ-
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ʥʳʭ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ TimeML [Pustejovsky, 2003] ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʥʳʭ ʪʝʢʩʪʦʚ, ʥʘʧʨʠʤʝʨ TimeBank ï ʵʪʦ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʘʷ ʙʘʟʘ 

ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʘʥʛʣʦʷʟʳʯʥʳʭ ʩʪʘʪʝʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʤʘʪʠʢʘʤ, ʩʣʫʞʘʱʘʷ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʦʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʨʘʩʧʦʟʥʘʶʱʠʭ ʪʝʤ-

ʧʦʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʆʜʥʘʢʦ ʩʦʟʜʘʥʠʝ ʧʦʜʦʙʥʦʛʦ ʢʦʨʧʫʩʘ ʜʣʷ ʨʫʩʩʢʦʛʦ 

ʷʟʳʢʘ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ. ʆʧʨʝʜʝʣʝʥʥʦʡ 

ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʪʝʤʧʦʨʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠʟ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ (ʥʘʧʨʠʤʝʨ, [ɿʘʙʦʣʝʝʚʘ-ɿʦʪʦʚʘ ʠ ʜʨ., 2013]), ʦʩʥʦʚʥʳʤ ʜʦ-

ʩʪʦʠʥʩʪʚʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʠʭ ʷʟʳʢʦʚʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʜʭʦʜʦʚ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʪʝʤʧʦʨʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʢʦʥʪʝʢʩʪʝ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ɽʗ-ʪʝʢʩʪʦʚ, ʦʜʥʘʢʦ, ʧʨʘʢʪʠʯʝʩʢʠ, ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ-

ʩʷ ʚʦʧʨʦʩʳ ʧʦʣʫʯʝʥʠʷ ʪʝʤʧʦʨʘʣʴʥʳʭ ʟʥʘʥʠʡ (ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʨʫʯʥʳʭ ʤʝʪʦ-

ʜʠʢ, ʪʘʢ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ) ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʝʤʧʦʨʘʣʴʥʳʭ ʙʘʟ 

ʟʥʘʥʠʡ (ɹɿ) ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʀʕʉ [ʈʳʙʠʥʘ ʠ ʜʨ., 2015]. ʀʤʝʥʥʦ ʵʪʠʤ ʚʦʧʨʦʩʘʤ ʧʦʩʚʷʱʝʥʘ 

ʜʘʥʥʘʷ ʨʘʙʦʪʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʦʚʳʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʟʘʜʘʯʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʀʕʉ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʜʘʥ-

ʥʫʶ ʤʝʪʦʜʦʣʦʛʠʶ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʪʠʧʘ Workbench ï 

ʢʦʤʧʣʝʢʩʘ ɸʊ-ʊɽʍʅʆʃʆɻʀʗ [ʈʳʙʠʥʘ, 2008], [ʈʳʙʠʥʘ, 2014]. 

1. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ  

ʧʨʠʦʙʨʝʪʝʥʠʷ ʟʥʘʥʠʡ ʠ ʩʨʝʜʩʪʚ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʮʝʧʪʫʘʣʴʥʳʤʠ ʦʩʥʦʚʘʤʠ ʟʘʜʘʯʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʀʕʉ [ʈʳʙʠʥʘ, 2008] ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʜʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʦʙʨʝʪʝʥʠʷ ʟʥʘ-

ʥʠʡ (ʂʄʇɿ) ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʨʘʟ-

ʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ (ɾʎ) ʧʦʩʪʨʦʝʥʠʷ ʀʕʉ ʠ ʚʝʙ-ʀʕʉ. ɹʘ-

ʟʦʚʘʷ ʚʝʨʩʠʷ ʂʄʇɿ ʠ ʩʨʝʜʩʪʚʘ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ, ʩʦʟʜʘʥʥʳʝ ʚ ʢʦʥʮʝ 1990-ʭ 

ʛʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ɹɿ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤʥʳʭ ʦʙʣʘʩʪʷʭ 

(ʇʨʆ), ʩʝʛʦʜʥʷ ʩʦʩʪʘʚʣʷʶʪ ʷʜʨʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʠʥ-

ʞʝʥʝʨʘ ʧʦ ʟʥʘʥʠʷʤ ʥʘ ʦʩʥʦʚʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɸʊ-

ʊɽʍʅʆʃʆɻʀʗ ʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʚʘʨʠʘʥʪ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʧʨʠʦʙʨʝʪʝʥʠʷ ʟʥʘʥʠʡ [ʈʳʙʠʥʘ ʠ ʜʨ., 2010], ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚ ʨʘʤʢʘʭ 

ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʪʝʛʨʘʮʠʶ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʥʘʥʠʡ 

(ʵʢʩʧʝʨʪʳ, ɽʗ-ʪʝʢʩʪʳ, ɹɼ) ʩ ʫʯʝʪʦʤ ʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʨʘʩʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʚʝʨʩʠʠ ʂʄʇɿ ʠ ʦʧʳʪʘ ʝʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʩʦʜʝʨʞʠʪʩʷ ʚ [ʈʳʙʠʥʘ, 2014], ʧʦʵʪʦʤʫ ʩʬʦʢʫʩʠʨʫʝʤ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘ-

ʥʠʝ ʪʦʣʴʢʦ ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ ʂʄʇɿ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʩʣʝ-
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ʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʂʄʇɿ ʩ ʮʝʣʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦ-

ʩʪʨʦʝʥʠʷ ʪʝʤʧʦʨʘʣʴʥʳʭ ɹɿ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʀʕʉ, ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ ʢʦ-

ʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʯʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ ʢʦʤʧʣʝʢʩʘ ɸʊ-ʊɽʍʅʆʃʆɻʀʗ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ ï ʵʪʦ ʩʦʙʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩ ʧʨʷʤʦʛʦ ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʡ ʦʪ 

ʵʢʩʧʝʨʪʦʚ ʧʫʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʷ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ɾʎ ʧʦʩʪʨʦʝʥʠʷ ʀʕʉ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʨʩʢʦʛʦ ʧʦʜʭʦʜʘ çʦʨʠʝʥʪʘʮʠʠ 

ʥʘ ʤʦʜʝʣʴ ʨʝʰʝʥʠʷ ʪʠʧʦʚʦʡ ʟʘʜʘʯʠè [ʈʳʙʠʥʘ, 2008], ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦ-

ʪʦʨʳʤ ʫʧʨʘʚʣʷʶʱʠʝ ʟʥʘʥʠʷ ʦ ʩʪʨʘʪʝʛʠʷʭ (ʤʝʪʦʜʘʭ) ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ 

ʢʣʘʩʩʦʚ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ, ʦʬʦʨʤʣʷʶʪʩʷ ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʦʡ 

ʵʚʨʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʠʧʦʚʦʡ ʟʘʜʘʯʠ (ʜʠʘʛʥʦʩʪʠʢʘ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʜʨ.). ʇʦʵʪʦʤʫ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʡ ʫʧʨʘʚʣʷʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʥʘʙʦʨʦʚ ʤʦʜʝʣʝʡ ʨʝʰʝʥʠʷ ʪʠʧʦʚʳʭ ʟʘʜʘʯ, ʜʣʷ ʯʝʛʦ ʥʘʨʘʙʦʪʘʥ ʠ 

ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʨʷʜ ʧʨʠʝʤʦʚ ʠ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʚʘʪʴ 

ʩʮʝʥʘʨʠʠ ʜʠʘʣʦʛʦʚ ʩ ʵʢʩʧʝʨʪʘʤʠ, ʦʪʨʘʞʘʶʱʠʭ ʢʘʢ ʪʝʤʘʪʠʯʝʩʢʫʶ ʩʪʨʫʢ-

ʪʫʨʫ ʜʠʘʣʦʛʘ (ʪ.ʝ. ʩʭʝʤʫ ʨʝʰʝʥʠʷ ʪʠʧʦʚʦʡ ʟʘʜʘʯʠ), ʪʘʢ ʠ ʣʦʢʘʣʴʥʫʶ ʩʪʨʫʢ-

ʪʫʨʫ ʜʠʘʣʦʛʘ (ʰʘʛʠ ʜʠʘʣʦʛʘ), ʪ.ʝ. ʥʘʙʦʨ ʢʦʥʢʨʝʪʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʨʝʘʢʮʠʡ 

ʤʝʞʜʫ ʵʢʩʧʝʨʪʦʤ ʠ ʩʠʩʪʝʤʦʡ. 

ɼʨʫʛʘʷ ʚʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʂʄʇɿ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʂʄʇɿ ʷʚʣʷ-

ʝʪʩʷ ʠʥʪʝʛʨʘʮʠʝʡ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʪʦʚ ʩ ʤʝʪʦʜʘʤʠ ʦʙʨʘʙʦʪʢʠ ɽʗ-ʪʝʢʩʪʦʚ (ʚʚʦʜʠ-

ʤʳʭ ʢʘʢ ʚ ʪʝʯʝʥʠʝ ʩʝʘʥʩʘ ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚ ʚʠ-

ʜʝ ʧʨʦʪʦʢʦʣʦʚ ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʪʦʚ), ʘ ʪʘʢʞʝ ʩ ʤʝʪʦʜʘʤʠ ʧʨʠʦʙ-

ʨʝʪʝʥʠʷ ʟʥʘʥʠʡ ʠʟ ɹɼ [ʈʳʙʠʥʘ, 2008], ʧʨʠʯʝʤ ʣʦʢʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ɹɼ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʥʘʥʠʡ ʩʧʦʩʦʙʥʦ ʧʦʧʦʣʥʠʪʴ 

ʦʙʲʝʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ɹɿ ʥʘ 10ï12% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʇʨʆ 

[ʈʳʙʠʥʘ ʠ ʜʨ., 2010]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʡ ʷʚʣʷʶʪʩʷ ʢʦʤʧʴʶʪʝʨʥʳʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʚ ʧʨʦʮʝʩʩʝ ʜʠʘʣʦʛʘ ʩ ʵʢʩʧʝʨʪʘʤʠ ʩʪʨʦʠʪʴ 

ʠ ʦʟʥʘʯʠʚʘʪʴ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʜʝʣʠ ʨʝʰʝʥʠʷ ʪʠʧʦʚʦʡ ʟʘʜʘʯʠ ʠ ʬʦʨʤʠ-

ʨʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ ʧʦʣʷ ʟʥʘʥʠʡ (ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʠ-

ʨʦʚʘʥʥʳʭ ʟʥʘʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥ-

ʥʦʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʨʘʛʤʝʥʪʳ ɹɿ. ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤʳ çʜʝʡʩʪʚʠʝ ï ʨʝʘʢʮʠʷè ʧʘʨʪʥʝʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴ-

ʢʦ ʪʝʭʥʠʢ ʨʝʘʣʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ çʠʤʠʪʘʮʠʷ ʢʦʥʩʫʣʴʪʘʮʠʠè ʠ ʜʨ. 

ʇʨʦʮʝʩʩʳ ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥ-

ʪʝʨʧʨʝʪʘʪʦʨʘ ʩʮʝʥʘʨʠʝʚ ʜʠʘʣʦʛʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥ-

ʢʨʝʪʥʦʤʫ ʪʠʧʫ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ 

ʵʢʨʘʥʥʳʝ ʬʦʨʤʳ ʜʣʷ ʚʚʦʜʘ ʥʝʜʦʩʪʦʚʝʨʥʳʭ ʟʥʘʥʠʡ (ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, 

ʥʝʪʦʯʥʦʩʪʴ, ʥʝʯʝʪʢʦʩʪʴ), ʠ ʧʦʜʢʣʶʯʝʥʠʷ ʩʨʝʜʩʪʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʘʜʘʧʪʠʚ-

ʥʳʡ ʤʝʪʦʜ ʨʝʧʝʨʪʫʘʨʥʳʭ ʨʝʰʝʪʦʢ [ʈʳʙʠʥʘ, 2008] (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʝʘʣʠ-
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ʟʘʮʠʠ ʧʨʦʮʝʜʫʨ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʜʠʘʛʥʦʟʦʚ ʚ ʩʣʫʯʘʝ ʘʢʪʠʚʘʮʠʠ ʩʮʝʥʘ-

ʨʠʷ ʜʣʷ ʟʘʜʘʯʠ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ). ɺ ʩʦʩʪʘʚʝ ʩʨʝʜʩʪʚ ʧʨʦʛʨʘʤʤ-

ʥʦʡ ʧʦʜʜʝʨʞʢʠ ʙʘʟʦʚʦʛʦ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʂʄʇɿ ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʠʥʘ-

ʤʠʯʝʩʢʠ ʧʦʧʦʣʥʷʝʤʳʭ ʩʣʦʚʘʨʝʡ (ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʂʄʇɿ ʜʝʪʘʣʴ-

ʥʦ ʦʧʠʩʘʥʳ ʚ [ʈʳʙʠʥʘ, 2008] [ʈʳʙʠʥʘ, 2014]). 

ɸʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʪʝʢʫʱʝʛʦ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʘ ʩ ʜʘʣʴ-

ʥʝʡʰʝʡ ʵʚʦʣʶʮʠʝʡ ʂʄʇɿ, ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʪʝʤʧʦʨʘʣʴʥʳʭ ɹɿ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʀʕʉ, ʧʦ-

ʩʢʦʣʴʢʫ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʧʨʠ ʩʦ-

ʟʜʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʪʦʪʠʧʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʀʕʉ ʤʦʜʝʣʠ, ʤʝʪʦʜʳ ʠ ʧʨʦ-

ʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʪʝʤʧʦʨʘʣʴʥʳʭ ʟʥʘʥʠʡ 

[ʈʳʙʠʥʘ ʠ ʜʨ., 2014]. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʪʝʤʧʦʨʘʣʴʥʦʡ 

ʚʝʨʩʠʠ ʂʄʇɿ. 

2. ʅʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʨʝʘʣʠʟʘʮʠʠ ʪʝʤʧʦʨʘʣʴʥʦʡ ʚʝʨʩʠʠ  

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠʦʙʨʝʪʝʥʠʷ ʟʥʘʥʠʡ 

ɺʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʦʜʝʣʠ ʂʄʇɿ [ʈʳʙʠʥʘ, 2008] ʷʚʣʷʝʪʩʷ ʧʨʦʤʝ-

ʞʫʪʦʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʟʥʘʥʠʡ ï ʧʦʣʝ 

ʟʥʘʥʠʡ, ʦʩʥʦʚʥʳʤʠ ʙʘʟʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʳ ʠ 

ʩʚʷʟʳʚʘʶʱʠʝ ʠʭ ʧʨʘʚʠʣʘ. ʂʘʞʜʳʡ ʦʙʲʝʢʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʠʣʠ ʥʝ-

ʩʢʦʣʴʢʠʤ ʦʪʚʝʪʘʤ ʥʘ ʚʦʧʨʦʩ, ʟʘʜʘʚʘʝʤʳʡ ʵʢʩʧʝʨʪʫ ʚ ʪʝʯʝʥʠʝ ʪʝʢʫʱʝʛʦ 

ʩʝʘʥʩʘ ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʷ. ʊʝʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʘʣʦʛʘ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʧʨʦʩʦʚ ʢ ʵʢʩʧʝʨʪʫ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʪʦ, ʯʪʦʙʳ ʢʘʞʜʳʡ ʦʪʚʝʪ ʵʢʩʧʝʨʪʘ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʩʷ ʢʘʢ ʠʤʷ ʦʙʲʝʢʪʘ, ʠʤʷ ʘʪʨʠʙʫʪʘ, ʠʤʷ ʪʠʧʘ ʘʪʨʠʙʫʪʘ, 

ʟʥʘʯʝʥʠʝ ʠʣʠ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʘʪʨʠʙʫʪʘ, ʘ ʪʘʢʞʝ ʢʘʢ ʠʥʬʦʨʤʘʮʠʷ, ʚʭʦ-

ʜʷʱʘʷ ʚ ʧʦʩʳʣʢʫ ʠʣʠ ʜʝʡʩʪʚʠʝ ʜʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ï ʧʨʘʚʠʣʘ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʧʦʣʷ ʟʥʘʥʠʡ ʢʦʥʚʝʨʪʠʨʫʶʪʩʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʙʘʟʦʚʦʛʦ ʷʟʳʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ (ʗʇɿ) 

(ʠʣʠ ʜʨʫʛʠʭ ʗʇɿ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʢʦʤʧʣʝʢʩʝ ɸʊ-ʊɽʍʅʆʃʆɻʀʗ). 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʙʘʟʦʚʦʛʦ ʗʇɿ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʳ ʠ ʧʨʘʚʠʣʘ. 

ʆʙʲʝʢʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʫʱʥʦʩʪʷʤ ʇʨʆ ʠ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ: ʆʙʲʝʢʪ 

(IO, NameO, L), ʛʜʝ IO ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʦʙʲʝʢʪʘ; NameO ï ʠʤʷ ʦʙʲʝʢ-

ʪʘ; L ï ʩʧʠʩʦʢ ʘʪʨʠʙʫʪʦʚ, ʧʨʠʯʝʤ ʘʪʨʠʙʫʪ ʦʙʲʝʢʪʘ ʠʤʝʝʪ ʚʠʜ: ɸʪʨʠʙʫʪ 

(IA, NameA, Type), ʛʜʝ IA ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʘʪʨʠʙʫʪʘ; NameA ï ʠʤʷ ʘʪ-

ʨʠʙʫʪʘ; Type ï ʪʠʧ ʘʪʨʠʙʫʪʘ, ʠʤʝʶʱʠʡ ʚʠʜ: ʊʠʧ (IT, NameT, U), ʛʜʝ IT ï 

ʥʦʤʝʨ ʪʠʧʘ ʘʪʨʠʙʫʪʘ; NameT ï ʠʤʷ ʪʠʧʘ ʘʪʨʠʙʫʪʘ; U ï ʤʥʦʞʝʩʪʚʦ ʚʦʟ-

ʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʘʪʨʠʙʫʪʘ (ʩʧʠʩʦʢ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʘʪʨʠʙʫʪʘ ʣʠʙʦ 

ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʳʚʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʷ ʘʪʨʠʙʫʪʘ, ʣʠʙʦ ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ). 
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ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʤʧʦʨʘʣʴʥʳʭ ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʦʛʦ ʗʇɿ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʨʘʩʰʠʨʝʥʥʳʡ ʗʇɿ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʀʕʉ [ʈʳʙʠʥʘ ʠ ʜʨ., 

2014], ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʝʜʩʪʘʚʣʷʪʴ ʪʝʤʧʦʨʘʣʴʥʳʝ ʟʥʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠʥʪʝʨʚʘʣʴʥʦʡ ʣʦʛʠʢʝ ɸʣʣʝʥʘ [Allen, 1983] ʠ ʣʦʛʠʢʝ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ [ʆʩʠʧʦʚ, 2008], ʩʦʚʤʝʩʪʥʦ ʩ ʙʘʟʦʚʳʤʠ ʟʥʘʥʠʷʤʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʩʦʜʝʨʞʘʱʠʤʠ ʟʥʘʥʠʷ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ, ʥʝʪʦʯʥʦʩʪʴʶ ʠ ʥʝ-

ʯʝʪʢʦʩʪʴʶ. ɺ ʨʘʩʰʠʨʝʥʥʦʤ ʗʇɿ ʩʦʙʳʪʠʝ (ʪ.ʝ. ʦʙʲʝʢʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʣʦʛʠʢʠ ɸʣʣʝʥʘ [Allen, 1983]) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʦʙʲʝʢʪ ʇʨʆ ʚ ʚʠʜʝ ʦʙʲ-

ʝʢʪʘ c ʦʩʥʦʚʥʳʤ ʘʪʨʠʙʫʪʦʤ ï ʫʩʣʦʚʠʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʊʠʧ ʜʘʥʥʦʛʦ ʘʪʨʠ-

ʙʫʪʘ ï ʣʦʛʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʙʳʯʥʦʝ ʣʦʛʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʘʪʨʠʙʫʪʳ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ 

ʇʨʆ, ʥʝ ʷʚʣʷʶʱʠʭʩʷ ʪʝʤʧʦʨʘʣʴʥʳʤʠ ʧʨʠʤʠʪʠʚʘʤʠ (ʵʪʦ ʥʦʚʳʡ ʪʠʧ ʵʣʝ-

ʤʝʥʪʘ ʤʥʦʞʝʩʪʚʘ U). ʀʩʪʠʥʥʦʩʪʴ ʟʥʘʯʝʥʠʷ ʘʪʨʠʙʫʪʘ ʫʩʣʦʚʠʝ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ T ʧʦʢʘʟʳʚʘʝʪ ʪʦ, ʯʪʦ ʜʘʥʥʦʝ ʩʦʙʳʪʠʝ ʧʨʦʠʟʦʰʣʦ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ T. ʂʨʦʤʝ ʵʪʦʛʦ ʩʦʙʳʪʠʝ ʠʤʝʝʪ ʪʘʢʞʝ ʘʪʨʠʙʫʪ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʡ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʮʝʣʳʤ ʯʠʩʣʦʤ ʠ ʦʧʠʩʳʚʘʝʪ, ʩʢʦʣʴʢʦ ʨʘʟ 

ʩʦʙʳʪʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʇʨʆ. 

ʊʝʤʧʦʨʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʦʙʲʝʢʪʘ ʩ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ ï ʫʩʣʦʚʠʝʤ ʥʘʯʘʣʘ ʠ ʫʩʣʦʚʠʝʤ 

ʦʢʦʥʯʘʥʠʷ. ʆʙʘ ʜʘʥʥʳʭ ʘʪʨʠʙʫʪʘ ʠʤʝʶʪ ʪʠʧ çʣʦʛʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝè. 

ʀʩʪʠʥʥʦʩʪʴ ʟʥʘʯʝʥʠʷ ʘʪʨʠʙʫʪʘ ʫʩʣʦʚʠʝ ʥʘʯʘʣʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ T1 ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʥʘʯʘʣʩʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ T1, ʘ ʠʩʪʠʥʥʦʩʪʴ 

ʟʥʘʯʝʥʠʷ ʘʪʨʠʙʫʪʘ ʫʩʣʦʚʠʝ ʦʢʦʥʯʘʥʠʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ T2 ʧʦʢʘʟʳʚʘʝʪ 

ʪʦ, ʯʪʦ ʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʟʘʢʦʥʯʠʣʩʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ T2, ʪ.ʝ. ʠʥʪʝʨʧʨʝ-

ʪʘʮʠʝʡ ʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʘ ʚʨʝʤʝʥʥʫʶ ʦʩʴ ʷʚʣʷʝʪʩʷ ʦʪʨʝʟʦʢ [T1, T2], ʛʜʝ 

T1 ʚʩʝʛʜʘ ʤʝʥʴʰʝ T2. ʊʘʢʞʝ ʠʥʪʝʨʚʘʣ ʠʤʝʝʪ ʝʱʝ ʜʚʘ ʘʪʨʠʙʫʪʘ ï ʢʦʣʠʯʝ-

ʩʪʚʦ ʚʦʟʥʠʢʥʦʚʝʥʠʡ (ʘʥʘʣʦʛʠʯʥʦ ʩʦʙʳʪʠʷʤ) ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ (ʮʝʣʦʝ 

ʯʠʩʣʦ, ʦʧʠʩʳʚʘʶʱʝʝ ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʚ ʇʨʆ). 

ɺ ʙʘʟʦʚʦʤ ʗʇɿ ʧʨʘʚʠʣʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʢʘʢ (IR, Ins, Cons), ʛʜʝ IR ï 

ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʧʨʘʚʠʣʘ; Ins ï ʧʦʩʳʣʢʘ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ 

ʩʧʠʩʦʢ ʧʘʨ ʪʠʧʘ çʘʪʨʠʙʫʪ-ʟʥʘʯʝʥʠʝè, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʣʦʛʠʯʝʩʢʠ-

ʤʠ ʦʪʥʦʰʝʥʠʷʤʠ ʢʦʥʲʶʥʢʮʠʠ ʠ ʜʠʟʲʶʥʢʮʠʠ, Cons ï ʜʝʡʩʪʚʠʝ ʧʨʘʚʠʣʘ, 

ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʘʪʨʠʙʫʪʦʚ ʩ ʧʨʠʩʚʘʠʚʘʝʤʳʤʠ ʠʤ ʟʥʘʯʝʥʠʷʤʠ. ɺ 

ʦʙʦʙʱʝʥʥʦʤ ʗʇɿ ʧʦʩʳʣʢʘ ʪʝʤʧʦʨʘʣʴʥʦʛʦ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʘʚʠʣʘ ʩʦ-

ʜʝʨʞʠʪ (ʢʨʦʤʝ ʦʙʳʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ) ʥʝʢʦʪʦʨʫʶ ʣʦʢʘʣʴʥʫʶ ʤʦʜʝʣʴ 

ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ, ʦʧʠʩʘʥʥʫʶ ʩ ʧʦʤʦʱʴʶ ʩʦʙʳʪʠʡ, ʪʝʤʧʦʨʘʣʴʥʳʭ ʠʥ-

ʪʝʨʚʘʣʦʚ (ʩ ʫʯʝʪʦʤ ʜʣʠʪʝʣʴʥʦʩʪʝʡ), ʯʘʩʪʦʪʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʦʪʥʦʰʝ-

ʥʠʡ ʤʝʞʜʫ ʥʠʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʘʚʦʡ ʯʘʩʪʠ (ʦʟʥʘʯʠʚʘʥʠʝ) ʧʨʘʚʠʣʘ ʚ ʪʘ-

ʢʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʪʦʣʴʢʦ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʵʪʦʡ ʣʦʢʘʣʴ-

ʥʦʡ ʤʦʜʝʣʠ ʪʝʢʫʱʝʤʫ ʨʘʟʚʠʪʠʶ ʩʦʙʳʪʠʡ ʚ ʇʨʆ.  
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ʋʧʨʘʚʣʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʪʨʝʙʫʝʪ ʚʚʝʜʝʥʠʷ ʚ ʗʇɿ ʥʦʚʳʭ ʪʠʧʦʚ ʧʨʘʚʠʣ, 

ʪʘʢ ʢʘʢ ʧʦʜʦʙʥʳʝ ʧʨʘʚʠʣʘ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʳʩʪʨʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʝ (ʦʙʳʯʥʦ ʵʢʩʪʨʝʥʥʳʝ) ʩʦʙʳʪʠʷ ʇʨʆ (çʧʨʘʚʠʣʘ-ʨʝʘʢʮʠʠè), ʘ 

ʪʘʢʞʝ ʦʪʩʣʝʞʠʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʮʠʢʣʳ ʚ ʨʘʙʦʪʝ (çʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʨʘʚʠ-

ʣʘè). çʇʨʘʚʠʣʘ-ʨʝʘʢʮʠʠè ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʣʦ-

ʛʠʢʝ ɸʣʣʝʥʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʘʚʠʣʘ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʧʦʩʳʣʢʝ ʫʩʣʦ-

ʚʠʷ ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʦʨʤʫʣ, ʷʚʣʷʶʱʠʭʩʷ ʦʜʠʥʦʯʥʳʤ ʪʝʤʧʦʨʘʣʴʥʳʤ 

ʦʙʲʝʢʪʦʤ (ʩʦʙʳʪʠʝʤ ʠʣʠ ʠʥʪʝʨʚʘʣʦʤ). ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ çʧʝʨʠʦʜʠʯʝ-

ʩʢʠʭ ʧʨʘʚʠʣè ʫ ʧʨʘʚʠʣʘ ʗʇɿ ʚʚʦʜʠʪʩʷ ʥʦʚʳʡ ʘʪʨʠʙʫʪ ʊʀʇ, ʩʧʦʩʦʙʥʳʡ 

ʧʨʠʥʠʤʘʪʴ ʦʜʥʦ ʠʟ ʜʚʫʭ ʟʥʘʯʝʥʠʡ ï çʦʙʳʯʥʦʝè ʠ çʧʝʨʠʦʜʠʯʝʩʢʦʝè. ʇʦ-

ʩʳʣʢʠ Ins ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʥʝʩʫʪ ʚ ʩʝʙʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ ï 

ʧʝʨʠʦʜ ʚʳʧʦʣʥʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʣʦ-

ʛʠʢʠ ɸʣʣʝʥʘ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʪʝʤʧʦʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʦʙʲ-

ʝʢʪʘʤʠ ʇʨʆ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʥʫʪʨʠ ʧʨʘʚʠʣ, ʧʨʠʯʝʤ ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʨʦ-

ʷʚʣʝʥʠʡ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʩ ʫʯʝʪʦʤ ʪʝ-

ʢʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ ʚ ʇʨʆ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʧʨʘʚʠʣ ʧʦʣʷ ʟʥʘʥʠʡ 

ʚ ʪʝʤʧʦʨʘʣʴʥʦʡ ʂʄʇɿ ʜʦʣʞʝʥ ʦʧʠʨʘʪʴʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʚʝʜʝʥʠʷ ʪʘʢʠʭ ʩʫʱʥʦʩʪʝʡ ʇʨʆ ʢʘʢ ʩʦʙʳʪʠʷ ʠ ʪʝʤʧʦʨʘʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ, 

ʘ ʪʘʢʞʝ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʚ ʧʦʩʳʣʢʠ ʧʨʘʚʠʣ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʪʠʤʠ ʩʫʱʥʦʩʪʷʤʠ. 

ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʩ ʯʘʩʪʠʯʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ 

ʙʘʟʦʚʳʡ ʂʄʇɿ, ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʠʘʣʦʛʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʬʨʘʛʤʝʥʪʦʚ ɹɿ ʜʣʷ ʇʨʆ, ʩʚʷʟʘʥʥʦʡ ʩ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʦʡ. ɼʣʷ 

ʷʟʳʢʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʜʲ-

ʷʟʳʢʘ ʜʝʣʦʚʦʡ ʧʨʦʟʳ [ʈʳʙʠʥʘ, 2008] ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʣʠʥʛʚʠʩʪʠʯʝ-

ʩʢʠʡ ʧʨʦʮʝʩʩʦʨ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʵʚʨʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʠʧʦʚʦʡ ʟʘʜʘʯʠ - ʟʘ-

ʜʘʯʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʮʝʥʘʨʠʠ ʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʣʦ-

ʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʠʘʣʦʛʘ. 

ʆʙʱʠʡ ʧʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣ: 

ʚʳʜʝʣʝʥʠʝ ʨʝʣʝʚʘʥʪʥʳʭ ʩʝʛʤʝʥʪʦʚ ʚ ɽʗ-ʧʨʝʜʣʦʞʝʥʠʷʭ, ʚʚʝʜʝʥʥʳʭ ʵʢʩ-

ʧʝʨʪʦʤ, ʩʦʜʝʨʞʘʱʠʭ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʙʳʪʠʷʭ, ʪʝʤʧʦʨʘʣʴʥʳʭ 

ʫʢʘʟʘʪʝʣʷʭ ʠ ʩʚʷʟʷʭ; ʩʙʦʨ ʣʝʢʩʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʳʭ 

ʩʣʦʚʘʨʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʪʝʤʧʦʨʘʣʴʥʳʝ ʧʨʠʤʠʪʠʚʳ (ʩʫʱʥʦʩʪʠ) ï ʩʦʙʳʪʠʷ ʠ 

ʪʝʤʧʦʨʘʣʴʥʳʝ ʫʢʘʟʘʪʝʣʠ; ʫʩʪʘʥʦʚʣʝʥʠʝ ʪʝʤʧʦʨʘʣʴʥʳʭ ʩʚʷʟʝʡ (ʦʪʥʦʰʝʥʠʡ, 

ʟʘʚʠʩʠʤʦʩʪʝʡ) ʤʝʞʜʫ ʠʟʚʣʝʯʝʥʥʳʤʠ ʠʟ ʪʝʢʩʪʘ ʩʫʱʥʦʩʪʷʤʠ. ʄʝʪʦʜʠʯʝʩʢʘʷ 

ʩʪʦʨʦʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʩʣʦʞʥʷʣʘʩʴ ʪʝʤ, ʯʪʦ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʧʨʘʢʪʠʢʝ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʨʝʤʝʥʠ ʠʟ ɽʗ-ʪʝʢʩʪʦʚ ʥʘ ʨʫʩ-

ʩʢʦʤ ʷʟʳʢʝ ʧʦʢʘ ʧʨʝʜʣʦʞʝʥʳ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʧʦʜʭʦʜʳ ʚ ʢʦʥʪʝʢʩʪʝ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ɽʗ-ʪʝʢʩʪʦʚ, ʥʘʧʨʠʤʝʨ [ɽʬʠʤʝʥʢʦ, 2007]. 

ʇʦʵʪʦʤʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʠʢʠ ʚʳʷʚʣʝʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚ ʨʘʤʢʘʭ 
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ʦʜʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʧʨʦʩʪʝʡʰʠʭ ʪʝʤʧʦʨʘʣʴʥʳʭ ʫʢʘʟʘʪʝʣʝʡ (ʪ.ʝ. ʩʘʤʦʩʪʦ-

ʷʪʝʣʴʥʳʭ ʩʣʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ, ʦʙʦʟʥʘʯʘʶʱʠʭ ʚʨʝʤʷ) ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʪʝʛʦʨʠʡ ʪʝʤʧʦʨʘʣʴʥʳʭ ʫʢʘʟʘʪʝʣʝʡ ʚ ɽʗ-

ʪʝʢʩʪʘʭ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [ɸʨʫʪʶʥʦʚʘ, 1997], [ɽʬʠʤʝʥʢʦ, 2007], ʘ 

ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʥʘʷ ʙʘʟʘ ʢʦʥʢʨʝʪʥʳʭ ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʣʝʢʩʝʤ, ʫʢʘʟʳʚʘʶ-

ʱʠʭ ʥʘ ʪʝʤʧʦʨʘʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ [ɸʨʫʪʶʥʦʚʘ, 1997]. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʜʠʘʣʦʛʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ɽʗ-ʪʝʢʩʪʳ ʧʦ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ [Kibbe, 2014], ʩ ʧʦʤʦʱʴʶ ʢʦʪʦ-

ʨʳʭ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʮʝʥʘʨʠʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʢʨʘʥʥʳʝ ʬʦʨʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʚʦʜʠʪʴ ʪʝʤʧʦʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʰʘʛʘʭ ʜʠʘʣʦʛʘ (ʫʢʘʟʘʥʠʝ ʦʪʚʝʪʦʚ ʠ ʟʘʢʣʶ-

ʯʝʥʠʝ ʚʳʚʦʜʦʚ). ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ 

ʤʦʜʝʣʴʥʳʭ ʩʝʘʥʩʦʚ ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʦʢʦʣʦ 70 ʩʪʫʜʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʧʦ ʧʨʠʥʮʠʧʫ çʩʘʤ ʩʝʙʝ ʚʨʘʯè ʚʚʦʜʠʣʠ ʣʝʢʩʝʤʳ (ʚʨʝʤʝʥʥʳʝ ʧʨʝʜ-

ʣʦʛʠ, ʮʝʣʝʚʳʝ ʧʨʝʜʣʦʛʠ, ʧʨʠʯʠʥʥʳʝ ʧʨʝʜʣʦʛʠ, ʯʘʩʪʠʮʳ, ʥʘʨʝʯʠʷ ʚʨʝʤʝʥʠ 

ʠ ʜʨ.) ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʢʨʘʥʥʳʝ ʬʦʨʤʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ 

ʧʦʣʷ ʟʥʘʥʠʡ. 

ɿʘʢʣʁʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʮʝʥʘʨʠʝʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʤʘʪʠʯʝʩʢʫʶ ʠ ʣʦʢʘʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʜʠʘʣʦʛʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʨʝʘʣʠʟʦʚʘʪʴ ʵʣʝʤʝʥʪʳ çʩʢʚʦʟʥʦʡè ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʪʝʨʤʠʥʘʭ ʨʘʩʰʠʨʝʥʥʦʛʦ ʗʇɿ ʪʝʤʧʦʨʘʣʴ-

ʥʳʭ ʟʥʘʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʤʧʦʨʘʣʴʥʦʡ ʚʝʨʩʠʠ ʂʄʇɿ. 
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ʇʈɽʎɽɼɽʅʊʅʆ-ʆʈʀɽʅʊʀʈʆɺɸʅʅʆɽ ʋʇʈɸɺʃɽʅʀɽ 

ʂʆʅʎɽʇʊʋɸʃʔʅʓʄ ʕʂʉʇɽʈʀʄɽʅʊʀʈʆɺɸʅʀɽʄ  

ɺ ʈɽʐɽʅʀʀ ʇʈʆɽʂʊʅʓʍ ɿɸɼɸʏ
1
 

ʇ.ʀ. ʉʦʩʥʠʥ (sosnin@ulstu.ru)  

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʝʮʝʜʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦ-

ʚʝʜʝʥʠʶ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʨʝʰʝʥʠʠ ʧʨʦʝʢʪʥʳʭ ʟʘ-

ʜʘʯ. ɺ ʦʩʥʦʚʫ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʭʦʜʘ ʧʦʣʦʞʝʥʦ ʦʪʦʙʨʘʞʝʥʠʝ ʦʧʝʨʘʮʠ-

ʦʥʥʦʡ ʩʨʝʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʧʘʤʷʪʴ ʚʦʧʨʦʩʥʦ-

ʦʪʚʝʪʥʦʛʦ ʪʠʧʘ. ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʦʪʦʙʨʘʞʝʥʠʠ ʚʳʧʦʣʥʷʝʪ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʧʳʪʘ, ʜʣʷ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʠ ʧʨʝʮʝʜʝʥʪʦʚ, ʧʦʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦ ʦʙʨʘʪ-

ʥʦʡ ʩʚʷʟʠ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʤʦʜʝʣʠ ʧʨʝʮʝʜʝʥʪʘ ʫʧʨʘʚʣʷʝʪ ʧʨʦʚʝ-

ʜʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʳʪ, ʧʦʥʠʤʘʥʠʝ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʧʨʝʮʝʜʝʥʪ, 

ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʛʨʘʬʠʢʘ, ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʣʫʞʙʘʭ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʩʦʟʜʘʶʱʠʭ 

ʩʠʩʪʝʤʳ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʦʩʦʙʦ ʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʨʝ-

ʰʝʥʠʷʤ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯ ʩʯʠʪʘʶʪ ʠʭ ʤʦʜʝʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʬʦʨʤʘʭ, 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢ ʧʦʚʪʦʨʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʤʦʜʝʣʠ 

ʟʘʜʘʯ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʙʲʝʜʠʥʝʥʠʝ 

ʤʦʜʝʣʝʡ ʚ ʙʘʟʳ ʦʧʳʪʘ [Karray, 2015] ʩ ʜʦʩʪʫʧʦʤ (ʢʘʢ ʢ ʙʘʟʝ, ʪʘʢ ʠ ʢ ʤʦʜʝ-

ʣʷʤ), ʢʦʪʦʨʳʡ ʧʦʜʦʙʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʦʧʳʪʦʤ. ʀʤʠʪʘʮʠʷ ʝʩʪʝʩʪʚʝʥʥʦʩʪʠ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʩ 

ʙʘʟʦʡ ʦʧʳʪʘ ʠ ʝʸ ʝʜʠʥʠʮʘʤʠ, ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʠʭ ʧʦʩʪʨʦʝʥʠʷ 

ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʦʜʝʣʷʤʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʠʞʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʮʝʜʝʥʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ, ʚ 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-07-04809ʘ). 
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ʢʦʪʦʨʦʤ ʚ ʦʩʥʦʚʫ ʤʦʜʝʣʝʡ ʧʨʝʮʝʜʝʥʪʦʚ ʧʦʣʦʞʝʥʦ ʠʭ ʧʦʥʠʤʘʥʠʝ ʢʘʢ çʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʫʩʣʦʚʥʳʭ ʨʝʬʣʝʢʩʦʚè [Sosnin, 2013]. ʊʘʢʦʝ 

ʧʦʥʠʤʘʥʠʝ ʧʨʠʚʝʣʦ ʢ ʤʦʜʝʣʠ ʧʨʝʮʝʜʝʥʪʘ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ, ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʩ 

ʨʝʰʝʥʠʝʤ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯ ʚ ʢʦʤʧʴʶʪʝʨʠʟʦʚʘʥʥʳʭ ʩʨʝʜʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 1. 
 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʧʨʝʮʝʜʝʥʪʘ 

 

ʄʦʜʝʣʴ ʧʨʝʮʝʜʝʥʪʘ, ʜʝʪʘʣʴʥʦ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʥʘʷ ʚ [Sosnin, 2013], ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘʯʠ (ʧʦ ʭʦʜʫ ʝʸ ʨʝʰʝʥʠʷ) ʠʥʪʝʛʨʠʨʫʝʪ ʚ ʝʜʠʥʦʝ ʮʝ-

ʣʦʝ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ P
T

i(tr1), ʨʝʟʫʣʴʪʘʪ ʚʦʧʨʦʩ-

ʥʦ-ʦʪʚʝʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʝʸ ʨʝʰʝʥʠʷ P
QA

i(tr2), ʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʧʦʚʪʦʨʥʦʛʦ ʨʝʰʝʥʠʷ P
L
i(tr3), ʦʙʨʘʟʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʘʜʘʯʠ P

G
i(tr4) ʠ ʝʸ 

ʧʩʝʚʜʦ-ʢʦʜʦʚʦʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ P
I
i(tr5) ʘ ʪʘʢʞʝ ʠʩʧʦʣʥʷʝʤʫʶ 

ʧʨʦʛʨʘʤʤʫ ʨʝʰʝʥʠʷ P
E

i(tr6).  

ɺ ʩʭʝʤʝ ʤʦʜʝʣʠ ʝʸ (ʠʪʝʨʘʪʠʚʥʦʝ) ʧʦʩʪʨʦʝʥʠʝ ʚʳʨʘʞʝʥʦ ʧʨʠʨʘʱʝʥʠʷʤʠ 

DP
X
(t) c ʠʭ ʧʨʠʚʷʟʢʦʡ ʢ ʞʠʟʥʝʥʥʦʤʫ ʮʠʢʣʫ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʡ ʥʘ ʠʥʪʝʨʚʘʣʝ 

ʚʨʝʤʝʥʠ (t0, tr) ʚʚʦʜʠʪ ʚ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʟʘʜʘʯʠ ʵʬʬʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʝ-

ʣʷʤʠ (Model Driven Development, MDD), ʧʨʠʯʸʤ ʪʘʢ, ʯʪʦ ʧʨʦʝʢʪʠʨʦʚʱʠʢ 

ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʥʘ ʤʦʜʝʣʴ ʧʨʝʮʝʜʝʥʪʘ, ʢʦʛʜʘ ʚ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ. ʃʶʙʘʷ ʠʟ ʪʘʢʠʭ ʧʨʠʯʠʥ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʟʘʪʨʘʛʠʚʘʝʪ ʪʦ, ʯʪʦ 

ʥʘʟʳʚʘʶʪ çʧʦʥʠʤʘʥʠʝʤè. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʧʦʩʪʨʦʝʥʠʷʭ ʤʦʜʝʣʝʡ ʧʨʝʮʝʜʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʭ 

çʧʦʥʠʤʘʥʠʝè ʢʘʢ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʫʩʣʦʚʥʳʭ ʨʝʬʣʝʢʩʦʚè, 

ʯʪʦ  ʚʳʚʦʜʠʪ ʥʘ ʚʦʧʨʦʩʳ ʦ ʬʦʨʤʘʭ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʬʦʨʤ 

ʷʚʣʷʝʪʩʷ çʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʢʘʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤ ʩr-
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ʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʩʦʜʝʨʞʘʥʠʝ ʠ ʧʨʦʮʝʩʩ ʢʦʪʦʨʦʛʦ ʦʧʝʨʘʪʠʚʥʦ ʦʪʦʙʨʘ-

ʞʘʝʪʩʷ ʥʘ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʧʘʤʷʪʴ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʦʪʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʧʦ ʭʦʜʫ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ ʩ ʧʦʣʝʟʥʳʤʠ ʮʝʣʷʤʠ [Sosnin, 2015]. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠʟ ʪʘʢʠʭ ʮʝʣʝʡ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʨʝʰʝ-

ʥʠʷ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦʥʠʤʘʥʠʷ ʠ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʰʝʥʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘʯʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʢʨʳʚʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʧʦʥʷʪʠʡʥʦ-

ʦʙʨʘʟʥʦʡ ʧʦʜʜʝʨʞʢʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ, ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʥʳʝ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʥʠʤʘʥʠʷ ʠ ʜʦʩʪʠʞʝʥʠʝ ʝʛʦ ʢʦʥ-

ʪʨʦʣʠʨʫʝʤʳʭ ʩʦʩʪʦʷʥʠʡ.  

1. ʆʧʝʨʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ  

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ 

ʈʝʰʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʵʢʩʧʝ-

ʨʠʤʝʥʪʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ-ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʨʝʜʝ 

WIQA (Working In Questions and Answers) [Sosnin, 2013], ʥʘʩʪʨʦʝʥʥʦʡ ʥʘ 

ʦʪʦʙʨʘʞʝʥʠʝ R
QA

 ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ S ʥʘ ʩʝ-

ʤʘʥʪʠʯʝʩʢʫʶ ʧʘʤʷʪʴ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʦʛʦ ʪʠʧʘ (QA-ʧʘʤʷʪʴ). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʪʦʙʨʘʞʝʥʠʷ R
QA

 ʦʙʨʘʟʫʝʪʩʷ ʘʥʘʣʦʛ S ʚ ʚʠʜʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ ʩʦʚʦʢʫʧʥʦ-

ʩʪʠ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʪʦʚ (QA-ʦʙʲʝʢʪʦʚ), ʥʘʟʚʘʥʥʳʭ ʥʘ ʨʠʩ. 2 çʢʦʥ-

ʮʝʧʪʫʘʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʉè.  
 

 
 

ʈʠʩ. 2. ʂʦʥʮʝʧʪʫʘʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʨʝʜʳ 

 

ʆʪʦʙʨʘʞʝʥʠʝ R
QA

 ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʦʙʨʘʞʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʘʙʘʪʳʚʘʝ-

ʤʳʭ ʧʨʦʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʧʦʪʦʢʠ ʨʘʙʦʪ ʠ ʧʨʦʝʢʪʥʳʝ ʟʘʜʘʯʠ, ʥʦ ʠ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʛʦ ʦʧʳʪʘ (ɹʘʟʘ ʆʧʳʪʘ), ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʎʝʥʪʨʘʣʴ-

ʥʦʝ ʤʝʩʪʦ ʚ ʵʪʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʦʜʝʣʠ ʦʧʳʪʘ ʟʘʥʠʤʘʝʪ ɹʘʟʘ ʧʨʝʮʝʜʝʥʪʦʚ, 

ʨʘʩʰʠʨʷʝʤʘʷ ʟʘ ʩʯʸʪ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 
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ʧʦʨʦʞʜʘʝʪ ʦʯʝʨʝʜʥʫʶ ʤʦʜʝʣʴ ʧʨʝʮʝʜʝʥʪʘ. ʊʘʢ ʯʪʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʷʚʣʷʝʪʩʷ ʩʨʝʜʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʸ ʩʦʩʪʘʚʣʷʶʱʠʝ ʷʚʣʷʶʪʩʷ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʤʠ ʩʝʤʘʥʪʠʯʝʩʢʠʤʠ ʢʦʥʩʪʨʫʢʪʘʤʠ, ʟʘʛʨʫʞʝʥʥʳʤʠ ʚ ʧʘʤʷʪʴ, ʷʯʝʡ-

ʢʠ ʢʦʪʦʨʦʡ ʠʤʝʶʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ. 3.  
 

 
ʈʠʩ.3. ʉʪʨʫʢʪʫʨʘ ʷʯʝʡʢʠ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʧʘʤʷʪʠ 

 

ʋʥʠʬʠʢʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ: 

1. ʂʘʞʜʘʷ ʠʟ ʷʯʝʝʢ QA-ʧʘʤʷʪʠ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʫʶ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ) ʦʙʲʝʢʪʘ S-ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘʢʪʠʚʠʟʠʨʫʶ-

ʱʫʶ ʜʠʘʣʦʛʦʚʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʩʦʟʥʘʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʫʶ ʩ ʥʠʤʠ. 

2. ɺ ʧʨʦʮʝʩʩʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ-

ʰʘʛʦʚʘʷ ʜʝʪʘʣʠʟʘʮʠʷ, ʢʘʞʜʘʷ ʠʟ ʜʝʪʘʣʝʡ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʘʨʦʡ 

ʚʦʧʨʦʩ çQè ʠ ʦʪʚʝʪ çɸè, ʤʦʜʝʣʠʨʫʝʤʳʭ ʚ C-ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʝʨʝʟ ʠʭ ʘʪʨʠ-

ʙʫʪʠʢʫ, ʚʢʣʶʯʘʶʱʫʶ ʙʘʟʦʚʳʡ ʥʘʙʦʨ ʘʪʨʠʙʫʪʦʚ B(g1, g2, é, gN), ʢ ʢʦʪʦʨʦ-

ʤʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʤʦʞʝʪ ʜʦʙʘʚʠʪʴ ʧʦʣʝʟʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʪʨʠʙʫʪʳ 

ɸɸ(ag1, ag2, é, agM), ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʡʣʳ ʠ ʩʩʳʣʢʠ.  

3. ʉʦʚʦʢʫʧʥʦʩʪʴ ʙʘʟʦʚʳʭ ʘʪʨʠʙʫʪʦʚ ʩ ʦʧʝʨʘʮʠʷʤʠ ʥʘʜ ʥʠʤʠ ʦʙʨʘʟʫʝʪ 
ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʦʙʲʝʢʪ ʪʠʧʘ Q ʠʣʠ A, ʠʟ ʢʦʪʦʨʳʭ ʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʩʣʦʞ-

ʥʳʝ QA-ʦʙʲʝʢʪʳ. ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʦʧʝʨʘʮʠʠ ʥʘʜ ʦʙʲʝʢʪʦʤ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʘʪʨʠʙʫʪʠʢʘ, ʬʘʣʳ ʠ ʩʩʳʣʢʠ, ʚʦʟʣʘʛʘʝʪʩʷ ʥʘ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʯʠʩʣʦ ʙʘʟʦʚʳʭ ʘʪʨʠʙʫʪʦʚ ʷʯʝʡʢʠ QA-ʧʘʤʷʪʠ ʚʢʣʶʯʝ-

ʥʳ: ʝʸ ʫʥʠʢʘʣʴʥʦʝ ʠʤʷ (ʪʠʧ ʠ ʠʥʜʝʢʩ, ʧʨʠʧʠʩʳʚʘʝʤʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ), 

ʥʘʧʨʠʤʝʨ Q1.1.2, ʩʧʦʩʦʙʥʦʝ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʘʜʨʝʩʘ ʷʯʝʡʢʠ; ʠʜʝʥʪʠʬʠʢʘ-

ʪʦʨ ʩʦʟʜʘʪʝʣʷ ʤʦʜʝʣʠ; ʟʥʘʢʦʚʘʷ ʤʦʜʝʣʴ Q ʠʣʠ ɸ, ʚ ʬʦʨʤʝ ʩʠʤʚʦʣʴʥʦʡ 

ʩʪʨʦʢʠ; ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʠʷ ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʠ; ʠʤʷ ʧʨʦʝʢʪʘ ʠ ʜʨʫ-

ʛʠʝ ʘʪʨʠʙʫʪʳ [Sosnin, 2013].  
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ʅʘʜ ʧʘʤʷʪʴʶ ʩ ʪʘʢʠʤʠ ʷʯʝʡʢʘʤʠ ʦʧʨʝʜʝʣʸʥ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʦʙʝʩ-

ʧʝʯʝʥ ʧʩʝʚʜʦ-ʢʦʜʦʚʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ L
WIQA
, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 

ʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʚ ʉ-

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʦʝʢʪʠʨʦʚʱʠʢ ʚʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤ ʥʘ 

ʧʩʝʚʜʦʢʦʜʝ ʢʘʢ ʩʦʧʨʦʮʝʩʩʦʨ (ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ, I-ʧʨʦʮʝʩʩʦʨ), 

ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʧʳʪʦʤ ʠ ʝʛʦ ʤʦʜʝʣʷʤʠ, 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʤʠ ʚ ɹʘʟʝ ʆʧʳʪʘ [Sosnin, 2015]. 

ʇʦʪʝʥʮʠʘʣ ʧʩʝʚʜʦʢʦʜʦʚʦʛʦ ʷʟʳʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʚ ʉ-ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʦ ʠ ʨʘʟʚʠʪʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ WIQA, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʫ ʧʦʣʝʟʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʠʤʝʥʥʦ ʥʘ ʵʪʦʤ ʷʟʳʢʝ ʨʘʟʨʘʙʦʪʘʥʳ ʩʨʝʜʩʪʚʘ, ʦʙʩʣʫʞʠʚʘʶ-

ʠɦʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʝ.  

2. ʂʦʥʮʝʧʪʫʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʦʜʭʦʜʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʶ, ʢʘʞʜʳʡ ʢʦʥʮʝʧʪʫ-

ʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʣʷ ʧʨʦʝʢʪʥʦʡ ʟʘʜʘʯʠ Zi, ʨʝʰʝʥʠʝ 

ʢʦʪʦʨʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʛʦ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʫʧʨʘʚʣʷʝʤʦʝ ʤʦʜʝ-

ʣʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʝʮʝʜʝʥʪʘ P(Zi). ʂʨʦʤʝ ʪʦʛʦ, ʟʘʤʳʩʝʣ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʠ ʝʛʦ ʧʝʨʚʦʝ ʧʨʦʚʝʜʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ 

ʨʝʰʝʥʠʷ ʥʦʚʦʡ ʧʨʦʝʢʪʥʦʡ ʟʘʜʘʯʠ. ʇʨʠʯʸʤ, ʧʨʦʮʝʩʩʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʪʘʢ, ʯʪʦ ʠʭ ʩʦʩʪʦʷʥʠʷ S(Zi, t) ʠ 

S(P(Zi), t) ʰʘʛ ʟʘ ʰʘʛʦʤ ʦʢʘʟʳʚʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʤʦʜʝʣʴ ʩʦʟʜʘʥʥʦʛʦ ʧʨʝʮʝʜʝʥʪʘ, ʝʩʣʠ ʦʥʘ ʦʙʣʘʜʘʝʪ ʮʝʥʥʦ-

ʩʪʴʶ, ʧʦʤʝʱʘʝʪʩʷ ʚ çɹʘʟʫ ʧʨʝʮʝʜʝʥʪʦʚè ʢʘʢ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʨʦʜʘ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ S-ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦ ʝʩʪʴ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʯʝʣʦʚʝ-

ʢʦ-ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʨʝʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʀʤʝʥʥʦ ʪʘʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʧʨʝʮʝʜʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʦʣʝʟʥʦʩʪʠ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʧʦ ʦʙʨʘʟʮʘʤ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ ʚ 

ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [Sosnin, 2013]. ʄʦʜʝʣʴ ʧʨʝʮʝʜʝʥʪʘ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ 

çʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘè, ʤʝʪʦʜʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʪʦʨʦʡ P
I
i, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʧʩʝʚʜʦʢʦʜʝ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʪʦʨʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʮʝʣʷʤʠ (ʥʘʧʨʠʤʝʨ, ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʨʝʰʝ-

ʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʝʢʪʥʦʡ ʟʘʜʘʯʠ, ʧʨʦʚʝʨʢʘ ʨʝʰʝʥʠʷ ʩʘʤʠʤ ʧʨʦʝʢ-

ʪʠʨʦʚʱʠʢʦʤ ʠʣʠ ʢʦʣʣʝʛʘʤʠ ʧʦ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ, ʦʙʫʯʝʥʠʝ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʩʦʙʦ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʦʜʛʦʪʦʚʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦ-

ʪʦʨʦʡ ʩʦʟʜʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʤʦʜʝʣʠ ʧʨʝʮʝʜʝʥʪʘ (ʨʠʩ. 1), ʢʘʞʜʘʷ ʠʟ ʢʦʪʦ-

ʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ (ʜʝʢʣʘʨʘ-

ʪʠʚʥʦʡ, ʣʦʛʠʯʝʩʢʦʡ, ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ, ʛʨʘʬʠʯʝʩʢʦʡ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʚ 

ʜʚʫʭ ʚʝʨʩʠʷʭ). ʂʘʞʜʘʷ ʠʟ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʣʶʙʦʤ ʩʦʩʪʦʷʥʠʠ ʠʭ ʧʦ-
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ʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʴʶ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʙʲʝʜʠʥʷʝʪʩʷ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʧʨʝ-

ʮʝʜʝʥʪʘ (ʚ ʪʝʢʫʱʝʤ ʝʸ ʩʦʩʪʦʷʥʠʠ). 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʨʦʮʝʩʩʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʮʝ-

ʜʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢ, ʯʪʦ ʦʥʠ ʧʝʨʝʧʣʝʪʘʶʪʩʷ, ʘ ʠʭ ʩʦʩʪʦʷʥʠʷ ʦʢʘʟʳ-

ʚʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʇʨʝʜʩʪʘʚ-

ʣʷʝʤʳʡ ʧʦʜʭʦʜ ʠʩʭʦʜʠʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʦʩʦʙʦ ʚʘʞʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʨʝ-

ʰʝʥʠʝ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʚʦʜʠʤʳʡ ʩ ʧʦʤʦʱʴʶ ʪʝʢʫʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʤʦʜʝʣʠ ʧʨʝʮʝʜʝʥʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʣʶʙʦʡ ʠʟ ʝʛʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ (ʚ ʝʸ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ).  

ʃʶʙʦʡ ʪʘʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪ ʢʚʘʣʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ çʢʦʥʮʝʧʪʫʘʣʴʥʳʡè, ʪʘʢ 

ʢʘʢ ʦʥ ʧʨʦʚʦʜʠʪʩʷ ʚ ʉ-ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʧʨʝʮʝʜʝʥʪʘ 

ʪʘʢ, ʯʪʦʙʳ ʝʛʦ ʤʦʞʥʦ ʙʳʣʦ ʧʦʚʪʦʨʠʪʴ, ʜʣʷ ʧʨʦʚʝʨʢʠ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚ-

ʣʝʥʥʦʡ ʮʝʣʠ (ʥʘʧʨʠʤʝʨ, ʧʦʥʠʤʘʥʠʷ), ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʨʝʰʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʡ ʟʘʜʘʯʠ. ʇʨʠʯʸʤ, ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʦʚʣʝʯʝʥʦ ʦʧʝʨʘʪʠʚ-

ʥʦʝ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʧʳʪʦʤ, ʘ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʩ ʤʦʜʝʣʷʤʠ ʦʧʳʪʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʚ ʉ-ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʆʙʦʙʱʘʷ, ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʨʝʜʩʪʘʚʣʷʝʤʦʤ ʧʦʜʭʦʜʝ ʧʨʦʮʝʩʩ ʧʝʨʚʦʛʦ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝʤ ʟʘʪʨʝʙʦʚʘʥʥʳʭ ʢʦʥʮʝʧʪʫ-

ʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʩʦʟʜʘʝʪʩʷ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʮʝʜʝʥʪʘ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʦʟʥʘʥʥʫʶ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʨʦʚʝʨʢʫ (ʫʧʨʘʚʣʷʶʱʠʡ ʵʬʬʝʢʪ) ʠ 

ʠʩʧʦʣʥʝʥʠʝ ʧʦʚʪʦʨʥʦʛʦ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘʯʠ (ʚ ʥʦʚʳʭ ʧʨʦ-

ʝʢʪʥʳʭ ʫʩʣʦʚʠʷʭ).  

3. ʀʪʝʨʘʪʠʚʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʧʨʝʮʝʜʝʥʪʘ  

ʇʝʨʝʡʜʸʤ ʢ ʬʦʨʤʘʣʠʟʘʮʠʠ ʠʪʝʨʘʪʠʚʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʧʨʝʮʝʜʝʥ-

ʪʘ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʦʜʭʦʜʝ ʦʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʤʝʪʦʜʘ ʧʦ-

ʰʘʛʦʚʦʡ ʜʝʪʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʟʘʜʘʯʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ 

ʧʦʩʪʨʦʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʦʪ ʥʘʠʙʦʣʝʝ ʘʙʩʪʨʘʢʪʥʦ-

ʛʦ ʨʝʰʝʥʠʷ ʥʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʜʦ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ ʜʝʪʘʣʴʥʦʛʦ ʥʘ ʧʦ-

ʩʣʝʜʥʝʤ ʫʨʦʚʥʝ. ʂʘʞʜʦʤʫ ʠʟ ʫʨʦʚʥʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘ-

ʯʠ, ʫʪʦʯʥʷʶʱʘʷʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʫʨʦʚʥʷ ʢ ʫʨʦʚʥʶ.  

ʄʝʪʦʜ ʘʜʘʧʪʠʨʦʚʘʥ ʢ ʝʛʦ ʧʨʠʤʝʥʝʥʠʶ ʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ-ʤʦʜʝʣʠʨʫ-ʁ

ʱʝʡ ʩʨʝʜʝ WIQA, ʛʜʝ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʩʭʦʜʥʦʡ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʠ ST(Zi, t0), ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦ-ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ 

ʷʟʳʢʝ. ʉʦʭʨʘʥʷʷ ʩʫʱʥʦʩʪʴ ʟʘʜʘʯʠ, ʵʪʦʪ ʪʝʢʩʪ ʣʫʯʰʝ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʥʘʩʪʦʣʴʢʦ ʘʙʩʪʨʘʢʪʥʦ (ʘ ʟʥʘʯʠʪ ʠ ʢʦʨʦʪʢʦ) ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 

ʊʝʢʩʪ ʜʦʣʞʝʥ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ ʜʦʩʪʫʧʥʘʷ ʧʦʥʠʤʘʥʠʶ ʮʝʣʦʩʪʥʦʩʪʴ, ʢʦ-

ʛʜʘ ʦʥ ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʬʦʢʫʩʠʨʫʝʪ ʥʘ ʥʸʤ ʩʚʦʸ ʚʥʠʤʘʥʠʝ. 
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1. ʂʘʞʜʳʡ ʰʘʛ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʩʥʠʤʘʝʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʦʙʲʝʤ ʥʝ-

ʦʧʨʝʜʝʣʸʥʥʦʩʪʠU(Zj, tk) ʩʫʱʝʩʪʚʫʶʱʠʡ ʚ ST(Zj, tk) ʟʘ ʩʯʸʪ ʜʦʧʦʣʥʝʥʠʷ 

ʝʛʦ ʦʯʝʨʝʜʥʳʤ ʧʨʠʨʘʱʝʥʠʝʤ DST(Zj, tk), ʢʦʪʦʨʦʝ ʚʥʦʩʠʪ ʚ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʦʯʝʨʝʜʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʘʙʩʪʨʘʢʮʠʠ ʪʝʢʩʪʘ ʫʤʝʥʴʰʘʝʪ 

ʥʘʚʷʟʘʥʥʳʝ ʠʤ ʦʛʨʘʥʠʯʝʥʠʷ. 

2. ʊʝʢʩʪ ST(Zj, t0) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ U(Zj, t0) 

ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʠʨʘʱʝʥʠʡ ST(Zj, t1), DST(Zj, t2), é, 

DST(Zj, tKï1), ʢʦʪʦʨʳʝ ʫʪʦʯʥʷʶʪ ʪʝʢʩʪ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʦʩʪʦʷʥʠʷ ST(Zj, tK). 

ɼʣʷ ʪʘʢʦʡ ʛʝʥʝʨʘʮʠʠ ʪʝʢʩʪ ʣʦʛʠʯʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʠʩʪʦʯʥʠʢ ʠʩʭʦʜʥʳʭ 

ʘʢʩʠʦʤ, ʢʦʪʦʨʳʭ ʜʦʣʞʥʦ ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯ-

ʥʦ ʜʣʷ çʚʳʚʦʜʘè ʩʦʩʪʦʷʥʠʷ S(Zj, tK). 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʠʩʭʦʜʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ, ʧʨʦʝʢʪʠʨʦʚʱʠʢ  ʦʙʨʘʱʘ-

ʝʪʩʷ ʢ ʘʥʘʣʠʟʫ ʝʝ ʪʝʢʩʪʘ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʨʫʛʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʝʡʩʪʚʠʡ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʠʭ ʜʝʡʩʪʚʠʡ, ʰʘʛ ʟʘ ʰʘʛʦʤ, 

ʩʦʩʪʦʷʥʠʝ ST(Zj, t) ʙʫʜʝʪ ʦʙʦʛʘʱʘʪʴʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʝʛʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

U(Zj, t0) ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʟʘ ʩʯʸʪ ʚʢʣʶʯʝʥʠʷ ʚ ʨʘʙʦʪʫ ʩ ʥʝʦʧʨʝʜʝʣʸʥʥʦ-

ʩʪʷʤʠ ʤʝʭʘʥʠʟʤʦʚ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʰʘʛʦʚʘʷ ʜʝʪʘʣʠʟʘʮʠʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ST(Zj, t) ʷʚʣ̫-

ʝʪʩʷ ʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʝʸ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʧʨʝʮʝ-

ʜʝʥʪʘ. ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʩʦʩʪʘʚ ʝʛʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ 

ʚʢʣʶʯʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ P
T
i(Zj, t) = ST(Zj, t) ʚ ʝʸ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʦʡ ʜʝʪʘʣʠʟʘʮʠʠ ʪʝʢʩʪʘ ʧʦʩʪʘʥʦʚ-

ʢʠ ʟʘʜʘʯʠ, ʬʠʢʩʠʨʫʶʱʠʝ ʧʨʠʨʘʱʝʥʠʷ {DST(Zj, tk)}  ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʩʧʝ-

ʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ P
QA

i(Zj, t).  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ST(Zj, t) ʠ ʝʸ ʧʨʠʨʘʱʝʥʠʷ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʥʝ ʪʦʣʴ-

ʢʦ ʪʝʢʩʪ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʯʝʩʢʠʝ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʧʦʜʢʣʶ-

ʯʝʥʠʝ ʢʦʪʦʨʳʭ ʢ ʪʝʢʩʪʦʚʳʤ ʦʧʠʩʘʥʠʷʤ ʚʦʧʨʦʩʦʚ ʠ ʦʪʚʝʪʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʚ ʩʠʩʪʝʤʝ ʦʧʝʨʘʮʠʡ ʩ ʷʯʝʡʢʘʤʠ QA-ʧʘʤʷʪʠ. ʊʘʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʨʦʞ-

ʜʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʩ ʪʝʢʩʪʘʤʠ (ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʘʥʘʣʠ-

ʟʘ) ʠ ʜʦʧʦʣʥʷʶʪ ʪʝʢʩʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʮʝʣʷʤʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʧʦʥʠʤʘʥʠʷ). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʦʯʝʨʝʜʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʠ ʤʦʞʝʪ ʠʤʝʪʴ ʣʶʙʦʡ ʪʠʧ ʠʟ ʤʥʦʞʝʩʪʚʘ (DP
T
(t), DP

L
(t), DP

QA
(t), 

DP
G
(t), DP

I
(t), DP

E
(t)), ʧʨʠʯʝʤ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠʨʘʱʝ-

ʥʠʷ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʜʝʪʘʣʠʟʘʮʠʠ 

ʟʘʜʘʯʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʧʨʝʮʝʜʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʦʜʭʦʜʝ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 
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4. ʇʦʥʷʪʠʡʥʦ-ʦʙʨʘʟʥʘʷ ʧʦʜʜʝʨʞʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺ ʯʠʩʣʦ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʮʝʣʝʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘ-

ʥʠʷ ʚʭʦʜʠʪ ʜʦʩʪʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʦʥʠʤʘʥʠʷ, ʥʘʧʨʠʤʝʨ, (ʠʩʭʦʜʥʦʛʦ) 

ʪʝʢʩʪʘ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʠʣʠ ʦʯʝʨʝʜʥʦʛʦ ʝʸ ʧʨʠʨʘʱʝʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʪʘʢʦʡ ʮʝʣʠ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ (ʪʠʧʦʚʦʡ) ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʚʝʜʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʙʩʪʘʥʦʚʢʝ, ʩʭʝʤʘ 

ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.  
 

 
 

ʈʠʩ. 4. ʀʪʝʨʘʪʠʚʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʪʝʢʩʪʘ ʠ ʛʨʘʬʠʢʠ 

 

ɺ ʦʩʥʦʚʫ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʦʞʝʥʦ ʠʪʝʨʘʪʠʚʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʩʩʣʝʜʫʝ-

ʤʦʡ ʪʝʢʩʪʦʚʦʡ ʝʜʠʥʠʮʳ T, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʝʸ ʧʨʦʣʦʛʦʧʦʜʦʙʥʳʤ ʦʧʠʩʘʥʠ-

ʝʤ Pr(T), ʠ ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ T ʚ ʚʠʜʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ (ʛʨʘʬ-

ʩʭʝʤʳ), ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʢʦʜʫ Pr(T). ʉʦʛʣʘʩʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʠʥʪʝʨʬʝʡʩʥʳʭ ʬʦʨʤʘʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʯʝ-

ʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ, ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ WIQA. ɼʣʷ ʧʩʝʚʜʦ ʢʦʜʦ-

ʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʛʨʘʬʠʢʠ ʨʘʟʨʘʙʦʪʘʥʦ ʨʘʩʰʠʨʝʥʠʝ ʷʟʳʢʘ L
WIQA

. 

ʆʩʥʦʚʦʡ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩʣʫʞʠʪ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʪʝʢʩʪʦʤ ʠ ʛʨʘʬʠ-

ʢʦʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʧʝʨʝʥʦʩʫ ʣʶʙʳʭ çʧʦʟʠʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡè ʦʪ ʪʝʢʩʪʘ 

ʥʘ ʛʨʘʬʠʢʫ ʠ ʥʘʦʙʦʨʦʪ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʨʦʣʦʛʦʧʦʜʦʙʥʳʭ ʦʧʠʩʘʥʠʡ ʠʟ ʧʨʦʛʨʘʤʤʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʟʳʚʘʝʪʩʷ ʚʝʨʩʠʷ Swi-Prolog ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ ʇʨʦʣʦʛʘ 

[Swi-Prolog, 2016]. ɼʣʷ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʛʨʘʬʠʢʠ ʠ ʝʸ ʫʪʦʯʥʝʥʠʷ 
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ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʨʘʱʝʥʠʷ ʢ ʆʥʪʦʣʦʛʠʠ ʧʨʦʝʢʪʘ ʠ ɹʘʟʝ ʆʧʳʪʘ. ɿʘʚʝʨʰʝʥʠʝ 

ʠʪʝʨʘʪʠʚʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʝ ʪʝʢʩʪʘ ʊ ʠ ʝʛʦ ʛʨʘʬ-ʩʭʝʤʳ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ-

ʥʠʤʘʥʠʝ ʊ ʜʦʩʪʠʛʥʫʪʦ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʧʝʮʠʬʠʢʫ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʢʦʥʮʝʧʪʫʘʣʴʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥ-

ʪʠʨʦʚʘʥʠʶ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥ-

ʥʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʩʭʝʤʳ ʧʨʝʮʝʜʝʥʪʦʚ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʧʳʪʘ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ɸʉ. ʆʩʚʦʝʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʮʝʜʝʥʪʘ ʥʝ ʪʦʣʴʢʦ ʤʦʜʝʣʠʨʫʝʪ ʝʜʠʥʠʮʳ 

ʦʧʳʪʘ, ʥʦ ʠ ʦʙʩʣʫʞʠʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʠʭ ʧʦʩʪʨʦʝʥʠʶ ʚ ʬʦʨʤʘʭ ʢʦʥʮʝʧ-

ʪʫʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʶ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʜʨʫʛʠʤʠ ʧʦʣʝʟʥʳʤʠ ʮʝʣʷʤʠ. ʆʩʦʙʦ ʚʘʞʥʳʤ ʪʠʧʦʚʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʧʦʥʠʤʘʥʠʷ ʚʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʩ ʧʦʩʪʘʥʦʚʢʘʤʠ ʟʘʜʘʯ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʩʦʟʜʘʥ ʢʦʤʧʣʝʢʩ ʩʨʝʜʩʪʚ ʠʭ ʧʦʥʷʪʠʡʥʦ-ʦʙʨʘʟʥʦʡ ʧʦʜʜʝʨʞʢʠ. 
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ʆʅʊʆʃʆɻʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ  

ʉɽʊɽɺʓʍ ɺɿɸʀʄʆɼɽʁʉʊɺʀʁ ʆʈɻɸʅʀɿɸʎʀʁ  

ɺ ʀʅʌʆʈʄɸʎʀʆʅʅʆ-ʆɹʈɸɿʆɺɸʊɽʃʔʅʆʄ  

ʇʈʆʉʊʈɸʅʉʊɺɽ
1
 

ʖ.ʌ. ʊʝʣʴʥʦʚ (YTelnov@mesi.ru) 

ɺ.ɸ. ʂʘʟʘʢʦʚ (Kazakov.VA@rea.ru) 

ʈʕʋ ʠʤ. ɻ.ɺ. ʇʣʝʭʘʥʦʚʘ, ʄʦʩʢʚʘ 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʛʠʙʢʦʩʪʠ ʩʝʪʝʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʨʘ-

ʟʦʚʘʪʝʣʴʥʳʭ, ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʮʝʥʥʦʩʪʥʳʭ ʙʠʟ-

ʥʝʩ-ʤʦʜʝʣʝʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʥʘʠʚʳʩʰʠʭ ʢʦʤʧʝ-

ʪʝʥʮʠʡ ʠ ʩʧʦʩʦʙʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʦʥʪʦʣʦʛʠʠ 

ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ɸ. ʆʩʪʝʨʚʘʣʴʜʝʨʘ ʠ ʝʸ ʘʜʘʧʪʘʮʠʠ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʪʝʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʮʝʥʥʦʩʪ-

ʥʘʷ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ, ʢʦʤʧʝʪʝʥʮʠʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠ-

ʟʘʮʠʡ, ʦʥʪʦʣʦʛʠʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʫʧʨʘʚʣʝʥʠʝ ʟʥʘʥʠʷʤʠ 

ɺʚʝʜʝʥʠʝ 

ʉʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʩʦʚʤʝʩʪʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʠʥʪʝʨʥʝʪ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʦʚʠʪʩʷ ʨʝ-

ʘʣʴʥʦʩʪʴʶ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʘʭ ʵʢʦʥʦʤʠʢʠ. ʅʝ ʠʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ. ʊʘʢ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʟʘʢʦʥʝ çʆʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝ-

ʜʝʨʘʮʠʠè ʩʢʘʟʘʥʦ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʩʝʪʝʚʦʡ ʬʦʨʤʳ ʨʝʘʣʠʟʘ-

ʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ çʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʩʚʦʝʥʠʷ ʦʙʫʯʘʶʱʠʤʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝ-

ʩʫʨʩʦʚ ʥʝʩʢʦʣʴʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʦʩʪʨʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʠʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡè [ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ, 2016]. ʆʨʛʘʥʠ-

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 16-07-01062 ɸ). 
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ʟʘʮʠʷ ʩʦʚʤʝʩʪʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʥʝʩʢʦʣʴʢʠʤʠ ʚʫʟʘʤʠ, ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ ʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʪʝʚʦʡ 

ʬʦʨʤʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʷʟʘʥʥʦʩʪʝʡ ʤʝʞʜʫ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʦʨʷʜʢʘ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠ ʦʙʲʝʤʘ ʨʝʩʫʨʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʞʜʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ.  

ʍʘʨʘʢʪʝʨʥʳʤʠ ʯʝʨʪʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʝʚʳʭ ʬʦʨʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʨʛʘʥʠʟʘʮʠʡ ʩʪʘʥʦʚʷʪʩʷ: 

¶ ʢʦʣʣʝʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʪʨʫʜʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 
ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ; 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ, ʛʠʙʢʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʳʩʪʨʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʝʢʪʦʚ ʠ 

ʧʨʦʮʝʩʩʦʚ; 

¶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨ ʢʘʢ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʠ 
ʩʘʤʦʦʙʫʯʘʶʱʠʭʩʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʘʜʘʧʪʠʨʫʶʱʠʭ ʩʪʨʘʪʝʛʠʶ ʠ ʪʘʢʪʠ-

ʢʫ ʧʦʚʝʜʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʫʩʣʦʚʠʷʤʠ; 

¶ ʨʝʘʣʠʟʘʮʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʧʨʦʚʝʜʝ-

ʥʠʠ ʠʥʥʦʚʘʮʠʡ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʬʦʨʤ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʟʘ-

ʮʠʡ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ (ʀʆʇ) 

ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʀʂʊ ʦʟʥʘʯʘʝʪ [ɿʠʥʜʝʨ, 2015], [ʊʝʣʴʥʦʚ, 2014]: 

¶ ʠʥʪʝʛʨʘʮʠʶ ʨʘʟʥʦʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʥʘʥʠʡ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ 
ʥʘʫʯʥʳʭ ʩʝʨʚʠʩʦʚ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ; 

¶ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʟʥʘʥʠʡ ʚ ʀʆʇ ʥʘ ʦʩʥʦʚʝ ʩʝʨʚʠʩʥʦ-ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (çʟʥʘʥʠʷ ʢʘʢ ʩʝʨʚʠʩʳè);  

¶ ʢʦʤʧʦʟʠʮʠʶ ʩʝʨʚʠʩʦʚ ʠ ʦʙʲʝʢʪʦʚ ʟʥʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʷ-

ʤʠ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʭ ʧʨʦʛʨʘʤʤ; 

¶ ʤʥʦʛʦʘʛʝʥʪʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʨʠʤʝʥʝʥʠʷ ʩʝʨʚʠʩʦʚ ʚ ʀʆʇ ʜʣʷ ʢʦʣ-

ʣʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ. 

ʎʝʥʪʨʘʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʀʆʇ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʨʝ-

ʙʦʚʘʥʠʡ ʩʣʫʞʠʪ ʩʠʩʪʝʤʘ ʦʥʪʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʟʘʠʤʦʫʚʷʟʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʦʥʪʦʣʦʛʠʡ (ʨʠʩ. 1), ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ: 

¶ ʤʝʪʘʦʥʪʦʣʦʛʠʶ ʤʠʨʘ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʫʩʪʨʦʡʩʪʚʦ ʤʠʨʘ ʚ ʦʙʱʠʭ ʢʘ-

ʪʝʛʦʨʠʷʭ; 

¶ ʦʥʪʦʣʦʛʠʶ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʫʶ ʩ ʦʙʱʠʭ ʧʦʟʠʮʠʡ 

ʩʝʪʝʚʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠ ʩʦ-

ʛʣʘʩʦʚʘʥʥʦʝ ʨʘʟʚʠʪʠʝ ʚʩʝʭ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ: ʨʝʩʫʨʩʦʚ, ʧʨʦʮʝʩʩʦʚ, 

ʪʝʭʥʦʣʦʛʠʡ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ; 
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¶ ʦʥʪʦʣʦʛʠʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʫʶ ʩʧʝʮʠʬʠʢʫ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʝʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤ-

ʧʝʪʝʥʪʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ; 

¶ ʦʥʪʦʣʦʛʠʶ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʪʨʘʞʘʶʱʫʶ ʧʨʝʜʤʝʪ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ). 
 

 
 

ʈʠʩ. 1. ʉʠʩʪʝʤʘ ʦʥʪʦʣʦʛʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 
 

1. ʈʝʘʣʠʟʘʮʠʷ ʮʝʥʥʦʩʪʥʦʡ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʩʝʪʝʚʦʛʦ  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʦʥʪʦʣʦʛʠʠ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ 

ɹʫʜʝʤ ʧʨʝʜʩʪʘʚʣʷʪʴ ʤʝʪʘʦʥʪʦʣʦʛʠʶ ʤʠʨʘ ʢʘʢ ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʳ; ʩʫʙʲʝʢʪʦʚ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʭ ʦʢʨʫʞʘʶʱʫʶ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴ; ʮʝʣʝʡ ʠ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʝʢʪʦʚ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ʆʥʪʦʣʦʛʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ʥʘʩʣʝʜʫʝʤʘʷ ʦʪ ʤʝʪʘʦʥʪʦʣʦ-

ʛʠʠ ʤʠʨʘ ʤʦʜʝʣʴ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʢʘ ʦʥʪʦʣʦʛʠʠ, ʦʧʠ-

ʩr ʚʘʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʡ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [ʊʘʨʘʩʦʚ, 2015]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠ-

ʨʦʢʦ ʠʟʚʝʩʪʥʳ ʧʨʦʝʢʪʳ ʦʥʪʦʣʦʛʠʡ The Enterprise Ontology [Enterprise 

Project], TOronto Virtual Enterprise [TOVE], ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʷʟʳʢ ʦʨʛʘʥʠ-

ʟʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (UEML) [Unified Enterprise Modeling Language]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʥʪʦʣʦʛʠʡ ʦʨʛʘʥʠʟʘʮʠʡ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʝ 

ʦʪʨʘʞʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʟʥʝʩ-ʤʦʜʝʣʝʡ ʩ ʫʯʝʪʦʤ ʦʪʨʘʞʝʥʠʷ ʩʝʪʝʚʳʭ 

ʬʦʨʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʟʘʮʠʡ-ʫʯʘʩʪʥʠʢʦʚ ʩʦʚʤʝʩʪ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʣʠʥʝʡʥʳʝ ʠ ʩʪʘʙʠʣʴʥʳʝ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʩʦ-

ʟʜʘʥʠʷ ʮʝʧʦʯʝʢ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ ʧʦ ʄ. ʇʦʨʪʝʨʫ ʟʘʤʝʥʷʶʪʩʷ ʥʘ 
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ʩʝʪʝʚʳʝ ʮʝʥʥʦʩʪʥʳʝ ʤʦʜʝʣʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʢʦʦʧʝʨʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʡ 

[ʂʫʜʨʷʚʮʝʚ, 2014], [ʇʘʰʢʦʚ, 2015], ʚ ʢʦʪʦʨʳʭ ʢʦʥʢʨʝʪʥʳʝ ʮʝʧʦʯʢʠ ʚʟʘʠ-

ʤʦʩʚʷʟʘʥʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʠʜʝʠ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠʣʠ ʫʩʣʫʛʠ. ɼʣʷ ʨʝʘʣʠʟʘ-

ʮʠʠ ʛʠʙʢʦʡ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʢʨʘʱʝʥʠʝ ʨʘʟʨʳʚʘ 

ʤʝʞʜʫ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʠ ʦʧʝʨʘʪʠʚʥʳʤ ʫʨʦʚʥʷʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʢʦʛʜʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʪ ʟʘʨʦʞʜʝʥʠʷ ʟʘʤʳʩʣʘ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʜʦ 

ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʟʘʥʠʤʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ. ʉʝʪʝʚʳʝ 

ʬʦʨʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʤʝʥʷʶʪ ʢʘʩʢʘʜʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʦʟʜʘʥʠʷ ʠ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʅʘ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʠʤʝ-

ʥʝʥʠʝ ʠʪʝʨʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ ʠ ʠʥ-

ʪʝʥʩʠʚʥʳʡ ʦʙʤʝʥ ʟʥʘʥʠʷʤʠ ʩʦ ʚʩʝʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ. ʅʘ 

ʩʪʘʜʠʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʘ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʦʨʛʘʥʠʟʘʮʠʠ ʜʠʥʘʤʠʯʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʫʯʘʩʪʥʠʢʦʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʩʝʪʝʚʦʡ ʮʝʥʥʦʩʪʥʦʡ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʪʨʝʙʫ-

ʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʥʘʥʠʡ ʦ ʧʣʘʥʠʨʫʝ-

ʤʳʭ ʙʠʟʥʝʩ-ʧʨʦʝʢʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʦʚʳʭ 

ʮʝʥʥʦʩʪʝʡ (ʧʨʦʜʫʢʪʦʚ ʠʣʠ ʫʩʣʫʛ). ɹʠʟʥʝʩ-ʤʦʜʝʣʴ ʪʘʢʞʝ ʜʦʣʞʥʘ ʦʪʨʘʞʘʪʴ ʟʥʘ-

ʥʠʷ ʦ ʩʚʦʠʭ ʩʧʦʩʦʙʥʦʩʪʷʭ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʝʪʝʚʳʭ ʧʨʦʝʢʪʦʚ (ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʧʦʪʝʥʮʠʘʣʘ ʚ ʚʠʜʝ çʥʦʫ-ʭʘʫè, ʦʪʨʘʞʝʥʠʠ ʢʘʯʝʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴ-

ʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ) ʠ ʧʦʪʨʝʙʥʦʩʪʷʭ ʚ ʥʝʜʦʩʪʘʶʱʠʭ ʨʝʩʫʨʩʘʭ.  

ʅʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʝʪʝʚʦʡ ʮʝʥʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʪʦʯʥʘʷ ʩʧʝ-

ʮʠʬʠʢʘʮʠʷ ʧʨʝʜʣʦʞʝʥʠʷ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʦʧʠʩʘʥʠʝ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʦʤʧʘʥʠʠ ʚ ʨʝʩʫʨʩʘʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʦʪʝʥ-

ʮʠʘʣʘ ʩʦʟʜʘʥʠʷ ʮʝʥʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʪʝʚʘʷ ʮʝʥʥʦʩʪʥʘʷ ʤʦʜʝʣʴ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʠʚʷʟʢʫ ʟʥʘʥʠʡ ʦ ʨʝʩʫʨʩʘʭ ʠ ʧʨʦʜʫʢʪʘʭ ʥʝ ʢ ʦʙʦʙʱʝʥʥʳʤ 

ʧʨʦʮʝʩʩʘʤ, ʘ ʢ ʢʦʥʢʨʝʪʥʳʤ ʙʠʟʥʝʩ-ʧʨʦʝʢʪʘʤ (ʧʨʝʜʣʦʞʝʥʠʷʤ), ʦʨʠʝʥʪʠʨʫ-

ʷʩʴ ʥʘ ʚʳʙʦʨ ʥʘʠʣʫʯʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʤʦʜʝʣʴʶ 

ʧʘʨʪʥʝʨʳ ʧʦ ʙʠʟʥʝʩʫ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʝʨʚʠʩʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʩʤʦʛʫʪ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ 

ʥʘʭʦʜʠʪʴ ʜʨʫʛ ʜʨʫʛʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʦʟʜʘʥʠʷ ʮʝʧʦʯʝʢ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʟʥʘʥʠʷʤʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʳʚʦʜʠʤʦʡ ʜʣʷ ʦʪʢʨʳʪʦʛʦ ʜʦʩʪʫʧʘ ʚ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ ɸ. ʆʩʪʝʨʚʘʣʴʜʝʨʘ 

[Osterwalder, 2004], ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʚʦʝʦʙʨʘʟʥʳʡ ʭʦʣʩʪ (canvas) ʜʣʷ 

ʦʪʨʘʞʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʥʘʥʠʡ ʦ ʢʦʤʧʦʥʝʥʪʘʭ (ʙʣʦʢʘʭ) 

ʤʦʜʝʣʠ (ʪʘʙʣ. 1).  
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ʊʘʙʣ. 1. 

ʂʣʶʯʝʚʳʝ 

ʧʘʨʪʥʝʨʳ 

ʂʣʶʯʝʚʳʝ 

ʘʢʪʠʚʥʦʩʪʠ 

ʇʨʝʜʣʦʞʝʥʠʷ 

ʮʝʥʥʦʩʪʠ 

ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ 

ʩ ʢʣʠʝʥʪʘʤʠ 

ʂʣʠʝʥʪʳ 

ʂʣʶʯʝʚʳʝ 

ʨʝʩʫʨʩʳ 

ʂʘʥʘʣʳ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ 

ʉʪʨʫʢʪʫʨʘ ʟʘʪʨʘʪ ʇʦʪʦʢʠ ʜʦʭʦʜʦʚ 

 

ʎʝʥʪʨʘʣʴʥʳʡ ʘʩʧʝʢʪ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʩʚʷʟʘʥ ʩ ʮʝʥʥʦʩʪʥʳʤ ʧʨʝʜʣʦʞʝʥʠ-

ʝʤ, ʧʦʜ ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʝʪʩʷ ʥʘʙʦʨ ʨʝʘʣʴʥʦ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʧʫʩʢʘʝ-

ʤʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ (ʚ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ ʚʠʜʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ). ʎʝʥʥʦʩʪʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʤʧʝ-

ʪʝʥʮʠʶ (ʩʧʦʩʦʙʥʦʩʪʴ) ʧʨʝʜʧʨʠʷʪʠʷ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʚ ʠʥʪʝʨʝʩʘʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʙʣʦʢʠ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʪʘʢ 

ʠʣʠ ʠʥʘʯʝ ʧʨʠʚʷʟʳʚʘʶʪʩʷ ʢ ʧʨʝʜʣʦʞʝʥʠʷʤ (ʢʦʤʧʝʪʝʥʮʠʷʤ). ʊʦʛʜʘ ʧʦʪʨʝ-

ʙʠʪʝʣʴ ʠʣʠ ʧʦʩʪʘʚʱʠʢ, ʚʳʙʨʘʚ ʪʦ ʠʣʠ ʠʥʦʝ ʮʝʥʥʦʩʪʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ, ʧʦ-

ʣʫʯʘʝʪ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ ʟʥʘʥʠʡ ʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʨʦʝʢʪʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʢʦʦʧʝʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʩʝʨʚʠʩʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ (ʉʆɸ) ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʡ ʩʨʝʜʝ ʦʙʣʘʯ-

ʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʚʠʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

(ʉʆɸ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʜʧʨʠʷʪʠʷʤ ʠʭ ʙʳʩʪʨʫʶ ʘʜʘʧʪʘʮʠʶ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʫʩʣʦʚʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ ʨʳʥʢʘ ʠ ʥʘʩʪʨʦʡʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʥʘ ʠʟʤʝʥʷʝʤʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʨʳʥʢʘ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʠ ʧʨʝʜ-

ʧʨʠʷʪʠʷ (ʨʠʩ. 2), ʢʦʪʦʨʘʷ ʫʢʨʫʧʥʝʥʥʦ ʚʢʣʶʯʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ: 

¶ ʢʦʤʧʝʪʝʥʮʠʡ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ;  

¶ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ, ʦʪʨʘʞʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠ-

ʷʪʠʷ; 

¶ ʨʝʩʫʨʩʦʚ, ʩʝʨʚʠʩʦʚ ʠ ʠʩʧʦʣʥʠʪʝʣʝʡ (ʧʦʩʪʘʚʱʠʢʦʚ), ʦʧʨʝʜʝʣʷʶʱʠʭ 
ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʧʦʣʥʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ; 

¶ ʢʣʠʝʥʪʦʚ ʠ ʢʘʥʘʣʳ ʧʨʦʜʘʞ ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ; 

¶ ʟʘʪʨʘʪ ʠ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʚʣʠʷʶʱʝʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʧʦʪʦʢʘ ʜʦʭʦʜʦʚ. 
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ʈʠʩ. 2. ʆʥʪʦʣʦʛʠʷ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ï ʙʠʟʥʝʩ ʤʦʜʝʣʴ  

ʩʝʪʝʚʦʛʦ ʮʝʥʥʦʩʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

 

2. ʈʝʘʣʠʟʘʮʠʷ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʝʙʥʳʭ  

ʟʘʚʝʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʉʦʚʨʝʤʝʥʥʳʝ ʬʦʨʤʳ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ 

ʧʨʝʜʲʷʚʣʷʶʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʪʝʛʨʘʮʠʠ ʠ ʜʠʥʘʤʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʩʝʨʚʠʩʦʚ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ [ʊʝʣʴʥʦʚ ʠ ʜʨ., 2015]. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʦʥʪʦʣʦʛʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʝʤ ʥʘʩʣʝ-

ʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʠ ʧʦʚʝʜʝʥʠʷ ʩʫʱʥʦʩʪʝʡ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʦʥʪʦ-

ʣʦʛʠʠ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʧʨʠʷʪʠʡ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ʆʥʪʦʣʦʛʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

ɺ ʢʘʯʝʩʪʚʝ ʇʈʆɼʋʂʊɸ/ʋʉʃʋɻʀ ʚ ʀʆʇ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʆɹʈɸɿʆ-

ɺɸʊɽʃʔʅʓɽ ʇʈʆɻʈɸʄʄʓ, ʋʏɽɹʅʓɽ ʇʈʆɻʈɸʄʄʓ ɼʀʉʎʀʇʃʀʅ, 

ʋʏɽɹʅʆ-ʄɽʊʆɼʀʏɽʉʂʀɽ ʂʆʄʇʃɽʂʉʓ, ʃɸɹʆʈɸʊʆʈʅʓɽ ʇʈɸʂ-

ʊʀʂʋʄʓ ʠ ʜʨ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʜʫʢʪʘʤ ʦʬʦʨʤʣʷʶʪʩʷ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʦʙʱʝʢʫʣʴʪʫʨʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʂʆʄʇɽʊɽʅʎʀʁ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʨʦʚʥʝʤ ʠʭ ʦʩʚʦʝʥʠʷ. 
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ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʂʆʄʇɽʊɽʅʎʀʁ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʥʘʙʦʨʦʤ ʘʪʨʠʙʫʪʦʚ: ʪʠʧ ʢʦʤʧʝʪʝʥʮʠʠ (ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʢʦʤʧʝʪʝʥʮʠʷ, 

ʦʙʱʝʢʫʣʴʪʫʨʥʘʷ ʢʦʤʧʝʪʝʥʮʠʷ ʠ ʪ.ʜ.), ʫʨʦʚʝʥʴ ʦʩʚʦʝʥʠʷ ʢʦʤʧʝʪʝʥʮʠʠ ʧʦ 

ɹʣʫʤʫ (ʦʪ 1 ʜʦ 5), ʥʘʟʚʘʥʠʝ ʠ ʦʧʠʩʘʥʠʝ (ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʫʨʦʚʥʷ 

ʢʦʤʧʝʪʝʥʮʠʠ). ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʢʘʞʜʦʡ ʂʆʄʇɽʊɽʅʎʀʀ ʫʢʘʟʳʚʘʝʪʩʷ 

ʩʚʷʟʴ ʩ ʇʈɽɼʄɽʊʅʆʁ ʆɹʃɸʉʊʔʖ ʠ ʕʃɽʄɽʅʊɸʄʀ ʂʆʄʇɽʊɽʅ-

ʎʀʀ: ɿʅɸʅʀʗʄʀ, ʋʄɽʅʀʗʄʀ, ɺʃɸɼɽʅʀʗʄʀ. 

ʕʃɽʄɽʅʊʓ ʂʆʄʇɽʊɽʅʎʀʀ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ ʜʠʜʘʢʪʠʯʝ-

ʩʢʠʭ ʝʜʠʥʠʮ, ʦʪʨʘʞʘʶʱʠʭ ʦʩʥʦʚʥʳʝ ʟʥʘʥʠʷ, ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʧʦʣʫʯʠʪʴ ʦʙʫʯʘʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʚʦʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʳ (ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ). ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʩʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ çʧʝʨʝʜʘʚʘʝʤʦʛʦè ʟʥʘʥʠʷ: ʜʝ-

ʢʣʘʨʘʪʠʚʥʦʛʦ (ʟʥʘʥʠʷ ʦ ʬʘʢʪʘʭ, ʷʚʣʝʥʠʷʭ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ) ʠʣʠ ʧʨʦʮʝ-

ʜʫʨʘʣʴʥʦʛʦ (ʟʥʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʫʤʝʥʠʝ ʨʝʰʘʪʴ ʟʘʜʘʯʠ) [ʃʘ-

ʨʠʯʝʚ ʠ ʜʨ., 1999], ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʥʮʠʧʳ ʠ ʢʦʥʮʝʧʮʠʠ ʧʦʩʪʨʦʝ-

ʥʠʷ ʦʙʫʯʘʶʱʠʭ ʩʠʩʪʝʤ ʠ ʧʝʨʝʜʘʯʠ ʟʥʘʥʠʡ [ʃʘʨʠʯʝʚ, 2002].  

ʆʩʥʦʚʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ ʕʃɽʄɽʅʊʆɺ ʂʆʄʇɽʊɽʅʎʀʁ ʷʚʣʷʶʪʩʷ: 

ʢʣʘʩʩ ʵʣʝʤʝʥʪʘ ʢʦʤʧʝʪʝʥʮʠʷ (ʟʥʘʥʠʷ, ʫʤʝʥʠʷ, ʚʣʘʜʝʥʠʷ), ʥʘʟʚʘʥʠʝ ʠ ʦʧʠ-

ʩʘʥʠʝ. ʂʘʞʜʳʡ ʕʃɽʄɽʅʊ ʂʆʄʇɽʊɽʅʎʀʁ ʩʚʷʟʘʥ ʩ ʇʆʅʗʊʀʗʄʀ 

ʇʈɽɼʄɽʊʅʆʁ ʆɹʃɸʉʊʀ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʥʘʙʦʨ ʆɹʒɽʂʊʆɺ, ʉʋɹʒ-

ɽʂʊʆɺ ʠ ɼɽʁʉʊɺʀʁ ʚ ʨʘʤʢʘʭ ʟʘʜʘʥʥʦʡ ʇʈɽɼʄɽʊʅʆʁ ʆɹʃɸʉʊʀ.  

ʕʃɽʄɽʅʊʓ ʂʆʄʇɽʊɽʅʎʀʁ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʚʠʜʝ ʋʏɽɹʅʓʍ ʆɹʒ-

ɽʂʊʆɺ, ʠʟ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʢʦʥʝʯʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʇʈʆɼʋʂʊʓ. 

ʋʏɽɹʅʓɽ ʆɹʒɽʂʊʓ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʈɽʉʋʈʉʆɺ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʇʈʆʎɽʉʉɸʍ. ʉʦʩʪʘʚ ʘʪʨʠʙʫʪʦʚ ʋʏɽɹʅʓʍ ʆɹʒɽʂʊʆɺ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: ʢʣʘʩʩ (ʪʝʩʪ, ʫʯʝʙʥʠʢ, ʚʠʜʝʦ ʠ ʪ.ʜ.), ʥʘʟʚʘʥʠʝ ʠ ʦʧʠʩʘ-

ʥʠʝ, ɸʚʪʦʨ, ʧʝʨʝʯʝʥʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʥʷʪʠʡ ʇʨʆ, ʧʝʨʝʯʝʥʴ ʧʦʜʜʝʨʞʠ-

ʚʘʝʤʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʨʝʛʣʘʤʝʥʪʦʚ, ʚʨʝʤʷ ʜʦʩʪʫʧʥʦʩʪʠ, ʜʘʪʘ ʩʦʟʜʘʥʠʷ, 

ʷʟʳʢ, ʮʝʣʴ ʠʟʫʯʝʥʠʷ, ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ, URL-ʩʩʳʣʢʘ ʥʘ ʨʝʘʣʠʟʘ-

ʮʠʶ, ʜʣʠʪʝʣʴʥʦʩʪʴ (ʪʨʫʜʦʝʤʢʦʩʪʴ) ʠʟʫʯʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʋʏɽɹʅʓʍ ʆɹʒɽʂʊʆɺ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʤ ʧʨʦʮʝʩʩʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʚʘʣʠʬʠʢʘʮʠʝʡ ɸɺʊʆʈʆɺ ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʇʈɽʇʆɼɸɺɸʊɽʃɽʁ (ʊʔʖʊʆʈʆɺ). ʉʦʩʪʘʚ ʘʪʨʠʙʫʪʦʚ ʩʦʪʨʫʜʥʠʢʦʚ ʦʙʨʘ-

ʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: ʠʤʷ ʘʚʪʦʨʘ/ʧʨʝʧʦʜʘʚʘʪʝʣʷ, 

ʦʨʛʘʥʠʟʘʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʝʪ ʪʴʶʪʦʨ, ʧʝʨʝʯʝʥʴ ʧʦʥʷʪʠʡ ʇʨʆ, ʢʦʪʦʨʳʝ 

ʦʧʠʩʳʚʘʶʪ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʪʴʶʪʦʨʘ, ʫʨʦʚʝʥʴ ʢʦʤʧʝʪʝʥʮʠʡ ʪʴʶʪʦʨʘ, ʧʝʨʝ-

ʯʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ/ʠʩʧʦʣʴʟʫʝʤʳʭ ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʆɹʋʏɸʖʑʀʍʉʗ (ʉʊʋɼɽʅʊʆɺ) ʟʘʜʘʝʪʩʷ ʢʘʪʝʛʦʨʠ-

ʷʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ (ʫʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ, ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ, 

ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ/ʵʣʝʢʪʠʚʥʦʩʪʴ ʠ ʜʨ.). 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʥʥʦʩʪʥʦʡ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥ-

ʢʨʝʪʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʜʫʢʪʦʚ/ʫʩʣʫʛ ʦʙʫʯʘʶʱʠʤʠʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʨʦʚʥʝʤ ʬʦʨʤʠʨʫʝʤʳʭ 

ʢʦʤʧʝʪʝʥʮʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʪʠʧʦʚʦʡ ʩʮʝʥʘʨʠʡ ʛʝʥʝʨʘʮʠʠ ʮʝʧʦʯʢʠ ʘʢʪʠʚʥʦ-

ʩʪʝʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʥʢʨʝʪʥʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʩʫʙʲʝʢʪʦʚ ʦʙʫʯʝʥʠʷ (ʧʘʨʪʥʝʨʦʚ ʧʦ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʡ ʩʝʪʠ ʠʣʠ ʯʘʩʪʥʳʭ ʣʠʮ): 

1. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʪʦʙʨʘʪʴ ʢʦʤʧʝʪʝʥʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʢʨʝʪʥʦʡ 
ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʟʘʧʨʦʩ, ʚʦʟʚʨʘʱʘʶʱʠʡ 

ʥʘʠʤʝʥʦʚʘʥʠʷ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʠʭ ʢʘʪʝʛʦʨʠʠ. 

2. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʥʥʳʭ ʫʨʦʚʥʝʡ ʠ ʠʭ 
ʦʧʠʩʘʥʠʡ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

ʟʘʧʨʦʩ, ʚʦʟʚʨʘʱʘʶʱʠʡ ʫʨʦʚʥʠ ʢʦʤʧʝʪʝʥʮʠʠ ʠ ʠʭ ʦʧʠʩʘʥʠʝ. 

3. ʋʨʦʚʝʥʴ ʢʦʤʧʝʪʝʥʮʠʡ, ʚʳʙʨʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʦʧʨʝʜʝʣʷʝʪ ʜʠʜʘʢ-

ʪʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ ï ʵʣʝʤʝʥʪʳ ʢʦʤʧʝʪʝʥʮʠʡ (ʟʥʘʪʴ, ʫʤʝʪʴ, ʚʣʘʜʝʪʴ), ʢʦʪʦ-

ʨʳʝ ʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʩʚʦʠʪʴ. ʉʧʠʩʦʢ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʝʪʝʥʮʠʡ ʬʦʨʤʠʨʫʝʪʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʟʘʧʨʦʩʘ ʠ ʩʦʜʝʨʞʠʪ ʥʘʟʚʘʥʠʷ ʵʣʝʤʝʥ-

ʪʦʚ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʠ ʪʠʧʳ ʵʣʝʤʝʥʪʦʚ. 

4. ɺʳʙʦʨʢʘ ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʳʷʚʣʝʥʥʳʤ ʜʠʜʘʢ-

ʪʠʯʝʩʢʠʤ ʝʜʠʥʠʮʘʤ ʠ ʩʦʩʪʘʚʣʷʶʱʠʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʨʝʘʣʠ-

ʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʟʘʧʨʦʩʘ ʢ ʩʚʷʟʘʥʥʳʤ ʢʘʪʝʛʦʨʠʷʤ ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʯʝʙʥʳʝ ʦʙʲʝʢʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʩʝʩʪʦʨʦʥʥʝʝ 

ʠʟʫʯʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʧʦʥʷʪʠʡ (ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ, ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʡ, ʪʘʢ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪʳ), ʘ ʪʘʢʞʝ ʩʝʨʚʠʩʳ ʢʦʥʪʨʦʣʷ ʠ ʩʚʷʟʘʥʥʳʝ ʢʦʤʤʫʥʠ-

ʢʘʮʠʦʥʥʳʝ ʩʝʨʚʠʩʳ, ʢʦʪʦʨʳʝ ʧʦ ʘʪʨʠʙʫʪʘʤ ʩʩʳʣʦʢ ʥʘ ʨʝʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʟʥʘʥʠʡ ʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ ʪʨʝʙʫʝʤʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʫʯʝʥʠʷ. ɿʘʧʨʦ-

ʩʳ ʩʦʩʪʘʚʣʷʶʪʩʷ ʥʘ ʷʟʳʢʝ SPARQL [SPARQL Query Language for RDF]. 

ɼʘʥʥʫʶ ʮʝʧʦʯʢʫ ʟʘʧʨʦʩʦʚ ʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʴ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʢ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʢʘʢ 

ʚʥʫʪʨʠ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ, ʪʘʢ ʠ ʚ ʜʨʫʛʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ, ʫʯʘʩʪʚʫ-

ʶʱʠʭ ʚ ʩʝʪʝʚʦʡ ʬʦʨʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʝʥʝʨʠʨʦ-

ʚʘʪʴ ʛʠʙʢʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʩʝʪʝʚʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.   

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʚ ʜʦʢʣʘʜʝ ʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʮʝʥʥʦʩʪʥʦʡ ʙʠʟʥʝʩ-

ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʛʠʙʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘ-

ʥʠʟʘʮʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʫʶ ʘʜʘʧʪʘʮʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʢ ʠʟʤʝʥʷʶ-

ʱʠʤʩʷ ʧʦʪʨʝʙʥʦʩʪʷʤ ʨʳʥʢʘ. ʈʝʘʣʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʩʣʝʜʫʝʤʦʡ ʦʥʪʦʣʦʛʠʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʜʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ. 
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ʀ.ɻ. ʌʸʜʦʨʦʚ (Igor.Fiodorov@mail.ru)  

ʈʕʋ ʠʤ. ɻ.ɺ. ʇʣʝʭʘʥʦʚʘ, ʄʦʩʢʚʘ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʷʟʳʢʦʚ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʪʦʙʨʘʞʝʥʠʷ 

ʤʥʦʞʝʩʪʚʘ ʟʥʘʢʦʚ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʤʥʦʞʝʩʪʚʦ ʢʦʥʮʝʧʪʦʚ ʦʥ-

ʪʦʣʦʛʠʠ ɹʫʥʛʝïɺʘʥʜʘïɺʝʙʝʨʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʤʥʦʞʝʩʪʚ, ʥʦ ʪʘʢʞʝ ʠʭ ʩʪʨʫʢʪʫʨʥʫʶ ʵʢʚʠ-

ʚʘʣʝʥʪʥʦʩʪʴ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʩʝʤʘʥʪʠʢʘ, 

ʦʥʪʦʣʦʛʠʷ ɹʫʥʛʝïɺʘʥʜʘïɺʝʙʝʨʘ 

ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʷʟʳʢʠ ʠ ʥʦʪʘʮʠʠ: UML [Opdahl A., 2002], BPMN [Recker, 2005], EPC 

[Green, 2000], ebXML [Green, 2005], BPEL [Green, 2007], Petri Nets 

[Rosemann, 2009], ʧʦʵʪʦʤʫ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʧʨʦʚʝʜʝʥʠʠ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʩ ʮʝʣʴʶ ʚʳʷʩʥʠʪʴ, ʢʘʢʦʡ ʠʟ ʥʠʭ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʨʝʰʝʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [ʌʸʜʦʨʦʚ, 2011]. ʗ. ɺʘʥʜ ʠ 

ʈ. ɺʝʙʝʨ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʦʮʝ-

ʥʠʪʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʠʤʠ ʦʥʪʦʣʦʛʠʠ, ʧʦ-

ʣʫʯʠʚʰʝʡ ʥʘʟʚʘʥʠʝ ɹʫʥʛʝïɺʘʥʜʘïɺʝʙʝʨʘ (BWW) [Wand, 2002]. ʈʘʩʩʤʦʪ-

ʨʠʤ ʪʨʝʫʛʦʣʴʥʠʢ ɻ. ʌʨʝʛʝ (ʨʠʩ. 1), ʢʦʪʦʨʳʡ ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʠʥʮʠʧ ʚʦʩ-

ʧʨʠʷʪʠʷ ʘʥʘʣʠʪʠʢʦʤ ʦʢʨʫʞʘʶʱʝʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʩʚʷʟʳʚʘʝʪ ʦʙʲʝʢʪ ʨʝʘʣʴ-

ʥʦʛʦ ʤʠʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʥʘʢ ʷʟʳʢʘ ʠ ʢʦʥʮʝʧʪ, ʘʙʩʪʨʘʛʠʨʫʶʱʠʡ ʩʚ̫-

ʟʘʥʥʦʝ ʩʦ ʟʥʘʢʦʤ ʧʦʥʷʪʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʢ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʟʥʘʯʘʝʪ ʩʫʱʥʦʩʪʴ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥ ʩʧʦʩʦʙʝʥ ʚʳʨʘ-

                                                           
1
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, ʚ ʨʘʤʢʘʭ ʙʘ-

ʟʦʚʦʡ ʯʘʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 2014/122 ʰʠʬʨ 2966. 
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ʟʠʪʴ ʢʦʥʮʝʧʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʘʙʩʪʨʘʛʠʨʫʝʪ ʥʝʢʫʶ ʩʫʱʥʦʩʪʴ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ [Ullmann, 1972]. ɺʘʥʜ 

ʠ ɺʝʙʝʨ ʠʩʩʣʝʜʫʶʪ ʦʪʦʙʨʘʞʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʟʥʘʢʦʚ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʘ ʤʥʦʞʝʩʪʚʦ ʢʦʥʮʝʧʪʦʚ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʜʦʤʝʥʘ. ʆʥʠ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶ-

ʱʠʝ ʚʘʨʠʘʥʪʳ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʤʥʦʞʝʩʪʚʘʤʠ ʟʥʘʢʦʚ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʠ ʢʦʥʮʝʧʪʦʚ ʦʥʪʦʣʦʛʠʠ: (ʘ) ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ï ʢʘʞʜʦʤʫ ʟʥʘʢʫ ʷʟʳʢʘ 

ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʨʦʚʥʦ ʦʜʠʥ ʢʦʥʮʝʧʪ; (ʙ) ʜʝʬʠʮʠʪ ʚʳʨʘʟʠʪʝʣʴʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ï ʦʪʜʝʣʴʥʳʝ ʢʦʥʮʝʧʪʳ ʥʝ ʠʤʝʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʤ ʟʥʘʢʘ 

ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; (ʛ) ʠʟʙʳʪʦʯʥʦʩʪʴ ï ʢʦʥʮʝʧʪ ʦʥʪʦʣʦʛʠʠ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʦʪʦʙʨʘʞʥy ʥʠ ʚ ʦʜʠʥ ʟʥʘʢ ʥʦʪʘʮʠʠ; (ʜ) ʥʝʨʘʟʣʠʯʠʤʦʩʪʴ (ʦʤʦʥʠʤʠʷ) 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʢʦʚ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʦʜʠʥ ʢʦʥʮʝʧʪ ʤʦʞʝʪ 

ʙʳʪʴ ʦʪʦʙʨʘʞʥy ʩʨʘʟʫ ʚ ʥʝʩʢʦʣʴʢʦ ʟʥʘʢʦʚ ʥʦʪʘʮʠʠ; (ʝ) ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ 

(ʩʠʥʦʥʠʤʠʷ) ï ʦʜʥʦʤʫ ʟʥʘʢʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʢʦʥʮʝʧʪʦʚ. ʆʥʠ 

ʩʯʠʪʘʶʪ çʭʦʨʦʰʠʤè ʷʟʳʢ, ʢʦʪʦʨʳʡ ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʦ ʦʪʦʙʨʘʞʘʝʪ ʚʩʝ 

ʢʦʥʮʝʧʪʳ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʜʦʤʝʥʘ [Wand, 1999]. 
 

 
 

ʈʠʩ. 1. ʊʨʝʫʛʦʣʴʥʠʢ ʌʨʝʛʝ  

ʆʜʥʘʢʦ ʧʦʜʭʦʜ ɺʘʥʜʘ ʠ ɺʝʙʝʨʘ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

ɺʦ-ʧʝʨʚʳʭ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʠʤʠ ʦʥʪʦʣʦʛʠʷ ʪʨʝʙʫʝʪ ʘʜʘʧʪʘʮʠʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʚʳʜʚʠʛʘʝʤʦʝ ʠʤʠ ʪʨʝʙʦʚʘʥʠʝ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʩʪʠ ʦʪʦʙʨʘʞʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʟʥʘʢʦʚ ʷʟʳʢʘ ʥʘ ʤʥʦʞʝʩʪʚʦ ʢʦʥʮʝʧʪʦʚ ʷʚ-

ʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʩʪʨʦʛʠʤ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʠ ʦʜʠʥ 

ʷʟʳʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʵʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʫʪʦʯʥʝʥʠʝ ʥʘʙʦʨʘ ʢʦʥʮʝʧʪʦʚ ʦʥʪʦʣʦʛʠʠ ɹʫʥʛʝïɺʘʥʜʘïɺʝʙʝʨʘ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʝʤʘʥʪʠʢʫ ʷʟʳʢʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, 

ʘ ʪʘʢʞʝ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʪʠʭ ʷʟʳʢʦʚ. 

1. ʈʘʩʰʠʨʝʥʥʘʷ ʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ BWW 

ʇʨʝʜʣʦʞʝʥʥʘʷ ɺʘʥʜʦʤ ʠ ɺʝʙʝʨʦʤ ʤʦʜʝʣʴ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʦʥʪʦʣʦʛʠʠ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʬʠʣʦʩʦʬʦʤ ʤʘʪʝʨʠʘʣʠʩʪʦʤ ʄ. ɹʫʥʛʝ [Bunge, 1977]. ʆʢʨʫ-

ʞʘʶʱʠʡ ʥʘʩ ʤʠʨ ʦʙʨʘʟʦʚʘʥ ʚʝʱʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʥʷʪʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ çʦʪ-

ʋʥʠʚʝʨʩʫʤ ʜʠʩʢʫʨʘ

ʉʝʤʘʥʪʠʯʝʩʢʠʡ ʜʦʤʝʥ
ɸʣʬʘʚʠʪ

ɿʥʘʢ ʂʦʥʮʝʧʪɺrʨʘʞʘʝʪ

ʆʙ̡ʝʢʪ

ʆʟʥʘʯʘʝʪ ɸʙʩʪʨʘʛʠʨʫʝʪ

ɺʝɦ /ɹ ʧʨʝʜʤʝʪ/ 

ʚ̫ʣʝʥʠʝ/ʨʝʬʝʨʝʥʪ/ 

ʜʝʥʦʪʘʥʪ

ʀʤ̫ /

ʦʟʥʘʯʘʁ ʝɦʝ

/ ʢɻʩʧʦʥʝʥʪ

ʇʦʥ̫ʪʠʝ/ʦʙʨʘʟ/

ʜʝʩʠʛʥʘʥʪ
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ʜʝʣʴʥʳʡ ʦʙʲʝʢʪ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʠʨʘ, ʦʙʣʘʜʘʶʱʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʝʟʘʚʠ-

ʩʠʤʦʩʪʴʶ, ʦʙʲʝʢʪʠʚʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷè [ʋʝʤʦʚ, 

1963], ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʤʳ ʙʫʜʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʨʤʠʥʦʤ ʦʙʲʝʢʪ. ʆʙʲʝʢʪ 

ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʝʛʦ ʘʪʨʠʙʫʪʘʤʠ, ʪʘʢ ʯʪʦ ʩʚʦʡʩʪʚʦ 

ʥʝ ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʡʩʪʚ. ʉʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʝʛʦ ʘʪʨʠʙʫʪʦʚ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʇʨʠ 

ʵʪʦʤ, ʥʝ ʚʩʝ ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʜʦʧʫʩʪʠʤʳʝ ʠ ʥʝ ʚʩʝ ʧʝʨʝʭʦ-

ʜ  rʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʩʯʠʪʘʶʪʩʷ ʨʘʟʨʝʰʸʥʥʳʤʠ [Soffer, 2005]. ʀʟʤʝʥʝ-

ʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʥʘʟʳʚʘʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ, ʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʩʝʛʜʘ ʧʦ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʘʢʦʥʫ, ʥʘʟʳʚʘʝʤʦʤʫ ʧʨʘʚʠʣʦʤ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ. ʊʨʘʥʩʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʨʘʙʦʪʫ ʠʟʤʝʥʷʶ-

ʱʫʶ ʦʙʲʝʢʪ ʠʣʠ ʢʘʢ ʦʧʝʨʘʮʠʶ, ʚʳʧʦʣʥʷʝʤʫʶ ʥʘʜ ʦʙʲʝʢʪʦʤ. ʆʙʨʘʪʠʤ 

ʚʥʠʤʘʥʠʝ, ɹʫʥʛʝ ʨʘʟʣʠʯʘʝʪ ʚʥʫʪʨʝʥʥʠʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ, ʧʨʠʩʫʱʠʝ ʝʤʫ ʠ 

ʦʪʣʠʯʘʶʱʠʝ ʦʜʠʥ ʵʢʟʝʤʧʣʷʨ ʦʙʲʝʢʪʘ ʦʪ ʜʨʫʛʦʛʦ, ʥʘʧʨʠʤʝʨ, ʮʚʝʪ ʠʣʠ 

ʬʦʨʤʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʘʞʜʳʡ ʦʙʲʝʢʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʠ ʚʟʘʠʤʥʳʝ ʩʚʦʡ-

ʩʪʚʘ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʜʠʥ ʦʙʲʝʢʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ, ʥʘʧʨʠ-

ʤʝʨ, ʨʘʩʩʪʦʷʥʠʝ ʝʩʪʴ ʩʚʦʡʩʪʚʦ ʧʘʨʳ ʦʙʲʝʢʪʦʚ. ɻʦʚʦʨʷ ʧʨʦ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʶ, ɹʫʥʛʝ ʠʤʝʝʪ ʚ ʚʠʜʫ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ. ʄʳ ʙʫ-

ʜʝʤ ʪʨʘʢʪʦʚʘʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʰʠʨʝ, ʚʢʣʶʯʘʷ ʠʟʤʝʥʝʥʠʝ ʚʟʘʠʤʥʳʭ 

ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʣʦʛʠʯʝʩʢʠʡ ʦʧʝʨʘʪʦʨ ʠʟʤʝʥʷʝʪ ʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ, ʥʘʧʨʘʚʣʷʝʪ ʝʛʦ ʧʦ ʦʜʥʦʤʫ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʤʘʨʰʨʫʪʦʚ ʦʙʨʘʙʦʪʢʠ, ʚʥʫʪʨʝʥʥʠʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ ʧʨʠ ʵʪʦʤ ʥʝ ʠʟʤʝʥʷ-

ʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʜʝʣʷʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʚʥʫʪ-

ʨʝʥʥʠʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ ʠ ʪʝ ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʚʟʘʠʤʥʳʝ ʩʚʦʡʩʪʚʘ, ʤʳ 

ʜʦʙʘʚʣʷʝʤ ʚ ʦʥʪʦʣʦʛʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʦʙʨʘʟʠʪʴ ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ 

ʧʨʦʮʝʩʩʘ [ʌʸʜʦʨʦʚ, 2015]. 

ʉʦʙʳʪʠʝʤ ɹʫʥʛʝ ʥʘʟʳʚʘʝʪ ʬʘʢʪ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ, ʥʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʥʝ ʚʧʦʣʥʝ ʷʩʥʳʤ, ʯʝʤ 

ʩʦʙʳʪʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʩʪʦʷʥʠʷ. ɺ ʝʛʦ ʪʨʘʢʪʦʚʢʝ ʩʦʙʳʪʠʝ ʥʝʩʝʪ ʩʤʳʩʣ 

çʧʦ ʧʨʠʯʠʥʝ ʵʪʦʛʦè ʠ ʦʪʨʘʞʘʝʪ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ï ʩʣʝʜʫʶ-

ʱʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʥʘʯʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʝʜʳʜʫ-

ʱʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʠʥʳ ʩʦʩʪʦʷʥʠʝ ʠ ʩʦʙʳʪʠʝ ʦʢʘʟʘʣʠʩʴ ʪʨʫʜʥʦʨʘʟ-

ʣʠʯʠʤʳ. ʄʳ ʙʫʜʝʤ ʩʚʷʟʳʚʘʪʴ ʩʦʙʳʪʠʝ ʩ ʤʦʤʝʥʪʦʤ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʨʦ-

ʠʟʦʰʣʦ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʢʪʘ, ʦʥʦ ʠʤʝʝʪ ʩʤʳʩʣ çʧʦ-

ʩʣʝ ʵʪʦʛʦè ï ʧʦʟʞʝ ʚ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ. ɺʥʫʪʨʝʥʥʝʝ ʩʦʙʳʪʠʝ ʬʠʢ-

ʩʠʨʫʝʪ ʬʘʢʪ ʠ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ, ʩʠʩʪʝʤʘ ʧʝʨʝʰʣʘ ʚ ʦʯʝʨʝʜʥʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʠ ʛʦʪʦʚʘ ʢ ʠʩʧʦʣʥʝʥʠʶ ʩʣʝʜʫʶʱʝʡ ʦʧʝʨʘʮʠʠ. ʊʝʤ ʩʘʤʳʤ ʚ ʦʥʪʦ-

ʣʦʛʠʶ ʜʦʙʘʚʣʷʝʪʩʷ ʧʦʥʷʪʠʷ ʪʝʤʧʦʨʘʣʴʥʦʡ ʣʦʛʠʢʠ: ʤʦʤʝʥʪ ʠ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʦʙʳʪʠʷʤʠ. 

ʅʘʩʪʫʧʣʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʙʳʪʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʯʘʣʘ ʠʩʧʦʣʥʝʥʠʷ 

ʦʯʝʨʝʜʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɽʩʣʠ ʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʦʧʝʨʘʮʠʷ, 
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ʪʦ ʚʳʧʦʣʥʝʥʠʝ ʥʘʯʥʝʪʩʷ ʧʦʩʣʝ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʠʩʧʦʣʥʠʪʝʣʷ, ʧʦʩʣʝʜʥʠʡ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʥʝʰʥʠʡ ʦʙʲʝʢʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʩʪʝʤʝ, ʘ ʝʩʣʠ ʦʧʝʨʘ-

ʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ, ʪʦ ʧʦʩʣʝ ʩʠʛʥʘʣʘ ʦʪ ʚʥʝʰʥʝʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʰʥʠʝ ʩʦʙʳʪʠʷ ʦʪʨʘʞʘʶʪ ʬʘʢʪ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷ-

ʥʠʷ ʦʙʲʝʢʪʘ, ʚʥʝʰʥʝʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʦʝ ʠʥʠʮʠʠʨʫʝʪ ʠʩ-

ʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʠ, ʦʥʦ ʬʠʢʩʠʨʫʝʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʥʘʯʘʣʘʩʴ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʷ. ʆʪʤʝʪʠʤ ʩʣʝʜʫʶʱʝʝ ʦʪʣʠʯʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʨʘʢʪʦʚʢʠ ʦʪ ʩʫʱʝ-

ʩʪʚʫʶʱʝʡ ï ʚʥʝʰʥʝʝ ʩʦʙʳʪʠʝ ʠʥʠʮʠʠʨʫʝʪ ʠʩʧʦʣʥʝʥʠʝ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ 

ʧʨʦʮʝʩʩʘ, ʥʝʚʘʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʣʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʥʘʩʪʫʧʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʙʳʪʠʷ, ʦʟʥʘʯʘʶʱʝʛʦ ʛʦʪʦʚ-

ʥʦʩʪʴ ʢ ʥʘʯʘʣʫ ʦʙʨʘʙʦʪʢʠ, ʠ ʚʥʝʰʥʠʤ ʩʦʙʳʪʠʝʤ, ʦʟʥʘʯʘʶʱʠʤ ʨʝʘʣʴʥʦʝ 

ʥʘʯʘʣʦ ʨʘʙʦʪ, ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʥʘʯʘʣʘ ʠʩʧʦʣʥʝʥʠʷ. 

ɺʥʝʰʥʝʝ ʩʦʙʳʪʠʝ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʠ 

ʧʨʦʮʝʩʩʘ, ʥʦ ʠ ʧʨʝʢʨʘʪʠʪʴ ʝʸ. ʆʥʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʠ ʥʝʩʪʘʥʜʘʨʪʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʧʦʪʨʝʙʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʳ ʨʘʩʰʠʨʠʣʠ ʦʥʪʦʣʦʛʠʶ BWW, ʜʦʙʘʚʠʣʠ ʚ ʥʝʸ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʥʝ ʠʟʤʝʥʷʶʪ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ, ʥʦ ʤʘʨʰʨʫʪʠʟʠʨʫʶʪ ʝʛʦ, ʠʟʤʝʥʠ-

ʣʠ ʪʨʘʢʪʦʚʢʫ ʢʦʥʮʝʧʪʘ ʩʦʙʳʪʠʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʥʦ ʬʠʢʩʠʨʫʝʪ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʛʦ ʦʙʲʝʢʪʘ, ʧʦʢʘʟʘ-

ʣʠ, ʯʪʦ ʚʥʝʰʥʠʝ ʩʦʙʳʪʠʷ ʩʚʷʟʘʥʳ ʩ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʝʡ ʧʨʦʮʝʩʩʘ. 

ɺʘʞʥʳʡ ʚʳʚʦʜ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʦʥʪʦʣʦ-

ʛʠʠ BWW, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʨʘʩʰʠʨʝʥʥʦʛʦ ʥʘʙʦʨʘ ʢʦʥʮʝʧʪʦʚ. ʂ 

ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ: ʦʙʲʝʢʪ, ʧʦʜʚʝʨʛʘʝʤʳʡ ʦʙʨʘʙʦʪʢʝ, ʦʥ ʠʤʝʝʪ ʚʥʫʪʨʝʥ-

ʥʶʶ ʩʪʨʫʢʪʫʨʫ, ʦʧʠʩʳʚʘʶʱʫʶ ʥʘʙʦʨ ʧʨʠʩʫʱʠʭ ʦʙʲʝʢʪʫ ʩʚʦʡʩʪʚ, ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʦʙʲʝʢʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʥʝ ʝʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʲʝʢʪ ʤʘʨʰʨʫʪʠʟʠʨʫʶʪ, ʥʦ ʥʝ ʠʟʤʝʥʷʶʪ, ʚʥʫʪ-

ʨʝʥʥʠʝ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʘʶʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʦʙʲʝʢʪ ʛʦʪʦʚ ʢ 

ʚʳʧʦʣʥʝʥʠʶ ʦʯʝʨʝʜʥʦʡ ʦʧʝʨʘʮʠʠ, ʠ ʚʥʝʰʥʠʝ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʦʧʝʨʘʮʠʶ 

ʠʥʠʮʠʠʨʫʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʨʘʩʰʠʨʝʥʥʘʷ ʤʦʜʝʣʴ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʤ, ʯʪʦ ʠʤʝʝʪ ʰʝʩʪʴ ʢʦʥʮʝʧʪʦʚ (ʨʠʩ. 2).  
 

 
 

ʈʠʩ. 2. ʆʩʥʦʚʥʳʝ ʢʦʥʮʝʧʪʳ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ 
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2. ʉʪʨʫʢʪʫʨʘ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ BWW 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢʠʝ ʬʦʨʤʘʣʴʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʩʚʷʟʠ ʤʝʞ-

ʜʫ ʦʪʜʝʣʴʥʳʤʠ ʢʦʥʮʝʧʪʘʤʠ ʦʥʪʦʣʦʛʠʠ BWW. ʇʨʝʜʣʘʛʘʝʤʘʷ ʦʥʪʦʣʦʛʠʯʝ-

ʩʢʘʷ ʤʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʰʝʩʪʴ ʢʦʥʮʝʧʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪ-

ʨʝʪʴ ʛʨʘʬ, ʠʤʝʶʱʠʡ ʚʝʨʰʠʥʳ ʰʝʩʪʠ ʪʠʧʦʚ. ɺ ʵʪʦʤ ʛʨʘʬʝ (ʨʠʩ. 3), ʤʥʦʞʝ-

ʩʪʚʘ ʚʝʨʰʠʥ ʨʘʟʥʳʭ ʪʠʧʦʚ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʥʝʪ ʜʫʛ, ʩʦʝʜʠʥʷʶʱʠʭ ʚʝʨ-

ʰʠʥʳ ʦʜʥʦʛʦ ʪʠʧʘ ï ʝʛʦ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʰʝʩʪʠʜʦʣʴʥʳʡ. 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʤʥʦʞʝʩʪʚʘ ʚʝʨʰʠʥ ʩʚʷʟʘʥʳ ʪʦʣʴʢʦ ʧʦʧʘʨʥʦ: ʩʦ-

ʩʪʦʷʥʠʝ ʩ ʩʦʙʳʪʠʝʤ, ʩʦʙʳʪʠʝ ʩ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩ ʩʦʩʪʦʷ-

ʥʠʝʤ. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʚʷʟʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʦʙʨʘʞʝʥʳ 

ʩ ʧʦʤʦʱʴʶ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʬʦʨʤʘʣʠʟʤʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʜʠʘʛʨʘʤʤʳ 

ʩʫʱʥʦʩʪʴ ʩʚʷʟʴ (ER) [ʂʫʟʥʝʮʦʚ, 2005], ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʡ (STD) [ʐʘ-

ʣʳʪʦ, 1998], ʤʦʜʝʣʠ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ (DFD) [Bruza, 1993], ʛʨʘʬʘ ʩʦʙʳʪʠʡ 

(Event Graph) [Schruben, 1983], ʩʝʪʝʡ ʇʝʪʨʠ [ʂʦʪʦʚ, 1984]. 

 

 
 

ʈʠʩ. 3. ʐʝʩʪʠʜʦʣʴʥʳʡ ʛʨʘʬ, ʦʧʠʩʳʚʘʶʱʠʡ ʦʥʪʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ BWW 

ʉʚʷʟʠ ʤʝʞʜʫ ʢʦʥʮʝʧʪʘʤʠ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ BWW ʦʧʠʩʳʚʘʶʪʩʷ 

ʧʷʪʴʶ ʜʠʘʛʨʘʤʤʘʤʠ. ɿʥʘʢʦʤʳʝ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʯʝʨʯʝʥʠʝʤ ʟʥʘʶʪ, ʯʪʦ ʤʦ-

ʜʝʣʴ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʠʤʝʝʪ ʪʨʠ ʧʨʦʝʢʮʠʠ, ʪʘʢ ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʠʟ ʥʠʭ ʯʝʨʪʸʞ ʦʢʘʞʝʪʩʷ ʥʝʧʦʣʥʳʤ, ʠʟʛʦʪʦʚʠʪʴ ʜʝʪʘʣʴ ʦʢʘ-

ʞʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʥʘʤʠ ʜʠʘʛʨʘʤʤʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ, ʢʘʞʜʘʷ ʦʪʦʙʨʘʞʘʝʪ ʦʪʜʝʣʴʥʳʝ 

ʘʩʧʝʢʪʳ, ʘ ʚʩʝ ʚʤʝʩʪʝ ʦʥʠ ʦʙʨʘʟʫʶʪ ʝʛʦ ʧʦʣʥʫʶ ʤʦʜʝʣʴ. 

ʉʚʷʟʠ ʤʝʞʜʫ ʢʦʥʮʝʧʪʘʤʠ ʦʥʪʦʣʦʛʠʠ 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʮʝʧʪʘʤʠ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ BWW ʦʧʠʩʳʚʘʶʪʩʷ ʧʷʪʴʶ ʜʠʘʛʨʘʤʤʘʤʠ. ɿʥʘʢʦʤʳʝ ʩ ʪʝʭʥʠʯʝʩʢʠʤ 

ʯʝʨʯʝʥʠʝʤ ʟʥʘʶʪ, ʯʪʦ ʤʦʜʝʣʴ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʠʤʝʝʪ ʪʨʠ ʧʨʦʝʢʮʠʠ, 

ʪʘʢ ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʠʟ ʥʠʭ ʯʝʨʪʸʞ ʦʢʘʞʝʪʩʷ ʥʝʧʦʣʥʳʤ, 

ʠʟʛʦʪʦʚʠʪʴ ʜʝʪʘʣʴ ʦʢʘʞʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʥʘʤʠ ʜʠʘʛʨʘʤʤʳ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ, ʢʘʞʜʘʷ 

ʦʪʦʙʨʘʞʘʝʪ ʦʪʜʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʤʦʜʝʣʠ, ʘ ʚʩʝ ʚʤʝʩʪʝ ʦʥʠ ʦʙʨʘʟʫʶʪ ʝʛʦ 

ʧʦʣʥʫʶ ʤʦʜʝʣʴ. ɺʳʜʝʣʠʤ ʩʣʝʜʫʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʬʦʨʤʘʣʠʟʤʳ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʭ ʦʧʠʩʘʥʠʷ: ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ï ʜʠʘʛʨʘʤʤʘ ʩʫʱʥʦʩʪʴ-

ʉʦʩʪʦ̫ʥʠʝ
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ʩʚʷʟʴ, ʧʦʚʝʜʝʥʯʝʩʢʫʶ ï ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ, ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʫʶ ï ʜʠʘ-

ʛʨʘʤʤʘ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ, ʪʝʤʧʦʨʘʣʴʥʫʶ ï ʛʨʘʬ ʩʦʩʪʦʷʥʠʡ, ʣʦʛʠʯʝʩʢʫʶ ï 

ʦʙʳʯʥʳʝ ʩʝʪʠ ʇʝʪʨʠ. ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜ-

ʣʘʛʘʝʤʳʭ ʬʦʨʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʩʠʤʚʦʣ çʄè ʧʦʢʘʟʳʚʘʝʪ ʧʘʨʘʤʝʪʨ, ʢʦʪʦ-

ʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʠʘʛʨʘʤʤʘ ʤʦʜʝʣʠʨʫʝʪ, ʘ ʩʠʤʚʦʣ çʉè ï ʧʘʨʘʤʝʪʨ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʩʩʳʣʢʘ ʥʘ ʜʨʫʛʫʶ ʜʠʘʛʨʘʤʤʫ. 

ʊʘʙʣ. 1.  

         ʂʦʥʮʝʧʪ 
 

ɼʠʘʛʨʘʤʤʘ 

ʉʪʨʫʢ-

ʪʫʨʘ  

ʉʦʩʪʦʷʥʠʝ 

 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ  ʉʦʙʳʪʠʝ ʇʝʨʩʧʝʢʪʠʚʘ 

ʆʧʝʨʘʮʠʷ ʃʆ ɺʥʫʪʨ. ɺʥʝʰʥ. 

ER ʄ ï ï ï ï ï ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ 

STD ʉ ʄ ʉ ï ï ï ʇʦʚʝʜʝʥʠʷ 

DFD ʉ ʉ ʄ - ï ï ʊʨʘʥʩʬʦʨʤʘʮʠʦʥʥʘʷ 

PetriNet ï ï ʉ ʄ ï ï ʃʦʛʠʢʘ 

Event Gr ï ʉ ï ï ʄ ʄ ʊʝʤʧʦʨʘʣʴʥʘʷ 

3. ʉʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʷʟʳʢʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʷʟʳʢʠ ʠ ʥʦʪʘʮʠʠ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʝ ʩʧʦʩʦʙʥʳ ʦʪʦʙʨʘʟʠʪʴ ʩʨʘʟʫ ʚʩʝ ʢʦʥʮʝʧʪʳ ʦʥʪʦ-

ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ BWW, ʥʦ ʪʦʣʴʢʦ ʠʭ ʯʘʩʪʴ. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʦʜʝʣʠʨʫʝ-

ʤʳʭ ʠ ʥʝ ʤʦʜʝʣʠʨʫʝʤʳʭ ʢʦʥʮʝʧʪʦʚ, ʧʦʜʩʯʠʪʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʪʝ-

ʧʝʥʴ ʜʝʬʠʮʠʪʘ, ʠʟʙʳʪʦʯʥʦʩʪʠ, ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʠ ʥʝʨʘʟʣʠʯʠʤʦʩʪʠ. ʊʘʙʣ. 

2 ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, 

ʥʘʩʢʦʣʴʢʦ ʷʟʳʢ, ʠʤʝʶʱʠʡ 10% ʜʝʬʠʮʠʪʘ, ʣʫʯʰʝ, ʯʝʤ ʜʨʫʛʦʡ ʷʟʳʢ, ʠʤʝ-

ʶʱʠʡ 15% ʜʝʬʠʮʠʪʘ ʚʳʨʘʟʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ?  

ʊʘʙʣ. 2.  

 

ʅʦʪʘʮʠʷ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ 

ʜʝʬʠʮʠʪ ʥʝʨʘʟʣʠʯʠʤʦʩʪʴ ʠʟʙʳʪʦʯʥʦʩʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ 

BPMN 1.0  51% 35% 28% 25% 

BPML 1.0  29% 65% 28% 3% 

EPC  3% 62% 43% 28% 

WSCI 1.0  29% 49% 18% 8% 

ebXML 1.01  15% 13% 14% 5% 

BPEL 1.1  32% 49% 13% 6% 
 

ʄʳ ʚʳʩʢʘʟʘʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʝ ʚʟʘʠʤʥʦʡ ʦʜʥʦʟʥʘʯʥʦʩʪʠ 

ʦʪʦʙʨʘʞʝʥʠʡ ʤʥʦʞʝʩʪʚʘ ʟʥʘʢʦʚ ʷʟʳʢʘ ʥʘ ʤʥʦʞʝʩʪʚʦ ʢʦʥʮʝʧʪʦʚ ʦʥʪʦʣʦʛʠʠ 

BWW ʷʚʣʷʝʪʩʷ ʠʟʣʠʰʥʝ ʩʪʨʦʛʠʤ, ʯʪʦ ʥʝʨʘʟʣʠʯʠʤʦʩʪʴ, ʠʟʙʳʪʦʯʥʦʩʪʴ ʠ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʜʝʣʘʶʪ ʷʟʳʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ, ʦʜʥʘʢʦ ʜʝʬʠʮʠʪ ʚʳʨʘʟʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʷʟʳʢʘ ʜʦʧʫʩʪʠʤ, ʧʦ-
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ʩʢʦʣʴʢʫ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʜʦʣʸʥ. ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʜʠʘʛʨʘʤʤʘʭ, ʪʘʢ, ʯʪʦʙʳ ʢʘʞʜʘʷ ʠʟ ʥʠʭ çʧʦʢʨʳʚʘʣʘè ʦʪʜʝʣʴʥʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ, ʘ ʚʩʝ ʚʤʝʩʪʝ ʦʥʠ ʧʦʟʚʦʣʷʣʠ ʩʦʟʜʘʪʴ ʧʦʣʥʦʝ ʠ 

ʠʩʯʝʨʧʳʚʘʶʱʝʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ. ʅʘʧʨʠʤʝʨ, ʜʠʘʛʨʘʤʤʘ ʚ ʥʦʪʘʮʠʠ 

BPMN ʩʧʦʩʦʙʥʘ ʧʝʨʝʜʘʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʠʟʤʝʥʷʶʱʠʝ ʦʙʲʝʢʪ, ʣʦʛʠʢʫ ï 

ʦʧʝʨʘʪʦʨʳ ʚʝʪʚʣʝʥʠʷ ʤʘʨʰʨʫʪʘ, ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪ, ʦʜʥʘʢʦ 

ʦʥʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʟʦʙʨʘʟʠʪʴ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʫ. ʕʪʦ ʦʟʥʘ-

ʯʘʝʪ, ʯʪʦ ʜʠʘʛʨʘʤʤʘ BPMN ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ ʠʥʬʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝ-

ʣʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʜʠʘʛʨʘʤʤʦʡ ʩʦʩʪʦʷʥʠʡ. ɸʥʘʣʦʛʠʯʥʳʡ 

ʘʥʘʣʠʟ ʜʣʷ ʜʠʘʛʨʘʤʤʳ ʚ ʥʦʪʘʮʠʠ EPC ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʘ ʩʧʦʩʦʙʥʘ ʦʪʦʙʨʘ-

ʟʠʪʴ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʘ, ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ, ʦʜʥʘʢʦ ʥʝ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴ ʩʪʨʫʢ-

ʪʫʨʫ ʦʙʲʝʢʪʘ ʠ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦʣʞʥʘ 

ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ ʜʠʘʛʨʘʤʤʦʡ ʩʫʱʥʦʩʪʴ-ʩʚʷʟʴ ʠ ʛʨʘʬʦʤ ʩʦʙʳʪʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʦʚʠʟʥʘ ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ ʘʥʘʣʠʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʰʠ-

ʨʝʥʘ ʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɹʫʥʛʝïɺʘʥʜʘïɺʝʙʝʨʘ ʚʳʜʝʣʝʥʳ ʢʦʥʮʝʧʪʳ, 

ʠʤ ʜʘʥʦ ʥʦʚʦʝ ʪʦʣʢʦʚʘʥʠʝ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ BWWW ʧʦʩʪʨʦʝʥ 

ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʜʦʤʝʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʤʳʩʣ, ʧʨʠʩʚʘʠʚʘʝʤʳʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʢʘʤ. ʀʩʩʣʝʜʦʚʘʥʳ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʮʝʧʪʘʤʠ, ʪʝʦʨʝ-

ʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʳ ʧʷʪʴ ʧʝʨʩʧʝʢʪʠʚ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ, 

ʧʦʚʝʜʝʥʯʝʩʢʘʷ (ʩʦʩʪʦʷʥʠʷ), ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʘʷ, ʣʦʛʠʯʝʩʢʘʷ, ʪʝʤʧʦʨʘʣʴ-

ʥʘʷ. ʆʪʜʝʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʦʣʞʥʳ ʙʳʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʭʦʨʦʰʦ ʩʦ-

ʛʣʘʩʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚ ʤʦ-

ʜʝʣʴ ʦʢʘʞʝʪʩʷ ʥʝʧʦʣʥʦʡ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʨʝʦʜʦʣʝʥʠʷ ʜʝʬʠʮʠʪʘ ʦʥʪʦ-

ʣʦʛʠʯʝʩʢʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʜʠʘʛʨʘʤʤʘʭ, ʪʘʢ, ʯʪʦʙʳ ʢʘʞʜʘʷ ʠʟ ʥʠʭ 

çʧʦʢʨʳʚʘʣʘè ʦʪʜʝʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ, ʘ ʚʩʝ ʚʤʝʩʪʝ ʦʥʠ 

ʧʦʟʚʦʣʷʣʠ ʩʦʟʜʘʪʴ ʧʦʣʥʦʝ ʠ ʠʩʯʝʨʧʳʚʘʶʱʝʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ. 

ʇʨʦʚʝʜʝʥ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʷʟʳʢʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʧʦʣʫʯʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʡ ʨʝʟʫʣʴʪʘʪ ï ʥʠ ʦʜʠʥ ʠʟ 

ʥʠʭ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʟʠʪʴ ʩʨʘʟʫ ʚʩʝ ʢʦʥʮʝʧʪʳ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

BWW, ʥʦ ʪʦʣʴʢʦ ʠʭ ʯʘʩʪʴ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʩʧʦʣ-

ʥʷʝʤʦʡ ʤʦʜʝʣʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʧʨʠʭʦʜʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʪʴ. ɺʦ-ʧʝʨʚʳʭ, ʠʩʧʦʣʥʷʝʤʘʷ ʤʦʜʝʣʴ ʚ ʥʦʪʘʮʠʠ BPMN ʥʝ ʚ ʩʦʩʪʦʷ-

ʥʠʠ ʦʪʦʙʨʘʟʠʪʴ ʦʪʜʝʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʯʪʦ ʠʭ ʧʦʜ-

ʤʝʥʷʶʪ ʢʦʜʠʨʦʚʘʥʠʝʤ, ʚʦ-ʚʪʦʨʳʭ, ʦʪʜʝʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʩʦʛʣʘʩʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘ ʫʨʦʚʥʝ ʤʦʜʝʣʠ, ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʧʨʠʭʦʜʠʪʩʷ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ.  
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ʨʘʟʙʦʨʘ ʠ ʧʦʥʠʤʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ, ʩʦʙʩʪʚʝʥ-

ʥʦ, ʛʝʪʝʨʘʨʭʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʥʘʧʦʣʥʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʝʜʤʝʪʥʦʡ ʦʥʪʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʠʟʦʙʨʘʞʝʥʠʡ. ʉʠʥʪʝʟ ʠʟʦʙʨʘʞʝʥʠʡ ʩʣʫ-

ʞʠʪ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʙʦʨʘ ʠ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʩʪʨʫʢʪʫʨ ʦʧʠʩʘʥʠʡ ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ ʧʨʠ ʚʚʝʜʝʥʠʠ ʠʭ ʚ 

ʧʨʝʜʤʝʪʥʫʶ ʦʥʪʦʣʦʛʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʪʝʨʘʨʭʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʨʘʟʙʦʨ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʧʨʠʢʣʘʜʥʘʷ ʦʥʪʦʣʦʛʠʷ, ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʩʠʥʪʝʟ ʠʟʦʙʨʘʞʝʥʠʡ  

ɺʚʝʜʝʥʠʝ 

ʈʝʘʣʠʟʫʝʤʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʯʠʩʣʦʚʳʝ ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʟʨʠʪʝʣʴʥʳʭ ʦʙʨʘʟʦʚ ʪʘʢ ʛʣʫʙʦʢʦ ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʧʨʦʨʘʙʦʪʘʥʳ, ʯʪʦ ʧʨʠʝʤ-

ʣʝʤʦ ʨʝʰʘʶʪ ʢʣʘʩʩʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʨʘʩʧʦʟʥʘʚʘʥʠʷ [ɺʠʟʠʣʴʪʝʨ ʠ ʜʨ., 2010]. 

ʆʥʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʙʦʪʘʶʪ ʩ ʨʝʘʣʴʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʙʝʨʫʪ ʥʘ 

ʩʝʙʷ ʤʥʦʛʠʝ ʟʘʜʘʯʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ (ʢʦʜʠʨʦʚʘʥʠʝ, ʩʛʣʘʞʠʚʘ-

ʥʠʝ, ʬʠʣʴʪʨʘʮʠʶ, ʘʧʨʠʦʨʥʫʶ ʩʝʛʤʝʥʪʘʮʠʶ ʠ ʪ.ʧ.). ʇʨʠ ʵʪʦʤ ʚʨʷʜ ʣʠ ʟʘʜʘ-

ʯʘ ʧʦʥʠʤʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʜ ʩʠʣʫ ʢʘʢʦʤʫ-ʣʠʙʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʫ. ʃʶ-

ʙʳʝ ʠʟ ʥʠʭ ʦʙʣʘʜʘʶʪ ʥʝʩʢʦʣʴʢʠʤʠ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʢʦʪʦ-

ʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʨʠʤʝʥʠʪʴ ʠʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʟʙʦ-

ʨʘ ʠ ʧʦʥʠʤʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʪʘʢʠʝ ʩʠʩʪʝʤʳ çʩʣʘʙʦ ʨʘʩʰʠʨʷ-

ʝʤʳè, ʦʥʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʢʦʥʢʨʝʪʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʘʩʧʦʟʥʘʚʘʝʤʳʭ ʢʣʘʩʩʦʚ 

ʦʙʲʝʢʪʦʚ. ʀ, ʝʩʣʠ ʜʦʙʘʚʣʷʪʴ ʢ ʵʪʦʤʫ ʤʥʦʞʝʩʪʚʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʣʘʩʩʳ, 

ʪʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʤʫ ʧʨʦʮʝʩʩʫ ʧʝʨʝʦʙʫʯʝʥʠʷ. ɺʦ-

ʚʪʦʨʳʭ, ʧʨʦʙʣʝʤʘ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʟʘʜʘʯʠ 

ʚʳʜʝʣʝʥʠʷ ʦʙʲʝʢʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʥʝ ʠʤʝʝʪ ʦʙʱʝʛʦ ʘʧʨʠʦʨʥʦʛʦ ʨʝʰʝʥʠʷ. 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-07-03847). 
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ʀ, ʚ-ʪʨʝʪʴʠʭ, ʧʨʦʮʝʩʩ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʦʙʨʘʟʦʚ ʯʘʱʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩ ̫ʪʦʣʴʢʦ ʦʪ ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʥʝ çʯʝʨʝʜʫʝʪè ʩʪʨʘʪʝʛʠʠ ʦʙʨʘʙʦʪʢʠ ʦʪ ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʢ ʤʦʜʝʣʷʤ ʢʣʘʩʩʦʚ ʠ ʦʪ ʤʦʜʝʣʝʡ ʢʣʘʩʩʦʚ ʢ ʠʟʦʙʨʘʞʝʥʠʶ. 

ɽʩʣʠ ʙʨʘʪʴ ʤʝʪʦʜʳ ʩʠʤʚʦʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʤʝ-

ʪʦʜʳ ʩʪʨʫʢʪʫʨʥʦ-ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [ɻʦʨʝʣʠʢ ʠ ʜʨ., 1984] ʠʣʠ ʘʥʘ-

ʣʠʟʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʥʪʦʣʦʛʠʷʭ), ʪʦ ʪʦʣʴʢʦ ʠʭ çʠʟʦʣʠʨʦʚʘʥʥʦʝè ʧʨʠʤʝ-

ʥʝʥʠʝ ʦʪ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʙʦʨʘ 

ʙʫʜʝʪ ʥʝʘʜʝʢʚʘʪʥʳʤ, ʪʘʢ ʢʘʢ ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʙʫʜʝʪ ʨʝʩʫʨʩʥʦ 

ʧʝʨʝʛʨʫʞʝʥ. ʕʪʠʤ ʤʝʪʦʜʘʤ çʯʫʞʜʳè ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ ʧʨʝʜʦʙ-

ʨʘʙʦʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʦʩʥʦʚʥʦʡ ʤʝʪʦʜ ï ʨʘʙʦʪʘ ʩ ʢʦʥʮʝʧʪʘʤʠ ʚ ʬʦʨʤʘʣʴ-

ʥʳʭ ʛʨʘʤʤʘʪʠʢʘʭ ʠʣʠ ʚ ʦʥʪʦʣʦʛʠʷʭ ʚ ʛʨʘʬʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ. ɹʦʣʝʝ ʪʦʛʦ 

ʧʦʜʦʙʥʳʝ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘ-

ʢʦʚ (ʥʝʧʨʦʠʟʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ), ʪ.ʝ. ʨʘʙʦʪʘ ʩ ʤʘʪʨʠʮʝʡ ʧʠʢʩʝʣʦʚ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʧʨʠʚʦʜʠʪ ʢ ʢʦʤʙʠʥʘʪʦʨʥʦʤʫ ʚʟʨʳʚʫ. 

ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʨʘʟʙʦʨʘ ʠ ʧʦʥʠʤʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʢʣʘʩʩʠʯʝ-

ʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʟʨʠʪʝʣʴʥʳʭ ʦʙʨʘʟʦʚ ʠ ʤʝʪʦʜʳ ʢʦʥʮʝʧʪʫʘʣʴʥʦ-

ʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʤʝʪʦ-

ʜʦʚ ʠ ʥʠʚʝʣʠʨʫʷ ʠʭ ʥʝʜʦʩʪʘʪʢʠ. ʀ ʥʘ ʦʩʥʦʚʝ ʪʘʢʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʧʦʩʪʨʦ-

ʠʪʴ ʛʝʪʝʨʘʨʭʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʥʝʨʛʝʪʠʯʝ-

ʩʢʠʝ ʵʬʬʝʢʪʳ, ʪ.ʝ. ʥʝʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʙʦʪʦʡ ʢʘʞ-

ʜʦʡ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʘʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ. ʇʦʜ ʛʝʪʝʨʘʨʭʠʯʥʦʩʪʴʶ ʧʦʜʨʘ-

ʟʫʤʝʚʘʝʪʩʷ ʪʘʢʦʡ ʧʨʠʥʮʠʧ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʧʦʥʠʤʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ, ʦʙʣʘʜʘʝʪ ʟʨʠʪʝʣʴʥʳʤʠ 

ʟʥʘʥʠʷʤʠ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ [ʇʨʵʪʪ, 1982]. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʛʝʪʝʨʘʨʭʠʯʥʦʡ ʩʠ-

ʩʪʝʤʳ ʨʘʟʙʦʨʘ ʠ ʧʦʥʠʤʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʩʦʙʩʪʚʝʥʥʦ 

ʛʝʪʝʨʘʨʭʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʩʠʩʪʝʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʥʪʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʩʠʥ-

ʪʝʟʘ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʉʠʩʪʝʤʘ ʩʠʥʪʝʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʩʣʫʞʠʪ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʟʙʦʨʘ ʠ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʪʨʫʢʪʫʨ ʦʧʠʩʘʥʠʡ ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ 

ʧʨʠ ʚʚʝʜʝʥʠʠ ʠʭ ʚ ʧʨʝʜʤʝʪʥʫʶ ʦʥʪʦʣʦʛʠʶ. ɼʣʷ ʩʠʥʪʝʟʘ ʩʦʟʜʘʥ ʩʧʝʮʠʘʣʴ-

ʥʳʡ ʷʟʳʢ GRASP, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʨʬʝʡʩʘ ʤʝʞʜʫ 

ʦʥʪʦʣʦʛʠʝʡ ʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʤʘʰʠʥʥʦʡ ʛʨʘʬʠʢʠ ʪʠʧʘ OpenGL. 

ʅʘʧʦʣʥʝʥʠʝ ʦʥʪʦʣʦʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʛʝʪʝʨʘʨʭʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʦʥʪʦʨʝʜʘʢʪʦʨʘ ʥʘ ʷʟʳʢʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ (ʗʇɿ).  

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʙʨʘʥʘ ʦʙʣʘʩʪʴ çʇʣʦʩʢʦʤʠʨʴʝè: ʧʣʘʥʠʤʝʪʨʠʯʝ-

ʩʢʠʝ ʬʠʛʫʨʳ ʠ ʢʦʤʙʠʥʘʮʠʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʚʠʜʝ ʜʝʪʩʢʠʭ ʨʠʩʫʥʢʦʚ. ɺ ʢʘʯʝ-

ʩʪʚʝ PR-ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

MyScript Notes [MyScript Notes, 2014]. 
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1. ɿʘʜʘʯʘ ʨʘʟʙʦʨʘ ʠ ʧʦʥʠʤʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ 

ʇʦʥʠʤʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ï ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ 

ʥʝ ʧʨʦʩʪʦ ʦʪʥʝʩʝʥʠʝ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʢ ʠʟʚʝʩʪʥʳʤ ʢʣʘʩʩʘʤ. ɿʘʜʘ-

ʯʫ ʨʘʟʙʦʨʘ ʠ ʧʦʥʠʤʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩʬʦʨʤʫʣʠʨʫʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʫʩʪʴ ʥʘ ʚʭʦʜʝ ʜʘʥʦ ʧʠʢʩʝʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʟʨʠʪʝʣʴʥʦʡ ʩʠʪʫʘʮʠʠ. ʈʘʟʦ-

ʙʨʘʪʴ ʠ ʧʦʥʷʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʵʪʦ ʟʥʘʯʠʪ ʜʘʪʴ ʥʘ ʚʳʭʦʜʝ ʦʧʠʩʘʥʠʝ ʩʮʝʥʳ ʥʘ 

ʷʟʳʢʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ. ʀʣʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ: ʜʘʪʴ ʦʧʠʩʘʥʠʷ ʨʘʩʧʦ-

ʟʥʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʠ ʩ ʦʟʥʘʯʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʪʝʨʤʠʥʘʭ ʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʷʟʳʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ 

ʧʨʠʢʣʘʜʥʦʡ ʦʥʪʦʣʦʛʠʠ. 

ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʩʧʝʢʪʨ ʟʘʜʘʯ: ʦʪ 

ʧʨʦʩʪʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʝʨʝʟ ʨʘʟʙʦʨ ʠ ʧʦʥʠʤʘʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʜʦ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʪʝʢʩʪʦ-

ʚʳʤʠ ʥʘʠʤʝʥʦʚʘʥʠʷʤʠ ʢʣʘʩʩʦʚ ʨʘʩʧʦʟʥʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ (ʚ ʧʨʝʜʝʣʝ) ʜʦ 

ʦʧʠʩʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ. 

2. ɻʝʪʝʨʘʨʭʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʟʙʦʨʘ ʠʟʦʙʨʘʞʝʥʠʡ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʩʠʩʪʝʤ ʨʘʟʙʦʨʘ ʠʟʦʙʨʘʞʝʥʠʡ [Endres 

et al., 2013; Shrivastava et al., 2011; Wang et al., 2013] ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ (ʯʠʩʣʦʚʦʛʦ) ʪʠʧʘ, ʚ 

ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʦʤʝ ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʝʤʘʥʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ. ʇʦʩʣʝʜʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʝ ʪʦʣʴʢʦ ʨʘʟʣʠʯʠʷ ʦʜʥʦʛʦ 

ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ ʦʪ ʜʨʫʛʦʛʦ, ʥʦ ʠ ʠʭ ʩʭʦʜʩʪʚʦ. ʏʪʦ ʜʝʣʘʝʪ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ï 

ʤʠʥʠʤʫʤ ʦʪʥʦʩʠʪ ʵʢʟʝʤʧʣʷʨ ʦʙʲʝʢʪʘ ʢ ʦʜʥʦʤʫ ʠʟ ʠʟʚʝʩʪʥʳʭ ʢʣʘʩʩʦʚ ʠʣʠ ʢ 

ʥʝʠʟʚʝʩʪʥʦʤʫ ʢʣʘʩʩʫ; ʤʘʢʩʠʤʫʤ ï ʦʪʥʝʩʝʥʠʝ ʢ ʢʣʘʩʩʫ + ʢʦʥʢʨʝʪʥʳʝ ʧʘʨʘ-

ʤʝʪʨʳ ʜʘʥʥʦʛʦ ʵʢʟʝʤʧʣʷʨʘ. ʕʪʠʤ çʛʨʝʰʘʪè ʚʩʝ çʜʠʩʢʨʠʤʠʥʘʥʪʥʳʝè ʤʝʪʦ-

ʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ [Parikh, 2009]. ʉʪʨʫʢ-

ʪʫʨʥʳʝ ʞʝ (ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ, ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ) ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʷʟʳʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ. 

ʎʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʨʘʟʙʦʨʘ ʠ ʧʦʥʠʤʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ï ʩʦʚʤʝ-

ʩʪʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʨʘʩʧʦʟʥʘʚʘʥʠʷ (ʠʩʧʦʣʴʟʫʷ ʜʠʩ-

ʢʨʠʤʠʥʘʥʪʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ, ʨʘʙʦʪʘʶ-

ʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ, ʥʦ ʜʘʶʱʠʭ ʧʨʠʝʤʣʝʤʳʡ ʨʝʟʫʣʴʪʘʪ 

ʥʘ çʧʨʠʤʠʪʠʚʥʦʤè ʢʦʥʮʝʧʪʫʘʣʴʥʦʤ ʫʨʦʚʥʝ (ʠʤʷ ʢʣʘʩʩʘ + ʧʘʨʘʤʝʪʨʳ ʵʢ-

ʟʝʤʧʣʷʨʘ), ʠ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʩ ʷʟʳʢʦʚʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʮʝʩʩ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ, ʩʪʨʫʢʪʫʨʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤʠ ʟʘʜʘʯʘʤʠ ʜʣʷ ʩʠʩʪʝʤʳ ʨʘʟʙʦʨʘ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʟʘ-

ʜʘʯʠ ʦʙʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. 

ʀ ʝʩʣʠ ʜʣʷ ʩʠʩʪʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʝʩʪʴ ʤʥʦʛʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦ-

ʜʦʚ ʦʙʫʯʝʥʠʷ [Naidenova, 2009], ʪʦ ʜʣʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʘʞ-
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ʥʳʤ ʷʚʣʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʜʝʜʫʢʪʠʚʥʳʝè ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʥʘ ʩʝʛʦʜʥʷ ʩʣʘʙʦ ʧʨʦʨʘʙʦʪʘʥʳ ʠ ʚ ʦʩʥʦʚʥʦʤ ʩʚʦʜʷʪʩʷ ʢ ʩʨʝʜʩʪʚʘʤ ʥʘʧʦʣ-

ʥʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʠʢʣʘʜʥʦʡ ʦʥʪʦʣʦʛʠʠ. ɺʦʧʨʦʩ ʦʙ ʦʮʝʥʢʝ ʨʘʙʦʪʳ 

ʛʝʪʝʨʘʨʭʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʩʚʦʜʠʪʩʷ ʢ ʧʨʦʮʝʜʫʨʘʤ ʠ ʩʨʝʜʩʪʚʘʤ 

ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. 

ɻʝʪʝʨʘʨʭʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʟʨʠʪʝʣʴ-

ʥʳʭ ʦʙʨʘʟʦʚ (Pattern Recognition-ʩʠʩʪʝʤʘ), ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʠ ʩʠʩʪʝʤʳ ʨʘʟʙʦʨʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʟʥʘʥʠʷʭ (ʧʨʠʢʣʘʜʥʦʡ ʦʥʪʦʣʦʛʠʠ) (Knowledge Based-ʩʠʩʪʝʤʘ). 

ʉʫʱʝʩʪʚʫʶʪ PR-ʩʠʩʪʝʤʳ [IcadGT, 2007; MyScript Notes, 2014], ʢʦʪʦ-

ʨʳʝ ʥʘ ʚʳʭʦʜʝ ʚʳʜʘʶʪ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ ʦʧʠʩʘʥʠʡ ʢʣʘʩʩʦʚ ʨʘʩʧʦʟʥʘʥʥʳʭ 

ʥʝʧʨʦʠʟʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʵʢʟʝʤʧʣʷʨʦʚ. 

ʕʪʠ ʦʧʠʩʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʠʩʦʢ ʠʤʝʥ ʢʣʘʩʩʦʚ ʚʤʝʩʪʝ ʩ ʚʝʢʪʦʨ-

ʥʳʤ ʦʧʠʩʘʥʠʝʤ ʵʢʟʝʤʧʣʷʨʘ. ʅʝʨʘʩʧʦʟʥʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʟʘʜʘʶʪʩʷ çʨʘʩʪ-

ʨʦʚʳʤ ʢʫʩʢʦʤè ʠʟʦʙʨʘʞʝʥʠʷ. 

KB-ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʩ ʤʦʜʝʣʴʶ ʠʟʦʙʨʘʞʝʥʠʷ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ 

PR-ʩʠʩʪʝʤʳ), ʥʦ ʩ ʤʦʱʥʳʤ ʷʟʳʢʦʤ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʨʝʜʳ (ʩʝ-

ʤʘʥʪʠʯʝʩʢʠʡ ʛʠʧʝʨʛʨʘʬ, ʥʘ ʢʦʪʦʨʦʤ ʦʧʠʩʘʥʘ ʧʨʠʢʣʘʜʥʘʷ ʦʥʪʦʣʦʛʠʷ). ɸʣ-

ʛʦʨʠʪʤ ʨʘʙʦʪʳ KB-ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ [ʍʘʭʘʣʠʥ ʠ ʜʨ., 2013]. ʉʫʪʴ ʝʛʦ 

ʩʚʦʜʠʪʩʷ ʢ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʩʪʨʫʢʪʫʨ ʠʟ ʦʥʪʦʣʦʛʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ 

PR-ʩʠʩʪʝʤʳ ʥʘ ʫʨʦʚʥʝ ʥʝʧʨʦʠʟʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

KB-ʩʠʩʪʝʤʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʝʦʙʨʘʟʫʝʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ PR-

ʩʠʩʪʝʤʦʡ, ʚ ʛʨʘʬ, ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʛʦ ʧʦʤʝʯʝʥʳ ʠʤʝʥʘʤʠ ʢʣʘʩʩʦʚ ʥʝʧʨʦʠʟ-

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʊʦ ʝʩʪʴ ʟʘʜʘʝʪʩʷ ʤʦʜʝʣʴ ʧʦʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʚʠʜʝ ʛʨʘʬʘ 

ʥʝʧʨʦʠʟʚʦʜʥʳʭ ʧʦʥʷʪʠʡ ʩʦ ʩʚʦʠʤʠ ʘʪʨʠʙʫʪʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʨʘʩʧʦ-

ʟʥʘʪʴ PR-ʩʠʩʪʝʤʘ (ʥʘʧʨʠʤʝʨ, ʦʪʨʝʟʦʢ ʧʨʷʤʦʡ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʢʦʥʮʝʚʳʭ 

ʪʦʯʝʢ ʠ ʜʣʠʥʦʡ ʦʪʨʝʟʢʘ; ʦʢʨʫʞʥʦʩʪʴ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ ʠ 

ʨʘʜʠʫʩʦʤ ʠ ʪ.ʧ.). 

ʕʪʠ ʩʠʩʪʝʤʳ ʨʘʙʦʪʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘ PR-ʫʨʦʚʥʝ ʩ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʨʝʘʣʠ-

ʟʫʷ ʪ.ʥ. çʵʢʩʢʣʶʟʠʚʥʳʡè ʘʥʘʣʠʟ [ʍʘʭʘʣʠʥ ʠ ʜʨ., 2014]. ʇʨʠ ʵʢʩʢʣʶʟʠʚʥʦʤ 

ʘʥʘʣʠʟʝ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ ʉʝʨʨʘ 

[Serra, 1988] ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʬʦʨʤʳ ʠʣʠ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʫʶ ʤʦʨʬʦʣʦʛʠʶ ʇʳʪʴʝʚʘ [ʇʳʪʴʝʚ ʠ ʜʨ., 2010] ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʦʙ̡-

ʝʢʪʘ ʩʮʝʥʳ ʚ ʩʣʦʞʥʦʡ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ. 

ʇʨʠʤʝʨ ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ çʇʣʦʩʢʦʤʠʨʴʝè ʠ ʬʨʘʛʤʝʥʪ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ PR-ʩʠʩʪʝʤʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. ʅʘ ʚʭʦʜ-

ʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʦʪ ʨʫʢʠ ʥʘʨʠʩʦʚʘʥʥʳʝ ʜʝʪʩʢʠʝ ʨʠʩʫʥʢʠ: ʚʝʨʪʦʣʝʪ, 

ʪʨʘʤʚʘʡ, ʧʘʨʦʚʦʟʠʢ ʠ ʜʨ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʝʢʪʦʨ-

ʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʧʨʦʠʟʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ: ʪʨʝʫʛʦʣʴʥʠʢʠ, ʧʨʷʤʦʫʛʦʣʴ-

ʥʠʢʠ, ʦʪʨʝʟʢʠ ʧʨʷʤʳʭ, ʦʢʨʫʞʥʦʩʪʠ ʠ ʪ.ʜ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪ 
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drawing (ʧʨʦʠʟʚʦʣʴʥʘʷ ʢʨʠʚʘʷ, ʘʥʘʣʦʛ ʥʝʠʟʚʝʩʪʥʦʛʦ ʦʙʲʝʢʪʘ), ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʩʪʨʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʠʟʦʙʨʘʞʝʥʠʷ. 
 

    
 

ʈʠʩ. 1. ɺʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ (ʩʣʝʚʘ) ʠ ʬʨʘʛʤʝʥʪ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ  

PR-ʩʠʩʪʝʤʦʡ (ʩʧʨʘʚʘ) 

 

PR-ʩʠʩʪʝʤʘ ʥʝʢʦʪʦʨʳʝ ʯʘʩʪʠ ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦʦʙʱʝ ʥʝ ʨʘʩʧʦʟʥʘʝʪ 

(ʨʘʩʧʦʟʥʘʝʪ ʢʘʢ drawing), ʥʝʢʦʪʦʨʳʝ ʨʘʩʧʦʟʥʘʝʪ ʥʝʧʨʘʚʠʣʴʥʦ (çʩʪʨʝʣʢʘè - 

arrow ʚʤʝʩʪʦ ʜʫʛʠ ʩ ʦʪʨʝʟʢʦʤ ʧʨʷʤʦʡ ʥʘ ʢʦʥʮʝ), ʘ ʥʝʢʦʪʦʨʳʝ ʥʝ ʨʘʩʧʦʟʥʘʝʪ 

ʠʟ-ʟʘ çʤʘʩʢʠʨʦʚʢʠè (ʧʨʷʤʦʫʛʦʣʴʥʠʢ, ʩʦʧʨʠʢʘʩʘʶʱʠʡʩʷ ʩ ʪʨʝʫʛʦʣʴʥʠʢʦʤ,  ï 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 3-ʭ ʦʪʨʝʟʢʦʚ). KB-ʩʠʩʪʝʤʘ çʥʠʚʝʣʠʨʫʝʪè 

ʙʦʣʴʰʠʥʩʪʚʦ  çʦʛʨʝʭʦʚè ʠ ʦʰʠʙʦʢ PR-ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʠ 

ʵʢʩʢʣʶʟʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʥʦʪʳ ʦʥʪʦʣʦʛʠʠ. 

3. ʇʨʠʢʣʘʜʥʘʷ ʦʥʪʦʣʦʛʠʷ 

ɺ ʦʥʪʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʥʘʥʠʡ, ʚʢʣʶʯʘ-

ʶʱʘʷ ʩʪʨʫʢʪʫʨʥʳʝ ʦʧʠʩʘʥʠʷ ʢʣʘʩʩʦʚ ʨʘʩʧʦʟʥʘʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ ʩʚʷʟʠ 

ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ ʦʙʲʝʢʪʦʚ. ʉʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʜʘʥʥʦʤʫ 

ʢʣʘʩʩʫ, ʦʧʠʩʳʚʘʶʪʩʷ ʯʝʨʝʟ ʦʙʨʘʟʫʶʱʠʝ ʵʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʯʘʩʪʠ ʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

ʊʘʢʠʝ ʦʧʠʩʘʥʠʷ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ ʧʦʣʥʦʪʳ, ʪ. ʝ. ʚ ʥʠʭ ʟʘʜʘʝʪʩʷ ʧʦʣ-

ʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʣʘʩʩʝ ʦʙʲʝʢʪʦʚ (ʩʚʦʡʩʪʚʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʧʠʩʘʥʠʡ), ʘ 

ʥʝ ʪʦʣʴʢʦ ʪʘ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʦʪ ʧʨʝʜʩʪʘ-

ʚʠʪʝʣʝʡ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ. ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʦʧʠʩʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʦʪʢʨʳʪʳʡ 

ʭʘʨʘʢʪʝʨ ʦʥʪʦʣʦʛʠʠ: ʚ ʦʥʪʦʣʦʛʠʶ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʦʙʲʝʢʪʳ, ʚ ʥʝʡ 

ʤʦʞʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʞʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʧʠʩʘʥʠʷ, ʧʨʦʚʦʜʠʪʴ ʚʩʝʚʦʟ-

circle 0.726025 681.129 2844.64 50.5391 

rectangle 0.514803 740.636 2025.01 738.697 2203.05 778.987 

2203.48 780.926 2025.45 

line 1 1146 426 1146 468 

line 0.532947 1212.55 389.953 1219.68 473.857 

drawing 0.5 

parallelogram 0.587641 377.372 318 375.671 288 383.15 288 

384.85 318 

diamond 0.505216 474.793 1072.6 389.938 1131.05 334.303 

1044.33 419.158 985.875 

arc 0.764811 665.569 1955.98 280.578 193.887 -1.52792 -

1.51431 1.50431 

curlarrow  0.686207 1276.54 1100.55 482.414 222.725 -

0.467752 0.00762586 1.91937 1043.07 1396.93 1282.91 1401.7 

1052.24 1248.84 1 

drawing 0.5 

drawing 0.5 

tri angle 0.890274 1157.33 1781.86 1492.73 1485.59 1835.57 

1774.32 

line 0.617384 1416.49 2373.55 1440.45 2483.9 

ellipse 0.319056 597.878 454.171 67.1049 39.5821 -1.21671 

circle 0.561981 1669.58 669.093 39.1266 

line 0.869627 1176.88 1134.36 1400.35 1287.94 

arc 0.670426 1401.88 2477.7 85.2816 51.4831 1.03597 

0.760854 4.19697 
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ʤʦʞʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʬʨʘʛʤʝʥʪʘʤʠ ʤʦʜʝʣʠ ʠ ʪ.ʜ. ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʥʝ ʤʦʜʠ-

ʬʠʮʠʨʫʝʤʳʭ ʯʘʩʪʝʡ ʤʦʜʝʣʠ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠʢʣʘʜʥʘʷ ʦʥʪʦʣʦʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʝʨʘʨʭʠʯʝ-

ʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʛʜʝ ʢʘʞʜʳʡ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ ʩʦʜʝʨʞʠʪ 

ʮʝʣʦʩʪʥʳʝ ʦʧʠʩʘʥʠʷ ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ ʵʪʦʛʦ ʫʨʦʚʥʷ ʚ ʪʝʨʤʠʥʘʭ ʦʙʲʝʢʪʦʚ 

ʧʨʝʜʳʜʫʱʠʭ ʫʨʦʚʥʝʡ ʠ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ.  

ɺ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʧʝʨʛʨʘʬʦʚʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʥʘʥʠʡ (ʩʠʤʙʠʦʟ 

ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʬʨʝʡʤʦʚ) ʠ ʪʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʨʩʠʠ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʉʋɹɼ 

Progress [ʉʋɹɼ Progress, 2009]. 

4. ʂʦʥʮʝʧʪʫʘʣʴʥʳʡ ʩʠʥʪʝʟ ʠʟʦʙʨʘʞʝʥʠʡ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʭʦʜʘ ʦʪ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦ 

ʝʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʦ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʩʚʝʜʝʥʠʷ ʦʙ ʦʪʦʙʨʘ-

ʞʝʥʠʠ ʦʙʲʝʢʪʦʚ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʳ ʩʨʝʜʩʪʚ 

ʚʠʟʫʘʣʠʟʘʮʠʠ. ʊʘʢʦʡ ʧʝʨʝʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʟʦʚʳʭ ʬʫʥʢ-

ʮʠʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʦʥʪʦʣʦʛʠʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʜʦʩʪʫʧ ʢ ʵʢʟʝʤʧʣʷʨʘʤ, ʠʭ ʩʚʦʡ-

ʩʪʚʘʤ ʠ ʦʪʥʦʰʝʥʠʷʤ. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ ʚʳʯʣʝʥʷʝʪʩʷ ʜʨʝ-

ʚʦʚʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʭʦʜʘ 

ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ  ʬʦʨʤʠʨʫʝʪʩʷ ʪʝʢʩʪ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʷʟʳʢʝ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʛʨʘʬʠʢʠ GRASP (GRAphics Situation Planner) 

[ʃʠʪʚʠʥʦʚʠʯ, 2013]. ʕʪʦʪ ʧʝʨʝʭʦʜ ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʦʥʪʦʣʦʛʠʝʡ 

ʠ ʚʠʟʫʘʣʠʟʘʮʠʝʡ. ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠʥʪʝʨʬʝʡʩʘ ʷʚʣʷʶʪʩʷ: ʚʳʯʣʝʥʝʥʠʝ 

ʠʟ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ; 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʥʘ GRASP; ʚʳʟʦʚ ʠʥʪʝʨ-

ʧʨʝʪʘʪʦʨʘ GRASP ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʅʘ ʨʠʩ. 2 ʜʘʥ 

ʪʝʢʩʪ ʥʘ ʷʟʳʢʝ GRASP ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ ʎʝʨʢʦʚʴ. 
 

 
 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʪʝʢʩʪʘ ʥʘ ʷʟʳʢʝ GRASP ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ  

ʧʨʠʤʝʨʦʚ ʢʦʥʮʝʧʪʘ ʎʝʨʢʦʚʴ  
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5. ʇʨʦʮʝʩʩ ʥʘʧʦʣʥʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʥʪʦʣʦʛʠʠ 

ɺ ʛʝʪʝʨʘʨʭʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʤʦʜʠʬʠʢʘʮʠʷ ʠ ʨʘʩʰʠʨʝʥʠʝ ʦʥʪʦʣʦʛʠʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʘʥʘʣ ʜʣʷ ʠʥʞʝʥʝʨʘ ʧʦ ʟʥʘʥʠʷʤ (ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʘ) ï ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʳʡ ʚʚʦʜ ʩʪʨʫʢʪʫʨ ʥʦʚʳʭ ʢʦʥʮʝʧʪʦʚ ʠ/ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʶ ʩʪʘʨʳʭ 

ʥʘ ʷʟʳʢʝ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʛʠʧʝʨʛʨʘʬʘ. ʏʪʦʙʳ ʪʘʢʦʝ çʜʝʜʫʢʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝè 

ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ çʭʘʦʩʫè, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜʠʢʫ ʥʘʧʦʣʥʝʥʠʷ ʦʥ-

ʪʦʣʦʛʠʠ ʩ ʚʝʨʠʬʠʢʘʮʠʝʡ ʚʚʦʜʠʤʳʭ ʦʧʠʩʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʢʦʥʮʝʧ-

ʪʫʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʠʟʦʙʨʘʞʝʥʠʡ [ʂʫʨʙʘʪʦʚ ʠ ʜʨ., 2014; ʃʠʪʚʠʥʦʚʠʯ, 2013]. 

ʇʦ ʥʦʚʦʡ ʚʚʝʜʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʠʩʪʝʤʘ ʩʠʥʪʝʟʠʨʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʟʦʙ-

ʨʘʞʝʥʠʡ. ɽʩʣʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʩʧʝʨʪʘ ʤʥʦʞʝʩʪʚʦ ʢʦʨʨʝʢʪʥʦ, ʪʦ ʩʪʨʫʢʪʫ-

ʨʘ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʦʥʪʦʣʦʛʠʠ. ɽʩʣʠ ʩʨʝʜʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʜʘʥʥʦʤʫ ʢʣʘʩʩʫ, ʪʦ ʩʪʨʫʢʪʫʨʘ 

ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ. ʀ ʪʘʢ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʤʥʦʞʝʩʪʚʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʥʝ ʙʫʜʝʪ ʢʦʨʨʝʢʪʥʳʤ. ʀʣʣʶʩʪʨʘʮʠʷ ʪʘʢʦʛʦ çʜʝʜʫʢʪʠʚʥʦʛʦè 

ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.  

ʅʘ ʨʠʩʫʥʢʝ ʩʣʝʚʘ ʚʠʜʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʵʢʟʝʤʧʣʷʨʳ ʤʦʞʥʦ ʩ ʥʘʪʷʞʢʦʡ 

ʧʨʠʥʷʪʴ ʟʘ ʠʟʦʙʨʘʞʝʥʠʷ ʎʝʨʢʚʠ, ʘ ʥʝʢʦʪʦʨʳʝ ï ʥʝʪ. ʀʥʞʝʥʝʨ ʧʦ ʟʥʘʥʠʷʤ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʵʪʦ ʤʥʦʞʝʩʪʚʦ, ʜʦʣʞʝʥ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʦʧʠʩʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʧʦʥʷʪʠʷ ʎʝʨʢʦʚʴ. ʀ, ʝʩʣʠ ʦʥ ʩʬʦʨʤʠʨʦʚʘʣ ʩʪʨʫʢʪʫʨʫ ʩ ʫʯʝʪʦʤ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʩʚʦʡʩʪʚ ʢʦʥʮʝʧʪʘ ʠ ʚʩʝʭ ʦʪʥʦʰʝʥʠʡ ʚʥʫʪʨʠ ʩʪʨʫʢ-

ʪʫʨʳ, ʪʦ ʪʝʧʝʨʴ ʩʠʥʪʝʟʘʪʦʨ ʩʛʝʥʝʨʠʨʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʦʝ 

ʥʝ ʙʫʜʝʪ ʚʳʟʳʚʘʪʴ ʩʦʤʥʝʥʠʡ (ʨʠʩ. 3, ʩʧʨʘʚʘ). 

ʇʦʜʦʙʥʳʡ ʧʨʦʮʝʩʩ ʥʘʧʦʣʥʝʥʠʷ ʦʥʪʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʯʘʩʪʠʯʥʦ ʦʙʫʯʘʪʴ 

ʛʝʪʝʨʘʨʭʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʩʪʦʚʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ, ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʨʘʩ-

ʧʦʟʥʘʚʘʥʠʷ. ɿʜʝʩʴ ʩʢʘʟʳʚʘʝʪʩʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠʥʪʝʛʨʘʮʠʠ PR ʠ 

KB ʩʠʩʪʝʤ, ʠ ʠʥʜʫʢʪʠʚʥʳʭ ʠ ʜʝʜʫʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ. 
 

 
ʈʠʩ. 3. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʨʠʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʷ ʎʝʨʢʦʚʴ ʧʦ ʥʝʢʦʨʨʝʢʪʥʦʡ (ʩʣʝʚʘ) 

ʠ ʧʦ ʢʦʨʨʝʢʪʥʦʡ (ʩʧʨʘʚʘ) ʩʪʨʫʢʪʫʨʝ 
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ɿʘʢʣʶʯʝʥʠʝ 

ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʷʪʴ ʧʨʝʜʤʝʪʥʫʶ ʦʥʪʦʣʦʛʠʶ, ʚʦʟ-

ʣʘʛʘʷ ʧʨʦʮʝʩʩ çʦʙʫʯʝʥʠʷè ʥʘ ʫʯʠʪʝʣʷ (ʠʥʞʝʥʝʨʘ ʧʦ ʟʥʘʥʠʷʤ), ʢʦʪʦʨʳʡ, 

ʠʩʧʦʣʴʟʫʷ ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʩʠʥʪʝʟʘʪʦʨ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʬʦʨʤʠʨʫʝʪ ʦʧʠʩʘʥʠʝ ʧʦʣʥʳʭ ʩʪʨʫʢʪʫʨ ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ, ʫʯʠʪʳʚʘʷ 

ʚʩʝ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ. 

ɹʫʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʩʪʨʘʪʝʛʠʠ ʧʝʨʝʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʟʥʘʥʠʡ ʤʝʞʜʫ PR ʠ KB-ʩʠʩʪʝʤʘʤʠ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʧʦ-

ʩʢʦʣʴʢʫ ʦʥʪʦʣʦʛʠʯ5ʩʢʘʷ ʙʘʟʘ ʟʥʘʥʠʡ ʤʦʞʝʪ ʦʙʝʨʥʫʪʴʩʷ çʬʣʶʩʦʤè ʧʨʠ 

ʙʦʣʴʰʠʭ ʧʨʠʢʣʘʜʥʳʭ ʦʥʪʦʣʦʛʠʷʭ, ʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʟʚʦʣʠʪ  ʩʦʢʨʘʪʠʪʴ 

ʧʝʨʝʙʦʨ ʧʨʠ ʧʦʠʩʢʝ ʚ ʦʥʪʦʣʦʛʠʠ. ʉʪʨʘʪʝʛʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʜʘʯʫ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʩ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʢʘʢ ʥʝʧʨʦʠʟ-

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ PR ʫʨʦʚʝʥʴ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʣʣʝʣʴʥʦ 

ʨʘʙʦʪʘʶʱʠʭ PR-ʩʠʩʪʝʤ ʜʣʷ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʥʝʧʨʦʠʟʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ ʢʦʥʪʫʨ çʜʝʜʫʢʪʠʚʥʦʛʦè ʦʙʫʯʝʥʠʷ ʚʢʣʶʯʠʪʴ ʥʝ ʪʦʣʴ-

ʢʦ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʥʦ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʙʝʩʧʝʯʠʚ ʝʛʦ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤ 

ʪʨʘʥʩʣʷʪʦʨʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ. 
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ɺ.ʌ. ʍʦʨʦʰʝʚʩʢʠʡ (Khor@ccas.ru)  

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨ ʠʤ. ɸ.ɸ. ɼʦʨʦʜʥʠʮʳʥʘ ʈɸʅ, 

ʌʀʎ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝè ʈɸʅ, ʄʦʩʢʚʘ 

ʀ.ɺ. ɽʬʠʤʝʥʢʦ (iefimenko@hse.ru)  

Semantic Hub, ʄʦʩʢʚʘ 

ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ Sem-Hub/P, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʘʥʘʣʠʟ 

ʧʘʪʝʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ ʠʟ 

ʪʝʢʩʪʦʚ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʠʨʘ, ʠʥʪʝʛʨʘʮʠʶ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʚ ʙʘʟʝ ʟʥʘʥʠʡ ʠ ʛʝʥʝʨʘʮʠʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʦʪʯʝʪʦʚ ʥʘ ʟʘʜʘʥʥʦʤ ʢʦʨʧʫʩʝ ʧʘʪʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʪʝʥʪʥʘʷ ʘʥʘʣʠʪʠʢʘ, ʧʘʪʝʥʪʥʳʡ ʣʘʥʜʰʘʬʪ, ʦʥ-

ʪʦʣʦʛʠʷ ʧʘʪʝʥʪʦʚ, ʠʟʚʣʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʪʝʢʩʪʦʚ, ʙʘʟʘ ʟʥʘʥʠʡ 

ʧʘʪʝʥʪʦʚ, ʮʝʥʪʨʳ ʢʦʤʧʝʪʝʥʮʠʠ ʠ ʧʨʝʚʦʩʭʦʜʩʪʚʘ 

ɺʚʝʜʝʥʠʝ 

ʇʘʪʝʥʪʥʘʷ ʘʥʘʣʠʪʠʢʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʩʦʩʪʦʷʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʨʘʙʦʪʦʢ. ʇʨʠ ʵʪʦʤ ʧʘʪʝʥʪʥʘʷ ʘʥʘʣʠ-

ʪʠʢʘ ʥʝ ʪʦʣʴʢʦ ʜʘʝʪ ʧʦʥʠʤʘʥʠʝ ʣʘʥʜʰʘʬʪʦʚ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, 

ʠʤʝʶʱʠʭ ʢʦʤʤʝʨʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʠ ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʟʘʱʠʪʝ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʥʦ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʥ-

ʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʮʝʥʪʨʳ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʧʨʝʚʦʩʭʦʜʩʪʚʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘ-

ʩʪʭ̫. ʅʝʫʜʠʚʠʪʝʣʴʥʦ ʧʦʵʪʦʤʫ, ʯʪʦ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠ-

ʢʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʠʩʪʝʤ 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ 

ˉ 15-01-06819). 
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ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʥʦʚʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʚʦ ʚʩʝʭ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʙʩʫʞʜʝʥʠʶ ʚʦʧʨʦʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘ-

ʣʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ Sem-Hub/P, ʢʦ-

ʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʥʘʣʠʟ ʧʘʪʝʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡ-

ʩʢʦʤ ʷʟʳʢʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʠʟʚʣʝʯʝ-

ʥʠʷ ʟʥʘʥʠʡ ʠʟ ʪʝʢʩʪʦʚ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʠʨʘ ʧʘ-

ʪʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʚ ʙʘʟʝ ʟʥʘʥʠʡ ʠ ʛʝʥʝ-

ʨʘʮʠʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ ʥʘ ʟʘʜʘʥʥʦʤ ʢʦʨʧʫʩʝ ʧʘʪʝʥʪʦʚ. 

ʆʨʛʘʥʠʟʦʚʘʥʦ ʠʟʣʦʞʝʥʠʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʨʘʟʜʝʣʝ 1 ʧʨʠʚʦʜʠʪʩʷ 

ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ. ʈʘʟ-

ʜʝʣ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʠʩʪʝʤʫ Sem-Hub/P, ʨʘʟʨʘʙʦʪʘʥʥʫʶ 

ʠ ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʘʚʪʦʨʘʤʠ, ʘ ʚ ʨʘʟʜʝʣʝ 3 ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝ-

ʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʨʠʤʝʨʝ ʧʘʪʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

çʇʨʦʠʟʚʦʜʥʳʝ ʨʦʜʘʥʠʥʘ ʚ ʤʝʜʠʮʠʥʝ ʠ/ʠʣʠ ʬʘʨʤʘʢʦʣʦʛʠʠè. ɺ ʟʘʢʣʶʯʠ-

ʪʝʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʫʢʘʟʳʚʘʶʪ-

ʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʘʚʪʦʨʩʢʦʛʦ ʢʦʣ-

ʣʝʢʪʠʚʘ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

1. ʉʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ  

ʚ ʦʙʣʘʩʪʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ 

ɺ ʩʠʣʫ ʚʘʞʥʦʩʪʠ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʨʘʟʨʘʙʦʪ-

ʯʠʢʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʙʠʟʥʝʩʘ ʚ ʮʝʣʦʤ, ʠʥʩʪʨʫʤʝʥʪʳ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʘʪʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʟʜʘʶʪʩʷ ʚʦ ʚʩʝʭ ʨʘʟʚʠʪʳʭ 

ʩʪʨʘʥʘʭ. ʇʨʠ ʵʪʦʤ ʚ ʙʘʟʦʚʳʡ ʥʘʙʦʨ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʙʝʟʫʩʣʦʚʥʦ, ʚʭʦ-

ʜʷʪ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʘʪʝʥʪʥʦʛʦ ʧʦʠʩʢʘ, ʦʙʟʦʨ ʢʦʪʦʨʳʭ ʥʝ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʯʠʩʣʫ ʟʘʜʘʯ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. ʆʪʤʝʪʠʤ ʣʠʰʴ, ʯʪʦ ʧʘʪʝʥʪʥʳʝ 

ʧʦʠʩʢʦʚʠʢʠ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʤʳʭ ʧʘʪʝʥʪʥʳʤʠ ʚʝʜʦʤʩʪʚʘʤʠ ʚʩʝʭ ʩʪʨʘʥ ʩʚʦʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ɺ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʪʘʢʠʤ ʠʥʩʪʨʫʤʝʥʪʘʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ ʩʧʝʢʪʨ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʠʩʢʦʚʠʢʦʚ, ʦʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ 

ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʧʘʪʝʥʪʥʦʛʦ ʧʦʠʩʢʘ Google
1
.  

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ, ʪʦ, ʥʘ 

ʥʘʰ ʚʟʛʣʷʜ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʟʘ ʧʘʪʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ çʧʨʠʚʷʟʘʥʳè ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ ʧʘʪʝʥʪʥʳʭ ʚʝʜʦʤʩʪʚ 

ʨʘʟʥʳʭ ʩʪʨʘʥ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚ ʢʘʯʝʩʪʚʝ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʭ ʧʣʘʪʥʳʭ ʩʝʨʚʠʩʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʧʣʘʪʥʳʝ ʩʝʨʚʠʩʳ ʧʘʪʝʥʪʥʦʡ ʘʥʘ-

ʣʠʪʠʢʠ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ. ʀ, ʥʘʢʦʥʝʮ, ʵʪʦ ʮʝʣʳʡ 

                                                           
1 https://www.google.ru/advanced_patent_search?hl=ru 
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ʩʧʝʢʪʨ ʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʩʝʨʚʠʩʦʚ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ, ʢʦʪʦʨʳʝ ʨʘʟ-

ʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʧʨʦʜʘʶʪʩʷ ʬʠʨʤʘʤʠ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʤʠʩʷ ʚ ʜʘʥʥʦʤ ʩʝʛ-

ʤʝʥʪʝ ʨʳʥʢʘ. ʅʝ ʠʤʝʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʪʘʣʴʥʦ ʦʙʩʫʜʠʪʴ ʟʜʝʩʴ ʜʘʞʝ ʥʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳʝ ʩʨʝʜʩʪʚʘ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ, ʥʠʞʝ ʤʳ ʩʢʦʥʮʝʥʪʨʠʨʫʝʤʩʷ ʥʘ 

ʢʨʘʪʢʦʤ ʦʙʟʦʨʝ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʘʢ-

ʮʝʥʪʦʤ ʥʘ ʪʝʭ, ʛʜʝ ʠʤʝʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (ʪʘʙʣ. 1). 

 

ʊʘʙʣ. 1 
ʉʠʩʪʝʤʘ ʆʩʦʙʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ (ʧʦ ʜʘʥʥʳʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ) 

CandorMap1 

ʉʦʟʜʘʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʢʘʨʪ ʧʘʪʝʥʪʦʚ ʠ 

ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ çʧʦʭʦʞʝʩʪʴʶè ʥʘ ʦʩʥʦ-

ʚʝ ʤʘʡʥʠʥʛʘ ʪʝʢʩʪʦʚ. ʆʪʦʙʨʘʞʝʥʠʝ ʟʘʧʨʦʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ 

ʢʘʨʪʫ ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠ ʢʦʤ-

ʤʝʨʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʦʙʲʝʢʪʘ ʟʘʧʨʦʩʘ. ʅʘʚʠʛʘʮʠʷ ʧʦ ʢʘʨʪʝ. 

INTELLIXIR 2 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʥʥʦʚʘʮʠʡ. ʆʧʨʝʜʝʣʝʥʠʝ çʩʣʘ-

ʙʳʭ ʩʠʛʥʘʣʦʚè, ʚʳʷʚʣʝʥʠʝ ʩʝʪʝʡ ʢʦʣʣʘʙʦʨʘʮʠʡ, ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʷ ʵʢʩʧʝʨʪʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ. 

Leximancer3 
ɸʥʘʣʠʟ ʢʦʣʣʝʢʮʠʡ ʧʘʪʝʥʪʦʚ, ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʙʠʟ-

ʥʝʩ-ʩʪʘʪʝʡ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ ʢʦʥʮʝʧʪ-ʢʘʨʪ. 

PatBase 

Analytics4 

(Minesoft ʠ 

RWS Group) 

ʀʥʪʝʛʨʠʨʘʮʠʷ ʧʘʪʝʥʪʥʳʭ ʜʘʥʥʳʭ ʠʟ 100+ ɹɼ, ʚʩʪʨʦʝʥʥʳʝ 

ʩʨʝʜʩʪʚʘ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʚ ʪ.ʯ. ʥʘʩʪʨʘʠʚʘʝ-

ʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

Patent iNSIGHT

 Pro5 

ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʧʘʪʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ 

ʤʦʱʥʳʭ ʩʨʝʜʩʪʚ ʤʘʡʥʠʥʛʘ ʪʝʢʩʪʦʚ [Sinha, 2009]. 

See-The-Forest6 

ʉʝʤʘʥʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʘʪʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʣʘʩʪʝʨʠʟʘ-

ʮʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ MIT ʜʣʷ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟ-

ʚʠʪʠʷ, ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ. 

SOPHIA7 

ʉʝʤʘʥʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. ʇʦʠʩʢ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʢʦʥʪʝʢʩʪʫ 

ʠ ʧʦ ʩʤʳʩʣʫ ʚ ʠʥʪʝʨʝʩʘʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʥʢʫʨʝʥʪʦʚ ʠ 

ʧʘʨʪʥʝʨʦʚ. 

STN AnaVist8, 

ʀʥʩʪʨʫʤʝʥʪʳ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʩʨʝʜʩʪʚʘ ʚʠʟʫʘ-

ʣʠʟʘʮʠʠ ʧʘʪʝʥʪʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ (ʨʦʩʪ-ʩʪʘʙʠʣʠʟʘʮʠʷ-ʫʛʘʩʘʥʠʝ) ʦʙʣʘʩʪʠ. 

                                                           
1 www.candormap.com 
2 intellixir.com 
3 www.leximancer.com 
4 www.patbase.com 
5 www.patentinsightpro.com 
6 www.see-the-forest.com 
7 www.intellogist.com/wiki/SOPHIA 
8 cas.org/support/stna/index.html 

http://www.minesoft.com/patbase-analytics-analyse-patent-data/
http://www.minesoft.com/patbase-analytics-analyse-patent-data/
http://www.patentinsightpro.com/
http://www.patentinsightpro.com/
http://www.see-the-forest.com/
http://www.sophiasearch.com/
http://www.cas.org/support/stna/index.html
http://www.candormap.com/
http://cas.org/support/stna/index.html
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ʉʠʩʪʝʤʘ ʆʩʦʙʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ (ʧʦ ʜʘʥʥʳʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ) 

VantagePoint1 

ʄʘʡʥʠʥʛ ʪʝʢʩʪʦʚ ʠ ʙʳʩʪʨʘʷ ʥʘʚʠʛʘʮʠʷ ʧʦ ʙʦʣʴʰʠʤ ʦʙʲ-

ʝʤʘʤ ʪʝʢʩʪʦʚ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʧʘʪʪʝʨʥʦʚ ʜʘʥʥʳʭ. ɹʝʩʰʦʚʥʘʷ 

ʠʥʪʝʛʨʘʮʠʷ ʩ 200+ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ɹɼ, ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʩʪʦ-

ʤʠʟʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ.  

ʃʠʥʝʡʢʘ 

ʧʨʦʜʫʢʪʦʚ 

LexisNexis2 

LexisNexis PatentAdvisor (ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝ-

ʥʠʶ ʧʦʨʪʬʦʣʠʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ), LexisNexis 

PatentOptimizer (ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦʜʛʦʪʦʚʢʠ ʧʘʪʝʥʪ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʙʘʟʝ ʤʦʱʥʦʛʦ ʪʝʟʘʫʨʫʩʘ ʧʘʪʝʥʪʦʚ), 

LexisNexis TotalPatent (ʧʦʜʜʝʨʞʢʘ ʧʦʣʥʦʪʝʢʩʪʦʚʦʛʦ ʧʦʠʩʢʘ ʧʦ 

100+ ʧʘʪʝʥʪʳʤ ʙʘʟʘʤ, ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʧʦʠʩʢ, ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʧʝʨʝʚʦʜ ʧʘʪʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ). 

ʃʠʥʝʡʢʘ 

ʧʨʦʜʫʢʪʦʚ 

Thomson 

Reuters 

Thomson Data Analyzer3 (desktop-ʨʝʰʝʥʠʝ ʜʣʷ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʚ ʧʘʪʝʥʪʥʦʡ ʠ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʨʠʪʠʯʝʩʢʠʭ ʠʥ-

ʩʘʡʪʦʚ ʚ ʣʦʢʘʣʴʥʳʭ ʠ ʚʥʝʰʥʠʭ ɹɼ, ʘʥʘʣʠʟ ʪʨʝʥʜʦʚ, ʧʨʦʬʠ-

ʣʝʡ ʢʦʥʢʫʨʝʥʪʦʚ ʠ ʜʨ.), Thomson Innovation4 (ʝʜʠʥʘʷ ʘʥʘʣʠ-

ʪʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ, ʛʜʝ ʩ ʤʦʱʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʘʥʘʣʠʪʠʢʠ, 

ʢʦʣʣʘʙʦʨʘʮʠʠ ʠ ʦʧʦʚʝʱʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʢʦʤ-

ʤʝʨʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʦʚʦʩʪʷʤ ʥʘ ʨʘʟʥʳʭ ʷʟʳʢʘʭ). 

 

ʉʠʪʫʘʮʠʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʣʦʞʥʝʝ. 

ɿʘʨʫʙʝʞʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʨʘʟʨʘʙʦʪ-

ʯʠʢʦʚ ʥʝʜʦʩʪʫʧʥʳ ʚ ʩʠʣʫ ʠʭ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʚʩʝ ʪʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʘʙʦʪʫ ʩ ʘʥʛʣʦʷʟʳʯʥʳʤ 

ʢʦʥʪʝʥʪʦʤ [ʉʤʠʨʥʦʚʘ, 2014]. ʀʥʩʪʨʫʤʝʥʪʳ ʈʦʩʩʠʡʩʢʦʛʦ ʧʘʪʝʥʪʥʦʛʦ ʚʝ-

ʜʦʤʩʪʚʘ
5
 ʥʘ ʫʨʦʚʥʝ ʜʦʩʪʫʧʥʦʛʦ ʙʝʟ ʦʧʣʘʪʳ ʧʦʠʩʢʦʚʠʢʘ ʥʘ ʩʦʙʩʪʚʝʥʥʦʡ 

ʧʘʪʝʥʪʥʦʡ ʙʘʟʝ ʩʣʘʙʝʝ, ʯʝʤ, ʥʘʧʨʠʤʝʨ, ʧʦʠʩʢʦʚʠʢ ɽʚʨʦʧʝʡʩʢʦʛʦ ʧʘʪʝʥʪʥʦ-

ʛʦ ʚʝʜʦʤʩʪʚʘ
6
, ʢʦʪʦʨʳʡ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪ ʜʣʷ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʧʦ-

ʩʣʝʜʥʝʝ ʚʨʝʤʷ ʈʦʩʧʘʪʝʥʪʦʤ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʢʘʩʪʦʤʠʟʘʮʠʠ ʧʦʠʩʢʦ-

ʚʠʢʘ EPO, ʥʦ ʚ ʤʦʤʝʥʪ ʧʦʜʛʦʪʦʚʢʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʵʪʘ ʩʠʩʪʝʤʘ ʚʩʝ ʝʱʝ 

ʥʘʭʦʜʠʣʘʩʴ ʚ ʩʪʘʜʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ, ʪʦ ʦʥʠ, ʢʘʢ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʚ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʈʦʩʩʠʡʩʢʦʛʦ ʧʘʪʝʥʪʥʦʛʦ ʚʝʜʦʤʩʪʚʘ ʚ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʬʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ. 

                                                           
1 www.thevantagepoint.com 
2 www.lexisnexis.com/pdf/Total-Patent-Overview.pdf 
3 ip.thomsonreuters.com/training/thomson-data-analyzer 
4 info.thomsoninnovation.com 
5 www1.fips.ru/wps/wcm/connect/content_ru/ru/inform_resources/ 
6 www.epo.org/news-issues/issues/software.html 

https://www.thevantagepoint.com/
http://www.reedtech.com/products-services/ip-solutions/patent-advisor-suite/
http://www.reedtech.com/products-services/ip-solutions/patent-advisor-suite/
http://www.reedtech.com/products-services/ip-solutions/lexisnexis-patentoptimizer/
http://www.reedtech.com/products-services/ip-solutions/lexisnexis-patentoptimizer/
http://www.reedtech.com/products-services/ip-solutions/lexisnexis-total-patent/
http://thomsonreuters.com/products_services/legal/legal_products/intellectual_property/Thomson_Data_Analyzer?parentKey=477804
http://thomsonreuters.com/products_services/legal/legal_products/intellectual_property/Thomson_Data_Analyzer?parentKey=477804
http://thomsonreuters.com/products_services/legal/legal_products/intellectual_property/Thomson_Data_Analyzer?parentKey=477804
http://www.thomsoninnovation.com/
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2. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ Sem-Hub/P 

2.1. ʌʫʥʢʮʠʦʥʘʣ ʠ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ 

ʌʫʥʢʮʠʦʥʘʣ Sem-Hub/P, ʚ ʮʝʣʦʤ, ʪʨʘʜʠʮʠʦʥʝʥ ʜʣʷ ʩʠʩʪʝʤ ʧʘʪʝʥʪʥʦʡ 

ʘʥʘʣʠʪʠʢʠ ʠ ʚʢʣʶʯʘʝʪ: 

- ʩʙʦʨ ʠ ʧʨʝʧʨʦʮʝʩʩʠʥʛ ʧʘʪʝʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

- ʤʘʡʥʠʥʛ ʪʝʢʩʪʦʚʳʭ ʦʧʠʩʘʥʠʡ ʧʘʪʝʥʪʦʚ; 

- ʘʥʘʣʠʪʠʢʫ ʥʘ ʟʥʘʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ 

ʢʦʣʣʝʢʮʠʡ ʧʘʪʝʥʪʦʚ. 

ʀʟʚʣʝʯʝʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʪʝʢʩʪʦʚʳʭ ʦʧʠʩʘ-

ʥʠʡ ʧʘʪʝʥʪʦʚ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʠ/ʠʣʠ ʨʫʩʩʢʦʤ ʷʟʳʢʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ çʄʠʨ ʧʘʪʝʥʪʦʚè ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠ-

ʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʥʜʦʚ 

[Efimenko et al., 2016]. 

ʆʙʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ Sem-Hub/P ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʦʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 1. ɼʘʣʝʝ ʬʫʥʢʮʠʦʥʘʣ 

ʧʨʦʮʝʩʩʦʨʘ Sem-Hub/P ʦʙʩʫʞʜʘʝʪʩʷ ʧʦʜʨʦʙʥʝʝ. 
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ʈʠʩ.1. ʆʙʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ Sem-Hub/P 

2.2. ʆʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʠʨʘ ʧʘʪʝʥʪʦʚ 

ʆʥʪʦʣʦʛʠʷ çʄʠʨ ʧʘʪʝʥʪʦʚè, ʬʨʘʛʤʝʥʪ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʨʦʤ ʩʠʩʪʝʤʳ Sem-Hub/P ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʘʪʝʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
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ʈʠʩ.2. ʌʨʘʛʤʝʥʪ ʦʥʪʦʣʦʛʠʠ çʄʠʨ ʧʘʪʝʥʪʦʚè 

ʆʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʵʪʦʡ ʦʥʪʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʦ ʇʘʪʝʥ-

ʪʳ ʩ ʪʘʢʠʤʠ ʠʭ ʘʪʨʠʙʫʪʘʤʠ ʢʘʢ ʧʘʪʝʥʪʥʳʡ ʢʣʘʩʩ ʠ ʥʦʤʝʨ ʧʘʪʝʥʪʘ, ʜʘʪʘ 

ʧʫʙʣʠʢʘʮʠʠ ʠ ʧʨʠʦʨʠʪʝʪ ʧʘʪʝʥʪʘ ʠ ʜʨ., ʘ ʪʘʢʞʝ ʀʟʦʙʨʝʪʘʪʝʣʠ (ʚʩʝʛʜʘ ʬʠ-

ʟʠʯʝʩʢʠʝ ʣʠʮʘ ʪʠʧʘ Person) ʠ ʇʨʘʚʦʦʙʣʘʜʘʪʝʣʠ (ʬʠʟʠʯʝʩʢʠʝ ʣʠʮʘ ʪʠʧʘ 

Person ʠ/ʠʣʠ ʶʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ ʪʠʧʘ Organization). ɼʣʷ ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ 

ʩʧʝʮʠʬʠʮʠʨʫʝʪʩʷ ʩʪʨʘʥʘ ʧʨʦʞʠʚʘʥʠʷ, ʘ ʜʣʷ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ ï ʛʝʦʠʤʷ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ. ɻʝʦʠʤʝʥʘ, ʚ ʪ.ʯ. ʩʪʨʘʥʳ, ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʪʠʧʘ 

Location. ʈʝʘʣʠʟʦʚʘʥʘ ʦʥʪʦʣʦʛʠʷ çʄʠʨ ʧʘʪʝʥʪʦʚè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥ-

ʩʪʨʫʤʝʥʪʘʨʠʷ Prot®g®
1
. 

2.3. ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʩʠʩʪʝʤʳ Sem-Hub/P 

ʗʜʨʦʤ ʧʣʘʪʬʦʨʤʳ Semantic Hub ʷʚʣʷʝʪʩʷ ʛʠʙʨʠʜʥʳʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩʦʨ [Efimenko et al., 2016], ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʘʚʪʦʨʘʤʠ ʚ ʩʨʝʜʝ GATE, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʐʝʬʬʠʣʜʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ
2
. ʉʧʝʮʠ-

ʬʠʢʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʩʝʤʘʥʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʬʨʘʛʤʝʥʪʦʚ XML-ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠʩʭʦʜʥʳʭ ʪʝʢʩʪʦʚ ʥʘ ʨʫʩʩʢʦʤ 

ʠ/ʠʣʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʚ ʠʥʪʝʛʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʦʪʜʝʣʴʥʳʭ 

ʪʝʢʩʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʢʦʣʣʝʢʮʠʠ ʜʦʢʫʤʝʥʪʦʚ ʠ ʤʥʦʞʝʩʪʚʘ ʢʦʣ-

ʣʝʢʮʠʡ ʜʦʢʫʤʝʥʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʙʘʟʦʚʦʛʦ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʩʚʷʟʘ-

ʥʳ ʩ ʝʛʦ ʥʘʩʪʨʦʡʢʦʡ ʥʘ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ ʤʠʨʘ ʧʘʪʝʥʪʦʚ, ʦʥʪʦʣʦʛʠʷ 

ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʰʝ. 

                                                           
1 protege.stanford.edu 
2 gate.ac.uk/ 
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3. ɸʥʘʣʠʟ ʧʘʪʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ Sem-Hub/P 

3.1. ʂʦʨʧʫʩ ʧʘʪʝʥʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʩʠʩʪʝʤʦʡ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ Sem-Hub/P ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ çʇʨʦʠʟʚʦʜʥʳʝ ʨʦʜʘʥʠʥʘ ʚ ʤʝʜʠʮʠʥʝ ʠ/ʠʣʠ 

ʬʘʨʤʘʢʦʣʦʛʠʠè. ʀʟ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ EPO ʙʳʣʠ ʚʳʛʨʫʞʝʥʳ 

ʧʘʪʝʥʪʳ ʧʦ ʪʝʤʘʪʠʢʝ çʧʨʦʠʟʚʦʜʥʳʝ ʨʦʜʘʥʠʥʘè ʟʘ 2006ï2016 ʛ.ʛ. ʇʨʠ ʵʪʦʤ 

ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʜʘʚʘʣʦʩʴ ʫʩʣʦʚʠʝ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʤʫ ʧʘʪʝʥʪʳ ʜʦʣʞʥʳ ʙʳʣʠ ʧʨʠʥʘʜʣʝʞʘʪʴ ʢ ʧʘʪʝʥʪʥʳʤ ʢʣʘʩʩʘʤ ʠʟ 

ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ çʄʝʜʠʮʠʥʘ/ʌʘʨʤʘʢʦʣʦʛʠʷè. ʉ ʫʯʝʪʦʤ ʟʘʜʘʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʢʦʨʧʫʩ ʦʙʱʠʤ ʦʙʲʝʤʦʤ 100+ ʧʘʪʝʥʪʦʚ, 

ʢʦʪʦʨʳʡ, ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ XML-ʬʦʨʤʘʪ, ʧʦʩʪʫʧʠʣ ʥʘ ʦʙʨʘʙʦʪʢʫ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦ-

ʱʴʶ ʦʙʩʫʞʜʘʝʤʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ. 

3.2. ʇʘʪʝʥʪʥʳʝ ʣʘʥʜʰʘʬʪʳ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ çʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʧʨʦʠʟʚʦʜʥʳʭ ʨʦʜʘʥʠʥʘ ʚ ʤʝʜʠʮʠʥʝ/ʬʘʨʤʘʢʦʣʦʛʠʠè 

ʀʟ ʢʦʨʧʫʩʘ ʧʘʪʝʥʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʜʝ-

ʣʝʥʦ 103 ʫʥʠʢʘʣʴʥʳʭ ʦʙʲʝʢʪʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʷʚʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʧʘʨʘ-

ʪʳ, ʙʦʣʝʟʥʠ ʠ ʨʷʜ ʜʨʫʛʠʭ ʪʠʧʦʚ ʦʙʲʝʢʪʦʚ (ʨʠʩ. 3ʘ). ʇʨʠ ʵʪʦʤ ʚʨʝʤʝʥʥʦʡ 

ʨʷʜ (ʨʠʩ. 3ʙ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʘʪʝʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʚʘʨʠʘʪʠʚʥʘ ʠ ʧʦʪʦʤʫ ʟʜʝʩʴ ʠʤʝʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʟʘʱʠʪʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. 

 

(ʘ) 
 

(ʙ) 

ʈʠʩ.3. ʊʨʘʜʠʮʠʦʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʧʘʪʝʥʪʥʦʡ ʘʥʘʣʠʪʠʢʠ, Sem-Hub/P 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʬʫʥʢʮʠʦʥʘʣʫ ʚ ʦʙʩʫʞʜʘʝʤʦʡ ʩʠʩʪʝ-

ʤʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʘʥʘʣʠʪʠʢʘ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 4 ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʵʢʩʪʝʥʩʠʦʥʘʣʘ ʦʥʪʦʣʦʛʠʠ çʄʠʨ ʧʘʪʝʥʪʦʚè, ʘ ʥʘ ʨʠʩ. 5 ï 

ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ ʘʢʪʠʚʥʦʩʪʠ ʩʪʨʘʥ ʠ ʧʨʘʚʦʦʙʣʘʜʘʪʝʣʝʡ ʚ ʪʦʡ ʞʝ ʧʨʝʜʤʝʪ-

ʥʦʡ ʦʙʣʘʩʪʠ ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ. 
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ʈʠʩ.4. ʌʨʘʛʤʝʥʪ ʵʢʩʪʝʥʩʠʦʥʘʣʘ ʦʥʪʦʣʦʛʠʠ çʄʠʨ ʧʘʪʝʥʪʦʚè ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ  

ʦʙʨʘʙʦʪʢʠ ʧʘʪʝʥʪʦʚ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ çʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ  

ʨʦʜʘʥʠʥʘ ʚ ʤʝʜʠʮʠʥʝ/ʬʘʨʤʘʢʦʣʦʛʠʠè ʟʘ 2006ï2016 ʛ.ʛ. 

  
ʈʠʩ. 5 ʊʝʧʣʦʚʳʝ ʢʘʨʪʳ ʘʢʪʠʚʥʦʩʪʠ ʧʨʘʚʦʦʙʣʘʜʘʪʝʣʝʡ ʠ ʩʪʨʘʥ  

ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ çʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʨʦʜʘʥʠʥʘ  

ʚ ʤʝʜʠʮʠʥʝ/ʬʘʨʤʘʢʦʣʦʛʠʠè ʟʘ 2006ï2016 ʛ.ʛ. 

ʅʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʟʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʘʪʝʥʪ-

ʥʦʡ ʘʥʘʣʠʪʠʢʠ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʧʣʘʪʬʦʨʤʝ Semantic Hub. ʇʨʝʜʧʦʣʘʛʘʝʪ-

ʩʷ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʜʘʥʥʦʡ 

ʪʝʤʘʪʠʢʝ ʙʫʜʫʪ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʧʨʦʙʣʝʤʘʭ ʛʣʦʙʘʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʧʘʪʝʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʘʭ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʩʰʠʨʝʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʘʥʘʣʠʪʠʢʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ ʩʚʦʠʤ ʧʨʠʷʪʥʳʤ ʜʦʣʛʦʤ ʧʦʙʣʘʛʦʜʘʨʠʪʴ 

ʆʆʆ ʅʄʂ çʄʝʜʙʠʦʬʘʨʤè ʠ ʣʠʯʥʦ ʈ.ɸ. ʈʦʟʠʝʚʘ, ɽ.ɸ. ɹʠʣʳʢ ʠ ɽ.ɺ. ɹʦʥʜʘʨʝʥʢʦ ʟʘ 

ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʧʠʣʦʪʥʦʛʦ ʧʨʦʝʢʪʘ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓɽ ɼʀʅɸʄʀʏɽʉʂʀɽ 

ʀ ʈʆɹʆʊʆʊɽʍʅʀʏɽʉʂʀɽ ʉʀʉʊɽʄʓ 
 

 

 

ʋɼʂ 004.896 

ʄɸʈʐʈʋʊʀɿɸʎʀʗ ɺ ɸʕʈʆʄʆɹʀʃʔʅʆʁ ʉɽʊʀ  

ʉɺʗɿʀ ʅɸ ɹɸɿɽ ɹɽʉʇʀʃʆʊʅʓʍ ʃɽʊɸʊɽʃʔʅʓʍ  

ɸʇʇɸʈɸʊɸʍ ɺ ʋʉʃʆɺʀʗʍ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ  

ɸ.ɺ. ɸʥʘʥʴʝʚ (sasha303_75@mail.ru) 

ɻ.ɸ. ʂʘʱʝʥʢʦ 

ɺʋʅʎ ɺɺʉ çɺɺɸè, ʛ. ɺʦʨʦʥʝʞ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ 

ʚʳʙʦʨʘ ʤʘʨʰʨʫʪʘ ʚ ʘʵʨʦʤʦʙʠʣʴʥʳʭ ʩʝʪʷʭ (ɸʉʉ) ʥʘ ʙʘʟʝ ʙʝʩʧʠʣʦʪ-

ʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʃɸ) ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʄʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ʩʝʪʠ ʩʚʷʟʠ, ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, 

ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ, ʤʘʨʰʨʫʪʠʟʘʮʠʷ, ʚʳʙʦʨ ʤʘʨʰʨʫʪʘ 

ɺʚʝʜʝʥʠʝ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʚʦʡʩʢʘʤʠ ʚ ʭʦʜʝ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩʚʷʟʠ. ʈʘʩʪʫʱʠʝ ʪʨʝ-

ʙʦʚʘʥʠʷ ʢ ʤʦʙʠʣʴʥʦʩʪʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʦʙʲʝʤʘʤ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡ-

ʩʪʚʠʡ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʵʨʦʤʦʙʠʣʴʥʳʭ ʩʝʪʝʡ ʩʚʷʟʠ 
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(ɸʉʉ) ʥʘ ʙʘʟʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ [ɸʥʘʥʴʝʚ ʠ ʜʨ. 2016]. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʠʝ ɸʉʉ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜ-

ʚʝʨʛʥʫʪʳ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʤ ʠ ʧʨʝʜʥʘʤʝʨʝʥʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʠ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʤ ʨʘʟʨʫʰʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʈɺ) ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʪʠʚʥʠʢʘ. ʂ 

ʚʦʟʤʦʞʥʳʤ ʨʘʟʨʫʰʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʦʛʥʝʚʦʝ ʧʦʨʘ-

ʞʝʥʠʝ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳ (ʩʢʦʨʦʩʪʨʝʣʴʥʳʝ ʟʝʥʠʪʥʦ-

ʧʫʣʝʤʝʪʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʠʭ ʚʘʨʠʘʥʪʳ, ʟʝʥʠʪʥʳʝ ʨʘʢʝʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, 

ʧʝʨʝʥʦʩʥʳʝ ʟʝʥʠʪʥʳʝ ʨʘʢʝʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʟʝʥʠʪʥʳʝ ʨʘʢʝʪʥʦ-ʧʫʰʝʯʥʳʝ 

ʢʦʤʧʣʝʢʩʳ), ʤʦʱʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʤʧʫʣʴʩʳ ʩʨʝʜʩʪʚ ʨʘʜʠʦʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʧʦʨʘʞʝʥʠʷ, ʨʘʜʠʦʧʦʤʝʭʠ ʩʨʝʜʩʪʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʜʘʚʣʝ-

ʥʠʷ. ʉʣʝʜʩʪʚʠʝʤ ʈɺ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ɸʉʉ, ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʠʣʠ ʯʘʩʪʠʯ-

ʥʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʫʟʣʦʚ ʠʣʠ ʨʝʙʝʨ ʩʝʪʠ, ʪ.ʝ. ɸʉʉ ʙʫʜʝʪ ʥʝʩʪʠ ʤʘʪʝʨʠʘʣʴ-

ʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝ-

ʥʝʥʠʷ ɸʉʉ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʫʱʝʨʙʘ [ɸʥʘʥʴʝʚ ʠ ʜʨ., 

2016a], ʠ ʞʠʚʫʯʝʩʪʠ ɸʉʉ [ɸʥʘʥʴʝʚ ʠ ʜʨ., 2016b] ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʬʣʠʢʪʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʦʡ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ, ʙʳʣ ʨʘʟʨʘʙʦ-

ʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʤʝʪʦʜ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ 

[ɸʥʘʥʴʝʚ ʠ ʜʨ., 2016c]. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʧʧʘʨʘʪ ʧʨʝʜʥʘʟʥʘʯʝʥ, ʧʨʝʞʜʝ ʚʩʝ-

ʛʦ, ʜʣʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ɸʉʉ ʩ ʧʫʥʢʪʘ ʫʧʨʘʚʣʝʥʠʷ 

(ʇʋ) ɸʉʉ ʠʣʠ ʩ ʦʜʥʦʛʦ ɹʃɸ, ʥʘʟʥʘʯʝʥʥʦʛʦ ʛʣʘʚʥʳʤ ʚ ʛʨʫʧʧʠʨʦʚʢʝ. ʆʜ-

ʥʘʢʦ ʩʚʷʟʴ ʩ ʇʋ ɸʉʉ ʷʚʣʷʝʪʩʷ ʫʷʟʚʠʤʦʡ ʠ ʢʨʦʤʝ ʪʦʛʦ, ʜʝʤʘʩʢʠʨʫʝʪ ʩʘʤ 

ʇʋ. ɺʘʨʠʘʥʪ ʥʘʟʥʘʯʝʥʠʷ ʛʣʘʚʥʦʛʦ ɹʃɸ ʚ ʩʦʩʪʘʚʝ ʛʨʫʧʧʠʨʦʚʢʠ ɸʉʉ ʥʘ 

ʙʘʟʝ ɹʃɸ ʪʘʢʞʝ ʧʦ ʧʦʥʷʪʥʳʤ ʧʨʠʯʠʥʘʤ ʧʦʚʳʰʘʝʪ ʫʷʟʚʠʤʦʩʪʴ ʚʩʝʡ ɸʉʉ.  

ʇʦʵʪʦʤʫ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʚʳʰʝʥʠʝ ʞʠʚʫʯʝʩʪʠ ɸʉʉ ʥʘ ʙʘ-

ʟʝ ɹʃɸ ʟʘ ʩʯʝʪ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʢʦʪʦ-

ʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ.  

ʄʘʨʰʨʫʪʠʟʘʮʠʷ ʚ ɸʉʉ ʥʘ ʙʘʟʝ ɹʃɸ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ [ɻʦʣʫʙʝʚ, 2016], ʛʜʝ ʪʦʧʦ-

ʣʦʛʠʷ ʠʟʤʝʥʷʝʪʩʷ ʦʯʝʥʴ ʨʝʜʢʦ, ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʚ ɸʉʉ ʥʘ ʙʘʟʝ ɹʃɸ ʩʦʧʨʷ-

ʞʝʥʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʚ 

ʵʪʠʭ ʩʝʪʷʭ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʜʝʞʥʦ, ʘ ʩ ʜʨʫʛʦʡ, ʥʝʫʩʪʦʡʯʠ-

ʚʘʷ ʧʨʠʨʦʜʘ ɸʉʉ ʠ ʥʝʯʝʪʢʦʩʪʴ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʈɺ ʥʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʠʪʴ çʧʨʦʚʝʨʝʥʥʳʝè ʩʧʦʩʦʙʳ 

ʧʦʜʜʝʨʞʢʠ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʦʜʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʩʧʦʩʦʙʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʢ ʥʫʣʶ. ʇʦʵʪʦʤʫ ʜʣʷ ɸʉʉ ʥʝʦʙʭʦʜʠʤʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʘ-

ʨʠʘʥʪʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʤʘʨʰʨʫʪʘ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝ-

ʪʷʭ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ [ɸʬʘʥʘʩʴʝʚ, 2013], [ʄʘʨʪʳʥʦʚʘ, 2008]. 
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ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʦʠʩʢʦʤ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʨʰʨʫʪʦʚ ʧʦʟʚʦʣʷʝʪ, 

ʥʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʠʪʴ ʜʦʧʫʩʪʠʤʫʶ ʥʘʛʨʫʟʢʫ ʚ ʩʝʪʠ, ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʝʝ ʤʦʜʠʬʠʢʘ-

ʮʠʠ. ʆʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʙʝʟ ʫʯʝʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʚʳʙʦʨʫ 

ʥʝʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʤʘʨʰʨʫʪʘ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝ-

ʥʠʡ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʥʝʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪʠ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʠʠ ʥʝ-

ʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʘʨʰ-

ʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ɸʉʉ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ [ʇʦʣʫʢʘʨʦʚ, 2006], [ʀʚʘ-

ʥʦʚ, 2009], [ʉʘʡʜ, 2012], [Natsheh, 2006], [Dutta, 2012] ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʟʘʜʘʯʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦ-

ʩʪʠ ʨʝʰʘʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʦʝ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʤʝʪʨʠʢʠ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʘʨʰ-

ʨʫʪʠʟʘʮʠʠ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʫʯʝʪʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦ-

ʩʪʠ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʈɺ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʜʝʩʪʘ-

ʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ.  

ʉ ʧʦʟʠʮʠʡ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʤʘʨʰʨʫʪʘ ʚ ɸʉʉ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʥʘʙʦʨʦʤ ʠʥʬʦʨʤʘʮʠʠ: 

, , , , , , , , , , ,T X Q A F G L M N C S D< >                   (1.1) 

ɺ ʚʳʨʘʞʝʥʠʠ (1.1) ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʊ ï ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʠ (ʥʘʧʨʠʤʝʨ, t1 ï ʚʳʙʨʘʪʴ ʣʫʯʰʠʡ ʤʘʨʰʨʫʪ; t2 ï ʚʳʙʨʘʪʴ ʤʘʨʰʨʫʪ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʥʝ ʥʠʞʝ ʟʘʜʘʥʥʳʭ; t3 ï ʫʧʦʨʷʜʦʯʠʪʴ ʚʝʩʴ ʥʘʙʦʨ ʤʘʨʰʨʫʪʦʚ 

ʧʦ ʩʪʝʧʝʥʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʠ ʜʨ.); X ï ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʤʘʨʰʨʫʪʦʚ; 

Q ï ʤʥʦʞʝʩʪʚʦ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʤʘʨʰʨʫʪʦʚ; ɸ ï ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʠʟ-

ʤʝʨʝʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʡ; F ï ʦʪʦʙʨʘʞʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʤʘʨʰʨʫ-

ʪʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʬʫʥʢʮʠʠ ʚ ʤʥʦʞʝʩʪʚʦ ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʦʮʝʥʦʢ; G ï ʩʠ-

ʩʪʝʤʘ ʧʨʝʜʧʦʯʪʝʥʠʡ ʨʝʰʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ; L ï ʩʧʦʩʦʙʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠ-

ʩʪʝʤʳ; ʄ ï ʤʝʪʦʜʳ ʦʮʝʥʠʚʘʥʠʷ ʚʘʨʠʘʥʪʦʚ; N ï ʧʨʦʮʝʜʫʨʳ ʚʳʙʦʨʘ ʚʘʨʠʘʥ-

ʪʦʚ ʤʘʨʰʨʫʪʘ; ʉ ð ʚʠʜ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ; S ï ʫʨʦʚʝʥʴ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʦ-

ʩʪʘʥʦʚʢʠ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ; D ï ʨʝʰʘʶʱʝʝ ʧʨʘʚʠʣʦ, ʦʪʨʘʞʘʶʱʝʝ ʩʠʩʪʝʤʫ 

ʧʨʝʜʧʦʯʪʝʥʠʡ ʤʘʨʰʨʫʪʦʚ. 

ɸʥʘʣʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʨʰʨʫʪʦʚ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʚ ɸʉʉ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ. 

ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
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ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʳʙʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ɸʉʉ. ʆʪʣʠʯʠ-

ʪʝʣʴʥʳʤʠ ʯʝʨʪʘʤʠ ʚʩʝʭ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʷʚʣʷʶʪʩʷ ʧʨʦ-

ʩʪʘʷ ʚʝʢʪʦʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ ʠ ʧʨʦʩʪʦʪʘ ʦʮʝʥʢʠ 

ʘʣʴʪʝʨʥʘʪʠʚ ʧʦ ʢʨʠʪʝʨʠʷʤ, ʯʪʦ ʜʝʣʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʟʘʜʘʯʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʙʦʨʦʤ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚ. 

ʄʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʯʝʪʢʦʛʦ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʚʳʙʦʨʘ 

ʤʘʨʰʨʫʪʦʚ ʚ ɸʉʉ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʰʘʛʠ [ɹʝʣʣʤʘʥ, 1976], 

[Rotshtein, 1997]. 

ʐʘʛ 1. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʨʠʪʝʨʠʝʚ ʢʘʢ ʥʝʯʸʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʟʘʜʘʥʥʳʭ ʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʥʦʞʝʩʪʚʘʭ ʚʘʨʠʘʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

ʐʘʛ 2. ʆʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʝʯʸʪʢʠʭ ʤʥʦʞʝʩʪʚ ʥʘ 

ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʷʭ ʚʘʨʠʘʥʪʦʚ ʩ ʧʦʤʦ-

ʱʴʶ 9-ʙʘʣʴʥʦʡ ʰʢʘʣʳ ʊ. ʉʘʘʪʠ [ʉʘʘʪʠ, 2006]. 

ʐʘʛ 3. ʈʘʥʞʠʨʦʚʘʥʠʝ ʚʘʨʠʘʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʩʝʯʝʥʠʷ ʥʝʯʸʪʢʠʭ ʤʥʦ-

ʞʝʩʪʚ-ʢʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʠʟʚʝʩʪʥʦʡ ʚ ʪʝʦʨʠʠ ʧʨʠʥʷʪʠʷ ʨʝʝh-

ʥʠʡ ʩʭʝʤʝ ɹʝʣʣʤʘʥʘïɿʘʜʝ. 

ʐʘʛ 4. ʈʘʥʞʠʨʦʚʘʥʠʝ ʢʨʠʪʝʨʠʝʚ ʤʝʪʦʜʦʤ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʠ ʫʯʸʪ ʨʘʥʛʦʚ 

ʢʘʢ ʩʪʝʧʝʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

ʂʨʠʪʝʨʠʡ lq QÍ  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʥʝʯʸʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ 
lq , 

ʢʦʪʦʨʦʝ ʟʘʜʘʥʦ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʤʥʦʞʝʩʪʚʝ S ʪʘʢʠʤ ʦʙʨʘʟʦʤ 
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1 2
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m mmë ûî î
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                               (1.2) 

ʛʜʝ ()l
ism  ï ʩʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʵʣʝʤʝʥʪʘ Sl ʢ ʥʝʯʸʪʢʦʤʫ ʤʥʦʞʝʩʪʚʫ lq . 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʬʦʨʤʫʣʫ 

(1.1), ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʤʘʪʨʠʮʳ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ (ʄʇʉ) ʚʘʨʠʘʥʪʦʚ ʧʦ 

ʢʘʞʜʦʤʫ ʢʨʠʪʝʨʠʶ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʨʘʚʥʷʝʪʩʷ m. ʕʪʠ ʤʘʪʨʠʮʳ 

ʟʘʥʦʩʷʪʩʷ ʚ ʙʘʟʫ ʟʥʘʥʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ. ʕʣʝʤʝʥʪ ʄʇʉ 
l
ijm  ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʦʮʝʥʠʚʘʝʪʩʷ ʵʢʩʧʝʨʪʘʤʠ ʧʦ 9-ʙʘʣʴʥʦʡ ʰʢʘʣʝ ʊ. ʉʘʘʪʠ. ʇʨʠ ʥʘʣʠ-

ʯʠʠ ʩʚʦʡʩʪʚ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʠ ʪʨʘʥʟʠʪʠʚʥʦʩʪʠ ʚ ʨʘʙʦʪʝ [10] ʧʨʝʜʣʦʞʝʥʦ 

ʚʳʯʠʩʣʷʪʴ ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ  
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1
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l
i l l l

i i ni

s
m m m

m =
+ + +

                              (1.3) 

ʅʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ D , ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʣʫʯ-

ʰʝʛʦ ʚʘʨʠʘʥʪʘ ʤʘʨʰʨʫʪʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 
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ʛʜʝ 1 2, ,..., mw w w ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ 

1 2, ,..., mq q q . ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ wl, 1,2, ,l m= , ʥʝʦʙʭʦʜʠ-

ʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʄʇʉ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ lq QÍ  ʠ ʚ ʩʣʫʯʘʝ ʝʝ ʦʙʨʘʪʥʦʡ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʠ ʪʨʘʥʟʠʪʠʚʥʦʩʪʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ (1.3). 

ɺ ʠʪʦʛʝ ʥʘʠʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʤʘʨʰʨʫʪʘ ʚ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ 

ʩʯʠʪʘʪʴ ʪʦʪ, ʫ ʢʦʪʦʨʦʡ ʥʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

D
1,2, ,

( ) max ( )D i
i n

s sm m*

=

= .                                     (1.5) 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ ʤʘʨʰʨʫʪʘ ʚ ʥʝʯʝʪʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʩʤʦʪʨʠʤ ʩʨʘʚʥʝʥʠʝ ʧʷʪʠ ʘʣʴʪʝʨʥʘʪʠʚ-

ʥʳʭ ʤʘʨʰʨʫʪʦʚ ʚ ɸʉʉ (s1, é, s5). ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʚʦʩ-

ʧʦʣʴʟʫʝʤʩʷ ʩʣʝʜʫʶʱʠʤʠ ʢʨʠʪʝʨʠʷʤʠ: q1 ï ʩʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʜʘʥʥʳʭ ʧʦ ʤʘʨʰʨʫʪʫ; q2 ï ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

q3 ï ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ; q4 ï ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʫʟʣʦʚ; q5 ï ʩʪʦʠʤʦʩʪʴ. 

ʆʪʥʦʩʠʪʝʣʴʥʫʶ ʚʘʞʥʦʩʪʴ ʢʨʠʪʝʨʠʝʚ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʄʇʉ ʪʘʙʣ. 1. 
 

ʊʘʙʣ. 1. 

 q1 q2 q3 q4 q5 

q1 1,00 0,20 3,00 0,33 0,20 

q2 5,00 1,00 5,00 3,00 5,00 

q3 0,33 0,20 1,00 0,33 0,33 

q4 3,00 0,33 3,00 1,00 3,00 

q5 5,00 0,20 3,00 0,33 1,00 
 

ʈʘʥʛʠ ʢʨʠʪʝʨʠʝʚ: w1 = 0,53; w2 = 3,27; w3 = 0,37; w4 = 1,55; w5 = 1. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʢʨʠʪʝʨʠʡ ʵʪʦ q2. 

ʕʢʩʧʝʨʪʥʳʝ ʩʨʘʚʥʝʥʠʷ ʤʘʨʰʨʫʪʦʚ s1ïs5 ʧʦ ʢʨʠʪʝʨʠʷʤ q1ïq5 ʚ ʚʠʜʝ 

ʄʇʉ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2ï6. 
 

ʊʘʙʣ. 2. 
q1 s1 s2 s3 s4 s5 

s1 1,00 0,33 0,33 0,33 5,00 

s2 3,00 1,00 3,00 5,00 5,00 

s3 3,00 0,33 1,00 3,00 5,00 

s4 0,33 0,20 0,33 1,00 3,00 

s5 0,20 0,20 0,20 0,33 1,00 
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ʊʘʙʣ. 3. 
q2 s1 s2 s3 s4 s5 

s1 1,00 5,00 5,00 3,00 3,00 

s2 0,20 1,00 0,33 0,20 0,20 

s3 0,20 3,00 1,00 0,20 0,20 

s4 0,33 5,00 5,00 1,00 0,33 

s5 0,33 5,00 5,00 3,00 1,00 
 

ʊʘʙʣ. 4. 
q3 s1 s2 s3 s4 s5 

s1 1,00 5,00 3,00 5,00 5,00 

s2 0,20 1,00 0,20 3,00 0,33 

s3 0,33 5,00 1,00 5,00 3,00 

s4 0,20 0,33 0,20 1,00 0,33 

s5 0,20 3,00 0,33 3,00 1,00 
 

ʊʘʙʣ. 5. 
q4 s1 s2 s3 s4 s5 

s1 1,00 3,00 5,00 3,00 0,33 

s2 0,33 1,00 3,00 0,33 0,20 

s3 0,20 0,33 1,00 0,33 0,20 

s4 0,33 3,00 3,00 1,00 0,20 

s5 3,00 5,00 5,00 5,00 1,00 
 

ʊʘʙʣ. 6. 
q5 s1 s2 s3 s4 s5 

s1 1,00 3,00 3,00 5,00 5,00 

s2 0,33 1,00 0,33 5,00 3,00 

s3 0,33 3,00 1,00 5,00 5,00 

s4 0,20 0,20 0,20 1,00 0,33 

s5 0,20 0,33 0,20 3,00 1,00 
 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʩʪʫʧʥʘʷ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʵʢʩʧʝʨʪʘʤ ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʘʯʝʩʪʚʝ 

ʚʘʨʠʘʥʪʦʚ ʚ ʚʠʜʝ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʊ. ʉʘʘʪʠ ʧʨʠ 

ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʷʭ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʥʝʯʝʪʢʦʛʦ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʦʚ ʤʘʨʰʨʫʪʦʚ ʚ 

ɸʉʉ ʥʝ ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ ʪʨʫʜʦʝʤʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʥʘʭʦʞʜʝʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʢʪʦʨʘ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ 1-  ̫ʘʣʴʪʝʨʥʘʪʠʚʘ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʝʧʝʥʝʡ ʧʨʝʜʧʦʯʪʝʥʠʷ ʤʘʨʰʨʫʪʦʚ ʠʟ 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʧʨʠʤʝʨʘ. ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʟ-

ʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʧʫʪʝʚʫʶ ʤʘʨʰʨʫʪʠʟʘʮʠʶ, ʪʦ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʨʘʟʥʳʭ ʤʘʨʰʨʫʪʘʭ. 
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʘʣʴʪʝʨʥʘʪʠʚ ʤʘʨʰʨʫʪʦʚ 
 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚ ʤʘʨʰʨʫʪʥʳʭ ʪʘʙʣʠʮʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʭʨʘʥʠʪʴ ʜʘʥʥʳʝ 

ʦʙ ʦʩʥʦʚʥʦʤ ʤʘʨʰʨʫʪʝ ʠ ʦʙ ʦʜʥʦʤ ʠʣʠ ʜʚʫʭ ʨʝʟʝʨʚʥʳʭ ʤʘʨʰʨʫʪʘʭ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʥʘʧʨʠ-

ʤʝʨ, ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ ʢʦʥʬʣʠʢʪʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʤʘʨʰʨʫʪʘ, ʧʦʩʪʨʦʝʥ-

ʥʘʷ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠ-

ʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ  ʥʝʧʦʣʥʦʪʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʚ ʫʩʣʦʚʠʷʭ 

ʘʢʪʠʚʥʦʛʦ ʢʦʥʬʣʠʢʪʘ. ʇʨʠ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ  ʬʦʨʤʠʨʦʚʘʥʠʝ ʄʇʉ ʥʝ ʪʨʝ-

ʙʫʝʪ ʯʝʪʢʠʭ ʜʘʥʥʳʭ ʦ ʤʘʨʰʨʫʪʘʭ ʚ ɸʉʉ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʤʝʪʦʜʠʢʠ ʦʩʦ-

ʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʚʳʩʦʢʦʡ ʤʦʙʠʣʴʥʦʩʪʠ ʩʝʪʠ, ʢʦʛʜʘ ʩʚʷʟʠ ʤʝʞʜʫ ʫʟʣʘ-

ʤʠ ʩʦʟʜʘʶʪʩʷ ʠ ʫʥʠʯʪʦʞʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʝʜʥʘʤʝ-

ʨʝʥʥʳʭ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʢʘʥʘʣʳ ʩʚʷʟʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[ɸʥʘʥʴʝʚ ʠ ʜʨ., 2016a] ɸʥʘʥʴʝʚ ɸ.ɺ., ʂʘʱʝʥʢʦ ɻ.ɸ. ɾʠʚʫʯʝʩʪʴ ʘʵʨʦʤʦʙʠʣʴʥʳʭ 

ʩʝʪʝʡ ʩʚʷʟʠ ʥʘ ʙʘʟʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʄʘʪ. ʜʦʢʣ. I ɺʩʝʨʦʩ-

ʩʠʡʩʢʦʡ ʅʇʂ çɸʚʠʦʥʠʢʘè. ï ɺʦʨʦʥʝʞ. ï ɺʋʅʎ ɺɺʉ çɺɺɸè, 2016. 

[ɸʥʘʥʴʝʚ ʠ ʜʨ. 2016b] ɸʥʘʥʴʝʚ ɸ.ɺ., ɿʤʠʡ ɹ.ʌ, ʂʘʱʝʥʢʦ ɻ.ɸ. ʆʮʝʥʢʘ ʨʠʩʢʘ ʚʣʠʷ-

ʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʘʟʨʫʰʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʘʵʨʦʤʦ-

ʙʠʣʴʥʫʶ ʩʝʪʴ ʩʚʷʟʠ. ʄʘʪ. ʜʦʢʣ. I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʅʇʂ çɸʚʠʦʥʠʢʘè. ï ɺʦʨʦʥʝʞ. 
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ɸʃɻʆʈʀʊʄ ɺʓɹʆʈɸ ʃʀɼɽʈɸ ɺ ʉʀʉʊɽʄɸʍ  

ʉ ʄɽʅʗʖʑɽʁʉʗ ʊʆʇʆʃʆɻʀɽʁ
1
 

ɺ.ɺ. ɺʦʨʦʙʴʝʚ (gatus86@mail.ru)  

ɸ.ɼ. ʄʦʩʢʦʚʩʢʠʡ (moscowskyad@gmail.com)  

ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʣʠʜʝʨʘ ʚ ʢʦʣʣʝʢʪʠʚʝ 

ʨʦʙʦʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʢʘʣʴʥʦʡ ʩʚʷʟʠ ʠ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʙʳʩʪʨʦʛʦ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʝʛʦ ʧʦʷʚʣʝʥʠʷ. ʃʠʜʝʨʩʪʚʦ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʝʩʘ ʫʟʣʘ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʚʝʩʘ 

ʩʦʩʝʜʝʡ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʜʘʥʥʳʡ ʫʟʝʣ. ɸʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ 

ʧʨʦʚʦʜʠʪʴ ʨʝʢʦʥʬʠʛʫʨʘʮʠʶ ʨʦʷ ʧʨʠ ʧʦʪʝʨʝ ʣʠʜʝʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʪʠʯʝʩʢʠʡ ʨʦʡ, ʚʳʙʦʨ ʣʠʜʝʨʘ, ʨʦʙʦʪ, ʛʨʫʧʧʦ-

ʚʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʘʪʨʘʛʠʚʘʶ-

ʱʠʭ ʚʦʧʨʦʩʳ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʝʝ ʟʘʜʘʯ 

ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʣʠʜʝʨʘ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʣʦ-

ʢʘʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʯʣʝʥʘʤʠ ʢʦʣʣʝʢʪʠʚʘ ʠ ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʜʘʥ-

ʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʨʦʭʦʜʠʣʘ ʙʳʩʪʨʦ ʠ ʛʘʨʘʥʪʠʨʦʚʘʣʘ ʦʜʥʦʟʥʘʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʅʘʧʨʠʤʝʨ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʦʡ çʫʤʥʳʭè ʩʥʘʨʷʜʦʚ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʘʨʪʠʣʣʝ-

ʨʠʡʩʢʦʡ ʩʠʩʪʝʤʦʡ NLOS.  

ɺʘʞʥʦʩʪʴ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʣʠʜʝʨʘ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʠ ʫʧʨʘʚʣʷʪʴ ʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʦʱʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʨʦʮʝʩʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʜʘʯʘʭ, 

ʛʜʝ ʥʝʦʙʭʦʜʠʤʘ ʚʳʩʦʢʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʩʦʚʤʝʩʪʥʳʭ ʜʝʡʩʪʚʠʡ, ʥʘʧʨʠʤʝʨ, 

ʢʦʛʜʘ ʢʦʣʣʝʢʪʠʚ ʨʦʙʦʪʦʚ ʘʪʘʢʫʝʪ ʫʢʘʟʘʥʥʳʡ ʦʙʲʝʢʪ, ʠʣʠ ʟʘʥʠʤʘʝʪʩʷ ʨʘʟ-

ʚʝʜʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʠʣʠ ʚ ʟʘʜʘʯʘʭ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʢʦʣʣʝʢʪʠʚʘ, ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ ʠʤʝʣʩʷ ʣʠʜʝʨ, ʢʦʦʨʜʠʥʠʨʫʶʱʠʡ ʨʘʙʦʪʫ. 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ  

ˉ 16-11-00018) ʠ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-01-07900 ʠ ʧʨʦʝʢʪ ˉ16-29-04412). 
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ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʦʡ ʩʚʷʟʠ, ʩ ʫʯʝʪʦʤ 

ʪʦʛʦ, ʯʪʦ ʪʦʧʦʣʦʛʠʷ ʨʦʷ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ, ʪ.ʝ. ʤʦʛʫʪ ʧʨʦʧʘʜʘʪʴ ʦʜʥʠ ʫʟʣʳ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʣʠʜʝʨ, ʠ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʜʨʫʛʠʝ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʥʝ ʷʚʣʷʝʪʩʷ 

ʪʨʠʚʠʘʣʴʥʦʡ.  

ʃʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʳʤ ʦʛʨʘʥʠʯʝʥʠ-

ʝʤ, ʢʦʪʦʨʦʛʦ, ʦʜʥʘʢʦ, ʥʝʚʦʟʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʦʣʴʰʠʝ 

(ʧʦʨʷʜʢʘ ʩʦʪʥʠ) ʨʦʠ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [ʂʘʨʧʦʚ, 2016], ʛʜʝ ʠʩʩʣʝʜʫʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʝʡ ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʛʨʫʧʧʦʚʦʡ 

ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʯʝʪʢʦ ʫʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʣʝʥʘʤʠ ʛʨʫʧʧʳ 

ʜʦʣʞʥʦ ʠʤʝʪʴ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʘʢʪʠʚʥʦ ʨʝʰʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ IP-ʩʝʪʝʡ [Clementi et al., 

2003], [Zhou et al., 2007] ʠ ʚ ʦʙʣʘʩʪʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ [Heb-

den et al., 2006], [Vural et al., 2014]. ʆʜʥʘʢʦ ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʝ ʚʩʝ ʩʚʷʟʠ 

ʥʦʩʷʪ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʵʪʦʤ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʢʦʣʣʝʢʪʠʚʝ ʨʦʙʦ-

ʪʦʚ, ʚʦʟʤʦʞʥʦ ʤʦʙʠʣʴʥʳʭ, ʪʦ ʚʩʪʘʝʪ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʅʘʧʨʠʤʝʨ, ʥʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʨʦʙʦʪ ʤʦʞʝʪ çʧʦʛʠʙʥʫʪʴè ʠ ʚʳʙʳʪʴ ʠʟ ʢʦʣ-

ʣʝʢʪʠʚʘ, ʪʝʤ ʩʘʤʳʤ ʨʘʟʦʨʚʘʚ ʩʚʷʟʴ, ʙʦʣʝʝ ʪʦʛʦ ʧʦʛʠʙʰʝʡ ʦʩʦʙʴʶ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʠ ʚʳʙʨʘʥʥʳʡ ʜʦ ʵʪʦʛʦ ʮʝʥʪʨ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʫʞʥʘ ʨʝʢʦʥʬʠ-

ʛʫʨʘʮʠʷ ʩʝʪʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʜʘʥʥʘʷ ʨʝʢʦʥʬʠʛʫʨʘʮʠʷ 

ʜʦʣʞʥʘ ʠʤʝʪʴ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʝ ʪʨʝʙʦʚʘʪʴ ʧʝʨʝʩʪʨʦʝʥʠʷ ʚʩʝʡ ʩʝʪʠ.  

ɺ [Nettleton et al., 2001] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʚ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʷʭ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʥʮʠʧʳ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʝʪʷʭ ʩ ʥʝʠʟʚʝʩʪʥʦʡ ʪʦʧʦʣʦʛʠʝʡ (ʜʣʷ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ) ʠ ʣʦ-

ʢʘʣʴʥʦʡ ʩʚʷʟʴʶ, ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʆʜʥʘʢʦ, 

ʨʘʙʦʪʘ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ ʣʠʜʝʨʘ, ʘʚʪʦʨ ʥʘʦʙʦʨʦʪ ʧʦʜʯʝʨʢʠ-

ʚʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ, ʪʘʢʞʝ ʥʝ ʨʘʩʩʤʘʪʨʠ-

ʚʘʶʪʩʷ ʩʣʫʯʘʝ ʧʦʪʝʨʠ ʘʛʝʥʪʦʚ ʠʟ ʩʝʪʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝ-

ʤʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤʠ, 

ʦʜʥʘʢʦ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʥʝʦʙʭʦʜʠʤʦ ʘʛʨʝʛʠʨʦ-

ʚʘʪʴ ʚ ʦʜʥʦʤ ʤʝʩʪʝ, ʪ.ʝ. ʥʝʦʙʭʦʜʠʤ ʣʠʜʝʨ. ʇʨʠ ʵʪʦʤ ʮʝʥʪʨ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʝʥ, ʪʘʢ ʢʘʢ ʥʘ ʥʘʯʘʣʦ ʨʘʙʦʪʳ ʚʩʝ ʨʦʙʦʪ-rʘʛʝʥʪʳ ʨʘʚʥʦʧʨʘʚ-

ʥ  rʠ ʥʘ ʦʙʱʝʤ ʛʦʣʦʩʦʚʘʥʠʠ ʜʦʣʞʝʥ ʥʘʟʥʘʯʘʪʴʩʷ ʮʝʥʪʨ. ʅʘʟʦʚʝʤ ʵʪʦʪ ʧʨʦ-

ʮʝʩʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʠʩʪʝʤʳ.  

ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʦʧʠʩʘʥʳ ʢʦʣʣʝʢʪʠʚʳ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʣʠʜʝ-

ʨʘʤʠ, ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʘ [Howard et al., 2006] ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʨʘʙʦʪʳ ʙʦʣʴʰʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫ-

ʱʠʭ ʨʘʙʦʪ ʚʩʝ ʨʦʙʦʪʳ ʩʦʝʜʠʥʝʥʳ ʚ ʦʜʥʫ ʩʝʪʴ ʧʦʩʨʝʜʩʪʚʦʤ Wi-Fi. ʆʜʥʘʢʦ 

ʢʦʣʣʝʢʪʠʚ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ ʨʦʙʦʪʦʚ: ʠʤʝʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʦʙʦʪʦʚ-ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʦʙʦʪʦʚ-ʨʘʙʦʯʠʭ. ʈʦʙʦʪʳ-
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ʨʫʢʦʚʦʜʠʪʝʣʠ ʟʘʜʘʶʪʩʷ ʜʦ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʢʦʣʣʝʢʪʠʚʘ ʠ ʜʘʞʝ ʦʪʣʠʯʘʶʪʩʷ 

ʧʨʦʛʨʘʤʤʥʦ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ.  

ɺ ʨʘʙʦʪʝ [Courture-Bell, 2010] ʦʧʠʩʘʥʘ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʜʝʨʘ ʩ 

ʧʦʤʦʱʴʶ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ 

(ʊɿ). ʏʝʣʦʚʝʢ ʦʧʨʝʜʝʣʷʝʪ ʦʜʥʦʛʦ ʨʦʙʦʪʘ ʢʦʣʣʝʢʪʠʚʘ ʩʤʦʪʨʷ ʥʘ ʥʝʛʦ, ʩʠ-

ʩʪʝʤʘ ʊɿ ʦʧʨʝʜʝʣʷʪ ʥʘʩʢʦʣʴʢʦ ʬʨʦʥʪʘʣʴʥʦ ʯʝʣʦʚʝʢ ʧʦʚʝʨʥʫʪ ʢ ʨʦʙʦʪʫ, 

ʜʘʣʝʝ ʨʦʙʦʪʳ ʦʙʤʝʥʠʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʠʩʧʦʣʴʟʫʷ ʪʦʧʦʣʦʛʠʶ çʢʦʣʴ-

ʮʦè ʠ ʪʦʪ, ʫ ʢʦʛʦ ʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʯʠʪʘʝʪʩʷ ʚʳʙʨʘʥʥʳʤ ʯʝʣʦʚʝʢʦʤ. 

ʇʦʞʘʣʫʡ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦʡ ʨʘʙʦʪʦʡ ʷʚʣʷʝʪʩʷ [Karpov et al., 2015], 

ʛʜʝ ʦʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʣʠʜʝʨʘ ʚ ʩʪʨʫʢʪʫʨʘʭ, ʥʘʟʳʚʘʝʤʳʭ ʩʪʘʪʠʯʝ-

ʩʢʠʤ ʨʦʝʤ. ʉʫʪʴ ʧʨʦʮʝʜʫʨʳ ʛʦʣʦʩʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʥʘʯʘʣʝ 

ʢʘʞʜʳʡ ʘʛʝʥʪ ʛʦʣʦʩʫʝʪ ʟʘ ʩʝʙʷ, ʘ ʟʘʪʝʤ ʦʧʨʝʜʝʣʷʝʪ, ʟʘ ʢʦʛʦ ʛʦʣʦʩʫʶʪ ʝʛʦ 

ʩʦʩʝʜʠ. ʇʨʠ ʵʪʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʩʘ ʢʘʥʜʠʜʘʪʘ, ʟʘ ʢʦʪʦʨʦʛʦ ʛʦʣʦʩʫʝʪ 

ʩʦʩʝʜ, ʘʛʝʥʪ ʤʦʞʝʪ ʧʦʤʝʥʷʪʴ ʩʚʦʝ ʤʥʝʥʠʝ ʠ ʧʨʦʛʦʣʦʩʦʚʘʪʴ ʟʘ ʪʦʛʦ ʞʝ ʢʘʥ-

ʜʠʜʘʪʘ, ʯʪʦ ʠ ʝʛʦ ʩʦʩʝʜ. ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʥʝʡ ʚʩʝ ʘʛʝʥʪʳ ʨʘʚʥʦʧʨʘʚʥʳ, ʪ.ʝ. ʥʝʪ ʥʠʢʘʢʠʭ ʧʨʠʟʥʘʢʦʚ, 

ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʝʱʝ ʚʳʜʝʣʠʪʴ ʣʠʜʝʨʘ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʥʘ 

ʥʝʢʦʪʦʨʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʨʦʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʡ, 

ʘ ʠʥʦʛʜʘ ʠ ʙʝʩʢʦʥʝʯʥʦʡ ʧʨʦʮʝʜʫʨʝ ʛʦʣʦʩʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʜʣʷ ʨʷʜʘ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʚʦʝʥʥʳʭ ʮʝʣʝʡ, ʢʨʠʪʠʯʥʳ ʚʨʝʤʷ 

ʚʳʙʦʨʘ ʣʠʜʝʨʘ ʠ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʪʦ, ʯʪʦ ʣʠʜʝʨ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥ, ʘ ʚ 

ʩʣʫʯʘʝ ʝʛʦ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʙʫʜʝʪ ʚʳʙʨʘʥ ʥʦʚʳʡ.  

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ: cʫʱʝʩʪʚʫʝʪ N ʘʛʝʥʪʦʚ, ʦʩʥʘʱʝʥʥʳʭ K ʢʘʥʘʣʘʤʠ 

ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʣʷ ʧʝʨʝʜʘ-

ʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʂʘʥʘʣʳ ʷʚʣʷʶʪʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʪʦ, ʯʪʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʘʛʝʥʪʘʤʠ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʦʨʚʘʥʘ. ɸʛʝʥʪʳ ʩʦʙʠʨʘʶʪʩʷ ʚ ʨʦʡ, ʧʨʦʠʟʚʦʣʴʥʦ ʧʦʜʢʣʶʯʘ-

ʷʩʴ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʠʩʧʦʣʴʟʫʷ ʩʚʦʠ ʢʘʥʘʣʳ. ʅʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʘʛʝʥʪʳ ʚʳ-

ʙʨʘʣʠ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʣʠʜʝʨʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʟʘʜʘʯʠ ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʳʭ ʠ 

ʚʳʨʘʙʦʪʢʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʣʘʥʘ ʜʝʡʩʪʚʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʅʘʣʠʯʠʝ ʣʠʜʝʨʘ 

ʜʦʣʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ, ʦʧʠʨʘʷʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ 

ʤʝʞʘʛʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʉʘʤʘ ʧʨʦʮʝʜʫʨʘ ʚʳʙʦʨʘ ʣʠʜʝʨʘ ʜʦʣʞʥʘ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʝʛʦ ʧʦʷʚʣʝʥʠʝ ʠ ʚʳʧʦʣʥʷʪʴʩʷ ʟʘ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ.  

2. ɸʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʣʠʜʝʨʘ 

ʂʘʞʜʳʡ ʫʟʝʣ ʟʘʜʘʝʪʩʷ ʯʝʪʚʝʨʢʦʡ A=<I, W, P, ʉ>, ʛʜʝ I ï ʫʥʠʢʘʣʴʥʳʡ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʘʛʝʥʪʘ, W ï ʝʛʦ ʚʝʩ, ʢʦʪʦʨʳʡ ʚʥʘʯʘʣʝ ʨʘʚʝʥ ʝʜʠʥʠʮʝ, P ï 

ʧʦʪʝʥʮʠʘʣ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ ʥʫʣʶ ʠ ʉ ï ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʝʜʝʡ. ʀʜʝʥʪʠʬʠʢʘ-
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ʪʦʨ ʠ ʚʝʩ ʠʛʨʘʶʪ ʨʦʣʴ ʚ ʚʳʙʦʨʝ ʣʠʜʝʨʘ, ʘ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʦʧʨʝʜʝʣʷ-

ʝʪ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʜʦʭʦʜʠʪʴ ʜʦ ʥʝʛʦ ʦʪ 

ʜʨʫʛʠʭ ʫʟʣʦʚ. ʌʘʢʪʠʯʝʩʢʠ ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʜʘʣʝʢʦ 

ʜʘʥʥʳʡ ʫʟʝʣ ʥʘʭʦʜʠʪʩʷ ʦʪ ʣʠʜʝʨʘ.  

ʉʘʤ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʣʠʜʝʨʘ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʩʪʘʜʠʠ: 

ʚʳʷʚʣʝʥʠʝ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʣʠʜʝʨʩʪʚʦ, ʚʳʙʦʨ ʢʘʥʜʠʜʘʪʘ ʩ ʥʘʠʙʦʣʴʰʠʤ ʚʝ-

ʩʦʤ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʣʠʜʝʨʩʪʚʘ.  

2.1. ɺʳʷʚʣʝʥʠʝ ʢʘʥʜʠʜʘʪʦʚ 

ʇʨʦʮʝʜʫʨʘ ʚʳʷʚʣʝʥʠʷ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʣʠʜʝʨʩʪʚʦ (ɸʣʛʦʨʠʪʤ 1) ʥʘʯʠʥʘ-

ʝʪʩʷ ʩ ʪʦʛʦ, ʯʪʦ ʫʟʣʳ, ʫ ʢʦʪʦʨʳʭ ʝʩʪʴ ʩʚʦʙʦʜʥʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ (ʧʝʨʠʬʝ-

ʨʠʡʥʳʝ ʫʟʣʳ), ʪ.ʝ. ʜʘʥʥʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ ʥʝ ʩʦʝʜʠʥʷʶʪ ʫʟʝʣ ʥʠ ʩ ʦʜʥʠʤ ʠʟ 

ʜʨʫʛʠʭ ʫʟʣʦʚ, ʧʦʩʳʣʘʶʪ ʩʦʦʙʱʝʥʠʝ ʩʦ ʩʚʦʠʤ ʚʝʩʦʤ ʩʦʩʝʜʷʤ. ɽʩʣʠ ʩʦʩʝʜ 

ʥʝ ʷʚʣʷʝʪʩʷ ʧʝʨʠʬʝʨʠʡʥʳʤ ʫʟʣʦʤ, ʪʦ ʦʥ ʧʨʠʥʠʤʘʝʪ ʠ ʘʥʘʣʠʟʠʨʫʝʪ ʜʘʥʥʦʝ 

ʩʦʦʙʱʝʥʠʝ. ɸʥʘʣʠʟ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ 

ʫʟʝʣ ʧʨʠʙʘʚʣʷʝʪ ʚʝʩ ʜʨʫʛʦʛʦ ʫʟʣʘ ʜʚʘʞʜʳ. ɿʘʪʝʤ ʘʛʝʥʪʳ, ʧʦʣʫʯʠʚʰʠʝ ʵʪʦ 

ʩʦʦʙʱʝʥʠʝ, ʩʯʠʪʘʶʪ ʩʝʙʷ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʠ ʪʘʢʞʝ ʧʦʩʳʣʘʶʪ ʩʚʦʡ ʚʝʩ 

ʩʚʦʠʤ ʩʦʩʝʜʷʤ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʚʩʝ ʩʦʩʝʜʠ ʫʟʣʘ ʩʯʠʪʘʶʪ ʩʝʙʷ ʧʝʨʠʬʝʨʠʡ-

ʥʳʤʠ, ʜʘʥʥʳʡ ʫʟʝʣ ʚʳʜʚʠʛʘʝʪ ʩʚʦʶ ʢʘʥʜʠʜʘʪʫʨʫ ʥʘ ʣʠʜʝʨʩʪʚʦ. 

ɸʣʛʦʨʠʪʤ 1. ɺʳʷʚʣʝʥʠʝ ʢʘʥʜʠʜʘʪʦʚ 

ɸ ï ʫʟʝʣ. N ï ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʝʜʝʡ ʫʟʣʘ ɸ. Nmax ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ 

ʩʦʩʝʜʝʡ ʫʟʣʘ ɸ. ʉi ï i-ʡ ʩʦʩʝʜ ʫʟʣʘ. W-ʚʝʩ ʫʟʣʘ ɸ. Wi ï ʚʝʩ ʩʦʩʝʜʘ ʉi. 

ʝʩʣʠ N <> Nmax ʠʣʠ  ɸ ï ʧʝʨʠʬʝʨʠʡʥʳʡ ʫʟʝʣ ʪʦ 

 ʮʠʢʣ ʦʪ i:=1 ʜʦ N [ʰʘʛ 1] 

  ʝʩʣʠ ʉi ï ʥʝ ʧʝʨʠʬʝʨʠʡʥʳʡ ʫʟʝʣ ʪʦ 

   ʇʝʨʝʜʘʪʴ W ʩʦʩʝʜʫ ʉi 

   ʉi ʩʯʠʪʘʝʪʩʷ ʧʝʨʠʬʝʨʠʡʥʳʤ ʫʟʣʦʤ. 

   ʝʩʣʠ W ʝʱʝ ʥʝ ʧʝʨʝʜʘʚʘʣʦʩʴ ʪʦ 

    Wi:=Wi+W 

   ʚʩʝ 

  ʚʩʝ 

 ʢʮ 

ʚʩʝ 

ʝʩʣʠ ɸ ʥʝ ʧʝʨʝʜʘʣ W ʪʦ  

 ɸ ï ʢʘʥʜʠʜʘʪ. 

ʚʩʝ 

2.2. ɺʳʙʦʨ ʢʘʥʜʠʜʘʪʘ ʩ ʥʘʠʙʦʣʴʰʠʤ ʚʝʩʦʤ 

ʂʘʢ ʪʦʣʴʢʦ ʘʛʝʥʪ ʩʪʘʥʦʚʠʪʩʷ ʢʘʥʜʠʜʘʪʦʤ ʥʘ ʣʠʜʝʨʩʪʚʦ, ʦʥ ʩʦʦʙʱʘʝʪ ʦʙ 

ʵʪʦʤ ʩʚʦʠʤ ʩʦʩʝʜʷʤ (ɸʣʛʦʨʠʪʤ 2). ɽʩʣʠ ʩʦʩʝʜ ʩʘʤ ʥʝ ʷʚʣʷʝʪʩʷ ʢʘʥʜʠʜʘ-

ʪʦʤ, ʪʦ ʦʥ ʩʯʠʪʘʝʪ ʣʠʜʝʨʦʤ ʫʟʝʣ-ʢʘʥʜʠʜʘʪ, ʟʘʧʦʤʠʥʘʝʪ ʝʛʦ ʚʝʩ, ʧʨʠ ʵʪʦʤ 
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ʥʝ ʤʝʥʷʷ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ, ʠ ʠʟʤʝʥʷʝʪ ʟʥʘʯʝʥʠʝ ʩʚʦʝʛʦ ʧʦʪʝʥʮʠʘʣʘ 

Ʌ = Pʣ + 1, ʛʜʝ Pʣ ï ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʫʟʣʘ, ʢʦʪʦʨʳʡ ʩʦʦʙʱʘʝʪ ʦ ʧʦʷʚ-

ʣʝʥʠʠ ʣʠʜʝʨʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ Pʣ = 0. ʇʦʩʣʝ ʵʪʦʛʦ ʦʥ ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦ ʣʠʜʝʨʝ ʚʩʝʤ ʩʚʦʠʤ ʩʦʩʝʜʷʤ, ʢʨʦʤʝ ʪʝʭ ʩʦʩʝʜʝʡ, ʢʦʪʦʨʳʝ ʝʤʫ ʜʘʥ-

ʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʝʨʝʜʘʣʠ, ʪ.ʝ. ʢʨʦʤʝ ʨʦʜʠʪʝʣʴʩʢʠʭ ʫʟʣʦʚ. ʋʟʣʳ-ʩʦʩʝʜʠ 

ʪʘʢʞʝ ʟʘʧʦʤʠʥʘʶʪ ʚʝʩ ʣʠʜʝʨʘ ʠ ʤʝʥʷʶʪ ʧʦʪʝʥʮʠʘʣ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʬʦʨʤʫʣʝ. ɽʩʣʠ ʚʦʟʥʠʢʘʝʪ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʧʨʠʥʠʤʘʶʱʠʡ ʫʟʝʣ ʷʚʣʷʝʪʩʷ 

ʢʘʥʜʠʜʘʪʦʤ ʠʣʠ ʫʞʝ ʩʯʠʪʘʝʪ ʣʠʜʝʨʦʤ ʜʨʫʛʦʡ ʫʟʝʣ, ʪʦ ʩʨʘʚʥʠʚʘʶʪʩʷ ʚʝʩʘ 

ʣʠʜʝʨʦʚ. ɸʛʝʥʪ ʩ ʤʝʥʴʰʠʤ ʚʝʩʦʤ ʣʠʜʝʨʘ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʘʛʝʥʪʫ ʩ ʙʦʣʴ-

ʰʠʤ ʚʝʩʦʤ. ɽʩʣʠ ʚʝʩʘ ʦʜʠʥʘʢʦʚʳ, ʪʦ ʣʠʜʝʨʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʥʠʢʘʣʴ-

ʥʦʤʫ ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ ʫʟʣʘ-ʢʘʥʜʠʜʘʪʘ ï ʛʣʘʚʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʘʛʝʥʪ ʩ 

ʙʦʣʴʰʠʤ ʝʛʦ ʟʥʘʯʝʥʠʝʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʦʝ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʣʠʜʝʨ, ʢʦʪʦʨʳʡ, ʦʜʥʘʢʦ, 

ʝɦ ʝ ʥʝ ʟʥʘʝʪ ʦʙ ʵʪʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʘ ʧʨʦʮʝʜʫʨʘ ʧʦʜʪʚʝʨʞʜʝ-

ʥʠʷ ʣʠʜʝʨʩʪʚʘ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʣʠ-

ʜʝʨʘ.  

ɸʣʛʦʨʠʪʤ 2. ɺʳʙʦʨ ʣʠʜʝʨʘ 

ɸ ï ʫʟʝʣ. N ï ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʝʜʝʡ ʫʟʣʘ ɸ. W-ʚʝʩ ʫʟʣʘ ɸ. P ï ʧʦʪʝʥʮʠ-
ʘʣ ʫʟʣʘ ɸ. A id- ʠʜʝʥʪʠʬʠʢʘʪʦʨ ɸ. ʉi ï i-ʡ ʩʦʩʝʜ ʫʟʣʘ. Wi ï ʚʝʩ ʣʠʜʝʨʘ, ʢ 
ʢʦʪʦʨʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥ ʫʟʝʣ ʉi. Pi ï ʧʦʪʝʥʮʠʘʣ ʉi. ʉid ï ʠʜʝʥʪʠʬʠʢʘʪʦʨ 
ʫʟʣʘ ʉi. 
ʝʩʣʠ ɸ- ʢʘʥʜʠʜʘʪ ʠʣʠ ɸ-ʧʨʠʟʥʘʝʪ ʯʴʝ-ʣʠʙʦ ʣʠʜʝʨʩʪʚʦ ʪʦ  
 ʮʠʢʣ ʦʪ i:=1 ʜʦ N [ʰʘʛ 1] 
  ʝʩʣʠ ʉi ï ʥʝ ʨʦʜʠʪʝʣʴʩʢʠʡ ʫʟʝʣ ʠ W>Wi ʪʦ 
   Wi=W 
   Pi = P+1 
   ʉi ï ʧʨʠʟʥʘʝʪ ʣʠʜʝʨʩʪʚʦ A 
  ʚʩʝ 
  ʝʩʣʠ ʉi ï ʥʝ ʨʦʜʠʪʝʣʴʩʢʠʡ ʫʟʝʣ ʠ W==Wi ʪʦ 
   ʝʩʣʠ A id> ʉid ʪʦ 
    Wi=W 
    Pi = P+1 

ʉi ï ʧʨʠʟʥʘʝʪ ʣʠʜʝʨʩʪʚʦ A 
   ʚʩʝ 
  ʚʩʝ  
 ʢʮ 
ʚʩʝ 

2.3. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʣʠʜʝʨʩʪʚʘ 

ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʣʠʜʝʨʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʧʨʝʜʳʜʫʱʠʤ 

ʵʪʘʧʦʤ: ʣʶʙʦʡ ʢʘʥʜʠʜʘʪ, ʟʘʷʚʣʷʷ ʦ ʩʚʦʝʤ ʣʠʜʝʨʩʪʚʝ ʩʦʩʝʜʷʤ, ʞʜʝʪ ʩʦʛʣʘ-

ʩʠʝ ʦʪ ʥʠʭ (ɸʣʛʦʨʠʪʤ 3). ʋʟʝʣ ʩʦʛʣʘʰʘʝʪʩʷ ʩ ʣʠʜʝʨʩʪʚʦʤ, ʝʩʣʠ ʩʦʛʣʘʩʥʳ ʩ 

ʜʘʥʥʳʤ ʣʠʜʝʨʦʤ ʚʩʝ ʝʛʦ ʩʦʩʝʜʠ, ʢʨʦʤʝ ʨʦʜʠʪʝʣʴʩʢʠʭ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʫ 
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ʘʛʝʥʪʘ ʝʩʪʴ ʪʦʣʴʢʦ ʨʦʜʠʪʝʣʴʩʢʠʝ ʫʟʣʳ, ʪʦ ʦʥ ʩʦʛʣʘʰʘʝʪʩʷ ʩ ʣʠʜʝʨʩʪʚʦʤ. 

ʊʘʢʠʝ ʘʛʝʥʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʧʝʨʠʬʝʨʠʠ ʨʦʷ, ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠ ʩʥʘʯʘʣʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʧʨʘʰʠʚʘʶʱʘʷ ʚʦʣʥʘ ʦʪ ʣʠʜʝʨʘ ʜʦ ʧʝʨʠʬʝʨʠʠ ʨʦʷ, ʘ 

ʟʘʪʝʤ ʚʦʣʥʘ-ʦʪʚʝʪ ʠʜʝʪ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʣʠʜʝʨʫ.  

ɸʣʛʦʨʠʪʤ 3. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʣʠʜʝʨʘ 

ɸ ï ʫʟʝʣ - ʢʘʥʜʠʜʘʪ. N ï ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʝʜʝʡ ʫʟʣʘ ɸ. ʉi ï i-ʡ ʩʦʩʝʜ 

ʫʟʣʘ. L i ï ʯʠʩʣʦ ʧʨʠʰʝʜʰʠʭ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʫʟʣʫ ʉi. Nc ï ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʧʨʘʚʣʝʥʥʳʭ ʟʘʧʨʦʩʦʚ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʫʟʣʦʤ ʉi.  

ʝʩʣʠ ɸ- ʢʘʥʜʠʜʘʪ ʠʣʠ ɸ-ʧʨʠʥʷʣ ʟʘʧʨʦʩ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʦ  

 ʮʠʢʣ ʦʪ i:=1 ʜʦ N [ʰʘʛ 1] 

  ʝʩʣʠ ʉi ï ʥʝ ʨʦʜʠʪʝʣʴʩʢʠʡ ʫʟʝʣ ʪʦ 

   ʉi ʧʨʠʥʠʤʘʝʪ ʟʘʧʨʦʩ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʣʠʜʝʨʘ. 

  ʚʩʝ 

 ʢʮ 

ʝʩʣʠ ʨʦʜʠʪʝʣʴʩʢʠʭ ʫʟʣʦʚ ʥʝʪ ʠʣʠ Nc==L ʪʦ 

 ʮʠʢʣ ʦʪ i:=1 ʜʦ N [ʰʘʛ 1] 

  ʝʩʣʠ ʉi ï ʨʦʜʠʪʝʣʴʩʢʠʡ ʫʟʝʣ ʪʦ 

   L i = L i+1 

  ʚʩʝ 

 ʢʮ 

ʚʩʝ 

3. ʇʦʪʝʨʷ ʣʠʜʝʨʘ 

ɺ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʘ ʚʳʙʦʨʘ ʥʦʚʦʛʦ ʣʠʜʝʨʘ ʣʝʞʠʪ ʧʨʘʚʠʣʦ: ʝʩʣʠ ʫʟʣʫ 

ʩʪʘʣʦ ʥʝʢʫʜʘ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʪ.ʝ. ʝʛʦ ʧʦʪʝʥʮʠʘʣ ʥʘʠʤʝʥʴʰʠʡ 

ʩʨʝʜʠ ʝʛʦ ʩʦʩʝʜʝʡ, ʠ ʦʥ ʥʝ ʷʚʣʷʝʪʩʷ ʣʠʜʝʨʦʤ, ʪʦ ʦʥ ʚʳʜʚʠʛʘʝʪ ʩʚʦʶ ʢʘʥʜʠ-

ʜʘʪʫʨʫ.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦ ʢʘʢʦʡ-ʪʦ ʧʨʠʯʠʥʝ, ʥʘʧʨʠʤʝʨ, ʪʝʭʥʠʯʝʩʢʠʝ ʥʝʧʦ-

ʣʘʜʢʠ ʚ ʛʣʘʚʥʦʤ ʫʟʣʝ ʠʣʠ ʩ ʥʠʤ ʙʳʣʘ ʥʘʨʫʰʝʥʘ ʩʚʷʟʴ, ʨʦʡ ʧʦʪʝʨʷʣ ʣʠʜʝʨʘ. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʝʨʚʳʤʠ ʦʙ ʵʪʦʤ ʫʟʥʘʶʪ ʝʛʦ ʙʣʠʞʘʡʰʠʝ ʩʦʩʝʜʠ, ʪʘʢ ʢʘʢ 

ʠʤ ʩʪʘʥʝʪ ʥʝʢʫʜʘ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʥʠ ʚʳʜʚʠʥʫʪ ʩʚʦʠ ʢʘʥʜʠʜʘʪʫʨʳ ʥʘ ʣʠʜʝʨʩʪʚʦ. ɿʘʪʝʤ 

ʧʦʚʪʦʨʷʝʪʩʷ ʫʞʝ ʠʟʚʝʩʪʥʘʷ ʧʨʦʮʝʜʫʨʘ ʚʳʙʦʨʘ ʢʘʥʜʠʜʘʪʘ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʚʝʩʦʤ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʢʘʥʜʠʜʘʪʫʨʳ.  

ʊʦ ʞʝ ʩʘʤʦʝ ʧʨʦʠʟʦʡʜʝʪ, ʝʩʣʠ ʣʠʜʝʨ ʦʩʪʘʣʩʷ, ʦʜʥʘʢʦ ʠʩʯʝʟʣʠ ʫʟʣʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʚʷʟʴ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ ʩ ʣʠʜʝʨʦʤ. ʉʥʘʯʘʣʘ ʧʦʪʝʨʷʚʰʠʝ 

ʩʚʷʟʴ ʩ ʣʠʜʝʨʦʤ ʫʟʣʳ ʚʳʜʚʠʥʫʪ ʩʚʦʠ ʢʘʥʜʠʜʘʪʫʨʳ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʙʫʜʫʪ ʠʩʢʣʶʯʝʥʳ. 
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4. ʆʩʦʙʳʝ ʩʣʫʯʘʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʦʷ 

ʈʘʩʩʤʦʪʨʠʤ ʨʷʜ ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʥʝʩʪʠ 

ʢʦʨʨʝʢʪʠʚʳ ʚ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʷʚʣʷʝʪʩʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʆʩʦʙʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʨʦʷ 

ʋ ʚʩʝʭ ʘʛʝʥʪʦʚ ʪʦʣʴʢʦ ʜʚʘ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʩʦʝʜʠʥʠʣʠʩʴ 

ʢʦʣʴʮʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʠ ʦʜʠʥ ʠʟ ʥʠʭ ʥʝ ʩʯʠʪʘʝʪ ʩʝʙʷ ʧʝʨʠʬʝʨʠʡʥʳʤ ʠ 

ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʣʠʜʝʨʘ ʥʠʢʦʛʜʘ ʥʝ ʥʘʯʥʝʪʩʷ. ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʪʘʢʘʷ ʩʠʪʫʘ-

ʮʠʷ ʚʦʟʥʠʢʘʝʪ ʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʧʦʣʥʦʩʚʷʟʥʳʡ 

ʛʨʘʬ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʦʨ ʢʘʥʜʠ-

ʜʘʪʦʚ ʚ ʣʠʜʝʨʳ ʠʟ ʫʟʣʦʚ, ʫ ʢʦʪʦʨʳʭ ʚʩʝ ʢʘʥʘʣʳ ʩʚʷʟʠ ʟʘʥʷʪʳ, ʪ.ʝ. ʝʩʣʠ ʘʛʝʥʪ 

ʥʝ ʧʝʨʠʬʝʨʠʡʥʳʡ, ʪʦ ʦʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʪʘʥʦʚʠʪʩʷ ʢʘʥʜʠʜʘʪʦʤ. ɺʳʙʦʨ ʠʟ 

ʢʘʥʜʠʜʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʠʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ.  

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʝʩʪʴ ʭʦʪʷ ʙʳ ʦʜʠʥ ʧʝʨʠʬʝʨʠʡʥʳʡ ʫʟʝʣ, ʘʣʛʦʨʠʪʤ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʪʘʢ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʪ.ʝ. ʪʝ ʢʘʥʜʠʜʘʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʪʦʣʴʢʦ ʠʩʭʦʜʷ ʠʟ ʠʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ, ʙʫʜʫʪ ʧʦʩʪʝʧʝʥʥʦ ʦʪʙʨʘʢʦʚʘʥʳ. 

5. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʘʛʝʥʪʦʚ N. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʝʜʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ ʨʘʚʥʦ 4. 

ɸʛʝʥʪʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ɼʣʷ ʢʘʞʜʦʛʦ N 

(N = 50, 75, 100, é, 200), ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʪʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʘ ʨʠʩ. 2 

ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʙʦʨʘ ʣʠʜʝʨʘ, ʧʦʢʘʟʘʥʥʦʝ ʚ ʪʘʢʪʘʭ 

ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʦʙʦʪʦʚ ʜʣʷ ʚʩʝʭ 700 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʘʣʛʦʨʠʪʤ ʟʘʚʝʨʰʠʣʩʷ ʚʳʙʦʨʦʤ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʣʠʜʝʨʘ. 
 

 
 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʚʳʙʦʨʘ ʣʠʜʝʨʘ ʦʪ ʯʠʩʣʘ ʨʦʙʦʪʦʚ 
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ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʚʳʙʦʨʘ ʣʠʜʝʨʘ (ʨʠʩ. 3), ʧʦʢʘʟʘʥʥʦʝ ʚ ʪʘʢʪʘʭ ʨʘʙʦʪʳ ʘʣ-

ʛʦʨʠʪʤʘ, ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʯʠʩʣʘ ʘʛʝʥʪʦʚ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʦ ʩʣʘʙʦ ʟʘʚʠ-

ʩʠʪ ʦʪ ʯʠʩʣʘ ʘʛʝʥʪʦʚ ʠ ʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʦʨʷʜʢʘ O(N). ʂʨʦ-

ʤʝ ʪʦʛʦ, ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʣʠʜʝʨʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣ ʚʳʙʨʘʥ ʝʜʠʥʩʪʚʝʥ-

ʥʳʡ ʥʦʚʳʡ ʣʠʜʝʨ. 

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʦʙʦʪʦʚ 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ 

ʣʠʜʝʨʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʢʘʥʘʣʘʤʠ ʩʚʷʟʠ. ʕʪʦ ʦʯʝʥʴ ʚʘʞʥʦ, 

ʪʘʢ ʢʘʢ ʚ ʨʝʘʣʴʥʦʩʪʠ ʢʨʘʡʥʝ ʨʝʜʢʦ ʙʳʚʘʶʪ ʪʘʢʠʝ ʩʠʪʫʘʮʠʠ, ʛʜʝ ʨʦʡ ʨʦʙʦ-

ʪʦʚ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʪʦʧʦʣʦʛʠʶ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʠ ʛʜʝ ʣʦʢʘʣʴʥʘʷ ʩʚʷʟʴ 

ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʘ. ʇʨʠ ʵʪʦʤ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʦ-

ʚʘʪʴ ʥʘ ʧʦʪʝʨʶ ʣʠʜʝʨʘ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʝʛʦ ʧʝʨʝʚʳʙʦʨʳ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʧʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ ʣʠʜʝʨʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʨʷʜʦʤ ʩ ʪʦʧʦʣʦ-

ʛʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʨʦʷ. ʕʪʦ ʚʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʘʛʨʝʛʠʨʦʚʘʪʴ 

ʜʘʥʥʳʝ ʩʦ ʚʩʝʭ ʫʟʣʦʚ ʟʘ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ.  

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʨʝʤʷ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ, ʫʚʝʣʠʯʠʚ 

ʯʠʩʣʦ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʦʚʦʤ ʣʠʜʝʨʝ ʧʦ ʨʦʶ.  
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ʌʠʣʠʘʣ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ  

ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

ʅʘ ʦʩʥʦʚʝ ʙʣʠʞʘʡʰʠʭ ʘʥʘʣʦʛʦʚ ʧʨʝʜʣʦʞʝʥʦ ʥʦʚʦʝ ʩʠʪʫʘʮʠʦʥʥʦ-

ʩʦʙʳʪʠʡʥʦʝ ʠʩʯʠʩʣʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʜʝʡʩʪʚʠʡ ʠ ʥʘʣʠʯʠʷ ʨʘʟʣʠʯ-

ʥʳʭ ʠʩʭʦʜʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʜʝʡʩʪʚʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʪʫʘʮʠʦʥʥʦʝ ʠʩʯʠʩʣʝʥʠʝ, ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʜʝʡ-

ʩʪʚʠʷ, ʤʥʦʛʠʝ ʠʩʭʦʜʳ, ʪʝʦʨʠʷ ʧʝʨʚʨʛʦ ʧʦʨʷʜʢʘ 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩʳ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʭʦʜʷʪ ʥʘ 

ʧʝʨʚʳʡ ʧʣʘʥ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʬʠʥʘʥʩʦʚʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʱʝʩʪʚʘ [ʂʨʠʛʝʨ, 2013; ɸʩʪʘʥʠʥ, ʠ ʜʨ. 

2012; ʌʝʜʫʥʦʚ, 2003]. 

ʉʫʱʝʩʪʚʫʪʁ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʠʪʫʘʮʠʦʥʥʳʝ ʟʥʘʥʠʷ ʚ ʪʦʤ ʠʣʠ 

ʠʥʦʤ ʚʠʜʝ: ʤʦʜʝʣʠ ʚʠʜʘ çʩʠʪʫʘʮʠʷ-ʜʝʡʩʪʚʠʝè, ʩʠʪʫʘʮʠʦʥʥʳʝ ʩʝʪʠ [ʄʝʣʠʭʦʚ 

ʠ ʜʨ., 1990; ɹʦʨʠʩʦʚ ʠ ʜʨ., 2009], ʥʝʯʸʪʢʠʝ ʩʮʝʥʘʨʠʠ [ɿʝʨʥʦʚ, 2014], ʤʦʜʝʣʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʚ ʧʨʝʜ-

ʤʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʙʘʡʝʩʦʚʳ ʩʝʪʠ ʜʦʚʝʨʠʷ) [Darwiche, 2009]. ʅʝʩʤʦʪʨʷ ʥʘ ʠʭ 

ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʥʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʙʦʙʱʝ-

ʥʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʘʰʠʥʘʭ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ɺʦʟ-

ʤʦʞʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʷʟʳʢʘʭ ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ ʙʫʜʫʪ ʚʩʝʛʦ ʣʠʰʴ ʪʨʘʥʩʣʷʮʠʝʡ, ʥʝ ʜʘʶʱʝʡ ʥʠʢʘʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʘʣʠʜʘʮʠʠ ʟʥʘʥʠʡ ʠ ʛʠʙʢʦʩʪʠ ʟʘʧʨʦʩʦʚ.  

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʬʦʨʤʘʣʴʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʪʝʦʨʠʠ ʜʣʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʪʫʘʮʠʦʥʥʳʭ ʟʥʘʥʠʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʩʫʞʜʝ-

ʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ï ʠʩʯʠʩʣʝʥʠʷ ʩʠʪʫʘʮʠʡ ʠ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʥʦʩʷʪ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʷʟʳʢʘʭ 

ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʤʘʰʠʥʘʤʠ 
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ʬʦʨʤʘʣʴʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚʝʩʪʠ ʨʘʩʩʫʞʜʝʥʠʷ ʥʝ ʚ 

ʨʘʤʢʘʭ ʞʸʩʪʢʦ ʟʘʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʘ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʦ-

ʧʨʦʩʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʩʚʦʙʦʜʥʦʡ ʬʦʨʤʝ [Lin, 2007, McCarthy, 

2002]. ʅʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʪʫʘʮʠʦʥʥʳʭ ʠʩʯʠʩʣʝʥʠʡ ʧʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʟʥʘʥʠʡ ʦʪʩʪʘʶʪ ʦʪ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʧʝʮʠʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʧʦʜʜʝʨʞʢʝ ʦʧʠʩʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʠʩʭʦʜʦʚ ʧʨʠʤʝʥʷ-

ʝʤʳʭ ʜʝʡʩʪʚʠʡ ʠ ʫʯʸʪʘ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ ʜʝʡʩʪʚʠʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ 

ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ.  

1. ʆʩʥʦʚʥʳʝ ʯʝʨʪʳ ʩʠʪʫʘʮʠʦʥʥʳʭ ʠʩʯʠʩʣʝʥʠʡ 

ɺ ʢʘʯʝʩʪʚʝ ʙʣʠʞʘʡʰʝʛʦ ʘʥʘʣʦʛʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʩʯʠʩʣʝʥʠʷ, ʨʘʩ-

ʩʤʦʪʨʠʤ ʠʩʯʠʩʣʝʥʠʝ ʩʠʪʫʘʮʠʡ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʚ [McCarthy, 2002], ʛʜʝ ʚʚʝ-

ʜʸʥ ʝʜʠʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʡ/ʩʦʙʳʪʠʡ. ɸʢʩʠʦʤʳ ʵʬʬʝʢʪʦʚ ʜʣʷ ʜʝʡ-

ʩʪʚʠʡ/ʩʦʙʳʪʠʡ ʚ [McCarthy, 2002] ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʪʫʘʮʠʠ Result(e, s). ʇʦʩʣʝʜʥʷʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝ-

ʥʠʷ ʜʝʡʩʪʚʠʷ/ʩʦʙʳʪʠʷ e ʢ ʩʠʪʫʘʮʠʠ s. ʋʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʙʳʪʠʡ 

ʦʧʠʩʳʚʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʘʢʩʠʦʤ, ʟʘʜʘʶʱʠʭ ʧʨʝʜʠʢʘʪ Occurs(e, s). ʊʝʦ-

ʨʠʷ ʨʘʟʣʠʯʘʝʪ ʚʥʫʪʨʝʥʥʠʝ ʩʦʙʳʪʠʷ (ʠʣʠ ʧʨʦʩʪʦ ʩʦʙʳʪʠʷ) ʠ ʚʥʝʰʥʠʝ (ʜʝʡ-

ʩʪʚʠʷ) ʧʫʪʸʤ ʟʘʜʘʥʠʷ ʘʢʩʠʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

ɺʚʦʜʠʪʩʷ ʬʫʥʢʮʠʷ Next(s), ʟʥʘʯʝʥʠʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ çʩʣʝʜʫʶʱʘʷè 

ʩʠʪʫʘʮʠʷ ʧʦʩʣʝ s, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʚʦʟʥʠʢʰʝʛʦ 

ʩʦʙʳʪʠʷ. ʊʘʢʞʝ ʚʚʦʜʷʪʩʷ ʬʫʥʢʮʠʠ Result*(e, s) ʠ Next*(s). ɿʥʘʯʝʥʠʝʤ ʧʝʨ-

ʚʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʚ ʢʦʪʦʨʫʶ ʧʝʨʝʚʦʜʠʪ ʩʦʙʳʪʠʝ/ʜʝʡʩʪʚʠʝ e ʠ 

ʧʦʩʣʝʜʦʚʘʚʰʘʷ ʟʘ ʥʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʩʦʙʳʪʠʡ ʩʠʪʫʘʮʠʶ 

s. ɺʪʦʨʘʷ ʬʫʥʢʮʠʷ ʠʛʨʘʝʪ ʪʫ ʞʝ ʨʦʣʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʫʥʢʮʠʠ Next(s), ʯʪʦ 

ʠ Result*(e, s) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Result(e, s). ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʘ ʚʠʜʘ ʧʘ-

ʨʘʤʝʪʨʦʚ ʩʠʪʫʘʮʠʠ (ʬʣʶʝʥʪ)  ï ʣʦʛʠʯʝʩʢʠʝ (ʧʨʦʧʦʟʠʮʠʦʥʘʣʴʥʳʝ) ʠ ʧʨʝʜ-

ʤʝʪʥʳʝ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ). ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʪʫʘʮʠʠ ʧʨʠ ʵʪʦʤ ʟʘ-

ʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʠʢʘʪʘ Holds (p, s) ʠ ʬʫʥʢʮʠʠ Value (f, s). ɼʣʷ ʨʝ-

ʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʢʘʜʨʘ (frame problem) ï ʧʨʦʙʣʝʤʳ ʩʦʭʨʘʥʝʥʠʷ ʚ ʩʠʪʫʘ-

ʮʠʠ-ʧʦʪʦʤʢʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʠʪʫʘʮʠʠ-ʧʨʝʜʢʘ, ʢʦʪʦʨʳʝ ʥʝ ʠʟʤʝʥʷ-

ʶʪʩʷ ʧʨʠʤʝʥʷʝʤʳʤ ʜʝʡʩʪʚʠʝʤ ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʜʠʢʘʪ Changes(e, f, s).  

ɺ [Miller  et al., 2013] ʨʝʰʘʶʪʩʷ ʚʦʧʨʦʩʳ ʚʳʚʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʥʠʡ, 

ʜʝʡʩʪʚʠʡ ʠ ʚʨʝʤʝʥʠ ʜʣʷ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʥʝʜʝʪʝʨʤʠʥʠ-

ʨʦʚʘʥʥʳʝ ʠ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʡʩʪʚʠʡ. ʊʝʦʨʠʷ ʩʧʦʩʦʙʥʘ 

ʚʳʨʘʟʠʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʟʥʘʥʠʡ, ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʵʬʬʝʢʪʳ. 

ɼʨʫʛʘʷ ʨʘʙʦʪʘ, ʨʘʟʚʠʚʘʶʱʘʷ ʠʜʝʠ [Mueller, 2006], ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ 

ʜʠʩʢʨʝʪʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʩʦʙʳʪʠʡ ʩ ʚʝʪʚʷʱʠʤʩʷ ʚʨʝʤʝʥʝʤ [Mueller, 2007], 

ʩʦʝʜʠʥʷʶʱʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʯʠʩʣʝʥʠʷ ʩʦʙʳʪʠʡ ʠ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩ-

ʣʝʥʠʷ, ʧʦʟʚʦʣʷʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʚʳʚʦʜʘ ʧʦ ʟʜʨʘʚʦʤʫ ʩʤʳʩʣʫ, ʚʢʣʶʯʘʶʱʠʝ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʩʦʙʳʪʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʬʬʝʢʪʘ-
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ʤʠ, ʩʦʙʳʪʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʦ ʫʩʣʦʚʠʶ. ʇʨʠ ʵʪʦʤ ʠʩʯʠʩʣʝʥʠʝ ʦʧʝʨʠʨʫ-

ʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʪʫʘʮʠʡ. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ 

[Mueller, 2007], ʢʦʥʮʝʧʮʠʷ ʚʝʪʚʷʱʝʛʦʩʷ ʚʨʝʤʝʥʠ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʸʪ ʧʨʠʤʝ-

ʥʝʥʠʷ ʚʤʝʩʪʦ ʬʫʥʢʮʠʠ, ʟʥʘʯʝʥʠʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʥʘʩʣʝʜ-

ʥʠʢ ʠʟʤʝʥʷʝʤʦʡ ʩʠʪʫʘʮʠʠ, ʧʨʝʜʠʢʘʪʘ ʥʘʩʣʝʜʦʚʘʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʧʣʘʥʝ ʬʦʨʤʫʣʠ-

ʨʦʚʘʥʠʷ ʠʩʯʠʩʣʝʥʠʡ ʩʠʪʫʘʮʠʡ ʠ ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʳʚʦʜʝ ʥʘ ʠʭ ʦʩʥʦ-

ʚʝ,  ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʧʨʠʤʝʥʝʥʠʝ ʷʟʳʢʘ ʤʥʦʛʦʩʦʨʪʥʦʡ ʠ/ʠʣʠ ʫʧʦʨʷʜʦ-

ʯʝʥʥʦ-ʩʦʨʪʥʦʡ ʣʦʛʠʢʠ [Mueller, 2007; Gu et al., 2009].  

ɺ ʨʷʜʝ ʨʘʙʦʪ, ʠʩʧʦʣʴʟʫʷ ʦʙʱʠʝ ʠʜʝʠ ʩʠʪʫʘʮʠʦʥʥʳʭ ʠʩʯʠʩʣʝʥʠʡ,  ʧʝʨʝ-

ʭʦʜʷʪ ʢ ʤʦʜʘʣʴʥʦʡ, ʵʧʠʩʪʝʤʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʨʦʧʦʟʠʮʠʦʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʣʦʛʠʢʝ [van Ditmarsch et al., 2009; Herzig et al., 2005].  

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʟʘʤʝʪʠʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʠʝ ʧʦʣʝʟʥʳʝ ʯʝʨʪʳ, ʧʨʠ-

ʤʝʥʠʤʳʝ ʚ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʝʡʩʪʚʠʡ, ʚʳʨʘʟʠ-

ʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʤʝʶʱʠʭʩʷ ʠʩʯʠʩʣʝʥʠʡ ʩʠʪʫʘʮʠʡ ʠ ʩʦʙʳʪʠʡ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʙʝʩʧʝʯʠʪʴ ʫʯʸʪ ʢʘʢ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʠʩ-

ʭʦʜʦʚ ʧʨʠʤʝʥʷʝʤʳʭ ʜʝʡʩʪʚʠʡ, ʪʘʢ ʠ ʫʯʸʪ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ ʜʝʡʩʪʚʠʡ. 

ʇʦʢʘʞʝʤ ʦʛʨʘʥʠʯʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʯʠʩʣʝʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʩʮʝʥʘ-

ʨʠʷ ʜʫʵʣʠ. ɼʚʘ ʜʫʵʣʷʥʪʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ N ʰʘʛʦʚ ʦʪ ʙʘʨʴʝʨʘ 

ʢʘʞʜʳʡ. ʋ ʜʫʵʣʷʥʪʦʚ ʠʤʝʝʪʩʷ ʧʦ ʦʜʥʦʤʫ ʟʘʨʷʞʝʥʥʦʤʫ ʦʜʥʦʟʘʨʷʜʥʦʤʫ 

ʧʠʩʪʦʣʝʪʫ. ʉ ʥʘʯʘʣʦʤ ʜʫʵʣʠ, ʜʫʵʣʷʥʪʳ ʤʦʛʫʪ ʩʙʣʠʞʘʪʴʩʷ ʠ ʩʪʨʝʣʷʪʴ ʚ ʣʶ-

ʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦ ʩʚʦʝʤʫ ʫʩʤʦʪʨʝʥʠʶ. ɼʫʵʣʷʥʪʘʤ ʜʦʩʪʫʧʥʳ ʩʣʝʜʫ-

ʶʱʠʝ ʜʝʡʩʪʚʠʷ ï ʩʜʝʣʘʪʴ ʰʘʛ, ʦʩʪʘʥʦʚʠʪʴʩʷ, ʩʪʨʝʣʷʪʴ.  

ʀʟʚʝʩʪʥʳʝ ʠʩʯʠʩʣʝʥʠʷ ʩʠʪʫʘʮʠʡ/ʩʦʙʳʪʠʡ, ʧʫʩʪʴ ʠ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ 

ʩ ʢʦʥʢʫʨʝʥʪʥʳʤʠ ʩʦʙʳʪʠʷʤʠ/ʜʝʡʩʪʚʠʷʤʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʧʨʠʤʝʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʡʩʪʚʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦ ʚʨʝʤʝʥʠ. ʊʦ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʜʝʡʩʪʚʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦ ʨʝʟʫʣʴ-

ʪʘʪʘʤ ʧʨʠʤʝʥʝʥʠʷ ʜʨʫʛʦʛʦ. ɺ ʩʮʝʥʘʨʠʠ ʜʫʵʣʠ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʪʨʝʣʴʙʳ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ ʦʙʦʠʭ 

ʜʫʵʣʷʥʪʦʚ (ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʨʝʣʴʙʳ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʩʪʨʝʣʷʶʱʠʡ ʜʫʵʣʷʥʪ ʞʠʚ). ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʴ ʞʝ ʠʩʭʦʜʦʚ ʜʝʡ-

ʩʪʚʠʡ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʘʢʩʠʦʤʳ ʵʬʬʝʢʪʦʚ ʜʝʡʩʪʚʠʷ, ʥʝ ʜʘʸʪ 

ʫʯʝʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʪʦʯʥʦʛʦ ʧʦʧʘʜʘʥʠʷ ʠʣʠ ʧʨʦʤʘʭʘ ʩ ʟʘʜʘʥ-

ʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ/ʚʦʟʤʦʞʥʦʩʪʴʶ. 

ʇʨʝʜʣʦʞʠʤ ʨʷʜ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ, ʧʦʟ-

ʚʦʣʷʶʱʝʛʦ ʦʧʠʩʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʠʩʭʦʜʘ ʧʨʠʤʝʥʷʝʤʳʭ ʜʝʡʩʪʚʠʡ ʠ 

ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʜʝʡʩʪʚʠʡ. 

ʀʩʯʠʩʣʝʥʠʝ ʙʫʜʝʤ ʬʦʨʤʠʨʦʚʘʪʴ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʬʦʨʤʘʣʠʟʤʘ ʤʥʦʛʦ-

ʩʦʨʪʥʦʡ ʣʦʛʠʢʠ. ʂʘʢ ʠ ʚ [McCarthy, 2002], ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʙʳʪʠʷ ʠ 

ʜʝʡʩʪʚʠʷ ʢʘʢ ʦʜʠʥ ʩʦʨʪ, ʩʯʠʪʘʷ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʤʠ ʩʦʙʳʪʠʷʤʠ. ʇʦʣʘʛʘʝʤ, 

ʯʪʦ ʫ ʜʝʡʩʪʚʠʡ/ʩʦʙʳʪʠʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʠʩʭʦʜʦʚ (ʚʘʨʠʘʥʪʦʚ), ʢʘʞ-
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ʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʷ ʚʝʨʦʷʪʥʦʩʪʴ/ʚʦʟʤʦʞʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʘʢʩʠʦʤʘ ʵʬʬʝʢʪʘ ʜʝʡʩʪʚʠʷ. ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ ʚʝʪʚʷʱʝʛʦʩʷ 

ʚʨʝʤʝʥʠ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʩʦʙʳʪʠʷʤʠ, ʢʘʢ ʚ [Mueller, 2007]. 

ɼʝʡʩʪʚʠʷ ʠ ʩʦʙʳʪʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʲʝʢʪʦʚ ʤʠʨʘ, ʘ ʠʭ 

ʵʬʬʝʢʪʳ ʷʚʣʷʶʪʩʷ ʢʦʥʪʝʢʩʪʦʟʘʚʠʩʠʤʳʤʠ. ɼʣʷ ʧʨʦʩʪʦʪʳ, ʧʦʢʘ ʥʝ ʧʨʠʥʠ-

ʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʥʘʣʠʯʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʧʫʩʪʠʤʳʭ, ʥʦ ʚʟʘʠʤʦʠʩ-

ʢʣʶʯʘʶʱʠʭ ʜʝʡʩʪʚʠʡ ʧʦ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʦʙʲʝʢʪʫ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʩʧʠʩʢʦʚ ʜʝʡʩʪʚʠʡ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʢʩʠʦʤʘʪʠʢʫ ʠʩ-

ʯʠʩʣʝʥʠʷ ʩʧʠʩʢʦʚ [Bird, 1987]. ʂʘʞʜʦʤʫ ʠʩʭʦʜʫ ʜʝʡʩʪʚʠʡ ʙʫʜʝʤ ʩʦʧʦʩʪʘʚ-

ʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʭʦʜʘ, ʘʥʘʣʦʛʠʯʥʦ, ʢʘʞʜʦʡ ʩʠʪʫʘʮʠʠ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʙʳʚʘʥʠʷ ʤʠʨʘ ʚ ʩʠʪʫʘʮʠʠ. ɼʣʷ ʦʮʝʥʢʠ ʵʪʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʟʘʜʘʶʪʩʷ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʠ ʫʤʥʦʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʷ ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʝ ʘʢʩʠʦʤʳ, ʤʦʞʥʦ ʧʨʠʚʣʝʢʘʪʴ ʪʝʦʨʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʣʠ ʪʝʦ-

ʨʠʶ ʚʦʟʤʦʞʥʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʜʣʷ ʧʨʦʩʪʦʪʳ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʠʩʭʦʜʳ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʜʝʡʩʪʚʠʷ, ʚʤʝʩʪʝ ʩ ʠʭ ʚʦʟʤʦʞʥʦʩʪʷ-

ʤʠ, ʦʙʨʘʟʫʶʪ ʧʦʣʥʫʶ ʛʨʫʧʧʫ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʳʪʠʡ ʩ ʠʭ ʚʝʨʦʷʪʥʦʩʪʷʤʠ. 

ɿʘ ʩʯʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʢʩʠʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʘ ʚʦʟʤʦʞʥʦʩʪʝʡ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʠʣʠ ʥʝʯʸʪʢʠʭ ʯʠʩʝʣ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʤʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʪʫʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʥʝʢʦʪʦʨʦʡ ʧʨʠ-

ʨʦʜʳ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʣʷʪʴ ʘʢʩʠʦʤʘʪʠʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ.  

ʊʝʦʨʠʶ 1 ʧʦʨʷʜʢʘ, ʦʪʚʝʯʘʶʱʫʶ ʠʟʣʦʞʝʥʥʳʤ ʧʨʠʥʮʠʧʘʤ ʙʫʜʝʤ ʥʘʟʳ-

ʚʘʪʴ ʩʠʪʫʘʮʠʦʥʥʦ-ʩʦʙʳʪʠʡʥʳʤ ʠʩʯʠʩʣʝʥʠʝʤ ʩʦ ʤʥʦʛʠʤʠ ʠʩʭʦʜʘʤʠ ʠ ʦʜ-

ʥʦʚʨʝʤʝʥʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ (ʉʉʀʄʀʆɼ).  

2. ʌʦʨʤʘʣʠʟʤ ʩʠʪʫʘʮʠʦʥʥʦ-ʩʦʙʳʪʠʡʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ  

ʩʦ ʤʥʦʛʠʤʠ ʠʩʭʦʜʘʤʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ 

ɺʚʝʜʸʤ ʨʷʜ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʠ ʜʦʧʫʱʝʥʠʡ. ʇʨʝʜʠʢʘʪʳ, ʬʫʥʢʮʠʠ, 

ʢʦʥʩʪʘʥʪʳ ʠ ʠʤʝʥʘ ʩʦʨʪʦʚ ʙʫʜʝʤ ʧʠʩʘʪʴ ʩ ʟʘʛʣʘʚʥʦʡ ʙʫʢʚʳ, ʘ ʧʝʨʝʤʝʥʥʳʝ 

ʩʦ ʩʪʨʦʯʥʦʡ. ʇʦʜ x:Q ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʟʘʧʠʩʴ çʧʝʨʝʤʝʥʥʘʷ x ʩʦʨʪʘ Qè.  

ɿʘʧʠʩʴ Q = Q1 Ĭ Q2ĬéĬQn ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʦʨʪ Q ʷʚʣʷʝʪʩʷ ʜʝʢʘʨʪʦʚʳʤ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʩʦʨʪʦʚ Q1, Q2,é, Qn. Q1 Ò Q2 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʦʨʪ Q1 ʷʚʣʷʝʪʩʷ 

ʧʦʜʩʦʨʪʦʤ (ʧʨʷʤʳʤ) ʜʣʷ Q2 [Gu ʠ ʜʨ., 2009]. ʕʣʝʤʝʥʪʳ ʧʦʜʦʙʥʳʭ ʩʦʨʪʦʚ 

ʙʫʜʝʤ ʫʢʘʟʳʚʘʪʴ ʢʘʢ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ, ʪʘʢ ʠ ʚ ʚʠʜʝ n-ʢʠ  

(x1, x2,é, xn), ʛʜʝ x1:Q1, x2:Q2,é, xn:Qn. 

 ʉ ʧʦʤʦʱʴʶ ʟʘʧʠʩʠ F(x1:Q1, x2:Q2,é, xn:Qn):Q ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʡ ʩʠʤʚʦʣ F ʘʨʥʦʩʪʠ n ʧʨʠʤʝʥʠʤ ʢ ʧʝʨʝʤʝʥʥʳʤ ʩʦʨʪʦʚ Q1, 

Q2,é, Qn ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʨʷʜʢʫ ʟʘʧʠʩʠ ʠ ʦʙʨʘʟʫʝʪ ʪʝʨʤ ʩʦʨʪʘ Q. ʀʥʘʯʝ 

ʛʦʚʦʨʷ, ʩʦʧʦʩʪʘʚʣʷʝʪ ʪʝʨʤʫ ʩʦʨʪʘ Q1 Ĭ Q2ĬéĬ Qn ʪʝʨʤ ʩʦʨʪʘ Q.  

ɸʥʘʣʦʛʠʯʥʦ, ʟʘʧʠʩʴ ʚʠʜʘ P(x1:Q1, x2:Q2,é, xn:Qn) ʦʙʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʝ-

ʜʠʢʘʪʥʳʡ ʩʠʤʚʦʣ P ʘʨʥʦʩʪʠ n ʧʨʠʤʝʥʠʤ ʢ ʧʝʨʝʤʝʥʥʳʤ ʩʦʨʪʦʚ Q1, Q2,é, 

Qn ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʨʷʜʢʫ ʟʘʧʠʩʠ.  
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ʂʘʢ ʠ ʚ [Gu ʠ ʜʨ., 2009], ʚʚʝʜʸʤ ʙʘʟʦʚʦʝ ʤʥʦʞʝʩʪʚʦ ʩʦʨʪʦʚ: 

{ }, , , , , ,obj fluent domainSort Sort Sort Sort S Possibilitit Event yVar= Ç Ç Ç T ^
 

 

ʛʜʝ Sortobj ï ʤʥʦʞʝʩʪʚʦ ʩʦʨʪʦʚ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʩʦʨʪ Object ï ʩʦʨʪ ʚʩʝʭ 

ʦʙʲʝʢʪʦʚ ʠ ʝʛʦ ʧʦʜʩʦʨʪʘ; Sortfluent = { Fluent, RelFluent, FuncFluent}  ï ʤʥʦ-

ʞʝʩʪʚʦ ʩʦʨʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ʩʠʪʫʘʮʠʡ, ʚʢʣʶʯʘʶʱʝʝ ʦʙʦʙʱʸʥʥʳʡ ʩʦʨʪ ʧʘ-

ʨʘʤʝʪʨʦʚ Fluent ʠ ʧʦʜʩʦʨʪʘ ʣʦʛʠʯʝʩʢʠʭ (RelFluent Ò Fluent) ʠ ʧʨʝʜʤʝʪʥʳʭ 

(FuncFluent Ò Fluent) ʧʘʨʘʤʝʪʨʦʚ; Sortdomain ï ʤʥʦʞʝʩʪʚʦ ʩʦʨʪʦʚ ʟʥʘʯʝʥʠʡ 

ʧʨʝʜʤʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʦʙʦʙʱʘʶʱʠʡ ʩʦʨʪ Any; ɇ ï ʫʥʠʚʝʨʩʘʣʴ-

ʥʳʡ ʩʦʨʪ, ʟʘʥʠʤʘʶʱʠʡ ʚʝʨʭʥʶʶ ʧʦʟʠʮʠʶ ʚ ʠʝʨʘʨʭʠʠ: (Q Í T) Ÿ (Q Ò T), 

\ ï ʧʫʩʪʦʡ ʩʦʨʪ, ʢʦʪʦʨʳʡ ʚ ʠʝʨʘʨʭʠʠ ʩʦʨʪʦʚ ʟʘʥʠʤʘʝʪ ʥʠʞʥʶʶ ʧʦʟʠʮʠʶ: 

(Q Í \) Ÿ (\ Ò Q); Sit ï ʩʦʨʪ ʩʠʪʫʘʮʠʡ; Event ï ʩʦʨʪ ʩʦʙʳʪʠʡ/ʜʝʡʩʪʚʠʡ; 

Var ï ʩʦʨʪ ʚʘʨʠʘʥʪʦʚ ʠʩʭʦʜʦʚ ʩʦʙʳʪʠʡ/ʜʝʡʩʪʚʠʡ; Possibility ï ʩʦʨʪ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʝʢʘʨʪʦʚʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʦʨʪʘ Object ʠʣʠ ʝʛʦ ʧʦʜʩʦʨʪʦʚ 

ʦʙʨʘʟʫʝʪ ʧʦʜʩʦʨʪ Object: (Q1 Ò Object)᾿(Q2 Ò Object) Ÿ (Q1 Ĭ Q2 Ò Object).  

ʅʘʨʷʜʫ ʩ ʜʝʢʘʨʪʦʚʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʩʦʨʪʦʚ, ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʠʭ 

ʦʙʲʝʜʠʥʝʥʠʝ: 
1 2QQ Ç . 

ʇʦʣʘʛʘʝʤ ʪʘʢʞʝ, ʯʪʦ ʚʚʝʜʸʥ ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʝʜʠʢʘʪʥʳʡ ʩʠʤʚʦʣ ç=è 

(ʚʤʝʩʪʝ ʩ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʘʢʩʠʦʤʘʪʠʢʦʡ), ʦʧʨʝʜʝʣʸʥʥʳʡ ʜʣʷ TĬT, ʠ ʧʨʝ-

ʜʠʢʘʪʥʳʡ ʩʠʤʚʦʣ çÍè, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʘʢ ʦʪʨʠʮʘʥʠʝ ç=è.  

ʂʘʢ ʠ ʚ [Gu ʠ ʜʨ., 2009], ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʨʦʙʣʝʤʳ ʧʫʩʪʳʭ ʩʦʨʪʦʚ, ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʨʪʘ, ʢʨʦʤʝ ʧʫʩʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ, ʢʘʢ ʤʠʥʠʤʫʤ, 

ʦʜʠʥ ʪʝʨʤ. 

ʇʦʜ List of Q ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʩʧʠʩʦʢ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʦʨʪʘ Q. ɺʚʝʜʸʤ 

ʩʦʨʪ ʧʘʨ ʩʦʙʳʪʠʝ-ʦʙʲʝʢʪ ʧʨʠʤʝʥʝʥʠʷ EventObj = Event Ĭ Object ʠ ʩʦʨʪ 

ʩʧʠʩʢʘ ʪʘʢʠʭ ʧʘʨ EventObjList = List of EventObj. 

ʇʦʜ [ ] ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʧʫʩʪʦʡ ʩʧʠʩʦʢ. ɿʘʧʠʩʴ [h|tl] ʦʙʦʟʥʘʯʘʝʪ ʩʧʠʩʦʢ, 

ʩ çʛʦʣʦʚʦʡè h ʧʨʝʜʩʪʘʚʣʝʥ ʠ çʭʚʦʩʪʦʤè tl. ɿʘʧʠʩʴ x ⱦ list ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʵʣʝʤʝʥʪ x ʚʭʦʜʠʪ ʚ ʩʧʠʩʦʢ list. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʦʨʪ ʧʝʨʝʤʝʥʥʦʡ x 

ʩʦʚʧʘʜʘʝʪ ʩ ʩʦʨʪʦʤ ʵʣʝʤʝʥʪʦʚ ʩʧʠʩʢʘ ʠʣʠ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʦʜʩʦʨʪʦʤ: 

(x : Q1)  ̓(x ⱦ list)ԉ (list : List of Q) Ÿ (Q1 Ò Q). ɺ ʵʪʦʤ ʠ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʠʟ ʢʦʥʪʝʢʩʪʘ ʷʩʝʥ ʩʦʨʪ ʧʝʨʝʤʝʥʦʡ, ʙʫʜʝʤ ʠʟʙʝʛʘʪʴ ʝʛʦ ʧʨʷʤʦʛʦ ʫʢʘ-

ʟʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʫʩʪʴ ʦʙʲʷʚʣʝʥʳ: ʧʨʝʜʠʢʘʪ Grant-

ed(a: Event, o: Object, s: Sit) ʠ ʢʦʥʩʪʘʥʪʘ S0: Sit. ʊʦʛʜʘ ʚʤʝʩʪʦ (Ắa: Event) 

Granted(a, o, S0) ʙʫʜʝʤ ʧʠʩʘʪʴ: (Ắa)(Granted(a, o, S0). 

ʈʘʩʩʤʦʪʨʠʤ ʩʝʢʮʠʶ ʦʙʲʷʚʣʝʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʬʫʥʢʮʠʠ ʠ ʧʨʝʜʠʢʘʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʨʪʦʚ ʧʝʨʝʤʝʥʥʳʭ. 

Granted(s:Sit, a: Event, o: Object) ï ʧʨʝʜʠʢʘʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʜʦʧʫʩʪʠ-

ʤʦʩʪʴ ʜʝʡʩʪʚʠʷ a ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʲʝʢʪʘ o ʚ ʩʠʪʫʘʮʠʠ s.  
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Occurs(s: Sit, e: Event, o: Object) ï ʧʨʝʜʠʢʘʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʬʘʢʪ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʩʦʙʳʪʠʷ e ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʲʝʢʪʘ o ʚ ʩʠʪʫʘʮʠʠ s.  

Enabled(s:Sit, v: Var, o: Object) ï ʧʨʝʜʠʢʘʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʜʦʧʫʩʪʠ-

ʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʚʘʨʠʘʥʪʘ v ʠʩʭʦʜʘ ʥʝʢʦʪʦʨʦʛʦ ʩʦʙʳʪʠʷ 

ʜʣʷ ʦʙʲʝʢʪʘ o ʚ ʩʠʪʫʘʮʠʠ s. 

Result (s:Sit, a: Event, o: Object, t:Sit) ï ʧʨʝʜʠʢʘʪ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ, ʯʪʦ 

ʩʠʪʫʘʮʠʷ t ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʢ ʩʠʪʫʘʮʠʠ s ʩʦʙʳ-

ʪʠʷ/ʜʝʡʩʪʚʠʷ a ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʲʝʢʪʘ o, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝ-

ʥʝʥʠʷ ʢʦʥʮʝʧʮʠʠ ʚʝʪʚʷʱʝʛʦʩʷ ʚʨʝʤʝʥʠ ʩ ʚʝʪʚʣʝʥʠʝʤ ʧʦ ʠʩʭʦʜʘʤ ʩʦʙʳ-

ʪʠʷ/ʜʝʡʩʪʚʠʷ a.  

ResultL(s:Sit, leo: EventObjList, t:Sit) ï ʩʠʪʫʘʮʠʷ t ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʨʠʤʝʥʝʥʠʷ ʢ ʩʠʪʫʘʮʠʠ s ʩʧʠʩʢʘ ʩʦʙʳʪʠʝ-ʦʙʲʝʢʪ leo. 

OccursL(s:Sit, leo: EventObjList) ï ʧʨʝʜʠʢʘʪ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ, ʯʪʦ ʚ 

ʩʠʪʫʘʮʠʠ s ʚʦʟʥʠʢʘʶʪ ʩʦʙʳʪʠʷ ʠʟ ʩʧʠʩʢʘ leo ʚ ʢʦʥʪʝʢʩʪʝ ʫʢʘʟʘʥʥʳʭ ʩ ʥʠ-

ʤʠ ʚ ʧʘʨʝ ʦʙʲʝʢʪʦʚ. 

OccursMaxL(s:Sit, leo: EventObjList) ï ʧʨʝʜʠʢʘʪ, ʘʥʘʣʦʛʠʯʥʳʡ 

OccursL(), ʥʦ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ, ʯʪʦ ʠʥʳʭ ʩʦʙʳʪʠʡ ʚ ʩʠʪʫʘʮʠʠ 

s ʥʝ ʚʦʟʥʠʢʘʝʪ. 

GrantedL(s:Sit, leo: EventObjList) ï ʧʨʝʜʠʢʘʪ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ, ʯʪʦ ʚ 

ʩʠʪʫʘʮʠʠ s ʜʦʧʫʩʪʠʤʳ ʜʝʡʩʪʚʠʷ ʠʟ ʩʧʠʩʢʘ leo ʚ ʢʦʥʪʝʢʩʪʝ ʫʢʘʟʘʥʥʳʭ ʩ 

ʥʠʤʠ ʚ ʧʘʨʝ ʦʙʲʝʢʪʦʚ. 

ResultL*(s:Sit, leo: EventObjList, t:Sit) ï ʧʨʝʜʠʢʘʪ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ, 

ʯʪʦ ʩʠʪʫʘʮʠʷ t ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʨʘʙʘʪʳʚʘʥʠʷ ʚʩʝʚʦʟʤʦʞʥʳʭ cʧʠʩʢʦʚ 

ʩʦʙʳʪʠʝ-ʦʙʲʝʢʪ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʢ ʩʠʪʫʘʮʠʠ s ʩʧʠʩʢʘ ʩʦʙʳʪʠʝ-ʦʙʲʝʢʪ 

leo ï ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʬʫʥʢʮʠʠ Result* ʚ [McCarthy, 2002]. 

Holds(s: Sit, o: Object, rf: RelFluent) ï ʧʨʝʜʠʢʘʪ ʛʦʚʦʨʷʱʠʡ, ʯʪʦ ʣʦʛʠʯʝ-

ʩʢʠʡ ʘʪʨʠʙʫʪ rf ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ çʠʩʪʠʥʘè ʚ ʩʠʪʫʘʮʠʠ s ʚ ʢʦʥʪʝʢʩʪʝ 

ʦʙʲʝʢʪʘ o. 

Changes(s: Sit, e: Event, o: Object, f: Fluent) ï ʧʨʝʜʠʢʘʪ ʛʦʚʦʨʷʱʠʡ, ʯʪʦ 

ʩʦʙʳʪʠʝ e ʚ ʩʠʪʫʘʮʠʠ s ʤʝʥʷʝʪ ʧʘʨʘʤʝʪʨ f ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʲʝʢʪʘ o. 

Apply(s: Sit, v: Var, o: Object,):Sit ï ʬʫʥʢʮʠʷ, ʟʥʘʯʝʥʠʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷ-

ʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʚʘʨʠʘʥʪʘ ʠʩʭʦʜʘ v ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʝʢʪʘ o ʚ 

ʩʠʪʫʘʮʠʠ s. 

Value(s: Sit, o: Object, ff: FuncFluent):Any ï ʬʫʥʢʮʠʷ, ʟʥʘʯʝʥʠʝʤ ʢʦʪʦ-

ʨʦʡ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʨʝʜʤʝʪʥʦʛʦ ʘʪʨʠʙʫʪʘ ff ʚ ʩʠʪʫʘʮʠʠ s ʚ ʢʦʥʪʝʢʩʪʝ 

ʦʙʲʝʢʪʘ o. 

Poss(x:SitGVar):Possibility ï ʬʫʥʢʮʠʷ ʟʥʘʯʝʥʠʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʠʤʝʥʠʤʘ ʢʘʢ ʢ ʩʠʪʫʘʮʠʠ, ʪʘʢ ʠ ʚʘʨʠʘʥʪʫ ʠʩʭʦʜʘ 

ʜʝʡʩʪʚʠʷ. 

Act(v: Var) ï ʬʫʥʢʮʠʷ, ʟʥʘʯʝʥʠʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʩʦʙʳʪʠʝ/ʜʝʡʩʪʚʠʝ, 

ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ ʚʘʨʠʘʥʪ v. 
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ɼʣʷ ʢʘʞʜʦʛʦ ʚʥʝʰʥʝʛʦ ʩʦʙʳʪʠʷ (ʜʝʡʩʪʚʠʷ) ʟʘʜʘʸʪʩʷ ʘʢʩʠʦʤʘ ʧʨʠʤʝʥʠ-

ʤʦʩʪʠ ʜʝʡʩʪʚʠʷ ʚ ʩʠʪʫʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʟʥʘʯʝʥʠʝ ʧʨʝʜʠʢʘʪʘ Granted() ʚ 

ʢʦʥʪʝʢʩʪʝ ʦʙʲʝʢʪʘ ʧʨʠʣʦʞʝʥʠʷ ʜʝʡʩʪʚʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʙʳ-

ʪʠʷ ʟʘʜʘʸʪʩʷ ʘʢʩʠʦʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʙʳʪʠʷ ʚ ʩʠʪʫʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʘʷ 

ʟʥʘʯʝʥʠʝ ʧʨʝʜʠʢʘʪʘ Occurs() ʚ ʢʦʥʪʝʢʩʪʝ ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʢʪʘ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʚʘʨʠʘʥʪʘ ʠʩʭʦʜʘ ʩʦʙʳʪʠʷ/ʜʝʡʩʪʚʠʷ ʟʘʜʘʸʪʩʷ ʘʢʩʠʦʤʘ ʜʦʧʫʩʪʠʤʦʩʪʠ ʚʘʨʠ-

ʘʥʪʘ ʚ ʩʠʪʫʘʮʠʠ (ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʦʙʳʪʠʷ ʠʣʠ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʝʡʩʪʚʠʷ), ʦʧʨʝʜʝʣʷʶʱʘʷ ʟʥʘʯʝʥʠʝ ʧʨʝʜʠʢʘʪʘ Enabled() ʚ 

ʢʦʥʪʝʢʩʪʝ ʦʙʲʝʢʪʘ ʧʨʠʣʦʞʝʥʠʷ ʩʦʙʳʪʠʷ/ʜʝʡʩʪʚʠʷ.  

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʮʝʥʘʨʠʷ ʜʫʵʣʠ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʜʣʷ ʢʘʞʜʦʛʦ 

ʩʪʨʝʣʢʘ (ʯʣʝʥʘ ʩʦʨʪʘ Shooter Ò Object) ʜʝʡʩʪʚʠʷ: shoot (ʩʪʨʝʣʷʪʴ), step (ʘh-

ʛʘʪʴ). 

ɼʣʷ ʜʝʡʩʪʚʠʷ shoot ʤʦʞʥʦ ʟʘʜʘʪʴ ʘʢʩʠʦʤʫ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʝʡʩʪʚʠʷ: 

( : ). ( ) ( )

( , , ),

man Shooter Holds s,man,loaded Holds s,man,alive

Granted s shoot man

" Ø ­

­
 

 

ʛʜʝ loaded ʠ alive ï ʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʙʦʟʥʘʯʘʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʪʦ, ʯʪʦ ʦʨʫʞʠʝ ʟʘʨʷʞʝʥʦ, ʘ ʩʪʨʝʣʦʢ ʞʠʚ. 

ʕʪʦʤʫ ʞʝ ʜʝʡʩʪʚʠʶ ʥʘʟʥʘʯʠʤ 2 ʥʘʙʦʨʘ ʠʩʭʦʜʦʚ: 

- ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʩʪʨʝʣʷʶʱʠʡ ʥʝ ʨʘʥʝʥ (âHolds(s, man, wounded), ʚʘ-

ʨʠʘʥʪʘʤʠ ʙʫʜʫʪ: ʧʨʦʤʘʭ (norm_miss), ʨʘʥʝʥʠʝ ʧʨʦʪʠʚʥʠʢʘ (norm_wounds), 

ʫʙʠʡʩʪʚʦ ʧʨʦʪʠʚʥʠʢʘ (norm_kill ); 

- ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʩʪʨʝʣʷʶʱʠʡ ʨʘʥʝʥ (Holds(s, man, wounded), ʚʘʨʠʘʥ-

ʪʘʤʠ ʙʫʜʫʪ:  ʨʘʥʝʥʠʝ ʧʨʦʪʠʚʥʠʢʘ (w_wounds), ʫʙʠʡʩʪʚʦ ʧʨʦʪʠʚʥʠʢʘ 

(w_kill), ʧʦʧʘʜʘʥʠʝ ʠʟ-ʟʘ ʜʝʟʦʨʠʝʥʪʘʮʠʠ ʚ ʩʠʜʷʱʫʶ ʥʘ ʩʦʩʝʜʥʝʤ ʜʝʨʝʚʝ 

ʧʪʠʮʫ (bird_kill), ʧʨʦʤʘʭ (w_miss). 

ɼʣʷ ʢʘʞʜʦʛʦ ʪʘʢʦʛʦ ʠʩʭʦʜʘ ʜʝʡʩʪʚʠʝ shoot ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʝʡ-

ʩʪʚʠʷ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ ʠʩʭʦʜ. ʅʘʧʨʠʤʝʨ: 

  .)(bird_kiAct sll hoot   

ʆʧʨʝʜʝʣʠʤ ʜʦʧʫʩʪʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʠʩʭʦʜʦʚ: 

( : ). ( )

( , , ) ( , , )

( , , );

( : ). ( )

( , , ) ( , , )

man Shooter Holds s,man,wounded

Enabled s norm_miss man Enabled s norm_wounds man

Enabled s norm_kill man

man Shooter Holds s,man,wounded

Enabled s w_miss man Enabled s w_wounds man

" × ­

­ Ø Ø

Ø

" ­

­ Ø Ø

Ø ( , , ) ( , , ).Enabled s w_kill man Enabled s bird_kill manØ

 

ɼʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʠʩʭʦʜʘ ʢʘʞʜʦʛʦ ʜʝʡʩʪʚʠʷ/ʩʦʙʳʪʠʷ ʟʘʜʘʸʪʩʷ ʘʢ-

ʩʠʦʤʘ ʵʬʬʝʢʪʘ ʜʝʡʩʪʚʠʷ, ʟʘʜʘʶʱʘʷ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʪʫʘʮʠʠ 

ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʲʝʢʪʘ ʧʨʠʤʝʥʝʥʠʷ ʜʝʡʩʪʚʠʷ/ʩʦʙʳʪʠʷ. ɸʢʩʠʦʤʳ ʦʧʝʨʠʨʫʶʪ 
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ʬʫʥʢʮʠʝʡ Apply() ʧʨʝʜʠʢʘʪʦʤ Holds() ʠ ʬʫʥʢʮʠʝʡ Value(). ʊʘʢʞʝ ʜʣʷ ʢʘʞ-

ʜʦʛʦ ʚʘʨʠʘʥʪʘ ʠʩʭʦʜʘ ʩ ʧʦʤʦʱʴʶ ʘʢʩʠʦʤʳ ʟʘʜʘʸʪʩʷ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʬʫʥʢʮʠʠ Poss(). ʅʘʧʨʠʤʝʨ, ʜʣʷ ʥʘʙʦʨʘ ʠʩʭʦʜʦʚ, ʢʦʛʜʘ ʩʪʨʝʣʦʢ 

ʥʝ ʨʘʥʝʥ, ʤʦʞʥʦ ʟʘʜʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʘʨʠʘʥʪʦʚ ʠʩʭʦʜʘ: 

( ) 0.3; ( ) 0.2; ( ) 0.5;Poss norm_wounds Poss norm_kill Poss norm_miss  

ʇʨʠʚʝʜʸʤ ʧʨʠʤʝʨ ʘʢʩʠʦʤʳ ʵʬʬʝʢʪʘ ʜʣʷ ʚʘʨʠʘʥʪʘ norm_wounds: 

1

1

: . ( , , )

( , , ) ( , ( ), ),

man Shooter s Apply s norm_wounds man

Holds s man loaded Holds s Enemy man wounded
1

 

ʛʜʝ Enemy() ï ʬʫʥʢʮʠʷ, ʟʥʘʯʝʥʠʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʪʠʚʥʠʢ ʩʪʨʝʣʢʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʣʘʛʘʝʤʳʡ ʥʘʙʦʨ ʧʨʝʜʤʝʪʥʦ-ʥʝʟʘʚʠʩʠʤʳʭ ʘʢʩʠʦʤ. 

ʉʣʝʜʫʶʱʠʝ ʘʢʩʠʦʤʳ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʨʝʢʫʨʩʠʚʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʝ-

ʟʫʣʴʪʘʪʘ ʧʨʠʤʝʥʝʥʠʷ ʩʧʠʩʢʘ ʩʦʙʳʪʠʝ-ʦʙʲʝʢʪ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʘʨ ʩʦʙʳʪʠʝ-ʦʙʲʝʢʪ: 

( ,[], ).ResultL s s
 

, , , ( , , ) s,[( , ) | ] ( ,[(e,o) | tl], r),

, , , ( , , ) s,[( , ) | ] ( ,[( , ) | ], r).

Result s e o p ResultL p tl r GrantedL e o tl ResultLs

Result s e o p ResultL p tl r OccursL e o tl ResultL se o tl
 

ʇʨʠ ʵʪʦʤ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ï ʚ ʩʧʠʩʢʝ ʧʨʠʩʫʪ-

ʩʪʚʫʶʪ ʣʠʙʦ ʜʦʧʫʩʪʠʤʳʝ ʜʝʡʩʪʚʠʷ, ʣʠʙʦ ʚʦʟʥʠʢʘʶʱʠʝ ʩʦʙʳʪʠʷ. 

ʆʧʠʰʝʤ ʫʩʣʦʚʠʷ ʠʩʪʠʥʥʦʩʪʠ ʧʨʝʜʠʢʘʪʦʚ OccursL() ʠ GrantedL(): 

s, ( ,o) ( ,o) (s, , ) ,

s, (e,o) (e,o) (s, , ) .

GrantedL leo a a leo Granted a o

OccursL leo leo Occurs e o
 

ʇʦʢʘʞʝʤ ʪʝʧʝʨʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʩʪʠʥʥʦʩʪʠ ʧʨʝʜʠʢʘʪʦʚ OccursL() ʠ 

GrantedL() ʠ Enabled() ʧʨʠ ʨʝʢʫʨʩʠʚʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʩʧʠʩʢʘ: 

s,[( , ) | ] ,

, , ( )

, , , ,

s,[( , ) | ] , , , , ,

s,[( , ) | ] ( , )

, , , ,, ,

, , ( )

Enabled

GrantedL a o tl Result s a o p GrantedL p tl

OccursL e o tl Result s e o p OccursL p tl

GrantedL a g tl e o tl

Result

s v o e Act v

Enabled p v o

Enabled s v o

s a g p

Occue Act v s,[( , ) | ] ( , )

, , , , .,

rsL a g tl e o tl

R Enaesult bled ps a vg p o

 

ʉʚʷʞʝʤ ʩʠʪʫʘʮʠʶ s ʠ ʝʸ ʥʘʩʣʝʜʥʠʢʘ r ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʠʩʭʦʜʘ: 

, , , ,,, ., ( ) Result sEnabled s v o a Act v Apply so oa v  

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʝʡʩʪʚʠʝ ʠʣʠ ʚʘʨʠʘʥʪ ʠʩʭʦʜʘ ʥʝ ʜʦʧʫʩʪʠʤʳ (ʠʣʠ ʥʝ 

ʚʦʟʥʠʢʘʝʪ ʩʦʙʳʪʠʝ), ʦʥʠ ʥʝ ʧʦʨʦʞʜʘʶʪ ʥʘʩʣʝʜʥʠʢʘ ʩʠʪʫʘʮʠʠ: 

( , , ,s),, , ( ) , ,

,e ( , , ,s), ( ) , , .

Granted s a o a Act v Enabled s v o

Occurs s o e Act v Ena

v Result s a o

v Result s a obled s v o
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ʆʧʨʝʜʝʣʠʤ ʫʩʣʦʚʠʷ ʠʩʪʠʥʥʦʩʪʠ ʧʨʝʜʠʢʘʪʘ OccursMaxL() ï ʚʩʝ ʩʦʙʳʪʠʷ 

ʩʧʠʩʢʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʪʫʘʮʠʠ ʚʦʟʥʠʢʘʶʪ, ʧʨʠʯʸʤ ʪʦʣʴʢʦ ʦʥʠ. 

s, (e,o) (e,o) (s, , ) .OccursMaxL leo leo Occurs e o
 

 

ʆʪʢʫʜʘ ʤʦʞʥʦ ʚʳʚʝʩʪʠ: 

s, s, .OccursMaxL leo OccursL leo
 

 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ [McCarthy, 2002] ʚʚʝʜʸʤ ʘʢʩʠʦʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʩʣʦʚʠʡ ʠʩʪʠʥʥʦʩʪʠ ʧʨʝʜʠʢʘʪʦʚ ResultL*() ʠ NextL* (): 

, , * , * , ,

, * ,

, , , * , * ,

,

,

.

ResultL s leo t NextL t r ResultL s leo r

leo OccursMaxL s Leo NextL s s

OccursMaxL s leo ResultL s leo t Next t r NextL s r

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ResultL*() ʠ NextL*() ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʩʣʝʜʥʠʢʦʚ ʩʠʪʫ-

ʘʮʠʠ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʚʩʝʚʦʟʤʦʞʥʳʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ, 

ʩʧʠʩʢʦʚ ʩʦʙʳʪʠʝ-ʦʙʲʝʢʪ. 

ʆʧʨʝʜʝʣʠʤ ʪʝʧʝʨʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʣʝʜʥʠʢʘ ʩʠʪʫʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʠʩʭʦʜʘ: 

, .,Poss Apply s v o Poss s Poss v  

ʇʦ ʘʥʘʣʦʛʠʠ ʩ [McCarthy, 2002], ʚʚʝʜʸʤ ʩʭʝʤʫ ʠʥʜʫʢʮʠʠ: 

1

1

( ) ( , )( ( ) ( , ) (s, , )

(s )) *(s, , ) ( ).

P s s leo P s OccursMaxL s leo ResultL leo s

P ResultL leo t P t
 

 

ɸʥʘʣʦʛʠʯʥʫʶ ʩʭʝʤʫ ʧʨʝʜʣʦʞʠʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚʥʫʪʨʠ ʩʧʠʩʢʘ  

1 1( ) , (e,o) , , , ,

(s, , ) ( ).

P s s e o leo P s Result s e o s P s

ResultL leo t P t
 

 

ʀ, ʥʘʢʦʥʝʮ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ  [McCarthy, 2002] ʟʘʜʘʜʠʤ ʘʢʩʠʦʤʳ ʢʘʜʨʘ: 

( , , , ) ( , , , ) ( , , ) ( , , ) ,Changes s e o p Result s e o t Holds t o p Holds s o p  

( , , , ) ( , , , ) ( , , ) ( , , ) .Changes s e o f Result s e o t Value t o f Value s o f
 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʜʦʯʝʨʥʠʭ ʩʠʪʫʘʮʠʡ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʥʮʝʧ-

ʮʠʠ ʚʝʪʚʷʱʝʛʦʩʷ ʚʨʝʤʝʥʠ, ʚ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʙʫʜʝʪ ʨʘʩʪʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩ ʨʦʩʪʦʤ ʛʣʫʙʠʥʳ ʧʨʦʛʥʦʟʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦ-

ʛʦ ʯʠʩʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʤʝʥʠʤʳʭ ʜʝʡʩʪʚʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʦʩʪʨʦ ʚʩʪʘʸʪ 

ʚʦʧʨʦʩ ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʡ, ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦ-

ʢʨʘʱʝʥʠʷ ʧʝʨʝʙʦʨʘ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʜʝʡʩʪʚʠʡ, ʪʘʢ ʠ ʩʥʠʞʝʥʠʷ ʚʨʝ-

ʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʫʥʠʬʠʢʘʮʠʠ ʪʝʨʤʦʚ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʩʦʩʪʘʚʣʷʪʴ ʘʢʩʠʦʤʳ ʫʩʣʦʚʠʡ ʜʦʧʫʩʪʠʤʦʩʪʠ ʜʝʡʩʪʚʠʡ ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʦ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ.  

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʛʣʘʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʩʥʠʞʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʧʧʘʨʘʪʘ ʫʧʦʨʷʜʦʯʝʥʥʦ-ʩʦʨʪʥʦʡ ʣʦʛʠʢʠ. 
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ʊʘʢʞʝ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʠʩʯʠʩʣʝʥʠʝ, ʢʘʢ ʠ ʠʩʯʠʩʣʝʥʠʝ, ʨʘʩʩʤʦʪʨʝʥʥʦʝ ʚ 

[McCarthy, 2002] ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʜʫʨ ʥʝʤʦʥʦʪʦʥʥʦʛʦ 

ʚʳʚʦʜʘ, ʩ ʫʯʝʪʦʤ ʤʠʥʠʤʠʟʘʮʠʠ ʚʳʚʦʜʘ ʜʣʷ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʠʪʫʘ-

ʮʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʠʪʫʘʮʠʠ ʢ ʩʠʪʫʘʮʠʠ, ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʙʳ-

ʪʠʡ, ʧʨʝʜʠʢʘʪʘ Holds(), ʚʳʨʘʞʝʥʠʡ ʚʠʜʘ ñValue (s,o,f) = éò. ʇʨʠ ʵʪʦʤ ʩʦ-

ʢʨʘʱʘʝʪʩʷ ʠ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʤʝʪʥʦ ʟʘʚʠʩʠʤʳʭ ʘʢʩʠʦʤ. 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʘ ʣʦʛʠʯʝʩʢʦʛʦ 

ʚʳʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʠʩʯʠʩʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʝʘʣʠ-

ʟʘʮʠʡ ʤʘʰʠʥ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ, ʥʘʧʨʠʤʝʨ, ʩʨʝʜʩʪʚ ʧʘʨʘʣʣʝʣʠʟʤʘ ʷʟʳʢʘ 

Mercury [Bone, 2012]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʩʠʪʫʘʮʠʦʥʥʦ-ʩʦʙʳʪʠʡʥʦʝ ʠʩʯʠʩʣʝʥʠʝ ʩʦ ʤʥʦʛʠʤʠ ʠʩʭʦ-

ʜʘʤʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʝ 

ʪʦʣʴʢʦ ʩʦʯʝʪʘʥʠʝʤ ʚʝʪʚʷʱʝʛʦʩʷ ʚʨʝʤʝʥʠ, ʝʜʠʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʦʙʳ-

ʪʠʡ/ʜʝʡʩʪʚʠʡ ʠ ʘʧʧʘʨʘʪʘ ʫʧʦʨʷʜʦʯʝʥʥʦ-ʩʦʨʪʥʦʡ ʣʦʛʠʢʠ, ʥʦ ʠ ʥʘʣʠʯʠʝʤ 

ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʩʦʙʳʪʠʡ/ʜʝʡʩʪʚʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʫʢʘʟʳʚʘʝʪʩʷ ʦʮʝʥʢʘ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʩʦʚʝʨ-

ʰʘʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ï ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʢ ʨʦʜʠʪʝʣʴʩʢʦʡ ʩʠʪʫʘʮʠʠ ʩʨʘʟʫ ʮʝʣʦʛʦ ʩʧʠʩʢʘ ʜʝʡʩʪʚʠʡ. ʇʫʩʪʴ ʜʝʡʩʪʚʠʷ 

ʩʧʠʩʢʘ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʠʭ ʜʦʧʫʩʪʠʤʦʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʠʩʭʦʜʥʦʡ ʩʠʪʫʘʮʠʠ, ʘ ʥʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ. 

ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʦʪʣʠʯʠʷ ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʨʠʪʴ ʚʳʨʘʟʠʪʝʣʴ-

ʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʪʫʘʮʠʦʥʥʳʭ ʠʩʯʠʩʣʝʥʠʡ, ʥʝ ʪʦʣʴʢʦ ʚʚʦʜʷ ʚ ʨʘʩʩʤʦʪ-

ʨʝʥʠʝ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʥʦ ʠ ʨʘʟʨʝʰʘʷ ʦʧʠʩʳʚʘʪʴ ʩʣʫ-

ʯʘʠ, ʢʦʛʜʘ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʜʝʡʩʪʚʠʡ ʚʟʘʠʤʥʦ ʥʘʨʫʰʘʶʪ ʫʩʣʦʚʠʷ 

ʠʭ ʜʦʧʫʩʪʠʤʦʩʪʠ, ʢʘʢ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʜʫʵʣʠ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʧʨʦʱʸʥʥʳʡ ʚʘʨʠʘʥʪ ʠʩʯʠʩʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ 

ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʚʘʨʠʘʥʪʦʚ ʠʩʭʦʜʦʚ ʜʝʡʩʪʚʠʡ ʷʚʣʷʶʪʩʷ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʝʛʦ ʙʫʜʝʪ ʥʝʪʨʫʜʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ, 

ʩʜʝʣʘʚ ʪʘʢʠʝ ʦʮʝʥʢʠ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʢʦʥʪʝʢʩʪʘ.  

ɺʦʧʨʦʩ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʢʣʘʩʩʘ ʚʳʚʦʜʠʤʳʭ ʬʦʨʤʫʣ ʧʦʢʘ ʚʳʭʦʜʠʪ ʟʘ 

ʛʨʘʥʠʮʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʉʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʘʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʙʦʨʘ ʧʨʝʜʤʝʪʥʦ-ʟʘʚʠʩʠʤʳʭ ʘʢʩʠʦʤ, ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʩʧʝʮʠʬʠʢʫ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʧʨʝʜ-

ʣʦʞʝʥʥʫʶ ʩʭʝʤʫ ʧʦʩʪʨʦʝʥʠʷ ʠ ʥʘʙʦʨ ʧʨʝʜʤʝʪʥʦ-ʥʝʟʘʚʠʩʠʤʳʭ ʘʢʩʠʦʤ. 
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ʂ ɺʆʇʈʆʉʋ ʆ ʇʈɽɼʉʊɸɺʃɽʅʀʀ ʄɸʈʐʈʋʊɸ  

ɼʃʗ ʈʆɹʆʊɸ ɺ ɿɸɼɸʏɽ ʌʋʈɸɾʀʈʆɺɸʅʀʗ
1
 

ʀ.ʇ. ʂʘʨʧʦʚʘ (karpova_ip@mail.ru)  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, ʄʦʩʢʚʘ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʤʦʙʠʣʴʥʳʤ ʨʦʙʦʪʦʤ ʧʫʪʠ 

ʧʦ ʚʠʟʫʘʣʴʥʳʤ ʦʨʠʝʥʪʠʨʘʤ. ʈʘʟʨʘʙʦʪʘʥ ʬʦʨʤʘʪ ʦʧʠʩʘʥʠʷ ʤʘʨʰʨʫʪʘ 

ʠ ʧʨʠʚʝʜʝʥʳ ʧʨʘʚʠʣʘ ʝʛʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʦʙʦ-

ʪʫ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʜʘʥʥʳʡ ʤʘʨʰʨʫʪ. ɺ ʦʩʥʦʚʝ ʦʧʠʩʘʥʠʷ ʤʘʨʰʨʫʪʘ 

ʣʝʞʘʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʤʠʪʘʮʠʦʥ-

ʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʬʫ-

ʨʘʞʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʫʧʧʦʚʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʢʦʛʥʠʪʠʚʥʳʡ ʘʛʝʥʪ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʛʨʘʥʫʣʷʮʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ɺʚʝʜʝʥʠʝ 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʣʘʩʪʠ ʛʨʫʧʧʦʚʦʡ ʨʦʙʦ-

ʪʦʪʝʭʥʠʢʠ, ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʬʫʨʘʞʠʨʦ-

ʚʘʥʠʷ. ʈʝʘʣʴʥʳʤ ʧʨʠʤʝʨʦʤ ʟʜʝʩʴ ʩʣʫʞʠʪ ʧʯʝʣʠʥʳʡ ʨʦʡ ʠʣʠ ʤʫʨʘʚʝʡʥʠʢ. 

ɺ ʤʫʨʘʚʝʡʥʠʢʝ ʝʩʪʴ ʨʘʟʚʝʜʯʠʢʠ, ʢʦʪʦʨʳʝ ʠʩʩʣʝʜʫʶʪ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʧʠʱʠ. ʅʘʡʜʷ ʧʠʱʫ, ʦʥʠ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʤʫʨʘ-

ʚʝʡʥʠʢ ʠ ʦʧʦʚʝʱʘʶʪ ʜʨʫʛʠʭ ʤʫʨʘʚʴʝʚ-ʬʫʨʘʞʠʨʦʚ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ 

ʥʘʡʜʝʥʥʦʡ ʧʠʱʠ. ʌʫʨʘʞʠʨʳ ʦʪʧʨʘʚʣʷʶʪʩʷ ʢ ʵʪʦʤʫ ʤʝʩʪʫ ʠ ʧʨʠʥʦʩʷʪ ʧʠ-

ʱʫ ʚ ʤʫʨʘʚʝʡʥʠʢ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 3 ʵʪʘʧʘ: ʥʘʡʪʠ çʝʜʫè, ʚʝʨ-

ʥʫʪʴʩʷ çʜʦʤʦʡè ʠ ʧʦʚʪʦʨʠʪʴ ʵʪʦʪ ʧʫʪʴ. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʝʰʝ-

ʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ, ʚ ʦʩʥʦʚʥʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʛʦʤʦʛʝʥʥʳʭ (ʠʣʠ ʛʝʪʝʨʦ-

ʛʝʥʥʳʭ) ʛʨʫʧʧ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʘʛʝʥʪʦʚ. ʏʘʱʝ ʚʩʝʛʦ ʚ ʥʠʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠʥʮʠʧ ʬʝʨʦʤʦʥʦʚ. ɸʛʝʥʪʳ ʧʦʤʝʯʘʶʪ ʩʚʦʡ ʧʫʪʴ çʬʝʨʦʤʦʥʘʤʠè, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʩʚʦʡʩʪʚʦ çʠʩʧʘʨʷʪʴʩʷè ʩʦ ʚʨʝʤʝʥʝʤ. ɼʨʫʛʠʝ ʘʛʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪ 

ʧʫʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ çʬʝʨʦʤʦʥʦʚè 

(ʥʘʧʨʠʤʝʨ, [Kim et al., 2012]). ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʦʟʚʨʘʪʘ ʚ ʪʦʯʢʫ ʦʪʧʨʘʚʣʝʥʠʷ 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ 16-11-00018). 
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ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʘʷʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʦʢʦʣʦ çʜʦʤʘè [Hoff et al., 

2013], GPS-ʥʘʚʠʛʘʮʠʷ [Lee et al., 2013], ʤʝʭʘʥʠʟʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʦʤʤʫʥʠ-

ʢʘʮʠʠ [Meng et al., 2012]  ʠʣʠ ʜʚʠʞʝʥʠʝ ʧʦ ʩʣʝʜʫ [Zedadraa et al., 2016]. ɺ 

ʥʘʰʝʤ ʞʝ ʩʣʫʯʘʝ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʬʝʨʦʤʦʥʘʭ, ʥʝʧʨʠʝʤʣʝʤ (ʭʦʪʷ 

ʙʳ ʧʦ ʯʠʩʪʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ). 

ɺ ʨʘʙʦʪʘʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʟʘʧʦʤʠʥʘʥʠʝ ʧʫʪʠ ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ çʜʦʤʦʡè 

ʠʣʠ ʧʦʚʪʦʨʥʦʛʦ ʝʛʦ ʧʨʦʭʦʞʜʝʥʠʷ, ʚʥʠʤʘʥʠʝ, ʚ ʦʩʥʦʚʥʦʤ, ʫʜʝʣʷʝʪʩʷ ʧʦ-

ʩʪʨʦʝʥʠʶ ʩʮʝʥ [Baddeley et al., 2012] ʠʣʠ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʦʙʨʘʟʦʚ [Moller, 

2006]. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʨʦʙʦʪʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʨʘʟʚʠʪʫʶ ʩʠʩʪʝʤʫ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʟʨʝʥʠʷ ʠ ʢʘʥʘʣʳ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʨʫʛʠʤ ʨʦʙʦʪʘʤ ʚʠʟʫʘʣʴʥʦʛʦ ʨʷʜʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʤʘʨʰʨʫʪ. 

ʊ.ʦ., ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʘʙʦʪʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʪʝʭʥʠʯʝ-

ʩʢʠ ʩʣʦʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʧʘʤʷʪʠ ʠ ʙʦʣʴʰʦʡ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ. ʅʦ ʦʩʦʙʝʥʥʦʩʪʴ ʛʨʫʧʧʦʚʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʛʨʫʧʧʘ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʩʪʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʨʝʰʘʪʴ 

ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʟʘ ʩʯʝʪ ʦʙʲʝʜʠʥʝʥʠʷ ʩʚʦʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʇʦʜ "ʧʨʦʩʪʦ-

ʪʦʡ" ʟʜʝʩʴ ʧʦʥʠʤʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʩʝʥʩʦʨʥʳʭ ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʨʦʙʦʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʝʯʝʪʢʦʤ ʫʧʨʘʚʣʝʥʠʠ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʦʙʦʪ ʜʦʣʞʝʥ ʫʤʝʪʴ ʩʪʨʦʠʪʴ ʤʦ-

ʜʝʣʴ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʨʠʝʥʪʘʮʠʠ ʨʦʙʦʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʙʳʯʥʦ ʦʩʥʦʚʘʥʦ ʥʘ 

ʧʩʝʚʜʦʬʠʟʠʯʝʩʢʦʡ ʣʦʛʠʢʝ (ʇʌʃ) ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʛʠʢʝ ʩ ʥʝʯʝʪʢʠʤʠ 

ʙʠʥʘʨʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ ʪʨʝʭ ʪʠʧʦʚ: ʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ, ʜʣʷ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʦʪʥʦʰʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ. ʇʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʝ ʣʦʛʠʢʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝ-

ʩʢʠʝ. ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ 

ʚʥʝʰʥʝʛʦ ʤʠʨʘ ʦʧʠʩʘʥ ʚ [ʂʘʣʫʮʢʘʷ ʠ ʜʨ., 2010]. ʊʘʤ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ 

ʧʦʩʪʨʦʝʥʠʷ ʇʌʃ ʩ ʧʦʤʦʱʴʶ ʦʙʦʙʱʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʚʳʚʦʜʠʪʴ ʥʝʯʝʪʢʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʝ ʦʧʠʩʘʥʥʳʝ ʯʝʣʦʚʝ-

ʢʦʤ ʷʚʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʩʪʨʦʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʨʘʙʦʪʫ [ʂʘʨʧʦʚ, 2012]: ʥʘʯʘʣʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʨʦʙʦʪʦʤ, ʠ ʚʚʦʜʷʪʩʷ ʧʨʘʚʠʣʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʨʦʙʦʪʦʤ. ʅʦ ʚ ʷʚʥʦʤ ʚʠʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʪ.ʢ. ʧʝʨʚʘʷ ʤʦ-

ʜʝʣʴ ʩʪʘʪʠʯʥʘ, ʘ ʚʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ  ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ 

ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʨʝʜʣʦʞʠʪʴ ʤʝʭʘʥʠʟʤ ʧʦʩʪʨʦʝʥʠʷ ʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ ʦʨʠʝʥʪʘʮʠʠ ʨʦʙʦʪʘ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʫʧʨʘʚʣʷʪʴ ʧʝʨʝʤʝʱʝʥʠʝʤ ʨʦʙʦʪʘ. ʄʦʜʝʣʴ ʜʦʣʞʥʘ ʚʢʣʶ-

ʯʘʪʴ ʧʨʘʚʠʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʝʜʝʥʠʡ ʦ ʤʘʨʰʨʫʪʝ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʥ ʧʝʨʝ-
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ʤʝʱʘʝʪʩʷ, ʠ ʧʨʘʚʠʣʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʪʠʭ ʩʚʝʜʝʥʠʡ, ʧʨʠʤʝʥʷʷ ʢʦʪʦʨʳʝ 

ʵʪʦʪ ʞʝ (ʠʣʠ ʜʨʫʛʦʡ) ʨʦʙʦʪ ʤʦʞʝʪ ʧʦʚʪʦʨʠʪʴ ʜʘʥʥʳʡ ʤʘʨʰʨʫʪ. 

1. ʄʝʪʦʜ ʦʨʠʝʥʪʘʮʠʠ ʨʦʙʦʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ɼʣʷ ʥʘʯʘʣʘ ʢʨʘʪʢʦ ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʤʫʨʘʚʴʠ. ʋ ʨʘʟʥʳʭ 

ʚʠʜʦʚ ʝʩʪʴ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʨʠʝʥʪʘʮʠʠ, ʥʦ ʦʙʱʠʤʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʚʠʜʦʚ ʤʫʨʘʚʴʝʚ ʷʚʣʷʶʪʩʷ ʬʝʨʦʤʦʥʦʚʳʡ ʩʣʝʜ ʠ ʚʠʟʫʘʣʴʥʳʝ ʦʨʠʝʥʪʠʨʳ. 

ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʚʳʭʦʜʘ ʠʟ ʤʫʨʘʚʝʡʥʠʢʘ ʥʦʚʳʡ ʬʫʨʘʞʠʨ ʚʳʧʦʣʥʷʝʪ ʢʦ-

ʨʦʪʢʠʝ ʧʨʦʛʫʣʢʠ, ʟʘʧʦʤʠʥʘʷ ʟʨʠʪʝʣʴʥʳʝ ʦʨʠʝʥʪʠʨʳ ʚʦʢʨʫʛ ʤʫʨʘʚʝʡʥʠʢʘ. 

ʕʪʦ ʧʦʟʚʦʣʠʪ ʝʤʫ ʚ ʙʫʜʫʱʝʤ ʪʦʯʥʦ ʥʘʡʪʠ ʚʭʦʜ ʚ ʛʥʝʟʜʦ. ʇʦʪʦʤ ʦʥ ʫʚʝʣʠ-

ʯʠʚʘʝʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʤʘʨʰʨʫʪʦʚ, ʚʢʣʶʯʘʷ ʚʨʦʞʜʝʥʥʫʶ ʩʠʩʪʝʤʫ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʷ ʧʫʪʠ (path integration) [Muller et al., 1988]. ʈʘʙʦʪʘ ʵʪʦʡ ʩʠʩʪʝ-

ʤʳ ʦʩʥʦʚʘʥʘ ʥʘ ʦʜʦʤʝʪʨʠʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʧʦ ʩʦʣʥʮʫ ʠʣʠ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ 

ɿʝʤʣʠ. ʅʘʧʨʠʤʝʨ, ʧʫʩʪʳʥʥʳʝ ʤʫʨʘʚʴʠ ʨʦʜʘ Cataglyphis ʩʯʠʪʘʶʪ ʢʦʣʠʯʝ-

ʩʪʚʦ ʧʨʦʡʜʝʥʥʳʭ ʰʘʛʦʚ ʠ ʟʘʧʦʤʠʥʘʶʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʦʣʥʮʘ [Wehner, 2009]. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʦʰʠʙʢʠ, ʧʦʵʪʦʤʫ ʤʫʨʘʚʴʠ ʠʩʧʦʣʴʟʫʶʪ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚʠʟʫʘʣʴʥʳʭ ʦʨʠʝʥʪʠʨʦʚ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʜʦʤʝʪʨʠʠ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ (ʫʯʝʪ ʧʦʢʘʟʘʥʠʡ ʵʥʢʦʜʝʨʦʚ, ʩʯʠʪʘʶʱʠʭ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʢʦʣʝʩ), 

ʪʦ ʟʜʝʩʴ ʦʰʠʙʢʘ ʩʯʠʩʣʝʥʠʷ ʙʫʜʝʪ ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʦʡ. ʂʘʯʝʩʪʚʝʥʥʳʡ 

ʵʥʢʦʜʝʨ ʠʤʝʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʚ 0.1%, ʥʦ ʜʘʞʝ ʧʨʠ ʜʣʠʥʝ ʧʫʪʠ ʚ 100 ʰʘʛʦʚ 

(100 ʦʙʦʨʦʪʦʚ ʢʦʣʝʩ) ʧʦʛʨʝʰʥʦʩʪʴ ʜʦʩʪʠʛʥʝʪ 10%. ʇʦʵʪʦʤʫ ʤʳ ʚʦʟʴʤʝʤ ʟʘ 

ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʦʜʭʦʜ, ʦʩ-

ʥʦʚʘʥʥʳʡ ʥʘ ʥʘʚʠʛʘʮʠʠ ʧʦ ʟʨʠʪʝʣʴʥʳʤ ʦʨʠʝʥʪʠʨʘʤ. 

ɼʣʷ ʵʪʦʛʦ ʨʦʙʦʪ ʜʦʣʞʝʥ ʫʤʝʪʴ ʦʪʣʠʯʘʪʴ ʦʜʠʥ ʦʨʠʝʥʪʠʨ ʦʪ ʜʨʫʛʦʛʦ, ʠ 

ʜʣʷ ʧʨʦʩʪʦʪʳ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʦʥ ʫʤʝʝʪ ʨʘʟʣʠʯʘʪʴ ʮʚʝʪʘ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʮʚʝʪ ʙʫʜʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʦʙʲʝʢʪʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʜʨʫ-

ʛʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʦʙʦʪʘ, ʪʦ ʦʥ ʫʤʝʝʪ ʜʚʠʛʘʪʴʩʷ ʚʧʝʨʝʜ / ʥʘʟʘʜ, ʧʦʚʦʨʘʯʠ-

ʚʘʪʴ ʥʘʧʨʘʚʦ / ʥʘʣʝʚʦ, ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ. ʆʥ ʚʠʜʠʪ ʦʢʨʫʞʘʶʱʠʝ ʦʙʲʝʢʪʳ 

(ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʩʪʠ ʚ 180Á) ʠ ʫʤʝʝʪ ʦʧʨʝʜʝʣʷʪʴ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʥʠʭ 

(ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ) ʠ ʥʘʧʨʘʚʣʝʥʠʝ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʙʷ) (ʨʠʩ. 1). 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʫʪʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʧʘʤʷʪʠ ʨʦʙʦʪʘ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʝʤʫ ʟʘʧʠʩʳʚʘʪʴ ʢʘʞʜʳʡ ʰʘʛ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʪʦʯʥʦʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʧʫʪʠ 

ʜʨʫʛʠʤ ʨʦʙʦʪʦʤ ʪʘʢʞʝ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʠʤʝʝʪ ʩʤʳʩʣ ʟʘʧʦʤʠʥʘʪʴ 

ʪʦʣʴʢʦ ʤʦʤʝʥʪʳ ʠʟʤʝʥʝʥʠʷ ʦʙʩʪʘʥʦʚʢʠ: ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʦʨʠʝʥʪʠʨʦʚ, 

ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʦʨʠʝʥʪʠʨʳ ʠ ʪ.ʜ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ çʫʧʘʢʦʚʘʪʴè 

ʜʘʥʥʳʝ ʠ ʟʘʪʨʘʯʠʚʘʪʴ ʥʘ ʠʭ ʭʨʘʥʝʥʠʝ ʤʝʥʴʰʝ ʧʘʤʷʪʠ. 
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ʈʠʩ. 1. ʆʙʣʘʩʪʴ ʚʠʜʠʤʦʩʪʠ ʨʦʙʦʪʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʨʘʩʩʪʦʷʥʠʷ 

 

ʀʩʭʦʜʷ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʦʙʦʪʘ ʤʘʨʰʨʫʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 2, 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʪʘʢ: çʉʥʘʯʘʣʘ ʷ ʫʚʠʜʝʣ ʦʨʠʝʥʪʠʨ 2 (ʟʝʣʝʥʳʡ) ʚʧʝʨʝʜʠ-

ʩʧʨʘʚʘ ʜʘʣʝʢʦ; ʧʦʪʦʤ ʦʨʠʝʥʪʠʨ 2 (ʟʝʣʝʥʳʡ) ʙʳʣ ʩʧʨʘʚʘ ʥʝ ʜʘʣʝʢʦ/ʥʝ ʙʣʠʟʢʦ 

ʠ ʧʦʷʚʠʣʩʷ ʦʨʠʝʥʪʠʨ 3 (ʞʝʣʪʳʡ) ʚʧʝʨʝʜʠ-ʩʣʝʚʘ ʜʘʣʝʢʦ; ʧʦʪʦʤ ʦʨʠʝʥʪʠʨ 2 

(ʟʝʣʝʥʳʡ) ʙʳʣ ʩʧʨʘʚʘ ʥʝ ʜʘʣʝʢʦ/ʥʝ ʙʣʠʟʢʦ, ʦʨʠʝʥʪʠʨ 3 ʧʨʦʧʘʣ ʠʟ ʧʦʣʷ ʟʨʝ-

ʥʠʷ, ʥʦ ʧʦʷʚʠʣʩʷ ʦʨʠʝʥʪʠʨ 5 (ʢʨʘʩʥʳʡ) ï ʚʧʝʨʝʜʠ-ʩʣʝʚʘ ʜʘʣʝʢʦéè ʠ ʪ.ʜ. 
 

 
 

ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʤʘʨʰʨʫʪʘ ʨʦʙʦʪʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʜʠʥʠʮʝʡ ʦʧʠʩʘʥʠʷ ʪʦʯʢʠ ʚ ʤʘʨʰʨʫʪʝ ʩʣʫʞʠʪ ʪʨʦʡʢʘ 

pn(C, Dir , Dist), 

ʛʜʝ n ï ʥʦʤʝʨ ʰʘʛʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʦʙʦʪ ʚʠʜʠʪ ʦʙʲʝʢʪ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ C, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʛʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ Dir  ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

Dist. ʇʨʠʯʝʤ, ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʨʦʙʦʪ ʤʦʞʝʪ ʚʠʜʝʪʴ k ʪʦʯʝʢ (k Ó 1), ʧʦʵʪʦʤʫ 
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ʰʘʛ ʦʧʠʩʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ Sn = { pn
1
(C

1
, Dir

1
, Dist

1
),é, pn

k
(C

k
, Dir

k
, 

Dist
k
)}, ʘ ʚʝʩʴ ʤʘʨʰʨʫʪ ï ʤʥʦʞʝʩʪʚʦʤ P={ Sn}.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʨʦʙʦʪʘ ʥʘ ʧʣʦʩʢʦ-

ʩʪʠ ʟʥʘʯʝʥʠʷ ʠʤʝʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʨʘʩʩʪʦʷʥʠʝ. ʈʦʙʦʪʳ ʤʦʛʫʪ ʩʦʚʝʨʰʘʪʴ 

ʪʦʣʴʢʦ ʯʝʪʳʨʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʜʝʡʩʪʚʠʷ: ʜʚʠʛʘʪʴʩʷ ʚʧʝʨʝʜ ʠ ʥʘʟʘʜ ʠ ʩʦʚʝʨ-

ʰʘʪʴ ʧʦʚʦʨʦʪʳ ʥʘʧʨʘʚʦ ʠ ʥʘʣʝʚʦ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʝʡʩʪʚʠʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʩʜʚʠʛ ʚʧʨʘʚʦ ʠʣʠ ʚʣʝʚʦ ʩ ʧʨʠʝʤʣʝʤʦʡ 

ʪʦʯʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʤʳ ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʫʯʝʪʘ ʨʘʩʩʪʦʷʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʣʷ ʦʨʠʝʥʪʘʮʠʠ ʪʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʝ. 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʥʝʯʝʪʢʠʤ ʧʦʥʷʪʠʝʤ çʥʘʧʨʘʚʣʝʥʠʝè ʙʳʣʠ ʚʚʝʜʝʥʳ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ, ʰʢʘʣʘ ʧʝʨʝʩʯʝʪʘ ʥʘʧʨʘʚʣʝʥʠʡ 

ʜʣʷ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʩʪʠ ʚ 180Á ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣ. 1.  

ɿʥʘʯʝʥʠʝ ʚ ʛʨʘʜʫʩʘʭ ʃʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ 
0 ï 22 ʉʧʨʘʚʘ 

23 ï 67 ɺʧʝʨʝʜʠ ʩʧʨʘʚʘ 

68 ï 122  ɺʧʝʨʝʜʠ 

123 ï 167 ɺʧʝʨʝʜʠ ʩʣʝʚʘ 

168 ï 180 ʉʣʝʚʘ 

 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʨʦʙʦʪ-ʧʦʩʣʝʜʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦ-

ʚʪʦʨʠʪʴ ʵʪʦʪ ʤʘʨʰʨʫʪ. ʌʘʢʪʠʯʝʩʢʠ, ʵʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʯʥʝʤ ʢʦʤʘʥʜ, 

ʢʦʪʦʨʳʝ ʧʦʜʘʶʪʩʷ ʨʦʙʦʪʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʦ ʤʘʨʰʨʫ-

ʪʫ. ʕʪʦʪ ʧʝʨʝʯʝʥʴ ʩʦʩʪʦʠʪ ʠʟ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʦʧʝʨʘʮʠʡ ʪʠʧʘ çʦʙʦʡʪʠ 

ʦʙʲʝʢʪ ʍ ʩʣʝʚʘè ʠʣʠ çʜʚʠʛʘʪʴʩʷ ʢ ʦʙʲʝʢʪʫ Yè. ɺʩʝ ʦʧʝʨʘʮʠʠ ʙʳʣʠ ʨʝʘʣʠ-

ʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʘʚʪʦʤʘʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪ ʦʜʥʫ 

ʧʦʚʝʜʝʥʯʝʩʢʫʶ ʧʨʦʮʝʜʫʨʫ. 

ʉʦʧʦʩʪʘʚʠʤ ʨʝʘʣʴʥʳʡ ʧʫʪʴ ʨʘʟʚʝʜʯʠʢʘ ʩ ʟʘʧʠʩʴʶ ʵʪʦʛʦ ʧʫʪʠ, ʯʪʦʙʳ 

ʧʦʥʷʪʴ, ʢʘʢ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʬʨʘʛʤʝʥʪʳ ʤʘʨʰʨʫʪʘ. 

ɺʦʟʴʤʝʤ ʜʣʷ ʧʨʠʤʝʨʘ ʬʨʘʛʤʝʥʪ ʦʧʠʩʘʥʠʷ ʤʘʨʰʨʫʪʘ ʚ ʚʠʜʝ (ʥʦʤʝʨ ʰʘʛʘ,  

ʥʘʧʨʘʚʣʝʥʠʝ, ʮʚʝʪ ʦʨʠʝʥʪʠʨʘ): 

[1, ʚʧʝʨʝʜʠ-ʩʧʨʘʚʘ, ʟʝʣʝʥʳʡ],  

[2, ʚʧʝʨʝʜʠ-ʩʧʨʘʚʘ, ʟʝʣʝʥʳʡ], [2, ʚʧʝʨʝʜʠ-ʩʣʝʚʘ, ʞʝʣʪʳʡ], 

[3, ʩʣʝʚʘ, ʞʝʣʪʳʡ], [3, ʩʧʨʘʚʘ, ʟʝʣʝʥʳʡ], 

[4, ʚʧʝʨʝʜʠ-ʩʧʨʘʚʘ, ʟʝʣʝʥʳʡ], 

[5, ʚʧʝʨʝʜʠ-ʩʣʝʚʘ, ʢʨʘʩʥʳʡ], [5, ʚʧʝʨʝʜʠ-ʩʧʨʘʚʘ, ʟʝʣʝʥʳʡ], 

[6, ʚʧʝʨʝʜʠ-ʩʣʝʚʘ, ʢʨʘʩʥʳʡ], [6, ʩʧʨʘʚʘ, ʟʝʣʝʥʳʡ], 

[7, ʩʣʝʚʘ, ʢʨʘʩʥʳʡ], [7, ʩʧʨʘʚʘ, ʟʝʣʝʥʳʡ], [7, ʚʧʝʨʝʜʠ, ʩʠʥʠʡ], 

[8, ʩʣʝʚʘ, ʢʨʘʩʥʳʡ], [8, ʚʧʝʨʝʜʠ, ʩʠʥʠʡ], 

[9, ʚʧʝʨʝʜʠ, ʩʠʥʠʡ],é 
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ʉʘʤ ʬʨʘʛʤʝʥʪ ʤʘʨʰʨʫʪʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2. ʀʟʫʯʠʚ ʨʝʘʣʴʥʳʡ ʤʘʨʰ-

ʨʫʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʪʦʤʫ ʦʧʠʩʘʥʠʶ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʦʙʲʝʢʪ ʥʦ-

ʤʝʨ 2 (çʟʝʣʝʥʳʡè) ʨʦʙʦʪ ʦʙʦʰʝʣ ʩʧʨʘʚʘ, ʦʙʲʝʢʪ ʥʦʤʝʨ 3 (çʞʝʣʪʳʡè) ï 

ʩʣʝʚʘ, ʦʙʲʝʢʪ ʥʦʤʝʨ 5 (çʢʨʘʩʥʳʡè) ï ʩʧʨʘʚʘ, ʠ ʜʚʠʞʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ 

ʦʙʲʝʢʪʫ ʥʦʤʝʨ 6 (çʩʠʥʠʡè). ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʧʠʩʘʥʠʷ ʤʘʨʰʨʫʪʘ ʩ ʩʘ-

ʤʠʤ ʤʘʨʰʨʫʪʦʤ ʠʟʤʝʥʠʤ ʬʦʨʤʫ ʟʘʧʠʩʠ (ʧʦ ʦʨʠʝʥʪʠʨʘʤ): 

ʟʝʣʝʥʳʡ: [1, ʚʧʝʨʝʜʠ-ʩʧʨʘʚʘ], [2, ʚʧʝʨʝʜʠ-ʩʧʨʘʚʘ], [3, ʩʧʨʘʚʘ], 

[4, ʚʧʝʨʝʜʠ-ʩʧʨʘʚʘ], [5, ʚʧʝʨʝʜʠ-ʩʧʨʘʚʘ], [6, ʩʧʨʘʚʘ], [7, ʩʧʨʘʚʘ]; 

ʞʝʣʪʳʡ:[2, ʚʧʝʨʝʜʠ-ʩʣʝʚʘ], [3, ʩʣʝʚʘ, ʞʝʣʪʳʡ]; 

ʢʨʘʩʥʳʡ: [5, ʚʧʝʨʝʜʠ-ʩʣʝʚʘ], [6, ʚʧʝʨʝʜʠ-ʩʣʝʚʘ], [7, ʩʣʝʚʘ], [8, ʩʣʝʚʘ]; 

ʩʠʥʠʡ: [7, ʚʧʝʨʝʜʠ], [8, ʚʧʝʨʝʜʠ], [9, ʚʧʝʨʝʜʠ]é 

ɼʣʷ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʩʪʠ ʚ 180Á ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 3 ʫʩʪʦʡʯʠʚʳʭ ʰʘʙʣʦʥʘ: 

1) ɽʩʣʠ ʩʥʘʯʘʣʘ ʨʦʙʦʪ ʫʚʠʜʝʣ ʦʨʠʝʥʪʠʨ ʩʧʨʘʚʘ / ʚʧʝʨʝʜʠ-ʩʧʨʘʚʘ ʠ ʥʘ 

ʧʦʩʣʝʜʥʝʤ ʰʘʛʝ, ʢʦʛʜʘ ʦʨʠʝʥʪʠʨ ʙʳʣ ʚʠʜʝʥ, ʦʥ ʙʳʣ ʩʧʨʘʚʘ, ʪʦ ʨʦʙʦʪ ʦʙʦ-

ʰʝʣ ʝʛʦ ʩʣʝʚʘ. 

2) ɽʩʣʠ ʩʥʘʯʘʣʘ ʨʦʙʦʪ ʫʚʠʜʝʣ ʦʨʠʝʥʪʠʨ ʩʣʝʚʘ / ʚʧʝʨʝʜʠ-ʩʣʝʚʘ ʠ ʥʘ ʧʦ-

ʩʣʝʜʥʝʤ ʰʘʛʝ ʦʥ ʙʳʣ ʩʣʝʚʘ, ʪʦ ʨʦʙʦʪ ʦʙʦʰʝʣ ʝʛʦ ʩʧʨʘʚʘ. 

3) ɽʩʣʠ ʩʥʘʯʘʣʘ ʨʦʙʦʪ ʫʚʠʜʝʣ ʦʨʠʝʥʪʠʨ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 
ʠ ʥʘ ʧʦʩʣʝʜʥʝʤ ʰʘʛʝ ʦʥ ʙʳʣ ʚʧʝʨʝʜʠ, ʪʦ ʨʦʙʦʪ ʜʚʠʛʘʣʩʷ ʢ ʥʝʤʫ. 

ɽʱʝ ʜʚʘ ʚʘʨʠʘʥʪʘ, ʢʦʛʜʘ ʦʨʠʝʥʪʠʨ ʦʢʘʟʳʚʘʣʩʷ ʚʧʝʨʝʜʠ-ʩʧʨʘʚʘ ʠ ʚʧʝʨʝ-

ʜʠ-ʩʣʝʚʘ, ʘ ʧʦʪʦʤ ʧʨʦʧʘʜʘʣ ʠʟ ʧʦʣʷ ʟʨʝʥʠʷ ʨʦʙʦʪʘ, ʚʦʟʥʠʢʘʣʠ ʧʨʠ ʧʦʚʦʨʦ-

ʪʘʭ ʨʦʙʦʪʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʦʙʦʪʦʤ-

ʧʦʩʣʝʜʦʚʘʪʝʣʝʤ ʤʘʨʰʨʫʪʘ (ʪʘʙʣ. 2). 
 

ʊʘʙʣ. 2.  

ʅʘʧʨʘʚʣʝʥʠʝ ʥʘ ʦʨʠʝʥʪʠʨ ʍ ɼʝʡʩʪʚʠʝ 
ʉʧʨʘʚʘ ʆʙʦʡʪʠ ʦʙʲʝʢʪ ʍ ʩʣʝʚʘ 

ʉʣʝʚʘ ʆʙʦʡʪʠ ʦʙʲʝʢʪ ʍ ʩʧʨʘʚʘ 

ɺʧʝʨʝʜʠ ɼʚʠʛʘʪʴʩʷ ʢ ʦʙʲʝʢʪʫ ʍ 

ɺʧʝʨʝʜʠ ʩʣʝʚʘ ʇʦʚʝʨʥʫʪʴ ʥʘʧʨʘʚʦ 

ɺʧʝʨʝʜʠ ʩʧʨʘʚʘ ʇʦʚʝʨʥʫʪʴ ʥʘʣʝʚʦ 
 

ɼʣʷ ʪʘʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʟʘʧʠʩʴ ʤʘʨʰʨʫʪʘ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʠʟʤʝʥʠʪʴ ʠ 

ʭʨʘʥʠʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʦʨʠʝʥʪʠʨʘ, ʢʦʪʦʨʳʡ ʨʦʙʦʪ-ʨʘʟʚʝʜʯʠʢ ʚʠʜʠʪ ʥʘ ʩʚʦʝʤ 

ʧʫʪʠ, ʪʦʣʴʢʦ ʥʦʤʝʨ ʰʘʛʘ, ʮʚʝʪ ʦʨʠʝʥʪʠʨʘ ʠ ʧʦʩʣʝʜʥʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʥʝ-

ʛʦ. ʈʦʙʦʪ-ʧʦʩʣʝʜʦʚʘʪʝʣʴ ʩʦʨʪʠʨʫʝʪ ʵʣʝʤʝʥʪʳ ʦʧʠʩʘʥʠʷ ʤʘʨʰʨʫʪʘ ʚ ʧʦʨʷʜ-

ʢʝ, ʦʧʨʝʜʝʣʷʝʤʦʤ ʥʦʤʝʨʦʤ ʰʘʛʘ, ʥʘ ʢʦʪʦʨʦʤ ʠʟ ʧʦʣʷ ʟʨʝʥʠʷ ʫʭʦʜʠʣ ʦʯʝ-

ʨʝʜʥʦʡ ʦʨʠʝʥʪʠʨ (ʥʠʞʝ ʵʪʦʪ ʥʦʤʝʨ ʚʳʜʝʣʝʥ ʧʦʣʫʞʠʨʥʳʤ ʰʨʠʬʪʦʤ). ʇʦ-

ʩʣʝ ʫʧʘʢʦʚʢʠ ʠ ʩʦʨʪʠʨʦʚʢʠ ʨʘʥʝʝ ʧʨʠʚʝʜʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʬʨʘʛʤʝʥʪʘ ʤʘʨʰ-

ʨʫʪʘ ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

[2, ʚʧʝʨʝʜʠ-ʩʣʝʚʘ, ʞʝʣʪʳʡ, 3, ʩʣʝʚʘ], 

[1, ʚʧʝʨʝʜʠ-ʩʧʨʘʚʘ, ʟʝʣʝʥʳʡ, 7, ʩʧʨʘʚʘ], 
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[5, ʚʧʝʨʝʜʠ-ʩʣʝʚʘ, ʢʨʘʩʥʳʡ, 8, ʩʣʝʚʘ], 

[7, ʚʧʝʨʝʜʠ, ʩʠʥʠʡ, 9, ʚʧʝʨʝʜʠ]é 

ɿʜʝʩʴ ʫʢʘʟʳʚʘʝʪʩʷ ʥʦʤʝʨ ʰʘʛʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʦʨʠʝʥʪʠʨ 

ʧʦʷʚʠʣʩʷ, ʟʘʪʝʤ ʮʚʝʪ (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʦʨʠʝʥʪʠʨʘ), ʧʦʪʦʤ ʥʦʤʝʨ ʰʘʛʘ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʦʨʠʝʥʪʠʨ ʙʳʣ ʚʠʜʝʥ ʚ ʧʦʩʣʝʜʥʠʡ ʨʘʟ. 

ʇʦ ʜʘʥʥʦʡ ʟʘʧʠʩʠ ʚʠʜʥʦ, ʯʪʦ ʨʦʙʦʪ ʯʘʩʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʭʦʜʠʪ 

ʤʝʞʜʫ ʜʚʫʤʷ ʠ ʙʦʣʝʝ ʦʨʠʝʥʪʠʨʘʤʠ. ʅʦ ʥʝʣʴʟʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʧʫʩʢʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʫʧʨʘʚʣʷʶʱʠʭ ʘʚʪʦʤʘʪʦʚ, ʪ.ʢ. ʧʨʠʭʦʜʷʱʠʝ ʦʪ ʥʠʭ ʢʦʤʘʥʜʳ ʤʦ-

ʛʫʪ ʧʨʦʪʠʚʦʨʝʯʠʪʴ ʜʨʫʛ ʜʨʫʛʫ. ʇʦʵʪʦʤʫ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʘʨʰʨʫʪʘ ʨʦ-

ʙʦʪ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʳʪʘʝʪʩʷ ʥʘʡʪʠ ʩʨʝʜʠ ʚʠʜʠʤʳʭ ʝʤʫ ʦʨʠʝʥʪʠʨʦʚ ʪʝ-

ʢʫʱʠʡ ʦʨʠʝʥʪʠʨ ʠ ʩʣʝʜʫʶʱʠʡ ʚ ʤʘʨʰʨʫʪʝ. ɽʩʣʠ ʦʥ ʚʠʜʠʪ ʩʣʝʜʫʶʱʠʡ, ʪʦ 

ʜʝʣʘʝʪ ʝʛʦ ʪʝʢʫʱʠʤ ʠ ʚʳʙʠʨʘʝʪ ʜʝʡʩʪʚʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʛʦ (ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʪʘʙʣ. 2). ɽʩʣʠ ʞʝ ʨʦʙʦʪ ʥʘ ʪʝʢʫʱʝʤ ʰʘʛʝ ʥʝ ʚʠʜʠʪ ʥʠ ʪʝʢʫʱʝʛʦ, ʥʠ 

ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʥʠʤ ʦʨʠʝʥʪʠʨʘ, ʦʥ ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʦʨʠʝʥʪʠʨʳ ʜʘʣʴʰʝ ʧʦ 

ʤʘʨʰʨʫʪʫ, ʩʨʘʚʥʠʚʘʷ ʠʭ ʩ ʪʝʤ, ʯʪʦ ʚʠʜʠʪ. ʀ, ʝʩʣʠ ʥʘʭʦʜʠʪ ʚ ʤʘʨʰʨʫʪʝ 

ʦʜʠʥ ʠʟ ʚʠʜʠʤʳʭ ʝʤʫ ʦʨʠʝʥʪʠʨʦʚ, ʜʝʣʘʝʪ ʝʛʦ ʪʝʢʫʱʠʤ, çʩʨʝʟʘʷè ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʫʪʴ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʤʥʦ-

ʛʦʘʛʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Kvorum, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʅʀʎ çʂʫʨʯʘʪʦʚ-

ʩʢʠʡ ʠʥʩʪʠʪʫʪè ʠ ʨʘʙʦʪʘʶʱʝʡ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ ROS (Robot 

Operating System) [ROS]. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʧʨʦʱʝʥʥʦʡ ʟʘ-

ʜʘʯʝ ʬʫʨʘʞʠʨʦʚʘʥʠʷ (ʙʝʟ ʵʪʘʧʘ ʚʦʟʚʨʘʱʝʥʠʷ ʨʦʙʦʪʘ-ʨʘʟʚʝʜʯʠʢʘ ʚ ʪʦʯʢʫ 

ʦʪʧʨʘʚʣʝʥʠʷ). ʉʥʘʯʘʣʘ ʨʦʙʦʪ-ʨʘʟʚʝʜʯʠʢ ʦʩʫʱʝʩʪʚʣʷʣ ʩʣʫʯʘʡʥʦʝ ʙʣʫʞʜʘ-

ʥʠʝ ʩ ʮʝʣʴʶ ʥʘʡʪʠ ʦʙʲʝʢʪ ʟʘʜʘʥʥʦʛʦ ʮʚʝʪʘ ʥʘ ʧʦʣʠʛʦʥʝ nĬm ʢʣʝʪʦʢ, ʧʦ 

ʧʫʪʠ ʬʦʨʤʠʨʫʷ ʦʧʠʩʘʥʠʝ ʤʘʨʰʨʫʪʘ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʦʧʠʩʘʥʠʝ 

ʧʝʨʝʜʘʚʘʣʦʩʴ ʚʪʦʨʦʤʫ ʨʦʙʦʪʫ, ʢʦʪʦʨʳʡ ʧʦʚʪʦʨʷʣ ʤʘʨʰʨʫʪ.  

ɺ ʨʘʟʥʳʭ ʩʝʨʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʠʛʦʥ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʦʛʨʘʥʠ-

ʯʝʥʥʫʶ ʦʙʣʘʩʪʴ ʠʣʠ ʪʦʨʦʠʜʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʠʣʠ ʙʝʟ 

ʥʠʭ. ʆʨʠʝʥʪʠʨʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʢʘʢ ʨʝʛʫʣʷʨʥʳʤ, ʪʘʢ ʠ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙ-

ʨʘʟʦʤ (ʨʠʩ. 3), ʥʦ ʪʘʢ, ʯʪʦʙʳ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʣʠʛʦʥʘ ʩʫʱʝʩʪʚʦʚʘʣ ʭʦʪʷ 

ʙʳ ʦʜʠʥ ʦʨʠʝʥʪʠʨ, çʚʠʜʠʤʳʡè ʠʟ ʵʪʦʡ ʪʦʯʢʠ (ʟʦʥʘ ʚʠʜʠʤʦʩʪʠ ï 20 ʢʣʝ-

ʪʦʢ). ɺʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï 1000 ʪʘʢʪʦʚ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3, ʨʦʙʦʪ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʦʚʦʣʴʥʦ ʪʦʯʥʦ ʧʦʚʪʦʨʷʪʴ ʤʘʨʰʨʫʪ ʨʦʙʦʪʘ-

ʨʘʟʚʝʜʯʠʢʘ (ʨʠʩ. 3, ʚ), ʠʥʦʛʜʘ çʩʨʝʟʘʝʪè ʧʫʪʴ (ʨʠʩ. 3, ʘ), ʘ ʠʥʦʛʜʘ ʩʭʦʜʠʪ ʩ 

ʤʘʨʰʨʫʪʘ, ʥʦ ʧʦʪʦʤ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʥʝʛʦ (ʨʠʩ. 3, ʛ).  
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ʘ)     ʙ) 

    
ʚ)     ʛ) 

ʈʠʩ. 3. ʄʘʨʰʨʫʪʳ ʨʦʙʦʪʘ-ʨʘʟʚʝʜʯʠʢʘ (ʧʫʥʢʪʠʨ) ʠ ʨʦʙʦʪʘ-ʧʦʩʣʝʜʦʚʘʪʝʣʷ  

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʥʘ ʧʦʣʠʛʦʥʘʭ ʩ ʥʝʨʝʛʫʣʷʨʥʳʤʠ (ʘ, ʙ)  

ʠ ʨʝʛʫʣʷʨʥʳʤʠ (ʚ, ʛ) ʦʨʠʝʥʪʠʨʘʤʠ 

 

ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʩʨʝʜʥʝʤ 

ʧʨʠʚʝʜʝʥʥʳʡ ʧʫʪʴ ʥʘ ʧʦʨʷʜʦʢ ʢʦʨʦʯʝ ʠʩʭʦʜʥʦʛʦ, ʥʦ ʨʦʙʦʪ-ʧʦʩʣʝʜʦʚʘʪʝʣʴ 

ʦʙʳʯʥʦ ʜʦʙʠʨʘʝʪʩʷ ʜʦ ʮʝʣʠ ʟʘ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʰʘʛʦʚ, ʯʝʤ ʨʦʙʦʪ-ʨʘʟʚʝʜʯʠʢ, 

ʪ.ʢ. ʦʥ ʠʥʦʛʜʘ çʪʝʨʷʝʪʩʷè ʠ ʚʳʥʫʞʜʝʥ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʚʦʢʨʫʛ ʩʝʙʷ, ʯʪʦʙʳ 

ʩʥʦʚʘ ʫʚʠʜʝʪʴ ʥʫʞʥʳʡ ʦʨʠʝʥʪʠʨ. ɼʣʷ ʧʫʪʠ ʩʨʝʜʥʝʡ ʜʣʠʥʳ (ʦʪ 100 ʜʦ 200 

ʦʧʦʨʥʳʭ ʪʦʯʝʢ) ʧʨʠ ʥʝʨʝʛʫʣʷʨʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʦʨʠʝʥʪʠʨʦʚ ʤʦʞʥʦ ʚʠʜʝʪʴ 

ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ: ʨʦʙʦʪ-ʧʦʩʣʝʜʦʚʘʪʝʣʴ ʯʘʩʪʦ çʩʨʝʟʘʝʪè ʧʫʪʴ, ʧʦʵʪʦʤʫ 

ʜʝʣʘʝʪ ʤʝʥʴʰʝ ʰʘʛʦʚ, ʯʝʤ ʨʦʙʦʪ-ʨʘʟʚʝʜʯʠʢ. 

ʊʘʙʣ. 3.  

ʄʘʨʰʨʫʪ ɼʣʠʥʘ 

ʤʘʨʰʨʫʪʘ 

ʧʦʣʥʘʷ 

ɼʣʠʥʘ 

ʧʦʩʣʝ 

"ʫʧʘʢʦʚʢʠ" 

ʂʦʣʠʯʝʩʪʚʦ 

ʰʘʛʦʚ ʨʦʙʦʪʘ-

ʨʘʟʚʝʜʯʠʢʘ 

ʂʦʣʠʯʝʩʪʚʦ 

ʰʘʛʦʚ ʨʦʙʦʪʘ-

ʧʦʩʣʝʜʦʚʘʪʝʣʷ 

ʂʦʣ-ʚʦ 

ʥʝʫʜʘʯ, % 

ʇʦʣʠʛʦʥ ʩ ʥʝʨʝʛʫʣʷʨʥʳʤʠ ʦʨʠʝʥʪʠʨʘʤʠ 

ʂʦʨʦʪʢʠʡ 76 9 102 120 8 

ʉʨʝʜʥʠʡ 140 15 204 182 11 

ɼʣʠʥʥʳʡ 239 25 300 371 12 

ʇʦʣʠʛʦʥ ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʦʨʠʝʥʪʠʨʘʤʠ 

ʂʦʨʦʪʢʠʡ 82 10 176 199 13 

ʉʨʝʜʥʠʡ 150 17 279 398 14 

ɼʣʠʥʥʳʡ 275 28 382 377 16 
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ʅʝʫʜʘʯʠ ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ ʨʦʙʦʪ-ʧʦʩʣʝʜʦʚʘʪʝʣʴ, ʩʦ-

ʙʣʶʜʘʷ ʪʦʣʴʢʦ ʦʙʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʣʠʰʢʦʤ ʩʠʣʴʥʦ ʦʪʢʣʦʥʷʝʪʩʷ ʚ ʩʪʦʨʦ-

ʥʫ ʦʪ ʤʘʨʰʨʫʪʘ ʨʦʙʦʪʘ-ʨʘʟʚʝʜʯʠʢʘ, ʠ ʚʳʭʦʜʠʪ ʠʟ ʟʦʥʳ ʚʠʜʠʤʦʩʪʠ ʩʣʝʜʫ-

ʶʱʝʛʦ ʦʨʠʝʥʪʠʨʘ. ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤ ʚʦʟʚʨʘʱʝʥʠʷ ʥʘ 

ʤʘʨʰʨʫʪ ʙʫʜʝʪ ʜʦʨʘʙʦʪʘʥ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʮʝʥʪʘ ʥʝʫʜʘʯ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘʤ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʦʩʫʱʝʩʪʚʠʪʴ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʜʘʪʯʠʢʠ (ʩʝʥʩʦʨʳ) ʨʦ-

ʙʦʪʘ. ʇʦʣʫʯʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʩʦʦʪʥʝʩʝʥʘ ʩ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʛʨʘʥʫʣʦʡ [ʊʘʨʘʩʦʚ, 2013], ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʧʦʩʪʨʦ-

ʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʪʥʦ-

ʰʝʥʠʡ. ɺ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ ʦʙʣʘʜʘʶʱʠʡ ʪʘʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʦ-

ʙʦʪ ʷʚʣʷʝʪʩʷ ʢʦʛʥʠʪʠʚʥʳʤ ʘʛʝʥʪʦʤ, ʯʴʷ ʢʦʛʥʠʪʠʚʥʘʷ ʬʫʥʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪ ʧʨʦʮʝʩʩʳ ʧʦʟʥʘʥʠʷ ʨʦʙʦʪʦʤ ʚʥʝʰʥʝʛʦ ʤʠʨʘ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʚ ʟʘʜʘʯʘʭ 

ʬʫʨʘʞʠʨʦʚʘʥʠʷ ʠ ʨʝʢʦʛʥʦʩʮʠʨʦʚʢʠ ʜʣʷ ʦʨʠʝʥʪʘʮʠʠ ʨʝʘʣʴʥʳʭ ʨʦʙʦʪʦʚ. 
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ʀʥʩʪʠʪʫʪ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʌʀʎ ʀʋ ʈɸʅ, ʄʦʩʢʚʘ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʨʭʠʪʝʢʪʫʨʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʪʝʭ-

ʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʢʘʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʘʛʝʥʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʚʟʷʪʳ ʤʘʣʳʝ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘ-

ʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ɹʇʃɸ) ʤʫʣʴʪʠʢʦʧʪʝʨʥʦʛʦ ʪʠʧʘ. ɸʨʭʠʪʝʢʪʫʨʘ 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʫʨʦʚʥʝʡ: ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ, ʪʘʢʪʠʯʝʩʢʦʛʦ ʠ ʨʝʘʢʪʠʚ-

ʥʦʛʦ. ɽʸ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʢʘʢ 

ʦʪʜʝʣʴʥʳʤʠ ɹʇʃɸ, ʪʘʢ ʠ ʠʭ ʢʦʘʣʠʮʠʷʤʠ ɹʇʃɸ ʧʨʠ ʨʝʰʝʥʠʠ ʰʠ-

ʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʟʥʘʢʦʚʘʷ 

ʢʘʨʪʠʥʘ ʤʠʨʘ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ, 

ʥʝʣʠʥʝʡʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʫʨʘʚʥʝʥʠʝ ʈʠʢʢʘʪʠ 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʙʝʩʧʠʣʦʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟ-

ʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ï ʤʘʣʳʭ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴ-

ʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ). ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʦʩʪʠʛʥʫʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʟʘʜʝʣ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʛʦʪʦʚʳʭ ʢʦʤ-

ʤʝʨʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤ ɹʇʃɸ (AscTec Hummingbird, Parrot AR.Drone, 

mikrokopter, 3DR IRIS ʠ ʜʨ.) ï ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ; ʤʠʥʠʘʪʶʨʠʟʘʮʠʷ, ʫʜʝ-

ʰʝʚʣʝʥʠʝ, ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ (ʢʘʤʝʨ, ʜʘʣʴʥʦʤʝʨʦʚ, ʙʦʨ-

ʪʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʝʡ, wi-fi ʤʦʜʫʣʝʡ, ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ, ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʩʦʟʜʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ɹʇʃɸ (ʥʘʧʨʠʤʝʨ, 

ʩ ʧʦʤʦʱʴʶ 3-D ʧʨʠʥʪʝʨʘ) ï ʩ ʜʨʫʛʦʡ; ʥʘʢʦʥʝʮ, ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʦ-ʨʘʩʧʨʦ-

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 14-11-00692). 
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ʩʪʨʘʥʷʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝ-

ʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʤʥʦʞʝʩʪʚʘ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʟʘʜʘʯ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ (ʢʘʨʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʪ.ʜ.) ï ʩ 

ʪʨʝʪʴʝʡ, ʜʝʣʘʶʪ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʦʩʥʦʚ ʪʝʦʨʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʩʪʨʦʝʥʠʷ ʝʜʠʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʘʚʪʦʥʦʤʥʫʶ 

ʨʘʙʦʪʫ ʢʘʢ ʦʜʥʦʛʦ, ʪʘʢ ʠ ʤʥʦʞʝʩʪʚʘ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʚʦʟ-

ʤʦʞʥʦ, ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʠ ʥʘʟʥʘʯʝʥʠʷ), ʩʧʦʩʦʙʥʳʭ ʩʦʛʣʘʩʦʚʘʥʥʦ ʨʝʰʘʪʴ 

ʨʝʘʣʴʥʳʝ ʟʘʜʘʯʠ ʚ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʡ ʩʨʝʜʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ 

ʛʦʚʦʨʠʪʴ ʦ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ ʠʣʠ ʦʙ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ (ʀʉʋ). ɿʜʝʩʴ ʧʦʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡè ʤʳ ʧʦʥʠʤʘʝʤ ʩʧʦʩʦʙʥʦʩʪʴ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʰʝʥʠʷ 

ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʚʢʣʶʯʘʷ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʮʝʣʝʧʦʣʘʛʘʥʠʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʘʣʠʮʠʡ ʠ ʜʨʫʛʠʭ.  

ʊʨʫʜʥʦʩʪʴ ʦʙʦʟʥʘʯʝʥʥʦʡ ʟʘʜʘʯʠ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʩʦʯʝʪʘʥʠʝ ʠ ʪʝʩ-

ʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʪʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ: ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦ-

ʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʘ ʪʘʢʞʝ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʨʘʟʚʠʚʘʝʤʳʭ ʚ ʨʘʤʢʘʭ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʛʥʠʪʠʚʥʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʠ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʯʝʣʦʚʝʢʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʀʉʋ ʷʚʣʷʝʪʩʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ.  

ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʝʰʝʥʠʝ ʩʚʦʝʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ, 

ʢʦʪʦʨʳʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʥʦʩʷʪ ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ: ʚʥʘʯʘʣʝ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʦʙʱʝʡ ʮʝʣʠ ʢʦʣʣʝʢʪʠʚʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʘʛʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʨʘʙʦʪʘʪʴ ʩʦʚʤʝʩʪʥʳʡ ʧʣʘʥ, ʟʘʪʝʤ ʨʝʰʠʪʴ ʟʘʜʘʯʠ 

ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ï ʣʦʢʘʣʠʟʘʮʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ, ʩʣʝʜʦʚʘ-

ʥʠʝ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʠ ʪ.ʜ. 

ɺ ʭʦʜʝ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʀʉʋ ʙʳʣʘ ʩʦʟʜʘʥʘ [ɿʫʙʘ-

ʨʝʚ ʠ ʜʨ., 2013], [ʄʘʢʘʨʦʚ ʠ ʜʨ., 2015] ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ STRL 

(ʦʪ ʘʥʛʣ. Strategic, Tactical, Reactive, Layered). STRL ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʚ ʪ.ʯ. ɹʇʃɸ ʤʫʣʴʪʠʢʦ-

ʧʪʝʨʥʦʛʦ ʪʠʧʘ, ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʦʙʦʟʥʘʯʝʥʥʳʤʠ ʚʳʰʝ ʜʚʫʤʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɽʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʤ ɹʇʃɸ, ʥʦ 

ʠ ʠʭ ʢʦʘʣʠʮʠʷʤʠ ʧʨʠ ʨʝʰʝʥʠʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʩʣʦʞʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʭ 

ʟʘʜʘʯ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ. ɼʘʣʝʝ ʧʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʘʨʭʠʪʝʢʪʫ-

ʨʳ STRL ʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢʘʞʜʦʛʦ ʠʟ ʝʸ ʫʨʦʚʥʝʡ. ʆʪʤʝ-

ʪʠʤ, ʯʪʦ ʚʦʧʨʦʩʳ ʦʧʝʨʘʪʠʚʥʦʛʦ ʮʝʣʝʧʦʣʘʛʘʥʠʷ (ʩʤʦʪʨʠ, ʥʘʧʨʠʤʝʨ, [ɾʝʣ-

ʪʦʚ ʠ ʜʨ., 2015]) ʪʨʝʙʫʶʪ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ.  

  



 

 

181 

1. ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ STRL 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɹʇʃɸ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʫʨʦʚʥʝʡ: ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ, ʪʘʢʪʠʯʝʩʢʦʛʦ ʠ ʨʝʘʢʪʠʚʥʦʛʦ. ʉʠʩʪʝʤʘ ʩ ʘʨʭʠʪʝʢ-

ʪʫʨʦʡ STRL, ʫʧʨʘʚʣʷʝʪ ʧʦʚʝʜʝʥʠʝʤ ʩʣʦʞʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʚ ʫʩʣʦ-

ʚʠʷʭ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʦʙʱʠʭ ʠ ʯʘʩʪʥʳʭ ʟʘʜʘʯ.  

ʉʪʨʘʪʝʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʨʝʘʣʠʟʘʮʠʶ ʚʳʩʰʠʭ ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʳʭ ʬʫʥʢʮʠʡ. ʅʘ ʥʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʥʘʢʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ ʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʦʙʤʝʥ ʩʦʦʙʱʝʥʠʷʤʠ ʩ ʦʩʪʘʣʴʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʢʦʘʣʠʮʠʠ. 

ʊʘʢʪʠʯʝʩʢʠʡ ʠ ʨʝʘʢʪʠʚʥʳʡ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʪ ʤʦʜʫʣʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʵʪʠ 

ʧʨʦʮʝʜʫʨʳ ʠ ʪʨʘʥʩʣʠʨʫʶʱʠʝ ʠʭ ʫʧʨʘʚʣʝʥʠʝ ʚ ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ ʫʧʨʘʚʣʷʶ-

ʱʠʝ ʩʠʛʥʘʣʳ. ʆʙʱʠʡ ʚʠʜ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1, ʛʜʝ ʧʦʢʘʟʘʥʳ 

ʤʦʜʫʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʢʘʞʜʦʛʦ ʠʟ ʫʨʦʚʥʝʡ, ʘ ʪʘʢʞʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʠʤʠ (ʚʠʜ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ).  

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʷʚʣʷʝʪʩʷ ʭʨʘ-

ʥʝʥʠʝ, ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʚʳʩʰʠʭ ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʟʥʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʠʤʚʦʣʴ-

ʥʦʤ ʫʨʦʚʥʝ. ʇʨʠʦʙʨʝʪʝʥʠʝ ʟʥʘʥʠʡ (ʧʦʧʦʣʥʝʥʠʝ ʢʘʨʪʠʥʳ ʤʠʨʘ) ʦʩʥʦʚʳʚʘ-

ʝʪʩʷ ʥʘ ʤʦʜʝʣʠ ʧʨʠʚʷʟʢʠ ʩʠʤʚʦʣʦʚ ʢ ʨʝʘʣʴʥʳʤ ʦʙʲʝʢʪʘʤ ʠ ʧʨʦʮʝʩʩʘʤ ʚʦ 

ʚʥʝʰʥʝʡ ʩʨʝʜʝ (symbol grounding) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘ-

ʷʭ, ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʥʠʞʥʠʭ ʫʨʦʚʥʷʭ 

ʠʝʨʘʨʭʠʠ ʫʧʨʘʚʣʝʥʠʷ. ʂ ʚʳʩʰʠʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʬʫʥʢʮʠʷʤ ʤʳ ʦʪʥʦ-

ʩʠʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʬʫʥʢʮʠʠ ʮʝʣʝʧʦʣʘʛʘʥʠʷ (ʧʦʩʪʘʥʦʚʢʠ ʛʣʘʚʥʦʡ ʮʝʣʠ 

ʠ ʧʦʜʮʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʠʷ ʚʳʧʦʣʥʷʝʤʦʡ ʟʘʜʘʯʠ), ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦ-

ʚʝʜʝʥʠʷ (ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʦʧʠʩʘʥʠʷ ʩʠʪʫʘʮʠʡ ʠ ʠʝʨʘʨʭʠʠ ʜʝʡʩʪʚʠʡ, 

ʚʧʣʦʪʴ ʜʦ ʦʧʝʨʘʮʠʡ ʪʘʢʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ) ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʦʣʝʡ ʚ ʦʙʱʝʤ ʧʣʘʥʝ ʜʝʡʩʪʚʠʡ ʚ ʩʣʫʯʘʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ʅʘ ʪʘʢʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʠʷ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʥʘʚʠʛʘʮʠʠ, ʦʩ-

ʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: ʢʘʨʪʠʨʦʚʘʥʠʝ (ʧʦʩʪʨʦʝʥʠʝ, ʦʙʥʦʚʣʝʥʠʝ 

ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ), ʣʦʢʘʣʠʟʘʮʠʷ (ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʦʞʝʥʠʷ ɹʇʃɸ ʚ ʤʦ-

ʜʝʣʠ ʤʝʩʪʥʦʩʪʠ) ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ. 

ʅʘ ʨʝʘʢʪʠʚʥʦʤ (ʠʩʧʦʣʥʠʪʝʣʴʥʦʤ) ʫʨʦʚʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʨʘʙʦʪʢʘ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ, ʜʣʷ ʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦ ʞʝʣʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ 

ʨʝʛʫʣʷʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʜʦʩʪʠʞʝʥʠʝ ʵʪʦʡ ʮʝʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘ-

ʥʠʟʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʋʨʦʚʝʥʴ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʫʧʨʘʚʣʝ-

ʥʠʷ ʨʝʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝ-

ʥʠʷ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʪʣʘʜʢʠ ʠ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʳ). 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʳ ʧʨʦʠʩʭʦ-

ʜʠʪ ʨʘʩʯʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʜʦʧʫʩʪʠʤʫʶ ʬʦʨʤʫ ʪʨʘʝʢʪʦ-

ʨʠʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʜʚʠʞʝʥʠʷ. 
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ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʘ ʀʉʋ STRL  

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʤʝʝʪ ʨʷʜ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺʦ-

ʧʝʨʚʳʭ, ʦʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʦʜʝʣʷʭ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢ-

ʮʠʡ ʯʝʣʦʚʝʢʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʦʥʘ ʦʧʠʨʘ-

ʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʣʘ-

ʥʠʨʦʚʘʥʠʶ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ ʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʝʨʭʥʠʤ ʠ 

ʥʠʞʥʠʤ ʫʨʦʚʥʷʤʠ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʦʩʦʙʦʛʦ ʚʠʜʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʥʘ ʪʘʢʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʧʨʝʜʣʘʛʘʝʤʫʶ ʘʨʭʠʪʝʢ-

ʪʫʨʫ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʨʘʟʥʳʝ ʚʠʜʳ ɹʇʃɸ, ʥʦ ʠ ʥʘ ʜʨʫʛʠʝ ʚʠʜʳ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʩʠʩʪʝʤʳ ʀʉʋ STRL. 
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2. ʉʪʨʘʪʝʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ 

2.1. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ 
ɺ ʘʨʭʠʪʝʢʪʫʨʝ STRL ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ï 

ʟʥʘʢʦʚʘʷ ʢʘʨʪʠʥʝ ʤʠʨʘ. ɺ ʝʝ ʦʩʥʦʚʝ ʣʝʞʘʪ ʠʜʝʠ ʧʨʠʢʣʘʜʥʦʡ ʩʝʤʠʦʪʠʢʠ, 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʧʦʜʭʦ-

ʜʘ ʢ ʦʧʠʩʘʥʠʶ ʢʦʛʥʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʯʝʣʦʚʝʢʘ [ʆʩʠʧʦʚ ʠ ʜʨ., 2015]. ɹʘ-

ʟʦʚʳʡ ʢʦʤʧʦʥʝʥʪ ʢʘʨʪʠʥʳ ʤʠʨʘ ï ʟʥʘʢ ï ʦʙʣʘʜʘʝʪ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʦʧʦʩʨʝʜʫʝʪ ʥʝʢʦʪʦʨʳʡ ʦʙʲʝʢʪ, ʧʨʦʮʝʩʩ, ʩʠʪʫʘʮʠʶ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʠʣʠ ʥʝʢʦʪʦʨʦʝ ʘʙʩʪʨʘʢʪʥʦʝ ʧʦʥʷʪʠʝ. ʇʝʨʚʳʡ ʢʦʤʧʦʥʝʥʪ, ʦʙʨʘʟ ʟʥʘ-

ʢʘ, ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʧʨʦʮʝʜʫʨʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʧʦʩʨʝʜʫʝʤʦʡ ʩʫʱʥʦʩʪʠ ʚ 

ʧʦʪʦʢʝ ʧʦʩʪʫʧʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʧʨʠʟʥʘʢʦʚ. 

ɺʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪ, ʟʥʘʯʝʥʠʝ ʟʥʘʢʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʦʙʱʝʥʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʦʩʨʝʜʫʝʤʦʡ ʩʫʱʥʦʩʪʠ ʚ ʢʫʣʴʪʫʨʥʦ-

ʠʩʪʦʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʢʦʣʣʝʢʪʠʚʘ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ ʩʫʙʲʝʢʪ - ʥʦʩʠ-

ʪʝʣʴ ʢʘʨʪʠʥʳ ʤʠʨʘ, ʪ.ʝ. ʦʙʦʙʱʝʥʥʳʝ ʩʮʝʥʘʨʠʠ ʠ ʩʠʪʫʘʮʠʠ. ʊʨʝʪʠʡ ʢʦʤʧʦ-

ʥʝʥʪ, ʣʠʯʥʦʩʪʥʳʡ ʩʤʳʩʣ ʟʥʘʢʘ, ʠʥʪʝʛʨʠʨʫʝʪ ʣʠʯʥʳʡ ʦʧʳʪ ʥʦʩʠʪʝʣʷ ʢʘʨ-

ʪʠʥʳ ʤʠʨʘ ʜʝʡʩʪʚʦʚʘʥʠʷ ʩ ʦʧʦʩʨʝʜʫʝʤʦʡ ʩʫʱʥʦʩʪʴʶ, ʩʦʜʝʨʞʘʱʠʡ ʵʣʝ-

ʤʝʥʪʳ ʧʦʪʨʝʙʥʦʩʪʦ-ʤʦʪʠʚʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʠ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥʥʳʝ ʚ ʪʝʢʫ-

ʱʠʭ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʚʥʫʪʨʝʥʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʙʲʝʢ-

ʪʘ. ʏʝʪʚʝʨʪʳʡ ʢʦʤʧʦʥʝʥʪ, ʠʤʷ ʟʥʘʢʘ, ʦʙʲʝʜʠʥʷʝʪ ʧʨʝʜʳʜʫʱʠʝ ʢʦʤʧʦʥʝʥ-

ʪʳ, ʩʚʷʟʳʚʘʷ ʠʭ ʚ ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʧʨʠ ʦʧʠʩʘʥʠʠ ʚʩʝʭ 

ʚʳʩʰʠʭ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʯʝʣʦʚʝʢʘ. 

ʅʘ ʦʩʥʦʚʝ ʪʨʝʭ ʤʥʦʞʝʩʪʚ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʟʥʘʢʦʚ ʦʧʠʩʳʚʘʶʪʩʷ 

ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʝʪʠ ʩʦ ʩʚʦʠʤʠ ʩʝʤʝʡʩʪʚʘʤʠ ʦʪʥʦʰʝʥʠʡ: ʥʘ ʤʥʦʞʝʩʪʚʝ 

ʦʙʨʘʟʦʚ ï ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʩʝʪʴ ʩ ʦʪʥʦʰʝʥʠʷʤʠ ʯʘʩʪʴ-ʮʝʣʦʝ, ʩʭʦʞʝʩʪʠ ʠ 

ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʷ, ʥʘ ʤʥʦʞʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ï ʩʝʪʴ ʩ ʦʪʥʦʰʝʥʠʷʤʠ ʢʣʘʩʩ-

ʧʦʜʢʣʘʩʩ, ʩʮʝʥʘʨʥʳʤʠ ʠ ʩʶʞʝʪʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ, ʥʘ ʤʥʦʞʝʩʪʚʝ ʣʠʯ-

ʥʦʩʪʥʳʭ ʩʤʳʩʣʦʚ ï ʩʝʪʴ ʩ ʩʠʪʫʘʪʠʚʥʳʤʠ ʠ ʮʝʣʝʚʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ. ʆʙʲ-

ʝʜʠʥʝʥʠʝ ʵʪʠʭ ʪʨʝʭ ʩʝʪʝʡ ï ʩʝʤʠʦʪʠʯʝʩʢʘʷ ʩʝʪʴ ï ʩ ʧʨʦʮʝʜʫʨʘʤʠ ʧʝʨʝʭʦʜʘ 

ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʪʨʘʥʩʣʷʮʠʠ ʦʪʥʦʰʝʥʠʡ ʥʘ ʫʨʦʚʝʥʴ ʠʤʝʥ ʷʚʣʷʝʪʩʷ 

ʤʦʜʝʣʴʶ ʢʘʨʪʠʥʳ ʤʠʨʘ ʩʫʙʲʝʢʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʤʦʜʝʣʠ 

ʫʜʘʝʪʩʷ ʦʧʠʩʘʪʴ ʪʘʢʠʝ ʢʣʶʯʝʚʳʝ ʜʣʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʳ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʟʥʘʥʠʡ (ʟʥʘʢʘ), ʧʨʦʮʝʩʩʳ ʚʥʠ-

ʤʘʥʠʷ, ʮʝʣʝʧʦʣʘʛʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʦʣʝʡ ʚ 

ʢʦʣʣʝʢʪʠʚʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʥʘʢʦʚʦʛʦ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʢʨʦʤʝ ʨʝʰʝ-

ʥʠʷ ʦʙʳʯʥʳʭ ʟʘʜʘʯ ʚʳʚʦʜʘ ʥʘ ʩʝʪʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʜʚʝ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʧʨʦ-

ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʩʠʩʪʝʤʘʭ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʝʨʚʘʷ ʧʨʦʙʣʝʤʘ ï ʩʠʤʚʦʣʠʟʘʮʠʠ ʠʣʠ ʩʚʷʟʳʚʘʥʠʷ ʩʠʤʚʦʣʴ-
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ʥʦʛʦ ʫʨʦʚʥʷ ʠ ʩʫʙʩʠʤʚʦʣʴʥʦʛʦ [Friederici, 2015] ʨʝʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʫʯʝʥʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫ-

ʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʟʥʘʢʘ, ʠ ʦʩʦʙʦʡ ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪ, ʢʦʪʦʨʘʷ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʢʦʨ-

ʪʠʢʦ-ʪʘʣʘʤʠʯʝʩʢʦʦʛʦ ʦʪʜʝʣʘ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺʪʦʨʘʷ ʧʨʦʙʣʝʤʘ ï ʦʧʠʩʘʥʠʝ 

ʨʝʬʣʝʢʩʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʟʥʘʯʠʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʩʚʦʡʩʪʚ, ʦʮʝʥʦʢ ʠ ʧʨʘʚʠʣ ʧʦʚʝʜʝʥʠʷ ʩʫʙʲʝʢʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ çʤʝ-

ʪʘʟʥʘʢʦʚè, ʠʭ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʦʙʥʦʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʨʝʬʣʝʢ-

ʩʠʚʥʳʡ ʤʝʪʘʫʨʦʚʝʥʴ ʚ ʤʦʜʝʣʠ ʢʦʛʥʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

2.2. ʉʠʥʪʝʟ ʧʣʘʥʘ ʧʦʚʝʜʝʥʠʷ 
ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʧʦʚʝʜʝʥʠʝʤ ʩʣʦʞʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ï ʵʪʦ ʧʣʘʥʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʠʡ. ʇʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʟʘʜʘʯʠ ʩʦʚʤʝʩʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʧʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʥʘ ʤʝʩʪʥʦʩʪʠ ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ. ʇʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʥʘʥʠʷ ʚ ʢʘʨʪʠʥʝ ʤʠʨʘ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ 

ʟʥʘʢʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʛʠʢʠ ʇʦʩʧʝʣʦʚʘ [ʇʘ-

ʥʦʚ, 2015]. ʅʠʟʢʦʫʨʦʚʥʝʚʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʩʣʫʞʘʪ ʧʨʦ-

ʮʝʜʫʨʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ. ʉʘʤ ʧʨʦʮʝʩʩ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

(MAP-ʘʣʛʦʨʠʪʤ) ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʰʘʛʦʚ: 

¶ M-ʰʘʛ ï ʧʦʠʩʢ ʧʨʠʤʝʥʠʤʳʭ ʜʝʡʩʪʚʠʡ ʥʘ ʩʝʪʠ ʟʥʘʯʝʥʠʡ, 

¶ A-ʰʘʛ ï ʧʦʜʙʦʨ ʣʠʯʥʦʩʪʥʳʭ ʩʤʳʩʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʡʜʝʥ-

ʥʳʤ ʟʥʘʯʝʥʠʷʤ, 

¶ P-ʰʘʛ ï ʧʦʩʪʨʦʝʥʠʝ ʥʦʚʦʡ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʧʦ ʤʥʦʞʝʩʪʚʫ ʧʨʠʟʥʘ-

ʢʦʚ ʫʩʣʦʚʠʡ ʥʘʡʜʝʥʥʳʭ ʜʝʡʩʪʚʠʡ, 

¶ S-ʰʘʛ ï ʦʪʧʨʘʚʢʘ ʩʦʦʙʱʝʥʠʷ ʜʨʫʛʠʤ ʫʯʘʩʪʥʠʢʘʤ ʢʦʘʣʠʮʠʠ ʠʣʠ ʚʳ-

ʧʦʣʥʝʥʠʝ ʥʘʡʜʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠʣʠ ʘʢʪʠʚʘʮʠʡ ʠʝʨʘʨʭʠʠ ʦʧʝʨʘʮʠʡ 

ʚʧʣʦʪʴ ʜʦ ʦʧʝʨʘʮʠʡ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʫʪʠ. 

ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ, ʥʘ ʩʪʨʘʪʝʛʠ-

ʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʚʦʟʚʨʘʱʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʝ-ʧʨʝʧʷʪʩʪʚʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʙʥʦʚʠʪʴ ʪʝʢʫʱʫʶ ʩʠʪʫʘʮʠʠ ʠ ʦʙʥʦʚʠʪʴ ʧʣʘʥ.  

3. ʊʘʢʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ 

ʅʘ ʪʘʢʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʠʷ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʥʘʚʠʛʘʮʠʠ ɹʇʃɸ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʘ ʠʤʝʥʥʦ ʟʘʜʘʯʠ ʢʘʨʪʠʨʦʚʘʥʠʷ, ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦ-

ʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ. ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʫʨʦʚʥʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ ʢʦʥʪʫʨʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ (çʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ (ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ) ï ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝè) ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ ʨʝʘʢʪʠʚʥʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ (ʚʳʯʠʩ-

ʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʬʦʨʤʫ ʪʨʘʝʢʪʦʨʠʠ). ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘ-

ʢʠʤʠ ʜʘʪʯʠʢʘʤʠ ʦʩʥʘʱʝʥ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʣʠʰʴ ʧʨʦʮʝʜʫʨʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ɿʘʜʘʯʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʧʦʠʩʢʘ 

ʧʫʪʠ ʥʘ ʛʨʘʬʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ ï ʛʨʘʬʝ ʨʝʛʫʣʷʨʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʤʝʪ-

ʨʠʯʝʩʢʦʤ ʪʦʧʦʣʦʛʠʯʝʩʢʦʤ ʛʨʘʬʝ (ʄʊ-ʛʨʘʬʝ). ʄʊ-ʛʨʘʬ ï ʵʪʦ ʧʨʦʩʪʘʷ ʚ 

ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʴ, ʫʯʠʪʳʚʘʶʱʘʷ ʣʠʰʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʘʩʧʝʢʪʳ ʟʘʜʘ-

ʯʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʩʦʜʝʨʞʘʱʘʷ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʚʝʨʰʠʥ ʠ 

ʨʝʙʝʨ (ʥʝ ʙʦʣʝʝ ʩʦʪʝʥ ʪʳʩʷʯ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʠʛʘʮʠʦʥ-

ʥʭr ʟʘʜʘʯ) [Yap, 2002]. ʇʦʠʩʢ ʧʫʪʠ ʥʘ ʧʦʜʦʙʥʦʤ ʛʨʘʬʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʙʳʩʪʨʦʡ ʦʧʝʨʘʮʠ-

ʝʡ (ʧʦʨʷʜʢʘ ʜʝʩʷʪʢʦʚ ʤʠʣʣʠʩʝʢʫʥʜ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʙʦʨʪʦʚʳʭ ʚʳʯʠʩʣʠʪʝ-

ʣʷʭ ala Raspberry Pi). ʆʜʥʘʢʦ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʙʝʟ ʫʯʝʪʘ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʜʠʥʘʤʠʢʫ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʯʝ-

ʚʠʜʥʦ, ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʝʸ ʠʩʧʦʣʥʠʤʦʩʪʴ ï ʪ.ʝ. ʚʦʟʤʦʞʥʦʩʪʴ ʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʥʝʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ 

ʧʨʦʩʣʝʜʦʚʘʪʴ ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʨʝʟʢʠʡ ʧʦʚʦʨʦʪ. ʇʦʵʪʦʤʫ ʚ ʨʘʤ-

ʢʘʭ STRL ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʣʠʰʴ ʢʘʢ ʧʝʨʚʳʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʰʘʛ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ. ʅʘ ʵʪʦʤ 

ʰʘʛʝ, ʚʦ-ʧʝʨʚʳʭ, ʠʩʩʣʝʜʫʝʪʩʷ ʩʘʤʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʪʨʘʝʢʪʦʨʠʶ ʧʦʩʪʨʦʠʪʴ ʥʝʣʴʟʷ (ʪ.ʝ. ʧʫʪʠ ʥʘ ʛʨʘʬʝ ʥʝ ʩʫʱʝ-

ʩʪʚʫʝʪ), ʪʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʙʣʦʢʠʨʫʶʱʝʝ ʧʨʝʧʷʪʩʪʚʠʝ ʩ ʧʦʤʦʱʴʶ ʤʝ-

ʪʦʜʘ, ʦʧʠʩʘʥʥʦʛʦ ʚ [ɸʥʜʨʝʡʯʫʢ ʠ ʜʨ., 2016], ʠ ʦʧʠʩʘʥʠʝ ʵʪʦʛʦ ʧʨʝʧʷʪʩʪʚʠʷ 

ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ (ʚ ʢʘʯʝʩʪʚʝ çʧʨʠʯʠʥʳè 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʠʪʴ ʧʦʩʪʘʚʣʝʥʥʦʝ ʟʘʜʘʥʠʝ). ɽʩʣʠ ʧʫʪʴ ʩʫʱʝʩʪʚʫʝʪ, 

ʪʦ ʜʣʠʥʘ ʧʦʩʪʨʦʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʡ ʩʢʦ-

ʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ɹʃɸ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʮʝʣʝʚʦʡ 

ʟʦʥʳ ʢ ʦʪʚʝʜʝʥʥʦʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ (ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʩ ʚʝʨʭʥʝʛʦ 

ʫʨʦʚʥʷ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ). ʕʪʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʨʝʘʢ-

ʪʠʚʥʳʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʟʘ ʩʯʝʪ ʘʥʘʣʠʟʘ ʦʙʣʘʩʪʠ ʜʦʩʪʠʞʠʤʦ-

ʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʠʪ ʨʘʩʯʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʦʪʢʣʦ-

ʥʝʥʠʷ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʚʪʦʨʥʳʡ ʧʦʠʩʢ ʧʫʪʠ ʥʘ ʄʊ-ʛʨʘʬʝ, ʥʦ ʫʞʝ ʩ 

ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʦʛʦ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ [ʗʢʦʚʣʝʚ ʠ ʜʨ., 2014]. ɹʫʢʚʘʣʴʥʦ ʵʪʦ 

ʦʟʥʘʯʘʝʪ ʩʣʝʜʫʶʱʝʝ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʥʠʤʘʷ ʪʨʘʝʢʪʦʨʠʷ, ʪ.ʝ. ʪʘʢʘʷ 

ʪʨʘʝʢʪʦʨʠʷ ʩʣʝʜʦʚʘʥʠʝ ʧʦ ʢʦʪʦʨʦʡ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʨʝʘʢʪʠʚʥʳʤ ʫʨʦʚʥʝʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʵʪʦ ʥʘʙʦʨ ʩʝʢʮʠʡ ï ʦʪʨʝʟʢʦʚ ʧʨʷʤʳʭ ï ʪʘʢʠʭ, ʯʪʦ ʫʛʦʣ ʦʪʢʣʦ-

ʥʝʥʠʷ ʤʝʞʜʫ ʣʶʙʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʝʢʮʠʷʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʫʩʪʘ-

ʥʦʚʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʦʠʩʢ ʪʘʢʦʛʦ ʧʫʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
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ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʘʣʛʦʨʠʪʤʘ LIAN. ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ, 

ʚʦ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʥʝʸ ʤʦʜʫʣʷʤʠ ʪʘʢʪʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʪ.ʝ. ʥʝʜʦ-

ʩʪʠʞʝʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʢ ʟʘʜʘʥʥʳʤ ʤʦʤʝʥʪʘʤ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʦʪʢʣʦ-

ʥʝʥʠʝ ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ, ʠʥʠʮʠʠʨʫʝʪ-

ʩʷ ʧʨʦʮʝʜʫʨʘ ʧʝʨʝʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʳʰʝ.   

4. ʈʝʘʢʪʠʚʥʳʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ 

4.1. ʄʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʜʥʠʭ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʠʢ ʥʝʣʠʥʝʡʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʢʘ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʈʠʢʢʘʪʠ ʩ ʟʘʚʠʩʷʱʠʤʠ 

ʦʪ ʩʦʩʪʦʷʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ (SDRE ï State Depended Riccati Equation). 

ʆʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʩʭʦʜʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʫʧʨʘʚʣʷʝʤʦʡ 

ʩʠʩʪʝʤʳ ʚ ʢʚʘʟʠʣʠʥʝʡʥʦʤ ʚʠʜʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʩʭʝʤʫ ʧʦʩʪʨʦʝ-

ʥʠʷ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʨʝʛʫʣʷʪʦʨʘ ʘʥʘʣʦʛʠʯʥʫʶ ʩʭʝʤʝ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤʘʭ ʧʫʪʝʤ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʛʦ ʤʘʪʨʠʯʥʦʛʦ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʈʠʢʢʘʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʫʞʝ ʟʘʚʠʩʝʪʴ ʦʪ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ SDRE ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʘʷ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʠʤʦʩʪʠ, ʩʫʙʦʧʪʠʤʘʣʴʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ, ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. ɽʝ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʝʰʝʥʠʷ ʤʘʪʨʠʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʈʠʢʢʘʪʠ ʚ ʨʝʞʠʤʝ on-line, ʯʪʦ ʧʦʪʨʝʙʦ-

ʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ.  

ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʦʨʪʦʚʳʤ ʚʳʯʠʩʣʠʪʝʣʷʤ ʘʚʪʦʥʦʤʥʳʭ 

ɹʇʃɸ ʚ ʘʨʭʠʪʝʢʪʫʨʝ STRL ʧʨʠʤʝʥʷʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʚ ʨʘʤʢʘʭ 

SDRE ʪʝʭʥʠʢʠ [ɼʤʠʪʨʠʝʚ ʠ ʜʨ., 2014]. ɽʛʦ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʤʘʪʨʠʮʳ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʦʩʦʙʦʤ ʚʠʜʝ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʬʦʨʤʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʦʝ ʤʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ ʈʠʢʢʘʪʠ 

ʨʘʩʢʣʘʜʳʚʘʝʪʩʷ ʚ ʢʦʥʝʯʥʳʡ ʨʷʜ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ. ʀʛʥʦʨʠʨʫʷ  ʥʝʢʦʪʦ-

ʨʳʝ ʯʣʝʥʳ ʨʷʜʘ, ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, 

ʢʦʪʦʨʳʡ ʠʟʙʘʚʣʷʝʪ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʤʘʪʨʠʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʈʠʢʢʘʪʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ, ʯʪʦ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞ-

ʥʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ. ʂʦʥʝʯʥʦ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʦʩʠʪ 

ʧʨʠʙʣʠʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʜʥʘʢʦ ʧʨʦʚʝʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʦʜʥʦʡ 

ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ ï ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʧʝʨʝ-

ʚʝʨʥʫʪʦʛʦ ʤʘʷʪʥʠʢʘ ï ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʝʣʠʥʝʡʥʳʡ ʟʘʢʦʥ 

ʫʧʨʘʚʣʝʥʠʷ ʫʣʫʯʰʘʝʪ ʧʦ ʚʚʝʜʝʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʳ ʣʠ-

ʥʝʡʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ 32% ʠ 73% ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠ ʜʠʩʢʨʝʪʥʦʛʦ ʩʣʫ-

ʯʘʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [ɼʘʥʠʢ ʠ ʜʨ., 2015]. 
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4.2. ʇʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫ-

ʩʪʠʤʳʡ ʫʛʦʣ Ŭ ʧʨʠ ʧʦʣʝʪʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʘʥʘʣʠʟ ʦʙʣʘʩʪʠ ʜʦʩʪʠʞʠʤʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʘʠʭʫʜʰʝʛʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩʣʫʯʘʷ ʜʣʷ ʧʦʣʫʯʝʥʥʦʡ ʩ ʪʘʢʪʠʯʝ-

ʩʢʦʛʦ ʫʨʦʚʥʷ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ Vg. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʦʛʨʘʥʠ-

ʯʝʥʠʷ ʥʘ ʫʧʨʘʚʣʝʥʠʷ, ʥʝʣʠʥʝʡʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʥʘʣʠʯʠʝ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʘ-

ʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʥʘʧʨʠʤʝʨ, ʚʝʪʨʘ) [ʗʢʦʚʣʝʚ ʠ ʜʨ., 2014]. ʄʝʪʦʜ ʙʳʣ 

ʦʧʨʦʙʦʚʘʥ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʚʘʜʨʦʢʦʧʪʝʨʘ AscTec 

Hummingbird [Schoellig et al., 2012]. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1, ʛʜʝ 

Rd ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʨʘʜʠʫʩ ʚʳʧʦʣʥʝʥʠʷ ʤʘʥʝʚʨʘ ʧʦʚʦʨʦʪʘ ʥʘ 

ʥʦʚʳʡ ʢʫʨʩ. 

 

ʊʘʙʣ. 1. 

Rd = 2.7 ʤ Rd = 5.4 ʤ 

Vg, ʤ/ʩ Ŭ, ę Vg, ʤ/ʩ Ŭ, ę 

6.5 ŬÓ180 8,5 ŬÓ180 

6.9 31,7 9 34,5 

7 24,4 9,5 17,5 

7.5 7,8 10 0 

8 0   

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʘʚʪʦ-

ʥʦʤʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʅʘʣʠʯʠʝ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʧʣʘʪʬʦʨʤ ʩ ʧʦʜʜʝʨʞʢʦʡ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʣʝʪʘ, ʰʠ-

ʨʦʢʠʡ ʩʧʝʢʪʨ ʠ ʫʜʝʰʝʚʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ, ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠ ʪʝʣʝʢʦʤ-

ʤʫʥʠʢʘʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ, ʥʘʣʠʯʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ ʘʣʛʦʨʠʪʤʠ-

ʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʜʝʣʘʣʠ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩ ʦ ʩʦʟʜʘʥʠʠ ʪʝʦʨʠʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ 

ʘʛʝʥʪʘʤʠ.  

ʅʘʤʠ ʨʘʩʩʤʦʪʨʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ STRL, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʥʦʤʥʳʤʠ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ 

ʤʫʣʴʪʠʢʦʧʪʝʨʥʦʛʦ ʪʠʧʘ. ɽʸ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʩʦʛʣʘʩʦ-

ʚʘʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʘʛʝʥʪʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʡ ʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʠ ʦʙʣʘʜʘʶʱʠʭ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʦʡ, ʯʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞ-

ʥʳʤ ʙʣʘʛʦʜʘʨʷ ʪʝʩʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʦʨʠʛʠʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʢʦʛʥʠ-

ʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ.  
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ʌʠʣʠʘʣ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ  

ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʭʢʦʣʝʩʥʦʡ ʙʘʣʘʥʩʠ-

ʨʫʶʱʝʡ ʧʣʘʪʬʦʨʤʦʡ. ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ ʩʣʫʯʘʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʢʘʢ ʩ ʨʘʚʥʦʤʝʨʥʳʤ, ʪʘʢ ʠ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʦ ʥʦʩʠʪʝʣʶ. ʇʨʝʜʩʪʘʚ-

ʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʣʘʪʬʦʨʤʳ, ʚʳʧʦʣʥʝʥʘ ʧʨʦʛʨʘʤʤʥʘʷ 

ʠʤʠʪʘʮʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ ʮʝʣʴʶ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʫʭʢʦʣʝʥʥʘʷ ʙʘʣʘʥʩʠʨʫʶʱʘʷ ʧʣʘʪʬʦʨʤʘ, ʩʠ-

ʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʛʫʣʷʪʦʨ, ʤʦʜʝʣʴ 

ɺʚʝʜʝʥʠʝ 

ɼʚʫʭʢʦʣʝʩʥʘʷ ʙʘʣʘʥʩʠʨʫʶʱʘʷ ʧʣʘʪʬʦʨʤʘ ï ʵʪʦ ʦʙʲʝʢʪ, ʢʦʪʦʨʳʡ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ. ʌʠʟʠʯʝʩʢʠ 

ʧʣʘʪʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʪʦʨʳʡ ʢʘʨʢʘʩ ʩ ʜʚʫʤʷ ʢʦʣʝʩʘʤʠ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʦʜʥʦʡ ʦʩʠ. ʎʝʥʪʨ ʤʘʩʩ ʧʣʘʪʬʦʨʤʳ ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ ʪʦʯ-

ʢʠ ʦʧʦʨʳ. ʇʨʠ ʧʦʤʦʱʠ ʜʚʫʭ ʦʪʜʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʢʦʣʝʩʘ ʧʣʘʪ-

ʬʦʨʤʳ ʧʨʠʚʦʜʷʪʩʷ ʚ ʜʚʠʞʝʥʠʝ.  

ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʭʢʦʣʝʩʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʝʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ. ʉʣʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʪʬʦʨʤʦʡ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʫʧʨʘʚʣʷʪʴ ʝʝ ʧʦʚʝʜʝʥʠʝʤ ʤʦʞʥʦ ʠʟʤʝʥʷʷ ʪʦʣʴʢʦ ʦʜʠʥ ʧʘʨʘʤʝʪʨ: 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʝ ʢʦʣʝʩ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʚʝʜʝʥʠʷ 

ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʭʢʦʣʝʩʥʦʡ ʙʘʣʘʥʩʠʨʫʶ-

ʱʝʡ ʧʣʘʪʬʦʨʤʦʡ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦ-

ʨʳʭ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ ʤʦʞʝʪ ʠʤʝʪʴ ʣʠʙʦ ʨʘʚʥʦʤʝʨʥʦʝ, ʣʠʙʦ ʥʝʨʘʚʥʦ-

ʤʝʨʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ ʧʦ ʥʦʩʠʪʝʣʶ.  
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1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʫʭʢʦʣʝʩʥʦʡ ʧʣʘʪʬʦʨʤʳ 

ʇʦʚʝʜʝʥʠʝ ʜʚʫʭʢʦʣʝʩʥʦʡ ʙʘʣʘʥʩʠʨʫʶʱʝʡ ʧʣʘʪʬʦʨʤʳ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠ-

ʥʘʤʠʢʦʡ ʦʙʨʘʪʥʦʛʦ ʤʘʷʪʥʠʢʘ ʥʘ ʢʦʣʝʩʝ [ɻʥʠʮʝʚʠʯ ʠ ʜʨ., 2014]. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʨʘʪʥʦʛʦ ʤʘʷʪʥʠʢʘ ʥʘ ʢʦʣʝʩʝ ʙʫ-

ʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʫʶ ʚ [ʌʦʨʤʘʣʴʩʢʠʡ, 2012]: 

 

(1.1) 

ʛʜʝ a11=M(R
2
+ ɟ

2
)+mR

2
, a12=mRb, a22=mr

2
, M ï ʤʘʩʩʘ ʢʦʣʝʩʘ, R ï ʨʘʜʠʫʩ 

ʢʦʣʝʩʘ, ɟ ï ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ ʢʦʣʝʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʮʝʥʪʨʘ, ɤ ï ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʢʦʣʝʩʘ, ɓ ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʤʘʷʪʥʠʢʘ ʦʪ ʚʝʨʪʠʢʘʣʠ, m ï ʤʘʩʩʘ 

ʤʘʷʪʥʠʢʘ, b ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʤʘʷʪʥʠʢʘ ʜʦ ʝʛʦ ʮʝʥʪʨʘ ʤʘʩʩ, r 

ï ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ ʤʘʷʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʧʦʜʚʝʩʘ, L ï ʨʘʟʚʠʚʘʝʤʳʡ 

ʜʚʠʛʘʪʝʣʝʤ ʤʦʤʝʥʪ. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʤʘʷʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʴʥʦʡ 

ʪʦʯʢʠ, ʥʫʞʥʦ ʥʘʡʪʠ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʢʦʣʝʩʘ ʦʙʨʘʪʥʦʛʦ ʤʘʷʪʥʠʢʘ. ɼʣʷ ʵʪʦʛʦ 

ʟʘʤʝʥʷʝʤ ʚʦ ʚʪʦʨʦʤ ʫʨʘʚʥʝʥʠʠ (1.1) ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ɤ ʥʘ ʧʨʦʠʟʚʦʜʥʫʶ 

ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ű: 

 

(1.2) 

ʇʝʨʝʤʝʱʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʤʘʷʪʥʠʢʘ ʤʦʞʥʦ ʥʘʡʪʠ, ʝʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʫʨʘʚʥʝʥʠʝʤ: 

Rx j=  (1.3) 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʤʘʷʪʥʠʢʘ: 

M = 0,370 (ʢʛ); R = 0,035 (ʤ); 

ɟ = 0,025 (ʤ);  m = 0,7 (ʢʛ); 

b = 0,055 (ʤ);  r = 0,082 (ʤ). 

2. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʪʬʦʨʤʦʡ ʠ ʝʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ɺ ʨʘʙʦʪʝ [ʄʷʣʠʢ ʠ ʜʨ., 2013] ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʭʢʦ-

ʣʝʩʥʦʡ ʙʘʣʘʥʩʠʨʫʶʱʝʡ ʧʣʘʪʬʦʨʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1. ɼʣʷ ʢʦʥ-

ʪʨʦʣʷ ʫʛʣʘ ʠ ʧʦʣʦʞʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʳ. ʆʩʦ-

ʙʝʥʥʦʩʪʴʶ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʩʫʤʤʠʨʫ-
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ʶʪʩʷ, ʘ ʦʙʨʘʟʫʶʪ ʮʝʧʦʯʢʫ: ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʣʘʪʬʦʨʤʳ ʯʝʨʝʟ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʫʛʣʘ. ɺ ʤʦ-

ʤʝʥʪ, ʢʦʛʜʘ ʦʰʠʙʢʘ ʧʦʣʦʞʝʥʠʷ ʩʪʘʥʝʪ ʙʣʠʟʢʘ ʢ ʥʫʣʶ, ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʧʦ-

ʣʦʞʝʥʠʷ ʧʝʨʝʩʪʘʥʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʣʘʪʬʦʨʤʳ, ʘ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨ ʫʛʣʘ ʚʝʨʥʝʪ ʧʣʘʪʬʦʨʤʫ ʚ ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

  

ʇʀɼ-ʨʝʛʫʣ̫ʪʦʨ

ʫʛʣʘ 

ʇʀɼ-ʨʝʛʫʣ̫ʪʦʨ 

ʧʦʣʦʞʝʥʠ̫

ʇʣʘʪʬʦʨʤʘ x

-

-

L
b

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʜʚʫʤʷ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ 

 

ʇʨʠʤʝʥʝʥʠʝ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʭʢʦʣʝʩʥʳʤ ʨʦ-

ʙʦʪʦʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚ [Wu et al., 2012]. 

ɺ ʨʘʙʦʪʝ [ɹʫʨʘʢʦʚ ʠ ʜʨ., 2011] ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʨʘʙʦʪʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʩʦʩʪʦʠʪ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩ-

ʧʦʣʦʞʝʥʠʠ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ (ʌʇ) ʧʦ ʥʦʩʠʪʝʣʶ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪʩʷ ʧʝʨʝʤʝʥʥʦʝ ʫʩʠʣʝʥʠʝ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʫʯʘʡ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʨʤʦʚ 

ʚʭʦʜʘ ʥʝʯʝʪʢʦʛʦ ʇɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʦ ʥʦʩʠʪʝʣʶ ʥʘ ʠʥʪʝʨʚʘʣʝ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʳʭ ʯʠʩʝʣ [ï1; 1]. 

 

-1 1

ɛ(x)

x

NB NS ZE PS PB

0

PMNM

0,2 0,4 0,6 0,8-0,2-0,4-0,6-0,8

 
ʈʠʩ. 2. ʌʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʪʝʨʤʦʚ ʚʭʦʜʘ ʨʝʛʫʣʷʪʦʨʘ 
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ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʭʢʦʣʝʩʥʦʡ ʙʘʣʘʥʩʠʨʫʶʱʝʡ ʧʣʘʪʬʦʨʤʦʡ: ʚʦ-ʧʝʨʚʳʭ, ʥʝ-

ʯʝʪʢʠʡ ʇɼ-ʨʝʛʫʣʷʪʦʨ ʫʛʣʘ, ʢʣʘʩʩʠʯʝʩʢʠʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝʥʠʷ; ʚʦ-

ʚʪʦʨʳʭ, ʢʣʘʩʩʠʯʝʩʢʠʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʫʛʣʘ, ʥʝʯʝʪʢʠʡ ʇɼ-ʨʝʛʫʣʷʪʦʨ ʧʦ-

ʣʦʞʝʥʠʷ; ʚ-ʪʨʝʪʴʠʭ, ʥʝʯʝʪʢʠʡ ʇɼ-ʨʝʛʫʣʷʪʦʨ ʫʛʣʘ, ʥʝʯʝʪʢʠʡ ʇɼ-ʨʝʛʫʣʷʪʦʨ 

ʧʦʣʦʞʝʥʠʷ. 

ʂʘʞʜʘʷ ʠʟ ʩʭʝʤ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʭʢʦʣʝʩʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʠʩʩʣʝ-

ʜʦʚʘʣʘʩʴ ʢʘʢ ʩ ʨʘʚʥʦʤʝʨʥʳʤ, ʪʘʢ ʠ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʌʇ 

ʧʦ ʥʦʩʠʪʝʣʶ ʚ ʥʝʯʝʪʢʦʤ ʨʝʛʫʣʷʪʦʨʝ. 

3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʪʬʦʨʤʦʡ 

ʅʘ ʦʩʥʦʚʝ (1.2) ʠ (1.3) ʚ ʧʨʦʛʨʘʤʤʝ Simulink ʩʠʩʪʝʤʳ MATLAB  ʧʦ-

ʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʜʚʫʭʢʦʣʝʩʥʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺʠʜ 

ʤʦʜʝʣʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.3. 

 

 
 

ʈʠʩ. 3. ʇʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ ʜʚʫʭʢʦʣʝʩʥʦʡ ʙʘʣʘʥʩʠʨʫʶʱʝʡ ʧʣʘʪʬʦʨʤʳ 

 

ʆʩʥʦʚʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʜʚʘ ʙʣʦʢʘ: çɺʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʫʛʣʘ 

ʥʘʢʣʦʥʘè ʠ çɺʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʢʦʣʝʩʘè. ʆʥʠ ʨʝʘʣʠʟʫʶʪ 

ʫʨʘʚʥʝʥʠʷ (1.2) ʠ (1.3) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʚʭʦʜ ʤʦʜʝʣʠ ʧʦʩʪʫʧʘʝʪ ʨʘʟʚʠ-

ʚʘʝʤʳʡ ʜʚʠʛʘʪʝʣʝʤ ʤʦʤʝʥʪ L. ʅʘ ʚʳʭʦʜʝ ʤʦʜʝʣʠ ʠʤʝʝʤ ʫʛʦʣ ʥʘʢʣʦʥʘ ʤʘ-

ʷʪʥʠʢʘ ɓ ʠ ʧʝʨʝʤʝʱʝʥʠʝ x. 

ɺ ʧʨʦʛʨʘʤʤʝ Simulink MATLAB  ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʨʝʞʠʤʝ ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʟʚʦ-

ʣʷʝʪ ʩʨʘʚʥʠʪʴ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʚʘʨʠʘʥʪʳ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʪʬʦʨʤʦʡ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʞʜʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 20 

ʦʪʩʯʝʪʦʚ ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʄʦʤʝʥʪ, ʨʘʟʚʠʚʘʝʤʳʡ ʜʚʠʛʘʪʝʣʝʤ L ʙʳʣ 

ʦʛʨʘʥʠʯʝʥ ʜʦ 2 (ʅĀʤ), ʪʘʢ ʢʘʢ ʤʦʤʝʥʪ ʨʝʘʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʢʦʥʝʯʝʥ ʠ ʵʪʦʛʦ 

ʤʦʤʝʥʪʘ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʣʘʪʬʦʨʤʫ. 

ʄʦʜʝʣʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʠ ʦʪʣʘʞʝʥʳ ʩ ʧʦ-

ʤʦʱʴʶ ʨʫʯʥʦʛʦ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ (ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʚʝʥʴʝʚ ʨʝʛʫʣʷʪʦ-
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ʨʦʚ) ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʟʤʦʞʥʦʛʦ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʂʨʠʪʝʨʠʷʤʠ ʢʘʯʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʘ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ [ɹʝʩʝʢʝʨʩʢʠʡ, 1972]. ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʪʬʦʨʤʦʡ. 
 

ʊʘʙʣ.1. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʈʝʛʫʣʷʪʦʨ ʫʛʣʘ 
ʈʝʛʫʣʷʪʦʨ ʧʦʣʦ-

ʞʝʥʠʷ 
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ʫ
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ʠ
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ʤ
ʦ
ʜ
ʝ
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ʂʣʘʩʩʠʯʝʩʢʠʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʫʛʣʘ ʠ 

ʢʣʘʩʩʠʯʝʩʢʠʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝ-

ʥʠʷ 

11,02 2,03 0,57 6,47 

ʅʝʯʝʪʢʠʡ ʇɼ-ʨʝʛʫʣʷʪʦʨ ʫʛʣʘ ʠ ʢʣʘʩʩʠ-

ʯʝʩʢʠʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝʥʠʷ 
11,34 2,14 0,94 6,12 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʫʛʣʘ ʠ 

ʥʝʯʝʪʢʠʡ ʇɼ-ʨʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝʥʠʷ 
9,20 2,34 0,75 6,09 

ʅʝʯʝʪʢʠʡ ʇɼ-ʨʝʛʫʣʷʪʦʨ ʫʛʣʘ ʠ ʥʝʯʝʪʢʠʡ 

ʇɼ-ʨʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝʥʠʷ 
9,10 2,74 0,15 7,27 

ʅʝʯʝʪʢʠʡ ʇɼ-ʨʝʛʫʣʷʪʦʨ ʫʛʣʘ ʩ ʥʝʨʘʚʥʦ-

ʤʝʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʌʇ ʠ ʢʣʘʩʩʠʯʝ-

ʩʢʠʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʧʦʣʦʞʝʥʠʷ 

6,46 2,04 0,31 9,40 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʫʛʣʘ ʠ 

ʥʝʯʝʪʢʠʡ ʇɼ-ʨʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝʥʠʷ ʩ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʌʇ. 

18,04 1,53 5,93 3,30 

ʅʝʯʝʪʢʠʡ ʇɼ-ʨʝʛʫʣʷʪʦʨ ʫʛʣʘ ʩ ʥʝʨʘʚʥʦ-

ʤʝʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʌʇ ʠ ʥʝʯʝʪʢʠʡ 

ʇɼ-ʨʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝʥʠʷ ʩ ʥʝʨʘʚʥʦʤʝʨ-

ʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʌʇ 

7,90 1,90 9,73 8,08 

 

ʀʟ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ ʥʠ ʦʜʥʘ ʠʟ ʩʭʝʤ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯ ɹʤʠʥʠʤʫʤʘ 

ʧʦ ʚʩʝʤ ʯʝʪʳʨʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʥʝʯʝʪʢʠʤ ʇɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʌʇ ʠ ʢʣʘʩʩʠʯʝʩʢʠʤ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʧʦʣʦʞʝʥʠʷ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʛʣʘ, ʥʝʙʦʣʴʰʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʫʛʣʘ ʥʘʢʣʦʥʘ, ʤʘʣʦʝ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʣʦʞʝʥʠʷ, ʥʦ ʩʘʤʫʶ 

ʙʦʣʴʰʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʧʦʣʦʞʝʥʠʷ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʭʢʦʣʝʩʥʦʡ ʙʘʣʘʥʩʠʨʫʶ-

ʱʝʡ ʧʣʘʪʬʦʨʤʦʡ. ʇʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʤʦʜʠʬʠʢʘʮʠʡ ʩʭʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʯʝʪʢʠʭ ʇɼ-ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʌʇ ʧʦ ʥʦʩʠʪʝʣʶ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʫʭʢʦʣʝʩʥʦʡ ʧʣʘʪʬʦʨʤʳ. ɺ 

ʧʨʦʛʨʘʤʤʝ Simulink MATLAB  ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʤʠʪʘʮʠʦʥ-

ʥʘʷ ʤʦʜʝʣʴ, ʘ ʥʘ ʝʝ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ ʜʣʷ ʚʩʝʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʧʣʘʪʬʦʨʤʦʡ. 

ʇʦʩʨʝʜʩʪʚʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ Simulink ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ 

ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʣʫʯʰʠʤʠ ʪʨʝʙʫʝ-

ʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
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ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ  

ʠʤ.ʄ.ɺ.ʂʝʣʜʳʰʘ ʈɸʅ, ʄʦʩʢʚʘ 

ʆʧʠʩʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʨʝʰʘʶʱʠʡ ʟʘʜʘʯʫ ʦʙʥʘʨʫʞʝʥʠʷ ʦʜʠʥʦʯʥʳʭ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʤʦʙʠʣʴʥʳʤ ʨʦʙʦʪʦʤ ʩ ʧʦʤʦʱʴʶ ʜʘʣʴ-

ʥʦʤʝʨʘ. ʆʩʥʦʚʥʦʡ ʙʣʦʢ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥ ʢʘʢ ʩʠʩʪʝʤʘ ʧʨʦʜʫʢʮʠ-

ʦʥʥʳʭ ʧʨʘʚʠʣ, ʢʦʪʦʨʳʝ ʚʚʦʜʷʪ ʣʦʛʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʧʦʟʚʦʣʷ-

ʶʱʠʝ ʩʫʜʠʪʴ ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʝʧʷʪʩʪʚʠʷ. ʅʘʡʜʝʥʥʳʝ 

ʧʨʝʧʷʪʩʪʚʠʷ ʟʘʥʦʩʷʪʩʷ ʥʘ ʜʚʫʤʝʨʥʫʶ ʢʘʨʪʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʙʠʣʴʥʳʡ ʨʦʙʦʪ, ʜʘʣʴʥʦʤʝʨ, ʧʨʦʜʫʢʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ 

ɺʚʝʜʝʥʠʝ. ɿʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ 

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʷʚʣʷʝʪʩʷ 

ʘʣʛʦʨʠʪʤ, ʨʝʰʘʶʱʠʡ ʟʘʜʘʯʫ ʦʙʥʘʨʫʞʝʥʠʷ ʨʦʙʦʪʦʤ ʦʜʠʥʦʯʥʳʭ ʠʟʦʣʠʨʦ-

ʚʘʥʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʧʦ ʚʨʝʤʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʥʝʰʥʝʡ ʩʨʝ-

ʜʝ. ɼʣʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʵʬʬʝʢʪʠʚʥʳʤ ʩʝʥʩʦʨʦʤ ʩʣʫʞʠʪ ʜʘʣʴʥʦʤʝʨ. 

ɺʦ ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʘʣʴʥʦʤʝʨ ʦʧʨʝʜʝʣʷʝʪ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʝʛʦ 

ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ (ʥʘʙʣʶʜʝʥʠʷ) ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʨʦʙʦʪ ʦʙʲʝʢʪʘʤʠ ï 

ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ, ʦʜʥʘʢʦ, ʩ çʪʦʯʢʠ ʟʨʝʥʠʷè ʨʦʙʦʪʘ 

ʵʪʠ ʪʦʯʢʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʷʚʣʷʶʪʩʷ ʨʘʚʥʦʟʥʘʯʥʳʤʠ. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʩʨʝʜʠ ʚʩʝʛʦ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ (ʦʙʣʘʢʘ) ʪʦʯʝʢ ʚʳʜʝʣʠʪʴ ʪʦʯʢʠ, ʧʨʠʥʘʜ-

ʣʝʞʘʱʠʝ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʪʦʯʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʧʨʝʧʷʪʩʪʚʠʷʤ, 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʳ ʵʪʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʥʘʥʝʩʪʠ ʠʭ ʥʘ 2D-ʢʘʨʪʫ ʤʝʩʪʥʦʩʪʠ.  

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟʫʯʘʝʤʘʷ ʤʝʩʪʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯ-

ʥʦ ʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ (ʥʘʧʨʠʤʝʨ, ʦʥʠ 

ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʦʜʠʥʦʯʥʳʝ ʢʘʤʥʠ ʠʣʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʛʨʫʜʳ 

ʢʘʤʥʝʡ). ɹʫʜʝʤ ʪʘʢʞʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟ ʧʦʢʘʟʘʥʠʡ ʜʨʫʛʠʭ ʧʨʠʙʦʨʦʚ (ʧʦʤʠ-

ʤʦ ʜʘʣʴʥʦʤʝʨʘ) ʨʦʙʦʪʫ ʠʟʚʝʩʪʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʤʝʩʪʥʦʡ ʚʝʨʪʠʢʘʣʠ.  



 

 

196 

1. ʀʩʭʦʜʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʨʦʭʦʜʠʤʳʤʠ ʜʣʷ 

ʨʦʙʦʪʘ, ʝʩʣʠ ʥʦʨʤʘʣʠ ʚ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʦʛʦ ʫʯʘʩʪʢʘ ʤʘʣʦ ʦʪʣʠʯʘʶʪ-

ʩʷ ʦʪ ʚʝʨʪʠʢʘʣʠ. ʊʘʢ ʙʫʜʝʪ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʤʝʩʪʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʣʦʛʠʝ çʭʦʣʤʳè. çʄʘʣʦʝ ʦʪʣʠʯʠʝè ʦʪ ʚʝʨʪʠʢʘʣʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʢʣʦʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ Oxy 

ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʙʦʪʘ ï ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʫʯʘʩʪʦʢ ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʢʦʤ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʝʩʣʠ ʨʦʙʦʪ ʤʦʞʝʪ ʢʘʢ ʩʧʫʩʪʠʪʴʩʷ, ʪʘʢ ʠ ʧʦʜʥʷʪʴʩʷ ʧʦ ʪʘʢʦʤʫ ʫʯʘʩʪʢʫ. 

ʇʨʠʤʝʨ ʪʘʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.1 (ʩʣʝʚʘ), ʟʘʰʪʨʠʭʦʚʘʥʳ ʥʝ-

ʧʨʦʭʦʜʠʤʳʝ ʫʯʘʩʪʢʠ ʩ ʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʘʣʠ ʩ0. 
 

  
 

ʈʠʩ.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʟʦʥ ʧʨʦʭʦʜʠʤʦʩʪʠ ʧʦ ʥʦʨʤʘʣʷʤ 
 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʣʦʢʘʣʴʥʳʭ ʧʝʨʝ-

ʧʘʜʦʚ ʚʳʩʦʪʳ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʫʯʘʩʪʢʝ, ʪ.ʝ. ʧʦʚʝʨʭʥʦʩʪʴ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʪʫʧʝʥʴʢʠ.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʦ ʦʜʠ-

ʥʦʯʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ (ʥʝʢʦʪʦʨʦʝ ʪʝʣʦ), ʪʘʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ʈʘʩ-

ʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʡ ʥʦʨʤʘʣʝʡ ʚ ʧʣʦʩʢʦʩʪʠ P, ʩʣʝʜʫʷ ʟʘ ʧʦʜʲ-

ʝʤʦʤ ʣʫʯʘ ʜʘʣʴʥʦʤʝʨʘ, ʠʩʭʦʜʷʱʝʛʦ ʠʟ ʪʦʯʢʠ D.   

ʅʦʨʤʘʣʴ ʚ ʪʦʯʢʘʭ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʙʫʜʝʪ ʤʘʣʦ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʚʝʨʪʠʢʘʣʠ. ɺ ʪʦʯʢʘʭ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʪʝʣʫ, ʥʘʧʨʘʚʣʝʥʠʝ 

ʥʦʨʤʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ï ʩʥʘʯʘʣʘ ʥʦʨʤʘʣʴ ʩʠʣʴʥʦ ʦʪʢʣʦʥʷʝʪʩʷ 

ʦʪ ʚʝʨʪʠʢʘʣʠ ʠ ʥʘʧʨʘʚʣʝʥʘ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ I, ʦʧʨʝʜʝʣʷʝʤʦʝ ʪʦʯʢʦʡ 

ʧʦʜʚʝʩʘ ʜʘʣʴʥʦʤʝʨʘ D ʠ ʧʣʦʩʢʦʩʪʴʶ R, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ P 

(ʪ.ʝ. ʥʦʨʤʘʣʴ ʧʨʦʪʠʚʦʥʘʧʨʘʚʣʝʥʘ ʣʫʯʫ ʚʠʟʠʨʦʚʘʥʠʷ, ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝ-

ʜʝʥʠʝ ʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʦʚ ʦʪʨʠʮʘʪʝʣʴʥʦ). ɿʘʪʝʤ ʥʦʨʤʘʣʴ cʥʦʚʘ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʯʪʠ ʚʝʨʪʠʢʘʣʴʥʦʡ, ʘ ʟʘʪʝʤ ï ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥ-

ʩʪʚʦ II, ʷʚʣʷʶʱʝʝʩʷ ʜʦʧʦʣʥʝʥʠʝʤ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ I (ʥʦʨʤʘʣʴ ʩʦʥʘʧʨʘʚ-

ʣʝʥʘ ʩ ʣʫʯʦʤ ʚʠʟʠʨʦʚʘʥʠʷ, ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʚʝʢʪʦʨʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦ). ɿʘʪʝʤ ʩʥʦʚʘ ʚ ʪʦʯʢʘʭ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʧʦʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦʨʤʘʣʴ ʙʫʜʝʪ ʤʘʣʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʚʝʨʪʠʢʘʣʠ. ʀʟʤʝʥʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʠʡ ʥʦʨʤʘʣʝʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1 ʩʧʨʘʚʘ. 
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2. ʌʦʨʤʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ 

ʇʨʠʤʝʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʜʘʣʴʥʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪ-

ʩʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʡ ʟʥʘʯʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʝʡ 

ʜʚʫʭ ʫʛʣʦʚ Ŭ ʠ ɓ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ, ʧʨʠ-

ʩʫʱʝʡ ʜʘʣʴʥʦʤʝʨʫ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ ʢʘʢ ʨʝʘʣʴʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ, ʪʘʢ ʠ ʤʦʜʝʣʴʶ ʜʘʣʴʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ, ʚʳʯʠʩʣʷʶʱʝʡ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʩʮʝʥʳ ʠ ʠʤʝʶʱʝʡ ʪʦʪ ʞʝ ʬʦʨʤʘʪ ʜʘʥʥʳʭ. 

ɺʚʝʜʝʤ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʜʘʣʴʥʦʤʝʨʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʩʪʨʦʠʪʴ 

2D-ʢʘʨʪʫ ʧʨʝʧʷʪʩʪʚʠʡ. ʕʪʦʪ ʤʝʪʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 8 ʵʪʘʧʦʚ: 

1) ʚʳʯʠʩʣʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʪ (x, y, z) ʚʩʝʭ ʠʟʤʝʨʝʥʥʳʭ ʪʦʯʝʢ ʧʦ ʠʟ-

ʤʝʨʝʥʠʷʤ ʥʘʢʣʦʥʥʳʭ ʜʘʣʴʥʦʩʪʝʡ ʜʦ ʥʠʭ, ʤʥʦʞʝʩʪʚʦ ʵʪʠʭ ʪʦʯʝʢ ʦʙʦʟʥʘʯʠʤ Pn, 

2) ʧʦʩʪʨʦʝʥʠʝ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʢʠ Ct (ʩʧʝʮʠʘʣʴʥʦʡ ʩʝʪʢʠ ʪʨʝ-

ʫʛʦʣʴʥʠʢʦʚ), ʥʘʪʷʥʫʪʦʡ ʥʘ ʠʟʤʝʨʝʥʥʳʝ ʪʦʯʢʠ, 

3) ʚʳʯʠʩʣʝʥʠʝ ʥʦʨʤʘʣʝʡ ʢ ʧʦʩʪʨʦʝʥʥʳʤ ʪʨʝʫʛʦʣʴʥʠʢʘʤ ʩʝʪʢʠ Ct, 

4) ʚʳʯʠʩʣʝʥʠʝ ʥʘʙʦʨʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ Hs ʪʨʝʫʛʦʣʴʥʠ-

ʢʦʚ ʩʝʪʢʠ Ct ʠ ʧʦʩʪʨʦʝʥʠʝ ʚʝʢʪʦʨʦʚ ʢʦʜʦʚ ʜʦʩʪʦʚʝʨʥʦʩʪʠ Cd ʪʦʯʝʢ (ʚʝʨ-

ʰʠʥ) ʪʨʝʫʛʦʣʴʥʠʢʦʚ Ct, 

5) ʘʥʘʣʠʟ ʥʦʨʤʘʣʝʡ ʠ ʚʝʢʪʦʨʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ Hs ʠ 

ʢʦʜʦʚ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʚʳʜʝʣʝʥʠʝ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʟʦʥ ʧʨʦʭʦʜʠʤʳʭ ʫʯʘʩʪ-

ʢʦʚ,  ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʠʭ ʪʝʥʝʡ ʥʘ 2D-ʢʘʨʪʝ, 

6) ʜʝʣʝʥʠʝ ʟʦʥ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ, 

7) ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʫʪʦʯʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʝʨ-

ʰʠʥʘʭ ʠ ʪʨʝʫʛʦʣʴʥʠʢʘʭ ʩʝʪʢʠ Ct, 

8) ʧʦʩʪʨʦʝʥʠʝ ʛʘʙʘʨʠʪʦʚ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ 2D-ʢʘʨʪʝ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ 

ʛʘʙʘʨʠʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʠ ʧʨʝʧʷʪʩʪʚʠʷ, ʠ ʠʭ ʪʝʥʠ.  

ʕʪʘʧʳ 1ï4 ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ. ʆʩʥʦʚʥʦʡ ʵʪʘʧ ï ʵʪʦ ʵʪʘʧ 5, ʚ ʥʝʤ ʥʘ ʦʩ-

ʥʦʚʘʥʠʠ ʣʦʛʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʧʨʠʥʠʤʘʪʩʷ ʨʝʰʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪ-

ʩʪʚʠʠ ʧʨʝʧʷʪʩʪʚʠʡ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ 6ï8 ʧʨʝʧʷʪʩʪʚʠʝ ʢʘʨʪʠʨʫʝʪʩʷ ï 

ʟʘʥʦʩʠʪʩʷ ʥʘ ʢʘʨʪʫ.  

ɿʘʤʝʪʠʤ, ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʘʣʴʥʦʤʝʨʘʭ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [ʃʝʤʪʶʞʥʠʢʦʚ, 

1938] ï [Cognitive Autonomous Vehicles 2004]. 

ʕʪʘʧ 1. ɺʳʯʠʩʣʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠʟʤʝʨʝʥʥʳʭ ʪʦʯʝʢ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ dn ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ D ʜʘʣʴʥʦʤʝʨʘ ʜʦ n-ʡ ʪʦʯʢʠ 

ʩʮʝʥʳ, Ŭn, ɓn ï ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʛʣʦʚ ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ ʜʘʣʴʥʦ-

ʤʝʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʢʝ ʩ ʠʥʜʝʢʩʦʤ n. ʊʦʛʜʘ ʢʦʦʨʜʠʥʘʪʳ n-ʡ ʪʦʯʢʠ 

(ʠʟ ʦʙʣʘʢʘ) ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʧʦ ʬʦʨʤʫʣʘʤ: 

cos cos ,

sin cos ,

sin .

n n n n

n n n n

n D n n

x d

y d

z z d

a b

a b

b

ë = Ö Ö
î

= Ö Öì
î

= + Öí
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ɿʜʝʩʴ zD ï ʚʳʩʦʪʘ ʧʦʜʚʝʩʘ ʜʘʣʴʥʦʤʝʨʘ ʥʘʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ 

Oxy . ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘʙʦʨ ʪʦʯʝʢ (zn) ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʳʚʘʝʪʩʷ 

ʢʘʨʪʦʡ ʚʳʩʦʪ ï  elevation map.  

ʕʪʘʧ 2. ʇʦʩʪʨʦʝʥʠʝ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʢʠ Ct. 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʥʫʤʝʨʘʮʠʷ ʪʦʯʝʢ (ʚʝʨʰʠʥ) ʠ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʵʪʠʭ ʪʦʯʢʘʭ. ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʪʨʠʘʥ-

ʛʫʣʷʮʠʦʥʥʘʷ ʩʝʪʢʘ Ct, ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʩʝ ʚʳʯʠʩʣʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʵʪʦʡ 

ʩʝʪʢʝ. ʇʦʢʘʞʝʤ ʵʪʫ ʥʫʤʝʨʘʮʠʶ. 

ʇʫʩʪʴ i ï ʥʦʤʝʨ ʦʯʝʨʝʜʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ Ŭi (ʚ ʚʳʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʜʘʣʴʥʦʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʛʣʘ Ŭ , ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʩʦ 

ʩʪʦʨʦʥʳ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ z), ʘ j ï ʥʦʤʝʨ ʦʯʝʨʝʜʥʦʛʦ ʜʠʩ-

ʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ɓj . ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʝ: ʧʫʩʪʴ ʊ(a, b, c) ï ʪʨʝ-

ʫʛʦʣʴʥʠʢ, ʚʝʨʰʠʥʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʪʦʯʢʠ ʩ ʥʦʤʝʨʘʤʠ a,b,c. ʇʦʩʪʨʦ-

ʠʤ ʪʨʝʫʛʦʣʴʥʠʢ Tk, ʩʦʝʜʠʥʠʚ ʦʪʨʝʟʢʘʤʠ ʪʦʯʢʠ ʩ ʥʦʤʝʨʘʤʠ 

( )( ), 1 , 1i N j i N j i N jb b b+ + + + + ʠ ʪʨʝʫʛʦʣʴʥʠʢ Tk+1, ʩʦʝʜʠʥʠʚ ʪʦʯ-

ʢʠ ( ) ( )( )11,1,1 +++++++ bbb jNijNijNi . 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʚʝʜʝʥʠʝʤ ʠʥʜʝʢʩʦʚ i, j, k ʜʣʷ ʯʝʪʥʳʭ ʥʦʤʝʨʦʚ k ʩʧʨʘ-

ʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ( )( )[ ]1112 -+--= b jiNk , ʘ ʜʣʷ ʥʝʯʝʪʥʳʭ ʥʦʤʝʨʦʚ k 

ï ʩʦʦʪʥʦʰʝʥʠʝ: ( )( )[ ] .11112 +-+--= b jiNk  ʛʜʝ Nt ï ʯʠʩʣʦ ʪʨʝʫʛʦʣʴʥʠ-

ʢʦʚ, ( )( )112 --= ba NNNt
, ʪʨʝʫʛʦʣʴʥʠʢʠ Tk ʠ Tk+1 ʚ̫ʣʷʶʪʩʷ ʩʦʩʝʜʥʠʤʠ. ɺʩʝ 

ʪʘʢʠʝ ʪʨʝʫʛʦʣʴʥʠʢʠ çʦʨʛʘʥʠʟʫʶʪè ʠʟʤʝʨʝʥʥʳʝ ʪʦʯʢʠ ʚ ʩʪʨʫʢʪʫʨʫ ʩʝʪʢʠ Ct. 

ʕʪʘʧʳ 3ï4. ɺʳʯʠʩʣʝʥʠʝ ʥʦʨʤʘʣʝʡ ʢ ʪʨʝʫʛʦʣʴʥʠʢʘʤ ʩʝʪʢʠ Ct. ɺʳʯʠʩ-

ʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠ ʢʦʜʦʚ ʪʦʯʝʢ. 

ʆʧʠʰʝʤ ʚʳʯʠʩʣʝʥʠʝ ʥʦʨʤʘʣʝʡ ʢ ʧʦʩʪʨʦʝʥʥʳʤ ʪʨʝʫʛʦʣʴʥʠʢʘʤ.  

ʀʪʘʢ, ʧʫʩʪʴ ʠʤʝʝʪʩʷ ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʥʦʤʝʨʦʤ k ʩ ʜʦʩʪʦʚʝʨʥʦ ʠʟʤʝʨʝʥ-

ʥʳʤʠ ʚʝʨʰʠʥʘʤʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʧʣʦʩʢʦʩʪʠ Ak, Bk, Ck, Dk, ʧʨʦ-

ʭʦʜʷʱʝʡ ʯʝʨʝʟ ʜʘʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʠʟʚʝʩʪʥʳʤ 

ʬʦʨʤʫʣʘʤ ʛʝʦʤʝʪʨʠʠ, ʠ ʚʝʢʪʦʨ (Ak, Bk, Ck) ï ʥʦʨʤʘʣʴ ʢ ʪʨʝʫʛʦʣʴʥʠʢʫ. 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʩʣʝ ʥʦʨʤʠʨʦʚʢʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʝʜʠ-

ʥʠʯʥʦʡ ʜʣʠʥʳ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦ (Ak, Bk, Ck).  ɹʫʜʝʤ ʜʘʣʝʝ ʩʯʠʪʘʪʴ, ʯʪʦ 

(Ak, Bk, Ck ) ï ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʚʝʢʪʦʨ. ʇʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʳʙʦʨʝ ʥʦ-

ʤʝʨʨʦʚ ʚʝʨʰʠʥ ʥʦʨʤʘʣʠ ʢ ʪʨʝʫʛʦʣʴʥʠʢʘʤ ʙʫʜʫʪ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʜ-

ʥʦʠʤʝʥʥʳʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ (ʦʜʥʦʛʦ ʟʥʘʢʘ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʝʡ 

ʵʪʠʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʠ ʝʩʣʠ ʩʤʦʪʨʝʪʴ ʠʟ ʢʦʥʮʘ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ ʢ ʪʨʝ-

ʫʛʦʣʴʥʠʢʫ, ʦʙʭʦʜ ʝʛʦ ʚʝʨʰʠʥ ʚʩʝʛʜʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʦʪʠʚ ʯʘʩʦ-

ʚʦʡ ʩʪʨʝʣʢʠ. 
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ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʪʘʧʘʭ ʚʚʦʜʠʪʩʷ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʘʷ ʢʦʜʠʨʦʚʢʘ 

ʚʝʨʰʠʥ ï ʥʘʙʦʨʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʚ ʩʠʩʪʝʤʝ. ʕʪʦ ʥʘʙʦʨ ʠʟ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʝʢʪʦʨʳ ʩʠʩʪʝʤʳ, ï ʥʦʨʤʘʣʠ ʢ 

k-ʤʫ ʪʨʝʫʛʦʣʴʥʠʢʫ ʪʨʠʘʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʢʠ ʠ ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ (ʠʟʤʝʨʠ-

ʪʝʣʴʥʦʛʦ ʣʫʯʘ) ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺʚʦʜʠʪʩʷ ʪʘʢʞʝ ʢʦʜ, ʥʘʟʳ-

ʚʘʝʤʳʡ çʩʢʘʯʢʦʤ ʚʳʩʦʪʳ ʚʧʝʨʝʜè. 

ʕʪʘʧ 5. ɺʳʜʝʣʝʥʠʝ ʫʯʘʩʪʢʦʚ ʧʨʦʭʦʜʠʤʦʩʪʠ ʠ ʟʦʥ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʠʭ 

ʪʝʥʝʡ ʥʘ 2D-ʢʘʨʪʝ. 

ɺʚʝʜʝʤ ʚʝʢʪʦʨ mt ʤʘʨʢʠʨʦʚʢʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʝʪʢʠ Ct. ʕʪʦʪ ʚʝʢʪʦʨ 

ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʢʨʘʩʢʫ ʩʝʪʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʥʦʤʝʨʦʤ 

k ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥ ʢ ʦʜʥʦʤʫ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ: ʧʦʜʩʪʠʣʘʶʱʘʷ ʧʦ-

ʚʝʨʭʥʦʩʪʴ (mt(k)=0), ʥʝʜʦʩʪʦʚʝʨʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ (mt(k) = ï1), ʧʨʝʧʷʪʩʪʚʠʝ 

(mt(k) = ï2), ʙʦʢʦʚʘʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʘʨʳ ʜʘʣʴʥʦʤʝʨ-

ʧʨʝʧʷʪʩʪʚʠʝ) ʪʝʥʴ ʦʪ ʧʨʝʧʷʪʩʪʚʠʷ (mt(k) = ï3), ʠ ʪʝʥʴ ʦʪ ʧʨʝʧʷʪʩʪʚʠʷ ʟʘ 

ʧʨʝʧʷʪʩʪʚʠʝʤ (mt(k) = ï4). ʆʧʠʰʝʤ ʧʨʦʮʝʜʫʨʫ ʪʘʢʦʡ ʤʘʨʢʠʨʦʚʢʠ. 
 

 
 

ʈʠʩ.2. ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʟʦʥʳ ʚʦʢʨʫʛ ʧʨʝʧʷʪʩʪʚʠʷ 
 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ D'x'y' (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʣʦʩ-

ʢʦʩʪʴ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʜʘʣʴʥʦʤʝʨ) ʥʝʢʦʪʦʨʦʛʦ ʪʝʣʘ (ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ 

ʩʦʙʦʡ ʧʘʨʘʣʣʝʣʠʧʝʜ, ʚ ʧʨʦʝʢʮʠʠ ï ʧʨʷʤʦʫʛʦʣʴʥʠʢ), ʧʨʦʝʢʮʠʠ ʣʫʯʘ ʜʘʣʴʥʦ-

ʤʝʨʘ ʠ ʥʦʨʤʘʣʠ ʢ ʚʳʜʝʣʝʥʥʦʤʫ ʪʨʝʫʛʦʣʴʥʠʢʫ, ʘ ʪʘʢʞʝ ʧʝʨʝʜʥʷʷ, ʟʘʜʥʷʷ ʠ 

ʜʚʝ ʙʦʢʦʚʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʟʦʥʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʥʘ ʨʠʩ. 2 ʮʠʬʨʘʤʠ I, 

II ʠ III ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʚʝʜʝʥʥʳʝ ʟʦʥʳ ʨʝʘʣʠʟʫʶʪ ʧʦʨʦʛʦʚʫʶ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʶ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʦʨʤʘʣʝʡ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʪʨʝʫʛʦʣʴʥʠʢʘʤ. 

ʊʨʝʫʛʦʣʴʥʠʢʠ ʩʝʪʢʠ Ct ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʦʨʦʛʘʤ, ʧʦ 

ʥʠʤ ʞʝ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʚʝʨʰʠʥʳ ʵʪʦʡ ʩʝʪʢʠ: 

c0 ï ʧʦʨʦʛ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

c1 ï ʧʦʨʦʛ ʫʛʣʘ ʥʘʢʣʦʥʘ ʥʦʨʤʘʣʠ ʢ ʚʝʨʪʠʢʘʣʠ, 

ʩ2 ï ʧʦʨʦʛ ʩʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʫʛʣʘ ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ ʩ ʥʦʨʤʘʣʴʶ. 

ʉ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʥʳʭ ʧʦʨʦʛʦʚʳʭ ʚʝʣʠʯʠʥ ʙʫʜʝʤ ʜʘʣʝʝ ʢʣʘʩʩʠʬʠʮʨʦ-

ʚʘʪʴ (ʨʘʩʢʨʘʰʠʚʘʪʴ) ʪʨʝʫʛʦʣʴʥʠʢʠ ʩʝʪʢʠ Ct ʠ ʠʭ ʚʝʨʰʠʥʳ. ɼʣʷ ʵʪʦʛʦ ʙʫ-

ʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʚʝʢʪʦʨʘ ʧʨʠʟʥʘʢʦʚ ï ʪʨʝʫʛʦʣʴʥʠʢʦʚ mt ʠ, ʘʥʘʣʦʛʠʯ-

ʥʳʡ, ʜʣʷ ʚʝʨʰʠʥ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ. 
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ɺʚʝʜʝʤ ʥʘʙʦʨ ʨʝʰʘʶʱʠʭ ʧʨʘʚʠʣ P = { P1, P2, P3, P4, P5} , ʚʳʧʦʣʥʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʦʪʥʝʩʪʠ ʪʝʢʫʱʠʡ ʪʨʝʫʛʦʣʴʥʠʢ 

Tk ʢ ʦʜʥʦʤʫ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʪʠʧʦʚ. ʇʨʘʚʠʣʘ Pi ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

P1 ï ʥʦʨʤʘʣʴ ʩʠʣʴʥʦ ʦʪʢʣʦʥʝʥʘ ʦʪ ʚʝʨʪʠʢʘʣʠ (ʫʛʦʣ ʥʘʢʣʦʥʘ ʥʦʨʤʘʣʠ 

ʙʦʣʴʰʝ ʧʦʨʦʛʘ ʩ1), 

P2 ï ʧʨʦʝʢʮʠʷ ʥʦʨʤʘʣʠ ʥʘ ʧʣʦʩʢʦʩʪʴ D'x'y' ʩʦʥʘʧʨʘʚʣʝʥʘ ʩ ʧʨʦʝʢʮʠʝʡ 

ʣʫʯʘ ʦʙʟʦʨʘ ʥʘ ʪʫ ʞʝ  ʧʣʦʩʢʦʩʪʴ ï ʥʦʨʤʘʣʴ ʥʘʧʨʘʚʣʝʥʘ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥ-

ʥʫʶ ʟʦʥʫ III  (ʨʠʩ.3), 

P3 ï ʧʨʦʝʢʮʠʷ ʥʦʨʤʘʣʠ ʥʘ ʧʣʦʩʢʦʩʪʴ D'x'y' ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝ-

ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʝʢʮʠʠ ʣʫʯʘ ʦʙʟʦʨʘ ʥʘ ʪʫ ʞʝ ʧʣʦʩʢʦʩʪʴ - ʥʦʨʤʘʣʴ 

ʥʘʧʨʘʚʣʝʥʘ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʫʶ ʟʦʥʫ I, 

P4 ï ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ ʥʝʪ ʩʢʘʯʢʘ ʧʦ z, 

P5 ï ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʧʨʝʜʳʜʫʱʠʤ ʥʦʤʝʨʦʤ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʧʨʝʧʷʪʩʪʚʠʝ. 

ʊʦʛʜʘ ʦʢʦʥʯʘʪʝʣʴʥʦ ʚʳʚʦʜ ʦ ʥʘʣʠʯʠʠ/ʦʪʩʫʪʩʪʚʠʠ ʧʨʝʧʷʪʩʪʚʠʡ ʤʦʞʝʪ 

ʙʳʪʴ ʩʜʝʣʘʥ ʩʣʝʜʫʶʱʠʤʠ ʧʨʦʜʫʢʮʦʥʥʳʤʠ ʧʨʘʚʠʣʘʤʠ: 

( ) ( )

( ) ( )

2 4

2 4 2 3 4

2 4 2 3 4

, ( ) 4,

, ( ) 3,

( ) 1 3 , ( ) 2.

t

t

t

ʝʩʣʠ P P ʪʦ m k

ʝʩʣʠ P P P P P ʪʦ m k

ʝʩʣʠ P P P P P P P ʪʦ m k

Ø = -

Ø Ø Ù Ù = -

Ø Ø Ù Ù Ø Ù = -

 

ɽʩʣʠ ʜʣʷ ʪʨʝʫʛʦʣʴʥʠʢʘ Tk ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʪʠʥʥʦ ʧʨʘʚʠʣʦ P2 ʠ ʣʦʞʥʦ 

ʧʨʘʚʠʣʦ P4, ʪʦ ʪʘʢʦʡ ʪʨʝʫʛʦʣʴʥʠʢ ʤʘʨʢʠʨʫʝʪʩʷ (ʦʢʨʘʰʠʚʘʝʪʩʷ) ʢʘʢ ʪʝʥʴ ʟʘ 

ʧʨʝʧʷʪʩʪʚʠʝʤ. ɺʚʝʜʝʥʥʦʝ ʫʩʣʦʚʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʦʨʤʘʣʴ ʢ ʪʨʝʫʛʦʣʴʥʠʢʫ 

ʥʘʧʨʘʚʣʝʥʘ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʫʶ ʟʦʥʫ II ʠ ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ ʠʤʝʝʪʩʷ ʩʢʘ-

ʯʦʢ ʚʳʩʦʪʳ ʤʝʞʜʫ ʝʛʦ ʚʝʨʰʠʥʘʤʠ. 

ɽʩʣʠ ʜʣʷ ʪʨʝʫʛʦʣʴʥʠʢʘ Tk  ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʳʤ ʣʦʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʝ-

ʜʝʥʠʝ P2 ʠ 4P , ʠ ʝʩʣʠ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʦʡ ʣʦʛʠʯʝʩʢʘʷ ʩʫʤʤʘ ʧʨʘʚʠʣ P2, 

P3, P4 ʪʦ ʪʘʢʦʡ ʪʨʝʫʛʦʣʴʥʠʢ ʤʘʨʢʠʨʫʝʪʩʷ ʢʘʢ ʙʦʢʦʚʘʷ ʪʝʥʴ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʪʨʝʫʛʦʣʴʥʠʢ ʙʫʜʝʪ ʦʢʨʘʰʝʥ ʢʘʢ ʙʦʢʦʚʘʷ ʪʝʥʴ, ʝʩʣʠ ʥʝ ʚʳʧʦʣʥʝʥʦ 

ʧʨʝʜʳʜʫʱʝʝ ʫʩʣʦʚʠʝ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠ ʵʪʦʤ ʥʦʨʤʘʣʴ ʢ ʪʨʝʫʛʦʣʴʥʠʢʫ 

ʥʝ ʥʘʧʨʘʚʣʝʥʘ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʟʦʥʳ I ʠ II (ʪ.ʝ. ʥʘʧʨʘʚʣʝʥʘ ʚ ʟʦʥʫ III) 

ʠ ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ ʥʝʪ ʩʢʘʯʢʘ ʚʳʩʦʪʳ ʤʝʞʜʫ ʝʛʦ ʚʝʨʰʠʥʘʤʠ. 

ɽʩʣʠ ʜʣʷ ʪʨʝʫʛʦʣʴʥʠʢʘ Tk ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʳʤ ʧʨʝʜʳʜʫʱʝʝ ʫʩʣʦʚʠʝ, 

ʠ ʝʩʣʠ ʠʩʪʠʥʥʳ ʫʩʣʦʚʠʷ P1 ʠʣʠ P5, ʪʦ ʪʘʢʦʡ ʪʨʝʫʛʦʣʴʥʠʢ ʤʘʨʢʠʨʫʝʪʩʷ ʢʘʢ 

ʧʨʝʧʷʪʩʪʚʠʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʨʝʫʛʦʣʴʥʠʢ ʙʫʜʝʪ ʦʢʨʘʰʝʥ ʢʘʢ ʧʨʝʧʷʪ-

ʩʪʚʠʝ, ʝʩʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʚʳʧʦʣʥʝʥʦ ʧʨʝʜʳʜʫʱʝʝ ʩʦʩʪʘʚʥʦʝ ʫʩʣʦʚʠʝ, ʠ 

ʣʠʙʦ ʥʦʨʤʘʣʴ ʩʠʣʴʥʦ ʦʪʢʣʦʥʝʥʘ ʦʪ ʚʝʨʪʠʢʘʣʠ (ʚ ʟʦʥʫ I), ʣʠʙʦ ʧʨʝʜʳʜʫʱʠʡ 

ʪʨʝʫʛʦʣʴʥʠʢ ʫʞʝ ʦʢʨʘʰʝʥ ʢʘʢ ʧʨʝʧʷʪʩʪʚʠʝ. 
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ʕʪʘʧʳ 6ï8. ɼʝʣʝʥʠʝ ʟʦʥ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʧʨʝʧʷʪʩʪʚʠʡ. ʇʦʩʪʨʦʝʥʠʝ ʛʘʙʘʨʠʪʦʚ ʧʨʝʧʷʪʩʪʚʠʡ ʠ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʛʘʙʘʨʠʪʦʚ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʠʭ ʪʝʥʝʡ ʥʘ 2D-ʢʘʨʪʝ. 

ʅʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʘʨʢʠʨʦʚʢʘ ʚʝʨʰʠʥ ʠ ʪʨʝ-

ʫʛʦʣʴʥʠʢʦʚ ʩʝʪʢʠ Ct ʠ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʧʨʠʥʘʜʣʝʞʠʪ 

ʣʠ ʦʥʘ ʢʘʢʦʤʫ-ʣʠʙʦ ʧʨʝʧʷʪʩʪʚʠʶ ʠʣʠ ʥʝʪ. ʅʘ ʟʘʚʝʨʰʘʶʱʠʭ ʵʪʘʧʘʭ ʜʣʷ 

ʢʘʞʜʦʡ ʪʦʯʢʠ ʠ ʜʣʷ ʚʩʝʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʢʘʢ ʙʦʢʦʚʳʝ ʪʝʥʠ 

ʠʣʠ ʪʝʥʠ ʟʘ ʧʨʝʧʷʪʩʪʚʠʝʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʝʧʷʪ-

ʩʪʚʠʶ ʦʥʠ ʧʨʠʥʘʜʣʝʞʘʪ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʩʪʨʦʷʪʩʷ ʛʨʘʥʠʮʳ ʵʪʠʭ 

ʧʨʝʧʷʪʩʪʚʠʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʚʝʨʰʠʥʳ ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ɻʨʘʥʠʮʝʡ ʙʫʜʝʤ 

ʥʘʟʳʚʘʪʴ ʪʝ ʚʝʨʰʠʥʳ, ʫ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ ʯʘʩʪʴ ʩʦʜʝʨʞʘʱʠʭ ʠʭ ʪʨʝʫʛʦʣʴ-

ʥʠʢʦʚ ʤʘʨʢʠʨʦʚʘʥʘ ʢʘʢ ʧʨʝʧʷʪʩʪʚʠʝ. 

ʊʘʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʘʙʘʨʠʪʘʤʠ ʦʙʥʘʨʫʞʝʥʥʳʭ 

ʧʨʝʧʷʪʩʪʚʠʡ. ʕʪʘʧ ʧʦʩʪʨʦʝʥʠʷ ʛʘʙʘʨʠʪʦʚ ʧʨʝʧʷʪʩʪʚʠʡ - ʬʠʥʠʰʥʳʡ ʵʪʘʧ 

ʘʣʛʦʨʠʪʤʘ. ɺ ʦʧʠʩʳʚʘʝʤʦʤ ʘʣʛʦʨʠʪʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʰʝʩʪʠ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʛʘʙʘʨʠʪʦʚ, ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʧʨʷʤʦʫʛʦʣʴ-

ʥʠʢʦʚ, ʦʢʨʫʞʥʦʩʪʝʡ ʠ ʵʣʣʠʧʩʦʚ. 

3. ʇʨʠʤʝʨʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ, ʥʘ ʢʦʪʦʨʦʡ ʥʘʥʝʩʝʥʳ 4 ʧʨʝʧʷʪʩʪʚʠʷ. ʅʘ 

ʢʘʨʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʦʜʥʦʛʦ ʩʢʘʥʘ ʚ ʧʨʦ-

ʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ D'x'y' (ʦʩʴ x' ʥʘʧʨʘʚʣʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʘ ʦʩʴ y' 

ʥʘʧʨʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚ ʧʣʦʩʢʦʩʪʠ ʨʠʩʫʥʢʘ). ʊʦʯʢʘ D' ʥʘ ʨʠʩʫʥʢʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʧʨʦʝʢʮʠʠ ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʜʘʣʴʥʦʤʝʨʘ ʠ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʦʤ ʧʦʣʷʨ-

ʥʦʡ ʩʝʪʢʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʢʘʥʠʨʦʚʘʥʠʝ.  

 

 
 

ʈʠʩ.3. ʂʘʨʪʘ ʧʨʝʧʷʪʩʪʚʠʡ 

 

ʇʨʠ ʵʪʦʤ ʥʦʤʝʨʘʤʠ 1 ʠ 3 ʦʙʦʟʥʘʯʝʥʳ ʧʨʦʝʢʮʠʠ ʠʟʤʝʨʝʥʠʡ ʜʚʫʭ ʧʘʨʘʣ-

ʣʝʣʝʧʠʧʝʜʦʚ (ʠ ʠʭ ʪʝʥʝʡ), ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤʦʡ ʢʘʢ ʧʨʝʧʷʪʩʪʚʠʷ. ʆʙʲ-
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ʝʢʪ ʩ ʥʦʤʝʨʦʤ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʝʢʮʠʶ ʠʟʤʝʨʝʥʠʡ ʧʨʠʟʤʳ ʩ ʦʩʥʦ-

ʚʘʥʠʷʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʣʦʩʢʦʩʪʠ D'x'y', ʠ ʩ ʥʘʢʣʦʥʝʥʥʦʡ ʩʪʦʨʦʥʦʡ, ʧʘ-

ʨʘʣʣʝʣʴʥʦʡ ʦʩʠ y'. ɿʘʤʝʪʠʤ, ʯʪʦ ʫʛʦʣ ʥʘʢʣʦʥʘ ʵʪʦʡ ʩʪʦʨʦʥʳ ʙʦʣʴʰʝ ʟʥʘʯʝ-

ʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʷʚʣʷʶʱʝʡʩʷ ʧʨʦʭʦʜʠʤʦʡ ʜʣʷ 

ʨʦʙʦʪʘ (ʪʘʢ ʙʳʣʠ ʟʘʜʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ c0 ʠ ʢʦʦʨ-

ʜʠʥʘʪʳ ʚʝʨʰʠʥ ʵʪʦʡ ʧʨʠʟʤʳ), ʠ ʧʦʵʪʦʤʫ ʜʘʥʥʘʷ ʩʪʦʨʦʥʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʢʘʢ ʧʨʝʧʷʪʩʪʚʠʝ. ʆʙʲʝʢʪ ʩ ʥʦʤʝʨʦʤ 4 ï ʵʪʦ ʧʨʦʝʢʮʠʷ ʠʟʤʝʨʝʥʠʡ ʧʦʣʫʩʬʝ-

ʨʳ, ʮʝʥʪʨ ʢʦʪʦʨʡ ʣʝʞʠʪ ʥʘ ʧʣʦʩʢʦʩʪʠ ʩʮʝʥʳ.  

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʨʦʚ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʧʠʩʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʟʘʰʫʤʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʨʠʙʣʠ-

ʞʝʥʥʳʭ ʢ ʜʘʥʥʳʤ ʨʝʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʫʩʪʦʡ-

ʯʠʚʫʶ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ ʚ ʧʨʝʜʝʣʘʭ ʜʦ ʚʝʣʠʯʠʥ ʦʰʠʙʦʢ ʧʦʨʷʜʢʘ 1ï1,5% ʦʪ 

ʚʝʣʠʯʠʥʳ ʠʩʭʦʜʥʦʡ ʜʘʣʴʥʦʩʪʠ. ɺ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʘʣʛʦʨʠʪʤ ʫʩʪʦʡʯʠʚʦ 

ʚʳʜʝʣʷʣ ʧʨʝʧʷʪʩʪʚʠʷ, ʧʨʠʯʝʤ, ʠʭ ʨʘʟʤʝʨʳ ʠ ʛʨʘʥʠʮʳ ʤʘʣʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ 

ʩʣʫʯʘʷ ʠʜʝʘʣʴʥʳʭ ʪʦʯʥʳʭ ʜʘʥʥʳʭ. ʇʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʦʰʠʙʦʢ ʘʣʛʦʨʠʪʤ 

ʪʘʢʞʝ ʚʳʜʝʣʷʣ ʨʝʘʣʴʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʷʚʣʷʣʠʩʴ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʝ çʬʘʥʪʦʤʥʳʝè ʧʨʝʧʷʪʩʪʚʠʷ ï ʟʦʥʳ, ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʘʣʠʩʴ ʘʣʛʦʨʠʪʤʦʤ ʢʘʢ 

ʧʨʝʧʷʪʩʪʚʠʷ, ʭʦʪʷ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʣʠʩʴ ʧʨʦʭʦʜʠʤʳʤʠ ʫʯʘʩʪʢʘʤʠ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʫʢʘʟʘʥʥʦʤ ʚʳʰʝ 1,5% ʜʠʘʧʘʟʦʥʝ ʪʦʯʥʦ-

ʩʪʠ ʠʟʤʝʨʝʥʠʡ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[ʃʝʤʪʶʞʥʠʢʦʚ ɼ.ʉ. 1938] ʃʝʤʪʶʞʥʠʢʦʚ ɼ.ʉ. ʕʣʝʤʝʥʪʘʨʥʳʡ ʢʫʨʩ ʦʧʪʠʢʠ ʠ 

ʜʘʣʴʥʦʤʝʨʦʚ. ï ʄ.: ʀʟʜ-ʚʦ: ɺʦʝʥʠʟʜʘʪ, 1938.  

[ʆ.ʅ.ʃʳʩʝʥʢʦ 2008] ʆ.ʅ.ʃʳʩʝʥʢʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ SICK AG 

ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ // ʂʦʤʧʦʥʝʥʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ. 2008. ̄ 1.  

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ 1] ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: http://www.techport.ru/katalog/ 

products/instrumenty/izmeritelnoe-oborudovanie/lazernye-dalnomery/lazernyj-dal-

nomer-ada- robot-40. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ 2] ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: https://geektimes.ru/ company/ 

tod/blog/250446/. 

[Cognitive Autonomous Vehicles 2004] The Cognitive Autonomous Vehicles of 

UniBwM: VaMors, VaMP, MuCAR-3// Universitaet der Bundeswehr Muenchen, 

2004. 
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http://www.techport.ru/katalog/products/instrumenty/izmeritelnoe-oborudovanie/lazernye-dalnomery/lazernyj-dalnomer-ada-robot-40
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ʉɽʂʎʀʗ 3 
 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓɽ ʉʀʉʊɽʄʓ  

ʇʆɼɼɽʈɾʂʀ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ ʀ  

ʋʇʈɸɺʃɽʅʀʗ 
 

 

 

ʋɼʂ 004.942 

ʈɽʃʗʎʀʆʅʅɸʗ ʄʆɼɽʃʔ ʈɸʉʏɪʊɸ ɺɽʈʆʗʊʅʆʉʊʅʆʁ 

ʆʎɽʅʂʀ ʋʈʆɺʅʗ ɿɸʑʀʑɪʅʅʆʉʊʀ ʇʆʃʔɿʆɺɸʊɽʃʗ 

ʆʊ ʉʆʎʀʆʀʅɾɽʅɽʈʅʓʍ ɸʊɸʂ
1
 

ʄ.ɺ. ɸʙʨʘʤʦʚ (mva16@list.ru) 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʀʥʩʪʠʪʫʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ  

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʄʦʩʢʦʚʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʸʪʘ ʚʝʨʦʷʪ-

ʥʦʩʪʥʦʡ ʦʮʝʥʢʠ ʫʩʧʝʰʥʦʩʪʠ ʩʦʮʠʦʠʥʞʝʥʝʨʥʦʛʦ ʘʪʘʢʫʶʱʝʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦ-

ʣʠʪ ʩʣʫʞʙʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʩʝʪʠ ʠʣʠ ʠʥʳʤ ʣʠ-

ʮʘʤ, ʧʨʠʥʠʤʘʶʱʠʤ ʨʝʰʝʥʠʷ, ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʫʨʦʚʥʝ ʟʘʱʠʱʸʥʥʦ-

ʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʘʠʙʦʣʝʝ ʩʣʘʙʳʭ ʟʚʝʥʴʷʭ ʵʪʦʡ ʩʠ-

ʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʘʱʠʪʘ ʧʦʣʴʟʦ-

ʚʘʪʝʣʷ, ʩʦʮʠʦʠʥʞʝʥʝʨʥʳʝ ʘʪʘʢʠ 

                                                           
1 ʉʪʘʪʴʷ ʩʦʜʝʨʞʠʪ ʤʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʥʳʭ ʛʨʘʥʪʘʤʠ 

ʈʌʌʀ 14-07-00694, 14-01-00580. 



 

 

204 

ɺʚʝʜʝʥʠʝ 

ɺʦʧʨʦʩʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʠʟʥʝʩʘ, ʪʘʢ ʠʣʠ ʠʥʘ-

ʯʝ ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʨʝʟʦʥʘʥʩʥʳʤʠ ʠʥʮʠʜʝʥʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʤʥʦʛʦʤʠʣʣʠʦʥʥʳʤʠ ʧʦʪʝʨʷʤʠ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʥʝ ʩʫʤʝʚʰʠʭ ʦʙʝʩʧʝʯʠʪʴ ʜʦʣʞʥʳʡ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ [ʃʘʙʦʨʘʪʦʨʠʷ ʂʘʩʧʝʨʩʢʦʛʦ, 2014]. ʆʜʥʦʡ ʠʟ ʩʝʨʴʝʟʥʳʭ ʫʛʨʦʟ 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʝʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʦʪʨʫʜʥʠʢʦʚ. ʇʨʠʯʝʤ, ʚ ʩʦʚʦʢʫʧ-

ʥʦʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʘʥʠʧʫʣʠʨʦ-

ʚʘʥʠʷ ʩʦʟʥʘʥʠʝʤ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴ-

ʥʦʩʪʴ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʨʦʙʣʝʤʝ ʤʘʥʠʧʫʣʷʪʠʚ-

ʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʶʜʝʡ [ʏʘʣʜʠʥʠ, 2010]. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʚ 

ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʝʣʘʝʪʩʷ ʥʘ ʤʘʥʠʧʫʣʷʮʠʠ ʬʘʢʪʘʤʠ ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩ-

ʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʦʩʥʦʚʥʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʘʥʠʧʫʣʷʪʠʚʥʳʝ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʝʯʘʪʥʳʭ ʠʟʜʘʥʠʷʭ, ʪʝʣʝʚʠʜʝʥʠʠ ʠ ʨʘʜʠʦ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʤʘʥʠʧʫʣʷʪʠʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʮʠ-

ʘʣʴʥʳʭ ʩʝʪʷʭ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʩʦʮʠʦʠʥʞʝʥʝʨʥʳʭ ʘʪʘʢʫʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʠ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ʩʦʮʠʦʠʥʞʝʥʝʨʥʳʝ ʘʪʘʢʫʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʠʩʯʝʨʧʳʚʘʶʪʩʷ ʪʦʣʴʢʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ, ʪʘʢʞʝ ʢʘʢ ʠ ʘʪʘʢʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʫʶ ʩʠʩʪʝʤʫ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʩʦʮʠʦʠʥʞʝʥʝʨʥʳʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʸʥʥʳʝ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʘʪʘʢ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳ [Distefanoa et al., 2014], [Jahyun 

et al., 2014], [James, 2012], [Trļcek et al., 2012], [ʂʦʪʝʥʢʦ ʠ ʜʨ., 2006], [ʂʦ-

ʪʝʥʢʦ ʠ ʜʨ., 2006]. ʀ ʧʨʦʙʣʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʵʪʦʤ ʘʩ-

ʧʝʢʪʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ. ʆʜʥʘʢʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʫʯʝʪʦʤ ʟʘʱʠʪʳ ʦʪ ʩʦʮʠʦʠʥʞʝʥʝʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʝʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʧʦ-ʧʨʝʞʥʝʤʫ ʤʘʣʦ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʨʝʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʢʦʤʧʣʝʢʩʘ çʠʥʬʦʨʤʘʮʠʦʥ-

ʥʘʷ ʩʠʩʪʝʤʘ ï ʢʨʠʪʠʯʥʳʝ ʜʦʢʫʤʝʥʪʳ ï ʧʝʨʩʦʥʘʣ ï ʟʣʦʫʤʳʰʣʝʥʥʠʢè, ʘ 

ʪʘʢʞʝ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʱʠʱʝʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʪ ʩʦʮʠʦʠʥʞʝʥʝʨʥʳʭ ʘʪʘʢ.  

1. ʂʦʤʧʣʝʢʩ çʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ï ʢʨʠʪʠʯʝʩʢʠʝ  

ʜʦʢʫʤʝʥʪʳ ï ʧʝʨʩʦʥʘʣ ï ʟʣʦʫʤʳʰʣʝʥʥʠʢè 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʤʦʜʝʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʦʪʤʝʪʠʪʴ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ. ɺ ʜʦʢʣʘʜʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 
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ʚʦʧʨʦʩʘʤ ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʘʥʠʧʫʣʷʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ 

ʩʦ ʩʪʦʨʦʥʳ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ, ʥʦ ʥʝ ʚʦʟʜʝʡʩʪʚʠʷʤ ʥʘ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠ-

ʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʦʪʥʦʰʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩʝ çʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ï ʢʨʠʪʠʯʥʳʝ ʜʦ-

ʢʫʤʝʥʪʳ ï ʧʝʨʩʦʥʘʣ ï ʟʣʦʫʤʳʰʣʝʥʥʠʢè, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ 

ʢʦʤʧʣʝʢʩʘ çʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ï ʧʝʨʩʦʥʘʣ ï ʢʨʠʪʠʯʥʳʝ ʜʦʢʫʤʝʥ-

ʪʳè, ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 

¶ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʝʪʴ ʩʦ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʭʦʩʪʘʤʠ;  

¶ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʜʦʩʪʫʧʦʤ ʢ ʭʦ-

ʩʪʘʤ;  

¶ ʢʨʠʪʠʯʝʩʢʠʝ ʜʦʢʫʤʝʥʪʳ, ʨʘʟʤʝʱʝʥʥʳʝ ʥʘ ʭʦʩʪʘʭ;  

¶ ʟʣʦʫʤʳʰʣʝʥʥʠʢ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʦʮʠʦʠʥʞʝʥʝʨʥʦʝ ʘʪʘʢʫ-

ʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʷ ʦʜʥʦ ʠʟ 

ʠʟʚʝʩʪʥʳʭ ʝʤʫ ʘʪʘʢʫʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʚ ʨʝʩʫʨʩʘʭ ʠ 

ʚʨʝʤʝʥʠ ʥʘ ʘʪʘʢʫ.  

ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʤʦʜʝʣʠ: ʤʦʜʝʣʴ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷ, ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʤʦʜʝʣʴ ʢʨʠʪʠʯʥʦʛʦ 

ʜʦʢʫʤʝʥʪʘ ʠ ʤʦʜʝʣʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʦʮʝʥʢʫ ʟʘʱʠʱʸʥʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʪ ʩʦʮʠʦʠʥʞʝ-

ʥʝʨʥʳʭ ʘʪʘʢ ʘʛʨʝʛʠʨʫʶʱʝʡ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʢʨʫʛ ʬʘʢʪʦʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʜʭʦʜʘʤʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʚ [ɸʟʘʨʦʚ, 2013]. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʫʯʸ-

ʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ, ʥʘʭʦʜʷʱʠʭ ʦʪʨʘʞʝʥʠʝ ʚ ʧʨʦʬʠʣʝ ʝʛʦ 

ʢʦʤʧʝʪʝʥʮʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʤʦʜʝʣʠ ʢʦʤʧʣʝʢʩʘ çʠʥʬʦʨʤʘʮʠʦʥ-

ʥʘʷ ʩʠʩʪʝʤʘ ï ʢʨʠʪʠʯʥʳʝ ʜʦʢʫʤʝʥʪʳ ï ʧʝʨʩʦʥʘʣ ï ʟʣʦʫʤʳʰʣʝʥʥʠʢè. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʝʩʪʴ k ʫʩʪʨʦʡʩʪʚ, l ʧʦʣʴʟʦʚʘʪʝʣʝʡ, v ʫʷʟʚʠʤʦ-

ʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

2. ʄʦʜʝʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʨʦʬʠʣʷ ʫʷʟʚʠʤʦʩʪʝʡ 

ʄʦʜʝʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʢʣʶʯʘʝʪ ʧʨʦʬʠʣʴ ʫʷʟʚʠʤʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩʦ-

ʜʝʨʞʘʱʠʡ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʜʦʩʪʫʧ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷ ʢ ʫʩʪʨʦʡʩʪʚʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʠʤʝʝʪ ʚʠʜ: 

, ʛʜʝ  ï ʧʨʦʬʠʣʴ ʫʷʟʚʠʤʦ-

ʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʛʜʝ  ï -ʷ ʫʷʟʚʠʤʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ  ï ʩʪʝ-

ʧʝʥʴ ʧʨʦʷʚʣʝʥʠʷ -ʡ ʫʷʟʚʠʤʦʩʪʠ -ʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ,  ï ʥʘʣʠʯʠʝ 

ʜʦʩʪʫʧʘ ʫ -ʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʫʩʪʨʦʡʩʪʚʫ ʧʦʜ ʥʦʤʝʨʦʤ , ï ʥʘʣʠ-

ʯʠʝ ʠ ʚʝʩ ʩʚʷʟʠ ʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ -ʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 
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ʇʨʦʚʝʜʝʥʥʦʝ ʧʠʣʦʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ [ɺʘʥʶʰʠʯʝʚʘ, 2012] ʧʦʟʚʦʣʠʣʦ 

ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʫʨʦʚʥʷ ʧʨʦʷʚʣʝʥʠʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʣʠʯʥʦʩʪʠ ʠ ʩʪʝʧʝʥʴʶ ʚʳʨʘʞʝʥʥʦʩʪʠ ʫʷʟʚʠʤʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

3. ʄʦʜʝʣʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʠ ʩʦʮʠʦʠʥʞʝʥʝʨʥʦʡ ʘʪʘʢʠ 

ʄʦʜʝʣʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʚʢʣʶʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʤʝ ʜʦʩʪʫʧʥʳʭ 

ʝʤʫ ʨʝʩʫʨʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʘʯʝʥʦ ʥʘ ʨʝʘ-

ʣʠʟʘʮʠʶ ʩʦʮʠʦʠʥʞʝʥʝʨʥʳʭ ʘʪʘʢʫʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ; ʠʟʚʝʩʪʥʳʭ ʩʦʮʠʦʠʥ-

ʞʝʥʝʨʥʳʭ ʘʪʘʢʫʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʠ ʩʪʝʧʝʥʠ ʚʣʘʜʝʥʠʷ ʜʘʥʥʳʤʠ ʚʦʟʜʝʡ-

ʩʪʚʠʷʤʠ; ʘ ʪʘʢʞʝ ʥʘʯʘʣʴʥʳʝ ʟʥʘʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʦ ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ. ʄʦʜʝʣʴ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: , ʛʜʝ 

 ï ʜʦʩʪʫʧʥʳʝ -ʤʫ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʨʝʩʫʨʩʳ,  ï ʧʝʨʝ-

ʯʝʥʴ ʠʟʚʝʩʪʥʳʭ -ʤʫ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʩʦʮʠʦʠʥʞʝʥʝʨʥʳʭ ʘʪʘʢʫʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʩʪʝʧʝʥʴ ʚʣʘʜʝʥʠʷ ʜʘʥʥʳʤʠ ʩʦʮʠʦʠʥʞʝʥʝʨʥʳʤʠ ʘʪʘʢʫʶʱʠ-

ʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʘ  ï ʥʘʯʘʣʴʥʳʝ ʟʥʘʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦ-

ʩʪʫʧʝ. ɿʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʫ ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʡ ʪʝʭ ʠʣʠ ʠʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ, ʧʦ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨ-

ʞʘʱʝʡʩʷ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. ʉʦʮʠʦʠʥʞʝʥʝʨʥʳʝ ʘʪʘʢʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ 

ʙʳʚʘʶʪ ʜʚʫʭ ʪʠʧʦʚ. ʇʝʨʚʳʡ ʪʠʧ ʘʪʘʢ ï ʘʪʘʢʠ ʤʘʥʠʧʫʣʷʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝ-

ʨʘ. ɺ ʪʘʢʦʛʦ ʨʦʜʘ ʘʪʘʢʘʭ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʠʩʧʦʣʴʟʫʝʪ ʠʟʚʝʩʪʥʳʝ ʝʤʫ ʩʦ-

ʮʠʦʠʥʞʝʥʝʨʥʳʝ ʘʪʘʢʫʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ. ɺ 2011 ʛʦʜʫ ʚ ʛ. ʄʦʩʢʚʝ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʦʬʠʩ ʆɸʆ çʉʙʝʨʙʘʥʢ ʈʦʩʩʠʠè ʟʘʰʝʣ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʚʠʜʘ ʤʫʞʯʠʥʘ ʩʦ 

ʟʥʘʯʢʦʤ ʜʝʧʫʪʘʪʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ɼʫʤʳ. ʆʥ ʦʙʨʘʪʠʣʩʷ ʢ ʦʜʥʦʡ ʠʟ ʩʦ-

ʪʨʫʜʥʠʮ ʦʬʠʩʘ, ʥʘʟʚʘʚʰʠʩʴ ʄʠʣʦʩʣʘʚʩʢʠʤ ʆʣʝʛʦʤ ɹʦʛʜʘʥʦʚʠʯʝʤ. ʇʦʩʝ-

ʪʠʪʝʣʴ ʩʦʦʙʱʠʣ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ VIP-ʢʣʠʝʥʪʦʤ ʙʘʥʢʘ ʠ ʥʘʟʚʘʣ ʥʦʤʝʨ ʩʚʦ-

ʝʛʦ ʣʠʯʥʦʛʦ ʩʯʝʪʘ. ʂʘʩʩʠʨ-ʦʧʝʨʘʮʠʦʥʠʩʪ (ʨʘʙʦʪʘʚʰʘʷ ʚ ʙʘʥʢʝ ʚʪʦʨʦʡ 

ʜʝʥʴ) ʚʦʰʣʘ ʚ ʩʠʩʪʝʤʫ, ʧʝʨʝʧʨʦʚʝʨʠʣʘ ʥʦʤʝʨ ʩʯʝʪʘ çʄʠʣʦʩʣʘʚʩʢʦʛʦè ʠ 

ʧʦʪʝʨʷʣʘ ʜʘʨ ʨʝʯʠ ʦʪ ʪʦʛʦ, ʯʪʦ ʦʙʱʘʝʪʩʷ ʩ ʦʯʝʥʴ ʙʦʛʘʪʳʤ ʠ ʚʣʠʷʪʝʣʴʥʳʤ 

ʯʝʣʦʚʝʢʦʤ. ʏʝʪʢʦ ʬʠʢʩʠʨʫʷ ʨʝʘʢʮʠʶ ʩʦʙʝʩʝʜʥʠʮʳ, çʄʠʣʦʩʣʘʚʩʢʠʡè ʩʦ-

ʦʙʱʠʣ, ʯʪʦ ʭʦʯʝʪ ʧʝʨʝʚʝʩʪʠ 50 000 000 ʨʫʙʣʝʡ ʥʘ ʜʨʫʛʦʡ ʩʚʦʡ ʩʯʝʪ, ʥʝʜʘʚ-

ʥʦ ʦʪʢʨʳʪʳʡ ʚ ʆɸʆ çɺʊɹ-24è. ʇʨʠ ʵʪʦʤ ʤʦʰʝʥʥʠʢ ʥʝ ʧʨʝʜʲʷʚʠʣ ʥʠʢʘʢʠʭ 

ʜʦʢʫʤʝʥʪʦʚ. ʆʧʝʨʘʮʠʦʥʠʩʪ ʜʦʣʦʞʠʣʘ ʟʘʤʝʩʪʠʪʝʣʶ ʨʫʢʦʚʦʜʠʪʝʣʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʛʦ ʦʬʠʩʘ, ʪʘ ʪʘʢʞʝ ʥʠ ʚ ʯʝʤ ʥʝ ʫʩʦʤʥʠʣʘʩʴ ʠ ʜʘʣʘ ʜʦʙʨʦ ʥʘ 

ʦʬʦʨʤʣʝʥʠʝ ʦʧʝʨʘʮʠʠ [ʈʫʜʯʝʥʢʦ ʠ ʜʨ., 2015]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʣʦʫʤʳʰ-

ʣʝʥʥʠʢ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʩʤʦʛ ʫʩʧʝʰʥʦ ʚʳʜʘʪʴ 
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ʩʝʙʷ ʟʘ ʚʣʘʜʝʣʴʮʘ ʩʯʝʪʘ ʠ ʩʦʚʝʨʰʠʪʴ ʧʨʦʪʠʚʦʟʘʢʦʥʥʳʝ ʜʝʡʩʪʚʠʷ, ʥʝ ʚʩʪʨʝ-

ʯʘʷ ʧʨʝʧʷʪʩʪʚʠʡ ʩʦ ʩʪʦʨʦʥʳ ʩʦʪʨʫʜʥʠʢʦʚ ʙʘʥʢʘ, ʤʘʥʠʧʫʣʷʪʠʚʥʳʤ ʧʫʪʝʤ 

ʟʘʩʪʘʚʠʚ ʠʭ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʦʙʭʦʜ ʜʦʣʞʥʦʩʪʥʳʭ ʠʥʩʪʨʫʢʮʠʡ. 

ɺʪʦʨʳʤ ʪʠʧʦʤ ʘʪʘʢʠ ʚʳʩʪʫʧʘʶʪ ʘʪʘʢʠ ʩ ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʚʠʜʘ ʫʩʣʫʛ ʚʟʘʤʝʥ ʥʘ ʜʦʩʪʫʧ ʢ ʢʨʠʪʠʯʥʳʤ ʜʦʢʫʤʝʥʪʘʤ, ʪʦ ʝʩʪʴ ʘʪʘʢʠ ʢʦʤ-

ʧʝʥʩʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʋʩʣʫʛʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ ʢʦʥʚʝʨʪʠʨʫʝʤʳ 

ʚ ʜʝʥʝʞʥʦʤ ʵʢʚʠʚʘʣʝʥʪʝ, ʧʦʵʪʦʤʫ ʨʝʩʫʨʩʘʤʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʶʪ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʨʦʜʘ ʘʪʘʢʠ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʧʦʜʢʫʧ ʩʦʪʨʫʜʥʠʢʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨ-

ʚʦʛʦ ʪʠʧʘ ʩʦʮʠʦʠʥʞʝʥʝʨʥʳʭ ʘʪʘʢ, ʥʘ ʚʪʦʨʦʡ ʪʠʧ ʟʘʪʨʘʯʠʚʘʶʪʩʷ ʨʝʩʫʨʩʳ. 

4. ʄʦʜʝʣʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʠ ʩʦʮʠʦʠʥʞʝʥʝʨʥʦʡ ʘʪʘʢʠ 

ʄʦʜʝʣʴ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʥʘʙʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʭ ʥʘ ʜʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʩʚʷʟʠ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʥʘʙʦʨ ʢʨʠʪʠʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʭʨʘʥʷʪʩʷ 

ʥʘ ʜʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. ʄʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

, ʛʜʝ  ï ʥʘʙʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦ-

ʞʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʜʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ,  ï ʥʘʙʦʨ ʩʚʷʟʝʡ ʜʘʥ-

ʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

5. ʄʦʜʝʣʴ ʢʨʠʪʠʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ 

ʄʦʜʝʣʴ ʢʨʠʪʠʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʫʨʦʥʦʤ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʥʘʥʝʩʝʥ ʢʦʤʧʘʥʠʠ, ʚ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ 

ʜʦʩʪʫʧʘ ʢ ʥʝʤʫ. ʌʦʨʤʘʣʴʥʦ ʜʘʥʥʳʡ ʪʝʟʠʩ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ: , ʛʜʝ Dm
i
 ï ʫʨʦʥ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʥʝʩʝʥ ʢʦʤʧʘʥʠʠ ʚ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʦʙʳʪʠʷ çʫʩʧʝʭ ʩʦʮʠʦʠʥʞʝʥʝʨʥʦʛʦ ʘʪʘ-

ʢʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘè 

ʆʪʤʝʪʠʤ, ʯʪʦ ʮʝʣʴʶ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ, ʩʦʚʝʨʰʘʶʱʝʛʦ ʩʦʮʠʦʠʥʞʝʥʝʨ-

ʥʫʶ ʘʪʘʢʫ, ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʢʨʠʪʠʯʥʳʤ ʜʦʢʫʤʝʥʪʘʤ, ʭʨʘʥʷ-

ʱʠʤʩʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ɸʪʘʢʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʮʝʧʦʯʢʠ ʰʘʛʦʚ. ʕʣʝʤʝʥʪʘʨʥʳʤ ʰʘʛʦʤ ʪʘʢʦʡ ʮʝʧʦʯʢʠ ʷʚ-

ʣʷʝʪʩʷ ʩʦʮʠʦʠʥʞʝʥʝʨʥʦʝ ʘʪʘʢʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʥʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʋʩʧʝʭ ʘʪʘʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʧʝ-

ʭʝ ʩʦʮʠʦʠʥʞʝʥʝʨʥʳʭ ʘʪʘʢʫʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʵʣʝʤʝʥʪʘʨʥʦʝ 

ʩʦʙʳʪʠʝ çʫʩʧʝʭ ʩʦʮʠʦʠʥʞʝʥʝʨʥʦʛʦ ʘʪʘʢʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʣʦʫʤʳʰ-
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ʣʝʥʥʠʢʘè. ɺʝʨʦʷʪʥʦʩʪʴ ʪʘʢʦʛʦ ʩʦʙʳʪʠʷ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ  ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥʘ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: . 

ʊʦ ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʭʘ ʩʦʮʠʦʠʥʞʝʥʝʨʥʦʛʦ ʘʪʘʢʫʶʱʝʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ: ʠʤʝʶʱʠʭʩʷ ʫ ʟʣʦ-

ʫʤʳʰʣʝʥʥʠʢʘ ʨʝʩʫʨʩʦʚ, ʚʨʝʤʝʥʠ ʠ ʟʥʘʥʠʡ ʦ ʢʘʢʦʡ-ʪʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʩʦʮʠʦʠʥʞʝʥʝʨʥʳʭ ʘʪʘʢʫʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ 

ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʵʪʠʤ ʘʪʘʢʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʦʜʥʦ ʩʦʮʠʦʠʥʞʝʥʝʨʥʦʝ 

ʘʪʘʢʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʚʣʠʷʝʪ ʥʘ ʦʜʥʫ ʫʷʟʚʠʤʦʩʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʦ ʪʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʭʘ ʩʦʮʠʦʠʥʞʝʥʝʨʥʦʛʦ ʘʪʘʢʫʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʠʤʘ ʚ ʚʠʜʝ: 

 
 

(5.1) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ 

ʫʷʟʚʠʤʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʘʪʘʢʫʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʭʘ ʩʦʮʠʦʠʥʞʝʥʝʨʥʦʛʦ ʘʪʘʢʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʣʦ-

ʫʤʳʰʣʝʥʥʠʢʘ ʧʨʝʜʩʪʘʚʠʤʘ ʚ ʚʠʜʝ 

 
 

(5.2) 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʮʠʦʠʥʞʝʥʝʨʥʦʡ ʘʪʘʢʠ ʟʣʦʫʤʳʰ-

ʣʝʥʥʠʢʘ ʥʘ ʛʨʘʬʝ ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʚʷʟʠ ʤʝʞʜʫ 

ʥʠʤʠ ʧʨʝʜʩʪʘʚʠʤʳ ʚ ʚʠʜʝ ʛʨʘʬʘ ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʘʥ-

ʥʳʡ ʛʨʘʬ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʮʠʦʠʥ-

ʞʝʥʝʨʥʦʡ ʘʪʘʢʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʩʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ ʢʨʠʪʠʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʛʨʘʬ ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ɻʨʘʬ ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

 

ʅʘ ʜʘʥʥʦʤ ʛʨʘʬʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɺ 

ʧʨʠʤʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʆʪʤʝ-

ʪʠʤ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʥʘ ʛʨʘʬʝ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʫʩʪʨʦʡʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʦʪʦʙʨʘʞʝʥ ʜʦʩʪʫʧ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ ʢ ʢʨʠʪʠʯʥʳʤ ʜʦʢʫʤʝʥʪʘʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʭʘ ʩʦʮʠʦʠʥ-

ʞʝʥʝʨʥʦʛʦ ʘʪʘʢʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ 

ʜʘʥʥʦʤ ʛʨʘʬʝ, ʪʘʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʝʜʩʪʘʚʠʤʘ ʚ ʚʠʜʝ , ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʘʤ (5.1) ʠ (5.2). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʫʛʠ ʛʨʘʬʘ, ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝ-

ʣʷʤʠ-ʚʝʨʰʠʥʘʤʠ, ʠʤʝʶʪ ʩʚʦʡ ʚʝʩ, ʩʦʛʣʘʩʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ 

ʤʦʜʝʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʙʦʟʥʘʯʠʤ ʪʘʢʠʝ ʚʝʩʘ ʯʝ-

ʨʝʟ , ʛʜʝ  ʠ  ʵʪʦ ʥʦʤʝʨʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʪ ʢʦʛʦ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ 

ʢʦʤʫ ʠʜʝʪ ʩʚʷʟʴ. ɼʣʷ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ 

ʢʨʠʪʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʩʣʫʯʘʝ ʩʦʚʝʨʰʝʥʠʷ ʩʦʮʠʦʠʥʞʝʥʝʨʥʦʡ ʘʪʘʢʠ ʟʣʦ-

ʫʤʳʰʣʝʥʥʠʢʘ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠ-

ʪʳʚʘʪʴ ʬʘʢʪʦʨ ʚʨʝʤʝʥʠ, ʢʘʢ ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ. ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ʢʘʞʜʦʝ ʩʦʮʠʦʠʥʞʝʥʝʨʥʦʝ 

ʘʪʘʢʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʪʨʝʙʫʝʪʩʷ ʝʜʠʥʠʮʘ ʚʨʝʤʝʥʠ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʭʘ ʜʦʩʪʠʞʝʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ ʢʨʠʪʠʯ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʜʦʩʪʫʧʥʦʛʦ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʚʨʝʤʝʥʠ. 

ʌʦʨʤʫʣʘ ʚʝʨʦʷʪʥʦʩʪʠ ʫʩʧʝʭʘ ʜʦʩʪʠʞʝʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ ʢʨʠʪʠʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 (5.3) 

1 5,...,p p

ijr i j

1 2 4(Inf1) 1 (1 )(1 )(1 )P p p p= - - - -
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ʇʨʠ ʵʪʦʤ ʝʩʣʠ , ʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ . 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʩʪʫʧʥʦʛʦ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʚʨʝʤʝʥʠ, ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʘ  ʦʪ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʜʨʫʛʦʤʫ, ʊʘ-

ʢʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʠʤʳ ʚ ʚʠʜʝ: 

 (5.4) 

 (5.5) 

 (5.6) 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ , ʪʦ . 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ , ʪʦ ʝʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʰʘʛʦʚ-ʧʝʨʝʭʦʜʦʚ ʩʦ-

ʮʠʦʠʥʞʝʥʝʨʥʦʡ ʘʪʘʢʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʩʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʩʠʩʪʝʤʳ ʨʘʚʥʦ 3. ʌʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʫʩʧʝʭʘ ʜʦʩʪʠʞʝʥʠʷ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ ʢʨʠʪʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʫʜʝʪ ʫʪʦʯʥʝʥʘ ʚ ʩʪʦʨʦʥʫ ʫʚʝ-

ʣʠʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʡ ʚʝʣʠʯʠʥʳ  ʙʫʜʝʪ ʩʚʦʝ, ʚ ʩʠʣʫ 

ʪʦʛʦ, ʯʪʦ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʝʨʝʭʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳ-

ʚʘʪʴ ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʘʞʜʦʡ ʠʟ 

ʬʦʨʤʫʣ (5.4)ï(5.6), ʚʳʨʘʞʝʥʠʷ ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ɼʣʷ (5.4) ,  

 ,  

 .  

ɼʣʷ (5.5) ,  

 .  

ɼʣʷ (5.6) ,  

 .  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʫʩʧʝʭʘ 

ʜʦʩʪʠʞʝʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ ʢʨʠʪʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʫʚʝʣʠ-

ʯʝʥʠʷ ʜʦʩʪʫʧʥʦʛʦ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʚʨʝʤʝʥʠ, ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʫʣ ʙʫʜʝʪ 

ʧʨʦʭʦʜʠʪʴ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʧʝʨʝʭʦʜʘʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʨʝʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʢʦʤʧʣʝʢʩʘ çʠʥʬʦʨʤʘʮʠʦʥ-

ʥʘʷ ʩʠʩʪʝʤʘ ï ʢʨʠʪʠʯʥʳʝ ʜʦʢʫʤʝʥʪʳ ï ʧʝʨʩʦʥʘʣ ï ʟʣʦʫʤʳʰʣʝʥʥʠʢè, ʘ 

ʪʘʢʞʝ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʱʠʱʝʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʪ ʩʦʮʠʦʠʥʞʝʥʝʨʥʳʭ ʘʪʘʢ. 

  

1T= 1 1 2 2 4 4, ,p p p p p p= = =

1 1 2 21 3 13 5 15
Ĕ Ĕ Ĕ1 (1 )(1 )(1 )(1 )p p p r p r p r= - - - - -

2 2 1 12 3 32
Ĕ Ĕ1 (1 )(1 )(1 )p p p r p r= - - - -

4 4 3 34 5 45
Ĕ Ĕ1 (1 )(1 )(1 )p p p r p r= - - - -

2T= 1 1 2 2 3 3 5 5
Ĕ Ĕ Ĕ Ĕ, , ,p p p p p p p p= = = =

3T=

1 2 3 5, , ,p p p p

2 2 3 32
Ĕ 1 (1 )(1 )p p p r= - - -

3 3 2 23 4 43
Ĕ 1 (1 )(1 )(1 )p p p r p r= - - - -

5 5 4 45
Ĕ 1 (1 )(1 )p p p r= - - -

1 1 3 13 5 15
Ĕ 1 (1 )(1 )(1 )p p p r p r= - - - -

3 3 1 13 4 14
Ĕ 1 (1 )(1 )(1 )p p p r p r= - - - -

3 3 2 23 1 13
Ĕ 1 (1 )(1 )(1 )p p p r p r= - - - -

5 5 1 15
Ĕ 1 (1 )(1 )p p p r= - - -
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʤʠʦʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘ-

ʟʘʤʠ ʟʥʘʥʠʡ, ʜʝʜʫʢʪʠʚʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʘʢʪʠʚʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʪʝʤ-

ʧʦʨʘʣʴʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ, ʷʟʳʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ, ʷʟʳʢʠ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʤʠ ʠ 

ʟʥʘʥʠʷʤʠ 

ɺʚʝʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ-

ʥʳʭ ʩʨʝʜʩʪʚ ï ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ) [ʂʫʟʥʝʮʦʚ, 

2005]. ɺʚʝʜʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʉʋɹɼ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʟʚʦʣʠʣʠ ʣʦʛʠʯʝ-

ʩʢʠ ʫʧʦʨʷʜʦʯʠʪʴ ʤʘʩʩʠʚʳ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʩʨʝʜʩʪʚ ʦʧʠʩʘ-

ʥʠʷ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ (ʃʄɼ) ï ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ ʜʘʥʥʳʭ (ʗʆɼ), ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʦʨʛʘʥʠʟʦʚʘʪʴ ʣʦʛʠʯʝʩʢʠʡ ʜʦʩʪʫʧ ʠʟ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠ-

ʣʦʞʝʥʠʡ ʢ ʭʨʘʥʠʤʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ (ɹɼ). ʕʪʦʪ ʜʦʩʪʫʧ ʨʝʘʣʠʟʫʝʪʩʷ ʠʟ ʣʶ-

ʙʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʷʟʳʢʘ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʤʠ (ʗʄɼ).  

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʉʋɹɼ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ, 

ʘʢʪʠʚʥʳʭ ʉʋɹɼ ʠ ʜʝʜʫʢʪʠʚʥʳʭ ʉʋɹɼ [Date et al., 2002]. ɻʜʝ ʧʦʜ ʘʢʪʠʚ-

ʥʦʡ ʉʋɹɼ ʧʦʥʠʤʘʝʪʩʷ ʪʘʢʘʷ ʉʋɹɼ, ʚ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝ 

ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʷʚʥʦ ʫʢʘʟʳʚʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʥʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʜʝʡʩʪʚʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ, ʟʘʣʦʞʝʥʥʳʤʠ ʚ ʩʘʤʫ ɹɼ. ɸ ʜʝʜʫʢ-

ʪʠʚʥʘʷ ʉʋɹɼ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʤʧʦʟʠʮʠʶ: ʢʦʤʧʦʥʝʥʪʳ, ʩʦʜʝʨʞʘʱʝʡ ʬʘʢ-
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ʪʳ (ʵʢʩʪʝʥʮʠʦʥʘʣ), ʠ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʜʝʨʞʘʱʝʡ ʧʨʘʚʠʣʘ ʜʣʷ ʣʦʛʠʯʝʩʢʦʛʦ 

ʚʳʚʦʜʘ ʥʦʚʳʭ ʬʘʢʪʦʚ (ʠʥʪʝʥʮʠʦʥʘʣ) ʥʘ ʦʩʥʦʚʝ ʵʢʩʪʝʥʮʠʦʥʘʣʘ ʠ ʟʘʧʨʦʩʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʝ ʉʋɹɼ ʭʨʘʥʷʪ 

ʤʛʥʦʚʝʥʥʳʡ ʩʥʠʤʦʢ ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʃʶʙʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ t ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʢʪʘ ʜʘʥʥʳʭ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʫʧʥʦʩʪʠ 

ʩʦʩʪʦʷʥʠʷ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʚ ʧʨʝʜʳʜʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʈʘʟʚʠʪʠʝ ʉʋɹɼ 

ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʪʝʤʧʦʨʘʣʴʥʳʭ (ʚʨʝʤʝʥʥʳʭ) 

ʉʋɹɼ ï ʊʉʋɹɼ [Gao et al., 2005]. ʊʉʋɹɼ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʭʨʘʥʝ-

ʥʠʝ ʠʩʪʦʨʠʠ ʧʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʘʨʭʠʚ-

ʥʳʭ ɹɼ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ [ɹʘʰʣʳʢʦʚ, 1986]. ɺʳʰʝʦʧʠʩʘʥʥʦʝ ʨʘʟʚʠʪʠʝ ʉʋɹɼ ʧʨʠ ʧʦʷʚʣʝ-

ʥʠʠ ʥʦʚʳʭ ʝʜʠʥʠʮ ʠʥʬʦʨʤʘʮʠʠ ʧʦʜʣʝʞʘʱʠʭ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ, 

ʠʤʝʥʫʝʤʳʭ ʟʥʘʥʠʷʤʠ, ʧʦʪʨʝʙʦʚʘʣʦ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ ï ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʟʥʘʥʠʡ (ʉʋɹɿ) [ɻʘʚʨʠʣʦʚʘ ʠ ʜʨ., 

2000], ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʦʧʠʨʘʝʪʩʷ ʥʘ ʚʳʰʝʦʧʠʩʘʥʥʳʡ ʦʧʳʪ ʩʦʟʜʘʥʠʷ 

ʘʢʪʠʚʥʳʭ ʉʋɹɼ, ʜʝʜʫʢʪʠʚʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʪʝʤʧʦʨʘʣʴʥʳʭ ʉʋɹɼ.  

ʊʘʢʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʠʢʪʦʚʘʥʘ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʤʠ 

ʦʙʣʘʜʘʶʪ ʵʣʝʤʝʥʪʳ ʟʥʘʥʠʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ. ɸ ʠʤʝʥʥʦ ï 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʠ ʩʠʪʫʘʪʠʚʥʦʩʪʴ. ʇʝʨʚʦʝ ʩʚʦʡʩʪʚʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 

ʯʪʦ ʠʩʪʠʥʥʦʩʪʴ ʝʜʠʥʠʮʳ ʟʥʘʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʤʝʭʘʥʠʟʤʘ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, 

ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ɹɼ. ɺʪʦʨʦʝ ʩʚʦʡʩʪʚʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 

ʯʪʦ ʠʩʪʠʥʥʦʩʪʴ ʝʜʠʥʠʮʳ ʟʥʘʥʠʡ, ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 

ʩʠʪʫʘʮʠʠ, ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦ-

ʝʥʠʷ ʉʋɹɿ ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʉʋɹɼ 

ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʝʜʠʥʠʮ ʟʥʘʥʠʡ. ɸ ʠʤʝʥʥʦ: ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʦʧʠʩʘʥʠʷ 

ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʥʘʥʠʡ (ʃʄɿ) ʧʦʷʚʣʷʝʪʩʷ ʷʟʳʢ ʦʧʠʩʘʥʠʷ ʟʥʘʥʠʡ 

(ʗʆɿ), ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʚ ʃʄɿ ï 

ʷʟʳʢ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʟʥʘʥʠʷʤʠ (ʗʄɿ). ʈʝʰʘʪʝʣʴ ʟʘʜʘʯ ʜʣʷ ʗʄɿ ʨʝʘʣʠ-

ʟʫʝʪ ʧʦʠʩʢ ʨʝʰʝʥʠʡ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ï ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʟʨʝʰʠ-

ʤʦʩʪʴ ʟʘʜʘʯʠ ʚ ʤʦʜʝʣʠ ʟʥʘʥʠʡ, ʪ.ʝ. ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 

ʝʝ ʨʝʰʝʥʠʷ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʧʦ-

ʠʩʢʘ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ.  ʆʧʠʩʘʥʠʶ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʟʥʘʥʠʷʭ, ʷʚʣʷʶʱʠʭʩʷ ʷʜʨʦʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷ-

ʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ) [ɻʝʣʦʚʘʥʠ ʠ ʜʨ., 2001] ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ. 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ ʟʥʘʥʠʷ 

ɺ ʙʘʟʘʭ ʟʥʘʥʠʡ (ɹɿ) ʉʋɹɿ ʟʥʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʷʟʘʪʝʣʴʥʦ ʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʳ ʠ ʦʧʠʩʘʥʳ ʪʝʨʤʠʥʘʤʠ ʦʜʥʦʡ ʠʟ ʤʦʜʝʣʝʡ ʟʥʘʥʠʡ. ʄʦʜʝʣʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ɹɿ ʦʙʳʯʥʦ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʣʦʛʠʯʝʩʢʠʝ ʠ ʵʚʨʠʩʪʠ-
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ʯʝʩʢʠʝ [ɹʘʰʣʳʢʦʚ ʠ ʜʨ., 1991]. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʭʦʜʘ, ʦʩʥʦ-

ʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʚʩʶ ʩʠʩʪʝʤʫ ʟʥʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʕɺʄ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʢʘʢ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʬʘʢʪʦʚ-ʫʪʚʝʨʞʜʝʥʠʡ. ʌʘʢʪʳ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʘʢ  

ʬʦʨʤʫʣʳ ʚ ʥʝʢʦʪʦʨʦʡ ʣʦʛʠʢʝ (ʧʝʨʚʦʛʦ ʠʣʠ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʦʚ, ʤʥʦʛʦʟʥʘʯ-

ʥʦʡ, ʤʦʜʘʣʴʥʦʡ, ʥʝʯʝʪʢʦʡ ʠ ʪ.ʜ.). ʉʠʩʪʝʤʘ ʟʥʘʥʠʡ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴʶ ʪʘʢʠʭ ʬʦʨʤʫʣ ʠ, ʙʫʜʫʯʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʤʦʜʝʣʠ ʟʥʘʥʠʡ, ʦʙʨʘʟʫ-

ʝʪ ʙʘʟʫ ʟʥʘʥʠʡ. ʌʦʨʤʫʣʳ ʥʝʜʝʣʠʤʳ ʠ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ɹɿ ʤʦʛʫʪ ʣʠʰʴ 

ʜʦʙʘʚʣʷʪʴʩʷ ʠ ʫʜʘʣʷʪʴʩʷ. 

ʃʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʟʚʠʪʳʡ ʘʧʧʘʨʘʪ ʚʳʚʦʜʘ ʥʦʚʳʭ 

ʬʘʢʪʦʚ ʠʟ ʪʝʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ɹɿ ʷʚʥʦ. ʆʩʥʦʚʥʳʤ ʧʨʠʤʠʪʠʚʦʤ 

ʤʘʥʠʧʫʣʷʮʠʠ ʟʥʘʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ʃʦʛʠʯʝ-

ʩʢʠʝ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʩʪʫʶ ʠ ʷʩʥʫʶ ʥʦʪʘ-

ʮʠʶ ʜʣʷ ʟʘʧʠʩʠ ʬʘʢʪʦʚ, ʦʙʣʘʜʘʶʱʫʶ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʝʤʘʥʪʠʢʦʡ. 

ʂʘʞʜʳʡ ʬʘʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ɹɿ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, 

ʢʘʢ ʦʥ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ. ɹʘʟʘ ʟʥʘʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠʤʝʶʪ ʨʘʟʥʦ-

ʦʙʨʘʟʥʳʡ ʥʘʙʦʨ ʩʨʝʜʩʪʚ, ʧʝʨʝʜʘʶʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʧʨʝʚʦʩʭʦʜʷʪ ʣʦʛʠʯʝʩʢʠʝ ʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʛʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ, ʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʘ-

ʚʠʣ ʚʳʚʦʜʘ. ʂ ʵʚʨʠʩʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʉʋɹɿ, ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʬʨʝʡʤʦʚʳʝ, ʩʝʪʝʚʳʝ ʠ ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʤʦʜʝʣʠ. 

ɺ ʨʘʤʢʘʭ ʦʜʥʦʡ ʤʦʜʝʣʠ ɹɿ ʚʩʝ ʟʥʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʥʦʨʦʜʥʦ ʦʧʠʩʘ-

ʥʳ ʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʩʪʳʤʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ. ʆʜʥʦʨʦʜʥʦʩʪʴ ʦʧʠʩʘʥʠʷ 

ʜʠʢʪʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʉʋɹɿ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʝʜʠʥʘʷ ʧʨʦ-

ʮʝʜʫʨʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ), ʢʦʪʦʨʘʷ ʤʘʥʠʧʫ-

ʣʠʨʫʝʪ ʟʥʘʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʳʭ ʪʠʧʦʚʳʭ ʧʦʜʭʦʜʦʚ.  

C ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʉʋɹɿ, ʚʩʝ ʟʥʘʥʠʷ ʤʦʞʥʦ  ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ ʠ ʥʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ. ʂ ʧʝʨʚʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ 

ʪʝ ʟʥʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʝʥ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʝʰʘʪʝʣʴ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ 

ʦʪʥʦʩʷʪʩʷ ʢʦ ʚʪʦʨʦʤʫ ʪʠʧʫ. ʀʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ ʟʥʘʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʧʨʝʜʤʝʪʥʳʝ ʟʥʘʥʠʷ, ʫʧʨʘʚʣʷʶʱʠʝ ʟʥʘʥʠʷ ʠ ʟʥʘʥʠʷ ʦ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʟʥʘ-

ʥʠʡ. ʇʨʝʜʤʝʪʥʳʝ ʟʥʘʥʠʷ ʩʦʜʝʨʞʘʪ ʜʘʥʥʳʝ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʋʧʨʘʚ-

ʣʷʶʱʠʝ ʟʥʘʥʠʷ ʦʧʠʩʳʚʘʶʪ, ʢʘʢʠʝ ʟʥʘʥʠʷ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ. ʂ ʥʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʤ ʟʥʘʥʠʷʤ ʦʪʥʦʩʷʪʩʷ ʟʥʘʥʠʷ ʦ ʣʝʢʩʠʢʝ ʠ 

ʛʨʘʤʤʘʪʠʢʝ ʷʟʳʢʘ ʦʙʱʝʥʠʷ, ʦ ʩʪʨʫʢʪʫʨʝ ʜʠʘʣʦʛʘ ʦ ʩʧʦʩʦʙʘʭ ʩʦʩʪʘʚʣʝʥʠʷ ʠ 

ʚʳʜʘʯʠ ʧʦʷʩʥʝʥʠʡ. 
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ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ɹɿ ʉʋɹɿ ʷʚʥʦ ʚʳʜʝʣʷʶʪ ʯʝʪʳʨʝ ʪʠʧʘ ʟʥʘʥʠʡ: ʜʝʢʣʘ-

ʨʘʪʠʚʥʳʝ, ʧʨʦʮʝʜʫʨʥʳʝ, ʫʧʨʘʚʣʷʶʱʠʝ, ʤʝʪʘʟʥʘʥʠʷ. ɼʝʢʣʘʨʘʪʠʚʥʳʝ ʟʥʘ-

ʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʢʨʝʪʥʳʭ ʬʘʢʪʘʭ, ʩʦʙʠʨʘʝʤʫʶ 

ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʘʣʦʛʘ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ, ʢʘʢʠʝ ʬʘʢʪʳ 

ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʠʩʪʠʥʥʳʤʠ ʠ ʩ ʢʘʢʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ʇʨʦʮʝ-

ʜʫʨʥʳʝ ʟʥʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢʠʝ ʜʝʡʩʪʚʠʷ, ʚ ʢʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩʠʩʪʝʤʝ ʜʣʷ ʧʦʠʩʢʘ (ʚʳʚʦʜʘ) ʨʝʰʝʥʠʷ. ʋʧʨʘʚʣʷʶʱʠʝ 

ʟʥʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʢʦʪʦʨʳʡ ʥʘʙʦʨ ʩʪʨʘʪʝʛʠʡ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ. ʄʝ-

ʪʘʟʥʘʥʠʷ ï ʵʪʦ ʟʥʘʥʠʷ ʦ ʟʥʘʥʠʷʭ, ʪ.ʝ. ʵʪʦ ʟʥʘʥʠʷ ʉʋɹɿ ʦ ʩʝʙʝ, ʩʚʦʝʡ ʨʘʙʦ-

ʪʝ, ʩʪʨʫʢʪʫʨʝ, ɹɿ ʠ ʩʚʦʝʡ ʩʭʝʤʝ ʨʘʩʩʫʞʜʝʥʠʷ.  

2. ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʟʥʘʥʠʡ 

ɺ ʉʋɹɿ ʨʝʰʘʶʪʩʷ ʜʚʝ ʟʘʜʘʯʠ: ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʠ ʤʘʥʠʧʫʣʠʨʦʚʘ-

ʥʠʷ ʟʥʘʥʠʷʤʠ. ɺ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ, ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʬʦʨʤʘʣʠʟʘʮʠʝʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʟʥʘʥʠʡ ʚ ʧʘʤʷʪʠ ʩʠʩʪʝʤʳ ʉʋɹɿ ʠ 

ʧʦʩʪʨʦʝʥʠʠ ʩʨʝʜʩʪʚ ʠʥʜʫʢʪʠʚʥʦʛʦ ʦʙʦʙʱʝʥʠʷ ʟʥʘʥʠʡ ʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙ-

ʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ. ʏʪʦʙʳ ʟʥʘʥʠʷʤʠ ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʦʠʩʢʝ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʉʋɹɿ ʩʣʝʜʫʝʪ ʥʘʫʯʠʪʴʩʷ ʦʧʝʨʠʨʦʚʘʪʴ ʠʤʠ. 

ʕʪʘ ʧʨʦʙʣʝʤʘ ʠ ʨʝʰʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʟʘʜʘʯʠ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʟʥʘʥʠʷʤʠ. 

ʇʦʜ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝʤ ʟʥʘʥʠʷʤʠ ʧʦʥʠʤʘʶʪʩʷ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʚ 

ʤʦʜʝʣʠ ʙʘʟʳ ʟʥʘʥʠʡ. ʕʪʠ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʤʦʜʝʣʠ ʨʘʩʩʫʞʜʝʥʠʡ, ʦʧʠʨʘ-

ʶʱʠʭʩʷ ʥʘ ʟʥʘʥʠʷ ʠ ʠʤʠʪʠʨʫʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʘʩʩʫʞʜʝ-

ʥʠʡ, ʜʝʜʫʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠ ʪ.ʧ.  

ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʟʥʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ɼʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʦʟʠʮʠʶ ʚʳʰʝʧʨʠʚʝʜʝʥ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʭ: 

¶ ʩʨʝʜʩʪʚʘʤʠ ʗʆɼ, ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʮʝʩʩʦʨʘ ʗʆɼ, ʦʧʠʩʳʚʘʪʴ ʩʪʨʫʢ-

ʪʫʨʫ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʚʷʟʘʥʥʳʡ ʥʘʙʦʨ 

ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ; 

¶ ʩʨʝʜʩʪʚʘʤʠ ʗʄɼ, ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʮʝʩʩʦʨʘ ʗʄɼ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʣʦ-

ʛʠʯʝʩʢʠʡ ʜʦʩʪʫʧ ʢ ʵʣʝʤʝʥʪʘʤ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ; 

¶ ʩʨʝʜʩʪʚʘʤʠ ʗʆɿ, ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʮʝʩʩʦʨʘ ʗʆɿ, ʦʧʠʩʳʚʘʪʴ ʩʪʨʫʢ-

ʪʫʨʫ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʥʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪ-

ʥʦʡ ʦʙʣʘʩʪʠ; 

¶ ʩʨʝʜʩʪʚʘʤʠ ʗʄɿ, ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʮʝʩʩʦʨʘ ʗʄɿ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʧʠ-

ʩʘʥʠʝ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʚ ʤʦ-

ʜʝʣʠ ʟʥʘʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʦ ʩʘʤ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ; 

¶ ʩʨʝʜʩʪʚʘʤʠ ʀɿ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʥʘʡʜʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʫʪʚʝʨʞʜʝʥʠʡ ʙʘʟʳ ʟʥʘʥʠʡ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʨʝʰʝʥʠʶ, 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 
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ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʘ ʉʋɹɿ 

 

ʃʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʉʋɹɼ ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʝʜʫ-

ʶʱʠʤ ʪʠʧʘʤ: ʩʝʪʝʚʘʷ, ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʠ ʨʝʣʷʮʠʦʥʥʘʷ. ʃʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʟʥʘʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʉʋɹɿ ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʝʜʫʶʱʠʤ ʪʠʧʘʤ: ʩʝʤʘʥʪʠʯʝ-

ʩʢʠʝ ʩʝʪʠ, ʬʨʝʡʤʳ, ʬʦʨʤʘʣʴʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ (ʧʨʝʜʠʢʘʪʳ), ʧʨʦʜʫʢ-

ʮʠʠ, ʩʝʤʠʦʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. 

3. ʉʝʤʠʦʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʘʢ ʦʩʥʦʚʘ ʧʦʩʪʨʦʝʥʠʷ  

ʤʫʣʴʪʠʤʦʜʝʣʴʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʟʥʘʥʠʡ ʠ  

ʨʝʰʘʪʝʣʝʡ ʟʘʜʘʯ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʉʝʤʠʦʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝ-

ʰʝʥʠʡ ʢʘʢ ʬʦʨʤʘʣʠʟʤ ʠʤʝʝʪ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʠʥʜʫʢʪʠʚʥʫʶ ʠ ʜʝʜʫʢ-

ʪʠʚʥʫʶ. ʌʦʨʤʘʣʴʥʦ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ ʚʠʜʘ [ʇʦʩʧʝʣʦʚ, 

1981, ɽʬʠʤʦʚ, 1982]: 

SSC = {{ R}, { T, P, A}, {a(T), b(P), g(A), s(R)}} . 
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ɿʜʝʩʴ ʜʝʜʫʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ {R} ï ʤʥʦʞʝʩʪʚʦ ʧʨʘʚʠʣ ʚʳʚʦʜʘ (ʧʦ-

ʠʩʢʘ ʨʝʰʝʥʠʡ) ʚ ʩʝʤʠʦʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ; ʠʥʜʫʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʢʣʶ-

ʯʘʝʪ: {T, P, A} ï ʤʥʦʞʝʩʪʚʦ ʦʧʠʩʘʥʠʡ ʤʦʜʝʣʝʡ ʟʥʘʥʠʡ ʩʨʝʜʩʪʚʘʤʠ ʬʦʨʤʘʣʴ-

ʥʳʭ ʩʠʩʪʝʤ (ʤʦʜʝʣʴ ʟʥʘʥʠʡ, ʩʦʜʝʨʞʘʱʘʷ ʊ ï ʤʥʦʞʝʩʪʚʦ ʪʝʨʤʦʚ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ; P ï ʤʥʦʞʝʩʪʚʦ ʧʨʘʚʠʣ ʧʦʩʪʨʦʝʥʠʷ ʧʨʘʚʠʣʴʥʦ  ʧʦʩʪʨʦʝʥʥʳʭ ʬʦʨ-

ʤʫʣ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ; ɸ ï ʤʥʦʞʝʩʪʚʦ ʘʢʩʠʦʤ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ), 

{a(T), b(P), g(A), s(R)} ï ʧʨʘʚʠʣʘ ʠʟʤʝʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ {T, P, A} 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʬʦʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢ ʜʨʫʛʦʤʫ ʢʣʘʩʩʫ. 

ɻʣʘʚʥʦʡ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʟʜʘʥʠʷ ʩʨʝʜʩʪʚ ʦʧʠʩʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʷʚ-

ʣʷʝʪʩʷ ʠʥʜʫʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʩʨʝʜʩʪʚʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʗʆɿ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ ʚʠʜʘ: 

ʗʆɿ = <{ T, P, A}, {a(T), b(P), g(A), s(R)} > , 

ʛʜʝ T = LT, { T, P, A} = LN, {a(T), b(P), g(A), s(R) } = LP, LT, LN ï ʤʥʦʞʝʩʪʚʦ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʠ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ; LP ï ʤʥʦʞʝʩʪʚʦ ʧʨʘʚʠʣ, 

ʚʢʣʶʯʘʶʱʠʭ ʜʠʨʝʢʪʠʚʳ ʷʟʳʢʘ. ɺʩʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʠ ʥʝʪʝʨʤʠʥʘʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʷʟʳʢʘ ʠʤʝʶʪ ʩʚʦʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʠʧʳ. 

ʉ ʧʦʤʦʱʴʶ ʗʆɿ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʠʩʪʝʤʳ (ʵʢʩʧʝʨʪʳ) ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴ ʧʨʦ-

ʙʣʝʤʥʳʝ ʩʠʪʫʘʮʠʠ, ʦʧʠʩʳʚʘʪʴ ʤʫʣʴʪʠʤʦʜʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪ-

ʥʦʡ ʦʙʣʘʩʪʠ, ʣʦʛʠʢʫ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʜʝʜʫʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʝʤʠʦʪʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʠ ï ʧʨʝʜʩʪʘʚʠʤʦʩʪʴ ʚ ʥʝʡ ʟʥʘʥʠʡ ʦ ʩʨʝʜʩʪʚʘʭ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʫʧʨʘʚʣʝ-

ʥʠʷ. ʕʪʠ ʟʥʘʥʠʷ ʠʤʝʶʪ ʚʠʜ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʨʦʮʝʜʫʨ, ʤʦʜʝʣʝʡ 

ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʤʦʜʝʣʷʭ) ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʟʥʠ-

ʢʘʶʱʠʭ ʟʘʜʘʯ ʚ ʤʫʣʴʪʠʤʦʜʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʟʥʘʥʠʡ. ʂʦʤʧʦʟʠʮʠʦʥʥʦ ʢʘʞ-

ʜʘʷ ʠʟ ʤʦʜʝʣʝʡ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʘʩʪʝʡ ð ʩʦʙʩʪʚʝʥʥʦ ʩʘʤʦʡ ʤʦʜʝʣʠ, ʟʘʜʘʯʠ 

ʥʘ ʤʦʜʝʣʠ ʠ ʵʣʝʤʝʥʪʦʚ ʩʚʷʟʠ ð ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʝʝ ʩ ʜʨʫʛʠʤʠ ʤʦʜʝʣʷʤʠ.  

ʉʇʇʈ ʠʤʝʝʪ ʩʚʷʟʴ ʩʦ ʩʨʝʜʦʡ ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʝʝ ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʚʳʜʘʯʠ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʘʥʜ, ʠʟʤʝʥʷ-

ʶʱʠʭ ʵʪʦ ʩʦʩʪʦʷʥʠʝ. ɼʣʷ ʵʪʦʛʦ ʤʝʞʜʫ ʩʨʝʜʦʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʬʫʥʢʮʠʝʡ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʥʦʩʠʪʴ 

ʫʩʣʦʚʥʦ-ʩʦʙʳʪʠʡʥʳʡ ʭʘʨʘʢʪʝʨ. ʂʘʞʜʦʝ ʩʦʙʳʪʠʝ ʪʨʘʢʪʫʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʢʘʢ 

ʧʨʦʙʣʝʤʥʘʷ ʩʠʪʫʘʮʠʷ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʦʩʣʝʜʥʝʡ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʠ 

ʨʝʘʣʠʟʦʚʘʪʴ ʫʧʨʘʚʣʷʶʱʝʝ ʨʝʰʝʥʠʝ. ɺ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ʦʙʷʟʘʪʝʣʴʥʦ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʠʩʘʥʳ ʫʩʣʦʚʠʷ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ 

ʠʟʤʝʥʠʪʴ ʩʭʝʤʫ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʝʝ ʚ ʚʠʜʝ 

<ʇʨʦʙʣʝʤʥʘʷ ʩʠʪʫʘʮʠʷ > ­ < ʈʘʟʨʝʰʠʤʘʷ ʟʘʜʘʯʘ ʥʘ ʤʦʜʝʣʠ > ­ 

 ­ <ʇʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʦʠʩʢ ʨʝʰʝʥʠʡ > ­ <ʈʝʰʝʥʠʝ >. 

ʈʘʩʩʤʦʪʨʝʥʥʫʶ ʮʝʧʦʯʢʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʥʘ ʗʄɿ, ʦʩ-

ʥʦʚʥʳʤʠ ʧʦʥʷʪʠʷʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʧʨʦʙʣʝʤʥʳʝ ʩʠʪʫʘʮʠʠ, ʟʘʜʘʯʠ ʥʘ 

ʤʦʜʝʣʠ, ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ ʠ ʩʨʝʜʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʦʜʝʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʘʚʠʣ ʚʳʚʦʜʘ ʤʦʞʥʦ ʠʩʧʦʣʴ-
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ʟʦʚʘʪʴ ʧʨʘʚʠʣʘ, ʟʘʜʘʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʧʨʦʙʣʝʤʥʳʤʠ ʩʠʪʫʘʮʠʷʤʠ 

ʠ ʟʘʜʘʯʘʤʠ, ʠ ʧʨʘʚʠʣʘ (ʘʣʛʦʨʠʪʤʳ) ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦʠʩʢʘ ʨʝʰʝ-

ʥʠʡ ʥʘ ʩʝʤʠʦʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʥʘʥʠʡ (ʄɿ).  

ɺ ʗʄɿ ʟʘʜʘʯʝʡ ʥʘ ʤʦʜʝʣʠ Z ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʪʨʦʡʢʫ ʚʠʜʘ: Z = <U, U , V>, 

ʛʜʝ U ʠ V ï ʥʘʙʦʨʳ ʧʝʨʝʤʝʥʥʳʭ ʤʦʜʝʣʠ (U, V ï ʚʭʦʜ ʠ ʚʳʭʦʜ ʤʦʜʝʣʠ); U  ï 

ʟʥʘʯʝʥʠʝ ʥʘʙʦʨʘ U (ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ); <U, V> ï ʩʭʝʤʘ ʟʘʜʘʯʠ. ɺʳʯʠʩʣʠ-

ʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʧʝʨʝʚʦʜʷʱʠʡ ʤʦʜʝʣʴ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (W0, 0W ) ʚ 

ʮʝʣʝʚʦʝ (Wʮ, ʮW ), ʨʝʰʘʝʪ ʟʘʜʘʯʫ, ʝʩʣʠ W0 =U0, V Ë Wʮ. ɿʥʘʯʝʥʠʝ ʮV WË  

ʚʳʭʦʜʘ ʟʘʜʘʯʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʦʪʚʝʪʦʤ ʠʣʠ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ. 

ɿʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʝʰʠʤʦʡ ʥʘ ʤʦʜʝʣʠ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʫʧʨʘʚʣʝʥʠʠ, 

ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʧʨʦʮʝʜʫʨ, ʢʦʪʦʨʘʷ ʝʝ ʨʝʰʘʝʪ. 

ʂʘʞʜʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚ ʪʝʨʤʠʥʘʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʠʭ ʟʥʘʯʝʥʠʡ ʦʧʨʝʜʝ-

ʣʷʪʴ ʟʘʜʘʯʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ɺʩʝ ʵʪʠ ʟʘʜʘʯʠ ʨʘʟʙʠʪʳ ʥʘ 

ʢʣʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʟʘʜʘʯ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʭʝʤʦʡ (U, V). 

ɼʣʷ ʢʘʞʜʦʛʦ ʪʘʢʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʠʱʫʪ ʘʣʛʦʨʠʪʤ ʩʦ ʚʭʦʜʦʤ U ʠ ʚʳʭʦʜʦʤ 

V, ʨʝʰʘʶʱʠʡ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. ɽʩʣʠ ʪʘʢʦʡ ʘʣʛʦʨʠʪʤ ʩʫʱʝʩʪʚʫʝʪ ʥʘ 

ʤʦʜʝʣʠ, ʪʦ ʦʥ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥ ʧʨʠʤʝʥʠʤ ʢ 

ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ U .  

ɿʘʜʘʯʠ ʥʘ ʤʦʜʝʣʠ ʨʝʰʘʶʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ: ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʝʰʝʥʠʷ, ʪ.ʝ. 

ʩʦʩʪʘʚʣʝʥʠʝ ʘʣʛʦʨʠʪʤʘ, ʨʝʰʘʶʱʝʛʦ ʟʘʜʘʯʫ; ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ. 

ʄʥʦʞʝʩʪʚʦ ʨʘʟʥʦʪʠʧʥʳʭ ʟʘʜʘʯ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʤʦʜʝʣʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʵʪʠ ʟʘʜʘʯʠ ʨʘʟʨʝʰʠʤʳ.  

ʇʣʘʥʠʨʦʚʘʥʠʝ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʪʘʢʦʡ ʤʦʜʝʣʠ P ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʢʦʤʧʦʟʠʮʠʶ ʬʫʥʢʮʠʡ ji, ʩʦʧʦʩʪʘʚʣʷʶʱʫʶ ʥʝʢʦʪʦʨʳʤ ʯʝʪʚʝʨʢʘʤ 

<ʄ, ʉ, U, V> ʦʧʝʨʘʪʦʨ 

1

( )[ , , , ]K
n

i

i

M C U Vj

=

 ʩʦ ʚʭʦʜʦʤ U ʠ ʚʳʭʦʜʦʤ V. ʇʨʠ 

ʵʪʦʤ (U0Ç UBÇ Y) Ë U, (VD Ç VB Ç Y
*
) ËV, (C0 Ç ʉB Ç CL) Ë C,  

(ʄD Ç MB Ç ML) Ë ʄ.  

P = <

1

( )[ , , , ]K
n

i

i

M C U Vj

=

>, 

ʛʜʝ ʄ ï ʤʫʣʴʪʠʤʦʜʝʣʴ ʟʥʘʥʠʡ ʩʠʩʪʝʤʳ; ʉ ï ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʦʜʝʣʠ ʄ; U, V ï 

ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ ï ʫʩʣʦʚʠʡ ʧʦʠʩʢʘ ʥʘ ʄ. 



 

 

219 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʝ 

1

( )[ , , , ]K
n

i

i

M C U Vj

=

 ʦʧʨʝʜʝʣʝʥʦ ʜʣʷ ʪʝʭ 

ʯʝʪʚʝʨʦʢ (ʄ, ʉ, U, V), ʜʣʷ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʶʪ ʟʘʜʘʯʠ (U, U , V), ʨʘʟʨʝ-

ʰʠʤʳʝ ʥʘ ʤʦʜʝʣʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʟʘʜʘʯ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʘʜʘʯʠ ʜʠʘʣʦʛʘ, ʧʦʠʩʢʘ 

ʫʧʨʘʚʣʷʶʱʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʣʶʙʦʡ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʟʘʜʘ-

ʯʠ ʚʳʯʠʩʣʝʥʠʡ.  

ɼʚʫʭʫʨʦʚʥʝʚʳʡ ʩʝʤʠʦʪʠʯʝʩʢʠʡ ʧʣʘʥʠʨʦʚʱʠʢ ʠʥʪʝʛʨʠʨʫʝʪ ʚ ʩʝʙʝ ʚʩʝ 

ʧʣʘʥʠʨʦʚʱʠʢʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʠʧʦʚ ʤʦʜʝʣʝʡ. ɽʛʦ ʜʚʫʭʫʨʦʚʥʝʚʦʩʪʴ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʠʡ ʠ ʩʠʪʫʘʪʠʚʥʳʡ ʧʣʘʥʠʨʦʚʱʠʢʠ (ʠʭ 

ʘʣʛʦʨʠʪʤʳ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʢʘʞʜʦʤ ʪʠʧʝ ʤʦʜʝʣʝʡ (ʧʝʨʚʳʡ ʫʨʦʚʝʥʴ ð ʧʣʘʥʠʨʦ-

ʚʘʥʠʝ ʥʘ ʤʦʜʝʣʠ). ɼʣʷ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʣʦʢ ʚʳʜʝʣʝ-

ʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ ï ʧʣʘʥʠʨʦʚʘʥʠʝ ʥʘ 

ʤʥʦʞʝʩʪʚʝ ʤʦʜʝʣʝʡ ï ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʙʣʦʢʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʩʠʥʭʨʦʥʥʦ-

ʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʫʱʝʩʪʚʫʶʱʠʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʠʩʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʋɹɿ ʚ 

ʘʪʦʤʥʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʩʠʩʪʝʤʘʭ ʪʨʘʥʩʧʦʨʪʘ ʥʝʬʪʠ [ɹʘʰʣʳʢʦʚ, 

2001,ɹʘʰʣʳʢʦʚ, 2009] ʧʦʢʘʟʘʣ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʧʠʩʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʧʨʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʝʢʪʘʭ. 
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ʋɼʂ 007.52 

ʄɽʊʆɼʆʃʆɻʀʏɽʉʂʀɽ ʇʆɼʍʆɼʓ  

ʂ ʆʇʈɽɼɽʃɽʅʀʖ ʅɸʋʏʅʓʍ ʇʈʀʆʈʀʊɽʊʆɺ1 

ɺ.ʉ. ɹʦʡʯʝʥʢʦ (boychenko@rfh.ru)  

ʈʦʩʩʠʡʩʢʠʡ ʛʫʤʘʥʠʪʘʨʥʳʡ ʥʘʫʯʥʳʡ ʬʦʥʜ, ʄʦʩʢʚʘ 

ɸ.ɹ. ʇʝʪʨʦʚʩʢʠʡ (pab@isa.ru)  

ʀʥʩʪʠʪʫʪ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʌʀʎ ʀʋ ʈɸʅ, ʄʦʩʢʚʘ 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʧʨʠʦʨʠʪʝʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ, ʦʩʥʦ-

ʚʘʥʥʳʝ ʥʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʤ ʵʢʩʧʝʨʪʥʦʤ ʘʥʘʣʠʟʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ, ʤʥʦʛʦʢʨʠʪʝʨʠ-

ʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʵʢʩʧʝʨʪʥʦʝ ʦʮʝʥʠʚʘʥʠʝ 

ɺʚʝʜʝʥʠʝ 

ɺʳʙʦʨ ʥʘʫʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʷʚʣʷʝʪʩʷ ʩʝʛʦʜʥʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ ʚʦ ʚʩʝʭ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ, ʚʦ 

ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʷ ʠʭ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ, ʥʘʮʠʦʥʘʣʴʥʳʡ ʩʫʚʝʨʝʥʠ-

ʪʝʪ ʠ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. ʆʙʲʝʢʪʠʚʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʙʦʨʘ ʦʙʫ-

ʩʣʦʚʣʝʥʘ ʨʘʩʰʠʨʝʥʠʝʤ ʬʨʦʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʥʦʛʦʢʨʘʪʥʳʤ ʚʦʟʨʘʩʪʘ-

ʥʠʝʤ ʠʭ ʩʪʦʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʨʦʣʴʶ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝ-

ʥʠʡ ʠ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʥʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʠ ʙʫʜʫʱʝʤ ʤʠʨʝ. 

ʇʨʠʦʨʠʪʝʪʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʢʣʘʜ ʥʘʫʢʠ ʠ ʪʝʭ-

ʥʦʣʦʛʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʝʡ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ 

ʚʟʚʝʰʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ. ʇʨʠʦʨʠ-

ʪʝʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʛʘʨʤʦʥʠʟʠʨʦʚʘʥʳ ʩ ʢʦʥʢʫʨʝʥʪʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʩʪʨʘʥʳ ʠ ʛʣʦʙʘʣʴʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʬʝʨʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʮʝʣʝʧʦʣʘʛʘʥʠʷ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ-

ʩʷ ʧʨʠʦʨʠʪʝʪʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠʭ ʨʝʘ-

ʣʠʟʘʮʠʠ. 

ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʨʝʩʫʨʩʦʚ ʨʦʩʩʠʡʩʢʦʛʦ ʩʝʢʪʦʨʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘ-

ʙʦʪʦʢ ʪʨʝʙʫʝʪ ʚʚʝʜʝʥʠʷ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʫʩʪʘʥʦʚʣʝʥʠʷ 

                                                           
1
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ 14-07-00916,  

14-29-05025, 15-07-02956, 15-07-04760, 16-07-01125). 
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ʧʨʠʦʨʠʪʝʪʦʚ, ʢʦʪʦʨʳʝ ʚʧʠʩʘʥʳ ʚ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʡ ʢʦʥʪʝʢʩʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʮʝʣʝʡ ʠ ʦʧʳʪ ʨʝʘʣʠʟʘʮʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʠʥʠʮʠʘʪʠʚ ʟʘʨʫʙʝʞʥʳʤʠ ʩʪʨʘʥʘʤʠ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʫʯʥʳʭ 

ʧʨʠʦʨʠʪʝʪʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʤ ʵʢʩʧʝʨʪʥʦʤ ʘʥʘʣʠʟʝ. 

1. ʂʨʘʪʢʠʡ ʘʥʘʣʠʟ ʧʨʘʢʪʠʢʠ ʚʳʙʦʨʘ ʥʘʫʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʚ ʈʦʩʩʠʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʧʦʜʭʦʜʳ ʢ ʚʳʙʦʨʫ ʧʨʠʦʨʠʪʝ-

ʪʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʚʦ ʛʣʘʚʫ ʫʛʣʘ ʩʪʘʚʷʪʩʷ ʥʝ ʩʪʦʣʴ-

ʢʦ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʩʢʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʜʘʯʠ ʠ ʬʘʢʪʦʨʳ ï 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʟʦʚʳ, ʨʘʟʚʠʪʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʪʨʘʩ-

ʣʝʡ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʩʚʦʝʥʠʝ ʨʳʥʢʦʚ ʠ ʜʨ.  

ʉʦʚʨʝʤʝʥʥʘʷ ʤʠʨʦʚʘʷ ʧʨʘʢʪʠʢʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ çʩʢʚʦʟʥʫʶè ʧʦʜʜʝʨʞʢʫ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪ ʠʜʝʠ ʜʦ 

ʨʳʥʢʘ, ʚʢʣʶʯʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʠʥʩʪʠʪʫʪʦʚ ʨʘʟʚʠʪʠʷ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʪ.ʜ. ʇʨʦʛʨʘʤʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ, ʤʝʨʦʧʨʠʷʪʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʸʨʩʪʚʘ, ʠʤʝʶʪ ʢʘʢ ʧʨʝʜʤʝʪʥʳʡ ʭʘʨʘʢʪʝʨ (ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʦʢʦ-

ʣʝʥʠʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʦʮʝʩʩʦʚ ʠ ʫʩʣʫʛ), ʪʘʢ ʠ ʨʘʤʦʯʥʳʡ ʭʘʨʘʢ-

ʪʝʨ (ʨʦʩʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨ.) [ʂʦʰʢʘʨʸʚʘ ʠ ʜʨ., 2015].  

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʚʳʙʦʨʘ ʥʘʫʯʥʳʭ ʧʨʠʦʨʠʪʝ-

ʪʦʚ ʷʚʣʷʝʪʩʷ ʮʝʣʝʧʦʣʘʛʘʥʠʝ. ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʥʘʨʷʜʫ ʩ ʢʦʥʢʨʝʪʥʳʤʠ 

ʮʝʣʷʤʠ ʬʦʨʤʠʨʫʶʪʩʷ ʮʝʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ï ʦʨʠʝʥʪʠʨʳ ʙʫʜʫʱʝ-

ʛʦ, ʧʦʥʷʪʥʳʝ ʠ ʨʘʟʜʝʣʷʝʤʳʝ ʙʦʣʴʰʠʥʩʪʚʦʤ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ. 

ʂ ʧʨʠʤʝʨʫ, ʚ ʉʐɸ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʮʝʣʝʧʦʣʘʛʘʥʠʷ ʩʚʷʟʘʥ ʩ ʠʜʝʝʡ ʘʤʝ-

ʨʠʢʘʥʩʢʦʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦʩʪʠ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʣʠʜʝʨʩʪʚʘ, ʘ ʩʨʝʜʠ ʧʦʣʠʪʠʯʝ-

ʩʢʠʭ ʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʵʣʠʪ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʢʦʥʩʝʥʩʫʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ ʫʩʠʣʝʥʠʷ ʘʤʝʨʠʢʘʥʩʢʦʡ ʥʘʫʢʠ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ɺ ɽʚʨʦʧʝʡʩʢʦʤ ʉʦʶʟʝ ʮʝʣʝʧʦʣʘʛʘʥʠʝ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ ʟʘʚʦʝ-

ʚʘʥʠʝ ʧʝʨʝʜʦʚʳʭ ʧʦʟʠʮʠʡ ʚ ʥʘʫʯʥʦʡ ʩʬʝʨʝ ʯʝʨʝʟ ʨʘʟʚʠʪʠʝ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʤʝʞʜʫ ʛʦʩʫʜʘʨʩʪʚʘʤʠ ï ʯʣʝʥʘʤʠ ɽʉ ʚʧʣʦʪʴ ʜʦ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʩʪʨʘʥʘʭ ʉʝʚʝʨʥʦʡ ɽʚʨʦʧʳ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʠʦʨʠʪʝʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʨʘʪʝʛʠʝʡ ʩʦʮʠʘʣʴ-

ʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʧʦʩʪʨʦʝʥʠʝ çʛʦʩʫʜʘʨʩʪʚʘ 

ʙʣʘʛʦʩʦʩʪʦʷʥʠʷè. ʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʦʣʠʪʠʢʫ ʗʧʦʥʠʠ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʝʤʣʝʥʠʝ ʚʩʪʘʪʴ ʚʦ ʛʣʘʚʝ ʘʟʠʘʪʩʢʦʛʦ ʙʣʦʢʘ ʠ ʠʛʨʘʪʴ ʨʦʣʴ ʚʝ-

ʜʫʱʝʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʜʝʨʞʘʚʳ [ʇʝʪʨʦʚʩʢʠʡ ʠ ʜʨ., 2015]. 

ɺ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʨʦʣʴ çʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘè ʩʦʩʪʦʷʣʘ ʚ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʝʚʦʩʭʦʜʩʪʚʘ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʠ 

ʚʦ ʤʥʦʛʦʤ ʙʳʣʘ ʧʦʜʯʠʥʝʥʘ ʜʦʩʪʠʞʝʥʠʶ ʧʘʨʠʪʝʪʘ ʩ ʉʐɸ ʧʦ ʦʩʥʦʚʥʳʤ 
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ʚʠʜʘʤ ʚʦʦʨʫʞʝʥʠʡ [ɹʦʡʯʝʥʢʦ ʠ ʜʨ., 2015]. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʦʨʠʪʝʪʦʚ ʧʨʝʜʧʦʯʪʝʥʠʝ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʪ-

ʜʘʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʚʥʝʰʥʠʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʫʢʝ ʚʳʟʦʚʘʤ, ʩʢʦʣʴʢʦ ʩʧʝ-

ʮʠʬʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ɻʣʦʙʘʣʴ-

ʥʳʡ ʢʦʥʪʝʢʩʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʧʦʟʠʮʠʡ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʥʝ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʨʳʥʢʦʚ, ʧʨʠʚʣʝʯʝʥʠʷ çʚʥʝʰʥʠʭè ʨʝʩʫʨʩʦʚ, ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦ-

ʩʦʙʥʦʩʪʠ. ʇʦ ʩʫʪʠ ʦʪʩʫʪʩʪʚʫʶʪ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʝʘʣʠʟʘ-

ʮʠʠ ʧʨʠʦʨʠʪʝʪʦʚ. ɺ ʦʧʨʝʜʝʣʝʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʦʨʠʪʝʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʫʯʘʩʪʚʫʝʪ ʢʨʫʧʥʳʡ ʙʠʟʥʝʩ, ʩʫʙʲʝʢʪʳ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʨʝʜʧʨʠʥʠʤʘ-

ʪʝʣʴʩʪʚʘ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʜʝʣʝʥʠʝ ʨʘʩ-

ʭʦʜʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʛʦʩʫʜʘʨʩʪʚʦ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʟʘʪʨʘʪʳ 

ʠ ʥʘʯʘʣʴʥʫʶ ʩʪʘʜʠʶ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʩʥʠʞʘʷ 

ʫʨʦʚʝʥʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢʦʥʝʯʥʳʭ ʵʪʘ-

ʧʦʚ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʈʦʩʩʠʠ ʧʨʠʦʨʠʪʝʪʳ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʢʠ ʬʦʨʤʫʣʠ-

ʨʫʶʪ ʛʨʫʧʧʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʟʘ ʙʶʜʞʝʪʥʳʡ ʨʝʩʫʨʩ. ʌʘʢ-

ʪʠʯʝʩʢʠ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʫʯʘʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʥʘʷ ʛʨʫʧʧʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ 

ʣʠʮ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʥʦʚʷʪʩʷ ʦʩʥʦʚʥʳʤʠ çʚʳʛʦʜʦʧʨʠʦʙʨʝʪʘʪʝʣʷ-

ʤʠè ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʠʟʙʨʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʢʩʧʝʨʪʦʚ ï 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʥʘʫʢʠ, ʦʙʨʘʟʦʚʘʥʠʷ, ʜʝʣʦʚʳʭ ʢʨʫʛʦʚ ʠ ʩʪʨʫʢʪʫʨ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ï ʬʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʝʥʘ ʠʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. ɿʘʧʨʦʩʳ ʠ 

ʠʥʪʝʨʝʩʳ ʦʙʱʝʩʪʚʘ ʢʘʢ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʦʙʭʦʜʷʪʩʷ ʚʥʠʤʘʥʠʝʤ, ʘ ʩʣʝʜʦʚʘʥʠʝ ʤʠʨʦʚʳʤ ʪʨʝʥʜʘʤ ʥʝ ʚʩʝʛʜʘ 

ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʥʘʮʠʦʥʘʣʴʥʳʝ ʠʥʪʝʨʝʩʳ, ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʠ ʜʦʩʪʫʧʥʳʝ ʨʝʩʫʨʩʳ. 

2. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʦʙʣʘʩʪʠ ʥʘʫʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ 

ʆʩʥʦʚʥʦʡ ʤʠʩʩʠʝʡ ʥʘʫʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʛʝʥʝʨʠʨʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ 

ʩʪʦʷʪ ʚ ʧʦʚʝʩʪʢʝ ʜʥʷ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʣʠʙʦ ʤʦʛʫʪ ʚʦʟ-

ʥʠʢʥʫʪʴ ʚ ʙʫʜʫʱʝʤ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ, ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʠ ʦʪ-

ʙʦʨʝ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʧʨʠʦʨʠʪʝʪʘʤ ʜʦʣʞʥʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʫʯʠʪʳ-

ʚʘʪʴʩʷ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʯʝʨʝʟ ʧʨʠʟʤʫ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ ʚʥʝʰʥʠʝ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʫʢʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ: ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ 

ʚʦʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʝ ʚʳʟʦʚʳ ʠ ʠʭ ʧʨʦʝʢʮʠʠ ʥʘ ʈʦʩʩʠʶ; ʤʠʨʦʚʳʝ ʪʝʥʜʝʥ-

ʮʠʠ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʬʝʨʳ ʠ ʨʦʣʴ ʨʘʟʥʳʭ ʩʪʨʘʥ ʚ ʠʭ 

ʨʝʘʣʠʟʘʮʠʠ; ʤʠʨʦʚʳʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩ-

ʢʠʝ ʪʨʝʥʜʳ; ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʪʨʘʥʳ ʠ ʨʝʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʴ-

ʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʥʘʫʯʥʦʡ ʧʦʣʠʪʠʢʠ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʙʘʟʦʚʳʝ ʦʙʣʘʩʪʠ, ʷʚʣʷʶʱʠʝʩʷ ʟʥʘʯʠʤʳʤʠ ʜʣʷ ʣʶʙʦ-
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ʛʦ ʦʙʱʝʩʪʚʘ ʠ ʠʤʝʶʱʠʝ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʈʦʩʩʠʠ 

ʚ ʤʠʨʦʚʫʶ ʩʠʩʪʝʤʫ ʨʘʟʜʝʣʝʥʠʷ ʪʨʫʜʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʚʥʦʧʨʘʚʥʦʛʦ ʧʘʨʪʥʝʨʘ. 

ʂʘʯʝʩʪʚʦ ʞʠʟʥʠ ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʨʦʚʝʥʴ ʫʜʦʚʣʝʪʚʦ-

ʨʝʥʥʦʩʪʠ ʞʠʟʥʴʶ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʚ ʦʙʱʝʩʪʚʝ, ʘ ʪʘʢʞʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ï 

ʢʘʢ ʣʠʯʥʦʡ, ʪʘʢ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ ʠ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ.  

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʷʚʣʷʝʪʩʷ ʟʜʦʨʦʚʴʝ ʠ 

çʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʠʝè ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʯʝʪʘʥʠʠ ʥʘʫʯʥʳʭ 

ʧʦʜʭʦʜʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɻʨʘʞʜʘʥʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʚʦʟ-

ʤʦʞʥʦʩʪʷʭ ʧʦʣʫʯʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʧʦʪʨʝʙʣʷʪʴ ʧʦʣʝʟʥʳʝ ʠ 

ʙʝʟʦʧʘʩʥʳʝ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, ʧʨʠʦʙʨʝʪʘʪʴ ʥʝʜʦʨʦʛʦʝ ʠ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʝ 

ʞʠʣʴʝ. ʏʝʣʦʚʝʯʝʩʢʠʡ ʢʘʧʠʪʘʣ ʷʚʣʷʝʪʩʷ ʚʦʩʧʦʣʥʷʝʤʳʤ, ʥʦ ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʨʝʩʫʨʩʦʤ. ʆʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʟʘʢʣʘʜʳʚʘʝʪ ʦʩʥʦʚʳ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʦʚʳʰʘʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʩʪʨʘʥʳ, ʯʪʦ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʝʸ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʕʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʢʘʢ ʦʩʥʦʚʘ ʫʩʪʦʡʯʠʚʦʛʦ ʨʦʩʪʘ ʠ ʨʘʟ-

ʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʠ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʡ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʥʦʛʠʭ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ. ʆʩʦʙʦʝ ʟʥʘ-

ʯʝʥʠʝ, ʫʯʠʪʳʚʘʷ ʨʘʟʤʝʨʳ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʰʝʡ ʩʪʨʘʥʳ, 

ʧʨʠʦʙʨʝʪʘʶʪ ʚʦʧʨʦʩʳ ʧʝʨʝʜʘʯʠ ʠ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʚ ʤʠʨʦʚʦʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ ʩʦʭʨʘʥʷʶʪ 

ʫʛʣʝʚʦʜʦʨʦʜʳ. ʈʦʩʩʠʷ ʷʚʣʷʝʪʩʷ ʙʦʛʘʪʝʡʰʝʡ ʩʪʨʘʥʦʡ ʧʦ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 

ʨʝʩʫʨʩʘʤʠ, ʦʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʠʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʣʞʥʳʤ 

ʦʙʨʘʟʦʤ ʥʝ ʨʝʰʝʥʘ. ʀʩʯʝʨʧʘʥʠʝ ʚ ʈʦʩʩʠʠ ʜʦʩʪʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʙʳʯʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘ ʩʯʝʪ ʠʤʧʦʨʪʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʟʥʘʯʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʟʜʝʨʞʝʢ ʠ ʩʦʟʜʘ-

ʝʪ ʩʧʨʦʩ ʚ ʩʬʝʨʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʜʦʙʳʯʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʜʨʫʛʠʭ ʢʨʠʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʩʣʦʞʥʳʭ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷʭ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʢʦʥʦʤʠʯʝ-

ʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʚʝʜʢʠ, ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʟʚʠʪʠʝ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʢʪʦʨʘ ʠ ʨʝʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʶ ʵʢʦʥʦʤʠʢʠ. ɼʣʷ ʈʦʩʩʠʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʚʳʟʦʚʦʤ. ɺʥʝʜʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʩʬʝʨʫ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʚʦʣʶʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʠ ʩʝʪʝʚʳʭ ʧʨʠʥʮʠʧʘʭ ʦʨʛʘʥʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʱʘʪʴ ʠʟʜʝʨʞʢʠ ʠ 

ʧʦʚʳʰʘʪʴ ʜʦʙʘʚʣʝʥʥʫʶ ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ. ʅʘʣʠʯʠʝ ʨʘʟʚʠʪʦʡ ʧʨʦʠʟʚʦʜ-
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ʩʪʚʝʥʥʦʡ ʙʘʟʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʠʥʮʠʧʘʭ, 

ʧʦʟʚʦʣʠʪ ʈʦʩʩʠʠ ʥʘ ʨʘʚʥʳʭ ʩ ʨʘʟʚʠʪʳʤʠ ʩʪʨʘʥʘʤʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʤʝʞʜʫʥʘ-

ʨʦʜʥʦʡ ʢʦʦʧʝʨʘʮʠʠ ʠ ʩʦʭʨʘʥʷʪʴ ʩʘʤʦʜʦʩʪʘʪʦʯʥʦʩʪʴ ʧʦ ʨʷʜʫ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʦʙʣʘʩʪʠ ʚ ʩʚʦʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʰʠʨʦʢʦʤ ʧʦʥʠ-

ʤʘʥʠʠ ʵʪʦʛʦ ʪʝʨʤʠʥʘ. ʆʙʣʘʜʘʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤʠ ʚʠʜʘʤʠ ʩʳʨʴʷ, ʤʝʪʦʜʘ-

ʤʠ ʠʭ ʨʘʟʚʝʜʢʠ, ʜʦʙʳʯʠ, ʧʝʨʝʨʘʙʦʪʢʠ, ʪʝʭʥʦʣʦʛʠʷʤʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʝʭʥʦʣʦ-

ʛʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ, ʧʠʪʴʝʚʦʡ 

ʚʦʜʦʡ ʠ ʩʦʟʜʘʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘʣʠʯʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʝʭʥʦʣʦ-

ʛʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʶʜʝʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʴʶ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ 

ʧʨʝʧʘʨʘʪʘʤʠ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʠʥʬʝʢʮʠʷʤ, ʵʧʠʜʝʤʠʷʤ ï ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʠʦʙʝʟʦʧʘʩʥʦʩʪʴ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʤʘʰʠʥ, ʩʪʘʥʢʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʢʣʶ-

ʯʝʚʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʨʦʚʝʜʝʥʠʝ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʚʠʪʠʝ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʝʛʦ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ, ï ʦʧʨʝʜʝʣʷʝʪ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ. 

3. ʆʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ ʥʘʫʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʚʥʝʰʥʠʭ ʚʳʟʦʚʦʚ ʧʦ ʤʘʩʰʪʘʙʘʤ, ʬʦʨʤʘʤ ʧʨʦʷʚʣʝʥʠʷ ʠ 

ʜʠʥʘʤʠʢʝ ʥʘʨʘʩʪʘʥʠʷ ʨʠʩʢʦʚ ʜʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ, ʨʘʟʣʠʯʘʶ-

ʱʠʭʩʷ ʢʨʠʪʝʨʠʷʤʠ ʚʳʙʦʨʘ, ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʨʝʘʣʠʟʘʮʠʠ ʠ ʦʞʠʜʘʝʤʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ.  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʪʨʠ ʢʘʪʝʛʦʨʠʠ ʥʘʫʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ: 

¶ ʪʝʢʫʱʠʝ ʧʨʠʦʨʠʪʝʪʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʝʰʝʥʠʝ ʘʢʪʫʘʣʴʥʳʭ ʚ 
ʢʨʘʪʢʦ- ʠ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʈʦʩʩʠʝʡ; 

¶ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʨʠʦʨʠʪʝʪʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ, 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ; 

¶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʦʨʠʪʝʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʧʝʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ. 

ʊʝʢʫʱʠʝ ʧʨʠʦʨʠʪʝʪʳ ʬʦʨʤʠʨʫʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ, ʢʫʣʴʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʠʩʪʦʨʠʯʝ-

ʩʢʠʡ ʦʧʳʪ ʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʘʥʘʣʦʛʠʯʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʟʘʠʤʩʪʚʦʚʘʥʠʷ, ʘʜʘʧʪʘʮʠʠ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʠʦʨʠʪʝʪʳ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʜʦʣʞʥʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʨʠ-

ʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʟʘʧʨʦʩʳ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ. 

ɼʣʷ ʚʳʙʦʨʘ ʪʝʢʫʱʠʭ ʧʨʠʦʨʠʪʝʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩʬʦʨ-
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ʤʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʦʪʙʦʨʘ ʠ ʨʘʥʞʠʨʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʠʭ ʜʝʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʢʫʱʠʭ ʧʨʠʦʨʠʪʝʪʦʚ ʜʦʣʞʥʘ ʦʮʝʥʠʚʘʪʴʩʷ ʚʝʣʠʯʠʥʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʪʝʨʴ, ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʠ/ʠʣʠ ʦʙʲʝʤ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʭ ʨʳʥʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʧʨʠ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʨʠʦʨʠʪʝʪʘ. ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ 

ʩʨʝʜʥʝʩʨʦʯʥʳʝ ʠ ʜʦʣʛʦʩʨʦʯʥʳʝ ʚʳʛʦʜʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʚʳ-

ʨʘʞʘʶʱʠʝʩʷ ʚ ʩʦʮʠʘʣʴʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʧʦʣʠʪʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʷʭ. 

ʇʨʠʦʨʠʪʝʪʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʛʝʦʧʦʣʠʪʠ-

ʯʝʩʢʠʭ, ʤʝʞʜʫʥʘʨʦʜʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʠʩʢʦʚ, ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝ-

ʥʠʶ ʩʪʝʧʝʥʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʈʦʩʩʠʠ. 

ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʨʠʦʨʠʪʝʪʳ ʜʦʣʞʥʳ ʬʦʢʫʩʠʨʦʚʘʪʴʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ, ʥʘ ʧʨʠʯʠʥʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʚʳʟʦʚʦʚ, ʘ ʥʝ ʥʘ ʣʠʢʚʠʜʘ-

ʮʠʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʦʪ ʟʘʯʘʩʪʫʶ ʩʣʘʙʳʭ ʚʥʝʰʥʠʭ ʩʠʛʥʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʙʫʜʫʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʘ ʥʝ ʩʪʨʝʤʠʪʴʩʷ ʢ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʶ ʪʦʛʦ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʝʛʦʜʥʷʰʥʠʤ ʠʥʪʝʨʝʩʘʤ. 

ʅʘʨʷʜʫ ʩ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʚʥʝʰʥʠʭ ʚʳʟʦʚʦʚ ʚʳʙʦʨ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 

ʧʨʠʦʨʠʪʝʪʦʚ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʝʡ ʣʦʛʠʢʦʡ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, 

ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ ʦʙ ʦʩ-

ʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʘʭ ʦʨʛʘʥʠʟʘʮʠʠ ʞʠʚʦʡ 

ʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ, ʦʙʱʝʩʪʚʘ; ʨʘʩʰʠʨʝʥʠʝʤ ʤʝʪʦʜʦʣʦʛʠʠ ʠʟʫʯʝʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʷʚʣʝʥʠʡ; ʩʦʟʜʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʥʦʚʦʛʦ ʫʨʦʚʥʷ ʠ ʧʨʠʤʝʥʝʥʠ-

ʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ (ʧʦʜʭʦʜʦʚ) ʚ ʥʦʚʳʭ ʦʙʣʘʩʪʷʭ. ʃʦʛʠʢʘ ʨʘʟʚʠʪʠʷ 

ʥʘʫʢʠ ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʩʚʷʟʘʥʘ ʩ ʠʥʪʫʠʮʠʝʡ ʦʪʜʝʣʴʥʳʭ ʫʯʝʥʳʭ ʠ ʜʨʫʛʠʤ ʬʘʢʪʦʨʘʤʠ, ʥʝ ʧʦʜʜʘʶ-

ʱʠʤʠʩʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʠ ʦʮʝʥʢʘʤ. ʈʝʘʣʠʟʘʮʠʷ ʜʦʣʛʦ-

ʩʨʦʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʜʦʣʞʥʘ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʩʢʦʨʝʥʥʦʤʫ ʨʘʟʚʠʪʠʶ 

ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʬʝʨʳ, ʧʝʨʝʭʦʜʫ ʢ ʩʣʝʜʫʶʱʝʤʫ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʤʫ ʫʢʣʘʜʫ, ʧʦʣʫʯʝʥʠʶ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʤʝʶʱʠʭ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʡ ʵʬʬʝʢʪ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʦʨʠʪʝʪʳ ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ 

ʩʦʟʜʘʥʠʶ ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʚʦʚʣʝ-

ʯʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʣʠʮ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʣʦʸʚ 

ʦʙʝɦʩʪʚʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʶ ʥʘʫʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ, ʧʨʝʚʨʘʱʝ-

ʥʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʚ ʧʨʠʦʨʠʪʝʪʳ ʙʠʟʥʝʩʘ ʠ ʦʙʱʝʩʪʚʘ. 

ɺʘʞʥʦ ʩʦʟʜʘʪʴ ʥʦʚʳʝ ʬʦʨʤʳ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʧʦʚʳʰʘʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴ-

ʥʦʩʪʴ ʥʘʫʢʠ ʠ ʠʥʞʝʥʝʨʥʦʛʦ ʜʝʣʘ, ʫʚʝʣʠʯʠʚʘʪʴ ʟʘʧʨʦʩʳ ʦʙʱʝʩʪʚʘ ʠ ʙʠʟʥʝʩʘ ʥʘ 

ʠʥʥʦʚʘʮʠʠ, ʨʘʟʚʠʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʯʘʩʪʥʦ-ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ, ʧʦ-

ʚʳʰʘʪʴ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʦʙʱʝʩʪʚʘ ʦ ʧʝʨʝʜʦʚʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷʭ, ʦʪʢʨʳʚʘʪʴ ʥʦʚʳʝ ʬʦʨʤʘʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʫʢʠ ʠ ʦʙʱʝʩʪʚʘ. 
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4. ʂʨʠʪʝʨʠʠ ʵʢʩʧʝʨʪʥʦʛʦ ʚʳʙʦʨʘ ʥʘʫʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʚ ʈʦʩʩʠʠ ʠ ʜʨʫʛʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ 

ʩʪʨʘʥʘʭ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʧʨʘʢʪʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʫʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʦʙʫ-

ʩʣʦʚʣʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ ʦʧʠʨʘʝʪʩʷ ʥʘ ʯʸʪʢʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʡ ʧʦʥʷʪʠʡʥʳʡ ʘʧʧʘʨʘʪ, ʚʢʣʶʯʘʶʱʠʡ ʢʘʢ ʪʝʢʫʱʠʝ, ʪʘʢ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʮʝʣʠ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʦʩʥʦʚʘʥʠʶ ʧʨʠʦʨʠʪʝʪʦʚ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ; ʠʟʤʝʨʠʤʳʝ ʠʥʜʠʢʘʪʦʨʳ ʠʩʧʦʣʥʝʥʠʷ, ʤʝʭʘʥʠʟʤʳ ʨʝʘʣʠʟʘʮʠʠ; ʤʥʦ-

ʛʦʫʨʦʚʥʝʚʫʶ ʵʢʩʧʝʨʪʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʨʦʮʝʩʩ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʦʮʝʥʢʘʤʠ ʧʦ ʚʩʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʤ ʘʩʧʝʢʪʘʤ; ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʩʧʝʨʪʥʳʭ ʧʨʦʮʝʜʫʨ, ʚʢʣʶʯʘ-

ʶʱʝʝ ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʝʚ, ʘʣʛʦʨʠʪʤʳ ʧʦʣʫʯʝʥʠʷ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠ ʘʥʘ-

ʣʠʟʘ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʵʢʩʧʝʨʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; ʧʨʦʛʥʦʟʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʦʧʦʩʪʘʚʠ-

ʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʡ ʠ ʵʢʩ-

ʧʝʨʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʆʩʥʦʚʦʡ ʜʣʷ ʚʳʙʦʨʘ ʥʘʫʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʜʦʣʞʥʘ ʙʳʪʴ, ʧʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʦʮʝʥʢʘ ʨʦʣʠ ʥʘʫʢʠ ʚ ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ ʚ ʩʦʮʠ-

ʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩʪʨʘʥʳ: 

¶ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʥʘʢʦʧʣʝʥʠʝ ʥʦʚʳʭ ʟʥʘʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 
ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʦʡʯʠʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠ ʩʦ-

ʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʧʝʨʩʧʝʢʪʠʚʝ; 

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ ʠ ʨʝʰʝʥʠʷ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʩʦʮʠ-

ʘʣʴʥʳʭ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʙʣʝʤ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʦʤʧʝʪʝʥʮʠʠ ʛʦʩʫʜʘʨʩʪʚʘ; 

¶ ʚʳʧʦʣʥʝʥʠʝ ʵʢʩʧʝʨʪʥʳʭ ʬʫʥʢʮʠʡ, ʢʘʢ ʜʣʷ ʥʘʫʯʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʠ 
ʦʮʝʥʢʠ ʚʘʨʠʘʥʪʦʚ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʪʘʢ ʠ ʧʨʠ ʧʦʷʚʣʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʫʛʨʦʟ ʠ ʚʳʟʦʚʦʚ ʚʨʝʤʝʥʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ, ʥʘʮʠʦ-

ʥʘʣʴʥʦʤ ʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ; 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʟʠʪʠʚʥʦʛʦ ʠʤʠʜʞʘ ʩʪʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ 
ʬʘʢʪʦʨʦʚ çʤʷʛʢʦʡ ʩʠʣʳè ʚ ʛʝʦʧʦʣʠʪʠʢʝ. 

ʀʩʭʦʜʷ ʠʟ ʜʫʘʣʠʟʤʘ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʩʪʠʤʫʣʦʚ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, 

ʚʳʙʦʨ ʧʨʠʦʨʠʪʝʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʨʠʪʝʨʠʷʤʠ ʜʚʫʭ ʚʠʜʦʚ: ʦʙʱʝʩʪʚʝʥʥʘʷ 

ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʟʥʘʯʠʤʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʨʘʟ-

ʚʠʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʝʡ ʟʥʘʥʠʷ [ʇʝʪʨʦʚʩʢʠʡ ʠ ʜʨ., 2014]. 

ʇʨʠʦʨʠʪʝʪʳ ʧʝʨʚʦʛʦ ʚʠʜʘ ʦʙʲʝʜʠʥʷʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʳʝ ʥʘ ʚʩʝʩʪʦʨʦʥʥʝʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʠʟʫʯʝʥʠʝ ʩʨʝʜ-

ʩʪʚʘʤʠ ʥʘʫʢʠ ʥʘʠʙʦʣʝʝ ʨʝʟʦʥʘʥʩʥʳʭ ʧʨʦʙʣʝʤ, ʷʚʣʝʥʠʡ ʠʣʠ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ. ɺʳʙʦʨ ʧʨʦʙʣʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʧʦʣʠʪʠʯʝʩʢʦʡ, ʩʦʮʠʘʣʴʥʦʡ, 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠʣʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʚʘʞʥʦʩʪʴʶ. ʊʘʢʠʝ ʧʨʠʦʨʠʪʝʪʳ ʣʠʙʦ 
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ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʥʢʨʝʪʥʳʡ çʟʘʢʘʟè ʩʪʨʫʢʪʫʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʧʨʦʙʣʝʤʘʪʠʢʝ, 

ʣʠʙʦ ʬʦʨʤʠʨʫʶʪʩʷ ʩʘʤʠʤʠ ʫʯʸʥʳʤʠ ʠ ʦʪʨʘʞʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʫʯʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʦ ʟʥʘʯʠʤʦʩʪʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʦʙʣʝʤ ʠ ʷʚʣʝʥʠʡ ʚ ʞʠʟʥʠ ʩʪʨʘ-

ʥʳ. ɺ ʨʘʤʢʘʭ ʧʨʠʦʨʠʪʝʪʦʚ ʧʝʨʚʦʛʦ ʚʠʜʘ ʤʦʛʫʪ ʬʠʥʘʥʩʠʨʦʚʘʪʴʩʷ ʢʨʫʧʥʳʝ 

ʮʝʣʝʚʳʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʧʨʦʝʢʪʳ ʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʧʨʦʝʢʪʦʚ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ. 

ʇʨʠʦʨʠʪʝʪʳ ʚʪʦʨʦʛʦ ʚʠʜʘ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ ʠ 

ʦʪʨʘʞʘʶʪ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʣʦʛʠʢʫ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ. ʇʨʠʦʨʠʪʝʪʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʳ ʧʨʝʜʣʘʛʘʪʴʩʷ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴʩʷ ʵʢʩ-

ʧʝʨʪʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. ʂ ʪʘʢʠʤ ʧʨʠʦʨʠʪʝʪʘʤ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʥʦʚʳʝ, 

ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚ ʤʠʨʝ ʥʘʫʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʚ ʨʘʤʢʘʭ ʢʦʪʦ-

ʨʭr ʠʩʩʣʝʜʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦ-

ʷʥʠʝ ʠ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘʫʢʠ; ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ çʧʨʦʨʳʚʥʦʛʦè ʭʘʨʘʢʪʝʨʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʠʣʠ 

ʢʘʨʜʠʥʘʣʴʥʫʶ ʧʝʨʝʦʮʝʥʢʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʮʝʧʮʠʡ ʠʣʠ ʤʝʪʦʜʦʣʦʛʠʠ; 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʳʝ ʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩ-

ʰʠʨʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʬʝʨʳ ʧʨʠʣʦʞʝʥʠʷ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ; ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʣʘʙʦ ʠʟʫʯʝʥʥʳʝ ʥʘʫʢʦʡ ʧʨʦʙʣʝʤʳ ʠ ʷʚʣʝʥʠʷ. 

ʇʝʨʝʯʝʥʴ ʢʨʠʪʝʨʠʝʚ ʜʦʣʞʝʥ ʧʦʟʚʦʣʷʪʴ ʦʮʝʥʠʚʘʪʴ ʠ ʚʳʙʠʨʘʪʴ ʧʨʝʜʣʦ-

ʞʝʥʠʷ ʧʦ ʥʦʚʳʤ ʧʨʠʦʨʠʪʝʪʘʤ ʩ ʫʯʸʪʦʤ ʩʣʝʜʫʶʱʠʭ ʛʨʫʧʧ ʬʘʢʪʦʨʦʚ: 

ʚʥʝʰʥʠʝ ʚʳʟʦʚʳ (ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʫʛʨʦʟʳ); ʩʧʨʦʩ ʦʙʱʝʩʪʚʘ; ʦʙʱʝʤʠʨʦʚʳʝ 

ʪʝʥʜʝʥʮʠʠ, ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʪʝʤʘʪʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ; ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡ-

ʩʢʦʛʦ ʩʝʢʪʦʨʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ; ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʘʥʘʤʠ; ʫʩʣʦʚʠʷ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʟʘʠʤ-

ʩʪʚʦʚʘʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ, ʜʣʷ ʥʘʫʯʥʦʡ ʢʦʦʧʝʨʘʮʠʠ ʠ ʦʙʫʯʝʥʠʷ 

[ʌʨʠʜʣʷʥʦʚ ʠ ʜʨ., 2015]. 

ʇʝʨʝʯʝʥʴ ʢʨʠʪʝʨʠʝʚ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ.  

1. ʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ 

1.1. ʉʫʚʝʨʝʥʠʪʝʪ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ (çʚʳʞʠʚʘʝʤʦʩʪʴè) ʛʦʩʫʜʘʨʩʪʚʘ. 

1.2. ʂʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʵʢʦʥʦʤʠʢʠ. 

1.3. ɼʠʥʘʤʠʢʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ (ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ 

ʨʝʩʫʨʩʳ, ʚʩʪʨʘʠʚʘʥʠʝ ʚ ʛʣʦʙʘʣʴʥʳʝ ʮʝʧʦʯʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʠʤʦʩʪʠ, 

ʥʦʚʳʝ ʩʝʢʪʦʨʘ, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ). 

1.4. ʂʘʯʝʩʪʚʦ ʞʠʟʥʠ (ʣʠʯʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʜʦʨʦʚʴʝ, ʧʠʪʘʥʠʝ, ʵʢʦʣʦ-

ʛʠʷ, ʞʠʣʴʸ, ʦʙʨʘʟʦʚʘʥʠʝ). 

1.5. ʉʦʮʠʘʣʴʥʘʷ ʛʘʨʤʦʥʠʷ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ. 

2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ 
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2.1. ʋʥʠʢʘʣʴʥʳʝ ʧʨʦʨʳʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

2.2. ʏʫʚʩʪʚʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʟʘʤʝʱʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʝʪʦʨʛʫʝ-

ʤʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʤʝʞʩʪʨʘʥʦʚʦʛʦ 

ʪʨʘʩʬʝʨʘ). 

2.3. ʃʫʯʰʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʙʳʩʪʨʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

2.4. ʊʝʭʥʦʣʦʛʠʠ, ʦʪʚʝʯʘʶʱʠʝ ʥʘ ʦʙʱʝʤʠʨʦʚʳʝ, ʛʣʦʙʘʣʴʥʳʝ ʚʳʟʦʚʳ 

ʯʝʣʦʚʝʯʝʩʪʚʫ. 

2.5. ʂʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ. 

2.6. ʊʝʭʥʦʣʦʛʠʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦ-

ʤʠʢʠ. 

2.7. ʊʝʭʥʦʣʦʛʠʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʙʫʜʫʱʠʝ (ʧʦʢʘ ʦʪʩʫʪʩʪʚʫʶʱʠʝ) ʛʣʦ-

ʙʘʣʴʥʳʝ ʨʳʥʢʠ. 

2.8. ɺʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

3. ʅʘʫʯʥʳʝ ʢʨʠʪʝʨʠʠ 

3.1. ʉʦʦʪʚʝʪʩʪʚʠʝ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʠ ʤʠʨʦʚʳʤ ʪʨʝʥʜʘʤ ʨʘʟʚʠʪʠʷ. 

3.2. ʉʦʦʪʚʝʪʩʪʚʠʝ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʠ ʦʙʣʘʩʪʷʤ ʙʳʩʪʨʦʛʦ (ʥʘʤʝʯʘʶʱʝ-

ʛʦʩʷ) ʧʨʦʛʨʝʩʩʘ. 

3.3. ʅʘʣʠʯʠʝ ʚ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʝ ʟʥʘʯʠʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦ-

ʪʝʥʮʠʘʣʘ (ʨʝʚʦʣʶʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝ-

ʥʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ). 

3.4. ʅʘʣʠʯʠʝ ʚ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʝ ʟʥʘʯʠʤʦʛʦ ʪʨʘʥʩʣʷʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠ-

ʘʣʘ (ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʦʠʩʢʦʚʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʙʳʩʪʨʦ ʢʦʤʤʝʨʮʠʘʣʠʟʦʚʘʥʳ ʠ/ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ). 

3.5. ʅʘʣʠʯʠʝ ʚ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʥʦʚʳʭ 

ʟʥʘʥʠʡ, ʩʪʘʨʪʦʚʳʭ ʫʩʣʦʚʠʡ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. 

3.6. ʅʘʣʠʯʠʝ ʚ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʝ ʩʠʣʴʥʳʭ ʥʘʫʯʥʳʭ ʰʢʦʣ. 

3.7. ʋʨʦʚʝʥʴ ʠʥʪʝʛʨʘʮʠʠ ʥʘʫʯʥʦʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʫʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ:  

¶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʦʨʠʪʝʪʦʚ;  

¶ ʥʘʣʠʯʠʝ ʯʝʪʢʠʭ ʧʨʦʮʝʜʫʨ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 
ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ, ʵʢʩʧʝʨʪʥʳʭ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʧʦʣʥʦʤʦʯʠʡ; 

¶ ʦʪʢʨʳʪʦʩʪʴ ʠ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʦʮʝʥʢʘʤ ʠ ʚʟʛʣʷʜʘʤ; 

¶ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʝ ʦʮʝʥʢʠ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʧʨʠʦʨʠʪʝʪʘʤ ʠ ʧʦʣʫ-

ʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ;  
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¶ ʨʝʛʫʣʷʨʥʘʷ ʠ ʥʝʟʘʚʠʩʠʤʘʷ ʦʮʝʥʢʘ ʧʨʦʛʨʝʩʩʘ, ʫʪʦʯʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 
ʧʨʠʦʨʠʪʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʂʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʭʘʨʘʢʪʝʨ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʦʮʝʜʫʨʳ ʝʸ 

ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ, ʜʨʫʛʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʚ ʨʘʤʢʘʭ ʝʜʠ-

ʥʦʡ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʫʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʠʭ ʦʪʙʦʨʫ, ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠ ʩʬʝʨʳ 

ʧʨʠʤʝʥʝʥʠʷ ʦʞʠʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[ɹʦʡʯʝʥʢʦ ʠ ʜʨ., 2015] ɹʦʡʯʝʥʢʦ ɺ.ʉ., ʇʝʪʨʦʚʩʢʠʡ ɸ.ɹ., ʉʪʝʨʥʠʥ ʄ.ʖ., ʐʝʧʝ-

ʣʸʚ ɻ.ʀ. ɺʳʙʦʨ ʧʨʠʦʨʠʪʝʪʦʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ: ʦʧʳʪ ʉʦʚʝʪʩʢʦʛʦ 

ʉʦʶʟʘ // ʊʨʫʜʳ ʀʥʩʪʠʪʫʪʘ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʈɸʅ. 2015. ɺʳʧ.3.  

[ʂʦʰʢʘʨʸʚʘ ʠ ʜʨ., 2015] ʂʦʰʢʘʨʸʚʘ ʆ.ɸ., ʄʠʥʜʝʣʠ ʃ.ʕ., ʆʩʪʘʧʶʢ ʉ.ʌ. ʉʠʩʪʝʤ-

ʥʳʝ ʘʩʧʝʢʪʳ ʧʨʦʮʝʜʫʨʳ ʚʳʙʦʨʘ ʠ ʘʢʪʫʘʣʠʟʘʮʠʠ ʧʨʠʦʨʠʪʝʪʦʚ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ // 

ʀʥʥʦʚʘʮʠʠ. 2015. ˉ 6. 

[ʇʝʪʨʦʚʩʢʠʡ ʠ ʜʨ., 2015] ʇʝʪʨʦʚʩʢʠʡ ɸ.ɹ., ɹʦʡʯʝʥʢʦ ɺ.ʉ., ʉʪʝʨʥʠʥ ʄ.ʖ., ʐʝʧʝ-
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ʇʆɼɼɽʈɾʂɸ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ  

ʇʈʀ ɼʀʉʇɽʊʏʀʈʆɺɸʅʀʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ  

ʇʈʆʎɽʉʉʆɺ ɺ ʄɸʐʀʅʆʉʊʈʆɽʅʀʀ
1
 

ɻ.ɹ. ɹʫʨʜʦ (gbtms@yandex.ru) 

ɹ.ɺ. ʇʘʣʶʭ (pboris@tstu.tver.ru) 

ʅ.ɸ. ʉʝʤʝʥʦʚ (SLT1155@mail.ru) 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ ʢ ʜʠʩʧʝʪʯʠʨʦʚʘʥʠʶ ʨʘʙʦʪʳ ʤʝʭʘʥʦ-

ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʤʘʰʠʥʦʩʪʨʦʠ-

ʪʝʣʴʥʦʛʦ ʝʜʠʥʠʯʥʦʛʦ ʠ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ (ʤʥʦʛʦʥʦʤʝʥʢʣʘʪʫʨʥʦʛʦ) 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʩʠʪʫʘʮʠʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝ-

ʤʝ. ʆʧʨʝʜʝʣʝʥʳ ʦʮʝʥʠʚʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʧʦʢʘʟʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʙʘʟʘ ʟʥʘʥʠʡ ʚ ʚʠʜʝ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʤʦ-

ʜʝʣʝʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʧʦʜʜʝʨʞʢʘ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʠʪʫʘʮʠʠ 

ɺʚʝʜʝʥʠʝ 

ɼʠʩʧʝʪʯʠʨʦʚʘʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ï ʦʪʩʣʝʞʠʚʘʥʠʝ ʭʦʜʘ ʚʳʧʦʣʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʊʇʨ) ʩ ʮʝʣʴʶ ʧʨʠʚʝʜʝʥʠʷ ʩʨʦʢʦʚ ʠʭ ʦʢʦʥʯʘ-

ʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʫʝʤʳʤʠ ʟʘ ʩʯʝʪ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ [ʉʘ-

ʤʦʡʣʦʚʠʯ, 2008]. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ɸʉʋʊʇ) ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʤʥʦʛʦʥʦʤʝʥʢʣʘʪʫʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʄʇ) ʨʘʟʣʠʯʥʦʛʦ 

ʫʨʦʚʥʷ ʦʨʠʝʥʪʠʨʦʚʘʥʳ [ɹʘʣʘʭʦʥʦʚʘ, 2008], [ʆʙʫʭʦʚ, 2002] ʣʠʰʴ ʥʘ ʬʠʢ-

ʩʘʮʠʶ ʭʦʜʘ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʝʭʘʥʠ-

ʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʠʭ ʢʘʣʝʥʜʘʨʥʳʭ ʧʣʘʥʦʚ ʛʨʘʬʠʢʦʚ, ʂʇɻ)  ʟʘ ʧʝʨʠʦʜ ʠʥ-

ʪʝʨʚʘʣʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ (ʀʆʇ). ʇʨʠ ʵʪʦʤ ʠʭ ʦʩʥʦʚʥʘʷ ʬʫʥʢ-

ʮʠʷ ï ʚʳʨʘʙʦʪʢʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʩʠʩʪʝ-

ʤʫ ʦʩʪʘʝʪʩʷ ʧʨʝʨʦʛʘʪʠʚʦʡ ʜʠʩʧʝʪʯʝʨʘ [ɻʘʚʨʠʣʦʚ, 2009], [ʆôʃʠʨʠ, 2004]. ɺ 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-01-00324). 
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ʄʇ ʧʨʦʙʣʝʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʫʩʫʛʫʙʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʥʦʤʝʥʢʣʘ-

ʪʫʨʦʡ ʟʘʢʘʟʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝ-

ʣʝʥʠʷʭ (ʊʇ), ʘ ʪʘʢʞʝ ʚ  ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʦʙʲʝʢʪʠʚʥʳʭ ʠ ʩʫʙʲʝʢ-

ʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʘʢʪʠʯʝʩʢʠʝ ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ.  

ʇʦʵʪʦʤʫ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʩʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʭʘʥʠʟ-

ʤʦʚ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʨʘʙʘʪʳʚʘʪʴ ʨʝʢʦʤʝʥ-

ʜʘʮʠʠ ʜʣʷ ʮʝʭʦʚʦʛʦ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ ʚ ʄʇ ʧʨʠ ʜʠʩʧʝʪʯʠʨʦʚʘ-

ʥʠʠ ʊʇʨ [ɹʫʨʜʦ, 2012a], ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʝʡ ɸʉʋʊʇ. 

1. ʄʦʜʝʣʴ ʜʠʩʧʝʪʯʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʀʤʝʝʪʩʷ ʊʇ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʙʲʝʤʥʳʡ ʠ ʢʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥʳ, ʠ ʂʇɻ ʧʦ ʚʳ-

ʧʫʩʢʫ ʠʟʜʝʣʠʡ. ɼʣʷ ʜʘʥʥʦʛʦ ʊʇ ʥʝʦʙʭʦʜʠʤʦ ʜʠʩʧʝʪʯʠʨʦʚʘʥʠʝʤ ʦʙʝʩʧʝ-

ʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʂʇɻ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʚʳʧʦʣʥʝʥʠʝ ʠ ʦʩʪʘʣʴʥʳʭ ʧʣʘʥʦʚ. 

ʕʢʩʧʝʨʪʥʳʤ ʦʧʨʦʩʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʮʝʥʢʠ ʩʠʪʫʘʮʠʠ ʚ ʊʇ ʦʙʲʝʢ-

ʪʘʤʠ ʜʠʩʧʝʪʯʠʨʦʚʘʥʠʷ ʚ ʄʇ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʨʦʢʠ ʟʘʧʫʩʢʘ ʠ ʚʳʧʫʩʢʘ 

ʠʟʜʝʣʠʡ, ʥʦ ʠ  ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʠ 

ʜʣʷ  ʪʝʭ ʜʝʪʘʣʝʡ, ʮʠʢʣ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʀʆʇ. ɺʪʦʨʦʡ ʛʨʫʧʧʦʡ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʘʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʨʘʙʦʪʘʶʱʠʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʨʘʟʙʠʚʢʦʡ ʧʦ ʪʠʧʘʤ ʠ ʛʨʫʧ-

ʧʘʤ. ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʂʇɻ, ʠ ʚʦʟʤʦʞʥʳʝ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ (ʧʨʠʚʝʜʝʥʳ ʧʦ ʭʦʜʫ ʠʟʣʦʞʝʥʠʷ ʩʪʘʪʴʠ). 

1. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʠʯʝʩʢʠʭ ʩʨʦʢʦʚ ʧʦ-

ʩʪʫʧʣʝʥʠʷ ʧʘʨʪʠʡ ʜʝʪʘʣʝʡ  ʥʘ ʧʝʨʚʫʶ ʦʧʝʨʘʮʠʶ ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʛʦ ʀʆʇ, 

}1{ lqiT , ʛʜʝ l  ï ʥʦʤʝʨ ʧʘʨʪʠʠ ʜʝʪʘʣʝʡ, q  ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʦʧʝʨʘʮʠʠ, 

i ï ʛʨʫʧʧʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʥʪʝʨʚʘʣʦʚ lqiP1D  

ʨʘʩʭʦʞʜʝʥʠʷ ʩʨʦʢʦʚ ʩ ʧʣʘʥʦʚʳʤʠ ʩʨʦʢʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ lqiT2  : 

lqilqilqi PTT 121 D=- , 

ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ  ʩ ʜʦʧʫʩʪʠʤʳʤ [ ]1PD  ʟʥʘʯʝʥʠʝʤ (ʧʨʠ ʟʘʜʝʨʞʢʝ ʩʨʦʢʦʚ): 

[ ]11 PP lqi D¢D . 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ[ ]1PD  ʧʨʠʥʠʤʘʪʴ ʨʘʚʥʳʤ ʜʦ 50% ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʤʝʥʳ. 

ɼʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʝʝ ʠ ʦʙʲʝʤʥʦʝ ʦʪʩʪʘʚʘʥʠʝ (ʦʧʝʨʝʞʝʥʠʝ) ʧʦ ʊʇ:  

dPP d
lqi /)1(2 1ä D=D ;   ä D=D d

lqiPP 1 )1(3 . 
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ɿʜʝʩʴ d  ï ʯʠʩʣʦ ʟʘʧʫʱʝʥʥʳʭ ʧʘʨʪʠʡ ʜʝʪʘʣʝʡ. ɺʝʣʠʯʠʥʘ 2PD  ʩʨʘʚʥʠ-

ʚʘʝʪʩʷ ʩ ʜʦʧʫʩʪʠʤʳʤ ʠʥʪʝʨʚʘʣʦʤ: [ ]22 PP D¢D .  

2. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʝʥʠʷ ʂʇɻ ʟʘ ʢʘʞ-

ʜʫʶ ʨʘʙʦʯʫʶ ʩʤʝʥʫ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥ ʦʢʦʥ-

ʯʘʥʠʷ ʧʦʩʣʝʜʥʝʡ ʦʧʝʨʘʮʠʠ ʜʣʷ ʧʘʨʪʠʡ ʜʝʪʘʣʝʡ }3{ lqiT  ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 

ʧʣʘʥʦʚʳʤʠ }4{ lqiT :  

3 4 4lqi lqi lqiT T P- =D , 

ʛʜʝ lqiP4D  ï ʨʘʩʭʦʞʜʝʥʠʝ ʚʨʝʤʝʥʠ ʦʢʦʥʯʘʥʠʷ ʦʙʨʘʙʦʪʢʠ l -ʡ ʧʘʨʪʠʠ ʜʝʪʘ-

ʣʝʡ ʧʦ q -ʡ ʦʧʝʨʘʮʠʠ ʥʘ i -ʡ ʛʨʫʧʧʝ ʩʪʘʥʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʥʦʚʦʡ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʢʣʦʥʝʥʠʡ ʩʨʦʢʦʚ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʝʝ 

ʠ ʦʙʲʝʤʥʦʝ ʦʪʩʪʘʚʘʥʠʝ (ʦʧʝʨʝʞʝʥʠʝ) ʧʦ ʊʇ: 
1

5 ( 4 ) /
d

lqiP P dD = Dä ;

1
6 ( 4 )

d

lqiP PD = Dä .  

ɺ ʩʣʫʯʘʝ ʦʪʩʪʘʚʘʥʠʷ ʦʪ ʧʣʘʥʘ ʚʝʣʠʯʠʥʳ 4lqiPD ʠ 5ʈD ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 

ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʦʡ ʠʥʪʝʨʚʘʣʘ: 5 [ 5] , 4 [ 4]lqiP P P PD ¢ D D ¢ D. ʊʘʢ ʢʘʢ 

6PD  ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʚʩʝ ʚʠʜʳ ʨʘʙʦʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʠʧʘʤ ʠ ʛʨʫʧ-

ʧʘʤ ʩʪʘʥʢʦʚ, ʪʦ ʧʨʦʠʟʚʦʜʷʪ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘ }6{ jPD  ʠ 

}6{ jiPD ; jï ʥʦʤʝʨ ʪʠʧʘ, i ï ʥʦʤʝʨ ʛʨʫʧʧʳ: 

1 1
6 6 , 6 6

m n

j ji jP P P PD =D D = Dä ä . 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʯʝʪʥʳʡ (ʧʦ ʧʣʘʥʦʚʦʤʫ ʯʠʩʣʫ ʨʘʙʦʯʠʭ ʠ ʨʘʙʦʯʠʭ 

ʤʝʩʪ) ʬʦʥʜ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ 1ʌ  ʧʦ ʊʇ, ʧʦ ʪʠʧʘʤ ʩʪʘʥʢʦʚ 

{ }jʌ1 ʠ ʛʨʫʧʧʘʤ { }jiʌ1 .  

ɸʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ, ʠ ʠʩʭʦʜʷ ʠʟ ʬʘʢʪʠʯʝʩʢʦʡ ʯʠʩ-

ʣʝʥʥʦʩʪʠ ʨʘʙʦʯʠʭ ʠ ʨʘʙʦʯʠʭ ʤʝʩʪ: 2ʌ , { }jʌ2 , { }jiʌ2 . ʌʦʥʜʳ ʚʨʝʤʝʥʠ ʨʘʩ-

ʩʯʠʪʳʚʘʶʪʩʷ ʥʘʢʘʧʣʠʚʘʶʱʠʤʩʷ ʠʪʦʛʦʤ ʟʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʥʘʯʘʣʘ ʀʆʇ ʜʦ 

ʢʦʥʮʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʤʝʥʳ (1 ʩʤʝʥʘ ï 
1t , -c ʯʠʩ-

ʣʦ ʩʤʝʥ ʚ ʀʆʇ).  

ʆʪʥʝʩʝʥʠʝ ʦʙʲʝʤʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʂʇɻ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʦʥʜʘʤ 

ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʂʇɻ, ʠ 

ʪʝʥʜʝʥʮʠʶ ʠʟʤʝʥʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ. ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

() ;1/)(61 ʌtPt kk D=a () ;)(2/)(62 kkt tʌtPt D=a () () ;1/63 jkjkj ʌtPt D=a

() () ();2/64 kjkjkj tʌtPt D=a () () ;/65 ʈ
jikjikji ʌtPt D=a

;...,,...,,2 2 ck tctkt ---
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() () (),2/66 kjikjikij tʌtPt D=a  ʛʜʝ ʚʝʣʠʯʠʥʘ ʚ ʩʢʦʙʢʘʭ ()kt  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʘ-

ʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ( )cttt ...,,, 21 .  

ʋʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʠ ʩʨʝʜʥʠʝ ʠ ʦʙʲʝʤʥʳʝ ʦʪʩʪʘʚʘʥʠʷ (ʦʧʝʨʝ-

ʞʝʥʠʷ) ʦʪ ʧʣʘʥʘ ʧʦ ʊʇ, ʛʨʫʧʧʘʤ ʠ ʪʠʧʘʤ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʜʠʨʝʢʪʠʚ. 

2. ʇʨʦʮʝʜʫʨʳ ʚʳʨʘʙʦʪʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ 1 ʠ 2 ʵʪʘʧʘʭ ʤʥʦʞʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʘʞʜʦʡ ʩʤʝʥʳ. ɺʦʟʤʦʞʥʳʝ 

ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʳʧʦʣʥʝʥʠʷ ʂʇɻ ʥʘ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ k-ʡ ʩʤʝʥʳ (ʚʨʝʤʷkt ) ʩ ʨʝʟʫʣʴʪʘʪʘ-

ʤʠ ʧʦ ʦʢʦʥʯʘʥʠʶ ʧʨʝʜʳʜʫʱʝʡ (tï1)-ʡ ʩʤʝʥʳ (1-kt ), ʠ ʩ ʩʦʩʪʦʷʥʠʝʤ 0t  (ʤʦ-

ʤʝʥʪ ʟʘʧʫʩʢʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 15 ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʘʚʠʣ (ʇʈ) ï ʙʘʟʦʡ 

ʟʥʘʥʠʡ [ʈʳʙʠʥʘ, 2010], ʦʪʨʘʞʘʶʱʠʭ ʨʘʩʧʦʟʥʘʥʥʫʶ ʩʠʪʫʘʮʠʶ ʚ ʊʇ ʠ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʱʠʭ ʜʨʫʛ ʜʨʫʛʫ [ʃʘʨʠʯʝʚ, 1989].  
ʇʈ1. ɽʉʃʀ (ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ: ʋ1) [ ]5)(5 PtP k D¢D  ʀ ʋ2) 

[ ]4)(4, PtP klqii D¢D"  ʀ ʋ3) 0)(5 ²D ktP ),                                                (2.1)  

ʊʆ (ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʛʨʘʬʠʢʘ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ )(5 ktPD  ʥʘʭʦʜʷʪʩʷ ʚ 

ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ ʀ ʊʇ ʧʨʦʜʦʣʞʘʶʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʧʨʝʞʥʝʤ 

ʨʝʞʠʤʝ). ʋʩʣʦʚʠʝ (2.1) ʦʧʨʝʜʝʣʷʝʪ ʥʦʨʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʊʇ. 

ʇʈ2. ɽʉʃʀ (ʫʩʣʦʚʠʝ ʋ3) ʚ ʇʈ1 ʥʝ ʩʧʨʘʚʝʜʣʠʚʦ (ʪ.ʝ. 0)(5 ²D ktP , ʠʜʸʪ 

ʦʧʝʨʝʞʝʥʠʝ ʂʇɻ ʠ ʠʤʝʶʪʩʷ ʨʝʟʝʨʚʳ ʜʦʟʘʛʨʫʟʦʢ ʨʘʙʦʪʘʤʠ, ʠʤʝʶʱʠʤʠʩʷ ʚ 

ʨʘʩʧʦʨʷʞʝʥʠʠ ʤʘʩʪʝʨʦʚ), ʊʆ (ʚʳʷʚʣʷʶʪʩʷ ʛʨʫʧʧʳ ʩʪʘʥʢʦʚ {i} ʜʣʷ ʢʦʪʦ-

ʨʳʭ 0)(4 <D klqi tP  ʀ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʟʝʨʚ ʬʦʥʜʘ ʚʨʝʤʝʥʠ ʧʦ ʢʘʞʜʦʡ ʫʢʘ-

ʟʘʥʥʦʡ ʛʨʫʧʧʝ (ʈɻi) ʀ ʩʫʤʤʘʨʥʳʡ: { } })1({ 1ä D= d
lqii Pʈɻ ).  

ʈʝʟʝʨʚ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʳ ʩʪʘʥʢʦʝʤʢʦʩʪʝʡ ʨʘʙʦʪ, ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʜʦ-

ʛʨʫʟʠʪʴ ʛʨʫʧʧʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʇ. 

ʇʈ3. ɽʉʃʀ ({ } 0>iʈɻ  ʀ ʝʩʪʴ ʣʦʢʘʣʴʥʳʝ ʨʝʟʝʨʚʳ), ʊʆ ʜʦʛʨʫʟʠʪʴ 

ʛʨʫʧʧʳ ʩʪʘʥʢʦʚ ʩ ʈɻi>0. 

ʇʈ4. ɽʉʃʀ ({ } 0>iʈɻ  ʀ ʥʝʪ ʣʦʢʘʣʴʥʳʭ ʨʝʟʝʨʚʦʚ ʫ ʤʘʩʪʝʨʦʚ), ʊʆ 

ʧʝʨʝʜʘʪʴ ʨʘʙʦʪʳ ʠʟ (q+1)-ʛʦ ʀʆʇ. 

ʇʈ5. ɽʉʃʀ ]5[)(5 PtP k D>D , ʊʆ ʠʤʝʶʪʩʷ ʦʪʩʪʘʚʘʥʠʷ ʦʪ ʧʣʘʥʦʚʦʛʦ 

ʂʇɻ. ɼʘʣʝʝ ʚʳʷʩʥʷʝʪʩʷ ʤʦʤʝʥʪ ʧʦʷʚʣʝʥʠʷ ʦʪʩʪʘʚʘʥʠʷ, ʩʨʘʚʥʠʚʘʷ ʩʦʩʪʦʷ-

ʥʠʝ ʩ ʧʨʝʜʳʜʫʱʠʤ k = kï1 ʧʦ ʦʙʲʝʤʥʳʤ ʠ ʩʨʝʜʥʠʤ ʦʪʢʣʦʥʝʥʠʷʤ.  

ʇʈ6. ɽʉʃʀ (ʚʳʧʦʣʥʷʶʪʩʷ  

ʋ1) [ ]5)(5)(5 1 PtPtP kk D¢D-D -  ʀ ʋ 2) 1,1...9,0)(6/)(6 1 =DD -kk tPtP ),             (2.2)  
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ʊʆ ʥʘʢʦʧʣʝʥʠʝ ʦʪʩʪʘʚʘʥʠʷ ʟʘ k-ʶ ʩʤʝʥʫ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ.   

ɼʘʣʝʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʩ ʩʦʩʪʦʷʥʠʝʤ t0 ʟʘʧʫʩʢʘ.  
ʇʈ7. ɽʉʃʀ (ʚʳʧʦʣʥʷʶʪʩʷ 

ʋ1) [ ]5)(2)(5 PtPtP Ok D¢D-D  ʀ ʋ2) 1,1...9,0)(6/)(6 ¢DD Ok tPtP ),                 (2.3) 

ʊʆ (ʦʪʩʪʘʚʘʥʠʝ ʧʦʣʫʯʠʣʦʩʴ ʟʘ ʩʯʸʪ ʥʝʚʳʧʦʣʥʝʥʠʷ ʩʨʦʢʦʚ ʟʘʧʫʩʢʘ ʀ 

ʥʝʦʙʭʦʜʠʤʦ  ʯʠʩʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʤʝʥ, {ʜiC }).  

ʆʧʨʝʜʝʣʷʶʪʩʷ ʦʙʲʝʤʳ ʤʥʦʞʝʩʪʚʘ ʦʪʩʪʘʚʘʥʠʡ ʨʘʙʦʪ ʧʦ ʢʘʞʜʦʤʫ ʪʠʧʫ 

ʩʪʘʥʢʦʚ j ï ʥʝʦʙʭʦʜʠʤʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʦʥʜ ʨʘʙʦʪʳ ʜjʌ .

äD= i lqiʜj Pʌ 4 , ʜʝʣʝʥʠʝʤ ʥʘ 8 ʧʦʣʫʯʘʶʪ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʩʤʝʥ ʧʦ ʢʘʞʜʦʤʫ ʪʠʧʫ ʦʙʦʨʫʜʦʚʘʥʠʷ  ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʦʪʩʪʘʚʘ-

ʥʠʷ: 8/ʜjʜjʌC = . 

ʇʈ8. ɽʉʃʀ (ʚ (2.2) ʀ (2.3) ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ  ʋ1) ʠʣʠ ʋ2), ʊʆ 

ʧʝʨʝʭʦʜ ʚ çʨʫʯʥʦʡè ʨʝʞʠʤ (ʥʝʢʦʨʨʝʢʪʥʘʷ ʩʠʪʫʘʮʠʷ, ʚʳʟʚʘʥʥʘʷ ʚʚʦʜʦʤ 

ʥʝʚʝʨʥʳʭ ʜʘʥʥʳʭ).  

ɽʉʃʀ (ʇʈ7 ʥʝ ʚʝʨʥʘ), (ʪ.ʝ. ʩʦʩʪʦʷʥʠʝ tʢ  ʦʪʣʠʯʥʦ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ) 

ʊʆ ʜʘʣʝʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʠʯʠʥʳ.  

ʇʈ9. ɽʉʃʀ (ʩʦʩʪʦʷʥʠʝ kt  ʦʪʣʠʯʥʦ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ 1-kt ), 

ʀ )(2)(1 kk tt aa ¢ , (ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠʡ ʬʦʥʜ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʙʳʣ ʙʦʣʴʰʝ), 

ʊʆ (ʤʥʦʞʝʩʪʚʦ ʦʮʝʥʠʚʘʝʤʳʭ ʧʨʠʯʠʥ: ʥʝʚʝʨʥʘʷ ʦʮʝʥʢʘ ʚʨʝʤʝʥ, ʥʝʫʜʦʚʣʝ-

ʪʚʦʨʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʤʘʩʪʝʨʦʚ, ʧʨʦʩʪʦʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʧʨʠʯʠʥʘʤ).  

ʇʈ10. ɽʉʃʀ (ʩʦʩʪʦʷʥʠʝ kt  ʦʪʣʠʯʥʦ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ1-kt , ʀ ʚʳ-

ʧʦʣʥʷʝʪʩʷ:  

)(2)(1 kk tt aa > ),                                                                                 (2.4)  

ʊʆ (ɽʉʃʀ 

3)(2)(1)(59,0 KtʌtʌtP kkk ³²¢D³ ),                                                       (2.5)  

(ʦʮʝʥʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʦʪʩʪʘʚʘʥʠʷ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʬʦʥʜʘ ʚʨʝʤʝʥʠ 

ʨʘʙʦʪʳ: ʛʜʝ ʂ3 ï ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ) ï ʇʈ11), ʀʅɸʏɽ ʇʈ12. 

ʇʈ11. ɽʉʃʀ ʫʩʣʦʚʠʝ (2.5) ʚʳʧʦʣʥʷʝʪʩʷ, ʊʆ (ʦʪʩʪʘʚʘʥʠʝ ʦʪ ʂʇɻ 

ʧʨʦʠʟʦʰʣʦ ʠʟ-ʟʘ ʦʪʣʠʯʠʷ ʬʦʥʜʦʚ ʚʨʝʤʝʥʠ), ʀʅɸʏɽ  ʠʟ-ʟʘ ʦʪʣʠʯʠʷ ʬʦʥ-

ʜʦʚ ʚʨʝʤʝʥʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʝʩʘ ʦʨʛʧʦʪʝʨʴ (oK ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʱʠʤ ʧʦʪʝʨʷʤ:  

))()((/()))()(()(( 33 t
ʌ
ʦT

P
ot

ʌ
ʦT

P
oT

K
Tʆ tʌtʌKtʌtʌʂtPK -³-³-D= . 

ʇʈ12. ɽʉʃʀ ʚʳʧʦʣʥʷʝʪʩʷ (2.4), ʊʆ (ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʬʦʥʜʳ ʚʨʝʤʝʥʠ 

ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʪʠʧʘʤ ʠ ʛʨʫʧʧʘʤ). ʇʦʧʘʨʥʦ ʩʨʘʚʥʠʚʘʶʪʩʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ j3a ʠ Tj4a :  

),05,1))(3/)(4(),,1(, ²=" kjkjj ttnj aa                                (2.6) 
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ʛʜʝ 1,05 ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʝ ʧʦʚʳʰʝʥʠʝ ʚʳʨʘʙʦʪʢʠ ʟʘ ʩʯʸʪ ʨʝʘʣʠʟʘʮʠʠ 

ʣʦʢʘʣʴʥʳʭ ʨʝʟʝʨʚʦʚ ʠ ʧʝʨʝʚʳʧʦʣʥʝʥʠʷ ʥʦʨʤ. ʊʘʢʠʝ ʪʠʧʳ ʩʪʘʥʢʦʚ ʟʘʧʦ-

ʤʠʥʘʶʪʩʷ (ʠʥʜʝʢʩʳ {}{}jj Í/ ). ɺʳʷʚʣʝʥʥʳʝ 
/j -ʝ ʪʠʧʳ ʜʘʣʝʝ ʧʨʦʚʝʨʷʶʪʩʷ 

ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ji6a ʠ ji5a  ʜʣʷ i-ʭ ʛʨʫʧʧ: 

 /, 1, , ( 6 ( ) / 5 ( )) 1,05 )k kj i j i j i
i m t ta a

¡ ¡
" = > .                        (2.7) 

ʆʪʚʝʯʘʶʱʠʝ ʫʩʣʦʚʠʶ{}ii Í}{ /  ʟʘʧʦʤʠʥʘʶʪʩʷ. ɽʉʃʀ (ʚʳʷʚʣʝʥʥʳʝ 

ʤʥʦʞʝʩʪʚʘ {}/j  ʠ {}i¡ ʦʧʨʝʜʝʣʷʶʪ ʙʦʣʝʝ 80% ʦʪʩʪʘʚʘʥʠʷ ʦʪ ʂʇɻ), ʪ.ʝ: 

68,0)6( ʈʈ
ijj i D³²Dä ä
¡¡¡ ¡  ,                                        (2.8) 

ʊʆ ʘʥʘʣʠʟʫ ʧʦʜʣʝʞʘʪ ʪʦʣʴʢʦ ʦʥʠ.  

ɿʥʘʯʝʥʠʝ 0,8 ʚʟʷʪʦ, ʠʩʭʦʜʷ ʠʟ ʧʣʘʥʦʚʦʡ ʟʘʛʨʫʟʢʠ ʩʪʘʥʢʦʚ, ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʩʪʨʘʥʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʦʪʩʪʘʚʘʥʠʡ  ʟʘ ʩʯʸʪ ʣʦʢʘʣʴʥʳʭ ʨʝʟʝʨʚʦʚ. ɼʘʣʝʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʣʠʯʠʷ ʬʦʥʜʦʚ ʚʨʝʤʝʥʠ ʧʦ ʛʨʫʧʧʘʤ ʠ ʧʦ ʪʠʧʘʤ: 

,)}(2)(1{)}({ ////// kijkijkij
tʌtʌtʌ -=D { } )()(2)(1)}({

//// t
ij

ikjkjkj
tʌtʌtʌtʌ
¡

ä=-=D  

ʇʦ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʠ ʪʠʧʫ ʩʪʘʥʢʦʚ ʥʘʭʦʜʷʪʩʷ )(// kij
tb  ʠ )(/ kj

tb , ʦʧʨʝ-

ʜʝʣʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʝ ʬʦʥʜʦʚ ʚʨʝʤʝʥʠ: 

);(2/)()( //// kijkijtij
tʌtʌt

¡¡
D=b

).(1/)()(/ ttjtj
tʌtʌt j¡¡

D=b  

ʇʈ13. ɽʉʃʀ 1,0)(/ <tj
tb  (0,1 ʫʯʠʪʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʦʪʩʪʘʚʘʥʠʡ ʦʪ ʂʇɻ), ʊʆ (ʥʝʦʙʭʦʜʠʤʳ ʤʦʙʠʣʠʟʘʮʠʷ ʣʦ-

ʢʘʣʴʥʳʭ ʨʝʟʝʨʚʦʚ, ʜʦʧʫʱʝʥʠʝ ʧʝʨʝʨʘʙʦʪʦʢ ʚ ʧʨʝʜʝʣʘʭ 
ij

ʌ /D  ʀ ʧʝʨʝʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʨʘʙʦʪ ʤʝʞʜʫ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʤʠ ʪʠʧʘʤʠ ʠʣʠ ʛʨʫʧʧʘʤʠ ʩʪʘʥʢʦʚ  

ʩ ʫʯʝʪʦʤ { }ij ¡¡b ). 

ʇʈ14. ɽʉʃʀ 1,0)(/ ²kj
tb  ʊʆ (ʚʦʟʤʦʞʥʦ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʠʟ ʩʣʝʜʫ-

ʶʱʠʭ: 1) ʨʘʙʦʪʘ ʚ ʚʳʭʦʜʥʳʝ ʜʥʠ, ʩʣʝʜʫʶʱʠʝ ʟʘ ʀʆʇ, ʧʦ ʛʨʫʧʧʘʤ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, 2) ʫʚʝʣʠʯʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʬʦʥʜʘ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ  ʧʫʪʝʤ ʦʪʟʳʚʘ ʠʟ ʦʪʧʫʩʢʦʚ ʨʘʙʦʯʠʭ, ʧʨʠʸʤ ʥʘ ʨʘʙʦʪʫ ʠ ʪ.ʜ., 3) ʧʨʠ-

ʦʙʨʝʪʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠʸʤ ʨʘʙʦʯʠʭ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʦʙʦʜʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪ.ʝ ʩʦʟʜʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʧʦ ʪʠʧʘʤ 

æʈʄj ʠ ʛʨʫʧʧʘʤ æʈʄji ʩʪʘʥʢʦʚ; 4) ʧʝʨʝʜʘʯʘ ʯʘʩʪʠ ʨʘʙʦʪ ʜʨʫʛʠʤ ʊʇ ʠʣʠ 

ʩʪʦʨʦʥʥʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ).  ʇʝʨʚʦʝ ʨʝʰʝʥʠʝ  ʚʦʟʤʦʞʥʦ, ʝʩʣʠ: 



 

 

237 

)2)8/))((()1,0)(( //// ¢DØ> kijkij
tʌtb (2ʩʤʝʥʳ). ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʨʘ-

ʙʦʯʠʭ ʧʦ ʪʠʧʘʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, æʉj(tk): }{ { })8/()()( mtʌtʉ kjkj ³D=D ¡
, (m- 

ʠʥʜʝʢʩ ʜʥʷ ʀʆʇ (1, 2 ʠ ʪ.ʜ.)), ʠ ʛʨʫʧʧʘʤ: }{ { )8/()()( mtʌtʉ kijkji ³D=D ¡¡
;

)()(( tjtji tCtCä D=D . 2-ʝ ʨʝʰʝʥʠʝ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ:

)2)8/)((()1,0)(( //// >DØ> tijkij
tʌtb . ʇʨʝʨʦʛʘʪʠʚʘ ʨʝʰʝʥʠʡ 3 ʠ 4 (ʦʙʲʝʤʳ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʨʘʙʦʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʚʝʣʠʯʠʥʘʤ )(// kij
tʌD ) ï ʚʳʩʰʝʝ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʝ ʟʚʝʥʦ ʬʠʨʤʳ. ʈʝʰʝʥʠʝ 1 ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʦ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ 1ï2 ʀʆʇ, ʨʝʰʝʥʠʝ 2 ʪʨʝʙʫʝʪ ʘʥʘʣʠʟʘ 3ï5 ʀʆʇ, ʜʣʷ ʨʝʰʝʥʠʡ 3 ʠ 4 

ʥʝʦʙʭʦʜʠʤ ʘʥʘʣʠʟ ʚ ʪʝʯʝʥʠʝ 1ï2 ʤʝʩʷʮʝʚ. 

ʇʈ15. ɽʉʃʀ (ʥʝ ʚʝʨʥʳ (2.6) ʀʃʀ ((2.7) ʀ (2.8)), ʊʆ (ʧʝʨʝʭʦʜ ʢ ʘʥʘʣʠ-

ʟʫ ʨʘʟʣʠʯʠʷ ʬʦʥʜʦʚ ʚʨʝʤʝʥʠ ʧʦ ʪʠʧʘʤ ʠ ʛʨʫʧʧʘʤ ʦʙʦʨʫʜʦʚʘʥʠʷ: 

)};(2)(1{)}({ kjikjikji tʌtʌtʌ -=D )}(2)(1{)}({ kjkjkj
tʌtʌtʌ -=D  ʀ 

ʦʧʨʝʜʝʣʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ )( kij
tb  ʠ )( kj

tb ʧʦ ʬʦʨʤ. 9). ɼʘʣʴʥʝʡʰʠʡ 

ʘʥʘʣʠʟ ʩʠʪʫʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ. ɿʘʤʝʪʠʤ, ʯʪʦ ʚʩʝ ʧʨʠʚʝʜʝʥʥʳʝ 

ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʫʩʣʦʚʠʡ ʙʘʟʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ,  

ʫʪʦʯʥʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʠ ʜʣʷ ʜʨʫʛʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʢʘʢ ʥʘʯʘʣʴʥʳʝ. ʅʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ʠʤʝʝʪʩʷ ʥʘ 

ʧʦʩʣʝʜʥʝʤ ʠʥʪʝʨʚʘʣʝ kt , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʦʢʦʥʯʘʥʠʶ ʀʆʇ. ɿʜʝʩʴ ʥʝʦʙ-

ʭʦʜʠʤʦ ʤʥʦʞʝʩʪʚʫ ʦʪʩʪʘʚʘʥʠʡ ʦʪ ʂʇɻ ʥʘ ʜʘʥʥʦʤ ʀʆʇ {æʈ6} ʧʨʠʩʚʦʠʪʴ 

ʧʨʠʦʨʠʪʝʪʳ [ɹʫʨʜʦ, 2012b], ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʥʦʞʝʩʪʚʘ ʥʝʚʳʧʦʣʥʝʥʥʳʭ 

ʨʘʙʦʪ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʠʭ ʚ ʩʣʝʜʫʶʱʠʡ ʀʆʇ.   

ɿʘʢʣʶʯʝʥʠʝ 

ʂʘʢ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʚ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʨʦʮʝʜʫʨʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʘʩ-

ʧʦʟʥʘʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʊʇ  ʧʦ ʬʦʨʤʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ, 

ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ 

ʚʦʟʤʦʞʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʉʠʩʪʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʢʘʢ ʩʦʚʝ-

ʪʫʶʱʘʷ ʜʣʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ. ʇʨʝʜʣʦʞʝʥ-

ʥʳʝ ʤʝʪʦʜʠʢʠ ʠ ʤʦʜʝʣʠ ʜʠʩʧʝʪʯʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ɸʉʋʊʇ [ɹʫʨʜʦ, 2012b] 

ʫʩʧʝʰʥʦ ʧʨʦʰʣʠ ʧʨʦʤʳʰʣʝʥʥʫʶ ʘʧʨʦʙʘʮʠʶ ʥʘ ʙʘʟʦʚʦʤ ʧʨʝʜʧʨʠʷʪʠʠ, ʠ 

ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʢ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʝʤ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳ-

ʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʢʣʘʩʩʦʚ ERP, MRP-II  ʠ Scada. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʨʝʘ-

ʣʠʟʘʮʠʷ ʤʦʜʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦ-

ʥʘʣʘ ʚ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ. ʉʣʝʜʫʝʪ 



 

 

238 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩ ʧʦʤʦʱʴʶ 

ʵʢʩʧʝʨʪʦʚ ʫʪʦʯʥʠʪʴ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʂʇɻ, ʚʦʟʤʦʞʥʳʝ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʬɻ-

ʬʠʮʠʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʤʦʜʝʣʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[ɹʫʨʜʦ, 2012a] ɹʫʨʜʦ ɻ.ɹ., ʉʝʤʝʥʦʚ ʅ.ɸ., ʀʩʘʝʚ ɸ.ɸ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝ-
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ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʫʙʲʝʢʪʠʚʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʚʦʡʩʪʚʘʭ ʩʠʪʫʘʮʠʠ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʚʦʝʡ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʨʝʘʣʠʟʫʝʤʦʩʪʠ 

ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ ʩʫʙʲʝʢʪ ʠʩʧʦʣʴʟʫʝʪ ʥʝʯʝʪʢʠʝ ʩʫʞʜʝʥʠʷ. ʈʘʩ-

ʩʤʦʪʨʝʥʳ ʧʨʘʚʠʣʘ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʩʫʞʜʝʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʤʦʞʥʦʩʪʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʳʝ 

ʩʠʩʪʝʤʳ, ʥʝʯʝʪʢʦʝ ʩʫʞʜʝʥʠʝ, ʩʠʪʫʘʮʠʷ ʚʳʙʦʨʘ 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩʫʱʝʩʪʚʫʶʪ ʩʤʳʩʣʦʚʳʝ 

ʘʥʘʣʦʛʠ ʚʦʟʤʦʞʥʦʩʪʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʕʪʦ, ʥʘʧʨʠʤʝʨ, ʩʪʝʧʝʥʴ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʠ, ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʤʝʪʦʜʝ ʘʥʘʣʠʟʘ ʟʘʪʨʘʪ ʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʣʠ ʦʮʝʥʢʘ ʢʘ-

ʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʪ.ʧ. ʅʝʯʝʪʢʦʩʪʴ ʦʮʝʥʦʢ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʦʛʦ, 

ʯʪʦ ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʜʣʷ ʚʳʙʦʨʘ, ʷʚʣʷʝʪʩʷ ʚʦʩʧʨʠʷʪʠʝ. ʕʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʦʪʢʣʠʢ ʥʘ ʥʝʢʦʪʦ-

ʨʳʡ ʩʪʠʤʫʣ. ɺʪʦʨʦʡ ʧʨʦʮʝʩʩ ï ʵʪʦ ʦʩʦʟʥʘʥʠʝ ï ʚʦʩʧʨʠʷʪʠʝ ʩʚʦʝʛʦ ʫʤ-

ʩʪʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʨʝʪʠʡ ï ʧʘʤʷʪʴ, ʢʦʪʦʨʘʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʙʲʝʢ-

ʪʫ ʦʪʢʣʠʢʘʪʴʩʷ ʥʘ ʪʦ, ʯʪʦ ʦʥ ʦʱʫʱʘʣ ʨʘʥʴʰʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫ ʮʝʣʝʫʩʪʨʝʤ-

ʣʝʥʥʦʛʦ ʩʫʙʲʝʢʪʘ ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʜʝʣʴ ʩʠʪʫʘʮʠʠ ʚʳʙʦʨʘ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪ ʤʥʦʞʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʤʠ ʧʦ 

ʫʙʝʞʜʝʥʠʶ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʛʦ ʩʫʙʲʝʢʪʘ ʦʙʣʘʜʘʝʪ ʩʠʪʫʘʮʠʷ ʚʳʙʦʨʘ, ʠ 

ʢʦʪʦʨʳʝ, ʧʦ ʝʛʦ ʫʙʝʞʜʝʥʠʶ, ʚʣʠʷʶʪ ʥʘ ʝʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʠʣʠ ʥʝʫʜʦ-

ʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʩʠʪʫʘʮʠʝʡ [ɺʠʥʦʛʨʘʜʦʚ ʠ ʜʨ., 2015].  
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1. ɺʦʟʤʦʞʥʦʩʪʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʥʫʶ ʧʝʨʝʤʝʥʥʫʶ y, ʦʧʨʝʜʝʣʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ 

ʦʪʦʙʨʘʞʝʥʠʷ f ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʤ ʯʝʪʢʦʤ ʤʥʦʞʝʩʪʚʝ X, ʤʝʨʫ ʚʦʟʤʦʞʥʦʩʪʠ p 

ʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩ ʝʝ ʧʦʤʦʱʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʥʦʡ ʧʝʨʝʤʝʥʥʦʡ  

)( y
Y
m ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [ʇʳʪʴʝʚ, 2000]: 

1: ,f X E­  
1: ( ) ,P X Ep ­  

, ʜʣʷ )( Xxxfy Í"= }{ }{ ,1)(:)( -Íp==Íp=m fxyxfXxy
Y

 

ʉʯʠʪʘʝʤ ʙʝʟ ʧʦʪʝʨʠ ʦʙʱʥʦʩʪʠ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ1-f  ʷʚʣʷʝʪʩʷ ʥʝʯʝʪʢʠʤ 

ʤʥʦʞʝʩʪʚʦʤ. ʊʦʛʜʘ ).(1sup

1

)( x
f

fx

y
Y -m

-Í

=m  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦʩʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʙʫʜʝʪ 

ʠʤʝʪʴ ʚʠʜ. 

.*)(*,)(,max,)( m²m²Í­ y
Y

yxfXxxf               (1.1) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (1.1) ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʦ-

ʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʛʦ ʩʫʙʲʝʢʪʘ ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʙʦʨʘ ʥʘ ʤʥʦ-

ʞʝʩʪʚʝ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʥʝʛʦ ʜʝʡʩʪʚʠʡ ʧʨʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ 

y* ʠ ʩʠʣʝ ʝʛʦ ʫʙʝʞʜʝʥʥʦʩʪʠ .*m  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʦʟʤʦʞʥʦʩʪʥʘʷ ʧʝʨʝʤʝʥʥʘʷ 

y ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʯʝʪʢʦʤ ʤʥʦʞʝʩʪʚʝ Z ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ z. ʊʦʛʜʘ 

: ,nZ X E­  
1: ,f Z E­  

1: ( ) ,P Z Ep ­  

,,)),(( XxZzxzfy ÍÍ=  

},1{})(:{)( -Íp==Íp=m fzyzfZzy
Y

 ).(1sup

1

)( z
f

fz

y
Y -m

-Í

=m  

ʀ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦʩʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʤʝʪ ʚʠʜ. 

( ( )) max, , ,

( ( )) , ( ) *.

f z x z Z x X

f z x y* y
Y
m m

­ Í Í

² ²  

ʈʘʩʩʤʦʪʨʠʤ ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ X, Z ʠ ʦʪʦʙʨʘʞʝʥʠʝ :Z X Z­  ʩ 

ʬʫʥʢʮʠʷʤʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ }.),(),(),( zx
ZX

zx
³

mmm  ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʥʷʪʠʝ ʥʝʯʝʪʢʦʛʦ ʩʫʞʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʫʪʚʝʨ-

ʞʜʘʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʝʜʤʝʪʦʤ ʠ ʝʛʦ ʧʨʠʟʥʘʢʦʤ (ʩʫʞʜʝʥʠʷ ʦ ʮʝʣʷʭ ʠ ʦʙ 
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ʦʛʨʘʥʠʯʝʥʠʷʭ), ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʨʝʜʤʝʪʘʤʠ (ʩʫʞʜʝʥʠʷ ʦ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʷʭ çʝʩʣʠé, ʪʦéè), ʬʘʢʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʝʜʤʝʪʘ (ʩʠ-

ʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʩʫʱʝʩʪʚʣʝʥʦ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʤʦʞʝʤ ʛʦʚʦʨʠʪʴ ʦ ʥʝʯʝʪʢʠʭ 

ʮʝʣʷʭ, ʦʛʨʘʥʠʯʝʥʠʷʭ, ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʷʭ, ʨʝʰʝʥʠʷʭ ʠ ʦ ʩʦʩʪʦ-

ʷʥʠʷʭ. ʈʘʩʩʫʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʷʜ ʩʫʞʜʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʘʢʦʤʫ 

ʣʠʙʦ ʚʦʧʨʦʩʫ, ʢʦʪʦʨʳʝ ʠʜʫʪ ʦʜʥʦ ʟʘ ʜʨʫʛʠʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʠʟ ʧʨʝʜ-

ʰʝʩʪʚʫʶʱʠʭ ʩʫʞʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʪʝʢʘʶʪ ʠʣʠ ʩʣʝʜʫʶʪ ʜʨʫʛʠʝ, ʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʦʪʚʝʪ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ. ʇʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʡ  ʥʝʯʝʪʢʠʝ ʩʫʞʜʝʥʠʷ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʥʝʯʝʪʢʠʝ ʨʘʩʩʫʞʜʝʥʠʷ. ɼʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ ʨʘʩʩʤʦʪʨʠʤ ʥʝʯʝʪʢʦʝ ʩʫʞʜʝʥʠʝ 

çʧʝʨʝʤʝʥʥʘʷ Z ʤʦʞʝʪ ʧʨʠʥʷʪʴ ʟʥʘʯʝʥʠʝ z ʠ x Í X ʠ  zÍ Z ʠ (x, z) Í X ³ Zè, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʯʝʪʢʦʤʫ ʩʫʞʜʝʥʠʶ 

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

}),(,,,)(:{

ZXzxZzXxzZ

ZXzxZzXxzZ

³ÍØÍØÍØ-Íg=

=³ÍÍÍ=gGÍg
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min{)( zx
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y
Y ³

mmm-m
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=m  

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ z ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ.  
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʦ ʥʝʯʝʪʢʦʝ ʩʫʞʜʝʥʠʝ. ɼʦʧʫʩʪʠʤ, ʯʪʦ 
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m - ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʝʨʝʤʝʥʥʘʷ Y ʤʦʞʝʪ ʧʨʠʥʷʪʴ ʟʥʘʯʝʥʠʝ y, 

ʪ.ʝ. ʯʪʦ ʠ )),(1(
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Yy GÍgg-Í  ʠ ʜʣʷ Ii Í"  
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aiaiaii

A
i

a GÍgg-Í  ʠ )),(1(
zizizii

Z
i

z GÍgg-Í . ʊʦʛʜʘ 
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ʪ.ʝ. ʯʪʦ ʠ )),(1(
yyy

Yy GÍgg-Í  ʠ ʜʣʷ Ii Í"  

)),(1(
aiaiaii

A
i

a GÍgg-Í  ʠ ʜʣʷ Ii Í" )),(1(
zizizii

Z
i

z GÍgg-Í  ʠ 

),( za
y

fy = , ʛʜʝ },{},,{ Ii
i

zzIi
i

aa Í=Í= , ʠ ʜʣʷ Jj Í"  

)),(1(
bjbjbjj

B
j

b GÍgg-Í , ʛʜʝ  },{},,{ Jj
j

xxJj
j

bb Í=Í= . 

ʊʦʛʜʘ 

)}.(1sup

1

min{,)}(1sup

1

min{  

),(1sup

1

min{))),(1((

)),(1(()),(1(()( 

j
b

iB

iBbjJj
i

z
iZ

iZziIi

y
Y

Yy

zizizii
Z

i
z

Ii

aiaiaii
A

i
a

Ii
yyy

Yyy
Y

-m

-ÍgÍ

-m

-ÍgÍ

-m

-Íg

=GÍgg-ÍØ

Í

Ø

ØGÍgg-ÍØ

Í

ØGÍgg-Ím=m

 

  



 

 

243 

2. ɺʦʟʤʦʞʥʦʩʪʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ  

ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʳʭ ʩʫʙʲʝʢʪʦʚ 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

}},:))((max{arg,,)),(({ >ÍÍ=<=G XxZzxzfxXZxzf . 

ɿʜʝʩʴ >ÍÍ==<g },:))((max{arg,,)),(( XxZzxzfxXZxzf  ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʦʙʨʘʟʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʛʦ ʩʫʙʲʝʢʪʘ ʦ ʧʦʩʪʘʥʦʚʢʝ 

ʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʝʨʝʤʝʥʥʘʷ w ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʦʪʦʙ-

ʨʘʞʝʥʠʷ W ʥʘ ʤʦʜʝʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ɻ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ )(w
W
m  ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʨʳ ʚʦʟʤʦʞʥʦʩʪʠ p:  

1: -­G EW ,  

 

 

)}.(),(1sup
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min{)( g
G
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-Íg

=m
W

W

w
W

 

ʅʝʯʝʪʢʦʝ ʩʫʞʜʝʥʠʝ ʠ ʟʘʜʘʯʘ ʚʦʟʤʦʞʥʦʩʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

.*)(*,)(

,max,)(

m²m²g

GÍg­g

w
W

wW

W

 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʛʦ ʩʫʙʲʝʢʪʘ ʩʚʦʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ 

ʦ ʧʦʩʪʘʥʦʚʢʝ ʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʚʦʟ-

ʤʦʞʥʦʩʪʠ w*  ʠ ʩʠʣʝ ʝʛʦ ʫʙʝʞʜʝʥʥʦʩʪʠ .*m  

ʄʦʞʥʦ ʚʚʝʩʪʠ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʨʝʰʝʥʠʡ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ k Í K. ʊʦʛʜʘ 

.: K­GF  ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʯʝʪʢʦʝ ʩʫʞʜʝʥʠʝ ʚʠʜʘ: 

)},(),,(),(),(1sup

1

min{)( g
G
mgG³mm-m

-Íg

=m kKkKk
K

K

w
W  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ. 

( ( )) max, , , ( ( )) *, ( ) * .W k k K W k w w
W

g g g m m­ Í ÍG ² ²  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʜʚʠʞʝʥʠʝ ʢ ʮʝʣʠ *g  ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʛʦ ʩʫʙʲʝʢʪʘ ʥʘ 

(t1 ï tm) [ʇʳʪʴʝʚ, 2000]. ʆʞʠʜʘʝʤʘʷ ʮʝʥʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʟʫʣʴʪʘʪʘ z ʤʦ-

ʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ. ʎʝʣʴ (ʞʝʣʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ) ʜʣʷ ʵʪʦʛʦ 

ʩʫʙʲʝʢʪʘ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʦʢʨʫʞʝʥʠʡ ʚʳʙʦʨʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ (t1 ï tn) 

}{ }{ ,1)(:)( -Ígp==gGÍgp=m WwWw
W
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʩʣʝʜʥʠʡ ʨʝʟʫʣʴʪʘʪ (ʟʘʜʘʯʫ) *g=g
n

 ʠʟ ʤʥʦʞʝʩʪʚʘ ʜʦʩʪʫʧ-

ʥʳʭ ʜʣʷ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʛʦ ʩʫʙʲʝʢʪʘ ʨʝʟʫʣʴʪʘʪʦʚ 

{ }, ..., , ..., *
1 i n
g g g gG = = , ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʪʘʢ, ʯʪʦ 

... ... *
1 i n
g g g g=  ʜʣʷ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʛʦ ʩʫʙʲʝʢʪʘ ʟʘ ʚʨʝʤʷ (t1 ï 

tn). ʇʨʠʯʝʤ, *g ʥʝʜʦʩʪʫʧʝʥ ʜʣʷ ʥʝʛʦ ʚ ʦʢʨʫʞʝʥʠʷʭ ʠʟ ʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʦʢʨʫʞʝʥʠʡ ʥʘ ʠʥʪʝʨʚʘʣʝ (t1 ï tn), ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪ  (1<i<n), ʷʚʣʷʶ-

ʱʠʡʩʷ ʟʘʜʘʯʝʡ ʜʣʷ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʛʦ ʩʫʙʲʝʢʪʘ ʚ ʵʪʠʭ ʦʢʨʫʞʝʥʠʷʭ ʥʘ ʠʥʪʝʨ-

ʚʘʣʝ (t1 ï tn), ʪʘʢʦʡ, ʯʪʦ ʧʨʠ ʝʛʦ ʜʦʩʪʠʞʝʥʠʠ ʚʦʟʨʘʩʪʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 

ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʳʡ ʩʫʙʲʝʢʪ ʧʦʣʫʯʠʪ ʨʝʟʫʣʴʪʘʪ *g  ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ti (i < n). ʈʘʩʩʤʦʪʨʠʤ ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ  
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g ʚ ʤʦʤʝʥʪ i ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʨʝʝh-
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3. ɺʦʟʤʦʞʥʦʩʪʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʚ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʳʭ ʛʨʫʧʧʘʭ 

ʈʘʩʩʤʦʪʨʠʤ ʛʨʫʧʧʫ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʳʭ ʩʫʙʲʝʢʪʦʚ j Í J, ʢʦʪʦʨʳʝ ʩʪʨʝ-

ʤʷʪʩʷ ʢ ʜʦʩʪʠʞʝʥʠʶ ʩʚʦʠʭ ʮʝʣʝʡ c ʧʦʤʦʱʴʶ ʜʝʡʩʪʚʠʡ xÍX ʠ xjÍXj. ɺʚʝ-

ʜʝʤ ʚʦʟʤʦʞʥʦʩʪʥʫʶ ʧʝʨʝʤʝʥʥʫʶ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʛʨʫʧʧʳ y ʠ ʚʦʟʤʦʞ-

ʥʦʩʪʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʩʫʙʲʝʢʪʦʚ vj. ʎʝʣʠ ʛʨʫʧʧʳ ʠ 

ʩʫʙʲʝʢʪʦʚ ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʮʝʣʝʚʳʭ ʢʨʠʪʝʨʠʝʚ zÍZ ʠ zjÍZj. ʇʫʩʪʴ 

nEXZ ­: , ,1: EZf ­  ,1)(: EZP ­p  

,,)),(( XxZzxzfy ÍÍ=  

}{ }{ 1
( ) : ( ) , ( ) ( ).sup 1
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y z Z f z y z f y z

Y Y f
z f

m p p m m
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= Í = = Í = -
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ʇʫʩʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʛʦ ʩʫʙʲʝʢʪʘ ʚʳʧʦʣʥʷʝʪʩʷ 
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ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʥʫʶ ʧʝʨʝʤʝʥʥʫʶ w, ʦʮʝʥʠʚʘʶʱʫʶ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ RxÍ , ʧʨʠʯʝʤ: 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ʥʝʯʝʪʢʦʝ ʩʫʞʜʝʥʠʝ, ʘ ʟʘʜʘʯʫ ʚʦʟʤʦʞ-

ʥʦʩʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʳʭ ʛʨʫʧʧʘʭ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 
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ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʫʨʦʚʥʷ k, 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʮʝʣʝʚʳʭ ʢʨʠʪʝʨʠʝʚ z, ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ y* ʠ ʧʦ ʩʠʣʝ ʫʙʝʞʜʝʥʥʦʩʪʠ*m : 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ʥʝʯʝʪʢʦʝ ʩʫʞʜʝʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʤʦ-

ʜʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

.},,

:))((max{arg,,)),(({,

JjXxZ
j

z

x
j

z
j

fxXZx
j

z
j

f
j

Jj
j

Í>ÍÍ

=<=G

Í

G=G <

 

ɺʚʝʜʝʤ ʚʦʟʤʦʞʥʦʩʪʥʫʶ ʧʝʨʝʤʝʥʥʫʶ w, ʦʧʨʝʜʝʣʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ ʦʪʦʙ-

ʨʘʞʝʥʠʷ W ʥʘ ʤʦʜʝʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ɻ, ʤʝʨʫ ʚʦʟʤʦʞʥʦʩʪʠ p ʠ ʦʧʨʝʜʝʣʝʥ-

ʥʦʝ ʩ ʝʝ ʧʦʤʦʱʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʥʦʡ ʧʝʨʝʤʝʥʥʦʡ )(w
W
m .  

ʉʧʨʘʚʝʜʣʠʚʦ ʫʪʚʝʨʞʜʝʥʠʝ 

1: -­G EW  

},1{})(:{)( -Ígp==gGÍgp=m WwWw
W

 



 

 

247 
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ʊʦʛʜʘ ʟʘʜʘʯʘ ʚʦʟʤʦʞʥʦʩʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

.*)(*,)(,max,)( m²m²gGÍg­g w
W

wWW  

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʛʦ ʩʫʙʲʝʢʪʘ ʥʘ ʤʥʦʞʝʩʪʚʝ ʜʦʩʪʫʧʥʳʭ 

ʜʣʷ ʥʝʛʦ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ g ʧʨʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʚʦʟʤʦʞʥʦ-

ʩʪʠ w*  ʠ ʩʠʣʝ ʝʛʦ ʫʙʝʞʜʝʥʥʦʩʪʠ .*m  

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʩʫʞʜʝʥʠʡ ʩʫʙʲʝʢʪʘ ʦ ʩʚʦʡʩʪʚʘʭ ʩʠʪʫʘʮʠʠ ʚʳʙʦʨʘ. ʇʦʢʘʟʘʥʦ, ʢʘʢʠʤ ʦʙʨʘ-

ʟʦʤ ʧʦʚʳʰʝʥʠʷ ʩʚʦʝʡ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ 

ʩʫʙʲʝʢʪ ʠʩʧʦʣʴʟʫʝʪ ʥʝʯʝʪʢʠʝ ʩʫʞʜʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʘʚʠʣʘ ʧʦʩʪʨʦʝʥʠʷ 

ʪʘʢʠʭ ʩʫʞʜʝʥʠʡ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[ɺʠʥʦʛʨʘʜʦʚ ʠ ʜʨ., 2015] ɺʠʥʦʛʨʘʜʦʚ ɻ.ʇ., ʐʤʘʪʦʚ ɻ.ʇ., ɹʦʨʟʦʚ ɼ.ɸ. ʌʦʨʤʠʨʦ-

ʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʘʛʝʥʪʘ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʩʠʪʫʘʮʠʠ ʚʳʙʦʨʘ. ʇʨʦ-

ʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʩʠʩʪʝʤʳ. 2015. ˉ2 (110). 

[ʇʳʪʴʝʚ, 2000] ʇʳʪʴʝʚ, ʖ.ʇ. ɺʦʟʤʦʞʥʦʩʪʴ: ʵʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ. ï 

ʄ.: ʕʜʠʪʦʨʠʘʣ ʋʈʉʉ, 2000.  
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ʋɼʂ 004.02  

ʊɽʆʈʀʗ ɹʀɿʅɽʉ-ʇʈʆʎɽʉʉʆɺ:  

ɹɸɿʆɺʓɽ ʄʆɼɽʃʀ ʀ ʄɽʊʆɼʓ 

ɻ.ʅ. ʂʘʣʷʥʦʚ (kalyanov@ipu.ru)  

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ  

ʠʤ. ɺ.ɸ. ʊʨʘʧʝʟʥʠʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʙʠʟ-

ʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʇʦ ʢʘʞʜʦʤʫ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʠʡ ʦʙ-

ʟʦʨ ʝʛʦ ʦʩʥʦʚʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ, ʠʥʞʠʥʠʨʠʥʛ/ʨʝʠʥʞʠʥʠʨʠʥʛ, ʚʝ-

ʨʠʬʠʢʘʮʠʷ, ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ɺʚʝʜʝʥʠʝ 

ʊʝʦʨʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʦʨʠʠ ʧʨʦ-

ʮʝʩʩʦʚ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ  çʨʘʟʜʝʣ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʠʟʫʯʘʶʱʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘʟʳʚʘʝʤʳʭ ʧʨʦʮʝʩʩʘʤʠè [ʄʠʨʦʥʦʚ, 2008]. ɺ ʵʪʦʡ 

ʨʘʙʦʪʝ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  çʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪ-

ʩʷ ʚ ʠʩʧʦʣʥʝʥʠʠ ʜʝʡʩʪʚʠʡè. ʄʦʜʝʣʠ ʪʝʦʨʠʠ ʧʨʦʮʝʩʩʦʚ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʠʭ ʧʨʦʮʝʩʩʳ ʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ (ɹʇ). 

ʌʦʨʤʘʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʣʝʞʘʱʠʡ  ʚ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ɹʇ [ʂʘʣʷʥʦʚ, 2015], 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʪʝʦʨʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ:  

¶ ʬʦʨʤʘʣʴʥʳʝ ʛʨʘʤʤʘʪʠʢʠ ʠ ʷʟʳʢʠ; 

¶ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʤʝʪʦʜʳ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ; 

¶ ʪʝʦʨʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ; 

¶ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʚʝʨʠʬʠʢʘʮʠʠ, ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ; 

¶ ʪʝʦʨʠʷ ʙʘʟ ʜʘʥʥʳʭ ʠ ʙʘʟ ʟʥʘʥʠʡ; 

¶ ʩʪʨʫʢʪʫʨʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ ʪʝʦʨʠʠ ɹʇ: 

¶ ʪʠʧʳ ʠ ʢʣʘʩʩʳ ɹʇ, 

¶ ʤʦʜʝʣʠ ɹʇ (ʪʠʧʳ, ʚʠʜʳ, ʥʦʪʘʮʠʠ), 

¶ ʪʝʭʥʦʣʦʛʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

¶ ʤʝʪʦʜʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ/ʜʝʢʦʤʧʦʟʠʮʠʠ, 

¶ ʤʝʪʦʜʳ ʠʥʞʠʥʠʨʠʥʛʘ/ʨʝʠʥʞʠʥʠʨʠʥʛʘ, ʘʥʘʣʠʟʘ ʠ ʚʝʨʠʬʠʢʘʮʠʠ. 
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1. ʊʠʧʳ ʠ ʢʣʘʩʩʳ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʀʤʝʝʪʩʷ ʨʷʜ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ɹʇ (ʥʘ ʦʩʥʦʚʝ ʠʭ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʠ ʪ.ʜ.), ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩ-

ʧʦʣʴʟʫʝʤʳʝ ʠʟ ʥʠʭ ʧʨʠʚʝʜʝʥʳ ʚ [ʂʘʣʷʥʦʚ, 2011]. ʆʜʥʘʢʦ ʨʦʣʴ ʧʦʜʦʙʥʳʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʩʚʦʜʠʪʩʷ ʣʠʰʴ ʢ ʧʦʤʦʱʠ ʧʨʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʠ ʙʠʟʥʝʩ-

ʤʦʜʝʣʠ (ʬʘʢʪʠʯʝʩʢʠ, ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʪʨʦʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʠʷ).  

ɺ [ʂʫʧʨʠʷʥʦʚ, 2010] ʚʳʜʝʣʝʥ ʩʧʝʮʠʘʣʴʥʳʡ ʢʣʘʩʩ ɹʇ ï ñʢʦʥʚʝʡʝʨʥʳʝò 

ʧʨʦʮʝʩʩʳ,  ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʝʥʥʦ ʰʠʨʝ ʤʥʦʞʝʩʪʚʘ çʢʣʘʩʩʠʯʝʩʢʠʭè ʢʦʥ-

ʚʝʡʝʨʦʚ, ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʵʪʦʤ ʚʳʯʠʩʣʷʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦ-

ʮʝʩʩʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʚʳʯʠʩʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʠʤʠʪʘʮʠ-

ʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ). ʄʦʜʝʣʴ ʢʦʥʚʝʡʝʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʦʥʚʝʡʝʨʘ: 

1. ʇʨʦʮʝʩʩ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝ ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʭʝʤʦʡ, ʘ 

ʘʮʠʢʣʠʯʝʩʢʠʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʛʨʘʬʦʤ, ʚʝʨʰʠʥʘʤʠ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʙʳʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʠʣʠ ʩʧʫʩʢʦʚʳʝ ʬʫʥʢʮʠʠ.  

ʏʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ, 

ʘ ʨʝʢʫʨʨʝʥʪʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʡʝʨʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, 

ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: 

1. ʅʘʙʦʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʤʠʪʠʚʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʠʩʳʚʘʪʴ ʢʦʥ-

ʚʝʡʝʨʥʳʝ ɹʇ.  

2. ʌʦʨʤʘʣʴʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʨʝ-

ʢʫʨʨʝʥʪʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʜʥʦʟʥʘʯʥʦ ʦʧʠʩʘʪʴ ʦʩʥʦʚʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ. 

3. ʅʘʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʥʚʝʡʝʨʘ: 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʚʨʝʤʷ ʥʘʯʘʣʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠ ʪ.ʧ. 

4. ʉʪʨʫʢʪʫʨʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʚ ʩʪʘʪʠʢʝ (ʙʝʟ 
ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) ʚʳʯʠʩʣʷʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʮʝʩʩʘ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; ʚʨʝʤʷ ʚʳʭʦʜʘ ʚ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʨʘ-

ʙʦʪʳ; ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ ʢʦʥʚʝʡʝʨʘ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʢʦʥʚʝʡʝʨʘ. 
 

2. ʄʦʜʝʣʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʪʝʦʨʠʠ ɹʇ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʪʨʫʢʪʫʨʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʶ ɹʇ. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʷʟʳʢʘ ʧʨʠʚʝʜʝʥʘ ʚ [ʂʘʣʷʥʦʚ, 2006], ʦʥʘ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʙʘʟʦʚʳʭ ʢʦʤʧʦ-

ʥʝʥʪʘ ï ʩʣʦʚʘʨʴ ʷʟʳʢʘ, ʩʠʥʪʘʢʩʠʩ ʷʟʳʢʘ, ʢʦʤʧʣʝʢʪ ʘʙʩʪʨʘʢʪʥʳʭ ʩʝʤʘʥʪʠ-

ʯʝʩʢʠʭ ʧʨʘʚʠʣ/ʧʨʦʮʝʜʫʨ, ʘʩʧʝʢʪʳ ʷʟʳʢʦʚʦʡ ʧʨʘʛʤʘʪʠʢʠ. 
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ʀʤʝʝʪʩʷ ʪʨʠ ʚʠʜʘ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ ɹʇ ï ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ, ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʘʷ, ʧʦʚʝʜʝʥʯʝʩʢʘʷ (ʚʩʝ ʪʨʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʵʣʝʤʝʥʪʳ ʦʨʛʩʪʨʫʢʪʫʨʥʦʡ 

ʤʦʜʝʣʠ). ʇʦ ʪʠʧʘʤ ʤʦʜʝʣʠ ɹʇ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝ-

ʩʢʠʝ, ʧʦ ʩʪʝʧʝʥʠ ʬʦʨʤʘʣʠʟʘʮʠʠ ï ʥʘ ʩʣʘʙʦ-ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʠ ʬʦʨʤʘʣʴ-

ʥʳʝ. ɹʘʟʦʚʳʝ ʥʦʪʘʮʠʠ  ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʯʘʩʪʠ ʧʦʩʪʨʦʝ-

ʥʠʷ ʙʘʟʦʚʳʭ ʚʠʜʦʚ ʤʦʜʝʣʝʡ ɹʇ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣ. 1. 

ʅʦʪʘʮʠʷ ʌʫʥʢʮʠʠ ɼʘʥʥʳʝ ʇʦʚʝʜʝʥʠʝ ʆʨʛʩʪʨ. 

DFD ʠ CFD + ï ï:+ ï:+ 

IDEF0 + ï ï ï:+ 

ERD, IDEF1X ï + ï ï 

ʩʪʨʫʢʪʫʨʦʛʨʘʤʤʳ ï + ï ï 

STD ï ï + ï 

ɺPLMN , IDEF3 ï:+ ï + + 

ePC + ï ï ï:+ 

ʩʝʪʠ ʇʝʪʨʠ, IDEF2 ï ï + ï 

ʩʤʝʰʘʥʥʳʝ ʛʨʘʬʳ + + + + 

 

3. ʊʝʭʥʦʣʦʛʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɹʇ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʩʣʝʜʫʶ-

ʱʠʭ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʘʭ: 

1. ʀʥʪʝʛʨʘʮʠʷ ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ, ʥʘʧʨʠʤʝʨ, DFD-ʪʝʭʥʦʣʦʛʠʷ 

(ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʜʠʘʛʨʘʤʤʳ DFD, CFD, ERD, STD ʠ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʨʦ-

ʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʥʦʪʘʮʠʷʭ), ʩʭʝʤʘ ɿʘʭʤʘʥʘ [Zachman, 1987] ʠ ʨʘʟʚʠʚʘ-

ʶʱʘʷ ʝʝ ʤʦʜʝʣʴ ç3D-ʧʨʝʜʧʨʠʷʪʠʝè [ɿʠʥʜʝʨ, 2000], ʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɹʫʥʛʝïɺʘʥʜʘïɺʝʙʝʨʘ [Wand, 1990] ʠ ʜʨ. 

çʊʨʘʥʩʣʷʮʠʷè ʩʪʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʜʠʥʘʤʠʯʝʩʢʠʝ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ 

ʩʝʪʠ ʇʝʪʨʠ [ʖʜʠʮʢʠʡ, 2001]), ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʨʝʘʣʠ-

ʟʘʮʠʡ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʦʜʫʢʪʳ Design/IDEFïDesign/CPN, ʨʝʘʣʠʟʫʶʱʠʝ 

ʧʝʨʝʭʦʜ ʦʪ IDEF0 ʢ ʩʝʪʠ ʇʝʪʨʠ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʳ CPN-AMI ʠ INCOME , 

ʨʝʘʣʠʟʫʶʱʠʝ ʧʝʨʝʭʦʜ ʦʪ DFD ʢ ʩʝʪʠ ʇʝʪʨʠ.  

çʊʨʘʥʩʣʷʮʠʷè ʤʦʜʝʣʝʡ ʧʨʦʩʪʝʡʰʠʭ ʚʠʜʦʚ  ʚ ʙʦʣʝʝ çʨʘʟʚʠʪʳʝè, ʚ ʯʘʩʪʥʦ-

ʩʪʠ,  ʧʝʨʝʭʦʜ ʦʪ IDEF0 ʠʣʠ DFD  ʢ ʩʤʝʰʘʥʥʦʤʫ ʛʨʘʬʫ [ʂʘʣʷʥʦʚ, 2000]. 

ʉʨʝʜʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʩʪʨʦʝʥʠʷ çʧʨʘʚʠʣʴʥʦʡè ʤʦʜʝ-

ʣʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʤʝʪʦʜ ʥʦʨʤʘʣʠʟʘʮʠʠ ERD c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʨ-

ʤʘʣʴʥʳʭ ʬʦʨʤ ʂʦʜʜʘ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʭʝʤʳ ʢ ʥʘʠʙʦ-
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ʣʝʝ ʧʨʦʩʪʦʡ 3ʅʌ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʩʭʝʤʳ 1ʅʌ ʠ 2ʅʌ ʠʤʝʶʪ 

ʪʝʥʜʝʥʮʠʶ ʚʦʟʥʠʢʘʪʴ ʧʨʠ ʧʦʧʳʪʢʝ ʦʧʠʩʘʪʴ ʥʝʩʢʦʣʴʢʦ ʨʝʘʣʴʥʳʭ ʩʫʱʥʦ-

ʩʪʝʡ ʚ ʦʜʥʦʡ ʩʭʝʤʝ (ʟʘʢʘʟ ʠ ʢʥʠʛʘ, ʧʨʦʝʢʪ ʠ ʩʦʪʨʫʜʥʠʢ). ʇʦʩʪʨʦʠʚ ʞʝ 

3ʅʌ, ʤʳ ʬʘʢʪʠʯʝʩʢʠ ʚʳʜʝʣʷʝʤ ʙʘʟʦʚʳʝ ʩʫʱʥʦʩʪʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

4. ʄʝʪʦʜʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ/ʜʝʢʦʤʧʦʟʠʮʠʠ 

ɺ ʧʨʝʜʣʦʞʝʥʥʦʤ ʚ [ʎʠʧʝʨʤʘʥ, 2014] ʧʦʜʭʦʜʝ ʧʨʦʮʝʩʩ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, ʜʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʧʨʝ-

ʪʘʮʠʠ ʧʨʦʮʝʩʩʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ɹʇ ʤʦʜʝʣʴʶ ʚʝʪʚʷʱʝʛʦʩʷ ʧʨʦʮʝʩʩʘ ɻʘʣʴʪʦʥʘ-

ɺʘʪʩʦʥʘ [ɺʘʪʫʪʠʥ, 2008], ʩʪʨʦʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ 

ʧʨʦʮʝʩʩʘ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʦʮʝʥʠʚʘʝʪʩʷ ʦʞʠʜʘʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ɹʇ, ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʮʝʥʘʨʠʝʚ (ʚʘʨʠʘʥʪʦʚ) 

ɹʇ, ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʛʣʫʙʠʥʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʠ ʪ.ʧ. 

ɺ [ʌʸʜʦʨʦʚ, 2015] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ɹʇ, ʚ ʢʦʪʦʨʦʤ 

ʚ ʢʘʯʝʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʩʣʦʚʠʷ ʨʘʟʙʠʝʥʠʷ ʩʢʚʦʟʥʦʛʦ ɹʇ ʥʘ ʮʝʧʦʯʢʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʜʧʨʦʮʝʩʩʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʤʝʥʘ ʦʙʲʝʢʪʘ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʩʣʦʚʠʷ ʚʳʩʪʫʧʘʝʪ ʧʝʨʝʛʨʫʧ-

ʧʠʨʦʚʢʘ ʧʦʪʦʢʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʜʦʢʘʟʘʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʨʠʪʝʨʠʷʤ çʧʨʘʚʠʣʴ-

ʥʦʡè ʜʝʢʦʤʧʦʟʠʮʠʠ ʤʦʜʝʣʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɹʫʥʛʝïɺʘʥʜʘïɺʝʙʝʨʘ.   

ɺ [ʂʘʣʷʥʦʚ, 2000] ʚʚʝʜʝʥʳ ʤʝʪʨʠʢʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʜʝʢʦʤʧʦʟʠʮʠʠ, 

ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʦʙʱʠʭ ʩʚʦʡʩʪʚʘʭ çʭʦʨʦʰʝʡè ʩʠʩʪʝʤʳ ï ʩʮʝʧʣʝʥʠʝ (ʤʝ-

ʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ɹʇ) ʠ ʩʚʷʟʥʦʩʪʴ (ʤʝʭʘʥʠʟʤ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪʳ), ʧʨʝʜʣʦʞʝʥʦ ʠ ʨʘʥʞʠ-

ʨʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʪʠʧʦʚ ʩʮʝʧʣʝʥʠʷ ʠ ʩʚʷʟʥʦʩʪʠ (ʧʨʠ ʵʪʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʦʣʝʝ 70% ʨʝʘʣʴʥʳʭ ɹʇ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʚʝʜʝʥ-

ʥʳʤ ʪʠʧʘʤ), ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʜʣʷ ʣʶ-

ʙʦʛʦ ɹʇ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʝʛʦ ʩʮʝʧʣʝʥʠʷ ʠ ʩʚʷʟʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʝ ɹʇ ʩ ʟʘʜʘʥʥʳʤ ʪʠʧʦʤ ʩʮʝʧʣʝʥʠʷ ʠ ʩʚʷʟʥʦʩʪʠ. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʦʤʦʱʴ ʧʨʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘ-

ʥʠʠ ɹʇ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩ  ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʢʠ ʨʝʛʣʘʤʝʥʪʦʚ ʠ ʤʝʪʦ-

ʜʠʢ ɹʇ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [ɽʣʠʬʝʨʦʚ, 2005]. 

5. ʄʝʪʦʜʳ ʠʥʞʠʥʠʨʠʥʛʘ/ʨʝʠʥʞʠʥʠʨʠʥʛʘ 

ɺ [ʊʝʣʴʥʦʚ, 2004] ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʠʥʞʠʥʠʨʠʥʛʫ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʵʚʦʣʶ-

ʮʠʷ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʘʩʧʝʢʪʘʭ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ɹʇ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ. ʇʦʢʘʟʘʥʘ ʠʥʪʝʛʨʘʮʠʦʥʥʘʷ 

ʧʘʨʘʜʠʛʤʘ ʠʥʞʠʥʠʨʠʥʛʘ ʧʨʝʜʧʨʠʷʪʠʡ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʤʝʪʦʜʳ ʩʪʨʘʪʝʛʠʯʝ-

ʩʢʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʢʦʛʥʠʪʠʚʥʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 
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ʜʘʥʥʳʭ, ʨʘʟʚʠʪʠʷ ʩʝʨʚʠʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʧʨʝʜʧʨʠʷʪʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʞʠʥʠ-

ʨʠʥʛʘ ʧʨʝʜʧʨʠʷʪʠʡ. 

ɺ [ʂʘʣʷʥʦʚ, 2013] ʧʨʝʜʣʘʛʘʝʪʩʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʠʥʞʠ-

ʥʠʨʠʥʛʘ/ʨʝʠʥʞʠʥʠʨʠʥʛʘ, ʠʥʪʝʛʨʠʨʫʶʱʠʤ ʷʜʨʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʛʨʘʬʦ-

ʚʘʷ ʤʦʜʝʣʴ ɹʇ. ʎʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʤʝʪʦʜʦʣʦʛʠʠ ʟʘʥʠʤʘʝʪ ʤʝʪʦʜ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʩʮʝʥʘʨʠʝʚ ɹʇ ʥʘ ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ ʬʦʨʤʘʣʴʥʳʭ ʛʨʘʤʤʘʪʠʢ ɹʇ (ʘ 

ʠʤʝʥʥʦ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʘʪʨʠʙʫʪʥʳʭ ʧʦʨʦʞʜʘʶʱʠʭ ʛʨʘʤʤʘʪʠʢ), ʧʦʟʚʦʣʷʶ-

ʱʠʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʨʘʩʰʠʨʠʪʴ ʯʠʩʣʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʮʝʥʘʨʠʝʚ ʚʳ-

ʧʦʣʥʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʚʧʣʦʪʴ ʜʦ ʠʭ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ, ʩ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʩʝʯʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʮʝʥʘʨʠʝʚ, ʥʝʧʨʠʝʤʣʝʤʳʭ ʧʦ 

ʨʷʜʫ ʦʙʲʝʢʪʠʚʥʳʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ ʢʨʠʪʝʨʠʝʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʪʝʦʨʠʠ ɹʇ ʚʝʜʫʪʩʷ ʨʘʙʦ-

ʪʳ ʧʦ ʬʦʨʤʘʣʠʟʘʮʠʠ ʩʚʦʡʩʪʚ çʭʦʨʦʰʠʭè ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʫʧʣʦʪʥʝʥʠʝ, ʚʝʨʩʠʦʥʥʦʩʪʴ ʠ ʪ.ʜ. 

6. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʚʢʣʶʯʘʝʪ ʤʝʪʦʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ɹʇ, ʤʝʪʦʜʳ ʩʪʘʪʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ, ʤʝʪʦʜʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʙʘʟʝ 

ʩʝʪʝʡ ʇʝʪʨʠ, ʤʝʪʦʜʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʝʪʦʜʳ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ɹʇ ʥʘ ʙʘʟʝ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʪʝʩʪʠʨʦʚʘʥʠʷ [ʂʘʣʷʥʦʚ, 2010] ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʧʦʪʦ-

ʢʦʚ ʜʘʥʥʳʭ ɹʇ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʪʥʦʰʝʥʠʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʘʩʢʘʭ (ʦʧʨʝʜʝʣʷʶʱʠʭ, ʥʘʧʨʠ-

ʤʝʨ, ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ). ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ: 

¶ ʦʙʝʩʧʝʯʠʪʴ ʦʙʥʘʨʫʞʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʣʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʦʰʠʙʦʢ ʚ ʧʦʪʦʢʘʭ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʦʙʨʘʙʦʪʢʦʡ ʧʦʜ ʨʘʟʣʠʯ-

ʥʳʤʠ ʤʘʩʢʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʨʝʛʣʘʤʝʥʪʳ ʜʦʩʪʫʧʘ, ʥʝ ʦʙʥʘʨʫ-

ʞʠʚʘʝʤʳʭ ʜʨʫʛʠʤʠ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʪʝʩʪʠʨʦʚʘʥʠʷ;  

¶ ʦʙʝʩʧʝʯʠʪʴ ʚʳʷʚʣʝʥʠʝ ʚʩʝʭ ʪʝʭ ʦʰʠʙʦʢ, ʦʙʥʘʨʫʞʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦ-

ʞʝʪ ʧʨʦʚʦʜʠʪʩɹʷ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʘʥʘʣʠʟʝ ʛʨʘʬʦʚʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ.  

ʄʝʪʦʜ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [ʂʘʣʷʥʦʚ, 2000] ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʦʰʠʙʦʢ ʚ çʩʪʘʪʠʯʝʩʢʦʡ ʩʝʤʘʥʪʠʢʝè ɹʇ. 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʙʘʟʝ ʩʝʪʝʡ ʇʝʪʨʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʪʝʦʨʠʠ ɹʇ. ʅʘ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʩʣʦʞʥʳʝ ʠ ʨʘʟʚʠʪʳʝ ʩʝʪʠ ʇʝʪʨʠ.  

ʄʦʜʠʬʠʢʘʮʠʠ ʵʪʠʭ ʤʦʜʝʣʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʘʩʘʶʪʩʷ ʩʣʝʜʫʶʱʠʭ ʪʨʝʭ 

ʤʦʤʝʥʪʦʚ: 

¶ ʚʚʝʜʝʥʠʝ ʠʝʨʘʨʭʠʠ (ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʝʪʠ ʇʝʪʨʠ); 
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¶ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʣʠʯʠʡ ʚ ʤʘʨʢʝʨʘʭ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ 
ʫʥʠʢʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʮʚʝʪʥʳʝ/ʨʘʩʢʨʘʰʝʥʥʳʝ ʩʝʪʠ ʇʝʪʨʠ); 

¶ ʚʚʝʜʝʥʠʝ ʤʥʦʛʦʤʝʩʪʥʳʭ (ʩʦʜʝʨʞʘʱʠʭ ʥʝʩʢʦʣʴʢʦ ʤʘʨʢʝʨʦʚ) ʧʦʟʠ-

ʮʠʡ, ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʧʘʨʘʣʣʝʣʴʥʳʭ (ʩʝʪʠ ʇʝʪʨʠ ʩ ʤʥʦ-

ʛʦʤʝʩʪʥʳʤʠ ʧʦʟʠʮʠʷʤʠ). 

ʄʝʪʦʜʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ 

[ʀʚʣʝʚ, 2004]. ʀʜʝʷ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ɹʇ ʥʘ ʙʘʟʝ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ  ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʤʥʳʭ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʨʠʢ (ʪʘʢʠʭ ʢʘʢ 

ʤʝʨʳ ʍʦʣʩʪʝʜʘ, ʮʠʢʣʦʤʘʪʠʯʝʩʢʘʷ ʤʝʨʘ ʩʣʦʞʥʦʩʪʠ ʄʘʢ-ʂʝʡʙʘ, ʫʟʣʦʚʘʷ 

ʤʝʨʘ, ʤʝʨʳ ʍʝʥʨʠ-ʂʘʬʫʨʳ ʠ ʜʨ.) ʠ ʧʨʦʮʝʜʫʨ ʵʢʩʧʝʨʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ. 

7. ʄʝʪʦʜʳ ʧʝʨʝʭʦʜʘ ʦʪ ʤʦʜʝʣʝʡ ɹʇ ʢ ʪʨʝʙʦʚʘʥʠʷʤ  

ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ɹʇ 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʤʝʪʦʜʦʚ ʧʝʨʝʭʦʜʘ ʦʪ ʤʦʜʝʣʝʡ ɹʇ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ 

ʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʷʚʣʷʣʩʷ ʤʝʪʦʜ ʧʝʨʝʭʦʜʘ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ɹʇ 

ʚ ʚʠʜʝ ʠʝʨʘʨʭʠʠ DFD-ʜʠʘʛʨʘʤʤ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʢʘʨʪʘʤ (ʤʦʜʝʣʷʤ ʵʪʘʧʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ɹʇ), ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [ɻʝʡʥ, 

1992]. ʇʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʧʦʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ 

ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. 

ɺ [ʂʘʣʷʥʦʚ, 2012] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʪʨʝʙʦʚʘ-

ʥʠʡ ʢ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʦʜʠʬʠʢʘʮʠʠ ʚʳʰʝʧʨʠʚʝ-

ʜʝʥʥʦʛʦ ʛʨʘʬʘ ɹʇ. ʇʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠ ʪʨʝʙʦʚʘʥʠʡ (ʨʝʜʫʮʠʨʦ-

ʚʘʥʥʦʛʦ ʛʨʘʬʘ) ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʘʷ ʦʮʝʥʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ: ʨʘʩʯʝʪ ʤʝʪʨʠʢ ʩʮʝʧʣʝʥʠʷ ʠ ʩʚʷʟʘʥʥʦʩʪʠ, ʦʮʝʥʢʘ ʩʦʦʪʚʝʪ-

ʩʪʚʠʷ ʤʦʜʝʣʠ ɹʇ, ʦʮʝʥʢʘ ʧʦ ʨʷʜʫ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʌʀʎ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝè ʈɸʅ, ʂʘʣʠʥʠʥʛʨʘʜ 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʣʦʞʥʳʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʦʙʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʠ-

ʙʨʠʜʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʩʣʦʞʥʳʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʉʣʦʞʥʘʷ ʟʘʜʘʯʘ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʩʩʤʦʪ-

ʨʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʜʠʘʛʥʦʩʪʠʢʠ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ ʠ ʧʨʠʚʝʜʝ-

ʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ɺʠʨʪʫʘʣʴʥʦʛʦ ʢʦʥʩʠʣʠʫʤʘ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ; ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, çʚʠʨʪʫʘʣʴʥʳʡ ʢʦʣ-

ʣʝʢʪʠʚè, ʘʨʪʝʨʠʘʣʴʥʘʷ ʛʠʧʝʨʪʝʥʟʠʷ 

ɺʚʝʜʝʥʠʝ 

ʉʧʝʮʠʘʣʠʩʪʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦ-

ʚʘʣʠ ʠ ʩʪʨʝʤʠʣʠʩʴ ʧʦʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʦʙʲʝʢʪʳ ʩʚʦʠʭ ʧʨʦʙʣʝʤʥʳʭ ʩʨʝʜ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʭ ʜʠʘʛʥʦʩʪʠʢʠ. ʉʪʝʧʝʥʴ ʵʪʦʛʦ ʧʦʥʠʤʘʥʠʷ ʦʪʨʘʞʝ-

ʥʘ ʚ ʥʘʫʯʥʦʡ ʢʘʨʪʠʥʝ ʤʠʨʘ, ʢʦʪʦʨʘʷ ʦʥʪʦʣʦʛʠʟʠʨʫʝʪ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ 

ʜʝʣʘʝʪ ʨʘʩʩʫʞʜʝʥʠʷ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ çʟʘʚʠʩʠʤʳʤʠè ʦʪ 

ʥʠʭ. ɸʥʘʣʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʝʦʨʠʡ ʠ ʚʟʛʣʷʜʦʚ ʫʯʝʥʳʭ ʚ [ʂʦʣʝʩʥʠʢʦʚ ʠ 

ʜʨ., 2011] ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʢʘʨʪʠʥʘ ʤʠʨʘ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʢ 

ʥʦʚʦʡ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʤʠʨʘ ʠ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ, ʥʝʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪʠ ʛʨʘʥʠʮ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʩʪʠ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ, ʧʦʣʠʮʝʥʪʨʠʟʤʝ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʟʥʘʥʠʡ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʝʣʝʚʘʥʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʦʜʜʝʨʞʢʝ ʧʨʠʥʷʪʠʷ 

ʩʣʦʞʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʥʦʦʙʨʘ-

ʟʠʷ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝʚʠʜʘʥʥʳʭ ʪʝʤ-

ʧʦʚ ʫʚʝʣʠʯʝʥʠʷ ʝʝ ʦʙʲʝʤʦʚ ʥʝʦʙʭʦʜʠʤʦ: 1) ʧʝʨʝʡʪʠ ʢ ʤʦʜʝʣʠ çʛʝʪʝʨʦʛʝʥ-

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 16-07-00272 ɸ). 
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ʥʘʷ (ʥʝʦʜʥʦʨʦʜʥʘʷ) ʟʘʜʘʯʘè [ʂʠʨʠʢʦʚ ʠ ʜʨ., 2013]; 2) ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʦ-

ʣʦʛʠʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʨʝʣʝʚʘʥʪʥʳʝ ʨʘʟʥʦʦʙʨʘʟʠʶ ʜʠʘʛʥʦ-

ʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʩʪʠ ʟʥʘʥʠʡ ï ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʙʣʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʫʶ ʤʝʪʦʜʦʣʦʛʠʶ ʨʘʟʨʘ-

ʙʦʪʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ (ʌɻʠʀʉ) 

[ʂʦʣʝʩʥʠʢʦʚ, ʂʠʨʠʢʦʚ, 2007], ʩʦʯʝʪʘʶʱʫʶ ʤʝʪʦʜʳ ʠ ʤʝʪʦʜʠʢʠ ʩʠʩʪʝʤʥʦ-

ʛʦ ʘʥʘʣʠʟʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʠʥʪʝʟʦʤ ʤʝʪʦʜʘ 

ʝʝ ʨʝʰʝʥʠʷ, ʠ ʠʤʠʪʘʮʠʝʡ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʨʘʙʦʪʝ 

çʚʠʨʪʫʘʣʴʥʦʛʦ ʢʦʥʩʠʣʠʫʤʘè.  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʟʘ-

ʜʘʯ ʜʠʘʛʥʦʩʪʠʢʠ (ʉɿɼ) ʠ ʨʘʟʨʘʙʦʪʢʠ ʌɻʠʀʉ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʧʨʠʥʷʪʠʝ 

ʩʣʦʞʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʜʠʘʛʥʦʩʪʠʢʠ ʘʨʪʝʨʠʘʣʴ-

ʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ (ɸɻ) ʥʘ ʤʦʜʝʣʠ çʛʝʪʝʨʦʛʝʥʥʘʷ ʟʘʜʘʯʘè, ʨʝʣʝʚʘʥʪʥʦʡ ʥʦ-

ʚʦʡ ʥʘʫʯʥʦʡ ʢʘʨʪʠʥʝ ʤʠʨʘ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ ʠ ʧʨʘʢʪʠʢʝ ʢʦʥʩʠ-

ʣʠʫʤʦʚ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ. 

1. ʈʝʰʝʥʠʝ ʩʣʦʞʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʘʜʘʯ  

ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ  

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʠʥʬʦʨʤʘʪʠʢʝ ʩʠʪʫʘʪʠʚʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʝʩʪʝ-

ʩʪʚʝʥʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚʚʝʜʝʥʳ ʤʦʜʝʣʠ çʛʝʪʝʨʦʛʝʥʥʘʷ ʟʘʜʘʯʘè ʠ 

çʛʦʤʦʛʝʥʥʘʷ ʟʘʜʘʯʘè [ʂʦʣʝʩʥʠʢʦʚ, ʂʠʨʠʢʦʚ, 2007]. ʉʧʝʮʠʬʠʢʝ ʪʘʢʦʡ ʨʘ-

ʙʦʪʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʣʝʢʪʠʚʥʳʡ ʪʨʫʜ ʵʢʩʧʝʨʪʦʚ ʚ ʤʘʣʳʭ ʛʨʫʧʧʘʭ [ʂʠ-

ʨʠʢʦʚ ʠ ʜʨ., 2013] ï ʢʦʥʩʠʣʠʫʤʳ, ʩʦʚʝʱʘʥʠʷ (ʨʠʩ. 1).  

ʅʘ ʨʠʩ. 1 ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʢʦʥʩʠʣʠʫʤʘ [ʂʠʨʠʢʦʚ ʠ ʜʨ., 2013] 

ʨʘʩʰʠʨʝʥʘ ʤʥʦʞʝʩʪʚʦʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʜʟʘʜʘʯ { }DN pppP ,,...,1= , 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ n ʵʢʩʧʝʨʪʘʤ. 
Dp  ï ʧʦʜʟʘʜʘʯʘ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ 

ʨʝʰʝʥʠʷ, (ʃʇʈ) ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʜʠʘʛʥʦʟʘ. ʆʜʥʘ ʧʦʜ-

ʟʘʜʘʯʘ ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ ʦʜʥʠʤ ʵʢʩʧʝʨʪʦʤ (ʥʘ ʨʠʩ. 1, ʥʘʧʨʠʤʝʨ, h
Np ), ʣʠʙʦ 

ʪʨʝʙʫʶʪʩʷ ʟʥʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʵʢʩʧʝʨʪʦʚ ʠ ʪʦʛʜʘ: 1) ʯʘʩʪʥʳʝ ʟʘʢʣʶʯʝʥʠʷ 

ʧʦʜʟʘʜʘʯʠ ʘʜʜʠʪʠʚʥʦ ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʦ (ʧʦʜʟʘʜʘʯʠ ʧʦʤʝʯʝʥʳ ʥʠʞʥʠʤ 

ʠʥʜʝʢʩʦʤ a ʥʘ ʨʠʩ. 1 ï ʥʘʧʨʠʤʝʨ, 
a

p
1

); 2) ʥʝʦʙʭʦʜʠʤʘ ʠʥʪʝʛʨʘʮʠʷ ʠ ʩʦ-

ʛʣʘʩʦʚʘʥʠʝ ʯʘʩʪʥʳʭ ʟʘʢʣʶʯʝʥʠʡ (is ʥʘ ʨʠʩ. 1 ï ʥʘʧʨʠʤʝʨ, 
is

p
7

). ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʝʨʚʳʡ ʩʣʫʯʘʡ. 
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ʆʙʦʟʥʘʯʝʥʠʷ: 

   ï ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʝ ʦʪʥʦʰʝʥʠʷ,       ï ʦʪʥʦʰʝʥʠʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ  

ʈʠʩ. 1. ʄʦʜʝʣʴ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʚ ʤʘʣʳʭ ʛʨʫʧʧʘʭ  

ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʜʟʘʜʘʯ ʧʦ ʫʯʘʩʪʥʠʢʘʤ ʛʨʫʧʧʳ 

 

ʃʇʈ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʨʝʰʝʥʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʜʟʘʜʘʯ, 

ʝʩʣʠ ʝʛʦ ʟʥʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ (ʥʘ ʨʠʩ. 1, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʜʟʘʜʘʯʠ Np ). 

ɺʥʝʰʥʷʷ ʩʨʝʜʘ ï ʦʙʲʝʜʠʥʝʥʠʷ ʣʶʜʝʡ ʩ ʦʙʱʠʤʠ ʠʥʪʝʨʝʩʘʤʠ ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ) ʬʦʨʤʠʨʫʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʤʝʞʜʫ ʃʇʈ ʠ 

ʵʢʩʧʝʨʪʘʤʠ ʦʪʥʦʰʝʥʠʡ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʝ 

ʦʪʥʦʰʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʢʩʧʝʨʪʘʤʠ ʤʦʛʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ, ʘ 

ʤʝʞʜʫ ʃʇʈ ʠ ʵʢʩʧʝʨʪʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʩʪʦʨʦʥʥʠʤʠ. ʄʦʜʝʣʴ ʥʘ ʨʠʩ. 1 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʉɿɼ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩ ʧʦʟʠʮʠʡ ʨʘʟʣʠʯʥʳʭ ʵʢʩ-

ʧʝʨʪʦʚ, ʟʥʘʶʱʠʭ ʦʪʜʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʟʘʜʘʯʠ ʣʫʯʰʝ, ʯʝʤ ʃʇʈ. ɺ ʠʪʦʛʝ ʧʦ-

ʣʫʯʘʝʪʩʷ ʥʝ ʦʜʥʘ, ʘ ʥʝʩʢʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʤʦʜʝʣʝʡ. ʉ ʧʦʜʦʙʥʦʡ 

ʩʫʙʲʝʢʪʠʚʥʦʩʪʴʶ ʧʦʟʥʘʥʠʷ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʟʥʘʥʠʡ, ʢʦʪʦ-

ʨʘʷ ʧʨʠʩʫʱʘ ʢʦʥʩʠʣʠʫʤʘʤ. 
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2. ʈʝʜʫʢʮʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʜʠʘʛʥʦʩʪʠʢʠ  

ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ 

ʎʝʣʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʜʠʘʛʥʦʩʪʠʢʠ: ʜʠʘʛʥʦʟ ï ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʟʘ-

ʢʣʶʯʝʥʠʝ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ ʜʠʘʛʥʦʩʪʠʢʠ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ 

ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʧʨʠʤʝʨʝ ʜʠʘʛʥʦʩʪʠʢʠ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ.  

ɼʣʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʜʠʘʛʥʦʩʪʠʢʠ ɸɻ (ʉɿɼɸɻ) ʧʨʠʤʝʥʷʣʘʩʴ ʨʝʜʫʢʮʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʟʥʘʥʠʷʭ, ʨʝʟʫʣʴʪʘʪ ʢʦʪʦʨʦʡ ï ʜʝʢʦʤʧʦʟʠʮʠʷ [ʂʦʣʝʩʥʠʢʦʚ, 

ʈʫʤʦʚʩʢʘʷ ʠ ʜʨ., 2015], ʚʢʣʶʯʘʶʱʘʷ 21 ʧʦʜʟʘʜʘʯʫ: çʈʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʠʥ-

ʪʝʨʧʨʝʪʘʮʠʷ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳè (ʩʦʢʨʘʱʝʥʥʦ ʈʕʂɻ), çʇʨʦʛʥʦʟ ʩʫ-

ʪʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷè (ʉʄɸɼ), çʆʮʝʥʢʘ 

ʩʪʝʧʝʥʠ ʠ ʩʪʘʜʠʠ ɸɻ, ʩʪʝʧʝʥʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʛʦ ʨʠʩʢʘè (ʉʉʉ), ʜʝʚʷʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʟʘʜʘʯ çʇʦʩʪʨʦʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʥʘʙʦʨʘ ʧʨʠʟʥʘ-

ʢʦʚ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʟʘʙʦʣʝʚʘʥʠʡ ʠʟ ʦʙʣʘʩʪʝʡ 1ï9è (ʇʇʉ1ï9), ʠ ʜʝʚʷʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʜʟʘʜʘʯ çɼʠʘʛʥʦʩʪʠʢʘ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʛʦ ʨʠʩʢʘ ʠ ʚʪʦʨʠʯʥʦʡ ɸɻ ʫ ʧʘʮʠʝʥʪʘè (ɼɸɻ1ï9). ʀʥʜʝʢʩ 1ï9 ï ʵʪʦ 

ʥʦʤʝʨ ʦʙʣʘʩʪʠ ʧʦʜʟʘʜʘʯʠ ʜʠʘʛʥʦʩʪʠʢʠ: ʧʦʨʘʞʝʥʠʡ ʦʨʛʘʥʦʚ-ʤʠʰʝʥʝʡ, 

ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ, ʮʝʨʝʙʨʦʚʘʩʢʫʣʷʨʥʳʭ ʙʦʣʝʟʥʝʡ, ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦ-

ʤʘ ʠ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ, ʟʘʙʦʣʝʚʘʥʠʡ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʘʨʪʝʨʠʡ, ʠʰʝʤʠʯʝ-

ʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ, ʵʥʜʦʢʨʠʥʥʦʡ ɸɻ, ʧʘʨʝʥʭʠʤʘʪʦʟʥʦʡ ʥʝʬʨʦʧʘʪʠʠ ʠ 

ʨʝʥʦʚʘʩʢʫʣʷʨʥʦʡ ɸɻ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʤʦʜʝʣʷʤʠ (
1ɼɸɻm  ï 

9ɼɸɻm , 

ʉʉʉm , ʈʕʂɻm , ʉʄɸɼm ), ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʦʜʟʘʜʘʯ.  

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʝ ʦʪʥʦʰʝʥʠʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʩʪʠ çʵʢʩʧʝʨʪ-ʵʢʩʧʝʨʪè ʠ çʵʢʩʧʝʨʪ-ʃʇʈè ʤʝʞʜʫ ʤʦʜʝʣʷʤʠ, ʧʦ 

ʢʦʪʦʨʳʤ ʧʝʨʝʜʘʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʦʮʝʥʢʠ ʚʧʣʦʪʴ ʜʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʃʇʈ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʜʠʘʛʥʦʟʘ. ʊʘʢʞʝ ʦʪʦʙʨʘʞʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʥʠʡ 

ʵʢʩʧʝʨʪʦʚ-ʚʨʘʯʝʡ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʦʜʝʣʷʤ. ʆʜʠʥʘʢʦʚʦʡ ʰʪʨʠʭʦʚʢʦʡ 

ʥʘ ʨʠʩ. 2 ʦʪʤʝʯʝʥʳ ʧʦʜʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʤʝʪʦʜʦʣʦʛʠʠ (ʥʝʯʝʪʢʠʝ ʤʦʜʝʣʠ: 
1ɼɸɻm  ï 

9ɼɸɻm  ʠ ʉʉʉm ; ʥʝʡʨʦʩʝʪʝʚʳʝ 

ʤʦʜʝʣʠ: ʈʕʂɻm  ʠ ʉʄɸɼm ). 
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ʆʙʦʟʥʘʯʝʥʠʷ: 

            ï ʩʦʦʪʚʝʪʩʪʚʠʝ çʟʥʘʥʠʷ ʵʢʩʧʝʨʪʘ-ʤʦʜʝʣʴè;      ï ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʫʧʨʘʚʣʷʶʱʠʝ ʦʪʥʦʰʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʩʪʠ çʵʢʩʧʝʨʪ-ʵʢʩʧʝʨʪè ʠ çʵʢʩʧʝʨʪ-ʃʇʈè 

ʈʠʩ. 2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʜʝʣʠ ʃʇʈ (ʢʘʨʜʠʦʣʦʛʘ) ʠ ʤʦʜʝʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʟʥʘʥʠʷ 

ʵʢʩʧʝʨʪʦʚ ʚ ʢʦʥʩʠʣʠʫʤʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʦʚ ʧʦ ʤʦʜʝʣʷʤ 

 

3. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʨʝʜʳ  

ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ  

ɸʥʘʣʠʟ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʤʝʜʠ-

ʮʠʥʝ [ʂʦʣʝʩʥʠʢʦʚ, ʈʫʤʦʚʩʢʘʷ ʠ ʜʨ., 2015] ʧʦʢʘʟʘʣ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ʌɻʠʀʉ 

ʜʣʷ ʨʝʰʝʥʠʷ ʉɿɼ ʜʦʣʞʥʘ ʙʳʪʴ ʤʦʜʫʣʴʥʘʷ ʠ ʛʠʙʢʘʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘ-
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ʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ɺ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʟʜʘʥʘ ʙʠʙ-

ʣʠʦʪʝʢʘ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ (ʨʠʩ. 3), ʨʝʰʘʶʱʠʭ ʯʘʩʪʥʳʝ ʟʘʜʘ-

ʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʵʢʩʧʝʨʪʘʤʠ ʠ ʟʘʜʘʯʫ ʧʦ ʠʥʪʝʛʨʘʮʠʠ 

ʠʭ ʤʥʝʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʜʠʘʛʥʦʟʘ ʃʇʈ, ʠ ʚʩʝʭ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʨʝʘʣʠʟʫʶʱʠʭ ʧʨʝʧʨʦʮʝʩʩʠʶ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥ-

ʥʳʭ ʠ ʟʥʘʥʠʡ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʨʠʘʥʪ ʩʪʨʫʢʪʫʨʳ ʌɻʠʀʉ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʚ 

ʤʝʜʠʮʠʥʝ. ʄʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʨʝ-

ʰʘʶʪ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʦʜʟʘʜʘʯʠ ʦʜʥʠʤ ʠʟ ʢʣʘʩʩʦʚ ʤʝʪʦʜʦʚ ʛʠʙʨʠʜʥʳʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ [ʂʦʣʝʩʥʠʢʦʚ, ʂʠʨʠʢʦʚ, 2007]. ʄʝʞʤʦʜʫʣʴʥʳʝ 

ʠʥʪʝʨʬʝʡʩʳ ʚʚʦʜʷʪʩʷ ʜʣʷ ʤʦʜʫʣʝʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯ-

ʥʳʭ ʤʝʪʦʜʦʣʦʛʠʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘ-

ʥʠʝ ʚʭʦʜʦʚ, ʚʳʭʦʜʦʚ ʠ ʬʫʥʢʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʚʩʝʤʠ ʙʣʦʢʘʤʠ ʤʦʜʫʣʝʡ ʠ 

ʠʥʪʝʨʬʝʡʩʦʚ.  

 

 

ʈʠʩ. 3. ʆʙʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʠʙʨʠʜʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ  

ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʤʝʜʠʮʠʥʝ 
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ʊʘʙʣ. 1.  

ɹʣʦʢ ʌʫʥʢʮʠʠ ɺʭʦʜ ɺʳʭʦʜ 

ɹ
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ʪ
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ʤ

ʦ
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ʜ
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ʍʨʘʥʝʥʠʝ ʚ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʨʝʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ 

ʄʥʦʞʝʩʪʚʦ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʨʝʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʌ
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, 
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ʡ
 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʦʩʪʦʷʥʠʷ 

ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʘ ʚ ʨʘʤʢʘʭ 

i-ʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʧʦʜʟʘ-

ʜʘʯʠ (ʚʳʙʠʨʘʝʪʩʷ ʜʣʷ ʚʢʣʶ-
ʯʝʥʠʷ ʚ ʌɻʠʀʉ) 

ʇʦʜʤʥʦʞʝʩʪʚʦ i-ʝ ʟʥʘ-

ʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ 

ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ 

ʏʘʩʪʥʦʝ i-ʝ ʟʘʢʣʶʯʝʥʠʝ ʦ 

ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʧʘ-

ʮʠʝʥʪʘ 
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ʆʨʛʘʥʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʢʣʶʯʝʥʠʷ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʟʙʳʪʦʯʥʳʭ ʠ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʭ ʧʨʠʟʥʘʢʦʚ 
ʟʘʙʦʣʝʚʘʥʠʡ (ʚʳʙʠʨʘʝʪʩʷ 

ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ʌɻʠʀʉ) 

ʇʦʧʫʣʷʮʠʷ, ʨʘʟʤʝʨ 

ʢʦʪʦʨʳʭ ʜʣʷ i-ʛʦ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨ-

ʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʚʭʦʜʦʚ i-ʛʦ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʛʦ ʤʦʜʫʣʷ 

ʀʥʜʠʚʠʜʫʫʤ ʩ ʦʧʪʠʤʘʣʴ-

ʥʳʤ ʥʘʙʦʨʦʤ ʧʨʠʟʥʘʢʦʚ 

ʜʣʷ i-ʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʛʦ ʤʦʜʫʣʷ (ʫʯʠʪʳʚʘʶʪ-

ʩʷ ʪʦʣʴʢʦ ʧʨʠʟʥʘʢʠ, ʧʨʠ-
ʥʠʤʘʁɦʠʝ ʟʥʘʯʝʥʠʷ 

ʝʜʠʥʠʮʳ ʫ ʠʥʜʠʚʠʜʫʫʤʘ) 
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D
 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʘʢʣʶʯʠ-

ʪʝʣʴʥʦʛʦ ʜʠʘʛʥʦʟʘ (ʚʩʝʛʜʘ ʚ 

ʩʦʩʪʘʚʝ ʌɻʠʀʉ) 

ʇʦʜʤʥʦʞʝʩʪʚʦ D-ʝ 

ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ 

ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʠ 
ʤʥʦʞʝʩʪʚʦ ʚʳʭʦʜʦʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫ-

ʣʝʡ 1ïN 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʜʠʘ-
ʛʥʦʟ 

ʀ
ʥ
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ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʙʦʨʘ ʤʦʜʫ-

ʣʝʡ ʉʇʇʈ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʜʠʘʛʥʦʩʪʠʢʝ (ʧʦ ʫʤʦʣʯʘʥʠʶ 
ʚʢʣʶʯʝʥʳ ʚʩʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʦʜʫʣʠ) 

ʄʥʦʞʝʩʪʚʦ ʚʳʙʨʘʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʜʟʘ-

ʜʘʯ ʜʠʘʛʥʦʩʪʠʢʠ 

ʈʝʟʫʣʴʪʘʪʥʘʷ ʌɻʠʀʉ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʧʦʩʨʝʜ-
ʩʪʚʦʤ ʘʣʛʦʨʠʪʤʘ [ʂʠʨʠ-

ʢʦʚ ʠ ʜʨ., 2014] 
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ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚ-
ʢʘ ʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʜʠʘ-

ʛʥʦʟ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʛʦ ʤʦʜʫʣʷ D 

ʆʪʯʝʪ, ʩʦʜʝʨʞʘʱʠʡ ʤʥʦ-

ʞʝʩʪʚʦ ʩʠʤʧʪʦʤʦʚ ʠ 
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 ɼʝʘʢʪʠʚʘʮʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʦʢʥʘ 

çʀʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ 
ʜʣʷ ʚʚʦʜʘ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷè 

ʄʥʦʞʝʩʪʚʦ ʚʳʭʦʜʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʫ-
ʣʝʡ 

ʏʘʩʪʠʯʥʦ ʜʝʘʢʪʠʚʠʨʦ-

ʚʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷ ʜʣʷ ʚʚʦʜʘ ʟʥʘ-
ʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦ-

ʷʥʠʷ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʘ 

ɹʣʦʢ ʌʫʥʢʮʠʠ ɺʭʦʜ ɺʳʭʦʜ 
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 ɺʚʦʜ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ 
ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥ-

ʪʘ. ʄʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʥʝ-

ʩʢʦʣʴʢʠʭ ʦʢʦʥ ʚ ʩʦʦʪʚʝʪ-
ʩʪʚʠʠ ʩ ʪʨʝʤʷ ʵʪʘʧʘʤʠ ʜʠʘ-

ʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʤʝʜʠʮʠʥʝ 

ʄʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ 
ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʘ 

ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʧʘ-

ʮʠʝʥʪʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ 
ʢ ʬʦʨʤʘʪʫ ʚʭʦʜʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʤʦʜʫʣʷ 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ʥʘ ʨʠʩ. 3 ʨʘʟʨʘʙʦʪʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ɸɻ ï çɺʠʨʪʫʘʣʴʥʳʡ ʢʦʥʩʠʣʠʫʤ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥ-

ʟʠʠè (ɺʂɼɸɻ), ʦʧʠʩʘʥʥʘ ̫ʚ [ʂʠʨʠʢʦʚ, ʈʫʤʦʚʩʢʘʷ, 2016]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʠʩ. 2. 

4. ʊʝʩʪʠʨʦʚʘʥʠʝ çɺʠʨʪʫʘʣʴʥʦʛʦ ʢʦʥʩʠʣʠʫʤʘ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠè 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʪʦʪʠʧʘ ɺʂɼɸɻ [ʂʠʨʠʢʦʚ, ʈʫʤʦʚʩʢʘʷ, 2016] ʨʝʘʣʠʟʦʚʘ-

ʥʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʚ MATLAB-Simulink. ɺ ʪʘʙʣ. 2 ʠ 3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʪʝʨʠʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʦʜʝ-

ʣʝʡ çɺʠʨʪʫʘʣʴʥʦʛʦ ʢʦʥʩʠʣʠʫʤʘè ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʟʥʘʥʠʡ ʚʨʘ-

ʯʝʡ, ʢʣʘʩʩʠʬʠʮʠʨʫʶʱʠʭ ʧʘʪʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʘʮʠʝʥʪʘ. 
 

ʊʘʙʣ. 2. 
ʅʘʠʤʝʥʦʚʘʥʠʝ ɿʥʘʯʝʥʠʷ 

ʆʙʲʝʤ ʪʝʩʪʦʚʦʡ 
ʚʳʙʦʨʢʠ ɺʂɼɸɻ 

ʀʥʪʝʛʨʘʮʠʷ ʟʥʘʥʠʡ: 1) ʚʩʝʭ ʰʝʩʪʠ ʚʨʘʯʝʡ: 800 ʥʘʙʣʶʜʝʥʠʡ ï 500 ʩ 
ʜʠʘʛʥʦʟʘʤʠ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ɸɻ ʠ 300 ʩ ʜʠʘʛʥʦʟʘʤʠ ʚʪʦʨʠʯʥʦʡ ɸɻ; 

2) ʤʝʥʝʝ ʰʝʩʪʠ ʚʨʘʯʝʡ: 400 ʥʘʙʣʶʜʝʥʠʡ ï 200 ʠ 200 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʩʪʦʯʥʠʢ ʪʝʩʪʦʚʦʡ 
ʚʳʙʦʨʢʠ 

ɸʨʭʠʚ ʤʝʜʠʮʠʥʩʢʠʭ ʢʘʨʪ ʧʘʮʠʝʥʪʦʚ ʧʝʨʚʦʡ ʂʘʨʜʠʦʣʦʛʠʠ ʆʙʣʘʩʪʥʦʡ 
ʢʣʠʥʠʯʝʩʢʦʡ ʙʦʣʴʥʠʮʳ 

ʕʣʝʤʝʥʪ  

ʪʝʩʪʠʨʫʶʱʝʡ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

(
128212340111

,...,;,..., XXXX ; 1001....YY ), 

ʛʜʝ 
340111

,...,XX  ï ʥʝʯʝʪʢʠʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ; 

128212
,...,XX  ï ʚʝʢʪʦʨ ʦʙʨʘʟʘ ʵʣʝʢʪʨʦʢʘʨʜʠʦʩʠʛʥʘʣʘ ʠʟ ʯʠʩʝʣ ʠʥʪʝʨ-

ʚʘʣʘ [0,1] (ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ); 1001....YY  ï ʢʦʥʩʪʘʥʪʳ, ʧʨʠʥʠʤʘ-

ʶʱʠʝ ʟʥʘʯʝʥʠʝ 0 ʠʣʠ 1 ï ʵʣʝʤʝʥʪʳ ʵʪʘʣʦʥʥʦʛʦ ʜʠʘʛʥʦʟʘ. 

ʕʪʘʣʦʥʥʳʡ  

ʜʠʘʛʥʦʟ 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʜʠʘʛʥʦʟ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ, ʚʢʣʶʯʘʝʪ: 

ʩʪʝʧʝʥʴ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ; ʩʪʘʜʠ ʁ ʵʩʩʝʥʮʠʘʣʴʥʦʡ ʘʨʪʝʨʠ-
ʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ (ʠʣʠ ʛʠʧʝʨʪʦʥʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ); ʢʣʘʩʩ ʦʙʱʝʛʦ 

ʨʠʩʢʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ; ʬʘʢʪʦʨʳ ʨʠʩʢʘ, ʧʦʨʘʞʝʥʠʷ 

ʦʨʛʘʥʦʚ-ʤʠʰʝʥʝʡ, ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʠ ʚʪʦʨʠʯ-
ʥʳʝ ʘʨʪʝʨʠʘʣʴʥʳʝ ʛʠʧʝʨʪʝʥʟʠʠ 

ʂʨʠʪʝʨʠʠ  
ʪʝʩʪʠʨʦʚʘʥʠʷ 

1) ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ f ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ 
ʧʘʮʠʝʥʪʘ; 

2) ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʚʨʘʯʦʤ ï ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʚʨʝʤʝʥʠ ʧʨʦʮʝʜʫʨʳ 

ʦʙʩʣʝʜʦʚʘʥʠʷ (tʦ), ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ (tʨ) ʠ ʚʨʝʤʝʥʠ ʥʘ 
ʟʘʧʠʩʴ ʠ ʦʬʦʨʤʣʝʥʠʝ ʟʘʢʣʶʯʝʥʠʷ (tʟ). 

ɺʂɼɸɻ ʦʛʨʘʥʠʯʝʥ ʨʘʙʦʪʦʡ ʩʦ ʟʥʘʥʠʷʤʠ ʰʝʩʪʠ ʚʨʘʯʝʡ-ʵʢʩʧʝʨʪʦʚ ʨʘʟ-

ʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ (ʢʘʨʜʠʦʣʦʛ, ʥʝʚʨʦʣʦʛ, ʥʝʬʨʦʣʦʛ, ʪʝʨʘʧʝʚʪ, ʵʥʜʦʢʨʠʥʦ-

ʣʦʛ, ʩʦʩʫʜʠʩʪʳʡ ʭʠʨʫʨʛ (ʨʠʩ. 2)), ʧʘʮʠʝʥʪʘʤʠ ʩʪʘʨʰʝ 18 ʙʝʟ ʦʩʦʙʳʭ ʩʦʩʪʦ-

ʷʥʠʡ, ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʥʠʤʢʦʚ, ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʟʥʘʯʝʥʠʷ ʣʝʯʝ-

ʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʨʷʜʘ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʠʭ ɸɻ. 
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f (ʟʥʘʥʠʷ ʚʩʝʭ ʰʝʩʪʠ ʚʨʘʯʝʡ) 0,0837 

f (ʙʝʟ ʢʘʨʜʠʦʣʦʛʘ) 0,697 

f (ʙʝʟ ʥʝʬʨʦʣʦʛʘ) 0,448  (ʚ ʦʩʪʘʣʴʥʳʭ 55,2% ʩʣʫʯʘʷʭ 

ʜʠʘʛʥʦʟ ʥʝ ʚʳʟʦʚʝʪ ʜʦʚʝʨʠʷ) 

f (ʙʝʟ ʪʝʨʘʧʝʚʪʘ) 0,151 

f (ʙʝʟ ʥʝʚʨʦʣʦʛʘ) 0,149 

f (ʙʝʟ ʵʥʜʦʢʨʠʥʦʣʦʛʘ) 0,211 (ʚ ʦʩʪʘʣʴʥʳʭ 78,9% ʩʣʫʯʘʷʭ 

ʜʠʘʛʥʦʟ ʥʝ ʚʳʟʦʚʝʪ ʜʦʚʝʨʠʷ) 

f (ʙʝʟ ʩʦʩʫʜʠʩʪʦʛʦ ʭʠʨʫʨʛʘ) 0,0798 

f (ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʥʠʷ ʪʦʣʴʢʦ ʢʘʨʜʠʦʣʦʛʘ) 0,711 

f (ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʥʠʷ ʪʦʣʴʢʦ ʢʘʨʜʠʦʣʦʛʘ ʠ 

ʥʝʬʨʦʣʦʛʘ) 

0,485 

f (ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʥʠʷ ʪʦʣʴʢʦ ʢʘʨʜʠʦʣʦʛʘ, ʥʝʬʨʦ-

ʣʦʛʘ ʠ ʪʝʨʘʧʝʚʪʘ) 

0,334 

f (ʙʝʟ ʟʥʘʥʠʡ ʥʝʚʨʦʣʦʛʘ, ʩʦʩʫʜʠʩʪʦʛʦ ʭʠʨʫʨʛʘ) 0,167 

ɺʨʝʤʷ ʜʠʘʛʥʦʩʪʠʢʠ (ʟʥʘʥʠʷ ʚʩʝʭ ʰʝʩʪʠ ʚʨʘʯʝʡ) 30º  

ʀʟ ʪʘʙʣ. 3 ʚʠʜʥʦ, ʯʪʦ: 1) ʩ ʧʨʠʤʝʥʝʥʠʝʤ çɺʠʨʪʫʘʣʴʥʦʛʦ ʢʦʥʩʠʣʠʫʤʘè 

ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʧʨʦʮʝʜʫʨʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ (tʟ + tʨ) 

30º ʩʝʢʫʥʜʘʤ, ʩʥʠʞʘʷ ʦʙʱʝʝ ʚʨʝʤʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʠ ʨʘʙʦʪʝ ʚʨʘʯʘ ʚ ʧʘʨʝ 

ʩ ʤʝʜʩʝʩʪʨʦʡ; 2) ʝʩʣʠ ʠʩʢʣʶʯʠʪʴ ʟʥʘʥʠʷ ʪʦʣʴʢʦ ʢʘʨʜʠʦʣʦʛʘ ʠʣʠ ʪʦʣʴʢʦ 

ʥʝʬʨʦʣʦʛʘ ʠʣʠ ʪʦʣʴʢʦ ʵʥʜʦʢʨʠʥʦʣʦʛʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ 

ʥʘʠʙʦʣʴʰʘʷ ï 0,697; 0,448 ʠ 0,211, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï ʪʘʢ ʢʘʢ ʢʘʨʜʠʦʣʦʛ 

ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʜʠʘʛʥʦʟʘ, ʘ ʥʝʬʨʦ-

ʣʦʛ ʠ ʵʥʜʦʢʨʠʥʦʣʦʛ ï ʚ ʠʩʢʣʶʯʝʥʠʠ ʚʪʦʨʠʯʥʦʡ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥ-

ʟʠʠ; 3) ʯʝʤ ʙʦʣʴʰʝ ʩʦʩʪʘʚ ɺʂɼɸɻ, ʪʝʤ ʩ ʤʝʥʴʰʝʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ 

ʦʰʠʙʢʦʡ ʦʥ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʘ; 4) çɺʠʨʪʫʘʣʴ-

ʥʳʡ ʢʦʥʩʠʣʠʫʤè ʚ ʩʦʩʪʘʚʝ ʰʝʩʪʠ ʚʨʘʯʝʡ ʜʠʘʛʥʦʩʪʠʨʫʝʪ ʘʨʪʝʨʠʘʣʴʥʫʶ 

ʛʠʧʝʨʪʝʥʟʠʶ ʩʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʦʡ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ 

f = 0,0837, ʪ.ʝ. ʜʘʝʪ ʜʠʘʛʥʦʟ ʚʝʨʥʳʡ ʚ 84% ʩʣʫʯʘʷʭ. 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʫʶ ʦʰʠʙʢʫ ʧʨʠ ʥʘʠʙʦʣʴʰʝʤ ʩʦʩʪʘʚʝ ʢʦʥʩʠʣʠʫʤʘ 

ʤʦʞʥʦ ʩʥʠʟʠʪʴ: 1) ʠʩʢʫʩʩʪʚʝʥʥʦ, ʪʱʘʪʝʣʴʥʝʝ ʦʪʦʙʨʘʚ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʫ, 

ʪʘʢ ʢʘʢ ʚ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʧʦʧʘʣʠ ʩʣʫʯʘʠ ʠʟ ʦʛʨʘʥʠʯʝʥʠʡ ʩʠʩʪʝʤʳ (ʧʦʨʷʜ-

ʢʘ 50 ʤʝʜʠʮʠʥʩʢʠʭ ʢʘʨʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʙʦʣʴʥʳʭ); 2) ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʧʫʪʝʤ, ʫʩʪʨʘʥʠʚ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʜʠʘʛʥʦʩʪʠʢʫ ʚʪʦʨʠʯʥʳʭ ʘʨʪʝʨʠʘʣʴʥʳʭ 

ʛʠʧʝʨʪʝʥʟʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʚʢʣʶʯʝʥʠʷ ʚ ʩʦʩʪʘʚ ʢʦʥʩʠʣʠʫʤʘ ʟʥʘʥʠʷ ʝʱʝ 

ʪʨʝʭ ʚʨʘʯʝʡ ï ʧʩʠʭʦʣʦʛʘ, ʫʨʦʣʦʛʘ, ʦʥʢʦʣʦʛʘ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʷ ʟʥʘʥʠʷ 

ʢʘʨʜʠʦʣʦʛʘ, ʥʝʚʨʦʣʦʛʘ ʠ ʥʝʬʨʦʣʦʛʘ. ʅʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʦ 

ʥʝ ʪʨʝʙʫʝʪʩʷ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʠʤ ʧʨʦʪʦʪʠʧʦʤ ɺʠʨʪʫʘʣʴʥʦʛʦ ʢʦʥʩʠʣʠʫʤʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʩʨʝʜ-

ʩʪʚʘʤʠ ʧʘʢʝʪʘ MATLABïSimulink ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ çɺʠʨʪʫ-

ʘʣʴʥʳʡ ʢʦʥʩʠʣʠʫʤ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠè, ʜʦʚʝʜʝʥ-

ʥʳʡ ʜʦ ʩʪʘʜʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ, ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʜʠʘ-

ʛʥʦʩʪʠʢʠ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ ʚ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʫʯʨʝ-

ʞʜʝʥʠʷʭ ʰʠʨʦʢʦʛʦ ʧʨʦʬʠʣʷ ʘʤʙʫʣʘʪʦʨʥʦ-ʧʦʣʠʢʣʠʥʠʯʝʩʢʦʛʦ ʪʠʧʘ (ʬʝʣʴ-

ʜʰʝʨʩʢʦ-ʘʢʫʰʝʨʩʢʠʭ ʧʫʥʢʪʘʭ, ʘʤʙʫʣʘʪʦʨʠʷʭ, ʤʝʜʠʢʦ-ʩʘʥʠʪʘʨʥʳʭ ʯʘʩʪʷʭ 

ʠ ʧʦʣʠʢʣʠʥʠʢʘʭ) ʠ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʠʥʝʨʪʥʦʩʪʠ ʚʨʘʯʝʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[ʂʠʨʠʢʦʚ ʠ ʜʨ., 2013] ʂʠʨʠʢʦʚ ʀ.ɸ. ʠ ʜʨ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʜʠʘʛʥʦ-

ʩʪʠʢʠ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ ʚ ʤʝʪʦʜʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʩʠʩʪʝʤ // ʉʠʩʪʝʤʳ ʠ ʩʨʝʜʩʪʚʘ ʠʥʬʦʨʤʘʪʠʢʠ. 2013. ˉ 23 (2).  

[ʂʠʨʠʢʦʚ ʠ ʜʨ., 2014] ʂʠʨʠʢʦʚ ʀ.ɸ. ʠ ʜʨ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʘʨʪʝʨʠʘʣʴʥʦʡ 

ʛʠʧʝʨʪʝʥʟʠʠ // ʀʥʬʦʨʤʘʪʠʢʘ ʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷ. 2014. ˉ 24 (1).  

[ʂʠʨʠʢʦʚ, ʈʫʤʦʚʩʢʘʷ, 2016] ʂʠʨʠʢʦʚ ʀ.ɸ., ʈʫʤʦʚʩʢʘʷ ʉ.ɹ. ɻʝʪʝʨʦʛʝʥʥʘʷ ʜʠʘʛʥʦ-

ʩʪʠʢʘ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ // IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʀʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʝʥʠʝ ʠ ʩʠ-

ʩʪʝʤʥʳʡ ʘʥʘʣʠʟè. 2016. ʊ. 1.  

[ʂʦʣʝʩʥʠʢʦʚ ʠ ʜʨ., 2011] ʂʦʣʝʩʥʠʢʦʚ ɸ.ɺ. ʠ ʜʨ. ʈʝʰʝʥʠʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʢʦʤʤʠ-

ʚʦʷʞʝʨʘ ʤʝʪʦʜʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ï 

ʄ.: ʀʇʀ ʈɸʅ, 2011.  

[ʂʦʣʝʩʥʠʢʦʚ, ʂʠʨʠʢʦʚ, 2007] ʂʦʣʝʩʥʠʢʦʚ ɸ. ɺ., ʂʠʨʠʢʦʚ ʀ. ɸ. ʄʝʪʦʜʦʣʦʛʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʤʝʪʦʜʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʠʙʨʠʜʥʳʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ï ʄ.: ʀʇʀ ʈɸʅ, 2007. 

[ʂʦʣʝʩʥʠʢʦʚ, ʈʫʤʦʚʩʢʘʷ ʠ ʜʨ., 2015] ʂʦʣʝʩʥʠʢʦʚ ɸ.ɺ., ʈʫʤʦʚʩʢʘʷ ʉ.ɹ. ʠ ʜʨ. ʉʠ-

ʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʚ ʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʘʜʘʯ // VI ʄʝʞʜʫʥʘ-

ʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè. 

2015. ˉ 1.  
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ʋɼʂ 681.322 

ʇʆɼʍʆɼ ʂ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʈʀʉʂʆɺ  

ɹʀɿʅɽʉ-ʇʈʆʎɽʉʉʆɺ ɺ ʅʆʊɸʎʀʀ ARIS EEPC  

ʅɸ ʆʉʅʆɺɽ ɺʓʉʆʂʆʋʈʆɺʅɽɺʓʍ ʅɽʏɽʊʂʀʍ  

ʉɽʊɽʁ ʇɽʊʈʀ
1
 

ʄ.ʉ. ʄʘʨʛʦʣʠʥ (mikemarg@mail.ru) 

ɸ.ɺ. ʉʝʥʴʢʦʚ (a.v.senkov@mail.ru) 

ʌʠʣʠʘʣ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ  

ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʠʩʢʦʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʦʪʘʮʠʠ ARIS eEPC, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʚ ʚʳʩʦʢʦʫʨʦʚʥʝʚʫʶ ʥʝʯʝʪʢʫʶ ʩʝʪʴ ʇʝʪʨʠ ʠ 

ʧʨʠʤʝʥʝʥʠʠ ʝʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʨʠʩʢʦʚ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ, ʥʝʯʝʪ-

ʢʘʷ ʚʳʩʦʢʦʫʨʦʚʥʝʚʘʷ ʩʝʪʴ ʇʝʪʨʠ 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʇɸʆ çʅʂ çʈʦʩʥʝʬʪʴè, ʇɸʆ çɻʘʟʧʨʦʤè, ʇɸʆ çʀʅʊɽʈ ʈɸʆ ɽʕʉè ʠ ʜʨ. 

ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʨʘʙʦʪʢʠ ʚ ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʥʘ ʙʘʟʝ ʤʝʪʦʜʦʣʦʛʠʠ ARIS [ʉʝʥʴʢʦʚ, 2015]. ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ 

ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʠʛʨʘʝʪ ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʢʦʥʩʘʣʪʠʥʛ, 

ʮʝʣʠ ʢʦʪʦʨʦʛʦ ʩʚʦʜʷʪʩʷ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ʇʨʠ ʵʪʦʤ ʚʥʦʚʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ ʥʝ ʙʫʜʫʪ ʣʠʰʝʥʳ ʦʰʠʙʦʢ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ: 

¶ ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʟʘʚʝʨʰʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʰʪʘʪʥʳʤ ʦʙʨʘʟʦʤ 
ʚʚʠʜʫ ʥʘʨʫʰʝʥʥʦʡ ʣʦʛʠʢʠ ʝʛʦ ʧʨʦʪʝʢʘʥʠʷ; 

¶ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ 
ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʰʪʘʪʥʦʛʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ; 

¶ ʚ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʨʘʟʨʘʩʪʘʥʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ; 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ 

ʈʌ (ʧʨʦʝʢʪ ʄʂ-6184.2016.8) 
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¶ ʨʠʩʢ ʩʨʳʚʘ ʚʳʧʦʣʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 
ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. 

ɺʥʝʜʨʝʥʠʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʩ ʦʰʠʙʢʘʤʠ ʥʝʤʠʥʫʝʤʦ 

ʧʨʠʚʝʜʝʪ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 

ʧʨʦʚʘʣʫ ʵʪʘʧʘ ʙʠʟʥʝʩ-ʢʦʥʩʘʣʪʠʥʛʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʨʠʩʢʦʚ ʧʨʝʜʣʘʛʘʝʤʳʭ ʢʦʥʩʘʣʪʠʥ-

ʛʦʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

1. ʌʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʚ ʥʦʪʘʮʠʠ ARIS eEPC 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ [ʉʝʥʴʢʦʚ, 2015] ʷʚʣʷʶʪʩʷ: 

¶ 
1

{ , ..., }
h

F f f= ï ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ARIS eEPC, ʛʜʝ h ï ʢʦʣʠʯʝ-

ʩʪʚʦ ʬʫʥʢʮʠʡ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʝ; 

¶ 
1

{ , ..., }
r

E e e= ï ʤʥʦʞʝʩʪʚʦ ʩʦʙʳʪʠʡ ARIS eEPC, ʛʜʝ r ï ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʙʳʪʠʡ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʝ; 

¶ 
1

{ , ..., }
c

P p p= ï ʤʥʦʞʝʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʝʜʠʥʠʮ ARIS eEPC, 

ʛʜʝ c ï ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʝʜʠʥʠʮ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʝ; 

¶ 
1

{ , ..., }
v

D d d= ï ʤʥʦʞʝʩʪʚʦ ʜʦʢʫʤʝʥʪʦʚ ARIS eEPC, ʛʜʝ v ï ʢʦʣʠʯʝ-

ʩʪʚʦ ʜʦʢʫʤʝʥʪʦʚ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʝ; 

¶ 
1

{ , ..., }
z

S s s=  ï ʤʥʦʞʝʩʪʚʦ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ ARIS eEPC, ʛʜʝ z ï 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʝ; 

¶ 1
{ , ..., }

y
K k k=  ï k ʤʥʦʞʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ ʠʥʬʦʨʤʘʮʠʠ ARIS eEPC, ʛʜʝ 

y ï ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʝ. 
ʉʦʚʤʝʩʪʥʦ, ʤʥʦʞʝʩʪʚʘ P, D, S, K ʦʙʦʟʥʘʯʠʤ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ R ï ʨʝ-

ʩʫʨʩʦʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. ʄʦʜʝʣʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʥʦ-

ʪʘʮʠʠ ARIS eEPC, ʷʚʣʷʝʪʩʷ 3-ʭ ʜʦʣʴʥʳʤ ʛʨʘʬʦʤ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ, ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʤʘʪʨʠʮʳ ʧʝʨʝʭʦʜʦʚ: 

¶ EF ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʠ r Ĭ h, ʦʪʨʘʞʘʶʱʘʷ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʙʳʪʠ-
ʷʤʠ ʠ ʚʳʟʳʚʘʝʤʳʤʠ ʠʤʠ ʬʫʥʢʮʠʷʤʠ; 

¶ FE ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʠ h Ĭ r, ʦʪʨʘʞʘʶʱʘʷ ʩʚʷʟʠ ʤʝʞʜʫ ʬʫʥʢʮʠ-
ʷʤʠ ʠ ʧʦʨʦʞʜʘʝʤʳʤʠ ʠʤʠ ʩʦʙʳʪʠʷʤʠ; 

¶ RF ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʠ (c + v + z + y) Ĭ h, ʦʪʨʘʞʘʶʱʘʷ ʩʚʷ-
ʟʠ ʨʝʩʫʨʩʦʚ ʩ ʬʫʥʢʮʠʝʡ, ʚ ʢʦʪʦʨʫʶ ʦʥʠ ʧʝʨʝʜʘʶʪʩʷ; 

¶ FR ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʠ h Ĭ (c + v + z + y), ʦʪʨʘʞʘʶʱʘʷ ʩʚʷʟʠ 
ʬʫʥʢʮʠʠ ʩ ʧʦʨʦʞʜʘʝʤʳʤʠ ʝʡ ʨʝʩʫʨʩʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʰʝʤ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʚ ʚʠʜʝ ʢʦʨʪʝʞʘ: 

, , , , , , , , , .BP F E P D S K EF FE RF FR=< > 
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ɺ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ, ʥʘʧʨʠʤʝʨ, ʚ [ɽʣʠʬʝʨʦʚ ʠ ʜʨ., 2011] ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʦʪʘʮʠʠ 

ARIS eEPC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʘ ʩʝʪʝʡ ʇʝʪʨʠ. 

ɺ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʩʪʘʪʴʝ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʪʠ ʇʝʪ-

ʨʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʞʜʦʡ 

ʬʫʥʢʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʚ ʥʦʪʘʮʠʠ ARIS eEPC ʩʪʘʚʠʪʩʷ ʧʦʟʠʮʠʷ ʩʝʪʠ 

ʇʝʪʨʠ, ʘ ʢʘʞʜʦʤʫ ʩʦʙʳʪʠʶ ï ʧʝʨʝʭʦʜ. ʃʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʧʨʠ ʵʪʦʤ, 

ʩʢʨʳʚʘʶʪʩʷ ʚ ʧʦʟʠʮʠʷʭ ʩʝʪʠ ʇʝʪʨʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʨʧʨʝʪʠ-

ʨʦʚʘʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʚ ʩʝʪʴ ʇʝʪʨʠ, ʦʜʥʘʢʦ, ʜʘʣʴʥʝʡʰʝʝ ʫʩʣʦʞʥʝʥʠʝ ʙʠʟ-

ʥʝʩ-ʧʨʦʮʝʩʩʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʳʙʨʘʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ: 

¶ ʥʝ ʷʩʥʳʤ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠʤʝʶʱʠʭʩʷ ʚ ʙʠʟ-

ʥʝʩ-ʧʨʦʮʝʩʩʝ, ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʩʝʪʠ ʇʝʪʨʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʨʘʩʢʨʳʪʘ; 

¶ ʥʝ ʦʪʨʘʞʝʥ ʫʯʝʪ ʟʥʘʯʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ: ʨʦʣʝʡ, ʜʦ-

ʢʫʤʝʥʪʦʚ, ʢʣʘʩʪʝʨʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʜʨ. 

2. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʥʦʪʘʮʠʠ 

ARIS eEPC ʚ ʩʝʪʴ ʇʝʪʨʠ 

ɺ ʮʝʣʷʭ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʥʪʝʨʧʨʝʪʠ-

ʨʦʚʘʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʘʚʠʣʘʤʠ: 

¶ ʩʦʙʳʪʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʧʦʟʠʮʠʠ ʩʝʪʠ ʇʝʪʨʠ; 

¶ ʜʝʡʩʪʚʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʧʝʨʝʭʦʜʳ ʩʝʪʠ 

ʇʝʪʨʠ; 

¶ ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʩʝʪʠ ʇʝʪʨʠ ʧʫʪʝʤ ʢʦʤʙʠʥʘʮʠʠ 
ʧʦʟʠʮʠʡ ʠ ʧʝʨʝʭʦʜʦʚ; 

¶ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʡ (ʬʫʥʢʮʠʡ) ʫʯʠʪʳʚʘ-

ʝʪʩʷ ʢʘʢ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʭʦʜʦʚ; 

¶ ʧʨʦʯʠʝ ʵʣʝʤʝʥʪʳ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʦ-

ʟʠʮʠʠ, ʦʪʨʘʞʘʶʱʠʝ ʥʘʣʠʯʠʝ/ʦʪʩʫʪʩʪʚʠʝ ʵʣʝʤʝʥʪʘ (ʥʘʧʨʠʤʝʨ, ʥʘʣʠ-

ʯʠʝ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʠʪʴ ʬʫʥʢʮʠʶ ʥʝʢʦʪʦʨʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ); 

¶ ʚʩʝ ʥʝʥʘʧʨʘʚʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʢʪʫʶʪʩʷ ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ, ʚʭʦ-

ʜʷʱʠʝ ʚ ʬʫʥʢʮʠʶ. 

ʇʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʦʟʠʮʠʡ ʚʝʪʚʣʝʥʠʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʦʜʭʦʜʦʤ, 

ʧʨʝʜʣʦʞʝʥʥʳʤ ʚ [ʐʝʝʨ, 2009]. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʣʦʛʠʯʝʩʢʫʶ 

ʦʧʝʨʘʮʠʶ, ʦʧʠʩʳʚʘʶʱʫʶ ʩʣʠʷʥʠʝ ʚʝʪʚʝʡ ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʠʤ ʢʦʤʙʠʥʘ-

ʮʠʝʡ ʧʦʟʠʮʠʡ ʠ ʧʝʨʝʭʦʜʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴ çʝʜʠʥʠʮʳè 

ʪʘʙʣʠʮʳ ʠʩʪʠʥʥʦʩʪʠ R-ʘʨʥʦʡ (ʧʦ R-ʢʦʣʠʯʝʩʪʚʫ ʩʭʦʜʷʱʠʭʩʷ ʚʝʪʚʝʡ ʚ ʢʦʤ-

ʧʦʟʠʮʠʠ ʚʝʪʚʝʡ ʧʨʦʮʝʩʩʘ) ʬʫʥʢʮʠʠ ʘʣʛʝʙʨʳ ʣʦʛʠʢʠ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘ-

ʟʦʤ ʦʧʠʰʝʤ ʣʦʛʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ ʚʝʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ. ʇʨʠʤʝʨʳ ʟʘʤʝʥ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣ. 1. 

ɺʠʜ ʢʦʤʧʦʟʠʮʠʠ ʚ ʥʦʪʘʮʠʠ  

ARIS eEPC 

ɺʠʜ ʘʥʘʣʦʛʠʯʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 

ʚ ʚʠʜʝ ʩʝʪʠ ʇʝʪʨʠ
1
 

ʉʦʙʳʪʠʝ

ʌʫʥʢʮʠʷ

ʉʦʙʳʪʠʝ ʉʦʙʳʪʠʝ

XOR

 

p2

t1

p1

t2 t3

p3 p4
 

ʉʦʙʳʪʠʝ

ʉʦʙʳʪʠʝ ʉʦʙʳʪʠʝ

ʌʫʥʢʮʠʷ ʌʫʥʢʮʠʷ

V

 p5

t4

p1

p6

t5

p2 p3 p4

t1 t2 t3

 

ʉʦʙʳʪʠʝ

ʉʦʙʳʪʠʝ

ʌʫʥʢʮʠʷ

ʉʦʙʳʪʠʝ

V

 

t1

p2

p3

t2

p1

t3

t4

p4
 

ʉʦʙʳʪʠʝ

ʉʦʙʳʪʠʝ

ʌʫʥʢʮʠʷ

ʉʦʙʳʪʠʝ

V

ʌʫʥʢʮʠʷ

 

t5

p4

p5

t6

p3

t7

p2p1

t1 t2

 
 

ʀʥʪʝʨʧʨʝʪʠʨʦʚʘʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʩʝʪʴ ʇʝʪʨʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʉʆʊʉ 

(ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʟʘʧʫʩʢʘ ʥʝʩʢʦʣʴʢʠʭ ʵʢʟʝʤʧʣʷʨʦʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ), 

                                                           
1 ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʝʪʠ ʇʝʪʨʠ ʦʙʚʝʜʝʥʦ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. 
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ʦʮʝʥʢʠ ʜʦʩʪʠʞʠʤʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʩʦʙʳʪʠʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʠ ʨʝʰʝʥʠʷ 

ʨʷʜʘ ʜʨʫʛʠʭ ʟʘʜʘʯ. 

ʇʦʜʦʙʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚ ʚʠʜʝ ʩʝʪʝʡ ʇʝʪ-

ʨʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ [ɿʘʤʷʪʠʥʘ ʠ ʜʨ., 2015; ɼʦʨʨʝʨ, 2010] 

ʤʦʞʝʪ ʙʳʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʜʦʧʦʣʥʝʥ ʜʦ ʥʝʯʝʪʢʦʡ ʚʨʝʤʝʥʥʦʡ ʩʝʪʠ 

ʇʝʪʨʠ, ʦʧʠʩʘʥʥʦʡ, ʥʘʧʨʠʤʝʨ, ʚ [ɽʬʠʤʦʚ ʠ ʜʨ., 2004]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʦ-

ʞʝʥʥʳʡ ʩʧʦʩʦʙ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʪʣʠʯʘʝʪʩʷ: 

¶ ʧʦʜʭʦʜʦʤ ʢ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʦʙʳʪʠʡ ʠ ʬʫʥʢʮʠʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʟʠʮʠʡ ʠ ʧʝʨʝʭʦʜʦʚ ʩʝʪʠ ʇʝʪʨʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʯʝʪʘ ʬʘʢʫʣʴʪʘʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʘʨʪʝʬʘʢʪʦʚ) ʙʠʟ-

ʥʝʩ-ʧʨʦʮʝʩʩʘ: ʨʦʣʝʡ, ʙʣʦʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʜʦʢʫʤʝʥʪʦʚ ʠ ʜʨ. 

3. ɺʚʝʜʝʥʠʝ ʥʝʯʝʪʢʦʩʪʠ ʚ ʩʝʪʴ ʇʝʪʨʠ 

ʇʦʣʫʯʝʥʥʘʷ ʚʳʰʝ ʩʝʪʴ ʇʝʪʨʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴ-

ʥʳʭ ʘʪʨʠʙʫʪʦʚ ʨʝʩʫʨʩʦʚ ʧʨʦʮʝʩʩʘ ʥʘ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ. ʂʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝ-

ʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʟʘʯʘʩʪʫʶ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʬʘʢʪʦʨʘʤʠ: ʢʘʯʝʩʪʚʦʤ ʠʩʭʦʜʥʳʭ ʨʝʩʫʨʩʦʚ (ʜʦʢʫʤʝʥʪʦʚ, ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ 

ʪ.ʜ.), ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʣʠʮ, ʚʳʧʦʣʥʷʶʱʠʭ ʦʪʜʝʣʴʥʳʝ ʬʫʥʢ-

ʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ, ʷʚʣʷʶʪʩʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

[Thomas et al., 2008] ʘʪʨʠʙʫʪʘʤʠ ʵʣʝʤʝʥʪʦʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. ʋʢʘʟʘʥʥʳʝ 

ʘʪʨʠʙʫʪʳ, ʟʘʯʘʩʪʫʶ, ʤʦʛʫʪ ʙʳʪʴ ʦʮʝʥʝʥʳ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦ (ʥʘʧʨʠʤʝʨ, ʚ 

ʪʝʨʤʠʥʘʭ çʚʳʩʦʢʦʝè/ çʩʨʝʜʥʝʝè / çʥʠʟʢʦʝè ʢʘʯʝʩʪʚʦ ʜʦʢʫʤʝʥʪʘ; çʦʪʣʠʯ-

ʥʦʝè / çʭʦʨʦʰʝʝè / çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝè / çʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝè ʩʦ-

ʩʪʦʷʥʠʝ ʨʘʙʦʪʥʠʢʘ), ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʥʝʯʝʪʢʦʛʦ 

ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʚʳʚʦʜʘ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʡ ʦʪ-

ʜʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ (ʧʝʨʝʭʦʜʘ ʩʝʪʠ ʇʝʪʨʠ).  

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʥʝʯʝʪʢʠʭ ʩʝ-

ʪʝʡ ʇʝʪʨʠ (High Level Fuzzy Petri net, HLFPN, ɺʅʉʇ), ʧʨʝʜʣʦʞʝʥʥʫʶ ʚ 

[Scarpelli et al., 1993]. 

ɺ ʩʦʩʪʘʚ ʜʘʥʥʦʡ ʩʝʪʠ ʚʭʦʜʷʪ: 

¶ ʜʚʫʜʦʣʴʥʳʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ ʚʠʜʘ HLFPN , ,P T F=< >, ʛʜʝ P 

ʠ T ï ʜʚʘ ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʤʥʦʞʝʩʪʚʘ ʚʝʨʰʠʥ ( 0)P TÆ = , ʥʘʟʳ-

ʚʘʝʤʳʭ ʧʦʟʠʮʠʷʤʠ ʠ ʧʝʨʝʭʦʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ F ï ʤʥʦʞʝʩʪʚʦ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʜʫʛ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʝʜʠʥʷʝʪ ʧʦʟʠʮʠʶ p PÍ  ʩ 

ʧʝʨʝʭʦʜʦʤ t TÍ . ʇʦʟʠʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʤʝʥʥʳʤ, ʧʝʨʝʭʦʜʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʮʝʥʢʫ ʥʦʚʳʭ ʥʝʯʝʪʢʠʭ ʧʦʜʤʥʦʞʝʩʪʚ; 

¶ ʤʘʨʢʠʨʦʚʘʥʥʳʝ ʜʫʛʠ ʩ ʢʦʨʪʝʞʘʤʠ ʧʝʨʝʤʝʥʥʳʭ, ʜʣʠʥʘ ʢʘʞʜʦʛʦ ʢʦʨʪʝ-

ʞʘ ʷʚʣʷʝʪʩʷ ʘʨʥʦʩʪʴʶ ʙʘʟʦʚʦʛʦ ʥʘʙʦʨʘ ʧʝʨʝʤʝʥʥʦʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʜʫʛʦʡ; 

¶ ʩʪʨʫʢʪʫʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʧʝʨʝʭʦʜʘʭ T, ʨʝʘʣʠʟʫʝʪ ʥʝʯʝʪʢʠʡ ʧʨʦ-

ʜʫʢʮʠʦʥʥʳʡ ʚʳʚʦʜ. 
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ʆʧʨʝʜʝʣʠʤ V ʢʘʢ ʣʠʥʛʚʠʩʪʠʯʝʩʢʫʶ ʧʝʨʝʤʝʥʥʫʶ ʤʥʦʞʝʩʪʚʘ X. ʄʘʨʢʝʨ 

A ï ʥʝʯʝʪʢʦʝ ʯʠʩʣʦ (ʟʥʘʯʝʥʠʝ) ʠʣʠ ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶ-

ʱʘʷ ʤʥʦʞʝʩʪʚʦ T (V). 

ɼʣʷ ʢʘʞʜʦʛʦ ʧʝʨʝʭʦʜʘt TÍ  ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʤʥʦʞʝʩʪʚʦ ʚʭʦʜʥʳʭ 

( ) { | , }I t p P p t F= Í < >Í ʠ ʚʳʭʦʜʥʳʭ ʧʦʟʠʮʠʡ ( ) { | , }O t p P t p F= Í < >Í. 

ɸʥʘʣʦʛʠʯʥʳʝ ʤʥʦʞʝʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʠ ʜʣʷ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ Pp . 

ʇʝʨʝʭʦʜ t TÍ  ʘʢʪʠʚʝʥ, ʢʦʛʜʘ ʢʘʞʜʘʷ ʧʦʟʠʮʠʷ ( )p I tÍ  ʩʦʜʝʨʞʠʪ ʤʘʨ-

ʢʝʨ ʩ ʤʝʪʢʦʡ ,p t< >. ʇʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʧʝʨʝʭʦʜʘ t TÍ  ʤʘʨʢʝʨʳ ʩ ʤʝʪ-

ʢʦʡ ,p t< > ʫʜʘʣʷʶʪʩʷ ʠʟ ʢʘʞʜʦʛʦ ʚʭʦʜʘ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʳʭʦʜʘ ʜʦʙʘʚʣʷ-

ʝʪʩʷ ʤʘʨʢʝʨ ,t p¡< >. ʇʝʨʝʭʦʜ ʤʦʞʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝʯʝʪʢʠʡ ʧʨʦʜʫʢʮʠ-

ʦʥʥʳʡ ʚʳʚʦʜ ʠʣʠ ʢʦʥʲʶʥʢʮʠʶ ʘʥʪʝʮʝʜʝʥʪʦʚ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʷ 

ʤʘʨʢʸʨʦʚ ʚʳʭʦʜʥʳʭ ʧʦʟʠʮʠʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʭʦʜʦʤ, ʠʟʣʦʞʝʥʥʳʤ ʚ ʨʘʟʜʝʣʝ 2, ʤʝʞʜʫ ʬʦʨʤʘʣʴ-

ʥʳʤ ʦʧʠʩʘʥʠʝʤ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʚ ʥʦʪʘʮʠʠ ARIS eEPC ʠ HLFPN ʫʩʪʘʥʘʚ-

ʣʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ: 

¶ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ F ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʫ ʧʝʨʝʭʦʜʦʚ T 

HLFPN ï T;F ̧  

¶ ʤʥʦʞʝʩʪʚʦ ʘʪʨʠʙʫʪʦʚ ʩʦʙʳʪʠʡ ʠ ʨʝʩʫʨʩʦʚ ARIS eEPC E, P, D, S, K 

ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʥʦʞʝʩʪʚʫ ʧʦʟʠʮʠʡ P HLFPN ï 

;E P D S K PÇ Ç Ç Ç Ç 

¶ ʤʥʦʞʝʩʪʚʘ ʧʝʨʝʭʦʜʦʚ ARIS eEPC EF, FE, RF, FR ʩʪʘʚʷʪʩʷ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʝ ʩ ʥʘʙʦʨʦʤ ʥʘʧʨʘʚʣʝʥʥʳʭ ʜʫʛ F HLFPN 

EF FE RF FR FÇ Ç Ç «½­ . 

ʇʝʨʝʜ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʧʦʣʥʝʥʠʝ HLFPN ʟʥʘʥʠʷʤʠ. 

ʐʘʛ 1. ʇʨʦʚʦʜʠʪʩʷ ʠʟʚʣʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʧʨʦʪʝ-

ʢʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ (ʘʪʨʠʙʫʪʘʭ ʨʝʩʫʨʩʦʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ) ʠ ʠʭ ʨʝ-

ʟʫʣʴʪʘʪʘʭ (ʘʪʨʠʙʫʪʘʭ ʚʳʭʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ) ʠʟ ʵʢʩʧʝʨʪʦʚ 

ʠ/ʠʣʠ ʙʘʟ ʜʘʥʥʳʭ. ʕʪʘ ʚʳʙʦʨʢʘ ʩʪʘʥʝʪ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʦʡ ʜʣʷ ʢʘʩʢʘʜʘ 

ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ HLFPN.  

ʐʘʛ 2. ɼʣʷ ʚʩʝʭ ʘʪʨʠʙʫʪʦʚ ʚʩʝʭ ʨʝʩʫʨʩʦʚ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʵʢʩʧʝʨʪʦʚ 

ʬʦʨʤʠʨʫʶʪʩʷ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (membership functions). 

ʐʘʛ 3. ʅʘʙʦʨ ʥʝʯʝʪʢʠʭ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ ʧʦʣ-

ʥʦʛʦ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʧʝʨʝʙʦʨʘ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʚʩʝʭ ʪʝʨʤʦʚ 

ʚʩʝʭ ʘʪʨʠʙʫʪʦʚ ʚʩʝʭ ʨʝʩʫʨʩʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜ ʧʝʨʝʭʦʜʘ. 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʷʜ ʘʪʨʠʙʫʪʦʚ ʨʝʩʫʨʩʦʚ ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʷʚʣʷʪʴʩʷ ʠ ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʜʣʷ ʥʝʯʝʪʢʦʡ ʧʨʦʜʫʢʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʬʫʥʢʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʤʦʞʝʪ ʠʟʤʝ-

ʥʷʪʴʩʷ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʧʦʣʥʠʪʝʣʷ ʢʘʢ ʚ ʣʫʯʰʫʶ ʩʪʦʨʦʥʫ (ʧʦ-
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ʣʫʯʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʦʪ ʨʘʙʦʪʳ), ʪʘʢ ʠ ʚ ʭʫʜʰʫʶ ʩʪʦʨʦʥʫ (ʫʛʥʝʪʝ-

ʥʠʝ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʩ ʥʝʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ, ʜʦ-

ʢʫʤʝʥʪʘʤʠ ʠ ʪ.ʜ.).  

ʐʘʛ 4. ʇʨʦʚʦʜʠʪʩʷ ʦʙʫʯʝʥʠʝ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʥʝʯʝʪʢʦʡ ʧʨʦʜʫʢʮʠʦʥ-

ʥʦʡ ʤʦʜʝʣʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʫʯʝʥʠʝ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʜʫʢʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʉʫʛʵʥʦ 0-ʛʦ 

ʧʦʨʷʜʢʘ, ʚ ʢʦʪʦʨʦʡ ʢʦʥʩʝʢʚʝʥʪ ʢʘʞʜʦʛʦ ʠʟ ʥʝʯʝʪʢʠʭ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘ-

ʚʠʣ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ 

ʦʙʫʯʝʥʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʤʝʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʘ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ (by Genetic Algorithms), ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [Alcala et 

al., 2007; Hen'era et al., 1998; Hoffmann et al., 2000; Kumar et al., 2003]. ɺ 

ʢʘʯʝʩʪʚʝ ʭʨʦʤʦʩʦʤ ʦʩʦʙʠ ʙʫʜʫʪ ʚʳʩʪʫʧʘʪʴ ʥʘʙʦʨ ʢʦʥʩʝʢʚʝʥʪʦʚ ʚʩʝʭ ʧʨʘ-

ʚʠʣ ʤʦʜʝʣʠ (ʪʦ ʝʩʪʴ ʢʦʣʠʯʝʩʪʚʦ ʭʨʦʤʦʩʦʤ ʦʩʦʙʠ ʜʣʷ zero-order Sugeno 

fuzzy model ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʘʚʠʣ ʪʘʢʦʡ ʤʦʜʝʣʠ). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ HLFPN. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʢʘʩʢʘʜʘ 

ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ HLFPN. 

4. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʨʠʩʢʦʚ ʥʘ ʦʩʥʦʚʝ ɺʅʉʇ 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʠʩʢʦʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ. 

ʕʪʘʧ 1. ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʠʟ ʥʦʪʘʮʠʠ ARIS eEPC ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʚ ʩʝʪʴ 

ʇʝʪʨʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʧʨʘʚʠʣʘʤʠ. 

ʕʪʘʧ 2. ʀʥʪʝʨʝʩʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʨʠʩʢʠ ʚʳʜʝʣʷʶʪʩʷ ʢʘʢ ʦʪʜʝʣʴ-

ʥʳʝ ʧʦʟʠʮʠʠ ʩʝʪʠ ʇʝʪʨʠ. ʇʨʠ ʵʪʦʤ, ʦʩʪʘʣʴʥʳʤ ʧʦʟʠʮʠʷʤ ʪʘʢʞʝ ʩʪʘʚʷʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʝʢʦʪʦʨʳʝ ʘʪʨʠʙʫʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʩʫʨʩʦʚ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʚ ʢʘʯʝʩʪʚʝ ʘʪʨʠʙʫʪʘ ʨʝʩʫʨʩʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʦ çʋʜʦʙʩʪʚʦ ʚʳʧʦʣ-

ʥʝʥʠʷ ʬʫʥʢʮʠʠ ʚ ɸʀʉè, ʜʣʷ ʈʦʣʠ ï çʕʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝè ʠ ʪ.ʜ. 

ʕʪʘʧ 3. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠʣʠ ʟʥʘʥʠʡ 

ʵʢʩʧʝʨʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʫʯʝʥʠʝ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩʝʪʠ 

ʇʝʪʨʠ. 

ʕʪʘʧ 4. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ɺʅʉʇ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦ-

ʨʷʜʢʦʤ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʪʨʫʢʪʫʨʦʡ ʩʝʪʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʠʩʢʦʚ ʥʘ ʦʩʥʦʚʝ ʚr -

ʩʦʢʦʫʨʦʚʥʝʚʳʭ ʥʝʯʝʪʢʠʭ ʩʝʪʝʡ ʇʝʪʨʠ, ʧʨʘʚʠʣʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʥʦʪʘʮʠʠ ARIS eEPC ʚ ʪʘʢʫʶ ʩʝʪʴ. ʀʜʝʥʪʠ-

ʬʠʢʘʮʠʷ ʨʠʩʢʦʚ ʚ ʥʝʯʝʪʢʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʟʥʘʯʝʥʠʡ ʘʪʨʠʙʫʪʦʚ ʦʜʥʠʭ ʨʝʩʫʨʩʦʚ ʥʘ ʘʪʨʠʙʫʪʳ ʜʨʫʛʠʭ. 
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ɺ ʩʪʘʪʴʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʘʪʨʠʙʫʪʦʚ ʨʝʩʫʨʩʦʚ ʥʘ ʧʨʘʚʠʣʴ-

ʥʦʩʪʴ ʚʳʙʦʨʘ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʧʨʠ ʥʘʣʠʯʠʠ ʚʝʪʚʣʝ-

ʥʠʷ ʚ ʥʸʤ. ʊʘʢʞʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʬʫʥʢʮʠʷ, ʪʘʢʠʝ 

ʢʘʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʭ ʚʳʧʦʣʥʝʥʠʷ. 

ʅʝ ʟʘʪʨʦʥʫʪʳ ʚʦʧʨʦʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʩʢʦʣʴʢʠʭ ʨʦʣʝʡ. ʊʘʢ, ʥʘʧʨʠ-

ʤʝʨ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚ ʨʘʤʢʘʭ ʬʫʥʢʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʨʦʣʝʡ, ʠʭ ʚʟʘʠʤʦ-

ʚʣʠʷʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʣʠʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʩʦʩʪʘʚʣʝʥʠʝ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʥʝ ʥʘ ʫʨʦʚʥʝ ʨʦʣʝʡ, ʘ ʥʘ ʫʨʦʚʥʝ ʢʦʥ-

ʢʨʝʪʥʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʨʘʩʩʤʦʪʨʝʥʦ ʨʝʰʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʜʣʷ ʩʝʪʝʡ ʇʝʪʨʠ 

ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ ʟʘʜʘʯʘ ʜʦʩʪʠʞʠʤʦʩʪʠ ʤʘʨʢʠʨʦʚʢʠ, ʟʘʜʘʯʘ ʧʦʢʨʳʚʘʝʤʦʩʪʠ 

ʤʘʨʢʠʨʦʚʢʠ ʠ ʜʨʫʛʠʭ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝʯʝʪʢʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚ ʮʝʣʦʤ ʠ 

ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʚ ʥʠʭ ʚ ʯʘʩʪʥʦʩʪʠ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʦʧʨʦʩʳ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ. 
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ʅɽʂʆʊʆʈʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʇʆɼɻʆʊʆɺʂʀ  
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ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʜʣʷ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʠʧʘ 

ɼʉʄ (ʀʉ-ɼʉʄ) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʩʠʭʠʘʪʨʠʠ, ʘ 

ʪʦʯʥʝʝ, ʚ ʧʩʠʭʦʩʦʤʘʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ, ʬʘʢʪʳ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ 

ɼʉʄ-ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʥʘʥʠʷ 0-ʛʦ ʫʨʦʚʥʷ. ɻʣʘʚʥʘʷ ʦʩʦ-

ʙʝʥʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠ ʥʘ ʵʪʦʤ ʵʪʘʧʝ 

(ʝʱʝ ʜʦ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ɺ ʧʩʠʭʦʩʦʤʘʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ ʠʩʩʣʝʜʫʶʪʩʷ ʧʩʠ-

ʭʠʘʪʨʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʢʦʛʥʠʪʠʚʥʦ-

ʧʝʨʮʝʧʪʠʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ (ʪʘʢʪʠʣʴʥʳʝ ʠ ʟʨʠʪʝʣʴʥʳʝ ʛʘʣʣʶʮʠ-

ʥʘʮʠʠ, ʙʨʝʜ ʠ ʪ.ʧ.). ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʟʘʜʘʯʠ: 1) ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʩʠʭʦʩʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʞʥʦʛʦ ʟʫʜʘ; 2) ʚʳʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦ-

ʛʥʠʪʠʚʥʦ-ʧʝʨʮʝʧʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʨʠ ʨʘʩʩʪʨʦʡʩʪʚʘʭ ʰʠʟʦʬʨʝʥʠ-

ʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʦʪ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʤʦʟʛʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʲʝʢʪʠʚʥʳʭ 

ʜʘʥʥʳʭ, ʷʚʣʷʶʱʠʭʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠ-

ʝʤ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʪʠʧʘ ɼʉʄ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʥʘʨʫʞʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʝ ʟʥʘʥʠʡ, ʢʦʛʥʠʪʠʚʥʦ-ʧʝʨʮʝʧʪʠʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʧʩʠʭʦʩʦʤʘʪʠ-

ʯʝʩʢʠʡ ʢʦʞʥʳʡ ʟʫʜ, ʨʘʩʩʪʨʦʡʩʪʚʘ ʰʠʟʦʬʨʝʥʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ, ʤʘʛ-

ʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ 

ɺʚʝʜʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʝʨʚʳʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʠʧʘ ɼʉʄ (ʀʉ-ɼʉʄ) ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʘʣʠʟʫʶʱʝʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʩʠʭʦʩʦʤʘʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ. 

ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʫʶʪʩʷ ʧʩʠʭʠʘʪʨʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʩʦʧʨʦ-

ʚʦʞʜʘʶʱʠʝʩʷ ʢʦʛʥʠʪʠʚʥʦ-ʧʝʨʮʝʧʪʠʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ (ʪʘʢʪʠʣʴʥʳʝ ʠ 

ʟʨʠʪʝʣʴʥʳʝ ʛʘʣʣʶʮʠʥʘʮʠʠ, ʙʨʝʜ ʠ ʪ.ʧ.). ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʟʘʜʘʯʠ: 1) 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʩʠʭʦʩʦʤʘʪʠʯʝʩʢʦʛʦ (ʣʦʞʥʦʛʦ) ʢʦʞʥʦʛʦ ʟʫʜʘ; 2) ʚʳʷʚʣʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʛʥʠʪʠʚʥʦ-ʧʝʨʮʝʧʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʨʠ ʨʘʩʩʪʨʦʡʩʪʚʘʭ 

ʰʠʟʦʬʨʝʥʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʦʪ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʲʝʢʪʠʚ-

ʥʳʭ ʜʘʥʥʳʭ, ʷʚʣʷʶʱʠʭʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʄʈʊ). 

ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʉ-ɼʉʄ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʚ ʜʘʥʥʳʭ ʥʦʚʳʭ ʟʥʘʥʠʡ ʚ ʚʠʜʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠ-

ʩʠʤʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʩʤʳʩʣʝʥʳ ʠ ʧʨʦʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʚ 
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ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʈʘʟʨʘʙʦʪʯʠʢʠ ʀʉ-ɼʉʄ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʦʧʳʪ ʝʝ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ. ɹʳʣʠ ʨʝʰʝʥʳ, ʥʘʧʨʠʤʝʨ, ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʧʘʪʦʛʝʥʥʳʭ ʪʠʧʦʚ ʚʠʨʫʩʘ ʧʘʧʠʣʣʦʤʳ ʯʝʣʦʚʝʢʘ ʧʦ 

ʮʠʪʦʣʦʛʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʟʢʦʚ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʟʣʦ-

ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʣʠ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ 

ʧʦ ʮʠʪʦʣʦʛʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʘ ʣʝʯʝʥʠʷ çʢʨʘʩʥʦʡ 

ʚʦʣʯʘʥʢʠè ʧʦ ʠʤʝʶʱʠʤʩʷ ʢʣʠʥʠʯʝʩʢʠʤ ʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ 

ʙʦʣʴʥʦʛʦ ʠ ʜʨ. ʇʨʠ ʨʝʰʝʥʠʠ ʵʪʠʭ ʟʘʜʘʯ ʧʦʜʛʦʪʦʚʢʘ ʦʙʲʝʢʪʠʚʥʳʭ ʠ ʩʫʙʲ-

ʝʢʪʠʚʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ, ʷʚʣʷʶʱʠʭʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʦʩʪʦʠʪ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʠ: ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʠ ʠʭ ʜʣʷ ʦʧʝʨʘʮʠʠ ʩʭʦʜʩʪʚʘ, ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʚ 

ʦʩʥʦʚʝ ʠʥʜʫʢʪʠʚʥʦʛʦ ʦʙʦʙʱʝʥʠʷ ʚ ʀʉ-ɼʉʄ. 

ɼʘʥʥʳʝ ʦ ʧʘʮʠʝʥʪʘʭ ʚ ʟʘʜʘʯʘʭ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦ-

ʪʝ, ʠʤʝʶʪ ʨʘʟʥʫʶ ʧʨʠʨʦʜʫ: ʵʪʦ ʠ ʩʫʙʲʝʢʪʠʚʥʳʝ (ʵʢʩʧʝʨʪʥʳʝ, ʬʝʥʦʤʝʥʦʣʦ-

ʛʠʯʝʩʢʠʝ) ʜʘʥʥʳʝ (ʚ ʦʩʥʦʚʥʦʤ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʯʠʩʣʦʚʳʭ), ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʧʘʮʠʝʥʪʦʚ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʤʦʛʨʘʬʘ ï ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ. 

ʇʦʜʛʦʪʦʚʢʘ ʩʫʙʲʝʢʪʠʚʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ ʜʣʷ ʀʉ-

ɼʉʄ ʚʳʧʦʣʥʷʝʪʩʷ ʪʝʤʠ ʞʝ ʩʘʤʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʯʪʦ ʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʘʥʥʳʭ, ʪʦ ʝʩʪʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʭ ʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʠʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʩʭʦʜʩʪʚʘ, ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ 

ʠʥʜʫʢʪʠʚʥʦʛʦ ʦʙʦʙʱʝʥʠʷ. 

ʂʦʣʠʯʝʩʪʚʦ ʞʝ ʧʨʠʟʥʘʢʦʚ ʚ ʦʧʠʩʘʥʠʠ ʤʦʟʛʘ ʧʘʮʠʝʥʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʈʊ, ʪʘʢʦʚʦ (ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʭ 273), ʯʪʦ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʪʘ-

ʧʘ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ. ɺ ʭʦʜʝ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ ʚ ʦʙʦʙʱʝʥʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʯʠʩʣʦ-

ʚʳʝ ʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʦʡ ʞʝ ʀʉ-ɼʉʄ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʝh-

ʥʠʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ: 1) ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ ʠ 

2) ʧʦʣʫʯʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʥʦʚʥʦʛʦ ʘʥʘʣʠʟʘ ʛʠʧʦʪʝʟʳ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ 

ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʦʙʲʝʜʠʥʝʥʠʝ 

ʚ ʦʜʥʫ ʚʳʙʦʨʢʫ ʩ ʩʫʙʲʝʢʪʠʚʥʳʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠ ʯʠʩʣʦʚʳʤʠ ʜʘʥʥʳʤʠ, 

ʟʘʪʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʟ ʚʳʙʦʨʢʠ (ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʩʭʦʜʩʪʚʘ ʧʨʠ 

ʠʥʜʫʢʪʠʚʥʦʤ ʦʙʦʙʱʝʥʠʠ) ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʵʪʘʧ ï 

ʵʪʘʧ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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1. ʆʙ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʀʉ-ɼʉʄ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ɼʉʄ-ʤʝʪʦʜʝ ʠ ʨʝʘ-

ʣʠʟʫʝʤʳʡ ʚ ʀʉ-ɼʉʄ, ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʧʨʘʚʣʝʥʠʶ Knowledge Discovery ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʥʦʚʳʭ ʟʥʘ-

ʥʠʡ) ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

¶ ʟʥʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʣʦʭʦ ʬʦʨʤʘʣʠʟʦʚʘʥʳ; 

¶ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘ 

ʧʨʠʟʥʘʢʘʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʦʙʲʝʢʪʳ, ʦʧʝʨʘʮʠʶ ʩʭʦʜʩʪʚʘ; 

¶ ʦʙʲʝʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʠʤʝʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʬʬʝʢʪʘ: ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʝ (ɹʌ
+
), ʦʪʨʠʮʘʪʝʣʴʥʳʝ (ɹʌ

ï
); 

¶ ʚ ʜʘʥʥʳʭ ʥʝʷʚʥʦ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʦʛʦ ʪʠʧʘ: (Ñ)-ʧʨʠʯʠʥʳ ʠʩʩʣʝʜʫʝʤʳʭ ʵʬʬʝʢʪʦʚ. 

ɼʉʄ-ʤʝʪʦʜ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʠʤʝʶʪ ʦʙʰʠʨ-

ʥʫʶ ʙʠʙʣʠʦʛʨʘʬʠʶ (ʩʤ., ʥʘʧʨʠʤʝʨ, [ʌʠʥʥ, 2015]). 

ʆʜʠʥ ʠʟ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʉ-ɼʉʄ ʜʣʷ ʘʥʘʣʠʟʘ ʢʣʠʥʠʯʝʩʢʠʭ ʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʘʥʥʳʭ ʦʧʠʩʘʥ ʚ [ɺʠʥʦʢʫʨʦʚʘ ʠ ʜʨ., 2015]. 

2. ʆʙʲʝʢʪʠʚʥʳʝ ʠ ʩʫʙʲʝʢʪʠʚʥʳʝ (ʵʢʩʧʝʨʪʥʳʝ) ʜʘʥʥʳʝ  

ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʧʦʜʛʦʪʦʚʢʘ  

ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

2.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ, ʧʩʠʭʦʩʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʞʥʦʛʦ 
ʟʫʜʘ ʥʘ ʦʩʥʦʚʝ ʩʫʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ 

ʕʪʘ ʟʘʜʘʯʘ ʦʪʥʦʩʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʢʦʪʦʨʳʝ ʠʝʨʘʨʭʠʯʝʩʢʠ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʩʠʭʦʩʦʤʘʪʠʯʝʩʢʘʷ ʤʝʜʠʮʠʥʘ ­ ʧʩʠ-

ʭʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʚ ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ­ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʩʚʷʟʠ ʧʩʠʭʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ ʩ ʢʦʞʥʳʤ ʟʫʜʦʤ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʀʉ-ɼʉʄ ʤʝ-

ʜʠʢʘʤʠ-ʵʢʩʧʝʨʪʘʤʠ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʦʧʠʩʘʥʠʷ ʜʚʫʭ ʛʨʫʧʧ ʙʦʣʴʥʳʭ. ɺ 

ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʚʦʰʣʠ ʙʦʣʴʥʳʝ, ʢʦʪʦʨʳʤ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʜʠʘʛʥʦʟ ʧʩʠʭʦʩʦ-

ʤʘʪʠʯʝʩʢʠʡ, ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʟʫʜ ï ʘʥʘʣʦʛ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʦʣʠ 

(ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʫ ʯʝʣʦʚʝʢʘ ʥʝʪ ʨʫʢʠ, ʥʦ ʦʥ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʱʫʱʘʝʪ ʙʦʣʴ 

ʚ ʦʪʩʫʪʩʪʚʫʶʱʝʡ ʨʫʢʝ). ʋ ʥʠʭ ʝʩʪʴ ʧʩʠʭʠʯʝʩʢʦʝ ʨʘʩʩʪʨʦʡʩʪʚʦ (ʰʠʟʦʬʨʝ-

ʥʠʷ, ʜʝʧʨʝʩʩʠʷ, ʠʩʪʝʨʠʷ), ʝʩʪʴ ʢʦʞʥʳʡ ʟʫʜ, ʥʦ ʦʪʩʫʪʩʪʚʫʶʪ ʦʙʲʝʢʪʠʚʥʳʝ 

ʢʦʞʥʳʝ ʧʦʢʘʟʘʥʠʷ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʙʦʣʴʥʳʭ ï ʵʪʦ ʙʦʣʴʥʳʝ ʩ ʠʤʧʣʠʮʠʨʦ-

ʚʘʥʥʳʤ ʟʫʜʦʤ: ʫ ʥʠʭ ʝʩʪʴ ʧʩʠʭʠʯʝʩʢʦʝ ʨʘʩʩʪʨʦʡʩʪʚʦ, ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʦʝ 

ʟʘʙʦʣʝʚʘʥʠʝ, ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ ʚʳʩʳʧʘʥʠʷʭ ʥʘ ʢʦʞʝ, ʠ ʢʦʞʥʳʡ ʟʫʜ (ʚʩʝʛʦ 

53 ʧʘʮʠʝʥʪʘ). 
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ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʠ ʚ ʩʣʫʯʘʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʟʫʜʘ ʚʳʩʳʧʘʥʠʷ ʪʦʞʝ 

ʠʥʦʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘʧʨʠʤʝʨ, ʨʘʩʯʝʩʳʚʘʥʠʷ ʙʦʣʴʥʳʤʠ 

ʦʙʣʘʩʪʠ ʟʫʜʘ, ʪʦ ʜʠʘʛʥʦʩʪʠʢʘ ʪʘʢʠʭ ʙʣʠʟʢʠʭ ʧʦ ʩʠʤʧʪʦʤʘʤ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʦʧʠʩʘʥʠʡ ʙʦʣʴʥʳʭ ʠ ʠʥʪʫʠʮʠʠ ʤʝʜʠʢʦʚ ʟʘʪʨʫʜʥʝʥʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʠʘʛʥʦʩʪʠʢʘ ʝʱʝ ʟʘʪʨʫʜʥʝʥʘ ʠ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʯʝʣʦʚʝʢʦʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠ 

ʵʪʦʤ ʫʯʪʝʥʳ. ʎʝʣʴ ʧʨʦʚʦʜʠʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʙʥʘʨʫʞʝʥʠʝ ʵʤʧʠʨʠʯʝ-

ʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʦʧʠʩʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ çʧʩʠʭʦʩʦʤʘʪʠʯʝ-

ʩʢʠʡ ʟʫʜè ʩ ʩʫʙʲʝʢʪʠʚʥʳʤʠ (ʵʢʩʧʝʨʪʥʳʤʠ) ʧʨʠʟʥʘʢʘʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ 

ʧʘʮʠʝʥʪʦʚ [ʈʦʤʘʥʦʚ, 2014]. 

ɼʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʵʢʩʧʝʨʪʘʤʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʘʥʢʝʪʳ, ʢʘʨʪʳ ʧʘʮʠ-

ʝʥʪʘ. ɼʘʣʴʰʝ ʠʥʬʦʨʤʘʮʠʷ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʘʥʢʝʪʘʭ ʠ ʢʘʨʪʘʭ, ʙʳʣʘ ʜʦʧʦʣ-

ʥʝʥʘ ʵʢʩʧʝʨʪʘʤʠ ʩʚʝʜʝʥʠʷʤʠ ʠʟ ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʘʧʠʩʝʡ ʦ ʙʦʣʴʥʳʭ. ʅʘ 

ʦʩʥʦʚʝ ʚʩʝʛʦ ʵʪʦʛʦ ʙʳʣʘ ʩʦʟʜʘʥʘ ʊʘʙʣʠʮʘ ʚ ʬʦʨʤʘʪʝ Excel. 

ʂʘʞʜʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʟʘʧʠʩʴ ʦ ʧʘʮʠʝʥʪʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʩʪʨʦʢʫ 

ʚ ʪʘʙʣʠʮʝ Excel, ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʩʣʝʜʫʶʱʠʭ ʧʨʠʟʥʘʢʦʚ (ʘʪʨʠʙʫʪʦʚ): 

¶ ʩʦʮʠʦʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ: ʚʦʟʨʘʩʪ, ʧʦʣ, ʙʨʘʯʥʳʡ ʩʪʘʪʫʩ; ʦʙ-

ʨʘʟʦʚʘʥʠʝ, ʩʦʮʠʘʣʴʥʳʡ ʩʪʘʪʫʩ; ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 

ʧʦʩʣʝʜʥʠʭ 5 ʣʝʪ, ʩʪʨʝʩʩʦʚʳʝ ʞʠʟʥʝʥʥʳʝ ʩʦʙʳʪʠʷ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜ-

ʥʠʭ 6 ʤʝʩʷʮʝʚ, ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʩʠʭʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʘʣʢʦʛʦ-

ʣʠʟʤ, ʩʘʤʦʦʮʝʥʢʘ ʟʜʦʨʦʚʴʷ; 

¶ ʧʨʠʟʥʘʢʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʩʠʭʠʯʝʩʢʦʝ ʨʘʩʩʪʨʦʡʩʪʚʦ: ʙʳʣʠ ʣʠ ʫ ʧʘʮʠ-

ʝʥʪʘ ʣʶʙʳʝ ʧʩʠʭʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʞʠʟʥʠ (ʚ 

ʘʥʘʤʥʝʟʝ), ʣʝʯʝʥʠʝ ʠ ʥʘʙʣʶʜʝʥʠʝ ʫ ʧʩʠʭʠʘʪʨʘ ʚ ʘʥʘʤʥʝʟʝ, ʩʪʝʧʝʥʴ 

ʪʷʞʝʩʪʠ ʧʩʠʭʠʯʝʩʢʦʛʦ ʨʘʩʩʪʨʦʡʩʪʚʘ ʚ ʘʥʘʤʥʝʟʝ, ʝʩʪʴ ʣʠ ʧʩʠʭʠʯʝʩʢʦʝ 

ʨʘʩʩʪʨʦʡʩʪʚʦ ʥʘ ʤʦʤʝʥʪ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʥʦʟʦʣʦʛʠʯʝʩʢʠʡ ʜʠʘʛʥʦʟ ʧʩʠ-

ʭʠʯʝʩʢʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ ʤʦʤʝʥʪ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʝʩʪʴ ʣʠ ʜʝʧʨʝʩʩʠʷ ʚ 

ʘʥʘʤʥʝʟʝ, ʩʪʝʧʝʥʴ ʪʷʞʝʩʪʠ ʜʝʧʨʝʩʩʠʠ ʚ ʘʥʘʤʥʝʟʝ, ʪʠʧ ʪʝʯʝʥʠʷ ʜʝ-

ʧʨʝʩʩʠʠ, ʝʩʪʴ ʣʠ ʫ ʧʘʮʠʝʥʪʘ ʧʨʠʟʥʘʢʠ ʪʨʝʚʦʛʠ, ʤʳʩʣʠ ʦ ʩʫʠʮʠʜʝ, 

ʤʳʩʣʠ ʦ ʩʫʠʮʠʜʝ ʠʟ-ʟʘ ʟʘʙʦʣʝʚʘʥʠʷ ʢʦʞʠ, ʯʘʩʪʦʪʘ ʧʦʩʝʱʝʥʠʷ ʤʳʩʣʝʡ 

ʦ ʩʫʠʮʠʜʝ ʠʟ-ʟʘ ʟʘʙʦʣʝʚʘʥʠʷ ʢʦʞʠ, ʨʘʩʩʪʨʦʡʩʪʚʘ ʪʨʝʚʦʞʥʦʛʦ ʩʧʝʢʪʨʘ, 

ʩʝʟʦʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʩʠʭʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʝʟʦʥʥʦʝ ʫʭʫʜʰʝʥʠʝ 

ʧʩʠʭʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʫʪʦʯʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʩʠʭʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ, ʩʫʪʦʯʥʦʝ ʫʭʫʜʰʝʥʠʝ ʧʩʠʭʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ; 

¶ ʦʧʠʩʘʥʠʝ ʢʦʞʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ: ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʢʦʞʠ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʤʧʪʦʤʦʚ, ʯʘʩʪʦʪʘ ʨʘʟʚʠʪʠʷ ʦʙʦʩʪʨʝʥʠʡ ʢʦʞʥʳʭ ʟʘ-

ʙʦʣʝʚʘʥʠʡ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʫʜʘ ʧʦ ʢʨʠʪʝʨʠʶ ʭʨʦʥʠʬʠʢʘʮʠʠ, ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʟʫʜʘ, ʯʘʩʪʦʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʫʜʘ, ʟʫʜ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʟʫʜ ʚ ʪʝʯʝʥʠʝ ʧʨʦʰʣʦʛʦ ʛʦʜʘ, ʚʨʝʤʷ ʦʙʦʩʪʨʝʥʠʷ ʟʫʜʘ ʧʦ ʩʫʪʦʯʥʦʤʫ 

ʨʠʪʤʫ, ʚʨʝʤʷ ʦʙʦʩʪʨʝʥʠʷ ʟʫʜʘ ʧʦ ʩʝʟʦʥʥʦʤʫ ʨʠʪʤʫ; 
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¶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʫʜʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʞʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ: ʣʦʢʘʣʠ-

ʟʘʮʠʷ ʢʦʞʥʳʭ ʚʳʩʳʧʘʥʠʡ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʩ ʟʫʜʦʤ ʩʠʤʧʪʦʤʳ, ʪʦ-

ʧʠʢʘ ʢʦʨʧʫʩʘ, ʪʦʧʠʢʘ ʢʦʥʝʯʥʦʩʪʝʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʫʜʘ, ʜʝʨʤʘʪʦʣʦ-

ʛʠʯʝʩʢʠʡ ʜʠʘʛʥʦʟ ʠ ʪʷʞʝʩʪʴ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʫʜʘ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʫʜʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʫʜʘ ʧʦ ʜʫʙʣʶ ʠʟ ʕʧʧʝʥʜʦʨʬ-

ʩʢʦʛʦ ʦʧʨʦʩʥʠʢʘ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʩʦʚ; 

¶ ʭʨʦʥʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ: ʢʘʨʜʠʦʧʘʪʦʣʦʛʠʷ, ʨʝʩʧʠʨʘʪʦʨʥʳʝ ʟʘʙʦ-

ʣʝʚʘʥʠʷ, ʜʠʘʙʝʪ, ʨʝʚʤʘʪʠʟʤ. 

ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʩʦʙʠʨʘʣʠʩʴ ʧʦ ʚʩʝʡ ʩʪʨʘʥʝ, ʘʥʢʝʪʳ ʟʘʧʦʣʥʷʣʠʩʴ 

ʙʦʣʴʥʳʤʠ, ʯʘʱʝ ʚʩʝʛʦ, ʚʨʫʯʥʫʶ ʥʘ ʙʣʘʥʢʘʭ, ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ʚʩʝ ʜʘʥʥʳʝ 

ʙʳʣʠ ʩʦʙʨʘʥʳ ʚ ʢʦʤʧʴʶʪʝʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʝʜʠʢʘʤʠ Excel-ʪʘʙʣʠʮʘ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʙʳʣʘ ʦʙʨʘʙʦʪʘʥʘ ʩ ʮʝʣʴʶ ʫʥʠʬʠʢʘʮʠʠ: ʚʩʶʜʫ, ʥʘʧʨʠʤʝʨ, 

ʦʜʠʥʘʢʦʚʦʝ ʫʧʦʪʨʝʙʣʝʥʠʝ ʪʝʨʤʠʥʦʚ, ʩʦʢʨʘʱʝʥʠʡ ʠ ʪ.ʧ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ Excel-ʪʘʙʣʠʮʘ, ʩʦʜʝʨʞʘʱʘʷ ʦʧʠʩʘʥʠʷ 

53 ʧʘʮʠʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ 166 ʩʫʙʲʝʢʪʠʚʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʆʙʲʝʢʪʠʚʥʳʝ ʜʘʥʥʳʝ ʚ ʤʘʩʩʠʚʝ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʵʪʘ ʟʘʜʘʯʘ ʧʦʜʦʙʥʘ ʩʦʮʠʦʣʦʛʠ-

ʯʝʩʢʠʤ ʟʘʜʘʯʘʤ [ʂʣʠʤʦʚʘ ʠ ʜʨ., 2009]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʩʠʭʦʩʦʤʘʪʠʯʝ-

ʩʢʦʛʦ ʠ ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʟʫʜʘ. ɻʠʧʦʪʝʟʘ ʤʝʜʠʢʦʚ ʪʘʢʦʚʘ: ʟʘʙʦʣʝʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʟʫʜ ʠ ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʠʡ ʟʫʜ ʩ ʧʩʠʭʠʯʝʩʢʠʤ ʨʘʩʩʪʨʦʡ-

ʩʪʚʦʤ ʠʤʝʶʪ ʨʘʟʥʳʝ ʤʝʭʘʥʠʟʤʳ. ʂʦʥʝʯʥʦ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʦʣʴʢʦ ʩʫʙʲ-

ʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ (ʙʝʟ ʦʙʲʝʢʪʠʚʥʳʭ) ʛʦʚʦʨʠʪʴ ʦ ʤʝʭʘʥʠʟʤʘʭ ʷʚʣʝʥʠʡ ʥʝ 

ʧʨʠʭʦʜʠʪʩʷ. ʆʜʥʘʢʦ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʵʢʩʧʝʨʪʘʤʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦ-

ʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʀʉ-ɼʉʄ, ʙʳʣʘ ʪʘʢʦʚʘ: ʚ ʩʣʫʯʘʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ, ʣʦʞʥʦʛʦ ʟʫʜʘ ʧʩʠʭʠʯʝʩʢʦʝ ʨʘʩʩʪʨʦʡʩʪʚʦ ʠ ʟʫʜ ʪʝʩʥʦ 

ʩʚʷʟʘʥʳ, ʤʦʟʛ ʠ ʢʦʞʘ ʚʭʦʜʷʪ ʚ ʝʜʠʥʫʶ ʧʘʪʦʣʦʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʦʨʛʘʥʠʟʤʘ 

ʙʦʣʴʥʦʛʦ, ʚ ʩʣʫʯʘʝ ʠʤʧʣʠʮʠʨʦʚʥʥʦʛʦ ʟʫʜʘ ʩ ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʷʚ-

ʣʝʥʠʷʤʠ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʚ ʦʨʛʥʠʟʤʝ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. 

ʀʪʘʢ, ʝʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʠʩʪʝʤʥʦʡ ʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʘʥʘʣʦʛʠʷʤʠ, 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʬʫʢʮʠʦʥʘʣʴʥʳʡ ʟʫʜ ï ʵʪʦ çʧʩʠʭʦʟʫʜè, ʘ ʠʤʧʣʠʮʠʨʦ-

ʚʘʥʥʳʡ ʟʫʜ ï çʧʩʠʭʠʯʝʩʢʦʝ ʨʘʩʩʪʨʦʡʩʪʚʦ + ʟʫʜè [ʌʘʙʨʠʢʘʥʪʦʚʘ, 2012], 

[ʈʦʤʘʥʦʚ ʠ ʜʨ, 2015]. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʳʜʝʣʝʥʠʝ ʩʭʦʜʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʪʠʧʦʚ ʧʘ-

ʮʠʝʥʪʦʚ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʝʪʝʨ-

ʤʠʥʘʮʠʠ ʟʘʙʦʣʝʚʘʥʠʡ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʩ ʧʦʤʦʱʴʶ ʀʉ-ɼʉʄ ʥʘ 

ʦʩʥʦʚʝ ʩʫʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʭʦʜ-

ʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʜʚʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʳ ʦʙʲʝʢ-

ʪʠʚʥʳʝ ʜʘʥʥʳʝ: ʨʝʟʫʣʴʪʘʪʳ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦ-

ʷʥʠʠ ʠʤʤʫʥʠʪʝʪʘ ʠ ʜʨ. ʀ, ʢʦʥʝʯʥʦ ʞʝ, ʨʝʟʫʣʴʪʘʪʳ ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 
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2.2. ʆʙʥʘʨʫʞʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ çʪʦʣ-
ʱʠʥʘ ʢʦʨʳè ʠ P300 ʦʪ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦ-
ʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʈʊ 

ʇʦʩʢʦʣʴʢʫ ʧʩʠʭʦʩʦʤʘʪʠʯʝʩʢʠʡ ʢʦʞʥʳʡ ʟʫʜ ʷʚʣʷʝʪʩʷ ʢʦʛʥʠʪʠʚʥʦ-

ʧʝʨʮʝʧʪʠʚʥʳʤ ʥʘʨʫʰʝʥʠʝʤ, ʧʨʦʚʦʜʠʤʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʚʳʷʚʣʝʥʠʶ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʢʦʛʥʠʪʠʚʥʦ-ʧʝʨʮʝʧʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʨʠ ʨʘʩʩʪʨʦʡʩʪʚʘʭ ʰʠ-

ʟʦʬʨʝʥʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʦʪ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʤʦʟʛʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ, 

ʷʚʣʷʶʱʠʭʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʄʈʊ, ʧʦʤʦʞʝʪ ʚ ʝʛʦ 

ʠʟʫʯʝʥʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʙʫʜʫʪ ʚʳʷʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ 

ʢʦʛʥʠʪʠʚʥʦ-ʧʝʨʮʝʧʪʠʚʥʳʡ ʧʨʦʮʝʩʩʠʥʛ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʪʝ-

ʣʝʩʥʳʤʠ ʛʘʣʣʶʮʠʥʘʮʠʷʤʠ [ʃʝʙʝʜʝʚʘ ʠ ʜʨ., 2013]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʙʠʨʘʶʪʩʷ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʷʜʘ ʦʙʣʘʩʪʝʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʚʢʣʶ-

ʯʘʷ ʩʝʨʦʝ ʚʝʱʝʩʪʚʦ ʚʠʩʦʯʥʦʡ ʜʦʣʠ, ʦʩʪʨʦʚʢʦʚʦʡ ʜʦʣʠ, ʩʢʦʨʣʫʧʳ ʧʦʣʦʩʘ-

ʪʦʛʦ ʪʝʣʘ, ʢʦʨʳ ʣʦʙʥʦʡ ʜʦʣʠ, ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʧʨʠ ʨʘʩʩʪʨʦʡʩʪʚʘʭ ʰʠʟʦʬʨʝʥʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. 

ʄʝʜʠʢʘʤʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʜʚʘ ʤʘʩʩʠʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩ ʧʦʤʦʱʴʶ ʄʈʊ ʜʣʷ 40 ʧʘʮʠʝʥʪʦʚ (273 ʧʨʠʟʥʘ-

ʢʘ, ʷʚʣʷʶʱʠʝʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ). ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ 

ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʦʤʦʯʴ: 1) ʦʙʥʘʨʫʞʠʪʴ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʚʷʟʳ-

ʚʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩ ʝʛʦ ʦʙʦʙ-

ʱʝʥʥʳʤʠ, ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʩʪʨʫʢʪʫʨʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ñʪʦʣ-

ʱʠʥʘ ʢʦʨʳò (ʪʦʣʩʪʘʷ, ʩʨʝʜʥʷʷ, ʪʦʥʢʘʷ) ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ 

P300 (ʚʳʩʦʢʘʷ, ʩʨʝʜʥʷʷ, ʥʠʟʢʘʷ ʘʤʧʣʠʪʫʜʘ), 2) ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʧʨʠʟʥʘʢʦʚ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʙʣʝʤʘ ʩʦʚʤʝʩʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩ ʵʢʩʧʝʨʪʘʤʠ ʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʣʘ ʩʦ 

ʚʨʝʤʝʥ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ (ʕʉ). ɼʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʟʥʘʥʠʡ ʦʪ ʵʢʩʧʝʨʪʦʚ 

ʠʥʞʝʥʝʨʳ ʧʦ ʟʥʘʥʠʷʤ ʠ ʧʩʠʭʦʣʦʛʠ ʩʦʟʜʘʚʘʣʠ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʠʭ 

ʚʝʨʙʘʣʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʜʦʩʪʠʞʝʥʠʷ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʨʘʟʚʠ-

ʪʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ ʤʝʜʠʮʠʥʳ ʚʳʟʚʘʣʠ ʨʦʩʪ ʦʙʲʝʤʘ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʚʨʘʯʠ ʠ ʤʝʜʠʢʠ-ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʜʦʣʞʥʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʣʷ 

ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ, 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʪʝʦʨʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʥʘʥʠʷ, ʥʝʦʙʭʦʜʠ-

ʤʳʝ ʜʣʷ ʵʪʦʛʦ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʤʧʴʶ-

ʪʝʨʦʤ, ʵʢʩʧʝʨʪʳ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ. 
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ʂʘʟʘʣʦʩʴ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢ-

ʪʘ, ʢʘʢ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʜʦʣʞʥʦ ʙʳʣʦ ʦʙʣʝʛʯʠʪʴ ʩʦʚ-

ʤʝʩʪʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʀʉ ʠ ʵʢʩʧʝʨʪʦʚ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, 

ʪʨʫʜʥʦʩʪʠ ʧʝʨʝʤʝʩʪʠʣʠʩʴ ʠʟ ʦʙʣʘʩʪʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʟʥʘʥʠʡ ʦʪ ʵʢʩʧʝʨʪʦʚ ʚ 

ʦʙʣʘʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥ-

ʥʦʩʪʴʶ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʝʝ: ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʥʘ 

ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʜʣʷ ʠʭ ʦʙʦʙʱʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ: 1) ʫʤʝʥʴʰʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʦʙʲʝʢʪ, ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʦʢʨʘʪʠʪʴ 

ʧʝʨʝʙʦʨ ʧʨʠ ʦʩʥʦʚʥʦʤ ʘʥʘʣʠʟʝ; 2) ʧʝʨʝʡʪʠ ʦʪ ʯʘʩʪʥʳʭ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ ʢ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʠʣʠ ʠʥʪʝʛʨʘʣʴʥʳʤ ʯʠʩʣʦʚʳʤ ʠ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʧʦʣʫʯʘʪʴ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʥʦʚʥʦʛʦ ʘʥʘʣʠʟʘ ʦʩʤʳʩʣʝʥʥʳʝ ʛʠʧʦʪʝʟʳ, ʠʥʪʝʨʧʨʝʪʠʨʫʝ-

ʤʳʝ ʵʢʩʧʝʨʪʘʤʠ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ ʩʚʦʠʤ ʧʨʠʷʪʥʳʤ ʜʦʣʛʦʤ ʧʦʙʣʘʛʦʜʘʨʠʪʴ ʟʘ ʧʦ-

ʤʦʱʴ ɽ.ʉ. ʇʘʥʢʨʘʪʦʚʫ. 
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ɺɿɺɽʐɽʅʅʓɽ ʌʆʈʄɸʃʔʅʓɽ ʂʆʅʊɽʂʉʊʓ  

ʀ ʀʍ ɺʆɿʄʆɾʅʓɽ ʇʈʀʄɽʅɽʅʀʗ ʂ ɿɸɼɸʏɸʄ  

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ ɸʅɸʃʀɿɸ ɼɸʅʅʓʍ  

ʆ.ʄ. ɸʥʰʘʢʦʚ (oansh@yandex.ru)  

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʳʡ  

ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ 

ɺʚʦʜʷʪʩʷ ʧʦʥʷʪʠʷ ʚʟʚʝʰʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ (ʦʙʦʙʱʝʥʠʝ ʧʦʥʷʪʠʡ ʥʝ-

ʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠ ʤʫʣʴʪʠʤʥʦʞʝʩʪʚʘ), ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʚʟʚʝ-

ʰʝʥʥʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ (ʘʥʘʣʦʛ ʧʦʥʷʪʠʷ ʥʝʯʝʪʢʦʛʦ ʬʦʨ-

ʤʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ), ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ɻʘʣʫʘ ʚʦ ʚʟʚʝʰʝʥ-

ʥʦʤ ʬʦʨʤʘʣʴʥʦʤ ʢʦʥʪʝʢʩʪʝ ʠ ʧʦʥʷʪʠʝ ʚʟʚʝʰʝʥʥʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ 

ʢʦʥʮʝʧʪʘ. ʊʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ JSM-ʢʦʥʪʝʢʩʪ (ɼʉʄ-ʢʦʥʪʝʢʩʪ) ʠ 

ʚʟʚʝʰʝʥʥʳʡ JSM-ʢʦʥʪʝʢʩʪ. ʆʧʠʩʳʚʘʝʪʩʷ ʩʭʝʤʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʢʦ-

ʪʦʨʳʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʘʥʘʣʦʛʦʤ ɼʉʄ-ʤʝʪʦʜʘ ʜʣʷ ʚʟʚʝʰʝʥʥʳʭ ʢʦʥ-

ʪʝʢʩʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʘʥʘʣʠʟ ʬʦʨ-

ʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ, ɼʉʄ-ʤʝʪʦʜ, ʬʦʨʤʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ, ʥʝʯʝʪʢʠʡ 

ʬʦʨʤʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ, ʤʫʣʴʪʠʤʥʦʞʝʩʪʚʘ, ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ 

ɺʚʝʜʝʥʠʝ 

ʆʙʳʯʥʳʡ ʬʦʨʤʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ [Ganter et al, 1999] ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʢʘʢ ʘʙʩʪʨʘʢʮʠʶ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʙʠʪʦʚʦʡ ʪʘʙʣʠʮʳ. ʉʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ 

ʵʪʦʡ ʪʘʙʣʠʮʳ ʠʤʝʶʪ ʟʘʛʦʣʦʚʢʠ. ɿʘʛʦʣʦʚʢʠ ʩʪʨʦʢ ï ʵʪʦ ʠʤʝʥʘ ʦʙʲʝʢʪʦʚ, ʘ 

ʟʘʛʦʣʦʚʢʠ ʩʪʦʣʙʮʦʚ ï ʠʤʝʥʘ ʧʨʠʟʥʘʢʦʚ. ɺ ʷʯʝʡʢʘʭ ʪʘʙʣʠʮʳ ʩʦʜʝʨʞʘʪʩʷ 

ʥʫʣʠ ʠ ʝʜʠʥʠʮʳ. 

ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʟʘʜʘʯ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʠʥʦʛʜʘ ʙʠʪʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ 

ʩʣʠʰʢʦʤ ʛʨʫʙʳʤ ʠ ʢʨʘʡʥʝ ʞʝʣʘʪʝʣʴʥʦ ʧʦʣʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ 

ʣʶʙʳʤʠ ʯʠʩʣʦʚʳʤʠ ʜʘʥʥʳʤʠ (ʘ ʥʝ ʪʦʣʴʢʦ ʩ ʙʠʪʘʤʠ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʚʟʚʝʰʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ï ʥʝʢʦʪʦʨʦ-

ʛʦ ʦʙʦʙʱʝʥʠʷ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠ ʤʫʣʴʪʠʤʥʦʞʝʩʪʚʘ ï ʠ ʜʘʝʪʩʷ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʚʟʚʝʰʝʥʥʦʛʦ ʢʦʥʪʝʢʩʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʥʝʬʦʨʤʘʣʴʥʦ ʠʥʪʝʨʧʨʝ-

ʪʠʨʦʚʘʪʴ ʢʘʢ ʪʘʙʣʠʮʫ, ʩʦʜʝʨʞʘʱʫʶ ʧʨʦʠʟʚʦʣʴʥʳʝ ʯʠʩʣʦʚʳʝ ʜʘʥʥʳʝ.  
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1. ʄʥʦʞʝʩʪʚʘ, ʤʫʣʴʪʠʤʥʦʞʝʩʪʚʘ, ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳʝ ʧʦʥʷʪʠʷ ʩ ʦʙʱʠʭ 

ʧʦʟʠʮʠʡ. 

1.1. ɸʣʛʝʙʨʘ ʚʝʩʦʚ 

1.1.1. ʆʧʨʝʜʝʣʝʥʠʝ. ɸʣʛʝʙʨʫ 

 , , , ,W= Ø +W 0 1   

ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʘʣʛʝʙʨʦʡ ʚʝʩʦʚ, ʝʩʣʠ , , ,W Ø0 1  ï ʧʦʣʥʘʷ ʧʦʣʫʨʝʰʝʪʢʘ ʩ 

ʥʫʣʝʤ ʠ ʝʜʠʥʠʮʝʡ, , ,W +0  ï ʢʦʤʤʫʪʘʪʠʚʥʳʡ ʤʦʥʦʠʜ ʩ ʩʦʢʨʘʱʝʥʠʷʤʠ, 

ʦʧʝʨʘʮʠʷ + ʤʦʥʦʪʦʥʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʠʯʥʦʛʦ ʧʦʨʷʜʢʘ ¢, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: x y¢ , ʝʩʣʠ ʠ ʪʦʣʴʢʦ ʝʩʣʠ x y xØ =. 

1.1.2. ʇʨʠʤʝʨʳ. ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʧʨʠʤʝʨʳ ʘʣʛʝʙʨ ʚʝʩʦʚ. 

1. ɸʣʛʝʙʨʘ { }0,1 , , ,0,1= Ø ÙB , ʛʜʝ Ø ʠ Ù ʩʫʪʴ ʢʦʥʲʶʥʢʮʠʷ ʠ ʜʠʟʲ-

ʶʥʢʮʠʷ. 

2. ɸʣʛʝʙʨʘ [ ]0,1 , , ,0,1= Ø ÙF , ʛʜʝ Ø ʠ Ù ʩʫʪʴ ʤʠʥʠʤʫʤ ʠ ʤʘʢʩʠʤʫʤ. 

3. ɸʣʛʝʙʨʘ , , ,0,+= w Ø Ù wK , ʛʜʝ Ø ʠ Ù ʩʫʪʴ ʩʫʧʨʝʤʫʤ ʠ ʠʥʬʠʤʫʤ, 

{}+w =w w ï ʧʝʨʚʳʡ ʩʯʝʪʥʳʡ ʦʨʜʠʥʘʣ, ʧʨʝʚʦʩʭʦʜʷʱʠʡ w, ʪ.ʝ., 

{ }0,1,2,3, ,+w = w.  

1.2. ʄʥʦʞʝʩʪʚʘ ʢʘʢ ʬʫʥʢʮʠʠ 
ɽʩʣʠ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʦʙʳʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʢʘʢ ʧʦʜʤʥʦʞʝʩʪʚʦ ʥʝʢʦ-

ʪʦʨʦʛʦ ʫʥʠʚʝʨʩʫʤʘ, ʪʦ ʚʩʝ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ 

ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ. ʅʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ ([Zadeh, 1965], 

[ɿʘʜʝ, 1976]), ʚʦʦʙʱʝ ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʦʪʦʞʜʝʩʪʚʣʷʪʴ ʩʦ ʩʚʦʝʡ ʬʫʥʢʮʠʝʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠ ʜʝʣʘʝʪʩʷ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʧʦ 

ʥʝʯʝʪʢʠʤ ʤʥʦʞʝʩʪʚʘʤ. ʉ ʤʫʣʴʪʠʤʥʦʞʝʩʪʚʦʤ [ʇʝʪʨʦʚʩʢʠʡ, 2003] ʩʚʷʟʘʥʘ 

ʬʫʥʢʮʠʷ ʢʨʘʪʥʦʩʪʠ. ɺʩʝ ʩʚʦʡʩʪʚʘ ʤʫʣʴʪʠʤʥʦʞʝʩʪʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʯʝʨʝʟ ʬʫʥʢʮʠʶ ʢʨʘʪʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʚʟʚʝʰʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʙʫʜʝʪ ʩʨʘʟʫ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ ʬʫʥʢʮʠʷ. 

1.2.1. ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ U ï ʥʝʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ (ʫʥʠʚʝʨʩʫʤ), 
, , , ,W= Ø +W 0 1  ï ʘʣʛʝʙʨʘ ʚʝʩʦʚ. ʊʦʛʜʘ ʧʨʦʠʟʚʦʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ 

:w U W­  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʚʟʚʝʰʝʥʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʥʘʜ ʫʥʠʚʝʨʩʫʤʦʤ U 
ʠ ʘʣʛʝʙʨʦʡ ʚʝʩʦʚ W. 

ɽʩʣʠ =W B  ʠʟ ʧʨʠʤʝʨʘ 1.1.2 (1), ʪʦ ʤʳ ʧʦʣʫʯʠʤ ʦʙʳʯʥʦʝ ʤʥʦʞʝʩʪʚʦ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ w ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ. ɽʩʣʠ =W F  ʠʟ ʧʨʠ-
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ʤʝʨʘ 1.1.2 (2), ʪʦ ʧʦʣʫʯʘʝʤ ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ, ʦʪʦʞʜʝʩʪʚʣʷʝʤʦʝ ʩʦ ʩʚʦ-

ʝʡ ʬʫʥʢʮʠʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ w. ɽʩʣʠ =W K  ʠʟ ʧʨʠʤʝʨʘ 1.1.2 (3), ʪʦ ʤʳ 

ʧʦʣʫʯʘʝʤ ʤʫʣʴʪʠʤʥʦʞʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʙʫʜʝʤ ʦʪʦʞʜʝʩʪʚʣʷʪʴ ʩ ʬʫʥʢʮʠʝʡ 

ʢʨʘʪʥʦʩʪʠ w. 

1.2.2. ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ u ʠ v ï ʚʟʚʝʰʝʥʥʳʝ ʤʥʦʞʝʩʪʚʘ ʥʘʜ ʦʜʥʠʤʠ ʠ 
ʪʝʤʠ ʞʝ ʫʥʠʚʝʨʩʫʤʦʤ U ʠ ʘʣʛʝʙʨʦʡ ʚʝʩʦʚ, , , ,W= Ø +W 0 1 . ʇʝʨʝʩʝʯʝʥʠ-
ʝʤ ʚʟʚʝʰʝʥʥʳʭ ʤʥʦʞʝʩʪʚ u ʠ v ʥʘʟʦʚʝʤ ʦʪʦʙʨʘʞʝʥʠʝ  

 :u v U W­   

ʪʘʢʦʝ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ x UÍ  () () ().u v x u x v x= Ø  

1.2.3. ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ u ʠ v ï ʚʟʚʝʰʝʥʥʳʝ ʤʥʦʞʝʩʪʚʘ ʥʘʜ ʦʜʥʠʤʠ ʠ 
ʪʝʤʠ ʞʝ ʫʥʠʚʝʨʩʫʤʦʤ U ʠ ʘʣʛʝʙʨʦʡ ʚʝʩʦʚ , , , ,W= Ø +W 0 1 . ɹʫʜʝʤ ʛʦʚʦ-
ʨʠʪʴ, ʯʪʦ ʚʟʚʝʰʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ u ʷʚʣʷʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʚʟʚʝʰʝʥʥʦʛʦ 
ʤʥʦʞʝʩʪʚʘ v (ʦʙʦʟʥʘʯʘʝʪʩʷ u vÌ ), ʝʩʣʠ ʜʣʷ ʣʶʙʦʛʦ x UÍ  () ()u x v x¢ , 
ʛʜʝ ʧʦʨʷʜʦʢ ¢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʚ 1.1.1. 

2. ɺʟʚʝʰʝʥʥʳʡ ʢʦʥʪʝʢʩʪ 

ɺʟʚʝʰʝʥʥʳʡ ʢʦʥʪʝʢʩʪ ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʥʝʯʝʪʢʠʤ ʬʦʨ-

ʤʘʣʴʥʳʤ ʢʦʥʪʝʢʩʪʦʤ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝʯʝʪ-

ʢʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ. ʆʙʟʦʨ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʥʝʯʝʪʢʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʩʦʜʝʨʞʠʪʩʷ ʚ [Bǝlohl§vek et al, 2005], 

ʙʦʣʝʝ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [Bǝlohl§vek, 2011]. ɺ [Bǝlohl§vek 

et al, 2005], ʚ ʯʘʩʪʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ: (1) [Burusco et al, 

1994], (2) [Pollandt, 1997] ʠ [Bǝlohl§vek, 1998], (3) [Yahia et al, 2001] ʠ 

[Krajļi, 2003].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʳ ʧʦʣʫʯʘʝʤ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ-

ʥʷʪʠʷ ʥʝʯʝʪʢʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʥʝʯʝʪʢʠʡ ʬʦʨ-

ʤʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ [Krajļi, 2003]. ʕʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʙʳʣʦ 

ʚʟʷʪʦ ʟʘ ʦʙʨʘʟʝʮ ʧʨʠ ʬʦʨʤʫʣʠʨʦʚʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʚʝʰʝʥʥʦʛʦ ʬʦʨʤʘʣʴʥʦ-

ʛʦ ʢʦʥʪʝʢʩʪʘ. 

ɻʦʚʦʨʷ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʥʝʯʝʪʢʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ, ʤʳ ʠʤʝʝʤ ʚ 

ʚʠʜʫ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʧʦʥʷʪʠʷ, ʙʝʟ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘ ʩ ʥʝʯʝʪ-

ʢʠʤ ʢʦʥʪʝʢʩʪʦʤ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ: ʠʥʪʝʥʩʠʦʥʘʣ (ʥʝʯʝʪʢʦʛʦ) ʤʥʦʞʝʩʪʚʘ 

ʦʙʲʝʢʪʦʚ, ʵʢʩʪʝʥʩʠʦʥʘʣ (ʥʝʯʝʪʢʦʛʦ) ʤʥʦʞʝʩʪʚʘ ʧʨʠʟʥʘʢʦʚ, ʬʦʨʤʘʣʴʥʳʝ 

ʢʦʥʮʝʧʪʳ (ʧʦʥʷʪʠʷ) ʥʘʜ ʥʝʯʝʪʢʠʤ ʬʦʨʤʘʣʴʥʳʤ ʢʦʥʪʝʢʩʪʦʤ. 

2.1. ʆʙʲʝʢʪʳ, ʧʨʠʟʥʘʢʠ, ʚʟʚʝʰʝʥʥʳʡ ʢʦʥʪʝʢʩʪ 
ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ ʤʳ ʛʦʚʦʨʠʤ ʦʙ ʦʙʲʝʢʪʘʭ ʠ 

ʧʨʠʟʥʘʢʘʭ. ʉʦʜʝʨʞʘʪʝʣʴʥʘʷ ʩʪʦʨʦʥʘ ʦʙʲʝʢʪʦʚ ʠ ʧʨʠʟʥʘʢʦʚ, ʠʭ ʚʥʫʪʨʝʥʥʷʷ 

ʩʪʨʫʢʪʫʨʘ ʚ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 
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ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʠʤʝʥʘʤʠ ʦʙʲʝʢʪʦʚ ʠ ʧʨʠʟʥʘʢʦʚ. ɼʣʷ 

ʤʥʦʛʠʭ ʟʘʜʘʯ ʫʜʦʙʥʦ ʦʪʦʞʜʝʩʪʚʣʷʪʴ ʦʙʲʝʢʪ ʩ ʤʥʦʞʝʩʪʚʦʤ ʚʩʝʭ ʧʨʠʟʥʘʢʦʚ, 

ʢʦʪʦʨʳʤʠ ʦʥ ʦʙʣʘʜʘʝʪ. ʉʠʤʤʝʪʨʠʯʥʦ ʤʦʞʥʦ ʧʦʩʪʫʧʘʪʴ ʠ ʩ ʧʨʠʟʥʘʢʘʤʠ, 

ʭʦʪʷ ʵʪʦ ʚʳʛʣʷʜʠʪ ʤʝʥʝʝ ʝʩʪʝʩʪʚʝʥʥʦ. 

2.1.1. ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ , , , ,W= Ø +W 0 1  ï ʘʣʛʝʙʨʘ ʚʝʩʦʚ, X ʠ Y ï 
ʥʝʧʫʩʪʳʝ ʤʥʦʞʝʩʪʚʘ. ɺʟʚʝʰʝʥʥʳʤ ʬʦʨʤʘʣʴʥʳʤ ʢʦʥʪʝʢʩʪʦʤ ʥʘʜ ʘʣʛʝʙʨʦʡ 
ʚʝʩʦʚ W, ʤʥʦʞʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ X ʠ ʤʥʦʞʝʩʪʚʦʤ ʧʨʠʟʥʘʢʦʚ Y ʥʘʟʦʚʝʤ 
ʦʪʦʙʨʘʞʝʥʠʝ :I X Y W³ ­ , ʪ.ʝ. ʚʟʚʝʰʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʥʘʜ ʫʥʠʚʝʨʩʫʤʦʤ 

X Y³  ʠ ʘʣʛʝʙʨʦʡ ʚʝʩʦʚ W.  

2.1.2. ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ :I X Y W³ ­  ï ʚʟʚʝʰʝʥʥʳʡ ʬʦʨʤʘʣʴʥʳʡ 
ʢʦʥʪʝʢʩʪ ʥʘʜ ʘʣʛʝʙʨʦʡ ʚʝʩʦʚ W, ʤʥʦʞʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ X ʠ ʤʥʦʞʝʩʪʚʦʤ 
ʧʨʠʟʥʘʢʦʚ Y. ʀ ʧʫʩʪʴ ʦʙʲʝʢʪ .x XÍ  ʀʥʪʝʥʩʠʦʥʘʣʦʤ ʦʙʲʝʢʪʘ x ʙʫʜʝʤ 
ʥʘʟʳʚʘʪʴ ʦʪʦʙʨʘʞʝʥʠʝ :x Y W¬ ­  ʪʘʢʦʝ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ y YÍ  
() ( ),x y I x y¬ = .  
ʀʪʘʢ, ʠʥʪʝʥʩʠʦʥʘʣ ʦʙʲʝʢʪʘ ï ʵʪʦ ʚʟʚʝʰʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ. 

2.1.3. ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ :I X Y W³ ­  ï ʚʟʚʝʰʝʥʥʳʡ ʬʦʨʤʘʣʴʥʳʡ 
ʢʦʥʪʝʢʩʪ ʥʘʜ ʘʣʛʝʙʨʦʡ ʚʝʩʦʚ W, ʤʥʦʞʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ X ʠ ʤʥʦʞʝʩʪʚʦʤ 
ʧʨʠʟʥʘʢʦʚ Y. ʀ ʧʫʩʪʴ ʧʨʠʟʥʘʢ y YÍ  ʕʢʩʪʝʥʩʠʦʥʘʣʦʤ ʧʨʠʟʥʘʢʘ y ʙʫʜʝʤ 
ʥʘʟʳʚʘʪʴ ʦʪʦʙʨʘʞʝʥʠʝ :y X W® ­  ʪʘʢʦʝ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ .x XÍ  
() ( ),y x I x y® = .  
ʀʪʘʢ, ʵʢʩʪʝʥʩʠʦʥʘʣ ʧʨʠʟʥʘʢʘ ï ʵʪʦ ʚʟʚʝʰʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ. 

2.1.4. ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ :I X Y W³ ­  ï ʚʟʚʝʰʝʥʥʳʡ ʬʦʨʤʘʣʴʥʳʡ 
ʢʦʥʪʝʢʩʪ ʥʘʜ ʘʣʛʝʙʨʦʡ ʚʝʩʦʚ W, ʤʥʦʞʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ X ʠ ʤʥʦʞʝʩʪʚʦʤ 
ʧʨʠʟʥʘʢʦʚ Y. ʀ ʧʫʩʪʴ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ .A XÌ  ʀʥʪʝʥʩʠʦʥʘʣʦʤ ʤʥʦ-
ʞʝʩʪʚʘ A ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʚʟʚʝʰʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ 

 .
x A

A x¬ ¬

Í
=  

ɿʘʤʝʪʠʤ, ʠʥʪʝʥʩʠʦʥʘʣ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ï ʵʪʦ ʚʟʚʝʰʝʥʥʦʝ ʤʥʦʞʝ-

ʩʪʚʦ ʧʨʠʟʥʘʢʦʚ. 

2.1.5. ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ :I X Y W³ ­  ï ʚʟʚʝʰʝʥʥʳʡ ʬʦʨʤʘʣʴʥʳʡ 
ʢʦʥʪʝʢʩʪ ʥʘʜ ʘʣʛʝʙʨʦʡ ʚʝʩʦʚ W, ʤʥʦʞʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ X ʠ ʤʥʦʞʝʩʪʚʦʤ 
ʧʨʠʟʥʘʢʦʚ Y. ʀ ʧʫʩʪʴ B ï ʚʟʚʝʰʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ, ʪ.ʝ. 

: .B Y W­  ʏʝʪʢʠʤ ʵʢʩʪʝʥʩʠʦʥʘʣʦʤ ʚʟʚʝʰʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ B ʙʫʜʝʤ 
ʥʘʟʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ  

 { }| .B x X B xÞ ¬= Í Ì  

ɿʘʤʝʪʠʤ, ʯʪʦ ʯʝʪʢʠʡ ʵʢʩʪʝʥʩʠʦʥʘʣ ʚʟʚʝʰʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ï 
ʵʪʦ ʦʙʳʯʥʦʝ (ʯʝʪʢʦʝ) ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ. 
ʉʠʤʤʝʪʨʠʯʥʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʪʢʠʡ ʠʥʪʝʥʩʠʦʥʘʣ ʚʟʚʝʰʝʥʥʦʛʦ 

ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʠ ʵʢʩʪʝʥʩʠʦʥʘʣ ʤʥʦʞʝʩʪʚʘ ʧʨʠʟʥʘʢʦʚ. 
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2.2. ɺʟʚʝʰʝʥʥʳʝ ʬʦʨʤʘʣʴʥʳʝ ʧʦʥʷʪʠʷ 

2.2.1. ʇʨʝʜʣʦʞʝʥʠʝ. ʇʫʩʪʴ :I X Y W³ ­  ï ʚʟʚʝʰʝʥʥʳʡ ʬʦʨʤʘʣʴʥʳʡ 
ʢʦʥʪʝʢʩʪ ʥʘʜ ʘʣʛʝʙʨʦʡ ʚʝʩʦʚ W, ʤʥʦʞʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ X ʠ ʤʥʦʞʝʩʪʚʦʤ 
ʧʨʠʟʥʘʢʦʚ Y. ʊʦʛʜʘ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʘʨʘ ʦʪʦʙʨʘʞʝʥʠʡ ,¬ Þ

, ʛʜʝ 
: 2X YW¬ ­ , : 2Y XWÞ ­ , ʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ɻʘʣʫʘ. ʆʧʨʝʜʝʣʝʥʠʝ 
ʩʦʦʪʚʝʪʩʪʚʠʷ ɻʘʣʫʘ ʤʦʞʥʦ ʥʘʡʪʠ, ʥʘʧʨʠʤʝʨ, ʚ [ʂʫʟʥʝʮʦʚ, 2006] ʠʣʠ [ɸʥ-
ʰʘʢʦʚ, 2012].  

2.2.2. ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ :I X Y W³ ­  ï ʚʟʚʝʰʝʥʥʳʡ ʬʦʨʤʘʣʴʥʳʡ 
ʢʦʥʪʝʢʩʪ ʥʘʜ ʘʣʛʝʙʨʦʡ ʚʝʩʦʚ W, ʤʥʦʞʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ X ʠ ʤʥʦʞʝʩʪʚʦʤ 
ʧʨʠʟʥʘʢʦʚ Y. ʀ ʧʫʩʪʴ A XÌ  ï ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ, ʘ :B Y W­  ï ʚʟʚʝ-
ʰʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ. ʋʧʦʨʷʜʦʯʝʥʥʫʶ ʧʘʨʫ ,A B  ʙʫʜʝʤ ʥʘʟʳ-
ʚʘʪʴ ʚʟʚʝʰʝʥʥʳʤ ʬʦʨʤʘʣʴʥʳʤ ʢʦʥʮʝʧʪʦʤ (ʧʦʥʷʪʠʝʤ) ʥʘʜ ʚʟʚʝʰʝʥʥʳʤ 
ʢʦʥʪʝʢʩʪʦʤ I, ʝʩʣʠ  B A¬=  ʠ .A BÞ=  
ɼʣʷ ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʚʟʚʝʰʝʥʥʳʭ ʬʦʨʤʘʣʴʥʳʭ ʢʦʥʮʝʧʪʦʚ ʥʘʜ ʚʟʚʝʰʝʥ-

ʥʳʤ ʬʦʨʤʘʣʴʥʳʤ ʢʦʥʪʝʢʩʪʦʤ I ʚʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʝ: 

 { }Con , 2 | , .X YI A B W A B B A¬ Þ= Í ³ = =  

ʆʧʨʝʜʝʣʠʤ ʥʘ ʤʥʦʞʝʩʪʚʝ ConI  ʦʪʥʦʰʝʥʠʝ ¢ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʧʦʣʦʞʠʤ 
1 1 2 2, ,A B A B¢  ʝʩʣʠ 

1 2A AÌ . 

2.2.3. ʇʨʝʜʣʦʞʝʥʠʝ. ʇʫʩʪʴ :I X Y W³ ­  ï ʚʟʚʝʰʝʥʥʳʡ ʬʦʨʤʘʣʴʥʳʡ 
ʢʦʥʪʝʢʩʪ ʥʘʜ ʘʣʛʝʙʨʦʡ ʚʝʩʦʚ W, ʤʥʦʞʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ X ʠ ʤʥʦʞʝʩʪʚʦʤ 
ʧʨʠʟʥʘʢʦʚ Y. ʊʦʛʜʘ ʦʪʥʦʰʝʥʠʝ ¢ ʥʘ ʤʥʦʞʝʩʪʚʝ ConI  ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝ-
ʥʠʝʤ ʯʘʩʪʠʯʥʦʛʦ ʧʦʨʷʜʢʘ ʠ ʯʘʩʪʠʯʥʦ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ Con ,I ¢  
ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʡ ʨʝʰʝʪʢʦʡ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʙʫʜʝʪ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʜʣʷ ʥʝʯʝʪʢʠʭ ʬʦʨʤʘʣʴʥʳʭ ʢʦʥʪʝʢʩʪʦʚ ʠʟ 
[Krajļi, 2003]. 

2.2.4. ɿʘʤʝʯʘʥʠʝ. ɿʘʤʝʪʠʤ, ʯʪʦ, ʝʩʣʠ ʤʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʯʝʪʢʠʡ 
ʠʥʪʝʥʩʠʦʥʘʣ ʚʟʚʝʰʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ, ʵʢʩʪʝʥʩʠʦʥʘʣ ʤʥʦʞʝʩʪʚʘ 
ʧʨʠʟʥʘʢʦʚ ʠ ʧʘʨʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʦʙʨʘʞʝʥʠʡ ,Ü ®

, ʪʦ ʤʳ ʧʦʣʫʯʠʤ 
ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʦʙʳʯʥʳʡ ʬʦʨʤʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ (ʠ ʦʙʳʯʥʳʝ ʬʦʨʤʘʣʴʥʳʝ 

ʧʦʥʷʪʠʷ) ʤʳ ʧʦʣʫʯʘʝʤ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʘʣʛʝʙʨʳ ʚʝʩʦʚ ʙʝʨʝʤ 

ʜʚʫʭʵʣʝʤʝʥʪʥʫʶ ʙʫʣʝʚʫ ʨʝʰʝʪʢʫ (ʘʣʛʝʙʨʫ B ʠʟ ʧʨʠʤʝʨʘ 1.1.2 (1)). 

3. ɼʉʄ-ʢʦʥʪʝʢʩʪʳ 

ɼʉʄ-ʤʝʪʦʜ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ɺ.ʂ.ʌʠʥʥʦʤ ʚ [ʌʠʥʥ, 1981], [ʌʠʥʥ, 1983] 

ʠ ʥʝʢʦʪʦʨʳʭ ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ. ʉʦʚʨʝʤʝʥʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ɼʉʄ-
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ʤʝʪʦʜʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [ʌʠʥʥ, 2010], [ʌʠʥʥ, 2013] ʠ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦ-

ʪʘʭ ɺ.ʂ.ʌʠʥʥʘ ʠ ʝʛʦ ʫʯʝʥʠʢʦʚ. 

ɼʉʄ-ʤʝʪʦʜ ʚʢʣʶʯʘʝʪ ʨʘʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ɺ ʪʦʤ ʯʠʩʣʝ ɼʉʄ-ʤʝʪʦʜ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʨʠʛʠʥʘʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʠʜʝʷʭ ɼ.ʉ.ʄʠʣʣʷ (ʩʤ. [ʄʠʣʣʴ, 2011]). ʕʪʫ ʪʝʭʥʦ-

ʣʦʛʠʶ ʦʩʦʙʝʥʥʦ ʫʜʦʙʥʦ ʧʨʠʤʝʥʷʪʴ ʪʘʤ, ʛʜʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠ-

ʟʘ ʜʘʥʥʳʭ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʨʝʣʝʚʘʥʪʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʘʥʘʣʠʟʝ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ɼʉʄ-ʤʝʪʦʜʘ ʥʘʠʙʦʣʴʰʠʡ 

ʚʢʣʘʜ ʚʥʝʩ ʉ.ʆ. ʂʫʟʥʝʮʦʚ, ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʘʣ ʧʝʨʚʳʡ ʙʳʩʪʨʳʡ ʘʣʛʦʨʠʪʤ 

ɼʉʄ-ʤʝʪʦʜʘ [ʂʫʟʥʝʮʦʚ, 1993]. ʆʥ ʦʙʥʘʨʫʞʠʣ ʩʭʦʜʩʪʚʦ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ɼʉʄ-ʤʝʪʦʜʘ ʠ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʙʣʝʤ ʘʥʘʣʠʟʘ ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷ-

ʪʠʡ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʩʧʝʰʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ, ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ɼʉʄ-ʤʝʪʦʜʘ [Kuznetsov et al, 2002].  

ɺ ʨʘʙʦʪʝ [ʂʫʟʥʝʮʦʚ, 2006] ʜʘʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʣʦʞʝʥʠʝ ɼʉʄ-

ʤʝʪʦʜʘ ʥʘ ʷʟʳʢʝ ʬʦʨʤʘʣʴʥʳʭ ʢʦʥʪʝʢʩʪʦʚ ʠ ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ. ɺ ʵʪʦʡ 

ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʨʠ ʬʦʨʤʘʣʴʥʳʭ ʢʦʥʪʝʢʩʪʘ (ʧʦʣʦʞʠʪʝʣʴʥʳʡ, ʦʪʨʠ-

ʮʘʪʝʣʴʥʳʡ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ) ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʤʥʦʞʝʩʪʚʦʤ ʧʨʠʟʥʘʢʦʚ ʠ 

ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩʣʦʞʥʳʝ ʬʦʨʤʫʣʠʨʦʚʢʠ ʧʨʘʚʠʣ ɼʉʄ-ʤʝʪʦʜʘ ʤʦʞʥʦ 

ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʬʦʨʤʘʣʴʥʳʤʠ 

ʧʦʥʷʪʠʷʤʠ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʢʦʥʪʝʢʩʪʦʚ.  

3.1. ɺʟʚʝʰʝʥʥʳʡ ɼʉʄ-ʢʦʥʪʝʢʩʪ 

3.1.1. ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ  , , , ,W= Ø +W 0 1  ï ʘʣʛʝʙʨʘ ʚʝʩʦʚ, X+
, X-

 
ʠ X

t
 ï ʥʝʧʫʩʪʳʝ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ, Y ï ʥʝʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ. 

ɺʟʚʝʰʝʥʥʳʤ ɼʉʄ-ʢʦʥʪʝʢʩʪʦʤ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʦʨʪʝʞ  

 , , , , , , ,X X X Y I I I+ - t + - t
  

ʛʜʝ : ,I X Y W+ +³ ­  :I X Y W- -³ ­  ʠ :I X Y Wt t³ ­  ï ʚʟʚʝʰʝʥʥʳʝ 
ʬʦʨʤʘʣʴʥʳʝ ʢʦʥʪʝʢʩʪʳ ʥʘʜ ʘʣʛʝʙʨʦʡ ʚʝʩʦʚ W, ʤʥʦʞʝʩʪʚʘʤʠ ʦʙʲʝʢʪʦʚ X+

, 
X-

 ʠ X
t
 (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʦʙʱʠʤ ʜʣʷ ʵʪʠʭ ʢʦʥʪʝʢʩʪʦʚ ʤʥʦʞʝʩʪʚʦʤ ʧʨʠ-

ʟʥʘʢʦʚ Y.   

3.1.2. ɿʘʤʝʯʘʥʠʝ. ɿʘʤʝʪʠʤ, ʯʪʦ, ʝʩʣʠ ʘʣʛʝʙʨʘ W ʝʩʪʴ ʜʚʫʭʵʣʝʤʝʥʪʥʘʷ 
ʙʫʣʝʚʘ ʨʝʰʝʪʢʘ (ʘʣʛʝʙʨʘ B ʠʟ ʧʨʠʤʝʨʘ 1.1.2(1)), ʪʦ ʢʦʥʪʝʢʩʪʳ ,I +  ,I -  I t 
ʩʫʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ, ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ ʢʦʥʪʝʢʩʪ ʠʟ [ʂʫʟ-
ʥʝʮʦʚ, 2006]. 
ɿʘʤʝʪʠʤ, ʯʪʦ ʚʟʚʝʰʝʥʥʳʡ ɼʉʄ-ʢʦʥʪʝʢʩʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʚʘʨʠʘʥʪʦʚ çʚʟʚʝʰʝʥʥʦʛʦè ɼʉʄ-ʤʝʪʦʜʘ, ʥʘʧʨʠʤʝʨ, 

çʥʝʯʝʪʢʦʛʦè ɼʉʄ-ʤʝʪʦʜʘ, ʦʧʨʝʜʝʣʷʷ ʧʨʘʚʠʣʘ ʠ ʘʣʛʦʨʠʪʤʳ ɼʉʄ-ʤʝʪʦʜʘ 
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ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʝʤ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ [ʂʫʟʥʝʮʦʚ, 2006]. ʆʜʥʘʢʦ, ʵʪʦ 

ʪʝʤʘ ʦʪʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʚʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʦʥʷʪʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦ-

ʨʳʡ ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʪʝʭʥʠʢʫ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʘʥʘʣʦ-

ʛʠʯʥʫʶ ʚʚʝʜʝʥʥʦʡ ʚ [ʃʳʬʝʥʢʦ, 2015]. ʕʪʘ ʪʝʭʥʠʢʘ ʠʩʧʦʣʴʟʫʝʪ ʠʜʝʠ ɼʉʄ-

ʤʝʪʦʜ ʠ ʦʙʱʫʶ ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʘ ɼʉʄ-ʤʝʪʦʜʘ, ʥʦ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʚʝʨʰʝʥ-

ʥʦ ʜʨʫʛʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨʘʭ. 

3.2. ɻʝʥʝʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ 

3.2.1. ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ :I X Y W³ ­  ï ʚʟʚʝʰʝʥʥʳʡ ʬʦʨʤʘʣʴʥʳʡ ʢʦʥ-

ʪʝʢʩʪ ʥʘʜ ʘʣʛʝʙʨʦʡ ʚʝʩʦʚ , , , ,W= Ø +W 0 1 , ʤʥʦʞʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ X ʠ ʤʥʦ-

ʞʝʩʪʚʦʤ ʧʨʠʟʥʘʢʦʚ Y. ʀ ʧʫʩʪʴ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ .A XÌ ʈʦʜʦʚʳʤ (ʛʝʥʝʨʠ-

ʯʝʩʢʠʤ) ʦʙʲʝʢʪʦʤ ʤʥʦʞʝʩʪʚʘ A ʥʘʟʦʚʝʤ ʚʟʚʝʰʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ  

 Gen .
x A

A x¬
Í

=ä   

ɿʜʝʩʴ ʧʦʜ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʠ 

+. ʇʦʩʢʦʣʴʢʫ , ,W +0  ï ʢʦʤʤʫʪʘʪʠʚʥʳʡ ʤʦʥʦʠʜ, ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʫʶ ʩʫʤʤʫ 

ʚʩʝʛʜʘ ʤʦʞʥʦ. ʀʥʪʫʠʪʠʚʥʦ, ʨʦʜʦʚʦʡ ʦʙʲʝʢʪ ï ʵʪʦ ʩʫʱʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚʩʝ ʵʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ A. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ. 

3.2.2. ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ , , , ,W= Ø +W 0 1  ï ʘʣʛʝʙʨʘ ʚʝʩʦʚ, U ï ʥʝ-

ʧʫʩʪʦʡ ʫʥʠʚʝʨʩʫʤ, u ʠ v ï ʜʚʘ ʚʟʚʝʰʝʥʥʳʭ ʤʥʦʞʝʩʪʚʘ ʥʘʜ ʫʥʠʚʝʨʩʫʤʦʤ U 

ʠ ʘʣʛʝʙʨʦʡ W. ʋʩʝʯʝʥʥʫʶ ʨʘʟʥʦʩʪʴ ʚʟʚʝʰʝʥʥʳʭ ʤʥʦʞʝʩʪʚ u ʠ v ʦʧʨʝʜʝ-

ʣʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ʪʦ , ʜʣʷ ʢʦʪʦʨʦʛʦ , ʝʩʣʠ ʪʘʢʦʝ  ʩʫʱʝʩʪʚʫʝʪ,

, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ.

Uw W w v u w
u v¶

ë Í + =
- =ì

í0
  

ʇʦʩʢʦʣʴʢʫ , ,W +0  ï ʢʦʤʤʫʪʘʪʠʚʥʳʡ ʤʦʥʦʠʜ ʩ ʩʦʢʨʘʱʝʥʠʷʤʠ, ʝʩʣʠ  

,Uw WÍ  ʜʣʷ ʢʦʪʦʨʦʛʦ ,w v u+ =  ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʦʥʦ ʝʜʠʥʩʪʚʝʥʥʦ.  

3.2.3. ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ  , , , ,W= Ø +W 0 1  ï ʘʣʛʝʙʨʘ ʚʝʩʦʚ, X+
, X-

 

ʠ X
t
 ï ʥʝʧʫʩʪʳʝ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ, Y ï ʥʝʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ, 

 ï ʚʟʚʝʰʝʥʥʳʡ ɼʉʄ-ʢʦʥʪʝʢʩʪ. ʆʧʨʝʜʝʣʠʤ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʡ, ʦʪʨʠʮʘʪʝʣʴʥʳʡ, ʫʪʦʯʥʝʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠ ʫʪʦʯʥʝʥʥʳʡ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʦʜʦʚʳʝ (ʛʝʥʝʨʠʯʝʩʢʠʝ) ʵʣʝʤʝʥʪʳ ʜʘʥʥʦʛʦ ʢʦʥʪʝʢʩʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

, , , , , ,X X X Y I I I+ - t + - t
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() ()

Gen Gen , Gen Gen ,

Gen Gen Gen , Gen Gen Gen .

X X+ + - -

+ -+ ¶ - - ¶ +

= =

= - = -
  

ʋʪʦʯʥʝʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʛʝʥʝʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʥʘʣʦʛʦʚ ʨʝʰʘʶʱʠʭ ʧʨʝʜʠʢʘʪʦʚ ʧʨʦʩʪʦ-

ʛʦ ɼʉʄ-ʤʝʪʦʜʘ. ɺ ʥʠʭ ʚ ʥʝʷʚʥʦʡ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠ-

ʥʳ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʥʘʙʦʨʘ ʮʝʣʝʚʳʭ ʩʚʦʡʩʪʚ. 

ɼʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʮʝʣʝʚʳʭ ʩʚʦʡʩʪʚ ʫ ʦʙʲʝʢʪʦʚ 

ʠʟ X
t
 ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʨʠʢʠ (ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʛʝʥʝʨʠʯʝ-

ʩʢʠʭ ʦʙʲʝʢʪʦʚ) ʩ ʧʦʨʦʛʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʇʦʜʨʦʙʥʦ ʵʪʠ ʚʦʧʨʦʩʳ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʚ [ʃʳʬʝʥʢʦ, 2015]. ɿʘʤʝʪʠʤ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʠʝʤʳ ʤʦʜʠʬʠ-

ʢʘʮʠʠ ɼʉʄ-ʤʝʪʦʜʘ ʙʳʣʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʪʘʪʴʷʭ [ɻʫʩʘʢʦʚʘ, 2010], 

[ʂʦʤʘʨʦʚ, 2010] ʠ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ ʵʪʠʭ ʘʚʪʦʨʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʦʯʝʨʢʦ-

ʚʝʜʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʝ. 
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ʀʥʩʪʠʪʫʪ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʌʀʎ ʀʋ ʈɸʅ, ʄʦʩʢʚʘ 

ʄʌʊʀ, ʄʦʩʢʚʘ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴ-

ʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. ʇʨʝʜʩʪʘʚʣʝʥʘ 

ʢʦʥʮʝʧʮʠʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, 

ʩʦʯʝʪʘʶʱʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʠ ʤʝʪʦʜʳ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ 

ʧʦʨʷʜʢʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠ-

ʯʝʩʢʦʡ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʪʝʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʜ-

ʭʦʜ, ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʥʘʫʢʦʤʝʪʨʠʷ, ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʝ 

ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ 

ɺʚʝʜʝʥʠʝ 

ʅʘʫʢʦʤʝʪʨʠʷ ï ʜʠʩʮʠʧʣʠʥʘ, ʠʟʫʯʘʶʱʘʷ ʵʚʦʣʶʮʠʶ ʥʘʫʢʠ ʯʝʨʝʟ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʊʝʨʤʠʥ çʥʘʫʢʦʤʝʪʨʠʷè ʚʚʝʜʝʥ ɺ. ɺ. ʅʘʣʠʤʦʚʳʤ ʚ ʤʦʥʦʛʨʘʬʠʠ [ʅʘʣʠʤʦʚ ʠ 

ʜʨ., 1969]. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʧʦʟʚʦʣʠʣʠ ʩʦʙʨʘʪʴ ʠ 

ʩʜʝʣʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʫʧʥʳʤʠ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʨʘʟʣʠʯʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳ-

ʤʠ ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʘʥʘʣʠʟʘ ʪʘʢʠʭ ʦʛʨʦʤʥʳʭ ʤʘʩʩʠ-

ʚʦʚ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ 

(ʥʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ [ɹʨʠʪʢʦʚ ʠ 

ʜʨ., 2015a], ʧʨʦʚʝʜʝʥʠʷ ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [ʀʰʢʦʚ ʠ ʜʨ., 2012], 

[ɹʨʠʪʢʦʚ ʠ ʜʨ., 2015b] ʠ ʨʷʜʘ ʜʨʫʛʠʭ). ɺ ʵʪʦʡ ʩʚʷʟʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʘʣʢʠ-

ʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʘʤ 

ʧʨʦʛʥʦʟʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ (ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ çʌʦʨʩʘʡʪè). ʊʝʨʤʠʥ çʙʦʣʴʰʠʝ ʜʘʥʥʳʝè ʙʳʣ ʚʚʝʜʝʥ ʚ 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉ 14-29-05095, 

16-07-00865, 16-29-12901, 16-29-12878, 14-07-00837). 
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ʩʝʥʪʷʙʨʝ 2008 ʛʦʜʘ ʂʣʠʬʬʦʨʜʦʤ ʃʠʥʯʝʤ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʚʳʧʫʩʢʝ ʞʫʨʥʘʣʘ 

Nature. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ, ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʷʪʴʶ ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (5V), ʘ ʠʤʝʥʥʦ: (1) Volume 

(ʬʠʟʠʯʝʩʢʠʡ ʦʙʲʸʤ), (2) Velocity (ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ), (3) Variety (ʤʥʦʛʦʦʙʨʘʟʠʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ ʧʦʣʫʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ), (4) Veracity 

(ʜʦʩʪʦʚʝʨʥʦʩʪʴ), (5) Validity (ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ). ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʜ ʙʦʣʴʰʠʤʠ 

ʜʘʥʥʳʤʠ ʧʦʥʠʤʘʶʪʩʷ ʪʘʢʠʝ ʜʘʥʥʳʝ, ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʧʨʝʚʦʩʭʦʜʠʪ ʪʝʢʫʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʝʨʠʨʦʚʘʥʠʷ ʠʤʠ ʚ ʦʙʦʟʨʠʤʳʡ ʧʝʨʠʦʜ [Kudyba, 2014]. 

ɺʘʨʠʘʥʪ ʦʧʨʝʜʝʣʝʥʠʷ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʚʪʦʨʘ-

ʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʦʜ ʙʦʣʴʰʠʤʠ ʜʘʥʥʳʤʠ 

ʧʦʥʠʤʘʶʪʩʷ ʤʘʩʩʠʚʳ ʨʘʟʥʦʨʦʜʥʦʡ (ʩʪʨʫʢʪʫʨʠʨʫʝʤʦʡ, ʩʣʘʙʦ ʩʪʨʫʢʪʫʨʠʨʫ-

ʝʤʦʡ ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʫʝʤʦʡ) ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʭ ʧʨʦʮʝʜʫʨʘʭ ʤʥʦʛʦʢʨʠ-

ʪʝʨʠʘʣʴʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʚʘʨʠʘʥʪʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠʟʥʘʢ ʠʭ ʦʛʨʦʤʥʦ-

ʛʦ ʦʙʲʝʤʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʝʰʘʶʱʠʡ. ʊʠʧʠʯʥʳʤ 

ʧʨʠʤʝʨʦʤ ʧʦʜʦʙʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʚ ʯʨʝʟ-

ʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ [ɻʝʣʦʚʘʥʠ ʠ ʜʨ., 2001]. ʇʨʠ ʵʪʦʤ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʦʛʫʪ ʙʳʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʠʝ (ʥʘʧʨʠʤʝʨ, ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ), ʥʦ ʚʨʝʤʷ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ (ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ), ʞʝʩʪʢʦ ʨʝʛʣʘʤʝʥ-

ʪʠʨʦʚʘʥʦ (ʥʘʧʨʠʤʝʨ, ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʩʝʢʫʥʜ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦ-

ʜʠʤʳ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʜʭʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʨʨʝʢʪʥʦ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ ʚ ʥʦʚʫʶ ʬʦʨʤʫ ʜʣʷ ʫʜʦʙʥʦʛʦ ʯʝʣʦʚʝʢʦ-

ʤʘʰʠʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʆʜʥʠʤ ʠʟ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʩʠʩʪʝʤʥʳʭ ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʘʫʢʦʤʝʪʨʠʠ, ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

Data Mining [ʌʠʥʥ, 2011], [ɻʦʨʦʜʝʮʢʠʡ, 2014], [ɹʨʠʪʢʦʚ ʠ ʜʨ., 2010]. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʧʦʤʷʥʫʪʴ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʘʥʘʣʠʟʘ ʩʝʤʘʥ-

ʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ [ʊʠʭʦʤʠʨʦʚ ʠ ʜʨ., 2012]. 

ɼʦʩʪʫʧ ʢ ʦʛʨʦʤʥʦʤʫ ʦʙʲʝʤʫ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʩʪʘʪʝʡ, ʧʘʪʝʥʪʦʚ ʠ ʪ.ʧ.) ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʝ ʥʦʚʳʝ 

ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ: ʨʝ-

ʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ (ʦʪʩʣʝʞʠʚʘʥʠʝ 

ʘʢʪʫʘʣʴʥʦʩʪʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ); ʩʤʝʥʘ ʩʬʝʨ 

ʥʘʫʯʥʳʭ ʠʥʪʝʨʝʩʦʚ ʢʘʢ ʜʣʷ ʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʪʘʢ ʠ ʜʣʷ 

ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʡ, ʥʘʫʯʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʜʘʞʝ ʩʪʨʘʥ; ʧʦ-

ʠʩʢ çʣʦʞʥʳʭè (ʪ.ʝ. ʟʘʯʘʩʪʫʶ ʠʩʢʫʩʩʪʚʝʥʥʦ ʥʘʚʷʟʳʚʘʝʤʳʭ) ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʦʪʦʨʳʤ ʟʘʚʝʜʦʤʦ ʧʨʠʚʦʜʷʪ ʢ ʥʝ-
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ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʤʦʥʠʪʦʨʠʥʛ ʧʘʪʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʧʦʜʭʦʜ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ ʚ ʨʷʜʝ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ (ʥʘʧʨʠ-

ʤʝʨ, ʚʳʷʚʠʪʴ ʥʦʚʳʝ, ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ, ʫʥʠʢʘʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʫʯ-

ʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʧʘʪʝʥʪʥʦʡ ʟʘʷʚʢʠ ʠ ʪ.ʧ.).  

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʜʦʧʦʣʥʠʪʴ 

ʙʦʛʘʪʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ (ʥʘʧʨʠʤʝʨ, ʨʘʟʣʠʯ-

ʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʷʭ) ʤʝʪʦʜʘʤʠ ʤʥʦʛʦ-

ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʵʢʩʧʝʨʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ [ɹʨʠʪʢʦʚ ʠ ʜʨ., 2015a], [ʈʦʡʟʝʥ-

ʟʦʥ, 2012], [ʃʘʨʠʯʝʚ, 2006], [ɻʣʦʪʦʚ ʠ ʜʨ., 1972]. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʧʦʜʦʙ-

ʥʳʝ ʜʚʘ ʧʦʜʭʦʜʘ ʙʫʜʫʪ ʛʘʨʤʦʥʠʯʥʦ ʜʦʧʦʣʥʷʪʴ ʜʨʫʛ ʜʨʫʛʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʧʦʣʫʯʠʪʴ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ [ʈʦʡʟʝʥʟʦʥ, 2012] ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟ-

ʣʠʯʥʳʭ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʇʦʜ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʧʦʥʠ-

ʤʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʘʮʠʠ, 

ʩʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ [ʊʘʨʘʩʦʚ, 2002]. ʇʨʠ ʵʪʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ çʯʘʩʪʝʡè ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʠ ʪ.ʧ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 

ʟʘʜʘʯʘʭ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʤʙʠʥʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, 

ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ (ʥʘʧʨʠʤʝʨ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʠ ʵʢʩʧʝʨʪʥʳʡ ʧʦʜʭʦʜʳ) ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʘʟʫ ʥʝʩʢʦʣʴ-

ʢʠʭ ʚʘʨʠʘʥʪʦʚ ʩʠʩʪʝʤ ʢʨʠʪʝʨʠʝʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʝ ʠʣʠ ʠʥʳʝ ʦʙʲʝʢʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ (ʥʘʧʨʠʤʝʨ, ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʝ ʥʘʫʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʘʪʝʥʪʥʳʝ ʟʘʷʚʢʠ ʠ ʪ.ʧ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʘʧ-

ʧʘʨʘʪʦʚ ʩʦʛʣʘʩʫʶʪʩʷ (ʥʘʧʨʠʤʝʨ, ʤʥʦʛʦʧʨʠʟʥʘʢʦʚʳʝ ʦʙʲʝʢʪʳ ʦʜʠʥʘʢʦʚʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ), ʪʦ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦ-

ʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʥʘʜʝʞʥʦʝ ʨʝʰʝʥʠʝ. 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʦʜʥʫ ʠʟ ʘʢʪʫʘʣʴʥʳʭ 

ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʘ ʠʤʝʥʥʦ: ʤʦʥʠʪʦʨʠʥʛ ʧʘʪʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʣʷ ʦʮʝʥʢʠ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʛʘʪʴ ʜʫʙʣʠʨʦʚʘ-

ʥʠʷ ʠʟʦʙʨʝʪʝʥʠʡ, ʧʦʚʪʦʨʘ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪ.ʧ., ʧʨʘʚʠʣʴʥʦ 

ʥʘʧʨʘʚʣʷʝʪ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘ ʨʝʰʝʥʠʝ ʘʢʪʫʘʣʴʥʳʭ 

ʟʘʜʘʯ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʝʩʫʨʩʦʚ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʧʨʦʮʝʩʩʝ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʪʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʩʝʙʷ ʟʘʨʝ-
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ʢʦʤʝʥʜʦʚʘʣʠ ʚ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ 

[ɹʨʠʪʢʦʚ ʠ ʜʨ., 2015b]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʦʙʣʘʩʪʠ ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʝʩʪʴ ʩʚʦʠ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʦʪ ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘ-

ʜʘʯ (ʥʘʧʨʠʤʝʨ, ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʫʙʣʠʢʘʮʠʡ [ɻʣʦʪʦʚ ʠ ʜʨ., 1972]). ʇʦ ʨʘʟ-

ʥʳʤ ʦʮʝʥʢʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʪʦʣʴʢʦ 0,4-1,5 % ʚʥʦʚʴ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʘ-

ʪʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʧʦ ʥʘʩʪʦʷʱʝʤʫ çʧʨʦʨʳʚʥʳʤʠè, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʧʨʠʚʦʜʷʪ ʢ ʢʘʨʜʠʥʘʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ, ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʠ ʪ.ʧ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʢʨʫʧʥʳʭ ʢʦʨʧʦʨʘʮʠʷʭ ʩʦʟʜʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʜʨʘʟʜʝ-

ʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʩʦʟʥʘʥʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪ çʚʙʨʦʩè ʥʦʚʳʭ ʧʘʪʝʥʪʦʚ ʠʣʠ 

ʧʘʪʝʥʪʥʳʭ ʟʘʷʚʦʢ ʩ ʮʝʣʴʶ ʥʘʧʨʘʚʠʪʴ ʪʚʦʨʯʝʩʢʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʦ-

ʪʝʥʮʠʘʣ ʢʦʥʢʫʨʝʥʪʦʚ ʥʘ ʨʝʰʝʥʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʥʦʚʳʝ ʧʘʪʝʥʪʳ ʷʚʣʷʶʪʩʷ, ʚ 

ʢʨʘʡʥʝʤ ʩʣʫʯʘʝ, ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʝʥʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʠʤʝʶʱʠʭʩʷ 

ʠʟʦʙʨʝʪʝʥʠʡ (ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʪ.ʧ.). ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʩʪʘʪʠʩʪʠʢʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʘʪʝʥʪʦʚ ʠ ʧʦʜʘʥʥʳʭ ʧʘʪʝʥʪʥʳʭ 

ʟʘʷʚʦʢ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʩʝʨʝʜʠʥʫ 2015 ʛ. ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ [ixbt, 2015]. ʇʦʣʫʯʝʥʥʳʝ ʧʘʪʝʥʪʳ: IBM ï 

3059; Samsung ï 3052; Canon ï 1782. ʇʦʜʘʥʥʳʝ ʧʘʪʝʥʪʥʳʝ ʟʘʷʚʢʠ: 

Samsung ï 2487; IBM ï 1764; Toshiba ï 989. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʠ ʧʘʪʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʧʝʮʠʘʣʠʩʪʳ ʢʘʞʜʳʡ ʛʦʜ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʦʥʦʚ ʜʦʢʫʤʝʥʪʦʚ (ʧʘʪʝʥ-

ʪʦʚ ʠʣʠ ʧʘʪʝʥʪʥʳʭ ʟʘʷʚʦʢ) ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ çʧʨʦʨʳʚʥʳʭè. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʨʦʙʣʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʪʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ ʚʘʞʥʦʡ ʧʨʦʙʣʝ-

ʤʦʡ ʷʚʣʷʝʪʩʷ ʩʦʟʥʘʪʝʣʴʥʦʝ ʩʦʢʨʳʪʠʝ ʚʣʘʜʝʣʴʮʝʤ ʧʘʪʝʥʪʘ ʧʦʜʨʦʙʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʪʘ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʪʱʘʪʝʣʴʥʘʷ ʵʢʩʧʝʨʪʠʟʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠ-

ʧʦʚ (ʠʟʦʙʨʝʪʝʥʠʡ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʪ.ʧ.) ʧʘʪʝʥʪʦʚ ʥʘ ʧʨʝʜʤʝʪ ʙʳʩʪʨʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʡ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʥʦʚʠʥʦʢ. 

ʍʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʤ ʧʨʠʤʝʨʦʤ ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʚ 

ʵʪʦʤ ʩʤʳʩʣʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʝʬʝʨʘʪʠʚʥʳʝ ʞʫʨʥʘʣʳ ʠ ʙʘʟʳ ʜʘʥʥʳʭ ɺʩʝ-

ʨʦʩʩʠʡʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʥʘʫʯʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (ɺʀʅʀʊʀ) 

[ɸʢʦʝʚ ʠ ʜʨ., 2014], ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʢʘʞʜʦʡ ʦʪʨʘʞʝʥʥʦʡ ʚ ʥʠʭ ʟʘʧʠʩʠ ʧʨʠ-

ʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʢʣʶʯʝʚʳʭ ʩʣʦʚʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʡ ʩʧʝʮʠʘʣʠʩʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 

ʨʝʬʝʨʘʪ (ʨʘʟʚʝʨʥʫʪʦʝ ʵʢʩʧʝʨʪʥʦʝ ʟʘʢʣʶʯʝʥʠʝ), ʜʘʶʱʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʩʦʜʝʨʞʠʤʦʤ ʠ ʢʘʯʝʩʪʚʝ ʨʘʙʦʪʳ (ʧʘʪʝʥʪʘ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʘʷ ʢʦʥʮʝʧʮʠʷ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʝʨʞʢʝ ʚ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʧʘʪʝʥʪʘ (ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ ʜʦ ʛʦʜʘ), ʯʪʦ ʧʨʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʤʧʘʭ ʥʘʫʯʥʦ-
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ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʦʩʪʘʪʦʯʥʦ ʢʨʠʪʠʯʥʦ. ʕʪʦ ʦʪʯʘʩʪʠ 

ʧʨʦʜʠʢʪʦʚʘʥʦ ʣʘʚʠʥʦʦʙʨʘʟʥʳʤ ʨʦʩʪʦʤ ʯʠʩʣʘ ʧʦʜʘʥʥʳʭ ʟʘʷʚʦʢ ʥʘ ʧʘʪʝʥ-

ʪʦʚʘʥʠʝ ʠ ʜʝʬʠʮʠʪʦʤ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ (ʵʢʩʧʝʨ-

ʪʦʚ), ʘ ʪʘʢʞʝ ʠʭ ʟʘʥʷʪʦʩʪʴʶ ʚ ʜʨʫʛʠʭ ʵʢʩʧʝʨʪʥʳʭ ʧʨʦʮʝʩʩʘʭ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʚ ʥʘʫʢʦʤʝʪʨʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʘʤ ʧʨʦ-

ʛʥʦʟʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ). ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʘʪʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʘʥʘʣʠ-

ʟʘ ʪʝʢʩʪʦʚ, ʥʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʪʦʣʴʢʦ ʦʧʝʨʘʪʠʚʥʦ ʦʯʝʨʪʠʪʴ ʢʨʫʛ ʥʦʚʳʭ 

ñʨʦʜʩʪʚʝʥʥʳʭò ʧʘʪʝʥʪʦʚ ʠ ʥʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʠʭ 

ʙʳʩʪʨʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʘʣʠʟʫʝʤʦʩʪʠ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʧʘʪʝʥʪ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ ʩʧʝʮʠʘʣʴʥʳʤ ɻʆʉʊʦʤ (ɻʆʉʊ ʈ 

15.011-96) [ʀʰʢʦʚ ʠ ʜʨ., 2012], ʯʪʦ ʦʪʯʘʩʪʠ ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʫʧʦʨʷʜʦ-

ʯʠʪʴ ʧʨʦʮʝʩʩ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʪʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 
 

ʈʠʩ. 1. ʇʘʪʝʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʉʐɸ ʚʦ ʚʨʝʤʷ ʛʨʘʞʜʘʥʩʢʦʡ ʚʦʡʥʳ 

 

ɺ ʨʷʜʝ ʨʘʙʦʪ [ʕʡʨʝʩ, 1971] ʤʦʥʠʪʦʨʠʥʛ ʧʘʪʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʟʘʯʘ-

ʩʪʫʶ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʣʦʙʘʣʴʥʳʤʠ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩ-

ʩʘʤʠ (ʥʘʧʨʠʤʝʨ, ʚʦʡʥʘʤʠ, ʚʦʣʥʘʤʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʚʦʣʶʮʠʡ, ʜʝʤʦ-

ʛʨʘʬʠʝʡ, ʩʪʨʘʪʝʛʠʷʤʠ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ ʠ ʪ.ʧ.) ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ 

ʵʢʦʥʦʤʠʢʠ (ʪʨʘʥʩʧʦʨʪ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʪ.ʧ.) (ʨʠʩ. 1ï3). 
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ʈʠʩ. 2. ʇʘʪʝʥʪʳ ʧʦ ʩʪʨʦʠʪʝʣʴʥʦʤʫ ʜʝʣʫ ʠ ʜʝʣʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ  

ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʉʐɸ 

 
ʈʠʩ. 3. ʇʘʪʝʥʪʳ ʠ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʨʘʟʚʠʪʠʝ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʉʐɸ 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʘʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ ʢʦʤʤʝʨʯʝ-

ʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʘ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʳʭ ʥʦʚʳʭ ʧʨʦʮʝ-

ʜʫʨ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʨʘʤ-

ʢʘʭ ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʢʨʘʡʥʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʝʚ (ʠʣʠ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ 

ʢʨʠʪʝʨʠʝʚ) ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʪʝʭ ʠʣʠ ʠʥʳʭ ʪʠʧʦʚ ʧʘʪʝʥʪʦʚ (ʘ ʪʘʢʞʝ 

ʧʘʪʝʥʪʥʳʭ ʟʘʷʚʦʢ) ʚ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʢʨʫʧʥʳʭ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ (ʥʘʧʨʠʤʝʨ, ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʪ-

ʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ). 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʝʚ 

ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠ-

ʝʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʘʪʝʥʪʦʚ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦ, ʪ.ʢ. ʩʠʩʪʝʤʘ ʢʨʠʪʝʨʠʝʚ 

ʦʮʝʥʢʠ ʧʨʠ ʧʘʪʝʥʪʦʚʘʥʠʠ ʪʦʨʛʦʚʳʭ ʤʘʨʦʢ ʥʝ ʚʩʝʛʜʘ ʧʨʠʤʝʥʠʤʘ ʧʨʠ ʧʘ-

ʪʝʥʪʦʚʘʥʠʠ ʠʟʦʙʨʝʪʝʥʠʡ, ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʪ.ʧ. ɺʩʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʘʩʧʝʢʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʘʪʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

[ʈʦʡʟʝʥʟʦʥ, 2012], [ʃʘʨʠʯʝʚ, 2006] ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʧʘʪʝʥʪʦʚ ʩ ʮʝʣʴʶ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʬʝʨʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʧʘʪʝʥʪʦʚʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʟʘ ʨʫ-

ʙʝʞʦʤ [ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʧʨʘʚʠʪʝʣʴʩʪʚʘ, 2016]). ʇʨʠ ʵʪʦʤ ʧʘʪʝʥʪʳ (ʠʣʠ ʧʘ-

ʪʝʥʪʥʳʝ ʟʘʷʚʢʠ) ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʛʨʫʧʧʳ (ʢʣʘʩʩʳ) ʩ ʧʦʤʦ-

ʱʴʶ ʤʝʪʦʜʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʧʦʨʷʜʢʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʯʝʣʦʚʝʢʦ-

ʤʘʰʠʥʥʦʡ ʧʨʦʮʝʜʫʨʳ) [ɹʨʠʪʢʦʚ ʠ ʜʨ., 2015b], [ʃʘʨʠʯʝʚ, 2006], [ɸʩʘʥʦʚ ʠ 

ʜʨ., 2001]. 

ɺʳʜʝʣʠʤ ʜʣʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʮʝʥʢʠ ʧʘʪʝʥʪʦʚ, ʩʣʝʜʫʶʱʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ: 

K1. ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʥʦʚʠʟʥʘ ʧʘʪʝʥʪʘ; 

K2. ʅʘʫʯʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʘʪʝʥʪʘ; 

K3. ʇʨʠʢʣʘʜʥʘʷ ʚʘʞʥʦʩʪʴ ʧʘʪʝʥʪʘ; 

K4. ʇʝʨʩʧʝʢʪʠʚʘ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʘ; 

K5. ʋʨʦʚʝʥʴ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ; 

K6. ʇʦʪʝʥʮʠʘʣ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʘʪʝʥʪʥʦʡ ʟʘʷʚʢʠ; 

K7. ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ; 

K8. ʆʞʠʜʘʝʤʘʷ ʟʘʚʝʨʰʘʶʱʘʷ ʩʪʘʜʠʷ ʦʪ ʚʥʝʜʨʝʥʠʷ ʧʘʪʝʥʪʘ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ; 

K9. ʄʘʩʰʪʘʙ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʘʪʝʥʪʫʝʤʦʛʦ ʠʟʦʙʨʝʪʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʧʦ ʢʨʠʪʝʨʠʶ K6. ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ 

ʜʠʩʢʨʝʪʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ (ʚʝʨʙʘʣʴʥʳʭ) ʦʮʝʥʦʢ: k6
1
. ʀʩʧʦʣʥʠʪʝʣʷʤʠ 

ʫʩʧʝʰʥʦ ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʠʟʦʙʨʝʪʝʥʠʡ (ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʴʶʪʝʨ-

ʥʳʭ ʧʨʦʛʨʘʤʤ) k6
2
. ʀʩʧʦʣʥʠʪʝʣʷʤʠ ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʪʦʣʴʢʦ ʦʜʥʦ ʠʟʦʙʨʝʪʝ-

ʥʠʝ k6
3
. ʆʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ ʠʩʧʦʣʥʠʪʝʣʝʡ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ. ʇʦʣʫʯʝʥʠʝ 

ʦʮʝʥʦʢ ʧʦ ʢʘʞʜʦʤʫ ʢʨʠʪʝʨʠʶ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ (ʥʘʧʨʠ-

ʤʝʨ, ʠʟ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʪʥʳʭ ʟʘʢʣʶʯʝʥʠʡ ʧʦ ʧʘʪʝʥʪʘʤ ʠʣʠ ʥʘ ʦʩʥʦʚʝ ʩʦ-

ʙʨʘʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ). ʂʨʦʤʝ ʪʦʛʦ, ʦʮʝʥʢʠ ʧʦ ʢʨʠʪʝʨʠʷʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫ-

ʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ (ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʵʢʩʧʝʨʪʘʤʠ) ʠʣʠ ʧʦʣʫʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʢʦʛʜʘ 

ʵʢʩʧʝʨʪ ʧʦʣʴʟʫʝʪʩʷ ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʚʳʩʪʘʚʣʝʥʠʷ ʦʮʝʥʦʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʤʝʪʦʜʘ [ʃʘʨʠʯʝʚ, 2006], [ɸʩʘʥʦʚ ʠ ʜʨ., 2001] ʬʦʨ-

ʤʫʣʠʨʫʶʪʩʷ ʨʝʰʘʶʱʠʝ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪ ʧʘʪʝʥʪʳ (ʠʣʠ ʧʘʪʝʥʪ-

ʥʳʝ ʟʘʷʚʢʠ) ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʢʣʘʩʩʫ ʢʘʯʝʩʪʚʘ (ʢʣʘʩʩʫ ʨʝʰʝʥʠʡ): C1. ʆʙ̫ -

ʟʘʪʝʣʴʥʦ ʧʘʪʝʥʪʦʚʘʪʴ; C2. ʇʘʪʝʥʪʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ; C3. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʘʪʫʩʘ ʧʘʪʝʥʪʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʧʨʝʜʣʦ-

ʞʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʠʪ ʠʩʩʣʝʜʦʚʘ-
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ʪʝʣʷʤ ʦʧʝʨʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤ ʯʠʩʣʦʤ ʧʘʪʝʥʪʦʚ (ʠʣʠ ʧʘʪʝʥʪ-

ʥʳʭ ʟʘʷʚʦʢ), ʯʪʦ ʩʜʝʣʘʝʪ ʟʘʜʘʯʫ ʦʙʦʟʨʠʤʦʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʚ ʥʘʫʢʦʤʝʪ-

ʨʠʠ ʠ ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʇʨʝʜʣʦʞʝʥ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʚ 

ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. ʌʦʨʤʘʣʠʟʦʚʘʥʦ ʧʦʥʷʪʠʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ 
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ʆ.ʃ. ʄʦʨʦʩʠʥ (oleg@morosin.ru) 

ʄ.ɺ. ʌʦʤʠʥʘ (m_fomina2000@mail.ru)  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè, ʄʦʩʢʚʘ 

ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʰʫ-

ʤʘ ʚ ʜʘʥʥʳʭ ʥʘ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʦʚ ʦʙʦʙʱʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʦ-

ʩʪʨʦʝʥʠʠ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

ʦʙʦʙʱʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʘʨʛʫʤʝʥ-

ʪʘʮʠʠ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʘʰʠʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʜ-

ʪʚʝʨʞʜʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ, ʦʙʦʙʱʝʥʠʝ, ʧʝʨʝʩʤʘʪʨʠʚʘʝʤʳʝ 

ʨʘʩʩʫʞʜʝʥʠʷ, ʘʨʛʫʤʝʥʪʘʮʠʷ 

ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʝʡʰʠʤ ʢʣʘʩʩʦʤ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʦʡ ʧʦʜʜʝʨʞʢʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ, ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞ-

ʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ. ɺ ʦʩʥʦʚʫ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʧʦʣʦʞʝʥʘ ʧʨʦ-

ʮʝʜʫʨʘ ʦʙʦʙʱʝʥʠʷ ʦʧʳʪʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʩʣʦʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢ-

ʪʘʤʠ: ʥʝʦʙʭʦʜʠʤʦ ʜʘʪʴ ʦʧʠʩʘʥʠʷ ʢʣʘʩʩʦʚ ʩʠʪʫʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʥʠʤʘ-

ʣʠʩʴ ʩʭʦʜʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʨʝʰʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ ʨʝʰʝʥʠʷʤ, ʢʦʪʦ-

ʨʳʝ ʧʨʝʜʣʘʛʘʶʪ ʵʢʩʧʝʨʪʳ ï ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʚ ʜʘʥʥʦʡ ʦʙʣʘ-

ʩʪʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʷʚʣʷʶʪʩʷ ʧʣʦʭʦ ʬʦʨ-

ʤʘʣʠʟʦʚʘʥʥʳʤʠ, ʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʚ ʩʝʙʝ ʢʘʢ ʧʨʦʪʠʚʦʨʝʯʠʚʫʶ, ʪʘʢ ʠ ʥʝ-

ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʇʨʠ ʧʦʠʩʢʝ ʨʝʰʝʥʠʷ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦ-

ʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʧʨʘʚʜʦʧʦʜʦʙʥʦʛʦ ʚʳʚʦʜʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʡʪʠ 

ʥʝʢʦʪʦʨʦʝ ʧʨʠʝʤʣʝʤʦʝ (ʭʦʪʷ ʠ ʥʝ ʚʩʝʛʜʘ ʦʧʪʠʤʘʣʴʥʦʝ) ʨʝʰʝʥʠʝ.  

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉˉ 14-07-00862, 

15-01-05567, 16-37-00309) 
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1. ʀʥʜʫʢʪʠʚʥʳʡ ʚʳʚʦʜ ʥʘ ʦʩʥʦʚʝ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʝʜʫʢʪʠʚʥʳʭ ʧʨʦʮʝ-

ʜʫʨʘʭ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤʘʭ, ʧʦʩʢʦʣʴʢʫ ʚ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ ʥʝʦʙʭʦʜʠʤʳ ʩʨʝʜʩʪʚʘ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦ-

ʜʠʪʴ ʨʘʩʩʫʞʜʝʥʠʷ ʦʪ ʬʘʢʪʦʚ ʢ ʟʘʢʣʶʯʝʥʠʷʤ. ʈʝʘʣʠʟʘʮʠʷ ʠʥʜʫʢʪʠʚʥʳʭ 

ʨʘʩʩʫʞʜʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʘʚʜʦʧʦʜʦʙʥʳʝ ʚʳʚʦʜʳ. ʆʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʜʣʷ ʠʥʜʫʢʪʠʚʥʦʛʦ ʚʳ-

ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ. 

ɼʝʨʝʚʴʷ ʨʝʰʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʟʘ-

ʜʘʯ ʠ ʨʝʘʣʠʟʫʶʪ ʧʨʦʮʝʜʫʨʫ ʦʪʥʝʩʝʥʠʷ ʧʨʝʜʲʷʚʣʝʥʥʦʛʦ ʧʨʠʤʝʨʘ ʢ ʦʜʥʦʤʫ 

ʠʟ ʚʦʟʤʦʞʥʳʭ ʢʣʘʩʩʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ (ʘʪʨʠʙʫʪʦʚ), ʧʨʠʧʠ-

ʩʘʥʥʳʭ ʵʪʦʤʫ ʧʨʠʤʝʨʫ. ʂʣʘʩʩʘʤʠ ʤʦʛʫʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʤʥʦʞʝʩʪʚʘ ʩʠʪʫ-

ʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʦʜʥʦʪʠʧʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʜʝʡʩʪʚʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʨʝʰʘʶʱʠʭ ʜʝʨʝʚʴʝʚ ʩ ʫʩʧʝʭʦʤ ʙʳʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʨʷʜʝ ʩʠʩʪʝʤ ʦʙʫʯʝʥʠʷ ʩ ʫʯʠʪʝʣʝʤ, ʥʘʧʨʠʤʝʨ, ʚ ʘʣʛʦʨʠʪʤʘʭ 

ID3 ʠ ʉ 4.5  ʂʫʠʥʣʘʥʘ [Quinlan, 1986; 1996].  

ʇʦʩʪʨʦʝʥʠʝ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʥʦʞʝʩʪʚʘ ʧʨʠʤʝ-

ʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʝʥ ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʊʘʢʦʝ ʤʥʦ-

ʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ U ʥʘʟʳʚʘʝʪʩʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʦʡ.   

ɼʘʣʝʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ ʩʦʚʤʝʩʪʥʦ 

ʩ ʧʨʦʜʫʢʮʠʦʥʥʳʤʠ ʤʦʜʝʣʷʤʠ.  

ʐʫʤ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ [ɺʘʛʠʥ ʠ ʜʨ., 2008], ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʝʰʝ-

ʥʠʷ ʟʘʜʘʯʠ ʦʙʦʙʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ 

ʧʨʠʤʝʨʳ ʬʦʨʤʠʨʫʝʤʳʭ ʧʦʥʷʪʠʡ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʟʥʘʢʦʚʦʛʦ ʦʧʠʩʘ-

ʥʠʷ ʧʦʥʷʪʠʡ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʠʤʝʝʪ ʚʠʜ ʪʘʙʣʠʮʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʭʨʘ-

ʥʠʪʴʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ (ɹɼ).  

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʧʨʠʤʝʨʳ ʚ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʢʘʭ U ʩʦʜʝʨʞʘʪ ʰʫʤ, ʪ.ʝ. 

ʟʥʘʯʝʥʠʷ ʘʪʨʠʙʫʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʢʘʞʝʥʳ.  ʆʯʝʚʠʜʥʦ, ʩ ʨʦʩʪʦʤ ʰʫʤʘ ʚ 

ʜʘʥʥʳʭ ʩʥʠʞʘʶʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʦʙ-

ʱʝʥʠʷ. ʇʫʩʪʴ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ U ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʷ ʧʨʠʤʝʨʦʚ, ʧʨʠ-

ʯʸʤ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʘʞʜʦʛʦ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ r ʘʪʨʠʙʫʪʦʚ A1, é, Ar ï 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʪʨʠʙʫʪʦʚ ʠ ʨʝʰʘʶʱʠʡ ʘʪʨʠʙʫʪ D, ʧʦʢʘʟʳʚʘʶʱʠʡ, ʢʘ-

ʢʦʤʫ ʢʣʘʩʩʫ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʠʤʝʨ.  

ʋʨʦʚʝʥʴ ʰʫʤʘ ï ʵʪʦ ʚʝʣʠʯʠʥʘ p0, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦ-

ʛʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʘʪʨʠʙʫʪʘ ʚ ʦʙʫʯʘʶʱʝʤ ʠʣʠ ʪʝʩʪʦʚʦʤ ʤʥʦʞʝʩʪʚʝ ʙʫʜʝʪ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʠʩʪʠʥʥʦʛʦ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʰʫʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʦʜʝʣʠ 

ʰʫʤʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʚʥʝʩʝʥʠʷ ʰʫʤʘ ʚ ʪʘʙʣʠʮʫ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʝ ʤʦʜʝʣʠ ʰʫʤʘ: çʦʪʩʫʪʩʪʚʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷè, çʠʩʢʘʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷè. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚ-
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ʥʷ ʰʫʤʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ p0 ʠʟʚʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ ʘʪʨʠʙʫʪʘ ʚ ʪʘʙʣʠʮʝ ʫʜʘʣʷ-

ʝʪʩʷ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʚʥʝʩʝʥʠʷ ʰʫʤʘ ʩʚʷʟʘʥ ʩ ʟʘʤʝʥʦʡ ʠʟʚʝʩʪʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ ʘʪʨʠʙʫʪʘ ʥʘ ʜʨʫʛʦʝ, ʜʦʧʫʩʪʠʤʦʝ, ʥʦ ʥʝʚʝʨʥʦʝ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʠʤʝʨʘ, ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ p0 . 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʚʥʝʩʝʥʠʷ ʰʫʤʘ ʚ ʦʙʫʯʘʶʱʠʝ ʠ ʪʝʩʪʦ-

ʚʳʝ ʤʥʦʞʝʩʪʚʘ [Vagin et al., 2011]. ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʚʥʝ-

ʩʝʥʠʷ ʰʫʤʘ ʚ ʪʘʙʣʠʮʫ.  

1. ʐʫʤ ʚʚʦʜʠʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʚʦ ʚʩʶ ʪʘʙʣʠʮʫ ʩ ʦʜʠʥʘʢʦʚʳʤ ʫʨʦʚʥʝʤ 
ʰʫʤʘ ʜʣʷ ʚʩʝʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʪʨʠʙʫʪʦʚ. 

2. ʐʫʤ ʚʚʦʜʠʪʩʷ ʨʘʚʥʦʤʝʨʥʦ  ʚ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ  ʷʚʥʦ ʫʢʘʟʘʥʥʳʭ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʪʨʠʙʫʪʦʚ. 

3. ʐʫʤ ʚʚʦʜʠʪʩʷ ʨʘʚʥʦʤʝʨʥʦ  ʚ ʨʝʰʘʶʱʠʡ ʘʪʨʠʙʫʪ. 

4. ʐʫʤ ʚʚʦʜʠʪʩʷ ʚ ʪʘʙʣʠʮʫ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʫʨʦʚʝʥʴ ʰʫʤʘ ʜʣʷ ʢʘʞʜʦʛʦ 
ʩʪʦʣʙʮʘ (ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʘʪʨʠʙʫʪ) ʦʪʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʦʛʦ ʧʨʠʤʝʨʘ ʯʝʨʝʟ ʚʝʨʰʠʥʫ ʜʝʨʝʚʘ, ʧʦʤʝʯʝʥ-

ʥʫʶ ʵʪʠʤ ʘʪʨʠʙʫʪʦʤ. ʕʪʘ ʤʦʜʝʣʴ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ [Fomina et al., 2013]. 

ʅʘʣʠʯʠʝ ʰʫʤʘ ʚ ʦʙʫʯʘʶʱʠʭ ʠ ʪʝʩʪʦʚʳʭ ʚʳʙʦʨʢʘʭ ʩʧʦʩʦʙʥʦ ʫʭʫʜʰʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʦʙʦʙʱʝʥʠʷ ʢʘʢ ʥʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʠ ʥʘ 

ʵʪʘʧʝ çɻ ʢʟʘʤʝʥʘè.  

ɽʩʣʠ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʤʦʜʝʣʴʶ çʥʝʠʟʚʝʩʪʥʳʝ ʟʥʘʯʝʥʠʷè, ʥʘʠʙʦʣʝʝ ʨʘ-

ʟʫʤʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʘʧʦʣʥʠʪʴ ʧʦʪʝʨʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʘʪʨʠʙʫʪʘ ʜʘʥʥʳ-

ʤʠ. ʀʟ ʚʦʟʤʦʞʥʳʭ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ çʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡè ʠ ʤʝʪʦʜ çʚʳʙʦʨ ʩʨʝʜ-

ʥʝʛʦè [Vagin et al., 2010]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ ʰʫʤʘ çʠʩʢʘʞʝʥʠʝ ʟʥʘʯʝʥʠʡè ʦʩʥʦʚʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʚ ʪʝʩʪʦʚʦʤ ʤʥʦʞʝʩʪʚʝ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ ʠ ʥʫʞʜʘʶʪʩʷ ʚ ʢʦʨ-

ʨʝʢʪʠʨʦʚʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʵʪʦʡ ʤʦʜʝʣʠ ʰʫʤʘ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʤʝ-

ʥʠʪʴ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʟʘʰʫʤʣʝʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʩʣʝ-

ʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʥʦʚʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ 

ʘʨʛʫʤʝʥʪʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʰʫʤʘ çʠʩʢʘʞʝʥʠʝ ʟʥʘ-

ʯʝʥʠʡè ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʙʱʝʥʠʷ.   

2. ɸʨʛʫʤʝʥʪʘʮʠʷ ʢʘʢ ʩʨʝʜʩʪʚʦ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ  

ʟʘʰʫʤʣʝʥʥʳʭ ʜʘʥʥʳʭ 

ʇʦʜ ʘʨʛʫʤʝʥʪʘʮʠʝʡ ʦʙʳʯʥʦ ʧʦʥʠʤʘʶʪ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʜʧʦʣʦ-

ʞʝʥʠʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʡ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʣʝʤʳ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʥʘʨʫʞʝʥʠʝ ʢʦʥʬʣʠʢʪʦʚ ʠ ʧʦʠʩʢ ʧʫʪʝʡ ʠʭ 

ʨʝʰʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʘʜʘʯʝ ʦʙʦʙʱʝʥʠʷ 

ʚʳʛʣʷʜʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʠʠ ʘʨʛʫʤʝʥʪʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʝʨʝʩʤʘʪ-

ʨʠʚʘʝʤʳʭ ʨʘʩʩʫʞʜʝʥʠʷʭ, ʧʨʝʜʣʦʞʝʥʥʦʡ ɼʞʦʥʦʤ ʇʦʣʣʦʢʦʤ [Pollock, 
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1992]. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʘʨʛʫʤʝʥʪʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʝʨʝʩʤʘʪʨʠʚʘʝʤʳʭ 

ʨʘʩʩʫʞʜʝʥʠʷʭ, ʦʧʠʩʘʥʘ ʘʚʪʦʨʘʤʠ ʚ [ʄʦʨʦʩʠʥ, 2014]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚ-

ʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʜʣʷ ʧʦʩʪʨʦʝʥʥʦʛʦ ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʥʷʪʠʷ ʷʚʣʷʝʪʩʷ 

ʫʩʧʝʰʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʧʨʘʚʠʣ ᴙ 
ʧʨʠʤʝʨʦʚ ʪʝʩʪʦʚʳʭ ʚʳʙʦʨʦʢ, ʪʦ ʝʩʪʴ ʧʨʠʤʝʨʦʚ, ʥʝ ʚʭʦʜʷʱʠʭ ʧʝʨʚʦʥʘʯʘʣʴ-

ʥʦ ʚ ʦʙʫʯʘʶʱʫ  ʁʚʳʙʦʨʢʫ U. ʆʯʝʚʠʜʥʦ, ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʧʨʘʚʠʣ ʷʚʥʦ 

ʟʘʚʠʩʠʪ  ʦʪ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ.  

ɹʘʟʦʚʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʙʠʝʥʠʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʧʨʠʤʝʨʦʚ 

U ʥʘ ʜʚʘ ʧʦʜʤʥʦʞʝʩʪʚʘ U1 ʠ U2 ʪʘʢʠʭ, ʯʪʦ U1 Ç U2 = U, U1 Æ U2 = Å. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ U ʤʳ ʨʘʟʙʠʚʘʝʤ ʥʘ ʜʚʘ ʨʘʚʥʳʭ ʧʦʜ-

ʤʥʦʞʝʩʪʚʘ U1 ʠ U2. ʇʦʩʣʝ ʨʘʟʙʠʝʥʠʷ, ʦʙʫʯʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʥʝʟʘʚʠʩʠʤʦ 

ʥʘ ʢʘʞʜʦʤ ʠʟ ʧʦʜʤʥʦʞʝʩʪʚ, ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʫʯʝʥʠʷ ʙʫʜʫʪ ʥʘʙʦʨʳ ʧʨʘʚʠʣ  

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʠʜʘ çɽʉʃʀ <ʫʩʣʦʚʠʷ> ʊʆ <ʠʩʢʦʤʦʝ ʧʦʥʷʪʠʝ>è. ʇʫʩʪʴ 

ʥʘ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʢʘʭ U1 ʠ U2 ʧʦʩʪʨʦʝʥʳ ʥʘʙʦʨʳ ʧʨʘʚʠʣ 

ᴙ1 = { R11, R12, é, R1p} ʠ ᴙ2 = { R21, R22,é, R2q}, ʛʜʝ R1i ʠ R2j ï ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʦʥʥʳʝ ʧʨʘʚʠʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ U1 ʠ U2, p ʠ q ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ 

ʧʨʘʚʠʣ. ʅʘʰʝʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʫʣʫʯʰʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ᴙ* = ᴙ1 Ç ᴙ2, ʪʘʢʦʛʦ, ʯʪʦ ʦʥʦ ʥʝ ʧʦʨʦʞʜʘʝʪ ʢʦʥʬʣʠʢʪʦʚ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʧʨʠʤʝʨʦʚ ʠʟ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ U. ʂʨʠʪʝʨʠʝʤ ʫʩʧʝʰʥʦʩʪʠ ʧʦʣʫ-

ʯʝʥʥʳʭ ʦʙʲʝʜʠʥʝʥʥʳʭ ʥʘʙʦʨʦʚ ʧʨʘʚʠʣ ᴙ* ʙʫʜʝʪ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ 
ʨʘʩʧʦʟʥʘʥʠʷ ʪʝʩʪʦʚʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʬʣʠʢʪʦʚ ʧʨʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʧʨʠʤʝʨʦʚ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ᴙ* ʙʫʜʫʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʘʨʛʫʤʝʥʪʘʮʠʠ.  

2.1. ʌʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʙʣʝʤʳ ʦʙʦʙʱʝʥʠʷ ʚ ʪʝʨʤʠʥʘʭ ʘʨʛʫʤʝʥʪʘʮʠʠ 

ʇʫʩʪʴ ʥʘ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʢʘʭ U1 ʠ U2 ʧʦʩʪʨʦʝʥʳ ʥʘʙʦʨʳ ʧʨʘʚʠʣ ᴙ1 

ʠ ᴙ2. ʇʨʘʚʠʣʘ, ʚʭʦʜʷʱʠʝ ʚ ʥʘʙʦʨʳ ᴙ1 ʠ ᴙ2, ʠʤʝʶʪ ʚʠʜ çɽʉʃʀ <ʫʩʣʦ-

ʚʠ>̫ ʊʆ <ʠʩʢʦʤʦʝ ʧʦʥʷʪʠʝ>è. 

ʊʘʢʠʝ ʧʨʘʚʠʣʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʝʨʝʩʤʘʪʨʠʚʘʝʤʳʤʠ ʧʨʘʚʠʣʘʤʠ ʚʳʚʦʜʘ 

ʜʣʷ ʘʨʛʫʤʝʥʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɼʘʣʝʝ ʤʳ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʪʘʢʠʝ ʧʨʘʚʠ-

ʣʘ ʚ ʬʦʨʤʝ ʘʨʛʫʤʝʥʪʘʮʠʦʥʥʳʭ ʧʝʨʝʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʘʚʠʣ ʚʳʚʦʜʘ X|=>Y, 

ʛʜʝ X ï ʫʩʣʦʚʠʷ, ʘ Y ʟʥʘʯʝʥʠʝ ʨʝʰʘʶʱʝʛʦ ʘʪʨʠʙʫʪʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʘʚʠ-

ʣʦ çɽʩʣʠ (A2=1) & (A1=1) ʪʦ CLASS=1è ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʧʝʨʝʩʤʘʪ-

ʨʠʚʘʝʤʦʛʦ ʧʨʘʚʠʣʘ ʘʨʛʫʤʝʥʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ: {( A2=1) & (A1=1) }|=> 

CLASS = 1. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʜʚʘ ʜʦʧʫ-

ʩʪʠʤʳʭ ʟʥʘʯʝʥʠʷ ʨʝʰʘʶʱʝʛʦ ʘʪʨʠʙʫʪʘ: çCLASS = 1è ʠ çCLASS = 0è. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦ ʚʩʝʭ ʧʝʨʝʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʘʚʠʣʘʭ ʟʘʢʣʶʯʝʥʠʝ 

CLASS = 0 ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʦ ʥʘ CLASS = 1. ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ, 

ʠʤʝʶʪʩʷ ʣʠ ʢʦʥʬʣʠʢʪʳ ʤʝʞʜʫ ʧʨʘʚʠʣʘʤʠ ᴙ1 ʠ ᴙ2, ʧʦʩʪʨʦʝʥʥʳʤʠ ʥʘ ʦʙʫ-

ʯʘʶʱʠʭ ʚʳʙʦʨʢʘʭ U1 ʠ U2. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ Xi, 
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ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ U = U1 Ç U2, ʧʨʦʚʝʨʠʪʴ ʧʦʨʦʞʜʘʝʪ 

ʣʠ ʦʥ ʢʦʥʬʣʠʢʪʳ ʥʘ ʥʝʢʦʪʦʨʦʤ ʥʘʙʦʨʝ ʨʝʰʘʶʱʠʭ ʧʨʘʚʠʣ ᴙ1Çᴙ2.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʛʦ ʤʥʦʞʝʩʪʚʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ᴙ1 ʠ 
ᴙ2, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʩʪʝʧʝʥʝʡ ʦʙʦʩʥʦʚʘʥʠʷ 

(justification degrees) [Pollock, 2001] ʜʣʷ ʧʝʨʝʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʘʚʠʣ ʚʳʚʦʜʘ. 

ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ï ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʠ ʦʙʦʩʥʦʚʘʥʠʷ ʚʩʝʭ ʧʨʘʚʠʣ ʚʳʚʦʜʘ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʩʝ ʢʦʥʬʣʠʢʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨ-

ʢʝ, ʩʪʘʣʠ ʨʘʟʨʝʰʠʤʳʤʠ.  ɿʘʪʝʤ ʧʨʦʚʦʜʠʪʩʷ  ʧʨʦʮʝʜʫʨʘ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʦʠʩʢʘ 

ʪʘʢʠʭ ʩʪʝʧʝʥʝʡ ʦʙʦʩʥʦʚʘʥʠʷ, ʯʪʦ ʢʦʥʬʣʠʢʪʳ ʩʪʘʥʦʚʷʪʩʷ ʨʘʟʨʝʰʠʤʳʤʠ. 

ʇʨʦʮʝʜʫʨʘ ʦʙʫʯʝʥʠʷ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ [ɺʘʛʠʥ ʠ ʜʨ., 2016]. ʉ ʧʦʤʦʱʴʶ 

ʧʨʦʮʝʜʫʨʳ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʫʣʫʯʰʝʥʥʳʡ ʥʘʙʦʨ ʢʣʘʩʩʠʬʠʢʘʮʠ-

ʦʥʥʳʭ ʧʨʘʚʠʣ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʧʨʘʚʠʣʘ ʠʟ ᴙ1 ʠ ᴙ2. ɼʘʣʝʝ ʧʨʠʚʝʜʝʤ ʨʝʟʫʣʴ-

ʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ. 

2.2 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʠʞʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʚʳʧʦʣ-

ʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʥ-

ʜʫʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʥʷʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ 

C4.5 [Quinlan, 1996].  ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʙʦʨ 

ʜʘʥʥʳʭ MONKS3 ʠʟ ʨʝʧʦʟʠʪʦʨʠʷ UCI [UCI, 1998]. 

ɼʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʠʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ  ʘʣʛʦʨʠʪʤʦʚ: 

1. ʂʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʉ4.5. ʆʙʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʦʣʥʦʡ 
ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ U ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʉ4.5. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠ-

ʤʝʨʦʚ ʠʟ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʦʣʥʦʤ ʤʥʦʞʝʩʪʚʝ ᴙ.  

2. ɸʣʛʦʨʠʪʤ ʉ4.5 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʨʛʫʤʝʥʪʘʮʠʠ. ʆʙʫʯʘʶʱʝʝ ʤʥʦʞʝ-

ʩʪʚʦ U ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʧʦʜʤʥʦʞʝʩʪʚʘ U1 ʠ U2. ʇʨʦʚʦʜʠʪʩʷ ʥʝʟʘʚʠʩʠʤʦʝ 

ʦʙʫʯʝʥʠʝ ʥʘ ʢʘʞʜʦʤ ʧʦʜʤʥʦʞʝʩʪʚʝ ʠ ʧʦʣʫʯʘʶʪʩʷ ʜʚʘ ʤʥʦʞʝʩʪʚʘ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ᴙ1 ʠ ᴙ2. ʄʥʦʞʝʩʪʚʦ ᴙ* ʧʦʣʫʯʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ 
ʘʨʛʫʤʝʥʪʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʙʲʝʜʠʥʝʥ-

ʥʦʤ ʤʥʦʞʝʩʪʚʝ ᴙ*.  

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʪʠʧʘ ʰʫʤʘ: ʚʥʝʩʝʥʠʝ ʠʩʢʘʞʝʥʠʡ ʨʘʚʥʦʤʝʨʥʦ ʚʦ ʚʩʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʘʪʨʠʙʫʪʳ, ʚʥʝʩʝʥʠʝ ʠʩʢʘʞʝʥʠʡ ʚ ʨʝʰʘʶʱʠʡ ʘʪʨʠʙʫʪ ʠ ʚʥʝ-

ʩʝʥʠʝ ʰʫʤʘ ʪʠʧʘ çʦʪʩʫʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷè ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʘʪʨʠʙʫʪʳ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʨʠ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʘʨʛʫʤʝʥʪʘʮʠʠ 

ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʪʠʧʘʭ ʰʫʤʘ: ʚʥʝʩʝʥʠʝ ʠʩʢʘʞʝʥʠʡ ʨʘʚʥʦʤʝʨʥʦ ʚʦ ʚʩʝ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʝ ʘʪʨʠʙʫʪʳ, ʚʥʝʩʝʥʠʝ ʠʩʢʘʞʝʥʠʡ ʚ ʨʝʰʘʶʱʠʡ ʘʪʨʠʙʫʪ ʠ ʚʥʝʩʝʥʠʝ 

ʰʫʤʘ ʪʠʧʘ çʦʪʩʫʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷè ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʘʪʨʠʙʫʪʳ. 

ʇʨʠ ʚʥʝʩʝʥʠʠ ʰʫʤʘ ʨʘʚʥʦʤʝʨʥʦ ʚʦ ʚʩʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʘʪʨʠʙʫʪʳ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʣʘʚʥʦʝ ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ. ʇʨʠʤʝʥʝʥʠʝ ʘʨʛʫʤʝʥʪʘʮʠʠ ʧʦʟʚʦʣʠʣʦ ʥʝʩʢʦʣʴʢʦ ʩʥʠʟʠʪʴ ʚʣʠʷ-

ʥʠʝ ʰʫʤʘ (ʩʤ. C4.5 + ʘʨʛʫʤʝʥʪʘʮʠʷ ʥʘ ʨʠʩ. 1). ʇʨʠʤʝʥʝʥʠʝ ʘʨʛʫʤʝʥʪʘʮʠʠ 
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ʧʨʠ ʪʘʢʦʤ ʪʠʧʝ ʰʫʤʘ ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘ 

ʩʯʸʪ ʦʪʙʨʘʢʦʚʢʠ ʥʝʢʦʪʦʨʳʭ ʧʨʘʚʠʣ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʨʦʚ, ʩʦ-

ʜʝʨʞʘʚʰʠʭ ʠʩʢʘʞʝʥʠʷ.  

 

 
ʈʠʩ 1. ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʰʫʤʘ ʪʠʧʘ çʠʩʢʘʞʝʥʠʝè 

ʧʦ ʚʩʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʘʪʨʠʙʫʪʘʤ 

 

ɺʥʝʩʝʥʠʝ ʰʫʤʘ ʚ ʨʝʰʘʶʱʠʡ ʘʪʨʠʙʫʪ ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʥʝʛʘʪʠʚ-

ʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʙʱʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʫʨʦʚʥʷ 

ʰʫʤʘ ʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ, ʜʣʷ ʢʦ-

ʪʦʨʳʭ ʥʝʚʝʨʥʦ ʫʢʘʟʘʥ ʢʣʘʩʩ. ʊʘʢʠʝ ʧʨʠʤʝʨʳ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ 

ʤʦʜʝʣʠ, ʪʘʢ ʢʘʢ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʦʟʜʘʶʪʩʷ ʥʝʚʝʨʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ 

ʧʨʘʚʠʣʘ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦ-

ʜʠʪʴ ʠ ʫʜʘʣʷʪʴ ʪʘʢʠʝ ʧʨʘʚʠʣʘ ʠʟ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʦʥʥʳʭ ʧʨʘʚʠʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ (ʩʤ. C4.5 + 

ʘʨʛʫʤʝʥʪʘʮʠʷ ʥʘ ʨʠʩ. 2) ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ.  

 

 
ʈʠʩ 2. ɺʥʝʩʝʥʠʝ ʰʫʤʘ ʪʠʧʘ çʠʩʢʘʞʝʥʠʝè ʚ ʨʝʰʘʶʱʠʡ ʘʪʨʠʙʫʪ  

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 
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ʰʫʤʘ 

ʰʫʤ 

5% 

ʰʫʤ 

10% 

ʰʫʤ 

15% 

ʰʫʤ 

20% 

ʰʫʤ 

25% 

ʉ4.5  94,68 92,18 89,93 88,42 87,21 86,16

ʉ4.5+ʘʨʛʫʤʝ

ʥʪʘʮʠʷ 
94,92 92,95 91,92 90,4 89,92 88,21
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ʉ4.5  94,68 88,31 81,13 77,51 75,5 70,6
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ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʷʚʣʝʥʠʶ ʚʣʠʷʥʠʷ 

ʰʫʤʘ ʪʠʧʘ çʦʪʩʫʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷè ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʙʱʝʥʠʷ. ɼʣʷ 

ʙʦʨʴʙʳ ʩ ʜʘʥʥʳʤ ʪʠʧʦʤ ʰʫʤʘ ʧʨʠʤʝʥʷʣʩʷ ʘʣʛʦʨʠʪʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʪ-

ʩʫʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʤʝʪʦʜʦʤ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ [Vagin et al., 2011]. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʩʨʝʜʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʪʨʠ-

ʙʫʪʦʚ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʰʫʤʦʤ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʰʫʤʘ ʥʝʚʳʩʦʢ (5ï10%). ʐʫʤ çʦʪʩʫʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷè ʦʢʘʟʳʚʘʝʪ 

ʥʘʠʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʦʙʦʙʱʝʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʪʠʧʘʤʠ ʰʫʤʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʧʦ-

ʢʘʟʳʚʘʝʪ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝ 

ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʶʪʩʷ ʚʝʨʥʳʤʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʘʨʛʫʤʝʥʪʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʯʘ-

ʩʪʠʯʥʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʨʘʙʦʪʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝ-

ʥʠʶ ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ 1ï3% (ʪʘʙʣ. 1).   

 

ʊʘʙʣ. 1.  
 ɹʝʟ 

ʰʫʤʘ 

ʐʫʤ 

5% 

ʐʫʤ 

10% 

ʐʫʤ 

15% 

ʐʫʤ 

20% 

ʐʫʤ 

25% 

ʉ4.5 94,68 93,52 92,82 92,27 92,27 91,74 

ʉ4.5+ʘʨʛʫʤʝʥʪʘʮʠʷ 94,92 94,26 93,42 92,89 92,76 92,14 

ɿʘʢʣʶʯʝʥʠʝ 

ʂʘʢ ʧʦʢʘʟʘʣʦ ʧʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʫʩʧʝʰʥʦʩʪʴ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪ-

ʤʦʚ ʦʙʦʙʱʝʥʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʙʫʯʘʶʱʠʭ 

ʚʳʙʦʨʦʢ. ʆʜʥʘʢʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʝʘʣʴʥʳʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ ʟʘʜʘʯʘ ʧʦʣʫ-

ʯʝʥʠʷ çʯʠʩʪʳʭè ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʠʩʢʘʞʝʥʠʡ ʠ ʥʝʪʦʯ-

ʥʦʩʪʝʡ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʠ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʟʘʚʝʜʦʤʦ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʠʩʢʘʞʸʥʥʫʶ ʠ 

ʜʘʞʝ ʧʨʦʪʠʚʦʨʝʯʠʚʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦ-

ʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʰʫʤʘ ʚ ʦʙʫʯʘʶʱʠʭ ʚʳ-

ʙʦʨʢʘʭ, ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʦʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩ-

ʥʦʚʥʳʝ ʪʠʧʳ ʰʫʤʦʚ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʙʫʯʘʶʱʠʭ ʤʥʦʞʝʩʪʚʘʭ ʠ 

ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʠʭ ʚʣʠʷʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ 

ʙʦʨʴʙʳ ʩ ʰʫʤʘʤʠ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ,  ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʘʧʧʘʨʘʪʘ 

ʘʨʛʫʤʝʥʪʘʮʠʠ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʰʠʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʤʝʪʦʜ ʘʨʛʫʤʝʥʪʘʮʠʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʥʘʣʠʯʠʠ ʰʫʤʘ 

çʠʩʢʘʞʸʥʥʳʝ ʟʥʘʯʝʥʠʷè ʚ ʨʝʰʘʶʱʝʤ ʘʪʨʠʙʫʪʝ ʦʙʫʯʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ. 

ʊʘʢʠʝ ʰʫʤʳ ʧʨʠʚʦʜʷʪ ʢ ʥʘʠʙʦʣʝʝ ʦʱʫʪʠʤʳʤ ʧʦʪʝʨʷʤ ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʥʘʣʠʯʠʝ ʥʝʚʝʨʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʢʘʭ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʚʝʨ-
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ʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʘʚʠʣ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʘʨʛʫʤʝʥʪʘʮʠʠ ʧʦʟ-

ʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʪʘʢʠʭ ʥʝʢʦʨʨʝʢʪʥʳʭ ʧʨʘʚʠʣ ʚʳʚʦʜʘ ʟʘ ʩʯʸʪ ʠʭ 

ʩʦʛʣʘʩʦʚʘʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʋɼʂ 519.72: 519.23 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʁ ɸʅɸʃʀɿ ɼɸʅʅʓʍ,  

ʆʇʀʉʓɺɸɽʄʓʍ ʈɸʉʇʈɽɼɽʃɽʅʀʗʄʀ  

ɺɽʈʆʗʊʅʆʉʊɽʁ
1
 

ɼ.ɺ. ɺʠʥʦʛʨʘʜʦʚ (D.Vinogradov@frccsc.ru)  

ʌʀʎ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝè ʈɸʅ, ʄʦʩʢʚʘ 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʳʡ  

ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ 

ʈʘʩʩʤʦʪʨʝʥ ʙʘʟʦʚʳʡ ʘʣʛʦʨʠʪʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʦʧʠʩʳʚʘʝʤʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʚʝʨʦʷʪʥʦʩʪʝʡ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜ-

ʭʦʜ ʥʘʧʦʤʠʥʘʝʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ɼʘʨʨʦʯʘïʈʵʪʢʣʠʬʬʘ [Dar-

roch et al., 1972]. ʀʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʘʣʠʟʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʛʝʦ-

ʤʝʪʨʠʠ, ʩʦʟʜʘʥʥʦʡ ʅ.ʅ. ʏʝʥʮʦʚʳʤ [ʏʝʥʮʦʚ, 1972] ʠ ʀ. ʏʠʩʘʨʦʤ 

[Csiczar, 1975]. ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ 

ʥʘʭʦʞʜʝʥʠʶ ʦʮʝʥʦʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʚ ʵʢʩʧʦʥʝʥʮʠ-

ʘʣʴʥʦʤ ʩʝʤʝʡʩʪʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʨʪʘʥʪ, ʂʃ-ʨʘʩʩʪʦʷʥʠʝ, ʘʬʬʠʥ-

ʥʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʝʤʝʡʩʪʚʦ 

ɺʚʝʜʝʥʠʝ 

ɺʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ (ʀɸɼ) ʠʩʭʦʜ-

ʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʘʢ ʥʘʢʦʧʣʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʠʣʠ (ʧʦʩʣʝ ʥʦʨ-

ʤʠʨʦʚʢʠ) ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ (ʈɺ). ʕʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʦʪʦʞʜʝʩʪʚʣʝʥʦ ʩ ʪʦʯʢʘʤʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʨʪʘʥʪʘ ï ʪʦʯʢʘʤʠ ʩ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʢʩʧʝʨʪʳ ʤʦʛʫʪ 

ʫʢʘʟʘʪʴ ʥʝʢʦʪʦʨʳʝ ʩʦʦʪʥʦʰʝʥʠʷ (ʨʘʚʝʥʩʪʚʘ ʠʣʠ ʥʝʩʪʨʦʛʠʝ ʥʝʨʘʚʝʥʩʪʚʘ), 

ʢʦʪʦʨʳʤ ʦʙʷʟʘʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ʕʪʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʟʘʜʘʶʪ ʟʘʤʢʥʫʪʦʝ ʚʳʧʫʢʣʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʨʪʘʥʪʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʭ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʤʦʞʝʪ ʪʘʢ ʩʣʫʯʠʪʴʩʷ, ʯʪʦ 

ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʜʦʧʫʱʝʥʠʷʤ, ʪʦ 

ʝʩʪʴ ʪʦʯʢʘ ʥʝ ʧʦʧʘʜʝʪ ʚ ʚʳʧʫʢʣʦʝ ʤʥʦʞʝʩʪʚʦ. ɺʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʧʦʠʩʢʝ 

ʙʣʠʞʘʡʰʝʡ (ʢ ʬʘʢʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ) ʪʦʯʢʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʥʦʞʝʩʪʚʘ. 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-07-00856ʘ). 
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ʆʯʝʥʴ ʯʘʩʪʦ (ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ) ʚʳʧʫʢʣʦʝ ʟʘʤʢʥʫʪʦʝ 

ʧʦʜʤʥʦʞʝʩʪʚʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʨʪʘʥʪʘ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ ʘʬʬʠʥʥʦʝ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ (ʪʦʯʥʝʝ, ʝʛʦ ʧʝʨʝʩʝʯʝʥʠʝ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʦʨʪʘʥʪʦʤ). 

ʉʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ɼʘʨʨʦʯʘ ʠ ʈʵʪʢʣʠʬʬʘ [Darroch et al., 

1972] ʧʦʠʩʢʘ ʙʣʠʞʘʡʰʝʛʦ ʈɺ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʩʠʩʪʝʤʝ ʣʠʥʝʡʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʢ ʠʩʭʦʜʥʦʤʫ ʈɺ. ʄʳ ʠʟʣʦʞʠʤ ʚʘʨʠʘʥʪ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ, 

ʠʩʧʦʣʴʟʫʷ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʛʝʦʤʝʪʨʠʶ, ʩʦʟʜʘʥʥʫʶ ʚ ʨʘʙʦʪʘʭ [ʏʝʥʮʦʚ, 

1972] ʠ [Csiczar, 1975]. ɺ [Csiczar et al., 2004] ʧʨʝʜʣʦʞʝʥ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʚʟʛʣʷʜ ʥʘ ʵʪʦʪ ʘʣʛʦʨʠʪʤ, ʥʦ ʥʘʰ ʧʦʜʭʦʜ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʧʝʨʝʭʦʜ ʢ ʦʙʦʙʱʝʥʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʂʫʣʙʵʢʘïʃʷʡʙʣʝʨʘ (ʂʃ-ʨʘʩʩʪʦʷʥʠʶ) 

ʚʦ ʚʩʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʦʨʪʘʥʪʝ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʥʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʚʰʝʡʩʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʪʦʯʢʠ, ʯʪʦʙʳ ʦʥʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʈɺ. ɺ ʨʘʙʦʪʝ [ɺʠʥʦʛʨʘʜʦʚ, 2016] ʜʦʢʘʟʘʥʘ ʩʭʦʜʠʤʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ (ʩʧʦʩʦʙʦʤ, ʦʪʣʠʯʥʳʤ ʦʪ ʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ). 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʠʟʣʦʞʠʤ (ʙʝʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚ) ʘʣʛʦʨʠʪʤ ʠ ʝʛʦ 

ʩʚʦʡʩʪʚʘ ʠ ʦʧʠʰʝʤ ʢʣʘʩʩʠʯʝʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ï 

ʚʳʯʠʩʣʝʥʠʝ ʦʮʝʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ (ʄʇ-ʦʮʝʥʢʠ) ʚ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʩʝʤʝʡʩʪʚʝ (ʕʉ). ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʤʳ ʙʫʜʝʤ 

ʩʣʝʜʦʚʘʪʴ ʠʟʣʦʞʝʥʠʶ [Csiczar et al., 2004]. 

1. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʂʃ-ʨʘʩʩʪʦʷʥʠʝ ὖ ὴȟỄȟὴ ᶰᴙ  ʦʪ ὗ ήȟỄȟή ᶰᴙ  

ʥʦ ‏ὖȿὗ В ὴϽÌÏÇ ÌÏÇὩϽВ ὴ ÌÏÇὩϽВ ή. ʇʨʠ ʫʩʣʦ-

ʚʠʠ В ή В ὴ ρ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʚʧʘʜʝʪ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ. 

ʄʥʦʞʠʪʝʣʠ ÌÏÇὩ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʥʦʨʤʠʨʦʚʢʘ ʩ ʫʯʝʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʚʦʠʯʥʳʭ ʣʦʛʘʨʠʬʤʦʚ. 

ʃʝʤʤʘ 1.  ɼʣʷ ʣʶʙʳʭ ὖᶰᴙ ʠ ὗᶰᴙ ʠʤʝʝʤ ‏ὖȿὗ π. ɹʦʣʝʝ 

ʪʦʛʦ, ‏ὖȿὗ π ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ᶅ Ὦ ὴ ή. 

ɼʣʷ ʚʝʢʪʦʨʘ-ʩʪʦʣʙʮʘ ὖ ὴȟỄȟὴ ᶰὍὲὸᴙ  ʦʧʨʝʜʝʣʠʤ ʢʦʚʝʢʪʦʨ-

ʩʪʨʦʢʫ ʢʘʢ ὖ ÌÏÇὴȟỄȟÌÏÇὴ ᶰᴙ. ʃʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ 

ʛʨʘʜʠʝʥʪ ɳ ὖȿὗ‏ ὖȿὗ ʠʤʝʝʪ ʢʦʤʧʦʥʝʥʪʳ‏ ÌÏÇ ÌÏÇὴ

ÌÏÇή. ʇʦʵʪʦʤʫ ʧʨʠʨʘʱʝʥʠʝ ‏ὖȿὗ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ὠ ὺȟỄȟὺ  

ʨʘʚʥʦ ʩʚʝʨʪʢʝ ὖ ὗὠ В ὖȿὗ‏ Ͻὺ В ÌÏÇϽὺ. 
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ɸʬʬʠʥʥʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ (ɸʇ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ɤ ȟ

ὖᶰᴙ▪ȿὓϽὖ ὠ, ʛʜʝ ὓ - ά ὲ-ʤʘʪʨʠʮʘ, ʘ ὠ ï ʚʝʢʪʦʨ ʩ ά 

ʢʦʤʧʦʥʝʥʪʘʤʠ. ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʝʤʝʡʩʪʚʦ (ʕʉ), ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʢ ɤ ȟ 

ʨʘʚʥʦ ɭȟ ὙᶰὍὲὸᴙ▪ ɡɱ —ȟỄȟ— Ὑ ɡϽὓ ὗ , ʛʜʝ ὗ ï 

ʢʦʚʝʢʪʦʨ ʜʣʷ ὗᶰὍὲὸᴙ . 

ʃʝʤʤʘ 2.  ʇʫʩʪʴ ὗᶰὍὲὸᴙ  ʠ ɤ ȟ᷊Ὅὲὸᴙ .ɲ ʊʦʛʜʘ ʜʣʷ Ὑ

ɩ
ȟ
ὗ ʠ Ὓɴ ɭȟ ʚʝʨʥʦ Ὑ Ὓὖ Ὑ π ʜʣʷ ʣʶʙʦʛʦ ὖᶰɤ ȟ. 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ὗᶰὍὲὸᴙ  ʠ ɤ ȟ᷊Ὅὲὸᴙ .ɲ ʊʦʛʜʘ 

 ɩ
ȟ
ὗ ᶰɤ ȟ᷊Ὅὲὸᴙ . ʊʦʯʢʘ Ὑᶰɤ ȟ᷊Ὅὲὸᴙ  ʩʦʚʧʘʜʘʝʪ ʩ ɩ

ȟ
ὗ 

ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʣʷ ʣʶʙʦʛʦ ὖᶰɤ ȟ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʞʜʝʩʪʚʦ 

ʇʠʬʘʛʦʨʘ ‏ὖȿὗ ὖȿὙ‏ Ὑȿὗ. ʇʨʠ ʵʪʦʤ ɩ‏
ȟ
ὗ ɭȟ᷊ɤ ȟ. 

ʇʨʠʤʝʨ 1. ɼʣ ̫ὓ ᴁρȟςᴁ ʠ ὗ ήȟή ᶰὍὲὸᴙ  ʚʳʧʦʣʥʷʝʪʩʷ  ȟ

Ὑ ὶȟὶ ᶰὍὲὸᴙ —ɱ ὶ ήϽς Ƞὶ ήϽςϽ . ʊʦʯʢʘ ὶȟὶ ᶰ

 ȟ ʣʝʞʠʪ ʥʘ ʧʘʨʘʙʦʣʝ ὶ Ͻ̒ὶ , ʛʜʝ ὧ ήȾή . ʀ-ʧʨʦʝʢʮʠʷ ὗ

ρȟ  ʥʘ Ώᴁȟᴁȟ ὖᶰᴙ ȿὴ ςϽὴ ς ʝʩʪʴ Ὑ ȟ ï ʨʝʰʝʥʠʝ 

ʩʠʩʪʝʤʳ 
ὶ Ͻὶ

ὶ ςϽὶ ς
. ɽʚʢʣʠʜʦʚʘ ʧʨʦʝʢʮʠʷ ï ʨʝʰʝʥʠʝ ὢ ȟ  

ʩʠʩʪʝʤʳ 
ςϽὼ ρ ὼ

ὼ ςϽὼ ς
. ʅʦ ʦʥʘ ʚʥʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʚʘʜʨʘʥʪʘ! 

ʀ-ʧʨʦʝʢʮʠʷ ʈɺ ὗ ʥʘ ρȟỄȟὲ (В ή ρ) ʥʘ ʘʬʬʠʥʥʦʝ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʈɺ Ώ ȟ ὖᶰᴙ ὓϽὖ ὠȠВ ὴ ρ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʘʷ ʪʦʯʢʘ  
ȟ
ὗ ᶰΏ ȟ, ʜʣʷ ʢʦʪʦʨʦʡ ‏ 

ȟ
ὗ ὗ

ὖȿὗ ʜʣʷ ʣʶʙʦʡ ὖᶰΏ‏ ȟ. ʆʨʪʦʛʦʥʘʣʴʥʦʝ ʢ Ώ ȟ ʕʉ ï ɻ ʪʦ ̔ ȟ

ὙᶰὍὲὸᴙ▪  ɱ— Ὸɱ —ȟỄȟ— Ὑ ῸϽὓ — ὗ . 
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ʃʝʤʤʘ 3.  ʇʫʩʪʴ ʈɺ ὗᶰὍὲὸᴙ  ʠ ɤ ȟ᷊Ὅὲὸᴙ .ɲ 

ʊʦʛʜʘ ɩ
ȟ
ὗ ɧ ȟ᷊ɤ ȟ. ɼʣʷ ʣʶʙʦʛʦ ʨ.ʚ. ὖᶰɤ ȟ ʚʳʧʦʣʥʷʝʪʩʷ 

ʪʦʞʜʝʩʪʚʦ ʇʠʬʘʛʦʨʘ ‏ὖȿὗ ὖɩ‏
ȟ
ὗ ɩ‏

ȟ
ὗ ὗ. 

ʇʨʠʤʝʨ 2. ʈʘʩʩʤʦʪʨʠʤ ʘʬʬʠʥʥʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʚʝʨʦʷʪʥʦʩʪʝʡ  Ώᴁ  ᴁȟ ὖᶰᴙ ȿὴ ὴȠὴ ὴ ὴ ρ. ʕ.ʩ. 

ʜʣ ̫ὓ ᴁρ ρ πᴁ ʠ ʨ.ʚ. ὗ ήȟήȟή  
ʨʘʚʥʦ ̔ ȟ

ὙᶰὍὲὸᴙ —ɱ —ɱ ὶ ήϽς Ͻς Ƞὶ ήϽς Ͻς Ƞὶ ήϽς . 

ʊʦʯʢʘ ὶȟὶȟὶ ᶰ῾ȟ ʣʝʞʠʪ ʥʘ ʢʦʥʫʩʝ ὶ ὧϽὶϽὶ, ʛʜʝ ὧ
Ͻ
. 

2. ɸʣʛʦʨʠʪʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʝʮʠʨʦʚʘʥʠʷ 

ɸʇ ʈɺ ɤ ȟ ὖᶰᴙ ὓϽὖ ὠȠВὴ ρ ʩʦʚʧʘʜʘʝʪ ʩ ɸʇ  ɤ ȟ

ὖᶰᴙ ὓϽὖ ὠ, ʛʜʝ  ά ρ ὲ ʤʘʪʨʠʮʘ ὓ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʤʘʪʨʠʮʳ ὓ 

ʜʦʙʘʚʣʝʥʠʝʤ ʧʦʩʣʝʜʥʝʡ ʩʪʨʦʢʠ ρȟρȟỄȟρ ʜʣʠʥʳ ὲ, ʘ ʚʝʢʪʦʨ ὠ ʧʦʣʫʯʘʝʪʩʷ 

ʠʟ ὠ ʜʦʙʘʚʣʝʥʠʝʤ ʧʦʩʣʝʜʥʝʡ ʢʦʦʨʜʠʥʘʪʳ, ʨʘʚʥʦʡ 1. ʅʦ ʪʦʯʢʠ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ ὖᶰɤ ȟ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ὓϽὖ ὠ, ʥʦ ʠ ʣʶʙʦʡ ʜʨʫʛʦʡ, ʧʦʣʫʯʘʝʤʦʡ ʠʟ ὓϽ

ὖ ὠ ʫʜʘʣʝʥʠʝʤ ʣʠʥʝʡʥʦ-ʟʘʚʠʩʠʤʳʭ ʫʨʘʚʥʝʥʠʡ, ʜʝʣʝʥʠʝʤ ʣʶʙʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʥʘ ʥʝʥʫʣʝʚʫʶ ʢʦʥʩʪʘʥʪʫ ʠ ʧʨʠʙʘʚʣʝʥʠʝʤ ʢ ʣʶʙʦʤʫ ʫʨʘʚʥʝʥʠʶ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʢʨʘʪʥʦʛʦ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʫʨʘʚʥʝʥʠʷ. ʇʦʜʙʝʨʝʤ ʪʝʧʝʨʴ 

ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ὡϽὖ Ὗ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʥʛʘ Ὧ, ʯʪʦʙʳ ɤ ȟ

 ɤ ȟ, ᶅὮВ ύȟ ρȟᶅὭᶅὮύȟ π ʠ В ό ρȟᶅὭό π. 

ʇʨʠʤʝʨ 3. ʈʘʩʩʤʦʪʨʠʤ ʘʬʬʠʥʥʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʚʝʨʦʷʪʥʦʩʪʝʡ  Ώᴁ  ᴁȟ ὖᶰᴙ ȿὴ ὴȠὴ ὴ ὴ ρ. ʅʘʯʠʥʘʝʤ 

ʩ ʤʘʪʨʠʮʳ ὓ ᴁρ ρ πᴁ ʠ ʚʝʢʪʦʨʘ ὠ π. ɼʦʙʘʚʣʝʥʥʳʝ ʤʘʪʨʠʮʘ ὓ

ρ ρ π
ρ ρ ρ

 ʠ ʩʪʦʣʙʝʮ ὠ
π
ρ
 ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʩʥʘʯʘʣʘ ʚ ὡ

σ ρ ς
ρ ρ ρ

 ʠ Ὗ
ς
ρ
, ʧʦʪʦʤ ʚ ὡ

πȢφ πȢς πȢτ
πȢς πȢς πȢς

 ʠ Ὗ
πȢτ
πȢς
. 



 

 

312 

ɿʘʪʝʤ 
πȢφ πȢς πȢτ
πȢς πȢς πȢς
πȢς πȢφ πȢτ

 ʠ 
πȢτ
πȢς
πȢτ
 ʚʳʯʝʨʢʠʚʘʥʠʝʤ ʧʨʝʜʧʦʩʣʝʜʥʝʡ ʩʪʨʦʢʠ ʠ 

ʫʤʥʦʞʝʥʠʝʤ ʩʚʦʜʷʪʩʷ ʢ ὡ
πȢχυπȢςυπȢυ
πȢςυπȢχυπȢυ

 ʠ Ὗ
πȢυ
πȢυ
. 

ɸʣʛʦʨʠʪʤ. ʇʦʣʦʞʠʤ Ὑ ὗ ʠ Ὑ Ὑ Ὗ ὡὙ Ͻὡ. 

ɺʳʯʠʩʣʝʥʠʷ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʢʦʛʜʘ ‏ὟȿὡὙ  .‏

ʃʝʤʤʘ 4.  ʇʫʩʪʴ Ὧ ὲ-ʤʘʪʨʠʮʘ ὡ ύȟ  ʠ ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ Ὗ

όȟỄȟό  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ ʥʦʨʤʠʨʦʚʢʠ: ᶅὮВ ύȟ

ρȟᶅὭᶅὮύȟ πȟᶅὭό π ʠ В ό ρ. ɼʣʷ ὗᶰὍὲὸᴙ  

ʦʧʨʝʜʝʣʠʤ Ὓ ὗ Ὗ ὡὗϽὡ. ʊʦʛʜʘ ʜʣʷ ʣʶʙʦʛʦ ‌ π ʠʤʝʝʤ Ὓ

‌ὗ Ὗ ὡϽ‌ὗ Ͻὡ. 

ʃʝʤʤʘ 5.  ʇʫʩʪʴ ʤʘʪʨʠʮʘ ὡ ʠ ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ Ὗ ʥʦʨʤʠʨʦʚʘʥʳ. 

ɼʣ ̫ὗᶰὍὲὸᴙ  ʦʧʨʝʜʝʣʠʤ Ὓ ὗ Ὗ ὡὗϽὡ. ʊʦʛʜʘ ʜʣʷ ʣʶʙʦʛʦ 

ʈɺ ὖᶰὍὲὸᴙ ᷊ɤ ȟ ʚʳʧʦʣʥʷʝʪʩʷ ὖ Ὓὖ π. 

ʃʝʤʤʘ 6.  ʇʫʩʪʴ ʤʘʪʨʠʮʘ ὡ ʠ ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ Ὗ ʥʦʨʤʠʨʦʚʘʥʳ. 

ʇʫʩʪʴ ὖᶰὍὲὸᴙ ᷊ɤ ȟ. ɼʣʷ ʈɺ ὗᶰὍὲὸᴙ ᷊ ɧ ȟ ʦʧʨʝʜʝʣʠʤ Ὓ

ὗ Ὗ ὡὗ Ͻὡ. ʊʦʛʜʘ ʝʩʣʠ ὖ ὗὖ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ, ʪʦ В ί ρ. 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʤʘʪʨʠʮʘ ὡ ʠ ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ Ὗ ʥʦʨʤʠʨʦʚʘʥʳ. ɼʣʷ 

ʈɺ ὗ ήȟỄȟή ᶰὍὲὸᴙ  (ʩ В ή ρ) ʠ  ɤ ȟ᷊Ὅὲὸᴙ  ɲ

ʠʤʝʝʤ Ὑᴼɩ
ȟ
ὗ ʧʨʠ ὸO Њ, ʜʣʷ ʥʘʰʝʛʦ ʘʣʛʦʨʠʪʤʘ: Ὑ ὗ ʠ Ὑ

Ὑ Ὗ ὡὙ Ͻὡ. 

3. ʇʨʠʤʝʥʝʥʠʝ: ʦʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ 

ʆʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ (ʄʇ-ʦʮʝʥʢʘ) ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὼ ὼȟỄȟὼ ᶰὃ (ʠ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ὖ ȟỄȟ
ȿȿ
, ʛʜʝ Ὧȡὼ ὥ ὲ) ʚʥʫʪʨʠ 
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ʩʝʤʝʡʩʪʚʘ   ʨ.ʚ. ʥʘ ὃ ὥȟỄȟὥȿȿ ï ʵʪʦ ʪʘʢʦʝ ʨ.ʚ. ὖᶰ , 

ʯʪʦ ὖ ὼȟỄȟὼ άὥὼɴ ὗ ὼȟỄȟὼ . 

ʃʝʤʤʘ 7.  ʄʇ-ʦʮʝʥʢʘ 

 ÁÒÇ ÍÁØɴ ὖ ὼȟỄȟὼ ÁÒÇ ÍÉÎɴ ὖ‏ ὖ, ʛʜʝ ʵʤʧʠʨʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ὖ ȟỄȟ
ȿȿ
 ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʘʤʠ ὲ

Ὧȡὼ ὥ . 

ʊʝʦʨʝʤʘ 3. ʄʇ-ʦʮʝʥʢʘ ÁÒÇ ÍÁØɴ ὖ ὼȟỄȟὼ ɩ
ȟ
ὗ 

ʜʣ ̫ὠ ὓϽὖ , ʝʩʣʠ Ὅὲὸᴙ ᷊ɤ ȟ  ɲ

ʠ ɮ ɧȟ

ὙᶰὍὲὸᴙ  ɱ— ɡɱ —ȟỄȟ— Ὑ ɡϽὓ — ὗ . 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʩʨʘʚʥʠʪʴ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ ʧʨʝʜʣʦ-

ʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʩʧʫʩʢʦʤ ʠ ʧʨʠʤʝʥʠʪʴ ʝʛʦ ʧʨʦʛʨʘʤʤ-

ʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʜʣʷ ʧʦʠʩʢʘ ʦʮʝʥʦʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠ ʨʝ-

ʰʝʥʠʷ ʜʨʫʛʠʭ ʟʘʜʘʯ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʄ.ɸ. ʄʠʭʝʝʥʢʦʚʫ (ʤʣ.) ʟʘ ʧʦʜʜʝʨʞʢʫ, ʧʨʦʬ. 

ɽ.ʄ. ɹʝʥʠʘʤʠʥʦʚʘ ʠ ʧʨʦʬ. ɻ.ɹ. ʐʘʙʘʪʘ ʟʘ ʧʦʣʝʟʥʳʝ ʦʙʩʫʞʜʝʥʠʷ. 
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ʆ ʇʆʊɽʅʎʀɸʃʔʅʓʍ ʀ ʈɽɸʃʔʅʓʍ ɻʀʇʆʊɽɿɸʍ 

ɼʉʄ-ʄɽʊʆɼɸ ʉ ʇɸʈɸʄɽʊʈʆʄ ʉʀʊʋɸʎʀʀ
1
 

ʉ.ʄ. ɻʫʩʘʢʦʚʘ (svem45@yandex.ru)  

ʄ.ɸ. ʄʠʭʝʝʥʢʦʚʘ (m.mikheyenkova@yandex.ru) 

ʌʀʎ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝè ʈɸʅ, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʳʡ  

ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ 

ɺ ʨʘʙʦʪʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʛʠʧʦʪʝʟʳ ʤʝʪʦʜʘ ʩʭʦʜʩʪʚʘ ʩ ʧʘʨʘʤʝʪʨʦʤ ʩʠʪʫʘʮʠʠ ʚ ɼʉʄ-ʤʝʪʦʜʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʘʤʳʢʘʥʠʝʤ ɻʘʣʫʘ, ʦʢʘʟʳʚʘʶʪʩʷ ʨʝʘʣʴʥʳʤʠ ʛʠʧʦ-

ʪʝʟʘʤʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʫʯʘʠ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʤʝʪʦʜʦʚ, ʨʘʟ-

ʣʠʯʘʶʱʠʭʩʷ ʧʦʜʭʦʜʘʤʠ ʢ ʠʟʫʯʝʥʠʶ ʢʘʫʟʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʆʙʘ 

ʧʦʜʭʦʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʜʝʪʝʨʤʠʥʘʮʠʡ ʚ ʩʦʮʠʘʣʴʥʳʭ ʷʚ-

ʣʝʥʠʷʭ, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʪʠʧʦʣʦʛʠʟʘʮʠʠ ʩʦʮʠʫʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʉʄ-ʤʝʪʦʜ, ʩʠʪʫʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʟʘʤʳʢʘʥʠʝ 

ɻʘʣʫʘ 

ɺʚʝʜʝʥʠʝ 

ɼʉʄ-ʤʝʪʦʜ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʦʚʦʛʦ ʟʥʘʥʠʷ (knowledge 

discovery [Fayyad et al., 1996]), ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʪʦʯʥʦʡ ʵʧʠʩʪʝʤʦ-

ʣʦʛʠʠ [ʌʠʥʥ, 2013] (ʚʳʜʝʣʠʚʰʝʡʩʷ ʠʟ ʬʠʣʦʩʦʬʩʢʦʡ ʵʧʠʩʪʝʤʦʣʦʛʠʠ ʚ ʧʨʦ-

ʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʀʀ). ʉʦʟʜʘʥʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʬʦʨʤʘʣʴʥʳʝ ʩʨʝʜ-

ʩʪʚʘ, ʧʨʦʮʝʜʫʨʥʳʝ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʪʠʧʘ ɼʉʄ (ʀʉ-ɼʉʄ), ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʤʝʪʦʜ ʢʘʢ ʮʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʷʭ ʩ ʧʣʦʭʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʵʤʧʠʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘ-

ʣʦʤ [ʌʠʥʥ, 2015]. 

ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʘʢʘʷ ʧʦʜʜʝʨʞʢʘ ʜʣʷ ʥʘʫʢ ʦ ʯʝ-

ʣʦʚʝʢʝ ʠ ʦʙʱʝʩʪʚʝ [ʄʠʭʝʝʥʢʦʚʘ, 2011], ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʘʢʪʠʢ ʚ ʢʦʪʦʨʳʭ ï ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʪʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ï 

ʷʚʣʷʝʪʩʷ ʥʝ ʚʩʝʛʜʘ ʷʩʥʦ ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩ-

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-07-02402ʘ). 
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ʩʘ. ʅʦ ʫʞʝ ʩʪʨʫʢʪʫʨʠʟʘʮʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ ʫʯʸʪʦʤ ʪʦʯʥʦ ʦʧʨʝʜʝʣʸʥ-

ʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʦʪʥʦʰʝʥʠʡ ʚ 

ʧʨʦʮʝʩʩʝ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʩ ʵʢʩʧʝʨʪʦʤ-ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʧʦʚʳʰʘʝʪ ʫʨʦ-

ʚʝʥʴ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʞʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʩʨʝʜʩʪʚʘʤʠ ʀʉ-ɼʉʄ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʪʦʯʥʝ-

ʥʠʷ ʷʟʳʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ ʠ ʧʝʨʝʩʤʦʪʨʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ï ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ 

ʢʘʫʟʘʣʴʥʦʛʦ ʚʳʥʫʞʜʝʥʠʷ. 

1. ʉʠʪʫʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʜʝʪʝʨʤʠʥʘʮʠʡ 

ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʣʠʰʴ ʦʜʠʥ ʬʨʘʛʤʝʥʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʩʨʝʜʩʪʚʘʤʠ ɼʉʄ-ʤʝʪʦʜʘ: ʚʳʷʚʣʝʥʠʝ ʜʝʪʝʨʤʠʥʘʮʠʡ ʩʨʝʜʩʪʚʘʤʠ ʧʨʷʤʦʛʦ ʠ 

ʦʙʨʘʪʥʦʛʦ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ɼʉʄ-ʤʝʪʦʜʘ [ʌʠʥʥ ʠ ʜʨ., 2009]. ɺʚʝʜʝʥʠʝ ʧʘ-

ʨʘʤʝʪʨʘ ʩʠʪʫʘʮʠʠ ʚ ʢʘʫʟʘʣʴʥʳʡ ʘʥʘʣʠʟ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʘʥʘʣʠʟʘ ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ([ʇʦʧʧʝʨ, 2000], [ʈʦʩʩ ʠ 

ʜʨ., 2000],), ʥʦ ʠʤ ʥʝ ʠʩʯʝʨʧʳʚʘʝʪʩʷ [ʉʤʠʨʥʦʚ, 2008]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ɼʉʄ-ʧʨʦʮʝʜʫʨ ʩ ʧʘʨʘʤʝʪʨʦʤ ʩʠʪʫʘʮʠʠ ʧʨʠʚʝʣʦ ʢ ʵʬʬʝʢ-

ʪʠʚʥʦʤʫ ʨʝʰʝʥʠʶ ʨʷʜʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ [ʂʣʠʤʦʚʘ ʠ 

ʜʨ., 2012]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʳ ʙʫʜʝʤ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥʦ-

ʣʦʛʠʶ ʠʤʝʥʥʦ ʵʪʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ, ʦʜʥʘʢʦ, ʥʝ ʦʪʤʝʥʷʝʪ ʦʙʱʝʛʦ 

ʭʘʨʘʢʪʝʨʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ. 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʫʙʲʝʢʪʦʚ ʧʦʚʝʜʝʥʠʷ ʚ ʷʟʳʢʝ ɼʉʄ-ʤʝʪʦʜʘ 

ʚʚʦʜʷʪʩʷ ʠʥʜʠʚʠʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ X, Z, V, ... 1-ʛʦ ʩʦʨʪʘ (ʙʳʪʴ ʤʦʞʝʪ, ʩ 

ʥʠʞʥʠʤʠ ʠʥʜʝʢʩʘʤʠ) ʠ ʢʦʥʩʪʘʥʪʳ ʉ, ʉ1, ʉ2, ..., ʷʚʣʷʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷʤʠ 

ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʦʙʲʝʢʪʦʚ ʠ ʧʦʜʦʙʲʝʢʪʦʚ X, Z, V ʠ ʪ.ʜ. ʉʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ 

(ʥʘʧʨʠʤʝʨ, ʵʬʬʝʢʪʳ ʧʦʚʝʜʝʥʠʷ ʩʫʙʲʝʢʪʦʚ) ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʠʥʜʠʚʠʜʥʳʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ 2-ʛʦ ʩʦʨʪʘ Y, U, W, ... (ʙʳʪʴ ʤʦʞʝʪ, ʩ ʥʠʞʥʠʤʠ ʠʥʜʝʢʩʘʤʠ) 

ʠ ʢʦʥʩʪʘʥʪʘʤʠ Q, Q1, Q2; ʧʘʨʘʤʝʪʨʳ ʩʠʪʫʘʮʠʠ ï ʧʝʨʝʤʝʥʥʳʤʠ S, S1,é, 

Sn,é ʠ ʢʦʥʩʪʘʥʪʘʤʠ 1S, S , ..., Sn   3-ʛʦ ʩʦʨʪʘ. 

ʇʫʩʪʴ U
(1)

 = {d1,é, 
1r

d } ï ʤʥʦʞʝʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʮʠʘʣʴʥʳʭ 

ʩʫʙʲʝʢʪʦʚ (ʦʧʠʩʘʥʠʝ ʩʦʮʠʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ 

ʙʠʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʠʯʥʦʩʪʠ), U
(2)

 = {a1,é, 
2r
ʘ } ï ʤʥʦʞʝʩʪʚʦ 

ʵʬʬʝʢʪʦʚ ʠʭ ʧʦʚʝʜʝʥʠʷ (ʜʝʡʩʪʚʠʡ ʠ ʫʩʪʘʥʦʚʦʢ), U
(3)

 = {s1,é, 
3r

s } ï 

ʚʥʝʰʥʠʝ (ʩʠʪʫʘʮʠʦʥʥʳʝ) ʬʘʢʪʦʨʳ. ʊʦʛʜʘ XÍ
)1(U2 , YÍ

)2(U2 , SÍ
)3(U2 , Bi = 

à
)(U2

i

, Å, U
(i)

, ½, Æ, Çð ï , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʫʣʝʚʳ ʘʣʛʝʙʨʳ, i = 1, 2, 3. ʄʳ 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʟʜʝʩʴ ʪʘʢʦʡ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʚʠʜ ʧʦʚʝʜʝʥʠʷ, ʢʘʢ ʤʥʝʥʠʝ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʢʦʥʲʶʥʢʮʠʠ, ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʨʝʩʧʦʥʜʝʥʪʦʤ 
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ʫʪʚʝʨʞʜʝʥʠʡ p1, é, pn, ʢʦʪʦʨʳʝ ʨʘʩʢʨʳʚʘʶʪ ʩʦʜʝʨʞʘʥʠʝ ʪʝʤʳ ʦʧʨʦʩʘ ʊ
*
 

[Finn et al., 2011] ʠ ʘʨʛʫʤʝʥʪʠʨʫʶʪ ʦʪʥʦʰʝʥʠʝ ʢ ʪʝʤʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʧʠʩʘʥʥʳʡ ʚ [ʌʠʥʥ ʠ ʜʨ., 2009] ʧʨʝʜʠʢʘʪ ʈ(X, S, Y) ï 

çʩʫʙʲʝʢʪ ʍ ʚ ʩʠʪʫʘʮʠʠ S ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʳ ʧʦʚʝʜʝʥʠʷ (ʤʥʝʥʠʝ) Yè. 

ɺ ʠʩʭʦʜʥʦʡ ʙʘʟʝ ʬʘʢʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʪʚʝʨʞʜʝʥʠʷ ʪʠʧʘ ñʚʳʩʢʘʟʳʚʘʥʠʝ 

çʩʫʙʲʝʢʪ C ʚ ʩʠʪʫʘʮʠʠ S  ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʳ ʧʦʚʝʜʝʥʠʷ Qè ʠʤʝʝʪ 

ʠʩʪʠʥʥʦʩʪʥʫʶ ʦʮʝʥʢʫ àn, nðò (Jàn, nðʈ(ʉ, S , Q)) ʚ ɼʉʄ-ʷʟʳʢʝ). ɿʜʝʩʴ nÍ{1, 

ï1, 0, t}, 1, ï1, 0, t ï ʪʠʧʳ ʠʩʪʠʥʥʦʩʪʥʳʭ ʟʥʘʯʝʥʠʡ çʬʘʢʪʠʯʝʩʢʘʷ ʠʩʪʠʥʘè, 

çʬʘʢʪʠʯʝʩʢʘʷ ʣʦʞʴè, çʬʘʢʪʠʯʝʩʢʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝè ʠ çʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴè, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, n ï ʥʦʤʝʨ ʰʘʛʘ ʚʳʯʠʩʣʝʥʠʡ, ʚʳʨʘʞʘʶʱʠʡ ʩʪʝʧʝʥʴ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠʩʪʠʥʥʦʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʚʳʩʢʘʟʳʚʘʥʠʷ Jàn, 0ðʈ(ʉ, S , Q) 

ʩʫʪʴ ʬʘʢʪʳ). Jàn,nðj = t, ʝʩʣʠ v[j] = àn, nð; Jàn,nðj = f, ʝʩʣʠ v[j]  ̧àn, nð, v[j] 

ʝʩʪʴ ʬʫʥʢʮʠʷ ʦʮʝʥʢʠ; àn, nð ʧʨʝʜʩʪʘʚʣʷʝʪ çʚʥʫʪʨʝʥʥʠʝè ʠʩʪʠʥʥʦʩʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʚ ʠ ʛʠʧʦʪʝʟ, t, f ï çʚʥʝʰʥʠʝè ʠʩʪʠʥʥʦʩʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʜʚʫʟʥʘʯʥʦʡ ʣʦʛʠʢʠ. 

ʇʨʝʜʠʢʘʪ ʧʨʠʯʠʥʥʦʩʪʠ ʧʦʨʦʞʜʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʨʢʠ 

ʚʳʧʦʣʥʠʤʦʩʪʠ ʧʨʝʜʠʢʘʪʘ ʩʭʦʜʩʪʚʘ 
s

naM , (V,W,S¡) (s = +, ï) ʠ ʧʨʠʥʠʤʘʝʪ 

ʚʠʜ R(àV, S¡ð, W) ï çʧʘʨʘ àʧʦʜʤʥʦʞʝʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʙʲʝʢʪʘ V ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʪʫʘʮʠʠ S¡ð ʝʩʪʴ ʧʨʠʯʠʥʘ ʤʥʦʞʝʩʪʚʘ ʵʬʬʝʢʪʦʚ 

ʧʦʚʝʜʝʥʠʷ Wè. ɺ ʩʣʫʯʘʝ ʘʥʘʣʠʟʘ ʤʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ ʜʣʷ 

ʠʥʜʫʢʪʠʚʥʦʛʦ ʧʦʨʦʞʜʝʥʠʷ ʧʨʠʯʠʥ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʝʜʠʢʘʪʘʤʠ 
s

R
#

(àV,S¡ð,W) ʠʣʠ 
ʨ

R
#

(V,àW,S¡ð), ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʜʠʢʘʪʳ 
s

na

s
M ,

#
(V,W,S¡) ʠʣʠ 

s

na

p
M ,

#
(V,W,S¡), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʠʣʠ ʠʭ ʫʩʠʣʝʥʠʷ), ʚʭʦʜʷʱʠʝ ʚ ʧʦʩʳʣʢʠ 

ʠʥʜʫʢʪʠʚʥʳʭ ʧʨʘʚʠʣ ʧʨʘʚʜʦʧʦʜʦʙʥʦʛʦ ʚʳʚʦʜʘ I ʨʦʜʘ. ʆʩʥʦʚʦʡ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʵʪʠʭ ʧʨʝʜʠʢʘʪʘʭ ʷʚʣʷʝʪʩʷ ʩʭʦʜʩʪʚʦ ʥʝ 

ʪʦʣʴʢʦ ʩʫʙʲʝʢʪʦʚ ʧʦʚʝʜʝʥʠʷ ʠ ʠʭ ʤʥʝʥʠʡ, ʥʦ ʠ ʩʠʪʫʘʮʠʠ ʧʨʦʷʚʣʝʥʠʷ ʵʪʠʭ 

ʤʥʝʥʠʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʫʯʝʥʥʳʝ ʛʠʧʦʪʝʟʳ ʦ ʧʨʠʯʠʥʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ/ʠʣʠ ʤʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʚʳʚʦʜʘ 

ʧʦ ʘʥʘʣʦʛʠʠ ï ʧʨʘʚʠʣ ʧʨʘʚʜʦʧʦʜʦʙʥʦʛʦ ʚʳʚʦʜʘ II  ʨʦʜʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʘʙʜʫʢʪʠʚʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʠʩʭʦʜʥʦʡ ɹʌ ʩ ʧʦʤʦʱʴʶ ʘʢʩʠʦʤ ʢʘʫʟʘʣʴʥʦʡ 

ʧʦʣʥʦʪʳ. 

ʇʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ ʤʝʪʦʜʳ ʩʭʦʜʩʪʚʘ ʦʪʣʠʯʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ 

ʚʳʷʚʣʝʥʠʷ ʢʘʫʟʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʇʨʷʤʦʡ ʤʝʪʦʜ ï ʘʥʘʣʠʟ çʦʪ ʧʨʠʯʠʥʳ 

ï ʢ ʩʣʝʜʩʪʚʠʶè, ʦʙʨʘʪʥʳʡ ï çʦʪ ʩʣʝʜʩʪʚʠʷ ï ʢ ʧʨʠʯʠʥʝè. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʭʦʜʩʪʚʦ ʚ ʧʨʷʤʦʤ ʤʝʪʦʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʯʝʨʧʳʚʘʶʱʠʤ ʤʥʦʞʝʩʪʚʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ, ʚ ʦʙʨʘʪʥʦʤ ï ʠʩʯʝʨʧʳʚʘʶʱʠʤ ʤʥʦʞʝʩʪʚʦʤ ʠʭ 

ʩʚʦʡʩʪʚ. ɺʚʝʜʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩʠʪʫʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʦʞʠʪʴ 
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ʤʦʜʠʬʠʢʘʮʠʠ ʫʩʣʦʚʠʷ ʠʩʯʝʨʧʳʚʘʝʤʦʩʪʠ ʚ ʧʨʝʜʠʢʘʪʘʭ ʩʭʦʜʩʪʚʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ, ʧʨʠ ʵʪʦʤ ʦʛʨʘʥʠʯʠʤʩʷ (+)-ʧʨʝʜʠʢʘʪʘʤʠ 

(ʜʣʷ (ï)-ʧʨʝʜʠʢʘʪʦʚ ʨʘʩʩʫʞʜʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳ). 

ʇʨʝʜʠʢʘʪ ʧʨʷʤʦʛʦ ʩʭʦʜʩʪʚʘ ʩ ʧʘʨʘʤʝʪʨʦʤ ʩʠʪʫʘʮʠʠ 
+

naM , (V,W,S¡) ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʜʬʦʨʤʫʣ ʚʢʣʶʯʘʝʪ ʵʢʟʠʩʪʝʥʮʠʘʣʴʥʦʝ ʫʩʣʦʚʠʝ (ʥʘʣʠʯʠʝ ʚ ɹʌ k 

ʧʨʠʤʝʨʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʮʝʥʢʦʡ ï ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ), ʫʩʣʦʚʠʝ ʩʭʦʜʩʪʚʘ ʵʪʠʭ ʧʨʠʤʝʨʦʚ ʠ ʵʤʧʠʨʠʯʝʩʢʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ (ʕɿ) ʩ ʫʩʣʦʚʠʝʤ ʠʩʯʝʨʧʳʚʘʝʤʦʩʪʠ, ʧʨʦʛʥʦʟʠʨʫʝʤʫʶ ʢʘʢ 

ʠʩʢʦʤʦʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ (çʧʦʜʦʙʲʝʢʪ V ʝʩʪʴ ʧʨʠʯʠʥʘ 

ʥʘʣʠʯʠʷ ʩʚʦʡʩʪʚ W ʚ ʩʠʪʫʘʮʠʠ S¡è). ʇʦʩʣʝʜʥʷʷ ʟʘʜʘʸʪʩʷ ʧʦʜʬʦʨʤʫʣʦʡ 

"X"Y"S((J(1,n)P(X,Y,S)&"U(J(1,n)P(X,U,S)­UÌY)&(VËX)&(S¡ÌS))­ 

(WÌY&W Å̧&(
k

i 1=

Ù(X=X i))), k²2, ʪ.ʝ. ʠʩʯʝʨʧʳʚʘʝʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ 

ʤʥʦʞʝʩʪʚʝ ʦʙʲʝʢʪʦʚ; ʩʭʦʜʩʪʚʦ V=X1ÆéÆXk, S¡=S1ÆéÆSk, V Å̧&S¡̧Å. 

ɺʦʟʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʨʝʜʠʢʘʪʦʚ 
+

naM , (V,W,S) ʠ 

+

naM , (V¡,W,S¡), ʛʜʝ VÆV¡=Å. ʇʨʠ ʵʪʦʤ ʚʘʨʠʘʥʪ ʘ) S= S¡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʣʫʯʘʶ, ʢʦʛʜʘ ʨʘʟʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʧʦʜʛʨʫʧʧʳ (ʦʙʲʝʜʠʥʸʥʥʳʝ ʩʭʦʜʩʪʚʦʤ 

ʤʥʦʞʝʩʪʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ V) ʜʝʡʩʪʚʫʶʪ ʦʜʠʥʘʢʦʚʦ. ʋʪʦʯʥʝʥʠʝ ʷʟʳʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ï ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢ 

ʧʨʠʤʝʨʫ, ï ʧʦʟʚʦʣʠʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʙʠʪʴʩʷ ʨʘʟʣʠʯʝʥʠʷ ʪʘʢʠʭ ʧʦʜʛʨʫʧʧ. 

ɺʘʨʠʘʥʪ ʙ) Ş S¡, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʟʥʳʝ ʧʦʜʛʨʫʧʧʳ ʜʝʡʩʪʚʫʶʪ ʦʜʠʥʘʢʦʚʦ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʜʦʤʠʥʠʨʫʶʱʝʤ 

ʢʘʫʟʘʣʴʥʦʤ ʚʣʠʷʥʠʠ ʠʤʝʥʥʦ ʚʥʝʰʥʠʭ ï ʩʠʪʫʘʮʠʦʥʥʳʭ ï ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʠ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʠʬʠʢʘʮʠʶ ʕɿ ʩ ʠʩʯʝʨʧʳʚʘʝʤʦʩʪʴʶ ʥʘ ʤʥʦʞʝʩʪʚʝ 

ʩʠʪʫʘʮʠʡ: 
k

i 1=

Ù(X=X i) ʟʘʤʝʥʷʝʪʩʷ ʥʘ 
k

i 1=

Ù(S=Si). ʇʫʩʪʴ ʧʨʠ ʵʪʦʤ ʚ 

ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʧʨʝʜʠʢʘʪʘʭ SÆS¡=Å. ʘ) V=V¡ ʬʘʢʪʠʯʝʩʢʠ ʦʟʥʘʯʘʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʩʠʪʫʘʮʠʠ ʥʘ ʧʦʚʝʜʝʥʠʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʂʘʫʟʘʣʴʥʳʡ 

ʘʥʘʣʠʟ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ, ʠʩʢʣʶʯʠʚ ʩʠʪʫʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʠʷ. ɽʩʣʠ ʞʝ ʙ) V V̧¡, ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʵʪʦʪ ʚʘʨʠʘʥʪ ʩʦʚʧʘʜʘʝʪ ʩ 

ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ ʚʘʨʠʘʥʪʦʤ ʙ) ʩ ʠʩʯʝʨʧʳʚʘʝʤʦʩʪʴʶ ʤʥʦʞʝʩʪʚʘ 

ʦʙʲʝʢʪʦʚ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʝʥ ʩʣʫʯʘʡ ʚ) ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʝʜʠʢʘʪʦʚ 
+

naM , (V,W,S) ʠ 
+

naM , (V,W¡,S¡) (Ş S¡, W W̧¡), ʢʦʛʜʘ ʦʜʥʦ ʠ ʪʦʞʝ 

ʤʥʦʞʝʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ V ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʢʘʢ ʤʥʦʞʝʩʪʚʘ ʩʚʦʡʩʪʚ 
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W, ʪʘʢ ʠ ʤʥʦʞʝʩʪʚʘ W¡, ʥʦ ʚ ʨʘʟʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʚʥʝʰʥʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʥʘ ʧʦʚʝʜʝʥʠʝ ʠ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʳʜʚʠʞʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʢʦʥʮʝʧʮʠʡ. 

ʆʙʨʘʪʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟʫʯʝʥʠʷ ʤʥʝʥʠʡ ï 

ʩʧʝʮʠʬʠʯʝʩʢʦʡ (ʥʝʘʢʪʠʚʥʦʡ) ʬʦʨʤʳ ʧʦʚʝʜʝʥʠʷ. ʆʛʨʘʥʠʯʠʤʩʷ ʟʜʝʩʴ (ʜʣʷ 

ʝʜʠʥʦʦʙʨʘʟʠʷ) ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʚʘʨʠʘʥʪʘ ʦʙʨʘʪʥʦʛʦ ʤʝʪʦʜʘ ʩ ʧʘʨʘʤʝʪʨʦʤ 

ʩʠʪʫʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʧʨʝʜʠʢʘʪʦʤ 
s

na

s
M ,

#
(V,W,S¡) (sÍ{+, ï}) ʠ 

ʧʦʨʦʞʜʘʶʱʝʛʦ ʛʠʧʦʪʝʟʳ ʦ ʧʨʠʯʠʥʘʭ ʚʠʜʘ J(n, n)
s

R
#

(àV, S¡ð, W) (nÍ{+1, ï1, 0}). 

ʇʨʝʜʠʢʘʪ ʦʙʨʘʪʥʦʛʦ ʩʭʦʜʩʪʚʘ ʩ ʧʘʨʘʤʝʪʨʦʤ ʩʠʪʫʘʮʠʠ 
+

na

s
M ,

#
(V,W,S¡) 

ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʵʢʟʠʩʪʝʥʮʠʘʣʴʥʦʝ ʫʩʣʦʚʠʝ, ʫʩʣʦʚʠʝ ʩʭʦʜʩʪʚʘ ʠ 

ʵʤʧʠʨʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (ʕɿ) ʩ ʫʩʣʦʚʠʝʤ ʠʩʯʝʨʧʳʚʘʝʤʦʩʪʠ (çʤʥʝʥʠʝ 

W ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʦʜʦʙʲʝʢʪʘ V ʠ ʬʨʘʛʤʝʥʪʦʤ ʩʠʪʫʘʮʠʠ S¡è), 

ʢʦʪʦʨʘʷ ʟʘʜʘʸʪʩʷ ʧʦʜʬʦʨʤʫʣʦʡ  

"X"Y"S((J(1,n)P(X,Y,S)&WÌY)­(S¡ÌS&VËX& (
k

i 1=

Ù(Y=Y i))), 

ʪ.ʝ. ʠʩʯʝʨʧʳʚʘʝʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ ʩʚʦʡʩʪʚ; ʩʭʦʜʩʪʚʦ 

W=Y1ÆéÆYk, V=X1ÆéÆXk, S¡=S1ÆéÆSk, W Å̧&V Å̧&S¡̧Å, k²2. 

ʇʫʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʝʜʠʢʘʪʳ 
+

na

s
M ,

#
(V,W,S) ʠ 

+

na

s
M ,

#

(V,W¡,S¡), WÆW¡=Å. ʇʘʨʘʜʦʢʩʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʘ) S=S¡ (çʩʦʮʠʫʤ ʧʦ-

ʨʘʟʥʦʤʫ ʚʝʜʸʪ ʩʝʙʷ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʠʪʫʘʮʠʠè) ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʪʫʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʪʨʝʙʫʝʪ ʝʛʦ 

ʧʝʨʝʩʤʦʪʨʘ. ɺʘʨʠʘʥʪ ʙ) Ş S¡ ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ 

ʚʘʨʠʘʥʪʦʤ ʚ) ʜʣʷ ʧʨʷʤʦʛʦ ʤʝʪʦʜʘ ʩ ʠʩʯʝʨʧʳʚʘʝʤʦʩʪʴʶ ʤʥʦʞʝʩʪʚʘ 

ʩʠʪʫʘʮʠʡ. 

2. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʠ ʨʝʘʣʴʥʳʝ ʛʠʧʦʪʝʟʳ 

ɺ [ɻʫʩʘʢʦʚʘ ʠ ʜʨ., 2016] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʣʫʯʘʷ (VÍ Å&S¡ = Å) 

ʟʘʤʳʢʘʥʠʷ ɻʘʣʫʘ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʢʘʨʪʦʡ àN, U; ɣð, ʧʦʨʦʞʜʘʶʪ ʚʩʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʛʠʧʦʪʝʟʳ ʜʣʷ ʜʘʥʥʦʡ ʙʘʟʳ ʬʘʢʪʦʚ. ɿʜʝʩʴ N ï ʤʥʦʞʝʩʪʚʦ 

ʠʤʝʥ (ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʥʦʤʝʨʘʤʠ) (s)-ʧʨʠʤʝʨʦʚ ʠʟ ʙʘʟʳ 

ʬʘʢʪʦʚ, U = U
(1)
³U

(2)
, ɣ ï ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ N ʠ U, ʩʦʧʦʩʪʘʚʣʷʶʱʝʝ 

ʢʘʞʜʦʤʫ ʧʨʠʤʝʨʫ ʠʟ ʙʘʟʳ ʬʘʢʪʦʚ ʩ ʠʤʝʥʝʤ (ʥʦʤʝʨʦʤ) n ʚʩʝ ʧʘʨʳ (u
(1)

 

Ĭu
(2)
) ʪʘʢʠʝ, ʯʪʦ u

(1)
ÍXn, u

(2)
)ÍYn ʠ ʠʤʝʝʪ ʤʝʩʪʦ Jàn, 0ðP(Xn, Å, Yn) (n = 1, 

s = +; n = ï1, s = ï). ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʛʠʧʦʪʝʟʳ, ʧʦʨʦʞʜʝʥʥʳʝ ʤʥʦʞʝʩʪʚʦʤ 

ʧʨʠʤʝʨʦʚ ʩ ʠʤʝʥʘʤʠ (ʥʦʤʝʨʘʤʠ) {n1,é, nk}, (ʩʤ. [ɻʫʩʘʢʦʚʘ ʠ ʜʨ., 2016]) ï 
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ʵʪʦ ʧʘʨʳ (V, W) ʪʘʢʠʝ, ʯʪʦ 
1

X n ÆéÆ knX  = V, 
1

Yn ÆéÆ knY = W, ʠ " 

Xm "Ym ((V Æ Xm Í V) Ù (W Æ Ym Í W) & (m Î { n1,é, nk})). 

ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʛʠʧʦʪʝʟʳ ï ʵʪʦ ʣʠʙʦ ʛʠʧʦʪʝʟʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʷʤʳʤ ʠʣʠ 

ʦʙʨʘʪʥʳʤ ʤʝʪʦʜʦʤ ʩʭʦʜʩʪʚʘ, ʣʠʙʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʦʙʱʝ 

ʛʠʧʦʪʝʟʘʤʠ ʥʝ ʷʚʣʷʶʱʠʝʩʷ. ʄʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʜʦʢʘʟʘʥʳ 

ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʩʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʛʠʧʦʪʝʟʳ ʦʢʘʟʳʚʘʶʪʩʷ 

ʨʝʘʣʴʥʳʤʠ ʛʠʧʦʪʝʟʘʤʠ ʢʘʢ ʧʨʷʤʦʛʦ, ʪʘʢ ʠ ʦʙʨʘʪʥʦʛʦ ʤʝʪʦʜʦʚ ʩʭʦʜʩʪʚʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʨʪʫ àN, U; ɣð. ɿʜʝʩʴ N ï ʤʥʦʞʝʩʪʚʦ ʠʤʝʥ ʧʨʠʤʝʨʦʚ ʠʟ 

ʙʘʟʳ ʬʘʢʪʦʚ., U = U
(1)
ĬU

(2)
ĬU

(3)
, ʛʜʝ U

(1) 
ï ʤʥʦʞʝʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, U

(2)
 ï 

ʤʥʦʞʝʩʪʚʦ ʩʠʪʫʘʮʠʡ, U
(3) 
ï ʤʥʦʞʝʩʪʚʦ ʩʚʦʡʩʪʚ, ɣ(n) = (u

(1)
 Ĭ u

(2)
 Ĭu

(3)
),

 

u
(1)
ÍX, u

(2)
ÍS, u

(3)
ÍY,

 
ʠ ʠʤʝʝʪ ʤʝʩʪʦ Jà1, 0ðP(X,S,Y), ʧʨʠʯʝʤ, ʵʪʦʪ ʧʨʠʤʝʨ 

ʠʤʝʝʪ ʠʤʷ n ʠ X Í Å, S Í Å. 

ɼʣʷ ʣʶʙʦʛʦ Nǋ ï ʧʦʜʤʥʦʞʝʩʪʚʘ ʠʤʝʥ ʠʟ N ʦʪʦʙʨʘʞʝʥʠʷ F(Nǋ) = ɣ(n1) ž 

é ž ɣ(nk), {n1,é, nk}Ì Nǋ ʠ G(Uǋ) = ɣ
ï1

(u1) ž é ž ɣ
ï1

(um),  UǋÌ U, {u1,é, 

um}Ì Uǋ  ʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ɻʘʣʫʘ (ʩʤ. [ʈʠʛʝ, 1963]), ʘ ʦʪʦʙʨʘʞʝʥʠʷ  

GF ʠ FG ï ʦʧʝʨʘʪʦʨʳ ʟʘʤʳʢʘʥʠʷ ʥʘ ʤʥʦʞʝʩʪʚʘʭ 2
N
 ʠ 2

U
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋʪʚʝʨʞʜʝʥʠʝ. ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʟʘʤʢʥʫʪʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʝʨʘʪʦʨʘ GF 

ʧʦʜʤʥʦʞʝʩʪʚ ʤʥʦʞʝʩʪʚʘ N, ʤʦʱʥʦʩʪʠ ʙʦʣʴʰʝ ʣʠʙʦ ʨʘʚʥʦʡ ʜʚʫʤ, 

ʧʦʨʦʞʜʘʝʪ ʚʩʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʛʠʧʦʪʝʟʳ ʚ ʙʘʟʝ ʬʘʢʪʦʚ {àX, S, Yð | 

Jà1,0ð(P(X, S, Y))}.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ GF({ n1,é, nk}) = { n1,é, nk} ʠ kÓ2.  ʊʦʛʜʘ 

F{ n1,é, nk}= ž ɣ(ni) = U¡Í Å, i = 1,é, k. G(U¡) = ž ɣ
ï1

 (uǋ) ={n1,é, nk},  

uǋÍUǋ. ʇʦʩʢʦʣʴʢʫ Uǋ = Uǋ
 (1)
ĬUǋ

 (2)
Ĭ Uǋ

 (3) 
ʦʯʝʚʠʜʥʦ, ʯʪʦ ž ɣ (ni)/ Uǋ

 (1)
 Í Å, ʠ 

ž ɣ (ni)/ Uǋ
 (2)

 Í Å, ʠ ž ɣ (ni)/ Uǋ
 (3)

 Í Å. ɿʜʝʩʴ ɣ (ni)/ Uǋ
 (1)

 ï ʧʨʦʝʢʮʠʷ ɣ (ni) 

ʥʘ Uǋ
(1)
,  ɣ (ni) / Uǋ

 (2)
 ï ʧʨʦʝʢʮʠʷ ɣ (ni) ʥʘ Uǋ

 (2)
, ɣ (ni) / Uǋ

 (3)
 ï ʧʨʦʝʢʮʠʷ ɣ 

(ni) ʥʘ Uǋ
 (3)

. 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ $(u
(1)

 Ĭu
(2)

 Ĭu
(3)

) [((u
(1)

 Ĭu
(2)

 Ĭu
(3)

) Í ɣ (nm)) & 

(žɣ (ni)/ Uǋ
 (1)

 ž u
(1) 
= žɣ (ni)/ Uǋ

 (1)
)  & (ž ɣ (ni)/ Uǋ

 (2)
 ž u

(2)
 = ž ɣ (ni)/ Uǋ

 (2)
)  

& (ž ɣ (ni)/ Uǋ
 (3)

 ž u
(3)

 = ž ɣ (ni)/ Uǋ
 (3)

) & ×(nmÍ{ n1,é, nk}), ʪʦ (u
(1)

 Ĭu
(2)

 

Ĭu
(3)

)ÍUǋ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, GR(Uǋ)=žɣ
ï1

(uǋ)={n1,é, nk, nm}Í{n1,é, nk},  

uǋÍUǋ. ʅʘʣʠʯʠʝ ʪʘʢʦʛʦ ʧʨʠʤʝʨʘ ʚ ʙʘʟʝ ʬʘʢʪʦʚ ʧʨʦʪʠʚʦʨʝʯʠʣʦ ʙʳ 

ʟʘʤʢʥʫʪʦʩʪʠ {n1,é, nk}. ɿʥʘʯʠʪ ʧʨʠʤʝʨʳ ʩ ʥʦʤʝʨʘʤʠ n1,é, nk ʧʦʨʦʞʜʘʶʪ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʛʠʧʦʪʝʟʫ. ʊʝʣʦ ʵʪʦʡ ʛʠʧʦʪʝʟʳ, ʟʘʜʘʚʘʝʤʦʝ F{ n1,é, nk} 

ʟʘʤʢʥʫʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʝʨʘʪʦʨʘ FĀG ʧʦ ʩʚʦʡʩʪʚʫ ʩʦʦʪʚʝʪʩʪʚʠʷ ɻʘʣʫʘ. 

ʇʫʩʪʴ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʩ ʠʤʝʥʘʤʠ {n1,é, nk} ʧʦʨʦʞʜʘʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʛʠʧʦʪʝʟʫ. ʊʦʛʜʘ ((
1

X n ÆéÆ knX ) = C Í Å, (
1

Sn ÆéÆ knS ) 

= S  Í Å) (
1

Yn ÆéÆ knY ) = Q Í Å) &" Jà1,0ð P(Xm, Sm,Ym) (((C Æ Xm Í C) Ù 
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( S  Æ Sm Í S ) Ù (Q Æ Ym Í Q)&(m Î { n1,é, nk})). ʕʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʢʘʢ: (žɣ (ni)/Uǋ
 (1)

 = C) & (žɣ (ni)/Uǋ
 (2)

 = S) & (žɣ (ni)/Uǋ
 (3)

 = Q) ʠʣʠ 

F{ n1,é, nk}= (C³S³Q). ʇʦ ʩʚʦʡʩʪʚʫ ʩʦʦʪʚʝʪʩʪʚʠʷ ɻʘʣʫʘ (C³S³W) ï 

ʟʘʤʢʥʫʪʦʝ ʤʥʦʞʝʩʪʚʦ ʠ GĀF{ n1,é, nk}= G (C³S³Q) ʪʦʞʝ ʟʘʤʢʥʫʪʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʩ ʠʤʝʥʘʤʠ (ʥʦʤʝʨʘʤʠ){n1,é, nk}, 

ʧʦʨʦʞʜʘʶʱʠʭ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʛʠʧʦʪʝʟʫ Jà1,1ð R(àC, Sð,Q). ʅʘʧʦʤʥʠʤ, ʯʪʦ 

ʛʠʧʦʪʝʟʘ Jà1,n+1ðR(àV,Wð,S) ʧʦʨʦʞʜʘʝʪʩʷ, ʝʩʣʠ ʠʤʝʝʪ ʤʝʩʪʦ 
+

naM , (V,W,S)&×

-

naM , (V,W,S) (ʩʠʤʤʝʪʨʠʯʥʦ ʜʣʷ (ï)-ʛʠʧʦʪʝʟ; ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʤʝʪʦʜʘ 

ʘʥʘʣʦʛʠʯʥʦ). 

ɽʩʣʠ "Jà1,0ð P(Xm,Sm,Ym) ʠʤʝʝʪ ʤʝʩʪʦ (C ž Xm) Í C, ×(m Í{ n1,é, nk}, ʪʦ 

Jà1,1ðR(àC, Sð,Q) ï ʨʝʘʣʴʥʘʷ ʛʠʧʦʪʝʟʘ ʧʨʷʤʦʛʦ ʤʝʪʦʜʘ ʩʭʦʜʩʪʚʘ ʩ 

ʧʘʨʘʤʝʪʨʦʤ ʩʠʪʫʘʮʠʠ. 

ɽʩʣʠ "Jà1,0ð P(Xm,Sm,Ym) ʠʤʝʝʪ ʤʝʩʪʦ (Sž Sm) Í S , ʪʦ Jà1,1ð R(àC, Sð,Q) ï 

ʨʝʘʣʴʥʘʷ ʛʠʧʦʪʝʟʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩʭʦʜʩʪʚʘ c ʧʘʨʘʤʝʪʨʦʤ 

ʩʠʪʫʘʮʠʠ ʠ ʠʩʯʝʨʧʳʚʘʝʤʦʩʪʴʶ ʥʘ ʤʥʦʞʝʩʪʚʝ ʩʠʪʫʘʮʠʡ. 

ɽʩʣʠ "Jà1,0ð P(Xm,Sm,Ym) ʠʤʝʝʪ ʤʝʩʪʦ (QžYm) Í Q)), ʪʦ Jà1,1ð
s

R
#

(àC, Sð,Q) ï 

ʨʝʘʣʴʥʘʷ ʛʠʧʦʪʝʟʘ, ʧʦʣʫʯʝʥʥʘʷ ʦʙʨʘʪʥʳʤ ʤʝʪʦʜʦʤ ʩʭʦʜʩʪʚʘ c ʧʘʨʘʤʝʪʨʦʤ 

ʩʠʪʫʘʮʠʠ. 

ɽʩʣʠ ʞʝ ʚ ʙʘʟʝ ʬʘʢʪʦʚ ʝʩʪʴ ʧʨʠʤʝʨʳ ʩ ʠʤʝʥʘʤʠ (ʥʦʤʝʨʘʤʠ) nk+1, nk+2: 

Jà1,0ðP(Xk+1,Sk+1,Yk+1), Jà1,0ðP(Xk+2,Sk+2,Yk+2) ʪʘʢʠʝ, ʯʪʦ Xk+1žC=C, Sk+1žS =

S , Yk+1žQ = Å; Xk+2žC = Å, Sk+2žS = Å, Yk+2žQ = Q, ʪʦ 

ʠʩʯʝʨʧʳʚʘʝʤʦʩʪʴ ʜʣʷ ʧʨʠʤʝʨʦʚ ʩ ʥʦʤʝʨʘʤʠ {n1,é, nk} ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʥʠ 

ʚ ʦʜʥʦʤ ʠʟ ʚʘʨʠʘʥʪʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, Jà1,0ðR(àC, Sð,Q) ʨʝʘʣʴʥʦʡ 

ʛʠʧʦʪʝʟʦʡ ʥʝ ʷʚʣʷʝʪʩʷ ʥʠ ʜʣʷ ʧʨʷʤʦʛʦ, ʥʠ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʤʝʪʦʜʘ ʩʭʦʜʩʪʚʘ. 

ʇʨʠʤʝʨ Jà1,0ðP(Xk+1,Sk+1,Yk+1) ʦʢʘʟʳʚʘʝʪʩʷ ʢʦʥʪʨʧʨʠʤʝʨʦʤ ʜʣʷ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʩʣʝʜʩʪʚʠʷ, ʘ ʧʨʠʤʝʨ Jà1,0ðP(Xk+2,Sk+2,Yk+2) ï ʢʦʥʪʧʨʠʤʝʨʦʤ 

ʜʣʷ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʧʨʠʯʠʥʳ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ ʪʝʨʤʠʥ 

çʢʦʥʪʨʧʨʠʤʝʨè ʚ ɼʉʄ-ʤʝʪʦʜʝ ʠʤʝʝʪ ʫʩʪʦʷʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ: ʵʪʦ ʧʨʠʤʝʨ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʬʨʘʛʤʝʥʪʫ ɹʌ) ʟʥʘʢʘ. 

ɿʜʝʩʴ ʞʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʵʪʦʪ ʪʝʨʤʠʥ ʨʘʩʰʠʨʠʪʝʣʴʥʦ: ʵʪʦ ʧʨʠʤʝʨ, 

ʦʧʨʦʚʝʨʛʘʶʱʠʡ ʥʝʢʦʪʦʨʦʝ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʧʦʥʠʤʘʥʠʶ ʪʝʨʤʠʥʘ. 

ɽʩʣʠ Jà1,1ðR(àC, Sð,Q) ï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʛʠʧʦʪʝʟʘ ʠ ʚ ʙʘʟʝ ʬʘʢʪʦʚ ʝʩʪʴ 

ʧʨʠʤʝʨ Jà1,0ðP(Xm,Sm,Ym) ʠ XmžC=Å, SmžS = S , YmžQ=Q, ×(mÍ{n1,é, nk},  

ʵʪʦʪ ʧʨʠʤʝʨ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʧʨʠʤʝʨʦʤ ʜʣʷ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʧʨʠʯʠʥʳ ʧʨʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʠʢʘʪʘ ʩʭʦʜʩʪʚʘ ʧʨʷʤʦʛʦ ʤʝʪʦʜʘ 
+

naM , (V,W,S). 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʛʠʧʦʪʝʟʘ Jà1,1ðR(àC, Sð,Q) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʛʠʧʦʪʝʟʦʡ 

ʜʣʷ ʵʪʦʛʦ ʧʨʝʜʠʢʘʪʘ, ʥʦ ʜʣʷ ʧʨʝʜʠʢʘʪʘ ʦʙʨʘʪʥʦʛʦ ʤʝʪʦʜʘ 
+

na

s
M ,

#
(V,W,S) 

ʛʠʧʦʪʝʟʦʡ ʥʝ ʙʫʜʝʪ. ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʦʥʪʨʧʨʠʤʝʨʳ ʜʣʷ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʧʨʠʯʠʥʳ ʠ ʩʣʝʜʩʪʚʠʷ ʚʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ 

ʚʘʨʠʘʥʪʘʭ. ɼʣʷ ʩʦʚʧʘʜʝʥʠʷ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʤʝʪʦʜʦʚ ʩʭʦʜʩʪʚʘ ʚ 

ʣʶʙʳʭ ʚʘʨʠʘʥʪʘʭ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʧʨʠʯʠʥʳ 

(ʠ ʟʘʧʨʝʪʘ ʥʘ ʢʦʥʪʨʧʨʠʤʝʨ ʜʣʷ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʧʨʠʯʠʥʳ) ʠ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʩʣʝʜʩʪʚʠʷ (ʠ ʟʘʧʨʝʪʘ ʥʘ ʢʦʥʪʨʧʨʠʤʝʨ ʜʣʷ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ 

ʩʣʝʜʩʪʚʠʷ) ʜʣʷ ʣʶʙʦʛʦ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʚʘʨʠʘʥʪʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʧʠʩʘʥʥʳʡ ʬʦʨʤʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʠ ʨʝʘʣʴʥʳʤʠ ʛʠʧʦʪʝʟʘʤʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ (ʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʣʫʞʠʪ ï ʩʤ. [ɺʦʣʢʦʚʘ, 2011]) ʦʩʥʦʚʦʡ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʝʧʨʦʮʝʩʩʠʥʛ ʠʩʭʦʜʥʳʭ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ɹʌ) ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʩʨʝʜʩʪʚʘʤʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʊʘʢʦʡ ʧʨʝʧʨʦʮʝʩʩʠʥʛ ʧʦʟʚʦʣʷʝʪ ʚ 

ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʧʘʨʪʥʸʨʩʢʦʡ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʡ ʩʠʩʪʝʤʳ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʝʬʣʝʢʩʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʷ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ï ʩʦʮʠʦʣʦʛʘ) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʜʝʢʚʘʪʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ ʠ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʢʘʫʟʘʣʴʥʦʛʦ ʚʳʥʫʞʜʝʥʠʷ. 

ɺʳʷʚʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʪʘʢʦʡ ʧʘʨʪʥʸʨʩʢʦʡ ʩʠʩʪʝʤʳ ʢʘʫʟʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ï ʜʝʪʝʨʤʠʥʘʮʠʠ ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ï ʩʪʘʥʦʚʷʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʪʠʧʦʣʦʛʠʟʘʮʠʠ ʩʦʮʠʫʤʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩ ʜʦʩʪʘʪʦʯʥʳʤ 

ʦʩʥʦʚʘʥʠʝʤ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʦʥʷʪʠʡ, ʪ.ʝ. 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [ʌʠʥʥ, 2015]. ʕʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, 

ʨʝʘʣʠʟʫʶʱʠʭ ɼʉʄ-ʤʝʪʦʜ, ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ 

ʘʥʘʣʠʟʘ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [Lewins et al., 2014]. 
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ɸʅɸʃʀɿ ʀ ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʆɺ ʆɹʋʏɽʅʀʗ  

ʉ ʇʆɼʂʈɽʇʃɽʅʀɽʄ ʅɸ ʆʉʅʆɺɽ ʊɽʄʇʆʈɸʃʔʅʓʍ 

ʈɸɿʃʀʏʀʁ ɼʃʗ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ ʉʀʉʊɽʄ 

ʈɽɸʃʔʅʆɻʆ ɺʈɽʄɽʅʀ
1
 

ɸ.ʇ. ɽʨʝʤʝʝʚ (eremeev@appmat.ru) 

ɸ.ɸ. ʂʦʞʫʭʦʚ (saaanchezzz@yandex.ru) 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè, ʄʦʩʢʚʘ 

ɺ ʜʦʢʣʘʜʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ 

ʥʘ ʦʩʥʦʚʝ ʚʨʝʤʝʥʥʳʭ (ʪʝʤʧʦʨʘʣʴʥʳʭ) ʨʘʟʣʠʯʠʡ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʛʨʘʮʠʠ ʚ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʫʶ ʩʨʝʜʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠ-

ʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʝʤʠʦʪʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ʦʪʢʨʳʪʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤʥʳʭ/ʧʨʝʜ-

ʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠ-

ʩʪʝʤʘ, ʨʝʘʣʴʥʦʝ ʚʨʝʤʷ, ʦʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ, ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʝ, ʧʦʜʜʝʨʞʢʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ɺʚʝʜʝʥʠʝ 

ʄʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ (reinforcement learning, RL) [ʉʘʪ-

ʪʦʥ ʠ ʜʨ., 2011] ï ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʤʳʭ ʦʙʣʘʩʪʝʡ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʩʦʟʜʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʀʉ ʈɺ), ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʀʉ-

ʇʇʈ ʈɺ) [ɺʘʛʠʥ ʠ ʜʨ., 2001]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚ ʧʣʘʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʀʉ ʈɺ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʣʘʩʩʫ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ [ʈʳʙʠʥʘ ʠ 

ʜʨ., 2011; ʆʩʠʧʦʚ, 2015], ʷʚʣʷʝʪʩʷ ʦʙʫʯʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʪʝʤʧʦʨʘʣʴʥʳʭ ʨʘʟ-

ʣʠʯʠʡ (temporal-difference, TD) [ʉʘʪʪʦʥ ʠ ʜʨ., 2011], ʢʦʛʜʘ ʧʨʦʮʝʩʩ ʦʙʫʯʝ-

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉˉ 14-01-00427, 

16-51-00058) ʠ ʧʨʦʝʢʪʘ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ˉ2.737.2014/ʂ. 
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ʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʣʫʯʘʝʤʦʤ ʦʧʳʪʝ ʙʝʟ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʳʭ ʟʥʘʥʠʡ ʦ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. TD-ʤʝʪʦʜʳ ʦʙ-

ʥʦʚʣʷʶʪ ʨʘʩʯʝʪʥʳʝ ʦʮʝʥʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʦʪʯʘʩʪʠ ʥʘ ʜʨʫʛʠʭ ʧʦʣʫʯʝʥʥʳʭ 

ʦʮʝʥʢʘʭ, ʥʝ ʜʦʞʠʜʘʷʩʴ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʪ.ʝ. ʷʚʣʷʶʪʩʷ ʩʘʤʦʥʘ-

ʩʪʨʘʠʚʘʝʤʳʤʠ. ʇʦʩʣʝʜʥʝʝ ʩʚʦʡʩʪʚʦ ʚʝʩʴʤʘ ʚʘʞʥʦ ʜʣʷ ʀʉ ʩʝʤʠʦʪʠʯʝʩʢʦʛʦ 

ʪʠʧʘ, ʩʧʦʩʦʙʥʳʭ ʢ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʫʧʨʘʚʣʷʝʤʦʤ ʦʙʲʝʢʪʝ ʠ/ʠʣʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʀʉ ʩʝʤʠʦʪʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʧʨʝʜʩʪʘʚʠʪʝ-

ʣʷʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʀʉʇʇʈ ʈɺ [ɺʘʛʠʥ ʠ ʜʨ., 2015], ʚʘʞʥʦʝ ʚʥʠʤʘʥʠʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʫʜʝʣʝʥʦ ʪʘʢʞʝ ʩʨʝʜʩʪʚʘʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʩʠʪʫʘ-

ʮʠʠ ʥʘ ʦʙʲʝʢʪʝ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ, ʵʢʩʧʝʨʪʥʳʤ ʤʝʪʦ-

ʜʘʤ ʠ ʩʨʝʜʩʪʚʘʤ ʦʙʫʯʝʥʠʷ [ɺʘʨʰʘʚʩʢʠʡ ʠ ʜʨ., 2015]. ʕʪʠ ʩʨʝʜʩʪʚʘ ʥʝʦʙʭʦ-

ʜʠʤʳ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʘʜʘʧʪʘʮʠʠ ʀʉʇʇʈ ʈɺ ʢ ʠʟʤʝʥʝʥʠʷʤ ʥʘ ʦʙʲʝʢʪʝ 

ʠ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʫʣʫʯ-

ʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ. 

ɼʘʣʝʝ ʙʫʜʝʪ ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʨʷʜʘ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ, 

ʦʩʦʙʝʥʥʦ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʤʧʦʨʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ, ʚ ʧʣʘʥʝ ʠʭ ʧʦʩʣʝ-

ʜʫʶʱʝʡ ʠʥʪʝʛʨʘʮʠʠ ʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ ʩʨʝʜʫ ʜʣʷ ʀʉ ʈɺ (ʀʉʇʇʈ ʈɺ). 

1. ʄʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ  

ʥʘ ʦʩʥʦʚʝ ʪʝʤʧʦʨʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ 

ɹʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʙʘʟʫ ʜʘʥ-

ʥʳʭ ʀʉ ʈɺ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ, ʦʙʲ-

ʝʢʪʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʚʷʟʘʥʘ ʚ ʦʩʥʦʚʥʦʤ ʩ ʦʰʠʙʦʯʥʦʡ ʨʘʙʦʪʦʡ ʜʘʪ-

ʯʠʢʦʚ (ʩʝʥʩʦʨʦʚ) ʠʣʠ ʦʰʠʙʢʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʧʝʨʘʪʠʚʥʦ-

ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ (ʣʠʮ, ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʷ, ʃʇʈ. ɺ ʬʫʥʢʮʠʠ 

RL-ʦʙʫʯʝʥʠʷ ʚʭʦʜʠʪ ʘʜʘʧʪʘʮʠʷ ʥʝʤʘʨʢʦʚʩʢʦʡ ʤʦʜʝʣʠ ʢ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠ-

ʪʫʘʮʠʠ ʟʘ ʩʯʝʪ ʘʥʘʣʠʟʘ ʧʨʝʜʳʩʪʦʨʠʠ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʧʦʚʳ-

ʰʝʥʠʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʘ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ) [ʉʘʪʪʦʥ ʠ ʜʨ., 

2011; ɽʨʝʤʝʝʚ ʠ ʜʨ., 2008]. 

ɺ RL-ʦʙʫʯʝʥʠʠ ʤʦʜʫʣʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʥʳʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʠ ʘʥʘʣʠʟʘ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ (ʬʫʥʢ-

ʮʠʠ ʧʣʘʪʝʞʘ) ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʥʘʟʳʚʘʝʪʩʷ 

ʘʛʝʥʪʦʤ. ɿʘʜʘʯʝʡ ʘʛʝʥʪʘ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʦʧʪʠ-

ʤʘʣʴʥʦʡ (ʜʣʷ ʤʘʨʢʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ) ʠʣʠ ʜʦʧʫʩʪʠʤʦʡ (ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴ-

ʥʦʡ, ʝʩʣʠ ʧʨʦʮʝʩʩ ʥʝ ʷʚʣʷʝʪʩʷ ʤʘʨʢʦʚʩʢʠʤ), ʩʪʨʘʪʝʛʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʥʘʟʳʚʘʝʤʦʡ ʪʘʢʞʝ ʧʦʣʠʪʠʢʦʡ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʛʝʥʪ ʜʦʣʞʝʥ ʫʤʝʪʴ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʫʪʝʡ ʦʙʫʯʝʥʠʷ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʥʘʢʦʧʣʝʥʥʳʡ 

ʦʧʪr ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺ RL-ʦʙʫʯʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

çʘʛʝʥʪ-ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè ʤʦʜʝʣʠʨʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʦʣʣʝʨʘ, ʩʚʷ-

ʟʳʚʘʶʱʝʛʦ ʀʉ ʠ ʩʨʝʜʫ.  
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ʎʝʣʴʶ RL-ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʞʠʜʘʝʤʘʷ ʚʳʛʦʜʘ Ὑȟ ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ, ʢʘʢ ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ, ʟʘʜʘʥʥʘʷ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʦʟʥʘʛʨʘʞʜʝʥʠʡ: 

Ὑ  ὶ ὶ Ễ  ὶ  , 

ʛʜʝ Ὕ ï ʟʘʚʝʨʰʘʶʱʠʡ ʚʨʝʤʝʥʥʦʡ ʰʘʛ, ὶ ï ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ ʥʘ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ὸ. 
ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʤ ʚ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ, ʢʦʛʜʘ ʟʘʚʝʨʰʘʶʱʠʡ 

ʰʘʛ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʧʨʠʨʦʜʳ ʨʝʰʘʝ-

ʤʦʡ ʟʘʜʘʯʠ, ʪ.ʝ. ʢʦʛʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʛʝʥʪ-ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʤʦʞʥʦ 

ʨʘʟʙʠʪʴ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʘʟʳʚʘʝʤʳʝ ʵʧʠʟʦʜʘʤʠ. 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʘʛʝʥʪ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʧʘʤʷʪʴʶ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʝʜʳʩʪʦʨʠʠ. ʇʨʠ ʵʪʦʤ 

ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʲʝʤʦʤ ʜʦʩʪʫʧʥʦʡ ʘʛʝʥʪʫ ʠʥʬʦʨʤʘ-

ʮʠʠ ʦ ʧʨʦʰʣʦʤ, ʩ ʟʘʧʦʤʠʥʘʥʠʝʤ, ʭʨʘʥʝʥʠʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʩʪʫʧʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʪ.ʜ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʘʛʝʥʪ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʢʦʣʴʟʷʱʝʝ ʦʢʥʦ ʜʣʷ ʠʩʪʦʨʠʠ (ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʤʝʪʦʜ) ʠʣʠ ʩʪʨʦʠʪʴ ʟʘʚʠ-

ʩʷʱʫʶ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʨʦʛʥʦʟʥʫʶ ʤʦʜʝʣʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʄʦʞʝʪ ʧʨʠ-

ʤʝʥʷʪʴʩʷ ʢʦʤʙʠʥʘʮʠʷ ʵʪʠʭ ʧʦʜʭʦʜʦʚ, ʢʦʛʜʘ ʘʛʝʥʪ ʘʥʘʣʠʟʠʨʫʝʪ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʫʶ ʢ ʧʨʝʜʳʩʪʦʨʠʠ ʧʦʣʠʪʠʢʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʦʙʫʯʝʥʠʠ.  

ʈʘʩʩʤʦʪʨʠʤ RL-ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʪʝʤʧʦʨʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ (TD-ʤʝʪʦʜʳ) ʚ 

ʧʣʘʥʝ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʀʉ ʈɺ [ʉʘʪʪʦʥ ʠ ʜʨ., 2011; ɽʨʝʤʝʝʚ ʠ ʜʨ., 2008, 2009].  

TD-ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʠʤʝʶʱʠʡʩʷ 

ʦʧʳʪ. ʇʨʠ ʥʘʣʠʯʠʠ ʥʝʢʦʪʦʨʦʛʦ ʦʧʳʪʘ ʩʣʝʜʦʚʘʥʠʷ ʩʪʨʘʪʝʛʠʠ “, TD-ʤʝʪʦʜʳ 

ʢʦʨʨʝʢʪʠʨʫʶʪ ʩʚʦʠ ʦʮʝʥʢʠ ὠ ʬʫʥʢʮʠʠ ὠ. ɽʩʣʠ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʩʝʱʝʥʠʝ 
ʥʝʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ  Ὓ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʪʦ ʤʝʪʦʜʳ ʢʦʨʨʝʢʪʠʨʫ-

ʶʪ ʩʚʦʠ ʦʮʝʥʢʠ ὠὛ , ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʦʤ, ʯʪʦ ʩʣʫʯʠʣʦʩʴ ʧʦʩʣʝ ʵʪʦʛʦ ʧʦ-

ʩʝʱʝʥʠʷ, ʪ.ʝ. ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʞʜʘʪʴʩʷ ʪʦʣʴʢʦ ʩʣʝ-

ʜʫʶʱʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t+1 ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʮʝʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʦʮʝʥʢʠ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʢʦʨʨʝʢʪʠʨʦʚ-

ʢʘ ʩ ʫʯʝʪʦʤ ʫʞʝ ʠʤʝʶʱʝʛʦʩʷ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ὶ  ʠ ʦʮʝʥʢʠ ὠὛ Ȣ  
ɼʣʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʛʦ TD-ʤʝʪʦʜʘ (ʤʝʪʦʜʘ TD(0)): 

ὠ ᴺὠὛ  ‌ὶ ‎ὠὛ ὠὛ , 

ʛʜʝ ‎ ï ʮʝʥʥʦʩʪʴ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

ʇʨʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʮʝʣʴʶ ʙʫʜʝʪ ʚʝʣʠʯʠʥʘ ὶ ‎ὠὛ Ȣ ʊʘʢ ʢʘʢ ʚ 
ʩʚʦʠʭ ʢʦʨʨʝʢʪʠʨʦʚʢʘʭ TD-ʤʝʪʦʜ ʯʘʩʪʠʯʥʦ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʫʱʝʩʪʚʫʶ-

ʱʠʭ ʦʮʝʥʢʘʭ, ʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʤʩʷ. ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫ-

ʱʝʩʪʚ TD-ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ ʟʥʘʥʠʷ ʤʦʜʝʣʠ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʝʝ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷʤʠ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʧʦʩʣʝʜʫʶʱʠʭ ʩʦʩʪʦʷʥʠʡ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʘ ʦʩʥʦʚʝ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʤʝʪʦʜʘ 

ʄʦʥʪʝ-ʂʘʨʣʦ (ʄʂ), ʢʘʞʜʳʡ ʨʘʟ ʥʝʦʙʭʦʜʠʤʦ ʞʜʘʪʴ ʟʘʚʝʨʰʝʥʠʷ ʵʧʠʟʦʜʘ, ʪʘʢ 

ʢʘʢ ʪʦʣʴʢʦ ʪʦʛʜʘ ʩʪʘʥʦʚʠʪʩʷ ʠʟʚʝʩʪʥʘ ʚʳʛʦʜʘ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
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TD-ʤʝʪʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʦʞʜʘʪʴʩʷ ʣʠʰʴ ʩʣʝʜʫʶʱʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ. ɼʘʥ-

ʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʯʘʩʪʦ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʀʉ ʈɺ, 

ʪʘʢ ʢʘʢ ʚ ʥʝʢʦʪʦʨʳʭ ʩʠʪʫʘʮʠʷʭ ʵʧʠʟʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʥʘʩʪʦʣʴʢʦ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʳʤʠ, ʯʪʦ ʟʘʜʝʨʞʢʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʟʘʚʝʨ-

ʰʝʥʠʷ ʵʧʠʟʦʜʦʚ, ʙʫʜʫʪ ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ. ɺʦʟʤʦʞʥʳ ʪʘʢʞʝ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ 

ʚʦʟʥʠʢʘʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʟʘʜʘʯʠ, ʘ ʵʧʠʟʦʜʳ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢ ʪʘʢʦʚʳʝ. 

TD-ʤʝʪʦʜʳ ʦʙʫʯʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʘʞʜʦʛʦ ʧʝʨʝʭʦʜʘ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʝʡʩʪʚʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʳ ʢ ʩʠʪʫʘʮʠʷʤ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʛʥʦʨʠʨʦʚʘʪʴ ʵʧʠʟʦʜʳ ʠʣʠ ʩʥʠ-

ʞʘʪʴ ʟʥʘʯʠʤʦʩʪʴ ʵʧʠʟʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʝ ʜʝʡʩʪʚʠʷ, ʯʪʦ ʤʦʞʝʪ ʩʠʣʴʥʦ ʟʘʤʝʜʣʠʪʴ ʦʙʫʯʝʥʠʝ. 

ʄʝʪʦʜ SARSA ï TD-ʤʝʪʦʜ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʦʡ ʮʝʥʥʦʩʪʠ ʩʪʨʘ-

ʪʝʛʠʡ. ɼʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʬʫʥʢʮʠʶ ὗ ίȟὥ ʜʣʷ 

ʪʝʢʫʱʝʡ ʩʪʨʘʪʝʛʠʠ “ ʠ ʜʣʷ ʚʩʝʭ ʩʦʩʪʦʷʥʠʡ s ʠ ʜʝʡʩʪʚʠʡ ʘ:  

ὗίȟὥ ᴺὗίȟὥ  ‌ὶ ‎ὗί ȟὥ ὗίȟὥ , 

ʛʜʝ ‌ ï ʧʦʩʪʦʷʥʥʘʷ ʜʣʠʥʘ ʰʘʛʘ; ‎ ï ʮʝʥʥʦʩʪʴ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɼʘʥʥʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʧʝʨʝʭʦʜʘ ʠʟ ʥʝʪʝʨ-

ʤʠʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ίȢ ɽʩʣʠ ʩʦʩʪʦʷʥʠʝ ί  ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʥʘʣʴʥʳʤ 

(ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ), ʪʦ ʟʥʘʯʝʥʠʝ ὗί ȟὥ  ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ. 

ʕʪʦ ʧʨʘʚʠʣʦ ʠʩʧʦʣʴʟʫʝʪ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʠʟ ʧʷʪʝʨʢʠ ʩʦʙʳʪʠʡ 

ίȟὥȟὶ ȟί ȟὥ , ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʡ ʧʘʨʳ ʩʦʩʪʦʷ-

ʥʠʝ-ʜʝʡʩʪʚʠʝ ʢ ʜʨʫʛʦʡ.  

ɺ ʤʝʪʦʜʘʭ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʦʡ ʮʝʥʥʦʩʪʠ ʩʪʨʘʪʝʛʠʡ, ʚʩʝ ʚʨʝʤʷ 

ʦʮʝʥʠʚʘʝʪʩʷ ʬʫʥʢʮʠʷ ὗ  ʜʣʷ ʩʪʨʘʪʝʛʠʠ ʧʦʚʝʜʝʥʠʷ “ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʨʘ-

ʪʝʛʠʷ “ ʜʝʣʘʝʪʩʷ ʙʦʣʝʝ çʞʘʜʥʦʡè ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ὗ .  

ʉʚʦʡʩʪʚʘ ʩʭʦʜʠʤʦʩʪʠ ʘʣʛʦʨʠʪʤʘ SARSA ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʟʘ-

ʚʠʩʠʤʦʩʪʴʶ ʩʪʨʘʪʝʛʠʠ ʦʪ ʬʫʥʢʮʠʠ Q. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ -

ʞʘʜʥʫʶ ʠ ‐-ʛʠʙʢʫʶ ʩʪʨʘʪʝʛʠʠ. ɸʣʛʦʨʠʪʤ SARSA ʩʭʦʜʠʪʩʷ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 

1 ʢ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʠ ʬʫʥʢʮʠʠ ʮʝʥʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʚʩʝ ʧʘʨʳ çʩʦʩʪʦʷʥʠʝ ï ʜʝʡʩʪʚʠʝè ʧʦʩʝʱʘʣʠʩʴ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʨʘʟ, ʠ 

ʩʪʨʘʪʝʛʠʷ ʩʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʝ ʢ ʞʘʜʥʦʡ ʩʪʨʘʪʝʛʠʠ (ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫ-

ʱʝʩʪʚʣʝʥʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʤʦʱʠ -ʞʘʜʥʳʭ ʩʪʨʘʪʝʛʠʡ ʩ  ‐ ρȾὸ. 
ʄʝʪʦʜ Q-ʦʙʫʯʝʥʠʷ ï ʤʝʪʦʜ ʩ ʨʘʟʜʝʣʝʥʥʦʡ ʦʮʝʥʢʦʡ ʮʝʥʥʦʩʪʠ ʩʪʨʘʪʝʛʠʡ. 

ɼʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʬʫʥʢʮʠʶ ʮʝʥʥʦʩʪʠ ʜʝʡʩʪʚʠʷ 

ὗ ίȟὥ, ʜʣʷ ʪʝʢʫʱʝʡ ʩʪʨʘʪʝʛʠʠ ˊ ʠ ʜʣʷ ʚʩʝʭ ʩʦʩʪʦʷʥʠʡ s ʠ ʜʝʡʩʪʚʠʡ ʘ, ʛʜʝ ʵʧʠ-

ʟʦʜ ʩʦʩʪʦʠʪ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʤʝʞʘʶʱʠʭʩʷ ʩʦʩʪʦʷʥʠʡ ʠ ʧʘʨ ʩʦʩʪʦʷ-

ʥʠʝ ï ʜʝʡʩʪʚʠʝ. ʆʜʥʦʰʘʛʦʚʦʝ Q-ʦʙʫʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὗίȟὥ ᴺὗίȟὥ  ‌ὶ ‎ÍÁØὥὗί ȟὥ ὗίȟὥ , 

ʛʜʝ ‌ ï ʧʦʩʪʦʷʥʥʘʷ ʜʣʠʥʘ ʰʘʛʘ; ‎ ï ʮʝʥʥʦʩʪʴ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ ʮʝʥʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ὗ, ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ὗ  ï ʦʧʪʠʤʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʮʝʥʥʦʩʪʠ ʜʝʡʩʪʚʠʷ, ʥʝʟʘ-

ʚʠʩʠʤʦ ʦʪ ʧʨʠʤʝʥʷʶʱʝʡʩʷ ʩʪʨʘʪʝʛʠʠ. ʉʪʨʘʪʝʛʠʷ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʠʝ ʧʘʨʳ 

ʩʦʩʪʦʷʥʠʝ-ʜʝʡʩʪʚʠʝ ʧʦʩʝʱʘʶʪʩʷ ʠ ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʣʠʰʴ, ʯʪʦʙʳ ʚʩʝ ʧʘʨʳ ʧʨʦʜʦʣʞʘʣʠ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴʩʷ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʚ ʪʦʤ ʩʤʳʩʣʝ, 

ʯʪʦ ʢʘʞʜʳʡ ʤʝʪʦʜ, ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʥʘʭʦʜʷʱʠʡ ʦʧʪʠʤʘʣʴʥʫʶ ʣʠʥʠʶ ʧʦʚʝ-

ʜʝʥʠʷ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʜʘʥʥʦʤʫ ʫʩʣʦʚʠʶ. ʇʨʠ ʪʘ-

ʢʦʤ ʫʩʣʦʚʠʠ ʠ ʧʨʠ ʪʘʢʦʤ ʚʘʨʠʘʥʪʝ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʡ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʜʣʠʥʳ ʰʘʛʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʬʫʥʢʮʠʷ ὗ ʩʭʦʜʠʪʩʷ ʢ ὗ  ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1. 

ʄʝʪʦʜ  ╣╓ⱦ ï ʤʝʪʦʜ ʚ ʢʦʪʦʨʦʤ ʚʨʝʤʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʠʤʝʝʪ ʧʨʦʪʷ-

ʞʝʥʥʦʩʪʴ ʚ -ʰʘʛʦʚ. ɺ 4$ʇ ʤʝʪʦʜʘʭ ʠʤʝʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʝʨʝʤʝʥ-

ʥʘʷ ʧʘʤʷʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʘʞʜʦʤʫ ʩʦʩʪʦʷʥʠʶ ï ʩʣʝʜ ʧʨʠʝʤʣʝʤʦʩʪʠ. 

ɼʣʷ ʩʦʩʪʦʷʥʠʷ ί ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ, ʩʣʝʜ ʧʨʠʝʤʣʝʤʦʩʪʠ ʦʙʦʟʥʘʯʘʝʪʩʷ 
Åί. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʩʣʝʜʳ ʧʨʠʝʤʣʝʤʦʩʪʠ ʜʣʷ ʚʩʝʭ ʩʦʩʪʦʷʥʠʡ ʫʙʳʚʘʶʪ 
ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ‎ʇ, ʘ ʩʣʝʜ ʧʨʠʝʤʣʝʤʦʩʪʠ ʜʣʷ ʧʦʩʝʱʘʝʤʦʛʦ ʥʘ ʜʘʥʥʦʤ 
ʰʘʛʝ ʩʦʩʪʦʷʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 1: 

Åί  
‎ʇὩ ί        ̐̑ ̉ί ί

‎ʇὩ ί ρ ̐̑ ̉ί ί
 , 

ʛʜʝ ‎ ï ʮʝʥʥʦʩʪʴ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʇ ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ. 

ʉʣʝʜʳ ʧʦʢʘʟʳʚʘʶʪ ʩʪʝʧʝʥʴ ʧʨʠʝʤʣʝʤʦʩʪʠ ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʧʨʦʠʩ-

ʭʦʜʷʱʠʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʦʙʫʯʝʥʠʠ, ʝʩʣʠ ʚʦʟʥʠʢʘʝʪ ʧʦʜʢʨʝʧʣʷʶʱʝʝ ʩʦʙʳ-

ʪʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʤʝʪʦʜʘ TD(ɚ): 

ὠ ᴺὠὛ  Ὡί‌ὶ ‎ὠὛ ὠὛ ȟᶅ ίɴ ὛḊ Ὡί π. 

2. ʈʝʘʣʠʟʘʮʠʷ ʧʦʜʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ  

ʜʣʷ ʀʉ ʈɺ ʩ ʚʢʣʶʯʝʥʠʝʤ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ 

ʅʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʪʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ (ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ) ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ [ɺʘʨʰʘʚʩʢʠʡ ʠ ʜʨ., 2015], ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʨʝʜʥʝʥʠʠ ʨʝʟʫʣʴ-

ʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ ʠ ɹʘʡʝʩʘ, ʩ ʫʯʝ-

ʪʦʤ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʛʥʦʟ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ ʨʷʜʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʵʢʩʧʦʥʝʥʮʠ-

ʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ, ʘ ʜʘʣʝʝ ï ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʩ ʫʯʝʪʦʤ ʵʢʩʧʝʨʪʥʳʭ ʤʝ-

ʪʦʜʦʚ ʨʘʥʞʠʨʦʚʘʥʠʷ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ. ɺʝʨʦʷʪʥʦʩʪʴ ʢʘʞʜʦʛʦ 

ʠʩʭʦʜʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ (ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʠʣʠ ʫʤʝʥʴʰʘʝʪʩʷ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ 

ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʠʩʭʦʜʦʚ. 
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ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ (ʨʠʩ.1) ʧʦʜʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʢʣʶʯʘʝʪ ʵʤʫʣʷʪʦʨ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʛʦʨʠʪʤʦʚ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, 

ʤʦʜʫʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʤʝʪʦʜʦʚ ʵʢʩ-

ʪʨʘʧʦʣʷʮʠʠ ʧʦ ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʠ 

ʙʘʡʝʩʦʚʩʢʦʛʦ ʧʦʜʭʦʜʘ), ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʳʭ ʤʝʪʦʜʦʚ 

(ʤʝʪʦʜʳ ʨʘʥʞʠʨʦʚʘʥʠʷ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ) [ɺʘʨʰʘʚʩʢʠʡ ʠ ʜʨ., 

2015] ʠ ʤʝʪʦʜʦʚ RL-ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʤʧʦʨʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ (4$-
ʤʝʪʦʜʳ  4$π, 4$ʇ, SARSA, Q-ʦʙʫʯʝʥʠʝ). 

 

 
ʈʠʩ.1. ɸʨʭʠʪʝʢʪʫʨʘ ʧʦʜʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

 
ɹʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʪʦʪʠʧʘ ʧʦʜʩʠʩʪʝʤʳ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝʨʪʥʦʛʦ ʤʦʜʫʣʝʡ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʵʢʩʧʝʨʪʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʣʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʦʙʲʝʢʪʘ ï ʦʜʥʦʡ ʠʟ ʧʦʜʩʠʩʪʝʤ ɸʕʉ (ʧʦʜʩʠʩʪʝʤʘ ç1 ʢʦʥʪʫʨè 

ɺɺʕʈ ɸʕʉ) ʩ ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʨʘʟʚʠʪʠʷ 

ʩʠʪʫʘʮʠʠ ʥʘ ʦʙʲʝʢʪʝ.  
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ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʧʦʜʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʘʭ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʠ ʠʟʤʝʥʝʥʠʠ 

ʨʘʟʤʝʨʘ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ ʚ ʪʘʢʪʘʭ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʪʘʙʣ. 1) ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʦʢʘʟʘʪʝ-

ʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʣʫʯʰʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʴʰʝʡ ʧʨʝʜʳʩʪʦ-

ʨʠʠ ʧʨʦʮʝʩʩʘ. ʊʘʢ ʞʝ ʧʨʠ ʣʠʥʝʡʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʫʜʘʝʪʩʷ ʙʦʣʝʝ 

ʪʦʯʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʩʣʝʜʫʶʱʠʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʯʝʤ ʧʨʠ ʩʣʫ-

ʯʘʡʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ.  

ʊʘʙʣ. 1.  

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ  

ʩʣʦʞʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ (ʪ. ï ʪʘʢʪʳ) 

 1ï2 ʪ. 5 ʪ. 20 ʪ. 100 ʪ. 500 ʪ. 1000 ʪ. 

ʃʠʥʝʡʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ 
79,4% 84,4% 85,9% 86,2% 

86,6

% 
86,9% 

ʉʣʫʯʘʡʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ 
75,8% 80,4% 80,1% 81,7% 

81,5

% 
81,9% 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʩʠʪʫʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʀʉ ʈɺ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʣʝʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ: 

ʤʝʪʦʜʦʚ RL-ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʤʧʦʨʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦ-

ʣʷʶʪ ʚʳʷʚʠʪʴ ʠʤʝʶʱʠʝʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʧʨʝʜʳʩ-

ʪʦʨʠʠ ʧʨʦʮʝʩʩʘ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʷ ʩʣʫʯʘʡʥʳʭ ʷʚʣʝʥʠʡ. 

ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ TD-ʤʝʪʦʜʦʚ (4$π, 4$ʇ, 

SARSA, Q-ʦʙʫʯʝʥʠʝ) ʚ ʧʣʘʥʝ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ, ʘ ʪʘʢ ʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʷ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʡ. ɿʘʜʘʯʝʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʜʣʷ 

ʚʢʣʶʯʝʥʠʷ ʚ ʩʦʩʪʘʚ ʀʉ ʈɺ (ʀʉʇʇʈ ʈɺ) ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ, ʧʨʠʤʝʥʠʤʳʭ ʢ 

ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʮʝʣʦʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧ-

ʣʝʥʠʝʤ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ, ʚ ʧʣʘʥʝ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʙʣʦʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʷ ʀʉ ʈɺ ʪʠʧʘ ʀʉʇʇʈ ʈɺ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʤʝʪʦʜʘʤ ʥʘ ʦʩʥʦʚʝ ʪʝʤʧʦʨʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ TD-ʤʝʪʦʜʘʤ). 
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ʇʨʝʜʣʦʞʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʪʥʳʭ ʤʝʪʦʜʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʠ ʨʝʘʣʠʟʦʚʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ. ʇʨʝʜʣʦʞʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʜʩʠʩʪʝʤʳ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʧʦʜʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ 

ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʵʢʩʧʝʨʪʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʣʦʞʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ (ʦʜʥʦʡ ʠʟ ʧʦʜʩʠʩʪʝʤ ɸʕʉ), ʚ ʧʣʘʥʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ 

ʩʠʪʫʘʮʠʠ ʥʘ ʦʙʲʝʢʪʝ. ɸʧʨʦʙʘʮʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʧʦʜʪʚʝʨʜʠʣʠ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦʜʩʠ-

ʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʀʉʇʇʈ ʈɺ, ʘ ʪʘʢ ʞʝ ʚʳʷʚʠʣʠ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʨʝʜʫ, ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ ʀʉʇʇʈ ʈɺ ʩʝʤʠʦʪʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʚʩʪʨʘʠʚʘʶʪʩʷ ʤʝʪʦʜʳ 

ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʪʝʤʧʦʨʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʩ ʮʝʣʴʶ 

ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʀʉʇʇʈ ʈɺ. 
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ɼʉʄ-ʄɽʊʆɼ ɺ ʂʆʅʊɽʂʉʊɽ  

ʅɽʂʆʊʆʈʓʍ ʇʆʅʗʊʀʁʅʓʍ ʆʉʅʆɺɸʅʀʁ  

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ ɸʅɸʃʀɿɸ ɼɸʅʅʓʍ
1
 

ʄ.ʀ.ɿʘʙʝʞʘʡʣʦ (m.zabezhailo@yandex.ru)  

ʌʀʎ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝè ʈɸʅ, ʄʦʩʢʚʘ 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ɼʉʄ-ʤʝʪʦʜʘ ʢʘʢ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʆʙʩʫʞʜʘʶʪʩʷ ʢʣʶʯʝʚʳʝ 

ʘʩʧʝʢʪʳ ʟʘʜʘʯʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʕɿ) ʠʟ 

ʜʘʥʥʳʭ. ʇʨʝʜʣʦʞʝʥ ʦʙʟʦʨ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʜʝʩʴ ʙʘʟʦʚʳʭ ʧʦʥʷʪʠʡʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʆʧʠʩʘʥʳ ʥʝʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩ-

ʩʦʤ ʧʦʨʦʞʜʝʥʠʷ ʕɿ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʙʦʪʫ ʩ Big Data. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀɸɼ, ʧʦʨʦʞʜʝʥʠʝ ʕɿ ʠʟ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ɼʉʄ-ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʟʘʜʘʯʘʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ (ʀɸɼ) ɼʉʄ-ʤʝʪʦʜ ʠʟʚʝ-

ʩʪʝʥ ʢʘʢ ʩʨʝʜʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʕɿ) ʠʟ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ (ʬʘʢʪʦʚ)
2
. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʯʝʪʳʨʴʤʷ ʙʘ-

ʟʦʚʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʫʤʝʥʠʝ çʨʘʟʫʤʥʳʤ ʦʙʨʘʟʦʤè ʨʝʰʘʪʴ ʢʦʪʦʨʳʝ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʧʦʨʦʞʜʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʀɸɼ-ʨʝʟʫʣʴʪʘʪʦʚ: 

(I) ʢʘʢ, ʚʳʙʨʘʪʴ ʘʜʝʢʚʘʪʥʳʡ ʷʟʳʢ ʦʧʠʩʘʥʠʷ ʠʟʫʯʘʝʤʳʭ ʷʚʣʝʥʠʡ, 

(II) ʢʘʢ, ʠʤʝʷ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʵʢʩʧʝʨʪʠʟʳ, ʚʳʙʨʘʪʴ ʠʟ ʥʠʭ ʪʝ, ʢʦʪʦ-

ʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ (ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʠʥʘʣʴʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ) ʢʨʠʪʠ-

ʯʝʩʢʠ ʚʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ; 

(III) ʢʘʢ ʩʬʦʨʤʠʨʦʚʘʪʴ ʘʜʝʢʚʘʪʥʳʝ ʧʦʜʭʦʜʳ ʠ çʠʥʩʪʨʫʤʝʥʪʳè ʜʣʷ ʚʳ-

ʙʦʨʘ ʥʘʠʣʫʯʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠʟ ʤʥʦʞʝʩʪʚʘ ʪʝʭ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʨʘʟ-

ʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʵʢʩʧʝʨʪʠʟʳ (ʚ ʪ.ʯ. ï ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʭ ʷʟʳʢʘʤʠ ʨʘʟʥʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʡ ʩʠʣʳ ʠ ʩʣʦʞʥʦʩʪʠ); 

(IV) ʢʘʢ ʦʮʝʥʠʚʘʪʴ ʧʦʣʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʩʣʫʯʘʝ ʥʝʥʘʩʣʝʜʫʝʤʦʩʪʠ 

ʕɿ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʥʦʚʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʭʦʜʥʦʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ? 

ɺʦʧʨʦʩʳ (I) ï (IV) ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ ʫʞʝ ʠʟʚʝʩʪʥʳ ʚ ʦʙʣʘʩʪʠ ʪʝʦ-

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-29-07981). 
2 ɿʘʜʘʯ ʦ ʜʦʦʧʨʝʜʝʣʝʥʠʠ ʯʘʩʪʠʯʥʦ-ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚ ʩʤʳʩʣʝ 

ɺ.ʂ.ʌʠʥʥʘ (ʩʤ. [ʌʠʥʥ, 1976], [ʌʠʥʥ, 1981] ʠ ʜʨ.) ʠʣʠ ʞʝ ʟʘʜʘʯ phenomenal data 

mining ʚ ʩʤʳʩʣʝ ɼʞ.ʄʘʢʢʘʨʪʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, [McCarthy, 2003], [McCarthy] ʠ ʜʨ.). 
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ʨʠʠ ʧʦʟʥʘʥʠʷ, ʣʦʛʠʢʠ ʦʪʢʨʳʪʠʷ ʠ ʨʦʩʪʘ ʥʘʫʯʥʦʛʦ ʟʥʘʥʠʷ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ 

ʢʦʥʪʝʢʩʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʦʧʳʪ ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ: 

- ʬʦʨʤʘʣʠʟʘʮʠʠ ʠʥʜʫʢʮʠʠ (ʠʥʜʫʢʪʠʚʥʳʭ ʚʳʚʦʜʦʚ ʢʘʢ ʟʘʢʣʶʯʝʥʠʡ ʫʥʠ-

ʚʝʨʩʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʚʳʚʦʜʠʤʳʭ ʠʟ ʟʘʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʧʨʠʤʝʨʦʚ-

ʧʨʝʮʝʜʝʥʪʦʚ) [Carnap, 1945], [Carnap, 1950] ʠ ʜʨ.,  

- ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘʫʯʥʳʭ ʪʝʦʨʠʡ ʠ ʣʦʛʠʢʠ ʥʘʫʯʥʦʛʦ ʦʪʢʨʳʪʠʷ 

[Carnap, 1950], [ʇʦʧʧʝʨ, 2002], [ʇʦʧʧʝʨ, 2004], [ʂʫʥ, 2002], [ʃʘʢʘʪʦʩ, 

1967], [ʌʝʡʝʨʘʙʝʥʜ, 2007] ʠ ʜʨ.,  

- ʠʟʫʯʝʥʠʷ ʠ ʬʦʨʤʘʣʠʟʘʮʠʠ ʘʙʜʫʢʪʠʚʥʳʭ ʚʳʚʦʜʦʚ (ʧʨʦʮʝʜʫʨ ʧʦʨʦʞʜʝ-

ʥʠʷ ʯʘʩʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪ ʟʘʢʣʶʯʝʥʠʷ ʢ ʧʦʩʳʣʢʘʤ, ʣʦʛʠʯʝʩʢʠʤ ʩʣʝʜ-

ʩʪʚʠʝʤ ʢʦʪʦʨʳʭ ʠ ʷʚʣʷʝʪʩʷ ʵʪʦ ʟʘʢʣʶʯʝʥʠʝ), ʥʘʧʨʠʤʝʨ, [ʇʠʨʩ, 2002], 

[ʇʠʨʩ, 2005] ʠ ʜʨ. 

ʂʣʶʯʝʚʘʷ ʨʦʣʴ ʟʜʝʩʴ ʦʪʚʦʜʠʪʩʷ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʦʤʫ 

ʧʝʨʝʯʥʶ ʚʦʧʨʦʩʦʚ: 

(i) ʢʘʢʠʤʠ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ (ʬʦʨʤʘʣʴʥʳʤʠ çʠʥʩʪʨʫʤʝʥʪʘ-

ʤʠè) ʩʣʝʜʫʝʪ ʬʦʨʤʠʨʦʚʘʪʴ (ʦʧʠʩʳʚʘʪʴ ʠ ʘʨʛʫʤʝʥʪʠʨʦʚʘʪʴ ʧʨʠʝʤʣʝʤʦʩʪʴ) 

ʫʪʚʝʨʞʜʝʥʠʷ ʚʠʜʘ çʟʘʚʠʩʠʤʦʩʪʴ d ʦʙʲʷʩʥʷʝʪ ʬʘʢʪʳ f1, f2, é, fnè; 

(ii) ʢʘʢ ʧʦʥʠʤʘʪʴ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ çʟʘʚʠʩʠʤʦʩʪʴ d ʦʙʲʷʩʥʷʝʪ 

ʬʘʢʪʳ f1, f2, é, fnè; 

(iii) ʢʘʢʦʚʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʝʩʢʨʠʧʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʜʦʩʪʫʧʥʳʝ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʨʘʟʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ) ʷʟʳʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʝʤʣʝʤʳʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʙʲʷʩʥʷʶʱʝʡ 

ʬʘʢʪʳ f1, f2, é, fn ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ d; 

(iv) ʢʘʢ ʦʮʝʥʠʪʴ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʫʪʚʝʨʞʜʝʥʠʷ 

çʟʘʚʠʩʠʤʦʩʪʴ d ʦʙʲʷʩʥʷʝʪ ʬʘʢʪʳ f1,  f2, é, fnè (ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʨʠʧʠ-

ʩʳʚʘʥʠʷ ʝʤʫ ʚʳʜʝʣʝʥʥʦʡ ʠʩʪʠʥʥʦʩʪʥʦʡ ʦʮʝʥʢʠ); 

(v) ʩʫʱʝʩʪʚʫʶʪ ʣʠ (ʧʨʦʚʝʨʷʝʤʳʝ çʨʘʟʫʤʥʳʤè ʦʙʨʘʟʦʤ) ʫʩʣʦʚʠʷ, ʚʳ-

ʧʦʣʥʠʤʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʣʘ ʙʳ ʫʩʪʦʡʯʠʚʦʩʪʴ
1
 ʚʳʜʝʣʷʝʤʳʭ ʠʟ ʬʘʢ-

ʪʦʚ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʠ ʧʦʧʦʣʥʝʥʠʠ ʠʤʝʶʱʠʭʩʷ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʥʦʚʳʤʠ ʧʨʝʮʝʜʝʥʪʘʤʠ? 

ʇʨʠ ʘʥʘʣʠʟʝ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ, ʧʦʣʝʟʥʦ ʫʯʝʩʪʴ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʠʯ-

ʥʳʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʀɸɼ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ: 

(1) ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʩʦ-

ʮʠʘʣʴʥʳʭ ʥʘʫʢʘʭ ʤʦʛʫʪ ʠʤʝʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʫʶʩʷ ʧʨʠʨʦʜʫ 

([ʇʦʧʧʝʨ, 1993], [ʇʦʧʧʝʨ, 1993], [ʇʦʧʧʝʨ, 2000], [Hempel, 1966], [Feyera-

bend, 1975] ʠ ʜʨ.). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʨʷʜʝ ʥʘʫʢ ʦʙ ʦʙʱʝʩʪʚʝ ʚʦʩʪʨʝʙʦʚʘʥʳ 

ʩʫʞʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʢʨʝʪʥʦʛʦ ʝʜʠʥʠʯʥʦʛʦ ʬʘʢʪʘ (ʠʣʠ ʞʝ ʦʧʨʝʜʝ-

                                                           
1 ʊʦ ʝʩʪʴ, çʥʘʩʣʝʜʫʝʤʦʩʪʴè (ʩʦʭʨʘʥʝʥʠʝ ʧʦʨʦʞʜʘʝʤʦʩʪʠ) ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʠʩ-

ʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ ʬʘʢʪʦʚ (ʧʨʝʮʝʜʝʥʪʦʚ). 
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ʣʝʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʪʘʢʠʭ ʬʘʢʪʦʚ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʟʘʢʦʥʳè 

ʧʨʠʨʦʜʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ
1
 ʭʘʨʘʢʪʝʨʘ. 

(2) ʊʘʢʠʝ ʨʘʟʣʠʯʠʷ ʪʨʝʙʫʶʪ ʫʪʦʯʥʝʥʠʷ ʧʦʥʷʪʠʷ ʠʩʪʠʥʥʦʩʪʴ ʫʪʚʝʨʞʜʝ-

ʥʠʷ
2
. ʂʣʘʩʩʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʬʦʨʤʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʦʥʷʪʠʷ, ʩʚʷʟʘʚʰʝʛʦ ʠʩ-

ʪʠʥʥʦʩʪʴ ʩ ʜʦʢʘʟʫʝʤʦʩʪʴʶ ʚ ʜʝʜʫʢʪʠʚʥʳʭ ʪʝʦʨʠʷʭ, ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʪʢʨʳʪʳʤʠ (ʥʝʟʘʤʢʥʫʪʳʤʠ) ʧʨʝʜʤʝʪʥʳʤʠ ʦʙʣʘʩʪʷʤʠ, ʘ ʢʣʘʩʩʠ-

ʯʝʩʢʦʡ ʩʭʝʤʳ ʦʙʲʷʩʥʝʥʠʷ ʧʦ ʂ. ɻʝʤʧʝʣʶ
3
 ([Hempel, 1945], [Hempel, 1966] ʠ 

ʜʨ.) ʫʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʥʝ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ ʩʦʮʠ-

ʘʣʴʥʳʭ ʥʘʫʢ, ʥʦ ʠ ʚ ʨʷʜʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʳʭ ʦʙʣʘʩʪʝʡ (ʩʤ., 

ʥʘʧʨʠʤʝʨ ʪʝʭʥʠʯʝʩʢʫʶ
4
 ʠʣʠ ʞʝ ʤʝʜʠʮʠʥʩʢʫʶ ʜʠʘʛʥʦʩʪʠʢʫ). 

(3) ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʟʘʜʘʯ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟ ʜʘʥʥʳʭ ʚ 

ʦʪʢʨʳʪʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ ʬʦʨʤʠʨʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ï ʦʪʢʨʳʪʳʭ ï ʪʝʦʨʠʷʭ
5
. ʇʨʦʜʫʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʠʯʥʳʭ 

(ʥʝʧʦʣʥʳʭ, ʬʨʘʛʤʝʥʪʘʨʥʳʭ) ʘʢʩʠʦʤʘʪʠʟʘʮʠʡ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ (ʥʘʧʨʠʤʝʨ, ʧʦʩʪʫʣʘʪʦʚ ʟʥʘʯʝʥʠʷ ʚ ʩʤʳʩʣʝ ʈ.ʂʘʨʥʘʧʘ [Carnap, 

1936], [Carnap, 1956] ʠ ʜʨ.), ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ ʩʥʠʤʘʝʪ ʚʦʧʨʦʩʘ ʦ ʚʳʙʦʨʝ 

ʧʨʠʝʤʣʝʤʳʭ ʧʨʦʮʝʜʫʨ ʧʝʨʝʩʤʦʪʨʘ (ʦʙʥʦʚʣʝʥʠʷ) ʪʘʢʠʭ ʘʢʩʠʦʤʘʪʠʟʘʮʠʡ 

ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʦʧʠʩʘʥʠʷ ʠʟʫʯʘʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʧʦʣʫʯʝʥʠʠ 

ʥʦʚʳʭ ʬʘʢʪʦʚ ʠ\ʠʣʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ)
6
. 

(4) ʋʧʦʤʷʥʫʪʳʝ ʨʘʩʰʠʨʝʥʠʷ ʦʧʠʩʘʥʠʡ ʦʪʢʨʳʪʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘ-

ʩʪʝʡ, ʥʘ ʯʪʦ ʚʧʝʨʚʳʝ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ɼʞ. ʄʘʢʢʘʨʪʠ ʠ ʝʛʦ ʢʦʣʣʝʛʠ 

([AI , 1980] ʠ ʜʨ.), ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʵʬʬʝʢʪʦʤ ʥʝʤʦʥʦʪʦʥʥʦʩʪʠ (ʢʦʛʜʘ 

ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʨʘʥʝʝ ʚʳʚʦʜʠʚʰʠʭʩʷ ʫʪʚʝʨʞʜʝʥʠʡ
7
 ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝ-

                                                           
1 ʆʩʦʙʝʥʥʦʩʪʠ ʫʧʦʪʨʝʙʣʝʥʠʷ ʵʪʦʛʦ ʪʝʨʤʠʥʘ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʢʦʤʤʝʥʪʠʨʫ-

ʝʪʩʷ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʝʢʩʪʦʚ ʦʥ ʠʤʝʝʪ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʤʳʩʣʦʚʳʝ ʛʨʘʥʠʮʳ (ʩʤ. 

ʧʦʥʠʤʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʟʘʢʦʥʦʚ ʚ ʥʴʶʪʦʥʦʚʩʢʦʡ ʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʤʝʭʘʥʠʢʝ). 
2 ɺ ʯʘʩʪʥʦʩʪʠ, ʫʪʚʝʨʞʜʝʥʠʷ ʪʠʧʘ çʟʘʚʠʩʠʤʦʩʪʴ d ʦʙʲʷʩʥʷʝʪ ʬʘʢʪʳ f1, f2, é, fnè. 
3 ʅʘ ʙʘʟʝ çʫʥʠʚʝʨʩʘʣʴʥʳʭè ʫʪʚʝʨʞʜʝʥʠʡ, ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 
4 ʇʦʥʠʤʘʝʤʘʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ: ʚʢʣʶʯʘʷ ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘʧʨʠʤʝʨ, ʟʘʜʘʯʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʷʚʣʝʥʠʡ ʟʘʜʘʥʥʦʛʦ ʪʠʧʘ (ʥʘʧʨʠʤʝʨ, ʪʝʭʥʠʯʝʩʢʠʭ ʩʙʦʝʚ ʚ ʥʦʨʤʘʣʴ-

ʥʦʡ ʨʘʙʦʪʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʟʚʘʥʥʳʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʤ ʚʥʝʰ-

ʥʠʤ ʚʨʝʜʦʥʦʩʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ï ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʪʘʢʦʡ) ʠʣʠ ʞʝ ʠʭ ʘʪʨʠʙʫʮʠʠ 

(ʥʘʧʨʠʤʝʨ, ʚʳʷʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʠ ʜʨ.). 
5 ʉʤ., ʥʘʧʨʠʤʝʨ, ʧʨʝʜʣʦʞʝʥʥʳʡ ɼ.ɸ.ʇʦʩʧʝʣʦʚʳʤ [ʇʦʩʧʝʣʦʚ, 1981], [ʇʦʩʧʝʣʦʚ 

1986, ʠ ʜʨ.] ʘʧʧʘʨʘʪ ʩʝʤʠʦʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʣʠ ʞʝ ʧʨʝʜʣʦʞʝʥʥʳʡ ɺ.ʂ.ʌʠʥʥʦʤ 

([ʌʠʥʥ, 1988], [ʌʠʥʥ, 1991]  ʠ ʜʨ.) ʬʦʨʤʘʣʠʟʤ ʢʚʘʟʠ-ʘʢʩʠʦʤʘʪʠʯʝʩʢʠʭ ʪʝʦʨʠʡ. 
6
 ʇʨʠʯʝʤ, ʥʝ ʪʦʣʴʢʦ ʦ ʩʦʙʩʪʚʝʥʥʦ ʪʝʭʥʦʣʦʛʠʷʭ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʧʦʜʦʙʥʳʭ ʩʠ-

ʩʪʝʤ ʧʦʩʪʫʣʘʪʦʚ ʟʥʘʯʝʥʠʷ, ʥʦ ʠ ʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. 
7 ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʪʫʘʮʠʠ ʚ ʜʝʜʫʢʪʠʚʥʳʭ ʪʝʦʨʠʷʭ. 



 

 

334 

ʚʳʚʦʜʠʤʦʡ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʪʝʢʫʱʝʛʦ ʦʧʠʩʘʥʠʷ ʦʪʢʨʳʪʦʡ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʥʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ï ʬʘʢʪʘʤʠ ʠ\ʠʣʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ). 

(5) ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘʨʷʜʫ ʩ ʢʣʘʩʩʠʯʝ-

ʩʢʠʤ ʜʦʩʪʦʚʝʨʥʳʤ
1
 ʚʳʚʦʜʦʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ï 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʨʘʩʩʫʞʜʝʥʠʝ
2
 (ʛʜʝ ʜʝʜʫʢʪʠʚʥʳʝ ʚʳʚʦʜʳ ʤʦʞʥʦ ʢʦʤʙʠʥʠ-

ʨʦʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʧʨʘʚʜʦʧʦʜʦʙʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ï 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʨʘʩʩʫʞʜʝʥʠʷʤʠ ʚ ʜʫʭʝ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ [AI, 1980] ʠ ʜʨ.), 

ʠʥʪʝʛʨʠʨʫʷ ʠʭ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

(6) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʘʚʠʣ ʧʨʘʚʜʦʧʦʜʦʙʥʦʛʦ ʚʳʚʦʜʘ ʚ ʮʝʧʦʯʢʝ ʬʦʨʤʘʣʠ-

ʟʦʚʘʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʧʦʨʦʞʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ
3
. ʕʪʦʪ ʧʫʪʴ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘ-

ʟʦʤ ʚʝʜʝʪ ʢ ʚʳʙʦʨʫ ʩʧʝʮʠʘʣʴʥʳʭ ʢʣʘʩʩʦʚ ʤʥʦʛʦʟʥʘʯʥʳʭ ʣʦʛʠʢ
4
, ʧʦʟʚʦʣʷʁ -

ʱʠʭ ʦʨʛʘʥʠʟʦʚʘʪʴ ʘʜʝʢʚʘʪʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʮʝʜʫʨʳ ʤʥʦʛʦʟʥʘʯʥʦʛʦ ʦʮʝʥʠʚʘ-

ʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʩʫʞʜʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʝʩʣʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ ʵʬ-

ʬʝʢʪʘ ʥʝʤʦʥʦʪʦʥʥʦʩʪʠ
5
 ʨʘʩʩʫʞʜʝʥʠʡ (ʩʤ. ʚʳʰʝ ï ʧ.4), ʚʳʨʘʞʘʶʱʝʛʦʩʷ ʚ 

ʥʝʥʘʩʣʝʜʫʝʤʦʩʪʠ (ʥʝʩʦʭʨʘʥʝʥʠʠ ʚ ʧʨʝʞʥʝʤ ʚʠʜʝ) ʨʘʥʝʝ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʪʠʧʦʚ ʠʩʪʠʥʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

(7) ʆʩʦʙʫʶ ʨʦʣʴ ʧʨʠ ʧʦʧʦʣʥʝʥʠʠ ʥʘʢʦʧʣʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʩʚʝʜʝʥʠʡ ʦʙ 

ʠʟʫʯʘʝʤʦʤ ʷʚʣʝʥʠʠ ʚ ʦʪʢʨʳʪʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʧʧʝʨʦʚʩʢʠʡ ʧʨʠʥʮʠʧ ʬʘʣʴʩʠʬʠʮʠʨʫʝʤʦʩʪʠ ʧʦʨʦʞʜʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ([Popper, 1959], [ʇʦʧʧʝʨ, 2002], [ʇʦʧʧʝʨ, 2004], [Kuhn, 1962], 

[Kuhn, 1963] ʠ ʜʨ.). ʋʯʠʪʳʚʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʛʨʘ-

ʥʠʯʝʥʥʳʡ ʦʙʲʝʤ ʬʘʢʪʦʚ ï ʧʨʠʤʝʨʦʚ ʠ ʢʦʥʪʨʧʨʠʤʝʨʦʚ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ 

çʧʝʨʚʠʯʥʦʛʦè ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʚ ʥʠʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

                                                           
1 ɼʝʜʫʢʪʠʚʥʳʤ ʚʳʚʦʜʦʤ, ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʜʣʷ çʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦè ʠʩʧʦʣɹ-

ʟʦʚʘʥʠʷ (ʩʤ., ʥʘʧʨʠʤʝʨ, [ʄʘʩʣʦʚ, 1964], [ʄʘʩʣʦʚ, 1964], [ʈʦʙʠʥʩʦʥ, 1970] ʠ ʜʨ.). 
2 ʉʤ., ʥʘʧʨʠʤʝʨ, [ʌʠʥʥ, 2004] ʠ ʜʨ. 
3 ʅʘʧʨʠʤʝʨ, ʜʣʷ ʫʪʚʝʨʞʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʦʨʦʜʠʪʴ ʧʘʨʦʡ ʮʝʧʦʯʝʢ ʧʨʘʚ-

ʜʦʧʦʜʦʙʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʥʝʩʦʚʧʘʜʘʶʱʝʡ ʜʣʠʥʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʘʞʥʦ ʠʤʝʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʨʠʧʠʩʘʪʴ ʢʘʞʜʦʤʫ ʠʟ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ çʧʫʪʝʡè ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ 

ʨʘʩʩʫʞʜʝʥʠʷ ʩʚʦʶ ʠʩʪʠʥʥʦʩʪʥʫʶ ʦʮʝʥʢʫ (ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ çʜʣʠ-

ʥʫè ʵʪʦʛʦ ʚr ʚʦʜʘ, ʠ ʩʪʝʧʝʥʴ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ). 
4 ʊ.ʥ. ʣʦʛʠʢ BM-ʪʠʧʘ ([ʌʠʥʥ, 1976], [ɸʥʰʘʢʦʚ ʠ ʜʨ., 1986], [ɸʥʰʘʢʦʚ ʠ ʜʨ., 

1987], [Anshakov et al., 1989], [Anshakov et al., 1993] ʠ ʜʨ.), ʛʜʝ ʠʤʝʝʪʩʷ 6 ʪʠʧʦʚ ʠʩ-

ʪʠʥʥʦʩʪʥʳʭ ʟʥʘʯʝʥʠʡ: t ï ʣʦʛʠʯʝʩʢʘʷ ʠʩʪʠʥʘ, f ï ʣʦʛʠʯʝʩʢʘʷ ʣʦʞʴ, <+1,n> ï ʵʤʧʠʨʠ-

ʯʝʩʢʘʷ ʠʩʪʠʥʘ ʥʘ çʰʘʛʝè n ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʨʘʩʩʫʞʜʝʥʠʷ, <ï1,n> - ʵʤʧʠʨʠʯʝʩʢʘʷ 

ʣʦʞʴ ʥʘ çʰʘʛʝè n ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʨʘʩʩʫʞʜʝʥʠʷ, <0,n> ï ʵʤʧʠʨʠʯʝʩʢʦʝ ʧʨʦʪʠʚʦ-

ʨʝʯʠʝ ʥʘ çʰʘʛʝè n ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʨʘʩʩʫʞʜʝʥʠʷ ʠ Ű ï ʥʝʜʦʦʧʨʝʜʝʣʝʥʥʦʩʪʴ. 
5
 ʉʤ. [ɿʘʙʝʞʘʡʣʦ, 1984], [ɿʘʙʝʞʘʡʣʦ, 2013] ʦʙ ʵʬʬʝʢʪʘʭ ɼʉʄ-ʥʝʤʦʥʦʪʦʥʥʦʩʪʠ. 
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(ʕɿ)
1
, ï ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʦʮʝʥʢʠ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʦʩʥʦʚʘʥʠʡ
2
 ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʧʨʦʮʝʜʫʨʥʫʶ çʪʝʭʥʠʢʫè ʧʨʦʚʝʨʢʠ ʥʘ ʬʘʣʴʩʠʬʠʮʠʨʫʝʤʦʩʪʴ ʵʤʧʠ-

ʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʜʥʦʛʦ ʟʥʘʢʘ, ʧʦʨʦʞʜʘʝʤʳʭ ʠʟ ʠʤʝʶʱʠʭʩʷ ʬʘʢ-

ʪʦʚ, ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ (ʥʘʧʨʠʤʝʨ, ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʧʨʦʚʝʨʢʫ ʬʘʣʴʩʠʬʠʮʠʨʫʝʤʦʩʪʠ ʧʦʟʠʪʠʚʥʳʭ ʕɿ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʦʞʜʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʛʘʪʠʚʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʥʘʦʙʦʨʦʪ). ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ 

ʥʝʬʘʣʴʩʠʬʠʮʠʨʫʝʤʦʩʪʴ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʨʦʞʜʘʝʤʳʭ ʠʟ ʠʤʝʶʱʠʭʩʷ ʵʤ-

ʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʤʦʞʝʪ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʦʩʥʦʚʘʥʠʡ 

ʜʣʷ ʧʨʠʥʷʪʠʷ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʕɿ). ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʨʘʩʰʠʨʝʥʠʷ ʠʩʭʦʜ-

ʥʦʡ ʚʳʙʦʨʢʠ ʥʦʚʳʤʠ ʬʘʢʪʘʤʠ ʪʘʢʘʷ ʥʝʬʘʣʴʩʠʬʠʮʠʨʫʝʤʦʩʪʴ ʦʢʘʟʳʚʘʝʪʩʷ, 

ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʝʥʘʩʣʝʜʫʝʤʦʡ: ʥʝʩʣʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ ʥʝʥʘʩʣʝʜʫʝ-

ʤʦʩʪʠ (ʥʝʤʦʥʪʦʥʥʦʩʪʠ ï ʩʤ. ʧ.6 ʚʳʰʝ) ʨʘʥʝʝ ʫʞʝ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʠ-

ʧʦʚ ʠʩʪʠʥʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʦʚʳʤʠ 

ʬʘʢʪʘʤʠ (ʧʨʝʮʝʜʝʥʪʘʤʠ).  

(8) ʂʨʠʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʰʘʛʦʤ ʚ ʧʨʦʮʝʩʩʝ ʦʨʛʘʥʠʟʘʮʠʠ ʀɸɼ ʦʢʘʟʳ-

ʚʘʝʪʩʷ ʚʳʙʦʨ ʷʟʳʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ (ʠ ʟʥʘʥʠʡ) ʦʙ ʠʟʫʯʘʝʤʦʤ ʷʚʣʝ-

ʥʠʠ. ʉʣʝʜʫʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʝʱʝ ʇ.ɹʝʨʥʘʡʩʦʤ ([ɹʝʨʥʘʡʩ, 2000], [ʇʦʧ-

ʧʝʨ, 2000a], ʩʤ. ʪʘʢʞʝ [Feyerabend, 1975] ʠ ʜʨ.) ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʦʯʢʝ ʟʨʝʥʠʷ 

ʥʘ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʟʜʝʩʴ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʙʩʫʞʜʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʫʜʘʝʪʩʷ ʣʠʰʴ ʪʦ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʷʟʳʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʜʝʢʚʘʪʥʦʩʪʴ 

ʚʳʨʘʟʠʪʝʣʴʥʳʭ (ʜʝʩʢʨʠʧʪʠʚʥʳʭ) ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʨʘʤʢʘʭ 

ʀɸɼ ʷʟʳʢʘ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʚʝʜʝʥʠʡ ʦʙ ʠʟʫʯʘʝʤʦʤ ʷʚ-

ʣʝʥʠʠ
3
 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩ-

ʧʝʨʪʠʟʳ (ʧʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ ʚ ʯʘʩʪʠ ʪʠʧʦʚ ʧʨʠʧʠʩʳʚʘʝʤʳʭ ʧʦʨʦʞʜʘʝʤʳʤ 

ʕɿ ʠʩʪʠʥʥʳʭ ʦʮʝʥʦʢ ʠʣʠ ʠʭ ʥʘʩʣʝʜʫʝʤʦʩʪʠ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʠʩʭʦʜʥʦʛʦ 

çʢʦʨʧʫʩʘè ʬʘʢʪʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʥʦ ʪʘʢʞʝ ʠ ʚ ʯʘʩʪʠ 

ʩʦʙʩʪʚʝʥʥʦ ʚʳʚʦʜʠʤʦʩʪʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʕɿ ʧʨʠ ʧʦʜʦʙʥʳʭ ʧʦʧʦʣʥʝʥʠʷʭ 

ʠʩʭʦʜʥʳʭ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ ʜʘʥʥʳʭ ʥʦʚʳʤʠ ʧʨʝʮʝʜʝʥʪʘʤʠ). 

(9) ʇʨʠ ʚʳʙʦʨʝ ʩʨʝʜʩʪʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟ ʜʘʥʥʳʭ 

(ʩʨʝʜʩʪʚ ʵʢʩʧʝʨʪʠʟʳ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʀɸɼ) ʪʨʘʜʠʮʠʦʥʥʳʡ
4
 

                                                           
1
 ɺ ʮʝʣʦʤ ʨʷʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʩʣʫʯʘʝʚ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʟʜʝʩʴ ʜʦʩʪʫʧʥʳ 

ʣʠʰʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʝ ʚʳʙʦʨʢʠ ʧʨʝʮʝʜʝʥʪʦʚ. 
2 ʉʤ., [ɽʩʝʥʠʥ-ɺʦʣʴʧʠʥ, 1993], [ʌʠʥʥ, 1983], [ʌʠʥʥ, 1988], ʌʠʥʥ, 1991] ʠ ʜʨ. . 
3 ʊ.ʝ. ʚʳʨʘʟʠʤʦʩʪʴ ʩʨʝʜʩʪʚʘʤʠ ʵʪʦʛʦ ʷʟʳʢʘ ʚʩʝʭ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʨʠʩʫʱʠʭ ʠʟʫʯʘʝʤʦʤʫ ʷʚʣʝʥʠʶ (ʥʘʧʨʠʤʝʨ, ʢʘʫʟʘʣʴʥʳʭ 

ʬʘʢʪʦʨʦʚ ʚʣʠʷʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʥʘʣʠʯʠʝ\ʦʪʩʫʪʩʪʚʠʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʷʚʣʝʥʠʷ). 
4 ʌʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʝʱʝ ʩʦ ʚʨʝʤʝʥ ɸʨʠʩʪʦʪʝʣʷ ([ɸʨʠʩʪʦʪʝʣʴ, 1981] ʠ ʜʨ.), ʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘʤʠ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʧʠʨʘʶʱʠʡʩʷ ʥʘ ʢʘʥʦʥʠ-

ʯʝʩʢʫʶ ʪʦʯʢʫ ʟʨʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʫʶ ʌ.ɹʵʢʦʥʦʤ [ɹʵʢʦʥ, 2002] ʠ ɼ.ʉ.ʄʠʣʣʝʤ (ʩʤ., 
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ʚʟʛʣʷʜ ʥʘ ʧʨʦʙʣʝʤʫ ʤʝʪʦʜʘ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘ-

ʥʠʷ ʢ ʧʨʦʙʣʝʤʝ çʧʘʨʘʣʣʝʣʴʥʦʛʦè ʧʨʠʤʝʥʝʥʠʷ (ʠʩʧʦʣʴʟʦʚʘʥʠʷ) ʨʘʟʣʠʯʥʳʭ 

ʩʨʝʜʩʪʚ ʵʢʩʧʝʨʪʠʟʳ. ʅʘʣʠʯʠʝ ʚ ʘʨʩʝʥʘʣʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ-

ʩʢʦʣʴʢʦ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʝʩʨʘʚʥʠʤʳʭ (ʧʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʥʠʭ ʬʦʨʤʘʣʴ-

ʥʳʤ ʩʨʝʜʩʪʚʘʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ) 

çʠʥʩʪʨʫʤʝʥʪʦʚè ʵʢʩʧʝʨʪʠʟʳ, ʦʪʩʫʪʩʪʚʠʝ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʨʝʜʧʦʯʝʩʪʴ ʦʜʠʥ ʠʟ ʵʪʠʭ çʠʥʩʪʨʫʤʝʥʪʦʚè ʜʨʫʛʦʤʫ (ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ ʇ.ʌʝʡʝʨʘʙʝʥʜʦʤ çʧʦʩʪʫʣʘʪʦʤ ʟʥʘʯʝʥʠʷè çmach, was Du 

willstè 
1
) ʚʝʜʝʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩ ʦʜʠʥʘʢʦʚʳʤ ʚʥʠʤʘʥʠʝʤ ʦʪʥʦʩʠʪʴʩʷ ʢ 

ʢʘʞʜʦʤʫ ʠʟ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʠʟʳ. ʊ.ʝ. ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʩʨʘʚʥʝʥʠʷ ʠ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʛʦ
2
) ʠʟ ʧʦʨʦʞʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʀɸɼ, ʢʦʪʦ-

ʨʫʶ ʤʦʞʥʦ ʢʦʨʨʝʢʪʥʦ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʠ ʨʝʰʠʪʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʣʠʰʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ çʦʜʥʦʨʦʜʥʳʭè ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ
3
. 

(10) ʇʦʥʠʤʘʷ
4
 ʥʘʫʢʫ ʢʘʢ ʩʠʩʪʝʤʫ ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩʳ, ʬʦʨʤʠʨʫʝʤʳʭ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʝʩʢʨʠʧ-

ʪʠʚʥʳʤʠ (ʦʧʠʩʘʪʝʣʴʥʳʤʠ), ʪʘʢ ʠ ʘʨʛʫʤʝʥʪʘʮʠʦʥʥʳʤʠ (ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ 

ʜʦʩʪʘʪʦʯʥʳʝ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʧʨʠʥʷʪʠʷ ʧʦʨʦʞʜʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ) ʚʦʟʤʦʞʥʦ-

ʩʪʷʤʠ, ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʀɸɼ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʠʪʴ ʧʦʜʙʦʨʫ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʮʝʜʫʨ ʩʦʙʩʪʚʝʥʥʦ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʕɿ ʠʟ ʬʘʢʪʦʚ. ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʠʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʟʜʝʩʴ ʥʝ ʜʦʣʞʝʥ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʩʧʦʩʦʙʘ (ʷʟʳʢʘ) ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʩ-

ʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ (ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ) ʜʦʣʞʝʥ ʙʳʪʴ 

çʚʩʪʨʦʝʥè ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʮʝʜʫʨʳ ʀɸɼ: ʵʪʘ çʘʨʭʠʪʝʢʪʫʨʘè ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʩʨʘʚʥʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʠʟʳ ʧʨʠ ʚʘʨʴʠʨʦʚʘ-

ʥʠʠ ʩʨʝʜʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʠʭ). ʊʘ-

ʢʠʤ ʧʫʪʝʤ ʤʦʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʳʙʦʨʫ ʨʘʮʠʦʥʘʣʴʥʳʭ ʚ ʩʤʳʩʣʝ ʇ.ɹʝʨʥʘʡʩʘ 

(ʩʯʠʪʘʚʰʝʛʦ, ʯʪʦ çʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʚ ʫʛʘʜʳʚʘʥʠʠè ʠ ʝʩʪʴ çʧʨʝʜʤʝʪ ʵʚʨʠʩʪʠ-

ʢʠè [ɹʝʨʥʘʡʩ, 2000], [ʇʦʧʧʝʨ, 2000a]) ʧʦʥʷʪʠʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʟʳʢʘ ʧʨʝʜ-

                                                                                                                                 
ʥʘʧʨʠʤʝʨ, [ʄʠʣʣʴ, 1900], [ʄʠʣʣʴ, 1864] ʠ ʜʨ.), ʢʦʪʦʨʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʚʘʣʘʩʴ 

ʠ ʜʦʨʘʙʘʪʳʚʘʣʘʩʴ ʮʝʣʳʤ ʨʷʜʦʤ ʙʣʝʩʪʷʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ([ʕʀ 2000] ʠ ʜʨ.). 
1 ʊ.ʝ. çʜʝʣʘʡ, ʯʪʦ ʭʦʯʝʰʴè (ʚ ʥʝʤʝʮʢʦʤ ʚʘʨʠʘʥʪʝ) ʠʣʠ ʞʝ çanything goesè ï 

çʚʩʝ ʧʦʜʦʡʜʝʪè (ʚ ʘʥʛʣʠʡʩʢʦʤ ʚʘʨʠʘʥʪʝ ʘʚʪʦʨʩʢʦʛʦ ʪʝʢʩʪʘ [Feyerabend, 1975]). 
2 ʅʘʧʨʠʤʝʨ, ʩ ʪʘʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʣʘ ʙʳ ʢʘʢ ʦʧʠʩʘʪʝʣʴʥʫʶ, 

ʪʘʢ ʠ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʫʶ ʩʠʣʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʤʦʜʝʣʝʡ. 
3 ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʥʝʦʜʥʦʨʦʜʥʳʭè ʩʨʝʜʩʪʚ ʀɸɼ-ʵʢʩʧʝʨʪʠʟʳ ʦʪʜʝʣʴ-

ʥʳʭ ʫʩʠʣʠʡ ʪʨʝʙʫʝʪ ʩʦʙʩʪʚʝʥʥʦ ʢʦʨʨʝʢʪʥʦʝ çʧʦʛʨʫʞʝʥʠʝè ʠʩʧʦʣʴʟʫʝʤʳʭ çʠʥ-

ʩʪʨʫʤʝʥʪʦʚè ʚ ʝʜʠʥʫʶ ʩʨʝʜʫ ʦʮʝʥʠʚʘʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʦʪʩʫʪʩʪʚʠʝ 

ʪʘʢʦʡ ʩʨʝʜʳ (ʘ ʪʘʢʞʝ ʢʦʨʨʝʢʪʥʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚ ʥʝʡ ʦʪʥʦʰʝʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʷ) 

ʩʣʝʜʫʝʪ ʙʳʪʴ ʛʦʪʦʚʳʤ ʦʢʘʟʘʪʴʩʷ ʚ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʦʪʨʝʙʫʝʪʩʷ ʩʨʘʚʥʠʚʘʪʴ, 

ʥʘʧʨʠʤʝʨ, çʤʦʢʨʦʝè ʩ çʟʝʣʝʥʳʤè ʠʣʠ ʞʝ çʛʦʨʷʯʝʝè ʩ çʜʣʠʥʥʳʤè. 
4 ɺʩʣʝʜ ʟʘ ɸ.ʉ.ɽʩʝʥʠʥʳʤ-ɺʦʣʴʧʠʥʳʤ ʠ ɺ.ʂ.ʌʠʥʥʦʤ. 
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ʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʘ ʪʘʢʞʝ ʨʝʣʝʚʘʥʪʥʳʭ ʵʪʠʤ ʜʝʩʢʨʠʧʪʠʚʥʳʤ çʠʥʩʪʨʫʤʝʥ-

ʪʘʤè ʩʨʝʜʩʪʚ ʵʢʩʧʝʨʪʠʟʳ (ʬʦʨʤʠʨʦʚʘʥʠʷ ʕɿ ʠʟ ʜʘʥʥʳʭ). 

(11) ʈʘʮʠʦʥʘʣʴʥʦʩʪʠ ʚʳʙʦʨʘ ʦʙʩʫʞʜʘʝʤʳʭ ʜʝʩʢʨʠʧʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ ʀɸɼ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʦʡ ʩʠʩʪʝʤʳ ʷʟʳʢʦʚ ʦʧʠʩʘʥʠʷ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʦʡ, ʥʘʧʨʠ-

ʤʝʨ, ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʠʥʮʠʧʫ: 

- ʧʝʨʚʠʯʥʳʡ (ʧʨʦʩʪʝʡʰʠʡ) ʫʨʦʚʝʥʴ ʵʪʦʡ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʫʝʪʩʷ ʷʟʳʢʘ-

ʤʠ, ʧʦʩʪʨʦʝʥʥʳʤʠ ʢʘʢ ʤʥʦʞʝʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʟʥʘʢʦʚ (ʪʝʦʨʝʪʠ-

ʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ
1
); 

- ʟʘʪʝʤ ʧʝʨʚʠʯʥʦʝ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʰʠʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʦʪʥʦʰʝʥʠʡ (ʧʨʠʯʝʤ, ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʭ
2
, ʪʘʢ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ
3
) ʤʝʞʜʫ (ʧʦʜʤʥʦʞʝʩʪʚʘʤʠ) ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʟʥʘʢʦʚ; 

- ʜʘʣʝʝ, ʜʣʷ ʜʝʪʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʠʡ çʧʦʚʝʜʝʥʠʷè ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠ-

ʟʥʘʢʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʰʢʘʣʳ
4
 ʠʭ ʠʟʤʝʥʝʥʠʷ. 

ʇʝʨʝʭʦʜ ʦʪ ʙʦʣʝʝ ʧʨʦʩʪʦʛʦ ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʚʝʨʩʠʷʤ ʦʧʠʩʘʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʟʜʝʩʴ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ (ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʦʪʨʘʞʝ-

ʥʠʷ çʧʨʠʨʦʜʳè ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ʧʦʜʭʦʜʷʱʠʤʠ ʜʝʩʢʨʠʧʪʠʚʥʳʤʠ ʩʨʝʜ-

ʩʪʚʘʤʠ) ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʪʠʟʳ çʢʦʣʣʠʟʠʡè (ʚ ʯʘʩʪʥʦʩʪʠ ï ʜʣʷ 

ʨʘʟʨʝʰʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʠ ʪ.ʧ.). 

(12) ʅʘʩʣʝʜʫʝʤʦʩʪʴ ʪʝʭ ʠʣʠ ʠʥʳʭ ʢʦʣʣʝʢʮʠʡ ʕɿ, ʧʦʨʦʞʜʘʝʤʳʭ ʚ ʨʘʤ-

ʢʘʭ ʀɸɼ, ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʢʘʢ ʩʨʝʜʩʪʚ ʵʢʩʧʝʨʪʠʟʳ, ʪʘʢ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʷʟʳʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʙʫʜʫʯʠ ʜʦʧʦʣʥʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

(ʥʘʩʣʝʜʫʝʤʦʩʪʴʶ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʧʨʠ 

ʨʘʩʰʠʨʝʥʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʦʚʳʤʠ ʬʘʢʪʘʤʠ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʝʩʪʝ-

ʩʪʚʝʥʥʳʤ ʩʠʛʥʘʣʦʤ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʷʝʤʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʫʜʘʣʦʩʴ çʥʘʱʫʧʘʪʴè ʧʝʨʝʭʦʜ ʦʪ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠ-

ʩʠʤʦʩʪʝʡ ʢ ʵʤʧʠʨʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ([ʌʠʥʥ, 2004] ʠ ʜʨ.). 

(13) ʅʝʥʘʩʣʝʜʫʝʤʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʣʣʝʢʮʠʡ ʕɿ ʧʨʠ ʨʘʩʰʠʨʝ-

ʥʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʦʚʳʤʠ ʧʨʠʤʝʨʘʤʠ ʠ ʢʦʥʪʨʧʨʠʤʝʨʘʤʠ ï ʩʠʛʥʘʣ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʜʦʣʞʠʪʴ çʥʘʩʪʨʦʡʢʫè ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʨʝʜʩʪʚ ʵʢʩʧʝʨʪʠ-

ʟʳ ʚ ʧʦʠʩʢʝ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʪ ʜʦʩʪʘʪʦʯʥʳʝ ʦʩʥʦʚʘʥʠʷ 

ʜʣʷ ʧʨʠʥʷʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʝʥʘʩʣʝʜʫʝʤʦʩʪʴ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʢʦʣʣʝʢʮʠʡ ʕɿ ï ʝʩʪʴ ʧʦʚʦʜ ʟʘʜʝʡʩʪʚʦʚʘʪʴ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠè ʚʝʜʫʱʝʛʦ ʀɸɼ ʵʢʩʧʝʨʪʘ
5
 ʩ ʮʝʣʴʶ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʳʷʚʣʝʥ-

                                                           
1 ɺʦʟʤʦʞʥʦ ï ʩ ʫʯʝʪʦʤ ʢʨʘʪʥʦʩʪʠ ʚʭʦʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʝʩʢʨʠʧʪʦʨʦʚ ʚ 

ʦʧʠʩʘʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ (ʷʟʳʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʤʫʣʴʪʠʤʥʦʞʝʩʪʚ). 
2 ʉʦʚʤʝʩʪʥʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʧʨʠʟʥʘʢʠ. 
3 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʮʝʧʦʯʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʝʪʠ) ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ 

(ʠ\ʠʣʠ ʞʝ ʠʭ ʢʦʤʙʠʥʘʮʠʡ). 
4 ʅʘʠʤʝʥʦʚʘʥʠʡ, ʧʦʨʷʜʢʦʚʳʝ, ʤʝʪʨʠʯʝʩʢʠʝ. 
5 çʋʩʠʣʠʚʘʝʤʳʝè ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʦʡ-ʘʩʩʠʩʪʝʥʪʦʤ. 
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ʥʳʝ ʢʦʣʣʠʟʠʠ (ʚ ʪ.ʯ. ï ʧʦʧʳʪʘʪʴʩʷ ʣʦʢʘʣʠʟʦʚʘʪʴ ʦʧʨʝʜʝʣʷʶʱʠʝ ʪʘʢʫʶ ʥʝ-

ʥʘʩʣʝʜʫʝʤʦʩʪʴ ʬʘʢʪʦʨʳ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʫʞʝ ʠʤʝʶʱʠʝʩʷ ʘʙʜʫʢʪʠʚʥʳʝ 

ʦʙʲʷʩʥʝʥʠʷ ʚ ʩʤʳʩʣʝ ʏ.ʉ.ʇʠʨʩʘ ʠ ʪ.ʧ.). 

(14) ʅʝʥʘʩʣʝʜʫʝʤʦʩʪʴ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʨʦʞʜʘʝʤʳʭ ʚ 

ʨʘʤʢʘʭ ʀɸɼ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʜʘʥʥʳʭ (ʚ ʢʦʥʢʨʝʪʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʩʠʪʫ-

ʘʮʠʠ), ʤʦʞʝʪ ʙʳʪʴ ʩʠʛʥʘʣʦʤ ʦ ʥʘʣʠʯʠʠ ʧʨʦʙʣʝʤ ʩʣʝʜʫʶʱʠʭ ʪʨʝʭ ʪʠʧʦʚ: 

(14.1) ʤʘʣʦ ʜʘʥʥʳʭ ʜʣʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʟʘʢʣʶʯʝʥʠʡ ʦ ʚʩʝʭ ʩʢʨʳʪʳʭ (ʚ 

ʵʪʠʭ ʜʘʥʥʳʭ) ʕɿ
1
; 

(14.2) ʦʙʥʘʨʫʞʝʥʳ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ çʜʝʬʝʢʪʳè ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʜʝʬʝʢʪʳ ʚʳʨʘʟʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʚʳʙʨʘʥʥʦʛʦ ʷʟʳʢʘ). ʅʝʦʙʭʦʜʠʤʦ ʤʝʥʷʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʡ ʜʝʩʢʨʠʧʪʠʚʥʳʡ 

çʠʥʩʪʨʫʤʝʥʪʘʨʠʡè ʀɸɼ; 

(14.3) ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʨʝʜʩʪʚʘ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʀɸɼ ʥʝʘʜʝʢʚʘʪʥʳ çʧʨʠʨʦʜʝè 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʤʳ ʧʳʪʘʝʤʩʷ ʠʟʫʯʘʪʴ ʜʨʫʛʫʶ ʧʦ ʩʚʦʝʡ ʬʠʟʠʯʝ-

ʩʢʦʡ ʧʨʠʨʦʜʝ ʨʝʘʣʴʥʦʩʪʴ (ʥʘʧʨʠʤʝʨ, ʢʘʫʟʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʝ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ
2
 ʠ ʪ.ʧ.) ʥʝʨʝʣʝʚʘʥʪʥʳʤʠ ʝʡ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

ʧʦʟʥʘʥʠʷ (ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʤʠʨʘ çʩʪʨʫʢʪʫʨʠʨʫʝʤʦʡ ʢʘʫʟʘʣʴʥʦʩʪʠ
3
è). 

ʆʙʩʫʜʠʤ ʩʦʦʪʥʦʩʠʤʦʩʪ ɹ ʩʚʦʡʩʪʚ (1ï14) ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɼʉʄ-

ʤʝʪʦʜʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʘʢ ʧʨʦʮʝʜʫʨʥʘʷ ʧʣʘʪʬʦʨʤʘ ʀɸɼ. ʈʘʟʚʠʪʳʡ ʚ 

ʨʘʤʢʘʭ ɼʉʄ-ʤʝʪʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥ-

ʥʳʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʜʝʡʩʪʚʠʡ ʚ ʢʦʥʪʝʢʩʪʝ ʢʘʞʜʦʡ ʠʟ 14 ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʩʫʞʜʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʙʣʝʤ, ʧʨʝʜʣʘʛʘʷ 

ʧʨʠ ʵʪʦʤ ʩʚʦʶ ʚʝʨʩʠʶ ʦʪʚʝʪʦʚ ʥʘ ʢʘʞʜʳʡ ʠʟ ʚʦʧʨʦʩʦʚ (i) ï (v). ɹʦʣʝʝ ʪʦʛʦ: 

- ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʠʨʫʝʤʫʶ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ, ʚ ʧ.(11), ʩʭʝʤʝ ʠʝʨʘʨ-

ʭʠʶ ɼʉʄ-ʷʟʳʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʟʘʪʝʤ 

- ʧʦʜʢʣʶʯʘʷ ʩʶʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʘʨʴʠʨʦʚʘʪʴ ʚʳʙʦʨ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʷʟʳʢʘ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʠʪʴ ʥʘʩʣʝʜʫʝʤʦʩʪʴ ʧʦʨʦʞʜʘʝʤʳʭ ʥʘ 

ʝʛʦ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ ï ʧʦʨʦʞʜʘʝʤʳʭ ʨʘʟ-

                                                           
1 ʅʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘ ʯʪʦ ʥʝ ʩʦʜʝʨʞʘʪ ʩʚʝʜʝʥʠʡ (ʬʘʢʪʦʚ ï ʧʨʠʤʝʨʦʚ ʠ 

ʢʦʥʪʨʧʨʠʤʝʨʦʚ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʳ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʩʝʭ ʟʘʚʠʩʠ-

ʤʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʵʪʠʭ ʜʘʥʥʳʭ ʥʝʷʚʥʳʤ ʦʙʨʘʟʦʤ. 
2 ɻʜʝ ʧʨʝʜʤʝʪʦʤ ʨʘʩʩʤʦʪʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʣʠʰʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʦʙʲʝʢʪʦʚ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ [ʕʡʥʰʪʝʡʥ, 1966], 

[ʃʘʥʜʘʫ, 1976] ʠ ʪ.ʧ.). 
3 ɻʜʝ ʘʥʘʣʠʟ ʧʨʠʯʠʥʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪ ʜʝʢʦʤʧʦʟʠʮʠʠ ʦʪ ʢʦʤʧʣʝʢʩʦʚ 

ʦʧʠʩʘʥʠʡ ʦʙʲʝʢʪʦʚ (ʥʘʙʦʨʦʚ ʬʘʢʪʦʨʦʚ) ʢ ʠʭ ʟʥʘʯʠʤʳʤ ʢʦʣʣʝʢʮʠʷʤ (ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʩʦʚʦʢʫʧʥʦʩʪʷʤ ʪʝʭ ʠ ʪʦʣʴʢʦ ʪʝʭ ʢʘʫʟʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʠ ʦʧʨʝʜʝʣʷʶʪ 

ʥʘʣʠʯʠʝ ʠʣʠ ʞʝ, ʥʘʦʙʦʨʦʪ, - ʦʪʩʫʪʩʪʚʠʝ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ) ʠ ʜʘʣʝʝ ï ʢ ɻʣʝʤʝʥ-

ʪʘʨʥʳʤ ʢʘʫʟʘʣʴʥʳʤ çʢʦʤʧʦʥʝʥʪʘʤè (ʬʘʢʪʦʨʘʤ, ʦʢʘʟʳʚʘʶʱʠʤ çʩʘʤʦʩʪʦʷʪʝʣʴ-

ʥʦʝè ʚʣʠʷʥʠʝ ʥʘ ʠʟʫʯʘʝʤʦʝ ʷʚʣʝʥʠʝ). 
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ʣʠʯʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ɼʉʄ-ʵʢʩʧʝʨʪʠʟʳ, ʚʘʨʴʠʨʫʝʤʳʤʠ ʚ ʨʘʤʢʘʭ ʚʳʙʦʨʘ 

ʚʦʟʤʦʞʥʳʭ ʩʪʨʘʪʝʛʠʡ ɼʉʄ-ʨʘʩʩʫʞʜʝʥʠʷ), 

- ʘ ʟʘʪʝʤ ʚ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ ʢʦʣʣʠʟʠʡ (ʥʝʥʘʩʣʝʜʫʝʤʦʩʪʠ ʕɿ, ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʠ ʪ.ʧ.), ʠʩʧʦʣʴʟʫʷ
1
 ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, 

çʦʪʚʝʪʩʪʚʝʥʥʳʭè ʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʢʨʝʪʥʳʤ ʩʠʪʫʘʮʠʷʤ ʵʬʬʝʢʪʳ 

ʥʝʥʘʩʣʝʜʫʝʤʦʩʪʠ ʕɿ, 

ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ çʧʨʦʮʝʜʫʨʥʳʡ ʤʝʭʘʥʠʟʤè ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʜʙʦʨʘ ʧʦʜʭʦʜʷʱʝʛʦ (ʪ.ʝ. ʜʘʶʱʝʛʦ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ 

ʧʨʠʟʥʘʶʪʩʷ ʵʢʩʧʝʨʪʘʤʠ ʧʨʠʝʤʣʝʤʳʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ʚ 

ʢʦʥʢʨʝʪʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʝ) ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ çʧʨʠʨʦʜʳè ʘʥʘ-

ʣʠʟʠʨʫʝʤʦʛʦ ʩʨʝʜʩʪʚʘʤʠ ɼʉʄ-ʀɸɼ ʦʪʥʦʰʝʥʠʷ ʆɹʒɽʂʊ => ʉɺʆʁʉʊɺɸ
2
. 

ɿʜʝʩʴ, ʦʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʫʞʝ ʫʧʦʤʷʥʫʪʳʭ ʚʳ-

ʰʝ (ʩʤ. ʧ.14.2) ʩʠʪʫʘʮʠʡ, ʢʦʛʜʘ ʧʨʦʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ çʜʝʬʝʢʪʳè 

ʚʳʨʘʟʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʳʙʨʘʥʥʦʛʦ ʷʟʳʢʘ. ʅʘʧʨʠʤʝʨ, ï ʜʦʢʘʟʫʝʤʦ 

ʥʝʫʩʪʨʘʥʠʤʘʷ (ʩʤ., ʥʘʧʨʠʤʝʨ, [ɿʘʙʝʞʘʡʣʦ, 2015] ʠ ʜʨ.) ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ 

ʙʳʩʪʨʦ ʨʘʩʪʫʱʘʷ ʩʣʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʨʝʜʩʪʚʘʤʠ ɼʉʄ-

ʀɸɼ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɿʜʝʩʴ (ʢʦʛʜʘ ʨʝʘʣʠʟʫ-

ʶʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʦʮʝʥʢʠ ʩʣʦʞʥʦʩʪʠ ɼʉʄ-ʧʝʨʝʙʦʨʘ) ʤʦʞʥʦ ʠʩʢʘʪʴ 

ʧʨʠʙʣʠʞʝʥʥʳʝ ʦʧʠʩʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ɼʉʄ-ʕɿ, ʢʦʪʦ-

ʨʳʝ ʪʝʤ ʥʝ ʤʝʥʝʝ ʜʘʚʘʣʠ ʙʳ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʘʪʴ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫ-

ʯʘʝ ʟʘʜʘʯʫ ɼʉʄ-ʧʨʦʛʥʦʟʘ ʩʚʦʡʩʪʚ ʟʘʜʘʥʥʳʭ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʵʪʦʛʦ 

ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ (ʫʧʨʘʚʣʷʝʤʦʝ) ʧʦʨʦʞʜʝʥʠʝ ʤʥʦʞʝ-

ʩʪʚʘ ʚʩʝʭ ʕɿ ʩʨʝʜʩʪʚʘʤʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦ-

ʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ([ɿʘʙʝʞʘʡʣʦ, 2014] ʠ ʜʨ.). 

ɺʝʩʴʤʘ ʧʦʣʝʟʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʘʥʘʣʠʟ ʤʝʪʘ-ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɼʉʄ-

ʧʨʦʮʝʜʫʨ ʧʦʠʩʢʘ ʕɿ. ʊʘʢ ʚ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʦʨʦʞʜʘʝʤʳʭ ʠʟ ʟʘʜʘʥʥʦʡ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ɼʉʄ-ʕɿ ʦʢʘʟʳʚʘʝʪʩʷ çʩʣʠʰʢʦʤ ʤʥʦʛʦè, ʫʤʝʩʪʝʥ 

ʚʦʧʨʦʩ: ʚ ʯʝʤ ʧʨʠʯʠʥʘ ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʠʷ (ʠʩʭʦʜʥʘʷ ʚʳʙʦʨʢʘ ï çʧʣʦʭʘʷ
3
è 

ʠʣʠ ʞʝ ʷʟʳʢ, ʚʳʙʨʘʥʥʳʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʕɿ, ʥʝ ʘʜʝʢʚʘʪʝʥ
4
?). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ çʙʳʩʪʨʳʝè (ʧʦʣʠʥʦʤʠʘʣʴʥʦ ʩʣʦʞʥʳʝ) 

ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ çʢʘʯʝʩʪʚʘè ʠʩʭʦʜʥʦʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʪ.ʝ. 

ʦʙʦʡʪʠʩʴ ʙʝʟ ʧʦʨʦʞʜʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʕɿ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ 

ʧʦʧʦʣʥʝʥʠʠ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ (çʠʥʬʦʨʤʘʪʠʚʥʳʤʠè) 

                                                           
1 ʋʞʝ ʚ çʨʫʯʥʦʤè ʨʝʞʠʤʝ, ʛʜʝ ʚʝʜʫʱʘʷ ʨʦʣʴ ï ʫ ʵʢʩʧʝʨʪʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʀɸɼ. 
2 ʉʨ., ʩ ʚʳʙʦʨʦʤ çʦʙʲʷʩʥʠʪʝʣʴʥʳʭè - ʘ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʚʦʚʩʝ ʥʝ ʢʘʫʟʘʣʴʥʳʭ ï 

ʧʝʨʝʤʝʥʥʳʭ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʯʠʩʣʦʚʳʭ ʬʫʥʢʮʠʡ ʨʝʛʨʝʩʩʠʷʤʠ. 
3 ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʧʦʨʦʞʜʘʝʤʦʛʦ ʤʥʦʞʝʩʪʚʘ ʕɿ ʬʘʢʪʠʯʝʩʢʠ ʛʦʚʦʨʷʪ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʧʨʠ ʧʦʨʦʞʜʝʥʠʠ ʕɿ çʚʩʝ ʧʨʠʟʥʘʢʠ ʩʦ ʚʩʝʤʠè. ʉʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʠʤʝʶʱʠʭ ʢʘʢʫʶ-ʪʦ ʦʩʦʙʫʶ ʩʪʨʫʢʪʫʨ ʕɿ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʧʨʦʩʪʫ ʥʝʪ. 
4 ʅʝ ʨʘʩʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʢʘʫʟʘʣʴʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. 
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ʧʨʝʮʝʜʝʥʪʘʤʠ ʠʣʠ ʦ ʤʦʜʠʬʠʢʘʮʠʠ ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ ʧʨʝʮʝʜʝʥʪʦʚ (ʠ ʠʩʧʦʣʴ-

ʟʫʝʤʦʡ ʦʧʝʨʘʮʠʠ ʩʭʦʜʩʪʚʘ). ʇʨʠʤʝʨ ʪʘʢʠʭ ʙʳʩʪʨʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʦʠʩʢʦʤ ʕɿ ʥʘ ʧʦʧʦʣʥʷʝʤʳʭ ʥʦʚʳʤʠ ʧʨʝʮʝʜʝʥʪʘʤʠ ʨʘʩʰʠʨʷʶʱʠʭ-

ʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ ʤʦʞʥʦ ʥʘʡʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʨʘʙʦʪʝ [ɿʘʙʝʞʘʡʣʦ, 2014]. 

ɽʩʣʠ ʞʝ ʧʫʪʝʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʘ 

ʩʨʝʜʩʪʚ ɼʉʄ-ʀɸɼ (ʩʨʝʜʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ çʠʥʩʪʨʫʤʝʥ-

ʪʦʚè ɼʉʄ-ʵʢʩʧʝʨʪʠʟʳ) ʠʩʢʦʤʳʝ ʦʙʣʘʩʪʠ çʫʩʪʦʡʯʠʚʦʩʪʠè ʚʦʩʩʪʘʥʘʚʣʠʚʘ-

ʝʤʳʭ ʠʟ ʬʘʢʪʦʚ ʕɿ ï ʪ.ʝ. ʦʙʣʘʩʪʠ ʕʤʧʠʨʠʯʝʩʢʠʭ ɿʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ï ʠʜʝʥ-

ʪʠʬʠʮʠʨʦʚʘʪʴ ʚʩʝ ʞʝ ʥʝ ʫʜʘʝʪʩʷ, ʩʣʝʜʫʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʚʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦ ʜʘʣʴʥʝʡʰʠʭ ʜʝʡʩʪʚʠʷʭ: 

ʘ) ʚ ʚʳʧʦʣʥʷʝʤʦʤ ʧʨʦʮʝʩʩʝ ʀɸɼ ʦʙʨʘʙʦʪʘʥ ʚʩʝ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʳʡ 

(ʜʣʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʧʦʨʦʞʜʘʝʤʳʭ ʟʘʢʣʶʯʝʥʠʡ) ʦʙʲʝʤ ʜʘʥʥʳʭ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ɼʉʄ-ʵʢʩʧʝʨʪʠʟʳ ʩʣʝʜʫʝʪ ʧʨʦʜʦʣʞʠʪʴ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʨʘʩʰʠʨʷʷ ʠʩʧʦʣʴʟʫʝʤʫʶ ʠʩʭʦʜʥʫʶ ʚʳʙʦʨʢʫ ʥʦʚʳʤʠ ʬʘʢʪʘʤʠ); 

ʚ) ʚʦʟʤʦʞʥʦ, ʤʳ ʧʳʪʘʝʤʩʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ (ʨʝʣʝʚʘʥʪʥʳʤʠ ʤʠʨʫ ʜʝʪʝʨ-

ʤʠʥʠʩʪʩʢʠʭ ʢʘʫʟʘʣʴʥʳʭ ʚʣʠʷʥʠʡ ʩʨʝʜʩʪʚʘʤʠ) ʷʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨ-

ʥʳ ʜʣʷ ʤʠʨʘ (ʨʝʘʣʴʥʦʩʪʠ) ʩʦʚʩʝʤ ʠʥʦʛʦ ʪʠʧʘ: ʧʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ï ʥʝ ʤʠʨ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʦʙʲʝʢʪ (çʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʳʭè) ʜʝʪʝʨʤʠ-

ʥʠʩʪʩʢʠʭ ʧʨʠʯʠʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʢʘʫʟʘʣʴʥʳʭ ʚʣʠʷʥʠʡ. (ʇʨʠʤʝʨ çʜʨʫ-

ʛʦʡ ʨʝʘʣʴʥʦʩʪʠè ʪʘʢʦʛʦ ʪʠʧʘ - ʤʠʨ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ). ɺ ʵʪʦʤ ʩʣʫ-

ʯʘʝ, ʚʝʩʪʠ ʧʨʦʮʝʩʩ ʀɸɼ ʧʨʝʞʥʠʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʚʠʜʠʤʦ, ʥʝ ʩʣʝʜʫʝʪ. 
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ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʚ ʚʠʜʝ ʦʜʥʦʨʦʜʥʳʭ 

ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩ ʙʘʟʦʚʦʡ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʝʡ. ʇʨʠʚʦʜʷʪʩʷ ʘʣʛʦʨʠʪʤʳ ʙʘʟʦʚʳʭ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ 

ʤʥʦʞʝʩʪʚ, ʢʦʪʦʨʳʝ ʜʦʧʫʩʢʘʶʪ ʨʝʘʣʠʟʘʮʠʶ ʥʘ ʧʘʨʘʣʣʝʣʴʥʦʡ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʘ ʦʥ-

ʪʦʣʦʛʠʠ ʧʦ ʬʦʨʤʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʫ, ʟʘʜʘʥʥʦʤʫ ʥʘ ʧʨʠʙʣʠʞʸʥʥʳʭ 

ʤʥʦʞʝʩʪʚʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʛʦʨʠʪʤ, ʧʨʠʙʣʠʞʸʥʥʳʝ ʤʥʦʞʝʩʪʚʘ, ʘʥʘʣʠʟ 

ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ, ʦʥʪʦʣʦʛʠʷ, ʦʜʥʦʨʦʜʥʘʷ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʩʝʪʴ, 

ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʥʘʥʠʡ. 

ɺʚʝʜʝʥʠʝ 

ʅʘʣʠʯʠʝ ʜʘʥʥʳʭ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʪʨʝ-

ʙʫʝʪ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠʭ ʦʙʨʘʙʦʪʢʠ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʩʦʯʝ-

ʪʘʥʠʠ ʩ ʪʝʥʜʝʥʮʠʷʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʦʙʨʘʙʦʪʢʫ ʩʝʤʘʥʪʠʯʝʩʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ 

ʘʥʘʣʠʟʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜ ʠ ʘʣʛʦʨʠʪʤʳ, 

ʩʧʦʩʦʙʥʳʝ ʦʙʝʩʧʝʯʠʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʧʦʜʜʝʨʞʢʫ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ [ɻʦʣʝʥʢʦʚ ʠ ʜʨ., 2015] 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʘʟ ʟʥʘʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʜʥʦʨʦʜʥʳʝ ʩʝʤʘʥʪʠʯʝ-

ʩʢʠʝ ʩʝʪʠ [ɻʦʣʝʥʢʦʚ ʠ ʜʨ., 2012] ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ɸʢʪʫ-

ʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪ-
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ʢʝ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ, ʚʦʟʨʘʩʪʘʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢʦ 

ʚʨʝʤʝʥʥʳʤ ʟʘʪʨʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝʤ ʩʝ-

ʤʘʥʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʤʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʦʣʥʦʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʝ-

ʤʘʥʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ [ʀʚʘʰʝʥʢʦ, 2015] ʠ ʩʦʯʝʪʘʥʠʷ 

ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ (ɸʌʇ) ʠ ʘʧʧʘʨʘʪʘ ʧʨʠʙʣʠʞʸʥʥʳʭ 

ʤʥʦʞʝʩʪʚ (ʇʄ) [Poelmans et al., 2014]. ʈʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ɸʌʇ ʥʝ 

ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʧʦʨʷʜʦʢ ʦʨʛʘʥʠʟʘʮʠʠ ʟʥʘʥʠʡ (ʦʪʥʦʰʝʥʠʷ ʤʝʞ-

ʜʫ ʧʦʥʷʪʠʷʤʠ, ʚʠʟʫʘʣʠʟʠʨʫʷ ʵʪʠ ʦʪʥʦʰʝʥʠʷ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ ʍʘʩʩʝ), ʥʦ ʠ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʧʦʪʝʟ ʠ ʬʦʨʤʫʣʠʨʦʚʢʠ ʪʝʦʨʝʤ ʦ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʘʣʛʦ-

ʨʠʪʤʳ ʚ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʧʨʝʜʣʘʛʘʶʪʩʷ ʢʘʢ ʵʣʝʤʝʥʪ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʩʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʠ 

ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʝʘʣʠʟʘʮʠʦʥʥʳʤʠ ʠ ʘʨʭʠ-

ʪʝʢʪʫʨʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ [ʀʚʘʰʝʥʢʦ ʠ ʜʨ., 2016]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʠ ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʚ ʚʠʜʝ ʦʜʥʦʨʦʜʥʳʭ ʩʝʤʘʥʪʠ-

ʯʝʩʢʠʭ ʩʝʪʝʡ ʩ ʙʘʟʦʚʦʡ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ [ɻʦ-

ʣʝʥʢʦʚ ʠ ʜʨ., 2012]. ɼʣʷ ʵʪʦʛʦ 1) ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʙʘʟʦʚʳʭ 

ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ ʤʥʦʞʝʩʪʚ, ʢʦʪʦʨʳʝ ʜʦʧʫʩʢʘʶʪ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʝʘʣʠ-

ʟʘʮʠʶ ʥʘ ʛʝʪʝʨʦʛʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ; 2) ʦʧʠʩʳʚʘʝʪʩʷ ʤʝ-

ʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʘ ʨʦʜʦʚʠʜʦʚʦʡ ʦʥʪʦʣʦʛʠʠ (ʪʘʢʩʦʥʦʤʠʠ) ʧʦ ʬʦʨʤʘʣʴ-

ʥʦʤʫ ʢʦʥʪʝʢʩʪʫ, ʟʘʜʘʥʥʦʤʫ ʥʘ ʧʨʠʙʣʠʞʸʥʥʳʭ ʤʥʦʞʝʩʪʚʘʭ. 

ʉʠʩʪʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʟʥʘʥʠʷʭ [ɻʘʚʨʠʣʦʚʘ ʠ ʜʨ., 2000], ʩʦʩʪʦʠʪ ʠʟ ʙʘ-

ʟʳ ʟʥʘʥʠʡ (ɹɿ), ʤʘʰʠʥʳ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡ (ʄʆɿ) ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ (ʇʀ). ʂʦʤʧʦʥʝʥʪʳ ɹɿ ʠ ʄʆɿ ʦʪʥʦʩʷʪʩʷ ʢʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ 

ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʟʥʘʥʠʷʭ, ʢʦʪʦʨʘʷ ʩʢʨʳʪʘ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ; ʇʀ 

ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʥʝʰʥʝʡ ʯʘʩʪʠ, ʜʦʩʪʫʧʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ɺ ʩʠʩʪʝʤʝ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʟʥʘʥʠʷʭ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʫʨʦʚʥʷ 

(ʨʠʩ. 1): 1) ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ; 2) ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥ-

ʥʳʤʠ; 3) ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ. ʋʧʨʘʚʣʝʥʠʝ ʟʥʘʥʠʷʤʠ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʤʠ ʚ ʚʠʜʝ ʦʜʥʦʨʦʜʥʳʭ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩ ʙʘʟʦʚʦʡ ʪʝʦʨʝʪʠ-

ʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ, ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʤʥʦʞʝʩʪʚ, ʯʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʝʘʣʠʟʘʮʠʶ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ: ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʘʩʩʠʚʳ, ʩʧʠʩʢʠ, ʜʝʨʝʚʴʷ ʠ ʪ.ʜ. [ʂʥʫʪ, 

2014], ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʙʘʟʦʚʳʭ ʦʧʝʨʘʮʠʡ ʜʠʥʘ-

ʤʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʘʤʷʪʴʶ [ʂʥʫʪ, 2014] ʥʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ: ʚʳʜʝʣʝ-

ʥʠʝ, ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʠ ʧʝʨʝʚʳʜʝʣʝʥʠʝ ʫʯʘʩʪʢʦʚ ʧʘʤʷʪʠ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʫʨʦʚʥʝʡ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʟʥʘʥʠʷʭ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ɸʌʇ ʜʣʷ ʇʄ ʚ ʦʜʥʦʨʦʜʥʳʭ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʝʪʷʭ ʧʦʜ-

ʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʥʠʞʥʠʭ ʫʨʦʚʥʷʭ ʠ ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʪʨʠ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ɸʌʇ 

ʘʣʛʦʨʠʪʤʦʚ ʟʘʚʠʩʷʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘ-

ʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʘʷ ʚʳʙʨʘʥʘ ʦʩʥʦʚʦʡ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʇʨʠ ʦʙ-

ʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʧʣʘʪʬʦʨʤ ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʛʝʪʝʨʦʛʝʥ-

ʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʣʘʩʩʦʚ ʆʂʄɼ ʠʣʠ ʄʂʄɼ. 

1. ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ (ʨʠʩ. 1), ʥʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʩʠʩʪʝʤʳ, ʦʩʥʦ-

ʚʘʥʥʦʡ ʥʘ ʟʥʘʥʠʷʭ, ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʘʤʷ-

ʪʴʶ, ʛʘʨʘʥʪʠʨʫʶʱʘʷ ʚʨʝʤʷ ʧʦʨʷʜʢʘ ln
2
(m) (m ï ʨʘʟʤʝʨ ʧʘʤʷʪʠ) ʜʣʷ ʦʧʝʨʘ-

ʮʠʡ ʚʳʜʝʣʝʥʠʷ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʫʯʘʩʪʢʦʚ ʧʘʤʷʪʠ [ʀʚʘʰʝʥʢʦ, 2012], ʘ 

ʪʘʢʞʝ ï ʢʦʥʩʪʘʥʪʥʦʝ ʩʨʝʜʥʝʝ ʘʤʦʨʪʠʟʘʮʠʦʥʥʦʝ ʚʨʝʤʷ ʜʣʷ ʦʧʝʨʘʮʠʠ ʧʝʨʝ-

ʚʳʜʝʣʝʥʠʷ, ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʯʠʩʣʦ ʜʦʙʘʚʣʝʥʥʳʭ ʚ ʩʚʷʟʥʳʡ ʫʯʘʩʪʦʢ ʵʣʝʤʝʥ-

ʪʦʚ ʜʘʥʥʳʭ ʧʨʝʚʳʰʘʝʪ ʬʘʢʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ʧʨʦʠʟʚʝʜʸʥʥʳʭ ʧʝʨʝʚʳʜʝʣʝʥʠʡ 

ʠʩʭʦʜʥʦʛʦ ʩʚʷʟʥʦʛʦ ʫʯʘʩʪʢʘ ʧʘʤʷʪʠ. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʸʥ ʛʨʘʬʠʢ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʨʝʤʝʥʠ (tem) ʨʘʙʦʪʳ ʦʧʝʨʘʮʠʡ ʧʝʨʝʚʳʜʝʣʝʥʠʷ 

ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ʢʦ ʚʨʝʤʝʥʠ (ttc) ʨʘʙʦʪʳ ʦʧʝʨʘʮʠʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ 

tcmalloc [TCMalloc, 2016].  

ʅʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ʨʝʘʣʠʟʫʶʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʘ 

ʨʦʜʦʚʠʜʦʚʦʡ ʦʥʪʦʣʦʛʠʠ ʦʧʝʨʘʮʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʠ ʦʙʲʝʜʠʥʝʥʠʷ (ʤʫʣʴ-

ʪʠ)ʤʥʦʞʝʩʪʚ. 
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ʈʠʩ. 2. ɻʨʘʬʠʢ ʣʦʛʘʨʠʬʤʘ ʦʪʥʦʰʝʥʠʷ ʚʨʝʤʝʥ ʠʩʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ  

ʧʝʨʝʚʳʜʝʣʝʥʠʷ ʫʯʘʩʪʢʘ ʨʘʟʤʝʨʦʤ u ʷʯʝʝʢ ʠʟ ʫʯʘʩʪʢʘ ʠʩʭʦʜʥʦʛʦ ʨʘʟʤʝʨʘ l ʷʯʝʝʢ  

ʩ ʨʘʟʤʝʨʦʤ 32 ʙʠʪʘ 
 

ɸʣʛʦʨʠʪʤ 1. ʆʧʝʨʘʮʠʷ IntersectMultisets(àA, Bð) ʧʝʨʝʩʝʯʝʥʠʷ ʤʫʣʴʪʠʤ-

ʥʦʞʝʩʪʚ. 

1. ɺʳʧʦʣʥʠʪʴ ʧʦʠʩʢ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʜʝʢʩʦʚ ʚʭʦʞ-

ʜʝʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʤʥʦʞʝʩʪʚʘ A ʚʦ ʤʥʦʞʝʩʪʚʦ B: 

àL, Uð « RangeBinarySearch(àA, Bð). 

2. ʆʪʤʝʪʠʪʴ ʚ ʤʘʩʩʠʚʝ ʉ ʤʠʥʠʤʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ʨʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʘʩʩʠʚʘ ɸ: 

[]
{} { }( ) []

{} { }( ) []

max 0 1

0 max 0 1

i A i A i
C i

A i A i

ë è øÇ - <ê úî
«ì

è øÇ - =î ê úí

. 

3. ɺʳʯʠʩʣʠʪʴ ʤʘʢʩʠʤʫʤʳ D « MaxScatter(C): 

k « ((~ 0) >> (clz(Length(A))+1))+1 

ʧʦʢʘ (k > 0): 

 ʝʩʣʠ (i ² k), ʪʦ D[i] « max({D[i]}Ç{D[i-k]}) 

 k >>= 1 

4. ɺʳʯʠʩʣʠʪʴ 

[]
[] [] []

[] [] []

1

0

i D i U i L i
E i

i D i U i L i

ë - < -î
«ì

- ² -îí

. 

5. ɺʳʯʠʩʣʠʪʴ ʤʘʩʩʠʚ F ʧʨʝʬʠʢʩʥʳʭ ʩʫʤʤ ʤʘʩʩʠʚʘ E: 

F[i] « ɽ[i]+PrefixSum(E)[i]. 
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6. ɺʳʯʠʩʣʠʪʴ: ʝʩʣʠ (E[i]=1), ʪʦ R[F[i] ï 1] « A[i]. 

7. ɺʦʟʚʨʘʪʠʪʴ àR, F[Length(A) - 1]ð. 

ɸʣʛʦʨʠʪʤ 2. ʆʧʝʨʘʮʠʷ UniteMultisets(àA, Bð) ʦʙʲʝʜʠʥʝʥʠʷ 

ʤʫʣʴʪʠʤʥʦʞʝʩʪʚ. 

1. ɺʳʧʦʣʥʠʪʴ ʧʦʠʩʢ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʜʝʢʩʦʚ ʚʭʦʞ-

ʜʝʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʤʥʦʞʝʩʪʚʘ A ʚʦ ʤʥʦʞʝʩʪʚʦ B: 

àL, Uð « RangeBinarySearch(àA, Bð). 

2. ʆʪʤʝʪʠʪʴ ʚ ʤʘʩʩʠʚʝ ʉ ʤʠʥʠʤʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ʨʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʘʩʩʠʚʘ ɸ: 

[]
{} { }( ) []

{} { }( ) []

max 0 1

0 max 0 1

i A i A i
C i

A i A i

ë è øÇ - <ê úî
«ì

è øÇ - =î ê úí

. 

3. ɺʳʯʠʩʣʠʪʴ ʤʘʢʩʠʤʫʤʳ D « MaxScatter(C): 

k « ((~ 0) >> (clz(Length(A))+1))+1 

ʧʦʢʘ (k > 0): 

 ʝʩʣʠ (i ² k), ʪʦ D[i] « max({D[i]}Ç{D[i-k]}) 

 k >>= 1 

4. ɺʳʯʠʩʣʠʪʴ 

[]
[] [] []

[] [] []

0

1

i D i U i L i
G i

i D i U i L i

ë - < -î
«ì

- ² -îí

. 

5. ɺʳʧʦʣʥʠʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʤʘʩʩʠʚʘ D: 

E[i] « i - D[i] - U[i] + L[i]. 

6. ɺʳʯʠʩʣʠʪʴ ʤʘʩʩʠʚ H ʧʨʝʬʠʢʩʥʳʭ ʩʫʤʤ ʤʘʩʩʠʚʘ G: 

H « PrefixSum(G). 

7. ɺʳʯʠʩʣʠʪʴ: 

ʜʣʷ i ʦʪ 0 ʜʦ Length(A) + Length(B) - 1: 

 R[i] « 1 

8. ɺʳʯʠʩʣʠʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʤʘʩʩʠʚʘ ɸ: 

ʝʩʣʠ (A[i]<>B[L[i] + E[i]]), ʪʦ R[L[i] + E[i] + H[i]] « 0 

9. ɺʳʯʠʩʣʠʪʴ ʤʘʩʩʠʚ T ʧʨʝʬʠʢʩʥʳʭ ʩʫʤʤ ʤʘʩʩʠʚʘ R:  

T[i] « R[i]+PrefixSum(R)[i]; T[-1] « 0. 

10. ɺʳʧʦʣʥʠʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ (i²0) ʤʘʩʩʠʚʘ T: 

ʝʩʣʠ ((T[i]¢Length(B)),(T[i-1]<>T[i])), ʪʦ R[i]« B[T[i]-1]. 

ʇʦʩʣʝ ʵʪʦʛʦ ʤʘʩʩʠʚ R ʩʦʜʝʨʞʠʪ ʚʩʝ ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ B. 

11. ɺʳʧʦʣʥʠʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ (i²0) ʤʘʩʩʠʚʘ R: 

ʝʩʣʠ (T[i-1]=T[i]), ʪʦ R[L[i] + E[i] + H[i]] « A[i]. 

12. ʇʦʩʣʝ ʵʪʦʛʦ ʤʘʩʩʠʚ R ʩʦʜʝʨʞʠʪ ʠ ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ ɸ. 

ɺʦʟʚʨʘʪʠʪʴ àR, H[Length(A)-1] + T[Length(A) + Length(B)-1]ð. 
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ɼʣʷ ʦʧʝʨʘʮʠʡ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʧʦ ʘʣʛʦʨʠʪʤʘʤ 1 ʠ 2 ʚʨʝ-

ʤʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ ʦʞʠʜʘʝʪʩʷ ʥʝ 

ʙʦʣʝʝ ʯʝʤ ʆ(ln(n)*n/p+ln2
(m)) (n ï ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʤʥʦʞʝʩʪʚ, p ï 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʨʦʚ). ɼʣʷ ʦʧʝʨʘʮʠʡ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ ï ʪʝʦʨʝʪʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʜʘʸʪ ʚʳʨʘʞʝʥʠʝ ʆ(n
2
*ln

2
(n) *2

2n/p+ln2
(m)).  

ʄʦʜʝʣʴ ɸʌʇ ʜʣʷ ʇʄ ʦʩʥʦʚʘʥʘ ʥʘ ʤʦʜʝʣʠ ʤʥʦʛʦʟʥʘʯʥʦʛʦ ʘʥʘʣʠʟʘ 

ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ [Stumme et al., 2001] ʠ ʷʚʣʷʝʪʩʷ ʝʸ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ. 

ʇʫʩʪʴ G ï ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, M ï ʤʥʦʞʝʩʪʚʦ 

ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʦʙʲʝʢʪʳ G, a V={0, İ, 1} ï ʤʥʦʞʝʩʪʚʦ 

ʠʟ ʪʨʸʭ ʨʘʮʠʦʥʘʣʴʥʳʭ ʯʠʩʝʣ. ʇʨʠʙʣʠʞʸʥʥʳʡ ʬʦʨʤʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ FR 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʯʝʪʚʸʨʢʘ àG, M, IR, Vð, ʛʜʝ IR=V
G³M

 ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ 

ʧʨʝʜʠʢʘʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʣʶʙʦʡ ʧʘʨʳ àx, yð, ʛʜʝ xÍG ʠ yÍM, 

ʩʧʨʘʚʝʜʣʠʚʦ ʦʜʥʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʫʪʚʝʨʞʜʝʥʠʡ: 

1. ɽʩʣʠ IR(àx, yð)=0, ʪʦ ʦʙʲʝʢʪ x ʥʝ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ y. 

2. ɽʩʣʠ IR(àx, yð)=1, ʪʦ ʦʙʲʝʢʪ x ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ y. 

3. ɽʩʣʠ IR(àx, yð)=İ, ʪʦ ʥʝʠʟʚʝʩʪʥʦ ʦʙʣʘʜʘʝʪ ʣʠ ʦʙʲʝʢʪ x ʩʚʦʡʩʪʚʦʤ y. 

ʇʫʩʪʴ XÌG (YÌM), ʪʦʛʜʘ ʥʠʞʥʷʷ L(X) (Lə(Y)) ʠ ʚʝʨʭʥʷʷ U(X) (Uə(Y)) 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʥʦʞʝʩʪʚʘ ʘʪʨʠʙʫʪʦʚ (ʦʙʲʝʢʪʦʚ) ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ 

(ʘʪʨʠʙʫʪʦʚ) ʟʘʜʘʶʪʩʷ ʢʘʢ: 

L(X)={y|"x((xÍX) ­ (IR(àx,yð)>0))}, U(X)={y|"x((xÍX) ­ (IR(àx,yð)=1))}, 

Lə(Y)={x|"y((yÍY) ­ (IR(àx,yð)>0))}, Uə(Y)={x|"y((yÍY) ­ (IR(àx,yð)=1))}. 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ ʨʦʜʦʚʠʜʦʚʦʡ ʦʥʪʦʣʦʛʠʠ (ʪʘʢʩʦʥʦʤʠʠ) ʧʦ ʟʘʜʘʥʥʦʤʫ 

FR ʩʚʦʜʠʪʩʷ ʢ ʪʨʸʤ ʩʣʝʜʫʶʱʠʤ ʰʘʛʘʤ: 

1. ʉʬʦʨʤʠʨʦʚʘʪʴ ʥʘʙʦʨʳ ʵʢʩʪʝʥʩʠʦʥʘʣʦʚ (extent) [Poelmans et al., 2014]. 

2. ʉʬʦʨʤʠʨʦʚʘʪʴ ʥʘʙʦʨʳ ʠʥʪʝʥʩʠʦʥʘʣʦʚ (intent) [Poelmans et al., 2014]. 

3. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬ ʨʦʜʦʚʠʜʦʚʦʡ ʦʥʪʦʣʦʛʠʠ (ʪʘʢʩʦʥʦʤʠʠ). 

ʅʘʙʦʨʳ ʵʢʩʪʝʥʩʠʦʥʘʣʦʚ ʠ ʠʥʪʝʥʩʠʦʥʘʣʦʚ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʦʧʝʨʘʮʠʡ ʦʙʲʝʜʠʥʝʥʠʷ ʠ ʧʝʨʝʩʝʯʝʥʠʷ ʤʥʦʞʝʩʪʚ, ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ (ʘʪʨʠʙʫʪʘ) ʠʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʘʪʨʠʙʫʪʦʚ (ʦʙʲʝʢʪʦʚ), ʢʦ-

ʪʦʨʳʤʠ ʦʥ ʦʙʣʘʜʘʝʪ, ʠ ʤʥʦʞʝʩʪʚʦ ʘʪʨʠʙʫʪʦʚ (ʦʙʲʝʢʪʦʚ), ʢʦʪʦʨʳʤʠ ʦʥ ʥʝ 

ʦʙʣʘʜʘʝʪ. ʄʥʦʞʝʩʪʚʦ ʘʪʨʠʙʫʪʦʚ (ʦʙʲʝʢʪʦʚ), ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʝʪ ʦʙʲʝʜʠʥʝ-

ʥʠʝ ʵʢʩʪʝʥʩʠʦʥʘʣʦʚ (ʠʥʪʝʥʩʠʦʥʘʣʦʚ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʧʝʨʝʩʝʯʝʥʠʝ ʤʥʦ-

ʞʝʩʪʚ ʘʪʨʠʙʫʪʦʚ (ʦʙʲʝʢʪʦʚ), ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ ʦʙʲʝʢʪʳ (ʘʪʨʠʙʫʪʳ) ʢʘʞ-

ʜʦʛʦ ʵʢʩʪʝʥʩʠʦʥʘʣʘ (ʠʥʪʝʥʩʠʦʥʘʣʘ), ʘ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ (ʘʪʨʠʙʫʪʦʚ), ʢʦ-

ʪʦʨʳʤʠ ʦʙʲʝʜʠʥʝʥʠʝ ʵʢʩʪʝʥʩʠʦʥʘʣʦʚ (ʠʥʪʝʥʩʠʦʥʘʣʦʚ) ʥʝ ʦʙʣʘʜʘʝʪ, ʨʘʩʩʯʠ-

ʪʳʚʘʝʪʩʷ ʢʘʢ ʦʙʲʝʜʠʥʝʥʠʝ ʤʥʦʞʝʩʪʚ ʘʪʨʠʙʫʪʦʚ (ʦʙʲʝʢʪʦʚ), ʦʙʲʝʢʪʳ (ʘʪʨʠ-

ʙʫʪʳ) ʢʘʞʜʦʛʦ ʵʢʩʪʝʥʩʠʦʥʘʣʘ (ʠʥʪʝʥʩʠʦʥʘʣʘ) ʢʦʪʦʨʳʤʠ ʥʝ ʦʙʣʘʜʘʶʪ. 

ʇʨʘʚʠʣʦ 1. ɽʩʣʠ ʜʣʷ ʣʶʙʦʛʦ ʘʪʨʠʙʫʪʘ (ʦʙʲʝʢʪʘ) ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʝ ʦʙʲ-

ʝʢʪʳ (ʘʪʨʠʙʫʪʳ) ʵʢʩʪʝʥʩʠʦʥʘʣʘ (ʠʥʪʝʥʩʠʦʥʘʣʘ) ʩʦʚʤʝʩʪʥʦ ʦʙʣʘʜʘʶʪ ʠʤ 

ʣʠʙʦ ï ʥʝʪ, ʪʦ ʩʨʝʜʠ ʨʘʚʥʳʭ ʧʦ ʠʥʪʝʥʩʠʦʥʘʣʫ (ʵʢʩʪʝʥʩʠʦʥʘʣʫ) ʵʢʩʪʝʥʩʠʦ-
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ʥʘʣʦʚ (ʠʥʪʝʥʩʠʦʥʘʣʦʚ) ʚʳʙʠʨʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʡ ʵʢʩ-

ʪʝʥʩʠʦʥʘʣ (ʠʥʪʝʥʩʠʦʥʘʣ). 

ʇʨʘʚʠʣʦ 2. ɽʩʣʠ ʜʣʷ ʢʘʢʠʭ-ʣʠʙʦ ʘʪʨʠʙʫʪʦʚ (ʦʙʲʝʢʪʦʚ) ʢʘʢʦʛʦ-ʣʠʙʦ ʵʢʩ-

ʪʝʥʩʠʦʥʘʣʘ (ʠʥʪʝʥʩʠʦʥʘʣʘ) ʨʦʚʥʦ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʝʛʦ ʦʙʲʝʢʪʦʚ (ʘʪʨʠʙʫʪʦʚ) 

ʥʝʠʟʚʝʩʪʥʦ ʦʙʣʘʜʘʝʪ ʣʠ ʦʥ ʠʤʠ, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʦʙʲʝʢʪʳ (ʘʪʨʠʙʫʪʳ) 

ʩʦʚʤʝʩʪʥʦ ʚʩʝ ʚ ʢʘʞʜʦʤ ʠʟ ʣʶʙʳʭ ʙʦʣʝʝ ʤʦʱʥʳʭ ʨʘʩʰʠʨʷʶʱʠʭ ʠʩʭʦʜ-

ʥʳʡ ʵʢʩʪʝʥʩʠʦʥʘʣʦʚ (ʠʥʪʝʥʩʠʦʥʘʣʦʚ) ʦʙʣʘʜʘʶʪ ʵʪʠʤʠ ʢʘʢʠʤʠ-ʣʠʙʦ ʘʪʨʠ-

ʙʫʪʘʤʠ (ʦʙʲʝʢʪʘʤʠ), ʪʦ ʧʦʩʣʝʜʥʠʝ, ʙʦʣʝʝ ʤʦʱʥʳʝ, ʵʢʩʪʝʥʩʠʦʥʘʣʳ (ʠʥʪʝʥ-

ʩʠʦʥʘʣʳ) ʦʩʪʘʚʣʷʶʪʩʷ, ʘ ʧʝʨʚʳʡ ʠʩʢʣʶʯʘʝʪʩʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

 

ʥʘʙʦʨʳ {a} {b} {c} {d} {a,b,d} {a,d} {b,c} {b,d} {c,d} {a,c,d} {b,c,d} {a,b,c,d} 

{1} 0 0 1 0 0 0 0 0 0 0 0 0 

{2} İ 0 İ 1 0 İ 0 0 İ İ 0 0 

{3} 0 İ 1 İ 0 0 İ İ İ 0 İ 0 

{4} 1 1 0 1 1 1 0 1 0 0 0 0 

{1,2} 0 0 İ 0 

 

{1,3} 0 0 1 0 

{1,2,3,4} 0 0 0 0 

{2,3} 0 0 İ İ 

{2,4} İ 0 0 1 

{3,4} 0 İ 0 İ 

{1,2,3} 0 0 İ 0 

{2,3,4} 0 0 0 İ 

     

 

ʈʠʩ. 3. ʅʘʙʦʨʳ ʵʢʩʪʝʥʩʠʦʥʘʣʦʚ (ʠʥʪʝʥʩʠʦʥʘʣʦʚ) ʠ ʛʨʘʬ ʦʥʪʦʣʦʛʠʠ 

 

ʇʨʘʚʠʣʦ 3. ʅʠʢʘʢʠʭ ʜʨʫʛʠʭ ʠʩʢʣʶʯʝʥʠʡ ʵʢʩʪʝʥʩʠʦʥʘʣʦʚ (ʠʥʪʝʥʩʠʦʥʘ-

ʣʦʚ), ʢʨʦʤʝ ʢʘʢ ʧʦ ʧʝʨʚʳʤ ʜʚʫʤ ʧʨʘʚʠʣʘʤ, ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠ ʨʘʩʩʤʘʪ-
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ʨʠʚʘʶʪʩʷ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʵʢʩʪʝʥʩʠʦʥʘʣʳ (ʠʥʪʝʥʩʠʦʥʘʣʳ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʫʪʸʤ ʦʙʲʝʜʠʥʝʥʠʷ ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘʙʦʨʳ ʵʢʩʪʝʥʩʠʦʥʘʣʦʚ (ʠʥʪʝʥʩʠʦʥʘ-

ʣʦʚ), ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʦʥʪʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʥ-

ʪʦʣʦʛʠʶ ʵʢʩʪʝʥʩʠʦʥʘʣʦʚ ʠ ʠʥʪʝʥʩʠʦʥʘʣʦʚ (ʨʝʰʸʪʢʘ). ɻʨʘʬ ʦʥʪʦʣʦʛʠʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʪʸʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʘʞʜʦʤʫ ʵʢʩʪʝʥʩʠʦʥʘʣʫ (ʠʥʪʝʥʩʠʦʥʘ-

ʣʫ) ʠʟ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘʙʦʨʦʚ ʚʝʨʰʠʥʳ (SC-ʵʣʝʤʝʥʪʘ) ʠ ʫʢʘʟʘʥʠʷ ʩʚʷ-

ʟʦʢ ʦʪʥʦʰʝʥʠʡ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʢʣʶʯʝʥʠʷ. 

ʅʘ ʪʨʝʪʴʝʤ ʰʘʛʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʚʷʟʢʠ ʦʪʥʦʰʝʥʠʷ ʧʦʜʤʥʦʞʝʩʪʚʘ ʥʘ 

ʵʢʩʪʝʥʩʠʦʥʘʣʘʭ ʠ ʠʥʪʝʥʩʠʦʥʘʣʘʭ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʚʷʟʢʠ ʤʝʞʜʫ àLd(X), Xð, 

àX, đ(X)ð, àLəd(Y), Yð, àY, Uəd(Y)ð ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʷʤʠ ʥʠʞʝ. 
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( )
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. 

ʀʩʢʣʶʯʘʶʪʩʷ ʠʟ ʦʥʪʦʣʦʛʠʠ ʚʩʝ ʧʦʩʪʨʦʝʥʥʳʝ ʩʚʷʟʢʠ ʦʪʥʦʰʝʥʠʷ ʚʠʜʘ 

àX, Zð ʪʘʢʠʝ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ Y, ʯʪʦ àX, Yð ʠ àY, Zð ʧʨʠʥʘʜʣʝʞʘʪ ʦʪʥʦʰʝʥʠʶ. 

ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʥʦʡ ʦʥʪʦʣʦʛʠʠ ʠʟʦʙʨʘʞʸʥ ʥʘ ʨʠʩ. 3, ʛʜʝ G={1, 2,  3,  4}, 

M={a,  b,  c,  d}. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡ ʚ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʚʢʣʶʯʘʷ ʧʦʜʜʝʨʞʢʫ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʡ 

ʙʘʟ ʟʥʘʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʡ, ʩʦʚʤʝʩʪʠʤʳʭ ʩ ʪʝʭʥʦʣʦʛʠʝʡ OSTIS 

[ɻʦʣʝʥʢʦʚ ʠ ʜʨ., 2015]. 
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ʊ.ɸ. ɻʘʚʨʠʣʦʚʘ, ɺ.ʌ. ʍʦʨʦʰʝʚʩʢʠʡ ï ʉʇʙ.: ʇʠʪʝʨ, 2000. 

[ɻʦʣʝʥʢʦʚ ʠ ʜʨ., 2012] ɻʦʣʝʥʢʦʚ ɺ.ɺ., ɻʫʣʷʢʠʥʘ ʅ.ɸ. ɻʨʘʬʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡ: ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ, ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ // OSTIS-2012. 2012. 



 

 

351 

[ɻʦʣʝʥʢʦʚ ʠ ʜʨ., 2015] ɻʦʣʝʥʢʦʚ, ɺ.ɺ. ʅ.ɸ. ɻʫʣʷʢʠʥʘ ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ, ʫʧʨʘʚʣʷʝʤʳʭ ʟʥʘʥʠʷʤʠ // OSTIS-2015. 

2015. 

[ʂʥʫʪ, 2014] ʂʥʫʪ, ɼ. ʀʩʢʫʩʩʪʚʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: ʚ 3ʭ ʪ. ï ʄ.: ɺʠʣʴʷʤʩ, 2014. 

[ʀʚʘʰʝʥʢʦ, 2015] ʀʚʘʰʝʥʢʦ ɺ.ʇ. ʄʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʛʨʘʮʠʠ ʟʥʘʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʦʜʥʦʨʦʜʥʳʭ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʝʪʝʡ // OSTIS-2015. 2015. 

[ʀʚʘʰʝʥʢʦ, 2012] ʀʚʘʰʝʥʢʦ ɺ.ʇ. ɸʣʛʦʨʠʪʤʳ ʧʦʣʠʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʚʨʝʤʝʥʥʦʡ ʠ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʜʣʷ ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʥʝʡʥʦ ʘʜʨʝʩʫʝʤʦʡ ʧʘʤʷʪʠ ʩ ʦʜʥʦʨʦʜʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʜʘʥʥʳʤ // 

ʂʘʨʧʦʚʩʢʠʝ ʥʘʫʯʥʳʝ ʯʪʝʥʠʷ/ ʉʙ. ʥʘʫʯ. ʩʪʘʪʝʡ. 2012. ɺʳʧ. 6. ʏ. 1. ï ʄʠʥʩʢ, 2012.  

[ʀʚʘʰʝʥʢʦ ʠ ʜʨ., 2016] ʀʚʘʰʝʥʢʦ ɺ.ʇ., ʊʘʪʫʨ ʄ.ʄ. ʇʨʠʥʮʠʧʳ ʧʣʘʪʬʦʨʤʝʥʥʦʡ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʧʣʘʪʬʦʨʤʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ OSTIS // OSTIS-2016. 2016. 

[Poelmans et al., 2014] Poelmans J., Ignatov D., Kuznetsov S. et al. Fuzzy and rough 

formal concept analysis: a survey // Int J Gen Syst, 2014. Vol. 43. Iss. 2. 

[Stumme et al., 2001] Stumme G., Maedche A. FCA-MERGE: bottom-up merging of 

ontologies // Proc. of the 17th International joint conference on AI: ï Seattle, 2001. 

[TCMalloc, 2016] TCMalloc: Thread-Caching Malloc. ï https://google-perftools. goog-

lecode.com/svn/trunk/doc/tcmalloc.html. 

 

  

https://googleperftools.googlecode.com/svn/trunk/doc/tcmalloc.html
https://googleperftools.googlecode.com/svn/trunk/doc/tcmalloc.html


 

 

352 

ʋɼʂ 004.89  

ɺʓɹʆʈ ʊɽʈɸʇʀʀ ʆʅʂʆʃʆɻʀʏɽʉʂʆɻʆ  

ɿɸɹʆʃɽɺɸʅʀʗ ɺ ʇʆɼɻʈʋʇʇɸʍ ʇɸʎʀɽʅʊʆɺ  

ʅɸ ʆʉʅʆɺɽ ɸʅɸʃʀɿɸ ɿɸʄʂʅʋʊʓʍ ʆʇʀʉɸʅʀʁ 

ʅ.ɺ. ʂʦʨʝʧʘʥʦʚʘ (korepanova.natalia@gmail.com)  

ʉ.ʆ. ʂʫʟʥʝʮʦʚ (skuznetsov@hse.ru)  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, ʄʦʩʢʚʘ 

ʆʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʩʦʚʨʝʤʝʥʥʦʡ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʚ ʦʙ-

ʣʘʩʪʠ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʣʝʪʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘ-

ʥʠʡ ï ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʥʜʦ-

ʤʠʟʦʚʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʪʝʨʷʝʪʩʷ ʚʘʞʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʘʮʠʝʥʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ ʪʝʨʘʧʠʠ ʚ ʧʦʜʛʨʫʧʧʘʭ ʧʘʮʠʝʥʪʦʚ, ʦʙʨʘʟʦ-

ʚʘʥʥʳʭ ʧʦ ʩʭʦʜʩʪʚʫ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ. 

ʕʪʦ ʩʭʦʜʩʪʚʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʟʘʤʢʥʫʪʳʝ 

ʦʧʠʩʘʥʠʷ ʚ ʪʝʨʤʠʥʘʭ ʪ.ʥ. ʫʟʦʨʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʙʦʨ ʪʝʨʘʧʠʠ, ʘʥʘʣʠʟ ʧʦʜʛʨʫʧʧ, ʟʘʤʢʥʫʪʳʝ 

ʦʧʠʩʘʥʠʷ  

ɺʚʝʜʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙ-

ʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʦʙʨʝʣʦ ʦʛʨʦʤʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʅʝ ʦʙʦʰʣʘ ʩʪʦʨʦʥʦʡ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʠ ʤʝʜʠʮʠʥʫ, ʛʜʝ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʢʦʥʩʝʨʚʘʪʠʟʤʘ, ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʘʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʘʥʘʣʠʟʝ ʤʝʜʠʮʠʥʩʢʠʭ 

ʜʘʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ ʣʝʯʝʥʠʷ, ʪ.ʝ. ʚʳʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʝʯʝʥʠʷ ʜʣʷ ʧʘʮʠʝʥʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠ ʜʘʥʥʳʭ ʜʠʘʛʥʦʩʪʠʢʠ. ʆʜʥʘʢʦ ʵʪʘ ʟʘʜʘʯʘ ʘʢʪʫʘʣʴʥʘ ʥʝ ʪʦʣʴʢʦ ʚ ʤʝʜʠ-

ʮʠʥʝ, ʥʦ ʠ, ʩʢʘʞʝʤ, ʚ ʤʘʨʢʝʪʠʥʛʝ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʘʢ-

ʮʠʡ ʠ ʩʪʨʘʪʝʛʠʡ, ʠ ʚ ʧʦʣʠʪʠʢʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʝʜʚʳʙʦʨʥʳʭ ʢʘʤʧʘʥʠʡ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʜʥʦʤʫ ʠʟ ʤʝʪʦʜʦʚ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʣʝʯʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 
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(RCT) [Levin, 2007]. ʂʣʠʥʠʯʝʩʢʠʝ RCT ʯʘʱʝ ʚʩʝʛʦ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʳʷʚʣʝ-

ʥʠʝ ʥʘʠʣʫʯʰʝʡ ʩʪʨʘʪʝʛʠʠ ʣʝʯʝʥʠʷ ʜʣʷ ʚʩʝʭ ʧʘʮʠʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʩʣʦʚʠʷʤ ʚʭʦʞʜʝʥʠʷ ʧʘʮʠʝʥʪʘ ʚ ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ 

ʥʠʢʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʦʪʚʝʪ ʧʘʮʠʝʥʪʘ ʥʘ 

ʪʝʨʘʧʠʶ ʤʦʞʝʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʟʘʚʠʩʝʪʴ ʦʪ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʵʪʦʤʫ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʩʨʝʜʠ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ ʦʧʨʝʜʝʣʷʪʴ ʧʦʜʛʨʫʧʧʳ, ʚ ʢʦʪʦʨʳʭ ʝʩʪʴ ʦʯʝ-

ʚʠʜʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʚʨʝʜ ʦʪ ʚʳʙʦʨʘ ʜʣʷ ʥʝʛʦ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʪʨʘʪʝʛʠʠ ʣʝʯʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ ʧʨʦʩʪʦʪʫ ʬʦʨʤʫʣʠʨʦʚʢʠ ʟʘʜʘ-

ʯʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʝʛʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʨʦʜʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʥʝ ʧʨʠʤʝʥʠʤʳ ʢ ʨʝʰʝʥʠʶ 

ʵʪʦʡ ʟʘʜʘʯʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʘʪʝʛʠʡ ʣʝʯʝʥʠʷ ʚ ʨʘʤʢʘʭ 

RCT ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʥʘʙʣʶʜʘʪʴ ʪʦʣʴʢʦ ʨʝʘʢ-

ʮʠʶ ʥʘ ʦʜʥʫ ʠʟ ʥʠʭ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʨʷʜʘ ʟʘʙʦʣʝʚʘʥʠʡ ʚʨʦʜʝ ʦʥʢʦʣʦʛʠʯʝ-

ʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʠ ʪ.ʜ. ʚ ʨʘʤ-

ʢʘʭ RCT ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʠʪʴ ʨʝʟʫʣʴʪʘʪ ʣʝʯʝʥʠʷ. ʊʘʢ 

ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʣʝʯʝʥʠʷ ʧʨʠʥʷʪʴ ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʧʘʮʠʝʥʪ ʧʨʦʞʠ-

ʚʘʝʪ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʣʝʯʝʥʠʝ ʦʢʦʥʯʠʣʦʩʴ, ʪʦ ʤʳ, ʥʘʚʝʨʥʷʢʘ, ʩʪʦʣʢʥʝʤʩʷ ʩ 

ʧʨʦʙʣʝʤʦʡ ʮʝʥʟʫʨʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʝʥʠʡ. ʊ.ʝ. ʝʩʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʘʥʯʠʚʘ-

ʝʪʩʷ ʨʘʥʴʰʝ, ʯʝʤ ʥʘʩʪʫʧʘʝʪ ʩʤʝʨʪʴ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʮʠʝʥʪʦʚ (ʘ ʵʪʦ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ ʩʠʪʫʘʮʠʷ, ʯʝʤ ʥʘʦʙʦʨʦʪ), ʪʦ ʜʣʷ ʯʘʩʪʠ ʧʘʮʠʝʥʪʦʚ ʤʳ 

ʙʫʜʝʤ ʟʥʘʪʴ ʪʦʣʴʢʦ ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʦʥʠ ʧʨʦʞʠʣʠ ʜʦ ʤʦʤʝʥʪʘ ʦʢʦʥʯʘʥʠʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʥʘʙʣʶʜʝʥʠʷ ʙʫʜʫʪ ʮʝʥʟʫʨʠʨʦʚʘʥʳ. ɼʦʧʦʣʥʠ-

ʪʝʣʴʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʘʪʴ ʦʧʠʩʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ 

ʢʣʠʥʠʮʠʩʪʘʤʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʚʳʜʝʣʝʥʠʷ ʧʦʜʛʨʫʧʧ ʧʘʮʠʝʥʪʦʚ [Foster et al., 2011], 

[Zhao et al., 2012], [Korepanova et al., 2014], [Dusseldorp et al., 2010], 

[Dusseldorp et al., 2013], [Lipkovich et al., 2011], [Su et al., 2008], [Su et al., 

2009], [Loh et al., 2015], [Rzepakowski et al., 2012], [Wager et al., 2015], [Laber 

et al., 2015], [Athey et al., 2015], [Soltys et al., 2015], [Qian et al., 2011], [Kehl 

et al, 2006], [Zhang et al., 2007], [Green et al., 2012]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʨʦʞʜʝʥʠʠ ʟʘ-

ʤʢʥʫʪʳʭ ʦʧʠʩʘʥʠʡ [Ganter et al., 2001], [Kuznetsov, 2009], [Kaytoue et al., 

2011], [Kuznetsov, 2013], ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʢʨʠʪʝʨʠʷʤ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠ-

ʯʠʡ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʩʤʦʪʨʝʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ 

ʦʧʠʩʘʥʠʷ ʧʦʜʛʨʫʧʧ, ʟʘʤʢʥʫʪʳʝ ʦʧʠʩʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘ-

ʪʠʪʴ ʧʝʨʝʙʦʨ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʚʨʠʩʪʠʢ.  ʂʨʦʤʝ ʪʦʛʦ, ʩʨʝʜʠ 

ʦʧʠʩʘʥʠʡ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʧʘʮʠʝʥʪʦʚ, 

ʟʘʤʢʥʫʪʦʝ ʦʧʠʩʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʫʧʫʩʪʠʪʴ 

ʥʠ ʦʜʠʥ ʠʟ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʡ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ. 

ʊʘʢ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʤʢʥʫʪʳʭ ʦʧʠʩʘʥʠʡ ʚ ʩʠʩʪʝʤʘʭ 
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ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ (ʥʘʧʨʠʤʝʨ, [ɺʠʥʦʢʫʨʦʚʘ ʠ ʜʨ., 2014]). ɺ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʝ ʟʘʤʢʥʫʪʦʝ ʦʧʠʩʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʦʧʠʩʘʥʠʡ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʛʨʫʧʧʝ ʧʘʮʠʝʥʪʦʚ, ʠ ʷʚʣʷʶʱʝʝʩʷ ʤʘʢʩʠ-

ʤʘʣʴʥʳʤ ʧʦ ʨʘʟʤʝʨʫ ʩʨʝʜʠ ʪʘʢʠʭ ʦʧʠʩʘʥʠʡ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʢ ʚʳʜʝʣʝʥʠʶ ʧʦʜʛʨʫʧʧ ʩ ʥʘʣʠʯʠʝʤ ʨʘʟʥʠʮʳ ʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʨʘʪʝʛʠʡ ʣʝʯʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ 

ʣʝʯʝʥʠʠ ʜʝʪʩʢʦʛʦ ʦʩʪʨʦʛʦ ʣʠʤʬʦʙʣʘʩʪʥʦʛʦ ʣʝʡʢʦʟʘ (ʆʃʃ) [Ching et al., 

2008], [Karachunskiy et al., 2008], [Karachunskiy et al, 2015]. ʆʃʃ ï ʦʜʥʦ ʠʟ 

ʩʘʤʳʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʜʝʪʝʡ ʠ ʧʦʜ-

ʨʦʩʪʢʦʚ. ʆʥ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 20% ʚʩʝʭ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘ-

ʥʠʡ ʠ 75% ʚʩʝʭ ʣʝʡʢʝʤʠʡ ʫ ʜʝʪʝʡ [Ching et al., 2008], [Karachunskiy et al., 

2008], [Karachunskiy et al, 2015]. 

1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ɼʘʥʥʳʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʧʠʩʘʥʠʷ ʙʦʣʝʝ ʯʝʤ 2000 

ʧʘʮʠʝʥʪʦʚ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 1 ʜʦ 18 ʣʝʪ ʫ ʢʦʪʦʨʳʭ ʚʧʝʨʚʳʝ ʙʳʣ ʜʠʘʛʥʦʩʪʠʨʦ-

ʚʘʥ ʦʩʪʨʳʡ ʣʠʤʬʦʙʣʘʩʪʥʳʡ ʣʝʡʢʦʟ (ʆʃʃ). ʃʝʡʢʦʟ ï ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʝ 

ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʥʦ-

ʤʘʣʴʥʳʭ ʥʝʟʨʝʣʳʭ ʢʣʝʪʦʢ ʢʨʦʚʠ (ʙʣʘʩʪʦʚ). ɽʩʣʠ ʥʝʟʨʝʣʳʝ ʢʣʝʪʢʠ, ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ ʦʩʥʦʚʫ ʙʦʣʝʟʥʠ, ʷʚʣʷʶʪʩʷ ʣʠʤʬʦʙʣʘʩʪʘʤʠ, ʪ.ʝ. ʧʨʝʜʰʝʩʪʚʝʥʥʠ-

ʢʘʤʠ ʣʠʤʬʦʮʠʪʦʚ, ʪʦ ʣʝʡʢʦʟ ʥʘʟʳʚʘʝʪʩʷ ʣʠʤʬʦʙʣʘʩʪʥʳʤ. ɺʩʝ ʠʟ ʚʳʰʝ 

ʫʧʦʤʷʥʫʪʳʭ ʧʘʮʠʝʥʪʦʚ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʛʨʫʧʧʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʠʩʢʘ 

(SRG) ʠʣʠ ʛʨʫʧʧʫ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʠʩʢʘ (ImRG) ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʧʳʪʘʥʠʷ ALL-MB-2008 [ALL-MB-2008, 

2011]. ʉʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʣʝʯʝʥʠʷ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʝʨʘʧʠʷ ʜʣʷ ʧʘ-

ʮʠʝʥʪʦʚ ʛʨʫʧʧ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʠʩʢʘ (SRG) ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʠʩʢʘ (ImRG) 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʪʘʧʦʚ: ʠʥʜʫʢʮʠʷ (36 ʜʥʝʡ), ʢʦʥʩʦʣʠʜʘʮʠʷ (25 ʥʝʜʝʣʴ) ʠ 

ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʪʝʨʘʧʠʷ (2ï3 ʛʦʜʘ). ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʪʦʣʴʢʦ 

ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʜʫʢʮʠʦʥʥʦʡ ʪʝʨʘʧʠʠ. ʀʥʜʫʢʮʠʦʥʥʘʷ ʪʝʨʘʧʠʷ 

ʦʯʝʥʴ ʪʦʢʩʠʯʥʘ, ʪʘʢ ʢʘʢ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʙʦʨʴʙʫ ʩ ʙʣʘʩʪʥʳʤʠ (ʨʘʢʦʚʳʤʠ) 

ʢʣʝʪʢʘʤʠ ʚ ʢʨʦʚʠ ʧʘʮʠʝʥʪʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʝʤʠʩcʠʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʪʝʨʘ-

ʧʠʠ ʧʘʮʠʝʥʪʳ ʛʨʫʧʧ ʨʠʩʢʘ SRG ʠ ImRG ʙʳʣʠ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʳ ʥʘ 3 ʠ 2 

ʩʪʨʘʪʝʛʠʠ ʣʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʘʮʠʝʥʪʳ ʛʨʫʧʧʳ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʠʩʢʘ 

ʠ ʛʨʫʧʧʳ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʠʩʢʘ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʜʚʘ ʥʝʟʘʚʠ-

ʩʠʤʳʭ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʪʝʨʘʧʠʷ ʚ ʵʪʠʭ ʛʨʫʧʧʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠ-

ʯʘʣʘʩʴ ʥʘ ʚʩʝʭ 3 ʵʪʘʧʘʭ. 

ʂʘʞʜʳʡ ʧʘʮʠʝʥʪ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʙʦ-

ʨʦʤ ʠʥʠʮʠʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʚʝʩʪʥʳ 

ʥʘ ʤʦʤʝʥʪ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ), ʩʪʨʘʪʝʛʠʝʡ ʣʝʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʝʤʫ ʙʳʣʘ 

ʧʨʝʜʧʠʩʘʥʘ, ʠ ʧʨʠʟʥʘʢʘʤʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʨʝʟʫʣʴʪʘʪ ʣʝʯʝʥʠʷ. ʀʟ ʚʩʝʛʦ 

ʥʘʙʦʨʘ ʠʥʠʮʠʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʙʨʘʥʦ 8, ʯʘʩʪʴ ʠʟ 
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ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ, ʘ ʯʘʩʪʴ ï ʥʦʤʠʥʘʣʴʥʳʤʠ. ʏʪʦ ʢʘʩʘʝʪ-

ʩʷ ʧʨʠʟʥʘʢʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪ ʣʝʯʝʥʠʷ, ʪʦ ʜʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʝʪ-

ʩʷ ʜʚʘ ʪʘʢʠʭ ʧʨʠʟʥʘʢʘ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʮʝʥʟʫʨʠʨʦʚʘʥʥʳʤ. ʇʝʨ-

ʚʳʡ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥ ʚʨʝʤʝʥʝʤ ʦʪ ʥʘʯʘʣʘ ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʘ ʚ ʛʦʜʘʭ ʠ 

ʠʩʭʦʜʦʤ (ʞʠʚ, ʚʳʰʝʣ ʠʟ ʥʘʙʣʶʜʝʥʠʷ, ʫʤʝʨ), ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ ʯʝʨʝʟ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʦʪ ʥʘʯʘʣʘ ʝʛʦ ʣʝʯʝʥʠʷ. ɺʪʦʨʦʡ ʧʨʠʟʥʘʢ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʚʦʛʦ ʪʝʤ, ʯʪʦ ʚʤʝʩʪʦ ʠʩʭʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʙʳʪʠʷ (ʞʠʚ 

ʚ ʨʝʤʠʩʩʠʠ, ʚʳʰʝʣ ʠʟ ʥʘʙʣʶʜʝʥʠʷ, ʩʤʝʨʪʴ ʚ ʨʝʤʠʩʩʠʠ, ʚʪʦʨʠʯʥʘʷ ʦʧʫ-

ʭʦʣʴ, ʨʝʮʠʜʠʚ ʠʣʠ ʤʝʪʘʩʪʘʟʳ, ʥʝ ʦʪʚʝʪʠʣ ʥʘ ʪʝʨʘʧʠʶ ʠʣʠ ʙʦʣʝʟʥʴ ʧʨʦʛʨʝʩ-

ʩʠʨʫʝʪ, ʩʤʝʨʪʴ ʚ ʠʥʜʫʢʮʠʠ). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʝʩʣʠ ʧʘʮʠʝʥʪ ʞʠʚ ʠʣʠ ʚʳ-

ʰʝʣ ʠʟ ʥʘʙʣʶʜʝʥʠʷ, ʩʯʠʪʘʝʤ, ʯʪʦ ʥʘʙʣʶʜʝʥʠʝ ʙʳʣʦ ʮʝʥʟʫʨʠʨʦʚʘʥʦ, ʪʘʢ 

ʢʘʢ ʥʠ ʥʝʛʘʪʠʚʥʦʛʦ ʠʩʭʦʜʘ, ʥʠ ʥʝʛʘʪʠʚʥʦʛʦ ʩʦʙʳʪʠʷ ʥʝ ʧʨʦʥʘʙʣʶʜʘʣʠ. 

ʇʨʠʟʥʘʢʠ, ʬʠʢʩʠʨʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪ ʣʝʯʝʥʠʷ, ʧʨʠ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ. 

ʀʟ ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʧʘʮʠʝʥʪʦʚ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʧʘʮʠʝʥʪʳ ʩ ʧʨʦʧʫ-

ʱʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ. ɺ 

ʠʪʦʛʝ, ʛʨʫʧʧʘ SRG ʧʨʝʜʩʪʘʚʣʝʥʘ 1221 ʧʘʮʠʝʥʪʦʤ: 387, 366 ʠ 368 ʧʘʮʠʝʥ-

ʪʦʚ, ʢʦʪʦʨʳʤ ʙʳʣʠ ʧʨʝʜʧʠʩʘʥʳ ʩʪʨʘʪʝʛʠʠ 1, 2 ʠ 3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʛʨʫʧʧʘ 

ImRG ʧʨʝʜʩʪʘʚʣʝʥʘ 929 ʧʘʮʠʝʥʪʘʤʠ: 467 ʠ 462 ʧʘʮʠʝʥʪʘ, ʢʦʪʦʨʳʤ ʙʳʣʠ 

ʧʨʝʜʧʠʩʘʥʳ ʩʪʨʘʪʝʛʠʠ 4 ʠ 5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

2. ʇʨʝʜʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ɺʩʝ ʦʪʦʙʨʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠʥʠʮʠʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʙʦ ʥʦʤʠ-

ʥʘʣʴʥʳʝ, ʣʠʙʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ, ʧʦʵʪʦʤʫ ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ ʤʦ-

ʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ ʢʦʨʪʝʞ ʠʥʪʝʨʚʘʣʴʥʳʭ ʠ ʙʠʥʘʨʥʳʭ ʘʪʨʠʙʫʪʦʚ. 

ʊʘʢ ʚʦʟʨʘʩʪ, ʠʥʠʮʠʘʣʴʥʳʡ ʣʝʡʢʦʮʠʪʦʟ, ʫʚʝʣʠʯʝʥʠʝ ʧʝʯʝʥʠ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʩʝʣʝʟʝʥʢʠ - ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ, ʪ.ʝ. ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʩʪʨʦʠʪʩʷ 

ʠʥʪʝʨʚʘʣʴʥʳʡ ʘʪʨʠʙʫʪ. ɹʦʣʝʝ ʪʦʛʦ, ʥʘʜ ʵʪʠʤʠ ʘʪʨʠʙʫʪʘʤʠ ʤʳ ʧʨʦʚʝʜʝʤ 

ʰʢʘʣʠʨʦʚʘʥʠʝ, ʯʪʦʙʳ ʛʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʦʚ ʚ ʦʧʠʩʘʥʠʷʭ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʧʦʣʫʯʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʧʦʜʛʨʫʧʧ, ʙʳʣʠ ʠʥʪʝʨ-

ʧʨʝʪʠʨʫʝʤʳ ʩ ʤʝʜʠʮʠʥʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʤʝʝʪ ʩʤʳʩʣ ʛʨʘʥʠ-

ʮʳ ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ ʚʦʟʨʘʩʪʘ ʩʜʝʣʘʪʴ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ. 

3. ʄʝʪʦʜʦʣʦʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʧʦʪʝʟ 

ʏʪʦʙʳ ʧʨʠʤʝʥʠʪʴ ʘʣʛʦʨʠʪʤ ʧʦʨʦʞʜʝʥʠʷ ʦʧʠʩʘʥʠʡ ʧʦʜʛʨʫʧʧ ʧʘʮʠʝʥ-

ʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʤʝʨʫ ʨʘʟʣʠʯʠʡ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʞʜʫ ʩʪʨʘʪʝʛʠ-

ʷʤʠ ʣʝʯʝʥʠʷ. ɼʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʣʝʯʝʥʠʠ ʆʃʃ ʫ ʜʝʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʭ ʚʳʰʝ, ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʨʘʟʥʠʮʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʩʪʘʪʠ-

ʩʪʠʢʠ ʣʦʛʨʘʥʛ ʪʝʩʪʘ [Arnitage et al., 2002], [Peto et al., 1973]. ʊʦʛʜʘ ʚ ʢʘʯʝ-

ʩʪʚʝ ʧʦʨʦʛʘ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʚʳʙʝʨʝʤ ʟʥʘʯʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʫʨʦʚʥʶ ʟʥʘʯʠʤʦʩʪʠ 5% ʣʦʛʨʘʥʢ ʪʝʩʪʘ ʧʨʠ ʜʚʫʩʪʦʨʦʥʥʝʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 
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ʛʠʧʦʪʝʟʝ. ʊʘʢ ʧʨʠ ʟʘʜʘʥʥʦʡ ʤʝʨʝ ʨʘʟʥʠʮʳ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤ ʜʣʷ 

ʪʝʢʫʱʝʛʦ ʦʧʠʩʘʥʠʷ ʙʫʜʝʪ ʚʳʯʠʩʣʷʪʴ ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ ʜʚʫʩʪʦʨʦʥʥʝʛʦ 

ʣʦʛʨʘʥʢ ʪʝʩʪʘ ʜʣʷ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʚʳʙʦʨʦʢ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʩʨʘʚ-

ʥʠʚʘʝʤʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʪʨʘʪʝʛʠʡ ʣʝʯʝʥʠʷ). ɽʩʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʪʦʤʫ 

ʟʥʘʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʥʫʣʝʚʦʡ ʛʠʧʦʪʝʟʳ ʤʝʥʴʰʝ 5%, ʪʝʢʫʱʝʝ 

ʦʧʠʩʘʥʠʝ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ çʭʦʨʦʰʠʤè ʠ ʝʛʦ ʧʦʪʦʤʢʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʘʣ-

ʛʦʨʠʪʤʦʤ ʥʝ ʙʫʜʫʪ, ʠʥʘʯʝ ʪʝʢʫʱʝʝ ʦʧʠʩʘʥʠʝ ʫʪʦʯʥʷʝʪʩʷ ʠ ʘʣʛʦʨʠʪʤ ʧʨʦ-

ʜʦʣʞʘʝʪ ʝʛʦ ʨʘʙʦʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʦʧʠʩʘʥʠʝʤ. 

ʇʨʠ ʪʘʢʦʤ ʚʳʙʦʨʝ ʤʝʨʳ ʨʘʟʣʠʯʠʷ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʬʦʨʤʫʣʠʨʦʚʢʠ 

ʛʠʧʦʪʝʟ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʦʧʘʨʥʦʝ ʩʨʘʚʥʝʥʠʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʘʨ 

ʩʪʨʘʪʝʛʠʡ ʣʝʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʧʠʩʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ 

SRG ʩʨʘʚʥʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 3 ʩʪʨʘʪʝʛʠʠ ʣʝʯʝʥʠʷ (1, 2 ʠ 3), ʧʦʵʪʦʤʫ 

ʜʣʷ ʢʘʞʜʦʛʦ ʦʧʠʩʘʥʠʷ d ʠʟ ʤʥʦʞʝʩʪʚʘ ʦʧʠʩʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʦʨʦʞʜʝʥʠʷ ʦʧʠʩʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʤʝʞʜʫ 

ʩʦʙʦʡ ʪʨʠ ʧʘʨʳ ʩʪʨʘʪʝʛʠʡ ʣʝʯʝʥʠʷ: 1 ʠ 2, 1 ʠ 3, 2 ʠ 3. ʊʘʢ, ʝʩʣʠ ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʩʨʘʚʥʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩʪʨʘʪʝʛʠʷ ʣʝʯʝʥʠʷ i ʣʫʯʰʝ, ʯʝʤ j ʜʣʷ ʜʘʥʥʦ-

ʛʦ ʦʧʠʩʘʥʠʷ d, ʪʦʛʜʘ ʬʦʨʤʫʣʠʨʫʝʤ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʩʪʨʘʪʝʛʠʷ ʣʝʯʝʥʠʷ i 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ, ʯʝʤ ʩʪʨʘʪʝʛʠʷ j ʜʣʷ ʧʘʮʠʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʠ-

ʩʘʥʠʶ d. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʩʧʦʩʦʙʘ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʦʛʨʘʥʛ ʪʝʩʪ. ʆʜʥʘʢʦ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʪʝʩʪʠʨʦʚʘʥʠʠ ʤʳ 

ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʰʝʥʘ ʪʦʣʴʢʦ ʫʤʝʥʴʰʝʥʠʝʤ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʪʝʩʪʘ, ʠ ʧʨʠ ʙʦʣʴ-

ʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʧʠʩʘʥʠʡ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʝ ʙʫʜʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ 

ʥʠ ʦʜʥʦʡ ʛʠʧʦʪʝʟʳ. ʀʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʢʨʠʪʠʯʝʩʢʠʭ ʟʘʤʝʯʘʥʠʡ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʦʞʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʩʨʘʚʥʝʥʠʷ ʩʪʨʘʪʝʛʠʡ ʣʝʯʝʥʠʷ. 

4. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ (ʯʠʩʣʦ çʭʦʨʦʰʠʭ ʛʠʧʦʪʝʟè) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʢʘʯʝʩʪʚʦ ʛʠʧʦʪʝʟ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʠ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʩʪʘʪʴʝ [Su et al., 2008]. ʊʘʢʞʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʜʝʨʝ-

ʚʴʷ ʨʝʰʝʥʠʡ ʧʦ ʰʘʙʣʦʥʫ çuplift treeè [Rzepakowski et al., 2012], ʛʜʝ ʚ ʢʘʯʝ-

ʩʪʚʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʪʨʘʪʝʛʠʷʤʠ ʣʝʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ 

ʩʪʘʪʠʩʪʠʢʠ ʣʦʛʨʘʥʛ ʪʝʩʪʘ. ɼʝʣʝʥʠʝ ʧʨʝʢʨʘʱʘʣʦʩʴ ʪʦʛʜʘ, ʢʦʛʜʘ, ʣʠʙʦ ʙʦʣʴ-

ʰʝ ʥʝ ʥʘʭʦʜʠʣʦʩʴ ʨʘʟʜʝʣʝʥʠʷ, ʫʚʝʣʠʯʠʚʘʶʱʝʛʦ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʨʘʩʩʪʦʷ-

ʥʠʷʤʠ ʧʦʩʣʝ ʠ ʜʦ ʜʝʣʝʥʠʷ, ʣʠʙʦ p-ʟʥʘʯʝʥʠʝ ʣʦʛʨʘʥʛ ʪʝʩʪʘ ʚ ʫʟʣʝ ʤʝʥʴʰʝ 

0,05. ʅʘ ʚʳʭʦʜʝ ʣʠʩʪʴʷ ʚʪʦʨʦʛʦ ʪʠʧʘ ʩʯʠʪʘʝʤ ʠʩʢʦʤʳʤʠ ʦʧʠʩʘʥʠʷʤʠ ʧʦʜ-

ʛʨʫʧʧ. ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ ʩʪʨʦʠʣʠʩʴ ʩʣʫʯʘʡʥʳʝ 

ʣʝʩʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ 50 ʜʝʨʝʚʴʝʚ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʢʘʞʜʦʛʦ ʜʝʨʝʚʘ ʚ ʣʝʩʝ ʛʝʥʝ-

ʨʠʨʦʚʘʣʘʩʴ ʚʳʙʦʨʢʘ, ʨʘʚʥʘʷ ʧʦ ʨʘʟʤʝʨʫ ʠʩʭʦʜʥʦʡ, ʧʫʪʝʤ ʩʣʫʯʘʡʥʦʛʦ ʚʳ-
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ʙʦʨʘ ʩ ʚʦʟʚʨʘʪʦʤ ʠʟ ʚʳʙʦʨʢʠ ʠʩʭʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʃʠʩʪʴʷ ʚʩʝʭ ʜʝʨʝʚʴʝʚ, ʚ 

ʢʦʪʦʨʳʭ p-ʟʥʘʯʝʥʠʝ ʣʦʛʨʘʥʢ ʪʝʩʪʘ ʥʘ ʪʦʡ ʚʳʙʦʨʢʝ, ʥʘ ʢʦʪʦʨʦʡ ʙʳʣʦ ʦʙʫ-

ʯʝʥʦ ʜʝʨʝʚʦ, ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 0,05, ʦʙʲʝʜʠʥʷʣʠʩʴ ʚ ʩʧʠʩʦʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʦʧʠʩʘʥʠʡ ʧʦʜʛʨʫʧʧ. ɼʘʣʝʝ ʠʟ ʵʪʦʛʦ ʩʧʠʩʢʘ ʫʜʘʣʷʣʠʩʴ ʪʝ ʦʧʠʩʘʥʠʷ, ʢʦʪʦ-

ʨʳʝ ʧʦʛʣʦʱʘʶʪʩʷ ʜʨʫʛʠʤʠ ʦʧʠʩʘʥʠʷʤʠ. ʆʩʪʘʚʰʠʝʩʷ ʧʨʝʜʣʘʛʘʶʪʩʷ, ʢʘʢ 

ʧʦʜʛʨʫʧʧʳ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʨʘʪʝʛʠʡ ʣʝʯʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʛʠʧʦʪʝʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʜʝʨʝ-

ʚʴʷʭ. ʇʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʛʠʧʦʪʝʟ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʠ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ, ʦʜʥʘʢʦ ʜʦʣʷ ʛʠʧʦʪʝʟ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʠ ʧʦʧʘʨʥʦʤ ʩʨʘʚʥʝʥʠʠ ʣʝʯʝʥʠʡ ʥʘ ʚʩʝʡ ʚʳʙʦʨʢʝ p-ʟʥʘʯʝʥʠʝ ʥʝ ʧʨʝʚʳ-

ʰʘʝʪ 0,05, ʜʣʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ. 

 

 
ʈʠʩ.  1. ʂʨʠʚʳʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʜʣʷ ʧʨʠʤʝʨʘ ʚʳʜʝʣʝʥʥʦʡ ʧʦʜʛʨʫʧʧʳ. 

 

ʇʨʠʤʝʨ ʧʦʣʫʯʝʥʥʦʡ ʛʠʧʦʪʝʟʳ: ʚ ʛʨʫʧʧʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʠʩʢʘ ʧʨʠ ʦʮʝʥ-

ʢʝ ʦʙʱʝʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʥʝ ʤʣʘʜʰʝ 4 ʣʝʪ, ʫʚʝʣʠʯʝʥʠʠ ʧʝ-

ʯʝʥʠ ʦʪ 3 ʜʦ 7 ʩʘʥʪʠʤʝʪʨʦʚ ʠ ʦʪʩʫʪʩʪʚʠʠ ʧʘʪʦʣʦʛʠʠ ʩʨʝʜʦʩʪʝʥʠʷ ʩʪʨʘʪʝʛʠʷ 

ʣʝʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʚ ʧʨʦʪʦʢʦʣʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʜ ʢʦʜʦʤ 100, ʣʫʯʰʝ, ʯʝʤ 

ʩʪʨʘʪʝʛʠʠ 200 ʠ 300. ʂʨʠʚʳʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʜʣʷ ʵʪʦʡ ʧʦʜʛʨʫʧʧʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʦʚ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʧʦʨʦʞʜʘʣʠʩʴ ʪʘʢʠʝ ʟʘʤʢʥʫʪʳʝ ʦʧʠʩʘʥʠʷ ʠ ʠʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʜʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʪʝʨʘʧʠʶ ʧʨʦʪʠʚ 

ʦʩʪʨʦʛʦ ʣʠʤʬʦʙʣʘʩʪʥʦʛʦ ʣʝʡʢʦʟʘ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʨʠʪʝʨʠʝʚ, ʧʨʠʥʷʪʳʭ 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʣʘʩʪʠ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʤʝʜʠʮʠʥʳ (ʣʦʛʨʘʥʢ ʢʨʠʪʝʨʠʡ, 

ʦʮʝʥʢʘ p-ʟʥʘʯʝʥʠʡ), ʦʜʠʥ ʠʟ ʪʠʧʦʚ ʣʝʯʝʥʠʷ ʙʳʣ ʷʚʥʦ ʣʫʯʰʝ ʜʨʫʛʠʭ, ʚ ʪʦ 
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ʚʨʝʤʷ ʢʘʢ ʚ ʮʝʣʦʤ ʧʦ ʧʦʧʫʣʷʮʠʠ ʧʘʮʠʝʥʪʦʚ ʪʘʢʦʛʦ ʨʘʟʣʠʯʠʷ ʥʝ ʥʘʙʣʶʜʘ-

ʣʦʩʴ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʧʘʮʠʝʥʪʘ 

ʪʝʨʘʧʠʠ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʊʘʢʞʝ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ 

ʜʝʨʝʚʴʷʭ ʨʝʰʝʥʠʡ ʠ ʩʣʫʯʘʡʥʦʤ ʣʝʩʝ. 
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ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, ʄʦʩʢʚʘ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʥʜʝʢʩʦʚ ʦʮʝʥʢʠ ʢʘʯʝ-

ʩʪʚʘ ʙʠʢʣʘʩʪʝʨʦʚ, ʘ ʠʤʝʥʥʦ, ʠʭ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ï ʬʦʨʤʘʣʴʥʳʭ ʧʦ-

ʥʷʪʠʡ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠʥʜʝʢʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʠʥʜʝʢʩʦʚ ʢʘʢ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ ʰʫʤʫ ʚ ʜʘʥʥʳʭ ʠ ʧʦʧʘʨʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʩ ʜʨʫʛʠʤʠ ʠʥʜʝʢʩʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠʥ-

ʜʝʢʩʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʰʫʤʫ, ʘ ʪʘʢʞʝ ʛʨʫʧʧʳ ʢʦʨʨʝʣʠʨʫʶʱʠʭ ʠʥʜʝʢ-

ʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʬʦʨʤʘʣʴʥʳʝ ʧʦ-

ʥʷʪʠʷ, ʠʥʜʝʢʩʳ, ʢʣʘʩʪʝʨʥʳʝ ʤʝʪʨʠʢʠ 

ɺʚʝʜʝʥʠʝ 

ʌʦʨʤʘʣʴʥʳʝ ʧʦʥʷʪʠʷ (ʟʘʤʢʥʫʪʳʝ ʤʥʦʞʝʩʪʚʘ ʧʨʠʟʥʘʢʦʚ) ʠʛʨʘʶʪ ʚʘʞ-

ʥʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʢʘʢ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʧʨʘʚʠʣ, ʪʘʢ ʠ ʪʘʢʩʦʥʦʤʠʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙ-

ʣʘʩʪʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʘʪ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥ-

ʮʠʘʣʴʥʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʰʫʤʘ ʚ ʜʘʥʥʳʝ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʪʙʦʨʘ ʩʦʜʝʨʞʘʪʝʣʴ-

ʥʳʭ ʙʠʢʣʘʩʪʝʨʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʦʮʝʥʢʘ ʩ ʧʦʤʦʱʴʶ ʠʥʜʝʢʩʦʚ. ʇʦʜʦʙʥʳʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʜʣʷ ʵʢʩʧʝʨʪʘ 

ʛʨʫʧʧʳ ʦʙʲʝʢʪʦʚ, ʥʦ ʠ ʥʠʚʝʣʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʰʫʤʘ ʚ ʜʘʥʥʳʭ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʥʜʝʢʩʦʚ ʚ ʢʦʥʪʝʢ-

ʩʪʝ ʪʘʢʠʭ ʟʘʜʘʯ ʢʘʢ ʦʪʙʦʨ ʥʘʠʙʦʣʝʝ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʟʘʤʢʥʫʪʳʭ ʤʥʦʞʝʩʪʚ 

ʧʨʠʟʥʘʢʦʚ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʝʰʝʪʢʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʟʘʰʫʤ-

ʣʝʥʥʦʤʫ ʢʦʥʪʝʢʩʪʫ.  
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1. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

ɼʘʣʝʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ ʘʥʘʣʠʟʘ ʬʦʨʤʘʣʴʥʳʭ 

ʧʦʥʷʪʠʡ [Ganter et al., 1999]. ʇʫʩʪʴ ʟʘʜʘʥʳ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ G, 

ʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ M ʠ ʙʠʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ I G M , 

ʪʦʛʜʘ ʬʦʨʤʘʣʴʥʳʤ ʢʦʥʪʝʢʩʪʦʤ ʥʘʟʳʚʘʝʪʩʷ ʪʨʦʡʢʘ ( , , )G M I . ʅʘ 

ʤʥʦʞʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠ ʤʥʦʞʝʩʪʚʝ ʧʨʠʟʥʘʢʦʚ ʟʘʜʘʥʘ ʦʧʝʨʘʮʠʷ ( ) . ɼʣʷ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʜʤʥʦʞʝʩʪʚ A G  ʠ B Mʦʥʘ ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: 

 {m M | g : Im}A A g , {g | : Im}B G m B g . 

A ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ, ʦʙʱʠʭ ʜʣʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ 

ʤʥʦʞʝʩʪʚʘ A, B ï ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʩʝʤʠ ʧʨʠʟʥʘʢʘʤʠ 
ʠʟ B. ʆʧʝʨʘʪʦʨʦʤ ʟʘʤʳʢʘʥʠʷ ( ) ʥʘ ʤʥʦʞʝʩʪʚʝ G ʥʘʟʳʚʘʝʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝ 

: X Xj , ʛʜʝ X G. ɼʘʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ: ʠʜʝʤʧʦʪʝʥʪʥʦʩʪʴ (X Xjj j ), ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ (X Xj ) ʠ 

ʤʦʥʦʪʦʥʥʦʩʪʴ (X XY Yj j ). 

ʌʦʨʤʘʣʴʥʳʤ ʧʦʥʷʪʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘ ( , )A B , ʛʜʝ A G , B Mʠ 

A B , B A. A ʠ B ʥʘʟʳʚʘʶʪ ʦʙʲʝʤʦʤ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʨʤʘʣʴʥʦʛʦ 

ʧʦʥʷʪʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

2. ʀʥʜʝʢʩʳ ʜʣʷ ʦʮʝʥʢʠ ʟʘʤʢʥʫʪʳʭ ʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ 

ɼʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʠʥʜʝʢʩʳ ʚ ʨʘʟʨʝʟʝ ʩʣʝʜʫʶʱʠʭ ʛʨʫʧʧ: ʠʥʜʝʢ-

ʩʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ (ʙʠʢʣʘʩʪʝʨʦʚ ʩ 

ʧʣʦʪʥʦʩʪʴʶ 1), ʠʥʜʝʢʩʳ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʪʝʣʴʥʦʩʪʠ ʧʦʥʷʪʠʡ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ, ʠ ʠʥʜʝʢʩʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʢ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʦʙʲʝʢʪʥʦ-ʧʨʠʟʥʘʢʦʚʳʤ ʤʥʦʞʝʩʪʚʘʤ. 

2.1 ʀʥʜʝʢʩʳ ʜʣʷ ʦʮʝʥʢʠ ʟʘʤʢʥʫʪʳʭ ʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ 

ʋʩʪʦʡʯʠʚʦʩʪʴ [Kuznetsov, 1990; Kuznetsov, 2007] ʬʦʨʤʘʣʴʥʦʛʦ ʧʦʥʷ-

ʪʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ, ʥʘʩʢʦʣʴʢʦ ʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ B ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʢ-

ʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʘʥʥʳʡ ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ: 

| |

| { | } |
( , )

2A

C A C B
Stab A B . 

ʇʦʩʢʦʣʴʢʫ ʚʳʯʠʩʣʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ #P-ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ 

[Kuznetsov, 2007], ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ, ʚ ʜʘʥʥʦʡ 
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ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʘʢʞʝ ʧʨʠʙʣʠʞʝʥʥʘʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

ʜʘʥʥʦʡ ʤʝʪʨʠʢʠ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ [Buzmakov et al., 2014]: 

( , )

2 min

(c)

log 2 ( , ) ( )c d

d DD

LogStab A B c, 

ʛʜʝ 
min (c)( ) min ( , )d DDc c d , (c)DD  ï ʤʥʦʞʝʩʪʚʦ ʙʠʢʣʘʩʪʝʨʦʚ, ʤʘʢʩʠ-

ʤʘʣʴʥʳʭ ʧʦ ʚʣʦʞʝʥʠʶ ʦʙʲʝʢʪʦʚ, ( , )c d  ï ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʤʦʱʥʦʩʪʷʤʠ 

ʦʙʲʝʤʦʚ ʦʙʲʝʢʪʦʚ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʬʦʨʤʘʣʴʥʦʛʦ ʧʦʥʷʪʠʷ [Emilion, 2007] ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʢʦʤʧʦʟʠʮʠʶ ʩʣʝʜʫʶʱʠʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʢʦʤʧʦʥʝʥʪ: ʩʫʱʝʩʪʚʦʚʘʥʠʝ k ʦʙ̡-

ʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʩʝʤʠ ʧʨʠʟʥʘʢʘʤʠ ʠʟ B, ʦʪʩʫʪʩʪʚʠʝ ʫ ʦʩʪʘʣʴʥʳʭ

n k  ʦʙʲʝʢʪʦʚ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʧʨʠʟʥʘʢʘ ʠʟ B ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʯʠʭ ʦʙʲʝʢ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʩʝʤʠ ʧʨʠʟʥʘʢʘʤʠ ʠʟ B: 

0

Pr( ) 1 1

k n k
n

k

m m m

m B m B m Bk

B B p p p . 

ʈʦʙʘʩʪʥʦʩʪʴ [Tatti et al., 2014] ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, 

ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ ʦʩʪʘʝʪʩʷ ʟʘʤʢʥʫʪʳʤ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʙʲʝʢʪʦʚ, 

ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʠʟ ʦʙʲʝʢʪʦʚ ʩʦʭʨʘʥʷʝʪʩʷ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ Ŭ: 

 
| | | | | | | |

Rob( , ) ( 1) (1 )
d c c d

B B A A

d c

c a a  . 

ʆʪʜʝʣʠʤʦʩʪʴ [Klimushkin et al., 2010] ʧʦʟʚʦʣʷʝʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ, 

ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʦʙʲʝʢʪʥʦ-ʧʨʠʟʥʘʢʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʜʘʥʥʦʛʦ ʬʦʨʤʘʣʴʥʦ-

ʛʦ ʧʦʥʷʪʠʷ ʚʳʜʝʣʷʶʪʩʷ ʚ ʬʦʨʤʘʣʴʥʦʤ ʢʦʥʪʝʢʩʪʝ: 

| || |
Sep( , )

| | | m | | || |
g A m B

A B
A B

g A B
. 

2.2 ʀʥʜʝʢʩʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ 

ʀʥʜʝʢʩʳ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʤʠʪʘʮʠʠ ʨʘʙʦʪʳ 

ʵʢʩʧʝʨʪa. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʦʥʷʪʠʠ çʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷè, ʨʘʩ-

ʩʤʦʪʨʝʥʥʦʛʦ ʚ ʨʘʙʦʪʘʭ ʧʩʠʭʦʣʦʛʦʚ [Murphy, 2002; Rosch, 1978]. ʇʦʜ ʙʘʟʦ-

ʚʳʤ ʫʨʦʚʥʝʤ ʧʦʥʠʤʘʶʪʩʷ ʪʘʢʠʝ ʧʦʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʢʦʪʦ-

ʨʳʡ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ ʧʦʥʷʪʠʡ ï ʪʝ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ 

ʥʠ ʩʣʠʰʢʦʤ ʧʦʜʨʦʙʥʳʤʠ ʦʧʠʩʘʥʠʷʤʠ, ʥʠ ʩʣʠʰʢʦʤ ʦʙʱʠʤʠ. ɸʚʪʦʨʳ ʦʪ-

ʤʝʯʘʶʪ, ʯʪʦ ʪʘʢʠʝ ʧʦʥʷʪʠʷ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʣʶʜʴʤʠ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʫʩʠ-

ʣʠʷʤʠ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʧʨʠʟʥʘʢʠ ʩʫʱʥʦʩʪʠ ʪʘʢ, 
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ʯʪʦ ʜʣʷ ʠʭ ʚʦʩʧʨʠʷʪʠʷ ʪʨʝʙʫʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʝ ʢʦʛʥʠʪʠʚʥʳʝ ʫʩʠʣʠʷ. ʅʠ-

ʞʝ ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʠʟ ʥʠʭ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʠʭ ʠʥʜʝʢʩʦʚ ʧʨʠ-

ʚʦʜʠʪʩʷ ʚ [Belohlavek et al., 2012; Belohlavek et al., 2013]. 

ʇʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʩʭʦʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ t-ʥʦʨʤʫ ʥʝʯʝʪʢʠʭ ʬʫʥʢʮʠʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʝʧʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ ʩʣʝʜʫʶʱʠʭ ʩʚʦʡʩʪʚ: ʚʩʝ ʦʙʲʝʢʪʳ ʚ 

ʜʘʥʥʦʤ ʙʠʢʣʘʩʪʝʨʝ ʩʭʦʞʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʣʦʞʝʥʥʳʝ ʧʦ 

ʧʨʠʟʥʘʢʦʚʦʤʫ ʦʧʠʩʘʥʠʶ ʙʠʢʣʘʩʪʝʨʳ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ 

ʩʭʦʞʝʩʪʴʶ, ʙʠʢʣʘʩʪʝʨ ʦʙʣʘʜʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʭʦʞʝʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʧʦ ʚʣʦʞʝʥʠʶ ʧʨʠʟʥʘʢʦʚ ʙʠʢʣʘʩʪʝʨʘʤʠ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ 2 ʠʥʜʝʢʩʘ ʵʪʦʡ ʛʨʫʧʧʳ: 
SMC

mmS ʠ
J

mmS . ʇʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʠʥʜʝʢʩʘ ʧʨʠʚʦʜʠʪʩʷ ʚ [Belohlavek et al., 2012].  

ʇʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʟʥʘʢ m ʭʦʨʦʰʦ ʧʨʝʜʩʢʘʟʫʝʤ ʜʣʷ ʦʙʲʝʢʪʘ g, ʢʦʛʜʘ 

ʝʛʦ ʫʩʣʦʚʥʘʷ ʵʥʪʨʦʧʠʷ ʤʠʥʠʤʘʣʴʥʘ: 

( , )

| | | |
( ) | ( ) 1 log

| | | |
A B

m A m A
E p gIm I p g A

A A
. 

ʌʦʨʤʘʣʴʥʦʝ ʧʦʥʷʪʠʝ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʧʨʝʜʩʢʘʟʫʝʤʳʤ, ʢʦʛʜʘ ʧʨʠʟʥʘ-

ʢʠ, ʥʝ ʚʭʦʜʷʱʠʝ ʚ B, ʠʤʝʶʪ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʫʩʣʦʚʥʦʡ ʵʥʪʨʦʧʠʠ (ʧʨʠʟʥʘ-

ʢʠ, ʚʭʦʜʷʱʠʝ ʚ B, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ, ʠʤʝʶʪ ʥʫʣʝʚʫʶ ʵʥʪʨʦʧʠʶ): 

( , ) ( ) | ( ) 1
pr( , ) 1

| |

A B

y Y B

E p gIm I p g A
A B

Y B
. 

ʀʪʦʛʦʚʘʷ ʬʦʨʤʫʣʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʚ [Belohlavek et al., 2012].  

ʇʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʬʦʨʤʘʣʴʥʦʛʦ ʧʦʥʷʪʠʷ ʠ 

ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʲʝʢʪʦʚ 

ʬʦʨʤʘʣʴʥʦʛʦ ʧʦʥʷʪʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʤʥʦʞʝʩʪʚʝ ʦʙʲʝʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʨʠʟʥʘʢʦʤ ʠʟ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʧʦʥʷʪʠʷ: 

| |
( , )

| |m B

A m
CV A B

m
 

ʇʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʢʦʣʣʦʢʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʠ ʬʦʨʤʘʣʴʥʦʛʦ 

ʧʦʥʷʪʠʷ ʨʘʩʰʠʨʷʝʪ ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʠʥʜʝʢʩ ʩʦʤʥʦʞʠʪʝʣʝʤ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʝʤ ʫʩʣʦʚʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ, ʚʭʦʜʷʱʠʭ ʢʘʢ ʚ ʦʙʲ-

ʝʤ ʬʦʨʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʪʘʢ ʠ ʦʙʣʘʜʘʶʱʠʭ ʧʨʠʟʥʘʢʦʤ m ʧʨʠ ʟʘʜʘʥ-

ʥʦʤ ʤʥʦʞʝʩʪʚʝ ʦʙʲʝʢʪʦʚ (ʦʙʲʝʤʝ): 

| | | |
( , ) ( | ) ( | )

| | | |m M m M

A m A m
CFC A B p A y p y A

m A
. 
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ʇʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʚʳʜʝʣʷʝʤʦʩʪʠ ʧʦʥʷʪʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: 
2 2

2 2 | | | | | |
( , ) ( ) ( | ) ( )

| | | | | |m M m M

A A m m
CU A B p A p m A p m

G m G
. 

2.3 ʀʥʜʝʢʩʳ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ 

ʏʘʩʪʦʪʘ (ʧʦʜʜʝʨʞʢʘ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʤʝʪʨʠʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ: 

| |
( , )

| |

A
supp A B

G
. 

ɺ ʨʘʤʢʘʭ ʯʘʩʪʦʪʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʤʥʦʞʝʩʪʚʘʤʠ 

ʧʨʠʟʥʘʢʦʚ ʷʚʣʷʶʪʩʷ ʪʝ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʜʘʥʥʳʭ. 

ʃʠʬʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʧʦʜʜʝʨʞʢʠ ʬʦʨʤʘʣʴʥʦʛʦ ʧʦʥʷ-

ʪʠʷ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʞʠʜʘʥʠʶ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ: 

( ) | | | |
( , )

( ) | | | |
m B m B

p A A G
lift A B

p m m G
. 

ʂʦʣʣʝʢʪʠʚʥʘʷ ʩʠʣʘ [Aggarwal ʠ ʜʨ., 1998] ʠʩʧʦʣʴʟʫʝʪ ʧʦʥʷʪʠʝ 

çʥʘʨʫʰʘʶʱʝʛʦè ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ 
BV ï ʪʝʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨ-

ʞʘʪ ʪʦʣʴʢʦ ʯʘʩʪʴ ʧʨʠʟʥʘʢʦʚ ʠʟ B: 

( )
1 ( )

( , )
( ) 1 ( )

m BB

B

m B

supp m
supp V

cs A B
supp V supp m

. 

3. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ɺ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʠʥʜʝʢʩʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʚʫʤ ʟʘ-

ʜʘʯʘʤ: ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʧʦʥʷʪʠʡ ʠ ʫʩʪʨʘʥʝʥʠʝ ʰʫʤʘ ʚ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

3.1. ʉʨʘʚʥʝʥʠʝ ʤʝʪʨʠʢ ʠʥʪʝʨʝʩʥʦʩʪʠ ʧʦʥʷʪʠʡ 

ʇʦʩʢʦʣʴʢʫ ʧʦʥʷʪʠʝ ʩʦʜʝʨʞʘʪʝʣʴʥʦʩʪʠ ʠʣʠ ʠʥʪʝʨʝʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʫʙʲʝʢ-

ʪʠʚʥʦʡ ʤʝʨʦʡ, ʩʨʘʚʥʝʥʠʝ ʤʝʪʨʠʢ ʚ ʜʘʥʥʦʤ ʢʣʶʯʝ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦʧʘʨʥʦʛʦ ʨʘʥʛʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʂʝʥʜʝʣʣʘ [Ken-

dall, 1938]. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʩʛʝʥʝʨʠʨʦʚʘʥʳ 100 ʬʦʨʤʘʣʴ-

ʥʳʭ ʢʦʥʪʝʢʩʪʦʚ. ʄʦʱʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 10 ʜʦ 40, 

ʤʦʱʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ï ʦʪ 10 ʜʦ 70, ʧʣʦʪʥʦʩʪʴ ï ʦʪ 0,2 ʜʦ 0,6. 

ʋʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʂʝʥʜʝʣʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣ. 1. 

ʋʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʂʝʥʜʝʣʣʘ 

Ŭ 0.8 0.5 0.3 

0.1 0.46 0.62 0.80 

0.3 0.64 0.81  

0.5 0.83  

(ʘ) ʠʥʜʝʢʩʳ ʨʦʙʘʩʪʥʦʩʪʠ 

 
  

P CU CFC 

CV 0.13 -0.02 -0.15 0.74 0.79 

CFC 0.11 -0.05 -0.15 0.86  

CU 0.10 -0.09 -0.16  

P 0.50 0.53  

 

0.53  
 

 
(ʙ) ʠʥʜʝʢʩʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ 

ʧʦʜʭʦʜʝ 

 

 Supp Lift CS Sep PR lStabh lStabl 

Stab 0.46 -0.12 -0.08 0.40 0.36 0.75 0.87 

lStabl 0.33 -0.05 -0.07 0.28 0.25 0.58  

lStabh 0.71 -0.27 -0.14 0.61 0.59   

PR 0.73 -0.65 -0.35 0.56  

Sep 0.86 -0.22 -0.05  

CS -0.13 0.50  

lift  -0.34  

                                 (ʚ) ʧʨʦʯʠʝ ʠʥʜʝʢʩʳ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʝʨʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 3 ʛʨʫʧʧʳ ʧʦʧʘʨʥʦ 

ʢʦʨʨʝʣʠʨʫʶʱʠʭ ʠʥʜʝʢʩʦʚ: ʨʦʙʘʩʪʥʦʩʪʴ ʩ ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ Ŭ (ʪʘʙʣ.1, ʘ); ʤʝʪʨʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ 

(ʪʘʙʣ.1, ʙ); ʠ ʛʨʫʧʧʘ, ʚʢʣʶʯʘʶʱʘʷ ʯʘʩʪʦʪʫ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʝʝ ʦʮʝʥʢʠ, CU, 

CFC ʠ CV (ʪʘʙʣ.1, ʚ). ʅʘʣʠʯʠʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʨʦʙʘʩʪʥʦ-

ʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ Ŭ ʥʝ ʚʣʠʷʝʪ ʥʘ ʦʮʝʥʢʫ 

ʠʥʪʝʨʝʩʥʦʩʪʠ ʧʦʥʷʪʠʡ. ʇʦʧʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʠʥʜʝʢʩʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʣʠʟʦʩʪʠ ʢʦʥʮʝʧʮʠʠ ʦʮʝʥʢʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʦʥʷʪʠʷ ʢ 

ʙʘʟʦʚʦʤʫ ʫʨʦʚʥʶ.  ʊʨʝʪʴʷ ʛʨʫʧʧʘ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʥʘʠʙʦʣʝʝ ʨʘʟʥʦʨʦʜ-

ʥʳʝ ʠʥʜʝʢʩʳ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞ-

ʥʦʩʪʴʶ (ʫʩʪʦʡʯʠʚʦʩʪʴ, ʚʝʨʦʷʪʥʦʩʪʴ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʠʤʝʶʪ ʣʠʥʝʡ-

ʥʫʶ ʩʣʦʞʥʦʩʪʴ (ʦʪʜʝʣʠʤʦʩʪʴ, CV, CFC, CU) ʠʣʠ ʩʣʦʞʥʦʩʪʴ, ʦʮʝʥʠʚʘʝʤʫʶ 

ʢʦʥʩʪʘʥʪʦʡ (ʯʘʩʪʦʪʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʠʥʜʝʢʩʳ ʩ 

ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʠʥʜʝʢʩʘʤʠ ʩ 

ʤʝʥʴʰʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ. 

J

mmS SMC

mmS

SMC

mmS
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3.2 ʋʩʪʨʘʥʝʥʠʝ ʰʫʤʘ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʅʘʣʠʯʠʝ ʰʫʤʘ ʚ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʧʦʩʢʦʣʴʢʫ ʥʝ 

ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʟʘʤʢʥʫʪʳʭ ʤʥʦʞʝʩʪʚ ʧʨʠ-

ʟʥʘʢʦʚ [Klimushkin ʠ ʜʨ., 2010], ʥʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʥʝʪʦʯʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʥʜʝʢʩʦʚ ʢ ʰʫʤʫ ʙʳʣʠ ʨʘʩʩʤʦʪ-

ʨʝʥʳ 5 ʬʦʨʤʘʣʴʥʳʭ ʢʦʥʪʝʢʩʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʪʝʨʥʳʝ 

ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ: ʚʣʦʞʝʥʥʳʝ ʢʣʘʩʪʝʨʳ, ʤʥʦʞʝʩʪʚʦ ʥʝʧʝʨʝʩʝʢʘ-

ʶʱʠʭʩʷ ʢʣʘʩʪʝʨʦʚ, ʧʨʦʠʟʚʦʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ. ɺʦ ʚʩʝ ʢʦʥʪʝʢʩʪʳ ʙʳʣ ʚʥʝ-

ʩʝʥ ʰʫʤ: ʵʣʝʤʝʥʪʳ ʢʦʥʪʝʢʩʪʘ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʣʠ ʩʚʦʠ ʟʥʘʯʝʥʠʷ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ 0,1, 0,3 ʠʣʠ 0,5. ɺ ʟʘʰʫʤʣʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʬʦʨʤʘʣʴʥʳʝ ʧʦʥʷʪʠʷ (ʢʣʘʩʪʝʨʳ), ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ɿʘʪʝʤ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʘʯʝʩʪʚʦ ʢʦʪʦʨʦʡ ʙʳʣʦ 

ʠʟʤʝʨʝʥʦ ʧʦʩʨʝʜʩʪʚʦʤ AUC (Area Under the Receiver Operator Curve). 

ʇʦʩʢʦʣʴʢʫ ʢʘʯʝʩʪʚʦ ʠʥʜʝʢʩʘ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʢʘʢ ʦʪ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʦʚ, ʪʘʢ ʠ ʦʪ ʟʘʰʫʤʣʝʥʥʦʩʪʠ ʜʘʥʥʳʭ, ʚ ʨʘʤʢʘʭ ʧʨʦʚʝ-

ʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʥʜʝʢʩʦʚ ʢ ʰʫʤʫ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʢ ʦʪ ʢʣʘʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 1), ʪʘʢ ʠ ʦʪ ʜʦʣʠ ʰʫʤʘ, 

ʚʥʝʩʝʥʥʦʛʦ ʚ ʜʘʥʥʳʝ (ʨʠʩ. 2). 
 

 
 

ʈʠʩ. 2 ʋʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ AUC ʜʣʷ ʨʘʟʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ (ʩ1ïʩ5) 

 

 
 

ʈʠʩ. 3 ʋʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ AUC ʧʦ ʛʨʫʧʧʘʤ ʜʘʥʥʳʭ  

ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʰʫʤʘ 



 

 

367 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʠʥʜʝʢʩʦʚ ʚ ʙʦʣʴ-

ʰʝʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʦʚ, ʯʝʤ ʦʪ ʩʪʝʧʝʥʠ ʟʘʰʫʤʣʝʥʥʦʩʪʠ 

ʜʘʥʥʳʭ. 

ʅʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ AUC ʥʘ ʦʪʜʝʣʴʥʳʭ ʪʠʧʘʭ ʜʘʥʥʳʭ ʦʙʣʘʜʘʶʪ CV, 

CFC, CU, ʦʜʥʘʢʦ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠʥʜʝʢʩʦʚ ʥʝʩʪʘʙʠʣʴʥʦ ʠ ʤʦʞʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʝʨʘʨʭʠʠ ʢʣʘʩʪʝʨʦʚ. ʅʘʧʨʠʤʝʨ, AUC ʜʣʷ 

CFC ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,67 ʜʦ 0,95. ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʝ ʢʘʯʝ-

ʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʦʙʘʩʪʥʦʩʪʠ ʩ {0,3; 0,5; 0,8}a , ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʧʦʩʦʙʥʳ ʚʳʜʝʣʠʪʴ ʙʦʣʝʝ ʯʝʤ 70% ʦʨʠʛʠʥʘʣʴʥʳʭ ʙʠʢʣʘʩʪʝʨʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʥʜʝʢʩʳ ʥʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʫʨʦʚʥʶ ʰʫʤʘ ʜʘʥʥʳʭ. ʐʫʤ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʦʮʝʥʦʢ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʉʪʦʠʪ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʠʥʜʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʩʭʦʜʩʪʚʘ ʦʪʙʠʨʘʶʪ ʦʨʠʛʠʥʘʣʴʥʳʝ ʧʦʥʷʪʠʷ 

ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʣʠʟʢʦʡ ʢ ʩʣʫʯʘʡʥʦʤʫ ʫʛʘʜʳʚʘʥʠʶ.  

ɸʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʤʝʪʨʠʢ ʢʘʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʪʝʨʥʳʤ 

ʩʪʨʫʢʪʫʨʘʤ, ʪʘʢ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʦʤʫ ʫʨʦʚʥʶ ʰʫʤʘ ʧʦʟʚʦʣʷʝʪ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ CV, CU, CFC, ʦʪʜʝʣʠʤʦʩʪʴ, ʨʦʙʘʩʪʥʦʩʪʴ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʠʥʜʝʢʩʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʟʘʰʫʤʣʝʥʥʳʤʠ ʜʘʥ-

ʥʳʤʠ, ʪʦʛʜʘ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʝʢʩʦʚ ʛʨʫʧʧʳ ʙʘʟʦʚʳʭ ʤʝʪʨʠʢ (ʧʦʜʭʦʜ 

ʥʘ ʦʩʥʦʚʝ ʩʭʦʜʩʪʚʘ) ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʩʦʩʪʦʷʪʝʣʴʥʳʤʠ ʚ ʟʘʜʘʯʝ ʬʠʣʴʪʨʘʮʠʠ 

ʜʘʥʥʳʭ.  

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʥʜʝʢʩʦʚ ʦʮʝʥʢʠ ʢʘ-

ʯʝʩʪʚʘ ʙʠʢʣʘʩʪʝʨʦʚ ʩ ʧʣʦʪʥʦʩʪʴʶ 1 ʚ ʨʘʟʨʝʟʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: ʦʪʙʦʨ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʥʷʪʠʡ ʠ ʫʩʪʨʘʥʝʥʠʝ ʰʫʤʘ ʚ 

ʜʘʥʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʛʨʫʧʧʳ ʢʦʨʨʝʣʠʨʫ-

ʶʱʠʭ ʤʝʪʨʠʢ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʟʚʦʣʠʪ ʥʝ 

ʪʦʣʴʢʦ ʫʧʨʦʩʪʠʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʦ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʥʠʟʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʫʪʝʤ ʚʳ-

ʙʦʨʘ ʤʝʪʨʠʢ ʩ ʥʘʠʤʝʥʴʰʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʚ ʛʨʫʧʧʝ ʧʦʧʘʨʥʦ 

ʢʦʨʨʝʣʠʨʫʶʱʠʭ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʪʘʢʞʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʢʘʯʝ-

ʩʪʚʦ ʠʥʜʝʢʩʦʚ ʚ ʟʘʜʘʯʝ ʫʩʪʨʘʥʝʥʠʷ ʰʫʤʘ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʤʝʪʨʠʢʠ, ʦʙʣʘ-

ʜʘʶʱʠʝ ʥʘʠʣʫʯʰʝʡ ʬʠʣʴʪʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥ ʘʥʘ-

ʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʘʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫ-

ʨʳ ʢʣʘʩʪʝʨʦʚ ʠ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ (ʜʦʣʠ ʰʫʤʘ).  
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʧʦʰʘʛʦʚʦʤʫ ʚʳʚʦʜʫ ʭʦʨʦʰʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʪʝʩʪʦʚ (ʍʂʊ), ʷʚʣʷʶʱʠʭʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦ 

ʚʣʦʞʝʥʠʶ ʬʦʨʤʘʣʴʥʳʤʠ ʢʦʥʮʝʧʪʘʤʠ. ʇʨʠʚʦʜʷʪʩʷ ʯʝʪʳʨʝ ʚʠʜʘ ʤʦ-

ʜʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ: ʜʦʙʘʚʣʝʥʠʝ ʦʙʲʝʢʪʦʚ (ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚ) ʠ 

ʫʜʘʣʝʥʠʝ ʦʙʲʝʢʪʦʚ (ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚ). ʇʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝ-

ʟʝʥ ʚʦ ʤʥʦʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚʦ ʚʨʝʤʝʥʠ ʜʘʥʥʳ-

ʤʠ: ʠʟʤʝʥʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʧʨʘʚʠʣ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʚʪʦʨʞʝʥʠʡ, ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʷ ʚʝʙ-ʩʪʨʘʥʠʮ, ʤʦʜʠʬʠʢʘʮʠʷ ʟʥʘʥʠʡ ʠ ʦʥʪʦʣʦʛʠʡ ʠ ʜʨ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʦʨʦʰʠʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʪʝʩʪ, ʬʦʨʤʘʣʴʥʳʡ 

ʢʦʥʮʝʧʪ, ʨʝʰʝʪʢʘ ʢʦʥʮʝʧʪʦʚ, ʧʦʰʘʛʦʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʬʦʨʤʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ 

ɺʚʝʜʝʥʠʝ 

ʍʦʨʦʰʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʪʝʩʪʳ (ʍʂʊ) ʷʚʣʷʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʚʣʦʞʝʥʠʷ ʬʦʨʤʘʣʴʥʳʤʠ ʢʦʥʮʝʧʪʘʤʠ (ʌʂ) [Ganter & Kuz-

netsov, 2000], ʠʟʚʣʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʠʟ ʜʘʥʥʳʭ ʦʩʥʦʚʘʥʦ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʨʝ-

ʰʝʪʢʠ Galois. ʇʦʵʪʦʤʫ ʧʦʰʘʛʦʚʳʝ ʤʝʪʦʜʳ ʧʦʨʦʞʜʝʥʠʷ ʌʂ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʧʦʰʘʛʦʚʳʭ ʘʣʛʦʨʠʪʤʘʭ ʧʦʨʦʞʜʝʥʠʷ ʨʝʰʝʪʢʠ Galois. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʳʝ (ʦʙʲʝʢʪʳ, ʟʘʧʠʩʠ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ) ʧʨʠʙʘʚʣʷ-

ʶʪʩʷ ʧʦʩʪʝʧʝʥʥʦ, ʥʦ ʥʝ ʫʜʘʣʷʶʪʩʷ. ʇʨʦʙʣʝʤʝ ʧʦʰʘʛʦʚʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʨʝ-

ʰʝʪʢʠ ʢʦʥʮʝʧʪʦʚ ʧʦʩʚʷʱʝʥʦ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [Godin 

et al., 1995], [Kourie et al., 2009], [Van der Merwe et al., 2004], [Outrata, 

2013]. ɸʣʛʦʨʠʪʤ ʧʦʰʘʛʦʚʦʛʦ ʚʳʚʦʜʘ ʍʂʊ-ʦʚ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ [Naidenova, 

2006] ʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥ ʚ [Naidenova & Parkhomenko, 2013]. 
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ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʫʞʝ 

ʠʤʝʶʱʫʶʩʷ ʨʝʰʝʪʢʫ ʢʦʥʮʝʧʪʦʚ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʜʘʥʥʳʭ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʜʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʜʦʙʘʚʣʝʥʠʷ, ʥʦ ʠ 

ʫʜʘʣʝʥʠʝ ʜʘʥʥʳʭ (ʦʙʲʝʢʪʦʚ). ʕʪʘ ʧʨʦʙʣʝʤʘ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʘ. 

ʋʜʘʣʝʥʠʶ ʦʙʲʝʢʪʦʚ (ʧʨʠʯʝʤ ʪʦʣʴʢʦ ʫʜʘʣʝʥʠʶ) ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ 

[Carpineto & Romano, 2004] ʠ [Zhang et al., 2013]. ɺ ʧʝʨʚʦʡ ʠʟ ʥʠʭ ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ RemoveObject, ʘ ʚʦ ʚʪʦʨʦʡ ʘʣʛʦʨʠʪʤ DeleteObject. ɺ ʨʘʙʦ-

ʪʝ [Zou et al., 2015] ʵʪʠ ʘʣʛʦʨʠʪʤʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʶʪʩʷ ʚ ʦʪʥʦʰʝʥʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ: ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ ʘʣʛʦʨʠʪʤʝ FastDelition ʤʦ-

ʜʠʬʠʮʠʨʫʝʤʳʡ ʢʦʥʮʝʧʪ ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʚʘʪʴ ʪʦʣʴʢʦ ʩ ʦʜʥʠʤ ʙʣʠʞʘʡ-

ʰʠʤ ʢʦʥʮʝʧʪʦʤ ʩʥʠʟʫ ʚ ʨʝʰʝʪʢʝ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʠʭ ʜʚʫʭ ʘʣʛʦʨʠʪ-

ʤʘʭ ʵʪʦ ʩʨʘʚʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩʦ ʚʩʝʤʠ ʙʣʠʞʘʡʰʠʤʠ ʥʠʞʥʠʤʠ ʩʦʩʝʜʷʤʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʥʮʝʧʪʘ. 

ʆʜʥʘʢʦ ʤʦʜʠʬʠʢʘʮʠʷ ʜʘʥʥʳʭ ʠʣʠ ʢʦʥʪʝʢʩʪʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʳʣʘ ʧʦ-

ʩʪʨʦʝʥʘ ʨʝʰʝʪʢʘ ʢʦʥʮʝʧʪʦʚ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʘʭ, ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ 

ʪʦʣʴʢʦ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʠʣʠ ʫʜʘʣʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʧʫʪʝʤ ʜʦʙʘʚʣʝ-

ʥʠʷ ʠʣʠ ʫʜʘʣʝʥʠʷ ʘʪʨʠʙʫʪʦʚ. ʊʘʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʨʝʰʝʪʢʠ ʢʦʥʮʝʧʪʦʚ ʝʱʝ 

ʤʝʥʝʝ ʠʟʫʯʝʥʘ, ʯʝʤ ʧʨʦʙʣʝʤʘ ʫʜʘʣʝʥʠʷ ʦʙʲʝʢʪʦʚ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚ 

ʵʪʦʡ ʩʚʷʟʠ ʩʪʘʪʴʷ [Kauer & Krupka, 2014], ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦ-

ʙʣʝʤʘ ʫʜʘʣʝʥʠʷ ʪʦʣʴʢʦ ʦʜʥʦʡ ʩʚʷʟʠ ʦʙʲʝʢʪ-ʘʪʨʠʙʫʪ (incidence) ʠʟ ʬʦʨ-

ʤʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʠ ʜʘʝʪʩʷ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. 

ɺʩʝ ʯʝʪʳʨʝ ʩʣʫʯʘʷ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ, ʪʦ ʝʩʪʴ ʜʦʙʘʚʣʝ-

ʥʠʝ / ʫʜʘʣʝʥʠʝ ʦʙʲʝʢʪʘ ʠ ʜʦʙʘʚʣʝʥʠʝ / ʫʜʘʣʝʥʠʝ ʘʪʨʠʙʫʪʘ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʨʘʙʦʪʝ [Carpineto & Romano, 2004]. ʅʝʜʘʚʥʷʷ ʧʫʙʣʠʢʘʮʠʷ ʥʘ ʵʪʫ ʪʝʤʫ 

[Outrata, 2013] ʩʦʜʝʨʞʠʪ ʵʬʬʝʢʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʜʠʬʠʢʘʮʠʠ ʌʂ-ʦʚ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʚ ʦʧʠʩʘʥʠʠ ʥʦʚʳʝ ʘʪʨʠʙʫ-

ʪʳ. ɺʳʯʠʩʣʷʶʪʩʷ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʧʦʨʷʜʢʘ ʚ ʨʝʰʝʪʢʝ ʌʂ-ʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʦʧʨʝʜʝʣʷʝʪ 

ʥʦʚʳʝ ʠ ʤʦʜʠʬʠʮʠʨʫʝʤʳʝ ʢʦʥʮʝʧʪʳ, ʥʝ ʠʩʧʦʣʴʟʫʷ ʨʘʥʝʝ ʧʦʩʪʨʦʝʥʥʫʶ ʨʝ-

ʰʝʪʢʫ ʢʦʥʮʝʧʪʦʚ, ʘ ʪʦʣʴʢʦ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ. ʅʦʚʳʤ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʪ, ʫ 

ʢʦʪʦʨʦʛʦ ʵʢʩʪʝʥʪ ʨʘʩʰʠʨʝʥ ʥʦʚʳʤ(ʤʠ) ʦʙʲʝʢʪʦʤ(ʘʤʠ), ʘ ʝʛʦ ʠʥʪʝʥʪ ʥʝ ʨʘ-

ʚʝʥ ʠʥʪʝʥʪʫ ʥʠ ʦʜʥʦʛʦ ʠʟ ʨʘʥʝʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʌʂ-ʦʚ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʢʦʥʮʝʧʪ ʠʤʝʝʪ ʨʘʩʰʠʨʝʥʥʳʡ ʵʢʩʪʝʥʪ, ʥʦ ʝʛʦ ʠʥʪʝʥʪ ʥʝ ʠʟʤʝʥʠʣʩʷ. ʇʨʝʜʣʘ-

ʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ Close-by-One (CbO) ʘʣʛʦʨʠʪʤʝ ʧʦʨʦʞʜʝʥʠʷ 

ʌʂ-ʦʚ [Kuznetsov, 1993] ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷʭ FCbO 

[Outrata, 2012], PFCbO [Outrata, 2010]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʫʜʘʣʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʪʦ 

ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʜʦʙʘʚʣʷʝʤʳʝ ʢ ʜʘʥʥʳʤ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʵʪʠʭ ʦʙʲ-

ʝʢʪʦʚ, ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʌʂ-ʘʭ, ʧʦ ʢʦʪʦʨʳʤ 

ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʤʥʦʞʝʩʪʚʦ ʌʂ-ʦʚ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʩ ʫʜʘ-

ʣʷʝʤʳʤʠ ʢʦʥʮʝʧʪʘʤʠ. ɽʩʣʠ ʠʟʤʝʥʷʝʪʩʷ ʦʙʲʝʢʪ, ʪʦ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʩʥʘʯʘʣʘ ʝʛʦ ʫʜʘʣʠʪʴ, ʘ ʟʘʪʝʤ ʦʙʨʘʙʦʪʘʪʴ ʢʘʢ ʚʥʦʚʴ ʜʦʙʘʚʣʷʝʤʳʡ ʦʙʲʝʢʪ. 



 

 

371 

ɼʦʙʘʚʣʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʘʪʨʠʙʫʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʘʥʘʣʦʛʠʯʥʦʝ ʜʦʙʘʚ-

ʣʝʥʠʶ ʠ ʫʜʘʣʝʥʠʶ ʦʙʲʝʢʪʦʚ, ʧʨʠ ʵʪʦʤ ʚ ʘʣʛʦʨʠʪʤʝ ʠʣʠ ʠʩʭʦʜʥʦʤ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʠ ʜʘʥʥʳʭ ʘʪʨʠʙʫʪʳ ʠ ʦʙʲʝʢʪʳ ʧʨʦʩʪʦ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʦʜʠʬʠʢʘʮʠʷ ʍʂʊ-ʦʚ, ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʚ [Outrata, 2013], ʦʭʚʘʪʳʚʘʝʪ ʯʝʪʳʨʝ ʩʣʫʯʘʷ ï ʜʦʙʘʚʣʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʦʙʲ-

ʝʢʪʦʚ, ʜʦʙʘʚʣʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʘʪʨʠʙʫʪʦʚ. ɺʳʯʠʩʣʷʶʪʩʷ ʥʦʚʳʝ, 

ʤʦʜʠʬʠʮʠʨʫʝʤʳʝ ʠ ʫʜʘʣʷʝʤʳʝ ʢʦʥʮʝʧʪʳ (ʍʂʊ-ʳ). ɸʣʛʦʨʠʪʤʳ ʤʦʜʠʬʠ-

ʢʘʮʠʠ ʍʂʊ-ʦʚ ʦʩʥʦʚʘʥʳ ʥʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʥʘ ʘʪ-

ʨʠʙʫʪʠʚʥʳʝ ʠ ʦʙʲʝʢʪʥʳʝ ʧʦʜ-ʢʦʥʪʝʢʩʪʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʥʝʝ ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʰʘʛʦʚʦʛʦ ʚʳʚʦʜʘ ʍʂʊ-ʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ [Naid-

enova & Parkhomenko, 2013], [Naidenova et al., 2015]. 

ɼʘʣʴʥʝʡʰʝʝ ʠʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʟʦʚʘʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʨʘʟʜʝʣ 1 

ʜʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʍʂʊ-ʦʚ, ɺ ʨʘʟʜʝʣʝ 2 ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʢʦʤ-

ʧʦʟʠʮʠʷ ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʥʘ ʜʚʘ ʚʠʜʘ ʧʦʜ-ʢʦʥʪʝʢʩʪʦʚ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʚʚʦʜʷʪʩʷ ʜʚʘ ʚʠʜʘ ʧʦʜʟʘʜʘʯ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʝ-

ʟʫʣʴʪʠʨʫʶʱʠʭ ʠʟʤʝʥʝʥʠʡ ʍʂʊ-ʦʚ ʚ ʧʦʜ-ʢʦʥʪʝʢʩʪʘʭ. ɺ ʨʘʟʜʝʣʝ 3 ʧʨʠʚʦ-

ʜʷʪʩʷ ʘʣʛʦʨʠʪʤʳ ʚʳʯʠʩʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʍʂʊ-ʦʚ ʜʣʷ ʚʩʝʭ 4-ʭ ʩʣʫʯʘʝʚ ʠʟ-

ʤʝʥʝʥʠʷ ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ. 

1. ʆʧʨʝʜʝʣʝʥʠʷ ʭʦʨʦʰʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʪʝʩʪʦʚ 

ʇʫʩʪʴ G ={1,N} ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʠʥʜʝʢʩʦʚ ʦʙʲʝʢʪʦʚ ʠ M = {m1, é, 

mj,é, mm} ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʘʪʨʠʙʫʪʦʚ, ʢʦʪʦʨʳʝ ʤʳ ʙʫʜʝʤ ʥʘʟʳ-

ʚʘʪʴ ʦʙʲʝʢʪʘʤʠ ʠ ʟʥʘʯʝʥʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. M = {Çdom(attr), attr Í M}, 

ʛʜʝ dom(attr) ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʘʪʨʠʙʫʪʘ attr. ʆʧʠʩʘʥʠʷ ʦʙʲ-

ʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩʪʨʦʢʘʤʠ ʪʘʙʣʠʮʳ, ʩʪʦʣʙʮʳ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʘʪʨʠʙʫʪʘʤ, ʧʨʠʥʠʤʘʶʱʠʤ ʟʥʘʯʝʥʠʷ ʠʟ M. 

ʆʧʨʝʜʝʣʝʥʠʝ ʭʦʨʦʰʝʛʦ ʪʝʩʪʘ ʦʩʥʦʚʘʥʦ ʥʘ ʜʚʫʭ ʦʪʦʙʨʘʞʝʥʠʷʭ ʤʝʞʜʫ 

ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʤʥʦʞʝʩʪʚʘʤʠ (2
G
, Ë) ʠ (2

M
 , Ë), ʪ.ʝ. 2

G
 ­ 2

M
 ʠ 2

M
 ­ 2

G
. 

ʇʫʩʪʴ A Ì G, B Ì M. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ Bi, Bi Ì M, i={1; N} ʦʧʠʩʘʥʠʝ ʦʙʲ-

ʝʢʪʘ ʩ ʠʥʜʝʢʩʦʤ i. ʊʦʛʜʘ ʦʪʦʙʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʜʣʷ A Ì G ʠ B Ì M, A¡ = val(A) = {ʧʝʨʝʩʝʯʝʥʠʝ ʚʩʝʭ Bi| Bi Ì M, i Í A} ʠ 

B¡ = obj(B)= { i| i Í G, B Ì Bi}. ʄʳ ʪʘʢʞʝ ʠʤʝʝʤ obj(B) = {ʧʝʨʝʩʝʯʝʥʠʝ ʚʩʝʭ 

obj(m)| obj(m) Ì G, m Í B}.  

ʄ  r ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʤ ʜʚʘ ʦʧʝʨʘʪʦʨʘ ʟʘʤʳʢʘʥʠʷ [ʅʘʡʜʝʥʦʚʘ & 

ɽʨʤʘʢʦʚ, 2001]: generalization of(B) = B¡¡= val(obj(B)) ʠ generalization 

of(A)= A¡¡ = obj(val(A)). ʄʥʦʞʝʩʪʚʦ A ʟʘʤʢʥʫʪʦ, ʝʩʣʠ A = obj(val(A)), ʤʥʦ-

ʞʝʩʪʚʦ B ʟʘʤʢʥʫʪʦ, ʝʩʣʠ B = val(obj(B)). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʦʧʝʨʘʪʦʨʳ ʟʘʤʳʢʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʚ ʬʦʨʤʘʣʴʥʦʤ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʤ ʘʥʘʣʠʟʝ (ʌʂɸ) [Ganter & Kuznetsov, 2000]. ʂʣʶʯʝʚʦʝ 

ʧʦʥʷʪʠʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʝʩʪʴ ʬʦʨʤʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ K, ʦʧʨʝʜʝʣʝʥʥʳʡ 

R.Wille ʚ 1982 ʠ ʜʝʪʘʣʴʥʦ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʚ [Ganter & Kuznetsov, 2000]. K 
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ʝʩʪʴ ʪʨʦʡʢʘ (G, M, I), ʛʜʝ I ʝʩʪʴ ʙʠʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ G ³ M. ɺ ʌʂɸ ʚʚʝ-

ʜʝʥʥʳʝ ʚʳʰʝ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʦʧʝʨʘʮʠʠ ʟʘʤʳʢʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʥʝʩʢʦʣʴʢʦ 

ʠʥʘʯʝ: A¡ = val(A)= {m Í M | gIm "g ÍA}, B¡ = obj(B)= {g Í G | gIm "m Í B} . 

ɽʩʣʠ (A¡ = B) & (B¡ = A), ʪʦ ʧʘʨʘ (A, B) ʥʘʟʳʚʘʝʪʩʷ ʬʦʨʤʘʣʴʥʳʤ 

ʢʦʥʮʝʧʪʦʤ, ʣʝʚʘʷ ʠ ʧʨʘʚʘʷ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʝʩʪʴ ʵʢʩʪʝʥʪ ʠ ʠʥʪʝʥʪ ʢʦʥʮʝʧʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʪʝʩʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʧʦʥʷ-

ʪʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ. ʇʫʩʪʴ G ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʘ 

ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʤʥʦʞʝʩʪʚʘ G+ ʠ G-, ʛʜʝ G+ ʠ G-  ʝʩʪʴ ʤʥʦʞʝʩʪʚʘ ʠʥ-

ʜʝʢʩʦʚ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ-

ʤʝʨ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʜʘʥ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣ.1 

No Outlook Temperature Humidity  Windy  Class  

1 Sunny Hot High No 1 

2 Sunny Hot High Yes 1 

3 Overcast Hot High No 2 

4 Rain Mild  High No 2 

5 Rain Cool Normal No 2 

6 Rain Cool Normal Yes 1 

7 Overcast Cool Normal Yes 2 

8 Sunny Mild  High No 2 

9 Sunny Cool Normal No 2 

10 Rain Mild  Normal No 2 

11 Sunny Mild  Normal Yes 2 

12 Overcast Mild  High Yes 2 

13 Overcast Hot Normal No 2 

14 Rain Mild  High Yes 1 

 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʪʝʩʪ (ʂT) ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ ʝʩʪʴ ʧʘʨʘ (A, B), ʪʘʢʘʷ ʯʪʦ B Ì M, A = B¡ÍÅ, A Ì G+, B ʥʝ ʚʢʣʶ-

ʯʝʥʦ ʥʠ ʚ ʦʜʠʥ ʠʟ g¡, gÍG-. 

ʆʧʨʝʜʝʣʝʥʠʝ 2. ʂʊ (A, B) ʜʣʷ G+ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʠʟʙʳʪʦʯʥʳʤ, 

ʝʩʣʠ obj(B Ç m) Ë A ʜʣʷ ʚʩʝʭ m Î B ʠ m Í M. 

ʆʧʨʝʜʝʣʝʥʠʝ 3. ʂʊ (A, B) ʜʣʷ G+ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ, ʝʩʣʠ ʠ ʪʦʣʴʢʦ ʝʩ-

ʣʠ ʣʶʙʦʝ ʨʘʩʰʠʨʝʥʠʝ A* = A Ç i, i=Î A, i Í G+ ʚʣʝʯʝʪ, ʯʪʦ (A*, val(A*)) ʥʝ 

ʷʚʣʷʝʪʩʷ ʪʝʩʪʦʤ ʜʣʷ G+.  

ɽʩʣʠ ʭʦʨʦʰʠʡ ʪʝʩʪ (A, B) ʜʣʷ G+ ʤʘʢʩʠʤʘʣʴʥʦ ʠʟʙʳʪʦʯʝʥ (ʍʄʀʊ), ʪʦ 

ʣʶʙʦʝ ʨʘʩʰʠʨʝʥʠʝ B* = B Ç m, m Î B, m Í M ʚʣʝʯʝʪ, ʯʪʦ (obj(B*) , B*) ʥʝ 

ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʪʝʩʪʦʤ ʜʣʷ G+. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʥʦʞʝʩʪʚʦ B ʥʝ ʟʘ-
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ʤʢʥʫʪʦ ʜʣʷ ʂʊ (A, B), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʂʊ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʙʫʜʝʪ ʬʦʨʤʘʣʴ-

ʥʳʤ ʢʦʥʮʝʧʪʦʤ. ʅʦ ʍʄʀʊ-ʳ ʷʚʣʷʶʪʩʷ ʬʦʨʤʘʣʴʥʳʤʠ ʢʦʥʮʝʧʪʘʤʠ 

[Naidenova, 2012].  

ɼʘʣʝʝ ʤʳ ʙʫʜʝʤ ʟʘʥʠʤʘʪʴʩʷ ʪʦʣʴʢʦ ʭʦʨʦʰʠʤʠ ʤʘʢʩʠʤʘʣʴʥʦ ʠʟʙʳʪʦʯ-

ʥʳʤʠ ʪʝʩʪʘʤʠ (ʍʄʀʊ-ʤʠ).  

2. ɼʝʢʦʤʧʦʟʠʮʠʷ ʚʳʚʦʜʘ ʭʦʨʦʰʠʭ ʪʝʩʪʦʚ ʥʘ ʧʦʜʟʘʜʘʯʠ 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʍʄʀʊ-ʦʚ ʚ ʧʦʰʘʛʦʚʳʡ ʧʨʦʮʝʩʩ, 

ʤʳ ʚʚʦʜʠʤ ʜʚʘ ʪʠʧʘ ʧʦʜʟʘʜʘʯ ʜʣʷ [ʅʘʡʜʝʥʦʚʘ & ɽʨʤʘʢʦʚ, 2001]: 1) ʜʣʷ 

ʟʘʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʟʥʘʯʝʥʠʡ B, B Ì M, obj(B) Í Å, ʪʘʢʦʛʦ ʯʪʦ B ʷʚʣʷʝʪʩʷ 

ʪʝʩʪʦʤ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʘʡʪʠ ʚʩʝ ʍʄʀʊ-  r (obj(B*), B*) 

ʪʘʢʠʝ ʯʪʦ B* Ì B; 2) ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʥʝ ʧʫʩʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʟʥʘʯʝʥʠʡ X Ì M 

ʪʘʢʦʛʦ ʯʪʦ (obj(X), X) ʥʝ ʷʚʣʷʝʪʩʷ ʪʝʩʪʦʤ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʥʘʡʪʠ ʚʩʝ ʍʄʀʊ-  r(obj(Y ), Y ) ʪʘʢʠʝ ʯʪʦ X Ë Y. 

ʈʝʰʝʥʠʝ ʵʪʠʭ ʧʦʜʟʘʜʘʯ ʦʩʥʦʚʘʥʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʦʜ-ʢʦʥʪʝʢʩʪʦʚ ʟʘʜʘʥʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ. 

ɼʘʜʠʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʥʦʡ ʠ ʘʪʨʠʙʫʪʠʚʥʦʡ ʧʨʦʝʢʮʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦ-

ʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʧʦʜʢʦʥʪʝʢʩʪʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ 4: ʇʨʦʝʢʮʠʷ ʦʧʠʩʘʥʠʷ d ʥʝʢʦʪʦʨʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʙʲ-

ʝʢʪʘ ʥʘ ʤʥʦʞʝʩʪʚʦ D+ ʚʩʝʭ ʦʧʠʩʘʥʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʝʩʪʴ ʤʥʦʞʝ-

ʩʪʚʦ proj(d)) = {z| z = d Æ d*  ̧Å, d* Í D+ ʠ obj(z), z) ʝʩʪʴ ʪʝʩʪ ʜʣʷ G+}.  

ɽʩʣʠ proj(d) ʥʝ ʧʫʩʪʘ ʠ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʪʦʛʜʘ ʦʥʘ ʦʙ-

ʨʘʟʫʝʪ ʢʦʥʪʝʢʩʪ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʧʦʜʟʘʜʘʯʠ ʚʳʚʦʜʘ ʚʩʝʭ ʍʄʀʊ-ʦʚ, ʩʦʜʝʨ-

ʞʘʱʠʭʩʷ ʚ d (ʧʦʜʟʘʜʘʯʘ ʧʝʨʚʦʛʦ ʪʠʧʘ). ɽʩʣʠ ʧʨʦʝʢʮʠʷ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ 

ʦʜʠʥ ʵʣʝʤʝʥʪ, ʧʫʩʪʴ d*, ʪʦʛʜʘ (obj(d*), d*) ʝʩʪ ɹʍʄʀʊ. 

ʆʧʨʝʜʝʣʝʥʠʝ 5: ʇʨʦʝʢʮʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʥʘʯʝʥʠʡ B ʥʘ ʤʥʦʞʝʩʪʚʦ D+ 

ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ proj(B)= {d | B Ì d, d Í D+}. 

ʅʝʧʫʩʪʘʷ ʧʨʦʝʢʮʠʷ proj(B) ʦʙʨʘʟʫʝʪ ʧʦʜʢʦʥʪʝʢʩʪ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʧʦʜ-

ʟʘʜʘʯʠ ʚʪʦʨʦʛʦ ʪʠʧʘ. 

ʈʘʟʨʝʰʝʥʠʝ ʦʙʦʠʭ ʪʠʧʦʚ ʧʦʜʟʘʜʘʯ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʣʶʙʳʤʠ ʘʣʛʦ-

ʨʠʪʤʘʤʠ ʧʦʠʩʢʘ ʭʦʨʦʰʠʭ ʪʝʩʪʦʚ. ʇʦʰʘʛʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʣʦʞʝʥ rʚ 

[Naidenova, 2006], [Naidenova & Parkhomenko, 2013].  

3. ʂʦʨʨʝʢʮʠʷ ʭʦʨʦʰʠʭ ʪʝʩʪʦʚ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ 

ʈʘʩʩʤʦʪʨʠʤ ʯʝʪʳʨʝ ʩʣʫʯʘʷ ʚ ʧʦʰʘʛʦʚʦʤ ʚʳʚʦʜʝ ʍʄʀʊ-ʦʚ: 

1) ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤʫ ʢʦʥʪʝʢʩʪʫ ʜʦʙʘʚʣʷʝʪʩʷ ʥʦʚʳʡ ʦʙʲʝʢʪ; 

2) ʦʙʲʝʢʪ ʫʜʘʣʷʝʪʩʷ ʠʟ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʢʦʥʪʝʢʩʪʘ; 3) ʜʦʙʘʚʣʷʝʪʩʷ 

ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ (ʘʪʨʠʙʫʪ) ʚ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʢʦʥ-

ʪʝʢʩʪʘ; 4) ʟʥʘʯʝʥʠʝ (ʘʪʨʠʙʫʪ) ʫʜʘʣʷʝʪʩʷ ʠʟ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʢʦʥʪʝʢʩʪʘ. 

ʉʣʫʯʘʡ 1. 
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ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʦʚʳʡ ʦʙʲʝʢʪ ʧʨʠʭʦʜʠʪ ʩ ʫʢʘʟʘʥʠʝʤ ʝʛʦ ʧʨʠʥʘʜ-

ʣʝʞʥʦʩʪʠ ʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʦʙʲʝʢʪʘʤ. ʉʣʝʜʫʶʱʠʝ 

ʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʫʞʝ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʍʄʀʊ-ʦʚ:  

1) ʧʨʦʚʝʨʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʵʢʩʪʝʥʪʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʍʄʀʊ-ʦʚ ʜʣʷ ʢʣʘʩʩʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ʥʦʚʳʡ ʦʙʲʝʢʪ (ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʥʦʩʪʠ, ʧʫʩʪʴ ʵʪʦ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʣʘʩʩ). ʇʨʠ ʵʪʦʤ ʠʥʪʝʥʪʳ ʤʦ-

ʜʠʬʠʮʠʨʫʝʤʳʭ ʪʝʩʪʦʚ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ; 

2) ʚʳʚʦʜ ʚʩʝʭ ʍʄʀʊ-ʦʚ, ʠʥʪʝʥʪʳ ʢʦʪʦʨʳʭ ʚʢʣʶʯʝʥʳ ʚ ʦʧʠʩʘʥʠʝ ʥʦʚʦ-

ʛʦ ʦʙʲʝʢʪʘ;  

3) ʧʨʦʚʝʨʢʘ ʚʘʣʠʜʥʦʩʪʠ ʍʄʀʊ-ʦʚ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʠ , ʝʩ-

ʣʠ ʥʝʦʙʭʦʜʠʤʦ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʥʝ ʚʘʣʠʜʥʳʭ ʪʝʩʪʦʚ (ʪʝʩʪ ʜʣʷ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʥʝ ʚʘʣʠʜʥʳʤ, ʝʩʣʠ ʝʛʦ ʠʥʪʝʥʪ ʚʢʣʶʯʝʥ ʚ ʦʧʠ-

ʩʘʥʠʝ ʥʦʚʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ..  

ɺʳʧʦʣʥʝʥʠʝ ʚʪʦʨʦʛʦ ʜʝʡʩʪʚʠʷ ʩʚʦʜʠʪʩʷ ʢ ʧʦʜʟʘʜʘʯʝ ʧʝʨʚʦʛʦ ʪʠʧʘ. 

ʊʨʝʪʴʝ ʜʝʡʩʪʚʠʝ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʦʜʟʘʜʘʯ ʢʘʢ ʧʝʨʚʦʛʦ, ʪʘʢ 

ʠ ʚʪʦʨʦʛʦ ʪʠʧʘ. ʈʘʩʩʤʦʪʨʠʤ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʪʴʝʛʦ ʜʝʡʩʪʚʠʷ. 

ʇʫʩʪʴ STGOOD ʝʩʪʴ ʯʘʩʪʠʯʥʦ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ s, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ, ʯʪʦ (s, val(s)) ʝʩʪʴ ʍʄʀʊ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ. 

ʇʫʩʪʴ s Í STGOOD- ʠ Y = val(s). ɽʩʣʠ Y Ì tnew(+), ʛʜʝ tnew(+) ʝʩʪʴ 

ʦʧʠʩʘʥʠʝ ʥʦʚʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʪʦʛʜʘ s ʜʦʣʞʝʥ ʙʳʪʴ ʫʜʘʣʝʥ ʠʟ 

STGOOD-. 

ɼʣʷ ʢʦʨʨʝʢʮʠʠ ʤʥʦʞʝʩʪʚʘ ʍʄʀʊ-ʦʚ ʜʣʷ G-, ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʚʩʝ X 

Ì M ʪʘʢʠʝ ʯʪʦ obj(X) Ì obj(Y ), (obj(X), X) ʝʩʪʴ ʍʄʀʊ ʜʣʷ G-. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, obj(Y ) ʝʩʪʴ ʢʦʥʪʝʢʩʪ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʭʦʨʦʰʠʭ ʪʝʩʪʦʚ ʜʣʷ G-. 

ʇʦʢʘʞʝʤ, ʯʪʦ ʚʩʝ ʥʦʚʳʝ ʍʄʀʊ-ʳ ʜʣʷ G- ʥʘʭʦʜʷʪʩʷ ʪʦʣʴʢʦ ʚ ʢʦʥʪʝʢ-

ʩʪʝ, ʦʧʨʝʜʝʣʷʝʤʦʤ obj(Y ): obj(X) Ì obj(Y ) ª Y Ì X. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʍʄʀʊ (ʩ ʠʥʪʝʥʪʦʤ Z) ʜʣʷ G- ʪʘʢʦʡ ʯʪʦ Y Ì Z, obj(Z) Ê ʠ ̧ 

obj(Y ). ʊʦʛʜʘ obj(Z) ʩʦʜʝʨʞʠʪ ʥʝʢʦʪʦʨʳʝ ʦʙʲʝʢʪʳ ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʝ 

obj(Y) ʠ Z ʙʫʜʝʪ ʚʢʣʶʯʝʥʦ ʚ ʦʧʠʩʘʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʢʪʘ ʥʝ ʩʦʜʝʨʞʘʱʝ-

ʛʦʩʷ ʚ obj(Y ) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, Z ʜʦʣʞʥʦ ʙʳʣʦ ʙʳʪʴ ʥʘʡʜʝʥʦ ʥʘ ʧʨʝʜʳʜʫ-

ʱʠʭ ʰʘʛʘʭ ʧʦʰʘʛʦʚʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʍʄʀʊ-ʦʚ.  

ʉʣʫʯʘʡ 2. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʡ ʦʙʲʝʢʪ ʫʜʘʣʷʝʪʩʷ ʠʟ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦ-

ʛʦ ʢʦʥʪʝʢʩʪʘ. ʊʦʛʜʘ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʳ: 

1) ʚʳʙʨʘʪʴ ʤʥʦʞʝʩʪʚʦ Gsub ʚʩʝʭ ʍʄʀʊ-ʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʠʭ ʵʢʩ-

ʪʝʥʪʘʭ ʠʥʜʝʢʩ ʫʜʘʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ;  
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2) ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʪʝʩʪʳ ʤʥʦʞʝʩʪʚʘ Gsub, ʫʜʘʣʷʷ ʠʥʜʝʢʩ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʦʙʲʝʢʪʘ ʠʟ ʠʭ ʵʢʩʪʝʥʪʦʚ; ʕʪʦ ʫʜʘʣʝʥʠʝ ʥʝ ʧʨʠʚʝʜʝʪ ʢ ʧʦʪʝʨʝ 

ʩʚʦʡʩʪʚʘ çʙʳʪʴ ʪʝʩʪʦʤè ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ Gsub; 

3) ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ ʪʝʩʪʘ ʤʳ ʠʤʝʝʤ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʇʫʩʪʴ Y* ʝʩʪʴ ʠʥʪʝʥʪ ʥʝʢʦʪʦʨʦʛʦ ʪʝʩʪ ʚ Gsub, Y* = val(obj(Y ) \ i), ʛʜʝ i ʝʩʪʴ 

ʠʥʜʝʢʩ ʫʜʘʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ Y = val(obj(Y*) Ç i). ɽʩʣʠ ((obj(Y ) \ i) ʦʢʘʟʳ-

ʚʘʝʪʩʷ ʚʢʣʶʯʝʥʥʳʤ ʚ ʵʢʩʪʝʥʪ ʥʝʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʍʄʀʊ-ʘ, ʪʦʛʜʘ 

ʵʪʦʪ ʪʝʩʪ ((obj(Y ) \ i), Y*) ʜʦʣʞʝʥ ʙʳʪʴ ʫʜʘʣʝʥ. ɽʩʣʠ Y* = Y, ʪʦʛʜʘ ((obj(Y ) 

\ i), Y*) ʦʩʪʘʝʪʩʷ ʭʦʨʦʰʠʤ ʪʝʩʪʦʤ. ɽʩʣʠ Y*  ̧Y, ʪʦʛʜʘ ((obj(Y )\i), Y*) ʝʩʪʴ 

ʥʦʚʳʡ ʍʄʀʊ. ʕʪʦ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʫʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʳʡ ʍʄʀʊ, ʠʥʪʝʥʪ ʢʦʪʦʨʦʛʦ Z ʚʢʣʶʯʝʥ ʚ Y*. 

ʊʦʛʜʘ obj(Y*) Ë obj(Z) ʠ ʩʫʱʝʩʪʚʫʶʪ ʦʙʲʝʢʪʳ ʚ G+ \ obj(Y*) , ʠʥʜʝʢʩʳ ʢʦ-

ʪʦʨʳʭ ʩʦʜʝʨʞʠʪ Z. ʅʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʍʄʀʊ ʜʦʣʞʝʥ 

ʙʳʣ ʙʳ ʙʳʪʴ ʥʘʡʜʝʥ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʘʭ ʧʦʠʩʢʘ ʍʄʀʊ-ʦʚ, ʪʘʢ ʢʘʢ ʧʦ-

ʰʘʛʦʚʳʡ ʘʣʛʦʨʠʪʤ ʩ ʧʨʠʙʘʚʣʝʥʠʝʤ ʥʦʚʦʛʦ ʦʙʲʝʢʪʘ ʥʘʭʦʜʠʪ ʚʩʝ ʍʄʀʊ-ʳ 

ʚ ʪʝʢʫʱʝʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʢʦʥʪʝʢʩʪʝs. ɸʥʘʣʦʛʠʯʥʦʝ ʨʘʩʩʫʞʜʝʥʠʝ 

ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ʍʄʀʊ-ʦʚ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʉʣʫʯʘʡ 3.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʦʙʘʚʣʷʝʪʩʷ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ m* ʢ ʤʥʦʞʝʩʪʚʫ M. ɿʘ-

ʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʍʄʀʊ-ʦʚ, ʠʥʪʝʥʪʳ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ m* ʩʚʦʜʠʪʩʷ ʢ 

ʧʦʜʟʘʜʘʯʝ ʚʪʦʨʦʛʦ ʪʠʧʘ. ʇʦʜ-ʢʦʥʪʝʢʩʪ ʜʣʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ 

ʦʙʲʝʢʪʦʚ, ʯʴʠ ʦʧʠʩʘʥʠʷ ʩʦʜʝʨʞʘʪ m*.  

ʉʣʫʯʘʡ 4. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ m ʫʜʘʣʷʝʪʩʷ ʠʟ ʤʥʦʞʝʩʪʚʘ M. 

ʇʫʩʪʴ ʭʦʨʦʰʠʡ ʪʝʩʪ (obj(X); X) ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ (obj(X \ m), X \ m). 

ʊʦʛʜʘ ʤʳ ʠʤʝʝʤ ((X \ m) Ë X) ª (obj(X) Ì obj(X\m)). ʀʤʝʶʪʩʷ ʜʚʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ: obj(X\m) = obj(X) ʠ obj(X) Ë obj(X \m). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (obj(X 

\m), X\m) ʝʩʪʴ ʍʄʀʊ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, (obj(X\m), X\m) ʥʝ ʷʚʣʷʝʪʩʷ ʪʝ-

ʩʪʦʤ ʜʣʷ ʩʚʦʝʛʦ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ. ʆʜʥʘʢʦ obj(X\m) ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʵʢʩ-

ʪʝʥʪʳ ʥʦʚʳʭ ʍʄʀʊ-ʦʚ ʠ ʵʪʠ ʪʝʩʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʚʚʝ-

ʜʝʥʥʳʭ ʥʘʤʠ ʧʦʜʟʘʜʘʯ ʧʝʨʚʦʛʦ ʠʣʠ ʚʪʦʨʦʛʦ ʪʠʧʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʚʳʚʦʜʘ ʍʂʊ ʥʘ ʧʦʜʟʘʜʘʯʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʜ-

ʢʦʥʪʝʢʩʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʚʦʜʘ ʚ ʧʦʰʘʛʦʚʳʡ ʧʨʦʮʝʩʩ ʨʘʩʩʫʞʜʝʥʠʡ ʩ ʜʠʥʘʤʠʯʝ-

ʩʢʠ ʤʝʥʷʶʱʠʤʠʩʷ ʜʘʥʥʳʤʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʢ ʢʦʥʪʝʢʩʪʫ ʤʦʛʫʪ ʜʦʙʘʚʣʷʪʴʩʷ 

ʠ ʠʟ ʥʝʛʦ ʫʜʘʣʷʪʴʩʷ ʢʘʢ ʦʙʲʝʢʪʳ (ʟʘʧʠʩʠ), ʪʘʢ ʠ ʘʪʨʠʙʫʪʳ ʠ ʦʪʜʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʘʪʨʠʙʫʪʦʚ. ʂʘʞʜʳʡ ʪʝʩʪ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʞʜʦʝ ʣʦʛʠʯʝʩʢʦʝ 

ʧʨʘʚʠʣʦ, ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ (ʠʤʧʣʠʢʘʮʠʷ, ʘʩʩʦʮʠʘʮʠʷ, ʬʫʥʢʮʠʦ-
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ʥʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ), ʩʪʨʦʠʪʩʷ ʘʜʘʧʪʠʚʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʦʥʪʝʢʩʪʝ. ʀʥ-

ʬʦʨʤʘʮʠʷ ʦ ʣʦʢʘʣʴʥʦʤ ʢʦʥʪʝʢʩʪʝ ʧʨʘʚʠʣʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʜʝ-

ʜʫʢʪʠʚʥʦʤ ʧʨʦʮʝʩʩʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʦʣʥʦʡ ʜʝʜʫʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʨʘʩʩʫʞʜʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʣʦʛʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʥʘʩʪʦ-

ʷʱʝʡ ʨʘʙʦʪʳ. 
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ʋɼʂ 004.8 

ʇʈɽɼʆɹʈɸɹʆʊʂɸ ɼɸʅʅʓʍ ɺ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʄ  

ɸʅɸʃʀɿɽ ʅɸ ʆʉʅʆɺɽ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ  

ʇʈʆʇʋʑɽʅʅʓʍ ɸʅʂɽʊʅʓʍ ɿʅɸʏɽʅʀʁ
1 

ʀ.ɺ. ʉʠʙʠʨʝʚ (ivan.sibirev@yandex.ru) 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ çʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʥ-

ʢʝʪʥʳʭ ʜʘʥʥʳʭè, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʪʘʙʣʠʯʥʳʭ ʯʠʩʣʦ-

ʚʳʭ ʤʘʩʩʠʚʦʚ ʢʦʥʝʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ɺ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʘ ʧʦʣʦʞʝ-

ʥʳ ʤʝʪʦʜʳ ʥʝʯʝʪʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʀʟʫʯʘʝʪʩʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʣ-

ʛʦʨʠʪʤʘ, ʫʢʘʟʳʚʘʶʪʩʷ ʧʫʪʠ ʫʣʫʯʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʦʛʨʘʤʤ-

ʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʤʝʨʝ-

ʥʠʶ ʪʦʯʥʦʩʪʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ, ʧʨʦʧʫʱʝʥʥʳʝ ʘʥʢʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʥʝʯʝʪʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʪʦʯʥʦʩʪʴ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʘʢʪʫʘʣʴʥʘ 

ʠʭ ʧʨʝʜʦʙʨʘʙʦʪʢʘ, ʦʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʥʝʜʦʩʪʘʶʱʝʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ, ʥʘʧʨʠʤʝʨ, ʘʥʢʝʪʥʳʭ ʜʘʥʥʳʭ. ʂʣʘʩʩʠʯʝʩʢʠʝ 

ʧʫʪʠ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ï ʨʝʜʫʢʮʠʷ (ʫʜʘʣʝʥʠʝ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ), çʟʘ-

ʣʠʚʢʘè ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʦʪʚʝʪʦʚ ʚ ʘʥʢʝʪʘʭ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʜʘʥʥʦ-

ʤʫ ʧʘʨʘʤʝʪʨʫ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʩʪʦʨʦʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʦʚʪʦʨ-

ʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʣʠʙʦ ʠʩʢʘʞʘʶʪ ʨʝ-

ʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ, ʣʠʙʦ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʘʣʛʦʨʠʪʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʨʠʟʚʘʥ ʧʨʝʦʜʦʣʝʪʴ ʵʪʠ ʥʝʜʦʩʪʘʪʢʠ. 

ɺ ʩʪʘʪʴʝ ʥʝ ʠʜʝʪ ʨʝʯʴ ʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʘʥʥʳʭ ʥʘ ʥʦʩʠʪʝʣʷʭ ʠʥʬʦʨ-

ʤʘʮʠʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, [spark.ru, 2015]) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʡ, ʘʧʧʘʨʘʪʥʦʡ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ ʜʦ ʧʦʷʚ-

ʣʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʥʦʩʠʪʝʣʝ ʩ ʠʟʥʘʯʘʣʴʥʦ ʟʘʣʦʞʝʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʦʩ-

                                                           
1
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 16-07-00535). 
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ʩʪʘʥʦʚʣʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʘʥʥʳʭ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʥʢʝʪʥʳʭ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʡ ʤʝʪʦʜʘʤʠ ʥʝʯʝʪʢʦʛʦ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʠʨʘʷʩʴ ʥʘ ʠʟʚʝʩʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʘʩʩʠʚʘ, ʚʦʩʩʪʘʥʦ-

ʚʠʪʴ ʥʝʜʦʩʪʘʶʱʠʝ ʘʥʢʝʪʥʳʝ ʜʘʥʥʳʝ ʩ ʥʝʢʦʪʦʨʦʡ ʪʦʯʥʦʩʪʴʶ. ɸʣʛʦʨʠʪʤ 

ʨʘʙʦʪʘʝʪ ʩ ʪʘʙʣʠʯʥʳʤʠ ʯʠʩʣʦʚʳʤʠ ʤʘʩʩʠʚʘʤʠ ʢʦʥʝʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ɺʦʟʤʦʞʥʘ ʝʛʦ ʘʜʘʧʪʘʮʠʷ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʠ ʥʝʯʝʪʢʠʭ ʜʘʥʥʳʭ.  

ɸʣʛʦʨʠʪʤ ʧʨʦʚʦʜʠʪ ʢʣʘʩʪʝʨʠʟʘʮʠʶ, ʥʘʭʦʜʠʪ ʮʝʥʪʨ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ, 

ʠʟ ʥʠʭ ʬʦʨʤʠʨʫʝʪ ʩʧʠʩʦʢ çʵʪʘʣʦʥʥʳʭè ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ, ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʚʦʩ-

ʩʪʘʥʘʚʣʠʚʘʝʪ ʥʝʜʦʩʪʘʶʱʠʝ ʟʥʘʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠʥʘʜʣʝʞʥʦ-

ʩʪʠ ʢʣʘʩʪʝʨʫ ʧʨʠ ʥʝʯʝʪʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ɸʣʛʦʨʠʪʤ ʠʪʝʨʘʪʠʚʝʥ, ʦʙʣʘʜʘʝʪ 

ʙʳʩʪʨʦʡ ʩʭʦʜʠʤʦʩʪʴʶ [ʉʠʙʠʨʝʚ ʠ ʜʨ, 2016a]. ɺ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʠ 

ʧʨʝʜʣʘʛʘʝʤʳʤ ʩʧʦʩʦʙʦʤ ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚʧʝʨʚʳʝ.  

ʈʘʙʦʪʳ ʥʘ ʧʦʜʦʙʥʳʝ ʪʝʤʳ ʨʝʜʢʠ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. ʀʩ-

ʧʦʣʴʟʫʶʪ ʛʝʥʝʨʘʮʠʶ ʥʦʚʳʭ ʘʥʢʝʪʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʘʣʛʦʨʠʪʤ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʠ ʭʘ-

ʨʘʢʪʝʨʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ [Busse et al., 2007] ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʚʦʜ ʦʜʥʦʪʠʧʥʳʭ ʛʝʪʝʨʦ-

ʛʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʯʠʩʣʦʚʦʡ ʚʠʜ, ʧʨʠʩʚʦʝʥʠʝ ʨʘʥʛʦʚ. ʅʝʜʦʩʪʘʶʱʠʝ ʟʥʘʯʝ-

ʥʠʷ ʨʘʥʛʦʚ ʠʪʝʨʘʪʠʚʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ EM-ʘʣʛʦʨʠʪʤʘ ʩ 

ʦʮʝʥʢʦʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝ-

ʣʝʡ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʦʜʝʣʴ ʟʘʚʠʩʠʪ ʦʪ ʥʝʢʦʪʦʨʳʭ ʩʢʨʳʪʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʅʘʰ ʘʣʛʦʨʠʪʤ ʧʨʠʤʝʥʠʤ ʚ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯʘʭ, ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʘʥ ʥʘ ʜʨʫʛʦʤ 

ʧʦʜʭʦʜʝ ï ʤʝʪʦʜʘʭ ʥʝʯʝʪʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. 

ɺ ʨʘʙʦʪʝ [ʄʘʩʘʣʴʩʢʠʭ, 2014] ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜʘʤʠ ʧʨʠʙʣʠʞʝʥʠʷ ʩʧʣʘʡʥʘʤʠ ʜʣʷ ʟʘʜʘʯ ʢʦʤʧʴʶ-

ʪʝʨʥʦʡ ʛʨʘʬʠʢʠ ʠ ʢʘʨʪʦʛʨʘʬʠʠ. ɸʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʘʭ ʥʝʯʝʪ-

ʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʣʘʡʥʦʚʦʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʠʤʝʝʪ 

ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ, ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʤʘʪʨʠʮʳ ʩʢʨʳʪʦ ʩʚʷʟʘʥʥʳʭ ʠʣʠ ʩʣʘʙʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ. ʅʝʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʛʣʘʜʢʦʩʪʠ ʬʫʥʢʮʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʚʦʩʩʪʘʥʘʚ-

ʣʠʚʘʝʤʳʝ ʜʘʥʥʳʝ. ʊʦʯʥʦʩʪʴ ʥʘʰʝʛʦ ʘʣʛʦʨʠʪʤʘ ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʝʪʝʨʤʠʥʠ-

ʨʦʚʘʥʥʦʩʪʠ ʜʘʥʥʳʭ ʫʣʫʯʰʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʥʘ ʪʘʢʦʤ ʢʣʘʩʩʝ ʟʘʜʘʯ ʙʫʜʝʪ ʚʳ-

ʰʝ, ʯʝʤ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ɺ ʩʪʘʪʴʝ [ʀʩʘʝʚ, 2011] ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ 

ʦʰʠʙʦʢ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʚ ʟʘʜʘʯʘʭ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʘʷ 

ʦʩʥʦʚʘʥʘ ʥʘ ʩʨʘʚʥʝʥʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʩʫʤʤ ʧʦ ʩʪʨʦʢʘʤ ʠ ʩʪʦʣʙʮʘʤ ʚ ʪʘʙ-

ʣʠʮʝ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʜʦʢʫʤʝʥʪʦʚ. ʕʪʘ ʨʘʙʦʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʠʥʪʝʨʝʩʝ ʢ ʧʨʦʙʣʝʤʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʥʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʚ ʥʝʡ ʘʣ-

ʛʦʨʠʪʤ ʥʝʧʨʠʤʝʥʠʤ ʜʣʷ ʨʝʰʝʥʠʷ ʙʦʣʝʝ ʘʙʩʪʨʘʢʪʥʳʭ ʟʘʜʘʯ. 

ɺ ʩʪʘʪʴʝ [Rahman et al., 2011] ʦʧʠʩʳʚʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʜʦʩʪʘʶ-

https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BC%D0%B0%D0%BA%D1%81%D0%B8%D0%BC%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BF%D1%80%D0%B0%D0%B2%D0%B4%D0%BE%D0%BF%D0%BE%D0%B4%D0%BE%D0%B1%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D1%80%D1%8B%D1%82%D0%B0%D1%8F_%D0%BF%D0%B5%D1%80%D0%B5%D0%BC%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F
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ʱʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. ʀʩʧʦʣʴ-

ʟʫʝʪʩʷ ʥʝʯʝʪʢʠʡ ʚʚʦʜ ʜʘʥʥʳʭ, ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʤʝʪʦʜ K-

Mean ʜʣʷ ʬʠʥʘʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʅʘʰ ʘʣʛʦʨʠʪʤ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦ-

ʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʠʪʝʨʘʪʠʚʝʥ, ʨʘʙʦʪʘʝʪ ʩʦ ʚʩʝʤ ʤʘʩʩʠʚʦʤ ʠʩʭʦʜ-

ʥʳʭ ʜʘʥʥʳʭ. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʚ ʨʘʙʦʪʝ [Rahman et al., 2011] ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʬʠʥʘʣʴʥʦʛʦ ʚʳʚʦʜʘ ʜʘʥʥʳʭ, ʫ ʥʘʩ ʥʝʯʝʪʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ï ʦʩʥʦʚʘ 

ʤʝʪʦʜʘ. 

ʕʪʠ ʨʘʙʦʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ 

ʚ ʨʘʟʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ. ʋʧʦʤʷʥʫʪʳʝ ʘʣʛʦʨʠʪʤʳ ʩʧʦʩʦʙʥʳ ʨʝʰʘʪʴ 

ʢʦʥʢʨʝʪʥʳʝ, ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʙʣʝʤʳ.  

ʆʧʠʰʝʤ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘʰʝʛʦ ʘʣʛʦʨʠʪʤʘ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʝ-

ʧʨʠʤʝʥʠʤ ʢ ʤʘʩʩʠʚʘʤ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʤ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʊʦʯʥʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʭʫʜʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦ-

ʩʪʠ ʜʘʥʥʳʭ [ʉʠʙʠʨʝʚ ʠ ʜʨ, 2016b]. ɸʣʛʦʨʠʪʤ ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʯʝʪʢʠʤ, ʧʦ-

ʵʪʦʤʫ ʥʝʧʨʠʤʝʥʠʤ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʦʯʥʳʭ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʧʘʩ-

ʧʦʨʪʥʳʭ. ʊʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʤʘʩ-

ʩʠʚʘ. ɸʣʛʦʨʠʪʤ ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʘʪʨʠʮ ʩʣʘʙʦ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʡ, ʥʝ ʪʨʝʙʫʝʪ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

1. ʅʘʯʘʣʴʥʘʷ ʚʝʨʩʠʷ  ʘʣʛʦʨʠʪʤʘ  

ʆʧʠʰʝʤ ʥʘʯʘʣʴʥʫʶ ʚʝʨʩʠʶ ʘʣʛʦʨʠʪʤʘ ʠ ʝʛʦ ʰʘʛʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʙʣʠʮʘ, ʟʘʧʦʣʥʝʥʥʘʷ ʯʠʩʣʦ-

ʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʪʘʙʣ. 1). 

ʊʘʙʣ.1. 

DataTable ʇ1 ʇ2 ... 

A1 0 NaN ... 

A2 3 4 ... 

... ... ... ... 

 

ʂʘʞʜʦʤʫ ʘʥʢʝʪʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʦʣʙʝʮ ʪʘʙʣʠʮʳ 

ʇ1, ʇ2, .... ʂʘʞʜʦʡ ʘʥʢʝʪʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʦʢʘ ɸ1, ɸ2, .... ɿʥʘʯʝʥʠʷ ʧʘ-

ʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʣʠʙʦ ʯʠʩʣʦʚʳʤʠ, ʣʠʙʦ ʥʝʟʘʧʦʣʥʝʥʥʳʤʠ ï NaN. ʇʦʣ-

ʥʦʩʪʴʶ ʥʝʟʘʧʦʣʥʝʥʥʳʝ ʩʪʦʣʙʮʳ ʠ ʩʪʨʦʢʠ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ. 

ʄʘʪʨʠʮʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 0ʍ , 0ijX ï ʵʣʝʤʝʥʪ ʪʘʙʣʠʮʳ, ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʡ ʘʥʢʝʪʝ i  ʠ ʧʘʨʘʤʝʪʨʫj , 1..i I= , 1..j J= , I  ï ʢʦʣʠʯʝʩʪʚʦ ʘʥʢʝʪ, 

J ï ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʰʘʛʘ, ï

1ʍ, ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʰʘʛʘ ï 2ʍ  ʠ ʪ.ʜ. 

ʐʘʛ 1. ɺʳʧʠʩʳʚʘʝʤ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ. ʇʦ ʠʩ-
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ʭʦʜʥʳʤ ʜʘʥʥʳʤ 0X  ʪʘʙʣʠʮʳ 1 ʩʪʨʦʠʪʩʷ ʪʘʙʣʠʮʘ 2, ʚ ʢʦʪʦʨʦʡ ʩʦʭʨʘʥʷʶʪ-

ʩʷ ʥʦʤʝʨʘ ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ï 1ʍ. ɺ ʧʝʨʚʳʡ ʩʪʦʣʙʝʮ ʪʘʙʣ. 2 ʟʘ-

ʥʦʩʠʪʩʷ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʘʥʢʝʪʳ, ʚʦ ʚʪʦʨʦʡ ï ʧʘʨʘʤʝʪʨʘ. ʕʪʦʪ ʰʘʛ ʚ 

ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʫʝʪʩʷ ʬʫʥʢʮʠʝʡ 

( )1 GetNaNElements 0X X= , 

ʛʜʝ 
01qX ï ʥʦʤʝʨ ʘʥʢʝʪʳ,

11qX ï ʥʦʤʝʨ ʧʘʨʘʤʝʪʨʘ ʥʝʟʘʧʦʣʥʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʩ ʥʦʤʝʨʦʤq , 1..q Q= , Qï ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 

ʊʘʙʣ.2. 

ɸʥʢʝʪʘ ˉ ʇʘʨʘʤʝʪʨ ˉ 

1 2 

4 6 

... ... 
 

ʐʘʛ 2. ʇʝʨʚʠʯʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʨʝʜʥʝʘʨʠʬ-

ʤʝʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʘʨʘʤʝʪʨʫ.  

ʕʪʦʪ ʰʘʛ ʚ ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʫʝʪʩʷ ʬʫʥʢʮʠʝʡ  

2 PrimaryReplenishmentNANElements( 0)X X= , 

ʛʜʝ 2X ï ʪʘʙʣʠʮʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʐʘʛ 3. ʅʘʭʦʞʜʝʥʠʝ ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ Kʜʣʷ ʜʘʥʥʳʭ2X . 

ʂʨʠʪʝʨʠʡ ʥʘʭʦʞʜʝʥʠʷK: ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ; ʚ ʢʘʞʜʦʤ ʢʣʘʩʪʝʨʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʦʣʞʥʦ 

ʙʳʪʴ ʭʦʪʷ ʙʳ ʦʜʥʦ ʟʘʧʦʣʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʦʠʟʚʦʜʠʤ ʢʣʘʩʪʝʨʠʟʘʮʠʶ 

ʮʝʥʪʨʦʠʜʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ ʦʪ N  ( N  ï ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ) ʜʦ 2, ʢʘʞʜʳʡ ʨʘʟ ʟʘʥʦʚʦ. ɼʣʷ ʨʘʟʙʠʝʥʠʷ, ʫʜʦ-

ʚʣʝʪʚʦʨʷʶʱʝʛʦ ʢʨʠʪʝʨʠʶ, ʚʦʟʚʨʘʱʘʝʤ ʪʝʢʫʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚK . 

ɽʩʣʠ ʠʩʢʦʤʦʝ ʨʘʟʙʠʝʥʠʝ ʥʝ ʥʘʡʜʝʥʦ, ʪʦ 2K= . ʅʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʮʝʥʪ-

ʨʦʠʜʥʳʡ ʤʝʪʦʜ, ʘʧʨʦʙʠʨʦʚʘʣʩʷ ʤʝʪʦʜ ɺʘʨʜʘ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ, ʥʘʧʨʠʤʝʨ, 

ʚ ʢʥʠʛʝ [ɺʷʪʯʝʥʠʥ, 2004]. 

ʇʨʝʜʩʪʘʚʠʤ ʢʨʠʪʝʨʠʡ K  ʚ ʚʠʜʝ  

3.. 1max(max {(( 3 0) ^ ..^ ( 3 0))* };2),n N nK EC EC n== > >  

ʛʜʝ ^ ï ʣʦʛʠʯʝʩʢʦʝ ʫʤʥʦʞʝʥʠʝ, * ï ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʫʤʥʦʞʝʥʠʝ, 3ʉ  ï ʨʝ-

ʟʫʣʴʪʘʪ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʣʘʩʪʝʨʦʚ13ʉ , .., 3nʉ , .., 3Nʉ , 

1..n N= , 3nEʉ ï ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʦʣʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʣʘʩʪʝʨʝ3nʉ . 

ʕʪʦʪ ʰʘʛ ʨʝʘʣʠʟʫʝʪʩʷ ʬʫʥʢʮʠʝʡGetK( 2, 1)K X X= , ʛʜʝ 1X  ï ʩʧʠʩʦʢ 

ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 2X ï ʤʘʩʩʠʚ ʜʘʥʥʳʭ. 

ʐʘʛ 4. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʜʘʥʥʳʭ 2X ʮʝʥʪʨʦʠʜʥʳʤ ʤʝʪʦʜʦʤ ʥʘ K ʢʣʘʩʪʝʨʦʚ.  
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ʆʙʦʟʥʘʯʠʤ 4ʉ ï ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʰʘʛʘ 4, ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʣʘ-

ʩʪʝʨʦʚ 14ʉ , .., 4ʫʉ , é, 4Kʉ , 1..ʫ K= . ʅʘ ʜʘʥʥʦʤ ʰʘʛʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʬʫʥʢʮʠ ̫

4 ClusteringCentroid( 2,  )ʉ X K= . 

ʐʘʛ 5. ʅʝʯʝʪʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ FCM-ʤʝʪʦʜʦʤ (ʩʤ., ʥʘʧʨʠʤʝʨ, [ɺʷʪʯʝ-

ʥʠʥ, 2004]) ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʝʪʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ4ʉ . 

ʇʦʣʫʯʘʝʤ FCM-ʪʘʙʣʠʮʫ ʠʣʠ ʪʘʙʣʠʮʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʘʥʢʝʪ ʢ ʢʣʘʩʪʝʨʘʤ (ʪʘʙʣ. 3). ʂʘʞʜʦʤʫ ʢʣʘʩʪʝʨʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʦʣʙʝʮ, 

ʢʘʞʜʦʡ ʘʥʢʝʪʝ ï ʩʪʨʦʢʘ. ɺ ʷʯʝʡʢʘʭ ʪʘʙʣ. 3 ï ʩʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʥ-

ʢʝʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʢʣʘʩʪʝʨʫ. ʉʫʤʤʘ ʚʩʝʭ ʩʪʝʧʝʥʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʜʣʷ ʦʜʥʦʡ ʘʥʢʝʪʳ ʨʘʚʥʘ ʝʜʠʥʠʮʝ. 

ʕʪʦʪ ʰʘʛ ʨʝʘʣʠʟʫʝʪʩʷ ʬʫʥʢʮʠʝʡ( ) FCM 4FCM ʉ= . 

ʐʘʛ 6. ʉʪʨʦʠʤ ʪʘʙʣʠʮʫ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʧʦ 

ʢʘʞʜʦʤʫ ʢʣʘʩʪʝʨʫ (ʪʘʙʣ. 4). 

ʕʪʦʪ ʰʘʛ ʨʝʘʣʠʟʫʝʪʩʷ ʬʫʥʢʮʠʝʡ( )  CP 4CP ʉ= . 

 

ʊʘʙʣ. 3. 

FCM ʉ41 ʉ42 é 

A1 1 0 é 

A2 0.2 0.3 é 

é é é é 
 

ʊʘʙʣ. 4. 

CP ʇ1 ʇ2 é 

ʉ41 1 2 é 

ʉ42 3 4 é 

é é é é 
 

 

ʐʘʛ 7. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʘʥʢʝʪʥʳʭ ʜʘʥʥʳʭ. 

ʅʦʚʦʝ ʟʥʘʯʝʥʠʝ ʥʝʟʘʧʦʣʥʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤ ʚ ʚʠʜʝ 

ʩʫʤʤʳ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʧʦ ʢʘʞʜʦʤʫ ʢʣʘʩʪʝʨʫ ʩ 

ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʟ FCM-ʪʘʙʣʠʮʳ. ʇʝʨʝʙʠʨʘʝʤ ʟʘʧʠʩʠ ʪʘʙʣʠʮʳ 

ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 1X  (ʩʤ. ʪʘʙʣ. 2), ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤ ʵʣʝʤʝʥʪʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (1.1) ʚ ʪʘʙʣʠʮʝ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ 2X  (ʩʤ. ʪʘʙʣ. 1). 

1 , 1 , 1 1 ,0 1 1 0
1

2 *
K

X X y X X yq q q q
y

X CP FCM
=

=ä ,                         (1.1) 

ʛʜʝ 1X ï ʩʧʠʩʦʢ ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 
01qX ï ʥʦʤʝʨ ʘʥʢʝʪʳ, 

11qX ï 

ʥʦʤʝʨ ʧʘʨʘʤʝʪʨʘ ʥʝʟʘʧʦʣʥʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʥʦʤʝʨʦʤq , 1..q Q= , Qï 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 1 , 10 1
2X Xq q

X ï ʫʪʦʯʥʷʝʤʳʡ ʵʣʝʤʝʥʪ 

ʪʘʙʣʠʮʳ2X , yï ʥʦʤʝʨ ʢʣʘʩʪʝʨʘ, ʂï ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ, , 1 1y X q
CP ï 

ʵʣʝʤʝʥʪ ʪʘʙʣʠʮʳ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʧʦ ʢʘʞʜʦʤʫ 

ʢʣʘʩʪʝʨʫ, 1 ,0X yq
FCM ï ʵʣʝʤʝʥʪ FCM-ʪʘʙʣʠʮʳ. ʰʘʛ ʨʝʘʣʠʟʫʝʪʩʷ ʬʫʥʢʮʠʝʡ 
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2 RecoveryMissingQuestionnairesData( 2, 1, ,)X X X FCM CP= . 

ʇʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 3. ʇʦʚʪʦʨʷʝʤ ʠʪʝʨʘʮʠʠ 10 ʨʘʟ, ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ 

ʥʝʟʘʧʦʣʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʫʜʫʪ ʫʪʦʯʥʷʪʴʩʷ,K , 2X ʧʝʨʝʩʤʘʪʨʠʚʘʶʪʩʷ.  

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʧʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝ-

ʥʠʷ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ.  

2. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʚʝʨʩʠʷ ʘʣʛʦʨʠʪʤʘ 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠ-

ʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʥʘ ʢʦʪʦʨʳʝ ʪʨʘʪʠʪʩʷ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʠ ʧʦʣʫ-

ʯʝʥʘ ʥʦʚʘʷ ʚʝʨʩʠʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʚʝʨʩʠʷ ʘʣʛʦʨʠʪʤʘ 

ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʦʙʨʘʙʦʪʢʦʡ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ 106³78 ʟʘ 1ï2 ʤʠʥʫʪʳ. ʊʦʯ-

ʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʥʝ ʠʟʤʝʥʷ-

ʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʚʝʨʩʠʝʡ. ʇʨʠʚʝʜʝʤ ʦʧʠʩʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ. 

ʐʘʛ 1. ɺʳʧʠʩʳʚʘʝʤ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ. 

( )1 GetNaNElements 0X X= , 

ʛʜʝ 1X  ï ʩʧʠʩʦʢ ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʐʘʛ 2. ʇʝʨʚʠʯʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʬʫʥʢʮʠʝʡ 

( )2 PrimaryReplenishmentNANElements 0X X= . 

ʐʘʛ 3+4. ʅʘʭʦʞʜʝʥʠʝ ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ Kʜʣʷ ʜʘʥʥʳʭ 2X ʠ ʧʦʣʫʯʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ4C . 

ʄʳ ʧʨʝʜʣʘʛʘʝʤ çʫʩʢʦʨʝʥʥʳʡè ʮʝʥʪʨʦʠʜʥʳʡ ʤʝʪʦʜ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʫʧʦʤʠʥʘʥʠʷ ʦ ʥʝʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʮʝʥʪʨʦ-

ʠʜʥʦʛʦ ʤʝʪʦʜʘ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʘʨʠ-

ʘʥʪʝ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʮʝʥʪʨʦʠʜʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʯʝʪ ʨʘʩ-

ʩʪʦʷʥʠʡ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ. ɺ ʫʩʢʦʨʝʥʥʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʙʣʠʮʘ 

ʨʘʩʩʪʦʷʥʠʡ, ʢʦʪʦʨʘʷ ʟʘʧʦʣʥʷʝʪʩʷ ʦʜʠʥ ʨʘʟ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ ʥʝʡ ʦʪʨʘʞʘ-

ʶʪʩʷ ʚʩʝ ʤʘʥʠʧʫʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʤʳ ʩʦʚʝʨʰʘʝʤ ʟʘ ʦʜʥʫ ʠʪʝʨʘʮʠʶ: ʫʜʘʣʝ-

ʥʠʝ ʜʚʫʭ ʢʣʘʩʪʝʨʦʚ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʤʠʥʠʤʘʣʴʥʦ; ʟʘʤʝʥʘ ʠʭ 

ʥʦʚʳʤ ʢʣʘʩʪʝʨʦʤ; ʟʘʥʝʩʝʥʠʝ ʚ ʪʘʙʣʠʮʫ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʥʦʚʳʤ ʢʣʘʩʪʝ-

ʨʦʤ ʠ ʦʩʪʘʣʴʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ. ɺʩʷ ʪʘʙʣʠʮʘ ʨʘʩʩʪʦʷʥʠʡ ʥʝ ʧʝʨʝʩʯʠʪʳʚʘʝʪ-

ʩʷ, ʠʟʤʝʥʷʝʪʩʷ ʣʠʰʴ ʝʝ ʯʘʩʪʴ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʣʘʩʪʝ-

ʨʘʤʠ ʧʨʦʛʨʘʤʤʘ ʦʙʨʘʱʘʝʪʩʷ ʪʝʧʝʨʴ ʢ ʪʘʙʣʠʮʝ ʨʘʩʩʪʦʷʥʠʡ. ʇʦ ʦʢʦʥʯʘʥʠʠ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʪʘʙʣʠʮʘ ʨʘʩʩʪʦʷʥʠʡ ʫʜʘʣʷʝʪʩʷ ʠʟ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ.  

ɿʘ ʩʯʝʪ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʙʳʩʪʨʦ-

ʜʝʡʩʪʚʠʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʫʣʫʯʰʠʣʦʩʴ. ʏʝʤ ʙʦʣʴʰʝ ʤʘʩʩʠʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

ʜʘʥʥʳʭ,  ʪʝʤ ʟʘʤʝʪʥʝʝ ʨʘʟʥʠʮʘ ʚ ʩʢʦʨʦʩʪʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʫʩʢʦʨʝʥʥʦʛʦ 

ʮʝʥʪʨʦʠʜʥʦʛʦ ʤʝʪʦʜʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʪʘʙʣʠʮʘ 106³78 ʫʩʢʦʨʝʥ-
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ʥʳʤ ʮʝʥʪʨʦʠʜʥʳʤ ʤʝʪʦʜʦʤ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʟʘ 0,5 ʤʠʥʫʪʳ. ʂʣʘʩʩʠʯʝʩʢʦʤʫ 

ʮʝʥʪʨʦʠʜʥʦʤʫ ʤʝʪʦʜʫ ʥʘ ʵʪʫ ʞʝ ʟʘʜʘʯʫ ʪʨʝʙʫʝʪʩʷ ʦʢʦʣʦ 20 ʤʠʥʫʪ.  

ɺ ʪʘʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʮʝʥʪʨʦʠʜʥʳʡ ʤʝʪʦʜ ʧʦ ʩʢʦʨʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʩʨʘʚ-

ʥʠʤʳʤ ʩ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʳʭ ʤʝʪʦʜʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ï ʤʝʪʦʜʦʤ k-

ʩʨʝʜʥʠʭ. ɼʣʷ ʤʝʪʦʜʘ k-ʩʨʝʜʥʠʭ ʪʨʝʙʫʝʪʩʷ ʫʢʘʟʘʪʴ ʦʞʠʜʘʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʣʘʩʪʝʨʦʚ ʠ ʠʭ ʮʝʥʪʨʳ, ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʮʝʥʪʨʦʠʜʥʦʛʦ ʤʝʪʦʜʘ ʫʢʘʟʳʚʘ-

ʶʪ ʦʞʠʜʘʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ. ɼʣʷ ʫʩʢʦʨʝʥʥʦʛʦ ʮʝʥʪʨʦʠʜʥʦʛʦ ʤʝ-

ʪʦʜʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʫʢʘʟʳʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ 

ʦʩʪʘʥʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʥ ʢʨʠʪʝʨʠʡ ʥʘʭʦʞʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʪʝʨʦʚ ʠʟ 

ʰʘʛʘ 3 ʥʘʯʘʣʴʥʦʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ. 

ʀʪʘʢ, ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 4C  ʧʦʣʫʯʝʥ ʙʳʩʪʨʝʝ. 

ʐʘʛ 3+4 ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ  

( )4 DetermineClusteringCentroidAcceleratedResult 2, 1C X X= , 

ʛʜʝ1X ï ʩʧʠʩʦʢ ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 2X  ï ʪʘʙʣʠʮʘ ʦʙʨʘʙʘʪʳʚʘʝ-

ʤʳʭ ʜʘʥʥʳʭ. 

ʐʘʛ 5. ʅʝʯʝʪʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʫʩʢʦʨʝʥʥʳʤ FCM-ʤʝʪʦʜʦʤ. ɿʘ ʠʪʝʨʘ-

ʮʠʶ ʢʣʘʩʩʠʯʝʩʢʦʛʦ FCM-ʤʝʪʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʯʝʪ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ 

ʘʥʢʝʪʘʤʠ ʠ ʮʝʥʪʨʘʤʠ ʢʣʘʩʪʝʨʦʚ 2* * *I K Kʨʘʟ, ʛʜʝ I ï ʢʦʣʠʯʝʩʪʚʦ ʘʥʢʝʪ, 
Kï ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ (ʩʤ., ʥʘʧʨʠʤʝʨ, [ɺʷʪʯʝʥʠʥ, 2004]). ʋʜʘʣʦʩʴ ʩʦ-

ʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʩʯʝʪʦʚ ʨʘʩʩʪʦʷʥʠʡ ʜʦ *I K ʨʘʟ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʪʘʙʣʠʮʳ ʨʘʩʩʪʦʷʥʠʡ, ʢʦʪʦʨʘʷ ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʢʘʞʜʦʡ FCM-

ʠʪʝʨʘʮʠʠ ʟʘʥʦʚʦ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʢ ʥʝʡ ʚ ʨʘʤʢʘʭ ʵʪʦʡ ʠʪʝʨʘʮʠʠ. ʇʦ ʦʢʦʥ-

ʯʘʥʠʠ ʠʪʝʨʘʮʠʡ ʤʝʪʦʜʘ ʪʘʙʣʠʮʘ ʫʜʘʣʷʝʪʩʷ ʠʟ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ʇʦʣʫʯʘʝʤ ʪʫ ʞʝ FCM-ʪʘʙʣʠʮʫ (ʩʤ. ʪʘʙʣ. 3), ʥʦ ʚ 2* K ʨʘʟ ʙʳʩʪʨʝʝ. 

ʕʪʦʪ ʰʘʛ ʨʝʘʣʠʟʫʝʪʩʷ ʬʫʥʢʮʠʝʡ( ) FCMAccelerated 4FCM ʉ= . 

ʐʘʛ 6. ʉʪʨʦʠʤ ʪʘʙʣʠʮʫ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʧʦ 

ʢʘʞʜʦʤʫ ʢʣʘʩʪʝʨʫ. ʈʝʘʣʠʟʫʝʪʩʷ ʬʫʥʢʮʠʝʡ( )CP 4CP ʉ= . 

ʐʘʛ 7. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʘʥʢʝʪʥʳʭ ʜʘʥʥʳʭ. 

ʕʪʦʪ ʰʘʛ ʨʝʘʣʠʟʫʝʪʩʷ ʬʫʥʢʮʠʝʡ  

2 RecoveryMissingQuestionnairesData( 2, 1, ,)X X X FCM CP= . 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʯʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ  

ʇʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʧʦʛʨʝʰʥʦʩʪʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝ-

ʤʳʭ ʜʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ. ʅʘʤʠ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʘʥʢʝʪʥʳʝ 

ʜʘʥʥʳʝ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʯʠʪʝʣʷʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʄʘʩ-

ʩʠʚ ʩʦʩʪʦʷʣ ʠʟ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩʯʠʪʘʣʠʩʴ 

ʙʳ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ. ʀʟ ʢʘʞʜʦʛʦ ʩʪʦʣʙʮʘ ʪʘʙʣʠʮʳ 106³72 ʧʨʦʠʟ-

ʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ çʚʳʨʝʟʘʣʦʩʴè ʧʦ ʦʜʥʦʤʫ ʵʣʝʤʝʥʪʫ, ʦʥʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘ-
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ʣʠʩʴ, ʨʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʠʩʭʦʜʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʇʨʦʚʝʜʝʥʦ 20 ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʦ 1440 ʵʣʝʤʝʥʪʦʚ. 

ɼʣʷ ʦʜʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʛʨʝʰʥʦʩʪʠ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʢʘʟʘʣʠʩʴ 

ʥʠʟʢʠʤ (0 ï 0,3), ʜʣʷ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʦʢʦʣʦ 20% ʩʣʫʯʘʝʚ) ï ʚʳʩʦʢʠʤʠ 

(~ 0,5). ʏʝʤ ʩʣʘʙʝʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥ ʧʘʨʘʤʝʪʨ, ʪʝʤ ʙʦʣʴʰʝ ʧʦʛʨʝʰʥʦʩʪʴ. 

ʉʨʝʜʥʷʷ ʧʨʠʚʝʜʝʥʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ ʚʩʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩʦʩʪʘʚʠʣʘ ï 0,31. 

ɺ ʠʟʫʯʘʝʤʦʤ ʤʘʩʩʠʚʝ ʯʘʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʙʫʣʝʚʳʤʠ. ɼʣʷ ʥʠʭ ʧʨʠ-

ʝʤʣʝʤʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩ ʪʦʯʥʦʩʪʴʶ 0 ï 0,5. ʆʥʦ ʧʨʠ ʦʢʨʫʛʣʝʥʠʠ ʜʦ ʮʝʣʦ-

ʛʦ ʜʘʩʪ ʨʝʟʫʣʴʪʘʪ, ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʠʩʭʦʜʥʳʤ. ɼʣʷ ʙʫʣʝʚʳʭ ʜʘʥʥʳʭ 72% 

ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʚʝʨʥʦ. ɼʣʷ ʥʝʙʫʣʝʚʳʭ ï ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʠʞʝ 0,2 ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʳ 51% ʜʘʥʥʳʭ, ʥʠʞʝ 0,3 ï 70%, ʥʠʞʝ 0,4 ï 80% ʜʘʥʥʳʭ. 

ɼʣʷ ʩʣʘʙʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʫʶ ʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʝʤʣʝʤʦʡ. ɼʣʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʣʫʯʰʝ. ʕʢʩʧʝʨʠʤʝʥʪ, ʛʜʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʪ ʧʨʦʮʝʥʪʘ ʫʜʘʣʝʥʥʳʭ ʠʟ ʩʪʦʣʙʮʘ ʵʣʝ-

ʤʝʥʪʦʚ, ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [ʉʠʙʠʨʝʚ ʠ ʜʨ., 2016b]. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʣʛʦʨʠʪʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʘʭ ʥʝʯʝʪʢʦʡ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʝʛʦ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ. ʇʨʦʛʨʘʤʤʘ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥ-

ʥʳʭ. ʆʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʩʧʝʰʥʳʤʠ. ɹʳʩʪ-

ʨʦʜʝʡʩʪʚʠʝ ʧʨʦʛʨʘʤʤʳ ʠʟʤʝʥʠʣʦʩʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʜʦ ʜʚʫʭ ʤʠʥʫʪ. 

ʇʣʘʥʠʨʫʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ. ɼʘʥʥʳʝ, ʧʦʣʫʯʘʝʤʳʝ 

ʩ ʧʦʤʦʱʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʛʝʥʝʨʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʭ ʠʟʚʝʩʪ-

ʥʳʭ ʜʘʥʥʳʭ ʤʘʩʩʠʚʘ. ɼʘʥʥʳʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʘʢ ʪʠʧʦʚʳʝ ʜʣʷ ʠʟʫʯʘ-

ʝʤʦʛʦ ʤʘʩʩʠʚʘ, ʩ ʫʯʝʪʦʤ ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʥʢʝʪʳ ʢʘʞʜʦʤʫ ʦʪ-

ʜʝʣʴʥʦʤʫ ʢʣʘʩʪʝʨʫ ʠ ʪʠʧʠʯʥʦʩʪʠ ʦʪʚʝʪʘ ʚ ʢʘʞʜʦʤ ʢʣʘʩʪʝʨʝ.  

ʄʝʪʦʜ ʥʝʧʨʠʤʝʥʠʤ ʜʣʷ ʩʣʫʯʘʡʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʚ ʩʠʣʫ ʝʛʦ 

ʥʝʯʝʪʢʦʩʪʠ ï ʜʣʷ ʪʦʯʥʳʭ, ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ʄʝʪʦʜ ʣʫʯʰʝ 

ʨʘʙʦʪʘʝʪ ʥʘ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʘʭ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʫʣʫʯʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʨʘʟʤʝʨʥʦʩʪʠ ʤʘʩʩʠʚʘ. ʄʝʪʦʜ ʧʨʠʤʝʥʠʤ 

ʜʣʷ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɼʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʦ ʩʦʭʨʘʥʝʥʠʝ ʯʘʩʪʠ ʜʘʥ-

ʥʳʭ, ʩʧʘʩʘʝʤʳʭ ʦʪ ʨʝʜʫʢʮʠʠ, ʧʨʘʚʜʦʧʦʜʦʙʠʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ, ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ.  

ʇʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʦʮʠʦʣʦʛʘʤʠ, ʵʢʦʥʦʤʠʩʪʘʤʠ ʠ 

ʜʨ. ʜʣʷ ʤʥʦʛʦʤʝʨʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 
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ʆʧʠʩʳʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʠʛʨ ʯʝʨʝʟ ʦʙʫʯʝʥʠʝ ʥʘ 

ʧʨʠʤʝʨʘʭ ʦʧʪʠʤʘʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʠʛʨʳ. ɸʥʘʣʦʛʠʯʥʦ ʩ ʣʠʥʝʡʥʳʤ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ, ʤʳ ʤʝʥʷʝʤ ʙʘʟʠʩ ʥʘ ʠʥʚʘʨʠʘʥʪʥʳʝ ʧʨʠ ʪʘʢʦʡ ʠʛʨʝ 

ʧʨʠʟʥʘʢʠ ʠ ʧʨʦʚʦʜʠʤ ʢʣʘʩʪʝʨʠʟʘʮʠʶ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʤʝʨʳ 

ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ, ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʜʝʨʝʚʦ ʠʛʨʳ ʩʪʘʣʦ ʜʦʧʫʩʢʘʪʴ ʨʫʯ-

ʥʦʡ ʘʥʘʣʠʟ, ʘ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʪʘʣʠ ʧʨʦʩʪʳʝ ʞʘʜʥʳʝ ʩʪʨʘʪʝʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʛʨʘ, ʦʧʪʠʤʘʣʴʥʦʩʪʴ, ʩʪʨʘʪʝʛʠʷ, ʦʙʫʯʝʥʠʝ, ʠʥʚʘ-

ʨʠʘʥʪ, ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʷ 

ɺʚʝʜʝʥʠʝ 

ʈʘʙʦʪʘ ʩʚʷʟʘʥʘ ʩ ʨʘʟʨʘʙʦʪʢʦʡ [ʌʦʢʠʥ, 2013] ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʪʨʝʥʘʞʸʨʘ 

ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ʛʜʝ ʦʪ ʩʪʫʜʝʥʪʘ ʚ ʟʘʜʘʥʠʠ ʪʨʝʙʫʝʪʩʷ ʥʝ ʯʠʩʣʦʚʦʡ ʦʪʚʝʪ, ʘ, 

ʤʦʜʝʣʠʨʫʷ ʫʩʪʥʳʡ ʵʢʟʘʤʝʥ, ʨʘʮʠʦʥʘʣʴʥʳʡ ʠ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʦʪʚʝʪʘ. ɺ ʘʢʪʫʘʣʴʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʇʆ) ʢʦʥʪʨʦʣʠʨʫʝʪ-

ʩʷ ʟʥʘʥʠʝ ʷʟʳʢʘ ʠ ʢʘʨʪʳ ʇʆ, ʨʘʟʙʠʝʥʠʝ ʟʘʜʘʯ ʥʘ ʧʦʜʟʘʜʘʯʠ ʠ ʨʘʩʩʫʞʜʝʥʠʷ 

ʥʘ ʷʟʳʢʝ ʇʆ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʘʚʳʢʘʤ ʨʘʙʦʪʳ ʩ ʪʨʝʥʘʞʸʨʦʤ ʤʳ ʚʳʙʨʘʣʠ ʥʝ 

ʪʨʝʙʫʶʱʫʶ ʦʩʦʙʳʭ ʟʥʘʥʠʡ ʠʛʨʫ, ʩʚʦʜʷʱʫʶʩʷ ʢ ʧʦʠʩʢʫ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ 

ʚ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʛʨʘʬʝ, ʥʦ ʨʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʪʘʢ, ʯʪʦ ʦʩʥʦʚʥʦʡ 

ʦʙʲʸʤ ʚʳʯʠʩʣʝʥʠʡ ʚʳʥʝʩʝʥ ʚ ʧʨʝʜʦʙʨʘʙʦʪʢʫ, ʘ ʥʝʙʦʣʴʰʦʝ ʜʝʨʝʚʦ ʠʛʨʳ 

ʣʝʛʢʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ, ʠ ʠʛʨʘ (ʢʘʢ ʤʦʜʝʣʴ ʵʢʟʘʤʝʥʘ) ʠʜʸʪ ʙʝʟ ʢʦʤʧʴʶʪʝʨʘ. 

ʄʥʦʛʦʰʘʛʦʚʳʡ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʠʛʨʳ G, 

ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʦʩʪʦʷʥʠʠ S0. ʍʦʜ xi Í D(Siï1) (ʤʥʦʞʝ-

ʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʭʦʜʦʚ ʧʦʟʠʮʠʠ Siï1) ʧʝʨʝʚʦʜʠʪ ʠʛʨʫ ʠʟ ʩʦʩʪʦʷʥʠʷ Siï1 ʚ 

ʜʦʯʝʨʥʝʝ ʩʦʩʪʦʷʥʠʝ Si = f (Siï1, xi) ʩʦ ʩʪʦʠʤʦʩʪʴʶ c (xi). ʇʦʩʣʝ ʮʝʧʦʯʢʠ ʭʦ-

ʜʦʚ X = x1 x2é xn ʠʛʨʘ ʧʝʨʝʡʜʸʪ ʚ ʩʦʩʪʦʷʥʠʝ Sn. ʎʝʣʴʶ ʠʛʨʳ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʮʝʧʦʯʢʠ X, ʜʦʩʪʠʛʘʶʱʝʡ ʬʠʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ F ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʫʤ-

ʤʘʨʥʦʡ ʩʪʦʠʤʦʩʪʴʶ. 
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ʇʦʤʥʷ ʦʧʳʪ ʨʝʰʝʥʠʷ ʠʛʨʳ, ʥʘ ʢʦʪʦʨʦʡ ʦʪʣʘʞʠʚʘʣʩʷ ʤʝʪʦʜ ʚʝʪʚʝʡ ʠ 

ʛʨʘʥʠʮ ï ʦʜʥʦʤʘʩʪʢʠ [ʌʦʢʠʥ, 1983], ʟʘʡʤʸʤʩʷ ʫʣʫʯʰʝʥʠʝʤ ʩʪʨʘʪʝʛʠʡ ʚʳ-

ʙʦʨʘ ʭʦʜʘ (ʚ ʚʠʜʝ ʛʨʘʤʤʘʪʠʢ ʧʨʝʜʰʝʩʪʚʦʚʘʥʠʷ ʠʣʠ ʟʘʜʘʶʱʝʛʦ ʧʦʨʷʜʦʢ ʥʘ 

ʤʥʦʞʝʩʪʚʝ ʭʦʜʦʚ ʧʨʝʜʠʢʘʪʘ) ʠ ʦʮʝʥʦʯʥʳʭ ʬʫʥʢʮʠʡ (ʚ ʠʜʝʘʣʝ ï ʪʦʯʥʦʡ 

ʬʦʨʤʫʣʳ ʮʝʥʳ ʠʛʨʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ). ʆʧʠʰʝʤ ʭʦʜʳ ʚ 

ʨʘʟʥʳʭ ʧʦʟʠʮʠʷʭ ʩ ʧʦʤʦʱʴʶ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʨʠʟʥʘʢʦʚ. ʇʦʣʥʳʡ ʘʥʘʣʠʟ 

ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʟʠʮʠʡ ʜʘʩʪ ʦʙʫʯʘʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

(ʆʇ) ʜʣʷ ʟʘʜʘʯʠ ʨʘʟʜʝʣʝʥʠʷ ʜʚʫʭ ʢʣʘʩʩʦʚ: ʧʨʝʜʠʢʘʪ p (x, y)  = 1 ź 
çʭʦʜ  x  ʣʫʯʰʝ ʭʦʜʘ  yè. ʈʝʰʝʥʠʝ ʪʘʢʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ, ʧʦ ʩʫʪʠ, çʧʦʜʛʦʥ-

ʢʦʡ ʧʦʜ ʦʪʚʝʪè, ʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʧʨʝʜʠʢʘʪ 

p(x,y) ʟʘʜʘʸʪ ʧʦʣʥʳʡ (ʧʨʠ ʫʩʧʝʰʥʦʤ ʨʘʟʜʝʣʝʥʠʠ) ʠʣʠ ʯʘʩʪʠʯʥʳʡ (ʚ ʧʨʦ-

ʪʠʚʥʦʤ ʩʣʫʯʘʝ) ʧʦʨʷʜʦʢ ʥʘ D(Si) ʧʦʟʠʮʠʡ ʠʟ ʆʇ. ʅʝʪ ʛʘʨʘʥʪʠʠ, ʯʪʦ ʚ ʜʨʫ-

ʛʠʭ ʧʦʟʠʮʠʷʭ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʙʫʜʝʪ ʣʫʯʰʠʤ ʭʦʜʦʤ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ u(Si) ʣʫʯʰʠʡ ʭʦʜ ʚ ʧʦʟʠʮʠʠ Si, ʚʳʙʠʨʘʝʤʳʡ ʥʘ ʦʙʫ-

ʯʘʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʜʠʢʘʪʦʤ p(x, y). ʊʦʛʜʘ 

Si = f (Si-1, u (Si-1) ) = v (Si-1) = v ( v (Si-2) ) = é = v
 i 
(S0). 

ɽʩʣʠ v ï ʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ ʚ R
m
, ʟʘʜʘʥʥʳʡ ʤʘʪʨʠʮʝʡ A, ʪʦ ʧʝʨʝʭʦʜ ʢ 

ʙʘʟʠʩʫ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʤʘʪʨʠʮʳ ʜʘʩʪ ʥʘʤ ʣʝʛʢʦ ʧʦʜʜʘʶʱʫʶʩʷ 

ʘʥʘʣʠʟʫ ʬʦʨʤʫʣʫ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Sn = A
n
 S0. ʇʨʠʯʸʤ, ʧʝʨʝʭʦʜ ʧʦ n 

ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʦʙʣʝʛʯʘʝʪ ʘʥʘʣʠʟ! ɺ ʠʛʨʘʭ ʞʝ ʬʫʥʢʮʠʷ v, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʝʣʠʥʝʡʥʘ, ʥʦ ʵʪʦʪ ʬʘʢʪ ʜʘʸʪ ʥʘʤ ʚʘʞʥʫʶ ʧʦʜʩʢʘʟʢʫ, ʯʪʦ ʥʘʜʦ ʚʳʜʝʣʷʪʴ 

ʧʨʠʟʥʘʢʠ ʭʦʜʦʚ, ʥʝ ʠʟʤʝʥʷʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʳʛʨʳʰʘ 

ʧʦʟʠʮʠʡ! ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʠʜʝʡ ʨʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ 

ʠʛʨ. ʂʩʪʘʪʠ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʪʠʧʘ A
*
 ([ʈʘʩʩʝʣ ʠ 

ʜʨ., 2006]) ʦʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʠʥʚʘʨʠʘʥʪʦʤ ʦʧʪʠʤʘʣʴʥʦʡ ʪʨʘʝʢ-

ʪʦʨʠʠ, ʝʩʣʠ ʦʮʝʥʢʘ ʦʩʪʘʚʰʝʛʦʩʷ ʧʫʪʠ ʜʦ ʮʝʣʠ ʪʦʯʥʘ. ʅʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʩʦʩʪʦʷʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʛʨʘʭ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪ-

ʥʳʝ ʤʝʪʦʜʳ ([ʎʚʝʪʢʦʚʠʯ ʠ ʜʨ., 1984]), ʠ ʧʦʠʩʢ ʠʥʚʘʨʠʘʥʪʦʚ ʬʫʥʢʮʠʠ v ʚ 

ʢʘʞʜʦʡ ʠʛʨʝ ʨʝʰʘʝʪʩʷ ʧʦ-ʩʚʦʝʤʫ.  

ɼʨʫʛʦʡ ʠʜʝʝʡ ʷʚʣʷʝʪʩʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ, ʩʚʦʜʷʱʘʷʩʷ ʢ ʠʟʚʝʩʪʥʦʡ NP-

ʧʦʣʥʦʡ ʟʘʜʘʯʝ ʦ ʧʦʢʨʳʪʠʠ ʤʥʦʞʝʩʪʚʘʤʠ [ʂʦʨʤʝʥ ʠ ʜʨ., 2001]. ʈʘʩʩʤʦʪʨʠʤ 

ʧʨʦʮʝʩʩ ʧʨʦʢʣʘʜʢʠ ʤʘʨʰʨʫʪʘ ʧʦ ʩʠʩʪʝʤʝ ʢʘʨʪ ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ ʤʝʪʦʜʦʤ 

ʩʚʝʨʭʫ-ʚʥʠʟ. ʉʥʘʯʘʣʘ ʙʝʨʸʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʫʶ ʢʘʨʪʫ ʠ ʦʪʤʝʯʘʝʤ ʥʘ ʥʝʡ 

ʥʘʯʘʣʦ (A) ʠ ʢʦʥʝʮ (B) ʤʘʨʰʨʫʪʘ. ʅʘʭʦʜʠʤ ʥʘ ʜʦʨʦʛʘʭ ʵʪʦʡ ʢʘʨʪʳ ʪʦʯʢʠ A0 

ʠ B0, ʙʣʠʞʘʡʰʠʝ ʢ A ʠ B ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩ ʫʯʸʪʦʤ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ 

AB), ʠ ʧʨʦʢʣʘʜʳʚʘʝʤ ʢʨʘʪʯʘʡʰʠʡ ʤʘʨʰʨʫʪ ʦʪ A0 ʢ B0 ʧʦ ʜʦʨʦʛʘʤ ʢʘʨʪʳ, 

ʦʪʤʝʯʘʷ ʥʘ ʤʘʨʰʨʫʪʝ ʫʟʣʦʚʳʝ ʪʦʯʢʠ A0 = U0,é,Un = B0, ʚ ʢʦʪʦʨʳʭ ʦʪʢʣʦ-

ʥʝʥʠʝ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʮʝʣʴ B ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘʢʦʥʝʮ, 

ʙʝʨʸʤ ʙʦʣʝʝ ʤʝʣʢʫʶ ʢʘʨʪʫ, ʩʦʜʝʨʞʘʱʫʶ ʪʨʠ ʩʦʩʝʜʥʠʭ ʫʟʣʘ Ui, Ui+1 ʠ Ui+2. 

ɽʩʣʠ ʧʦ ʜʦʨʦʛʘʤ, ʧʦʷʚʠʚʰʠʤʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘ ʵʪʦʡ ʢʘʨʪʝ, ʝʩʪʴ ʙʦʣʝʝ 
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ʢʦʨʦʪʢʠʡ ʧʫʪʴ ʤʝʞʜʫ Ui ʠ Ui+2, ʪʦ ʟʘʤʝʥʠʤ ʵʪʦʪ ʫʯʘʩʪʦʢ (ʧʨʦʩʪʘʚʣʷʷ ʥʘ 

ʥʸʤ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʚʦʠ ʫʟʣʦʚʳʝ ʪʦʯʢʠ), ʠ ʪ.ʜ. ɺ ʠʪʦʛʝ ʙʳʩʪʨʦ ʧʦʣʫ-

ʯʘʝʤ ʧʫʪʴ, ʙʣʠʟʢʠʡ ʧʦ ʜʣʠʥʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʪʦʜʫ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʚʝʨʭʫ-ʚʥʠʟ ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʘʞ-

ʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʰʘʛʘ. ʈʝʰʘʷ ʠʛʨʳ, ʙʫʜʝʤ ʩʪʨʦʠʪʴ ʩʚʦʶ ʩʠʩʪʝʤʫ ʢʘʨʪ. 

ʉʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʷ ʨʘʟʤʝʨ ʜʝʨʝʚʘ ʠʛʨʳ, ʤʳ ʜʝʣʘʝʤ ʘʥʘʣʠʟ ʧʦʟʠ-

ʮʠʡ ʧʨʦʩʪʳʤ, ʘ ʧʦʠʩʢ ï ʧʦʥʷʪʥʳʤ ʠ ʜʦʧʫʩʢʘʶʱʠʤ ʧʣʘʥʠʨʦʚʘʥʠʝ. ɺʘʞʥʳʡ 

ʵʪʘʧ ʘʥʘʣʠʟʘ ï ʦʙʫʯʝʥʠʝ ʥʘ ʧʨʠʤʝʨʘʭ ʦʧʪʠʤʘʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ. ʇʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ: 1) ʚʳʜʝʣʷʝʤ ʠʥʚʘʨʠʘʥʪʥʳʝ ʧʨʠʟʥʘʢʠ; 2) ʠʟ ʥʠʭ ʩʪʨʦʠʤ ʧʨʝʜʠʢʘ-

ʪʳ ʩʪʨʘʪʝʛʠʡ; 3) ʧʦ ʥʠʤ ï ʜʚʦʡʩʪʚʝʥʥʳʝ ʜʚʫʭʩʪʦʨʦʥʥʠʝ ʦʮʝʥʢʠ;  

4) ʧʨʦʚʦʜʠʤ ʩʦʚʤʝʩʪʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʦʮʝʥʦʢ ʠ ʩʪʨʘʪʝʛʠʡ. 

1. ɺʦʣʰʝʙʥʳʝ ʮʝʧʦʯʢʠ ʂʵʨʨʦʣʣʘ 

ʀʤʝʝʪʩʷ ʩʣʦʚʘʨʴ ʠʟ 4-ʙʫʢʚʝʥʥʳʭ ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʭ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ 

ʯʠʩʣʝ ʠ ʠʤʝʥʠʪʝʣʴʥʦʤ ʧʘʜʝʞʝ (ʚ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʪʘʢʠʭ ʦʙʱʝʠʟʚʝʩʪʥʳʭ 

ʩʣʦʚ º1070), ʠ ʜʚʘ ʚʳʜʝʣʝʥʥʳʭ ʩʣʦʚʘ. ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʢʨʘʪʯʘʡʰʫʶ ʮʝ-

ʧʦʯʢʫ ʩʣʦʚ ʩʣʦʚʘʨʷ, ʩʦʝʜʠʥʷʶʱʫʶ ʚʳʜʝʣʝʥʥʳʝ ʩʣʦʚʘ, ʚ ʢʦʪʦʨʦʡ ʩʦʩʝʜʥʠʝ 

ʩʣʦʚʘ ʦʪʣʠʯʘʶʪʩʷ ʨʦʚʥʦ ʚ ʦʜʥʦʡ ʧʦʟʠʮʠʠ. ɿʘʜʘʯʘ ʥʝʢʦʨʨʝʢʪʥʘ, ʝʩʣʠ ʩʣʦ-

ʚʘʨʴ ʥʝ ʬʠʢʩʠʨʦʚʘʥ ʟʘʨʘʥʝʝ.  

ʉʣʦʚʘʨʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢ ʠ ʢʦʤʧʴʶʪʝʨʥʳʡ ʧʦʠʩʢ ʥʝ ʩʦʟʜʘʝʪ ʧʨʦ-

ʙʣʝʤ: ʨʝʰʝʥʠʝ ʠʱʝʤ ʧʦʠʩʢʦʤ çʚʰʠʨʴè, ʧʦʤʝʱʘʷ ʥʘʯʘʣʴʥʦʝ ʩʣʦʚʦ ʥʘ ʩʣʦʡ 

0, ʥʘ ʩʣʝʜʫʶʱʠʡ ʩʣʦʡ (ʧʦʢʘ ʥʝ ʟʘʧʠʰʝʤ ʮʝʣʝʚʦʝ ʩʣʦʚʦ) ï ʥʦʚʳʝ ʩʣʦʚʘ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʩʣʦʚ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ ʨʦʚʥʦ ʚ ʦʜʥʦʡ ʧʦʟʠʮʠʠ. ʇʦʠʩʢ ʩ 

ʥʘʯʘʣʴʥʳʤ ʩʣʦʚʦʤ ʧʫʩʢ: ç/ʧʠʩʢ /ʨʠʩʢ ʜʠʩʢ /ʨʳʩʢ /ʩʳʩʢ ʨʳʩʴ /ʚʳʩʴ /ʚʝʩʴ 

ʚʳʧʴ /ʚʝʱʴ ʚʝʩʪ ʚʝʩʳ ʩʳʧʴ /ʞʝʩʪ ʧʝʩʪ ʪʝʩʪ ʰʝʩʪ ʚʠʩʪ ʩʳʪʴè. ʉʠʤʚʦʣ 

ǋ/ǋ ʦʟʥʘʯʘʝʪ ʥʦʚʳʡ ʩʣʦʡ. ʋ ʩʣʦʚʘ ʂʆʈɸ ʥʘ ʩʣʦʝ 1 ʙʫʜʝʪ 22 ʩʣʦʚʘ, ʘ ʦʙʱʝʝ 

ʯʠʩʣʦ ʩʣʦʚ ʥʘ ʩʣʦʷʭ 1, 2 ʠ 3 ï ʫʞʝ 196. ʋʜʝʨʞʘʪʴ ʚ ʧʘʤʷʪʠ ʚʩʸ ʜʝʨʝʚʦ ʧʦ-

ʠʩʢʘ ʪʨʫʜʥʦ, ʝʩʣʠ, ʢʘʢ ʚ ʰʘʭʤʘʪʘʭ, ʢʦʤʧʴʶʪʝʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʰʴ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʢ ʠʛʨʝ. ʀʤʝʝʪ ʩʤʳʩʣ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʷ ʩʣʦʚʘʨʷ. 

ʈʘʟʦʙʴʸʤ ʩʣʦʚʘ ʥʘ ʪʠʧʳ: ʩʣʦʚʫ ʊʔʄɸ ʩʦʧʦʩʪʘʚʠʤ ʰʘʙʣʦʥ (ʩʦʛʣʘʩʥʘʷ + 

ʤʷʛʢʠʡ ʟʥʘʢ + ʩʦʛʣʘʩʥʘʷ + ʛʣʘʩʥʘʷ), ʩʦʢʨʘʱʝʥʥʦ ï ʉʔʉɻ. ʆʙʱʝʝ ʯʠʩʣʦ ʪʠ-

ʧʦʚ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 2*2*2*3 = 24, ʪʘʢ ʢʘʢ ʚ ʩʣʦʚʝ ʠʟ 4-ʭ ʙʫʢʚ ʥʝ ʙʳʚʘʝʪ ʜʚʫʭ 

ʤʷʛʢʠʭ ʟʥʘʢʦʚ. ʆʪʙʨʦʩʠʚ å200 ʩʣʦʚ ʙʝʟ ʜʦʧʫʩʪʠʤʳʭ ʟʘʤʝʥ, ʧʦʩʪʨʦʠʤ ʛʨʘʬ 

ʪʠʧʦʚ, ʚʳʧʦʣʥʷʶʱʠʡ ʨʦʣʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʢʘʨʪʳ (ʨʠʩ. 1). ɺ ʦʚʘʣʝ ʧʦʜ 

ʰʘʙʣʦʥʦʤ ʩʪʦʠʪ ʯʠʩʣʦ ʩʣʦʚ ʪʠʧʘ, ʥʘʜ ʰʘʙʣʦʥʦʤ ï ʯʠʩʣʦ ʟʘʤʝʥ ʚʥʫʪʨʠ ʪʠʧʘ, 

ʤʝʞʜʫ ʦʚʘʣʘʤʠ ï ʯʠʩʣʦ ʟʘʤʝʥ, ʤʝʥʷʶʱʠʭ ʪʠʧ. ʀʟ ʛʨʘʬʘ ʚʠʜʥʦ, ʯʪʦ ʤʝʞʜʫ 

ʪʠʧʘʤʠ ʧʨʦʠʩʭʦʜʠʪ º19% ʠʟ ʚʩʝʭ ʟʘʤʝʥ, ʠ 81% ï ʚʥʫʪʨʠ ʪʠʧʦʚ.  

ʀʥʚʘʨʠʘʥʪʳ ʵʪʦʡ ʠʛʨʳ ï ʵʪʦ ʤʠʥʠʤʘʣʴʥʳʝ ʤʥʦʞʝʩʪʚʘ ʚʝʨʰʠʥ ʠ ʨʸʙʝʨ, 

ʫʜʘʣʝʥʠʝ ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʠʚʘʝʪ ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪ ʩʚʷʟʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ 

ʛʨʘʬʘ (ʤʠʥʠʤʘʣʴʥʳʝ ʨʘʟʨʝʟʳ ʠ ʤʦʩʪʳ), ʢʣʠʢʠ, ʜʚʫʩʚʷʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

(ɼʂ) [ʂʦʨʤʝʥ ʠ ʜʨ., 2001]. ɺ ʟʘʜʘʯʝ [ʫʟʜʘ, ʠʶʥʴ] ʩʣʦʚʦ ʠʶʥʴ ʠʟ ɻɻʉʔ ʩʦ-
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ʝʜʠʥʝʥʦ ʤʦʩʪʦʤ [ʠʶʣʴ-ʪʶʣʴ] ʩ ʉɻʉʔ, ʫʟʜʘ ʠʟ ɻʉʉɻ ʣʝʞʠʪ ʚ ɼʂ {ʫʟʜʘ, 

ʝʟʜʘ, ʤʟʜʘ} ʠ ʩʦʝʜʠʥʝʥʘ ʩ ʉɻʉɻ ʤʦʩʪʦʤ [ʤʟʜʘ-ʤʦʜʘ]. ʆʩʪʘʸʪʩʷ ʥʘʡʪʠ 

ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ [ʤʦʜʘ, ʪʶʣʴ]. ʄʘʛʠʩʪʨʘʣʠ ï ʮʝʧʦʯʢʠ ʩ ʯʠʩʣʦʤ ʩʣʦʚ º 

ʯʠʩʣʫ ʪʠʧʦʚ (>3): çʧʘʨʘ-ʧʘʨʢ-ʧʘʫʢ-ʧʘʫʪ-ʧʣʫʪè, çʨʘʫʪ-ʨʘʥʪ-ʨʘʥʘ-ʨʘʥʴè, 

çʫʨʶʢ-ʢʨʶʢ-ʢʘʶʢ-ʢʘʶʨ-ʢʘʜʨ-ʢʘʜʴè, çʢʨʦʪ-ʢʠʦʪ-ʢʠʣʪ-ʢʠʣʘ,ʢʦʣʪ-ʙʦʣʪ-

ʙʦʣʴè. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʫʜʘʣʝʥʠʝ ʩʣʦʚ ʧʘʫʪ, ʢʠʦʪ ʠ ʢʘʶʨ çʚʟʨʳʚʘʝʪè ʤʘ-

ʛʠʩʪʨʘʣʠ, ʜʝʣʷ ʦʩʥʦʚʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʩʚʷʟʥʦʩʪʠ ʥʘ ʜʚʝ. ʈʝʙʨʦ ʚ ʛʨʘʬʝ ʪʠ-

ʧʦʚ ʦʟʥʘʯʘʝʪ ʥʘʣʠʯʠʝ ʧʘʨʳ ʩʣʦʚ ʵʪʠʭ ʪʠʧʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚ ʦʜʥʦʡ ʧʦʟʠ-

ʮʠʠ, ʥʦ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʮʝʧʦʯʢʠ ʜʣʷ ʜʨʫʛʠʭ ʧʘʨ. ʇʦʜʛʨʘʬ ʠʟ ʩʣʦʚ ʜʘʞʝ 

ʦʜʥʦʛʦ ʪʠʧʘ ʙʳʚʘʝʪ ʥʝʩʚʷʟʥʳʤ: ʚ ʟʘʜʘʯʝ [ʧʦʣʢ, ʧʦʨʪ] ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʜʦ 

ʫʡʪʠ ʚ ʪʠʧ ʉɻʉɻ ʩ ʢʨʘʪʯʘʡʰʝʡ ʮʝʧʦʯʢʦʡ çʧʦʣʢ-ʧʦʣʘ-ʧʦʨʘ-ʧʦʨʪè (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ɻʨʘʬ ʪʠʧʦʚ (ʢʘʨʪʘ ˉ1) 

 

ʇʨʝʚʨʘʪʠʤ ʉɻʉɻ-ʩʣʦʚʦ ʤʫʭʘ ʚ ʉʉɻʉ-ʩʣʦʚʦ ʩʣʦʥ. ʇʦ ʢʘʨʪʝ ʚʠʜʥʦ, ʯʪʦ 

ʠʟ ʉɻʉɻ ʚ ʉʉɻʉ ʥʝʣʴʟʷ ʧʨʦʡʪʠ, ʤʠʥʫʷ ʪʠʧʳ ʉɻʉʉ ʠ ʉɻɻʉ, ʘ ʚʩʝ ʵʪʠ ʪʠ-

ʧʳ ʚ ʥʫʞʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʝʞʘʪ ʥʘ ʤʘʛʠʩʪʨʘʣʠ. ʇʦʵʪʦʤʫ ʠʱʝʤ 

ʧʫʪʴ ʠʟ ʪʨʸʭ ʯʘʩʪʝʡ ï ʉɻʉɻ-ʦʪʨʝʟʢʘ [ʤʫʭʘ, ʧʘʨʘ], ʤʘʛʠʩʪʨʘʣʠ, ʠ ʉʉɻʉ-

ʦʪʨʝʟʢʘ [ʧʣʫʪ, ʩʣʦʥ]. ɸʥʘʣʠʟ ʢʨʘʪʯʘʡʰʠʭ ʮʝʧʦʯʝʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʥʫʪʨʠ 

ʙʦʣʴʰʠʭ ʪʠʧʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʝʝ 75 ʩʣʦʚ, ʢʦʨʦʪʢʠʝ ʮʝʧʦʯʢʠ ʣʝʛʢʦ ʥʘʭʦ-

ʜʷʪʩʷ ʚʨʫʯʥʫʶ, ʠʩʧʦʣʴʟʫʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʟʘʤʝʥʫ Zk: ʚ ʧʦʟʠʮʠʶ k ʪʝ-

ʢʫʱʝʛʦ ʩʣʦʚʘ ʩʪʘʚʠʤ ʙʫʢʚʫ ʠʟ ʵʪʦʡ ʞʝ ʧʦʟʠʮʠʠ ʮʝʣʝʚʦʛʦ ʩʣʦʚʘ. Z321[ʤʫʭʘ, 

ʧʘʨʘ] = çʤʫʭʘ-ʤʫʈʘ-ʤɸʨʘ-ʇʘʨʘè. Z314[ʧʣʫʪ, ʩʣʦʥ] = çʧʣʫʪ-ʧʣʆʪ-ʉʣʦʪ-

ʩʣʦʅè. Z321 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʟʘʤʝʥʳ Z3, Z2 ʠ 

Z1. ɽʩʣʠ ʩʣʦʚʘ ʤʘʨʘ ʚ ʩʣʦʚʘʨʝ ʥʝʪ, ʧʨʦʙʫʝʤ ʨʘʩʰʠʨʝʥʥʫʶ ʟʘʤʝʥʫ R ï ʚ 

ʥʝʩʦʚʧʘʜʘʶʱʠʭ ʧʦʟʠʮʠʷʭ ʩʣʦʚ ʤʫʨʘ ʠ ʧʘʨʘ ʠʱʝʤ ʦʙʱʫʶ ʙʫʢʚʫ ʩʧʠʩʢʦʚ 

Lk ʚʦʟʤʦʞʥʳʭ ʟʘʤʝʥ, ʥʘʧʨʠʤʝʨ: L1(ʤʫʨʘ) = çʙʜʢʩʪʬè, L1(ʧʘʨʘ) = 

çʞʢʪʬʯè. ɿʘʤʝʥʠʚ ʧʝʨʚʳʝ ʙʫʢʚʳ ʦʙʦʠʭ ʩʣʦʚ ʥʘ çʬè (ʟʘʤʝʥʘ R1ʬ), ʧʦʣʫ-

ʯʠʤ ʉɻʉɻ-ʦʪʨʝʟʦʢ çʤʫʭʘ-ʤʫʨʘ-ʬʫʨʘ-ʬʘʨʘ-ʧʘʨʘè. ɺ 3-ʟʘʤʝʥʘʭ ʤʳ ʫʢʘʟʳ-

ʚʘʝʤ ʧʝʨʝʩʪʘʥʦʚʢʫ ʥʦʤʝʨʦʚ ʧʦʟʠʮʠʡ, ʝʩʣʠ ʟʘʤʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ, ʠ 

ʧʦʚʪʦʨʷʝʤʳʡ ʥʦʤʝʨ ʧʦʟʠʮʠʠ ʩ ʦʙʱʝʡ ʙʫʢʚʦʡ, ʝʩʣʠ ʟʘʤʝʥʘ ʨʘʩʰʠʨʝʥʥʘʷ. 
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ʋʪʚʝʨʞʜʝʥʠʝ 1. ɺ ʢʨʘʪʯʘʡʰʝʡ ʮʝʧʦʯʢʝ ʣʶʙʳʝ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʟʘʤʝʥʳ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʟʠʮʠʷʭ. ʃʶʙʘʷ ʢʨʘʪʯʘʡʰʘʷ ʮʝʧʦʯʢʘ 

ʠʟ ʪʨʸʭ ʟʘʤʝʥ ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʠʣʠ ʨʘʩʰʠʨʝʥʥʦʡ. 

ɺ ʩʘʤʦʤ ʜʝʣʝ, ʝʩʣʠ ʜʝʣʘʪʴ ʧʦʜʨʷʜ ʜʚʝ ʟʘʤʝʥʳ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʟʠ-

ʮʠʠ, ʪʦ, ʧʨʦʧʫʩʪʠʚ ʧʝʨʚʫʶ ʠʟ ʥʠʭ, ʤʳ ʫʤʝʥʴʰʠʤ ʮʝʧʦʯʢʫ, ʥʝ ʤʝʥʷʷ ʨʝ-

ʟʫʣʴʪʘʪ. ɺ ʢʨʘʪʯʘʡʰʝʡ ʮʝʧʦʯʢʝ ʠʟ ʪʨʸʭ ʟʘʤʝʥ ʙʫʢʚʳ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʚ 

ʪʨʸʭ ʠʣʠ ʚ ʜʚʫʭ ʧʦʟʠʮʠʷʭ (ʨʘʟʣʠʯʠʝ ʚ ʦʜʥʦʡ ʧʦʟʠʮʠʠ ʫʩʪʨʘʥʷʝʪʩʷ ʦʜʥʦʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʟʘʤʝʥʦʡ). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʦʯʝʚʠʜʥʦ, ʪʦʞʝ ʨʘʙʦʪʘʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʟʘʤʝʥʘ, ʥʘʜʦ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʦʜʥʫ ʠʟ ʰʝʩʪʠ ʚʦʟʤʦʞ-

ʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï ʧʦʟʠʮʠʠ ʩ ʩʦʚʧʘʜʘʶʱʠʤʠ ʙʫʢʚʘʤʠ 

ʤʝʥʷʪʴ ʥʝʣʴʟʷ, ʪʘʢ ʢʘʢ ʪʦʛʜʘ ʯʠʩʣʦ ʥʝʩʦʚʧʘʜʘʶʱʠʭ ʧʦʟʠʮʠʡ ʩʪʘʥʝʪ ʨʘʚʥʦ 

3, ʠ ʧʦʪʨʝʙʫʝʪʩʷ ʝʱʸ ʥʝ ʤʝʥʝʝ ʪʨʸʭ ʟʘʤʝʥ. ɿʥʘʯʠʪ, ʙʫʜʝʪ ʧʦʚʪʦʨ ʥʦʤʝʨʘ 

ʤʝʥʷʝʤʦʡ ʧʦʟʠʮʠʠ, ʘ ʵʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʰʘʛʘʭ 1 ʠ 3. ʆʩʪʘʸʪʩʷ ʧʝʨʝ-

ʙʦʨʦʤ ʦʧʨʝʜʝʣʠʪʴ ʦʜʥʫ ʠʟ ʜʚʫʭ ʥʝʩʦʚʧʘʜʘʶʱʠʭ ʧʦʟʠʮʠʡ, ʠ ʧʦʩʪʨʦʠʪʴ ʜʣʷ 

ʥʝʸ ʩʧʠʩʢʠ Lk ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʠ ʮʝʣʝʚʦʛʦ ʩʣʦʚʘ.  

ʇʦʩʪʨʦʠʤ ʧʦʢʨʳʚʘʶʱʠʡ ʛʠʧʝʨʛʨʘʬ, ʠʛʨʘʶʱʠʡ ʨʦʣʴ ʢʘʨʪʳ ʩʨʝʜʥʝʛʦ 

ʤʘʩʰʪʘʙʘ (ʨʠʩ. 2). ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʨʘʟʤʝʨʘ ʦʪʙʨʦʩʠʤ ʩʣʦʚʘ, ʫ ʢʦʪʦ-

ʨʳʭ ʰʠʨʠʥʘ ʧʝʨʚʳʭ ʪʨʸʭ ʩʣʦʸʚ ʧʦʠʩʢʘ ʚʰʠʨʴ, ʥʘʯʠʥʘʷ ʩ ʵʪʠʭ ʩʣʦʚ, ʤʝʥʴ-

ʰʝ 5. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʩʣʦʚ 1) ʦʧʨʝʜʝʣʠʤ ʠʥʜʝʢʩ ʘʢʪʠʚʥʦʩʪʠ ï 

ʯʠʩʣʦ ʢʨʘʪʯʘʡʰʠʭ ʮʝʧʦʯʝʢ, ʩʦʜʝʨʞʘʱʠʭ ʩʣʦʚʦ; 2) ʩʪʨʦʠʤ ʦʢʨʝʩʪʥʦʩʪʴ 

ʩʣʦʚʘ ʨʘʜʠʫʩʦʤ ʚ 3 ʟʘʤʝʥʳ ʠ ʥʘʭʦʜʠʤ ʝʸ ʤʦʱʥʦʩʪʴ. ʀ ʟʘʧʫʩʢʘʝʤ çʞʘʜ-

ʥʫʶè ʧʨʦʮʝʜʫʨʫ: ʙʫʜʝʤ ʧʦʢʨʳʚʘʪʴ ʦʩʪʘʚʰʠʝʩʷ ʩʣʦʚʘ, ʚʟʷʚ ʩʥʘʯʘʣʘ ʩʘʤʦʝ 

ʘʢʪʠʚʥʦʝ ʩʣʦʚʦ. ʅʘ ʰʘʛʝ i ʙʝʨʸʤ ʦʜʥʦ ʠʟ ʧʦʢʨʳʪʳʭ ʩʣʦʚ, ʧʦʢʨʳʚʘʶʱʝʝ 

ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʝʱʸ ʥʝʧʦʢʨʳʪʳʭ ʩʣʦʚ (ki) ʠ ʪ.ʜ. ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʝʨʸʤ ʩʣʦʚʦ ʩ ʙʦʣʴʰʠʤ ʠʥʜʝʢʩʦʤ ʘʢʪʠʚʥʦʩʪʠ. ɽʩʣʠ ʯʠʩʣʦ ki ʩʪʘ-

ʥʝʪ < 5, ʧʨʦʚʝʜʸʤ ʣʦʢʘʣʴʥʫʶ ʢʦʨʨʝʢʮʠʶ ʚʳʙʨʘʥʥʳʭ ʮʝʥʪʨʦʚ ʩ ʥʝʤʥʦʛʦ 

ʫʚʝʣʠʯʝʥʥʳʤ ʨʘʜʠʫʩʦʤ ʦʢʨʝʩʪʥʦʩʪʠ. ɺʝʨʰʠʥʳ ʛʠʧʝʨʛʨʘʬʘ ï ʵʪʦ ʮʝʥʪʨʳ 

ʦʢʨʝʩʪʥʦʩʪʝʡ ʠʣʠ ʤʥʦʞʝʩʪʚʘ ʩʣʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʚ ʦʪʤʝʯʝʥʥʦʡ ʩʠʤʚʦ-

ʣʦʤ ǋ_ǋ ʧʦʟʠʮʠʠ. ɺʝʨʰʠʥʳ ʩʚʷʞʝʤ ʧʦʤʝʯʝʥʥʳʤ ʠʥʜʝʢʩʦʤ 3-ʟʘʤʝʥʳ ʨʝʙ-

ʨʦʤ, ʝʩʣʠ ʦʢʨʝʩʪʥʦʩʪʠ ʧʝʨʝʩʝʢʘʶʪʩʷ. ɿʘʤʝʱʘʶʱʫʶ ʩʠʤʚʦʣ ǋ_ǋ ʙʫʢʚʫ ʦʪʜʝ-

ʣʷʝʤ ʦʪ ʠʥʜʝʢʩʘ ʜʚʦʝʪʦʯʠʝʤ. NP-ʧʦʣʥʫʶ ʟʘʜʘʯʫ ʤʠʥʠʤʠʟʘʮʠʠ ʯʠʩʣʘ ʚʝʨ-

ʰʠʥ ʛʠʧʝʨʛʨʘʬʘ ʨʝʰʘʝʤ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʘʨʪʳ. 

 

 

ʈʠʩ. 2. ʇʦʢʨʳʚʘʶʱʠʡ ʛʠʧʝʨʛʨʘʬ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʚʷʟʥʦʩʪʠ (ʢʘʨʪʘ ˉ2) 
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ʆʢʦʥʯʘʪʝʣʴʥʦ, çʯʝʣʦʚʝʯʝʩʢʠʡè ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʙʫʜʝʪ ʪʘʢʠʤ: 

1) ʀʱʝʤ ʨʝʰʝʥʠʝ, ʠʩʧʦʣʴʟʫʷ ʛʨʘʬ ʪʠʧʦʚ, ʤʘʛʠʩʪʨʘʣʠ ʠ 3-ʟʘʤʝʥʳ. ɽʩ-

ʣʠ ʥʝʫʜʘʯʘ, ʪʦ ʠʱʝʤ ʚʰʠʨʴ ʦʪ ʠʩʭʦʜʥʦʛʦ ʠ ʮʝʣʝʚʦʛʦ ʩʣʦʚʘ, ʧʦʢʘ ʰʠʨʠʥʘ 

ʧʦʠʩʢʘ ʤʝʥʴʰʝ 5, ʠ ʤʳ ʥʝ ʚʩʪʨʝʪʠʣʠ ʚʝʨʰʠʥʫ ʛʠʧʝʨʛʨʘʬʘ (ʵʪʦ ʥʝʜʦʣʛʦ, 

ʝʩʣʠ ʨʝʰʝʥʠʝ ʝʩʪʴ). 

2) ɼʣʷ ʥʠʭ ʦʧʨʝʜʝʣʷʝʤ çʢʨʘʪʯʘʡʰʠʡè ʧʫʪʴ ʚ ʛʠʧʝʨʛʨʘʬʝ, ʠ ʚʦʩʩʪʘʥʘʚ-

ʣʠʚʘʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʠʣʠ ʨʘʩʰʠʨʝʥʥʳʝ ʟʘʤʝʥʳ. 

3) ʉʢʣʝʠʚʘʝʤ ʠʟ ʯʘʩʪʝʡ ʧʫʪʴ ʠʟ ʩʪʘʨʪʦʚʦʡ ʚʝʨʰʠʥʳ ʚ ʮʝʣʝʚʫʶ, ʫʜʘʣʠʚ 

ʚ ʥʸʤ ʧʦʚʪʦʨʳ ʠ çʩʨʝʟʘʚ ʦʩʪʨʳʝ ʫʛʣʳè ʚ ʤʝʩʪʘʭ ʩʢʣʝʝʢ. 

ʉʘʤʫʶ ʢʦʨʦʪʢʫʶ ʮʝʧʦʯʢʫ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʥʝ ʥʘʡʪʠ, ʥʦ ʥʝʧʣʦʭʦʝ ʨʝ-

ʰʝʥʠʝ ʩʪʨʦʠʪ. ʅʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʝ [ʤʦʜʘ, ʪʶʣ]ɹ ʙʣʠʞʘʡʰʝʡ ʧʦ ʢʘʨʪʝ ʙʫ-

ʜʝʪ ʧʘʨʘ [ʢʦʜʘ, ʪʦʣʴ], ʩʚʷʟʘʥʥʘʷ ʮʝʧʦʯʢʦʡ çʢʦʞʘ-ʨʦʞʘ-ʨʦʞʴ-ʨʦʣʴè. 

2. ʀʛʨʘ ʜʚʫʭ ʣʠʮ çʆʜʥʦʤʘʩʪʢʘè 

2.1. ʇʨʘʚʠʣʘ ʠʛʨʳ ʠ ʟʘʧʠʩʴ ʧʦʟʠʮʠʠ 

ɽʩʪʴ ʜʚʘ ʠʛʨʦʢʘ ʩ ʥʦʤʝʨʘʤʠ 0 ʠ 1, ʩʪʦʣ ʠ ʢʦʣʦʜʘ ʠʟ 2n ʥʫʤʝʨʦʚʘʥʥʳʭ 

ʢʘʨʪ. ʉʣʫʯʘʡʥʦ ʢʘʨʪʳ ʨʘʟʜʘʶʪʩʷ ʧʦʨʦʚʥʫ ʤʝʞʜʫ ʠʛʨʦʢʘʤʠ, ʠ ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ ʍʆɼʗʑʀʁ ʠʛʨʦʢ. ʂʘʨʪʳ ʤʦʞʥʦ ʦʪʢʨʳʪʴ, ʪʘʢ ʢʘʢ ʠʛʨʦʢʠ ʟʥʘʶʪ ʢʘʨʪʳ 

ʜʨʫʛ ʜʨʫʛʘ. ʍʆɼʗʑʀʁ ʚʳʙʠʨʘʝʪ ʠ ʢʣʘʜʝʪ ʥʘ ʩʪʦʣ ʦʜʥʫ ʠʟ ʩʚʦʠʭ ʢʘʨʪ, ʘ 

ʩʦʧʝʨʥʠʢ ʆʊɺɽʏɸɽʊ ʦʜʥʦʡ ʠʟ ʩʚʦʠʭ ʢʘʨʪ. ʍʦʟʷʠʥ ʩʪʘʨʰʝʡ ʢʘʨʪʳ ʩʪʦʣʘ 

ʧʦʣʫʯʘʝʪ ʦʯʢʦ ʠ ʧʨʘʚʦ ʩʣʝʜʫʶʱʝʛʦ ʍʆɼɸ, ʘ ʢʘʨʪʳ ʩʪʦʣʘ ʫʜʘʣʷʶʪʩʷ ʠʟ 

ʠʛʨʳ. ʎʝʣʴ ʠʛʨʦʢʦʚ ï ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʫʤ ʦʯʢʦʚ. 

 [ɹʨʫʜʥʦ ʠ ʜʨ., 1965] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʛʨʫʧʧʝ ʠʜʫʱʠʭ ʧʦʜʨʷʜ ʢʘʨʪ ʣʶ-

ʙʦʛʦ ʠʛʨʦʢʘ ʚʩʝ ʢʘʨʪʳ ʵʢʚʠʚʘʣʝʥʪʥʳ, ʘ ʧʨʠ ʆʊɺɽʊɽ ʘʢʪʫʘʣʴʥʳ ʪʦʣʴʢʦ ʜʚʘ 

ʚʘʨʠʘʥʪʘ: ʙʠʪʴ (ʩʘʤʦʡ ʤʣʘʜʰʝʡ ʙʴʶʱʝʡ ʢʘʨʪʦʡ ï ʝʩʣʠ ʪʘʢʘʷ ʝʩʪʴ) ʠʣʠ 

ʦʪʜʘʪʴ (ʩʘʤʫʶ ʤʣʘʜʰʫʶ). ʆʥʠ ʞʝ ʩʪʘʣʠ ʟʘʧʠʩʳʚʘʪʴ ʧʦʟʠʮʠʠ ʚ ʚʠʜʝ ʫʙʳ-

ʚʘʶʱʠʭ ʧʦ ʩʠʣʝ ʢʘʨʪ, ʧʦʤʝʯʝʥʥʳʭ ʥʦʤʝʨʦʤ ʠʛʨʦʢʘ (0 ʠʣʠ 1), ʘ ʟʥʘʢʦʤ 

ʧʝʨʝʜ ʧʦʟʠʮʠʝʡ ʦʪʤʝʯʘʷ ʦʯʝʨʸʜʥʦʩʪʴ ʚʳʙʦʨʘ (+ ʦʟʥʘʯʘʝʪ ʚʳʙʦʨ ʠʛʨʦʢʘ 1). 

ʀ ʫʢʘʟʘʣʠ ʧʨʦʩʪʫʶ, ʥʦ ʧʦʯʪʠ ʚʩʝʛʜʘ ʚʝʨʥʫʶ ʩʪʨʘʪʝʛʠʶ: çʙʝʡ, ʠ ʭʦʜʠ ʩ 

ʤʣʘʜʰʝʡ ʢʘʨʪʳè.  

ʈʘʟʜʝʣʠʤ ʩʪʨʘʪʝʛʠʠ ʍʆɼɸ ʠ ʆʊɺɽʊɸ, ʥʦ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʦʧʪʠʤʘʣʴʥʘ 

ʠʣʠ ʥʝʪ ʩʨʘʟʫ ʜʣʷ ʦʙʦʠʭ ʠʛʨʦʢʦʚ. ʆʰʠʙʦʯʥʦʩʪʴ çʭʦʜʘ ʩ ʤʣʘʜʰʝʡ ʢʘʨʪʳè 

ʦʯʝʚʠʜʥʘ ʚ ʧʦʟʠʮʠʠ +00011011: ʚ ʩʣʫʯʘʝ ʭʦʜʘ ʩ ʩʘʤʦʡ ʧʨʘʚʦʡ (ʤʣʘʜʰʝʡ) 

ʢʘʨʪʳ 1, ʤʣʘʜʰʘʷ ʢʘʨʪʘ ʩʦʧʝʨʥʠʢʘ (ʧʨʘʚʳʡ 0) ʚʦʟʴʤʸʪ ʦʯʢʦ. ʇʨʠ ʭʦʜʝ ʞʝ 

ʩʪʘʨʰʝʡ ʝʜʠʥʠʯʢʦʡ ʦʥʘ (ʝʜʠʥʠʯʢʘ) ʙʫʜʝʪ ʧʦʙʠʪʘ, ʥʦ ʦʯʝʨʝʜʴ ʭʦʜʘ ʧʝʨʝʡ-

ʜʸʪ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʫʥʜʝ ʢ ʩʦʧʝʨʥʠʢʫ, ʠ ʚʪʦʨʘʷ ʩʣʝʚʘ ʝʜʠʥʠʯʢʘ ʧʦʙʴʸʪ 

ʧʨʘʚʳʡ 0, ʢʘʢ ʪʦʣʴʢʦ ʭʦʜ ʩ ʥʝʛʦ ʙʫʜʝʪ ʩʜʝʣʘʥ. 

ɺ ʦʜʥʦʤʘʩʪʢʝ (ʢʘʢ ʠ ʚ ʰʘʭʤʘʪʘʭ) ʠʟ-ʟʘ ʜʠʩʢʨʝʪʥʦʩʪʠ ʮʝʥʳ ʠ ʤʘʣʦʛʦ 

ʯʠʩʣʘ ʝʸ ʛʨʘʜʘʮʠʡ ʮʝʥʘ ʧʣʦʭʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʪ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʭʦʜʘ ï 

ʧʣʦʭʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʩʧʝʨʪʦʚ ʭʦʜ ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʦʯʢʦʚ. 

ʇʦʣʥʳʡ ʧʦʨʷʜʦʢ ʥʘ ʢʘʨʪʘʭ ʠʥʜʫʮʠʨʫʝʪ ʯʘʩʪʠʯʥʳʡ ʧʦʨʷʜʦʢ ʥʘ ʧʦʟʠʮʠʷʭ  
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(x1 > x2 >é> xn) = S1 > S2 = (y1 > y2 >é> yn) ź ("i) xi Ó yi & ($j) xj > yj. 

ʎʝʥʘ ʧʦʟʠʮʠʠ ʤʦʥʦʪʦʥʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʨʷʜʢʘ: S1 > S2 Ÿ c (S1) Ó c (S2). 

ʇʦʟʠʮʠʷ ʤʘʢʩʠʤʘʣʴʥʘ ʜʣʷ ʠʛʨʦʢʘ, ʝʩʣʠ ʟʘʤʝʥʘ ʣʶʙʦʡ ʠʟ ʝʛʦ ʢʘʨʪ ʥʘ ʙʦʣʝʝ 

ʩʠʣʴʥʫʶ ʫʚʝʣʠʯʠʪ ʝʛʦ ʚʳʠʛʨʳʰ, ʠ ʤʠʥʠʤʘʣʴʥʘ, ʝʩʣʠ ʦʩʣʘʙʣʝʥʠʝ ʣʶʙʦʡ 

ʢʘʨʪʳ ʚʳʠʛʨʳʰ ʫʤʝʥʴʰʠʪ. ʇʨʠ ʵʪʦʤ ʧʦʟʠʮʠʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʷ ʦʜʥʦʛʦ 

ʠʛʨʦʢʘ, ʤʠʥʠʤʘʣʴʥʘ ʜʣʷ ʝʛʦ ʩʦʧʝʨʥʠʢʘ, ʠ ʥʘʦʙʦʨʦʪ. ɺ ʥʝʡ ʤʠʥʠʤʘʣʴʥʳʡ 

ʠʛʨʦʢ ʜʦʣʞʝʥ ʠʛʨʘʪʴ ʦʯʝʥʴ ʪʦʯʥʦ, ʯʪʦʙʳ ʥʝ ʧʦʪʝʨʷʪʴ ʦʯʢʠ, ʘ ʩʦʧʝʨʥʠʢʫ 

ʚʳʛʦʜʥʦ, ʥʝ ʪʝʨʷʷ ʦʯʢʦʚ, ʩʦʭʨʘʥʷʪʴ ʤʘʢʩʠʤʘʣʴʥʦʩʪʴ ʧʦʟʠʮʠʠ (ʣʦʚʫʰʢʠ). 

ɹʫʜʝʤ ʚʢʣʶʯʘʪʴ ʚ ʆʇ ʪʦʣʴʢʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʟʠʮʠʠ. 

2.2. ʀʛʨʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʘʚʠʣʦʤ çʙʝʡ, ʝʩʣʠ ʤʦʞʝʰʴè 

[ʌʦʢʠʥ, 1983] ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʨʘʪʝʛʠʷ ʆʊɺɽʊɸ çʙʝʡè ʠʤʝʝʪ ʥʘʤʥʦʛʦ 

ʤʝʥʴʰʝ ʠʩʢʣʶʯʝʥʠʡ, ʯʝʤ ʩʪʨʘʪʝʛʠʷ ʍʆɼɸ. ʇʨʠʯʸʤ, ʝʩʣʠ ʆʊɺɽʊ çʙʠʪèɹ 

ʩʜʝʣʘʪʴ ʧʨʘʚʠʣʦʤ ʥʦʚʦʡ ʠʛʨʳ, ʪʦ ʠʥʚʘʨʠʘʥʪʦʤ ʢʘʨʪʳ ʥʘ ʦʧʪʠʤʘʣʴʥʦʡ ʪʨʘ-

ʝʢʪʦʨʠʠ ʙʫʜʝʪ (ʧʦʢʘ ʚʦʟʤʦʞʥʦʩʪʴ ʙʠʪʴ ʠʤʝʝʪʩʷ) ʝʸ ʠʥʜʝʢʩ ï ʨʘʟʥʦʩʪʴ ʯʠ-

ʩʝʣ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʠʛʨʝ ʩʚʦʠʭ ʠ ʯʫʞʠʭ ʢʘʨʪ, ʩʪʘʨʰʠʭ ʠʣʠ ʨʘʚʥʳʭ ʵʪʦʡ 

ʢʘʨʪʝ. ʇʫʩʪʴ a = a1 a2 éan ï ʚʝʢʪʦʨ ʠʥʜʝʢʩʦʚ ʢʘʨʪ ʍʆɼʗʑɽɻʆ, b ï ʚʝʢ-

ʪʦʨ ʩʦʧʝʨʥʠʢʘ. ʃʶʙʦʡ ʠʟ ʵʪʠʭ ʚʝʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʙʝʟ ʧʦ-

ʪʝʨʴ ʧʦʟʠʮʠʶ. ʇʦʵʪʦʤʫ ʧʝʨʚʳʡ ʵʪʘʧ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʢʘʩʘʝʪʩʷ ʪʦʣʴʢʦ 

ʚʝʢʪʦʨʦʚ ʠʥʜʝʢʩʦʚ ʠʛʨʦʢʦʚ. ʀʛʨʘ ʥʘ ʚʝʢʪʦʨʝ ʩʚʦʜʠʪʩʷ ʢ ʚʳʯʸʨʢʠʚʘʥʠʶ ʠʟ 

ʥʝʛʦ ʭʦʜʷʱʝʡ ʢʦʤʧʦʥʝʥʪʳ, ʧʨʠʯʸʤ ʧʨʠ ʚʟʷʪʠʠ ʦʩʪʘʚʰʠʝʩʷ ʠʥʜʝʢʩʳ ʥʝ 

ʤʝʥʷʶʪʩʷ, ʠ ʩʣʝʜʫʶʱʠʡ ʭʦʜ ʜʝʣʘʝʪ ʩʦʧʝʨʥʠʢ, ʘ ʧʨʠ ʦʪʜʘʯʝ ï ʣʝʞʘʱʠʝ 

ʤʝʞʜʫ ʢʘʨʪʘʤʠ ʍʆɼɸ ʠ ʆʊɺɽʊɸ ʢʦʤʧʦʥʝʥʪʳ ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ 1, ʦʯʝ-

ʨʝʜʴ ʭʦʜʘ ʥʝ ʤʝʥʷʝʪʩʷ. ɸʢʪʠʚʥʳʤʠ (ʪ.ʝ. ʜʘʶʱʠʤʠ ʦʯʢʦ) ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ 

ʠʛʨʝ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʚʟʷʪʠʝʤ ʦʢʘʟʘʣʠʩʴ ʪʝ ʠʟ ʥʠʭ, ʫ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʝ 

ʠʥʜʝʢʩʘ ʙʦʣʴʰʝ. ʆʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʩʪʘʣʦ ʞʘʜʥʦʝ ʧʨʘʚʠʣʦ ï çʭʦʜʠ ʩ 

ʢʘʨʪʳ, ʠʤʝʶʱʝʡ ʤʠʥʠʤʘʣʴʥʳʡ ʠʥʜʝʢʩè (ʝʸ ʚʩʸ ʨʘʚʥʦ ʧʦʙʴʶʪ). ʏʠʩʣʦ 

ʥʘʙʠʨʘʝʤʳʭ ʦʯʢʦʚ ʚ ʧʘʨʪʠʠ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʦʯʝʨʸʜʥʦ-

ʛʦ ʚʳʯʸʨʢʠʚʘʥʠʷ ʠʟ ʚʝʢʪʦʨʘ ʠʥʜʝʢʩʦʚ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ (ʠ ʜʝʣʝʞʘ ʦʯʢʦʚ ʨʦʚʥʦ ʧʦʧʦʣʘʤ) ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʠʟ ʦʩʪʘʚʰʠʭʩʷ u ʠʥʜʝʢʩʦʚ ʥʝ ʩʪʘʥʝʪ ʨʘʚʥʳʤ +u, ʠʣʠ ʤʠʥʠʤʘʣʴʥʳʡ ʥʝ ʙʫ-

ʜʝʪ ʨʘʚʝʥ 1-u. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʢʘʨʪr ʦʜʥʦʛʦ ʠʟ ʠʛʨʦʢʦʚ ʩʪʘʨʰʝ ʚʩʝʭ 

ʢʘʨʪ ʜʨʫʛʦʛʦ, ʠ ʚʩʝ ʦʩʪʘʚʰʠʝʩʷ u ʦʯʢʦʚ ʧʦʣʫʯʠʪ ʦʥ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ:  

c ( S ) = ( n ï u ) / 2 + u Ā p ( u ), ʛʜʝ ʧʨʝʜʠʢʘʪ p( u ) ʨʘʚʝʥ 1 ʪʦʣʴʢʦ ʧʨʠ u > 0. 

2.3. ʈʦʣʴ ʚʣʘʜʝʥʠʷ ʩʪʘʨʰʝʡ ʢʘʨʪʦʡ ʚ çʠʛʨʝ ʩ ʦʪʜʘʯʘʤʠè 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʟʠʮʠʶ +011010 ʩ ʚʝʢʪʦʨʘʤʠ ʠʥʜʝʢʩʦʚ a = 0, +1, +1 ʠ 

ɓ = +1,  0, 0 ʧʨʠ ʭʦʜʝ ʩ a-ʠʥʜʝʢʩʘ 0. ʇʨʠ ʚʟʷʪʠʠ ʧʦʣʫʯʠʤ ʚʝʢʪʦʨ aǋ = +1, +1, 

ʘ ʩʦʧʝʨʥʠʢ ï ʚʝʢʪʦʨ ɓǋ = 0, 0 ʠ ʧʨʘʚʦ ʭʦʜʘ. ʇʨʠ ʣʶʙʦʤ ʝʛʦ ʭʦʜʝ ʤʳ ʙʝʨʸʤ 

ʦʯʢʦ, ʠ ʦʩʪʘʸʪʩʷ ʧʦʟʠʮʠʷ, ʦʧʠʩʘʥʥʘʷ ʚ ʢʦʥʮʝ ʧʨʝʜʳʜʫʱʝʛʦ ʧʫʥʢʪʘ: ʥʘʰʘ 

ʢʘʨʪʘ ʩʪʘʨʰʝ, ʠ ʤʳ ʧʦʣʫʯʠʤ ʝʱʸ ʦʯʢʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʯʝʨʸʜʥʦʩʪʠ ʭʦʜʘ. 

ʊ.ʝ. ʚʩʝʛʦ ʤʳ ʧʦʣʫʯʠʤ ʜʚʘ ʦʯʢʘ. ʇʨʠ ʦʪʜʘʯʝ: ʦʩʪʘʚʰʠʝʩʷ a-ʠʥʜʝʢʩʳ 
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ʫʤʝʥʴʰʘʪʩʷ, ʠ ʪʝʧʝʨʴ ʫʞʝ ʤʳ ʧʦʣʫʯʠʤ ʚʝʢʪʦʨ aǋ = 0, 0 ʠ ʧʨʘʚʦ ʭʦʜʘ (ʯʪʦ ʚ 

ʦʜʥʦʤʘʩʪʢʝ ʚʨʝʜʥʦ), ʠ ʙʦʣʴʰʝ ʦʯʢʦʚ ʤʳ ʥʝ ʧʦʣʫʯʠʤ. ʆʢʘʟʳʚʘʝʪʩʷ, ʧʦʣʫʯʝ-

ʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʦʯʢʘ ʢʦʥʪʨʦʣʠʨʫʝʪ ʪʦʪ, ʢʪʦ ʠʤʝʝʪ ʩʪʘʨʰʫʶ ʢʘʨʪʫ. ɺ ʧʦʟʠ-

ʮʠʠ +011010 ʧʝʨʚʳʝ ʜʚʘ ʦʯʢʘ ʤʳ ʧʦʜʝʣʠʣʠ ʧʦʧʦʣʘʤ, ʘ ʧʦʩʣʝʜʥʝʝ ʦʯʢʦ ʜʦ-

ʩʪʘʣʦʩʴ ʩʦʧʝʨʥʠʢʫ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʢʨʠʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʦʥ ʥʝ ʞʘʜʥʠʯʘʣ, ʘ 

ʮʝʥʦʡ ʦʪʜʘʯʠ ʩʦʭʨʘʥʠʣ ʫ ʩʝʙʷ ʩʪʘʨʰʫʶ ʢʘʨʪʫ ʠ ʧʦʣʫʯʠʣ ʧʨʠʟʦʚʦʝ ʦʯʢʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʛʨʝ ʩ ʦʪʜʘʯʘʤʠ ʚʦʟʥʠʢʘʶʪ ʜʚʝ ʮʝʣʠ ï ʙʝʨʝʯʴ ʢʘʨʪʳ ʩ 

ʙʦʣʴʰʠʤʠ ʠʥʜʝʢʩʘʤʠ ʠ ʚʣʘʜʝʪʴ ʩʪʘʨʰʝʡ ʢʘʨʪʦʡ (ʪʫʟʦʤ). ʉʪʘʨʰʘʷ ʢʘʨʪʘ 

ʪʝʨʷʝʪʩʷ, ʝʩʣʠ ʩʦʧʝʨʥʠʢ ʠʤʝʝʪ ʤʘʨʴʷʞ (ʢʦʨʦʣʷ ʠ ʜʘʤʫ, ʪ.ʝ. ʚʪʦʨʫʶ ʠ ʪʨʝ-

ʪʴʶ ʧʦ ʩʪʘʨʰʠʥʩʪʚʫ ʢʘʨʪʳ), ʠ ʭʦʜʠʪ ʢʦʨʦʣʸʤ ʧʦʜ ʪʫʟʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝ-

ʰʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʦʞʥʳʤ, ʠ ʪʨʝʙʫʝʪ ʘʥʘʣʠʟʘ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʦʪʚʝʪ 

ʙʠʪʴ ʦʢʘʟʘʣʩʷ ʚʝʨʥʳʤ ʥʘ ʚʩʝʭ ʧʦʟʠʮʠʷʭ ʦʙʫʯʘʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

2.4. ʇʨʘʚʠʣʘ ʨʝʜʫʢʮʠʠ ʜʝʨʝʚʘ ʠʛʨʳ 

ʇʨʠ ʆʊɺɽʊɽ ʚʘʨʠʘʥʪ ʙʠʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʩʝʛʜʘ, ʘ ʚʘʨʠʘʥʪ ʦʪʜʘʪʴ ï 

ʪʦʣʴʢʦ ʝʩʣʠ ʚʟʷʪʠʝ ʧʨʠʚʝʜʸʪ ʢ ʧʦʪʝʨʝ ʩʪʘʨʰʝʡ ʢʘʨʪʳ. 

ɼʣʷ ʚʘʨʠʘʥʪʦʚ ʍʆɼɸ ʩʥʘʯʘʣʘ ʦʪʙʨʘʩʳʚʘʝʤ ʦʜʠʥʦʯʝʢ ï ʢʘʨʪ, ʦʙʘ ʩʦʩʝ-

ʜʘ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʘʪ ʩʦʧʝʨʥʠʢʫ (ʵʪʦ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʘʤʦʡ ʤʣʘʜʰʝʡ 

ʢʘʨʪʝ ʍʆɼʗʑɽɻʆ, ʫ ʥʝʸ ʩʦʩʝʜʘ ʩʧʨʘʚʘ ʥʝʪ). ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʢʘʨʪ ʚʚʦʜʠʤ 

ʯʘʩʪʠʯʥʳʡ ʧʦʨʷʜʦʢ: ʢʘʨʪʘ x ʣʫʯʰʝ ʢʘʨʪʳ y, ʝʩʣʠ ʥʦʤʝʨ x ʙʦʣʴʰʝ ʥʦʤʝʨʘ y, 

ʘ ʝʸ ʠʥʜʝʢʩ ʥʝ ʙʦʣʴʰʝ ʠʥʜʝʢʩʘ ʢʘʨʪʳ y (ʧʨʠʥʮʠʧ ʇʘʨʝʪʦ). ʇʨʠ ʵʪʦʤ ʚ 

ʛʨʫʧʧʝ ʠʜʫʱʠʭ ʧʦʜʨʷʜ ʢʘʨʪ ʦʜʥʦʛʦ ʠʛʨʦʢʘ ʣʫʯʰʝʡ ʦʢʘʞʝʪʩʷ ʩʘʤʘʷ ʣʝʚʘʷ: ʠ 

ʥʦʤʝʨ ʫ ʥʝʸ ʙʦʣʴʰʝ, ʠ ʠʥʜʝʢʩ ʤʝʥʴʰʝ. ʆʪʙʨʦʩʠʤ ʚʩʝ ʢʘʨʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʝʩʪʴ ʢʘʨʪʘ ʣʫʯʰʝ, ʠ ʭʦʜ ʩ ʪʫʟʘ, ʝʩʣʠ ʦʩʪʘʣʠʩʴ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʍʆɼɸ. 

ʇʨʘʚʠʣʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʦʧʪʠʤʘʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʢʘʢ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʨʦʛʦ ʜʦʢʘʟʘʥʳ. 

2.5. ʇʨʠʤʝʨ: ʨʝʜʫʮʠʨʦʚʘʥʥʦʝ ʜʝʨʝʚʦ ʠʛʨʳ ʧʦʟʠʮʠʠ +011001100011 

ɿʥʘʢ ? ʧʦʜ ʧʦʟʠʮʠʝʡ ʦʪʤʝʯʘʝʪ ʦʩʪʘʶʱʠʝʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʳ ʭʦʜʘ, 

ʟʥʘʢ ʧʦʜʯʸʨʢʠʚʘʥʠʷ ï ʩʜʝʣʘʥʥʳʡ ʍʆɼ ʚ ʧʦʟʠʮʠʠ ʧʝʨʝʜ ʆʊɺɽʊʆʄ, ʮʠʬ-

ʨʳ ʚʥʠʟʫ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʭʦʜʦʚ ʚ ʠʛʨʝ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʩʪʘʚʰʠʤʩʷ 

ʚʘʨʠʘʥʪʦʤ ʭʦʜʘ. ɾʠʨʥʳʝ ʣʠʥʠʠ ʦʪʤʝʯʘʶʪ ʣʫʯʰʠʡ ʭʦʜ (ʨʠʩ. 3). 

ɺʝʣʠʯʠʥʘ f ï ʦʮʝʥʢʘ ʚʳʠʛʨʳʰʘ ʠʛʨʦʢʘ 1 ï ʨʘʚʥʘ: ʘ) ʜʣʷ ʚʠʩʷʯʠʭ ʚʝʨ-

ʰʠʥ ʜʝʨʝʚʘ ï ʩʫʤʤʝ ʦʯʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʫʪʠ ʠʟ ʢʦʨʥʷ ʚ ʧʦʟʠʮʠʶ, ʠ 

ʦʯʢʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʨʦʟʳʛʨʳʰʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʤʝʨʘʤʠ ʝʜʠʥ-

ʩʪʚʝʥʥʳʭ ʭʦʜʦʚ ʧʦʜ ʧʦʟʠʮʠʝʡ; ʙ) ʜʣʷ ʥʝʚʠʩʷʯʠʭ ʚʝʨʰʠʥ ï ʤʘʢʩʠʤʫʤ (ʜʣʷ 

ʟʥʘʢʘ +) ʠʣʠ ʤʠʥʠʤʫʤ (ʜʣʷ ʟʥʘʢʘ ï) ʠʟ ʟʥʘʯʝʥʠʡ f ʜʦʯʝʨʥʠʭ ʧʦʟʠʮʠʡ. 

ʆʪʚʝʪ ʙʠʪʴ ʚ ʧʦʟʠʮʠʠ +1001100011 ʦʪʙʨʦʩʠʤ (a-b ʦʪʩʝʯʝʥʠʝ) ï ʦʥ ʥʝ 

ʠʟʤʝʥʠʪ ʦʮʝʥʢʫ ʠ ʚʳʙʦʨ ʭʦʜʘ ʚ ʢʦʨʥʝ ʜʝʨʝʚʘ. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʣʥʦʝ ʜʝʨʝʚʦ 

ʠʛʨʳ ʠʤʝʝʪ (6!)
2
 å500 000 ʚʠʩʷʯʠʭ ʚʝʨʰʠʥ, ʘ ʧʦʩʪʨʦʝʥʥʦʝ ʥʘʤʠ ï ʪʦʣʴʢʦ 3. 

ɸʥʘʣʠʟ ʜʝʨʝʚʘ ʪʘʢʦʛʦ ʨʘʟʤʝʨʘ ʫʞʝ ʥʝ ʪʨʝʙʫʝʪ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ.  
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ʈʠʩ. 3. ʈʝʜʫʮʠʨʦʚʘʥʥʦʝ ʜʝʨʝʚʦ ʠʛʨʳ ʧʦʟʠʮʠʠ +011001100011 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʥʘʩ ʠʥʪʝʨʝʩʦʚʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʯʝ-

ʣʦʚʝʢʫ ʵʬʬʝʢʪʠʚʥʦ ʠʛʨʘʪʴ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʘ ʚʦ ʚʨʝʤʷ 

ʠʛʨʳ, ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʥʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʢ ʠʛʨʝ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ 

ʩʠʩʪʝʤʳ ʢʘʨʪ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʚʳʜʝʣʝʥʠʷ ʠʥʚʘʨʠʘʥʪʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʝʢʦʤʧʦʟʠʮʠʶ ʟʘʜʘʯ ʠ ʧʦʥʠʤʘʪʴ ʣʦʛʠʢʫ ʠʭ ʨʝ-

ʰʝʥʠʷ. ʄʳ ʫʤʳʰʣʝʥʥʦ ʥʝ ʧʨʠʚʦʜʠʤ ʪʦʯʥʳʡ ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʧʦʟʠʮʠʡ 

ʦʜʥʦʤʘʩʪʢʠ [ʌʦʢʠʥ, 1983]. ɽʤʫ ʜʝʨʝʚʦ ʠʛʨʳ ʥʝ ʥʫʞʥʦ. ɺ ʨʝʘʣʴʥʦʡ ʠʛʨʝ ʩ 

ʨʝʘʣʴʥʳʤ ʩʦʧʝʨʥʠʢʦʤ ʚʦʟʤʦʞʥʳ ʩʣʫʯʘʡʥʳʝ ʦʰʠʙʢʠ, ʠ ʩʚʦʠ ʦʰʠʙʢʠ ʥʘʜʦ 

ʧʨʝʜʫʧʨʝʞʜʘʪʴ, ʘ ʦʰʠʙʢʠ ʩʦʧʝʨʥʠʢʘ, ʥʘʦʙʦʨʦʪ, ʧʨʦʚʦʮʠʨʦʚʘʪʴ. ɼʣʷ ʵʪʦʛʦ 

ʜʝʨʝʚʦ ʠʛʨʳ ʜʦʣʞʥʦ ʙʳʪʴ, ʥʦ ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ ʣʠʰʴ ʫʟʣʦʚʳʝ ʤʦʤʝʥʪʳ 

ʘʥʘʣʠʟʘ, ʯʪʦʙʳ ʙʳʪʴ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʧʨʘʢʪʠʯʝʩʢʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[ɹʨʫʜʥʦ ʠ ʜʨ., 1965] ɹʨʫʜʥʦ ɸ.ʃ., ʃʘʥʜʘʫ ʀ.ʗ. ʆʜʥʦʤʘʩʪʢʘ (ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʠʛʨʦʚʦʡ ʟʘʜʘʯʠ) // ʇʨʦʙʣʝʤʳ ʢʠʙʝʨʥʝʪʠʢʠ. 1965. ˉ 13. 

[ʂʦʨʤʝʥ ʠ ʜʨ., 2001] ʂʦʨʤʝʥ ʊ., ʃʝʡʟʝʨʩʦʥ ʏ., ʈʠʚʝʩʪ ʈ. ɸʣʛʦʨʠʪʤʳ: ʧʦʩʪʨʦʝʥʠʝ 

ʠ ʘʥʘʣʠʟ. ï ʄ.: ʄʎʅʄʆ, 2001. 

[ʈʘʩʩʝʣ ʠ ʜʨ., 2006] ʈʘʩʩʝʣ ʉ., ʅʦʨʚʠʛ ʇ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ: ʩʦʚʨʝʤʝʥʥʳʡ 

ʧʦʜʭʦʜ. 2-ʝ ʠʟʜ. ï ʄ.: ɺʠʣʴʷʤʩ, 2006.  

[ʌʦʢʠʥ, 1983] ʌʦʢʠʥ ɺ.ɻ. ʆʙ ʦʜʥʦʤ ʤʝʪʦʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʵʚʨʠʩʪʠʢ 

//ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ï ʗʨʦʩʣʘʚʣʴ: ʗʨɻʋ, 1983. 

[ʌʦʢʠʥ, 2013] ʌʦʢʠʥ ɺ.ɻ. ʊʨʝʥʘʞʸʨʳ ʧʦ ʤʘʪʝʤʘʪʠʢʝ: ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʝʨ-

ʩʧʝʢʪʠʚʳ//ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ: 

ʄʘʪʝʨʠʘʣʳ XII  ʄʝʞʚʫʟ. ʥʘʫʯ.-ʤʝʪʦʜ. ʢʦʥʬ. ï ʗʨʦʩʣʘʚʣʴ: ʗʨɻʋ, 2013. 

[ʎʚʝʪʢʦʚʠʯ ʠ ʜʨ., 1984] ʎʚʝʪʢʦʚʠʯ ɼ., ɼʫʙ ʄ., ɿʘʭʩ ʍ. ʉʧʝʢʪʨʳ ʛʨʘʬʦʚ. ʊʝʦʨʠʷ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ï ʂʠʝʚ: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1984.  
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ʋɼʂ 004.8  

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅɸʗ ʉʀʉʊɽʄɸ  

ɼʃʗ ʆɹʅɸʈʋɾɽʅʀʗ ɿɸʂʆʅʆʄɽʈʅʆʉʊɽʁ  

ɺ ɻɸʉʊʈʆʕʅʊɽʈʆʃʆɻʀʏɽʉʂʀʍ ɼɸʅʅʓʍ 

ʆ.ʇ. ʐʝʩʪʝʨʥʠʢʦʚʘ (oshesternikova@gmail.com) 

ʆʆʆ çʇʨʦʛʪʝʢè, ʄʦʩʢʚʘ  

ɽ.ʉ. ʇʘʥʢʨʘʪʦʚʘ (elena_pankr@inbox.ru)  

ʌʀʎ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝè ʈɸʅ, ʄʦʩʢʚʘ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʛʫʣʷʨʥʦʩʪʝʡ (ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʢʦ-

ʥʦʚ) ʚ ʨʘʩʰʠʨʷʶʱʠʭʩʷ ʙʘʟʘʭ ʬʘʢʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʀʉ-

ɼʉʄ), ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʨʘʟʚʠʪʠʝ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ ʫ ʙʦʣʴʥʳʭ 

ʭʨʦʥʠʯʝʩʢʠʤ ʧʘʥʢʨʝʘʪʠʪʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʉʄ-ʤʝʪʦʜ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʵʤʧʠʨʠ-

ʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ, ʭʨʦʥʠʯʝʩʢʠʡ ʧʘʥʢʨʝʘʪʠʪ 

ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ɼʉʄ-ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʧʦʜʜʝʨʞʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ [ʐʝʩʪʝʨʥʠʢʦʚʘ ʠ ʜʨ., 2015] (ʀʉ-ɼʉʄ), ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʛʘʩʪʨʦʵʥʪʝʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʆʥʘ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ ʫ ʙʦʣʴ-

ʥʳʭ ʭʨʦʥʠʯʝʩʢʠʤ ʧʘʥʢʨʝʘʪʠʪʦʤ. 

ʀʉ-ɼʉʄ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʘʨʭʠʪʝʢʪʫʨʫ: (ʙʘʟʘ ʬʘʢʪʦʚ (ɹʌ) ʠ ʙʘʟʘ 

ʟʥʘʥʠʡ (ɹɿ))+ʈʝʰʘʪʝʣʴ ʟʘʜʘʯ+ʢʦʤʬʦʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʛʜʝ ʨʝʰʘʪʝʣʴ ʟʘʜʘʯ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ɼʉʄ-ʨʘʩʩʫʞʜʝʥʠʝ ʠ ɼʉʄ-ʠʩʩʣʝʜʦʚʘʥʠʝ. 

ɼʉʄ-ʨʘʩʩʫʞʜʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʠʪʝʨʘʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣ ʠʥ-

ʜʫʢʪʠʚʥʦʛʦ ʚʳʚʦʜʘ ʜʣʷ ʧʦʨʦʞʜʝʥʠʷ ʛʠʧʦʪʝʟ ʦ (Ñ)-ʧʨʠʯʠʥʘʭ ʠʟʫʯʘʝʤʦʛʦ 

ʵʬʬʝʢʪʘ (ʨʘʟʚʠʪʠʷ  ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ ʠʣʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʷ) ʠ ʧʨʘʚʠʣ ʚʳʚʦ-

ʜʘ ʧʦ ʘʥʘʣʦʛʠʠ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʬʬʝʢʪʦʚ. ɼʉʄ-

ʨʘʩʩʫʞʜʝʥʠʝ ʧʦʤʠʤʦ ʧʨʘʚʠʣ ʧʨʘʚʜʦʧʦʜʦʙʥʦʛʦ ʚʳʚʦʜʘ ʜʣʷ ʠʥʜʫʢʮʠʠ ʠ 

ʘʥʘʣʦʛʠʠ ʩʦʜʝʨʞʠʪ ʧʨʦʮʝʜʫʨʫ ʘʙʜʫʢʪʠʚʥʦʛʦ ʧʨʠʥʷʪʠʷ ʧʦʨʦʞʜʝʥʥʳʭ ʛʠ-

ʧʦʪʝʟ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʘʢʩʠʦʤʘʭ ʢʘʫʟʘʣʴʥʦʡ ʧʦʣʥʦʪʳ ɸʂʇ
ů
 ʠ ʠʭ ʦʩʣʘʙʣʝ-

ʥʠʷʭ s$, ʛʜʝ { },sÍ + - [ʐʝʩʪʝʨʥʠʢʦʚʘ ʠ ʜʨ., 2015]. 

mailto:oshesternikova@gmail.com
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ɼʉʄ-ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʚʣʦʞʝʥ-

ʥʳʭ ʙʘʟ ʬʘʢʪʦʚ (ɹʌ, ʛʜʝ ɹʌ = ɹʌ
+
Çɹʌ

ï
Çɹʌ

Ű
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ Ñ-

ʬʘʢʪʦʚ ʠ Ű-ʬʘʢʪʦʚ (ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ) [ʐʝʩʪʝʨʥʠʢʦʚʘ ʠ ʜʨ., 2015]) ʠ 

ʨʝʘʣʠʟʫʝʪ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʦʭʨʘʥʝʥʠʷ ʪʠʧʦʚ ʠʩʪʠʥʥʦʩʪʥʳʭ ʟʥʘʯʝʥʠʡ (ʬʘʢ-

ʪʠʯʝʩʢʠ ʠʩʪʠʥʥʦ: ç1è ʠ ʬʘʢʪʠʯʝʩʢʠ ʣʦʞʥʦ: çï1è), ʪ.ʝ. ʦʙʥʘʨʫʞʠʚʘʝʪ ʵʤ-

ʧʠʨʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ (ʕɿʂ). 

ɺ ʩʦʟʜʘʥʥʦʡ ʀʉ-ɼʉʄ ʚʧʝʨʚʳʝ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʵʪʘʧ ɼʉʄ-

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʠʩʪʝʤʘ ʦʙʥʘʨʫʞʠʚʘʝʪ ʕɿʂ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʬʬʝʢʪʘ ʨʘʟʚʠ-

ʪʠʷ ʩʘʭʘʨʥʦʛʦ ʫ  ʙʦʣʴʥʳʭ ʭʨʦʥʠʯʝʩʢʠʤ ʧʘʥʢʨʝʘʪʠʪʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ 

ʧʨʝʜʠʢʘʪʦʚ 1L
s(Z,W) ʠ 2L

s(V,W) ( { },sÍ + -) ʩʦʭʨʘʥʝʥʠʷ ʠʩʪʠʥʥʦʩʪʥʳʭ 

ʟʥʘʯʝʥʠʡ (+1, -1) ʜʣʷ ʛʠʧʦʪʝʟ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʧʨʠʯʠʥʳ ʵʬʬʝʢʪʦʚ (ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʝ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ, ʥʝʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ), ʠ 

ʛʠʧʦʪʝʟ, ʨʝʘʣʠʟʫʶʱʠʭ ʧʨʝʜʩʢʘʟʘʥʠʝ. ʕʪʠ ʧʨʝʜʠʢʘʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʬʫʥʢʮʠʡ 
1

s
x  ʠ 

2

s
x , ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʭʨʘʥʝʥʠʝ ʠʩʪʠʥʥʦʩʪ-

ʥʳʭ ʟʥʘʯʝʥʠʡ. ʀʪʦʛʦʚʳʡ ʧʨʝʜʠʢʘʪ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʢʦ-

ʥʦʚ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʢʘʢ 1,2L
s (V, Z,W) ᵶ 1L

s(Z,W) & 2L
s(V,W) & (VËZ), 

ʛʜʝ { },sÍ + -[ʐʝʩʪʝʨʥʠʢʦʚʘ ʠ ʜʨ., 2015]. 

ʇʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɿʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ 

ʧʘʥʢʨʝʘʪʦʛʝʥʥʦʛʦ ʛʝʥʝʟʘ (ʠʣʠ ʜʠʘʙʝʪʘ 3-ʛʦ ʪʠʧʘ). ɼʠʘʙʝʪ ʵʪʦʛʦ ʪʠʧʘ ʨʘʟ-

ʚʠʚʘʝʪʩʷ ʧʨʠ ʦʩʣʦʞʥʝʥʥʦʤ ʪʝʯʝʥʠʠ ʭʨʦʥʠʯʝʩʢʦʛʦ ʧʘʥʢʨʝʘʪʠʪʘ ʠ ʠʤʝʝʪ 

ʦʪʣʠʯʠʷ ʦʪ ʜʠʘʙʝʪʘ 1-ʛʦ ʠ 2-ʛʦ ʪʠʧʦʚ. ɺ ʠʩʭʦʜʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʩʦʩʪʘʚ-

ʣʝʥʥʳʡ ʚ ʇʝʨʚʦʤ ʛʘʩʪʨʦʵʥʪʝʨʦʣʦʛʠʯʝʩʢʦʤ ʦʪʜʝʣʝʥʠʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʅʀʀ 

ʛʘʩʪʨʦʵʥʪʝʨʦʣʦʛʠʠ ɼʝʧʘʨʪʘʤʝʥʪʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʛ. ʄʦʩʢʚʳ, ʚʦʰʣʠ ʩʚʝ-

ʜʝʥʠʷ ʦ ʙʦʣʴʥʳʭ, ʫ ʢʦʪʦʨʳʭ ʧʦʩʪʘʚʣʝʥʳ ʜʠʘʛʥʦʟʳ ʜʠʘʙʝʪ ʧʘʥʢʨʝʘʪʦʛʝʥʥʦ-

ʛʦ ʛʝʥʝʟʘ (3-ʛʦ ʪʠʧʘ), ʜʠʘʙʝʪ 2-ʦʛʦ ʪʠʧʘ ʠ ʩʚʝʜʝʥʠʷ ʦ ʙʦʣʴʥʳʭ, ʫ ʢʦʪʦʨʳʭ 

ʜʠʘʙʝʪ ʥʝ ʙʳʣ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ. 

ʕʪʘ ʟʘʜʘʯʘ ʦʪʚʝʯʘʝʪ ʫʩʣʦʚʠʷʤ ʧʨʠʤʝʥʠʤʦʩʪʠ ɼʉʄ-ʤʝʪʦʜʘ. 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʩʭʦʜʩʪʚʘ ʬʘʢʪʦʚ ʠʟ ɹʌ; 

¶ ʥʘʣʠʯʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ (Ñ)-ʧʨʠʤʝʨʦʚ ʚ ɹʌ; 

¶ ʥʘʣʠʯʠʝ ʚ ɹʌ ʥʝʷʚʥʦ ʟʘʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥ-

ʥʦʛʦ ʪʠʧʘ ((Ñ)-ʧʨʠʯʠʥʳ ʠʟʫʯʘʝʤʳʭ ʵʬʬʝʢʪʦʚ). 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʧʦʧʦʣʥʷʣʩʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʠ-

ʤʝʥʠʪʴ ʥʦʚʳʝ ʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʣʦʞʝʥʥʳʭ ʙʘʟ ʬʘʢʪʦʚ (ɹʌ) ʚ ʯʘ-

ʩʪʠ ʘʥʘʣʠʟʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ï ʨʝʛʫʣʷʨʥʦʩʪʝʡ, ʩʦʭʨʘʥʷʶ-

ʱʠʭʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʚʣʦʞʝʥʥʳʭ ʙʘʟ ʬʘʢʪʦʚ. ɼʣʷ ʠʩʭʦʜʥʦʛʦ ʤʘʩ-

ʩʠʚʘ ɹʌ0,0 ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʜʚʘ ʨʘʩʰʠʨʝʥʠʷ ɹʌ0,1 ʠ ɹʌ0,2. 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʳʚʘʶʪ ʜʚʫʭ ʪʠʧʦʚ: ʵʤ-

ʧʠʨʠʯʝʩʢʠʝ ʪʝʥʜʝʥʮʠʠ ʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʢʦʥʳ [ʌʠʥʥ, 2008]. ɺ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʩʪʨʦʛʠʝ ʠʟ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ï 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʢʦʥʳ.  

ʉʦʟʜʘʥʠʝ ʙʳʟʳ ʬʘʢʪʦʚ 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʠ 

ʩʦʟʜʘʥʠʝ ɹʌ - ʦʜʥʦʡ ʠʟ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʀʉ-ɼʉʄ. ɸʪʨʠʙʫʪʘʤʠ ʵʪʦʡ ɹʌ 

ʷʚʣʷʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʙʦʣʴʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʢʘʨʪʘʭ ʠ 

ʦʧʠʩʘʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʷʟʳʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ.  

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ɼʉʄ-ʤʝʪʦʜʘ ʢ ʨʝʰʝʥʠʶ ʢʦʥʢʨʝʪʥʦʡ ʟʘ-

ʜʘʯʠ ʧʨʦʚʦʜʠʪʩʷ ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʩ ʵʢʩʧʝʨʪʘʤʠ-ʚʨʘʯʘʤʠ. ɺʨʘʯ ʧʝʨʝʯʠʩ-

ʣʷʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʨʠʟʥʘʢʠ ʦʧʠʩʘʥʠʷ ʙʦʣʴʥʦʛʦ ʠʣʠ ʦʧʠʩʘʥʠʷ ʢʦʥʢʨʝʪ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʙʦʣʴʥʦʛʦ, ʧʦ ʢʦʪʦʨʳʤ ʥʘʜʦ ʩʜʝʣʘʪʴ ʧʨʦʛʥʦʟ ʥʘʣʠʯʠʷ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ɿʘʜʘʯʘ ʚʨʘʯʘ ï ʧʨʝʜʩʪʘʚʠʪʴ ʜʦʩʪʘ-

ʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʪʠʧʘ ʚ 

ʪʝʨʤʠʥʦʣʦʛʠʠ ɼʉʄ-ʤʝʪʦʜʘ, ʘ ʪʘʢʞʝ ʥʝ ʧʨʦʧʫʩʪʠʪʴ ʟʥʘʯʠʤʳʭ ʜʣʷ ʜʠʘʛʥʦ-

ʟʘ ʧʨʠʟʥʘʢʦʚ. ɿʘʜʘʯʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʠʩʪʝʤʳ ï ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʵʪʠ ʧʨʠ-

ʟʥʘʢʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢ ʥʠʤ ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʦʧʝʨʘʮʠʶ 

ʩʭʦʜʩʪʚʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʪʥʦʰʝʥʠʝ ʚʣʦʞʝʥʠʷ. 

ɼʣʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ ʧʘʥʢʨʝʘʪʦʛʝʥʥʦʛʦ ʛʝ-

ʥʝʟʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʠʟʥʘʢʠ-ʘʪʨʠʙʫʪʳ: ʚʦʟʨʘʩʪ ʙʦʣʴʥʦʛʦ, 

ʠʥʜʝʢʩ ʤʘʩʩʳ ʪʝʣʘ, ʚʨʝʜʥʳʝ ʧʨʠʚʳʯʢʠ (ʘʣʢʦʛʦʣʴ ʠ ʪʘʙʘʢʦʢʫʨʝʥʠʝ), ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʘʣʠʯʠʝ ʭʨʦʥʠʯʝʩʢʦʛʦ ʢʘʣʴʮʠʬʠʮʠʨʫʶʱʝʛʦ ʧʘʥ-

ʢʨʝʘʪʠʪʘ, ʚʠʨʩʫʥʛʦʣʠʪʠʘʟʘ, ʧʘʥʢʨʝʘʪʠʯʝʩʢʘʷ ʛʠʧʝʨʪʝʥʟʠʷ, ʨʝʟʝʢʮʠʦʥʥʳʝ 

ʠʣʠ ʜʨʝʥʠʨʫʶʱʠʝ ʦʧʝʨʘʮʠʠ ʚ ʘʥʘʤʥʝʟʝ,  ʧʘʥʢʨʝʦʥʝʢʨʦʟʳ ʚ ʘʥʘʤʥʝʟʝ, ʛʣʠ-

ʢʝʤʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ, ʫʨʦʚʝʥʴ ʩ-ʧʝʧʪʠʜʘ, ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʦʜʞʝʣʫ-

ʜʦʯʥʦʡ ʞʝʣʝʟʳ,  ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʴʥʳʭ ʛʦʨʤʦʥʦʚ ʚ ʧʝʨʠ-

ʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ (ɻʀʇ, ɺʀʇ, ʩʦʤʘʪʦʩʪʘʪʠʥ, ʩʝʢʨʝʪʠʥ, ʛʘʩʪʨʠʥ), ʥʘʣʠʯʠʝ 

ʨʘʟʚʸʨʥʫʪʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ ʠ ʪ.ʜ.  (ʚʩʝʛʦ 39 ʧʨʠ-

ʟʥʘʢʦʚ). ɺ ɹʌ ʚʳʧʦʣʥʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ ʜʘʥʥʳʭ. 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʀʉ-ɼʉʄ ʢ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʝ ʥʝʦʙʭʦ-

ʜʠʤʘ ʥʘʩʪʨʦʡʢʘ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ, ʚʢʣʶʯʘʶʱʘʷ ʩʣʝʜʫʶʱʝʝ: 

1. ʨʘʟʨʘʙʦʪʢʘ ʷʟʳʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ; 

2. ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ çʦʙʲʝʢʪè ʠ çʩʚʦʡʩʪʚʦè ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ ɼʉʄ-

ʤʝʪʦʜʘ; 

3. ʟʘʜʘʥʠʝ ʦʧʝʨʘʮʠʠ ʩʭʦʜʩʪʚʘ; 

4. ʟʘʜʘʥʠʝ ʦʪʥʦʰʝʥʠʷ ʚʣʦʞʝʥʠʷ. 
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(1) ʈʘʟʨʘʙʦʪʢʘ ʷʟʳʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʚʠʩʠʪ 

ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʦʙʩʣʝʜʦʚʘʥʠʡ ʙʦʣʴʥʦʛʦ.  

ɸʥʘʣʠʟʠʨʫʷ ʵʪʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʬʘʢʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʚ ɹʌ, ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ [ʇʘʥʢʨʘʪʦʚʘ ʜʨ., 2011] ʚʳʙʠʨʘʝʪʩʷ ʦʜʠʥ ʪʠʧ 

ʜʘʥʥʳʭ: ʫʢʘʟʳʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʭ ʩʧʠʩʢʦʤ. 

El
(1) 

= Ati,   iÍ{1, é, n}, n ï ʯʠʩʣʦ ʧʨʠʟʥʘʢʦʚ ʚ ʩʧʠʩʢʝ. 

ʇʨʠʤʝʨ. 

ʈʝʟʝʢʮʠʦʥʥʳʝ ʦʧʝʨʘʮʠʠ ʚ ʘʥʘʤʥʝʟʝ: 

At1 ï ɻʇɼʈ, At2 ï ʇɼʈ, At3 ï ʜʠʩʪʘʣʴʥʘʷ ʨʝʟʝʢʮʠʷ, At4 ï ʦʧʝʨʘʮʠʷ ʧʦ ɹʝʛʝʨʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʩʦʟʜʘʥ ʷʟʳʢ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ, 

ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʳ ʚʚʦʜʘ ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʣʫʯʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʩʪʦʨʠʝʡ ʙʦʣʝʟʥʠ ʧʘʮʠʝʥʪʦʚ. ʌʦʨ-

ʤʘ ʚʚʦʜʘ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ ʦʯʝʥʴ ʫʜʦʙʥʘ ʜʣʷ ʚʨʘʯʘ. ʄʦʞʥʦ ʧʨʦʩʤʘʪ-

ʨʠʚʘʪʴ ɹʌ, ʜʦʙʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʙʦʣʝʚʘʥʠʠ  ʧʦ ʤʝʨʝ ʝʝ ʧʦʣʫʯʝʥʠʷ, 

ʚʢʣʶʯʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʟ-

ʤʦʞʥʦ ʥʘʧʦʣʥʝʥʠʝ ɹɿ ʥʦʚʳʤʠ ʪʝʨʤʠʥʘʤʠ ʠ ʧʦʥʷʪʠʷʤʠ. 

(2) ʆʧʨʝʜʝʣʝʥʠʝ çʦʙʲʝʢʪʘè ʠ çʩʚʦʡʩʪʚʦè ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ ɼʉʄ-ʤʝʪʦʜʘ 

ɺ ʥʘʰʝʡ ʟʘʜʘʯʝ ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʥʘʙʦʨ ʠʟ 39 

ʢʣʠʥʠʯʝʩʢʠʭ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʉʚʦʡʩʪʚʦ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʜʥʦ ï ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ ʧʘʥʢʨʝʘʪʦʛʝʥʥʦʛʦ ʛʝʥʝʟʘ.  

ʆi = <El1,é., El39>. 

ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʵʪʦʛʦ ʢʦʨʪʝʞʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʟʥʘʢʫ. 

(3) ɿʘʜʘʥʠʝ ʦʧʝʨʘʮʠʠ ʩʭʦʜʩʪʚʘ 

ʆʧʝʨʘʮʠʷ ʩʭʦʜʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʵʣʝʤʝʥʪʥʦ. 

Oô = <Elô1, é, Elô39>, 

Oò = < Elò1, é , Elò39>, 

Oô Æ Oò = < Elô1 Æ Elò1, é, Elô39 Æ Elò39>. 

ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʪʠʧʘ ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʤ ʦʧʝʨʘʮʠʠ ʩʭʦʜʩʪʚʘ  ʷʚʣʷʝʪʩʷ 

ʩʦʚʧʘʜʝʥʠʝ ʧʨʠʟʥʘʢʦʚ.  

Elô
(1) 

= Ati,  Elò
(1)

 = Ati,
 

Elô
(1) 
Æ Elò

(1) 
= 

, ,

.

i i jAt ʝʩʣʠ At At

ʠʥʘʯʝ

=ë
ì

Lí
 

(4) ʆʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʚʣʦʞʝʥʠʷ 

ʆʪʥʦʰʝʥʠʝ ʚʣʦʞʝʥʠʷ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʵʣʝʤʝʥʪʥʦ: 

Oô = <Elô1, é, Elôn>, 

Oò = <Elò1, é, Elòn>, 

OôÌOò ᵶ Elô1ÌElò1 &é&Elô31ÌElòn. 



 

 

400 

ʆʪʥʦʰʝʥʠʝ ʚʣʦʞʝʥʠʷ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʨʘʚʥʦʩʠʣʴʥʦ ʩʦʚʧʘʜʝʥʠʶ ʟʥʘʯʝ-

ʥʠʡ ʘʪʨʠʙʫʪʦʚ 

Elô
(1) 

= Ati,   Elò
(1) 

= Ati,
 

Elô
(1) 
Ì Elò

(1) ᵶ Ati =L V Ati= Atj. 

ʈʝʘʣʠʟʘʮʠʷ ʀʉ-ɼʉʄ 

ʀʉ-ɼʉʄ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# 5.0 ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʬʦʨʤʳ .Net Framework 4.5 ʠ ʪʝʭʥʦʣʦʛʠʠ WPF ʠ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʩʪʦʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ.  

ʇʨʠʣʦʞʝʥʠʝ ʨʝʘʣʠʟʫʝʪ ʦʩʥʦʚʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʯʘʩʪʠ ʀʉ: ʨʝʰʘʪʝʣʴ ʟʘ-

ʜʘʯ, ʙʘʟʫ ʬʘʢʪʦʚ (ɹʌ)+ʙʘʟʫ ʟʥʘʥʠʡ (ɹɿ), ʠʥʪʝʨʬʝʡʩ. ʈʝʰʘʪʝʣʴ ʠ ʠʥʪʝʨ-

ʬʝʡʩ ʷʚʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʤʦʜʫʣʷʤʠ (ʩʙʦʨʢʘʤʠ). ɹʌ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʘʡʣ ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʬʦʨʤʘʪʝ. ɹɿ 

ʩʦʟʜʘʝʪʩʷ ʚ ʧʘʤʷʪʠ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ (ʚ ʨʝʞʠʤʝ run-time), ʥʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʘ ʚ ʬʘʡʣ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʛʨʫʟʢʠ, ʧʨʦʩʤʦʪʨʘ ʠ 

ʘʥʘʣʠʟʘ. ʂʨʦʤʝ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ, ʚ ʩʠʩʪʝʤʫ ʙʳʣ ʜʦʙʘʚʣʝʥ ʦʪʜʝʣʴʥʳʡ ʤʦ-

ʜʫʣʴ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʠʧʦʪʝʟʘʤʠ ʦ ʧʨʝʜʩʢʘʟʘʥʠʷʭ ʠ ʛʠʧʦʪʝʟʘʤʠ ʦ ʧʨʠʯʠʥʘʭ, 

ʚʢʣʶʯʘʶʱʠʡ ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʘʥʘʣʠʟʘ ʕɿʂ, ʦʧʠʩʘʥʥʳʝ ʚ [ʌʠʥʥ, 2008]. 

ʍʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘʧʦʤʥʠʤ, ʯʪʦ (+)-ʧʨʠʤʝʨʘʤʠ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʷʚʣʷʣʠʩʴ ʧʘʮʠ-

ʝʥʪʳ, ʫ ʢʦʪʦʨʳʭ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʜʠʘʛʥʦʟ ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ ʧʘʥʢʨʝʘʪʦʛʝʥʥʦ-

ʛʦ ʛʝʥʝʟʘ. (ï)-ʧʨʠʤʝʨʘʤʠ ï ʧʘʮʠʝʥʪʳ, ʫ ʢʦʪʦʨʳʭ ʥʝ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʜʠʘʛʥʦʟ 

ʜʠʘʙʝʪ ʠʣʠ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʜʠʘʛʥʦʟ ʜʠʘʙʝʪ ʥʝʧʘʥʢʨʝʘʪʦʛʝʥʥʦʛʦ ʛʝʥʝʟʘ. 

ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʘʩʰʠʨʝʥʠʷ ʙʘʟʳ ʬʘʢ-

ʪʦʚ ɹʌ0,0 Ì ɹʌ0,1 Ìɹʌ0,2.  

ɹʌ0,0 ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ 81 ʙʦʣʴʥʦʛʦ, ʠʟ ʥʠʭ 20 ʙʳʣʠ (+)-

ʧʨʠʤʝʨʘʤʠ, ʘ 61 ï (ï)-ʧʨʠʤʝʨʘʤʠ. ʅʘ ʧʨʦʛʥʦʟ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ 

ʦ 10 ʙʦʣʴʥʳʭ. 

ɹʌ0,1 ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ 123 ʙʦʣʴʥʳʭ (ʢ ʦʙʫʯʘʶʱʝʡ ʚʳ-

ʙʦʨʢʝ ʠʟ 81 ʙʦʣʴʥʦʛʦ ʙʳʣʠ ʧʨʠʩʦʝʜʠʥʝʥʳ ʜʘʥʥʳʝ ʦ 42. ʀʟ ʥʠʭ 33 ʙʳʣʠ 

(+)-ʧʨʠʤʝʨʘʤʠ, ʘ 90 ï (ï)-ʧʨʠʤʝʨʘʤʠ. ʅʘ ʧʨʦʛʥʦʟ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥ-

ʥʳʝ ʦ ʪʝʭ ʞʝ 10 ʙʦʣʴʥʳʭ.  

ɹʌ0,2 ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ 155 ʙʦʣʴʥʳʭ (ʢ ʦʙʫʯʘʶʱʝʡ ʚʳ-

ʙʦʨʢʝ ʠʟ 123 ʙʦʣʴʥʳʭ ʙʳʣʠ ʧʨʠʩʦʝʜʠʥʝʥʳ ʜʘʥʥʳʝ ʦ 32 ʙʦʣʴʥʳʭ. ʀʟ ʥʠʭ 

38 ʙʳʣʠ (+)-ʧʨʠʤʝʨʘʤʠ, ʘ 115 ï (ï)-ʧʨʠʤʝʨʘʤʠ. ʅʘ ʧʨʦʛʥʦʟ ʙʳʣʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʪʝʭ ʞʝ 10 ʙʦʣʴʥʳʭ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʪʨʘʪʝʛʠʠ Strx,y, ʛʜʝ x,yÍ{ʘ
ů
, (ab)

ů
, 

(ad0)
ů
, (ad0b)

ů
} }, ʛʜʝ ʘ,ab, ad0, ad0b ï ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʠʤʝʥʘ) M

ů
-ʧʨʝʜʠʢʘʪʦʚ 

ʩʭʦʜʩʪʚʘ, ʩʭʦʜʩʪʚʘ ʩ ʟʘʧʨʝʪʦʤ ʥʘ ʢʦʥʪʨʧʨʠʤʝʨ, ʨʘʟʣʠʯʠʷ ʠ ʨʘʟʣʠʯʠʷ ʩ ʟʘ-
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ʧʨʝʪʦʤ ʥʘ ʢʦʥʪʨʧʨʠʤʝʨ, M
ů
-ʧʨʝʜʠʢʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʘʚʠʣ ʠʥʜʫʢʪʠʚʥʦʛʦ ʚʳʚʦʜʘ. ʕʪʠ ʩʪʨʘʪʝʛʠʠ ʧʨʝʜʩʪʘʚʠʤʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʝʰʝʪʢʠ ʠʥʪʝʥʩʠʦʥʘʣʦʚ ʠ ʵʢʩʪʝʥʩʠʦʥʘʣʦʚ ʜʣʷ ʧʨʘʚʠʣ ʠʥʜʫʢʪʠʚʥʦʛʦ ʚʳ-

ʚʦʜʘ (I)
ů
, ůÍ{+, ï, 0, Ű}[ʌʠʥʥ, 2014]. 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʦʙʱʫʶ ʩʭʝʤʫ ʧʨʦʮʝʜʫʨ, ʨʝʘʣʠʟʫʶʱʠʭ ʦʙʥʘʨʫʞʝʥʠʝ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ: 

ʐʘʛ 1. ʇʨʦʚʦʜʠʤ ɼʉʄ-ʨʘʩʩʫʞʜʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʞʜʦʡ ʩʪʨʘʪʝ-

ʛʠʠ Strx,y ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʨʘʩʰʠʨʝʥʠʡ ɹʌ0, i, i = 0,1,2; 

ʐʘʛ 2. ɼʣʷ ʢʘʞʜʦʛʦ ʪʘʢʦʛʦ ʨʘʩʩʫʞʜʝʥʠʷ ʧʦʜʩʯʠʪʳʚʘʝʤ ʟʥʘʯʝʥʠʷ ʦʙʲ-

ʷʩʥʷʝʤʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ (ɟ) ʠ ʪʝʩʪʘ ʥʘ ʦʙʦʙʱʝʥʥʳʡ ʤʝʪʦʜ (ʢʦʣʠʯʝ-

ʩʪʚʘ ʧʨʠʤʝʨʦʚ, ʦʙʲʷʩʥʷʝʤʳʭ ʛʠʧʦʪʝʟʘʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ) [ʌʠʥʥ, 

2016] ʜʣʷ (+)- ʠ (-)-ʧʨʠʤʝʨʦʚ; 

ʐʘʛ 3. ɼʣʷ ʢʘʞʜʦʛʦ ʨʘʩʩʫʞʜʝʥʠʷ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʛʠʧʦʪʝʟʳ (ʛʠʧʦʪʝʟʳ 

ʦ ʧʨʠʯʠʥʘʭ ʠ ʛʠʧʦʪʝʟʳ ʦ ʜʦʦʧʨʝʜʝʣʝʥʠʷʭ) ʛʨʫʧʧʠʨʫʝʤ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʠʤʠ ʦʮʝʥʦʢ ʠʩʪʠʥʥʦʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ů, ůÍ{+, ï, 0, Ű}. 

ʕʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʟʦʚʝʤ çʮʝʧʦʯʢʘʤʠè (ʤʥʦʞʝʩʪʚʦ (2)
ip  ʚ [ʐʝ-

ʩʪʝʨʥʠʢʦʚʘ ʠ ʜʨ., 2015]). 

ʐʘʛ 4. ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʧʦʣʫʯʝʥʥʳʭ çʮʝʧʦʯʝʢè  ʚʳʯʠʩʣʷʝʤ ʟʥʘʯʝʥʠʝ 

ʬʫʥʢʮʠʡ ʩʦʭʨʘʥʝʥʠʷ ʠʩʪʠʥʥʦʩʪʥʳʭ ʟʥʘʯʝʥʠʡ 
i

s
x , { },sÍ + -, i = 1,2; 

ʐʘʛ 5. ʉ ʧʦʤʦʱʴʶ ʩʦʩʪʘʚʣʝʥʥʳʭ ʥʘ ʰʘʛʝ 3 ʠ 4 ʪʘʙʣʠʮ ʧʦʣʫʯʘʝʤ ʕɿ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

1. ʅʘʧʦʤʥʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʕɿ, ʧʨʠʤʝʥʷʝʤʦʝ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ Q: 

1,2L
s (V,Z,Q) ᵶ 1L

s(Z,Q) & 2L
s(V,Q) & (VËZ), ʛʜʝ { },sÍ + -), ʛʜʝ Q ï 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ ʜʣʷ (+)-ʧʨʠʤʝʨʦʚ ʠ ʥʝʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʩʘʭʘʨʦʥʦʛʦ ʜʠʘʙʝʪʘ ʜʣʷ (ï)-ʧʨʠʤʝʨʦʚ. 

2. ɼʣʷ ʛʠʧʦʪʝʟ ʦ ʜʦʦʧʨʝʜʝʣʝʥʠʷʭ ʦʪʙʠʨʘʝʤ ʪʝ ʛʠʧʦʪʝʟʳ, ʢʦʪʦʨʳʤ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ çʮʝʧʦʯʢʠè ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʠʩʪʠʥʥʦʩʪʥʳʤʠ  ʟʥʘʯʝʥʠʷʤʠ ʥʘ ʚʩʝʭ 

ʨʘʩʰʠʨʝʥʠʷʭ ʤʘʩʩʠʚʘ (ʠʣʠ, ʯʪʦ ʪʦ ʞʝ ʩʘʤʦʝ, ʟʥʘʯʝʥʠʝ 
1

s
x  ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʛʦ ů ʨʘʚʥʷʝʪʩʷ 1). ʕʪʠ ʛʠʧʦʪʝʟʳ ʚʳʧʦʣʥʷʶʪ ʧʨʝʜʠʢʘʪ 1L
s(Z,Q). 

3. ɼʣʷ ʛʠʧʦʪʝʟ ʦ ʧʨʠʯʠʥʘʭ ʦʪʙʠʨʘʝʤ ʪʝ ʛʠʧʦʪʝʟʳ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʮʝʧʦʯʢʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʠʩʪʠʥʥʦʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘ ʚʩʝʭ ʨʘʩ-

ʰʠʨʝʥʠʷʭ ʤʘʩʩʠʚʘ(ʟʥʘʯʝʥʠʝ 
2

s
x  ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ů ʨʘʚʥʷʝʪʩʷ 1). 

ʕʪʠ ʛʠʧʦʪʝʟʳ ʚʳʧʦʣʥʷʶʪ ʧʨʝʜʠʢʘʪ 2L
s(V,Q). 

ʅʘʭʦʜʠʤ ʧʘʨʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʢʚʘʟʠʢʦʤʧʦʟʠʮʠʶ Z$ 1,2L
s (V, Z, Q) ᵶ 

Z$ ( 1L
s(Z, Q) & 2L

s(V, Q) & (VËZ)), ʛʜʝ { },sÍ + -. ʇʦʣʫʯʘʝʤ ʩʧʠʩʦʢ 

ʨʝʘʣʠʟʘʮʠʡ ʕɿ , ,V Z Q  ʠ ʩʧʠʩʦʢ ʤʝʭʘʥʠʟʤʦʚ ʕɿ ,V Q . 

ʐʘʛ 6. ʆʮʝʥʠʚʘʝʤ ʛʠʧʦʪʝʟʳ ʦ ʧʨʠʯʠʥʘʭ (ʤʝʭʘʥʠʟʤʳ ʕɿ), ʦʪʦʙʨʘʥʥʳʝ ʥʘ 

ʰʘʛʝ 5, ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʦʩʫʱʝʩʪʚʣʝʥʥʳʝ ʥʘ ʧʦʩʣʝʜʥʝʤ ʨʘʩʰʠʨʝʥʠʠ ɹʌ. 
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ʇʨʝʜʩʢʘʟʘʥʠʷ ʦʮʝʥʠʚʘʣʠʩʴ ʯʝʨʝʟ ʩʨʘʚʥʝʥʠʝ ʩ ʠʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʠʩ-

ʪʠʥʥʦʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʤʠ ʥʘʤ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩ-

ʩʫʞʜʝʥʠʡ. ɼʣʷ ʢʘʞʜʦʡ ʩʪʨʘʪʝʛʠʠ ʥʘ ʧʦʩʣʝʜʥʝʤ ʠʟ ʨʘʩʰʠʨʝʥʠʡ ɹʌ ʤʦʞʥʦ 

ʧʦʜʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣʴʥʳʭ ʜʦʦʧʨʝʜʝʣʝʥʠʡ (ʦʙʦʟʥʘʯʘʝʤ l0), ʢʦʣʠ-

ʯʝʩʪʚʦ ʛʨʫʙʳʭ ʦʰʠʙʦʢ (a), ʢʦʣʠʯʝʩʪʚʦ ʥʝʛʨʫʙʳʭ (b), ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ 

ʦʪ ʜʦʦʧʨʝʜʝʣʝʥʠʷ (ʩ) [ʐʝʩʪʝʨʥʠʢʦʚʘ ʠ ʜʨ.,2015]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʤ 

ʦʪʩʦʨʪʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʘʪʝʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʚʠʣʴʥʳʭ ʜʦʦʧʨʝʜʝʣʝʥʠʡ ʠ ʪʠʧʦʚ ʧʦʣʫʯʝʥʥʳʭ ʦʰʠʙʦʢ ʠ 

ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʳʝ. 

ʉʧʠʩʦʢ ʛʠʧʦʪʝʟ ʦ ʧʨʠʯʠʥʘʭ ʙʳʣ ʧʨʝʜʲʷʚʣʝʥ ʜʣʷ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʪʘʤ. ʂʘʞ-

ʜʫʶ ʛʠʧʦʪʝʟʫ ʧʨʝʜʣʘʛʘʣʦʩʴ ʦʮʝʥʠʪʴ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʯʠʩʣʦʚʦʡ ʦʮʝʥʢʦʡ ʦʪ ç4è 

ʜʦ ç1è, ʛʜʝ ʥʘʠʙʦʣʴʰʘʷ ʦʮʝʥʢʘ ʦʟʥʘʯʘʣʘ, ʯʪʦ ʛʠʧʦʪʝʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦ-

ʣʝʝ ʩʦʩʪʦʷʪʝʣʴʥʦʡ, ʩʨʝʜʥʠʝ ʦʮʝʥʢʠ ï ʯʪʦ ʦʪʦʙʨʘʥʥʳʝ ʧʨʠʟʥʘʢʠ ʤʦʛʫʪ ʠʤʝʪʴ 

ʤʝʩʪʦ, ʥʦ ʥʝʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʜʠʘʙʝʪʘ ʩ ʦʩʣʦʞʥʝʥʠʝʤ, 

ʘ ʥʘʠʤʝʥʴʰʘʷ ʦʮʝʥʢʘ ʦʟʥʘʯʘʣʘ, ʯʪʦ ʛʠʧʦʪʝʟʘ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ. 

ʇʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʆʮʝʥʢʘ ʛʠʧʦʪʝʟ ʦ ʜʦʦʧʨʝʜʝʣʝʥʠʷʭ ʧʦʟʚʦʣʷʝʪ ʨʘʟʙʠʪʴ ʧʨʠʤʝʥʷʝʤʳʝ ʩʪʨʘ-

ʪʝʛʠʠ ʥʘ ʛʨʫʧʧʳ, ʠʤʝʶʱʠʝ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʚʠʣʴʥʳʭ 

ʜʦʦʧʨʝʜʝʣʝʥʠʡ ʠ ʪʠʧʦʚ ʦʰʠʙʦʢ). ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʝʪ ʛʨʫʧʧʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʩʪʨʘʪʝʛʠʠ Strab,ab ʠ Strad0b,ab. ʕʪʠ ʩʪʨʘʪʝʛʠʠ ʜʘʶʪ ʥʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣʴʥʳʭ ʜʦʦʧʨʝʜʝʣʝʥʠʡ (8 ʠʟ 10). ɺʩʝ ʧʨʘʚʠʣʴʥʳʝ ʜʦʦʧʨʝ-

ʜʝʣʝʥʠʷ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʕɿ. 

ʇʨʠ ʦʮʝʥʢʝ ʦʪʦʙʨʘʥʥʳʭ ʛʠʧʦʪʝʟ ʵʢʩʧʝʨʪʦʤ ʧʦʯʪʠ ʚʩʝ ʛʠʧʦʪʝʟʳ ʙʳʣʠ 

ʦʮʝʥʝʥʳ ʢʘʢ çʩʦʜʝʨʞʘʪʝʣʴʥʳʝè, ʚʩʝʛʦ ʦʜʥʘ (ï)-ʛʠʧʦʪʝʟʘ ʧʦʣʫʯʠʣʘ 

ʥʘʠʤʝʥʴʰʫʶ ʦʮʝʥʢʫ.  

ʆʙʲʷʩʥʷʝʤʦʩʪʴ (ɟ) ʥʘ ʨʘʩʰʠʨʷʶʱʠʭʩʷ ʤʘʩʩʠʚʘʭ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʨʘ-

ʪʝʛʠʡ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ. ɼʣʷ ʩʪʨʘʪʝʛʠʡ Stra,ad0 ʠ Strad0,ad0 ʥʘʙʣʶʜʘʶʪʩʷ ʥʝ-

ʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ ʜʣʷ 2ɹʌ
-(ʩ 1 ʜʦ 0.99). 

ʊʝʩʪ ʥʘ ʦʙʦʙʱʝʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʥʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʚʦʟʤʦʞʥʦʤ ʫʩʧʝʰʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʦʙʦʙʱʝʥʥʦʛʦ ʤʝʪʦʜʘ.  

ʄʝʞʜʫ (+)- ʠ (ï)-ʛʠʧʦʪʝʟʘʤʠ ʥʘʙʣʶʜʘʝʤ çʘʩʠʤʤʝʪʨʠʯʥʦʩʪʴè: ʜʣ ̫ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʭ ʛʠʧʦʪʝʟ ʝʩʪʴ ʝʜʠʥʩʪʚʝʥʥʘʷ ʛʠʧʦʪʝʟʘ, ʚʩʪʨʝʯʘʶʱʘʷʩʷ ʧʦʯʪʠ ʚʦ 

ʚʩʝʭ ʩʪʨʘʪʝʛʠʷʭ (ʢʨʦʤʝ ʩʪʨʘʪʝʛʠʡ Stra,a ʠ Stra,ad0). ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʪʝʭ ʩʪʨʘʪʝ-

ʛʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʵʪʘ ʛʠʧʦʪʝʟʘ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʝʸ ʫʩʝʯʝʥʥʳʡ 

ʚʘʨʠʘʥʪ. ʊʘʢʞʝ ʟʘʤʝʪʠʤ, ʯʪʦ ʵʪʘ ʛʠʧʦʪʝʟʘ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʣʫʯʠʣʘ ʥʘʠʚʳʩʰʫʶ 

ʦʮʝʥʢʫ ʵʢʩʧʝʨʪʘ, ʚʦ-ʚʪʦʨʳʭ, ʧʦʣʫʯʝʥʘ ʩʘʤʦʡ ʩʠʣʴʥʦʡ ʧʦ ʧʦʣʦʞʝʥʠʶ ʚ ʨʝ-

ʰʝʪʢʝ ʩʪʨʘʪʝʛʠʝʡ. ɼʣ̫ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʛʠʧʦʪʝʟ ʥʝʪ ʧʨʠʤʝʨʦʚ, ʚʩʪʨʝʯʘʶʱʠʭ-

ʩʷ ʚʦ ʚʩʝʭ ʩʪʨʘʪʝʛʠʷʭ. ɹʦʣʝʝ ʪʦʛʦ, ʚʩʝ ʩʪʨʘʪʝʛʠʠ ʩ 0,abd nM
- (ʥʘʠʙʦʣʝʝ ʩʠʣʴ-

ʥʳʤ ʠʟ ʚʳʙʨʘʥʥʳʭ 
,y nM
- -ʧʨʝʜʠʢʘʪʦʚ) ʥʝ ʧʦʨʦʞʜʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʕɿ. 
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ʀʪʦʛʠ 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ (-)-ʧʨʠʤʝʨʘʤʠ ʚʳʩʪʫʧʘʣʠ 

ʧʨʠʤʝʨʳ, ʠʤʝʶʱʠʝ ʨʘʟʥʫʶ ʧʨʠʨʦʜʫ: ʧʘʮʠʝʥʪʳ, ʫ ʢʦʪʦʨʳʭ ʥʝ ʙʳʣ ʧʦʩʪʘʚ-

ʣʝʥ ʜʠʘʛʥʦʟ ʜʠʘʙʝʪ ʠ ʧʘʮʠʝʥʪʳ, ʫ ʢʦʪʦʨʳʭ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʜʠʘʛʥʦʟ ʜʠʘʙʝʪ 

2-ʦʛʦ ʪʠʧʘ, ʧʨʠʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʩʦ ʚʪʦʨʳʤ ʜʠʘʛʥʦʟʦʤ ʩʦʩʪʘʚʣʷʣʦ 

ʥʝʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʩʝʭ ʧʨʠʤʝʨʦʚ. ʄʳ ʧʨʝʜʧʦʣʦ-

ʞʠʣʠ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʵʪʦʛʦ çʰʫʤʘè ʠʟ ʠʩʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʦʜʠʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ 

ʧʦ ʩʭʝʤʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʝʡ ʯʘʩʪʠ, ʥʦ ʥʘ ʤʘʩʩʠʚʝ, ʚ ʢʦʪʦʨʦʤ (+)-

ʧʨʠʤʝʨʘʤʠ ʚʳʩʪʫʧʠʣʠ ʧʘʮʠʝʥʪʳ ʩ ʜʠʘʙʝʪʦʤ ʧʘʥʢʨʝʘʪʦʛʝʥʥʦʛʦ ʛʝʥʝʟʘ, (-)-

ʧʨʠʤʝʨʘʤʠ ï ʧʘʮʠʝʥʪʳ ʙʝʟ ʜʠʘʙʝʪʘ. 

ɺ ʥʦʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ɹʌ0,0 ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ 75 ʙʦʣʴ-

ʥʳʭ, ʠʟ ʥʠʭ 21 (+)-ʧʨʠʤʝʨ ʠ 54 (ï)-ʧʨʠʤʝʨʘ.  ɹʌ0,1 ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦʙ-

ʩʣʝʜʦʚʘʥʠʷ 114-ʪʠ ʙʦʣʴʥʳʭ (34 (+)-ʧʨʠʤʝʨʘ ʠ 80 (ï)-ʧʨʠʤʝʨʦʚ).  ɹʌ0,2 ʩʦ-

ʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ 138 ʙʦʣʴʥʳʭ (34 (+)-ʧʨʠʤʝʨʘ ʠ 99 (ï)-

ʧʨʠʤʝʨʦʚ). ʅʘ ʧʨʦʛʥʦʟ ʚ ʢʘʞʜʦʤ ʠʟ ʩʣʫʯʘʝʚ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ 

ʪʝʭ ʞʝ 10 ʙʦʣʴʥʳʭ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʫʣʫʯʰʝʥʠʷ: 

1. ʆʙʲʷʩʥʷʝʤʦʩʪʴ (ɟ) ʨʘʩʰʠʨʷʶʱʠʭʩʷ ʤʘʩʩʠʚʦʚ ʜʣʷ ʚʩʝʭ ʩʪʨʘʪʝʛʠʡ 
ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʙʣʶʜʘ-

ʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʜʣʷ Stra,ad0 ʠ Strad0,ad0; 

2. ɼʣʷ ʩʪʨʘʪʝʛʠʡ Strab,ad0b ʠ Strad0b,ad0b ʧʨʠ ʦʮʝʥʢʝ ʛʠʧʦʪʝʟ ʦ ʜʦʦʧʨʝʜʝ-

ʣʝʥʠʠ ʜʦʙʘʚʠʣʦʩʴ ʦʜʥʦ ʧʨʘʚʠʣʴʥʦʝ (ï)-ʧʨʝʜʩʢʘʟʘʥʠʝ (ʫʚʝʣʠʯʠʣʦʩʴ ʟʥʘʯʝ-

ʥʠʝ ʧʨʘʚʠʣʴʥʳʭ ʧʨʝʜʩʢʘʟʘʥʠʡ l0 ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʠʣʦʩʴ ʟʥʘʯʝ-

ʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʰʠʙʦʢ ʪʠʧʘ c); 

3. ɻʠʧʦʪʝʟʘ ʦ ʧʨʠʯʠʥʝ, ʧʦʣʫʯʠʚʰʘʷ ʥʘʠʤʝʥʴʰʫʶ ʦʮʝʥʢʫ ʵʢʩʧʝʨʪʘ, 

ʫʰʣʘ ʠʟ ʩʧʠʩʢʘ ʕɿ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʧʠʩʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʚʳʤ ʦʧʳʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʣʦʛʠ-

ʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʕɿʂ, ʦʧʠʩʘʥʥʳʭ ʚ [ʌʠʥʥ, 2008], ʚ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ʇʝʨʚʦʝ ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʪʘʚʠʣʦ ʥʦʚʳʝ ʟʘʜʘʯʠ ʫʣʫʯʰʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩ ʧʦʤʦʱʴʶ 

¶ ʢʦʨʨʝʢʮʠʠ ʠʩʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ ʫʜʘʣʝʥʠʷ ʧʘʮʠʝʥʪʦʚ ʩ 
ʜʠʘʙʝʪʦʤ 2-ʛʦ ʪʠʧʘ; 
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¶ ʨʘʟʙʠʝʥʠ ̫ʤʘʩʩʠʚʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ɹʌ0,0, é, ɹʌ0, s) ʥʘ ʧʦʜʤʘʩ-

ʩʠʚʳ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʤʝʥʠʤʳ ʤʝʪʦʜ ʟʘʧʨʝʪʘ ʥʘ ʢʦʥʪʨʧʨʠʤʝʨʳ ʠ 

ʦʙʦʙʱʝʥʥʳʡ ɼʉʄ-ʤʝʪʦʜ [ʌʠʥʥ, 2016]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʘʜʘʯʝʡ ʠʟ ʧʫʥʢʪʘ 1, ʧʨʠʚʝʜʝʥʦ ʚ ʥʘʩʪʦʷ-

ʱʝʡ ʩʪʘʪʴʝ ʠ ʧʦʢʘʟʳʚʘʝʪ ʥʝʢʦʪʦʨʳʝ ʫʣʫʯʰʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[ʐʝʩʪʝʨʥʠʢʦʚʘ ʠ ʜʨ., 2015] ʐʝʩʪʝʨʥʠʢʦʚʘ ʆ.ʇ., ɸʛʘʬʦʥʦʚ ʄ.ɸ., ɺʠʥʦʢʫʨʦʚʘ 

ʃ.ɺ., ʇʘʥʢʨʘʪʦʚʘ ɽ.ʉ., ʌʠʥʥ ɺ.ʂ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʨʘʟʚʠʪʠʷ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ ʫ ʙʦʣʴʥʳʭ ʭʨʦʥʠʯʝʩʢʠʤ ʧʘʥʢʨʝʘʪʠʪʦʤ // ʀʩʢʫʩ-

ʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ. 2015. ̄  4. 

[ʌʠʥʥ, 2008] ʌʠʥʥ ɺ.ʂ. ʆʙʥʘʨʫʞʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʷʭ ʙʘʟ ʬʘʢʪʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ɼʉʄ-ʨʘʩʩʫʞʜʝʥʠʡ//ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ. ʉʝʨʠʷ 2. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʩʠʩʪʝʤʳ. 2015. ̄ 8. 

[ʇʘʥʢʨʘʪʦʚʘ ʠ ʜʨ., 2011] ʇʘʥʢʨʘʪʦʚʘ ɽ.ʉ, ɺʠʥʦʛʨʘʜʦʚ ɼ.ɺ. ʌʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ 

ʥʘʩʪʨʦʡʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ɼʉʄ-ʩʠʩʪʝʤ // ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ. 

2011. ʉʝʨ.2. ˉ 9. 

[ʌʠʥʥ, 2016] ʌʠʥʥ ɺ.ʂ., ʐʝʩʪʝʨʥʠʢʦʚʘ ʆ.ʇ. ʆ ʥʦʚʦʤ ʚʘʨʠʘʥʪʝ ʦʙʦʙʱʝʥʥʦʛʦ 

ɼʉʄ-ʤʝʪʦʜʘ // ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ. 2016. ̄  1. 

[ʌʠʥʥ, 2014] ʌʠʥʥ ɺ.ʂ. ɼʠʩʪʨʠʙʫʪʠʚʥʳʝ ʨʝʰʝʪʢʠ ʠʥʜʫʢʪʠʚʥʳʭ ʧʨʦʮʝʜʫʨ // 

ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ. ʉʝʨ. 2. 2014. ˉ11.  
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ɸʙʨʘʤʦʚ ʄ.ɺ.  203 ʄʘʭʦʨʪʦʚ ʉ.ɼ.  64 

ɸʥʘʥʴʝʚ ɸ.ɺ.  141 ʄʝʭʘʥʮʝʚʘ ʊ.ɸ.  73 

ɸʥʜʨʶʱʝʥʢʦ ɸ.ɺ.  274 ʄʠʭʝʝʥʢʦʚʘ ʄ.ɸ.   314 

ɸʥʰʘʢʦʚ ʆ.ʄ.  282 ʄʦʨʦʩʠʥ ʆ.ʃ.  300 

ɸʬʘʥʘʩʴʝʚ ɸ.ʅ.  5 ʄʦʩʢʘʣʝʥʢʦ ʌ.ʄ.  24 

ɹʘʰʣʳʢʦʚ ɸ.ɸ.  212 ʄʦʩʢʦʚʩʢʠʡ ɸ.ɼ.  149 

ɹʦʡʯʝʥʢʦ ɺ.ʉ.  221 ʄʦʰʢʠʥ ɺ.ʉ.  80 

ɹʨʠʪʢʦʚ ɺ.ɹ.  291 ʄʷʣʠʢ ʗ.ɺ.  189 

ɹʫʨʜʦ ɻ.ɹ.   231, 239 ʅʘʡʜʝʥʦʚʘ ʂ.ɸ.   369 

ɺʘʛʠʥ ɺ.ʅ.  300 ʇʘʚʣʦʚʩʢʠʡ ɺ.ɽ.  195 

ɺʠʥʦʛʨʘʜʦʚ ɻ.ʇ.  239 ʇʘʣʶʭ ɹ.ɺ.  231 

ɺʠʥʦʛʨʘʜʦʚ ɼ.ɺ.  308 ʇʘʥʢʨʘʪʦʚʘ ɽ.ʉ. 396 

ɺʦʨʦʙʴʝʚ ɸ.ɹ.  56 ʇʘʥʦʚ ɸ.ʀ.  179 

ɺʦʨʦʙʴʝʚ ɺ.ɺ.  149 ʇʘʨʭʦʤʝʥʢʦ ɺ.ɸ.  369 

ɻʘʚʨʠʣʦʚʘ ʊ.ɸ.  16 ʇʝʪʨʦʚʩʢʠʡ ɸ.ɹ.  221 

ɻʨʠʙʦʚʘ ɺ.ɺ. 24 ʈʦʡʟʝʥʟʦʥ ɻ.ɺ.  291 

ɻʫʩʘʢʦʚʘ ʉ.ʄ.  314 ʈʦʤʘʥʦʚ ɼ.ɺ.  274 

ɼʘʥʷʢʠʥ ʀ.ɼ.  88 ʈʫʤʦʚʩʢʘʷ ʉ.ɹ.  255 

ɼʦʨʦʜʥʳʭ ʅ.ʆ.  33 ʈʳʙʠʥʘ ɻ.ɺ.  88 

ɽʨʝʤʝʝʚ ɸ.ʇ.  323 ʉʝʤʝʥʦʚ ʅ.ɸ.  231 

ɽʬʠʤʝʥʢʦ ʀ.ɺ.  132 ʉʝʥʴʢʦʚ ɸ.ɺ.  265 

ɿʘʙʝʞʘʡʣʦ ʄ.ʀ.   331 ʉʠʙʠʨʝʚ ʀ.ɺ.  378 

ɿʝʨʥʦʚ ʄ.ʄ.  158 ʉʠʥʮʦʚ ʉ.ɺ.   343 

ʀʚʘʰʝʥʢʦ ɺ.ʇ.  343 ʉʤʘʛʠʥ ʉ.ɺ.  41 

ʂʘʟʘʢʦʚ ɺ.ɸ.  106 ʉʦʩʥʠʥ ʇ.ʀ.  97 

ʂʘʣʷʥʦʚ ɻ.ʅ.  248 ʊʝʣʴʥʦʚ ʖ.ʌ.  106 

ʂʘʥʝʚ ɼ.ʉ.  5 ʊʠʤʯʝʥʢʦ ɺ.ɸ.  24 

ʂʘʨʧʦʚʘ ʀ.ʇ.  169 ʊʦʤʳʰʝʚ ɸ.ʉ.  274 
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ʂʦʨʝʧʘʥʦʚʘ ʅ.ɺ.  352 ʌʦʢʠʥʘ ʉ.ɺ.  387 

ʂʫʟʥʝʮʦʚ ɺ.ʅ.  239 ʌʦʤʠʥʘ ʄ.ɺ.  300 

ʂʫʟʥʝʮʦʚ ʉ.ʆ.   352, 360 ʍʘʭʘʣʠʥ ɻ.ʂ.  123 

ʂʫʨʙʘʪʦʚ ʉ.ʉ.  56 ʍʦʨʦʰʝʚʩʢʠʡ ɺ.ʌ.  132 

ʃʝʙʝʜʝʚʘ ʀ.ʉ.  274 ʐʘʣʬʝʝʚʘ ɽ.ɸ.  24 

ʃʝʱʝʚʘ ʀ.ɸ.  16 ʐʚʝʮʦʚ ʂ.ɺ.  369 

ʃʦʙʟʠʥ ɸ.ʇ.  123 ʐʝʩʪʝʨʥʠʢʦʚʘ ʆ.ʇ.  396 
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ʉʆɼɽʈɾɸʅʀɽ 

ʉɽʂʎʀʗ 1. ʀʅɾɽʅɽʈʀʗ ɿʅɸʅʀʁ ʀ ʆʅʊʆʃʆɻʀʀ 

ɸʬʘʥʘʩʴʝʚ ɸ.ʅ., ʂʘʥʝʚ ɼ.ʉ. ɸʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʦʙʫʯʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦ-
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