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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. 



 

 

11 

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 



 

 

28 

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. 
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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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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. 
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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. 
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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). 




