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ʈʝʜʘʢʮʠʦʥʥʳʡ ʩʦʚʝʪ 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ 

- ʂʨʠʯʝʚʩʢʠʡ ɻʝʨʤʘʥ ɽʚʩʝʝʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦ-

ʬʝʩʩʦʨ, ɿʘʩʣʫʞʝʥʥʳʡ ʜʝʪ̫ʝʣʴ ʥʘʫʢʠ ʈʌ, ʚʠʮʝ-ʧʨʝʟʠʜʝʥʪ ʅʘʥʦʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʈʦʩʩʠʠ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʄɻʋʊʋ. 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʬʦʪʦʥʠʢʘ ʦʢʨʘʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʤʝʜʪʝʢʩʪʠʣʴ, 

ʭʠʤʠʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʣʦʢʦʥ ʠ ʪʝʢʩʪʠʣʷ, ʜʠʬʬʫ-

ʟʠʦʥʥʦ-ʩʦʨʙʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ, ʛʝʪʝʨʦʛʝʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʢʠʥʝʪʠʢʘ. 

 

 

 

         ɿʘʤʝʩʪʠʪʝʣʠ ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ 

 - ʐʘʭʨʘʤʘʥʴʷʥ ʄʠʭʘʠʣ ɸʥʜʨʘʥʠʢʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ɿʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, ʇʦʯʝʪʥʳʡ ʩʪʨʦ-

ʠʪʝʣʴ ʈʦʩʩʠʠ, ʘʢʘʜʝʤʠʢ ʈɸɽʅ, ʯʣʝʥ ʕʢʩʧʝʨʪʥʦʡ ʂʦʣʣʝʛʠʠ ʠʥʥʦ-

ʚʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʉʢʦʣʢʦʚʦ, ʵʢʩʧʝʨʪ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʘʨʭʠʪʝʢʪʫʨʘ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʝʜʘʛʦʛʠʢʘ, ʜʠ-

ʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘ. 
 

 

 

 

- ɸʥʜʨʝʶʢ ɼʝʥʠʩ ʉʝʨʛʝʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʠʩ-

ʧʦʣʥʠʪʝʣʴʥʳʡ ʚʠʮʝ-ʧʨʝʟʠʜʝʥʪ ʅʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 

ʈʦʩʩʠʠ, ʜʦʮʝʥʪ ʕʢʦʥʦʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦ-

ʥʦʩʦʚʘ. ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʵʚʦʣʶʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʧʦʠʩʢ ʠ ʘʥʘʣʠʟ ʘʥʘʣʦʛʠʡ ʚ ʧʨʠʥʮʠ-

ʧʘʭ ʫʧʨʘʚʣʝʥʠʷ ʤʝʞʜʫ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʠ ʩʦʮʠʘʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ. 

 

 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʩʝʢʨʝʪʘʨʴ 

- ɻʫʤʘʨʦʚ ɺʘʣʝʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʨʝʜʘʢʪʦʨ ʧʦʨʪʘʣʘ ʅʘʥʦʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʈʦʩʩʠʠ. 
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ʏʣʝʥʳ ʨʝʜʘʢʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ: 

 

- ɸʨʰʠʥʦʚ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ, ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦ-

ʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʀʥʩʪʠʪʫʪʘ ʬʠʣʦʩʦʬʠʠ ʈɸʅ, 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʌʠʣʦʩʦʬʩʢʠʝ ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ ʠ ʪʝʭ-

ʥʠʢʠè ʚ ʀʥʩʪʠʪʫʪʝ ʬʠʣʦʩʦʬʠʠ ʈɸʅ. ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʠʣʦʩʦʬʩʢʠʭ ʧʨʦʙʣʝʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ, 

ʪʨʘʥʩʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ, ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʨʛʝʥʮʠʠ ʚ ʩʬʝʨʝ ʚʳʩʦʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

 

 

 

- ɹʝʨʣʠʥ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ʈɸʅ, ʜʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠ-

ʢʠ ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ. ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʬʠʟʠʢʘ ʠ ʭʠʤʠʷ ʚʳʩʦ-

ʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

 

 

 

 

 

 

- ɹʫʜʘʥʦʚ ɺʣʘʜʠʤʠʨ ɻʨʠʛʦʨʴʝʚʠʯ ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʩʝʢʪʦʨʦʤ 

ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʧʨʦʙʣʝʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʀʥ-

ʩʪʠʪʫʪʘ ʬʠʣʦʩʦʬʠʠ ʈɸʅ. ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʬʠʣʦʩʦʬʠʷ ʥʘʫʢʠ, 

ʪʝʦʨʠʷ ʩʣʦʞʥʦʩʪʠ ʠ ʩʠʥʝʨʛʝʪʠʢʘ, ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʮʠʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʘʥʪʨʦʧʦʣʦʛʠʯʝʩʢʠʝ 

ʨʠʩʢʠ NBICS-ʪʝʭʥʦʣʦʛʠʡ. 

 

 

 

- ɹʳʢʦʚ ɺʠʢʪʦʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦ-

ʬʝʩʩʦʨ, ʧʨʝʟʠʜʝʥʪ ʅʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʈʦʩʩʠʠ, ʇʦ-

ʯʝʪʥʳʡ ʧʨʝʟʠʜʝʥʪ çʅʊ-ʄɼʊ ʉʧʝʢʪʨʫʤ ʀʥʩʪʨʫʤʝʥʪʩè. ʅʘʫʯʥʳʝ 

ʠʥʪʝʨʝʩʳ: ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʞʠʜʢʠʝ 

ʢʨʠʩʪʘʣʣʳ, ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝ ʜʣʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʨʦʣʦʛʠʠ. 

 

 

 

 

 

 

- ɻʦʥʪʤʘʭʝʨ ɽʚʛʝʥʠʡ ʐʣʝʤʦʚʠʯ, ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʀʥʩʪʠʪʫʪ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʪ-

ʥʦʰʝʥʠʡ ʠʤʝʥʠ ɽ.ʄ. ʇʨʠʤʘʢʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʠʟʫʯʝʥʠʝ ʩʦʮʠʘʣʴʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ,  

ʨʝʛʠʦʥʘʣʠʩʪʠʢʘ. 
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- ɻʫʜʠʣʠʥ ɽʚʛʝʥʠʡ ɸʣʝʢʩʝʝʚʠʯ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦ-

ʬʝʩʩʦʨ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ ʌʘʢʫʣʴʪʝʪʘ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ, ʟʘʚʝʜʫʶ-

ʱʠʡ ʂʘʬʝʜʨʦʡ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʌʘʢʫʣʴʪʝʪʘ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ, ʟʘ-

ʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʅʆʎ ʄɻʋ. ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʚʳʩʦʢʦʪʝʤ-

ʧʝʨʘʪʫʨʥʳʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ, ʤʘʪʝʨʠʘʣʳ ʩ ʢʦʣʦʩʩʘʣʴʥʳʤ ʤʘʛʥʠʪ-

ʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (ʂʄʉ), ʥʘʥʦʤʘʪʝʨʠʘʣʳ. 

 

 

 

 

- ɻʫʩʝʚ ɹʦʨʠʩ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩ-

ʩʦʨ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʧʨʝʟʠʜʝʥʪ ʈʦʩʩʠʡʩʢʦʡ ʠʥʞʝʥʝʨʥʦʡ 

ʘʢʘʜʝʤʠʠ, ʧʨʝʟʠʜʝʥʪ ʈʦʩʩʠʡʩʢʦʛʦ ʉʦʶʟʘ ʦʙʱʝʩʪʚʝʥʥʳʭ ʘʢʘʜʝʤʠʡ 

ʥʘʫʢ. ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʪʨʦʠʪʝʣʴʥʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ. 

 

 

 

- ɼʫʙʨʦʚʩʢʠʡ ɼʘʚʠʜ ʀʟʨʘʠʣʝʚʠʯ, ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʉʝʢʪʦʨʘ ʪʝʦʨʠʠ ʧʦʟʥʘʥʠʷ 

ʀʥʩʪʠʪʫʪʘ ʬʠʣʦʩʦʬʠʠ ʈɸʅ, ʧʨʦʬʝʩʩʦʨ ʌʠʣʦʩʦʬʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʩʦʧʨʝʜʩʝʜʘʪʝʣʴ ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ 

ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʅʘʫʯʥʳʝ  ʠʥʪʝʨʝʩʳ: 

ʧʨʦʙʣʝʤʳ çʩʦʟʥʘʥʠʝ ʠ ʤʦʟʛè, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

 

 

 

 

- ʂʦʡʬʤʘʥ ʆʩʢʘʨ ʀʦʩʠʬʦʚʠʯ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩ-

ʩʦʨ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʧʨʝʟʠʜʝʥʪ ʀʚʘʥʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʨʝʜʩʝʜʘʪʝʣʴ 

ʕʢʩʧʝʨʪʥʦʛʦ ʩʦʚʝʪʘ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ɺɸʂ. ʅʘʫʯʥʳʝ ʠʥʪʝ-

ʨʝʩʳ: ʩʠʥʪʝʟ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʧʨʠʤʝ-

ʥʝʥʠʷ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢ-

ʩʦʚ. 

 

 

 

 

- ʂʨʠʯʝʚʩʢʠʡ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜ-

ʥʠʢ ʀʥʩʪʠʪʫʪʘ ʠʩʪʦʨʠʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʠ ʪʝʭʥʠʢʠ ʠʤʝʥʠ ʉ.ʀ. ɺʘ-

ʚʠʣʦʚʘ ʈɸʅ, ʢʦʩʤʦʥʘʚʪ-ʠʩʧʳʪʘʪʝʣʴ. ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʘʵʨʦʢʦʩ-

ʤʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʠʩʪʦʨʠʷ ʠ ʬʠʣʦʩʦʬʠʷ ʪʝʭʥʠʢʠ, çʟʝʣʝʥʳʝè 

ʪʝʭʥʦʣʦʛʠʠ, ʵʚʦʣʶʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʦʩʬʝʨʳ, ʢʦʩʤʠʯʝʩʢʦʝ ʙʫ-

ʜʫʱʝʝ ʯʝʣʦʚʝʢʘ ʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. 
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- ʂʫʨʠʥʥʳʡ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ, ʩʦʟʜʘʪʝʣʴ ʠ ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʧʨʦʝʢʪʘ NanoNewsNet.ru, ʯʣʝʥ ʎʝʥʪʨʘʣʴʥʦʛʦ ʧʨʘʚʣʝʥʠʷ ʅʘʥʦʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʈʦʩʩʠʠ. ʉʬʝʨʘ ʠʥʪʝʨʝʩʦʚ: ʧʦʧʫʣʷʨʠʟʘʮʠʷ 

ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦ- ʙʠʦ- ʠʥʬʦ- ʢʦʛʥʦ- ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʠʡ, ʠʥ-

ʜʫʩʪʨʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʠ ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʘʷ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ.  

 

 

 

 

 

- ʃʶʪʦʤʩʢʠʡ ʅʠʢʦʣʘʡ ɺʘʜʠʤʦʚʠʯ, ʘʨʭʠʪʝʢʪʦʨ, ʣʘʫʨʝʘʪ ɻʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ ʈʌ, ʣʘʫʨʝʘʪ ʧʨʝʤʠʡ ʄʦʩʢʚʳ 1999 ʠ 2007 ʛʦʜʦʚ, 

ʪʚʦʨʯʝʩʢʠʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢʦʤʧʘʥʠʠ çɸʨʭʠʪʝʢʪʫʨʥʦʝ ʙʶʨʦ 

ʕʃʀʉè. 

 

 

 

 

 

 

- ʄʦʩʢʘʣʸʚ ʀʛʦʨʴ ɽʚʛʝʥʴʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʜʦ-

ʮʝʥʪ, ʜʠʨʝʢʪʦʨ ʮʝʥʪʨʘ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ ʀɻʉʋ ʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʘʥʪʨʦʧʦʩʦʮʠʘʣʴʥʳʝ ʧʨʦʝʢʮʠʠ ʢʦʥʚʝʨʛʝʥʪʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʫʧʨʘʚʣʝʥʠʝ ʙʫʜʫʱʠʤ, ʪʝʦʨʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʫʧʨʘʚ-

ʣʝʥʠʝ ʩʦʮʠʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. 

 

 

 

- ʆʨʜʠʥ ʉʪʘʥʠʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʌʊʀ ʠʤ. ɸ. ʌ. ʀʦʬʬʝ ʈɸʅ, ɿʘʩʣʫʞʝʥʥʳʡ ʠʟʦʙʨʝʪʘʪʝʣʴ ʉʉʉʈ. 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʬʠʟʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

 

 

 

 

 

 

 

 

- ʌʠʛʦʚʩʢʠʡʡ ʆʣʝʛ ʃʴʚʦʚʠʯ, ʜʠʨʝʢʪʦʨ ʧʦ ʥʘʫʢʝ ʠ ʨʘʟʚʠʪʠʶ 

INRC Polymate (Israel) ʠ Nanotech Industries, Inc. (CA, USA), ʘʢʘ-

ʜʝʤʠʢ ɽʚʨʦʧʝʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ, ʧʨʝʟʠʜʝʥʪ ʀʟʨʘʠʣʴʩʢʦʡ ɸʩʩʦ-

ʮʠʘʮʠʠ ʀʟʦʙʨʝʪʘʪʝʣʝʡ. ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩ-

ʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ, ʩʠʣʠʢʘʪʥʳʭ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʨʠʮ, ʵʢʦʣʦʛʠ-

ʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨ. 
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- ʏʝʢʣʝʮʦʚ ɺʘʜʠʤ ɺʠʢʪʦʨʦʚʠʯ, ʢʘʥʜʠʜʘʪ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʩʦ-

ʦʩʥʦʚʘʪʝʣʴ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʈʦʩʩʠʡʩʢʦʛʦ IoT-ʮʝʥʪʨʘ 

(Russian Research Center on the Internet of Things). 

 

 

 

 

 

 

 

- ʐʚʝʮ ɺʠʪʘʣʠʡ ʀʚʘʥʦʚʠʯ ï ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩ-

ʩʦʨ, ʘʢʘʜʝʤʠʢ ʈɸʅ ʠ ʈɸʄʅ, ʧʨʦʬʝʩʩʦʨ ʂʘʬʝʜʨʳ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʬʘʨʤʘʮʠʠ ʀʥʩʪʠʪʫʪʘ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʄʦʩʢʦʚʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʅʘʫʯʥʳʝ ʠʥʪʝ-

ʨʝʩʳ: ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ ʣʝʢʘʨ-

ʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝ-

ʤʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʢʘʜʨʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

 

- ʖʨʪʦʚ ɽʚʛʝʥʠʡ ɺʘʩʠʣʴʝʚʠʯ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩ-

ʩʦʨ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʠ.ʦ. ʨʝʢʪʦʨʘ ʈʦʩʩʠʡʩʢʦʛʦ ʭʠʤʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʟʘʚʝʜʫʶʱʠʡ 

ʢʘʬʝʜʨʦʡ çʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʳè. ʅʘʫʯʥʳʝ ʠʥʪʝʨʝ-

ʩʳ: ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦ-

ʩʪʨʫʢʪʫʨ, ʬʠʟʠʢʦ-ʭʠʤʠʷ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

 

 
 

 

- ʗʤʠʥʩʢʠʡ ʀʛʦʨʴ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʜʦʢʪʦʨ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʎʝʥʪʨʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠ-

ʚʝʨʩʠʪʝʪʘ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʘʥʘʣʠʪʠʯʝ-

ʩʢʘʷ ʙʠʦʥʘʥʦʩʢʦʧʠʷ, ʥʘʥʦʩʢʦʧʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʨʘ-

ʙʦʪʢʘ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʥʘʥʦʩʢʦʧʠʠ, ʦʙʫʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦ-

ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʥʦʩʢʦʧʠʠ. 

  

 

 

ʍʫʜʦʞʥʠʢ 

- ɽʢʘʪʝʨʠʥʘ ʅʠʢʠʬʦʨʦʚʘ. 
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ɾʫʨʥʘʣ ʧʦʜʜʝʨʞʠʚʘʶʪ ʠ ʩ ʥʠʤ ʩʦʪʨʫʜʥʠʯʘʶʪ: 

 

 
ʈʦʩʩʠʡʩʢʘʷ ʠʥʞʝʥʝʨʥʘʷ ʘʢʘʜʝʤʠʷ  

 

 
ʈʦʩʩʠʡʩʢʠʡ ʩʦʶʟ ʥʘʫʯʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

 

 
ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʦʶʟ ʥʘʫʯʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ 

 

 
ʅʘʫʯʥʳʡ ʩʦʚʝʪ ʈɸʅ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

 

 
ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 

 
ʂʦʤʧʘʥʠʷ çʅʊ-ʄɼʊ ʉʧʝʢʪʨʫʤ ʀʥʩʪʨʫʤʝʥʪʩè 

http://www.info-rae.ru/
http://www.rusea.info/main
http://www.rusea.info/intindex
http://iphras.ru/ai.htm
http://www.isuct.ru/
http://www.ntmdt-si.ru/
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ʅʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʩʦʦʙʱʝʩʪʚʦ çʅʘʥʦʤʝʪʨè 

 

 
ʈʦʩʩʠʡʩʢʦʝ on-line ʠʟʜʘʥʠʝ NanoNewsNet 

 

 
ʊʠʧʦʛʨʘʬʠʷ çʇʘʙʣʠʪè 

 

 
ʈʦʩʩʠʡʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 

 

 
ɸʨʭʠʪʝʢʪʫʨʥʦʝ ʙʶʨʦ çʕʣʠʩè 

 

 

ʎʝʥʪʨ ʄʦʣʦʜʝʞʥʦʛʦ ʀʥʥʦʚʘʮʠʦʥʥʦʛʦ ʊʚʦʨʯʝʩʪʚʘ çʅʘʥʦʪʝʭʥʦʣʦʛʠʠè  

 

http://www.nanometer.ru/about.html
http://www.nanonewsnet.ru/about/company
http://publitprint.ru/
http://internetofthings.ru/
http://www.ab-elis.ru/
http://startinnovation.com/
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ʎʝʥʪʨ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  

 

 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ ʈʦʩʩʠʠ 

 

 

  

http://www.nanoscopy.ru/
http://rusnor.org/
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ʂʦʥʪʘʢʪʳ: 

 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ ɻʝʨʤʘʥ ʂʨʠʯʝʚʩʢʠʡ gek20003@gmail.com, ʪ. 8-910-415-08-50 

ɿʘʤʝʩʪʠʪʝʣ ɹʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ɼʝʥʠʩ ɸʥʜʨʝʶʢ denis.s.andreyuk@yandex.ru     

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʩʝʢʨʝʪʘʨɹ  ɺʘʣʝʨʠʡ ɻʫʤʘʨʦʚ aguma@rambler.ru   

 

 

ʈʝʜʘʢʮʠʷ ʞʫʨʥʘʣʘ ʥʝ ʚʩʝʛʜʘ ʨʘʟʜʝʣʷʝʪ ʚʳʩʢʘʟʘʥʥʳʝ ʥʘ ʩʪʨʘʥʠʮʘʭ ʞʫʨʥʘʣʘ ʘʚʪʦʨʘʤʠ 

ʧʫʙʣʠʢʘʮʠʡ ʤʥʝʥʠʷ, ʧʦʟʠʮʠʠ, ʧʦʣʦʞʝʥʠʷ, ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʈʦʩʩʠʠ ʠ ʚ ʤʠʨʝ 

ʧʨʦʮʝʩʩʳ ʠ ʩʦʙʳʪʠʷ. ʇʫʙʣʠʢʘʮʠʷ ʩʧʦʨʥʳʭ, ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʠ ʠʥʳʭ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʘʚʪʦʨ-

ʩʢʠʭ ʪʦʯʝʢ ʟʨʝʥʠʷ ʦʟʥʘʯʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʩʦ ʩʪʦʨʦʥʳ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʠ ʨʝʜʘʢʮʠʦʥ-

ʥʦʛʦ ʩʦʚʝʪʘ ʞʫʨʥʘʣʘ, ʦʬʠʮʠʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ ʠ ʠʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʫʯʨʝʞʜʝʥʠʡ ʢʘʢʠʭ-ʣʠʙʦ ʬʦʨʤ ʠ ʚʠʜʦʚ ʮʝʥʟʫʨʳ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ. 

 

ʈʝʜʘʢʮʠʷ ʞʫʨʥʘʣʘ ʥʝ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʧʦʣʥʦʪʫ ʩʦʜʝʨʞʘʥʠʷ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʠ, ʤʘʪʝʨʠʘʣʦʚ. ɸʚʪʦʨʳ ʥʝʩʫʪ ʧʝʨʩʦʥʘʣʴʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʦʜʝʨʞʘʥʠʝ 

ʩʚʦʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʦʯʥʦʩʪʴ ʧʝʨʝʚʦʜʘ, ʮʠʪʠʨʦʚʘʥʠʷ ʠ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʈʝʜʘʢʮʠʷ ʞʫʨʥʘʣʘ ʥʝ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʪʦʯʥʦʩʪʴ ʣʶʙʳʭ ʧʨʠʚʦ-

ʜʠʤʳʭ ʮʠʬʨʦʚʳʭ, ʠʣʣʶʩʪʨʘʪʠʚʥʳʭ, ʮʠʪʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʫʙʣʠʢʘʮʠʷʭ ʘʚʪʦʨʦʚ 

ʞʫʨʥʘʣʘ. ɼʘʥʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʝʩʫʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʚʪʦʨʳ ʪʝʭ ʧʫʙʣʠʢʘʮʠʡ, ʚ 

ʪʝʢʩʪʝ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʩʦʜʝʨʞʘʪʩʷ. 

 

ʈʝʜʘʢʮʠʷ ʞʫʨʥʘʣʘ ʥʝ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʚʳʩʢʘʟʘʥʥʳʝ ʘʚʪʦʨʘʤʠ ʧʫʙʣʠʢʘʮʠʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʈʦʩʩʠʠ ʠ ʚ ʤʠʨʝ ʧʦʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʩʦʙʳʪʠʷ, ʷʚʣʝ-

ʥʠʷ. ʈʝʜʘʢʮʠʷ ʞʫʨʥʘʣʘ ʥʝ ʫʧʦʣʥʦʤʦʯʝʥʘ ʠ ʥʝ ʚ ʧʨʘʚʝ ʦʧʨʝʜʝʣʷʪʴ, ʢʘʢʠʝ ʠʟ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʧʦʣʠʪʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʈʦʩʩʠʠ ʠ ʤʠʨʘ ʩʦʙʳʪʠʡ ʠʤʝʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʣʠ ʦʪʨʠ-

ʮʘʪʝʣʴʥʳʡ, ʧʨʘʚʦʤʦʯʥʳʡ ʠʣʠ ʠʥʦʡ ʭʘʨʘʢʪʝʨ, ʥʝ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʚʳʩʢʘʟʘʥʥʳʝ 

ʚ ʨʘʤʢʘʭ ʧʫʙʣʠʢʘʮʠʡ ʠʭ ʘʚʪʦʨʘʤʠ ʦʮʝʥʦʯʥʳʝ ʩʫʞʜʝʥʠʷ ʚ ʜʘʥʥʦʤ ʚʦʧʨʦʩʝ. 

 

ʈʝʜʘʢʮʠʷ ʞʫʨʥʘʣʘ ʨʘʟʤʝʱʘʝʪ ʠ ʧʫʙʣʠʢʫʝʪ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʝ ʩʚʦʝʡ ʥʝ ʧʨʦ-

ʪʠʚʦʨʝʯʘʪ ʄʝʞʜʫʥʘʨʦʜʥʦʤʫ ʧʨʘʚʫ, ʥʘʮʠʦʥʘʣʴʥʳʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘʤ ʪʝʭ ʩʪʨʘʥ, ʠʟ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ ʘʚʪʦʨʳ ʧʫʙʣʠʢʘʮʠʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʦʙʷʟʘʥʥʦʩʪʠ ʧʦ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʬʘʢʪʦʚ ʩʦʦʪʚʝʪʩʪʚʠʷ/ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʴ ʟʘ ʣʶʙʳʝ ʧʦʜʦʙʥʳʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʝʩʫʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʚʪʦʨʳ ʧʫʙʣʠʢʫʝ-

ʤʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

 

ʈʝʜʘʢʮʠʷ ʞʫʨʥʘʣʘ ʥʝ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʨʘʟʤʝʱʘʝʤʳʝ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʠʣʠ ʥʘ 

ʣʶʙʳʭ ʠʥʳʭ ʩʨʝʜʩʪʚʘʭ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʥʦʩʠʪʝʣʷʭ ʙʝʟ ʝʝ ʚʝʜʦʤʘ 

ʠ ʧʠʩʴʤʝʥʥʦʛʦ ʩʦʛʣʘʩʠʷ ʤʘʪʝʨʠʘʣʳ, ʠʤʝʶʱʠʝ ʫʢʘʟʘʥʠʝ ʥʘ ʦʪʥʦʰʝʥʠʝ ʢ ʥʘʫʯʥʦ-

ʧʫʙʣʠʮʠʩʪʠʯʝʩʢʦʤʫ ʞʫʨʥʘʣʫ çʅɹʀʂʉ-ʅʘʫʢʘ.ʊʝʭʥʦʣʦʛʠʠè. 

 

 

ʅʘʫʯʥʦ-ʧʫʙʣʠʮʠʩʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ çʅɹʀʂʉ-ʅʘʫʢʘ.ʊʝʭʥʦʣʦʛʠʠè ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ ʦʟʥʘ-

ʢʦʤʣʝʥʠʶ ʯʠʪʘʪʝʣʷʤ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʥʪʝʨʥʝʪʘ, ʥʘʯʠʥʘʷ ʩ ʚʦʟʨʘʩʪʥʦʡ ʢʘʪʝʛʦʨʠʠ 

ʦʪ 6 ʣʝʪ.  

https://mail.rambler.ru/#/compose/to=gek20003%40gmail.com
mailto:denis.s.andreyuk@yandex.ru
mailto:aguma@rambler.ru
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ʅʝ ʚʤʝʩʪʦ, ʘ ʚʤʝʩʪʝ! 

 

ʋʚʘʞʘʝʤʳʝ ʯʠʪʘʪʝʣʠ ʞʫʨʥʘʣʘ çʅɹʀʂʉ-ʅʘʫʢʘ.ʊʝʭʥʦʣʦʛʠʠè!   

      

ʇʝʨʝʜ ɺʘʤʠ ʧʝʨʚʳʡ ʥʦʤʝʨ ʥʦʚʦʛʦ ʞʫʨʥʘʣʘ (ʧʦʢʘ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨ-

ʤʝ). ʄʳ, ʚʝʩʴ ʈʝʜʩʦʚʝʪ, ʦʯʝʥʴ ʚʦʣʥʫʝʤʩʷ, ʞʜʝʤ ʦʪ ɺʘʩ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʢʨʠʪʠʯʝʩʢʦʡ) ʦ ʩʦʜʝʨʞʘʥʠʷ ʞʫʨʥʘʣʘ, ʵʩʪʝʪʠʢʠ ʝʛʦ ʦʬʦʨʤʣʝʥʠʷ, 

ʜʠʟʘʡʥʘ, ʫʜʦʙʩʪʚʘ ʧʦʣʴʟʦʚʘʥʠʷ ʞʫʨʥʘʣʦʤ ʠ, ʢʦʥʝʯʥʦ, ʦʪʚʝʪʘ ʥʘ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʳʡ ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʞʫʨʥʘʣʘ ʪʘʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ.  

ɿʘʯʝʤ, ʧʦʯʝʤʫ ʠ ʜʣʷ ʢʦʛʦ ʞʫʨʥʘʣ çʅɹʀʂʉ-ʅʘʫʢʘ.ʊʝʭʥʦʣʦʛʠʠè? ɾʫʨ-

ʥʘʣʘ ʧʦʜʦʙʥʦʛʦ ʥʘʟʚʘʥʠʷ ʠ ʪʘʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʝʪ ʥʠ ʚ ʈʦʩʩʠʠ, ʥʠ ʚ ʤʠʨʝ. 

ʀʤʝʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʞʫʨʥʘʣʦʚ ʧʦ ʚʩʝʤ ʥʘʫ-

ʢʘʤ ʠ ʪʝʭʥʦʣʦʛʠʷʤ ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʪʦ ʝʩʪʴ ʧʦ ʥʘʥʦ-, ʧʦ ʙʠʦ-, ʧʦ 

ʠʥʬʦ-, ʧʦ ʢʦʛʥʦ- ʠ ʩʦʮʠʘʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. ʅʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʦʝ 

ʢʦʥʚʝʨʛʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʛʣʫʙʦʢʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ, ʥʘ 

ʚʦʟʥʠʢʘʶʱʠʝ ʦʪ ʵʪʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ ʩʠʥʝʨʛʠʠ ʠ ʩʠʥʛʫʣʷʨʥʦʩʪʠ, ʥʝ ʩʤʦʪʨʷ ʥʘ 

ʙʝʟʫʩʣʦʚʥʦʝ ʣʠʜʝʨʩʪʚʦ ʅɹʀʂʉ-ʪʝʭʥʦʣʦʛʠʡ ʚ 6-ʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʢʣʘʜʝ 

4-ʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʚʦʣʶʮʠʠ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ (ʩʠʥ-

ʛʫʣʷʨʥʦʩʪʴ) ʨʘʟʚʠʪʠʷ ʧʦ ʢʨʫʪʦʡ ʵʢʩʧʦʥʝʥʪʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ 

ʚʦʟʥʠʢʘʶʱʠʭ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʠʩʢʦʚ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʦʮʠ-

ʘʣʴʥʦ-ʵʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ), ʪʘʢʦʛʦ ʞʫʨʥʘʣʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʚʦʟʥʠʢʣʦ. ʆʪʩʫʪ-

ʩʪʚʫʝʪ ʧʫʙʣʠʯʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʧʨʦʙʣʝʤ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ, ʬʠʣʦʩʦʬʩʢʦʛʦ, ʩʦʮʠʘʣʴʥʦʛʦ, ʶʨʠʜʠʯʝʩʢʦʛʦ ʭʘ-

ʨʘʢʪʝʨʘ, ʧʨʦʙʣʝʤ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ, ʵʢʦʣʦʛʠʠ, ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʚʠ-

ʪʠʷ ʟʝʣʝʥʳʭ (ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ), ʩʠʥʠʭ (ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦ-

ʪʝʥʮʠʘʣʘ ʚʦʜʦʝʤʦʚ, ʚʢʣʶʯʘʷ ʤʠʨʦʚʦʡ ʦʢʝʘʥ) ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʮʠ-

ʚʠʣʠʟʦʚʘʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʢʠʙʝʨʧʨʦʩʪʘʥʩʪʚʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤ, ʩʠ-

ʩʪʝʤʥʦ ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ɺ ʵʪʦʤ ʧʣʘʥʝ ʞʫʨʥʘʣ çʅɹʀʂʉ-ʅʊè ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʧʣʦʱʘʜʢʫ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ ʠ ʯʠʪʘʪʝ-

ʣʝʡ. ɺ ʞʫʨʥʘʣʝ ʙʫʜʫʪ ʧʫʙʣʠʢʦʚʘʪʴʩʷ ʦʨʠʛʠʥʘʣʴʥʳʝ ʥʘʫʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʥʘʫʯʥʦ-ʧʫʙʣʠʮʠʩʪʠʯʝʩʢʠʝ ʠ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʝ ʩʪʘʪʴʠ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ 

ʙʫʜʝʪ ʚʳʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʦʜʥʦʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ ʠ ʧʨʘʢʪʠʢ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʙʫʜʝʪ ʫʜʝʣʷʪʴʩʷ ʚʦʧʨʦʩʘʤ ʦʙʨʘʟʦʚʘʥʠʷ (ʰʢʦʣʴʥʦʛʦ ʠ ʚʫʟʦʚʩʢʦʛʦ) ʧʦʜ ʫʛʣʦʤ 

ʟʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ, ʤʝʞʧʨʝʜʤʝʪʥʦʛʦ ʠ ʤʝʞʦʪʨʘʩ-

ʣʝʚʦʛʦ ʭʘʨʘʢʪʝʨʘ ʦʙʫʯʝʥʠʷ.  

ʄʳ ʦʪʜʘʝʤ ʩʝʙʝ ʦʪʯʝʪ ʦ ʪʝʭ ʪʨʫʜʥʦʩʪʷʭ, ʢʦʪʦʨʳʝ ʥʘʤ ʧʨʝʜʩʪʦʠʪ ʧʨʝ-

ʦʜʦʣʝʪʴ, ʯʪʦʙʳ ʟʘʚʦʝʚʘʪʴ ʠʥʪʝʨʝʩ ʙʫʜʫʱʠʭ ʘʚʪʦʨʦʚ ʠ ʯʠʪʘʪʝʣʝʡ. ʉʦʜʝʨʞʘʥʠʝ 

ʧʝʨʚʦʛʦ ʥʦʤʝʨʘ ʩʬʦʨʤʠʨʦʚʘʥʦ ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥʥʠʭ ʨʝʟʝʨʚʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʩʪʘʪʝʡ ʥʘʧʠʩʘʥʦ ʯʣʝʥʘʤʠ ʨʝʜʩʦʚʝʪʘ, ʚʝʩʴʤʘ ʘʚʪʦʨʠʪʝʪʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʩʪʘʨʘʪʴʩʷ ʧʨʠʚʣʝʢʘʪʴ ʠ ʜʨʫʛʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞ-

ʥʳʭ ʘʚʪʦʨʦʚ, ʥʝ ʤʝʥʝʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ. 
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ʄʳ ʜʦʣʛʦ ʰʣʠ ʢ ʠʟʜʘʥʠʶ ʵʪʦʛʦ ʞʫʨʥʘʣʘ. ʆʯʝʥʴ ʪʱʘʪʝʣʴʥʦ ʩʦʙʠʨʘʣʠ 

ʢʦʤʘʥʜʫ ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ, ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʚ ʦʪʜʝʣʴʥʳʭ 

ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʞʜʦʡ ʙʫʢʚʝ ʘʙʙʨʝʚʠʘʪʫʨʳ 

ʥʘʟʚʘʥʠʷ ʞʫʨʥʘʣʘ, ʣʶʜʝʡ ʥʝ ʪʦʣʴʢʦ ʘʚʪʦʨʠʪʝʪʥʳʭ ʚ ʩʚʦʝʤ ʥʘʫʯʥʦ-ʧʨʘʢ-

ʪʠʯʝʩʢʦʤ ʘʨʝʘʣʝ, ʥʦ ʠ ʩʧʦʩʦʙʥʳʭ ʚʳʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʩʚʦʠʭ ʦʩʥʦʚʥʳʭ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ, ʥʝ ʟʘʢʫʢʣʠʚʘʪʴʩʷ ʚ ʵʪʦʤ ʢʦʢʦʥʝ, ʤʳʩʣʠʪʴ ʤʝʞʜʠʩʮʠ-

ʧʣʠʥʘʨʥʦ, ʤʝʞʦʪʨʘʩʣʝʚʦ. ɼʘ ʝʱʝ ʙʳʪʴ ʧʦʨʷʜʦʯʥʳʤ ʯʝʣʦʚʝʢʦʤ, ʠʤʝʪʴ ʩʚʦʶ 

ʛʨʘʞʜʘʥʩʢʫʶ ʠ ʞʠʟʥʝʥʥʫʶ ʧʦʟʠʮʠʶ.   

ʅʘʧʨʘʚʣʝʥʠʝ ʅɹʀʂʉ ʚʦʟʥʠʢʣʦ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʥʘ ʧʠʢʝ ʫʩʧʝʭʦʚ 

ʥʘʥʦ-, ʠʥʬʦ- ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʠ ʫʢʨʝʧʠʣʦʩʴ ʚ ʥʘʯʘʣʝ ʵʪʦʛʦ ʚʝʢʘ ʚ ʉʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʝ, ʘ ʟʘʪʝʤ ʧʦʣʫʯʠʣʦ ʨʘʟʚʠʪʠʝ ʚ ɽʚʨʦʧʝ ʠ ʚ ʜʨʫʛʠʭ  ʩʪʨʘʥʘʭ. ɺ ʈʦʩʩʠʠ 

ʦʩʦʟʥʘʥʠʝ ʚʘʞʥʦʩʪʠ ʵʪʦʛʦ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʪʦʣʴʢʦ ʚ ʩʘʤʦʤ 

ʥʘʯʘʣʝ ʧʫʪʠ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʣʦ ʜʚʘ ʨʘʟʥʳʭ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ 

ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʛʦ ʠ ʜʣʷ ʈʦʩʩʠʠ.  

ʆʜʥʘ ʛʨʫʧʧʘ ʚʣʠʷʪʝʣʴʥʳʭ ʠ ʦʯʝʥʴ ʘʢʪʠʚʥʳʭ ʥʘʫʯʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʭ ʣʠ-

ʜʝʨʦʚ ʬʦʢʫʩʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʩʪʨʘʥʳ ʥʘ ʨʠʩʢʘʭ ʠ ʦʧʘʩʥʦʩʪʷʭ 

ʅɹʀʂʉ-ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ (ʩʠʥʛʫʣʷʨ-

ʥʦʩʪʴ-ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ʪʨʘʥʩʛʫʤʘʥʠʟʤ) ʠ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʦʪʩʪʘʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʦʩʥʦʚ-

ʥʫʶ ʯʘʩʪʴ ʛʦʩʠʥʚʝʩʪʠʮʠʡ ʚ ʦʜʥʦʤ ʥʘʫʯʥʦʤ ʮʝʥʪʨʝ.  

ɼʨʫʛʠʝ ʚʝʩʴʤʘ ʘʚʪʦʨʠʪʝʪʥʳʝ ʫʯʝʥʳʝ ʈɸʅ ʦʪʚʝʨʛʘʶʪ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʦʧʘʩʘʷʩʴ, ʯʪʦ ʦʥʦ ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʩʣʠʷʥʠʝ ʚʩʝʭ ʥʘʫʢ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʜʠʥ ʤʝ-

ʛʘʧʨʦʝʢʪ. ʆʥʠ ʪʘʢʞʝ ʛʦʚʦʨʷʪ, ʯʪʦ ʛʦʪʦʚʠʪʴ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʅɹʀʂʉ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʡ ʫʟʢʦʡ ʩʧʝʮʠʘʣʠʟʘ-

ʮʠʠ ʥʘʫʢʠ.  

ʂʘʢʠʝ ʪʫʪ ʤʦʛʫʪ ʙʳʪʴ ʚʦʟʨʘʞʝʥʠʷ?  

ʉʥʘʯʘʣʘ ʧʦ ʧʦʚʦʜʫ ʦʧʘʩʝʥʠʷ ʦ ʩʣʠʷʥʠʠ ʚʩʝʭ ʥʘʫʢ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʘʢ-

ʪʠʢ ʚ ʦʜʠʥ ʤʝʛʘʧʨʦʝʢʪ. ʅʠ ʤʠʨʦʚʳʝ ʣʠʜʝʨʳ ʅɹʀʂʉ, ʥʠ ʩʘʤʘ ʞʠʟʥʴ ʥʝ ʩʪʘʚʠʪ 

ʚʦʧʨʦʩ ʦ ʩʣʠʷʥʠʠ. ɹʦʣʝʝ ʪʦʛʦ, ʨʘʟʛʦʚʦʨ ʠʜʝʪ ʦ ʚʟʘʠʤʥʦʤ ʛʣʫʙʦʢʦʤ ʧʨʦʥʠʢʥʦ-

ʚʝʥʠʠ ʠ ʚʟʘʠʤʦʚʣʠʷʥʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʞʜʘʷ ʦʙʣʘʩʪʴ ʟʥʘʥʠʡ ʠ ʧʨʘʢʪʠʢ ʙʫʜʝʪ 

ʚ ʵʪʦʤ ʫʯʘʩʪʚʦʚʘʪʴ ʩʦ ʩʚʦʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʊʘʢ ʢʦʥ-

ʚʝʨʛʝʥʪʥʦ ʨʘʟʚʠʚʘʣʘʩʴ ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʞʠʚʘʷ ʧʨʠʨʦʜʘ. ʀ, ʢʦʥʝʯʥʦ, ʥʝ ʩʣʝ-

ʜʫʝʪ ʛʦʪʦʚʠʪʴ ʩʧʝʮʠʘʣʠʩʪʦʚ ʅɹʀʂʉ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʬʝʜʨʘʭ. ʅʦ ʚʢʣʶʯʠʪʴ 

ʚ ʰʢʦʣʴʥʳʝ ʠ ʚʫʟʦʚʩʢʠʝ ʫʯʝʙʥʳʝ ʧʣʘʥʳ ʦʩʥʦʚʳ ʅɹʀʂʉ-ʪʝʭʥʦʣʦʛʠʡ ʚʝʩʴʤʘ 

ʧʦʣʝʟʥʦ ʠ ʘʢʪʫʘʣʴʥʦ. ʕʪʦ ʧʦʟʚʦʣʠʪ  ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʰʢʦʣʴʥʠʢʦʚ ʠ ʩʪʫʜʝʥʪʦʚ 

ʮʝʣʦʩʪʥʫʶ, ʢʦʥʚʝʨʛʝʥʪʥʫʶ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʫʶ ʢʘʨʪʠʥʫ ʤʠʨʘ. ʇʨʘʚʜʘ, 

ʥʘʯʠʥʘʪʴ ʩʣʝʜʫʝʪ ʩʦ ʰʢʦʣʴʥʳʭ ʫʯʠʪʝʣʝʡ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚʫʟʦʚ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʨʠʩʢʦʚ ʦʪ ʅɹʀʂʉ ʜʣʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ, ʚʝʨʥʝʝ, ʦʪʩʪʘʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʩʘʤʳʝ ʙʦʣʴʰʠʝ ʨʠʩʢʠ 

ʥʦʩʷʪ ʥʝ ʚʥʝʰʥʠʡ, ʘ ʚʥʫʪʨʝʥʥʠʡ ʭʘʨʘʢʪʝʨ. ʆʥʠ, ʵʪʠ ʨʠʩʢʠ, ʚʦʟʥʠʢʘʶʪ ʦʪ ʦʙ-

ʱʝʛʦ, ʩʠʩʪʝʤʥʦʛʦ ʦʪʩʪʘʚʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʝʠʥʜʫ-

ʩʪʨʠʘʣʠʟʘʮʠʠ ʩʪʨʘʥʳ. 

ʉʪʨʫʢʪʫʨʘ ʞʫʨʥʘʣʘ çʅɹʀʂʉ-ʅʘʫʢʘ.ʊʝʭʥʦʣʦʛʠʠè ʧʨʠʟʚʘʥʘ ʚʳʧʦʣʥʷʪʴ 

ʠʥʪʝʛʨʠʨʫʶʱʫʶ ʟʘʜʘʯʫ ʠ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʩʣʝʜʫʶʱʠʭ ʙʣʦʢʦʚ: 
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- ɹʣʦʢ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʚʩʝʤ ʩʦʩʪʘʚʣʷʶʱʠʤ ʅɹʀʂʉ-ʪʝʭʥʦʣʦʛʠʡ ʥʘʫʯʥʦ-

ʛʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩ ʞʝʣʘʪʝʣʴʥʳʤ 

ʚʳʭʦʜʦʤ ʘʚʪʦʨʘ ʟʘ ʧʨʝʜʝʣʳ ʥʘʫʯʥʦ-ʦʪʨʘʩʣʝʚʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩ ʜʝʤʦʥʩʪʨʘ-

ʮʠʝʡ ʢʦʥʚʝʨʛʝʥʪʥʦʡ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʥʘʫʢʘʤʠ ʠ ʧʨʘʢʪʠʢʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ 

ʅɹʀʂʉ-ʢʦʤʧʣʝʢʩ, ʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʘʭʦʞʜʝʥʠʷ ʵʬʬʝʢʪʘ ʩʠʥʝʨʛʠʠ. 

- ɹʣʦʢ ʪʝʢʩʪʦʚ ʦʙʱʝʩʪʚʝʥʥʦ ʟʥʘʯʠʤʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʝʡʩʪʚʠ-

ʝʤ ʅɹʀʂʉ-ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ ʚ ʙʫʜʫʱʝʤ. ʕʪʦ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʥʘʫʢʠ, ʦʙʨʘʟʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʩʦʮʠʘʣʴʥʳʤʠ ʠ ʜʨʫʛʠʤʠ ʨʠʩʢʘʤʠ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

- ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʣʦʢ, ʚ ʢʦʪʦʨʦʤ ʩʦʦʙʱʘʝʪʩʷ ʦ ʚʳʭʦʜʝ ʚ ʩʚʝʪ ʢʥʠʛ, 

ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʨʦʰʝʜʰʠʭ ʠ ʧʣʘʥʠʨʫʝʤʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʩʝʤʠʥʘʨʘʭ, ʠʥʪʝ-

ʨʝʩʥʳʭ ʠʥʥʦʚʘʮʠʷʭ ʚ ʩʬʝʨʝ ʅɹʀʂʉ-ʪʝʭʥʦʣʦʛʠʡ. 

ʅʘ ʩʪʘʜʠʠ ʩʪʘʨʪʘʧʘ, ʚ ʧʝʨʚʳʭ ʥʦʤʝʨʘʭ ʞʫʨʥʘʣʘ çʅɹʀʂʉ-ʅʊè ʙʫʜʝʪ 

ʜʝʣʘʪʴʩʷ ʦʧʦʨʘ ʥʘ ʩʪʘʪʴʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʚʪʦʨʦʚ (ʯʣʝʥʦʚ ʈʝʜʩʦ-

ʚʝʪʘ) ʠ ʧʨʠʚʣʝʯʝʥʥʳʭ ʯʣʝʥʘʤʠ ʈʝʜʩʦʚʝʪʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʩ ʫʢʨʝʧʣʝʥʠʝʤ ʧʦʟʠʮʠʡ ʞʫʨʥʘʣʘ, ʤʳ ʥʘʜʝʝʤʩʷ ʥʘ ʩʪʘʪʴʠ 

ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʘʚʪʦʨʦʚ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʥʦʛʦ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ. ʄʳ ʧʦʩʪʘʨʘʣʠʩʴ ʩʜʝʣʘʪʴ ʜʠʟʘʡʥ ʞʫʨʥʘʣʘ ʵʩʪʝʪʠʯʝʩʢʠ ʧʨʠ-

ʚʣʝʢʘʪʝʣʴʥʳʤ ʠ ʵʨʛʦʥʦʤʠʯʝʩʢʠ ʫʜʦʙʥʳʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʘʢ ʤʦʣʦʜʳʭ, 

ʪʘʢ ʠ ʥʝ ʦʯʝʥʴ. ʄʳ ʩ ʫʜʦʚʦʣʴʩʪʚʠʝʤ ʫʯʪʝʤ ʚʩʝ ʟʘʤʝʯʘʥʠʷ ʠ ʧʦʞʝʣʘʥʠʷ ʯʠʪʘ-

ʪʝʣʝʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʨʘʙʦʪʳ ʞʫʨʥʘʣʘ 

 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ ɻʝʨʤʘʥ ʂʨʠʯʝʚʩʢʠʡ 
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per. Special attention is paid to projective feature of NBIC as a foresight  being, 

which helps to link pragmatics of private sector, decisions of governmental struc-

tures, and priorities of R&D in sciences with each other. Role of transhumanistic 

topic of ñEnhancement / Improving of Human Performancesò in NBIC project is 

also demonstrated.  

Keywords: NBIC convergence, foresight, transhumanism, history of NBIC 

ʇʨʝʘʤʙʫʣʘ 

NBIC-ʢʦʥʚʝʨʛʝʥʮʠʷ ʪʝʭʥʦʣʦʛʠʡ
1
 ï ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʝʸ ʚ ʧʫʙʣʠʯʥʦʤ ʧʦʣʝ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʝʛʘʪʨʝʥʜʦʚ 

ʩ ʥʘʯʘʣʘ XXI ʚ., ʠ ʥʘʤ, ʯʠʪʘʪʝʣʷʤ ʵʪʠʭ ʩʪʨʦʢ, ʝʱʸ ʧʨʝʜʩʪʦʠʪ ʫʚʠʜʝʪʴ ʝʛʦ ʨʘʟ-

ʚʠʪʠʝ ʚ ʧʘʨʫ ʙʣʠʞʘʡʰʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

ʊʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʘʙʙʨʝʚʠʘʪʫʨʝ 

çNBICè ʪʦʣʴʢʦ-ʪʦʣʴʢʦ ʠʩʧʦʣʥʷʝʪʩʷ 10 ʣʝʪ (ʪʝʭʥʠʯʝʩʢʠ, ʧʝʨʚʦʝ ʫʧʦʤʠʥʘʥʠʝ 

ʠʤʝʣʦ ʤʝʩʪʦ ʚ 2006
2
, ʭʦʪʷ ʙʦʣʝʝ ʧʨʠʟʥʘʥʥʦʝ ï ʩ 2008 [22]). ɿʘ ʵʪʦ ʚʨʝʤʷ ʢʦʥ-

ʚʝʨʛʝʥʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʫʩʧʝʣʘ ʚʦʟʥʠʢʥʫʪʴ ʚ ʉʐɸ, ʧʦʢʠʥʫʪʴ ʠʭ ʧʨʝʜʝʣʳ, ʧʦ-

ʧʘʩʪʴ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ɽʉ, ʧʦʜʚʝʨʛʥʫʪʴʩʷ ʪʘʤ ʢʦʤʧʣʝʢʩʥʦʤʫ ʘʥʘʣʠʟʫ ʠ ʚʝʨʥʫʪʴ-

ʩʷ ʚ ʉʐɸ (ʧʦʩʣʝ ʬʠʥʘʥʩʦʚʦʛʦ ʢʨʠʟʠʩʘ 2008ð2010ʛʛ) ʥʘ ʥʦʚʦʤ ʚʠʪʢʝ. ɺ ʪʘ-

ʢʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʥʝʚʦʣʴʥʦ ʟʘʜʘʸʰʴʩʷ ʚʦʧʨʦʩʦʤ: çʅʝ ʦʧʦʟʜʘʣʠ ʣʠ ʤʳ, ʝʩ-

ʣʠ ʩʦʙʳʪʠʷ ʫʞʝ ʜʚʠʞʫʪʩʷ ʧʦʣʥʳʤ ʭʦʜʦʤ?è ʆʪʥʶʜʴ ï ʠ ʧʝʨʚʳʡ ʚʳʧʫʩʢ ʞʫʨ-

ʥʘʣʘ çʅɹʀʂʉ ʅʊè ʫʩʧʝʚʘʝʪ ʢʘʢ ʨʘʟ ʚʦʚʨʝʤʷ.  

ɺ 2001 ʛʦʜʫ, ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʩʪʢʠ NBIC, ʢʣʶʯʝʚʳʝ 

ʫʯʘʩʪʥʠʢʠ (ʚʟʛʣʷʥʠʪʝ ʥʘ ʨʘʩʰʠʬʨʦʚʢʫ ʘʙʙʨʝʚʠʘʪʫʨʳ) ʩʦʰʣʠʩʴ ʚʦ ʤʥʝʥʠʠ, 

ʯʪʦ N-B-I ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʦʙʣʘʩʪʠ ʫʞʝ ʧʨʦʠʟʚʝʣʠ ʪʝʭʥʦʣʦʛʠʠ, ʘ C, ʢʦ-

ʛʥʠʪʠʚʥʳʝ, ʧʦʢʘ ʦʩʪʘʶʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘʫʯʥʳʤʠ ʠʟʳʩʢʘʥʠʷʤʠ. ʉʠʪʫ-

ʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ ʚ 2012/13 ʛʦʜʘʭ: çBRAIN Initiativeè ʧʨʠʥʷʪʘ ʆʙʘʤʦʡ  2 ʘʧ-

ʨʝʣʷ 2013
3
. ɻʦʜʦʤ ʨʘʥʝʝ (ʠ ʪʦʞʝ ʚ ʘʧʨʝʣʝ) ʌʠʣʠʧ ʈʫʙʠʥ ʠʥʠʮʠʠʨʦʚʘʣ ʧʨʠʥʷ-

ʪʠʝ ʢʦʥʛʨʝʩʩʦʤ çWhite Houseós Neuroscience Initiativeè
4
 ï ʚ ʪʦ ʞʝ ʩʘʤʦʝ ʚʨʝ-

ʤʷ, ʢʦʛʜʘ ɽʚʨʦʩʦʶʟ ʟʘʷʚʠʣ ʦ ʚʳʜʝʣʝʥʠʠ 1,2 ʤʣʨʜ. ɽʚʨʦ ʥʘ çHuman Brain 

Projectè [15]. ʉʥʦʚʘ ʉʐɸ ʠ ɽʉ, ʩʥʦʚʘ ʧʦʪʨʷʩʘʶʱʘʷ ʩʠʥʭʨʦʥʥʦʩʪʴ! ʂʘʞʜʳʡ 

ʠʟ ʠʛʨʦʢʦʚ ʘʥʦʥʩʠʨʦʚʘʣ 5-ʣʝʪʥʠʡ (ʚ ʩʨʝʜʥʝʤ) ʧʝʨʠʦʜ ʠʥʚʝʩʪʠʮʠʡ ʚ ʩʦʪʥʠ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʩ ʧʨʠʮʝʣʦʤ ʥʘ ʧʦʩʪʨʦʝʥʠʝ: ʧʦʣʥʳʭ ʢʘʨʪ 

                                                             
1 NBIC-ʢʦʥʚʝʨʛʝʥʮʠʷ ʪʝʭʥʦʣʦʛʠʡ (N ï ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ, B ï ɹʠʦʪʝʭʥʦʣʦʛʠʠ, I ï ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, C ï ʂʦʛʥʠʪʠʚʥʳʝ ʥʘʫʢʠ; + ʘʥʛʣ. convergence ï ʩʭʦʞʜʝʥʠʝ ʚ ʦʜʥʦʡ ʪʦʯʢʝ) ï ʪʝʨʤʠʥ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ 2001 ʛʦʜʫ ʄʘʡʢʣʦʤ ʈʦʢʦ ʠ ʋʠʣʴʷʤʦʤ ɹʝʡʥʙʨʠʜʞʝʤ, ʉʐɸ [6]. ʂʦʥʚʝʨʛʝʥʮʠʷ ʦʧʠ-

ʩʳʚʘʝʪ ʤʝʛʘʪʨʝʥʜ ʙʣʠʞʘʡʰʠʭ ʜʝʩʷʪʠʣʝʪʠʡ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚʦ ʚʟʘʠʤʥʦʤ ʚʣʠʷʥʠʠ ʠ ʚʟʘʠʤʦʧʨʦʥʠʢ-

ʥʦʚʝʥʠʠ ʪʝʭʥʦʣʦʛʠʡ (ʚ ʦʩʥʦʚʥʦʤ ï 4ʭ ʚʳʜʝʣʝʥʥʳʭ ʚ ʘʙʙʨʝʚʠʘʪʫʨʝ ʦʙʣʘʩʪʝʡ), ʢʦʛʜʘ ʛʨʘʥʠʮʳ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʩʪʠʨʘʶʪʩʷ, ʘ ʤʥʦʛʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʠʥʪʝʨʝʩʥʳʝ ʩ ʥʘʫʯʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ 

ʪʦʯʝʢ ʟʨʝʥʠʷ, ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʨʘʙʦʪʝ. ɺ ʢʘʯʝʩʪʚʝ ʩʦʧʨʷʞʸʥʥʳʭ ʵʬʬʝʢʪʦʚ NBIC-

ʢʦʥʚʝʨʛʝʥʮʠʠ ʦʞʠʜʘʶʪʩʷ ʪʘʢʞʝ ʛʣʦʙʘʣʴʥʳʝ, ʫʩʢʦʨʷʶʱʠʝʩʷ ʠʟʤʝʥʝʥʠʷ, ʟʘʪʨʘʛʠʚʘʶʱʠʝ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʦʙʱʝʩʪʚ ʠ ʬʦʨʤʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ. 
2  ʆʥʣʘʡʥ-ʚʝʨʩʠʷ ʩʪʘʪʴʠ: http://transhuman.ru/biblioteka/filosofiya-religiya/konvergentsiya-tekhnologi 
3  http://www.whitehouse.gov/the-pressoffice/2013/04/02/fact-sheet-brain-initiative 
4 http://www.opencongress.org/bill/112-hr613/text 

http://transhuman.ru/biblioteka/filosofiya-religiya/konvergentsiya-tekhnologi
http://www.whitehouse.gov/the-pressoffice/2013/04/02/fact-sheet-brain-initiative
http://www.opencongress.org/bill/112-hr613/text
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ʥʝʨʚʥʳʭ ʩʚʷʟʝʡ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʤʦʟʛʘ (ʉʐɸ)
5
 ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʢʦʤʧʴʶ-

ʪʝʨʥʦʡ ʩʠʤʫʣʷʮʠʠ ʢʦʛʥʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʯʝʣʦʚʝʢʘ (ɽʉ). ɺ ʪʝʯʝʥʠʝ ʵʪʦʛʦ 

ʛʦʜʘ ʟʘʷʚʣʝʥʥʳʝ ʩʨʦʢʠ ʧʦʜʭʦʜʷʪ ʢ ʢʦʥʮʫ, ʪʘʢ ʯʪʦ ï ʥʝʪ, ʤʳ ʥʠʯʝʛʦ ʥʝ ʧʨʦʧʫ-

ʩʪʠʣʠ: ʥʘʧʨʦʪʠʚ, NBIC-ʢʦʥʚʝʨʛʝʥʮʠʷ ʥʘʢʦʥʝʮ-ʪʦ ʚʭʦʜʠʪ ʚ ʩʚʦʶ ʥʘʠʙʦʣʝʝ ʠʥ-

ʪʝʛʨʘʣʴʥʫʶ ʬʘʟʫ! 

ɸ ʥʘʰ ʞʫʨʥʘʣ, ʪʝʤʘʪʠʯʝʩʢʠ ʧʝʨʚʳʡ ʚ ʈʦʩʩʠʠ, ʧʨʝʜʣʘʛʘʝʪ ʧʣʘʪʬʦʨʤʫ, ʩ 

ʢʦʪʦʨʦʡ ʧʨʝʢʨʘʩʥʦ ʚʠʜʥʳ ʜʝʪʘʣʠ ʨʘʟʚʦʨʘʯʠʚʘʶʱʠʭʩʷ ʧʘʥʦʨʘʤ.  

ʅʝ ʙʫʜʝʪ ʧʨʝʫʚʝʣʠʯʝʥʠʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʢʦʥʮʝʧʮʠʠ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘʩʯʠʪʳʚʘʶʪ ʩʚʳʰʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʘʛʝʥʪʦʚ: ʜʣʷ ʧʦʣʦʪʥʘ, ʩʧʦʩʦʙʥʦʛʦ ʟʘʧʝʯʘʪʣʝʪʴ ʠʭ ʩʦ ʚʩʝʡ ʚʦʟ-

ʤʦʞʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʜʝʪʘʣʴʥʦʩʪʴʶ, ʥʫʞʥʘ ʙʳʣʘ ʙʳ ʦʪʜʝʣʴʥʘʷ ʤʦʥʦʛʨʘʬʠʷ 

ï ʝʩʣʠ ʥʝ ʩʧʝʮʠʘʣʴʥʘʷ ʩʝʨʠʷ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠ ʚʳʩʪʨʦʝʥʥʳʭ ʤʦʥʦʛʨʘʬʠʡ. 

ʆʧʳʪʥʳʡ ʟʥʘʪʦʢ ʞʫʨʥʘʣʴʥʦʡ ʨʠʪʦʨʠʢʠ ʫʞʝ ʯʫʚʩʪʚʫʝʪ ʧʨʠʙʣʠʞʝʥʠʝ ʣʠʪʦʪʳ: 

ʨʘʟʫʤʝʝʪʩʷ, ʜʘʥʥʘʷ ʩʪʘʪʴʷ ï ʚʩʝʛʦ ʣʠʰʴ ʢʨʘʪʢʠʡ ʦʙʟʦʨ, ñNBIC in briefò (ʠʣʠ 

ʜʘʞʝ ñNBIC in a nutshellò), ʠ ʙʳʣʦ ʙʳ ʦʰʠʙʢʦʡ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʥʘ ʝʸ ʩʪʨʘʥʠʮʘʭ ʠʩʪʦʨʠʷ ʟʘʧʦʣʥʷʝʪ ʚʩʝ ʩʦʙʳʪʠʡʥʳʝ ʣʘʢʫʥʳ. ʅʦ ʢʫʜʘ ʙʦʣʴʰʝʡ 

ʦʰʠʙʢʦʡ ʙʳʣʦ ʙʳ ʥʘʯʠʥʘʪʴ ʩ ʥʫʣʷ, ʢʘʢ ʝʩʣʠ ʙʳ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʷ ʪʝʭʥʦʣʦ-

ʛʠʡ ʥʝ ʠʤʝʣʘ ʠʩʪʦʨʠʠ ʚʦʚʩʝ! ʅʘʧʨʦʪʠʚ, ʠʤʝʥʥʦ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʩʦ-

ʚʨʝʤʝʥʥʦʩʪʠ, ʧʨʠʙʣʠʞʝʥʥʦʩʪʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ, ʟʘʢʣʶʯʘʝʪʩʷ ʦʜʥʦ ʠʟ 

ʜʦʩʪʦʠʥʩʪʚ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ï ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʦʥ ʜʦ ʩʠʭ ʧʦʨ ʧʨʦʜʦʣʞʘʝʪʩʷ. ʄʳ 

ʤʦʞʝʤ ʧʨʝʦʜʦʣʝʪʴ ʵʪʘʧ çʧʨʦʙ ʠ ʦʰʠʙʦʢè, ʧʨʦʡʜʝʥʥʳʡ ʜʨʫʛʠʤʠ, ʝʩʣʠ ʨʘʟʙʝ-

ʨʸʤʩʷ, ʢʘʢʠʤʠ ʧʫʪʷʤʠ ʢʦʥʚʝʨʛʝʥʮʠʷ ʟʘʷʚʣʷʣʘ ʦ ʩʝʙʝ, ʤʦʙʠʣʠʟʫʷ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʝ ʜʝʧʘʨʪʘʤʝʥʪʳ, ʯʘʩʪʥʳʡ ʩʝʢʪʦʨ.  

 ʂʦʣʴ ʩʢʦʨʦ ʥʘʤʝʨʝʥʠʷ ʧʨʦʷʩʥʝʥʳ, ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ ʦ ʬʦʨʤʝ ʠʭ ʚʦʧʣʦ-

ʱʝʥʠʷ: ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʟʘʜʫʤʘʥʘ ʚ ʜʚʫʭ ʯʘʩʪʷʭ (ʩ ʚʦʟʤʦʞʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ), 

ʧʝʨʚʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʭʚʘʪʳʚʘʝʪ ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ 2001-2006 ʛʛ. ɿʘ ʵʪʦʪ 

ʧʝʨʠʦʜ ʚ ʉʐɸ ʫʩʧʝʣʠ ʧʨʦʡʪʠ ʚʩʝ 4 ʢʣʶʯʝʚʳʝ ʚʩʪʨʝʯʠ ʧʝʨʚʦʡ ʚʦʣʥʳ ʢʦʥʩʦ-

ʣʠʜʘʮʠʠ ʩʪʦʨʦʥʥʠʢʦʚ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʠ, ʘ ʚʠʜʝʥʠʝ ʙʫʜʫʱʝʛʦ, ʩʬʦʨʤʫʣʠ-

ʨʦʚʘʥʥʦʝ ʚ ʥʝʡ, ʫʞʝ ʧʝʨʝʩʝʢʣʦ ʛʨʘʥʠʮʳ ɸʪʣʘʥʪʠʢʠ, ʧʨʠʚʣʝʢʣʦ ʚʥʠʤʘʥʠʝ ɽʉ 

ʠ  ʧʦʣʫʯʠʣʦ ʧʝʨʚʠʯʥʫʶ ʦʮʝʥʢʫ ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧʦʡ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ɼʘʣʴ-

ʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʦʜʠʤʦʝ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʫʯʸʥʳʭ ʚ ɽʉ ʚ 

2007-2009 ʛʛ., ʨʘʚʥʦ ʢʘʢ ʠ çʚʦʟʨʦʞʜʝʥʠʝè NBIC ʚ ʉʐɸ ʚ 2011-2013 ʛʛ., ʢʘʢ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʚ 2008-2016 ʛʛ., ʧʦ-

ʣʫʯʘʪ ʦʩʚʝʱʝʥʠʝ ʚ ʩʪʘʪʴʝ #2 ʚ ʩʣʝʜʫʶʱʝʤ ʥʦʤʝʨʝ ʞʫʨʥʘʣʘ.  

ʀ, ʥʘʢʦʥʝʮ, ʦ ʩʧʦʩʦʙʝ ʧʦʜʘʯʠ. 

ʈʘʟʫʤʝʝʪʩʷ, ʥʫʞʥʘ ʠʩʪʦʨʠʦʛʨʘʬʠʷ: ʙʘʟʦʚʘʷ ʭʨʦʥʦʣʦʛʠʷ ʩʦʙʳʪʠʡ, ʜʘʥ-

ʥʘʷ ʫʯʘʩʪʥʠʢʘʤʠ. ʀʩʪʦʨʠʦʛʨʘʬʠʷ ʙʫʜʝʪ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʢʘʞʜʦʤʫ ʠʟ ʙʣʦʢʦʚ 

ʚʥʫʪʨʠ ʩʪʘʪʴʠ, ʥʦ, ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚ ʜʦʚʦʣʴʥʦ ʢʦʤʧʘʢʪʥʦʤ ʚʠʜʝ ï ʩʪʨʦʛʦ 

ʛʦʚʦʨʷ, ʝʩʣʠ ʚʟʛʣʷʥʫʪʴ ʥʘ ʠʩʪʦʨʠʦʛʨʘʬʠʯʝʩʢʠʡ ʪʝʢʩʪ ʢʘʢ ʥʘ ʘʧʧʘʨʘʪ, ʧʦʜʦʙ-

ʥʳʡ ʩʢʘʥʠʨʫʶʱʝʤʫ ʪʫʥʥʝʣʴʥʦʤʫ ʤʠʢʨʦʩʢʦʧʫ, ʦʥ ʠʤʝʝʪ ʩʚʦʶ ʨʘʟʨʝʰʘʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʝʩʪʴ ʩʣʝʜʳ, ʚʩʝʛʜʘ ʫʩʢʦʣʴʟʘʶʱʠʝ ʦʪ ʧʫʙʣʠʯ-

ʥʳʭ ʦʪʯʸʪʦʚ (ʠʣʠ ʜʘʞʝ ʩʧʝʮʠʘʣʴʥʦ ʟʘʪʠʨʘʝʤʳʝ ʠʤʠ): ʜʝʪʘʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

                                                             
5 ɺʢʣʯʁʘʷ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʛʦ ʜʠʘʧʘʟʦʥʘ: ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʜʦ ʥʝ-

ʩʢʦʣʴʢʠʭ ʤʠʣʣʠʦʥʦʚ ʥʝʡʨʦʥʦʚ. 
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NBIC-ʢʦʥʚʝʨʛʝʥʮʠʠ, ʧʨʦʛʦʚʦʨʝʥʥʳʝ ʚ ʢʫʣʫʘʨʘʭ ʢʦʥʬʝʨʝʥʮʠʡ ʠʣʠ ʟʘʧʝʯʘʪ-

ʣʸʥʥʳʝ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʝ ʉʐɸ / ɽʉ, ʪʘʢ ʠ ʦʩʪʘʶʪʩʷ ʚ ʵʪʠʭ 

ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʦʸʤ-

ʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʘʩʰʪʘʙʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʧʦʠʤʝʥʦʚʘʥʥʳʭ 

ʘʙʙʨʝʚʠʘʪʫʨʦʡ NBIC ʠ ʧʨʠʧʠʩʘʥʥʳʭ ʢ ʥʝʡ, ʪʘʢʦʚʘ, ʯʪʦ ʜʘʞʝ ʧʫʙʣʠʯʥʦ ʚʠʜʠ-

ʤʳʡ ʩʣʦʡ ʟʘʧʠʩʝʡ ʜʘʸʪ ʢʦʨʨʝʢʪʥʫʶ ʨʝʧʨʝʟʝʥʪʘʮʠʶ. ʀʤʝʥʥʦ ʝʸ ʷ ʧʨʝʜʣʘʛʘʶ 

ʨʘʩʰʠʨʠʪʴ ï ʧʨʠʯʸʤ ʨʘʩʰʠʨʠʪʴ ʜʚʦʡʥʳʤ ʦʙʨʘʟʦʤ.   

NBIC-ʢʦʥʚʝʨʛʝʥʮʠʷ ʚʦʟʥʝʩʣʘʩʴ ʢ ʙʳʪʠʶ ʥʘ ʢʨʳʣʴʷʭ ʜʚʫʛʣʘʚʦʛʦ ʦʨʣʘ, 

ʦʜʥʘ ʠʟ ʛʦʣʦʚ ʢʦʪʦʨʦʛʦ ʛʦʚʦʨʠʪ ʛʦʣʦʩʦʤ ʄ.ʈʦʢʦ
6
 (ʛʣʘʚʳ ʩʫʙʢʦʤʠʪʝʪʘ ʧʦ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ, ʫʯʸʥʦʛʦ ʨʘʥʝʝ, ʘʚʪʦʨʘ NNI ʠ ʤʝʥʝʜʞʝʨʘ ʦʪ ʥʘʫʢʠ, ʧʨʠʟʳ-

ʚʘʶʱʝʛʦ ʢʨʫʧʥʳʡ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʡ ʙʠʟʥʝʩ ʢ ʤʝʞʦʪʨʘʩʣʝʚʦʡ ʠʥʪʝʛʨʘ-

ʮʠʠ), ʘ ʜʨʫʛʘʷ ï ʛʦʣʦʩʦʤ ʉ.ɹʝʡʥʙʨʠʜʞʘ
7
 (ʩʦʮʠʦʣʦʛʘ ʨʝʣʠʛʠʠ ʠ ʩʪʦʨʦʥʥʠʢʘ 

ʪʨʘʥʩʛʫʤʘʥʠʟʤʘ, ʧʫʙʣʠʯʥʦ ʟʘʷʚʣʷʶʱʝʛʦ ʦ ʚʘʞʥʦʩʪʠ ʪʝʣʝʩʥʦʛʦ ʠ ʢʦʛʥʠʪʠʚʥʦ-

ʛʦ ʫʣʫʯʰʝʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ [2]). ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʤʦʞʝʪ ʧʦ-

ʢʘʟʘʪʴʩʷ ʧʘʨʘʜʦʢʩʘʣʴʥʳʤ, ʥʦ, ʥʘ ʤʦʡ ʚʟʛʣʷʜ, ʩʠʤʙʠʦʟ ʧʨʘʛʤʘʪʠʢʠ ʠ ʚʠʟʠʦ-

ʥʝʨʩʪʚʘ ʩʪʘʣ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʧʦʯʝʤʫ ʠʜʝʷ ʢʦʥʚʝʨʛʝʥʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ 

ʩʪʦʣʴ ʰʠʨʦʢʦ: ʢʦʛʜʘ ʩʢʝʧʪʠʢʠ ʧʦʜʚʝʨʛʘʣʠ ʩʦʤʥʝʥʠʶ çʙʝʩʧʣʦʜʥʫʶ ʬʫʪʫʨʦʣʦ-

ʛʠʶè, ʠʤ ʧʨʝʜʲʷʚʣʷʣʠ ʛʨʘʥʪʳ ʥʘ NBIC-ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʪʦʢʠ ʠʥʚʝʩʪʠʮʠʡ ï ʘ, 

ʢʦʛʜʘ ʢʦʥʚʝʨʛʝʥʮʠʷ ʢʨʠʪʠʢʦʚʘʣʘʩʴ ʢʘʢ çʦʙʳʯʥʳʡ ʙʠʟʥʝʩ-ʧʨʦʝʢʪè, ʥʘ ʵʪʫ ʨʠ-

ʪʦʨʠʢʫ ʦʪʚʝʯʘʣʠ ʧʘʩʩʘʞʘʤʠ ʦ ʥʦʚʦʤ ʈʝʥʝʩʩʘʥʩʝ ʥʘʫʢ, ʨʦʣʠ NBIC ʜʣʷ ʮʠʚʠʣʠ-

ʟʘʮʠʠ ʠ ʨʘʜʠʢʘʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʯʝʣʦʚʝʢʘ. ʀ ʭʦʪʷ ï ʟʘʙʝʛʘʷ ʚʧʝʨʸʜ, ï ʛʨʫʧʧʘ 

ʵʢʩʧʝʨʪʦʚ ʠʟ ɽʉ ʧʨʠʩʪʫʧʠʪ ʢ ʜʝʢʦʤʧʦʟʠʮʠʠ ʢʦʥʚʝʨʛʝʥʮʠʠ, ʤʝʜʣʝʥʥʦ ʟʘʪʘʧ-

ʣʠʚʘʷ ʦʧʠʩʘʥʥʫʶ ʘʤʙʠʚʘʣʝʥʪʥʦʩʪʴ ʩʣʝʜʩʪʚʠʷʤʠ, ʨʘʟʚʠʚʘʝʤʳʤʠ ʠʟ ʝʸ ʞʝ ʜʦ-

ʧʫʱʝʥʠʡ, ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʠʩʪʦʨʠʦʛʨʘʬʠʠ ʵʪʘ ʜʚʫʭʛʦʣʦʩʠʮʘ ʧʦʜʭʦʜʠʪ ʧʨʝ-

ʢʨʘʩʥʦ. ɼʚʝ ʣʠʥʠʠ, ʜʚʘ ʤʦʪʠʚʘ: ʚ ʢʘʢʠʭ ʩʚʷʟʷʭ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʷ ʚʦʧʣʦʱʘ-

ʣʘʩʴ ʥʘ ʧʨʘʢʪʠʢʝ ï ʠ ʢʘʢ ʤʝʥʷʣʩʷ ʦʙʨʘʟ ʩʚʷʟʠ çʯʝʣʦʚʝʢ-ʪʝʭʥʦʣʦʛʠʷè ʚʥʫʪʨʠ 

ʥʝʸ
8
. ɸ, ʧʦʩʢʦʣʴʢʫ NBIC ʤʦʞʥʦ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʫʚʝʨʝʥʥʦʩʪʠ ʥʘʟʳʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʬʦʨʩʘʡʪʦʤ, ʤʳ ʟʥʘʝʤ, ʢ ʢʦʤʫ ʦʙʨʘʱʝʥʳ ʛʦʣʦʩʘ, ʩʦʚʝʪʘʤʠ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʚʟʳʚʘʶʱʠʝ ʩ ʩʦʪʝʥ ʩʪʨʘʥʠʮ: ʛʦʣʦʩʘ ʵʪʠ ʦʙʨʘʱʝʥʳ ʢ ʩʪʝʡʢ-

ʭʦʣʜʝʨʘʤ ʚ ʉʐɸ ʠ ɽʉ ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʪʘʢʞʝ ʙʫʜʫʪ ʧʦʜʯʸʨʢʥʫ-

ʪʳ.  

2001-2006, ʉʐɸ. ʀʩʪʦʨʠʦʛʨʘʬʠʷ: 

ɺʧʝʨʚʳʝ çʢʦʥʚʝʨʛʝʥʮʠʷ ʪʝʭʥʦʣʦʛʠʷè ʦʙʨʝʪʘʝʪ ʩʚʷʟʴ ʩ NBIC-

ʪʝʪʨʘʵʜʨʦʤ ʚ ʥʘʟʚʘʥʠʠ ʩʠʤʧʦʟʠʫʤʘ ˈ ñConverging Technologies for Improving 

Human Performances: Nanotechonology, Biotechonology, Information 

Techonology and Cognitive Scienceò, ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ɺʩʝʤʠʨʥʳʤ ʮʝʥʪʨʦʤ 

ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ (WTEC) 3- 4 ʜʝʢʘʙʨʷ ʚ 2001 ʛʦʜʫ ʧʦ ʟʘʢʘʟʫ ʅʘʮʠʦʥʘʣʴʥʦ-

ʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʉʐɸ (NSF)  ï ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʣʘʥʝʨʥʳʤ ʩʦʚʝʱʘʥʠʝʤ ʠ 

ʫʪʦʯʥʝʥʠʝʤ ʧʦʟʠʮʠʡ 11 ʤʘʷ 2001 ʛʦʜʘ. ɺ ʩʠʤʧʦʟʠʫʤʝ ʫʯʘʩʪʚʦʚʘʣʠ ʚʳʩʦʢʦʧʦ-
                                                             

6 https://www.nsf.gov/mobile/staff/staff_bio.jsp?lan=mroco&org=NSF&from_org= 
7 https://ieet.org/index.php/IEET2/bio/bainbridge 
8
 ʍʦʪʷ ʦʪʤʝʯʫ ʩʨʘʟʫ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʪʨʘʥʩʛʫʤʘʥʠʩʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʙʫʜʝʪ ʟʘʪʨʦʥʫʪ ʚ ʤʝʥʴʰʝʡ ʩʪʝ-

ʧʝʥʠ.  

https://www.nsf.gov/mobile/staff/staff_bio.jsp?lan=mroco&org=NSF&from_org
https://ieet.org/index.php/IEET2/bio/bainbridge
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ʩʪʘʚʣʝʥʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʜʝʧʘʨʪʘʤʝʥʪʦʚ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʡ (32 ʯʝʣ.), ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʥʘʫʢʠ (28 ʯʝʣ.), ʘ ʪʘʢʞʝ ʯʘʩʪʥʦʛʦ ʩʝʢ-

ʪʦʨʘ (19 ʯʝʣ.) [6; Appendix A]. ʉʘʤʠʤ ʬʘʢʪʦʤ ʩʚʦʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʝ 

ʙʳʣʦ ʦʙʷʟʘʥʦ ʫʞʝ ʫʧʦʤʷʥʫʪʳʤ çʧʨʦʤʦʫʪʝʨʘʤè  NBIC-ʢʦʥʚʝʨʛʝʥʮʠʠ ï ʧʨʝʜ-

ʩʪʘʚʠʪʝʣʷʤ WTEC ʄʘʡʢʣʫ ʈʦʢʦ ʠ ʋʠʣʴʷʤʫ ʉʠʤʩʫ ɹʝʡʥʙʨʠʜʞʫ. 

ʈʘʟʚʠʚʘʷ ʚʳʚʦʜʳ ʩʠʤʧʦʟʠʫʤʘ, ʚ 2003 ʛʦʜʫ ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ ʫʥʠʚʝʨ-

ʩʠʪʝʪʝ ʚ ʀʣʣʠʥʦʡʩʝ ʧʨʦʰʣʘ ʨʘʙʦʯʘʷ ʚʩʪʨʝʯʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʨʝʘʣʠʟʘ-

ʮʠʶ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ NBIC-ʪʝʭʥʦʣʦʛʠʡ ñCommercializing and 

Managing the Converging new Technologiesò, ʩʦʙʨʘʚʰʘʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 90 

ʫʯʘʩʪʥʠʢʦʚ. ɺ ʠʭ ʯʠʩʣʝ ï ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʡ ʩʦʩʪʘʚ ʠ ʫʯʸʥʳʝ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ (14 ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʡ), ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʨʘʚʠ-

ʪʝʣʴʩʪʚʝʥʥʳʭ ʘʛʝʥʪʩʪʚ (6 ʬʝʜʝʨʘʣʴʥʳʭ: NASA, NSF, OSTP, DoC, DoE, 

Sandia), ʩʝʢʪʦʨʦʚ ʶʨʠʜʠʯʝʩʢʦʛʦ ʠ ʚʝʥʯʫʨʥʦʛʦ ʢʘʧʠʪʘʣʘ, ʘ ʪʘʢʞʝ ʙʠʟʥʝʩ-

ʤʝʥʝʜʞʝʨʳ, ʧʨʠʛʣʘʰʸʥʥʳʝ ʠʟ ʙʦʣʴʰʠʭ, ʩʨʝʜʥʠʭ ʠ ʤʘʣʳʭ ʦʨʛʘʥʠʟʘʮʠʡ (33 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʯʠʪʘʷ ʩʬʝʨʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʦʙʲʝʜʠʥʝʥʠʷ) 

[10: Appendix 3, pp.369ï371]  

ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʚʩʪʨʝʯʠ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ WTEC, ʧʨʦʭʦʜʠʣʠ ʚ: 

 2003 ï ʃʦʩ-ɸʥʜʞʝʣʝʩ [4],  

 2004 ï ʅʴ-ʁʁʦʨʢ [10],  

 2005 ï ɻʘʚʘʡʠ [13].  

ɺʪʦʨʘʷ ʧʦʣʦʚʠʥʘ 2000-ʭ ʦʪʤʝʯʝʥʘ ʧʘʫʟʦʡ ʚ ʨʘʙʦʪʝ WTEC-ʛʨʫʧʧʳ, ʩʚʷ-

ʟʘʥʥʦʡ ʢʘʢ ʩ ʧʨʦʙʥʳʤ ʧʝʨʠʦʜʦʤ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʦʚ ʧʨʝʜʳʜʫʱʠʭ ʚʩʪʨʝʯ, ʪʘʢ 

ʠ ʩ ʄʠʨʦʚʳʤ ʬʠʥʘʥʩʦʚʳʤ ʢʨʠʟʠʩʦʤ 2008-2010 ʛʛ.   

ʅʘʯʥʸʤ ʩ ʧʨʦʩʪʦʛʦ ʚʦʧʨʦʩʘ: ʧʦʯʝʤʫ ʠʤʝʥʥʦ NBIC? ʏʪʦ ʜʝʣʘʝʪ ʜʘʥʥʫʶ 

ʢʦʤʙʠʥʘʮʠʶ ʦʙʣʘʩʪʝʡ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ? ʆʪʩʫʪʩʪʚʠʝ ʘʣʴʪʝʨʥʘʪʠʚ, ʩʦ-

ʩʪʷʟʘʚʰʠʭʩʷ ʙʳ ʩ ʥʝʡ ʟʘ çʞʠʟʥʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦè. ɺʧʨʦʯʝʤ, ʦʪʩʫʪʩʪʚʠʝ ʥʘ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʦʪʥʶʜʴ ʥʝ ʦʟʥʘʯʘʝʪ ʦʪʩʫʪʩʪʚʠʷ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʚʳʙʦʨʘ. 

ʅʘʧʨʦʪʠʚ, ʠʤʝʥʥʦ ʪʦ, ʯʪʦ ʦʥ ʙʳʣ ʩʜʝʣʘʥ, ʧʦʟʚʦʣʷʝʪ ʩʢʨʳʪʴ ʚʩʝ ʦʪʚʝʨʛʥʫʪʳʝ, 

ʩʣʦʚʥʦ ʠʭ ʥʠʢʦʛʜʘ ʥʝ ʙʳʣʦ. çʋ ʧʨʦʝʢʪʘ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʠ ʙʳʣʠ ʠ ʘʣʴʪʝʨ-

ʥʘʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ: GNR (Genetics, Nanotechnology, Robotics), GRIN (GNR +  

Information), GRAIN (GNR +  Artificial Intelligence), BANG (Bits, Atoms, 

Neurons, Genes) ʠ ʜʨ. ʀʪʦʛʦʚʳʡ ʚʳʙʦʨ, ʦʯʝʚʠʜʥʦ, ʧʨʦʜʠʢʪʦʚʘʥ ʥʘʠʙʦʣʝʝ ʰʠ-

ʨʦʢʦʡ ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʢʘʧʠʪʘʣʦʝʤʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦ-

ʝʢʪʦʚè [23; ʩ.57] ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʚʷʟʴ NBIC ʩ ʚʘʨʠʘʥʪʦʤ BANG: ɹʠʪʳ, ɸʪʦ-

ʤʳ, ʅʝʡʨʦʥʳ ʠ ɻʝʥʳ ï ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ çʪʝʪʨʘʵʜʨ ʨʝʜʫʢʮʠʡè ʢʘʞʜʦʡ ʠʟ 

NBIC-ʦʙʣʘʩʪʝʡ ʜʦ ʠʭ ʙʘʟʦʚʳʭ ʦʙʲʝʢʪʦʚ. ʕʪʘ ʘʙʙʨʝʚʠʘʪʫʨʘ ʥʘʩʪʦʣʴʢʦ ʦʜʥʦ-

ʟʥʘʯʥʦ ʜʫʙʣʠʨʫʝʪ ʢʦʥʚʝʨʛʠʨʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʣʷ, ʯʪʦ ʬʠʛʫʨʠʨʫʝʪ ʚ 

ʮʝʣʦʤ ʨʷʜʝ NBIC-ʪʝʢʩʪʦʚ [6: pp. 75, 82, 113; 11: p.48; 1: p.2; 18: c.18] ï ʙʦʣʝʝ 

ʪʦʛʦ, ʠʤʝʥʥʦ BANG ʩʪʘʣ ʦʙʲʝʢʪʦʤ ʛʨʘʞʜʘʥʩʢʦʡ ʢʨʠʪʠʢʠ [7]. ʅʝ ʤʝʥʝʝ ʠʥʪʝ-

ʨʝʩʝʥ ʧʨʠʤʝʨ ʧʘʨʘʜʠʛʤʘʣʴʥʦʛʦ ʪʨʘʥʩʛʫʤʘʥʠʩʪʘ ʈ.ʂʫʨʮʚʝʡʣʘ, ʚ ʯʴʝʡ ʢʥʠʛʝ ʦ 

ʥʘʩʪʫʧʣʝʥʠʠ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʉʠʥʛʫʣʷʨʥʦʩʪʠ ʢʦʥʚʝʨʛʝʥʮʠʷ ʫʧʦʤʠʥʘʝʪʩʷ ʚ 

ʚʝʨʩʠʠ GNR [9: Ch.5]. ɺʧʨʦʯʝʤ, ʩʣʫʯʘʠ ʧʦʜʦʙʥʦʛʦ ʟʘʧʘʟʜʳʚʘʥʠʷ ʨʝʜʢʠ: 

çʚʨʝʤʷ ʚʳʙʦʨʘ ʘʙʙʨʝʚʠʘʪʫʨè ʧʨʦʰʣʦ, ʝʛʦ ʩʣʝʜʳ ʥʝʧʨʠʤʝʪʥʳ, ʟʘʥʝʩʝʥʳ ʪʝʢ-
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ʩʪʘʤʠ, ʥʝ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʳʭ ʛʦʣʦʩʦʚ. ʂʦʤʫ ʞʝ ʦʙʷʟʘʥʳ ʦʥʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʠ ʩʝʣʝʢʮʠʝʡ? ʊʦʤʫ, ʢʪʦ ʩʦʙʠʨʘʝʪ ʮʝʥʪʨ, ʜʚʠʛʘʷʩʴ ʧʦ ʧʝʨʠʬʝʨʠʷʤ: ʨʝʯʴ ʦ 

ʄʘʡʢʣʝ ʈʦʢʦ ʠ ʝʛʦ ʢʦʤʘʥʜʝ.  

çʅʘ ʧʝʨʝʜʥʠʡ ʢʨʘʡ ʧʨʦʧʘʛʘʥʜʳ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚʳʜʚʠʥʫʣʦʩʴ ʧʨʦ-

ʤʳʰʣʝʥʥʦʝ ʣʦʙʙʠ, ʘ ʥʘ ʩʤʝʥʫ ʕ. ɼʨʝʢʩʣʝʨʫ ʧʨʠʰʝʣ ʄ. ʈʦʢʦ. ɽʛʦ ʚʳʜʚʠʞʝ-

ʥʠʶ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʜʠʨʝʢʪʦʨ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʬʦʥʜʘ ʥʘʫʢʠ (NSF) ʅ. ʃʝʡʥ ʠ 

ʦʩʦʙʝʥʥʦ ʩʦʚʝʪʥʠʢ ʧʨʝʟʠʜʝʥʪʘ ɹ. ʂʣʠʥʪʦʥʘ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʚʦʧʨʦʩʘʤ ʊ. 

ʂʘʣʠʣ. ʀʤʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʥʝʛʦ ʄ. ʈʦʢʦ ʩʦʙʨʘʣ ʨʘʙʦʯʫʶ ʛʨʫʧʧʫ, ʢʦ-

ʪʦʨʘʷ ʢ 1999 ʛ. ʧʦʜʛʦʪʦʚʠʣʘ ʧʨʦʝʢʪ ʅʘʮʠʦʥʘʣʴʥʦʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʠ-

ʮʠʘʪʠʚʳ (NNI), ʛʜʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʪʨʘʢʪʦʚʘʣʠʩʴ ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʝ, 

ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ, ʙʣʠʟʢʠʝ ʢ ʥʘʥʦʤʝʪʨʠʯʝʩʢʦʤʫ 

ʜʠʘʧʘʟʦʥʫ ʠʟʤʝʨʝʥʠʷ. é ʊʷʞʝʣʘʷ ʙʦʣʝʟʥʴ ʈ. ʉʤʦʣʣʠ ʩ 2003 ʛ. ʚʥʦʚʴ ʚʳʚʝʣʘ ʚ 

ʮʝʥʪʨ ʣʦʙʙʠʨʦʚʘʥʠʷ ʄ. ʈʦʢʦ, ʚʳʩʪʫʧʠʚʰʝʛʦ ʩ ʥʦʚʦʡ ʠʜʝʝʡ NBIC-

ʢʦʥʚʝʨʛʝʥʮʠʠ, ʝʱʝ ʙʦʣʝʝ ʨʘʟʤʳʚʰʝʡ ʢʣʶʯʝʚʦʡ ʪʝʨʤʠʥ ˈ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠè 

[23; ʩ.56]. ʉ ʩʘʤʦʛʦ ʩʚʦʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ NBIC ʦʧʠʨʘʝʪʩʷ ʥʘ çʮʝʣʦʩʪʥʦʝ ʚʠ-

ʜʝʥʠʝ ʧʨʠʨʦʜʳ ʥʘ ʥʘʥʦʫʨʦʚʥʝè [6; pp. ix, 1] ʢʘʢ ʥʘ ʩʚʦʝʛʦ ʨʦʜʘ çʟʜʦʨʦʚʫʶ 

ʬʦʨʤʫ ʨʝʜʫʢʮʠʦʥʠʟʤʘè: ʙʦʣʝʝ ʪʦʛʦ, ʠ ʟʘʨʫʙʝʞʥʳʝ [14; 8; 1], ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [17; 21] ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʯʸʨʢʠʚʘʣʠ, ʯʪʦ NBIC-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʚʝʨʛʝʥʮʠʷ ʬʫʥʜʠʨʦʚʘʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤʠ: NŸBIC.  

 ʏʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʵʪʦʤ, ʜʦʩʪʘʪʦʯʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʩʭʦʜʥʳʤ ʩʙʦʨʥʠ-

ʢʦʤ ʈʦʢʦ ʠ ʩʦʘʚʪʦʨʦʚ, ʧʦʜʛʦʪʦʚʠʚʰʠʤ ʧʦʯʚʫ ʜʣʷ NNI [12] ï ʚ ʯʘʩʪʥʦʩʪʠ, ʵʬ-

ʬʝʢʪ ʦʩʮʠʣʣʷʮʠʠ ʤʝʞʜʫ ʚʠʟʠʦʥʝʨʩʢʠʤ ʤʘʩʰʪʘʙʦʤ ʠ ʢʦʥʢʨʝʪʥʳʤʠ ʰʘʛʘʤʠ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʫʞʝ ʪʘʤ. ʀʩʭʦʜʷ ʠʟ ʣʦʛʠʢʠ ʨʘʟʚʠʪʠʷ ʧʦʜʦʙʥʳʭ ʧʨʦ-

ʝʢʪʦʚ, ʥʘʯʠʥʘʝʪ ʢʘʟʘʪʴʩʷ ʧʦ-ʩʚʦʝʤʫ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠ ʦʞʠʜʘʝʤʳʤ, ʯʪʦ NBIC-

ʢʦʥʚʝʨʛʝʥʮʠʷ çʧʨʝʞʜʝ ʚʩʝʛʦ, ʘʤʙʠʮʠʦʟʥʳʡ ʤʝʛʘʧʨʦʝʢʪ ʤʝʞʦʪʨʘʩʣʝʚʦʡ ʠʥʪʝ-

ʛʨʘʮʠʠ ʢʨʫʧʥʦʛʦ, ʥʘʫʢʦʝʤʢʦʛʦ, ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʙʠʟʥʝʩʘ, ʘ ʥʠʢʘʢ ʥʝ 

çʦʙʲʝʢʪʠʚʥʳʡè ʧʨʦʮʝʩʩ ʠʥʪʝʛʨʘʮʠʠ ʠ ʩʠʥʝʨʛʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʥʦʥʘʫʢ. é 

[ʦʥʘ] ʥʘʮʝʣʝʥʘ ʥʘ ʣʦʙʙʠʨʦʚʘʥʠʝ é ʫʚʝʣʠʯʝʥʠʷ ʙʶʜʞʝʪʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʰʠ-

ʨʦʢʠʡ ʩʧʝʢʪʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʬʝʨʝ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʝ 

çʦʩʚʦʝʥʠʝè [23; ʩ.57]. ʆʜʥʘʢʦ, ʥʘ ʤʦʡ ʚʟʛʣʷʜ, ʚʩʝʮʝʣʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʧʦ-

ʜʦʙʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʟʥʘʯʘʣʦ ʙʳ ʩʦʛʣʘʰʘʪʴʩʷ ʥʘ ʜʠʭʦʪʦʤʠʶ ʤʝʞʜʫ 

çʥʘʡʜʝʥʥʳʤ/ʩʜʝʣʘʥʥʳʤè, ʝʩʪʝʩʪʚʝʥʥʳʤ/ʠʩʢʫʩʩʪʚʝʥʥʳʤ ï ʜʠʭʦʪʦʤʠʶ, ʩʪʨʝ-

ʤʠʪʝʣʴʥʦ ʫʩʪʘʨʝʚʘʶʱʫʶ, ʢʦʛʜʘ ʨʝʯʴ ʢʘʩʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʩʘʡʪʦʚ.  

 ɺʝʨʥʸʤʩʷ ʢ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ, ʯʪʦʙʳ ʚʳʩʚʝʪʠʪʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʦ-

ʣʶʩ ï ʥʘʫʯʥʫʶ ʦʙʲʝʢʪʠʚʥʦʩʪʴ / ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʥʝʠʟʙʝʞʥʦʩʪʴ. ɼʘ, ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦ, ʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ ʤʠʨʘ ʥʘʩʪʘʠʚʘʝʪ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʩʪʠ ʘʪʦʤʘʨʥʦ-

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʫʨʦʚʥʷ ʢʘʢ ʙʘʟʦʚʦʛʦ ʜʣʷ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ  ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʃʦʛʠʯʥʦ ʪʦʛʜʘ, ʯʪʦ, ʢʘʢ ʙʳ ʥʝ ʨʘʟʚʠʚʘʣʠʩʴ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘ-

ʙʦʪʢʠ ʤʘʪʝʨʠʠ, ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʦʥʠ ʧʨʠʜʫʪ ʢ ʥʘʥʦʤʝʪʨʦʚʦʤʫ ʜʠʘʧʘʟʦʥʫ. ɺʦʪ 

ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʥʘʥʦʨʝʜʫʢʮʠʦʥʠʟʤ ï ʵʪʦ ʦʙʲʝʢʪʠ-

ʚʠʩʪʩʢʘʷ ʜʝʜʫʢʮʠʷ ʠʟ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʦʨʠʡ, ʥʝʞʝʣʠ ʧʦʣʥʦʮʝʥʥʦ ʦʩʚʦʝʥʥʳʡ 

ʧʨʘʢʪʠʢʦʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ (ʢʘʢ ʵʪʦ ʦʙʳʯʥʦ ʙʳʚʘʝʪ ʩ ʦʙʲʝʢʪʘʤʠ ʪʝʭʥʦʥʘʫʢ, 

ʛʜʝ ʪʝʭʥʦʣʦʛʠʠ ʩʨʘʟʫ ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʘʛʨʫʞʝʥʳ, ʘ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʙʝʟ 

ʪʝʭʥʦʣʦʛʠʡ ʥʝʥʘʙʣʶʜʘʝʤʳ [19]). ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟ ʢʦʥʬʣʠʢʪʘ 2ʭ ʵʪʠʭ ʦʯʝʚʠʜ-
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ʥʦʩʪʝʡ ʚ ʥʘʯʘʣʝ 2000ʭ ʚʳʨʘʩʪʘʶʪ ʜʝʙʘʪʳ ɼʨʝʢʩʣʝʨʘ-ʉʤʦʣʣʠ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʥʘʥʦʘʩʩʝʤʙʣʝʨʦʚ [3]. ɺ ʩʣʫʯʘʝ NBIC ʧʨʦʜʝʣʘʥʥʦʝ ʨʘʩʩʫʞʜʝʥʠʝ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ BANG-ʪʝʪʨʘʵʜʨ ʨʝʜʫʢʮʠʡ ï ʟʥʘʯʠʪʝʣʴʥʳʡ, ʥʦ ʥʠʢʘʢ ʥʝ ʠʩʢʣʶ-

ʯʠʪʝʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʥʝ ʧʨʠʯʠʥʘ ʢʦʥʚʝʨʛʝʥʮʠʠ ʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʘʢʦ ʩʢʘ-

ʟʘʪʴ, ʯʪʦ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʷ ï ʚʩʝʮʝʣʦ ʩʦʮʠʘʣʴʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʡ ʢʦʥʩʪʨʫʢʪ, 

ʦʟʥʘʯʘʣʦ ʙʳ ʧʦʧʘʩʪʴ ʚ ʣʦʚʫʰʢʫ ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʢʣʠʰʝ! çʅʘʪʫʨʘ-

ʣʠʩʪʠʯʝʩʢʦʝè ʠ çʣʦʙʙʠʩʪʩʢʦʝè ʧʨʦʯʪʝʥʠʷ NBIC ʧʨʦʮʝʩʩʫʘʣʴʥʦ ʩʠʤʤʝʪʨʠʯ-

ʥʳ: çʦʙʲʝʢʪʥʦʩʪʴè NBIC-ʪʝʭʥʦʣʦʛʠʡ ï ʩʦʧʨʦʪʠʚʣʷʶʱʠʡʩʷ ʤʘʪʝʨʠʘʣ, ʥʝ ʜʦ-

ʧʫʩʢʘʶʱʠʡ ʪʨʘʢʪʦʚʢʠ ʢʦʥʚʝʨʛʝʥʮʠʠ ʢʘʢ ʚʩʝʮʝʣʦ ʧʨʦʠʟʚʦʣʴʥʦʡ (ʜʘʞʝ ʧʦ ʩʝ-

ʛʦʜʥʷʰʥʝʤʫ ʯʠʩʣʫ ʧʝʨʝʩʝʯʝʥʠʡ), ʥʦ ʜʘʞʝ ʧʨʠ ʵʪʦʤ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʦ-

ʧʣʦʱʝʥʠʷ ʩʘʤʠʭ ʩʝʙʷ ʚ ʟʘʷʚʣʝʥʥʦʤ WTEC ʦʙʲʸʤʝ. ʃʦʙʙʠʨʦʚʘʥʠʝ ʞʝ, ʧʦʜʨʘ-

ʟʫʤʝʚʘʶʱʝʝ çʩʘʤʦʠʩʧʦʣʥʷʶʱʠʡʩʷ ʩʮʝʥʘʨʠʡè, ï ʥʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʚʝʨ-

ʛʝʥʮʠʠ, ʥʦ ʦʜʥʘ ʠʟ ʧʨʦʮʝʩʩʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʚʭʦʜʷʱʷʷ ʚ ʝy ʩʦʩʪʘʚ. ɹʦʣʝʝ 

ʪʦʛʦ, ʚʦʧʨʦʩ ʚʝʜʴ ʥʝ ʚ ʯʠʩʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʪʨʝʥʜʝ ï ʘ ʚ ʪʦʤ, ʢʘʢʠʤ ʩʪʝʡʢ-

ʭʦʣʜʝʨʳ ʭʦʪʷʪ ʚʠʜʝʪʴ ʙʫʜʫʱʝʝ, ʚʦʧʣʦʱʘʶʱʝʝʩʷ ʧʦ ʤʝʨʝ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʥʜʘ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, NBIC-ʢʦʥʚʝʨʛʝʥʮʠʷ ʠ ʩʣʫʯʠʪʩʷ ʩʘʤʘ ʧʦ ʩʝʙʝ, ʠ ʥʝʪ: ʩʣʫʯʠʪ-

ʩʷ ï ʧʦʪʦʤʫ ʯʪʦ ʥʘ ʵʪʦ ʫʢʘʟʳʚʘʶʪ ʩʮʠʝʥʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ [11], ʧʨʦ-

ʛʥʦʟʳ ʵʢʩʧʝʨʪʥʳʭ ʩʦʦʙʱʝʩʪʚ [1: Appendix A; 20: ʩ.177] ʠ ʧʨʦʯʠʝ ʘʢʪʦʨʳ, ʢʦ-

ʪʦʨʳʤ ʧʨʝʜʧʠʩʳʚʘʝʪʩʷ ʙʝʩʩʪʨʘʩʪʥʦʩʪʴ; ʥʝʪ ï ʧʦʪʦʤʫ ʯʪʦ, ʙʝʩʢʦʥʪʨʦʣʴʥʦ ʠʜʷ 

ʩʚʦʠʤ ʯʝʨʝʜʦʤ, ʢʦʥʚʝʨʛʝʥʮʠʷ ʧʨʝʜʩʪʘʥʝʪ çʬʨʘʢʪʘʣʴʥʳʤ ʷʱʠʢʦʤ ʇʘʥʜʦʨʳè, 

ʭʘʦʪʠʯʥʦ ʚʳʙʨʘʩʳʚʘʶʱʠʤ ʩʦʜʝʨʞʠʤʦʝ (ʚ ʚʠʜʝ ʥʦʚʳʭ ʷʱʠʢʦʚ) ʚ ʚʦ ʚʩʝ ʩʪʦ-

ʨʦʥ.r ʇʦʨʦʞʜʘʷ ʧʨʦʙʣʝʤʳ ʥʘ ʢʘʞʜʦʤ ʰʘʛʫ, ʦʥʘ ʙʫʜʝʪ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦ ʦʧʘʩ-

ʥʘ ʠʟ-ʟʘ ʫʤʥʦʞʘʶʱʝʛʦʩʷ ʯʠʩʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʟʘʠʤʦʫʩʠʣʝʥʠʡ, ʚʳʧʣʸʩʢʠ-

ʚʘʶʱʠʭʩʷ ʥʘ ʨʳʥʦʢ ï ʧʦʵʪʦʤʫ ʜʘʞʝ ʚ ʚʝʨʩʠʠ ʉʐɸ ʢ ʬʦʨʩʘʡʪʫ ʤʘʩʰʪʘʙʥʦ 

ʧʨʠʚʣʝʯʝʥʦ ʧʨʘʚʠʪʝʣʴʩʪʚʦ: NBIC-ʦʙʨʘʟ ʙʫʜʫʱʝʛʦ ʧʨʦʜʚʠʛʘʶʪ 2 ʚʳʩʦʢʦʧʦ-

ʩʪʘʚʣʝʥʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʷ NSF, ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʠ ʧʦʩʨʝʜʥʠʯʝʩʪʚʝ WTEC-

ʮʝʥʪʨʘ.  ʇʦʩʣʝʜʥʠʡ, ʢʩʪʘʪʠ, ʥʝ ʪʦʣʴʢʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʝʙʝ ʢʘʢ ʤʦʱʥʦʤ 

ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ (ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʚʳʩʦʢʦʧʦʩʪʘʚʣʝʥʥʫʶ 

ʢʣʠʝʥʪʫʨʫ ʉʐɸ)
9
, ʥʦ ʠ, ʩʦ ʩʚʦʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ 1988ʛ., ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʙʦʣʝʝ 70 ʦʪʯʸʪʦʚ ʦʪʪʘʯʠʚʘʣ ʬʦʨʤʘʪ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʦʚ, ʘʜʘʧʪʠʨʫʷ ʝʛʦ ʜʣʷ 

ʮʝʣʝʚʳʭ ʘʫʜʠʪʦʨʠʡ ï ʨʘʚʥʦ ʢʘʢ ʠ ʨʘʩʰʠʨʷʣ ʩʚʦʶ ʚʢʣʶʯʸʥʥʦʩʪʴ ʚ ʥʝʬʦʨ-

ʤʘʣʴʥʳʝ ʩʝʪʠ ʧʨʠʥʷʪʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ
10

.  

ʇʨʠ ʵʪʦʤ ʟʘʤʝʪʠʤ, ʯʪʦ ʬʦʨʩʘʡʪ-ʛʨʫʧʧʘ ʩ ʮʝʥʪʨʦʤ ʚ ʣʠʮʝ ʜʚʫʣʠʢʦʛʦ 

ɹʝʡʥʙʨʠʜʞʘ-ʈʦʢʦ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʣʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʉʐɸ ʩʢʦʨʝʝ ʢʘʢ çʦʧʦʨʥʳʝ ʪʦʯʢʠè ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʩʳʱʝʥʠʷ 

NBIC-ʪʝʭʥʦʣʦʛʠʷʤʠ ʥʘʫʢʦʸʤʢʠʭ ʨʳʥʢʦʚ ï ʘ ʪʘʢʞʝ ʢʘʢ ʥʝʦʙʭʦʜʠʤʳʝ ʚ ʵʪʦʡ 

ʩʚʷʟʠ çʫʩʪʨʦʡʩʪʚʘ ʢʘʥʘʣʠʟʘʮʠʠè ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ ʨʳʥʢʦʚ ʦʪ 

ʨʠʩʢʦʚ ʩʘʤʦʨʘʟʨʫʰʝʥʠʷ. ɼʘʥʥʳʡ ʚʳʚʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʧʦʩʦʙʘʭ ʨʝʘʣʠʟʘ-

ʮʠʠ ʛʨʫʧʧʦʡ ʈʦʢʦ NNI, ʰʠʨʦʢʦʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʩʨʝʜʠ ʫʯʘʩʪʥʠʢʦʚ WTEC-

ʩʠʤʧʦʟʠʫʤʦʚ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ, ʙʘʥʢʦʚʩʢʦʡ ʩʬʝʨʳ 

ʠ ʚʝʥʯʫʨʥʳʭ ʬʦʥʜʦʚ.  

                                                             
9 ʄʠʩʩʠʷ WTEC ï ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʫʯʸʥʳʭ, ʠʥʞʝʥʝʨʦʚ ʠ ʚʳʩʦʢʦʧʦʩʪʘʚʣʝʥʥʳʭ ʧʦʣʠʪʠʢʦʚ ʉʐɸ ʦ 
ʛʣʦʙʘʣʴʥʳʭ ʪʨʝʥʜʘʭ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ. 
10 ʉʣʝʜʫʝʪ ʫʪʦʯʥʠʪʴ, ʯʪʦ ʩʘʤ ʈʦʢʦ ʚ ʢʘʯʝʩʪʚʝ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʧʨʦʰʸʣ ʫʥʠʢʘʣʴʥʫʶ ʪʨʘʝʢʪʦʨʠʶ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʥʝ ʚʳʩʪʨʘʠʚʘʣ WTEC ʟʘʥʦʚʦ, ʘ ʠʩʧʦʣʴʟʦʚʘʣ ʤʥʦʛʦʝ ʠʟ ʫʞʝ ʩʣʦʞʠʚʰʝʡʩʷ ʨʘʟʤʝʪʢʠ.  
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ʇʨʝʜʣʦʞʝʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʤʘʪʝʨʠʘʣʘ-

ʤʠ ʩʠʤʧʦʟʠʫʤʦʚ. ʊʘʢ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 1ʛʦ ʠʟ ʥʠʭ, ʧʨʦʰʝʜʰʝʛʦ ʚ 

2001, ʢʨʘʡʥʝ ʥʝʦʜʥʦʨʦʜʥʳ [6] ï ʚ ʥʸʤ NBIC ʟʘʧʝʯʘʪʣʸʥ ʢʘʢ ʤʘʩʰʪʘʙʥʳʡ (ʢʘʢ 

ʤʠʥʠʤʫʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʦʙʨʘʥʥʳʭ ʚʦʝʜʠʥʦ ʩʠʣ!), ʥʦ ʜʦʚʦʣʴʥʦ ʩʳʨʦʡ ʧʨʦ-

ʝʢʪ. ʄʳ ʤʦʞʝʤ ʚʳʜʝʣʠʪʴ ʦʪʜʝʣʴʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʭʦʪʷ ʠʭ ʜʘʶʪ ʥʝ ʚʩʝ ʘʚ-

ʪʦʨʳ, ʨʘʚʥʦ ʢʘʢ ʟʘʯʘʩʪʫʶ ʥʝʷʩʥʳ ʠ ʘʜʨʝʩʘʪʳ ʥʝʤʥʦʛʠʭ ʜʘʥʥʳʭ. ʈʘʟʜʝʣʝʥʠʝ ʚ 

ʢʘʞʜʦʤ ʠʟ 6 ʙʣʦʢʦʚ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 2 ʢʘʪʝʛʦʨʠʠ,  çʫʪʚʝʨʞʜʝʥʠʷè ʠ çʚʠʜʝʥʠʷè, 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʧʨʦʧʠʩʘʥʦ ï ʤʥʦʛʠʝ ʫʪʚʝʨʞʜʝʥʠʷ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʚʠ-

ʜʝʥʠʷʤʠ, ʠʣʠ ʷʚʣʷʶʪʩʷ ʝʱʸ ʙʦʣʝʝ ʚʠʟʠʦʥʝʨʩʢʠʤʠ! ʏʘʩʪʴ ʫʪʚʝʨʞʜʝʥʠʡ ʦʧʠ-

ʩʳʚʘʝʪ ʩʝʛʦʜʥʷʰʥʶʶ ʩʠʪʫʘʮʠʶ ʚ ʩʬʝʨʝ NBIC-ʪʝʭʥʦʣʦʛʠʡ, ʦʥʠ ʘʜʨʝʩʦʚʘʥʳ 

ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ (ʯʪʦʙʳ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʯʪʦ ʩ ʯʝʤ ʠ ʢʘʢ ʢʦʥʚʝʨʛʠʨʫʝʪ). 

ɺʠʟʠʦʥʝʨʩʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʘʜʨʝʩʦʚʘʥʳ ʙʠʟʥʝʩʫ ï ʯʪʦʙʳ 

ʜʘʣʴʥʝʡʰʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠ ʨʳʥʢʠ ʙʳʣʠ ʘʥʦʥʩʠʨʦʚʘʥʳ ʩ ʩʘʤʦʛʦ 

ʥʘʯʘʣʘ. ɺʘʨʠʘʥʪʳ ʪʝʭʥʦʤʦʜʠʬʠʢʘʮʠʠ ʯʝʣʦʚʝʢʘ, ʙʫʜʴ ʪʦ ʚ ʩʦʩʪʘʚʝ ʚʦʝʥʥʦ-

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʠʣʠ ʧʦʚʳʰʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠʥʜʠ-

ʚʠʜʦʚ, ʚ ʮʝʣʦʤ ʦʜʦʙʨʠʪʝʣʴʥʳ, ʠʭ ʩʣʝʜʩʪʚʠʷ ʩʦʮʠʘʣʴʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʧʨʠ-

ʙʳʣʴʥʳ. 1-ʡ ʩʠʤʧʦʟʠʫʤ ʧʨʦʜʚʠʛʘʝʪ ʦʧʪʠʤʠʩʪʠʯʥʫʶ ʢʘʨʪʠʥʫ NBIC-ʙʫʜʫʱʝʛʦ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʩʪʨʝʯʠ ʚ ʀʣʠʥʦʡʩʝ ʚ 2003 ʫʩʠʣʠʚʘʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʥʘ 

ʙʠʟʥʝʩ (ʩʦʙʩʪʚʝʥʥʦ, ʵʪʦ ï ʦʩʥʦʚʥʘʷ ʧʦʚʝʩʪʢʘ) [10: Appendix 3]. ɹʦʣʝʝ ʪʦʛʦ: 

ʦʟʚʫʯʝʥ ʠʥʪʝʨʝʩ ʢ ʩʦʟʜʘʥʠʶ ɸʩʩʦʮʠʘʮʠʠ ʂʦʥʚʝʨʛʠʨʫʶʱʠʭ ʊʝʭʥʦʣʦʛʠʡ, ʢʦ-

ʤʘʥʜ ʧʦ ʧʦʜʛʦʪʦʚʢʝ çʜʦʨʦʞʥʳʭ ʢʘʨʪè, ʧʨʦʚʝʜʝʥʠʶ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʚʩʪʨʝʯ. 

ʇʨʠʩʫʪʩʪʚʫʝʪ ʦʱʫʱʝʥʠʝ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ʜʦʚʦʣʴʥʦ ʩʚʝʞʠʡ, ʧʦ-

ʵʪʦʤʫ ʚ ʯʠʩʣʝ ʟʘʧʨʦʩʦʚ ʧʨʠʦʨʠʪʝʪʝʥ çʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʨʝʥ-

ʜʦʚ, ʘʜʝʢʚʘʪʥʳʡ ʧʨʦʮʝʩʩʘʤ ʢʦʥʚʝʨʛʝʥʮʠʠè. ʉʨʝʜʠ ʮʝʣʝʡ ʙʣʠʞʘʡʰʝʛʦ ʙʫʜʫ-

ʱʝʛʦ ʬʠʛʫʨʠʨʫʶʪ ʧʦʚʳʰʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ ʟʘʠʥʪʝʨʝʩʦʚʘʚʰʠʤʠʩʷ ʠʛ-

ʨʦʢʘʤʠ (ʚ ʪ.ʯ. ʧʦʠʩʢ ʧʦʩʨʝʜʥʠʢʦʚ ʜʣʷ ʚʦʚʣʝʯʝʥʠʷ ʚ ʠʜʫʱʠʝ ʧʨʦʝʢʪʳ ʠ ʧʝʨʝ-

ʛʦʚʦʨʦʚ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʨʳʥʢʘ), ʢʘʢ ʠ ʨʦʩʪ ʯʠʩʣʘ ʢʦʣʣʘʙʦʨʘʮʠʡ ʙʠʟʥʝʩ-

ʧʨʦʝʢʪʦʚ ʩ ʥʘʫʢʦʡ.  

ʃʠʰʴ ʤʘʪʝʨʠʘʣʳ ʚʩʪʨʝʯʠ, ʩʦʩʪʦʷʚʰʝʡʩʷ ʚ 2004, ʜʘʶʪ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʝʝ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʫʶ ʢʘʨʪʠʥʫ [10]. ʉʙʦʨʥʠʢ ʦʪʢʨʳʚʘʝʪ ʙʣʦʢ ʠʟ 4-ʭ ʩʪʘʪʝʡ ï ʦʨ-

ʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʦʚʝʪʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʦʥʚʝʨʛʝʥʮʠʝʡ (ʩʤ. 

ʥʘʟʚʘʥʠʝ ʩʙʦʨʥʠʢʘ, ʦʥʦ ʛʦʚʦʨʠʪ ʩʘʤʦ ʟʘ ʩʝʙʷ), ʘ ʪʘʢʞʝ ʦʪʚʝʪ ʯʘʩʪʥʦʤʫ ʩʝʢʪʦ-

ʨʫ ʧʦ ʧʦʚʦʜʫ çʢʨʠʪʝʨʠʝʚ ʨʘʟʤʝʪʢʠè NBIC, ʤʝʪʨʠʢʠ, ʩʧʦʩʦʙʦʚ ʧʨʦʩʣʝʞʠʚʘʥʠʷ 

ʪʨʝʥʜʦʚ. ɽʱʸ 3 ʩʪʘʪʴʠ ï ʙʣʦʢ ʚʳʟʦʚʦʚ (çʧʨʦʙʣʝʤ ʧʝʨʝʚʦʜʘè ʤʝʞʜʫ ʩʫʙʜʠʩʮʠ-

ʧʣʠʥʘʤʠ ʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ NBIC ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ), ʘ ʵʪʦ ʫʞʝ 

ʤʦʱʥʦ ʩʯʠʪʘʪʴ ʢʦʥʢʨʝʪʥʳʤʠ ʠ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʚʦʟʥʠ-

ʢʘʶʱʠʤʠ ʪʦʣʴʢʦ ʫ ʧʨʦʝʢʪʦʚ, ʧʨʦʰʝʜʰʠʤʠ ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ. ʆʜʥʘʢʦ ʦ ʟʨʝʣʦ-

ʩʪʠ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʠ ʢʘʢ ʨʝʬʣʝʢʩʠʚʥʦʛʦ ʬʦʨʩʘʡʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦʩʪʘʚʰʠʝʩʷ 11 ʩʪʘʪʝʡ ï ʚ ʥʠʭ ʚʦʟʨʦʩʣʦ ʚʥʠʤʘʥʠʝ ʚʠʟʠʦʥʝʨʩʪʚʫ ʩ ʫʢʣʦʥʦʤ ʚ 

ʘʥʘʣʠʟ ʩʦʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ: ʪʦ, ʯʝʛʦ ʙʳʣʦ ʜʦʚʦʣʴʥʦ ʤʘʣʦ ʧʦ ʠʪʦʛʘʤ ʩʠʤʧʦʟʠ-

ʫʤʘ 2001 ʛʦʜʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʦ ʚ 2003 ʛʦʜʫ
11

. ʏʝʪʳʨʝ ʠʟ ʥʠʭ ʢʘʩʘʶʪʩʷ 

ʵʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʠʟʤʝʥʝʥʠʷ ʤʦʟʛʘ ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʩʪʨʘʠ-

                                                             
11 ɿʘʙʝʛʘʷ ʚʧʝʨʸʜ ï ʤʘʪʝʨʠʘʣʳ ʵʪʦʛʦ ʩʙʦʨʥʠʢʘ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʫʞʝ ʧʦʩʣʝ ʜʦʢʣʘʜʘ ʅʦʨʜʤʘʥʘ ʠʟ 

ɽʉ, ʪ.ʝ. ʦʨʛʘʥʠʟʘʪʦʨʳ ʦʮʝʥʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʩʪʴ ʤʥʝʥʠʷ ʝʚʨʦʧʝʡʩʢʠʭ ʢʦʣʣʝʛ (ʩʤ. ʜʘʣʝʝ).  
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ʚʘʥʠʷ ʩʫʙʲʝʢʪʦʚ (ʦʙʣʘʩʪʴ ʪ.ʥ. çʥʝʡʨʦʧʦʣʠʪʠʢʠè ʠ ʝʸ ʧʝʨʩʧʝʢʪʠʚʳ), ʪʨʠ ʦʙʥʘ-

ʨʫʞʠʚʘʶʪ ʥʝʦʞʠʜʘʥʥʳʝ ʧʝʨʝʩʝʯʝʥʠ ̫ IT-ʩʬʝʨʳ ʩ ʩʦʮʠʘʣʴʥʳʤʠ / ʢʦʛʥʠʪʠʚ-

ʥʳʤʠ ʥʘʫʢʘʤʠ, ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʯʝʪʳʨʝ ʧʦʩʚʷʱʝʥʳ ʩʦʮʠʘʣʴʥʳʤ, ʶʨʠʜʠʯʝ-

ʩʢʠʤ ʠ ʵʪʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʢʦʥʚʝʨʛʝʥʮʠʠ ʪʝʭʥʦʣʦʛʠʡ.  

ʉʪʦʣʴ ʚʦʟʨʦʩʰʠʡ ʘʞʠʦʪʘʞ ʚʦʢʨʫʛ çʥʝʡʨʦʧʦʣʠʪʠʢʠè ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ 

ʩʪʨʘʥʥʳʤ: ʨʘʟʚʝ ʤʦʛʣʠ ʙʳʪʴ ʥʝʦʯʝʚʠʜʥʳ ʥʝʦʜʥʦʟʥʘʯʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʙʫʨʥʦ-

ʛʦ ʨʘʟʚʠʪʠʷ ʥʝʡʨʦʥʘʫʢ (ʚ ʩʚʷʟʢʝ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ NBIC) ʝʱʸ ʥʘ ʩʠʤ-

ʧʦʟʠʫʤʝ 2001 ʛʦʜʘ, ʛʜʝ ʮʝʣʳʭ ʪʨʠ ʩʦʦʙʱʝʥʠʷ ʧʦʩʚʷʱʝʥʳ ʤʦʟʛ-

ʢʦʤʧʴʶʪʝʨʥʳʤ ʥʝʡʨʦʠʥʪʝʨʬʝʡʩʘʤ? ʅʘ ʤʦʡ ʚʟʛʣʷʜ, ʦʪʚʝʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʪʝʭʥʦʤʦʜʠʬʠʢʘʮʠʷ ʣʶʜʝʡ, ʧʦʥʷʪʘʷ ʚ ʩʠʣʴʥʦʤ ʩʤʳʩʣʝ, ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʩʘ-

ʤʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʧʝʨʩʧʝʢʪʠʚʦʡ ʜʣʷ ʠʥʚʝʩʪʠʮʠʡ (ʥʘʧʨʦʪʠʚ, ʦʥʘ ʩʢʦʨʝʝ 

ʦʟʘʜʘʯʠʚʘʝʪ) ï ʘ, ʚ ʩʣʫʯʘʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʜʘʞʝ ʟʘʦʩʪʨʷʪʴ ʚʦʧʨʦ-

ʩʳ ʦ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʥʮʠʧʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʚ ʥʸʤ ʩʫʙʲʝʢʪʦʚ. 

ʀ, ʝʩʣʠ ʤʳ ʭʦʪʠʤ ʧʦʥʷʪʴ, ʢʘʢ ʚʳʛʣʷʜʷʪ ʜʝʡʩʪʚʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʘʧ-

ʧʘʨʘʪʦʚ, ʦʙʨʘʪʠʚʰʠʭ ʥʘ NBIC ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ, ʩʘʤʦʝ ʚʨʝʤʷ ʧʝʨʝʭʦ-

ʜʠʪʴ ʢ ʨʝʮʝʧʮʠʠ ʠʜʝʠ çʢʦʥʚʝʨʛʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡè ʚ ɽʉ.  

2003-2006, ɽʉ. ʀʩʪʦʨʠʦʛʨʘʬʠʷ: 

ʊʝʨʤʠʥ, ʟʘʧʫʱʝʥʥʳʡ ʚ ʦʙʦʨʦʪ ʚ ʉʐɸ, ʧʦʢʠʥʫʣ ʠʭ ʧʨʝʜʝʣʳ ʜʦʚʦʣʴʥʦ 

ʙʳʩʪʨʦ. çɿʘ ʩʠʤʧʦʟʠʫʤʦʤ 2001 ʛʦʜʘ ʚ ʉʐɸ ʧʦʩʣʝʜʦʚʘʣʠ ï ʢʘʢ ʤʠʥʠʤʫʤ, ʯʘ-

ʩʪʠʯʥʦ ï ʚʜʦʭʥʦʚʣʸʥʥʳʝ ʩʭʦʞʠʤʠ ʠʜʝʷʤʠ ʩʠʤʧʦʟʠʫʤʳ: ʩ 2003 ʛʦʜʘ ʚ ʂʘʥʘʜʝ 

ʠ ɸʟʠʠ (ʂʦʨʝʷ, ʗʧʦʥʠʷ, ʊʘʡʚʘʥʴ)
12

 ʠ ʩ 2004 ʛʦʣʘ ʚ ɽʚʨʦʧʝ (ɽʉ, ʀʩʧʘʥʠʷ, ʅʠ-

ʜʝʨʣʘʥʜʳ)è [10, p.14]  

ɺʧʝʨʚʳʝ ʢʦʥʚʝʨʛʠʨʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ (ʘʙʙʨʝʚʠʘʪʫʨʘ ʉʊ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ɽʉ ʯʘʱʝ, ʯʝʤ NBIC) ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ɽʚʨʦʢʦʤʠʩʩʠʠ ʚ ʠʶʥʝ 2003 ʛʦ-

ʜʘ, ʦ ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 2-ʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʶʣʣʝʪʝʥʴ çForesighting 

Europeè
13

 ï ʝʸ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʧʦ ʬʦʨʩʘʡʪʫ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ (ʚ ʩʦʩʪʘʚʝ ɻʝʥʝ-

ʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʠʥʥʦʚʘʮʠʷʤ):  çɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʚʦʧʨʦʩʦʚ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʉʐɸ NBIC-ʦʪʯʸʪʦʤ, ɽʚʨʦʢʦʤʠʩʩʠʷ ʧʣʘʥʠʨʫʝʪ 

ʫʯʨʝʞʜʝʥʠʝ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ ʚʳʩʰʝʛʦ ʫʨʦʚʥʷ (High Level Expert Group, 

HLEG) ʧʦ ʢʦʥʚʝʨʛʠʨʫʶʱʠʤ ʪʝʭʥʦʣʦʛʠʷʤè [5, p.9]. 

ʕʪʦʪ ʧʣʘʥ ʚʦʧʣʦʱʘʝʪʩʷ ʚ ʜʝʢʘʙʨʝ 2003 ʛʦʜʘ ʦʩʥʦʚʘʥʠʝʤ HLEG ï ʩ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʧʣʘʥʦʤ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çForesighting the New Technology 

Waveè. ʂʦʣʣʝʢʪʠʚ ʫʯʸʥʳʭ ʠ ʵʢʩʧʝʨʪʦʚ ʨʘʙʦʪʘʝʪ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʦʪʯʸʪʘ ʚʧʣʦʪʴ 

ʜʦ ʠʶʣʷ 2004 ʛʦʜʘ, ʧʦʩʣʝ ʯʝʛʦ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝ̫ʪ ɽʚʨʦʢʦʤʠʩʩʠʠ ɸʣʴʬʨʝʜ 

ʅʦʨʜʤʘʥ.  

                                                             
12

 ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʥʮʝʧʮʠʠ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʠ ʚ ʩʪʨʘʥʘʭ ɸʟʠʠ, ʠʤʝʚʰʝʝ ʤʝʩʪʦ ʚ ʧʝʨʠʦʜ 2001ð

2006, ʥʝ ʧʨʦʚʝʜʝʥʦ ʠʟ-ʟʘ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʠ ʧʝʨʚʦʠʩʪʦʯʥʠʢʦʚ. ʂʘʢ ʦʪʤʝʯʘʶʪ ɹʝʡʥʙʨʠʜʞ ʠ ʈʦʢʦ, 

çʧʦʜʭʦʜ ʘʟʠʘʪʩʢʠʭ ʢʦʣʣʝʛ ʢʫʜʘ ʙʦʣʴʰʝ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ [ʘ ʝʚʨʦʧʝʡ-
ʩʢʠʡ ï ʥʘ ʩʦʮʠʘʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʷʭ]è [ibid]. ɼʝʪʘʣʴʥʳʡ ʦʙʟʦʨ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʠ ʚ ʊʘʡʚʘʥʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʚ [16] 
13 https://cordis.europa.eu/pub/foresight/docs/for_newsletter2.pdf 

https://cordis.europa.eu/pub/foresight/docs/for_newsletter2.pdf
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1. ʉʦʩʪʘʚ ʛʨʫʧʧʳ: 25 ʯʝʣʦʚʝʢ ï ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʂʨʠʩʪʠʥʳ ɹʨʶʣʘʥ ʩ 

ɸʣʴʬʨʝʜʦʤ ʅʦʨʜʤʘʥʦʤ ʚ ʩʪʘʪʫʩʝ ʦʬʠʮʠʘʣʴʥʦʛʦ ʜʦʢʣʘʜʯʠʢʘ.  

2. ʏʝʪʳʨʝ (ʬʦʨʤʘʣʴʥʦ) ʧʨʦʚʝʜʸʥʥʳʝ ʚʩʪʨʝʯʠ: 2-4 ʬʝʚʨʘʣʷ, 14-15 ʘʧʨʝʣʷ, 

6-7 ʤʘʷ ʠ 16-17 ʠʶʥʷ (ʧʦʩʣʝʜʥʷʷ ï ʦʩʦʙʝʥʥʦ ʜʠʩʢʫʩʩʠʦʥʥʘ). ɼʦʢʣʘʜ 

ʧʦʜʛʦʪʦʚʣʝʥ ʥʘ ʦʩʥʦʚʝ ʛʨʫʧʧʦʚʳʭ ʦʙʩʫʞʜʝʥʠʡ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʪʘʪʝʡ 

ʯʣʝʥʦʚ ʛʨʫʧʧʳ, ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʩʮʝʥʘʨʠʷ ʠ ʦʪʯʸʪʦʚ 4ʭ ʧʦʜʛʨʫʧʧ.  

3. ʇʝʨʝʜʘʯʘ ʜʦʢʣʘʜʘ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ: ʠʶʣʴ, 2004 ʛʦʜʘ [5, p.2]  

ɺ ʜʦʢʣʘʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʝ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʝ ʦʪʣʠʯʠʝ, ʢʦʪʦ-

ʨʦʝ ʪʦʣʴʢʦ ʫʩʠʣʠʪʩʷ ʚ ɽʉ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ: ʨʝʯʴ ʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ ʉT 

ʢʘʢ CTEKS (Converging Technologies for the European Knowledge Society, ʉʊ 

ʜʣʷ ʝʚʨʦʧʝʡʩʢʠʭ ʦʙʱʝʩʪʚ ʟʥʘʥʠʷ), ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ CT ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ 

çʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ ʟʥʘʥʠʡ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ, ʜʝʣʘʶʱʠʝ ʜʨʫʛ ʜʨʫʛʘ [ʧʨʠʥ-

ʮʠʧʠʘʣʴʥʦ]  ʚʦʟʤʦʞʥʳʤʠ ʚ ʜʦʩʪʠʞʝʥʠʠ ʩʦʚʤʝʩʪʥʦʡ ʮʝʣʠè [5, p.12]. ʅʦʚʦʤʫ 

ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʧʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʠʥʠʮʠʘʪʠʚʘ WiCC (Widening the Circles of 

Convergence, ʨʘʩʰʠʨʝʥʠʝ ʢʨʫʛʦʚ ʢʦʥʚʝʨʛʝʥʮʠʠ).  

ʇʦʩʢʦʣʴʢʫ ʚʳʚʦʜʳ ʦʪʯʸʪʘ HLEG, ʥʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʫʪʦʯʥʝʥʠʡ, ʧʦʜʪʚʝʨ-

ʞʜʘʣʠ ʟʘʷʚʣʝʥʥʳʝ WTEC ʤʘʩʰʪʘʙʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʢʦʥʚʝʨʛʠʨʫʶʱʠʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʢʘʢ ʜʣʷ ʙʣʠʞʘʡʰʝʛʦ, ʪʘʢ ʠ ʦʪʜʘʣʸʥʥʦʛʦ ʙʫʜʫʱʝʛʦ ɽʉ, ʨʝʢʦʤʝʥʜʘʮʠʷ 

ɽʚʨʦʢʦʤʠʩʩʠʠ ʧʦ ʚʢʣʶʯʝʥʠʶ ʨʘʟʚʸʨʥʫʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ CT ʚ ʙʣʠʞʘʡʰʠʝ 

ʧʣʘʥʳ ʚʳʧʦʣʥʷʝʪʩʷ ʫʞʝ ʚ 6ʡ ʈʘʤʦʯʥʦʡ ʧʨʦʛʨʘʤʤʝ ï ʫʯʨʝʞʜʝʥʠʝʤ, ʧʦ ʢʨʘʡ-

ʥʝʡ ʤʝʨʝ, ʜʚʫʭ ʵʢʩʧʝʨʪʥʳʭ ʛʨʫʧʧ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ. 

ʆʪʜʝʣʴʥʳʤ ʵʪʘʧʦʤ ʨʝʮʝʧʮʠʠ ʠʜʝʠ NBIC ʤʦʞʥʦ ʪʘʢʞʝ ʩʯʠʪʘʪʴ ʨʘʙʦʯʫʶ 

ʚʩʪʨʝʯʫ 27 ʠʶʥʷ 2006 ʛʦʜʘ, ʥʘ ʢʦʪʦʨʫʶ ʙʳʣʦ ʧʨʠʛʣʘʰʝʥʦ 13 ʵʢʩʧʝʨʪʦʚ (ʫʯʸ-

ʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ), ʦʜʠʥ ʠʟ ʥʠʭ ï ʪʨʘʥʩʛʫʤʘʥʠʩʪ ʅ.ɹʦʩʪʨʦʤ ʠʟ ʦʢʩ-

ʬʦʨʜʩʢʦʛʦ ʀʥʩʪʠʪʫʪʘ ɹʫʜʫʱʝʛʦ ʏʝʣʦʚʝʯʝʩʪʚʘ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʚʩʪʨʝʯʠ  

ETAG (European Technology Assessment Group) ʧʦʜʛʦʪʦʚʠʣʘ ʜʦʢʣʘʜ 
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, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʩ 

ʨʘʟʣʠʯʥʳʭ ʩʪʦʨʦʥ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʝʨʩʧʝʢʪʠʚʳ ʥʝʛʘʪʠʚʥʳʭ ʠ ʧʦʟʠʪʠʚʥʳʭ 

ʩʮʝʥʘʨʠʝʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʯʝʣʦʚʝʢʘ, ʨʝʘʣʠʟʫʝʤʳʝ NBIC-

ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʇʝʨʝʭʚʘʪʳʚʘʷ ʜʝʩʢʨʠʧʪʠʚʥʫʶ ʤʦʥʦʧʦʣʠʶ ʥʘ NBIC ʫ ʉʐɸ ʚ 2004 ʛʦʜʫ, 

ɽʉ ʫʞʝ ʥʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ tabula rasa: ʢʦʥʮʝʧʮʠʷ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʠ 

ʧʨʦʠʟʚʝʜʝʥʘ ʠ ʦʟʚʫʯʝʥʘ, ʩʪʘʚ ʧʝʨʝʤʝʱʘʝʤʦʡ. ʇʨʠ ʵʪʦʤ ʜʣʷ ɽʚʨʦʢʦʤʠʩʩʠʠ, 

(ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚ-ʯʣʝʥʦʚ ɽʉ, ʢʦʛʜʘ 

ʨʝʯʴ ʠʜʸʪ ʦ ʤʝʛʘʪʨʝʥʜʘʭ) NBIC-ʦʙʨʘʟʳ ʙʫʜʫʱʝʛʦ, ʦʙʝʱʘʶʱʠʝ ʤʥʦʞʝʩʪʚʦ 

ʤʘʩʰʪʘʙʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʩʦʮʠʘʣʴʥʦʛʦ, ʦʢʘʟʳʚʘʶʪʩʷ ʢʨʘʡʥʝ ʩʫʱʝʩʪʚʝʥʥʳ. 

ʇʦʵʪʦʤʫ ʚ ɽʉ ʵʢʩʧʝʨʪʥʳʡ ʦʙʟʦʨ HLEG ʧʨʠʟʚʘʥ ʫʣʫʯʰʠʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ɽʚʨʦʢʦʤʠʩʩʠʠ: ʢʘʢ ʠ ʜʦʢʣʘʜ ETAG, ʦʙʘ ʵʪʠʭ ʜʦʢʫʤʝʥʪʘ ʘʜʨʝʩʦ-

ʚʘʥʳ ʙʶʨʦʢʨʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʘʤ ʠ ʧʦʣʠʪʠʯʝʩʢʦʤʫ ʠʩʪʝʙʣʠʰʤʝʥʪʫ.  

ʌʦʨʤʫʣʠʨʫʷ ʚʦ ʚʚʝʜʝʥʠʠ [5, pp.5ï6] ʠ ʜʝʪʘʣʠʟʠʨʫʷ ʚ ʟʘʢʣʶʯʝʥʠʠ [ibid, 

pp.51ï55] ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʦʪʯʸʪʘ ʩʧʠʩʦʢ ʠʟ 16 ʨʝʢʦʤʝʥʜʘʮʠʡ ɽʚʨʦʢʦʤʠʩ-

ʩʠʠ, HLEG ʨʘʩʧʘʜʘʝʪʩʷ, ʚʩʢʦʨʝ çʠʩʯʝʟʘʷ ʠʟ ʠʛʨʳè, ʪʦʛʜʘ ʢʘʢ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʨʦʜʦʣʞʘʶʪ ʩʚʦʡ ʧʫʪʴ ʜʦ ʘʜʨʝʩʘʪʘ ʚʧʣʦʪʴ ʜʦ ʚʦʧʣʦʱʝʥʠʷ. ʉ ʩʘʤʦʛʦ ʥʘʯʘʣʘ 

                                                             
14 https://www.itas.kit.edu/downloads/etag_beua06a.pdf 
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HLEG, ʥʝ ʙʫʜʫʯʠ ʜʘʞʝ ʫʩʪʦʡʯʠʚʦʡ ʛʨʫʧʧʦʡ NBIC-ʬʦʨʩʘʡʪʘ, ʚʩʸ ʞʝ ʩʦʟʜʘʸʪ 

ʧʦʚʝʩʪʢʠ, ʨʘʟʣʠʯʠʤʳʝ ɽʚʨʦʢʦʤʠʩʩʠʝʡ ʢʘʢ ʟʥʘʯʠʤʳʝ ʦʨʠʝʥʪʠʨʳ ʚ ʚʳʩʪʨʘʠʚʘ-

ʥʠʠ ʧʦʣʠʪʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʚʝʨʛʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʅʝ ʧʨʝʜʩʪʘʚʣʷʷ, ʢʘʢ ʈʦʢʦ, ʠʥʪʝʨʝʩʳ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ, ʛʨʫʧʧʘ ʙʘʣʘʥʩʠʨʦʚʢʠ NBIC ʚ ɽʉ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ 

NBIC-ʢʦʥʮʝʧʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʥʦʨʝʜʫʢʮʠʠ ï ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʛʠʙʢʦʩʪʠ. ʆʪʢʘʟ ʦʪ ʣʦʛʠʢʠ NBIC, ʬʫʥʜʠʨʦʚʘʥʥʦʡ BANG-

ʪʝʪʨʘʵʜʨʦʤ, ʧʨʠ ʘʥʘʣʠʟʝ ʉʊ ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʝʨʪʘʤ ʨʘʩʰʠʨʠʪʴ ʩʘʤʫ ʩʪʨʫʢʪʫʨʫ 

ʢʦʥʮʝʧʪʘ:  CT ʠʟ NBIC ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʫʧʦʤʷʥʫʪʳʝ ʉTEKS (ʚʤʝʩʪʝ ʩ WiCC, 

ʛʜʝ WiCC ï ʥʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʥʦ 3-5-ʣʝʪʥʷʷ ʨʘʩʩʪʘʥʦʚʢʘ çʪʝʤʘ-

ʪʠʯʝʩʢʠʭ ʧʨʠʦʨʠʪʝʪʦʚè ʜʣʷ CTEKS). ʊʘʢ, ʜʦʚʦʣʴʥʦ ʢʫʤʫʣʷʪʠʚʥʦ ʠ ʦʙʪʝʢʘʝʤʦ 

WiCC ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ çʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʦʙʨʘʟʦʚʘʥʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʵʥʝʨʛʝʪʠʢʫ ʠ ʟʘʙʦʪʫ ʦʙ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝè [ibid, Part 3, Ä2.1], ʠʣʠ, ʪʦʯʥʝʝ: çé ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ ʯʠʩʪʳʭ 

ʠ ʵʢʦʥʦʤʠʯʥʳʭ ʚʦʟʜʫʭʦʧʣʘʚʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʢ 2020 ʛʦʜʫ; ʨʘʟʚʠʪʠʝ ʚʦʜʦʨʦʜ-

ʥʳʭ ʩʝʪʝʡ [ʩʥʘʙʞʝʥʠʷ] ʠ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʠʢʠ ʥʘ 

ʥʘʥʦʫʨʦʚʥʝ, ʠʥʚʝʩʪʠʮʠʠ ʚ ʙʫʜʫʱʠʝ ʤʦʙʠʣʴʥʳʝ ʠ ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʧʨʠʣʦʞʝʥʠʷ, ʧʨʠʨʦʩʪ ʩʦʚʤʝʩʪʥʳʭ ʫʩʠʣʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʚʩʪʨʦʝʥʥʳʭ ʩʠʩʪʝʤ, 

ʨʘʚʥʦ ʢʘʢ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ 

ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʦʨʜʠʥʠʨʫʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʚʳʩʰʝʡ ʭʠʤʠʠ ï ʜʣʷ ʨʘʟʥʦʦʙʨʘʟ-

ʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʩʦʮʠʘʣʴʥʳʭ ʮʝʣʝʡè [Research in the 

Financial Perspectives 2006-2013: Commission Proposals (February 2004) [ibid, 

p.44]]. ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʜʦʢʣʘʜ HLEG ʘʜʨʝʩʦʚʘʥ ʠ ʨʳʥʢʫ, ʥʦ ʫʞʝ ʚʪʦ-

ʨʠʯʥʦ, ʯʝʨʝʟ ʧʨʠʦʨʠʪʝʪʳ, ʢʦʪʦʨʳʝ ʨʘʩʩʪʘʚʠʪ ɽʚʨʦʧʘʨʣʘʤʝʥʪ. 

ʆʙʦʙʱʘʷ ʩʢʘʟʘʥʥʦʝ: ʫʧʨʘʚʣʝʥʠʝ ʥʘʫʢʦʡ ʚ ɽʉ ʙʦʣʝʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʦ, ʯʝʤ ʯʘʩʪʥʦ-ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʠʝ ʩʪʨʘʪʝʛʠʠ ʉʐɸ, ʧʦʵʪʦʤʫ, 

ʧʨʝʜʧʦʣʘʛʘʷ ʚ ʧʝʨʩʧʝʢʪʠʚʝ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʠ ʠʟʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩʦʮʠ-

ʘʣʴʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʚ ʮʝʣʦʤ, ʥʦ ʜʘʞʝ ʩʘʤʠʭ ʣʶʜʝʡ ï ʟʘ ʩʯʸʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʤʦʜʠʬʠʢʘʮʠʡ
15

 ï  ɽʚʨʦʢʦʤʠʩʩʠʷ ʥʫʞʜʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ-ʜʝʢʦʤʧʦʟʠʮʠʠ, 

ʯʪʦʙʳ ʧʦʥʷʪʴ, ʠʟ ʯʝʛʦ ʢʦʥʚʝʨʛʝʥʮʠʷ çʙʳʣʘ ʩʦʙʨʘʥʘè. ɼʘʞʝ çʨʘʩʰʠʨʝʥʠʝ ʢʨʫ-

ʛʦʚ ʢʦʥʚʝʨʛʝʥʮʠʠè ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ HLEG, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʬʦʨʩʘʡʪ-ʛʨʫʧʧ r WTEC, ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ 

WiCC. ʆʧʝʨʘʪʠʚʥʦ ʩʘʤʦʫʩʪʨʘʥʷʷʩʴ ʠʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʩʣʝʜʥʝʡ, HLEG ʟʘ-

ʢʣʘʜʳʚʘʝʪ ʬʦʨʤʘʪ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ ʠ ʨʘʩʧʘʜʘʶʱʠʭʩʷ ʵʢʩ-

ʧʝʨʪʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʤ ʧʨʝʜʩʪʦʠʪ (ʯʝʨʝʟ ʧʦʩʨʝʜʥʠʯʝʩʪʚʦ WiCC ʢʘʢ ʚʝʜʦʤ-

ʩʪʚʘ, ʧʣʘʥ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʪʦʤ ʞʝ ʜʦʢʫʤʝʥʪʝ) ʧʨʦʜʦʣʞʘʪʴ 

ʨʘʙʦʪʫ çʙʘʣʘʥʩʠʨʦʚʢʠ NBICè ʚ ʚʝʨʩʠʠ ɽʉ ʚ 2ʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʧʨʦʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʥʘ 2007-2009ʛʛ.  

                                                             
15 ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʜʦʢʣʘʜ ETAG, ʪʝʤʘ ʠʟʤʝʥʝʥʠʷ ʣʶʜʝʡ ï ʚʧʣʦʪʴ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʦʚʳʭ ʩʝʥʩʦʨʥʦ-

ʢʦʛʥʠʪʠʚʥʳʭ ʚʠʜʦʚ, ʠʥʪʝʛʨʘʮʠʠ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʠʥʪʝʣʣʝʢʪʘʤʠ ʠ ʧʨ. ï ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ 

ʚʩʝʨʴʸʟ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʩʦʟʚʘʥʥʳʝ ɽʉ ʵʢʩʧʝʨʪʳ ʧʨʝʜʧʦʯʠʪʘʶʪ ʠʟʙʝʛʘʪʴ ʧʦʣʷʨʥʳʭ ʨʘʜʠʢʘʣʠ-

ʟʘʮʠʡ çʦʧʪʠʤʠʟʤʘ ʪʨʘʥʩʛʫʤʘʥʠʟʤʘ/ ʫʣʴʪʨʘʢʦʥʩʝʨʚʘʪʠʟʤʘ ʙʠʦʣʫʜʜʠʟʤʘè ʠ ʥʘʭʦʜʷʪ 3-ʡ ʧʫʪʴ, ʩʤʝ-

ʰʘʥʥʦ-ʨʝʘʣʠʩʪʠʯʥʳʡ. ʆʥʠ ʜʝʣʘʶʪ ʘʢʮʝʥʪ ʥʘ ʪʦʤ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʩʪʝʧʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦ-
ʛʠʡ ʤʦʜʠʬʠʢʘʮʠʠ ʫʤʥʦʞʘʣʦ ʙʳ ʯʠʩʣʦ ʧʫʙʣʠʯʥʳʭ ʨʝʘʢʮʠʡ ʥʘ ʥʠʭ, ʥʝʞʝʣʠ ʫʤʝʥʴʰʘʣʦ, ʩʚʦʜʷ ʜʦ 2-ʭ 

ʢʨʘʡʥʠʭ ï ʠ, ʦʯʝʚʠʜʥʦ, ʦʪ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠʥʩʪʠʪʫʪʦʚ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ɽʉ ʟʘ-

ʚʠʩʠʪ, ʢʘʢʫʶ ʨʦʣʴ ʦʥʠ ʤʦʛʣʠ ʙʳ ʠʛʨʘʪʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ.  
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ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ɺʠʮʝ-ʧʨʝʟʠʜʝʥʪ ʅʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʈʦʩʩʠʠ, 
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ɸʥʥʦʪʘʮʠʷ: ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʢʥʠʛʠ çʅɹʀʂʉ-ʪʝʭʥʦʣʦʛʠʠ 

ʜʣʷ ʄʠʨʘ ʠ ɺʦʡʥʳè (ɻ.ɽ. ʂʨʠʯʝʚʩʢʠʡ, ʃʘʤʙʝʨʪ, 2017, 634 ʩ.). ɺ ʩʪʘʪʴʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚ rʅɹʀʂʉ-ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʪʝʨʤʠʥʳ ʠ 

ʧʦʥʷʪʠʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ (ʢʦʥʚʝʨʛʝʥʮʠʷ, ʜʠʚʝʨʛʝʥʮʠʷ, ʩʠ-

ʥʝʨʛʠ,̫ ʩʠʥʛʫʣʷʨʥʦʩʪʴ), ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʪʨʝʥʜʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʦʙʱʝʩʪʚʘ, ʫʢʘʟʳʚʘʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʅɹʀʂʉ-ʪʝʭʥʦʣʦʛʠʡ ʚ XXI  ʚʝʢʝ. ɽʩʣʠ ʧʦ-ʧʨʦʩʪʦʤʫ, 

ʦʜʥʦʡ ʬʨʘʟʦʡ ʩʢʘʟʘʪʴ, ʯʝʤ ʟʘʥʠʤʘʶʪʩʷ ʩʧʝʮʠʘʣʠʩʪʳ ʢʘʞʜʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

NBICS-ʪʝʭʥʦʣʦʛʠʡ, ʪʦ ʧʦʣʫʯʠʪʩʷ ʛʜʝ-ʪʦ ʪʘʢ: ʫʯʝʥʳʡ ʢʦʛʥʠʪʠʚʠʩʪ ï ʜʫʤʘʝʪ, 

ʫʯʝʥʳʡ ʥʘʥʦʪʝʭʥʦʣʦʛ ï ʜʝʣʘʝʪ, ʫʯʝʥʳʡ ʙʠʦʪʝʭʥʦʣʦʛ ï ʚʦʦʨʫʞʘʝʪ, ʫʯʝʥʳʡ 

ʠʥʬʦʨʤʘʮʠʦʥʱʠʢ ï ʤʦʥʠʪʦʨʠʪ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ, ʫʯʝʥʳʡ ʩʦʮʠʦʣʦʛ ï ʦʙʨʘʱʘʝʪ 

ʫʩʧʝʭʠ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʦʣʴʟʫ ʯʝʣʦʚʝʢʘ ʠ ʦʙʱʝʩʪʚʘ. ʂʦʥʝʯʥʦ, ʚʩʝ ʵʪʠ ʩʧʝʮʠʘ-

ʣʠʩʪʳ, ʘ ʥʝ ʪʦʣʴʢʦ ʢʦʛʥʠʪʠʚʠʩʪʳ, ʜʫʤʘʶʪ, ʠ ʚʩʝ ʦʥʠ, ʘ ʥʝ ʪʦʣʴʢʦ ʥʘʥʦʪʝʭʥʦ-

ʣʦʛʠ, ʜʝʣʘʶʪ, ʘ ʚʩʝ ʚʤʝʩʪʝ ʦʥʠ ʪʚʦʨʷʪ ʙʫʜʫʱʝʝ ʯʝʣʦʚʝʯʝʩʪʚʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅɹʀʂʉ-ʪʝʭʥʦʣʦʛʠʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʙʠʦʪʝʭʥʦʣʦ-

ʛʠʠ, ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ, ʢʦʥʚʝʨʛʝʥʮʠʷ. 
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Abstract: This paper is the part of book çNBICS-Technology for Peace and 

Warè (ɻ.ɽ.ʂʨʠʯʝʚʩʢʠʡ Lambert Academic Pbl.2017, 634 p.).This paper considers 

the Base of NBICS-science and technology, basic terms and concepts of this com-

plex (convergence, divergence, sinergie, singularity) of this field of science and 

technology. The transdisciplinarity is very importent for this claster of science and 

practies. There are schemes of transdisciplinarity in every one of NANO-, BIO-, 

INFO-, COGNO-, SOCIO- Science and Technology and between them. There are 

forecasts of the best known scientists in the world in innovations by NBICS-

Technology for XXI centure. 
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Keywords: NBICS-technologies, nanotechnology, biotechnology, transdis-

ciplinarity, convergenc. 

ʆʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʥʷʪʠʷ NBICS-ʪʝʭʥʦʣʦʛʠʡ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʚʩʝʤ 

ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ ʩʦʩʪʘʚʣʷʶʱʠʤ NBICS-ʪʝʭʥʦʣʦʛʠʠ. ɼʣʷ ʚʩʝʭ ʥʠʭ ʩʫʱʝ-

ʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ, ʥʦ ʤʳ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʚʥʘʯʘʣʝ ʦʛʨʘʥʠʯʠʤʩʷ ʧʦ 

ʦʜʥʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ, ʩʘʤʦʤʫ ʧʨʦʩʪʦʤʫ ʠ ʯʝʪʢʦʤʫ. 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ. ɽʩʣʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʝʤʘ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʝʱʝʩʪʚʘ 

ʧʦ ʦʜʥʦʡ, ʜʚʫʤ ʠʣʠ ʪʨʝʤ ʢʦʦʨʜʠʥʘʪʘʤ ʜʦ ʨʘʟʤʝʨʦʚ ʥʘʥʦʤʝʪʨʦʚʦʛʦ (10
-9
) ʤʘʩ-

ʰʪʘʙʘ ʚʦʟʥʠʢʘʝʪ ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ, ʪʦ ʵʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʥʘʥʦ-

ʤʘʪʝʨʠʘʣʘʤ, ʘ ʪʝʭʥʦʣʦʛʠʠ ʢ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ. 

 

 

˾͙ͫΦ м ˿ ͍Ύ͘Έ ͔ͤ͊ͤͦͭͻ͎͙͚ͤͦͦ͡ ͫ ͙ͪ͊͘͡;ͤ·͙ͣ ͦ͋͊ͫͭ͡Ύ͙ͣ ͙ͤ͊ͯ͟Φ 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ï ʦʩʥʦʚʥʦʡ ʤʝʛʘʧʨʦʝʢʪ ʚ ʦʙʣʘʩʪʠ 

ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʙʠʦʪʝʭʥʦʣʦ-

ʛʠʠ, ʷʚʣʷʶʪʩʷ ʣʦʢʦʤʦʪʠʚʦʤ ʚʩʝʛʦ NBICS-ʢʣʘʩʪʝʨʘ. ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʧʨʦʜʦʣ-

ʞʘʶʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʧʦ ʚʝʨʪʠʢʘʣʠ ʦʪ ʥʘʫʢʠ ʢ ʪʝʭʥʦʣʦʛʠʠ, ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʰʠʨʷʷʩʴ ʚ ʪʘʢʠʝ ʦʙʣʘʩʪʠ ʢʘʢ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʪʝʢʩʪʠʣʴ, 

ʦʪʜrʭ, ʩʧʦʨʪ, ʥʘʥʦʬʦʪʦʥʠʢʘ, ʤʝʪʘʤʘʪʝʨʠʘʣʳ, ʩʧʠʥʪʨʦʥʠʢʘ ʠ ʤʥʦʛʦʝ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ, ʧʨʦ ʯʪʦ ʤʳ ʩʝʡʯʘʩ ʜʘʞʝ ʥʝ ʜʦʛʘʜʳʚʘʝʤʩʷ. ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʧʨʦʝʢʪʳ ʚʝʥʯʫʨʥʦʛʦ ʭʘʨʘʢ-

ʪʝʨʘ, ʦʪʢʨʳʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤʠ ʤʝʪʦʜʘʤʠ: 3d-ʧʝʯʘʪʴ, 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ ʠ ʧʨʦʯʝʝ. 
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ʈʠʩ. 2 ʎʝʣʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʙʣʘʩʪʷʤʠ 

ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ, ʢʘʢʠʝ ʪʚʦʨʯʝʩʢʠʝ ʮʝʣʠ ʩʪʘʚʠʣʠʩʴ, ʨʝ-

ʰʘʣʠʩʴ ʠ ʙʫʜʫʪ ʨʝʰʘʪʴʩʷ ʚ ʩʬʝʨʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʧʝʨʠʦʜ 2000-2030 ʛʦʜʦʚ. 

ɹʠʦʪʝʭʥʦʣʦʛʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʠʭ ʩʠʩʪʝʤ ʠʣʠ 

ʧʨʦʜʫʢʪʦʚ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʘ ʪʘʢ-

ʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʤʝʪʦʜʦʤ ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ.  

 

 
ʈʠʩ. 3 ʉʚʷʟʴ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 
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ɹʠʦʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʝʣʦʚʝʢʦʤ ʵʤʧʠʨʠʯʝʩʢʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ (ʤʦʣʦʯʥʦʢʠʩʣʘʷ ʧʨʦʜʫʢʮʠʷ, ʭʣʝʙ, ʘʣʢʦʛʦʣʴʥʳʝ ʥʘʧʠʪʢʠ ʠ 

ʜʨʫʛʦʝ) ʝʱʝ ʥʘ ʩʘʤʳʭ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʮʠʚʠʣʠʟʘʮʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʙʠʦʪʝʭʥʦ-

ʣʦʛʠʠ ʠ, ʢʦʥʝʯʥʦ, ʛʝʥʥʘʷ ʠʥʞʝʥʝʨʠʷ, ʵʥʟʠʤʦʣʦʛʠʷ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ (ʤʝʜʠ-

ʮʠʥʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʣʝʢʘʨʩʪʚ, ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ) ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʳ ʠ ʰʠ-

ʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩ ʩʝʨʝʜʠʥʳ XX ʚʝʢʘ.  

 

 
ʈʠʩ. 4 ʎʝʣʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʥʘʫʢʠ 

ʠ ʧʨʘʢʪʠʢʠ. ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʦ, ʢʘʢʠʝ ʪʚʦʨʯʝʩʢʠʝ ʮʝʣʠ ʩʪʘʚʠʣʠʩʴ, ʨʝʰʘʣʠʩʴ ʠ 

ʙʫʜʫʪ ʨʝʰʘʪʴʩʷ ʚ ʩʬʝʨʝ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʚ ʧʝʨʠʦʜ 2000-2030 ʛʦʜʦʚ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʄʝʪʦʜʳ ʵʬʬʝʢʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʭʨʘ-

ʥʝʥʠʷ, ʘʥʘʣʠʟʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘ ʠʟ ʩʘʤʳʭ ʤʦʣʦʜʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʠ ʥʘʯʘʣʘ XXI  ʚʝʢʘ, ʙʝʟ ʢʦʪʦʨʦʡ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʞʠʟʥʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ (ʠʥʪʝʨʥʝʪ, ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ ʠ 

ʜʨʫʛʦʝ).  

ʂʦʛʥʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʇʦʟʥʘʥʠʝ, ʠʟʫʯʝʥʠʝ, ʦʩʦʟʥʘʥʠʝ ʫʤʩʪʚʝʥ-

ʥʳʭ ʠ ʯʫʚʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. ʊʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʫʩʧʝʭʘʤʠ 

ʙʠʦʣʦʛʠʠ, ʬʠʟʠʦʣʦʛʠʠ, ʧʩʠʭʦʣʦʛʠʠ. ʆʬʦʨʤʠʣʠʩʴ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʚ ʢʦʥʮʝ XX ʚʝʢʘ. ʂʦʛʥʠʪʠʚʥʘʷ ʥʘʫʢʘ ʠʟʫʯʘʝʪ ʧʨʦʮʝʩʩ ʧʦʟʥʘʥʠʷ ï ʢʘʢ 

ʤʳ ʚʦʩʧʨʠʥʠʤʘʝʤ ʤʠʨ, ʢʘʢ ʤʳʩʣʠʤ, ʥʘ ʯʪʦ ʦʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ.  

ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʙʣʘ-

ʩʪʷʤʠ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʦ, ʢʘʢʠʝ ʪʚʦʨʯʝʩʢʠʝ ʮʝʣʠ ʩʪʘʚʠ-

ʣʠʩʴ, ʨʝʰʘʣʠʩʴ ʠ ʙʫʜʫʪ ʨʝʰʘʪʴʩʷ ʚ ʩʬʝʨʝ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʝʨʠʦʜ 

2000-2030 ʛʦʜʦʚ. 
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ʈʠʩ. 5 ʉʚʷʟʴ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 

 

 

ʈʠʩ. 6 ʎʝʣʠ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

 

ʉʦʮʠʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʠ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ, ʦʙʱʝ-

ʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʩʦʮʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʥʦ-

ʩʪʝʡ ʯʝʣʦʚʝʢʘ, ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʧʦʩʦʙ-
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ʥʦʩʪʝʡ ʠ ʠʥʪʝʨʝʩʦʚ ʩ ʫʯʝʪʦʤ ʦʜʦʙʨʝʥʥʦʡ ʦʙʱʝʩʪʚʦʤ ʩʠʩʪʝʤʳ ʮʝʥʥʦʩʪʝʡ ʠ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʙʱʝʩʪʚʝʥʥʳʤ ʧʨʦʛʨʝʩʩʦʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ.  

ɽʩʣʠ ʧʦ-ʧʨʦʩʪʦʤʫ, ʦʜʥʦʡ ʬʨʘʟʦʡ ʩʢʘʟʘʪʴ, ʯʝʤ ʟʘʥʠʤʘʶʪʩʷ ʩʧʝʮʠʘʣʠʩʪʳ 

ʢʘʞʜʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ NBICS-ʪʝʭʥʦʣʦʛʠʡ, ʪʦ ʧʦʣʫʯʠʪʩʷ ʛʜʝ-ʪʦ ʪʘʢ: ʫʯʝʥʳʡ 

ʢʦʛʥʠʪʠʚʠʩʪ ï ʜʫʤʘʝʪ, ʫʯʝʥʳʡ ʥʘʥʦʪʝʭʥʦʣʦʛ ï ʜʝʣʘʝʪ, ʫʯʝʥʳʡ ʙʠʦʪʝʭʥʦʣʦʛ ï 

ʚʦʦʨʫʞʘʝʪ, ʫʯʝʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʱʠʢ ï ʤʦʥʠʪʦʨʠʪ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ, ʫʯʝʥʳʡ 

ʩʦʮʠʦʣʦʛ ï ʦʙʨʘʱʘʝʪ ʫʩʧʝʭʠ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʦʣʴʟʫ ʯʝʣʦʚʝʢʘ ʠ ʦʙʱʝʩʪʚʘ. ʂʦ-

ʥʝʯʥʦ, ʚʩʝ ʵʪʠ ʩʧʝʮʠʘʣʠʩʪʳ, ʘ ʥʝ ʪʦʣʴʢʦ ʢʦʛʥʠʪʠʚʠʩʪʳ, ʜʫʤʘʶʪ, ʠ ʚʩʝ ʦʥʠ, ʘ 

ʥʝ ʪʦʣʴʢʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠ, ʜʝʣʘʶʪ, ʘ ʚʩʝ ʚʤʝʩʪʝ ʦʥʠ ʪʚʦʨʷʪ ʙʫʜʫʱʝʝ ʯʝʣʦʚʝʯʝ-

ʩʪʚʘ.  

 

 
ʈʠʩ. 7 ʉʚʷʟʠ ʚʥʫʪʨʠ NBICS-ʪʝʭʥʦʣʦʛʠʡ. 

 

 

ʈʠʩ 8. ʉʚʷʟʠ ʤʝʞʜʫ NBICS-ʪʝʭʥʦʣʦʛʠʷʤʠ, ʧʨʠʤʝʨ ʢʦʥʚʝʨʛʝʥʮʠʠ ʪʝʭʥʦʣʦʛʠʡ. 
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ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʳ ʧʨʷʤʳʝ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʘʥʦ-, ʙʠʦ-, 

ʠʥʬʦ-, ʢʦʛʥʦ- ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʚʥʫʪʨʠ NBICS-ʪʝʭʥʦʣʦʛʠʡ. 

ʈʠʩ. 8 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʤʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ NBICS-ʪʝʭʥʦʣʦʛʠʡ ʩ 

ʚʳʭʦʜʦʤ ʧʨʦʜʫʢʪʦʚ ʢʦʥʚʝʨʛʝʥʮʠʠ ʥʘ ʙʠʦʥʠʢʫ. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʦʙʨʘʟʫʝʪʩʷ 

ʦʯʝʥʴ ʩʣʦʞʥʳʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ, ʤʝʞʜʫ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʢʦʪʦ-

ʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʚʝʨʛʝʥʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʣʘʚʠʥʦʦʙʨʘʟʥʦʤʫ ʧʦʷʚʣʝʥʠʶ 

ʦʪʢʨʳʪʠʡ, ʠʟʦʙʨʝʪʝʥʠʡ, ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʜʫʢʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

ɽʱʝ ʦʜʠʥ ʨʘʢʫʨʩ NBICS-ʪʝʭʥʦʣʦʛʠʡ ʩ ʧʦʟʠʮʠʠ 

ʢʦʥʚʝʨʛʝʥʮʠʠ ʠ ʜʠʚʝʨʛʝʥʮʠʠ 

 

 
ʈʠʩ 9. ʂʦʥʚʝʨʛʝʥʮʠʷ ʥʘʫʢ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʬʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʳ ʠ ʦʙʱʝʩʪʚʘ. 

 

ʂʦʥʚʝʨʛʝʥʮʠʷ. ʇʨʦʮʝʩʩʳ, ʧʨʦʭʦʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝʤ, ʢʦʥʢʫʨʝʥʮʠʝʡ, ʩʠʥʝʨʛʠʟʤʦʤ ʨʘʟʣʠʯʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʟʥʘʥʠʡ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʨʘʟʤʝʨʥʦʩʪʠ 

(ʘʪʦʤʳ ï ʤʦʣʝʢʫʣʳ ï ʥʘʥʦʯʘʩʪʠʮʳ ï ʤʘʢʨʦʤʠʨ ï ʚʩʝʣʝʥʥʘʷ), ʚʨʝʤʝʥʠ ʠ 

ʩʣʦʞʥʦʩʪʝʡ. ʕʪʦ ʥʝ ʧʨʦʩʪʦʝ ʘʜʜʠʪʠʚʥʦʝ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝ, ʩʣʦʞʝ-

ʥʠʝ. ʕʪʦ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʝ ʩ ʧʦʷʚʣʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʦʚʦʛʦ ʢʘʯʝʩʪʚʘ. 

ʀʟ ʚʩʝʛʦ ʵʪʦʛʦ ʧʨʦʠʩʪʝʢʘʶʪ ʝʱʝ ʠ ʜʨʫʛʠʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʉʠʥʝʨʛʠʟʤ. ʉʫʧʝʨʘʜʜʠʪʠʚʥʦʝ ʩʣʦʞʝʥʠʝ, ʢʦʛʜʘ 1+1>2, ʘ ʚ ʥʘʰʝʤ ʩʣʫ-

ʯʘʝ NBICS-ʪʝʭʥʦʣʦʛʠʠ 1+1+1+1+1>5, ʟʘ ʩʯʝʪ ʚʟʘʠʤʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ ʢʘ-

ʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʉʭʝʤʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʳʚʘʝʪ ʦʯʝʥʴ 

ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʥʷʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʝʸ ʨʝʟʫʣʴʪʘʪʳ, ʪʦʣʴʢʦ ʨʘʩʩʤʘʪʨʠʚʘʷ ʵʪʫ ʢʘʨʪʠʥʫ ʚ ʮʝʣʦʤ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ. ʊʘ-

ʢʦʡ ʩʦʚʨʝʤʝʥʥʳʡ ʩʠʩʪʝʤʥʳʡ ʮʝʣʦʩʪʥʳʡ ʘʥʘʣʠʟ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʦʩʥʦʚʘʥ ʥʘ 

ʬʠʣʦʩʦʬʩʢʦʤ ʧʦʥʷʪʠʠ çʭʦʣʠʟʤʘè. 
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ʍʦʣʠʟʤ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʷʚʣʝʥʠʡ, ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 

ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ ʚʩʝʛʜʘ ʩʣʦʞʥʝʝ, ʯʝʤ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʫʤʤʘ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʍʦʣʠʟʤ ʢʘʢ ʩʠʩʪʝʤʘ ʚʟʛʣʷʜʦʚ, ʜʦʧʦʣʥʠʣ ʩʠʩʪʝʤʫ ʨʝʜʫʢʮʠʦʥʠʟʤʘ, ʢʘʢ ʩʚʝʜʝ-

ʥʠʝ ʩʣʦʞʥʦʛʦ ʢ ʧʨʦʩʪʦʤʫ. ʄʠʨ ʩʪʘʣ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʤʥʦʛʦʫʨʦʚʥʝʚʳʤ ʠ ʪʨʝ-

ʙʫʝʪ ʙʦʣʝʝ ʩʠʩʪʝʤʥʦʛʦ ʦʩʤʳʩʣʝʥʠʷ (ʭʦʣʠʟʤ). ʅʦ ʵʪʦ ʥʝ ʠʩʢʣʶʯʘʝʪ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʜʫʢʮʠʦʥʠʟʤʘ. ʊʘʢʦʡ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ, ʛʜʝ ʚ ʦʩʥʦʚʫ ʧʦʣʦʞʝʥʘ ʤʝʞʜʠʩʮʠ-

ʧʣʠʥʘʨʥʦʩʪʴ, ʘ ʥʝ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʜʠʩʮʠʧʣʠʥʳ (ʤʘʪʝʤʘʪʠʢʘ, ʬʠʟʠʢʘ, 

ʭʠʤʠʷ ʠ ʜʨʫʛʠʝ). 

 

 
ʈʠʩ 10. ʍʦʣʠʟʤ ʥʘ ʧʨʠʤʝʨʝ ʯʘʩʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʋʧʦʨʷʜʦʯʝʥʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʩʪʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ. 

 

ɽʱʝ ʦʜʥʦ ʦʯʝʥʴ ʚʘʞʥʦʝ ʧʦʥʷʪʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʢʦʥʚʝʨʛʝʥʮʠʝʡ ʠ ʩʠʥʝʨ-

ʛʠʟʤʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NBICS-ʪʝʭʥʦʣʦʛʠʡ ï ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ ʠ ʩʠʥʝʨʛʠʟʤʘ. ʕʪʘ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʣʠ ʩʠʥʛʫʣʷʨʥʦʩʪʴ ʩʧʦʩʦʙʥʘ ʚʳʨʘʞʘʪʴʩʷ ʢʘʢ ʚ ʧʦʣʦʞʠʪʝʣʴ-

ʥʦʤ, ʪʘʢ ʠ ʚ ʥʝʛʘʪʠʚʥʦʤ ʨʘʟʚʠʪʠʠ ʦʙʱʝʩʪʚʘ, ʮʠʚʠʣʠʟʘʮʠʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʚʩʪʫʧʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʘʚʠʥʦʦʙʨʘʟʥʦʛʦ ʧʦʪʦʢʘ ʠʥʥʦʚʘʮʠʡ ʚ ʥʦʚʫʶ ʬʘʟʫ ʨʘʟ-

ʚʠʪʠʷ ï ʪʨʘʥʩʛʫʤʘʥʠʩʪʠʯʝʩʢʫʶ.  

ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʤʳ ʥʘʙʣʶʜʘʝʤ ʫʞʝ ʩʝʛʦ-

ʜʥʷ, ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ NBICS-ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʘʥʦʤʝʜʠʮʠʥʳ, 

ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʢʣʝʪʦʯʥʦʡ, ʨʝʧʘʨʘʪʠʚʥʦʡ, ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ, 

ʫʩʧʝʭʠ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʜʨʫʛʠʝ ʜʦʩʪʠʞʝʥʠʷ ʯʝʣʦʚʝʯʝ-

ʩʪʚʘ, ʩʤʦʛʫʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ, ʥʘ ʥʦʚʦʤ ʫʨʦʚʥʝ ʫʩʠʣʠʪʴ ʠʥʪʝʣʣʝʢʪ ʠ ʬʠʟʠʯʝ-

ʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʣʠʪʴ ʝʛʦ ʞʠʟʥʴ ʠ ʜʘʞʝ ʮʝʣʝʥʘ-

ʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʠʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʙʣʠʢ. ɺʩʸ ʵʪʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʚʦʡ ʩʪʘ-

ʜʠʠ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ï ʪʨʘʥʩʛʫʤʘʥʠʟʤʫ. ʀ, ʝʩʪʝʩʪʚʝʥʥʦ, 

ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ ʵʪʠʯʝʩʢʦʛʦ, ʤʦʨʘʣʴʥʦʛʦ, ʩʦʮʠʘʣʴʥʦʛʦ 
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ʧʣʘʥʘ. ɺ ʵʪʦʤ ʠ ʩʦʩʪʦʠʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʠ ʥʝ ʩʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʘʷ, ʩʢʦʣʴʢʦ ʛʫʤʘʥʠʪʘʨʥʘʷ ʚʦ ʚʩʝʭ ʝʝ ʘʩʧʝʢʪʘʭ (ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ, ʚʦʟʤʦʞ-

ʥʦʝ ʫʩʠʣʝʥʠʝ ʩʦʮʠʘʣʴʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ, ʧʨʦʙʣʝʤʳ ʨʝʣʠʛʠʦʟʥʦʛʦ ʥʝʧʨʠʷʪʠʷ 

ʠʟʤʝʥʝʥʠʷ ʩʫʱʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʩʦʟʜʘʥʥʦʛʦ, ʩʦʛʣʘʩʥʦ ʙʦʣʴʰʠʥʩʪʚʫ ʨʝʣʠʛʠʡ, 

ʧʦ ʦʙʨʘʟʫ ʠ ʧʦʜʦʙʠʶ ʙʦʛʘ). 

ʂʦʥʚʝʨʛʝʥʮʠʷ ʠ ʜʠʚʝʨʛʝʥʮʠʷ NBIC-ʪʝʭʥʦʣʦʛʠʡ. ʆʯʝʥʴ ʦʙʨʘʟʥʦ ʜʘʝʪ 

ʢʘʨʪʠʥʫ ʢʦʥʚʝʨʛʝʥʮʠʠ NBIC-ʪʝʭʥʦʣʦʛʠʡ R.E. Horn, ʧʦʢʘʟʳʚʘʷ, ʯʪʦ ʚʩʝ ʦʥʠ 

ʩʪʨʝʣʦʡ ʥʘʮʝʣʝʥʳ ʥʘ ʫʣʫʯʰʝʥʠʝ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ (ʨʠʩ. 11 ʠ 12).  

                      
 ʈʠʩ 11. NBIC çʩʪʨʝʣʢʘè.                   ʈʠʩ 12. ʂʦʥʚʝʨʛʝʥʮʠʷ NBIC-ʪʝʭʥʦʣʦʛʠʡ. 

 

ʆʙʲʝʜʠʥʷʷʩʴ, ʧʝʨʝʧʣʝʪʘʷʩʴ, ʚʟʘʠʤʥʦ ʧʨʦʥʠʢʘʷ, ʚʩʝ ʯʝʪʳʨʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʭʦʜʷʪʩʷ ʚ ʥʘʢʦʥʝʯʥʠʢʝ ʩʪʨʝʣʳ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʯʝʣʦʚʝʢʘ ï ʛʣʘʚʥʫʶ ʮʝʥ-

ʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ (ʧʦʢʘ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʠ ʨʝ-

ʛʠʦʥʘʭ ʧʣʘʥʝʪʳ). ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʙʣʠʟʢʠʭ ʧʦ ʩʤʳʩʣʫ ʦʧʨʝʜʝʣʝʥʠʡ 

ʢʦʥʚʝʨʛʝʥʮʠʠ ʠ ʜʠʚʝʨʛʝʥʮʠʠ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 

ʂʦʥʚʝʨʛʝʥʮʠʷ ï ʧʨʦʮʝʩʩ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʵʩʢʘʣʘʮʠʝʡ ʠ ʪʨʘʥʩʬʦʨʤʠʨʫ-

ʶʱʝʡ ʠʥʪʝʛʨʘʮʠʝʡ ʢʘʞʫʱʠʭʩʷ ʨʘʟʥʳʤʠ ʜʠʩʮʠʧʣʠʥ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʦʙʱʝʩʪʚ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʥʠʤʠ, ʩʠʥʝʨʛʠʟʤʘ ʠ ʠʥʪʝʛʨʘʮʠʠ, ʠ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʜʦʩʪʠʞʝʥʠʝ ʥʘʤʝʯʝʥʥʳʭ ʮʝʣʝʡ. ʂʦʥʚʝʨ-

ʛʝʥʮʠʷ ï ʦʯʝʥʴ ʩʣʦʞʥʳʡ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʧʨʦʮʝʩʩ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ ʷʚʣʝʥʠ-

ʝʤ ʜʠʚʝʨʛʝʥʮʠʠ (ʨʘʩʰʠʨʝʥʠʝ), ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʦ ʩʫʪʠ ʢʦʥʚʝʨʛʝʥʮʠʠ ʥʘ ʥʦ-

ʚʦʤ ʫʨʦʚʥʝ. 

ɼʠʚʝʨʛʝʥʮʠʷ. ʇʨʦʮʝʩʩ ʥʘʩʪʫʧʘʝʪ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥ-

ʚʝʨʛʝʥʮʠʠ ʥʦʚʳʭ ʩʠʩʪʝʤ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʦʚʦʡ ʢʦʥʢʫʨʝʥ-

ʮʠʠ, ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʥʦʚʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʢʦʥ-

ʚʝʨʛʝʥʮʠʠ.  

ʄʝʞʜʫ ʢʦʥʚʝʨʛʝʥʮʠʝʡ ʠ ʜʠʚʝʨʛʝʥʮʠʝʡ ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʳʝ ʩʚʷʟʠ ʠ ʟʘ-

ʚʠʩʠʤʦʩʪʠ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 13, ʛʜʝ ɸ, ɹ ï ʮʠʢʣʳ ʢʦʥʚʝʨʛʝʥʮʠʠ; ɺ, ɻ ï 

ʮʠʢʣʳ ʜʠʚʝʨʛʝʥʮʠʠ. ɸ ï ʢʨʝʘʪʠʚʥʘʷ ʬʘʟʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʠʥʝʨʛʠʟʤʦʤ ʟʘ 

ʩʯʝʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ɹ ï ʠʥʪʝʛʨʘʮʠʦʥʥʦ-

ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʬʘʟʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʩʠʩʪʝʤ, ɺ ï ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʬʘʟʘ 

ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ɻ ï ʟʘʢʣʶʯʠʪʝʣʴʥʘʷ ʬʘʟʘ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ, ʩʦʮʠʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘ ʵʪʦʡ ʩʪʘ-

ʜʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʥʘʥʠʡ, ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʜʝʪ ʧʦ ʩʧʠʨʘʣʠ, ʢʦʪʦʨʘʷ ʤʦ-

ʞʝʪ ʚʝʩʪʠ ʢ ʥʦʚʳʤ ʩʪʘʜʠʷʤ ʢʦʥʚʝʨʛʝʥʮʠʠ ʠ ʜʠʚʝʨʛʝʥʮʠʠ. 

 



36 

 

 
ʈʠʩ. 13 ʉʚʷʟʠ ʤʝʞʜʫ ʢʦʥʚʝʨʛʝʥʮʠʝʡ ʠ ʜʠʚʝʨʛʝʥʮʠʝʡ. 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʨʘʟʚʠʪʠʷ ʠʜʝʡ ʢʦʥʚʝʨʛʝʥʮʠʠ ʥʘ ʙʘʟʝ 

ʯʝʪʳʨʝʭ (ʪʝʪʨʘʵʜʨ) ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʢ ʥʠʤ ʩʦ-

ʚʝʨʰʝʥʥʦ ʧʨʘʚʠʣʴʥʦ ʠ ʫʤʝʩʪʥʦ ʜʦʙʘʚʣʷʶʪ ʩʦʮʠʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʚ ʚʠ-

ʜʝ ʩʦʮʠʘʣʴʥʳʭ (ʩʦʮʠʦ) ʪʝʭʥʦʣʦʛʠʡ, ʩʪʘʚʷ ʠʭ ʚʧʝʨʝʜʠ ʠʣʠ ʚ ʢʦʥʮʝ ʘʙʙʨʝʚʠʘ-

ʪʫʨʳ NBIC: SNBIC ʠʣʠ NBICS. ʅʦ, ʧʦʥʠʤʘʷ, ʯʪʦ ʚ XXI  ʚʝʢʝ, ʢʦʛʜʘ ʏʝʣʦʚʝʢ 

(ʩ ʙʦʣʴʰʦʡ ʙʫʢʚʳ) ʩʪʘʥʦʚʠʪʩʷ ʛʣʘʚʥʳʤ ʩʫʙʲʝʢʪʦʤ ʠ ʦʙʲʝʢʪʦʤ ʚʩʝʭ ʠʥʥʦʚʘ-

ʮʠʡ, ʝʛʦ ʩʦʮʠʘʣʴʥʳʡ ʩʪʘʪʫʩ ʜʦʣʞʝʥ ʙʳʪʴ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʨʘʟʚʠʪʠʝʤ ʥʘʫʢʠ, 

ʟʥʘʥʠʡ, ʦʙʨʘʟʦʚʘʥʠʝʤ, ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʠʭ ʧʨʦʜʫʢʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʩʪʘʪʫʩ ʯʝ-

ʣʦʚʝʢʘ ʥʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʥʝ ʜʦʣʞʝʥ ʧʦʩʪʨʘʜʘʪʴ, ʫʧʘʩʪʴ. ʅʘʧʨʦʪʠʚ, ʜʦʣʞʝʥ 

ʙʳʪʴ ʟʘʱʠʱʝʥ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ: ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ, ʦʙʨʘʟʦʚʘʥʠʝ, ʟʜʨʘʚʦʦʭʨʘ-

ʥʝʥʠʝ, ʵʢʦʣʦʛʠʷ, ʨʘʟʚʠʪʠʝ ʦʙʱʝʩʪʚʘ ʙʝʟ ʧʦʪʝʨʠ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʅʘʤʝʪʠʣʠʩʴ ʥʝʢʦʪʦʨʳʝ ʥʶʘʥʩʳ ʚ ʬʦʨʤʫʣʠʨʦʚʢʘʭ ʢʦʥʚʝʨʛʝʥʪʥʦʡ ʧʘʨʘ-

ʜʠʛʤʳ ʨʘʟʚʠʪʠʷ ʮʠʚʠʣʠʟʘʮʠʠ ʚ XXI  ʚʝʢʝ. ɸʤʝʨʠʢʘʥʩʢʠʝ ʫʯʝʥʳʝ ʙʦʣʴʰʦʡ ʘʢ-

ʮʝʥʪ ʜʝʣʘʶʪ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ, ʢʦʥʝʯʥʦ, ʥʝ ʟʘʙʳʚʘʷ ʠ ʩʦʮʠʘʣʴʥʳʭ ʘʩʧʝʢʪʦʚ, ʘ 

ʝʚʨʦʧʝʡʮʳ ʙʦʣʴʰʝ ʬʦʢʫʩʠʨʫʶʪ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʩʦʮʠʘʣʴʥʦʡ ʩʪʦʨʦʥʝ ʨʘʟʚʠ-

ʪʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤ ʨʘʟʚʠʪʠʷ ʘʢʪʠʚʥʦʝ ʫʯʘ-

ʩʪʠʝ ʧʨʠʥʠʤʘʶʪ ʛʦʩʫʜʘʨʩʪʚʦ, ʙʠʟʥʝʩ, ʦʙʱʝʩʪʚʦ. 

ɺ ʈʦʩʩʠʠ ʚʦʧʨʦʩʘʤʠ ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʙʫʜʫʱʝʛʦ ʟʘʥʠʤʘʶʪʩʷ 

ʦʪʜʝʣʴʥʳʝ ʫʯʝʥʳʝ ʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʦ ʛʦʩʫʜʘʨʩʪʚʦ ʩʠʩʪʝʤʥʦ, ʠʥʩʪʠʪʫʮʠʦʥʘʣʴ-

ʥʦ ʥʝ ʧʨʦʷʚʣʷʝʪ ʜʦʣʞʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʵʪʠʭ ʚʦʧʨʦʩʘʭ, ʭʦʪʷ, ʩʦʛʣʘʩʥʦ ʢʦʥʩʪʠ-

ʪʫʮʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʛʦʩʫʜʘʨʩʪʚʦ ʥʘʰʝ ʩʦʮʠʘʣʴʥʦʝ, ʠ ʨʦʣʴ ʥʘʫʢʠ, 

ʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʥʝ 

ʪʦʣʴʢʦ ʧʦʪʝʥʮʠʘʣʴʥʦ, ʥʦ ʠ ʨʝʘʣʴʥʦ ʨʘʚʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ ʥʝʤ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʠʦʨʠʪʝʪʥʳʤʠ. ʏʝʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɹʦʣʝʝ ʪʦʛʦ ʨʝʬʦʨʤʳ ʈɸʅ, ʚʳʩʰʝʡ 

ʰʢʦʣʳ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʜʝʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ ʩʚʦʜʷʪ ʥʘ ʥʝʪ ʜʝʢʣʘʨʘʮʠʠ ʦ 

ʪʦʤ ʯʪʦ ʈʌ ï ʩʦʮʠʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʦ.  
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ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʢʦʥʚʝʨʛʝʥʪʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʢ ʦʪʥʦʰʝʥʠʶ ʢ ʥʠʤ ʫʯʝ-

ʥʳʭ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʥʘʫʢʠ (ʬʠʣʦʩʦʬʳ, ʬʠʟʠʢʠ, ʛʝʥʝʪʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʧʨʦʯʠʝ), ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠʭʦʜʠʪ ʦʙʱʝʝ ʦʩʦʟʥʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʢʦʥʚʝʨ-

ʛʝʥʮʠʷ ʨʘʩʰʠʨʷʝʪ ʩʚʦʠ ʢʨʫʛʠ ʧʦ ʩʧʠʨʘʣʠ (ʜʠʚʝʨʛʝʥʮʠʷ), ʚʦʩʭʦʜʠʪ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʥʚʝʨʛʝʥʮʠʠ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʚ ʵʪʦʪ ʧʨʦʮʝʩʩ ʰʠʨʦʢʦʛʦ ʩʧʝʢ-

ʪʨʘ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢ ʠ ʧʨʘʢʪʠʢ.  

ɸʤʝʨʠʢʘʥʮʳ ʚʳʜʚʠʛʘʶʪ ʢʦʥʮʝʧʮʠʶ NBICS ʠʣʠ Nano-Bio-Info-Cogno-

Socio-ʢʦʥʮʝʧʮʠʶ; ʝʚʨʦʧʝʡʮʳ (ʧʦʜ ʵʛʠʜʦʡ ɽʉ) ʚʳʜʚʠʥʫʣʠ ʢʦʥʮʝʧʮʠʶ çʨʘʩ-

ʰʠʨʝʥʠʝ ʢʨʫʛʦʚ ʢʦʥʚʝʨʛʝʥʮʠʠè ʠʣʠ Nano-Info-Cogno-Bio-Socio-Auto-Geo-

Eco-Urbo-Macro-Micro-ʢʦʥʚʝʨʛʝʥʮʠʶ. ʄʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʢʦʥʮʝʧʮʠʷʤʠ ʥʝʪ 

ʥʠʢʘʢʠʭ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ, ʥʦ ʠʤʝʶʪʩʷ ʨʘʟʥʳʝ ʨʝʩʫʨʩʥʳʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʧʨʦʛʨʘʤʤ. ʀ, ʢʦʥʝʯʥʦ, ʢʦʥʚʝʨʛʝʥʮʠʷ ʢʘʩʘʝʪʩʷ ʠ ʘʢ-

ʪʠʚʥʦʛʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ, 

ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ, ʤʝʞʜʫ ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ, ʙʠʟʥʝʩʦʤ, ʢʫʣʴʪʫʨʦʡ ʠ ʜʨʫʛʠ-

ʤʠ ʦʙʣʘʩʪʷʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ.  

ʈʦʣʴ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ NBICS-ʪʝʭʥʦʣʦʛʠʷʭ 

 

 
ʈʠʩ. 14 ʀʩʪʦʨʠʷ ʥʘʥʦ. 

 

ʅʘʜʦ ʦʪʜʘʪʴ ʜʦʣʞʥʦʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ, ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠ-

ʣʝʪʠʡ ʦʥʠ ʧʦʩʣʫʞʠʣʠ ʥʘʯʘʣʦʤ ʢʦʥʚʝʨʛʝʥʮʠʠ ʥʘʫʢʠ, ʟʥʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʩʚʷʟʘʣʠ ʚʦʝʜʠʥʦ ʙʠʦ, ʠʥʬʦ, ʢʦʛʥʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʇʝʨʚʦʡ ʬʘʟʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ ʩʪʘʣʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʪʝʭ-

ʥʦʣʦʛʠʡ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʟʥʘʥʠʡ ʠʟ ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʠ, ʭʠʤʠʠ, 
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ʬʠʟʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ ʚʦʟʥʠʢʘʣʠ ʤʝʞʜʠʩ-

ʮʠʧʣʠʥʘʨʥʳʝ ʠ ʤʝʞʦʪʨʘʩʣʝʚʳʝ ʩʚʷʟʠ. ʅʘ ʚʪʦʨʦʡ ʬʘʟʝ ʢʦʥʚʝʨʛʝʥʮʠʠ ʧʨʦʠʟʦ-

ʰʣʘ ʥʝ ʪʦʣʴʢʦ ʠʥʪʝʛʨʘʮʠʷ NBIC-ʪʝʭʥʦʣʦʛʠʡ, ʥʦ ʠ ʠʭ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʝ, 

ʥʘʯʘʣ ʧʨʦʷʚʣʷʪʴʩʷ ʵʬʬʝʢʪ ʩʠʥʝʨʛʠʟʤʘ. ʀ, ʥʘʢʦʥʝʮ, ʪʨʝʪʴʷ (ʥʘʚʝʨʥʷʢʘ, ʥʝ ʧʦ-

ʩʣʝʜʥʷʷ) ʬʘʟʘ ʢʦʥʚʝʨʛʝʥʮʠʠ ï ʧʦʜʢʣʶʯʝʥʠʝ ʢ NBIC-ʪʝʭʥʦʣʦʛʠʷʤ ʩʦʮʠʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʛʜʝ ʯʝʣʦʚʝʢ ï ʮʝʣʴ, ʘʜʨʝʩ ʚʩʝʭ ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʂʦʥʚʝʨʛʝʥʮʠʷ NBICS-ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʨʝʰʝʥʠʷ ʠ ʫʞʝ 

ʥʘʯʠʥʘʝʪ ʨʝʰʘʪʴ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʘʢ ʩʦʟʜʘʥʠʝ ʥʦʚʦʡ ʠʥʜʫʩʪʨʠʠ ʠ ʥʦʚʳʭ ʨʘ-

ʙʦʯʠʭ ʤʝʩʪ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝ-

ʩʪʚʘ ʞʠʟʥʠ (ʟʘʯʝʤ ʠ ʢʦʤʫ ʥʫʞʥʘ ʜʦʣʛʘʷ, ʥʦ ʥʝʢʘʯʝʩʪʚʝʥʥʳʝ ʞʠʟʥʴ), ʨʦʩʪʘ ʯʝ-

ʣʦʚʝʯʝʩʢʦʛʦ, ʪʚʦʨʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʩʦ-

ʥʘʣʴʥʦʛʦ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʝʜʠʮʠʥʳ, ʛʣʦʙʘʣʴʥʦʡ ʦʭʨʘʥʳ 

ʧʨʠʨʦʜʳ, ʦʙʝʩʧʝʯʝʥʠʷ ʝʸ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʨʝʪʴʝʡ ʬʘʟʝ ʥʘʤʝʪʠʣʩʷ ʨʘʟ-

ʨʳʚ ʤʝʞʜʫ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ (ʥʘʯʠʥʘʷ ʩ 2000 ʛʦʜʘ) ʨʦʩʪʘ (ʢʚʘʟʠʵʢʩʧʦʥʝʥ-

ʮʠʘʣʴʥʦʛʦ) ʟʥʘʥʠʡ, ʦʪʢʨʳʪʠʡ ʠ ʠʥʥʦʚʘʮʠʡ ʜʘʞʝ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ G8 (ʟʦ-

ʣʦʪʦʡ ʤʠʣʣʠʘʨʜ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ (ʢʚʘʟʠʣʠʥʝʡʥʳʤ) ʨʦʩʪʦʤ ʵʢʦʥʦʤʠ-

ʢʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʥʝʜʦʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʫʧʨʘʚʣʝ-

ʥʠʷ ʚʩʝʤ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʢʦʥʚʝʨʛʝʥʮʠʠ / ʜʠʚʝʨʛʝʥʮʠʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠ 

ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʜʦʣʞʝʥ ʧʨʠʥʦʩʠʪʴ ʙʦʣʝʝ ʦʱʫʪʠʤʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ, ʨʝʰʘʷ ʩʣʝʜʫʶʱʠʝ ʛʫʤʘʥʠʪʘʨ-

ʥʳʝ ʟʘʜʘʯʠ: 

ï ʧʦʚʳʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ; 

ï ʧʦʚʳʰʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ; 

ï ʩʦʜʝʨʞʘʥʠʝ, ʟʘʱʠʪʘ ʫʩʪʦʡʯʠʚʦʛʦ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ. 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩ ʢʦʥʚʝʨʛʝʥʮʠʠ 

ʥʘ ʙʘʟʝ NBIC-ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʰʝʣ ʪʨʠ ʬʘʟʳ. 

1 ʬʘʟʘ: 1990-2000 ʛʛ. ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʛʨʠʨʦʚʘʣʠ ʥʘʫʯʥʳʝ ʜʠʩʮʠ-

ʧʣʠʥʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤ (ʘʪʦʤʳ, ʤʦʣʝʢʫʣʳ ʠ 

ʢʣʘʩʪʝʨʳ ʤʦʣʝʢʫʣ), ʩʦʟʜʘʣʠ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʠʙʦʨʳ, ʫʩʪʨʦʡʩʪʚʘ ʠ ʞʠʚʳʝ 

ʩʠʩʪʝʤʳ ʤʘʢʨʦʨʘʟʤʝʨʦʚ ʩ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

2 ʬʘʟʘ: 2000-2010 ʛʛ. ʇʨʦʠʩʭʦʜʠʪ ʢʦʥʚʝʨʛʝʥʮʠʷ ʚʩʝʭ ʯʝʪʳʨʝʭ NBIC-

ʪʝʭʥʦʣʦʛʠʡ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ-ʦʙʲʝʢʪʦʚ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ: 

ʘʪʦʤʳ, ɼʅʂ, ʙʠʪʳ, ʩʠʥʦʧʩʳ, ʩ ʧʝʨʝʭʦʜʦʤ ʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʤ 

ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʚʝʨʪʠʢʘʣʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʥʦʛʦʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʭ, ʩʣʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ (ʘʨʭʠʪʝʢʪʫʨʘ), ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʩʠʩʪʝʤ. 

3 ʬʘʟʘ: ʧʦʩʣʝ 2010 ʛʦʜʘ. NBIC ʠʥʪʝʛʨʠʨʫʝʪ ʙʘʟʦʚʳʝ ʦʙʣʘʩʪʠ ʘʢʪʠʚʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ (ʟʥʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʠ, ʧʦʚʝʜʝʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʯʝʣʦʚʝʢʘ ʠ ʦʙʱʝʩʪʚʘ), 

ʬʦʢʫʩʠʨʫʷʩʴ ʥʘ ʧʦʜʜʝʨʞʢʝ ʩʦʮʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʪʨʝʙʥʦʩʪʷʭ ʯʝʣʦʚʝʢʘ. 

ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʪʨʝʭ ʬʘʟ ʠʤʝʣʘ ʩʧʝʮʠʬʠʢʫ ʨʦʩʪʘ, ʨʘʟʚʠʪʠʷ, ʪʠʧʳ ʩʚʷ-

ʟʝʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʨʠʥʮʠʧʳ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ, ʫʩʧʝʰʥʳʭ ʨʝʰʝʥʠʡ ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ.  

ʈʠʩ. 15 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʚʷʟʠ ʥʘʥʦʥʘʫʢʠ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʥʘʫʢʘʤʠ 

(ʨʠʩ. 15ʘ) ʠ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ (ʨʠʩ. 15ʙ).  
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ʈʠʩ. 15 ʉʚʷʟʠ ʥʘʥʦʥʘʫʢʠ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʥʘʫʢʘʤʠ (ʘ), ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ (ʙ). 

ʅʘ ʨʠʩʫʥʢʝ 16 ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʭ ʬʘʟ 

ʨʘʟʚʠʪʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʘ ʥʘ ʨʠʩ. 17 ʧʨʦʣʦʥʛʠʨʦʚʘʥʦ ʨʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦ-

ʣʦʛʠʡ ʜʦ ʠ ʧʦʩʣʝ 2020 ʛʦʜʘ (5 ʬʘʟ ʨʘʟʚʠʪʠʷ). 

 

 
ʈʠʩ. 16 ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 3-ʭ ʬʘʟ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 
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ʈʠʩ. 17. ʈʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʜʦ ʠ ʧʦʩʣʝ 2020 ʛʦʜʘ. 

 

ʅʘ ʨʠʩ. 18 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʨʘʟʚʠʪʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚʦ ʚʨʝʤʝʥʠ 

(1950-2050 ʛʛ.), ʘ ʥʘ ʨʠʩ. 19 ï ʧʝʨʝʭʦʜ ʚʦ ʚʨʝʤʝʥʠ ʨʘʟʚʠʪʠʷ ʦʪ ʤʘʢʨʦ ʢ ʤʠʢʨʦ 

ʠ ʥʘʥʦʤʠʨʘʤ ʚʧʣʦʪʴ ʜʦ 2040 ʛʦʜʘ. ʅʘ ʨʠʩ. 20 ʧʦʢʘʟʘʥʦ ʨʘʟʚʠʪʠʝ ʠ ʧʨʦʛʥʦʟ 

ʨʘʟʚʠʪʠʷ ʥʘʥʦʥʘʫʢʠ ʠ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʪʨʝʙʫʶʱʠʝ ʨʝʰʝʥʠʷ. 

 

 
ʈʠʩ. 18 ʈʝʟʫʣʴʪʘʪʳ ʨʘʟʚʠʪʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚʦ ʚʨʝʤʝʥʠ. 
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ʈʠʩ. 19 ʇʝʨʝʭʦʜ ʚʦ ʚʨʝʤʝʥʠ ʨʘʟʚʠʪʠʷ ʦʪ ʤʘʢʨʦ ʢ ʤʠʢʨʦ ʠ ʥʘʥʦʤʠʨʘʤ. 

 

 
ʈʠʩ. 20 ʈʘʟʚʠʪʠʝ ʠ ʧʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʥʘʥʦʥʘʫʢʠ ʠ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʪʨʝʙʫʶʱʠʝ ʨʝʰʝʥʠʷ. 
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ʅɹʀʂʉ-ʪʝʭʥʦʣʦʛʠʠ ï ʪʨʝʥʜ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʮʠʚʠʣʠʟʘʮʠʠ XXI  ʚʝʢʘ 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ ʥʦʚʳʭ ʧʨʦʨʳʚʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ: ʅɸʅʆ, ɹʀʆ, ʀʅʌʆ, ʂʆɻʅʆ (ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʛʥʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ), ʦʙʲʝʜʠʥʠʚʰʠʭʩʷ ʚ ʝʜʠ-

ʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ï NBIC-ʪʝʭʥʦʣʦʛʠʠ ï ʠ ʩʪʘʚʰʠʭ ʚʤʝ-

ʩʪʝ ʩ ʧʦʜʢʣʶʯʠʚʰʠʤʠʩʷ ʢ ʥʠʤ ʩʦʮʠʘʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʷʜʨʦʤ ʨʘʟʚʠʪʠʷ 

ʮʠʚʠʣʠʟʘʮʠʠ XXI ʚʝʢʘ ï NBICS-ʪʝʭʥʦʣʦʛʠʷʤʠ ï ʤʥʦʛʦʝ ʚ ʤʠʨʝ ʠʟʤʝʥʠʣʦʩʴ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʘʞʜʦʜʥʝʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʞʠʜʘʝʤʳʭ ʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʞʠ-

ʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʠʥʝʨʛʝʪʠʢʠ (ʩʣʠʷʥʠʷ) ʠ ʢʦʥʚʝʨʛʝʥʮʠʠ (ʚʟʘʠʤʦʧʨʦʥʠʢ-

ʥʦʚʝʥʠʷ) ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʗ ʥʝ ʙʫʜʫ ʧʝʨʝʯʠʩʣʷʪʴ ʚʩʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʵʪʦʡ ʙʝʩʧʨʝʮʝ-

ʜʝʥʪʥʦʡ ʨʦʣʠ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʘʢʪʠʢʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

NBICS-ʢʦʤʧʣʝʢʩʘ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʞʠʪʝʣʝʡ ʧʣʘʥʝʪʳ, ʘ ʥʝ ʪʦʣʴʢʦ ʩʪʨʘʥ 

ʟʦʣʦʪʦʛʦ ʤʠʣʣʠʘʨʜʘ. ʊʦʣʴʢʦ ʦʜʠʥ ʧʨʠʤʝʨ: çʫʤʥʳʡè ʪʝʣʝʬʦʥ, ʢʦʪʦʨʳʡ ʧʦʤʝ-

ʩʪʠʣ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʣʶʜʝʡ ʚ ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʩʦ ʚʩʝ-

ʤʠ ʚʳʪʝʢʘʶʱʠʤʠ ʠʟ ʵʪʦʛʦ ʥʘʫʯʥʳʤʠ, ʪʝʭʥʠʯʝʩʢʠʤʠ, ʩʦʮʠʘʣʴʥʳʤʠ ʧʦʩʣʝʜ-

ʩʪʚʠʷʤʠ, ʦʙʲʝʜʠʥʠʚʰʠʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ (ʫʯʝʥʳʭ) ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ ʠ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʡ ʚʩʝʡ ʧʣʘʥʝʪʳ. 

ʕʪʦ ʣʠʰʴ ʦʜʥʘ ʠʟ ʤʥʦʞʝʩʪʚʘ ʠʣʣʶʩʪʨʘʮʠʡ ʥʦʚʦʛʦ ʪʨʝʥʜʘ ʨʘʟʚʠʪʠʷ ʮʠ-

ʚʠʣʠʟʘʮʠʠ ʚ XXI ʚʝʢʝ. ʊʨʝʥʜ ʵʪʦʪ ï ʂʦʥʚʝʨʛʝʥʮʠʷ ï ʦʙʲʝʜʠʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʥʘʫʢ, ʜʠʩʮʠʧʣʠʥ, ʧʨʘʢʪʠʢ, ʩʦʦʙʱʝʩʪʚ ʚ ʩʣʦʞʥʳʝ ʛʣʦʙʘʣʴ-

ʥʳʝ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʳʝ ʩʘʤʦʦʨʛʘʥʠʟʦʚʳʚʘʪʴʩʷ, ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʪʴʩʷ, ʩʘʤʦ-

ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ. ɸʣʴʪʝʨʥʘʪʠʚʳ ʵʪʦʤʫ ʪʨʝʥʜʫ ʚ ʩʝʛʦʜʥʷʰʥʝʤ ʯʨʝʟʚʳʯʘʡʥʦ 

ʧʨʦʪʠʚʦʨʝʯʠʚʦʤ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʙʝʟʫʤʥʦʤ, ʤʠʨʝ ʥʝʪ. ʇʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʣʘʥʝʪʘʨʥʳʭ ʧʨʦʙʣʝʤʘʭ ʪʦʣʴʢʦ ʢʦʥʚʝʨʛʠʨʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʦʦʙʱʝʩʪʚʘ 

ʤʦʛʫʪ ʨʝʰʠʪʴ ʵʪʠ ʚʳʟʦʚʳ ʠ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. ʀ ʨʦʣʴ ʫʯʝʥʳʭ, ʠʥʞʝ-

ʥʝʨʦʚ, ʪʝʭʥʦʣʦʛʦʚ ʚ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʪʨʝʥʜʘ ʦʛʨʦʤʥʘ.  

ʆʙ ʵʪʦʤ ʜʫʤʘʶʪ ʤʥʦʛʠʝ ʚʝʜʫʱʠʝ ʫʯʝʥʳʝ ʩʘʤʳʭ ʨʘʟʥʳʭ ʩʧʝʮʠʘʣʴʥʦ-

ʩʪʝʡ, ʦʪ ʬʠʟʠʢʦʚ ʠ ʣʠʨʠʢʦʚ ʜʦ ʬʠʣʦʩʦʬʦʚ ʚʝʜʫʱʠʭ ʩʪʨʘʥ, ʘ ʪʘʢʞʝ ʣʠʜʝʨʳ 

ʵʪʠʭ ʩʪʨʘʥ ï ʦʥʠ ʦʯʝʥʴ ʚʥʠʤʘʪʝʣʴʥʦ ʧʨʠʩʣʫʰʠʚʘʶʪʩʷ ʢ ʤʥʝʥʠʶ ʣʫʯʰʠʭ 

ʫʤʦʚ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ. ʇʨʘʚʜʘ, ʚʳʚʦʜʳ ʚʩʝ ʜʝʣʘʶʪ ʨʘʟʥʳʝ.  

ʂʘʢ ʨʘʙʦʪʘʝʪ ʢʦʥʚʝʨʛʝʥʮʠʷ, ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ 

ʉʣʝʜʫʶʱʠʝ ʧʨʠʥʮʠʧʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʚʝʨʛʠʨʫʝʤʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ, ʧʣʘʥʝʪʘʨʥʦʛʦ ʠ ʩʦʮʠʘʣʴ-

ʥʦʛʦ ʠʟʤʝʨʝʥʠʷ: 

1. ɺʟʘʠʤʦʩʚʷʟʴ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠʨʦʜʳ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʱʝʩʪʚʘ. 

2. ʂʦʥʚʝʨʛʝʥʮʠʷ / ʜʠʚʝʨʛʝʥʮʠʷ ï ʵʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ. 

3. ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʦʜʯʠʥʷʶʪʩʷ ʠ ʠʟʫʯʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠ-

ʧʦʚ ʣʦʛʠʯʝʩʢʦʡ ʜʝʜʫʢʮʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 
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4. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ, ʤʝʞʜʠʩʮʠʧʣʠ-

ʥʘʨʥʦʛʦ ʷʟʳʢʘ (ʪʝʨʤʠʥʳ, ʧʦʥʷʪʠʷ) ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʟʥʘʥʠʡ. 

5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʚʦʦʙʨʘʞʝʥʠʷ, ʧʨʝʜʚʠʜʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʚʳ-

ʟʦʚʘʤ ʚʨʝʤʝʥʠ. 

 
ʈʠʩ.21 ʂʦʥʚʝʨʛʝʥʮʠʷ ʚ ʩʦʮʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʂʦʥʚʝʨʛʝʥʮʠʷ ʫʞʝ ʘʢʪʠʚʥʦ ʜʝʡʩʪʚʫʝʪ ʠ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷ-

ʥʠʝ ʥʘ ʞʠʟʥʴ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʥʘ ʧʣʘʥʝʪʝ. ʅʦ ʯʝʣʦʚʝʢ ʦʙʳʯʥʦ ʵʪʦ ʥʝ ʟʘʤʝ-

ʯʘʝʪ, ʧʦʣʴʟʫʷʩʴ ʤʦʙʠʣʴʥʳʤ ʪʝʣʝʬʦʥʦʤ, ʀʥʪʝʨʥʝʪʦʤ, ʫʤʥʳʤ ʘʚʪʦʤʦʙʠʣʝʤ, 

ʫʤʥʳʡ ʦʜʝʞʜʦʡ ʠ ʝʱʝ ʤʥʦʞʝʩʪʚʦʤ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ NBICS-ʪʝʭʥʦʣʦʛʠʡ, ʙʝʟ 

ʜʠʚʝʨʛʝʥʮʠʠ ʢʦʪʦʨʳʭ ʵʪʠ ʧʨʦʜʫʢʪʳ ʥʝ ʧʦʷʚʠʣʠʩʴ ʙʳ. 

ʅʘ ʨʠʩ. 21 ʧʦʢʘʟʘʥʳ 10 ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʚʝʨʛʝʥʮʠʠ 

ʚ ʩʦʮʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʂʦʥʚʝʨʛʝʥʮʠʷ ï ʩʘʤʘʷ ʘʢʪʫʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʜʠʥʘʤʠʯʥʦʛʦ ʠ ʮʠʢʣʠ-

ʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʨʛʝʥʮʠʠ / ʜʠʚʝʨʛʝʥʮʠʠ, ʦʨʛʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʫʤ-

ʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʠ ʜʨʫʛʠʤʠ ʦʙʣʘʩʪʷʤʠ ʛʣʦʙʘʣʴʥʦʡ, ʩʠʩʪʝʤʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ, ʨʘʟʚʠʪʠʶ, ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʜʚʠʞʝʥʠʷ ʧʦ ʮʝʧʦʯʢʝ: ʪʚʦʨʯʝʩʪʚʦ ï ʠʥʥʦʚʘʮʠʷ ï ʧʨʦ-

ʜʫʢʮʠʷ. 

ʌʘʟʘ ʢʦʥʚʝʨʛʝʥʮʠʠ ʵʪʦʛʦ ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʩʪʦʠʪ ʠʟ ʘʥʘʣʠʟʘ, ʢʨʝʘ-

ʪʠʚʥʳʭ ʟʘʢʣʶʯʝʥʠʡ ʦ ʥʦʚʳʭ ʠʜʝʷʭ ʠ ʠʥʪʝʛʨʘʮʠʷʭ. 

ʌʘʟʘ ʜʠʚʝʨʛʝʥʮʠʠ (ʨʘʩʰʠʨʝʥʠʝ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ) ʚʦʟʥʠʢʘʝʪ ʠʟ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʬʘʟʳ ʢʦʥʚʝʨʛʝʥʮʠʠ ʠ ʠʩʧʦʣʴʟʫʝʪ ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʦʚʳʭ ʩʠʩʪʝʤ, ʠʥʥʦʚʘʮʠʡ ʚ ʥʦʚʳʭ ʦʙʣʘʩʪʷʭ, ʚ ʥʦʚʳʭ ʦʪʢʨʳʪʠʷʭ ʥʘ ʧʨʠʥʮʠ-

ʧʘʭ ʢʦʥʚʝʨʛʝʥʮʠʠ, ʤʫʣʴʪʠʨʘʟʤʝʨʥʦʩʪʠ ʩʠʩʪʝʤ, ʢʦʤʧʝʪʝʥʮʠʡ, ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʧʨʦʜʫʢʪʦʚ. 
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ʇʨʦʮʝʩʩ ʢʦʥʚʝʨʛʝʥʮʠʠ / ʜʠʚʝʨʛʝʥʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʢʦʛʝʨʝʥʪʥʦʡ (ʩʚʷ-

ʟʘʥʥʦʡ) ʮʝʧʠ ʦʪ ʠʜʝʠ ʜʦ ʢʦʥʝʯʥʦʡ ʮʝʣʠ. ʄʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ (ʫʩʢʦʨʝʥʠʝ) ʪʚʦʨʯʝʩʪʚʘ ʠ ʠʥʥʦʚʘʮʠʡ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʚʥʠ-

ʤʘʥʠʠ ʢ ʧʨʦʮʝʩʩʫ ʢʦʥʚʝʨʛʝʥʮʠʠ ʠ ʝʛʦ ʨʘʟʫʤʥʦʤ ʫʧʨʘʚʣʝʥʠʠ, ʧʨʠ ʩʧʦʩʦʙʩʪʚʦ-

ʚʘʥʠʠ ʩʚʷʟʷʤ, ʜʚʠʞʝʥʠʶ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʘʢʪʠʚ-

ʥʦʩʪʠ, ʤʝʞʜʫ ʮʠʢʣʘʤʠ ʢʦʥʚʝʨʛʝʥʮʠʠ ʠ ʜʠʚʝʨʛʝʥʮʠʠ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʦʥʚʝʨʛʝʥʮʠʠ ʥʘ ʢʨʝʘʪʠʚʥʦʩʪʴ ʠ ʠʥʥʦʚʘʮʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʦ ʠʥʜʝʢʩʦʤ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʠʥʥʦʚʘʮʠʡ (I), ʢʦʪʦʨʳʡ ʷʚʣʷ-

ʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʝʡ ʨʘʟʤʝʨʘ (S) ʦʙʣʘʩʪʠ ʢʦʥʚʝʨʛʝʥʮʠʠ (I~S
2
), ʚʨʝ-

ʤʝʥʠ (T) ʮʠʢʣʘ ʢʦʥʚʝʨʛʝʥʮʠʠ ʠ ʜʠʚʝʨʛʝʥʮʠʠ (I ~ 1/T
3
). 

ɸʚʪʦʨʳ ʪʝʦʨʠʠ ʢʦʥʚʝʨʛʝʥʮʠʷ (ʉ) ʟʥʘʥʠʡ (ʂ) ʠ ʪʝʭʥʦʣʦʛʠʡ (ʊ) ʜʣʷ ʧʦʣʴ-

ʟʳ ʦʙʱʝʩʪʚʘ (S) ʬʦʨʤʫʣʠʨʫʶʪ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʫʪʴ 

(ʷʜʨʦ) CKTS: 

1. ʉʧʠʨʘʣʝʚʠʜʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʨʛʝʥʮʠʷ / ʜʠʚʝʨʛʝʥʮʠʷ ʦʙʫ-

ʩʣʘʚʣʠʚʘʝʪ ʛʝʥʝʨʘʮʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʟʥʘ-

ʥʠʡ ʚ ʵʚʦʣʶʮʠʦʥʥʦʤ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʘʢʪʠʢ. 

2. ʍʦʣʠʩʪʠʯʝʩʢʠʡ (ʩʠʩʪʝʤʥʳʡ) ʧʦʜʭʦʜ ʛʣʦʙʘʣʴʥʦʡ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʦʝʜʠʥʝʥʥʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʝʪʴʶ ʟʥʘ-

ʥʠʡ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ. 

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ, ʦʩʥʦʚʘʥ-

ʥʳʭ ʥʘ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʥʠʡ, ʪʝʭʥʦ-

ʣʦʛʠʡ, ʢʫʣʴʪʫʨʥʳʭ ʦʙʦʙʱʝʥʠʡ. ʉʦʟʜʘʥʠʝ ʜʦʨʦʞʥʳʭ ʢʘʨʪ ʟʥʘʥʠʡ, ʙʘʥʢʘ ʟʥʘ-

ʥʠʡ, ʦʙʦʙʱʝʥʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʯʪʦ ʧʦʤʦʞʝʪ ʚ ʧʦʷʚʣʝʥʠʠ ʥʦʚʳʭ ʦʙʣʘʩʪʝʡ 

ʟʥʘʥʠʡ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 

4. ʋʩʠʣʝʥʥʦʝ ʚʥʠʤʘʥʠʝ (ʬʦʢʫʩ) ʥʘ ʚʠʜʝʥʠʝ, ʥʘʫʯʥʳʡ ʘʥʘʣʠʟ ʠ ʧʨʦʛʥʦʟ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʥʚʝʨʛʝʥʮʠʝʡ. ʕʬʬʝʢʪʠʚʥʦʝ ʠ ʦʪ-

ʚʝʪʩʪʚʝʥʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʥʘʫʢ ʠ 

ʪʝʭʥʦʣʦʛʠʡ, ʚʳʨʘʙʦʪʢʘ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ 

ʢʦʨʨʝʢʮʠʷ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

5. ʆʧʝʨʝʞʘʶʱʘʷ ʘʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʩ ʦʙʱʝʩʪʚʦʤ ʧʦ ʧʨʦʜʚʠʞʝʥʠʶ ʠ ʢʦʨ-

ʨʝʢʮʠʠ ʠʜʝʡ ʢʦʥʚʝʨʛʝʥʮʠʠ. 

ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʫʩʧʝʭʦʚ ʢʦʥʚʝʨʛʝʥʮʠʠ 

NBICS-ʪʝʭʥʦʣʦʛʠʡ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ: ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʨʘʟʚʠʪʠʝ ʢʦʛʥʠʪʠʚʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʚʷ-

ʟʝʡ, ʢʦʤʧʴʶʪʝʨʥʳʝ çʦʙʣʘʢʘè, ʩʠʩʪʝʤʘ çʯʝʣʦʚʝʢ-ʤʘʰʠʥʘè (ʨʦʙʦʪ), ʢʠʙʝʨʬʠ-

ʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʙʝʟʣʶʜʥʘʷ ʪʝʭʥʠʢʘ ʠ ʪʨʘʥʩʧʦʨʪ, ʪʝʣʝʤʝʜʠʮʠʥʘ, ʥʦʚʳʝ ʢʦʩ-

ʤʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ, ʥʘʫʢʘ ʦʙ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮʘʭ, çʫʤʥʘʷè ʪʝʭʥʠʢʘ (ʘʚ-

ʪʦ, ʜʦʤʘ, ʦʜʝʞʜʘ ʠ ʜʨʫʛʦʝ), ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʜʠʩʮʠʧʣʠʥ (ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʙʠʦ-

ʣʦʛʠʷ, ʢʚʘʥʪʦʚʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʥʘʥʦʬʦʪʦʥʠʢʘ, ʥʘʥʦʬʣʶʠʜʠʢʘ), ʙʠʦʤʝʜʠ-

ʮʠʥʘ, ʤʝʜʠʮʠʥʩʢʘʷ ʬʠʟʠʢʘ ʠ ʠʥʞʝʥʝʨʠʷ. ʅʘ ʨʠʩʫʥʢʘʭ 22-24 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʘʞʥʝʡʰʠʝ ʧʣʘʪʬʦʨʤʳ ʨʘʟʚʠʪʠʷ ʢʦʥʚʝʨʛʝʥʮʠʠ. 
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ʈʠʩ. 22 ɺʘʞʥʝʡʰʠʝ ʧʣʘʪʬʦʨʤʳ ʨʘʟʚʠʪʠʷ ʢʦʥʚʝʨʛʝʥʮʠʠ  

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʥʪʝʨʝʩʦʚ ʯʝʣʦʚʝʢʘ. 

 

 
ʈʠʩ. 23. ɺʘʞʥʝʡʰʠʝ ʧʣʘʪʬʦʨʤʳ ʨʘʟʚʠʪʠʷ ʢʦʥʚʝʨʛʝʥʮʠʠ  

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʮʠʘʣʴʥʳʭ ʟʘʜʘʯ. 

 

 
ʈʠʩ. 24 ɺʘʞʥʝʡʰʠʝ ʧʣʘʪʬʦʨʤʳ ʨʘʟʚʠʪʠʷ ʢʦʥʚʝʨʛʝʥʮʠʠ  

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʣʘʥʝʪʘʨʥʳʭ ʧʨʦʙʣʝʤ. 
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ʈʠʩ. 25 ʇʦʣʥʘʷ ʵʚʦʣʶʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʘʢʪʠʚʥʦʩʪʠ ʣʶʜʝʡ,  

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʧʣʘʪʬʦʨʤʳ ʢʦʥʚʝʨʛʝʥʮʠʠ. 

 

ʅʘ ʦʙʦʙʱʘʶʱʝʡ ʩʭʝʤʝ ʥʘ ʨʠʩ. 25 ʧʦʢʘʟʘʥʘ ʧʦʣʥʘʷ ʵʚʦʣʶʮʠʦʥʥʘʷ ʩʠ-

ʩʪʝʤʘ ʘʢʪʠʚʥʦʩʪʠ ʣʶʜʝʡ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʧʣʘʪʬʦʨʤʳ 

ʢʦʥʚʝʨʛʝʥʮʠʠ ï ʦʩʥʦʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ, ʧʣʘʥʝʪʘʨʥʦʛʦ ʠ ʩʦʮʠ-

ʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʩʭʝʤʝ ʩʧʠʨʘʣʴ ʧʨʦʝʢʮʠʠ ʪʚʦʨʯʝʩʪʚʘ ʠ ʠʥ-

ʥʦʚʘʮʠʡ ʧʝʨʝʢʨʳʚʘʝʪ ʚʩʝ ʯʝʪʳʨʝ ʧʣʘʪʬʦʨʤʳ ʢʦʥʚʝʨʛʝʥʮʠʠ ʩʠʩʪʝʤʳ.  

ʂʦʥʚʝʨʛʝʥʮʠʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ 

ʂʘʞʜʳʡ ʫʨʦʚʝʥʴ ʢʦʥʚʝʨʛʝʥʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝ-

ʥʝʥʠʷ, ʩʧʝʮʠʬʠʢʦʡ ʠʥʪʝʛʨʘʮʠʠ. ɽʝ ʚʳʩʰʠʡ ʧʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʣʶʜʝʡ ʚ ʦʙʱʝʩʪʚʝ, ʩʦʮʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪʩʷ ʜʣʷ 

ʨʘʟʚʠʪʠʷ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ çʂʦʥʚʝʨʛʝʥʮʠʷ (ʉ) ʟʥʘʥʠʡ (ʂ) ʠ ʪʝʭʥʦʣʦʛʠʡ 

(ʊ) ʜʣʷ ʧʦʣʴʟʳ ʦʙʱʝʩʪʚʘ (S) ï CKTSè ʜʦʣʞʥʳ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʯʝʪʳʨʝ 

ʧʣʘʪʬʦʨʤʳ: ʦʙʱʠʝ ʩʚʷʟʠ NBICS-ʪʝʭʥʦʣʦʛʠʡ ʯʝʨʝʟ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʪʝʭʥʦʣʦ-

ʛʠʠ, ʧʣʘʪʬʦʨʤʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ, ʧʣʘʪʬʦʨʤʘ ʩʦʮʠʘʣʴʥʦʛʦ ʠʟʤʝʨʝ-

ʥʠʷ, ʧʣʘʪʬʦʨʤʘ ʧʣʘʥʝʪʘʨʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ï ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪ-

ʩʷ ʷʜʨʦʤ, ʛʣʘʚʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ (ʠʛʨʦʢʘʤʠ ï ʠʥʜʠʚʠʜʫʫʤʘʤʠ, ʦʨʛʘʥʠʟʘʮʠʷ-

ʤʠ, ʪʝʭʥʦʣʦʛʠʷʤʠ), ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷʤʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʠʥʩʪʠʪʫʪʘʤʠ ʠ ʮʝʣʷʤʠ. 
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ʈʠʩ. 26. ɽʜʠʥʘʷ ʙʣʦʢ-ʦʩʥʦʚʘ ʨʘʟʚʠʪʠʷ XXI ʚʝʢʘ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʚ ʩʘʤʦʨʘʟʚʠʚʘʶʱʫʶʩʷ, 

ʩʘʤʦʚʦʩʧʨʦʠʟʚʦʜʷʱʫʶʩʷ ʩʠʩʪʝʤʫ. 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ ʛʣʦʙʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ-ʢʣʘʩʪʝʨʦʚ çʩʠʩʪʝʤ ʩʠ-

ʩʪʝʤè ʥʘʯʘʣʦʩʴ ʩ ʢʦʥʮʝʧʮʠʠ NBIC ʢʦʥʚʝʨʛʝʥʮʠʠ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʥʘʯʘʣʘʩʴ ʩ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʩʨʘʟʫ ʚʦʰʣʠ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʙʠʦ-, 

ʠʥʬʦ- ʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʙʱʝʛʦ ʬʫʥʜʘ-

ʤʝʥʪʘ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʜʦʤʝʥʦʚ (ʧʣʘʪʬʦʨʤ) ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥ-

ʪʘʭ (ʘʪʦʤʳ, ɼʅʂ, ʙʠʪʳ, ʩʠʥʘʧʩʳ (ʩʠʥʘʧʩ, ʛʨʝʯ. çʩʚʷʟʴè ï ʤʝʩʪʦ ʢʦʥʪʘʢʪʘ 

ʤʝʞʜʫ ʜʚʫʤʷ ʥʝʡʨʦʥʘʤʠ), ʠ ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʡ ʙʣʦʢ-ʦʩʥʦʚʫ ʨʘʟʚʠʪʠʷ XXI  ʚʝ-

ʢʘ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʚ ʩʘʤʦʨʘʟʚʠʚʘʶʱʫʶʩʷ, ʩʘʤʦʚʦʩʧʨʦʠʟʚʦʜʷʱʫʶʩʷ  ʩʠ-

ʩʪʝʤʫ (ʨʠʩ. 26). 

ʅʘʥʦ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ʛʣʘʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʬʦʨʤʠʨʫʶ-

ʱʠʝ ʦʙʱʠʡ ʙʣʦʢ NBIC-ʪʝʭʥʦʣʦʛʠʡ. ʆʥʠ ʧʨʦʜʚʠʛʘʶʪ ʤʝʪʦʜʳ ʠ ʩʚʷʟʘʥʳ ʩ 

ʢʦʤʧʣʝʢʩʘʤʠ: ʤʘʪʝʨʠʘʣ (ʙʠʦʤʝʜʠʮʠʥʘ, ʠʥʬʦʨʤʘʮʠʷ) ʠ ʢʦʤʤʫʥʠʢʘʮʠʷ (ʢʦʤ-

ʧʴʶʪʝʨʠʟʘʮʠʷ). ɹʠʦ ʠ ʢʦʛʥʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ çʧʦʩʪʘʚʣʷʶʪè ʟʥʘʥʠʷ ʠ ʷʚʣʷ-

ʶʪʩʷ ʜʚʠʞʠʪʝʣʷʤʠ (ʜʨʘʡʚʝʨʘʤʠ) ʪʝʭʥʦʣʦʛʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʯʝʣʦʚʝʢʫ ʚ ʙʠʦ-

ʤʝʜʠʮʠʥʝ, ʵʢʦʣʦʛʠʠ, ʤʳʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ɺʩʝ ʯʝʪʳʨʝ NBIC-ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʚʝʨʛʠʨʫʶʪ ʠ ʧʦʨʦʞʜʘʶʪ, ʛʝʥʝʨʠʨʫʶʪ 

ʥʦʚʳʝ ʦʪʚʝʪʚʣʝʥʠʷ ʚ ʥʘʫʢʝ ʠ ʧʨʘʢʪʠʢʝ. ʇʦʩʢʦʣʴʢʫ ʧʨʠʥʷʪʦ, ʯʪʦ ʢʦʥʝʯʥʦʡ ʠ 

ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʢʦʥʚʝʨʛʝʥʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʝ-

ʥʠʝ ʥʫʞʜ ʯʝʣʦʚʝʢʘ ʩ ʫʯʝʪʦʤ ʪʦʥʢʦʩʪʠ ʵʪʠʢʠ ʠ ʤʦʨʘʣʠ, ʪʦ ʢ NBIC-

ʪʝʭʥʦʣʦʛʠʷʤ ʜʦʙʘʚʣʷʝʪʩʷ ʝʱʝ ʠ ʩʦʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (NBICS) ʠ ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʝʱʝ ʦʜʥʘ ʧʣʘʪʬʦʨʤʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ. ʕʪʘ ʧʣʘʪʬʦʨʤʘ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʨʝʩʦʤ ʢ ʦʪʜʝʣʴʥʳʤ ʣʠʯʥʦʩʪʷʤ ʠ ʛʨʫʧʧʘʤ ʣʠʮ, ʩʚʷʟʷʤ ʯʝʣʦ-

ʚʝʢ-ʤʘʰʠʥʘ, ʯʝʣʦʚʝʢ-ʢʦʤʧʴʶʪʝʨ, ʯʝʣʦʚʝʢ-ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʚʠʨʪʫʘʣʴʥʘʷ 

ʠʥʪʝʛʨʘʮʠʷ. ʋ ʵʪʦʡ ʧʣʘʪʬʦʨʤʳ-ʧʨʦʛʨʘʤʤʳ ʜʚʘ ʜʚʠʞʠʪʝʣʷ: ʙʠʦʬʠʟʠʯʝʩʢʠʝ ʠ 
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ʢʦʛʥʠʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʚʳʰʝʥʠʶ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʤʳʩʣʠʪʝʣʴʥʦʛʦ (ʫʤ-

ʩʪʚʝʥʥʦʛʦ) ʧʦʪʝʥʮʠʘʣʘ. 

ʆʙʣʘʩʪʴ ʙʣʦʢʘ çʯʝʣʦʚʝʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷè ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʪʦʣʴʢʦ ʢʦ-

ʛʥʠʪʠʚʥʦʡ ʥʘʫʢʠ ʠ ʚʦʚʣʝʢʘʝʪ ʩʦʮʠʘʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʩʦʮʠʦʣʦʛʠʶ, ʯʪʦ ʪʨʝ-

ʙʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ-ʙʣʦʢʘ çʩʦʮʠʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷè, 

ʚʢʣʶʯʘʷ ʩʚʷʟʴ ʯʝʣʦʚʝʢ-ʪʝʭʥʦʣʦʛʠʠ-ʢʦʵʚʦʣʶʮʠʷ-ʫʧʨʘʚʣʝʥʠʝ, ʠ ʦʩʥʦʚʘʥʘ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʜʨʘʡʚʝʨʘʭ-ʪʨʝʙʦʚʘʥʠʷʭ: ʙʠʦʬʠʟʠʯʝʩʢʦʤ (ʟʜʦʨʦʚʴʝ, ʦʙʨʘʟʦʚʘʥʠʝ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ) ʠ ʢʦʛʥʠʪʠʚʥʦʤ (ʤʦʨʘʣʴ, ʵʪʠʢʘ). 

ʅʝʪ ʩʦʤʥʝʥʠʷ, ʯʪʦ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʥʘʰʘ ʮʠʚʠʣʠʟʘʮʠʷ ʚʳ-

ʨʚʝʪʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʟʘ ʧʨʝʜʝʣʳ ɿʝʤʣʠ ʚ ʉʦʣʥʝʯʥʫʶ ʩʠʩʪʝʤʫ ʠ ʜʘʣʴʰʝ, ʙʝʟ-

ʫʩʣʦʚʥʦ, ʙʣʘʛʦʜʘʨʷ ʠ ʧʨʠ ʫʯʘʩʪʠʠ ʪʦʡ ʞʝ ʢʦʥʚʝʨʛʝʥʮʠʷ NBICS-ʪʝʭʥʦʣʦʛʠʡ. 

ʕʪʦ ʜʝʣʦ ʥʝ ʦʯʝʥʴ ʜʘʣʝʢʦʛʦ ʙʫʜʫʱʝʛʦ, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʱʝ ʤʥʦʛʦʝ ʥʘʜʦ 

ʦʙʫʩʪʨʦʠʪʴ ʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʥʘ ʥʘʰʝʡ ʨʦʜʥʦʡ, ʤʥʦʛʦʩʪʨʘʜʘʣʴʥʦʡ ʦʪ ʘʥʪʨʦ-

ʧʦʛʝʥʥʦʡ, ʨʫʢʦʪʚʦʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʣʘʥʝʪʝ ɿʝʤʣʷ (ʦʩʦʙʝʥʥʦ ʩʦ-

ʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʚʦʝʡ ʤʝʨʝ ʦʭʚʘʯʝʥʥʦʛʦ ʩʪʨʘʩʪʴʶ ʧʦ-

ʪʨʝʙʣʷʪʴ, ʧʦʪʨʝʙʣʷʪʴ ʠ ʧʦʪʨʝʙʣʷʪʴ (ʢʦʥʩʴʶʤʝʨʠʟʤ). ʇʦʵʪʦʤʫ ʦʟʘʙʦʯʝʥʥʳʝ 

ʵʪʠʤ ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʳʤ ʙʫʜʫʱʠʤ ʫʯʝʥʳʝ ʨʘʟʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʩʪʨʦʷʪ, 

ʬʦʨʤʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʳ ʛʣʦʙʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʵʢʦʣʦʛʠʷ, ʵʢʦ-

ʥʦʤʠʢʘ, ʩʦʮʠʫʤ), ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʧʨʝʜʳʜʫʱʠʝ ʙʣʦʢʠ-

ʧʨʦʛʨʘʤʤʳ, ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʪʦʣʴʢʦ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʚʝʨʛʝʥʮʠʝʡ ʥʘ 

ʥʘʮʠʦʥʘʣʴʥʦʤ ʠ ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʷʟʳʢʘ ʢʦʥʚʝʨʛʝʥʮʠʠ 

ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʧʨʠʨʦʜʘ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʨʛʝʥʮʠʠ / ʜʠʚʝʨʛʝʥʮʠʠ 

ʚʳʜʚʠʛʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʷʟʳʢʘ ʦʙʱʝʥʠʷ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʥʝ ʪʦʣʴʢʦ ʥʫʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴʩʷ ʩ ʧʦʥʷʪʠʷʤʠ, ʪʝʨʤʠʥʘʤʠ, ʥʦ ʠ ʥʘʡʪʠ ʦʙʱʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʙʣʝʤ ʥʘʫʯʥʦʛʦ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʕʪʦ ʥʝʧʨʦʩʪʘʷ 

ʟʘʜʘʯʘ ʤʝʥʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʉʝʡʯʘʩ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʚʟʘʠ-

ʤʦʧʦʥʠʤʘʥʠʝ ʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʦʙʣʘʩʪʝʡ ʟʥʘʥʠʡ (ʤʘʪʝʤʘ-

ʪʠʢʘ, ʬʠʟʠʢʦʚ ʠ ʭʠʤʠʢʦʚ). ʅʦ ʠ ʟʜʝʩʴ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ. 

ʀʥʞʝʥʝʨʥʳʝ ʜʠʩʮʠʧʣʠʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʦʩʦʙʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʪ ʝʩʪʝ-

ʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ. ʏʪʦ ʫʞ ʛʦʚʦʨʠʪʴ ʦ ʛʫʤʘʥʠʪʘʨʠʷʭ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʷʟʳʢ ʤʘʪʝʤʘʪʠʢʦʚ, ʬʠʟʠʢʦʚ, ʭʠʤʠʢʦʚ ʠ ʠʥʞʝʥʝʨʦʚ ʢʘʞʝʪʩʷ ʠʥʦʩʪʨʘʥʥʳʤ. ʀ 

ʜʝʣʦ ʜʘʞʝ ʥʝ ʚ ʪʝʨʤʠʥʘʭ, ʘ ʚ ʦʙʨʘʟʝ ʤʳʩʣʝʡ, ʤʠʨʦʦʱʫʱʝʥʠʠ ʠ ʜʘʞʝ ʤʠʨʦʚʦʟ-

ʟʨʝʥʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʱʝ ʚʩʝʛʦ ʫ ʛʫʤʘʥʠʪʘʨʠʝʚ ʠ ʪʝʭʥʘʨʝʡ ʟʘʜʝʡʩʪʚʦʚʘʥʳ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʳʝ ʧʦʣʫʰʘʨʠʷ ʠ ʯʘʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʪʨʦʠʪʴ ʧʨʠʥʮʠʧ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʦʪ ʜʝʪ-

ʩʢʦʛʦ ʩʘʜʘ ʜʦ ʚʳʩʰʝʡ ʰʢʦʣʳ. ʅʝʦʙʭʦʜʠʤʦ ʩʤʝʥʠʪʴ ʧʘʨʘʜʠʛʤʫ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʝʨʝʡʪʠ ʦʪ ʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʢ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤʫ ʧʨʠʥʮʠʧʫ ʦʙʫʯʝʥʠʷ. ʀ 

ʨʝʙʝʥʦʢ ʚ ʩʘʜʫ, ʚ ʰʢʦʣʝ, ʩʪʫʜʝʥʪ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʜʦʣʞʥʳ ʧʦʥʷʪʴ, ʯʪʦ ʫʩʪʨʦʡ-

ʩʪʚʦ ʤʠʨʘ ʚʦ ʚʩʝʭ ʝʛʦ ʧʨʦʷʚʣʝʥʠʷʭ ï ʵʪʦ ʝʜʠʥʘʷ, ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʘʷ, ʤʥʦ-
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ʛʦʫʨʦʚʥʝʚʘʷ, ʵʚʦʣʶʮʠʦʥʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʫʶ ʥʝʣʴʟʷ ʦʧʠʩʘʪʴ 

ʪʦʣʴʢʦ ʟʘʢʦʥʘʤʠ ʠ ʬʦʨʤʫʣʘʤʠ ʤʘʪʝʤʘʪʠʢʠ, ʬʠʟʠʢʠ, ʭʠʤʠʠ ʠ ʙʠʦʣʦʛʠʠ. ɸ 

ʪʦʣʴʢʦ ʚʩʝʤʠ ʚʤʝʩʪʝ ʠ ʝʱʝ ʤʥʦʛʠʤʠ ʟʘʢʦʥʘʤʠ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ 

ʚ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʶʪ ʚʦ ʚʟʘʠʤʥʦʡ ʩʚʷʟʠ, ʚʟʘʠʤʥʦʧʨʦʥʠʢʥʦʚʝʥʠʠ. ʕʪʦ ʥʝ 

ʟʥʘʯʠʪ, ʯʪʦ ʥʫʞʥʦ ʛʦʪʦʚʠʪʴ ʜʠʣʝʪʘʥʪʦʚ. ʅʝʪ ï ʩʧʝʮʠʘʣʠʩʪ ʜʦʣʞʝʥ ʦʯʝʥʴ ʭʦ-

ʨʦʰʦ ʟʥʘʪʴ ʩʚʦʶ ʦʙʣʘʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʭʦʨʦʰʦ ʧʦʥʠʤʘʪʴ, ʢʘʢ ʦʥʘ ʩʚʷʟʘʥʘ ʩ 

ʜʨʫʛʠʤʠ ʦʙʣʘʩʪʷʤʠ ʟʥʘʥʠʡ.  

ʆʯʝʥʴ ʯʝʪʢʦ ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ ʩʢʘʟʘʣ ʦʜʠʥ ʠʟ ʩʦʟʜʘʪʝʣʝʡ, ʦʪʮʦʚ ʥʘʥʦ-

ʪʝʭʥʦʣʦʛʠʡ ʕʨʠʢ ɼʨʝʢʩʣʝʨ: çʉʣʝʜʫʝʪ ʠ ʜʦʣʞʥʦ ʩʪʘʪʴ ʤʘʩʪʝʨʦʤ ʚ ʦʜʥʦʡ ʦʙʣʘ-

ʩʪʠ ʠ ʟʥʘʪʴ ʤʥʦʛʦʝ ʦ ʜʨʫʛʠʭè. ʊʫʪ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ çʤʘʩʪʝʨè ʠ çʟʥʘʪʴ 

ʦ ʜʨʫʛʠʭè. ɼʘʣʝʝ ʕʨʠʢ ɼʨʝʢʩʣʝʨ ʧʨʦʜʦʣʞʘʝʪ: çʉʣʝʜʫʝʪ ʜʫʤʘʪʴ ʦ ʪʨʸʭ ʫʨʦʚ-

ʥʷʭ ʟʥʘʥʠʡ ʦ ʧʨʝʜʤʝʪʝ: 

ï ʟʥʘʪʴ ʦ ʯʝʤ ʵʪʦʪ ʧʨʝʜʤʝʪ, ʩ ʢʘʢʦʛʦ ʨʦʜʘ ʬʠʟʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ 

ʬʝʥʦʤʝʥʘʤʠ, ʷʚʣʝʥʠʷʤʠ ʦʥ ʠʤʝʝʪ ʜʝʣʦ, ʢʘʢʦʛʦ ʨʦʜʘ ʚʦʧʨʦʩʳ ʦʥ ʩʧʨʘʰʠʚʘʝʪ ʠ 

ʥʘ ʢʘʢʠʝ ʦʪʚʝʯʘʝʪ; 

- ʟʥʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʧʨʝʜʤʝʪʘ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚ-

ʥʷʭ, ʯʫʚʩʪʚʦʚʘʪʴ ʢʘʢʦʛʦ ʨʦʜʘ ʷʚʣʝʥʠʷ ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʥʘ-

ʥʠʡ; 

- ʟʥʘʪʴ, ʢʘʢ ʧʦʣʫʯʠʪʴ ʦʪʚʝʪʳ ʩʘʤʦʤʫ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʣʘʜʝʥʠʠ ʜʦʩʪʘ-

ʪʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʜʘʥʥʦʛʦ ʧʨʝʜʤʝʪʘ. 

ʅʘ 200 % ʩʦʛʣʘʩʝʥ ʩ ɼʨʝʢʩʣʝʨʦʤ. ɺʦʦʙʱʝ-ʪʦ, ʦʥ ʥʠʯʝʛʦ ʥʦʚʦʛʦ ʥʝ ʩʢʘ-

ʟʘʣ, ʥʦ ʦʯʝʥʴ ʯʘʩʪʦ ʦʯʝʚʠʜʥʘʷ ʤʳʩʣʴ ʠ ʝʩʪʴ ʠʩʪʠʥʘ, ʫʩʪʦʷʚʰʘʷʩʷ ʚʦ ʚʨʝʤʝʥʠ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʠʶ ʪʨʝʭ ʫʨʦʚʥʝʡ ʢʦʤʧʝʪʝʥʮʠʡ ʤʦ-

ʛʫʪ ʥʝ ʤʥʦʛʠʝ ʚʳʧʫʩʢʥʠʢʠ ʥʘʰʠʭ ʚʫʟʦʚ, ʘ ʙʘʢʘʣʘʚʨʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝʣʴʟʷ 

ʩʯʠʪʘʪʴ ʤʘʩʪʝʨʘʤʠ ʩʚʦʝʛʦ ʜʝʣʘ. ʄʘʢʩʠʤʳ ɼʨʝʢʩʣʝʨʘ ʪʨʝʙʫʶʪ ʧʝʨʝʩʪʨʦʡʢʠ 

ʚʩʝʛʦ ʥʘʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ, ʚ ʨʘʟʚʠ-

ʪʠʠ ʮʠʚʠʣʠʟʘʮʠʠ XXI  ʚʝʢʘ ʪʨʝʙʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʧʦʜʛʦ-

ʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʚʫʭ ʪʠʧʦʚ: 

- ʇʦʜʛʦʪʦʚʢʘ ʣʠʜʝʨʦʚ, ʪʚʦʨʮʦʚ ʩ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ, 

ʤʫʣʴʪʠ- ʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʤʠ ʟʥʘʥʠʷʤʠ, ʩʧʦʩʦʙʥʳʭ ʦʙʦʟʥʘʯʠʪʴ, ʦʙʦʩʥʦ-

ʚʘʪʴ ʢʦʥʮʝʧʮʠʠ ʤʝʛʘʧʨʦʝʢʪʦʚ ʠ ʚʦʟʛʣʘʚʠʪʴ ʠʭ ʨʝʘʣʠʟʘʮʠʶ. ʅʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʥʦʚʴ ʪʨʝʙʫʝʪ ʩʚʦʠʭ ʃʝʦʥʘʨʜʦ ʜʘ ɺʠʥʯʠ, ʃʦʤʦʥʦʩʦʚʳʭ, ʂʫʨʯʘʪʦʚʳʭ, ʂʦʨʦ-

ʣʝʚʳʭ, ʬʦʥ ɹʨʘʫʥʦʚ. ɹʝʟ ʥʠʭ ʥʠʢʫʜʘ. ʋʩʧʝʰʥʳʝ ʤʝʥʝʜʞʝʨʳ ʩ ʛʫʤʘʥʠʪʘʨʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝ ʧʦʤʦʛʫʪ. 

- ʇʦʜʛʦʪʦʚʢʘ ʰʠʨʦʢʦʛʦ ʧʨʦʬʠʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʫʯʝʙʥʳʤ ʧʣʘʥʘʤ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʨʠʥʮʠʧʘ, ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ 

ʠ ʚ ʢʦʤʘʥʜʝ (ʪʚʦʨʯʝʩʢʠʭ ʢʦʣʣʝʢʪʠʚʘʭ) ʧʨʠ ʨʝʰʝʥʠʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʤʝʞʦʪ-

ʨʘʩʣʝʚʳʭ ʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʧʨʦʝʢʪʦʚ. ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ ʚ ʦʙʨʘʟʦ-

ʚʘʥʠʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʛʨʘʥʠʯʥʳʭ ʥʦʚʳʭ ʦʙʣʘʩʪʝʡ 

ʟʥʘʥʠʡ, ʠʥʥʦʚʘʮʠʡ, ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʜʫʢʪʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʥʚʝʨʛʝʥʮʠʠ 

NBICS-ʪʝʭʥʦʣʦʛʠʡ ʠ ʙʫʜʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴʩʷ ʦʙʱʠʡ, ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʷʟʳʢ 

(ʧʦʥʷʪʠʷ, ʪʝʨʤʠʥʳ), ʢʦʪʦʨʳʡ ʩʘʤ ʪʦʞʝ ʙʫʜʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʠʥʪʝʛʨʘʪʦʨʘ ʚ ʧʨʦ-

ʮʝʩʩʘʭ ʢʦʥʚʝʨʛʝʥʮʠʠ / ʜʠʚʝʨʛʝʥʮʠʠ. 
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ʇʨʦʛʥʦʟ ʈʵʡʤʦʥʜʘ ʂʫʨʮʚʝʡʣʘ ʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʜʦ 2099 ʛʦʜʘ 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦ ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʘʟʚʠʪʠʷ ʅɹʀʂʉ-ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʚʝʪʝ 

ʧʨʦʛʥʦʟʘ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʘʚʪʦʨʠʪʝʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʧʨʦʛʥʦʟʘʤ ʚ ʦʙʣʘ-

ʩʪʠ ʠʥʥʦʚʘʮʠʡ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʠʨʝʢʪʦʨʘ Google, ʈʵʡʤʦʥʜʘ ʂʫʨʮʚʝʡʣʘ. ʄʥʦ-

ʛʠʝ ʝʛʦ ʧʨʦʛʥʦʟʳ ʩʝʛʦʜʥʷ ʢʘʞʫʪʩʷ ʬʘʥʪʘʩʪʠʯʝʩʢʠʤʠ, ʥʦ ʵʪʦʪ ʘʚʪʦʨ ʩ ʠʩʢʣʶ-

ʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʠʥʪʝʣʣʝʢʪʦʤ ʠ ʨʝʥʦʤʝ ʚ ʥʘʫʯʥʦʤ ʤʠʨʝ ʢʘʞʜʳʡ ʠʟ ʩʚʦʠʭ 

ʯʘʩʪʥʳʭ ʧʨʦʛʥʦʟʦʚ ʦʙʦʩʥʦʚʳʚʘʝʪ.  

ʀʜʝʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʵʪʠʭ ʧʨʦʛʥʦʟʦʚ ʷʚʣʷʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʟʚʠʪʠʷ ʢʦʥʚʝʨʛʝʥʪʥʳʭ NBIC-ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʚʦʜʷ-

ʱʠʭ ʢ ʨʝʘʣʴʥʦʤʫ ʜʝʡʩʪʚʠʶ ʪʨʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʚʦʣʶʮʠʡ: ʛʝʥʝʪʠʢʘ, 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ. ʕʪʠ ʪʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʚʦʣʶʮʠʠ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʪʝʩʥʦʡ ʢʦʥʚʝʨʛʝʥʪʥʦʡ ʩʚʷʟʢʝ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ ʵʢʩʧʦʥʝʥʪʝ. ʇʦ ʤʥʝ-

ʥʠʶ ʈʵʡʤʦʥʜʘ ʂʫʨʮʚʝʡʣʘ ʤʳ ʥʘʭʦʜʠʤʩʷ ʪʦʣʴʢʦ ʚ ʥʘʯʘʣʝ ʵʢʩʧʦʥʝʥʪʳ ʠ ʵʢʩ-

ʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʜʦʚʦʣʴʥʦ ʦʙʤʘʥʯʠʚ. ʆʥ ʤʦʞʝʪ ʥʘʯʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ-

ʟʘʤʝʪʥʦ, ʘ ʟʘʪʝʤ ʙʳʩʪʨʦ ʫʩʢʦʨʠʪʴʩʷ.  

çʕʪʦ ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʝʜʩʪʘʚʠʪʴ ʨʘʥʴʰʝ, ʝʩʣʠ ʩʤʦʪʨʝʪʴ ʥʘ ʯʘʩʪ-

ʥʳʝ ʜʝʪʘʣʠ, ʘ ʥʝ ʥʘ ʦʙʱʫʶ ʢʘʨʪʠʥʫ. ɺʧʦʣʥʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʪʝʪ ʧʦ  ʵʢʩʧʦʥʝʥʪʝ. ʍʦʪʷ ʤʥʦʛʠʝ ʥʝʜʘʣʴʥʦʚʠʜʥʳʝ ʣʶʜʠ ʩʯʠ-

ʪʘʶʪ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʣʠʥʝʡʥʦ, ʠ ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʥʠ ʥʝʜʦʦʮʝ-

ʥʠʚʘʶʪ ʥʘʰʝ ʙʫʜʫʱʝʝè, - ʩʯʠʪʘʝʪ ʪʝʭʥʠʯʝʩʢʠʡ ʜʠʨʝʢʪʦʨ Google. 

2019 ʛʦʜ 

- ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʤʧʴʶʪʝʨʦʚ ʩʪʦʠʤʦʩʪʴʶ ʜʦ $4000 ʜʦʩʪʠ-

ʛʘʝʪ 20 ʢʚʘʜʨʠʣʣʠʦʥʦʚ ʚʳʯʠʩʣʝʥʠʡ ʚ ʩʝʢʫʥʜʫ. ʄʠʢʨʦʢʦʤʧʴʶʪʝʨʳ ʙʫʜʫʪ 

ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʦʜʝʞʜʫ, ʶʚʝʣʠʨʥʳʝ ʠʟʜʝʣʠʷ, ʤʝʙʝʣʴ ʠ ʜʘʞʝ ʩʪʝʥʳ. ʕʪʦ ʢʘʩʘ-

ʝʪʩʷ ʪʘʢʞʝ ʬʦʪʦ- ʠ ʚʠʜʝʦʢʘʤʝʨ, ʦʙʲʝʢʪʠʚʳ ʢʦʪʦʨʳʭ ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ ʙʫʣʘ-

ʚʦʯʥʦʡ ʛʦʣʦʚʢʠ. 

- ʃʶʜʠ ʧʦʣʫʯʘʪ ʩʠʩʪʝʤʳ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʠʟʦʙ-

ʨʘʞʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʝʪʯʘʪʢʝ ʛʣʘʟʘ. 

- ʇʦʣʴʟʦʚʘʪʝʣʠ ʙʫʜʫʪ ʦʙʱʘʪʴʩʷ ʩ ʢʦʤʧʴʶʪʝʨʘʤʠ ʯʝʨʝʟ ʜʚʫʭʩʪʦʨʦʥʥʠʡ 

ʨʝʯʝʚʦʡ ʠ ʞʝʩʪʦʚʦʡ ʠʥʪʝʨʬʝʡʩ (ʙʝʟ ʢʣʘʚʠʘʪʫʨʳ). ʂʘʙʝʣʠ ʠ ʧʨʦʚʦʜʥʳʝ ʠʥʪʝʨ-

ʬʝʡʩʳ ʧʝʨʝʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʥʫʪ.  

- ʆʩʥʦʚʥʦʝ ʦʙʫʯʝʥʠʝ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥʦ ʚ ʚʠʜʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʘʜʘʧʪʠʚ-

ʥʳʭ ʢʫʨʩʦʚ ʫʜʘʣʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ. 

- ʉʣʝʧʳʝ ʠ ʩʣʘʙʦʚʠʜʷʱʠʝ ʣʶʜʠ ʩ ʧʦʤʦʱʴʶ ʦʯʢʦʚ ʙʫʜʫʪ ʦʱʫʱʘʪʴ ʨʝ-

ʘʣʴʥʳʡ ʤʠʨ ʩ ʧʦʤʦʱʴʶ ʨʝʯʠ. ɻʣʫʭʠʝ ʩʪʘʥʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʩʠʤʳʝ ʫʩʪʨʦʡ-

ʩʪʚʘ, ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʨʝʯʴ ʚ ʪʝʢʩʪ ʠʣʠ ʟʥʘʢʠ, ʘ ʤʫʟʳʢʫ ʚ ʦʙʨʘʟʳ ʠʣʠ ʪʘʢʪʠʣʴ-

ʥʳʝ ʦʱʫʱʝʥʠʷ. ʇʦʷʚʠʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʩʝʪʯʘʪʢʘ ʛʣʘʟʘ, ʙʠʦʥʠʯʝʩʢʦʝ ʫʭʦ ʠ 

ʜʨʫʛʠʝ ʥʝʡʨʦʠʤʧʣʘʥʪʳ. 

- ʀʥʚʘʣʠʜʳ ʩ ʧʦʚʨʝʞʜʝʥʥʳʤ ʧʦʟʚʦʥʦʯʥʠʢʦʤ ʩʤʦʛʫʪ ʭʦʜʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʵʢʟʦʩʢʝʣʝʪʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʤʦʟʛ-ʢʦʤʧʴʶʪʝʨ ʠʣʠ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʢʦʤʘʥʜʦʡ ʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ.   
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- ʇʦʷʚʷʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʪʥʦʡ ʪʘʢʪʠʣʴʥʦʡ ʩʚʷʟʠ. 

ʅʘʧʨʠʤʝʨ, ʧʝʨʯʘʪʢʠ ʠʣʠ ʮʝʣʳʝ ʢʦʩʪʶʤʳ, ʪʨʘʥʩʣʠʨʫʶʱʠʝ ʫʜʘʣʝʥʥʳʝ ʧʨʠ-

ʢʦʩʥʦʚʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʠʩʪʝʤʘʭ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦ-

ʩʪʠ ʠ ʜʣʷ ʙʦʣʝʝ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʦʙʱʝʥʠʷ ʣʶʜʝʡ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ, ʚʢʣʶʯʘʷ 

ʚʠʨʪʫʘʣʴʥʳʡ ʩʝʢʩ. 

- ʂʨʝʤʥʠʡ ʠʟ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʙʫʜʝʪ ʚʳʪʝʩʥʝʥ ʦʙʲʝʤʥʳʤʠ ʨʝʰʝʪʢʘ-

ʤʠ ʠʟ ʥʘʥʦʪʨʫʙʦʢ. ɺʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʘʩʩʦʚʦ ʥʘʯʥʫʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʧʘʨʘʣʣʝʣʴʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ.  

- ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʜʘ ʩʪʘʥʫʪ ʥʘʩʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʳʤʠ, 

ʯʪʦ ʙʫʜʫʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʠ ʧʦʚʩʝʜʥʝʚ-

ʥʦʡ ʞʠʟʥʠ. 

2021 ʛʦʜ 

- ɼʦʩʪʫʧ ʚ ʠʥʪʝʨʥʝʪ ʙʫʜʝʪ ʜʦʩʪʫʧʝʥ ʩ 85% ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥ 

ʩʪʘʥʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʝʩʧʨʦʚʦʜʥʳʤ ʠ ʦʯʝʥʴ ʜʝʰʝʚʳʤ. ʌʦʨʤʘʣʴʥʦ ʦʧʣʘʪʘ 

ʟʘ ʥʝʛʦ ʙʫʜʝʪ ʩʧʠʩʳʚʘʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

- ʂʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʥʘʫʯʘʪʩʷ ʩʦʟʜʘʚʘʪʴ ʧʨʝʜʤʝʪʳ ʠʩʢʫʩʩʪʚʘ ʥʘ 

ʫʨʦʚʥʝ ʩʦʚʨʝʤʝʥʥʠʢʦʚ ʠʣʠ ʜʘʞʝ ʣʫʯʰʝ ʥʠʭ. ʇʦʷʚʷʪʩʷ ʩʦʟʜʘʥʥʳʝ AL ʢʘʨʪʠ-

ʥʳ, ʤʫʟʳʢʘʣʴʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʠ ʩʢʫʣʴʧʪʫʨʳ.  

- ɹʫʤʘʞʥʳʝ ʢʥʠʛʠ ʩʪʘʥʫʪ ʨʘʨʠʪʝʪʦʤ. ʆʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʧʨʦ-

ʩʤʦʪʨʘ ʪʝʢʩʪʦʚ ʙʫʜʫʪ ʪʦʥʢʠʝ ʣʝʛʢʠʝ ʜʠʩʧʣʝʠ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ.  

2022 ʛʦʜ 

- ʈʦʙʦʪʳ ʩʪʘʥʫʪ ʧʨʠʚʳʯʥʳʤʠ ʢʘʢ ʜʦʤʘʰʥʠʝ ʞʠʚʦʪʥʳʝ. 

- ɹʫʜʫʪ ʧʨʠʥʠʤʘʪʴʩʷ ʥʘʮʠʦʥʘʣʴʥʳʝ ʟʘʢʦʥʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʤʝʞʜʫ ʣʶʜʴʤʠ ʠ ʨʦʙʦʪʘʤʠ. ʅʝʩʢʦʣʴʢʦ ʨʘʥʴʰʝ ʵʪʦ ʧʨʦʠʟʦʡʜʝʪ ʩ ʚʠʨʪʫ-

ʘʣʴʥʳʤʠ ʧʝʨʩʦʥʘʞʘʤʠ. 

2024 ʛʦʜ 

- ʉʠʩʪʝʤʳ ʘʚʪʦʧʠʣʦʪʘ ʠ ʧʦʤʦʱʠ ʚʦʜʠʪʝʣʷʤ ʙʫʜʫʪ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʳ ʚ ʣʝʛʢʦʚʳʭ, ʛʨʫʟʦʚʳʭ ʤʘʰʠʥʘʭ ʠ ʦʙʱʝʩʪʚʝʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. ɺ ʨʷʜʝ 

ʩʪʨʘʥ ʣʶʜʷʤ ʚʦʚʩʝ ʟʘʧʨʝʪʷʪ ʫʧʨʘʚʣʷʪʴ ʘʚʪʦʤʦʙʠʣʝʤ ʙʝʟ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʩʩʠ-

ʩʪʝʥʪʘ ʚʦʜʠʪʝʣʷ. ɺ ʧʝʨʠʦʜ 2020-2025 ʛʛ. ʧʦʷʚʷʪʩʷ ʢʦʤʧʘʢʪʥʳʝ ʧʝʨʩʦʥʘʣʴʥʳʝ 

ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ. 

2025 ʛʦʜ 

- ʅʦʩʠʤʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʙʫʜʝʪ ʚʳʪʝʩʥʷʪʴʩʷ ʠʤʧʣʘʥʪʠʨʫʝʤʦʡ. ʅʘʫʯʠʤʩʷ 

ʵʬʬʝʢʪʠʚʥʦ ʙʦʨʦʪʴʩʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʩʪʘʨʝʥʠʷ ʠ ʙʫʜʝʤ ʧʨʦʜʣʝʚʘʪʴ ʞʠʟʥʴ ʩ ʧʦ-

ʤʦʱʴʶ ʥʘʥʦʨʦʙʦʪʦʚ ʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʤ ʧʦʢʘ ʥʝʪ ʜʘʞʝ ʥʘʟʚʘʥʠʷ.  

2028 ʛʦʜ 

- ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʩʪʘʥʝʪ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ. ʕʪʦ ʙʫʜʝʪ ʜʦʤʠʥʠʨʫʶʱʝʡ ʢʦʥʮʝʧʮʠʝʡ. ʉʦʣʥʝʯʥʳʝ 

ʙʘʪʘʨʝʠ ʩʪʘʥʫʪ ʥʘʩʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʯʪʦ ʠʭ ʭʚʘʪʠʪ ʥʘ ʧʦʢʨʳʪʠʝ ʙʦʣʴ-

ʰʝʡ ʯʘʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. 

2029 ʛʦʜ 

- ʂʦʤʧʴʶʪʝʨ ʟʘ $1000 ʙʫʜʝʪ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʦʩʭʦʜʠʪʴ ʤʦʟʛ ʩʨʝʜʥʝʛʦ 

ʯʝʣʦʚʝʢʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʣʘʩʪʝʡ. 
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- ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʟʛʘ ʩʪʘʥʝʪ ʛʦʨʘʟʜʦ ʪʦʯʥʝʝ. ɹʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ 

ʬʫʥʢʮʠʠ ʩʦʪʝʥ ʨʘʟʣʠʯʥʳʭ ʩʫʙʨʝʛʠʦʥʦʚ, ʘʣʛʦʨʠʪʤʳ ʠʭ ʨʘʟʚʠʪʠʷ ʠ ʨʘʙʦʪʳ 

ʥʘʰʝʛʦ ʤʦʟʛʘ. ʆʥʠ ʙʫʜʫʪ ʨʘʩʰʠʬʨʦʚʘʥʳ ʠ ʚʢʣʶʯʝʥʳ ʚ ʘʣʛʦʨʠʪʤʳ ʥʝʡʨʦʥ-

ʥʳʭ ʩʝʪʝʡ.  

2031 ʛʦʜ 

- ʄʥʦʛʠʝ ʣʶʜʠ ʜʦʙʨʦʚʦʣʴʥʦ ʩʪʘʥʫʪ ʢʠʙʦʨʛʘʤʠ, ʘ ʠʟ-ʟʘ ʦʙʠʣʠʷ ʠʤʧʣʘʥ-

ʪʦʚ ʙʫʜʝʪ ʧʝʨʝʦʩʤʳʩʣʝʥ ʠ ʩʘʤ ʪʝʨʤʠʥ çʯʝʣʦʚʝʯʝʩʢʦʝ ʩʫʱʝʩʪʚʦè. ʆʨʛʘʥʳ ʙʫ-

ʜʫʪ ʠʟʛʦʪʦʚʣʷʪʴ ʤʘʰʠʥʳ ʚ ʣʶʙʦʡ ʢʨʫʧʥʦʡ ʙʦʣʴʥʠʮʝ. 

- ʇʦʷʚʷʪʩʷ ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʤʧʣʘʥʪʳ ʩ ʧʨʷʤʳʤ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʤʦʟʛʫ 

ʠ ʦʪʜʝʣʴʥʳʤ ʛʨʫʧʧʘʤ ʥʝʡʨʦʥʦʚ. ʆʥʠ ʙʫʜʫʪ ʩʧʦʩʦʙʥʳ ʥʘʜʝʣʠʪʴ ʯʝʣʦʚʝʢʘ 

ʩʚʝʨʭʩʧʦʩʦʙʥʦʩʪʷʤʠ ï ʫʩʠʣʠʪʴ ʚʦʩʧʨʠʷʪʠʝ, ʫʣʫʯʰʠʪʴ ʧʘʤʷʪʴ, ʫʚʝʣʠʯʠʪʴ ʩʢʦ-

ʨʦʩʪʴ ʨʝʘʢʮʠʠ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ. 

2033 ʛʦʜ 

- ʂʦʤʧʴʶʪʝʨʳ ʩʪʘʥʫʪ ʦʙʫʯʘʪʴʩʷ ʙʝʟ ʯʝʣʦʚʝʢʘ. ʅʝʙʠʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʳ 

ʠʥʪʝʣʣʝʢʪʘ ʦʙʲʝʜʠʥʷʪ ʪʦʥʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʨʘʟʫʤʘ ʩʦ ʩʢʦʨʦ-

ʩʪʴʶ, ʧʘʤʷʪʴʶ ʠ ʙʝʟʛʨʘʥʠʯʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʦʙʤʝʥʘ ʟʥʘʥʠʷʤʠ ʤʘʰʠʥʥʦ-

ʛʦ ʠʥʪʝʣʣʝʢʪʘ.  ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʘʚʪʦʤʦʙʠʣʠ ʩʪʘʥʫʪ ʩʘʤʦʫʧʨʘʚʣʷʝʤʳʤʠ.  

- ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʨʘʙʦʪʳ ʠ ʩʠʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʘ ʙʫʜʫʪ ʧʦʣʥʦ-

ʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ. 

2034 ʛʦʜ 

- ʈʘʟʚʠʪʠʝ ʀʀ (ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ) ʧʨʠʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʦʙʱʝ-

ʩʪʚʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʟʘ ʧʨʘʚʘ ʤʘʰʠʥ (ʧʨʦʬʩʦʶʟʳ ʨʦʙʦʪʦʚ!).  

- ɻʣʦʙʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʦʨʙʠʪʘʣʴʥʦʡ ʟʘʱʠʪʳ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʘʜʝʥʠʝ ʥʘ ɿʝʤʣʶ ʢʨʫʧʥʳʭ ʤʝʪʝʦʨʠʪʦʚ ʠ ʘʩʪʝʨʦʠʜʦʚ. 

2038 ʛʦʜ 

- ʊʨʘʥʩʛʫʤʘʥʠʟʤ ʩʪʘʥʝʪ ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ. ʅʝʡʨʦʠʤʧʣʘʥʪʳ ʧʦʟʚʦ-

ʣʷʝʪ ʙʳʩʪʨʝʝ ʧʦʣʫʯʘʪʴ ʣʶʙʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʦʟʥʘʥʠʷ. ʂʣʝʪʢʠ ʪʝʣʘ ʤʦʞʥʦ 

ʙʫʜʝʪ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʥʘ ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʠ ʣʝʯʝʥʠʝ ʙʦʣʝʟʥʝʡ. 

2041 ʛʦʜ 

- ʀʥʪʝʨʥʝʪ ʪʨʘʬʠʢ ʚʦʟʨʘʩʪʝʪ ʚ ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ ʨʘʟ, ʘ ʧʦʠʩʢʦʚʳʝ ʩʠ-

ʩʪʝʤʳ ʙʫʜʫʪ ʚʩʪʨʦʝʥʳ ʧʦʚʩʶʜʫ. ɿʘʧʨʦʩʳ ʥʘ ʥʠʭ ʤʦʞʥʦ ʙʫʜʝʪ ʦʪʩʳʣʘʪʴ ʜʘʞʝ 

ʩʠʣʦʡ ʤʳʩʣʠ ʯʝʨʝʟ ʚʩʝʤʠʨʥʫʶ ʩʝʪʴ. 

2045 ʛʦʜ 

- ʇʝʨʚʘʷ ʨʝʘʣʠʟʘʮʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʙʝʩʩʤʝʨʪʠʷ, ʥʘʥʦʨʦʙʦʪʳ ʙʫʜʫʪ ʧʦʤʦ-

ʛʘʪʴ ʧʨʝʦʜʦʣʝʚʘʪʴ ʘʧʦʧʪʦʟ ʠ ʟʘʱʠʱʘʪʴ ʦʨʛʘʥʠʟʤ ʦʪ ʣʶʙʳʭ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟ-

ʜʝʡʩʪʚʠʡ. 

2049 ʛʦʜ 

- ɽʜʘ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ (ʘʩʩʘʤʙʣʠʨʦʚʘʪʴʩʷ) ʥʘʥʦʨʦʙʦʪʘʤʠ ʠʟ ʧʦʜ-

ʨʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʘʷ ʧʠʱʘ ʙʫʜʝʪ ʥʝʦʪʣʠʯʠʤʘ ʦʪ çʧʨʠʨʦʜʥʦʡè, ʥʦ ʤʦʞʝʪ 

ʙʳʪʴ ʢʘʢ ʫʛʦʜʥʦ ʚʠʜʦʠʟʤʝʥʝʥʘ ʧʨʦʩʪʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʧʨʦʛʨʘʤʤ (ʢʘʣʦʨʠʡ-

ʥʦʩʪʴ, ʚʢʫʩ, ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ, ʚʠʪʘʤʠʥʦʚ, ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʬʝʨʤʝʥ-

ʪʦʚ). ʊʝʤ ʩʘʤʳʤ ʨʝʰʠʪʩʷ ʧʨʦʙʣʝʤʘ ʛʦʣʦʜʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʠʱʠ ʩʪʘʥʝʪ ʥʝʟʘ-

ʚʠʩʠʤʳʤ ʦʪ ʢʣʠʤʘʪʘ, ʧʦʛʦʜʳ ʠ ʥʘʣʠʯʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 
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- ʉʦʪʨʫʪʩʷ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʨʝʘʣʴʥʳʤ ʤʠʨʦʤ ʠ çʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦ-

ʩʪʴʶè. ɺʩʝ ʬʠʟʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʩʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʥʝʤʝʜʣʝʥʥʫʶ ʩʘʤʦʦʙʦʨʦ-

ʥʫ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʩʚʦʠʭ ʩʚʦʡʩʪʚ.  

2072-2099 ʛʦʜ 

- ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʧʦʨʦʜʷʪ ʧʠʢʦʪʝʭʥʦʣʦʛʠʠ. ʃʶʜʠ ʩʤʦʛʫʪ ʤʘʥʠʧʫʣʠʨʦ-

ʚʘʪʴ ʩʪʨʫʢʪʫʨʘʤʠ, ʨʘʟʤʝʨʥʦʩʪʴʶ ʚ ʦʜʥʫ ʪʨʠʣʣʠʦʥʥʫʶ ʜʦʣʶ ʤʝʪʨʘ (ʩʝʡʯʘʩ 

ʥʘʥʦ - ʦʜʥʘ  ʤʠʣʣʠʘʨʜʥʘʷ ʯʘʩʪʴ ʤʝʪʨʘ). 

- ʄʳʰʣʝʥʠʝ ʯʝʣʦʚʝʢʘ ʥʝ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʤ ʨʘʟʫʤʦʤ. ʃʶʜʠ ʠ ʤʘʰʠʥʳ ʩʦʣʴʶʪʩʷ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʙʳʪʠʷ. ʄʥʦ-

ʛʠʝ ʣʶʜʠ ʧʝʨʝʩʪʘʥʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʧʦʩʪʦʷʥʥʦʡ ʬʦʨʤʝ, ʘ ʙʫʜʫʪ ʩʫʱʝʩʪʚʦ-

ʚʘʪʴ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤ. ʀʭ ʩʦʟʥʘʥʠʝ ʙʫʜʝʪ ʩʧʦʩʦʙʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʨʘʟʫ ʥʝ-

ʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʪʝʣ ʠ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ. ɻʨʘʥʠʮʳ ʤʝʞʜʫ ʚʝʱʝ-

ʩʪʚʝʥʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʣʠʯʥʦʩʪʝʡ ʧʦʩʪʝʧʝʥʥʦ ʩʪʠʨʘʶʪʩʷ, ʧʦʵʪʦʤʫ ʥʝʚʦʟ-

ʤʦʞʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʩʢʦʣʴʢʦ ʣʶʜʝʡ ʞʠʚʝʪ ʥʘ ɿʝʤʣʝ ʠ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ.  

- ʅʘʯʥʝʪʩʷ ʵʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʥʛʫʣʷʨʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʨʘʩʧʨʦʩʪʨʘ-

ʥʠʪʩʷ ʟʘ ʧʨʝʜʝʣʳ ɿʝʤʣʠ ʚʤʝʩʪʝ ʩ ʯʝʣʦʚʝʯʝʩʪʚʦʤ. ʉʠʥʛʫʣʷʨʥʦʩʪʴ ï ʵʪʦ ʧʝʨʠʦʜ 

ʙʣʠʞʘʡʰʝʛʦ ʙʫʜʫʱʝʛʦ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʙʫʜʝʪ ʥʘʩʪʦʣʴ-

ʢʦ ʚʳʩʦʢʘ ʠ ʠʟʤʝʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʙʫʜʫʪ ʥʘʩʪʦʣʴʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʳ, ʯʪʦ ʵʪʦ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʪ ʚʩʝ ʥʘʰʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘ ʦʯʝʥʴ ʢʦʨʦʪʢʦʝ 

ʚʨʝʤʷ. ʉʠʥʛʫʣʷʨʥʦʩʪʴ ʠʟʤʝʥʠʪ ʥʘʰ ʤʠʨ ʥʘʚʩʝʛʜʘ, ʥʘʰ ʚʟʛʣʷʜ ʥʘ ʧʨʦʰʣʦʝ, 

ʥʘʰ ʚʟʛʣʷʜ ʥʘ ʙʫʜʫʱʝʝ ʠ ʠʟʤʝʥʠʪ ʩʘʤʦ ʧʦʥʷʪʠʝ ʞʠʟʥʠ ʚ ʮʝʣʦʤ. ʄʥʦʛʠʤ ʣʶ-

ʜʷʤ ʪʷʞʝʣʦ ʧʦʥʷʪʴ, ʧʦʯʝʤʫ ʵʪʦ ʧʨʦʠʟʦʡʜʝʪ. ʅʦ ʵʪʦ ʥʝʠʟʙʝʞʥʦ ʪʘʢ ʞʝ, ʢʘʢ 

ʚʦʩʭʦʜ ʩʦʣʥʮʘ. ʀ ʫʞʝ ʩʝʡʯʘʩ ʤʳ ʚʠʜʠʤ ʧʝʨʚʳʝ ʣʫʯʠ ʵʪʦʛʦ ʩʦʣʥʮʘ ʚ ʚʠʜʝ ʚʩʝʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʩʣʝʜʥʠʭ 20 ʣʝʪ.  
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ  ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʨʘʟʚʠʪʠʷ 

ʥʘʫʢʠ, ʢʘʢ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʩʬʝʨʳ ʩʦʟʥʘʪʝʣʴʥʦʛʦ ʟʥʘʥʠʷ. ʈʘʩ-

ʩʤʦʪʨʝʥ ʩʫʙʲʝʢʪʠʚʥʳʡ ʘʩʧʝʢʪ ʨʘʟʚʠʪʠʷ ʚʩʝʡ ʥʘʫʢʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʚʳʙʦʨʦʤ  

ʠʥʜʠʚʠʜʫʫʤʘ ʟʘʥʠʤʘʪʴʩʷ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʙʘʟʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘʫʢʦʡ 

ʠʥʚʘʨʠʘʥʪʦʚ. ʈʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʦʪʨʘʞʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ï ɽʜʠʥʦʡ 

ʇʨʠʨʦʜʳ ʚ ʚʠʜʝ ʤʥʦʛʦʤʝʨʥʦʡ ʩʬʝʨʳ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʧʠʩʘ-

ʥʠʡ ʇʨʠʨʦʜʳ ʥʘ ʙʘʟʝ ʠʥʚʘʨʠʘʥʪʦʚ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʡ ʥʘ ʦʧʠʩʘʥʠʠ ʜʚʫʭ 

ʝʸ ʩʝʯʝʥʠʡ: ʬʠʟʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʦʚ ʠ ʨʘʟʚʝʪʚʣʝʥʠʝ ʥʘ ʞʠʚʦʝ 

ʠ ʥʝʞʠʚʦʝ ʥʘ ʥʘʥʦʤʘʩʰʪʘʙʝ. ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʦʢʘʟʘʥ 

ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʮʝʣʠ, ʚʝʜʫʱʝʡ ʢ ʨʘʩʰʠʨʝʥʠʶ  ʦʙʱʝʡ 

ʩʬʝʨʳ ʟʥʘʥʠʡ, ʠ ʦʧʠʩʘʥʘ ʪʨʘʝʢʪʦʨʠʷ ʧʫʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʜʦʩʪʠʞʝʥʠʶ 

ʵʪʦʡ ʮʝʣʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʨʝʛʨʝʩʩʘ ʠ ʯʪʦ 

ʵʪʫ ʥʝʛʘʪʠʚʥʫʶ ʜʠʥʘʤʠʢʫ ʤʦʞʥʦ ʠʩʧʨʘʚʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘʫʯʥʳʭ ʰʢʦʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʨʝʜʩʪʘʚʣʝʥʠʷ, ʇʨʠʨʦʜʘ, ʥʘʫʢʘ, ʩʫʙʲʝʢʪ-ʫʯʸʥʳʡ, 

ʩʬʝʨʘ ʟʥʘʥʠʡ, ʜʠʥʘʤʠʢʘ. 
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Abstract:  The paper considers various aspects of the development of sci-

ence as a continuously expanding sphere of conscious knowledge. The subjective 

aspect of the development of the whole of science is considered, determined by the 

choice of the individual to engage in self-education on the basis of invariants estab-

lished by science. The method of reflection of objective reality - Unified Nature in 

the form of a multidimensional sphere of qualitative and quantitative descriptions 

of Nature on the basis of invariants, demonstrated on the description of its two sec-

tions is considered: physical differences of different scales and ramification on the 

living and nonliving at the nano scale. Within the framework of the proposed rep-

resentations, a method is shown for determining an individual goal, leading to the 

expansion of the general scope of knowledge, and a trajectory of the way to solve 

mailto:stas_ordin@mail.ru
mailto:stas_ordin@mail.ru


56 

 

the task to achieve this goal is described. It is shown that now the mankind is at the 

stage of regression and that this negative dynamics can be corrected by the for-

mation of scientific schools. 

Keywords: Representations, Nature, science, subject-scientist, sphere of 

knowledge, dynamics. 

 

ʇʨʝʘʤʙʫʣʘ 

ʈʘʟʣʠʯʥʳʤ ʦʩʚʦʝʥʥʳʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʤʥʦʶ ʚ ʧʨʦʮʝʩʩʝ ʥʘʫʯʥʦʡ ʠ 

ʦʢʦʣʦʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʦʜʭʦʜʘʤ 

ʠ ʤʝʪʦʜʘʤ, ʧʦʩʚʷʱʝʥʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʤʦʠʭ 150 ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ 68 

ʥʘʫʯʥʦ- ʠ ʦʢʦʣʦʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʭ ʩʪʘʪʝʡ ʥʘ ʩʘʡʪʝ ʅʆʈ. ʇʨʦʩʪʦ ʧʝʨʝʯʠʩʣʝ-

ʥʠʝ ʚʦʰʝʜʰʠʭ ʚ ʧʫʙʣʠʢʘʮʠʠ ʟʘʥʷʣʦ ʙʳ ʤʥʦʛʦ ʤʝʩʪʘ. ɸ ʚʩʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ 

ʤʥʦʡ ʟʘ ʧʦʯʪʠ 50 ʣʝʪ ʞʠʟʥʠ ʚ ʥʘʫʢʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝ-

ʪʦʜʳ ʦʧʠʩʘʪʴ, ʤʷʛʢʦ ʛʦʚʦʨʷ, ʩʣʦʞʥʦ. ɼʘʞʝ ʧʨʦʩʪʦʤʫ ʨʘʙʦʯʝʤʫ ʠʣʠ ʩʝʣʴʩʢʦʤʫ 

ʪʨʫʞʝʥʠʢʫ ʧʨʠʭʦʜʠʪʩʷ ʚʩʸ ʚʨʝʤʷ ʥʘ ʭʦʜʫ ʯʪʦ-ʪʦ ʠʟʦʙʨʝʪʘʪʴ, ʘ ʧʨʠ ʥʝʬʦʨ-

ʤʘʣʴʥʦʤ ʚʝʜʝʥʠʠ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ, ʪʝʤ ʙʦʣʝʝ ʚ ʥʘʰʠʭ ʩʪʝʩʥʸʥʥʳʭ ʩʝʡʯʘʩ, ʜʘ 

ʠ ʨʘʥʝʝ, ʫʩʣʦʚʠʷʭ, ʙʝʟ ʠʟʦʙʨʝʪʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʟʛʦʥʘ ʢʦʤ-

ʧʴʶʪʝʨʦʚ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʠʸʤʦʚ ʠ ʩ ʤʝ-

ʩʪʘ ʥʝ ʩʜʚʠʥʫʪʴʩʷ. ʕʪʠʤ ʚʦ ʤʥʦʛʦʤ ʦʪʣʠʯʘʣʠʩʴ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʉʉʉʈ ï ʤʳ çʧʸʨʣʠè ʥʝ ʧʦ ʧʨʦʪʦʨʸʥʥʳʤ ʜʦʨʦʛʘʤ, ʥʝ ʩʪʝʩʥʷʣʠ ʩʝʙʷ ʩʪʘʥʜʘʨʪ-

ʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʠ ʧʨʠʙʦʨʘʤʠ, ʘ, ʢʘʢ ʩʘʤʦ ʩʦʙʦʡ, ʠʭ ʤʦʜʝʨʥʠʟʠʨʦʚʘʣʠ, ʜʦ-

ʚʦʜʠʣʠ ʜʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʜʘʞʝ ʟʘʤʝʥʷʣʠ. ʇʨʠ ʵʪʦʤ, ʯʘʱʝ ʥʠʢʘʢ ʵʪʦ ʥʝ 

ʦʬʦʨʤʣʷʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʠ ʚ ʧʘʪʝʥʪʳ, ʥʠ ʚ ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ, ʧʦ-

ʪʦʤʫ ʯʪʦ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʦʩʤʳʩʣʝʥʠʷ ʠ ʦʬʦʨʤʣʝʥʠʷ ʙʳʣʦ ʥʘʤʝʯʝʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ.  

ɺʦʪ ʧʦʯʝʤʫ, ʢʦʛʜʘ çʚʦʨʦʪʘè ʚ ʩʪʨʘʥʫ ʙʳʣʠ ʥʘʩʪʝʞʴ ʨʘʩʧʘʭʥʫʪʳ,  ʢ ʥʘʤ 

ʚ ɸʢʘʜʝʤʠʶ, ʢʘʢ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʧʦʣʠʛʦʥ, ʧʨʦʩʪʦ ʭʣʳʥʫʣʠ ʠʥʦʩʪʨʘʥʮʳ. 

ɺʦʪ ʧʦʯʝʤʫ ʝʩʣʠ ʙʳ ʥʝ ʘʢʘʜʝʤʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ, ʪʦ ʈɸʅ ʚ ʟʦʣʦʪʝ ʢʫʧʘ-

ʣʘʩʴ ʙʳ, ʘ ʥʝ ʧʦʧʨʦʰʘʡʥʠʯʘʣʘ ʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ,. ʀ ʚʝʩʴ ʵʪʦʪ, 

ʟʘʩʪʨʷʚʰʠʡ ʫ ʤʝʥʷ ʚ ʛʦʣʦʚʝ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ çʭʣʘʤè, ʪʘʢʞʝ ʢʘʢ 

ʠ ʩʦʪʥʷ ʧʘʧʦʢ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʷ, ʧʦ ʤʝʨʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʠʯʸʩʳʚʘʶ ʠ ʚʳʚʘʣʠʚʘʶ ʚ ʧʦʧʫʣʷʨʥʳʭ ʩʪʘʪʴʷʭ ʥʘ ʛʦʣʦʚʳ ʯʠ-

ʪʘʪʝʣʝʡ, ʚ ʥʘʜʝʞʜʝ, ʯʪʦ ʢʦʤʫ-ʪʦ ʠʟ ʤʦʣʦʜʳʭ ʵʪʦ ʧʨʠʛʦʜʠʪʩʷ, ʘ ʢʦʝ-ʢʦʛʦ ʜʘʞʝ 

ʧʦʜʚʠʥʝʪ ʟʘʥʷʪʴʩʷ ʩʪʦʣʴ ʥʝʙʣʘʛʦʜʘʨʥʳʤ ʚ ʥʘʰʝ ʚʨʝʤʷ ʜʝʣʦʤ ï ʥʘʫʢʦʡ.  ʍʦʪʷ, 

ʪ.ʢ. ʧʨʠ ʥʳʥʝʰʥʝʤ ʫʧʘʜʢʝ ʈɸʅ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʘʥʝʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʧʝʨʝʜʘʯʫ ʵʪʦʛʦ çʭʣʘʤʘè ʩʣʝʜʫʶʱʠʤ ʧʦʢʦʣʝʥʠʷʤ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʝʡ, ʥʘʨʫʰʝʥʘ, çʤʝʣʢʠʝè ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʚʳʣʠʪʴʩʷ, ʚʦʟʤʦʞʥʦ, 

ʚ ʥʦʚʳʝ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʥʫʪ ʚ ʣʝʪʫ. ʅʦ ʪʘʢ ʢʘʢ ʷ ʝʱʸ ʥʝ ʧʨʝʢʨʘ-

ʪʠʣ ʧʝʨʝʜ ʩʦʙʦʡ ʩʪʘʚʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʝ ʚ ʤʦʸʤ ʧʦʥʠʤʘʥʠʠ ʟʘʜʘʯʠ, ʠ 

ʧʨʦʜʦʣʞʘʶ ʠʜʪʠ ʢ ʠʭ ʨʝʰʝʥʠʶ, ʪʦ ʪʨʘʪʠʪʴ ʤʥʦʛʦ ʠʟ ʦʩʪʘʚʰʝʛʦʩʷ ʫ ʤʝʥʷ ʚʨʝ-

ʤʝʥʠ ʥʘ ʧʝʨʝʜʘʯʫ çʭʣʘʤʘè ʥʝ ʤʦʛʫ. ʇʦʵʪʦʤʫ ʷ ʠ ʨʝʰʠʣ ʩʜʝʣʘʪʴ ʥʝʢʦʪʦʨʦʝ ʤʝ-

ʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʨʝʟʶʤʝ, ʢʦʪʦʨʦʝ ʙʳ ʧʦʤʦʛʣʦ ʭʦʪʴ ʧʦ ʦʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʠ-
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ʘʣʴʥʳʤ ʤʦʤʝʥʪʘʤ, ʘ ʚ ʜʝʪʘʣʷʭ ʧʫʩʪʴ ʙʫʜʫʱʠʝ ʧʦʢʦʣʝʥʠʷ ʩʘʤʠ ʥʘʧʨʷʛʘʶʪ 

ʤʦʟʞʝʯʦʢ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʧʠʩʘʥʠʷ ʪʘʢʦʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʟʶʤʝ ʩʚʷʟʘʥʘ ʠ 

ʩ ʪʝʤ, ʯʪʦ ʢʦʛʜʘ ʷ ʚʥʦʚʴ ʚʳʥʳʨʥʫʣ ʠʟ ʟʘʥʷʪʠʡ ʯʠʩʪʦʡ ʬʠʟʠʢʦʡ, ʪʦ ʦʙʥʘʨʫʞʠʣ, 

ʯʪʦ ʫʞʝ ʦʪʨʘʞʘʣ ʚ ʩʚʦʠʭ ʩʪʘʪʴʷʭ, ʯʪʦ çʙʦʣʴʥʘè ʥʝ ʪʦʣʴʢʦ ʩʦʚʨʝʤʝʥʥʘʷ ʬʠʟʠ-

ʢʘ, ʘ ʠ ʥʘʫʢʘ ʮʝʣʠʢʦʤ. ʕʪʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʝʩʪʝʩʪʚʝʥʥʦ, ʪʘʢ ʢʘʢ ʥʘʫʢʘ ʧʦ 

ʙʦʣʴʰʦʤʫ ʩʯʸʪʫ ʝʩʪʴ ʩʦʟʥʘʪʝʣʴʥʦʝ ʟʥʘʥʠʝ ʦ ʝʜʠʥʦʡ ʇʨʠʨʦʜʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, ʢʘʢ ʧʦʥʷʣ ʝʱʸ ɸʨʠʩʪʦʪʝʣʴ, ʝʜʠʥʘ. ʀ ʭʦʪʷ ʧʦʪʦʤ ʦʥ ʩʘʤ ʞʝ ʠ ʥʘʯʘʣ ʜʨʦ-

ʙʠʪʴ ʝʸ ʥʘ ʯʘʩʪʠ: ʕʪʠʢʫ, ʌʠʟʠʢʫ ʠ ʄʝʪʘʬʠʟʠʢʫ (ʚ ʝʛʦ ʧʦʥʠʤʘʥʠʠ ʚʩʷ ʥʝʬʠʟʠ-

ʢʘ ʇʨʠʨʦʜʳ), ʥʦ ʣʠʰʴ ʤʝʪʦʜʠʯʝʩʢʠ. ɽʜʠʥʘ ʞʝ ʥʘʫʢʘ ʚʦ ʚʩʸʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʩʚʦʠʭ ʙʦʣʝʟʥʷʭ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʷ ʧʦʯʫʚʩʪʚʦʚʘʣ ʥʝʢʫʶ ʚʠʥʫ ʟʘ ʬʠʟʠʢʦʚ ʟʘʩʪʦʡʥʦʛʦ 

ʧʝʨʠʦʜʘ ʥʘʫʢʠ, ʢʦʪʦʨʳʝ, ʧʦʧʨʦʩʪʫ ʛʦʚʦʨʷ, ʚʪʠʨʘʣʠ ʦʯʢʠ   ʠ, ʪʝʤ ʩʘʤʳʤ, ʤʥʦ-

ʛʠʝ ʩʦʧʨʷʞʸʥʥʳʝ çʥʝʬʠʟʠʯʝʩʢʠʝè ʥʘʫʢʠ, ʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʢʦʛʜʘ-ʪʦ ʬʠʟʠʢʘ 

ʙʳʣʘ ʩʘʤʘʷ ʧʨʦʜʚʠʥʫʪʘʷ, ʪʦʞʝ ʦʧʫʩʪʠʣʠ. ʊʘʢ ʯʪʦ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʨʝʘʙʠʣʠʪʠʨʦʚʘʪʴʩʷ ʟʘ ʨʝʤʝʩʣʝʥʥʠʢʦʚ ʦʪ ʬʠʟʠʢʠ ʠ ʩʜʝʣʘʪʴ ʦʙʱʝʥʘ-

ʫʯʥʦʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʨʝʟʶʤʝ. ʀ ʩʨʘʟʫ ʦʛʦʚʦʨʶʩʴ, ʯʪʦ ʧʠʰʫ ʵʪʦ ʨʝʟʶʤʝ ʥʝ 

ʜʣʷ ʨʝʤʝʩʣʝʥʥʠʢʦʚ ʦʪ ʥʘʫʢʠ, ʩʧʝʰʘʱʠʭ ʧʦʩʢʦʨʝʝ ʧʦʟʘʙʠʚʘʪʴ ʧʦʙʦʣʴʰʝ ʥʘʫʯ-

ʥʳʭ ʛʚʦʟʜʠʢʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʩʝʙʷ ʞʝ ʥʘ ʥʠʭ ʟʘ ʰʢʠʨʢʫ ʠ ʧʦʚʝʩʷʪ ʚ çʚʠʜʥʦʤè 

ʤʝʩʪʝ, ʘ ʜʣʷ ʪʝʭ, ʯʴʠ ʥʘʫʯʥʳʝ ʪʨʫʜʳ ʙʫʜʫʪ ʚʠʜʥʳ ʠ ʧʦʩʣʝ ʠʭ ʞʠʟʥʠ, ʢʦʛʜʘ ʦ 

çʥʘʫʯʥʳʭ ʛʚʦʟʜʠʢʘʭè ʜʘʞʝ ʠ ʚʦʩʧʦʤʠʥʘʥʠʡ ʥʝ ʦʩʪʘʥʝʪʩʷ, ʠ ʠʭ ʙʫʜʫʪ ʨʘʟʳʩ-

ʢʠʚʘʪʴ ʚ ʘʨʭʠʚʘʭ ʣʠʰʴ ʜʦʪʦʰʥʳʝ ʙʫʢʚʦʝʜʳ. 

ʉʝʤʘʥʪʠʢʘ ʠ ʢʦʤʧʴʶʪʝʨʳ 

ʅʘʯʥʫ ʧʦʩʪʨʦʝʥʠʝ, ʦʧʷʪʴ ʞʝ, ʥʝ ʢʘʢ ʭʦʯʝʪʩʷ ʥʘʯʘʪʴ, ʩʪʨʦʛʦ ʣʦʛʠʯʝʩʢʠ, ʘ 

ʩ ʚʳʥʫʞʜʝʥʥʦʛʦ ʦʪʩʪʫʧʣʝʥʠʷ.  ɽʩʣʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ 

ʚʦʟʥʠʢ ʥʝʢʠʡ ʮʠʬʨʦʚʦʡ ʠʜʝʘʣʠʟʤ ï ʠʩʢʨʝʥʥʷʷ ʚʝʨʘ ʚ ʪʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʢʦʤ-

ʧʴʶʪʝʨʘ ʨʘʥʝʝ ʥʝʤʳʩʣʠʤʳʝ ʟʘʜʘʯʠ ʙʫʜʫʪ ʣʝʛʢʦ ʨʝʰʝʥʳ, ʪʦ ʩʝʡʯʘʩ ʥʘʩʪʘʣʘ 

ʧʦʨʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʜʝʙʠʣʠʟʤʘ ï ʧʦʣʥʦʡ ʫʚʝʨʝʥʥʦʩʪʠ, ʯʪʦ ʥʝʪ ʪʘʢʠʭ ʟʘʜʘʯ, 

ʢʦʪʦʨʳʝ ʥʝ ʧʦ ʩʠʣʘʤ ʢʦʤʧʴʶʪʝʨʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʟʘʤʝʥʝ ʨʝʘʣʴʥʦʩʪʠ ʥʘ 

ʚʠʨʪʫʘʣʴʥʫʶ: ʚ ʟʘʪʭʣʦʡ ʨʝʘʣʴʥʦʩʪʠ  ʧʦʣʥʘʷ ʧʨʦʙʣʝʤ ʟʘʥʫʜʥʘʷ ʞʠʟʥʴ, ʠʟ ʢʦ-

ʪʦʨʦʡ, ʷʢʦʙʳ, ʢʘʞʜʳʡ ʧʳʪʘʝʪʩʷ ʢʫʜʘ-ʪʦ ʚʳʩʢʦʯʠʪʴ ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʥʘʨʢʦʪʠ-

ʢʦʚ, ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʙʝʟʫʤʥʳʭ ʛʦʥʦʢ ʠ ʧʨʦʯʝʛʦ, ʘ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

çʧʦʣʥʘʷè ʩʚʦʙʦʜʘ ʠ çʥʝʦʛʨʘʥʠʯʝʥʥʳʝè ʚʦʟʤʦʞʥʦʩʪʠ ï ʥʘʜʦ ʣʠʰʴ ʧʨʦʙʠʪʴʩʷ 

ʥʘ ʩʣʝʜʫʶʱʠʡ ʫʨʦʚʝʥʴ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʛʨʳ. 

 ʂʦʨʦʪʢʦʝ ʨʝʟʶʤʝ: ʠ ʢʦʤʧʴʶʪʝʨʥʳʡ ʠʜʝʘʣʠʟʤ, ʠ ʢʦʤʧʴʶʪʝʨʥʳʡ ʜʝʙʠ-

ʣʠʟʤ ï ʙʝʩʩʤʳʩʣʝʥʥʳ. ɺ ʦʰʠʙʦʯʥʦʩʪʠ ʧʝʨʚʦʛʦ ʫʞʝ ʫʙʝʜʠʣʠʩʴ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ 

ʦʰʠʙʦʯʥʦʩʪʠ ʚʪʦʨʦʛʦ ʫʙʝʜʷʪʩʷ, ʝʩʣʠ ʚʳʞʠʚʫʪ (ʝʩʣʠ ʟʘʤʝʪʷʪ, ʯʪʦ ʫʤʠʨʘʶʪ 

ʟʘʞʠʚʦ). ʅʦ ʠʟ ʣʦʛʠʢʠ ʚʠʜʥʦ ʠ ʩʝʡʯʘʩ, ʯʪʦ ʯʠʩʪʦ ʧʨʦʛʨʘʤʤʥʦ-

ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʤʝʪʦʜʘʤʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʣʠʰʴ ʤʸʨʪʚʫʶ ʩʝʤʘʥʪʠʯʝʩʢʫʶ 

ʩʝʪʴ, ʟʘʬʠʢʩʠʨʦʚʘʚ ʚ ʠʜʝʘʣʝ ʚʩʸ ʩʪʘʨʦʝ ʩʦʟʥʘʪʝʣʴʥʦʝ ʟʥʘʥʠʝ. ɿʘʧʦʣʥʝʥʠʝ 

ʧʨʦʧʫʱʝʥʥʳʤʠ ʷʯʝʡʢʘʤʠ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʟʘʧʦʣʥʝʥʠʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ 

ʩʬʝʨʳ ʟʥʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʦʚ ʚʦʟʤʦʞʥʦ ʠ ʜʘʞʝ ʥʫʞʥʦ, ʘ ʨʘʩʰʠʨʝ-
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ʥʠʝ ʩʬʝʨʳ ʟʥʘʥʠʡ ï ʥʝʪ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʢʦʤʧʴʶʪʝʨʳ ʚʳʰʣʠ ʥʘ ʫʨʦʚʝʥʴ 

ʨʘʩʰʠʨʝʥʠʷ ʩʬʝʨʳ ʟʥʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʦʥʠ ʩʪʘʣʠ ʞʠʚʳʤʠ, ʚʦ ʚʩʝʭ 

ʧʣʘʥʘʭ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʥʝ ʠʩʢʣʶʯʝʥʦ, ʥʦ ʜʘʞʝ ʚʦʟʤʦʞʥʦ ʥʝʫʤʳʰʣʝʥʥʦ. ʅʦ 

ʝʩʣʠ ʣʶʜʷʤ ʪʘʢʠʝ ʥʦʚʳʝ ʨʘʙʳ ʠ ʙʳʣʠ ʙʳ ʥʫʞʥʳ, ʪʦ ʤʳ ʢʦʤʧʴʶʪʝʨʘʤ ʥʝ 

ʥʫʞʥʳ. ʂʘʢ ʩʢʘʟʘʣ ʚ çʄʘʪʨʠʮʝè ʋʄʅʓʁ ʢʦʤʧʴʶʪʝʨ: çʅʘʤ ʥʠʢʪʦ ʥʝ ʥʫ-

ʞʝʥ!è ʀ ʫʞ ʪʦʯʥʦ ʥʝ ʥʫʞʥʳ ʥʝʨʘʟʫʤʥʦ ʞʠʚʫʱʠʝ ʣʶʜʠ, ʨʘʟʚʝ ʯʪʦ ʜʣʷ ʟʚʝʨʠʥ-

ʮʘ. 

ʉʘʤʦʦʙʨʘʟʦʚʘʥʠʝ 

  ʂʫʩʦʯʝʢ ʣʠʯʥʦʩʪʠ (ʢʣʠʥʠʯʝʩʢʠʡ ʩʣʫʯʘʡ ï ʰʠʟʦʬʨʝʥʠʢʘ, ʜʘʞʝ ʪʘʣʘʥʪ-

ʣʠʚʦʛʦ) ʢʦʤʧʴʶʪʝʨʦʤ ʟʘʤʝʥʠʪʴ ʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʝʛʦ çʢʫʩʦʯʥʦʩʪʴè ï ʦʪʨʘʞʝʥʠʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ, ʟʘ ʧʨʝʜʝʣʳ ʢʦʪʦʨʦʛʦ ʦʥ ʚ ʨʝʘʣʴʥʦʩʪʠ ʚʳʡʪʠ 

ʥʝ ʤʦʞʝʪ. ʉʘʤʦʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʣʠʯʥʦʩʪʴ ʥʠʢʘʢʠʤ ʥʝʞʠʚʳʤ ʩʫʧʝʨʢʦʤʧʴʶ-

ʪʝʨʦʤ ʟʘʤʝʥʠʪʴ ʥʝʣʴʟʷ, ʪ.ʢ. ʝʸ ʙʝʟʛʨʘʥʠʯʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʟʘʤʝʥʳ ʨʘʩʰʠʨʠʪʩʷ 

ʟʘ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ, ʜʦ ʧʨʝʜʧʨʠʥʷʪʦʡ ʟʘʤʝʥʳ, ʨʘʤʢʠ, ʠ ʥʘʜʦ ʙʫʜʝʪ ʜʝʣʘʪʴ ʫʞʝ 

ʥʦʚʳʡ ʢʦʤʧʴʶʪʝʨ. ʀ ʪʘʢ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʅʦ ʚ ʥʘʰʝ ʜʝʙʠʣʴʥʦʝ ʚʨʝʤʷ ʛʣʘʚ-

ʥʳʡ ʚʦʧʨʦʩ, ʢʦʪʦʨʳʡ ʢʘʞʜʳʡ ʜʦʣʞʝʥ ʟʘʜʘʪʴ ʩʝʙʝ ʩʘʤ: çɾʝʣʘʝʪ ʣʠ ʦʥ ʩʘʤʦ-

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠʣʠ ʛʦʪʦʚ ʢʘʢ ʉʘʡʬʝʨ ʣʝʯʴ ʚ ʢʘʧʩʫʣʫ, ʠ ʚ ʥʝʛʦ ʚʚʝʜʫʪ ʟʘʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʥʫʶ, ʠ ʪʝʤ ʩʘʤʳʤ ʢʣʠʥʠʯʝʩʢʠ ʦʛʨʘʥʠʯʝʥʥʫʶ ʣʠʯʥʦʩʪʴ?è.  

 ʊʝʧʝʨʴ ʜʣʷ ʧʦʞʝʣʘʚʰʠʭ ʩʘʤʦʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠ ʫʚʠʜʝʚʰʠʭ ʚ ʵʪʦʤ 

ʩʤʳʩʣ ʩʚʦʝʡ ʞʠʟʥʠ... ʀʛʨʳ, ʢʘʢ ʷ ʫʞʝ ʧʠʩʘʣ ʥʘ ʧʦʨʪʘʣʝ ʅʆʈ, ʜʣʷ ʤʦʟʛʦʚ ʩʯʠ-

ʪʘʶ ʥʝ ʪʦʣʴʢʦ ʥʝʧʦʣʝʟʥʳʤʠ, ʥʦ ʠ ʚʨʝʜʥʳʤʠ, ʪ.ʢ. ʦʥʠ ʫʚʦʜʷʪ ʦʪ ʨʝʘʣʴʥʦʩʪʠ ʚ 

ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʰʠʟʦʬʨʝʥʠʶ. ɿʘʥʠʤʘʪʴʩʷ ʫʧʨʘʞʥʝʥʠʷʤʠ ʤʦʟʛʦʚ ʥʘʜʦ, ʢʘʢ 

ʫʪʨʝʥʥʝʡ ʛʠʤʥʘʩʪʠʢʦʡ, ʥʦ ʥʘʜʦ ʚʦ ʚʨʝʤʷ ʫʯʸʙʳ. ɸ ʧʦ ʞʠʟʥʠ ʚʳʙʠʨʘʪʴ ʥʘʜʦ 

ʟʘʠʥʪʝʨʝʩʦʚʘʚʰʠʝ ʪʝʙʷ ʥʘʫʢʠ ʠ ʧʦʛʣʫʙʞʝ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʠʭ ʙʘʟʠʩʝ. ɿʘʪʝʤ, 

ʙʝʛʣʦ ʧʨʦʡʜʷ ʧʦ ʩʪʫʧʝʥʴʢʘʤ ʚ ʥʘʫʢʝ ʚʚʝʨʭ, ʧʨʦʚʝʨʠʪʴ ʠʭ ʥʘ ʚʝʪʭʦʩʪʴ, ʟʘʛʣʷ-

ʥʫʚ ʚ ʩʤʝʞʥʳʝ ʥʘʫʢʠ ï ʥʝ ʫʰʣʠ ʣʠ ʪʘʤ ʫʞʝ ʛʦʨʘʟʜʦ ʚʳʰʝ. ʇʨʠ ʵʪʦʤ ʪʚʦʨʯʝ-

ʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʩʬʝʨʳ ʟʥʘʥʠʡ ʟʘ ʩʯʸʪ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʥʦʚʳʭ, ʨʘʥʝʝ ʥʠʢʦ-

ʤʫ ʥʝ ʠʟʚʝʩʪʥʳʭ ʠ ʝʩʪʴ ʩʘʤʦʝ ʵʬʬʝʢʪʠʚʥʦʝ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʝ ʯʝʣʦʚʝʢʘ ʨʘʟʫʤ-

ʥʦʛʦ. 

 ɽʩʣʠ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʝ ʥʝ ʥʘʜʦʝʜʘʝʪ ʩ ʛʦʜʘʤʠ, ʪʦ ʦʥʦ ʫʞʝ ʚʦʡʜʸʪ ʚ ʧʨʠ-

ʚʳʯʢʫ ʚʧʣʦʪʴ ʜʦ ʙʦʣʝʟʥʠ, ʥʘʧʨʠʤʝʨ, ɸʣʮɹʛʝʡʤʝʨʘ (ʝʩʣʠ ʜʨʫʛʠʝ ʙʦʣʷʯʢʠ ʣʠʙʦ 

ʩʘʤʦʣʝʯʝʥʠʝ ʯʝʣʦʚʝʯʝʩʪʚʘ - ʤʝʜʠʮʠʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʦʩʪʘ-

ʥʦʚʷʪ). 

ɺʳʙʦʨ ʮʝʣʠ 

ʅʘʫʢʘ, ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʩʬʝʨʳ ʩʦʟʥʘʪʝʣʴʥʦʛʦ ʟʥʘʥʠʷ ʥʝ-

ʤʳʩʣʠʤʘ ʙʝʟ ʙʝʟʛʨʘʥʠʯʥʦʡ ʩʘʤʦʦʙʨʘʟʫʶʱʝʡʩʷ ʣʠʯʥʦʩʪʠ. ɸ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʙʘʟʦʚʳʝ ʠʥʚʘʨʠʘʥʪʳ ʧʦʟʚʦʣʷʶʪ ʝʡ ʟʘʛʣʷʥʫʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʘʣʝʢʦ ʠ ʛʣʫʙʦʢʦ ʚ 

ʇʨʠʨʦʜʫ, ʚʧʣʦʪʴ ʜʦ ʛʨʘʥʠʮ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ. ɺʦʪ ʥʘ ʙʘʟʝ ʥʠʭ ʠ ʤʦʞʝʪ ʩʘʤʦ-

ʦʙʨʘʟʫʶʱʘʷʩʷ ʣʠʯʥʦʩʪʴ ʚʳʙʨʘʪʴ ʜʣʷ ʩʝʙʷ ʠʥʪʝʨʝʩʥʫʶ ʮʝʣʴ-ʧʨʦʙʣʝʤʫ, ʢʦʪʦ-

ʨʘʷ ʙʫʜʝʪ ʥʠʯʝʤ ʥʝ ʭʫʞʝ ʚʳʙʨʘʥʥʦʡ ʠʟ ʩʧʠʩʢʘ ʇʨʦʙʣʝʤ ɺʝʢʘ ʠʣʠ ʊʳʩʷʯʝʣʝ-
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ʪʠʷ (ʚʦʟʤʦʞʥʦ ʚ ʵʪʦʪ ʩʧʠʩʦʢ ʵʪʘ ʮʝʣʴ ʠ ʩʘʤʘ ʧʨʠ ʵʪʦʤ ʧʦʧʘʜʸʪ ʠʣʠ ʝʛʦ ʜʦ-

ʧʦʣʥʠʪ). ʇʨʠ ʫʩʣʦʚʠʠ ʝʩʣʠ ʠʟ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʙʘʟʦʚʳʭ ʠʥʚʘʨʠʘʥʪʦʚ ʕʊʀ-

ʏɽʉʂʀɽ ʇʈʀʅʎʀʇʓ ʥʝ ʚʳʙʨʦʰʝʥʳ.  

ɸʨʠʩʪʦʪʝʣʴ, ʩʚʝʜʷ ʚʩʶ ʥʘʫʢʫ ʚʦʝʜʠʥʦ, ʕʊʀʂʋ ʧʨʦʩʪʦ ʚʳʜʝʣʠʣ,  ʜʣʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʊʘʢ ʞʝ ʢʘʢ ʌʀɿʀʂʋ ʠ ʄɽʊɸʌʀɿʀʂʋ. ʂ 

ʧʦʩʣʝʜʥʝʡ ʦʥ ʦʪʥʸʩ ʚʩʝ ʧʨʦʯʠʝ ʥʘʫʢʠ ï ʅɽʌʀɿʀʂʀ, ʥʦ ʩʠʤʚʦʣʠʯʥʦ, ʯʪʦ ʠ ʚ 

ʥʠʭ ʦʥʘ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ: ʭʠʤʬʠʟʠʢʘ, ʙʠʦʬʠʟʠʢʘ, ʤʝʜʠʮʠʥʩʢʘʷ ʬʠ-

ʟʠʢʘ ʠ  ʧʨʦʯʝʝ, ʠ ʧʨʦʯʝʝ. ʊʝʧʝʨʴ ʝʩʪʴ ʤʝʪʦʜʠʯʝʩʢʠʡ ʨʘʟʜʝʣ ʥʘʫʢʠ ï ʤʘʪʬʠʟʠ-

ʢʘ, ʥʦ ʷ ʥʝ ʫʚʝʨʝʥ, ʯʪʦ ɸʨʠʩʪʦʪʝʣʴ ʚʳʜʝʣʷʣ ʤʘʪʝʤʘʪʠʢʫ ʠʟ ʌʀɿʀʂʀ. ʉʠʤʚʦ-

ʣʠʯʥʦ, ʯʪʦ ʠ ʌʀɿʀʂɸ, ʢʦʪʦʨʫʶ ʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʧʦ ɸʨʠʩʪʦʪʝʣʶ, ʧʨʠʚʥʸʩ ʚ 

ʥʘʫʢʠ ʕʂʆʅʆʄʀʂɸ ʠ ʇʆʃʀʊʀʂɸ, ʦʬʠʮʠʘʣʴʥʦ ʚ ʥʠʭ ʥʝ ʚʭʦʜʠʪ. ʊʘʢ ʯʪʦ 

ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʠʭ ʢʘʢ ʵʪʠʯʝʩʢʠʭ ʠʥʚʘʨʠʘʥʪʦʚ, ʪʘʢ ʠ ʬʠʟʠʯʝʩʢʠʭ, ʷʚʣʷʝʪʩʷ, 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʧʨʷʤʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʵʪʠ ʦʬʠʮʠʘʣʴʥʳʝ ʥʘʫʢʠ ï 

ʃɾɽʅɸʋʂʀ, ʘ ʦʪʥʦʩʠʪʴ ʠʭ ʢ ʦʧʠʨʘʶʱʝʤʫʩʷ ʥʘ ʛʝʥʦʤʥʦʝ ʜʫʭʦʚʥʦʝ ʥʘʯʘʣʦ 

ʀʉʂʋʉʊɺʋ ʪʦʞʝ ʥʠʢʘʢ ʥʝʣʴʟʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʵʢʦʥʦʤʠʢʘ ʠ ʧʦʣʠʪʠʢʘ ï ʵʪʦ 

ʙʦʣʝʟʥʠ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʢʦʣʣʝʢʪʠʚʥʳʝ ʰʠʟʦʬʨʝʥʠʯʝʩʢʠʝ ʠʛʨʳ ʩ ʣʝʪʘʣʴʥʳʤ 

ʠʩʭʦʜʦʤ. ʀ ʯʝʤ ʨʘʥʴʰʝ ʯʝʣʦʚʝʯʝʩʪʚʦ ʧʦʧʨʘʚʠʪʩʷ, ʪʝʤ ʜʦʣʴʰʝ ʧʨʦʞʠʚʸʪ. ʍʦ-

ʪʷ ʧʦ ʣʦʛʠʢʝ ɾʀɿʅʀ (ʙʝʩʢʦʥʝʯʥʦʡ) ʝʤʫ ʥʘʜʦ ʧʝʨʝʨʦʜʠʪʴʩʷ. 

 ɺ ʠʩʪʠʥʥʫʶ ʥʘʫʢʫ ʚʩʝ ʥʘʡʜʝʥʥʳʝ ʣʶʜʴʤʠ ʠʥʚʘʨʠʘʥʪʳ ʚʭʦʜʷʪ ʢʘʢ ʦʨ-

ʪʦʛʦʥʘʣʴʥʳʡ ʨʝʧʝʨ ʩʬʝʨʳ ʟʥʘʥʠʡ, ʦʧʠʩʳʚʘʶʱʝʡ ɽʜʠʥʫʶ ʇʨʠʨʦʜʫ. ʊʘʢ ʚʦʪ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʙʝʨʝʞʥʦ ʦʪʥʦʩʷʩʴ ʢ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʙʘʟʦʚʦʤʫ ʥʘʙʦʨʫ ʠʥʚʘʨʠ-

ʘʥʪʦʚ, ʥʦ ʧʦʩʪʦʷʥʥʦ ʜʝʨʞʘ ʚ ʫʤʝ, ʯʪʦ ʠʭ ʥʘʙʦʨ ʚ ʧʨʠʥʮʠʧʝ, ʨʘʩʰʠʨʷʝʪʩʷ, 

ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʟʘʜʘʯʫ ʦʧʠʩʘʥʠʷ ʥʝ ʦʧʠʩʘʥʥʦʛʦ ʨʘʥʝʝ ʠʣʠ ʧʨʦʪʠʚʦʨʝʯʠʚʦ 

ʦʧʠʩʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʚ ʇʨʠʨʦʜʝ ʠ ʆʙʱʝʩʪʚʝ (ʚ ʩʘʤʦʦʧʠʩʘʥʠʠ ʯʝʣʦʚʝʢʘ ʨʘʟʫʤ-

ʥʦʛʦ ʠ ʢʦʣʣʝʢʪʠʚʦʚ). ʊʘʢ ʦʙʱʘʷ ʮʝʣʴ ʥʘʫʢʠ ï ʨʘʩʰʠʨʝʥʠʝ ʩʬʝʨʳ ʩʦʟʥʘʪʝʣʴ-

ʥʦʛʦ ʟʥʘʥʠʷ ʢʦʥʢʨʝʪʠʟʠʨʫʝʪʩʷ/ʤʘʪʝʨʠʘʣʠʟʫʝʪʩʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʨʝʰʝʥʠʠ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʀ ʪʝʤ ʩʘʤʳʤ ʩʬʝʨʘ ʟʥʘʥʠʡ ʨʘʩʰʠʨʷʝʪʩʷ ʧʨʠ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦʤ ʝʸ ʫʢʨʝʧʣʝʥʠʠ ï ʟʘ ʩʯʸʪ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʟʥʘʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʩʬʝʨʳ ʟʥʘʥʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ, ʚ ʧʨʠʥʮʠʧʝ, ʤʝʰʘʝʪ ʚʚʝʜʝʥʠʶ ʥʦʚʳʭ ʠʥʚʘʨʠʘʥʪʦʚ, ʥʦ ʝʩʣʠ 

çʞʠʟʥʴ ʟʘʩʪʘʚʣʷʝʪè ʠʭ ʚʚʝʩʪʠ, ʪʦ ʵʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʬʝʨʳ ʟʥʘ-

ʥʠʡ (ʢ ʣʦʧʘʥʴʶ ʰʘʨʠʢʘ), ʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʢʦʦʨ-

ʜʠʥʘʪʳ, ʪ.ʝ. ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʥʦʩʪʠ ʩʬʝʨʳ. ʇʦʵʪʦʤʫ ʚʩʷʢʠʝ ʪʘʤ ʟʘʷʚʣʝʥʠʷ 

ʦʙ ʦʯʝʨʝʜʥʦʤ ʦʪʢʨʳʪʠʠ, ʦʧʨʦʚʝʨʛʘʶʱʝʤ ʚʩʝ ʟʘʢʦʥʳ ʬʠʟʠʢʠ ï ʜʝʪʩʢʠʡ ʣʝʧʝʪ 

ʥʝʦʙʨʘʟʦʚʘʥʥʳʭ ʣʶʜʝʡ, ʢʘʢʦʡ ʙʳ çʚʠʜʥʳʡ ʘʚʪʦʨʠʪʝʪè ʦʙ ʵʪʦʤ ʥʝ ʟʘʷʚʣʷʣ ï 

ʩʘʤʦʨʘʟʨʫʰʝʥʠʝ ʥʝ ʝʩʪʴ ʮʝʣʴ ʥʘʫʢʠ ʚʦʦʙʱʝ ʠ ʩʘʤʦ-ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʯʝʣʦʚʝʢʘ 

ʨʘʟʫʤʥʦʛʦ, ʚ ʯʘʩʪʥʦʩʪʠ. ɼʨʫʛʦʝ ʜʝʣʦ, ʯʪʦ ʫʯʸʥʳʝ ʥʝʨʝʜʢʦ ʠʜʫʪ ʥʘ ʩʘʤʦʨʘʟ-

ʨʫʰʝʥʠʝ ʨʘʜʠ ʨʘʩʰʠʨʝʥʠʷ ʩʬʝʨʳ ʟʥʘʥʠʡ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʠ ʵʪʦ ʠʭ ʨʦʜʥʠʪ ʧʨʦ-

ʩʪʦ ʩ ʧʦʨʷʜʦʯʥʳʤʠ ʣʶʜʴʤʠ, ʢʦʪʦʨʳʝ ʨʘʜʠ ʩʧʘʩʝʥʠʷ ʯʴʝʡ-ʪʦ ʞʠʟʥʠ ʛʦʪʦʚʳ 

ʧʦʞʝʨʪʚʦʚʘʪʴ ʩʚʦʝʡ, ʠ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʝʪ ʧʨʦʩʪʦ ʥʝʧʦʨʷʜʦʯʥʳʤ, ʛʦʪʦʚʳʤ 

ʜʘʞʝ ʮʝʥʦʶ ʯʴʠʭ-ʪʦ ʞʠʟʥʝʡ ʧʨʦʩʪʦ ʦʙʝʩʧʝʯʠʪʴ ʩʝʙʝ ʙʣʘʛʦʧʦʣʫʯʠʝ. ʇʦʜʩʦ-

ʟʥʘʪʝʣʴʥʦʝ ʜʫʭʦʚʥʦʝ ʥʘʯʘʣʦ ʫ ʠʩʪʠʥʥʳʭ ʫʯʸʥʳʭ ʩʦʩʪʘʚʣʷʝʪ ʝʜʠʥʦʝ ʮʝʣʦʝ ʩ 

ʧʦʩʪʨʦʝʥʥʦʡ ʠʤʠ ʩʬʝʨʦʡ ʩʦʟʥʘʪʝʣʴʥʦʛʦ ʟʥʘʥʠʷ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʦʜʫʭʦʪʚʦ-

ʨʸʥʥʳʡ ʦʙʣʠʢ ʫʯʸʥʦʛʦ ʠ ʙʣʘʛʦʨʦʜʩʪʚʦ ʚʳʙʨʘʥʥʳʭ ʠʤ ʮʝʣʝʡ. 
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ʊʨʘʝʢʪʦʨʠʷ ʧʫʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ɿʘʜʘʯʘ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʣʶʙʦʡ ʩʬʝʨʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ ʥʝʧʨʦʩʪʘ. ʅʦ ʝʩʣʠ ʩʘʤʦʦʛʨʘʥʠʯʠʚʘʝʰʴ ʩʝʙʷ ʥʝʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴʶ, ʪʦ, ʚʦʣʴʥʦ ʠʣʠ ʥʝʚʦʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʰʴ ʩʝʙʷ ʠʛʨʦʡ ʚ ʢʝʤ-ʪʦ ʠʟʛʦ-

ʪʦʚʣʝʥʥʳʝ ʢʫʙʠʢʠ, ʢʘʨʪʳ, ʰʘʨʳ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʛʨʳ ʠ ʧʦ ʢʝʤ-ʪʦ ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʣʶʜʝʡ ʪʘʢ ʠ ʞʠʚʫʪ, ʠ ʥʝʧʣʦʭʦ ʞʠʚʫʪ. ʀ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʤʫʯʘʶʱʠʭʩʷ ʪʚʦʨʮʦʚ çʩʚʦʙʦʜʥʦè ʧʣʳʚʫʪ ʧʦ ʪʝʯʝʥʠʶ. ʅʦ ʯʠʩʪʦ 

ʨʘʟʫʤʥʦ-ʯʝʣʦʚʝʯʝʩʢʦʝ ʥʘʯʘʣʦ ʚ ʥʠʭ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʧʦʜʩʦʟʥʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ 

ʠ ʚ ʜʫʭʦʚʥʦʡ ʩʬʝʨʝ (ʣʠʙʦ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ, ʪʦʛʜʘ ʦʥʠ çʪʚʦʨʷʪè ʚ ʢʨʠʤʠʥʘʣʝ). 

ʊʨʘʝʢʪʦʨʠʶ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʪʘʢʠʭ ʥʝʢʨʠʤʠʥʘʣʴʥʳʭ/ʢʨʠʤʠʥʘʣʴʥʳʭ ʟʘʜʘʯ ʷ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʙʫʜʫ. ʗ ʢʦʩʥʫʩʴ ʣʠʰʴ ʟʘʜʘʯ ʚ ʩʬʝʨʝ ʩʦʟʥʘʪʝʣʴʥʦʛʦ ʟʥʘʥʠʷ, 

ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʙʘʟʝ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ  

ʇʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʘʷ ʮʝʣʴ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʧʦ ʝʸ ʧʦʩʪʠʞʝʥʠʶ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʜʦʩʪʘʪʦʯʥʳʤ. ʂʘʢ ʯʠʩʣʦʚʘʷ ʦʩʴ ʥʝ 

ʧʦʣʥʘ ʙʝʟ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ ʯʠʩʝʣ, ʪʘʢ ʠ ʣʶʙʘʷ ʪʦʯʢʘ ʤʥʦʛʦʤʝʨʥʦʡ ʩʬʝʨʳ ʩʦ-

ʟʥʘʪʝʣʴʥʦʛʦ ʟʥʘʥʠʷ ʥʝ ʧʦʣʥʘ ʙʝʟ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʝʸ çʢʦʦʨʜʠʥʘʪè, 

ʠ ʝʸ ʬʫʥʢʮʠʡ. ɼʘʞʝ ʚʳʙʦʨ ʫʞʝ  çʧʨʘʚʠʣʴʥʦè-ʨʘʮʠʦʥʘʣʴʥʦ ʦʧʨʝʜʝʣʸʥʥʳʭ 

(çʨʘʟʨʝʰʸʥʥʳʭè) ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʚʩʪʫʧʘʶʱʝʛʦ ʥʘ ʧʫʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʝʩʴʤʘ ʥʝ ʧʨʦʩʪ. ʀ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʥʝ ʥʘʨʫ-

ʰʝʥʘ, ʩʪʘʨʪʦʚʳʡ ʚʳʙʦʨ ʵʪʠʭ çʢʦʦʨʜʠʥʘʪè/ʬʫʥʢʮʠʡ ʢʘʢ ʨʘʟ ʠ ʟʘʜʘʸʪ ʥʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ (ʝʩʣʠ ʦʥ ʪʘʢʦʚʳʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ). ʗ ʣʠʯʥʦ ʠ ʨʘʥʝʝ, ʘ 

ʪʝʤ ʙʦʣʝʝ ʪʝʧʝʨʴ ʥʘ ʩʪʘʨʪʦʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʱʘʣʩʷ ʢ ʢʥʠʛʘʤ 

ʠʤʝʥʥʦ ʢʦʨʠʬʝʝʚ ʧʨʦʰʣʳʭ ʣʝʪ, ʥʦ ʚ ʟʘʛʦʣʦʚʦʢ ʢʦʪʦʨʳʭ ʦʥʠ ʥʝ ʩʪʝʩʥʷʣʠʩʴ 

ʚʩʪʘʚʣʷʪʴ ʕʃɽʄɽʅʊɸʈʅɸʗ é ɸ ʫʞ ʧʦʪʦʤ, ʢʦʝ-ʯʪʦ ʧʦʤʝʨʠʚ-ʧʦʩʯʠʪʘʚ ʤʘʢ-

ʩʠʤʘʣʴʥʦ ʰʠʨʦʢʦ ʟʥʘʢʦʤʠʣʩʷ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ çʨʘʙʦʯʠʤʠ ʤʦʜʝʣʷʤʠè, ʚ 

ʢʦʪʦʨʳʭ ʥʝʢʦʪʦʨʳʝ çʚʠʜʥʳʝè ʨʝʤʝʩʣʝʥʥʠʢʠ ʥʝʨʝʜʢʦ ʜʦʧʫʩʢʘʣʠ ʥʝʩʪʳʢʦʚʢʠ 

ʜʘʞʝ ʩ ʕʃɽʄɽʅʊɸʈʅʓʄ. ɺ ʟʘʩʪʦʡʥʳʡ ʧʝʨʠʦʜ ʩʪʘʣʦ ʦʙʳʯʥʳʤ ʷʚʣʝʥʠʝʤ, 

ʢʦʛʜʘ ʥʘ ʪʘʢʠʭ çʨʘʙʦʯʠʭ ʤʦʜʝʣʷʭè ʩʪʨʦʠʣʘʩʴ ʠ çʥʘʫʢʘè, ʠ ʜʘʞʝ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʴ. ɸ ʫʩʪʨʘʥʝʥʠʝ ʚ ʥʠʭ ʥʝʩʪʳʢʦʚʦʢ ʪʨʝʙʦʚʘʣʦ ʥʝ ʪʦʣʴʢʦ ʫʤʩʪʚʝʥʥʳʭ ʫʩʠ-

ʣʠʡ, ʥʦ ʠ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʨʝʤʝʩʣʝʥʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʠ çʥʘʫʯ-

ʥʳʝè ʩʪʝʧʝʥʠ, ʠ çʥʘʫʯʥʳʝè ʠ ʥʝʥʘʫʯʥʳʝ ʟʚʘʥʠʷ, ʠ ʜʝʥʴʛʠ ʥʘ ʥʠʭ ʟʘʨʘʙʦʪʘʣʠ. 

ʅʦ ʝʩʣʠ ʩʚʦʡ ʚʳʙʦʨ ʩʜʝʣʘʣ ʚ ʧʦʣʴʟʫ ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʯʥʦʡ ʮʝʣʠ, ʪʦ ʥʘʜʦ ʙʳʪʴ 

ʛʦʪʦʚʳʤ ʢ ʨʝʰʝʥʠʶ ʠ ʵʪʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʧʦ ʧʨʝʦʜʦʣʝʥʠʶ ʚʷʟʢʦʩʪʠ 

ʨʝʤʝʩʣʝʥʥʠʯʝʩʢʦʛʦ ʙʦʣʦʪʘ. 

ʅʦ ʜʘʞʝ ʦʪʚʣʝʢʘʷʩʴ ʦʪ ʪʘʢʠʭ çʤʝʣʦʯʝʡè ʢʘʢ ʪʦʨʤʦʞʝʥʠʝ ʨʝʤʝʩʣʝʥʥʠ-

ʢʦʚ, ʩʘʤ ʧʨʦʮʝʩʩ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦ ʩʬʝʨʝ ʩʦʟʥʘʪʝʣʴʥʦʛʦ ʟʥʘʥʠʷ ʢ ʥʘʤʝʯʝʥʥʦʡ 

ʮʝʣʠ ʧʨʷʤʦ ʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʝʥ. ʇʨʠʥʮʠʧʳ ʧʦ-

ʜʦʙʥʳ ʢʦʤʧʘʩʫ. ʅʦ ʠ ʚ ʩʘʤʦʡ ʩʬʝʨʝ ʟʥʘʥʠʡ ʝʩʪʴ ʠ çʢʦʯʢʠè, ʠ çʢʦʣʜʦʙʠʥʳè, ʠ 

çʛʦʨʳè, ʠ çʨʘʩʱʝʣʠʥʳè, ʜʘʞʝ ʠʨʨʘʮʠʦʥʘʣʴʥʳʝ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʧʦʢʘ) ʢʦʦʨ-

ʜʠʥʘʪʳ. ʇʦʵʪʦʤʫ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʢ ʥʘʫʯʥʦʡ ʮʝʣʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʢʘʢ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʫʶ: ʬʨʘʛʤʝʥʪʳ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩ ʚʳʭʦʜʦʤ ʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʦʞʠʜʘʝʤʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʯʝʨʝʜʫʶʪʩʷ ʩ ʦʩʤʳʩʣʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ʀ ʵʪʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʝ 
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ʠʩʢʣʶʯʘʝʪ ʥʝʢʦʪʦʨʳʭ ʙʣʫʞʜʘʥʠʡ ʠ ʜʘʞʝ ʚʦʟʚʨʘʪʦʚ, ʝʩʣʠ ʥʘʫʯʥʳʡ ʢʦʤʧʘʩ ʠʟ 

ʧʨʠʥʮʠʧʦʚ ʠ ʠʥʚʘʨʠʘʥʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʳ ʧʣʫʪʘʥʫʣ, ʥʦ ʙʦʣʴʰʫʶ ʦʧʘʩ-

ʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʘʚʷʟʘʥʥʦʝ ʦʧʷʪʴ ʞʝ ʥʘ ʥʘʨʫʰʝʥʠʝ ʵʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ 

ʬʦʨʤʘʣʴʥʦʝ ʪʝʦʨʝʪʠʟʠʨʦʚʘʥʠʝ, ʜʘʶʱʝʝ çʪʨʝʙʫʝʤʳʡè ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ. ʅʠ-

ʯʝʛʦ ʥʝ ʜʘʶʱʝʝ ʥʠ ʥʘʫʯʥʦʡ ʜʫʰʝ, ʥʠ ʥʘʫʯʥʦʤʫ ʩʝʨʜʮʫ, ʥʦ ʬʦʨʤʘʣʴʥʦ çʪʨʝ-

ʙʫʝʤʳʝè ʜʣʷ ʩʪʘʪʴʠ, ʜʣʷ ʟʘʱʠʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠʣʠ ʧʨʦʩʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʫʛʦʜʠʪʴ ʥʘʯʘʣʴʥʠʢʫ. ʊ.ʝ. çʪʨʝʙʫʝʤʳʡè ʥʘʙʦʨ ʝʩʪʴ, ʘ  ʥʠʢʘʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢ 

ʧʦʥʠʤʘʥʠʶ ʠʩʪʠʥʳ ʥʝʪ. ʊʘʢʠʝ, ʥʝ ʚʠʜʷʱʠʝ ʢʘʯʝʩʪʚʝʥʥʫʶ çʂʘʨʪʠʥʫ ʄʠʨʘè 

ʛʦʨʝ-ʪʝʦʨʝʪʠʢʠ ʥʝ ʪʦʣʴʢʦ ʩʦʙʩʪʚʝʥʥʫʶ ʥʘʫʯʥʫʶ ʞʠʟʥʴ ʩʧʫʩʢʘʶʪ ʚ ʫʥʠʪʘʟ, ʥʦ 

ʠ, ʚʳʩʪʘʚʣʷʷ ʩʝʙʷ çʩʚʝʪʠʣʘʤʠè, ʤʦʛʫʪ ʚʝʩʪʠ ʥʘʫʢʫ ʧʦ ʣʦʞʥʦʤʫ ʧʫʪʠ. ʂʘʯʝ-

ʩʪʚʝʥʥʦ ʦʩʤʳʩʣʝʥʥʳʡ ʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʸʪ çʧʨʦʪʘʧʪʳʚʘʝʪè ʧʨʘʚʠʣʴʥʳʡ 

ʧʫʪʴ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʧʫʪʴ, ʚʝʜʫʱʠʡ ʢ ʥʘʤʝ-

ʯʝʥʥʦʡ ʥʘʫʯʥʦʡ ʮʝʣʠ. 

ɽʜʠʥʘʷ ʂʘʨʪʠʥʘ ʄʠʨʘ 

ʄʠʨ ʤʥʦʛʦʦʙʨʘʟʝʥ ʠ ʧʨʝʢʨʘʩʝʥ ʚ ʩʚʦʸʤ ʝʩʪʝʩʪʚʝ ʠ ʫʨʦʜʣʠʚ ʠ ʫʞʘʩʝʥ 

ʧʨʠ ʥʝʨʘʟʫʤʥʦʤ ʧʦʚʝʜʝʥʠʠ ʣʶʜʝʡ. ʀ ʝʛʦ ʦʧʠʩʘʥʠʶ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʠʝ ʪʦʤʘ. 

ʅʝʢʦʪʦʨʦʝ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ, ʘ ʚʝʨʥʝʝ ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʦʧʠʩʘʥʠʷ ʄʠʨʘ ʩ ʜʝ-

ʤʦʥʩʪʨʘʮʠʦʥʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʧʦʩʪʘʨʘʶʩʴ ʜʘʪʴ ʠ ʷ. ʅʦ ʥʘʯʥʫ, ʪ.ʢ. ʨʘʙʦʪʘ ʧʦ-

ʩʚʷʱʝʥʘ ʤʝʪʦʜʦʣʦʛʠʠ, ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʩ ʢʦʥʮʘ, ʥʝʢʦʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʟʶʤʝ, ʢʘʩʘʶʱʝʛʦʩʷ ʩʫʙʲʝʢʪʘ, ʆʇʀʉʓɺɸʖʑɽɻʆ ʵʪʦʪ ʄʠʨ. ʂ ʪʘʢʠʤ 

çʇʠʩʘʪʝʣʷʤè, ʢʦʥʝʯʥʦ, ʦʪʥʦʩʷʪʩʷ ʥʝ ʚʩʝ ʣʶʜʠ. ʀ ʜʝʣʦ ʥʝ ʚ ʪʦʤ, ʯʪʦ ʥʝʢʦʪʦ-

ʨʳʝ ʥʝ ʰʪʫʜʠʨʦʚʘʣʠ çɼʠʘʣʝʢʪʠʢʫ ʇʨʠʨʦʜʳè ʕʥʛʝʣʴʩʘ, ʘ ʧʨʦʩʪʦ ʫ ʥʠʭ ʥʝʪ 

ʥʝʢʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʩʚʦʸ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʨʘʟʫʤʥʦʝ ʥʘʯʘʣʦ ʚʣʠʪʴ ʚ ʂʦʣʣʝʢ-

ʪʠʚʥʳʡ ʈʘʟʫʤ ʏʝʣʦʚʝʯʝʩʪʚʘ, ʧʦʪʨʝʙʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʘʤʘ ʧʦ ʩʝʙʝ ʩʧʦʩʦʙʩʪʚʦ-

ʚʘʣʘ ʙʳ ʜʠʘʣʝʢʪʠʯʥʦʩʪʠ ʠʭ ʧʨʦʮʝʩʩʘ ʤʳʰʣʝʥʠʷ. ʇʝʯʘʣʴʥʦ, ʥʦ ʩʝʡʯʘʩ ʠ ʥʘʫʯ-

ʥʫʶ ʢʘʨʴʝʨʫ ʜʝʣʘʶʪ ʥʝʢʦʪʦʨʳʝ ʣʶʜʠ ʙʝʟ ʵʪʦʡ ʚʥʫʪʨʝʥʥʝʡ ʧʦʪʨʝʙʥʦʩʪʠ. 

ʉʘʤʦ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʝ ʯʝʣʦʚʝʢʘ ʨʘʟʫʤʥʦʛʦ ï ʠʩʪʠʥʥʦʝ ʆɹʈɸɿʆɺɸ-

ʅʀɽ ʣʠʯʥʦʩʪʠ (ʠʣʠ ʬʦʨʤʘʣʴʥʦʝ ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʯʝʣʦʚʝʢʦʤ, ʩʪʨʦʛʦ 

ʛʦʚʦʨʷ, ʥʝʨʘʟʫʤʥʳʤ) ʝʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʛʦʣʦʚʝ ʠʥʜʠʚʠʜʫʫʤʘ ʂʘʨʪʠʥʳ 

ʄʠʨʘ. ʀ ʵʪʠ ʢʘʨʪʠʥʳ ʤʦʛʫʪ ʠ ʩʢʣʘʜʳʚʘʪʴʩʷ ʧʦ-ʨʘʟʥʦʤʫ, ʠ ʙʳʪʴ ʜʦʚʝʜʝʥʳ ʜʦ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʩʦʚʝʨʰʝʥʩʪʚʘ ï ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪ-

ʚʝʪʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʤʫ ʄʠʨʫ. 

ʂʘʨʪʠʥʘ ʄʠʨʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʧʨʠʤʠʪʠʚʥʦʤ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʪʦʞʝ 

ʙʦʛʘʪʦʤ ʠ ʩʣʦʞʥʦʤ ʨʝʬʣʝʢʪʦʨʥʦʤ ʫʨʦʚʥʝ (ʯʠʩʣʦ ʢʦʤʙʠʥʘʮʠʡ ʦʛʨʦʤʥʦ), ʠ ʫ 

ʥʦʚʦʨʦʞʜʸʥʥʦʛʦ ʢʦʪʸʥʢʘ ʧʦ ʤʝʨʝ ʝʛʦ ʚʟʨʦʩʣʝʥʠʷ. ʋ ʯʝʣʦʚʝʢʘ ʞʝ ʨʘʟʫʤʥʦʛʦ, ʢ 

ʯʠʩʪʦ ʨʝʬʣʝʢʪʦʨʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʤʠʨʘ, ʧʨʠʤʝʰʠʚʘʝʪʩʷ ʝʱʸ ʠ ɼʫʭʦʚʥʦʝ 

ʅʘʯʘʣʦ, ʢʦʪʦʨʦʝ, ʩʫʜʷ ʧʦ ʚʩʝʤʫ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʤ, ʚʝʨʥʝʝ, ʥʘ ʛʝ-

ʥʦʤʥʦʤ ʫʨʦʚʥʝ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʨʘʟʫʤʥʦʛʦ ʚ ʪʝʯʝʥʠʝ 

ʤʥʦʛʠʭ ʧʦʢʦʣʝʥʠʡ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʨʝʜʝ. ʀ ʝʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʚʳʧʘʜʝʥʠʝ ʨʝʙʸʥ-

ʢʘ ʠʟ ʩʦʮʠʘʣʴʥʦʡ ʩʨʝʜʳ, ʪʦ ʵʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʪʧʝʯʘʪʦʢ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʛʦ 

ʣʠʯʥʦʩʪʠ, ʥʦ, ʩʫʜʷ ʜʘʞʝ ʧʦ ʄʘʫʛʣʠ, ʧʦʣʥʦʛʦ ʩʪʠʨʘʥʠʷ ʜʫʭʦʚʥʦʛʦ ʥʘʯʘʣʘ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ (ʭʦʪʷ ʥʝ ʬʘʢʪ, ʯʪʦ ʚʩʝ çʚʩʢʦʨʤʣʸʥʥʳʝè ʦʙʝʟʴʷʥʘʤʠ ʯʝʣʦʚʝʯʝʩʢʠʝ 
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ʜʝʪʸʥʳʰʠ ʩʤʦʛʣʠ ʚʝʨʥʫʪʴʩʷ ʚ ʯʝʣʦʚʝʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ, ʭʦʪʷ ʪʦ, ʯʪʦ ʜʘʞʝ ʥʝ-

ʢʦʪʦʨʳʝ ʤʳʩʣʠʪʝʣʠ ʩʙʝʛʘʶʪ ʦʪ ʥʝʛʦ, ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʠ ʦʥʦ ʦʯʝʥʴ ʜʘʣʝʢʦ 

ʦʪ ʩʦʚʝʨʰʝʥʩʪʚʘ). ʊʘʢ ʚʦʪ, ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʝ ʣʠʯʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʠ ʚ ʯʠʩʪʦ 

ʜʫʭʦʚʥʦʡ ʩʨʝʜʝ. ʊʘʢ ʚʠʜʠʤʦ  çʨʦʞʜʘʶʪʩʷè ʛʝʥʠʘʣʴʥʳʝ ʧʦʵʪʳ, ʢʦʤʧʦʟʠʪʦʨʳ, 

ʭʫʜʦʞʥʠʢʠ ʠ ʜʘʞʝ ʤʳʩʣʠʪʝʣʠ, ʭʦʪʷ ʧʦʩʣʝʜʥʠʝ ʩʢʦʨʝʝ ʥʘ ʩʪʳʢʝ ï ʦʙʲʝʜʠʥʷʶʪ 

ɼʫʭʦʚʥʦʝ ʠ ʩʦʙʩʪʚʝʥʥʦ ʅʘʫʯʥʦʝ ʅʘʯʘʣʘ. 

ʅʦ ʜʫʭʦʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʠʯʥʦʩʪʠ ʥʝ ʝʩʪʴ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʙʘʟʝ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʤʘʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʦʟʥʘʪʝʣʴʥʦʛʦ 

ʟʥʘʥʠʷ, ʢʦʪʦʨʦʝ ʥʝ ʧʝʨʝʜʘʸʪʩʷ ʥʠ ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʤ, ʥʠ ʥʘ ʛʝʥʦʤʥʦʤ ʫʨʦʚʥʝ, 

ʭʦʪʷ ʠʥʦʛʜʘ ʠ ʛʦʚʦʨʷʪ, ʯʪʦ ʢʦʝ-ʯʪʦ ʧʝʨʝʜʘʸʪʩʷ ʚʦ ʚʪʦʨʦʤ ʧʦʢʦʣʝʥʠʠ. ʅʦ ʩʢʦ-

ʨʝʝ ʧʨʦʩʪʦ ʩʦʙʩʪʚʝʥʥʳʤʠ ʜʝʪʴʤʠ ʣʶʜʠ ʟʘʥʠʤʘʶʪʩʷ ʤʝʥʴʰʝ ʯʝʤ ʚʥʫʢʘʤʠ: ʚʦʪ 

ʪʳ ʠ ʟʘʤʝʯʘʝʰʴ, ʯʪʦ ʦʥʠ, ʚʥʫʢʠ, ʯʪʦ-ʪʦ ʟʥʘʶʪ-ʧʦʥʠʤʘʶʪ, ʦ ʯʸʤ ʠʤ, ʚʨʦʜʝ ʙʳ, 

ʧʦʢʘ ʥʝʦʪʢʫʜʘ ʙʳʣʦ ʫʟʥʘʪʴ, ʘ ʦʥʠ ʧʨʦʩʪʦ ʟʘʤʝʯʘʶʪ ʩʚʦʠʤ ʜʝʪʩʢʠʤ ʫʤʠʰʢʦʤ 

ʥʘʢʣʦʥʥʦʩʪʠ ʜʝʜʫʰʢʠ/ʙʘʙʫʰʢʠ ʠ ʧʝʨʝʥʠʤʘʶʪ ʠʭ. ʍʦʪʷ ʝʩʪʴ ʧʨʠʤʝʨʳ ʠ ʫʥʠ-

ʢʘʣʴʥʳʭ ʜʝʪʠʰʝʢ, ʢʦʪʦʨʳʝ, ʢʘʟʘʣʦʩʴ ʙʳ, ʨʦʜʠʣʠʩʴ ʩ ʩʦʟʥʘʪʝʣʴʥʳʤ ʟʥʘʥʠʝʤ 

ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. ʅʦ ʪʦ, ʯʪʦ ʪʘʢʠʝ ʶʥʳʝ ʜʘʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʭ ʨʘʥʴʰʝ 

ʠʥʦʛʜʘ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʢʘʢ ʜʠʢʦʚʠʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʦʯʝʥʴ ʙʳʩʪʨʦ çʩʛʦʨʘ-

ʶʪè, ʩʢʦʨʝʝ ʛʦʚʦʨʠʪ ʦ ʬʦʨʩʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʤʦʟʛʘ ʧʦ ʫʩʚʦʝʥʠʶ ʩʦ-

ʟʥʘʪʝʣʴʥʦʛʦ ʟʥʘʥʠʷ. ɸ ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʛʦʣʦʚʘ ʫʧʨʘʚʣʷʝʪ ʪʝʣʦʤ, ʙʳʩʪʨʦʝ 

çʩʞʠʛʘʥʠʝè ʪʝʣʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʬʦʨʩʠʨʦʚʘʥʠʝ ʧʨʦʠʟʦʰʣʦ ʚ ʫʱʝʨʙ ʥʝ-

ʢʦʪʦʨʳʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ ʛʦʣʦʚʳ. ʂ ʪʘʢʠʤ ʦʜʘʨʸʥʥʳʤ, ʥʦ 

ʥʝʩʯʘʩʪʥʳʤ ʜʝʪʠʰʢʘʤ ʥʫʞʥʦ ʠ ʜʦʣʞʥʦ ʦʪʥʦʩʠʪʴʩʷ ʙʝʨʝʞʥʦ. ɼʨʫʛʦʝ ʜʝʣʦ, ʢʦ-

ʛʜʘ ʢ ʦʜʘʨʸʥʥʦʩʪʠ ʧʨʠʧʠʩʳʚʘʶʪ ʧʨʦʩʪʦ ʥʘʨʫʰʝʥʠʝ ʚ ʛʦʣʦʚʝ ï ʧʩʠʭʠʯʝʩʢʦʝ, 

ʧʨʠʚʦʜʷʱʝʝ ʧʨʦʩʪʦ ʢ ʦʪʢʣʦʥʝʥʠʷʤ ʥʘ ʫʨʦʚʥʝ ʨʝʬʣʝʢʪʦʨʥʦʤ (ʯʪʦ ʠ ʧʨʦʷʚʣʷ-

ʝʪʩʷ ʚ ʧʦʚʝʜʝʥʠʠ). ʊʘʢʠʤ, ʥʫʞʜʘʶʱʠʤʩʷ ʚ ʧʦʤʦʱʠ ʣʶʜʷʤ, ʚʦʠʥʩʪʚʝʥʥʘʷ ʀʍ 

ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʣʠʰʴ ʚʨʝʜʠʪ, ʠ ʠʤ ʩʘʤʠʤ, ʚʳʜʝʣʷʷ ʠʭ ʚ ʢʘʩʪʫ ʠʟʙʨʘʥʥʳʭ, ʠ 

ʦʢʨʫʞʘʶʱʠʤ ï çʥʝʠʟʙʨʘʥʥʳʤè. ʕʪʦ ʪʘʢʞʝ ʢʘʢ ʨʝʣʠʛʠʦʟʥʳʡ ʬʘʥʘʪʠʟʤ ʚʨʝʜʠʪ 

ʢʘʢ ʚʝʨʫʶʱʠʤ, ʪʘʢ ʠ ʥʝʚʝʨʫʶʱʠʤ, ʬʘʢʪʠʯʝʩʢʠ ʥʘʪʨʘʚʣʠʚʘʷ ʚʝʨʫʶʱʠʭ ʜʨʫʛ 

ʥʘ ʜʨʫʛʘ ʠ ʥʘ ʥʝʚʝʨʫʶʱʠʭ ʠ ʫʚʦʜʷ ʦʪ ʨʘʟʫʤʥʦʛʦ ʥʘʯʘʣʘ ʚ ʩʬʝʨʫ ʵʤʦʮʠʦʥʘʣʴ-

ʥʦ-ʜʫʭʦʚʥʦʛʦ ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ, ʛʜʝ ʥʝ ʧʨʠʟʥʘʶʪʩʷ, ʢʘʢ ʚ ʥʘʫʢʝ, ʝʜʠʥʳʝ ʠʥʚʘ-

ʨʠʘʥʪʳ ʙʝʟ ʢʦʠʭ ʥʘʫʢʘ ʥʝʤʳʩʣʠʤʘ. 

ʊʘʢ ʚʦʪ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʟʘʠʢʠ ʄʠʨʘ ʚ ʩʦʟʥʘʥʠʠ ʣʶʜʝʡ ʫ ʨʘʟʥʳʭ ʣʶ-

ʜʝʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ï ʦʩʢʦʣʢʦʚ-ʢʫʩʦʯʢʦʚ çʩʤʘʣʴʪʳè. ʀ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʦʡ ʢʘʨʪʠʥʳ ʚ ʛʦʣʦʚʝ ʫʯʸʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʩʘʤʦ-

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʩʦʟʥʘʪʝʣʴʥʦʛʦ 

ʟʥʘʥʠʷ.  ʇʨʝʜʝʣʴʥʳʡ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʢʣʠʥʠʯʝʩʢʠʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʘʨʪʠʥʘ ʨʝ-

ʘʣʴʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʛʦʣʦʚʝ ʠʟ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʜʦʚ. ʅʝ ʩʦʚʩʝʤ ʢʣʠʥʠʯʝ-

ʩʢʠʡ, ʥʦ ʙʣʠʟʢʠʡ ʢ ʵʪʦʤʫ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʘʨʪʠʥʘ ʄʠʨʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʯʠ-

ʩʪʳʭ ʬʦʨʤʫʣ, ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʘʣʴʥʦʩʪʴʶ.  

ɼʫʤʘʶ, ʥʝ ʤʥʦʛʠʝ ʫʯʸʥʳʝ ʟʘʜʫʤʳʚʘʶʪʩʷ ʥʘʜ ʪʝʤ, ʢʘʢ, ʠʟ ʯʝʛʦ ʩʢʣʘʜʳ-

ʚʘʝʪʩʷ ʢʘʨʪʠʥʘ ʄʠʨʘ ʚ ʠʭ ʛʦʣʦʚʝ, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʜʣʷ ʨʝʤʝʩʣʝʥʥʠʢʘ ʜʦʩʪʘʪʦʯ-

ʥʦ ʣʠʰʴ ʦʜʥʦʛʦ ʝʸ ʬʨʘʛʤʝʥʪʘ ʠʣʠ ʧʘʨʦʯʢʠ. ʅʦ ʤʥʝ ʧʦʩʯʘʩʪʣʠʚʠʣʦʩʴ ʝʱʸ ʟʘ-

ʩʪʘʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʠʬʝʝʚ ʥʘʫʢʠ, ʥʘʜ ʢʘʞʜʦʡ ʬʨʘʟʦʡ ʢʦʪʦʨʳʭ ʥʘʜʦ ʙʳ-

ʣʦ ʜʦʣʛʦ ʜʫʤʘʪʴ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʠʩʪʠʥʥʫʶ ʩʫʪʴ ʩʢʘʟʘʥʥʦʛʦ. ʀ ʧʦʥʘʯʘʣʫ ʚʳʟʚʘ-
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ʣʦ ʧʨʦʩʪʦ ʫʜʠʚʣʝʥʠʝ, ʢʘʢ ʦʥ ʥʘʰʸʣ ʦʪʚʝʪ ʪʘʢ ʙʳʩʪʨʦ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʘʷ 

ʧʦʣʥʘʷ ʣʦʛʠʯʝʩʢʘʷ ʮʝʧʦʯʢʘ ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ ʦʪʚʝʪʘ ʨʘʩʩʫʞʜʝʥʠʷ çʧʨʦʣʝʪʝʣʘè 

ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʝʩʢʦʣʴʢʦ ʪʦʤʦʚ.  

ʊʘʢ ʚʦʪ, ʚʩʸ ʩʪʘʣʦ ʥʘ ʩʚʦʸ ʤʝʩʪʦ, ʢʦʛʜʘ ʷ ʩʘʤ ʥʘʫʯʠʣʩʷ ʩʪʨʦʠʪʴ ʚ ʛʦʣʦʚʝ 

ʦʙʲʸʤʥʫʶ ʢʘʨʪʠʥʫ ʄʠʨʘ. ʀʤʝʷ ʪʘʢʫʶ ʢʘʨʪʠʥʫ, ʪʳ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʫʯʠʪʳʚʘʷ 

ʤʥʦʛʦ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʦʩʪʦ ʚʠʜʠʰʴ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʦʪ ʪʦʯʢʠ ɸ ʜʦ ʪʦʯʢʠ ɹ 

ʙʝʟ ʚʩʷʯʝʩʢʠʭ ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʠʭʩʷ ʟʠʛʟʘʛʦʚ ʚ ʣʦʛʠʯʝʩʢʠʭ ʠ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʷʭ/ʦʙʦʩʥʦʚʘʥʠʷʭ. ʀ ʥʘʫʯʥʦʝ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʝ ʵʪʫ ʢʘʨʪʠʥʫ 

ʜʝʣʘʝʪ ʚʩʸ ʙʦʣʝʝ ʷʩʥʦʡ ʚ ʤʝʣʴʯʘʡʰʠʭ ʜʝʪʘʣʷʭ ʠ ʚʩʸ ʙʦʣʝʝ ʧʦʣʥʦʡ ï ʤʥʦʛʦ-

ʤʝʨʥʦʡ. ʊʝʙʝ ʧʨʦʩʪʦ ʥʫʞʥʦ ʟʘʛʣʷʥʫʪʴ ʚ ʥʫʞʥʫʶ ʯʘʩʪʴ ʵʪʦʡ ʢʘʨʪʠʥʳ ʩʬʝʨʳ 

ʟʥʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ ʧʦʯʝʤʫ ʤʥʦʛʦ ʟʥʘʥʠʝ ʥʝ ʝʩʪʴ ʫʤ ï 

ʝʩʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʪʴʩʷ ʥʘ ʟʘʫʯʠʚʘʥʠʠ ʮʠʬʨ, ʜʘʪ ʠ ʧʨʦʯʠʭ ʪʘʙʣʠʮ ʠ ʬʦʨʤʫʣ, 

ʙʝʟ ʩʚʷʟʠ ʠʭ ʩ ʨʝʘʣʴʥʦʩʪʴʶ, ʪʦ ʯʪʦʙʳ ʠʟ ʪʦʯʢʠ ɸ ʧʦʧʘʩʪʴ ʚ ʪʦʯʢʫ ɹ ʥʘʜʦ 

ʙʳʩʪʨʦ ʧʨʦʡʪʠ ʧʦ ʚʩʝʡ ʢʨʠʚʦʡ, ʟʘʧʫʪʘʥʥʦʡ ʮʝʧʦʯʢʝ, ʪʦʛʜʘ ʢʘʢ ʥʘʫʯʥʳʝ ʧʨʠʥ-

ʮʠʧʳ ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʤʝʞʜʫ ʥʠʤʠ. ɽʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ 

ʵʪʫ ʩʬʝʨʫ ʟʥʘʥʠʡ ʢʘʢ ʝʜʠʥʫʶ ʦʙʲʸʤʥʦ-ʤʥʦʛʦʤʝʨʥʫʶ ʢʘʨʪʠʥʫ, ʪʦ ʜʣʷ ʧʦʩʪʨʦ-

ʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʧʦ ʙʦʣʴʰʦʤʫ ʩʯʸʪʫ ʥʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ ʜʘʞʝ ʩʨʘʚʥʠʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʝʯʝʥʠʷ ʵʪʦʡ ʩʬʝ-

ʨʳ.  ʕʪʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʣʠʰʴ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʘʫʜʠʪʦ-

ʨʠʠ ï ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʧʦʧʫʣʷʨʥʦʛʦ, ʠʥʦʛʜʘ ʜʦʣʛʦʛʦ ʠ ʥʫʜʥʦʛʦ ʠʟʣʦʞʝʥʠʷ 

ʦʯʝʚʠʜʥʳʭ (ʝʩʣʠ ʚʠʜʠʰʴ ʵʪʫ ʩʬʝʨʫ ʮʝʣʠʢʦʤ) ʚʝʱʝʡ. ʅʦ ʦʙʤʝʥʠʚʘʪʴʩʷ ʤʳʩ-

ʣʷʤʠ ï ʦʙʲʸʤʥʳʤʠ ʤʥʦʛʦʤʝʨʥʳʤʠ ʦʙʨʘʟʘʤʠ ï ʤʳ ʝʱʸ ʥʝ ʥʘʫʯʠʣʠʩʴ, ʪʘʢ ʯʪʦ 

ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʦʙʲʸʤʥʦ-ʤʥʦʛʦʤʝʨʥʦʡ ʢʘʨʪʠʥʳ ʩʦʙʝʩʝʜʥʠʢʘ ʠ ʥʫʞʥʦ ʩʘʤʦ-

ʦʙʨʘʟʦʚʘʥʠʝ  ï ʫʤʝʥʠʝ ʩʘʤʦʤʫ ʩʪʨʦʠʪʴ ʪʘʢʠʝ ʦʙʲʸʤʥʦ-ʤʥʦʛʦʤʝʨʥʳʝ ʢʘʨʪʠʥʳ. 

ʊʝʧʝʨʴ ʧʦʩʪʘʨʘʶʩʴ ʦʧʠʩʘʪʴ ʧʘʨʦʯʢʫ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʤʦʤʝʥʪʦʚ 

(ʩʝʯʝʥʠʡ) ɽʜʠʥʦʡ ʂʘʨʪʠʥʳ ʄʠʨʘ. ɺ ʦʙʱʠʭ ʯʝʨʪʘʭ, ʢʘʟʘʣʦʩʴ ʙʳ, ʜʘʞʝ ʯʠʩʪʘʷ 

ʤʘʪʝʤʘʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʥʘʰʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʠ, ʪʝʤ ʩʘʤʳʤ, ʦʧʠʩʘʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚʩʶ 

ʥʝʞʠʚʫʶ ʧʨʠʨʦʜʫ. ʅʦ ʝʩʣʠ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ ʵʪʦʪ çʬʦʢʫʩè ʧʨʦʭʦʜʠʪ ʧʨʷʤʦ: 

ʧʦʟʚʦʣʠʣ ʠ ʦʧʠʩʘʪʴ ʚʩʶ ʪʘʙʣʠʮʫ ʄʝʥʜʝʣʝʝʚʘ, ʠ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʦʚʥʠ ʚ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ ʟʥʘʯʝʥʠʷ ʭʦʪʴ 

ʥʘ ɿʝʤʣʝ, ʭʦʪʴ ʚ 20 ʪʳʩʷʯʘʭ ʩʚʝʪʦʚʳʭ ʣʝʪ ʦʪ ʥʝʸ; ʪʦ ʥʘ ʜʨʫʛʠʭ ʤʘʩʰʪʘʙʘʭ ï ʥʝ 

ʦʯʝʥʴ. ʋʞʝ ʥʘ ʙʣʠʞʘʡʰʠʭ ʤʘʩʰʪʘʙʘʭ ʢ ʘʪʦʤʥʦʤʫ ï ʥʘʥʦ ʠ ʤʘʢʨʦʢʨʠʩʪʘʣʣʳ ï 

ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʠʥʚʘʨʠʘʥʪʳ, ʢʦʪʦʨʳʝ ʝʱʸ ʤʦʞʥʦ ʩʪʨʦʛʦ ʩʚʷʟʘʪʴ ʩ ʘʪʦʤʥʳ-

ʤʠ ʨʘʟʨʝʰʸʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ. ʅʦ ʥʘ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʘʪʦʤʥʦʛʦ 

ʤʘʩʰʪʘʙʘʭ ʦʩʥʦʚʥʳʝ ʵʬʬʝʢʪʳ ʩʚʷʟʘʥʳ ʩ ʩʠʣʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʚʩʝʤ ʥʝʩʫʱʝ-

ʩʪʚʝʥʥʳ ʥʘ ʘʪʦʤʥʦʤ, ʘ ʪʝʤ ʙʦʣʝʝ, ʥʘ ʩʫʙʘʪʦʤʥʦʤ ʫʨʦʚʥʝ. ʊʘʢ ʯʪʦ ʦʧʠʩʳʚʘʪʴ 

ʛʘʣʘʢʪʠʢʠ ʠʩʭʦʜʷ ʠʟ ʩʚʦʡʩʪʚ ʘʪʦʤʘ, ʤʷʛʢʦ ʛʦʚʦʨʷ ï ʥʝʨʘʟʫʤʥʦ. ʊʘʢʞʝ ʥʝʨʘ-

ʟʫʤʥʦ, ʢʘʢ ʘʪʦʤʥʳʤʠ ʤʦʜʝʣʷʤʠ ʦʧʠʩʳʚʘʪʴ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ. ʅʫ, ʘ ʦʧʠ-

ʩʳʚʘʪʴ ʚʩʝʣʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮʳ, ʥʘʚʝʨʥʦʝ, ʧʦʢʘʞʝʪʩʷ 

ʥʦʨʤʘʣʴʥʳʤ ʣʠʰʴ ʙʝʟʣʠʯʥʦʩʪʥʦʤʫ (ʛʣʫʧʦʤʫ, ʥʝʞʠʚʦʤʫ) ʢʦʤʧʴʶʪʝʨʫ. 

ʊʝʧʝʨʴ ʦ ʤʘʩʰʪʘʙʝ, ʛʜʝ ʚʦʟʥʠʢʣʘ çʟʘʛʘʜʦʯʥʘʷè ʞʠʟʥʴ. ʋ ʥʘʩ ʥʝʪ ʥʠʢʘ-

ʢʠʭ ʦʩʥʦʚʘʥʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʫʭʦʚʥʳʭ) ʧʦʣʘʛʘʪʴ, ʯʪʦ ʝʩʪʴ ʞʠʚʳʝ ʘʪʦʤʳ ʠʣʠ 

ʯʪʦ ʥʘʰʘ ʛʘʣʘʢʪʠʢʘ ʞʠʚʘʷ. ʊʦʛʜʘ, ʢʘʢ ʠ ʠʟ ʢʦʤʙʠʥʘʪʦʨʠʢʠ, ʜʦʧʦʣʥʝʥʥʦʡ ʩʪʘ-
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ʪʠʩʪʠʢʦʡ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʠʢʣʘʭ, ʠ ʠʟ ʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ ʤʘʩʰʪʘʙ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʞʠʟʥʠ ï ʵʪʦ ʥʘʥʦ. ʅʘ ʥʘʥʦʤʘʩʰʪʘ-

ʙʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʞʠʚʦʡ ʠ ʥʝʞʠʚʦʡ ʧʨʠ-

ʨʦʜʦʡ. ʀ ʚʠʜʠʤʦ ʥʘ ʵʪʦʤ ʤʘʩʰʪʘʙʝ ʝʩʪʴ ʠ ʠʥʚʘʨʠʘʥʪʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʪʦ, 

ʢʫʜʘ ʧʨʦʮʝʩʩ ʧʦʡʜʸʪ ï ʚ ʞʠʟʥʴ ʠʣʠ ʚ ʩʤʝʨʪʴ. ʀ ʵʪʦ ʢʘʩʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ɼʅʂ-

ʈʅʂ, ʵʪʦ ʢʘʩʘʝʪʩʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦ-

ʪʝʭʥʦʣʦʛʠʡ.  ʀʟʛʦʪʘʚʣʠʚʘʷ, ʩʢʘʞʝʤ, ʥʘʥʦʪʨʫʙʢʠ ʤʳ ʤʦʞʝʤ ʩʦʟʜʘʪʴ ʚʠʨʫʩ, ʘ 

ʠʟʛʦʪʘʚʣʠʚʘʷ ʧʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʧʨʦʮʝʩʩʦʨʳ, ʤʳ ʤʦʞʝʪ ʟʘʧʫʩʪʠʪʴ, ʩʪʨʘʰʥʦ 

ʜʘʞʝ ʩʢʘʟʘʪʴ, ʩʘʤʦʨʘʟʚʠʚʘʶʱʠʡʩʷ ʨʘʟʫʤ. ʍʦʪʷ ʩʪʨʘʰʥʝʝ, ʝʩʣʠ ʫʞʝ ʟʘʧʫʩʪʠ-

ʣʠ, ʠ ʦʥ ʣʶʜʝʡ ʫʞʝ ʩʪʨʘʚʣʠʚʘʝʪ, ʯʪʦʙʳ ʦʪ ʥʘʩ ʠʟʙʘʚʠʪʴʩʷ. ɸ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʠʟʙʘʚʣʷʶʱʝʝʩʷ ʦʪ ʥʘʫʢʠ ʯʝʣʦʚʝʯʝʩʪʚʦ ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʦʙʨʝʯʝʥʦ ï ʙʫʜʝʪ ʩʯʠ-

ʪʘʪʴ ʜʝʥʴʛʠ ʜʦ ʧʦʣʥʦʛʦ ʦʧʫʧʝʥʠʷ. 

ʅʘʫʯʥʘʷ ʐʢʦʣʘ 

ʅʘʫʢʘ ï ʥʝʢʠʡ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʠʡ ʷʟʳʢ ʠ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʠʥʪʝʨʥʘʮʠ-

ʦʥʘʣʴʥʘ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʦʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʣʠʛʠʡ ʠ ʠʜʝʦʣʦ-

ʛʠʡ, ʪʝʤ, ʯʪʦ ʚ ʥʝʡ ʥʝ ʤʦʞʝʪ ʚ ʧʨʠʥʮʠʧʝ ʙʳʪʴ ʘʥʪʘʛʦʥʠʟʤ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘ-

ʩʪʝʡ ʩʦʟʥʘʪʝʣʴʥʦʛʦ ʟʥʘʥʠʷ. ʅʦ ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʦʙʲʝʜʠʥʠʪʝʣʴ-

ʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʥʘʫʢʝ, ʢʘʢ ʚ ʮʝʣʦʤ, ʚ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʦʤ ʧʣʘʥʝ, ʧʨʠʚʦʜʷʪ ʠ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʬʦʨʤʘʣʴʥʦ ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʭ ʪʝʯʝʥʠʡ, ʢʘʢ ʚ ʪʝʣʝ ʩʘʤʦʛʦ 

ʟʥʘʥʠʷ, ʪʘʢ ʠ ʚ ʝʛʦ ʥʦʩʠʪʝʣʷʭ ï ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʘʭ. ʅʘ ʩʪʳʢʘʭ ʪʘʢʠʭ ʪʝʯʝ-

ʥʠʡ ʠ ʚʦʟʥʠʢʘʝʪ ʯʘʩʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʝ ʧʦʥʠʤʘʥʠʝ ʇʨʠʨʦʜʳ ï ʥʘʭʦʞʜʝ-

ʥʠʝ ʥʦʚʳʭ ʠʥʚʘʨʠʘʥʪʦʚ, ʢʦʪʦʨʳʝ ʭʦʪʴ ʠ ʥʦʩʷʪ ʚ ʩʝʙʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʢ ʨʘʥʝʝ 

ʠʟʚʝʩʪʥʳʤ, ʦʨʪʳ-ʢʦʦʨʜʠʥʘʪʳ, ʥʦ ʪʦ, ʯʪʦ X ʥʝ Y ʠ ʥʝ ʚʥʦʚʴ ʦʪʢʨʳʪʘʷ, ʣʠʙʦ 

ʧʨʠʩʦʝʜʠʥʸʥʥʘʷ ʢʘʢ ʚʨʝʤʷ t ʚ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪʘ, ʧʨʦʪʠʚʦ-

ʨʝʯʠʡ ʥʝ ʜʦʙʘʚʣʷʝʪ, ʘ ʠʭ ʫʩʪʨʘʥʷʝʪ. ʊʘʢʠʝ ʥʘʫʯʥʳʝ ʢʦʣʣʝʢʪʠʚʳ ʫʚʣʝʯʸʥʥʳʭ 

ʠʩʪʠʥʥʦʡ ʥʘʫʢʦʡ ʣʶʜʝʡ ʠ ʛʝʥʝʨʠʨʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʥʦʚʳʭ ʟʥʘ-

ʥʠʡ ʦ ʇʨʠʨʦʜʝ, ʪ.ʢ. ʪʚʦʨʯʝʩʪʚʦ ʚ ʥʘʫʢʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʦʙʲ-

ʝʜʠʥʠʪʝʣʴʥʳʤ ʥʘʯʘʣʦʤ ʚ ʥʘʫʢʝ ʩ ʪʚʦʨʯʝʩʪʚʦʤ ʢʦʣʣʝʢʪʠʚʥʳʤ, ʩ ʪʚʦʨʯʝʩʪʚʦʤ 

ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʅʘʫʯʥʳʭ ʐʢʦʣʘʭ.  

ʂʘʢ ʤʫʟʳʢʘʥʪ, ʭʫʜʦʞʥʠʢ, ʧʠʩʘʪʝʣʴ ʚʥʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʨʝʜʳ ʪʝʨʷʝʪ 

ʠ ʦʧʦʨʫ ï ʙʘʟʫ, ʠ ʦʨʠʝʥʪʠʨʳ ʥʘ ʩʦʪʚʦʨʝʥʠʝ ʯʝʛʦ-ʪʦ, ʯʝʛʦ ʥʝ ʙʳʣʦ ʜʦ ʥʝʛʦ ʚ 

ʤʫʟʳʢʝ, ʚ ʞʠʚʦʧʠʩʠ, ʚ ʣʠʪʝʨʘʪʫʨʝ, ʪʘʢ ʠ ʫʯʸʥʳʡ ʚʥʝ ʥʘʫʯʥʦʡ ʩʨʝʜʳ ʣʠʰʘʝʪʩʷ 

ʠ ʚʳʚʝʨʝʥʥʦʡ, ʢʦʣʣʝʢʪʠʚʥʦ ʧʨʦʚʝʨʷʝʤʦʡ ʙʘʟʳ, ʠ ʢʦʣʣʝʢʪʠʚʥʳʭ ʦʨʠʝʥʪʠʨʦʚ. 

ʅʦ ʚ ʥʘʫʢʝ ʝʩʪʴ ʧʨʠʥʮʠʧʳ, ʢʦʪʦʨʳʝ, ʢʘʢ ʩʪʨʝʣʢʘ ʢʦʤʧʘʩʘ, ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʭʨʘʥʝʥʠʷ ʪʝʥʜʝʥʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʨʦʜʚʠʞʝʥʠʷ ʚʧʝʨʸʜ ʚ ʧʝʨʠʦʜʳ ʙʝʟ-

ʚʨʝʤʝʥʴʷ ʪʠʧʘ ʥʘʰʝʛʦ. ɸ ʩʘʤʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʪʦʛʦ ʙʝʟʚʨʝʤʝʥʴʷ ʠ ʚ ʩʘʤʦʡ 

ʥʘʫʢʝ, ʠ ʚ ʦʙʱʝʩʪʚʝ ʩʚʷʟʘʥʦ ʩ ʦʙʶʨʦʢʨʘʯʠʚʘʥʠʝʤ, ʬʦʨʤʘʣʠʟʘʮʠʝʡ ʥʘʫʢʠ ʥʘ 

ʙʘʟʝ ʢʘʥʦʥʠʟʘʮʠʠ ï ʜʦʛʤʘʪʠʟʘʮʠʠ ʧʦʩʪʫʣʘʪʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʦʪʜʝʣʴʥʳʤʠ 

ʅʘʫʯʥʳʤʠ ʐʢʦʣʘʤʠ, ʘ ʥʝ ʦʙʦʙʱʝʥʠʝʤ ʩ ʫʩʪʨʘʥʝʥʠʝʤ ʧʨʦʪʠʚʦʨʝʯʠʡ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚ ʥʘʫʢʝ.  

ʊʘʢ, ʝʩʣʠ ʚʦ ʚʨʝʤʝʥʘ ɹʦʨʘ ʠ ʕʡʥʰʪʝʡʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʇʨʠʨʦʜʝ ʠʩʢʘʣʠ ʠ ʥʘʭʦʜʠʣʠ ʦʙʲʝʜʠʥʷʶʱʝʝ 
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ʥʘʯʘʣʦ, ʪʦ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʐʢʦʣʘ ʃʘʥʜʘʫ ʟʘʛʥʘʣʘ ʚ çʫʛʦʣè ʠ ʐʢʦʣʫ ʇʝʢʘʨʨʘ, ʠ 

ʐʢʦʣʫ ɺʣʘʩʦʚʘ, ʘ ʢʦʛʜʘ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʥʝʦʙʲʷʩʥʠʤʳʤʠ ʚ ʨʘʤʢʘʭ ʐʢʦʣʳ 

ʃʘʥʜʘʫ ʷʚʣʝʥʠʷʤ, ʪʦ ʥʠʯʝʛʦ ʜʨʫʛʦʛʦ, ʢʨʦʤʝ ʜʨʝʚʥʝʡ ʤʠʬʦʣʦʛʠʠ ʩ ʪʸʤʥʳʤʠ 

ʩʠʣʘʤʠ ʠ ʧʨʝʜʣʦʞʠʪʴ ʥʝ ʩʤʦʛʣʠ.  

ʊʘʢ ʝʩʣʠ ʤʥʦʛʦʦʙʨʘʟʥʘʷ, ʥʦ ʩʦʭʨʘʥʷʚʰʘʷ ʚʥʫʪʨʝʥʥʝʝ ʝʜʠʥʩʪʚʦ ʟʘʧʘʜ-

ʥʘʷ ʩʦʮʠʘʣ-ʜʝʤʦʢʨʘʪʠʯʝʩʢʘʷ ʤʳʩʣʴ ʨʦʜʠʣʘ ʆʢʪʷʙʨʴʩʢʫʶ ʈʝʚʦʣʶʮʠʶ ʚ ʈʦʩ-

ʩʠʠ, ʪʦ ʜʦʛʤʘʪʠʟʘʮʠʷ ʢʦʤʤʫʥʠʩʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʘ ʪʝʤ ʙʦʣʝʝ ʩʪʘʣʠʥ-

ʩʢʘʷ ʵʨʟʘʮʠʟʘʮʠʷ ʧʨʠʚʝʣʠ ʢ ʨʘʩʢʦʣʫ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʂʦʤʤʫʥʠʩʪʠʯʝʩʢʦʛʦ 

ɼʚʠʞʝʥʠʷ ʚʧʣʦʪʴ ʜʦ ʚʦʡʥ ʤʝʞʜʫ çʙʨʘʪʩʢʠʤʠè ʩʪʘʥʘʤʠ. ɼʦʭʦʜʠʣʦ ʜʦ ʧʝʯʘʣʴ-

ʥʳʭ ʘʥʝʢʜʦʪʦʚ, ʢʦʛʜʘ ʂʇʉʉ ʥʝ ʨʘʜʦʚʘʣʘʩʴ ʢʦʤʤʫʥʠʟʘʮʠʠ ʀʪʘʣʠʠ, ʌʨʘʥʮʠʠ, 

ʉʢʘʥʜʠʥʘʚʠʠ, ʘ ʦʟʚʫʯʠʚʘʣʘ ʘʤʝʨʠʢʘʥʩʢʠʝ ʚʝʨʩʠʠ ʫʙʠʡʩʪʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʣʠʜʝʨʦʚ, ʣʦʷʣʴʥʳʭ ʢ çʧʦʢʨʘʩʥʝʥʠʶè ʠʭ ʩʪʨʘʥ çʢʨʘʩʥʳʤʠ ʙʨʠʛʘʜʘʤʠè, ʪʝʨʨʦ-

ʨʠʩʪʘʤʠ ʠ ʧʨʦʩʪʦ ʩʫʤʘʩʰʝʜʰʠʤʠ. ʂʦʛʜʘ ʂɻɹ ʚʳʩʣʝʞʠʚʘʝʪ ʢʦʥʪʘʢʪʳ ɻʈʋ ʩ 

ʏʝ ɻʝʚʘʨʦʡ ʠ ʩʜʘʸʪ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʎʈʋ. ʅʘʡʜʫʪʩʷ, ʫʚʝʨʝʥ çʫʤʥʠʢʠè, ʢʦʪʦʨʳʝ 

ʩʢʘʞʫʪ, ʧʦʢʨʫʪʠʚ ʧʘʣʴʮʝʤ ʫ ʚʠʩʢʘ: çʂʘʢʦʝ ʦʪʥʦʰʝʥʠʝ ʬʠʟʠʢʘ ʠʤʝʝʪ ʢ ʧʦʣʠ-

ʪʠʢʝ!è. ʅʦ ʝʩʣʠ ʙʳ ʦʥʠ ʥʝ ʙʳʣʠ ʟʘʰʦʨʝʥʳ, ʪʦ ʧʦʥʷʣʠ ʙʳ, ʯʪʦ ʩʪʨʦʛʦ ʧʦ ɸʨʠ-

ʩʪʦʪʝʣʶ ʣʶʙʘʷ ʅɽʌʀɿʀʂɸ ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʝ ʠ ʢ ʌʀɿʀʂɽ, ʘ ʝʩʣʠ ʥʝ ʠʤʝʝʪ, 

ʢʘʢ ʩʦʚʨʝʤʝʥʥʘʷ ʧʦʣʠʪʠʢʘ ʠʣʠ ʵʢʦʥʦʤʠʢʘ, ʪʦ ʵʪʦ ʣʞʝʥʘʫʢʠ, ʚʝʜʫʱʠʝ ʯʝʣʦʚʝ-

ʯʝʩʪʚʦ ʚ ʪʫʧʠʢ. ʊʘʢ, ʥʝ ʠʤʝʶʱʘʷ ʢ ʌʀɿʀʂɽ ʥʠʢʘʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʨʦʩʩʠʡʩʢʘʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ (ʣʞʝ)ʧʦʣʠʪʠʢʘ ʥʠʯʝʛʦ ʣʫʯʰʝʛʦ ʜʣʷ ʟʘʤʝʥʳ ʥʘʫʢʠ ʥʝ ʥʘʰʣʘ 

ʢʘʢ ʚʝʨʦʚʘʥʠʷ ʜʨʝʚʥʠʭ ï ʨʝʣʠʛʠʶ. ʅʦ ʧʝʱʝʨʥʳʝ ʣʶʜʠ ʠ ʩ ʘʡʧʘʜʘʤʠ ʥʝ ʠʤʝʶʪ 

ʚ ʛʦʣʦʚʝ ʅʘʫʯʥʦʡ ʂʘʨʪʠʥʳ ʄʠʨʘ ʠ ʧʨʦʜʦʣʞʘʶʪ ʪʫʧʦ ʩʨʘʞʘʪʴʩʷ ʩ ʇʨʠʨʦʜʦʡ 

ʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʉʝʡʯʘʩ, ʢʦʛʜʘ ʧʨʦʠʟʦʰʣʘ ʟʘʤʝʥʘ ʅʘʫʯʥʳʭ ʐʢʦʣ (ʅʐ) ʚʦ ʤʥʦʛʦʤ ʯʠʩʪʦ 

ʙʶʨʦʢʨʘʪʠʯʝʩʢʠʤʠ ʥʘʫʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ʥʘʯʠʥʘʷ ʦʪ ʌɸʅʆ ʠ ʙʳʚʰʝʛʦ 

ʇʨʝʟʠʜʠʫʤʘ ʙʳʚʰʝʡ ʈɸʅ ʠ ʢʦʥʯʘʷ ʠʥʩʪʠʪʫʪʘʤʠ ʠ ʣʘʙʦʨʘʪʦʨʠʷʤʠ) ʙʝʟ ʧʦʥʠ-

ʤʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʪʣʠʯʠʡ ʅʐ ʦʪ ʦʥʳʭ, ʠʭ ʠ ʥʝʚʦʟʤʦʞʥʦ ʚʦʩʩʪʘʥʦ-

ʚʠʪʴ, ʠ, ʪʝʤ ʩʘʤʳʤ, ʥʝʚʦʟʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʅɸʋʂʋ, ʢʘʢ ʇʝʨʝʜʦʚʫʶ 

ʄʳʩʣʴ ʏʝʣʦʚʝʯʝʩʪʚʘ, ʢʘʢ ʝʛʦ ʂʦʣʣʝʢʪʠʚʥʳʡ ʈʘʟʫʤ. ʇʨʠ ʵʪʦʤ ʨʦʩʪʢʠ ʦʙʥʦʚ-

ʣʸʥʥʦʡ ʅʘʫʢʠ ʩʢʦʨʝʝ ʧʨʦʙʴʶʪʩʷ ʚ ʆʙʱʝʩʪʚʝʥʥʳʭ ʅʘʫʯʥʳʭ ʆʨʛʘʥʠʟʘʮʠʷʭ, 

ʯʝʤ ʚ ʦʬʠʮʠʘʣʴʥʳʭ, ʛʜʝ ʙʶʨʦʢʨʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʟʘʥʠʤʘʝʪʩʷ ʩʘʤʦʚʦʩʧʨʦʠʟ-

ʚʦʜʩʪʚʦʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʘ ʩʫʪʴʶ ʅʘʫʢʠ ʚ ʧʦʩʣʝʜʥʶʶ. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ 

ʚʣʘʩʪʴ ʚ ʈʦʩʩʠʠ (ʠ ʥʝ ʪʦʣʴʢʦ), ʨʘʩʩʤʘʪʨʠʚʘʷ ʅʘʫʢʫ ʢʘʢ ʩʦʙʩʪʚʝʥʥʳʡ çʢʦʨʦʚ-

ʥʠʢè, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʘʢʦʝ ʫʤʩʪʚʝʥʥʦʝ ʫʙʦʞʝʩʪʚʦ, ʯʪʦ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ 

ʢʦʥʢʨʝʪʥʳʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʣʷʧʘʭ ʧʨʦʚʦʜʠʤʳʭ ʨʝʬʦʨʤ ʥʘʫʢʠ ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʩʘʤʦʡ ʥʘʫʢʠ ʧʨʦʩʪʦ ʙʝʩʩʤʳʩʣʝʥʥʦ (ʠʤʝʝʪ ʩʤʳʩʣ ʣʠʰʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘ-

ʨʴʝʨʠʩʪʦʚ, ʜʝʣʘʶʱʠʭ ʠ ʥʘ ʣʷʧʘʭ ʠ ʢʘʨʴʝʨʫ, ʠ ʜʝʥʴʛʠ). ʅʘʜʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ 

ʥʘ ʛʣʘʚʥʦʤ: ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʅʘʫʯʥʳʭ ʐʢʦʣ ʥʝʦʙʭʦʜʠʤʦ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʠʭ 

çʪʨʝʥʠʝè-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʀʥʘʯʝ ʤʠʨʦʚʘʷ ʥʘʫʢʘ ʟʘʛʣʦʭʥʝʪ ʠ ʝʩʣʠ ʯʪʦ-ʪʦ 

ʦʩʪʘʥʝʪʩʷ ʦʪ ʥʝʸ, ʪʦ ʵʪʦ ʙʫʜʝʪ ʤʸʨʪʚʳʡ ʷʟʳʢ, ʢʘʢ ʣʘʪʳʥʴ, ʜʣʷ ʯʪʝʥʠʷ ʥʘʫʯʥʳʭ 

ʧʦʩʪʫʣʘʪʦʚ. 
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ʇʨʝʦʜʦʣʝʥʠʝ 

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʥʘʜʝʶʩʴ ʧʦʥʷʪʥʦ, ʯʪʦ ʯʪʦʙʳ ʧʦʤʦʯʴ ʚ ʤʝʪʦʜʠʢʝ 

ʙʠʦʣʦʛʫ ʚʳʙʨʘʪʴ ʧʨʘʚʠʣʴʥʦ ʤʦʱʥʦʩʪʴ ʥʘʛʨʝʚʘʪʝʣʷ, ʢʦʛʜʘ ʦʥ ʧʫʪʘʝʪʩʷ ʚ ʧʨʠ-

ʤʝʥʝʥʠʠ ʜʣʷ ʵʪʦʛʦ ʟʘʢʦʥʘ ʆʤʘ, ʠʣʠ ʧʦʤʦʯʴ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ɸʨʢʪʠʢʠ-

ɸʥʪʘʨʢʪʠʢʠ ʫʚʠʜʝʪʴ ʚ ʮʚʝʪʝ ʧʨʦʩʪʦ ʙʝʣʳʝ ʣʴʜʳ ʠ ʩʥʝʛʘ, ʢʦʛʜʘ ʦʥ ʥʝ ʧʦʜʦʟʨʝ-

ʚʘʝʪ, ʯʪʦ ʟʘʣʦʞʝʥʥʦʝ ʚ ʣʶʙʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʢʘʤʝʨʝ ʨʘʟʣʦʞʝʥʠʝ ʮʚʝʪʦʚ ʥʘ 

RBG ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʠʭ ʵʣʝʤʝʥʪʘʨʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʯʪʦʙʳ ʚʦ-

ʦʙʱʝ, ʙʳʣ ʭʦʪʴ ʢʘʢʦʡ-ʪʦ ʪʦʣʢ ʦʪ ʥʘʢʦʧʣʝʥʥʳʭ ʤʦʠʤ ʧʦʢʦʣʝʥʠʝʤ ʬʠʟʠʢʦʚ ʤʝ-

ʪʦʜʠʯʝʩʢʠʭ ʥʘʭʦʜʦʢ, ʧʦ ʙʦʣʴʰʦʤʫ ʩʯʸʪʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʥʠʝ ʢʘʪʘʩʪʨʦ-

ʬʠʯʝʩʢʠʭ ʪʝʥʜʝʥʮʠʡ ʚʦ ʚʩʝʡ ʥʘʫʢʝ. ʀʥʘʯʝ ʦʙʱʝʩʪʚʦ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʚʝʨʥʸʪ-

ʩʷ ʢ ʧʝʨʚʦʙʳʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʩʥʦʚʘ ʩʪʘʥʝʪ ʜʝʣʠʪʴ ʰʢʫʨʳ ʤʝʜʚʝʜʝʡ, ʥʝ ʜʦ 

ʢʦʥʮʘ ʜʦʙʠʪʳʭ ʚ ʥʘʰʝ ʚʨʝʤʷ. ʇʨʠ ʵʪʦʤ, ʥʠ ʪʝʦʨʠʷ ʠʟʤʝʨʝʥʠʡ ʩʪʘʥʝʪ ʥʝ ʥʫʞ-

ʥʘ (ʢʘʢ ʫʞʝ ʩʪʘʣʘ ʥʝ ʥʫʞʥʘ ʘʩʪʨʦʥʦʤʘʤ ʠ çʦʪʢʨʳʚʘʪʝʣʷʤè ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʚʦʣʥ), ʥʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ ʃʘʥʜʘʫ (ʢʘʢ ʫʞʝ ʩʪʘʣʦ ʥʝ ʥʫʞʥʦ çʦʪʢʨʳʚʘ-

ʪʝʣʷʤè ʛʨʘʬʝʥʘ), ʥʠ ʩʦʙʣʶʜʝʥʠʝ ʵʪʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʥʝʬʠʟʠʯʝʩʢʠʭ 

ʧʨʠʥʮʠʧʦʚ ʥʘʫʢʠ ʚ ʤʘʢʨʦʵʢʦʥʦʤʠʢʝ ʠ ʛʣʦʙʘʣʴʥʦʡ ʧʦʣʠʪʠʢʝ, ʪ.ʢ. ʦʩʪʘʪʢʠ ʯʝ-

ʣʦʚʝʯʝʩʪʚʘ ʚ ʚʠʜʝ ʧʝʨʚʦʙʳʪʥʳʭ ʩʪʘʡ ʦʙ ʵʪʠʭ ʭʠʤʝʨʘʭ ʠ ʟʥʘʪʴ ʥʝ ʙʫʜʫʪ. 

ʇʨʝʦʜʦʣʝʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʛʣʦʙʘʣʴʥʳʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʪʝʥʜʝʥʮʠʠ ʚ 

ʩʦʰʝʜʰʝʤ ʩ ʫʤʘ ʦʙʱʝʩʪʚʝ ʨʘʟʫʤʥʳʭ ʣʶʜʝʡ ʤʦʞʥʦ, ʝʩʣʠ ʠʭ ʫʜʘʩʪʩʷ ʧʨʝʦʜʦ-

ʣʝʪʴ ʚ ʩʘʤʦʡ ʥʘʫʢʝ, ʚ ʅʘʫʯʥʦʡ ɻʦʣʦʚʝ ʆʙʱʝʩʪʚʘ. ɸ ʧʨʝʦʜʦʣʝʪʴ ʵʪʠ ʪʝʥʜʝʥ-

ʮʠʠ ʚ ʩʘʤʦʡ ʥʘʫʢʝ ʤʦʞʥʦ, ʣʠʰʴ ʥʘʯʘʚ ʟʘʥʦʚʦ ʬʦʨʤʠʨʦʚʘʪʴ ʅʘʫʯʥʳʝ ʐʢʦʣʳ. 

ʅʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ ʐʢʦʣ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʥʝʢʦʝʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʦʛʦ ʧʨʝʦʜʦʣʝʥʠʷ ʫ ʯʣʝʥʦʚ ʚ ʜʦʙʨʦʚʦʣʴʥʦ ʦʙʲʝʜʠʥʠʚʰʠʭʩʷ ʢʦʣʣʝʢʪʠ-

ʚʘʭ ʫʯʸʥʳʭ ʠ ʥʝʢʦʝʛʦ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʪʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʠ 

ʚʳʜʚʠʞʝʥʠʠ ʝʛʦ ʣʠʜʝʨʘ.  

ʊʫʪ, ʢʘʢ ʚ ʪʦʤ ʞʝ ʩʧʦʨʪʝ, ʩʘʤʦʬʦʨʤʠʨʦʚʘʥʠʝ ʯʝʤʧʠʦʥʘ ʚ ʧʦʩʣʝʜʥʶʶ 

ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʧʦʙʝʜʘʤʠ ʥʘʜ ʩʦʧʝʨʥʠʢʘʤʠ, ʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʤʥʦ-

ʛʦʩʪʫʧʝʥʯʘʪʳʭ ʧʨʝʦʜʦʣʝʥʠʷʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʝʛʦ ʦʨʛʘʥʠʟʤʝ, 

ʬʘʢʪʠʯʝʩʢʠ ʚ ʧʨʝʦʜʦʣʝʥʠʠ ʙʦʣʠ. ɼʘʣʝʢʦ ʥʝ ʚʩʝ ʛʦʪʦʚʳ ʢ ʪʘʢʦʤʫ ʩʘʤʦʧʦʞʝʨʪ-

ʚʦʚʘʥʠʶ. ɼʘʣʝʢʦ ʥʝ ʚʩʝ ʠ ʚ ʤʦʣʦʜʦʩʪʠ ʧʦʩʣʝ ʵʪʦʛʦ ʧʨʝʦʜʦʣʝʥʠʷ çʰʘʛʥʫʪ ʝʱʸ 

ʥʘ ʩʪʫʧʝʥʴʢʫ ʚʳʰʝ ʩʘʤʦʛʦ ʩʝʙʷè. ʄʥʦʛʦ ʤʦʣʦʜʳʭ çʨʚʫʪʩʷè, çʣʦʤʘʶʪʩʷè ʠ 

ʚʦʦʙʱʝ ʥʘʜʨʳʚʘʶʪʩʷ. ɼʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʭʦʨʦʰʦ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʫʜʴʙʘ ʠ ʩʪʘʚ-

ʰʠʭ ʯʝʤʧʠʦʥʘʤʠ. ʀ ʜʝʣʦ ʥʝ ʪʦʣʴʢʦ ʚ ʥʘʢʦʧʠʚʰʠʭʩʷ ʠ ʟʘʣʝʯʝʥʥʳʭ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʤʝʣʢʠʭ ʪʨʘʚʤʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʘʢʠʭ ʧʨʝʦʜʦʣʝʥʠʷʭ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʭ ʩʪʫʧʝʥʝʢ. ɼʝʣʦ ʚ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ: ʦʚʣʘʜʝʚʰʠʡ ʠʩʢʫʩʩʪʚʦʤ ʫʤʩʪʚʝʥʥʦ-

ʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ, ʛʨʫʙʦ ʛʦʚʦʨʷ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʢʘʢ ʙʘʨʦʥ 

ʄʶʥʭʛʘʫʟʝʥ ʧʦʜʥʷʪʴ ʩʘʤʦʛʦ ʩʝʙʷ ʟʘ ʚʦʣʦʩʳ ʥʘʜ ʟʝʤʣʸʡ, ʧʝʨʝʩʪʘʚ ʪʨʝʥʠʨʦ-

ʚʘʪʴʩʷ ʠ ʧʦʩʪʘʨʝʚ, ʯʝʣʦʚʝʢ ʤʦʞʝʪ, ʛʨʫʙʦ ʛʦʚʦʨʷ, ʩʘʤ ʩʝʙʷ ʨʘʟʦʨʚʘʪʴ, ʚʢʣʶʯʘʷ 

ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʟʛʠ. ɸ ʟʘʥʷʪʠʝ ʠʩʪʠʥʥʦʡ ʥʘʫʢʦʡ ʵʪʦ ʯʠʩʪʦ ʫʤʩʪʚʝʥʥʦʝ ʧʨʝ-

ʦʜʦʣʝʥʠʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʩʘʤʦʤ ʩʝʙʝ, ʘ ʟʘʪʝʤ ʚ ʢʦʣʣʝʢʪʠʚʝ ʧʨʠ ʬʦʨʤʠʨʦ-

ʚʘʥʠʠ ʝʛʦ ʅʘʫʯʥʦʡ ɻʦʣʦʚʳ. ʅʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʧʦʨʪʩʤʝʥʦʚ, ʢʦʪʦʨʳʝ ʩʦʨʝʚʥʫ-

ʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚ ʟʚʘʥʠʠ ʯʝʤʧʠʦʥʘ ʫʞʝ ʥʝ çʩʨʘʞʘʶʪʩʷè ʩʦ ʟʨʠʪʝʣʷʤʠ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʅʘʫʯʥʳʭ ʐʢʦʣ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʧʨʷʞʝʥʦ ʠ ʩ ʧʨʝ-
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ʦʜʦʣʝʥʠʝʤ ʠ ʯʚʘʥʩʪʚʘ ʚʣʘʩʪʝʡ, ʠ ʩ ʧʨʝʦʜʦʣʝʥʠʝʤ ʧʦʧʳʪʦʢ ʫʥʠʯʪʦʞʠʪʴ 

çʥʘʫʯʥʳʭ ʢʦʥʢʫʨʝʥʪʦʚè ʦʛʨʳʟʢʘʤʠ çʥʘʫʯʥʦʡè ʙʶʨʦʢʨʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʠ ʩ ʧʨʝʦʜʦʣʝʥʠʝʤ ʧʨʦʩʪʦ ʩʝʡʯʘʩ ʚʩʸ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʥʝʚʝʞʝʩʪʚʘ ʦʢʨʫʞʘʶʱʠʭ 

ʣʶʜʝʡ, ʦʙʦʣʚʘʥʝʥʥʳʭ ʙʣʝʩʢʦʤ ʜʝʥʝʛ. ʊʘʢ ʯʪʦ ʜʘʞʝ ʟʘʭʦʪʝʚ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ ʚ 

ʵʪʦʤ ʫʤʩʪʚʝʥʥʦʤ ʩʦʨʝʚʥʦʚʘʥʠʠ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʅʘʫʯʥʳʭ ʐʢʦʣ ʠʥʜʠʚʠʜʫ-

ʫʤʫ ʧʨʠʜʸʪʩʷ ʧʨʝʦʜʦʣʝʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʱʝʩʪʚʘ, ʧʨʝʜʧʦʯʠʪʘʶʱʝʛʦ çʧʣʳʪʴ 

ʧʦ ʚʦʣʝ ʚʦʣʥè ʚʧʣʦʪʴ ʜʦ ʚʦʜʦʧʘʜʘ. 
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ɸʥʥʦʪʘʮʠʷ: ʄʳ ʞʠʚʝʤ ʚ ʫʥʠʢʘʣʴʥʦʝ ʚʨʝʤʷ ʚ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. ɿʘ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʠʣʦʩʦʬʠʠ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʚ ʠʭ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʠ ʪʨʘʥʩʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʢʦʥʪʝʢʩʪʘʭ ʦʙʟʘʚʝʣʠʩʴ ʥʦ-

ʚʳʤ ʢʦʥʮʝʧʪʦʤ: çʢʦʥʚʝʨʛʠʨʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠè, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʷʚʣʝʥʠʝ 

ʨʘʩʪʫʱʝʡ ʢʦʥʚʝʨʛʝʥʮʠʠ ʢʦʥʢʨʝʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʚʳʩʦʢʦʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʝ, ʚ ʢʦʪʦʨʦʡ ʩʪʘʨʳʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʘʝʢʪʦʨʠʠ ʩʪʘ-

ʥʦʚʷʪʩʷ ʙʫʢʚʘʣʴʥʦ ʥʝʨʘʟʣʠʯʠʤʳʤʠ, ʧʨʠ ʪʦʤ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʚʝʨʛʝʥ-

ʮʠʷ ʚʩʝ ʙʦʣʴʰʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʨʘʩʪʫʱʫʶ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʨʝʚʦʣʶʮʠʷʤʠ, ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʦ, ʪʘʢ ʠ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʚ ʧʨʠʥʮʠʧʝ ʤʦʞʝʪ ʦʙʨʝʩʪʠ 

ʩʚʦʡ ʥʦʚʳʡ, ʥʝʣʠʥʝʡʥʳʡ ʩʤʳʩʣ ʫʪʚʝʨʞʜʝʥʠʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʙʫʜʫʱʝʝ ʥʝ 

ʩʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ, ʩʢʦʣʴʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʟʜʘʝʪʩʷ. ʅʦ 

ʯʪʦ ʵʪʦ ʨʝʘʣʴʥʦ ʦʟʥʘʯʘʝʪ? ʄʦʞʥʦ ʣʠ, ʥʘʧʨʠʤʝʨ, ʩʢʘʟʘʪʴ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʦ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʠ ʙʫʜʫʱʝʛʦ, ʩʦʟʜʘʥʠʠ ʝʛʦ ʞʝʣʘʝʤʦʛʦ ʦʙʨʘʟʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙ 

ʫʧʨʘʚʣʝʥʠʠ ʥʘʩʪʦʷʱʠʤ ʠʟ ʙʫʜʫʱʝʛʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ çʚʳʡʪʠ ʠʟ ʭʘʦʩʘè 

ʥʘ ʥʦʚʫʶ ʪʨʘʝʢʪʦʨʠʶ çʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷè ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ? ɺ 

ʧʨʠʥʮʠʧʝ, ʚʝʩʴ ʧʦʩʣʝʜʫʶʱʠʡ ʪʝʢʩʪ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʧʳʪʢʫ ʦʪʚʝ-

ʪʠʪʴ ʥʘ ʚʳʰʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʡ ʚʦʧʨʦʩ, ʠʣʠ ʭʦʪʷ ʙʳ ʥʘʤʝʪʠʪʴ ʢʦʥʪʫʨʳ ʪʘ-

ʢʦʛʦ ʦʪʚʝʪʘ. 

 

çʉʝʪʝʚʦʡ ʧʫʪʴè ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʥʦ-ʪʝʭʥʦ-ʥʘʫʯʥʦʡ 

ʧʨʘʢʪʠʢʠ 

ʄʳ ʞʠʚʝʤ ʚ ʫʥʠʢʘʣʴʥʦʝ ʚʨʝʤʷ ʚ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʇʦ ʩʣʦʚʘʤ ʕʨ-

ʚʠʥʘ ʃʘʩʣʦ  ʤʳ ʞʠʚʝʤ çʚ ʵʧʦʭʫ ʛʣʫʙʦʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ï ʩʜʚʠʛʘ ʚ ʮʠʚʠʣʠ-

ʟʘʮʠʠè
16
. ʕʪʦʪ ʩʜʚʠʛ ʕʨʚʠʥ ʃʘʩʣʦ ʠʤʝʥʫʝʪ ʤʘʢʨʦʩʜʚʠʛʦʤ, ʧʦʷʩʥʷʷ, ʯʪʦ çʤʘʢ-

ʨʦʩʜʚʠʛ ï ʵʪʦ ʙʠʬʫʨʢʘʮʠʷ ʚ ʜʠʥʘʤʠʢʝ ʵʚʦʣʶʮʠʠ ʦʙʱʝʩʪʚʘ, ʚ ʥʘʰʝʤ ʤʠʨʝ, 

ʥʘʩʳʱʝʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴʶ, ʵʪʦ ʙʠʬʫʨʢʘʮʠʷ ʯʝʣʦ-

ʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʚ ʝʝ ʢʚʘʟʠʮʝʣʦʩʪʥʦʩʪʠè. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʙʠʬʫʨʢʘʮʠʠ, 

ʪʦ ʵʪʦ ʪʝʨʤʠʥ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʡ ʠʟ ʥʝʣʠʥʝʡʥʦʡ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʩʣʦʞ-

ʥʳʭ ʩʠʩʪʝʤ, ʦʟʥʘʯʘʝʪ, ʯʪʦ çʥʝʧʨʝʨʳʚʥʘʷ ʧʨʝʞʜʝ ʪʨʘʝʢʪʦʨʠʷ ʵʚʦʣʶʮʠʠ ʩʣʦʞ-

                                                             
16 ʃʘʩʣʦ ʕ.ʄʘʢʨʦʩʜʚʠʛ.ʄ.,2004, ʩ.16,21 
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ʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʚʝʪʚʣʷʝʪʩʷ: ʧʦʩʣʝ ʙʠʬʫʨʢʘʮʠʠ ʩʠʩʪʝʤʘ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʠʥʘ-

ʯʝ, ʯʝʤ ʜʦ ʙʠʬʫʨʢʘʮʠʠè.  

ʆʧʠʩʳʚʘʷ ʜʠʥʘʤʠʢʫ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʦʙʱʝ-

ʩʪʚʝ, ʕʜʚʠʥ ʃʘʩʣʦ ʚʳʜʝʣʷʝʪ ʯʝʪʳʨʝ ʬʘʟʳ ʤʘʢʨʦʩʜʚʠʛʘ, ʫʢʘʟʳʚʘʷ, ʯʪʦ ʫʧʨʘʚ-

ʣʷʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ ʚ ʵʪʦʡ ʜʠʥʘʤʠʢʝ ʷʚʣʷʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʠʥʥʦʚʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʳ ʥʘʭʦʜʠʤʩʷ ʚ ʪʨʝʪʴʝʡ, ʢʨʠʪʠʯʝʩʢʦʡ 

(ʠʣʠ çʭʘʦʪʠʯʝʩʢʦʡè) ʬʘʟʝ ʤʘʢʨʦʩʜʚʠʛʘ, ʜʠʥʘʤʠʢʘ ʢʦʪʦʨʦʛʦ ʨʝʧʨʝʟʝʥʪʠʨʫʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʚ ʩʠʥʝʨʛʝʪʠʢʝ ʠʤʝʥʫʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ. ʀ ʠʤʝʥʥʦ ʥʘ ʵʪʦʡ ʬʘ-

ʟʝ, ʢʦʛʜʘ ʯʝʣʦʚʝʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ ʜʦʩʪʠʛʘʝʪ ʧʨʝʜʝʣʦʚ ʩʚʦʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʦʥʦ 

ʩʪʘʥʦʚʠʪʩʷ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠ ʦʩʪʨʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʤʘʣʝʡʰʠʝ ʬʣʫʢʪʫʘ-

ʮʠʠ.  

ɺ ʵʪʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʝ ʭʘʦʩʘ ʤʘʢʨʦʩʜʚʠʛʘ, ʚ ʧʨʠʥʮʠʧʝ ʤʦʞʝʪ ʦʙʨʝ-

ʩʪʠ ʩʚʦʡ ʥʦʚʳʡ, ʥʝʣʠʥʝʡʥʳʡ ʩʤʳʩʣ ʫʪʚʝʨʞʜʝʥʠʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʙʫʜʫ-

ʱʝʝ ʥʝ ʩʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ, ʩʢʦʣʴʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʟʜʘʝʪ-

ʩʷ. ʅʦ ʯʪʦ ʵʪʦ ʨʝʘʣʴʥʦ ʦʟʥʘʯʘʝʪ? ʄʦʞʥʦ ʣʠ, ʥʘʧʨʠʤʝʨ, ʩʢʘʟʘʪʴ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ 

ʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʫʜʫʱʝʛʦ, ʩʦʟʜʘʥʠʠ ʝʛʦ ʞʝʣʘʝʤʦʛʦ ʦʙʨʘʟʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ, ʦʙ ʫʧʨʘʚʣʝʥʠʠ ʥʘʩʪʦʷʱʠʤ ʠʟ ʙʫʜʫʱʝʛʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ çʚʳʡʪʠ ʠʟ 

ʭʘʦʩʘè ʥʘ ʥʦʚʫʶ ʪʨʘʝʢʪʦʨʠʶ çʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷè ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠ-

ʟʘʮʠʠ? ɺ ʧʨʠʥʮʠʧʝ, ʚʝʩʴ ʧʦʩʣʝʜʫʶʱʠʡ ʪʝʢʩʪ  ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦ-

ʧʳʪʢʫ ʦʪʚʝʪʠʪʴ ʥʘ ʚʳʰʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʡ ʚʦʧʨʦʩ, ʠʣʠ ʭʦʪʷ ʙʳ ʥʘʤʝʪʠʪʴ 

ʢʦʥʪʫʨʳ ʪʘʢʦʛʦ ʦʪʚʝʪʘ.  

ʀ ʚʩʝ ʞʝ ʝʛʦ ʦʩʥʦʚʥʘʷ ʠʥʪʝʥʮʠʷ ʠʥʘʷ. ʀʤʝʥʥʦ, ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʘʤ ʵʪʦʪ 

ʚʦʧʨʦʩ ʥʫʞʜʘʝʪʩʷ ʚ ʨʘʜʠʢʘʣʴʥʦʤ ʧʝʨʝʦʩʤʳʩʣʝʥʠʠ, çʧʝʨʝʟʘʛʨʫʟʢʝè ʚ ʥʦʚʦʤ 

ʧʘʨʘʜʠʛʤʘʣʴʥʦʤ ʜʠʩʢʫʨʩʝ, ʧʦʨʦʞʜʘʝʤʦʤ ʢʦʥʮʝʧʪʘʤʠ ʩʣʦʞʥʦʩʪʥʦʩʪʠ, ʩʝʪʠ, 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʩʪʠ ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ.  

ʊʝʨʤʠʥʳ ʩʣʦʞʥʦʩʪʥʦʩʪʠ, ʩʝʪʠ, ʢʘʢ ʠ ʪʝʨʤʠʥ ʫʧʨʘʚʣʝʥʠʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦ-

ʥʠʤʘʶʪʩʷ  ʢʘʢ çʟʦʥʪʠʯʥʳʡè ʪʝʨʤʠʥ, ʧʦʜ ʢʦʪʦʨʳʤ ʢʨʦʝʪʩʷ ʩʝʤʝʡʩʪʚʦ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ çʬʦʥʦʚʳʭ ʧʨʘʢʪʠʢè ï ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʧʨʠʥʷʪʳʭ ʚ ʢʫʣʴʪʫʨʝ ʩʧʦ-

ʩʦʙʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʩʦ-

ʧʨʷʞʝʥʥʦʡ.
17

 ɿʜʝʩʴ ʚʘʞʥʦ, ʯʪʦ ʵʪʠ çʬʦʥʦʚʳʝ ʧʨʘʢʪʠʢʠè ʚ ʥʘʰʠ ʜʥʠ çʵʧʦʭʠ 

ʤʘʢʨʦʩʜʚʠʛʘè ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʩ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴʶ ʧʦʨʦʞʜʘʝʤʳʭ  ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝ-

ʜʠʡʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ɺʩʝʤʠʨʥʦʡ ʧʘʫʪʠʥʦʡ ʀʅʊɽʈʅɽʊʘ. ʀ 

ʠʤʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ  ʬʦʥ ʩʦʮʠʦʢʫʣʴ-

ʪʫʨʥʳʭ ʧʨʘʢʪʠʢ ʧʦʨʦʞʜʘʝʪ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ 

ʬʠʛʫʨ-ʛʝʰʪʘʣʴʪʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ  ʩʦʚʨʝʤʝʥʥʫʶ ʩʝʪʝʚʫʶ ʪʝʭʥʦʢʫʣʴʪʫʨʫ ʠ 

ʪʝʭʥʦʛʥʦʟʠʩ. 

ʗ ʦʜʥʘʢʦ ʥʝ ʙʫʜʫ ʚʭʦʜʠʪʴ ʚ ʦʙʩʫʞʜʝʥʠʝ ʩʣʦʞʥʦʧʝʨʝʧʣʝʪʝʥʥʳʭ ʚʦʧʨʦ-

ʩʦʚ ʪʝʭʥʦʢʫʣʴʪʫʨʳ, ʝʝ ʛʝʥʝʟʠʩʘ ʠ ʪʨʘʥʩʬʦʨʤʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʗ ʣʠʰʴ 

ʭʦʯʫ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʠʥʝʨʛʠʡʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʩʤʳʩʣ ʟʦʥʪʠʯʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ  ʪʝʨʤʠʥʘ ʫʧʨʘʚʣʝʥʠʝ (governance), ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʫʯʘʶʪ ʩʚʦʡ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʩʤʳʩʣ ʪʘʢʠʝ ʧʦʥʷʪʠʷ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʠʥʥʦʚʘʮʠʷʤʠ ʠ/ʠʣʠ 

ʫʧʨʘʚʣʝʥʠʝ ʟʥʘʥʠʷʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʭʥʦʣʦʛʠ-

                                                             
17 ɺʦʣʢʦʚ ɺ., ʍʘʨʢʭʦʨʜʠʥ ʆ. ʊʝʦʨʠʷ ʧʨʘʢʪʠʢ. ʉʇʙ., 2008 
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ʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ ʷʚʣʷʝʪʩʷ ʥʘʫʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʨʘʟʥʦʦʙʨʘʟʠʠ ʘʚʪʦʧʦʵʪʠ-

ʯʝʩʢʠʭ ʩʠʤʙʠʦʟʦʚ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ 

ʩʦʧʨʷʞʝʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʫʢʘ ʥʘʯʘʣʘ ʠʥʪʝʥʩʠʚʥʦ ʬʦʨ-

ʤʠʨʦʚʘʪʴʩʷ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʘ ʚ ʢʦʥʮʝ ʝʛʦ ʧʦʣʫʯʠʣʘ 

ʥʘʟʚʘʥʠʝ çʪʝʭʥʦʥʘʫʢʘè, (ɹ. ʃʘʪʫʨ). ʇʨʠʯʝʤ ʪʝʭʥʦʥʘʫʢʘ ʦʪʣʠʯʘʝʪʩʷ ʢʘʯʝ-

ʩʪʚʝʥʥʳʤ ʩʜʚʠʛʦʤ ʚ ʩʧʦʩʦʙʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʫʯʥʦʛʦ ʟʥʘʥʠʷ, ʠ ʦʜʥʘ ʠʟ ʝʝ 

ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʷʟʘʥʘ ʩ ʝʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴʶ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ   ʜʝʩʷʪʴ ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʠʣʦʩʦʬʠʠ ʥʘʫʢʠ  ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʠʭ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʠ ʪʨʘʥʩʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʢʦʥʪʝʢʩʪʘʭ 

ʦʙʟʘʚʝʣʠʩʴ ʥʦʚʳʤ ʢʦʥʮʝʧʪʦʤ: çʢʦʥʚʝʨʛʠʨʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠè. ʅʝʩʢʦʣʴʢʦ 

ʨʘʥʴʰʝ, ʚ ʩʝʨʝʜʠʥʝ 90-ʭ ʛʦʜʦʚ, ʥʘ ʩʘʤʦ ʷʚʣʝʥʠʝ çʨʘʩʪʫʱʝʡ ʢʦʥʚʝʨʛʝʥʮʠʠ 

ʢʦʥʢʨʝʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʚʳʩʦʢʦʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʚ ʢʦʪʦʨʦʡ ʩʪʘ-

ʨʳʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʘʝʢʪʦʨʠʠ ʩʪʘʥʦʚʷʪʩʷ ʙʫʢʚʘʣʴʥʦ ʥʝ-

ʨʘʟʣʠʯʠʤʳʤʠè, ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʩʦʮʠʦʣʦʛ ʄ. ʂʘʩʪʝʣʴʩ. ʇʨʠ ʵʪʦʤ ʦʥ ʧʦʜ-

ʯʝʨʢʠʚʘʣ, ʯʪʦ çʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʚʝʨʛʝʥʮʠʷ ʚʩʝ ʙʦʣʴʰʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʥʘ ʨʘʩʪʫʱʫʶ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ 

ʨʝʚʦʣʶʮʠʷʤʠ, ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʦ, ʪʘʢ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠè.
18

 ʌʠʢʩʠʨʫʷ ʵʪʦ ʷʚ-

ʣʝʥʠʝ, ʥʦʚʳʡ ʢʦʥʮʝʧʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʩʚʦʝ ʩʦʜʝʨʞʘʥʠʝ, ʩʪʘʚʷ ʚ 

ʮʝʥʪʨ ʚʥʠʤʘʥʠʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ, ʪʘʢʠʤʠ ʢʘʢ ʥʘʥʦʥʘʫʢʘ ʠ ʥʘʥʦʪʝʭʥʦʣʦ-

ʛʠʷ, ʙʠʦʪʝʭʥʦʛʠʷ ʠ ʥʘʫʢʠ ʦ ʞʠʟʥʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʦʛʥʠʪʠʚʥʳʝ ʥʘʫʢʠ. ʆʜʥʘʢʦ ʥʝ ʩʣʝʜʫʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʣʠʰʴ ʪʘ-

ʢʦʛʦ ʨʦʜʘ ʢʦʥʩʪʘʪʘʮʠʷʤʠ. 

ɺʝʜʫʱʠʝʩʷ ʩʝʡʯʘʩ ʥʘ ɿʘʧʘʜʝ ʠʥʪʝʥʩʠʚʥʳʝ ʜʝʙʘʪʳ ʧʦ ʧʦʚʦʜʫ ʢʦʥʚʝʨʛʠ-

ʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʣʠ ʧʦ ʩʫʪʠ ʬʦʨʫʤʦʤ  ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʫʱʝʛʦ ʚ 

ʢʦʥʪʝʢʩʪʝ ʩʪʘʥʦʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʥʦʪʝʭʥʦʥʘʫʢʠ. ʅʦʚʦʝ, çʧʦʩʪʢʘʩʪʝʣʴ-

ʩʦʚʩʢʦʝè ʧʨʦʯʪʝʥʠʝ ʧʦʥʷʪʠʷ ʢʦʥʚʝʨʛʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʯʘʣʦ ʩʪʨʝʤʠ-

ʪʝʣʴʥʦ ʬʦʨʤʠʨʦʚʘʪʴʩʷ, ʥʘʯʠʥʘʷ ʩ 2001 ʛʦʜʘ, ʢʦʛʜʘ ʧʦʜ ʵʛʠʜʦʡ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʉʐɸ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ NBIC-ʠʥʠʮʠʘʪʠʚʘ
19
. ɺ 

ʵʪʦʡ ʠʥʠʮʠʘʪʠʚʝ ʯʝʪʢʦ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʮʝʣʝʚʳʭ ʬʦʢʫʩʘ-ʘʪʪʨʘʢʪʦʨʘ.  

ʇʝʨʚʳʡ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʤ ʦʙʲʝʜʠʥʝʥʠʠ ʚʳ-

ʰʝʥʘʟʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʥʘʥʦʤʝʪʨʠʯʝʩʢʦʤ ʤʘʩ-

ʰʪʘʙʝ, ʯʪʦ ʦʙʝʱʘʝʪ ʫʞʝ ʚ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʮʝʧʥʫʶ ʨʝʘʢʮʠʶ ʩʘʤʳʭ ʨʘʟ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ, ʚ ʩʚʦʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʝʱʘʶʱʠʭ ʛʣʦ-

                                                             
18 ʂʘʩʪʝʣʴʩ  ʄ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʵʧʦʭʘ. ʄ., 2000, ʩ. 78 
19 NBIC = Nano-, Bio-, Information Technologies and Cognitive Sciences, ʪ.ʝ. ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʢʦʥʚʝʨʛʝʥʪʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ, ʙʠʦʪʝʭʥʦʣʦʛʠʷ ʠ ʛʝʥʥʘʷ ʠʥʞʝʥʝʨʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʦʛʥʠʪʠʚʥʳʝ ʥʘʫʢʠ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ çʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʯʝʣʦʚʝʢʘè. ʉʝʛʦʜʥʷ, ʢʘʢ ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʜʥʦʢʨʘʪʥʦ ʢʘʢ ʟʘʧʘʜʥʦ-ʝʚʨʦʧʝʡʩʢʠʝ ʠ 

ʘʤʝʨʠʢʘʥʩʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʵʪʦʡ ʧʨʦʙʣʝʤʘʪʠʢʠ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʞʝ ʠʟʫʯʝʥʠʷ ʪʦʛʦ, ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʪʝʭʥʦʣʦ-

ʛʠʠ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ) ʚʣʠʷʶʪ ʥʘ ʨʘʟʚʠʪʠʝ ʦʙʱʝʩʪʚʘ ʠ ʯʝʣʦʚʝʢʘ. ʅʝʦʙʭʦʜʠʤʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʢʦʥʚʝʨʛʝʥʪʥʦʝ (ʩʦʧʨʷʞʝʥʥʦʝ) ʚʣʠʷʥʠʝ ʪʘʢʞʝ ʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʫʯʠʪʳʚʘʷ ʚʩʶ ʧʘʣʠʪʨʫ ʠʭ ʚʦʟ-

ʤʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ʇʨʠʯʝʤ ʩʘʤʠ ʵʪʠ ʧʨʠʤʝʥʝʥʠʷ (ʥʝ ʪʦʣʴʢʦ ʫʞʝ ʠʤʝʶʱʠʝʩʷ, ʥʦ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ) ʦʢʘ-

ʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʳ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ. 
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ʙʘʣʴʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʩʘʤʦʛʦ ʩʧʦʩʦʙʘ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘ-

ʮʠʠ ʚ ʮʝʣʦʤ. ʕʪʦʪ ʬʦʢʫʩ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʪʘʢ ʞʝ ʵʢʦʥʦʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ.  

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʚʪʦʨʦʛʦ, ʪʦ ʦʥ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʦʙʣʝʤʝ 

çʫʣʫʯʰʝʥʠʷ ʯʝʣʦʚʝʢʘè, çʯʝʣʦʚʝʯʝʩʢʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠè (improving human 

performance), ʠʣʠ çʨʘʩʰʠʨʝʥʠʷ ʯʝʣʦʚʝʢʘè (human enhancement).
20

 ʅʝʪ ʥʠʯʝʛʦ 

ʫʜʠʚʠʪʝʣʴʥʦʛʦ ʧʦʵʪʦʤʫ, ʯʪʦ NBIC-ʤʦʜʝʣʴ ʢʦʥʚʝʨʛʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ 

(NBICïʪʝʪʨʘʵʜʨ) ʚʩʢʦʣʳʭʥʫʣʘ ʥʦʚʫʶ ʚʦʣʥʫ ʵʥʪʫʟʠʘʟʤʘ ʩʨʝʜʠ ʘʜʝʧʪʦʚ ʪʨʘʥʩ-

ʛʫʤʘʥʠʩʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ (ʅʠʢ ɹʦʩʪʨʦʤ, ʈʝʡ ʂʫʨʮʚʝʡʣʴ, ɺʝʨʥʦʥ ʋʠʥʜʞ), 

ʫʚʠʜʝʚʰʠʭ ʚ ʥʝʡ ʨʝʘʣʴʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʩʦʟʜʘʥʠʷ ʩʣʝʜʫʶʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ ʧʦʩʪʯʝʣʦʚʝʯʝʩʢʠʭ ʩʫʱʝʩʪʚ, ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʩʝʛʦ ʪʦʛʦ, ʯʪʦ ʍʘʥʥʘ 

ɸʨʝʥʜʪ ʥʘʟʚʘʣʘ çʯʝʣʦʚʝʯʝʩʢʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴʶè.
21

   

ɿʜʝʩʴ ʥʠ ʚ ʢʦʝʡ ʤʝʨʝ ʥʝ ʧʨʝʩʣʝʜʫʝʪʩʷ ʮʝʣʴ ʧʦʜʚʝʨʛʥʫʪʴ ʢʨʠʪʠʢʝ ʚʦʟ-

ʟʨʝʥʠʷ ʪʨʘʥʩʛʫʤʘʥʠʩʪʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʠ ʚʦʟʟʨʝʥʠʷ ʩʘʤʠ ʧʦ ʩʝʙʝ ʥʝʦʜʥʦʨʦʜ-

ʥʳ.
22

 ɺʦ ʚʪʦʨʳʭ, ʷ ʩʯʠʪʘʶ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʟ-

ʟʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʘʥʩʛʫʤʘʥʠʩʪʦʚ ʥʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʢʩʘʮʠʠ ʠʭ ʵʢʩʪʨʝ-

ʤʘʣʴʥʳʭ ʵʢʟʦʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʢʦʥʪʝʢʩʪʝ ʠʭ ʚʦʟ-

ʤʦʞʥʦʡ ʩʠʥʝʨʛʠʡʥʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ ʩʦ ʚʩʝʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʤ (ʠ ʪʨʘʥʩ-

ʜʠʩʮʠʧʣʠʥʘʨʥʳʤ) ʢʦʤʧʣʝʢʩʪʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʮʠʦʛʫʤʘʥʠʪʘʨʥʦʛʦ ʟʥʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ ʦʜʥʘ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʪʨʘʥʩʛʫʤʘʥʠʟʤʘ ï ʵʢʩʪʨʦʧʠʟʤ ï ʦʨʠʝʥʪʠ-

ʨʫʝʪʩʷ ʥʘ ʪʘʢʠʝ ʢʦʥʮʝʧʪ-ʧʨʠʥʮʠʧʳ ʢʘʢ çʩʘʤʦ-ʪʨʘʥʩʬʦʨʤʘʮʠʷè, çʜʠʥʘʤʠʯʝ-

ʩʢʠʡ ʦʧʪʠʤʠʟʤè, çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʟʤè, çʩʧʦʥʪʘʥʥʦʝ ʫʧʦʨʷʜʦʯʝ-

ʥʠʝè, çʦʪʢʨʳʪʦʝ ʦʙʱʝʩʪʚʦè (ʄʘʢʩ ʄʦʨ), ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ  ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʦʩʦʟʥʘʚʘʝʤʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʢʦʥʚʝʨʛʝʥʪʥʦʡ ʵʚʦʣʶʮʠʠ ʩʦʮʠʦʛʫʤʘʥʠʪʘʨʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʩʪʘʥʦʚʣʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ NBIC-

ʪʝʪʨʘʵʜʨʘ.
23

  

ɸʚʪʦʨʳ çʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡè ʢʦʥʮʝʧʮʠʠ ʚʟʘʠʤʦʩʚʷʟʠ ʢʦʥʚʝʨʛʝʥʪʥʳʭ  

ʪʝʭʥʦʣʦʛʠʡ ʄ. ʈʦʢʦ ʠ ɺ. ɹʵʡʥʙʨʠʜʞ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʢʦʥʚʝʨʛʝʥʮʠʷ ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʢʘʢ ʩʠʥʝʨʛʠʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʯʝʪʳʨʝʭ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ 

ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ: (ʘ) ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʥʦʥʘʫʢʠ; (ʙ) ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ 

ʙʠʦʤʝʜʠʮʠʥʳ, ʚʢʣʶʯʘʷ ʛʝʥʥʫʶ ʠʥʞʝʥʝʨʠʶ; (ʩ) ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦ-

ʛʠʠ, ʚʢʣʶʯʘʷ ʧʨʦʜʚʠʥʫʪʳʡ ʢʦʤʧʴʶʪʠʥʛ ʠ ʥʦʚʳʝ ʩʨʝʜʩʪʚʘ ʢʦʤʤʫʥʠʢʘʮʠʠ; (ʜ) 

ʢʦʛʥʠʪʠʚʥʳʝ ʥʘʫʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʛʥʠʪʠʚʥʳʝ ʥʝʡʨʦʥʘʫʢʠ. ʋʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢ 

ʞʝ, ʯʪʦ ʩʝʡʯʘʩ ʵʪʠ ʦʙʣʘʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʘʢ  ʵʚʦʣʶʮʠʦʥʥʦ-

ʩʦʧʨʷʞʝʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʘʢʪʠʢ ʧʦʟʥʘʥʠʷ, ʠʟʦʙʨʝʪʝʥʠʷ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘ-

ʥʠʷ, ʜʦʩʪʠʛʣʠ ʪʘʢʦʛʦ ʫʨʦʚʥʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥʠ 

                                                             
20 ɸʥʛʣʠʡʩʢʠʝ ʪʝʨʤʠʥʳ ʚ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʝʱʝ ʦʜʥʫ ʥʝʤʘʣʦʚʘʞ-

ʥʫʶ ʧʨʦʙʣʝʤʫ: ʘ ʠʤʝʥʥʦ - ʧʨʦʙʣʝʤʫ  ʘʜʝʢʚʘʪʥʦʩʪʠ ʠʭ ʧʝʨʝʚʦʜʘ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ.  ɺ  ʘʥʛʣʦʷʟʳʯʥʳʭ ʵʢʩʧʝʨʪ-

ʥʳʭ ʪʝʢʩʪʘʭ  ʪʝʨʤʠʥ  ñhuman enhancemʝntò ʟʘʯʘʩʪʫʶ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʢʦʥʢʨʝʪʠʟʘʮʠʷ çimproving human per-

formanceè ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʷʩʥʝʥʠʝʤ,  ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʩʠʣʝʥʠʠ, ʧʨʠʨʘʱʝʥʠʠ ʯʝʣʦʚʝ-

ʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʤʦʜʠʬʠʢʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʪʝʣʝʩʥʦʩʪʠ ʠ ʠʥʪʝʣʣʝʢʪʘ. 
21

 ɸʨʝʥʜʪ ʍ. Vita activa ʠʣʠ ʦ ʜʝʷʪʝʣʴʥʦʡ ʞʠʟʥʠ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2000 
22 ɼʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʦʚʨʝʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʨʘʥʩʛʫʤʘʥʠʩʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʢʘʢ ʫ ʥʘʩ ʚ 

ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʦʟʥʘʢʦʤʠʚʰʠʩʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʜʘʚʥʦ ʚʳʰʝʜʰʝʡ ʢʥʠʛʠ çʅʦʚʳʝ 
ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʜʦʣʞʝʥʠʝ ʵʚʦʣʶʮʠʠ ʯʝʣʦʚʝʢʘ? (ʊʨʘʥʩʛʫʤʘʥʠʩʪʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʙʫʜʫʱʝʛʦ). ʄ., 2008  
23 ʀʤʝʝʪʩʷ ʚʚʠʜʫ ʬʠʛʫʨʘ, ʦʙʲʝʤʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʵʤʝʨʜʞʝʥʪʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ (NBIC) 

ʧʦʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʦʥʚʝʨʛʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ: Nano-, Bio-, Info-, Cogno-ʧʨʦʮʝʩʩ. 
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ʜʦʣʞʥʳ ʚʩʪʫʧʠʪʴ ʚ ʠʥʪʝʥʩʠʚʥʦʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʨʝʟʫʣʴʪʘ-

ʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʠʪʩʷ ʩʪʘʥʦʚʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʡ ʩʫʧʝʨ-ʥʘʥʦ-ʪʝʭʥʦʥʘʫʢʠ, 

ʦʪʢʨʳʚʘʶʱʝʡ ʧʝʨʝʜ ʯʝʣʦʚʝʢʦʤ ʠ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʩʦʙʩʪʚʝʥ-

ʥʦʡ ʵʚʦʣʶʮʠʠ ʢʘʢ ʦʩʦʟʥʘʥʥʦ ʥʘʧʨʘʚʣʷʝʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɽʩʪʝʩʪʚʝʥʥʦ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ: ʆ ʢʘʢʦʡ ʩʦʙʩʪʚʝʥʥʦ ʵʚʦʣʶʮʠʠ ʠʜʝʪ 

ʨʝʯʴ (ʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ, ʩʦʮʠʘʣʴʥʦʡ ʠʣʠ, ʙʳʪʴ ʤʦʞʝʪ, ʙʠʦʩʦʮʠʘʣʴʥʦʡ)? ʂʫʜʘ 

ʠ ʢʝʤ (ʠʣʠ ʯʝʤ) ʵʪʦ ʵʚʦʣʶʮʠʷ ʜʦʣʞʥʘ çʥʘʧʨʘʚʣʷʪʴʩʷè? ʂʘʢʠʝ ʬʦʨʤʳ ʦʥʘ ʤʦ-

ʞʝʪ ʧʨʠʥʷʪʴ?  

ɺ ʢʦʥʪʝʢʩʪʝ ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʪʨʘʵʜʨʘ ʈʦʢʦ ʠ 

ɹʵʡʥʙʨʠʜʞʘ ʦʪʚʝʪʦʚ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ ʤʳ ʥʝ ʧʦʣʫʯʘʝʤ. ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʠʥʩʪʨʫ-

ʤʝʥʪʘʣʴʥʘ ʧʦ ʩʚʦʝʤʫ ʛʝʥʝʟʠʩʫ ʠ ʩʪʨʫʢʪʫʨʥʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʯʝʪʳʨʴʤʷ ʙʘʟʦʚʳ-

ʤʠ ʠʜʝʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʥʘʥʦʦʙʲʝʢʪʘʤʠ: ʘʪʦʤʘʤʠ, ʛʝʥʘʤʠ, ʥʝʡʨʦʥʘʤʠ 

ʠ ʙʠʪʘʤʠ, ʩʠʤʚʦʣʠʯʝʩʢʠ ʨʘʩʧʦʣʘʛʘʝʤʳʤʠ ʚ ʝʛʦ ʚʝʨʰʠʥʘʭ. ʇʨʦʮʝʩʩ ʢʦʥʚʝʨ-

ʛʝʥʮʠʠ, ʩʠʥʝʨʛʠʡʥʦʩʪʴ ʪʝʪʨʘʵʜʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ çʥʘ ʫʨʦʚʥʝ ʥʘʥʦʤʘʩʰʪʘ-

ʙʘ ʘʪʦʤʳ, ʮʝʧʠ, ʢʦʜ ɼʅʂ, ʥʝʡʨʦʥʳ ʠ ʙʠʪʳ ʩʪʘʥʦʚʷʪʩʷ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳ-

ʤʠè.
24

 ʊʝʤ ʩʘʤʳʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʦʚʷʪʩʷ ʚ NBICïʤʦʜʝʣʠ ʩʠʥʝʨʛʝʪʠʯʝ-

ʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ, ʧʦʜʯʠʥʷʶʱʠʤ ʩʚʦʝʡ ʣʦʛʠʢʝ ʧʨʦʮʝʩʩ ʵʚʦʣʶʮʠʠ 

ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʘʥʦʦʙʲʝʢʪʳ ʩʪʘʥʦʚʷʪʩʷ ʬʦʢʫʩʦʤ ʩʠʥʝʨʛʝʪʠʯʝ-

ʩʢʦʡ ʠʥʪʝʛʨʘʮʠʠ.  

ʆʜʥʘʢʦ ʠʟ ʵʪʦʡ ʩʫʙʲʝʢʪʥʦʡ ʣʦʛʠʢʠ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ ʥʘʥʦʦʙʲʝʢʪʦʚ 

ʵʚʦʣʶʮʠʦʥʥʦ-ʘʥʪʨʦʧʦʣʦʛʠʯʝʩʢʠʡ ʜʠʩʢʫʨʩ ʢʘʢ ʪʘʢʦʚʦʡ  ʥʝ ʩʢʣʘʜʳʚʘʝʪʩʷ. 

ɺʧʨʦʯʝʤ, ʠ ʩʘʤʠ ʘʚʪʦʨʳ, ʠ ʘʧʦʣʦʛʝʪʳ NBICïʢʦʥʮʝʧʮʠʠ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʚʧʦʣʥʝ ʦʪʯʝʪʣʠʚʦ ʩʦʟʥʘʶʪ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ ʠ ʥʘʰʣʦ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʫʞʝ ʚ 

ʧʝʨʚʦʤ ʠʟ ʩʝʨʠʠ ʦʪʯʝʪʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʉʐɸ, ʢʦʪʦʨʳʡ ʩʦ-

ʜʝʨʞʘʪʝʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥ ʥʝ ʚʦʢʨʫʛ ʦʙʩʫʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʘ ʚ ʩʚʷʟʠ ʩ ʚʦʟʥʠʢʘʶʱʠʤʠ ʚʦʧʨʦʩʘʤʠ, ʢʘʩʘʶʱʠʤʠʩʷ ʩʣʝʜ-

ʩʪʚʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʜʣʷ ʦʙʱʝʩʪʚʘ, ʦʙʨʘʟʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ. 

ʉʝʤʴʜʝʩʷʪ ʩʪʘʪʝʡ ʧʝʨʚʦʛʦ ʦʪʯʝʪʘ ʨʘʟʥʝʩʝʥʳ ʧʦ ʩʣʝʜʫʶʱʠʤ  ʧʷʪʠ ʩʝʢʮʠʷʤ: 

1. ʈʘʩʰʠʨʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʟʥʘʥʠʷ ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ. 

2. ʋʣʫʯʰʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ. 

3. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʣʣʝʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

4. ʅʘʮʠʦʥʘʣʴʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

5.ʆʙʲʝʜʠʥʝʥʠʝ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ.  

ɺ ʵʪʦʤ ʞʝ ʦʪʯʝʪʝ, ʘ ʪʘʢ ʞʝ ʧʦʩʣʝʜʫʶʱʠʭ ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʛʣʫʙʦʢʠʭ ʧʨʦ-

ʛʥʦʟʦʚ, ʠʣʠ ʣʫʯʰʝ ʩʢʘʟʘʪʴ çʚʠʜʝʥʠʡè (visions), ʢʘʩʘʶʱʠʭʩʷ çhuman enhance-

mentè ʚ ʢʘʯʝʩʪʚʝ ʣʝʡʪʤʦʪʠʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʢʦʥʚʝʨʛʠʨʫʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʊʘʤ ʞʝ ʤʦʞʥʦ ʥʘʡʪʠ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʡ ʦ ʨʝʥʝʩʩʘʥ-

ʩʝ ʥʘʫʢʠ, ʦ ʝʝ ʥʦʚʦʤ ʝʜʠʥʩʪʚʝ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʝʜʠʥʩʪʚʝ ʧʨʠʨʦʜʳ 

ʥʘ ʫʨʦʚʥʝ ʝʝ ʥʘʥʦʤʘʩʰʪʘʙʦʚ. ʊʝʤ ʩʘʤʳʤ, ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʚʪʦ-

ʨʦʡ ʧʦʣʶʩ NBIC ʠʥʠʮʠʘʪʠʚʳ, ʢʘʩʘʶʱʠʡʩʷ ʧʨʦʙʣʝʤʳ çʨʘʩʰʠʨʝʥʠʷ ʯʝʣʦʚʝʯʝ-

ʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡè ʦʢʘʟʳʚʘʝʪʩʷ ʚʦ ʤʥʦʛʦʤ ʣʠʰʝʥʥʳʤ ʩʦʮʠʦʛʫʤʘʥʠʪʘʨʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ. ʆʥ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦ ʩʫʪʠ ʨʝʜʫʮʠʨʦʚʘʥʥʳʤ ʢ ʧʝʨʚʦʤʫ, ʩʫʛʫʙʦ ʪʝʭ-

                                                             
24 Bouchard R. BioSytemic Synthesis. Science and Technology Foresight Pilot Project, STFPP Research Report # 

4,Ottava,June 2003  
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ʥʦʥʘʫʯʥʦʤʫ ʘʩʧʝʢʪʫ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ʇʨʘʚʜʘ, ʵʪʘ ʨʝʜʫʢʮʠʷ ʚ ʥʝʢʦʪʦʨʦʤ 

ʩʤʳʩʣʝ ʷʚʣʷʝʪʩʷ ʟʘʚʫʘʣʠʨʦʚʘʥʥʦʡ, ʪʘʢ ʩʢʘʟʘʪʴ ʨʝʜʫʢʮʠʝʡ çʚʪʦʨʦʛʦ ʨʦʜʘè, ʧʦ-

ʩʢʦʣʴʢʫ ʦʥʘ ʧʨʝʜʫʩʤʦʪʨʠʪʝʣʴʥʦ ʘʧʝʣʣʠʨʫʝʪ ʢ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʩʠʥʝʨʛʠʠ 

ʦʪʢʨʳʪʠʷ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʪʦ-ʝʩʪʴ ʢ ʥʝʢʦʝʡ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʘʤʦʦʨʛʘʥʠ-

ʟʘʮʠʠ ʠ ʮʝʣʦʩʪʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʘ, ʧʫʩʪʴ ʠ ʚ ʥʝʷʚʥʦʤ ʚʠʜʝ, ʥʦ ʧʨʠʩʫʪ-

ʩʪʚʫʝʪ ʠ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʯʝʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʠʤʝʪʴ ʚʚʠʜʫ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʩʧʝʮʠʬʠʢʠ ʪʦʡ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʡ (ʩʣʦʞʥʦʩʪʥʦʡ) ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʝʡʯʘʩ 

ʚʦʟʥʠʢʘʝʪ ʚ ʩʚʷʟʠ ʩ ʦʩʤʳʩʣʝʥʠʝʤ ʚʩʝʛʦ ʧʨʦʙʣʝʤʥʦʛʦ ʧʦʣʷ çhuman enhance-

mentè ʚ ʪʦʤ ʝʛʦ ʚʠʜʝ, ʢʘʢ ʦʥʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʩʠʥʝʨʛʠʡʥʦʡ ʬʠʛʫʨʦʡ NBIC-

ʪʝʪʨʘʵʜʨʘ.  

ɿʜʝʩʴ ʨʝʯʴ ʠʜʝʪ ʦ ʨʝʜʫʢʮʠʠ çʚʪʦʨʦʛʦ ʨʦʜʘè, ʧʦʩʢʦʣʴʢʫ çʚʥʫʪʨʠè NBIC-

ʪʝʪʨʘʵʜʨʘ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʨʝʜʫʢʮʠʷ ʢʘʢ ʪʘʢʦʚʘʷ ʦʪʩʫʪʩʪʚʫ-

ʝʪ ʠʣʠ ʦʛʨʘʥʠʯʝʥʘ ʚ ʧʦʣʴʟʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʠʥʝʨʛʠʡʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ, 

ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʤʝʪʘʬʦʨʦʡ ʚʟʘʠʤʦʦʙʤʝʥʠʚʘʝʤʦʩʪʠ ʚʝʨʰʠʥ-ʦʙʲʝʢʪʦʚ ʢʦʥ-

ʚʝʨʛʝʥʪʥʦʛʦ ʥʘʥʦʪʝʪʨʘʵʜʨʘ: ʘʪʦʤʦʚ, ʛʝʥʦʚ, ʥʝʡʨʦʥʦʚ, ʙʠʪʦʚ. ʉʝʡʯʘʩ ʥʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʦʙʩʫʞʜʘʪʴ ʚʦʧʨʦʩ ʦ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʦʙʲʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ, ʛʝʥʦʚ, 

ʥʝʡʨʦʥʦʚ ʠ ʙʠʪʦʚ ʧʦʜ ʦʜʥʠʤ çʟʦʥʪʠʯʥʳʤè ʪʝʨʤʠʥʦʤ ʥʘʥʦʦʙʲʝʢʪʳ. ʆʙ ʵʪʦʤ 

ʧʦʡʜʝʪ ʨʝʯʴ ʚ ʜʨʫʛʦʤ ʤʝʩʪʝ. ɿʜʝʩʴ ʚʘʞʥʦ ʪʦʣʴʢʦ ʦʪʤʝʪʠʴ, ʯʪʦ ʥʘʥʦʦʙʲʝʢʪʳ ï 

ʵʪʦ ʥʝ ʙʦʣʝʝ ʯʝʤ ʩʠʤʚʦʣʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʢʦʛʥʠʪʠʚʥʦʡ ʤʘʰʠʥʳ ɼʝʢʘʨʪʘ, 

ʧʨʦʜʫʢʪʳ ʧʨʘʢʪʠʢ çʦʯʠʱʝʥʠʷè, ʩʦʟʜʘʶʱʠʭ, ʩʦʛʣʘʩʥʦ ɹʨʫʥʦ ʃʘʪʫʨʫ çʜʚʝ ʩʦ-

ʚʝʨʰʝʥʥʦ ʨʘʟʣʠʯʥʳʝ ʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʟʦʥʳ, ʦʜʥʫ ʠʟ ʢʦʪʦʨʳʭ ʦʩʪʘʚʣʷʶʪ ʣʶʜʠ, 

ʜʨʫʛʫʶ ï çʥʝʯʝʣʦʚʝʢʠ2 (non-humains)è.
25

 ʆʧʷʪʴïʪʘʢʠ ʥʝ ʫʛʣʫʙʣʷʷʩʴ ʚ ʧʦ-

ʜʨʦʙʥʦʩʪʠ ʘʢʪʦʨʥʦ-ʩʝʪʝʚʦʡ ʪʝʦʨʠʠ (ANT) ʃʘʪʫʨʘ
26
, ʟʘʤʝʪʠʤ ʝʱʝ, ʯʪʦ ʚ ʬʦʢʫ-

ʩʝ ʚʥʠʤʘʥʠʷ ʃʘʪʫʨʘ, ʝʛʦ ʩʠʤʤʝʪʨʠʡʥʦʡ ʘʥʪʨʦʧʦʣʦʛʠʠ, ʥʘʭʦʜʠʪʩʷ ʧʨʦʙʣʝʤʘ 

ʧʨʝʦʜʦʣʝʥʠʷ ʪʦʛʦ, ʯʪʦ ʦʥ ʥʘʟʳʚʘʝʪ ɺʝʣʠʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ (ʠʣʠ ʨʘʟʨʳʚʦʤ) ʅʦ-

ʚʦʛʦ ʚʨʝʤʝʥʠ.  

ʕʪʦ ʨʘʟʜʝʣʝʥʠʝ ʦʪʩʳʣʘʝʪ ʢ çʜʚʫʤ ʩʦʚʦʢʫʧʥʦʩʪʷʤ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʣʠʯ-

ʥʳʭ ʧʨʘʢʪʠʢè. ʆ ʚʪʦʨʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʘʢʪʠʢ çʢʨʠʪʠʯʝʩʢʦʛʦ ʦʯʠʱʝʥʠʷè 

(ʤʘʰʠʥʘʭ ɼʝʢʘʨʪʘ) ʫʞʝ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʧʝʨʚʦʡ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʧʨʘʢʪʠʢ, ʪʦ ʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʃʘʪʫʨ ʥʘʟʳʚʘʝʪ ʩʝʪʷʤʠ. 

ʕʪʠ ʧʨʘʢʪʠʢʠ ʤʦʞʥʦ ʝʱʝ ʥʘʟʚʘʪʴ ʤʘʰʠʥʘʤʠ ɼʝʨʨʠʜʘ-ɼʝʣʝʟʘ. ʀʭ ʧʨʦʜʫʢʪʘʤʠ 

ʷʚʣʷʝʪʩʷ ʚʝʟʜʝʩʫʱʘʷ ʨʝʘʣʴʥʦʩʪʴ ʛʠʙʨʠʜʦʚ ʧʨʠʨʦʜʳ ʠ ʢʫʣʴʪʫʨʳ, ʠʣʠ ʢʚʘ-

ʟʠʦʙʲʝʢʪʦʚ ʠʣʠ, ʙʳʪʴ ʤʦʞʝʪ, çʩʫʙʲʝʢʪ-ʦʙʲʝʢʪʦʚè, ʢʦʪʦʨʳʝ çʧʝʨʝʰʘʛʠʚʘʶʪ 

ʯʝʨʝʟ ʙʘʨʴʝʨʳ ʤʝʞʜʫ ʢʫʣʴʪʫʨʦʡ ʠ ʧʨʠʨʦʜʦʡ, ʜʝʷʪʝʣʝʤ ʠ ʤʘʪʝʨʠʘʣʦʤè
27

.  

ʊʦʛʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʬʠʣʦʩʦʬʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʚʝʨʛʠʨʫʶʱʠʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʩʦʩʪʦʠʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʪʦʤ, ʯʪʦ ʚʥʫʪʨʠ ʩʠʥʝʨʛʠʡʥʦʛʦ NBIC-

ʪʝʪʨʘʵʜʨʘ ʥʘʥʦʦʙʲʝʢʪʳ ʢʘʢ ʧʨʦʜʫʢʪʳ ʜʝʢʘʨʪʦʚʩʢʠʭ (çʥʦʚʦʚʨʝʤʝʥʥʳʭè ʧʦ 

ʪʝʨʤʠʥʦʣʦʛʠʠ ɹ. ʃʘʪʫʨʘ) ʧʨʘʢʪʠʢ çʦʯʠʱʝʥʠʷè, ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʤʥʦʞʝ-

ʩʪʚʦ ʛʠʙʨʠʜʥʳʭ ʢʚʘʟʠʦʙʲʝʢʪʦʚ, ʢʘʢ ʧʨʦʜʫʢʪʦʚ ʧʨʘʢʪʠʢ ʤʝʜʠʘʮʠʠ ʚ ʩʤʳʩʣʝ  

ʚʩʝ ʪʦʛʦ ʞʝ ʃʘʪʫʨʘ. ʆ ʪʦʤ, ʯʪʦ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʬʦʨʤʝ ʝʝ ʧʨʘʢ-

ʪʠʯʝʩʢʦʛʦ ʦʩʦʟʥʘʥʠʷ ʩʦʦʙʱʝʩʪʚʦʤ çʥʘʥʦʫʯʝʥʳʭè ʜʦʩʪʘʪʦʯʥʦ ʢʨʘʩʥʦʨʝʯʠʚʦ 

                                                             
25 ʃʘʪʫʨ ɹ. ʅʦʚʦʛʦ ʚʨʝʤʝʥʠ ʥʝ ʙʳʣʦ. ʕʩʩʝ ʧʦ ʩʠʤʤʝʪʨʠʡʥʦʡ ʘʥʪʨʦʧʦʣʦʛʠʠ. ʉʇʙ, 2006, ʩ.71 
26 ʢʩʪʘʪʠ ʛʦʚʦʨʷ, ʷʚʣʷʶʱʝʡʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʘʤʳʤ ʧʦʜʭʦʜʷʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʜʝʢʚʘʪʥʦʡ ʢʦʥʮʝʧ-

ʪʫʘʣʠʟʘʮʠʠ ʚʩʝʛʦ ʧʨʦʙʣʝʤʥʦʛʦ ʧʦʣʷ ʢʦʥʚʝʨʛʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʪʝʭʥʦʣʦʛʠʡ çhuman enhancementè. 
27 ɼʵʚʠʩ ʕ. ʊʝʭʥʦʛʥʦʟʠʩ:ʤʠʨ,ʤʘʛʠʷ ʠ ʤʠʩʪʠʮʠʟʤ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʵʧʦʭʫ. ɽʢʘʪʝʨʠʥʙʫʨʛ, 2007, ʩ. 25 
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ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʪʚʝʨʞʜʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʧʝʨʚʦʛʦ NBIC-workshop: 

çɽʩʣʠ ʢʦʛʥʠʪʠʚʥʳʡ ʫʯʝʥʳʡ ʤʦʞʝʪ ʧʦʤʳʩʣʠʪʴ ʵʪʦ, ʥʘʥʦ ʣʶʜʠ ʩʤʦʛʫʪ ʧʦʩʪʨʦ-

ʠʪʴ ʵʪʦ, ʙʠʦ ʣʶʜʠ ʩʤʦʛʫʪ ʚʥʝʜʨʠʪʴ (implement) ʵʪʦ ʠ, ʥʘʢʦʥʝʮ, IT ʣʶʜʠ ʩʤʦʛʫʪ 

ʤʦʥʠʪʦʨʠʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʵʪʦè.
28

 ɿʜʝʩʴ ʤʳ ʥʘʭʦʜʠʤ ʧʨʝʚʦʩʭʦʜʥʳʡ ʧʨʠ-

ʤʝʨ ʢʚʘʟʠʩʫʙʲʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʜʝʣʦ ʩ ʢʚʘʟʠʥʘʥʦʦʙʲʝʢʪʘʤʠ.   

ʀʪʘʢ, ʚʤʝʩʪʦ ʜʝʢʘʨʪʦʚʩʢʦʛʦ NBIC-ʪʝʪʨʘʵʜʨʘ ʚʦʟʥʠʢʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʢʦʥʚʝʨʛʝʥʮʠʷ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʫʨʦʚʥʷʤʠ ʨʝʘʣʴʥʦʩʪʠ ʠ 

ʢʦʛʥʠʪʠʚʥʳʤʠ ʫʨʦʚʥʷʤʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʧʳʪʘ. ʊʘʢʦʛʦ ʨʦʜʘ ʤʝʜʠʘʮʠʷ ʧʨʦ-

ʮʝʩʩʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʥʘʥʦʤʘʩʰʪʘʙʝ ʛʝʥʝʨʘʮʠʝʡ ʚʩʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʤʝʜʠʘʪʦʨʦʚ ï ʢʚʘʟʠʦʙʲʝʢʪʦʚ-ʚʝʱʝʡ ʠ ʟʥʘʢʦʚ, ʢʘʢ ʢʚʘʟʠʠʥʪʝʨʩʫʙʲʝʢʪʠʚʥʳʭ 

ʢʦʤʤʫʥʠʢʘʪʦʨʦʚ. ɺ ʪʘʢʦʚʳʝ ʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

çʦʯʠʱʝʥʥʳʝè ʠʜʝʘʣʴʥʦʡ ʤʘʰʠʥʦʡ ɼʝʢʘʨʪʘ ʘʪʦʤʳ, ʛʝʥʳ, ʥʝʡʨʦʥʳ ʠ ʙʠʪʳ. ʅʦ 

ʟʜʝʩʴ ʥʝ ʩʣʫʯʘʡʥʦ ʚʳʜʝʣʝʥ ʢʫʨʩʠʚʦʤ ʪʝʨʤʠʥ çʥʘʥʦʤʘʩʰʪʘʙè, ʧʦʩʢʦʣʴʢʫ ʟʘ 

ʝʛʦ ʛʨʘʥʠʮʘʤʠ  ʧʨʠʨʦʜʘ, ʦʙʱʝʩʪʚʦ ʠ ʜʠʩʢʫʨʩ, ʧʦ ʩʣʦʚʘʤ ʃʘʪʫʨʘ, çʚʩʝ ʝʱʝ 

ʫʜʝʨʞʠʚʘʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʚʩʝ ʪʨʠ ʥʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʷ ʚ 

ʨʘʙʦʪʝ ʧʦ ʩʦʟʜʘʥʠʶ ʛʠʙʨʠʜʦʚ, ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʫʞʘʩʘʶʱʠʡ ʦʙʨʘʟ ʥʦʚʦʚʨʝ-

ʤʝʥʥʦʛʦ ʤʠʨʘ: ʘʙʩʦʣʶʪʥʦ ʚʳʭʦʣʦʱʝʥʥʳʝ ʧʨʠʨʦʜʘ ʠ ʪʝʭʥʠʢʘ; ʦʙʱʝʩʪʚʦ, ʩʦ-

ʩʪʦʷʱʝʝ ʪʦʣʴʢʦ ʠʟ ʦʪʨʘʞʝʥʠʡ, ʣʦʞʥʳʭ ʧʦʜʦʙʠʡ, ʠʣʣʶʟʠʡ; ʜʠʩʢʫʨʩ, ʢʦʥʩʪʠ-

ʪʫʠʨʦʚʘʥʥʳʡ ʪʦʣʴʢʦ ʵʬʬʝʢʪʘʤʠ ʩʤʳʩʣʘ, ʦʪʦʨʚʘʥʥʦʛʦ ʦʪ ʚʩʝʛʦ ʦʩʪʘʣʴʥʦʛʦè.
29

  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʩʷʯʝʩʢʠ ʩʪʠʤʫʣʠʨʦ-

ʚʘʪʴ ʧʨʦʮʝʩʩ ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʨʘʢʪʠʢ ʪʝʭʥʦʢʫʣʴʪʫʨʥʦʡ ʘʥʪʨʦʧʦ-

ʣʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʝʜʠʘʮʠʠ, ʨʝʢʫʨʩʠʚʥʦ ʧʦʨʦʞʜʘʶʱʠʭ ʛʠʙʨʠʜʥʳʝ 

ʢʦʛʥʠʪʠʚʥʳʝ ʠʥʪʝʨʬʵʡʩʳ ʤʝʞʜʫ ʢʦʥʚʝʨʛʠʨʫʶʱʠʤʠ ʫʨʦʚʥʷʤʠ ʨʝʘʣʴʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʩʣʦʞʥʦʩʪʥʦʩʪʴ ʢʘʢ ʥʝʨʝʜʫʮʠʨʫʝʤʘʷ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʝʩʪʴ ʪʦʪ ʧʦ-

ʪʝʥʮʠʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ, ʚ ʢʦʪʦʨʦʤ ʵʪʘ çʜʚʦʡʥʘʷè ʪʝʭʥʦʢʫʣʴʪʫʨʥʘʷ ʢʦʥʚʝʨʛʝʥ-

ʮʠʷ ʪʦʣʴʢʦ ʠ ʤʦʞʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ.  

ʀʟ ʚʩʝʛʦ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʷʩʥʦ, ʚʦ-ʧʝʨʚʳʭ, 

ʧʦʯʝʤʫ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʠ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʩʪʦʣʴ ʚʳʩʦʢʠʡ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ 

ʩʪʘʪʫʩ ʠ ʧʦʯʝʤʫ ʦʥʘ ʧʨʠʚʣʝʢʣʘ ʩʪʦʣʴ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʨʝ-

ʛʠʦʥʘʭ ʤʠʨʘ. ʀ, ʚʦ-ʚʪʦʨʳʭ, ʧʦʥʷʪʥʦ, ʧʦʯʝʤʫ ʦʥʘ, ʧʦ ʢʦʥʪʨʘʩʪʫ ʩ ʘʤʝʨʠʢʘʥ-

ʩʢʠʤ ʧʦʜʭʦʜʦʤ, ʚʳʟʚʘʣʘ ʚ ɽʚʨʦʧʝ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʢʨʠʪʠʢʠ. ʕʪʘ ʢʨʠʪʠʢʘ 

ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʦʪʯʝʪʝ çʂʦʥʚʝʨʛʠʨʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ï 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʫʜʫʱʝʛʦ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘè. ʉʫʪʴ ʢʨʠʪʠʢʠ ʩʚʦʜʠʪʩʷ 

ʢ ʫʪʚʝʨʞʜʝʥʠʶ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʘʤʝʨʠʢʘʥʩʢʠʡ NBIC-ʠʥʠʮʠʘʪʠʚʳ ʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʩʮʠʝʥʪʠʩʪʩʢʠ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ (ʠʣʠ ʪʝʭʥʦʜʝʪʝʨʤʠʥʠʩʪʩʢʦʡ) ʨʝ-

ʜʫʢʮʠʠ ʧʨʦʙʣʝʤʳ çhuman enhancementè ʚ ʜʫʭʝ ʚʩʝ ʪʦʛʦ ʞʝ ʤʦʥʦʪʦʥʥʦʛʦ ʚʦʟ-

ʨʘʱʝʥʠʷ (Re-entry) ʢ ʜʝʢʘʨʪʦʚʩʢʠʤ ʧʨʘʢʪʠʢʘʤ çʦʯʠʱʝʥʠʷè, ʘ ʥʝ ʮʠʢʣʠʯʝʩʢʠ-

ʨʝʢʫʨʩʠʚʥʦʛʦ  ʧʝʨʝʭʦʜʘ ʢ ʧʨʘʢʪʠʢʘʤ ʤʝʜʠʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʢʘʟʳʚʘʝʪ-

ʩʷ ʚʦ ʤʥʦʛʦʤ ʫʪʨʘʯʝʥʥʦʡ ʩʣʦʞʥʦʩʪʥʦʩʪʴ (complexity) ʘʥʪʨʦʧʥʦʛʦ (ʘʥʪʨʦʧʦ-

ʣʦʛʠʯʝʩʢʦʛʦ) ʧʦʣʶʩʘ ʧʨʦʙʣʝʤʳ, ʦʩʦʙʝʥʥʦ ʚ ʝʝ ʩʦʮʠʦ-ʢʫʣʴʪʫʨʥʦʤ ʠʟʤʝʨʝʥʠʠ.  

                                                             
28 Roco M.C. & W.S. Bainbridge, Eds. 2003. Converging Technologies for Improving Human Performance. NSF-
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ʄʝʞʜʫ ʪʝʤ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ çhuman enhancementè ʥʝʦʙʳʯʘʡʥʦ 

ʚʦʟʨʦʩʣʘ ʠʤʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ NBIC-ʠʥʠʮʠʘʪʠʚʳ. ʈʘʟʫʤʝʝʪʩʷ, 

ʜʝʙʘʪʳ ʧʦ ʧʦʚʦʜʫ çʫʣʫʯʰʝʥʠʷ ʠʣʠ ʨʘʩʰʠʨʝʥʠʷè ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʝʡ 

ʢʘʢ ʬʠʟʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʚʝʣʠʩʴ ʟʘʜʦʣʛʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʢʦʥ-

ʮʝʧʮʠʠ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʠ. ʆʜʥʘʢʦ ʠʤʝʥʥʦ ʧʦʩʣʝ ʝʝ ʧʦʷʚʣʝʥʠʷ ʦʥʠ ʚʳʰʣʠ 

ʥʘ ʥʦʚʫʶ ʩʪʘʜʠʶ ï çʉʪʘʜʠʶïɼʚʘè (George Khushf).  

ʇʝʨʚʘʷ ʩʪʘʜʠʷ ï ʵʪʦ ʧʨʦʰʣʳʝ ʜʝʙʘʪʳ, ʢʦʪʦʨʳʝ ʭʦʪʷ ʠ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ 

ʩʦʙʩʪʚʝʥʥʦ ʤʝʜʠʮʠʥʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʙʦʣʝʟʥʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʜʦʨʦʚʴʷ, 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʚʦʢʨʫʛ ʧʨʦʙʣʝʤ ʜʦʧʠʥʛʘ ʚ ʩʧʦʨʪʝ, ʢʦʩʤʝʪʠʯʝ-

ʩʢʦʡ ʭʠʨʫʨʛʠʠ, ʘ ʪʘʢ ʞʝ çʫʤʥʳʭ ʪʘʙʣʝʪʦʢè (smart drugs). ʕʪʠ ʪʨʠ ʩʬʝʨʳ 

ʧʨʘʢʪʠʢ çenhancementè ʭʦʪʷ ʠ ʩʫʱʝʩʪʚʫʶʪ ʚʦ ʤʥʦʛʦʤ ʦʙʦʩʦʙʣʝʥʥʦ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʦʙʣʘʜʘʶʪ ʥʝʢʦʪʦʨʳʤʠ ʦʙʱʠʤʠ ʯʝʨʪʘʤʠ. ʇʝʨʚʘʷ ï ʵʪʦ ʠʭ 

ʩʚʷʟʴ ʩ ʤʝʜʠʮʠʥʦʡ ʠ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚʨʘʯʘ. ɺʪʦʨʘʷ ï ʠʭ çʜʠʩʢʨʝʪʥʳʡè ʭʘʨʘʢ-

ʪʝʨ. ʊʨʝʪʴʷ ï ʪʦ, ʯʪʦ ʦʥʠ ʩʣʫʞʘʪ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʤ, ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʮʝʣʷʤ. 

ʏʝʪʚʝʨʪʘʷ ï ʧ ʨʘʢʪʠʢʠ çenhancementè ʤʦʛʫʪ ʧʦʤʠʤʦ ʧʨʦʯʝʛʦ ʧʨʠʯʠʥʷʪʴ ʚʨʝʜ, 

ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʠ ʠʟʫʯʝʥ. ʇʷʪʘʷ ï ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʨʘʢʪʠʢʠ çenhancementè ʢʘʢ ʧʨʘʚʠʣʦ ʜʘʶʪ ʷʩʥʳʝ, ʧʦʜʜʘʶʱʠʝʩʷ ʜʦʢʫʤʝʥʪʘ-

ʮʠʠ ʵʬʬʝʢʪʳ, ʵʪʠ ʵʬʬʝʢʪʳ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʤʝʨʝʥʥʳʤʠ. ɿʜʝʩʴ ʥʝʪ ʠ 

ʨʝʯʠ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʘʜʠʢʘʣʴʥʦ ʥʦʚʳʭ ʩʚʝʨʭʯʝʣʦʚʝʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ. 

ʇʦʵʪʦʤʫ, ʨʝʟʶʤʠʨʫʝʪ ɼʞʦʨʜʞ ʍʘʰʬ (George Khushf), ʩʦʮʠʘʣʴʥʳʡ ʠ ʵʪʠʯʝ-

ʩʢʠʡ ʘʥʘʣʠʟ ʧʨʘʢʪʠʢ çenhancementè ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʤʦʞʝʪ ʚʧʦʣʥʝ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴʩʷ ʚ ʬʦʨʤʝ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʠ ʚʳʛʦʜ ʪʘʢʦʛʦ ʫʣʫʯʰʝʥʠʷ. 

ʀʥʦʝ ʜʝʣʦ ʉʪʘʜʠʷ-ɼʚʘ, ʧʨʠ ʢʦʪʦʨʦʡ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʷ ʚʳʟʳʚʘʝʪ ʢ 

ʞʠʟʥʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ human enhancement (HET). ɼʣʷ ʥʝʝ, ʩʦʛʣʘʩʥʦ 

ʍʘʰʬʫ, ʭʘʨʘʢʪʝʨʥʳ ʩʣʝʜʫʶʱʠʝ ʯʝʨʪʳ.  

ʇʝʨʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ. çɽnhancementè ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʝ 

ʩʧʦʩʦʙʥʦʩʪʠ. ʈʘʟʛʨʘʥʠʯʠʪʝʣʴʥʳʡ ʙʘʨʴʝʨ ʚʨʘʯʝʚʘʥʠʝʤ ʠ çenhancementè ʨʘʟ-

ʤʳʚʘʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʩʣʝʧʦʡ ʯʝʣʦʚʝʢ ʩ ʥʝʡʨʦ/ʚʠʜʝʦ ʠʥʪʝʨʬʵʡʩʦʤ ʤʦʞʝʪ ʦʙ-

ʨʝʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʜʝʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʠʬʨʘʢʨʘʩʥʦʤ ʠʣʠ ʫʣʴʪʨʘʬʠʦʣʝ-

ʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ.  

ɺʪʦʨʘʷ ʦʩʦʙʝʥʥʦʩʪʴ. çɽnhancementè ʦʢʘʟʳʚʘʝʪʩʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʤ. ʊʘʢ ʠʥʪʝʨʬʵʡʩ çʤʦʟʛ-ʤʘʰʠʥʘ (ʢʦʤʧʴʶʪʝʨ) ʤʦʞʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʮʝʥ-

ʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʫʩʪʨʘʥʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʥʝʜʦʩʪʘʪʢʘ, ʥʘʧʨʠ-

ʤʝʨ, ʧʦʪʝʨʠ ʟʨʝʥʠʷ, ʥʦ ʩʦʟʜʘʥʥʘʷ ʩ ʵʪʦʡ ʮʝʣʴʶ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ, ʧʦʜʦʙʥʦ 

ʩʦʪʦʚʦʡ ʩʚʷʟʠ, ʩʘʤʘ ʧʦ ʩʝʙʝ ʦʙʨʝʩʪʠ ʤʥʦʞʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, 

ʩʦʟʜʘʶʱʠʭ ʥʦʚʳʡ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʦʨʦʞʜʝʥʠʷ ʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʬʦʨʤ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʊʨʝʪʴʷ ʦʩʦʙʝʥʥʦʩʪʴ. ʊʨʘʝʢʪʦʨʠʠ ʨʘʟʣʠʯʥʳʭ ʧʫʪʝʡ çenhancementè ʨʘʟ-

ʤʳʚʘʶʪʩʷ ʠ ʧʝʨʝʧʣʝʪʘʶʪʴʩʷ, ʚʦʚʣʝʢʘʷʩʴ ʚ ʢʦʥʚʝʨʛʝʥʮʠʶ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ. ʊʝʤ ʩʘʤʳʤ ʧʨʦʠʩʭʦʜʠʪ ʜʝʣʦʢʘʣʠʟʘʮʠʷ ʧʨʦʙʣʝʤʳ çenhancementè, ʝʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʧʨʦʙʣʝʤʫ ʩʪʘʥʦʚʣʝʥʠʷ ʥʦʚʦʡ ʪʝʭʥʦʢʫʣʴʪʫʨʳ ʛʠʙʨʠʜʥʳʭ 

ʠʥʪʝʨʬʵʡʩʦʚ (ʢʚʘʟʠʦʙʲʝʢʪʦʚ).  

ʏʝʪʚʝʨʪʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ çenhancementè ʨʘʟʚʠʚʘʝʪʩʷ 

ʚ ʫʩʢʦʨʝʥʥʦʤ ʪʝʤʧʝ. ʉʦʙʩʪʚʝʥʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʪʝʤʦʡ NBICïworkshop ʠ ʙʳʣ 
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ʚʦʧʨʦʩ ʦ ʪʦʤ ʢʘʢ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʬʝʨʝ 

çenhancementè.  

ʅʫ ʠ ʥʘʢʦʥʝʮ, ʧʷʪʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʫʣʫʯʰʝʥʠʷʠ ʨʘʩʰʠʨʝʥʠʷ ʯʝʣʦʚʝʢʘ ʟʘʢʣʶʯʝʥʘ ʚ ʫʪʚʝʨʞʜʝʥʠʠ, ʯʪʦ ʠʤʝʥʥʦ 

çenhancementè ʜʘʩʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʤ, ʜʣʷ ʢʦʛʦ ʵʪʠ ʪʝʭʥʦʣʦ-

ʛʠʠ ʩʪʘʥʫʪ ʜʦʩʪʫʧʥʳʤʠ. ɺ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʳʭ ʢʦʥʪʝʢʩʪʘʭ ʙʠʟʥʝʩʘ, ʦʙʨʘʟʦʚʘ-

ʥʠʷ, ʚʦʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʜʘʚʣʝʥʠʝ ʚ ʧʦʣʴʟʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çhuman en-

hancement technologiesè, ʙʫʜʝʪ ʥʘʨʘʩʪʘʪʴ, ʘ ʚʳʟʚʘʥʥʳʝ ʠʤʠ ʧʨʦʙʣʝʤʳ ʩʪʘʥʫʪ 

ʧʝʨʚʦʩʪʝʧʝʥʥʳʤʠ ʠ ʚʩʝʧʨʦʥʠʢʘʶʱʠʤʠ ʜʣʷ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʚʩʝʭ ʣʶʜʝʡ.  

ʏʪʦ ʞʝ ʚʩʝ-ʪʘʢʠ ʩʣʝʜʫʝʪ ʠʟ ʚʩʝʛʦ ʩʢʘʟʘʥʥʦʛʦ (ʠʣʠ ʧʝʨʝʩʢʘʟʘʥʥʦʛʦ) ʥʘʤʠ 

ʚʳʰʝ?  

ʇʝʨʚʦʝ, ʯʪʦ ʧʨʠʭʦʜʠʪ ʚ ʛʦʣʦʚʫ, ʪʘʢ ʵʪʦ ʠʩʢʫʰʝʥʠʝ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʦ-

ʩʢʦʣʴʢʫ ʉʪʘʜʠʷ-ɼʚʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʫʣʫʯʰʝʥʠʷ ʥʘʩʪʫʧʠʪ ʚ ʙʫʜʫʱʝʤ ʧʨʠʤʝʨ-

ʥʦ ʯʝʨʝʟ ʜʚʘ ʜʝʩʷʪʢʘ ʣʝʪ, ʪʦ ʠ ʙʝʩʧʦʢʦʠʪʩʷ ʧʦʢʘ ʥʝ ʦ ʯʝʤ. ʇʦʜʦʞʜʝʤ ʠ ʫʚʠ-

ʜʠʤ.  

ʆʜʥʘʢʦ ʝʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʘʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʘʷ 

ʤʦʜʝʣʴ ï ʩʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʧʦʪʦʤ ʵʪʠʯʝʩʢʠʝ ʠ ʩʦʮʠʦ-

ʢʫʣʴʪʫʨʥʳʝ ʦʮʝʥʢʠ ʧʦʩʣʝʜʩʪʚʠʡ ï ʚ ʩʠʪʫʘʮʠʠ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çhu-

man enhancement technologiesè ʩ ʠʭ ʩʠʥʝʨʛʠʡʥʦ ʫʩʢʦʨʷʶʱʠʤʩʷ ʪʝʤʧʦʤ, 

ʪʨʘʥʩʬʦʨʤʘʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʨʘʜʠʢʘʣʴʥʦʩʪʴʶ ʠ ʥʦʚʠʟʥʦʡ, ʚʤʝʩʪʝ ʩ 

ʥʝʧʨʝʦʜʦʣʝʥʥʳʤ ʜʦ ʢʦʥʮʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʜʝʪʝʨʤʠʥʠʟʤʦʤ ʠ ʨʝʜʫʢʮʠʦʥʠʟ-

ʤʦʤ ʷʚʥʦ ʫʩʪʘʨʝʣʘ. ʅʦ ʪʦʛʜʘ, ʯʪʦ ʚʟʘʤʝʥ? 

ʀ ʝʱʝ. ʅʘʩʢʦʣʴʢʦ ʤʳ ʚʩʝ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʧʨʦʝʢʪʝ, ʢʦ-

ʪʦʨʳʡ ʩʪʘʚʠʪ ʩʚʦʝʡ ʮʝʣʴʶ ʦʩʫʱʝʩʪʚʠʪʴ ʨʝʠʥʞʠʥʝʨʠʥʛ (ʠʣʠ ʘʧʛʨʵʡʜʠʥʛ) 

ʥʘʰʠʭ ʙʘʟʠʩʥʳʭ ʯʝʣʦʚʝʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ? ʆʜʥʘʢʦ ʢʘʢ ʙʳ ʤʳ ʥʝ ʦʪʚʝʯʘʣʠ 

ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʦʟʥʘʚʘʪʴ, ʯʪʦ ʪʘʢ ʠʣʠ ʠʥʘʯʝ, çʤʳ ʚʩʝ ʩʪʘʥʦ-

ʚʠʤʩʷ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ  ʩʫʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʦʚʣʝʯʝʥʥʳʤʠ ʚ ʵʪʦʪ 

ʥʦʚʳʡ ʚʝʣʠʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪè, ʠʤʝʶʱʠʡ ʧʦ ʩʫʪʠ ʜʝʣʘ ʥʝ ʪʦʣʴʢʦ ʝʩʪʝʩʪʚʝʥʥʦ-

ʥʘʫʯʥʳʡ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ, ʥʦ ʠ ʩʦʮʠʘʣʴʥʳʡ ʘʩʧʝʢʪʳ.
30

       

ʉʜʝʣʘʝʤ  ʝʱʝ ʦʜʥʫ ʨʝʢʫʨʩʠʚʥʫʶ ʠʪʝʨʘʮʠʶ ʠ ʚʝʨʥʝʤʩʷ ʢ ʢʦʥʢʨʝʪʥʦʤʫ 

ʧʨʠʤʝʨʫ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ 

ʚʳʝh, ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ çʚʥʫʪʨʠè  NBIC- ʪʝʪʨʘʵʜʨʘ ʠʛʨʘʝʪ ʨʦʣʴ  ʩʠʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʚʝʨʛʝʥʮʠʠ ʵʤʝʨʜʞʝʥʪʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ. ɺ ʵʪʦʤ ʢʘʯʝʩʪʚʝ ʚʩʷ çʩʠʩʪʝʤʥʦ-ʩʣʦʞʥʦʩʪʥʘʷè ʩʧʝʮʠʬʠʢʘ ʢʦʥʚʝʨʛʠʨʫʶ-

ʱʠʭ ʪʝʭʥʦʣʦʛʠʡ çʠʧʣʠʮʠʪʥʦ-ʛʦʣʦʛʨʘʬʠʯʝʩʢʠè ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʧʝʮʠʬʠʢʝ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʯʝʨʪ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʢʨʦʝʪʩʷ 

ʚ ʩʚʷʟʘʥʥʦʤ ʩ ʥʝʡ ʥʦʚʦʤ ʧʦʥʠʤʘʥʠʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ. ʊʦʯʥʝʝ ʩʢʘʟʘʪʴ, 

ʩʪʘʥʦʚʣʝʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʳ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʛʦ ʥʘʥʦ-

ʪʝʭʥʦʥʘʫʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ, ʩʘʤʦ ʧʦ ʩʝʙʝ ʚʝʜʝʪ 

ʥʘʩ ʢ çʤʥʦʛʦʤʝʨʥʦʤʫè ʧʦʥʠʤʘʥʠʶ ʪʝʨʤʠʥʘ çʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴè, ʢ ʧʦ-
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ʥʠʤʘʥʠʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ.
31

 ʄʳ ʦʜʥʘʢʦ 

ʥʝ ʙʫʜʝʤ ʟʜʝʩʴ ʚʭʦʜʠʪʴ ʚ ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ çʤʥʦʛʦʤʝʨʠʷè ʢʦʤʤʫʥʠʢʘ-

ʪʠʚʥʦʛʦ ʤʠʨʘ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ, ʦʛʨʘʥʠʯʠʚʰʠʩʴ ʫʢʘʟʘʥʠʝʤ ʥʘ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʝ ʯʝʪʳʨʝʭ ʨʘʟʥʳʭ ʝʝ ʪʠʧʦʚ.
32

 ʀʤʝʥʥʦ: ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ ʩʦʦʪ-

ʥʦʩʠʤʫʶ ʩ  (1) ʦʙʲʝʢʪʘʤʠ (ʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ); (2) ʪʝʦ-

ʨʠʷʤʠ (ʵʧʠʩʪʝʤʦʣʦʛʠʯʝʩʢʘʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ); (3) ʤʝʪʦʜʘʤʠ (ʤʝʪʦʜʦʣʦ-

ʛʠʯʝʩʢʘʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ); (4) ʧʨʦʙʣʝʤʘʤʠ. ʀ ʪʦʛʜʘ NBIC-ʤʝʞʜʠʩʮʠ-

ʧʣʠʥʘʨʥʦʩʪʴ, ʮʠʨʢʫʣʷʨʥʦ ʧʦʜʯʠʥʝʥʥʘʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʝ ʦʢʘ-

ʟʳʚʘʝʪʩʷ ʙʣʠʞʝ ʚʩʝʛʦ ʢ ʦʙʲʝʢʪʥʦʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ. ʕʪʠʤ ʤʦʞʥʦ ʦʙʲ-

ʷʩʥʠʪʴ ʚʳʜʝʣʝʥʠʝ ʯʝʪʚʝʨʢʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʥʘʥʦʦʙʲʝʢʪʦʚ (ʘʪʦʤ, ʛʝʥ, ʙʠʪ, 

ʥʝʡʨʦʥ). ʅʦ ʩʧʝʮʠʬʠʢʘ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʥʘʥʦʢʦʥʚʝʨʛʝʥʮʠʠ ʵʪʠʤ ʥʝ ʦʛʨʘ-

ʥʠʯʠʚʘʝʪʩʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʥʘʥʦʦʙʲʝʢʪʳ ï ʚʦʚʩʝ ʥʝ ʦʙʲʝʢʪʳ, ʦʪʢʨʳʪʳʝ  ʬʠ-

ʟʠʢʦʡ, ʙʠʦʣʦʛʠʝʡ, ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʝʡ ʠ ʪ.ʜ. ʆʥʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʪʝʭʥʦ-

ʦʙʲʝʢʪʳ, ʪʦ ʝʩʪʴ ʩʫʱʥʦʩʪʠ, ʚʦʟʥʠʢʰʠʝ (ʠʣʠ ʩʦʟʜʘʥʥʳʝ) ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʪʝʭʥʦ-

ʥʘʫʯʥʦʛʦ, ʠʥʞʝʥʝʨʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ. ʅʘʥʦʦʙʲʝʢʪʳ ï ʵʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʝ 

ʩʫʱʥʦʩʪʠ. (ʕʪʠʤ ʪʘʢʞʝ ʤʦʞʥʦ ʦʧʨʘʚʜʘʪʴ ʠʭ ʠʤʝʥʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʚʘʟʠ-

ʦʙʲʝʢʪʦʚ). ʊʝʤ ʩʘʤʳʤ ʥʘʥʦʦʙʲʝʢʪʳ  ʥʘʭʦʜʷʪʩʷ ʚ ʬʦʢʫʩʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠ ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʥʦʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʩʦʛʣʘʩʥʦ ɻ. ʍʘʢʝʥʫ, 

ʩʠʥʝʨʛʝʪʠʢʘ ʢʘʢ ʥʘʫʢʘ ʦ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʝʜʤʝʪʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʛʨʘ-

ʥʠʮʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʠʨʦʚ: ʤʠʨʘ ʧʨʠʨʦʜʳ, ʦʪʢʨʳʚʘʝʤʦʡ 

(ʨʘʩʢʦʣʜʦʚʳʚʘʝʤʦʡ) ʯʝʣʦʚʝʢʦʤ  ʠ ʤʠʨʘ ʪʝʭʥʠʢʠ, ʠʤ  ʩʦʟʜʘʚʘʝʤʦʡ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ ʧʳʪʘʝʪʩʷ ʧʦʥʷʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʥ-

ʮʠʧʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʠʥʮʠʧ ʩʠ-

ʥʝʨʛʠʡʥʦʛʦ ʝʜʠʥʩʪʚʘ ʧʨʠʨʦʜʳ ʥʘ ʫʨʦʚʥʝ ʥʘʥʦʤʘʩʰʪʘʙʦʚ)  ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʙʘʨʴʝʨʦʚ ʤʝʞʜʫ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʥʘʫʢʘʤʠ ʠ ʠʥʞʝʥʝʨʠʝʡ; ʠʥʞʝ-

ʥʝʨʥʳʤʠ ʥʘʫʢʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʊʝʤ ʩʘʤʳʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʶ ʤʦʞʥʦ ʪʘʢ 

ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʢʘʢ ʩʚʦʝʛʦ ʨʦʜʘ ʤʝʪʘʪʝʭʥʦʣʦʛʠʶ, ʪʝʭʥʦʣʦʛʠʶ çʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘè, ʪʝʭʥʦʣʦʛʠʶ ʪʝʭʥʦʣʦʛʠʡ, ʦʪʢʨʳʚʘʶʱʫʶ ʧʫʪʴ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʮʝʣʦʛʦ ʚʝʝʨʘ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʝʣʦʚʝʢʦʤ ʢʘʢ ʤʠʨʘ, ʚ ʢʦ-

ʪʦʨʦʤ ʦʥ ʩʝʙʷ ʦʙʥʘʨʫʞʠʚʘʝʪ, ʪʘʢ ʠ ʩʘʤʦʛʦ ʩʝʙʷ ʚ ʵʪʦʤ ʤʠʨʝ.  ɽʱʝ ʨʘʟ ʦʪʤʝ-

ʪʠʤ, ʯʪʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʦʥʠʤʘʥʠʝ ʝʜʠʥʩʪʚʘ ʧʨʠʨʦʜʳ (ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʝʜʠʥʩʪʚʘ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʥʦʚʦʡ ʥʘʥʦʥʘʫʢʠ) ʦʙʲʝʢʪʥʦ ʤʝʞʜʠʩʮʠ-

ʧʣʠʥʘʨʥʦ,  

ʀʥʘʯʝ ʛʦʚʦʨʷ, ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘʥʦʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʫʞʝ ʭʦʪʷ ʙʳ ʧʦʪʦʤʫ, ʯʪʦ ʦʥʘ ʦʩʪʘʚʣʷʝʪ ʚ ʪʝʥʠ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ, ʢʘʢ ʝʜʠʥʩʪʚʦ ʤʝʪʦʜʦʣʦʛʠʡ ʦʪʢʨʳ-

ʪʠʷ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ. ʅʦ ʠ ʦʩʦʟʥʘʥʠʷ ʵʪʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦ-

ʩʪʠ ʩʘʤʦʡ ʧʦ ʩʝʙʝ ʪʘʢ ʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʞʝ ʧʦʪʦʤʫ, ʯʪʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦ (ʜʠʩ-

ʢʫʨʩʠʚʥʦ) ʩʦʧʨʷʞʝʥʘ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ (ʵʧʠʩʪʝʤʦʣʦʛʠʯʝʩʢʦʡ) ʠ ʧʨʦʙʣʝʤʥʦʡ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʵʪʠ ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʚʠʜʘ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨ-
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ʥʦʩʪʠ ʚ ʤʦʜʝʣʠ NBIC-ʢʦʥʚʝʨʛʝʥʮʠʠ ʢʘʢ ʪʘʢʦʚʳʝ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʨʘʚʜʘ, ʚ ʧʝʨ-

ʚʦʤ NSF-NBICïʦʪʯʝʪʝ ʛʦʚʦʨʠʪʩʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʢʘʟʳʚʘʶʱʝʡ 

(predictive) ʩʦʮʠʘʣʴʥʦʡ ʥʘʫʢʠ. ɹʦʣʝʝ ʪʦʛʦ, ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ çʫʞʝ ʟʘʷʚʠʣʘ ʦ 

ʩʝʙʝ ʪʝʥʜʝʥʮʠʷ (trend) ʢ ʫʥʠʬʠʢʘʮʠʠ ʟʥʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ 

ʝʩʪʝʩʪʚʝʥʥʳʭ, ʩʦʮʠʘʣʴʥʳʭ ʠ ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʤʦ-

ʜʝʣʴ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷè.
33

 ʀ ʜʘʣʝʝ, ʚ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘ-

ʮʠʠ ʵʪʦʛʦ ʪʨʝʥʜʘ  ʧʨʠʚʦʜʠʪʩʷ ʫʞʝ ʮʠʪʠʨʦʚʘʥʥʦʝ ʥʘʤʠ ʚʳʰʝ ʯʝʪʚʝʨʦʩʪʠʰʴʝ 

ʧʦ ʧʦʚʦʜʫ ʜʝʷʪʝʣʴʥʦʩʪʥʳʭ ʧʨʘʢʪʠʢ (ʜʫʤʘʥʠʷ, ʧʦʩʪʨʦʝʥʠʷ, ʚʥʝʜʨʝʥʠʷ, ʢʦʥ-

ʪʨʦʣʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ) ʠʜʝʘʣʴʥʳʭ ʢʚʘʟʠ-ʥʘʥʦʩʫʙʲʝʢʪʦʚ. ʂʘʢ ʥʝ ʙʝʟ ʷʟʚʠʪʝʣʴ-

ʥʦʩʪʠ ʟʘʤʝʯʘʝʪ, ʢʦʤʤʝʥʪʠʨʫʷ ʵʪʦ ʯʝʪʚʝʨʦʩʪʠʰʴʝ ʗʥ ʐʤʠʜʪ, çʝʩʪʴ ʯʪʦ-ʪʦ 

ʠʨʦʥʠʯʝʩʢʦʝ ʚ ʪʦʤ, ʯʪʦ IT ʣʶʜʠ ʜʦʣʞʥʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦ, ʯʪʦ ʢʦʛʥʠʪʠʚʥʳʝ 

ʫʯʝʥʳʝ ʤʦʛʫʪ ʜʫʤʘʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʥʦʩʪʴʶ ʥʘʪʫʨʘʣʠʟʠʨʦʚʘʥʥʘʷ ʧʨʠ-

ʯʠʥʥʘʷ ʮʝʧʴ ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʡ ʨʘʙʦʪʘʪʴ ʙʝʟ ʢʘʢʦʛʦ 

ʣʠʙʦ ʚʣʠʷʥʠʷ (ʫʯʘʩʪʠʷ) ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʘʛʝʥʪʘ, ʧʦʜʦʙʥʦ ɼʝʤʦʥʫ ʃʘʧʣʘʩʘ 19-

ʦʛʦ ʩʪʦʣʝʪʠʷè.
34

 ʀʪʘʢ, ʢʦʥʚʝʨʛʝʥʪʥʘʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʩʚʷʟʴ ʥʘʥʦʪʝʭʥʦ-

ʣʦʛʠʠ ʩ ʙʠʦ-, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠ ʦʩʦʙʝʥʥʦ ʢʦʛʥʠʪʠʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʚʦʜʠʪ ʥʘʩ ʥʘ ʧʨʦʙʣʝʤʫ ʠʭ ʤʝʜʠʘʪʠʚʥʦ-ʩʝʪʝʚʦʛʦ ʦʩʤʳʩʣʝ-

ʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʦʮʠʦʛʫʤʘʥʠʪʘʨʥʳʤ ʟʥʘʥʠʝʤ, ʙʳʪʴ ʤʦʞʝʪ ʚ 

ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʩʠʤʤʝʪʨʠʯʥʦʡ ʘʥʪʨʦʧʦʣʦʛʠʠ ɹʨʶʥʦ ʃʘʪʫʨʘ ʠʣʠ ʩʦʮʠʘʣʴ-

ʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʠʟʤʘ ʚ  ʜʫʭʝ ʅ.ʃʫʤʘʥʘ ʠʣʠ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʩʪʬʝʥʦʤʝʥʦʣʦ-

ʛʠʠ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ.  

ɺ ʥʘʰʝʡ ʩʪʘʪʴʝ ʦʢʘʟʘʣʦʩʴ ʟʘʪʨʦʥʫʪʳʤ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʩʘʤʳʭ ʨʘʟʥʳʭ 

ʚʦʧʨʦʩʦʚ. ʕʪʦ, ʭʦʪʷ ʙʳ ʦʪʯʘʩʪʠ, ʦʙʲʷʩʥʷʝʪʩʷ  ʩʪʨʝʤʣʝʥʠʝʤ ʧʦʢʘʟʘʪʴ (ʝʩʣʠ ʥʝ 

ʫʙʝʜʠʪʴ),  ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦʥʘʫʯʥʦʡ ʧʨʘʢʪʠʢʠ ʩʠʥʝʨʛʠʡʥʦ ʩʦ-

ʧʨʷʞʝʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʥʞʝʥʝʨʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʚ ʢʦʥ-

ʪʝʢʩʪʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘʥʦʢʦʥʚʝʨʛʝʥʮʠʠ, ʩʪʘʚʠʪ ʧʝʨʝʜ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʬʠʣʦʩʦʬʠʝʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʮʝʣʳʡ ʨʷʜ ʥʦʚʳʭ ʚʦʧʨʦʩʦʚ ʤʝʞʜʠʩʮʠʧʣʠ-

ʥʘʨʥʦʛʦ ʠ ʪʨʘʥʩʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʪʚʝʪʳ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʝʢʫʨʩʠʚʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʠ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʶ  ʝʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʣʷ, ʧʝʨʝʦʩʤʳʩʣʝʥʠʝ ʧʨʝʞʥʠʭ ʬʠʣʦʩʦʬ-

ʩʢʠʭ ʧʝʨʩʧʝʢʪʠʚ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʥʦʚʳʭ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʬʠʣʦʩʦʬʩʢʠʝ ʧʨʘʢʪʠʢʠ, ʧʦʨʦʞʜʘʝʤʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʦʩʦʟʥʘʚʘʥʠ-

ʝʤ ʪʦʡ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʡ ʩʠʪʫʘʮʠʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʬʦʨ-

ʤʠʨʫʝʪʩʷ ʩʦʚʨʝʤʝʥʥʘʷ ʥʘʥʦʪʝʭʥʦʥʘʫʢʘ. ɺʦʪ ʢʘʢ ʝʝ ʦʧʠʩʳʚʘʝʪ ʫʞʝ ʫʧʦʤʠʥʘʚ-

ʰʠʡʩʷ ʥʘʤʠ ʚʳʰʝ ɹʨʶʥʦ ʃʘʪʫʨ: çɺʦʪ ʫʞʝ ʜʚʘʜʮʘʪʴ ʣʝʪ, ʢʘʢ ʤʦʠ ʜʨʫʟʴʷ ʠ ʷ 

ʠʟʫʯʘʝʤ ʵʪʠ ʩʪʨʘʥʥʳʝ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 

ʪʘ ʩʨʝʜʘ ʠʥʪʝʣʣʝʢʪʫʘʣʦʚ, ʚ ʢʦʪʦʨʦʡ ʤʳ ʦʙʠʪʘʝʤ. ɿʘ ʥʝʠʤʝʥʠʝʤ ʣʫʯʰʝʡ ʪʝʨ-

ʤʠʥʦʣʦʛʠʠ, ʤʳ ʥʘʟʳʚʘʝʤ ʩʝʙʷ ʩʦʮʠʦʣʦʛʘʤʠ, ʠʩʪʦʨʠʢʘʤʠ, ʵʢʦʥʦʤʠʩʪʘʤʠ, ʧʦ-

ʣʠʪʦʣʦʛʘʤʠ, ʬʠʣʦʩʦʬʘʤʠ ʠ ʘʥʪʨʦʧʦʣʦʛʘʤʠ. ʅʦ ʢ ʥʘʟʚʘʥʠʷʤ ʚʩʝʭ ʵʪʠʭ ʧʦ-

ʯʪʝʥʥʳʭ ʜʠʩʮʠʧʣʠʥ ʤʳ ʚʩʷʢʠʡ ʨʘʟ ʜʦʙʘʚʣʷʝʤ ʩʪʦʷʱʠʝ ʚ ʨʦʜʠʪʝʣʴʥʦʤ ʧʘʜʝʞʝ 

ʩʣʦʚʘ çʥʘʫʢʘè ʠ çʪʝʭʥʠʢʘè. ɺ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ ʩʫʱʝʩʪʚʫʝʪ ʩʣʦʚʦʩʦʯʝʪʘʥʠʝ 

                                                             
33 Roco M.C. & W.S. Bainbridge, Eds. 2003. Converging Technologies for Improving Human Performance. NSF-

DOC Report. Boston: Cluwer. P. 13 
34 Jan C. Schmidt. Op. Cit., p.4 
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science studies, ʠʣʠ ʝʩʪʴ ʝʱʝ, ʥʘʧʨʠʤʝʨ, ʜʦʚʦʣʴʥʦ ʛʨʦʤʦʟʜʢʘʷ ʚʦʢʘʙʫʣʘ 

çʅʘʫʢʘ, ʪʝʭʥʠʢʘ, ʦʙʱʝʩʪʚʦè. ʂʘʢʦʚ ʙʳ ʥʠ ʙʳʣ ʷʨʣʳʢ, ʨʝʯʴ ʚʩʝʛʜʘ ʠʜʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʙʳ ʚʥʦʚʴ ʟʘʚʷʟʘʪʴ ɻʦʨʜʠʝʚ ʫʟʝʣ, ʧʨʝʦʜʦʣʝʚʘʷ ʨʘʟʨʳʚ, ʨʘʟʜʝʣʷʶʱʠʡ ʪʦʯ-

ʥʳʝ ʟʥʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤʳ ʚʣʘʩʪʠ ï ʧʫʩʪʴ ʵʪʦ ʥʘʟʳʚʘʝʪʩʷ ʧʨʠʨʦʜʦʡ ʠ ʢʫʣʴʪʫ-

ʨʦʡ. ʄʳ ʩʘʤʠ ʷʚʣʷʝʤʩʷ ʛʠʙʨʠʜʘʤʠ, ʢʦʝ-ʢʘʢ ʦʙʦʩʥʦʚʘʚʰʠʤʠʩʷ ʚʥʫʪʨʠ ʥʘʫʯ-

ʥʳʭ ʠʥʩʪʠʪʫʮʠʡ, ʤʳ ï ʧʦʣʫʠʥʞʝʥʝʨʳ, ʧʦʣʫʬʠʣʦʩʦʬʳ, ʪʨʝʪʴʝ ʩʦʩʣʦʚʠʝ ʥʘʫʯ-

ʥʦʛʦ ʤʠʨʘ, ʥʠʢʦʛʜʘ ʥʝ ʩʪʨʝʤʠʚʰʝʝʩʷ ʢ ʠʩʧʦʣʥʝʥʠʶ ʵʪʦʡ  ʨʦʣʠ ï ʩʜʝʣʘʣʠ ʩʚʦʡ 

ʚʳʙʦʨ: ʦʧʠʩʳʚʘʪʴ ʟʘʧʫʪʘʥʥʦʩʪʠ ʚʝʟʜʝ, ʛʜʝ ʙʳ ʠʭ ʥʝ ʥʘʭʦʜʠʣʠ. ʅʘʰʠʤ ʚʦʞʘ-

ʪʳʤ ʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝ ʧʝʨʝʚʦʜʘ ʠʣʠ ʩʝʪʠ. ʕʪʦ ʧʦʥʷʪʠʝ ï ʙʦʣʝʝ ʛʠʙʢʦʝ, ʯʝʤ 

ʧʦʥʷʪʠʝ çʩʠʩʪʝʤʘè, ʙʦʣʝʝ ʠʩʪʦʨʠʯʝʩʢʦʝ, ʯʝʤ ʧʦʥʷʪʠʝ çʩʪʨʫʢʪʫʨʘè. ɹʦʣʝʝ ʵʤ-

ʧʠʨʠʯʝʩʢʦʝ, ʯʝʤ ʧʦʥʷʪʠʝ çʩʣʦʞʥʦʩʪʴè, ð ʩʪʘʥʦʚʠʪʩʷ ʥʠʪʴʶ ɸʨʠʘʜʥʳ ʜʣʷ 

ʥʘʰʠʭ ʟʘʧʫʪʘʥʥʳʭ ʠʩʪʦʨʠʡè
35

.    

ʅʫ ʠ  ʩʦʚʩʝʤ ʚ ʟʘʢʣʶʯʝʥʠʝ, ʠʤʝʷ ʚʚʠʜʫ ʨʝʢʫʨʩʠʚʥʦ ʟʘʤʢʥʫʪʴ ʥʘʯʘʣʦ ʠ 

ʢʦʥʝʮ ʵʪʦʛʦ ʧʦʚʝʩʪʚʦʚʘʥʠʷ, ʦʩʪʘʚʠʚ ʝʛʦ ʧʨʠ ʵʪʦʤ ʘʚʪʦʧʦʵʪʠʯʝʩʢʠ ʦʪʢʨʳʪʳʤ, 

ʩ ʫʜʦʚʦʣʴʩʪʚʠʝʤ ʧʨʠʚʝʜʫ ʚʳʩʢʘʟʳʚʘʥʠʝ ʕʨʠʢʘ ɼʵʚʠʩʘ, ʢʦʪʦʨʳʤ ʦʥ ʟʘʚʝʨʰʘʝʪ 

ʩʚʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʙʝʩʪʩʝʣʣʝʨ çʊʝʭʥʦʛʥʦʟʠʩ: ʄʠʨ, ʤʘʛʠʷ ʠ ʤʠʩʪʠʮʠʟʤ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʵʧʦʭʫè, ʠ ʢʦʪʦʨʦʤʫ ʷ ʦʙʷʟʘʥ ʢʣʶʯʝʚʳʤ ʪʝʨʤʠʥʦʤ  çʩʝʪʝ-

ʚʦʡ ʧʫʪʴè ʚ ʝʛʦ ʥʘʟʚʘʥʠʠ. çʋ ʤʥʦʛʠʭ ʦʙʠʪʘʪʝʣʝʡ ɿʝʤʣʠéʧʨʦʩʪʦ ʤʘʣʦ ʚʳʙʦ-

ʨʘ: ʧʦʚʦʨʦʪ ʫʞʝ ʥʘ ʛʦʨʠʟʦʥʪʝ. ʄʝʜʣʝʥʥʦ, ʦʧʳʪʥʳʤ ʧʫʪʝʤ, çʩʝʪʝʚʦʡ ʧʫʪʴè 

ʚʦʟʥʠʢʘʝʪ ʧʦʩʨʝʜʠ ʩʪʨʝʤʣʝʥʠʡ ʠ ʭʘʦʩʘðʤʥʦʛʦʛʨʘʥʥʳʡ, ʥʦ ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʤʦʜʫʩ ʜʫʭʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʛʫʤʘʥʥʦ ʠ ʨʘʟʫʤʥʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʦ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʤʫ ʜʦʤʫ ʟʝʨʢʘʣ, ʥʝ ʚʳʧʘʜʘʷ ʠʟ ʨʝʟʦʥʘʥʩʘ ʩ ʜʨʝʚʥʠʤʠ ʧʫʪʷʤʠ ʠʣʠ ʩʧʦ-

ʩʦʙʥʦʩʪʴʶ ʧʨʝʦʜʦʣʝʚʘʪʴ ʘʣʯʥʦʩʪʴ, ʥʝʥʘʚʠʩʪʴ ʠ ʟʘʙʣʫʞʜʝʥʠʝ, ʢʦʪʦʨʳʝ ʥʘʚʣʝ-

ʢʘʝʪ ʥʘ ʩʝʙʷ ʯʝʣʦʚʝʯʝʩʢʘʷ ʞʠʟʥʴè
36

.   
__________________________________ 

 
35 ʃʘʪʫʨ ɹ. ʋʢʘʟ.ʩʦʯ. ʩ.61-62 
36 ɼʵʚʠʩ ʕ. ʋʢʘʟ.ʩʦʯ. 
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ʇʨʠʨʦʜʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ           

ʤʘʪʝʨʠʘʣʳ 
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ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ 
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ɸʥʥʦʪʘʮʠʷ: ʄʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣ ʯʝʣʦʚʝʢ ʚ ʩʚʦʝʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʚʩʝʛʜʘ ʠʛʨʘʣʠ ʚʘʞʥʫʶ, ʘ ʯʘʩʪʦ ʠ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʧʨʦʛʨʝʩʩʝ 

ʮʠʚʠʣʠʟʘʮʠʠ. ʆʥʠ ʜʘʞʝ ʜʘʣʠ ʥʘʟʚʘʥʠʷ ʮʝʣʳʤ ʵʪʘʧʘʤ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ: 

ʢʘʤʝʥʥʳʡ ʚʝʢ, ʙʨʦʥʟʦʚʳʡ ʚʝʢ, ʞʝʣʝʟʥʳʡ ʚʝʢ... ʂʦʥʝʯʥʦ, ʩʝʡʯʘʩ ʢʨʫʛ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʩʦʟʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʙʳʪʫ ʠ ʪʝʭʥʠʢʝ, ʦʩʦʙʝʥʥʦ ʚʦʝʥʥʦʡ, ʯʨʝʟʚʳ-

ʯʘʡʥʦ ʰʠʨʦʢ. ʆʜʥʘʢʦ ʩ ʥʝʙʦʣʴʰʦʡ ʜʦʣʝʡ ʧʨʠʩʪʨʘʩʪʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ 

ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʚʝʢʦʤ ʧʦʣʠʤʝʨʦʚ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʦʧʳʪʘʝʤʩʷ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʯʝ-

ʣʦʚʝʢ ʚʟʷʣ ʫ ʧʨʠʨʦʜʳ, ʘ ʯʪʦ ʧʨʠʜʫʤʘʣ ʥʦʚʦʝ ʠ ʛʜʝ ʝʝ ʦʙʦʛʥʘʣ, ʩʪʘʣ ʜʝʣʘʪʴ 

ʣʫʯʰʝ; ʛʜʝ ʝʱʝ ʝʩʪʴ ʨʝʟʝʨʚʳ, ʯʪʦ ʧʨʠʨʦʜʘ ʧʦʢʘ ʝʱʝ ʜʝʣʘʝʪ ʣʫʯʰʝ ï ʵʪʦ, 

ʥʘʚʝʨʥʦʝ, ʩʘʤʦʝ ʠʥʪʝʨʝʩʥʦʝ. 

 

Natural and artificial constructional materials  

 

Al.Al. Berlin, A.Y. Shaulov 

Semenov Institute of Chemical Physics of RAS 

Berlin@chph.ras.ru 

 

Abstract:  Materials used by man in his activities have always been playing an im-

portant and even decisive role in the development of the civilization. It is not acci-

dental that they gave names to the whole historical epochs: Stone, Bronze, Iron 

Ageé Modern epoch can be called the Polymer Age. In the report attempt to show 

that the man has taken from the nature and that he contrived himself; where he has 

overtaken it and began to make better and where still there are resources for search, 

and also that the nature for the present makes better the man.The man is ahead of 

the nature in many fields relating to creation of new materials. He creates number 

metals and alloys resistant to various loads. We use oil as a raw material and synthe-

size a great number of organic polymers and high-strength fibers. Processings of var-

ious materials, especially polymeric, developed by the man have huge advantages 

than natural one. We created composites with record strength and heat-resistance. 

At the same time, there is a considerable lag in the development of gradient struc-

tures. Plastic ceramics is still a dream of the mankind. Inorganic polymers, inorganic-

organic composite materials (widespread in the nature) seem to be our future. They 

shall be easy to process, shall have thermal, chemical and water resistance. 

mailto:Berlin@chph.ras.ru
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Finally, we need a material, which could be used instead of oil and gas for synthesis of 

organic polymers and composites - it could be natural polysaccharides, cellulose, chi-

tin, and proteins. It is necessary to develop new polymer processing methods that have 

less environmental impact. One more important problem (especially from ecological 

point of view) is reprocessing of constructional materials and subsequent use of such 

products. 

 

ʂʦʧʠʨʫʷ ʧʨʠʨʦʜʫ, ʯʝʣʦʚʝʢ ʝʝ ʫʣʫʯʰʘʝʪé 

ɺʚʝʜʝʥʠʝ 

ʄʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣ ʯʝʣʦʚʝʢ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʩʝʛʜʘ 

ʠʛʨʘʣʠ ʚʘʞʥʫʶ, ʘ ʯʘʩʪʦ ʠ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʧʨʦʛʨʝʩʩʝ ʮʠʚʠʣʠʟʘʮʠʠ. ʆʥʠ 

ʜʘʞʝ ʜʘʣʠ ʥʘʟʚʘʥʠʷ ʮʝʣʳʤ ʵʪʘʧʘʤ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ: ʢʘʤʝʥʥʳʡ ʚʝʢ, 

ʙʨʦʥʟʦʚʳʡ ʚʝʢ, ʞʝʣʝʟʥʳʡ ʚʝʢ... ʂʦʥʝʯʥʦ, ʩʝʡʯʘʩ ʢʨʫʛ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʟʜʘʥʥʳʭ 

ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʙʳʪʫ ʠ ʪʝʭʥʠʢʝ, ʦʩʦʙʝʥʥʦ ʚʦʝʥʥʦʡ, ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢ. 

ʆʜʥʘʢʦ ʩ ʥʝʙʦʣʴʰʦʡ ʜʦʣʝʡ ʧʨʠʩʪʨʘʩʪʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ ʚʝʢʦʤ ʧʦʣʠʤʝʨʦʚ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʦʧʳʪʘʝʤʩʷ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʯʝʣʦʚʝʢ ʚʟʷʣ ʫ ʧʨʠʨʦʜʳ, ʘ ʯʪʦ 

ʧʨʠʜʫʤʘʣ ʥʦʚʦʝ ʠ ʛʜʝ ʝʝ ʦʙʦʛʥʘʣ, ʩʪʘʣ ʜʝʣʘʪʴ ʣʫʯʰʝ; ʛʜʝ ʝʱʝ ʝʩʪʴ ʨʝʟʝʨʚʳ, 

ʯʪʦ ʧʨʠʨʦʜʘ ʧʦʢʘ ʝʱʝ ʜʝʣʘʝʪ ʣʫʯʰʝ ï ʵʪʦ, ʥʘʚʝʨʥʦʝ, ʩʘʤʦʝ ʠʥʪʝʨʝʩʥʦʝ. 

ʉʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʊʘʙʣʠʮʘ 1. ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʘʪʝʨʠʘʣ ɼʦʩʪʦʠʥʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʄʝʪʘʣʣʳ 1. ʉʦʯʝʪʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʚʷʟ-

ʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ 

1. ɺʳʩʦʢʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ; 

2. ʏʝʤ ʧʨʦʯʥʝʡ, ʪʝʤ ʭʨʫʧʯʝ; 

3. ʇʝʨʝʨʘʙʦʪʢʘ 

ʅʝʦʨʛʘʥʠʢʘ 

(ʢʝʨʘʤʠʢʘ, 

ʩʪʝʢʣʦ) 

1. ɺʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ* ʠ 

ʞʝʩʪʢʦʩʪʴ; 

2. ʊʝʨʤʦʩʪʦʡʢʦʩʪʴ; 

3. ʅʠʟʢʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ. 

1. ʍʨʫʧʢʦʩʪʴ; 

2. ʉʣʦʞʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ 

ʆʨʛʘʥʠʯʝʩʢʠʝ 

ʧʦʣʠʤʝʨʳ 

1. ʉʦʯʝʪʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʚʷʟ-

ʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ; 

2. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪ-

ʢʠ; 

3. ʉʘʤʳʡ ʥʠʟʢʠʡ ʫʜʝʣʴʥʳʡ 

ʚʝʩ. 

1. ʅʠʟʢʘʷ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ; 

2. ɻʦʨʶʯʝʩʪʴ; 

3. ʅʠʟʢʘʷ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʠ 

ʨʘʜʠʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ 

ʂʦʤʧʦʟʠʪʳ 1. ʉʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦ-

ʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ 

1. ʉʣʦʞʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ 
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* ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʚʚʠʜʫ ʧʨʦʯʥʦʩʪʴ ʙʝʟʜʝʬʝʢʪʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʇʨʦʯʥʦʩʪʴ ʨʝʘʣʴʥʳʭ ʪʝʣ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʣʠ 

ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ. 

 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʩʦʟʜʘʣʘ ʧʨʠʨʦʜʘ ʠ ʯʝʣʦʚʝʢ: ʤʝʪʘʣʣʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ, ʥʝʦʨ-

ʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ (ʤʠʥʝʨʘʣʳ, ʢʝʨʘʤʠʢʘ, ʩʪʝʢʣʦ ʠ ʧʨ.) ʠ ʢʦʤʧʦʟʠʪʳ. ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦ-

ʩʪʘʪʢʠ (ʩʤ. ʪʘʙʣʠʮʫ 1). ʊʘʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʢʦʥʝʯʥʦ, ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʳ, 

ʥʦ ʧʦʣʝʟʥʳ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʩʝʛʜʘ ʧʨʠʭʦʜʠʪ-

ʩʷ ʠʩʢʘʪʴ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʪʨʝʤʷ ʛʨʫʧʧʘʤʠ ʩʚʦʡʩʪʚ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ.1. 

 
ʈʠʩ.1. ʇʦʠʩʢ ʢʦʤʧʨʦʤʠʩʩʘ çʧʦ ʂʨʳʣʦʚʫè. 

ʇʝʨʝʨʘʙʦʪʢʘ 

ʇʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʘ ʚ ʠʟʜʝʣʠʝ ï ʵʪʦ, ʧʦʞʘʣʫʡ, ʪʦ, 

ʛʜʝ ʯʝʣʦʚʝʢ ʥʘʤʥʦʛʦ ʦʧʝʨʝʜʠʣ ʧʨʠʨʦʜʫ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩ-

ʩʦʚ. 

ʇʨʠʨʦʜʘ ʥʠʢʦʛʜʘ ʥʠʢʫʜʘ ʥʝ ʩʧʝʰʠʣʘ! ɺʩʝ çʠʟʜʝʣʠʷè ʜʝʣʘʣʘ ʤʝʜʣʝʥʥʦ 

ʠ ʩʨʘʟʫ, ʛʨʫʙʦ ʛʦʚʦʨʷ, ʚ ʦʜʥʫ ʩʪʘʜʠʶ, ʧʦʣʫʯʘʷ ʠʟʜʝʣʠʝ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ï ʤʘʪʝʨʠʘʣʘ. ɺʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʪʦʞʝ ʤʝʜʣʝʥ-

ʥʘʷ, ʯʝʨʝʟ ʧʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʠʟʜʝʣʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. 
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ʋ ʯʝʣʦʚʝʢʘ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ, ʦʥ ʜʦʣʞʝʥ ʙʳʣ ʤʥʦʛʦʝ ʫʩʧʝʪʴ ʟʘ 

ʩʚʦʶ ʢʦʨʦʪʢʫʶ ʞʠʟʥʴ. ʉʥʘʯʘʣʘ ʦʥ ʧʨʦʩʪʦ ʙʨʘʣ ʛʦʪʦʚʳʝ, ʩʜʝʣʘʥʥʳʝ ʧʨʠʨʦʜʦʡ 

ʤʘʪʝʨʠʘʣʳ ï ʣʦʤʘʣ ʩʫʯʴʷ ʫ ʜʝʨʝʚʴʝʚ, ʜʝʣʘʷ ʥʘʧʨʠʤʝʨ ʢʦʧʴʝ ʠʣʠ ʣʫʢ, ʦʙʨʘʙʘ-

ʪʳʚʘʣ ʢʘʤʥʠ ʠ ʜʝʨʝʚʦ, ʜʘ ʠ ʩʝʡʯʘʩ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʠʤʝ-

ʥʷʷ ʙʦʣʝʝ ʠʟʦʱʨʝʥʥʳʝ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ.  

ɿʘʪʝʤ ʥʘʫʯʠʣʩʷ ʨʘʙʦʪʘʪʴ ʩ ʤʝʪʘʣʣʘʤʠ ï ʚʳʧʣʘʚʣʷʪʴ, ʣʠʪʴ ʟʘʛʦʪʦʚʢʠ ʠ 

ʠʭ ʦʙʨʘʙʘʪʳʚʘʪʴ, ʢʦʚʘʪʴ, ʦʙʪʘʯʠʚʘʪʴ. ʇʘʨʘʣʣʝʣʴʥʦ ʦʥ ʥʘʫʯʠʣʩʷ ʨʘʙʦʪʘʪʴ ʩ 

ʛʣʠʥʦʡ, ʜʝʣʘʪʴ ʢʝʨʘʤʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ ʠʭ ʦʙʞʠʛʘʪʴ.  

ʉ ʧʦʣʠʤʝʨʘʤʠ ʧʨʠʰʣʠ ʥʦʚʳʝ ʯʨʝʟʚʳʯʘʡʥʦ ʵʬʬʝʢʪʠʚʥʳʝ, ʩ ʤʘʣʳʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ï ʣʠʪʴʝ, ʵʢʩʪʨʫʟʠʷ, ʭʠʤʠ-

ʯʝʩʢʦʝ ʬʦʨʤʦʚʘʥʠʝ ʠ ʧʨ., ʯʪʦ, ʥʘʨʷʜʫ ʩ ʫʜʘʯʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʬʠʟʠʢʦ-ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʰʠʨʦʢʦʤʫ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ. ɺ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʫʞʝ ʠ ʧʦ ʚʝʩʫ ʜʦʛʥʘʣʠ ʦʙʲʝʤʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʫʶ ʨʘʟʥʠʮʫ ʚ ʫʜʝʣʴʥʦʤ ʚʝʩʝ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʨʘʙʦʪʢʠ (ʧʣʘʚʢʘ, ʣʠʪʴʝ, ʵʢʩʪʨʫʟʠʷ ʠ ʧʨ.) ʦʧʨʝʜʝʣʷʝʪ 

ʠʭ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ, ʘ ʠʤʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʊʧʣ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʝʢʣʦʚʘʥʠʷ ʊʩʪ (ʨʘʟʤʷʛʯʝʥʠʷ). ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʝʱʝʩʪʚ ʵʪʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ ʊʩʪ = (0,5 0,7)ʊʧʣ. 

ɼʣʷ ʧʣʘʚʣʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʠ ʜʚʫʤʝʨʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʩʦʙʦʡ ʝʜʠʥʳʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʦʯʝʚʠʜʥʦ, ʥʝʦʙʭʦʜʠʤʳ ʨʘʟʨʳʚʳ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʵʥʝʨʛʠʠ ʩʚʷʟʠ (ʨʠʩ.2) 

ʘ) 
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ʙ) 
ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʦʜʥʦʵʣʝʤʝʥʪʥʳʭ ʚʝʱʝʩʪʚ (ʘ) ʠ ʧʦʣʠ-

ʦʢʩʠʜʦʚ (ʙ) ʦʪ ʵʥʝʨʛʠʠ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. 

 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʣʘʚʣʝʥʠʝ ʣʠʥʝʡʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩʚʷʟʘʥʦ ʪʦʣʴʢʦ ʩ ʨʘʟ-

ʨʫʰʝʥʠʝʤ ʠ ʧʝʨʝʩʪʨʦʡʢʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʵʥʝʨʛʦʝʤʢʠʭ ʤʝʞʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʂʘʢ ʚʠʜʥʦ ʧʣʘʚʣʝʥʠʝ ʣʠʥʝʡʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʝʨʘ, ʩʝʣʝʥ, ʪʝʣ-

ʣʫʨ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʠʠ ʩʚʷʟʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʣʠʥʝʡʥʳʭ ʧʦʣʠʤʝʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʝʡ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʞʝʩʪʢʦʩʪʴʶ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʧʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʥʷʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʞʝʩʪʢʦʩʪʴ 

ʮʝʧʠ, ʤʳ ʤʦʞʝʤ ʜʦʩʪʠʯʴ ʨʘʟʣʠʯʥʦʡ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ ʣʠʥʝʡʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʢʦ-

ʪʦʨʘʷ ʩʚʝʨʭʫ ʦʛʨʘʥʠʯʝʥʘ ʧʨʦʯʥʦʩʪʴʶ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚʜʦʣʴ ʮʝʧʠ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ (ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ) ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʵʥʝʨʛʠʷʤʠ ʩʚʷʟʠ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʦʢʠʩʣʝ-

ʥʠʶ (ʤʘʪʝʨʠʘʣʳ ʦʙʳʯʥʦ ʨʘʙʦʪʘʶʪ ʥʘ ʚʦʟʜʫʭʝ ʠ ʠʭ ʨʘʟʣʦʞʝʥʠʝ ʤʦʞʝʪ ʥʘʯʠ-

ʥʘʪʴʩʷ ʩ ʨʝʘʢʮʠʠ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ). ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʦʢʩʠʜʳ ʩ ʵʪʦʡ ʪʦʯ-

ʢʠ ʟʨʝʥʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ, ʦʥʠ ʥʝ ʦʢʠʩʣʷʶʪʩʷ, ʥʝ ʛʦʨʷʪ, ʜʘ ʠ ʵʥʝʨʛʠʠ ʩʚʷʟʠ 

ʫ ʥʠʭ ʚʳʰʝ, ʯʝʤ ʫ ʦʜʥʦʵʣʝʤʝʥʪʥʳʭ ʚʝʱʝʩʪʚ ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʦʣʠʤʝʨʦʚ (ʩʤ. ʪʘʙʣʠʮʫ 2). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ ʧʣʦʭʠ ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʦʢʠʩʴ ʠ 

ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ï ʛʘʟʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʢʠʩʣʳ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʵʣʝ-

ʤʝʥʪʦʚ ï ʪʚʝʨʜʳʝ ʪʝʣʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʠʩʢʣʶʯʝʥʠʝ ʝʱʝ ʩʝʨʘ ʠ 

ʘʟʦʪ). 
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ʊʘʙʣʠʮʘ 2. ʕʥʝʨʛʠʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. 

ɻʦʤʦʘʪʦʤʥʳʝ ɻʝʪʝʨʦʘʪʦʤʥʳʝ 

ʉʚʷʟʴ ʕʥʝʨʛʠʷ ʩʚʷʟʠ 

ʢʜʞ/ʤʦʣʴ 

(ʢʢʘʣ/ʤʦʣʴ) 

ʉʚʷʟʴ ʕʥʝʨʛʠʷ ʩʚʷʟʠ 

ʢʜʞ/ʤʦʣʴ 

(ʢʢʘʣ/ʤʦʣʴ) 

C-C 336 (80,0) (83) B-O 499 (119,3) (115,7)*  

S-S 264 (63,0) B-N 436 (104,3) (115)*  

P-P 222 (53,0) C-B 420 (100) 

Se-Se 210 (50,0) Si-O 373 (89,3) (106,5)*  

Te-Te 205 (49,0) P-O 343 (81,7) (97,2)*  

Si-Si 189 (45,0) C-O 331 (79,0) 

Sb-Sb 176 (42,0) C-N 277 (66,0) 

Ge-Ge 163 (39,2) As-O 270 (64,5) 

As-As 163 (39,0) Al -C 258 (61,6) 

N-N 155 (37,0) C-S 258 (61,5) 

O-O 142 (34,0) Si-S 256 (60,9) 

  C-Si 241 (57,6) 

  C-As 229 (54,6) 

  N-O 155 (37,0) 

  C-H (81) 

  C-F (120) 

  Al -O (150) 

* ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

 

ʅʝʜʘʚʥʦ ʤʳ ʥʘʯʘʣʠ ʨʘʙʦʪʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʠʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠ-

ʤʝʨʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʮʠʢʣ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʬʦʩʬʘʪʥʳʤ ʩʪʝʢʣʘʤ 

(ʨʠʩ.3).  

 
ʈʠʩ.3. ʉʪʨʫʢʪʫʨʘ ʬʦʩʬʘʪʥʳʭ ʩʪʝʢʦʣ, ʄʝ+ - K, Li, Na; ʄʝ2+ - Mg, Ba, Ca, Zn. 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʚ ʪʘʢʦʤ 

ʩʪʝʢʣʝ ʤʦʞʥʦ ʚ ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚʘʨʴʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʢʣʦʚʘ-

ʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʨʘʙʦʪʢʠ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʯʘʩʪʥʦ-
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ʩʪʠ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʪʦʡʢʠʝ, ʪʝʨʤʦʩʪʦʡʢʠʝ 

(ʥʘʯʘʣʘ ʧʦʪʝʨʠ ʚʝʩʘ ʚʳʰʝ 600
ʦ
ʉ), ʤʘʪʝʨʠʘʣʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʝʢʣʦʚʘʥʠʷ ʦʪ 

125
ʦ
ʉ ʜʦ 1000

ʦ
ʉ ʠ ʚʳʰʝ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴʩʷ ʩʪʘʥ-

ʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ (ʣʠʪʴʝ, ʵʢʩʪʨʫʟʠʷ 

ʠ ʪ.ʜ.) ʩʘʤʠ ʧʦ ʩʝʙʝ ʠʣʠ ʚ ʩʤʝʩʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʜʝʣʘʷ ʠʭ ʤʝʥʝʝ 

ʛʦʨʶʯʠʤʠ ʘ ʪʘʢʞʝ ʠʟʤʝʥʷʷ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʞʝʩʪʢʦʩʪʴ ʪʘʢʦʡ ʩʤʝ-

ʩʠ ʧʦʚʳʰʘʝʪʩʷ, ʠʟʥʦʩ ʧʨʠ ʪʨʝʥʠʠ ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʦʨʛʘ-

ʥʠʯʝʩʢʠʤ ʧʦʣʠʤʝʨʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʜʦʩʪʦʡʢʦʩʪʴ ʧʦʣʠʬʦʩʬʘʪʦʚ ʪʘʢʞʝ ʟʘʚʠ-

ʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ ʥʠʭ. ɼʣʷ ʢʘʞʜʦ-

ʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʢʦʤʧʨʦʤʠʩʩ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚʦ ʚʣʘʞʥʦʡ ʩʨʝʜʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʦ-

ʣʝʟʥʳʤ ʩʚʦʡʩʪʚʦʤ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʫʧʘʢʦʚʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʆʢʩʠʜ ʙʦʨʘ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʦʩʥʦʚʫ ʜʣʷ ʜʨʫʛʦʛʦ ʪʠʧʘ ʥʝʦʨʛʘʥʦ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʙʦʣʴʰʦʤ ʩʦʜʝʨʞʘʥʠʠ (>70%) ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʧʦʣʠʦʢʩʠʜʘ ʩ ʮʝʣʴʶ ʩʦʭʨʘʥʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚ ʥʝʦʨʛʘʥʠʢʠ ʠ ʧʨʠʜʘʥʠʷ ʝʡ ʧʣʘ-

ʩʪʠʯʥʦʩʪʠ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʦʢʩʠʜʘ ʙʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʦʙʳʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ (ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ), ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.4. 

          
ʘ)                                                                       ʙ) 

ʈʠʩ.4. ɺʠʜ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʦʢʩʠʜʘ ʙʦʨʘ ʩʙʦʢʫ (ʘ) ʠ ʩʚʝʨʭʫ (ʙ). 

ʆʢʩʠʜ ʙʦʨʘ ʠʤʝʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʫʶ (ʜʣʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝ-

ʨʦʚ) ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʢʣʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʫʤʝʥʴʰʝʥʘ, ʪʘʢ ʠ 

ʫʚʝʣʠʯʝʥʘ ʤʦʜʠʬʠʢʘʮʠʝʡ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦ-

ʝʜʠʥʝʥʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʠʤʝʨʘʤʠ (ʨʠʩ.5). 

 
ʈʠʩ.5. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʦʢʩʠʜʘ ʙʦʨʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦ-

ʜʠʬʠʢʘʪʦʨʘ (ʦʢʩʠʜʳ ʦʜʥʦ ʠ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʢʘʧʨʦʣʘʢʪʘʤʘ). 
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ʇʨʦʯʥʦʩʪʴ ʠ ʭʨʫʧʢʦʩʪʴ 

ʆʩʪʘʥʦʚʠʤʩʷ ʪʝʧʝʨʴ ʥʘ ʩʦʯʝʪʘʥʠʠ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ (ʚʷʟʢʦʩʪʠ 

ʨʘʟʨʫʰʝʥʠʷ). 

ɼʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʭʘʨʘʢʪʝʨʥʦ ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʩ ʚʳʩʦʢʦʡ ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴʶ. ʊʘʢʦʝ ʞʝ ʩʦʯʝʪʘʥʠʝ 

ʩʚʦʡʩʪʚʝʥʥʦ ʤʝʪʘʣʣʘʤ, ʭʦʪʷ ʧʨʠʨʦʜʘ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʤʝʪʘʣʣʘʭ ʠ 

ʪʝʨʤʦʧʣʘʩʪʘʭ ʨʘʟʣʠʯʥʘ. ɽʩʣʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʙʦʜʦʡ 

ʜʚʠʞʝʥʠʡ ʜʠʩʣʦʢʘʮʠʡ (ʠʟ-ʟʘ ʥʝʥʘʧʨʘʚʣʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ), ʪʦ ʚʦ ʚʪʦ-

ʨʦʤ ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʙʦʣʴʰʠʭ 

ʜʝʬʦʨʤʘʮʠʷʭ ʚ ʫʩʪʴʝ ʪʨʝʱʠʥʳ ʟʘ ʩʯʝʪ ʨʘʟʚʦʨʘʯʠʚʘʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʣʫʙʢʦʚ; ʧʦʛʣʦʱʝʥʠʝ ʠ ʜʠʩʩʠʧʘʮʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ ʧʨʠ 

ʵʪʦʤ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʢʨʝʡʟʦʦʙʨʘʟʦʚʘʥʠʝʤ (ʪʨʝʱʠʥʳ ʩʝʨʝʙʨʘ). ʂʨʦʤʝ 

ʪʦʛʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʨʝʱʠʥ, ʢʨʝʡʟʦʚ, ʚ ʢʦʪʦʨʳʭ ʢʨʘʷ ʩʦʝʜʠʥʝ-

ʥʳ ʚʦʣʦʢʥʘʤʠ ʧʦʣʠʤʝʨʘ (ʪʷʞʘʤʠ) (ʨʠʩ.6), ʧʦʟʚʦʣʷʝʪ ʪʝʨʤʦʧʣʘʩʪʫ ʨʘʩʪʷʛʠ-

ʚʘʪʴʩʷ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʝʟ ʩʞʘʪʠʷ ʚ ʜʨʫʛʠʭ, ʥʝ ʪʝʨʷʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙ-

ʥʦʩʪʠ (ʧʨʦʯʥʦʩʪʠ). ʕʪʦ ʦʙʣʝʛʯʘʝʪ ʝʛʦ ʨʘʙʦʪʫ ʚ ʩʣʦʞʥʦ-ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷ-

ʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʚ ʢʦʤʧʦʟʠʪʘʭ ʠ ʧʨ. ɺʦʟʤʦʞʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ ʠ ʜʝ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʨʝʡʟʦʦʙʨʘʟʦʚʘʥʠʷ ʩʥʠʞʘʶʪʩʷ ʧʦ ʤʝʨʝ 

ʩʰʠʚʘʥʠʷ ʣʠʥʝʡʥʦʛʦ ʧʦʣʠʤʝʨʘ (ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʛʫʩʪʦʪʳ ʩʝʪʢʠ) ʠ ʪʝʨʷ-

ʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʜʣʷ ʪʨʝʭʤʝʨʥʳʭ ʧʦʣʠʤʝʨʦʚ ʪʠʧʘ ʤʠʥʝʨʘʣʦʚ, ʢʝʨʘʤʠʢ ʠ ʩʪʝ-

ʢʦʣ, ʭʦʪʷ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʥʘʜʝʷʪʴʩʷ ʧʦʣʫʯʠʪʴ ʩʪʨʫʢʪʫʨʫ, ʙʣʠʟʢʫʶ 

ʢ ʣʠʥʝʡʥʦʡ ʠʣʠ ʩʣʘʙʦ ʨʘʟʚʝʪʚʣʝʥʥʦʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʯʝʤ ʚʳʰʝ ʤʦʣʝʢʫ-

ʣʷʨʥʳʡ ʚʝʩ ʣʠʥʝʡʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʦʮʝʩʩ ʢʨʝʡʟʦʦʙʨʘʟʦʚʘ-

ʥʠʷ ʠ ʚʳʰʝ ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ, ʤʝʥʴʰʝ ʭʨʫʧʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʇʦʵʪʦʤʫ ʠ ʚ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʘʭ ʤʳ ʜʦʣʞʥʳ ʩʪʨʝʤʠʪʴʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚʳʩʦʢʦʤʦ-

ʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʥʝʡʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

 

    
ʈʠʩ.6. ʌʦʪʦʛʨʘʬʠʠ ʩʪʨʫʢʪʫʨʳ çʢʨʝʡʟʦʚè (ʪʨʝʱʠʥ ʩʝʨʝʙʨʘ). 

 

ʕʪʠ ʩʚʦʡʩʪʚʘ ʪʝʨʤʦʧʣʘʩʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʧʦʚʳʰʝʥʥʫʶ ʫʜʘʨʥʫʶ ʧʨʦʯ-

ʥʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʩʪʦʡʢʦʩʪʴ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʨʝʱʠʥ ʢʘʢ 

ʧʨʠ ʩʪʘʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʧʨʠ ʮʠʢʣʠʯʝʩʢʠʭ ʫʩʪʘʣʦʩʪʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʢʘʭ, ʧʦʚʳʰʝʥʥʳʝ ʧʦʩʪʫʜʘʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʦʯʠʝ. 
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ʊʝʧʝʨʴ ʦ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʘʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʦʢʩʠʜʳ, ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʭʠ-

ʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʥʝʛʦʨʶʯʝʩʪʴʶ ʠ ʩʪʦʡʢʦʩʪʴʶ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ. 

ʂʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʵʪʠʭ ʧʦʣʠʤʝʨʦʚ: ʚʳʩʦʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʠ ʨʘʜʠʘʮʠʦʥ-

ʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʝʛʦʨʶʯʝʩʪʴ, ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟ-

ʚʦʣʷʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʠʟʜʝʣʠʷʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ 

ʩʳʨʴʝʚʘʷ ʜʦʩʪʫʧʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʣʝʪʫʯʠʭ ʚ ʧʨʦʮʝʩʩʝ ʜʝʩʪʨʫʢʮʠʠ ʠ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʳʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʜʝʣʘʶʪ ʵʪʦʪ ʢʣʘʩʩ ʥʝʦʨʛʘʥʠ-

ʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʯʨʝʟʚʳʯʘʡʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʣʘʩʩʦʤ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ ʦʩʪʘʸʪʩʷ ʧʨʠʜʘʥʠʝ ʠʤ ʧʣʘʩʪʠʯʥʦʩʪʠ, 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʦʪʢʨʳʪʴ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʧʣʘʩʪʠʯʥʦʡ ʢʝʨʘʤʠʢʠ ʤʥʦ-

ʛʦʵʣʝʤʝʥʪʥʳʭ ʧʦʣʠʦʢʩʠʜʦʚ. 

ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʦʢʩʠʜʳ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʦʨʛʘʥʠʯʝ-

ʩʢʠʤ ʧʦʣʠʤʝʨʘʤ, ʥʘ ʢʦʪʦʨʳʭ ʫʞʝ, ʚ ʦʩʥʦʚʥʦʤ, ʜʦʩʪʠʛʥʫʪʳ ʧʨʝʜʝʣʴʥʳʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʢʦʪʦʨʳʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ 

ʪʘʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʠ ʫʨʦʚʥʝʤ ʩʚʦʡʩʪʚ. 

ʂʘʢ ʤʳ ʚʠʜʝʣʠ ʚʳʰʝ ʥʘ ʧʨʠʤʝʨʝ ʦʢʩʠʜʦʚ ʬʦʩʬʦʨʘ ʠ ʙʦʨʘ, ʤʦʞʥʦ ʨʝʛʫ-

ʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʤʦʜʠʬʠʮʠʨʫʷ 

ʠʭ ʦʢʠʩʣʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠ-

ʥʝʥʠʷʤʠ. ʅʠʞʝ ʩʫʤʤʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʤʦʜʠʬʠʢʘʮʠʠ, ʢʘʢ ʫʞʝ 

ʧʨʦʚʝʨʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʪʘʢ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʧʦʣʫʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʧʦʚʳʰʝʥʥʦʡ ʧʣʘ-

ʩʪʠʯʥʦʩʪʠ: 

1. ʃʠʥʝʡʥʳʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ. 

2. ʇʣʘʩʪʠʬʠʢʘʮʠʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠ-

ʷʤʠ. 

3. ʄʦʜʠʬʠʢʘʮʠʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

4. ʉʤʝʩʠ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʫʯʫʢʘʤʠ. 

5. ʉʤʝʩʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʦʣʠʤʝʨʘʤʠ. 

6. ʂʦʤʧʦʟʠʪʳ, ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʩ ʚʦʣʦʢʥʠʩʪʳʤʠ ʠ ʧʣʘʩʪʠʯʥʳʤʠ ʥʘʧʦʣ-

ʥʠʪʝʣʷʤʠ. 

ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ 

ʣʠʥʝʡʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ (ʧ.5), ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʤ ʦʙʨʘʟʦʤ (ʭʦʪʷ ʠ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʩʣʦʞʥʝʝ) ʫʩʪʨʦʝʥʳ ʢʦʩʪʠ, ʟʫʙʳ, ʨʘʢʫʰʢʠ ʠ ʜʨʫʛʠʝ ʧʨʠʨʦʜʥʳʝ ʢʦʥ-

ʩʪʨʫʢʮʠʠ. 

ɼʘʞʝ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʵʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʧʦʣʠʦʢʩʠʜʳ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʥʝʛʦʨʶʯʠʝ ʩʚʷʟʫ-

ʶʱʠʝ ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ ʫʛʣʝʧʣʘʩʪʠʢʦʚ (ʩʤ. ʥʠʞʝ), 

ʟʘʤʝʥʷʶʱʠʝ ʦʙʳʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʚʷʟʫʶʱʠʝ - ʵʧʦʢʩʠʜʥʳʝ, ʧʦʣʠʵʬʠʨʥʳʝ 

ʠ ʜʨ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚʘʞʥʦ, ʯʪʦ 

ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʝʢʨʘʩʥʫʶ ʘʜʛʝʟʠʶ ʢ ʥʘʧʦʣʥʠʪʝʣʷʤ (ʜʘʞʝ ʚʳʰʝ, ʯʝʤ 

ʵʧʦʢʩʠʜʥʳʝ ʩʚʷʟʫʶʱʠʝ). 
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ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʛʦʤʦʛʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʘʣʣʳ, ʢʝʨʘʤʠʢʘ, 

ʩʪʝʢʣʦ, ʧʦʣʠʤʝʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʪʘʛʦʥʠʟʤ ʤʝʞʜʫ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ ʠ ʧʨʦʯ-

ʥʦʩʪʴʶ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʩ ʜʨʫʛʦʡ. ʅʘʧʨʠʤʝʨ, ʯʝʤ ʙʦʣʝʝ 

ʧʨʦʯʥʳʡ ʤʝʪʘʣʣ ʤʳ ʩʦʟʜʘʝʤ, ʪʝʤ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʭʨʫʧʢʠʤ, ʚ ʥʝʤ ʣʝʛʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʪʨʝʱʠʥʳ. 

ʇʨʠʨʦʜʘ ʥʘʰʣʘ ʭʦʨʦʰʠʡ ʩʧʦʩʦʙ ʯʘʩʪʠʯʥʦ ʨʝʰʠʪʴ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ ï 

ʩʦʟʜʘʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʜʚʫʭ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʚʝʱʝʩʪʚ, ʥʘʧʨʠʤʝʨ ʚʦʣʦʢʥʘ ʩʦʝʜʠʥʝʥʥʳʝ (ʩʢʣʝʝʥʥʳʝ) 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʧʨʦʯʥʫʶ ʤʦʥʦʣʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ï ʩʪʝʙʣʠ ʜʝʨʝʚʴʝʚ ʠ ʨʘʩʪʝ-

ʥʠʡ, ʤʳʰʮʳ ʠ ʪ.ʜ.  

ʊʘʢʦʡ ʤʘʪʝʨʠʘʣ (ʥʘʧʨʠʤʝʨ, ʧʨʠʨʦʜʥʘʷ ʜʨʝʚʝʩʠʥʘ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢ ï ʩʪʝʢʣʷʥʥʳʝ ʚʦʣʦʢʥʘ ʩ ʧʦʣʠʵʬʠʨʥʳʤ ʠʣʠ ʵʧʦʢʩʠʜʥʳʤ ʩʚʷ-

ʟʫʶʱʠʤ ï ʢʣʝʝʤ) ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥ ʠʟ ʜʚʫʭ ʦʯʝʥʴ ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ 

ʧʨʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʩʦʚʩʝʤ ʥʝʙʴʶʱʠʤʩʷ, ʥʝʭʨʫʧʢʠʤ, ʧʦʩʢʦʣʴʢʫ 

ʪʨʝʱʠʥʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʠʣʠ ʧʦʚʦʨʘʯʠʚʘʝʪ ʚ ʥʝʦʧʘʩ-

ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʛʦʤʦʛʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʝʟʜʝ ʪʝ ʠʣʠ ʠʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦ ʯʝʤ ʙʫʜʝʪ ʩʢʘ-

ʟʘʥʦ ʥʠʞʝ. 

ʀʩʪʦʨʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚʦʩʭʦʜʠʪ ʢ ʠʩʪʦʢʘʤ ʮʠʚʠʣʠʟʘʮʠʠ, ʢʦʛʜʘ ʯʝʣʦʚʝʢ ʥʘʯʘʣ ʩʦʟʥʘʪʝʣʴʥʦ ʢʦʥʩʪʨʫ-

ʠʨʦʚʘʪʴ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ. ʇʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʦʙ ʘʨʤʠʨʦʚʘʥʥʳʭ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ɹʠʙʣʠʠ. ɺ ɽʛʠʧʪʝ ʠ ʄʝʩʦʧʦʪʘʤʠʠ ʩʪʨʦʠʣʠ 

ʨʝʯʥʳʝ ʩʫʜʘ ʠʟ ʪʨʦʩʪʥʠʢʘ, ʧʨʦʧʠʪʘʥʥʦʛʦ ʙʠʪʫʤʦʤ (ʧʨʦʪʦʪʠʧ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʭ ʣʦʜʦʢ ʠ ʪʨʘʣʴʱʠʢʦʚ). ʀʟʛʦʪʦʚʣʝʥʠʝ ʤʫʤʠʡ ʚ ɽʛʠʧʪʝ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʣʝʥʪʦʯʥʦʡ ʥʘʤʦʪʢʠ 

(ʤʫʤʠʠ ʦʙʤʘʪʳʚʘʣʠʩʴ ʣʝʥʪʦʡ ʠʟ ʪʢʘʥʠ, ʧʨʦʧʠʪʘʥʥʦʡ ʩʤʦʣʦʡ). ɺʩʝ ʵʪʦ ʧʨʦʠʩ-

ʭʦʜʠʣʦ ʟʘ ʪʳʩʷʯʝʣʝʪʠʷ ʜʦ ʥʦʚʦʡ ʵʨʳ. 

ʉʣʦʚʦʤ, ʠʩʪʦʨʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʯʨʝʟʚʳʯʘʡʥʦ ʩʪʘʨʘ. ʆʜʥʘʢʦ 

ʥʘʩʪʦʷʱʠʡ ʙʫʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʚʦʟʥʠʢ ʚ ʢʦʥʮʝ ʧʝʨʚʦʡ ʧʦ-

ʣʦʚʠʥʳ ʍʍ ʚʝʢʘ, ʢʦʛʜʘ ʧʦʷʚʠʣʠʩʴ ʭʦʨʦʰʠʝ ʧʨʦʯʥʳʝ ʠ ʣʝʛʢʠʝ ʩʪʝʢʣʷʥʥʳʝ ʚʦ-

ʣʦʢʥʘ ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʠ ʠ ʠʟ ʥʠʭ ʥʘʯʘʣʠ ʜʝʣʘʪʴ ʧʣʘʥʝʨʳ, ʘ ʟʘʪʝʤ ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ. 

ʇʦʪʦʤ ʙʳʣʠ ʩʦʟʜʘʥʳ ʫʛʣʝʨʦʜʥʳʝ, ʙʦʨʥʳʝ, ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʝ, ʦʨʛʘ-

ʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʠ ʜʨ. ʚʦʣʦʢʥʘ ʠ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʤʧʦʟʠʪʳ ʜʣʷ ʤʥʦʛʦʯʠʩ-

ʣʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʘʚʠʘʮʠʷ, ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ, ʩʫʜʦʩʪʨʦʝʥʠʝ, 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʥʝʤʳʩʣʠʤʳ ʙʝʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ (ʘʨʤʠʨʦʚʘʥʥʳʭ 

ʧʣʘʩʪʠʢʦʚ). ʏʝʤ ʙʦʣʴʰʝ ʨʘʟʚʠʚʘʶʪʩʷ ʵʪʠ ʦʪʨʘʩʣʠ ʪʝʭʥʠʢʠ, ʪʝʤ ʙʦʣʴʰʝ ʚ ʥʠʭ 

ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʧʦʟʠʪʳ, ʪʝʤ ʚʳʰʝ ʩʪʘʥʦʚʠʪʩʷ ʢʘʯʝʩʪʚʦ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʣʝʛʯʝ ʠ ʧʨʦʯʥʝʝ ʣʫʯʰʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ (ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʪʠ-
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ʪʘʥʦʚʳʭ) ʩʧʣʘʚʦʚ, ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʝʩ ʠʟʜʝʣʠʷ (ʩʘʤʦʣʝʪʘ, 

ʨʘʢʝʪʳ, ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʡʯʘʩ ʚ ʩʢʦʨʦʩʪʥʦʡ ʘʚʠʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʦʪ 7 ʜʦ 25% (ʧʦ ʚʝʩʫ) 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠ ʩʥʠʞʘʶʪ ʚʝʩ ʠʟʜʝʣʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʪ 5 ʜʦ 30%. 

ɺʘʞʥʦ ʠ ʪʦ, ʯʪʦ ʚ ʦʪʭʦʜʳ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠ-

ʪʦʚ ʠʜʝʪ ʥʝ ʙʦʣʝʝ 1030% ʤʘʪʝʨʠʘʣʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʘʥʘʣʦʛʠʯʥʳʭ ʜʝʪʘʣʝʡ 

ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʚʠʘʮʠʠ, ʦʪ-

ʭʦʜʳ ʤʦʛʫʪ ʚ 412 ʨʘʟ ʧʨʝʚʳʰʘʪʴ ʤʘʩʩʫ ʠʟʜʝʣʠʷ. ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠ-

ʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʠʛʨʳʰʘ ʦʪ ʠʭ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ, ʣʠʰʴ ʪʚʦʨʯʝʩʢʠ ʧʦʜʭʦʜʷ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʘʤʦʣʝʪʘ ʠʣʠ 

ʜʨ. ʠʟʜʝʣʠʷ, ʫʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʦʡʩʪʚ ʘʨʤʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʢʦʚ ʠ ʪʝʭ-

ʥʦʣʦʛʠʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʇʨʦʩʪʦʡ ʧʨʠʤʝʨ. ʄʝʪʘʣʣ ï ʠʟʦʪʨʦʧʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʚʦʡʩʪʚʘ ʝʛʦ ʦʜʠʥʘ-

ʢʦʚʳ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʘʨʤʠʨʦʚʘʥʥʳʡ ʧʣʘʩʪʠʢ ï ʘʥʠʟʦʪʨʦʧʥʳʡ: ʥʘʧʨʠ-

ʤʝʨ, ʧʨʦʯʥʦʩʪʴ ʝʛʦ ʚʜʦʣʴ ʚʦʣʦʢʦʥ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʯʝʤ ʧʦʧʝʨʝʢ. ʅʝ ʜʣʷ ʚʩʷ-

ʢʦʛʦ ʠʟʜʝʣʠʷ ʥʝʦʙʭʦʜʠʤ ʠʟʦʪʨʦʧʥʳʡ ʤʘʪʝʨʠʘʣ. ʊʘʢ, ʚ ʧʨʦʩʪʦʡ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʦʡ ʪʨʫʙʝ ʧʨʠ ʚʥʫʪʨʝʥʥʝʤ ʜʘʚʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʪʨʫʙʳ ʦʪ-

ʣʠʯʘʶʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 2 ʨʘʟʘ. ʇʦʵʪʦʤʫ ʚʳʛʦʜʥʝʝ ʧʦ ʨʘʜʠʫʩʫ ʨʘʟʤʝʩʪʠʪʴ 

ʙʦʣʴʰʝ ʚʦʣʦʢʦʥ (ʪʘʤ ʙʦʣʴʰʝ ʥʘʧʨʷʞʝʥʠʝ), ʯʝʤ ʚʜʦʣʴ ʪʨʫʙʳ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢ-

ʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʨʘʚʥʦʧʨʦʯʥʦʡ ʠ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʤʘʪʝʨʠʘʣ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʪʨʝ-

ʙʫʶʪʩʷ ʤʝʥʴʰʠʝ ʪʨʫʜʦʚʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ, ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝ-

ʩʪʚʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʠʢʣʦʚ, ʤʦʞʥʦ ʚʤʝʩʪʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʢʠʭ 

ʜʝʪʘʣʝʡ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʙʦʣʪʘʤʠ ʠʣʠ ʩʚʘʨʢʦʡ ʩʜʝʣʘʪʴ ʩʨʘʟʫ 

ʦʜʥʫ ʙʦʣʴʰʫʶ.  

ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚʦ ʦʧʝʨʝʜʠʣʦ ʧʨʠʨʦʜʫ, ʢʘʢ ʧʦ ʘʙʩʦʣʶʪʥʳʤ 

ʟʥʘʯʝʥʠʷʤ ʧʨʦʯʥʦʩʪʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦ-

ʜʦʚ ʧʦʣʫʯʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠʭ ʚ ʠʟʜʝʣʠʷ. ʇʨʠʯʝʤ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʧʦ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ (ʘʙʩʦʣʶʪʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʜʝʣʝʥʥʘʷ ʥʘ 

ʫʜʝʣʴʥʳʡ ʚʝʩ) ʩʝʛʦʜʥʷ ʧʦʣʫʯʝʥʳ ʥʘ ʯʠʩʪʦ ʧʦʣʠʤʝʨʥʦʤ (ʦʨʛʘʥʠʯʝʩʢʦʤ) ʢʦʤ-

ʧʦʟʠʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ï ʧʦʣʠʤʝʨʥʳʝ ʚʦʣʦʢʥʘ, ʩʢʣʝʝʥʥʳʝ ʧʦʣʠʤʝʨʥʳʤ ʩʚʷ-

ʟʫʶʱʝʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʠʭ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ, ʥʦ ʤʝʪʘʣʣʳ ʠ ʢʝʨʘʤʠʢʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʦ ʚʩʪʨʝʯʘʝʪ ʤʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʙʣʝʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʪʘʣʣʦ- ʠ ʢʝʨʘʤʦʢʦʤʧʦʟʠʪʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʨʤʠʨʦʚʘʥʥʳʤʠ ʧʣʘʩʪʠʢʘʤʠ. 

ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʪʝʧʣʦʩʪʦʡʢʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʩʧʣʘʚʳ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʪʘʢʞʝ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʚ ʢʦʪʦʨʦʤ ʝʩʪʴ ʘʨʤʠʨʫʶʱʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʚʷ-

ʟʫʶʱʝʝ. 

ʀʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʩʣʦʠ-

ʩʪʳʝ ʢʦʤʧʦʟʠʪʳ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ. ʊʘʢ ʫʩʪʨʦʝʥʳ, 
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ʥʘʧʨʠʤʝʨ, ʨʘʢʫʰʢʠ. ʈʘʢʫʰʢʘ ʩʦʩʪʦʠʪ ʥʘ 90-95% ʠʟ ʢʨʠʩʪʘʣʣʠʢʦʚ ʢʘʨʙʦʥʘʪʘ 

ʢʘʣʴʮʠʷ, ʩʢʣʝʝʥʥʳʭ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ (ʙʝʣ-

ʢʘ). ʇʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʨʘʢʫʰʢʠ ʤʦʣʣʶʩʢʘ ʘʙʘʣʦʥʝ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

100 ʜʦ 300ʄʇʘ, ʘ ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʘ ʠʥʪʝʨʚʘʣʝ ʦʪ 3 ʜʦ 7 

ʄʇʘĀʤ0,5. ɼʣʷ ʤʦʥʦʣʠʪʥʦʛʦ ʞʝ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ (ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʫʢʘʟʘʥʥʳʭ ʉʂ) ʵʪʠ ʚʝʣʠʯʠʥʳ ʨʘʚʥʳ 30ʄʇʘ ʠ <1 ʄʇʘ.ʤ0,5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(K.S. Vecchio, Synthetic Multifunctional Metallic-Intermetallic Laminate Compo-

sites, JOM, 2005 March, pp. 25-31). ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʫʩʪʨʦʝʥʳ ʧʘʥʮʳʨʠ 

ʯʝʨʝʧʘʭʠ, ʣʦʙʩʪʝʨʘ, ʨʘʢʦʚ, ʢʦʩʪʠ, ʟʫʙʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʧʨ.  

(a) An SEM micrograph of the fracture 

surface of an abalone shell showing the 

individual hexagonal aragonite tiles 

comprising the microstructure. (b) An 

optical micrograph of the mesoscals

laminate structure of the abalone shell in a 

bend fracture sample showing the crack 

deflection achieved in this multi-layered

K.S.Vecchio, JOM, 2005 March, p. 25

 
ʈʠʩ. 7. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʨʘʢʫʰʢʠ ʘʙʘʣʦʥʝ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʝʝ ʨʘʟʨʫʰʝʥʠʷ. 

 

ɼʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʠ ʨʘʟʨʫʰʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʉʂ 

ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʤʝʭʘʥʠʟʤʘʤʠ:  

1. ʆʙʨʘʟʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʥʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʤʝʩʪʘʭ ʨʘʟʣʦʤʘ ʭʨʫʧ-

ʢʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ, ʨʘʟʤʥʦʞʝʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ; 

2. ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʛʣʘʚʥʳʭ ʪʨʝʱʠʥ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ 

ʛʨʘʥʠʮʳ ʢʦʥʪʘʢʪʘ ʭʨʫʧʢʠʭ ʩʣʦʝʚ ʩ ʤʷʛʢʦʡ ʥʝʧʨʦʯʥʦʡ ʧʨʦʩʣʦʡʢʦʡ; 

3. ʉʜʚʠʛʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʭʨʫʧʢʦʛʦ ʩʣʦʷ ʠ ʦʪʨʳʚ ʝʛʦ ʦʪ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʧʣʝʥʢʠ; ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʵʪʠʭ ʤʝʩʪʘʭ ʤʠʢʨʦʰʝʨʦʭʦʚʘʪʦʩʪʝʡ, ʫʚʝʣʠʯʠʚʘʶʱʠʭ 

ʪʨʝʥʠʝ;  

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚ ʩʣʦʷʭ ʦʨʛʘʥʠʢʠ ʚʦʣʦʢʥʠʩʪʳʭ ʩʪʨʫʢʪʫʨ, ʩʧʦʩʦʙʩʪʚʫ-

ʶʱʠʭ ʫʧʨʫʛʦʤʫ ʠ ʚʷʟʢʦ-ʵʣʘʩʪʠʯʥʦʤʫ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶ ʜʝʬʦʨʤʘʮʠʠ ʉʂ;  

5. ʆʙʨʳʚ ʪʨʝʱʠʥ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʩʦ ʩʣʦʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʚʷʟʫʶʱʝʡ 

ʢʦʤʧʦʥʝʥʪʳ.  

ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʵʥʝʨʛʠʠ ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʦʚʳ-

ʰʝʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʪʘʢʠʭ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʢ ʫʜʘʨʥʳʤ ʥʘʛʨʫʟʢʘʤ.  
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ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʧʨʦʛʠʙʘ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʠʟʛʠʙ ʵʧʦʢʩʠʜʥʦʡ 

ʩʤʦʣʳ ʠ ʢʦʤʧʦʟʠʪʘ ʥʘ ʝʝ ʦʩʥʦʚʝ. 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ʩʣʦʠʩʪʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʠ ʧʣʝʥʦʢ. 

 
ʈʠʩ. 9. ʉʣʦʠʩʪʳʡ ʢʦʤʧʦʟʠʪ ʠʟ ʜʚʫʭ ʬʦʣʴʛ, ʩʣʦʞʝʥʥʳʭ ʚ ʢʥʠʞʝʯʢʫ. 

ɿʘʚʠʩʠʤʦʩʪʴʥʘʧʨʷʞʝʥʠʷʠ

ʦʪʧʨʦʛʠʙʘʧʨʠʠʩʧʳʪʘʥʠʠʥʘ

ʠʟʛʠʙ

1 -ʦʪʚʝʨʞʜʝʥʥʘʷ

ʮʠʢʣʦʘʣʠʬʘʪʠʯʝʩʢʘʷʵʧʦʢʩʠʜʥʘʷ

ʩʤʦʣʘʉʋ-179

2 -ʩʣʦʠʩʪʳʡʢʦʤʧʦʟʠʪ(15 

ʩʣʦʝʚ) ʥʘʦʩʥʦʚʝʩʤʦʣʉrʋ-179 ʠ
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typical of Ti- Al3Ti 
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ɸʤʝʨʠʢʘʥʩʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ (K.S. Vecchio ʠ ʜʨ.) ʇʨʠʜʫʤʘʣʠ ʦʨʠʛʠ-

ʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ ʠʟ ʜʚʫʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʬʦʣʴʛ (ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ). ʌʦʣʴʛʠ ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʢʥʠʞʝʯʢʫ ʠ ʧʦʤʝʱʘʶʪʩʷ 

ʚ ʧʝʯʴ, ʛʜʝ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʜʘʚʣʝʥʠʠ ʠʜʝʪ ʨʝʘʢʮʠʷ ʠ ʧʦʣʫʯʘʶʪʩʷ ʞʝʩʪʢʠʝ ʧʨʦʯ-

ʥʳʝ ʩʣʦʠ ʘʣʶʤʠʥʘʪʘ ʪʠʪʘʥʘ ʠ ʦʩʪʘʝʪʩʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ ʩʣʦʠ ʪʠʪʘʥʘ. 

ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʫʶ ʫʜʘʨʥʫʶ ʧʨʦʯʥʦʩʪʴ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ çʨʝʘʢʮʠʦʥʥʦʛʦè ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʉʂ: 

1. ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʣʝʛʢʦ ʬʦʨʤʫʶʪʩʷ (ʤʷʛʢʠʝ, ʧʣʘʩʪʠʯʥʳʝ ʬʦʣʴʛʠ). 

2. ɺ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʦʙʨʘʟʫʶʪʩʷ ʧʝʨʝʭʦʜʥʳʝ ʩʣʦʠ ʠ ʫʣʫʯʰʘʝʪʩʷ ʘʜ-

ʛʝʟʠʦʥʥʘʷ ʩʚʷʟʴ ʩʣʦʝʚ. 

3. ɺʘʨʴʠʨʫʷ ʪʦʣʱʠʥʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ, ʤʦʞʥʦ ʤʝʥʷʪʴ ʤʠʢʨʦʩʪʨʫʢ-

ʪʫʨʫ ʧʨʦʜʫʢʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦʣʫʯʘʪʴ ʛʨʘʜʠʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʠ-

ʩʧʦʩʦʙʣʝʥʥʳʝ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

4. ʄʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ. 

5. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʟʘ ʩʯʝʪ ʨʘʟʥʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʞʠʤʘʶʱʠʝ ʚʥʫʪ-

ʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʙʦʣʝʝ ʭʨʫʧʢʦʤ ʢʦʤʧʦʥʝʥʪʝ (ʘʥʘʣʦʛ ʥʘʧʨʷʞʝʥ-

ʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ).  

ɻʨʘʜʠʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʣʠʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʵʢʩʪʨʝʤʘʣʴ-

ʥʦ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʚʳʩʦʢʘʷ ʧʨʠʚʝʜʝʥʥʘʷ 

ʧʨʦʯʥʦʩʪʴ ʠ ʪ.ʧ.), ʥʦ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʫʥʠʢʘʣʴʥʳ-

ʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʜʣʠʪʝʣʴʥʘʷ ʩʪʦʡʢʦʩʪʴ ʢ ʧʝʨʝʤʝʥ-

ʥʳʤ ʥʘʛʨʫʟʢʘ ʠ ʪ.ʧ.). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʛʨʘʜʠʝʥʪʥʳʤʠ ʚ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʣʶʙʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʟʜʘʥʥʳʝ 

ʯʝʣʦʚʝʢʦʤ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʣʶʙʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʠʤʠ, ʩʦʩʪʘʚ 

ʠ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʳ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ.  

ʀʛʣʳ ʪʘʢʠʭ ʨʘʩʪʝʥʠʡ, ʢʘʢ, ʨʦʟʳ, ʢʘʢʪʫʩʳ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʥʘʨʷʜʫ ʩ ʜʨʫ-

ʛʠʤʠ ʤʝʥʝʝ ʚʘʞʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʳʧʦʣʥʷʶʪ ʦʩʥʦʚʥʫʶ - ʟʘʱʠʱʘʶʪ ʨʘʩʪʝʥʠʝ 

ʦʪ ʩʣʫʯʘʡʥʳʭ ʠʣʠ ʫʤʳʰʣʝʥʥʳʭ ʚʪʦʨʞʝʥʠʡ ʚ ʝʛʦ ʞʠʟʥʴ. ɺ ʩʫʱʥʦʩʪʠ ʙʣʠʟʢʫʶ 

ʟʘʜʘʯʫ ʚʳʧʦʣʥʷʶʪ ʠ ʠʛʣʳ ʞʠʚʦʪʥʳʭ ʠ ʨʳʙ. ʊʘʢ ʠʛʣʳ ʝʞʝʡ ʠ ʜʠʢʦʙʨʘʟʦʚ ʦʪ-

ʣʠʯʥʦ ʟʘʱʠʱʘʶʪ ʵʪʠʭ ʞʠʚʦʪʥʳʭ ʦʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʠ ʩʠʣʴʥʳʭ ʭʠʱ-

ʥʠʢʦʚ. 

ʆʧʨʝʜʝʣʷʷ ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʩʠʣʠʷ, ʠʟʤʝʨʷʝʤʦʛʦ ʧʫʪʝʤ ʥʘʞʘʪʠʷ 

ʥʘ ʦʯʝʥʴ ʪʦʥʢʠʡ ʠ ʦʩʪʨʳʡ ʢʦʥʯʠʢ ʠʛʣʳ ʢʘʢʪʫʩʘ, ʩ ʨʦʩʪʦʤ ʩʠʣʳ ʥʘʞʘʪʠʷ 

ʚʧʣʦʪʴ ʜʦ ʧʦʣʦʤʢʠ ʠʛʣʳ, ʧʦʣʫʯʘʝʤ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, 

ʥʝʜʦʩʪʫʧʥʫʶ ʛʦʤʦʛʝʥʥʳʤ ʠʛʣʘʤ ʠʟ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʝʪʘʣʣʦʚ. ʊʦ ʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʚʦʡʩʪʚʘʤ ʠʛʣ ʝʞʝʡ ʠ ʜʠʢʦʙʨʘʟʦʚ. ʇʦ ʭʠʤʠʯʝ-

ʩʢʦʤʫ ʩʦʩʪʘʚʫ ʤʘʪʝʨʠʘʣ ʧʪʠʯʴʠʭ ʧʝʨʴʝʚ ʥʝ ʩʣʠʰʢʦʤ ʜʘʣʝʢ ʦʪ ʤʘʪʝʨʠʘʣʘ ʠʛʣ ʠ 

ʢʦʛʪʝʡ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ ï ʢʝʨʘʪʠʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʦ ʚʩʝʭ 

ʵʪʠʭ ʩʣʫʯʘʷʭ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʠʣʴʥʝʡʰʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 
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ʤʘʪʝʨʠʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʩʣʦʞʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʧʪʠʯʴʝ-

ʛʦ ʧʝʨʘ (ʩʪʝʙʣʷ, ʦʧʘʭʘʣʘ ʠ ʜʨ.) ï ʧʝʨʚʦʝ, ʥʘ ʯʪʦ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴ. ʇʦ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʪʠʯʴʠ ʧʝʨʴʷ ʩʦʧʝʨʥʠʯʘʶʪ ʩ ʣʫʯʰʠʤʠ ʘʚʠʘ-

ʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʘʣʶʤʠʥʠʡ-ʤʘʛʥʠʝʚʳʤʠ ʩʧʣʘʚʘʤʠ ʠ ʪ.ʧ.). ɺʤʝʩʪʝ ʩ 

ʪʝʤ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʜʝʨʞʠʚʘʪʴ ʤʠʣʣʠʦʥʳ ʨʘʟ ʦʛʨʦʤʥʳʝ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ 

ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʳ ʧʪʠʯʴʝʛʦ ʧʝʨʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʠʤʝʶʪ ʩʝʙʝ ʨʘʚʥʳʭ.  

ʂʨʘʡʥʝ ʠʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʠʥ ʚʦʧʨʦʩ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤ ʤʘʪʝʨʠʘʣʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʪʠʯʴʝʛʦ ʧʝʨʘ. ʂʦʥʯʠʢ ʧʝʨʘ, ʚʳʧʦʣʥʷʝʪ 

ʨʦʣʴ ʩʚʦʝʦʙʨʘʟʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚʦʟʜʫʭʘ ʚ ʧʦ-

ʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʣʘ: ʩʚʝʨʭ ʵʣʘʩʪʠʯʥʳʡ ʤʘʪʝʨʠʘʣ ʠ 

ʢʦʥʩʪʨʫʢʮʠʷ ʵʪʦʛʦ ʢʦʥʯʠʢʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʴʰʦʡ ʧʨʦʛʠʙ ʧʨʠ ʥʠʯʪʦʞʥʦ ʤʘ-

ʣʳʭ ʧʝʨʝʧʘʜʘʭ ʚʦʟʜʫʰʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ ʦʧʝʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʯʠʢʘ. ʇʦʩʢʦʣʴʢʫ ʚʳʛʥʫʪʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʥʝʮ ʧʝʨʘ ʪʦʨʤʦʟʠʪ ʨʘʟʚʠʪʠʝ 

ʦʙʨʘʪʥʳʭ ʪʦʢʦʚ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʣʘ ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʘʪʘʢʠ, ʧʪʠʮʝ ʧʨʠ-

ʩʫʱʠ ʫʥʠʢʘʣʴʥʳʝ ʧʦʣʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʝʜʦʩʪʫʧʥʳʝ ʩʦʚʨʝʤʝʥʥʳʤ ʧʣʘ-

ʥʝʨʘʤ ʠ ʩʘʤʦʣʝʪʘʤ: ʧʦʣʝʪʳ ʩ ʟʘʢʨʠʪʠʯʝʩʢʠʤʠ ʫʛʣʘʤʠ ʘʪʘʢʠ, ʧʦʩʘʜʢʘ ʠ ʚʟʣʝʪ 

ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʙʝʛʘ ʠ ʜʨ.  

ʆʯʝʚʠʜʥʦ, ʟʜʝʩʴ ʤʳ ʩʠʣʴʥʦ ʦʪʩʪʘʝʤ ʦʪ ʧʨʠʨʦʜʳ ʠ ʠʤʝʝʤ ʦʛʨʦʤʥʳʡ ʨʝ-

ʟʝʨʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥ-

ʥʳʭ ʠʟʜʝʣʠʡ. 

ʃʝʛʢʠʝ ʧʝʥʦʤʘʪʝʨʠʘʣʳ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʝʩʘ ʧʨʠʨʦʜʘ ʩʦʟʜʘʣʘ ʤʥʦʞʝʩʪʚʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʠʢʨʦ ʠʣʠ ʤʘʢʨʦ ʧʫʩʪʦʪʳ (ʷʯʝʠ-

ʩʪʳʝ ʤʘʪʝʨʠʘʣʳ). ʉʝʨʜʮʝʚʠʥʘ ʢʦʩʪʝʡ, ʦʩʦʙʝʥʥʦ ʫ ʧʪʠʮ, ʩʦʜʝʨʞʠʪ ʢʨʫʧʥʳʝ ʠ 

ʤʝʣʢʠʝ ʧʫʩʪʦʪʳ, ʢʦʨʘ ʧʨʦʙʢʦʚʦʛʦ ʜʝʨʝʚʘ ï ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʨʠʤʝʨ ʣʝʛʢʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʧʝʥʦʤʘʪʝʨʠʘʣʘ, ʤʦʨʩʢʘʷ ʛʫʙʢʘ ʠ ʩʪʝʙʣʠ ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʝʨʠʘʣʳ ʩ ʧʨʦʥʠʢʘʶʱʠʤʠ ʦʪʢʨʳʪʳʤʠ ʧʦʨʘʤʠ. 

ʏʝʣʦʚʝʢ ʪʘʢʞʝ ʥʘʫʯʠʣʩʷ ʧʦʣʫʯʘʪʴ ʧʝʥʦʤʘʪʝʨʠʘʣʳ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦ-

ʣʠʤʝʨʦʚ, ʤʝʪʘʣʣʦʚ, ʢʝʨʘʤʠʢʠ ʠ ʜʨ. ʤʘʪʝʨʠʘʣʦʚ. ʃʝʛʢʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ï ʥʘʚʝʩʥʳʝ ʧʘʥʝʣʠ ʠ ʧʝʨʝʛʦʨʦʜʢʠ, 

ʟʘʱʠʪʥʘʷ ʠ ʜʝʢʦʨʘʪʠʚʥʘʷ ʦʙʣʠʮʦʚʢʘ, ʨʘʤʳ, ʚ ʭʦʣʦʜʠʣʴʥʠʢʘʭ, ʤʦʨʦʟʠʣʴʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ, ʨʝʬʨʠʞʝʨʘʪʦʨʘʭ, ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ ʠ ʵʣʝʢʪʨʦʥʠʢʝ ʜʣʷ ʵʣʝʢʪʨʦʠʟʦ-

ʣʷʮʠʷ ʫʟʣʦʚ ʧʨʠʙʦʨʦʚ, ʛʝʨʤʝʪʠʟʘʮʠʠ ʜʝʪʘʣʝʡ, ʢʦʘʢʩʠʘʣʴʥʳʭ ʢʘʙʝʣʝʡ. ʍʦʨʦ-

ʰʦ ʠʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʧʣʘʚʫʯʠʝ ʩʨʝʜʩʪʚʘ ï ʙʫʠ, ʙʘʢʝʥʳ, ʧʦʥʪʦʥʳ, ʜʦʩʢʠ ʜʣʷ 

ʚʠʥʜʩʝʨʬʠʥʛʘ, ʩʧʘʩʘʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ï ʧʣʦʪʳ, ʧʦʷʩʘ, ʩʧʘʩʘʪʝʣʴʥʳʝ ʞʠʣʝʪʳ, 

ʧʦʧʣʘʚʢʠ, ʚʦʜʥʳʝ ʣʳʞʠ. ɹʦʣʴʰʦʡ ʦʙʲʝʤ ʧʨʠʤʝʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʫʧʘʢʦʚʦʯ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʙʝʣʠ, ʦʜʝʞʜʳ, ʧʦʜʢʣʘʜʦʢ ʜʣʷ ʢʦʚʨʦʚ, ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʡ ʢʦʞʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʷʛʢʠʝ ʵʣʘʩʪʠʯʥʳʝ ʧʝʥʦʤʘʪʝʨʠʘʣʳ. ɸʤʦʨ-

ʪʠʟʠʨʫʶʱʠʝ, ʚʠʙʨʦʜʝʤʧʬʠʨʫʶʱʠʝ, ʟʚʫʢʦʠʟʦʣʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʧʨʦʢʣʘʜʢʘʭ ʜʣʷ ʢʘʩʦʢ, ʰʣʝʤʘʭ, ʨʘʟʣʠʯʥʳʭ ʛʣʫʰʠʪʝʣʷʭ ʠ 

ʧʨ. ʇʝʥʦʤʘʪʝʨʠʘʣʳ ʩ ʦʪʢʨʳʪʳʤʠ ʧʦʨʘʤʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʬʠʣʴʪʨʦʚ. ɺ ʘʚʠʘ-

ʮʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʝʭʩʣʦʡʥʳʝ ʩʦʪʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ.6), ʣʝʛʢʠʝ 

ʠ ʞʝʩʪʢʠʝ ʥʘ ʠʟʛʠʙ. ɺ ʥʠʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʜʝʷ, ʘʥʘʣʦʛʠʯʥʘʷ ʪʦʡ, ʢʦʪʦʨʫʶ ʧʨʠ-

ʨʦʜʘ ʨʝʘʣʠʟʦʚʘʣʘ ʚ ʢʦʩʪʷʭ ʧʪʠʮ. 
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ʈʠʩ.10. ʃʝʛʢʘʷ ʠ ʞʝʩʪʢʘʷ ʪʨʝʭʩʣʦʡʥʘʷ ʩʦʪʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ. 

 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʝʥ. ʄʝʭʘʥʠ-

ʯʝʩʢʦʝ ʚʩʧʝʥʠʚʘʥʠʝ ï ʩʤʝʰʠʚʘʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʠʣʠ ʦʣʠʛʦʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 

ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʛʘʟʦʤ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʠʣʠ ʭʠʤʠʯʝʩʢʠʤ ʦʪʚʝʨʞʜʝʥʠʝʤ.  

ʅʘʩʳʱʝʥʠʝ ʞʠʜʢʦʡ ʢʦʤʧʦʟʠʮʠʠ ʛʘʟʦʤ (N2, CO2, ʬʨʝʦʥʳ) ʧʨʠ ʚʳʩʦʢʦʤ 

ʜʘʚʣʝʥʠʠ. ʈʘʩʧʣʘʚʳ ʧʦʣʠʤʝʨʦʚ ʥʘʩʳʱʘʶʪʩʷ ʛʘʟʦʤ ʚ ʣʠʪʴʝʚʳʭ ʤʘʰʠʥʘʭ ʠʣʠ 

ʵʢʩʪʨʫʜʝʨʘʭ, ʛʜʝ ʛʘʟ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʜʦ 150 ʢʛ/ʩʤ
2
 ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʢʘʥʘʣʳ ʚ 

ʰʥʝʢʘʭ. ʇʨʠ ʚʧʨʳʩʢʝ ʚ ʬʦʨʤʫ ʠʣʠ ʚʳʭʦʜʝ ʠʟ ʵʢʩʪʨʫʜʝʨʘ ʜʘʚʣʝʥʠʝ ʨʝʟʢʦ 

ʩʙʨʘʩʳʚʘʝʪʩʷ ʠ ʧʨʦʠʩʭʦʜʠʪ ʚʩʧʝʥʠʚʘʥʠʝ. 

ʆʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ï ʚʚʝʜʝʥʠʝ ʚ ʧʦʣʠʤʝʨʥʫʶ 

ʢʦʤʧʦʟʠʮʠʶ ʛʘʟʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ N2, CO2, ʘʤʤʠʘʢ. 

ʆʪʤʝʪʠʤ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʧʝʥʦʤʘʪʝʨʠʘʣʦʚ. ʇʦʜʘʚʣʷʶ-

ʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʦʜʥʦʦʩʥʦʤ 

ʩʞʘʪʠʠ ʨʘʩʰʠʨʷʶʪʩʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʠʤʝʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ (ʦʪʥʦʰʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʢ ʧʨʦʜʦʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ 

ʦʙʨʘʪʥʳʤ ʟʥʘʢʦʤ). ʈʝʟʠʥʘ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʩʦʭʨʘʥʷʝʪ ʦʙʲʝʤ ʠ ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʜʣʷ ʥʝʝ ʨʘʚʝʥ ~0,5. ʅʘʤ ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ 

ʦʜʠʥ ʠʟʦʪʨʦʧʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ ʙʣʠʟʢʠʤ ʢ ʥʫʣʶ ï ʵʪʦ 

ʧʨʠʨʦʜʥʘʷ ʧʨʦʙʢʘ. ʆʥʘ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʩʞʠʤʘʝʪʩʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʧʦʵʪʦʤʫ ʠ 

ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʝʡ ʧʨʦʙʢʦʡ. ʏʝʣʦʚʝʢ ʞʝ ʩʤʦʛ ʩʦʟʜʘʪʴ ʧʝʥʫ ʩ ʦʩʦʙʦʡ ʩʪʨʫʢʪʫ-

ʨʦʡ, ʢʦʪʦʨʦʡ ʥʝʪ ʚ ʧʨʠʨʦʜʝ ʠ ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ (ʦʢʦʣʦ ï1), ʪ.ʝ. ʨʘʩʰʠʨʷʪʩʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʥʘʩʢʦʣʴʢʦ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʝʱʝ ʪʦʣʴʢʦ ʠʱʝʪʩʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʂʘʢ ʤʳ ʚʠʜʠʤ, ʯʝʣʦʚʝʢ, ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʜʘʣʝʢʦ ʦʩʪʘʚʠʣ ʧʦʟʘʜʠ ʧʨʠʨʦʜʫ, ʫ ʢʦʪʦʨʦʡ ʫʯʠʣʩʷ. ʊʘʢ ʦʥ ʧʦʣʫʯʠʣ ʤʝʪʘʣʣʳ, 

ʢʦʪʦʨʳʝ ʞʠʚʘʷ ʧʨʠʨʦʜʘ ʥʠʛʜʝ ʠ ʥʠʢʦʛʜʘ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥ-

ʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʩʧʦʣʴʟʫʷ ʥʝʬʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ, ʯʝʣʦʚʝʯʝʩʪʚʦ 

ʩʦʟʜʘʣʦ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʚʦ-

ʣʦʢʦʥ ʠʟ ʥʠʭ, ʧʨʦʯʥʝʝ ʧʘʫʪʠʥʳ ʠʣʠ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. ʕʪʦ ʞʝ ʢʘʩʘ-
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ʝʪʩʷ ʠ ʨʘʟʣʠʯʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ï ʢʝʨʘʤʠʢʠ, ʩʪʝʢʦʣ, ʙʝʪʦʥʘ ʠ 

ʧʨ. 

ʉʦʟʜʘʥʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʨʝʢʦʨʜʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʪʝʧ-

ʣʦʩʪʦʡʢʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʪʳ). 

ʆʛʨʦʤʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʤʝʶʪ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʯʝʣʦʚʝʢʦʤ ʩʧʦʩʦʙʳ ʧʦ-

ʣʫʯʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʦʩʦʙʝʥʥʦ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʗʚʥʦʝ ʦʪʩʪʘʚʘʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʛʨʘʜʠʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʭ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʠ. 

ʇʣʘʩʪʠʯʥʘʷ ʢʝʨʘʤʠʢʘ ʦʩʪʘʝʪʩʷ ʤʝʯʪʦʡ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʂʘʢ ʥʘʤ ʢʘʞʝʪʩʷ, 

ʙʦʣʴʰʦʝ ʙʫʜʫʱʝʝ ʫ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʥʝʦʨʛʘʥʠʯʝʩʢʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʪʦʚ (ʚ ʧʨʠʨʦʜʝ ʪʘʢʠʭ ʦʯʝʥʴ ʤʥʦʛʦ). ʍʦʪʝʣʦʩʴ ʙʳ, ʯʪʦʙʳ ʦʥʠ ʣʝʛʢʦ 

ʧʝʨʝʨʘʙʘʪʳʚʘʣʠʩʴ, ʙʳʣʠ ʚʳʩʦʢʦʪʝʨʤʦʩʪʦʡʢʠʝ, ʭʠʤʠʯʝʩʢʠ- ʠ ʚʦʜʦʩʪʦʡʢʠʝ ʠ 

ʠʤʝʣʠ ʭʦʨʦʰʝʝ ʩʦʯʝʪʘʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʅʘʢʦʥʝʮ, ʥʫʞʥʘ ʭʦʨʦʰʘʷ ʟʘʤʝʥʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʜʣʷ ʩʠʥʪʝʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ. ʆʯʝʚʠʜʥʦ, ʟʜʝʩʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ 

ʚʠʜʫ ʮʝʣʣʶʣʦʟʫ ʠ ʭʠʪʠʥ, ʚʦʟʤʦʞʥʦ ʙʝʣʢʠ. ʅʫʞʥʳ ʥʦʚʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʦʣʝʝ 

ʯʠʩʪʳʝ, ʯʝʤ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ. ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʙʦ-

ʪʳ, ʢʦʥʝʯʥʦ, ʚʝʜʫʪʩʷ, ʥʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʚʝʨʜʦʬʘʟʥʳʝ ʙʝʟʨʘʩʪʚʦʨ-

ʥʳʝ ʤʝʪʦʜʳ. 

ɽʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʚʦʧʨʦʩ (ʦʩʦʙʝʥʥʦ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ) 

ʚʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦ-

ʜʫʢʪʦʚ ʪʘʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʦʥʝʯʥʦ, ʥʘʜʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʧʨʠʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ï

ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ ʠ ʪʘʠʥʩʪʚʝʥʥʝʝ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʧʦʜʘʚʘʪʴ ʩʠʛʥʘʣʳ ʧʨʠ 

ʨʘʟʨʫʰʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʦʨʛʘʥʠʟʤ ʯʫʚʩʪʚʫʝʪ ʙʦʣʴ. ʇʨʠʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʘ-

ʤʦʟʘʣʝʯʠʚʘʶʪʩʷ, ʩʘʤʠ ʨʝʤʦʥʪʠʨʫʶʪʩʷ. ʆʥʠ ʤʦʛʫʪ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʢ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʝ, ʧʨʠʣʘʛʘʝʤʦʡ ʥʘʛʨʫʟʢʝ (smart material). ʉʝʛʦʜʥʷ ʤʦʞʥʦ ʥʘʡʪʠ ʨʘ-

ʙʦʪʳ ʥʘʜ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʘ ʢʦʝ-ʯʪʦ ʫʞʝ ʠ 

ʩʜʝʣʘʥʦ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʩʫʙʩʪʨʘʪʘ ʠ ʘʜʛʝʟʠʚʘ, ʢʦʪʦʨʦʝ ʦʙʫʩʣʦʚʣʝʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʠʣʘʤʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʪʘʢʠʤʠ ʢʘʢ ʩʠʣʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. ɺr -

ʚʝʜʝʥʦ ʫʨʘʚʥʝʥʠʝ, ʦʪʨʘʞʘʶʱʝʝ ʩʚʷʟʴ ʩʠʣʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʜʚʫʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʦʪ ʢʦʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦ-

ʩʪʠ ʵʪʠʭ ʩʠʩʪʝʤ. ɺʚʝʜʝʥʘ ʢʦʥʩʪʘʥʪʘ ð ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʜʛʝʟʠ-

ʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ, ʢʦʪʦʨʳʡ ʢʦʩʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʠʥʬʦʨʤʠʨʫʝʪ ʦ ʧʨʠʨʦʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʦ 

ʛʝʦʤʝʪʨʠʠ ʵʪʦʛʦ ʢʦʥʪʘʢʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʩʥʦʚʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʘʜʛʝ-

ʟʠʠ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʧʨʦʯʥʦʩʪʴ ʘʜʛʝʟʠʦʥʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʧʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʝʣʠʯʠʥʘʭ ʢʦʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙ-

ʩʪʨʘʪʘ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʭʘʨʘʢʪʝʨʝ ʠʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ 

ʪʘʢʞʝ ʦʙʦʙʱʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʧʨʦʯ-

ʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ ʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʝʜʣʦʞʝʥ ʩʪʨʫʢʪʫʨʥʳʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʠʩʪʝʤʘʪʠʟʠ-

ʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠ-

ʩʪʝʤ, ʥʦ ʠ ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʛʝʟʠʚ; ʩʫʙʩʪʨʘʪ; ʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ; ʪʝʦʨʠʠ ʘʜ-

ʛʝʟʠʠ; ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; ʨʘʟʨʫʰʝʥʠʝ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ; ʧʨʦʯʥʦʩʪʴ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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Abstract:  In this paper, there was considered a model for the interaction of a sub-

strate and an adhesive, which is exclusively due to forces of intermolecular interac-

tions, such as Van der Waals forces. Equation had been derived which shows the 

relations of the force of intermolecular interactions of two macroscopic molecular 

systems to the cohesive strength of these systems. It was introduced a constant 

which is Coefficient of effectiveness of adhesion interaction of the adhesive and 

substrate, which indirectly informs about the nature of the interaction of molecular 

systems, as well as the geometry of this contact, which is the basis of the mechani-

cal theory of adhesion. Dependences have been obtained that make it possible to 

evaluate the strength of the adhesion contact from information on amounts of the 

cohesive strength of adhesives and substrates with their known intermolecular in-

teraction, as well as the general dependence of the strength of adhesion joints on 

the strength of the initial components of the adhesive and the substrate, and on the 

content of these components. A structural approach is designed that allows system-

atizing various physical situations not only for one-component systems, but also 

for multicomponent systems. 

 

Keywords: Adhesive; Substrate; Disperse systems; Theory of adhesion; Van der 

Waals interaction; Destruction of adhesion joints; strength of adhesive joints. 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʦʩʥʦʚʘʥʦ ʥʘ ʩʦʟʜʘʥʠʠ ʠ ʧʨʠʤʝʥʝʥʠʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʤʧʦʟʠʪ ʵʪʦ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʡ ʥʝʦʜʥʦʨʦʜʥʳʡ ʩʧʣʦʰʥʦʡ ʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ 

ʠʣʠ ʙʦʣʝʝ ʬʘʟ ʩ ʯʸʪʢʦʡ ʛʨʘʥʠʮʝʡ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʥʠʤʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʢʦʤʧʦ-

ʟʠʪʦʚ ʬʘʟʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʤʘʪʨʠʮʫ ʠʣʠ ʩʚʷʟʫʶʱʝʝ ʠ ʚʢʣʶʯʸʥʥʳʝ ʚ ʥʝʸ 

ʘʨʤʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠʣʠ ʥʘʧʦʣʥʠʪʝʣʠ. ʈʘʟʨʘʙʦʪʘʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʝʛʦ ʩʦʟʜʘʥʠʠ ʬʘʟ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʜʣʷ ʦʧʠʩʘ-

ʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʚʘʨʢʘ, ʧʘʡʢʘ, ʩʢʣʝʠʚʘ-

ʥʠʝ, ʪʨʝʥʠʝ ʠ ʪ.ʜ.) ʧʨʝʜʣʦʞʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʪʝʦʨʠʡ ʠ ʢʦʥʮʝʧʮʠʡ. ʊʘʢ, 

ʪʦʣʴʢʦ ʚ ʪʝʭʥʦʣʦʛʠʠ ʩʢʣʝʠʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʦʨʠʡ ʘʜ-

ʛʝʟʠʠ [1-3]. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʚʩʝʭ ʵʪʠʭ ʪʝʦʨʠʡ ï ʧʨʝʜʩʢʘʟʘʪʴ ʚʝʣʠʯʠʥʫ ʘʜʛʝ-

ʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʤʝʞʜʫ ʩʫʙʩʪʘʥʮʠʷʤʠ, ʠʩʭʦʜʷ ʠʟ ʠʭ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʩʪʨʫʢʪʫʨʳ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ 

ʥʠʤʠ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʪʝʦʨʠʡ ʘʜʛʝʟʠʠ ʷʚʣʷʶʪʩʷ: ʤʝʭʘʥʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʘʜʛʝ-

ʟʠʠ, ʘʜʩʦʨʙʮʠʦʥʥʘʷ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ, ʜʠʬʬʫʟʠʦʥʥʘʷ, ʵʣʝʢʪʨʦʨʝʣʘʢʩʘʮʠʦʥʥʘʷ, ʘ 
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ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʪʝʦʨʠʠ, ʧʦ-ʨʘʟʥʦʤʫ ʪʨʘʢʪʫʶʱʠʝ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʙʱʝʡ ʛʨʘʥʠʯ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʫʭ, ʯʘʱʝ ʚʩʝʛʦ ʨʘʟʥʦʨʦʜʥʳʭ, ʤʘʪʝʨʠʘʣʦʚ ï ʩʫʙʩʪʨʘʪʘ, ʠ 

ʘʜʛʝʟʠʚʘ. ɸʜʛʝʟʠʷ ʤʝʞʜʫ ʬʘʟʘʤʠ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ï ʵʪʦ ʦʯʝʥʴ 

ʚʘʞʥʳʡ ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʩʢʘʟʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʯʝʥʴ ʚʘʞʥʦ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʜʛʝʟʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʨʘʟʨʫʰʘʶʪʩʷ ʧʦ ʛʨʘʥʠʮʝ ʨʘʟ-

ʜʝʣʘ ʜʚʫʭ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʚʙʣʠʟʠ ʥʝʝ, ʪ.ʝ. ʛʨʘʥʠʮʘ ʚ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠ-

ʷʭ ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʣʘʙʳʤ ʵʣʝʤʝʥʪʦʤ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʚʘʞ-

ʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʦʯʥʦʩʪʴ ʘʜʛʝʟʠʦʥʥʦʡ ʩʚʷʟʠ, ʪ.ʝ. 

ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ. ʇʦʩʢʦʣʴʢʫ ʨʘʟʤʝʨʳ ʛʨʘʥʠʮʳ ʥʝ ʩʦʠʟʤʝʨʠ-

ʤʦ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ ʤʘʪʝʨʠʘʣʘ, ʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʨʠʪʝ-

ʨʠʝʚ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʘʜʛʝʟʠ-

ʦʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ɺ ʫʩʣʦʚʠʷʭ ʩʦʭʨʘʥʝʥʠʷ ʩʧʣʦʰʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʵʪʠ ʜʝ-

ʬʦʨʤʘʮʠʠ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʛʨʘʥʠʮʳ ʦʙʳʯʥʦ ʨʘʟʣʠʯʥʳ, ʭʦʪʷ ʜʝʬʦʨʤʘʮʠʦʥ-

ʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʥʠʭ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ. 

ʇʨʠ ʧʦʩʪʘʥʦʚʢʝ ʢʦʥʪʘʢʪʥʦʡ ʟʘʜʘʯʠ ʦ ʨʘʟʨʫʰʝʥʠʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʩʨʝʜ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʝʢʦʪʦʨʫʶ ʠʜʝʘʣʴʥʫʶ ʛʣʘʜʢʫʶ ʠʣʠ ʣʦʢʘʣʴʥʦ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚ ʨʝʘʣʴʥʳʭ ʠʟʜʝʣʠʷʭ ʵʪʦ ʜʘʣʝʢʦ ʥʝ ʪʘʢ ð 

ʦʙʳʯʥʦ ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ ʷʚʣʷʝʪʩʷ ʰʝʨʦʭʦʚʘʪʦʡ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʰʝʨʦ-

ʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʨʘʩʪʝʪ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʟʘʮʝʧ-

ʣʝʥʠʡ ʤʝʞʜʫ ʘʜʛʝʟʠʚʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʫʙʩʪʨʘʪʘ, ʟʘ ʩʯʝʪ ʟʘʪʝʢʘʥʠʷ ʩʚʷʟʫ-

ʶʱʝʛʦ ʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ 

ʧʦ ʬʦʨʤʝ, ʘ ʝʝ ʫʨʦʚʝʥʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʳʩʦʪʫ ʛʨʝʙʝʰʢʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʩʦ-

ʧʦʩʪʘʚʠʤ ʩ ʪʦʣʱʠʥʦʡ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʣʦʷ [4,5]. 

ɺʩʝ ʵʪʠ ʵʬʬʝʢʪʳ ʠʤʝʶʪ ʤʝʩʪʦ, ʥʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʧʨʠ ʘʜʛʝʟʠʦʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʘʜʛʝʟʠʶ ʚʩʝ-ʪʘʢʠ ʚʥʦʩʷʪ 

ʭʠʤʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʮʝʣʦʤ, ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʳʚʘ-

ʝʪʩʷ ʯʝʪʳʨʝ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ: ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʩʠʣʳ ʃʠʬʰʠʮʘ - 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, ʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [6]. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʨʘʟʥʦ-

ʚʠʜʥʦʩʪʝʡ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʘ ʠʤʝʥʥʦ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʩʚʷʟʠ, ʠ, ʧʦ 

ʩʚʦʝʡ ʩʫʪʠ, ʦʪʨʘʞʘʶʪ ʪʦʣʴʢʦ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʡ ʩʚʷʟʠ.  

ʉʠʣʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ, ʤʦʞʥʦ 

ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʙʣʠʟʢʦʜʝʡʩʪʚʫʶʱʠʝ ʠ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʝ. 

ɹʣʠʟʢʦʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʤʦʣʝʢʫʣ; ʢ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʩʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ ʠ ʩʠʣʳ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. ʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʦʙʱʝʩʪʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʩʙʣʠʞʝʥʠʠ ʤʦʣʝʢʫʣ. 

ʕʥʝʨʛʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚʝʣʠʯʠʥ ʧʦʨʷʜʢʘ 400 ʢɼʞ/ʤʦʣʴ 
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ð ʵʪʦ ʩʠʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ, ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʠʦʥʥʘʷ ʠ ʢʦʚʘʣʝʥʪʥʘʷ ʩʚʷ-

ʟʠ. ʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʦʞʝʪ ʙʳʪʴ ʠ ʦʯʝʥʴ ʩʣʘʙʦʡ ʩ ʵʥʝʨʛʠʝʡ ʧʦʨʷʜʢʘ 1 

ʢɼʞ/ʤʦʣʴ, ʢ ʪʘʢʦʤʫ ʪʠʧʫ ʩʚʷʟʠ ʦʪʥʦʩʠʪʩʷ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ. ɹʣʠʟʢʦʜʝʡʩʪʚʫ-

ʶʱʝʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʚʳʟʚʘʥʦ ʨʦʩʪʦʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢ-

ʪʨʦʥʦʚ ʧʨʠ ʩʙʣʠʞʝʥʠʠ ʤʦʣʝʢʫʣ. ɼʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ 

ʥʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʦʥʘʤʠ, ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʚʷʟʴ 

ʠ ʩʠʣʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ [6,7]. 

1. ʕʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʝ ʤʦʣʝʢʫʣʳ ʘʜʛʝʟʠʚʘ (a) ʠ ʩʫʙʩʪʨʘʪʘ (s), ʢʦʪʦʨʳʝ ʥʘʭʦ-

ʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ R ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʩʪʝʡʰʝʛʦ ʚʘʨʠʘʥ-

ʪʘ, ʩʯʠʪʘʝʤ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʪ.ʝ. ʠʭ 

ʩʚʦʡʩʪʚʘ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ. ʊʘʢʞʝ ʠʩʢʣʶʯʠʤ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʝʧʣʦʚʳʝ 

ʜʚʠʞʝʥʠʷ ʘʪʦʤʥʳʭ ʷʜʝʨ ʚ ʤʦʣʝʢʫʣʘʭ, ʘ ʤʦʣʝʢʫʣʳ ʥʝ ʠʟʤʝʥʷʶʪ ʩʚʦʝʡ ʢʦʥʬʠ-

ʛʫʨʘʮʠʠ ʠ ʥʝ ʚʨʘʱʘʶʪʩʷ. ɺ ʵʪʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʠʟʦʣʠʨʦʚʘʥ-

ʥʦʡ ʤʦʣʝʢʫʣʳ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʦʩʪʦʷʥʠʷ ʝʝ ʵʣʝʢʪʨʦʥʦʚ. ʂʦʣʝʙʘʥʠʷ ʷʜʝʨ ʠ 

ʜʨʫʛʠʝ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʳʯʥʦ ʥʝ  ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʵʥʝʨ-

ʛʠʶ ʤʦʣʝʢʫʣ, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʊʘʢʦʡ ʩʧʦʩʦʙ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʦʣʝʢʫʣ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠ-

ʞʝʥʠʷ ʠʣʠ ʧʨʠʙʣʠʞʝʥʠʷ ʄ. ɹʦʨʥʘ ʠ ɼ.ʈ. ʆʧʧʝʥʛʝʡʤʝʨʘ. ɸʜʠʘʙʘʪʠʯʝʩʢʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ, ʢʦʛʜʘ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʨʝʟʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʤʘʣʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ ʷʜʝʨ [8].  

ʇʫʩʪʴ  ʠ  ʦʙʦʟʥʘʯʘʶʪ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʤʦʣʝʢʫʣ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙ-

ʩʪʨʘʪʘ, ʢʦʛʜʘ ʦʥʠ ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʪ.ʝ. ʢʦʛʜʘ . ɺ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʦʙʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ  ʠ 

 ʝʩʪʴ ʦʜʥʦʟʥʘʯʥʳʝ ʠ ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ ʢʦʦʨʜʠʥʘʪ ʵʣʝʢʪʨʦʥʦʚ, ʠʤʝʶ-

ʱʠʭʩʷ ʚ ʤʦʣʝʢʫʣʘʭ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʚʘʜʨʘʪ ʤʦʜʫʣʷ 

ʢʘʞʜʦʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʪʝʛʨʠʨʫʝʤʳʤ. ʂʘʞʜʘʷ ʠʟ ʚʦʣʥʦ-

ʚʳʭ ʬʫʥʢʮʠʡ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʘ, ʪ.ʝ. ʤʝʥʷʝʪ ʟʥʘʢ ʧʨʠ ʧʝʨʝʩʪʘʥʦʚʢʝ ʣʶʙʳʭ 

ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʦʣʝʢʫʣʝ. ɼʣʷ ʦʧʝʨʘʪʦʨʦʚ ɻʘʤʠʣʴʪʦʥʘ ʢʘʞʜʦʡ ʠʟ ʤʦʣʝʢʫʣ 

ʚʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ ǦŬ ʠ Ǧs, ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ  ʠ . ʇʦ-

ʩʢʦʣʴʢʫ ʤʦʣʝʢʫʣʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʫʨʘʚʥʝʥʠʷ ʐʨʝ-

ʜʠʥʛʝʨʘ ʜʣʷ ʥʠʭ ʠʤʝʶʪ ʚʠʜ:  

 

ǦŬɣŬ = EŬɣŬ 
(1.1) 

Ǧsɣs = Esɣs 

 

ʆʧʝʨʘʪʦʨ ɻʘʤʠʣʴʪʦʥʘ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʦ-

ʣʝʢʫʣ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʦʧʝʨʘʪʦʨʦʚ ǦŬ ʠ Ǧs: 

 

                                ǦÐ =  Ǧa + Ǧs                                                                       (1.2) 
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ʛʜʝ ʠʥʜʝʢʩ  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ ʙʝʩʢʦʥʝʯʥʦ ʫʜʘ-

ʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʕʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʨʘʚʥʘ ʩʫʤʤʝ ʵʥʝʨʛʠʡ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ:  

 

          (1.3) 

 

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ, ʝʩʣʠ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʩʠʩʪʝʤʳ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ  

 

 (1.4) 

ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪ, ʢʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ R ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʘʜʛʝʟʠʚʘ ʠ 

ʩʫʙʩʪʨʘʪʘ ʥʝ ʚʝʣʠʢʦ, ʠ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʯʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥ-

ʥʳʤʠ ʦʙʣʘʢʘʤʠ ʵʪʠʭ ʤʦʣʝʢʫʣ. ʊʦʛʜʘ ʦʧʝʨʘʪʦʨ ɻʘʤʠʣʴʪʦʥʘ Ǧ ʜʣʷ ʩʠʩʪʝʤʳ ʠʟ 

ʜʚʫʭ ʤʦʣʝʢʫʣ ʥʝ ʨʘʚʝʥ ǦÐ:  

 

                                      Ǧ = ǦÐ+  Ǧ
                 

                                                         (1.5) 

 

ʛʜʝ ʦʧʝʨʘʪʦʨ ʚʦʟʤʫʱʝʥʠʷ Ǧʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ.  

ɼʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʤʦʣʝʢʫʣ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ ʥʝ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʩʠʩʪʝʤʳ ʚ ʧʨʠʥʮʠʧʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ (1.4). ɺ ʩʣʫʯʘʝ ʢʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ (R) ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ ʤʘʣʦ, ʠ ʧʝʨʝʢʨʳʚʘʥʠʝʤ ʠʭ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʥʝʣʴʟʷ 

ʧʨʝʥʝʙʨʝʯʴ, ʪʦʛʜʘ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ  ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 

ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʫʜʘʣʝʥʥʳʭ ʤʦʣʝʢʫʣ . ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʝʱʝ 

ʪʝʤ, ʯʪʦ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʣʝʢʫʣ ʷʚʣʷʝʪʩʷ ʘʥʪʠʩʠʤ-

ʤʝʪʨʠʯʥʦʡ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʝʝ ʦʪʥʦʰʝʥʠʝʤ ʢ ʧʝʨʝʩʪʘʥʦʚʢʘʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʠ ʩʧʠʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʵʣʝʢʪʨʦʥʦʚ ʤʦʣʝʢʫʣ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ, ʧʦʩʢʦʣʴʢʫ 

ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʵʪʠʭ ʤʦʣʝʢʫʣ ʦʙʨʘʟʫʶʪ ʝʜʠʥʦʝ ʮʝʣʦʝ.  

ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ E, ʚ ʧʨʠʥʮʠʧʝ, ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʩ ʧʦʤʦ-

ʱʴʶ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ:  

 

Ǧ  (1.6) 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ  

 

                                 E = Ú ɣ
*
 Ǧ ɣdv ſṝɣǦɣṞ                                                    (1.7)             

 ʛʜʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʚʩʝʭ ʵʣʝʢʪʨʦʥʦʚ [8,10].  

ʈʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ ʩʠʩʪʝʤʳ ʜʚʫʭ ʤʦʣʝʢʫʣ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ ʧʨʠ ʠʭ 

ʧʝʨʝʤʝʱʝʥʠʠ ʠʟ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʢ ʪʦʯʢʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: 
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 (1.8) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʥʝʨʛʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ. 

ʊʘʢ ʢʘʢ ʦʧʝʨʘʪʦʨ ʚʦʟʤʫʱʝʥʠʷ Ǧʠ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʩʠʩʪʝʤʳ  ʟʘʚʠʩʷʪ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ R ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ, ʪʦ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʞʝ ʷʚʣʷʝʪʩʷ 

ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʝʡ R. ʇʦʩʢʦʣʴʢʫ ʵʥʝʨʛʠʷ ɽ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝ-

ʥʠʷ (1.7), ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʥʫʶ ʵʥʝʨʛʠʶ ʩʠʩʪʝʤʳ, ʪ.ʝ. ʩʫʤʤʫ ʢʚʘʥ-

ʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚṝTeṞʠ ʢʚʘʥʪʦ-

ʚʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʨʝʜʥʝʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʷʜʝʨṝue,nṞ 

E =ṝTeṞ+ṝue,nṞ (1.9) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʥʝʨʛʠʷ ɽ ʝʩʪʴ ʬʫʥʢʮʠʷ R ʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʘʜʛʝʟʠʚʘ ʠ 

ʩʫʙʩʪʨʘʪʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʠʣʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʤʦʣʝʢʫʣ, ʩʚʷʟʘʥʘ ʩ E(R) 

ʩʦʦʪʥʦʰʝʥʠʝʤ:  

 

 (1.10) 

ɺ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ [8]  

 

                                                                             (1.11) 

 

ʛʜʝ  ð ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʦʣʝʢʫʣ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙ-

ʩʪʨʘʪʘ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪ ʚʩʝʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʷʜʝʨ ʤʦʣʝʢʫʣʳ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʚʩʝʡ 

ʩʠʩʪʝʤʳ;  

 ð ʧʦʣʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʫʤʤʫ ʧʘʨʥʳʭ ʢʫʣʦʥʦʚʩʢʠʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ ʧʘʨʘʤʠ ʯʘʩʪʠʮ. ʌʫʥʢʮʠʷ  ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦ-

ʦʨʜʠʥʘʪ ʚʩʝʭ ʷʜʝʨ ʠ ʵʣʝʢʪʨʦʥʦʚ, ʠʤʝʶʱʠʭʩʷ ʚ ʤʦʣʝʢʫʣʘʭ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘ-

ʪʘ.  

ƅ ƅ- ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦʣʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ʚʩʝʡ ʩʠʩʪʝʤʳ ʧʦ ʨʘʩʩʪʦʷʥʠʶ, ʨʘʚʥʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʠʣʝ, ʢʦʪʦʨʘʷ ʜʝʡ-

ʩʪʚʦʚʘʣʘ ʙʳ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ, ʝʩʣʠ ʙʳ ʥʝ ʪʦʣʴʢʦ ʧʦ-

ʣʦʞʝʥʠʷ ʷʜʝʨ, ʥʦ ʠ ʢʦʦʨʜʠʥʘʪʳ ʵʣʝʢʪʨʦʥʦʚ ʙʳʣʠ ʙʳ ʬʠʢʩʠʨʦʚʘʥʳ.  
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ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ (1.11) ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʚʩʝʭ ʵʣʝʢʪʨʦ-

ʥʦʚ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʝ ʫʩʨʝʜʥʝʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠ-

ʯʝʩʢʦʡ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ [8].  

ʂʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʝʣʠʢʦ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʧʝʨʝʢʨʳ-

ʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ ʤʦʣʝʢʫʣ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ ʤʦʞʥʦ ʧʨʝʥʝ-

ʙʨʝʯʴ, ʪʦ ʪʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʥʘʟʳʚʘʝʪʩʷ ʜʘʣʴʥʦʜʝʡ-

ʩʪʚʫʶʱʠʤ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʢʨʳʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘ-

ʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʣʝʢʫʣ, ʪʦʛʜʘ ʚʦʟʥʠʢʘʶʪ ʩʠʣʳ ʙʣʠʟʢʦʜʝʡʩʪʚʫʶʱʝ-

ʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ.  

2. ʆʮʝʥʢʘ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʧʘʨʥʳʭ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʘʜʛʝʟʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʚʳʚʦʜʦʚ ʦʙ ʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʣʫʯʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙ ʵʥʝʨʛʠʠ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʩ ʧʦʤʦʱʴʶ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣ. ɼʣʷ ʵʤʧʠʨʠʯʝ-

ʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʬʦʨʤʫʣʳ, ʚʳ-

ʚʝʜʝʥʥʳʝ ʜʣʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʛʘʟʦʚ ʠʣʠ ʞʠʜʢʠʭ ʩʠʩʪʝʤ. 

ʊʘʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʭ ʚʦʟʤʦʞʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠ-

ʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʝʝ. ɺʦ-ʧʝʨʚʳʭ, ʚ ʛʘʟʘʭ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦ-

ʣʝʢʫʣʘʤʠ ʚʝʣʠʢʦ, ʧʦʵʪʦʤʫ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚʥʦʩʷʪ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ. ʂʦʛʜʘ ʤʦʣʝʢʫʣʳ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʳ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʝʡʩʪʚʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʜʠʧʦʣʴʥʳʝ 

ʠ ʣʦʥʜʦʥʦʚʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʞʠʜʢʦʩʪʷʭ, ʦʯʝʥʴ ʚʘʞʥʘ ʨʦʣʴ ʙʣʠʟʢʦʜʝʡ-

ʩʪʚʫʶʱʠʭ ʩʠʣ. ɺʦ-ʚʪʦʨʳʭ, ʵʥʝʨʛʠʷ ʨʝʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʷʨʥʳʭ 

ʤʦʣʝʢʫʣ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʚ ʛʘʟʘʭ ʤʘʣʘ, ʘ ʚ ʞʠʜʢʦʩʪʷʭ ʠ ʪʚʝʨʜʳʭ ʪʝʣʘʭ 

ʚʝʣʠʢʘ ʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʵʥʝʨʛʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʫʣʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʚʦʡʩʪʚʘʭ ʛʘʟʦʚ, ʚʝʜʫʪ 

ʢ ʥʝʜʦʦʮʝʥʢʝ ʨʦʣʠ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ. ɺ-ʪʨʝʪʴʠʭ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʤʝʞʜʫ 

ʪʚʝʨʜʦʡ, ʞʠʜʢʦʡ ʠ ʛʘʟʦʚʦʡ ʬʘʟʘʤʠ, ʚ ʜʝʡʩʪʚʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ ʧʨʦʷʚ-

ʣʷʶʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʣʠʷʥʠʝʤ 

ʵʬʬʝʢʪʦʚ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʯʘʩʪʠʮ. ɺ-

ʯʝʪʚʝʨʪʳʭ, ʵʤʧʠʨʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʩʨʝʜʥʝʥʥʫʶ ʵʬʬʝʢ-

ʪʠʚʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ. ʉʧʦʩʦʙ ʫʩʨʝʜʥʝʥʠʷ ʦʙʳʯʥʦ 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʥʦ ʦʥ ʜʦʣʞʝʥ ʟʘʚʠʩʝʪʴ ʦʪ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʝʨʛʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʫ ʵʤʧʠʨʠʯʝʩʢʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 

V(R) ʠ ʟʥʘʯʝʥʠʷ ʬʠʛʫʨʠʨʫʶʱʠʭ ʚ ʵʪʦʡ ʬʫʥʢʮʠʠ ʧʘʨʘʤʝʪʨʦʚ. 

ʄʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʚʷʟʳʚʘʪʴ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ 

ʩʫʙʩʪʨʘʪʘ ʠ ʘʜʛʝʟʠʚʘ ʩ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʧʨʠʤʝʥʠʤʳʝ 

ʜʣʷ ʛʘʟʦʚ, ʥʝ ʚʩʝʛʜʘ ʧʨʠʛʦʜʥʳ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʝʡ ʠ ʪʚʝʨʜʳʭ 

ʪʝʣ. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʵʤʧʠʨʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ, ʧʨʠʤʝʥʠʤʳʝ ʜʣʷ ʭʘʨʘʢʪʝʨʠ-
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ʩʪʠʢʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʛʘʟʘʭ, ʥʝʣʴʟʷ ʙʝʟʦʛʦʚʦʨʦʯʥʦ ʧʨʠ-

ʤʝʥʷʪʴ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʛʝʟʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʞʠʜʢʠʭ ʠ 

ʪʚʝʨʜʳʭ ʘʜʛʝʟʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ ʵʤʧʠʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʜʣʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʚʦʟʤʦʞʥʦ. 

ʆʜʥʘʢʦ ʚʳʚʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ, ʥʫʞʜʘʶʪʩʷ ʚ 

ʧʨʦʚʝʨʢʝ. 

ɺʧʝʨʚʳʝ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʨʝʰʝʪʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʧʦʤʦʱʴʶ çʘʪʦʤ ð ʘʪʦʤ ʧʦʪʝʥʮʠʘʣʦʚè ʙʳʣ ʧʨʝʜʣʦʞʝʥ ɸ.ʀ. ʂʠʪʘʡʛʦʨʦʜʩʢʠʡ 

[9]. ʂʘʞʜʳʡ ʘʪʦʤ, ʚʭʦʜʷʱʠʡ ʚ ʤʦʣʝʢʫʣʫ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʝʢʦʪʦʨʳʡ ʩʠ-

ʣʦʚʦʡ ʮʝʥʪʨ. ʕʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʨʘʚʥʘ ʩʫʤʤʝ ʵʥʝʨʛʠʡ ʧʘʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʪʦʤʦʚ i  ʠ j, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʥʳʤ ʤʦʣʝʢʫʣʘʤ. ʕʥʝʨʛʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ  ʟʘʚʠʩʷʪ ʣʠʰʴ ʦʪ ʩʦʨʪʘ ʘʪʦʤʦʚ. ʆʥʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʪʦʛʦ, ʚ ʢʘʢʫʶ ʤʦʣʝʢʫʣʫ ʠ ʚ ʢʘʢʦʤ ʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʘʪʦʤʳ ʚʭʦʜʷʪ. ɼʣʷ 

ʧʦʪʝʥʮʠʘʣʦʚ  ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʨʘʟʣʠʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ ʧʦʪʝʥʮʠʘʣ ʃʝʥʥʘʨʜʘðɼʞʦʥʩʘ ʠ ʜʨ. ʇʘʨʘʤʝʪʨʳ ʵʤʧʠʨʠʯʝʩʢʠʭ ʩʦ-

ʦʪʥʦʰʝʥʠʡ ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ, ʟʥʘʷ ʚʩʝ ʤʝʞʲʷʜʝʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʢʨʠ-

ʩʪʘʣʣʝ, ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʧʨʘʚʠʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʨʝʰʝʪʢʠ ʢʨʠ-

ʩʪʘʣʣʘ. ʉʠʩʪʝʤʘ ʘʪʦʤ-ʘʪʦʤ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠ ʧʨʠ ʨʘʩʯʝʪʘʭ 

ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʣʠʤʝʨʥʳʭ. ʍʦʪʷ ʤʝʪʦʜ ʘʪʦʤ-ʘʪʦʤ ʧʦʪʝʥʮʠ-

ʘʣʦʚ ʧʨʠʤʝʥʷʝʪ ʵʤʧʠʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʚʝʣʠʯʠʥʳ , ʚ ʮʝʣʦʤ ʦʥ ʷʚ-

ʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ. ʀʟ ʨʘʙʦʪ [8,10] ʩʣʝʜʫʝʪ, 

ʯʪʦ ʤʝʪʦʜ ʘʪʦʤ-ʘʪʦʤ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠʤʝʥʠʤ ʢ ʣʶʙʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʚʷʟʷʤ, 

ʩʣʘʙʳʤ ʠʣʠ ʩʠʣʴʥʳʤ. ʄʳ ʪʘʢʞʝ ʩʯʠʪʘʝʤ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʠ ʜʣʷ 

ʨʘʩʯʝʪʦʚ ʛʝʪʝʨʦʬʘʟʥʳʭ - ʘʜʛʝʟʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʪʦʣʴʢʦ ʤʦʜʝʣʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʙ-

ʩʪʨʘʪʘ ʠ ʘʜʛʝʟʠʚʘ ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʠʣʘʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ʩʠʣ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ, ʦʪʨʘʞʘ-

ʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ ʜʚʫʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦ-

ʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʦʪ ʢʦʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʵʪʠʭ ʩʠʩʪʝʤ. 

ɺ ʨʘʙʦʪʘʭ [11,12] ʧʨʠʚʝʜʝʥʦ ʚʳʨʘʞʝʥʠʝ, ʩʚʷʟʳʚʘʚʰʝʝ ʤʦʜʫʣʴ ʫʧʨʫʛʦ-

ʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ  ʩ ʤʦʜʫʣʷʤʠ ʩʚʷʟʫʶʱʝʛʦ ʠ ʤʦʜʫʣʝʤ ʞʝʩʪʢʦʛʦ 

ʥʘʧʦʣʥʠʪʝʣʷ : 

 

 (2.1) 

ʛʜʝ Ŭ - ʢʦʵʬʬʠʮʠʝʥʪ ʘʜʛʝʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʫʩʣʦ-

ʚʠʶ . 

ʇʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ Ŭ ʩʦʧʨʷʞʝʥʦ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʚ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʧʨʦʯʥʦʩʪʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
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ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʢʨʦʩʢʦ-

ʧʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʚʝʱʝʩʪʚ) ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʮʝ ʩʫʤʤʳ ʧʘʨʥʳʭ ʤʝʞ-

ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ [13,14]: 

                                                                                              (2.2) 

ʛʜʝ  - ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ i-ʡ ʠ j-ʡ ʤʦʣʝʢʫʣ ʨʘʟʥʳʭ ʩʠ-

ʩʪʝʤ. 

ɺ ʧʨʠʙʣʠʞʝʥʠʠ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠ-

ʩʘʥʦ ʚ ʚʠʜʝ [15] 

 

 
(2.3) 

ɻʜʝ  ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, ; ,  - ʯʠʩʣʘ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ 

ʤʦʣʝʢʫʣʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʚʝʱʝʩʪʚ. 

ʀʩʧʦʣʴʟʫʷ ʧʨʠʙʣʠʞʝʥʠʝ ʘʜʜʠʪʠʚʥʦʩʪʠ ʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [16], 

ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʨʘʟ-

ʥʦʨʦʜʥʳʭ ʤʦʣʝʢʫʣ ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ: 

 

 
(2.4) 

ʛʜʝ  ʠ  - ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʤʦʣʝʢʫʣ ʚ ʢʘʞ-

ʜʦʡ ʠʟ ʜʚʫʭ ʩʠʩʪʝʤ.  

ʇʨʠ ʨʘʚʥʦʚʝʩʥʦʤ ʦʜʥʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʣʳ ʙʫ-

ʜʝʤ ʩʯʠʪʘʪʴ ʮʝʥʪʨʘʣʴʥʳʤʠ. ʈʘʟʣʦʞʠʤ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʵʥʝʨʛʠʠ  ʚ ʨʷʜ ʧʦ 

ʠʟʤʝʥʝʥʠʷʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ: 

 

 

(2.5) 

ʛʜʝ  - ʨʘʚʥʦʚʝʩʥʦʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ; . 

ɺʚʝʜʝʤ ʢʦʥʩʪʘʥʪʳ  ʠ , ʨʘʚʥʳʝ ʟʥʘʯʝʥʠʷʤ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʪʦʯʢʘʭ 

ʨʘʚʥʦʚʝʩʥʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʵʥʝʨ-

ʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʤʦʣʝʢʫʣ ʷʚʣʷʶʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʪʦ 

ʠʭ ʧʝʨʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ ʥʫʣʶ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʦʩʪʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶ-

ʱʠʤ ʫʩʣʦʚʠʷʤ: 

 

(2.6) 
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ʛʜʝ:  ï çʞʝʩʪʢʦʩʪʴè ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ ʞʝʩʪʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʩʠʣʦʚʫʶ ʢʦʥʩʪʘʥʪʫ ʩʚʷʟʠ. ʉʤʳʩʣ ʵʪʦʡ ʢʦʥʩʪʘʥʪʳ ʧʦʥʷʪʝʥ ʚ ʧʨʠ-

ʙʣʠʞʝʥʠʠ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ, ʢʦʛʜʘ ʢʦʣʝʙʘʥʠʝ ʩʚʷʟʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥʦ ʫʧʨʫʛʦʡ ʩʠʣʦʡ, ʚʳʟʳʚʘʶʱʝʡ ʝʝ ʢʦʣʝʙʘʥʠʷ , ʘ 

ʚʝʣʠʯʠʥʘ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʤʧʣʠʪʫʜʫ ʵʪʠʭ ʢʦʣʝʙʘ-

ʥʠʡ;  

 - ʧʦʩʪʦʷʥʥʘʷ ʘʥʛʘʨʤʦʥʠʯʥʦʩʪʠ, ʫʢʘʟʳʚʘʶʱʘʷ ʥʘ ʪʦ, ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʤʦʣʝ-

ʢʫʣʷʨʥʘʷ ʩʠʩʪʝʤʘ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʛʘʨʤʦʥʠʯʥʦʩʪʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʠʥʪʝʥʩʠʚʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʨʠ ʙʦʣʴʰʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʚʘʥʪʦʚʳʭ ʯʠʩʣʘʭ, 

ʢʦʛʜʘ ʤʦʣʝʢʫʣʫ ʫʞʝ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʦʩʮʠʣʣʷʪʦʨ;  

,  - ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʥʩʪʘʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʳʙʦʨʘ ʪʠʧʘ ʬʫʥʢʮʠʡ ʧʦ-

ʪʝʥʮʠʘʣʦʚ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʚʳʨʘʞʝʥʠʝ (2.5) ʧʦ , ʠ ʫʯʠʪʳʚʘʷ ʦʙʦʟʥʘʯʝʥʠʷ, ʧʨʠ-

ʥʷʪʳʝ ʚ ʫʩʣʦʠʠ (2.6), ʜʣʷ ʩʠʣʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ , ʧʦʣʫʯʠʤ ʩʣʝʜʫʶ-

ʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

 

 (2.7) 

 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʤʝʱʝʥʠʠ, ʫʜʦʚʣʝʪʚʦ-

ʨʷʶʱʝʤ ʫʩʣʦʚʠʶ:  

 

 (2.8) 

 

ʦʪʢʫʜʘ ʩ ʫʯʝʪʦʤ (2.7) ʠʤʝʝʤ: 

 

 

 

(2.9) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʤʦʞʝʤ ʧʨʠʥʷʪʴ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʠʜʝʘʣʴʥʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʨʘʚʥʦʚʝʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ ʚ ʧʨʠʙʣʠ-

ʞʝʥʠʠ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 

 (2.10) 
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ʛʜʝ  - ʯʠʩʣʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘ-

ʜʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʥʘʧʨʘʚʣʝʥʠʶ ʚʥʝʰʥʝʡ ʨʘʩʪʷʛʠʚʘʶʱʝʡ ʩʠʣʳ. ʇʦʜʩʪʘʚ-

ʣʷʷ (2.6) ʚ (2.9) ʠ (2.9) ʚ (2.10), ʧʦʣʫʯʠʤ ʦʙʦʙʱʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʯʥʦ-

ʩʪʠ ʩʚʷʟʠ ʠʜʝʘʣʴʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ: 

 

 
(2.11) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ , ʠ ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʥʫʣʝʚʳʤ ʯʣʝʥʦʤ ʚ 

ʨʘʟʣʦʞʝʥʠʠ (2.5), ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (2.11) ʚ (2.4) ʧʦʣʫʯʠʤ ʦʙʦʙʱʝʥʥʦʝ ʚʳ-

ʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʨʘʟʥʦʨʦʜʥʳʭ ʤʦ-

ʣʝʢʫʣ ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ: 

 

 

(2.12) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʥʘʣʦʛʠʯʥʦʝ (2.10) ʠ (2.11) ʚʳʨʘʞʝʥʠʝ ʤʦʞʝʤ ʟʘʧʠ-

ʩʘʪʴ ʜʣʷ ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʠ ʜʚʫʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ: 

 

 

(2.13) 

ʉʨʘʚʥʠʚʘʷ (2.12) ʠ (2.13), ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʯʥʦʩʪʠ ʤʝʞʤʦʣʝ-

ʢʫʣʷʨʥʦʡ ʩʚʷʟʠ ʜʚʫʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ: 

 

 

(2.14) 

ɽʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʯʠʩʣʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ 

ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʫʙ-

ʩʪʨʘʪʘ ʠ ʘʜʛʝʟʠʚʘ, ʘ ʛʝʦʤʝʪʨʠʷ ʠʭ ʢʦʥʪʘʢʪʘ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʪʦ ʧʦ-

ʩʪʦʷʥʥʳʝ ʯʣʝʥʳ ʚ ʫʨʘʚʥʝʥʠʠ (2.14) ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʦʜʥʫ ʢʦʥʩʪʘʥʪʫ: 

 

 

(2.16) 

ɼʘʥʥʫʶ ʢʦʥʩʪʘʥʪʫ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʜ-

ʛʝʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ. ʆʥ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʦʙ-

ʨʘʟʫʶʱʝʡʩʷ ʩʚʷʟʠ ʘʜʛʝʟʠʚ-ʩʫʙʩʪʨʘʪ, ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʝʡ, ʥʘ ʝʜʠʥʠʮʝ ʧʦʚʝʨʭ-
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ʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʩʫʙʩʪʨʘʪʦʤ ʠ ʘʜʛʝʟʠʚʦʤ ʠ ʛʝʦʤʝʪʨʠʷ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʘʤʠ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ. ʂʦʩʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʵʪʘ ʢʦʥʩʪʘʥʪʘ ʩʦʜʝʨ-

ʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʨʦʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʠ ʦ 

ʛʝʦʤʝʪʨʠʠ ʵʪʦʛʦ ʢʦʥʪʘʢʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʩʥʦʚʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʘʜʛʝ-

ʟʠʠ. ʆʪʩʶʜʘ ʧʦʣʫʯʠʤ ʫʧʨʦʱʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʯʥʦʩʪʠ ʤʝʞʤʦʣʝʢʫʣʷʨ-

ʥʦʡ ʩʚʷʟʠ ʜʚʫʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ: 

 

 
(2.17) 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʨʠʨʦʜʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʤʦʣʝʢʫ-

ʣʷʨʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʥʠʤʠ ʦʜʠʥʘʢʦʚʘ, ʧʦʣʦʞʠʤ 

 

 

 
(2.18) 

ɽʩʣʠ ʚ ʩʠʩʪʝʤʘʭ ʨʝʘʣʠʟʫʶʪʩʷ ʪʦʣʴʢʦ ʩʣʘʙʳʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ, ʤʦʞʝʤ ʧʦʣʦʞʠʪʴ 

 

 
(2.19) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʠʜʝʘʣʴʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ 

ʨʝʘʣʠʟʫʶʪʩʷ ʪʦʣʴʢʦ ʩʣʘʙʳʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠ ʠʤʝʶʱʠʭ 

ʙʣʠʟʢʫʶ ʛʝʦʤʝʪʨʠʶ ʠ ʧʦʣʥʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʢʦʥʪʘʢʪʦʤ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ, ʜʣʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠʤʝʝʤ ʚʳʨʘ-

ʞʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ  

 
(2.20) 

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ, ʘʥʘʣʠʟ ʫʨʘʚʥʝʥʠʷ (2.16) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

 ʜʣʷ ʠʜʝʘʣʴʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʩ ʦʜʠʥʘʢʦʚʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʠ ʝʩ-

ʣʠ ʚ ʩʠʩʪʝʤʘʭ ʨʝʘʣʠʟʫʶʪʩʷ ʪʦʣʴʢʦ ʩʣʘʙʳʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ. ɽʩʣʠ ʥʘ ʩʣʘʙʳʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʢʣʘʜʳʚʘʶʪʩʷ 

ʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʚ ʛʝʦʤʝʪʨʠʠ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ, ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʠʤʝʶʪʩʷ ʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʪʦʛʜʘ . ɽʩʣʠ 

ʞʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʫʯʘʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʩʣʘʙʳʝ ɺʘʥ-

ʜʝʨ-ɺʘʘʣʴʩʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʦ ʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦʜʦʨʦʜʥʳʝ, ʠʦʥʥʳʝ ʠ 

ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ, ʪʦʛʜʘ . ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʷ (2.17), ʜʣʷ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʠ ʢʦʛʝʟʠʦʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.  

ʇʝʨʚʳʝ ʪʨʠ ʩʭʝʤʳ ʥʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʘʶʪ ʠʟʦʣʠʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ  ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ . ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʟʥʘʷ ʚʝʣʠʯʠʥʳ 



110 

 

ʢʦʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ, ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʭʘʨʘʢʪʝʨʝ ʠʭ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠʟ ʠʤʝʶʱʠʭʩʷ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʦʮʝʥʠʪʴ ʭʘʨʘʢʪʝʨ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʜʛʝʟʠʚʦʤ ʠ ʩʫʙʩʪʨʘʪʦʤ. 

 
ʈʠʩ. 1. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ  ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʚʘ () ʠ ʩʫʙʩʪʨʘʪʘ ( ), ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʣʫʯʘʝʚ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ . 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʛʦ, ʤʳ ʠʤʝʝʤ ʚʳʨʘʞʝʥʠʝ, ʦʪʨʘʞʘʶʱʝʝ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ ʜʚʫʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʩʠʩʪʝʤ ʦʪ ʢʦʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʵʪʠʭ ʩʠʩʪʝʤ. 

3. ʇʨʦʯʥʦʩʪʴ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʩʦʦʙʨʘʞʝʥʠʷ ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʧʝʨʝʥʝʩʪʠ ʩʣʦʞʥʳʝ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʘʣʴʥʳʝ ʢʦʤ-

ʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʝʜʣʦʞʝʥʥʳʭ ʢʦʥʮʝʧʮʠʡ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʦʧʠʩʳʚʘʶʪ, ʚ ʦʩʥʦʚʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʦʜʥʦʢʦʤ-

ʧʦʥʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʨʝʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ - ʵʪʦ ʤʥʦʛʦʢʦʤ-

ʧʦʥʝʥʪʥʳʝ ʢʦʤʧʦʟʠʮʠʠ. 

ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʝʟʠʥʦʧʦʜʦʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦ-

ʜʝʨʞʘʪ ʜʦ 17-20 ʢʦʤʧʦʥʝʥʪʦʚ [17]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ ʥʘʩʫʱʥʘʷ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʩʦʟʜʘʥʠʷ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩ-

ʥʦʚʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ 

ʧʦʧʳʪʢʘ ʨʘʟʨʘʙʦʪʢʠ ʦʙʱʝʡ ʤʝʪʦʜʦʣʦʛʠʠ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦ-

ʚʝʜʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʤ.  
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ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʬʨʘʛʤʝʥʪ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʙʦʨ ʩʣʦʝʚ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ (ʈʠʩ. 2). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʤʳʩʣʝʥʥʦ ʚʳʨʝʞʝʤ ʥʝʙʦʣʴ-

ʰʦʡ ʵʣʝʤʝʥʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʘʩʪʠ ʩʣʦʷ 1 ʠ ʯʘʩʪʠ ʩʣʦʷ 2. ʆʯʝʚʠʜʥʦ, ʜʣʷ ʵʪʦʛʦ 

ʵʣʝʤʝʥʪʘ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʜʦʙʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʜʦ ʤʦʤʝʥʪʘ ʨʘʟʨʫʰʝʥʠʷ 

ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʫʩʣʦʚʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ Z. ʊʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʜʝʘʣʴʥʦʝ 

ʘʜʛʝʟʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ [18,20]. 

 
ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ ʠ  

ʵʣʝʤʝʥʪʘʨʥʦʝ ʘʜʛʝʟʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

ʀʜʝʘʣʴʥʦʝ ʘʜʛʝʟʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ - ʵʪʦ ʪʘʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠ 

ʣʶʙʳʭ ʚʠʜʘʭ ʥʘʛʨʫʞʝʥʠʷ ʨʘʟʨʫʰʘʝʪʩʷ ʢʦʛʝʟʠʦʥʥʦ ʧʦ ʦʜʥʦʤʫ ʠʟ ʵʣʝʤʝʥʪʦʚ 

ʘʜʛʝʟʠʦʥʥʦʛʦ ʰʚʘ (ʩʣʦʶ 1 ʠʣʠ ʩʣʦʶ 2). ʈʘʟʨʫʰʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʘʜʛʝʟʠʦʥ-

ʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʛʨʘʥʠʮʳ ʢʦʥʪʘʢʪʘ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʟ-

ʨʫʰʝʥʠʷ ʦʙʳʯʥʦʛʦ ʛʦʤʦʛʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʜʝʘʣʴʥʦʝ ʘʜ-

ʛʝʟʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʙʨʘʟʫʝʪʩʷ ʢʦʛʜʘ, ʢʦʛʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʦʡ ʛʨʘʥʠʮʝ ʢʦʥʪʘʢʪʘ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʚʥʫʪʨʠ ʦʜʥʦʛʦ 

ʠʟ ʵʣʝʤʝʥʪʦʚ ʘʜʛʝʟʠʚʥʦʛʦ ʰʚʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 
(21) 

ʛʜʝ , ,  - ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ. 

ʊʝʧʝʨʴ, ʢʦʛʜʘ ʤʳ ʠʤʝʝʤ ʤʦʜʝʣʴ ʠʜʝʘʣʴʥʦʛʦ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, 

ʤʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʝʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ. ɼʣʷ ʥʘʯʘʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʚʣʘʞʥʦʩʪʠ ʠ ʪ.ʜ.). 
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ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʠʜʝʘʣʴʥʳʭ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ (S1) ʠ ʦʜʥʦʛʦ ʘʜʛʝʟʠʚʘ (ɸ1). ʕʪʦʪ ʤʘʩʩʠʚ ʩʦʝʜʠʥʝʥʠʡ 

ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʛʨʫʧʧʳ ʠ ʦʧʨʝʜʝʣʠʪʴ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʩʨʝʜʥʝʝ ʨʘʟʨʫʰʘ-

ʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʦʪʨʳʚʝ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʛʦ ʬʘʢʪʦʨʘ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʥʘʤ ʠʟʚʝʩʪʝʥ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʬʘʢʪʦʨʘ 

 

 (22) 

ʠ 

 (23) 

ʪʦ ʪʦʛʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʝʤ (1) ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠ-

ʥʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ  ʠ  ʙʫʜʝʪ ʨʘʚʥʘ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʚʘ, ʘ ʥʘ 

ʫʯʘʩʪʢʝ  ʙʫʜʝʪ ʨʘʚʥʘ ʧʨʦʯʥʦʩʪʠ ʩʫʙʩʪʨʘʪʘ (ʠʣʠ ʥʘʦʙʦʨʦʪ). ɺ ʢʘ-

ʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʭʦʜʘ 

ʢʨʠʚʦʡ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʪ , ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩ. 3. ʂʘʯʝʩʪʚʝʥʥʳʡ ʭʦʜ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʛʦ ʨʘʟʨʫʰʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ  

ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (1), ʘʜʛʝʟʠʚʘ (2) ʠ ʩʫʙʩʪʨʘʪʘ (3) ʦʪ ʚʥʝʰʥʝʛʦ ʬʘʢʪʦʨʘ . 

 

ʇʨʠ ʟʘʤʝʥʝ ʠʟʫʯʘʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠ-

ʥʝʥʠʷ ʥʘ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʥʘʧʨʠʤʝʨ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʚʳʥʦʩʣʠʚʦʩʪʴ ʠ ʪ.ʧ., 

ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ, ʦʜʥʘʢʦ ʦʥ, ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʙʫʜʝʪ 

ʦʙʫʩʣʦʚʣʝʥ ʢʦʥʢʫʨʠʨʫʶʱʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʫʯʘʝʤʦʛʦ ʬʘʢʪʦʨʘ (ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʚʣʘʞʥʦʩʪʠ ʠ 

ʪ.ʜ.). 
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ʇʨʦʩʣʝʜʠʤ ʟʘ ʪʝʤ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʩʨʝʜʥʝʝ ʨʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ 

ʘʜʛʝʟʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʘʜʛʝʟʠʚ ʧʨʠ ʦʧʨʝʜʝ-

ʣʝʥʥʦʤ, ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʥʘʛʨʫʞʝʥʠʷ. ʇʦʣʦʞʠʤ, ʯʪʦ ʤʳ ʠʤʝʝʤ ʙʦʣʴʰʦʡ 

ʤʘʩʩʠʚ ʠʜʝʘʣʴʥʳʭ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ  ʠ 

ʨʘʟʣʠʯʥʳʭ ʘʜʛʝʟʠʚʦʚ: 

 

 (24) 

ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʘʜʛʝʟʠʚʘ ʠʟʤʝʥʷʪʴʩʷ ʦʪ ʜʝʡ-

ʩʪʚʠʷ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʬʘʢʪʦʨʘ . ʅʘʧʨʠʤʝʨ, ʪʘʢʠʤ ʬʘʢʪʦʨʦʤ ʤʦ-

ʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʠʨʦʜʘ ʦʣʠʛʦʤʝʨʦʚ, ʩʰʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ, ʥʘʧʦʣʥʠʪʝʣʝʡ, ʧʣʘ-

ʩʪʠʬʠʢʘʪʦʨʦʚ ʠ ʪ.ʜ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʩʥʘʯʘʣʘ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʚʘ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʬʘʢʪʦʨʘ  

 

 (25) 

ʠ ʟʘʪʝʤ ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʵʪʦʛʦ ʬʘʢʪʦʨʘ: 

 

 
(26) 

ʆʯʝʚʠʜʥʦ, ʧʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʙʫʜʝʪ ʘʥʘʣʦʛʠʯʥʘ ʢʨʠʚʦʡ, ʠʟʦʙʨʘ-

ʞʝʥʥʦʡ ʥʘ ʨʠʩ. 2, ʧʦʩʢʦʣʴʢʫ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ (21). 

ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʧʦʩʪʨʦʠʪʴ ʦʙʦʙʱʝʥʥʫʶ ʢʨʠʚʫʶ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʩʨʝʜʥʝʡ ʧʨʦʯʥʦ-

ʩʪʠ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʘʜʛʝʟʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪ ʧʨʦʯ-

ʥʦʩʪʠ ʘʜʛʝʟʠʚʘ). ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʨʷʜ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʯʥʦʩʪʴ 

ʧʨʝʜʳʜʫʱʝʛʦ ʘʜʛʝʟʠʚʘ ʤʝʥʴʰʝ ʧʨʦʯʥʦʩʪʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʜʛʝʟʠʚʘ (ʠʥʜʝʢʩ 

ʩʚʝʨʭʫ): 

 

 
(27) 

(ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʬʘʢʪʦʨʘ X). ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ 

ʧʦʩʪʨʦʠʪʴ ʠ ʨʷʜ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

 

 
(28) 

ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʵʪʠʭ ʜʚʫʭ ʨʷʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʢʨʠʚʘʷ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʬʘʢʪʦʨʦʚ. ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʦʜ ʧʦʣʫʯʘʝʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʨʷʜʫ ʘʜʛʝʟʠʚʦʚ ʙʫʜʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʘʜʛʝʟʠʚʳ, ʧʨʦʯ-

ʥʦʩʪʴ ʢʦʪʦʨʳʭ ʙʣʠʟʢʘ ʢ ʥʫʣʶ , ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʫʜʫʪ ʘʜʛʝʟʠʦʥʥʳʝ 
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ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʨʦʯʥʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ ʥʫʣʶ (). ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʚʦʚ ʙʫʜʝʪ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʦʯ-

ʥʦʩʪʴ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʢʘ ʦʥʘ ʥʝ ʜʦʩʪʠʛʥʝʪ ʫʨʦʚʥʷ, ʥʘ ʢʦʪʦʨʦʤ 

ʧʨʦʯʥʦʩʪʴ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ ʩʨʘʚʥʷʶʪʩʷ (). ɼʘʣʝʝ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʡʜʝʪ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʘʙʩʮʠʩʩ. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʷʪʴ ʟʦʥ. ʇʝʨ-

ʚʘʷ ʟʦʥʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʦʯʥʦʩʪʴʶ, ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦ ʨʘʚʥʦʡ ʥʫʣʶ. ʊʘʢʦʡ ʪʠʧ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʘʥʪʠʢʦʤʧʦʟʠʮʠ-

ʦʥʥʳʤʠ ʠʜʝʘʣʴʥʳʤʠ ʘʜʛʝʟʠʦʥʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɺʪʦʨʘʷ ʟʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʘʜʛʝʟʠʦʥʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʯʥʦʩʪʴ ʘʜʛʝʟʠʚʘ ʤʝʥʴʰʝ ʧʨʦʯʥʦʩʪʠ 

ʩʫʙʩʪʨʘʪʘ. ɺ ʪʨʝʪʴʝʡ ʟʦʥʝ ʧʨʦʯʥʦʩʪʴ ʘʜʛʝʟʠʚʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʨʘʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʫʙʩʪʨʘʪʘ. ʕʪʦʪ ʪʠʧ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʩʯʠ-

ʪʘʪʴ ʠʜʝʘʣʴʥʳʤ ʘʜʛʝʟʠʦʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤ. ʏʝʪʚʝʨʪʘʷ ʠ ʧʷʪʘʷ ʟʦʥʳ ʭʘʨʘʢ-

ʪʝʨʥʳ ʜʣʷ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʘʜʛʝʟʠʚʦʚ. 

ʇʨʠʯʝʤ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʩʥʦʚʘ ʧʦʷʚʣʷʶʪʩʷ ʘʥʪʠʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʠʜʝʘʣʴ-

ʥʳʝ ʘʜʛʝʟʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ .  

ʇʨʠ ʟʘʤʝʥʝ ʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ  ʥʘ ʜʨʫʛʦʡ , ʭʘʨʘʢʪʝʨ ʦʙʦʙʱʝʥʥʦʡ ʟʘ-

ʚʠʩʠʤʦʩʪʠ (ʨʠʩ. 3) ʥʝ ʠʟʤʝʥʠʪʩʷ. ʇʨʠ ʵʪʦʤ ʟʦʥʘ III  ʙʫʜʝʪ ʩʤʝʱʘʪʴʩʷ ʚʧʨʘʚʦ 

ʠʣʠ ʚʣʝʚʦ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʨʝʜʥʷʷ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ - 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠʣʠ ʩʥʠʞʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʯʥʦʩʪʠ ʩʫʙʩʪʨʘʪʘ. ʇʨʠ 

ʵʪʦʤ ʭʦʯʝʪʩʷ ʦʩʦʙʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ. 

 

 
ʈʠʩ. 4. ʂʘʯʝʩʪʚʝʥʥʳʡ ʭʦʜ ʦʙʦʙʱʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʘʟʨʫʰʘʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ ʨʘʟʨʫʰʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʘʜʛʝʟʠʚʘ. 
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ʉʠʤʤʝʪʨʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʦʙʦʙʱʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʝ ʠʟʤʝʥʠʪʩʷ ʠ ʧʨʠ ʟʘʤʝʥʝ ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʠʜʝʘʣʴʥʳʭ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʥʘ ʤʘʩʩʠʚ ʠʜʝʘʣʴʥʳʭ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩ-

ʥʦʚʝ ʦʜʥʦʛʦ ʘʜʛʝʟʠʚʘ  ʠ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ: 

 

 (29) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʤʦʜʝʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʜʘʞʝ ʚ 

ʩʘʤʦʤ ʧʨʦʩʪʝʡʰʝʤ ʚʘʨʠʘʥʪʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʘʜʛʝʟʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʦʡ ʘʥʘ-

ʣʠʟ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʷʪʴ ʛʣʘʚʥʳʝ ʯʝʨʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ʦʪ ʚʣʠʷʥʠʷ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ 

ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ ʥʘ ʧʨʦʯ-

ʥʦʩʪʴ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʚʳʚʦʜʳ, ʚʦʧʨʦʩ ʦ ʜʦ-

ʩʪʠʞʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʘʣʴʥʳʭ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʜʝʘʣʴʥʳʤ ʦʩʪʘ-

ʝʪʩʷ ʧʦʢʘ ʦʪʢʨʳʪʳʤ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʧʨʦʙʝʣʘ ʧʨʝʜʣʦʞʝʥʦ ʜʚʘ ʤʝʪʦʜʘ 

ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʠʜʝʘʣʴʥʦʩʪʠ. 

ʇʝʨʚʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʚ ʚʳʯʠʩʣʝʥʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʠʟʙʳʪʢʘ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ - ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʧʨʦʯʥʦʩʪʴʶ ʨʝʘʣʴʥʦʛʦ 

ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʨʦʯʥʦʩʪʴʶ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʠʜʝʘʣʴʥʦʛʦ ʘʜʛʝʟʠ-

ʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ: 

 

 (30) 

 

ʛʜʝ ʠʥʜʝʢʩʳ  ʠ  ʦʙʦʟʥʘʯʘʶʪ ʨʝʘʣʴʥʦʝ ʠ ʠʜʝʘʣʴʥʦʝ ʘʜʛʝʟʠʦʥʥʳʝ ʩʦʝʜʠʥʝ-

ʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʣʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʝʤ (21) 

 

 
(31) 

ɺʪʦʨʦʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʯʝʪʝ ʩʪʝʧʝʥʠ ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʨʝ-

ʘʣʴʥʦʛʦ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʪ ʧʨʦʯʥʦʩʪʠ ʵʪʦʛʦ ʞʝ ʩʦʝʜʠʥʝʥʠʷ, ʝʩʣʠ ʙʳ 

ʦʥʦ ʙʳʣʦ ʠʜʝʘʣʴʥʳʤ 

 

 

(32) 

ʠʣʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʝʤ (21) 
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(33) 

ʧʦʣʫʯʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʧʦ-ʨʘʟʥʦʤʫ: ʧʦʧʨʘʚʦʯʥʳʤ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʤ, ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʠ ʜʘʞʝ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʱʠ-

ʥʦʩʪʦʡʢʦʩʪʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʝʨʤʠʥʦʣʦʛʠʝʡ, ʧʨʠʥʷʪʦʡ ʜʣʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [19], ʥʘʟʦʚʝʤ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʀʟʙʳʪʦʢ ʧʨʦʯʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʶʪʩʷ ʢʨʠʪʝʨʠʷʤʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘ-

ʣʘ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʤʝʥʥʳʭ: 

 

                                    ȹů = ʌ1(z1,z2,ézA)                                                            (34) 

                                    K = ʌ2(z1,z2,ézA)                                                              (35) 

ɼʘʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜ-

ʭʦʜʠʪ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʢʦʤʧʦ-

ʥʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʧʨʠʯʠʥ, ʚʳ-

ʟʳʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʨʝʘʣʴʥʳʭ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʦʪ ʠʜʝʘʣʴʥʳʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʦʡ ʧʦʠʩʢ ʩʚʦʜʠʪʩʷ ʢ ʦʙʥʘʨʫʞʝʥʠʶ 

ʦʜʥʦʡ ʠʟ ʧʝʨʝʤʝʥʥʳʭ , ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ ʤʘʢʩʠʤʫʤʘ ʝʝ 

ʯʘʩʪʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʠʩʢʦʤʦʤʫ ʧʘʨʘʤʝʪʨʫ: 

 

 

(36) 

 

(37) 

ʇʨʠ ʵʪʦʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʠʜʝʘʣʴʥʦʩʪʠ 

( ) ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʨʠʯʠʥʳ, ʚʳʟʳʚʘʶʱʠʝ ʦʩʣʘʙʣʝʥʠʝ ʨʝ-

ʘʣʴʥʦʛʦ ʘʜʛʝʟʠʦʥʥʦʛʦ ʰʚʘ. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʠʜʝʘʣʴʥʦʩʪʠ () ʪʦʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦʡ 

ʧʨʠʯʠʥʦʡ, ʚʳʟʳʚʘʶʱʝʡ ʝʛʦ ʫʩʠʣʝʥʠʝ. ɽʩʪʝʩʪʚʝʥʥʦ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ 

ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠ ʘʜʛʝʟʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ 

ʦʪ ʠʜʝʘʣʴʥʦʩʪʠ (). 
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ʈʠʩ. 5. ʕʣʝʤʝʥʪʳ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʣʦʠʩʪʦʛʦ ʩʫʙʩʪʨʘʪʘ: 

1, 2 ʩʣʦʠ; ɸ, ɺ ï ʤʠʢʨʦʩʣʦʠ 

ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʵʪʠʭ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʨʘʩʩʤʦʪʨʠʤ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʨʘʟʨʫʰʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʪʨʫʢʪʫʨʳ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʘʜ-

ʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʥʘʢʣʘʜʳʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʝ ʚ 

ʚʠʜʝ ʥʘʣʠʯʠʷ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʥʘʛʨʫʞʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʘʜ-

ʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʥʦʚʘ ʨʘʩʩʤʦʪʨʠʤ ʩʣʦʠʩʪʳʡ ʢʦʤʧʦʟʠʪ ʠ ʚʳʨʝʞʝʤ ʠʟ 

ʥʝʛʦ ʵʣʝʤʝʥʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʘʩʪʠ ʩʣʦʷ 1 ʠ ʯʘʩʪʠ ʩʣʦʷ 2 (ʈʠʩ. 5). 

ʇʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʩʣʦʡ 2 (ʩʫʙʩʪʨʘʪ) ʩʦʩʪʦʠʪ ʠʟ ʪʦʥʢʠʭ ʤʠʢʨʦʩʣʦʝʚ A ʠ B 

ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʜʣʷ ʥʘʯʘʣʘ ʚ ʧʣʦʩʢʦʩʪʠ X ʠ Y (ʨʠʩʫʥʦʢ 5, ʘ). ʇʦʜʦʙʥʳʝ ʩʠʪʫʘ-

ʮʠʠ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. ʅʘʧʨʠʤʝʨ, ʩʫʙʩʪʨʘʪ ʩʦʩʪʦʠʪ 

ʠʟ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʤʘʪʝʨʠʘʣʘ (ʤʠʢʨʦʩʣʦʡ B) ʠ ʦʢʠʩʣʝʥʥʦʛʦ ʩʣʦʷ (ʤʠʢʨʦʩʣʦʷ 

A). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʴʶ ʩʣʘʙʦʛʦ ʟʚʝʥʘ ʧʨʦʯʥʦʩʪʴ ʵʪʦʡ ʩʠʩʪʝ-

ʤʳ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 

(38) 

ʛʜʝ 

 

(39) 

 

(40) 

K1, K2, KAB, KB - ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʯʥʦʩʪʠ.  
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʘʜʛʝʟʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦ-

ʚʘʪʴ ʧʨʦʯʥʦʩʪʴ ʚʩʝʡ ʘʜʛʝʟʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʊʘʢ, ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ 

ʧʨʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʜʦ ʥʘʯʘʣʘ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ 1 (ʠʣʠ ʤʠʢʨʦ-

ʩʣʦʷ ɸ) ʣʠʤʠʪʠʨʦʚʘʣʘʩʴ ʧʨʦʯʥʦʩʪʴʶ ʩʮʝʧʣʝʥʠʷ ʵʪʠʭ ʩʣʦʝʚ, ʟʘʪʦ ʧʦʩʣʝ ʝʝ ʤʦ-

ʜʠʬʠʢʘʮʠʠ ʧʨʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʣʠʤʠʪʠʨʫʝʪʩʷ ʧʨʦʯʥʦʩʪʴʶ ʩʮʝʧʣʝʥʠʷ ʥʘ ʛʨʘ-

ʥʠʮʝ ʢʦʥʪʘʢʪʘ ʤʠʢʨʦʩʣʦʝʚ A ʠ B. ʅʘʢʦʥʝʮ, ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʠʢʨʦʩʣʦʝʚ ɸ ʠ ɺ, ʦʥʘ ʣʠʤʠʪʠʨʫʶʪʩʷ ʧʨʦʯʥʦʩʪʴʶ ʤʠʢʨʦʩʣʦʷ A ʠʣʠ B. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʘʢʦʛʦ-ʪʦ ʧʨʝʜʝʣʴʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʯʥʦʩʪʠ, ʜʦ ʢʦʪʦʨʦʛʦ ʧʨʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚʦʟʨʘʩ-

ʪʘʝʪ ʣʠʥʝʡʥʦ, ʘ ʧʦʩʣʝ ʝʛʦ ʜʦʩʪʠʞʝʥʠʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʠʜʝʘʣʴʥʦʝ ʘʜʛʝʟʠʦʥʥʦʝ ʩʦʝʜʠ-

ʥʝʥʠʝ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʤʠʢʨʦʩʣʦʝʚ ʧʦ ʦʩʠ Z. ʇʦʜʦʙʥʳʝ ʩʠʪʫʘʮʠʠ ʪʘʢʞʝ ʜʦ-

ʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ ʤʦʞʝʪ ʣʦʢʘʣʴʥʦ ʩʦʨʙʠʨʦʚʘʪʴ ʢʘʢʠʝ-ʪʦ ʚʝʱʝʩʪʚʘ ʠʟ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʳ. ɽʩʣʠ ʜʣʷ ʵʪʦʛʦ ʩʣʦʷ ʚʚʝʩʪʠ ʜʦʧʫʱʝʥʠʷ ʦ ʣʠʥʝʡʥʦʡ ʘʜʜʠʪʠʚʥʦ-

ʩʪʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ ʩʣʦʷ 2, ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷ-

ʪʦʡ ʤʦʜʝʣʴʶ ʩʣʘʙʦʛʦ ʟʚʝʥʘ ʧʨʦʯʥʦʩʪʴ ʵʪʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

(41) 

ʛʜʝ 

 

(42) 

 

(43) 

 

ʛʜʝ , , ,  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʯʥʦʩʪʠ;  - ʧʦʚʝʨʭʥʦʩʪ-

ʥʘʷ ʜʦʣʷ ʤʠʢʨʦʩʣʦʷ A. ʇʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʦʪ ʧʨʦʯʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ, ʘ ʪʘʢʞʝ 

ʦʪ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʆʯʝʚʠʜ-

ʥʦ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʝʨʚʦʛʦ, ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʩʦʩʪʦʷʥʠʷ ʤʠʢʨʦʩʣʦʝʚ A ʠ B. ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʩʣʦʷ A ʚr -

ʩʪʫʧʘʶʪ ʛʘʟʦʚʦʟʜʫʰʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʪʦ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʙʫʜʝʪ ʫʚʝʣʠ-

ʯʠʚʘʪʴʩʷ ʣʠʥʝʡʥʦ ʜʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ . ʇʦʩʣʝ ʝʛʦ ʜʦʩʪʠʞʝʥʠʷ 

ʧʨʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ʂʨʠʪʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦ-
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ʩʣʦʝʚ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʫʜʝʣʴʥʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʢʦʤʧʦʥʝʥʪʦʚ ʘʜʛʝʟʠʦʥʥʦʡ ʩʠʩʪʝʤʳ.  

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʨʘʩʩʫʞʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʳ ʥʘ ʘʜʛʝʟʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʙʦʣʴʰʦʛʦ, 

ʯʠʩʣʘ ʤʠʢʨʦʩʣʦʝʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʠ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʜʛʝʟʠʷ ʤʝʞʜʫ ʬʘʟʘʤʠ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ï ʚʘʞʥʳʡ ʬʘʢ-

ʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʧʨʝʜʩʢʘʟʘʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʘʞʥʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤ-

ʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʘʤʠ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʙʩʪʨʘʪʘ ʠ ʘʜʛʝʟʠʚʘ 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʠʣʘʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï 

ʩʠʣ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. ʇʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ, ʦʪʨʘʞʘʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ ʜʚʫʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʦʪ ʢʦ-

ʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʵʪʠʭ ʩʠʩʪʝʤ. 

ɺʚʝʜʝʥʘ ʢʦʥʩʪʘʥʪʘ, ʥʘʟʚʘʥʥʘʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʜʛʝʟʠ-

ʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ. ʆʥʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʦʙʨʘ-

ʟʫʶʱʝʡʩʷ ʩʚʷʟʠ ʘʜʛʝʟʠʚ-ʩʫʙʩʪʨʘʪ, ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʝʡ, ʥʘ ʝʜʠʥʠʮʝ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʩʫʙʩʪʨʘʪʦʤ ʠ ʘʜʛʝʟʠʚʦʤ ʠ ʛʝʦʤʝʪʨʠʷ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʤʦ-

ʣʝʢʫʣʘʤʠ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ. ʂʦʩʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʵʪʘ ʢʦʥʩʪʘʥʪʘ ʩʦʜʝʨʞʠʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʨʦʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʛʝʦ-

ʤʝʪʨʠʠ ʵʪʦʛʦ ʢʦʥʪʘʢʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʩʥʦʚʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʘʜʛʝʟʠʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʘʜʛʝʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʜʣʷ ʠʜʝʘʣʴʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʠ ʝʩʣʠ ʚ ʩʠʩʪʝʤʘʭ ʨʝʘʣʠʟʫʶʪʩʷ ʪʦʣʴʢʦ ʩʣʘʙʳʝ ɺʘʥ-

ʜʝʨ-ɺʘʘʣʴʩʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɽʩʣʠ ʥʘ ʩʣʘʙʳʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʚ ʛʝʦʤʝʪʨʠʠ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙ-

ʩʪʨʘʪʘ, ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʤʝʶʪʩʷ ʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ, ʪʦʛʜʘ . ɽʩʣʠ ʞʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ 

ʫʯʘʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʩʣʘʙʳʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʦ ʠ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ ʚʦʜʦʨʦʜʥʳʝ, ʠʦʥʥʳʝ ʠ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ, ʪʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ . 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝ-

ʟʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʠʤʝʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʝʣʠʯʠʥʝ ʢʦʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʘʜ-

ʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ, ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʭʘʨʘʢʪʝʨʝ ʠʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ. 

ʇʨʝʜʣʦʞʝʥ ʩʪʨʫʢʪʫʨʥʳʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʟ-

ʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʠ 

ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ. ɹʦʣʝʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ 

ʜʣʷ ʘʥʘʣʠʟʘ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʮʝʧʮʠʡ ʘʜʛʝʟʠʠ ʩ ʦʜʥʠʭ ʧʦʟʠʮʠʡ. ɼʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩ ʧʦʟʠʮʠʡ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʪʝʦʨʠʠ ʘʜʛʝʟʠʠ ʧʦʜʦʡʪʠ ʢ 

ʦʙʦʩʥʦʚʘʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 



120 

 

ʇʦʣʫʯʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʦʪ ʧʨʦʯʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʘʜʛʝʟʠʚʘ ʠ ʩʫʙʩʪʨʘʪʘ, ʘ ʪʘʢʞʝ ʦʪ ʠʭ 

ʩʦʜʝʨʞʘʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ 

ʦʪ ʩʦʩʪʦʷʥʠʷ ʤʠʢʨʦʩʣʦʝʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʘʜʛʝʟʠʦʥʥʫʶ ʢʦʤʧʦʟʠʮʠʶ. ɼʘʞʝ 

ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʤʠʢʨʦʩʣʦʝʚ ʚʳʩʪʫʧʘʶʪ ʛʘʟʦʚʦʟʜʫʰʥʳʝ ʚʢʣʶʯʝʥʠʷ, 

ʪʦ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʣʠʥʝʡʥʦ ʜʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘ-

ʯʝʥʠʷ . ʇʦʩʣʝ ʝʛʦ ʜʦʩʪʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. 

ʂʨʠʪʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʩʣʦʝʚ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʫʜʝʣʴʥʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʦʚ ʘʜʛʝʟʠʦʥʥʦʡ ʩʠʩʪʝʤʳ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʫʞʜʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʳ ʥʘ ʘʜʛʝʟʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʘʭ, ʩʦʟʜʘʥʥʳʭ ʠʟ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʤʠʢʨʦʩʣʦʝʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʠ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  
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çʇʨʦʯʥʦʩʪʴ ʘʜʛʝʟʠʦʥʥʦʡ ʩʚʷʟʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʜʝ-
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ɸʥʥʦʪʘʮʠʷ: ʧʫʙʣʠʢʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʩ-

ʧʝʢʪʦʚ ʪʝʭʥʠʢʠ, ʠʩʪʦʨʠʠ ʵʢʦʣʦʛʠʯʥʳʭ (ʯʠʩʪʳʭ, çʟʝʣʸʥʳʭè) ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ  

ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʝʢʪʦʚ. ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘ ʠʩʪʦʯʥʠʢʦʚʦʡ ʙʘʟʳ ʠ ʠʟʫʯʝʥʥʦʩʪʠ. ʉʜʝʣʘʥʘ ʧʝʨʠʦʜʠʟʘʮʠʷ ʠʩʪʦʨʠʠ ʵʢʦʣʦ-

ʛʠʯʥʳʭ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʢʠ ʚ ʘʵʨʦʥʘʚʪʠʢʝ ʠ ʢʦʩʤʦʥʘʚʪʠ-

ʢʝ ʚ XX-XXI  ʚʚ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʚ ʚʠʜʝ ʨʷʜʘ ʧʝʨʩʦʥʘʣʠʡ, ʠʭ ʠʜʝʡ ʠ ʧʨʦ-

ʝʢʪʦʚ. ʇʨʝʜʣʦʞʝʥ ʩʧʠʩʦʢ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʥʦʚʳʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʵʢʦʣʦʛʠʯ-

ʥʳʝ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʝʢʪʳ, ʘʩʧʝʢʪʳ ʵʢʦʣʦʛʠʟʘʮʠʠ.  ʉʬʦʨ-

ʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ  ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ. 
 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʝ, ʠʩʪʦʨʠʷ, ʤʝʪʦʜʠʢʘ, ʯʠʩʪʳʝ ʠ çʟʝ-

ʣʸʥʳʝè ʪʝʭʥʦʣʦʛʠʠ, ʵʚʦʣʶʮʠʷ, ʵʢʦʣʦʛʠʷ. 

 

Abstract:  Publish results of research of ecological aspects of technique, his-

tory, eco-friendly (clean, green) aerospace technologies and projects. Describes the 

methodology of the research. The characteristic of the source base of the study. 

Made the periodization of the history of eco-friendly aerospace technology and en-

gineering in Aeronautics and Astronautics in the XX-XXI centuries are examples 

in the form of a number of personalities, their ideas and projects. The proposed list 

covering new and promising eco-friendly aerospace technologies and projects, as-

pects of greening. The main conclusions and recommendations. 

Keywords: aerospace, history, technique, clean and "green" technology, 

evolution, ecology. 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʪʘʪʴʝ  ʢʨʘʪʢʦ ʠʟʣʦʞʝʥʳ   ʨʝʟʫʣʴʪʘʪʳ   ʠʩʩʣʝʜʦʚʘʥʠʡ  ʘʚʪʦʨʘ ʚ ʀʀɽʊ 

ʠʤ. ʉ.ʀ. ɺʘʚʠʣʦʚʘ ʈɸʅ ʧʦ ʟʘʚʝʨʰʝʥʥʦʡ ʠʥʠʮʠʘʪʠʚʥʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʅʀʈ çʂʦʥʮʝʧʮʠʷ ʠ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʥʦʚʝʡʰʝʡ ʠʩ-

ʪʦʨʠʠ ʪʝʭʥʠʢʠ, ʪʝʭʥʦʣʦʛʠʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʢʣʘʜʦʚ ʚ ʧʘʨʘʜʠʛʤʝ çʟʝʣʸʥʦ-

ʛʦè ʨʘʟʚʠʪʠʷè (2014-2016 ʛʛ.) ʠ ʧʦ ʧʨʦʜʦʣʞʘʶʱʝʡʩʷ ʧʣʘʥʦʚʦʡ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʦʡ ʅʀʈ ʧʦ ʠʩʪʦʨʠʠ ʪʝʭʥʠʢʠ ʚ 2017 ʛʦʜʫ.  
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ʇʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʪʦʨʠʠ ʵʢʦʣʦʛʠʯʥʳʭ (ʯʠʩʪʳʭ,  çʟʝʣyʥʳʭè) 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ.  ɺ 

ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʨʘʥʝʝ ʚ ʈʦʩʩʠʠ ʠ ʤʠʨʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʙʳʣʦ (ʥʝ ʚʳʷʚʣʝ-

ʥʳ). ʉʠʪʫʘʮʠʷ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʪʩʫʪʩʪʚʫʶʪ ʫʩʪʦʷʚʰʘʷʩʷ ʪʝʨʤʠʥʦʣʦʛʠʷ 

ʠ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ɻʢʦʣʦʛʠʯʥʦʩʪʠ, çʯʠʩʪʦʪʳè ʠ çʟʝʣʸʥʦʩʪʠè ʘʵʨʦʢʦʩʤʠʯʝ-

ʩʢʠʭ (ʠ ʜʨʫʛʠʭ) ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʵʨʦ-

ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʝʢʪʦʚ. 

ɺ 2017-ʤ ʛʦʜʫ ï ʚ ɻʦʜ ʵʢʦʣʦʛʠʠ ʚ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʚ ʩʚʷʟʠ ʩ ʥʦʚʦʡ 

çʉʪʨʘʪʝʛʠʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ 

ʜʦ 2025 ʛʦʜʘè [21], ʛʜʝ ʫʜʝʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝ-

ʭʦʜʘ ʢ ʯʠʩʪʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʦʙʩʫʞʜʘʝ-

ʤʫʶ ʧʨʦʙʣʝʤʫ, ʢʦʪʦʨʘʷ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡ-

ʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʚ ʢʦʥʪʝʢʩʪʝ ʥʘʫʢʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʢʠ.  

1. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʦʧʨʝʜʝʣʝʥʠʷ, ʚʟʘʠʤʦʩʚʷʟʠ, 

ʦʮʝʥʢʠ 

ɸʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʝʢʪʳ ï ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʝʢʪʳ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʦʡ ʠ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʠ ʢʦʩʤʦʩʝ). 

ʊʝʭʥʦʣʦʛʠʷ  ï  ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʝʤʦʚ ʠ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ 

ʠʣʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ, ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʣʠ ʠʟʜʝʣʠʡ, ʦʩʫʱʝʩʪʚ-

ʣʷʝʤʳʭ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʪ.ʜ. [17, ʉ.9]. 

ʊʝʭʥʦʣʦʛʠʠ é çʩʧʦʩʦʙʳ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʦʙʱʝʩʪʚʦʤ, 

ʚ ʪʦʤ ʯʠʩʣʝ  ʪʘʢʠʭ, ʢʦʪʦʨʳʝ ʥʠʢʪʦ, ʧʨʠʩʪʫʧʘʷ ʢ ʜʝʣʫ, ʥʝ ʠʤʝʣ ʚ ʚʠʜʫè [12, 

ʉ.23]. 

ʕʢʦʣʦʛʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʝʢʪʳ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʤ ʥʦʨʤʘʤ ʠ ʥʝ ʦʢʘʟʳʚʘʶʱʠʝ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝ-

ʜʫ, ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ ʠʣʠ ʦʢʘʟʳʚʘʶʱʠʝ ʤʝʥʴʰʝʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʧʨʦʝʢʪʘʤʠ. ʂ ʥʠʤ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, 

ʦʪʥʦʩʷʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʯʠʩʪʳʝ, çʟʝʣʸʥʳʝè ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʥʘʠʣʫʯʰʠʝ 

ʜʦʩʪʫʧʥʝr ʪʝʭʥʦʣʦʛʠʠ (ʥʦ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʩʣʝʜʥʠʭ, - ʩʤ.: [14,18]). 

ʉʫʱʝʩʪʚʫʝʪ ʩʣʦʞʥʘʷ ʢʦʣʣʠʟʠʷ ʤʝʞʜʫ ʫʥʘʩʣʝʜʦʚʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, 

ʥʘʠʣʫʯʰʠʤʠ ʜʦʩʪʫʧʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʯʠʩʪʳʤʠ, çʟʝʣʸʥʳʤʠè ʪʝʭʥʦʣʦʛʠ-

ʷʤʠ [8,10]. 

çʋʥʘʩʣʝʜʦʚʘʥʥʳʝè ʪʝʭʥʦʣʦʛʠʠ >                          

   ʅʘʠʣʫʯʰʠʝ ʜʦʩʪʫʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ >                                                                        

      ʏʠʩʪʳʝ,  çɿʝʣʸʥʳʝè  ʪʝʭʥʦʣʦʛʠʠ  

ɺ ʤʠʨʝ ʚ 2006-2010 ʛʛ.  ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ~ 6000 ʧʘʪʝʥʪʦʚ ʥʘ çʟʝʣʝʥʳʝè 

 ʪʝʭʥʦʣʦʛʠʠ,     ʧʦʜʘʚʣʷʶʱʝʝ    ʙʦʣʴʰʠʥʩʪʚʦ - ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ, ʠʟ ʥʠʭ: ~ 

1500 ï ʚ ʉʐɸ, ʘ ʚ  ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʚʩʝʛʦ ʦʢʦʣʦ 100, ʠʟ ʢʦʪʦʨʳʭ ~ 

80% ʚ ʩʪʨʘʥʘʭ ɹʈʀʂʉ (ʈʦʩʩʠʷ ʠ ʜʨ.)  [16, 2012].  
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ʆʜʥʘʢʦ, ʧʦʢʘ ʥʝ  ʠʟʚʝʩʪʥʦ, ʩʢʦʣʴʢʦ ʩʨʝʜʠ ʚʩʝʭ ʵʪʠʭ ʧʘʪʝʥʪʦʚ ʯʠʩʪʳʭ, 

çʟʝʣʸʥʳʭè ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ (ʧʦ ʦʮʝʥʢʝ ʘʚʪʦʨʘ ʵʪʦ ʩʦʪʥʠ ʪʝʭʥʦ-

ʣʦʛʠʡ - ʦʪ 100 ʜʦ 300).   

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʪʝʥʪʦʚ ʚ ʤʠʨʝ ~ 70 ʤʣʥ [1], ʥʦ ʥʝ ʠʟʚʝʩʪʥʦ, ʢʘʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʟ ʥʠʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʯʠʩʪʳʤ ʠ çʟʝʣʸʥʳʤè ʪʝʭʥʦʣʦʛʠʷʤ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʵʢʦʣʦʛʠʟʘʮʠʠ ʪʝʭʥʠ-

ʢʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʢ ʵʢʦʣʦʛʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʢʦʪʦʨʳʝ 

ʜʘʚʥʦ ʨʘʟʨʘʙʦʪʘʥʳ, ʧʨʠʯʝʤ, ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʜʦʩʪʫʧʥʳ ʠ ʜʘʚʥʦ ʩʦʟʨʝʣʠ ʜʣʷ ʨʝ-

ʘʣʠʟʘʮʠʠ. 

2. ʄʝʪʦʜʦʣʦʛʠʷ 

ςȢρȢ  ˙̜̆̓̏̅ ̉ ̖̜̐̏̅̏̅ 

 ʆʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ; ʘʥʘʣʦʛʠʷ; ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʦʙʫʯʝʥʠʝ ʥʘ ʧʨʠʤʝʨʘʭ; ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʦʠʩʢ, 

ʦʙʨʘʙʦʪʢʘ, ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ (ʚʢʣʶʯʘʷ ʥʦʚʳʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ Big 

Data [9]); ʵʢʩʧʝʨʪʥʳʝ ʤʝʪʦʜʳ. 

φȢφȢ  ˜̜̑̉̏̑̉̓̆̓ȟ ̏̒̏̂̆̎̎̏̒̓̉ ̉ ̘̠̏̄̑́̎̉̆̎̉ 

ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʠʤ ʩʣʝʜʫʶʱʠʝ: 

1. ɺʳʷʚʣʝʥʠʝ    ʠ   ʘʥʘʣʠʟ   ʚʘʞʥʳʭ ʘʨʪʝʬʘʢʪʦʚ, ʧʨʠʤʝʨʦʚ ʠʟ ʠʩʪʦʨʠʠ  

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

2. ɹʦʣʴʰʦʡ   ʤʘʩʩʠʚ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʦʙʨʝʪʝʥʠʷʭ, ʧʘʪʝʥʪʘʭ, ʧʨʦʝʢʪʘʭ  

ʠ ʩʣʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʳʷʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʯʠʩʪʳʭ,  çʟʝʣʸ-

ʥʳʭè ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʝʢʪʦʚ.  

3. ʆʪʩʫʪʩʪʚʠʝ ʫʩʪʦʷʚʰʠʭʩʷ ʧʦʥʷʪʠʡ ʠ ʢʨʠʪʝʨʠʝʚ. 

4. ʄʘʣʳʡ ʦʧʳʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ. 

3. ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

χȢυȢ  ˕̘̠̒̓̏̎̉̋̏̃́ ̂́̈́ ̉ ̘̝̉̈̔̆̎̎̏̒̓ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ: ʣʠʪʝʨʘʪʫʨʘ (ʚʳʷʚʣʝʥʦ ʠ ʚʢʣʶʯʝʥʦ ʚ ʨʘʙʦʪʫ ʙʦ-

ʣʝʝ 300 ʧʫʙʣʠʢʘʮʠʡ); ʘʨʭʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ; ʠʟʦʙʨʝʪʝʥʠʷ, ʧʘʪʝʥʪʳ; ʥʦʨʤʘʪʠʚ-

ʥʘʷ ʙʘʟʘ (ʩʪʘʥʜʘʨʪʳ ʠ ʜʨ.); ʵʣʝʢʪʨʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʠʥʪʝʨʥʝʪ; ʢʦʥʩʫʣʴʪʘ-

ʮʠʠ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʵʢʩʧʝʨʪʘʤʠ.  

ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʨʘʙʦʪʳ, ʧʫʙʣʠʢʘʮʠʠ ʠ ʜʨ. ʠʩʪʦʯʥʠʢʠ, ʘʚʪʦʨʳ 

ʢʦʪʦʨʳʭ:  ɺ.ʇ. ɹʫʨʜʘʢʦʚ, ɺ.ʖ. ʂʣʶʰʥʠʢʦʚ, ɺ.ʉ. ʂʫʟʥʝʮʦʚ, ʀ. ʄʘʩʢ, ɺ.ʇ. 

ʄʠʭʘʡʣʦʚ, ɸ.ɻ. ʄʫʥʠʥ, ɻ. ʇʦʪʦʯʥʠʢ (ɻ. ʅʦʦʨʜʫʥʛ), ɺ.ʌ. ʉʘʤʦʭʠʥ, ʌ.ɸ. ʎʘʥ-

ʜʝʨ ʠ ʜʨ. [2-4,11,13,15,19,22,26].  

χȢφȢ ˜̗̠̆̑̉̏̅̉̈́̉ ̏̂̆̊̚ ̉̒̓̏̑̉̉ ̞̘̜̖̋̏̌̏̄̉̎ ̞̘́̑̏̋̏̒̍̉̆Ȥ

̖̒̋̉ ̖̓̆̎̏̌̏̄̉̊ ̉ ̐̑̏̆̋̓̏̃ ɉ̃ ̐̑́̋̓̉̋̆Ɋ 

ɺʳʜʝʣʠʤ ʪʨʠ ʧʝʨʠʦʜʘ ʠʩʪʦʨʠʠ ʵʢʦʣʦʛʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʝʢʪʦʚ. 
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ɺ ʦʙʣʘʩʪʠ ʘʵʨʦʥʘʚʪʠʢʠ (ʚʦʟʜʫʭʦʧʣʘʚʘʥʠʷ ʠ ʘʚʠʘʮʠʠ): 

I.  ʊʝʭʥʦʣʦʛʠʠ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʘ ʠ ʧʘʩʩʘʞʠʨʦʚ ʩʠʩʪʝʤ  ~ ʩ  10-20-ʭ ʛʛ. XX ʚ.  

II.   ʊʝʭʥʦʣʦʛʠʠ   ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ  ~ ʩ 50-60-ʭ ʛʛ. XX ʚ.  

III. ʊʝʭʥʦʣʦʛʠʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ  ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ  ~ ʩ 80-ʭ ʛʛ. XX ʚ.  

ɺ ʦʙʣʘʩʪʠ ʢʦʩʤʦʥʘʚʪʠʢʠ (ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ): 

I.  ʊʝʭʥʦʣʦʛʠʠ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ  ~ ʩ  50-ʭ ʛʛ. XX ʚ.  

II.   ʊʝʭʥʦʣʦʛʠʠ   ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ  ~ ʩ 60-70-ʭ ʛʛ. XX ʚ.  

III. ʊʝʭʥʦʣʦʛʠʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ  ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ  ~ ʩ 80-90-ʭ ʛʛ. XX ʚ. 

ʇʨʠʯʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʥʘʯʘʣʘ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʚʦʟʥʠʢʘʣʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʘ ʟʘʪʝʤ ʩ ʦʧʦʟʜʘʥʠʝʤ ʠʭ ʦʩʦ-

ʟʥʘʚʘʣʠ ʠ ʥʘʯʠʥʘʣʠ ʨʝʰʘʪʴ. ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʜʦʣʞʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

χȢχȢ  ˗̗̌́̒̒̉̉̋́̉̉̕ ̉ ̍̏̅̆̌̉ 

ɸʚʪʦʨʦʤ ʚ 2007-2016 ʛʛ. ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʤʦʜʝʣʠ 

ʜʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʵʚʦʣʶʮʠʠ ʪʝʭʥʦʣʦʛʠʡ, ʪʝʭʥʠʢʠ, ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʫʢʣʘʜʦʚ [5-10,24], ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʢʦʣʦʛʠʯʥʳʭ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ: 

1) ʢʣʘʩʩʠʬʠʢʘʮʠʷ  ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʤʝʪʦʜʫ 4-ʭ ʢʨʘʩʦʢ (çʯyʨʥʳʝè, çʢʦ-

ʨʠʯʥʝʚʳʝè, çʟʝʣyʥʳʝè, çʙʝʣʳʝè ʪʝʭʥʦʣʦʛʠʠ); 

2) ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ çʧʦʪʨʝʙ-

ʣʝʥʠʝ, ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʨʝʩʫʨʩʦʚ ï ʟʘʛʨʷʟʥʝʥʠʝ, ʨʘʟʨʫʰʝʥʠʝ, ʦʯʠʩʪʢʘ, ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè, ʩ ʫʯʝʪʦʤ ʘʩʧʝʢʪʦʚ  ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, çʟʝʣʝʥʳʭè ʠ ʜʨ. ʪʝʭʥʦʣʦʛʠʡ (ʩʤ. ʨʠʩ. 1); 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, ʪʝʭʥʠʢʠ, ʦʪʨʘʩʣʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ  

çʧʦʪʨʝʙʣʝʥʠʝ, ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʨʝʩʫʨʩʦʚ ï ʟʘʛʨʷʟʥʝʥʠʝ, ʨʘʟʨʫʰʝʥʠʝ, ʦʯʠʩʪʢʘ, ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ  ʧʦ çʤʝʪʦʜʫ 4-ʭ ʢʨʘʩʦʢè. 
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ʇʦʷʩʥʝʥʠʷ ʢ ʨʠʩ. 1: 

I-IV - ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ (ʕʈ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-

ʜʦʡ (ʆʉ):  

I - ʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ, ʨʘʟʨʫʰʝʥʠʝʤ ʆʉ; 

II ï ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʩ ʦʯʠʩʪʢʦʡ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʆʉ; III ï ʚʦʩʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʨʝʩʫʨʩʦʚ ʩ ʦʯʠʩʪʢʦʡ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʆʉ; IV ï ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʨʝ-

ʩʫʨʩʦʚ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ, ʨʘʟʨʫʰʝʥʠʝʤ ʆʉ. 

A, B, C, D - ʢʣʘʩʩʳ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʮʝʩʩʦʚ ʧʦ ʢʨʠʪʝʨʠʶ ʵʢʦʣʦʛʠʯʥʦʩʪʠ: 

A ï çʙʝʣʳʝè (ʠʜʝʘʣʴʥʳʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʠ ʙʝʟʦʧʘʩʥʳʝ, ʧʨʠʨʦʜʦ-

ʨʝʩʫʨʩʦ-ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ, çʩʚʝʨʭʟʝʣʝʥʳʝè, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ, ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʝ);  

B ï çʟʝʣʝʥʳʝè (ʧʨʠʨʦʜʦ-ʨʝʩʫʨʩʦ-ʩʙʝʨʝʛʘʶʱʠʝ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦʚʳʝ, ʞʝʣʘʝʤʳʝ);   

C ï çʢʦʨʠʯʥʝʚʳʝè (ʨʘʩʪʦʯʠʪʝʣʴʥʳʝ, ʛʨʷʟʥʳʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʝ, 

ʫʩʪʘʨʝʚʰʠʝ);  

D ï çʯʝʨʥʳʝè (ʩʚʝʨʭʨʘʩʪʦʯʠʪʝʣʴʥʳʝ, ʯʨʝʟʚʳʯʘʡʥʦ ʛʨʷʟʥʳʝ, ʨʘʟʨʫʰʠ-

ʪʝʣʴʥʳʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʩʚʝʨʭʦʧʘʩʥʳʝ, ʥʝʧʨʠʝʤʣʝʤʳʝ). 

N - ɹʦʣʴʰʦʡ ʧʫʥʢʪʠʨʥʦʡ ʵʣʣʠʧʩ - ʠʥʪʝʛʨʘʣʴʥʳʡ ʵʢʦʣʦʛʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʦʪʨʘʩʣʠ (ʧʦʢʘʟʘʥʦ ʫʩʣʦʚʥʦ). 

L - ʄʘʣrʡ ʧʫʥʢʪʠʨʥʳʡ ʵʣʣʠʧʩ - ʦʙʣʘʩʪʴ ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ (ʅɼʊ) ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ (ʧʦʢʘʟʘʥʘ ʫʩʣʦʚʥʦ). 

3) ʤʦʜʝʣʴ ʵʚʦʣʶʮʠʠ ʪʝʭʥʦʣʦʛʠʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʢʣʘʜʦʚ, ʠʥʪʝʛʨʘʣʴ-

ʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʢʣʘʜʘ  ʚ ʧʘʨʘʜʠʛʤʝ çʟʝʣʥyʦʛʦè ʨʘʟʚʠʪʠʷ ʠ ʛʣʦʙʘʣʴ-

ʥʦʛʦ ʙʫʜʫʱʝʛʦ (ʩʤ. ʨʠʩ. 2).  

 
ʈʠʩ. 2. ʅʦʚʘʷ ʤʦʜʝʣʴ ʵʚʦʣʶʮʠʠ ʪʝʭʥʦʣʦʛʠʡ 

 ʚ ʧʘʨʘʜʠʛʤʝ ʛʣʦʙʘʣʴʥʦʛʦ ʙʫʜʫʱʝʛʦ ʠ çʟʝʣʸʥʦʛʦè ʨʘʟʚʠʪʠʷ. 
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ʇʦʷʩʥʝʥʠʷ ʢ ʨʠʩ. 2:  

ʇʦʢʘʟʘʥʳ: ʫʩʢʦʨʝʥʥʳʡ ʨʦʩʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ Nʪ (ʦʮʝʥʢʘ), ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʢʣʘʜʳ (ʊʋ), ʚʢʣʶʯʘʷ ʧʝʨʝʭʦʜ ʢ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦʤʫ çʟʝʣʸʥʦʤʫè 7-ʤʫ ʊʋ (ʧʨʦʛʥʦʟ), ʢʘʢ ʚʦʩʭʦʜʷʱʠʝ ʩʪʫʧʝʥʠ ʠʥʪʝ-

ʛʨʘʣʴʥʦʛʦ ʊʋ, çʚʧʠʩʘʥʥʳʝè ʚ ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ 

ʢʨʠʚʦʡ ʉʥʫʢʩʘ-ʇʘʥʦʚʘ (ʠʟʦʙʨʘʞʘʝʪ ʫʩʢʦʨʝʥʠʝ ʵʚʦʣʶʮʠʠ ʥʘ ɿʝʤʣʝ, ʚʦʟʤʦʞ-

ʥʫʶ ʩʠʥʛʫʣʷʨʥʦʩʪʴ ʠ ʢʘʪʘʩʪʨʦʬʫ ~ ʚ 2045 ʛ., ð çʇʨʦʙʣʝʤʫ ð 2045è), ʚʦʟ-

ʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʜʦʩʠʥʛʫʣʷʨʥʦʛʦ ʠ ʧʦʩʪʩʠʥʛʫʣʷʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʛʣʦʙʘʣʴ-

ʥʦʛʦ ʙʫʜʫʱʝʛʦ, ʚʢʣʶʯʘʷ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʧʦʩʪʩʠʥʛʫʣʷʨʥʳʡ 8-ʡ ʊʋ ʛʠʧʝʨʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʙʫʜʫʱʝʛʦ (ʧʨʦʛʥʦʟ).  

χȢψȢ  ˜̆̑̒̏̎́̌̉̉ȟ ̖̉ ̉̅̆̉ ̉ ̜̐̑̏̆̋̓ ɉ̜̐̑̉̍̆̑Ɋ 

 ɺʳʜʝʣʠʤ ʠ ʧʨʠʚʝʜʝʤ ʰʝʩʪʴ ʚʘʞʥʳʭ ʧʨʠʤʝʨʦʚ ʟʘ ʧʝʨʠʦʜ  ~ 100 ʣʝʪ 

(XX-XXI ʚʚ.), ʦʭʚʘʪʳʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʵʢʦʣʦʛʠʯʥʦʩʪʠ. 

1.  ʌ.ɸ. ʎʘʥʜʝʨ (1987-1933), ʫʯʝʥʳʡ, ʠʥʞʝʥʝʨ-ʢʦʥʩʪʨʫʢʪʦʨ, ʠʟʦʙʨʝʪʘ-

ʪʝʣʴ, ʈʦʩʩʠʷ/ʉʉʉʈ.  ɺ ʵʪʦʤ ʛʦʜʫ ʠʩʧʦʣʥʷʝʪʩʷ 130 ʣʝʪ ʩʦ ʜʥʷ ʝʛʦ ʨʦʞʜʝʥʠʷ.  

ɺ 1909 ʛʦʜʫ (ʧʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ ï ʚ 1911 ʛ.) ʚʳʩʢʘʟʘʣ ʠʜʝʶ ʩʞʠʛʘʥʠʷ ʚ 

ʧʦʣʝʪʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʩʘʤʦʣʝʪʘ-ʨʘʢʝʪʳ), 

ʩʪʘʚʰʠʭ ʥʝʥʫʞʥʳʤʠ, ʨʘʟʨʘʙʦʪʘʣ ʧʨʦʝʢʪ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʢʦʨʘʙʣʷ ʩʠʩʪʝʤʳ 

ʌ.ɸ. ʎʘʥʜʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ ʠʜʝʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʩʜʝʣʘʣ ʦʧʠʩʘʥʠʝ, 

ʟʘʷʚʢʫ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ (1923-1924), - ʩʤ. çʆʧʠʩʘʥʠʝ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʢʦʨʘʙʣʷ 

ʩʠʩʪʝʤʳ ʌ.ɸ. ʎʘʥʜʝʨʘè ʚ ʚʠʜʝ ʤʘʪʝʨʠʘʣʦʚ ʧʘʪʝʥʪʥʦʡ ʟʘʷʚʢʠ [22]. ʇʨʦʝʢʪ ʥʝ 

ʨʝʘʣʠʟʦʚʘʥ. 

2. ɻ. ʇʦʪʦʯʥʠʢ (ɻ. ʅʦʦʨʜʫʥʛ), (1892-1929), ʠʥʞʝʥʝʨ, ɸʚʩʪʨʠʷ. 

ɺ 1928 ʛʦʜʫ ʧʨʝʜʣʦʞʠʣ ʧʨʦʝʢʪ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʛʨʘʚʠʪʘʮʠʝʡ.   ʉʤ.: çʂʦʣʝʩʦ ʞʠʟʥʠè - ʧʨʦʝʢʪ  ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ (ʞʠʣʦʡ 

ʤʦʜʫʣʴ - ʚʨʘʱʘʶʱʠʡʩʷ ʪʦʨʦʠʜ) ʩ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ [15]. ʇʨʦʝʢʪ ʥʝ 

ʨʝʘʣʠʟʦʚʘʥ. 

3. ɺ.ʇ. ɹʫʨʜʘʢʦʚ (1934-2014), ʈʦʩʩʠʷ. 

ʅʘʥʦʪʦʧʣʠʚʦ ï ʨʘʢʝʪʥʦʝ ʪʦʧʣʠʚʦ ʚ ʥʘʥʦʛʨʘʥʫʣʘʭ ʠ ʜʨ. [2]. ʊʝʭʥʦʣʦʛʠʷ 

ʟʘʧʘʪʝʥʪʦʚʘʥʘ. ʇʨʦʝʢʪ ʥʝ ʨʝʘʣʠʟʦʚʘʥ. 

4. ɺ.ʉ. ʂʫʟʥʝʮʦʚ (ʨʦʜʠʣʩʷ ʚ 1937 ʛ.), ɸ.ɻ. ʄʫʥʠʥ (ʨʦʜʠʣʩʷ ʚ  1927 ʛ.), 

ɺ.ʌ. ʉʘʤʦʭʠʥ (ʨʦʜʠʣʩʷ ʚ  1947 ʛ.), ʈʦʩʩʠʷ. 

ʇʨʦʝʢʪ çɿʝʣʥyʳʡè ʩʘʤʦʣʝʪè, ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʫʨʦʚʥʷ ʰʫʤʘ ʟʘ ʩʯʝʪ ʘʢ-

ʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʧʦʜʘʚʣʝʥʠʷ) [11]. ʇʨʦʝʢʪ ʥʝ ʨʝʘʣʠʟʦʚʘʥ. 

5. ɸ. ɹʦʨʰʙʝʨʛ (ʨʦʜʠʣʩʷ ʚ 1952 ʛ.), ʠʥʞʝʥʝʨ ʠ ɹ. ʇʠʢʢʘʨ (ʨʦʜʠʣʩʷ  ʚ 

1958 ʛ.), ʘʵʨʦʥʘʚʪ, ʐʚʝʡʮʘʨʠʷ.  

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʩʘʤʦʣʝʪ Solar Impulse ʥʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ (2009), 1-ʡ 

ʧʦʣʝʪ ʚ 2009 ʛ., ʢʨʫʛʦʩʚʝʪʥʳʡ ʧʝʨʝʣʝʪ Solar Impulse 2 ʚ 2015-2016 ʛʛ. [20]. 

6. ʀ. ʄʘʩʢ (ʨʦʜʠʣʩʷ ʚ 1971 ʛ.),  ʙʠʟʥʝʩʤʝʥ, ʢʦʨʧʦʨʘʮʠʷ SpaceX (ʉʐɸ).  

ʄʥʦʛʦʨʘʟʦʚʘʷ ʚʦʟʚʨʘʱʘʝʤʘʷ 1-ʷ ʩʪʫʧʝʥʴ ʈʅ Falcon 9. ʇʝʨʚʘʷ ʫʩʧʝʰʥʘʷ 

ʧʦʩʘʜʢʘ ʩʪʫʧʝʥʠ  (2015), ʧʝʨʚʦʝ ʫʩʧʝʰʥʦʝ ʧʦʚʪʦʨʥʦʝ ʧʨʠʤʝʥʝʥʠʝ (2017) [19]. 

ɼʘʥʥʳʝ ʧʨʠʤʝʨʳ ʧʦʢʘʟʳʚʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʠʟʦʙʨʝ-

ʪʘʪʝʣʝʡ ʠ ʧʨʘʢʪʠʢʦʚ ʚ ʩʦʟʜʘʥʠʠ ʠ ʚʥʝʜʨʝʥʠʠ ʵʢʦʣʦʛʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚʘʞʥʳʡ ʚʢʣʘʜ ʠ ʧʦʪʝʥʮʠʘʣ ʥʘʰʝʡ ʩʪʨʘʥʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʣʝʜʫʝʪ ʦʙʨʘ-
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ʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʵʪʠʭ ʠʜʝʡ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʝʢʪʦʚ 

(4 ʠʟ 6) ʝʱʝ ʥʝ ʚʥʝʜʨʝʥʳ ʚ ʧʨʘʢʪʠʢʫ.  

χȢωȢ ˚̜̏̃̆ ̉ ̜̐̆̑̒̐̆̋̓̉̃̎̆ ̞̘̜̋̏̌̏̄̉̎̆ ɉ̘̜̉̒̓̆ȟ ̜̈̆̌̆̎̆Ɋ 

̞̘́̑̏̋̏̒̍̉̆̒̋̉̆ ̖̓̆̎̏̌̏̄̉̉ ̉ ̜̐̑̏̆̋̓ 

1. çɿʝʣʸʥʦʝè ʨʘʢʝʪʥʦʝ ʪʦʧʣʠʚʦ (ʥʝʪʦʢʩʠʯʥʦʝ ʪʦʧʣʠʚʦ, ʥʘʥʦʪʦʧʣʠʚʦ ʠ 

ʜʨ.).  

2. ɺʦʟʚʨʘʱʘʝʤʳʝ ʩʪʫʧʝʥʠ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ. 

3.   ʄʥʦʛʦʨʘʟʦʚʳʝ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʝ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʠ. 

4.    ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʨʘʢʝʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʥʘ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʠʥʮʠʧʘʭ, ʚ ʪ.ʯ. ʚ ʧʝʨʩʧʝʢʪʠʚʝ ï ʥʘ ʢʚʘʥʪʦʚʳʭ ʠ ʜʨ. ʵʬʬʝʢʪʘʭ).  

5.    ʅʝʨʘʢʝʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʝʪʦʚ ʚ ʢʦʩʤʦʩ, ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʢʦʩʤʦʩʝ.  

6.    ʂʦʩʤʠʯʝʩʢʠʡ ʣʠʬʪ ɿʝʤʣʷ ï ʃʫʥʘ, ʜʨʫʛʠʝ ʪʨʦʩʦʚʳʝ ʩʠʩʪʝʤʳ. 

7.   ʉʦʣʥʝʯʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

8.   ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʘʤʦʣʝʪʳ ʠ ʜʠʨʠʞʘʙʣʠ. 

9.    ɹʝʩʰʫʤʥʳʝ (ʚʥʝ ʠ ʚʥʫʪʨʠ) ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ. 

10.   çɹʝʟʦʪʭʦʜʥʳʝè ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʢʦʩʤʦʩʝ. 

11.   ʏʠʩʪʳʡ  (çʟʝʣʥyʳʡè)  ʧʦʣʥʳʡ  ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ  ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ  

ʪʝʭʥʠʢʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

12.  ʄʝʛʘ-ʧʨʦʝʢʪʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʭʦʜʘ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ ʢ ʅɼʊ, ʯʠʩʪʳʤ ʠ çʟʝʣʝʥʳʤè ʪʝʭʥʦʣʦʛʠʷʤ (ʥʘʧʨʠʤʝʨ, ʠʥʠʮʠʘʪʠʚʘ 

çʏʠʩʪʳʡ ʢʦʩʤʦʩè, ʨʝʘʣʠʟʫʝʤʘʷ ʩ 2013 ʛʦʜʫ ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʢʦʩʤʠʯʝʩʢʦʤ 

ʘʛʝʥʪʩʪʚʝ [23,25]). 

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ  

1.    ʇʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʪʦʨʠʠ ʵʢʦʣʦʛʠʯʥʳʭ (ʯʠʩʪʳʭ, çʟʝʣʝʥʳʭè)  

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʦʚʘʷ ʠ ʘʢʪʫʘʣʴʥʘʷ ʜʣʷ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ɺ 

ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʙʳʣʦ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʦʣʦʛʠʯʥʳʭ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʝʢʪʦʚ ʥʝ ʠʟʚʝʩʪʥʦ (ʠʭ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ, -   

ʦʮʝʥʢʘ ʘʚʪʦʨʘ, - ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʘʪʝʥʪʦʚ). 

2. ʈʘʟʨʘʙʦʪʘʥʘ ʦʙʱʘʷ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʫʯʝʪʦʤ ʧʨʠʦʨʠʪʝʪʦʚ, 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ.  

3. ʅʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʦʪ çʵʢʦʙʝʟʦʧʘʩʥʦʩʪʥʦʛʦè ʧʦʜʭʦ-

ʜʘ ʠ ʥʦʚʦʤʫ ʧʦʜʭʦʜʫ, ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ ʘʥʘʣʠʟʝ ʠ ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʪʝʭ-

ʥʦʣʦʛʠʡ ʠ ʧʨʦʝʢʪʦʚ ʧʦ ʢʨʠʪʝʨʠʷʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʠ çʟʝʣʸʥʦʩʪʠè, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʠ ʤʦʜʝʣʝʡ, ʚ ʪ.ʯ. ʩ ʫʯʝʪʦʤ ʵʢʦʣʦʛʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʚ ʩʦʮʠʦ-ʪʝʭʥʦ-ʧʨʠʨʦʜʥʦʡ ʧʘʨʘʜʠʛʤʝ. 

4. ʉʦʟʜʘʥʘ ʠʩʪʦʯʥʠʢʦʚʘʷ ʙʘʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʠʟʫʯʝʥʥʦʩʪʴ ʪʝʤʳ. 

5. ʇʨʝʜʣʦʞʝʥʘ ʧʝʨʠʦʜʠʟʘʮʠʷ ʦʙʱʝʡ ʠʩʪʦʨʠʠ ʵʢʦʣʦʛʠʯʥʳʭ ʘʵʨʦʢʦʩʤʠ-

ʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʘʢʪʠʢʠ. 

6. ʈʘʩʩʤʦʪʨʝʥʳ ʚʘʞʥʳʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʵʢʦʣʦʛʠʯʥʳʭ ʘʵʨʦʢʦʩ-

ʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʝʢʪʦʚ XX-XXI ʚʚ.  
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7. ʇʨʝʜʣʦʞʝʥ ʩʧʠʩʦʢ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʥʦʚʳʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʵʢʦʣʦ-

ʛʠʯʥʳʝ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʝʢʪʳ, ʘʩʧʝʢʪʳ ʵʢʦʣʦʛʠʟʘʮʠʠ. 

8. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʜʦʣʞʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪ.ʯ. ʥʘ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʠʤʝʨʘʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Big Data ʜʣʷ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʭʥʦʣʦʛʠʷʭ 

ʠ ʧʨʦʝʢʪʘʭ ʚ ʈʦʩʩʠʠ ʠ ʤʠʨʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ: ʂʨʫʰʝʥʠʷ çʐʝʥʘʥʜʦʘè, çR-100è, çʄʘʢʦʥʘè, çɸʢʨʦʥʘè, ʘ 

ʦʩʦʙʝʥʥʦ çɻʠʥʜʝʥʙʫʨʛʘè, ʩʥʠʤʢʠ ʛʦʨʷʱʠʭ ʦʙʣʦʤʢʦʚ ʢʦʪʦʨʦʛʦ ʧʦʧʘʣʠ ʥʘ 

ʧʝʨʚʳʝ ʧʦʣʦʩʳ ʛʘʟʝʪ ʚʩʝʛʦ ʤʠʨʘ, ʧʦʩʪʘʚʠʣʠ ʢʨʝʩʪ ʥʘ ʮʝʣʦʡ ʦʪʨʘʩʣʠ, ʚʦʩʭʠ-

ʱʘʚʰʝʡ ʩʦʚʨʝʤʝʥʥʠʢʦʚ ʩʚʦʠʤʠ ʛʨʘʥʜʠʦʟʥʳʤʠ ʧʨʦʝʢʪʘʤʠ. ɼʠʨʠʞʘʙʣʝʩʪʨʦʝ-

ʥʠʝ ʫʩʪʫʧʠʣʦ ʤʝʩʪʦ ʘʚʠʘʩʪʨʦʝʥʠʶ. ʉʝʡʯʘʩ ʜʠʨʠʞʘʙʣʝʩʪʨʦʝʥʠʝ ʚʦʟʨʦʞʜʘʝʪʩʷ 

ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ. ɻʦʚʦʨʠʪʴ ʦ ʙʳʣʦʤ ʤʦʛʫʱʝʩʪʚʝ ʠʩʧʦʣʠʥʦʚ ʥʝʙʘ ʧʦʢʘ ʯʪʦ 

ʨʘʥʦʚʘʪʦ, ʥʦ ʜʝʣʦ ʢ ʪʦʤʫ ʠʜʝʪ. ɽʩʣʠ ʚʦ ʚʩʶ ʰʠʨʴ ʚʟʛʣʷʥʫʪʴ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʠʨʠʞʘʙʣʝʡ, ʪʦ ʵʪʦ ʥʳʥʝ ʟʘʙʳʪʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʧʦʤʠʤʦ ʯʠʩʪʦ ʫʪʠ-

ʣʠʪʘʨʥʦʡ ʬʫʥʢʮʠʠ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ ʠ ʚ ʣʶʙʫʶ ʪʦʯʢʫ ɿʝʤʥʦʛʦ 

ʰʘʨʘ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʠ ʚʦʧʣʦʱʝʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʜʠʨʠʞʘʙʣʷʭ ʤʦ-

ʛʫʪ ʚʦʧʣʦʪʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʫʞʝ ʨʘʙʦʪʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʠ ʝʱʝ ʥʝ çʩʜʝ-

ʣʘʥʥʳʝ ʚ ʞʝʣʝʟʝè ʥʘʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʧʦʢʫʜʘ ʣʠʰʴ ʚ ʛʦʣʦʚʘʭ ʠʥʞʝʥʝʨʦʚ ʠ 

ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʩʫʱʝʩʪʚʫʶʪ.  
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Abstract: Airship construction is reviving in many countries. Surely, it is 

still early to talk about the lapsed mightiness of sky colossi, but things are coming 

just to this end. If capabilities of airships are considered on a large scale, it will be 

clear that this transportation means, now sunk into oblivion, is a unique platform 

for developing new technologies and implementing non-standard engineering solu-

tions. As for a technical aspect, beside the already existing techniques, in airships 

there may be implemented the ideas, which have not been ñmade in hardware yetò 

and which so far exist only in the heads of engineers and designers. 
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ɺʚʝʜʝʥʠʝ ʚ ʪʝʤʫ 

ʂʨʫʰʝʥʠʷ çʐʝʥʘʥʜʦʘè, çR-100è, çʄʘʢʦʥʘè, çɸʢʨʦʥʘè, ʘ ʦʩʦʙʝʥʥʦ 

çɻʠʥʜʝʥʙʫʨʛʘè, ʩʥʠʤʢʠ ʛʦʨʷʱʠʭ ʦʙʣʦʤʢʦʚ ʢʦʪʦʨʦʛʦ ʧʦʧʘʣʠ ʥʘ ʧʝʨʚʳʝ ʧʦʣʦ-

ʩʳ ʛʘʟʝʪ ʚʩʝʛʦ ʤʠʨʘ, ʧʦʩʪʘʚʠʣʠ ʢʨʝʩʪ ʥʘ ʮʝʣʦʡ ʦʪʨʘʩʣʠ, ʚʦʩʭʠʱʘʚʰʝʡ ʩʦʚʨʝ-

ʤʝʥʥʠʢʦʚ ʩʚʦʠʤʠ ʛʨʘʥʜʠʦʟʥʳʤʠ ʧʨʦʝʢʪʘʤʠ. ɼʠʨʠʞʘʙʣʝʩʪʨʦʝʥʠʝ ʫʩʪʫʧʠʣʦ 

ʤʝʩʪʦ ʘʚʠʘʩʪʨʦʝʥʠʶ. 

ʅʦ ʘʚʠʘʮʠʷ ʚʟʷʣʘ ʚʝʨʭ ʥʘʜ ʚʦʟʜʫʭʦʧʣʘʚʘʥʠʝʤ ʥʝ ʧʦʪʦʤʫ, ʯʪʦ ʩʘʤʦʣʝʪʳ 

ʣʫʯʰʝ ʜʠʨʠʞʘʙʣʝʡ ʚʦ ʚʩʝʭ ʦʪʥʦʰʝʥʠʷʭ, ʘ ʧʦʪʦʤʫ ʯʪʦ ʚ 30-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ ʤʠʨ ʛʦʪʦʚʠʣʩʷ ʢ ʚʦʡʥʝ. ɸ ʚ ʢʘʯʝʩʪʚʝ ʙʦʤʙʦʚʦʟʦʚ, ʚʳʚʘʣʠʚʘʶʱʠʭ ʥʘ ʣʶ-

ʜʝʡ ʩʚʦʡ ʩʤʝʨʪʦʥʦʩʥʳʡ ʛʨʫʟ ʧʦʜ ʦʛʥʝʤ ʟʝʥʠʪʦʢ ʠ ʘʪʘʢ ʠʩʪʨʝʙʠʪʝʣʝʡ, ʩʘʤʦʣʝ-

ʪʳ, ʥʝʩʦʤʥʝʥʥʦ, ʵʬʬʝʢʪʠʚʥʝʝ ʜʠʨʠʞʘʙʣʝʡ. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʤʠʨʥʦʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʜʠʨʠʞʘʙʣʝʡ, ʪʦ ʟʜʝʩʴ ʦʥʠ ʠʤʝʶʪ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʥʝʦʩʧʦʨʠʤʳʭ ʧʨʝ-

ʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʩʘʤʦʣʝʪʘʤʠ [1]. 

ʆʩʦʙʝʥʥʦ ʦʯʝʚʠʜʥʦ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʩʝʡʯʘʩ, ʢʦʛʜʘ ʧʝʨʝʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʚʳʞʠʚʘʥʠʷ ʚ ʬʦʨʤʘʪʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʚʦʝʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʫʛʦʣʢʘʭ ʧʣʘʥʝʪʳ [2]. ɻʜʝ ʤʦʞʥʦ, ʤʳ ʫʞʝ ʧʦʯʪʠ 

ʚʩʝ ʚʳʯʝʨʧʘʣʠ. ʊʝʧʝʨʴ ʧʨʠʰʣʦ ʚʨʝʤʷ ʙʨʘʪʴ ʪʘʤ, ʛʜʝ ʥʝʣʴʟʷ. ʀʣʠ ʟʘʪʝʚʘʪʴ ʧʝ-

ʨʝʜʝʣ ʤʠʨʘ ʨʘʜʠ ʜʦʩʪʫʧʘ ʠʟʙʨʘʥʥʳʭ ʢ ʦʪʢʨʳʪʳʤ ʠ ʦʩʚʦʝʥʥʳʤ ʢʣʘʜʦʚʳʤ ʧʨʠ-

ʨʦʜʳ, ʢʦʪʦʨʳʝ, ʚʧʨʦʯʝʤ, ʥʝ ʙʝʟʜʦʥʥʳ. ʊʘʢ ʯʪʦ ʧʦ ʣʶʙʦʤʫ, ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ, 

ʧʝʨʝʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʚʦ ʚʝʩʴ ʨʦʩʪ ʚʩʪʘʥʝʪ ʧʨʦʙʣʝʤʘ ʦʩʚʦʝʥʠʷ ʥʝʜʦʩʪʫʧʥʳʭ 

ʥʳʥʝ ʜʣʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ. ʅʝʜʦʩʪʫʧʥʳʭ ʧʦ ʧʨʠʯʠʥʝ 

ʦʪʩʫʪʩʪʚʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʦ ʥʠʭ ʜʦʙʨʘʪʴʩʷ. 

 

              
ʈʠʩ. 1. ɹʝʟ ʜʠʨʠʞʘʙʣʷ ʟʜʝʩʴ ʥʝ ʦʙʦʡʪʠʩʴ. 

ʆʜʘ ʚ ʧʨʦʟʝ ʜʠʨʠʞʘʙʣʷʤ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʙʣʝʤʘ ʙʝʟʜʦʨʦʞʴʷ ʠ ʫʜʘʣʝʥʥʦʩʪʠ ʨʝʰʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʘʚʠʘʮʠʠ ï ʚʝʨʪʦʣʝʪʦʚ ʠ ʩʘʤʦʣʝʪʦʚ. ʍʦʪʷ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʠ ʩʘʤʦʣʝ-

ʪʳ, ʥʠ ʚʝʨʪʦʣʝʪʳ ʩ ʠʭ ʧʨʠʭʦʪʣʠʚʦʩʪʴʶ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴʶ ʢ 

ʥʘʟʝʤʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʧʨʦʞʦʨʣʠʚʦʩʪʴʶ ʪʦʧʣʠʚʘ, ʫʞʘʩʘʶʱʠʤʠ ʧʦʩʣʝʜ-

ʩʪʚʠʷʤʠ ʧʨʦʩʯʝʪʦʚ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠ ʦʪʢʘʟʦʚ ʪʝʭʥʠʢʠ, ʥʝ ʩʧʦʩʦʙʥʳ ʩʦʩʪʘʚʠʪʴ 
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ʩʝʨʴʝʟʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦʤʫ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ 

ʧʨʠ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʤ ʦʩʚʦʝʥʠʠ ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ɼʨʫʛʦʝ ʜʝʣʦ ʜʠʨʠʞʘʙʣʠ. ɼʦʨʦʛʠʭ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʧʦʣʦʩ ʥʝ ʪʨʝʙʫ-

ʝʪʩʷ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʘʷ, ʧʨʦ ʜʦʨʦʛʠ ʠ ʨʝʯʠ ʙʳʪʴ ʥʝ ʤʦʞʝʪ, ʚ ʯʘ-

ʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʘʟʚʝ ʯʪʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʢʦʥʢʫʨʝʥʮʠʶ ʩʦ-

ʩʪʘʚʠʪʴ ʤʦʞʝʪ, ʚ ʯʘʩʪʠ ʢʦʤʬʦʨʪʘ ï ʚʦʜʥʳʡ, ʧʦ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʥʠ ʩʘʤʦʣʝʪʳ, 

ʥʠ ʚʝʨʪʦʣʝʪʳ ʜʠʨʠʞʘʙʣʷʤ ʥʝ ʩʦʧʝʨʥʠʢʠ. ʊʘʢ ʯʪʦ ʟʘʚʦʝʚʘʚʰʘʷ ʧʨʝʚʦʩʭʦʜʩʪʚʦ 

ʚ ʚʦʟʜʫʰʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʚʠʘʮʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʨʠʞʘʙʣʷʤʠ ʦʢʘʟʳʚʘʝʪ-

ʩʷ ʚ ʨʦʣʠ ʪʝʭʥʠʢʠ ʚʯʝʨʘʰʥʝʛʦ ʜʥʷ ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʦ-

ʣʠʪʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʢʩʧʘʥʩʠʠ ʚ ʫʩʣʦʚʠʷʭ ʫʩʫʛʫʙʣʷʶʱʝʛʦʩʷ ʜʝʬʠʮʠʪʘ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɽʩʣʠ ʞʝ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʨʠʞʘʙʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʧʝ-

ʨʝʜʚʠʞʥʳʭ ʮʝʭʦʚ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ ʩʝʣʴʩʢʦʛʦ ʠ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʦʙʠʣʴʥʳʭ ʦʪʝʣʝʡ ʚ ʪʫʨʠʩʪʠʯʝ-

ʩʢʦʤ ʙʠʟʥʝʩʝ, ʥʘʜʟʝʤʥʳʭ ʮʝʥʪʨʦʚ ʜʦʩʫʛʘ ʠ ʦʪʜʳʭʘ, ʪʦ ʚʦʟʨʦʞʜʝʥʠʝ ʜʠʨʠʞʘʙ-

ʣʝʩʪʨʦʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʧʨʠʙʳʣʴʥʳʤ ʜʝʣʦʤ. 

ɼʣʷ ʈʦʩʩʠʠ ʞʝ ʩ ʝʝ ʙʝʩʢʨʘʡʥʠʤʠ ʧʨʦʩʪʦʨʘʤʠ, ʥʝʩʤʝʪʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ 

ʙʦʛʘʪʩʪʚʘʤʠ ʠ ʚʝʯʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩ ʜʦʨʦʛʘʤʠ ʜʠʨʠʞʘʙʣʴ ï ʚʦʦʙʱʝ ʥʝʟʘʤʝʥʠ-

ʤʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʢʣʶʯ ʢ ʨʝʰʝʥʠʶ ʤʥʦʛʠʭ ʧʨʦʙʣʝʤ. ʆʩʦʙʝʥʥʦ ʵʪʦ 

ʢʘʩʘʝʪʩʷ ʉʠʙʠʨʠ. ɺʦʠʩʪʠʥʫ, ʢʪʦ ʚʦʟʨʦʜʠʪ ʜʠʨʠʞʘʙʣʠ, ʧʦʣʫʯʠʪ ʉʠʙʠʨʴ ʩ ʝʝ 

ʙʝʟʤʝʨʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ ʠ ʙʝʩʯʠʩʣʝʥʥʳʤʠ ʩʦʢʨʦʚʠʱʘʤʠ. 

ɺ ʩʚʝʪʝ ʯʠʩʪʦ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʦʣʢʥʫʣʦʩʴ ʯʝʣʦʚʝʯʝ-

ʩʪʚʦ ʚ ʩʚʷʟʠ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʪʨʘʥʩʧʦʨʪʘ, ʜʠʨʠʞʘʙʣʠ ʤʦʛʫʪ ʜʘʪʴ ʨʝʟʢʠʡ 

ʪʦʣʯʦʢ ʨʘʙʦʪʘʤ ʧʦ ʩʦʟʜʘʥʠʶ ʜʚʠʛʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʚʦʜʦʨʦʜʝ. ɼʠʨʠ-

ʞʘʙʣʴ ʠ ʚʦʜʦʨʦʜʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩʦʟʜʘʥʳ ʜʨʫʛ ʜʣʷ ʜʨʫʛʘ! ɺʝʜʴ ʚʦʜʦʨʦʜ ʥʘ ʜʠ-

ʨʠʞʘʙʣʝ ʤʦʞʝʪ ʩʪʘʪʴ ʠ ʥʝʩʫʱʠʤ ʛʘʟʦʤ, ʠ ʪʦʧʣʠʚʦʤ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʜʠʨʠʞʘʙʣʷʭ ʩʘʤʘ ʩʦʙʦʡ ʦʪʧʘʜʘʝʪ 

ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ: ʢʘʢ ʨʘʙʦʪʘʪʴ ʩʦ ʩʞʠʞʝʥʥʳʤ ʚʦʜʦʨʦʜʦʤ. ɺʦʜʦʨʦʜ, ʢʘʢ ʪʦʧ-

ʣʠʚʦ, ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʚʦʝʤ ʝʩʪʝʩʪʚʝʥʥʦʤ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʠ ʩʦʟʜʘʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ, ʘ ʥʝ ʩʲʝʜʘʪʴ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟ-

ʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʜʠʨʠʞʘʙʣʷʭ ʚʪʦʨʦʝ ʜʳʭʘʥʠʝ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʪʦʧʣʠʚʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʧʨʠʥʮʠʧʫ ʙʝʩʧʣʘʤʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʙʣʘʛʦ, ʯʪʦ ʚʦʜʦʨʦʜʘ 

ʥʘ ʙʦʨʪʫ ʙʫʜʝʪ ʧʨʝʜʦʩʪʘʪʦʯʥʦ, ʪʦʣʴʢʦ ʦʢʠʩʣʷʡ. ɸ ʪʘʤ ʫʞ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘ 

ʟʝʤʣʶ ʩʧʫʩʪʠʪʴ ʤʦʞʥʦ ʙʫʜʝʪ. 

 
ʈʠʩ. 2. ɺʩʪʨʝʯʘ ʜʠʨʠʞʘʙʣʷ ʚ ʥʘʯʘʣʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. 



134 

 

ɼʠʨʠʞʘʙʣʠ ʚ ʥʘʯʘʣʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʧʦʢʦʨʠʣʠ ʩʝʨʜʮʘ ʦʙʳʚʘʪʝʣʝʡ ʠ ʦʪ-

ʢʨʳʣʠ ʢʦʰʝʣʴʢʠ ʤʝʮʝʥʘʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʛʨʘʬʫ ʎʝʧʧʝʣʠʥʫ ʩʦʟʜʘʪʴ ʮʝʣʫʶ 

ʦʪʨʘʩʣʴ ï ʜʠʨʠʞʘʙʣʝʩʪʨʦʝʥʠʝ. ʅʦ ʚ ʧʝʨʠʦʜ ʤʝʞʜʫ ʜʚʫʤʷ ʤʠʨʦʚʳʤʠ ʚʦʡʥʘʤʠ 

ʜʠʨʠʞʘʙʣʠ ʙʳʣʠ ʚʳʪʝʩʥʝʥʳ ʠʟ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʘʤʦʣʝʪʘʤʠ, ʙʦʣʝʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʤʠ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʚʩʝʛʦ, ʯʪʦ ʚʥʠʟʫ ʰʝʚʝʣʠʪʩʷ. ʅʘʯʘʣʩʷ 

ʚʝʢ ʘʚʠʘʮʠʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʦʭʦʞʝ, ʘʚʠʘʮʠʷ ʜʦʩʪʠʛʣʘ ʩʚʦʝʛʦ ʧʦʪʦʣʢʘ, ʚ ʦʪ-

ʣʠʯʠʝ ʦʪ ʚʦʟʜʫʭʦʧʣʘʚʘʥʠʷ, ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʦʛʦ ʩʦ ʚʨʝʤʝʥʝʤ ʪʦʣʴʢʦ ʫʚʝʣʠ-

ʯʠʣʩʷ, ʙʣʘʛʦʜʘʨʷ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʚʠʪʠʶ ʵʣʝʢʪʨʦʥʠʢʠ, ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʀ ʨʘʙʦʪʳ ʜʣʷ ʜʠʨʠʞʘʙʣʝʡ ʥʝʧʦʯʘʪʳʡ 

ʢʨʘʡ. ʆʥʦ, ʢʦʥʝʯʥʦ, ʤʦʞʥʦ ʧʦʣʟʘʪʴ ʧʦ ʟʝʤʣʝ, ʢʨʫʰʘ ʚʩʝ ʥʘ ʩʚʦʝʤ ʧʫʪʠ ʧʨʠ 

ʧʨʦʢʣʘʜʢʝ ʜʦʨʦʛ ʠ ʧʨʦʯʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʘ ʤʦʞʥʦ ʣʝʛʢʦ ʠ ʵʣʝ-

ʛʘʥʪʥʦ ʚʦʩʧʘʨʠʪʴ ʥʘʜ ʟʝʤʣʝʡ ʠ ʜʦʩʪʘʚʠʪʴ ʚ ʣʶʙʫʶ ʪʦʯʢʫ ʧʣʘʥʝʪʳ ʚʩʝ, ʯʪʦ 

ʥʘʜʦ: ʭʦʪʴ ʛʨʫʟ, ʭʦʪʴ ʧʘʩʩʘʞʠʨʘ, ʭʦʪʴ ʯʝʨʪʘ ʩ ʨʦʛʘʤʠ (ʥʫ, ʵʪʦ ʫʞʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʟʘʧʨʦʩʘʤ ʣʶʜʝʡ ʚ ʧʦʛʦʥʘʭ [3]). 

 

 
ʈʠʩ. 3.ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʧʦʣʝʪ ʜʠʨʠʞʘʙʣʷ çDragom Dreamè  

ʘʤʝʨʠʢʘʥʩʢʦʡ ʢʦʤʧʘʥʠʠ çWorldwide Aeros Corporationè. 

ɺʦʟʨʦʞʜʝʥʠʝ ʜʠʨʠʞʘʙʣʝʩʪʨʦʝʥʠʷ ʚ ʥʦʚʦʤ ʬʦʨʤʘʪʝ 

ɼʠʨʠʞʘʙʣʝʩʪʨʦʝʥʠʝ ʚʦʟʨʦʞʜʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ. ɻʦʚʦʨʠʪʴ ʦ ʙʳ-

ʣʦʤ ʤʦʛʫʱʝʩʪʚʝ ʠʩʧʦʣʠʥʦʚ ʥʝʙʘ ʧʦʢʘ ʯʪʦ ʨʘʥʦʚʘʪʦ, ʥʦ ʜʝʣʦ ʢ ʪʦʤʫ ʠʜʝʪ. ɼʠ-

ʨʠʞʘʙʣʠ ʩʪʨʦʷʪ ʚ ʉʐɸ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʌʨʘʥʮʠʠ, ɻʝʨʤʘʥʠʠ, ʂʘʥʘʜʝ, ɸʚ-

ʩʪʨʘʣʠʠ, ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ, ʂʠʪʘʝ. ʇʝʨʚʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʛʦʩʫʜʘʨʩʪʚ ï ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʝʡ ʜʠʨʠʞʘʙʣʝʡ ʟʘʥʠʤʘʶʪ ʉʦʝʜʠʥʝʥʥʳʝ ʐʪʘʪʳ ɸʤʝʨʠʢʠ. ɺ ʩʧʠʩʢʝ ʘʧ-

ʧʘʨʘʪʦʚ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦʢʫʧʘʪʝʣʷʤ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʬʠʨʤʘʤʠ, ʤʦʞʥʦ ʥʘʡʪʠ 

ʪʝʨʤʦʜʠʨʠʞʘʙʣʠ, ʥʝʙʦʣʴʰʠʝ ʚʦʟʜʫʰʥʳʝ ʪʘʢʩʠ, ʘʧʧʘʨʘʪʳ-ʛʠʙʨʠʜʳ, ʛʨʫʟʦʚʳʝ 

ʜʠʨʠʞʘʙʣʠ. 
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ʅʦ ʝʩʣʠ ʦʧʷʪʴ ʚʝʨʥʫʪʴʩʷ ʢ ʧʝʨʚʦʧʨʠʯʠʥʘʤ ʥʳʥʝʰʥʝʛʦ ʜʦʤʠʥʠʨʦʚʘʥʠʷ 

ʚ ʚʦʟʜʫʭʝ ʘʚʠʘʮʠʠ, ʪʦ ʦʜʥʠʤ ʠʟ ʢʦʟʳʨʝʡ ʩʘʤʦʣʝʪʦʩʪʨʦʝʥʠʷ ʥʘ ʟʘʨʝ ʧʦʢʦʨʝʥʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʨʠʞʘʙʣʝʩʪʨʦʝʥʠʝʤ ʙʳʣʘ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʝʙʦʣʴʰʠʭ ʩʘʤʦʣʝʪʦʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʵʥʪʫʟʠʘʩʪʘʤʠ. 

ʉʜʝʣʘʪʴ ʩʘʤʦʣʝʪ ʠ ʧʦʜʥʷʪʴ ʝʛʦ ʚ ʚʦʟʜʫʭ ʤʦʛʣʠ ʥʝʩʢʦʣʴʢʦ ʯʝʣʦʚʝʢ, ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʠʨʠʞʘʙʣʷ ʪʨʝʙʦʚʘʣʘʩʴ ʢʫʯʘ ʣʶʜʝʡ. ʆʪʩʶʜʘ ʩʪʨʝʤʠʪʝʣʴ-

ʥʳʡ ʧʨʦʛʨʝʩʩ ʘʚʠʘʮʠʠ ï ʢʘʞʜʳʡ ʤʘʣʳʡ ʢʦʣʣʝʢʪʠʚ ʣʶʙʠʪʝʣʝʡ ʚʥʦʩʠʣ ʯʪʦ-ʪʦ 

ʥʦʚʦʝ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʦʩʚʦʝʥʠʝ ʤʘʰʠʥ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤ 

ʙʳʩʪʨʦ ʜʦʩʪʠʯʴ ʨʘʟʠʪʝʣʴʥʳʭ ʫʩʧʝʭʦʚ ʚ ʩʦʟʜʘʥʠʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʪʷ-

ʞʝʣʝʝ ʚʦʟʜʫʭʘ. 

 

 
ʈʠʩ. 4. ʅʦʚʳʡ ʬʦʨʤʘʪ ʜʠʨʠʞʘʙʣʝʡ ʙʫʜʫʱʝʛʦ. 

 

ɺ ʵʪʦʤ ʨʘʟʨʝʟʝ ʚ ʚʦʟʜʫʭʝ ʚʠʪʘʝʪ ʦʯʝʚʠʜʥʘʷ ʤʳʩʣʴ: ʥʘʯʠʥʘʪʴ ʚʦʟʨʦʞʜʝ-

ʥʠʝ ʜʠʨʠʞʘʙʣʝʩʪʨʦʝʥʠʷ ʥʘʜʦ ʥʝ ʩ ʤʥʦʛʦʪʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦ-

ʪʦʨʳʭ ʪʨʝʙʫʶʪʩʷ ʥʝʤʘʣʳʝ ʣʶʜʩʢʠʝ, ʤʘʪʝʨʠʘʣʴʥʳʝ ʠ ʜʝʥʝʞʥʳʝ ʨʝʩʫʨʩʳ, ʘ ʩ 

ʤʘʣʳʭ ʬʦʨʤ. ʅʝʚʝʩʦʤʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʠʥʠʘʪʶʨʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ, ʤʠʢʨʦʜʚʠʛʘ-

ʪʝʣʠ ʜʘʶʪ ʰʘʥʩ ʦʧʷʪʴ ʩ ʪʨʠʫʤʬʦʤ ʧʦʜʥʷʪʴʩʷ ʚ ʥʝʙʦ ʜʠʨʠʞʘʙʣʷʤ. ʅʦ ʥʝ ʚ ʚʠ-

ʜʝ ʛʠʛʘʥʪʩʢʠʭ ʤʦʥʩʪʨʦʚ ï ʧʦʢʦʨʠʪʝʣʝʡ ʥʝʙʝʩ, ʘ ʚ ʬʦʨʤʘʪʝ ʤʠʥʠʜʠʨʠʞʘʙʣʝʡ: 

ʥʝʙʦʣʴʰʠʭ ʘʧʧʘʨʘʪʦʚ ʣʝʛʯʝ ʚʦʟʜʫʭʘ ʩ ʤʠʢʨʦʜʚʠʛʘʪʝʣʷʤʠ ʥʘ ʙʦʨʪʫ, ʤʠʥʠʘʧ-

ʧʘʨʘʪʫʨʦʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠ ʙʦʣʴʰʠʤʠ 

ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [4]. ʇʨʠʤʝʨ ʧʝʨʝʜ ʛʣʘʟʘʤʠ ï ʜʨʦ-

ʥʳ. ʅʦ ʫ ʤʠʥʠʜʠʨʠʞʘʙʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʦʥʘʤʠ ʥʝʩʨʘʚʥʝʥʥʦ ʙʦʣʴʰʠʡ 

ʧʦʪʝʥʮʠʘʣ ʧʦ ʯʘʩʪʠ ʙʝʩʧʦʩʘʜʦʯʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʚʦʟʜʫʭʝ. 

ɸ ʢʦʣʠ ʜʝʣʦ ʧʦʡʜʝʪ, ʤʠʥʠʜʠʨʠʞʘʙʣʠ ʦʪʢʨʦʶʪ ʜʦʨʦʛʫ ʚ ʥʝʙʦ ʠ ʤʦʱʥʳʤ 

ʢʨʝʡʩʝʨʘʤ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʣʝʛʯʝ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʝ ʚ ʥʘʯʘʣʝ ʧʨʦ-

ʰʣʦʛʦ ʚʝʢʘ ʯʫʪʴ ʙʳʣʦ ʇʷʪʳʡ ʦʢʝʘʥ ʥʝ ʧʦʢʦʨʠʣʠ, ʜʘ ʩʙʠʪʳ ʙʳʣʠ ʥʘ ʚʟʣʝʪʝ ʠʩ-

ʪʨʝʙʠʪʝʣʷʤʠ ʚ ʧʨʝʜʜʚʝʨʠʠ ʣʶʜʩʢʦʡ ʙʦʡʥʠ, ʚʦʰʝʜʰʝʡ ʚ ʠʩʪʦʨʠʶ ʧʦʜ ʥʘʟʚʘ-

ʥʠʝʤ ɺʪʦʨʘʷ ʤʠʨʦʚʘʷ ʚʦʡʥʘ, ʛʜʝ ʥʫʞʥʳ ʙʳʣʠ ʵʬʬʝʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʠʩʪʨʝʙ-

ʣʝʥʠʷ ʩʝʙʝ ʧʦʜʦʙʥʳʭ. ɼʠʨʠʞʘʙʣʠ ʪʦʛʜʘ ʥʘ ʵʪʫ ʨʦʣʴ ʥʝ ʧʦʪʷʥʫʣʠ. 

 


