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ɼʦʣʛʠʡ ʧʫʪʴ ʦʪ ʤʦʣʝʢʫʣʳ ʢ ʣʝʢʘʨʩʪʚʫ, ʠʣʠ ʯʪʦ ʪʘʢʦʝ ʬʠʟʠʯʝʩʢʘʷ 

ʬʘʨʤʘʮʠʷ 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʥʦʛʦ ʛʦʚʦʨʷʪ ʠ ʧʠʰʫʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʟʨʦʞʜʝʥʠʷ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʦ ʤʥʦʛʠʝ ʥʝ ʟʥʘʶʪ, 

ʯʪʦ ʩʠʥʪʝʟ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʝʱʝ ʥʝ ʦʟʥʘʯʘʝʪ ʨʦʞʜʝʥʠʝ 

ʣʝʢʘʨʩʪʚʘ. ʇʫʪʴ ʦʪ ʚʝʱʝʩʪʚʘ ʢ ʣʝʢʘʨʩʪʚʫ ʦʯʝʥʴ ʜʦʣʦʛ ʠ ʥʝʧʨʦʩʪ. ʅʘ ʵʪʦʤ 

ʧʫʪʠ ʪʨʝʙʫʶʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʩʦʚʤʝʩʪʥʳʝ ʫʩʠʣʠʷ ʫʯʝʥʳʭ ʠ ʠʥʞʝʥʝʨʦʚ 

ʩʘʤʳʭ ʨʘʟʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ 

ʬʠʟʠʯʝʩʢʘʷ ʬʘʨʤʘʮʠʷ, ʦʧʠʨʘʶʱʘʷʩʷ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʥʘ 

ʜʦʩʪʠʞʝʥʠʷ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ. 

 

ɺ ʵʪʦʡ ʧʨʝʟʝʥʪʘʮʠʠ ʤ  r ʧʦʧʳʪʘʝʤʩʷ ʧʦʧʫʣʷʨʥʦ ʨʘʩʩʢʘʟʘʪʴ ʦ ʪʦʤ, ʯʪʦ 

ʪʘʢʦʝ ʬʠʟʠʯʝʩʢʘʷ ʬʦʨʤʘʮʠʷ ʠ ʢʘʢʦʡ ʧʫʪʴ ʥʘʜʦ ʧʨʝʦʜʦʣʝʪʴ, ʯʪʦʙʳ ʦʪ 

ʤʦʣʝʢʫʣʳ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠʡʪʠ ʢ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʝ, 

ʣʝʢʘʨʩʪʚʫ. 
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ɺ ʢʦʥʮʝ 2011 ʛʦʜʘ ʞʫʨʥʘʣ ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 

"Chemistry and Engineering News" ʚʦʧʨʦʩ: "ɺʘʤ ʥʫʞʥʳ ʚʝʱʝʩʪʚʘ ʠʣʠ 

ʣʝʢʘʨʩʪʚʘ?". ɺʦʧʨʦʩ ʵʪʦʪ ʦʯʝʥʴ ʟʘʢʦʥʦʤʝʨʥʳʡ. ʃʝʢʘʨʩʪʚʦ ʠ 

ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʚʝʱʝʩʪʚʦ - ʜʘʣʝʢʦ ʥʝ ʦʜʥʦ ʠ ʪʦ ʞʝ. ʃʝʢʘʨʩʪʚʝʥʥʳʝ 

ʚʝʱʝʩʪʚʘ - ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʠʩʢʫʩʩʪʚʝʥʥʦ ʠʣʠ ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ 

ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ - ʵʪʦ "ʧʨʦʩʪʦ" ʧʦʨʦʰʢʠ ʠʣʠ ʞʠʜʢʦʩʪʠ, ʥʦ, ʟʘ ʨʝʜʢʠʤ 

ʠʩʢʣʶʯʝʥʠʝʤ, ʚʳʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚʘ ʝʱʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ 

ʢʘʢ ʣʝʢʘʨʩʪʚʦ.  

 



ʃʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ï ʵʪʦ ʨʘʩʪʚʦʨʳ ʜʣʷ ʠʥʲʝʢʮʠʡ, ʤʘʟʠ, ʩʧʨʝʠ, ʧʦʨʦʰʢʠ 

ʜʣʷ ʚʜʳʭʘʥʠʷ, ʩʠʨʦʧʳ, ʧʣʘʩʪʳʨʠ, ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʪʘʙʣʝʪʦʢ (çʧʨʦʩʪʳʝè, 

çʰʠʧʫʯʠʝè, çʢʦʤʧʦʟʠʪʥʳʝè) ʠ ʜʘʞʝ ʞʝʚʘʪʝʣʴʥʳʝ ʨʝʟʠʥʢʠ ʠʣʠ ʢʦʥʬʝʪʳ. 

ɺ ʩʦʩʪʘʚ ʢʘʞʜʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʳ ʚʭʦʜʷʪ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʝʱʝʩʪʚʘ 

(ʦʙʳʯʥʦ ï ʦʯʝʥʴ ʤʘʣʘʷ ʜʦʣʷ ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ) ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʥʘʧʦʣʥʠʪʝʣʠ, ʠʣʠ, ʢʘʢ ʠʭ ʝʱʝ ʥʘʟʳʚʘʶʪ, ʵʢʩʠʧʠʝʥʪʳ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ ʜʦʙʘʚʣʷʶʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 

ʬʦʨʤʳ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ), ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʠʭ ʭʨʘʥʝʥʠʷ, 

ʧʦʚʳʩʠʪʴ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ), ʠʣʠ ʞʝ 

ʧʦʚʳʩʠʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

(ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ). ʇʨʠʤʝʨʘʤʠ ʫʣʫʯʰʘʝʤʳʭ ʩʚʦʡʩʪʚ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʩʩʫʝʤʦʩʪʴ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʪʘʙʣʝʪʦʢ, ʠʭ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ 

(ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʣʘʛʝ ʚʦʟʜʫʭʘ),  ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ (ʠʥʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ 

ʦʯʝʥʴ ʙʳʩʪʨʦʝ ʨʘʩʪʚʦʨʝʥʠʝ, ʠʥʦʛʜʘ, ʥʘʧʨʦʪʠʚ, ʤʝʜʣʝʥʥʦʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ 

ʧʦʩʪʫʧʣʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʨʛʘʥʠʟʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʩʫʪʦʢ, 

ʥʝʜʝʣʴ ʠ ʜʘʞʝ ʤʝʩʷʮʝʚ), ʘʜʨʝʩʥʘʷ ʜʦʩʪʘʚʢʘ ʚ ʥʫʞʥʳʝ ʦʨʛʘʥʳ ʠʣʠ ʜʘʞʝ ʢʣʝʪʢʠ 

(ʥʘʧʨʠʤʝʨ, ʨʘʢʦʚʳʝ), ʚʢʫʩ, ʟʘʧʘʭ. ʈʘʟʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʤʦʛʫʪ 

ʩʦʜʝʨʞʘʪʴ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ 

ʩ ʨʘʟʣʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ), ʠʣʠ 

ʚʦʦʙʱʝ ʘʤʦʨʬʥʳʝ, ʨʘʟʣʠʯʘʪʴʩʷ ʨʘʟʤʝʨʦʤ ʠ ʬʦʨʤʦʡ ʯʘʩʪʠʮ, ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʩʦʙʦʡ ʩʦʣʠ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʢʨʠʩʪʘʣʣʳ (ʩʦ-ʢʨʠʩʪʘʣʣʳ, ʩʦʣʴʚʘʪʳ), 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʤʝʩʠ ʠʣʠ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ.  



ʇʫʪʴ ʦʪ ʤʦʣʝʢʫʣʳ ʢ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʝ ʟʘʥʠʤʘʝʪ ʜʝʩʷʪʠʣʝʪʠʷ. ʄʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨ ʚʚʝʜʝʥʠʷ ʚ ʤʝʜʠʮʠʥʩʢʫʶ ʧʨʘʢʪʠʢʫ ʥʦʚʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʣʷ 

ʣʝʯʝʥʠʷ ʨʘʩʩʝʷʥʥʦʛʦ ʩʢʣʝʨʦʟʘ, 4-ʘʤʠʥʦʧʠʨʠʜʠʥʘ, ʤʘʣʝʥʴʢʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʳ. ʌʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʯʘʣʠʩʴ ʚ 

1980ʝ ʛʦʜʳ, ʠ ʪʦʣʴʢʦ ʩʧʫʩʪʷ ʯʝʪʚʝʨʪʴ ʚʝʢʘ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ 

ʧʝʨʚʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʷʭ. ʕʪʦʪ ʧʨʠʤʝʨ ʜʦʩʪʘʪʦʯʥʦ ʪʠʧʠʯʝʥ. 

ʆʩʥʦʚʥʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ ʟʘʥʠʤʘʶʪ ʜʦʢʣʠʥʠʯʝʩʢʠʝ ʠ 

ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʧʨʦʚʝʨʢʘ ʪʦʢʩʠʯʥʦʩʪʠ, ʧʦʜʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʡ ʠ ʧʨʝʜʝʣʴʥʦʡ ʜʦʟ, ʘ ʪʘʢʞʝ ʦʪʨʘʙʦʪʢʘ ʫʩʪʦʡʯʠʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʳ, ʧʘʪʝʥʪʦʚʘʥʠʝ.  
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ʆʯʝʥʴ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʩʝʩʪʦʨʦʥʥʝʡ ʧʨʦʚʝʨʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʠʟʫʯʝʥʠʝ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʶʪʩʷ ʣʠʰʴ ʯʝʨʝʟ ʤʥʦʛʦ ʣʝʪ, ʜʘʞʝ 

ʚ ʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʷʭ. çʉʦʚʨʝʤʝʥʥʳʝ ʣʝʢʘʨʩʪʚʘ ʧʦʜʦʙʥʳ ʷʜʝʨʥʦʡ 

ʵʥʝʨʛʠʠ: ʦʥʠ ʤʦʛʫʪ ʧʨʠʥʦʩʠʪʴ ʦʛʨʦʤʥʫʶ ʧʦʣʴʟʫ ʠ ʦʛʨʦʤʥʳʡ ʚʨʝʜè, - ʚ 

ʩʚʦʝ ʚʨʝʤʷ ʩʢʘʟʘʣ ʧʝʨʚʳʡ ʧʨʝʜʩʝʜʘʪʝʣʴ ʢʦʤʠʩʩʠʠ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʣʝʢʘʨʩʪʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ. ʉʝʛʦʜʥʷ ʵʪʠ ʩʣʦʚʘ ʥʝ ʫʪʨʘʪʠʣʠ ʩʚʦʝʡ 

ʘʢʪʫʘʣʴʥʦʩʪʠ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʩʪʘʨʳʝ, ʧʨʦʚʝʨʝʥʥʳʝ ʛʦʜʘʤʠ, 

ʜʝʩʷʪʠʣʝʪʠʷʤʠ, ʠʥʦʛʜʘ ï ʚʝʢʘʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʦʙʣʘʜʘʶʪ 

ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝ ʪʨʝʙʫʶʪ ʩʪʦʣʴ ʜʣʠʪʝʣʴʥʳʭ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʢʘʢ ʥʦʚʳʝ. 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʥʦʚʳʭ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʥʘ 

ʦʩʥʦʚʝ ʜʘʚʥʦ ʠʟʚʝʩʪʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʩʧʦʩʦʙʥʦ ʜʘʪʴ ʦʪʜʘʯʫ 

ʚʣʦʞʝʥʥʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʩʪʘʨʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʥʝ ʚʩʝʛʜʘ ʪʘʢ ʵʬʬʝʢʪʠʚʥʳ, ʢʘʢ ʭʦʪʝʣʦʩʴ 

ʙʳ, ʥʝʨʝʜʢʦ ʟʘʱʠʱʝʥʳ ʯʫʞʠʤʠ ʧʘʪʝʥʪʘʤʠ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʚʝʱʝʩʪʚ, ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʘ.  
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ʆʛʨʦʤʥʫʶ ʯʘʩʪʴ ʦʙʱʝʛʦ ʨʳʥʢʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʟʘʥʠʤʘʶʪ 

ʧʨʝʧʘʨʘʪʳ ï ʜʞʝʥʝʨʠʢʠ. ʕʪʦ ʧʨʝʧʘʨʘʪʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʪʦ ʞʝ 

ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʚʝʱʝʩʪʚʦ, ʯʪʦ ʠ ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʨʝʧʘʨʘʪ (ʙʨʵʥʜ), 

ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʡ ʢʘʢʦʡ-ʪʦ ʬʠʨʤʦʡ, ʥʦ ʚʳʧʫʩʢʘʶʪʩʷ ʚ ʚʠʜʝ ʜʨʫʛʦʡ 

ʬʦʨʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʡʪʠ ʠʟ ʧʦʣʷ, ʟʘʱʠʱʝʥʥʦʛʦ ʧʘʪʝʥʪʦʤ. ʆʩʦʙʝʥʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʞʝʥʝʨʠʢʦʚ ʚ ʀʥʜʠʠ, ʂʠʪʘʝ, ɸʬʨʠʢʝ. 

ɼʞʝʥʝʨʠʢʠ ʥʘʤʥʦʛʦ ʜʝʰʝʚʣʝ ʠʩʭʦʜʥʦ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʬʦʨʤ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʜʞʝʥʝʨʠʢʦʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʠʩʪʝʢʘʝʪ ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʧʘʪʝʥʪʦʚ ʥʘ ʙʨʝʥʜ. ʀʥʪʝʨʝʩ ʢ ʜʞʝʥʝʨʠʢʘʤ ʚʝʣʠʢ 

ʥʝ ʪʦʣʴʢʦ ʫ ʤʝʣʢʠʭ ʢʦʤʧʘʥʠʡ ʚ ʩʪʨʘʥʘʭ ʩ ʥʠʟʢʠʤʠ ʜʦʭʦʜʘʤʠ ʥʘʩʝʣʝʥʠʷ, 

ʥʦ ʠ ʫ ʢʨʫʧʥʳʭ ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʢʦʨʧʦʨʘʮʠʡ. 

ɿʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʩʪʨʝʤʠʪʝʣʴʥʦ ʜʞʝʥʝʨʠʢʦʚ ʨʘʩʪʫʪ. ʊʘʢ, ʝʩʣʠ ʚ 2005 

ʛʦʜʫ ʥʘ ʵʪʠ ʮʝʣʠ ʚ ʤʠʨʝ ʚʳʜʝʣʷʣʦʩʴ ʦʢʦʣʦ 20% ʩʨʝʜʩʪʚ, ʚʢʣʘʜʳʚʘʝʤʳʭ ʚ 

ʨʘʟʚʠʪʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʪʦ ʢ 2015 ʛʦʜʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʣʦʞʠʪʴ 

ʫʞʝ ʧʦʣʦʚʠʥʫ, 50%. ɼʣ ̫ʪʦʛʦ ʯʪʦʙʳ ʜʞʝʥʝʨʠʢ, ʦʩʪʘʚʘʷʩʴ ʙʦʣʝʝ ʜʝʰʝʚʳʤ 

ʘʥʘʣʦʛʦʤ, ʥʝ ʫʩʪʫʧʘʣ ʧʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ ʧʘʪʝʥʪʦʚʘʥʥʦʤʫ 

ʩʨʝʜʩʪʚʫ, ʥʘʜʦ ʫʤʝʪʴ ʥʝ ʪʦʣʴʢʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠʣʠ ʟʘʢʫʧʘʪʴ ʩʫʙʩʪʘʥʮʠʠ, 

ʢʦʥʪʨʦʣʠʨʫʷ ʠʭ ʭʠʤʠʯʝʩʢʫʶ ʠ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ, ʥʦ ʠ ʜʝʣʘʪʴ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʠ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʩʚʦʡʩʪʚʘ.   
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ɼʘʞʝ ʤʘʣʝʥʴʢʠʝ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʨʫʧʥʳʭ, ʝʩʣʠ ʥʘʣʘʞʠʚʘʶʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʞʝʥʝʨʠʢʦʚ. ʆʥʠ ʤʦʛʫʪ ʩʘʤʠ 

ʧʘʪʝʥʪʦʚʘʪʴ ʩʚʦʠ ʥʦʚʳʝ ʧʨʦʜʫʢʪʳ ʠ ʩʧʦʩʦʙʳ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʟʘʱʠʱʘʷʩʴ ʦʪ 

ʢʨʫʧʥʳʭ ʬʠʨʤ. ɼʣ ̫ʪʦʛʦ ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʦʨʠʛʠʥʘʣʴʥʳʡ ʠ 

ʧʘʪʝʥʪʫʝʤʳʡ ʧʨʦʜʫʢʪ ʥʘ ʦʩʥʦʚʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ï ʜʞʝʥʝʨʠʢʘ, 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʩʦʩʪʘʚ ʵʢʩʠʧʠʝʥʪʦʚ, ʠʟʤʝʥʠʪʴ ʩʨʝʜʩʪʚʘ ʠ 

ʧʫʪʴ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʨʛʘʥʠʟʤ, ʚʚʝʩʪʠ ʚ ʩʦʩʪʘʚ 

ʧʨʝʧʘʨʘʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʢʪʠʚʥʳʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʠʥʛʨʝʜʠʝʥʪʳ, 

ʧʨʠʛʦʪʦʚʠʪʴ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʦʣʠ, ʩʤʝʰʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʣʠ ʢʦʤʧʦʟʠʪʳ, 

ʧʨʠʛʦʪʦʚʠʪʴ ʥʦʚʳʝ ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʘʤʦʨʬʥʳʝ ʬʦʨʤʳ.  
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ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʷʚʣʷʝʪʩʷ ʣʠ ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʘʙʩʦʣʶʪʥʦ 

ʥʦʚʳʤ ʠʣʠ ʜʘʚʥʦ ʠʟʚʝʩʪʥʳʤ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ 

ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʢʦʤʧʣʝʢʩ ʧʨʦʙʣʝʤ: ʧʨʦʙʣʝʤʫ 

ʩʦʣʶʙʠʣʠʟʘʮʠʠ, ʧʨʦʙʣʝʤʫ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ 

(ʪʨʘʥʩʜʝʨʤʘʣʴʥʦʛʦ, ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʦʛʦ), ʧʨʦʙʣʝʤʫ ʘʜʨʝʩʥʦʡ 

ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʦʙʣʝʤʫ ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ 

ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤ ʠ ʚʳʚʝʜʝʥʠʷ ʠʟ ʥʝʛʦ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʠ 

ʠʟʙʳʪʢʘ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʦʙʣʝʤʫ ʩʥʠʞʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʜʦʟʳ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʣʠ ʟʘ ʩʯʝʪ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʩʘʞʜʝʥʠʷ ʥʝʫʩʚʦʝʥʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ ʚ ʧʝʯʝʥʠ, ʧʦʯʢʘʭ, ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ), ʧʨʦʙʣʝʤʳ ʧʦʠʩʢʘ 

ʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ 

(ʚʚʝʜʝʥʠʷ ʝʛʦ ʯʝʨʝʟ ʨʦʪ, ʥʦʩ, ʢʦʞʫ, ʚʥʫʪʨʠʚʝʥʥʦ ʠʣʠ ʚʥʫʪʨʠʤʳʰʝʯʥʦ ʠ 

ʪ.ʜ.). ʆʪʜʝʣʴʥʳʡ ʙʣʦʢ ʧʨʦʙʣʝʤ ʢʘʩʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, 

ʭʨʘʥʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ï ʦʧʪʠʤʠʟʘʮʠʷ ʬʠʣʴʪʨʫʝʤʦʩʪʠ, 

ʪʘʙʣʝʪʠʨʫʝʤʦʩʪʠ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʪʘʙʣʝʪʦʢ, ʩʥʠʞʝʥʠʝ ʠʭ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʝ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ. ʅʘʢʦʥʝʮ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʝʪ ʩʦʟʜʘʥʠʝ ʩʚʦʝʡ ʠʣʠ ʧʨʝʦʜʦʣʝʥʠʝ ʯʫʞʦʡ ʧʘʪʝʥʪʥʦʡ ʟʘʱʠʪʳ.  
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ɼʣ ̫ ʪʦʛʦ ʯʪʦʙʳ ʦʙʦʟʥʘʯʠʪʴ ʤʘʩʰʪʘʙʳ ʧʨʦʙʣʝʤ ʧʦʚʳʰʝʥʠʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ,  ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʠʚʝʩʪʠ ʪʘʢʠʝ ʮʠʬʨʳ. ʆʢʦʣʦ 80 % ʣʝʢʘʨʩʪʚ ʧʨʦʜʘʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ. 

ʅʝ ʤʝʥʝʝ 40%  ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʨʳʥʢʝ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ. ʆʢʦʣʦ 80 % ʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚ, ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʷʭ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʭ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʥʦ ʜʘʞʝ ʧʨʦʚʝʩʪʠ 

ʜʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʪʝʩʪʳ. 

ʇʨʦʙʣʝʤʘ ʫʩʫʛʫʙʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʥʝʨʝʜʢʦ 

ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʥʬʣʠʢʪʝ, ʪʦ ʝʩʪʴ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʧʨʦʭʦʜʷʪ 

ʩʢʚʦʟʴ ʢʣʝʪʦʯʥʳʝ ʤʝʤʙʨʘʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ. 
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