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ɼʠʩʮʠʧʣʠʥʘ ɻʀɼʈʆɻɽʆʍʀʄʀʗ 

 

ʃʝʢʮʠʷ 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʉʆʉʊɸɺɸ ʇʆɼɿɽʄʅʓʍ ɺʆɼ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ð ʦʜʥʘ ʠʟ ʩʣʦʞ-

ʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʛʠʜʨʦʛʝʦʭʠʤʠʠ. ɺ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʜʝʡʩʪʚʫʝʪ ʩʦ-

ʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʦʜʠʥ ʠʣʠ ʥʝ-

ʩʢʦʣʴʢʦ ʜʦʤʠʥʠʨʫʶʱʠʭ. ʇʨʠ ʨʘʟʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʚʘʞʥʦ ʚʳʷʩʥʠʪʴ ʠʩʪʦʯ-

ʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʜ-

ʟʝʤʥʦʡ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʪ.ʝ. ʠʭ ʤʠʛʨʘʮʠʷ. 

ɻʣʘʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʣʫʞʘʪ: 

Å ʤʘʥʪʠʷ ð ʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʤʳ; 

Å ʣʠʪʦʩʬʝʨʘ ð ʧʦʨʦʜʳ ʠ ʤʠʥʝʨʘʣʳ; 

Å ʛʠʜʨʦʩʬʝʨʘ ð ʦʢʝʘʥʳ, ʤʦʨʷ, ʦʟʝʨʘ, ʨʝʢʠ; 

Å ʘʪʤʦʩʬʝʨʘ ð ʦʩʘʜʢʠ; 

Å ʙʠʦʩʬʝʨʘ ð ʦʩʪʘʪʢʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ.  

ʈʘʩʪʚʦʨʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʜʚʠʞʝʥʠʠ ʠ ʠʟʤʝʥʝʥʠʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʤʠʛʨʘʮʠʝʡ. ʈʘʟ-

ʣʠʯʘʶʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʬʦʨʤʳ ʤʠʛʨʘʮʠʠ ð ʠʩʪʠʥʥʦ ʨʘʩʪʚʦʨʝʥʥʘʷ ʬʦʨʤʘ, ʢʦʣ-

ʣʦʠʜʥʘʷ ʬʦʨʤʘ ʠ ʬʦʨʤʘ ʤʠʛʨʘʮʠʠ ʚʝʱʝʩʪʚ ʚ ʚʠʜʝ ʚʟʚʝʩʝʡ. 

ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜ, ʩʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʛʣʘʚʥʳʝ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ, ʘ ʪʘʢʞʝ ʧʨʷ-

ʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ. ʇʨʷʤʳʤʠ ʥʘʟʳʚʘʶʪʩʷ ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʣʠʷʶʪ ʥʘ ʩʦʩʪʘʚ ʚʦʜʳ (ʧʦʯʚʳ, ʛʦʨʥʳʝ ʧʦʨʦʜʳ); ʢ ʢʦʩʚʝʥʥʳʤ ʦʪʥʦʩʷʪʩʷ ʪʝ 

ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʦʧʦʩʨʝʜʦʚʘʥʥʦ. ʂ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ 

ʪʝ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʦʩʪʘʚ ʚʦʜ, ʪʦ ʝʩʪʴ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʦʜ 

ʢʦʥʢʨʝʪʥʦʛʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ (ʭʣʦʨʠʜʥʦʛʦ, ʩʫʣʴʬʘʪʥʦʛʦ ʠ ʪ. ʜ.). ɺʪʦ-

ʨʦʩʪʝʧʝʥʥʳʝ ʞʝ ʬʘʢʪʦʨʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʷʚʣʝʥʠʶ ʚ ʚʦʜʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠ-

ʜʘʶʱʠʭ ʢʦʥʢʨʝʪʥʦʤʫ ʪʠʧʫ ʚʦʜʳ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʦ ʪʠʧ ʚʦʜʳ ʧʨʠ 

ʵʪʦʤ ʥʝ ʤʝʥʷʝʪʩʷ. 

 

ʌʘʢʪʦʨʳ  ʬʦʨʤʠʨʦʚʘʥʠʷ  ʩʦʩʪʘʚʘ  ʧʦʜʟʝʤʥʳʭ  ʚʦʜ 

ɺʩʝ ʬʘʢʪʦʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʬʠʟʠʢʦïʛʝʦʛʨʘʬʠʯʝʩʢʠʝ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ.  

ʌʠʟʠʢʦïʛʝʦʛʨʘʬʠʯʝʩʢʠʝ  ʬʘʢʪʦʨʳ  ʚʢʣʶʯʘʶʪ ʨʝʣʴʝʬ, ʛʠʜʨʦʣʦʛʠʶ, 

ʢʣʠʤʘʪ ʠ ʚʳʚʝʪʨʠʚʘʥʠʝ. ʈʝʣʴʝʬ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʦʜʦʦʙʤʝʥ, ʦʪ ʢʦʪʦʨʦ-

ʛʦ ʟʘʚʠʩʷʪ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦ-

ʚʠʷʭ, ʯʝʤ ʩʠʣʴʥʝʝ ʨʘʩʯʣʝʥʸʥ ʨʝʣʴʝʬ, ʪʝʤ ʙʣʘʛʦʧʨʠʷʪʥʝʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦ-

ʷʚʣʝʥʠʷ ʧʨʝʩʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʅʘ ʧʨʠʧʦʜʥʷʪʳʭ ʫʯʘʩʪʢʘʭ ʙʘʩʩʝʡʥʦʚ, ʛʜʝ 

ʧʦʨʦʜʳ ʭʦʨʦʰʦ ʧʨʦʤʳʚʘʶʪʩʷ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʠ ʚ ʦʩʥʦʚʥʦʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ ʩʦʩʪʘʚ: ʚ ʧʦʥʠʞʝʥʥʳʭ ʯʘʩ-



ʪʷʭ, ʢʫʜʘ ʥʘʧʨʘʚʣʝʥ ʩʪʦʢ ʩʦʣʝʡ ʩ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʦʚʳʰʘʝʪ-

ʩʷ, ʚ ʚʦʜʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʣʴʬʘʪʦʚ ʠ ʭʣʦʨʠʜʦʚ.  

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ (ʛʠʜʨʦʣʦʛʠʷ) ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʧʦʜʟʝʤʥʳʝ ʚʦ-

ʜʳ ʧʨʝʞʜʝ ʚʩʝʛʦ ʯʝʨʝʟ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʫʶ ʩʝʪʴ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʥʘ ʚʦʜʦʦʙʤʝʥ. 

ɻʫʩʪʘ̫ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʴ ʩ ʛʣʫʙʦʢʠʤ ʵʨʦʟʠʦʥʥʳʤ ʚʨʝʟʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʦʜʦʦʙʤʝʥʫ ʚ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʚʳʥʦʩʫ ʩʦʣʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʝ-

ʩʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʇʨʠ ʨʝʜʢʦʡ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʥʝʛʣʫʙʦʢʦʤ ʝʸ 

ʚʨʝʟʝ ʧʦʜʟʝʤʥʳʡ ʩʪʦʢ ʟʘʪʨʫʜʥʸʥ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʕʪʦ ð ʢʦʩʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ ʥʘ ʩʦʩʪʘʚ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɺ ʪʝʭ ʞʝ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʠʪʘʥʠʝ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʚʦʜ ʨʝʢ ʠ ʦʟʸʨ, ʚʣʠʷʥʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ 

ʧʨʷʤʦʝ ʠ ʦʧʨʝʜʝʣʷʶʱʝʝ. ʆʢʝʘʥʳ ʠ ʤʦʨʷ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʚʝʜʫʱʝʛʦ 

ʬʘʢʪʦʨʘ ʧʨʠ ʪʨʘʥʩʛʨʝʩʩʠʷʭ.   

ʂʣʠʤʘʪ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʝʡʰʠʭ ʧʨʷʤʳʭ ʬʘʢʪʦʨʦʚ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥ-

ʪʦʚ ʢ ʧʝʨʚʦʩʪʝʧʝʥʥʳʤ ʦʪʥʦʩʷʪʩʷ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʠʩʧʘʨʝ-

ʥʠʡ. ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʬʦʨʤʠʨʫʶʪ ʨʝʩʫʨʩʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʧʝʨʝʜʘʶʪ ʠʤ 

ʩʦʣʠ (ʭʦʪʷ ʠ ʚʝʩʴʤʘ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʥʦ ʚ ñʛʦʪʦʚʦʤ ʚʠʜʝò). ʆʙʱʝʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʤʝʪʝʦʨʥʦʡ ʚʣʘʛʠ, ʝʞʝʛʦʜʥʦ ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʰʠ, ʙʦ-

ʣʝʝ 110 ʢʤ
3
. ʕʪʘ ʚʦʜʘ ʩʧʦʩʦʙʥʘ ʧʦʢʨʳʪʴ ʟʝʤʥʦʡ ʰʘʨ ʩʣʦʝʤ ʪʦʣʱʠʥʦʡ 834 ʤʤ. 

ʂʦʥʝʯʥʦ, ʥʝ ʚʩʝ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʫʯʘʩʪʚʫʶʪ ʚ ʧʠʪʘʥʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʘ 

ʪʦʣʴʢʦ ʠʭ ʜʝʩʷʪʘʷ ʯʘʩʪʴ. ɺ ʥʝʜʨʘ ʟʝʤʣʠ ʧʨʦʥʠʢʘʁ ʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʩʘʜʢʠ, 

ʚʳʧʘʜʘʶʱʠʝ ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ ʚʝʩʥʦʡ, ʣʝʪʦʤ ʠʣʠ ʦʩʝʥʴʶ. ɺ ʫʩʣʦʚʠʷʭ 

ʩʫʭʦʛʦ ʢʣʠʤʘʪʘ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʤʦʛʫʪ ʙʩrʪʨʦ ʠʩʧʘʨʷʪʴʩʷ ʠ ʥʝ ʜʦʩʪʠʛʘʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʡ ʚʦʜʳ ʚ ʥʝʜʨʘ ʟʘ-

ʪʨʫʜʥʝʥʦ ʪʘʢʞʝ ʚ ʫʩʣʦʚʠʷʭ ʩʝʟʦʥʥʦʡ ʠʣʠ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ.  

ʀʩʧʘʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʥʘʠʙʦʣʝʝ ʜʝʡʩʪ-

ʚʝʥʥʦ ʚ ʟʦʥʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. ɿʜʝʩʴ ʦʥʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʢʦʥʮʝʥ-

ʪʨʠʨʦʚʘʥʥʦ ʩʦʣʝʡ ʚ ʚʦʜʘʭ.  ʀʩʧʘʨʝʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʝʤʣʠ. ʅʘ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩʠʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʦʝ ʚʥʫʪʨʠʧʦʨʦʜʥʦʝ ʠʩʧʘʨʝʥʠʝ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʳʚ ʤʦ-

ʣʝʢʫʣ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʦʪ ʟʝʨʢʘʣʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʂ ʚʝʜʫʱʠʤ ʬʠʟʠʢʦïʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʦʪʥʦʩʠʪʩʷ ʚʳʚʝʪʨʠʚʘʥʠʝð ʷʚʣʝʥʠʝ, ʧʨʦʪʝʢʘʶʱʝʝ ʥʘ/ʠ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʥʦʝ ʩ ʢʣʠʤʘʪʦʤ (ʧʦ ʘʥʛʣ. weathering ʦʪ 

weather ð ʧʦʛʦʜʘ). ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʬʠʟʠʯʝʩʢʦʛʦ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʥʘʟʳʚʘʝʤʘʷ ʚʳʚʝʪ-

ʨʠʚʘʥʠʝʤ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʦʛʘɦ ʝʥʠʶ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʨʘʟʣʠʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷ-

ʤʠ. ɺʳʚʝʪʨʠʚʘʥʠʝ ʚʳʩʪʫʧʘʝʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʧʨʦʮʝʩʩ ʧʝʨʝʚʦʜʘ ʚʝʱʝ-

ʩʪʚʘ ʚ ʨʘʩʪʚʦʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʚrʝʪʨʠʚʘʥʠʷ ʠʟ ʧʦʨʦʜ ʚʳʥʦʩʷʪʩʷ ʠ ʧʦʧʘʜʘʶʪ ʚ 

ʧʦʜʟʝʤʥʫʶ ʚʦʜʫ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʠʙʦʣʝʝ ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ.  

ɻʝʦʣʦʛʠʯʝʩʢʠʝ  ʬʘʢʪʦʨʳ.  ʂ ʵʪʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ, ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ, ʤʘʛʤʘʪʠʟʤ 

ʠ ʛʘʟʦʚʳʡ ʬʘʢʪʦʨ. 



ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪ ʜʠʥʘʤʠʯʥʦʩʪʴ, ʘ ʚʤʝʩʪʝ ʩ ʥʝʡ ʤʠ-

ʥʝʨʘʣʠʟʘʮʠʶ ʠ ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɿʥʘʯʝʥʠʝ ʛʝʦʣʦʛʦïʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʩʦʩʪʘʚʫ ʥʘʛʣʷʜʥʦ ʧʨʦʷʚ-

ʣʷʝʪʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʘʩʢʨʳʪʦʩʪʠ, ʧʨʦʪʦʯʥʦʩʪʠ, 

ʧʨʦʤʳʪʦʩʪʠ ʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʜʦʦʙʤʝʥʘ. ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʟʘʢʨʳʪʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʚʘʶʪ ʥʘʠʙʦʣʝʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ, ʘ ʧʦ ʩʦʩʪʘʚʫ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʭʣʦʨʠʜʥʳʤʠ ʥʘʪʨʠʝʚʳʤʠ ʠʣʠ ʢʘʣʴʮʠʝʚʳʤʠ. ɺ ʨʘʩʢʨʳʪʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʥʘʠʤʝʥʝʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʳ ʠ ʠʤʝʶʪ 

ʦʙʳʯʥʦ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ. 

ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʢʦʣʝʙʘʪʝʣʴʥʳʝ, ʩʢʣʘʜʯʘ-

ʪʳʝ (ʠʣʠ ʧʣʠʢʘʪʠʚʥʳʝ) ʠ ʨʘʟʨʳʚʥʳʝ (ʠʣʠ ʜʠʟʲʶʥʢʪʠʚʥʳʝ). ʂʦʣʝʙʘʪʝʣʴʥʳʝ 

ʜʚʠʞʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʥʘʢʘ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʦʧʨʝʩʥʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʥʘ ʧʨʠʧʦʜʥʷʪʳʭ ʫʯʘʩʪʢʘʭ ʩʫʰʠ, ʪʘʢ ʢʘʢ ʵʪʠ ʫʯʘʩʪʢʠ ʤʦʛʫʪ ʚʳʚʦʜʠʪʴʩʷ ʚ ʩʬʝ-

ʨʫ ʜʝʡʩʪʚʠʷ ʘʪʤʦʛʝʥʥʳʭ ʚʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʟʦʥʘ 

ʧʨʝʩʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʦʛʨʫʞʘʝʪʩʷ ʠ ʚ ʥʝʡ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʟʘʩʦʣʝ-

ʥʠʝ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʦʨʩʢʠʤʠ 

ʪʨʘʥʩʛʨʝʩʩʠʷʤʠ ʠ ʚʦʚʣʝʯʝʥʠʝʤ ʤʦʨʩʢʠʭ ʚʦʜ ʚ ʥʝʜʨʘ. ʉʢʣʘʜʯʘʪʳʝ ʠ ʨʘʟʨʳʚ-

ʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʨʝʟʢʦ ʥʘʨʫʰʘʶʪ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʛʠʜʨʦʛʝʦʭʠ-

ʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ɻʦʨʥʳʝ ʩʪʨʘʥʳ, ʧʨʝʪʝʨʧʝʚʰʠʝ ʘʢʪʠʚʥʳʝ ʩʢʣʘʜʯʘʪʳʝ ʠ 

ʨʘʟʨʳʚʥʳʝ ʜʚʠʞʝʥʠʷ, ʦʢʘʟʳʚʘʶʪʩʷ ʛʣʫʙʦʢʦ ʧʨʦʤʳʪʳʤʠ ʧʨʝʩʥʳʤʠ ʚʦʜʘʤʠ. 

ʈʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʪ.ʝ. ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʨʘʟʣʦʤʳ ʩʣʫʞʘʪ ʧʫʪʷʤʠ ʨʘʟʛʨʫʟʢʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʢʘʥʘʣʘʤʠ ʜʣʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʚʦʜʦʥʦʩʥʳʤʠ ʛʦ-

ʨʠʟʦʥʪʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʩʤʝʰʝʥʠʶ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʟʦʥʘʤʠ, ʛʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʢʦʛʦ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦ ʦʪʣʦʞʝʥʠʝ 

ʤʠʥʝʨʘʣʦʤ ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʧʦʩʣʝʜʥʠʭ. 

ɺʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ. ɽʩʣʠ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʪʝʢʪʦʥʠ-

ʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʩʚʝʥʥʳʤ ʬʘʢʪʦʨʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʪʦ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʠ ʤʠʥʝʨʘʣʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʬʦʨʤʠʨʫʶʪ 

ʚʝɦʝʩʪʚʦ ʧʦʜʟʝʤʥʦʡ ʛʠʜʨʦʩʬʝʨʳ. ɺʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ð ʧʨʷʤʦʡ 

ʬʘʢʪʦʨ ʧʝʨʚʦʩʪʝʧʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʣʠ ʝʱʸ ɸʨʠʩʪʦʪʝʣʴ ʠ ʇʣʠ-

ʥʠʡ ʉʪʘʨʰʠʡ, ʢʦʪʦʨʳʝ ʛʦʚʦʨʠʣʠ, ʯʪʦ ʚʦʜʘ ʪʘʢʦʚʘ, ʢʘʢʦʚʳ ʧʦʨʦʜʳ, ʧʦ ʢʦʪʦ-

ʨʳʤ ʦʥʘ ʧʨʦʪʝʢʘʝʪ. ʅʘʜʦ, ʢʦʥʝʯʥʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʘ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ 

ʚʦʜ ʠ ʧʦʨʦʜ ʥʝ ʪʘʢʘʷ ʧʨʦʩʪʘʷ, ʢʘʢ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʜʨʝʚʥʠʤ. ɺʣʠʷʥʠʝ ʩʦʩʪʘʚʘ 

ʧʦʨʦʜ ʥʘ ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʦʩʦʙʝʥʥʦ ʷʨʢʦ ʟʘʤʝʪʥʦ, ʢʦʛʜʘ ʧʨʝʩʥʘʷ ʚʦʜʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʠ ʧʦʨʦʜʘʤʠ: ʛʘʣʠʪʦʤ, 

ʛʠʧʩʦʤ, ʜʦʣʦʤʠʪʦʤ, ʠʟʚʝʩʪʥʷʢʦʤ. ɻʘʣʠʪ ʜʘʸʪ ʭʣʦʨʠʜʥʳʝ ʥʘʪʨʠʝʚʳʝ ʚʦʜʳ, 

ʛʠʧʩ: ʩʫʣʴʬʘʪʥʳʝ ʢʘʣʴʮʠʝʚʳʝ, ʜʦʣʦʤʠʪ: ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʤʘʛʥʠʝʚʦï

ʢʘʣʴʮʠʝʚʳʝ, ʠʟʚʝʩʪʥʷʢ: ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʢʘʣʴʮʠʝʚʳʝ. ʊʘʢ ʞʝ ʛʠʜʨʦʢʘʨʙʦ-

ʥʘʪʥʳʝ ʚʦʜʳ, ʢʘʢ ʚ ʠʟʚʝʩʪʥʷʢʘʭ, ʤʦʛʫʪ ʟʘʣʝʛʘʪʴ ʠ ʦʯʝʥʴ ʯʘʩʪʦ ʟʘʣʝʛʘʁ ʪ ʚ 

ʢʚʘʨʮʝʚʦïʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʧʝʩʢʘʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʦʥʳ ʉʘ
2+

 ʠ ʅʉʆ3
ï

 ʧʦʷʚʣʷʶʪʩʷ ʚ ʚʦʜʘʭ ʟʘ ʩʯʸʪ ʫʛʣʝʢʠʩʣʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʠʟʚʝʩʪʥʷʢʘʭ ʟʘ ʩʯʸʪ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʣʴʮʠʪʘ (ʉʘʉʆ3). ɺʝʱʝʩʪʚʝʥ-

ʥʳʡ ʩʦʩʪʘʚ ʚʩʝʛʜʘ ʚʣʠʷʝʪ ʥʘ ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ 

ʬʦʨʤʳ ʧʨʦʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʥʘ ʩʦʩʪʘʚ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʧʦʜ-

ʟʝʤʥʳʭ ʚʦʜ. ʊʘʢ, ʥʘʠʙʦʣʝʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʨʘʩʩʦʣʳ (320ï600 ʛ/ʣ) ʚʩʪʨʝ-




