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ʇʈɽɼɻʆɺʆʈ 

 

ʉʦ ʠʣʿʘʜʥʠʮʠ ʛʦʜʠʥʠ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʚʣʘʢʥʘ ʙʠʣʦ ʣʠʤʠʪʠʨʘʥʦ ʩʘʤʦ ʥʘ ʦʥʘ ʰʪʦ 

ʛʦ ʜʘʚʘ ʧʨʠʨʦʜʘʪʘ. ʅʦ, ʥʝʰʪʦ ʧʦʚʝ˃ʝ ʦʜ ʧʨʝʜ ʝʜʝʥ ʚʝʢ, ʢʦʥʝʯʥʦ ʨʘʟʚʠʝʥʦ ʝ 

ʧʨʚʦʪʦ ʚʝʰʪʘʯʢʦ ʚʣʘʢʥʦ ï ʨʘʿʦʥʦʪ (ʚʠʩʢʦʟʘ). ʉʝʧʘʢ, ʦʙʠʜʠ ʜʘ ʩʝ ʥʘʧʨʘʚʠ 

ʚʝʰʪʘʯʢʘ ʩʚʠʣʘ ʠʤʘʣʦ ʤʥʦʛʫ ʧʦʦʜʘʤʥʘ. ʋʰʪʝ ʚʦ 1664 ʛʦʜʠʥʘ ʘʥʛʣʠʩʢʠʦʪ 

ʥʘʪʫʨʘʣʠʩʪ Robert Hooke ʿʘ ʠʟʥʝʣ ʠʜʝʿʘʪʘ ʜʘ ʩʝ ʨʘʟʚʠʝ ʚʣʘʢʥʦ ʢʘʢʚʦ ʰʪʦ ʝ 

ʩʚʠʣʝʥʦʪʦ, ʥʦ ʥʝʛʦʚʘʪʘ ʠʜʝʘ ʦʩʪʘʥʘʣʘ ʥʝʨʝʘʣʠʟʠʨʘʥʘ ʧʦʚʝ˃ʝ ʦʜ ʜʚʘ ʚʝʢʘ. 

ʇʨʚʠʦʪ ʧʘʪʝʥʪ ʟʘ ñʚʝʰʪʘʯʢʘ ʩʚʠʣʘñ ʙʠʣ ʦʜʦʙʨʝʥ ʚʦ ɸʥʛʣʠʿʘ  ʚʦ 1855 ʛʦʜʠʥʘ ʥʘ 

ʰʚʘʿʮʘʨʩʢʠʦʪ ʭʝʤʠʯʘʨ Audemars. ʊʦʿ ʨʘʩʪʚʦʨʠʣ ʚʣʘʢʥʝʩʪʘ ʩʨʮʝʚʠʥʘ ʦʜ ʜʨʚʦ, 

ʭʝʤʠʩʢʠ ʤʦʜʠʬʠʮʠʨʘʿ˃ʠ ʿʘ, ʟʘ ʜʘ ʜʦʙʠʝ ʮʝʣʫʣʦʟʘ. ʌʦʨʤʠʨʘʣ ʚʣʘʢʥʘ ʥʘ ʪʦʿ ʥʘʯʠʥ 

ʰʪʦ ʚʦ ʨʘʩʪʚʦʨʦʪ ʧʦʪʦʧʫʚʘʣ ʠʛʣʠ ʢʦʠ ʛʠ ʠʟʚʣʝʢʫʚʘʣ ʟʘ ʜʘ ʬʦʨʤʠʨʘ ʚʣʘʢʥʘ ï ʥʦ 

ʥʠʢʦʛʘʰ ʥʝ ʜʦʰʦʣ ʥʘ ʠʜʝʘ ʜʘ ʥʘʧʨʘʚʠ ʚʣʘʢʥʦ ʥʘ ʪʦʿ ʥʘʯʠʥ ʰʪʦ ˃ʝ ʿʘ ʢʦʤʧʨʠʤʠʨʘ 

ʤʘʩʘʪʘ ʜʘ ʧʦʤʠʥʝ ʥʠʟ ʤʘʣ ʦʪʚʦʨ, ʦʥʘ ʰʪʦ ʜʝʥʝʩ ʛʦ ʥʘʨʝʢʫʚʘʤʝ ʝʢʩʪʨʫʟʠʿʘ. ʅʘ 

ʪʘʢʚʘ ʠʜʝʘ ʜʦʰʦʣ ʘʥʛʣʠʯʘʥʝʮʦʪ Joseph Swan, ʢʦʿ ʚʦ  1885 ʛʦʜʠʥʘ ʚʦ ʃʦʥʜʦʥ 

ʧʨʝʟʝʥʪʠʨʘʣ ʪʢʘʝʥʠʥʘ ʥʘʧʨʘʚʝʥʘ ʦʜ ʥʦʚʦʪʦ ʚʣʘʢʥʦ. 

ʇʨʚʦʪʦ ʢʦʤʝʨʮʠʿʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʚʝʰʪʘʯʢʠ ʚʣʘʢʥʘ ʛʦ ʦʩʪʚʘʨʠʣ 

ʬʨʘʥʮʫʩʢʠʦʪ ʭʝʤʠʯʘʨ Hilarie de Chardonnet. ɺʦ 1889 ʛʦʜʠʥʘ ʥʝʛʦʚʘʪʘ ʪʢʘʝʥʠʥʘ 

ʦʜ ñʚʝʰʪʘʯʢʘ ʩʚʠʣʘñ ʧʨʝʜʠʟʚʠʢʘʣʘ ʩʝʥʟʘʮʠʿʘ ʥʘ ʠʟʣʦʞʙʘʪʘ ʚʦ ʇʘʨʠʟ. ɼʚʝ ʛʦʜʠʥʠ 

ʧʦʢʘʩʥʦ ʪʦʿ ʛʦ ʠʟʛʨʘʜʠʣ ʧʨʚʠʦʪ ʢʦʤʝʨʮʠʿʘʣʝʥ ʧʦʛʦʥ ʟʘ ʨʘʿʦʥ.  

ɺʦ 1893 ʛʦʜʠʥʘ ʙʠʣ ʧʨʦʥʘʿʜʝʥ ʫʰʪʝ ʝʜʝʥ ʮʝʣʫʣʦʟʝʥ ʧʨʦʜʫʢʪ ï ʘʮʝʪʘʪʦʪ, ʢʦʿ ʚʦ 

1924 ʛʦʜʠʥʘ ʙʠʣ ʧʨʦʠʟʚʝʜʝʥ ʚʦ ʚʠʜ ʥʘ ʚʣʘʢʥʦ ʦʜ ʩʪʨʘʥʘ ʥʘ ʢʦʤʧʘʥʠʿʘʪʘ 

Celanese. 

ʎʝʣʦʩʥʘ ʥʝʟʘʚʠʩʥʦʩʪ ʦʜ ʧʨʠʨʦʜʥʘʪʘ ʮʝʣʫʣʦʟʘ ʙʠʣʘ ʧʦʩʪʠʛʥʘʪʘ ʩʦ ʨʘʟʚʦʿʦʪ ʥʘ 

ʩʠʥʪʝʪʠʯʢʠʪʝ ʚʣʘʢʥʘ. ʆʜ ʥʠʚʥʠʦʪ ʧʦʯʝʪʝʥ ʨʘʟʚʦʿ, ʩʠʥʪʝʪʠʯʢʠʪʝ ʚʣʘʢʥʘ ʩʪʘʥʫʚʘʘʪ 

ʢʦʥʢʫʨʝʥʪ, ʘ ʚʦ ʥʝʢʦʠ ʘʧʣʠʢʘʮʠʠ ʜʫʨʠ ʛʠ ʟʘʤʝʥʫʚʘʘʪ ʧʨʠʨʦʜʥʠʪʝ ʚʣʘʢʥʘ. 

ʇʦʣʠʝʩʪʝʨʩʢʠʪʝ ʩʝ ʜʝʥʝʩ ʥʘʿʰʠʨʦʢʦ ʢʦʨʠʩʪʝʥʠʪʝ ʚʣʘʢʥʘ ʢʘʢʦ ʟʘ ʪʝʢʩʪʠʣʥʠ 

ʪʢʘʝʥʠʥʠ ʪʘʢʘ ʠ, ʚʦ ʤʘʣ ʜʝʣ, ʟʘ ʪʝʭʥʠʯʢʠ ʘʧʣʠʢʘʮʠʠ. ʆʚʠʝ ʚʣʘʢʥʘ ʧʨʚʦ ʩʝ 

ʧʨʦʠʟʚʝʜʝʥʠ ʚʦ 1947 ʛ. ʅʦ, ʧʨʚʦʪʦ ʚʠʩʪʠʥʩʢʦ ʩʠʥʪʝʪʩʢʦ ʚʣʘʢʥʦ ʝ ʧʦʣʠʘʤʠʜʥʦʪʦ 

ʠʣʠ ʥʘʿʣʦʥ, ʯʠʿʘ ʢʦʤʝʨʮʠʿʘʣʥʘ ʧʨʦʜʫʢʮʠʿʘ ʧʦʯʥʫʚʘ ʚʦ 1938 ʛ. ʇʦʩʣʝʜʥʠʚʝ 50-ʪʠʥʘ 

ʛʦʜʠʥʠ ʩʦʚʨʝʤʝʥʠʪʝ ʩʠʥʪʝʪʠʯʢʠ ʚʣʘʢʥʘ ʩʝ ʨʘʟʚʠʿʘ ʚʦ ʪʝʭʥʠʯʢʠ ʬʠʣʘʤʝʥʪʠ ʩʦ 

ʦʩʦʙʠʥʠ ʢʦʠ ʩʝ ʢʨʝʠʨʘʥʠ ʧʨʝʢʫ ʢʦʥʪʨʦʣʘ ʥʘ ʥʠʚʥʘʪʘ ʤʦʣʝʢʫʣʩʢʘ ʩʪʨʫʢʪʫʨʘ. 

ʅʘʿʩʦʚʨʝʤʝʥʠʪʝ ʚʣʘʢʥʘ ʧʦʩʝʜʫʚʘʘʪ ʦʩʦʙʠʥʠ, ʦʩʦʙʝʥʦ ʢʨʫʪʦʩʪ ʚʦ ʢʦʤʙʠʥʘʮʠʿʘ ʩʦ 

ʤʘʣʘ ʛʫʩʪʠʥʘ, ʢʦʠ ʩʝ ʥʘ ʛʦʨʥʘʪʘ ʛʨʘʥʠʮʘ ʰʪʦ ʧʨʠʨʦʜʘʪʘ ʠ ʬʠʟʠʢʘʪʘ ʛʠ 

ʜʦʟʚʦʣʫʚʘʘʪ. ʊʦʘ ʦʚʦʟʤʦʞʫʚʘ ʪʝʭʥʠʯʢʠʪʝ ʩʪʨʫʢʪʫʨʠ ʙʘʟʠʨʘʥʠ ʥʘ ʚʣʘʢʥʘ ʜʘ ʙʠʜʘʪ 

ʢʨʝʠʨʘʥʠ ʩʦ ʠʟʚʦʥʨʝʜʥʠ ʦʩʦʙʠʥʠ ʰʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʙʘʟʘ ʟʘ ʥʦʚʠ ʪʝʭʥʠʯʢʠ 

ʠʥʦʚʘʮʠʠ. ʇʨʠʨʦʜʥʠʪʝ ʚʣʘʢʥʘ ʧʘʢ, ʦʜ ʩʚʦʿʘ ʩʪʨʘʥʘ, ʠʤʘʘʪ ʢʚʘʣʠʪʝʪʠ ʢʦʠ ʰʪʦ 

ʩʠʥʪʝʪʠʯʢʠʪʝ ʥʝ ʤʦʞʘʪ ʜʘ ʛʠ ʟʘʤʝʥʘʪ ʦʩʦʙʝʥʦ ʢʦʤʬʦʨʦʪ, ʤʝʢʦʩʪʘ, ʜʦʧʠʨʦʪ, ʥʦ 

ʠʩʪʦ ʪʘʢʘ ʪʠʝ ʩʝ ʦʙʥʦʚʣʠʚʠ ʠ ʝʚʪʠʥ ʠʟʚʦʨ ʥʘ ʩʪʨʫʢʪʫʨʥʠ ʟʘʿʘʢʥʫʚʘʯʠ, ʩʦ ʰʪʦ 

ʥʘʦʺʘʘʪ ʠ ʥʦʚʠ ʘʧʣʠʢʘʮʠʠ ʧʦʢʨʘʿ ʪʨʘʜʠʮʠʦʥʘʣʥʠʪʝ ʪʝʢʩʪʠʣʥʠ ʘʧʣʠʢʘʮʠʠ. 
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ʇʦ ʨʘʟʚʦʿʦʪ ʥʘ ʧʦʣʠʘʤʠʜʦʪ 66 (1935 ʛ) ʩʣʝʜʠ ʧʝʨʠʦʜ ʥʘ ʨʘʧʠʜʝʥ ʨʘʟʚʦʿ ʠ ʥʘ ʜʨʫʛʠ 

ʩʠʥʪʝʪʠʯʢʠ ʚʣʘʢʥʘ, ʧʦʣʠʘʤʠʜ 6 (Ăʧʝʨʣʦʥ, 1938), ʧʦʣʠʝʩʪʝʨ (1941), 

ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣ (1942), ʝʣʘʩʪʦʥ (1958), ʠʪʥ. 

ɼʝʥʝʩ ʥʘ ʧʘʟʘʨʦʪ ʚʝ˃ʝ ʧʦʩʪʦʠ ʥʦʚʘ ʛʝʥʝʨʘʮʠʿʘ ʥʘ ʚʠʩʦʢʦʧʝʨʬʦʨʤʘʥʩʥʠ ʚʣʘʢʥʘ 

ʢʦʠ ʩʝ ʦʜʣʠʢʫʚʘʘʪ ʩʦ ʚʠʩʦʢʠ ʠ ʿʘʢʦʩʪ ʠ ʤʦʜʫʣ ʠ ʢʦʠ ʩʝ ʧʨʝʜ ʩʝ ʥʘʤʝʥʝʪʠ ʟʘ 

ʪʝʭʥʠʯʢʠ ʘʧʣʠʢʘʮʠʠ. ʅʝʢʦʠ ʦʜ ʦʚʠʝ ʚʣʘʢʥʘ ʩʝ ʜʫʨʠ ʠ ʚʦ ʚʪʦʨʘ ʠʣʠ ʪʨʝʪʘ 

ʛʝʥʝʨʘʮʠʿʘ ʦʜ ʩʚʦʿʦʪ ʨʘʟʚʦʿ.  

ɺʣʘʢʥʘʪʘ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʟʥʘʯʘʿʥʘ ʬʦʨʤʘ ʥʘ ʤʘʪʝʨʠʿʘʣ ʠ ʯʝʩʪʦ ʧʘʪʠ ʧʦʩʝʜʫʚʘʘʪ 

ʦʩʦʙʠʥʠ ʢʦʠ ʩʝ ʩʫʧʝʨʠʦʨʥʠ ʚʦ ʦʜʥʦʩ ʥʘ ʠʩʪʠʦʪ ʤʘʪʝʨʠʿʘʣ ʚʦ ʥʝʚʣʘʢʥʝʩʪʘ ʬʦʨʤʘ. 

ʌʠʥʦʩʪʘ (ʦʜ ʨʝʜʦʪ ʥʘ 10 ʤʠʢʨʦʥʠ) ʠʤ ʦʚʦʟʤʦʞʫʚʘ ʛʦʣʝʤʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ. 

ʌʦʨʤʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ, ʩʦ ʜʦʣʞʠʥʘ ʦʜ ʥʝʢʦʣʢʫ ʜʝʩʝʪʠʮʠ ʨʝʜʘ ʥʘ ʚʝʣʠʯʠʥʠ 

ʧʦʛʦʣʝʤʘ ʚʦ ʦʜʥʦʩ ʥʘ ʜʝʙʝʣʠʥʘʪʘ, ʿʘ ʜʝʪʝʨʤʠʥʠʨʘ ʥʠʚʥʘʪʘ ʧʨʝʬʝʨʝʥʪʥʘ 

ʘʧʣʠʢʘʮʠʿʘ ʟʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʟʘʪʝʛʘˁʝ ʚʦ ʘʢʩʠʿʘʣʝʥ ʧʨʘʚʝʮ. ʀ ʪʦʢʤʫ ʚʦ 

ʪʘʢʚʠʪʝ ʘʧʣʠʢʘʮʠʠ ʜʦʘʺʘ ʜʦ ʧʦʣʥ ʠʟʨʘʟ ʙʝʥʝʬʠʪʦʪ ʦʜ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʚʣʘʢʥʘʪʘ 

ʙʠʣʦ ʢʘʢʦ ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʙʠʣʦ ʢʘʢʦ ʪʝʭʥʠʯʢʠ. 

ɿʘʪʦʘ, ʚʦ ʦʚʦʿ ʫʯʝʙʥʠʢ, ʢʦʛʘ ʟʙʦʨʫʚʘʤʝ ʟʘ ʤʝʭʘʥʠʯʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʧʨʝʜ ʩʝ, ʤʠʩʣʠʤʝ ʥʘ ʥʠʚʥʘʪʘ ʿʘʢʦʩʪ, ʤʦʜʫʣ ʠ 

ʠʟʜʦʣʞʫʚʘˁʝ ʧʨʠ ʟʘʪʝʛʘˁʝ. ʀʟʚʦʥʨʝʜʥʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʝʢʩʪʠʣʥʠʪʝ ʠ 

ʪʝʭʥʠʯʢʠʪʝ ʚʣʘʢʥʘ ʛʠ ʜʦʣʞʘʪ ʥʘ ʩʚʦʿʘʪʘ ʩʪʨʫʢʪʫʨʥʘ ʛʨʘʜʙʘ. ʆʜ ʪʫʢʘ, ʣʦʛʠʯʥʦ 

ʩʣʝʜʠ, ʟʘ ʜʘ ʩʝ ʦʙʿʘʩʥʘʪ ʩʚʦʿʩʪʚʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʧʦʟʥʘʚʘ 

ʥʠʚʥʘʪʘ ʩʪʨʫʢʪʫʨʘ. ʊʦʢʤʫ ʟʘʪʦʘ, ʧʨʚʘʪʘ ʛʣʘʚʘ ʦʜ ʦʚʦʿ ʫʯʝʙʥʠʢ ʝ ʧʦʩʚʝʪʝʥʘ ʥʘ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ; ʚʦ ʚʪʦʨʘʪʘ ʛʣʘʚʘ ʩʝ ʜʝʬʠʥʠʨʘʥʠ ʩʠʪʝ ʨʝʣʝʚʘʥʪʥʠ 

ʤʝʭʘʥʠʯʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʪʝʢʩʪʠʣʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ ʠ ʥʘʯʠʥʦʪ ʥʘ ʥʠʚʥʦ 

ʪʝʩʪʠʨʘˁʝ; ʚʦ ʪʨʝʪʘʪʘ ʛʣʘʚʘ ʩʝ  ʧʨʝʟʝʥʪʠʨʘʥʠ ʤʝʭʘʥʠʯʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʥʘʿʟʘʩʪʘʧʝʥʠʪʝ ʪʝʢʩʪʠʣʥʠ ʠ ʪʝʭʥʠʯʢʠ ʚʣʘʢʥʘ ʢʘʢʦ ʠ ʥʠʚʥʠʪʝ ʢʦʤʧʘʨʘʪʠʚʥʠ 

ʨʘʟʣʠʢʘ ʠ ʚʦ ʧʦʩʣʝʜʥʘʪʘ, ʯʝʪʚʨʪʘ ʛʣʘʚʘ, ʩʝ ʜʝʬʠʥʠʨʘʥʠ ʬʘʢʪʦʨʠʪʝ ʢʦʠ ʚʣʠʿʘʘʪ 

ʚʨʟ ʤʝʭʘʥʠʯʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʚʣʘʢʥʘʪʘ ʠ ʢʘʢʚʦ ʝ ʥʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʧʦʝʜʠʥʝʯʥʠʪʝ ʚʣʘʢʥʘ. 
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29 ɺʠʩʦʢʦʧʝʨʬʦʨʤʘʥʩʥʠ ʚʣʘʢʥʘ 164 

30 ɸʨʘʤʠʜʥʠ ʚʣʘʢʥʘ 169 

31 ɺʠʩʦʢʦʧʝʨʬʦʨʤʘʥʩʥʠ ʧʦʣʠʝʪʠʣʝʥʩʢʠ ʚʣʘʢʥʘ 178 

32 ɽʣʘʩʪʦʤʝʨʥʠ ʚʣʘʢʥʘ 188 

33 ɱʘʛʣʝʨʦʜʥʠ ʚʣʘʢʥʘ 189 

34 ʉʪʘʢʣʝʥʠ ʚʣʘʢʥʘ 200 

35 ʂʝʨʘʤʠʯʢʠ ʚʣʘʢʥʘ 213 

 ɻʣʘʚʘ 4. ʌʘʢʪʦʨʠ ʰʪʦ ʚʣʠʿʘʘʪ ʚʨʟ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʪʝʩʪʦʪ 226 

36 ɺʘʨʠʿʘʙʠʣʥʦʩʪ ʠ ʚʨʝʤʝʥʩʢʘ ʟʘʚʠʩʥʦʩʪ 226 

37 ɺʣʠʿʘʥʠʝ ʥʘ ʚʣʘʛʘʪʘ 226 

38 ɺʣʠʿʘʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ 228 

39 ɺʣʠʿʘʥʠʝ ʥʘ ʩʚʝʪʣʠʥʘʪʘ 233 

40 ɺʣʠʿʘʥʠʝ ʥʘ ʭʝʤʠʟʤʦʪ ʦʜ ʦʢʦʣʠʥʘʪʘ 235 

41 ɽʬʝʢʪ ʥʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ 237 
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ɺʆɺɽɼ  
 

ʇʨʝʜ ʜʝʩʝʪʠʥʘ ʚʝʢʘ ʯʦʚʝʢʦʪ ʛʠ ʧʨʦʥʘʰʦʣ ʚʣʘʢʥʘʪʘ ʢʘʢʦ ʨʘʩʪʘʪ ʥʘ ʜʠʚʠʪʝ 

ʨʘʩʪʝʥʠʿʘ, ʛʠ ʫʩʫʢʘʣ ʚʦ ʩʪʨʫʢʦʚʠ ʠ ʧʨʘʚʝʣ ʿʘʞʠˁʘ ʠ ʤʨʝʞʠ. ɿʘ ʦʙʣʝʢʘ, ʢʦʨʠʩʪʝʣ 

ʚʣʘʢʥʘ ʦʜ ʢʨʟʥʘʪʘ ʥʘ ʞʠʚʦʪʥʠʪʝ ʢʦʠ ʤʫ ʜʘʚʘʣʝ ʪʦʧʣʠʥʘ. ʇʨʝʜʝˁʝʪʦ ʠ ʪʢʘʝˁʝʪʦ 

ʩʝ ʨʘʟʚʠʝʥʠ ʚʦ ʧʨʝʜʠʩʪʦʨʠʩʢʠ ʚʨʝʤʠˁʘ. ʈʘʩʪʝʥʠʿʘʪʘ ʠ ʞʠʚʦʪʥʠʪʝ ʙʠʣʝ 

ʦʜʛʣʝʜʫʚʘʥʠ ʧʦʢʨʘʿ ʟʘ ʭʨʘʥʘ ʠ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʚʣʘʢʥʘ. ɺʦ ʚʨʝʤʝʪʦ ʥʘ ʩʪʘʨʠʪʝ 

ʮʠʚʠʣʠʟʘʮʠʠ, ʤʥʦʛʫ ʚʠʜʦʚʠ ʥʘ ʧʨʠʨʦʜʥʠ ʚʣʘʢʥʘ ʙʠʣʝ ʧʨʦʠʟʚʝʜʫʚʘʥʠ ʚʦ 

ʨʘʟʣʠʯʥʠ ʜʝʣʦʚʠ ʦʜ ʩʚʝʪʦʪ ʠ ʦʢʦʣʫ 1500 ʛʦʜʠʥʘ ʪʠʝ ʩʪʘʥʘʣʝ ʜʝʣ ʦʜ ʛʣʦʙʘʣʥʘʪʘ 

ʨʘʟʤʝʥʘ ʪ.ʝ. ʪʨʛʦʚʠʿʘ.  ʉʝ ʜʦ 1890 ʛʦʜʠʥʘ ʩʘʤʦ ʧʨʠʨʦʜʥʠʪʝ ʚʣʘʢʥʘ ʩʝ ʢʦʨʠʩʪʝʣʝ 

ʚʦ ʪʝʢʩʪʠʣʥʘʪʘ ʠʥʜʫʩʪʨʠʿʘ. ʅʘʧʨʝʜʦʢʦʪ ʚʦ ʭʝʤʠʿʘʪʘ ʜʦʚʝʣ ʜʦ ʦʪʢʨʠʚʘˁʝ ʥʘ 

ʥʘʯʠʥʠ ʟʘ ʨʘʩʪʚʦʨʘˁʝ ʥʘ ʧʨʠʨʦʜʥʘ ʮʝʣʫʣʦʟʘ, ʝʢʩʪʨʫʜʠʨʘˁʝ ʥʘ ʨʘʩʪʚʦʨʦʪ ʠ 

ʬʦʨʤʠʨʘˁʝ ʥʘ ʚʝʰʪʘʯʢʠ ʚʣʘʢʥʘ ʢʦʠ ʩʝ ʧʦʿʘʚʫʚʘʘʪ ʥʘ ʢʦʤʝʨʮʠʿʘʣʥʠʦʪ ʧʘʟʘʨ ʚʦ 

1890-ʪʠʪʝ ʛʦʜʠʥʠ. ʏʝʪʠʨʠʝʩʝʪ ʛʦʜʠʥʠ ʧʦʢʘʩʥʦ ʩʠʥʪʝʪʠʯʢʠʪʝ ʧʦʣʠʤʝʨʥʠ ʚʣʘʢʥʘ 

ʩʝ ʧʨʦʠʟʚʝʜʝʥʠ. ʇʨʚʦ ʧʦʣʠʤʝʨʥʦ ʨʝʛʝʥʝʨʠʨʘʥʦ ʚʣʘʢʥʦ ʢʦʝ ʠʤʘʣʦ ʢʦʥʪʠʥʫʠʨʘʥʦ, 

ʚʠʩʦʢʦ-ʚʦʣʫʤʝʥʩʢʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʣʦ ʚʠʩʢʦʟʥʠʦʪ ʨʘʿʦʥ ʟʘ ʯʠʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʬʠʨʤʘʪʘ Courtalds ʦʜ ɸʥʛʣʠʿʘ ʥʘʧʨʘʚʠʣʘ ʧʦʛʦʥ ʚʦ 1905 ʛʦʜʠʥʘ. ʅʘʿʣʦʥʦʪ ʝ 

ʧʨʚʦʪʦ ʩʠʥʪʝʪʠʯʢʦ ʧʦʣʠʤʝʨʥʦ ʚʣʘʢʥʦ ʢʦʝ ʠʤʘʣʦ ʚʠʩʪʠʥʩʢʠ ʢʦʤʝʨʮʠʿʘʣʝʥ ʫʩʧʝʭ. 

ʇʨʚʘʪʘ ʬʘʙʨʠʢʘ ʟʘ ʥʝʛʦʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʿʘ ʛʨʘʜʠ ʬʠʨʤʘʪʘ DuPont ʚʦ 1939 

ʛʦʜʠʥʘ ʚʦ ʉɸɼ. ʇʝʣʠʩʪʝʨʩʢʦʪʦ, ʢʦʝ ʝ ʩʝʛʘ ʥʘʿʤʥʦʛʫ ʧʨʦʠʟʚʝʜʫʚʘʥʦʪʦ ʩʠʥʪʝʪʠʯʢʦ 

ʚʣʘʢʥʦ, ʩʣʝʜʠ ʧʦ 10 ʛʦʜʠʥʠ. ɺʪʦʨʘʪʘ ʛʝʥʝʨʘʮʠʿʘ ʥʘ ʚʠʩʦʢʦʧʝʨʬʦʨʤʘʥʩʥʠ 

ʩʠʥʪʝʪʠʯʢʠ ʧʦʣʠʤʝʨʥʠ ʚʣʘʢʥʘ ʩʝ ʧʦʿʘʚʠ ʚʦ ʧʦʩʣʝʜʥʘʪʘ ʯʝʪʚʨʪʠʥʘ ʦʜ ʤʠʥʘʪʠʦʪ 

ʚʝʢ. 

ʅʘʿʛʦʣʝʤʘ ʫʧʦʪʨʝʙʘ ʥʘ ʚʣʘʢʥʘʪʘ ʝ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʬʣʝʢʩʠʙʠʣʥʠ ʪʢʘʝʥʠʥʠ, ʢʘʿ 

ʢʦʠ ʦʩʚʝʥ ʤʘʣʘʪʘ ʢʦʣʠʯʠʥʘ ʥʘ ʬʠʥʠʰ, ʚʣʘʢʥʘʪʘ ʩʝ ʝʜʠʥʩʪʚʝʥʘʪʘ ʛʨʘʜʙʝʥʘ 

ʢʦʤʧʦʥʝʥʪʘ. ʇʨʦʩʪʦʨʦʪ ʤʝʺʫ ʚʣʘʢʥʘʪʘ ʠʛʨʘ ʤʥʦʛʫ ʚʘʞʥʘ ʫʣʦʛʘ ʚʦ ʧʝʨʬʦʨʤʘʥʩʠʪʝ 

ʥʘ ʪʢʘʝʥʠʥʠʪʝ. ʀʥʜʫʩʪʨʠʿʘʪʘ ʟʘ ʢʦʠ ʚʣʘʢʥʘʪʘ ʩʝ ʩʫʨʦʚʠʥʘ ʿʘ ʥʘʨʝʢʫʚʘʤʝ 

ʪʝʢʩʪʠʣʥʘʪʘ ʠʥʜʫʩʪʨʠʿʘ. ʀʘʢʦ ʯʝʩʪʦ ʩʝ ʩʤʝʪʘ ʟʘ ʧʦʝʜʠʥʝʯʥʘ, ʪʝʢʩʪʠʣʥʘʪʘ 

ʠʥʜʫʩʪʨʠʿʘ ʝ ʨʘʟʥʦʚʠʜʥʘ ʚʦ ʩʚʦʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʤʝʪʦʜʠ ʠ ʧʨʦʠʟʚʝʜʫʚʘ 

ʨʘʟʥʦʚʠʜʥʘ ʧʘʣʝʪʘ ʥʘ ʧʨʦʠʟʚʦʜʠ ʦʜ ʙʠʣʦ ʢʦʿʘ ʜʨʫʛʘ ʠʥʜʫʩʪʨʠʿʘ. ʂʦʥʟʫʤʥʠʪʝ 

ʧʨʦʠʟʚʦʜʠ ʩʝ ʥʘʿʧʦʟʥʘʪʠ ʠ ʦʧʬʘ˃ʘʘʪ ʦʜ ʚʠʩʦʢʘ ʤʦʜʘ ʜʦ ʝʚʪʠʥʘ ʦʙʣʝʢʘ; ʦʜ ʢʨʧʠ 

ʟʘ ʙʨʠʰʝˁʝ ʜʦ ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʠ ʪʝʧʠʩʠ. ʊʝʭʥʠʯʢʘʪʘ ʘʧʣʠʢʘʮʠʿʘ ʥʘ ʪʝʢʩʪʠʣʦʪ, 

ʢʦʿʘ ʜʘʪʠʨʘ ʩʦ ʚʝʢʦʚʠ ʥʘʥʘʟʘʜ ʠ ʩʦ ʧʦʩʪʦʿʘʥʦ ʨʘʩʪʝʯʢʠ ʧʘʟʘʨ ʩʝ ʜʦ ʜʝʥʝʩ, ʿʘ 

ʧʦʚʨʟʫʚʘ ʪʝʢʩʪʠʣʥʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʩʦ ʤʥʦʛʫ ʜʨʫʛʠ ʠʥʜʫʩʪʨʠʠ. ʅʘ ʧʨʠʤʝʨ, 

ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʝ ʛʦʣʝʤ ʢʦʨʠʩʥʠʢ ʥʘ ʪʝʢʩʪʠʣ, ʥʘʬʪʝʥʘʪʘ ʠʥʜʫʩʪʨʠʿʘ 

ʟʘ ʤʦʨʩʢʘ ʝʢʩʧʣʦʘʪʘʮʠʿʘ ʥʘ ʥʘʬʪʘ ʢʦʨʠʩʪʠ ʧʦʣʠʝʩʪʝʨʩʢʠ ʿʘʞʠˁʘ ʟʘ 

ʧʨʠʮʚʨʩʪʫʚʘˁʝ ʥʘ ʧʣʘʪʬʦʨʤʠʪʝ ʩʦ ʿʘʢʦʩʪ ʦʜ 1000 ʪʦʥʠ ʧʘ ʠ ʧʦʚʝ˃ʝ. 

ɺʣʘʢʥʘʪʘ ʠʩʪʦ ʪʘʢʘ ʩʝ ʢʦʨʠʩʪʘʪ ʠ ʚʦ ʠʥʜʫʩʪʨʠʿʘʪʘ ʥʘ ʢʦʤʧʦʟʠʪʥʠ ʤʘʪʝʨʠʿʘʣʠ. 

ʊʢʘʝʥʠʪʝ ʩʝ ʧʨʝʤʘʯʢʫʚʘʘʪ ʟʘ ʜʘ ʜʘʜʘʪ ʥʝʧʨʦʧʫʩʪʣʠʚʘ ʧʦʚʨʰʠʥʘ, ʘ ʩʘʤʠʪʝ ʩʝ 

ʧʦʨʦʟʥʠ. ɻʦʣʝʤʘ ʧʨʠʤʝʥʘ ʚʣʘʢʥʘʪʘ ʥʘʦʺʘʘʪ ʢʘʢʦ ʟʘʿʘʢʥʫʚʘʯʠ ʟʘ ʤʘʪʨʠʮʘʪʘ ʢʘʿ 

ʢʨʫʪʠʪʝ ʢʦʤʧʦʟʠʪʠ. ɿʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʬʣʝʢʩʠʙʠʣʥʠ ʢʦʤʧʦʟʠʪʠ ʩʦ ʝʣʘʩʪʦʤʝʨʥʘ 
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ʤʘʪʨʠʮʘ, ʢʦʠ ʥʘ ʧʨʠʤʝʨ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʘʚʪʦʤʦʙʠʣʩʢʠ ʛʫʤʠ, 

ʧʘʤʫʢʦʪ ʝ ʧʨʚʦʪʦ ʚʣʘʢʥʦ ʰʪʦ ʙʠʣʦ ʫʧʦʪʨʝʙʝʥʦ ʥʦ ʧʦʢʘʩʥʦ ʝ ʟʘʤʝʥʝʪʦ ʩʦ ʨʘʿʦʥ, 

ʥʘʿʣʦʥ, ʩʪʘʢʣʝʥʠ ʚʣʘʢʥʘ, ʿʘʛʣʝʨʦʜʥʠ ʚʣʘʢʥʘ, ʚʠʩʦʢʦʧʝʨʬʦʨʤʘʥʩʥʠ ʧʦʣʠʤʝʨʥʠ 

ʚʣʘʢʥʘ ʠ ʢʝʨʘʤʠʯʢʠ ʚʣʘʢʥʘ. ɿʘʨʘʜʠ ʟʘʰʪʠʪʘ ʥʘ ʦʢʦʣʠʥʘʪʘ ʧʦʩʪʦʠ ʦʛʨʦʤʝʥ 

ʠʥʪʝʨʝʩ ʟʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʢʨʫʪʠ ʨʘʩʪʠʪʝʣʥʠ ʚʣʘʢʥʘ ʢʘʢʦ ʰʪʦ ʩʝ ʣʝʥʝʥʠʪʝ ʠ 

ʢʦʥʦʧʥʠʪʝ, ʢʦʠ ʩʝ ʦʜ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ. ɼʨʫʛʠʪʝ ʨʘʩʪʠʪʝʣʥʠ ʚʣʘʢʥʘ ʢʘʢʦ ʰʪʦ ʩʝ 

ʿʫʪʘʪʘ ʠ ʩʠʩʘʣ ʩʝ ʦʜʛʣʝʜʫʚʘʘʪ ʚʦ ʟʝʤʿʠʪʝ ʚʦ ʨʘʟʚʦʿ ʥʦ ʧʦʩʪʦʿʘʥʦ ʛʦ ʛʫʙʘʪ ʧʘʟʘʨʦʪ 

ʟʘʪʦʘ ʰʪʦ ʯʝʩʪʦ ʧʘʪʠ ʜʫʨʠ ʠ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʝʚʪʠʥʠ ʚʣʘʢʥʘ ʩʝʢʦʛʘʰ ʥʝ ʩʝ 

ʧʦʩʪʠʛʥʫʚʘ ʧʦʚʦʣʝʥ ʦʜʥʦʩ ʮʝʥʘ/ʧʝʨʬʦʨʤʘʥʩʠ. 

ʀʘʢʦ ʥʝʤʘ ʮʝʣʦʩʥʦ ʚʝʨʦʜʦʩʪʦʿʥʘ ʛʣʦʙʘʣʥʘ ʩʪʘʪʠʩʪʠʢʘ ʤʦʤʝʥʪʘʣʥʘʪʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ (ʠʣʠ ʢʘʧʘʮʠʪʝʪ, ʚʦ ʠʣʿʘʜʠ ʪʦʥʠ) ʟʘ ʥʝʢʦʠ ʚʣʘʢʥʘ ʧʨʝʟʝʥʪʠʨʘʥʠ ʚʦ 

ʦʚʦʿ ʢʫʨʩ ʝ ʧʨʠʙʣʠʞʥʦ: ʧʘʤʫʯʥʠ, 20000; ʧʦʣʠʝʩʪʝʨʩʢʠ, 20000; ʥʘʿʣʦʥʩʢʠ, 5000; 

ʦʣʝʬʠʥʩʢʠ, 5000; ʜʨʫʛʠ ʨʘʩʪʠʪʝʣʥʠ ʚʣʘʢʥʘ, 5000; ʨʝʛʝʥʝʨʠʨʘʥʠ ʮʝʣʫʣʦʟʥʠ, 

2500; ʩʪʘʢʣʝʥʠ, 2500; ʚʦʣʥʘ, 1000; ʜʨʫʛʠ ʩʠʥʪʝʪʠʯʢʠ ʧʦʣʠʤʝʨʥʠ ʚʣʘʢʥʘ, 400; 

ʩʚʠʣʘ, 100; ʿʘʛʣʝʨʦʜʥʠ, 15; ʢʘʤʝʥʘ ʚʦʣʥʘ, 100 ʠ ʤʘʣʘ ʢʦʣʠʯʠʥʘ ʥʘ ʜʨʫʛʠ 

ʢʝʨʘʤʠʯʢʠ ʚʣʘʢʥʘ. 

 

Ä1. ʐʊʆ ɽ ɺʃɸʂʅʆ? 

 

ʇʦʠʤʦʪ Ăʚʣʘʢʥʦñ ʟʥʘʯʠ ʝʜʠʥʠʮʘ (ʤʝʨʢʘ) ʟʘ ʤʘʪʝʨʠʿʘ, ʢʦʝ ʤʦʞʝ ʜʘ ʙʠʜʝ ʧʨʠʨʦʜʥʦ 

ʠʣʠ ʩʠʥʪʝʪʠʯʢʦ, ʠ ʧʨʝʪʩʪʘʚʫʚʘ ʬʫʥʜʘʤʝʥʪʘʣʝʥ ʛʨʘʜʙʝʥ ʝʣʝʤʝʥʪ ʚʦ ʧʨʝʜʠʚʘʪʘ, 

ʪʢʘʝʥʠʥʠ ʠ ʜʨʫʛʠʪʝ ʪʝʢʩʪʠʣʥʠ ʩʪʨʫʢʪʫʨʠ. ɺʣʘʢʥʦʪʦ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʜʦʣʞʠʥʘ 

ʢʦʿʘ ʝ ʥʘʿʤʘʣʢʫ 100 ʧʘʪʠ ʧʦʛʦʣʝʤʘ ʦʜ ʥʝʛʦʚʠʦʪ ʜʠʿʘʤʝʪʘʨ ʠʣʠ ʰʠʨʠʥʘ. ʆʚʘʘ 

ʜʝʬʠʥʠʮʠʿʘ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʚʣʘʢʥʘ ʢʦʠ ʤʦʞʘʪ ʜʘ ʩʝ ʠʩʧʨʝʜʘʪ ʚʦ ʧʨʝʜʠʚʦ ʠʣʠ ʜʘ 

ʩʝ ʧʨʦʮʝʩʠʨʘʘʪ ʚʦ ʪʢʘʝʥʠʥʘ ʩʦ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ ʚʢʣʫʯʫʚʘʿ˃ʠ ʪʢʘʝˁʝ, ʧʣʝʪʝˁʝ, 

ʫʩʫʢʫʚʘˁʝ, ʚʤʨʝʞʫʚʘˁʝ ʠ ʬʠʣʮʫʚʘˁʝ. ʆʩʥʦʚʥʠʪʝ ʙʘʨʘˁʘ ʟʘ ʚʣʘʢʥʦʪʦ ʜʘ ʩʝ 

ʚʧʨʝʜʠ ʚʦ ʧʨʝʜʠʚʦ ʚʢʣʫʯʫʚʘʘʪ: ʜʦʣʞʠʥʘ ʦʜ ʥʘʿʤʘʣʢʫ 5 mm, ʬʣʝʢʩʠʙʠʣʥʦʩʪ, 

ʢʦʭʝʟʠʚʥʦʩʪ ʠ ʜʦʚʦʣʥʘ ʿʘʢʦʩʪ. ɼʨʫʛʠʪʝ ʚʘʞʥʠ ʦʩʦʙʠʥʠ ʚʢʣʫʯʫʚʘʘʪ: ʝʣʘʩʪʠʯʥʦʩʪ, 

ʬʠʥʦʩʪ, ʫʥʠʬʦʨʤʥʦʩʪ, ʪʨʘʿʥʦʩʪ ʠ ʩʿʘʿʥʦʩʪ. 

ɺʣʘʢʥʦʪʦ ʝ ʥʘʿʤʘʣʘʪʘ ʚʠʜʣʠʚʘ ʝʜʠʥʢʘ ʚʦ ʪʝʢʩʪʠʣʥʦʪʦ ʠʥʞʝʥʝʨʩʪʚʦ. ʇʦʠʤʦʪ 

Ăʪʝʢʩʪʠʣñ ʜʦʘʺʘ ʦʜ ʣʘʪʠʥʩʢʠʦʪ ʟʙʦʨ Ătextereò ʰʪʦ ʟʥʘʯʠ ʠʩʪʢʘʝʥ, ʥʦ ʜʝʥʝʩ ʧʦʠʤʦʪ 

ʪʝʢʩʪʠʣ ʝ ʧʦʛʝʥʝʨʘʣʠʟʠʨʘʥ ʠ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʩʠʪʝ ʧʨʦʠʟʚʦʜʠ ʥʘʧʨʘʚʝʥʠ ʦʜ 

ʪʝʢʩʪʠʣʥʠ ʚʣʘʢʥʘ. 

ɻʝʥʝʨʘʣʥʦ, ʪʝʢʩʪʠʣʥʦʪʦ ʚʣʘʢʥʦ ʧʨʝʪʩʪʘʚʫʚʘ ʧʦʣʠʤʝʨʥʦ ʩʦʝʜʠʥʝʥʠʝ ʜʦʙʠʝʥʦ ʧʦ 

ʧʨʠʨʦʜʝʥ ʠʣʠ ʠʥʜʫʩʪʨʠʩʢʠ ʧʘʪ. ʉʦʩʪʘʚʝʥʦ ʝ ʦʜ ʧʦʚʝ˃ʝ ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʢʦʠ ʚʦ 

ʚʣʘʢʥʦʪʦ ʩʝ ʧʦʩʪʘʚʝʥʠ ʚʦ ʥʝʢʘʢʦʚ ʨʝʜ ʠʣʠ ʜʝʣʫʤʝʥ ʨʝʜ, ʤʝʺʫʩʝʙʥʦ ʧʦʚʨʟʘʥʠ ʩʦ 

ʤʝʺʫʤʦʣʝʢʫʣʘʨʥʠ ʚʨʩʢʠ. ʇʦʤʝʺʫ ʩʝʢʦʿʘ ʩʨʝʜʝʥʘ ʦʙʣʘʩʪ (ʩʥʦʧ ʦʜ ʤʘʢʨʦʤʦʣʝʢʫʣʠ 

ʧʘʨʘʣʝʣʥʦ ʧʦʜʨʝʜʝʥʠ) ʠʤʘ ʦʙʣʘʩʪ ʥʘ ʩʣʦʙʦʜʘ ʠ ʥʝʨʝʜ ʚʦ ʦʨʠʝʥʪʘʮʠʿʘʪʘ ʥʘ 

ʤʦʣʝʢʫʣʠʪʝ. Kʘʿ ʚʣʘʢʥʘʪʘ ʢʨʘʢʪʝʨʠʩʪʠʯʥʦ e ʰʪʦ ʧʦʩʪʦʠ ʩʧʝʮʠʬʠʯʝʥ ʨʘʩʧʦʨʝʜ ʥʘ 

ʤʦʣʝʢʫʣʠʪʝ, ʘ ʪʦʘ ʠʤ ʜʘʚʘ ʠʩʪʦʚʨʝʤʝʥʦ ʢʦʤʙʠʥʘʮʠʿʘ ʦʜ ʿʘʢʦʩʪ ʠ ʝʣʘʩʪʠʯʥʦʩʪ. 
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Ä2. ʂʃɸʉʀʌʀʂɸʎʀɱɸ ʅɸ ɺʃɸʂʅɸʊɸ 

 

ʇʦʩʪʦʿʘʪ ʤʥʦʛʫ ʢʣʘʩʠʬʠʢʘʮʠʠ ʥʘ ʪʝʢʩʪʠʣʥʠʪʝ ʠ ʪʝʭʥʠʯʢʠʪʝ ʚʣʘʢʥʘ ʢʦʠ ʧʦʤʘʣʢʫ 

ʠʣʠ ʧʦʚʝ˃ʝ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʝʜʥʘ ʦʜ ʜʨʫʛʘ. ɻʝʥʝʨʘʣʥʦ, ʩʧʦʨʝʜ ʢʨʠʪʝʨʠʫʤʦʪ ʢʦʿ ˃ʝ 

ʛʦ ʦʜʙʝʨʝʤʝ ʚʣʘʢʥʘʪʘ ʤʦʞʝʤʝ ʜʘ ʛʠ ʢʣʘʩʠʬʠʮʠʨʘʤʝ ʩʧʦʨʝʜ: 

1. ʇʦʪʝʢʣʦʪʦ 

2. ʍʝʤʠʩʢʘʪʘ ʩʪʨʫʢʪʫʨʘ 

ɺʣʘʢʥʘʪʘ, ʠʩʪʦ ʪʘʢʘ ʤʦʞʘʪ ʜʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʠ ʩʧʦʨʝʜ ʜʨʫʛʠ ʢʨʠʪʝʨʠʫʤʠ ʢʘʢʦ 

ʰʪʦ ʩʝ: ʜʦʣʞʠʥʘʪʘ, ʬʠʥʦʩʪʘ, ʧʨʦʮʝʩʦʪ ʧʦ ʢʦʿ ʩʝ ʜʦʙʠʚʘʘʪ ʠʣʠ ʜʨʫʛ ʢʨʠʪʝʨʠʫʤʠ.  

 

2.1. ʂʃʉɸʀʌʀʂɸʎʀɱɸ ʉʇʆʈɽɼ ʇʆʊɽʂʃʆʊʆ 

ʉʧʦʨʝʜ ʧʦʪʝʢʣʦʪʦ ʚʣʘʢʥʘʪʘ ʤʦʞʝʤʝ ʜʘ ʛʠ ʢʣʘʩʠʬʠʮʠʨʘʤʝ ʢʘʢʦ: 

1. ʇʨʠʨʦʜʥʠ 

2. ʇʨʦʠʟʚʝʜʝʥʠ  

ʇʨʠʨʦʜʥʠʪʝ ʚʣʘʢʥʘ ʧʦʥʘʪʘʤʫ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʚʦ ʪʨʠ ʛʨʫʧʠ ʥʘ: 

1. ʈʘʩʪʠʪʝʣʥʠ 

2. ɾʠʚʦʪʠʥʩʢʠ 

3. ʄʠʥʝʨʘʣʥʠ 

ʇʨʦʠʟʚʝʜʝʥʠʪʝ (ʩʠʥʪʝʪʠʯʢʠ) ʚʣʘʢʥʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʚʦ ʜʚʝ ʛʦʣʝʤʠ 

ʛʨʫʧʠ ʥʘ: 

1. ʆʨʛʘʥʩʢʠ 

2. ʅʝʦʨʛʘʥʩʢʠ 

ʆʜ ʩʚʦʿʘ ʩʪʨʘʥʘ ʦʨʛʘʥʩʢʠʪʝ ʚʣʘʢʥʘ ʛʠ ʜʝʣʠʤʝ ʥʘ ʦʥʠʝ ʦʜ: 

1. ʇʨʠʨʦʜʥʠ ʧʦʣʠʤʝʨʠ 

2. ʉʠʥʪʝʪʠʯʢʠ ʧʦʣʠʤʝʨʠ 

ʢʘʢʦ ʰʪʦ ʝ ʧʨʝʟʝʥʪʠʨʘʥʦ ʥʘ ʩʣʠʢʘʪʘ 2.1. 
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ʉʣʠʢʘ 2.1. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʪʝʢʩʪʠʣʥʠʪʝ ʚʣʘʢʥʘ ʩʧʦʨʝʜ ʧʦʪʝʢʣʦʪʦ 

 

ʈʘʩʪʠʪʝʣʥʠʪʝ ʚʣʘʢʥʘ ʩʝ ʚʨʟ ʙʘʟʘ ʥʘ ʮʝʣʫʣʦʟʘ ʠ ʩʝ ʥʘʦʺʘʘʪ ʚʦ ʨʘʟʣʠʯʥʠ ʜʝʣʦʚʠ 

ʦʜ ʨʘʩʪʝʥʠʿʘʪʘ, ʢʘʢʦ ʰʪʦ ʩʝ: ʩʪʝʙʣʦʪʦ (ʣʝʥ, ʢʦʥʦʧ, ʿʫʪʘ, ʨʘʤʠʿʘ, ʢʝʥʘʬ), ʣʠʩʿʘʪʘ 

(ʤʘʥʠʣʘ, ʩʠʩʘʣ), ʩʝʤʝʪʦ (ʧʘʤʫʢ, ʢʘʧʦʢ), ʢʘʢʦ ʰʪʦ ʝ ʧʨʝʟʝʥʪʠʨʘʥʦ ʥʘ ʩʣʠʢʘʪʘ 2.2. 

 

 
ʉʣʠʢʘ 2.2. ʈʘʩʪʠʪʝʣʥʠ ʚʣʘʢʥʘ ʦʜ ʨʘʟʣʠʯʥʠ ʜʝʣʦʚʠ ʥʘ ʨʘʩʪʝʥʠʿʘʪʘ 

 

ɾʠʚʦʪʠʥʩʢʠʪʝ (ʧʨʦʪʝʠʥʩʢʠ) ʚʣʘʢʥʘ ʩʧʦʨʝʜ ʛʝʥʝʨʘʣʥʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʩʝ 

ʜʝʣʘʪ ʥʘ ʚʣʘʢʥʘ ʦʜ ʢʦʩʘ (ʘʣʧʘʢʘ, ʢʘʤʠʣʘ, ʢʘʰʤʠʨ, ʤʦʭʝʨ, ʚʠʢʫʤʘ, ʣʘʤʘ ʠ ʜʨ.), 

ʚʦʣʥʘ (ʦʚʮʘ) ʠ ʬʠʣʘʤʝʥʪʠ (ʩʚʠʣʘ), ʢʘʢʦ ʰʪʦ ʝ ʧʨʝʟʝʥʪʠʨʘʥʦ ʥʘ ʩʣʠʢʘʪʘ 2.3. 
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ʉʣʠʢʘ 2.3. ʇʦʜʝʣʙʘ ʥʘ ʞʠʚʦʪʠʥʩʢʠʪʝ ʚʣʘʢʥʘ 

 

ɺʦ ʤʠʥʝʨʘʣʥʠ ʧʨʠʨʦʜʥʠ ʚʣʘʢʥʘ ʩʧʘʺʘ ʚʣʘʢʥʦʪʦ ʦʜ ʘʟʙʝʩʪ  ʢʦʝ ʧʦʨʘʜʠ ʦʧʘʩʥʦʩʪ 

ʧʦ ʟʜʨʘʚʿʝʪʦ ʝ ʦʪʬʨʣʝʥʦ ʦʜ ʛʝʥʝʨʘʣʥʘ ʫʧʦʪʨʝʙʘ. 

 

ɺʦ ʧʨʠʨʦʜʥʠ ʧʦʣʠʤʝʨʥʠ ʚʣʘʢʥʘ ʩʧʘʺʘʘʪ ʮʝʣʫʣʦʟʥʠʪʝ (ʨʘʿʦʥ, ʣʠʦʮʝʣ, 

ʘʮʝʪʘʪʥʠ, ʪʨʠʘʮʝʪʘʪʥʠ ʠ ʜʨ.), ʧʨʦʪʝʠʥʩʢʠ (ʘʟʣʦʥ), ʘʣʠʥʛʠʥʘʪʥʠ (ʛʫʤʝʥʠ), ʢʘʢʦ ʰʪʦ 

ʝ ʧʨʠʢʘʞʘʥʦ ʥʘ ʩʣʠʢʘ 2.4. 

 

 
ʉʣʠʢʘ 2.4. ʇʨʠʨʦʜʥʠ ʧʦʣʠʤʝʨʥʠ ʚʣʘʢʥʘ 

 

ɺʦ ʩʠʥʪʝʪʠʯʢʠ ʧʦʣʠʤʝʨʥʠ ʚʣʘʢʥʘ  ʩʧʘʺʘʘʪ ʧʦʣʠʝʩʪʝʨʩʢʠ, ʘʢʨʠʣʥʠ, 

ʧʦʣʠʝʪʠʣʝʥʩʢʠ, ʘʨʘʤʠʜʥʠ, ʧʦʣʠʘʤʠʜʥʠ, ʧʦʣʠʧʨʦʧʠʣʝʥʩʢʠ, ʘʢʨʠʣʥʠ, ʤʦʜʘʢʨʠʣʥʠ 

ʠ ʜʨʫʛʠ, ʢʦʠ ʩʝ ʜʦʙʠʚʘʘʪ ʦʜ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠ ʧʦʣʠʤʝʨʠ, ʩʣʠʢʘ 2.5.  
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ʉʣʠʢʘ 2.5.ʉʠʥʪʝʪʠʯʢʠ ʧʦʣʠʤʝʨʥʠ ʚʣʘʢʥʘ 

 

ɺʦ ʥʝʦʨʛʘʥʩʢʠ ʚʣʘʢʥʘ ʩʧʘʺʘʘʪ ʩʪʘʢʣʝʥʠʪʝ, ʤʝʪʘʣʥʠʪʝ, ʢʝʨʘʤʠʯʢʠʪʝ ʠ 

ʩʧʝʮʠʿʘʣʥʠ ʚʣʘʢʥʘ, ʩʣʠʢʘ 2.6. 

 

 
ʉʣʠʢʘ 2.6. ʅʝʦʨʛʘʥʩʢʠ ʚʣʘʢʥʘ 

 

 

2.2. ʂʃʉɸʀʌʀʂɸʎʀɱɸ ʉʇʆʈɽɼ ʍɽʄʀʉʂɸʊɸ ʉʊʈʋʂʊʋʈɸ 

 

ɹʝʟ ʨʘʟʣʠʢʘ ʥʘ ʧʦʪʝʢʣʦʪʦ ʠ ʥʠʚʥʠʪʝ ʧʦʯʝʪʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʪʝʢʩʪʠʣʥʠʪʝ 

ʚʣʘʢʥʘ ʤʦʞʘʪ ʜʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʠ ʩʧʦʨʝʜ ʭʝʤʠʩʢʘʪʘ ʩʪʨʫʢʪʫʨʘ, ʢʘʢʦ 

ʰʪʦ ʝ ʧʨʠʢʘʞʘʥʦ ʚʦ ʪʘʙʝʣʘʪʘ 2.1. ʅʘ ʦʚʦʿ ʥʘʯʠʥ ʩʠʪʝ ʚʣʘʢʥʘ ʩʦ ʩʣʠʯʥʘ 

ʭʝʤʠʩʢʘ ʩʪʨʫʢʪʫʨʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʟʘʝʜʥʦ.  

 

ʊʘʙʝʣʘ 2.1. ʇʦʜʝʣʙʘ ʥʘ ʚʣʘʢʥʘʪʘ ʩʧʦʨʝʜ ʭʝʤʠʩʢʘʪʘ ʩʪʨʫʢʪʫʨʘ 

 

ʎɽʃʋʃʆɿʅʀ ʇʆʃʀɸʄʀɼʅʀ  

ʇʘʤʫʢ ʅʘʿʣʦʥ 6 ʠ 6.6 

ʃʝʥ ɸʨʘʤʠʜ 

ɼʨʫʛʠ ʧʨʠʨʦʜʥʠ ʮʝʣʫʣʦʟʥʠ 

ʚʣʘʢʥʘ 

ɼʨʫʛʠ ʥʘʿʣʦʥ ʚʣʘʢʥʘ 

ʈʘʿʦʥ (ɺʠʩʢʦʟʘ)  

ʎɽʃʋʃʆɿʅO-ɽʉʊɽʈʉʂʀ ʇʆʃʀɽʉʊɽʈʉʂʀ ɺʃɸʂʅɸ 

ɸʮʝʪʘʪʥʠ ʇʦʣʠʝʪʠʣʝʥ ʪʝʨʝʬʪʘʣʘʪ 

ʊʨʠʘʮʝʪʘʪʥʠ ʇʦʣʠ-1,4-ʮʠʢʣʦʭʝʢʩʠʣʝʥʜʠʤʝʪʠʣʝʥ 

ʪʝʨʝʬʪʘʣʘʪ 

 ɼʨʫʛʠ ʧʦʣʠʝʩʪʝʨʩʢʠ ʚʣʘʢʥʘ 

ʇʈʆʊɽʀʅʉʂʀ (ʇʈʀʈʆɼɽʅ 

ʇʆʃʀɸʄʀɼ) 
ɸʂʈʀʃʅʀ ʀ ʄʆɼɸʂʈʀʃʅʀ 
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ɺʦʣʥʘ ɸʢʨʠʣʥʠ 

ʉʚʠʣʘ ʄʦʜʘʢʨʠʣʥʠ 

ɼʨʫʛʠ ʧʨʠʨʦʜʥʠ ʠ 

ʨʝʛʝʥʝʨʠʨʘʥʠ ʧʨʦʪʝʠʥʩʢʠ 

ʚʣʘʢʥʘ 

ɼʨʫʛʠ ʘʢʨʠʣʥʠ ʚʣʘʢʥʘ 

ʇʆʃʀʆʃɽʌʀʅʉʂʀ ɺʃɸʂʅɸ ʄʀʅɽʈɸʃʅʀ ʀ ʄɽʊɸʃʅʀ ɺʃɸʂʅɸ 

ʇʦʣʠʝʪʠʣʝʥʩʢʠ ʉʪʘʢʣʝʥʠ 

ʇʦʣʠʧʨʦʧʠʣʝʥʩʢʠ ʂʝʨʘʤʠʯʢʠ 

 ɸʟʙʝʩʪʥʠ 

 ʄʝʪʘʣʥʠ 

ɺʀʅʀʃʅʀ ɽʃɸʉʊʆʄɽʈʅʀ 

ɺʠʥʿʦʥ ɻʫʤʝʥʠ 

ɺʠʥʘʣ ʉʧʘʥʜʝʢʩ 

ɺʠʥʿʦʥ-ʚʠʥʘʣ ʤʘʪʨʠʮʘ ɼʨʫʛʠ ʝʣʘʩʪʦʤʝʨʥʠ ʚʣʘʢʥʘ 

ʉʘʨʘʥ  

ʇʦʣʠʪʝʪʨʘʬʣʫʦʨʦʝʪʠʣʝʥ  

ʈɸɿʅʀ ɼʈʋɻʀ ɺʃɸʂʅɸ 

ʅʦʚʘʣʦʠʜʥʠ ʇʦʣʠʠʤʠʜʥʠ 

ɱʘʛʣʝʨʦʜʥʠ ʇʦʣʠ(m-

ʬʝʥʠʣʝʥʜʠʙʝʥʟʠʤʠʜʘʟʦʣʥʠ) 

 

 

ʇʦʢʨʘʿ ʦʚʠʝ ʜʚʘ ʛʝʥʝʨʘʣʥʠ ʢʨʠʪʝʨʠʫʤʠ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʪʝʢʩʪʠʣʥʠʪʝ ʚʣʘʢʥʘ, 

ʪʠʝ ʤʦʞʘʪ ʜʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʠ ʩʧʦʨʝʜ: 

ɼʦʣʞʠʥʘʪʘ ï ʥʘ ʢʨʘʪʢʠ ʚʣʘʢʥʘ, ʩʦ ʜʦʣʞʠʥʘ ʦʜ 19 ï 460 mm ʠ ʢʦʥʪʠʥʫʠʨʘʥʠ 

ʬʠʣʘʤʝʥʪʠ. ʆʜ ʧʨʠʨʦʜʥʠʪʝ ʚʣʘʢʥʘ ʩʘʤʦ ʩʚʠʣʘʪʘ ʝ ʚʦ ʬʦʨʤʘ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥ 

ʬʠʣʘʤʝʥʪ, ʩʠʪʝ ʦʩʪʘʥʘʪʠ ʩʝ ʢʨʘʪʢʠ. ɿʘ ʨʘʟʣʠʢʘ ʦʜ ʧʨʠʨʦʜʥʠʪʝ, ʧʨʦʠʟʚʝʜʝʥʠʪʝ 

ʚʣʘʢʥʘ, ʛʣʘʚʥʦ, ʩʝ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʢʘʢʦ ʢʦʥʪʠʥʫʠʨʘʥʠ ʬʠʣʘʤʝʥʪʠ ʢʦʠ ʧʦʥʘʪʘʤʫ 

ʤʦʞʘʪ ʜʘ ʩʝ ʩʝʯʢʘʘʪ. 

ʌʠʥʦʩʪʘ ï ʥʘ ʫʣʪʨʘ ʬʠʥʠ, ʬʠʥʠ, ʨʝʛʫʣʘʨʥʠ (ʦʙʠʯʥʠ) ʠ ʛʨʫʙʠ. 
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ɻʃɸɺɸ I 

ʉʆɺʈɽʄɽʅɸ ʉʊʈʋʂʊʋʈɸ  
ʅɸ ʊɽʂʉʊʀʃʅʀ ɺʃɸʂʅɸ 

 

Ä3. ʉʊʈʋʂʊʋʈɸʊɸ ʅɸ ʊɽʂʉʊʀʃʅʀʊɽ ɺʃɸʂʅɸʊɸ 

3.1. ɺʆɺɽɼ 

 

3.1.1. ʇʈʀʈʆɼɸ ʅɸ ʄɸʊɽʈʀɱɸʊɸ 

ʌʠʟʠʢʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ ʝ ʥʘʫʢʘ ʟʘ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʬʠʟʠʯʢʠʪʝ ʦʩʦʙʠʥʠ ʥʘ ʚʣʘʢʥʘʪʘ. 

ʆʚʠʝ ʜʚʘ ʘʩʧʝʢʪʠ, ʤʝʺʫʪʦʘ, ʥʝ ʩʝ ʥʝʟʘʚʠʩʥʠ: ʦʩʦʙʠʥʠʪʝ ʩʝ ʦʙʿʘʩʥʫʚʘʘʪ ʩʦ 

ʩʪʨʫʢʪʫʨʘʪʘ ʢʦʿʘ ʦʜ ʩʚʦʿʘ ʩʪʨʘʥʘ ʛʠ ʜʝʪʝʨʤʠʥʠʨʘ ʦʩʦʙʠʥʠʪʝ. ɿʘʨʘʜʠ ʦʚʘʘ 

ʧʦʚʨʟʘʥʦʩʪ ʥʝ ʤʦʞʝʤʝ ʜʘ ʟʙʦʨʫʚʘʤʝ ʟʘ ʦʩʦʙʠʥʠʪʝ ʥʘ ʚʣʘʢʥʘʪʘ ʙʝʟ ʜʘ ʥʘʧʨʘʚʠʤʝ 

ʧʨʝʛʣʝʜ ʥʘ ʥʠʚʥʘʪʘ ʩʪʨʫʢʪʫʨʘ. 

ʄʘʪʝʨʠʿʘʪʘ (ʩʫʧʩʪʘʥʮʠʪʝ) ʝ ʠʟʛʨʘʜʝʥʘ ʦʜ ʘʪʦʤʠ ʢʦʠ ʩʝ ʤʝʺʫʩʝʙʥʦ ʧʦʚʨʟʘʥʠ ʩʦ 

ʚʨʩʢʠ ʦʜ ʨʘʟʣʠʯʥʘ ʿʘʢʦʩʪ. ʈʘʩʧʦʨʝʜʦʪ ʥʘ ʘʪʦʤʠʪʝ ʠ ʿʘʢʦʩʪʘ ʥʘ ʚʨʩʢʠʪʝ ʤʝʺʫ ʥʠʚ 

ʛʠ ʜʝʪʝʨʤʠʥʠʨʘʘʪ ʬʠʟʠʯʢʠʪʝ ʦʩʦʙʠʥʠ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ. ʊʘʢʘ ʥʘ ʧʨʠʤʝʨ, ʢʘʿ 

ʣʝʩʥʠʪʝ ʘʪʦʤʠ, ʢʘʢʦ ʰʪʦ ʩʝ ʪʠʝ ʥʘ ʭʝʣʠʫʤʦʪ, ʢʦʠ ʤʝʺʫ ʩʝʙʝ ʩʝ ʧʨʠʚʣʝʢʫʚʘʘʪ ʩʦ 

ʤʥʦʛʫ ʩʣʘʙʠ ʩʠʣʠ, ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʘʪʦʤʠʪʝ ʝ ʜʦʚʦʣʥʦ ʛʦʣʝʤʘ ʜʘ ʠʤ ʦʚʦʟʤʦʞʠ 

ʥʝʟʘʚʠʩʥʦ, ʩʣʦʙʦʜʥʦ ʜʘ ʩʝ ʜʚʠʞʘʪ ʥʘʦʢʦʣʫ, ʠ ʚʦ ʚʘʢʦʚ ʩʣʫʯʘʿ ʚʝʣʠʤʝ ʜʝʢʘ 

ʤʘʪʝʨʠʿʘʪʘ ʝ ʛʘʩ. ʄʘʪʝʨʠʿʘʪʘ ʠʩʪʦ ʪʘʢʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʛʘʩ ʘʢʦ ʝ ʠʟʛʨʘʜʝʥʘ ʦʜ 

ʧʦʪʝʰʢʠ ʘʪʦʤʠ, ʠʣʠ ʤʦʣʝʢʫʣʠ ʦʜ ʜʚʘ ʠʣʠ ʪʨʠ ʘʪʦʤʠ ʢʦʠ ʤʝʺʫʩʝʙʥʦ ʩʝ ʜʨʞʘʪ ʩʦ 

ʿʘʢʠ ʩʠʣʠ (ʚʘʣʝʥʪʥʠ ʚʨʩʢʠ), ʜʦʢʦʣʢʫ ʩʠʣʠʪʝ ʤʝʺʫ ʤʦʣʝʢʫʣʠʪʝ ʩʝ ʩʣʘʙʠ. ʆʚʠʝ 

ʩʣʘʙʠ ʩʠʣʠ ʯʝʩʪʦ ʩʝ ʥʘʨʝʢʫʚʘʘʪ van der Waals-ʦʚʠ ʩʠʣʠ. ɸʢʦ ʤʦʣʝʢʫʣʠʪʝ ʩʝ 

ʜʦʚʦʣʥʦ ʪʝʰʢʠ, ʘ ʧʨʠʚʣʝʯʥʠʪʝ ʩʠʣʠ ʜʦʚʦʣʥʦ ʿʘʢʠ, ʪʦʛʘʰ ʘʪʦʤʠʪʝ ʥʝ ˃ʝ ʠʤʘʘʪ 

ʜʦʚʦʣʥʦ ʝʥʝʨʛʠʿʘ, ʧʨʠ ʩʦʙʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʣʦʙʦʜʥʦ ʜʘ ʩʝ ʜʚʠʞʘʪ ʠ 

ʦʜʜʘʣʝʯʫʚʘʘʪ ʝʜʝʥ ʦʜ ʜʨʫʛ ʠ ʚʦ ʚʘʢʦʚ ʩʣʫʯʘʿ ʚʝʣʠʤʝ ʜʝʢʘ ʤʘʪʝʨʠʿʘʪʘ ʝ ʪʝʯʥʦʩʪ 

ʠʣʠ ʮʚʨʩʪʘ ʩʫʧʩʪʘʥʮʘ. 

ʅʝʢʦʠ ʤʘʪʝʨʠʿʘʣʠ ʩʝ ʠʟʛʨʘʜʝʥʠ ʦʜ ˅ʠʥʦʚʩʢʠ ʤʦʣʝʢʫʣʠ. ʅʘ ʧʨʠʤʝʨ, ʢʘʿ ʢʨʠʩʪʘʣʦʪ 

ʥʘ ʜʠʿʘʤʘʥʪʦʪ, ʩʠʪʝ ʘʪʦʤʠ ʩʝ ʧʦʚʨʟʘʥʠ ʤʝʺʫ ʩʝʙʝ  ʩʦ ʚʘʣʝʥʪʥʠ ʚʨʩʢʠ ʚʦ ʧʨʘʚʠʣʥʘ 

ʪʨʠʜʠʤʝʥʟʠʦʥʘʣʥʘ ʤʨʝʞʘ. ʊʦʘ ʨʝʟʫʣʪʠʨʘ ʚʦ ʤʥʦʛʫ ʪʚʨʜ, ʥʝʪʦʧʠʚ ʤʘʪʝʨʠʿʘʣ. ʂʘʿ 

ʛʨʘʬʠʪʦʪ, ʢʦʿ ʝ ʠʩʪʦ ʢʘʢʦ ʜʠʿʘʤʘʥʪʦʪ ʯʠʩʪ ʿʘʛʣʝʨʦʜ, ʘʪʦʤʠʪʝ ʤʝʺʫ ʩʝʙʝ ʩʝ 

ʧʦʚʨʟʘʥʠ ʩʦ ʚʘʣʝʥʪʥʠ ʚʨʩʢʠ ʩʘʤʦ ʚʦ ʝʜʠʥʠʯʥʠ ʨʘʤʥʠʥʠ; ʚʨʩʢʠʪʝ ʤʝʺʫ ʨʘʤʥʠʥʠʪʝ 

ʩʝ ʩʣʘʙʠ, ʟʘʪʦʘ ʤʘʪʝʨʠʿʘʣʦʪ ʣʝʩʥʦ ʩʝ ʨʘʟʜʚʦʿʫʚʘ ʚʦ ʩʣʦʝʚʠ ʢʦʠ ʩʝ ʣʠʟʛʘʘʪ ʝʜʝʥ 

ʚʦ ʦʜʥʦʩ ʥʘ ʜʨʫʛ ʧʦʢʘʞʫʚʘʿ˃ʠ ʣʫʙʨʠʢʘʪʠʚʥʠ ʩʚʦʿʩʪʚʘ. 
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ʉʣʠʢʘ 3.1. ɹʝʟʨʝʜʝʥ ʨʘʩʧʦʨʝʜ ʢʘʿ ʜʦʣʛʦ-ʚʝʨʠʞʥʠʪʝ ʤʦʣʝʢʫʣʠ ʥʘ ʛʫʤʘʪʘ (ʘ); 

ʦʨʠʝʥʪʠʨʘʥ ʨʘʩʧʦʨʝʜ ʥʘ ʤʦʣʝʢʫʣʠʪʝ ʢʘʿ ʨʘʩʪʝʛʥʘʪʘ ʛʫʤʘ (b) 

ʂʘʿ ʣʠʥʝʘʨʥʠʪʝ ʧʦʣʠʤʝʨʠ ʧʦʚʨʟʫʚʘˁʝʪʦ ʝ ʩʘʤʦ ʚʦ ʝʜʥʘ ʜʠʤʝʥʟʠʿʘ. ɹʠʜʝʿ˃ʠ ʢʘʿ 

ʦʚʠʝ ʧʦʣʠʤʝʨʠ ʧʦʩʪʦʠ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʥʘ ʢʦʚʘʣʝʥʪʥʠʪʝ ʚʨʩʢʠ ʚʦ ʛʣʘʚʥʘʪʘ ʚʝʨʠʛʘ 

ʠ ʩʘʤʦ ʩʣʘʙʘ ʚʨʩʢʘ ʤʝʺʫ ʚʝʨʠʛʠʪʝ ʪʦʛʘʰ ʧʦʜ ʜʝʿʩʪʚʦ ʥʘ ʪʝʨʤʠʯʢʘ ʝʥʝʨʛʠʿʘ 

ʚʝʨʠʛʠʪʝ ʜʦʙʠʚʘʘʪ ʙʝʟʨʝʜʝʥ, ʩʣʫʯʘʝʥ ʠ ʠʩʧʨʝʧʣʝʪʝʥ ʨʘʩʧʦʨʝʜ, ʢʘʢʦ ʥʘ ʩʣʠʢʘ 

3.1ʘ. ʂʦʛʘ ʤʘʪʝʨʠʿʘʣʦʪ ʝ ʥʘʧʨʝʛʥʘʪ, ʤʦʣʝʢʫʣʠʪʝ ʩʝ ʠʩʧʨʘʚʘʘʪ, ʜʘʚʘʿ˃ʠ ʛʦʣʝʤʦ 

ʠʟʜʦʣʞʫʚʘˁʝ, ʩʣʠʢʘ 3.1b. ʆʚʘ ʠʟʜʦʣʞʫʚʘˁʝ ʝ ʨʝʚʝʨʟʠʙʠʣʥʦ (ʧʦʚʨʘʪʥʦ), ʙʠʜʝʿ˃ʠ 

ʧʦ ʧʨʝʩʪʘʥʦʢʦʪ ʥʘ ʥʘʧʨʝʛʘˁʝʪʦ ʤʦʣʝʢʫʣʠʪʝ ʧʦʚʪʦʨʥʦ ʜʦʙʠʚʘʘʪ ʭʘʦʪʠʯʝʥ,  

ʠʩʧʨʝʧʣʝʪʝʥ ʨʘʩʧʦʨʝʜ. ʆʚʘ ʝ ʪ.ʥ. ʛʫʤʝʩʪʘ ʩʦʩʪʦʿʙʘ, ʠʘʢʦ ʧʨʠ ʚʫʣʢʘʥʠʟʘʮʠʿʘʪʘ 

ʜʦʘʺʘ ʜʦ ʠʟʚʝʩʥʦ ʚʤʨʝʞʫʚʘˁʝ ʰʪʦ ʤʫ ʜʘʚʘ ʢʦʭʝʟʠʚʥʦʩʪ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ. ʇʨʠ 

ʥʠʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠʣʠ ʧʨʠ ʿʘʢʦ ʧʦʚʨʟʫʚʘˁʝ ʚʘʢʚʠʦʪ ʘʤʦʨʬʝʥ ʧʦʣʠʤʝʨʝʥ 

ʤʘʪʝʨʠʿʘʣ ʧʨʝʤʠʥʫʚʘ ʚʦ ʩʪʘʢʣʝʩʪʘ ʩʦʩʪʦʿʙʘ ʪ.ʝ. ʚʦ ʩʪʘʢʣʝʩʪʘ ʧʣʘʩʪʠʢʘ. ɼʨʫʛʠ 

ʣʠʥʝʘʨʥʠ ʧʦʣʠʤʝʨʠ ʤʦʞʘʪ ʜʘ ʢʨʠʩʪʘʣʠʟʠʨʘʘʪ ʚʦ ʧʨʘʚʠʣʥʘ ʨʝʰʝʪʢʘ ʠ ʜʘ 

ʧʨʦʜʫʮʠʨʘʘʪ ʧʣʘʩʪʠʯʝʥ ʤʘʪʝʨʠʿʘʣ, ʢʘʢʦ ʰʪʦ ʝ ʧʦʣʠʝʪʠʣʝʥʦʪ, ʩʦ ʩʨʝʜʥʘ ʢʨʫʪʦʩʪ. 

ʆʜ ʦʚʠʝ ʧʨʠʤʝʨʠ ʤʦʞʝʤʝ ʜʘ ʚʠʜʠʤʝ ʜʝʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʤʘʪʝʨʠʿʘʪʘ ʩʝ 

ʜʝʪʝʨʤʠʥʠʨʘʥʠ ʦʜ ʤʦʣʝʢʫʣʘʨʥʠʦʪ ʨʘʩʧʦʨʝʜ. 

 

3.1.2. ʀʅʊɽʈʄɽɼʀɽʈʅʀ  ɺʈʉʂʀ:  ɺʆɼʆʈʆɼʅɸ ɺʈʉʂɸ 

ʇʦʢʨʘʿ ʚʦʦʙʠʯʘʝʥʠʪʝ ʢʦʚʘʣʝʥʪʥʠ ʚʨʩʢʠ ʩʦ ʢʦʠ ʘʪʦʤʠʪʝ ʩʝ ʩʚʨʟʘʥʠ ʚʦ ʤʦʣʝʢʫʣʘʪʘ 

ʠ ʚʦʦʙʠʯʘʝʥʠʪʝ ʩʣʘʙʠ van der Waals-ʦʚʠ ʠʥʪʝʨʘʢʮʠʠ ʤʝʺʫ ʤʦʣʝʢʫʣʠʪʝ ʧʦʩʪʦʠ ʠ 

ʜʨʫʛ ʚʠʜ ʥʘ ʚʨʩʢʠ ʩʦ ʠʥʪʝʨʤʝʜʠʝʨʥʘ (ʩʨʝʜʥʘ) ʿʘʢʦʩʪ, ʢʦʠ ʠʤʘʘʪ  ʤʥʦʛʫ ʚʘʞʥʦ 

ʚʣʠʿʘʥʠʝ ʚʨʟ ʦʩʦʙʠʥʠʪʝ ʥʘ ʚʣʘʢʥʘʪʘ. ʅʘʿʜʦʙʘʨ ʧʨʠʤʝʨ ʟʘ ʪʦʘ ʝ ʚʦʜʦʨʦʜʥʘʪʘ 

ʚʨʩʢʘ ʢʦʿʘ ʩʝ ʬʦʨʤʠʨʘ ʤʝʺʫ ʭʠʜʨʦʢʩʠʣʥʠʪʝ ( - ʆʅ) ʛʨʫʧʠ. ʅʘ ʩʣʠʢʘʪʘ 3.2. ʜʘʜʝʥ 

ʝ ʧʨʠʢʘʟ ʥʘ ʦʚʘʘ ʚʨʩʢʘ ʢʘʿ ʤʦʣʝʢʫʣʠʪʝ ʥʘ ʚʦʜʘʪʘ.  

ɺʦʜʘʪʘ ʿʘ ʠʣʫʩʪʨʠʨʘ ʚʘʞʥʦʩʪʘ ʥʘ ʚʦʜʦʨʦʜʥʘʪʘ ʚʨʩʢʘ ʢʘʢʦ ʩʦ ʩʚʦʠʪʝ ʦʩʦʙʠʥʠ ʪʘʢʘ 

ʠ ʩʦ ʫʣʦʛʘʪʘ ʥʘ ʥʘʿʯʝʩʪ Ăʧʣʘʩʪʠʬʠʢʘʪʦʨ ʥʘ ʚʣʘʢʥʘʪʘñ. ʇʦʜ 0 ʦʉ ʚʦʜʦʨʦʜʥʠʪʝ 

ʚʨʩʢʠ ʩʝ ʜʦʚʦʣʥʦ ʿʘʢʠ ʜʘ ʛʠ ʜʨʞʘʪ ʤʦʣʝʢʫʣʠʪʝ ʥʘ ʚʦʜʘʪʘ ʟʘʝʜʥʦ ʢʘʢʦ 

ʢʨʠʩʪʘʣʠʥʠʯʥʘ ʮʚʨʩʪʘ ʩʫʧʩʪʘʥʮʘ, ʠʘʢʦ ʤʘʩʘʪʘ ʥʘ ʤʦʣʝʢʫʣʠʪʝ ʝ ʧʦʤʘʣʘ ʦʪʢʦʣʢʫ 

ʢʘʿ ʤʥʦʛʫ ʜʨʫʛʠ ʩʫʧʩʪʘʥʮʠ (ʧʨʦʧʘʥ, ʙʫʪʘʥ, ʚʦʜʦʨʦʜ ʩʫʣʬʠʜ, ʭʣʦʨ, ʘʟʦʪ ʠ ʜʨ.) ʢʦʠ 

ʩʝ ʛʘʩʦʚʠ ʧʨʠ ʦʚʘʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʇʨʠ ʘʪʤʦʩʬʝʨʩʢʠ ʧʨʠʪʠʩʦʢ ʤʝʺʫ 0 ʠ 100 ʦʉ 

ʚʦʜʘʪʘ ʝ ʪʝʯʥʘ (ʚʦ ʨʘʤʥʦʪʝʞʘ ʩʦ ʚʦʜʝʥʘ ʧʘʨʝʘ).  
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ʉʣʠʢʘ 3.2. ɺʦʜʦʨʦʜʥʘ ʚʨʩʢʘ 

ʄʦʣʝʢʫʣʠʪʝ ʥʘ ʚʦʜʘʪʘ ʩʝ ʚʦ ʤʦʙʠʣʥʘ  ʜʠʥʘʤʠʯʥʘ ʨʘʤʥʦʪʝʞʘ, ʩʦ ʧʦʩʪʦʿʘʥʦ 

ʢʠʥʝˁʝ ʠ ʩʦʟʜʘʚʘˁʝ ʥʘ ʚʦʜʦʨʦʜʥʠ ʚʨʩʢʠ. ʅʘʜ 100 ʦʉ (ʧʨʠ ʘʪʤʦʩʬʝʨʩʢʠ 

ʧʨʠʪʠʩʦʢ) ʩʠʪʝ ʤʦʣʝʢʫʣʠ ʩʝ ʨʘʩʝʿʫʚʘʘʪ ʚʦ ʛʘʩ. ʇʨʠ ʦʙʠʯʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘʪʦʘ, 

ʚʦʜʦʨʦʜʥʠʪʝ ʚʨʩʢʠ ʩʝ ʚʦ ʤʥʦʛʫ ʯʫʚʩʪʚʠʪʝʣʥʘ ʩʦʩʪʦʿʙʘ: ʪʠʝ ʩʝ ʥʘ ʨʘʙʦʪ ʥʘ ʢʠʥʝˁʝ 

ʠ ʟʘʪʦʘ ʩʝ ʤʥʦʛʫ ʯʫʚʩʪʚʠʪʝʣʥʠ ʥʘ ʧʨʦʤʝʥʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʥʘ ʧʨʠʤʝʥʝʪʠʪʝ 

ʥʘʧʨʝʛʘˁʘ ʢʘʢʦ ʠ ʥʘ ʭʝʤʠʩʢʠʪʝ ʠ ʩʪʨʫʢʪʫʨʥʠʪʝ ʧʨʦʤʝʥʠ. ɼʠʨʝʢʪʥʦ ʠʣʠ 

ʥʝʠʟʙʝʞʥʦ ʪʦʘ ʨʝʟʫʣʪʠʨʘ ʚʦ ʟʥʘʯʠʪʝʣʥʠ ʝʬʝʢʪʠ ʚʨʟ ʥʝʢʦʠ ʚʣʘʢʥʘ , ʢʘʢʦ ʰʪʦ ʩʝ 

ʮʝʣʫʣʦʟʥʠʪʝ ʠʣʠ ʧʦʣʠʘʤʠʜʥʠʪʝ. ʊʦʘ ʚʣʠʿʘʝ ʚʨʟ ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ ʚʣʘʢʥʘʪʘ, 

ʧʨʦʮʝʩʠʨʘˁʝʪʦ ʠ ʧʨʠʤʝʥʘʪʘ; ʤʦʣʝʢʫʣʠʪʝ ʥʘ ʚʣʘʢʥʘʪʘ ʧʨʠ ʜʘʜʝʥʠ ʫʩʣʦʚʠ ʤʦʞʘʪ 

ʜʘ ʙʠʜʘʪ ʢʨʫʪʦ ʜʨʞʝʥʠ ʟʘʝʜʥʦ, ʤʦʞʘʪ ʩʣʦʙʦʜʥʦ ʜʘ ʩʝ ʜʚʠʞʘʪ ʚʦ ʜʠʥʘʤʠʯʢʘ 

ʨʘʤʥʦʪʝʞʘ  ʠʣʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʧʦʪʧʦʣʥʦ ʩʣʦʙʦʜʥʠ ʝʜʥʠ ʦʜ ʜʨʫʛʠ ʦʩʚʝʥ ʦʜ 

ʟʘʧʣʝʪʢʘʥʦʩʪʘ ʥʘ ʚʝʨʠʛʠʪʝ. ɺʦʜʦʨʦʜʥʠ ʚʨʩʢʠ ʤʦʞʘʪ ʠʩʪʦ ʪʘʢʘ ʜʘ ʩʝ ʬʦʨʤʠʨʘʘʪ, 

ʢʘʢʦ ʰʪʦ ʝ ʠʣʫʩʪʨʠʨʘʥʦ ʥʘ ʩʣʠʢʘ 3.3, ʤʝʺʫ  - ʉʆĿĿĿNH ï ʛʨʫʧʠʪʝ, ʢʦʠ ʩʝ ʧʨʠʩʫʪʥʠ 

ʢʘʿ ʧʦʣʠʘʤʠʜʥʠʪʝ ʠ ʧʨʦʪʝʠʥʩʢʠʪʝ ʚʣʘʢʥʘ. 

 
ʉʣʠʢʘ 3.3. ɺʦʜʦʨʦʜʥʠ ʚʨʩʢʠ ʤʝʺʫ - ʉʆĿĿĿNH ï ʛʨʫʧʠʪʝ  

ʢʘʿ ʧʦʣʠʘʤʠʜʥʠʪʝ ʚʣʘʢʥʘ 

ʂʘʿ ʥʝʢʦʠ ʚʣʘʢʥʘ, ʤʦʞʝ ʜʘ ʠʤʘ ʜʨʫʛʠ ʚʨʩʢʠ ʩʦ ʠʥʪʝʨʤʝʜʠʝʨʥʘ (ʩʨʝʜʥʘ) ʿʘʢʦʩʪ. 

ʊʘʢʘ, ʢʘʿ ʘʢʨʠʣʥʠʪʝ ʚʣʘʢʥʘ, ʘʩʠʤʝʪʨʠʿʘʪʘ ʚʦ ʨʘʩʧʦʨʝʜʦʪ ʥʘ ʝʣʝʢʪʨʦʥʠʪʝ  ʚʦ  

- ʉſN ʛʨʫʧʘʪʘ, ʨʝʟʫʣʪʠʨʘ ʚʦ ʫʤʝʨʝʥʦ ʿʘʢʘ ʝʣʝʢʪʨʦʥʩʢʘ ʠʥʪʝʨʘʢʮʠʿʘ. ʂʘʿ 

ʧʦʣʠʝʩʪʝʨʩʢʠʪʝ ʚʣʘʢʥʘ, ʠ ʜʨʫʛʠ ʚʨʟ ʙʘʟʘ ʘʨʦʤʘʪʩʢʠ ʧʦʣʠʤʝʨʠ, ʧʦʩʪʦʠ 

ʠʥʪʝʨʘʢʮʠʿʘ ʤʝʺʫ ʙʝʥʟʝʥʦʚʠʪʝ ʧʨʩʪʝʥʠ. 
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3.1.3. ʇʈʀʈʆɼɸʊɸ ʅɸ ɺʃɸʂʅɸʊɸ 

ʉʧʦʨʝʜ ʜʝʬʠʥʠʮʠʿʘʪʘ ʥʘ Textile Institute ʚʣʘʢʥʘʪʘ ʩʝ ʝʜʠʥʠʮʘ ʟʘ ʤʘʪʝʨʠʿʘ, ʠ ʩʝ 

ʢʘʨʘʢʪʝʨʠʟʠʨʘʘʪ ʩʦ ʬʣʝʢʩʠʙʠʣʥʦʩʪ, ʬʠʥʦʩʪ ʠ ʚʠʩʦʢ ʦʜʥʦʩ ʥʘ ʜʦʣʞʠʥʘ ʩʧʨʝʤʘ 

ʜʠʿʘʤʝʪʘʨ ʪ.ʝ. ʜʝʙʝʣʠʥʘ. ʂʦʥ ʦʚʠʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʝ ʜʘ ʩʝ ʜʦʜʘʜʝ (ʘʢʦ 

ʚʣʘʢʥʦʪʦ ʪʨʝʙʘ ʜʘ ʝ ʦʜ ʙʠʣʦ ʢʘʢʚʘ ʢʦʨʠʩʪ ʟʘ ʦʧʰʪʘ ʪʝʢʩʪʠʣʥʘ ʥʘʤʝʥʘ) ʜʦʚʦʣʥʦ 

ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʙʠʣʥʦʩʪ ʠ ʠʟʚʝʩʥʘ ʤʠʥʠʤʘʣʥʘ ʿʘʢʦʩʪ ʠ ʫʤʝʨʝʥʘ 

ʝʢʩʪʝʥʟʠʙʠʣʥʦʩʪ (ʨʘʩʪʝʛʣʠʚʦʩʪ).  

ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʠʪʝ ʜʠʤʝʥʟʠʠ ʥʘ ʚʣʘʢʥʘʪʘ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʦʩʥʦʚʘ ʟʘ ʥʠʚʥʘʪʘ 

ʫʧʦʪʨʝʙʘ ʠ ʪʨʝʙʘ ʜʘ ʩʝ ʧʦʪʝʥʮʠʨʘʘʪ: ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʚʣʘʢʥʘ (ʠʣʠ ʝʣʝʤʝʥʪʠ ʥʘ 

ʢʦʥʪʠʥʫʠʨʘʥ ʬʠʣʘʤʝʥʪ) ʪʝʞʘʪ ʩʘʤʦ ʥʝʢʦʣʢʫ ʤʠʣʠʛʨʘʤʠ  ʠ ʥʠʚʥʠʦʪ ʦʜʥʦʩ 

ʪʝʞʠʥʘ/ʰʠʨʠʥʘ ʪʨʝʙʘ ʜʘ ʝ ʥʘʿʤʘʣʢʫ 1000:1, ʪʘʢʘ ʜʘ ʝʜʠʥʠʯʥʦ ʧʘʤʫʯʥʦ ʚʣʘʢʥʦ 

ʟʛʦʣʝʤʝʥʦ, ʟʘ ʜʘ ʙʠʜʝ ʜʘ ʙʠʜʝ ʜʝʙʝʣʦ ʢʘʢʦ ʧʘʣʝʮʦʪ ʦʜ ʨʘʢʘʪʘ ʙʠ ʙʠʣʦ 100 m 

ʜʦʣʛʦ. ɼʦʜʘʪʥʦ ʥʘ ʪʦʘ, ʦʙʠʯʥʠʪʝ ʪʝʢʩʪʠʣʥʠ ʚʣʘʢʥʘ ʤʦʨʘ ʜʘ ʙʠʜʘʪ, ʙʘʨʝʤ 

ʜʝʣʫʤʥʦ ʝʣʘʩʪʠʯʥʠ ʜʦ ʧʨʝʢʠʜʥʦ ʠʟʜʦʣʞʫʚʘˁʝ ʤʝʺʫ 5 ʠ 50%. ʆʚʘ ʝ ʩʨʝʜʝʥ ʦʧʩʝʛ 

ʥʘ ʝʢʩʪʝʥʟʠʙʠʣʥʦʩʪ ʙʠʜʝʿ˃ʠ ʩʪʘʢʣʦʪʦ ʠ ʢʨʠʩʪʘʣʠʥʠʯʥʠʪʝ ʮʚʨʩʪʠ ʩʫʧʩʪʘʥʮʠ ʩʝ 

ʤʥʦʛʫ ʧʦʤʘʣʢʫ ʝʢʩʪʝʥʟʠʙʠʣʥʠ ʜʦʜʝʢʘ ʛʫʤʘʪʘ ʝ ʤʥʦʛʫ ʧʦʚʝ˃ʝ. ʄʘʪʝʨʠʿʘʣʠʪʝ ʢʦʠ 

ʛʠ ʟʘʜʦʚʦʣʫʚʘʘʪ ʦʚʠʝ ʧʦʪʨʝʙʠ , ʩʢʦʨʦ ʩʠʪʝ ʩʝ ʜʝʣʫʤʥʦ ʦʨʠʝʥʪʠʨʘʥʠ, ʜʝʣʫʤʥʦ 

ʢʨʠʩʪʘʣʠʥʠʯʥʠ ʣʠʥʝʘʨʥʠ ʧʦʣʠʤʝʨʠ. ɿʘʙʝʣʝʞʠʪʝʣʝʥ ʬʘʢʪ ʝ ʜʝʢʘ ʧʘʟʘʨʦʪ ʥʘ 

ʩʢʦʨʦ ʩʠʪʝ ʦʙʠʯʥʠ ʪʝʢʩʪʠʣʥʠ ʚʣʘʢʥʘ ʝ ʟʘʜʦʚʦʣʝʥ ʩʦ ʰʝʩʪ ʧʦʣʠʤʝʨʥʠ ʚʠʜʦʚʠ: 

Á ʇʨʠʨʦʜʥʠ ʧʦʣʠʤʝʨʠ, ʮʝʣʫʣʦʟʘ ʠ ʧʨʦʪʝʠʥʠ 

Á ʉʠʥʪʝʪʠʯʢʠ ʧʦʣʠʤʝʨʠ, ʧʦʣʠʘʤʠʜʠ, ʧʦʣʠʝʩʪʨʠ, ʧʦʣʠʦʣʝʬʠʥʠ ʠ ʚʠʥʠʣ 

(ʚʢʣʫʯʫʚʘʿ˃ʠ ʠ ʘʢʨʠʣ) 

ɻʦʨʥʠʪʝ ʢʦʤʝʥʪʘʨʠ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʟʘ ʚʣʘʢʥʘ ʥʘʤʝʥʝʪʠ ʟʘ ʦʧʰʪʘ ʪʝʢʩʪʠʣʥʘ 

ʘʧʣʠʢʘʮʠʿʘ. ʅʝʦʜʘʤʥʘ, ʟʘ ʬʫʥʢʮʠʦʥʘʣʥʘ ʘʧʣʠʢʘʮʠʿʘ, ʧʨʝʪʩʪʘʚʝʥʘ ʝ ʚʪʦʨʘ 

ʛʝʥʝʨʘʮʠʿʘ ʥʘ ʚʠʩʦʢʦʧʝʨʬʦʨʤʘʥʩʥʠ ʚʣʘʢʥʘ. ʊʠʝ ʠʤʘʘʪ ʚʠʩʦʢʘ ʿʘʢʦʩʪ ʠ ʥʠʩʢʘ 

ʨʘʩʪʝʛʣʠʚʦʩʪ. ʅʝʢʦʠ ʦʜ ʥʠʚ ʩʝ ʣʠʥʝʘʨʥʠ ʧʦʣʠʤʝʨʥʠ ʚʣʘʢʥʘ, ʜʨʫʛʠ ʩʝ ʥʝʦʨʛʘʥʩʢʠ 

ʤʨʝʞʠ, ʠ ʜʦʢʦʣʢʫ ʩʝ ʜʦʚʦʣʥʦ ʬʠʥʠ, ʿʘ ʠʤʘʘʪ ʧʦʪʨʝʙʥʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ. 

ʉʪʘʢʣʝʥʠʪʝ ʠ ʘʟʙʝʩʥʠʪʝ (ʢʦʠ ʧʦʚʝ˃ʝ ʥʝ ʩʝ ʢʦʨʠʩʪʘʪ ʦʜ ʟʜʨʘʚʩʪʚʝʥʠ ʧʨʠʯʠʥʠ) ʩʝ 

ʜʚʘ ʚʠʜʘ ʥʘ ʧʦʩʪʘʨʠ ʚʣʘʢʥʘ ʚʦ ʦʚʘʘ ʛʨʫʧʘ. ɺʦ ʜʨʫʛʘʪʘ ʢʨʘʿʥʦʩʪ, ʝʣʘʩʪʦʤʝʨʥʠʪʝ 

ʚʣʘʢʥʘ ʩʝ ʢʦʨʠʩʪʘʪ ʪʘʤʫ ʢʘʜʝ ʩʝ ʙʘʨʘ ʧʦʩʝʙʥʦ ʛʦʣʝʤʘ ʨʘʩʪʝʛʣʠʚʦʩʪ. 

ʇʦʩʪʦʿʘʪ ʠ ʜʨʫʛʠ ʚʣʘʢʥʘ ʢʘʢʦ ʰʪʦ ʩʝ ʚʣʘʢʥʘʪʘ ʚʦ ʞʠʚʠʪʝ ʦʨʛʘʥʠʟʤʠ, ʤʝʪʘʣʥʠʪʝ, 

ʧʘʤʝʪʥʠʪʝ ʠ ʥʝʢʦʠ ʜʨʫʛʠ ʢʦʠ ʩʝ ʥʘʜʚʦʨ ʦʜ ʦʧʩʝʛʦʪ ʥʘ ʦʚʦʿ ʢʫʨʩ. 

 

3.2. ʄɽʊʆɼʀ ɿɸ ʂɸʈɸʂʊɽʈʀɿɸʎʀɱɸ ʀ ʀʉʊʈɸɾʋɺɸɳɽ ʅɸ  

       ʉʊʈʋʂʊʋʈɸʊɸ ʅɸ ɺʃɸʂʅɸʊɸ 

ʅʝ ʧʦʩʪʦʠ ʝʜʥʘ ʝʜʠʥʩʪʚʝʥʘ ʪʝʭʥʠʢʘ ʢʦʿʘ ʥʝʜʚʦʩʤʠʩʣʝʥʦ ˃ʝ ʜʘʜʝ ʠʥʬʦʨʤʘʮʠʿʘ ʟʘ 

ʬʠʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʚʣʘʢʥʘʪʘ, ʧʘ ʟʘʪʦʘ ʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʩʝ ʫʧʦʪʨʝʙʠ ʟʥʘʝˁʝʪʦ 

ʦʜ ʤʥʦʛʫ ʪʝʭʥʠʢʠ ʨʘʟʚʠʝʥʠ ʚʦ ʧʦʩʣʝʜʥʠʚʝ ʩʪʦʪʠʥʘ ʛʦʜʠʥʠ. ɼʠʛʠʪʘʣʥʦʪʦ 

ʧʨʦʮʝʩʠʨʘˁʝ ʠ ʟʛʦʣʝʤʝʥʘʪʘ ʩʥʘʛʘ ʥʘ ʢʦʤʧʿʫʪʝʨʠʪʝ ʟʥʘʯʠʪʝʣʥʦ ʛʠ ʟʛʦʣʝʤʫʚʘʘʪ 
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ʢʦʨʠʩʥʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʢʦʠ ʤʦʞʘʪ ʜʘ ʩʝ ʜʦʙʠʿʘʪ ʦʜ ʬʠʟʠʯʢʦʪʦ ʠʥʩʪʨʫʤʝʥʪʘʣʥʦ 

ʪʝʩʪʠʨʘˁʝ.  

ʉʣʝʜʥʠʚʝ ʤʝʪʦʜʠ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʥʘʿʢʦʨʠʩʥʠʪʝ: 

§ ʄʠʢʨʦʩʢʦʧʠʿʘ: 

o ʆʧʪʠʯʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ, ʢʦʿʘ ʚʢʣʫʯʫʚʘ ʤʝʨʝˁʝ ʥʘ ʘʛʦʣʦʪ ʥʘ 

ʧʨʝʢʨʰʫʚʘˁʝ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʟʘ ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʦʨʠʝʥʪʘʮʠʿʘʪʘ. 

o ʉʢʝʥʠʨʘʯʢʘ ʝʣʝʢʪʨʦʥʩʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ, ʢʦʿʘ ʛʣʘʚʥʦ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʧʦʚʨʰʠʥʘʪʘ. 

o ɸʥʘʣʠʪʠʯʢʘ ʝʣʝʢʪʨʦʥʩʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ, ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ 

ʘʪʦʤʠʪʝ. 

o ʊʨʘʥʩʤʠʩʠʦʥʘ ʝʣʝʢʪʨʦʥʩʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ 3ɼ ʩʣʠʢʘ. 

o ʄʠʢʨʦʩʢʦʧʠʿʘ ʚʨʟ ʙʘʟʘ ʥʘ ʘʪʦʤʩʢʘʪʘ ʩʠʣʘ 

§ ʉʧʝʢʪʨʦʩʢʦʧʠʿʘ, ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʚʠʙʨʘʮʠʠʪʝ ʥʘ ʭʝʤʠʩʢʘʪʘ ʚʨʩʢʘ ʠ 

ʧʨʦʤʝʥʘʪʘ ʥʘ ʣʦʢʘʣʥʦ ʥʠʚʦ ʚʦ ʙʣʠʟʠʥʘ ʥʘ ʘʪʦʤʠʪʝ: 

o ɸʧʩʦʨʧʮʠʿʘ ʥʘ ʠʥʬʨʘʮʨʚʝʥʘʪʘ ʨʘʜʠʿʘʮʠʿʘ (ʟʨʘʯʝˁʝ) 

o ʈʘʤʘʥʦʚʦ (ʩʧʦʨʝʜ C.V. Raman) ʨʘʩʝʿʫʚʘˁʝ ʥʘ ʩʚʝʪʣʠʥʘʪʘ 

§ ɼʠʬʨʘʢʮʠʿʘ: 

o ʆʧʪʠʯʢʘ ʜʠʬʨʘʢʮʠʿʘ 

o ɽʣʝʢʪʨʦʥʩʢʘ ʠ ʜʠʬʨʘʢʮʠʿʘ ʥʘ ʍ-ʟʨʘʮʠ, ʟʘ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ 

ʢʨʠʩʪʘʣʥʘʪʘ ʨʝʰʝʪʢʘ ʠ ʘʤʦʨʬʥʘʪʘ ʩʪʨʫʢʪʫʨʘ. 

§ ʅʫʢʣʝʘʨʥʘ ʤʘʛʥʝʪʥʘ ʨʝʟʦʥʘʥʩʘ. 

§ ʊʝʨʤʠʯʢʘ ʘʥʘʣʠʟʘ, ʟʘ  ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘʪʘ ʠ ʪʦʧʝˁʝʪʦ ʢʘʢʦ 

ʪʦʯʢʘʪʘ ʥʘ ʩʪʘʢʣʦʩʫʚʘˁʝ. 

§ ʆʧʪʠʯʢʘ ʘʧʩʦʨʧʮʠʿʘ (optical density) ʠ ʘʧʩʦʨʧʮʠʿʘ ʥʘ ʚʣʘʛʘ ʢʦʠ ʩʝ ʧʦʚʨʟʘʥʠ 

ʩʦ ʢʨʠʩʪʘʣʠʥʠʯʥʦʩʪʘ 

ʀʥʬʦʨʤʘʮʠʠʪʝ ʜʦʙʠʝʥʠ ʦʜ ʜʠʨʝʢʪʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʩʪʨʫʢʪʫʨʥʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʨʘʘʪ ʜʘ ʩʝ ʢʦʤʙʠʥʠʨʘʘʪ ʩʦ ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʭʝʤʠʩʢʠʦʪ ʩʦʩʪʘʚ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ ʦʜ 

ʢʦʿʘ ʝ ʠʟʛʨʘʜʝʥʦ ʚʣʘʢʥʦʪʦ, ʥʘʯʠʥʦʪ ʥʘ ʬʦʨʤʠʨʘˁʝ ʥʘ ʚʣʘʢʥʦʪʦ ʠ ʦʧʰʪʠʪʝ 

ʬʠʟʠʯʢʠ ʦʩʦʙʠʥʠ ʩʦ ʮʝʣ ʜʘ ʩʝ ʩʪʝʢʥʝ ʧʨʝʪʩʪʘʚʘ ʟʘ ʥʝʛʦʚʘʪʘ ʬʠʥʘ ʩʪʨʫʢʪʫʨʘ.   

ʉʠʪʝ ʦʚʠʝ ʪʝʭʥʠʢʠ ʩʝ ʧʦʜʣʦʞʥʠ ʥʘ ʛʨʝʰʢʠ ʠ ʧʨʦʮʝʜʫʨʘʣʥʠ ʥʝʜʦʩʪʘʪʦʮʠ ʠ 

ʜʠʨʝʢʪʥʦ, ʥʝʜʚʦʩʤʠʩʣʝʥʦ ʠʥʪʝʨʧʨʝʪʠʨʘˁʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 

ʨʝʪʢʦ ʝ ʤʦʞʥʦ. ɺʦ ʩʪʚʘʨʥʦʩʪ, ʧʦʩʪʦʠ ʦʧʘʩʥʦʩʪ ʦʜ ʤʘʛʠʯʝʥ ʢʨʫʛ: ʜʝʪʘʣʥʠʪʝ 

ʢʘʣʢʫʣʘʮʠʠ ʙʘʟʠʨʘʥʠ ʥʘ ʦʜʨʝʜʝʥ ʤʦʜʝʣ ʟʘ ʩʪʨʫʢʪʫʨʘʪʘ, ʥʝʦʧʨʘʚʜʘʥʦ ʝ ʜʘ ʩʝ 

ʟʝʤʘʪ ʢʘʢʦ ʜʦʢʘʟ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ ʤʦʜʝʣʦʪ. ʉʧʦʨʝʜ ʪʦʘ, ʩʪʘʥʦʚʠʰʪʘʪʘ ʟʘ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʠʟʛʨʘʜʝʥʠ ʦʜ ʟʙʠʨ ʥʘ ʛʣʘʚʥʦ ʥʝʙʠʪʥʠ, 

ʠ ʚʝʨʦʿʘʪʥʦ ʥʝʚʝʨʦʜʦʩʪʦʿʥʠ ʜʦʢʘʟʠ. ɿʘ ʞʘʣ, ʥʝ ʧʦʩʪʦʠ ʧʦʝʜʠʥʝʮ ʢʦʿ ʝ ʝʢʩʧʝʨʪ ʟʘ 

ʧʨʦʮʝʥʢʘ ʥʘ ʩʠʪʝ ʪʝʭʥʠʢʠ ʠ ʢʦʿ ˃ʝ ʤʦʞʝ ʜʘ ʦʜʚʦʠ ʙʠʪʥʦ ʦʜ ʥʝʙʠʪʥʦ ʠ ʚʝʨʦʜʦʩʪʦʿʥʦ 

ʦʜ ʥʝʚʝʨʦʜʦʩʪʦʿʥʦ. ʀʩʪʨʘʞʫʚʘʯʦʪ ʣʝʩʥʦ ʤʦʞʝ ʜʘ ʩʝ ʙʘʟʠʨʘ ʚʨʟ ʨʝʟʫʣʪʘʪʠʪʝ ʥʘ 

ʥʝʢʦʿʘ ʪʝʭʥʠʢʘ ʩʦ ʢʦʿʘ ʥʝ ʝ ʤʥʦʛʫ ʬʘʤʠʣʠʿʘʨʝʥ ʠ ʥʝʜʦʚʦʣʥʦ ʩʚʝʩʝʥ ʟʘ 

ʪʝʰʢʦʪʠʿʘʪʘ ʚʦ ʠʥʪʝʨʧʨʝʪʘʮʠʿʘʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ.  

ʄʝʺʫʪʦʘ, ʙʝʟ ʨʘʟʣʠʢʘ ʥʘ ʦʚʠʝ ʪʝʰʢʦʪʠʠ ʧʦʩʪʦʠ ʛʝʥʝʨʘʣʝʥ ʢʦʥʩʝʥʟʫʩ ʟʘ ʤʥʦʛʫ 

ʘʩʧʝʢʪʠ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ. 
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ʄʝʭʘʥʠʯʢʠʪʝ ʦʩʦʙʠʥʠʪʝ ʥʘ ʚʣʘʢʥʘʪʘ ʚʦ ʤʥʦʛʫ ʟʘʚʠʩʘʪ ʠ ʦʜ ʘʤʙʠʝʥʪʥʘʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʿʘ ʩʝ ʥʘʦʺʘʘʪ ʦʜʥʦʩʥʦ ʜʘʣʠ ʩʝ ʧʦʜ ʠʣʠ ʥʘʜ ʪʘʢʘ ʥʘʨʝʯʝʥʘʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʘʢʣʦʩʫʚʘˁʝ (glass transition temperature), Tg. ʊʝʤʧʝʨʘʪʫʨʘʪʘ 

ʥʘ ʩʪʘʢʣʦʩʫʚʘˁʝ ʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʠ ʫʥʠʢʘʪʥʘ ʦʩʦʙʠʥʘ ʥʘ ʧʦʣʠʤʝʨʠʪʝ. ʉʦ ʦʚʘʘ 

ʦʩʦʙʠʥʘ, ʘ ʠ ʩʦ ʥʝʢʦʠ ʜʨʫʛʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʦʩʦʙʠʥʠ ʥʘ ʚʣʘʢʥʘʪʘ ʧʨʠ ʥʠʚʥʦ 

ʟʘʛʨʝʚʘˁʝ (ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʪʦʧʝˁʝ ʠ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ) ˃ʝ ʩʝ ʟʘʧʦʟʥʘʝʤʝ ʧʨʝʢʫ 

ʠʥʩʪʨʫʤʝʥʪʘʣʥʘʪʘ ʤʝʪʦʜʘ ʟʘ ʧʨʦʫʯʫʚʘˁʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ ʢʦʿʘ ʩʝ 

ʥʘʨʝʢʫʚʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ ʩʢʝʥʠʨʘʯʢʘ ʢʘʣʦʨʠʤʝʪʨʠʿʘ ( DSC ï Differential 

Scanning Calorimetry). ʇʦʢʨʘʿ ʟʘ ʦʜʨʝʜʫʚʘˁʝ ʥʘ Tg ʦʚʘʘ ʤʝʪʦʜʘ ʩʝ ʢʦʨʠʩʪʠ ʠ ʟʘ 

ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʩʪʝʧʝʥʦʪ ʥʘ ʢʨʠʩʪʘʣʠʥʠʯʥʦʩʪ ʦʜʥʦʩʥʦ ʘʤʦʨʬʥʦʩʪ ʢʘʿ ʚʣʘʢʥʘʪʘ 

ʟʘ ʰʪʦ ʧʦʦʧʰʠʨʥʦ ˃ʝ ʟʙʦʨʫʚʘʤʝ ʚʦ ʩʣʝʜʥʦʪʦ ʧʦʛʣʘʚʿʝ. ʆʜ ʪʠʝ ʧʨʠʯʠʥʠ ʚʦ 

ʧʨʦʜʦʣʞʝʥʠʝ ˃ʝ ʿʘ ʧʨʦʫʯʠʤʝ ʦʚʘʘ ʤʝʪʦʜʘ. 

 

3.2.1. ɼʀʌɽʈɽʅʎʀɱɸʃʅɸ ʉʂɽʅʀʈɸʏʂɸ ʂɸʃʆʈʀʄɽʊʈʀɱɸ (DSC) 

ɼʠʬʝʨʝʥʮʠʿʘʣʥʘʪʘ ʩʢʝʥʠʨʘʯʢʘ ʢʘʣʦʨʠʤʝʪʨʠʿʘ ʝ ʪʝʭʥʠʢʘ ʰʪʦ ʿʘ ʢʦʨʠʩʪʠʤʝ ʟʘ ʜʘ 

ʧʨʦʫʯʠʤʝ ʰʪʦ ʩʝ ʩʣʫʯʫʚʘ ʩʦ ʧʦʣʠʤʝʨʠʪʝ ʢʦʛʘ ʩʝ ʟʘʛʨʝʚʘʘʪ. ɱʘ ʢʦʨʠʩʪʠʤʝ ʟʘ ʜʘ 

ʛʠ ʧʨʦʫʯʠʤʝ, ʢʘʢʦ ʰʪʦ ʩʝ ʚʝʣʠ, ʪʝʨʤʠʯʢʠʪʝ ʪʨʘʥʟʠʮʠʠ ʥʘ ʧʦʣʠʤʝʨʦʪ. 

  

ɸ ʰʪʦ ʩʝ ʪʦʘ ʪʝʨʤʠʯʢʠ ʪʨʘʥʟʠʮʠʠ?  

ʊʦʘ ʩʝ ʧʨʦʤʝʥʠ ʰʪʦ ʥʘʩʪʘʥʫʚʘʘʪ ʢʘʿ ʧʦʣʠʤʝʨʦʪ ʢʦʛʘ ʪʦʿ ʩʝ ʟʘʛʨʝʚʘ. ʊʦʧʝˁʝʪʦ ʥʘ 

ʢʨʠʩʪʘʣʠʥʠʯʥʠʦʪ ʧʦʣʠʤʝʨ ʝ ʩʘʤʦ ʝʜʝʥ ʪʘʢʦʚ ʧʨʠʤʝʨ. ʊʨʘʥʟʠʮʠʿʘʪʘ ʚʦ ʩʪʘʢʣʝʩʪʘ 

ʩʦʩʪʦʿʙʘ ʝ ʠʩʪʦ ʪʘʢʘ ʪʝʨʤʠʯʢʘ ʪʨʘʥʟʠʮʠʿʘ. ʇʘ ʥʘ ʢʦʿ ʥʘʯʠʥ ʧʨʦʫʯʫʚʘʤʝ ʰʪʦ ʩʝ 

ʩʣʫʯʫʚʘ ʩʦ ʧʦʣʠʤʝʨʦʪ ʢʦʛʘ ʩʝ ʟʘʛʨʝʚʘ? ʇʨʚʠʦʪ ʯʝʢʦʨ ʧʨʠ ʧʨʦʫʯʫʚʘˁʝʪʦ ʩʝʢʘʢʦ 

ʙʠ ʙʠʣ ʟʘʛʨʝʚʘˁʝ ʥʘ ʧʦʣʠʤʝʨʦʪ. ʀ ʪʦʢʤʫ ʝ ʪʦʘ ʰʪʦ ʛʦ ʧʨʘʚʠʤʝ ʩʦ DSC.   

ɻʦ ʟʘʛʨʝʚʘʤʝ ʧʦʣʠʤʝʨʦʪ ʚʦ ʫʨʝʜ ʰʪʦ ʰʝʤʘʪʩʢʠ ʠʟʛʣʝʜʘ ʦʪʧʨʠʣʠʢʘ ʢʘʢʦ ʥʘ 

ʩʣʠʢʘʪʘ 3.2.1: 

 
ʉʣʠʢʘ 3.2.1. ʐʝʤʘ ʥʘ ʜʠʬʝʨʝʥʮʠʿʘʣʝʥ ʩʢʝʥʠʨʘʯʢʠ ʢʘʣʦʨʠʤʝʪʘʨ 
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ʊʦʿ ʝ ʥʘʚʠʩʪʠʥʘ ʧʨʠʣʠʯʥʦ ʝʜʥʦʩʪʘʚʝʥ. ʀʤʘ ʜʚʝ ʣʦʥʯʠˁʘ. ɺʦ ʝʜʥʦʪʦ ʣʦʥʯʝ, 

ʣʦʥʯʝʪʦ ʟʘ ʧʨʠʤʝʨʦʢʦʪ, ʛʦ ʩʪʘʚʘʤʝ ʧʨʠʤʝʨʦʢʦʪ ʦʜ ʧʦʣʠʤʝʨʦʪ. ɼʨʫʛʦʪʦ ʣʦʥʯʝ ʝ 

ʨʝʬʝʨʝʥʪʥʦ, ʥʝʛʦ ʛʦ ʦʩʪʘʚʘʤʝ ʧʨʘʟʥʦ. ʉʝʢʦʝ ʦʜ ʣʦʥʯʠˁʘʪʘ ʝ ʧʦʩʪʘʚʝʥʦ ʚʨʟ 

ʛʨʝʿʘʯ. ʇʦʪʦʘ ʧʨʝʢʫ ʢʦʤʧʿʫʪʝʨʦʪ ʩʝ ʚʢʣʫʯʫʚʘʘʪ ʛʨʝʿʘʯʠʪʝ ʢʦʠ ʛʠ ʟʘʛʨʝʚʘʘʪ 

ʣʦʥʯʠˁʘʪʘ ʩʦ ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ, ʦʙʠʯʥʦ ʩʦ ʦʢʦʣʫ 10ʦʉ ʚʦ ʤʠʥʫʪʘ. ʂʦʤʧʿʫʪʝʨʦʪ 

ʩʝ ʛʨʠʞʠ ʙʨʟʠʥʘʪʘ ʥʘ ʟʘʛʨʝʚʘˁʝ ʜʘ ʦʩʪʘʥʝ ʢʦʥʩʪʘʥʪʥʘ ʚʦ ʪʝʢʦʪ ʥʘ ʮʝʣʠʦʪ 

ʝʢʩʧʝʨʠʤʝʥʪ. ʅʦ ʰʪʦ ʝ ʫʰʪʝ ʧʦʚʘʞʥʦ, ʪʦʿ ʨʝʛʫʣʠʨʘ ʜʚʝʪʝ ʦʜʜʝʣʥʠ ʣʦʥʯʠˁʘ, ʢʦʠ 

ʠʤʘʘʪ ʜʚʘ ʥʝʟʘʚʠʩʥʠ ʛʨʝʿʘʯʠ, ʜʘ ʩʝ ʟʘʛʨʝʚʘʘʪ ʩʦ ʠʩʪʘ ʤʝʺʫʩʝʙʥʘ ʙʨʟʠʥʘ. ɿʦʰʪʦ 

ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʟʘʛʨʝʚʘʘʪ ʩʦ ʪʦʯʥʦ ʝʜʥʘʢʚʘ ʙʨʟʠʥʘ? ʇʨʠʯʠʥʘʪʘ ʝ ʝʜʥʦʩʪʘʚʥʘ, 

ʜʚʝʪʝ ʣʦʥʯʠˁʘ ʩʝ ʨʘʟʣʠʯʥʠ. ɽʜʥʦʪʦ ʩʦʜʨʞʠ ʧʦʣʠʤʝʨ ʚʦ ʩʝʙʝ ʘ ʜʨʫʛʦʪʦ ʥʝ. 

ʇʨʠʩʫʩʪʚʦʪʦ ʥʘ ʧʦʣʠʤʝʨʥʠʦʪ ʧʨʠʤʝʨʦʢ ʚʦ ʣʦʥʯʝʪʦ ʟʥʘʯʠ, ʩʘʤʦ ʧʦ ʩʝʙʝ, ʜʝʢʘ ʠʤʘ 

ʧʦʚʝ˃ʝ ʤʘʪʝʨʠʿʘʣ ʚʦ ʪʦʘ ʣʦʥʯʝ. ʉʘʤʠʦʪ ʬʘʢʪ ʰʪʦ ʠʤʘ ʧʦʚʝ˃ʝ ʤʘʪʝʨʠʿʘʣ ʟʥʘʯʠ 

ʜʝʢʘ ʤʫ ʝ ʧʦʪʨʝʙʥʘ ʜʦʜʘʪʥʘ ʪʦʧʣʠʥʘ ʢʘʢʦ ʣʦʥʯʝʪʦ ʩʦ ʧʦʣʠʤʝʨʦʪ ʙʠ ʩʝ ʟʘʛʨʝʚʘʣʦ 

ʩʦ ʠʩʪʘ ʙʨʟʠʥʘ ʢʘʢʦ ʨʝʬʝʨʝʥʪʥʦʪʦ ʣʦʥʯʝ. ʊʦʘ ʟʥʘʯʠ ʜʝʢʘ ʛʨʝʿʘʯʦʪ ʧʦʜ ʣʦʥʯʝʪʦ 

ʩʦ ʧʨʠʤʝʨʦʢʦʪ ʪʨʝʙʘ ʜʘ ʛʝʥʝʨʠʨʘ ʧʦʚʝ˃ʝ ʪʦʧʣʠʥʘ ʦʜ ʛʨʝʿʘʯʦʪ ʧʦʜ ʨʝʬʝʨʝʥʪʥʦʪʦ 

ʣʦʥʯʝ. ʄʝʨʝˁʝʪʦ ʥʘ ʝʢʩʪʨʘ ʪʦʧʣʠʥʘʪʘ ʰʪʦ ʪʦʿ ʿʘ ʛʝʥʝʨʠʨʘ ʝ ʚʩʫʰʥʦʩʪ ʦʥʘ ʰʪʦ ʛʦ 

ʤʝʨʠʤʝ ʧʨʠ DSC ʝʢʩʧʝʨʠʤʝʥʪʦʪ. 

ʇʦʪʦʯʥʦ, ʦʥʘ ʰʪʦ ʛʦ ʧʨʘʚʠʤʝ ʝ ʩʣʝʜʥʦʚʦ: ʇʨʘʚʠʤʝ ʛʨʘʬʠʢ ʧʨʠ ʧʦʨʘʩʪʦʪ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʅʘ ʭ ʦʩʢʘʪʘ ʿʘ ʧʨʝʪʩʪʘʚʫʚʘʤʝ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʜʦʜʝʢʘ ʥʘ y ʦʩʢʘʪʘ 

ʿʘ ʧʨʝʪʩʪʘʚʫʚʘʤʝ ʨʘʟʣʠʢʘʪʘ ʚʦ ʛʝʥʝʨʠʨʘʥʘʪʘ ʪʦʧʣʠʥʘ ʤʝʺʫ ʜʚʘʪʘ ʛʨʝʿʘʯʠ ʧʨʠ 

ʜʘʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

 

ʊʦʧʣʠʥʩʢʠ ʢʘʧʘʮʠʪʝʪ 

ʆʜ ʦʚʦʿ ʛʨʘʬʠʢ ʤʦʞʝʤʝ ʤʥʦʛʫ ʥʝʰʪʦ ʜʘ ʦʩʦʟʥʘʝʤʝ. ɼʘ ʟʘʤʠʩʣʠʤʝ ʜʝʢʘ ʛʨʝʝʤʝ 

ʦʜʨʝʜʝʥ ʧʦʣʠʤʝʨ. ʂʦʛʘ ˃ʝ ʧʦʯʥʝʤʝ ʜʘ ʛʠ ʛʨʝʝʤʝ ʥʘʰʠʪʝ ʜʚʝ ʣʦʥʯʠˁʘ 

ʢʦʤʧʿʫʪʝʨʦʪ ʿʘ ʮʨʪʘ ʨʘʟʣʠʢʘʪʘ ʚʦ ʦʩʣʦʙʦʜʝʥʘʪʘ ʪ.ʝ. ʛʝʥʝʨʠʨʘʥʘʪʘ ʪʦʧʣʠʥʘ ʤʝʺʫ 

ʜʚʘʪʘ ʛʨʝʿʘʯʠ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʉʦ ʜʨʫʛʠ ʟʙʦʨʦʚʠ, ʛʨʘʬʠʯʢʠ ʿʘ 

ʧʨʝʪʩʪʘʚʫʚʘʤʝ ʪʦʧʣʠʥʘʪʘ ʰʪʦ ʧʦʣʠʤʝʨʦʪ ʿʘ ʘʧʩʦʨʙʠʨʘ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʅʘ ʧʦʯʝʪʦʢʦʪ ʢʨʠʚʘʪʘ ʙʠ ʠʟʛʣʝʜʘʣʘ ʦʪʧʨʠʣʠʢʘ ʢʘʢʦ ʥʘ ʩʣʠʢʘ 

3.2.2: 

 
ʉʣʠʢʘ 3.2.2. ʊʦʧʣʠʥʩʢʠ ʧʨʦʪʦʢ ʥʘʩʧʨʦʪʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ 

 

ʊʦʧʣʠʥʩʢʠʦʪ ʧʨʦʪʦʢ ʥʘ ʜʘʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠ ʜʘʚʘ ʢʦʨʠʩʥʠ ʧʦʜʘʪʦʮʠ. ʅʝʛʦ ʛʦ 

ʠʟʨʘʟʫʚʘʤʝ ʚʦ ʪʦʧʣʠʥʩʢʠ ʝʜʠʥʠʮʠ, q, ʪʦʧʣʠʥʘ ʜʦʚʝʜʝʥʘ ʚʦ ʝʜʠʥʠʮʘ ʚʨʝʤʝ, t. 

ɹʨʟʠʥʘʪʘ ʥʘ ʟʘʛʨʝʚʘˁʝ ʧʨʝʪʩʪʘʚʫʚʘ ʧʦʨʘʩʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʊ ʚʦ ʝʜʠʥʠʮʘ 

ʚʨʝʤʝ t. 
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ɸʢʦ ʩʝʛʘ ʛʦ ʧʦʜʝʣʠʤʝ ʪʦʧʣʠʥʩʢʠʦʪ ʧʨʦʪʦʢ q/t ʩʦ ʙʨʟʠʥʘʪʘ ʥʘ ʟʘʛʨʝʚʘˁʝ ȹT/t, ˃ʝ 

ʿʘ ʜʦʙʠʚʘʤʝ ʜʦʚʝʜʝʥʘʪʘ ʪʦʧʣʠʥʘ, ʧʦʜʝʣʝʥʘ ʩʦ ʧʦʨʘʩʪʦʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. 
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qt c ʪʦʧʣʠʥʩʢʠʢʘʧʘʮʠʪʝʪ
T T

t  
ɿʥʘʯʠ ʦʜ DSC ʢʨʠʚʘʪʘ ʛʦ ʦʧʨʝʜʝʣʠʚʤʝ ʪʦʧʣʠʥʩʢʠʦʪ ʢʘʧʘʮʠʪʝʪ. 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʘʢʣʦʩʫʚʘˁʝ, Tg 

ʉʝ ʨʘʟʙʠʨʘ ʜʝʢʘ ʥʝ ʩʘʤʦ ʩʨ ʪʫʢʫ ʤʥʦʛʫ ʧʦʚʝ˃ʝ ʤʦʞʝʤʝ ʜʘ ʜʦʙʠʝʤʝ ʦʜ DSC. ɼʘ 

ʚʠʜʠʤʝ ʰʪʦ ˃ʝ ʩʝ ʩʣʫʯʠ ʘʢʦ ʛʦ ʟʘʛʨʝʝʤʝ ʧʦʣʠʤʝʨʦʪ ʤʘʣʢʫ ʧʦʚʝ˃ʝ. ʇʨʠ ʦʜʨʝʜʝʥʘ 

ʧʦʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʚʘʪʘ ˃ʝ ʛʦ ʧʨʦʤʝʥʠ ʥʘʛʣʦ ʧʨʘʚʝʮʦʪ ʥʘʛʦʨʝ, ʢʘʢʦ ʥʘ 

ʩʣʠʢʘʪʘ 3.2.3. 

 
ʉʣʠʢʘ 3.2.3. ʊʦʧʣʠʥʩʢʠ ʧʨʦʪʦʢ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʘʢʣʦʩʫʚʘˁʝ 

 

ʆʚʘ ʟʥʘʯʠ ʜʝʢʘ ʩʝʛʘ ʜʦʙʠʚʘʤʝ ʧʦʛʦʣʝʤ ʪʦʧʣʠʥʩʢʠ ʧʨʦʪʦʢ, ʠʩʪʦ ʪʘʢʘ ʟʥʘʯʠ, ʜʝʢʘ 

ʠʤʘʤʝ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʠʦʪ ʢʘʧʘʮʠʪʝʪ ʥʘ ʧʦʣʠʤʝʨʦʪ. ʆʚʘ ʩʝ ʩʣʫʯʫʚʘ 

ʟʘʪʦʘ ʰʪʦ ʧʦʣʠʤʝʨʦʪ ʰʪʦʪʫʢʫ ʧʨʝʤʠʥʘ ʧʨʝʢʫ Tg. ʊʦʘ ʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʨʝʤʠʥ 

ʥʘ ʧʦʣʠʤʝʨʦʪ ʦʜ ʢʨʪʘ ʩʦʩʪʦʿʙʘ ʚʦ ʛʫʤʝʩʪʘ ʩʦʩʪʦʿʙʘ (ʠ ʦʙʨʘʪʥʦ, ʢʦʛʘ ʛʦ ʣʘʜʠʤʝ 

ʧʦʣʠʤʝʨʦʪ ʘʢʦ ʝ ʚʦ ʩʦʩʪʦʿʙʘ ʥʘʜ Tg) ʠ ʿʘ ʚʠʢʘʤʝ ʪʦʯʢʘ (ʪʝʤʧʝʨʘʪʫʨʘ) ʥʘ 

ʩʪʘʢʣʦʩʫʚʘˁʝ. ʀ ʢʘʢʦ ʰʪʦ ʝ ʧʦʟʥʘʪʦ, ʧʦʣʠʤʝʨʠʪʝ ʠʤʘʘʪ ʧʦʛʦʣʝʤ ʪʦʧʣʠʥʩʢʠ 

ʢʘʧʘʮʠʪʝʪ ʥʘʜ Tg ʦʪʢʦʣʢʫ ʧʦʜ Tg. ʊʦʢʤʫ ʟʘʨʘʜʠ ʦʚʘʘ ʧʨʦʤʝʥʘ ʚʦ ʪʦʧʣʠʥʩʢʠʦʪ 

ʢʘʧʘʮʠʪʝʪ ʰʪʦ ʥʘʩʪʘʥʫʚʘ ʧʨʠ Tg, ʤʦʞʝʤʝ ʜʘ ʛʦ ʢʦʨʠʩʪʠʤʝ DSC ʟʘ ʜʘ ʿʘ 

ʦʧʨʝʜʝʣʠʤʝ Tg. ʄʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʜʝʢʘ ʧʨʦʤʝʥʘʪʘ ʥʝ ʥʘʩʪʘʥʫʚʘ ʥʘʛʣʦ ʪʫʢʫ 

ʩʝ ʩʣʫʯʫʚʘ ʚʦ ʠʟʚʝʩʝʥ ʪʝʤʧʝʨʘʪʫʨʝʥ ʦʧʩʝʛ, ʥʦ ʟʘ Tg ʩʝ ʟʝʤʘ ʜʝʢʘ ʝ ʩʨʝʜʠʥʘʪʘ ʥʘ 

ʢʨʠʚʘʪʘ, ʢʘʢʦ ʰʪʦ ʝ ʦʟʥʘʯʝʥʦ ʩʦ ʩʪʨʝʣʢʘʪʘ ʥʘ ʩʣʠʢʘʪʘ 3.2.3. 
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ʂʨʠʩʪʘʣʠʟʘʮʠʿʘ 

ʅʘʜ Tg ʧʦʣʠʤʝʨʠʪʝ ʩʝ ʤʥʦʛʫ ʤʦʙʠʣʥʠ, ʧʦʩʪʦʿʘʥʦ ʩʝ ʚʦ ʜʚʠʞʝˁʝ ʣʝʚʦ-ʜʝʩʥʦ, 

ʛʦʨʝ-ʜʦʣʫ, ʩʝ ʚʨʪʘʪ ʚʦ ʤʝʩʪʦ ʠ ʥʠʢʦʛʘʰ ʥʝ ʦʩʪʘʥʫʚʘʘʪ ʚʦ ʝʜʥʘ ʧʦʟʠʮʠʿʘ ʧʦʜʦʣʛʦ 

ʚʨʝʤʝ. ʂʦʛʘ ˃ʝ ʿʘ ʧʦʩʪʠʛʥʘʪ ʚʠʩʪʠʥʩʢʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʦʙʠʚʘʘʪ ʜʦʚʦʣʥʦ ʝʥʝʨʛʠʿʘ 

ʜʘ ʩʝ ʧʨʠʜʚʠʞʘʪ ʚʦ ʤʥʦʛʫ ʩʨʝʜʝʥ ʧʦʨʝʜʦʢ ʢʦʿ ʰʪʦ ʛʦ ʥʘʨʝʢʫʚʘʤʝ ʢʨʠʩʪʘʣ. 

ʂʦʛʘ ʧʦʣʠʤʝʨʠʪʝ ˃ʝ ʜʦʿʜʘʪ ʚʦ ʢʨʠʩʪʘʣʥʠʦʪ ʧʦʨʝʜʦʢ ʪʠʝ ʦʜʜʘʚʘʘʪ ʪʦʧʣʠʥʘ. ʂʦʛʘ 

ʦʚʘʘ ʪʦʧʣʠʥʘ ʩʝ ʦʩʣʦʙʦʜʫʚʘ ʢʦʤʧʿʫʪʝʨʦʪ ʤʦʨʘ ʜʘ ʛʦ ʥʘʤʘʣʠ ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ 

ʛʨʝʝˁʝ ʥʘ ʛʨʝʿʘʯʦʪ ʧʦʜ ʣʦʥʯʝʪʦ ʩʦ ʧʦʣʠʤʝʨʦʪ ʟʘ ʜʘ ʩʝ ʟʘʜʨʞʠ ʫʥʠʬʦʨʤʥʦʪʦ 

ʧʦʢʘʯʫʚʘˁʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʆʚʘ ʩʤʘʣʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʠʦʪ ʧʨʦʪʦʢ ʩʝ 

ʨʝʛʠʩʪʨʠʨʘ ʢʘʢʦ ʛʦʣʝʤʦ ʧʘʜ ʥʘ ʢʨʠʚʘʪʘ ʥʘ ʪʦʧʣʠʥʩʢʠʦʪ ʧʨʦʪʦʢ ʥʘʩʧʨʦʪʠʚ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʩʣʠʢʘ 3.2.4.  

 
ʉʣʠʢʘ 3.2.4. ʂʨʠʩʪʘʣʠʟʘʮʠʿʘ ʥʘ ʧʦʣʠʤʝʨʦʪ 

 

ʆʚʦʿ ʧʘʜ ʤʥʦʛʫ ʥʝʰʪʦ ʥʠ ʢʘʞʫʚʘ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʥʘʿʥʠʩʢʠʦʪ ʜʝʣ ʦʜ ʧʘʜʦʪ 

ʦʙʠʯʥʦ ʩʝ ʩʤʝʪʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ ʥʘ ʧʦʣʠʤʝʨʦʪ, ʊʩ, ʀʩʪʦ ʪʘʢʘ 

ʤʦʞʝʤʝ ʜʘ ʿʘ ʤʝʨʠʤʝ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʧʘʜʦʪ ʠ ʪʦʘ ˃ʝ ʥʠ ʿʘ ʧʦʢʘʞʝ ʣʘʪʝʥʪʥʘʪʘ 

ʝʥʝʨʛʠʿʘ (ʪʦʧʣʠʥʘ) ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ ʥʘ ʧʦʣʠʤʝʨʦʪ. ʅʦ ʦʥʘ ʰʪʦ ʝ ʥʘʿʚʘʞʥʦ ʝ 

ʜʝʢʘ ʦʚʦʿ ʧʘʜ ʥʘ ʢʨʠʚʘʪʘ ʥʠ ʢʘʞʫʚʘ ʜʝʢʘ ʧʦʣʠʤʝʨʦʪ ʚʩʫʰʥʦʩʪ ʤʦʞʝ ʜʘ 

ʢʨʠʩʪʘʣʠʟʠʨʘ.  

ɸʢʦ ʘʥʘʣʠʟʠʨʘʤʝ 100% ʘʤʦʨʬʝʥ ʤʘʪʝʨʠʿʘʣ, ʢʘʢʦ ʰʪʦ ʝ ʘʪʘʢʪʠʯʥʠʦʪ ʧʦʣʠʩʪʠʨʝʥ, 

ʥʝʤʘ ʜʘ ʩʝ ʜʦʙʠʝ ʚʘʢʦʚ ʧʘʜ ʥʘ ʢʨʠʚʘʪʘ, ʙʠʜʝʿ˃ʠ ʪʘʢʚʠʪʝ ʤʘʪʝʨʠʿʘʣʠ ʥʝ 

ʢʨʠʩʪʘʣʠʟʠʨʘʘʪ.  

ɹʠʜʝʿ˃ʠ ʧʦʣʠʤʝʨʦʪ ʦʜʜʘʚʘ ʪʦʧʣʠʥʘ ʢʦʛʘ ʢʨʠʩʪʘʣʠʟʠʨʘ, ʢʨʠʩʪʘʣʠʟʘʮʠʿʘʪʘ ʫʰʪʝ ʿʘ 

ʚʠʢʘʤʝ ʝʛʟʦʪʝʨʤʥʘ ʪʨʘʥʟʠʮʠʿʘ. 

 

ʊʦʧʝˁʝ 

ʊʦʧʣʠʥʘʪʘ ʦʚʦʟʤʦʞʫʚʘ ʚʦ ʧʦʣʠʤʝʨʦʪ ʜʘ ʩʝ ʬʦʨʤʠʨʘʘʪ ʢʨʠʩʪʘʣʠ, ʥʦ ʧʨʝʪʝʨʘʥʘʪʘ 

ʪʦʧʣʠʥʘ ʤʦʞʝ ʜʘ ʠʤʘ ʩʧʨʦʪʠʚʝʥ ʝʬʝʢʪ. ɸʢʦ ʧʨʦʜʦʣʞʠʤʝ ʜʘ ʛʦ ʟʘʛʨʝʚʘʤʝ 

ʧʦʣʠʤʝʨʦʪ ʥʘʜ ʥʝʛʦʚʘʪʘ ʊʩ, ʝʚʝʥʪʫʘʣʥʦ ˃ʝ ʜʦʿʜʝʤʝ ʜʦ ʫʰʪʝ ʝʜʥʘ ʪʝʨʤʠʯʢʘ 

ʪʨʘʥʟʠʮʠʿʘ ʢʦʿʘ ʿʘ ʚʠʢʘʤʝ ʪʦʧʝˁʝ. ʂʦʛʘ ˃ʝ ʩʝ ʜʦʩʪʠʛʥʝ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʪʦʧʝˁʝ 

ʥʘ ʧʦʣʠʤʝʨʦʪ, ʊm, ʧʦʣʠʤʝʨʥʠʪʝ ʢʨʠʩʪʘʣʠ ʧʦʯʥʫʚʘʘʪ ʜʘ ʩʝ ʨʘʩʧʘʺʘʘʪ, ʦʜʥʦʩʥʦ ʜʘ 



ɼ-ʨ. ɼ. ɼʠʤʝʩʢʠ, ɼ-ʨ. ɺ.ʉʨʝʙʨʝʥʢʦʩʢʘ, ʄʝʭʘʥʠʯʢʠ ʩʚʦʿʩʪʚʘ ʥʘ ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʿʘʣʠ 

 
ʊʝʭʥʦʣʦʰʢʦ-ʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ  

25 

ʩʝ ʪʦʧʘʪ. ɺʝʨʠʛʠʪʝ ʠʩʧʘʺʘʘʪ ʦʜ ʩʨʝʜʝʥʠʦʪ ʨʘʩʧʦʨʝʜ ʠ ʧʦʯʥʫʚʘʘʪ ʩʣʦʙʦʜʥʦ ʜʘ ʩʝ 

ʜʚʠʞʘʪ ʥʘʦʢʦʣʫ.  DSC ʥʠ ʦʚʦʟʤʦʞʫʚʘ ʠ ʦʚʘʘ ʧʦʿʘʚʘ ʜʘ ʿʘ ʫʦʯʠʤʝ ʥʘ ʢʨʠʚʘʪʘ. ʂʘʢʦ 

ʰʪʦ ʧʦʩʪʦʠ ʣʘʪʝʥʪʥʘ ʪʦʧʣʠʥʘ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ, ʪʘʢʘ ʧʦʩʪʦʠ ʣʘʪʝʥʪʥʘ ʪʦʧʣʠʥʘ 

ʥʘ ʪʦʧʝˁʝ. ʂʦʛʘ ʧʦʣʠʤʝʨʥʠʪʝ ʢʨʠʩʪʘʣʠ ʩʝ ʪʦʧʘʪ, ʪʠʝ ʘʧʩʦʨʙʠʨʘʘʪ ʪʦʧʣʠʥʘ. ɼʘ 

ʥʝ ʟʘʙʦʨʘʚʠʤʝ ʜʝʢʘ ʪʦʧʝˁʝʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʪʨʘʥʟʠʮʠʿʘ ʦʜ ʧʨʚ ʨʝʜ. ʊʦʘ ʟʥʘʯʠ 

ʜʝʢʘ ʢʦʛʘ ˃ʝ ʩʝ ʜʦʩʪʠʛʥʝ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʪʦʧʝˁʝ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʦʣʠʤʝʨʦʪ 

ʥʝʤʘ ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʩʝ ʜʦʜʝʢʘ ʩʠʪʝ ʢʨʠʩʪʘʣʠ ʥʝ ʩʝ ʩʪʦʧʘʪ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʪʦʘ 

ʟʥʘʯʠ ʜʝʢʘ ʛʨʝʿʘʯʦʪ ʧʦʜ ʣʦʥʯʝʪʦ ʩʦ ʧʦʣʠʤʝʨʦʪ ʪʨʝʙʘ ʜʘ ʛʝʥʝʨʠʨʘ ʧʦʚʝ˃ʝ ʪʦʧʣʠʥʘ 

ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʜʚʦʿʥʘʪʘ ʮʝʣ: ʜʘ ʩʝ ʩʪʦʧʘʪ ʢʨʠʩʪʘʣʠʪʝ ʠ ʜʘ ʩʝ ʧʨʦʜʦʣʞʠ ʩʦ 

ʧʦʨʘʩʪʦʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʩʦ ʠʩʪʘ ʙʨʟʠʥʘ ʢʘʢʦ ʦʥʘʘ ʥʘ ʨʝʬʝʨʝʥʪʥʦʪʦ ʣʦʥʯʝ. 

ʆʚʦʿ ʝʢʩʪʨʘ ʪʦʧʣʠʥʩʢʠ ʧʨʦʪʦʢ ʚʦ ʪʝʢʦʪ ʥʘ ʪʦʧʝˁʝʪʦ ʩʝ ʧʦʢʘʞʫʚʘ ʢʘʢʦ ʛʦʣʝʤ ʧʠʢ 

ʥʘ DSC ʢʨʠʚʘʪʘ, ʢʘʢʦ ʰʪʦ ʝ ʧʨʝʪʩʪʘʚʝʥʦ ʥʘ ʩʣʠʢʘʪʘ 3.2.58. 

 

 
ʉʣʠʢʘ 3.2.5. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʪʦʧʝˁʝ 

 

ʄʦʞʝʤʝ ʜʘ ʿʘ ʠʟʤʝʨʠʤʝ ʣʘʪʝʥʪʥʘʪʘ ʪʦʧʣʠʥʘ ʥʘ ʪʦʧʝˁʝ ʤʝʨʝʿ˃ʠ ʿʘ ʧʦʚʨʰʠʥʘʪʘ 

ʥʘ ʦʚʦʿ ʧʠʢ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʨʚʦʪ ʦʜ ʧʠʢʦʪ, ʦʙʠʯʥʦ, ʟʝʤʘʤʝ ʜʝʢʘ ʝ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʪʦʧʝˁʝ ʥʘ ʧʦʣʠʤʝʨʦʪ ʊm. ɹʠʜʝʿ˃ʠ ʥʘ ʧʦʣʠʤʝʨʦʪ ʪʨʝʙʘ ʜʘ ʤʫ 

ʜʦʥʝʩʝʤʝ ʝʥʝʨʛʠʿʘ ʟʘ ʜʘ ʩʝ ʩʪʦʧʠ, ʪʦʧʝˁʝʪʦ ʛʦ ʚʠʢʘʤʝ ʝʥʜʦʪʝʨʤʥʘ ʪʨʘʥʟʠʮʠʿʘ. 

 

ʈʝʟʠʤʝ 

ɼʘ ʨʝʟʠʤʠʨʘʤʝ: ʚʠʜʦʚʤʝ ʥʘʛʠʙ ʥʘ ʛʨʘʬʠʢʦʪ ʢʦʛʘ ʧʦʣʠʤʝʨʦʪ ʙʝʰʝ ʟʘʛʨʝʘʥ ʥʘʜ 

ʠʣʠ ʧʨʝʢʫ ʩʚʦʿʘʪʘ ʊg. ʇʦʪʦʘ ʚʠʜʦʚʤʝ ʛʦʣʝʤ ʧʘʜ ʢʦʛʘ ʧʦʣʠʤʝʨʦʪ ʿʘ ʜʦʩʪʠʛʥʘ 

ʩʚʦʿʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ. ʅʘ ʢʨʘʿʦʪ, ʚʠʜʦʚʤʝ ʛʦʣʝʤ ʧʠʢ ʢʦʛʘ 

ʧʦʣʠʤʝʨʦʪ ʿʘ ʜʦʩʪʠʛʥʘ ʩʚʦʿʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʪʦʧʝˁʝ. ʉʝʪʦ ʦʚʘ ʟʘʝʜʥʦ ʥʘ 

ʛʨʘʬʠʢʦʪ ʙʠ ʠʟʛʣʝʜʘʣʦ ʢʘʢʦ ʥʘ ʩʣʠʢʘ 3.2.6: 
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ʉʣʠʢʘ 3.2.6. ʂʦʤʧʣʝʪʝʥ DSC ʛʨʘʬʠʢ 

 

ʉʝ ʨʘʟʙʠʨʘ ʩʝ ʰʪʦ ʝ ʧʨʠʢʘʞʘʥʦ ʥʘ ʦʚʦʿ ʛʨʘʬʠʢ ʥʝ ʤʦʨʘ ʜʘ ʙʠʜʝ ʥʘ ʩʝʢʦʿ DSC 

ʛʨʘʬʠʢ. ʇʘʜʦʪ ʧʨʠ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘʪʘ ʠ ʧʠʢʦʪ ʧʨʠ ʪʦʧʝˁʝʪʦ ˃ʝ ʩʝ ʧʦʢʘʞʘʪ ʩʘʤʦ ʟʘ 

ʧʦʣʠʤʝʨʠ ʢʦʠ ʤʦʞʘʪ ʜʘ ʬʦʨʤʠʨʘʘʪ ʢʨʠʩʪʘʣʠ. ʎʝʣʦʩʥʦ ʘʤʦʨʬʥʠʪʝ ʧʦʣʠʤʝʨʠ 

ʥʝʤʘ ʜʘ ʧʦʢʘʞʘʪ ʙʠʣʦ ʢʘʢʚʘ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ ʥʠʪʫ ʪʦʧʝˁʝ. ʅʦ ʧʦʣʠʤʝʨʠʪʝ ʢʦʠ 

ʠʤʘʘʪ ʠ ʢʨʠʩʪʘʣʠʥʠʯʥʠ ʠ ʘʤʦʨʬʥʠ ʦʙʣʘʩʪʠ ˃ʝ ʛʠ ʧʦʢʘʞʘʪ ʩʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʢʨʠʚʘʪʘ ʥʘ ʩʣʠʢʘ 3.2.6. 

ɸʢʦ ʚʥʠʤʘʪʝʣʥʦ ʿʘ ʧʦʛʣʝʜʥʝʤʝ DSC ʢʨʠʚʘʪʘ ˃ʝ ʟʘʙʝʣʝʞʠʤʝ ʛʦʣʝʤʘ ʨʘʟʣʠʢʘ ʤʝʺʫ 

ʪʨʘʥʟʠʮʠʿʘʪʘ ʚʦ ʩʪʘʢʣʝʩʪʘ ʩʦʩʪʦʿʙʘ ʠ ʜʨʫʛʠʪʝ ʜʚʝ ʪʝʨʤʠʯʢʠ ʪʨʘʥʟʠʮʠʠ - 

ʢʨʠʩʪʘʣʠʟʘʮʠʿʘʪʘ ʠ ʪʦʧʝˁʝʪʦ. ʂʘʿ ʪʨʘʥʟʠʮʠʿʘʪʘ ʚʦ ʩʪʘʢʣʝʩʪʘ ʩʦʩʪʦʿʙʘ ʥʝʤʘ ʥʠ 

ʧʘʜ ʥʝʤʘ ʥʠ ʧʠʢ. ʊʦʘ ʝ ʟʘʪʦʘ ʰʪʦ ʥʝʤʘ ʦʜʜʘʚʘˁʝ ʠʣʠ ʘʧʩʦʨʧʮʠʿʘ ʥʘ ʣʘʪʝʥʪʥʘ 

ʪʦʧʣʠʥʘ ʦʜ ʩʪʨʘʥʘ ʥʘ ʧʦʣʠʤʝʨʦʪ ʟʘ ʚʨʝʤʝ ʥʘ ʪʨʘʥʟʠʮʠʿʘʪʘ ʚʦ ʩʪʘʢʣʝʩʪʘ ʩʦʩʪʦʿʙʘ, 

ʜʦʜʝʢʘ ʜʨʫʛʠʪʝ ʜʚʝ ʪʨʘʥʟʠʮʠʠ, ʢʨʠʩʪʘʣʠʟʘʮʠʿʘʪʘ ʠ ʪʦʧʝˁʝʪʦ, ʩʝ ʧʨʦʩʣʝʜʝʥʠ ʩʦ 

ʦʜʜʘʚʘˁʝ ʠʣʠ ʘʧʩʦʨʧʮʠʿʘ ʥʘ ʪʦʧʣʠʥʘ. ɽʜʠʥʩʪʚʝʥʦ ʰʪʦ ʟʘʙʝʣʝʞʫʚʘʤʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʪʨʘʥʟʠʮʠʿʘʪʘ ʚʦ ʩʪʘʢʣʝʩʪʘ ʩʦʩʪʦʿʙʘ (ʢʦʿʘ ʦʙʠʯʥʦ ʿʘ ʚʠʢʘʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʘʢʣʦʩʫʚʘˁʝ) ʝ ʧʨʦʤʝʥʘʪʘ ʚʦ ʪʦʧʣʠʥʩʢʠʦʪ ʢʘʧʘʮʠʪʝʪ ʥʘ 

ʧʦʣʠʤʝʨʦʪ. 

ɹʠʜʝʿ˃ʠ ʜʦʘʺʘ ʜʦ ʧʨʦʤʝʥʘ ʚʦ ʪʦʧʣʠʥʩʢʠʦʪ ʢʘʧʘʮʠʪʝʪ, ʥʦ ʥʝʤʘ ʧʦʿʘʚʘ ʥʘ ʣʘʪʝʥʪʥʘ 

ʪʦʧʣʠʥʘ ʧʦʚʨʟʘʥʘ ʩʦ ʪʨʘʥʟʠʮʠʿʘʪʘ ʚʦ ʩʪʘʢʣʝʩʪʘ ʩʦʩʪʦʿʙʘ, ʪʨʘʥʟʠʮʠʿʘʪʘ ʚʦ 

ʩʪʘʢʣʝʩʪʘ ʩʦʩʪʦʿʙʘ ʿʘ ʚʠʢʘʤʝ ʪʨʘʥʟʠʮʠʿʘ ʦʜ ʚʪʦʨ ʨʝʜ. ʊʨʘʥʟʠʮʠʠʪʝ ʢʘʢʦ ʰʪʦ ʩʝ 

ʪʦʧʝˁʝʪʦ ʠ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘʪʘ, ʢʘʿ ʢʦʠ ʠʤʘ ʣʘʪʝʥʪʥʘ ʪʦʧʣʠʥʘ, ʩʝ ʚʠʢʘʘʪ 

ʪʨʘʥʟʠʮʠʠ ʦʜ ʧʨʚ ʨʝʜ. 

 

ʆʜʨʝʜʫʚʘˁʝ ʥʘ ʢʨʠʩʪʘʣʠʥʠʯʥʦʩʪʘ 

 

DSC ʤʦʞʝ ʜʘ ʥʠ ʢʘʞʝ ʢʦʣʢʫ ʧʦʣʠʤʝʨʦʪ ʝ ʢʨʠʩʪʘʣʠʥʠʯʝʥ ʠ ʢʦʣʢʫ ʝ ʘʤʦʨʬʝʥ. ʂʘʢʦ 

ʰʪʦ ʟʥʘʝʤʝ ʤʥʦʛʫ ʧʦʣʠʤʝʨʠ ʩʦʜʨʞʘʪ ʠ ʢʨʠʩʪʘʣʠʥʠʯʝʥ ʠ ʘʤʦʨʬʝʥ ʤʘʪʝʨʠʿʘʣ. ʅʦ 

ʢʦʣʢʫ ʩʦʜʨʞʘʪ ʦʜ ʝʜʥʠʦʪ ʘ ʢʦʣʢʫ ʦʜ ʜʨʫʛʠʦʪ? ʅʘ ʦʚʘ ʧʨʘʰʘˁʝ DSC ʤʦʞʝ ʜʘ ʥʠ 

ʜʘʜʝ ʦʜʛʦʚʦʨ. ɸʢʦ ʿʘ ʟʥʘʝʤʝ ʣʘʪʝʥʪʥʘʪʘ ʪʦʧʣʠʥʘ ʥʘ ʪʦʧʝˁʝ, ȹHm, ʤʦʞʝʤʝ ʜʘ ʛʦ 

ʥʘʿʜʝʤʝ ʦʜʛʦʚʦʨʦʪ. 
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ʇʨʚʦ ʰʪʦ ʪʨʝʙʘ ʜʘ ʥʘʧʨʘʚʠʤʝ ʝ ʜʘ ʿʘ ʠʟʤʨʝʤʝ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʛʦʣʝʤʠʦʪ ʧʠʢ ʧʨʠ 

ʪʦʧʝˁʝʪʦ ʥʘ ʧʦʣʠʤʝʨʦʪ. ʉʦ ʪʦʘ ˃ʝ ʜʦʙʠʝʤʝ ʢʨʠʚʘ ʥʘ ʪʦʧʣʠʥʩʢʠʦʪ ʧʨʦʪʦʢ ʧʦ ʛʨʘʤ 

ʤʘʪʝʨʠʿʘʣ ʥʘʩʧʨʦʪʠʚ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʊʦʧʣʠʥʩʢʠʦʪ ʧʨʦʪʦʢ ʝ ʦʩʣʦʙʦʜʝʥʘ ʪʦʧʣʠʥʘ 

ʚʦ ʝʜʥʘ ʩʝʢʫʥʜʘ, ʧʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʧʠʢʦʪ ʝ ʜʘʜʝʥʘ ʚʦ ʝʜʠʥʠʮʠ ʦʜ ʪʦʧʣʠʥʘ ʭ 

ʪʝʤʧʝʨʘʪʫʨʘ ʭ ʚʨʝʤʝ-1 ʭ ʤʘʩʘ-1. ʆʚʘ ʦʙʠʯʥʦ ʛʦ ʧʨʝʟʝʥʪʠʨʘʤʝ ʚʦ ʝʜʠʥʠʮʠ ʢʘʢʦ 

˅ʫʣʠ ʭ ʢʝʣʚʠʥʠ ʭ (ʩʝʢʫʥʜʠ)-1 ʭ (ʛʨʘʤʦʚʠ)-1 
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ʤʘʩʘʭʚʨʝʤʝ

ʘʪʝʤʧʝʨʘʪʫʨʭʪʦʧʣʠʥʘ
ʧʦʚʨʰʠʥʘ ==  

 

ɿʘ ʜʘ ʧʦʝʜʥʦʩʪʘʚʠʤʝ, ʧʨʠ DSC ʝʢʩʧʝʨʠʤʝʥʪʦʪ, ʦʙʠʯʥʦ ʿʘ ʜʝʣʠʤʝ ʧʦʚʨʰʠʥʘʪʘ ʩʦ 

ʙʨʟʠʥʘʪʘ ʥʘ ʟʘʛʨʝʚʘˁʝ. ɹʨʟʠʥʘʪʘ ʥʘ ʟʘʛʨʝʚʘˁʝ ʝ ʚʦ ʝʜʠʥʠʮʠ ʂ/ʼ. ʇʘ ʠʟʨʘʟʦʪ 

ʧʦʩʪʘʥʫʚʘ ʧʦʝʜʥʦʩʪʘʚʝʥ. 
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ʧʦʚʨʰʠʥʘ
==  

ʉʝʛʘ ʜʦʙʠʚʤʝ ʝʥʝʨʛʠʿʘ ʧʦ ʝʜʠʥʠʮʘ ʤʘʩʘ ʪ.ʝ. ʙʨʦʿ ʥʘ ˅ʫʣʠ ʧʦ ʛʨʘʤ. ʅʦ ʙʠʜʝʿ˃ʠ ʿʘ 

ʟʥʘʝʤʝ ʤʘʩʘʪʘ ʥʘ ʧʨʠʤʝʨʦʢʦʪ, ʤʦʞʝʤʝ ʫʰʪʝ ʜʘ ʧʦʝʜʥʦʩʪʘʚʫʚʘʤʝ. ɽʜʥʦʩʪʘʚʥʦ 

ʧʦʩʣʝʜʥʠʦʪ ʠʟʨʘʟ ʛʦ ʤʥʦʞʠʤʝ ʩʦ ʤʘʩʘʪʘ ʥʘ ʧʨʠʤʝʨʦʢʦʪ: 
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ʉʝʛʘ ʩʘʤʦ ʿʘ ʧʨʝʩʤʝʪʫʚʘʤʝ ʚʢʫʧʥʘʪʘ ʦʩʣʦʙʦʜʝʥʘ ʪʦʧʣʠʥʘ ʢʦʛʘ ʧʦʣʠʤʝʨʦʪ ʩʝ 

ʪʦʧʠ. ʇʦʪʦʘ ʠʩʪʘʪʘ ʢʘʣʢʫʣʘʮʠʿʘ ʿʘ ʧʨʘʚʠʤʝ ʟʘ ʧʘʜʦʪ ʥʘ DSC ʢʨʠʚʘʪʘ ʟʘ 

ʢʨʠʩʪʘʣʠʟʘʮʠʿʘʪʘ ʥʘ ʧʦʣʠʤʝʨʦʪ. ɵʝ ʿʘ ʜʦʙʠʝʤʝ ʪʦʪʘʣʥʘʪʘ ʘʧʩʦʨʙʠʨʘʥʘ ʪʦʧʣʠʥʘ 

ʟʘ ʚʨʝʤʝ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘʪʘ. ʊʦʧʣʠʥʘʪʘ ʿʘ ʚʠʢʘʤʝ ʪʦʪʘʣʥʘ ʠʟʜʚʦʝʥʘ ʪʦʧʣʠʥʘ 

ʚʦ ʪʝʢʦʪ ʥʘ ʪʦʧʝˁʝʪʦ Hm,total ʠ ʘʥʘʣʦʛʥʦ, ʿʘ ʥʘʨʝʢʫʚʘʤʝ ʪʦʧʣʠʥʘʪʘ ʥʘ 

ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ Hc, total. 

ʉʝʛʘ ʛʠ ʚʘʜʠʤʝ ʝʜʥʘ ʦʜ ʜʨʫʛʘ ʜʚʝʪʝ ʪʦʧʣʠʥʠ: 

 

',, HHH totalctotalm =-  

 

ɿʦʰʪʦ ʪʦʘ ʛʦ ʥʘʧʨʘʚʠʚʤʝ? ʀ ʰʪʦ ʟʥʘʯʠ ʚʨʝʜʥʦʩʪʘ ʅô ?  ʅô ʝ ʪʦʧʣʠʥʘ ʦʜʜʘʜʝʥʘ 

ʦʜ ʪʦʿ ʜʝʣ ʥʘ ʧʦʣʠʤʝʨʥʠʦʪ ʧʨʠʤʝʨʦʢ ʢʦʿ ʰʪʦ ʚʝ˃ʝ ʙʝʰʝ ʚʦ ʢʨʠʩʪʘʣʠʥʠʯʥʘ 

ʩʦʩʪʦʿʙʘ ʧʨʝʜ ʜʘ ʛʦ ʟʘʛʨʝʝʤʝ ʧʨʠʤʝʨʦʢʦʪ ʥʘʜ ʊʩ. ʉʘʢʘʤʝ ʜʘ ʟʥʘʝʤʝ ʢʦʣʢʫ ʦʜ 

ʧʦʣʠʤʝʨʦʪ ʙʝʰʝ ʢʨʠʩʪʘʣʠʥʠʯʝʥ ʧʨʝʜ ʜʘ ʧʨʝʜʠʟʚʠʢʘʤʝ ʧʦʛʦʣʝʤ ʜʝʣ ʦʜ ʥʝʛʦ ʜʘ 

ʙʠʜʝ ʢʨʠʩʪʘʣʠʥʠʯʝʥ. ɿʘʪʦʘ ʿʘ ʚʘʜʠʤʝ ʠʟʜʚʦʝʥʘʪʘ ʪʦʧʣʠʥʘʪʘ ʧʨʠ 

ʢʨʠʩʪʘʣʠʟʘʮʠʿʘʪʘ. ʉʝʛʘ ʩʦ ʚʨʝʜʥʦʩʪʘ ʥʘ ʅô ʤʦʞʝʤʝ ʜʘ ʿʘ ʧʨʝʩʤʝʪʘʤʝ 
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ʧʨʦʮʝʥʪʥʘʪʘ ʢʨʠʩʪʘʣʠʥʠʯʥʦʩʪ. ʅô ˃ʝ ʿʘ ʧʦʜʝʣʠʤʝ ʩʦ ʩʧʝʮʠʬʠʯʥʘʪʘ ʪʦʧʣʠʥʘ ʥʘ 

ʪʦʧʝˁʝʪʦ Hc
*. ʉʧʝʮʠʬʠʯʥʘʪʘ ʪʦʧʣʠʥʘ ʥʘ ʪʦʧʝˁʝʪʦ ʝ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʦʜʜʘʜʝʥʘ 

ʪʦʧʣʠʥʘ ʦʜ ʦʜʨʝʜʝʥʘ ʢʦʣʠʯʠʥʘ, ʦʙʠʯʥʦ ʝʜʝʥ ʛʨʘʤ ʦʜ ʧʦʣʠʤʝʨʦʪ. ʅô ʝ ʚʦ ˅ʫʣʠ, ʘ 

ʩʧʝʮʠʬʠʯʥʘʪʘ ʪʦʧʣʠʥʘ ʥʘ ʪʦʧʝˁʝ ʦʙʠʯʥʦ ʩʝ ʜʘʚʘ ʚʦ ˅ʫʣʠ ʥʘ ʛʨʘʤ, ʧʘ ʦʜʛʦʚʦʨʦʪ 

˃ʝ ʛʦ ʜʦʙʠʝʤʝ ʚʦ ʛʨʘʤʦʚʠ, ʠ ʛʦ ʦʟʥʘʯʫʚʘʤʝ ʩʦ mc. 
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ʆʚʘ ʝ ʚʢʫʧʥʘʪʘ ʢʦʣʠʯʠʥʘ ʥʘ ʛʨʘʤʦʚʠ ʦʜ ʧʦʣʠʤʝʨʦʪ ʢʦʿ ʰʪʦ ʙʠʣ ʢʨʠʩʪʘʣʠʥʠʯʝʥ 

ʧʦʜ ʊʩ. ʉʝʛʘ ʘʢʦ ʛʦ ʧʦʜʝʣʠʤʝ ʦʚʦʿ ʙʨʦʿ ʩʦ ʪʝʞʠʥʘʪʘ ʥʘ ʧʨʠʤʝʨʦʢʦʪ , m total  , ʛʦ 

ʜʦʙʠʚʘʤʝ ʜʝʣʦʪ ʦʜ ʧʨʠʤʝʨʦʢʦʪ ʢʦʿ ʰʪʦ ʙʠʣ ʢʨʠʩʪʘʣʠʥʠʯʝʥ, ʠ ʦʜ ʪʫʢʘ , ʩʝ ʨʘʟʙʠʨʘ 

ʿʘ ʜʦʙʠʚʘʤʝ ʧʨʦʮʝʥʪʥʘʪʘ ʢʨʠʩʪʘʣʠʥʠʯʥʦʩʪ. 

total

c

m

m
ʬʨʘʢʮʠʿʘʯʥʘʢʨʠʩʪʘʣʠʥʠ =  

 

% ʢʨʠʩʪʘʣʠʥʠʯʥʦʩʪ = ʢʨʠʩʪʘʣʠʥʠʯʥʘ ʬʨʘʢʮʠʿʘ ʭ 100 

 

3.3. ʇʈʀʉʊɸʇʀ ʂʆʅ ʇʆʃʀʄɽʈʅɸʊɸ ʉʊʈʋʂʊʋʈɸ ʅɸ ɺʃɸʂʅɸʊɸ 

 

3.3.1. ɹɸʈɸɳɸ ɿɸ ʌʆʈʄʀʈɸɳɽ ɺʃɸʂʅɸ ʆɼ ʃʀʅɽɸʈʅʀ ʇʆʃʀʄɽʈʀ 

ʆʩʥʦʚʥʦ ʙʘʨʘˁʝ ʢʘʿ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ ʝ ʜʘ ʩʝ ʥʘʿʜʝ ʥʘʯʠʥ ʢʘʢʦ ʜʘ ʩʝ 

ʦʙʝʟʙʝʜʠ ʢʦʥʪʠʥʫʠʪʝʪ ʠ ʿʘʢʦʩʪ ʜʦʣʞ ʚʣʘʢʥʦʪʦ. ɿʘʨʘʜʠ ʬʠʥʦʩʪʘ ʥʘ ʚʣʘʢʥʘʪʘ 

ʧʦʧʨʝʯʥʘʪʘ ʿʘʢʦʩʪ ʥʝ ʝ ʦʜ ʪʘʢʘ ʛʦʣʝʤʘ ʚʘʞʥʦʩʪ. ʂʘʿ ʚʣʘʢʥʘʪʘ ʦʜ ʣʠʥʝʘʨʥʠ 

ʧʦʣʠʤʝʨʠ, ʢʦʥʪʠʥʫʠʪʝʪ ʦʙʝʟʙʝʜʫʚʘʘʪ ʜʦʣʛʦ-ʚʝʨʠʞʥʠʪʝ ʤʦʣʝʢʫʣʠ. ʇʨʠ 

ʨʘʟʤʠʩʣʫʚʘˁʝʪʦ ʢʘʢʦʚ ʚʠʜ ʥʘ ʤʦʣʝʢʫʣʘʨʝʥ ʨʘʩʧʦʨʝʜ ʥʘ ʤʘʢʨʦʤʦʣʝʢʫʣʠʪʝ ʚʦ 

ʩʪʨʫʢʪʫʨʘʪʘ ʰʪʦ ʛʦ ʛʨʘʜʠ ʚʣʘʢʥʦʪʦ ʝ ʥʝʦʧʭʦʜʝʥ, ʤʦʞʝʤʝ ʜʘ ʩʠ ʧʦʤʦʛʥʝʤʝ ʦʜ 

ʩʦʟʥʘʥʠʝʪʦ ʢʘʢʦ ʩʝ ʧʨʘʚʠ ʧʨʝʜʠʚʦ.  

ʄʘʩʘ ʥʘ ʩʠʨʦʚ ʧʘʤʫʢ ʩʝ ʩʦʩʪʦʠ ʦʜ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʜʦʣʛʠ, ʬʠʥʠ ʚʣʘʢʥʘ ʨʘʩʧʦʨʝʜʝʥʠ 

ʥʝʩʨʝʜʝʥʦ ʠ ʟʘʧʣʝʪʢʘʥʦ, ʧʨʠʤʝʨ ʢʘʢʦ ʤʦʣʝʢʫʣʠʪʝ ʥʘ ʛʫʤʘʪʘ, ʩʣʠʢʘ 3.4ʘ. ʉʦ ʮʝʣ 

ʦʜ ʩʠʨʦʚʠʦʪ ʧʘʤʫʢ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʧʨʝʜʠʚʦ, ʪʨʝʙʘ ʚʣʘʢʥʘʪʘ, ʧʦʤʘʣʢʫ ʠʣʠ ʧʦʚʝ˃ʝ, 

ʜʘ ʩʝ ʠʩʧʨʘʚʘʪ ʧʘʨʘʣʝʣʥʦ ʝʜʥʦ ʚʦ ʦʜʥʦʩ ʥʘ ʜʨʫʛʦ ʠ ʧʦʪʦʘ ʜʘ ʩʝ ʫʩʫʯʘʪ ʩʦ ʰʪʦ 

ʩʝ ʧʨʝʜʠʟʚʠʢʫʚʘ ʩʪʨʘʥʠʯʥʘ ʢʦʤʧʨʝʩʠʿʘ ʢʦʿʘ ʦʚʦʟʤʦʞʫʚʘ ʬʨʠʢʮʠʦʥʠʪʝ ʩʠʣʠ ʜʘ ʛʠ 

ʜʨʞʘʪ ʧʘʨʘʣʝʣʥʠʪʝ ʚʣʘʢʥʘ ʟʘʝʜʥʦ. ʄʝʺʫʪʦʘ, ʟʘʚʦʠʪʝ ʥʝ ʩʤʝʘʪ ʜʘ ʛʠ ʩʣʝʧʘʪ 

ʚʣʘʢʥʘʪʘ ʟʘʝʜʥʦ ʚʦ ʢʨʫʪʘ ʰʠʧʢʘ ʰʪʦ ˃ʝ ʿʘ ʫʥʠʰʪʠ ʬʣʝʢʩʠʙʠʣʥʦʩʪʘ ʠ ʧʦʨʦʟʥʦʩʪʘ 

ʰʪʦ ʩʝ ʙʘʨʘ ʦʜ ʪʝʢʩʪʠʣʥʦʪʦ ʧʨʝʜʠʚʦ. 
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ʆʜ ʦʚʦʿ ʧʨʠʤʝʨ ʤʦʞʝʤʝ ʜʘ ʠʟʚʣʝʯʝʤʝ ʘʥʘʣʦʛʠʿʘ ʟʘ ʪʦʘ ʢʦʠ ʙʠ ʙʠʣʝ ʦʩʥʦʚʥʠʪʝ 

ʙʘʨʘˁʘ ʟʘ ʬʦʨʤʠʨʘˁʝ ʥʘ ʚʣʘʢʥʘʪʘ: 

¶ ʜʦʣʛʦ-ʚʝʨʠʞʥʠ ʤʦʣʝʢʫʣʠ, ʩʦʦʜʚʝʪʥʦ ʥʘ ʜʦʣʛʠʪʝ ʚʣʘʢʥʘ ʦʜ ʢʦʠ ʩʝ ʧʨʘʚʠ 

ʧʨʝʜʠʚʦʪʦ: ʘʢʦ ʤʦʣʝʢʫʣʠʪʝ ʠʣʠ ʚʣʘʢʥʘʪʘ ʩʝ ʧʨʝʢʨʘʪʢʠ, ʿʘʢʦʩʪʘ ʩʝ ʛʫʙʠ, 

ʢʘʢʦ ʰʪʦ ʝ ʠʣʫʩʪʨʠʨʘʥʦ ʥʘ ʩʣʠʢʘ 3.4.b. 

¶ ʧʦʤʘʣʢʫ ʠʣʠ ʧʦʚʝ˃ʝ ʧʘʨʘʣʝʣʝʥ ʨʘʩʧʦʨʝʜ ʥʘ ʤʦʣʝʢʫʣʠʪʝ 

¶ ʩʪʨʘʥʠʯʥʠ ʩʠʣʠ ʜʘ ʛʠ ʜʨʞʘʪ ʤʦʣʝʢʫʣʠʪʝ ʟʘʝʜʥʦ ʠ ʢʦʠ ˃ʝ ʠ ʜʘʜʘʪ 

ʢʦʭʝʟʠʚʥʦʩʪ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ 

¶ ʠʟʚʝʩʝʥ ʩʪʝʧʝʥ ʥʘ ʩʣʦʙʦʜʘ ʥʘ ʤʦʣʝʢʫʣʘʨʥʦ ʜʚʠʞʝˁʝ ʩʦ ʮʝʣ ʜʘ ʩʝ ʜʘʜʝ 

ʥʝʦʧʭʦʜʥʘʪʘ ʝʢʩʪʝʥʟʠʙʠʣʥʦʩʪ ʥʘ ʚʣʘʢʥʘʪʘ ʠ ʠʟʚʝʩʥʘ ʦʪʚʦʨʝʥʦʩʪ ʟʘ ʜʘ 

ʤʦʞʝ ʜʘ ʩʝ ʘʧʩʦʨʙʠʨʘ ʚʣʘʛʘ ʠ ʜʘ ʛʦ ʧʨʠʬʘ˃ʘʘʪ ʦʙʦʿʫʚʘˁʝʪʦ. 

 

 
ʉʣʠʢʘ 3.4. ɺʣʠʿʘʥʠʝ ʥʘ ʜʦʣʞʠʥʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ (ʠʣʠ ʤʦʣʝʢʫʣʠʪʝ) ʚʨʟ ʿʘʢʦʩʪʘ: 

(ʘ) ʜʦʣʛʠ ʚʣʘʢʥʘ ʢʦʠ ʧʦʢʘʞʫʚʘʘʪ ʢʦʭʝʟʠʿʘ; (b) ʢʨʘʪʢʠ ʚʣʘʢʥʘ ʢʦʠ ʧʦʢʘʞʫʚʘʘʪ 

ʣʝʩʥʦ ʢʠʥʝˁʝ 

 

ʂʘʢʦ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʦʜ ʦʚʠʝ ʙʘʨʘˁʘ ʫʩʫʢʫʚʘˁʝʪʦ ʥʝ ʝ ʚʢʣʫʯʝʥʦ ʙʠʜʝʿ˃ʠ 

ʪʦʘ ʥʝ ʝ ʬʫʥʜʘʤʝʥʪʘʣʥʦ ʙʘʨʘˁʝ ʪʫʢʫ ʩʘʤʦ ʥʘʯʠʥ ʩʪʨʘʥʠʯʥʠʪʝ ʬʨʠʢʮʠʦʥʠ ʩʠʣʠ 

ʜʘ ʙʠʜʘʪ ʦʜ ʧʦʤʦʰ ʧʨʠ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʧʨʝʜʠʚʦ. ʂʘʿ ʚʣʘʢʥʘʪʘ, ʩʪʨʘʥʠʯʥʠʪʝ 

ʩʠʣʠ ʠʤʘʘʪ ʜʨʫʛʘ ʫʣʦʛʘ, ʘ ʪʘʘ ʝ ʜʘ ʛʠ ʜʨʞʘʪ ʦʨʠʝʥʪʠʨʘʥʠʦʪ ʨʘʩʧʦʨʝʜ ʥʘ 

ʤʦʣʝʢʫʣʠʪʝ. ɹʝʟ ʥʠʚ, ˃ʝ ʠʤʘ ʚʨʘ˃ʘˁʝ ʚʦ ʙʝʟʨʝʜʝʥ ʨʘʩʧʦʨʝʜ ʢʦʿ ʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʟʘ ʛʫʤʘʪʘ. 

 

3.3.2. ʈɽɼ ʀ ʅɽʈɽɼ ɺʆ ʉʊʈʋʂʊʋʈɸʊɸ ʅɸ ɺʃɸʂʅɸʊɸ 

ɺʣʘʢʥʘʪʘ, ʢʘʢʦ ʠ ʩʣʦʝʚʠʪʝ ʠʣʠ ʙʣʦʢʦʚʠʪʝ ʦʜ ʠʩʪʠʦʪ ʧʦʣʠʤʝʨ, ʥʝʤʘʘʪ 

ʤʘʢʨʦʩʢʦʧʩʢʘ ʬʦʨʤʘ ʥʘ ʢʨʠʩʪʘʣʠ ʪʫʢʫ ʩʦ ʧʦʤʦʰ ʥʘ ʜʠʬʨʘʢʮʠʿʘ ʩʦ ʍ-ʟʨʘʮʠ ʝ 

ʧʦʢʘʞʘʥʦ ʜʝʢʘ ʠʤʘ ʨʝʛʠʦʥʠ ʥʘ ʦʨʠʝʥʪʠʨʘʥʘ ʢʨʠʩʪʘʣʥʘ ʨʝʰʝʪʢʘ ʧʦʧʨʘʪʝʥʘ ʩʦ 

ʘʤʦʨʬʥʠ ʨʝʛʠʦʥʠ. ʆʚʘ ʠʥʜʠʮʠʨʘ ʜʝʢʘ ʚʣʘʢʥʘʪʘ ʩʝ ʩʦʩʪʦʿʘʪ ʦʜ ʜʝʣʫʤʥʦ 

ʦʨʠʝʥʪʠʨʘʥʠ, ʜʝʣʫʤʥʦ ʢʨʠʩʪʘʣʠʥʠʯʥʠ, ʣʠʥʝʘʨʥʠ ʧʦʣʠʤʝʨʠ. ʅʝ ʝ ʚʦʦʧʰʪʦ 

ʧʨʦʙʣʝʤ ʜʘ ʩʝ ʩʬʘʪʠ ʜʝʣʫʤʥʘʪʘ ʦʨʠʝʥʪʘʮʠʿʘ ʢʘʢʦ ʩʪʨʫʢʪʫʨʘ ʚʦ ʢʦʿʘ ʚʝʨʠʞʥʠʪʝ 

ʤʦʣʝʢʫʣʠ ʩʝ ʧʨʠʙʣʠʞʫʚʘʘʪ ʥʦ ʮʝʣʦʩʥʦ ʥʝ ʧʦʩʪʠʛʥʫʚʘʘʪ ʧʦʜʨʝʜʝʥʦʩʪ ʧʘʨʘʣʝʣʥʘ 

ʥʘ ʦʩʢʘʪʘ ʦʜ ʚʣʘʢʥʦʪʦ. ʄʝʺʫʪʦʘ, ʠʤʘ ʤʥʦʛʫ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ ʥʘ ʢʦʠ 

ʢʨʠʩʪʘʣʠʥʠʯʥʦʩʪʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʥʝʢʦʤʧʣʝʪʥʘ. ɺʦ ʣʠʪʝʨʘʪʫʨʘʪʘ ʩʝ ʧʨʝʟʝʥʪʠʨʘʥʠ 

ʤʥʦʛʫ ʨʘʟʣʠʯʥʘ ʩʣʠʢʘ ʟʘ ʪʦʘ. ɼʦ ʠʟʚʝʩʝʥ ʩʪʝʧʝʥ, ʪʦʘ ʩʝ ʪʦʣʢʫʚʘˁʘ ʢʦʠ ʩʝ 

ʨʘʟʣʠʯʥʠ ʟʘ ʨʘʟʣʠʯʥʠ ʚʣʘʢʥʘ. ʄʝʺʫʪʦʘ, ʩʠʪʝ ʪʠʝ ʩʝ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʠʣʠ 

ʢʚʘʟʠ-ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʛʣʝʜʠʰʪʘ ʟʘ ʪʨʠʜʠʤʝʥʟʠʦʥʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ; ʩʘʤʦ 
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ʥʝʢʦʣʢʫ ʦʜ ʪʠʝ ʛʣʝʜʠʰʪʘ ʠʤʘʘʪ ʢʚʘʥʪʠʪʘʪʠʚʥʘ ʦʩʥʦʚʘ; ʠ ʩʠʪʝ ʨʝʬʣʝʢʪʠʨʘʘʪ ʠʜʝʠ 

ʠ ʛʨʘʬʠʯʢʘ ʫʤʝʰʥʦʩʪ ʥʘ ʘʚʪʦʨʠʪʝ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʜ ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʩʦ ʜʠʬʨʘʢʮʠʦʥʠʪʝ ʤʝʪʦʜʠ ʠʥʜʠʮʠʨʘʘʪ ʜʝʢʘ 

ʩʪʨʫʢʪʫʨʘʪʘ ʝ ʩʤʝʩʘ ʦʜ ʨʝʜ ʠ ʥʝʨʝʜ ʠ ʩʝ ʧʦʜʜʨʞʘʥʠ ʦʜ ʚʨʝʜʥʦʩʪʠʪʝ ʟʘ ʛʫʩʪʠʥʘʪʘ 

ʠ ʘʧʩʦʨʧʮʠʿʘʪʘ ʥʘ ʚʣʘʛʘ ʢʘʢʦ ʠ ʦʜ ʜʨʫʛʠ ʘʥʘʣʠʪʠʯʢʠ ʪʝʭʥʠʢʠ. ʄʝʺʫʪʦʘ, ʧʨʦʮʝʥʠʪʝ 

ʟʘ ʨʝʣʘʪʠʚʥʠʪʝ ʢʦʣʠʯʝʩʪʚʘ ʥʘ ʨʝʜ ʠ ʥʝʨʝʜ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 

ʫʧʦʪʨʝʙʝʥʘʪʘ ʤʝʪʦʜʘ. ʆʥʘ ʰʪʦ ʩʝ ʟʥʘʝ ʟʘ ʩʠʛʫʨʥʦ ʝ ʜʝʢʘ ʠʤʘ ʜʚʦʿʥʦ ʧʦʚʝ˃ʝ 

ʥʝʨʝʜ ʢʘʿ ʨʝʛʝʥʝʨʠʨʘʥʘʪʘ ʮʝʣʫʣʦʟʘ ʦʪʢʦʣʢʫ ʢʘʿ ʧʘʤʫʢʦʪ.  

ʉʦ ʪʝʢ ʥʘ ʚʨʝʤʝʪʦ, ʢʘʢʦ ʩʝ ʘʢʫʤʫʣʠʨʘʣʝ ʩʦʟʥʘʥʠʿʘ ʟʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ ʠ 

ʢʘʢʦ ʩʝ ʨʘʟʚʠʚʘʣʝ ʪʝʭʥʠʢʠʪʝ ʟʘ ʥʝʿʟʠʥʦ ʠʩʪʨʘʞʫʚʘˁʝ, ʧʨʝʪʧʦʩʪʘʚʝʥʠ ʩʝ ʥʝʢʦʣʢʫ 

ʤʦʜʝʣʠ ʟʘ ʥʠʚʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʢʦʠ ʚʦ ʧʨʦʜʦʣʞʝʥʠʝ ʭʨʦʥʦʣʦʰʢʠ ˃ʝ ʛʠ ʨʘʟʛʣʝʜʘʤʝ.  

 

Č ʄʦʜʝʣ ʥʘ ʨʝʩʝʩʪʠ ʤʠʮʝʣʠ (Fringed-micelle model) 

ɼʠʤʝʥʟʠʠʪʝ ʥʘ ʢʨʠʩʪʘʣʠʥʠʯʥʠʪʝ ʨʝʛʠʦʥʠ, ʜʦʙʠʝʥʠ ʦʜ ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʩʦ 

ʜʠʬʨʘʢʮʠʦʥʠʪʝ ʤʝʪʦʜʠ ʩʝ ʦʜ ʨʝʜʦʪ ʥʘ 10 nm, ʰʪʦ ʝ ʟʘ ʦʢʦʣʫ 1000 ʧʘʪʠ ʧʦʤʘʣʢʫ 

ʦʜ ʜʦʣʞʠʥʘʪʘ ʥʘ ʤʦʣʝʢʫʣʠʪʝ. ʆʚʘ ʩʫʛʝʨʠʨʘ ʜʝʢʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ ʤʦʞʝ 

ʜʘ ʩʝ ʧʨʝʪʩʪʘʚʠ ʩʧʦʨʝʜ ʤʦʜʝʣʦʪ ʥʘ ʨʝʩʝʩʪʠ ʤʠʮʝʣʠ (fringed-micelle model). ʅʘ 

ʩʣʠʢʘʪʘ 3.5 ʧʨʠʢʘʞʘʥʦ ʝ ʝʜʥʦ ʦʜ ʥʘʿʨʘʥʠʪʝ ʛʣʝʜʠʰʪʝ ʟʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ 

ʧʦ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ ʦʜ ʨʘʩʪʦʧ.  

 

ʉʣʠʢʘ 3.5. ʉʪʨʫʢʪʫʨʘ ʥʘ ʨʝʩʝʩʪʠ ʤʠʮʝʣʠ ʢʘʿ  

ʥʝʦʨʠʝʥʪʠʨʘʥʠ (ʥʝʚʣʝʯʝʥʠ) ʚʣʘʢʥʘ  

 

ʂʘʢʦ ʥʘʩʪʘʥʫʚʘ ʚʘʢʚʘ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʜʘ ʩʠ ʧʨʝʪʩʪʘʚʠʤʝ ʘʢʦ ʟʘʤʠʩʣʠʤʝ ʝʜʝʥ 

ʛʦʣʝʤ ʢʫʧ ʥʘ ʙʠʩʝʨʠ ʥʘʥʠʞʘʥʠ ʥʘ ʢʦʥʮʠ ʢʦʠ ʩʝ ʮʝʣʦʩʥʦ ʠʩʧʨʝʧʣʝʪʝʥʠ. ɸʢʦ 
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ʙʠʩʝʨʠʪʝ ʠʤʘʘʪ ʢʫʢʠ ʠ ʘʢʦ ʥʝʢʦʣʢʫ ʣʫʺʝ ʧʦʯʥʘʪ ʜʘ ʛʠ ʟʘʢʘʯʫʚʘʘʪ ʟʘʝʜʥʦ, ʩʝʢʦʿ 

ʯʦʚʝʢ ˃ʝ ʩʦʟʜʘʜʝ ʢʦʤʧʘʢʪʝʥ ʨʝʛʠʦʥ ʥʘ ʥʠʟʠ ʦʜ ʙʠʩʝʨʠ ʧʦʚʨʟʘʥʠ ʚʦ ʧʨʘʚʠʣʝʥ 

ʨʘʩʧʦʨʝʜ. ʅʦ, ʧʦ ʠʟʚʝʩʥʦ ʚʨʝʤʝ, ʘʢʪʠʚʥʦʩʪʘ ʥʘ ʝʜʝʥ ʯʦʚʝʢ ˃ʝ ʧʦʯʥʝ ʜʘ ʧʨʝʯʠ (ʜʘ 

ʩʝ ʤʝʰʘ) ʩʦ ʘʢʪʠʚʥʦʩʪʘ ʥʘ ʜʨʫʛ ʯʦʚʝʢ: ʥʝʤʘ ʜʘ ʙʠʜʝ ʤʦʞʥʦ ʥʝʢʦʠ ʚʝʨʠʛʠ ʜʘ ʩʝ 

ʟʘʢʘʯʘʪ ʙʠʜʝʿ˃ʠ ʪʠʝ ʥʝʢʘʜʝ ʚʝ˃ʝ ˃ʝ ʙʠʜʘʪ ʬʠʢʩʠʨʘʥʠ. ʄʝʺʫʩʝʙʥʦʪʦ  ʟʘʢʘʯʫʚʘˁʝ 

ʥʘ ʥʠʟʠʪʝ ʦʜ ʙʠʩʝʨʠ ˃ʝ ʧʨʦʜʦʣʞʠ ʩʝ ʜʦʜʝʢʘ ʥʝ ʩʝ ʩʦʟʜʘʜʘʪ ʥʝʢʦʣʢʫ ʨʝʛʠʦʥʠ ʥʘ 

ʧʦʚʨʟʘʥʠ ʥʠʟʠ ʦʜ ʙʠʩʝʨʠ, ʜʦʜʝʢʘ ʤʝʺʫ ʥʠʚ, ʥʝʟʘʢʘʯʝʥʠʪʝ ʥʠʟʠ ʩʝ ʨʘʩʪʫʨʝʥʠ 

ʥʘʩʝʢʘʜʝ ʠ ʤʦʞʘʪ ʜʘ ʩʝ ʧʦʚʨʟʘʪ ʤʝʺʫ ʩʝʙʝ ʩʘʤʦ ʘʢʦ ʜʚʝ ʥʠʟʠ ʧʦʤʠʥʘʪ ʙʣʠʩʢʫ 

ʝʜʥʘ ʜʦ ʜʨʫʛʘ. ʊʦʘ ʝ ʪʦʢʤʫ ʘʥʘʣʦʛʝʥ ʨʘʩʧʦʨʝʜ ʩʦ ʦʥʦʿ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘ 3.5. 

ʀʤʘ ʢʨʠʩʪʘʣʠʥʠʯʥʠ ʨʝʛʠʦʥʠ ʩʦ ʧʨʘʚʠʣʝʥ ʨʘʩʧʦʨʝʜ ʠ ʥʝʢʨʠʩʪʘʣʠʥʠʯʥʠ 

(ʘʤʦʨʬʥʠ) ʨʝʛʠʦʥʠ, ʢʘʜʝ ʤʦʣʝʢʫʣʠʪʝ ʤʝʺʫʩʝʙʥʦ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʧʦʚʨʟʘʥʠ ʩʘʤʦ 

ʥʘ ʥʝʢʦʣʢʫ ʤʝʩʪʘ. ʇʨʦʮʝʩʦʪ ʝ ʘʥʘʣʦʛʝʥ ʢʘʢʦ ʢʦʛʘ ʢʨʠʩʪʘʣʠʟʠʨʘ ʥʝʦʨʠʝʥʪʠʨʘʥʘ 

ʤʘʩʘ ʥʘ ʚʝʨʠʞʥʠ ʤʦʣʝʢʫʣʠ; ʢʨʠʩʪʘʣʠʪʠ ˃ʝ ʩʝ ʬʦʨʤʠʨʘʘʪ ʥʘ ʨʘʟʣʠʯʥʠ ʤʝʩʪʘ ʠ ˃ʝ 

ʧʨʦʜʦʣʞʘʪ ʜʘ ʨʘʩʪʘʪ ʩʝ ʜʦʜʝʢʘ ʥʝ ʧʦʯʥʘʪ ʜʘ ʚʟʘʤʦʜʝʿʩʪʚʫʚʘʘʪ ʝʜʥʠ ʩʦ ʜʨʫʛʠ. 

ʇʨʦʮʝʩʦʪ ʥʘ ʚʣʝʯʝˁʝ ʥʘ ʚʣʘʢʥʘ ʢʦʠ ʩʝ ʜʦʙʠʝʥʠ ʩʦ ʠʟʚʣʝʢʫʚʘˁʝ ʦʜ ʨʘʩʪʦʧ 

ʜʦʚʝʜʫʚʘ ʜʦ ʠʟʚʝʩʥʘ ʦʨʠʝʥʪʘʮʠʿʘ , ʢʘʢʦ ʰʪʦ ʝ ʧʨʠʢʘʞʘʥʦ ʥʘ ʩʣʠʢʘ 3.6. 

 
ʉʣʠʢʘ 3.6. ʉʪʨʫʢʪʫʨʘ ʥʘ ʨʝʩʝʩʪʠ ʤʠʮʝʣʠ ʢʘʿ  

ʦʨʠʝʥʪʠʨʘʥʠ (ʚʣʝʯʝʥʠ) ʚʣʘʢʥʘ 

 ɽʜʥʘ ʦʜ ʧʦʩʪʘʧʢʠʪʝ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʩʠʥʪʝʪʠʯʢʠ ʚʣʘʢʥʘ ʝ 
ʩʦ ʠʟʚʣʝʢʫʚʘˁʝ ʦʜ ʨʘʩʪʦʧ (melt-spinning process); ʘ ʝʜʝʥ ʦʜ 
ʥʘʯʠʥʠʪʝ ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʧʦʛʦʣʝʤʘ ʦʨʠʝʥʪʘʮʠʿʘ ʥʘ 
ʤʦʣʝʢʫʣʠʪʝ ʦʜ ʚʣʘʢʥʘʪʘ ʝ ʩʦ ʥʠʚʥʦ ʤʝʭʘʥʠʯʢʦ ʚʣʝʯʝˁʝ 
(drawing) ʧʨʝʜ ʜʘ ʩʝ ʩʦʣʠʜʠʬʠʮʠʨʘ ʧʦʣʠʤʝʨʦʪ ʧʦ 
ʠʟʣʝʛʫʚʘˁʝʪʦ ʦʜ ʩʧʠʥʝʨʝʪʦʪ. ʂʘʿ ʥʝʢʦʠ ʚʣʘʢʥʘ 
ʚʣʝʯʝˁʝʪʦ ʩʝ ʚʨʰʠ ʥʘʢʥʘʜʥʦ ʧʦ ʩʦʣʠʜʠʬʠʢʘʮʠʿʘʪʘ. 

 



ɼ-ʨ. ɼ. ɼʠʤʝʩʢʠ, ɼ-ʨ. ɺ.ʉʨʝʙʨʝʥʢʦʩʢʘ, ʄʝʭʘʥʠʯʢʠ ʩʚʦʿʩʪʚʘ ʥʘ ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʿʘʣʠ 

 
ʊʝʭʥʦʣʦʰʢʦ-ʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ  

32 

ʉʣʠʢʠʪʝ 3.5 ʠ 3.6 ʙʠʣʝ ʧʨʝʜʣʦʞʝʥʠ ʟʘ ʥʘʿʣʦʥʩʢʠ ʠ ʧʦʣʠʝʩʪʝʨʩʢʠ ʚʣʘʢʥʘ, ʥʦ 

ʩʧʦʨʝʜ ʥʘʿʥʦʚʠʪʝ ʧʨʦʫʯʫʚʘˁʘ ʩʝ ʜʠʨʝʢʪʥʦ ʨʝʣʝʚʘʥʪʥʠ ʩʘʤʦ ʟʘ ʧʦʢʨʫʪʠ ʤʦʣʝʢʫʣʠ 

ʢʘʢʦ ʰʪʦ ʩʝ ʮʝʣʫʣʦʟʥʠʪʝ. ɿʘʙʝʣʝʞʠʪʝʣʥʦ ʝ ʰʪʦ ʩʠʪʝ ʤʦʣʝʢʫʣʠ ʩʝ ʨʘʟʨʝʩʝʥʠ ʥʘ 

ʨʘʙʦʚʠʪʝ ʦʜ ʢʨʠʩʪʘʣʠʪʠʪʝ ʠ ʧʨʦʜʦʣʞʫʚʘʘʪ ʢʘʢʦ ʚʨʟʫʚʘʯʢʠ (tie-molecules) 

ʤʦʣʝʢʫʣʠ  ʩʦ ʜʨʫʛʠ ʢʨʠʩʪʘʣʠʪʠ. ʇʨʝʚʠʪʢʫʚʘˁʝ ʥʘ ʚʝʨʠʛʘʪʘ ʥʘʩʪʘʥʫʚʘ ʩʘʤʦ ʚʦ 

ʘʤʦʨʬʥʠʦʪ ʨʝʛʠʦʥ ʤʝʺʫ ʢʨʠʩʪʘʣʠʪʠʪʝ. 

Č ʄʦʜʝʣ ʥʘ ʟʜʠʧʣʝʥʠ ʚʝʨʠʛʠ (Chain-folded model) 

ʄʥʦʛʫ ʧʦʣʠʤʝʨʠ ʥʝ ʤʦʞʘʪ ʩʦ ʚʣʝʯʝˁʝ (ʠʣʠ ʥʘ ʜʨʫʛ ʥʘʯʠʥ)  ʜʘ ʩʝ ʠʩʧʨʘʚʘʪ, 

ʚʩʫʰʥʦʩʪ, ʤʥʦʛʫ ʤʘʣʢʫ ʦʜ ʥʠʚ ʤʦʞʘʪ ʧʝʨʬʝʢʪʥʦ ʧʨʘʚʦ ʜʘ ʩʝ ʦʨʠʝʥʪʠʨʘʘʪ (ʦʩʚʝʥ 

ʧʦʣʠʝʪʠʣʝʥʦʪ ʩʦ ʫʣʪʨʘ-ʚʠʩʦʢʘ ʤʦʣʝʢʫʣʩʢʘ ʤʘʩʘ ʠ ʘʨʘʤʠʜʠʪʝ). ʇʦʚʝ˃ʝʪʦ 

ʧʦʣʠʤʝʨʠ ʤʦʞʘʪ ʜʘ ʩʝ ʠʩʧʨʘʚʘʪ ʩʘʤʦ ʥʘ ʤʘʣʦ ʨʘʩʪʦʿʘʥʠʝ ʧʨʝʜ ʜʘ ʩʝ ʚʨʘʪʘʪ 

ʥʘʟʘʜ ʠ ʤʝʺʫ ʩʝʙʝ ʟʜʠʧʣʘʪ ʢʘʢʦ ʰʪʦ ʝ ʧʨʠʢʘʞʘʥʦ ʥʘ ʩʣʠʢʘʪʘ 3.7. 

 
ʉʣʠʢʘ 3.7. ɿʜʠʧʣʫʚʘˁʝ ʥʘ ʧʦʣʠʤʝʨʠʪʝ 

ʅʘʿʜʝʥʦ ʝ ʜʝʢʘ ʧʦʣʠʤʝʨʠʪʝ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʠ ʠ ʦʥʠʝ ʦʜ ʢʦʠ ʩʝ ʠʟʚʣʝʢʫʚʘʘʪ ʚʣʘʢʥʘ, 

ʤʦʞʘʪ ʜʘ ʢʨʠʩʪʘʣʠʟʠʨʘʘʪ ʦʜ ʨʘʟʨʝʜʝʥ ʨʘʩʪʚʦʨ ʠ ʜʘ ʜʘʜʘʪ ʝʜʠʥʠʯʥʠ ʢʨʠʩʪʘʣʠ. 

ʂʘʿ ʦʚʠʝ ʣʘʤʝʣʘʨʥʠ ʢʨʠʩʪʘʣʠ ʚʝʨʠʞʥʠʪʝ ʤʦʣʝʢʫʣʠ ʩʝ ʟʜʠʧʣʝʥʠ ʛʦʨʝ-ʜʦʣʫ ʢʘʢʦ 

ʰʪʦ ʝ ʰʝʤʘʪʩʢʠ ʠʣʫʩʪʨʠʨʘʥʦ ʥʘ ʩʣʠʢʘ 3.7. ʅʦ ʧʦʣʠʤʝʨʠʪʝ, ʥʝ ʩʘʤʦ ʰʪʦ ʩʝ 

ʟʜʠʧʣʫʚʘʘʪ ʪʫʢʫ ʪʠʝ ʤʦʞʘʪ ʜʘ ʬʦʨʤʠʨʘʘʪ ʥʘʩʣʘʛʠ ʦʜ ʟʜʠʧʣʝʥʠʪʝ ʤʦʣʝʢʫʣʠ. 

ɺʘʢʚʘʪʘ ʥʘʩʣʘʛʘ ʿʘ ʥʘʨʝʢʫʚʘʤʝ ʣʘʤʝʣʘ, ʩʣʠʢʘ 3.8. 

 
ʉʣʠʢʘ 3.8. ɺʝʨʠʛʠʪʝ ʩʝ ʟʜʠʧʣʫʚʘʘʪ ʠ ʥʘʩʣʘʛʘʘʪ. ʅʘʩʣʘʛʘ ʦʜ  

ʧʦʣʠʤʝʨʥʠ ʚʝʨʠʛʠ ʟʜʠʧʣʝʥʠ ʚʘʢʘ ʩʝ ʥʘʨʝʢʫʚʘ ʣʘʤʝʣʘ. 
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ʆʚʘʘ ʧʨʝʪʩʪʘʚʘ ʟʘ ʦʙʣʠʢʦʪ ʥʘ ʚʝʨʠʛʠʪʝ (ʢʦʛʘ ʪʠʝ ʥʝ ʠʟʣʝʛʫʚʘʘʪ ʚʦʥ ʣʘʤʝʣʘʪʘ) ʿʘ 

ʥʘʨʝʢʫʚʘʤʝ ʤʦʜʝʣ ʥʘ ʩʦʩʝʜʥʦ ʚʨʘ˃ʘˁʝ (adjacent re-entry model) ʟʘ ʧʦʣʠʤʝʨʥʘʪʘ 

ʢʨʠʩʪʘʣʠʥʠʯʥʘ ʣʘʤʝʣʘ. 

ʅʦ ʩʝʢʦʛʘʰ ʥʝ ʝ ʩʝ ʚʘʢʘ ʝʛʟʘʢʪʥʦ, ʧʦʥʝʢʦʛʘʰ ʜʝʣ ʦʜ ʚʝʨʠʛʘʪʘ ʝ ʚʢʣʫʯʝʥʘ ʚʦ 

ʢʨʠʩʪʘʣʦʪ ʘ ʜʝʣ ʥʝ ʝ. ʂʦʛʘ ʪʦʘ ʝ ʩʣʫʯʘʿ ʠʤʘʤʝ ʩʦʩʪʦʿʙʘ ʢʘʢʦ ʥʘ ʩʣʠʢʘʪʘ 3.9, ʩʦ 

ʚʝʨʠʛʠ ʦʜ ʣʘʤʝʣʘʪʘ ʢʦʠ ʚʠʩʘʪ ʥʘʩʝʢʘʜʝ ʚʦʥ ʣʘʤʝʣʘʪʘ. 

 
ʉʣʠʢʘ 3.9. ɼʝʣ ʦʜ ʚʝʨʠʛʠʪʝ ʤʦʞʝ ʜʘ ʙʠʜʝ ʚʦ ʢʨʠʩʪʘʣʠʥʠʯʥʘʪʘ 

 ʣʘʤʝʣʘ ʘ ʜʝʣ ʚʦ ʘʤʦʨʬʥʠʦʪ ʨʝʛʠʦʥ 

ɺʝʨʠʛʠʪʝ ʢʦʠ ʜʝʣʫʤʥʦ ʩʝ ʚʦʥ ʣʘʤʝʣʘʪʘ ʧʦʥʝʢʦʛʘʰ ʦʩʪʘʥʫʚʘʘʪ ʪʘʤʫ ʥʦ ʧʦʥʝʢʦʛʘʰ 

ʤʦʞʘʪ ʜʘ ʩʝ ʚʨʘʪʘʪ ʥʘʟʘʜ ʚʦ ʣʘʤʝʣʘʪʘ ʢʘʢʦ ʰʪʦ ʝ ʧʨʠʢʘʞʘʥʦ ʥʘ ʩʣʠʢʘʪʘ 3.10. 

 
(ʘ)                                     (ʙ) 

ʉʣʠʢʘ 3.10. ɼʝʣ ʦʜ ʚʝʨʠʛʠʪʝ ʩʝ ʚʨʘ˃ʘʘʪ ʥʘʟʘʜ  

ʚʦ ʢʨʠʩʪʘʣʠʥʠʯʥʘʪʘ ʣʘʤʝʣʘ 

ʅʘ ʩʣʠʢʘʪʘ 3.10ʘ ʚʝʨʠʛʘʪʘ ʩʝ ʚʨʘ˃ʘ ʚʦ ʣʘʤʝʣʘʪʘ ʥʝʧʦʩʨʝʜʥʦ ʜʦ ʤʝʩʪʦʪʦ ʦʜ ʢʘʜʝ 

ʰʪʦ ʠʟʣʝʛʣʘ, ʜʦʜʝʢʘ ʥʘ ʩʣʠʢʘʪʘ 3.10ʙ ʩʝ ʚʨʘ˃ʘ ʥʘ ʠʟʚʝʩʥʦ ʨʘʩʪʦʿʘʥʠʝ ʦʜ ʤʝʩʪʦʪʦ 

ʢʘʜʝ ʰʪʦ ʠʟʣʝʛʣʘ. ɼʚʘʪʘ ʩʣʫʯʘʠ ʩʝ ʤʦʞʥʠ. ʆʚʠʝ ʜʚʝ ʩʣʠʢʠ ʛʦ ʧʨʠʢʘʞʫʚʘʘʪ ʪ.ʥ. 
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ʢʦʤʘʥʜʥʘ-ʪʘʙʣʘ ʤʦʜʝʣ (switchboard model) ʥʘ ʢʨʠʩʪʘʣʠʥʠʯʥʘʪʘ ʣʘʤʝʣʘ ʦʜ 

ʧʦʣʠʤʝʨʦʪ. 

ʉʣʠʯʥʦ ʟʜʠʧʣʫʚʘˁʝ ʤʦʞʝ ʜʘ ʥʘʩʪʘʥʝ ʠ ʢʘʿ ʚʣʘʢʥʘʪʘ ʠ ʪʦʘ ʜʦʚʝʣʦ ʜʦ ʧʨʝʜʣʦʛ ʟʘ 

ʤʦʜʠʬʠʮʠʨʘʥʘ ʨʝʩʝʩʪʦ-ʤʠʮʝʣʥʘ ʩʪʨʫʢʪʫʨʘ ʚʦ ʢʦʿʘ ʧʦʩʪʦʠ ʩʤʝʩʘ ʥʘ ʨʝʩʠ ʠ ʜʠʧʣʠ 

ʥʘ ʢʨʘʿʦʪ ʦʜ ʩʝʢʦʿʘ ʤʠʮʝʣʘ. ʉʣʠʢʘʪʘ 3.11ʘ ʛʦ ʠʣʫʩʪʨʠʨʘ ʦʚʦʿ ʚʠʜ ʥʘ ʩʪʨʫʢʪʫʨʘ.      

     
(ʘ)                                (ʙ) 

ʉʣʠʢʘ 3.11. ʇʦʛʣʝʜ ʥʘ ʬʠʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʥʘʿʣʦʥʩʢʠʪʝ ʚʣʘʢʥʘ;  

(ʘ) ʠʜʝʘʣʠʟʠʨʘʥʘ ʩʪʨʫʢʪʫʨʘ (ʙ) ʧʦʨʝʘʣʥʘ ʩʪʨʫʢʪʫʨʘ 

ʅʘ ʦʚʘʘ ʩʣʠʢʘ ʩʪʨʫʢʪʫʨʘʪʘ ʝ ʧʨʝʪʩʪʘʚʝʥʘ ʧʨʝʤʥʦʛʫ ʫʥʠʬʦʨʤʥʦ, ʢʘʿ ʧʦʨʝʘʣʥʘʪʘ, 

ʩʣʠʢʘ 3.11ʙ, ʧʨʝʪʩʪʘʚʝʥʘ ʝ ʚʘʨʠʿʘʮʠʿʘʪʘ ʚʦ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʢʨʠʩʪʘʣʠʪʝ ʠ 

ʧʘʢʫʚʘˁʝʪʦ ʢʦʝ ʝ ʙʘʟʠʨʘʥʦ ʥʘ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʝʥʠ ʩʦ ʜʠʬʨʘʢʮʠʿʘ ʥʘ ʍ-ʟʨʘʮʠ.  

ɸʢʦ ʛʠ ʧʦʛʣʝʜʥʝʤʝ ʛʦʨʥʠʪʝ ʩʣʠʢʠ ʤʦʞʝʤʝ ʜʘ ʚʠʜʠʤʝ ʜʝʢʘ ʜʝʣ ʦʜ ʧʦʣʠʤʝʨʦʪ ʝ 

ʢʨʠʩʪʘʣʠʥʠʯʝʥ ʘ ʜʝʣ ʥʝ ʝ, ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʧʦʚʝ˃ʝʪʦ ʢʨʠʩʪʘʣʠʥʠʯʥʠ ʧʦʣʠʤʝʨʠ ʥʝ 

ʩʝ ʧʦʪʧʦʣʥʦ ʢʨʠʩʪʘʣʠʥʠʯʥʠ. ɺʝʨʠʛʠʪʝ, ʠʣʠ ʜʝʣ ʦʜ ʥʠʚ, ʢʦʠ ʥʝ ʩʝ ʚʦ ʢʨʠʩʪʘʣʠʪʝ 

ʥʝʤʘʘʪ ʧʨʘʚʠʣʝʥ ʨʘʩʧʦʨʝʜ. ɿʘ ʥʠʚ ʚʝʣʠʤʝ ʜʝʢʘ ʩʝ ʚʦ ʘʤʦʨʬʥʘ ʩʦʩʪʦʿʙʘ ʠʣʠ 

ʜʝʢʘ ʩʝ ʚʦ ʘʤʦʨʬʥʠʦʪ ʨʝʛʠʦʥ ʦʜ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ. ʊʦʘ ʟʥʘʯʠ ʜʝʢʘ 

ʢʨʠʩʪʘʣʠʥʠʯʥʠʪʝ ʧʦʣʠʤʝʨʠ ʩʝ ʩʦʩʪʦʿʘʪ ʦʜ ʜʚʘ ʜʝʣʘ: ʢʨʠʩʪʘʣʠʥʠʯʝʥ ʜʝʣ ʠ 

ʘʤʦʨʬʝʥ ʜʝʣ. ʂʨʠʩʪʘʣʠʥʠʯʥʠʦʪ ʜʝʣ ʝ ʚʦ ʣʘʤʝʣʘʪʘ ʜʦʜʝʢʘ ʘʤʦʨʬʥʠʦʪ ʜʝʣ ʝ ʚʦʥ 

ʣʘʤʝʣʘʪʘ. ʅʝʢʦʠ ʘʚʪʦʨʠ ʦʚʘ ʩʪʨʫʢʪʫʨʘ ʿʘ ʛʣʝʜʘʘʪ ʢʘʢʦ Ăʤʘʣʠ ʢʨʠʩʪʘʣʠʥʠʯʥʠ 

ʠʥʢʣʫʟʠʠ ʠʤʙʝʜʠʨʘʥʠ ʚʦ ʘʤʦʨʬʥʘ ʤʘʪʨʠʮʘñ. 

 

Č ʉʬʝʨʦʣʠʪʝʥ ʤʦʜʝʣ (Spherulites model) 

ʂʘʢʦ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʦʜ ʩʣʠʢʘʪʘ 3.12 ʣʘʤʝʣʠʪʝ ʨʘʩʪʘʪ ʦʜ ʮʝʥʪʨʘʣʥʦʪʦ ʿʘʜʨʦ 

ʧʦ ʰʝʤʘ ʥʘ ʰʧʠʮʠʪʝ ʦʜ ʚʝʣʦʩʠʧʝʜʩʢʦ ʢʦʣʮʝ. ʇʦʥʝʢʦʛʘʰ ʦʚʠʝ ʣʘʤʝʣʠ ʩʝ 

ʥʘʨʝʢʫʚʘʘʪ ʣʘʤʝʣʘʨʥʠ ʬʠʙʨʠʣʠ. ʌʠʙʨʠʣʠʪʝ ʨʘʩʪʘʪ ʚʦ ʪʨʠ ʜʠʤʝʥʟʠʠ ʧʘ ʧʦʚʝ˃ʝ 

ʣʠʯʘʪ ʥʘ ʩʬʝʨʠ ʦʪʢʦʣʢʫ ʥʘ ʢʦʣʮʘ. ʎʝʣʠʦʪ ʦʚʦʿ Ăʩʢʣʦʧñ ʩʝ ʥʘʨʝʢʫʚʘ ʩʬʝʨʦʣʠʪ. 
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ʉʣʠʢʘ 3.12. ʂʨʠʩʪʘʣʠʥʠʯʝʥ ʧʦʣʠʤʝʨʝʥ ʩʬʝʨʦʣʠʪ 

ɺʦ ʧʨʠʤʝʨʦʢ ʦʜ ʢʨʠʩʪʘʣʠʥʠʯʝʥ ʧʦʣʠʤʝʨ ʢʦʿ ʪʝʞʠ ʩʘʤʦ ʥʝʢʦʣʢʫ ʛʨʘʤʠ, ʠʤʘ 

ʥʝʢʦʣʢʫ ʤʠʣʠʿʘʨʜʠ ʩʬʝʨʦʣʠʪʠ. ʄʝʺʫ ʢʨʠʩʪʘʣʥʠʪʝ ʣʘʤʝʣʠ ʝ ʘʤʦʨʬʥʠʦʪ ʨʝʛʠʦʥ ʚʦ 

ʢʦʿ ʥʝʤʘ ʨʝʜ ʥʘ ʨʘʩʧʦʨʝʜʦʪ ʥʘ ʤʦʣʝʢʫʣʠʪʝ. ʂʘʢʦ ʰʪʦ ʤʦʞʝʤʝ ʜʘ ʚʠʜʠʤʝ ʦʜ 

ʛʦʨʥʘʪʘ ʩʣʠʢʘ ʠ ʢʘʢʦ ʰʪʦ ʚʝ˃ʝ ʩʧʦʤʥʘʚʤʝ, ʝʜʥʘ ʚʝʨʠʛʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʜʝʣʫʤʥʦ 

ʚʦ ʢʨʠʩʪʘʣʠʥʠʯʥʘʪʘ ʣʘʤʝʣʘ ʘ ʜʝʣʫʤʥʦ ʚʦ ʘʤʦʨʬʥʘ ʩʦʩʪʦʿʙʘ. ʅʝʢʦʠ ʚʝʨʠʛʠ ʜʫʨʠ 

ʧʦʯʥʫʚʘʘʪ ʚʦ ʝʜʥʘ ʣʘʤʝʣʘ, ʛʦ ʧʨʝʤʠʥʫʚʘʘʪ ʘʤʦʨʬʥʠʦʪ ʨʝʛʠʦʥ, ʠ ʩʝ 

ʧʨʠʜʨʫʞʫʚʘʘʪ ʥʘ ʜʨʫʛʘ ʣʘʤʝʣʘ. ʆʚʠʝ ʚʝʨʠʛʠ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʚʨʟʫʚʘʯʢʠ  ʤʦʣʝʢʫʣʠ 

(tie molecules).  

ɿʥʘʯʠ, ʥʝ ʧʦʩʪʦʠ ʧʦʣʠʤʝʨ ʢʦʿ ʝ ʮʝʣʦʩʥʦ ʢʨʠʩʪʘʣʠʥʠʯʝʥ; ʟʘ ʧʣʘʩʪʠʢʘʪʘ ʪʦʘ ʝ 

ʧʦʚʦʣʥʦ. ʂʨʠʩʪʘʣʠʥʠʯʥʦʩʪʘ ʛʦ ʧʨʘʚʠ ʤʘʪʝʨʠʿʘʣʦʪ ʿʘʢ ʥʦ ʛʦ ʧʨʘʚʠ ʠ ʢʨʪ. ʎʝʣʦʩʥʦ 

ʢʨʠʩʪʘʣʠʥʠʯʝʥ ʧʦʣʠʤʝʨ ʙʠ ʙʠʣ ʧʨʝʤʥʦʛʫ ʢʨʪ ʟʘ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʢʘʢʦ ʧʣʘʩʪʠʢʘ. 

ɸʤʦʨʬʥʠʪʝ ʨʝʛʠʦʥʠ ʤʫ ʜʘʚʘʘʪ ʥʘ ʧʦʣʠʤʝʨʦʪ ʬʣʝʢʩʠʙʠʣʥʦʩʪ, ʪ.ʝ. ʩʧʦʩʦʙʥʦʩʪ ʜʘ 

ʩʝ ʚʠʪʢʘ ʙʝʟ ʜʘ ʩʝ ʩʢʨʰʠ. 

ʅʦ ʢʘʿ ʚʣʘʢʥʘʪʘ ʧʦʞʝʣʥʦ ʝ ʧʦʣʠʤʝʨʠʪʝ ʜʘ ʙʠʜʘʪ ʰʪʦ ʝ ʤʦʞʥʦ ʧʦʢʨʠʩʪʘʣʠʥʠʯʥʠ. 

ʊʦʘ ʝ ʟʘʪʦʘ ʰʪʦ ʚʩʫʰʥʦʩʪ ʚʣʘʢʥʘʪʘ ʩʝ ʜʦʣʛʠ ʢʨʠʩʪʘʣʠ. 

 

ʄʥʦʛʫ ʧʦʣʠʤʝʨʠ ʩʝ ʩʤʝʩʠ ʥʘ ʘʤʦʨʬʥʠ ʠ ʢʨʠʩʪʘʣʠʥʠʯʥʠ ʨʝʛʠʦʥʠ, 

ʥʦ ʥʝʢʦʠ ʩʝ ʚʠʩʦʢʦ-ʢʨʠʩʪʘʣʠʥʠʯʥʠ ʘ ʜʨʫʛʠ ʚʠʩʦʢʦ-ʘʤʦʨʬʥʠ 

 

ɺʦ ʪʘʙʝʣʘʪʘ 3.1, ʚʦ ʦʚʦʿ ʢʦʥʪʝʢʩʪ, ʧʨʝʟʝʥʪʠʨʘʥʠ ʩʝ ʥʝʢʦʠ ʧʦʣʠʤʝʨʠ ʢʦʠ ʩʝ 

ʩʪʨʝʤʘʪ ʢʦʥ ʝʢʩʪʨʝʤʠʪʝ. 
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ʊʘʙʝʣʘ 3. 1. ɸʤʦʨʬʥʠ ʠ ʢʨʠʩʪʘʣʠʥʠʯʥʠ ʧʦʣʠʤʝʨʠ 

ʅʝʢʦʠ ʚʠʩʦʢʦ ʢʨʠʩʪʘʣʠʥʠʯʥʠ 

ʧʦʣʠʤʝʨʠ 

ʅʝʢʦʠ ʚʠʩʦʢʦ  

ʘʤʦʨʬʥʠ ʧʦʣʠʤʝʨʠ 

ʇʦʣʠʧʨʦʧʠʣʝʥ ʇʦʣʠ(ʤʝʪʠʣ ʤʝʪʘʢʨʠʣʘʪ) 

ʉʠʥʜʠʦʪʘʢʪʠʯʝʥ ʧʦʣʠʩʪʠʨʝʥ ɸʪʘʢʪʠʢʯʝʥ ʧʦʣʠʩʪʠʨʝʥ 

ʅʘʿʣʦʥ ʇʦʣʠʢʘʨʙʦʥʘʪ 

Kevlar, Twaron, Nomex ʇʦʣʠʠʟʦʧʨʝʥ 

ʇʦʣʠʢʝʪʦʥʠ ʇʦʣʠʙʫʪʘʜʠʝʥ 

 

ʀʘʢʦ ʩʧʦʤʥʘʚʤʝ ʪʨʠ ʤʦʜʝʣʠ ʥʘ ʛʨʘʜʙʝʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 

ʧʦʣʠʤʝʨʥʠʪʝ ʚʣʘʢʥʘ, ʦʚʠʝ ʤʦʜʝʣʠ ʥʝ ʤʦʞʝʤʝ ʜʘ ʛʠ ʧʦʩʤʘʪʨʘʤʝ 

ʢʘʢʦ ʦʜʜʝʣʥʠ, ʥʝʟʘʚʠʩʥʠ ʝʜʝʥ ʦʜ ʜʨʫʛ. ɺʩʫʰʥʦʩʪ ʩʝʢʦʿ ʤʦʜʝʣ 

ʧʨʝʪʩʪʘʚʫʚʘ ʥʘʜʛʨʘʜʙʘ ʥʘ ʧʨʝʪʭʦʜʥʠʦʪ ʠ ʩʦʜʨʞʠ ʥʝʛʦʚʠ 

ʝʣʝʤʝʥʪʠ ʢʘʢʦ ʠ ʥʝʢʦʠ ʥʦʚʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʟʘ 

                       ʤʦʜʝʣʦʪ. 

ɿʦʰʪʦ ʚʦ ʦʚʦʿ ʢʫʨʩ ʜʘʚʘʤʝ ʪʦʣʢʫ ʛʦʣʝʤ ʘʢʮʝʥʪ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʪʝʢʩʪʠʣʥʠʪʝ 

ʚʣʘʢʥʘ? ʇʨʠʯʠʥʘʪʘ ʝ ʝʜʥʦʩʪʘʚʥʘ. ʉʪʨʫʢʪʫʨʘʪʘ ʛʠ ʜʝʪʝʨʤʠʥʠʨʘ ʩʚʦʿʩʪʚʘʪʘ 

ʜʦʜʝʢʘ ʩʚʦʿʩʪʚʘʪʘ ʿʘ ʜʝʪʝʨʤʠʥʠʨʘʘʪ ʘʧʣʠʢʘʮʠʿʘʪʘ, ʩʣʠʢʘʪʘ 3.13. 

 

ʉʣʠʢʘ 3.13. ʉʪʨʫʢʪʫʨʘʪʘ ʥʘ ʪʝʢʩʪʠʣʥʠʪʝ ʚʣʘʢʥʘ ʛʠ ʦʜʨʝʜʫʚʘ  

ʥʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ; ʦʜ ʩʚʦʿʩʪʚʘʪʘ ʥʘ ʪʝʢʩʪʠʣʥʠʪʝ ʚʣʘʢʥʘ  

ʟʘʚʠʩʠ ʥʠʚʥʘʪʘ ʘʧʣʠʢʘʮʠʿʘ 
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Ä4. ɻɽʅɽʈɸʃʅʆ ɻʃɽɼʀʐʊɽ ɿɸ ʉʊʈʋʂʊʋʈɸʊɸ ʅɸ ɺʃɸʂʅɸʊɸ 

 

ɿʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ ʧʦʩʪʦʿʘʪ ʰʝʩʪ ʛʝʥʝʨʘʣʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʠ ʩʝ 

ʩʤʝʪʘʘʪ ʟʘ ʥʘʿʚʘʞʥʠ ʟʘ ʢʚʘʥʪʠʪʘʪʠʚʥʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ: 

 

§ ʉʪʝʧʝʥʦʪ ʥʘ ʧʦʜʨʝʜʝʥʦʩʪ, ʢʦʿ ʚʩʫʰʥʦʩʪ ʛʦ ʥʘʨʝʢʫʚʘʤʝ 

ʢʨʠʩʪʘʣʠʥʠʯʥʦʩʪ. 

 

§ ʉʪʝʧʝʥ ʥʘ ʣʦʢʘʣʠʟʘʮʠʿʘ ʥʘ ʧʦʜʨʝʜʝʥʦʩʪʘ, ʢʦʿ ʧʨʝʪʩʪʘʚʫʚʘ 

ʨʘʟʣʠʢʘ ʤʝʺʫ ʩʪʨʫʢʪʫʨʠʪʝ ʩʦ ʿʘʩʥʦ ʜʝʬʠʥʠʨʘʥʘʪʘ ʩʝʧʘʨʘʮʠʿʘ 

(ʨʘʟʣʠʢʘ) ʤʝʺʫ ʢʨʠʩʪʘʣʠʥʠʯʥʠʪʝ ʠ ʘʤʦʨʬʥʠʪʝ ʨʝʛʠʦʥʠ ʦʜ ʝʜʥʘ 

ʩʪʨʘʥʘ ʠ (ʘ) ʧʦʫʥʠʬʦʨʤʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʧʦʟʥʘʪʠ ʢʘʢʦ 

ʧʘʨʘʢʨʠʩʪʘʣʠʥʠʯʥʠ, (ʙ) ʢʘʢʦ ʘʤʦʨʬʥʠ ʩʦ ʢʦʨʝʣʘʮʠʿʘ, (ʚ) ʠʣʠ ʢʘʢʦ 

ʩʪʨʫʢʪʫʨʠ ʰʪʦ ʩʦʜʨʞʘʪ ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʢʨʠʩʪʘʣʥʠ ʜʝʬʝʢʪʠ. 

 

§ ʆʜʥʦʩʦʪ ʜʦʣʞʠʥʘ/ʰʠʨʠʥʘ ʥʘ ʣʦʢʘʣʠʟʠʨʘʥʠʪʝ ʝʜʠʥʢʠ, ʢʦʿ ʿʘ 

ʧʨʘʚʠ ʨʘʟʣʠʢʘʪʘ ʤʝʺʫ ʣʘʤʝʣʥʠʪʝ, ʤʠʮʝʣʥʠʪʝ ʠ ʬʠʙʨʠʣʥʠʪʝ 

ʬʦʨʤʠ. 

 

§ ʉʪʝʧʝʥ ʥʘ ʦʨʠʝʥʪʘʮʠʿʘ, ʢʦʿ ʤʦʞʝ ʜʘ ʙʠʜʝ ʧʦʜʝʣʝʥ ʥʘ 

ʢʨʠʩʪʘʣʠʥʠʯʥʘ ʠ ʘʤʦʨʬʥʘ ʦʨʠʝʥʪʘʮʠʿʘ ʠ ʤʦʞʝ ʜʘ ʚʢʣʫʯʠ ʢʘʢʦ 

ʪʨʘʥʩʚʝʨʟʘʣʥʘ  (ʧʦʧʨʝʯʥʘ) ʪʘʢʘ ʠ ʘʢʩʠʿʘʣʥʘ ʦʨʠʝʥʪʘʮʠʿʘ. 

 

§ ɻʦʣʝʤʠʥʘ ʥʘ ʣʦʢʘʣʠʟʠʨʘʥʠʪʝ ʝʜʠʥʢʠ, ʢʦʿʘ ʤʦʞʝ ʜʘ ʛʦ ʦʧʬʘʪʠ 

ʧʦʧʨʝʯʥʠʦʪ ʦʙʣʠʢ. 

 

§ ʄʦʣʝʢʫʣʩʢʘ ʜʦʣʞʠʥʘ, ʢʦʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʩʧʨʦʪʠʚʥʘ ʤʝʨʢʘ ʥʘ 

ʩʪʝʧʝʥʦʪ ʥʘ ʟʜʠʧʣʝʥʦʩʪ ʥʘ ʤʦʣʝʢʫʣʠʪʝ ʣʝʚʦ-ʜʝʩʥʦ ʥʘ ʢʨʘʝʚʠʪʝ ʦʜ 

ʢʨʠʩʪʘʣʠʪʠʪʝ (ʠʣʠ ʚʦ ʘʤʦʨʬʥʠʪʝ ʨʝʛʠʦʥʠ) ʠʣʠ ʘʣʪʝʨʥʘʪʠʚʥʦ ʪʠʝ 

(ʤʦʣʝʢʫʣʠʪʝ) ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʧʦʤʘʣʢʫ ʠʣʠ ʧʦʚʝ˃ʝ ʧʦʪʧʦʣʥʦ 

ʠʩʧʨʘʚʝʥʠ ʜʦʣʞ ʚʣʘʢʥʦʪʦ 

ʇʨʚʠʪʝ ʪʨʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʘʪ ʜʘ ʩʝ ʧʨʠʢʘʞʘʥ ʥʘ ʪʨʠʘʢʩʠʿʘʣʝʥ ʛʨʘʬʠʢ, ʢʘʢʦ 

ʰʪʦ ʝ ʧʨʠʢʘʞʘʥʦ ʥʘ ʩʣʠʢʘʪʘ 4.1, ʜʦʜʝʢʘ ʦʩʪʘʥʘʪʠʪʝ ʪʨʠ, ʤʦʞʘʪ ʜʘ ʩʝ ʧʨʠʤʝʥʘʪ 

ʥʘ ʙʠʣʦ ʢʦʿʘ ʩʪʨʫʢʪʫʨʘ ʜʝʬʠʥʠʨʘʥʘ ʩʦ ʧʨʚʠʪʝ ʪʨʠ. ʈʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʠ ʥʘ 

ʩʪʨʫʢʪʫʨʠ ʩʝ ʦʟʥʘʯʝʥʠ ʩʦ ʥʠʚʥʘʪʘ ʧʦʟʠʮʠʿʘ ʥʘ ʛʨʘʬʠʢʦʪ, ʩʣʠʢʘ 4.1.  
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ʉʣʠʢʘ 4.1. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ ʚʦ  

ʦʜʥʦʩ ʥʘ ʪʨʠʪʝ ʛʣʘʚʥʠ ʧʨʦʤʝʥʣʠʚʠ 

 

ʅʘ ʩʣʠʢʘʪʘ 4.2. ʦʟʥʘʯʝʥʘ ʝ ʤʦʞʥʘʪʘ ʧʦʟʠʮʠʿʘ ʥʘ ʥʝʢʦʠ ʚʣʘʢʥʘ. 

 
ʉʣʠʢʘ 4.2. ʄʦʞʥʘ ʣʦʢʘʮʠʿʘ ʥʘ ʨʘʟʣʠʯʥʠ ʚʣʘʢʥʘ ʥʘ ʛʨʘʬʠʢʦʪ;  
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1. ɺʦʣʥʘ ʠ ʜʨʫʛʠ ʚʣʘʢʥʘ ʦʜ ʢʦʩʘ 10. ʇʦʣʠʘʤʠʜʥʠ 

2.  ʉʚʠʣʘ 11. ʇʦʣʠʧʨʦʧʠʣʝʥʩʢʠ 

3. ʇʘʤʫʢ ʠ ʜʨʫʛʠ ʨʘʩʪʠʪʝʣʥʠ  12. ʃʠʥʝʘʨʥʠ ʧʦʣʠʝʪʠʣʝʥʩʢʠ 

4.  ʄʦʜʘʣʝʥ ʨʘʿʦʥ ʠ ʣʠʦʮʝʣ 13. ʈʘʟʛʨʘʥʝʪʠ ʧʦʣʠʝʪʠʣʝʥʩʢʠ 

5. ʆʙʠʯʝʥ ʨʘʿʦʥ 14. ɸʢʨʠʣʥʠ 

6. ʊʨʠʘʮʝʪʘʪʥʠ 15. ʇʦʣʠʚʠʥʠʣ ʭʣʦʨʠʜʥʠ 

7. ʉʝʢʫʥʜʘʨʥʠ ʘʮʝʪʘʪʥʠ 16. ʉʧʘʥʜʝʢʩ 

8. ʈʝʛʝʥʝʨʠʨʘʥʠ ʧʨʦʪʝʠʥʩʢʠ 17. ɻʫʤʘ, ʘʪʘʢʪ. ʧʦʣʠʩʪʠʨʝʥ 

9. ʇʦʣʠʝʩʪʝʨʩʢʠ .  

 

ɼʘ ʿʘ ʨʘʟʛʣʝʜʘʤʝ ʧʦʝʜʠʥʝʯʥʦ ʩʝʢʦʿʘ ʦʜ ʦʚʠʝ ʰʝʩʪ ʛʣʘʚʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 

ʉʪʝʧʝʥ ʥʘ ʧʦʜʨʝʜʝʥʦʩʪ ʪʝʦʨʝʪʩʢʠ ʙʠ ʩʝ ʜʝʬʠʥʠʨʘʣ ʢʘʢʦ ʩʨʝʜʥʘ ʚʨʝʜʥʦʩʪ ʥʘ 

ʥʝʢʦʿʘ ʢʦʨʝʣʘʮʠʦʥʘ ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʛʠ ʧʦʚʨʟʫʚʘ ʧʦʟʠʮʠʠʪʝ ʥʘ ʩʦʩʝʜʥʠʪʝ ʚʝʨʠʛʠ. 

ʇʦʩʝʙʥʦ, ʤʦʞʝ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘ ʧʨʝʢʫ ʛʫʩʪʠʥʘʪʘ ʩʧʦʨʝʜ ʨʘʚʝʥʢʘʪʘ: 

 

amcr

amʪʧʦʜʨʝʜʝʥʦʩʥʘʉʪʝʧʝʥ
rr

rr

-

-
=  

 

ʢʘʜʝ r ʝ ʛʫʩʪʠʥʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ, ram e ʛʫʩʪʠʥʘʪʘ ʥʘ ʘʤʦʨʬʥʠʦʪ ʤʘʪʝʨʠʿʘʣ ʠ rcr ʝ 

ʛʫʩʪʠʥʘʪʘ ʥʘ ʢʨʠʩʪʘʣʠʥʠʯʥʠʦʪ ʤʘʪʝʨʠʿʘʣ. ɺʨʝʜʥʦʩʪʠʪʝ ʟʘ ʩʪʝʧʝʥʦʪ ʥʘ 

ʧʦʜʨʝʜʝʥʦʩʪ ˃ʝ ʠʤʘʘʪ ʦʧʩʝʛ ʦʜ ʥʫʣʘ, ʟʘ ʮʝʣʦʩʥʦ ʘʤʦʨʬʥʦ ʚʣʘʢʥʦ, ʜʦ ʝʜʠʥʠʮʘ, 

ʟʘ ʩʦʚʨʰʝʥʦ ʢʨʠʩʪʘʣʠʥʠʯʥʦ ʚʣʘʢʥʦ. ɸʣʪʝʨʥʘʪʠʚʥʦ, ʧʨʦʮʝʥʠ ʟʘ ʩʪʝʧʝʥʦʪ ʥʘ 

ʧʦʜʨʝʜʝʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʿʘʪ ʠ ʩʦ ʜʨʫʛʠ ʤʝʪʦʜʠ ʢʘʢʦ ʰʪʦ ʩʝ ʜʠʬʨʘʢʮʠʿʘ ʥʘ ʍ-

ʟʨʘʮʠ, ʠʥʬʨʘ-ʮʨʚʝʥʘ ʘʧʩʦʨʧʮʠʿʘ ʠ ʥʫʢʣʝʘʨʥʘ ʤʘʛʥʝʪʥʘ ʨʝʟʦʥʘʥʩʘ. 

ʅʘ ʩʣʠʢʘʪʘ 4.3. ʝ ʠʣʫʩʪʨʠʨʘʥ ʦʧʩʝʛʦʪ ʥʘ ʩʪʝʧʝʥʦʪ ʥʘ ʧʦʜʨʝʜʝʥʦʩʪ ʢʘʿ 

ʮʝʣʫʣʦʟʘʪʘ, ʢʘʿ ʢʦʿʘ ʩʝ ʩʤʝʪʘ ʜʝʢʘ ʧʦʩʪʦʠ ʢʦʥʪʠʥʫʠʨʘʥʘ ʪʨʘʥʟʠʮʠʿʘ ʦʜ ʧʦʪʧʦʣʥʦ 

ʘʤʦʨʬʥʘ ʤʘʪʝʨʠʿʘ ʜʦ ʩʦʚʨʰʝʥʦ ʢʨʠʩʪʘʣʠʥʠʯʥʘ. 

 

ʉʪʝʧʝʥ ʥʘ ʣʦʢʘʣʠʟʘʮʠʿʘ ʥʘ ʧʦʜʨʝʜʝʥʦʩʪʘ ʙʠ ʤʦʞʝʣʦ ʪʝʦʨʝʪʩʢʠ ʜʘ ʩʝ 

ʜʝʬʠʥʠʨʘ ʧʨʝʢʫ ʥʝʢʦʿʘ ʤʝʨʢʘ ʟʘ ʨʘʩʪʫʨʘˁʝʪʦ ʥʘ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʩʪʝʧʝʥʦʪ ʥʘ 

ʧʦʜʨʝʜʝʥʦʩʪ ʟʝʤʝʥ ʟʘ ʟʦʥʠ ʢʦʠ ʩʝ ʥʝʢʦʣʢʫ ʤʦʣʝʢʫʣʠ ʰʠʨʦʢʠ. ʋʥʠʬʦʨʤʥʘʪʘ 

ʜʠʩʪʨʠʙʫʮʠʿʘ ɸ, ʩʣʠʢʘ 4.4, ʙʠ ʠʤʘʣʘ ʥʠʩʢʘ ʚʨʝʜʥʦʩʪ, ɺ ʙʠ ʙʠʣʘ ʧʦʛʦʣʝʤʘ, ʠ ʉ ʙʠ 

ʠʤʘʣʘ ʥʘʿʛʦʣʝʤʘ ʚʨʝʜʥʦʩʪ ʙʠʜʝʿ˃ʠ ʪʘʘ ʧʨʝʪʩʪʘʚʫʚʘ ʨʘʟʜʝʣ ʤʝʺʫ ʦʜʜʝʣʥʠʪʝ 

ʧʦʜʨʝʜʝʥʠ ʠ ʥʝʧʦʜʨʝʜʝʥʠ ʨʝʛʠʦʥʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ, ʩʪʝʧʝʥʦʪ ʥʘ ʣʦʢʘʣʠʟʘʮʠʿʘ 

ʥʘ ʧʦʜʨʝʜʝʥʦʩʪʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʧʨʝʢʫ ʠʥʜʠʨʝʢʪʥʠ ʤʝʪʦʜʠ ʥʘ ʧʨʠʤʝʨ ʩʦ 

ʝʣʝʢʪʨʦʥʩʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ. 
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ʉʣʠʢʘ 4.3. ʉʪʝʧʝʥ ʥʘ ʧʦʜʨʝʜʝʥʦʩʪ ʥʘ ʚʝʨʠʞʥʠʪʝ ʤʦʣʝʢʫʣʠ ʢʘʿ ʮʝʣʫʣʦʟʘ 

 

 

 
ʉʣʠʢʘ 4.4. ʇʨʝʟʝʥʪʘʮʠʿʘ ʥʘ ʤʥʦʛʫʪʝ ʤʦʞʥʠ ʜʠʩʪʨʠʙʫʮʠʠ ʥʘ ʩʪʝʧʝʥʦʪ ʥʘ 

ʧʦʜʨʝʜʝʥʦʩʪ: ɸ - ʫʥʠʬʦʨʤʥʘ ʠʥʪʝʨʤʝʜʠʝʨʥʘ ʧʦʜʨʝʜʝʥʦʩʪ; ɺ ï ʩʠʪʝ ʩʪʝʧʝʥʠ 

ʥʘ ʧʦʜʨʝʜʝʥʦʩʪ ʩʝ ʨʘʤʥʦʤʝʨʥʦ ʧʨʝʪʩʪʘʚʝʥʠ ʚʦ ʨʘʟʣʠʯʥʠʪʝ ʨʝʛʠʦʥʠ; ʉ ï 

ʩʤʝʩʘ ʥʘ ʚʠʩʦʢʦ ʧʦʜʨʝʜʝʥʠ ʠ ʚʠʩʦʢʦ ʥʝʧʦʜʨʝʜʝʥʠ ʨʝʛʠʦʥʠ;   

 

ʆʜʥʦʩʦʪ ʜʦʣʞʠʥʘ/ʰʠʨʠʥʘ ʥʘ ʣʦʢʘʣʠʟʠʨʘʥʠʪʝ ʝʜʠʥʢʠ ʝ ʧʦʦʯʠʛʣʝʜʝʥ 

ʧʘʨʘʤʝʪʘʨ ʢʦʿ ʠʤʘ ʦʧʩʝʛ ʦʜ ʙʝʩʢʦʥʝʯʥʦ, ʟʘ ʤʥʦʛʫ ʜʦʣʛʠʪʝ ʬʠʙʨʠʣʠ, ʜʦ ʝʜʠʥʠʮʘ 

ʟʘ ʢʦʮʢʝʩʪʠ ʤʠʮʝʣʠ ʠ ʥʫʣʘ ʟʘ ʠʟʨʘʟʠʪʦ ʨʘʤʥʠ ʩʪʨʫʢʪʫʨʠ. ɺʦ ʦʚʦʿ ʢʦʥʪʝʢʩʪ, ʧʦʜ 

Ăʜʦʣʞʠʥʘñ  ʧʦʜʨʘʟʙʠʨʘʤʝ ʥʘʩʦʢʘ ʥʘ ʚʝʨʠʞʥʘʪʘ ʦʩʢʘ. ʂʘʿ ʣʘʤʝʣʥʠʪʝ ʢʨʠʩʪʘʣʠ, 

ʦʚʦʿ ʦʜʥʦʩ ʚʦʦʙʠʯʘʝʥʦ ʝ ʜʘ ʩʝ ʧʦʩʤʘʪʨʘ ʢʘʢʦ ʜʝʙʝʣʠʥʘ/ʰʠʨʠʥʘ. 
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ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʥʘʧʦʤʥʠ ʜʝʢʘ ʩʠʪʝ ʧʘʨʘʤʝʪʨʠ ʚʘʨʠʨʘʘʪ ʢʦʥʪʠʥʫʠʨʘʥʦ ʠ ʜʝʢʘ ʥʝʤʘ 

ʦʩʪʨʠ ʛʨʘʥʠʮʠ ʤʝʺʫ ʨʘʟʣʠʯʥʠʪʝ ʬʦʨʤʠ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʧʨʝʟʝʥʪʠʨʘʥʘ ʥʘ ʩʣʠʢʘʪʘ 

4.1. ɽʜʥʘʪʘ ʬʦʨʤʘ ʩʝ ʩʣʝʚʘ ʚʦ ʜʨʫʛʘ. ɺʦ ʜʘʜʝʥʘ ʪʦʯʢʘ, ʥʝʨʝʜʦʪ ʚʦ 

ʧʘʨʘʢʨʠʩʪʘʣʠʥʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʩʪʘʥʫʚʘ ʪʦʣʢʫ ʛʦʣʝʤ ʰʪʦ ʪʘʢʚʘʪʘ ʩʪʨʫʢʪʫʨʘ 

ʤʦʞʝʤʝ ʜʘ ʿʘ ʩʤʝʪʘʤʝ ʢʘʢʦ ʘʤʦʨʬʥʘ ʩʦ ʢʦʨʝʣʘʮʠʿʘ. ɹʠʜʝʿ˃ʠ ʢʦʨʝʣʘʮʠʿʘʪʘ ʚʘʨʠʨʘ 

ʦʜ ʪʦʯʢʘ ʜʦ ʪʦʯʢʘ, ʪʘʘ ʤʦʞʝ ʜʘ ʩʪʘʥʝ ʪʦʣʢʫ ʟʘʩʝʙʥʘ (ʜʠʩʪʠʥʢʪʠʚʥʦ ʨʘʟʣʠʯʥʘ) ʰʪʦ 

ʪʠʝ ʪʦʯʢʠ ʤʦʞʘʪ ʜʘ ʩʝ ʩʤʝʪʘʘʪ ʢʘʢʦ ʢʨʠʩʪʘʣʠʥʠʯʥʠ ʠʣʠ ʘʤʦʨʬʥʠ.  

ɼʚʘʪʘ ʧʘʨʘʤʝʪʨʠ, ʩʪʝʧʝʥʦʪ ʥʘ ʦʨʠʝʥʪʘʮʠʿʘʪʘ, ʢʦʿ ʝ ʪʝʦʨʝʪʩʢʠ ʜʝʬʠʥʠʨʘʥ ʧʨʝʢʫ 

ʩʨʝʜʥʠʦʪ ʘʛʦʣ ʤʝʺʫ ʚʝʨʠʞʥʠʪʝ ʤʦʣʝʢʫʣʠ ʠ ʦʩʢʘʪʘ ʥʘ ʚʣʘʢʥʦʪʦ, ʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʣʦʢʘʣʠʟʠʨʘʥʠʪʝ ʝʜʠʥʢʠ (ʦʚʘʿ ʧʘʨʘʤʝʪʘʨ ʝ ʤʝʨʢʘ ʟʘ ʛʨʫʙʘ ʠ ʬʠʥʘ ʪʝʢʩʪʫʨʘ) ʥʝ 

ʜʘʚʘʘʪ ʧʨʠʯʠʥʘ ʟʘ ʙʠʣʦ ʢʘʢʚʘ ʩʫʰʪʠʥʩʢʘ ʢʦʥʮʝʧʪʫʘʣʥʘ ʪʝʰʢʦʪʠʿʘ ʠ ʟʘ ʥʠʚʥʦ 

ʜʝʬʠʥʠʨʘˁʝ ʤʦʞʘʪ ʜʘ ʩʝ ʠʟʚʨʰʘʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʨʦʮʝʥʠ.    

 

ɼʦʣʞʠʥʘʪʘ ʥʘ ʤʦʣʝʢʫʣʠʪʝ ʥʝ ʤʦʞʝ ʜʠʨʝʢʪʥʦ ʜʘ ʩʝ ʠʟʤʝʨʠ ʥʦ ʠʤʘ ʛʦʣʝʤʦ 

ʚʣʠʿʘʥʠʝ ʚʨʟ ʿʘʢʦʩʪʘ. ɱʘʢʦʩʪʘ ʥʘ ʪʝʢʩʪʠʣʥʦʪʦ ʧʨʝʜʠʚʦ ʥʝ ʟʘʚʠʩʠ ʩʘʤʦ ʦʜ 

ʜʦʣʞʠʥʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ ʪʫʢʫ ʠ ʦʜ ʩʪʝʧʝʥʦʪ ʥʘ ʟʜʠʧʣʝʥʦʩʪʘ ʥʘ ʚʣʘʢʥʘʪʘ. 

 

 
ʉʣʠʢʘ 4.5. ɼʦʣʞʠʥʘ ʥʘ ʜʦʣʛʘ ʚʝʨʠʛʘ ʚʦ ʩʪʨʫʢʪʫʨʘʪʘ 

 

ʂʘʿ ʤʥʦʛʫ ʟʜʠʧʣʝʥʠʪʝ ʬʦʨʤʠ, ʩʣʠʢʘ 4.5, ʜʦʣʞʠʥʘʪʘ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʝ ʧʨʠʙʣʠʞʥʦ 

ʠʩʪʘ ʩʦ ʜʦʣʞʠʥʘʪʘ ʥʘ ʜʠʧʣʘʪʘ.  

ʉʦ ʩʦʦʜʚʝʪʥʠ ʧʦʩʪʘʧʢʠ ʟʘ ʪʝʦʨʝʪʩʢʘ ʘʥʘʣʠʟʘ, ʤʦʞʥʦ ʝ ʜʘ ʩʝ ʧʨʦʛʥʦʟʠʨʘʘʪ ʤʥʦʛʫ 

ʦʜ ʦʩʦʙʠʥʠʪʝ ʥʘ ʚʣʘʢʥʘʪʘ ʢʦʨʠʩʪʝʿ˃ʠ ʛʦ ʟʥʘʝˁʝʪʦ ʟʘ ʭʝʤʠʟʤʦʪ ʥʘ ʚʝʨʠʞʥʠʪʝ 

ʤʦʣʝʢʫʣʠ; ʟʘ ʰʝʩʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʬʠʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʢʘʢʦ ʠ ʦʜ ʤʘʢʨʦʩʢʦʧʩʢʠʪʝ 

ʩʪʨʫʢʪʫʨʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

ʇʦʜʨʝʜʝʥʦʩʪ, ʦʨʠʝʥʪʘʮʠʿʘ ʠ ʜʦʣʞʠʥʘ 

 

ʉʪʝʧʝʥʦʪ ʥʘ ʧʦʜʨʝʜʝʥʦʩʪ, ʩʪʝʧʝʥʦʪ ʥʘ ʦʨʠʝʥʪʘʮʠʿʘ ʠ ʤʦʣʝʢʫʣʩʢʘʪʘ ʜʦʣʞʠʥʘ 

ʯʝʩʪʦ ʩʝ ʧʦʙʨʢʫʚʘʘʪ. ʊʦʘ ʝ ʟʘʪʦʘ ʰʪʦ ʚʦ ʝʢʩʪʨʝʤʥʠ ʩʣʫʯʘʠ ʩʠʪʝ ʩʝ ʩʚʝʜʫʚʘʘʪ 

ʢʘʢʦ ʚʠʩʦʢʠ ʠʣʠ ʥʠʩʢʠ ʚʨʝʜʥʦʩʪʠ, ʩʣʠʢʘ 4.6ʘ ï 4.6f. ʅʘ ʩʣʠʢʘʪʘ ʿʘʩʥʦ ʝ 

ʧʨʝʟʝʥʪʠʨʘʥʘ ʨʘʟʣʠʢʘʪʘ ʤʝʺʫ ʦʚʠʝ ʧʘʨʘʤʝʪʨʠ. ʂʘʢʦ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ, ʚʠʩʦʢʦ  



ɼ-ʨ. ɼ. ɼʠʤʝʩʢʠ, ɼ-ʨ. ɺ.ʉʨʝʙʨʝʥʢʦʩʢʘ, ʄʝʭʘʥʠʯʢʠ ʩʚʦʿʩʪʚʘ ʥʘ ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʿʘʣʠ 
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ʉʣʠʢʘ 4.6. (ʘ) ʄʘʢʩʠʤʘʣʥʘ ʧʦʜʨʝʜʝʥʦʩʪ, ʦʨʠʝʥʪʘʮʠʿʘ ʠ ʜʦʣʞʠʥʘ. (b) ɺʠʩʦʢʘ 

ʧʦʜʨʝʜʝʥʦʩʪ, ʥʫʣʘ ʦʨʠʝʥʪʘʮʠʿʘ. (ʩ) ʄʘʣʘ ʧʦʜʨʝʜʝʥʦʩʪ, ʚʠʩʦʢʘ ʦʨʠʝʥʪʘʮʠʿʘ. 

(d) ɺʠʩʦʢʘ ʦʨʠʝʥʪʘʮʠʿʘ, ʤʘʣʘ ʜʦʣʞʠʥʘ. (ʝ) ʅʫʣʘ ʦʨʠʝʥʪʘʮʠʿʘ, ʛʦʣʝʤʘ 

ʜʦʣʞʠʥʘ. (f) ʄʠʥʠʤʘʣʥʘ ʧʦʜʨʝʜʝʥʦʩʪ, ʦʨʠʝʥʪʘʮʠʿʘ ʠ ʜʦʣʞʠʥʘ  

 

ʧʦʜʨʝʜʝʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʧʦʪʧʦʣʥʦ ʜʘ ʙʠʜʝ ʜʝʟʦʨʠʝʥʪʠʨʘʥʘ ʙʠʜʝʿ˃ʠ ʝ 

ʠʟʛʨʘʜʝʥʘ ʦʜ ʦʜʜʝʣʥʠ ʢʨʠʩʪʘʣʠ ʥʘʩʦʯʝʥʠ ʚʦ ʩʠʪʝ ʧʨʘʚʮʠ.  

 

 

Ä5. ʉʊʈʋʂʊʋʈɸ ʀ ʇɽʈʌʆʈʄɸʅʉʀ 

5.1. ʇɽʈʌʆʈʄɸʅʉʅʀ ɹɸʈɸɳɸ ɿɸ ʊʈɸɼʀʎʀʆʅɸʃʅɸ ʋʇʆʊʈɽɹɸ 

 

ʆʩʥʦʚʥʠ ʙʘʨʘˁʘ ʟʘ ʪʝʢʩʪʠʣʥʠʪʝ ʚʣʘʢʥʘ ʩʝ ʬʠʥʦʩʪʘ ʠ ʜʦʣʞʠʥʘʪʘ. ʉʣʝʜʥʠ 

ʙʘʨʘˁʘ ʩʝ: ʘʜʝʢʚʘʪʥʘ ʤʝʭʘʥʠʯʢʘ, ʭʝʤʠʩʢʘ ʠ ʪʝʨʤʠʯʢʘ ʩʪʘʙʠʣʥʦʩʪ. 

ʇʦʥʘʪʘʤʦʰʥʠʪʝ ʙʘʨʘˁʘ ʟʘʚʠʩʘʪ ʦʜ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʚʣʘʢʥʘʪʘ. ɿʘ ʪʨʘʜʠʮʠʦʥʘʣʥʘ 

ʫʧʦʪʨʝʙʘ ʤʝʭʘʥʠʯʢʠʪʝ ʩʚʦʿʩʪʚʘ ʪʨʝʙʘ ʜʘ ʩʝ ʩʦ ʩʨʝʜʥʘ ʿʘʢʦʩʪ. ɺʣʘʢʥʘʪʘ ʪʨʝʙʘ ʜʘ 

ʧʦʢʘʞʫʚʘʘʪ ʜʝʣʫʤʥʦ ʚʨʘ˃ʘˁʝ ʢʦʥ ʧʨʚʦʙʠʪʥʘʪʘ ʩʦʩʪʦʿʙʘ ʘʢʦ ʩʝ ʠʩʪʝʛʥʘʪ ʤʝʺʫ 5% 

ʠ 50%. ʂʘʿ ʧʨʠʨʦʜʥʠʪʝ ʚʣʘʢʥʘ ʪʦʘ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʧʨʝʢʫ ʥʠʚʥʘʪʘ ʭʝʤʠʩʢʘ ʠ 

ʩʪʨʫʢʪʫʨʥʘ ʛʨʘʜʙʘ ʜʦʜʝʢʘ ʢʘʿ ʧʨʦʠʟʚʝʜʝʥʠʪʝ (ʭʝʤʠʩʢʠ, ʢʦʠ ʫʰʪʝ ʛʠ ʥʘʨʝʢʫʚʘʤʝ 

ʚʝʰʪʘʯʢʠ) ʚʣʘʢʥʘ ï ʧʨʝʢʫ ʜʝʣʫʤʥʘʪʘ ʢʨʠʩʪʘʣʠʥʠʯʥʦʩʪ ʠ ʦʨʠʝʥʪʠʨʘʥʦʩʪ. 

ʇʦʢʨʫʪʠʪʝ  ʚʣʘʢʥʘ, ʢʘʢʦ ʰʪʦ ʩʝ ʧʘʤʫʯʥʠʪʝ, ʜʘʚʘʘʪ Ăʧʦʦʩʪʨʠñ ʪʢʘʝʥʠʥʠ, ʜʦʜʝʢʘ 

ʥʠʩʢʦ-ʤʦʜʫʣʥʠʪʝ (ʧʦʥʝʢʨʫʪʠʪʝ) ʚʣʘʢʥʘ, ʢʘʢʦ ʰʪʦ ʩʝ ʘʮʝʪʘʪʥʠʪʝ, ʜʘʚʘʘʪ 

ʧʦʣʘʙʘʚʠ, ʜʨʘʧʝʨʣʠʚʠ ʪʢʘʝʥʠʥʠ. ʄʦʜʘʪʘ ʜʠʢʪʠʨʘ ʢʦʠ ʩʝ ʧʦʚʝ˃ʝ ʧʦʩʘʢʫʚʘʥʠ. ʂʘʿ 

ʧʨʦʠʟʚʝʜʝʥʠʪʝ ʚʣʘʢʥʘ ʩʦ ʢʦʥʪʨʦʣʘ ʥʘ ʦʨʠʝʥʪʠʨʘʥʦʩʪʘ ʩʝ ʧʦʩʪʠʛʥʫʚʘʘ ʩʧʝʢʪʘʨ 
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ʥʘ ʚʣʘʢʥʘ ʩʦ ʟʛʦʣʝʤʝʥʘ ʢʨʫʪʦʩʪ ʠ ʿʘʢʦʩʪ ʠ ʥʘʤʘʣʝʥʦ ʧʨʝʢʠʜʥʦ ʠʩʪʝʛʥʫʚʘˁʝ. ɿʘ 

ʦʙʣʝʢʘ ʧʦʚʝ˃ʝ ʧʦʩʘʢʫʚʘʥʠ ʩʝ ʧʦʨʘʩʪʝʛʣʠʚʠ ʬʦʨʤʠ, ʜʦʜʝʢʘ ʟʘ ʠʥʜʫʩʪʨʠʩʢʘ 

ʫʧʦʪʨʝʙʘ ʩʝ ʢʦʨʠʩʪʘʪ ʧʦʢʨʫʪʠ. 

ɸʧʩʦʨʧʮʠʿʘʪʘ ʥʘ ʚʣʘʛʘ ʝ ʢʦʨʠʩʥʘ ʟʘ ʢʦʤʬʦʨʦʪ. ɸʧʩʦʨʙʠʨʘʥʘʪʘ ʚʣʘʛʘ ʦʚʦʟʤʦʞʫʚʘ 

ʠ ʝʣʝʢʪʨʦ ʩʧʨʦʚʦʜʣʠʚʦʩʪ ʩʦ ʰʪʦ ʩʝ ʩʧʨʝʯʫʚʘ ʩʦʟʜʘʚʘˁʝ ʥʘ ʩʪʘʪʠʯʢʠ 

ʝʣʝʢʪʨʠʮʠʪʝʪ, ʢʦʿ ʚʦ ʩʧʨʦʪʠʚʥʦ ʩʝ ʩʧʨʝʯʫʚʘ ʩʦ ʘʥʪʠ-ʩʪʘʪʩʢʠ ʬʠʥʠʰʠ. 

ʉʧʦʩʦʙʥʦʩʪʘ ʟʘ ʙʦʝˁʝ ʝ ʜʨʫʛʦ ʙʘʨʘˁʝ ʘʢʦ ʚʣʘʢʥʘʪʘ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʦʙʣʝʢʘ ʠʣʠ 

ʤʝʙʝʣ. ʂʘʿ ʧʨʠʨʦʜʥʠʪʝ ʠ ʨʝʛʝʥʝʨʠʨʘʥʠʪʝ ʚʣʘʢʥʘ ʢʦʠ ʥʘʙʦʙʨʫʚʘʘʪ ʚʦ ʚʦʜʘ ʠ ʢʦʠ 

ʠʤʘʘʪ ʠʥʪʝʨʘʢʪʠʚʥʠ ʛʨʫʧʠ, ʙʦʝˁʝʪʦ ʝ ʣʝʩʥʦ. ʂʘʿ ʩʠʥʪʠʯʢʠʪʝ ʧʦʣʠʤʝʨʥʠ ʚʣʘʢʥʘ 

ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʪʘʢʘ ʜʦʙʨʦ ʦʙʦʿʫʚʘˁʝ ʢʘʢʦ ʢʘʿ ʧʨʠʨʦʜʥʠʪʝ ʚʣʘʢʥʘ.  

 

5.2. ʇɽʈʌʆʈʄɸʅʉʅʀ ɹɸʈɸɳɸ ɿɸ ʅʆɺɸ ʋʇʆʊʈɽɹɸ 

 

ɺʦ ʚʪʦʨʘʪʘ ʧʦʣʦʚʠʥʘ ʦʜ ʤʠʥʘʪʠʦʪ ʚʝʢ ʥʘʧʨʝʜʦʢʦʪ ʚʦ ʥʘʫʢʘʪʘ ʟʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʠ 

ʥʦʚʠʪʝ ʘʧʣʠʢʘʮʠʠ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ ʚʠʜ ʥʘ ʚʣʘʢʥʘ ʛʦ ʦʪʚʦʨʠʿʘ ʧʘʟʘʨʦʪ ʟʘ 

ʚʣʘʢʥʘ ʩʦ ʦʩʦʙʠʥʠ ʢʦʠ ʩʝ ʨʘʟʣʠʯʥʠ ʦʜ ʦʥʠʝ ʟʘ ʪʨʘʜʠʮʠʦʥʘʣʥʘ ʫʧʦʪʨʝʙʘ. ʀʘʢʦ ʩʝ 

ʥʘʿʜʝʥʠ ʤʥʦʛʫ ʘʧʣʠʢʘʮʠʠ, ʩʝʧʘʢ ʢʦʤʧʦʟʠʪʠʪʝ ʙʝʘ ʛʣʘʚʥʘ ʤʦʪʦʨʥʘ ʩʠʣʘ ʟʘ ʅʄ-ʅʊ 

ʚʣʘʢʥʘʪʘ. ʇʨʚʠ ʟʘ ʪʘʘ ʥʘʤʝʥʘ ʩʝ ʫʧʦʪʨʝʙʝʥʠ ʩʪʘʢʣʝʥʠʪʝ ʚʣʘʢʥʘ (ʬʠʙʝʨʛʣʘʩ) ʢʦʠ 

ʿʘ ʠʤʘʘʪ ʥʝʦʧʭʦʜʥʘʪʘ ʢʨʫʪʦʩʪ. ɱʘʛʣʝʨʦʜʥʠʪʝ ʚʣʘʢʥʘ ʟʘʨʘʜʠ ʧʨʘʚʠʣʥʦʪʦ 2ɼ 

ʢʦʚʘʣʝʥʪʥʦ ʧʦʚʨʟʫʚʘˁʝ ʩʝ ʦʜʣʠʢʫʚʘʘʪ ʩʦ ʠʟʚʦʥʨʝʜʥʘ ʢʨʫʪʦʩʪ ʠ ʿʘʢʦʩʪ ʠ ʟʘʨʘʜʠ 

ʪʦʘ ʠʥʪʝʥʟʠʚʥʦ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʩʪʨʫʢʪʫʨʥʠ ʢʦʤʧʦʟʠʪʠ. ʂʝʨʘʤʠʯʢʠʪʝ ʚʣʘʢʥʘ, ʧʦʢʨʘʿ 

ʿʘʢʦʩʪʘ ʠ ʢʨʫʪʦʩʪʘ, ʩʝ ʦʜʣʠʢʫʚʘʘʪ ʩʦ ʠʟʚʦʥʨʝʜʥʘ ʪʝʨʤʠʯʢʘ ʦʪʧʦʨʥʦʩʪ ʧʘ ʟʘʨʘʜʠ 

ʪʦʘ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʢʦʤʧʦʟʠʪʠ ʢʦʠ ʩʝ ʠʟʣʦʞʝʥʠ ʥʘ ʚʠʩʦʢʘ 

ʪʝʤʧʝʨʘʪʫʨʘ. ʅʘʿʛʦʣʝʤʘʪʘ ʧʨʝʜʥʦʩʪ ʥʘ ʦʚʠʝ ʤʘʪʝʨʠʿʘʣʠ, ʦʩʦʙʝʥʦ ʘʢʦ ʩʝ 

ʢʦʨʠʩʪʘʪ ʚʦ ʘʚʠʦʥʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ, ʝ ʥʠʚʥʘʪʘ ʤʘʣʘ ʪʝʞʠʥʘ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ 

ʤʝʪʘʣʠʪʝ ʢʦʠ ʧʦʨʘʥʦ ʪʨʘʜʠʮʠʦʥʘʣʥʦ ʩʝ ʢʦʨʠʩʪʝʥʠ (ʪʠʪʘʥ, ʘʣʫʤʠʥʠʫʤ). 

ʅʄ ʚʣʘʢʥʘ ʥʘʦʺʘʘʪ ʛʦʣʝʤʘ ʫʧʦʪʨʝʙʘ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʦʙʣʝʢʘ ʟʘ ʙʘʣʠʩʪʠʯʢʘ 

ʟʘʰʪʠʪʘ ʢʘʜʝ ʩʦ ʩʚʦʠʪʝ ʠʩʢʣʫʯʠʪʝʣʥʠ ʦʩʦʙʠʥʠ ʠ ʤʘʣʘʪʘ ʪʝʞʠʥʘ ʛʠ ʠʩʪʠʩʥʫʚʘʘʪ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ. ɼʨʫʛʘ ʛʦʣʝʤʘ ʧʨʠʤʝʥʘ ʥʦʚʠʪʝ ʪʝʭʥʠʯʢʠ ʚʣʘʢʥʘ 

ʥʘʦʺʘʘʪ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʿʘʞʠˁʘ, ʢʘʙʣʠ, ʥʘ ʧʨʠʤʝʨ, ʟʘ ʚʣʝʯʝˁʝ ʥʘ ʙʨʦʜʦʚʠ ʠʣʠ 

ʢʘʢʦ ʟʘʿʘʢʥʫʚʘʯʠ ʟʘ ʦʧʪʠʯʢʠ ʚʣʘʢʥʘ. 

 

 

Ä6. ʌʃɽʂʉʀɹʀʃʅʆʉʊ ʅɸ ɺʃɸʂʅɸʊɸ 

ʆʯʠʛʣʝʜʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʚʣʘʢʥʘʪʘ ʝ ʥʠʚʥʘʪʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ. ʅʠʚʥʘʪʘ 

ʤʦʞʥʦʩʪ ʜʘ ʩʝ ʩʚʠʪʢʫʚʘʘʪ ʧʨʝʪʩʪʘʚʫʚʘ ʦʩʥʦʚʘ ʟʘ ʜʨʘʧʝʨʣʠʚʦʩʪʘ ʥʘ ʦʙʣʝʢʘʪʘ ʠ 

ʪʦʘ ʥʝ ʝ ʚʘʞʥʦ ʩʘʤʦ ʟʘ ʪʝʢʩʪʠʣʥʘ ʘʧʣʠʢʘʮʠʿʘ ʪʫʢʫ ʠ ʚʦ ʧʨʦʠʟʚʦʜʥʠʪʝ ʧʨʦʮʝʩʠ ʟʘ 

ʩʦʚʨʝʤʝʥʠʪʝ ʢʦʤʧʦʟʠʪʠ ʟʘʿʘʢʥʘʪʠ ʩʦ ʚʣʘʢʥʘ. ʅʝʢʦʠ ʚʣʘʢʥʘ ʩʝ ʠʟʚʦʥʨʝʜʥʦ ʢʨʫʪʠ 

ʧʨʠ ʟʘʪʝʛʘˁʝ; ʥʝʢʦʠ ʩʝ ʜʫʨʠ ʥʝʢʦʣʢʫ ʧʘʪʠ ʧʦʢʨʫʪʠ ʦʜ ʯʝʣʠʢʦʪ, ʘ ʩʝʧʘʢ ʩʝ 

ʬʣʝʢʩʠʙʠʣʥʠ. ʊʦʘ ʟʥʘʯʠ ʜʝʢʘ ʪʠʝ ʤʦʞʘʪ ʜʘ ʩʝ ʪʢʘʘʪ, ʧʣʝʪʘʪ ʠʣʠ ʜʘ ʩʝ 

ʪʨʘʥʩʬʦʨʤʠʨʘʘʪ ʚʦ ʥʝʢʦʿʘ ʜʨʫʛʘ ʪʝʢʩʪʠʣʥʘ ʬʦʨʤʘ. ʉʦ ʮʝʣ ʜʘ ʩʝ ʨʘʟʙʝʨʝ ʦʚʘʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ˃ʝ ʛʠ ʨʘʟʛʣʝʜʘʤʝ ʬʘʢʪʦʨʠʪʝ ʢʦʠ ʚʣʠʿʘʘʪ ʚʨʟ ʢʨʫʪʦʩʪʘ ʧʨʠ 
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ʩʚʠʪʢʫʚʘˁʝ. ɿʘ ʪʘʘ ʮʝʣ ˃ʝ ʨʘʟʛʣʝʜʘʤʝ ʝʜʥʦʩʪʘʚʥʘ ʝʣʘʩʪʠʯʥʘ ʛʨʝʜʘ, 

ʭʦʨʠʟʦʥʪʘʣʥʦ ʧʨʠʮʚʨʩʪʝʥʘ ʥʘ ʝʜʥʠʦʪ ʢʨʘʿ, ʢʘʢʦ ʰʪʦ ʝ ʧʨʠʢʘʞʘʥʦ ʥʘ ʩʣʠʢʘ 6.1. 

ɸʢʦ ʝ ʜʦʚʦʣʥʘ ʪʝʥʢʘ ˃ʝ ʚʠʜʠʤʝ ʜʝʢʘ ʩʝ ʩʚʠʪʢʫʚʘ ʧʦʜ ʜʝʿʩʪʚʦ ʥʘ ʩʦʧʩʪʚʝʥʘʪʘ 

ʪʝʞʠʥʘ. ɸʣʪʝʨʥʘʪʠʚʥʦ ʤʦʞʝʤʝ ʜʘ ʿʘ ʦʧʪʦʚʘʨʠʤʝ ʟʘ ʜʘ ʩʝ ʩʚʠʪʢʘ ʦʜ 

ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʧʦʣʦʞʙʘ.  

ʇʨʘʰʘˁʝ ʝ ʢʘʢʦ ʩʝ ʤʝʥʫʚʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪʘ ʥʘ ʛʨʝʜʘʪʘ ʘʢʦ ʿʘ ʤʝʥʫʚʘʤʝ 

ʥʝʿʟʠʥʘʪʘ ʜʝʙʝʣʠʥʘ? 

ʇʨʠ ʩʚʠʪʢʫʚʘˁʝʪʦ ʥʘ ʛʨʝʜʘʪʘ , ʥʝʿʟʠʥʘʪʘ ʜʦʣʥʘ, ʢʦʥʢʘʚʥʘ, ʩʪʨʘʥʘ, ʝ ʠʟʣʦʞʝʥʘ ʥʘ 

ʢʦʤʧʨʝʩʠʿʘ, ʜʦʜʝʢʘ, ʛʦʨʥʘʪʘ, ʢʦʥʚʝʢʩʥʘʪʘ, ʩʪʨʘʥʘ ʩʝ ʨʘʩʪʝʛʥʫʚʘ ʠ ʝ ʠʟʣʦʞʝʥʘ ʥʘ 

ʟʘʪʝʛʘˁʝ. ʇʦʩʪʦʠ ʠ ʥʝʫʪʨʘʣʥʘ ʦʩʢʘ ʢʘʜʝ ʥʘʧʨʝʛʘˁʘʪʘ ʩʝ ʥʫʣʘ. ɸʢʦ ʝ ʛʨʝʜʘʪʘ 

ʥʘʧʨʘʚʝʥʘ ʦʜ ʝʣʘʩʪʠʯʝʥ ʤʘʪʝʨʠʿʘʣ ʦʚʘʘ ʥʝʫʪʨʘʣʥʘ ʦʩʢʘ ˃ʝ ʙʠʜʝ ʚʦ ʩʨʝʜʠʥʘʪʘ 

ʥʘ ʧʨʝʩʝʢʦʪ CôC. ɸʢʦ ʧʨʝʪʧʦʩʪʘʚʠʤʝ ʤʘʣʦ ʩʚʠʪʢʫʚʘˁʝ ʤʦʞʝʤʝ ʜʘ ʥʘʧʠʰʝʤʝ: 

 

rq=CC'  

 
ʉʣʠʢʘ 6.1. ʍʦʨʠʟʦʥʪʘʣʥʘ ʛʨʝʜʘ ʬʠʢʩʠʨʘʥʘ ʥʘ ʝʜʥʠʦʪ ʢʨʘʿ 

ʩʝ ʩʚʠʪʢʫʚʘ ʧʦʜ ʜʝʿʩʪʚʦ ʥʘ ʩʦʧʩʪʚʝʥʘʪʘ ʪʝʞʠʥʘ 

 

ɼʘ ʛʦ ʨʘʟʛʣʝʜʘʤʝ ʧʨʝʩʝʢʦʪ DôD ʥʘ ʠʟʚʝʩʥʦ ʨʘʩʪʦʿʘʥʠʝ ʦʜ ʥʝʫʪʨʘʣʥʘʪʘ ʦʩʢʘ. ʂʘʢʦ 

ʰʪʦ ʚʝ˃ʝ ʩʧʦʤʥʘʚʤʝ, ʦʚʦʿ ʧʨʝʩʝʢ ʥʘ ʩʣʠʢʘʪʘ 6.1, ʩʝ ʠʟʜʦʣʞʫʚʘ ʠ ʥʝʛʦʚʘʪʘ 

ʜʦʣʞʠʥʘ ʝ: 

qr )(' SDD +=  

ʆʜ ʦʚʠʝ ʜʚʝ ʨʘʚʝʥʢʠ ʤʦʞʝʤʝ ʜʘ ʚʠʜʠʤʝ ʜʝʢʘ ʧʨʝʜʠʟʚʠʢʘʥʘʪʘ ʜʝʬʦʨʤʘʮʠʿʘ ʚʦ 

ʧʨʝʩʝʢʦʪ DôD ʝ ʜʝʬʠʥʠʨʘʤʝ ʢʘʢʦ ʦʜʥʦʩ ʤʝʺʫ ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʜʦʣʞʠʥʘʪʘ ʩʦ 

ʧʦʯʝʪʥʘʪʘ ʜʦʣʞʠʥʘ ʥʘ ʛʨʝʜʘʪʘ: 
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CCDD
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ɻʨʝʜʘʪʘ ʠʤʘ ʧʦʧʨʝʯʝʥ ʧʨʝʩʝʢ ʠ ʥʘʧʨʝʛʘˁʝ ʜʦʣʞ ʣʠʥʠʿʘʪʘ DôD. ɸʢʦ 

ʧʨʝʪʧʦʩʪʘʚʠʤʝ ʜʝʢʘ ʜʝʙʝʣʠʥʘʪʘ ʠ ʝ ʤʥʦʛʫ ʤʘʣʘ, ʥʘʧʨʝʛʘˁʝʪʦ ʛʦ ʜʝʬʠʥʠʨʘʤʝ ʩʦ 

ʩʠʣʘʪʘ, dF, ʥʘ ʦʚʦʿ ʝʣʝʤʝʥʪʘʨʝʥ ʜʝʣ ʦʜ ʛʨʝʜʘʪʘ ʧʦʜʝʣʝʥʘ ʩʦ ʥʝʿʟʠʥʠʦʪ ʧʦʧʨʝʯʝʥ 

ʧʨʝʩʝʢ dɸ. ʉʧʦʨʝʜ ʍʫʢʦʚʠʦʪ ʟʘʢʦʥ, ʢʦʿ ʛʠ ʧʦʚʨʟʫʚʘ ʥʘʧʨʝʛʘˁʝʪʦ, ů, 

ʜʝʬʦʨʤʘʮʠʿʘʪʘ, e, ʠ ʢʨʫʪʦʩʪʘ, ɽ, ʢʦʿʘ ʯʝʩʪʦ ʿʘ ʥʘʨʝʢʫʚʘʤʝ ɱʘʥʛʦʚ ʤʦʜʫʣ, ʟʘ 

ʝʣʘʩʪʠʯʥʦ ʪʝʣʦ ʧʠʰʫʚʘʤʝ: 

es E=  

ʉʧʦʨʝʜ ʪʦʘ: 

rd

d S
E

A

F
Ö=                                                      6.2 

ɹʠʜʝʿ˃ʠ DôD ʝ ʨʘʩʪʦʿʘʥʠʝʪʦ ɮ ʦʜ ʥʝʫʪʨʘʣʥʘʪʘ ʣʠʥʠʿʘ CôC , ʩʠʣʘʪʘ dF 

ʧʨʝʜʠʟʚʠʢʫʚʘ ʦʙʨʪʝʥ ʤʦʤʝʥʪ dFɮ ʚʦ ʛʨʝʜʘʪʘ, ʪʘʢʘ ʰʪʦ ʦʜ ʨʘʚʝʥʢʘʪʘ 6.2 

ʜʦʙʠʚʘʤʝ: 
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ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʚʢʫʧʥʠʦʪ ʤʦʤʝʥʪ ʥʘ ʩʚʠʪʢʫʚʘˁʝ ʄ̓  ʝ ʜʘʜʝʥ ʩʦ: 
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ʢʘʜʝ I
A
 ʝ ʧʦʟʥʘʪ ʢʘʢʦ ʚʪʦʨ ʤʦʤʝʥʪ ʥʘ ʠʥʝʨʮʠʿʘ. ʊʨʝʙʘ ʜʘ ʩʝ ʥʘʧʦʤʝʥʠ ʜʝʢʘ ʦʚʦʿ 

ʤʦʤʝʥʪ ʝ ʚʦ ʚʨʩʢʘ ʩʦ ʩʚʠʪʢʫʚʘˁʝʪʦ ʠ ʜʝʢʘ ʥʝʤʘ ʚʨʩʢʘ ʩʦ ʠʥʝʨʮʠʿʘʪʘ ʧʨʠ 

ʜʚʠʞʝˁʝ ʢʦʿʘ ʰʪʦ ʝ ʜʝʬʠʥʠʨʘʥʘ ʩʦ ʧʨʚʠʦʪ ɳʫʪʥʦʚ ʟʘʢʦʥ. 

 

 
ʉʣʠʢʘ 6.2. ʇʦʧʨʝʯʝʥ ʧʨʝʩʝʢ ʥʘ ʢʨʫʞʥʦ ʚʣʘʢʥʦ 
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ɸʢʦ ʟʝʤʝʤʝ ʜʝʢʘ ʚʣʘʢʥʦʪʦ ʝ ʩʦ ʢʨʫʞʝʥ ʧʦʧʨʝʯʝʥ ʧʨʝʩʝʢ ʤʦʞʝʤʝ ʜʘ ʛʦ ʥʘʿʜʝʤʝ 

ʚʪʦʨʠʦʪ ʤʦʤʝʥʪ ʥʘ ʠʥʝʨʮʠʿʘ ʟʘ ʢʨʫʞʥʘ ʛʨʝʜʘ. ʅʘ ʩʣʠʢʘʪʘ 6.2 ʝ ʧʨʠʢʘʞʘʥ 

ʧʦʧʨʝʯʥʠʦʪ ʧʨʝʩʝʢ ʥʘ ʢʨʫʞʥʘ ʛʨʝʜʘ.  

ʊʨʝʙʘ ʜʘ ʿʘ ʥʘʿʜʝʤʝ ʨʝʣʘʮʠʿʘʪʘ ʟʘ ʧʦʧʨʝʯʝʥ ʧʨʝʩʝʢ ʦʜ ʝʣʝʤʝʥʪʘʨʥʠʦʪ ʧʨʝʩʝʢ ʥʘ 

ʨʘʩʪʦʿʘʥʠʝ ɮ ʦʜ ʥʝʫʪʨʘʣʥʘʪʘ ʦʩʢʘ, ʢʦʿʘ ʧʦʤʠʥʫʚʘ ʥʠʟ ʮʝʥʪʘʨʦʪ ʥʘ ʚʣʘʢʥʦʪʦ. ʆʜ 

ʩʣʠʢʘʪʘ 6.2 ʛʣʝʜʘʤʝ ʜʝʢʘ ʚʦ ʧʦʣʘʨʥʠ ʢʦʦʨʜʠʥʘʪʠ, dɸ  ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʠʰʝ ʢʘʢʦ: 

 

dadrrdA=  

ʠʩʪʦ ʪʘʢʘ ʠ ʜʝʢʘ: 

asinrS=  

 

ʊʨʛʥʫʚʘʿ˃ʠ ʦʜ ʨʘʚʝʥʢʘʪʘ 6.3 ʩʝʛʘ ʤʦʞʝʤʝ ʜʘ ʥʘʧʠʰʝʤʝ: 
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ɹʠʜʝʿ˃ʠ: 
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ʠʣʠ, ʘʢʦ ʝ D ʜʠʿʘʤʝʪʘʨʦʪ ʥʘ ʚʣʘʢʥʦʪʦ: 
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ʐʪʦ ʟʥʘʯʠ ʜʝʢʘ ʢʨʫʪʦʩʪʘ ʥʘ ʮʠʣʠʥʜʝʨ ʠʣʠ ʚʣʘʢʥʦ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ 

ʜʠʿʘʤʝʪʘʨʦʪ ʜʠʛʥʘʪ ʥʘ  ʯʝʪʚʨʪ ʩʪʝʧʝʥ. 

 

ɿʘ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʜʘ ʿʘ ʦʜʨʝʜʠʤʝ ʬʣʝʢʩʠʙʠʣʥʦʩʪʘ ʥʘ ʚʣʘʢʥʦʪʦ, ʧʦʥʘʪʘʤʫ 

ʤʦʞʝʤʝ ʜʘ ʛʦ ʧʨʝʩʤʝʪʘʤʝ ʪʦʪʘʣʥʦʪʦ ʩʚʠʪʢʫʚʘˁʝ ʥʘ ʢʨʫʞʥʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʛʨʝʜʘ, 

ʧʨʠʮʚʨʩʪʝʥʘ ʥʘ ʝʜʥʠʦʪ ʢʨʘʿ ʠ ʦʧʪʦʚʘʨʝʥʘ ʩʦ ʩʠʣʘ F ʢʘʢʦ ʰʪʦ ʝ ʧʨʠʢʘʞʘʥʦ ʥʘ 

ʩʣʠʢʘʪʘ 6.3. ʄʦʤʝʥʪʦʪ ʥʘ ʩʚʠʪʢʫʚʘˁʝ Fl ʧʨʝʜʠʟʚʠʢʘʥ ʦʜ ʩʠʣʘʪʘ ʥʘ ʩʣʦʙʦʜʥʠʦʪ 

ʢʨʘʿ, ʟʘʨʘʜʠ ʨʝʘʢʮʠʿʘʪʘ, ˃ʝ ʧʨʝʜʠʟʚʠʢʘ ʦʙʨʪʝʥ ʤʦʤʝʥʪ ʥʘ ʬʠʢʩʠʨʘʥʠʦʪ ʢʨʘʿ ʠ ʪʦʘ 

ʚʦ ʩʧʨʦʪʠʚʥʘ ʥʘʩʦʢʘ. 

ʆʙʨʪʥʠʦʪ ʤʦʤʝʥʪ ʚʦ ʙʠʣʦ ʢʦʿʘ ʪʦʯʢʘ ʜʦʣʞ ʛʨʝʜʘʪʘ ʥʘ ʨʘʩʪʦʿʘʥʠʝ ʭ ʦʜ 

ʬʠʢʩʠʨʘʥʠʦʪ ʢʨʘʿ ʧʨʦʠʟʣʝʛʫʚʘ ʦʜ ʨʘʚʝʥʢʘʪʘ 6.3: 

 

 
ʉʣʠʢʘ 6.3. ʍʦʨʠʟʦʥʪʘʣʥʘ ʛʨʝʜʘ ʬʠʢʩʠʨʘʥʘ ʥʘ ʝʜʥʠʦʪ ʢʨʘʿ ʠ ʧʦʜʚʨʛʥʘʪʘ ʥʘ 

ʥʘʜʦʣʥʘ ʩʠʣʘ ʥʘ ʜʨʫʛʠʦʪ ʢʨʘʿ ʠʤʘ ʪʝʥʜʝʥʮʠʿʘ ʜʘ ʩʝ ʩʚʠʪʢʘ 
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ʉʝʛʘ ʜʘ ʿʘ ʧʦʛʣʝʜʥʝʤʝ ʩʣʠʢʘʪʘ 6.4. ʈʘʚʝʥʢʘʪʘ ʥʘ ʢʨʠʚʘʪʘ ʢʦʿʘ ʛʦ ʦʧʠʰʫʚʘ 

ʩʚʠʪʢʫʚʘˁʝʪʦ ʥʘ ʛʨʝʜʘʪʘ ʝ ʜʘʜʝʥʘ ʩʦ: 
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ɿʘ ʤʘʣʘ ʜʝʬʣʝʢʩʠʿʘ (ʩʚʠʪʢʫʚʘˁʝ): 

 

0­
dx

dy
 

 

ʧʘ ʦʜ ʨʘʚʝʥʢʘʪʘ 6.5 ʤʦʞʝʤʝ ʜʘ ʥʘʧʠʰʝʤʝ: 
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ʉʝʛʘ ʤʦʞʝʤʝ ʜʘ ʥʘʧʠʰʝʤʝ: 
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ʆʙʨʪʥʠʦʪ ʤʦʤʝʥʪ ʚʦ ʪʦʯʢʘʪʘ ʭ ʜʦʣʞ ʛʨʝʜʘʪʘ ʝ ʜʘʜʝʥ ʩʦ ʨʘʤʥʦʪʝʞʘʪʘ ʥʘ 

ʤʦʤʝʥʪʦʪ ʢʦʿ ʝ ʛʝʥʝʨʠʨʘʥ ʦʜ ʩʠʣʘʪʘ F ʩʦ ʚʨʝʜʥʦʩʪ Fl ʠ ʩʧʨʦʪʠʚʥʠʦʪ ʤʦʤʝʥʪ 

ʧʨʝʜʠʟʚʠʢʘʥ ʦʜ ʨʝʘʢʮʠʿʘʪʘ ʥʘ ʬʠʢʩʠʨʘʥʠʦʪ ʢʨʘʿ ʢʦʿ ʠʤʘ ʚʨʝʜʥʦʩʪ ïFx. 

 

 

 
ʉʣʠʢʘ 6.4. ʉʚʠʪʢʫʚʘˁʝ ʥʘ ʛʨʝʜʘ ʬʠʢʩʠʨʘʥʘ ʥʘ ʝʜʥʠʦʪ ʢʨʘʿ 

 

ʇʘ:  

FlFxxM +-=)(  

 

ʩʦ ʟʘʤʝʥʘ ʚʦ ʨʘʚʝʥʢʘʪʘ 6.6 ˃ʝ ʜʦʙʠʝʤʝ: 
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ʩʦ ʠʥʪʝʛʨʠʨʘˁʝ: 
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ʧʣʫʩ ʢʦʥʩʪʘʥʪʘʪʘ, ʥʦ ʙʠʜʝʿ˃ʠ ʧʨʠ ʭ=0, dy/dx=0, ʢʦʥʩʪʘʥʪʘʪʘ ʝ ʥʫʣʘ. ʉʦ ʫʰʪʝ ʝʜʥʦ 

ʠʥʪʝʛʨʠʨʘˁʝ ʜʦʙʠʚʘʤʝ: 
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ʧʣʫʩ ʢʦʥʩʪʘʥʪʘʪʘ, ʥʦ ʙʠʜʝʿ˃ʠ ʧʨʠ ʭ = 0, ʫ = 0, ʢʦʥʩʪʘʥʪʘʪʘ ʝ ʥʫʣʘ. 
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ʟʥʘʢʦʪ ʤʠʥʫʩ ʟʥʘʯʠ ʥʘʜʦʣʥʘ ʜʝʬʣʝʢʩʠʿʘ ʢʦʿʘ ʠʤʘ ʚʨʝʜʥʦʩʪ: 
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ʆʜ ʨʘʚʝʥʢʘʪʘ 6.4 ʪʦʪʘʣʥʘʪʘ ʜʝʬʣʝʢʩʠʿʘ ʝ: 

 

4

3

3

64

DE

Fl
y

p
=                                                     6.7 

 

ʄʦʞʝʤʝ ʜʘ ʚʠʜʠʤʝ ʜʝʢʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪʘ ʥʘ ʢʨʫʞʥʘ ʛʨʝʜʘ ʦʜʥʦʩʥʦ ʥʘ ʚʣʘʢʥʦ ʝ 

ʬʫʥʢʮʠʿʘ ʦʜ ʨʝʮʠʧʨʦʯʥʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʜʠʿʘʤʝʪʘʨʦʪ ʜʠʛʥʘʪ ʥʘ ʯʝʪʚʨʪʠ ʩʪʝʧʝʥ. 

ɱʘʩʥʦ ʝ , ʦʜ ʨʘʚʝʥʢʘʪʘ 6.7, ʩʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʜʠʿʘʤʝʪʘʨʦʪ ʥʘ ʚʣʘʢʥʦʪʦ ʟʘ ʝʜʥʘ 

ʧʦʣʦʚʠʥʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪʘ ˃ʝ ʤʫ ʩʝ ʟʛʦʣʝʤʠ 16 ʧʘʪʠ. ʊʦʘ ʧʦʢʘʞʫʚʘ ʟʦʰʪʦ ʤʥʦʛʫ 

ʢʨʫʪʠʪʝ ʤʘʪʝʨʠʿʘʣʠ ʚʦ ʬʦʨʤʘ ʥʘ ʬʠʥʦ ʚʣʘʢʥʦ ʩʝʧʘʢ ʩʝ ʝʢʩʪʨʝʤʥʦ ʬʣʝʢʩʠʙʠʣʥʠ. 

 

Ä7. ʇʆʇʈɽʏɽʅ ʇʈɽʉɽʂ ʀ ʌʀʅʆʉʊ ʅɸ ɺʃɸʂʅɸʊɸ 

7.1. ʇʆʇʈɽʏɽʅ ʇʈɽʉɽʂ ʅɸ ɺʃɸʂʅɸʊɸ 

ʉʝʢʦʿ ʚʠʜ ʥʘ ʧʨʠʨʦʜʥʠ ʚʣʘʢʥʘ ʠʤʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʠ ʩʧʝʮʠʬʠʯʝʥ ʥʘʧʨʝʯʝʥ 

ʧʨʝʩʝʢ ʩʦ ʤʘʣʠ ʚʘʨʠʨʘˁʘ ʚʦ ʩʢʣʦʧ ʥʘ ʠʩʪʠʦʪ ʪʠʧ ʥʘ ʚʣʘʢʥʦ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 

ʫʩʣʦʚʠʪʝ ʥʘ ʨʘʩʪʦʪ, ʦʜʛʣʝʜʫʚʘˁʝʪʦ, ʧʦʪʝʢʣʦʪʦ ʠ ʩʣʠʯʥʦ ʥʘ ʠʟʚʦʨʦʪ ʥʘ ʚʣʘʢʥʘ. 
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ʆʙʣʠʢʦʪ ʥʘ ʥʘʧʨʝʯʥʠʦʪ ʧʨʝʩʝʢ ʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʩʠʥʪʝʪʠʯʢʠʪʝ ʪ.ʝ. 

ʧʨʦʠʟʚʝʜʝʥʠʪʝ ʚʣʘʢʥʘ , ʛʣʘʚʥʦ, ʟʘʚʠʩʘʪ ʦʜ ʚʠʜʦʪ ʥʘ ʧʦʣʠʤʝʨʦʪ, ʧʦʩʪʘʧʢʘʪʘ ʠ 

ʫʩʣʦʚʠʪʝ ʥʘ ʬʦʨʤʠʨʘˁʝ ʥʘ ʚʣʘʢʥʘʪʘ. 

ʂʘʿ ʧʦʩʪʘʧʢʘʪʘ ʥʘ ʜʦʙʠʚʘˁʝ ʥʘ ʚʣʘʢʥʘʪʘ ʦʜ ʨʘʩʪʦʧ ʦʙʣʠʢʦʪ ʥʘ ʥʘʧʨʝʯʥʠʦʪ 

ʧʨʝʩʝʢ ʥʘ ʬʠʣʘʤʝʥʪʠʪʝ ʝ ʘʜʝʢʚʘʪʝʥ ʥʘ ʦʙʣʠʢʦʪ ʦʜ ʦʪʚʦʨʠʪʝ ʦʜ ʤʣʘʟʥʠʮʘʪʘ 

(ʩʧʠʥʝʨʝʪʦʪ) ʥʠʟ ʢʦʠ ʩʝ ʠʩʪʠʩʥʫʚʘ ʩʪʦʧʝʥʠʦʪ ʧʦʣʠʤʝʨ ʚʦ ʬʘʟʘʪʘ ʥʘ ʬʦʨʤʠʨʘˁʝ 

 

 
ʉʣʠʢʘ 7.1. ʇʦʧʨʝʯʝʥ ʧʨʝʩʝʢ ʥʘ ʪʝʢʩʪʠʣʥʠ ʚʣʘʢʥʘ  

 

ʥʘ ʚʣʘʢʥʦʪʦ. ʊʦʘ ʝ ʟʘʪʦʘ ʰʪʦ ʧʨʠ ʦʚʦʿ ʧʨʦʮʝʩ ʥʝ ʜʦʘʺʘ ʜʦ ʠʟʨʘʟʝʥʦ ʩʦʙʠʨʘˁʝ ʥʘ 

ʥʦʚʦʬʦʨʤʠʨʘʥʘʪʘ ʥʠʰʢʘ ʧʦ ʥʘʧʨʝʯʥʠʦʪ ʧʨʝʩʝʢ, ʘ ʦʜ ʧʨʠʯʠʥʘ ʰʪʦ ʛʫʩʪʠʥʠʪʝ ʥʘ 

ʨʘʩʪʦʧʦʪ ʠ ʚʪʚʨʜʥʘʪʘʪʘ ʥʠʰʢʘ ʩʝ ʤʥʦʛʫ ʙʣʠʩʢʠ. ʊʦʿ ʝ ʛʣʘʚʥʦ ʢʨʫʞʝʥ, ʥʦ ʩʦ 

ʧʨʠʤʝʥʘ ʥʘ ʤʣʘʟʥʠʮʠ ʩʦ ʧʨʦʬʠʣʠʨʘʥ ʦʙʣʠʢ ʥʘ ʦʪʚʦʨʠʪʝ, ʩʝ ʜʦʙʠʚʘʘʪ ʚʣʘʢʥʘ ʩʦ 

ʧʨʦʬʠʣʠʨʘʥ ʧʨʝʩʝʢ - ʼʚʝʟʜʝʩʪ, ʧʦʚʝ˃ʝʘʛʦʣʝʥ ʠ ʜʨʫʛʠ. 

ʅʘ ʩʣʠʢʘʪʘ 7.1 ʧʨʝʪʩʪʘʚʝʥʠ ʩʝ ʦʙʣʠʮʠʪʝ ʥʘ ʥʘʧʨʝʯʥʠʪʝ ʧʨʝʩʝʮʠ ʥʘ ʪʝʢʩʪʠʣʥʠʪʝ 

ʚʣʘʢʥʘ ʢʘʢʦ ʠ ʪʠʧʦʪ ʥʘ ʚʣʘʢʥʦʪʦ ʟʘ ʢʦʿ ʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʦʜʨʝʜʝʥ ʦʙʣʠʢ. 

ʂʘʿ ʩʫʚʘʪʘ ʧʦʩʪʘʧʢʘ ʥʘ ʜʦʙʠʚʘˁʝ ʦʜ ʨʘʩʪʚʦʨ,  ʚʦ ʦʙʣʠʢʫʚʘˁʝʪʦ ʥʘ ʥʘʧʨʝʯʥʠʦʪ 

ʧʨʝʩʝʢ ʚʣʠʿʘʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʧʦʿʜʦʚʥʠʦʪ ʧʦʣʠʤʝʨ ʚʦ ʨʘʩʪʚʦʨʦʪ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʢʦʿʘ ʩʝ ʩʚʝʜʫʚʘ ʚʦ ʚʪʚʨʜʥʘʪʠʦʪ ʥʦʚʦʬʦʨʤʠʨʘʥ ʬʠʣʘʤʝʥʪ. 
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ɼʦʢʦʣʢʫ ʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʧʦʣʠʤʝʨʥʠʦʪ ʨʘʩʪʚʦʨ ʧʦʤʘʣʘ, ʥʘʧʨʝʯʥʠʦʪ ʧʨʝʩʝʢ 

ʤʥʦʛʫ ʧʦʚʝ˃ʝ ˃ʝ ʦʪʩʪʘʧʫʚʘ ʦʜ ʢʨʫʞʝʥ. 

ʂʘʿ ʚʣʘʢʥʘʪʘ ʜʦʙʠʝʥʠ ʦʜ ʨʘʩʪʚʦʨ ʧʦ ʤʦʢʨʘ ʧʦʩʪʘʧʢʘ ʦʙʣʠʢʦʪ ʥʘ ʥʘʧʨʝʯʥʠʦʪ 

ʧʨʝʩʝʢ ʚʦ ʛʦʣʝʤ ʜʝʣ ʝ ʟʘʚʠʩʝʥ ʦʜ ʙʨʟʠʥʘʪʘ ʥʘ ʪʘʣʦʞʝˁʝ ʥʘ ʧʦʣʠʤʝʨʦʪ ʠ 

ʙʨʟʠʥʘʪʘ ʥʘ ʜʠʬʫʟʠʚʥʠʪʝ ʧʨʦʮʝʩʠ. ɸʢʦ ʝ ʙʨʟʠʥʘʪʘ ʥʘ ʪʘʣʦʞʝˁʝʪʦ ʧʦʤʘʣʘ ʦʜ 

ʙʨʟʠʥʘʪʘ ʥʘ ʜʠʬʫʟʠʚʥʠʪʝ ʧʨʦʮʝʩʠ, ʧʨʝʩʝʢʦʪ ˃ʝ ʙʠʜʝ ʩʢʦʨʦ ʢʨʫʞʝʥ. 

 

ʆʙʣʠʢʦʪ ʥʘ ʥʘʧʨʝʯʥʠʦʪ ʧʨʝʩʝʢ ʚʣʠʿʘʝ ʚʨʟ ʤʥʦʛʫ ʩʚʦʿʩʪʚʘ ʥʘ ʚʣʘʢʥʦʪʦ ʠ 

ʪʝʢʩʪʠʣʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ. ʊʘʢʘ ʥʘ ʧʨʠʤʝʨ, ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʧʨʦʬʠʣʠʨʘʥʠ ʚʣʘʢʥʘ ʩʝ 

ʧʦʩʪʠʛʥʫʚʘ ʧʨʠʨʦʜʝʥ ʩʿʘʿ, ʧʨʠʿʘʪʝʥ ʜʦʧʠʨ, ʝʣʘʩʪʠʯʥʦʩʪ ʘ ʩʝ ʩʤʘʣʫʚʘ ʣʠʟʛʘˁʝʪʦ 

ʥʘ ʢʦʪʝʣʮʠʪʝ ʠ ʬʠʣʘʤʝʥʪʠʪʝ ʚʦ ʥʠʚ, ʢʘʢʦ ʠ ʧʠʣʠʥʛʦʪ. 

ɺʣʘʢʥʘ ʩʦ ʢʨʫʞʝʥ ʥʘʧʨʝʯʝʥ ʧʨʝʩʝʢ ʠʤʘʘʪ ʧʨʠʿʘʪʝʥ ʜʦʧʠʨ ʥʦ ʠʤʘʘʪ ʠ ʧʦʩʣʘʙʘ 

ʧʦʢʨʠʚʥʘ ʩʧʦʩʦʙʥʦʩʪ ʦʜ ʪʠʝ ʩʦ ʧʣʦʩʥʘʪ (ʥʝʧʨʘʚʠʣʝʥ). ɺʦʣʥʘʪʘ , ʥʘ ʧʨʠʤʝʨ, ʠʤʘ 

ʢʨʫʞʝʥ ʥʘʧʨʝʯʝʥ ʧʨʝʩʝʢ ʠ ʪʘʘ ʝ ʩʦ ʤʥʦʛʫ ʧʦʫʜʦʙʥʦ ʯʫʚʩʪʚʦ ʦʪʢʦʣʢʫ ʧʘʤʫʢʦʪ ʢʦʿ 

ʠʤʘ ʧʣʦʩʥʘʪ ʧʨʝʩʝʢ. 

 

7.2. ʌʀʅʆʉʊ ʅɸ ɺʃɸʂʅɸʊɸ 

ʌʠʥʦʩʪʘ ʝ ʝʜʥʘ ʦʜ ʤʥʦʛʫ ʟʥʘʯʘʿʥʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʚʣʘʢʥʘʪʘ. ʊʘʘ ʠʤʘ ʙʨʦʿʥʠ ʝʬʝʢʪʠ 

ʚʨʟ ʩʚʦʿʩʪʚʘʪʘ ʥʘ ʧʨʝʜʠʚʦʪʦ, ʘ ʩʦ ʪʦʘ ʠ ʚʨʟ ʩʚʦʿʩʪʚʘʪʘ ʥʘ ʪʝʢʩʪʠʣʥʠʪʝ ʧʨʦʠʟʚʦʜʠ.. 

ʆʜ ʧʦʬʠʥʠ ʚʣʘʢʥʘ ʤʦʞʝ ʜʘ ʩʝ ʠʩʧʨʝʜʠ ʧʦʬʠʥʦ ʠ ʤʥʦʛʫ ʧʦʨʘʤʥʦʤʝʨʥʦ ʧʨʝʜʠʚʦ. 

ʌʠʥʦʩʪʘ ʥʘ ʚʣʘʢʥʘʪʘ ʝ ʤʥʦʛʫ ʮʝʥʝʪʦ ʩʚʦʿʩʪʚʦ ʢʦʝ ʦʚʦʟʤʦʞʫʚʘ ʦʙʣʝʢʘʪʘ ʜʘ ʙʠʜʝ 

ʥʘʧʨʘʚʝʥʘ ʩʦ ʤʝʢ ʠ ʧʨʠʿʘʪʝʥ ʜʦʧʠʨ. ʇʦʬʠʥʠʪʝ ʧʨʠʨʦʜʥʠ ʚʣʘʢʥʘ ʢʘʢʦ ʰʪʦ ʩʝ 

ʧʘʤʫʢʦʪ, ʩʚʠʣʘʪʘ, ʚʦʣʥʘʪʘ, ʢʘʰʤʠʨʦʪ ʠ ʜʨʫʛʠ ʩʝ ʧʦʩʢʘʧʠ ʠ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ 

ʠʟʨʘʙʦʪʢʘ ʥʘ ʧʦʢʚʘʣʠʪʝʪʥʘ ʠ ʧʦʩʢʘʧʘ ʦʙʣʝʢʘ.  

ɿʘʪʦʘ, ʦʜ ʢʦʤʝʨʮʠʿʘʣʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ , ʤʥʦʛʫ ʝ ʟʥʘʯʘʿʥʦ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʬʠʥʦʩʪʘ 

ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʚʣʘʢʥʘ, ʙʠʜʝʿ˃ʠ ʝ ʟʥʘʯʘʝʥ ʬʘʢʪʦʨ ʟʘ ʥʠʚʥʠʦʪ ʢʚʘʣʠʪʝʪ ʠ ʮʝʥʘ. 

 

 

ʆʪʩʪʘʧʫʚʘˁʝʪʦ ʥʘ ʥʘʧʨʝʯʥʠʦʪ ʧʨʝʩʝʢ ʥʘ ʚʣʘʢʥʘʪʘ ʦʜ ʢʨʫʞʝʥ 

ʦʙʣʠʢ ʝ ʧʨʠʯʠʥʘ ʬʠʥʦʩʪʘ ʜʘ ʥʝ ʩʝ ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʝʢʫ 

ʧʨʝʯʥʠʢʦʪ ʥʘ ʚʣʘʢʥʘʪʘ (ʠʟʨʘʟʝʥ ʚʦ mm ) ʪʫʢʫ ʩʦ ʪ.ʥ. ʪʠʪʘʨ 

ʠʣʠ ʣʠʥʠʩʢʘ ʛʫʩʪʠʥʘ ʠʣʠ ʜʦʣʞʠʥʩʢʘ ʤʘʩʘ 

 

ʂʘʢʦ ʰʪʦ ʤʦʞʝʤʝ ʜʘ ʚʠʜʠʤʝ ʦʜ ʩʣʠʢʘʪʘ 7.1, ʩʦ ʦʛʣʝʜ ʜʝʢʘ ʥʝʤʘʘʪ ʧʨʘʚʠʣʝʥ 

ʢʨʫʞʝʥ ʧʦʧʨʝʯʝʥ ʧʨʝʩʝʢ, ʚʣʘʢʥʘʪʘ ʠʤʘʘʪ, ʚʦ ʨʘʟʣʠʯʥʠ ʥʘʩʦʢʠ, ʨʘʟʣʠʯʝʥ 

ʜʠʿʘʤʝʪʘʨ ʦʜʥʦʩʥʦ ʙʝʟʙʨʦʿ ʜʠʿʘʤʝʪʨʠ. ʌʠʥʦʩʪʘ ʥʘ ʚʣʘʢʥʘʪʘ, ʩʧʦʨʝʜ ʪʦʘ, ʥʝ 

ʤʦʞʝʤʝ ʜʘ ʿʘ ʠʟʨʘʟʠʤʝ ʩʦ ʜʠʿʘʤʝʪʘʨ ʢʘʢʦ ʰʪʦ ʝ ʚʦʦʙʠʯʘʝʥʦ ʟʘ 

ʮʠʣʠʥʜʨʠʯʥʠ/ʞʠʯʝʥʠ ʤʘʪʝʨʠʿʘʣʠ. ɿʘʪʦʘ, ʢʘʢʦ ʤʝʨʢʘ ʩʝ ʟʝʤʘ ʜʦʣʞʠʥʩʢʘʪʘ ʤʘʩʘ 

ʠʣʠ ʣʠʥʠʩʢʘʪʘ ʛʫʩʪʠʥʘ ʠʣʠ ʪʠʪʘʨʦʪ. ɺʦ ʤʝʺʫʥʘʨʦʜʥʠʦʪ ʩʠʩʪʝʤ ʥʘ ʝʜʠʥʠʮʠ 

ʣʠʥʠʩʢʘʪʘ ʛʫʩʪʠʥʘ ʩʝ ʠʟʨʘʟʫʚʘ ʚʦ ʝʜʠʥʠʮʘʪʘ tex;  
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tex-ʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʤʘʩʘ ʚʦ ʛʨʘʤʦʚʠ ʥʘ 1000 m ʜʦʣʛʦ ʚʣʘʢʥʦ. 

 

1000 1

g g
tex

m km
= =  

 

ʄʥʦʛʫ ʯʝʩʪʦ ʬʠʥʦʩʪʘ ʥʘ ʚʣʘʢʥʘʪʘ ʩʝ ʤʝʨʠ ʚʦ decitex  ʢʦʿ ʩʝ ʦʟʥʘʯʫʚʘ ʩʦ  dtex 

 

dtex-ʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʤʘʩʘ ʚʦ ʛʨʘʤʦʚʠ ʥʘ 10000 m ʜʦʣʛʦ ʚʣʘʢʥʦ 

 

10000 10

g g
dtex

m km
= =   

ʦʜ ʪʫʢʘ ʩʣʝʜʠ ʜʝʢʘ : 

1 10tex dtex=  

 

ɼʨʫʛʘ ʝʜʠʥʠʮʘ ʢʦʿʘ, ʛʣʘʚʥʦ, ʩʝ ʢʦʨʠʩʪʠ ʚʦ ɺʝʣʠʢʘ ɹʨʠʪʘʥʠʿʘ ʠ ʉɸɼ ʝ denier 

(den) 

 

Denier ʧʨʝʪʩʪʘʚʫʚʘ ʤʘʩʘ ʚʦ ʛʨʘʤʦʚʠ ʥʘ 9000 m ʜʦʣʛʦ ʚʣʘʢʥʦ. 

 

9000 9

g g
den

m km
= =  

 

ʦʜ ʪʫʢʘ ʩʣʝʜʠ: 

1 9tex den=  

 

ʊʨʝʪʘ ʤʝʨʢʘ ʟʘ ʬʠʥʦʩʪʘ ʥʘ ʧʨʝʜʠʚʦ ʝ ʤʝʪʘʨʩʢʠʦʪ ʙʨʦʿ (Nm). 

 

ʤʝʪʘʨʩʢʠʦʪ ʙʨʦʿ (Nm) ʧʨʝʪʩʪʘʚʫʚʘ ʜʦʣʞʠʥʘ ʚʦ ʤʝʪʨʠ  

ʥʘ ʝʜʝʥ ʛʨʘʤ  ʚʣʘʢʥʦ  

 

1

m
Nm

g
=  

 

ʦʜ ʪʫʢʘ ʩʣʝʜʠ: 

1000
tex

Nm
=  

 

ɺʦ ʪʘʙʝʣʘʪʘ 7.1 ʩʝ ʜʘʜʝʥʠ ʢʦʥʚʝʨʟʠʚʥʠʪʝ ʬʘʢʪʦʨʠ ʟʘ ʦʚʠʝ ʪʨʠ ʝʜʠʥʠʮʠ. 
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ʊʘʙʝʣʘ 7.1. ʂʦʥʚʝʨʟʠʿʘ ʥʘ ʝʜʠʥʠʮʠʪʝ ʟʘ ʬʠʥʦʩʪ 

 

˗̪̏̎̃̆̑̈̉́ tex 
decitex 

(dtex)  

denier  

(den)  

˙̆̓́̑̒̋̉ 

̪̂̑̏ 

(Nm)  

tex  10 x tex 9 x tex 
tex

1000
 

decitex 

(dtex)  10

dtex
 

 
0,9 x dtex 

dtex

10000
 

denier  

(den)  9

den
 

9,0

den
 

 

den

9000
 

˙̆̓́̑̒̋̉ 

̪̂̑̏ 

(Nm)  

Nm

1000
 

Nm

10000
 

Nm

9000
  

 

ʉʦ ʚʦʚʝʜʫʚʘˁʝʪʦ ʥʘ ʣʠʥʝʘʨʥʘʪʘ ʛʫʩʪʠʥʘ ʢʘʢʦ ʤʝʨʢʘ ʟʘ ʬʠʥʦʩʪʘ ʥʘ ʚʣʘʢʥʘʪʘ ʩʝ 

ʨʝʰʘʚʘ ʧʨʦʙʣʝʤʦʪ ʩʦ ʥʝʤʦʞʥʦʩʪʘ ʜʘ ʩʝ ʦʜʨʝʜʠ ʥʠʚʥʘʪʘ ʜʝʙʝʣʠʥʘ. ɼʨʫʛʘ 

ʧʨʝʜʥʦʩʪ ʥʘ ʦʚʘʘ ʤʝʨʢʘ ʝ ʰʪʦ ʿʘ ʝʣʠʤʠʥʠʨʘ ʥʝʫʥʠʬʦʨʤʥʦʩʪʘ ʚʦ ʜʝʙʝʣʠʥʘʪʘ ʥʘ 

ʚʣʘʢʥʘʪʘ. ʀʤʝʥʦ, ʠ ʢʦʛʘ ʙʠ ʤʦʞʝʣʝ ʜʘ ʿʘ ʦʜʨʝʜʠʤʝ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʝʜʝʥ ʧʨʠʤʝʨʦʢ 

ʦʜ (ʢʦʥʪʠʥʫʠʨʘʥʦ) ʚʣʘʢʥʦ, ʪʦʘ ʥʝ ʟʥʘʯʠ ʜʝʢʘ ʝ ʪʘʘ ʢʦʥʩʪʘʥʪʥʘ (ʥʘʿʯʝʩʪʦ ʥʝ ʝ) ʧʦ 

ʮʝʣʘʪʘ ʜʦʣʞʠʥʘ ʥʘ ʚʣʘʢʥʦʪʦ. 

ɼʦʢʦʣʢʫ ʚʣʘʢʥʦʪʦ ʙʠ ʠʤʘʣʦ ʧʨʘʚʠʣʝʥ ʢʨʫʞʝʥ ʧʨʝʩʝʢ (ʰʪʦ ʝ ʧʦʚʝʨʦʿʘʪʥʦ ʢʘʿ 

ʩʠʥʪʝʪʠʯʢʠʪʝ ʚʣʘʢʥʘ ʠʟʚʣʝʯʝʥʠ ʦʜ ʨʘʩʪʦʧ) ʪʦʛʘʰ ʬʠʥʦʩʪʘ ʦʜʥʦʩʥʦ ʜʠʿʘʤʝʪʘʨʦʪ 

ʥʘ ʚʣʘʢʥʦʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʚʦ cm, ʘʢʦ ʩʝ ʟʥʘʝ ʣʠʥʝʘʨʥʘʪʘ ʛʫʩʪʠʥʘ, ʦʜ 

ʩʣʝʜʥʘʚʘ ʬʦʨʤʫʣʘ: 

 

pr

dtex
d

ÖÖ
=

-6104
 

ʢʘʜʝ: d = ʜʠʿʘʤʝʪʘʨʦʪ ʥʘ ʚʣʘʢʥʦʪʦ ʚʦ cm, r = ʛʫʩʪʠʥʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ ʚʦ g/cm3. 

 

ɸʢʦ ʠʤʘʤʝ ʥʠʰʢʘ, ʬʠʥʦʩʪʘ ʥʘ ʬʠʣʘʤʝʥʪʠʪʝ ʩʝ ʠʟʨʘʟʫʚʘ ʩʦ ʜʨʦʧʢʘ ʢʘʿ ʢʦʿʘ 

ʙʨʦʠʪʝʣʦʪ ʿʘ ʠʟʨʘʟʫʚʘ ʚʢʫʧʥʘʪʘ ʬʠʥʦʩʪ ʚʦ dtex ʘ ʠʤʝʥʠʪʝʣʦʪ ʙʨʦʿʦʪ ʥʘ 

ʧʦʝʜʠʥʝʯʥʠʪʝ ʬʠʣʘʤʝʥʪ 

ʆʟʥʘʯʫʚʘˁʝʪʦ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥʠʪʝ ʠ ʩʝʯʢʘʥʠʪʝ ʚʣʘʢʥʘ ʝ ʠʣʫʩʪʨʠʨʘʥʦ ʥʘ 

ʧʨʠʤʝʨʠʪʝ ʜʦʣʫ: 

 




