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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ ʬʠʟʠʢʠ ʧʦʣʠʤʝʨʦʚ ʠ ʢʨʠʩʪʘʣʣʦʚ 

ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄʦʩʢʦʚʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ:  ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ,     

ʧʨʦʬʝʩʩʦʨ 

          ʇʦʪʝʤʢʠʥ ʀʛʦʨʴ ʀʚʘʥʦʚʠʯ.  

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ:  

ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʪʝʦʨʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ ʀʥʩʪʠʪʫʪʘ 

ʚʩrʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ 

ɼʘʨʠʥʩʢʠʡ ɸʥʘʪʦʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ, 

ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʀʥʩʪʠʪʫʪʘ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ɸ.ɺ. ʊʦʧʯʠʝʚʘ ʈɸʅ 

ʉʫʙʙʦʪʠʥ ɸʥʜʨʝʡ ɺʘʣʝʥʪʠʥʦʚʠʯ.  

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

ñʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪò   

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ 15 ʤʘʷ 2014 ʛ. ʚ 17 ʯʘʩ. 00 ʤʠʥ. ʥʘ ʟʘʩʝʜʘʥʠʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 501.002.01 ʧʨʠ ʄʦʩʢʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ ʧʦ ʘʜʨʝʩʫ: 119991, ɻʉʇ-1, ʄʦʩʢʚʘ, 

ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ. 1, ʩʪʨ. 2, ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤ. ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ, ʖʌɸ.  

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʆʪʜʝʣʝ ʜʠʩʩʝʨʪʘʮʠʡ ʅʘʫʯʥʦʡ 

ʙʠʙʣʠʦʪʝʢʠ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʃʦʤʦʥʦʩʦʚʩʢʠʡ ʧʨʦʩʧ., ʜ.27)  

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ   18 ʤʘʨʪʘ   2014 ʛ.  

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ  

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 501.002.01 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ        ʃʘʧʪʠʥʩʢʘʷ ʊ. ɺ.  

 

 

 



3 
 

ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɼʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʳ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʧʦʢʨʳʪʠʷ ʠ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʩ 

ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʀʭ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʤʝʤʙʨʘʥ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʤʘʩʰʪʘʙʝ,  ʰʘʙʣʦʥʦʚ ʚ 

ʣʠʪʦʛʨʘʬʠʠ, ʩʝʥʩʦʨʦʚ, ʤʝʜʠʮʠʥʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ, ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʨʝʜ ʩ 

ʧʝʨʝʩʪʨʘʠʚʘʶʱʝʡʩʷ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʪ.ʜ. ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ 

ʵʧʠʪʘʢʩʠʠ ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʣʠʙʦ ʥʝʚʦʟʤʦʞʥʦ, 

ʣʠʙʦ ʠʤʝʝʪ ʨʷʜ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʘ ʩʘʤʠ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ 

ʩʣʦʞʥʳʤʠ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʩ ʟʘʜʘʥʥʦʡ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʘʨʭʠʪʝʢʪʫʨʦʡ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʧʦʣʠʤʝʨʦʚ, 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʦʙʲʝʤʝ ʠʣʠ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ 

ʩʦʧʦʣʠʤʝʨʦʚ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʦʛʨʫʞʝʥʠʠ 

ʧʦʜʣʦʞʢʠ, ʥʘ ʢʦʪʦʨʫʶ ʥʘʥʦʩʠʪʩʷ ʧʣʝʥʢʘ,  ʚ ʨʘʟʙʘʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʩʦʧʦʣʠʤʝʨʦʚ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʘʜʩʦʨʙʮʠʷ ʤʠʮʝʣʣʷʨʥʳʭ ʘʛʨʝʛʘʪʦʚ 

(ʩʝʣʝʢʪʠʚʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ) ʠʣʠ ʦʜʠʥʦʯʥʳʭ ʮʝʧʝʡ (ʥʝʩʝʣʝʢʪʠʚʥʳʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʝʨʭʪʦʥʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʣʝʥʢʠ  (ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʠʮʝʣʣ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʣʝʢʫʣ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʣʝʥʦʢ ʩ çʧʨʦʩʪʦʡè ʩʪʨʫʢʪʫʨʦʡ: ʛʝʢʩʘʛʦʥʘʣʴʥʦ-ʫʧʘʢʦʚʘʥʥʳʭ ʤʠʮʝʣʣ ʠʣʠ 

ʧʦʣʦʩ,  ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʥʘ ʤʘʣʳʭ ʤʘʩʰʪʘʙʘʭ. ʆʜʥʘʢʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʚʚʝʜʝʥʠʝ ʚ ʨʘʩʪʚʦʨ ʥʝʩʢʦʣʴʢʠʭ ʩʦʨʪʦʚ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ, ʩ ʙʣʦʢʘʤʠ 

ʨʘʟʣʠʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʪʨʫʢʪʫʨ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ 

ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ, ʤʝʭʘʥʠʟʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʤʠʮʝʣʣ ʩʤʝʩʠ ʜʠʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʦʚ, ʩʝʣʝʢʪʠʚʥʦ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʱʝ ʥʝ ʠʟʫʯʝʥ.  

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

ʩʦʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (spin coating): ʨʘʩʪʝʢʘʥʠʝ 

ʢʘʧʣʠ ʧʦʣʠʤʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʜʣʦʞʢʝ ʟʘ ʩʯʝʪ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺʘʨʴʠʨʫʷ 

ʢʦʥʮʝʥʪʨʘʮʠ ʁʧʦʣʠʤʝʨʘ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʘ ʪʘʢ ʞʝ ʩʢʦʨʦʩʪʴ ʠ ʚʨʝʤʷ 

ʚʨʘʱʝʥʠʷ ʢʘʧʣʠ ʧʦʣʫʯʘʶʪ ʧʣʝʥʢʠ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ. ʇʦʯʪʠ ʚʩʝʛʜʘ 

ʩʪʨʫʢʪʫʨʘ ʩʫʭʠʭ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, ʥʘʭʦʜʠʪʩʷ ʚ 

çʟʘʤʦʨʦʞʝʥʥʦʤè ʩʦʩʪʦʷʥʠʠ, ʜʘʣʝʢʦʤ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʣʥʦʛʦ 
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ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ɼʣʷ çʜʦʚʝʜʝʥʠʷè ʝʝ ʜʦ ʨʘʚʥʦʚʝʩʠʷ, ʧʣʝʥʢʫ 

ʧʦʜʚʝʨʛʘʶʪ ʣʠʙʦ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʤʝʜʣʝʥʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʥʘʛʨʝʚʘʷ ʠ ʦʭʣʘʞʜʘʷ (ʚ ʠʥʦʩʪʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʶʪ 

thermal annealing), ʣʠʙʦ ʚʳʜʝʨʞʠʚʘʶʪ ʚ ʧʘʨʘʭ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʫʰʢʦʡ (solvent vapor annealing). ʉʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʫʭʠʭ ʧʣʝʥʢʘʭ ʚ 

ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʪʞʠʛʘ ʧʨʝʜʩʢʘʟʫʝʤʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʛʣʦʱʝʥʠʝ 

ʤʦʣʝʢʫʣ ʧʘʨʘ ʚʦ ʚʨʝʤʷ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ï ʩʣʦʞʥʳʡ ʠ ʤʘʣʦʠʟʫʯʝʥʥʳʡ 

ʧʨʦʮʝʩʩ. ʅʘʣʠʯʠʝ ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʝʝ ʠʟʫʯʝʥʠʝ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʠʥʝʪʠʢʘ ʥʘʙʫʭʘʥʠʷ ʧʣʝʥʦʢ, 

ʨʦʣʴ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʥʘʙʫʭʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʣʝʥʢʝ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ ʷʚʣʝʥʠʷʤʠ.   

ɿʘʯʘʩʪʫʶ ʦʩʦʙʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ ʪʦʥʢʠʤ ʧʣʝʥʢʘʤ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ 

ʙʘʪʘʨʝʡ, ʷʚʣʷʶʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ) 

ʦʨʠʝʥʪʘʮʠʷ ʥʘʥʦʜʦʤʝʥʦʚ ʠ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ 

ʨʦʜʘ ʫʩʪʨʦʡʩʪʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʨʘʙʦʪʘʤʠ. ʆʜʥʘʢʦ ʯʠʩʣʦ ʩʧʦʩʦʙʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʦʨʠʝʥʪʘʮʠʶ ʥʘʥʦʜʦʤʝʥʦʚ, ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʦ, ʠ ʥʝʦʙʭʦʜʠʤ ʧʦʠʩʢ ʥʦʚʳʭ, 

ʥʘʜʝʞʥʳʭ ʠ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʤʳʭ ʩʧʦʩʦʙʦʚ.  

ʎʝʣʴ ʨʘʙʦʪʳ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠ ʁʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʦʚʳʭ ʤʦʨʬʦʣʦʛʠʡ ʚ ʧʣʝʥʢʘʭ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ, ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʷ 

ʦʨʠʝʥʪʘʮʠʠ ʥʘʥʦʜʦʤʝʥʦʚ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʷ ʧʘʨʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʢʠʥʝʪʠʢʫ 

ʥʘʙʫʭʘʥʠʷ ʠ ʨʘʚʥʦʚʝʩʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʣʝʥʦʢ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1. ʊʝʦʨʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʳʝ ʤʦʨʬʦʣʦʛʠʠ ʠ 

ʨʘʚʥʦʚʝʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʝʨʭʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʪʠʚʥʦʡ ʘʜʩʦʨʙʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

AB ʠ AC ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʫʩʣʦʚʠʠ, 

ʯʪʦ   

a. ɸ-ʙʣʦʢʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ AB ʠ AC ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ï 

ʦʜʠʥʘʢʦʚʳʝ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʩʠʣʴʥʦ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʬʦʨʤʠʨʫʷ ʪʦʥʢʠʡ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʡ ʩʣʦʡ.  

b. B- ʠ C-ʙʣʦʢʠ ʘʛʨʝʛʠʨʫʶʪ ʠ ʦʙʨʘʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʨʝʭʤʝʨʥʳʝ 

ʜʦʤʝʥʳ. 
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2. ʀʟʫʯʠʪ ɹʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʨʠʰʠʚʢʠ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʢ ʧʣʦʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʧʣʘʥʘʨʥʳʝ ʱʝʪʢʠ) ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʪʦʥʢʦʡ ʧʣʝʥʢʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʤʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

3. ʀʟʫʯʠʪ ɹ ʧʨʦʮʝʩʩ ʥʘʙʫʭʘʥʠ ̫ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʣʘʤʝʣʣ̫ ʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʧʘʨʘʭ ʥʝʩʝʣʝʢʪʠʚʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʤʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʦʚ.  ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʧʦʣʫʯʝʥʳ ʠ ʚʳʥʦʩʷʪʩʷ ʥʘ 

ʟʘʱʠʪʫ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

1.  ɺʧʝʨʚʳʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʠʷ ʤʠʢʨʦʬʘʟʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʚ 

ʩʚʝʨʭʪʦʥʢʠʭ ʧʣʝʥʢʘʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʤʝʩʴʶ AB ʠ AC ʜʠʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʩʝʣʝʢʪʠʚʥʦʡ ʘʜʩʦʨʙʮʠʠ ʥʘ 

ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʬʘʟʦʚʳʝ 

ʜʠʘʛʨʘʤʤʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʦʙʣʘʩʪʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʤʠʮʝʣʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʥʠʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʤʧʦʟʠʮʠʠ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ, ʜʦʣʠ ʢʘʞʜʦʛʦ ʠʟ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ 

ʚ ʩʤʝʩʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʢʘʢ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ, ʪʘʢ ʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

2. ɺʧʝʨʚʳʝ ʤʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʠʩʘʥʦ, ʯʪʦ ʚ ʧʣʝʥʢʘʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʜʠʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʘʤʠ, ʧʨʠʚʠʪʳʤʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʦʜʠʥ ʢʦʥʝʮ, ʧʨʠ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʨʠʰʠʚʢʠ,  ʧʣʘʥʘʨʥʘʷ ʤʦʨʬʦʣʦʛʠʷ  ʪʠʧʘ ʙʠʩʣʦʡ ʷʚʣʷʝʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʦʡ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ ʦʥʘ 

ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʜʦʤʝʥʳ. ɹʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʦʤʝʥʦʚ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ. ʅʘʡʜʝʥʳ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʤʦʨʬʦʣʦʛʠʠ ʧʣʝʥʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʤʧʦʟʠʮʠʠ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʠ ʢʘʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

3.   ɺʧʝʨʚʳʝ ʤʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚ ʧʨʦʮʝʩʩʝ ʥʘʙʫʭʘʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʩ 

ʣʘʤʝʣʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ 

ʣʘʤʝʣʷʤʠ) ʚ ʥʝʩʝʣʝʢʪʠʚʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʘʤʝʣʝʡ, ʠʤʝʶʱʠʭ,  ʤʝʥʴʰʫʶ ʪʦʣʱʠʥʫ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʥʝʥʘʙʫʭʰʠʤʠ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʧʦʩʪʫʧʣʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʧʣʝʥʢʫ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʟʥʠʢʘʣʘ ʥʘ 

ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮʘʭ. ɹʳʣʘ ʠʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʥʘʙʫʭʘʥʠʷ ʧʣʝʥʦʢ ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʥʘʙʫʭʘʥʠʷ ʚ ʥʝʩʝʣʝʢʪʠʚʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ 

ʟʘʚʠʩʠʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʣʘʤʝʣʝʡ ʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʜʣʷ 
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ʧʘʨʘʣʣʝʣʴʥʳʭ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʣʘʤʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ 

ʨʘʩʪʚʦʨʠʪʝʣʷ.   

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ.  ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʧʦʚʝʜʝʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʩʪʝʤʳ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ.  

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ.  ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʜʦʤʝʥʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʙʣʦʢʦʚ ʦʜʥʦʛʦ ʪʠʧʘ, ʟʘʛʨʫʞʘʶʪʩʷ ʤʦʣʝʢʫʣʘʤʠ ʧʨʝʢʫʨʩʦʨʘ 

ʤʝʪʘʣʣʦʚ (ʥʘʧʨʠʤʝʨ, HAuCl4). ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʤʝʪʘʣʣʘ ʠʟ ʧʨʝʢʫʨʩʦʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʩʦʧʦʣʠʤʝʨʘ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʫʩʧʦʨʷʜʦʯʝʥʥʳʝ ʩ 

ʩʠʤʤʝʪʨʠʝʡ ʥʘʥʦʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʢʠ. ɺ ʩʣʫʯʘʝ ʩʚʝʨʭʪʦʥʢʠʭ ʧʣʝʥʦʢ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʤʝʩʠ A-B ʠ A-C ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʜʦʤʝʥʳ 

ʠʤʝʶʪ ʟʘʤʳʩʣʦʚʘʪʫʶ, ʥʝʦʙʳʯʥʫʶ ʬʦʨʤʫ, ʧʨʠ ʵʪʦʤ ʟʘʛʨʫʞʘʷ ʚ ʥʠʭ 

ʧʨʝʢʫʨʩʦʨʳ  ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʥʝʪʨʠʚʠʘʣʴʥʳʝ 

ʫʟʦʨʳ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʣʝʥʦʢ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ, ʧʨʠʚʠʪʳʭ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʥʦʜʦʤʝʥʥʳʭ ʰʘʙʣʦʥʦʚ ʩ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ ʠ 

ʧʝʨʢʦʣʷʮʠʝʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʦʜʣʦʞʢʝ. ʊʘʢʠʝ ʰʘʙʣʦʥʳ 

ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʫʜʘʣʝʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʜʦʤʝʥʦʚ ʠ ʟʘʤʝʥʳ ʠʭ ʜʦʥʦʨʥʳʤ ʠ ʘʢʮʝʧʪʦʨʥʳʤ ʤʘʪʝʨʠʘʣʘʤʠ. 

ʇʨʠ ʵʪʦʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʜʦʤʝʥʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ, ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʳʭ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮʘʭ, ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʵʣʝʢʪʨʦʜʘʤ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʧʣʝʥʦʢ 

ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ ʚ ʧʘʨʘʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ ʢʠʥʝʪʠʢʫ, ʨʦʣʴ 

ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʩʪʨʦʝʥʠʷ ʚ ʧʣʝʥʢʝ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ. ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, 

ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʦʪʨʘʞʘʶʪ ʧʝʨʩʦʥʘʣʴʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʨʘʙʦʪʳ.  ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʫʙʣʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʧʨʠʯʝʤ ʚʢʣʘʜ ʜʠʩʩʝʨʪʘʥʪʘ ʙʳʣ 

ʦʧʨʝʜʝʣʷʶʱʠʤ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ 

ʣʠʯʥʦ: ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʠʷ ʠ ʤʦʜʝʣʠ ʩʠʩʪʝʤ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ 
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ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ, ʘ ʪʘʢ 

ʞʝ ʧʨʦʚʝʜʝʥʳ ʚʩʝ ʨʘʩʯʝʪʳ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 10-ʠ ʨʘʙʦʪʘʭ, ʠʟ ʥʠʭ 3 

ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ [1-3] ʠ 7 ʪʝʟʠʩʦʚ ʢ  ʜʦʢʣʘʜʘʤ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷʭ [4-10].  

ʉʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʯʝʪʳʨʝʭ ʛʣʘʚ, ʚʳʚʦʜʦʚ, ʙʣʘʛʦʜʘʨʥʦʩʪʝʡ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 110 

ʥʘʠʤʝʥʦʚʘʥʠʡ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 114 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ 

ʩʦʜʝʨʞʠʪ 48 ʨʠʩʫʥʢʦʚ ʠ 3 ʪʘʙʣʠʮ.r 

ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, 

ʦʪʨʘʞʝʥʘ ʝʝ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʮʝʣʴ 

ʠ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʸʥ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʪʦʥʢʠʤ ʠ ʩʚʝʨʭʪʦʥʢʠʤ ʧʣʝʥʢʘʤ ʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʦʚ. 

ʇʝʨʚʘʷ ʯʘʩʪʴ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦʬʘʟʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʣʠʥʝʡʥʳʭ ʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʦʚ.  

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʜʠʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʦʚ ʚ ʩʚʝʨʭʪʦʥʢʠʭ ʧʣʝʥʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʥʘʣʠʯʠʠ ʩʤʝʩʠ ʜʠʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʦʚ ʨʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ.  

ɺ ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʦʪʨʘʞʝʥʳ ʧʨʦʙʣʝʤʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʚ 

ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ ʦʨʠʝʥʪʘʮʠʠ 

ʥʘʥʦʜʦʤʝʥʦʚ ʚ ʧʣʝʥʢʘʭ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʜʦʚʝʜʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʜʦ ʨʘʚʥʦʚʝʩʠʷ.  

ʏʝʪʚʝʨʪʘ ̫ʯʘʩʪ ɹʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʤʝʪʦʜʘ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ (ɼɼʏ).  

ɼʘʣʝʝ ʩʣʝʜʫʶʪ ʛʣʘʚʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 
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ɺʪʦʨʘ  ̫ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʤʦʨʬʦʣʦʛʠʠ ʩʚʝʨʭʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʪʠʚʥʦʡ 

ʘʜʩʦʨʙʮʠʠ AB ʠ AC ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʠʩʫʥʦʢ 1. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʤʠʮʝʣʣʳ ʘ) ʩʦ ʩʤʝʰʘʥʥʳʤ ʷʜʨʦʤ (HMC) ʙ) ʩ 

ʩʝʛʨʝʛʠʨʦʚʘʥʥʳʤ ʷʜʨʦʤ ʪʠʧʘ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʧʦʣʫʩʬʝʨ (BEC) ʚ) ʩ ʷʜʨʦʤ 

ʪʠʧʘ çʛʣʘʟʫʥʴè̫ (FEC) ʛ) ʩ ʷʥʫʩʦʧʦʜʦʙʥʳʤ ʷʜʨʦʤ (JC) ʜ) ʤʠʮʝʣʣʳ ʩ 

çʯʠʩʪʳʤʠè ʷʜʨʘʤʠ (PM). 

ɹʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʩʫʭʘ ̫ ʩʚʝʨʭʪʦʥʢʘ ̫ ʧʣʝʥʢʘ ʠʟ ʩʤʝʩʠ  ɸɺ ʠ ɸʉ 

ʣʠʥʝʡʥʳʭ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʯʠʩʣʦ ʤʘʢʨʦʤʦʣʝʢʫʣ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʢʩʠʨʦʚʘʥʦ ʠ ʯʪʦ ʧʣʦʱʘʜʴ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʴʰʝ, ʯʝʤ 

ʧʦʣʥʘʷ ʧʣʦʱʘʜʴ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʩʝʛʤʝʥʪʦʚ. ʊʘʢʞʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʚʩʝ ʙʣʦʢʠ 

ʚ ʩʦʧʦʣʠʤʝʨʘʭ ʛʠʙʢʠʝ ʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʜʣʠʥʫ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʩʝʛʤʝʥʪʘ 

a. NA, NB ʠ NC ï ʯʠʩʣʦ ʩʝʛʤʝʥʪʦʚ ʚ ʙʣʦʢʘʭ A, B ʠ ʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (N = NB = 

NC). űAB ʠ űAC ï ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʘʢʨʦʤʦʣʝʢʫʣ ɸɺ ʠ ɸʉ ʢ ʦʙʱʝʤʫ 

ʯʠʩʣʫ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, űAB+űAC=1. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʙʣʦʢʠ ɸ ï 

ʩʠʣʴʥʦ ʘʜʩʦʨʙʠʨʦʚʘʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʬʦʨʤʠʨʫʶʪ ʪʦʥʢʠʡ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʡ ʩʣʦʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʤʠʥʠʤʫʤ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʢʦʥʪʘʢʪʦʚ ʩ 

ʚʦʟʜʫʭʦʤ (ʨʠʩ. 1., ʙʣʦʢʠ ɸ ʦʙʦʟʥʘʯʝʥʳ ʞʝʣʪʳʤ ʮʚʝʪʦʤ).  ɺ ʪʦʞʝ ʚʨʝʤʷ ʙʣʦʢʠ 

B ʠ C ï ʥʝʩʦʚʤʝʩʪʠʤʳ ʥʠ ʩ ʙʣʦʢʘʤʠ A, ʥʠ ʩ ʚʦʟʜʫʭʦʤ (ʨʠʩ. 1., ʙʣʦʢʠ B ʠ C 

ʦʙʦʟʥʘʯʝʥʳ ʩʠʥʠʤ ʠ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʆʜʥʘʢʦ, ʥʘʭʦʜʷʩʴ ʚ 

ʢʦʥʪʘʢʪʝ ʩ ʧʦʜʣʦʞʢʦʡ, ʦʥʠ ʦʙʨʘʟʫʶʪ ʪʨʝʭʤʝʨʥʦʝ ʷʜʨʦ. ɺʳʙʦʨ ʦʧʠʩʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʠhʨʦʢʦʡ ʩʧʝʢʪʨ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ 

ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʜʝʪ ʩʝʙʷ ʘʥʘʣʦʛʠʯʥʦ, ʥʘʧʨʠʤʝʨ,  

ʙʣʦʢʠ P2VP ʚ PS-P2VP ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ ʦʙʨʘʟʫʶʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʡ ʩʣʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʣʦʢʠ PS, ʬʦʨʤʠʨʫʶʪ 

ʪʨʝʭʤʝʨʥʦʝ ʷʜʨʦ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʪʘʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʘʢ ʧʦʣʦʩr  

ʠ ʙʠʩʣʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʦʯʝʥʴ ʜʣʠʥʥʳʭ ʙʣʦʢʘʭ B ʠ 

C, ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʩʪʨʫʢʪʫʨ ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʘʥʘʣʠʟʦʤ 

ʣʠʰʴ ʛʨʠʙʦʧʦʜʦʙʥʳʭ ʤʠʮʝʣʣ, ʧʨʦʷʚʣʷʶʱʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ  ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʢʦʤʧʦʟʠʮʠʡ ʩʦʧʦʣʠʤʝʨʦʚ. ɸ ʠʤʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʠʮʝʣʣ rʩ ʦʜʥʦʨʦʜʥʦ ʧʝʨʝʤʝʰʘʥʥʳʤʠ ʙʣʦʢʘʤʠ B ʠ C ʚ ʷʜʨʝ 

(ʨʠʩ. 1ʘ); ʤʠʮʝʣʣ r ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʜʝʣʝʥʥʳʤʠ (ʩʝʛʨʝʛʠʨʦʚʘʥʥʳʤʠ) 

(ʘ) (ʙ) (ʚ) 

(ʛ) (ʜ) 
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ʙʣʦʢʘʤʠ B ʠ C ʚ ʷʜʨʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʷʜʨʦ ʥʘʧʦʤʠʥʘʝʪ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ 

ʧʦʣʫʩʬʝʨ r(ʨʠʩ. 1ʙ),  çʛʣʘʟʫʥʴèʁ (ʨʠʩ. 1ʚ) ʠʣʠ ʠʤʝʝʪ ʷʥʫʩʦʧʦʜʦʙʥʫʶ ʬʦʨʤʫ 

(ʨʠʩ. 1ʛ); ʘ ʪʘʢʞʝ çʯʠʩʪʳʭè ɸɺ ʠ ɸʉ ʤʠʮʝʣʣ, ʷʜʨʘ ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʣʠʙʦ ʙʣʦʢʘʤʠ ʩʦʨʪʘ B, ʣʠʙʦ ʩʦʨʪʘ C (ʨʠʩ. 1ʜ). 

 ɿʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʠʮʝʣʣ ʦʪʚʝʯʘʶʪ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʢʘʢ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ (ʧʦʜʣʦʞʢʘ ʠ ʚʦʟʜʫʭ), ʪʘʢ ʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ; ʢʦʤʧʦʟʠʮʠ ̫

ʩʦʧʦʣʠʤʝʨʦʚ f  (ʜʦʣʷ ʟʚʝʥʴʝʚ ʦʜʥʦʛʦ ʩʦʨʪʘ ʚ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʝ), ʘ ʪʘʢʞʝ ʜʦʣ̫ 

ɸɺ ʠ ɸʉ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʠʮʝʣʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ ʢʘʢ ʘʛʨʝʛʘʮʠʦʥʥʦʝ ʯʠʩʣʦ, ʨʘʟʤʝʨ 

ʜʦʤʝʥʦʚ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʡ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʨʘʩʯʠʪʳʚʘʣʘʩʴ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠ ̫

ʩʠʩʪʝʤʳ, ʧʨʠʭʦʜʷʱʘʩ̫ʷ ʥʘ ʦʜʥʫ ʮʝʧʴ, ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʩʠʣʴʥʦʡ ʩʝʛʨʝʛʘʮʠʠ. 

ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʟʘʧʠʩʳʚʘʣʘʩʴ ʚ ʚʠʜʝ ʩʫʤʤʳ ╕░▪◄ - ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ,  ╕▄■ ï ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ 

ʨʘʩʪʷʞʝʥʠʷ ʙʣʦʢʦʚ ʚ ʷʜʨʝ ʠ ʢʦʨʦʥʝ ʤʠʮʝʣʣ, ʘ ʪʘʢʞʝ ╕□░● ï ʵʥʝʨʛʠʠ ʦʙʲʝʤʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʷʜʨʝ,  ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʘʨʘʤʝʪʨʦʤ ʌʣʦʨʠ-ʍʘʛʛʠʥʩʘ 

ɢBC. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʝʝ ʤʠʥʠʤʠʟʘʮʠʷ. 

ɺ ʧʝʨʚʦʡ, ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʯʸʪʦʚ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʪʠʧʦʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʠʮʝʣʣ. 

 ʉʣʝʜʫʝʪ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʠʭ ʤʦʤʝʥʪʘʭ. ɺʦ-ʧʝʨʚʳʭ, 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ: (ʩʤʝʩʴ ʙʣʦʢʦʚ B ʠ C) / (i), ʚʳʨʘʞʘʝʪʩʷ   Ӷ  •Ӷ ρ

•Ӷ ,  ʛʜʝ i ï ʚʦʟʜʫʭ, ʧʦʜʣʦʞʢʘ ʠʣʠ ʙʣʦʢʠ A. ɺʦ-ʚʪʦʨʳʭ, ʧʘʨʘʤʝʪʨ ʌʣʦʨʠ-

ʍʘʛʛʠʥʩʘ, ɢBC, ʩʚʷʟʘʥ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ Ӷ 

ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Ӷ … φϳ. ɺ-ʪʨʝʪʴʠʭ, ʚʢʣʘʜ ʚ 

ʫʧʨʫʛʫʶ ʵʥʝʨʛʠʶ ʟʘ ʩʯʝʪ ʨʘʩʪʷʞʝʥʠʷ ʙʣʦʢʦʚ ɺ ʠ ʉ ʚ ʷʜʨʝ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʢʣʘʜʦʤ ʟʘ ʩʯʝʪ ʨʘʩʪʷʞʝʥʠʷ ʙʣʦʢʦʚ A ʚ ʢʦʨʦʥʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʬʘʟʦʚʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʟʘʚʠʩʝʣʦ ʦʪ  ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: Ӷ, Ӷ, 

Ӷ , Ӷ , Ӷ , … , ὛӶ, ὛӶ, ű, ʠ Ὢ (ʛʜʝ ὛӶ ʠ 

 ὛӶ ̞̗̜̋̏̉̉̆̎̓̕̕ ̠̑́̒̓̆̋́̎̉). 

ɺ ʯʝʪʚʝʨʪʦʡ ʯʘʩʪʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʘʟʦʚʳʝ 

ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʤʠʮʝʣʣ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʷʜʨʘ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥ  r

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨ:r ╢ πȢψȟ ╢ ρ, ♬ πȢςȟ ♬ πȢτȟ♬
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πȢτȟ  ʠ  ♬ ρ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʪʝʢʘʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʯʘʩʪʠʯʥʦʝ ʩʤʘʯʠʚʘʥʠʝ ʜʣʷ ʤʠʮʝʣʣ, ʢʘʢ ʩ çʯʠʩʪʳʤè, ʪʘʢ ʠ ʩʦ 

çʩʤʝʰʘʥʥʳʤè ʷʜʨʦʤ (ʨʠʩ. 1a, e). ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ,  ὛӶ ʪʘʢʞʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ  ὛӶ  ʠ  ὛӶ. 

ʅʝʨʘʚʝʥʩʪʚʦ Ӷ    ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʢʨʳʚʘʥʠʷ ʜʦʤʝʥʦʚ 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʙʣʦʢʦʚ C (ʢʨʘʩʥʳʝ) ʙʣʦʢʘʤʠ B (ʩʠʥʠʝ)  ʚ ʷʜʨʝ FEC ʠ BEC 

ʤʠʮʝʣʣ (ʨʠʩ. 1. ʙ, ʚ). ɺ ʦʙʨʘʪʥʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʪʩʷ ʠʥʚʝʨʩʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ 

ʚʥʝʰʥʠʤ ʢʨʘʩʥʳʤ ʩʣʦʝʤ. ʅʘʢʦʥʝʮ, ʩʧʝʮʠʘʣʴʥʳʡ ʚʳʙʦʨ Ӷ  Ӷ ȟӶ  

ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ ʪʠʧʘ ʙʠʩʣʦʡ, ʟʘʧʨʝʱʘʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʙʣʦʢʦʚ ʩʦʨʪʘ B ʠ C ʧʦʚʝʨʭ ʢʦʨʦʥʳ ʠʟ ʙʣʦʢʦʚ A. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʡ ʧʦʩʪʨʦʝʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: (1) ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ (ʙʣʦʢʠ B/ʚʦʟʜʫʭ), ♬║╪░►, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʙʣʦʢʦʚ B (ʩʠʥʠʝ) ʩ ʚʦʟʜʫʭʦʤ; (2) ʧʘʨʘʤʝʪʨʘ Ⱶ║╒╝, 

ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʣʦʢʦʚ B ʠ C ʚ ʷʜʨʝ; (3) ʜʦʣʠ ɸɺ ʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʦʚ, ű ʠ  (4) ʢʦʤʧʦʟʠʮʠʠ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ, f. 

 ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ … ὔ- ű ʜʠʘʛʨʘʤʤʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʨʠ 

Ӷ πȢω,  f=0.5 (ʘ) ʠ 0.7 (ʙ).  

ʈʠʩʫʥʦʢ 2. … ὔ-ű ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʡ ʧʨʠ Ӷ πȢω,  f=0.5 (ʘ) ʠ 0.7 (ʙ). 

HMC ï ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʠʮʝʣʣʳ ʩ ʦʜʥʦʨʦʜʥʳʤ ʷʜʨʦʤ; BEC ï ʤʠʮʝʣʣʳ ʩ 

ʩʝʛʨʝʛʠʨʦʚʘʥʥʳʤ ʷʜʨʦʤ ʪʠʧʘ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʧʦʣʫʩʬʝʨ; FEC ï ʤʠʮʝʣʣʳ ʩ 

ʷʜʨʦʤ ʪʠʧʘ çʛʣʘʟʫʥʴʷè; PM ï ʤʠʮʝʣʣʳ ʩ çʯʠʩʪʳʤʠè ʷʜʨʘʤʠ. 

ɼʠʘʛʨʘʤʤʳ ʦʪʨʘʞʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ … ὔ (ʩʪʝʧʝʥʴ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʙʣʦʢʦʚ B ʠ C). ʍʦʨʦʰʦ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʨʦʪʢʠʝ ʮʝʧʠ ʩʤʝʰʠʚʘʶʪʩʷ ʣʫʯʰʝ, ʯʝʤ ʜʣʠʥʥʳʝ, ʚʦʪ ʧʦʯʝʤʫ 

ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ … ὔ ʙʣʦʢʠ B ʠ C ʬʦʨʤʠʨʫʶʪ ʩʤʝʰʘʥʥʦʝ ʷʜʨʦ 

HMC ʤʠʮʝʣʣ. ʋʚʝʣʠʯʝʥʠʝ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʝʞʜʫ ʙʣʦʢʘʤʠ B ʠ C ʧʨʠʚʦʜʠʪ 

(ʘ) (ʙ) 
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ʢ ʚʥʫʪʨʝʥʥʝʡ ʩʝʛʨʝʛʘʮʠʠ ʚ ʷʜʨʝ ʠ ʦʙʨʘʟʦʚʘʥʠʶ BEC ʤʠʮʝʣʣ. ʇʨʠ ʵʪʦʤ ʙʣʦʢʠ 

C (ʢʨʘʩʥʳʝ) ʧʦʣʥʦʩʪʴʶ ʠʟʦʣʠʨʦʚʘʥʳ ʦʪ ʚʦʟʜʫʭʘ, ʧʦʩʢʦʣʴʢʫ Ӷ Ӷ Ȣ 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ … ὔ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʙʣʦʢʠ C ʧʨʦʨʳʚʘʶʪ 

ʩʣʦʡ B, ʦʙʨʘʟʫʷ çʛʣʘʟʫʥʴʶè (FEC). ʇʨʠ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʝ ʷʜʨʘ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʧʨʦʠʛʨʳʰ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʢʦʥʪʘʢʪʦʚ ʙʣʦʢʦʚ C ʩ ʚʦʟʜʫʭʦʤ, 

ʫʤʝʥʴʰʘʝʪʩ ̫ʧʣʦʱʘʜʴ ʥʝʚʳʛʦʜʥʦʡ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʙʣʦʢʘʤʠ B ʠ 

C. ɺ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʩʠʣʴʥʘʷ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʙʣʦʢʦʚ B ʠ C ʚʝʜʝʪ ʢ 

ʨʘʟʜʝʣʝʥʠʶ ʤʠʮʝʣʣʳ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ çʯʠʩʪʳʭè ɸɺ ʠ ɸʉ ʤʠʮʝʣʣ.  

 ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʜʠʘʛʨʘʤʤʘʤ (ʨʠʩ. 2) ʣʝʛʢʦ ʧʨʦʩʣʝʜʠʪʴ, ʢʘʢ ʚʣʠʷʝʪ ʜʦʣʷ 

AB ʩʦʧʦʣʠʤʝʨʦʚ ʚ ʩʤʝʩʠ, ű, ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʦʢ. ɿʘʬʠʢʩʠʨʦʚʘʚ ʧʘʨʘʤʝʪʨ 

… ὔ ʙʫʜʝʤ ʫʚʝʣʠʯʠʚʘʪʴ ű, ʥʘʯʘʚ ʩ ʦʙʣʘʩʪʠ çʯʠʩʪʳʭè ʤʠʮʝʣʣ ʜʣʷ ʧʝʨʝʭʦʜʘ 

PM-FEC, ʨʠʩ. 2. ʏʠʩʣʦ ɸɺ (ʩʠʥʠʭ) ʤʠʮʝʣʣ ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ, ʠ ʩʣʠʷʥʠʝ ʷʜʝʨ 

çʯʠʩʪʳʭè  B ʠ C ʤʠʮʝʣʣ ʩʪʘʥʦʚʠʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ. ɺʦ-ʧʝʨʚʳʭ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ FEC ʜʘʝʪ ʚʳʠʛʨʳʰ ʚ ʵʥʝʨʛʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʥʪʘʢʪʘ 

ʙʣʦʢʦʚ  C ʩ ʚʦʟʜʫʭʦʤ: ʚ çʛʣʘʟʫʥʴʝè ʵʪʦʪ ʢʦʥʪʘʢʪ ʯʘʩʪʠʯʥʦ ʵʢʨʘʥʠʨʦʚʘʥ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʧʦʣʠʤʝʨʘ B ʩ ʚʦʟʜʫʭʦʤ,  Ӷ   . ɺʦ-

ʚʪʦʨʳʭ, ʩ ʨʦʩʪʦʤ ű ʧʣʦʱʘʜʴ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ɺʉ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʦʜʥʫ 

ʮʝʧʴ ʚ çʛʣʘʟʫʥʴʝè ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ 

ʩʣʦʷ B. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʦʙʲʝʤʘ ʜʦʤʝʥʘ C ʢ ʥʫʣʶ, ʧʣʦʱʘʜʴ 

ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ʪʘʢ ʞʝ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ 

ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ FEC ʢ BEC ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ű.  

 

ʈʠʩʫʥʦʢ 3. … ὔ-f ʜʠʘʛʨʘʤʤʘ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠ Ӷ πȢω ʠ ű 
=0.5. HMC ï ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʤʠʮʝʣʣʳ ʩ ʦʜʥʦʨʦʜʥʳʤ ʷʜʨʦʤ; 

BEC ï ʤʠʮʝʣʣʳ ʩ ʷʜʨʦʤ ʪʠʧʘ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʧʦʣʫʩʬʝʨ; 

FEC ï ʤʠʮʝʣʣʳ ʩ ʷʜʨʦʤ ʪʠʧʘ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʧʦʣʫʩʬʝʨ; PM 

ï ʤʠʮʝʣʣʳ ʩ çʯʠʩʪʳʤʠè 

ʷʜʨʘʤʠ. 

 

ʊʘʢʞʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʦʤʧʦʟʠʮʠʠ, f, ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ 

ʤʦʨʬʦʣʦʛʠʶ ʩʚʝʨʭʪʦʥʢʠʭ ʧʣʝʥʦʢ. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʚ ʧʝʨʝʤʝʥʥʳʭ … ὔ-f 

ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3. ʆʙʣʘʩʪʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʠʮʝʣʣ ʩ ʷʜʨʦʤ ʪʠʧʘ çʛʣʘʟʫʥʴʷè 

ʠ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʧʦʣʫʩʬʝʨ  ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʙʣʦʢʦʚ A 

(f), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʩʪʠ ʩʠʣʴʥʦ 
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ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʮʝʧʝʡ ʩ ʨʦʩʪʦʤ NA. ɿʘʬʠʢʩʠʨʦʚʘʚ … ὔ ʠ ʫʚʝʣʠʯʠʚʘ ̫NA (f), 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʪʨʫʢʪʫʨʳ FEC ʚ çʯʠʩʪʳʝè ʤʠʮʝʣʣʳ. FEC 

ʤʠʮʝʣʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ ʫʧʨʫʛʦʩʪʠ ʢʦʨʦʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ PM ʤʠʮʝʣʣʘʤʠ.  ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʢʦʥʪʘʢʪʦʚ ʙʣʦʢʦʚ B c ʙʣʦʢʘʤʠ A 

ʚʩʣʝʜʩʪʚʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʩʪʨʫʢʪʫʨʘʭ BEC ʠ FEC. ʇʦʵʪʦʤʫ 

ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʙʣʦʢʦʚ (ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʩʪʠ) ʜʝʩʪʘʙʠʣʠʟʠʨʫʝʪ FEC-

ʩʪʨʫʢʪʫʨʫ ʠ ʧʝʨʝʚʦʜʠʪ ʝʝ ʚ ʤʠʮʝʣʣʳ ʩ ʯʠʩʪʳʤʠ ʷʜʨʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘʙʣʶʜʘʪʴ ʤʠʮʝʣʣʳ ʩ ʜʚʦʡʥʳʤʠ ʷʜʨʘʤʠ (BEC 

ʠʣʠ FEC), ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʢʦʨʦʪʢʠʤʠ ʢʦʨʦʥʦʦʙʨʘʟʫʶʱʠʤʠ ʙʣʦʢʘʤʠ.  

ʀʟ ʨʠʩʫʥʢʦʚ 2 ʠ 3 ʚʠʜʥʦ, ʯʪʦ ʤʠʮʝʣʣʳ ʩ ʷʜʨʘʤʠ ʗʥʫʩʘ ʥʝʩʪʘʙʠʣʴʥʳ ʧʨʠ 

ʜʘʥʥʦʤ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ 

ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʙʣʦʢʦʚ B ʠ C ʩ 

ʚʦʟʜʫʭʦʤ (Ӷ ρȟӶ πȢω). ɺ ʩʘʤʦʤ ʜʝʣʝ, ʯʝʤ ʙʦʣʴʰʝ ʵʪʦ ʨʘʟʣʠʯʠʝ, 

ʪʝʤ ʙʦʣʴʰʝ ʚʳʠʛʨʳʰ ʦʪ ʵʢʨʘʥʠʨʦʚʢʠ ʙʣʦʢʘʤʠ B ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʢʦʥʪʘʢʪʦʚ 

ʙʣʦʢʦʚ C ʩ ʚʦʟʜʫʭʦʤ. ʇʦʵʪʦʤʫ ʩʪʨʫʢʪʫʨʳ BEC ʠ FEC ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳ. 

ʆʜʥʘʢʦ, ʫʩʪʨʝʤʣʷʷ  Ӷ  ʢ Ӷ , ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠ ̫ʩʪʘʙʠʣʴʥʳʭ ʤʠʮʝʣʣ ʩ ʷʥʫʩʦʧʦʜʦʙʥʳʤ ʷʜʨʦʤ (JC). ʕʪʦ ʥʘʛʣʷʜʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʚ ʧʝʨʝʤʝʥʥʳʭ Ӷ  ï ű (ʨʠʩ. 4ʙ).  

ʈʠʩʫʥʦʢ 4. Ӷ Ὢ (a) ʠ Ӷ • (ʙ) ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʤʠʮʝʣʣ ʧʨʠ … ὔ συ, ű =0,5 (a) ʠ f=0,5 (ʙ). HMC ï ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʠʮʝʣʣʳ 

ʩ ʦʜʥʦʨʦʜʥʳʤ ʷʜʨʦʤ; BEC ï ʤʠʮʝʣʣʳ ʩ ʷʜʨʦʤ ʪʠʧʘ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ 

ʧʦʣʫʩʬʝʨ; FEC ï ʤʠʮʝʣʣʳ ʩ ʷʜʨʦʤ ʪʠʧʘ çʛʣʘʟʫʥʴʷè; JC ïʤʠʮʝʣʣʳ ʩ ʷʜʨʦʤ 

ʷʥʫʩʘ; PM ï ʤʠʮʝʣʣʳ ʩ çʯʠʩʪʳʤʠè ʷʜʨʘʤʠ. 

ɺ ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʯʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʭ ʜʦʣʷʭ AB ʠ 

AC ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʧʦʷʚʣʷʶʪʩʷ JC ʤʠʮʝʣʣʳ, ʦʜʥʘʢʦ, ʢʘʢ ʪʦʣʴʢʦ 

(ʙ) 
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ʨʘʟʥʠʮʘ, (Ӷ   Ӷ ȾӶ , ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ 5% ʤʦʨʬʦʣʦʛʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʠʮʝʣʣ ʤʝʥʷʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ FEC. ʀʟ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʚ 

ʧʝʨʝʤʝʥʥʳʭ Ӷ  ï f (ʨʠʩ. 4a) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʩ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ AB ʠ AC ʩʦʧʦʣʠʤʝʨʦʚ JC ʤʠʮʝʣʣʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʜʦʚʦʣʴʥʦ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʤʧʦʟʠʮʠʡ ʩʦʧʦʣʠʤʝʨʦʚ  f  (ʨʠʩ. 4a).  ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ Ӷ Ӷ   ʥʘʙʣʶʜʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʝ ʠʥʚʝʨʩʥʳʝ ʩʪʨʫʢʪʫʨʳ.  

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʤʝʪʦʜʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʜʠʩʩʠʧʘʪʠʚʥʦʡ 

ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ) ʠʟʫʯʝʥʘ ʤʦʨʬʦʣʦʛʠʷ ʪʦʥʢʠʭ ʧʣʸʥʦʢ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʧʨʠʰʠʚʢʠ ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ ʮʝʧʝʡ ʢ ʧʦʜʣʦʞʢʝ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʦʨʬʦʣʦʛʠʷ ʪʠʧʘ ʙʠʩʣʦʡ, ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ 

ʧʣʦʪʥʦʩʪʝʡ ʧʨʠʰʠʚʢʠ, ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʠ ʟʘ ʢʦʥʝʯʥʳʝ ʚʨʝʤʝʥʘ 

ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘʥʦʜʦʤʝʥʳ (ʨʠʩ. 5). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʧʦʟʠʮʠʠ 

ʩʦʧʦʣʠʤʝʨʘ,  f, ʦʙʨʘʟʫʶʱʝʛʦ ʧʣʝʥʢʫ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 

ʤʦʨʬʦʣʦʛʠʡ: ʛʝʢʩʘʛʦʥʘʣʴʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʳʝ çʣʫʥʢʠè ʠ çʩʪʘʣʘʢʪʠʪʳè, ʘ ʪʘʢ 

ʞʝ ʧʘʨʘʣʣʝʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ çʦʚʨʘʛʠè (ʨʠʩ. 6). ʂʨʦʤʝ ʪʦʛʦ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʦʤʝʥʦʚ ʚ 

ʪʘʢʦʡ ʩʠʩʪʝʤʝ.  

ʈʠʩʫʥʦʢ 5. ʉʣʝʚʘ ï ʙʠʩʣʦʡ, 

ʦʙʨʘʟʦʚʘʥʥʳʡ ʩʦʧʦʣʠʤʝʨʘʤʠ, ʫ 

ʢʦʪʦʨʳʭ ʢʦʥʮʝʚʳʝ ʛʨʫʧʧʳ ʧʣʦʪʥʦ 

ʧʨʠʰʠʪʳ ʢ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʧʨʘʚʘ ï ʩʪʘʣʘʢʪʠʪʦʧʦʜʦʙʥʘʷ 

ʩʪʨʫʢʪʫʨʘ c ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʥʘʥʦʜʦʤʝʥʘʤʠ, 

ʦʙʨʘʟʫʶʱʘʷʩʷ ʠʟ ʙʠʩʣʦʷ. 

ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ. ʀʟʫʯʘʝʤʳʝ 

ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʪʦʥʢʠʝ ʧʣʝʥʢʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ A-B ʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʘʤʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ N = 30 ʟʚʝʥʴʝʚ. ʂʦʥʮʝʚʳʝ ʟʚʝʥʴʷ 

ʦʜʥʦʛʦ ʠʟ ʙʣʦʢʦʚ (A, ʢʦʨʠʯʥʝʚʳʝ) ʙʳʣʠ ʬʠʟʠʯʝʩʢʠ ʧʨʠʰʠʪ rʢ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʩʚʦʙʦʜʘ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ OXY ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʪʦʨʚʘʪʴʩʷ ʦʪ 

ʥʠʞʥʝʡ ʩʪʝʥʢʠ). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʥʝʩʝʣʝʢʪʠʚʥʳʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ, ʢʘʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʭʦʨʦʰʝʛʦ, aS  = 

25, ʜʦ ʧʣʦʭʦʛʦ, aS  = 40. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʯʠʩʣʝ ʯʘʩʪʠʮ, ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʷʯʝʡʢʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʲʝʤʘ V ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ OX ʠ OY. ʇʣʦʪʥʦʩʪʴ ʧʨʠʰʠʚʢʠ ʢʦʥʮʝʚʳʭ ʟʚʝʥʴʝʚ 
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ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ  yxABS LLN 3/2rs = , ʛʜʝ NAB ï ʯʠʩʣʦ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ 

ʙʦʢʩʝ, ɟ ï  ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ.  

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʤʧʦʟʠʮʠʠ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ,  f, ʙʳʣʠ ʥʘʡʜʝʥʳ ʪʨʠ ʚʠʜʘ 

çʥʝʪʨʠʚʠʘʣʴʥʳʭè ʨʘʚʥʦʚʝʩʥʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʭ 

ʙʣʦʢʦʚ A (ʢʦʨʠʯʥʝʚʳʭ) ʠ ʜʣʠʥʥʳʭ ʙʣʦʢʦʚ B (ʞʝʣʪʳʭ) f=0,33 ʦʙʨʘʟʫʪʁʩ ̫

ʛʝʢʩʘʛʦʥʘʣʴʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʳʝ çʣʫʥʢʠè (ʨʠʩ. 6ʘ). ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʜʣʠʥʘ 

ʧʨʠʚʠʪʦʛʦ ʙʣʦʢʘ ʤʝʥʴʰʝ ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ, ʥʘʥʦʜʦʤʝʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʦʜʣʦʞʢʠ. ʋʚʝʣʠʯʠʚʘʷ ʜʣʠʥʫ ʧʨʠʰʠʪʳʭ 

ʙʣʦʢʦʚ A,  f=0,46, ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ  ʚ ʦʙʣʘʩʪʠ 

ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʷ. ʅʘʯʠʥʘʶʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ çʦʚʨʘʛʠè (ʨʠʩ. 6ʙ).  

ʈʠʩʫʥʦʢ 6. ʊʠʧʳ ʨʘʚʥʦʚʝʩʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʧʣʦʪʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʱʝʪʢʘʭ. ʂʦʥʝʮ ʙʣʦʢʘ ɸ, 

(ʢʦʨʠʯʥʝʚʳʡ) ʬʠʟʠʯʝʩʢʠ ʧʨʠʰʠʪ ʢ 

ʧʦʜʣʦʞʢʝ, ʘ ʢʦʥʝʮ ʙʣʦʢʘ ɺ (ʞʝʣʪʳʡ) 

ï ʩʚʦʙʦʜʝʥ. 

(ʘ) ʛʝʢʩʘʛʦʥʘʣʴʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʳʝ 

çʣʫʥʢʠè, 10ɸ-20ɺ; (ʙ) ʧʘʨʘʣʣʝʣʴʥʳʝ 

çʦʚʨʘʛʠè, 14ɸ-16ɺ; ʛʝʢʩʘʛʦʥʘʣʴʥʦ-

ʫʧʦʨʷʜʦʯʝʥʥʳʝ çʩʪʘʣʘʢʪʠʪʳè, 18ɸ-

12ɺ (ʚ) ʠ 22ɸ-8ɺ (ʛ). 

ʂʦʨʠʯʥʝʚʳʝ ʢʨʫʛʠ ʠ ʧʦʣʦʩʳ ʥʘ 

ʧʦʜʣʦʞʢʝ (ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʷʯʝʡʢʠ) ï 

ʧʨʦʝʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʜʦʤʝʥʦʚ. ʇʣʦʪʥʦʩʪʴ ʧʨʠhʠʚʢʠ „  = 

0.7. ʈʘʟʤʝʨ ʷʯʝʡʢʠ Lx= Ly= Lz=32. 

ʍʦʨʦʰʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʜʣʷ ʦʙʦʠʭ 

ʙʣʦʢʦʚ, aAS= aBS=25.  

ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ 

ʪʦʯʝʢ ʩʰʠʚʢʠ ʙʣʦʢʦʚ A ʠ B ʧʦ 

ʚʳʩʦʪʝ Z. ʏʝʨʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʥʘ 

ʛʠʩʪʦʛʨʘʤʤʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʦʚ ʮʝʧʝʡ 

ʚ ʩʣʫʯʘʝ ʱʝʪʢʠ ʥʘ ʦʩʥʦʚʝ 

ʛʦʤʦʧʦʣʠʤʝʨʘ ʜʣʠʥʦʡ 16. ʏʘʩʪʠʮʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʚʝʨʭʥʝʡ ʦʙʣʘʩʪʠ  ʠ ʥʝ ʧʦʢʘʟʘʥʳ.  

(ʘ) 

(ʙ) 

(ʚ) 

(ʛ) 
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ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʯʪʠ ʩʠʤʤʝʪʨʠʯʥʫʶ  ʢʦʤʧʦʟʠʮʠʶ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʦʚʨʘʛʘ ʜʦ ʧʦʜʣʦʞʢʠ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʚʨʘʛʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ʙʣʦʢʦʚ (f = 0,6) ʧʨʠʚʦʜʠʪ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʢʚʘʟʠʦʜʥʦʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʚʨʘʛʦʚ ʚ ʧʦʯʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ çʩʪʘʣʘʢʪʠʪʳè, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʙʣʦʢʘʤʠ B (ʨʠʩ. 6ʚ) ʇʦʩʣʝʜʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ  ʜʣʠʥʳ ʙʣʦʢʘ A 

(f = 0,73) ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʪʷʛʠʚʘʥʠʶ ʠ ʫʪʦʥʴʰʝʥʠʶ ʩʪʘʣʘʢʪʠʪʦʚ (ʨʠʩ. 6ʛ) ʧʨʠ 

ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʝʪ ʚʝʨʭʥʠʡ ʧʣʦʩʢʠʡ ʩʣʦʡ. ɼʚʝ ʜʨʫʛʠʝ ʪʨʠʚʠʘʣʴʥʳʝ 

ʩʪʨʫʢʪʫʨʳ (ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ), ʦʙʨʘʟʦʚʘʥʳ ʩʠʣʴʥʦ 

ʘʩʩʠʤʝʪʨʠʯʥʳʤʠ ʩʦʧʦʣʠʤʝʨʘʤʠ. ʊʘʢ ʚ ʩʣʫʯʘʝ ʦʯʝʥʴ ʢʦʨʦʪʢʦʛʦ ʧʨʠhʠʪʦʛʦ 

ʙʣʦʢʘ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʣʦʩʢʠʡ ʙʠʩʣʦʡ, ʘ ʚ ʩʣʫʯʘʝ ʦʯʝʥʴ ʢʦʨʦʪʢʦʛʦ ʩʚʦʙʦʜʥʦʛʦ 

ʙʣʦʢʘ ʩʪʘʣʘʢʪʠʪʳ ʨʘʩʧʘʜʘʶʪʩʷ ʠ ʦʙʨʘʟʫʶʪ ʧʦʯʪʠ ʩʬʝʨʠʯʝʩʢʠʝ ʤʠʮʝʣʣʳ.  

          ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʤʦʨʬʦʣʦʛʠʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʢ 

ʩʰʠʚʢʠ ʙʣʦʢʦʚ A ʠ B ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ Z. (ʨʠʩ. 6 

ʩʧʨʘʚʘ). ʉʨʝʜʥʷʷ ʜʦʣʷ ʩʰʠʚʦʢ 
ABNND  ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʯʠʩʣʦ ʩʰʠʚʦʢ ʚ ʩʣʦʝ 

dz, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ z ʦʪ ʧʦʜʣʦʞʢʠ, ȹN, ʧʦʜʝʣʸʥʥʦʝ ʥʘ ʧʦʣʥʦʝ 

ʯʠʩʣʦ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ ʩʠʩʪʝʤʝ,  NAB. ʆʩʥʦʚʥʦʡ ʯʝʨʪʦʡ ʚʩʝʭ ʛʠʩʪʦʛʨʘʤʤ  

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚʳʨʘʞʝʥʥʦʛʦ ʧʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʯʝʢ ʩʰʠʚʢʠ ʥʘ ʥʠʞʥʝʡ ʩʪʦʨʦʥʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ. ʏʪʦʙʳ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʵʪʠ ʦʙʣʘʩʪʠ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ɸɺ, ʙʣʦʢʠ A ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʳ (ʧʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ 

ʪʘʢʠʝ ʚʳʪʷʥʫʪʳʝ ʙʣʦʢʠ, ʤʘʣʘ).  ʅʘʧʨʦʪʠʚ, ʤʝʥʝʝ ʚʳʪʷʥʫʪʳʝ ʙʣʦʢʠ ʦʙʨʘʟʫʶʪ 

ʤʝʞʬʘʟʥʫʶ ʛʨʘʥʠʮʫ ʚʦ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʭ ʦʙʣʘʩʪʷʭ ʧʣʝʥʢʠ (ʣʫʥʢʠ, ʦʚʨʘʛʠ 

ʠ ʩʪʘʣʘʢʪʠʪʳ), ʧʦʵʪʦʤʫ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʰʠʚʦʢ ʟʜʝʩʴ ʤʝʥʴʰʝ. ʄʘʢʩʠʤʫʤ ʥʘ 

ʛʠʩʪʦʛʨʘʤʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʢ ʩʰʠʚʢʠ ʩʧʘʜʘʝʪ ʧʦ ʤʝʨʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʫʢʦʨʘʯʠʚʘʥʠʷ ʙʣʦʢʘ B, ʵʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʳ ʩ 

ʦʪʩʫʪʩʪʚʫʶʱʠʤ ʚʝʨʭʥʠʤ ʩʣʦʝʤ (ʨʠʩ. 6ʛ). 

 ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʯʠʥʦʡ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʷ A ʠ B 

ʜʦʤʝʥʦʚ ʜʨʫʛ ʚ ʜʨʫʛʘ, ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ 

ʚʳʠʛʨʳʰ ʚ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ, ʩʚʷʟʘʥʥʳʡ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ 

ʚʳʪʷʞʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʙʣʦʢʦʚ ʚ ʩʪʘʣʘʢʪʠʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʙʠʩʣʦʝʤ. ɺʠʟʫʘʣʠʟʠʨʫ ̫ ʢʦʥʬʦʨʤʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʮʝʧʦʯʝʢ ʜʣʷ ʜʚʫʭ 

ʩʦʩʪʦʷʥʠʡ: ʥʘʯʘʣʴʥʦʛʦ ï ʧʣʦʩʢʦʛʦ ʙʠʩʣʦʷ (ʨʠʩ 7a)  ʠ ʬʠʥʘʣʴʥʦʛʦ (ʧʦʩʣʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ) ï ʨʘʚʥʦʚʝʩʥʳʭ ʩʪʘʣʘʢʪʠʪʦʚ (ʨʠʩ 7ʙ),  ʤʦʞʥʦ ʚʠʜʝʪ,ɹ ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʧʣʦʩʢʦʛʦ ʙʠʩʣʦʷ ʚʩʝ ʢʘʢ A, ʪʘʢ ʠ B ʙʣʦʢʠ ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʳ. ʅʘʧʨʦʪʠʚ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʙʣʦʢʦʚ ʚ ʩʪʘʣʘʢʪʠʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ 

ʨʘʩʪʷʥʫʪʳʤʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʙʣʦʢʦʚ A, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʙʣʘʩʪʷʭ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʪʘʣʘʢʪʠʪʘʤʠ (ʢʨʘʡʥʷʷ ʧʨʘʚʘʷ ʮʝʧʴ, ʨʠʩ.7ʙ). ʊʘʢʦʝ 
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ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʨʘʩʪʷʞʝʥʠʝ (ʮʝʧʦʯʢʘ ʩʧʨʘʚʘ, ʨʠʩ.7ʙ) ʠ ʩʞʘʪʠʝ (ʮʝʧʦʯʢʘ 

ʧʦʩʝʨʝʜʠʥʝ ʠ ʩʣʝʚʘ, ʨʠʩ.7ʙ) ʙʣʦʢʦʚ A ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʩʫʤʤʘʨʥʦʡ ʫʧʨʫʛʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʣʫʯʘʝʤ ʙʠʩʣʦʷ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʜʠʥʘʢʦʚʦʝ ʨʘʩʪʷʞʝʥʠʝ ʚʩʝʭ ʮʝʧʝʡ. ɹʦʣʝʝ 

ʪʦʛʦ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʪʘʣʘʢʪʠʪʦʚ ʚʳʪʷʞʢʘ ʚʩʝʭ ʙʣʦʢʦʚ B - 

ʫʤʝʥʴʰʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ 

ʤʝʞʜʫ ʙʣʦʢʘʤʠ A ʠ B, ʫʧʨʫʛʦʩʪʴ ʮʝʧʝʡ ʧʨʠʚʦʜʠʪ ʢ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʦʩʢʦʡ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ.  

ʈʠʩʫʥʦʢ 7. (ʘ) ʀʟʦʙʨʘʞʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʡ ʦʪʜʝʣʴʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʚ ʧʣʦʩʢʦʤ 

ʙʠʩʣʦʝ (ʠʩʭʦʜʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʱʝʪʢʠ). (ʙ) ʊʝ ʞʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʚ 

ʩʪʘʣʘʢʪʠʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʝ (ʬʠʥʘʣʴʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʧʦʩʣʝ 

ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ). ʂʦʨʠʯʥʝʚʳʝ ʪʦʯʢʠ - ʪʦʯʢʠ ʩʰʠʚʢʠ A ʠ B ʙʣʦʢʦʚ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ. ʅʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʜʣʦʞʢʝ ʠ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʱʝʪʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 18A-12B, ůS=0.7, aAS=aBS=25. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʩʦʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʠʩʘʥ.r 

ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʦʜʥʫ ʮʝʧʴ ʚ ʩʣʫʯʘʝ ʙʠʩʣʦʷ, ʩ ʧʣʦʩʢʦʡ 

ʛʨʘʥʠʮʝʡ ʨʘʟʜʝʣʘ ɸɺ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

Tqk

nq
ʉ

Tk

F

BB

b g

f
+=

2

2

1      (1) 

ʛʜʝ ʧʝʨʚʦʝ ʠ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʧʨʫʛʦʤʫ (~H
2
/a

2
n) ʠ 

ʤʝʞʬʘʟʥʦʤʫ ʚʢʣʘʜʘʤ;  ɔ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ (ʵʥʝʨʛʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʜʣʦʞʢʦʡ, ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʦʙʲʝʤʥʳʡ ʚʢʣʘʜ 

ʦʧʫʱʝʥʳ); q ï ʯʠʩʣʦ ʧʦʣʠʤʝʨʦʚ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ 

(ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʣʦʪʥʦʩʪʴ ʧʨʠʰʠʚʢʠ). ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʙʣʦʢʠ A ʥʘʢʣʦʥʷʶʪʩʷ (ʨʠʩ 7ʙ ʣʝʚʘʷ ʮʝʧʴ), ʧʨʠ 

ʵʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʚʳʪʷʞʢʠ ʙʣʦʢʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪ ʣʘʪʝʨʘʣʴʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʥʘʥʦʜʦʤʝʥʦʚ. ɺ ʨʝʞʠʤʝ ʩʠʣʴʥʦʡ ʩʝʛʨʝʛʘʮʠʠ, ʩʚʦʙʦʜʥʘʷ 

ʵʥʝʨʛʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ (ʣʫʥʢʠ, ʦʚʨʘʛʠ ʠ ʩʪʘʣʘʢʪʠʪʳ) ʠʤʝʝʪ ʚʠʜ: 

(a) (b) (ʙ) 
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n += ,      (2) 

ʛʜʝ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʪʷʞʝʥʠʶ ʙʣʦʢʦʚ A ʚʜʦʣʴ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʘ ʚʪʦʨʦʝ ï ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʫʧʨʫʛʫʶ ʩʚʦʙʦʜʥʫʶ 

ʵʥʝʨʛʠʶ ʙʦʢʦʚʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʙʣʦʢʦʚ, ʪʘʢ ʠ ʵʥʝʨʛʠʶ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ 

ɸɺ. C1 > C2 ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ ʩʰʠʚʦʢ A ʠ B 

ʙʣʦʢʦʚ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ z. ʂʦʵʬʬʠʮʠʝʥʪ ὅ ρͯ. ʆʥ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʤʧʦʟʠʮʠʝʡ ʩʦʧʦʣʠʤʝʨʦʚ, ʩʠʤʤʝʪʨʠʝʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʲʝʤʥʦʡ ʜʦʣʝʡ 

ʩʦʧʦʣʠʤʝʨʦʚ ʠ ʜʨ., ʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ n. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʮʝʧʠ ʜʠʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʦʚ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʝ, ὲḻρ, ʠ ʦʥʠ ʧʣʦʪʥʦ ʧʨʠʰʠʪʳ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ, q~1, ʪʦ Ὂ Ὂ, ʘ ʟʥʘʯʠʪ ʤʦʨʬʦʣʦʛʠʷ ʱʝʪʢʠ ʩ 

ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʤʠ ʜʦʤʝʥʘʤʠ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʳʛʦʜʥʦʡ. ʊʦʣʴʢʦ ʦʯʝʥʴ 

ʚʳʩʦʢʘʷ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʝʞʜʫ ʙʣʦʢʘʤʠ A ʠ B,  ~ ὲ, ʤʦʞʝʪ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʣʦʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠ ήͯ ρ. 

ʇʨʠʯʠʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩʪʘʣʘʢʪʠʪʦʧʦʜʦʙʥʳʭ ʜʦʤʝʥʦʚ 

ʚ ʧʣʦʪʥʳʭ ʱʝʪʢʘʭ ʪʘʢʞʝ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʪʷʞʝʥʠʝʤ ʧʨʠʰʠʪʳʭ ʙʣʦʢʦʚ ɸ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʚʦʙʦʜʥʳʝ ʢʦʥʮʳ ʮʝʧʝʡ ʚ ʱʝʪʢʠ ʥʘ ʦʩʥʦʚʝ 

ʛʦʤʦʧʦʣʠʤʝʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝ ʵʢʚʠʜʠʩʪʘʥʪʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʣʦʞʢʠ. ʀʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʜʦʣʴ ʦʩʠ z (ʜʣʷ ʩʣʫʯʘʷ ʱʝʪʢʠ, ʜʣʠʥʘ ʧʦʣʠʤʝʨʦʚ ʚ ʢʦʪʦʨʦʡ  

ʩʦʚʧʘʜʘʝʪ ʩ ʜʣʠʥʦʡ ʙʣʦʢʦʚ A ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ) ʦʧʠʩʳʚʘʝʪ ʯʝʨʥʘʷ 

ʢʨʠʚʘʷ ʥʘ ʨʠʩʫʥʢʝ 6ʚ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʱʝʪʢʘ ʛʦʤʦʧʦʣʠʤʝʨʘ, ʚ 

ʢʦʪʦʨʦʡ ʚʩʝ ʮʝʧʠ ʚʳʪʷʥʫʪʳ ʥʝ ʦʜʠʥʘʢʦʚʦ, ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʩʚʦʙʦʜʥʦʡ 

ʵʥʝʨʛʠʝʡ (ʧʨʠʙʣʠʞʝʥʠʝ ʉʝʤʝʥʦʚʘ
1
), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʱʝʪʢʦʡ, ʚ 

ʢʦʪʦʨʦʡ ʚʩʝ ʮʝʧʠ ʠʤʝʶʪ ʨʘʚʥʫʶ ʚʳʪʷʞʢʫ, ʟʘ ʩʯʝʪ ʪʦʛʦ ʯʪʦ ʠʭ ʩʚʦʙʦʜʥʳʝ 

ʢʦʥʮʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʨʠʙʣʠʞʝʥʠʝ ɸʣʝʢʩʘʥʜʝʨʘ-ʜʝ 

ɾʝʥʘ
2,3
). ʅʘ ʨʠʩʫʥʢʝ 6ʩ ʚʠʜʥʦ, ʯʪʦ ʢʨʠʚʘ ̫ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʢʦʥʮʦʚ 

ʮʝʧʝʡ ʚ ʩʣʫʯʘʝ ʱʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʛʦʤʦʧʦʣʠʤʝʨʘ (ʜʣʠʥʘ ʮʝʧʝʡ ʚ ʢʦʪʦʨʦʡ ʪʘʢʘʷ 

ʞʝ, ʢʘʢ ʠ ʜʣʠʥʘ ʙʣʦʢʘ A) ʭʦʨʦʰʦ ʣʦʞʠʪʩʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʰʠʚʦʢ A-B 

ʙʣʦʢʦʚ ʚ ʱʝʪʢʝ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ 

ʦʨʠʝʥʪʘʮʠʷ ʜʦʤʝʥʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʰʠʨʦʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠ ʁ ʨʘʩʪʷʞʝʥʠʡ 

ʙʣʦʢʦʚ A.  

ɹr ʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʨʠʰʠʚʢʠ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʱʝʪʢʠ 

(ʨʠʩ. 8). ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʧʨʠʰʠʚʢʠ çʩʪʘʣʘʢʪʠʪʳè (ʨʠʩ. 8ʘ) 

ʧʨʝʦʙʨʘʟʫʪʁʩʷ ʚ ʧʣʦʩʢʠʡ ʙʠʩʣʦʡ (ʨʠʩ. 8ʙ). ʕʪʦʪ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ  q~ 

(ɔ/n)
1/3

, ʢʦʛʜʘ ʧʝʨʚʳʡ ʯʣʝʥ ʚ ʫʨʘʚʥʝʥʠʠ 2 ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ  ʩʦ 

ʚʪʦʨʳʤ, ʧʨʠ ʵʪʦʤ Fb < Fn. ɿʘʪʝʤ ʚʝʨʭʥʠʡ ʩʣʦʡ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʤ 

ʠ ʧʦʷʚʣʷʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʤʦʪʠʚ (ʨʠʩ. 8ʚ). ɼʘʣʴʥʝʡʰʝʝ ʫʤʝʥʴʰʝʥʠʝ 
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ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʘʨʘʣʣʝʣʴʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʣʦʩ 

(ʨʠʩ. 8ʛ). ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, ʠʟʫʯʘʶʱʠʭ ʱʝʪʢʠ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ 

ʤʝʪʦʜʘʤʠ SCFT ʠ DPD 4,5
. 

ʈʠʩʫʥʦʢ 8. ɺʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʨʠʰʠʚʢʠ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʱʝʪʢʠ; 22A-8B; 

ůS=0.7 (ʘ), 0.4 (ʙ), 0.3 (ʚ) ʠ 0.2 (ʛ). ʉʣʫʯʘʡ ʧʣʦʭʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, aAS=aBS=27. 

ɺʘʨʴʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʪʨʫʢʪʫʨʝ ʱʝʪʢʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʜʦʣʴ ʥʦʨʤʘʣʠ ʚ ʱʝʪʢʝ, ʨʠʩʫʥʦʢ 9. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʠ ʚ 

ʩʣʫʯʘʝ ʭʦʨʦʰʝʛʦ (aAS=aBS=25), ʠ ʚ ʩʣʫʯʘʝ ʧʣʦʭʦʛʦ (aAS=aBS=35) ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʥʠʞʥʷʷ ʯʘʩʪʴ ʱʝʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʫʭʘʝʪ ʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʝʝ 

ʤʦʨʬʦʣʦʛʠʶ. ʅʘʙʫʭʘʥʠʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʣʠʰʴ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʱʝʪʢʠ.  

ɻʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ű(z)  (ʨʠʩʫʥʦʢ 9) ʧʦʩʪʨʦʝʥʳ ʜʣʷ 

ʦʙʣʘʩʪʝʡ ʤʝʞʜʫ ʩʪʘʣʘʢʪʠʪʘʤʠ (ʥʘ ʧʝʨʠʬʝʨʠʠ ʷʯʝʡʢʠ ɺʠʛʥʝʨʘ-ɿʝʡʪʮʘ). 

ʅʝʤʦʥʦʪʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʦʬʠʣʷ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ: 

ʈʠʩʫʥʦʢ 9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʜʦʣʴ ʦʩʠ OZ 

(ʯʝʨʥʘʷ ʢʨʠʚʘʷ ï ʭʦʨʦʰʠʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ; ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ ï  

ʧʣʦʭʦʡ ʨʘʩʪʚʦʨʠʪʝʣʴ)  

ʈʠʩʫʥʦʢ 10.  ʃʘʪʝʨʘʣʴʥʦʝ (ʩʣʝʚʘ) ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʝ (ʩʧʨʘʚʘ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʨʠʰʠʪʳʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʮʦʚ ʙʣʦʢʦʚ 

A. 18A-12B, aAS=aBS=25, ʠ ůS=0.7. ʎʚʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʢʦʥʮʦʚ 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʷʯʝʡʢʝ 1ʭ1 ʚ ʧʣʦʩʢʦʩʪʠ ʭʫ. 

(ʘ) (ʙ) (ʚ) (ʛ) 
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ʣʦʢʘʣʴʥʳʡ ʧʠʢ ʥʘ ʢʘʞʜʦʡ ʢʨʠʚʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʤʝʞʬʘʟʥʦʡ 

ʛʨʘʥʠʮ.r ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʪʨʦʝʥʘ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʰʠʪʳʭ ʢʦʥʮʦʚ 

(ʨʠʩ. 10). ʄʘʢʩʠʤʫʤ ʬʫʥʢʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʛʨʘʥʠʮʘʭ ʷʯʝʝʢ ɺʠʛʥʝʨʘ-ɿʝʡʪʮʘ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʷʭ ʧʦʜ ʩʪʘʣʘʢʪʠʪʘʤʠ.     

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʤʝʪʦʜʦʤ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ ʠʩʩʣʝʜʦʚʘʣʩʷ 

ʚʦʧʨʦʩ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʧʣʝʥʦʢ ʧʫʪʝʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʥʘʙʫʭʘʥʠʷ ʚ ʧʘʨʘʭ ʨʘʩʪʚʦʨʠʪʝʣʷ.  

ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ  ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʣʠ 

ʩʦʙʦʡ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʩ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ 

ʣʘʤʝʣʷʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʩʠʤʤʝʪʨʠʯʥʳʤʠ AB ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘʤʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ (N = 20 ʟʚʝʥʴʝʚ). ʆʨʠʝʥʪʘʮʠʷ ʥʘʥʦʜʦʤʝʥʦʚ ʚ ʪʦʥʢʠʭ 

ʧʣʝʥʢʘʭ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʙʫʩʣʦʚʣʝʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ
5
, ʯʪʦ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʣʘʤʝʣʠ ʚ ʪʘʢʠʭ  ʧʣʝʥʢʘʭ ʦʙʨʘʟʫʶʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʩʠʤʤʝʪʨʠʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʣʦʢʦʚ ʩ ʧʦʜʣʦʞʢʦʡ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʣʘʤʝʣʠ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʥʝʡʪʨʘʣʴʥʦʡ, ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʦʙʦʠʤ ʙʣʦʢʘʤ, ʧʦʚʝʨʭʥʦʩʪʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʣʦʢʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʥʘʙʫʭʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʘʤʝʣʝʡ (aA wall =25; aB wall=50) ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʣʘʤʝʣʝʡ (aA wall =25; aB wall=25). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʠʩʪʝʤʝ ʥʘʜ 

ʧʣʝʥʢʦʡ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʥʝʩʝʣʝʢʪʠʚʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʢʘʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ 

ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ aS =40 (ʥʝ ʧʨʦʥʠʢʘʝʪ ʚ ʧʣʝʥʢʫ) ʜʦ aB wall=29 (ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ ʧʣʝʥʢʠ). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ (N,V,T) 

ʫʩʣʦʚʠʷʭ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʷʯʝʡʢʝ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʲʝʤʘ V ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ OX ʠ OY. 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʙʫʭʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʣʘʤʝʣʝʡ. ɹr ʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ 

ʧʣʝʥʢʝ ʚʦ ʚʨʝʤʷ ʥʘʙʫʭʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʝʥʠʝ ʝʝ ʩʪʨʫʢʪʫʨʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʘʤʝʣʝʡ, ʠʤʝʶʱʠʭ ʤʝʥʴʰʫʶ ʪʦʣʱʠʥʫ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʭʠʤʠ. ʅʘ ʨʠʩʫʥʢʝ 11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʥʠʤʢʠ ʨʘʟʣʠʯʥʳʭ 

ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʣʝʥʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʅʘ 

ʚʩʝʭ ʩʥʠʤʢʘʭ ʥʠʞʥʠʡ ("ʢʨʘʩʥʳʡ") ʧʦʣʫʩʣʦʡ ʩʬʦʨʤʠʨʦʚʘʥ ʠʟ ʙʣʦʢʦʚ A (aAW < 

aBW). ʂʨʘʡʥʠʡ ʣʝʚʳʡ ʩʥʠʤʦʢ (ʨʠʩ. 11) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʭʦʡ ʧʣʝʥʢʝ (aAS = 40). 

ʐʝʩʪ ɹʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʤʝʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʧʦʣʥʳʭ ʩʣʦʝʚ ʩʦʨʪʘ  B ʠ  A, 

ʟʘʚʝʨʰʘʶʪʩʷ ʧʦʣʫʩʣʦʝʤ ʩʦʨʪʘ B. ʈʘʩʪʚʦʨʠʪʝʣʴ ʧʨʠ ʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ aAS ʥʝ 

ʧʨʦʥʠʢʘʝʪ ʚ ʧʣʝʥʢʫ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʥʫʪʨʠ ʧʣʝʥʢʠ ʦʪʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 12 (ʩʠʥʷʷ ʢʨʠʚʘʷ).  
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ʈʠʩʫʥʦʢ 11. ʀʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨ ʨʘʚʥʦʚʝʩʥʳʭ ʧʣʝʥʦʢ 

ʩʠʤʤʝʪʨʠʯʥʳʭ A-B ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ aS = aAS = aBS, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ ʠʭ ʥʘʙʫʭʘʥʠʷ: ʩʫʭʘʷ 

ʧʣʝʥʢʘ (aS = 40), ʘʬʠʥʥʦʝ ʥʘʙʫʭʘʥʠʝ (aS =  40 - 32), ʥʘʙʫʭʘʥʠʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʠʩʣʘ ʩʣʦʝʚ (aS = 31 - 29.2), ʨʘʩʪʚʦʨʝʥʠʝ ʧʣʝʥʢʠ (aS = 29). ʂʨʘʩʥʳʤ  ʠ ʙʝʣʳʤ 

ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʣʘʤʝʣʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʙʣʦʢʘʤʠ A ʠ B ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʏʘʩʪʠʮʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

 

ʈʠʩʫʥʦʢ 12. 

ɿʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʥʳʭ 

ʜʦʣʝʡ ʤʦʥʦʤʝʨʦʚ ʩʦʨʪʘ 

A (ʢʨʘʩʥʳʝ ʢʨʠʚʳʝ), 

ʩʦʨʪʘ B (ʯʝʨʥʳʝ 

ʢʨʠʚʳʝ) ʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ (ʩʠʥʠʝ 

ʢʨʠʚʳʝ) ʚʥʫʪʨʠ ʧʣʝʥʢʠ 

ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ ʜʦʤʝʥʦʚ 

ʚʜʦʣʴ ʦʩʠ OZ ʧʨʠ 

ʨʘʟʥʦʤ ʟʥʘʯʝʥʠʠ aS. ʅʘ 

ʩʥʠʤʢʘʭ ʩʧʨʘʚʘ 

ʠʟʦʙʨʘʞʝʥʳ 

ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʢʠ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʦʬʠʣʠ. ʏʠʩʣʘ ʚ 

ʚʝʨʰʠʥʝ ʩʥʠʤʢʦʚ 

ʦʪʨʘʞʘʶʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ  

aS= aAS= aBS. 

 


