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ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʈʦʟʛʣʷʥʫʪʽ ʪʘʢ ʟʚʘʥʽ çʛʽʛʘʥʪʩʴʢʽ ʝʬʝʢʪʠè ʫ ʥʦʚʽʪʥʽʭ 
ʤʘʪʝʨʽʘʣʘʭ ʝʣʝʢʪʨʦʥʽʢʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʚʞʝ ʨʦʟʨʦʙʣʝʥʽ ʚʘʞʣʠʚʽ ʪʝʭʥʽʯʥʽ ʧʨʠʩʪʨʦʾ.  
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ʇɽʈɽɼʄʆɺɸ 

 

ɹʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʙʘʛʘʪʴʦʭ 

ʛʘʣʫʟʝʡ ʟʥʘʥʴ ʽ ʪʝʭʥʦʣʦʛʽʡ ï ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦ 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʙʽʦʣʦʛʽʾ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʪʘ 

ʤʦʥʦʛʨʘʬʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ.  

ʇʦʛʣʠʙʣʝʥʥʶ ʽ ʨʦʟʰʠʨʝʥʥʶ ʟʥʘʥʴ ʧʨʦ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʧʨʠʷʶʪʴ ʩʫʯʘʩʥʽ 

ʚʠʩʦʢʦʪʦʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʧʨʠʢʣʘʜʥʽʡ ʬʽʟʠʮʽ ʪʘ ʩʫʯʘʩʥʦʤʫ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ. 

ʐʚʠʜʢʦʤʫ ʧʨʦʛʨʝʩʫ ʫ ʮʴʦʤʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ ʥʘʧʨʷʤʫ ʩʧʨʠʷʻ 

ʧʦʰʠʨʝʥʥʷ ʨʝʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʪʦʥʢʠʭ ʬʽʟʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (high 

technique).  

ʋ ʛʘʣʫʟʽ ʬʽʟʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ï ʦʜʥʦʛʦ ʟ ʦʩʥʦʚʥʠʭ ʥʘʚ-

ʯʘʣʴʥʠʭ ʢʫʨʩʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ çʇʨʠʢʣʘʜʥʘ ʬʽʟʠʢʘ ʪʘ 

ʥʘʥʦʤʘʪʝʨʽʘʣʠè ʪʘ çʄʽʢʨʦ- ʪʘ ʥʘʥʦʩʠʩʪʝʤʥʘ ʪʝʭʥʽʢʘè ʥʝ ʚʠʩʪʘʯʘʻ 

ʥʘʚʯʘʣʴʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʱʦ ʚʠʜʘʻʪʴʩʷ ʚ ʋʢʨʘʾʥʽ. ɯʩʥʫʶʯʽ ʫ ʩʚʽʪʦʚʽʡ 

ʣʽʪʝʨʘʪʫʨʽ ʤʦʥʦʛʨʘʬʽʾ ʪʘ ʧʽʜʨʫʯʥʠʢʠ ʚʠʜʘʥʽ ʧʝʨʝʚʘʞʥʦ ʘʥʛʣʽʡʩʴʢʦʶ 

ʤʦʚʦʶ, ʤʘʶʪʴ ʧʣʘʪʥʠʡ ʜʦʩʪʫʧ ʜʦ ʝʣʝʢʪʨʦʥʥʦʾ ʚʝʨʩʽʾ ʪʘ ʚʽʜʩʫʪʥʽ ʫ  

ʜʨʫʢʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʚ ʙʽʙʣʽʦʪʝʢʘʭ ʋʢʨʘʾʥʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʩʘʤʦʩʪʽʡʥʫ 

ʨʦʙʦʪʫ ʩʪʫʜʝʥʪʽʚ.  

ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ çʌʽʟʠʯʥʝ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ: ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʥʘʧʨʷʤʠè ʚʠʜʘʻʪʴʩʷ ʫ ʧʝʨʝʨʦʙʣʝʥʦʤʫ ʪʘ ʜʦʧʦʚʥʝʥʦʤʫ ʚʠʛʣʷʜʽ ʷʢ 

ʦʢʨʝʤʠʡ ʧʦʩʽʙʥʠʢ, ʷʢʠʡ ʤʘʚ ʜʚʘ ʧʦʧʝʨʝʜʥʽ ʚʠʜʘʥʥʷ ʫ 2004 ʨ. ʪʘ 2011 

ʨ. ʷʢ ʯʘʩʪʠʥʘ 1 çʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʠ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘè 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʫ ʯʦʪʠʨʴʦʭ ʯʘʩʪʠʥʘʭ çʌʽʟʠʯʥʝ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè. 

ʋ ʧʦʩʽʙʥʠʢʫ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʬʫʣʝʨʝʥʠ, ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ, ʘʤʦʨʬʥʽ ʤʝʪʘʣʠ ʽ ʩʧʣʘʚʠ, 

ʬʨʘʢʪʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ, ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ, ʬʽʟʠʢʫ ʜʝʷʢʠʭ ʙʽʦʣʦʛʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʪʘ ʽʥ. ʆʧʠʩʘʥʦ ʛʽʛʘʥʪʩʴʢʽ ʝʬʝʢʪʠ ʫ 

ʥʦʚʽʪʥʽʭ ʤʘʪʝʨʽʘʣʘʭ, ʘʥʘʣʽʟʫʶʪʴʩʷ ʨʽʟʥʽ ʪʝʦʨʽʾ ʩʪʨʫʢʪʫʨʠ ʯʘʩʪʢʦʚʦ-

ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʨʝʯʦʚʠʥ, ʥʘʜʘʶʪʴʩʷ ʜʘʥʽ ʱʦʜʦ ʚʧʣʠʚʫ ʩʪʨʫʢʪʫʨʠ ʥʘ 
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ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʩʫʯʘʩʥʦʛʦ ʡ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʦʩʽʙʥʠʢ ʤʘʻ ʪʨʘʜʠʮʽʡʥʫ ʧʦʙʫʜʦʚʫ: ʧʠʪʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʦʩ-

ʣʽʜʦʚʥʦ ï ʚʽʜ ʧʨʦʩʪʦʛʦ ʜʦ ʩʢʣʘʜʥʦʛʦ ï ʟ ʚʠʩʥʦʚʢʘʤʠ, ʜʦʢʘʟʘʤʠ ʽ ʪ. ʽʥ.  

ʈʽʟʥʽ ʨʦʟʜʽʣʠ ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʧʨʠʩʚʷʯʝʥʦ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ.  

ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʦʟʥʘʚʯʠʭ ʘʩʧʝʢʪʽʚ ʜʘʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʘʥʘʣʽʟʽ ʤʘʛʽʩʪʝʨʩʴʢʠʭ ʜʠʩʝʨʪʘʮʽʡ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʟʘ 

ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ çʇʨʠʢʣʘʜʥʘ ʬʽʟʠʢʘ ʪʘ ʥʘʥʦʤʘʪʝʨʽʘʣʠè ʪʘ çʄʽʢʨʦ- ʪʘ 

ʥʘʥʦʩʠʩʪʝʤʥʘ ʪʝʭʥʽʢʘè, ʧʦʧʝʨʝʜʥʽʭ ʚʠʜʘʥʥʷʭ ʜʘʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʪʘ 

ʪʝʤʘʪʠʢʦʶ ʚʠʜʘʥʦʛʦ ʚ ʉʐɸ ʝʥʮʠʢʣʦʧʝʜʠʯʥʦʛʦ ʟʙʽʨʥʠʢʘ ʩʫʯʘʩʥʠʭ 

ʥʘʫʢʦʚʠʭ ʦʛʣʷʜʽʚ ʟ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ çNanostructured materials and 

nanotechnologyè, Academic Press, 2002, 834 pages, edited by Dr. Hari Singh 

Nalva. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʧʦʩʽʙʥʠʢʫ ʨʦʟʛʣʷʥʫʪʦ 

ʥʘʡʘʢʪʫʘʣʴʥʽʰʽ ʧʠʪʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, ʱʦ ʙʫʜʝ 

ʢʦʨʠʩʥʠʤ ʜʣʷ ʙʘʢʘʣʘʚʨʽʚ, ʤʘʛʽʩʪʨʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ ʟʘʟʥʘʯʝʥʠʭ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʥʘʫʢʦʚʮʽʚ ʪʘ ʽʥʞʝʥʝʨʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ 

ʛʘʣʫʟʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ. 

 

  



7 

 

ɺʉʊʋʇ 

 

ɻʦʣʦʚʥʠʡ ʟʤʽʩʪ ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ çʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʠ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘè ï ʩʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʘʙʦ 

ʯʘʩʪʢʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣ. ʋ ʧʝʨʰʠʭ ʪʨʴʦʭ ʯʘʩʪʠʥʘʭ 

ʨʦʟʛʣʷʥʫʪʦ ʘʤʦʨʬʥʽ ʤʝʪʘʣʠ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ, ʬʨʘʢʪʘʣʴʥʽ 

ʩʪʨʫʢʪʫʨʠ ʽ ʢʚʘʟʽʢʨʠʩʪʘʣʠ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʽʜʚʠʱʠʚʩʷ ʽʥʪʝʨʝʩ ʜʦ ʘʤʦʨʬʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣ, ʱʦ 

ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʙʣʠʟʴʢʦʛʦ ʘʪʦʤʥʦʛʦ ʧʦʨʷʜʢʫ. ʗʢʱʦ ʨʦʟʤʽʱʝʥʥʷ 

ʘʪʦʤʽʚ ʥʝ ʤʘʻ ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ, ʮʝ ʯʘʩʪʦ ʟʫʤʦʚʣʶʻ ʪʘʢʽ ʟʤʽʥʠ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʚʘʞʢʦ ʘʙʦ ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʫ 

ʪʚʝʨʜʦʤʫ ʪʽʣʽ ʟ ʨʝʛʫʣʷʨʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɼʝʷʢʽ ʟ ʮʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʷʚʠʣʠʩʷ ʟʥʘʯʫʱʠʤʠ ʷʢ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿ ʥʘʫʢʦʚʦʛʦ ʧʦʛʣʷʜʫ ʘʤʦʨʬʥʽ ʪʚʝʨʜʽ ʪʽʣʘ ï ʮʝ ʜʫʞʝ ʮʽʢʘʚʽ ʦʙôʻʢʪʠ 

ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʨʦʟʰʠʨʶʶʪʴ 

ʟʥʘʥʥʷ ʟ ʬʽʟʠʢʠ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱ ʽ ʜʘʶʪʴ ʫʥʽʢʘʣʴʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʯʘʪʠ ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ ʩʠʩʪʝʤʠ ʚ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ. ʇʨʦʪʝ 

ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʘʤʦʨʬʥʠʭ ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ ʧʝʨʝʚʘʞʘʻ. 

ʅʘʧʨʠʢʣʘʜ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʘʤʦʨʬʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ ʤʦʞʝ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʥʫʣʷ ʚ ʰʠʨʦʢʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ; ʢʦʨʦʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʽʚ ʥʘ 

ʦʩʥʦʚʽ ʟʘʣʽʟʘ ʟ ʤʝʥʰʠʤʠ ʜʦʤʽʰʢʘʤʠ ʭʨʦʤʫ ʟʥʘʯʥʦ ʚʠʱʽ, ʥʽʞ 

ʥʝʽʨʞʘʚʽʡʥʦʾ ʩʪʘʣʽ ʚ ʢʨʠʩʪʘʣʽʯʥʦʤʫ ʩʪʘʥʽ. 

ʅʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʤʦʨʬʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɼʝʷʢʽ ʘʤʦʨʬʥʽ ʤʝʪʘʣʝʚʽ ʩʧʣʘʚʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʻ ʤʘʛʥʽʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

(ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʧʝʨʝʚʘʞʘʶʪʴ ʧʝʨʤʘʣʦʾ ï ʩʧʣʘʚʠ ʟʘʣʽʟʘ ʟ 

ʥʽʢʝʣʝʤ) ʽ ʪʘʢʠʤʠ ʤʝʭʘʥʽʯʥʦ ʤʽʮʥʠʤʠ, ʷʢ ʽ ʚʠʩʦʢʦʪʚʝʨʜʽ ʩʪʘʣʽ. 

ɸʤʦʨʬʥʽ ʤʘʛʥʽʪʥʽ ʩʧʣʘʚʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʢʨʠʩʪʘʣʽʯʥʠʭ ʙʽʣʴʰ 

ʩʣʘʙʢʦʶ ʟʘʣʝʞʥʽʩʪʶ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʯʘʩʪʦʪʠ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʫ ʙʽʣʴʰ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʥʘ ʚʽʜʤʽʥʫ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʬʝʨʠʪʽʚ. ʅʘʪʝʧʝʨ ʦʧʫʙʣʽʢʦʚʘʥʦ 

ʢʽʣʴʢʘ ʤʦʥʦʛʨʘʬʽʡ, ʫ ʷʢʠʭ ʨʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʚʯʝʥʥʷ 
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ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʤʦʨʬʥʠʭ ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ. 

ɺʠʚʯʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʦʜʚʽʡʥʠʭ, ʧʦʪʨʽʡʥʠʭ ʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʩʠʩʪʝʤ, ɦʦ ʤʘʶʪʴ ʘʤʦʨʬʥʫ ʩʪʨʫʢʪʫʨʫ. 

ʌʨʘʢʪʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘʢʦʞ ʻ ʦʙôʻʢʪʦʤ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʽʜʦʤʦ, ʱʦ ʢʦʥʜʝʥʩʦʚʘʥʠʡ ʩʪʘʥ ʨʝʯʦʚʠʥʠ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ 

ʫ ʬʦʨʤʽ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘʣʝ ʡ ʫ ʚʠʛʣʷʜʽ ʜʝʷʢʦʾ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʫ ʥʝ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʧʦʚʥʠʤ 

çʢʨʠʩʪʘʣʽʯʥʠʤè ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ, ʘʣʝ ʷʢʽʡ ʥʝ ʧʨʠʪʘʤʘʥʥʠʡ ʽ ʧʦʚʥʠʡ 

ʭʘʦʩ. ɼʣʷ ʪʘʢʠʭ ʩʝʨʝʜʦʚʠʱ ʧʦʢʠ ʱʦ ʥʝʜʦʩʪʘʪʥʴʦ ʫʩʚʽʜʦʤʣʝʥʽ 

ʧʨʠʯʠʥʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʪʘ ʤʘʢʨʦʩʢʦʧʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ ʚ ʨʦʟʤʽʱʝʥʥʽ ʘʪʦʤʽʚ (ʽʦʥʽʚ, 

ʤʦʣʝʢʫʣ) ʘʙʦ ʞ ʩʚʦʻʨʽʜʥʝ, ʥʝʟʚʠʯʘʡʥʝ ʜʣʷ ʽʜʝʘʣʴʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʦʜʠʥʠʮʴ ʚʠʷʚʣʝʥʦ ʧʦʨʽʚʥʷʥʦ ʥʝʜʘʚʥʦ ʚ 

ʦʙôʻʢʪʘʭ, ʥʘʟʚʘʥʠʭ ʢʚʘʟʽʢʨʠʩʪʘʣʘʤʠ. 

ʏʝʪʚʝʨʪʠʡ ʪʘ ʧôʷʪʠʡ ʨʦʟʜʽʣʠ ʧʦʩʽʙʥʠʢʘ ʧʨʠʩʚʷʯʝʥʦ ʨʽʜʢʠʤ 

ʢʨʠʩʪʘʣʘʤ. 

ʈʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʩʪʘʥ ï ʮʝ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʠʡ ʘʛʨʝʛʘʪʥʠʡ 

ʩʪʘʥ, ʫ ʷʢʦʤʫ ʨʝʯʦʚʠʥʘ ʟʙʝʨʽʛʘʻ ʘʥʽʟʦʪʨʦʧʽʶ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʧʨʠʪʘʤʘʥʥʠʭ ʪʚʝʨʜʠʤ ʢʨʠʩʪʘʣʘʤ, ʽ ʧʣʠʥʥʽʩʪʴ, ʭʘʨʘʢʪʝʨʥʫ ʜʣʷ ʨʽʜʠʥ. 

ʊʘʢʝ ʥʝʟʚʠʯʘʡʥʝ ʧʦʻʜʥʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʫʤʦʚʣʶʻ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʫ ʩʫʯʘʩʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ. ʈʽʯ ʫ ʪʽʤ, 

ʱʦ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʥʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, 

çʨʦʟʤʠʪʦʛʦè ʫ ʚʝʣʠʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. ʗʢ ʚʽʜʦʤʦ, ʧʦʙʣʠʟʫ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʩʪʨʫʢʪʫʨʘ ʨʝʯʦʚʠʥʠ (ʽ ʙʽʣʴʰʽʩʪʴ ʾʾ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʮʽʻʶ ʩʪʨʫʢʪʫʨʦʶ) ʣʝʛʢʦ ʟʤʽʥʶʻʪʴʩʷ 

ʥʘʚʽʪʴ ʧʽʜ ʩʣʘʙʢʠʤ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʧʦʣʽʚ ï ʝʣʝʢʪʨʠʯʥʦʛʦ, 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ, ʤʘʛʥʽʪʥʦʛʦ, ʤʝʭʘʥʽʯʥʦʛʦ. ʉʘʤʝ ʮʷ çʧʦʜʘʪʣʠʚʽʩʪʴè 

ʫʤʦʞʣʠʚʣʶʻ ʢʝʨʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʟʘʟʚʠʯʘʡ ï ʦʧʪʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ) ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʚ ʫʤʦʚʘʭ ʥʘʜʪʦ ʤʘʣʠʭ 

ʢʝʨʫʚʘʣʴʥʠʭ ʧʦʣʽʚ (ʟʜʝʙʽʣʴʰʦʛʦ ʝʣʝʢʪʨʠʯʥʠʭ). 

ʋ ʰʦʩʪʦʤʫ ʨʦʟʜʽʣʽ ʚʠʚʯʘʶʪʴʩʷ ʤʝʪʘʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʪʝʞ ʧʝʚʥʠʤ 

ʯʠʥʦʤ ʻ ʯʘʩʪʢʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʘʣʝ ʥʝ ʚ ʾʭ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ, ʘ ʫ ʩʧʝʮʽʘʣʴʥʦʤʫ ʬʦʨʤʫʚʘʥʥʽ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 
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ʋ ʤʝʪʘʤʘʪʝʨʽʘʣʘʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫʥʽʢʘʣʴʥʘ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʯʘʩʥʦ 

ʚʽʜôʻʤʥʠʭ ʟʥʘʯʝʥʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʽ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜôʻʤʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʣʦʤʣʝʥʥʷ. ʎʝ 

ʟʫʤʦʚʣʶʻ ʥʝʟʚʠʯʘʡʥʠʡ ʭʘʨʘʢʪʝʨ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʭʚʠʣʴ ʫ ʪʘʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿʘʚʜʷʢʠ ʤʝʪʘʤʘʪʝʨʽʘʣʘʤ ʤʦʞʣʠʚʘ 

ʨʝʘʣʽʟʘʮʽʷ ʤʘʡʞʝ ʥʝʚʠʜʠʤʠʭ ʦʙôʻʢʪʽʚ ʷʢ ʫ ʨʘʜʽʦʣʦʢʘʮʽʾ, ʪʘʢ ʽ ʚ 

ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ. 

ʉʴʦʤʠʡ, ʚʦʩʴʤʠʡ ʪʘ ʜʝʚôʷʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʥʘʥʦʤʘʪʝʨʽʘʣʘʤ 

ʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʤ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʧʠʪʘʥʥʷ ʥʘʥʦʬʽʟʠʢʠ. 

ʇʦʷʩʥʶʻʪʴʩʷ ʬʽʟʠʢʘ ʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ ʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʦʩʥʦʚʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ. ʅʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜ-

ʞʝʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɿʥʘʯʥʝ ʤʽʩʮʝ ʧʦʩʽʜʘʻ ʦʧʠʩ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ: ʛʨʘʬʝʥʫ, ʢʘʨʙʽʥʫ, ʬʫʣʝʨʝʥʽʚ, ʬʫʣʝʨʠʪʽʚ ʽ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. ʈʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʜʝʷʢʽ ʬʽʟʠʯʥʽ ʝʬʝʢʪʠ ʫ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ. 

ʉʫʯʘʩʥʽ ʫʩʧʽʭʠ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʫʤʦʚʣʝʥʽ 

ʙʘʛʘʪʦʨʽʯʥʠʤ ʽ ʜʝʪʘʣʴʥʠʤ ʚʠʚʯʝʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʦʚʠʭ ʤʦʥʦ- ʘʙʦ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ 

ʦʙôʻʤʫ, ɦ ʦ ʤʽʩʪʷʪʴ ʙʣʠʟʴʢʦ 1022 ʘʪʦʤʽʚ/ʩʤ3. ʗʢ ʤʦʥʦʢʨʠʩʪʘʣʠ, ʪʘʢ 

ʽ ʧʦʣʽʢʨʠʩʪʘʣʠ (ʫ ʟʝʨʥʘʭ-ʢʨʠʩʪʘʣʽʪʘʭ) ʤʘʶʪʴ ʜʘʣʝʢʠʡ ʧʦʨʷʜʦʢ 

ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ: ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ ʤʝʞʽ ʟʝʨʝʥ ʧʦʣʽʢʨʠʩʪʘʣʽʚ 

ʟʘʡʤʘʶʪʴ ʣʠʰʝ 10ï9 ï 10ï4 ʘʪʦʤʽʚ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʤʘʪʝʨʽʘʣʫ. 

ʊʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ ʦʙôʻʤʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʝʣʝʢʪʨʠʯʥʽ, 

ʤʝʭʘʥʽʯʥʽ, ʪʝʧʣʦʚʽ, ʤʘʛʥʽʪʥʽ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ, ʢʦʨʦʟʽʡʥʽ ʪʘ ʽʥ.) 

ʥʘʪʝʧʝʨ ʙʣʠʟʴʢʽ ʜʦ ʩʚʦʾʭ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʷʞʥʠʭ ʟʥʘʯʝʥʴ. ʊʦʤʫ 

ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʥʘʚʨʷʜ ʯʠ ʤʦʞʥʘ ʜʦʤʦʛʪʠʩʷ ʽʩʪʦʪʥʦʛʦ ʧʦʣʽʧʰʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʤʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʽʣʴʢʠ ʟʘʚʜʷʢʠ ʙʽʣʴʰ 

ʜʦʩʢʦʥʘʣʽʡ ʪʝʭʥʦʣʦʛʽʾ ʯʠ ʟʤʽʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʟʤʽʥ ʫ ʩʪʨʫʢʪʫʨʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʚʧʣʠʚʘʣʠ ʙ ʥʘ ʡʦʛʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʠʟʥʘʯʝʥʽ ʟʜʝʙʽʣʴʰʦʛʦ ʜʣʷ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʢʪʽʚ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʚʚʘʞʘʻʪʴʩʷ ʥʘʫʢʦʚʠʡ ʥʘʧʨʷʤ ʫ ʛʘʣʫʟʽ ʬʽʟʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ï

ʩʪʚʦʨʝʥʥʷ ʽ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 
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ʩʢʦʤʧʦʥʦʚʘʥʽ ʟ ʜʫʞʝ ʤʘʣʠʭ ʢʨʠʩʪʘʣʽʚ, ʢʣʘʩʪʝʨʽʚ, ʬʨʘʛʤʝʥʪʽʚ, ̫ ʢʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʫʩʴʦʛʦ ʟ 103 ï 106 ʘʪʦʤʽʚ. ʄʘʪʝʨʽʘʣʠ ʟ ʪʘʢʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʥʘʟʠʚʘʶʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʤʠ ʘʙʦ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʤʠ.  

ʅʘʥʦʢʨʠʩʪʘʣʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʩʦʙʣʠʚʠʡ ʩʪʘʥ 

ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ï ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʘʥʩʘʤʙʣʽ ʫʣʴʪʨʘʤʘʣʠʭ 

ʯʘʩʪʠʥʦʢ ʟ ʨʦʟʤʽʨʘʤʠ ʜʦ ʜʝʢʽʣʴʢʦʭ ʥʘʥʦʤʝʪʨʽʚ. ʅʝʟʚʠʯʘʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʫʤʦʚʣʝʥʽ ʷʢ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʢʨʝʤʠʭ 

ʯʘʩʪʠʥʦʢ (ʢʨʠʩʪʘʣʽʪʽʚ), ʪʘʢ ʽ ʾʭ ʢʦʣʝʢʪʠʚʥʠʤ ʧʦʚʦʜʞʝʥʥʷʤ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ. 

ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ ʽʥʪʝʥʩʠʚʥʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ ʜʫʞʝ 

ʤʘʣʦʛʦ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʪʚʝʨʜʠʭ ʪʽʣ ʥʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ. ʊʘʢʠʤʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ̒  ʥʘʥʦʧʦʨʦʰʢʠ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ, 

ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ, ʦʢʩʠʜʽʚ, ʢʘʨʙʽʜʽʚ, ʥʽʪʨʠʜʽʚ, ʙʦʨʠʜʽʚ, ʘ ʪʘʢʦʞ ʮʽ ʞ 

ʨʝʯʦʚʠʥʠ ʫ ʢʦʤʧʘʢʪʦʚʘʥʦʤʫ ʩʪʘʥʽ ʽʟ ʟʝʨʥʘʤʠ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʦʟʤʽʨʫ. 

ɼʦ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘʣʝʞʘʪʴ ʪʘʢʦʞ ʥʘʥʦʧʦʣʽʤʝʨʠ, ʚʫʛʣʝʮʝʚʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠ, ʥʘʥʦʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ, ʥʘʥʦʢʦʤʧʦʟʠʪʠ, ʙʽʦʣʦʛʽʯʥʽ 

ʥʘʥʦʤʘʪʝʨʽʘʣʠ. ʋ ʮʽʣʦʤʫ ʛʘʣʫʟʴ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ 

ʜʫʞʝ ʰʠʨʦʢʘ ʽ ʥʝ ʤʘʻ ʯʽʪʢʠʭ ʦʙʨʠʩʽʚ. 

ʆʩʦʙʣʠʚʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʣʠʭ ʯʘʩʪʠʥʦʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʟʜʘʚʥʘ, ʭʦʯ ʽ ʥʝ ʫʩʚʽʜʦʤʣʝʥʦ. ʊʘʢ, ʜʚʽ ʪʠʩʷʯʽ ʨʦʢʽʚ ʪʦʤʫ ʫ 

ʉʪʘʨʦʜʘʚʥʴʦʤʫ ʈʠʤʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʜʫʞʝ ʩʪʽʡʢʠʡ ʙʝʪʦʥ ʟ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʫʣʢʘʥʽʯʥʦʛʦ ʧʠʣʫ, ʘ ʙʣʠʟʴʢʦ ʪʠʩʷʯʽ ʨʦʢʽʚ ʪʦʤʫ ʚ 

ɭʚʨʦʧʽ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʭʫʜʦʞʥʻ ʩʢʣʦ ʜʣʷ ʚʽʪʨʘʞʽʚ ʩʦʙʦʨʽʚ, 

ʟʘʙʘʨʚʣʝʥʥʷ ʷʢʦʛʦ ʤʽʩʪʠʣʦ ʥʘʥʦʯʘʩʪʠʥʢʠ ʩʨʽʙʣʘ ʽ ʟʦʣʦʪʘ. 

ʅʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʽ ʥʝʦʨʛʘʥʽʯʥʽ, ʦʨʛʘʥʽʯʥʽ ʡ ʙʽʦʣʦʛʽʯʥʽ ʨʝʯʦʚʠʥʠ 

ʽʩʥʫʶʪʴ ʫ ʧʨʠʨʦʜʽ ʟ ʯʘʩʫ ʝʚʦʣʶʮʽʾ ʞʠʪʪʷ ʥʘ ɿʝʤʣʽ. ʆʯʝʚʠʜʥʠʤ 

ʩʚʽʜʯʝʥʥʷʤ ʮʴʦʛʦ ʻ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʯʽʪʢʦ ʛʨʘʥʫʣʴʦʚʘʥʽ ʤʽʥʝʨʘʣʠ ʚ 

ʩʢʝʣʷʭ, ʥʘʥʦʯʘʩʪʠʥʢʠ ʚ ʙʘʢʪʝʨʽʷʭ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʧʦʜʚʽʡʥʘ ʩʧʽʨʘʣʴ 

ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ (ɼʅʂ) ʤʘʻ ʜʽʘʤʝʪʨ ʙʣʠʟʴʢʦ 2 ʥʤ, ʘ 

ʨʠʙʦʩʦʤʽʚ ï 25 ʥʤ. ʗʢ ʚʽʜʦʤʦ, ʨʦʟʤʽʨʠ ʘʪʦʤʽʚ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ ʦʜʥʦʛʦ ʜʦ 

ʯʦʪʠʨʴʦʭ ʘʥʛʩʪʨʝʤʽʚ, ʪʦʤʫ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʤʦʞʝ 

ʤʽʩʪʠʪʠ ʚʽʜ ʜʝʩʷʪʢʽʚ ʜʦ ʪʠʩʷʯ ʘʪʦʤʽʚ.  

ʅʘʥʦʩʪʨʫʢʪʫʨʥʽ ʢʦʤʧʦʟʠʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽ ʚ ʪʝʭʥʽʮʽ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʷʢ, 
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ʥʘʧʨʠʢʣʘʜ, ʝʢʩʧʣʫʘʪʘʮʽʷ ʣʦʧʘʪʦʢ ʛʘʟʦʚʠʭ ʪʫʨʙʽʥ ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ. 

ɼʣʷ ʧʝʨʝʭʦʜʫ ʜʦ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ ʥʝʦʙʭʽʜʥʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʽ ʤʽʮʥʽʩʪʴ ʽ ʪʚʝʨʜʽʩʪʴ, 

ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʚôʷʟʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʽ ʙʽʣʴʰʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʛʘʟʦʚʠʭ ʪʫʨʙʽʥʘʭ 

ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʞʘʨʦʤʽʮʥʠʭ ʩʧʣʘʚʽʚ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʝ 

ʧʽʜʚʠʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʂʝʨʘʤʽʯʥʽ ʥʘʥʦʤʘʪʝʨʽʣʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʥʝʦʜʥʦʨʽʜʥʠʭ ʪʝʨʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʘʛʨʝʩʠʚʥʠʭ 

ʩʝʨʝʜʦʚʠʱ. ʅʘʜʧʣʘʩʪʠʯʥʽʩʪʴ ʢʝʨʘʤʽʯʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʷʻ 

ʚʠʛʦʪʦʚʣʷʪʠ ʟ ʥʠʭ ʥʝʦʙʭʽʜʥʽ ʚ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ ʚʠʨʦʙʠ ʩʢʣʘʜʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʨʦʟʤʽʨʽʚ. 

ʅʘʥʦʢʝʨʘʤʽʢʫ ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʦʢʩʽʘʧʘʪʠʪʫ, ʟʘʚʜʷʢʠ ʾʾ ʙʽʦʩʫʤʽʩʥʦʩʪʽ 

ʪʘ ʚʠʩʦʢʽʡ ʤʽʮʥʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʦʨʪʦʧʝʜʽʾ, ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʰʪʫʯʥʠʭ ʩʫʛʣʦʙʽʚ, ʘ ʚ ʩʪʦʤʘʪʦʣʦʛʽʾ ï ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʥʠʭ ʧʨʦʪʝʟʽʚ. 

ʅʘʥʦʢʨʠʩʪʘʣʽʯʥʽ ʬʝʨʦʤʘʛʥʽʪʥʽ ʩʧʣʘʚʠ ʩʠʩʪʝʤ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʤʘʛʥʽʪʦʤôʷʢʽ ʤʘʪʝʨʽʘʣʠ ʟ ʜʫʞʝ ʥʠʟʴʢʦʶ 

ʢʦʝʨʮʠʪʠʚʥʦʶ ʩʠʣʦʶ ʽ ʚʠʩʦʢʦʶ ʤʘʛʥʽʪʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ. 

ʄʘʣʠʡ ʨʦʟʤʽʨ ʥʘʥʦʟʝʨʝʥ ʟʫʤʦʚʣʶʻ ʚʝʣʠʢʫ ʨʦʟʚʠʥʝʥʽʩʪʴ ʽ ʜʦʚʞʠʥʫ 

ʤʽʞʟʝʨʝʥʥʠʭ ʤʝʞ ʨʦʟʜʽʣʫ, ʱʦ ʟʘ ʨʦʟʤʽʨʫ ʟʝʨʥʘ 100ï10 ʥʤ ʤʽʩʪʷʪʴ ʜʦ 

50% ʦʙôʻʤʫ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ʂʨʽʤ ʪʦʛʦ, ʩʘʤʽ ʟʝʨʥʘ 

ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʘʪʦʤʥʽ ʜʝʬʝʢʪʠ (ʥʘʧʨʠʢʣʘʜ, ʚʘʢʘʥʩʽʾ ʘʙʦ ʾʭ 

ʢʦʤʧʣʝʢʩʠ, ʜʠʩʢʣʽʥʘʮʽʾ ʽ ʜʠʩʣʦʢʘʮʽʾ), ʢʽʣʴʢʽʩʪʴ ʽ ʨʦʟʧʦʜʽʣ ʷʢʠʭ ʷʢʽʩʥʦ 

ʽʥʰʠʡ, ʥʽʞ ʚʝʣʠʢʠʭ ʟʝʨʝʥ ʟʚʠʯʘʡʥʦʾ ʢʝʨʘʤʽʢʠ (ʨʦʟʤʽʨʦʤ 5 ï 10 ʤʢʤ 

ʽ ʙʽʣʴʰʝ). 

ʅʘʨʝʰʪʽ, ʷʢʱʦ ʨʦʟʤʽʨʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʟʘ ʦʜʥʠʤ, ʜʚʦʤʘ ʘʙʦ ʪʨʴʦʤʘ 

ʥʘʧʨʷʤʘʤʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʝʷʢʠʤʠ ʭʘʨʘʢʪʝʨʥʠʤʠ ʬʽʟʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʤʘʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ ʜʦʚʞʠʥʠ (ʨʦʟʤʽʨ ʤʘʛʥʽʪʥʠʭ 

ʜʦʤʝʥʽʚ, ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʝʣʝʢʪʨʦʥʽʚ, ʜʝ-ʙʨʦʡʣʽʚʩʴʢʘ ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ ʽ ʪ. ̔ ʥ.), ʪʦ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʙʫʜʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ 

ʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ. ʅʘʧʨʠʢʣʘʜ, ʜʽʘʤʝʪʨ ʝʢʩʠʪʦʥʫ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ 

ʩʪʘʥʦʚʠʪʴ ʚʽʜ ʜʝʩʷʪʢʽʚ ʜʦ ʩʦʪʝʥʴ ʥʘʥʦʤʝʪʨʽʚ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʪʽʥʢʘʤʠ 

ʜʦʤʝʥʽʚ ʫ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʜʦʩʷʛʘʻ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʥʘʥʦʤʝʪʨʽʚ. 

' 
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ʎʝ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʭʦʜʫ ʜʦ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, 

ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʽ 

ʬʦʨʤʠ ʩʢʣʘʜʦʚʠʭ ʾʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʯʘʩʪʠʥʦʢ, ʟʝʨʝʥ, 

ʢʨʠʩʪʘʣʽʪʽʚ). ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʰʠʨʦʢʦʤʫ ʨʦʟʫʤʽʥʥʽ ʧʽʜ ʨʦʟʤʽʨʥʠʤʠ 

ʝʬʝʢʪʘʤʠ ʚʘʨʪʦ ʨʦʟʫʤʽʪʠ ʢʦʤʧʣʝʢʩ ʷʚʠʱ, ʟʫʤʦʚʣʝʥʠʭ ʟʤʽʥʦʶ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ ʚʥʘʩʣʽʜʦʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʟʤʽʥʠ ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ, ʚʥʝʩʢʫ ʤʝʞ ʨʦʟʜʽʣʫ ʫ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ, ʩʫʤʽʨʥʦʩʪʽ 

ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʟ ʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʤʘʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ 

ʜʦʚʞʠʥʠ. 

ʋʞʝ ʨʝʘʣʽʟʦʚʘʥʽ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. ɺ1. 

ʇʝʨʰʝ ʥʘʫʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʣʠʭ ʯʘʩʪʠʥʦʢ ʧʦʯʘʣʦʩʷ ʟ ʚʽʜʢʨʠʪʪʷ 

ɹʨʦʫʥʦʤ ʭʘʦʪʠʯʥʦʛʦ ʨʫʭʫ ʯʘʩʪʠʥʦʢ, ʟʘʚʠʩʣʠʭ ʫ ʨʽʜʠʥʽ (1828 ʨ.). 

ɺʠʷʚʣʝʥʝ ʷʚʠʱʝ ʙʫʣʦ ʥʘʟʚʘʥʦ ʙʨʦʫʥʽʚʩʴʢʠʤ ʨʫʭʦʤ, ʱʦ ʡ ʜʦʩʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʦʜʠʥ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʤʘʣʠʭ ʯʘʩʪʠʥʦʢ. ʋʧʝʨʰʝ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʫʚʘʚ ʟʥʘʯʫʱʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʣʝʥʴ ʥʘʥʦʦʙôʻʢʪʽʚ ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʬʽʟʠʢ, 

ʅʦʙʝʣʽʚʩʴʢʠʡ ʣʘʫʨʝʘʪ ʌʝʡʥʤʘʥ (ʪʦʤʫ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ ʙʘʪʴʢʦʤ 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ). ʋ 1959 ʨ. ʫ ʣʝʢʮʽʾ çɺʥʠʟʫ ʧʦʚʥʽʩʽʥʴʢʦ ʤʽʩʮʷ: 

ʟʘʧʨʦʰʝʥʥʷ ʚʚʽʡʪʠ ʚ ʥʦʚʠʡ ʩʚʽʪ ʬʽʟʠʢʠè, ʧʨʦʯʠʪʘʥʽʡ ʚ 

ʂʘʣʽʬʦʨʥʽʡʩʴʢʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ, ʌʝʡʥʤʘʥ ʟʚʝʨʥʫʚ ʫʚʘʛʫ 

ʥʘ ʪʝ, ɦ ʦ ʟʘʢʦʥʠ ʬʽʟʠʢʠ ʥʝ ʟʘʙʦʨʦʥʷʶʪʴ ʤʘʥʽʧʫʣʶʚʘʪʠ ʦʢʨʝʤʠʤʠ 

ʘʪʦʤʘʤʠ, ʫʢʣʘʜʘʶʯʠ ʾʭ ʧʦʰʪʫʯʥʦ ʚ ʧʦʪʨʽʙʥʦʤʫ ʧʦʨʷʜʢʫ, ʩʪʚʦʨʶʶʯʠ 

ʘʪʦʤʥʽ ʩʪʨʫʢʪʫʨʠ ʟʽ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʆʜʥʘʢ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ 

ʥʘʫʢʠ ̔ ʪʝʭʥʽʢʠ 1950-ʭ ʨʦʢʽʚ ʥʝ ʜʦʟʚʦʣʷʚ ʨʝʘʣʽʟʫʚʘʪʠ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʾ. 

ʅʘʥʦʪʝʭʥʦʣʦʛʽʾ ʩʪʘʣʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚ ʝʣʝʢʪʨʦʥʽʮʽ ʽ ʚ ʽʥʰʠʭ ʛʘʣʫʟʷʭ 

ʪʝʭʥʽʢʠ ʣʠʰʝ ʥʘʧʨʠʢʽʥʮʽ 80-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ (ʨʠʩ. ɺ.1). 

ɺ ʦʩʪʘʥʥʽ 10 ï 15 ʨʦʢʽʚ ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʩʪʘʣʠ ʧʨʝʜʤʝʪʦʤ ʢʦʤʝʨ-

ʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʽ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ 

ʪʝʭʥʽʢʠ. ɹʫʣʠ ʚʽʜʢʨʠʪʽ ʤʘʛʥʽʪʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʽ ʧʦʯʘʣʘ 

ʨʦʟʚʠʚʘʪʠʩʷ ʥʦʚʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʛʘʣʫʟʴ ï ʤʘʛʥʽʪʦʝʣʝʢʪʨʦʥʽʢʘ, 

ʘʙʦ, ʷʢ ʪʝʧʝʨ ʾʾ ʥʘʟʠʚʘʶʪʴ, ï ʩʧʽʥʪʨʦʥʽʢʘ ï ʛʘʣʫʟʴ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ, ʫ ʷʢʽʡ ʧʦʨʷʜ ʽʟ ʟʘʨʷʜʦʤ ʝʣʝʢʪʨʦʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʡʦʛʦ ʩʧʽʥ ï ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʡ ʦʙʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ.  
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ʄʘʛʥʽʪʦʝʣʝʢʪʨʦʥʽʢʘ ʟʘʡʤʘʻʪʴʩʷ ʚʠʚʯʝʥʥʷʤ ʽ ʧʨʘʢʪʠʯʥʦʶ 

ʨʝʘʣʽʟʘʮʽʻʶ ʝʬʝʢʪʽʚ ʫ ʧʨʠʩʪʨʦʷʭ, ʫ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʽʥʠ 

ʝʣʝʢʪʨʦʥʽʚ. ɼʦʩʣʽʜʞʫʶʪʴʩʷ ʤʘʛʥʽʪʥʽ ʡ ʤʘʛʥʽʪʦʦʧʪʠʯʥʽ ʚʟʘʻʤʦʜʽʾ ʚ 

ʤʝʪʘʣʝʚʠʭ ʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʘ ʪʘʢʦʞ ʢʚʘʥʪʦʚʽ 

ʤʘʛʥʽʪʥʽ ʷʚʠʱʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʦʟʤʽʨʫ. 

ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʤʘʛʥʽʪʦʝʣʝʢʪʨʦʥʽʢʠ ʤʘʶʪʴ ʩʫʯʘʩʥʽ 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ ʧʨʘʢʪʠʮʽ ʥʦʚʽ 

ʜʦʩʷʛʥʝʥʥʷ ʚ ʛʘʣʫʟʽ ʥʘʥʦʬʽʟʠʢʠ. ʅʠʥʽ ʽʥʬʦʨʤʘʮʽʶ ʦʙʨʦʙʣʷʶʪʴ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʤʽʢʨʦʩʭʝʤʘʤʠ, ʘ ʜʣʷ ʾʾ 

ʟʙʝʨʽʛʘʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʚʝʨʜʽ ʤʘʛʥʽʪʥʽ ʜʠʩʢʠ. 

ʌʝʨʦʤʘʛʥʽʪʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʧʦʻʜʥʫʚʘʪʠ ʧʨʦʮʝʩʠ 

ʦʙʨʦʙʣʝʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʋ ʥʘʥʦʬʽʟʠʮʽ ʫ 1988 ʨ. ʚʽʜʢʨʠʪʦ ʝʬʝʢʪ ʛʽʛʘʥʪʩʴʢʦʛʦ ʤʘʛʥʽʪʦʦʧʦʨʫ 

ï ʥʘʥʦʨʦʟʤʽʨʥʠʡ ʝʬʝʢʪ ʫ ʤʝʪʘʣʘʭ ʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ, ʟʫʤʦʚʣʝʥʠʡ 

ʥʘʷʚʥʽʩʪʶ ʩʧʽʥʫ ʚ ʝʣʝʢʪʨʦʥʽ. ʎʝʡ ʝʬʝʢʪ ʚʠʷʚʣʷʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ 

ʟʥʠʞʝʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʫ, ʚ ʷʢʦʤʫ ʧʦʩʣʽʜʦʚʥʦ 

ʯʝʨʛʫʶʪʴʩʷ ʥʘʥʦʨʘʟʤʽʨʥʽ ʰʘʨʠ ʤʘʛʥʽʪʥʠʭ ʽ ʥʝʤʘʛʥʽʪʥʠʭ ʤʝʪʘʣʽʚ (ʘʙʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ) ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʄʘʛʥʽʪʦʦʧʽʨ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʤʘʛʥʽʪʥʠʭ ʛʦʣʦʚʢʘʭ, ʱʦ ʟʯʠʪʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʟ 

ʤʘʛʥʽʪʥʠʭ ʜʠʩʢʽʚ, ʘ ʪʘʢʦʞ ʚ ʝʣʝʤʝʥʪʘʭ ʧʘʤôʷʪʽ. 

ʉʪʚʦʨʝʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʨʦʟʨʦʙʣʝʥʥʷʤ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʠʚʯʝʥʥʷ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʚʠʷʚʠʣʦ ʯʠʤʘʣʦ ʧʨʦʛʘʣʠʥ ʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʟʥʘʥʥʷʭ ʧʨʦ ʧʨʠʨʦʜʫ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʡʦʛʦ ʧʦʚʝʜʽʥʢʠ ʫ 

ʨʽʟʥʠʭ ʫʤʦʚʘʭ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʣʠʭ ʘʪʦʤʥʠʭ 

ʘʛʨʝʛʘʮʽʡ ʩʪʘʥʦʚʣʷʪʴ ʟʥʘʯʥʠʡ ʥʘʫʢʦʚʠʡ ʽ ʧʨʠʢʣʘʜʥʠʡ ʽʥʪʝʨʝʩ, 

ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʥʘʥʦʘʛʨʝʛʘʮʽʾ ̒  ʧʨʦʤʽʞʥʠʤʠ ʤʽʞ ʽʟʦʣʴʦʚʘʥʠʤʠ 

ʘʪʦʤʘʤʠ ʽ ʦʙôʻʤʥʠʤ ʪʚʝʨʜʠʤ ʪʽʣʦʤ. 

ʅʘʥʦʪʝʭʥʦʣʦʛʽʷ ï ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʥʘʧʨʷʤ ʟʽ ʩʪʚʦʨʝʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʧʨʠʣʘʜʽʚ ʥʘʥʦʤʝʪʨʦʚʠʭ ʨʦʟʤʽʨʽʚ. 

ʉʘʤʝ ʟʘʚʜʷʢʠ ʤʘʣʠʤ ʨʦʟʤʽʨʘʤ ʙʣʦʢʽʚ (ʯʘʩʪʠʥʦʢ, ʛʨʘʥʫʣ, ʬʘʟ), ʟ ʷʢʠʭ 

ʚʦʥʠ ʧʦʙʫʜʦʚʘʥʽ, ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʫʥʽʢʘʣʴʥʽ ʤʝʭʘʥʽʯʥʽ, 

ʦʧʪʠʯʥʽ ʝʣʝʢʪʨʠʯʥʽ ʡ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ̫ ʚʣʷʶʪʴ ʩʦʙʦʶ ʦʜʥʫ ʟ ʥʘʡʙʽʣʴʰ 
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ʜʠʥʘʤʽʯʥʠʭ ʛʘʣʫʟʝʡ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʨʠʩʪʨʦʾʚ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʚʘʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʛʘʣʫʟʽ ʪʝʭʥʽʢʠ ʽ ʤʝʜʠʮʠʥʠ.  

ʅʘʥʦʩʪʨʫʢʪʫʨʥʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ 

ʾʭ ʜʚʽʡʥʠʢʘʤʠ ï ʟʚʠʯʘʡʥʠʤʠ ʦʙôʻʤʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. 

ʅʘʥʦʩʪʨʫʢʪʫʨʥʽ ʤʘʪʝʨʽʘʣʠ ʘʢʫʤʫʣʶʶʪʴ ʫ ʩʦʙʽ ʷʢ ʩʫʯʘʩʥʽ, ʪʘʢ ʽ 

ʦʯʽʢʫʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʢʘʪʘʣʽʟʘʪʦʨʽʚ, 

ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʯʠʱʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʙʽʦʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ ï ʤʘʡʙʫʪʥʻ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ, ʪʝʭʥʽʢʠ 

ʥʘʜʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ, ʦʧʪʠʢʠ, ʙʽʦʤʝʜʠʮʠʥʠ, 

ʥʘʫʢʠ ʧʨʦ ʧʨʦʜʫʢʪʠ ʭʘʨʯʫʚʘʥʥʷ ʽ ʬʘʨʤʘʮʝʚʪʠʢʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʫ ʪʝʭʥʽʮʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʽʣʶʩʪʨʫʻ ʨʠʩ. ɺ2. 

 
ʈʠʩ. ɺ.2. ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ 

ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽʡ ʪʝʭʥʽʮʽ 

 

ʅʘʥʦʬʽʟʠʢʘ ï ʛʘʣʫʟʴ ʥʘʫʢʠ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʚʯʝʥʥʷ ʪʦʛʦ, ʷʢ 

ʰʚʠʜʢʦ ʥʘʨʦʩʪʘʻ ʽ ʥʘ ʷʢʦʤʫ ʝʪʘʧʽ ʦʙôʻʜʥʘʥʥʷ ʘʪʦʤʽʚ ʟʘʚʝʨʰʫʻʪʴʩʷ 

ʬʦʨʤʫʚʘʥʥʷ ʪʽʻʾ ʘʙʦ ʽʥʰʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʩʠʚʥʦʛʦ ʢʨʠʩʪʘʣʘ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʜʽʣʷʪʠ ʚʥʝʩʢʠ ʧʦʚʝʨʭʥʝʚʠʭ ʽ 

ʦʙôʻʤʥʠʭ ʝʬʝʢʪʽʚ ʫ ʚʣʘʩʪʠʚʽʩʪʴ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʮʴʦʤʫ 

ʥʘʧʨʷʤʽ ʟʘʟʚʠʯʘʡ ʧʨʦʚʦʜʷʪʴ ʥʘ ʽʟʦʣʴʦʚʘʥʠʭ ʢʣʘʩʪʝʨʘʭ, ʱʦ ʤʽʩʪʷʪʴ ʚʽʜ 

ʆʯʠʱʝʥʥʷ 
ʧʦʚʽʪʨʷ ʽ ʚʦʜʠ 

ʥʘʥʦʢʣʘʩʪʝʨ 

ʅʘʧʽʚ-

ʧʨʦʚʽʜʥʠʢʦʚʠʡ 

ʌʦʪʦ- 

h h 
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ʜʚʦʭ ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʘʪʦʤʽʚ, ʘ ʪʘʢʦʞ ʥʘ ʤʘʣʠʭ ʯʘʩʪʠʥʢʘʭ 

ʨʦʟʤʽʨʦʤ ʙʽʣʴʰʠʤ ʟʘ 1 ʥʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʥʦʬʽʟʠʢʘ ï ʦʩʦʙʣʠʚʘ ʛʘʣʫʟʴ ʥʘʫʢʠ, ʷʢʘ ʧʦʪʨʽʙʥʘ 

ʜʣʷ ʦʧʠʩʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ. ʅʘʥʦʬʽʟʠʢʘ ʟʘʡʤʘʻ 

ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʢʚʘʥʪʦʚʦʶ ʭʽʤʽʻʶ ʪʘ ʬʽʟʠʢʦʶ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

(ʨʠʩ. ɺ3). 

 
ʈʠʩ. ɺ.3. ʄʽʩʮʝ ʥʘʥʦʬʽʟʠʢʠ ʷʢ ʥʘʫʢʠ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ 

ʯʘʩʪʠʥʦʢ çʧʨʦʤʽʞʥʦʛʦ ʨʦʟʤʽʨʫè 

ʂʨʽʤ ʽʟʦʣʴʦʚʘʥʠʭ ʪʘ ʢʦʤʧʘʢʪʦʚʘʥʠʭ ʤʘʣʠʭ ʯʘʩʪʠʥʦʢ, ʥʘʥʦʬʽʟʠʢʘ 

ʜʦʩʣʽʜʞʫʻ ʪʘʢʦʞ ʢʨʠʩʪʘʣʠ ʟ ʥʘʥʦʤʦʜʫʣʴʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

ɿʚʠʯʘʡʥʽ ʢʨʠʩʪʘʣʠ ʚʚʘʞʘʶʪʴʩʷ ʧʨʦʩʪʦʨʦʚʦ ʥʝʦʙʤʝʞʝʥʠʤʠ 

(ʪʨʠʚʠʤʽʨʥʠʤʠ, 3D). ʋ ʨʘʟʽ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʫʣʷʮʽʾ ʩʪʨʫʢʪʫʨʠ ʣʠʰʝ ʚ 

ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʢʨʠʩʪʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʷʢ ʜʚʦʚʠʤʽʨʥʽ (2D; 

ʽʩʪʦʨʠʯʥʦ ʚʦʥʠ ʚʽʜʦʤʽ ʷʢ ʢʚʘʥʪʦʚʽ ʷʤʠ ʘʙʦ ʢʚʘʥʪʦʚʽ ʧʣʽʚʢʠ). 

ʆʜʥʦʚʠʤʽʨʥʠʤʠ (1D) ̒ ʢʚʘʥʪʦʚʽ ʥʠʪʢʠ (ʽʥʘʢʰʝ ï ʢʚʘʥʪʦʚʽ 

ʧʨʦʚʦʜʠ), ʘ ʥʫʣʴʚʠʤʽʨʥʠʤʠ (0D) ï ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ. ʗʢ ʢʚʘʥʪʦʚʽ ʷʤʠ, 

ʪʘʢ ʽ ʢʚʘʥʪʦʚʽ ʥʠʪʢʠ ʪʘ ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ ʟʘʟʚʠʯʘʡ ʬʦʨʤʫʶʪʴʩʷ ʟʘ 

ʪʨʘʜʠʮʽʡʥʦʶ ʜʣʷ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʪʝʭʥʦʣʦʛʽʻʶ. ʅʘʪʝʧʝʨ ʫʞʝ 

ʩʪʚʦʨʝʥʽ ʽ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʪʝʭʥʽʢʫ ʧʨʠʣʘʜʦʦʨʽʻʥʪʦʚʘʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ 

ʪʘ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʠʥʮʠʧʦʚʘ ʤʦʞʣʠʚʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʘʪʦʤʥʦʧʦʜʽʙʥʦʛʦ ʩʧʝʢʪʨʘ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽʡ ʥʘʥʦʩʪʨʫʢʪʫʨʽ. 

ʆʢʨʝʤʠʡ ʜʝʩʷʪʠʡ ʨʦʟʜʽʣ ʜʘʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʧʨʠʩʚʷʯʝʥʠʡ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʤ, ʜʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʩʧʝʮʠʬʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʊʘʢ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʧʦʥʪʘʥʥʦʶ 

ʧʦʣʷʨʠʟʘʮʽʻʶ, ʥʘʧʨʷʤʦʢ ʷʢʦʾ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʦ ʜʦʜʘʥʠʤ ʟʟʦʚʥʽ 

ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ. ɺʣʘʩʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ, ʢʨʽʤ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ, 

ʤʘʶʪʴ ʪʘʢʦʞ ʝʣʝʢʪʨʝʪʠ ʪʘ ʧʦʣʷʨʥʽ ʜʽʝʣʝʢʪʨʠʢʠ (ʧʽʨʦʝʣʝʢʪʨʠʢʠ ʪʘ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ).  
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ʆʜʥʘʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʨʽʚʥʦʚʘʞʥʦʾ ʟʘʣʠʰʢʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ 

ʝʣʝʢʪʨʝʪʽʚ, ʩʧʦʥʪʘʥʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ʧʦʣʷʨʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʾʭ ʩʪʘʙʽʣʴʥʠʡ (ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʠʡ) ʩʪʘʥ.  

ɺʽʜ ʧʽʨʦʝʣʝʢʪʨʠʢʽʚ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʚʽʜʨʽʟʥʷʻ ʾʭʥʶ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʧʝʨʝʧʦʣʷʨʠʟʘʮʽʾ ï ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʧʽʜ ʜʽʻʶ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʋ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʽʝʣʝʢʪʨʠʯʥʠʡ 

ʛʽʩʪʝʨʝʟʠʩ. ʑʝ ʦʜʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʤʦʞʝ ʙʫʪʠ 

ʥʘʩʪʫʧʥʝ: ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ï ʮʝ ʧʽʨʦʝʣʝʢʪʨʠʢʠ, ʱʦ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ 

ʜʦʤʝʥʠ.  

ʋ ʩʠʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʷʭ ʤʘʪʝʨʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʣʘ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʜʽʝʣʝʢʪʨʠʢʽʚ (D = e0 eɽ, j = sɽ), 

ʩʪʘʶʪʴ ʥʝʣʽʥʽʡʥʠʤʠ, ʪʦʙʪʦ ʧʘʨʘʤʝʪʨʠ e ̔  s ʩʘʤʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ. ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʧʨʠʯʠʥʠ ʧʦʷʚʠ 

ʥʝʣʽʥʽʡʥʦʩʪʽ ʧʦʣʷʛʘʶʪʴ ʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʝʭʘʥʽʟʤʘʭ ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʜʽʝʣʝʢʪʨʠʢʽʚ, ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʾʾ ʙʝʟ ʧʨʠʧʫʱʝʥʥʷ 

ʧʨʦ ʥʝʚʝʣʠʢʫ ʚʝʣʠʯʠʥʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʌʝʥʦʤʝʥʦʣʦʛʽʯʥʦ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʚʨʘʭʦʚʫʻʪʴʩʷ ʨʦʟʢʣʘʜʘʥʥʷʤ ʫ ʨʷʜ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ ʟʘ 

ʩʪʫʧʝʥʷʤʠ ʟʙʫʨʝʥʥʷ (ʷʢʠʤ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʧʦʣʝ ɽ ). ʐʚʠʜʢʘ 

ʩʭʽʜʥʽʩʪʴ ʮʴʦʛʦ ʨʷʜʫ ʜʦʟʚʦʣʷʻ ʟʘʟʚʠʯʘʡ ʦʙʤʝʞʠʪʠʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʧʝʨʰʠʤʠ ʯʣʝʥʘʤʠ ʨʦʟʢʣʘʜʘʥʥʷ. 

ʅʝʣʽʥʽʡʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʫ 

ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʥʽʮʽ. ʆʧʪʠʯʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ 

ʜʽʝʣʝʢʪʨʠʢʽʚ ʟʥʘʭʦʜʠʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʘʢʠʭ ʥʦʚʠʭ ʛʘʣʫʟʷʭ 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ, ʷʢ ʝʣʝʢʪʨʦʦʧʪʠʢʘ ʪʘ ʥʝʣʽʥʽʡʥʘ ʦʧʪʠʢʘ. 

ʉʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʤʘʶʪʴ ʩʠʣʴʥʦ ʚʠʨʘʞʝʥʽ ʥʝʣʽʥʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʅʘ ʟʚʫʢʦʚʠʭ ʯʘʩʪʦʪʘʭ ʪʘ ʨʘʜʽʦʯʘʩʪʦʪʘʭ ʥʝʣʽʥʽʡʥʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʽ 

ʢʦʥʜʝʥʩʘʪʦʨʠ (ʚʘʨʠʢʦʥʜʠ) ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʤʦʜʫʣʷʮʽʶ 

ʩʠʛʥʘʣʽʚ ʪʘ ʝʬʝʢʪʠʚʥʫ ʛʝʥʝʨʘʮʽʶ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ. ʋ ʜʽʘʧʘʟʦʥʽ 

ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪ (ʅɺʏ) ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʬʘʟʠ ʩʠʛʥʘʣʫ ʪʘ ʧʝʨʝʙʫʜʦʚʠ 

ʬʽʣʴʪʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʪʠʧʫ 

ʟʤʽʱʝʥʥʷ ʚ ʧʘʨʘʝʣʝʢʪʨʠʯʥʽʡ ʬʘʟʽ. 

ʊʝʭʥʽʯʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʫʞʝ 

ʰʠʨʦʢʽ: ʝʣʝʢʪʨʠʯʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ ʟ ʚʠʩʦʢʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ 

ʧʨʦʥʠʢʥʽʩʪʶ, ʧʨʠʩʪʨʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʘʤ'ʷʪʽ ï ʷʢ ʜʠʥʘʤʽʯʥʦʾ, ʪʘʢ ʽ 
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ʜʦʚʛʦʪʨʠʚʘʣʦʾ, ʧʽʨʦʝʣʝʢʪʨʠʯʥʽ ʧʣʽʚʢʦʚʽ ʝʣʝʤʝʥʪʠ, ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʝʣʝʢʪʨʦʦʧʪʠʯʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ (ʫ ʩʫʯʘʩʥʦʤʫ 

ʤʦʙʽʣʴʥʦʤʫ ʪʝʣʝʬʦʥʽ ʤʦʞʥʘ ʧʝʨʝʨʘʭʫʚʘʪʠ, , ʩʽʤ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʚ 

ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʘʙʦ ʩʧʦʨʽʜʥʝʥʽ ʟ ʥʠʤ 

ʤʘʪʝʨʽʘʣʠ). 

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʟʘʩʪʦʩʫʚʘʥʴ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʚ ʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ ʩʣʽʜ ʚʚʘʞʘʪʠ: 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʧʨʠʩʪʨʦʾ ï ʘʢʪʶʘʪʦʨʠ, ʜʚʠʛʫʥʠ ʪʘ ʽʥ; ʪʦʥʢʦʧʣʽʚʢʦʚʽ 

ʛʽʙʨʠʜʥʽ ʩʝʥʩʦʨʠ (ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ, ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʽʥ.); 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʽ ʧʨʠʩʪʨʦʾ (ʩʚʽʪʣʦʚʦʜʠ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, 

ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʜʠʩʧʣʝʾ ʪʦʱʦ); ʧʨʠʩʪʨʦʾ ʜʠʥʘʤʽʯʥʦʾ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʦʾ 

ʧʘʤ'ʷʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ (ʆʊ), ʫ ʷʢʠʭ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ 

ʽʥʪʝʛʨʦʚʘʥʠʡ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ; ʅɺʏ ʄɽʄʉ, ʢʝʨʦʚʘʥʽ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʢʦʤ ʘʙʦ ʝʣʝʢʪʨʦʩʪʨʠʢʪʦʨʦʤ; ʧʘʨʘʝʣʝʢʪʨʠʯʥʽ ʅɺʏ 

ʬʘʟʦʦʙʝʨʪʘʯʽ ʽ ʬʽʣʴʪʨʠ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ. 

ɿʘʚʝʨʰʫʻʪʴʩʷ ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʦʜʠʥʘʜʮʷʪʠʤ ʨʦʟʜʽʣʦʤ, ʫ 

ʷʢʦʤʫ ʦʧʠʩʘʥʦ ʨʽʟʥʽ ʛʽʛʘʥʪʩʴʢʽ ʝʬʝʢʪʠ (ʝʣʝʢʪʨʦʩʪʨʠʢʮʽʷ, 

ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʷ, ʤʘʛʥʽʪʦʦʧʽʨ, ʘʥʦʤʘʣʴʥʠʡ ʝʬʝʢʪ ʍʦʣʣʘ ʪʘ ʽʥ.), ʱʦ 

ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʜʦʩʣʽʜʥʠʭ 

ʨʦʙʽʪ. 
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1. ɸʄʆʈʌʅɯ ʄɽʊɸʃʀ ɯ ʅɸʇɯɺʇʈʆɺɯɼʅʀʂʀ 

 

1.1. ɸʤʦʨʬʥʠʡ ʩʪʘʥ ʨʝʯʦʚʠʥʠ 

 

ʂʨʠʩʪʘʣʽʯʥʠʡ ʩʪʘʥ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʣʠʰʝ ʷʢ ʦʢʨʝʤʠʡ 

ʚʠʧʘʜʦʢ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʨʝʯʦʚʠʥ ʷʚʣʷʻ ʩʦʙʦʶ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʚ ʷʢʠʭ ʥʝʤʘʻ ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ, ʘʣʝ ʻ 

ʙʣʠʟʴʢʠʡ ʧʦʨʷʜʦʢ ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʘʤʦʨʬʥʽ 

ʜʽʝʣʝʢʪʨʠʢʠ (ʩʢʣʦ), ʘʤʦʨʬʥʽ ʤʝʪʘʣʝʚʽ ʩʧʣʘʚʠ, ʘʤʦʨʬʥʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʽ ʙʽʣʴʰʽʩʪʴ ʦʨʛʘʥʽʯʥʠʭ ʩʪʨʫʢʪʫʨ (ʾʭ ʱʝ ʽʥʦʜʽ 

ʥʘʟʠʚʘʶʪʴ ʥʝʢʨʠʩʪʘʣʽʯʥʠʤʠ ʘʙʦ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʤʠ). ʉʝʨʝʜ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʨʝʯʦʚʠʥ ʻ ʪʘʢʽ, ʱʦ ʤʘʶʪʴ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʧʦʜʽʙʥʽ ʜʦ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʨʠʩʪʘʣʽʯʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣ. 

ʅʝʢʨʠʩʪʘʣʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʚ ʷʢʠʭ ʢʦʝʬʽʮʽʻʥʪ ʟʩʫʚʥʦʾ ʚôʷʟʢʦʩʪʽ 

ʧʝʨʝʚʠʱʫʻ 1013 ï 1014 ʅÖʩ/ʤ2, ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ ʘʤʦʨʬʥʠʤʠ 

ʪʚʝʨʜʠʤʠ ʪʽʣʘʤʠ (ʪʠʧʦʚʝ ʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʜʣʷ ʨʽʜʠʥ ʧʦʙʣʠʟʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʫʩʴʦʛʦ 10ï3 ʅÖʩ/ʤ2).  

ɸʤʦʨʬʥʽ ʪʚʝʨʜʽ ʪʽʣʘ, ʪʘʢ ʩʘʤʦ, ʷʢ ʢʨʠʩʪʘʣʽʯʥʽ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʽʝʣʝʢʪʨʠʢʘʤʠ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʽ ʤʝʪʘʣʘʤʠ. ʆʜʥʽ ʘʤʦʨʬʥʽ ʪʽʣʘ 

ʤʘʶʪʴ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʡ ʩʢʣʘʜ (ʟʚʠʯʘʡʥʝ ʩʢʣʦ), ʽʥʰʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʧʨʦʩʪʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ, ʥʘʧʨʠʢʣʘʜ ʩʢʣʦʧʦʜʽʙʥʠʡ ʢʚʘʨʮ. ɿʚʠʯʘʡʥʝ 

ʩʢʣʦ ï ʮʝ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʡ ʧʨʠʢʣʘʜ ʘʤʦʨʬʥʦʛʦ ʪʽʣʘ, ʽ ʪʦʤʫ 

ʪʚʝʨʜʝ ʪʽʣʦ ʚ ʘʤʦʨʬʥʦʤʫ ʩʪʘʥʽ ʥʘʟʠʚʘʶʪʴ ʩʢʣʦʧʦʜʽʙʥʠʤ. ɯʟʦʪʨʦʧʽʷ 

ʘʤʦʨʬʥʦʾ ʨʝʯʦʚʠʥʠ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʣʦʩʢʦʾ ʧʦʚʝʨʭʥʽ ʨʦʟʱʝʧʣʝʥʥʷ, 

ʷʢ ʢʨʠʩʪʘʣ, ʱʦ ʤʘʻ ʩʧʘʡʥʽʩʪʴ, ʘ ʦʪʞʝ, ʽ ʧʨʘʚʠʣʴʥʠʡ ʟʣʘʤ.  

ɺʣʘʩʪʠʚʦʩʪʽ ʘʤʦʨʬʥʠʭ ʪʽʣ (ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʩʪʠʩʣʠʚʽʩʪʴ, 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʽʥ.) ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ 

ʾʭ ʩʪʨʫʢʪʫʨʦʶ. ɸʪʦʤʠ ʯʠ ʽʦʥʠ ʢʨʠʩʪʘʣʽʚ ʨʦʟʤʽʱʝʥʽ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ 

ˇʨʘʪʮʽ ʟ ʧʝʚʥʦʶ ʧʝʨʽʦʜʠʯʥʦʶ ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ; ʘʪʦʤʠ ʽ ʤʦʣʝʢʫʣʠ 

ʘʤʦʨʬʥʦʛʦ ʪʽʣʘ ʫ ʜʘʣʝʢʦʤʫ ʧʦʨʷʜʢʫ ʨʦʟʤʽʱʝʥʽ ʭʘʦʪʠʯʥʦ. ɯʟʦʪʨʦʧʽʷ 

ʘʤʦʨʬʥʦʾ ʨʝʯʦʚʠʥʠ ʧʦʷʩʥʶʻʪʴʩʷ ʩʘʤʝ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʡʦʛʦ ʯʘʩʪʠʥʦʢ.  
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ɿʥʘʯʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʧʦʚʝʜʽʥʮʽ ʢʨʠʩʪʘʣʽʚ ʽ ʘʤʦʨʬʥʠʭ ʨʝʯʦʚʠʥ 

ʚʠʷʚʣʷʻʪʴʩʷ ʧʽʣ ʯʘʩ ʧʝʨʝʭʦʜʫ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʚ ʨʽʜʠʥʥʠʡ ʩʪʘʥ ʽ ʥʘʚʧʘʢʠ 

ï ʟ ʨʽʜʠʥʥʦʛʦ ʩʪʘʥʫ ʚ ʪʚʝʨʜʠʡ. ʂʨʠʚʘ ʧʣʘʚʣʝʥʥʷ ʢʨʠʩʪʘʣʘ 

ʨʽʟʢʦ ʟʫʧʠʥʷʻ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʦʯʮʽ ʧʣʘʚʣʝʥʥʷ, ʜʝ 

ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʨʠʭʦʚʘʥʘ ʪʝʧʣʦʪʘ ʽ ʤʠʪʪʻʚʦ ʟʤʽʥʶʶʪʴʩʷ ʚʩʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɺ ʘʤʦʨʬʥʦʤʫ ʪʽʣʽ ʪʘʢʠʡ ʧʝʨʝʭʽʜ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʩʪʫʧʦʚʦ, ʙʝʟʧʝʨʝʨʚʥʦ, ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʨʚʘʣ ʨʦʟʤôʷʢʰʝʥʥʷ, ʚ 

ʷʢʦʤʫ ʨʝʯʦʚʠʥʘ ʟ ʪʚʝʨʜʦʛʦ ʩʪʘʥʫ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʭʦʜʠʪʴ ʫ ʪʝʢʫʯʠʡ.  

ɿʚʦʨʦʪʥʠʡ ʧʨʦʮʝʩ ʯʘʩʪʦ ʩʧʨʠʯʠʥʷʻ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ. ʈʝʯʦʚʠʥʘ ʥʝ 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʪʦʯʮʽ ʧʣʘʚʣʝʥʥʷ, ʘʣʝ ʚ ʤʽʨʫ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʛʫʩʘʻ ʚ 

ʨʽʜʠʥʥʦʤʫ ʩʪʘʥʽ, ʚôʷʟʢʽʩʪʴ ʾʾ ʩʠʣʴʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʤʦʣʝʢʫʣʠ 

ʚʪʨʘʯʘʶʪʴ ʨʫʭʣʠʚʽʩʪʴ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʪʚʝʨʜʽʥʥʷ ʚ ʘʤʦʨʬʥʦʤʫ 

ʚʠʛʣʷʜʽ. ʄʦʣʝʢʫʣʠ ʨʝʯʦʚʠʥʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʙʝʟʣʘʜʥʦ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ 

ʚʩʪʠʛʘʶʪʴ ʫʪʚʦʨʶʚʘʪʠ ʧʨʘʚʠʣʴʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ˇʨʘʪʢʫ ʯʝʨʝʟ 

ʚʝʣʠʯʝʟʥʝ ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ. ʇʨʠʭʦʚʘʥʘ ʪʝʧʣʦʪʘ ʫ ʮʠʭ ʫʤʦʚʘʭ ʥʝ 

ʚʠʜʽʣʷʻʪʴʩʷ, ʘ ʦʪʞʝ, ʟʘʧʘʩ ʝʥʝʨʛʽʾ ʚ ʘʤʦʨʬʥʽʡ ʨʝʯʦʚʠʥʽ ʩʪʘʻ ʙʽʣʴʰʠʤ, 

ʥʽʞ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʯʦʚʠʥʽ. ʉʘʤʝ ʪʦʤʫ ʘʤʦʨʬʥʠʡ ʩʪʘʥ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʥʝʩʪʽʡʢʠʡ ʽ ʧʨʘʛʥʝ ʧʝʨʝʡʪʠ ʚ ʩʪʽʡʢʫ ʢʨʠʩʪʘʣʽʯʥʫ 

ʬʦʨʤʫ. ɸʣʝ ʧʨʦʮʝʩ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʫ ʪʚʝʨʜʦʤʫ ʘʤʦʨʬʥʦʤʫ ʩʪʘʥʽ 

ʧʝʨʝʙʽʛʘʻ ʜʫʞʝ ʧʦʚʽʣʴʥʦ. ʅʘʧʨʠʢʣʘʜ, ʩʢʣʦ ʧʽʜ ʯʘʩ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʢʘʣʘʤʫʪʥʽʻ, ʧʝʨʝʪʚʦʨʶʶʯʠʩʴ ʥʘ ʬʘʨʬʦʨʦʧʦʜʽʙʥʫ ʤʘʩʫ.  

ɼʘʥʽ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʘʤʦʨʬʥʠʭ ʨʝʯʦʚʠʥ ʦʪʨʠʤʫʶʪʴ ʟʘʟʚʠʯʘʡ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʠʬʨʘʢʮʽʾ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ ʘʙʦ ʝʣʝʢʪʨʦʥʽʚ. 

ʋʚʦʜʠʪʴʩʷ ʧʦʥʷʪʪʷ ʛʫʩʪʠʥʠ r(r) ʘʪʦʤʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʚʽʜʩʪʘʥʽ r ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʛʦ ʘʪʦʤʘ. ʂʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʫ ʩʬʝʨʠʯʥʦʤʫ ʰʘʨʽ ʪʦʚʱʠʥʦʶ dr 

ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ r ʜʦ (r + dr) ʚʽʜ ʜʝʷʢʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʘʪʦʤʘ ʜʦʨʽʚʥʶʻ 

4pr2r(r)dr. ʎʝʡ ʚʠʨʘʟ ʥʘʟʠʚʘʶʪʴ ʨʘʜʽʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ 

ʘʪʦʤʽʚ. 

ʌʫʥʢʮʽʷ 4pr2r(r)dr ʤʘʻ ʤʘʢʩʠʤʫʤʠ ʥʘ ʚʽʜʩʪʘʥʷʭ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʞʘʪʦʤʥʠʤ. ʇʣʦʱʘ ʧʽʜ ʢʦʞʥʠʤ ʧʽʢʦʤ ʨʘʜʽʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʚʠʟʥʘʯʘʻ ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ. ɼʣʷ ʢʨʝʤʥʽʶ, 

ʥʘʧʨʠʢʣʘʜ, ʧʝʨʰʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʬʝʨʠ ʚ ʘʤʦʨʬʥʦʤʫ ʽ ʢʨʠʩʪʘʣʽʯʥʦʤʫ 

ʩʪʘʥʘʭ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ. ɼʨʫʛʫ ʢʦʦʨʜʠʥʘʮʽʡʥʫ ʩʬʝʨʫ ʚ ʘʤʦʨʬʥʦʤʫ 

ʢʨʝʤʥʽʾ ʚʠʟʥʘʯʝʥʦ ʤʝʥʰ ʯʽʪʢʦ, ʘ ʪʨʝʪʶ ï ʟʦʚʩʽʤ ʥʝ ʚʠʟʥʘʯʝʥʦ. 
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ʉʪʨʫʢʪʫʨʘ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʽʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʠʤ ʞʝ ʙʣʠʟʴʢʠʤ 

ʧʦʨʷʜʢʦʤ, ʷʢ ʽ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʘ, ʦʜʥʘʢ ʜʽʣʷʥʢʘ, ʜʝ ʙʣʠʟʴʢʠʡ 

ʧʦʨʷʜʦʢ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʦʙʤʝʞʝʥʘ ʣʠʰʝ ʧʝʨʰʦʶ ʢʦʦʨʜʠʥʘʮʽʡʥʦʶ 

ʩʬʝʨʦʶ. 

ɸʤʦʨʬʥʽ ʜʽʝʣʝʢʪʨʠʢʠ, ʩʢʣʦ ʽ ʢʝʨʘʤʽʢʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʪʝʭʥʽʮʽ ʽ ʤʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʝ ʤʘʡʙʫʪʥʻ. ɯʥʪʝʨʝʩ ʜʦ ʘʤʦʨʬʥʠʭ 

ʜʽʝʣʝʢʪʨʠʢʽʚ ʜʫʞʝ ʚʝʣʠʢʠʡ. ɸʤʦʨʬʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʪʘʢʦʞ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʝʣʝʢʪʨʦʥʽʮʽ. ʑʝ ʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʠʪʴ ʚʽʜʥʦʩʥʦ 

ʥʦʚʠʡ ʢʣʘʩ ʤʘʪʝʨʽʘʣʽʚ ï ʘʤʦʨʬʥʽ ʤʝʪʘʣʠ ʘʙʦ ʤʝʪʘʣʝʚʽ ʩʪʝʢʣʘ. ʋʞʝ 

ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʝʩʠʚʥʫ ʪʝʭʥʦʣʦʛʽʶ ʦʪʨʠʤʘʥʥʷ ʘʤʦʨʬʥʠʭ ʤʝʪʘʣʽʚ, ʚ 

ʦʩʥʦʚʫ ʷʢʦʾ ʧʦʢʣʘʜʝʥʦ ʰʚʠʜʢʝ (ʰʚʠʜʢʽʩʪʴ ʧʦʥʘʜ 106 ʂ/ʩ) 

ʦʭʦʣʦʜʞʝʥʥʷ ʪʦʥʢʦʛʦ ʩʪʨʫʤʝʥʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ. ʌʦʨʤʫʚʘʥʥʷ 

ʘʤʦʨʬʥʠʭ ʰʘʨʽʚ ʧʦʣʝʛʰʫʻʪʴʩʷ, ʷʢʱʦ ʜʦ ʤʝʪʘʣʫ ʜʦʜʘʻʪʴʩʷ ʜʝʷʢʘ 

ʢʽʣʴʢʽʩʪʴ ʜʦʤʽʰʦʢ. ʑʝ ʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʤʝʪʘʣʝʚʦʛʦ ʩʢʣʘ ʩʪʚʦʨʶʶʪʴʩʷ ʫ ʨʘʟʽ ʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʤʝʪʘʣ ï ʤʝʪʘʣ 

ʽ ʤʝʪʘʣ ï ʤʝʪʘʣʦʾʜ. ʊʘʢʽ ʤʝʪʘʣʝʚʽ ʩʪʝʢʣʘ ʤʘʶʪʴ ʦʩʦʙʣʠʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʟʫʤʦʚʣʝʥʽ ʾʭ ʘʪʦʤʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

 

1.2. ɸʤʦʨʬʥʽ ʤʝʪʘʣʠ 

 

ʄʝʪʘʣʠ ʽ ʾʭ ʩʧʣʘʚʠ ï ʮʝ ʥʘʡʚʘʞʣʠʚʽʰʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ, 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʢʦʚʽ ʪʘ ʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ. ʄʝʪʘʣʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʩʦʙʣʠʚʠʤ ʚʠʜʦʤ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ï ʤʝʪʘʣʝʚʠʤ, 

ʟʘ ʷʢʦʛʦ ʢʨʠʩʪʘʣʽʯʥʽ ˇʨʘʪʢʠ ʫʪʚʦʨʶʶʪʴʩʷ ʧʦʟʠʪʠʚʥʠʤʠ ʽʦʥʘʤʠ, ʪʦʜʽ ʷʢ 

ʾʭ ʚʘʣʝʥʪʥʽ ʝʣʝʢʪʨʦʥʠ ʜʝʣʦʢʘʣʽʟʦʚʘʥʽ ʥʘ ʚʩʴʦʤʫ ʧʨʦʩʪʦʨʽ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ. ʊʦʤʫ ʢʨʠʩʪʘʣʽʯʥʽ ʤʝʪʘʣʠ ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ 

ʷʢ ʜʘʣʝʢʦʚʧʦʨʷʜʢʦʚʘʥʫ ˇʨʘʪʢʫ ʟ ʧʦʟʠʪʠʚʥʠʭ ʽʦʥʽʚ, ʥʘʩʠʯʝʥʫ 

çʝʣʝʢʪʨʦʥʥʠʤ ʛʘʟʦʤè, ʷʢʠʡ ʢʦʤʧʝʥʩʫʻ ʩʠʣʠ ʚʟʘʻʤʥʦʛʦ 

ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʧʦʟʠʪʠʚʥʠʭ ʽʦʥʽʚ.  

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʽʚ ʷʢ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʻ ʧʦʻʜʥʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ï 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʚôʷʟʢʦʩʪʽ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʮʥʽʩʪʶ, ʪʚʝʨʜʽʩʪʶ ̔  

ʧʨʫʞʥʽʩʪʶ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʣʝʞʘʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʩʧʦʣʫʢʠ ʽ 

ʯʠʩʪʦʪʠ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʤʝʪʘʣʫ, ʘʣʝ ʡ ʚʽʜ ʜʦʩʢʦʥʘʣʦʩʪʽ ʡʦʛʦ 

http://www.xumuk.ru/encyklopedia/2533.html
http://www.xumuk.ru/encyklopedia/1752.html
http://www.xumuk.ru/encyklopedia/2/5311.html
http://www.xumuk.ru/encyklopedia/1752.html
http://www.xumuk.ru/encyklopedia/1752.html
http://www.xumuk.ru/encyklopedia/2/3398.html
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ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ (ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʜʝʬʝʢʪʽʚ) ʪʘ ʽʥʰʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ, ʟʫʤʦʚʣʝʥʠʭ ʧʦʧʝʨʝʜʥʽʤ ʪʝʨʤʽʯʥʠʤ ʽ 

ʤʝʭʘʥʽʯʥʠʤ ʦʙʨʦʙʣʝʥʥʷʤ ʟʨʘʟʢʘ. 

ɿ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʽʚ ʧʝʨʝʜʫʩʽʤ ʚʠʨʽʟʥʷʶʪʴ ʾʭ 

ʚʝʣʠʢʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ: ʤʝʪʘʣʠ ʷʢ ʫ ʪʚʝʨʜʦʤʫ, ʪʘʢ ʽ ʚ ʨʽʜʠʥʥʦʤʫ 

ʩʪʘʥʽ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ (ʝʣʝʢʪʨʦʥʽʚ 

ʧʨʦʚʽʜʥʦʩʪʽ), ʱʦ ʻ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʤʝʪʘʣ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. ʂʨʽʤ ʪʦʛʦ, ʩʘʤʝ ʫ ʤʝʪʘʣʽ ʩʠʣʴʥʦ ʚʠʨʘʞʝʥʽ 

ʬʝʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʗʢ ʤʝʭʘʥʽʯʥʽ, ʪʘʢ ʽ ʝʣʝʢʪʨʠʯʥʽ ʪʘ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʽʚ 

ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʘʤʦʨʬʥʦʤʫ ʩʪʘʥʽ, ʫ ʷʢʦʤʫ ʜʝʷʢʽ ʚʘʞʣʠʚʽ 

ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʝʪʘʣʽʚ ʥʘʙʫʚʘʶʪʴ ʨʝʢʦʨʜʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʪʝʭʥʽʮʽ. ɿʘʟʚʠʯʘʡ ʤʝʪʘʣʠ ʤʘʶʪʴ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ. ɸʣʝ ʘʤʦʨʬʥʽ ʤʝʪʘʣʠ ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʙʣʠʟʴʢʦʛʦ ʘʪʦʤʥʦʛʦ 

ʧʦʨʷʜʢʫ. ʊʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʚ ʨʦʟʤʽʱʝʥʥʽ ʘʪʦʤʽʚ ʥʝʤʘʻ ʜʘʣʝʢʦʛʦ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ, ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʘʢʠʭ ʟʤʽʥ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʠʭ ʚʘʞʢʦ ʘʙʦ ʥʝʤʦʞʣʠʚʦ ʜʦʤʦʛʪʠʩʷ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ 

ʟ ʨʝʛʫʣʷʨʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɼʝʷʢʽ ʟ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʠʷʚʠʣʠʩʷ ʜʫʞʝ ʚʘʞʣʠʚʠʤʠ ʷʢ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢ 

ʽ ʜʣʷ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʤʦʨʬʥʽ ʤʝʪʘʣʠ ʟʘ ʩʚʦʾʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʣʠʞʯʽ ʜʦ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ, ʥʽʞ ʜʦ ʦʙôʻʤʥʠʭ ʤʝʪʘʣʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʧʝʨʝʪʚʦʨʠʪʠ ʘʤʦʨʬʥʽ ʤʝʪʘʣʠ 

ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʽ, ʽ ʩʘʤʝ ʚ ʥʠʭ ʜʦʩʷʛʥʫʪʦ ʨʝʢʦʨʜʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

ɿ ʥʘʫʢʦʚʦʛʦ ʧʦʛʣʷʜʫ ʘʤʦʨʬʥʽ ʪʚʝʨʜʽ ʪʽʣʘ ʻ ʮʽʢʘʚʠʤʠ ʦʙôʻʢʪʘʤʠ ʜʣʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʧʦʛʣʠʙʣʶʶʪʴʩʷ ʟʥʘʥʥʷ ʟ 

ʬʽʟʠʢʠ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱ ʽ ʟôʷʚʣʷʻʪʴʩʷ ʫʥʽʢʘʣʴʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʚʯʘʪʠ ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ. ʆʜʥʘʢ 

ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʘʤʦʨʬʥʠʭ ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ ʧʝʨʝʚʘʞʘʻ. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʘʭ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʤʦʞʝ ʙʫʪʠ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʷ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ; ʢʦʨʦʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ ʟ 

ʥʝʚʝʣʠʢʠʤʠ ʜʦʤʽʰʢʘʤʠ ʭʨʦʤʫ ʟʥʘʯʥʦ ʧʦʣʽʧʰʝʥʽ. ʊʘʢʽ ʘʤʦʨʬʥʽ 
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ʤʝʪʘʣʝʚʽ ʩʧʣʘʚʠ ʚʠʷʚʣʷʶʪʴʩʷ ʟʥʘʯʥʦ ʩʪʽʡʢʽʰʠʤʠ ʜʦ ʢʦʨʦʟʽʾ, ʥʽʞ 

ʥʝʽʨʞʘʚʽʡʥʘ ʩʪʘʣʴ ʫ ʟʚʠʯʘʡʥʦʤʫ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʤʫ ʩʪʘʥʽ. 

ʅʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʪʝʭʥʽʢʠ ʩʪʘʥʦʚʣʷʪʴ ʤʘʛʥʽʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʘʤʦʨʬʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʝʷʢʽ ʘʤʦʨʬʥʽ ʤʝʪʘʣʝʚʽ ʩʧʣʘʚʠ, 

ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʻ ʤʘʛʥʽʪʦʤôʷʢʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʢʨʘʱʽ, ʥʽʞ ʧʝʨʤʘʣʦʾʚ (ʩʧʣʘʚʽʚ 

ʟʘʣʽʟʘ ʟ ʥʽʢʝʣʝʤ), ʽ ʦʜʥʦʯʘʩʥʦ ʮʽ ʞ ʩʧʣʘʚʠ ʤʝʭʘʥʽʯʥʦ ʤʽʮʥʽ, ʷʢ ʽ 

ʚʠʩʦʢʦʪʚʝʨʜʽ ʩʪʘʣʽ. ʂʨʽʤ ʪʦʛʦ, ʘʤʦʨʬʥʽ ʤʘʛʥʽʪʥʽ ʩʧʣʘʚʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʩʧʣʘʚʽʚ ʙʽʣʴʰ ʩʣʘʙʢʦʶ 

ʟʘʣʝʞʥʽʩʪʶ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʯʘʩʪʦʪʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʫ ʙʽʣʴʰ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (ʫ ʷʢʦʤʫ 

ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʬʝʨʠʪʠ). 

ʉʢʣʦʧʦʜʽʙʥʽ ʘʤʦʨʬʥʽ ʤʝʪʘʣʝʚʽ ʩʧʣʘʚʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʤʘʛʥʽʪʥʽ, 

ʚʽʜʦʤʽ ʧʦʨʽʚʥʷʥʦ ʜʘʚʥʦ. ʊʘʢʽ ʩʧʣʘʚʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʤʘʛʥʽʪʦʤôʷʢʽ 

ʤʘʪʝʨʽʘʣʠ ʟ ʤʘʣʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ ʽ ʥʘʜʚʠʩʦʢʦʶ 

ʤʘʛʥʽʪʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ. ʅʘʡʙʽʣʴʰʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʤʦʞʥʘ ʜʦʩʷʛʪʠ, 

ʷʢʱʦ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 3 ʥʤ. ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʧʠʪʦʤʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʘʪʦʤʘ. ʂʨʽʤ ʪʦʛʦ, ʫ ʤʘʣʠʭ 

ʯʘʩʪʠʥʢʘʭ ʥʝ ʤʦʞʝ ʽʩʪʦʪʥʦ ʚʠʷʚʣʷʪʠʩʷ ʤʘʛʥʽʪʥʘ ʘʥʽʟʦʪʨʦʧʽʷ. ʊʦʤʫ ʟʘ 

ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʝʬʝʢʪ ʤʘʣʠʭ ʟʝʨʝʥ ʚʠʷʚʣʷʻʪʴʩʷ ʩʠʣʴʥʽʰʝ ï ʩʘʤʝ 

ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʽʜʚʠʱʫʶʪʴʩʷ ʢʦʝʨʮʠʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ 

ʟʚʠʯʘʡʥʠʭ ʬʝʨʦʤʘʛʥʝʪʠʢʘʭ. ʇʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʟʨʦʩʪʘʶʪʴ, ʽ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʤʘʛʥʽʪʥʦʤôʷʢʠʭ ʽ 

ʤʘʛʥʽʪʦʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ɸʤʦʨʬʥʽ ʤʝʪʘʣʝʚʽ ʩʪʝʢʣʘ ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʚʽ ʚʝʣʠʢʽ ʛʨʫʧʠ: ʩʧʣʘʚʠ 

ʤʝʪʘʣïʤʝʪʘʣʦʾʜ ʽ ʩʧʣʘʚʠ ʤʝʪʘʣïʤʝʪʘʣ. ɼʦ ʩʧʣʘʚʽʚ ʤʝʪʘʣ-ʤʝʪʘʣʦʾʜ 

ʥʘʣʝʞʘʪʴ ʩʧʣʘʚʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ (Fe, Co, Ni, Re, Ti, Pd ʪʘ ʽʥ.) ʟ 

ʤʝʪʘʣʦʾʜʘʤʠ (B, C, P, Si), ʘʪʦʤʥʘ ʤʘʩʘ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 15 ï 25%. 

ɼʦ ʩʧʣʘʚʽʚ ʤʝʪʘʣïʤʝʪʘʣ ʥʘʣʝʞʘʪʴ ʩʧʣʘʚʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ 

ʦʜʠʥ ʟ ʦʜʥʠʤ (ʥʘʧʨʠʢʣʘʜ, NbïNi, ZrïPd ʪʘ ʽʥ.), ʧʨʦʩʪʠʭ ʤʝʪʘʣʽʚ ʦʜʠʥ 

ʟ ʦʜʥʠʤ (MgïZn, MgïCu ʪʘ ʽʥ.), ʧʨʦʩʪʠʭ ʤʝʪʘʣʽʚ ʟ ʧʝʨʝʭʽʜʥʠʤʠ 

ʤʝʪʘʣʘʤʠ (TiïBe, ZrïBe ʪʘ ʽʥ.), ʧʨʦʩʪʠʭ ʤʝʪʘʣʽʚ ʟ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʤʠ ʤʝʪʘʣʘʤʠ (LaïAl, LaïBe ʪʘ ʽʥ.), ʧʝʨʝʭʽʜʥʠʭ 

ʤʝʪʘʣʽʚ ʟ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʤʠ ʤʝʪʘʣʘʤʠ (GdïCo, TbïCo ʪʘ ʽʥ.).  
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ʂʨʽʤ ʙʽʥʘʨʥʠʭ ʩʧʣʘʚʽʚ, ʟ ʥʘʚʝʜʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ 

ʫʪʚʦʨʝʥʽ ʯʠʩʣʝʥʥʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʘʤʦʨʬʥʽ ʩʧʣʘʚʠ. 

ʄʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ ʟ ʘʤʦʨʬʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʜʦʩʠʪʴ 

ʨʽʟʥʽ. ɺʠʙʽʨ ʪʠʭ ʘʙʦ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʩʪʚʦʨʝʥʥʷ ʘʤʦʨʬʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʥʝʦʙʭʽʜʥʦʾ ʬʦʨʤʠ ʟʨʘʟʢʘ ʡ ʽʥʰʠʭ 

ʫʤʦʚ. ʄʝʪʦʜʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʘʤʦʨʬʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʚʝʣʠʢʽ ʛʨʫʧʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʭʽʜʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ 

ʩʪʘʥʫ: ʤʝʪʦʜʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʤʦʨʬʥʠʭ ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ ʟ 

ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʩʪʘʥʫ ʨʝʯʦʚʠʥʠ; ʩʪʚʦʨʝʥʥʷ ʘʤʦʨʬʥʠʭ ʤʝʪʘʣʝʚʠʭ 

ʩʧʣʘʚʽʚ ʟ ʨʽʜʠʥʥʦʛʦ ʩʪʘʥʫ; ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʤʦʨʬʥʠʭ ʤʝʪʘʣʝʚʠʭ 

ʩʧʣʘʚʽʚ ʽʟ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʪʘʥʫ.  

ʎʽ ʤʝʪʦʜʠ ʟʘ ʚʽʜʧʦʚʽʜʥʦʾ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʦʞ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʶ ʽ ʥʘʚʽʪʴ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

ɿ ʚʠʭʽʜʥʦʛʦ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʩʪʘʥʫ ʪʦʥʢʽ ʧʣʽʚʢʠ ʽ ʬʦʣʴʛʘ, ʱʦ ʤʘʶʪʴ 

ʘʤʦʨʬʥʫ ʩʪʨʫʢʪʫʨʫ, ʦʩʘʜʞʫʶʪʴʩʷ ʰʣʷʭʦʤ ʢʦʥʜʝʥʩʘʮʽʾ ʘʪʦʤʽʚ ʥʘ 

ʧʽʜʢʣʘʜʢʫ. ɭ ʢʽʣʴʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ: ʚʘʢʫʫʤʥʝ ʪʝʨʤʽʯʥʝ 

ʥʘʧʠʣʝʥʥʷ; ʢʘʪʦʜʥʝ ʪʘ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʝ ʨʦʟʧʠʣʝʥʥʷ; ʨʦʟʢʣʘʜʘʥʥʷ 

(ʦʩʘʜʞʝʥʥʷ) ʫ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ; ʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ 

ʡ ʽʥ. ʂʦʞʥʠʡ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʽ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʧʦʨʦʰʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʡʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʎʽ ʤʝʪʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢ ʘʤʦʨʬʥʠʭ 

ʤʝʪʘʣʽʚ, ʪʘʢ ʽ ʘʤʦʨʬʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʤʦʨʬʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʽʜʠʥʥʦʾ ʬʘʟʠ (ʪʦʙʪʦ ʟ 

ʨʦʟʧʣʘʚʽʚ) ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʪʘʢʽ ʫʤʦʚʠ ʧʨʦʮʝʩʫ ʦʭʦʣʦʜʞʝʥʥʷ, ʫ 

ʷʢʠʭ ʟʙʝʨʽʛʘʣʠʩʷ ʙ ʷʢ ʛʦʤʦʛʝʥʥʠʡ, ʪʘʢ ʽ ʽʟʦʪʨʦʧʥʠʡ ʩʪʘʥ ʨʦʟʧʣʘʚʫ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʦʮʝʩʘʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʩʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʘʤʦʨʬʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʨʽʜʠʥʥʦʛʦ ʩʪʘʥʫ ʤʦʞʥʘ 

ʚʠʛʦʪʦʚʠʪʠ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʟʘʛʘʨʪʫʚʘʥʥʷʤ ʟ ʨʦʟʧʣʘʚʫ; 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ; ʛʘʟʦʧʦʣʫʤʝʥʝʚʠʤ ʤʝʪʦʜʦʤ; ʣʘʟʝʨʥʠʤ 

ʦʙʨʦʙʣʝʥʥʷʤ ʧʦʚʝʨʭʥʽ. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʱʦ ʨʦʟʧʣʘʚʠ ʨʝʯʦʚʠʥ ʩʠʣʴʥʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ 

ʟʘ ʩʭʠʣʴʥʽʩʪʶ ʜʦ ʫʪʚʦʨʝʥʥʷ ʘʤʦʨʬʥʦʛʦ ʩʪʘʥʫ. ʅʘʧʨʠʢʣʘʜ, ʜʝʷʢʽ 

ʤʝʪʘʣʠ (Pb, Cu, Ag, In ʪʘ ʽʥ.) ʚʟʘʛʘʣʽ ʥʝ ʚʜʘʻʪʴʩʷ ʟʜʦʙʫʪʠ 
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ʚ ʘʤʦʨʬʥʦʤʫ ʩʪʘʥʽ ï ʥʘʚʽʪʴ ʫ ʨʘʟʽ ʰʚʠʜʢʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʽʚ ʤʝʪʘʣʫ 

ʥʘ ʧʽʜʢʣʘʜʢʫ, ʦʭʦʣʦʜʞʝʥʫ ʜʦ 4,2 ʂ. ɺʦʜʥʦʯʘʩ ʩʭʠʣʴʥʽʩʪʴ ʜʦ 

ʩʢʣʦʧʦʜʽʙʥʦʩʪʽ ʚʠʷʚʣʷʶʪʴ ʤʝʪʘʣʝʚʽ ʩʧʣʘʚʠ ʧʦʜʚʽʡʥʠʭ, ʧʦʪʨʽʡʥʠʭ ʽ 

ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʚʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʘʤʦʨʬʥʦʛʦ ʩʪʘʥʫ ʘʪʦʤʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʦʟʧʣʘʚʫ ʽ 

ʤʽʞʘʪʦʤʥʠʭ ʟʚôʷʟʢʽʚ. 

ɼʣʷ ʫʪʚʦʨʝʥʥʷ ʘʤʦʨʬʥʦʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ 

ʤʘʻ ʙʫʪʠ ʥʘʩʪʽʣʴʢʠ ʚʝʣʠʢʦʶ, ʱʦʙ ʥʝ ʜʦʧʫʩʪʠʪʠ ʧʝʨʝʢʨʠʚʘʥʥʷ 

ʢʨʠʚʦʾ ʰʚʠʜʢʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ʽ ʰʚʠʜʢʦʩʪʽ ʟʨʦʩʪʘʥʥʷ 

ʢʨʠʩʪʘʣʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʢʨʠʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (ʪʦʙʪʦ ʪʘʤ, ʜʝ 

ʢʦʥʢʫʨʫʶʪʴ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʡ ʫʪʚʦʨʝʥʥʷ ʘʤʦʨʬʥʦʾ ʬʘʟʠ). ʆʩʢʽʣʴʢʠ 

ʧʨʦʮʝʩʠ ʩʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʪʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʭʠʣʴʥʦʩʪʽ ʨʦʟʧʣʘʚʫ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʩʢʣʦʧʦʜʽʙʥʦʾ ʬʘʟʠ ʚʚʦʜʷʪʴ ʜʦʜʘʪʢʦʚʽ ʫʤʦʚʠ, ʥʘʧʨʠʢʣʘʜ, 

ʧʦʟʙʘʚʣʷʶʪʴ ʤʘʪʝʨʽʘʣ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʃʘʟʝʨʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʦʧʦʜʽʙʥʠʭ 

ʘʤʦʨʬʥʠʭ ʩʪʨʫʢʪʫʨ ʫ ʪʦʥʢʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʨʝʘʣʴʥʠʭ ʜʝʪʘʣʝʡ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʽ ʩʧʣʘʚʽʚ, ʰʣʷʭʦʤ ʚʟʘʻʤʦʜʽʾ ʨʝʯʦʚʠʥʠ ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʝʨʽʦʜ ʯʘʩʫ ʟ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʰʚʠʜʢʝ ʧʣʘʚʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʨʝʯʦʚʠʥʠ ʫ ʪʦʡ ʯʘʩ, ʷʢ ʫʩʷ 

ʤʘʩʘ ʤʘʪʝʨʽʘʣʫ ʚʥʘʩʣʽʜʦʢ ʢʦʨʦʪʢʦʯʘʩʥʦʩʪʽ ʧʨʦʮʝʩʫ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ 

ʥʘʛʨʽʪʦʶ. ɿʙʝʨʽʛʘʥʥʷ ʭʦʣʦʜʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʤʝʞʽ ʢʦʥʪʘʢʪʫ ʟ ʪʦʥʢʠʤ 

ʰʘʨʦʤ ʨʦʟʧʣʘʚʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 105 ï 108 

ʂ/ʩ. ʐʚʠʜʢʝ ʧʣʘʚʣʝʥʥʷ ʟʫʤʦʚʣʶʻ ʚʠʥʠʢʥʝʥʥʷ ʛʦʤʦʛʝʥʥʦʾ ʨʽʜʠʥʠ, ʷʢʘ 

ʧʽʩʣʷ ʟʘʪʚʝʨʜʽʥʥʷ ʫʪʚʦʨʶʻ ʪʚʝʨʜʠʡ ʘʤʦʨʬʥʠʡ ʩʪʘʥ ʟ ʦʩʦʙʣʠʚʠʤʠ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɽʣʝʢʪʨʦʣʽʪʠʯʥʝ ʽ ʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ ʘʤʦʨʬʥʠʭ ʰʘʨʽʚ 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʘʤʦʨʬʥʽ ʩʧʣʘʚʠ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʦʾ ʯʠʩʪʦʪʠ, 

ʘʣʝ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥ ʚʠʩʦʢʦʾ ʯʠʩʪʦʪʠ ʮʽ ʤʝʪʦʜʠ ʥʝʧʨʠʜʘʪʥʽ. 

ʇʝʨʝʚʘʛʦʶ ʤʝʪʦʜʽʚ ʻ ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʝ ʬʦʨʤʫʚʘʥʥʷ ʧʣʽʚʦʢ ʟ ʚʝʣʠʢʦʶ 

ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ. 

ɼʦʩʷʛʥʝʥʥʷ ʘʤʦʨʬʥʦʛʦ ʩʪʘʥʫ ʟ ʪʚʝʨʜʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ 

ʥʝʪʝʨʤʽʯʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʦʩʠʪʴ ʩʠʣʴʥʦʤʫ ʚʧʣʠʚʽ ʥʘ 
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ʥʠʭ ʟʦʚʥʽʰʥʽʭ ʩʠʣ. ɸʪʦʤʠ ʤʦʞʫʪʴ ʟʘʣʠʰʘʪʠ ʩʚʦʾ ʨʽʚʥʦʚʘʞʥʽ ʧʦʟʠʮʽʾ ʧʽʜ 

ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʽʤʧʫʣʴʩʫ ʝʥʝʨʛʽʾ. ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ 

ʘʤʦʨʬʥʠʭ ʩʪʨʫʢʪʫʨ ʟʘ ʮʽʻʶ ʪʝʭʥʦʣʦʛʽʻʶ ʪʘʢʽ: ʽʦʥʥʘ ʽʤʧʣʘʥʪʘʮʽʷ; 

ʤʝʭʘʥʽʯʥʝ ʦʙʨʦʙʣʝʥʥʷ; ʫʜʘʨʥʘ ʭʚʠʣʷ; ʪʚʝʨʜʦʬʘʟʥʽ ʨʝʘʢʮʽʾ. 

ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʘʤʦʨʬʥʠʭ ʩʠʩʪʝʤ ʤʝʪʘʣ ï ʤʝʪʘʣ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʘʤʦʨʬʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘʡʙʣʠʞʯʠʤʠ ʘʪʦʤʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʨʽʟʥʦʡʤʝʥʥʽ, ʪʘʢ ʽ 

ʦʜʥʦʡʤʝʥʥʽ ʘʪʦʤʠ.  

ʅʘʚʧʘʢʠ, ʫ ʩʧʣʘʚʘʭ ʤʝʪʘʣ ï ʤʝʪʘʣʦʾʜ ʘʪʦʤʠ ʤʝʪʘʣʦʾʜʫ ʟʘʟʚʠʯʘʡ 

ʦʪʦʯʝʥʽ ʘʪʦʤʘʤʠ ʤʝʪʘʣʫ. ʄʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʨʽʟʥʦʡʤʝʥʥʠʤʠ 

ʘʪʦʤʘʤʠ ʚʠʷʚʣʷʶʪʴʩʷ ʤʝʥʰʠʤʠ, ʥʽʞ ʩʫʤʘ ʘʪʦʤʥʠʭ ʨʘʜʽʫʩʽʚ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʽʥʫ ʙʣʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ ʚ ʨʘʟʽ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ ʜʦ ʘʤʦʨʬʥʦʛʦ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ. 

ʊʦʧʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʽʚ ʛʨʫʥʪʫʶʪʴʩʷ ʥʘ ʢʣʘʩʪʝʨʘʭ ï 

ʘʪʦʤʥʠʭ ʛʨʫʧʘʭ, ʧʦʜʽʙʥʠʭ ʜʦ ʤʽʢʨʦʢʨʠʩʪʘʣʽʚ. ʉʪʨʫʢʪʫʨʥʠʤʠ 

ʦʜʠʥʠʮʷʤʠ ʮʠʭ ʤʦʜʝʣʝʡ ʻ ʥʝʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʫʧʦʨʷʜʢʦʚʘʥʽ ʢʣʘʩʪʝʨʠ 

ʘʪʦʤʽʚ, ʱʦ ʚʽʜʽʛʨʘʶʪʴ ʪʘʢʫ ʞ ʨʦʣʴ, ʱʦ ʽ ʤʽʢʨʦʢʨʠʩʪʘʣʠʢʠ. ʊʠʧʦʚʠʤʠ 

(ʟ ʙʘʛʘʪʴʦʭ ʤʦʞʣʠʚʠʭ) ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʻ 

ʪʨʠʥʘʜʮʷʪʠʘʪʦʤʥʠʡ ʽʢʦʩʘʝʜʨ ̔ ʧʝʥʪʘʛʦʥʘʣʴʥʠʡ ʜʦʜʝʢʘʝʜʨ (ʘʤʦʨʬʦʥ), 

ʭʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʷʢʠʭ ʻ ʥʘʷʚʥʽʩʪʴ ʦʩʽ ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ 

(ʷʢʘ çʟʘʙʦʨʦʥʝʥʘè ʫ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʟ ʜʘʣʝʢʠʤ ʧʦʨʷʜʢʦʤ 

ʨʦʟʤʽʱʫʚʘʥʥʷ ʘʪʦʤʽʚ). ʋ ʢʦʥʬʽʛʫʨʘʮʽʷʭ ʚʠʧʘʜʢʦʚʠʭ ɦ ʽʣʴʥʠʭ 

ʧʘʢʦʚʘʥʴ ʚʠʦʢʨʝʤʣʶʶʪʴ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʷʢ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ, 

ʪʘʢ ʽ ʥʝʢʨʠʩʪʘʣʽʯʥʠʭ ʧʘʢʦʚʘʥʴ.  

ɺ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʠʪʴ 

ʥʘʥʦʢʨʠʩʪʘʣʽʟʘʮʽʷ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ Fe ʟ 

ʜʦʤʽʰʢʘʤʠ Nb, Cu, Si, ɺ, ʥʘ ʦʩʥʦʚʽ ʉʦ ʘʙʦ FeïCo ʟ ʜʦʤʽʰʢʘʤʠ Si ʽ 

ɺ, ʘ ʪʘʢʦʞ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤ FeïMïC, CoïMïC, NiïMïC (ʜʝ M = Zr, Hf, 

Nb, ʊʘ). ʄʝʪʦʜʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʘʤʦʨʬʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʩʪʚʦʨʶʶʪʴ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʽ ʩʧʣʘʚʠ ʟ ʨʦʟʤʽʨʦʤ ʟʝʨʥʘ 8 ï 20 ʥʤ, ʱʦ 

ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʽ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɸʤʦʨʬʥʽ ʩʧʣʘʚʠ 

ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʤʘʣʦʾ ʨʫʭʣʠʚʦʩʪʽ ʘʪʦʤʽʚ, ʱʦ ʙʽʣʴʰʝ ʩʧʨʠʷ ̒
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ʫʪʚʦʨʝʥʥʶ ʢʨʠʩʪʘʣʽʪʽʚ, ʥʽʞ ʾʭ ʟʨʦʩʪʘʥʥʶ, ʪʦʙʪʦ ʩʧʨʠʷʻ 

ʬʦʨʤʫʚʘʥʥʶ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɼʦʙʨʝ ʚʽʜʦʤʽ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʽ ʩʧʣʘʚʠ Fe73,5Cu1Nb3Si13,5B9 

ʩʠʩʪʝʤʠ FeïCuïNbïSiïB, ʥʘʟʚʘʥʽ finemet. ʎʽ ʩʧʣʘʚʠ ʻ ʤôʷʢʠʤʠ 

ʤʘʛʥʽʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʟ ʜʫʞʝ ʤʘʣʦʶ ʢʦʝʨʮʠʪʠʚʥʦʶ ʩʠʣʦʶ ʅʢ, 

ʙʣʠʟʴʢʦʶ ʜʦ ʟʥʘʯʝʥʥʷ ʅʢ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ, ʽ 

ʚʠʩʦʢʠʤ ʤʘʛʥʽʪʥʠʤ ʥʘʩʠʯʝʥʥʷʤ, ʧʦʨʽʚʥʷʥʥʠʤ ʟ ʪʘʢʠʤ ʚ ʘʤʦʨʬʥʠʭ 

ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʽ Fe.  

ʈʦʟʚʠʪʦʢ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʚ ʘʤʦʨʬʥʦʤʫ ʩʧʣʘʚʽ ʧʨʠʧʫʩʢʘʻ 

ʧʦʻʜʥʘʥʥʷ ʚʝʣʠʢʦʾ ʰʚʠʜʢʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʤʘʣʦʾ 

ʰʚʠʜʢʦʩʪʽ ʾʭ ʟʨʦʩʪʘʥʥʷ. ʋ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïCuïNbïSiïB 

ʥʘʷʚʥʽʩʪʴ ʉu ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʾʭ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʚ ʦʙôʻʤʽ, Nb ʩʧʦʚʽʣʴʥʶʻ ʟʨʦʩʪʘʥʥʷ ʟʝʨʝʥ, a 

Si ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʦʙôʻʤʦʮʝʥʪʨʠʯʥʦʾ ʢʫʙʽʯʥʦʾ (ʆʎʂ) ʬʘʟʠ a-

Fe(Si). ɺʽʜʧʘʣ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 740 ï 820 ʂ 

ʟʫʤʦʚʣʶʻ ʚʠʜʽʣʝʥʥʷ ʢʨʠʩʪʘʣʽʪʽʚ ʫʧʦʨʷʜʢʦʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ a-

Fe(Si) ʨʦʟʤʽʨʦʤ 10 ï 15 ʥʤ ʟ ʫʤʽʩʪʦʤ Si ʜʦ 13 ï 19 %, ʧʨʠʯʦʤʫ 

ʢʨʠʩʪʘʣʽʪʠ a-Fe(Si) ʨʦʟʜʽʣʝʥʽ ʪʦʥʢʠʤ ʰʘʨʦʤ ʘʤʦʨʬʥʦʾ ʬʘʟʠ (ʨʠʩ. 1.1). 

ʅʘʷʚʥʽʩʪʴ ʤʽʜʽ ʟʥʠʞʫʻ ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʧʦʣʝʛʰʫʻ 

ʟʘʨʦʜʞʝʥʥʷ ʆʎʂ ʬʘʟʠ a-Fe(Si). ʂʨʠʩʪʘʣʽʟʘʮʽʷ ʟʘ ʚʠʱʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʧʘʣʫ ʟʫʤʦʚʣʶʻ ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʥʠʭ ʬʘʟ. ɺʠʜʽʣʝʥʥʷ ʪʠʭ ʘʙʦ ʽʥʰʠʭ 

ʬʘʟ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʦʶ ̔  ʯʘʩʦʤ ʚʽʜʧʘʣʫ: 

ʢʽʣʴʢʽʩʪʴ ʆʎʂ ʬʘʟʠ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʘʤʦʨʬʥʦʾ ʬʘʟʠ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʯʘʩʫ ʚʽʜʧʘʣʫ. ʅʘʡʙʽʣʴʰʫ ʤʘʛʥʽʪʥʫ 

ʧʨʦʥʠʢʥʽʩʪʴ m ̔ ʤʘʛʥʽʪʥʝ ʥʘʩʠʯʝʥʥʷ ʤʘʶʪʴ ʩʧʣʘʚʠ ʟ ʚʠʩʦʢʠʤ ʫʤʽʩʪʦʤ 

ʆʎʂ ʬʘʟʠ, ʦʪʨʠʤʘʥʽ ʚʽʜʧʘʣʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 780 ï 820 ʂ ʟʘ ʦʜʥʫ 

ʛʦʜʠʥʫ. 

ʋ ʟʚʠʯʘʡʥʠʭ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʩʧʣʘʚʘʭ ʟʨʦʩʪʘʥʥʷ ʟʝʨʝʥ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ. ɸʣʝ ʜʣʷ 

ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤ FeïCuïMïSiïB (ʜʝ M = Nb, ʊʘ, W, 

ʄʦ, Zr, V) ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ ʧʨʦʧʦʨʮʽʡʥʘ ʢʚʘʜʨʘʪʫ ʨʦʟʤʽʨʫ ʟʝʨʥʘ. 

ʉʧʣʘʚ Fe73,5Cu1Nb3Si13,5B9 ̔ ʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʟʝʨʝʥ ʙʣʠʟʴʢʦ 10 ʥʤ 

ʤʘʻ ʜʫʞʝ ʤʘʣʫ ʢʦʝʨʮʠʪʠʚʥʫ ʩʠʣʫ: ʅʢ = 0,5 ɸ/ʤ. 
 

' 
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ʈʠʩ. 1.1. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʠʧʦʚʠʭ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ 

ʤôʷʢʠʭ ʤʘʛʥʽʪʥʠʭ ʩʧʣʘʚʽʚ, ʦʪʨʠʤʘʥʠʭ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʟ ʘʤʦʨʬʥʦʛʦ ʩʪʘʥʫ 

 

ɺʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ, 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʥʘʩʠʯʝʥʥʷ, ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʾ ʡ ʽʥʰʠʭ ʤʘʛʥʽʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʩʧʣʘʚʽʚ ʜʦ ʾʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʧʦʥʫʢʘʣʠ ʜʦ 

ʘʢʪʠʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫʤʦʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʽʚ. ʅʠʥʽ 

ʚʽʜʦʤʽ ʡ ʽʥʰʽ ʤʘʛʥʽʪʦʤôʷʢʽ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʽ ʩʧʣʘʚʠ, ʦʜʝʨʞʘʥʽ 

ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʽʚ. ʉʧʣʘʚʠ FeïMïC, FeïMïB, FeïMïN 

ʽ FeïMïʆ (ʜʝ M = Zr, Hf, Nb, ʊʘ, Ti) ʽʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʟʝʨʝʥ 10 ʥʤ 

ʤʘʶʪʴ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʘʩʠʯʝʥʥʷ 1,5 ï 1,7 ʊ, ʧʨʦʥʠʢʥʽʩʪʴ m = 4000 ï 

5000 ̔ ʤʘʣʝ (ʤʝʥʰʝ ʟʘ 10-6) ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʾ. 

ʂʨʠʩʪʘʣʽʟʘʮʽʷ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʽʚ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ʥʝ ʪʽʣʴʢʠ 

ʤʘʛʥʽʪʦʤôʷʢʽ, ʘʣʝ ʽ ʤʘʛʥʽʪʦʪʚʝʨʜʽ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʟ 

ʚʠʩʦʢʦʶ ʢʦʝʨʮʠʪʠʚʥʦʶ ʩʠʣʦʶ. ʅʘʧʨʠʢʣʘʜ, ʚʽʜʧʘʣ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ 

ʛʦʜʠʥʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʠʟʴʢʦ 800 ʂ ʘʤʦʨʬʥʠʭ ʤôʷʢʠʭ ʤʘʛʥʽʪʥʠʭ 

ʩʧʣʘʚʽʚ Fe81Si7B12 ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ʜʦ 700 

ʨʘʟʽʚ. ʂʨʠʩʪʘʣʽʟʘʮʽʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʠʟʴʢʦ 900 ʂ ʟʘ ʦʜʥʫ ʛʦʜʠʥʫ ʘʙʦ 

ʰʚʠʜʢʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʠ ʩʝʢʫʥʜ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 900 ʂ 

ʘʤʦʨʬʥʦʛʦ ʤôʷʢʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʩʧʣʘʚʫ Fe5Co70Si15Bi10 ʟ ʅʢ < 1 A/ʤ 

ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʠʪʠ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʽ ʩʧʣʘʚʠ ʟ ʨʦʟʤʽʨʦʤ ʟʝʨʝʥ 50 ï 

200 ʥʤ ʽ ʅʢ = 3200 ɸ/ʤ. 

ʆʪʞʝ, ʙʣʠʟʴʢʠʡ ʧʦʨʷʜʦʢ ʚ ʘʤʦʨʬʥʦʤʫ ʽ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʦʤʫ 

ʩʪʘʥʘʭ ʩʧʣʘʚʽʚ ʤʝʪʘʣ ï ʤʝʪʘʣ, ʷʢ ʽ ʚ ʽʥʰʠʭ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʘʭ, ʻ 

ʨʽʟʥʠʤ ʪʘ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ, ʽ ʩʘʤʝ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʙʣʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ 

ʂʣʘʩʪʝʨ Cu 
ʘʤʦʨʬʥʘʷ ʬʘʟʘ 

M ʢʘʨʙʽʜ 
M ʥʽʪʨʠʜ 

 

ɸʤʦʨʬʥʘ ʬʘʭʘ FeïMïO 

ʆʎʂ ʬʘʟʘ FeïSi 
FeïCuïMïSiïB 

a 

ʆʎʂ ʬʘʟʘ FeïB(ïM) 
FeïMïCïN 

ʙ 
 

ʆʎʂ ʬʘʟʘ Feïʆ(ïM) 
FeïMïʆ 

ʚ 
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ʥʘ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʘʤʦʨʬʥʠʭ ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʧʣʘʚʘʭ 

ʜʦʩʷʛʘʶʪʴʩʷ ʚʠʩʦʢʽ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ.  

ɽʢʩʧʝʨʠʤʝʥʪʠ, ʧʨʦʚʝʜʝʥʽ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʫʩʢʘʪʠ, 

ʱʦ ʚ ʘʤʦʨʬʥʦʤʫ ʤʝʪʘʣʽ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʘʪʦʤʠ ʙʝʟ ʙʫʜʴ-̫ ʢʠʭ ʨʦʟʨʠʚʽʚ 

ï ʛʨʘʥʠʮʴ ʟʝʨʝʥ ʽ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʢʨʠʩʪʘʣʽʚ. ʋ 

ʤʝʪʘʣʝʚʦʤʫ ʩʢʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʭʘʦʪʠʯʥʝ ʙʝʟʧʝʨʝʨʚʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʱʽʣʴʥʠʤ ʧʘʢʦʚʘʥʥʷʤ. 

ʂʦʦʨʜʠʥʘʮʽʡʥʽ ʯʠʩʣʘ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʷʚʣʷʶʪʴʩʷ ʨʽʚʥʠʤʠ 12. 

ʇʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʚ ʘʤʦʨʬʥʠʭ ʤʝʪʘʣʘʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʽ 

ʟʤʽʥʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʦʢʩʠʜʥʠʭ ʩʪʝʢʦʣ, ʷʢʽ ʫ ʨʘʟʽ 

ʥʘʛʨʽʚʘʥʥʷ ʨʦʟʤôʷʢʰʫʶʪʴʩʷ ʽ ʧʝʨʝʭʦʜʷʪʴ ʚ ʨʦʟʧʣʘʚ, ʘ ʧʽʜ ʯʘʩ 

ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ ʟʥʦʚʫ ʫʪʚʦʨʶʻʪʴʩʷ ʩʢʣʦ, ʤʝʪʘʣʝʚʽ ʩʪʝʢʣʘ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʘʪʦʤʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʝʚʠʭ ʩʪʝʢʦʣ, ʱʦ 

ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʪʘʢʽ ʾʭ ʜʝʬʝʢʪʠ, ʷʢ ʜʠʩʣʦʢʘʮʽʾ, ʛʨʘʥʠʮʽ ʟʝʨʝʥ ʪʘ 

ʽʥʰʽ, ʟʫʤʦʚʣʶʶʪʴ ʜʫʞʝ ʚʠʩʦʢʽ ʤʽʮʥʽʩʪʴ ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ɻʨʘʥʠʮʷ 

ʤʽʮʥʦʩʪʽ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ ʽʩʪʦʪʥʦ ʙʽʣʴʰʘ, ʥʽʞ 

ʥʘʡʙʽʣʴʰ ʤʽʮʥʠʭ ʩʪʘʣʝʡ. ʄʝʪʘʣʝʚʽ ʘʤʦʨʬʥʽ ʩʧʣʘʚʠ ʤʘʶʪʴ ʜʫʞʝ ʚʠʩʦʢʫ 

ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ, ʦʩʦʙʣʠʚʦ ʩʧʣʘʚʠ ʟʘʣʽʟʘ ʽ ʥʽʢʝʣʶ, ʱʦ ʤʽʩʪʷʪʴ 

ʭʨʦʤ. ɿʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ʘʤʦʨʬʥʽ ʤʝʪʘʣʠ ʙʣʠʞʯʽ ʜʦ ʨʽʜʠʥʥʠʭ 

ʤʝʪʘʣʽʚ, ʥʽʞ ʜʦ ʢʨʠʩʪʘʣʽʯʥʠʭ. ɺʽʜʩʫʪʥʽʩʪʴ ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ ʚ 

ʤʝʪʘʣʝʚʠʭ ʩʪʝʢʣʘʭ ʟʫʤʦʚʣʶʻ ʤʘʣʫ ʜʦʚʞʠʥʫ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ 

ʝʣʝʢʪʨʦʥʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʤʽʞʘʪʦʤʥʦʶ ʚʽʜʩʪʘʥʥʶ. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʻ 

ʧʽʜʚʠʱʝʥʠʡ ʦʧʽʨ ʽ ʩʣʘʙʢʘ ʟʘʣʝʞʥʽʩʪʴ ʡʦʛʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʄʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʘʤʦʨʬʥʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ 

ʛʨʫʧʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ: 

ʛʘʟʦʧʦʜʽʙʥʦʛʦ, ʨʽʜʠʥʥʦʛʦ ʽ ʪʚʝʨʜʦʛʦ ʩʪʘʥʽʚ, ʦʩʢʽʣʴʢʠ ʮʽʣʢʦʤ 

ʦʯʝʚʠʜʥʦ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʚʠʥʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʘʤʦʨʬʥʠʭ 

ʩʪʨʫʢʪʫʨ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʛʘʟʦʧʦʜʽʙʥʦʾ, ʨʽʜʠʥʥʦʾ ʘʙʦ ʪʚʝʨʜʦʾ ʬʘʟ.  

ʄʦʜʝʣʽ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʦʙʫʜʦʚʽ ʘʤʦʨʬʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʪʚʝʨʜʦʛʦ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʽ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʩʪʘʥʽʚ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʪʦʧʦʣʦʛʽʯʥʽ 

ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ʟ ʘʪʦʤʘʤʠ ʫ ʚʝʨʰʠʥʘʭ.  

ʇʝʨʰʫ ʛʨʫʧʫ ʪʦʧʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ ʩʢʣʘʜʘʶʪʴ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʽ 

ʤʦʜʝʣʽ ʟ ʙʣʠʟʴʢʠʤ ʧʦʨʷʜʢʦʤ, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ 



30 

 

ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ. ʄʽʢʨʦʢʨʠʩʪʘʣʽʯʥʘ ʤʦʜʝʣʴ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʷʚʣʝʥʥʽ 

ʧʨʦ ʧʦʨʫʰʝʥʥʷ ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ, ʟʫʤʦʚʣʝʥʦʛʦ ʦʩʦʙʣʠʚʦʶ 

ʢʦʦʨʜʠʥʘʮʽʻʶ (ʤʦʜʝʣʴ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʧʦʣʽʝʜʨʽʚ), ʘʙʦ ʚʚʝʜʝʥʥʷʤ 

ʪʨʠʚʠʤʽʨʥʦʾ ˇʨʘʪʢʠ ʜʠʩʣʦʢʘʮʽʡ ʽ ʜʠʩʣʦʢʘʮʽʡ ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ, ʪʦʙʪʦ 

ʙʝʨʝʪʴʩʷ ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʩʧʦʪʚʦʨʶʻʪʴʩʷ.  

ɼʨʫʛʫ ʛʨʫʧʫ ʪʦʧʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ ʩʢʣʘʜʘʶʪʴ ʢʣʘʩʪʝʨʥʽ ʤʦʜʝʣʽ, 

ʧʦʜʽʙʥʽ ʜʦ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʠʭ, ʘʣʝ ʦʩʥʦʚʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʦʜʠʥʠʮʷʤʠ ʚ ʥʠʭ ʻ ʥʝʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦ ʚʧʦʨʷʜʢʦʚʘʥʽ ʤʽʢʨʦʢʣʘʩʪʝʨʠ 

ʘʪʦʤʽʚ, ʱʦ ʚʽʜʽʛʨʘʶʪʴ ʪʘʢʫ ʞ ʨʦʣʴ, ʱʦ ʽ ʤʽʢʨʦʢʨʠʩʪʘʣʠʢʠ.  

ʊʨʝʪʷ ʛʨʫʧʘ ʪʦʧʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ ʘʤʦʨʬʥʠʭ ʤʝʪʘʣʝʚʠʭ 

ʩʧʣʘʚʽʚ ʤʽʩʪʠʪʴ ʤʦʜʝʣʽ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʩʫʢʫʧʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ 

ʱʽʣʴʥʠʭ ʧʘʢʦʚʘʥʴ ʞʦʨʩʪʢʠʭ ʽ ʤôʷʢʠʭ ʩʬʝʨ. ʈʽʟʥʦʚʠʜʦʤ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʘʢʦʚʘʥʥʷ ʘʪʦʤʽʚ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʪʝʢʣʘʭ ʟ ʢʦʚʘʣʝʥʪʥʠʤʠ ʟʚôʷʟʢʘʤʠ 

ʻ ʤʦʜʝʣʴ ʙʝʟʧʝʨʝʨʚʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ˇʨʘʪʢʠ. ʄʦʜʝʣʽ ʮʽʻʾ ʛʨʫʧʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʦʩʥʦʚʥʠʭ ʟʘ ʨʦʟʤʽʨʦʤ ʩʬʝʨ (ʘʙʦ ʩʬʝʨ 

ʜʚʦʭ ʨʦʟʤʽʨʽʚ), ʚʠʧʘʜʢʦʚʦ ʧʘʢʦʚʘʥʠʭ, ʱʦ ʨʝʣʘʢʩʫʚʘʣʠ ʜʦ ʥʘʡʙʽʣʴʰʦʾ 

ʱʽʣʴʥʦʩʪʽ. ɰʭ ʨʦʟʨʽʟʥʷʶʪʴ ʟʘ ʧʨʘʚʠʣʘʤʠ ʧʘʢʦʚʘʥʥʷ, ʧʦʪʝʥʮʽʘʣʦʤ, 

ʚʟʘʻʤʦʜʽʻʶ, ʤʝʪʦʜʠʢʦʶ ʨʝʣʘʢʩʘʮʽʾ ʽ ʪ.ʽʥ. ʋ ʢʦʥʬʽʛʫʨʘʮʽʷʭ ʚʠʧʘʜʢʦʚʠʭ 

ʱʽʣʴʥʠʭ ʧʘʢʦʚʘʥʴ ʤʦʞʥʘ ʚʠʦʢʨʝʤʣʠʪʠ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʷʢ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ, ʪʘʢ ʽ ʥʝʢʨʠʩʪʘʣʽʯʥʠʭ ʧʘʢʦʚʘʥʴ.  

ʄʦʜʝʣʽ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʦʙʫʜʦʚʽ ʩʪʨʫʢʪʫʨʠ ʟ ʨʽʜʠʥʥʦʛʦ 

ʩʪʘʥʫ, ʙʫʜʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ (ʆʊ) hʚʠʜʢʠʤ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʢʦʥʬʽʛʫʨʘʮʽʡ, ʚʣʘʩʪʠʚʠʭ ʨʽʜʠʥʽ. ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʪʦʧʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʣʽʝʜʨʽʚ, ʘʪʦʤʠ ʷʢʠʭ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʝ ʫ ʚʝʨʰʠʥʘʭ, ʘ ʚʩʝʨʝʜʠʥʽ 

ʧʦʣʽʝʜʨʘ. ʋʪʽʤ ʬʦʨʤʘ ʮʴʦʛʦ ʙʘʛʘʪʦʛʨʘʥʥʠʢʘ ʟʙʝʨʽʛʘʻ ʭʘʨʘʢʪʝʨʥʽ 

ʝʣʝʤʝʥʪʠ ʩʠʤʝʪʨʽʾ ʚ ʨʦʟʤʽʱʝʥʥʽ ʘʪʦʤʽʚ.  
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1.3. ɸʤʦʨʬʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ 

 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʟ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʘʤʦʨʬʥʽ) 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʢʽʣʴʢʘ ʛʨʫʧ. 

ɸʤʦʨʬʥʽ ʪʚʝʨʜʽ ʪʽʣʘ ʟ ʪʝʪʨʘʝʜʨʠʯʥʠʤʠ ʟʚôʷʟʢʘʤʠ, ʪʘʢʽ ʷʢ 

ʢʨʝʤʥʽʡ ʽ ʛʝʨʤʘʥʽʡ, ʘ ʪʘʢʦʞ ʩʧʦʣʫʢʠ ɸʐɺV. ʎʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʚ 

ʘʤʦʨʬʥʦʤʫ ʩʪʘʥʽ ʥʝ ʤʦʞʥʘ ʩʠʥʪʝʟʫʚʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷʤ ʨʦʟʧʣʘʚʫ. ɰʭ 

ʬʦʨʤʫʶʪʴ ʟʘʟʚʠʯʘʡ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ 

ʤʝʪʦʜʽʚ ʦʩʘʜʞʝʥʥʷ ʪʘ ʢʦʥʜʝʥʩʘʮʽʾ. ɰʭ ʚʣʘʩʪʠʚʦʩʪʽ ʜʫʞʝ ʧʦʜʽʙʥʽ ʜʦ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʨʠʩʪʘʣʽʯʥʠʭ ʘʥʘʣʦʛʽʚ.  

ɸʤʦʨʬʥʽ Ge ̔ Si ʩʠʥʪʝʟʫʶʪʴ ʥʘʡʯʘʩʪʽʰʝ ʽʦʥʥʠʤ ʨʦʟʧʠʣʝʥʥʷʤ ʚ 

ʘʪʤʦʩʬʝʨʽ ʚʦʜʥʶ ʘʙʦ ʜʠʩʦʮʽʘʮʽʻʶ ʛʘʟʽʚ (ʟʦʢʨʝʤʘ SiH4 ʘʙʦ GeH4) ʫ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʤʫ ʨʦʟʨʷʜʽ. ʇʽʜ ʯʘʩ ʦʩʘʜʞʝʥʥʷ ʢʨʝʤʥʽʶ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ 

ʥʘ ʘʤʦʨʬʥʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʽʜʢʣʘʜʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʽʚ ʦʩʘʜʞʝʥʥʷ 

ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ ʘʤʦʨʬʥʫ ʘʙʦ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʫ ʧʣʽʚʢʫ ʢʨʝʤʥʽʶ ʟ 

ʚʽʜʥʦʩʥʦ ʤʘʣʠʤ ʨʦʟʤʽʨʦʤ ʟʝʨʝʥ. (ɯʥʢʦʣʠ ʮʶ ʪʝʭʥʦʣʦʛʽʶ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʧʣʽʚʢʠ ʢʨʝʤʥʽʶ ʤʝʪʦʜʦʤ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ.  

ɸʤʦʨʬʥʽ ʧʣʽʚʢʠ Si, Ge, GaAs ʪʘ ʽʥʰʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʨʝʯʦʚʠʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʫ ʮʠʭ ʤʘʪʝʨʽʘʣʘʭ ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ ʽ 

ʥʘʷʚʥʽʩʪʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ ʪʠʧʫ ʤʽʢʨʦʧʦʨ. ʋʩʝ ʮʝ ʟʫʤʦʚʣʶʻ 

ʧʦʷʚʫ ʥʝʥʘʩʠʯʝʥʠʭ çʚʽʣʴʥʠʭè ʟʚôʷʟʢʽʚ ʜʣʷ ʙʘʛʘʪʴʦʭ ʘʪʦʤʽʚ. ʅʘʩʣʽʜʢʦʤ 

ʮʴʦʛʦ ʻ ʚʠʩʦʢʘ ʛʫʩʪʠʥʘ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʩʪʘʥʽʚ (ʙʣʠʟʴʢʦ 1020 ʩʤ-3) ʫ 

ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ. ʏʝʨʝʟ ʩʧʝʮʠʬʽʢʫ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚ 

ʘʤʦʨʬʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʢʝʨʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʫʞʝ ʩʢʣʘʜʥʦ.  

ʍʘʣʴʢʦʛʝʥʽʜʥʽ ʩʪʝʢʣʘ ï ʥʝʢʨʠʩʪʘʣʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʘʪʦʤʠ ʭʘʣʴʢʦʛʝʥʽʚ (ʩʽʨʢʠ, ʩʝʣʝʥʫ, ʪʝʣʫʨʫ) ï ʟʘʟʚʠʯʘʡ ʦʜʝʨʞʫʶʪʴ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ. ɺʦʥʠ ʤʘʡʞʝ ʥʝʯʫʪʣʠʚʽ ʜʦ ʜʦʤʽʰʦʢ, 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʩʠʤʝʪʨʠʯʥʽ ʚʦʣʴ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ 

ʟʘʟʥʘʶʪʴ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ. ɹʝʟʢʠʩʥʝʚʽ ʭʘʣʴʢʦʛʝʥʽʜʥʽ ʩʪʝʢʣʘ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʪʘʢʦʞ ʩʧʣʘʚʣʝʥʥʷʤ ʭʘʣʴʢʦʛʝʥʽʚ (S, Se, Te) ʟ 

ʝʣʝʤʝʥʪʘʤʠ III, IV, V ʛʨʫʧ ʇʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ ɼ. ɯ. ʄʝʥ-

ʜʝʣʻʻʚʘ. ʍʘʣʴʢʦʛʝʥʽʜʥʽ ʩʢʣʦʧʦʜʽʙʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʚʠʨʦʙʣʷʶʪʴ 



32 

 

ʟʜʝʙʽʣʴʰʦʛʦ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷʤ ʨʦʟʧʣʘʚʫ, ʘʙʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʫ 

ʚʘʢʫʫʤʽ. ʊʠʧʦʚʽ ʧʨʝʜʩʪʘʚʥʠʢʠ ï ʩʫʣʴʬʽʜ ʽ ʩʝʣʝʥʽʜ ʘʨʩʝʥʫ. ɼʦ ʥʠʭ 

ʥʘʣʝʞʘʪʴ ʪʘʢʦʞ ʜʚʦ- ʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʩʢʣʦʧʦʜʽʙʥʽ ʩʧʣʘʚʠ 

ʭʘʣʴʢʦʛʝʥʽʜʽʚ (ʩʫʣʴʬʽʜʽʚ, ʩʝʣʝʥʽʜʽʚ ʽ ʪʝʣʫʨʠʜʽʚ) ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ (Geï

S, GeïSe, AsïS, AsïSe, GeïSïP, GeïAsïSe, AsïSïSe, AsïGeïSeïʊʽ, 

AsïSbïSïSe, GeïSïSe, GeïPbïS). ʍʘʣʴʢʦʛʝʥʽʜʥʽ ʩʪʝʢʣʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʧʨʦʟʦʨʽʩʪʶ ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʯʘʩʪʠʥʽ 

ʩʧʝʢʪʨʫ ʚ ʜʽʘʧʘʟʦʥʽ 1ï18 ʤʢʤ. ɸʤʦʨʬʥʽ ʧʣʽʚʢʠ ʩʢʣʘʜʥʠʭ 

ʭʘʣʴʢʦʛʝʥʽʜʥʠʭ ʩʧʦʣʫʢ ʤʘʶʪʴ ʙʽʣʴʰʽ ʤʦʞʣʠʚʦʩʪʽ ʚʘʨʽʘʮʽʾ ʾʭ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɼʦ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʥʘʣʝʞʘʪʴ ʪʘʢʦʞ ʦʢʩʠʜʥʽ 

ʩʪʝʢʣʘ, ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʢʠʭ ʻ ʝʣʝʤʝʥʪʠ V ʛʨʫʧʠ ʇʝʨʽʦʜʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ ɼ. ɯ. ʄʝʥʜʝʣʻʻʚʘ. ʊʘʢʽ ʩʪʝʢʣʘ ʚʠʨʦʙʣʷʶʪʴ 

ʩʧʣʘʚʣʝʥʥʷʤ ʦʢʩʠʜʽʚ ʤʝʪʘʣʽʚ ʟʽ ʟʤʽʥʥʦʶ ʚʘʣʝʥʪʥʽʩʪʶ, ʥʘʧʨʠʢʣʘʜ, 

V2O5ïP2O5ïZnO. ʆʢʩʠʜʠ ʤʝʪʘʣʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʮʽ ʩʪʝʢʣʘ, ʤʘʶʪʴ 

ʦʜʥʦʯʘʩʥʦ ʥʝ ʤʝʥʰʝ ʜʚʦʭ ʨʽʟʥʦʚʘʣʝʥʪʥʠʭ ʩʪʘʥʽʚ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ 

ʝʣʝʤʝʥʪʘ, ʱʦ ʡ ʟʫʤʦʚʣʶʻ ʾʭ ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ.  

ɼʣʷ ʩʢʣʦʧʦʜʽʙʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʩʦʙʣʠʚʠʡ ʚʠʜ ʘʤʦʨʬʥʦʾ ʨʝʯʦʚʠʥʠ, ʭʘʨʘʢʪʝʨʥʦʶ 

ʻ ʥʘʷʚʥʽʩʪʴ ʧʨʦʩʪʦʨʦʚʦʾ ˇʨʘʪʢʠ, ʫ ʷʢʽʡ, ʦʢʨʽʤ ʢʦʚʘʣʝʥʪʥʦ ʟʚôʷʟʘʥʠʭ 

ʘʪʦʤʽʚ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʦʣʷʨʥʽ ʛʨʫʧʦʚʘʥʥʷ ʽʦʥʽʚ. ʋ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʟʚôʷʟʦʢ ʤʽʞ ʛʨʫʧʘʤʠ ʘʪʦʤʽʚ ʪʘ ʽʦʥʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʢʦʨʦʪʢʦʜʽʡʥʠʭ ʢʦʚʘʣʝʥʪʥʠʭ ʪʘ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʠʭ ʩʠʣ. ʅʝʦʨʛʘʥʽʯʥʽ 

ʩʢʣʦʧʦʜʽʙʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʤʘʶʪʴ ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʨʠʩʪʘʣʽʯʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʩʢʣʦʧʦʜʽʙʥʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʥʝ ʤʘʶʪʴ ʜʦʤʽʰʢʦʚʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ɼʦʤʽʰʢʠ ʚ 

ʩʢʣʦʧʦʜʽʙʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʩʪʝʭʽʦʤʝʪʨʽʾ, ʽ ʪʠʤ ʩʘʤʠʤ ʟʤʽʥʶʶʪʴ ʾʭ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʎʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʟʘʟʚʠʯʘʡ ʢʦʣʴʦʨʦʚʽ ʽ ʥʝʧʨʦʟʦʨʽ ʚ ʪʦʚʩʪʠʭ ʰʘʨʘʭ. 

ʉʢʣʦʧʦʜʽʙʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʨʦʟʦʨʽʻʥʪʦʚʘʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ʽ ʥʝʥʘʩʠʯʝʥʠʤʠ ʭʽʤʽʯʥʠʤʠ ʟʚôʷʟʢʘʤʠ.  

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʘʤʦʨʬʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘ 

ʦʩʥʦʚʽ ʟʦʥʥʦʾ ʪʝʦʨʽʾ ʢʨʠʩʪʘʣʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʽʩʥʫʚʘʥʥʷ ʚ ʘʤʦʨʬʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣʘʭ, ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ ʢʨʠʩʪʘʣʘʭ, 
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ʜʦʟʚʦʣʝʥʠʭ ʽ ʟʘʙʦʨʦʥʝʥʠʭ ʜʽʣʷʥʦʢ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ, ʪʦʙʪʦ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʜʦʟʚʦʣʝʥʠʭ ʽ ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ. ʆʜʥʘʢ ʫ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ 

ʘʤʦʨʬʥʠʭ ʨʝʯʦʚʠʥ ʻ ʦʩʦʙʣʠʚʽ ʜʦʟʚʦʣʝʥʽ ʩʪʘʥʠ, ʷʢʽ ʧʦʯʘʩʪʠ ʧʦʜʽʙʥʽ ʜʦ 

ʟʚʠʯʘʡʥʠʭ ʣʦʢʘʣʴʥʠʭ ʨʽʚʥʽʚ ʫ ʢʨʠʩʪʘʣʽʯʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣʘʭ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʟʫʤʦʚʣʶʚʘʪʠʩʷ ʨʽʟʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʷʢʽ ʜʦʪʝʧʝʨ ʻ ʧʨʠʚʦʜʦʤ 

ʜʣʷ ʜʠʩʢʫʩʽʾ ʤʽʞ ʜʦʩʣʽʜʥʠʢʘʤʠ.  

ʗʢʱʦ ʥʝʤʘʻ ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ, ʢʦʤʧʦʥʝʥʪʠ ʢʚʘʟʽʽʤʧʫʣʴʩʫ ʥʝ ʙʫʜʫʪʴ 

ʦʜʥʦʟʥʘʯʥʠʤʠ ʢʚʘʥʪʦʚʠʤʠ ʯʠʩʣʘʤʠ, ʘ ʩʪʘʥʠ ʽʟ ʟʘʜʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʢʚʘʟʽʽʤʧʫʣʴʩʫ ï ʩʪʘʮʽʦʥʘʨʥʠʤʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʚ ʥʝʧʝʨʽʦʜʠʯʥʦʤʫ ʧʦʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʽʣʴʢʠ ʽʥʪʝʥʩʠʚʥʦ, ʱʦ 

ʢʚʘʟʽʽʤʧʫʣʴʩ ʥʝ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘʚʽʪʴ ʥʘʙʣʠʞʝʥʦ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ 

ʚʪʨʘʯʘʻ ʩʝʥʩ ʫʷʚʣʝʥʥʷ ʧʨʦ ʟʘʢʦʥ ʜʠʩʧʝʨʩʽʾ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʚôʷʟʢʫ 

ʤʽʞ ʝʥʝʨʛʽʻʶ ʽ ʢʚʘʟʽʽʤʧʫʣʴʩʦʤ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣ ʥʝ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʦʥʷʪʪʷʤ 

ʧʦʚʝʨʭʥʽ ʌʝʨʤʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʘʤʦʨʬʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʣʦʢʘʣʴʥʽ ʧʦʨʫʰʝʥʥʷ 

ʧʝʨʽʦʜʠʯʥʦʩʪʽ, ʩʧʨʠʯʠʥʝʥʽ ʚʚʝʜʝʥʥʷʤ ʫ ʢʨʠʩʪʘʣ ʘʪʦʤʽʚ ʜʦʤʽʰʢʠ ʘʙʦ 

ʜʝʬʝʢʪʽʚ, ʟʫʤʦʚʣʶʶʪʴ ʧʦʷʚʫ ʦʢʨʝʤʠʭ ʜʦʟʚʦʣʝʥʠʭ ʜʽʣʷʥʦʢ ʫ 

ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʦʥʥʠʭ ʩʪʘʥʽʚ ʮʽ ʩʪʘʥʠ ʣʦʢʘʣʽʟʦʚʘʥʽ 

ʚ ʧʨʦʩʪʦʨʽ, ʪʦʙʪʦ ʝʣʝʢʪʨʦʥ ʚ ʜʽʣʷʥʮʽ ʦʜʥʦʛʦ ʟ ʜʦʤʽʰʢʦʚʠʭ ʮʝʥʪʨʽʚ ʥʝ 

çʨʦʟʧʣʠʚʘʻʪʴʩʷè ʧʦ ʽʥʰʠʭ ʮʝʥʪʨʘʭ. ʁʦʛʦ ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʩʧʘʜʘʻ ʜʦ ʥʫʣʷ, ʪʦʙʪʦ ʟʘʣʠʰʘʻʪʴʩʷ ʣʦʢʘʣʽʟʦʚʘʥʦʶ.  

ʅʘʡʙʽʣʴʰʝ ʚʠʚʯʝʥʠʡ ʦʙôʻʢʪ ï ʘʤʦʨʬʥʠʡ ʢʨʝʤʥʽʡ. ɺʽʥ ʥʝ ʤʘʻ 

ʷʩʢʨʘʚʦ ʚʠʦʢʨʝʤʣʝʥʦʾ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʚ ʷʢʽʡ ʥʝʤʘʻ (ʘʙʦ ʜʫʞʝ ʤʘʣʦ) 

ʜʦʟʚʦʣʝʥʠʭ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʩʪʘʥʽʚ. ɺ ʘʤʦʨʬʥʦʤʫ ʢʨʝʤʥʽʾ ʛʫʩʪʠʥʘ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʫ ʨʘʟʽ ʧʝʨʝʭʦʜʫ ʚ ʟʘʙʦʨʦʥʝʥʫ ʟʦʥʫ ʟʤʝʥʰʫʻʪʴʩʷ 

ʪʽʣʴʢʠ ʧʦʩʪʫʧʦʚʦ. ʆʜʥʘʢ ʮʽ ʩʪʘʥʠ ʚʠʨʽʟʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʝʣʝʢʪʨʦʥʠ, 

ʧʦʪʨʘʧʣʷʶʯʠ ʚ ʥʠʭ, ʤʘʶʪʴ ʜʫʞʝ ʤʘʣʫ ʨʫʭʣʠʚʽʩʪʴ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʚ ʘʤʦʨʬʥʦʤʫ ʢʨʝʤʥʽʾ ʚ 

ʩʦʪʥʽ ʨʘʟʽʚ ʤʝʥʰʘ, ʥʽʞ ʾʭ ʨʫʭʣʠʚʽʩʪʴ ʫ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʤʫ ʢʨʝʤʥʽʾ; 

ʚʽʜʧʦʚʽʜʥʦ ʤʝʥʰʘ ʽ ʰʚʠʜʢʦʜʽʷ ʧʨʠʣʘʜʽʚ.  

ɺʠʥʠʢʥʝʥʥʷ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʩʪʘʥʽʚ ʚ ʘʤʦʨʬʥʠʭ ʪʽʣʘʭ ʟʫʤʦʚʣʝʥʦ 

ʧʝʨʝʜʫʩʽʤ ʥʝʧʝʨʽʦʜʠʯʥʽʩʪʶ ʽ ʣʠʰʝ ʧʦʪʽʤ ï ʜʦʤʽʰʢʦʚʠʤʠ ʘʪʦʤʘʤʠ 

ʪʘ ʜʝʬʝʢʪʘʤʠ ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ çʦʙʽʨʚʘʥʠʭ ʟʚôʷʟʢʽʚè. 
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ɺ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʩʪʘʥʽʚ ʨʽʚʝʥʴ ʌʝʨʤʽ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʟʦʥʽ ʜʝʬʝʢʪʥʠʭ ʩʪʘʥʽʚ. ʗʢʱʦ ʨʽʚʝʥʴ ʌʝʨʤʽ 

ʨʦʟʤʽʱʝʥʠʡ ʫ ʜʽʣʷʥʮʽ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʩʪʘʥʽʚ, ʪʦ ʘʤʦʨʬʥʠʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʧʦʚʦʜʠʪʴʩʷ ʷʢ ʤʝʪʘʣ. ʁʦʛʦ ʦʧʽʨ ʟʽ ʟʥʠʞʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʘʛʥʝ ʜʦ ʜʝʷʢʦʛʦ ʢʽʥʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ ʫʤʦʚʠ ʊ ­ 0 

ʂ , ʘ ʥʝ ʜʦ ʥʫʣʷ, ʷʢ ʫ ʟʚʠʯʘʡʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ. ʗʢʱʦ ʞ ʨʽʚʝʥʴ 

ʌʝʨʤʽ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʝʙʫʚʘʻ ʚ ʽʥʪʝʨʚʘʣʽ, ʟʘʡʥʷʪʦʤʫ 

ʣʦʢʘʣʽʟʦʚʘʥʠʤʠ ʩʪʘʥʘʤʠ, ʪʦ ʘʤʦʨʬʥʠʡ ʤʘʪʝʨʽʘʣ ʷʚʣʷʻ ʩʦʙʦʶ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʘʙʦ ʜʽʝʣʝʢʪʨʠʢ. ʊʫʪ ʤʦʞʣʠʚʽ ʜʚʘ ʪʠʧʠ ʧʨʦʚʽʜʥʦʩʪʽ: 

ï ʧʝʨʝʥʝʩʝʥʥʷ ʥʦʩʽʾʚ ʧʦ ʥʝʣʦʢʘʣʽʟʦʚʘʥʠʭ ʩʪʘʥʘʭ ʘʥʘʣʦʛʽʯʥʝ ʪʦʤʫ, ʷʢ 

ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ (ʦʯʝʚʠʜʥʦ, ʱʦ ʚ 

ʮʴʦʤʫ ʨʘʟʽ ʝʣʝʢʪʨʦʥʠ ʤʘʶʪʴ ʙʫʪʠ ʟʨʫʰʝʥʽ ʟ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʩʪʘʥʽʚ ʫ 

ʜʝʣʦʢʘʣʽʟʦʚʘʥʽ);  

ï ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ʩʪʨʠʙʢʘʤʠ ʟ ʦʜʥʦʛʦ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʚ ʽʥʰʠʡ (ʮʝʡ ʚʠʜ ʧʝʨʝʥʝʩʝʥʥʷ ʘʥʘʣʦʛʽʯʥʠʡ ʜʦ ʩʪʨʠʙʢʦʚʦʾ ʧʨʦʚʽʜʥʦʩʪʽ 

ʧʦ ʜʦʤʽʰʢʘʭ ʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʽ ʜʽʝʣʝʢʪʨʠʢʘʭ).  

ʆʩʦʙʣʠʚʦʩʪʽ ʘʤʦʨʬʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʝʣʝʢʪʨʦʥʽʚ. ʅʘʷʚʥʽʩʪʴ ʜʽʣʷʥʦʢ ʟ ʚʠʩʦʢʦʶ ʽ 

ʥʠʟʴʢʦʶ ʛʫʩʪʠʥʘʤʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ï ʮʝ ʥʘʩʣʽʜʦʢ ʙʣʠʟʴʢʦʛʦ 

ʧʦʨʷʜʢʫ. ʊʦʤʫ ʤʦʞʥʘ ʣʠʰʝ ʫʤʦʚʥʦ ʚʚʘʞʘʪʠ ʟʦʥʥʦʶ ʩʪʨʫʢʪʫʨʫ 

ʥʝʢʨʠʩʪʘʣʽʯʥʠʭ ʨʝʯʦʚʠʥ (ʨʠʩ. 1.2). 

ʅʝʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʜʦʜʘʪʢʦʚʠʭ. 

ʜʦʟʚʦʣʝʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ, ʫ ʷʢʠʭ ʬʫʥʢʮʽʷ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ g(E) 

ʩʧʘʜʘʻ ʚʛʣʠʙ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʫʪʚʦʨʶʶʯʠ çʭʚʦʩʪʠè ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 

(ʨʠʩ. 1.2, ʘ). ɿʘ ʟʥʘʯʥʦʾ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ çʭʚʦʩʪʠè ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ 

(ʨʠʩ. 1.2, ʙ) ʽ ʥʘʚʽʪʴ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʨʦʟʨʽʟʥʝʥʥʷ ʟʦʥ (ʨʠʩ. 1.2, ʚ). 
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ʈʠʩ. 1.2. ʉʭʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʭʘʣʴʢʦʛʝʥʽʜʘ ɸs2Sʝ2 

(ʜʽʣʷʥʢʠ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʩʪʘʥʽʚ ʟʘʰʪʨʠʭʦʚʘʥʽ); Eʩ ï ʜʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, 

Ev ï ʩʪʝʣʷ ʚʘʣʝʪʥʦʾ ʟʦʥʠ; EA, EB ï ʤʝʞʽ ʜʽʣʷʥʦʢ ʟ ʚʝʣʠʢʦʶ 

ʛʫʩʪʠʥʦʶ ʩʪʘʥʽʚ; 
M
gE ï ʟʚʠʯʘʡʥʘ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ 

ɽʣʝʢʪʨʦʥʥʽ ʩʪʘʥʠ ʫ çʭʚʦʩʪʘʭè ʜʽʣʷʪʴʩʷ ʥʘ ʣʦʢʘʣʽʟʦʚʘʥʽ ʪʘ 

ʜʝʣʦʢʘʣʽʟʦʚʘʥʽ (ʩʪʨʫʤʦʧʨʦʚʽʜʥʽ). ʄʝʞʽ ʤʽʞ ʮʠʤʠ ʩʪʘʥʘʤʠ ʥʘʟʠʚʘʶʪʴ 

ʢʨʘʷʤʠ ʨʫʭʣʠʚʦʩʪʽ, ʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ ï ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ (ʘʙʦ 

ʱʽʣʠʥʦʶ), ʚʠʟʥʘʯʝʥʦʶ ʟʘ ʨʫʭʣʠʚʽʩʪʶ, Egʄ. ʈʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʤʘʣʘ (10-5 ï 10-8 ʩʤ2ɺ-1ʩ-1) ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʽ ʪʦʚʱʠʥʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʘʙʦ 

ʙʘʛʘʪʦʨʘʟʦʚʠʤ ʟʘʭʦʧʣʝʥʥʷʤ ʥʦʩʽʾʚ ʥʘ ʣʦʢʘʣʽʟʦʚʘʥʽ ʩʪʘʥʠ, ʨʦʟʧʦʜʽʣʝʥʽ ʟʘ 

ʧʝʚʥʠʤ ʟʘʢʦʥʦʤ, ʘʙʦ ʩʪʨʠʙʢʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ.  

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʭʘʣʴʢʦʛʝʥʽʜʽʚ ʝʥʝʨʛʽʷ 

ʘʢʪʠʚʘʮʽʾ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ 

ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ. (ɼʦʤʽʰʢʦʚʽ 

ʘʪʦʤʠ ʚʠʷʚʣʷʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ 

ʚʘʣʝʥʪʥʽʩʪʴ, ʚʽʜʜʘʶʯʠ ʚʩʽ ʩʚʦʾ ʚʘʣʝʥʪʥʽ 

ʝʣʝʢʪʨʦʥʠ ʥʘ ʫʪʚʦʨʝʥʥʷ ʢʦʚʘʣʝʥʪʥʠʭ 

ʟʚôʷʟʢʽʚ ʟ ʦʩʥʦʚʥʠʤʠ ʘʪʦʤʘʤʠ). ʆʜʥʘʢ 

ʜʦʤʽʰʢʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ (Ni, Mo, W, 

Fe) ʚʠʢʣʠʢʘʶʪʴ ʧʦʷʚʫ ʜʦʤʽʰʢʦʚʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ï ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ 

s (ʨʠʩ. 1.3). ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʾʾ ʩʪʚʦʨʶʶʪʴ 

ɸʪʦʤʥʘ ʤʘʩʘ, % 

ʈʠʩ. 1.3. ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʚʽʜʥʦʩʪʽ 

s ʘʤʦʨʬʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 
ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ 
ʧʝʨʝʭʽʜʥʦʛʦ ʤʝʪʘʣʫ 
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d-ʝʣʝʢʪʨʦʥʠ ʜʦʤʽʰʢʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʥʝ ʙʨʘʪʠ ʫʯʘʩʪʴ ʚ ʫʪʚʦʨʝʥʥʽ 

ʢʦʚʘʣʝʥʪʥʠʭ ʟʚôʷʟʢʽʚ.  

ɼʣʷ ʙʘʛʘʪʴʦʭ ʭʘʣʴʢʦʛʝʥʽʜʽʚ ʭʘʨʘʢ-

ʪʝʨʥʠʡ ʝʬʝʢʪ ʧʝʨʝʤʠʢʘʥʥʷ ï ʮʝ ʜʫʞʝ 

ʰʚʠʜʢʠʡ (ʙʣʠʟʴʢʦ 10-10 ʩ) ʪʘ ʦʙʦʨʦʪʥʠʡ 

ʧʝʨʝʭʽʜ ʟ ʚʠʩʦʢʦʦʤʥʦʛʦ ʩʪʘʥʫ (ʨʠʩ. 1.4, 

ʢʨʠʚʘ 1) ʫ ʥʠʟʴʢʦʦʤʥʠʡ ʩʪʘʥ (ʢʨʠʚʘ 2) 

ʧʽʜ ʜʽʻʶ ʩʠʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

(ʧʦʥʘʜ 105 ɺ Ö ʩʤ-1).  

ɽʬʝʢʪ ʧʝʨʝʤʠʢʘʥʥʷ ʧʦʷʩʥʶʻʪʴʩʷ ̫ ʢ 

ʽʥʞʝʢʮʽʻʶ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʟ ʢʦʥʪʘʢʪʫ 

ʽ ʜʝʣʦʢʘʣʽʟʘʮʽʻʶ ʟʘʭʦʧʣʝʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ, ʪʘʢ ʽ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʫ ʢʘʥʘʣʽ ʰʥʫʨʘ ʩʪʨʫʤʫ. ʅʠʟʴʢʦʦʤʥʠʡ 

ʩʪʘʥ ʟʨʘʟʢʘ ʽʟ ʭʘʣʴʢʦʛʝʥʽʜʽʚ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʪʨʠʚʘʣʠʡ ʯʘʩ, ʘ ʜʣʷ ʧʦʚʝʨʥʝʥʥʷ ʫ ʚʠʩʦʢʦʦʤʥʠʡ ʩʪʘʥ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʧʫʩʪʠʪʠ ʯʝʨʝʟ ʟʨʘʟʦʢ ʢʦʨʦʪʢʦʯʘʩʥʠʡ ʽʤʧʫʣʴʩ ʩʪʨʫʤʫ. ʊʘʢʠʡ ʝʬʝʢʪ 

ʧʘʤôʷʪʽ ʟʫʤʦʚʣʶʻʪʴʩʷ ʯʘʩʪʢʦʚʦʶ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʭʘʣʴʢʦʛʝʥʽʜʫ ʚ 

ʜʽʣʷʥʮʽ ʩʪʨʫʤʫ. 

ɸʤʦʨʬʥʽ ʪʘ ʩʢʣʦʧʦʜʽʙʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʢʣʦʧʦʜʽʙʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ï ʮʝ ʬʦʪʦʧʨʦʚʽʜʥʽ 

ʥʘʧʽʚʽʟʦʣʷʪʦʨʠ, ʽ ʪʦʤʫ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʾ, 

ʩʠʩʪʝʤʘʭ ʟʘʧʠʩʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚ ʜʝʷʢʠʭ ʛʘʣʫʟʷʭ. 

ɿʘʚʜʷʢʠ ʧʨʦʟʦʨʦʩʪʽ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʫ ʭʘʣʴʢʦʛʝʥʽʜʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʦʧʪʠʯʥʦʤʫ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ. ʇʦʻʜʥʘʥʥʷ ʚʠʩʦʢʦʛʦ 

ʦʧʦʨʫ ʽ ʚʝʣʠʢʦʾ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʩʧʨʠʷʣʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚ 

ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʾ, ʪʝʣʝʚʽʟʽʡʥʠʭ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʪʨʫʙʢʘʭ ʪʠʧʫ 

ʚʽʜʠʢʦʥ ̔ ʫ ʬʦʪʦʪʝʨʤʦʧʣʘʩʪʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʟʦʙʨʘʞʝʥʴ.  

ɽʬʝʢʪ ʧʝʨʝʤʠʢʘʥʥʷ ʽ ʝʬʝʢʪ ʧʘʤôʷʪʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʛʦʪʦʚʣʷʪʠ 

ʰʚʠʜʢʦʜʽʡʥʽ ʧʝʨʝʤʠʢʘʯʽ ʪʘ ʤʘʪʨʠʮʽ ʧʘʤôʷʪʽ. ʌʦʪʦʣʝʛʫʚʘʥʥʷ ʪʘ 

ʦʙʦʨʦʪʥʽʩʪʴ ʬʦʪʦʩʪʠʤʫʣʴʦʚʘʥʠʭ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʩʚʽʪʣʦʨʝʻʩʪʨʫʚʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʜʣʷ ʛʦʣʦʛʨʘʬʽʾ 

ʽ ʙʝʟʩʨʽʙʥʦʾ ʬʦʪʦʛʨʘʬʽʾ.  

ʈʠʩ. 1.4. ɺʦʣʴʪ-ʘʤʧʝʨʥʘ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʭʘʣʴʢʦʛʝʥʽʜʥʠʭ 

ʩʢʣʦʧʦʜʽʙʥʠʭ 
ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʚ ʫʤʦʚʘʭ 
ʝʬʝʢʪʫ ʧʝʨʝʤʠʢʘʥʥʷ 
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ʉʪʠʤʫʣʴʦʚʘʥʘ ʟʦʚʥʽʰʥʽʤʠ ʚʧʣʠʚʘʤʠ ʟʤʽʥʘ ʨʦʟʯʠʥʥʦʩʪʽ 

ʭʘʣʴʢʦʛʝʥʽʜʽʚ ʻ ʦʩʥʦʚʦʶ ʬʦʪʦ-, ʝʣʝʢʪʨʦʥʦ- ʪʘ ʨʝʥʪʛʝʥʦʨʝʟʠʩʪʦʨʽʚ, 

ʬʦʪʦʰʘʙʣʦʥʽʚ ʪʘ ʽʥ. ʇʣʽʚʢʠ ʘʤʦʨʬʥʦʛʦ Si ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʝʣʝʢʪʨʦʣʶʤʽʥʦʬʦʨʽʚ, ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʚʽʜʠʢʦʥʽʚ ʪʘ 

ʽʥʰʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟʦʙʨʘʞʝʥʴ. 

ʅʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʤ ʟ ʘʤʦʨʬʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʘʤʦʨʬʥʠʡ ʢʨʝʤʥʽʡ. ʆʩʦʙʣʠʚʦ ʮʽʥʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʝʣʝʢʪʨʦʥʽʢʠ ʻ 

ʛʽʜʨʦʛʝʥʽʟʦʚʘʥʠʡ ʘʤʦʨʬʥʽʡ Si. ʋʚʝʜʝʥʥʷ ʚʦʜʥʶ ʚ ʘʤʦʨʬʥʽ ʧʣʽʚʢʠ 

ʢʨʝʤʥʽʶ ʽʩʪʦʪʥʦ ʟʤʽʥʶʻ ʡʦʛʦ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʈʦʟʯʠʥʷʶʯʠʩʴ ʚ ʘʤʦʨʬʥʦʤʫ ʢʨʝʤʥʽʾ, ʚʦʜʝʥʴ ʟʘʤʠʢʘʻ ʥʘ ʩʦʙʽ çʚʽʣʴʥʽè 

ʟʚôʷʟʢʠ ʚ ʘʤʦʨʬʥʽʡ ʩʪʨʫʢʪʫʨʽ (ʥʘʩʠʯʫʻ ʾʭ), ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫ ʪʘʢʦʤʫ 

çʛʽʜʨʦʚʘʥʦʤʫè ʤʘʪʝʨʽʘʣʽ, ʷʢʠʡ ʯʘʩʪʦ ʧʦʟʥʘʯʘʶʪʴ ʷʢ Si : H, ʨʽʟʢʦ 

ʟʥʠʞʫʻʪʴʩʷ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʫ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ (ʜʦ 1016ï1017ʩʤ-3).  

ʊʘʢʠʡ ʤʘʪʝʨʽʘʣ ʤʦʞʥʘ ʣʝʛʫʚʘʪʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʜʦʥʦʨʥʠʤʠ (P, As) ʪʘ 

ʘʢʮʝʧʪʦʨʥʠʤʠ (ɺ) ʜʦʤʽʰʢʘʤʠ, ʥʘʜʘʶʯʠ ʡʦʤʫ ʝʣʝʢʪʨʦʥʥʦʾ ʘʙʦ 

ʜʽʨʢʦʚʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʶʚʘʪʠ ʚ ʥʴʦʤʫ p-n-ʧʝʨʝʭʦʜʠ. ʅʘ 

ʦʩʥʦʚʽ ʢʨʝʤʥʽʶ ʩʠʥʪʝʟʦʚʘʥʦ ʪʘʢʽ ʛʽʜʨʦʚʘʥʽ ʘʤʦʨʬʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ, 

ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʝʟʚʠʯʘʡʥʽ ʝʣʝʢʪʨʠʯʥʽ ʡ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: Si1-

xCx : H, Si1-xGex : H, Si1-xNx : H, Si1-xSnx : H.  

ɸʤʦʨʬʥʠʡ ʢʨʝʤʥʽʡ ï ʙʽʣʴʰ ʜʝʰʝʚʘ ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ ʡʦʛʦ 

ʦʩʥʦʚʽ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʆʧʪʠʯʥʝ ʧʦʛʣʠʥʘʥʥʷ ʘʤʦʨʬʥʦʛʦ 

ʢʨʝʤʥʽʶ 

ʚ 20 ʨʘʟʽʚ ʚʠʱʝ ʚʽʜ ʢʨʠʩʪʘʣʽʯʥʦʛʦ. ʊʦʤʫ ʜʣʷ ʽʩʪʦʪʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ 

ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ ʜʦʩʪʘʪʥʴʦ ʧʣʽʚʢʠ Si : ʅ ʟʘʚʪʦʚʰʢʠ 0,5 ï 1,0 ʤʢʤ 

ʟʘʤʽʩʪʴ ʜʦʨʦʛʠʭ ʢʨʝʤʥʽʻʚʠʭ 300-ʤʽʢʨʦʤʝʪʨʦʚʠʭ ʧʽʜʢʣʘʜʦʢ. ʇʦʨʽʚʥʷʥʦ ʟ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʤʠ ʢʨʝʤʥʽʻʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚʠʨʦʙʠ ʥʘ ʦʩʥʦʚʽ Si : ʅ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʟʘ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʙʣʠʟʴʢʦ 300 Áʉ).  

ɻʽʜʨʦʛʝʥʽʟʦʚʘʥʠʡ ʢʨʝʤʥʽʡ ʻ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʩʚʽʪʣʦʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʢʩʝʨʦʛʨʘʬʽʾ, ʜʘʪʯʠʢʽʚ ʧʝʨʚʠʥʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ (ʩʝʥʩʦʨʽʚ), ʤʽʰʝʥʝʡ ʚʽʜʠʢʦʥʽʚ ʜʣʷ ʧʝʨʝʜʘʚʘʣʴʥʠʭ 

ʪʝʣʝʚʽʟʽʡʥʠʭ ʪʨʫʙʦʢ. ʆʧʪʠʯʥʽ ʜʘʪʯʠʢʠ ʟ ʛʽʜʨʦʚʘʥʦʛʦ ʘʤʦʨʬʥʦʛʦ 

ʢʨʝʤʥʽʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʘʧʠʩʫʚʘʥʥʷ ʚ ʧʘʤôʷʪʽ ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʾ, 
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ʜʣʷ ʧʦʪʨʝʙ ʜʝʬʝʢʪʦʩʢʦʧʽʾ ʚ ʪʝʢʩʪʠʣʴʥʽʡ ʽ ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʫ ʧʨʠʩʪʨʦʷʭ ʘʚʪʦʤʘʪʠʯʥʦʾ ʝʢʩʧʦʟʠʮʽʾ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ.  

ʆʩʥʦʚʫ ʪʝʭʥʦʣʦʛʽʾ ʜʝʷʢʠʭ ʪʨʠʚʠʤʽʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ 

ʩʪʘʥʦʚʠʪʴ ʧʨʦʮʝʩ ʥʘʨʦʱʫʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʰʘʨʽʚ (ʧʣʽʚʦʢ) ʥʘ 

ʘʤʦʨʬʥʽʡ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʽʜʢʣʘʜʮʽ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʪʨʠʚʠʤʽʨʥʦʾ ʩʭʝʤʠ ʧʝʨʝʜ ʧʨʦʮʝʩʦʤ ʥʘʨʦʱʫʚʘʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʰʘʨʫ ʜʦʜʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʠʣʘʜʽʚ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʫ, ʷʢʽ ʜʦʩʣʽʜʞʝʥʽ ʽ ʨʦʟʨʦʙʣʝʥʽ ʦʢʨʝʤʦ 

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ̔  ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʜʦʩʢʦʥʘʣʦʩʪʽ. ʅʘ ʷʢʽʩʪʴ 

ʧʣʽʚʦʢ ʚʽʜʯʫʪʥʦ ʚʧʣʠʚʘʻ ʧʨʦʮʝʜʫʨʘ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʧʽʜʢʣʘʜʢʠ 

ʧʝʨʝʜ ʝʧʽʪʘʢʩʽʡʥʠʤ ʥʘʨʦʱʫʚʘʥʥʷʤ. ʋ ʨʘʟʽ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ 

ʢʨʝʤʥʽʶ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʝʧʽʪʘʢʩʽʾ ʚ 

ʨʝʞʠʤʽ ʚʽʣʴʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʪʦʢʫ ʧʘʨʠ ʨʝʯʦʚʠʥ, ʱʦ 

ʦʩʘʜʞʫʻʪʴʩʷ ʥʘ ʨʝʪʝʣʴʥʦ ʦʯʠʱʝʥʫ ʧʦʚʝʨʭʥʶ, ʷʢʽʩʪʴ ʧʣʽʚʦʢ 

ʧʽʜʚʠʱʫʻʪʴʩʷ. 

 

1.4. ʇʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ 

 

ɯʥʪʝʨʝʩ ʜʦʩʣʽʜʥʠʢʽʚ ʜʦ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʚʠʢʣʠʢʘʣʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʘ, ʚʠʷʚʣʝʥʝ ʫ ʧʦʨʠʩʪʦʤʫ ʢʨʝʤʥʽʾ ʟʘ ʢʽʤʥʘʪʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʫ ʚʠʜʠʤʽʡ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʫ (ʫ ʡʦʛʦ ʯʝʨʚʦʥʦ-ʧʦʤʘʨʘʥ-

ʯʝʚʽʡ ʯʘʩʪʠʥʽ) ʧʽʜ ʯʘʩ ʦʧʨʦʤʽʥʝʥʥʷ ʣʘʟʝʨʦʤ. ʃʶʤʽʥʝʩʮʝʥʮʽʷ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʶ ʩʪʘʥʦʚʠʪʴ ʽʥʪʝʨʝʩ, ʦʩʢʽʣʴʢʠ ʤʘʡʞʝ ʚʩʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ˇʨʫʥʪʫʻʪʴʩʷ ʩʘʤʝ ʥʘ ʢʨʝʤʥʽʾ, ʘʣʝ ʩʘʤ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʢʨʝʤʥʽʡ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʦʩʢʽʣʴʢʠ 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ ʜʫʞʝ ʤʘʣʘ 

(ʤʝʥʰʘ ʟʘ 0,001%).  

ʇʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʨʦʟʤʽʨʘʤʠ ʧʦʨ R: 

ʤʽʢʨʦʧʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ (R < 2 ʥʤ), ʤʝʟʦʧʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ (2 ʥʤ < R < 

50 ʥʤ) ̔  ʤʘʢʨʦʧʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ (R > 50 ʥʤ). ʊʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ 

ʩʪʚʦʨʝʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʻ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʪʨʘʚʣʝʥʥʷ ʧʣʘʩʪʠʥ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ ʚ ʝʪʘʥʦʣʦʚʦʤʫ ʨʦʟʯʠʥʽ ʧʣʘʚʠʢʦʚʦʾ 

ʢʠʩʣʦʪʠ HF. ɺ ʫʤʦʚʘʭ ʜʦʜʘʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʢʨʝʤʥʽʻʚʦʤʫ 
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ʝʣʝʢʪʨʦʜʽ (ʘʥʦʜʽ) ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʝʤʥʽʶ ʧʝʨʝʙʽʛʘʶʪʴ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʽ 

ʨʝʘʢʮʽʾ ʨʦʟʯʠʥʝʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ Si. ɼʨʫʛʠʤ ʝʣʝʢʪʨʦʜʦʤ (ʢʘʪʦʜʦʤ) 

ʟʘʟʚʠʯʘʡ ʻ ʧʣʘʪʠʥʦʚʘ ʧʣʘʩʪʠʥʘ. ɿʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʠʙʦʨʫ ʛʫʩʪʠʥʠ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʧʦʚʝʨʭʥʽ Si ʬʦʨʤʫʻʪʴʩʷ ʧʦʨʠʩʪʠʡ ʰʘʨ. 

ʊʦʚʱʠʥʘ ʧʣʽʚʢʠ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ 

ʪʨʘʚʣʝʥʥʷ ʽ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ ʯʘʩʪʦʢ ʜʦ ʩʦʪʝʥʴ ʤʽʢʨʦʤʝʪʨʽʚ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʨʠʩʪʦʛʦ ʰʘʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʫʩʪʠʥʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ, ʢʦʥʮʝʥʪʨʘʮʽʻʶ HF ʚ ʝʣʝʢʪʨʦʣʽʪʽ ʽ ʭʘʨʘʢʪʝʨʦʤ ʣʝʛʫʚʘʥʥʷ 

ʢʨʝʤʥʽʻʚʦʾ ʧʽʜʢʣʘʜʢʠ. ʋ ʧʦʨʠʩʪʦʤʫ ʢʨʝʤʥʽʾ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʦʨʷʜʦʢ 

ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ, ʫʩʧʘʜʢʦʚʘʥʠʡ ʚʽʜ ʧʽʜʢʣʘʜʢʠ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʷ çʢʨʝʤʥʽʻʚʦʛʦ ʩʢʝʣʝʪʘè ʟʨʘʟʢʽʚ ʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʽʶ ʧʦʢʨʠʪʘ ʘʜʩʦʨʙʦʚʘʥʠʤ ʫ ʨʽʟʥʠʭ ʬʦʨʤʘʭ ʚʦʜʥʝʤ. 

ɺʠʪʨʠʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʥʘ ʧʦʚʽʪʨʽ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʚʦʥʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʦʩʚʽʪʣʝʥʥʷʤ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ʄʦʜʝʣʴʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʝʭʘʥʽʟʤ ʧʦʨʦʫʪʚʦʨʝʥʥʷ ʨʽʟʥʽ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʚʝʨʭʥʷ Si ʚ ʫʤʦʚʘʭ ʢʦʥʪʘʢʪʫ ʟ ʚʦʜʥʠʤʠ 

ʨʦʟʯʠʥʘʤʠ HF ʥʘʩʠʯʫʻʪʴʩʷ ʚʦʜʥʝʤ ʽ ʩʪʘʻ ʭʽʤʽʯʥʦ ʽʥʝʨʪʥʦʶ ʜʦ 

ʝʣʝʢʪʨʦʣʽʪʫ. ʗʢʱʦ ʥʘ ʝʣʝʢʪʨʦʜʠ ʧʦʜʘʻʪʴʩʷ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ, ʪʦ 

ʝʣʝʢʪʨʦʥʥʽ ʜʽʨʢʠ ʫ ʢʨʝʤʥʽʻʚʽʡ ʧʣʘʩʪʠʥʽ ʧʦʯʠʥʘʶʪʴ ʤʽʛʨʫʚʘʪʠ ʜʦ 

ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʢʨʝʤʥʽʡïʝʣʝʢʪʨʦʣʽʪ. ʊʦʜʽ ʘʪʦʤʠ Si ʟʚʽʣʴʥʷʶʪʴʩʷ 

ʚʽʜ ʚʦʜʥʶ, ʱʦ ʙʣʦʢʫʶʪʴ ʾʭ, ʽ ʧʦʯʠʥʘʶʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʽʦʥʘʤʠ ʪʘ 

ʤʦʣʝʢʫʣʘʤʠ ʝʣʝʢʪʨʦʣʽʪʫ ʽ ʧʝʨʝʭʦʜʷʪʴ ʫ ʨʦʟʯʠʥ. ʗʢʱʦ ʪʘʢʠʡ 

ʝʣʝʢʪʨʦʣʽʟ ʧʨʦʚʦʜʷʪʴ ʟʘ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʪʦ 

ʜʦ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ ʥʘʜʭʦʜʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʽʨʦʢ. ɺʦʥʠ 

ʨʫʭʘʶʪʴʩʷ ʜʦ ʤʝʞʽ ʨʦʟʜʽʣʫ ʩʫʮʽʣʴʥʠʤ ʬʨʦʥʪʦʤ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʤʘʡʞʝ ʢʦʞʥʦʤʫ ʘʪʦʤʫ Si. ʆʩʢʽʣʴʢʠ 

ʤʽʢʨʦʚʠʩʪʫʧʠ ʤʘʶʪʴ ʙʽʣʴʰʫ ʧʦʚʝʨʭʥʶ, ʥʽʞ ʨʽʚʥʽ ʜʽʣʷʥʢʠ, ʪʦ ʚʦʥʠ 

ʡ ʨʦʟʯʠʥʷʶʪʴʩʷ ʰʚʠʜʰʝ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʚʝʨʭʥʷ ʢʨʝʤʥʽʻʚʦʛʦ 

ʘʥʦʜʘ ʧʦʩʪʫʧʦʚʦ ʚʠʨʽʚʥʶʻʪʴʩʷ. ʎʝ ʽ ʻ ʨʝʞʠʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʧʦʣʽʨʫʚʘʥʥʷ.  

ʗʢʱʦ ʞ ʝʣʝʢʪʨʦʣʽʟ ʧʨʦʚʦʜʠʪʠ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ, 

ʪʦ ʢʽʣʴʢʦʩʪʽ ʜʽʨʦʢ ʥʝ ʚʠʩʪʘʯʠʪʴ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʩʫʮʽʣʴʥʦʛʦ ʬʨʦʥʪʫ, ʽ 

ʪʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʦʢʘʣʴʥʝ ʨʦʟʯʠʥʝʥʥʷ ʢʨʝʤʥʽʶ ʥʘ ʧʦʚʝʨʭʥʽ. ɿʛʽʜʥʦ 

ʟ ʨʽʟʥʠʤʠ ʤʦʜʝʣʷʤʠ ʟʘʨʦʜʞʝʥʥʷ ʧʦʨ ʤʦʞʝ ʧʦʯʠʥʘʪʠʩʷ ʥʘ 
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ʤʽʢʨʦʧʦʛʣʠʙʣʝʥʥʷʭ, ʜʝʬʝʢʪʘʭ ʩʪʨʫʢʪʫʨʠ, ʤʝʭʘʥʽʯʥʦ ʥʘʧʨʫʞʝʥʠʭ 

ʜʽʣʷʥʢʘʭ ʘʙʦ ʣʦʢʘʣʴʥʠʭ ʟʙʫʨʝʥʥʷʭ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʧʦʣʷ ʧʦʚʝʨʭʥʽ. ɿ 

ʧʣʠʥʦʤ ʯʘʩʫ ʧʦʨʠ, ʱʦ ʟôʷʚʠʣʠʩʴ, ʧʨʦʜʦʚʞʫʶʪʴ ʟʨʦʩʪʘʪʠ ʚʛʣʠʙ 

ʝʣʝʢʪʨʦʜʘ ʟʘ ʨʘʭʫʥʦʢ ʜʨʝʡʬʫ ʜʽʨʦʢ ʜʦ ʢʽʥʯʠʢʽʚ ʧʦʨ, ʜʝ ʥʘʧʨʫʞʝʥʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʠʱʘ.  

ʍʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʻ ʚʝʣʠʢʘ ʩʫʤʘʨʥʘ 

ʧʣʦʱʘ ʡʦʛʦ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ. ɿʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ 

ʡ ʛʝʦʤʝʪʨʽʾ ʧʦʨ ʚʦʥʘ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʜʣʷ ʤʘʢʨʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ 

10ï100 ʤĮ/ʩʤį, ʜʣʷ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ 100ï300 ʤĮ/ʩʤį ʽ ʜʣʷ 

ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ 300ï800 ʤĮ/ʩʤį.  

ʇʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʪʨʘʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʰʠʨʦʢʠʤ ʽʥʪʝʨʚʘʣʦʤ ʟʥʘʯʝʥʴ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ: r = 10ī2 ī 1011 

ʆʤĿʩʤ. ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʚʠʩʦʢʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʙʽʣʴʰ ʥʽʞ ʥʘ 

ʧʦʨʷʜʦʢ ʥʠʞʯʘ, ʥʽʞ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 120 

ɺʪ/ʤʢʂ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 300 K. ʆʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʽʶ ʪʘʢʦʞ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʘʢʠʭ ʜʣʷ ʦʙôʻʤʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɿʦʢʨʝʤʘ, ʢʨʘʡ ʩʧʝʢʪʨʫ ʧʦʛʣʠʥʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʰʘʨʫ, 

ʚʽʜʦʢʨʝʤʣʝʥʦʛʦ ʚʽʜ ʧʽʜʢʣʘʜʢʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʨʠʩʪʦʩʪʽ ʟʤʽʱʫʻʪʴʩʷ ʫ 

ʙʽʢ ʚʝʣʠʢʠʭ hɜ ʚʽʜʥʦʩʥʦ Eg0 ʥʘ 100 ï 500 ʄʝɺ.  

ʌʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʷ ʫ ʚʠʜʠʤʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʫ ʻ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ. ʋʞʝ ʚ ʧʝʨʰʠʭ ʜʦʩʣʽʜʘʭ 

ʟôʷʩʫʚʘʣʦʩʷ, ʱʦ ʝʬʝʢʪʠʚʥʠʤʠ ʻ ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʟʨʘʟʢʠ ʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʽʶ, ʧʦʨʠʩʪʽʩʪʴ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ 50%. ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʜʝʩʷʪʢʽʚ ʚʽʜʩʦʪʢʽʚ. ɼʦʚʞʠʥʦʶ 

ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ, ʟʤʽʥʶʶʯʠ ʫʤʦʚʠ ʘʥʦʜʫʚʘʥʥʷ. 

ɺʠʷʚʠʣʦʩʷ ʤʦʞʣʠʚʠʤ ʜʦʩʷʛʪʠ ʯʝʨʚʦʥʦʛʦ, ʟʝʣʝʥʦʛʦ ʽ ʩʠʥʴʦʛʦ ʢʦʣʴʦʨʽʚ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʜʠʩʧʣʝʾʚ. 

ɽʣʝʢʪʨʦʣʶʤʽʥʝʩʮʝʥʮʽʶ ʚ ʧʦʨʠʩʪʦʤʫ ʢʨʝʤʥʽʾ ʚʠʚʯʝʥʦ ʤʝʥʰʝ, ʥʽʞ 

ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʶ. ʇʨʦʪʝ ʝʣʝʢʪʨʦʣʶʤʽʥʝʩʮʝʥʮʽʷ ʙʽʣʴʰ ʧʨʠʜʘʪʥʘ ʜʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʷʢ ʤʘʪʝʨʽʘʣʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʩʚʽʪʣʦʜʽʦʜʽʚ, ʧʣʦʩʢʠʭ 

ʢʦʣʴʦʨʦʚʠʭ ʜʠʩʧʣʝʾʚ). ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʚʽʪʣʦʜʽʦʜʠ ʟ ʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʽʶ ʙʫʜʫʪʴ ʟʥʘʯʥʦ ʜʝʰʝʚʰʽ, ʥʽʞ ʪʽ, ʱʦ ʚʠʨʦʙʣʷʶʪʴʩʷ ʪʝʧʝʨ ʥʘ ʙʘʟʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʧʦʣʫʢ. 
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ʋ ʧʦʨʠʩʪʦʤʫ ʢʨʝʤʥʽʾ ʫʪʚʦʨʶʶʪʴʩʷ ʢʨʝʤʥʽʻʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ, ̫ʢʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʚʘʥʪʦʚʠʭ ʥʠʪʦʢ ʽ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ. ʇʨʦʩʪʦʨʦʚʘ ˇʨʘʪʢʘ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʦʨ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʤʘʪʨʠʮʽ ʟʫʤʦʚʣʶʻ ʫʥʽʢʘʣʴʥʽ 

ʬʽʟʠʯʥʽ ʡ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ. ʇʦʨʠ ʚʜʘʻʪʴʩʷ 

ʩʪʚʦʨʠʪʠ ʽ ʚ ʽʥʰʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ (Si, SiGe, GaAs, Ga, In), ʦʜʥʘʢ 

ʫ ʥʠʭ ʥʝ ʚʠʷʚʣʝʥʦ ʪʘʢʠʭ ʷʩʢʨʘʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʝʬʝʢʪʽʚ, ʷʢ ʫ 

ʧʦʨʠʩʪʦʤʫ ʢʨʝʤʥʽʾ. 

ʂʚʘʥʪʦʚʽ ʦʙʤʝʞʝʥʥʷ ʽ ʧʦʚʝʨʭʥʝʚʽ ʝʬʝʢʪʠ ʫ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ 

ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʮʝʡ ʤʘʪʝʨʽʘʣ, ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ, ʧʦʚʦʜʠʪʴʩʷ ʷʢ ʧʨʷʤʦʟʦʥʥʠʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʜʦʩʠʪʴ ʽʥʪʝʥʩʠʚʥʫ ʬʦʪʦ- ʽ 

ʝʣʝʢʪʨʦʣʶʤʽʥʝʩʮʝʥʮʽʶ. ʎʶ ʚʣʘʩʪʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ʽʥʪʝʛʨʦʚʘʥʠʭ ʟ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʤ ʢʨʝʤʥʽʻʤ.  

ɺʣʘʩʪʠʚʦʩʪʽ ʧʦʨʠʩʪʦʛʦ ʰʘʨʫ ï ʧʦʨʠʩʪʽʩʪʴ (ʯʘʩʪʢʘ ʧʦʨʦʞʥʝʯ ʫ ʰʘʨʽ), 

ʨʦʟʤʽʨ ʽ ʩʪʨʫʢʪʫʨʘ ʧʦʨ ï ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʨʝʤʥʽʶ ʡ ʫʤʦʚ ʡʦʛʦ 

ʘʥʦʜʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʟʥʘʯʫʱʽ ʬʘʢʪʦʨʠ (ʪʠʧ ʧʨʦʚʽʜʥʦʩʪʽ, ʧʠʪʦʤʠʡ ʦʧʽʨ 

ʽ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʘ ʦʨʽʻʥʪʘʮʽʷ ʢʨʝʤʥʽʶ) ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ. ʆʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʰʘʨʫ ʽ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜ 

ʧʨʦʮʝʩʫ ʜʦ ʧʨʦʮʝʩʫ ʧʦʪʨʝʙʫʶʪʴ ʨʝʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʋ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʤʫ ʢʨʝʤʥʽʾ ʟ n-ʪʠʧʦʤ ʧʨʦʚʽʜʥʦʩʪʽ ʢʘʥʘʣʠ ʧʦʨ 

ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʫʧʦʨʷʜʢʦʚʘʥʫ ʜʝʨʝʚʦʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʧʨʦʨʦʩʪʘʻ 

ʚʽʜ ʧʦʚʝʨʭʥʽ ʚʛʣʠʙ (ʨʠʩ. 1.5). ɼʣʷ ʧʦʨʠʩʪʠʭ ʰʘʨʽʚ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ 

ʢʨʝʤʥʽʶ p-ʪʠʧʫ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʽʥʰʠʡ ʪʠʧ ʩʪʨʫʢʪʫʨʠ ʧʦʨʠʩʪʦʛʦ ʰʘʨʫ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʭʘʦʪʠʯʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʚʠʧʘʜʢʦʚʠʭ ʧʦʨ. 
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ʈʠʩ. 1.5. ʊʠʧʦʚʘ ʤʦʨʬʦʣʦʛʽʷ ʰʘʨʽʚ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ: ʤʦʥʦʢʨʠʩʪʘʣ 

ʢʨʝʤʥʽʶ, ʘʥʦʜʦʚʘʥʠʡ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʧʣʘʚʠʢʦʚʦʾ ʢʠʩʣʦʪʠ 

 

ʇʦʨʠ ʩʠʣʴʥʦʣʝʛʦʚʘʥʦʛʦ ʢʨʝʤʥʽʶ ʦʙʦʭ ʪʠʧʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʢʘʥʘʣʠ ʜʽʘʤʝʪʨʦʤ 10 ʥʤ, ʱʦ ʥʘʧʨʷʤʣʝʥʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʧʦʚʝʨʭʥʽ. ʋ ʥʠʭ ʧʦʨʠʩʪʽʩʪʴ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 60 %. ʋ 

ʩʣʘʙʢʦʣʝʛʦʚʘʥʦʤʫ ʢʨʝʤʥʽʾ ʩʠʪʫʘʮʽʷ ʽʥʰʘ. ʇʦʨʠʩʪʠʡ ʰʘʨ, 

ʩʬʦʨʤʦʚʘʥʠʡ ʫ ʨ-ʢʨʝʤʥʽʾ ʡ ʫ n-ʢʨʝʤʥʽʾ ʧʽʜ ʯʘʩ ʧʽʜʩʚʽʯʫʚʘʥʥʷ, 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʨʝʞʽ ʭʘʦʪʠʯʥʦ ʨʦʟʤʽʱʝʥʠʭ ʧʦʨ ʜʽʘʤʝʪʨʦʤ 2ï4 ʥʤ. 

ɼʦʩʷʞʥʘ ʧʦʨʠʩʪʽʩʪʴ ʫ ʮʴʦʤʫ ʨʘʟʽ ʚʠʱʘ. ʇʦʨʠ ʚ n-ʢʨʝʤʥʽʾ, 

ʘʥʦʜʦʚʘʥʦʤʫ 

ʚ ʪʝʤʨʷʚʽ, ʚʠʛʣʷʜʘʶʪʴ ʷʢ ʧʘʨʘʣʝʣʴʥʦ ʨʦʟʤʽʱʝʥʽ ʮʠʣʽʥʜʨʠ. ʇʦʨʠʩʪʽʩʪʴ 

ʪʘʢʠʭ ʰʘʨʽʚ ʟʘʟʚʠʯʘʡ ʥʠʞʯʘ ʟʘ10 %. 

ʋ ʧʨʦʤʽʞʢʘʭ ʤʽʞ ʧʦʨʘʤʠ ʢʨʝʤʥʽʡ ʟʙʝʨʽʛʘʻ ʩʚʦʶ ʚʠʭʽʜʥʫ 

ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ. ʈʽʟʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʩʪʚʦʨʶʶʪʴc̫  ʷʢʨʘʟ 

ʧʦʨʘʤʠ: ʷʢ ʩʘʤʠʤʠ, ʪʘʢ ʽ ʾʭ ʧʝʨʝʪʠʥʘʥʥʷʤ ʫ ʚʠʛʣʷʜʽ 

ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʢʣʘʩʪʝʨʽʚ ʽ ʥʠʪʦʢ. ɿʘ ʪʦʚʱʠʥʦʶ ʧʦʨʠʩʪʦʛʦ 

ʰʘʨʫ ʚʦʥʠ ʨʦʟʧʦʜʽʣʝʥʽ ʭʘʦʪʠʯʥʦ, ʭʦʯʘ ʾʭ ʽʥʪʝʛʨʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʠʭʽʜʥʦʛʦ 

ʢʨʝʤʥʽʶ ʡ ʫʤʦʚʘʤʠ ʘʥʦʜʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ. ɺʠʜʽʣʠʪʠ ʷʢʽ-ʥʝʙʫʜʴ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʟ ʧʦʨʠʩʪʦʛʦ ʰʘʨʫ ʥʝʤʦʞʣʠʚʦ: ʫʩʽ ʚʦʥʠ ʜʽʶʪʴ ʚ 

ʘʥʩʘʤʙʣʽ. ʊʦʤʫ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ 

ʦʙʤʝʞʫʻʪʴʩʷ ʦʧʪʠʯʥʠʤʠ ʡ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʤʠ ʧʨʠʣʘʜʘʤʠ, ʨʦʙʦʪʘ 
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ʷʢʠʭ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʧʦʚʦʜʞʝʥʥʽ ʘʥʩʘʤʙʣʽʚ 

ʢʚʘʥʪʦʚʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ. 

ʉʝʨʝʜ ʚʘʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʧʦʪʨʽʙʥʦ 

ʚʽʜʟʥʘʯʠʪʠ ʪʘʢʝ. 

1. ʉʪʚʦʨʝʥʥʷ ʪʦʚʩʪʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʣʽʚʦʢ. ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʢʨʝʤʥʽʻʚʠʭ ʧʨʠʣʘʜʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, 

ʻ ʧʦʪʨʝʙʘ ʫ ʪʦʚʩʪʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʰʘʨʘʭ ʪʦʚʱʠʥʦʶ ʧʦʥʘʜ 10 ʤʢʤ. 

ʆʜʥʘʢ ʜʽʝʣʝʢʪʨʠʯʥʽ ʧʣʽʚʢʠ SiO2, ʩʪʚʦʨʝʥʽ ʦʢʠʩʥʝʥʥʷʤ ʟʚʠʯʘʡʥʦʛʦ 

ʢʨʝʤʥʽʶ, ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʪʦʚʱʠʤʠ ʟʘ ʜʝʢʽʣʴʢʘ ʤʽʢʨʦʥʽʚ. ɼʣʷ ʮʴʦʛʦ 

ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʧʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ. ʗʢʱʦ ʮʝʡ ʤʘʪʝʨʽʘʣ ʧʽʜʜʘʪʠ 

ʪʝʨʤʽʯʥʦʤʫ ʦʢʠʩʥʝʥʥʶ, ʪʦ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʠʥʝʥʦʾ ʩʠʩʪʝʤʠ ʧʦʨ 

ʤʦʣʝʢʫʣʠ ʢʠʩʥʶ ʟʜʘʪʥʽ ʧʨʦʥʠʢʥʫʪʠ ʥʘ ʚʩʶ ʪʦʚʱʠʥʫ ʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʽʶ ʽ ʟʫʤʦʚʠʪʠ ʧʦʚʥʝ ʡʦʛʦ ʦʢʠʩʥʝʥʥʷ. ʆʧʪʠʤʘʣʴʥʠʤʠ ʜʣʷ ʮʠʭ 

ʮʽʣʝʡ ʻ ʰʘʨʠ ʟ ʧʦʨʠʩʪʽʩʪʶ ʇ ~ 50%. ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʣʽʚʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʠʩʪʠʭ ʰʘʨʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʽʞ ʧʨʦʮʝʩ ʪʨʘʜʠʮʽʡʥʦʛʦ 

ʪʝʨʤʽʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʢʨʝʤʥʽʶ. 

2. ʇʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ ʷʢ ʦʩʥʦʚʘ ʜʣʷ ʽʟʦʣʶʚʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

çʢʨʝʤʥʽʡ ʥʘ ʽʟʦʣʷʪʦʨʽè. ʋ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ ʱʽʣʴʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʚ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤʘʭ ʟʙʽʣʴʰʠʣʘʩʷ ʥʘʩʪʽʣʴʢʠ, ʱʦ ʜʦʚʝʣʦʩʷ ʟʥʘʡʪʠ ʩʧʦʩʽʙ 

ʚʠʤʠʢʘʪʠ ʩʪʨʫʤʠ ʚʠʪʦʢʫ ʤʽʞ ʥʠʤʠ ʯʝʨʝʟ ʢʨʝʤʥʽʻʚʫ ʧʽʜʢʣʘʜʢʫ. ɼʣʷ ʮʴʦʛʦ 

ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʨʫʢʪʫʨʫ çʢʨʝʤʥʽʡ ʥʘ ʽʟʦʣʷʪʦʨʽè, ʱʦ ʷʚʣʷʻ 

ʩʦʙʦʶ ʦʩʥʦʚʫ ʟ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʚʠʨʦʱʝʥʠʤ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʤ ʰʘʨʦʤ ʢʨʝʤʥʽʶ. ɽʣʝʤʝʥʪʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ 

ʬʦʨʤʫʶʪʴʩʷ ʚ ʦʙôʻʤʽ ʰʘʨʫ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʦʢʘʣʴʥʝ 

ʦʢʠʩʥʝʥʥʷ ʧʦ ʾʭ ʧʝʨʠʤʝʪʨʫ, ʽ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʩʪʘʻ ʽʟʦʣʴʦʚʘʥʠʤ ʚʽʜ 

ʩʫʩʽʜʥʽʭ. ʗʢ ʽʟʦʣʶʚʘʣʴʥʫ ʦʩʥʦʚʫ ʩʪʨʫʢʪʫʨ çʢʨʝʤʥʽʡ ʥʘ ʽʟʣʦʪʷʪʦʨʽè 

ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʜʦʙʨʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʩʝʙʝ ʦʢʠʩʥʝʥʠʡ ʧʦʨʠʩʪʠʡ 

ʢʨʝʤʥʽʡ.  

3. ʅʠʟʴʢʦʧʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ (ʇ < 30%) ï ʝʬʝʢʪʠʚʥʠʡ ʙʫʬʝʨʥʠʡ 

ʰʘʨ ʜʣʷ ʝʧʽʪʘʢʩʽʾ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʧʣʽʚʦʢ ʽʥʰʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

ʥʘ ʢʨʝʤʥʽʾ. ʆʩʥʦʚʥʦʶ ʫʤʦʚʦʶ ʚʠʨʦʱʫʚʘʥʥʷ ʷʢʽʩʥʠʭ ʰʘʨʽʚ ̒ ʙʣʠʟʴʢʽʩʪʴ 

ʩʪʘʣʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ ʢʨʝʤʥʽʶ ʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʘ ʥʴʦʛʦ 

ʥʘʥʦʩʠʪʴʩʷ. ʆʜʥʘʢ ʚʠʨʦʱʫʚʘʥʥʷ ʰʘʨʽʚ ʤʦʞʣʠʚʝ ʽ ʟʘ ʚʝʣʠʢʦʾ 
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ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ ˇʨʘʪʦʢ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʤʽʞʥʽ (ʙʫʬʝʨʥʽ) 

ʧʨʦʰʘʨʢʠ. ɹʫʬʝʨʥʠʡ ʧʨʦʰʘʨʦʢ ʟ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʜʘʚ ʟʤʦʛʫ 

ʚʠʨʦʱʫʚʘʪʠ ʷʢʽʩʥʽ ʧʣʽʚʢʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ (GaAs, PbS, PbTe ʪʘ ʽʥ.) 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʥʘ ʧʽʜʢʣʘʜʮʽ ʢʨʝʤʥʽʶ. 

4. ɺʠʨʦʱʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ï ʧʝʨʩʧʝʢʪʠʚʥʠʡ 

ʥʘʧʨʷʤ ʫ ʩʫʯʘʩʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ. ʋ ʧʦʨʠʩʪʦʤʫ ʢʨʝʤʥʽʾ ʚ ʭʦʜʽ ʝʣʝʢ-

ʪʨʦʭʽʤʽʯʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʤʦʞʥʘ ʤʘʪʠ ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ, ʢʚʘʥʪʦʚʽ ʥʠʪʢʠ, 

ʝʣʝʤʝʥʪʠ ʨʽʟʥʦʾ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ (ʬʨʘʢʪʘʣʠ ʦʧʠʩʘʥʦ ʫ 

ʨʦʟʜ. 2). ʊʦʤʫ ʧʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ ʟ ʇ > 50% ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ 

ʷʢ ʦʜʠʥ ʟ ʤʘʪʝʨʽʘʣʽʚ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ. ɹʽʣʴʰ ʪʦʛʦ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨ ʽʥʰʠʤʠ ʭʽʤʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʱʦ 

ʜʘʩʪʴ ʟʤʦʛʫ ʬʦʨʤʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʥʠʟʴʢʦʨʦʟʤʽʨʥʽ ʝʣʝʤʝʥʪʠ ʚ ʦʙôʻʤʽ 

ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ.  

5. ʉʪʚʦʨʝʥʥʷ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 

ʇʨʠʚʘʙʣʠʚʽʩʪʴ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʧʦʣʷʛʘʻ ʫ ʡʦʛʦ ʟʜʘʪʥʦʩʪʽ 

ʝʬʝʢʪʠʚʥʦ 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʩʚʽʪʣʦ ʫ 

ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʎʶ ʟʜʘʪʥʽʩʪʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʟʥʘʯʥʦ ʜʝʰʝʚʰʠʭ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ 

(ʩʚʽʪʣʦʜʽʦʜʽʚ, ʧʣʦʩʢʠʭ ʢʦʣʴʦʨʦʚʠʭ ʜʠʩʧʣʝʾʚ). ɼʣʷ ʮʽʣʝʡ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʧʪʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʣʘʥʘʨʥʽ ʩʚʽʪʣʦʚʦʜʠ, ʱʦ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʧʣʽʚʢʦʚʫ ʩʪʨʫʢʪʫʨʫ, ʚ ʷʢʽʡ ʩʚʽʪʣʦ ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʰʘʨʽ 

ʟ ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ, ʦʙʤʝʞʝʥʦʤʫ ʟ ʦʙʦʭ ʙʦʢʽʚ ʰʘʨʘʤʠ 

ʟ ʤʝʥʰʠʤ ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ (ʝʬʝʢʪ ʧʦʚʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʚʽʜʙʠʪʪʷ). ɼʣʷ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʨʠʩʪʦʩʪʽ (ʯʠʤ ʙʽʣʴʰʘ ʧʦʨʠʩʪʽʩʪʴ, ʪʠʤ ʤʝʥʰʠʡ ʧʦʢʘʟʥʠʢ 

ʟʘʣʦʤʣʝʥʥʷ), ʽ ʪʦʤʫ ʬʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ ʨʽʟʥʦʾ 

ʧʦʨʠʩʪʦʩʪʽ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʭʚʠʣʝʚʽʜʥʽ ʝʣʝʤʝʥʪʠ ʟ 

ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʫʪʨʘʪ. ʋʪʨʘʪʠ ʥʘ ʧʦʛʣʠʥʘʥʥʷ ʤʦʞʥʘ ʜʦʜʘʪʢʦʚʦ 

ʟʤʝʥʰʠʪʠ ʦʢʠʩʥʝʥʥʷʤ ʰʘʨʽʚ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ. ʇʦʜʽʙʥʽ ʩʚʽʪʣʦʚʦʜʠ 

ʤʦʞʥʘ ʚʠʛʦʪʦʚʣʷʪʠ ʪʘʢʦʞ ʥʘ ʦʩʥʦʚʽ ʧʦʨʠʩʪʦʛʦ ʩʢʣʘ. 

6. ʉʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʜʘʪʯʠʢʽʚ. ʆʩʢʽʣʴʢʠ ʧʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ ʤʘʻ 

ʜʫʞʝ ʚʠʩʦʢʫ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ, ʪʦ ʡʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʜʘʪʯʠʢʽʚ ʚʦʣʦʛʦʩʪʽ, ʛʘʟʦʚʠʭ, ʭʽʤʽʯʥʠʭ ʽ ʙʽʦʣʦʛʽʯʥʠʭ 
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ʩʝʥʩʦʨʽʚ. ʇʨʠʥʮʠʧ ʜʽʾ ʪʘʢʠʭ ʜʘʪʯʠʢʽʚ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʧʣʠʚʽ 

ʟʦʚʥʽʰʥʽʭ ʤʦʣʝʢʫʣ ʥʘ ʝʣʝʢʪʨʦʥʥʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʽ, ʱʦ ʜʣʷ ʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʽʶ ʟʫʤʦʚʣʶʻ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ. ɿʘʟʚʠʯʘʡ ʪʘʢʽ ʜʘʪʯʠʢʠ 

ʬʽʢʩʫʶʪʴ ʟʤʽʥʫ ʻʤʥʽʩʥʠʭ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ ʘʙʦ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʫ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘʜʘʥʠʭ ʤʦʣʝʢʫʣ. ʆʙʤʝʞʝʥʥʷ 

ʢʦʥʪʘʢʪʥʠʭ ̔  ʧʦʚʝʨʭʥʝʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢ ʽ ʡʦʛʦ 

ʚʠʩʦʢʘ ʭʽʤʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʚ ʦʢʠʩʥʶʚʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʠʪʦʛʦ ʢʨʝʤʥʽʶ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʩʪʚʦʨʶʚʘʪʠ ʩʪʽʡʢʽ ʜʦ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ 

ʜʘʪʯʠʢʠ, ʘʣʝ ʡ ʧʦʪʨʝʙʫʻ ʾʭ ʧʝʨʽʦʜʠʯʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

7. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʝʜʠʮʠʥʽ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʬʦʪʦʟʙʫʜʞʝʥʠʡ 

ʧʦʨʠʩʪʠʡ ʢʨʝʤʥʽʡ ʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠ ʩʠʥʛʣʝʪʥʠʡ ʢʠʩʝʥʴ. ʆʩʢʽʣʴʢʠ 

ʢʨʝʤʥʽʡ ʩʘʤ ʧʦ ʩʦʙʽ ʥʝ ʻ ʪʦʢʩʠʯʥʠʤ ʜʣʷ ʦʨʛʘʥʽʟʤʫ, ʪʦ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʮʽʡ ʛʘʣʫʟʽ ï ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʥʘʧʨʷʤ. ʂʨʝʤʥʽʡ 

ʰʚʠʜʢʦ ʦʢʠʩʥʶʻʪʴʩʷ, ʧʝʨʝʪʚʦʨʶʶʯʠʩʴ ʥʘ ʭʽʤʽʯʥʦ ʽʥʝʨʪʥʠʡ ʦʢʩʠʜ 

ʢʨʝʤʥʽʶ, ʱʦ ʥʝ ʚʣʘʩʪʠʚʦ ʩʫʯʘʩʥʠʭ ʧʨʝʧʘʨʘʪʘʤ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʫ 

ʬʦʪʦʜʠʥʘʤʽʯʥʽʡ ʪʝʨʘʧʽʾ. ʗʢ ʧʝʨʝʚʘʛʫ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʥʝʚʠʩʦʢʫ 

ʚʘʨʪʽʩʪʴ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʽʶ.  
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2. ʌʈɸʂʊɸʃʔʅɯ ʉʊʈʋʂʊʋʈʀ ɯ ʈɽʏʆɺʀʅʀ 

 

2.1. ʏʘʩʪʢʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ 

 

ʂʦʥʜʝʥʩʦʚʘʥʠʡ ʩʪʘʥ ʨʝʯʦʚʠʥʠ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʫ ʬʦʨʤʽ ʥʝ ʪʽʣʴʢʠ 

ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘʣʝ ʡ ʜʝʷʢʦʾ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʫ 

ʥʝ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʧʦʚʥʠʤ ʢʨʠʩʪʘʣʽʯʥʠʤ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ, ʘʣʝ ʷʢʽʡ ʥʝ 

ʧʨʠʪʘʤʘʥʥʠʡ ʽ ʧʦʚʥʠʡ ʭʘʦʩ. ɼʣʷ ʪʘʢʠʭ ʩʝʨʝʜʦʚʠʱ ʧʦʢʠ ʱʦ 

ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʨʦʙʣʝʥʽ ʧʨʠʯʠʥʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʪʘ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʏʘʩʪʢʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ 

ʽʩʥʫʶʪʴ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʠʩʢʽʚ, ʪʦʙʪʦ ʮʝ ʮʽʣʢʦʤ 

ʩʪʘʙʽʣʴʥʽ ʨʝʯʦʚʠʥʠ. ʇʨʦʪʝ ʪʝʦʨʝʪʠʯʥʦ ʯʘʩʪʢʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʽ ʩʪʘʥʠ 

ʫ ʢʨʠʩʪʘʣʘʭ ʨʘʥʽʰʝ ʚʠʚʯʘʣʠʩʷ ʩʘʤʝ ʫ ʜʽʣʷʥʮʽ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ, 

ʥʘʧʨʠʢʣʘʜ, ʧʦʙʣʠʟʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʧʝʨʰʦʛʦ ʨʦʜʫ ï ʫ ʪʽʡ 

ʥʝʩʪʽʡʢʽʡ ʜʽʣʷʥʮʽ, ʷʢʽʡ ʥʝ ʚʣʘʩʪʠʚʘ ʷʢ ʩʪʨʦʛʘ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ, ʪʘʢ ʽ 

ʧʦʚʥʠʡ ʭʘʦʩ. ʌʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʧʝʨʰʦʛʦ ʨʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʧʨʦʮʝʩʽ ʷʢ ʢʦʥʜʝʥʩʘʮʽʾ ʪʚʝʨʜʠʭ ʪʽʣ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʪʘʢ ʽ 

ʭʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ ʨʽʜʠʥʠ. 

ʂʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʧʦʚôʷʟʫʚʘʣʘ ʙ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʤʽʥʠ ʚ 

ʘʪʦʤʥʦʤʫ ʤʘʩʰʪʘʙʽ ʟ ʤʘʢʨʦʩʢʦʧʽʯʥʠʤʠ ʟʤʽʥʘʤʠ ʢʦʥʜʝʥʩʦʚʘʥʦʾ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʧʨʦʮʝʩʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʧʝʨʰʦʛʦ ʨʦʜʫ ʥʝ ʟʘʚʞʜʠ 

ʯʽʪʢʦ ʚʠʟʥʘʯʘʻʪʴʩʷ. ʊʘʢʦʛʦ ʨʦʜʫ ʩʠʩʪʝʤʠ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʢʦʥʜʝʥʩʘʮʽʾ ʤʘʪʝʨʽʾ, ʷʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʩʢʣʘʜʥʠʭ ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

ʫʤʦʚʘʭ, ʽ ʚʠʨʽʟʥʷʶʪʴʩʷ ʦʩʦʙʣʠʚʦʶ ʩʢʣʘʜʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ. ʊʘʢʽ 

ʩʠʩʪʝʤʠ ʫ ʬʽʟʠʮʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʦʧʠʩʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ 

ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʚʠʧʘʜʢʦʚʠʭ ʤʘʩʰʪʘʙʥʦ-̔ ʥʚʘʨʽʘʥʪʥʠʭ ʩʪʨʫʢʪʫʨ, 

ʥʘʟʚʘʥʠʭ ʬʨʘʢʪʘʣʘʤʠ. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ, ʦʩʢʽʣʴʢʠ ʬʨʘʢʪʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʻ 

ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʙʘʛʘʪʴʦʭ ʦʙôʻʢʪʽʚ ʽ ʷʚʠʱ, ʥʝ ʟʘʚʞʜʠ ʧʽʜʜʘʶʪʴʩʷ 

ʘʥʘʣʽʪʠʯʥʦʤʫ ʦʧʠʩʫ. ʎʽ ʩʠʩʪʝʤʠ ʟʜʝʙʽʣʴʰʦʛʦ ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ, ʘ ʾʭ 

ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʡʞʝ ʥʝ ʚʠʚʯʝʥʽ.  

ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ: ʬʨʘʢʪʘʣʴʥʽ ʘʛʨʝʛʘʪʠ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ ʫ ʨʘʟʽ ʟʣʠʧʘʥʥʷ ʨʫʭʦʤʠʭ ʟʘ 

ʧʝʚʥʠʤ ʟʘʢʦʥʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʘ ʪʘʢʦʞ ʜʠʩʣʦʢʘʮʽʡʥʽ ʩʪʨʫʢʪʫʨʠ, 
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ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʢʦʣʠ çʢʨʠʭʢʽʩʪʴè 

ʩʧʨʠʯʠʥʷʻʪʴʩʷ ʟʤʽʱʝʥʥʷʤʠ ʥʘ ʨʽʚʥʽ ʤʽʞʘʪʦʤʥʠʭ ʚʽʜʩʪʘʥʝʡ. ʂʦʥʮʝʧʮʽʷ 

ʬʨʘʢʪʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʪʝʭʥʽʯʥʦ ʚʘʞʣʠʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʤʝʟʦʬʘʟʥʽ ʩʠʩʪʝʤʠ, ʥʘʥʦʩʪʨʫʢʪʫʨʠ, ʪʚʝʨʜʽ 

ʨʝʯʦʚʠʥʠ ʟ ʧʦʨʠʩʪʽʩʪʶ ʜʦ 95%, ʪʦʙʪʦ ʜʦʧʦʤʘʛʘʻ ʩʪʚʦʨʶʚʘʪʠ 

ʢʦʥʜʝʥʩʦʚʘʥʽ ʩʝʨʝʜʦʚʠʱʘ ʟ ʥʝʟʚʠʯʘʡʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ʆʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʘʢʪʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ 

ʥʘ ʢʣʘʩʪʝʨʥʽʡ ʦʩʥʦʚʽ, ʤʝʪʦʜʠ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʚʯʝʥʥʷ ʭʽʤʽʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ ʦʙʨʦʙʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʤʦʜʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʩʫʯʘʩʥʽʡ 

ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ. ɸʪʦʤʠ ʫ ʢʣʘʩʪʝʨʘʭ ʤʘʶʪʴ ʽʥʰʝ ʦʪʦʯʝʥʥʷ, ʥʽʞ ʚ 

ʦʙôʻʤʥʽʡ ʩʪʨʫʢʪʫʨʽ. ʅʘʧʨʠʢʣʘʜ, ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʥʘʡʙʣʠʞʯʠʭ 

ʩʫʩʽʜʥʽʭ ʘʪʦʤʽʚ ʫ ʢʣʘʩʪʝʨʽ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʻ ʭʽʤʽʯʥʽʡ 

ʚʘʣʝʥʪʥʦʩʪʽ ʽ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʥʘʡʙʣʠʞʯʠʭ ʘʪʦʤʽʚ ʫ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʢʨʠʩʪʘʣʽ. ɹʘʛʘʪʦ ʧʘʨʘʤʝʪʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʪʚʝʨʜʽʩʪʴ, 

ʧʨʫʞʥʽʩʪʴ, ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʽ ʥʘʚʽʪʴ ʦʙôʻʤ), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʧʠʩʫ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʩʪʘʶʪʴ ʤʘʣʦʧʨʠʜʘʪʥʠʤʠ ʫ ʨʘʟʽ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʣʘʩʪʝʨʘ. ʊʦʤʫ, ʨʦʟʨʘʭʦʚʫʶʯʠ, ʥʘʧʨʠʢʣʘʜ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʚʝʣʠʢʠʭ ʢʣʘʩʪʝʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʪʝʦʨʽʾ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ, ʯʘʩʪʦ ʟʽʰʪʦʚʭʫʻʪʴʩʷ ʟ ʙʝʟʣʽʯʯʶ ʪʨʫʜʥʦʱʽʚ. 

ʈʽʯ ʫ ʪʽʤ, ʱʦ ʚʥʝʩʦʢ, ʟʫʤʦʚʣʝʥʠʡ ʧʦʚʝʨʭʥʝʚʠʤʠ ʘʪʦʤʘʤʠ, ʫ 

ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ) ʻ 

ʥʝʟʥʘʯʥʠʤ ʪʽʣʴʢʠ ʜʣʷ ʦʧʠʩʫ ʚʝʣʠʢʠʭ ʩʠʩʪʝʤ, ʘ ʜʣʷ ʥʝʚʝʣʠʢʠʭ 

ʨʦʟʤʽʨʽʚ ʢʣʘʩʪʝʨʽʚ ʮʝʡ ʚʥʝʩʦʢ ʩʪʘʻ ʚʠʟʥʘʯʘʣʴʥʠʤ.  

ʆʜʥʽʻʶ ʟ ʧʦʰʠʨʝʥʠʭ ʪʝʤ ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʟ ʬʽʟʠʢʠ ʢʣʘʩʪʝʨʽʚ ʻ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʝʯʦʚʠʥʠ ʽ ʨʦʟʤʽʨʘʤʠ 

ʢʣʘʩʪʝʨʽʚ, ʦʩʢʽʣʴʢʠ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʯʦʚʠʥʠ ʚʠʷʚʠʣʠʩʷ 

ʥʝʤʦʥʦʪʦʥʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʾ ʭ ʨʦʟʤʽʨʽʚ. ʗʢ ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʥʘʚʝʩʪʠ 

ʥʝʟʚʠʯʘʡʥʽ ʟʤʽʥʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʾʭ ʚʠʙʽʨʢʦʚʦʩʪʽ, ʷʢʽ ʻ ʚʘʞʣʠʚʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʭʽʤʽʾ ʢʘʪʘʣʽʟʫ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʨʦʷʚʣʷʶʪʴ ʽ ʪʘʢʽ 

ʥʝʟʚʠʯʘʡʥʽ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʘʥʦʤʘʣʽʾ, ʷʢʽ ʚʠʷʚʣʷʶʪʴʩʷ ʚ ʦʙôʻʤʥʠʭ 

ʟʨʘʟʢʘʭ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʪʦʥʢʦʚʠʤʽʨʥʠʭ ʬʘʟʘʭ ʽʩʥʫʶʪʴ ʧʝʥʪʘʛʦʥʥʽ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʦʙʫʜʦʚʠ ʘʪʦʤʽʚ (ʷʢ ʚʽʜʦʤʦ, ʫ ʨʝʛʫʣʷʨʥʠʭ ʢʨʠʩʪʘʣʘʭ ʚʽʩʴ 

ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ ʟʘʙʦʨʦʥʝʥʘ). ʈʦʟʨʘʭʫʥʢʠ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ ʽ 
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ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘʢʠʭ ʧʦʙʫʜʦʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʧʝʨʝʚʘʛʠ 

ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʦʙôʻʤʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 

ɼʦʩʣʽʜʥʠʢʠ ʚʠʚʯʘʶʪʴ ʥʝʚʝʣʠʢʽ ʢʣʘʩʪʝʨʠ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʽʢʦʩʘʝʜʨʘʣʴʥʽ ʡ ʧʦʣʽʽʢʦʩʘʝʜʨʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʽ ʷʢʽ ʪʽʣʴʢʠ ʚʠʛʣʷʜʘʶʪʴ ̫ʢ 

ʘʤʦʨʬʥʽ. ʋ ʢʣʘʩʪʝʨʘʭ ʧʨʦʮʝʩʠ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʽʦʥʽʟʘʮʽʾ 

ʧʝʨʝʙʽʛʘʶʪʴ ʟʦʚʩʽʤ ʧʦ-̔ ʥʰʦʤʫ, ʥʽʞ ʚ ʦʙôʻʤʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. ɻʣʠʙʰʝ 

ʨʦʟʫʤʽʥʥʷ ʬʽʟʠʢʠ ʢʣʘʩʪʝʨʽʚ ʪʘ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤʠ ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ 

ʜʘʻ ʟʤʦʛʫ ʢʝʨʫʚʘʪʠ ʨʽʟʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦ ʚʘʞʣʠʚʠʤʠ ʧʨʦʮʝʩʘʤʠ ʫ 

ʙʘʞʘʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʆʜʥʘʢ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ, ʝʣʝʢʪʨʦʥʥʠʭ ʪʘ ʽʥʰʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʪʦʤʽʚ, ʱʦ ʚʠʷʚʣʷʶʪʴʩʷ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʢʣʘʩʪʝʨʽʚ, ̫ ʢʽ 

ʧʨʦʛʨʝʩʠʚʥʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʜʦ ʨʦʟʤʽʨʽʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʪʽʣ, ʱʝ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʫ ʬʽʟʠʮʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ̔  

ʪʝʦʨʝʪʠʯʥʦʾ ʬʽʟʠʢʠ. ʇʨʦʚʝʜʝʥʽ ˇʨʫʥʪʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʘʩʪʝʨʽʚ ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʟʘʧʝʨʝʯʥʠʡ 

ʧʨʦʛʨʝʩ ʫ ʮʽʡ ʛʘʣʫʟʽ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʠʥʠʢʣʠ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʘʩʪʝʨʽʚ. ʅʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʛʘʟʦʬʘʟʥʠʭ ʨʝʘʢʮʽʡ ʙʫʜʴ-

ʷʢʽ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʧʨʦʜʫʢʫʚʘʪʠ ʢʣʘʩʪʝʨʠ ʷʢ ʥʝʡʪʨʘʣʴʥʽ, 

ʪʘʢ ʽ ʝʣʝʢʪʨʠʯʥʦ ʟʘʨʷʜʞʝʥʽ. ʊʝʭʥʽʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʽʡ ʛʘʣʫʟʽ ʜʦʩʷʛʣʘ 

ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʘʪʦʤʥʦʛʦ ʨʽʚʥʷ ʨʦʟʜʽʣʝʥʥʷ. ˆʨʫʥʪʦʚʥʽ ʢʨʦʢʠ 

ʟʨʦʙʣʝʥʽ ʱʦʜʦ ʨʦʟʫʤʽʥʥʷ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ʋ ʨʦʟʫʤʽʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʣʘʩʪʝʨʽʚ ʚʝʣʠʢʠʡ ʚʥʝʩʦʢ ʟʨʦʙʠʣʘ 

ʩʫʧʝʨʢʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʽʢʘ, ʫ ʷʢʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʝʪʘʣʴʥʝ ʤʘʰʠʥʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ. ɺʥʝʩʦʢ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʚʠʚʯʝʥʥʷ ʤʘʣʠʭ 

ʯʘʩʪʠʥʦʢ, ʽ ʦʩʦʙʣʠʚʦ ʢʣʘʩʪʝʨʽʚ, ʧʦʣʷʛʘʻ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʘʪʦʤʥʦʤʫ ʨʽʚʥʽ (ʱʦ ʥʝʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ), ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʨʽʰʝʥʥʷ 

ʙʘʛʘʪʴʦʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟʽ ʩʪʘʙʽʣʴʥʽʩʪʶ ʪʘ ʽʥʰʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʘʟʦʤ ʟ ʘʪʦʤʽʩʪʠʯʥʠʤ 

ʢʦʤʧôʶʪʝʨʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʟʘʧʦʯʘʪʢʫʚʘʪʠ ʽʥʪʝʛʨʘʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʽ ʩʧʨʠʷʣʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʙʘʛʘʪʴʦʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʬʽʟʠʢʠ ʢʣʘʩʪʝʨʽʚ ʚʘʞʣʠʚʦ ʟʨʦʟʫʤʽʪʠ ʥʝ ʪʽʣʴʢʠ 

ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʘʣʝ ʡ ʧʨʠʯʠʥʠ 
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ʥʝʫʟʛʦʜʞʝʥʥʷ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʦʙʦʪʘʤʠ. 

ɺʘʞʣʠʚʦ ʨʦʟʛʣʷʥʫʪʠ ʦʩʥʦʚʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʥʘʚʦʜʠʪʴʩʷ ʚ ʦʛʣʷʜʦʚʠʭ 

ʧʨʘʮʷʭ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʜʦʩʣʽʜʞʝʥʴ ʢʣʘʩʪʝʨʽʚ, ʟʘʩʚʦʾʪʠ ʦʩʥʦʚʥʽ 

ʚʠʟʥʘʯʝʥʥʷ. ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʙʽʪ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ, ʷʢʽ ʧʨʠʧʫʩʢʘʶʪʴ 

ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʣʘʩʪʝʨʽʚ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʷʢ ʟ ʤʝʪʘʣʝʚʠʭ ʘʪʦʤʽʚ, ʪʘʢ ʽ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

(ʢʨʝʤʥʽʻʚʠʭ ʽ ʛʝʨʤʘʥʽʻʚʠʭ) ʥʘʥʦʩʪʨʫʢʪʫʨ. ɼʦʩʣʽʜʞʝʥʦ ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ 

ʢʽʥʝʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʽʥʝʨʪʥʠʭ ʛʘʟʽʚ, ʤʝʪʘʣʽʚ ʽ ʥʘʧʽʚʤʝʪʘʣʽʚ; 

ʤʝʪʘʣʽʚ, ʟʘʭʦʧʣʝʥʠʭ ʮʝʦʣʽʪʘʤʠ ʪʘ ʽʥ. ɺʠʚʯʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʯʝʧʣʝʥʥʷ ʢʣʘʩʪʝʨʽʚ ʫ ʟʚôʷʟʢʫ ʟ ʾʭ ʩʪʘʙʽʣʴʥʽʩʪʶ ʽ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʬʨʘʢʪʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʟ ʥʠʭ.  

ʇʨʘʢʪʠʯʥʽ ʨʦʙʦʪʠ ʱʝ ʙʽʣʴʰ ʨʽʟʥʦʤʘʥʽʪʥʽ, ʥʽʞ ʪʝʦʨʝʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʜʝʷʢʽ ʬʨʘʢʪʘʣʴʥʽ ʘʛʨʝʛʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʩʧʘʣʶʚʘʥʥʷ ʩʫʤʽʰʽ ʫ ʧʘʣʘʶʯʦʤʫ ʧʦʣʫʤôʾ, ʷʢʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʢʦʥʜʝʥʩʘʮʽʾ ʽ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ. ʎʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʬʨʘʢʪʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ SiO2 ʧʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ SiH4 ʫ ʚʦʜʥʝʚʦ-

ʢʠʩʥʝʚʦʤʫ ʧʦʣʫʤ'ʾ. ʇʦʨʦʰʦʢ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʩʧʘʣʶʚʘʥʥʷ, 

ʤʽʩʪʠʪʴ ʬʨʘʢʪʘʣʴʥʽ ʘʛʨʝʛʘʪʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʨʠʙʣʠʟʥʦ 103 ʯʘʩʪʠʥʦʢ, 

ʨʘʜʽʫʩ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 8 ï 10 ʥʤ ʽʟ ʬʨʘʢʪʘʣʴʥʦʶ ʨʦʟʤʽʨʥʽʩʪʶ D = 1,8 

ï 2,0. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʤʝʥʰʫʶʪʴʩʷ 

ʡʦʛʦ ʱʽʣʴʥʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ. ɸʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʮʽʚ 

ʻ ʧʦʰʫʢ ʩʧʦʩʦʙʽʚ ʽ ʤʝʪʦʜʽʚ ʩʪʚʦʨʝʥʥʷ ʫ ʪʚʝʨʜʠʭ ʪʽʣʘʭ ʢʝʨʦʚʘʥʦʾ 

ʬʨʘʢʪʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʆʜʥʘʢ ʪʝʭʥʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ 

ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ.  
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2.2. ɻʝʦʤʝʪʨʠʯʥʘ ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ 

 

ʌʨʘʢʪʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʬʦʨʤʫʶʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʟ ʢʣʘʩʪʝʨʽʚ ʘʙʦ 

ʯʘʩʪʠʥʦʢ ʨʝʯʦʚʠʥʠ, ʱʦ ʤʘʶʪʴ ʨʦʟʤʽʨʠ 2 ï 10 ʥʤ. ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ 

ʢʣʘʩʪʝʨʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʢʽʥʮʝʚʦʾ ʢʽʣʴʢʦʩʪʽ ʟʚôʷʟʘʥʠʭ ʘʪʦʤʽʚ 

ʘʙʦ ʤʦʣʝʢʫʣ ʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʚôʷʟʘʥʠʭ ʥʘ ʤʽʢʨʦʨʽʚʥʽ ʤʘʣʠʭ 

ʯʘʩʪʠʥʦʢ ʥʘʷʚʥʽʩʪʶ ʧʝʚʥʦʛʦ ʨʷʜʫ ʯʠʩʝʣ ʘʪʦʤʽʚ 

ʫ ʥʠʭ (ʽʥʦʜʽ ʾʭ ʥʘʟʠʚʘʶʪʴ ʤʘʛʽʯʥʠʤʠ). ʎʽ ʦʩʦʙʣʠʚʽ ʯʠʩʣʘ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʧʦʚʥʝʥʠʤ ʩʪʨʫʢʪʫʨʘʤ ʢʣʘʩʪʝʨʽʚ ʘʙʦ ʟʘʧʦʚʥʝʥʠʤ 

ʰʘʨʘʤ ʽ ʦʙʦʣʦʥʢʘʤ. 

ʋ ʪʦʡ ʯʘʩ, ʷʢ ʧʘʨʘʤʝʪʨʠ ʤʘʣʠʭ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʯʘʩʪʠʥʦʢ ʻ 

ʤʦʥʦʪʦʥʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ, ʧʘʨʘʤʝʪʨʠ ʢʣʘʩʪʝʨʽʚ 

ʤʘʶʪʴ ʝʢʩʪʨʝʤʫʤʠ ʟʘ ʧʝʚʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʘʪʦʤʽʚ ʫ ʥʠʭ (ʨʠʩ. 2.1). 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʤʘʛʥʽʶ ʦʩʦʙʣʠʚʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʢʣʘʩʪʝʨʽʚ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʧʦʚʥʝʥʠʤ ʩʪʨʫʢʪʫʨʘʤ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ ʽʢʦʩʘʝʜʨʘ, 

ʱʦ ʽ ʻ ʦʩʥʦʚʥʠʤ ʩʪʨʫʢʪʫʨʥʠʤ ʝʣʝʤʝʥʪʦʤ ʢʣʘʩʪʝʨʘ. ʂʣʘʩʪʝʨʠ ʟ ʧʝʚʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʝʥʝʨʛʽʷʤʠ 

ʟʚôʷʟʢʫ, ʧʽʜʚʠʱʝʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʽʦʥʽʟʘʮʽʾ, ʙʽʣʴʰʦʶ ʝʥʝʨʛʽʻʶ 

ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʟ ʝʣʝʢʪʨʦʥʦʤ ʽ ʪ. ̔ʥ. 

 

ʈʠʩ. 2.1. ɿʤʽʥʘ ʛʫʩʪʠʥʠ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ɸ ʢʣʘʩʪʝʨʽʚ ʟʘʣʝʞʥʦ 

ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʫ ʢʣʘʩʪʝʨʽ 

 

n 
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ʂʦʣʠ ʚʽʜ ʢʣʘʩʪʝʨʘ ʚʽʜʥʽʤʘʻʪʴʩʷ ʘʙʦ ʜʦ ʥʴʦʛʦ ʜʦʜʘʻʪʴʩʷ ʚʩʴʦʛʦ 

ʦʜʠʥ ʘʪʦʤ, ʪʦ ʢʣʘʩʪʝʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʡʯʘʩʪʽʰʝ ʟʥʠʢʘʶʪʴ ï ʪʘʢʠʡ 

ʢʣʘʩʪʝʨ ʩʪʘʻ ʧʨʦʩʪʦ ʤʘʣʦʶ ʯʘʩʪʠʥʢʦʶ. 

ɿʤʽʥʫ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʢʣʘʩʪʝʨʽʚ ɸ ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʘʪʦʤʽʚ n ʫ ʢʣʘʩʪʝʨʽ ʢʫʙʽʯʥʦʾ ʛʨʘʥʝʮʝʥʪʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʦʩʮʠʣʶʶʯʫ 

ʧʨʠʨʦʜʫ ʬʫʥʢʮʽʾ A(n) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.1. ɽʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʣʘʩʪʝʨʘʤ ʽʟ ʟʘʧʦʚʥʝʥʠʤʠ 

ʧʦʚʝʨʭʥʝʚʠʤʠ ʛʨʘʥʷʤʠ, ʢʦʣʠ ʩʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʘ ʩʪʘʻ ʦʧʪʠʤʘʣʴʥʦʶ ʜʣʷ 

ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʫ ʢʣʘʩʪʝʨʽ, ʱʦ ʽ ʩʪʚʦʨʶʻ ʤʘʢʩʠʤʘʣʴʥʫ 

ʝʥʝʨʛʽʶ ʟʚôʷʟʢʫ ʘʪʦʤʽʚ ʤʽʞ ʩʦʙʦʶ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʣʘʩʪʝʨʠ ʚ ʫʤʦʚʘʭ ʚʟʘʻʤʦʜʽʾ ʦʜʠʥ ʟ ʦʜʥʠʤ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʙʽʣʴʰ ʘʢʪʠʚʥʽ ʦʙôʻʢʪʠ ʧʦʨʽʚʥʷʥʦ ʟ ʯʘʩʪʠʥʢʘʤʠ ʟ çʥʝʤʘʛʽʯʥʦʶè 

ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ, ʽ ʪʦʤʫ ʚʦʥʠ ʙʽʣʴʰ ʩʭʠʣʴʥʽ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʬʨʘʢʪʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ, ʥʽʞ ʽʥʰʽ ʯʘʩʪʠʥʢʠ ʪʽʻʾ ʞ ʨʝʯʦʚʠʥʠ. 

ɺʟʘʻʤʦʜʽʷ ʢʣʘʩʪʝʨʽʚ ʦʧʠʩʫʻʪʴʩʷ ʪʝʦʨʽʻʶ ʬʨʘʢʪʘʣʽʚ. ʍʘʨʘʢʪʝʨʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʦʙôʻʢʪʽʚ, ʱʦ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʬʨʘʢʪʘʣʽʚ, ʻ ʾʭ ʥʝʮʽʣʘ 

ʨʦʟʤʽʨʥʽʩʪʴ. ʎʶ ʨʦʟʤʽʨʥʽʩʪʴ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʘʢʠʤ ʯʠʥʦʤ. 

ʅʝʭʘʡ ʻ ʦʙôʻʢʪ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ, ʨʦʟʤʽʱʝʥʠʭ 

ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ (ʨʠʩ. 2.2).  

 

ʈʠʩ. 2.2. ʄʥʦʞʠʥʘ ʪʦʯʦʢ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʬʨʘʢʪʘʣʴʥʫ 

ʩʪʨʫʢʪʫʨʫ ʫ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ f(R) ʫ ʢʨʫʟʽ ʨʘʜʽʫʩʦʤ R 

ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʬʦʨʤʫʣʦʶ 

Y 

x 

x1 

x2 

R 
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f(R) = [1/N(N ï1)] S Q(R ï ¼xi ï xj¼),        (2.1) 

ʜʝ N ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ; xi ̔  xj ï ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ; Q ï 

ʩʪʝʧʝʥʝʚʘ ʬʫʥʢʮʽʷ. ʗʢʱʦ ʦʙôʻʢʪ ʻ ʬʨʘʢʪʘʣʦʤ, ʪʦ 

f(R) ́ RD,      (2.2) 

ʜʝ D ï ʬʨʘʢʪʘʣʴʥʘ (fractal ï ʜʨʦʙʦʚʘ) ʨʦʟʤʽʨʥʽʩʪʴ. ʋ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʽʩʥʫʻ ʢʽʥʮʝʚʠʡ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ R, ʫ ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʨʽʚʥʽʩʪʴ (2.1). 

ɿʥʘʯʝʥʥʷ R ʤʘʻ ʙʫʪʠ ʤʝʥʰʠʤ ʚʽʜ ʨʦʟʤʽʨʫ ʩʘʤʦʛʦ ʬʨʘʢʪʘʣʘ Lx ̔ ʚ ʪʦʡ ʞʝ 

ʯʘʩ R ʤʘʻ ʙʫʪʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʤ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʤʽʞ 

ʪʦʯʢʘʤʠ lf. 

ɯʩʥʫʚʘʥʥʷ ʢʽʥʮʝʚʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʫ ʷʢʦʤʫ f(R) ́ RD, ʚʽʜʦʙʨʘʞʘʻ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʨʘʢʪʘʣʽʚ ï ʾ ʭ ʩʢʝʡʣʽʥʛʦʚʫ (scaling) 

ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ, ʪʦʙʪʦ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʜʣʷ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʽʚ, ʽ ʻ 

ʚʠʟʥʘʯʝʥʥʷʤ ʬʨʘʢʪʘʣʽʚ. ɿʘ ʦʜʥʠʤ ʟ ʚʠʟʥʘʯʝʥʴ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʥʦʚʠʭ ʟʦʙ-

ʨʘʞʝʥʥʷʭ ʩʢʣʘʜʥʠʭ ʩʪʨʫʢʪʫʨ, ʬʨʘʢʪʘʣʴʥʦʶ ʥʘʟʠʚʘʶʪʴ ʩʪʨʫʢʪʫʨʫ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʩʪʠʥ, ʷʢʽ ʚ ʷʢʦʤʫʩʴ ʩʝʥʩʽ ʧʦʜʽʙʥʽ ʜʦ ʮʽʣʦʛʦ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʦʩʥʦʚʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʬʨʘʢʪʘʣʽʚ ʻ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ. 

ɺʠʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʘ ʷʢ ʩʘʤʦʧʦʜʽʙʥʦʾ ʤʥʦʞʠʥʠ ʻ ʰʚʠʜʰʝ 

ʤʘʪʝʤʘʪʠʯʥʠʤ, ʥʽʞ ʬʽʟʠʯʥʠʤ. ʌʽʟʠʯʥʠʡ ʩʝʥʩ ʡʦʛʦ ʧʦʣʷʛʘʻ ʚ ʩʠʤʝʪʨʽʾ 

ʧʦʜʽʙʥʦʩʪʽ, ʷʢʘ ʚʽʜʽʛʨʘʻ ʚʝʣʠʢʫ ʨʦʣʴ ʫ ʞʠʚʽʡ ʧʨʠʨʦʜʽ. ɺʩʝ ʞʠʚʝ 

ʦʜʥʦʯʘʩʥʦ ʟʽ ʟʤʽʥʦʶ ʟʦʚʥʽʰʥʽʭ ʬʦʨʤ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ 

ʙʝʟʧʝʨʝʨʚʥʦ ʝʚʦʣʶʮʽʦʥʫʻ ʽ ʥʝ ʥʘʙʫʚʘʻ ʪʦʯʥʦ ʢʦʣʠʰʥʴʦʛʦ ʩʪʘʥʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜʠ ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʧʝʨʰʝ ʟ 

ʷʢʠʭ ʤʘʻ ʟʚʠʯʘʡʥʫ ʢʦʤʧʘʢʪʥʫ ʩʪʨʫʢʪʫʨʫ, ʘ ʜʨʫʛʝ ï ʬʨʘʢʪʘʣʴʥʫ. ʗʢʱʦ 

ʟʘʨʦʜʞʝʥʥʷ ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʧʽʜ ʯʘʩ ʧʦʷʚʠ ʥʦʚʦʾ ʬʘʟʠ ʚ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʻ 

ʢʦʤʧʘʢʪʥʠʤ, ʪʦ ʢʽʣʴʢʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʘʪʦʤʽʚ, ʤʦʣʝʢʫʣ 

ʘʙʦ ʯʘʩʪʠʥʦʢ), ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʟʘʨʦʜʢʫ ʥʦʚʦʾ ʬʘʟʠ ʨʦʟʤʽʨʦʤ R, 

ʚʠʟʥʘʯʘʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

     N ~ Rd,         (2.3) 

ʜʝ d ï ʨʦʟʤʽʨʥʽʩʪʴ ʧʨʦʩʪʦʨʫ ï ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʥʘʯʝʥʥʷ D, ̫ʢʝ 

ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʚʠʨʘʟʦʤ (2.2). ʊʘʢʠʡ ʞʝ ʚʠʛʣʷʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʦʙôʻʤʫ ʚʠʜʽʣʝʥʥʷ V: 

                                   V = AdRd,                                         (2.4) 

ʜʝ Ad ï ʛʝʦʤʝʪʨʠʯʥʠʡ ʬʘʢʪʦʨ, ʱʦ ʚʨʘʭʦʚʫʻ ʬʦʨʤʫ ʬʨʘʛʤʝʥʪʫ. ʗʢʱʦ 

ʚʽʥ ʤʘʻ ʧʦʨʽʚʥʷʥʥʫ (ʨʽʚʥʦʚʽʩʥʫ) ʬʦʨʤʫ, ʪʦ ʟ ʧʽʜʩʪʘʚʣʝʥʥʷʤ ' 
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ʨʦʟʤʽʨʥʦʩʪʽ d = 1, 2 ʽ 3 ʫ ʬʦʨʤʫʣʫ (2.4) Ad = 2p ̔ Ad = 4p£3 ʚʽʜʧʦʚʽʜʥʦ. ʋ 

ʮʴʦʤʫ ʨʘʟʽ ʱʽʣʴʥʽʩʪʴ ʢʦʤʧʘʢʪʥʦʛʦ ʬʨʘʛʤʝʥʪʫ r = N/V ʚʠʷʚʣʷʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʜʽʣʷʥʢʠ ʚʠʜʽʣʝʥʥʷ. 

ɿʦʚʩʽʤ ʽʥʰʘ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʩʝʨʝʜʦʚʠʱʘʭ, ʷʢʽ ʥʝ ʻ ʢʦʤ-

ʧʘʢʪʥʠʤʠ ʦʙôʻʢʪʘʤʠ. ʇʝʨʰʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʫ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʫʪʚʦʨʝʥʴ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʚ ʘʪʤʦʩʬʝʨʽ ʽʥʝʨʪʥʠʭ ʛʘʟʽʚ ʟ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʯʘʩʪʠʥʦʢ 

ʪʚʝʨʜʦʾ ʬʘʟʠ. ʊʘʢʽ ʯʘʩʪʠʥʢʠ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

(ʥʘʧʨʠʢʣʘʜ, ʟʘʣʽʟʘ, ʮʠʥʢʫ, ʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʽ ʪ.ʽʥ) ʽ ʥʘʩʪʫʧʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʠ ʮʠʭ ʨʝʯʦʚʠʥ, ʦʭʦʣʦʜʞʫʚʘʥʠʭ ʫ ʙʫʬʝʨʥʦʤʫ ʛʘʟʽ. ʋ 

ʧʨʦʮʝʩʽ ʜʠʬʫʟʽʾ ʽ ʟʽʪʢʥʝʥʴ ʘʪʦʤʠ ʟôʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʽ ʫʪʚʦʨʶʶʪʴ 

ʤʘʣʽ ʯʘʩʪʠʥʢʠ (ʢʣʘʩʪʝʨʠ), ʷʢʽ ʧʦʪʽʤ ʟʣʠʧʘʶʪʴʩʷ ʚ ʘʛʨʝʛʘʪʠ, ʱʦ ʦʩʽʜʘʶʪʴ 

ʥʘ ʩʪʽʥʢʘʭ ʨʝʘʢʮʽʡʥʦʾ ʢʘʤʝʨʠ. ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʢʣʘʩʪʝʨʘ ʩʪʘʥʦʚʠʪʴ 2 ï 8 

ʥʤ. ʊʘʢʽ ʫʪʚʦʨʝʥʥʷ ʻ ʜʦʩʠʪʴ ʢʨʠʭʢʠʤʠ ʽ ʧʦʨʠʩʪʠʤʠ. ʂʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ 

ʫ ʪʘʢʦʤʫ ʬʨʘʢʪʘʣʴʥʦʾ ʘʛʨʝʛʘʪʽ ʨʦʟʤʽʨʦʤ R 

   N ~ RD.     (2.5) 

ɸʥʦʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ (2.5) ʟʫʤʦʚʣʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ D ʥʝ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʦʟʤʽʨʥʽʩʪʶ ʬʽʟʠʯʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ (2.3) ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʛʫʩʪʠʥʠ. ɿ 

ʧʦʨʽʚʥʷʥʥʷ ʚʠʨʘʟʽʚ (2.1) ʽ (2.3) ʚʠʧʣʠʚʘʻ, ʱʦ ʛʫʩʪʠʥʘ 

                        r ~ Rï (d ï D),   d > D,        (2.6) 

ʻ ʩʧʘʜʥʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʤʽʨʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʢʦʤʧʘʢʪʥʦʛʦ ʬʨʘʢʪʘʣʘ. 

ɯʟ ʬʦʨʤʫʣʠ (2.6) ʚʠʧʣʠʚʘʻ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʪʦʧʦʣʦʛʽʯʥʘ 

ʨʦʟʤʽʨʥʽʩʪʴ d ̔  ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ D, ʪʠʤ ʙʽʣʴʰ ʢʨʠʭʢʦʶ ̒  

ʬʨʘʢʪʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʨʘʢʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʻ ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ, ʷʢʘ ʥʝ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʨʦʟʤʽʨʥʽʩʪʶ ʪʦʛʦ ʧʨʦʩʪʦʨʫ, ʚ ʷʢʦʤʫ ʫʪʚʦʨʶʻʪʴʩʷ ʬʨʘʢʪʘʣ. 

ʎʝʡ ʧʽʜʭʽʜ ʜʝʤʦʥʩʪʨʫʻ ʪʘʢʠʡ ʧʨʠʢʣʘʜ. ʅʝʭʘʡ ʻ ʦʟʝʨʦ ʜʽʘʤʝʪʨʦʤ R, 

ʜʝ R ï ʣʽʥʽʡʥʠʡ ʨʦʟʤʽʨ ʦʟʝʨʘ. ʇʣʦʱʘ ʧʦʚʝʨʭʥʽ ʮʴʦʛʦ ʦʟʝʨʘ S ~ R2. 

ɺʠʤʽʨʷʻʤʦ ʧʝʨʠʤʝʪʨ ʦʟʝʨʘ. ɯʥʪʫʾʪʠʚʥʦ ʚʠʜʘʻʪʴʩʷ ʟʨʦʟʫʤʽʣʠʤ, ʱʦ 

ʜʦʚʞʠʥʘ ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ ʦʟʝʨʘ L ʥʝ ʤʘʻ ʟʘʣʝʞʘʪʠ ʚʽʜ ʚʠʙʦʨʫ ʤʘʩʰʪʘʙʫ 

ʚʠʤʽʨʶʚʘʥʥʷ l ʫ ʨʘʟʽ ʧʨʘʛʥʝʥʥʷ l ʜʦ ʥʫʣʷ. ʆʜʥʘʢ ʩʠʪʫʘʮʽʷ ʚʠʷʚʣʷʻʪʴʩʷ 

ʥʝ ʪʘʢʦʶ ʚʞʝ ʧʨʦʩʪʦʶ. ɺʽʟʴʤʝʤʦ 10-ʤʝʪʨʦʚʫ ʨʫʣʝʪʢʫ ʽ ʚʠʢʦʥʘʻʤʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʝʨʰʠʥʠ ʢʫʪʽʚ ʙʫʣʠ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ 



54 

 

ʚʦʜʘïʩʫʰʘ. ʇʦʚʥʘ ʜʦʚʞʠʥʘ ʣʘʤʘʥʦʾ ʣʽʥʽʾ ï ʮʝ ʧʝʨʠʤʝʪʨ ʦʟʝʨʘ. ɸ 

ʪʝʧʝʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʨʦʚʦʾ ʣʽʥʽʡʢʠ ʚʠʤʽʨʷʻʤʦ ʧʝʨʠʤʝʪʨ ʦʟʝʨʘ. ʋ 

ʮʴʦʤʫ ʨʘʟʽ ʧʝʨʠʤʝʪʨ ʚʠʷʚʠʪʴʩʷ ʙʽʣʴʰʠʤ, ʦʩʢʽʣʴʢʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʝʪʨʦʚʦʶ ʣʽʥʽʡʢʦʶ ʚʨʘʭʦʚʫʻ ʥʝʨʽʚʥʦʩʪʽ ʙʝʨʝʛʘ, ʷʢʽ ʥʝ ʚʠʤʽʨʶʚʘʣʠʩʷ 

10-ʤʝʪʨʦʚʦʶ ʨʫʣʝʪʢʦʶ. ʗʢʱʦ ʞ ʚʠʤʽʨʷʪʠ ʧʝʨʠʤʝʪʨ ʦʟʝʨʘ 10-

ʩʘʥʪʠʤʝʪʨʦʚʦʶ ʣʽʥʽʡʢʦʶ, ʪʦ ʚʽʥ ʟʙʽʣʴʰʠʪʴʩʷ ʱʝ 

ʙʽʣʴʰʝ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʜʥʦ, ʱʦ ʧʝʨʠʤʝʪʨ ʦʟʝʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩ-

ʰʪʘʙʫ ʚʠʤʽʨʶʚʘʥʥʷ. ʇʦʢʘʟʥʠʢ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʚôʷʟʦʢ ʤʽʞ ʧʝʨʠʤʝʪʨʦʤ 

ʦʟʝʨʘ ʽ ʤʘʩʰʪʘʙʦʤ ʡʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ, ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʮʽʣʫ 

ʨʦʟʤʽʨʥʽʩʪʴ ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ. 

ʆʪʞʝ, ʧʝʨʠʤʝʪʨ ʦʟʝʨʘ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʨʽʟʥʠʤʠ ʟʘ ʤʘʩʰʪʘʙʦʤ 

ʚʽʜʨʽʟʢʘʤʠ, ʷʢʽ ʜʝʜʘʣʽ ʟʤʝʥʰʫʶʪʴʩʷ. ɼʦʚʞʠʥʫ ʟʙʽʣʴʰʫʚʘʥʦʾ ʣʘʤʘʥʦʾ 

ʣʽʥʽʾ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

L = l (R/l) D,        (2.7) 

ʜʝ l ï ʧʘʨʘʤʝʪʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʤʘʩʰʪʘʙʫ. ʇʘʨʘʤʝʪʨ D 

ʥʘʟʠʚʘʶʪʴ ʬʨʘʢʪʘʣʴʥʦʶ ʨʦʟʤʽʨʥʽʩʪʶ. ɹʝʨʝʛʦʚʘ ʣʽʥʽʷ ʻ ʤʥʦʞʠʥʦʶ, 

ʱʦ ʟʘʡʤʘʻ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʟʚʠʯʘʡʥʦʶ ʣʽʥʽʻʶ (D = 1) ʽ 

ʧʦʚʝʨʭʥʝʶ (D = 2), ʧʨʠʯʦʤʫ ʟʥʘʯʝʥʥʷ 1 < D < 2 ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ 

ʙʽʣʴʰʝ ʧʦʨʽʟʘʥʠʡ ʙʝʨʝʛ. 

ɼʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʨʦʟʛʣʷʥʝʤʦ 

ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ ʥʘʡʧʨʦʩʪʽʰʠʭ ʤʥʦʞʠʥ ʂʦʭʘ ʽ ʂʘʥʪʦʨʘ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʬʽʛʫʨʠ ʂʦʭʘ (ʨʠʩ. 2.3) ʙʝʨʫʪʴ ʚʽʜʨʽʟʦʢ ʦʜʠʥʠʯʥʦʾ 

ʜʦʚʞʠʥʠ ʜʣʷ ʢʨʦʢʫ n = 0. ɯʟ ʧʦʜʘʣʴʰʠʤ ʢʨʦʢʦʤ n = 1 ʧʦʩʝʨʝʜʠʥʽ 

ʚʽʜʨʽʟʢʘ ʦʙʠʨʘʶʪʴ ʽʥʪʝʨʚʘʣ ʜʦʚʞʠʥʦʶ 1/3, ʫ ʷʢʦʤʫ ʙʫʜʫʶʪʴ 

ʨʽʚʥʦʩʪʦʨʦʥʥʽʡ ʪʨʠʢʫʪʥʠʢ ʙʝʟ ʦʩʥʦʚʠ. ɼʣʷ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ ʥʘ 

ʢʦʞʥʦʤʫ ʟ ʦʪʨʠʤʘʥʠʭ ʚʽʜʨʽʟʢʽʚ ʦʙʠʨʘʶʪʴ ʽʥʪʝʨʚʘʣ ʜʦʚʞʠʥʦʶ (1/3)2 

ʽ ʚʠʢʦʥʫʶʪʴ ʪʘʢʫ ʩʘʤʫ ʧʦʙʫʜʦʚʫ, ʷʢ ʽ ʟʘ ʫʤʦʚʠ n = 1. 
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ʈʠʩ. 2.3. ʇʦʙʫʜʦʚʘ ʪʨʽʘʜʥʦʾ ʬʽʛʫʨʠ ʂʦʭʘ 

ɼʘʣʽ ʧʨʦʮʝʜʫʨʫ ʧʦʙʫʜʦʚʠ ʧʦʚʪʦʨʶʶʪʴ n ­ ¤ ʨʘʟʽʚ. ɺʠʟʥʘʯʘʶʪʴ 

ʜʦʚʞʠʥʫ L ʦʪʨʠʤʘʥʦʾ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ. ʆʩʢʽʣʴʢʠ ʧʽʩʣʷ 

ʢʦʞʥʦʛʦ ʢʨʦʢʫ ʚʦʥʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 4/3 ʨʘʟʫ, ʪʦ ʜʣʷ n-ʛʦ ʢʨʦʢʫ 

Ln = (4/3)n. ʆʩʢʽʣʴʢʠ ʜʦʚʞʠʥʘ ʢʦʞʥʦʾ ʣʘʥʢʠ ln = (1/3)n, ʪʦ n = ïlnln/ln3. ʄʽʞ 

ʧʦʚʥʦʶ ʜʦʚʞʠʥʦʶ L, ɦʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (2.7), ʽ ʝʣʝʤʝʥʪʘʨʥʦʶ 

ʜʦʚʞʠʥʦʶ l ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

L ~ l1ïD, 

ʜʝ ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ D = ln4/ln3 = 1,263 ... ʋ ʮʠʭ ʫʤʦʚʘʭ ʢʽʣʴʢʽʩʪʴ 

ʚʽʜʨʽʟʢʽʚ Nn = Ln/ln, ɦʦ ʩʢʣʘʜʘʶʪʴ ʬʽʛʫʨʫ ʂʦʭʘ, ʚʠʟʥʘʯʘʶʪʴ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

N(l) ~ lïD.     (2.8) 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.3, ʢʨʠʚʘ ʂʦʭʘ ʷʚʣʷʻ ʩʦʙʦʶ ʫʪʚʦʨʝʥʥʷ, ʧʨʦʤʽʞʥʝ 

ʤʽʞ ʟʚʠʯʘʡʥʦʶ ʣʽʥʽʻʶ ʟʘ ʫʤʦʚʠ n ­ ¤ ̔  ʧʦʚʝʨʭʥʝʶ. ʊʦʤʫ ʾʾ 

ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʣʝʞʠʪʴ ʚ ʽʥʪʝʨʚʘʣʽ 1 < D < 2 ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʚʽʜʨʽʟʢʽʚ, ʚʠʟʥʘʯʫʚʘʥʦʾ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.8). 

ʌʽʛʫʨʘ ʂʦʭʘ ʚʠʨʘʞʘʻʪʴʩʷ ʩʘʤʦʧʦʜʽʙʥʦʶ ʤʥʦʞʠʥʦʶ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʬʨʘʢʪʘʣ (ʨʠʩ. 2.3). ɼʣʷ ʢʦʞʥʦʛʦ ʢʨʦʢʫ ʚʽʜʪʚʦʨʶʻʪʴʩʷ 

ʦʜʥʘ ʡ ʪʘ ʞ ʧʦʙʫʜʦʚʘ ʫ ʟʤʝʥʰʝʥʦʤʫ ʤʘʩʰʪʘʙʽ. ʂʦʞʝʥ ʬʨʘʛʤʝʥʪ 

ʬʽʛʫʨʠ ʂʦʭʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʦʩʪʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʙʫʜʴ-̫ ʢʦʾ ʡʦʛʦ 

ʩʢʣʘʜʦʚʦʾ ʜʦ ʧʦʪʨʽʙʥʦʛʦ ʤʘʩʰʪʘʙʫ. ɺʣʘʩʪʠʚʽʩʪʴ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ 

n = 0 

n = 1 

n = 2 

n = 3 

n = 4 

n = 5 
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ʧʨʠʪʘʤʘʥʥʘ ʥʝ ʪʽʣʴʢʠ ʬʽʛʫʨʽ ʂʦʭʘ, ʘʣʝ ʡ ʫʩʽʤ ʬʨʘʢʪʘʣʴʥʠʤ 

ʫʪʚʦʨʝʥʥʷʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʽʥʰʠʡ ʧʨʠʢʣʘʜ ʬʨʘʢʪʘʣʴʥʦʾ ʤʥʦʞʠʥʠ ʟ 

ʨʦʟʤʽʨʥʽʩʪʶ D < 1. ʎʝ ʪʘʢ ʟʚʘʥʠʡ çʢʘʥʪʦʨʦʚʠʡ ʧʠʣè (ʨʠʩ. 2.4). 

ʇʦʙʫʜʦʚʘ ʪʘʢʦʾ ʤʥʦʞʠʥʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʥʦʞʠʥʠ ʂʦʭʘ ʪʠʤ, ʱʦ 

ʜʣʷ n-ʛʦ ʢʨʦʢʫ ʥʝ ʜʦʜʘʶʪʴʩʷ, ʘ ʚʠʜʘʣʷʶʪʴʩʷ n ̔ ʥʪʝʨʚʘʣʽʚ ʜʦʚʞʠʥʦʶ 

ln = (1/3)n. ʊʦʤʫ ʜʦʚʞʠʥʘ ʤʥʦʞʠʥʠ ʩʪʘʥʦʚʠʪʴ Ln = (2/3)n, ʘ ʢʦʞʥʘ 

ʣʘʥʢʘ ln ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʦʶ ʞ, ʱʦ ʡ ʫ ʬʽʛʫʨʠ ʂʦʭʘ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ Ln ̔ ln ʘʥʘʣʦʛʽʯʥʘ ʟʘʣʝʞʥʦʩʪʽ (2.8), ʜʝ D 

= ln2/ln3 = 0,631é . ʋʤʦʚʘ D < 1 ʦʟʥʘʯʘʻ, ʱʦ çʢʘʥʪʦʨʦʚʠʡ ʧʠʣè ̒  

ʧʨʦʤʽʞʥʠʤ ʤʽʞ ʪʦʯʢʦʶ ʽ ʣʽʥʽʻʶ ʫʪʚʦʨʝʥʥʷʤ. ɺʠʜʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ 

ʚʽʜʨʽʟʢʽʚ ln ʪʘʢʦʞ ʚʠʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (2.9), ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ 

ʤʥʦʞʠʥʠ ʂʦʭʘ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʨʘʟ ʜʣʷ ʬʨʘʢʪʘʣʴʥʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ ʤʥʦʞʠʥ ʂʦʭʘ ʽ ʂʘʥʪʦʨʘ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

D = lnj/lne-1,         (2.9) 

ʜʝ j ï ʢʽʣʴʢʽʩʪʴ ʙʣʦʢʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʝʣʝʤʝʥʪʘʨʥʠʡ ʬʨʘʛʤʝʥʪ 

ʬʨʘʢʪʘʣʘ ʜʣʷ ʤʥʦʞʠʥʠ ʂʦʭʘ, j = 4 ʽ 3 ʚʽʜʧʦʚʽʜʥʦ, ʘ e ï ʧʦʢʘʟʥʠʢ 

ʧʦʜʽʙʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻ, ʥʘʩʢʽʣʴʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʙʣʦʢʘ ʥʘ 

ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʧʦʙʫʜʦʚʠ. ɼʣʷ ʬʽʛʫʨ ʂʦʭʘ ʽ ʂʘʥʪʦʨʘ e = 1/3. 

 

 

ʈʠʩ. 2.4. ʇʦʙʫʜʦʚʘ ʪʨʽʘʜʥʦʾ ʢʘʥʪʦʨʦʚʦʾ ʤʥʦʞʠʥʠ: 

ʘ ï ʛʝʦʤʝʪʨʠʯʥʠʡ ʩʧʦʩʽʙ; ʙ ï ʤʝʪʦʜ ʟʛʦʨʪʘʥʥʷ 

ʘ 

ʙ 
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2.3. ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ 

 

ʇʨʠʢʣʘʜ ʚʠʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʧʣʦʩʢʦʾ ʢʨʠʚʦʾ, ʷʢʘ 

ʤʦʞʝ ʙʫʪʠ, ʥʘʧʨʠʢʣʘʜ, ʜʽʣʷʥʢʦʶ ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ ʥʘ ʢʘʨʪʽ, ʢʦʥʪʫʨʦʤ 

ʯʦʨʥʠʣʴʥʦʾ ʧʣʷʤʠ ʘʙʦ ʬʨʘʢʪʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ. ɼʣʷ ʮʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʢʨʠʚʦʾ ʧʦʢʨʠʚʘʶʪʴ ʩʽʪʢʦʶ, ʩʪʦʨʦʥʠ ʢʚʘʜʨʘʪʽʚ ʷʢʦʾ ll. ʇʽʜʨʘʭʦʚʫʶʪʴ 

ʢʽʣʴʢʽʩʪʴ ʢʚʘʜʨʘʪʽʚ, ʯʝʨʝʟ ʷʢʽ ʧʨʦʭʦʜʠʪʴ ʪʘʢʘ çʙʝʨʝʛʦʚʘ ʣʽʥʽʷè: N(ll). 

ɿʤʽʥʶʶʯʠ ʤʘʩʰʪʘʙ ʩʽʪʢʠ ʽ, ʦʪʞʝ, ʩʪʦʨʽʥ ʢʚʘʜʨʘʪʘ l2, l3, ... ln, ɦʦʨʘʟʫ 

ʟʥʦʚʫ ʧʽʜʨʘʭʦʚʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʢʚʘʜʨʘʪʽʚ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴ çʙʝʨʝʛʦʚʫ 

ʣʽʥʽʶè: N(l2), N(l3), ... N(ln). ʇʦʪʽʤ ʫ ʧʦʜʚʽʡʥʠʭ ʣʦʛʘʨʠʬʤʽʯʥʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʙʫʜʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ N(l), ʟʘ ʜʦʧʦʤʦʛʦʶ ̫ ʢʦʾ ʚʠʟʥʘʯʘʶʪʴ 

ʬʨʘʢʪʘʣʴʥʫ ʨʦʟʤʽʨʥʽʩʪʴ (ʨʠʩ. 2.5):  

D = (const ï lnN)/lnl.    (2.10) 

ʊʘʢʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘʟʠʚʘʶʪʴ 

ʛʝʦʤʝʪʨʠʯʥʠʤ.  

ɯʥʰʠʤ ʨʽʟʥʦʚʠʜʦʤ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʻ ʚʠʟʥʘʯʝʥʥʷ D ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʥʦʞʠʥ ʟ ʨʽʟʥʦʶ 

ʪʦʧʦʣʦʛʽʯʥʦʶ ʨʦʟʤʽʨʥʽʩʪʶ. ɼʣʷ ʬʽʛʫʨʠ, ʦʙʤʝʞʝʥʦʾ ʬʨʘʢʪʘʣʴʥʦʶ 

ʤʝʞʝʶ, ʥʝʦʙʭʽʜʥʦ ʚʠʤʽʨʶʚʘʪʠ ʧʣʦʱʫ S ~ R2 ̔  ʜʦʚʞʠʥʫ ʧʝʨʠʤʝʪʨʘ L ~ 

R. ʊʫʪ R ï ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ ʬʽʛʫʨʠ. 

ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ S1/2 ~ R ~ L1/D ʚʠʧʣʠʚʘʻ ʬʦʨʤʫʣʘ  

D = (const + lnL2)/lnS,    (2.11) 

ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʬʨʘʢʪʘʣʴʥʫ ʨʦʟʤʽʨʥʽʩʪʴ D ʤʝʞʽ ʬʽʛʫʨʠ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʜʦʚʠ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 2.5.  

 

ʈʠʩ. 2.5. ʊʠʧʦʚʠʡ ʧʨʠʢʣʘʜ ʟʘʣʝʞʥʦʩʪʽ ʜʦʚʞʠʥʠ ʬʨʘʢʪʘʣʴʥʦʾ ʢʨʠʚʦʾ 

ʚʽʜ ʢʨʦʢʫ, ʱʦ ʧʦʢʨʠʚʘʻ ʢʚʘʜʨʘʪʥʘ ˇʨʘʪʢʘ 
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ɻʝʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ D ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʚʥʷʥʴ (2.10) ʽ (2.11) ʤʘʶʪʴ ʥʝʜʦʣʽʢ: ʜʦʚʦʜʠʪʴʩʷ ʝʤʧʽʨʠʯʥʠʤ ʰʣʷʭʦʤ 

ʧʽʜʙʠʨʘʪʠ ʟʥʘʯʝʥʥʷ l. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʮʝʡ ʧʘʨʘʤʝʪʨ ʥʝ ʤʘʻ ʙʫʪʠ 

ʥʘʩʪʽʣʴʢʠ ʤʘʣʠʤ, ʱʦʙ ʩʪʘʚ ʥʝʤʦʞʣʠʚʠʤ ʧʽʜʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ l ʫ ʧʨʦʧʦʥʦʚʘʥʦʤʫ ʤʘʩʰʪʘʙʽ, ʘ ʟ ʜʨʫʛʦʛʦ ï ʥʝ ʥʘʩʪʽʣʴʢʠ 

ʚʝʣʠʢʠʤ, ʱʦʙ ʚʠʡʪʠ ʟʘ ʤʝʞʽ ʚʠʨʘʟʫ (2.7).  

ɹʽʣʴʰ ʥʘʜʽʡʥʠʤʠ ʽ ʪʦʯʥʠʤʠ ʻ ʤʝʪʦʜʠ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ 

ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʟʦʙʨʘʞʝʥʴ ʬʨʘʢʪʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ. ɿʘʣʝʞʥʦ 

ʚʽʜ ʨʦʟʤʽʨʫ ʦʙôʻʢʪʘ (ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ) ʡʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʥʘ 

ʚʠʢʦʥʘʪʠ ʰʣʷʭʦʤ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʚ ʟʚʠʯʘʡʥʦʤʫ ʦʧʪʠʯʥʦʤʫ ʘʙʦ 

ʝʣʝʢʪʨʦʥʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ. ʗʩʢʨʘʚʽʩʪʴ ʪʦʯʦʢ ʟʦʙʨʘʞʝʥʥʷ ʚʢʘʟʫʻ ʥʘ 

ʪʝ, ʜʝ ʨʦʟʤʽʱʝʥʘ ʪʘ ʯʠ ʽʥʰʘ ʪʦʯʢʘ ï ʥʘ ʬʨʘʢʪʘʣʽ, ʯʠ ʧʦʟʘ ʥʠʤ. 

ʇʦʜʘʣʴʰʝ ʦʧʨʘʮʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʨʘʢʪʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʜʽʣʫ ʧʦʣʷ ʟʦʙʨʘʞʝʥʥʷ ʬʦʪʦʛʨʘʬʽʾ ʽ 

ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʢʽʥʮʝʚʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʘʙʦ ʢʚʘʜʨʘʪʠʢʽʚ. ʗʩʢʨʘʚʽʩʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʘʢʦʚʦʶ. 

ʄʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʟʦʙʨʘʞʝʥʥʷ l0 ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʘʧʘʨʘʪʫʨʠ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʷʢʦʩʪʽ ʬʨʘʢʪʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ. ʆʧʪʠʤʘʣʴʥʠʤ ʻ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʨʦʟʤʽʨ ʝʣʝʤʝʥʪʘ ʟʦʙʨʘʞʝʥʥʷ l0 

ʽ ʨʦʟʤʽʨ ʯʘʩʪʠʥʢʠ r, ʟ ʷʢʠʭ ʧʦʪʽʤ ʫʪʚʦʨʶʻʪʴʩʷ ʬʨʘʢʪʘʣʴʥʠʡ ʘʛʨʝʛʘʪ. 

ʈʦʟʤʽʨ ʢʘʜʨʫ ʧʨʠʙʣʠʟʥʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʤʽʨʫ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ. 

ʂʽʣʴʢʽʩʪʴ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʤʘʻ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʦʶ (104), ʱʦʙ ʤʘʪʠ ʟʤʦʛʫ ʤʘʩʰʪʘʙʥʫ ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʧʝʨʝʚʽʨʷʪʠ 

ʚ ʜʦʩʠʪʴ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʦʟʤʽʨʽʚ. ʆʜʥʝ ʟ ʧʨʦʷʚʽʚ ʬʨʘʢʪʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ï ʮʝ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ ʟ ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʦʶ ʛʫʩʪʠʥʦʶ. 

ʌʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʬʨʘʢʪʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ 

ʨʦʟʤʽʨʦʤ 10 ï 1000 ʥʤ, ʷʢʽ ʩʬʦʨʤʦʚʘʥʽ ʟ ʦʜʥʦʨʽʜʥʠʭ ʯʘʩʪʠʥʦʢ 

ʨʦʟʤʽʨʦʤ ʘ0 = 1 ï 10 ʥʤ. ɻʫʩʪʠʥʘ ʪʘʢʦʛʦ ʤʘʪʝʨʽʘʣʫ  

r = r0 (R£ ʘ0)Dïd,   D < d, 

ʜʝ R ï ʨʦʟʤʽʨ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ; r0 ï ʛʫʩʪʠʥʘ ʦʙôʻʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

ʘ0 ï ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʬʨʘʢʪʘʣʴʥʠʡ ʘʛʨʝʛʘʪ. 

ʌʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʘʛʨʝʛʘʪʽʚ ʪʘʢʦʛʦ ʪʠʧʫ D = 2 ï 2,9. ɼʣʷ ʜʦʩʠʪʴ 
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ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ R ̔ D < d ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʤʘʻ ʙʫʪʠ ʟʥʘʯʥʦ ʤʝʥʰʦʶ 

ʚʽʜ ʛʫʩʪʠʥʠ ʯʘʩʪʠʥʦʢ, ʱʦ ʡʦʛʦ ʩʢʣʘʜʘʶʪʴ.  

ʗʢʱʦ ʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʷʚʣʷʶʪʴʩʷ ʚ ʤʘʩʰʪʘʙʘʭ, ʱʦ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ 1 ʤʢʤ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʢʦʨʦʪʢʠʤʠ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ ï 

ʨʝʥʪʛʝʥʽʚʩʴʢʝ ʘʙʦ ʥʝʡʪʨʦʥʥʝ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ï ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʦʧʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ 0,3 ï 0,5 ʤʢʤ.  

ʂʦʣʽʤʽʨʦʚʘʥʥʠʡ ʧʨʦʤʽʥʴ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ, ʥʝʡʪʨʦʥʥʦʛʦ ʘʙʦ 

ʩʚʽʪʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʻ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʦʙôʻʢʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʦʤʝʥʷ ʥʘ ʢʫʪ q. ʗʢ 

ʧʨʘʚʠʣʦ, ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʨʦʰʢʦʚʠʡ ʤʝʪʦʜ (ʤʝʪʦʜ 

ɼʝʙʘʷïʐʝʨʝʨʘ). ɼʣʷ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʦʙôʻʢʪʽʚ 

(ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ) ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʚʟʘʻʤʦʜʽʾ ʟôʷʚʣʷʶʪʴʩʷ ʜʠʬʨʘʢʮʽʡʥʽ ʧʽʢʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʢʦʥʦʤ 

ɹʨʝʛʛʘ, ʷʢʱʦ ʩʧʨʘʚʜʞʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  

2p£d = 4p/l sin(q/2) = q,      (2.12) 

ʜʝ d ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʪʦʤʥʠʤʠ ʧʣʦʱʠʥʘʤʠ ʚ ʢʨʠʩʪʘʣʽ; l ï ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; q ï ʟʥʘʯʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ʨʦʟʩʽʶʚʘʥʥʷ.  

ʈʦʟʩʽʶʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʘʥʩʘʤʙʣʶ ʪʨʠʚʠʤʽʨʥʠʭ 

ʘʛʨʝʛʘʪʽʚ, ʟʦʙʨʘʞʝʥʠʭ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʠʩ. 2.6. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʨʝʥʪʛʝʥʽʚʩʴʢʝ, ʥʝʡʪʨʦʥʥʝ ʽ ʩʚʽʪʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʥʘʯʝʥʥʷ q = 4p 

sin(q/l) ʤʦʞʥʘ ʚʘʨʽʶʚʘʪʠ ʚʽʜ 10ï5 ʜʦ 1 ʥʤï1, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦʚʞʠʥʽ 

ʭʚʠʣʴ 10ï2 ï 1000 ʥʤ. ʅʘ ʢʨʠʚʽʡ ʨʦʟʩʽʶʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʰʠʨʦʢʠʡ 

ʤʘʢʩʠʤʫʤ ʚ ʦʢʦʣʽ q = 0,2 ʥʤï1, ʷʢʠʡ ʚʠʥʠʢʘʻ ʚ ʫʤʦʚʘʭ ʨʦʟʩʽʶʚʘʥʥʷ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʘʤʦʨʬʥʦʤʫ ʢʨʝʤʥʽʾ.  
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ʈʠʩ. 2.6. ʂʨʠʚʘ ʨʦʟʩʽʶʚʘʥʥʷ ʜʣʷ ʪʨʠʚʠʤʽʨʥʠʭ ʢʦʣʦʾʜʥʠʭ 

ʘʛʨʝʛʘʪʽʚ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʫ ʩʪʨʫʢʪʫʨʫ 

 

ʋ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʨʠʩ. 2.6 ʧʦʢʘʟʘʥʦ ʨʦʟʩʽʷʥʥʷ ʥʘ ʤʘʣʽ ʢʫʪʠ ʚʽʜ 

ʪʨʠʚʠʤʽʨʥʠʭ ʘʛʨʝʛʘʪʽʚ. ʗʢʱʦ q = 10ï5 ʥʤï1, ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜ 

ʙʽʣʴʰʦʩʪʽ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʝ ʽ ʥʝ ʤʘʻ 

ʷʢʠʭ-ʥʝʙʫʜʴ ʦʩʦʙʣʠʚʦʩʪʝʡ. ʋ ʮʽʡ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʦʧʦʨʮʽʡʥʘ ʢʚʘʜʨʘʪʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʦʚʞʠʥʠ ʦʙôʻʢʪʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʣʝʢʫʣʷʨʥʘ ʚʘʛʘ ʻ ʚʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʟʥʘʯʝʥʥʷ ʢʨʠʚʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʩʽʷʥʥʷ.  

ɺ ʦʢʦʣʽ q < qR < 1 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʢʨʠʚʦʾ ʨʦʟʩʽʶʚʘʥʥʷ. 

ʍʽʜ ʢʨʠʚʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʩʽʶʚʘʥʥʷ I ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʚ 

ʫʤʦʚʘʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʤʽʨʫ ʨʦʟʤʽʨʫ R ʦʙôʻʢʪʘ, ʱʦ ʨʦʟʩʽʶʻ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʟʘʢʦʥʦʤ: 

I(q) = exp(ï R2q2/3). 

ʈʝʞʠʤ çʧʦʨʦʜʘè (ʨʠʩ. 2.6) ʚʽʜʧʦʚʽʜʘʻ ʥʝʨʽʚʥʦʩʪʽ l << qR ̔  ʚʠʟʥʘʯʘʻ, 

ʱʦ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʫʤʽʰ ʤʘʩ ʬʨʘʢʪʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, 

ʫʪʚʦʨʝʥʠʭ ʟ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ ʨʘʜʽʫʩʦʤ ʘ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʨʦʟʩʽʶʚʘʥʥʷ ʟʘʟʥʘʻ ʟʣʘʤʫ, ʢʦʣʠ q = l/ʘ. ʋ ʮʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʫ ʢʨʠʚʘ 

ʨʦʟʩʽʶʚʘʥʥʷ ʻ ʪʠʧʦʚʦʶ ʩʪʝʧʝʥʝʚʦʶ ʬʫʥʢʮʽʻʶ ʽ ʚʽʜʧʦʚʽʜʘʻ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ 

I ~ RD. 

ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ ʨʦʟʩʽʶʚʘʥʥʷ ʣʝʞʠʪʴ ʚ ʽʥʪʝʨʚʘʣʽ (ʘ ï 1), ʪʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʤʘʣʠʡ ʢʫʪ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ  
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I(q) = I0qïD, 

ʜʝ I0 ï ̔ʥʪʝʥʩʠʚʥʽʩʪʴ ʧʘʜʘʶʯʦʛʦ ʧʫʯʢʘ. ʇʦʙʫʜʫʚʘʚʰʠ ʟʘʣʝʞʥʽʩʪʴ I(q) 

ʫ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʟʘ ʢʫʪʦʤ ʥʘʭʠʣʫ ʦʪʨʠʤʘʥʦʾ ʧʨʷʤʦʾ 

(ʨʠʩ. 2.6) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʬʨʘʢʪʘʣʴʥʫ ʨʦʟʤʽʨʥʽʩʪʴ: 

D = [lnI0 ï lnI(q)]/lnq. 

ɸʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʥʝ 

ʚʠʯʝʨʧʫʻʪʴʩʷ ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʧʨʠʢʣʘʜʘʤʠ.  

 

2.4. ʄʦʜʝʣʽ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʟ ʬʨʘʢʪʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

 

ʆʜʥʽʻʶ ʟ ʤʦʜʝʣʝʡ ʦʪʨʠʤʘʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʻ ʢʦʤʧôʶʪʝʨʥʘ 

ʤʦʜʝʣʴ ʜʠʬʫʟʽʡʥʦ-ʦʙʤʝʞʝʥʦʾ ʘʛʨʝʛʘʮʽʾ ʯʘʩʪʠʥʦʢ. ʌʨʘʢʪʘʣʴʥʘ 

ʩʪʨʫʢʪʫʨʘ ʟ ʯʘʩʪʠʥʦʢ ʬʦʨʤʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ. ʅʝʭʘʡ ʻ ʦʙʤʝʞʝʥʠʡ 

ʜʚʦʚʠʤʽʨʥʠʡ ʧʨʦʩʪʽʨ, ʧʦʜʽʣʝʥʠʡ ʥʘ ʙʝʟʣʽʯ ʢʚʘʜʨʘʪʥʠʭ ʢʦʤʽʨʦʢ. ɺ 

ʦʜʥʫ ʟ ʢʦʤʽʨʦʢ ʧʦʤʽʱʘʻʪʴʩʷ ʯʘʩʪʠʥʢʘ. ɺ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʩʝʥʩʽ ï ʮʝ 

ʪʦʯʢʘ, ʘ ʫ ʬʽʟʠʯʥʦʤʫ ï ʘʪʦʤ, ʤʦʣʝʢʫʣʘ ʘʙʦ ʢʣʘʩʪʝʨ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ 102 ï 104 ʘʪʦʤʽʚ. ʇʦʪʽʤ ʫ ʜʚʦʚʠʤʽʨʥʠʡ ʦʙʤʝʞʝʥʠʡ ʧʨʦʩʪʽʨ ʫ ʙʫʜʴ-

ʷʢʫ ʟ ʢʦʤʽʨʦʢ ʜʦʜʘʻʪʴʩʷ ʧʦ ʦʜʥʽʡ ʯʘʩʪʠʥʮʽ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ.  

ʏʘʩʪʠʥʢʘ ʨʫʭʘʻʪʴʩʷ ʧʦ ʢʣʽʪʠʥʘʭ ʪʘʢʦʞ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ï ʾ ʾ 

ʰʣʷʭ ʟʘʜʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʄʦʥʪʝ-ʂʘʨʣʦ. ʗʢʱʦ ʯʘʩʪʠʥʢʘ ʧʽʜ 

ʯʘʩ ʩʚʦʛʦ ʨʫʭʫ ʜʦʩʷʛʣʘ ʤʝʞʽ ʧʨʦʩʪʦʨʫ, ʪʦ ʚʦʥʘ ʚʽʜʙʠʚʘʻʪʴʩʷ ʚʽʜ ʥʝʾ ʽ 

ʧʨʦʜʦʚʞʫʻ ʨʫʭ ʜʦʪʠ, ʜʦʢʠ ʥʝ ʚʠʷʚʠʪʴʩʷ ʧʦʙʣʠʟʫ ʽʥʰʦʾ ʯʘʩʪʠʥʢʠ. 

ʊʦʜʽ ʚʦʥʘ ʟʫʧʠʥʷʻʪʴʩʷ ʽ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʚ ʮʽʡ ʢʦʤʽʨʮʽ, ʘ ʚ ʧʨʦʩʪʽʨ 

ʟʘʧʫʩʢʘʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʯʘʩʪʠʥʢʘ. ʗʢʱʦ ʯʘʩʪʠʥʦʢ ʥʘʜʪʦ ʙʘʛʘʪʦ, ʪʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.7, ʘ, ʜʝ ʢʦʞʥʘ ʯʘʩʪʠʥʢʘ 

çʟʥʘʡʰʣʘ ʩʚʦʛʦ ʩʫʩʽʜʘè. ʊʘʢʘ ʛʽʣʣʷʩʪʘ ʩʪʨʫʢʪʫʨʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʯʘʩʪʠʥʦʢ, ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ çʬʨʘʢʪʘʣʴʥʠʡ ʘʛʨʝʛʘʪè.  
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ʈʠʩ. 2.7. ʌʨʘʢʪʘʣʴʥʽ ʘʛʨʝʛʘʪʠ: ʘ ï ʩʭʝʤʘ ʫʪʚʦʨʝʥʥʷ ʦʜʥʽʻʾ ʟ ʤʦʜʝʣʝʡ; 

ʙ ï ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷ ʬʨʘʛʤʝʥʪʘ ʩʪʨʫʢʪʫʨʠ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʚʫʛʣʝʮʶ 

ʄʦʜʝʣʴ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʯʠʩʣʝʥʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ. ʗʢ ʧʨʠʢʣʘʜ 

ʥʘ ʨʠʩ. 2.7, ʙ ʧʦʢʘʟʘʥʦ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʶ ʬʨʘʛʤʝʥʪʘ ʩʪʨʫʢʪʫʨʠ 

ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʚʫʛʣʝʮʶ, ʫʪʚʦʨʝʥʦʛʦ ʚ ʫʤʦʚʘʭ ʢʦʥʜʝʥʩʘʮʽʾ ʟ 

ʧʘʨʦʛʘʟʦʚʦʾ ʬʘʟʠ. ʇʝʨʚʠʥʥʠʤʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʚʘʣʴʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʬʨʘʢʪʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʻ ʣʽʥʽʡʥʽ ʘʩʦʮʽʘʮʽʾ ʘʪʦʤʽʚ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ-ʪʨʴʦʭ ʯʘʩʪʠʥʦʢ, ʢʦʤʙʽʥʘʮʽʾ ʷʢʠʭ ʽ ʫʪʚʦʨʶʶʪʴ 

ʛʽʣʣʷʩʪʽ ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 2.7, ʙ). 

ʇʨʦʩʪʠʡ ʦʧʠʩ, ʱʦ ʧʦʷʩʥʶʻ ʫʪʚʦʨʝʥʥʷ ʙʘʛʘʪʴʦʭ ʬʨʘʢʪʘʣʴʥʠʭ 

ʩʪʨʫʢʪʫʨ, ̌ ʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʷʚʣʝʥʥʽ ʧʨʦ ʧʝʨʢʦʣʷʮʽʡʥʫ ʤʦʜʝʣʴ, 

ʩʧʦʯʘʪʢʫ ʩʪʚʦʨʝʥʫ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʟʘʧʦʚʥʝʥʥʷ ʨʽʜʠʥʦʶ ʧʦʨʠʩʪʦʛʦ 



63 

 

ʩʝʨʝʜʦʚʠʱʘ ʟ ʚʠʧʘʜʢʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʧʦʨ. ʎʝʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʶʪʴ 

çʧʨʦʪʽʢʘʥʥʷʤè ʘʙʦ çʧʝʨʢʦʣʷʮʽʡʥʠʤ ʧʨʦʮʝʩʦʤè, ʢʦʣʠ ʨʽʜʠʥʘ 

ʧʦʚʦʜʠʪʴ ʩʝʙʝ ʪʘʢ, ʷʢ ʚʦʜʘ ʫ ʧʝʨʢʦʣʷʪʦʨʽ. 

ʅʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʝʨʢʦʣʷʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʻ 

ʥʘʷʚʥʽʩʪʴ ʧʦʨʦʛʘ ʧʨʦʪʽʢʘʥʥʷ, ʥʠʞʯʝ ʟʘ ʷʢʠʡ ʧʨʦʮʝʩ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʨʽʜʠʥʠ ʦʙʤʝʞʫʻʪʴʩʷ ʢʽʥʮʝʚʦʶ ʜʽʣʷʥʢʦʶ ʩʝʨʝʜʦʚʠʱʘ. ɿʥʘʯʝʥʥʷ ʧʦʨʦʛʘ 

ʧʨʦʪʽʢʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʝʦʨʽʾ ʧʨʦʪʽʢʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʧʨʦʪʽʢʘʥʥʷ ʧʦ ʢʚʘʜʨʘʪʥʽʡ ˇʨʘʪʮʽ. ɺʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟʘʧʦʚʥʶʻʪʴʩʷ 

ʜʝʷʢʘ ʯʘʩʪʢʘ ʚʫʟʣʽʚ ʢʚʘʜʨʘʪʥʦʾ ˇʨʘʪʢʠ ʙʫʜʴ-̫ ʢʠʤʠ ʦʙôʻʢʪʘʤʠ, ʷʢ ʪʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.8, ʘ. ʋ ʤʘʪʨʠʮʽ ʮʽ ʦʙôʻʢʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʨʘʤ. 

ʉʫʩʽʜʥʽ ʧʦʨʠ ʩʧʦʣʫʯʝʥʽ ʤʽʞ ʩʦʙʦʶ ʥʝʚʝʣʠʢʠʤʠ ʢʘʧʽʣʷʨʥʠʤʠ 

ʢʘʥʘʣʘʤʠ, ʯʝʨʝʟ ʷʢʽ ʨʽʜʠʥʘ, ʚʚʝʜʝʥʘ ʚ ʙʫʜʴ-̫ ʢʫ ʧʦʨʫ, ʤʦʞʝ ʧʦʪʨʘʧʠʪʠ 

ʚ ʩʫʩʽʜʥʶ ʧʦʨʫ. ʇʦʨʠ ʘʙʦ ʚʫʟʣʠ, ʩʧʦʣʫʯʝʥʽ ʟ ʮʝʥʪʨʦʤ ̔ ʥʞʝʢʮʽʾ, ʪʦʙʪʦ ʟ 

ʚʫʟʣʦʤ, ʢʫʜʠ ʩʧʦʯʘʪʢʫ ʚʚʦʜʠʪʴʩʷ ʨʽʜʠʥʘ, ʫʪʚʦʨʶʶʪʴ ʢʣʘʩʪʝʨ ï 

ʩʫʢʫʧʥʽʩʪʴ ʩʧʦʣʫʯʝʥʠʭ ʤʽʞ ʩʦʙʦʶ ʚʫʟʣʽʚ ʽ ʧʦʨ. 

ʅʘ ʨʠʩ. 2.8, ʙ ʦʜʠʥ ʚʝʣʠʢʠʡ ʢʣʘʩʪʝʨ ʤʽʩʪʠʪʴ 46 ʚʫʟʣʽʚ, ʜʨʫʛʠʡ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʢʣʘʩʪʝʨ ï ʫʞʝ 29 ʚʫʟʣʽʚ, ʪʨʝʪʽʡ ï 20 ʚʫʟʣʽʚ ʽ ʪ.ʜ. 

ɭ ʜʝʢʽʣʴʢʘ ʢʣʘʩʪʝʨʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʣʠʰʝ ʧʦ ʦʜʥʽʡ ʧʦʨʽ. ɾʦʜʝʥ 

ʟ ʢʣʘʩʪʝʨʽʚ ʥʝ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʧʦ ʚʩʽʡ ˇʨʘʪʮʽ, ʽ ʪʦʤʫ ʥʝʤʦʞʣʠʚʦ 

ʦʯʽʢʫʚʘʪʠ, ʱʦʙ ʽʥʞʝʢʪʦʚʘʥʘ ʫ ʚʫʟʦʣ ʙʽʣʷ ʣʽʚʦʛʦ ʢʨʘʶ ˇʨʘʪʢʠ ʨʽʜʠʥʘ 

ʚʠʪʝʯʝ ʜʝʩʴ ʙʽʣʷ ʧʨʘʚʦʛʦ ʢʨʘʶ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ.  

 

ʈʠʩ. 2.8. ʂʚʘʜʨʘʪʥʘ ˇʨʘʪʢʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ LĬL ʚʫʟʣʽʚ, L = 20: 

ʘ ï ʧʦʣʦʚʠʥʘ ʚʫʟʣʽʚ ʟʘʡʥʷʪʘ ʧʦʨʘʤʠ; ʙ ï ʩʧʦʣʫʯʝʥʽ ʫʪʚʦʨʝʥʥʷ ï ʢʣʘʩʪʝʨʠ 

 

ʘ ʙ 
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ʇʽʜʚʠʱʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʈ ʤʘʪʠ ʥʘ ˇʨʘʪʮʽ çʧʦʨʦʞʥʽ ʧʦʨʠè 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʜʣʷ ʈ = 0,58 ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʠʡ ʢʣʘʩʪʝʨ ʤʘʻ ʤʘʣʽ 

ʨʦʟʤʽʨʠ, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʜʣʷ ʈ = 0,62 ʢʣʘʩʪʝʨ ʚʞʝ ʧʨʦʩʪʠʨʘʻʪʴʩʷ ʥʘ ʚʩʶ 

ˇʨʘʪʢʫ ʽ ʤʽʩʪʠʪʴ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʚʩʽʭ ʚʫʟʣʽʚ. ʂʣʘʩʪʝʨ, ʷʢʠʡ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʧʦ ʚʩʽʡ ˇʨʘʪʮʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʢʦʣʷʮʽʡʥʠʤ ʢʣʘʩʪʝʨʦʤ.  

ʋ ʨʘʟʽ ʧʦʚʪʦʨʝʥʥʷ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʱʦʨʘʟʫ ʟôʷʚʣʷʶʪʴʩʷ 

ʢʣʘʩʪʝʨʠ ʥʦʚʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʜʫʞʝ 

ʚʝʣʠʢʠʭ ˇʨʘʪʢʘʭ ʧʦʢʘʟʫʻ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʈ < ʈʩ 

ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʥʫʣʷ ʟʘ L ­ ¤ (̌ ʨʘʪʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ L³L ʚʫʟʣʽʚ). ʋ 

ʨʘʟʽ, ʢʦʣʠ ʈ > ʈʩ, ʢʣʘʩʪʝʨʫ ʥʘʣʝʞʠʪʴ ʢʽʥʮʝʚʘ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ. ʋ ʨʘʟʽ 

ʧʨʦʪʽʢʘʥʥʷ ʚʽʜ ʚʫʟʣʘ ʜʦ ʚʫʟʣʘ ʥʘ ʢʚʘʜʨʘʪʥʽʡ ˇʨʘʪʮʽ ʢʨʠʪʠʯʥʘ 

ʡʤʦʚʽʨʥʽʩʪʴ ʈʩ, ʟʘ ʷʢʦʶ ʩʧʦʯʘʪʢʫ ʚʠʥʠʢʘʻ ʢʣʘʩʪʝʨ, ʱʦ ʧʨʦʩʪʠʨʘʻʪʴʩʷ 

ʧʦ ʚʩʽʡ ˇʨʘʪʮʽ, ʜʦʨʽʚʥʶʻ 0,593.  

ɯʤʦʚʽʨʥʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʈʍ(ʈ) ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ 

ʨʽʜʠʥʘ, ʚʚʝʜʝʥʘ ʚ ʙʫʜʴ-̫ ʢʠʡ ʚʠʧʘʜʢʦʚʦ ʚʠʙʨʘʥʠʡ ʚʫʟʦʣ, ʟʘʪʝʯʝ ʫ 

ʙʝʟʣʽʯ ʧʦʨ. ɯʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʨʽʜʠʥʘ ʟʘʪʝʯʝ ʫ ʜʫʞʝ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʧʦʨ, ʷʢʱʦ ʾʾ ʚʚʝʩʪʠ ʚ ʧʦʨʫ, ʧʨʦ ʷʢʫ ʚʽʜʦʤʦ, ʱʦ ʚʦʥʘ 

ʥʘʣʝʞʠʪʴ ʢʣʘʩʪʝʨʫ, ʜʦʨʽʚʥʶʻ ʈ¤(ʈ)/R. 

ʅʘ ʧʨʘʢʪʠʮʽ ʨʦʟʛʣʷʜʘʶʪʴ ʩʠʩʪʝʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʽʥʮʝʚʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʦʨ N. ɼʣʷ ʢʚʘʜʨʘʪʥʠʭ ˇʨʘʪʦʢ N = LE, ʜʝ ɽ = 2 ï ʨʦʟʤʽʨʥʽʩʪʴ 

ʝʚʢʣʽʜʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʚ ʷʢʦʤʫ ʨʦʟʤʽʱʝʥʦ ˇʨʘʪʢʫ. ɼʣʷ ʯʠʩʣʦʚʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʄ(L), ʱʦ ʥʘʣʝʞʘʪʴ ʥʘʡʙʽʣʴ-

ʰʦʤʫ ʢʣʘʩʪʝʨʫ ʥʘ ˇʨʘʪʮʽ L³L ʚʫʟʣʽʚ, ʽ ʦʮʽʥʶʶʪʴ ʽʤʦʚʽʨʥʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ 

ʈN(ʈ), ʷʢʘ ʜʦʨʽʚʥʶʻ ʄ(L)/L2. ɯʤʦʚʽʨʥʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʚʠʨʘʟʦʤ 

ʈ¤(ʈ) = lim PN(P), 

N ­ ¤. 

ʂʨʠʚʽ ʡʤʦʚʽʨʥʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʈN(ʈ) ʥʘ ˇʨʘʪʢʘʭ L³L ʟʘ 

ʟʥʘʯʝʥʥʷʤʠ L = 50, 200 ʽ 450 ʚʫʟʣʽʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.9. ɿʘ ʥʠʟʴʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʧʦʨ ʽʤʦʚʽʨʥʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ PN ʤʘʣʘ ʽ ʥʝʶ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ P ̔ ʤʦʚʽʨʥʽʩʪʴ ʥʘʣʝʞʥʦʩʪʽ ʚʫʟʣʘ ʜʦ 

ʥʘʡʙʽʣʴʰʦʛʦ ʢʣʘʩʪʝʨʘ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʧʦʙʣʠʟʫ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ Pʩ 

= 0,593, ʜʘʣʽ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ PN ʟʨʦʩʪʘʻ ʤʘʡʞʝ ʣʽʥʽʡʥʦ ʜʦ 
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ʦʜʠʥʠʮʽ. ʅʘ ʨʠʩ. 2.9 ʣʽʥʽʶ 1 ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʟʥʘʯʝʥʥʷʤ L = 450, ʣʽʥʽʷ 2 

ï ʚʽʜʧʦʚʽʜʘʻ L = 200, ʘ ʣʽʥʽʷ 3 ï L = 50. ɺ ʫʤʦʚʘʭ ʟʙʽʣʴʰʝʥʥʷ L 

ʧʝʨʢʦʣʷʮʽʡʥʠʡ ʧʝʨʝʭʽʜ ʩʪʘʻ ʙʽʣʴʰ ʨʽʟʢʠʤ. ɺʝʨʪʠʢʘʣʴʥʘ ʣʽʥʽʷ 

ʚʽʜʧʦʚʽʜʘʻ ʈ = ʈc = 0,59275. 

 

ʈʠʩ. 2.9. ɯʤʦʚʽʨʥʽʩʪʴ ʈN(ʈ) ʥʘʣʝʞʥʦʩʪʽ ʚʫʟʣʘ ʜʦ ʥʘʡʙʽʣʴʰʦʛʦ ʢʣʘʩʪʝʨʘ 

ʟʘʣʝʞʥʦ ʚʽʜ ʽʤʦʚʽʨʥʦʩʪʽ ʈ ʪʦʛʦ, ʱʦ ʮʝʡ ʚʫʟʦʣ ʥʝ ʟʘʧʦʚʥʝʥʠʡ, 

ʪʦʙʪʦ ʻ ʧʦʨʦʶ ʥʘ ʢʚʘʜʨʘʪʥʽʡ ˇʨʘʪʮʽ LĬL 

 

ʇʝʨʢʦʣʷʮʽʡʥʠʡ ʧʨʦʮʝʩ ʟʫʤʦʚʣʶʻ ʧʝʨʝʭʽʜ ʟʽ ʩʪʘʥʫ ʣʦʢʘʣʴʥʦʾ 

ʟʚôʷʟʘʥʦʩʪʽ ʜʦ ʩʪʘʥʫ, ʟʘ ʷʢʦʛʦ ʟʚôʷʟʢʠ ʧʨʦʩʪʠʨʘʶʪʴʩʷ ʥʝʦʙʤʝʞʝʥʦ 

ʜʘʣʝʢʦ. ɽʢʩʪʝʥʩʠʚʥʝ (ʨʦʟʰʠʨʝʥʥʷ ʤʝʞʽ ʧʦʰʠʨʝʥʥʷ) ʤʦʜʝʣʶʚʘʥʥʷ ̔  

ʪʝʦʨʝʪʠʯʥʽ ʤʽʨʢʫʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʦʙʣʠʟʫ Pʩ ̔ ʤʦʚʽʨʥʽʩʪʴ 

ʧʨʦʪʽʢʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ 

      ʈC ~ (ʈ - Pʩ)b, ʷʢʱʦ ʈ > Pʩ ʪʘ P ­ Pʩ.      (2.13) 

ʋ ʨʽʚʥʷʥʥʽ (2.13) ʧʦʢʘʟʥʠʢ b, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʛʨʘʪʢʠ, 

ʜʣʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʤʘʻ ʫʥʽʚʝʨʩʘʣʴʥʝ ʟʥʘʯʝʥʥʷ b = 0,42, ʷʢʝ 

ʧʦʚôʷʟʘʥʝ ʟ ʬʨʘʢʪʘʣʴʥʦʶ ʨʦʟʤʽʨʥʽʩʪʶ D ̔  ʬʨʘʢʪʘʣʴʥʦʶ ʨʦʟʤʽʨʥʽʩʪʶ 

ˇʨʘʪʢʠ ʧʝʨʢʦʣʷʮʽʾ x.  

ɻʝʦʤʝʪʨʠʯʥʝ ʨʦʟʫʤʽʥʥʷ ʨʦʟʤʽʨʫ ʧʝʨʢʦʣʷʮʽʡʥʦʛʦ ʬʨʘʢʪʘʣʘ x 

ʦʧʠʩʫʻʪʴʩʷ ʧʦʢʘʟʥʠʢʦʤ ʩʪʝʧʝʥʝʚʦʾ ʬʫʥʢʮʽʾ ʟʘʧʦʚʥʝʥʥʷ P - Pʩ: 

x(ʈ)/ʘ @ ¼P - Pʩ¼-n,           (2.14) 

ʜʝ n = 0,87 ï ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʢʨʠʪʠʯʥʠʡ ʧʦʢʘʟʥʠʢ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ 

ʪʨʠʚʠʤʽʨʥʠʭ ˇʨʘʪʦʢ (ʢʫʙʽʯʥʠʭ, ʦʢʪʘʝʜʨʠʯʥʠʭ ʪʘ ʽʥ.); ʟʤʽʥʥʘ ʘ ï 

ʨʦʟʤʽʨ ʯʘʩʪʠʥʢʠ, ʟʥʘʢ @ ʦʟʥʘʯʘʻ ʨʽʚʥʽʩʪʴ ʟʘ ʧʦʨʷʜʢʦʤ ʚʝʣʠʯʠʥʠ. 

ʈ 

2

ʈ 

3 

1 
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ʎʽ ʬʘʢʪʦʨʠ ʜʦʟʚʦʣʷʶʪʴ ʟ ʫʤʦʚ ʈ¤ = 1 ʽ x = ʘ ʜʣʷ ʧʦʚʥʽʩʪʶ ʟʘʡʥʷʪʦʾ 

ˇʨʘʪʢʠ ʟ ʈ = 1 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʫ (2.13), ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ x ̒  

ʧʦʨʦʛʦʤ ʧʝʨʢʦʣʷʮʽʾ ʜʣʷ ʈ = Pʩ ʫ ʨʘʟʽ ʚʝʣʠʢʦʾ ˇʨʘʪʢʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʟʘ ʫʤʦʚʠ ʈ = Pʩ ̌ ʨʘʪʢʘ ʧʝʨʢʦʣʷʮʽʾ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʬʨʘʢʪʘʣʴʥʠʭ 

ʦʜʠʥʠʮʴ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ 

ʨʦʟʧʦʜʽʣʫ ʈ > Pʩ ʟʥʘʯʝʥʥʷ x ʚʠʟʥʘʯʘʻ 

ʬʨʘʢʪʘʣʴʥʫ ʨʦʟʤʽʨʥʽʩʪʴ, ʘ ˇʨʘʪʢʘ 

ʧʝʨʢʦʣʷʮʽʾ ʥʘʙʫʚʘʻ ʩʪʨʫʢʪʫʨʠ, 

ʘʥʘʣʦʛʽʯʥʦʾ ʜʦ ʪʽʻʾ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

2.10, ʪʦʙʪʦ ʚʽʜʧʦʚʽʜʘʻ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ 

ʡ ʦʜʥʦʨʽʜʥʦʩʪʽ ʥʘ ʚʝʣʠʢʽʡ ʰʢʘʣʽ ʚʠʤʽ-

ʨʶʚʘʥʴ. ʗʢʱʦ ʤʘʩʰʪʘʙʥʘ ʜʦʚʞʠʥʘ 

ʙʽʣʴʰʘ ʟʘ x, ̌ʨʘʪʢʘ ʦʜʥʦʨʽʜʥʘ, ʷʢʱʦ 

ʤʘʩʰʪʘʙʥʘ ʜʦʚʞʠʥʘ ʤʝʥʰʘ ʟʘ x, 

ʩʪʨʫʢʪʫʨʘ ʩʘʤʦʧʦʜʽʙʥʘ (ʬʨʘʢʪʘʣʴʥʘ). 

ɼʣʷ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʬʨʘʢʪʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʦʩʥʦʚʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʤʘʩʦʚʘ ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ (ʬʨʘʢʪʘʣʴʥʘ 

ʨʦʟʤʽʨʥʽʩʪʴ ʟʘ ʤʘʩʦʶ ï dl), ʦʜʠʥʠʮʷ ʚʠʤʽʨʶʚʘʥʥʷ ʷʢʦʾ ï ʢʽʣʴʢʽʩʪʴ 

ʯʘʩʪʠʥʦʢ ʫʩʝʨʝʜʠʥʽ ʢʫʣʽ, ʨʘʜʽʫʩ ʷʢʦʾ r < x: N(r) = (r/x)d, ̫ʢʱʦ r < R. 

ɼʣʷ ʪʨʠʚʠʤʽʨʥʠʭ ˇʨʘʪʦʢ ʙʫʜʴ-̫ ʢʦʛʦ ʪʠʧʫ ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ 

dl = 2,5, ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʚʽʣʴʥʽʰʝ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʤ, ʢʦʣʠ ʨʘʜʽʫʩ ʩʬʝʨʠ r ʤʘʻ ʪʨʝʪʽʡ ʩʪʝʧʽʥʴ (r3). 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʽʣʷʥʢʘ ʟʘʡʥʷʪʠʭ ʚʫʟʣʽʚ ˇʨʘʪʢʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʮʝʥʪʨʘ ʢʫʣʽ ʥʝ ʤʘʻ ʟʙʽʣʴʰʫʚʘʪʠʩʷ. ʊʦʤʫ ʱʽʣʴʥʽʩʪʴ 

ʯʘʩʪʠʥʦʢ ʫ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ ʨʘʜʽʫʩʘ ʩʬʝʨʠ r ʜʦʚʞʠʥʠ ʢʦʨʝʣʷʮʽʾ x ʤʘʻ 

ʦʜʥʘʢʦʚʫ ʨʦʟʤʽʨʥʽʩʪʴ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʟʘʢʦʥ 

ʤʘʩʰʪʘʙʫ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʢʦʣʷʮʽʾ ʈ¤: 

ʈ¤(x) = N(x)ʘ3/x3 @ (ʘ/x)3-d.        (2.15) 

ʗʢʱʦ ʧʽʜʩʪʘʚʠʪʠ ʨʽʚʥʷʥʥʷ (2.14) ʚ (2.13), ʪʦʜʽ 

   ʈ¤(x) @ (ʘ/x)b/n.            (2.16)  

ʇʦʨʽʚʥʷʥʥʷ ʝʢʩʧʦʥʝʥʪ (2.15) ʽ (2.16) ʧʦʢʘʟʫʻ, ʱʦ ʬʨʘʢʪʘʣʴʥʘ 

ʨʦʟʤʽʨʥʽʩʪʴ dl ʧʦʚôʷʟʘʥʘ ʟ ʢʨʠʪʠʯʥʠʤʠ ʝʢʩʧʦʥʝʥʪʘʤʠ n ̔ b ʪʘʢʠʤ ʯʠʥʦʤ: 

ʈʠʩ. 2.10. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʬʨʘʢʪʘʣʴʥʦʾ ˇʨʘʪʢʠ ʥʘʧʦʚʥʶʚʘʯʘ, 

ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʬʨʘʢʪʘʣʴʥʠʭ  

ʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤ x  
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                 dl = 3 - b/n.             (5.17) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.17) ʜʝʤʦʥʩʪʨʫʻ ʩʫʤʽʩʥʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʝʢʩʧʦʥʝʥʪ 

ʟ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ, ʟʘ ʷʢʦʾ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ˇʨʘʪʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʚôʷʟʦʢ 

ʬʨʘʢʪʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʦʜʠʥʠʮʴ ʽ ʧʝʨʢʦʣʷʮʽʡʦʾ ˇʨʘʪʢʠ. 

ʋ ʤʦʜʝʣʷʭ, ʜʝ ʬʨʘʢʪʘʣʴʥʽ ʘʛʨʝʛʘʪʠ ʬʦʨʤʫʶʪʴʩʷ ʜʠʬʫʟʽʡʥʦ-ʦʙʤʝ-

ʞʝʥʦʶ ʘʛʨʝʛʘʮʽʻʶ ʘʪʦʤʽʚ, ʤʦʣʝʢʫʣ ʘʙʦ ʤʘʣʠʭ ʯʘʩʪʠʥʦʢ, ʩʪʨʫʢʪʫʨʠ 

ʚʠʭʦʜʷʪʴ ʢʨʠʭʢʠʤʠ, ʥʝ ʤʘʶʪʴ ʫʪʚʦʨʝʥʴ ʫ ʚʠʛʣʷʜʽ ʟʘʤʢʥʫʪʠʭ ʧʝʪʝʣʴ, 

ʦʩʢʽʣʴʢʠ ʡʤʦʚʽʨʥʽʩʪʴ ʦʜʥʦʯʘʩʥʦʛʦ ʧʨʠʣʠʧʘʥʥʷ ʜʠʬʫʥʜʫʶʯʦʾ ʤʦʣʝʢʫʣʠ 

ʘʙʦ ʢʣʘʩʪʝʨʘ ʜʦ ʜʚʦʭ ʢʦʥʪʘʢʪʥʠʭ ʤʽʩʮʴ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʜʫʞʝ 

ʥʝʟʥʘʯʥʘ.  

ɿʘ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʾ ʢʦʥʮʝʧʮʽʾ, ʜʝ ʦʙôʻʢʪʘʤʠ ʘʛʨʝʛʘʮʽʾ 

ʻ ʢʣʘʩʪʝʨʠ ʘʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨʫʭ çʘʢʪʠʚʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚè 

ʚʠʧʘʜʢʦʚʠʤʠ ʜʠʬʫʟʽʡʥʠʤʠ ʰʣʷʭʘʤʠ (ʢʘʥʘʣʘʤʠ) ʟʫʤʦʚʣʶʻ ʫʪʚʦʨʝʥʥʷ 

ʙʽʣʴʰ ʢʦʤʧʘʢʪʥʠʭ ʬʨʘʢʪʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ. ʎʝʡ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ 

ʬʨʘʢʪʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ ʥʘʟʠʚʘʶʪʴ ʢʣʘʩʪʝʨ-ʢʣʘʩʪʝʨʥʦʶ ʘʛʨʝʛʘʮʽʻʶ. 

ɼʣʷ ʢʣʘʩʪʝʨ-ʢʣʘʩʪʝʨʥʦʾ ʘʛʨʝʛʘʮʽʾ ʬʨʘʢʪʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʭʘʨʘʢʪʝʨʥʘ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ dl = 1,8 ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʱʦ ʚʠʧʣʠʚʘʻ ʟ ʨʽʚʥʷʥʥʷ (2.14) ʷʢ ʥʘʩʣʽʜʦʢ ʧʦʨʽʚʥʷʥʦ ʧʦʚʽʣʴʥʦʛʦ 

ʥʘʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʢʣʘʩʪʝʨʘ.  

ʈʝʟʫʣʴʪʘʪʠ ʢʽʥʝʪʠʯʥʦʛʦ ʘʛʨʝʛʫʚʘʥʥʷ ʽʟ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʫ ʢʘʫʯʫʢʫ ʜʣʷ ʜʚʦʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ̌ ʨʘʪʢʫ (j ʥʠʞʯʝ ʽ ʚʠʱʝ ʚʽʜʟʥʘʯʝʥʥʷ j*). ʄʝʭʘʥʽʟʤ 

ʢʣʘʩʪʝʨʽʚ-ʫʪʚʦʨʝʥʴ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʛʝʣʽʚ ʫ ʢʦʣʦʾʜʥʦʤʫ 

ʨʦʟʯʠʥʽ ʯʘʩʪʠʥʦʢ. ɿʘ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʦʚʥʶʚʘʯʘ (j > j*) ʮʝʡ 

ʤʝʭʘʥʽʟʤ ʟʫʤʦʚʣʶʻ ʫʪʚʦʨʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ˇʨʘʪʢʠ, ʩʬʦʨʤʦʚʘʥʦʾ ʟ 

ʥʘʧʦʚʥʶʚʘʯʘ ʫ ʚʠʛʣʷʜʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʱʽʣʴʥʦʧʘʢʦʚʘʥʠʭ ʢʣʘʩʪʝʨ-

ʢʣʘʩʪʝʨʥʠʭ ʘʛʨʝʛʘʪʽʚ. 
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ʈʠʩ. 2.11. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʢʣʘʩʪʝʨʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʟʘʧʦʚʥʶʚʘʯʘ 

ʚ ʢʘʫʯʫʢʫ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʤʦʜʝʣʣʶ ʢʽʥʝʪʠʯʥʦʾ ʘʛʨʝʛʘʮʽʾ: 

ʘ ï ʫ ʨʘʟʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʦʚʥʶʚʘʯʘ ʥʠʞʯʝ ʚʽʜ çʪʦʯʢʠ ʛʝʣʶè j*(j < j*);  

ʙ ï ʚʠʱʝ ʚʽʜ çʪʦʯʢʠ ʛʝʣʶè j*(j > j*)  

 

ʇʨʦʮʝʩ ʘʛʨʝʛʘʮʽʾ ʢʦʣʦʾʜʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʫ ʢʘʫʯʫʢʫ ʚʠʨʘʞʘʻʪʴʩʷ 

ʢʽʥʝʪʠʯʥʦʶ ʤʦʜʝʣʣʶ, ʷʢʘ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ ʧʨʦ ʪʝ, ʱʦ ʥʘ 

ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʟʤʽʰʫʚʘʥʥʷ ʜʠʩʧʝʨʛʦʚʘʥʘ ʫʥʘʩʣʽʜʦʢ 

ʬʣʫʢʪʫʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʯʘʩʪʠʥʢʘ ʤʦʞʝ ʚʠʡʪʠ ʟ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ. 

ɼʦʚʞʠʥʘ ʬʣʫʢʪʫʘʮʽʾ ʜʦʨʽʚʥʶʻ ʜʦʚʞʠʥʽ ʣʘʥʮʶʞʢʘ ʧʦʣʽʤʝʨʫ, ʪʦʙʪʦ 

ʩʝʨʝʜʥʽʡ ʚʽʜʩʪʘʥʽ d0 ʧʘʨʘʤʝʪʨʘ ʣʘʥʮʶʞʢʘ. ʎʷ ʧʦʣʽʤʝʨʠʟʘʮʽʡʥʘ 

ʜʦʚʞʠʥʘ d0 ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʢʘʫʯʫʢʽʚ ʩʪʘʥʦʚʠʪʴ 4ï7 ʥʤ. ɺ ʫʤʦʚʘʭ ʜʦʩʠʪʴ 

ʩʠʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʚʽʜʥʦʩʥʠʡ ʨʫʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʢʣʘʩʪʝʨʽʚ. ɸʛʨʝʛʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʩʭʝʤʦʶ: ʧʽʜ ʯʘʩ 

ʢʦʥʪʘʢʪʫ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʢʦʣʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʦʙʦʨʦʪʥʝ 

ʾʭ ʟʣʠʪʪʷ (ʟôʻʜʥʘʥʥʷ) ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʝʥʝʨʛʽʷ ʘʜʛʝʟʽʾ ʙʽʣʴʰʘ, ʥʽʞ 

ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʯʘʩʪʠʥʢʠ. ʂʣʘʩʪʝʨ ʟ ʜʚʦʭ ʯʘʩʪʠʥʦʢ ʟʥʦʚʫ ʬʣʫʢʪʫʻ ʚ 

ʦʢʦʣʽ d0 ̔  ʤʦʞʝ ʟʘʭʦʧʠʪʠ ʩʫʩʽʜʥʶ ʯʘʩʪʠʥʢʫ ʘʙʦ ʢʣʘʩʪʝʨ. ʇʨʦʮʝʩ 

ʘʛʨʝʛʘʮʽʾ ʟʘʢʽʥʯʫʻʪʴʩʷ, ʢʦʣʠ ʚʩʽ ʯʘʩʪʠʥʢʠ ʩʪʘʶʪʴ ʘʛʨʝʛʦʚʘʥʠʤʠ ʥʘ 

ʚʽʜʩʪʘʥʷʭ, ʤʝʥʰʠʭ ʥʽʞ d0.  

ʊʘʢʽ ʢʣʘʩʪʝʨʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ, ʢʦʣʠ ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ d > d0, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.11, ʘ. ʋʪʚʦʨʶʻʪʴʩʷ ʧʦʚʥʽʩʪʶ 

ʟʚôʷʟʘʥʘ ˇʨʘʪʢʘ ʥʘʧʦʚʥʶʚʘʯʘ ʽ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʭʘʨʘʢʪʝʨʥʽ ʧʨʦʛʘʣʠʥʠ ʥʘ ʚʽʜʩʪʘʥʽ d0 ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɺʠʧʘʜʦʢ j > j*, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʠʪʫʘʮʽʾ d < d0, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.11, ʙ. ʉʝʨʝʜʥʷ 

ʚʽʜʩʪʘʥʴ d ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʥʘʩʪʽʣʴʢʠ ʤʘʣʘ, ʱʦ ʜʦʚʞʠʥʘ ʟʚôʷʟʢʫ d0 ʥʝ 

ʦʙʤʝʞʫʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ.  

ɼʦʚʞʠʥʫ ʢʦʨʝʣʷʮʽʾ x ʬʨʘʢʪʘʣʽʚ (ʢʣʘʩʪʝʨ-ʢʣʘʩʪʝʨʥʠʭ ʘʛʨʝʛʘʪʽʚ, 

ʪʦʙʪʦ ʢʽʥʝʪʠʯʥʦ ʘʛʨʝʛʦʚʘʥʠʭ ʩʽʪʢʦʚʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ) ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʫʤʦʚʠ, ʱʦ ʪʚʝʨʜʦʪʽʣʴʥʘ ʬʨʘʢʮʽʷ ʤʘʻ ʙʫʪʠ ʦʩʥʦʚʥʦʶ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʮʽʻʾ ʬʨʘʢʮʽʾ jɸ ʚ ʦʜʥʦʨʽʜʥʽʡ ˇʨʘʪʮʽ ʟʘ ʫʤʦʚʠ d > x 

ʧʦʚôʷʟʘʥʘ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʧʦʚʥʶʚʘʯʘ: 

jɸ(j) = NF-1, ̫ʢʱʦ j > j*. 
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ʌʘʢʪʦʨ NF ʤʘʻ ʟʥʘʯʝʥʥʷ 1 ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʫʟʘʛʘʣʴʥʝʥʫ ʬʫʥʢʮʽʶ, ɦʦ 

ʚʨʘʭʦʚʫʻ ʚʟʘʻʤʥʝ ʧʨʦʥʠʢʥʝʥʥʷ ʩʫʩʽʜʥʽʭ ʢʽʥʝʪʠʯʥʠʭ ʩʬʦʨʤʦʚʘʥʠʭ 

ʘʛʨʝʛʘʪʽʚ. ɼʣʷ ʩʭʝʤʠ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 2.11, ʙ, NF = 1. 

ɼʣʷ ʚʠʚʝʜʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ j ̔ x ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʬʨʘʢʪʘʣʴʥʽ 

ʨʦʟʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʦʪʽʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ jɸ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʽʚʥʷʥʥʷ: 

jɸ(j) = NF(x)ʘ3/x3 º (ʘ/x)3-d.         (2.18) 

ʇʦʨʽʚʥʷʥʥʷ ʚʠʨʘʟʽʚ (2.15) ʽ (2.20) ʧʦʢʘʟʫʻ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʝʨʢʦʣʷʮʽʾ ʈ ʫ ʧʝʨʢʦʣʷʮʽʡʥʽʡ ˇʨʘʪʮʽ ʽ ʧʘʨʘʤʝʪʨ jɸ ʚʽʜʽʛʨʘʶʪʴ ʦʜʥʘʢʦʚʫ 

ʨʦʣʴ: ʦʙʠʜʚʘ ʩʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʦʧʠʩʫʶʪʴ ʱʽʣʴʥʽʩʪʴ ʯʘʩʪʠʥʦʢ ʫ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʘʛʨʝʛʘʪʽ.  

ɿ ʨʽʚʥʷʥʴ (2.17) ʽ (2.18) ʚʠʧʣʠʚʘʻ ʟʘʢʦʥ ʨʦʟʤʽʨʥʦʩʪʽ ʜʣʷ 

ʢʽʥʝʪʠʯʥʦʾ ʘʛʨʝʛʦʚʘʥʦʾ ˇʨʘʪʢʠ:  

x(j)/ʘ º j1/(d-3), ̫ʢʱʦ j > j*.   (2.19) 

ʄʦʜʝʣʴ ʩʽʪʢʦʚʦʾ ʧʝʨʢʦʣʷʮʽʾ ʽ ʢʽʥʝʪʠʯʥʦ ʩʝʛʨʝʛʦʚʘʥʦʾ ˇʨʘʪʢʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʤʽʨʥʽʩʪʶ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ: dl = 2,5 ʫ ʬʦʨʤʫʣʽ (2.20) 

ʽ dl = 1,8 ʫ ʬʦʨʤʫʣʽ (2.19), ʘ ʪʘʢʦʞ ʟʘʣʝʞʥʽʩʪʶ ʜʦʚʞʠʥʠ ʢʦʨʝʣʷʮʽʾ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʠʥʦʢ ʈ ̔  j ʚʽʜʧʦʚʽʜʥʦ. ʇʘʨʘʤʝʪʨ x ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ j ï j*, ʧʦʨʽʚʥʷʥʥʦʾ ʟ çʪʦʯʢʦʶ ʛʝʣʶè j*. 

ʂʨʽʤ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ ʫʪʚʦʨʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʽʩʥʫʶʪʴ ʽ ʽʥʰʽ, ʥʘʧʨʠʢʣʘʜ, ʘʥʦʤʘʣʴʥʘ ʜʠʬʫʟʽʷ ʫ ʬʨʘʢʪʘʣʴʥʽʡ ˇʨʘʪʮʽ.  

ʂʦʥʮʝʧʮʽʶ ʘʥʦʤʘʣʴʥʦ ʩʧʦʚʽʣʴʥʝʥʦʾ ʜʠʬʫʟʽʾ ʫ ʬʨʘʢʪʘʣʴʥʽʡ ˇʨʘʪʮʽ 

ʟʘʧʨʦʧʦʥʫʚʘʚ ɼʝ ɾʝʥ ʧʨʠʙʣʠʟʥʦ 30 ʨʦʢʽʚ ʪʦʤʫ ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʧʘʜʢʦʚʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ çʤʫʨʘʭʘ ʚ ʣʘʙʽʨʠʥʪʽè. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʦʨʤʘʣʴʥʦʾ 

ʜʠʬʫʟʽʾ ʚ ʦʜʥʦʨʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʚ ʷʢʠʭ ʩʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ 

ʚʽʜʩʪʘʥʴ <r2> ʯʘʩʪʠʥʢʠ, ʱʦ ʜʠʬʫʥʜʫʻ, ʧʨʦʧʦʨʮʽʡʥʘ ʢʦʝʬʽʮʽʻʥʪʫ 

ʜʠʬʫʟʽʾ ʽ ʯʘʩʫ t, ʫ ʨʘʟʽ ʜʠʬʫʟʽʾ ʫ ʬʨʘʢʪʘʣʴʥʠʭ ʢʣʘʩʪʝʨʘʭ <r2> ʟʤʽʥʶʻʪʴʩʷ 

ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʧʝʨʝʜʙʘʯʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ t. 

ɺʽʜʧʦʚʽʜʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʥʦʤʘʣʴʥʦʾ ʜʠʬʫʟʽʡʥʦʾ 

ʝʢʩʧʦʥʝʥʪʠ dw ʤʘʻ ʚʠʛʣʷʜ <r2> ~ tdw, ̫ʢʱʦ r < x. 

ʅʦʨʤʘʣʴʥʽʡ ʜʠʬʫʟʽʾ ʚʽʜʧʦʚʽʜʘʻ dw = 2, ʪʦʜʽ ʷʢ ʜʣʷ ʘʥʦʤʘʣʴʥʦʾ 

ʜʠʬʫʟʽʾ dw > 2. 

' 
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ʋ ʨʘʟʽ ʜʠʬʫʟʽʾ ʚ ʧʝʨʢʦʣʷʮʽʡʥʽʡ ʩʽʪʮʽ ʤʝʪʦʜʦʤ ʯʠʩʣʦʚʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʫʤʦʚʠ r < x ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ dw = 3,8, ʫ ʪʦʡ ʯʘʩ, 

ʷʢ ʜʣʷ > x ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʦʨʤʘʣʴʥʘ ʜʠʬʫʟʽʷ. ɼʘʥʠʭ ʧʨʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʣʷ ʢʽʥʝʪʠʯʥʦ ʘʛʨʝʛʦʚʘʥʦʾ ʩʽʪʢʠ ʥʝʤʘʻ. ʅʘ ʦʩʥʦʚʽ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦʾ 

ʩʪʨʫʢʪʫʨʠ ʢʣʘʩʪʝʨʘ çʙʝʟ ʟʘʢʨʠʪʠʭ ʧʝʪʝʣʴè ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ 

ʟʥʘʡʜʝʥʦ ʟʥʘʯʝʥʥʷ dw = 3,1.  

ɯʩʪʦʪʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʧʝʨʢʦʣʷʮʽʡʥʦʶ ʪʘ ʢʽʥʝʪʠʯʥʦ 

ʘʛʨʝʛʦʚʘʥʦʶ ʤʦʜʝʣʷʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘ ʧʝʨʢʦʣʷʮʽʾ ʥʝ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʚʝʣʠʯʠʥʘ ʧʨʦʛʘʣʠʥ, ʪʦʜʽ ʷʢ 

ʢʽʥʝʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʩʪʫʣʶʻ, ʽ ʟʘ ʤʝʥʰʦʛʦ j* ʤʽʞ ʩʫʩʽʜʥʽʤʠ 

ʢʣʘʩʪʝʨʘʤʠ ʚʠʥʠʢʘʶʪʴ ʧʨʦʛʘʣʠʥʠ ʨʦʟʤʽʨʦʤ d0. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʠʟʥʘʯʝʥʦ d0 ʫ ʢʘʫʯʫʢʫ, ʥʘʧʦʚʥʝʥʦʤʫ ʩʘʞʝʶ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ: d0 = 5,1 ʥʤ. ʎʝ 

ʟʥʘʯʝʥʥʷ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ d0 = 4,3 ʥʤ, ʷʢʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. 
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3. ʂɺɸɿɯʂʈʀʉʊɸʃʀ 

 

3.1. ɿʘʙʦʨʦʥʝʥʽ ʦʩʽ ʩʠʤʝʪʨʽʾ 

 

ʋ ʬʽʟʠʮʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʪʨʘʜʠʮʽʡʥʦ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʚʩʽ ʪʽʣʘ ʚ 

ʧʨʠʨʦʜʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʜʽʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʣʝʞʥʽ ʢʣʘʩʠ: 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ ʘʤʦʨʬʥʽ ʪʽʣʘ, ʷʢʠʤ ʥʝ ʧʨʠʪʘʤʘʥʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʫ 

ʚʟʘʻʤʥʦʤʫ ʨʦʟʤʽʱʝʥʥʽ ʘʪʦʤʽʚ, ʽ ʢʨʠʩʪʘʣʽʯʥʽ ʪʽʣʘ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʾʭ ʫʧʦʨʷʜʢʦʚʘʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ. ʊʘʢʠʡ ʧʦʜʽʣ 

ʩʪʨʫʢʪʫʨʠ ʪʚʝʨʜʠʭ ʪʽʣ ʧʨʦʽʩʥʫʚʘʚ ʤʘʡʞʝ ʜʦ ʢʽʥʮʷ ʍʍ ʩʪ., ʢʦʣʠ ʙʫʣʠ 

ʚʽʜʢʨʠʪʽ ʦʩʦʙʣʠʚʽ ʢʨʠʩʪʘʣʽʯʥʽ ʪʽʣʘ ï ʢʚʘʟʽʢʨʠʩʪʘʣʠ. ɰʭ ʩʪʘʣʠ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʨʦʤʽʞʥʫ ʬʦʨʤʫ ʤʽʞ ʘʤʦʨʬʥʠʤʠ ʽ ʢʨʠʩʪʘʣʽʯʥʠʤʠ 

ʪʽʣʘʤʠ.  

ɹʝʟ ʧʨʠʢʣʘʜʘʥʥʷ ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ ʚ ʨʦʟʤʽʱʝʥʥʽ ʘʪʦʤʽʚ (ʽʦʥʽʚ, 

ʤʦʣʝʢʫʣ) ʘʙʦ ʩʚʦʻʨʽʜʥʝ, ʥʝʟʚʠʯʘʡʥʝ ʜʣʷ ʽʜʝʘʣʴʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʦʜʠʥʠʮʴ ʪʨʘʧʣʷʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚ ʨʽʜʠʥʥʠʭ 

ʢʨʠʩʪʘʣʘʭ, ʘʣʝ ʽ ʚ ʧʦʨʽʚʥʷʥʦ ʥʝʜʘʚʥʦ ʚʠʷʚʣʝʥʠʭ ʦʙôʻʢʪʘʭ, ʥʘʟʚʘʥʠʭ 

ʢʚʘʟʽʢʨʠʩʪʘʣʘʤʠ. 

ʂʚʘʟʽʢʨʠʩʪʘʣʠ ï ʮʝ ʦʜʥʘ ʟ ʬʦʨʤ ʦʨʛʘʥʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʪʚʝʨʜʠʭ ʪʽʣ 

ʧʦʨʷʜ ʟ ʢʨʠʩʪʘʣʘʤʠ ʡ ʘʤʦʨʬʥʠʤʠ ʪʽʣʘʤʠ (ʩʢʣʦʤ), ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʽʩʩʶ ʩʠʤʝʪʨʽʾ, ʟʘʙʦʨʦʥʝʥʦʶ ʫ ʢʣʘʩʠʯʥʽʡ ʢʨʠʩʪʘʣʦʛʨʘʬʽʾ, ʽ ʥʘʷʚʥʽʩʪʶ 

ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ. ɰʭ ʩʪʘʙʽʣʴʥʽʩʪʴ ʟʫʤʦʚʣʶʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʦʶ 

ʚʥʫʪʨʽʰʥʴʦʶ ʝʥʝʨʛʽʻʶ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʬʘʟʘʤʠ; ʷʢ 

ʥʘʩʣʽʜʦʢ ʢʚʘʟʽʢʨʠʩʪʘʣʠ ʤʘʶʪʴ ʙʫʪʠ ʩʪʘʙʽʣʴʥʠʤʠ ʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ.  

ɿʚʠʯʘʡʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʩʠʩʪʝʤʠ ʟ 

ʜʘʣʝʢʠʤ ʧʦʨʷʜʢʦʤ ʨʦʟʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ. ɿʥʘʶʯʠ ʧʦʙʫʜʦʚʫ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʢʨʠʩʪʘʣʘ, ʯʝʨʝʟ ʪʨʠʚʠʤʽʨʥʫ ʧʝʨʽʦʜʠʯʥʽʩʪʴ 

ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʫʢʣʘʜʘʥʥʷ ʘʪʦʤʽʚ ʫ ʙʫʜʴ-̫ ʢʽʡ ʽʥʰʽʡ ʢʦʤʽʨʮʽ ʽ 

ʚʟʘʻʤʥʝ ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʫ ʚʩʽʡ ʩʪʨʫʢʪʫʨʽ ï ʧʦʣʦʞʝʥʥʷ ʢʦʞʥʦʛʦ 

ʘʪʦʤʘ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ ʘʪʦʤʘ, ʨʦʟʤʽʱʝʥʦʛʦ ʷʢ ʟʘʚʛʦʜʥʦ ʜʘʣʝʢʦ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʽʜʝʘʣʴʥʠʡ ʢʨʠʩʪʘʣ ʤʘʻ ʪʨʘʥʩʣʷʮʽʡʥʫ ʩʠʤʝʪʨʽʶ. 

ʉʪʨʫʢʪʫʨʫ ʪʘʢʦʛʦ ʢʨʠʩʪʘʣʘ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʦʜʠʥʠʯʥʦʾ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʧʦ 

ʪʨʴʦʭ ʚʝʢʪʦʨʘʭ ʪʨʘʥʩʣʷʮʽʡ.  

ʊʨʘʥʩʣʷʮʽʡʥʘ ʩʠʤʝʪʨʽʷ ʟʘʙʝʟʧʝʯʫʻ ʥʘʷʚʥʽʩʪʴ ʫ ʢʨʠʩʪʘʣʽ 

ʨʝʛʫʣʷʨʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʨʦʟʩʽʶʚʘʥʥʷ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʚʦʨʶʻ ʭʘʨʘʢʪʝʨʥʫ ʜʠʬʨʘʢʮʽʡʥʫ 

ʢʘʨʪʠʥʫ ʟ ʯʽʪʢʦ ʚʠʷʚʣʝʥʠʤʠ ʚʫʟʴʢʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ. ʊʘʢʘ 

ʦʩʦʙʣʠʚʽʩʪʴ ʜʠʬʨʘʢʮʽʡʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʢʘʨʪʠʥʠ, ʚʣʘʩʪʠʚʘ ʜʣʷ 

ʢʨʠʩʪʘʣʽʚ, ʩʪʘʣʘ ʾʭ ʚʽʜʤʽʪʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ.  

ʇʨʠʢʣʘʜ ʢʫʙʦʦʢʪʘʝʜʨʠʯʥʦʛʦ ʦʩʝʨʝʜʢʫ ʽʜʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʘ 

ʢʫʙʽʯʥʦʾ ʩʠʤʝʪʨʽʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.1. ʌʽʛʫʨʘ ʤʘʻ ʮʝʥʪʨ ʩʠʤʝʪʨʽʾ ʉ; 

ʧʣʦʱʠʥʘ ʩʠʤʝʪʨʽʾ m ʜʽʣʠʪʴ ʢʫʙ ʽ ʦʢʪʘʝʜʨ ʥʘ ʜʚʽ ʨʽʚʥʽ ʯʘʩʪʠʥʠ. 

 
ʈʠʩ. 3.1. ʂʫʙ ʽ ʚʧʠʩʘʥʠʡ ʫ ʥʴʦʛʦ ʧʨʘʚʠʣʴʥʠʡ ʦʢʪʘʝʜʨ 

 

ɽʣʝʤʝʥʪʘʨʥʫ ʢʦʤʽʨʢʫ ʪʘʢʠʭ ʢʨʠʩʪʘʣʽʚ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʫ ʚʠʛʣʷʜʽ ̫ʢ 

ʢʫʙʘ, ʪʘʢ ʽ ʦʢʪʘʝʜʨʘ. ʅʘ ʚʝʣʠʢʦʤʫ ʢʫʙʽ ʧʦʢʘʟʘʥʦ ʦʜʠʥ ʟ ʯʦʪʠʨʴʦʭ 

ʰʝʩʪʠʢʫʪʥʠʢʽʚ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʥʫ ʟ ʯʦʪʠʨʴʦʭ ʧʣʦʱʠʥ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʜʦ ʦʩʝʡ ʩʠʤʝʪʨʽʾ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ. ʋ ʢʫʙ 

ʚʧʠʩʘʥʦ ʦʢʪʘʝʜʨ, ʫ ʷʢʠʡ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʧʠʩʘʥʦ ʤʘʣʠʡ ʢʫʙ, ʫ ʷʢʠʡ 

ʟʥʦʚʫ ʚʧʠʩʘʥʦ ʦʢʪʘʝʜʨ. ʆʙôʻʤ ʢʦʞʥʦʛʦ ʦʢʪʘʝʜʨʘ, ʚʧʠʩʘʥʦʛʦ ʫ 

ʚʽʜʧʦʚʽʜʥʠʡ ʢʫʙ, ʜʦʨʽʚʥʶʻ 1/6 ʯʘʩʪʠʥʠ ʦʙôʻʤʫ ʢʫʙʘ. ɺ ʮʠʭ ʫʤʦʚʘʭ 

ʨʝʙʨʦ ʦʢʪʘʝʜʨʘ ʧʦ ʜʦʚʞʠʥʽ ʜʦʨʽʚʥʶʻ ʨʝʙʨʫ ʰʝʩʪʠʢʫʪʥʠʢʘ, 

ʚʧʠʩʘʥʦʛʦ ʚ ʮʝʡ ʢʫʙ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʚʧʠʩʘʥʠʡ ʚ ʦʢʪʘʝʜʨ ʢʫʙ ʤʘʻ 

ʦʙôʻʤ, ʱʦ ʜʦʨʽʚʥʶʻ 2/9 ʯʘʩʪʠʥʠ ʚʽʜ ʦʙôʻʤʫ ʦʢʪʘʝʜʨʘ. ʂʨʽʤ ʦʧʠʩʫ 

m 
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 ̀m 

 ̀P 

 



73 

 

ʢʫʙʽʯʥʦʾ ʩʠʤʝʪʨʽʾ (ʭʘʨʘʢʪʝʨʥʦʾ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʤʝʪʘʣʝʚʠʭ ʩʪʨʫʢʪʫʨ), 

ʨʠʩ. 3.1 ʽʣʶʩʪʨʫʻ ʤʦʜʝʣʴ ʩʢʝʡʣʽʥʛʘ (ʧʦʜʽʙʥʦʩʪʽ). 

ʇʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʪʽʣʘ ʟʘ ʩʚʦʻʶ ʙʫʜʦʚʦʶ ʧʦʜʽʙʥʽ ʜʦ 

ʤʦʥʦʢʨʠʩʪʘʣʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʨʽʙʥʠʭ ʭʘʦʪʠʯʥʦ 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ. ʋʥʘʩʣʽʜʦʢ ʨʦʟʩʽʶʚʘʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ 

ʧʨʦʤʝʥʽʚ ʥʘ ʧʦʣʽʢʨʠʩʪʘʣʘʭ ʬʦʨʤʫʶʪʴʩʷ ʧʫʯʢʠ ʟ ʢʦʥʽʯʥʦʶ ʩʠʤʝʪʨʽʻʶ 

ʽ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʤʠ ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʷʢ ʩʠʤʝʪʨʽʶ, ʪʘʢ ʽ ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ. 

ɯʩʪʦʪʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ ʩʧʝʢʪʨʘʤʠ ʚʠʥʠʢʘʻ ʚ 

ʘʤʦʨʬʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣʘʭ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʦʟʤʠʪʦʶ 

ʢʘʨʪʠʥʦʶ ʜʠʬʫʟʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʙʝʟ ʚʫʟʴʢʠʭ ʯʽʪʢʦ ʚʠʷʚʣʝʥʠʭ 

ʤʘʢʩʠʤʫʤʽʚ. ɸʤʦʨʬʥʠʡ ʩʪʘʥ ï ʮʝ ʪʘʢʠʡ ʩʪʘʥ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʫ ʷʢʦʤʫ 

ʥʝʤʘʻ ʪʨʠʚʠʤʽʨʥʦʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ. ɿʘ ʪʘʢʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʘʤʦʨʬʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʝʨʤʽʥʠ çʥʝʚʧʦʨʷʜʢʦʚʘʥʠʡè, çʥʝʢʨʠʩʪʘʣʽʯʥʠʡè, çʘʤʦʨʬ-

ʥʠʡè, çʩʢʣʦʧʦʜʽʙʥʠʡè ʻ ʩʠʥʦʥʽʤʘʤʠ. ʈʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʫ ʪʘʢʦʤʫ ʪʽʣʽ, 

ʦʜʥʘʢ, ʥʝ ʟʦʚʩʽʤ ʚʠʧʘʜʢʦʚʝ, ʷʢ ʫ ʛʘʟʘʭ. ʉʠʣʠ ʟʚôʷʟʢʫ, ɦ ʦ ʜʽʶʪʴ ʤʽʞ 

ʘʪʦʤʘʤʠ ʚ ʘʤʦʨʬʥʦʤʫ ʪʽʣʽ, ʧʦʜʽʙʥʽ ʜʦ ʩʠʣ ʫ ʢʨʠʩʪʘʣʽ, ̔  ʭʦʯʘ ʜʘʣʝʢʦʛʦ 

ʧʦʨʷʜʢʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʙʣʠʟʴʢʠʡ ʧʦʨʷʜʦʢ ʟʙʝʨʽʛʘʻʪʴʩʷ. ʎʝʡ 

ʙʣʠʟʴʢʠʡ ʧʦʨʷʜʦʢ ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢ ʜʦʚʞʠʥʠ ʽ ʢʫʪʠ ʟʚôʷʟʢʽʚ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʶ ʥʘʡʙʣʠʞʯʠʭ 

ʩʫʩʽʜʥʽʭ ʘʪʦʤʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʘʤʦʨʬʥʦʤʫ ʩʪʘʥʽ ʯʝʨʝʟ 

ʧʦʨʫʰʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʮʽ ʧʘʨʘʤʝʪʨʠ ʤʘʶʪʴ ʧʝʚʥʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ 

ʨʦʟʢʠʜ, ʽ ʾʭ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʜʝʱʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʟʥʘʯʝʥʴ ʚ 

ʽʜʝʘʣʴʥʦʤʫ ʢʨʠʩʪʘʣʽ. 

ʆʜʥʘʢ ʢʚʘʟʽʢʨʠʩʪʘʣʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʦʩʦʙʣʠʚʠʡ, ʥʦʚʠʡ ʪʠʧ 

ʩʠʤʝʪʨʽʾ, ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʚʠʧʘʜʢʽʚ. ʋ ʥʠʭ ʚʠʷʚʣʷʶʪʴʩʷ ʪʘʢʽ 

ʝʣʝʤʝʥʪʠ ʩʠʤʝʪʨʽʾ, ʷʢʽ ʨʘʥʽʰʝ ʚʚʘʞʘʣʠʩʷ ʥʝʤʦʞʣʠʚʠʤʠ ʫ ʢʨʠʩʪʘʣʘʭ. ʈʽʯ 

ʫ ʪʽʤ, ʱʦ ʪʨʘʥʩʣʷʮʽʡʥʘ ʩʠʤʝʪʨʽʷ ʽʜʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʘ ʥʘʢʣʘʜʘʻ ʞʦʨʩʪʢʽ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʧʦʨʷʜʦʢ ʧʦʚʦʨʦʪʥʠʭ ʦʩʝʡ ʩʠʤʝʪʨʽʾ, ʷʢʽ ʥʘʷʚʥʽ ʫ 

ʢʨʠʩʪʘʣʽ. ɯʜʝʘʣʴʥʠʡ ʢʨʠʩʪʘʣ, ʢʨʽʤ ʪʨʠʚʽʘʣʴʥʦʾ ʦʩʽ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, 

ʤʦʞʝ ʤʘʪʠ ʪʽʣʴʢʠ ʦʩʽ ʩʠʤʝʪʨʽʾ ʜʨʫʛʦʛʦ, ʪʨʝʪʴʦʛʦ, ʯʝʪʚʝʨʪʦʛʦ ̔  

ʰʦʩʪʦʛʦ ʧʦʨʷʜʢʽʚ. ʊʽʣʴʢʠ ʮʽ ʦʩʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʘʨʘʣʝʣʴʥʝ 

ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʚ ʧʨʦʮʝʩʽ ʾʾ ʪʨʘʥʩʣʷʮʽʾ. ʉʬʦʨʤʦʚʘʥʝ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʽʜʝʘʣʴʥʽ ʢʨʠʩʪʘʣʠ ʩʫʧʝʨʝʯʠʪʴ ʥʘʷʚʥʦʩʪʽ ʚ ʥʠʭ ʦʩʝʡ 
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ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ, ʩʴʦʤʦʛʦ ̔  ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ. ɽʣʝʤʝʥʪʘʨʥʽ ʢʦʤʽʨʢʠ ʟ 

ʪʘʢʠʤʠ ʦʩʷʤʠ ʥʝ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʥʘʚʽʪʴ 

ʧʣʦʱʠʥʠ (ʽ ʪʠʤ ʙʽʣʴʰʝ ï ʦʙôʻʤʫ ʢʨʠʩʪʘʣʘ). 

 

3.2. ʆʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ 

 

ʋʧʝʨʰʝ ʚ 1984 ʨ. ʐʝʭʪʤʘʥ ʦʧʠʩʘʚ ʤʝʪʘʣʝʚʠʡ ʩʧʣʘʚ ʟ ʥʝʟʚʠʯʘʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ï ʚʽʩʩʶ ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ. ʎʝʡ ʩʧʣʘʚ ʦʪʨʠʤʘʥʦ 

ʰʚʠʜʢʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʨʦʟʧʣʘʚʫ ʘʣʶʤʽʥʽʶ ʽ ʤʘʨʛʘʥʮʶ (ʟʽ 

ʰʚʠʜʢʽʩʪʶ ʦʭʦʣʦʜʞʝʥʥʷ ʙʣʠʟʴʢʦ 106 ʂ/c). ʋ ʮʴʦʤʫ ʩʧʣʘʚʽ ʚʠʷʚʠʣʠʩʷ 

ʟʝʨʥʘ ʫ ʬʦʨʤʽ ʧʨʘʚʠʣʴʥʦʛʦ ʜʦʜʝʢʘʝʜʨʘ ï ʪʽʣʘ, ʱʦ ʤʘʻ ʧʦʚʦʨʦʪʥʽ ʦʩʽ 

ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ. 

ʗʢ ʚʽʜʦʤʦ, ʦʩʽ ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ ʤʘʶʪʴ ʜʚʘ ʪʠʧʠ ʟ ʧôʷʪʠ 

ʚʽʜʦʤʠʭ ʧʨʘʚʠʣʴʥʠʭ ʦʧʫʢʣʠʭ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ï ̔ʢʦʩʘʝʜʨ ̔  ʜʦʜʝʢʘʝʜʨ 

(ʨʠʩ. 3.2). ʄʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʪʽʣʴʢʠ ʧôʷʪʠ ʧʨʘʚʠʣʴʥʠʭ ʦʧʫʢʣʠʭ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ʫʧʝʨʰʝ ʜʦʚʽʚ ʱʝ ɽʡʣʝʨ.  

ɯʢʦʩʘʝʜʨ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʘʚʠʣʴʥʠʡ ʙʘʛʘʪʦʛʨʘʥʥʠʢ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ 20 ʛʨʘʥʝʡ ï ʨʽʚʥʦʩʪʦʨʦʥʥʽʭ ʪʨʠʢʫʪʥʠʢʽʚ ï ̔  ʤʘʻ 12 

ʚʝʨʰʠʥ ʪʘ 30 ʨʝʙʝʨ (ʨʠʩ. 3.2, ʘ). ɼʦʜʝʢʘʝʜʨ ï ʮʝ ʧʨʘʚʠʣʴʥʠʡ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 12 ʛʨʘʥʝʡ (ʧʨʘʚʠʣʴʥʠʭ 

ʧôʷʪʠʢʫʪʥʠʢʽʚ) ʽ ʤʘʻ 30 ʨʝʙʝʨ ʪʘ 20 ʚʝʨʰʠʥ (ʨʠʩ. 3.2, ʙ). 

ɯʢʦʩʘʝʜʨ ʽ ʜʦʜʝʢʘʝʜʨ ʦʧʠʩʫʶʪʴʩʷ ʦʜʥʘʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʩʠʤʝʪʨʽʾ, ʟʦʢʨʝʤʘ ʡ ʦʩʷʤʠ ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ (ʪʦʤʫ ʚʽʜʧʦʚʽʜʥʫ 

ʩʠʤʝʪʨʽʶ ʥʘʟʠʚʘʶʪʴ ʽʢʦʩʘʝʜʨʠʯʥʦʶ). ɼʦʜʝʢʘʝʜʨ ʪʘ ʽʢʦʩʘʝʜʨ 

ʫʧʠʩʫʶʪʴʩʷ ʦʜʠʥ ʚ ʦʜʠʥ ʧʦʜʽʙʥʦ ʜʦ ʢʫʙʘ ʡ ʦʢʪʘʝʜʨʘ. ʆʩʢʽʣʴʢʠ ʚ 

ʽʜʝʘʣʴʥʠʭ ʢʨʠʩʪʘʣʘʭ ʚʽʩʴ ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ ʟʘʙʦʨʦʥʝʥʘ, ʪʦ 

ʽʢʦʩʘʝʜʨ ʽ ʜʦʜʝʢʘʝʜʨ ʚ ʦʧʠʩʽ ʪʨʘʥʩʣʷʮʽʡʥʦʾ ʩʠʤʝʪʨʽʾ ʚ ʢʣʘʩʠʯʥʽʡ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʾ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ. 

ɼʠʬʨʘʢʮʽʡʥʘ ʢʘʨʪʠʥʘ ʨʦʟʩʽʶʚʘʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ ʫ 

ʩʧʣʘʚʽ ʘʣʶʤʽʥʽʶ ʽ ʤʘʨʛʘʥʮʶ ʷʚʣʷʻ ʩʦʙʦʶ ʨʝʛʫʣʷʨʥʽ ʤʘʢʩʠʤʫʤʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʨʫʢʪʫʨʽ, ʷʢʘ ʤʘʻ ʧʦʚʦʨʦʪʥʫ ʩʠʤʝʪʨʽʶ ʧôʷʪʦʛʦ 

ʧʦʨʷʜʢʫ. ʇʦʜʽʙʥʘ ʜʠʬʨʘʢʮʽʡʥʘ ʢʘʨʪʠʥʘ ʤʦʞʝ ʫʪʚʦʨʠʪʠʩʷ ʪʽʣʴʢʠ ʚ 

ʪʦʤʫ ʨʘʟʽ, ʢʦʣʠ ʩʘʤʘ ʘʪʦʤʥʘ ʩʪʨʫʢʪʫʨʘ ʤʘʻ ʚʽʩʴ ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ 

ʧʦʨʷʜʢʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʽʢʦʩʘʝʜʨʠʯʥʘ ʩʠʤʝʪʨʽʷ ʤʦʞʝ ʙʫʪʠ ʚʣʘʩʪʠʚʘ 
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ʥʝ ʪʽʣʴʢʠ ʯʘʩʪʠʥʮʽ ʤʝʪʘʣʫ (ʦʙôʻʢʪʘ ʨʦʟʤʽʨʦʤ ʢʽʣʴʢʘ ʩʦʪʝʥʴ ʤʽʢʨʦʥʽʚ), 

ʘʣʝ ʡ ʘʪʦʤʘʤ ʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʢʘʭ.  

 
ʘ      ʙ 

ʈʠʩ. 3.2. ʄʦʜʝʣʽ ʦʜʥʽʻʾ ʟ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ: 

ʘ ï ʪʨʠʥʘʜʮʷʪʠʘʪʦʤʥʠʡ ʽʢʦʩʘʝʜʨ;  

ʙ ï ʜʚʘʜʮʷʪʠʘʪʦʤʥʠʡ ʧʝʥʪʘʛʦʥʘʣʴʥʠʡ ʜʦʜʝʢʘʝʜʨ 

 

ɺʠʷʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ, ʥʘʟʚʘʥʘ çʰʝʭʪʤʘʥʽʪʦʤè, ʩʧʦʯʘʪʢʫ ʚʠʜʘʣʘʩʷ 

ʧʘʨʘʜʦʢʩʘʣʴʥʦʶ. ʅʘʷʚʥʽʩʪʴ ʨʽʟʢʠʭ ʨʝʬʣʝʢʩʽʚ ʩʚʽʜʯʠʣʘ ʧʨʦ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʘʪʦʤʽʚ ʫ ʩʪʨʫʢʪʫʨʽ, ʘ ʥʘʷʚʥʽʩʪʴ ʦʩʽ ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ 

ʧʦʨʷʜʢʫ ï ʧʨʦ ʪʝ, ɦʦ ʜʦʩʣʽʜʞʝʥʠʡ ʤʘʪʝʨʽʘʣ ʫ ʟʚʠʯʘʡʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʥʝ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʢʨʠʩʪʘʣʦʤ. ɼʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ çʰʝʭʪʤʘʥʽʪʫè 

ʤʝʪʦʜʘʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʧʽʜʪʚʝʨʜʠʣʠ ʦʜʥʦʨʽʜʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ 

ʨʝʯʦʚʠʥʠ ʽ ʟʙʝʨʝʞʝʥʥʷ ʦʙʝʨʪʘʣʴʥʦʾ ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ ʚ 

ʤʽʢʨʦʜʽʣʷʥʢʘʭ ʨʦʟʤʽʨʦʤ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʥʘʥʦʤʝʪʨʽʚ, ʱʦ ʫʥʝʤʦʞʣʠʚʠʣʦ 

ʧʦʷʩʥʝʥʥʷ ʥʝʟʚʠʯʘʡʥʦʾ ʜʣʷ ʢʨʠʩʪʘʣʽʚ ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ 

ʜʚʽʡʥʠʢʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʠ.  

ʅʘʪʝʧʝʨ ʫʞʝ ʚʠʷʚʣʝʥʦ ʡ ʩʠʥʪʝʟʦʚʘʥʦ ʙʘʛʘʪʦ ʘʥʘʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ 

ʩʧʣʘʚʽʚ, ʥʘʟʚʘʥʠʭ ʢʚʘʟʽʢʨʠʩʪʘʣʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʢʚʘʟʽʢʨʠʩʪʘʣʠ ʤʦʞʥʘ 

ʜʦʙʫʪʠ ʨʽʟʢʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʨʦʟʧʣʘʚʫ ʘʣʶʤʽʥʽʶ, ʤʽʜʽ ʽ ʟʘʣʽʟʘ, ʷʢʽ 

ʫ ʧʨʦʮʝʩʽ ʟʘʪʚʝʨʜʽʥʥʷ ʫʪʚʦʨʶʶʪʴ ʜʦʜʝʢʘʝʜʨʠʯʥʽ ʟʝʨʥʘ. ʋ ʙʽʣʴʰʦʩʪʽ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʽʡʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʭʘʨʘʢʪʝʨʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʽʢʦʩʘʝʜʨʠʯʥʦʶ 

ʩʠʤʝʪʨʽʻʶ, ʚʣʘʩʪʠʚʦʶ ʪʦʯʢʦʚʽʡ ʛʨʫʧʽ ʩʠʤʝʪʨʽʾ 53m , ʱʦ ʤʽʩʪʠʪʴ 

ʧʦʚʦʨʦʪʥʽ ʦʩʽ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ. ʂʨʽʤ ʪʦʛʦ, ʟʥʘʡʜʝʥʽ ʡ ʽʥʰʽ 

ʢʚʘʟʽʢʨʠʩʪʘʣʠ ï ʟ ʧʦʚʦʨʦʪʥʠʤʠ ʦʩʷʤʠ ʩʠʤʝʪʨʽʾ ʚʦʩʴʤʦʛʦ, ʜʝʩʷʪʦʛʦ ʡ 
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ʜʚʘʥʘʜʮʷʪʦʛʦ ʧʦʨʷʜʢʫ (ʫʩʽ ʮʽ ʦʩʽ ʩʠʤʝʪʨʽʾ ʪʘʢʦʞ çʟʘʙʦʨʦʥʝʥʽè ʫ 

ʪʨʘʥʩʣʷʮʽʡʥʽʡ ʩʠʤʝʪʨʽʾ ʽʜʝʘʣʴʥʠʭ ʢʨʠʩʪʘʣʽʚ).  

ʂʚʘʟʽʢʨʠʩʪʘʣʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʟ ʘʪʦʤʽʚ ʤʝʪʘʣʽʚ ʽ (ʽʥʦʜʽ) 

ʢʨʝʤʥʽʶ, ʥʘʧʨʠʢʣʘʜ ʩʧʣʘʚʠ AlïLiïCu, AlïPdïMn, ZnïMgïY, AlïCuïCoï

Si, AlïNiïCo, AuïNaïSi ʪʘ ʜʝʷʢʽ ʽʥʰʽ. 

 

3.3. ʉʪʨʫʢʪʫʨʘ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ 

 

ʂʚʘʟʽʢʨʠʩʪʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʧʦʣʫʯʝʥʥʷʤ ʥʝʪʨʘʜʠʮʽʡʥʦʾ 

ʣʦʢʘʣʴʥʦʾ ʩʠʤʝʪʨʽʾ (ʥʘʧʨʠʢʣʘʜ, ʽʢʦʩʘʝʜʨʠʯʥʦʾ) ʟ ʜʘʣʝʢʠʤ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʽʟʢʽ ʧʽʢʠ ʜʠʬʨʘʢʮʽʡʥʦʾ ʢʘʨʪʠʥʠ, ʷʢʽ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʽʩʣʷ ʚʠʷʚʣʝʥʥʷ 

ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʟ ʚʽʩʩʶ ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ ʧʨʠʨʦʜʥʦ ʟʘʣʫʯʘʪʠ 

ʜʣ ̫ʾʭ ʤʦʜʝʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʘʚʠʣʴʥʽ ʙʘʛʘʪʦʛʨʘʥʥʠʢʠ: 

ʜʦʜʝʢʘʝʜʨ ʪʘ ʽʢʦʩʘʝʜʨ. ʅʘʧʨʠʢʣʘʜ, ʽʢʦʩʘʝʜʨʠʯʥʽ ʢʣʘʩʪʝʨʠ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʤʦʜʝʣʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʘʢʦʚʠʭ ʪʚʝʨʜʠʭ ʩʬʝʨ. 

ɿ ʯʦʪʠʨʴʦʭ ʱʽʣʴʥʦ ʟôʻʜʥʘʥʠʭ ʩʬʝʨ ʤʦʞʥʘ ʫʪʚʦʨʠʪʠ ʪʝʪʨʘʝʜʨʠʯʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʦʙʤʝʞʠʚʰʠ ʾʾ ʧʣʦʱʠʥʘʤʠ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʮʝʥʪʨʠ ʮʠʭ 

ʩʬʝʨ, ï ʧʨʘʚʠʣʴʥʠʡ ʪʝʪʨʘʝʜʨ. ʉʧʦʣʫʢʘ 20 ʪʘʢʠʭ ʪʝʪʨʘʝʜʨʽʚ ʫʪʚʦʨʶʻ 

ʜʝʱʦ ʩʧʦʪʚʦʨʝʥʠʡ ʽʢʦʩʘʝʜʨ. ʇʦʜʽʙʥʫ ʞ ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ, 

ʦʪʦʯʠʚʰʠ ʪʚʝʨʜʫ ʩʬʝʨʫ 12 ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʤʠ ʩʬʝʨʘʤʠ. ʆʜʥʘʢ ʤʽʞ 12 

ʧʝʨʠʬʝʨʽʡʥʠʤʠ ʩʬʝʨʘʤʠ, ʷʢʽ ʟʦʙʨʘʞʫʶʪʴ ʘʪʦʤʠ, ʥʝʤʠʥʫʯʝ 

ʚʠʥʠʢʘʶʪʴ ʟʘʟʦʨʠ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʨʘʟʽ ʢʦʞʝʥ ʘʪʦʤ ʙʫʜʝ 

ʚʽʜʜʘʣʝʥʠʡ ʧʨʠʙʣʠʟʥʦ ʥʘ 5% ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʧʦʨʽʚʥʷʥʦ 

ʟ ʚʽʜʩʪʘʥʥʶ ʜʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. ʑʽʣʴʥʝ ʟʘʧʦʚʥʝʥʥʷ ʧʨʦʩʪʦʨʫ 

ʪʘʢʠʤʠ ʽʢʦʩʘʝʜʨʠʯʥʠʤʠ ʢʣʘʩʪʝʨʘʤʠ ʤʘʻ ʰʚʠʜʢʦ ʧʦʨʫʰʠʪʠʩʷ, ʪʦʙʪʦ 

ʪʘʢʝ ʽʢʦʩʘʝʜʨʠʯʥʝ ʧʘʢʦʚʘʥʥʷ ʥʝ ʤʦʞʝ ʧʦʰʠʨʠʪʠʩʷ ʥʘ ʚʝʩʴ ʢʨʠʩʪʘʣ.  

ɼʝʷʢʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʤʘʶʪʴ ʙʣʠʟʴʢʠʡ ʽʢʦʩʘʝʜʨʠʯʥʠʡ ʧʦʨʷʜʦʢ, 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʤʝʪʘʣʝʚʽ ʩʪʝʢʣʘ. ɺʦʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʜʫʞʝ ʰʚʠʜʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ (ʙʣʠʟʴʢʦ 106 ʂ/ʩ) ʜʝʷʢʠʭ ʨʦʟʧʣʘʚʽʚ 

ʤʝʪʘʣʽʚ. ʊʘʢʽ ʩʪʨʫʢʪʫʨʠ ʤʘʶʪʴ ʪʽʣʴʢʠ ʙʣʠʟʴʢʠʡ ʧʦʨʷʜʦʢ, ʽ, ʙʫʜʫʯʠ 

ʘʤʦʨʬʥʠʤʠ, ʬʦʨʤʫʶʪʴ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʩʧʝʢʪʨ ʽʟ ʰʠʨʦʢʠʤʠ ʨʦʟʤʠʪʠʤʠ 

ʤʘʢʩʠʤʫʤʘʤʠ. ʋ ʢʚʘʟʽʢʨʠʩʪʘʣʘʭ, ʦʜʥʘʢ, ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʤʘʢʩʠʤʫʤʠ 

ʚʠʨʘʞʝʥʽ ʯʽʪʢʦ. 
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ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʩʧʝʢʪʨʽʚ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʚʠʩʫʚʘʣʘʩʷ ʽʜʝʷ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʥʘ ʤʝʞʘʭ ʽʢʦʩʘʝʜʨʠʯʥʠʭ ʢʣʘʩʪʝʨʽʚ ʨʝʛʫʣʷʨʥʠʭ ʫʪʚʦʨʝʥʴ, ʱʦ 

ʤʦʛʣʠ ʙ ʟʘʙʝʟʧʝʯʠʪʠ ʜʘʣʝʢʠʡ ʧʦʨʷʜʦʢ ʫ ʩʪʨʫʢʪʫʨʽ ʽ, ʦʪʞʝ, ʩʬʦʨʤʫʚʘʪʠ 

ʨʝʥʪʛʝʥʽʚʩʴʢʫ ʜʠʬʨʘʢʮʽʡʥʫ ʢʘʨʪʠʥʫ ʟ ʚʫʟʴʢʠʤʠ ʧʽʢʘʤʠ. ʊʦʤʫ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʷʢʠʭ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʧʨʦʧʦʥʫʚʘʣʠʩʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ 

ʩʪʨʫʢʪʫʨʥʽ ʦʜʠʥʠʮʽ, ʱʦ ʤʽʩʪʷʪʴ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʘʪʦʤʽʚ. ɸʣʝ ʧʦʩʪʘʣʘ 

ʧʨʦʙʣʝʤʘ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʚʠʥʠʢʥʝʥʥʷ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʥʘʩʪʽʣʴʢʠ 

ʩʢʣʘʜʥʠʭ ʢʣʘʩʪʝʨʽʚ. ɹʽʣʴʰ ʪʦʛʦ, ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʽ ʥʝʡʪʨʦʥʦʜʠʬʨʘʢʮʽʡʥʽ 

ʤʝʪʦʜʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʣʠʰʝ ʤʘʣʘ 

ʯʘʩʪʠʥʘ ʘʪʦʤʽʚ ʤʘʻ ʽʢʦʩʘʝʜʨʠʯʥʝ ʦʪʦʯʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʦʛʦ ʜʘʣʝʢʦʛʦ 

ʧʦʨʷʜʢʫ ʚʩʽ ʢʚʘʟʽʢʨʠʩʪʘʣʠʯʥʽ ʩʪʨʫʢʪʫʨʠ ʤʘʶʪʴ ʙʫʪʠ 

çʥʝʪʨʘʥʩʣʷʮʽʡʥʦè ʫʧʦʨʷʜʢʫʚʘʥʠʤʠ. ʊʦʙʪʦ ʫ ʮʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʦʩʪʽʨ 

ʟʘʧʦʚʥʶʻʪʴʩʷ ʘʪʦʤʘʤʠ (ʤʦʣʝʢʫʣʘʤʠ) ʟʘ ʚʠʟʥʘʯʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ, 

ʢʦʣʠ ʜʘʣʝʢʠʡ ʧʦʨʷʜʦʢ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʝʟ ʧʦʚʥʦʾ ʪʨʘʥʩʣʷʮʽʡʥʦʾ 

ʩʠʤʝʪʨʽʾ. ɹʝʟ ʪʨʘʥʩʣʷʮʽʡʥʦʛʦ ʦʙʤʝʞʝʥʥʷ ʪʘʢʘ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʤʘʪʠ ʦʩʽ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ. ʋʧʦʨʷʜʢʦʚʘʥʝ ʨʦʟʤʽʱʝʥʥʷ 

ʩʪʨʫʢʪʫʨʥʠʭ ʦʜʠʥʠʮʴ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʨʬʝʨʝʥʮʽʶ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ 

ʭʚʠʣʴ, ʨʦʟʩʽʷʥʠʭ ʘʪʦʤʘʤʠ ʚ ʧʝʚʥʠʭ ʥʘʧʨʷʤʢʘʭ, ʪʘ ʫʪʚʦʨʝʥʥʷ ʚʫʟʴʢʠʭ 

ʽ ʩʠʣʴʥʠʭ ʜʠʬʨʘʢʮʽʡʥʠʭ ʨʝʬʣʝʢʩʽʚ.  

ʆʩʥʦʚʥʽ ʽʜʝʾ ʧʦʙʫʜʦʚʠ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʨʦʟʛʣʷʜʘʣʠʩʷ ʥʘ 

ʦʜʥʦʚʠʤʽʨʥʠʭ ʽ ʜʚʦʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʆʙˇʨʫʥʪʫʚʘʪʠ ʜʘʣʝʢʠʡ 

ʧʦʨʷʜʦʢ ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ (1D) ʩʪʨʫʢʪʫʨʽ ʙʝʟ ʪʨʘʥʩʣʷʮʽʡʥʦʾ ʩʠʤʝʪʨʽʾ 

ʤʦʞʥʘ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʜʘʣʝʢʠʡ ʧʦʨʷʜʦʢ ʨʦʟʤʽʱʝʥʥʷ 

ʘʪʦʤʽʚ ʤʦʞʥʘ ʟʤʦʜʝʣʶʚʘʪʠ ʫ ʣʽʥʽʡʥʦʤʫ ʣʘʥʮʶʞʢʫ ʘʪʦʤʽʚ ʟ 

ʤʽʞʘʪʦʤʥʦʶ ʚʽʜʩʪʘʥʥʶ a ʚ ʨʘʟʽ ʟʩʫʚʫ ʢʦʞʥʦʛʦ ʘʪʦʤʘ ʚʽʜʩʪʘʥʴ 

Dj = e a sin(2psja), 

ʜʝ j ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʘʪʦʤʘ; e ̔  ʘ ï ʜʝʷʢʽ ʯʠʩʣʘ. 

ʗʢʱʦ ʯʠʩʣʦ ʘ ̔ ʨʨʘʮʽʦʥʘʣʴʥʝ, ʪʦ ʟʩʫʚʠ ʚʩʽʭ ʘʪʦʤʽʚ ʙʫʜʫʪʴ ʨʽʟʥʠʤʠ, 

ʥʘʚʽʪʴ ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʥʝʩʢʽʥʯʝʥʥʠʡ ʣʘʥʮʶʞʦʢ ʟ ʧʝʚʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʘʪʦʤʽʚ. ʆʪʨʠʤʘʥʘ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʦʜʥʦʚʠʤʽʨʥʘ (1D) ʩʪʨʫʢʪʫʨʘ ʥʝ ʤʘʻ 

ʞʦʜʥʦʾ ʪʨʘʥʩʣʷʮʽʾ. ʈʘʟʦʤ ʟ ʪʠʤ ʢʦʦʨʜʠʥʘʪʠ ʚʩʽʭ ʘʪʦʤʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʻʜʠʥʠʤ ʟʘʢʦʥʦʤ, ʪʦʙʪʦ ʚʠʟʥʘʯʝʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʻ ʘʙʩʦʣʶʪʥʦ 

ʫʧʦʨʷʜʢʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʊʨʘʥʩʣʷʮʽʡʥʘ ʩʠʤʝʪʨʽʷ ʚ ʮʴʦʤʫ ʨʘʟʽ 
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ʩʧʨʠʯʠʥʝʥʘ ʥʝ ʭʘʦʪʠʯʥʠʤ ʟʩʫʚʦʤ ʘʪʦʤʽʚ (ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʘʤʦʨʬʥʠʭ 

ʩʪʨʫʢʪʫʨ), ʘ ʥʘʢʣʘʜʝʥʥʷʤ ʜʚʦʭ ʥʝʩʧʽʚʨʦʟʤʽʨʥʠʭ ʧʝʨʽʦʜʠʯʥʦʩʪʝʡ ʫ ʾʭ 

ʨʦʟʤʽʱʝʥʥʽ. ɺʽʜʥʦʰʝʥʥʷ ʾʭ ʧʝʨʽʦʜʽʚ ï ̔ ʨʨʘʮʽʦʥʘʣʴʥʝ ʯʠʩʣʦ. ʆʩʢʽʣʴʢʠ 

ʚʠʧʘʜʢʦʚʠʭ ʟʩʫʚʽʚ ʘʪʦʤʽʚ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʪʦ ʥʝʪʨʘʥʩʣʷʮʽʡʥʝ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʟʫʤʦʚʣʶʻ ʜʠʬʨʘʢʮʽʡʥʫ ʢʘʨʪʠʥʫ ʨʦʟʩʽʶʚʘʥʥʷ 

ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʭʚʠʣʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʤʠ 

ʤʘʢʩʠʤʫʤʘʤʠ. ʇʦʙʫʜʦʚʘʥʠʡ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʣʘʥʮʶʞʦʢ ʘʪʦʤʽʚ ʻ 

ʧʨʠʢʣʘʜʦʤ 1D-ʢʚʘʟʽʢʨʠʩʪʘʣʘ. ʎʝʡ ʧʨʠʢʣʘʜ ʧʦʢʘʟʫʻ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʨʨʘʮʽʦʥʘʣʴʥʠʭ ʯʠʩʝʣ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ 

ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ. 

ʗʢ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʚʦʚʠʤʽʨʥʠʭ (2D) ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ çʤʦʟʘʾʢʫ ʇʝʥʨʦʫʟʘè, ʧʦʢʘʟʘʥʫ ʥʘ ʨʠʩ. 2.3. ʎʷ ʩʪʨʫʢʪʫʨʘ 

ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʢʣʘʩʠʯʥʠʭ çʟʘʩʪʠʛʣʠʭè ʬʦʨʤ 

ʽʜʝʘʣʴʥʠʭ ʢʨʠʩʪʘʣʽʚ. ʇʝʥʨʦʫʟ ʨʦʟʨʦʙʠʚ ʘʣʛʦʨʠʪʤ ʟʘʧʦʚʥʝʥʥʷ 

ʥʝʩʢʽʥʯʝʥʥʦʾ ʧʣʦʱʠʥʠ ʙʝʟ ʧʦʨʦʞʥʝʯ ʽ ʧʝʨʝʢʨʠʪʪʽʚ ʬʽʛʫʨʘʤʠ ʚʩʴʦʛʦ 

ʜʚʦʭ ʚʠʜʽʚ. ʆʙʠʜʚʽ ʬʽʛʫʨʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʟʘʾʢʠ ʇʝʥʨʦʫʟʘ, 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʦʤʙʠ ʟ ʦʜʥʘʢʦʚʠʤʠ ʩʪʦʨʦʥʘʤʠ. ɺʥʫʪʨʽʰʥʽ ʢʫʪʠ 

çʰʠʨʦʢʦʛʦè ʨʦʤʙʘ ʜʦʨʽʚʥʶʶʪʴ 72 ̄̔  108,̄ ʘ ʚʥʫʪʨʽʰʥʽ ʢʫʪʠ 

çʚʫʟʴʢʦʛʦè ʨʦʤʙʘ ï 36̄ ̔  144.̄  

ʄʦʟʘʾʢʦʶ ʟ ʪʘʢʠʭ ʨʦʤʙʽʚ ʤʦʞʥʘ ʟʘʧʦʚʥʠʪʠ ʚʝʩʴ çʥʝʩʢʽʥʯʝʥʥʠʡè 

ʧʨʦʩʪʽʨ ʥʘ ʧʣʦʱʠʥʽ, ʘʣʝ ʪʽʣʴʢʠ ʟʘ ʩʧʝʮʽʘʣʴʥʠʤ ʚʠʙʦʨʦʤ ʢʫʪʽʚ ʮʠʭ 

ʨʦʤʙʽʚ. ʇʨʠʤʽʪʥʦ, ʱʦ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ çʚʫʟʴʢʠʭè ʨʦʤʙʽʚ ʜʦ 

ʢʽʣʴʢʦʩʪʽ çʰʠʨʦʢʠʭè ʨʦʤʙʽʚ ʪʦʯʥʦ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ ʟʦʣʦʪʦʛʦ 

ʧʝʨʝʨʽʟʫ. ɿʦʣʦʪʠʤ ʧʝʨʝʨʽʟʦʤ ʥʘʟʠʚʘʶʪʴ ʧʝʚʥʝ ʯʠʩʣʦ: (Õ5 ï 1)/2 = 

0,618... , ʱʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʜʚʦʭ ʯʘʩʪʠʥ ʮʽʣʦʛʦ (ʌ ʽ S), ʱʦ 

ʧʽʜʢʦʨʷʻʪʴʩʷ ʪʘʢʦʤʫ ʧʨʘʚʠʣʫ: ʚʽʜʥʦʰʝʥʥʷ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʌ ʜʦ ʮʽʣʦʛʦ 

(ʌ + S) ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʤʝʥʰʦʾ ʯʘʩʪʠʥʠ S ʜʦ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ: 

ʌ£(ʌ + S) = S £ ʌ. 

ʆʩʢʽʣʴʢʠ ʟʦʣʦʪʠʡ ʧʝʨʝʨʽʟ ʷʚʣʷʻ ʩʦʙʦʶ ʽʨʨʘʮʽʦʥʘʣʴʥʝ ʯʠʩʣʦ, ʪʦ ʽ 

ʚ ʨʦʟʛʣʷʥʫʪʽʡ ʤʦʟʘʾʮʽ ʥʝʤʦʞʣʠʚʦ ʚʠʦʢʨʝʤʠʪʠ ʷʢʫ-ʥʝʙʫʜʴ 

çʝʣʝʤʝʥʪʘʨʥʫ ʢʦʤʽʨʢʫè, ʱʦ ʤʽʩʪʠʪʴ ʮʽʣʫ ʢʽʣʴʢʽʩʪʴ ʨʦʤʙʽʚ ʢʦʞʥʦʛʦ 

ʚʠʜʫ ʟʘ ʙʫʜʴ-̫ ʢʦʾ ʪʨʘʥʩʣʷʮʽʾ, ʷʢʦʶ ʤʦʞʥʘ ʙʫʣʦ ʙ ʟʘʧʦʚʥʠʪʠ ʧʣʦʱʠʥʫ. 

ʆʪʞʝ, ʤʦʟʘʾʢʘ ʇʝʥʨʦʫʟʘ ʥʝ ʻ 2D-ʢʨʠʩʪʘʣʦʤ ʫ ʪʨʘʜʠʮʽʡʥʦʤʫ 

ʨʦʟʫʤʽʥʥʽ, ʘʣʝ ʷʚʣʷʻ ʩʦʙʦʶ 2D-ʢʚʘʟʽʢʨʠʩʪʘʣ.  
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ʈʠʩ. 2.3. ʄʦʟʘʾʢʘ ʇʝʥʨʦʫʟʘ ï ʟʨʘʟʦʢ ʜʚʦʚʠʤʽʨʥʦʾ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

 

ɺʘʞʣʠʚʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʘʢʽ ʬʘʢʪʠ: 

ï ̔ ʩʪʦʪʥʦ ʪʝ, ʱʦ ʧʦʙʫʜʦʚʘ ʤʦʟʘʾʢ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ, ʪʦʙʪʦ ʤʦʟʘʾʢʠ ʻ ʥʝ ʚʠʧʘʜʢʦʚʠʤʠ, ʘ ʫʧʦʨʷʜʢʦʚʘʥʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ; 

ï ʨʦʟʨʘʭʫʥʢʦʤ ʨʦʟʩʽʶʚʘʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ ʜʣʷ 

ʩʪʨʫʢʪʫʨʠ, ʫʪʚʦʨʝʥʦʾ ʘʪʦʤʘʤʠ, ʨʦʟʤʽʱʝʥʠʤʠ ʫ ʚʝʨʰʠʥʘʭ ʬʽʛʫʨ 

ʤʦʟʘʾʢʠ ʇʝʥʨʦʫʟʘ, ʚʠʷʚʣʝʥʦ, ʱʦ ʜʠʬʨʘʢʮʽʡʥʘ ʢʘʨʪʠʥʘ ʤʘʻ ʧʦʚʦʨʦʪʥʫ 

ʩʠʤʝʪʨʽʶ ʜʝʩʷʪʦʛʦ ʧʦʨʷʜʢʫ. ʈʽʯ ʫ ʪʽʤ, ʱʦ ʤʦʟʘʾʢʘ ʇʝʥʨʦʫʟʘ ʤʽʩʪʠʪʴ 

ʧʨʘʚʠʣʴʥʽ ʢʦʩʠʥʮʽ, ʱʦ ʤʘʶʪʴ ʘʙʩʦʣʶʪʥʦ ʦʜʥʘʢʦʚʽ ʦʨʽʻʥʪʘʮʽʾ;  

ï ʨʦʤʙʠ ʤʦʟʘʾʢʠ (ʟ ʧʘʨʘʣʝʣʴʥʠʤʠ ʩʪʦʨʦʥʘʤʠ) ʫʪʚʦʨʶʶʪʴ ʧôʷʪʴ 

ʩʽʤʝʡ ʧʘʨʘʣʝʣʴʥʠʭ ʦʜʥʘ ʦʜʥʽʡ ʣʽʥʽʡ, ʷʢʽ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʧʽʜ ʢʫʪʘʤʠ, 

ʢʨʘʪʥʠʤʠ ʢʫʪʫ 72.̄ ʆʪʞʝ, ʫ ʤʦʟʘʾʮʽ ʇʝʥʨʦʫʟʘ ʻ ʜʘʣʝʢʠʡ ʧʦʨʷʜʦʢ, ʱʦ 

ʡ ʟʘʙʝʟʧʝʯʫʻ ʜʠʬʨʘʢʮʽʡʥʫ ʢʘʨʪʠʥʫ ʟ ʦʙʝʨʪʘʣʴʥʦʶ ʩʠʤʝʪʨʽʻʶ ʧôʷʪʦʛʦ 

ʧʦʨʷʜʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʤʦʟʘʾʮʽ ʇʝʥʨʦʫʟʘ ʧʣʦʱʠʥʘ ʟʘʢʨʠʚʘʻʪʴʩʷ 

çʟʦʣʦʪʠʤʠ ʨʦʤʙʘʤʠè ʙʝʟ ʧʨʦʧʫʩʢʽʚ ʽ ʧʝʨʝʢʨʠʪʪʽʚ, ʽ ʾʾ ʤʦʞʥʘ 

ʙʝʟʤʝʞʥʦ ʨʦʟʛʦʨʪʘʪʠ ʚ ʜʦʚʞʠʥʫ ʽ ʰʠʨʠʥʫ. ɸʣʝ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʥʝʩʢʽʥʯʝʥʥʦʾ ʤʦʟʘʾʢʠ ʪʨʝʙʘ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʧʝʚʥʠʭ ʧʨʘʚʠʣ, ʱʦ ʽʩʪʦʪʥʦ 
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ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʦʜʥʦʤʘʥʽʪʥʦʛʦ ʧʦʚʪʦʨʝʥʥʷ ʦʜʥʘʢʦʚʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʢʦʤʽʨʦʢ ï ʩʢʣʘʜʦʚʠʭ ʟʚʠʯʘʡʥʦʛʦ ʢʨʠʩʪʘʣʘ. ʗʢʱʦ ʧʨʘʚʠʣʦ ʧʽʜʛʘʥʷʥʥʷ 

çʟʦʣʦʪʠʭ ʨʦʤʙʽʚè ʧʦʨʫʰʠʪʠ, ʪʦ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʟʨʦʩʪʘʥʥʷ ʤʦʟʘʾʢʠ 

ʧʨʠʧʠʥʠʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʟôʷʚʣʷʪʴʩʷ ʪʘʢʽ ʬʨʘʛʤʝʥʪʠ, ʷʢʠʭ ʥʝ ʤʦʞʥʘ 

ʫʩʫʥʫʪʠ ʙʝʟ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ. 

ʋ ʥʝʩʢʽʥʯʝʥʥʽʡ ʤʦʟʘʾʮʽ ʇʝʥʨʦʫʟʘ çʟʦʣʦʪʽè ʨʦʤʙʠ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʙʝʟ ʩʫʚʦʨʦʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ. ʆʜʥʘʢ ʚʽʜʥʦʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʰʠʨʦʢʠʭ çʟʦʣʦʪʠʭè ʨʦʤʙʽʚ ʜʦ ʢʽʣʴʢʦʩʪʽ ʚʫʟʴʢʠʭ çʟʦʣʦʪʠʭè 

ʨʦʤʙʽʚ ʪʦʯʥʦ ʜʦʨʽʚʥʶʻ çʟʦʣʦʪʦʤʫ ʯʠʩʣʫè F = (1 + ã5)/2 = 1,6180339 

.... ʆʩʢʽʣʴʢʠ ʯʠʩʣʦ F ̔ ʨʨʘʮʽʦʥʘʣʴʥʝ, ʪʦ ʚ ʧʦʜʽʙʥʽʡ ʤʦʟʘʾʮʽ ʥʝ ʤʦʞʥʘ 

ʚʠʦʢʨʝʤʠʪʠ ʝʣʝʤʝʥʪʘʨʥʫ ʢʦʤʽʨʢʫ ʟ ʮʽʣʦʶ ʢʽʣʴʢʽʩʪʶ ʨʦʤʙʽʚ ʢʦʞʥʦʛʦ 

ʚʠʜʫ, ʪʨʘʥʩʣʷʮʽʻʶ ʷʢʦʾ ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʦʙʫʜʫʚʘʪʠ ʚʩʶ ʤʦʟʘʾʢʫ. 

ʇʦʙʫʜʦʚʘ ʤʦʟʘʾʢʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʧʝʚʥʠʤ ʘʣʛʦʨʠʪʤʦʤ, ʫʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʚʦʥʘ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝ ʚʠʧʘʜʢʦʚʦʶ, ʘ ʚʧʦʨʷʜʢʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɹʫʜʴ-

ʷʢʘ ʾʾ ʢʽʥʮʝʚʘ ʯʘʩʪʠʥʘ ʪʨʘʧʣʷʻʪʴʩʷ ʫ ʚʩʽʡ ʤʦʟʘʾʮʽ ʥʝʟʣʽʯʝʥʥʫ ʢʽʣʴʢʽʩʪʴ 

ʨʘʟʽʚ.  

ʋ ʤʦʟʘʾʮʽ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʙʘʛʘʪʦ ʧʨʘʚʠʣʴʥʠʭ ʜʝʩʷʪʠʢʫʪʥʠʢʽʚ, ɦʦ 

ʤʘʶʪʴ ʘʙʩʦʣʶʪʥʦ ʦʜʥʘʢʦʚʽ ʦʨʽʻʥʪʘʮʽʾ. ɺʦʥʠ ʩʪʚʦʨʶʶʪʴ ʜʘʣʝʢʠʡ 

ʦʨʽʻʥʪʘʮʽʡʥʠʡ ʧʦʨʷʜʦʢ, ʥʘʟʚʘʥʠʡ ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʠʤ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʤʽʞ ʚʽʜʜʘʣʝʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʤʦʟʘʾʢʠ ʽʩʥʫʻ ʚʟʘʻʤʦʜʽʷ, ʷʢʘ ʧʦʛʦʜʞʫʻ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ ʚʽʜʥʦʩʥʫ ʦʨʽʻʥʪʘʮʽʶ ʨʦʤʙʽʚ ʧʝʚʥʠʤ, ʭʦʯʘ ʽ 

ʥʝʦʜʥʦʟʥʘʯʥʠʤ ʩʧʦʩʦʙʦʤ.  

ʗʢʱʦ ʧʦʩʣʽʜʦʚʥʦ ʚʠʨʽʟʥʠʪʠ ʚʩʽ ʨʦʤʙʠ ʟʽ ʩʪʦʨʦʥʘʤʠ, ʧʘʨʘʣʝʣʴʥʠʤʠ 

ʷʢʦʤʫ-ʥʝʙʫʜʴ ʚʠʙʨʘʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʩʝʨʽʶ ʣʘʤʘʥʠʭ 

ʣʽʥʽʡ. ʋʟʜʦʚʞ ʮʠʭ ʣʘʤʘʥʠʭ ʣʽʥʽʡ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʧʨʷʤʽ ʧʘʨʘʣʝʣʴʥʽ 

ʣʽʥʽʾ, ʚʽʜʜʘʣʝʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʧʨʠʙʣʠʟʥʦ ʥʘ ʦʜʥʘʢʦʚʫ ʚʽʜʩʪʘʥʴ. ɿʘʚʜʷʢʠ 

ʮʽʡ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʜʝʷʢʦʾ çʪʨʘʥʩʣʷʮʽʡʥʦʾ 

ʩʠʤʝʪʨʽʾè ʫ ʤʦʟʘʾʮʽ ʇʝʥʨʦʫʟʘ. ʇʦʩʣʽʜʦʚʥʦ ʟʘʬʘʨʙʦʚʘʥʽ ʨʦʤʙʠ 

ʫʪʚʦʨʶʶʪʴ ʧôʷʪʴ ʩʽʤʝʡ ʧʦʜʽʙʥʠʭ ʧʘʨʘʣʝʣʴʥʠʭ ʣʽʥʽʡ, ʱʦ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʧʽʜ ʢʫʪʘʤʠ, ʢʨʘʪʥʠʤʠ 72Á. ʅʘʧʨʷʤʢʠ ʮʠʭ ʣʘʤʘʥʠʭ ʣʽʥʽʡ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʧʨʷʤʢʘʤ ʩʪʦʨʽʥ ʧʨʘʚʠʣʴʥʦʛʦ ʧôʷʪʠʢʫʪʥʠʢʘ. ʊʦʤʫ 

ʤʦʟʘʾʢʘ ʇʝʥʨʦʫʟʘ ʤʘʻ ʜʝʱʦ ʧʦʚʦʨʦʪʥʫ ʩʠʤʝʪʨʽʶ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ ʽ ʚ 

ʮʴʦʤʫ ʩʝʥʩʽ ʧʦʜʽʙʥʘ ʢʚʘʟʽʢʨʠʩʪʘʣʫ. 
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ɼʦ ʚʽʜʢʨʠʪʪʷ çʰʝʭʪʤʘʥʽʪʫè ʽʢʦʩʘʝʜʨʠʯʥʘ ʩʠʤʝʪʨʽʷ ʤʘʣʦ 

ʧʨʠʚʘʙʣʶʚʘʣʘ ʫʚʘʛʫ ʚʯʝʥʠʭ, ʦʩʢʽʣʴʢʠ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʚʽʜʧʦʚʽʜʥʽ ʾʡ 

ʩʪʨʫʢʪʫʨʠ ʥʘ ʘʪʦʤʥʦʤʫ ʨʽʚʥʽ ʫ ʚʠʛʣʷʜʽ ʢʨʠʩʪʘʣʽʚ ʥʝ ʨʝʘʣʽʟʫʶʪʴʩʷ. 

ɽʢʟʦʪʠʯʥʽʩʪʴ ʩʠʪʫʘʮʽʾ ʽʟ çʰʝʭʪʤʘʥʽʪʦʤè ʷʢʨʘʟ ʽ ʧʦʣʷʛʘʣʘ ʚ ʪʦʤʫ, ʱʦ ʚ 

ʥʴʦʤʫ ʚʠʷʚʠʣʠʩʷ ʟʝʨʥʘ ʫ ʬʦʨʤʽ ʜʦʜʝʢʘʝʜʨʘ ï ʩʠʤʝʪʨʠʯʥʦʛʦ ʪʽʣʘ ʟ 12 

ʛʨʘʥʷʤʠ ʫ ʬʦʨʤʽ ʧʨʘʚʠʣʴʥʠʭ ʧôʷʪʠʢʫʪʥʠʢʽʚ (ʪʦʤʫ ʮʶ ʬʽʛʫʨʫ ʥʝʨʽʜʢʦ 

ʥʘʟʠʚʘʶʪʴ ʧʝʥʪʘʛʦʥ-ʜʦʜʝʢʘʝʜʨʦʤ). ɹʽʣʴʰ ʪʦʛʦ, ʽʢʦʩʘʝʜʨʠʯʥʽʡ ʩʠʤʝʪʨʽʾ 

ʚʽʜʧʦʚʽʜʘʣʦ ʥʝ ʣʠʰʝ çʟʝʨʥʦè, ʷʢʝ ʤʘʣʦ ʨʦʟʤʽʨ ʩʦʪʥʽ ʤʽʢʨʦʥʽʚ, ʘʣʝ ʡ 

ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʥʘ ʙʽʣʴʰ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʽ.  

ʇʽʩʣʷ ʚʽʜʢʨʠʪʪʷ çʰʝʭʪʤʘʥʽʪʫè ʙʫʣʦ ʚʠʚʯʝʥʦ ʽ ʪʨʠʚʠʤʽʨʥʝ (3D) 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʤʦʟʘʾʢʠ ʇʝʥʨʦʫʟʘ, ʱʦ ʪʘʢʦʞ ʤʘʻ ʽʢʦʩʘʝʜʨʠʯʥʫ ʩʠʤʝʪʨʽʶ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ 

ʢʚʘʟʽʢʨʠʩʪʘʣʘʭ ʙʽʣʴʰʽʩʪʴ ʘʪʦʤʽʚ ʤʘʶʪʴ ʪʘʢʽ ʥʘʡʙʣʠʞʯʽ ʩʫʩʽʜʥʽ ʘʪʦʤʠ, 

ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʫ ʚʝʨʰʠʥʘʭ ʧʨʘʚʠʣʴʥʦʛʦ ʜʦʜʝʢʘʝʜʨʘ. ʆʜʥʘʢ ʫ ʨʘʟʽ 

ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʠ ʟ ʪʚʝʨʜʠʭ ʩʬʝʨ ʟʽ ʜʚʘʜʮʷʪʴʤʘ ʚʝʨʰʠʥʘʤʠ 

ʜʦʜʝʢʘʝʜʨʘ ʨʝʘʣʴʥʽ ʘʪʦʤʠ ʟʘʡʤʘʶʪʴ ʥʝ ʙʽʣʴʰʝ ʚʦʩʴʤʠ ʚʝʨʰʠʥ. ʊʦʤʫ 

ʧʝʨʰʘ ʢʦʦʨʜʠʥʘʮʽʡʥʘ ʩʬʝʨʘ ʢʦʞʥʦʛʦ ʘʪʦʤʘ ʤʘʻ ʩʠʣʴʥʫ ʟʤʽʥʥʽʩʪʴ. 

ʇʦʜʽʙʥʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʤʘʶʪʴ ʷʢ ʙʣʠʟʴʢʠʡ, ʪʘʢ ʽ ʜʘʣʝʢʠʡ ʧʦʨʷʜʦʢ 

(ʘʣʝ ʥʝ ʟʚʠʯʘʡʥʠʡ ʪʨʘʥʩʣʷʮʽʡʥʠʡ), ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʟ ʨʦʤʙʦʝʜʨʽʚ 

ʪʽʣʴʢʠ ʜʚʦʭ ʪʠʧʽʚ: ʦʜʠʥ ʟ ʨʦʤʙʦʝʜʨʽʚ ï ʩʪʠʩʢʘʥʥʷʤ ʢʫʙʘ ʚʟʜʦʚʞ ʡʦʛʦ 

ʧʨʦʩʪʦʨʦʚʦʾ ʜʽʘʛʦʥʘʣʽ, ʜʨʫʛʠʡ ï ʨʦʟʪʷʛʘʥʥʷʤ ʢʫʙʘ ʚʟʜʦʚʞ ʡʦʛʦ 

ʧʨʦʩʪʦʨʦʚʦʾ ʜʽʘʛʦʥʘʣʽ. ʋ ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ ʚʝʨʰʠʥʘʭ ʧʝʨʰʦʛʦ 

ʨʦʤʙʦʝʜʨʘ ʩʭʦʜʷʪʴʩʷ ʪʨʠ ʦʜʥʘʢʦʚʽ ʪʫʧʽ ʢʫʪʠ ʛʨʘʥʝʡ:  

ac = arccos (- 1/3) º 109o39±. 

ʋ ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ ʚʝʨʰʠʥʘʭ ʜʨʫʛʦʛʦ ʨʦʤʙʦʝʜʨʘ ʩʭʦʜʷʪʴʩʷ ʪʨʠ 

ʨʽʚʥʽ ʛʦʩʪʨʽ ʢʫʪʠ ad = p ï ac º 70o32±. ɺʩʽ ʛʨʘʥʽ ʦʙʦʭ ʨʦʤʙʦʝʜʨʽʚ ʦʜʥʘʢʦʚʽ, 

ʘ ʜʦʚʞʠʥʠ ʧʨʦʩʪʦʨʦʚʠʭ ʜʽʘʛʦʥʘʣʝʡ ʫʪʚʦʨʶʶʪʴ ʟʦʣʦʪʠʡ ʧʝʨʝʨʽʟ F.  

ʑʽʣʴʥʦ ʫʧʘʢʦʚʘʚʰʠ ʪʘʢʽ ʨʦʤʙʦʝʜʨʠ, ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʢʣʘʩʪʝʨʠ ʽʟ 

ʩʠʤʝʪʨʽʻʶ ʽʢʦʩʘʝʜʨʘ. ʋ çʥʝʩʢʽʥʯʝʥʥʽʡè ʪʨʠʚʠʤʽʨʥʽʡ ʤʦʟʘʾʮʽ ʚʽʜʥʦʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʨʦʤʙʦʝʜʨʽʚ ʦʜʥʦʛʦ ʪʠʧʫ ʜʦ ʢʽʣʴʢʦʩʪʽ ʨʦʤʙʦʝʜʨʽʚ ʽʥʰʦʛʦ ʪʠʧʫ, 

ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ çʧʘʨʢʝʪʽè ʇʝʥʨʦʫʟʘ, ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ ʟʦʣʦʪʦʛʦ ʧʝʨʝʨʽʟʫ. 

ʎʶ ʤʦʟʘʾʢʫ ʪʘʢʦʞ ʥʝ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʪʨʘʜʠʮʽʡʥʦʶ ʪʨʘʥʩʣʷʮʽʻʶ ʦʜʥʦʛʦ 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʩʝʨʝʜʢʫ. ʈʦʟʨʘʭʫʥʢʠ ʜʠʬʨʘʢʮʽʡʥʦʾ ʢʘʨʪʠʥʠ, ʦʪʨʠʤʘʥʦʾ 
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ʨʦʟʩʽʶʚʘʥʥʷʤ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ, ʚʠʷʚʠʣʠʩʷ ʙʣʠʟʴʢʠʤʠ ʜʦ ʪʠʭ, ʱʦ 

ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ çʰʝʭʪʤʘʥʽʪʫè.  

ɸʣʛʦʨʠʪʤ ʧʘʢʦʚʘʥʥʷ 2D-ʨʦʤʙʽʚ ʘʙʦ 3D-ʨʦʤʙʦʝʜʨʽʚ ʫ ʤʦʟʘʾʢʘʭ 

ʇʝʥʨʦʫʟʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʢʨʦʢʽʚ ʽ ʪʦʤʫ ʤʘʻ ʘʣʴʪʝʨʥʘʪʠʚʠ. ɿʽ 

ʟʨʦʩʪʘʥʥʷʤ ʨʝʘʣʴʥʦʛʦ ʢʚʘʟʽʢʨʠʩʪʘʣʘ ʤʦʞʣʠʚʽ ʟʙʦʾ ʘʣʛʦʨʠʪʤʫ 

ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʠ, ʪʦʤʫ ʚ ʢʚʘʟʽʢʨʠʩʪʘʣʽ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ 

ʜʽʣʷʥʢʠ ʟ ʾʾ ʧʦʨʫʰʝʥʥʷʤ. ʇʦʜʽʙʥʽ çʘʤʦʨʬʥʽè ʚʢʨʘʧʣʝʥʥʷ 

ʨʦʟʰʠʨʶʶʪʴ ʧʽʢʠ ʥʘ ʨʝʥʪʛʝʥʽʚʩʴʢʽʡ ʜʠʬʨʘʢʮʽʡʥʽʡ ʢʘʨʪʠʥʽ, ʱʦ ʡ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. ʂʨʽʤ ʪʦʛʦ, ʩʚʽʜʯʝʥʥʷʤ ʥʘʷʚʥʦʩʪʽ 

ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʙʝʟʧʦʨʷʜʢʫ ʻ ʥʠʟʴʢʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ, ʫ ʪʦʡ ʯʘʩ, ʷʢ 

ʱʽʣʴʥʦʧʘʢʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ, ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʇʝʥʨʦʫʟʘ, 

ʤʘʶʪʴ ʜʦʙʨʝ ʧʨʦʚʦʜʠʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ.  

ʂʚʘʟʽʢʨʠʩʪʘʣʠ ʟʘʟʚʠʯʘʡ ʟôʷʚʣʷʶʪʴʩʷ ʫ ʨʘʟʽ ʨʽʟʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ 

ʪʘʢʠʭ ʩʧʣʘʚʽʚ, ʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʷʢʠʭ ʧʝʨʝʚʘʞʘʶʪʴ ʥʝʪʨʘʥʩʣʷʮʽʡʥʽ ʦʩʽ 

ʩʠʤʝʪʨʽʾ. ʊʦʤʫ ʚ ʫʤʦʚʘʭ ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʤʝʪʦʜʦʤ 

çʪʝʧʣʦʚʦʛʦ ʰʦʢʫè ʧʝʨʝʜʫʩʽʤ ʚʠʥʠʢʘʶʪʴ ʽ ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ ʪʘʢʽ ʩʪʨʫʢʪʫʨʠ 

ʙʣʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ (ʥʘʧʨʠʢʣʘʜ ʪʽ, ʱʦ ʤʘʶʪʴ ʦʩʽ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ), ʷʢʽ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʣʦʢʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʦʟʧʣʘʚʫ ʽ ʥʝ 

ʟʘʙʦʨʦʥʝʥʽ ʩʠʤʝʪʨʽʻʶ ʢʫʣʽ. ʎʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ (ʫ 

ʨʦʟʛʣʷʜʫʚʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟ ʦʩʷʤʠ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ) ʟʘʣʠʰʘʶʪʴʩʷ ʫ 

çʟʘʩʪʠʛʣʽʡè ʧʽʩʣʷ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʫ ʩʪʨʫʢʪʫʨʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʫ ʥʽʡ 

ʧʝʚʥʠʡ ʜʘʣʝʢʠʡ ʧʦʨʷʜʦʢ. ʈʽʯ ʫ ʪʽʤ, ʱʦ ʫʪʚʦʨʶʚʘʥʽ ʢʣʘʩʪʝʨʠ ʤʦʞʫʪʴ 

ʤʘʪʠ ʜʦʩʪʘʪʥʶ ʝʥʝʨʛʽʶ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʚôʷʟʢʫ, ʱʦʙ ʧʨʦʪʠʩʪʦʷʪʠ 

ʪʝʧʣʦʚʦʤʫ ʨʫʭʫ ʽ ʟʙʝʨʽʛʘʪʠ ʝʣʝʤʝʥʪʠ ʩʠʤʝʪʨʽʾ, ʥʝʦʨʜʠʥʘʨʥʦʾ ʜʣʷ 

ʽʜʝʘʣʴʥʦʛʦ (ʪʨʘʥʩʣʷʮʽʡʥʦʛʦ) ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ. ʉʧʣʘʚʫ, ʱʦ ʟʘʟʥʘʚ ʨʽʟʢʦʾ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʣʘʩʪʠʚʽ çʩʪʘʪʠʯʥʽè ʝʣʝʤʝʥʪʠ ʩʠʤʝʪʨʽʾ, 

ʟʘʙʝʟʧʝʯʫʚʘʥʽ ʜʠʥʘʤʽʢʦʶ ʪʨʘʥʩʣʷʮʽʡʥʦʾ ˇʨʘʪʢʠ. ʊʦʤʫ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʘʢʦʛʦ ʩʧʣʘʚʫ ʩʪʘʶʪʴ ʥʝʪʨʘʜʠʮʽʡʥʠʤʠ.  
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3.4. ʄʦʜʝʣʶʚʘʥʥʷ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ 

 

ɿʦʚʥʽʰʥʽ ʚʧʣʠʚʠ (ʪʝʧʣʦʪʘ, ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ, ʝʣʝʢʪʨʠʯʥʝ, 

ʤʘʛʥʽʪʥʝ ʘʙʦ ʪʝʧʣʦʚʝ ʧʦʣʷ, ʤʝʭʘʥʽʯʥʝ ʥʘʧʨʫʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʦʜʘʚʘʥʥʷ 

ʩʪʦʨʦʥʥʽʭ ʘʪʦʤʽʚ ʫ ʢʨʠʩʪʘʣ) ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʫʤʦʚʠ ʜʠʥʘʤʽʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ ʯʘʩʪʠʥʦʢ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʢʨʠʩʪʘʣ, ʪʦʙʪʦ ʟʤʽʥʶʚʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʫ ʂʶʨʽ : 

ʂʨʠʩʪʘʣ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʟʦʚʥʽʰʥʽʤ ʚʧʣʠʚʦʤ, ʚʠʷʚʣʷʻ ʪʘʢʽ 

ʝʣʝʤʝʥʪʠ ʩʠʤʝʪʨʽʾ, ʷʢʽ ʻ ʟʘʛʘʣʴʥʠʤʠ ʜʣʷ ʷʢ ʩʘʤʦʛʦ ʢʨʠʩʪʘʣʘ (ʙʝʟ 

ʚʧʣʠʚʫ), ʪʘʢ ʽ ʩʘʤʦʛʦ ʚʧʣʠʚʫ. 

ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʫ ʚʽʜʛʫʢʫ ʥʘ ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʪʽʣʴʢʠ ʟʘʛʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʩʠʤʝʪʨʽʾ ʢʨʠʩʪʘʣʘ ʽ ʚʧʣʠʚʫ, ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ 

ʨʘʟʽ ʥʘʢʣʘʜʝʥʥʷ ʜʚʦʭ ʩʠʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ ʦʜʥʘ ʥʘ ʦʜʥʫ, ʢʦʣʠ ʚʠʭʦʜʠʪʴ 

ʬʽʛʫʨʘ ʪʽʣʴʢʠ ʟ ʪʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʠʤʝʪʨʽʾ, ʷʢʽ ʻ ʟʘʛʘʣʴʥʠʤʠ ʜʣʷ 

ʦʙʦʭ ʬʽʛʫʨ ʚ ʫʤʦʚʘʭ ʟʘʜʘʥʦʛʦ ʚʟʘʻʤʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ. 

ʇôʻʨ ʂʶʨʽ ʜʦʧʦʚʥʠʚ ʽ ʨʦʟʰʠʨʠʚ ʧʦʥʷʪʪʷ ʩʠʤʝʪʨʽʾ, ʨʦʟʛʣʷʜʘʶʯʠ ʾʾ 

ʷʢ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʫ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʮʝ ʷʚʠʱʝ. ʅʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʪʽʻʾ ʘʙʦ ʽʥʰʦʾ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʘ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ: 

ï ʩʪʘʥ ʽ ʙʫʜʦʚʫ ʩʘʤʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʨʦʟʯʠʥʫ, ʨʦʟʧʣʘʚʫ, ʛʘʟʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ); 

ï ʨʫʭ ʟʨʦʩʪʘʶʯʦʛʦ ʢʨʠʩʪʘʣʘ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ ʡʦʛʦ 

ʬʦʨʤʫʻ; 

ï ʚʧʣʠʚ ʥʘ ʟʨʦʩʪʘʶʯʠʡ ʢʨʠʩʪʘʣ ʽʥʰʠʭ ʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʌʦʨʤʘ ʢʨʠʩʪʘʣʘ, ʷʢʠʡ ʟʨʦʩʪʘʻ ʚ ʧʝʚʥʠʭ ʫʤʦʚʘʭ, ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʟʙʝʨʽʛʘʻ ʪʽʣʴʢʠ ʪʽ ʝʣʝʤʝʥʪʠ ʚʣʘʩʥʦʾ ʩʠʤʝʪʨʽʾ, ʷʢʽ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʥʘʢʣʘʜʝʥʠʤʠ ʥʘ ʥʝʾ ʝʣʝʤʝʥʪʘʤʠ ʩʠʤʝʪʨʽʾ ʩʝʨʝʜʦʚʠʱʘ, ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʯʘʩʪʠʥʘ ʝʣʝʤʝʥʪʽʚ ʩʠʤʝʪʨʽʾ ʮʴʦʛʦ ʢʨʠʩʪʘʣʘ ʟʦʚʥʽ ʟʥʠʢʘʻ. ʁʦʛʦ ʬʦʨʤʘ 

ʟʙʝʨʽʛʘʻ ʪʽʣʴʢʠ ʪʽ ʝʣʝʤʝʥʪʠ ʚʣʘʩʥʦʾ ʩʠʤʝʪʨʽʾ, ʷʢʽ ʟʙʽʛʘʣʠʩʷ ʟ 

ʝʣʝʤʝʥʪʘʤʠ ʩʠʤʝʪʨʽʾ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʨʠʩʪʘʣ ʨʝʘʛʫʻ ʟʤʽʥʦʶ ʩʚʦʻʾ ʬʦʨʤʠ ʥʘ ʟʤʽʥʫ ʫʤʦʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʈʽʟʥʠʤ ʫʤʦʚʘʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʽ ʬʦʨʤʠ ʢʨʠʩʪʘʣʘ. ʋ 

ʨʘʟʽ ʥʘʜʪʦ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʫʤʦʚ ʤʽʥʝʨʘʣʠ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʩʢʣʘʜʫ 

ʥʘʙʫʚʘʶʪʴ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨ (ʷʚʠʱʝ ʧʦʣʽʤʦʨʬʽʟʤʫ). ʊʘʢʽ, ʥʘʧʨʠʢʣʘʜ, 
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ʤʽʥʝʨʘʣʠ ʯʠʩʪʦʛʦ ʚʫʛʣʝʮʶ: ʢʫʙʽʯʥʠʡ ʘʣʤʘʟ, ʛʝʢʩʘʛʦʥʘʣʴʥʠʡ ʛʨʘʬʽʪ, 

ʛʝʢʩʘʛʦʥʘʣʴʥʠʡ ʘʣʤʘʟ ʪʘ ʽʥ. 

ʂʶʨʽ ʥʘʜʘʚʘʚ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʟʥʠʢʣʠʤ ʝʣʝʤʝʥʪʘʤ ʚʣʘʩʥʦʾ 

ʩʠʤʝʪʨʽʾ ʦʙôʻʢʪʘ. ʊʘʢʫ ʟʥʠʢʣʫ ʩʠʤʝʪʨʽʶ ʚʽʥ ʥʘʟʚʘʚ ʜʠʩʠʤʝʪʨʽʻʶ. ɿʛʽʜʥʦ ʟ 

ʡʦʛʦ ʢʦʥʮʝʧʮʽʻʶ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʥʦʚʠʭ ʷʚʠʱ ʜʠʩʠʤʝʪʨʽʷ ʙʽʣʴʰ ʽʩʪʦʪʥʘ, 

ʥʽʞ ʩʘʤʘ ʩʠʤʝʪʨʽʷ. çʉʘʤʝ ʜʠʩʠʤʝʪʨʽʷ ʪʚʦʨʠʪʴ ʷʚʠʱʘè ï ʟʘʟʥʘʯʘʚ ʂʶʨʽ ʫ 

ʩʚʦʾʭ ʧʨʘʮʷʭ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʫ ʨʦʣʴ ʩʠʤʝʪʨʽʾ ʥʝ ʪʽʣʴʢʠ ʫ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʾ, ʘ ʡ ʫ ʩʬʝʨʽ ʬʽʟʠʯʥʠʭ ʷʚʠʱ ʚʟʘʛʘʣʽ.  

ʅʠʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʽ ʧʦʥʷʪʪʷ, ʷʢ ʩʠʤʝʪʨʽʷ ʧʦʜʽʙʥʦʩʪʽ ʽ 

ʢʨʠʚʦʣʽʥʽʡʥʘ ʩʠʤʝʪʨʽʷ, ʱʦ ʧʦʛʣʠʙʣʶʶʪʴ ʽ ʫʪʦʯʥʶʶʪʴ ʧʦʥʷʪʪʷ 

ʜʠʩʠʤʝʪʨʽʾ. ɿʦʢʨʝʤʘ ʮʝ ʟʫʤʦʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʝʚʦʣʶʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ 

ʦʙôʻʢʪʽʚ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʝʨʝʭʽʜ ʚʽʜ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʦʩʝʡ ʽ 

ʧʣʦʱʠʥ ʩʠʤʝʪʨʽʾ ʜʦ ʝʣʝʤʝʥʪʽʚ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʠʤʝʪʨʽʾ ʜʣʷ ʦʧʠʩʫ 

ʧʨʠʨʦʜʥʠʭ ʪʽʣ (ʥʘʡʧʨʦʩʪʽʰʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʛʝʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʪ. ʽʥ.) 

ʜʘʩʪʴ ʟʤʦʛʫ ʫʟʘʛʘʣʴʥʠʪʠ ʧʨʠʥʮʠʧ ʟʙʝʨʝʞʝʥʥʷ ʩʠʤʝʪʨʽʾ ʫ ʰʠʨʦʢʦʤʫ ʾʾ 

ʨʦʟʫʤʽʥʥʽ. 

ɼʣʷ ʨʦʟʧʣʘʚʽʚ ʤʝʪʘʣʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʤʧʦʥʝʥʪʽʚ ʩʧʣʘʚʫ 

ʤʽʢʨʦʩʠʤʝʪʨʽʷ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʦʩʦʙʣʠʚʦʩʪʷʤ ʝʣʝʢʪʨʦʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʩʫʩʽʜʥʽʭ ʫ ʨʦʟʧʣʘʚʽ ʽʦʥʽʚ (ʟʦʢʨʝʤʘ, ʬʦʨʤʦʶ ʧʦʚʝʨʭʥʽ ʌʝʨʤʽ). 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʚ ʨʦʟʧʣʘʚʘʭ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʨʽʟʥʦʶ, ʟʦʢʨʝʤʘ ʤʘʪʠ ʦʩʽ 

ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ (ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʦʩʽ ʩʠʤʝʪʨʽʾ ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ), 

ʟʘʙʦʨʦʥʝʥʽ ʩʠʤʝʪʨʽʻʶ ʧʦʙʫʜʦʚʘʥʦʛʦ çʽʜʝʘʣʴʥʦʛʦè ʢʨʠʩʪʘʣʘ. ʊʝʧʣʦʚʝ 

ʧʦʣʝ ï ʚʧʣʠʚ ʥʘ ʢʨʠʩʪʘʣ ï ʤʘʻ ʩʠʤʝʪʨʽʶ ʢʫʣʽ ʽ ʤʽʩʪʠʪʴ ʙʫʜʴ-̫ ʢʽ ʝʣʝʤʝʥʪʠ 

ʩʠʤʝʪʨʽʾ (ʚʢʣʶʯʘʶʯʠ ʡ ʦʩʽ ʙʫʜʴ-̫ ʢʦʛʦ ʧʦʨʷʜʢʫ). 

ʂʚʘʟʽʢʨʠʩʪʘʣʠ ʟôʷʚʣʷʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʽʟʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʟ 

ʥʝʪʨʘʥʩʣʷʮʽʡʥʠʤʠ ʦʩʷʤʠ ʤʽʢʨʦʩʠʤʝʪʨʽʾ. ʋ ʢʨʠʩʪʘʣʽ, ʱʦ ʟʘʟʥʘʚ ʨʽʟʢʦʾ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʣʘʩʪʠʚʽ ʡʦʤʫ çʩʪʘʪʠʯʥʽè ʝʣʝʤʝʥʪʠ ʩʠʤʝʪʨʽʾ 

(ʟʘʙʝʟʧʝʯʫʚʘʥʽ ʜʠʥʘʤʽʢʦʶ ʪʨʘʥʩʣʷʮʽʡʥʦʾ ˇʨʘʪʢʠ) ʥʝ ʟʙʝʨʽʛʘʶʪʴʩʷ, ʽ 

ʪʦʤʫ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʦʛʦ ʩʧʣʘʚʫ ʩʪʘʶʪʴ ʦʩʦʙʣʠʚʠʤʠ. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ 

ʨʽʟʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʟ ʤʝʪʦʜʽʚ 

çʽʨʨʘʮʽʦʥʘʣʴʥʠʭ ʧʝʨʝʨʽʟʽʚè. ʇʦʙʫʜʦʚʘ ʢʚʘʟʽʢʨʠʩʪʘʣʘ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʚʠʙʦʨʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ, ʱʦ ʤʘʻ ʧʝʚʥʫ 

ʪʨʘʥʩʣʷʮʽʡʥʫ ʩʠʤʝʪʨʽʶ. ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʩʪʘ ʢʫʙʽʯʥʘ 
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M-ʚʠʤʽʨʥʘ ̌ʨʘʪʢʘ. ɼʘʣʽ ˇʨʘʪʢʘ ʨʦʟʪʠʥʘʻʪʴʩʷ N-ʚʠʤʽʨʥʦʶ ʧʣʦʱʠʥʦʶ (ʜʝ 

N < M), ̔  ʚʫʟʣʠ ʚʠʭʽʜʥʦʾ ˇʨʘʪʢʠ ʧʨʦʝʢʪʫʶʪʴʩʷ ʥʘ ʛʽʧʝʨʧʣʦʱʠʥʫ. 

ʇʨʦʝʢʮʽʾ ʚʫʟʣʽʚ ʫʪʚʦʨʶʶʪʴ ʜʝʷʢʫ N-ʚʠʤʽʨʥʫ ʩʪʨʫʢʪʫʨʫ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʢʫʪʘ ʥʘʭʠʣʫ ʩʽʯʥʦʾ ʛʽʧʝʨʧʣʦʱʠʥʠ ʚʽʜʥʦʩʥʦ ʦʩʦʙʣʠʚʠʭ 

ʥʘʧʨʷʤʢʽʚ ʚʠʭʽʜʥʦʾ ʢʫʙʽʯʥʦʾ ˇʨʘʪʢʠ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʷʢ ʪʨʘʥʩʣʷʮʽʡʥʦ 

ʚʧʦʨʷʜʢʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ, ʪʘʢ ʽ N-ʚʠʤʽʨʥʽ ʢʚʘʟʽʢʨʠʩʪʘʣʠ. ʉʧʽʣʴʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ N-ʚʠʤʽʨʥʽ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ 

(ʪʦʙʪʦ ʪʘʢʽ, ʱʦ ʤʘʶʪʴ çʥʝʪʨʘʥʩʣʷʮʽʡʥʝè ʫʧʦʨʷʜʢʫʚʘʥʥʷ) ʫʪʚʦʨʶʶʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʧʝʨʝʨʽʟʫ 2N-ʚʠʤʽʨʥʦʾ ʢʫʙʽʯʥʦʾ ˇʨʘʪʢʠ N-ʚʠʤʽʨʥʦʶ ʧʣʦʱʠʥʦʶ, 

ʨʦʟʤʽʱʝʥʦʶ ʚʽʜʥʦʩʥʦ ʦʩʦʙʣʠʚʠʭ ʥʘʧʨʷʤʢʽʚ ʫ ʚʠʭʽʜʥʽʡ ˇʨʘʪʮʽ ʧʽʜ ʜʝʷʢʠʤ 

ʢʫʪʦʤ, ʪʘʥʛʝʥʩ ʷʢʦʛʦ ʚʠʨʘʞʘʻʪʴʩʷ ʧʝʚʥʠʤ ʽʨʨʘʮʽʦʥʘʣʴʥʠʤ ʯʠʩʣʦʤ. 

ʇʦʜʽʙʥʽ ʧʝʨʝʨʽʟʠ ʜʣʷ ʩʪʠʩʣʦʩʪʽ ʥʘʟʠʚʘʶʪʴʩʷ ʽʨʨʘʮʽʦʥʘʣʴʥʠʤʠ. ɿʦʢʨʝʤʘ, 

ʽʢʦʩʘʝʜʨʠʯʥʽ ʪʨʠʚʠʤʽʨʥʽ ʢʚʘʟʽʢʨʠʩʪʘʣʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʷʢ ʧʝʨʝʨʽʟ 

ʰʝʩʪʠʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ ʪʨʠʚʠʤʽʨʥʦʶ ʧʣʦʱʠʥʦʶ. 

ʋ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʽʨʨʘʮʽʦʥʘʣʴʥʽ ʯʠʩʣʘ ʟʘʚʞʜʠ ʟʘʤʽʥʶʶʪʴʩʷ 

ʥʘʙʣʠʞʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ï ʨʘʮʽʦʥʘʣʴʥʠʤʠ ʯʠʩʣʘʤʠ. ɯʨʨʘʮʽʦʥʘʣʴʥʽ 

ʪʘʥʛʝʥʩʠ ʢʫʪʽʚ ʬʘʢʪʠʯʥʦ ʟʘʤʽʥʶʶʪʴʩʷ ʨʘʮʽʦʥʘʣʴʥʠʤʠ. ɿʘ ʮʠʭ ʫʤʦʚ ʚ 

ʦʪʨʠʤʘʥʠʭ ʧʝʨʝʨʽʟʘʭ ʫʪʚʦʨʶʶʪʴʩʷ ʧʝʨʽʦʜʠʯʥʽ ʩʪʨʫʢʪʫʨʠ (ʪʦʙʪʦ N-

ʚʠʤʽʨʥʽ ʢʨʠʩʪʘʣʠ). ʗʢʱʦ ʨʘʮʽʦʥʘʣʴʥʽ ʯʠʩʣʘ, ʱʦ ʟʘʤʽʥʶʶʪʴ ʪʘʥʛʝʥʩ ʢʫʪʘ 

ʧʝʨʝʨʽʟʫ, ʧʦʩʪʫʧʦʚʦ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʽʨʨʘʮʽʦʥʘʣʴʥʦʛʦ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʢʚʘʟʽʢʨʠʩʪʘʣʫ, ʪʦ ʢʨʠʩʪʘʣʠ ʥʘʟʠʚʘʶʪʴ ʘʧʨʦʢʩʠʤʘʥʪʘʤʠ ʮʴʦʛʦ 

ʢʚʘʟʽʢʨʠʩʪʘʣʘ. 

ʗʢ ʧʨʠʢʣʘʜ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʧʦʙʫʜʦʚʫ 1D (ʦʜʥʦʚʠʤʽʨʥʦʛʦ) 

ʢʚʘʟʽʢʨʠʩʪʘʣʘ ʪʘ ʡʦʛʦ ʘʧʨʦʢʩʠʤʘʥʪʽʚ, ʱʦ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʠʙʦʨʫ 2D 

(ʜʚʦʚʠʤʽʨʥʦʾ) ʧʝʨʽʦʜʠʯʥʦʾ ˇʨʘʪʢʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʦʯʦʢ, ʱʦ 

ʤʽʩʪʷʪʴʩʷ ʫ ʚʝʨʰʠʥʘʭ ʦʜʥʘʢʦʚʠʭ ʢʚʘʜʨʘʪʽʚ. ʇʦʜʽʙʥʘ ˇʨʘʪʢʘ ʻ 2D 

ʘʥʘʣʦʛʦʤ ʧʨʠʤʽʪʠʚʥʦʾ 3D (ʪʨʠʚʠʤʽʨʥʦʾ) ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ. 

ʉʪʨʫʢʪʫʨʘ 1D ʢʚʘʟʽʢʨʽʩʪʘʣʘ ʽ ʡʦʛʦ ʘʧʨʦʢʩʠʤʘʥʪʽʚ ʤʦʞʥʘ 

ʟʤʦʜʝʣʶʚʘʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʚʫʟʣʽʚ ʢʚʘʜʨʘʪʥʦʾ ʩʽʪʢʠ ʥʘ ʧʨʷʤʫ ʣʽʥʽʶ 

V, ɦʦ ʤʘʻ ʜʝʷʢʠʡ ʥʘʭʠʣ ʜʦ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. ʇʨʦʝʢʪʫʶʪʴʩʷ ʣʠʰʝ ʪʦʯʢʠ 

ʚʩʝʨʝʜʠʥʽ ʩʤʫʞʢʠ, ʧʘʨʘʣʝʣʴʥʦʾ ʚʠʙʨʘʥʽʡ ʧʨʷʤʽʡ V. ʐʠʨʠʥʫ ʩʤʫʞʢʠ L 

ʚʠʙʠʨʘʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʢʚʘʜʨʘʪʥʦʾ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʙʫʣʘ ʢʚʘʜʨʘʪʦʤ, ʫʧʠʩʘʥʠʤ ʫ ʧʨʦʝʢʪʦʚʘʥʫ ʩʤʫʞʢʫ 

(ʨʠʩ. 3.4).  
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ʈʠʩ. 3.4. ʉʭʝʤʘ ʧʦʙʫʜʦʚʠ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʘʧʨʦʢʩʠʤʘʥʪʘ 

 

ʆʨʽʻʥʪʘʮʽʶ ʧʨʷʤʦʾ ʣʽʥʽʾ V ʜʦ ʦʩʽ ʍ (ʽ, ʦʪʞʝ, ʧʨʦʝʢʪʦʚʘʥʦʾ ʩʤʫʞʢʠ) 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʘʥʛʝʥʩʦʤ ʢʫʪʘ ʥʘʭʠʣʫ j. 

ʐʠʨʠʥʘ ʩʤʫʞʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʧʠʩʘʥʠʤ ʟʘʰʪʨʠʭʦʚʘʥʠʤ 

ʢʚʘʜʨʘʪʦʤ. ɺʫʟʣʠ ʢʚʘʜʨʘʪʥʦʾ ʩʽʪʢʠ ʚʩʝʨʝʜʠʥʽ ʩʤʫʞʢʠ 

ʧʨʦʝʢʪʫʶʪʴʩʷ 

ʥʘ ʚʽʩʴ V ̔  ʫʪʚʦʨʶʶʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʦʚʛʠʭ ʽ ʢʦʨʦʪʢʠʭ ʚʽʜʨʽʟʢʽʚ, ʷʢʽ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʘʧʨʦʢʩʠʤʘʥʪ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ. 1D-ʩʪʨʫʢʪʫʨʘ 

ï ʮʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʽʜʨʽʟʢʽʚ ʥʘ ʦʩʽ V, ̫ʢʽ ʨʦʟʜʽʣʷʶʪʴʩʷ ʪʦʯʢʘʤʠ 

ʧʦʙʫʜʦʚʘʥʠʭ ʧʨʦʝʢʮʽʡ ʚʫʟʣʽʚ ʢʚʘʜʨʘʪʥʦʾ ˇʨʘʪʢʠ. ɿʘ ʪʘʢʦʛʦ ʚʠʙʦʨʫ 

ʰʠʨʠʥʠ ʩʤʫʞʢʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʚʽʜʨʽʟʢʽʚ ʪʽʣʴʢʠ 

ʜʚʦʭ ʨʽʟʥʠʭ ʜʦʚʞʠʥ, ʷʢʽ ʧʦʟʥʘʯʘʶʪʴʩʷ ʙʫʢʚʘʤʠ ɸ ̔ ɺ ʚʽʜʧʦʚʽʜʥʦ. 

ʋ ʪʦʤʫ ʨʘʟʽ, ʢʦʣʠ ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ j ̒  ʨʘʮʽʦʥʘʣʴʥʠʤ ʯʠʩʣʦʤ, 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʽʜʨʽʟʢʽʚ ɸ ̔  ɺ ʙʫʜʝ ʧʝʨʽʦʜʠʯʥʦʶ, ʪʦʙʪʦ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ 

1D ʢʨʠʩʪʘʣʘ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʥʘʯʝʥʥʷ tgj = 1£2 ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʚʽʜʨʽʟʢʽʚ ʪʘʢʘ: 

ɸɺɸɸɺɸɸɺɸɸɺɸɸɺɸɺ ..., 

ʘ ʜʣʷ tgj = 1 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 1D-ʧʨʠʤʽʪʠʚʥʘ ˇʨʘʪʢʘ, ʦʩʢʽʣʴʢʠ ʜʦʚ-

ʞʠʥʠ ʚʽʜʨʽʟʢʽʚ ɸ ̔  ɺ ʟʙʽʛʘʶʪʴʩʷ. ʂʦʣʠ ʞ tgj = F, ɦʦ ʚʽʜʧʦʚʽʜʘʻ 

ʟʦʣʦʪʦʤʫ ʧʝʨʝʨʽʟʫ ʘʙʦ ʟʦʣʦʪʦʤʫ ʩʝʨʝʜʥʴʦʤʫ, ʪʦ ʪʘʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʚʽʜʨʽʟʢʽʚ ɸ ̔  ɺ ʙʫʜʝ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʪʠ 1D-ʢʨʠʩʪʘʣʫ. 
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ʏʠʩʣʦ F ʥʘʙʣʠʞʝʥʦ ʜʦʨʽʚʥʶʻ 0,618034..., ʽ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʽʜʨʽʟʢʽʚ ʧʦʯʠʥʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

ɸɺɸɺɸɸɺɸɸɺɸɺɸɸɺɸɸɺɸɺɸɸɺɸɺɸ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʜʝʜʘʣʽ ʪʦʯʥʽʰʠʭ ʟʥʘʯʝʥʴ ʟʦʣʦʪʦʛʦ ʩʝʨʝʜʥʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʡʦʛʦ ʧʦʩʣʽʜʦʚʥʽ ʥʘʙʣʠʞʝʥʥʷ ʩʫʩʽʜʥʽʭ ʯʠʩʝʣ ʌʽʙʦʥʘʯʯʽ: 

F = Fn/Fn+1, 

ʜʝ Fn = 1, 2, 3, 5, 8, 13, 21, ...;  Fn = Fn+1 + Fn+2; n = 3, 4, 5 é. 

ɺʠʙʠʨʘʶʯʠ ʨʽʟʥʽ ʥʘʙʣʠʞʝʥʥʷ ʟʦʣʦʪʦʛʦ ʩʝʨʝʜʥʴʦʛʦ, ʱʦ ʜʦʨʽʚʥʶʶʪʴ 

F1/F2, F2/F3, F3/F4, ..., ʤʦʞʥʘ ʟʥʘʡʪʠ ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʧʦʩʣʽʜʦʚʥʠʭ 

ʘʧʨʦʢʩʠʤʘʥʪʽʚ 1D-ʢʚʘʟʽʢʨʽʩʪʘʣʘ. ɸʧʨʦʢʩʠʤʘʥʪʠ, ʱʦ ʧʦʩʪʫʧʦʚʦ 

ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʽʩʪʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʚʘʟʽʢʨʠʩʪʘʣʘ, ʬʦʨʤʫʶʪʴʩʷ ʟʘ 

ʧʝʨʝʭʦʜʦʤ ʜʦ ʙʽʣʴʰ çʜʘʣʝʢʠʭè ʯʠʩʝʣ ʌʽʙʦʥʘʯʯʽ. 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʘʧʨʦʢʩʠʤʘʥʪʽʚ ʢʚʘʟʽʢʨʠʩʪʘʣʘ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ 

ʚʠʚʯʝʥʥʷ ʜʠʬʨʘʢʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʩʽʶʚʘʥʥʷ ʭʚʠʣʴ ʥʘ ʦʪʨʠʤʘʥʠʭ 

ʩʪʨʫʢʪʫʨʘʭ. 

 

3.5. ʈʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʥʘ ʘʪʦʤʘʭ 

ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ. 

ɼʠʬʨʘʢʮʽʡʥʽ ʤʝʪʦʜʠ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʘ ʚʠʛʣʷʜʦʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ. ʈʦʟʨʽʟʥʷʶʪʴ ʤʝʪʦʜʠ ʨʝʥʪʛʝʥʦʛʨʘʬʽʾ, 

ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʾ ̔  ʥʝʡʪʨʦʥʦʛʨʘʬʽʾ. ɺʩʽ ʮʽ ʤʝʪʦʜʠ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʜʠʬʨʘʢʮʽʾ ʭʚʠʣʴ ʘʙʦ ʯʘʩʪʠʥʦʢ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ 

ʨʝʯʦʚʠʥʠ. ʊʝʦʨʽʷ ʜʠʬʨʘʢʮʽʾ, ʨʦʟʨʦʙʣʝʥʘ ʩʧʦʯʘʪʢʫ ʜʣʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ 

ʧʨʦʤʝʥʽʚ, ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʭʽʜ ʚʽʜ ʢʘʨʪʠʥ ʜʠʬʨʘʢʮʽʾ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʫ ʧʨʦʩʪʦʨʽ. ɼʠʬʨʘʢʮʽʡʥʘ 

ʢʘʨʪʠʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʚʫʟʣʽʚ ʦʙʝʨʥʝʥʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʫ 

ʧʦʣʦʞʝʥʥʽ ʚʽʜʙʠʪʪʷ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʘʚʠʣ ʟʘʛʘʩʘʥʥʷ). ʇʝʨʝʡʪʠ ʚʽʜ 

ʦʙʝʨʥʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʦ ʧʨʷʤʦʛʦ, ʪʦʙʪʦ ʚʽʜ ʜʠʬʨʘʢʮʽʡʥʦʾ ʢʘʨʪʠʥʠ ʜʦ 

ʚʟʘʻʤʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ, ʤʦʞʥʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʙʝʨʥʝʥʝ 
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ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʬʨʘʢʮʽʡʥʽ ʤʝʪʦʜʠ ʻ ʧʽʜʩʪʘʚʦʶ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʫʢʪʫʨʠ. 

ʆʩʥʦʚʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʪʨʴʦʭ ʥʘʚʝʜʝʥʠʭ ʜʠʬʨʘʢʮʽʡʥʠʭ ʤʝʪʦʜʽʚ 

ʟʫʤʦʚʣʶʻʪʴʩʷ ʨʽʟʥʦʶ ʧʨʠʨʦʜʦʶ ʚʟʘʻʤʦʜʽʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ, 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ ʥʝʡʪʨʦʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʟ ʨʝʯʦʚʠʥʦʶ. 

ʈʝʥʪʛʝʥʽʚʩʴʢʝ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʽʜ ʯʘʩ 

ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʢʨʠʩʪʘʣ ʚʟʘʻʤʦʜʽʻ ʟ ʝʣʝʢʪʨʦʥʥʠʤʠ ʦʙʦʣʦʥʢʘʤʠ 

ʘʪʦʤʽʚ, ̔  ʜʠʬʨʘʢʮʽʡʥʘ ʢʘʨʪʠʥʘ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʨʦʟʧʦʜʽʣʦʤ 

ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʨʝʯʦʚʠʥʽ.  

ʋ ʨʘʟʽ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʦʥʠ ʪʘʢʠʭ ʝʥʝʨʛʽʡ, ʱʦ 

ʚʟʘʻʤʦʜʽʶʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʥʝ ʟ ʝʣʝʢʪʨʦʥʥʠʤʠ ʦʙʦʣʦʥʢʘʤʠ ʘʪʦʤʽʚ, ʘ ʟ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤʠ ʧʦʣʷʤʠ, ʩʪʚʦʨʶʚʘʥʠʤʠ ʷʜʨʘʤʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʨʝʯʦʚʠʥʠ. ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʜʚʦʤʘ ʟʘʨʷʜʞʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ (ʝʣʝʢʪʨʦʥʦʤ ʽ 

ʷʜʨʦʤ ʘʪʦʤʘ) ʟʥʘʯʥʦ ʩʠʣʴʥʽʰʘ, ʥʽʞ ʤʽʞ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʽ ʝʣʝʢʪʨʦʥʥʦʶ ʦʙʦʣʦʥʢʦʶ ʘʪʦʤʘ. ʊʦʤʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʜʠʬʨʘʢʮʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠʙʣʠʟʥʦ ʚ 106 ʨʘʟʽʚ 

ʩʠʣʴʥʽʰʘ, ʥʽʞ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ, ʫʥʘʩʣʽʜʦʢ ʯʦʛʦ ʜʣʷ ʩʧʦʩʪʝʨʽʛʘʥʥʷ 

ʨʝʥʪʛʝʥʦʛʨʘʤ ʧʦʪʨʽʙʥʦ ʢʽʣʴʢʘ ʛʦʜʠʥʽ ʝʢʩʧʦʟʠʮʽʾ, ʘ ʜʣʷ ʝʣʝʢʪʨʦʥʦʛʨʘʤ ï 

ʢʽʣʴʢʘ ʩʝʢʫʥʜ. 

ʋ ʨʘʟʽ ʥʝʡʪʨʦʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʡʪʨʦʥʠ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʧʦ-

ʪʝʥʮʽʘʣʦʤ ʷʜʝʨʥʠʭ ʩʠʣ, ʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʠʬʨʘʢʮʽʾ ʧʦʨʽʚʥʷʥʦ ʟ 

ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʧʨʠʙʣʠʟʥʦ ʚ 102 ʨʘʟʽʚ ʩʣʘʙʢʽʰʘ. 

ʂʽʥʮʝʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʢʦʞʥʠʤ ʟ ʪʨʴʦʭ 

ʤʝʪʦʜʽʚ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ, ʘʙʦ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʘʙʦ ʷʜʝʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʎʽ ʬʫʥʢʮʽʾ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʟʘʻʤʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʘʪʦʤʽʚ, ʷʢʝ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʝʦʨʽʾ ʜʠʬʨʘʢʮʽʾ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʜʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʚʠʚʯʝʥʥʷ ʘʪʦʤʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʨʝʯʦʚʠʥʠ ï ʨʦʟʩʽʶʚʘʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ ʥʘ ʜʦʩ-

ʣʽʜʞʫʚʘʥʦʤʫ ʟʨʘʟʢʫ ï ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.5. ʇʫʯʦʢ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ 

ʧʨʦʤʝʥʽʚ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʥʘ ʦʙôʻʢʪ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ; ʨʦʟʩʽʷʥʽ ʨʝʥʪʛʝʥʽʚʩʴʢʽ 

ʧʨʦʤʝʥʽ ʨʝʻʩʪʨʫʶʪʴʩʷ ʜʝʪʝʢʪʦʨʦʤ, ʨʦʟʪʘʰʦʚʘʥʠʤ ʧʽʜ ʜʝʷʢʠʤ ʢʫʪʦʤ 
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Y ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ ʧʝʨʚʠʥʥʦʛʦ ʧʨʦʤʝʥʷ. ʇʝʨʝʤʽʱʝʥʥʷ ʜʝʪʝʢʪʦʨʘ 

ʫ ʧʨʦʩʪʦʨʽ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʢʫʪ Y ʚ ʽʥʪʝʨʚʘʣʽ 0ï180̄ (0 < Y ¢ p). 

ʈʝʥʪʛʝʥʽʚʩʴʢʽ ʧʨʦʤʝʥʽ ï ʮʝ ʧʦʪʽʢ ʧʣʦʩʢʠʭ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʙʣʠʟʴʢʦ ʘʥʛʩʪʨʝʤʘ 

(¡ = 10ï8 ʩʤ). ʋ ʢʦʤʧʣʝʢʩʥʽʡ ʬʦʨʤʽ ʢʦʤʧʦʥʝʥʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʧʝʨʚʠʥʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʭʚʠʣʽ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ  

ɸ0exp[i(wt - kr + j0)], 

ʜʝ ɸ0 ï ʘʤʧʣʽʪʫʜʘ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ; w - ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ; r ï ʨʘʜʽʫʩ-ʚʝʢʪʦʨ 

ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ ʧʨʦʩʪʦʨʫ; k - ʭʚʠʣʴʦʚʠʡ ʚʝʢʪʦʨ; j0 - ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ 

ʭʚʠʣʽ; t - ʯʘʩ. ʄʦʜʫʣʴ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ k = 2p/l ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʌʽʟʠʯʥʫ ʢʘʨʪʠʥʫ ʨʦʟʩʽʷʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ ʥʘ ʘʪʦʤʘʭ 

ʨʦʟʛʣʷʜʘʶʪʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʝʷʢʠʭ ʩʧʨʦʱʝʥʴ. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʘ 

ʭʚʠʣʷ ʨʦʟʩʽʶʻʪʴʩʷ ʫʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʟ 

ʝʣʝʢʪʨʠʯʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ (ʝʣʝʢʪʨʦʥʘʤʠ ʽ ʘʪʦʤʥʠʤʠ ʷʜʨʘʤʠ); 

ʢʦʞʝʥ ʽʟ ʟʘʨʷʜʽʚ ʩʪʘʻ ʜʞʝʨʝʣʦʤ ʚʪʦʨʠʥʥʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ. 

ʈʽʟʥʠʮʷ ʤʘʩ ʝʣʝʢʪʨʦʥʽʚ ʽ ʷʜʝʨ ʜʦʟʚʦʣʷʻ ʚ ʜʦʩʪʘʪʥʴʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʥʝ 

ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʩʣʘʙʢʽ ʚʪʦʨʠʥʥʽ ʭʚʠʣʽ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʷʜʨʘʤʠ. 

ɺʽʜʩʪʘʥʴ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʜʦ ʜʝʪʝʢʪʦʨʘ (ʨʠʩ. 3.5) 

ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨ ʟʨʘʟʢʘ, ʷʢʠʡ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ 

ʙʽʣʴʰʠʡ ʚʽʜ ʤʽʞʘʪʦʤʥʦʾ ʚʽʜʩʪʘʥʽ. ʊʦʤʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʟ ʯʫʪʣʠʚʠʤ 

ʝʣʝʤʝʥʪʦʤ ʜʝʪʝʢʪʦʨʘ ʚʟʘʻʤʦʜʽʶʪʴ ʪʘʢʽ ʨʦʟʩʽʷʥʽ ʭʚʠʣʽ, ʧʦʚʝʨʭʥʷ 

ʧʦʩʪʽʡʥʦʾ ʬʘʟʠ ʷʢʠʭ ʻ ʯʘʩʪʠʥʦʶ ʧʣʦʱʠʥʠ.  

 

ʈʠʩ. 3.5. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʨʦʟʩʽʷʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ 

ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʟʨʘʟʢʫ: 1 ï ʧʝʨʚʠʥʥʠʡ ʧʫʯʦʢ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ; 

2 ï ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ; 3 ï ʧʫʯʦʢ ʨʦʟʩʽʷʥʠʭ ʧʨʦʤʝʥʽʚ; 4 ï ʜʝʪʝʢʪʦʨ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʛʝʦʤʝʪʨʠʯʥʽ ʫʤʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʝʻʩʪʨʘʮʽʶ ʜʝʪʝʢʪʦʨʦʤ ʩʫʤʠ ʨʦʟʩʽʷʥʠʭ ʭʚʠʣʴ, ʷʢʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʧʣʦʩʢʽ ʭʚʠʣʽ ʟ ʧʘʨʘʣʝʣʴʥʠʤʠ ʭʚʠʣʴʦʚʠʤʠ ʚʝʢʪʦʨʘʤʠ, ʪʦʙʪʦ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʜʦʙʨʝ ʚʽʜʦʤʽ ʚ ʦʧʪʠʮʽ ʫʤʦʚʠ ʜʠʬʨʘʢʮʽʾ ʌʨʘʫʥʛʦʬʝʨʘ. 

ɺʟʘʻʤʦʜʽʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʾ ʭʚʠʣʽ ʟ 

ʦʜʥʦʚʠʤʽʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʧʨʦʤʝʥʽ 

ʨʦʟʩʽʶʶʪʴʩʷ ʥʘ ʢʽʥʮʝʚʦʤʫ ʥʘʙʦʨʽ N 

ʦʜʥʘʢʦʚʠʭ ʦʙôʻʢʪʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʚʟʜʦʚʞ 

ʧʨʷʤʦʾ ʣʽʥʽʾ, ʱʦ ʻ ʚʽʩʩʶ ʢʦʦʨʜʠʥʘʪ ʭ. ʗʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.6, ʧʦʯʘʪʦʢ 

ʢʦʦʨʜʠʥʘʪ ʧʦʻʜʥʫʻʪʴʩʷ ʽʟ ʩʘʤʠʤ ʣʽʚʠʤ 

ʮʝʥʪʨʦʤ ʨʦʟʩʽʶʚʘʥʥʷ. ʂʦʞʝʥ ʮʝʥʪʨ 

ʨʦʟʩʽʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʻʶ 

ʢʦʦʨʜʠʥʘʪʦʶ ʭj, ʜʝ j = 0, 1, 2, ..., N ï 1. 

ʍʚʠʣʴʦʚʠʡ ʚʝʢʪʦʨ ʧʝʨʚʠʥʥʦʾ ʭʚʠʣʽ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʜʦ ʣʽʥʽʾ ʨʦʟʤʽʱʝʥʥʷ 

ʮʝʥʪʨʽʚ ʨʦʟʩʽʶʚʘʥʥʷ, ʪʦʙʪʦ ʧʦʚʝʨʭʥʷ 

ʧʦʩʪʽʡʥʦʾ ʬʘʟʠ ʧʘʨʘʣʝʣʴʥʘ ʦʩʽ ʭ. ʇʦʣʦʞʝʥʥʷ ʜʝʪʝʢʪʦʨʘ (ʟʚʘʞʘʶʯʠ ʥʘ 

ʡʦʛʦ ʚʽʜʜʘʣʝʥʽʩʪʴ) ʟʘʜʘʻʪʴʩʷ ʧʨʦʤʝʥʝʤ, ʥʘʧʨʷʤʣʝʥʠʤ ʧʽʜ ʢʫʪʦʤ Y ʜʦ 

ʥʘʧʨʷʤʢʫ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʫ.  

ʇʽʜ ʯʘʩ ʧʨʫʞʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʤʦʜʫʣʽ ʭʚʠʣʴʦʚʠʭ ʚʝʢʪʦʨʽʚ ʫʩʽʭ 

ʨʦʟʩʽʷʥʠʭ ʭʚʠʣʴ ʦʜʥʘʢʦʚʽ, ʘ ʾʭ ʯʘʩʪʦʪʠ ʜʦʨʽʚʥʶʶʪʴ ʯʘʩʪʦʪʽ w. 

ɺʪʦʨʠʥʥʽ ʭʚʠʣʽ, ʱʦ ʚʠʥʠʢʣʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʧʝʨʚʠʥʥʦʾ ʭʚʠʣʽ ʟ 

ʮʝʥʪʨʘʤʠ ʨʦʟʩʽʶʚʘʥʥʷ, ʻ ʢʦʛʝʨʝʥʪʥʠʤʠ ʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʧʦʯʘʪʢʦʚʫ 

ʬʘʟʫ j0. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʽ ʨʦʟʩʽʷʥʽ ʭʚʠʣʽ, ʱʦ ʨʝʻʩʪʨʫʶʪʴʩʷ 

ʜʝʪʝʢʪʦʨʦʤ, ʦʧʠʩʫʶʪʴʩʷ ʧʝʨʽʦʜʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʫʤʦʚ ʜʠʬʨʘʢʮʽʾ ʌʨʘʫʥʛʦʬʝʨʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ ʜʦ ʚʽʢʥʘ 

ʜʝʪʝʢʪʦʨʘ L ʚʠʙʠʨʘʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʦʶ, ʥʽʞ ʨʦʟʤʽʨ ʜʦʩʣʽʜʞʝʥʦʛʦ 

ʣʘʥʮʶʞʢʘ. ʂʨʽʤ ʪʦʛʦ, ʫ ʨʘʟʽ ʤʘʣʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʭʚʠʣʴ ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʚʩʽ ʨʦʟʩʽʷʥʽ ʭʚʠʣʽ ʥʘʜʭʦʜʷʪʴ ʫ ʜʝʪʝʢʪʦʨ ʟ 

ʦʜʥʘʢʦʚʦʶ ʘʤʧʣʽʪʫʜʦʶ ɸ.  

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʨʝʯʦʚʠʥʠ ʤʦʞʥʘ, ʟʘʜʘʚʰʠ ʧʝʚʥʝ 

ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʫ ʧʨʦʩʪʦʨʽ, ʨʦʟʨʘʭʫʚʘʪʠ ʜʠʬʨʘʢʮʽʡʥʫ ʢʘʨʪʠʥʫ. 

ʈʠʩ. 3.6. ʉʭʝʤʘ ʜʠʬʨʘʢʮʽʾ ʌʨʘʫʥʛʦʬʝʨʘ 

ʥʘ ʣʽʥʽʡʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʦʯʢʦʚʠʭ 

ʮʝʥʪʨʽʚ ʨʦʟʩʽʷʥʥʷ 
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ʎʝʡ ʟʚôʷʟʦʢ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʬʦʨʤʽ ʚʠʨʘʞʘʻʪʴʩʷ ʽʥʪʝʛʨʘʣʦʤ ʌʫʨôʻ, ʱʦ 

ʚʣʘʩʪʠʚʦ ʦʙʦʨʦʪʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʦʨʝʤʫ ʦʙʦʨʦʪʥʦʩʪʽ ʽ 

ʤʘʶʯʠ ʜʠʬʨʘʢʮʽʡʥʫ ʢʘʨʪʠʥʫ (ʜʠʬʨʘʢʮʽʡʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ), ʤʦʞʥʘ ʧʦ 

ʥʽʡ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʤʝʪʦʜʘʤʠ (ʽʥʪʝʛʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʌʫʨôʻ) 

ʚʽʜʪʚʦʨʠʪʠ ʧʦʙʫʜʦʚʫ ʦʙôʻʢʪʘ, ʪʦʙʪʦ ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʫ ʧʨʦʩʪʦʨʽ. ɼʣʷ 

ʘʤʦʨʬʥʠʭ ʪʽʣ ʚʘʞʢʦ ʚʢʘʟʘʪʠ ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ, ʘʣʝ ʤʦʞʥʘ ʟʘʜʘʪʠ 

ʬʫʥʢʮʽʶ, ʱʦ ʩʪʘʪʠʩʪʠʯʥʦ ʦʧʠʩʫʻ ʚʩʽ ʤʦʞʣʠʚʽ ʤʽʞʧʣʦʱʠʥʥʽ ʚʽʜʩʪʘʥʽ. 

ʊʘʢʦʶ ʬʫʥʢʮʽʻʶ ʻ ʬʫʥʢʮʽʷ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʱʦ ʦʧʠʩʫʻ ʽʤʦʚʽʨʥʽ 

ʤʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʯʘʩʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʽʟʫ ̒  ʥʘʜʽʡʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʧʨʠʧʫʱʝʥʴ ʧʨʦ 

ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʽʚ, ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʪʘ ʘʤʦʨʬʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣ.  

ɺʽʜʢʨʠʪʪʷ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʩʪʠʤʫʣʶʚʘʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʮʽʻʾ ʮʽʢʘʚʦʾ 

ʛʘʣʫʟʽ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʙʫʣʦ ʚʽʜʢʨʠʪʦ ʙʘʛʘʪʦ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʠʭ ʩʧʣʘʚʽʚ. 

ɺʠʷʚʠʣʦʩʷ, ʱʦ, ʢʨʽʤ ʩʧʣʘʚʽʚ, ʷʢʽ ʤʘʶʪʴ çʽʢʦʩʘʝʜʨʠʯʥʫè ʩʠʤʝʪʨʽʶ 

(ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ), ʻ ʪʘʢʦʞ ʩʧʣʘʚʠ ʟ ʜʝʢʘʛʦʥʘʣʴʥʦʶ ʩʠʤʝʪʨʽʻʶ 

(ʜʝʩʷʪʦʛʦ ʧʦʨʷʜʢʫ), ʘ ʪʘʢʦʞ ʩʠʤʝʪʨʽʻʶ 12-ʛʦ ʧʦʨʷʜʢʫ. ʅʘʪʝʧʝʨ 

ʚʽʜʢʨʠʪʦ ʧʦʥʘʜ 200 ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʠʭ ʩʧʣʘʚʽʚ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ 

ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ. ɰʭ ʚʠʚʯʝʥʥʷ ʨʦʟʰʠʨʶʻ ʚʽʜʦʤʽ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʙʫʜʦʚʫ ʨʝʯʦʚʠʥʠ.  

ʄʦʜʝʣʴ ʢʚʘʟʽʢʨʠʩʪʘʣʘ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʘ ʥʘ ʦʩʥʦʚʽ ʤʦʟʘʾʢʠ 

ʇʝʥʨʦʫʟʘ ʟ ʜʚʦʤʘ çʝʣʝʤʝʥʪʘʨʥʠʤʠ ʢʦʤʽʨʢʘʤʠè, ʟôʻʜʥʘʥʠʤʠ ʦʜʥʘ ʟ 

ʦʜʥʦʶ ʟʘ ʧʝʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʩʪʠʢʫʚʘʥʥʷ. ʎʽ ʩʧʝʮʽʘʣʴʥʽ ʧʨʘʚʠʣʘ 

ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʽ, ʥʽʞ ʧʨʠʤʽʪʠʚʥʝ ʪʨʘʥʩʣʶʚʘʥʥʷ ʦʜʥʘʢʦʚʠʭ ʢʦʤʽʨʦʢ 

ʫ ʢʣʘʩʠʯʥʠʭ ʢʨʠʩʪʘʣʘʭ. ʄʦʜʝʣʴ ʇʝʥʨʦʫʟʘ ʜʦʙʨʝ ʦʧʠʩʫʻ ʜʝʷʢʽ ʦʩʥʦʚʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʴʦ ʧʦʷʩʥʶʻ ʨʝʘʣʴʥʽ 

ʧʨʦʮʝʩʠ ʾʭ ʘʪʦʤʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʱʦ ʤʘʶʪʴ ʷʚʥʦ ʥʝʣʦʢʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ. ɯʩʥʫʶʪʴ ʡ ʽʥʰʽ ʪʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʧʨʠʨʦʜʫ 

ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ. ʄʦʟʘʾʢʠ ʇʝʥʨʦʫʟʘ ʟ ʜʚʦʤʘ ʽ ʙʽʣʴʰʝ 

ʬʽʛʫʨʘʤʠ ʚʠʟʥʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʧʨʘʚʠʣʴʥʠʤ ʢʣʶʯʝʤ ʜʦ ʨʦʟʫʤʽʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ. 

ɺʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʟʘʣʠʰʘʻʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ 

ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ: ʟʘ ʷʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʨʦʟʧʣʘʚʫ ʙʫʜʝ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʘ ʬʘʟʘ, ʯʠ ʙʫʜʝ ʚʦʥʘ ʙʽʣʴʰ ʩʪʽʡʢʦʶ 
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ʧʦʨʽʚʥʷʥʦ ʟ ʢʨʠʩʪʘʣʽʯʥʠʤ ʘʥʘʣʦʛʦʤ, ʥʘʩʢʽʣʴʢʠ ʜʦʚʛʦ ʚʦʥʘ ̔ ʩʥʫʻ ʽ ʯʠ 

ʥʝ ʧʝʨʝʡʜʝ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʫ ʢʨʠʩʪʘʣʽʯʥʫ ʬʘʟʫ.  

ʇʝʨʰʽ ʚʠʥʘʡʜʝʥʽ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʽ ʽʢʦʩʘʝʜʨʠʯʥʽ ʩʧʣʘʚʠ ʘʣʶʤʽʥʽʶ 

ʟ ʤʘʨʛʘʥʮʝʤ ʤʦʞʥʘ ʙʫʣʦ ʩʠʥʪʝʟʫʚʘʪʠ ʣʠʰʝ ʰʚʠʜʢʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ 

ʟ ʧʝʚʥʦʶ ʰʚʠʜʢʽʩʪʶ ʟ ʨʽʜʠʥʥʦʛʦ ʩʪʘʥʫ (ʟʘ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʭʦʜʠʣʠ ʘʤʦʨʬʥʽ ʬʘʟʠ), ʘʙʦ ʽʥʰʠʤʠ ʥʘʩʪʽʣʴʢʠ ʞ 

ʝʢʟʦʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘʤ ʚʜʘʣʦʩʷ ʧʦʪʨʘʧʠʪʠ ʚ 

ʜʫʞʝ ʚʫʟʴʢʫ çʪʝʤʧʝʨʘʪʫʨʥʫ ʱʽʣʠʥʫè ʽ ʩʪʚʦʨʠʪʠ ʤʘʪʝʨʽʘʣʠ ʟ 

ʥʝʟʚʠʯʘʡʥʠʤʠ ʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʽʟʥʽʰʝ ʚʽʜʢʨʠʪʪʷ 

ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ ʫ ʩʠʩʪʝʤʽ AlïCuïLi (ʪʘ ʽʥʰʠʭ ʩʧʣʘʚʽʚ) 

ʧʦʢʘʟʘʣʦ, ʱʦ ʢʚʘʟʽʢʨʠʩʪʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʽʡʢʠʤʠ ʘʞ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʽ ʟʨʦʩʪʘʪʠ ʟʘ ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚ, ʷʢ ʽ ʟʚʠʯʘʡʥʽ 

ʢʨʠʩʪʘʣʠ. 

ʂʚʘʟʽʢʨʠʩʪʘʣʠ ʤʘʶʪʴ ʧʘʨʘʜʦʢʩʘʣʴʥʫ ʟ ʧʦʛʣʷʜʫ ʢʣʘʩʠʯʥʦʾ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʾ ʩʪʨʫʢʪʫʨʫ, ʧʝʨʝʜʙʘʯʝʥʫ ʟ ʪʝʦʨʝʪʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ 

(ʤʦʟʘʾʢʠ ʇʝʥʨʦʫʟʘ). ʊʝʦʨʽʷ ʤʦʟʘʾʢ ʇʝʥʨʦʫʟʘ ʜʦʟʚʦʣʠʣʘ ʚʽʜʽʡʪʠ ʚʽʜ 

ʟʚʠʯʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʬʝʜʦʨʽʚʩʴʢʽ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʛʨʫʧʠ (ʱʦ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʝʨʽʦʜʠʯʥʠʭ ʟʘʧʦʚʥʝʥʥʷʭ ʧʨʦʩʪʦʨʫ). 

ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʡ ʦʧʠʩ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ ʬʘʢʪʽ, 

ʱʦ ʪʦʯʢʦʚʘ ʩʠʤʝʪʨʽʷ, ʟʘʙʦʨʦʥʝʥʘ ʜʣʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʚ ʪʨʠʚʠʤʽʨ-

ʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʚ ʧʨʦʩʪʦʨʽ ʙʽʣʴʰʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ D. ɿʛʽʜʥʦ ʟ ʪʘʢʠʤʠ ʤʦʜʝʣʷʤʠ ʩʪʨʫʢʪʫʨʠ ʘʪʦʤʠ ʚ 

ʢʚʘʟʽʢʨʠʩʪʘʣʽ ʚ ʤʽʩʮʷʭ ʧʝʨʝʪʠʥʫ ʜʝʷʢʦʛʦ (ʩʠʤʝʪʨʠʯʥʦʛʦ) 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʽʜʧʨʦʩʪʦʨʫ RD (ʥʘʟʚʘʥʦʛʦ ʬʽʟʠʯʥʠʤ ʧʽʜʧʨʦʩʪʦʨʦʤ) 

ʤʘʻ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ 3D, ɦ ʦ ʻ 

ʪʨʘʥʩʚʝʨʩʘʣʴʥʠʤ ʬʽʟʠʯʥʠʤ ʧʽʜʧʨʦʩʪʦʨʦʤ. 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʘʥʽʚ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʣʠʰʝ 

ʬʽʟʠʢʦʶ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ʉʠʤʝʪʨʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʻ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʷʢʱʦ ʷʢʠʡ-ʥʝʙʫʜʴ ʩʧʦʩʽʙ ʧʘʢʦʚʘʥʥʷ 

ʢʦʤʽʨʦʢ ʜʝʷʢʦʾ ʬʦʨʤʠ ʟʥʘʡʜʝʥʦ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ, ʪʦ ʘʥʘʣʦʛʽʯʥʠʡ ʩʧʦʩʽʙ 

ʧʘʢʦʚʘʥʥʷ çʨʽʜʠʥʥʠʭ ʢʦʤʽʨʦʢè ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʠʡ ʫ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ (ʫ ʩʪʨʫʢʪʫʨʽ ʬʘʟʦʚʦʾ ʧʣʦʱʠʥʠ ʜʠʥʘʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ) ʪʘ ʽʥ. ʊʦʤʫ ʚ ʜʦʩʣʽʜʞʝʥʥʷ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʟʘʣʫʯʝʥʽ ʬʽʟʠʢʠ, 

ʤʘʪʝʤʘʪʠʢʠ, ʢʨʠʩʪʘʣʦʛʨʘʬʠ ʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʮʽ. 
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ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʟʨʦʙʣʝʥʦ 

ʯʠʤʘʣʦ ʚʽʜʢʨʠʪʪʽʚ ʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʉʪʨʫʢʪʫʨʥʘ 

ʜʦʩʢʦʥʘʣʽʩʪʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʘʙʽʣʴʥʠʭ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʩʪʘʚʠʪʴ ʾʭ ʚ 

ʦʜʠʥ ʨʷʜ ʟ ʢʨʘʱʠʤʠ ʟʨʘʟʢʘʤʠ ʟʚʠʯʘʡʥʠʭ ʢʨʠʩʪʘʣʽʚ. ʅʘ ʾʭ ʦʩʥʦʚʽ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʣʝʛʢʽ ʡ ʜʫʞʝ ʤʽʮʥʽ ʩʪʝʢʣʘ. ʊʦʥʢʽ ʧʣʽʚʢʠ ʪʘ ʧʦʢʨʠʪʪʷ ʟ 

ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʤʘʶʪʴ ʜʫʞʝ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ. ɿ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʩʪʚʦʨʶʶʪʴ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʥʘʧʨʠʢʣʘʜ ʩʪʽʡʢʽ ʜʦ ʪʝʨʪʷ ʛʫʤʠ. ʆʩʦʙʣʠʚʦ ʧʨʠʚʘʙʣʠʚʽ ʾʭ ʤʘʣʘ 

ʝʣʝʢʪʨʦ- ̔  ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʚʠʩʦʢʘ ʪʚʝʨʜʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʨʦʟʽʾ ʽ 

ʦʢʠʩʥʝʥʥʷ, ʭʽʤʽʯʥʘ ʽʥʝʨʪʥʽʩʪʴ ʽ ʥʝʪʦʢʩʠʯʥʽʩʪʴ. ʅʘʪʝʧʝʨ ʫʞʝ ʩʪʚʦʨʝʥʦ 

ʯʠʤʘʣʦ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʟʥʘʯʥʽ ʧʝʨʩʧʝʢʪʠʚʠ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ.  
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4. ʈɯɼʂɯ ʂʈʀʉʊɸʃʀ 

 

ɼʣʷ ʬʽʟʠʢʠ ʽ ʦʩʦʙʣʠʚʦ ʜʣʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʽʩʪʦʪʥʠʤ ʻ 

ʽʩʥʫʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʩʪʘʥʽʚ ʤʽʞ ʢʨʠʩʪʘʣʽʯʥʠʤ (ʘʥʽʟʦʪʨʦʧʥʠʤ) ʽ ʨʽʜʢʠʤ 

(ʽʟʦʪʨʦʧʥʠʤ) ʩʪʘʥʘʤʠ ʨʝʯʦʚʠʥʠ.  

ʈʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʩʪʘʥ ï ʮʝ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʠʡ 

ʘʛʨʝʛʘʪʥʠʡ ʩʪʘʥ, ʫ ʷʢʦʤʫ ʨʝʯʦʚʠʥʘ ʟʙʝʨʽʛʘʻ ʘʥʽʟʦʪʨʦʧʽʶ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ (ʷʢ ʽ ʟʚʠʯʘʡʥʽ ʪʚʝʨʜʽ ʢʨʠʩʪʘʣʠ) ʽ ʧʣʠʥʥʽʩʪʴ, 

ʭʘʨʘʢʪʝʨʥʫ ʜʣʷ ʨʽʜʠʥʠ. ʊʘʢʝ ʥʝʟʚʠʯʘʡʥʝ ʧʦʻʜʥʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʟʫʤʦʚʣʶʻ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʫ ʩʫʯʘʩʥʽʡ 

ʝʣʝʢʪʨʦʥʽʮʽ ʡ ʽʥʬʦʨʤʘʪʠʮʽ. ʈʽʯ ʫ ʪʽʤ, ʱʦ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ʧʝʨʝʙʫʚʘʻ ʫ 

ʩʪʘʥʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, çʨʦʟʤʠʪʦʛʦè ʫ ʜʝʷʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ. 

ʗʢ ʚʽʜʦʤʦ, ʧʦʙʣʠʟʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʩʪʨʫʢʪʫʨʘ ʨʝʯʦʚʠʥʠ ʽ 

ʙʽʣʴʰʽʩʪʴ ʾʾ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʫʤʦʚʣʝʥʠʭ ʮʽʻʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʣʝʛʢʦ ʟʤʽʥʶʶʪʴʩʷ ʥʘʚʽʪʴ ʧʽʜ ʩʣʘʙʢʠʤ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʧʦʣʽʚ ï 

ʝʣʝʢʪʨʠʯʥʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ, ʤʘʛʥʽʪʥʦʛʦ, ʤʝʭʘʥʽʯʥʦʛʦ.  

ʎʷ çʧʽʜʜʘʪʣʠʚʽʩʪʴè ʫʤʦʞʣʠʚʣʶʻ ʢʝʨʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

(ʟʘʟʚʠʯʘʡ ʦʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ) ʨʽʜʠʥʥʦʛʦ ʢʨʠʩʪʘʣʘ ʚ ʫʤʦʚʘʭ 

ʤʘʣʠʭ ʢʝʨʫʚʘʣʴʥʠʭ ʧʦʣʽʚ (ʟʜʝʙʽʣʴʰʦʛʦ ʝʣʝʢʪʨʠʯʥʠʭ).  

ʇʝʨʰʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ, ʘʙʦ ʤʝʟʦʤʦʨʬʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʈʝʡʥʽʪʮʝʨʦʤ ʽ ʃʝʤʘʥʦʤ ʙʣʠʟʴʢʦ 100 

ʨʦʢʽʚ ʪʦʤʫ. ʅʘʪʝʧʝʨ ʚʽʜʦʤʦ ʚʞʝ ʢʽʣʴʢʘ ʪʠʩʷʯ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ɦ ʦ 

ʫʪʚʦʨʶʶʪʴ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ.  

ʅʝʦʜʤʽʥʥʦʶ ʫʤʦʚʦʶ ʚʠʷʚʣʝʥʥʷ ʤʝʟʦʤʦʨʬʽʟʤʫ ʻ ʽʩʪʦʪʥʘ 

ʛʝʦʤʝʪʨʠʯʥʘ ʘʥʽʟʦʪʨʦʧʽʷ ʤʦʣʝʢʫʣ, ʱʦ ʤʘʶʪʴ ʙʫʪʠ ʜʦʚʛʠʤʠ ̔  

ʧʦʨʽʚʥʷʥʦ ʚʫʟʴʢʠʤʠ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʽ ʛʝʦʤʝʪʨʽʾ ʤʦʣʝʢʫʣ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʧʨʦʭʦʜʠʪʠ ʯʝʨʝʟ ʦʜʥʫ ʘʙʦ ʙʽʣʴʰʝ ʤʝʟʦʬʘʟ (ʧʨʦʤʽʞʥʠʭ ʬʘʟ) ʜʦ 

ʧʝʨʝʭʦʜʫ ʚ ʽʟʦʪʨʦʧʥʫ ʨʽʜʠʥʫ.  

ʇʝʨʝʭʦʜʠ ʫ ʮʽ ʧʨʦʤʽʞʥʽ ʩʪʘʥʠ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʷʢ ʯʠʩʪʦ 

ʪʝʨʤʽʯʥʽ ʧʨʦʮʝʩʠ (ʪʝʨʤʦʪʨʦʧʥʠʡ ʤʝʟʦʤʦʨʬʽʟʤ), ʪʘʢ ʽ ʜʽʷ 

ʨʦʟʯʠʥʥʠʢʽʚ (ʣʽʦʪʨʦʧʥʠʡ ʤʝʟʦʤʦʨʬʽʟʤ). 
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4.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ 

 

ʇʨʦʤʽʞʥʘ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʘ ʬʘʟʘ (ʷʢʫ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʤʝʟʦʬʘʟʦʶ) 

ï ʮʝ ʩʪʘʥ ʤʽʞ ʟʚʠʯʘʡʥʠʤ ʢʨʠʩʪʘʣʦʤ ʽ ʟʚʠʯʘʡʥʦʶ ʨʽʜʠʥʦʶ. ʆʩʥʦʚʥʽ 

ʚʠʜʠ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ʥʘʟʠʚʘʶʪʴ ʥʝʤʘʪʠʯʥʠʤ (ʥʠʪʢʦʧʦʜʽʙʥʠʤ), 

ʩʤʝʢʪʠʯʥʠʤ (ʧʣʦʱʠʥʥʠʤ) ʽ ʭʦʣʝʩʪʝʨʠʯʥʠʤ (ʛʚʠʥʪʦʚʠʤ). çNymaè 

ʛʨʝʮʴʢʦʶ ʤʦʚʦʶ ʦʟʥʘʯʘʻ çʥʠʪʢʘè ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʜʥʦʚʠʤʽʨʥʽʩʪʴ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ; çʩʤʝʛʤʘè (ʪʘʢʦʞ ʛʨʝʮʴʢʦʛʦ ʧʦʭʦʜʞʝʥʥʷ) ï ʦʟʥʘʯʘʻ 

çʤʠʣʦè ï ʩʘʤʝ ʜʣʷ ʨʦʟʯʠʥʽʚ ʤʠʣʘ ʭʘʨʘʢʪʝʨʥʽ ʧʣʦʩʢʽ ʰʘʨʠ ʩʠʣʴʥʦ ʟʚôʷʟʘʥʠʭ 

ʤʦʣʝʢʫʣ. ʉʧʽʨʘʣʴʥʽ ʟʤʽʥʠ ʦʨʽʻʥʪʘʮʽʾ ʤʦʣʝʢʫʣ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʧʦʭʽʜʥʠʭ 

ʚʽʜʦʤʦʾ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ï ʭʦʣʝʩʪʝʨʠʥʫ. 

ʅʝʤʘʪʠʯʥʽ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʚʠʨʽʟʥʷʻ 

ʦʜʥʦʚʠʤʽʨʥʝ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʽʟʦʤʝʪʨʠʯʥʠʭ 

ʤʦʣʝʢʫʣ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʫ ʤʽʢʨʦʜʽʣʷʥʢʘʭ 

ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʫʧʦʨʷʜʢʦʚʘʥʽ çʨʦʾè, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ (105 ï 107) 

ʦʜʥʘʢʦʚʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʦʣʝʢʫʣ (ʨʠʩ. 

4.1). ʇʝʚʥʠʡ ʧʦʨʷʜʦʢ ʥʘʧʨʷʤʢʫ 

ʦʨʽʻʥʪʘʮʽʾ ʤʦʣʝʢʫʣ, ʱʦ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ ʜʝʷʢʽʡ 

ʟʘʛʘʣʴʥʽʡ ʦʩʽ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʦʜʠʥʠʯʥʠʤ ʚʝʢʪʦʨʦʤ (ʘʙʦ çʜʠʨʝʢʪʦʨʦʤè) 

n. ʎʝ ʚʣʘʩʪʠʚʦ ʚʩʽʤ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ 

ʘʥʽʟʦʪʨʦʧʥʠʤ ʥʝʤʘʪʠʯʥʠʤ ʨʽʜʢʠʤ 

ʢʨʠʩʪʘʣʘʤ, ʦʧʠʩʫʚʘʥʠʤ ʪʝʥʟʦʨʘʤʠ. 

ʅʘʧʨʷʤʦʢ n ʫ ʧʨʦʩʪʦʨʽ ʜʦʚʽʣʴʥʠʡ; ʥʘ 

ʧʨʘʢʪʠʮʽ ʚʽʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʣʘʙʢʠʤʠ 

ʩʠʣʘʤʠ (ʪʘʢʠʤʠ, ʷʢ ʾʭ ʦʨʽʻʥʪʫʻ ʚʧʣʠʚ 

ʩʪʽʥʦʢ ʩʫʜʠʥʠ). ʉʪʘʥʠ çʜʠʨʝʢʪʦʨʽʚè 

(ʦʧʪʠʯʥʠʭ ʦʩʝʡ) n ̔  ïn ʥʝ ʨʦʟʨʽʟʥʷʶʪʴʩʷ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʦʢʨʝʤʘ ʤʦʣʝʢʫʣʘ ʤʘʻ 

ʧʦʩʪʽʡʥʠʡ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ, ʪʦ ʢʽʣʴʢʽʩʪʴ 

ʜʠʧʦʣʽʚ, ʥʘʧʨʷʤʣʝʥʠʭ ʫʛʦʨʫ, ʪʦʯʥʦ 

ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʜʠʧʦʣʽʚ, ʥʘʧʨʷʤʣʝʥʠʭ ʫʥʠʟ, ʪʦʤʫ ʥʝʤʘʪʠʯʥʘ 

ʈʠʩ. 4.1. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ c, ʰʚʠʜʢʦʩʪʽ 

ʟʚʫʢʫ vʟʚ ̔  ʪʝʧʣʦʻʤʥʦʩʪʽ ʨʽʜʢʠʭ 

ʢʨʠʩʪʘʣʽʚ ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʛʦ 

ʪʠʩʢʫ ʉʨ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʫ ʧʦʩʣʽʜʦʚʥʦʤʫ ʧʨʦʮʝʩʽ ʟʤʽʥʠ 

ʤʝʟʦʬʘʟʥʦʛʦ ʩʪʘʥʫ: 

ʊʂ ï ʪʚʝʨʜʠʡ ʢʨʠʩʪʘʣ; ɯʈ ï ̔ ʟʦʪʨʦʧʥʘ 

ʨʽʜʠʥʘ; ʅʈʂ ï ʥʝʤʘʪʠʯʥʽ ʨʽʜʢʽ 

ʢʨʠʩʪʘʣʠ; ʉʈʂ ï ʩʤʝʢʪʠʯʥʽ 

ʨʽʜʠʥʥʽ ʢʨʠʩʪʘʣʠ 
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ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʘ ʩʠʩʪʝʤʘ ʥʝ ʻ ʧʽʨʦʝʣʝʢʪʨʠʢʦʤ (ʘʙʦ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʦʤ). 

ɸʥʽʟʦʤʝʪʨʠʯʥʠʤʠ ʥʘʟʠʚʘʶʪʴ ʤʦʣʝʢʫʣʠ, ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʷʢʠʭ 

ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʚʠʯʘʡʥʦʾ ʢʚʘʟʽʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ; ʟʘʟʚʠʯʘʡ 

ʮʝ ʚʠʪʷʛʥʫʪʽ ʝʣʽʧʩʦʾʜʠ. ʋ ʨʦʟʤʽʱʝʥʥʽ ʮʝʥʪʨʽʚ ʚʘʛʠ ʪʘʢʠʭ ʤʦʣʝʢʫʣ 

ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ ʥʝʤʘʻ ʽ, ʦʪʞʝ, ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʘʭ ʥʝʤʘʪʠʯʥʦʛʦ 

ʨʽʜʠʥʥʦʛʦ ʢʨʠʩʪʘʣʘ ʥʝʤʘʻ ʙʨʝʛʽʚʩʴʢʠʭ ʧʽʢʽʚ. ʂʦʨʝʣʷʮʽʷ ʧʦʣʦʞʝʥʴ 

ʮʝʥʪʨʽʚ ʚʘʛʠ ʩʫʩʽʜʥʽʭ ʤʦʣʝʢʫʣ ʧʦʜʽʙʥʘ ʜʦ ʢʦʨʝʣʷʮʽʾ, ʭʘʨʘʢʪʝʨʥʦʾ ʜʣʷ 

ʟʚʠʯʘʡʥʦʾ ʨʽʜʠʥʠ. ʉʧʨʘʚʜʽ, ʥʝʤʘʪʠʢʠ ʪʝʯʫʪʴ, ʷʢ ʨʽʜʠʥʠ, ʭʦʯʘ ʡ ʤʘʶʪʴ 

ʜʫʞʝ ʚʝʣʠʢʫ ʚôʷʟʢʽʩʪʴ.  

ɼʚʦʾʩʪʘ ʧʨʠʨʦʜʘ ʥʝʤʘʪʠʯʥʦʾ ʬʘʟʠ (ʱʦ ʩʭʦʞʘ ʥʘ ʨʽʜʠʥʫ, ʘʣʝ ʦʧʪʠʯʥʦ 

ʦʜʥʦʚʽʩʥʘ) ʥʘʡʙʽʣʴʰʝ ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʩʧʝʢʪʨʽ ʷʜʝʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʫ (ʗʄʈ). ʆʜʥʦʚʽʩʥʘ ʩʠʤʝʪʨʽʷ ʟʫʤʦʚʣʶʻ ʧʝʚʥʝ ʨʦʟʱʝʧʣʝʥʥʷ 

ʣʽʥʽʡ (ʷʢʦʛʦ ʥʝ ʙʫʚʘʻ ʫ ʟʚʠʯʘʡʥʽʡ ʽʟʦʪʨʦʧʥʽʡ ʨʽʜʢʽʡ ʬʘʟʽ). 

ʉʤʝʢʪʠʯʥʽ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʚʦʚʠʤʽʨʥʠʤ 

ʤʦʣʝʢʫʣʷʨʥʠʤ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ ï ʫ ʩʤʝʢʪʠʢʫ ʩʪʽʡʢʦ ʽʩʥʫʶʪʴ ʧʣʦʩʢʽ 

ʤʦʣʝʢʫʣʷʨʥʽ ʧʨʦʰʘʨʢʠ ʟ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʰʘʨʘʤʠ, 

ʷʢʫ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʨʘʢʮʽʾ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ 

ʧʨʦʤʝʥʽʚ. ɺ ʦʙôʻʤʽ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʮʽ ʰʘʨʠ ʤʦʞʫʪʴ ʜʝʬʦʨʤʫʚʘʪʠʩʷ 

(ʟʛʠʥʘʪʠʩʷ ʘʙʦ ʩʢʨʫʯʫʚʘʪʠʩʷ), ʟʙʝʨʽʛʘʶʯʠ ʽ ʚ ʮʠʭ ʫʤʦʚʘʭ ʩʪʨʦʛʝ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ ʩʫʩʽʜʥʽʤʠ ʤʦʣʝʢʫʣʘʤʠ (ʨʠʩ. 4.2, ʙ). 

ɺʽʜʦʤʦ ʙʘʛʘʪʦ ʚʠʜʽʚ ʩʤʝʢʪʠʢʽʚ, ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʪʝʢʩʪʫʨʠ, ʷʢʽ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʘ ʦʧʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ ʩʤʝʢʪʠʢʽʚ ʧʦʟʥʘʯʘʶʪʴʩʷ ʣʽʪʝʨʘʤʠ ɸ, ɺ ʪʘ ʉ. 

ʅʘʧʨʠʢʣʘʜ, ʙʘʛʘʪʦ ʝʬʽʨʽʚ ʭʦʣʝʩʪʝʨʠʥʫ ʽ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ ʩʤʝʢʪʠʢʘ ɸ, ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʛʦ ʤʘʶʪʴ 

ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

ï ʪʦʚʱʠʥʘ ʰʘʨʽʚ ʙʣʠʟʴʢʘ ʜʦ ʧʦʚʥʦʾ  ʜʦʚʞʠʥʠ ʤʦʣʝʢʫʣ; 

ï ʫʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʰʘʨʫ ʮʝʥʪʨʠ ʚʘʛʠ ʤʦʣʝʢʫʣ ʥʝ ʤʘʶʪʴ 

ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ;  

ï ʢʦʞʝʥ ʰʘʨ ʷʚʣʷʻ ʩʦʙʦʶ ʜʚʦʚʠʤʽʨʥʫ ʨʽʜʠʥʫ; 

ï ʩʠʩʪʝʤʘ ʻ ʦʧʪʠʯʥʦ ʦʜʥʦʚʽʩʥʦʶ ʟ ʦʧʪʠʯʥʦʶ ʚʽʩʩʶ z, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ ʜʦ ʧʣʦʱʠʥʠ ʰʘʨʽʚ;  

ï ʥʘʧʨʷʤʢʠ z  ̔  ïz  ʝʢʚʽʚʘʣʝʥʪʥʽ.  
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ɺʠʤʦʛʫ ʩʪʘʣʦʩʪʽ ʤʽʞ ʰʘʨʘʤʠ ʥʘʢʣʘʜʘʻ ʫʤʦʚʘ: rot n = 0. ʆʪʞʝ, 

ʩʧʽʨʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ ʤʦʣʝʢʫʣ ʟʘʙʦʨʦʥʝʥʝ. 

ʋ ʩʤʝʢʪʠʢʘʭ ɸ ʽ ʉ ʢʦʞʝʥ ʰʘʨ 

ʧʦʚʦʜʠʪʴʩʷ ʷʢ ʜʚʦʚʠʤʽʨʥʘ ʨʽʜʠʥʘ. ʆʜʥʘʢ 

ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʩʤʝʢʪʠʢ ʉ ̒  ʦʧʪʠʯʥʦ 

ʜʚʦʚʽʩʥʠʤ. ʋ ʩʤʝʢʪʠʢʫ ɺ h ʘʨʠ ʚʠʷʚʣʷʶʪʴ 

ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʪʦʙʪʦ ʧʦʜʽʙʥʽ ʜʦ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʧʣʽʚʢʠ. ɿ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʬʘʟ 

ʩʤʝʢʪʠʢʽʚ ʬʘʟʘ ɺ ̒  ʥʘʡʙʽʣʴʰ ʫʧʦʨʷʜ-

ʢʦʚʘʥʦʶ. 

ʍʦʣʝʩʪʝʨʠʯʥʽ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʟʘ 

ʤʦʣʝʢʫʣʷʨʥʠʤ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ ʥʘʛʘʜʫʶʪʴ 

ʥʝʤʘʪʠʢʠ, ʘʣʝ ʚ ʥʠʭ ʦʨʽʻʥʪʘʮʽʷ 

ʚʝʨʝʪʝʥʦʧʦʜʽʙʥʠʭ ʤʦʣʝʢʫʣ ʩʧʦʥʪʘʥʥʦ 

ʫʪʚʦʨʶʻ ʩʧʽʨʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 4.2, ʚ). 

ʊʫʪ ʪʘʢʦʞ ʥʝʤʘʻ ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ ʚ 

ʨʦʟʤʽʱʝʥʥʽ ʮʝʥʪʨʽʚ ʚʘʛʠ ʤʦʣʝʢʫʣ, ʷʢʽ 

ʧʝʨʝʚʘʞʥʦ ʦʨʽʻʥʪʦʚʘʥʽ ʚʟʜʦʚʞ ʦʩʽ, 

ʥʘʧʨʷʤʣʝʥʦʾ ʧʦ çʜʠʨʝʢʪʦʨʫè n. ʆʜʥʘʢ n ʥʝ 

ʤʘʻ ʧʦʩʪʽʡʥʦʛʦ ʥʘʧʨʷʤʢʫ ʚ ʧʨʦʩʪʦʨʽ. ʗʢʱʦ 

ʧʦʟʥʘʯʠʪʠ ʚʽʩʴ ʩʧʽʨʘʣʽ ʯʝʨʝʟ z, ʪʦ n ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʘʢʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ:  

ʧʭ = cos(q0z + j); 

ʧy = sin(q0z + j), 

ʧz = 0. 

ʗʢ ʥʘʧʨʷʤʦʢ ʦʩʽ ʩʧʽʨʘʣʽ, ʪʘʢ ʽ ʟʥʘʯʝʥʥʷ ʢʫʪʘ j ʜʦʚʽʣʴʥʽ; ʪʦʙʪʦ ʫ 

ʭʦʣʝʩʪʝʨʠʯʥʦʤʫ ʨʽʜʢʦʤʫ ʢʨʠʩʪʘʣʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʰʠʡ ʪʠʧ 

ʧʦʨʫʰʝʥʥʷ ʩʠʤʝʪʨʽʾ, ʥʽʞ ʫ ʥʝʤʘʪʠʯʥʦʤʫ ʢʨʠʩʪʘʣʽʯʥʦʤʫ ʢʨʠʩʪʘʣʽ. 

ʉʪʨʫʢʪʫʨʘ ʧʝʨʽʦʜʠʯʥʘ ʧʦ z, ̔ (ʦʩʢʽʣʴʢʠ n ̔  ïn ʝʢʚʽʚʘʣʝʥʪʥʽ) 

ʧʨʦʩʪʦʨʦʚʠʡ ʧʝʨʽʦʜ L ʩʢʣʘʜʘʻ ʧʦʣʦʚʠʥʫ ʢʨʦʢʫ ʩʧʠʨʘʣʽ: 

L =  p/|q0|. 

ʊʠʧʦʚʝ ʟʥʘʯʝʥʥʷ L ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 3000 ¡, ʪʦʙʪʦ ʧʝʨʽʦʜ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʡ ʟʘ ʨʦʟʤʽʨ ʤʦʣʝʢʫʣ. ʆʩʢʽʣʴʢʠ L ʧʦʨʽʚʥʷʥʥʝ ʟ 

ʈʠʩ. 4.2. ʈʦʟʤʽʱʝʥʥʷ ʤʦʣʝʢʫʣ 

ʫ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʘʭ:  

ʘ ï ʫ ʥʝʤʘʪʠʯʥʽʡ ʬʘʟʽ (ʅʈʂ); 

ʙ ï ʫ ʩʤʝʢʪʠʢʘ ɸ (ʉʈʂ); 

ʚ ï ʫ ʭʦʣʝʩʪʝʨʠʯʥʽʡ ʬʘʟʽ (ʍʈʂ) 

ʟʦʙʨʘʞʝʥʽ ʧʦʩʣʽʜʦʚʥʽ ʧʣʦʱʠʥʠ 

ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʦʨʽʻʥʪʘʮʽʡ 

ʜʠʧʦʣʽʚ n 

 

ʚ 

ʙ 

ʘ 

' 
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ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʩʚʽʪʣʘ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʪʦ ʪʘʢʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ 

ʟʫʤʦʚʣʶʻ ʙʨʝʛʽʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. ɼʣʷ ʩʧʽʨʘʣʴʥʦʛʦ 

ʨʦʟʤʽʱʝʥʥʷ ʤʦʣʝʢʫʣ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ rot n = ï q0n ̧ 0. 

ɼʣʷ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʽʩʥʫʚʘʥʥʷ ʨʽʜʢʦ-

ʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʽʜ 0,01 ʜʦ 100 ʂ. ʋ ʮʴʦʤʫ ʪʝʤ-

ʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʬʘʟʦʚʽ ʧʝʨʝʭʦʜʠ, ʷʢʽ ʡ ʚʠʟʥʘʯʘʶʪʴ 

ʙʘʛʘʪʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʽʜʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ.  

ʇʝʨʰʠʡ ʧʝʨʝʭʽʜ (ʨʠʩ. 4.1) ï ʮʝ ʧʣʘʚʣʝʥʥʷ ʪʚʝʨʜʦʛʦ ʢʨʠʩʪʘʣʘ ʟ 

ʧʦʷʚʦʶ ʦʜʥʽʻʾ ʟ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ. ʇʦʪʽʤ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ 

ʬʘʟʦʚʽ ʧʝʨʝʭʦʜʠ ʤʽʞ ʨʽʟʥʠʤʠ ʤʝʟʦʤʦʨʬʥʠʤʠ ʬʘʟʘʤʠ, ʽ, ʟʨʝʰʪʦʶ, ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʯʘʩʪʢʦʚʝ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʘʥʽʟʦʤʝʪʨʠʯʥʠʭ 

ʤʦʣʝʢʫʣ ʟʥʠʢʘʻ, ʘ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʽʟʦʪʨʦʧʥʫ ʨʽʜʠʥʫ.  

ʊʠʧʦʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʝʨʝʭʦʜʽʚ ʫ ʤʽʨʫ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘʢʽ: 

ʊʂ ­ ʉʈʂ ­ ʅʈʂ ­ ɯʈ; 

ʊʂ ­ ʍʈʂ­ ʅʈʂ ­ ɯʈ; 

ʊʂ ­ ʉʈʂïɸ­ ʉʈʂïʉ­é­ʅʈʂ ­ ɯʈ; 

ʊʂ ­ ʉʈʂ ­ ʍʈʂ ­ ɯʈ, 

ʜʝ ʊʂ ï ʪʚʝʨʜʠʡ ʢʨʠʩʪʘʣ; ʉʈʂ (ʩʤʝʢʪʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ) ï 

ʩʤʝʢʪʠʯʥʘ ʬʘʟʘ; ʅʈʂ (ʥʝʤʘʪʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ) ï ʥʝʤʘʪʠʯʥʘ 

ʬʘʟʘ; ʍʈʂ (ʭʦʣʝʩʪʝʨʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ) ï ʭʦʣʝʩʪʝʨʠʯʥʘ ʬʘʟʘ; ɯʈ 

ï ̔ʟʦʪʨʦʧʥʘ ʨʽʜʠʥʘ. 

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʩʤʝʢʪʠʯʥʠʭ ʽ ʭʦʣʝʩʪʝʨʠʯʥʠʭ 

ʬʘʟ ʤʦʞʝ ʙʫʪʠ ʙʘʛʘʪʦ. ʋʩʽ ʧʝʨʝʭʦʜʠ ʤʽʞ ʬʘʟʘʤʠ ʟʘʟʚʠʯʘʡ ʦʙʝʨʥʝʥʽ. ɺ 

ʦʢʦʣʽ ʤʝʟʦʤʦʨʬʥʠʭ ʧʝʨʝʭʦʜʽʚ ʟʤʽʥʶʶʪʴʩʷ ʤʘʡʞʝ ʚʩʽ ʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʯʦʚʠʥʠ, ʟʦʢʨʝʤʘ ʝʣʝʢʪʨʠʯʥʽ ʡ ʦʧʪʠʯʥʽ. ɺʘʞʣʠʚʦ, ʱʦ 

ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʚʠʷʚʣʷʶʪʴʩʷ ʜʫʞʝ ʣʘʙʽʣʴʥʠʤʠ 

(ʥʝʩʪʽʡʢʠʤʠ). ɺʦʥʠ ʜʫʞʝ ʟʤʽʥʶʶʪʴʩʷ, ʢʦʣʠ ʟʟʦʚʥʽ ʧʨʠʢʣʘʜʘʶʪʴʩʷ 

ʝʣʝʢʪʨʠʯʥʽ ʘʙʦ ʤʘʛʥʽʪʥʽ ʧʦʣʷ, ʘ ʪʘʢʦʞ ʧʽʜ ʜʽʻʶ ʦʩʚʽʪʣʝʥʦʩʪʽ, 

ʪʝʤʧʝʨʘʪʫʨʠ ̔  ʪʠʩʢʫ. ʎʝ ʟʫʤʦʚʣʶʻʪʴʩʷ ʧʦʨʫʰʝʥʥʷʤ ʙʘʣʘʥʩʫ ʤʽʞ 

ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʚʟʘʻʤʦʜʽʷʤʠ ʚ ʨʽʜʢʦʤʫ ʢʨʠʩʪʘʣʽ, ʱʦ ʧʦʣʝʛʰʫʻʪʴʩʷ 

ʙʣʠʟʴʢʽʩʪʶ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ, ʢʦʣʠ ʩʪʨʫʢʪʫʨʘ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ 

ʭʠʪʣʠʚʘ.  
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ʈʽʜʢʽ ʢʨʠʩʪʘʣʠ ï ʮʝ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, ʤʦʣʝʢʫʣʠ ʷʢʠʭ 

ʘʥʽʟʦʤʝʪʨʠʯʥʽ ʪʘ ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ çʪʚʝʨʜʽʩʪʴè (ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʽʡʢʽʩʪʴ ʾʭ ʦʨʽʻʥʪʘʮʽʾ) ʽ ʧʨʠʪʷʛʫʶʪʴʩʷ ʦʜʥʘ ʜʦ ʦʜʥʦʾ ʩʠʣʘʤʠ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʠʨʦʜʠ (ʜʠʧʦʣʴʥʽ, ʢʚʘʜʨʫʧʦʣʴʥʽ ʪʘ ʙʽʣʴʰ ʩʢʣʘʜʥʽ 

ʚʟʘʻʤʦʜʽʾ).  

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʽʩʥʫʚʘʥʥʷ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʤʝʟʦʬʘʟʠ ʚ 

ʯʠʩʪʠʭ ʩʧʦʣʫʢʘʭ ʟʘʟʚʠʯʘʡ ʥʝʚʝʣʠʢʠʡ; ʥʘʧʨʠʢʣʘʜ, ʫ ʄɹɹɸ (ʨ-ʤʝ-

ʪʦʢʩʠʙʝʥʟʠʣʽʜʝʥ-ʨ¡-ʧ- ʙʫʪʠʣʘʥʽʣʽʥ) ʚʽʜ 20 ʜʦ 46 Áʉ, ʫ ɽɹɹɸ (ʨ-ʝʪʦ-

ʢʩʠʙʝʥʟʠʣʽʜʝʥ- ʨ¡-ʧ-ʙʫʪʠʣʘʥʽʣʽʥ) ʚʽʜ 35 ʜʦ 80 Áʉ. ʆʜʥʘʢ ʫ ʩʫʤʽʰʘʭ ʮʝʡ 

ʽʥʪʝʨʚʘʣ ʨʦʟʰʠʨʶʻʪʴʩʷ; ʥʘʧʨʠʢʣʘʜ, ʫ ʝʚʪʝʢʪʠʮʽ ʄɹɹɸ ï ɽɹɹɸ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʘ ʬʘʟʘ ʽʩʥʫʻ ʚ ʽʥʪʝʨʚʘʣʽ, ʧʨʠʡʥʷʪʥʦʤʫ ʜʣʷ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ, ï ʚʽʜ ʤʽʥʫʩ16 ʜʦ +55 Áʉ. 

ʇʦʷʚʫ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ ʧʦʷʩʥʶʶʪʴ ʢʽʣʴʢʘ ʪʝʦʨʽʡ. 

ʅʘʡʙʽʣʴʰʦʛʦ ʚʠʟʥʘʥʥʷ ʥʘʙʫʣʘ ʩʪʘʪʠʩʪʠʯʥʘ ʪʝʦʨʽʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ 

ʪʝʦʨʽʾ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʽʤʦʚʽʨʥʽʩʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ, ʻ ʩʠʣʠ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʚ ʜʝʷʢʠʭ ʨʝʯʦʚʠʥʘʭ. ʇʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʟ ʽʟʦʪʨʦʧʥʦʛʦ ʩʪʘʥʫ ʚ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʤʦʣʝʢʫʣʠ ʧʦʯʠʥʘʶʪʴ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʧʝʚʥʠʤ 

ʯʠʥʦʤ (ʥʘʧʨʠʢʣʘʜ, ʧʘʨʘʣʝʣʴʥʦ ʦʜʥʘ ʦʜʥʽʡ). ʄʦʣʝʢʫʣʠ ʨʝʯʦʚʠʥʠ, ʷʢʘ 

ʤʘʻ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ, ʻ 

ʘʥʽʟʦʤʝʪʨʠʯʥʠʤʠ. ɰʭ ʬʦʨʤʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʬʝʨʠʯʥʦʾ ʽ ʤʘʻ, 

ʥʘʧʨʠʢʣʘʜ, ʚʝʨʝʪʝʥʦʧʦʜʽʙʥʫ ʬʦʨʤʫ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʽʩʪʦʪʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʥʝʩʦʢ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ 

ʚʟʘʻʤʦʜʽʾ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʡ ʚʠʥʠʢʘʻ ʜʦʜʘʪʢʦʚʠʡ ʚʠʛʨʘʰ ʚ ʝʥʝʨʛʽʾ, ɦʦ 

ʩʪʘʙʽʣʽʟʫʻ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʩʪʘʥ.  

ɿʥʘʯʫʱʽʩʪʴ ʮʴʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠʛʨʘʰʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʥʽʟʦʪʨʦʧʽʻʶ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʥʦʩʪʽ ʤʦʣʝʢʫʣʠ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ Da  = a|| - â, ʜʝ  a|| ̔   â ï 

ʧʦʣʷʨʠʟʦʚʥʽʩʪʴ ʫ ʥʘʧʨʷʤʢʘʭ, ʚʽʜʧʦʚʽʜʥʦ ʧʘʨʘʣʝʣʴʥʠʭ ʽ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʜʦ ʜʦʚʛʦʾ ʦʩʽ ʤʦʣʝʢʫʣʠ. ʅʘ ʚʝʣʠʯʠʥʫ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠʛʨʘʰʫ DF ̔ ʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʩʠʣʠ, ʟʫʤʦʚʣʝʥʽ 

ʤʦʣʝʢʫʣʷʨʥʠʤ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷʤ: 

DF = ï AS2 ï BTS2 ï T ä(S), 



100 

 

ʜʝ S ï ʩʪʫʧʽʥʴ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ; AS2 ï ʝʥʝʨʛʽʷ, ʟʫʤʦʚʣʝʥʘ ʩʠʣʘʤʠ 

ʜʠʩʧʝʨʩʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ (ɸ ʧʨʠʙʣʠʟʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʘʥʽʟʦʪʨʦʧʽʾ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʧʦʣʷʨʠʟʦʚʥʦʩʪʽ); BS2 ï ʝʥʪʨʦʧʽʡʥʠʡ ʚʥʝʩʦʢ, 

ʟʫʤʦʚʣʝʥʠʡ ʧʘʢʦʚʘʥʥʷʤ ʤʦʣʝʢʫʣ ʫ ʨʽʜʢʦʤʫ ʢʨʠʩʪʘʣʽ; ä(S) ï 

ʝʥʪʨʦʧʽʡʥʠʡ ʚʥʝʩʦʢ, ʟʫʤʦʚʣʝʥʠʡ ʦʨʽʻʥʪʘʮʽʻʶ ʤʦʣʝʢʫʣ.  

ʊʝʦʨʽʷ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʽʟʦʪʨʦʧʥʦʛʦ ʧʝʨʝʭʦʜʫ: 

ʊ̔ ʟ = ɸ£(4,55ku2), 

ʜʝ k ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ; ɸ ï ʤʦʣʝʢʫʣʷʨʥʘ ʢʦʥʩʪʘʥʪʘ, ʱʦ ʚʢʣʶʯʘʻ 

ʘʥʟ̔ʦʪʨʦʧʽʶ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʥʦʩʪʽ ʤʦʣʝʢʫʣʠ; u ï ʤʦʣʷʨʥʠʡ 

ʦʙôʻʤ ʥʝʤʘʪʠʯʥʦʾ ʬʘʟʠ ʚ ʫʤʦʚʘʭ ʪʝʤʧʝʨʘʪʫʨʠ ʽʟʦʪʨʦʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. ɯʟ 

ʬʦʨʤʫʣʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʽʟʦʪʨʦʧʥʦʛʦ ʧʝʨʝʭʦʜʫ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʘʥʽʟʦʪʨʦʧʽʾ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʧʦʣʷʨʠʟʦʚʥʦʩʪʽ, ʘʣʝ ʟʥʠʞʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʤʦʣʷʨʥʦʛʦ ʦʙôʻʤʫ. 

ɯʟ-ʧʦʤʽʞ ʚʝʣʠʢʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʪʠʧʽʚ ʨʽʜʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʦʩʦʙʣʠʚʦ ʟʥʘʯʫʱʠʤʠ ʟʘ ʩʚʦʻʶ ʧʨʘʢʪʠʯʥʦʶ ʟʥʘʯʫʱʽʩʪʶ ʻ ʥʝʤʘʪʠʯʥʽ 

ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʪʠʧʽʚ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ 

ʦʜʥʦʚʽʩʥʦʶ ʫʧʦʨʷʜʢʦʚʘʥʽʩʪʶ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʾ ʤʦʣʝʢʫʣʠ 

ʚʠʙʫʜʦʚʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʾʭ ʜʦʚʛʽ ʦʩʽ ʧʘʨʘʣʝʣʴʥʽ ʦʜʥʘ ʦʜʥʽʡ.  

ɼʣʷ ʜʝʷʢʠʭ ʨʝʯʦʚʠʥ ʤʦʣʝʢʫʣʠ ʩʘʤʽ ʧʦ ʩʦʙʽ ʥʝ ʤʘʶʪʴ 

ʘʥʽʟʦʤʝʪʨʠʯʥʠʭ (ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ) ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘʣʝ ʾʤ ʚʣʘʩʪʠʚʘ 

ʟʜʘʪʥʽʩʪʴ ʘʛʨʝʛʘʮʽʾ ʟ ʽʥʰʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʩʪʚʦʨʶʚʘʥʥʷ ʯʘʩʪʢʦʚʦ ʫʧʦʨʷʜʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʉʘʤʝ ʮʷ ʟʜʘʪʥʽʩʪʴ, 

ʥʘʟʚʘʥʘ ʤʝʟʦʛʝʥʥʽʩʪʶ, ʻ ʛʦʣʦʚʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ 

ʩʧʦʣʫʢ, ʘ ʚʠʚʯʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʙʫʜʦʚʦʶ ʤʦʣʝʢʫʣ ʽ ʾʭ ʤʝʟʦʛʝʥʥʽʩʪʴ 

ʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʫ ʭʽʤʽʾ. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʤʝʟʦʛʝʥʥʽʩʪʴ ʩʧʦʣʫʢʠ, ʻ ʰʠʨʠʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʽʩʥʫʚʘʥʥʷ 

ʤʝʟʦʬʘʟʠ. ʏʠʤ ʙʽʣʴʰʝ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʝʥʝʨʛʽʾ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ 

ʚʟʘʻʤʦʜʽʾ, ʥʘʧʨʷʤʣʝʥʦʾ ʫʟʜʦʚʞ ʜʦʚʛʦʾ ʦʩʽ ʤʦʣʝʢʫʣʠ ʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʥʝʾ, ʪʠʤ ʰʠʨʰʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʽʩʥʫʚʘʥʥʷ ʤʝʟʦʬʘʟʠ. 

ʇʽʜ ʯʘʩ ʨʦʟʛʣʷʜʫ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʟʘʟʚʠʯʘʡ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʪʝʦʨʽʻʶ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʃʘʥʜʘʫ. ʎʷ ʪʝʦʨʽʷ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ ʧʨʦ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʠʩʫ 

ʩʪʘʥʫ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʫ, ʘ ʪʘʢʦʞ ʥʘ ʘʥʘʣʽʪʠʯʥʦʤʫ ʦʧʠʩʽ ʚʽʣʴʥʦʾ 
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ʝʥʝʨʛʽʾ ʚ ʦʢʦʣʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. ʇʦʚʥʠʡ ʦʧʠʩ ʧʝʨʝʭʦʜʫ ʧʦʪʨʝʙʫʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʫ ʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʯʦʚʠʥʠ. 

ʇʘʨʘʤʝʪʨ ʧʦʨʷʜʢʫ ʥʝ ʻ ʦʜʥʘʢʦʚʠʤ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʤʝʟʦʬʘʟʥʦʛʦ ʩʪʘʥʫ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʧʠʩʫ ʧʝʨʝʭʦʜʽʚ ʟ ʥʝʤʘʪʠʯʥʦʾ ʬʘʟʠ ʚ ʽʟʦʪʨʦʧʥʫ ʷʢ 

ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʽʟʦʪʨʦʧʥʫ ʯʘʩʪʠʥʫ ʪʝʥʟʦʨʘ 

ʜʽʘʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ. ɼʣʷ ʦʧʠʩʫ ʧʝʨʝʭʦʜʫ ʟ ʥʝʤʘʪʠʯʥʦʾ ʬʘʟʠ 

ʫ ʩʤʝʢʪʠʯʥʫ ʬʘʟʫ (ɸ-ʬʘʟʫ) ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʚʽ ʚʝʣʠʯʠʥʠ: ʛʫʩʪʠʥʫ 

ʨʦʟʧʦʜʽʣʫ ʤʦʣʝʢʫʣ ʫ ʩʤʝʢʪʠʯʥʠʭ ʰʘʨʘʭ ʪʘ ʚʽʜʥʦʩʥʠʡ ʟʩʫʚ ʰʘʨʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʷʜʢʫ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʽ ʪʘ ʛʨʦʤʽʟʜʢʽ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ 

ʧʦʙʣʠʟʫ ʧʝʨʝʭʦʜʽʚ ʩʚʽʜʯʠʪʴ ʟʜʝʙʽʣʴʰʦʛʦ ʧʨʦ ʪʝ, ʱʦ ʮʝ ʧʝʨʝʭʦʜʠ 

ʧʝʨʰʦʛʦ ʨʦʜʫ (ʧʝʨʝʭʦʜʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʩʪʨʠʙʢʦʤ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʽ ʥʘʷʚʥʽʩʪʶ ʧʨʠʭʦʚʘʥʦʾ ʪʝʧʣʦʪʠ). ʊʦʤʫ ʜʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʭʦʜʽʚ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʟʘʚʜʷʢʠ 

ʷʢʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʤʽʥʘ ʪʝʧʣʦʻʤʥʦʩʪʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ.  

ɼʝʪʝʢʪʫʚʘʥʥʷ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʫ ʨʽʜʢʦʤʫ ʢʨʠʩʪʘʣʽ ʧʦʪʨʝʙʫʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʯʫʪʣʠʚʠʭ ʪʝʨʤʦʜʝʪʝʢʪʦʨʽʚ, ʦʩʢʽʣʴʢʠ ʚʠʜʽʣʶʚʘʥʘ 

ʪʝʧʣʦʪʘ ʧʽʜ ʯʘʩ ʮʠʭ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʜʫʞʝ ʤʘʣʘ ï ʥʘ ʧʦʨʷʜʦʢ, ʘ ʽʥʦʜʽ 

ʡ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʤʝʥʰʘ ʚʽʜ ʪʝʧʣʦʪʠ ʧʣʘʚʣʝʥʥʷ ʽʥʰʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʨʝʯʦʚʠʥ. ʅʘʧʨʠʢʣʘʜ, ʧʝʨʝʭʽʜ çʥʝʤʘʪʠʯʥʘ ʬʘʟʘ ­ ̔ʟʦʪʨʦʧʥʠʡ ʨʦʟʧʣʘʚè 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʪʝʧʣʦʚʠʤ ʝʬʝʢʪʦʤ ʥʝ ʙʽʣʴʰ ʷʢ 4 ɼʞ£ʤ3, ʘ ʧʝʨʝʭʽʜ 

ʤʽʞ çʩʤʝʢʪʠʯʥʠʤʠ ɸ- ̔ ʉ-ʬʘʟʘʤʠè ï 0,4 ɼʞ£ʤ3. ɺʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʟʷʪʽ ʣʠʰʝ ʜʫʞʝ ʥʝʚʝʣʠʢʽ ʢʽʣʴʢʦʩʪʽ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʨʝʯʦʚʠʥ.  

ɺʠʤʦʛʘ ʚʠʩʦʢʦʾ ʯʫʪʣʠʚʦʩʪʽ ʜʝʪʝʢʪʫʚʘʥʥʷ ʽ ʩʪʨʦʛʦʾ ʣʽʥʽʡʥʦʩʪʽ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʙʣʦʢʘ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʱʝ ʡ ʪʦʤʫ, ʱʦ 

ʜʣʷ ʚʝʣʠʢʦʾ ʛʨʫʧʠ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʨʝʯʦʚʠʥ ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ 

ʜʝʢʽʣʴʢʦʭ ʧʝʨʝʭʦʜʽʚ ʫ ʚʫʟʴʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʻ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʦ ʥʘʷʚʥʦʩʪʽ ʜʦʤʽʰʦʢ ʫ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʯʦʚʠʥʽ. 
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ʌʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʝʨʰʦʛʦ ʨʦʜʫ ʧʨʠʧʫʩʢʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʪʝʨʤʽʯʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ ʚʥʘʩʣʽʜʦʢ ʥʘʩʪʫʧʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʘʟ. 

ɺʠʩʦʢʘ ʚôʷʟʢʽʩʪʴ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʽ ʾʭ ʤʘʣʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ (ʥʘʚʽʪʴ ʟʘ 

ʫʤʦʚʠ ʤʽʥʽʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʽʥʪʝʥʩʠʚʥʠʤ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ) ʩʪʚʦʨʶʶʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʟʥʘʯʥʦʛʦ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʯʘʩʪʦ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʩʫʤʽʰʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʢʨʠʩʪʘʣʽʟʘʮʽʷ, ʘ ʩʢʣʫʚʘʥʥʷ 

ʟʨʘʟʢʽʚ, ʪʦʙʪʦ ʫʪʚʦʨʝʥʥʷ ʥʝʨʽʚʥʦʚʘʞʝʥʦʛʦ, ʘʣʝ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ 

ʜʦʩʠʪʴ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ. 

 

4.2. ɽʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ 

 

ʈʽʜʢʽ ʢʨʠʩʪʘʣʠ ʻ ʜʽʝʣʝʢʪʨʠʢʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʣʘʩʪʠʚʠʤ 

ʪʚʝʨʜʠʤ ʢʨʠʩʪʘʣʘʤ ʪʝʥʟʦʨʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦ-

ʚʽʜʥʦʩʪʽ s ʽ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ e. ɿʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: eéé, séé, tgdéé - ʚʽʜʧʦʚʽʜʥʦ 

ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ, ʧʨʦʚʽʜʥʽʩʪʴ ʽ ʪʘʥʛʝʥʩ ʢʫʪʘ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʫʪʨʘʪ ʫ ʥʘʧʨʷʤʢʫ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʤʦʣʝʢʫʣʠ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʽ ê, ŝ, tgd̂ ï ʪʘʢʠʤʠ ʩʘʤʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʘʣʝ ʚ ʥʘʧʨʷʤʢʫ ʧʦʧʝʨʝʯʥʦʾ ʦʩʽ ʤʦʣʝʢʫʣʠ. ʂʨʽʤ ʪʦʛʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʥʷʪʪʷ ʘʥʽʟʦʪʨʦʧʽʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ (De) 

ʽ ʘʥʽʟʦʪʨʦʧʽʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ (Ds), ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ: 

De = eéé - ê;  Ds = séé/ŝ. 

ɼʣʷ ʟʘʛʘʣʴʥʦʛʦ ʚʠʧʘʜʢʫ ʥʘʧʨʷʤʢʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ɽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʝʣʝʢʪʨʠʯʥʦʶ ʽʥʜʫʢʮʽʻʶ D ̔  ʧʦʣʝʤ ʤʘʻ ʚʠʛʣʷʜ 

D = êɽ + (eéé - ê) (n.E)n. 

ʈʽʟʥʠʮʷ De = eéé - ê ʤʦʞʝ ʙʫʪʠ ʷʢ ʜʦʜʘʪʥʦʶ, ʪʘʢ ʽ ʚʽʜôʻʤʥʦʶ ï 

ʟʘʣʝʞʥʦ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʭʽʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʣʝʢʫʣ, ʱʦ ʩʢʣʘʜʘʶʪʴ 

ʥʝʤʘʪʠʢ: 

1. ʗʢʱʦ ʢʦʞʥʘ ʤʦʣʝʢʫʣʘ ʤʘʻ ʧʦʩʪʽʡʥʠʡ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ, 

ʧʘʨʘʣʝʣʴʥʠʡ (ʘʙʦ ʤʘʡʞʝ ʧʘʨʘʣʝʣʴʥʠʡ) ʾʾ ʧʦʟʜʦʚʞʥʽʡ ʦʩʽ, ʪʦ ʝʣʝʢ-

ʪʨʠʯʥʝ ʧʦʣʝ ɽ ʤʦʞʝ ʦʨʽʻʥʪʫʚʘʪʠ ʜʠʧʦʣʴ ʫʟʜʦʚʞ ʦʩʽ ʥʝʤʘʪʠʢʫ (ʷʢʱʦ 

ʧʦʣʝ ʥʘʧʨʷʤʣʝʥʝ ʚʟʜʦʚʞ ° n, ʜʠʧʦʣʽʚ ʙʫʜʝ ʙʽʣʴʰʝ ʚʟʜʦʚʞ + n, ʥʽʞ 
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ʫʟʜʦʚʞ - n). ʆʜʥʘʢ ʧʦʣʝ ɽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʝ ʜʦ n, ʜʽʻ ʜʫʞʝ ʩʣʘʙʢʦ (ʫ 

ʮʴʦʤʫ ʨʘʟʽ eéé > ê). 

2. ʗʢʱʦ ʧʦʩʪʽʡʥʠʡ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʠ ʧʨʠʙʣʠʟʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʜʦ ʜʦʚʛʦʾ ʦʩʽ ʤʦʣʝʢʫʣʠ, ʪʦ ʩʠʪʫʘʮʽʷ ʙʫʜʝ 

ʟʚʦʨʦʪʥʦʶ ʽ eéé < ê. 

ɼʽʝʣʝʢʪʨʠʯʥʘ ʘʥʽʟʦʪʨʦʧʽʷ ʜʦʟʚʦʣʷʻ ʦʨʽʻʥʪʫʚʘʪʠ ʥʝʤʘʪʠʢ 

ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ. ɽʣʝʢʪʨʠʯʥʠʡ ʚʥʝʩʦʢ ʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ (ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 1 ʩʤ3) ʩʪʘʥʦʚʠʪʴ 

- e0ñDdɽ  =  - (êe0/2 E2) - (Dee0/2)(nE)2. 

ʅʘʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʚʠʨʘʞʘʻ ʧʦʪʝʥʮʽʘʣ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʚ ʫʤʦʚʘʭ ʬʽʢʩʦʚʘʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʟʦʚʥʽʰʥʽʭ ʧʨʦʚʽʜʥʠʢʘʭ. 

ʇʝʨʰʠʡ ʜʦʜʘʥʦʢ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʤʦʣʝʢʫʣ. ɼʨʫʛʠʡ ʜʦʜʘʥʦʢ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʘʨʘʣʝʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʤʦʣʝʢʫʣ (n ʢʦʣʽʥʝʘʨʥʘ E), 

ʷʢʱʦ De > 0, ʘʣʝ n ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʝ ʜʦ ʥʘʧʨʷʤʢʫ ʧʦʣʷ ʨʦʟʤʽʱʝʥʥʷ, 

ʷʢʱʦ De < 0.  

ɿʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʚʠʨʘʞʝʥʥʷ ʯʠʩʪʦʪʠ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʅʘʷʚʥʽʩʪʴ ʘʙʦ 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʾ ʜʦʤʽʰʢʠ ʚ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʘʭ ʤʘʻ 

ʧʨʠʥʮʠʧʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɿʥʘʯʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ s ʥʝ ʻ ʪʘʢʠʤ ʦʙôʻʢʪʠʚʥʠʤ 

ʢʨʠʪʝʨʽʻʤ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʽ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ 

ʪʽʣʴʢʠ ʚʤʽʩʪ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ ʘʢʪʠʚʥʠʭ ʜʦʤʽʰʦʢ, ʱʦ ʧʝʨʝʜʫʩʽʤ ʻ 

ʟʥʘʯʫʱʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʜʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʫ ʝʣʝʢʪʨʦʦʧʪʠʮʽ. ɿʘ 

ʟʥʘʯʝʥʥʷʤ s ʤʦʞʥʘ ʣʠʰʝ ʷʢʽʩʥʦ ʦʮʽʥʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʤʽʰʢʠ: ʯʠ 

çʙʘʛʘʪʦè ʘʙʦ çʤʘʣʦè ʾʾ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʝʥʟʦʨʽʚ e, s ̔  tgd ʧʦʪʨʽʙʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ 

ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʦʩʢʽʣʴʢʠ ʤʦʣʝʢʫʣʠ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ ʤʘʶʪʴ ʙʫʪʠ ʦʨʽʻʥʪʦʚʘʥʽ ʚ ʟʘʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ.  

ɯʟ ʯʘʩʪʦʪʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʽʚ e, s ̔  tgd (ʤʝʪʦʜʦʤ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ) ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʩʪʨʫʢʪʫʨʫ 

ʤʦʣʝʢʫʣ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ 

ʜʘʶʪʴ ʟʤʦʛʫ ʦʪʨʠʤʫʚʘʪʠ ʪʘʢʫ ʩʘʤʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʽ ʢʨʽʦʤʝʪʨʠʯʥʽ 
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ʚʠʤʽʨʶʚʘʥʥʷ, ʦʜʥʘʢ ʮʝʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʫ ʨʽʜʢʦʤʫ 

ʢʨʠʩʪʘʣʽ ʜʦʪʝʧʝʨ ʤʘʡʞʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ. 

ɿʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʧʠʩʫ 

ʯʠʩʪʦʪʠ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʍʘʨʘʢʪʝʨ ʽ ʧʨʦʷʚ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʠʩʪʦʪʦʶ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʍʦʯʘ ʤʝʭʘʥʽʟʤ ʚʧʣʠʚʫ 

ʜʦʤʽʰʦʢ ʥʘ ʝʣʝʢʪʨʦʦʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ 

ʜʦʪʝʧʝʨ ʚʠʚʯʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ s ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʚʽʜʥʦʩʥʘ ʧʨʦʩʪʦʪʘ ʚʠʤʽʨʶʚʘʥʴ ʮʽʻʾ ʚʝʣʠʯʠʥʠ (ʧʦʨʽʚʥʷʥʦ, 

ʥʘʧʨʠʢʣʘʜ, ʽʟ ʢʨʽʦʤʝʪʨʽʻʶ) ʨʦʙʠʪʴ ʾʭ ʢʦʨʠʩʥʠʤʠ. 

 

4.3. ɽʣʝʢʪʨʦʦʧʪʠʯʥʽ ʝʬʝʢʪʠ ʚ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʘʭ 

 

ʋʥʽʢʘʣʴʥʝ ʩʫʤʽʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʠʥʠ ʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

ʟʫʤʦʚʣʶʻ ʥʝʟʚʠʯʘʡʥʽʩʪʴ ʝʣʝʢʪʨʦʦʧʪʠʢʠ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ. ʌʽʟʠʯʥʘ 

ʩʫʪʥʽʩʪʴ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʫ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʘʭ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦ ʙʫʜʴ-̫ ʢʠʡ ʧʨʦʮʝʩ ʟʤʽʥʶʚʘʥʥʷ ʾʭ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʤʘʻ ʪʨʠ ʛʦʣʦʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ.  

ʇʦ-ʧʝʨʰʝ, ʚʥʘʩʣʽʜʦʢ ʘʥʽʟʦʪʨʦʧʽʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ 

ʧʨʦʚʽʜʥʦʩʪʽ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ (ʘʥʘʣʦʛʽʯʥʦ ʪʚʝʨʜʦʤʫ ʢʨʠʩʪʘʣʫ) ʤʘʻ 

ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʧʨʘʛʥʝ ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʽʶ ʘʥʽʟʦʪʨʦʧʥʦʛʦ 

ʪʽʣʘ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. ʇʦ-ʜʨʫʛʝ, ʚʥʘʩʣʽʜʦʢ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʾ 

ʚôʷʟʢʦʩʪʽ ʨʽʜʠʥʠ ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ 

ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʟʘ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʡ ʯʘʩ (ʮʴʦʛʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ 

ʪʚʝʨʜʠʤʠ ʢʨʠʩʪʘʣʘʤʠ ʯʝʨʝʟ ʚʝʣʠʯʝʟʥʽ ʩʠʣʠ ʪʝʨʪʷ). ʇʦ-ʪʨʝʪʻ, ʚʥʘʩʣʽʜʦʢ 

ʚʝʣʠʢʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʫʜʴ-̫ ʢʘ ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʠ 

ʟʨʘʟʢʘ ʣʝʛʢʦ ʬʽʢʩʫʻʪʴʩʷ ʦʧʪʠʯʥʦ (ʚ ʧʦʚʥʽʡ ʘʥʘʣʦʛʽʾ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʪʚʝʨʜʠʭ ʪʽʣ). 

ʊʦʥʢʽ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽ ʰʘʨʠ ʟʜʘʪʥʽ ʟʤʽʥʶʚʘʪʠ ʩʚʦʾ ʦʧʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜ ʚʧʣʠʚʦʤ ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ (ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʜʦ ʜʝʩʷʪʢʽʚ 

ʚʦʣʴʪʽʚ) ʟʘ ʫʤʦʚ ʥʘʜʟʚʠʯʘʡʥʦ ʤʘʣʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ (10ï4 ï 10ï

5 ɺʪ/ʩʤ2). 
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ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʽ 

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ ʷʢ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʟʜʝʙʽʣʴʰʦʛʦ ʧʨʦʚʦʜʷʪʴ ʫ ʢʦʤʽʨʮʽ ʪʠʧʫ çʩʝʥʜʚʠʯè, ʢʦʥʩʪʨʫʢʮʽʶ ʷʢʦʾ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.3. ʈʽʜʢʠʡ ʢʨʠʩʪʘʣ ʤʽʩʪʠʪʴʩʷ ʤʽʞ ʜʚʦʤʘ 

ʩʪʝʢʣʘʤʠ, ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʙʦʢʘʭ ʷʢʠʭ ʥʘʥʝʩʝʥʦ ʧʨʦʟʦʨʽ ʝʣʝʢʪʨʦʜʠ ʟ 

ʜʚʦʦʢʩʠʜʫ ʦʣʦʚʘ ʘʙʦ ʽʥʜʽʶ. ʊʦʚʱʠʥʫ ʰʘʨʫ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʪʦʚʱʠʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʢʣʘʜʢʠ.  

 
ʘ 

 

ʙ 

ʈʠʩ. 4.3. ʆʧʪʠʯʥʘ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʘ ʢʦʤʽʨʢʘ: 

ʘ ï ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘ ʧʨʦʩʚʽʪ; ʙ ï ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘ ʚʽʜʙʠʪʪʷ; 

1 ï ʩʢʣʷʥʽ ʧʽʜʢʣʘʜʢʠ; 2 ï ʧʨʦʟʦʨʠʡ ʝʣʝʢʪʨʦʜ; 3 ï ʰʘʨ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ;  

4 ï ʜʽʝʣʝʢʪʨʠʯʥʘ ʽʟʦʣʷʮʽʷ; 5 ï ʤʝʪʘʣʝʚʝ ʜʟʝʨʢʘʣʦ 

 

ɺʠʭʽʜʥʫ ʦʨʽʻʥʪʘʮʽʶ ʤʦʣʝʢʫʣ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ, ʧʦʪʨʽʙʥʫ ʜʣʷ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʝʬʝʢʪʫ, ʟʘʜʘʶʪʴ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ɼʣʷ ʥʝʤʘʪʠʯʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʦʩʥʦʚʥʠʤʠ ʻ ʪʘʢʽ ʪʨʠ ʦʨʽʻʥʪʘʮʽʾ (ʨʠʩ. 

4.4): 

1) ʧʣʘʥʘʨʥʘ (ʛʦʤʦʛʝʥʥʘ) ʦʨʽʻʥʪʘʮʽʷ, ʟʘ ʷʢʦʾ ʜʦʚʛʽ ʦʩʽ ʤʦʣʝʢʫʣ 

ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʧʦʙʣʠʟʫ ʩʪʝʢʦʣ ʽ ʫ ʚʩʴʦʤʫ ʰʘʨʽ ʧʘʨʘʣʝʣʴʥʽ ʩʪʝʢʣʘʤ ̔  

ʥʘʧʨʷʤʣʝʥʽ ʚ ʦʜʠʥ ʙʽʢ; 

2) ʛʦʤʝʦʪʨʦʧʥʘ ʦʨʽʻʥʪʘʮʽʷ, ʢʦʣʠ ʜʦʚʛʽ ʦʩʽ ʤʦʣʝʢʫʣ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʧʣʦʱʠʥʠ ʩʪʝʢʦʣ ʧʦʙʣʠʟʫ ʾʭ ʧʦʚʝʨʭʥʽ ʡ ʫ ʰʘʨʽ 

ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ; 

3) ʟʘʢʨʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ (çʪʚʽʩʪè-ʩʪʨʫʢʪʫʨʘ), ʢʦʣʠ ʜʦʚʛʽ ʦʩʽ 

ʤʦʣʝʢʫʣ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʥʘ ʢʦʞʥʦʤʫ ʝʣʝʢʪʨʦʜʽ ʧʘʨʘʣʝʣʴʥʽ ʦʜʥʘ 

ʦʜʥʽʡ ʽ ʧʣʦʱʠʥʽ ʝʣʝʢʪʨʦʜʘ, ʘʣʝ ʚʟʘʻʤʥʽ ʥʘʧʨʷʤʢʠ ʜʦʚʛʠʭ ʦʩʝʡ ʤʦʣʝʢʫʣ 

ʥʘ ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʜʘʭ ʨʽʟʥʽ, ʥʘʡʯʘʩʪʽʰʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʦʜʥʘ ʜʦ 

ʦʜʥʦʾ; ʫ ʛʣʠʙʠʥʽ ʰʘʨʫ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʚ ʮʠʭ ʫʤʦʚʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʣʘʚʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ, ʟʘʜʘʥʦʾ ʥʘ ʦʜʥʦʤʫ ʝʣʝʢʪʨʦʜʽ, ʜʦ 

ʦʨʽʻʥʪʘʮʽʾ, ʟʘʜʘʥʦʾ ʥʘ ʽʥʰʦʤʫ ʝʣʝʢʪʨʦʜʽ. 
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ʍʦʣʝʩʪʝʨʠʯʥʽ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʘʙʦ ʩʫʤʽʰʽ ʥʝʤʘʪʠʯʥʠʭ ʽ 

ʭʦʣʝʩʪʝʨʠʯʥʠʭ ʨʽʜʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʦʙʨʦʙʣʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʽ ʫʤʦʚ ʚʠʥʠʢʥʝʥʥʷ ʤʝʟʦʬʘʟʠ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʘʙʦ 

ʧʣʘʥʘʨʥʫ ʪʝʢʩʪʫʨʫ, ʱʦ ʻ ʧʨʦʟʦʨʦʶ ʽ ʤʘʻ ʦʧʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʘʙʦ 

ʢʦʥʬʦʢʘʣʴʥʫ ʪʝʢʩʪʫʨʫ, ʜʦʩʠʪʴ ʪʫʩʢʣʫ, ʥʝʧʨʦʟʦʨʫ ʩʪʨʫʢʪʫʨʫ.  

ʉʤʝʢʪʠʯʥʽ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʘʙʦ ʜʫʞʝ ʧʨʦʟʦʨʫ 

ʛʦʤʝʦʪʨʦʧʥʫ ʪʝʢʩʪʫʨʫ, ʘʙʦ ʢʦʥʬʦʢʘʣʴʥʫ ʪʝʢʩʪʫʨʫ, ʱʦ ʨʦʟʩʽʶʻ ʩʚʽʪʣʦ. 

ʅʘʷʚʥʽʩʪʴ ʯʽʪʢʦʾ ʬʽʢʩʦʚʘʥʦʾ ʚʠʭʽʜʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʘʙʦ 

ʟʘʜʘʥʦʾ ʪʝʢʩʪʫʨʠ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʧʨʦʷʚʫ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ 

ʝʬʝʢʪʽʚ. 

 

 
ʘ 
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ʈʠʩ. 4.4. ʆʩʥʦʚʥʽ ʚʠʜʠ ʦʨʽʻʥʪʘʮʽʾ ʤʦʣʝʢʫʣ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʚ ʝʣʝʢʪʨʦʦʧʪʠʯʥʽʡ 

ʢʦʤʽʨʮʽ: ʘ ï ʧʣʘʥʘʨʥʘ; ʙ ï ʛʦʤʝʦʪʨʦʧʥʘ; ʚ ï ʟʘʢʨʫʯʝʥʘ (çʪʚʽʩʪè) 

 

ʋ ʟʚʠʯʘʡʥʽʡ ʨʽʜʠʥʽ, ʱʦ ʥʝ ʤʘʻ ʦʧʪʠʯʥʦʾ ʦʩʽ ʙʝʟ ʧʦʣʷ, ʤʦʣʝʢʫʣʠ, 

ʷʢ ʽ ʧʽʜ ʡʦʛʦ ʚʧʣʠʚʦʤ, ʪʝʞ ʤʦʞʫʪʴ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ. ʆʜʥʘʢ 

ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʧʨʠʢʣʘʩʪʠ ʜʫʞʝ ʩʠʣʴʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʱʦ 

ʧʦʨʦʜʞʫʻ ʫ ʨʽʜʠʥʽ ʦʧʪʠʯʥʫ ʚʽʩʴ. ʏʠʤ ʩʠʣʴʥʽʰʝ ʧʦʣʝ, ʪʠʤ ʙʽʣʴʰ ʯʽʪʢʦʶ 

ʩʪʘʻ ʦʨʽʻʥʪʘʮʽʷ ʦʩʽ. ʊʘʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʥʝʤʘʪʠʢʫ ʽ 

çʨʦʟʧʣʘʚʣʝʥʥʷè ʡʦʛʦ ʚ ʟʚʠʯʘʡʥʠʡ ʨʽʜʢʠʡ ʩʪʘʥ. ɸʣʝ ʡ ʫ ʮʴʦʤʫ ʨʘʟʽ 

ʥʝʤʘʪʠʢ ʟʘʣʠʰʘʻ ʩʚʽʡ ʩʣʽʜ. ʈʽʯ ʫ ʪʽʤ, ʱʦ ʟʚʠʯʘʡʥʘ ʨʽʜʠʥʘ, ʷʢʘ ʙʫʣʘ 

ʥʝʤʘʪʠʢʦʤ, ʟʙʝʨʽʛʘʻ ʧʨʦ ʥʴʦʛʦ ʧʘʤôʷʪʴ, ʪʦʙʪʦ ʧʨʦ ʪʝ, ʱʦ ʚʦʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʣʘʩʪʝʨʽʚ-ʟʝʨʝʥ, ʷʢʽ ʪʝʧʝʨ ʦʨʽʻʥʪʦʚʘʥʽ ʭʘʦʪʠʯʥʦ. ʈʦʟʤʽʨ ʮʠʭ 

ʢʣʘʩʪʝʨʽʚ ʘʙʦ ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʢʫʣ ʫ ʥʠʭ ʜʫʞʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʛʨʽʚʘʥʥʷ. ɿ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʢʣʘʩʪʝʨʠ-ʟʝʨʥʘ ʜʨʽʙʥʽʰʘʶʪʴ. ɸʣʝ, ʷʢʱʦ 

ʨʽʜʠʥʘ ʥʘʛʨʽʪʘ ʪʨʦʭʠ ʚʠʱʝ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʥʝʤʘʪʠʢʫ, ʪʦ 

ʨʦʟʤʽʨʠ ʟʝʨʝʥ ʱʝ ʚʝʣʠʢʽ ï ʙʣʠʟʴʢʦ 100 ʥʤ, ʽ ʦʨʽʻʥʪʫʚʘʪʠ ʤʦʣʝʢʫʣʠ ʧʦʣʝʤ 

ʥʘʙʘʛʘʪʦ ʣʝʛʰʝ ʧʦʙʣʠʟʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ, ʥʽʞ ʜʘʣʽ ʚʽʜ ʥʝʾ.  
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4.4. ʆʨʽʻʥʪʘʮʽʡʥʽ ʝʣʝʢʪʨʦʦʧʪʠʯʥʽ ʝʬʝʢʪʠ ʫ ʥʝʤʘʪʠʯʥʠʭ 

ʨʽʜʠʥʥʠʭ ʢʨʠʩʪʘʣʘʭ 

 

ʇʽʜ ʯʘʩ ʦʨʽʻʥʪʘʮʽʡʥʠʭ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʚʧʣʠʚʫ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʧʨʦʪʠʜʽʻ ʤʦʤʝʥʪ ʧʨʫʞʥʠʭ ʩʠʣ, ʱʦ ʧʨʘʛʥʫʪʴ 

ʧʦʚʝʨʥʫʪʠ ʩʪʨʫʢʪʫʨʫ ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʜʦ ʨʽʚʥʦʚʘʞʥʦʛʦ 

ʩʪʘʥʫ, ʟʘʜʘʥʦʛʦ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ (ʟʘʟʚʠʯʘʡ ʩʪʽʥʢʘʤʠ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ ʦʩʝʨʝʜʢʫ). ɼʝʬʦʨʤʘʮʽʷ ʰʘʨʫ ʥʝʤʘʪʠʯʥʦʛʦ 

ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ 

ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ ʯʝʨʝʟ ʚʝʣʠʢʝ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ (Dʧ = 

= ʧʝ ï ʧʦ º 0,15 ï 0,4). ʆʩʥʦʚʥʠʤʠ ʻ ʪʨʠ ʚʠʜʠ ʦʨʽʻʥʪʘʮʽʡʥʠʭ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʫ ʥʝʤʘʪʠʯʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ S-, ɺ- ̔  

çʪʚʽʩʪè-ʝʬʝʢʪʠ, ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʷʢʠʭ ʜʝʤʦʥʩʪʨʫʻ ʨʠʩ. 4.5. 

ɼʣʷ S-ʝʬʝʢʪʫ ʚʠʭʽʜʥʦʶ ʻ ʧʣʘʥʘʨʥʘ ʦʨʽʻʥʪʘʮʽʷ. ɺ ʫʤʦʚʘʭ 

ʥʘʢʣʘʜʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʝʤʘʪʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ʟ ʜʦʜʘʪʥʦʶ 

ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ (De = eéé - ê > 0) ʧʝʨʝʦʨʽʻʥʪʦʚʫʻʪʴʩʷ, 

ʧʨʘʛʥʫʯʠ ʜʦ ʩʪʘʥʫ ʟ ʥʘʡʤʝʥʰʦʶ ʝʥʝʨʛʽʻʶ (ʥʘʧʨʷʤʦʢ, ʫʟʜʦʚʞ ʷʢʦʛʦ 

ʟʥʘʯʝʥʥʷ e ʤʘʢʩʠʤʘʣʴʥʝ, ʤʘʻ ʟʙʽʛʘʪʠʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ). ɼʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ ʚ ʮʴʦʤʫ ʨʘʟʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ ʥʫʣʷ.  

 
ʘ 

 
ʙ 

ʈʠʩ. 4.5. ʆʨʽʻʥʪʘʮʽʡʥʽ ʝʣʝʢʪʨʦʦʧʪʠʯʥʽ ʝʬʝʢʪʠ ʚ ʥʝʤʘʪʠʯʥʠʭ 

ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʘʭ: ʘ ï S-ʝʬʝʢʪ; ʙ ï ɺ-ʝʬʝʢʪ 

 

ʋ ʨʘʟʽ ɺ-ʝʬʝʢʪʫ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʪʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʷ ʤʦʣʝʢʫʣ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ. ʋ ʮʠʭ ʫʤʦʚʘʭ ʚʠʭʽʜʥʘ 

ʦʨʽʻʥʪʘʮʽʷ ʛʦʤʝʦʪʨʦʧʥʘ, ʪʦʤʫ ʥʝʤʘʪʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ʤʘʻ ʚʽʜôʻʤʥʫ 

ʜʽʝʣʝʢʪʨʠʯʥʫ ʘʥʽʟʦʪʨʦʧʽʶ (De < 0).  

ʦ 
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ʋ ʨʘʟʽ çʪʚʽʩʪè-ʝʬʝʢʪʫ ʚʠʭʽʜʥʦʶ ʻ çʪʚʽʩʪè-ʩʪʨʫʢʪʫʨʘ, ʱʦ ʤʘʻ 

ʦʧʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʱʦ ʟʫʤʦʚʣʶʻ ʦʙʝʨʪʘʥʥʷ ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ 

ʣʽʥʽʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ ʥʘ 90Á. ʇʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʩʪʨʫʢʪʫʨʘ ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʽʟ De > 0 ʩʪʘʻ ʛʦʤʝʦʪʨʦʧʥʦʶ, 

ʽ ʦʧʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʥʽʚʝʣʶʻʪʴʩʷ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʦʨʽʻʥʪʘʮʽʡʥʠʭ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʥʝ ʧʦʪʨʽʙʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ 

ʰʘʨ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ, ʪʦʙʪʦ ʮʝ ʯʠʩʪʦ ʧʦʣʴʦʚʽ ʝʬʝʢʪʠ. 

ɿʜʘʚʘʣʦʩʷ ʙ, ʷʢ ʟʘʚʛʦʜʥʦ ʩʣʘʙʢʝ ʧʦʣʝ ʤʦʞʝ ʧʦʚʝʨʪʘʪʠ ʦʧʪʠʯʥʫ 

ʚʽʩʴ ʥʝʤʘʪʠʢʫ. ʊʘʢ ʽ ʙʫʣʦ ʙ, ʷʢʱʦ ʨʽʜʠʥʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʨʦʩʪʠʨʘʣʦʩʴ 

ʙʠ ʥʝʦʙʤʝʞʝʥʦ ʚ ʫʩʽʭ ʥʘʧʨʷʤʢʘʭ. ʅʘʩʧʨʘʚʜʽ ʞ ʰʘʨ ʥʝʤʘʪʠʢʫ ʤʘʻ 

ʢʽʥʮʝʚʫ ʪʦʚʱʠʥʫ ʽ ʞʦʨʩʪʢʫ ʦʨʽʻʥʪʘʮʽʶ ʤʦʣʝʢʫʣ ʥʘ ʩʢʣʷʥʽʡ ʧʦʚʝʨʭʥʽ 

ʢʦʤʽʨʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʝʨʫʚʘʣʴʥʝ ʧʦʣʝ ʧʦʯʠʥʘʻ çʧʨʦʪʠʙʦʨʩʪʚʦè ʟʽ 

ʩʪʘʙʽʣʽʟʫʚʘʣʴʥʦʶ ʜʽʻʶ ʧʨʫʞʥʠʭ ʩʠʣ. ʌʘʢʪʠʯʥʦ ʚʽʜʭʠʣʝʥʥʷ ʦʧʪʠʯʥʦʾ 

ʦʩʽ ʫ ʰʘʨʽ ʥʝʤʘʪʠʢʫ ʧʦʯʠʥʘʻʪʴʩʷ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʤʦʤʝʥʪ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʣ ʜʦʨʽʚʥʶʻ ʘʙʦ ʩʪʘʻ ʙʽʣʴʰʠʤ ʟʘ ʤʦʤʝʥʪ ʧʨʫʞʥʠʭ ʩʠʣ, 

ʱʦ ʩʪʘʙʽʣʽʟʫʶʪʴ ʩʪʨʫʢʪʫʨʫ. ʊʦʤʫ ʜʣʷ ʥʝʤʘʪʠʢʫ ʽʩʥʫʻ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʡ 

ʧʦʨʽʛ ʧʦʣʷ (ʘʙʦ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʝʣʝʢʪʨʦʜʘʭ), ʚʠʱʝ ʚʽʜ ʷʢʦʛʦ 

ʦʧʪʠʯʥʦʶ ʚʽʩʩʶ ʚʞʝ ʥʝʤʦʞʣʠʚʦ ʢʝʨʫʚʘʪʠ.  

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʣʷ ʦʧʪʠʯʥʽ ʦʩʽ ʫ ʥʝʤʘʪʠʢʫ ʧʦʚʝʨʪʘʶʪʴʩʷ ʜʝʜʘʣʽ 

ʙʽʣʴʰʝ ʽ ʜʦʩʷʛʘʶʪʴ 90Á ʤʘʡʞʝ ʫ ʚʩʽʭ ʥʝʤʘʪʠʯʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʘʭ, ʟʘ 

ʚʠʥʷʪʢʦʤ ʪʦʥʢʦʛʦ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʜʝ ʤʦʣʝʢʫʣʠ ʧʨʠʣʠʧʣʠ ʜʦ ʩʢʣʘ 

ʢʦʤʽʨʢʠ. ʊʘʢʝ ʧʦʚʦʜʞʝʥʥʷ ʥʝʤʘʪʠʢʫ ʥʘʟʠʚʘʶʪʴ ʝʬʝʢʪʦʤ ʌʨʝʜʝʨʽʢʩʘ. 

ʊʝʦʨʽʶ ʜʝʬʦʨʤʘʮʽʾ ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʝʣʝʢʪʨʠʯʥʠʤ 

ʧʦʣʝʤ ʥʘʪʝʧʝʨ ˇʨʫʥʪʦʚʥʦ ʨʦʟʨʦʙʣʝʥʦ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʛʨʘʥʠʯʥʘ ʥʘʧʨʫʛʘ 

Uʧ = p(4pKii/De)1/2, 

ʜʝ Kii = K11 (S-ʝʬʝʢʪ) ʽ K33 (ɺ-ʝʬʝʢʪ); K11 ̔ K33 ï ʢʦʥʩʪʘʥʪʠ ʧʨʫʞʥʦʩʪʽ 

ʨʽʜʠʥʥʦʛʦ ʢʨʠʩʪʘʣʘ.  

ɼʣʷ S- ̔  ɺ-ʝʬʝʢʪʽʚ ʬʘʟʦʚʘ ʟʘʪʨʠʤʢʘ ʌ (ʨʽʟʥʠʮʷ ʭʦʜʫ ʤʽʞ 

ʟʚʠʯʘʡʥʠʤ ʽ ʥʝʟʚʠʯʘʡʥʠʤ ʧʨʦʤʝʥʷʤʠ) ʩʪʘʥʦʚʠʪʴ: 

ʌ(ɽ) = 2pdDʧ(ɽ)/l, 

ʜʝ d - ʪʦʚʱʠʥʘ ʰʘʨʫ ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ; l ï ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ ʧʘʜʘʶʯʦʛʦ ʩʚʽʪʣʘ; Dʧ(ɽ) - ʟʥʘʯʝʥʥʷ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ.  
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ɼʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ ʣʽʥʽʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʩʚʽʪʣʘ I, ɦʦ ʧʨʦʡʰʣʦ ʢʨʽʟʴ ʦʩʝʨʝʜʦʢ ʽ ʘʥʘʣʽʟʘʪʦʨ (ʧʦʣʷʨʦʾʜ), 

ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ (S-ʝʬʝʢʪ): 

I = I0 sin22bsin2(ʌ/2), 

ʜʝ I0 - ̔ ʥʪʝʥʩʠʚʥʽʩʪʴ ʧʘʜʘʶʯʦʛʦ ʩʚʽʪʣʘ; b - ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʦʤ 

ʧʦʣʷʨʠʟʘʮʽʾ ʧʘʜʘʶʯʦʛʦ ʩʚʽʪʣʘ ʈ ̔  çʜʠʨʝʢʪʦʨʦʤè L (ʦʜʠʥʠʯʥʠʤ 

ʚʝʢʪʦʨʦʤ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʧʝʨʝʚʘʞʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʜʦʚʛʠʭ 

ʦʩʝʡ ʤʦʣʝʢʫʣ ʨʽʜʠʥʥʦʛʦ ʢʨʠʩʪʘʣʘ), ʢʦʣʠ V = 0 ʜʣʷ S-ʝʬʝʢʪʫ, ʽ 

ʥʘʧʨʫʛʦʶ ʧʦʚʥʦʾ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʜʣʷ ɺ-ʝʬʝʢʪʫ).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ S- ̔  ɺ-ʝʬʝʢʪʽʚ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ ʥʘ ʚʠʭʦʜʽ 

ʩʠʩʪʝʤʠ çʧʦʣʷʨʠʟʘʪʦʨïʨʽʜʢʠʡ ʢʨʠʩʪʘʣïʢʦʤʽʨʢʘïʘʥʘʣʽʟʘʪʦʨè ʟʽ 

ʟʤʽʥʦʶ ʥʘʧʨʫʛʠ ʦʩʮʠʣʶʚʘʪʠʤʝʪʴʩʷ, ʽ ʨʦʟʤʘʭ ʦʩʮʠʣʷʮʽʡ ʙʫʜʝ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʘ ʫʤʦʚʠ ʈ||ɸ (ʘʙʦ ʈ̂ ɸ) ʽ b = 45Á (ɸ ï ʚʝʢʪʦʨ 

ʧʦʣʷʨʠʟʘʮʽʾ ʩʚʽʪʣʘ, ʱʦ ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʘʥʘʣʽʟʘʪʦʨʦʤ).  

ʏʘʩ ʚʤʠʢʘʥʥʷ tʚʢʣ ʽ ʚʠʤʠʢʘʥʥʷ tʚʠʤ ʦʨʽʻʥʪʘʮʽʡʥʠʭ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʧʽʜʢʦʨʷʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

tʚʤ ~ 4pg1d2/[DeV2 - 4p3Kii];  tʚʠʤ ~ g1d2/p2Kii, 

ʜʝ g1 - ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʩʪʽ. 

S- ̔  ɺ-ʝʬʝʢʪʠ. ʋ ʨʘʟʽ S-ʝʬʝʢʪʫ (S- ʚʽʜ ʘʥʛʣ. splay ï ʧʦʧʝʨʝʯʥʠʡ 

ʚʠʛʠʥ) ʦʧʪʠʯʥʘ ʽʥʜʠʢʘʪʨʠʩʘ ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʟʤʽʥʶʻ 

ʩʚʦʶ ʦʨʽʻʥʪʘʮʽʶ ʚʥʘʩʣʽʜʦʢ ʟʤʫʰʝʥʦʾ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʧʦʜʦʚʞʝʥʠʭ ʤʦʣʝʢʫʣ, ʱʦ ʟʤʽʥʶʻ ʫʤʦʚʠ ʧʨʦʭʦʜʞʝʥʥʷ 

ʩʚʽʪʣʘ ʢʨʽʟʴ ʦʩʝʨʝʜʦʢ ʟ ʥʝʤʘʪʠʯʥʠʤ ʨʽʜʢʠʤ ʢʨʠʩʪʘʣʦʤ. ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ 

ʢʝʨʫʻ ʟʥʘʯʝʥʥʷʤ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ ʩʚʽʪʣʘ ʘʞ ʜʦ ʧʦʚʥʦʛʦ ʡʦʛʦ 

ʟʥʠʢʥʝʥʥʷ.  

ɺ-ʝʬʝʢʪ (ʚʽʜ ʘʥʛʣ. bend ï ʧʦʟʜʦʚʞʥʽʡ ʚʠʛʠʥ) ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʚ ʩʧʝʮʽʘʣʴʥʦ ʧʨʠʛʦʪʦʚʘʥʦʤʫ ʦʩʝʨʝʜʢʫ ʟʽ ʩʢʣʘʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʝʣʝʢʪʨʦʜʽʚ ʚʠʥʠʢʘʻ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ ʩʚʽʪʣʘ, ʱʦ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʡ ʽʥʰʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʧʪʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ. 

ʗʢʽʩʪʴ ʚʠʭʽʜʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʛʨʘʥʠʯʥʽ ʡ ʢʦʥʪʨʘʩʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ S- ̔  ɺ-ʝʬʝʢʪʽʚ. ʋ ʨʘʟʽ 

ʥʝʜʦʩʢʦʥʘʣʦʾ ʚʠʭʽʜʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʟʘʣʝʞʥʽʩʪʴ ʌ(U) ʩʪʘʻ 

ʧʩʝʚʜʦʧʦʨʦʛʦʚʦʶ, ʪʦʙʪʦ ʧʦʯʘʪʦʢ ʜʝʬʦʨʤʘʮʽʾ ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ 
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ʢʨʠʩʪʘʣʘ ʫʞʝ ʥʝ ʤʘʻ ʛʨʘʥʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʟʘ ʥʘʧʨʫʛʠ, 

ʤʝʥʰʦʾ ʟʘ ʧʦʨʦʛʦʚʫ ʥʘʧʨʫʛʫ Uʧ, ʘ ʨʦʟʤʘʭ ʦʩʮʠʣʷʮʽʡ ʟʤʝʥʰʫʻʪʴʩʷ. 

ɺ ʫʤʦʚʘʭ ʦʩʚʽʪʣʝʥʥʷ ʩʠʩʪʝʤʠ çʧʦʣʷʨʠʟʘʪʦʨïʨʽʜʢʠʡ ʢʨʠʩʪʘʣï

ʢʦʤʽʨʢʘïʘʥʘʣʽʟʘʪʦʨè ʙʽʣʠʤ ʩʚʽʪʣʦʤ ʜʣʷ S- ̔  ɺ-ʝʬʝʢʪʽʚ ʥʘ ʚʠʭʦʜʽ ʙʫʜʝ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʯʝʨʛʫʚʘʥʥʷ ʢʦʣʴʦʨʽʚ ʩʚʽʪʣʘ (ʘ ʥʝ ʦʩʮʠʣʷʮʽʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ) ʯʝʨʝʟ ʨʽʟʥʠʮʶ ʬʘʟʦʚʠʭ ʟʘʪʨʠʤʘʥʴ ʜʣʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ 

ʭʚʠʣʴ. 

ɿʘʟʚʠʯʘʡ ʯʘʩ ʧʦʚʥʦʛʦ ʚʤʠʢʘʥʥʷ ʽ ʚʠʤʠʢʘʥʥʷ ʦʨʽʻʥʪʘʮʽʡʥʠʭ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʩʪʘʥʦʚʠʪʴ ʚʽʜ ʜʝʩʷʪʢʽʚ ʤʽʣʽʩʝʢʫʥʜ 

ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʝʢʫʥʜ. ʊʘʢʘ ʰʚʠʜʢʦʜʽʷ ʜʣʷ ʜʝʷʢʠʭ ʟʘʩʪʦʩʫʚʘʥʴ 

ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ̒  ʥʝʜʦʩʪʘʪʥʴʦʶ, ʽ ʪʦʤʫ ʚʠʰʫʢʫʶʪʴʩʷ ʰʣʷʭʠ ʾʾ 

ʧʦʣʽʧʰʝʥʥʷ. ʊʘʢ, ʤʦʜʫʣʶʚʘʪʠ ʩʚʽʪʣʦ (S-ʝʬʝʢʪ) ʤʦʞʥʘ ʟʤʽʥʦʶ 

ʬʘʟʦʚʦʛʦ ʟʘʪʨʠʤʘʥʥʷ ʪʦʯʥʦ ʥʘ ʚʝʣʠʯʠʥʫ p, ʪʦʙʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʣʠʰʝ ʜʽʣʷʥʢʠ ʚʦʣʴʪ-ʢʦʥʪʨʘʩʪʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʜʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʩʚʽʪʣʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʘʙʦ 

ʥʘʚʧʘʢʠ.  

ɿʤʝʥʰʠʪʠ ʯʘʩ ʫʚʽʤʢʥʝʥʥʷ ʩʠʛʥʘʣʫ S-ʝʬʝʢʪʫ (ʟʤʽʥʘ ʬʘʟʠ ʟʘ p) ʜʦ 

ʩʦʪʝʥʴ ʽ ʜʝʩʷʪʢʽʚ ʤʽʢʨʦʩʝʢʫʥʜ ʤʦʞʥʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʩʦʢʦʚʦʣʴʪʥʽ 

ʽʤʧʫʣʴʩʠ ʥʘʧʨʫʛʠ (100 ï 300 ɺ) ʟʽ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʽʙʨʘʥʦʶ ʘʤʧʣʽʪʫʜʦʶ 

ʽ ʪʨʠʚʘʣʽʩʪʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʤʘʪʠʯʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʟʽ ʟʤʽʥʦʶ 

ʟʥʘʢʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʥʘ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ (5 ï 10 ʢɻʮ) 

ʜʦʟʚʦʣʷʻ ʟʘ ʪʠʤ ʞʝ ʧʨʠʥʮʠʧʦʤ ʽ ʚʠʤʠʢʘʪʠ ʝʬʝʢʪ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ 

ʮʴʦʛʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʫ ʥʘʧʨʫʛʫ. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʤʦʞʥʘ ʜʦʩʷʛʪʠ 100% 

ʤʦʜʫʣʷʮʽʾ ʩʚʽʪʣʘ ʟ ʯʘʩʪʦʪʦʶ 1 ʢɻʮ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

çʊʚʽʩʪè-ʝʬʝʢʪ ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʢʦʤʽʨʢʘʭ 

ʟ ʦʧʪʠʯʥʦ ʘʢʪʠʚʥʦʶ ʩʧʽʨʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (çʪʚʽʩʪè-ʩʪʨʫʢʪʫʨʦʶ, ʚʽʜ 

ʘʥʛʣ. twist ï ʟʘʢʨʫʯʫʚʘʥʥʷ). ʂʝʨʫʚʘʣʴʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʧʝʨʝʦʨʽ̒ʥʪʦʚʫʻ 

ʤʦʣʝʢʫʣʠ ʨʽʜʠʥʥʦʛʦ ʢʨʠʩʪʘʣʘ ʽ ʧʝʨʝʪʚʦʨʶʻ ʊ-ʩʪʨʫʢʪʫʨʫ ʚ 

ʦʜʥʦʨʽʜʥʫ, ʪʦʙʪʦ ʦʧʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʤʦʞʥʘ 

ʟʤʽʥʶʚʘʪʠ ʢʝʨʫʚʘʥʥʷʤ. 

ʇʽʜ ʯʘʩ ʩʧʦʩʪʝʨʝʞʝʥʥʷ çʪʚʽʩʪè-ʝʬʝʢʪʫ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʾ ʢʦʤʽʨʢʠ 

ʦʩʝʨʝʜʦʢ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʥʝʤʘʪʠʯʥʽ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʽʟ çʪʚʽʩʪè-ʩʪʨʫʢʪʫʨʦʶ, 

ʧʦʤʽʱʘʶʪʴ ʤʽʞ ʩʭʨʝʱʝʥʠʤʠ ʧʦʣʷʨʦʾʜʘʤʠ ʪʘʢ, ʱʦʙ ʥʘʧʨʷʤʦʢ ʜʦʚʛʠʭ 

ʦʩʝʡ ʤʦʣʝʢʫʣ (çʜʠʨʝʢʪʦʨʘè L) ʥʘ ʦʜʥʦʤʫ ʟ ʝʣʝʢʪʨʦʜʽʚ ʟʙʽʛʘʚʩʷ ʟ 
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ʚʝʢʪʦʨʦʤ ʧʦʣʷʨʠʟʘʮʽʾ ʧʘʜʘʶʯʦʛʦ ʥʘ ʦʩʝʨʝʜʦʢ ʩʚʽʪʣʘ. ɺ ʫʤʦʚʘʭ 

ʩʭʨʝʱʝʥʠʭ ʧʦʣʷʨʦʾʜʽʚ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʩʠʩʪʝʤʘ çʧʦʣʷʨʠʟʘʪʦʨï

ʨʽʜʠʥʥʠʡ ʢʨʠʩʪʘʣïʢʦʤʽʨʢʘïʘʥʘʣʽʟʘʪʦʨè ʙʫʜʝ ʧʨʦʧʫʩʢʘʪʠ ʤʘʢʩʠʤʫʤ 

ʩʚʽʪʣʘ (ʚʪʨʘʪʠ ʩʚʽʪʣʘ ʪʽʣʴʢʠ ʫ ʧʦʣʷʨʦʾʜʘʭ), ʘ ʚ ʫʤʦʚʘʭ ʧʘʨʘʣʝʣʴʥʠʭ 

ʧʦʣʷʨʦʾʜʽʚ ʥʝ ʙʫʜʝ ʧʨʦʧʫʩʢʘʪʠ ʩʚʽʪʣʘ. ʂʦʣʠ ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ, ʪʦ 

ʦʧʪʠʯʥʝ ʧʨʦʧʫʩʢʘʥʥʷ ʩʠʩʪʝʤʠ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʟʚʦʨʦʪʥʝ.  

ʊʠʧʦʚʫ ʚʦʣʴʪ-ʢʦʥʪʨʘʩʪʥʫ ʢʨʠʚʫ çʪʚʽʩʪè-ʝʬʝʢʪʫ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 4.6. ʂʦʥʪʨʘʩʪʥʝ ʚʽʜʥʦʰʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ 

ʩʚʽʪʣʘ ʧʦʥʘʜ 100:1, ʘ ʜʣʷ ʙʽʣʦʛʦ ʩʚʽʪʣʘ ï ʙʣʠʟʴʢʦ 10:1 ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʷʢʦʩʪʽ ʧʦʣʷʨʦʾʜʽʚ ʪʘ ʜʦʩʢʦʥʘʣʦʩʪʽ ʚʠʭʽʜʥʦʾ çʪʚʽʩʪè-ʦʨʽʻʥʪʘʮʽʾ 

ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʚ ʦʩʝʨʝʜʢʫ. ɺʦʣʴʪ-ʢʦʥʪʨʘʩʪʥʘ ʢʨʠʚʘ 

çʪʚʽʩʪè- ʝʬʝʢʪʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʨʘʥʠʯʥʦʶ ʥʘʧʨʫʛʦʶ (Uʧ), ʟʘ ʷʢʦʾ 

ʧʦʯʠʥʘʻʪʴʩʷ ʢʨʫʪʝ ʧʽʜʚʠʱʝʥʥʷ (ʘʙʦ ʩʧʘʜ) ʚʦʣʴʪ-ʢʦʥʪʨʘʩʪʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʦʞ ʥʘʧʨʫʛʦʶ ʥʘʩʠʯʝʥʥʷ (çʨʦʙʦʯʦʶè ʥʘʧʨʫʛʦʶ 

Uʨʦʙ), ʟʘ ʷʢʦʾ ʚʦʣʴʪ-ʢʦʥʪʨʘʩʪʥʘ ʢʨʠʚʘ ʚʠʭʦʜʠʪʴ ʥʘ ʧʣʘʪʦ. ʈʦʙʦʯʘ 

ʥʘʧʨʫʛʘ ʟʘʟʚʠʯʘʡ ʚ 2 ï 3  ʨʘʟʠ ʚʠʱʘ ʟʘ Uʧ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ Uʧ ʥʝ ʻ ʜʽʡʩʥʠʤ ʧʦʨʦʛʦʤ çʪʚʽʩʪè-ʝʬʝʢʪʫ. 

ɿʙʽʣʴʰʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ 

ʢʨʠʩʪʘʣʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʷʢ Uʧ, ʪʘʢ ʽ Uʨʦʙ. 

 
 

ʈʠʩ. 4.6. çʊʚʽʩʪè-ʝʬʝʢʪ: ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʧʫʩʢʘʥʥʷ ʢʦʤʽʨʢʠ ʚʽʜ ʥʘʧʨʫʛʠ ʜʣʷ ʩʫʤʽʰʽ 

ʧ-ʮʽʘʥʬʝʥʽʣʦʚʠʭ ʝʬʽʨʽʚ ʧ-ʘʣʢʽʣʙʝʥʟʦʡʥʠʭ ʢʠʩʣʦʪ ʽ ʘʟʦʢʩʽʩʧʦʣʫʢ;  1 ï De  = + 3,5;  

2, 3 ï  De =  + 20; 1, 2 ï ʧʦʣʷʨʦʾʜʠ ʧʘʨʘʣʝʣʴʥʽ; 3 ï ʧʦʣʷʨʦʾʜʠ ʩʭʨʝʱʝʥʽ 

 

ɺ 

100 

  50 
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ʆʩʢʽʣʴʢʠ ʜʣʷ ʚʠʤʠʢʘʥʥʷ ʩʠʛʥʘʣʫ çʪʚʽʩʪè-ʝʬʝʢʪʫ ʥʝ ʧʦʪʨʽʙʥʦ 

ʧʦʚʥʦʛʦ ʧʦʚʝʨʥʝʥʥʷ ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʜʦ ʚʠʭʽʜʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʪʦ tʚʠʤ ʫ ʮʴʦʤʫ ʨʘʟʽ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ 

ʟ ʽʥʰʠʤʠ ʝʬʝʢʪʘʤʠ. ʏʘʩ ʫʚʽʤʢʥʝʥʥʷ çʪʚʽʩʪè-ʝʬʝʢʪʫ ʤʦʞʥʘ ʽʩʪʦʪʥʦ 

ʟʤʝʥʰʠʪʠ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ. 

ʇʦ-ʧʝʨʰʝ, ʤʦʞʥʘ ʧʦʜʘʚʘʪʠ ʽʤʧʫʣʴʩ ʥʘʧʨʫʛʠ (U = Uʨʦʙ) ʟ 

ʚʠʧʝʨʝʜʞʝʥʥʷʤ ʥʘ ʯʘʩ ʟʘʪʨʠʤʘʥʥʷ (tʟ), ʱʦ ʜʘʩʪʴ ʚʠʛʨʘʰ ʫ ʯʘʩʽ 

ʧʨʠʙʣʠʟʥʦ ʚ 2 ï 3 ʨʘʟʠ tʟ º (2 ï 3)t0, ʜʝ t0 ï ʯʘʩ ʟʤʽʥʠ ʦʧʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ, tʚʤ = tʟ + t0. ʇʦ-ʜʨʫʛʝ, ʤʦʞʥʘ ʧʦʩʪʽʡʥʦ ʧʦʜʘʚʘʪʠ ʥʘ 

ʥʝʤʘʪʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ʥʘʧʨʫʛʫ U º Uʧ ̔ ʚ ʧʦʪʨʽʙʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ʧʝʨʝʤʠʢʘʪʠ ʾʾ ʥʘ Uʨʦʙ. ʆʜʥʘʢ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ ʨʝʞʠʤʽ Uʧ ­ Uʨʦʙ 

ʧʦʤʽʪʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩ ʚʠʤʠʢʘʥʥʷ çʪʚʽʩʪè-ʝʬʝʢʪʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʝʤʘʪʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ʟʽ ʟʤʽʥʦʶ ʟʥʘʢʘ De, 

ʤʦʞʥʘ ʽ ʚʤʠʢʘʪʠ, ʽ ʚʠʤʠʢʘʪʠ çʪʚʽʩʪè-ʝʬʝʢʪ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ 

(ʯʘʩʪʦʪʦʶ ï ʚʽʜʧʦʚʽʜʥʦ ʥʠʟʴʢʦʶ ʽ ʚʠʩʦʢʦʶ). ɿʙʽʣʴʰʫʶʯʠ ʥʘʧʨʫʛʫ ʽ 

ʚʝʣʠʯʠʥʫ îDeî ʥʘ ʥʠʟʴʢʠʭ ʽ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʤʦʞʥʘ ʽʩʪʦʪʥʦ 

ʟʤʝʥʰʠʪʠ  tʚʤ ̔ tʚʠʤ. ʋ ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʚʦʯʘʩʪʦʪʥʦʛʦ ʟʙʫʜʞʝʥʥʷ 

ʥʘ çʪʚʽʩʪè-ʝʬʝʢʪʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʩʷʛʘʻʪʴʩʷ 

ʩʪʦʚʽʜʩʦʪʢʦʚʘ ʤʦʜʫʣʷʮʽʷ ʩʚʽʪʣʘ ʟ ʯʘʩʪʦʪʦʶ ʜʦ 2 ʢɻʮ. 

ɽʬʝʢʪ çʛʽʩʪʴïʭʘʟʷʾʥè (Gïʅ-ʝʬʝʢʪ (guest-host) = çʛʽʩʪʴïʭʘʟʷʾʥè) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʩʝʨʝʜ ʦʩʥʦʚʥʠʭ ʤʦʣʝʢʫʣ ʥʝʤʘʪʠʢʫ ʨʦʟʯʠʥʝʥʽ 

ʤʦʣʝʢʫʣʠ ʙʘʨʚʥʠʢʘ. ʎʝ ʚʘʞʣʠʚʠʡ ʨʽʟʥʦʚʠʜ S-ʝʬʝʢʪʫ, ʱʦ ʚʠʥʠʢʘʻ ʚ 

ʩʫʤʽʰʘʭ ʥʝʤʘʪʠʯʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʽʟ ʙʘʨʚʥʠʢʘʤʠ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʠʭʨʦʾʟʤʦʤ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ (ʨʽʟʥʠʤ 

ʧʦʛʣʠʥʘʥʥʷʤ ʫ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ). ʆʨʽʻʥʪʘʮʽʷ ʦʩʥʦʚʥʠʭ 

ʘʥʽʟʦʤʝʪʨʠʯʥʠʭ ʤʦʣʝʢʫʣ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʫʰʝʥʦʾ 

ʦʨʽʻʥʪʘʮʽʾ ʤʦʣʝʢʫʣ ʙʘʨʚʥʠʢʘ, ʫʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚ ʢʝʨʫʚʘʣʴʥʦʤʫ ʧʦʣʽ 

ʟʤʽʥʶʻʪʴʩʷ ʩʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ ʽ ʢʦʣʽʨ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

ʅʘʧʨʠʢʣʘʜ, ʝʬʝʢʪ çʛʽʩʪʴ-ʭʘʟʷʾʥè ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʨʘʟʽ ʚʧʣʠʚʫ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʥʝʤʘʪʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ (çʭʘʟʷʾʥè), ʱʦ 

ʤʽʩʪʠʪʴ ʷʢ ʜʦʤʽʰʢʫ ʜʦ 1 ï 2% ʘʥʽʟʦʪʨʦʧʥʦ ʧʦʛʣʠʥʘʣʴʥʦʛʦ 

(çʧʣʝʦʭʨʦʾʯʥʦʛʦè) ʙʘʨʚʥʠʢʘ (çʛʽʩʪʴè). ʗʢʱʦ ʤʦʣʝʢʫʣʘ ʙʘʨʚʥʠʢʘ ʤʘʻ 



113 

 

ʚʠʪʷʛʥʫʪʫ ʬʦʨʤʫ, ʪʦ ʚʦʥʘ ʦʨʽʻʥʪʫʻʪʴʩʷ ʩʚʦʻʶ ʜʦʚʛʦʶ ʚʽʩʩʶ ʫ 

ʥʘʧʨʷʤʢʫ ʜʦʚʛʠʭ ʦʩʝʡ ʤʦʣʝʢʫʣ ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ.  

ʈʦʟʯʠʥ ʙʘʨʚʥʠʢʘ ʚ ʥʝʤʘʪʠʯʥʦʤʫ ʨʽʜʢʦʤ+-ʫ ʢʨʠʩʪʘʣʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʠʭʨʦʾʟʤʦʤ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, ʱʦ ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʦʟʤʽʱʝʥʥʷ ʦʩʮʠʣʷʪʦʨʘ ʜʠʧʦʣʴʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜʥʦʩʥʦ ʜʦʚʛʦʾ ʦʩʽ 

ʤʦʣʝʢʫʣʠ ʤʦʞʝ ʙʫʪʠ ʷʢ ʪʘʢʠʤ, ʱʦ D|| > D̂, ʪʘʢ ʽ ʪʘʢʠʤ: D|| < D̂, ʜʝ D|| ̔ 

D̂ ï ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ ʜʣʷ ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʽʾ ʩʚʽʪʣʘ ʈ, 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʜʦ çʜʠʨʝʢʪʦʨʘè L ʥʝʤʘʪʠʯʥʦʛʦ 

ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ. ɼʣʷ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʤʦʣʝʢʫʣ ʙʘʨʚʥʠʢʘ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ S-ʝʬʝʢʪ.  

ʋ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʫ ʨʘʟʽ ʦʩʚʽʪʣʝʥʥʷ ʧʦʣʷʨʠʟʦʚʘʥʠʤ ʩʚʽʪʣʦʤ ʟ 

ʚʝʢʪʦʨʦʤ ʧʦʣʷʨʠʟʘʮʽʾ, ʱʦ ʻ ʧʘʨʘʣʝʣʴʥʠʤ ʜʦʚʛʠʤ ʦʩʷʤ ʤʦʣʝʢʫʣ 

ʙʘʨʚʥʠʢʘ, ʦʩʝʨʝʜʦʢ ʟ ʨʽʜʢʠʤ ʢʨʠʩʪʘʣʦʤ ʚʠʛʣʷʜʘʻ ʢʦʣʴʦʨʦʚʠʤ. 

ʗʢʱʦ ʚʚʽʤʢʥʫʪʠ ʥʘʧʨʫʛʫ, ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ʧʝʨʝʦʨʽʻʥʪʫʻʪʴʩʷ ʽ ʢʦʣʽʨ 

ʦʩʝʨʝʜʢʫ ʟʥʠʢʘʻ. ʋ ʥʝʧʦʣʷʨʠʟʦʚʘʥʦʤʫ ʩʚʽʪʣʽ ʝʬʝʢʪ ʟʤʽʥʠ ʢʦʣʴʦʨʫ 

ʚʠʨʘʞʘʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʩʣʘʙʢʽʰʝ. ʄʦʞʥʘ ʪʘʢʦʞ ʟʤʽʥʶʚʘʪʠ ʦʜʠʥ ʢʦʣʽʨ 

ʥʘ ʽʥʰʠʡ ʙʘʨʚʥʠʢʦʤ ʟ ʜʚʦʤʘ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ 

ʦʩʮʠʣʷʪʦʨʘʤʠ ʜʠʧʦʣʴʥʠʭ ʧʝʨʝʭʦʜʽʚ. 

ɽʣʝʢʪʨʦʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʥʝʩʪʽʡʢʽʩʪʴ ʫ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʘʭ. 

ʎʝʡ ʝʬʝʢʪ ʟʫʤʦʚʣʶʻʪʴʩʷ ʧʦʷʚʦʶ ʚ ʨʽʜʢʦʤʫ ʢʨʠʩʪʘʣʽ ʥʝʧʨʦʟʦʨʠʭ 

ʜʽʣʷʥʦʢ (ʜʦʤʝʥʽʚ), ʱʦ ʫʪʚʦʨʶʶʪʴ ʨʝʛʫʣʷʨʥʫ ʧʝʨʽʦʜʠʯʥʫ ʩʪʨʫʢʪʫʨʫ, 

ʧʘʨʘʤʝʪʨʠ ʷʢʦʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʋ 

ʜʽʣʷʥʮʽ ʥʝʧʨʦʟʦʨʦʩʪʽ ʚʠʥʠʢʘʻ ʚʠʭʨʦʚʠʡ ʨʫʭ ʘʥʽʟʦʤʝʪʨʠʯʥʠʭ ʤʦʣʝʢʫʣ, 

ʦʩʢʽʣʴʢʠ ʩʠʣʴʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʩʪʽʡʢʦʩʪʽ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ, ʟʤʽʥʶʶʯʠ ʣʦʢʘʣʴʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʽ 

ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʨʝʯʦʚʠʥʠ. 

ʇʨʠʥʮʠʧʦʚʫ ʨʦʣʴ ʫ ʚʠʥʠʢʥʝʥʥʽ ʝʣʝʢʪʨʦʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ 

ʥʝʩʪʽʡʢʦʩʪʽ ʚ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʘʭ ʚʽʜʽʛʨʘʶʪʴ ʩʪʨʫʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ 

ʰʘʨ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ, ʽ ʥʝʦʜʥʦʨʽʜʥʠʡ ʦʙôʻʤʥʠʡ ʟʘʨʷʜ. ʇʽʜ ʜʽʻʶ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʫ ʰʘʨʽ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʦʪʦʢʠ. ʈʦʟʨʽʟʥʷʶʪʴ ʤʝʭʘʥʽʟʤ ʚʠʥʠʢʥʝʥʥʷ 

ʝʣʝʢʪʨʦʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ, ʟʫʤʦʚʣʝʥʠʡ ʘʥʽʟʦʪʨʦʧʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ (çʧʨʦʚʽʜʥʠʡè ʨʝʞʠʤ), ʽ ʤʝʭʘʥʽʟʤʠ, 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʙʫʜʴ-̫ ʢʦʾ ʨʽʜʠʥʠ ʷʢ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ, ʪʘʢ ʽ ʜʣʷ ʟʤʽʥʥʦʛʦ 
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ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (çʜʽʝʣʝʢʪʨʠʯʥʠʡè ʨʝʞʠʤ), ʚʽʟʫʘʣʽʟʘʮʽʷ ʷʢʠʭ 

ʚʠʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʦʶ ʟʘʚʜʷʢʠ ʦʧʪʠʯʥʽʡ ʘʥʽʟʦʪʨʦʧʽʾ ʨʽʜʢʠʭ 

ʢʨʠʩʪʘʣʽʚ.  

ʆʧʪʠʯʥʘ ʢʘʨʪʠʥʘ ʝʣʝʢʪʨʦʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʤʘʻ ʜʝʷʢʽ 

ʟʘʛʘʣʴʥʽ ʦʟʥʘʢʠ. ɯʩʥʫʻ ʛʨʘʥʠʯʥʘ ʥʘʧʨʫʛʘ (çʧʨʦʚʽʜʥʠʡè ʨʝʞʠʤ) ʘʙʦ 

ʛʨʘʥʠʯʥʝ ʧʦʣʝ (çʜʽʝʣʝʢʪʨʠʯʥʠʡè ʨʝʞʠʤ). ɿʘ ʥʘʧʨʫʛʠ, ʚʠʱʦʾ ʥʽʞ Uʧ 

(ʘʙʦ ɽʧ), ʨʫʭ ʨʽʜʠʥʠ ʩʧʨʠʯʠʥʷʻ ʩʪʘʮʽʦʥʘʨʥʽ ʧʝʨʽʦʜʠʯʥʽ ʧʦʨʫʰʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʦʤʝʥʽʚ 

(ʩʚʽʪʣʠʭ ʽ ʪʝʤʥʠʭ ʩʤʫʛ, ʱʦ ʯʝʨʛʫʶʪʴʩʷ, ˇʨʘʪʢʠ ʽ ʪ.ʽʥ.). ɺ ʫʤʦʚʘʭ 

ʧʦʜʘʣʴʰʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʛʠ ʣʘʤʽʥʘʨʥʽ ʧʦʪʦʢʠ ʨʽʜʠʥʠ 

ʟʤʽʥʶʶʪʴʩʷ ʪʫʨʙʫʣʝʥʪʥʠʤʠ, ʨʦʟʤʽʨʠ ʩʪʨʫʢʪʫʨʥʠʭ ʧʦʨʫʰʝʥʴ 

ʟʤʝʥʰʫʶʪʴʩʷ, ʜʦʤʝʥʥʘ ʢʘʨʪʠʥʘ ʟʤʽʥʶʻʪʴʩʷ ʢʘʨʪʠʥʦʶ çʢʠʧʽʥʥʷè 

ʨʽʜʠʥʠ, ʱʦ ʚ ʨʘʟʽ çʧʨʦʚʽʜʥʦʛʦè ʨʝʞʠʤʫ ʟʫʤʦʚʣʶʻ ʝʬʝʢʪ ʜʠʥʘʤʽʯʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. 

ɺʠʛʣʷʜ ʜʦʤʝʥʽʚ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʫʤʦʚ: ʚʠʭʽʜʥʦʾ 

ʦʨʽʻʥʪʘʮʽʾ ʽ ʪʦʚʱʠʥʠ ʰʘʨʫ ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʫ ʢʦʤʽʨʮʽ, 

ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ s, ʘʥʽʟʦʪʨʦʧʽʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ s||/ŝ, 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ De, ʯʘʩʪʦʪʠ f ̔  ʧʨʠʢʣʘʜʝʥʦʾ ʥʘʧʨʫʛʠ U. 

ɻʨʘʥʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʚʠʛʣʷʜ ʜʦʤʝʥʥʠʭ ʢʘʨʪʠʥ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʠʭʽʜʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʜʣʷ 

ʧʨʦʚʽʜʥʦʛʦ ʽ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʨʝʞʠʤʽʚ ˇʨʫʥʪʦʚʥʦ ʪʝʦʨʝʪʠʯʥʦ ʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʽ. 

ɼʠʥʘʤʽʯʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. ʎʝʡ ʝʬʝʢʪ ʚʠʥʠʢʘʻ ʚ ʨʽʜʢʦʤʫ 

ʢʨʠʩʪʘʣʽ ʚ ʫʤʦʚʘʭ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ, ʢʦʣʠ ʜʦʤʝʥʠ ʟʥʠʢʘʶʪʴ, ʽ ʚʝʩʴ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ʦʭʦʧʣʶʻ ʪʫʨʙʫʣʝʥʪʥʠʡ 

ʨʫʭ ʤʦʣʝʢʫʣ, ʯʝʨʝʟ ʱʦ ʩʚʽʪʣʦ ʮʽʣʢʦʤ ʨʦʟʩʽʶʻʪʴʩʷ ʽ ʚ ʜʽʣʷʥʮʽ 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʦʣʷ ʢʨʠʩʪʘʣʘ ʩʪʘʻ ʥʝʧʨʦʟʦʨʠʤ (ʷʢ ʤʘʪʦʚʝ ʩʢʣʦ). 

ɿ ʫʩʽʭ ʧʨʦʷʚʽʚ ʝʣʝʢʪʨʦʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʚ ʥʝʤʘʪʠʯʥʠʭ 

ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʘʭ ʝʬʝʢʪ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʥʘʙʫʚ 

ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʧʪʠʯʥʦ ʚʽʥ ʚʠʷʚʣʷʻʪʴʩʷ ʫ 

ʪʦʤʫ, ʱʦ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʘ ʢʦʤʽʨʢʘ, ʙʫʜʫʯʠ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʟʦʚʩʽʤ 

ʧʨʦʟʦʨʦʶ, ʟʘ ʥʘʧʨʫʛʠ, ʚʠʱʦʾ ʚʽʜ ʛʨʘʥʠʯʥʦʾ ʥʘʧʨʫʛʠ, ʩʪʘʻ ʪʴʤʷʥʦʶ. 

ɯʥʪʝʥʩʠʚʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʤʝʞʘʭ ʜʽʣʷʥʦʢ ʟ ʨʽʟʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʣʦʤʣʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʫʭʫ ʚ 
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ʨʽʜʢʦʤʫ ʢʨʠʩʪʘʣʽ. ʗʢʱʦ ʧʨʦʧʫʩʪʠʪʠ ʯʝʨʝʟ ʪʘʢʠʡ ʦʩʝʨʝʜʦʢ ʚʫʟʴʢʠʡ 

ʨʽʚʥʦʙʽʞʥʠʡ ʧʫʯʦʢ ʩʚʽʪʣʘ (ʧʨʦʤʽʥʴ ʣʘʟʝʨʘ), ʪʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʦʩʝʨʝʜʦʢ (ʧʨʷʤʠʡ ʧʫʯʦʢ), ʤʘʢʩʠʤʘʣʴʥʘ ʫ ʚʠʭʽʜʥʦʤʫ 

ʩʪʘʥʽ (I0), ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʥʘʧʨʫʛʠ (Iɽ < I0). 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ, ʨʦʟʩʽʷʥʦʛʦ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʶ ʢʦʤʽʨʢʦʶ ʫ 

ʥʝʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʙʫʜʝ ʥʘʚʧʘʢʠ ʟʙʽʣʴʰʫʚʘʪʠʩʷ. ʉʪʫʧʽʥʴ 

ʩʚʽʪʣʦʨʦʟʩʽʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ K, ɦʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʩʠʛʥʘʣʫ ʚ ʫʤʦʚʘʭ ʫʚʽʤʢʥʝʥʦʾ 

ʥʘʧʨʫʛʠ ʜʦ ʩʠʛʥʘʣʫ, ʢʦʣʠ ʥʘʧʨʫʛʠ ʥʝʤʘʻ. ɼʣʷ ʧʨʷʤʦʛʦ ʧʫʯʢʘ K1 ¢ 1, ʘ 

ʜʣʷ ʨʦʟʩʽʷʥʦʛʦ ʚ ʥʝʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʩʚʽʪʣʘ K2  ² 1. 

 

4.5. ɽʣʝʢʪʨʦʦʧʪʠʯʥʽ ʝʬʝʢʪʠ ʫ ʥʝʤʘʪʠʢʦ-ʭʦʣʝʩʪʝʨʠʯʥʠʭ 

ʩʫʤʽʰʘʭ 

 

ɽʣʝʢʪʨʦʦʧʪʠʢʘ ʭʦʣʝʩʪʝʨʠʯʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 

ʘʥʘʣʦʛʽʯʥʘ ʝʣʝʢʪʨʦʦʧʪʠʮʽ ʮʠʭ ʢʨʠʩʪʘʣʽʚ, ʘʣʝ ʚʥʘʩʣʽʜʦʢ ʩʧʽʨʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʧʝʮʠʬʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ. ɿ ʫʩʴʦʛʦ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ 

ʭʦʣʝʩʪʝʨʠʯʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʘʭ, ʚʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ ʣʠʰʝ ʜʚʘ: 

ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʽʟ ʭʦʣʝʩʪʝʨʠʯʥʦʾ ʬʘʟʠ ʫ ʥʝʤʘʪʠʯʥʫ ʧʽʜ ʜʽʻʶ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʭʦʣʝʩʪʝʨʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ­ ʥʝʤʘʪʠʯʥʠʡ 

ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ) ʪʘ ʝʬʝʢʪ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʟ çʧʘʤôʷʪʪʶè, ʱʦ 

ʚʞʝ ʥʘʙʫʚ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʚʦʥʠ ʟʘʟʚʠʯʘʡ ʫ ʩʫʤʽʰʘʭ ʭʦʣʝʩʪʝʨʠʯʥʠʭ ʪʘ ʥʝʤʘʪʠʯʥʠʭ ʨʽʜʠʥʥʠʭ 

ʢʨʠʩʪʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʭʦʣʝʩʪʝʨʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ, ʘʣʝ 

ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʙʘʛʘʪʴʦʭ ʧʘʨʘʤʝʪʨʽʚ ʙʽʣʴʰ ʟʨʫʯʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʝʨʝʭʽʜ ʭʦʣʝʩʪʝʨʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ­ ʥʝʤʘʪʠʯʥʠʡ 

ʨʽʜʠʥʥʠʡ ʢʨʠʩʪʘʣ. ʂʦʤʽʨʢʘ ʽʟ ʭʦʣʝʩʪʝʨʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ, ʱʦ 

ʤʘʻ ʢʦʥʬʦʢʘʣʴʥʫ ʪʝʢʩʪʫʨʫ, ʩʠʣʴʥʦ ʨʦʟʩʽʶʻ ʩʚʽʪʣʦ. ʗʢʱʦ 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʘʥʽʟʦʪʨʦʧʽʷ ʭʦʣʝʩʪʝʨʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʚʽʜôʻʤʥʘ 

(De > 0), ʪʦ ʟ ʫʚʽʤʢʥʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʝ 
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ʨʦʟʢʨʫʯʫʚʘʥʥʷ ʭʦʣʝʩʪʝʨʠʯʥʠʭ ʩʧʽʨʘʣʝʡ, ʱʦ ʦʟʥʘʯʘʻ ʧʝʨʝʭʽʜ ʟ 

ʭʦʣʝʩʪʝʨʠʯʥʦʾ ʬʘʟʠ ʫ ʥʝʤʘʪʠʯʥʫ. ʉʪʨʫʢʪʫʨʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʱʦ 

ʫʪʚʦʨʠʣʘʩʷ ʧʽʜ ʜʽʻʶ ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ, ʛʦʤʝʦʪʨʦʧʥʘ, ʽ 

ʢʦʤʽʨʢʘ ʩʪʘʻ ʟʦʚʩʽʤ ʧʨʦʟʦʨʦʶ. ʋ ʨʘʟʽ ʚʠʤʠʢʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʟʥʦʚʫ ʫʪʚʦʨʶʻʪʴʩʷ ʭʦʣʝʩʪʝʨʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ʟ ʢʦʥʬʦʢʘʣʴʥʦʶ 

ʪʝʢʩʪʫʨʦʶ, ʽ ʢʦʤʽʨʢʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʚʠʭʽʜʥʠʡ ʩʪʘʥ, ʫ ʷʢʦʤʫ 

ʨʦʟʩʽʶʻʪʴʩʷ ʩʚʽʪʣʦ. ɻʨʘʥʠʯʥʝ ʧʦʣʝ ʧʦʚʥʦʛʦ ʨʦʟʢʨʫʯʫʚʘʥʥʷ 

ʭʦʣʝʩʪʝʨʠʯʥʦʾ ʩʧʽʨʘʣʽ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʚʠʨʘʟʦʤ 

ɽ = (p2/r0)(4pK22/De)1/2, 

ʜʝ r0 ï ʢʨʦʢ ʩʧʽʨʘʣʽ ʚ ʨʘʟʽ ʚʠʤʢʥʝʥʦʛʦ ʧʦʣʷ. 

ɽʬʝʢʪ ʧʝʨʝʭʦʜʫ ʭʦʣʝʩʪʝʨʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ­ ʥʝʤʘʪʠʯʥʠʡ 

ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ï ʦʨʽʻʥʪʘʮʽʡʥʠʡ (ʧʦʣʴʦʚʠʡ). ʆʩʦʙʣʠʚʽʩʪʶ ʝʬʝʢʪʫ 

ʧʝʨʝʭʦʜʫ ʭʦʣʝʩʪʝʨʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ­ ʥʝʤʘʪʠʯʥʠʡ ʨʽʜʢʠʡ 

ʢʨʠʩʪʘʣ ʻ ʜʫʞʝ ʢʨʫʪʘ ʚʦʣʴʪ-ʢʦʥʪʨʘʩʪʥʘ ʟʘʣʝʞʥʽʩʪʴ. ʏʘʩ ʫʚʽʤʢʥʝʥʥʷ ̔  

ʚʠʤʢʥʝʥʥʷ ʝʬʝʢʪʫ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟ ʬʦʨʤʫʣ:  

tʚʢʣ ~ 4pgr02/[Deɽ2r02 - 4pK22];     tʚʠʤ ~ gr02/p2K22. 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʫ ʭʦʣʝʩʪʝʨʠʯʥʠʭ ʨʽʜʢʠʭ 

ʢʨʠʩʪʘʣʘʭ ʨʦʣʴ ʪʦʚʱʠʥʠ ʦʩʝʨʝʜʢʫ ʚʽʜʽʛʨʘʻ ʢʨʦʢ ʩʧʽʨʘʣʽ r0, ʪʦ ʯʘʩ tʚʢʣ 

ʽ ʯʘʩ tʚʠʤ ʜʣʷ ʥʠʭ ʽʩʪʦʪʥʦ ʤʝʥʰʽ, ʥʽʞ ʜʣʷ ʥʝʤʘʪʠʯʥʠʭ ʨʽʜʢʠʭ 

ʢʨʠʩʪʘʣʽʚ, ʽ ʩʢʣʘʜʘʶʪʴ ʜʝʩʷʪʢʠ ʽ ʩʦʪʥʽ ʤʽʢʨʦʩʝʢʫʥʜ.  

ɽʬʝʢʪ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʟ çʧʘʤôʷʪʪʶè. ʋ ʮʴʦʤʫ ʨʘʟʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʭʦʣʝʩʪʝʨʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ʟ ʚʽʜôʻʤʥʦʶ 

ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ (De = eéé - ê< 0) ̔ ʚʠʭʽʜʥʦʶ ʧʣʘʥʘʨʥʦʶ 

ʪʝʢʩʪʫʨʦʶ. ʗʢʱʦ ʜʦ ʢʦʤʽʨʢʠ, ʷʢʘ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʧʨʦʟʦʨʘ, ʧʨʠʢʣʘʩʪʠ 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʟ ʯʘʩʪʦʪʦʶ f < fʢʨ, ʪʦ ʚ ʰʘʨʽ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʚʠʥʠʢʘʻ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʘ ʥʝʩʪʽʡʢʽʩʪʴ (çʧʨʦʚʽʜʥʠʡè ʨʝʞʠʤ), ʦʧʪʠʯʥʠʡ ʧʨʦʷʚ 

ʷʢʦʛʦ ʮʽʣʢʦʤ ʘʥʘʣʦʛʽʯʥʠʡ ʝʬʝʢʪʫ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʚ 

ʥʝʤʘʪʠʯʥʦʤʫ ʨʽʜʢʦʤʫ ʢʨʠʩʪʘʣʽ. ɿʥʷʪʪʷ ʧʦʣʷ ʥʝ ʧʨʠʟʚʦʜʠʪʴ, ʦʜʥʘʢ, ʜʦ 

ʟʥʠʢʥʝʥʥʷ ʩʚʽʪʣʦʨʦʟʩʽʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʟʘ ʮʠʭ ʫʤʦʚ ʫʪʚʦʨʶʻʪʴʩʷ 

ʢʦʥʬʦʢʘʣʴʥʘ ʪʝʢʩʪʫʨʘ, ʱʦ ʩʠʣʴʥʦ ʨʦʟʩʽʶʻ ʩʚʽʪʣʦ. ʂʦʥʬʦʢʘʣʴʥʘ ʪʝʢʩʪʫʨʘ 

ʭʠʩʪʢʘ, ʽ ʟʛʦʜʦʤ ʧʝʨʝʭʦʜʠʪʴ ʫ ʧʣʘʥʘʨʥʫ. ʏʘʩ ʽʩʥʫʚʘʥʥʷ ʢʦʥʬʦʢʘʣʴʥʦʾ 



117 

 

ʪʝʢʩʪʫʨʠ, ʪʦʙʪʦ ʯʘʩ çʧʘʤôʷʪʽè, ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ 

ʪʦʚʱʠʥʠ ʦʩʝʨʝʜʢʫ ʜʦ ʢʨʦʢʫ ʩʧʽʨʘʣʽ  

tʚʠʤ ~ ɸ ʝʭʨ(ï ɺd/r0), 

ʜʝ ɸ ̔  ɺ ï ʢʦʥʩʪʘʥʪʠ, ʽ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʭʚʠʣʠʥ ʜʦ 

ʜʝʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ. ʂʦʥʬʦʢʘʣʴʥʘ ʪʝʢʩʪʫʨʘ ʤʦʞʝ ʧʝʨʝʭʦʜʠʪʠ ʚ 

ʧʣʘʥʘʨʥʫ, ʪʦʙʪʦ ʟʽ ʩʪʘʥʫ, ʱʦ ʨʦʟʩʽʶʻ ʩʚʽʪʣʦ, ʫ ʧʨʦʟʦʨʠʡ ʩʪʘʥ, ʰʚʠʜʢʦ, 

ʷʢʱʦ ʧʨʠʢʣʘʩʪʠ ʜʦ ʢʦʤʽʨʢʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ (f > fʢʨ). 

 

4.6. ɸʥʽʟʦʪʨʦʧʽʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

 

ʇʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʢʨʽʟʴ ʰʘʨ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʟʫʤʦʚʣʶʻ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʽ ʚ ʦʙôʻʤʽ ʢʦʤʽʨʢʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʜʝʛʨʘʜʘʮʽʾ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʡ ʦʙʤʝʞʫʻ ʨʝʩʫʨʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʴʦʛʦ 

ʧʨʠʩʪʨʦʶ. ɺ ʽʜʝʘʣʽ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ʤʘʻ ʙʫʪʠ ʯʠʩʪʠʤ ʜʽʝʣʝʢʪʨʠʢʦʤ, 

ʧʨʠʥʘʡʤʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʽʻʥʪʘʮʽʡʥʠʭ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ. 

ʊʦʤʫ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦ ʦʯʠʱʫʚʘʪʠ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʷʢ ʚʽʜ ʽʦʥʥʠʭ, 

ʪʘʢ ʽ ʚʽʜ ʽʥʰʠʭ ʜʦʤʽʰʦʢ, ʱʦ ʩʧʨʠʷʶʪʴ ʭʽʤʽʯʥʦʤʫ ʨʦʟʢʣʘʜʘʥʥʶ ʦʩʥʦʚʥʦʾ 

ʨʝʯʦʚʠʥʠ ʘʙʦ ʫʪʚʦʨʝʥʥʶ ʽʦʥʽʚ ʽʥʰʠʭ ʜʦʤʽʰʦʢ. 

ɼʣʷ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ, ʟʫʤʦʚʣʝʥʠʭ ʝʣʝʢʪʨʦʛʽʜʨʦʜʠʥʘʤʽʯ-

ʥʦʶ ʥʝʩʪʽʡʢʽʩʪʶ ʚ ʨʽʜʢʦʤʫ ʢʨʠʩʪʘʣʽ, ʽʩʥʫʻ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ.  

ʊʘʢ, ʜʣʷ ʝʬʝʢʪʫ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʧʠʪʦʤʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʻ ʩʪʘʥʦʚʠʪʠ 10ï9 ï 10ï10 ʉʤ/ʩʤ; ʚ ʫʤʦʚʘʭ ʤʝʥʰʠʭ 

s ʝʬʝʢʪʫ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʥʝ ʚʠʥʠʢʘʻ, ʘ ʚ ʨʘʟʽ ʚʝʣʠʢʠʭ 

s ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʧʨʠʩʪʨʦʶ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʤʘʢʩʠʤʘʣʴʥʦ ʯʠʩʪʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ (s ï ʤʽʥʽʤʘʣʴʥʘ) ʪʨʝʙʘ ʣʝʛʫʚʘʪʠ 

ʡʦʛʦ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʽʙʨʘʥʠʤʠ ʽʦʥʥʠʤʠ ʜʦʤʽʰʢʘʤʠ. 

ɸʥʽʟʦʪʨʦʧʽʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ 

séé/ŝ. ɼʣʷ ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʚʦʥʦ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ 2 > 

(séé/ŝ) > 1. ɺʽʜ ʚʝʣʠʯʠʥʠ ʘʥʽʟʦʪʨʦʧʽʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʽʩʪʦʪʥʦ 

ʟʘʣʝʞʠʪʴ ʧʦʨʽʛ ʚʠʥʠʢʥʝʥʥʷ ʝʣʝʢʪʨʦʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ 
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(ʧʨʦʚʽʜʥʠʡ ʨʝʞʠʤ): ʟʽ ʟʤʝʥʰʝʥʥʷʤ séé/ŝ ʛʨʘʥʠʯʥʘ ʥʘʧʨʫʛʘ ʜʦʤʝʥʽʚ 

ʰʚʠʜʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʣʝʛʫʚʘʥʥʷ ʥʝʤʘʪʠʯʥʠʭ ʨʽʜʢʠʭ 

ʢʨʠʩʪʘʣʽʚ ʨʽʟʥʠʤʠ ʜʦʤʽʰʢʘʤʠ (ʜʦ 0,1%) ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʟʤʽʥʶʚʘʪʠ 

ʚʽʜʥʦʰʝʥʥʷ séé/ŝ: ʘʢʮʝʧʪʦʨʥʽ ʡ ʜʦʥʦʨʥʽ ʜʦʤʽʰʢʠ ʧʨʠʚʦʜʷʪʴ ʜʦ 

ʟʥʘʯʝʥʥʷ séé/ŝ ʚʽʜ 1,05 ʜʦ 1,4, ʘ ʽʦʥʥʽ ï ʚʽʜ 1,5 ʜʦ 1,9. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʜʣʷ ʦʨʽʻʥʪʘʮʽʾ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʫ 

ʢʦʤʽʨʮʽ, ʤʦʞʥʘ ʦʢʨʝʤʦ ʚʠʤʽʨʶʚʘʪʠ ʟʥʘʯʝʥʥʷ séé ̔  ŝ. 

ʉʪʨʫʤ ʫ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʯʦʚʠʥʽ ʤʦʞʝ ʧʝʨʝʥʦʩʠʪʠʩʷ ʜʦ-

ʤʽʢhʦʚʠʤʠ ʽʦʥʘʤʠ ï ̔ ʦʥʘʤʠ ʩʦʣʝʡ, ʱʦ ʩʧʝʮʽʘʣʴʥʦ ʚʚʦʜʷʪʴ ʫ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʡʦʤʫ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʽʦʥ-ʨʘʜʠʢʘʣʘʤʠ ʽ ʩʦʣʴʚʘʪʦʚʘʥʠʤʠ 

ʝʣʝʢʪʨʦʥʘʤʠ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʜʘʭ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʨʦʜʠ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʚ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʯʦʚʠʥʽ 

ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʤʝʭʘʥʽʟʤʫ ʨʦʙʦʪʠ ʽʥʜʠʢʘʪʦʨʥʦʛʦ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʧʨʠʩʪʨʦʶ. ɿʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʞʣʠʚʦʩʪʽ 

ʨʝʘʣʽʟʘʮʽʾ ʫʥʽʧʦʣʷʨʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʟʘʙʝʟʧʝʯʫʚʘʥʦʾ ʩʦʣʴʚʘʪʦʚʘʥʠʤʠ 

ʝʣʝʢʪʨʦʥʘʤʠ. 
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4.7. ɼʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

 

ɿʥʘʯʝʥʥʷ ʽ ʟʥʘʢ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ (De = eéé - ê) 

ʚʽʜʽʛʨʘʶʪʴ ʚʝʣʠʢʫ ʨʦʣʴ ʚ ʦʨʽʻʥʪʘʮʽʡʥʠʭ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʘʭ. ʊʘʢ, 

ʜʣʷ ɺ-ʝʬʝʢʪʫ ʥʝʦʙʭʽʜʥʽ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʟ De < 0, ʫ ʪʦʡ ʯʘʩ, 

ʷʢ ʜʣʷ S- ̔  çʪʚʽʩʪè-ʝʬʝʢʪʫ ʟʥʘʯʝʥʥʷ De ʤʘʻ ʙʫʪʠ ʙʽʣʴʰʠʤ ʚʽʜ ʥʫʣʷ. 

ɻʨʘʥʠʯʥʘ ʥʘʧʨʫʛʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ: 

ʟʙʽʣʴʰʝʥʥʷ |De| ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʥʝ ʪʽʣʴʢʠ Uʧ, ʘʣʝ ʡ ʨʦʙʦʯʦʾ 

ʥʘʧʨʫʛʠ. ɺʝʣʠʢʽ ʟʥʘʯʝʥʥʷ |De| ʟʤʝʥʰʫʶʪʴ ʯʘʩ ʚʤʠʢʘʥʥʷ (ʽ 

ʚʠʤʠʢʘʥʥʷ ʚ ʫʤʦʚʘʭ ʜʚʦʯʘʩʪʦʪʥʦʛʦ ʟʙʫʜʞʝʥʥʷ) ʦʨʽʻʥʪʘʮʽʡʥʠʭ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ.  

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ eéé ̔  ê ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʩʪʦʚʠʡ ʤʝʪʦʜ, ʧʨʠʯʦʤʫ 

ʜʣʷ ʦʨʽʻʥʪʘʮʽʾ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʫ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʢʦʤʽʨʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ. ɺʽʜʦʤʽ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ De ʚʽʜ ï6 

(ʫ ʧ-ʘʤʽʣ-ʧ¡-ʝʪʦʢʩʽ-a-ʮʽʘʥʩʪʽʣʴʙʝʥʽ) ʜʦ +41 (ʫ ʯʦʪʠʨʠʮʽʘʥʬʝʥʽʣʦʚʦʤʫ 

ʝʬʽʨʽ 4-(4¡-ʛʝʧʪʽʣʙʝʥʟʦʽʣʦʢʩʽ)-2-ʭʣʦʨʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ).  

ɿʤʽʰʫʶʯʠ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ, ʤʦʞʥʘ ʩʠʥʪʝʟʫʚʘʪʠ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ 

ʤʘʪʝʨʽʘʣ ʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤ ʟʥʘʯʝʥʥʷʤ De. ʊʦʤʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʘʜʠʪʠʚʥʦʩʪʽ ʚʝʣʠʯʠʥʠ De ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʩʧʦʣʫʢʠ ʩʫʤʽʰʽ. 

ɿʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʧʽʜ ʯʘʩ 

ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʚʽʜ ʥʫʣʷ ʽ ʘʞ ʜʦ ʯʘʩʪʦʪʠ ʜʝʙʘʾʚʩʴʢʦʾ ʨʝʣʘʢʩʘʮʽʾ (fD), ʱʦ 

ʟʘʟʚʠʯʘʡ ʧʝʨʝʚʠʱʫʻ 1 ʄɻʮ. ɺʽʜʦʤʽ, ʦʜʥʘʢ, ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ (ʟʘʟʚʠʯʘʡ, 

ʮʝ ʩʫʤʽʰʽ, ʥʘʧʨʠʢʣʘʜ, ʩʫʤʽʰ WI), ʫ ʷʢʠʭ ʯʘʩʪʦʪʘ fD ʘʥʦʤʘʣʴʥʦ ʥʠʟʴʢʘ 

(5 ï 10 ʢɻʮ). ʗʢʱʦ f < fD, ʪʦ De > 0, ʘ ʷʢʱʦ f > fD, ʪʦʜʽ De < 0. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʨʽʜʠʥʥʦʢʨʠʩʪʘʣʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʚ ʨʝʞʠʤʽ 

ʜʚʦʯʘʩʪʦʪʥʦʛʦ ʟʙʫʜʞʝʥʥʷ, ʱʦ ʧʽʜʚʠʱʫʻ ʰʚʠʜʢʦʜʽʶ. ʉʧʝʮʽʘʣʴʥʦ 

ʧʽʜʙʠʨʘʶʯʠ ʢʦʤʧʦʥʝʥʪʠ ʩʫʤʽʰʽ, ʤʦʞʥʘ ʚʘʨʽʶʚʘʪʠ ʷʢ f, ʪʘʢ ʽ De ʜʣʷ 

ʥʠʟʴʢʠʭ (f < fD) ̔ ʚʠʩʦʢʠʭ (f > fD) ʯʘʩʪʦʪ. 

ɽʬʝʢʪ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʪʘʢʠʭ 

ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʘʭ, ʫ ʷʢʠʭ ʟʥʘʯʝʥʥʷ De ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 0 ʜʦ ï0,5; ʫ 

ʪʘʢʦʤʫ ʨʘʟʽ ʧʦʨʽʛ ʚʠʥʠʢʥʝʥʥʷ ʜʦʤʝʥʽʚ ʩʣʘʙʢʦ ʟʘʣʝʞʠʪʴ ʚʽʜ De. ɼʣʷ 

ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ, ʷʢʱʦ De > 0 (ʪʦʯʥʽʰʝ, ʷʢʱʦ De > 0,3 ï 0,5), 
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ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʘ ʜʣʷ ʨʽʜʢʠʭ 

ʢʨʠʩʪʘʣʽʚ, ʷʢʱʦ De ʤʝʥʰʝ ʟʘ ʤʽʥʫʩ 0,5, ʧʦʯʠʥʘʻ ʧʦʟʥʘʯʘʪʠʩʷ 

ʩʪʘʙʽʣʽʟʫʚʘʣʴʥʘ ʨʦʣʴ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʤʝʥʪʫ (ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʛʨʘʥʠʯʥʘ ʥʘʧʨʫʛʘ. 

 

4.8. ʇʨʫʞʥʽ ʪʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

 

ʂʦʥʩʪʘʥʪʠ ʧʨʫʞʥʦʩʪʽ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ K11, K22 ̔ K33 ʚʭʦʜʷʪʴ ʫ 

ʚʠʨʘʟ ʜʣʷ ʛʨʘʥʠʯʥʦʾ ʥʘʧʨʫʛʠ ʽ ʯʘʩ ʫʤʠʢʘʥʥʷ ʪʘ ʚʠʤʠʢʘʥʥʷ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ. ɿʥʘʶʯʠ ʾʭ ʪʦʯʥʽ ʟʥʘʯʝʥʥʷ, ʤʦʞʥʘ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʛʨʘʥʠʯʥʽ ʡ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʦʥʩʪʘʥʪʠ 

ʧʨʫʞʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ, ʟʘ ʫʤʦʚʠ ʦʜʥʘʢʦʚʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝʟʥʘʯʥʦ (ʫ 1,5 ï 2 ʨʘʟʠ). ɯʩʥʫʻ ʨʷʜ 

ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʧʨʫʞʥʦʩʪʽ; ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʭ ï 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʧʨʫʞʥʦʩʪʽ ʟ ʛʨʘʥʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʨʽʻʥʪʘʮʽʡʥʠʭ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ. 

ʐʚʠʜʢʦʜʽʷ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʘʥʽʟʦʪʨʦʧʥʦʾ ʚôʷʟʢʦʩʪʽ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ. ɼʣʷ ʥʝʤʘʪʠʯʥʠʭ ʨʽʜʢʠʭ 

ʢʨʠʩʪʘʣʽʚ ʻ ʧôʷʪʴ ʥʝʟʘʣʝʞʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚôʷʟʢʦʩʪʽ. ɼʣʷ 

ʦʨʽʻʥʪʘʮʽʡʥʠʭ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʛʦʣʦʚʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ 

ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʩʪʽ g1. ɺʽʜʦʤʽ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ, ʢʦʝʬʽʮʽʻʥʪʠ ʚôʷʟʢʦʩʪʽ 

ʷʢʠʭ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ 2 ï 5 ʨʘʟʽʚ. ɺʝʜʫʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽ ʧʦʰʫʢʠ 

ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʽʟ ʤʽʥʽʤʘʣʴʥʦʶ ʚôʷʟʢʽʩʪʶ; ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʩʧʦʩʦʙʠ 

ʾʾ ʟʥʠʞʝʥʥʷ. 

ʆʧʪʠʯʥʘ ʘʥʽʟʦʪʨʦʧʽʷ Dʧ = ʧʝ ï ʧ0, ʜʝ ʧʝ ̔ ʧ0 ï ʧʦʢʘʟʥʠʢʠ ʟʘʣʦʤʣʝʥʥʷ 

ʜʣʷ ʥʝʟʚʠʯʘʡʥʦʛʦ ʽ ʟʚʠʯʘʡʥʦʛʦ ʧʨʦʤʝʥʽʚ ʚʽʜʧʦʚʽʜʥʦ, ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ 

ʬʘʟʦʚʦʛʦ ʟʘʪʨʠʤʘʥʥʷ ʚ S- ̔ ɺ-ʝʬʝʢʪʘʭ. ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ Dʧ ʩʧʨʠʷʻ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʤʫ ʨʦʟʩʽʶʚʘʥʥʶ ʩʚʽʪʣʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʫ ʜʠʥʘʤʽʯʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ.  

ɼʣʷ ʚʽʜʦʤʠʭ ʥʝʤʘʪʠʯʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ Dʧ ʩʪʘʥʦʚʠʪʴ 0,15ï0,4. 

ɿʘʟʚʠʯʘʡ ʜʣʷ ʦʨʽʻʥʪʦʚʘʥʠʭ ʰʘʨʽʚ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʢʦʝʬʽʮʽʻʥʪʠ 

ʟʘʣʦʤʣʝʥʥʷ ʚʠʤʽʨʶʶʪʴ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʩʫʤʽʰʝʡ 

ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʧʝ ̔ ʧ0 ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʧʨʘʚʠʣʦʤ ʘʜʠʪʠʚʥʦʩʪʽ ʨʝʬʨʘʢʮʽʡ. 
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ɿʤʽʰʫʶʯʠ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ Dʧ, ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ 

ʦʧʪʠʯʥʫ ʘʥʽʟʦʪʨʦʧʽʶ. 

ɼʣʷ ʝʬʝʢʪʫ çʛʽʩʪʴïʭʘʟʷʾʥè ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʜʠʭʨʦʾʯʥʝ 

ʚʽʜʥʦʰʝʥʥʷ N = Déé/D̂; ʯʠʤ ʙʽʣʴʰʝ N, ʪʠʤ ʙʽʣʴʰʘ ʛʣʠʙʠʥʘ ʤʦʜʫʣʷʮʽʾ 

ʩʚʽʪʣʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʜʦʚʛʠʭ ʤʦʣʝʢʫʣ ʙʘʨʚʥʠʢʘ ʜʦʟʚʦʣʷʻ 

ʟʙʽʣʴʰʠʪʠ N. 

ʈʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽ ʤʘʪʝʨʽʘʣʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʦʛʦ ʯʠ 

ʽʥʰʦʛʦ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ ʝʬʝʢʪʫ, ʚʠʛʦʪʦʚʣʷʶʪʴ ʟʤʽʰʫʚʘʥʥʷʤ ʨʽʟʥʠʭ 

ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʽ ʾʭ ʣʝʛʫʚʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʽʙʨʘʥʠʤʠ ʩʫʤʽʰʘʤʠ.  

ɼʣʷ ʩʫʤʽʰʝʡ ʥʝʤʘʪʠʯʥʠʭ ʽ ʭʦʣʝʩʪʝʨʠʯʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʢʨʦʢ 

ʩʧʽʨʘʣʽ r0, ʚʽʜ ʚʝʣʠʯʠʥʠ ʷʢʦʛʦ ʟʘʣʝʞʘʪʴ, ʟʦʢʨʝʤʘ, ʧʦʨʽʛ ʝʬʝʢʪʫ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ ʭʦʣʝʩʪʝʨʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ­ ʥʝʤʘʪʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ 

ʽ ʯʘʩ çʧʘʤôʷʪʽè ʚ ʝʬʝʢʪʽ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʟ çʧʘʤôʷʪʪʶè, ʤʦʞʥʘ 

ʟʤʽʥʶʚʘʪʠ, ʚʘʨʽʶʶʯʠ ʩʧʦʣʫʢʫ ʩʫʤʽʰʽ. ɼʣʷ ʥʝʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʭʦʣʝʩʪʝʨʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʫ ʩʫʤʽʰʘʭ ʜʦʙʨʝ ʚʠʢʦʥʫʻʪʴʩʷ 

ʝʤʧʽʨʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ r0 = const. 

 

4.9. ʆʩʥʦʚʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ 

 

ɿʘ ʜʝʷʢʠʤʠ ʚʠʥʷʪʢʘʤʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʚ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʾʭ ʟʜʘʪʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦ 

ʟʤʽʥʶʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʢʫʪʦʚʠʡ ʨʦʟʧʦʜʽʣ ʽ ʩʧʝʢʪʨʘʣʴʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʚʽʪʣʘ, ɦʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʥʠʭ, ʧʽʜ ʚʧʣʠʚʦʤ ʤʝʭʘʥʽʯʥʠʭ, 

ʝʣʝʢʪʨʠʯʥʠʭ ʘʙʦ ʤʘʛʥʽʪʥʠʭ ʚʧʣʠʚʽʚ. ʇʦʰʠʨʝʥʥʶ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʥʝ ʟʘʚʘʜʠʣʘ ʚʽʜʥʦʩʥʦ ʤʘʣʘ ʰʚʠʜʢʦʜʽʷ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ 

ʝʬʝʢʪʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ, ʨʘʥʽʰʝ ʚʽʜʦʤʠʤʠ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ. 

ɹʣʠʟʴʢʦ 80% ʧʘʪʝʥʪʥʦʾ ʽ ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʧʨʦ ʤʦʞʣʠʚʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠʩʚʷʯʝʥʦ ʧʨʠʩʪʨʦʷʤ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ (ʤʘʪʝʨʽʘʣʘʤ, ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ), ʙʣʠʟʴʢʦ 10% ï ʝʣʝʤʝʥʪʘʤ ʽ ʚʫʟʣʘʤ ʦʧʪʠʯʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ (ʜʝʬʣʝʢʪʦʨʘʤ, ʤʦʜʫʣʷʪʦʨʘʤ, ʭʚʠʣʝʚʦʜʘʭ ʽ 

ʪ.ʽʥ.), ʙʣʠʟʴʢʦ 5% ï ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʝʚʠʜʠʤʠʭ ʧʨʦʮʝʩʽʚ 

(ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʝ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 
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ʜʝʬʝʢʪʦʩʢʦʧʽʷ ʽ ʪ.ʽʥ.) ʡ ʽʥʰʽ 5% ï ʨʽʟʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʨʤʦʪʨʦʧʥʠʭ 

ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ.  

ʆʩʦʙʣʠʚʦ ʚʘʨʪʦ ʚʠʨʽʟʥʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ 

ʨʽʜʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʦʜʥʦʯʘʩʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʧʦʣʽʤʝʨʫ, ʽ 

ʥʝʤʘʪʠʢʫ (ʭʦʣʝʩʪʝʨʠʢʫ, ʩʤʝʢʪʠʢʫ). ʊʫʪ ʜʦʩʷʛʥʫʪʦ ʯʠʤʘʣʠʭ ʫʩʧʽʭʽʚ. 

ɸʣʝ ʥʝʦʙʭʽʜʥʦ ʱʝ ʜʦʩʢʦʥʘʣʽʰʝ ʚʠʚʯʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʟʥʘʡʪʠ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʛʘʣʫʟʽ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʯʠ ʥʝ ʤʦʞʝ ʥʘʡʪʦʥʰʘ ʧʣʽʚʢʘ ʪʘʢʦʛʦ 

ʧʦʣʽʤʝʨʫ ʩʪʘʪʠ ʤʘʡʞʝ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʦʤ, ʪʦʙʪʦ ʙʫʪʠ ʜʦʩʠʪʴ ʤʽʮʥʦʶ ʽ 

ʯʫʡʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʘʡʤʝʥʰʽ ʟʤʽʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʪʘ ʨʽʟʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ. ʊʘʢʽ ʧʣʽʚʢʠ ʧʦʪʨʽʙʥʽ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʽʥʜʠʢʘʪʦʨʽʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɿʘʣʠʰʘʻʪʴʩʷ ʥʘʛʘʣʴʥʠʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʜʤʽʮʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʚʦʣʦʢʦʥ, ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʢʦʢʩʽʚ ʽ 

ʛʨʘʬʽʪʫ. ʈʽʯ ʫ ʪʽʤ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʩʢʣʘʜʥʦʾ ʩʧʦʣʫʢʠ ʩʫʤʽʰʝʡ (ʜʣʷ ʷʢʠʭ 

ʧʦʪʨʽʙʥʽ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʟʘ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ) ʧʨʦʤʽʞʥʠʡ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʩʪʘʥ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʚʯʘʪʠ ʜʫʞʝ ʚʘʞʢʦ. 

ɼʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʣʝʞʠʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ 

ʚʠʚʯʝʥʥʷ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ ʦʨʽʻʥʪʘʮʽʻʶ ʤʦʣʝʢʫʣ ʪʘʢʠʭ ʩʧʦʣʫʢ. 

ɸʢʪʫʘʣʴʥʠʤʠ ʻ ʧʠʪʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʽʟ 

ʢʨʠʩʪʘʣʽʯʥʠʤʠ, ʘʤʦʨʬʥʠʤʠ ʽ ʧʦʣʽʤʝʨʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʦʩʢʽʣʴʢʠ ʚʽʜ 

ʾʭ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ ʫʩʽʭ ʩʫʯʘʩʥʠʭ ʧʨʠʣʘʜʽʚ ʽ 

ʧʨʠʩʪʨʦʾʚ, ʜʣʷ ʷʢʠʭ ʧʦʪʨʽʙʥʘ ʤʘʡʞʝ ʽʜʝʘʣʴʥʘ ʦʨʽʻʥʪʘʮʽʷ 

ʤʦʣʝʢʫʣ. ɺʠʚʯʘʪʠ ʬʽʟʠʢʫ ʽ ʭʽʤʽʶ ʧʦʚʝʨʭʦʥʴ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʷʢ 

ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ, ʪʘʢ ʽ ʫ ʥʘʫʢʦʚʦʛʦ ʘʩʧʝʢʪʽ. ʅʘʧʨʠʢʣʘʜ, ʧʨʦʙʣʝʤʫ ʟʘʤʽʥʠ 

ʩʢʣʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʷʢ ʦʧʽʨ ʜʣʷ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ, ʟʫʤʦʚʣʝʥʦ 

ʪʠʤ, ʱʦ ʩʢʣʦ ï ʪʝʥʜʽʪʥʝ ʽ ʚʽʜʥʦʩʥʦ ʚʘʞʢʝ, ʘʣʝ ʤʦʞʝ ʙʫʪʠ ʟʘʤʽʥʝʥʦ 

ʧʦʣʽʤʝʨʥʠʤʠ ʧʣʽʚʢʘʤʠ. ɸ ʷʢʱʦ ʩʪʚʦʨʠʪʠ ʧʦʪʨʽʙʥʦʾ ʷʢʦʩʪʽ ʧʦʣʽʤʝʨʠ, 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʝʢʨʘʥ ʙʫʚ ʙʠ ʫ 3 ï 5 ʨʘʟʽʚ ʪʦʥʰʠʤ ̔  ʣʝʛʰʠʤ ʚʽʜ 

ʟʚʠʯʘʡʥʦʛʦ ʽ, ʢʨʽʤ ʪʦʛʦ, ʣʝʛʢʦ ʟʛʠʥʘʪʠʩʷ, ʥʝ ʣʘʤʘʶʯʠʩʴ ʽ ʥʘʚʽʪʴ ʥʝ 

ʪʨʽʩʢʘʶʯʠʩʴ.  

ɺʘʨʪʦ ʪʘʢʦʞ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʧʨʦʤʝʥʽ ʩʚʽʪʣʘ ʜʦʩʠʪʴ 

ʚʝʣʠʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʘʤʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʦʨʽʻʥʪʘʮʽʶ ʤʦʣʝʢʫʣ 

ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ, ʥʘʧʨʠʢʣʘʜ, ʥʝʤʘʪʠʢʫ. ʅʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʚ ʣʘʟʝʨʥʦʤʫ ʧʨʦʤʝʥʽ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʙʽʣʴʰʦʶ ʥʽʞ 100 ɺʪ/ʩʤ2, 
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ʪʘʢʘ, ʱʦ ʩʘʤʝ ʧʦʣʝ ʧʨʦʤʝʥʷ ʚʠʢʣʠʢʘʻ ʝʬʝʢʪ ʌʨʝʜʝʨʽʢʩʘ ʫ ʥʝʤʘʪʠʢʫ, 

ʪʦʙʪʦ ʟʤʽʥʶʻ ʦʨʽʻʥʪʘʮʽʶ ʦʧʪʠʯʥʦʾ ʦʩʽ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ 

ʩʪʚʦʨʠʪʠ ʦʧʪʠʯʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʶʶʪʴ ʧʨʦʭʦʜʞʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʻ ʧʨʝʨʦʛʘʪʠʚʦʶ ʥʝʣʽʥʽʡʥʦʾ ʦʧʪʠʢʠ ʨʽʜʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ. 

ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʜʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʧʣʦʩʢʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʝʢʨʘʥʘ, ʪʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘʢʠʭ 

ʧʨʠʩʪʨʦʾʚ ʜʦʪʝʧʝʨ  ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʬʽʟʠʢʽʚ ʽ ʭʽʤʽʢʽʚ, 

ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʝʣʝʢʪʨʦʥʽʢʠ, ʪʝʭʥʦʣʦʛʽʚ ï ʬʘʭʽʚʮʽʚ ʟʽ ʩʪʚʦʨʝʥʥʷ 

ʚʝʣʠʢʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʽʡ ʛʘʣʫʟʽ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʧʪʠʤʘʣʴʥʠʡ ʚʠʙʽʨ ʬʽʟʠʯʥʠʭ ʝʬʝʢʪʽʚ ʽ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʘʥʽʚ, ʥʘ ʚʠʙʽʨ ʛʝʦʤʝʪʨʽʾ ʦʧʪʠʯʥʦʛʦ ʦʩʝʨʝʜʢʫ ʪʘ 

ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʽʻʾ ʘʙʦ ʽʥʰʦʾ ʪʝʭʥʦʣʦʛʽʾ ʽ ʪ.ʽʥ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.1.  

ʅʠʥʽ ʨʦʟʧʦʯʘʚʩʷ çʤʝʜʠʢʦ-ʙʽʦʣʦʛʽʯʥʠʡè ʧʝʨʽʦʜ ʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ. ʎʝʡ ʥʘʧʨʷʤ ʫʞʝ ʜʦʩʪʘʪʥʴʦ ʚʠʟʥʘʯʠʚʩʷ ʷʢ 

ʜʦʩʣʽʜʞʝʥʥʷ ʣʽʦʪʨʦʧʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ, ʱʦ ʚʽʜʽʛʨʘʶʪʴ ʚʠʥʷʪʢʦʚʦ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʘʭ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʞʠʚʦʤʫ ʦʨʛʘʥʽʟʤʽ. 

ʊʘʙʣʠʮʷ 4.1 

ʈʽʜʢʽ ʢʨʠʩʪʘʣʠ ʚ ʪʝʭʥʽʮʽ 

ɿʦʚʥʽʰʥʽʡ ʚʧʣʠʚ ɿʘʩʪʦʩʫʚʘʥʥʷ ʊʠʧ ʨʽʜʠʥʥʦʛʦ ʢʨʠʩʪʘʣʘ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ɯʥʜʠʢʘʪʦʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʍʦʣʝʩʪʝʨʠʢʠ 

ʊʝʧʣʦʚʝ ʟʘʧʠʩʫʚʘʥʥʷ ʧʨʦʤʝʥʝʤ ʍʦʣʝʩʪʝʨʠʢʠ, ʩʤʝʢʪʠʢʠ 

ʆʧʪʠʯʥʽ ʬʽʣʴʪʨʠ ʍʦʣʝʩʪʝʨʠʢʠ, ʥʝʤʘʪʠʢʠ 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ 

ʛʦʣʦʛʨʘʬʽʷ 
ʍʦʣʝʩʪʝʨʠʢʠ, ʥʝʤʘʪʠʢʠ 

ʊʝʧʣʦʚʝ ʩʘʤʦʬʦʢʫʩʫʚʘʥʥʷ ʩʚʽʪʣʘ ʅʝʤʘʪʠʢʠ 

ɼʝʢʦʨʘʪʠʚʥʽ ʪʘ ʶʚʝʣʽʨʥʽ ʚʠʨʦʙʠ ʍʦʣʝʩʪʝʨʠʢʠ 

ʊʠʩʢ ʪʘ ʽʥʰʽ 

ʤʝʭʘʥʽʯʥʽ 

ʚʧʣʠʚʠ 

ɸʢʫʩʪʦʦʧʪʠʢʘ (ʚʽʟʫʘʣʽʟʘʮʽʷ 

ʟʚʫʢʦʚʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʪʘ ʽʥ.) 
ʅʝʤʘʪʠʢʠ 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʚôʷʟʢʦʩʪʽ ʅʝʤʘʪʠʢʠ, ʭʦʣʝʩʪʝʨʠʢʠ 

ʅʝʨʫʡʥʽʚʥʠʡ ʢʦʥʪʨʦʣʴ ʅʝʤʘʪʠʢʠ 

ɼʘʪʯʠʢʠ ʪʠʩʢʫ 
ʉʤʝʢʪʠʢʠ ʽ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ 

ʍʽʤʽʯʥʽ ʜʦʤʽʰʢʠ 
ɸʥʘʣʽʟ ʛʘʟʦʚʠʭ ʩʫʤʽʰʝʡ ʍʦʣʝʩʪʝʨʠʢʠ 

ʂʨʠʤʽʥʘʣʽʩʪʠʢʘ ʍʦʣʝʩʪʝʨʠʢʠ 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʝ 

ʧʦʣʝ 

ɽʣʝʢʪʨʦʦʧʪʠʯʥʽ ʝʢʨʘʥʠ 
ʅʝʤʘʪʠʢʠ, ʭʦʣʝʩʪʝʨʥʢʠ, 

ʩʤʝʢʪʠʢʠ 

ʄʦʜʫʣʷʪʦʨʠ ʅʝʤʘʪʠʢʠ 

ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʥʝʣʽʥʽʡʥʦʾ ʦʧʪʠʢʠ 
ʉʤʝʢʪʠʢʠ, 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ 
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5. ʈɯɼʂɯ ʂʈʀʉʊɸʃʀ ʋ ɹɯʆʃʆɻɯɰ 

 

5.1. ɼʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ 

 

ʅʘʫʢʘ ʧʨʦ ʞʠʚʝ, ʥʘʟʚʘʥʘ ʙʽʦʣʦʛʽʻʶ, ʥʘʜʪʦ ʩʢʣʘʜʥʘ. ʋ ʙʽʦʣʦʛʽʾ 

ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʬʽʟʠʢʠ ï ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʩʢʣʘʜʥʠʭ 

ʧʨʦʮʝʩʽʚ. ɯʥʪʝʨʝʩ ʜʦ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʟ ʙʦʢʫ ʙʽʦʣʦʛʽʚ ʥʝ ʚʠʧʘʜʢʦʚʠʡ. ʇʦ-

ʧʝʨʰʝ, ʩʘʤʝ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʩʫʤʽʱʘʶʪʴ ʫʧʦʨʷʜʢʦʚʘʥʽʩʪʴ, ʭʘʨʘʢʪʝʨʥʫ 

ʜʣʷ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʽ ʨʫʭʣʠʚʽʩʪʴ, ʱʦ ʻ ʚʣʘʩʪʠʚʽʩʪʶ ʨʽʜʠʥʠ. 

ʎʽ ʜʚʽ, ʟʜʘʚʘʣʦʩʷ ʙ ʧʨʦʪʠʣʝʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʽ ʽ ʜʣʷ ʞʠʚʦʾ 

ʤʘʪʝʨʽʾ ʫ ʚʩʽʭ ʾʾ ʧʨʦʷʚʘʭ. ʆʩʴ ʯʦʤʫ ʚʠʜʘʻʪʴʩʷ ʮʽʢʘʚʠʤ ʟʘʩʪʦʩʫʚʘʪʠ 

ʪʝʦʨʽʶ, ʜʝʪʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʫ ʜʣʷ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ, ʜʦ ʩʢʣʘʜʥʠʭ 

ʙʽʦʣʦʛʽʯʥʠʤ ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ. ʊʘʢʠʤʠ ʻ ʤʝʭʘʥʽʟʤʠ ʩʢʦʨʦʯʝʥʥʷ ʤôʷʟʽʚ, 

ʧʝʨʝʜʘʚʘʥʥʷ ʥʝʨʚʦʚʠʭ ʽʤʧʫʣʴʩʽʚ, ʬʦʪʦʩʠʥʪʝʟ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʣʪ̔ʠʥʥʠʭ ʤʝʤʙʨʘʥ ʽ ʪ. ʽʥ. ʆʜʥʘʢ ʪʘʢʠʡ ʧʽʜʭʽʜ ʧʦʪʨʝʙʫʻ ʧʝʚʥʦʾ 

ʦʙʝʨʝʞʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʬʽʟʠʢʘ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʨʦʟʚʠʥʝʥʘ ʜʣʷ 

ʩʝʨʝʜʦʚʠʱ, ʜʦʩʠʪʴ ʦʜʥʦʨʽʜʥʠʭ ʫ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ. ʉʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʚʠʚʯʘʶʪʴʩʷ ʚ ʙʽʦʣʦʛʽʾ, 

ʤʦʞʫʪʴ ʤʘʪʠ ʥʘʥʦʤʘʩʰʪʘʙʥʽ ʨʦʟʤʽʨʠ, ʩʫʤʽʨʥʽ ʟ ʨʦʟʤʽʨʦʤ ʤʦʣʝʢʫʣ 

(ʥʘʧʨʠʢʣʘʜ, ʢʣʽʪʠʥʥʽ ʤʝʤʙʨʘʥʠ).  

ʇʦ-ʜʨʫʛʝ, ʦʩʦʙʣʠʚʽʩʪʶ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʻ ʟʜʘʪʥʽʩʪʴ ʾʭ ʤʦʣʝʢʫʣ 

ʩʘʤʦʦʨʛʘʥʽʟʦʚʫʚʘʪʠʩʷ, ʪʦʙʪʦ ʫʪʚʦʨʶʚʘʪʠ ʚʧʦʨʷʜʢʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ (ʷʢ 

ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ ʩʧʽʨʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʭʦʣʝʩʪʝʨʠʢʽʚ). ʎʶ 

ʦʩʦʙʣʠʚʽʩʪʴ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽ ʜʦ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ, ʫ 

ʟʚôʷʟʢʫ ʟ ʯʠʤ ʨʦʙʣʷʪʴʩʷ ʩʧʨʦʙʠ ʟʘʣʫʯʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʤʝʪʦʜʠ ʜʣʷ 

ʨʦʟʛʣʷʜʫ ʧʨʦʮʝʩʽʚ ʩʘʤʦʚʽʜʪʚʦʨʝʥʥʷ ʤʦʣʝʢʫʣ ʫ ʢʣʽʪʠʥʽ, ʚʠʚʯʝʥʥʷ 

ʧʨʦʙʣʝʤ ʝʚʦʣʶʮʽʾ ʽ ʪ. ʽʥ.  

ʇʦ-ʪʨʝʪʻ, ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʜʦ ʟʦʚʥʽʰʥʽʭ 

ʚʧʣʠʚʽʚ (ʪʝʤʧʝʨʘʪʫʨʠ, ʩʪʦʨʦʥʥʽʭ ʜʦʤʽʰʢʽʚ, ʩʚʽʪʣʘ, ʟʦʚʥʽʰʥʽʭ ʧʦʣʽʚ ̔ ʪ. 

ʽʥ.) ʤʦʞʝ çʧʽʜʢʘʟʘʪʠè ʜʦʩʣʽʜʥʠʢʘʤ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʟôʷʩʫʚʘʥʥʷ 

ʤʝʭʘʥʽʟʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʝʮʝʧʪʦʨʽʚ, ʦʨʛʘʥʽʚ ʯʫʪʪʽʚ ʣʶʜʠʥʠ ʽ 

ʪʚʘʨʠʥ ʽ ʪ. ʽʥ.  
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5.2. ɺʦʜʘ ʡ ʘʥʽʟʦʤʝʪʨʠʯʥʽ ʤʦʣʝʢʫʣʠ 

 

ɺʦʜʘ ï ʮʝ ʦʩʥʦʚʘ ʚʩʴʦʛʦ ʞʠʚʦʛʦ. ʋ ʣʶʜʠʥʠ, ʥʘʧʨʠʢʣʘʜ, ʚʦʥʘ 

ʩʪʘʥʦʚʠʪʴ 66% ʫʩʽʻʾ ʤʘʩʠ ʪʽʣʘ (ʫ ʤʝʜʫʟʠ ï 95%). ɺʦʜʘ ʚʠʢʦʥʫʻ ʨʷʜ 

ʚʘʞʣʠʚʠʭ ʬʫʥʢʮʽʡ: ʚʦʥʘ ʻ ʨʦʟʯʠʥʥʠʢʦʤ ʜʣʷ ʤʽʥʝʨʘʣʴʥʠʭ ʩʦʣʝʡ ʪʘ 

ʽʥʰʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ ʚ ʦʨʛʘʥʽʟʤ ʽ ʚʠʚʦʜʷʪʴʩʷ ʟ ʥʴʦʛʦ ʧʽʜ ʯʘʩ 

ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ. ɺʦʜʥʦʯʘʩ ʫ ʚʦʜʽ ʥʘʷʚʥʽ ʪʘʢʦʞ ʥʝʨʦʟʯʠʥʥʽ ʨʝʯʦʚʠʥʠ, 

ʧʦʪʨʽʙʥʽ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʙʫʜʦʚʠ ʦʨʛʘʥʽʟʤʫ. ʉʝʨʝʜ ʫʩʽʭ 

ʚʽʜʦʤʠʭ ʨʽʜʠʥ ʚʦʜʘ ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʪʝʧʣʦʻʤʥʽʩʪʴ, ʱʦ ʜʫʞʝ ʚʘʞʣʠʚʦ 

ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʦʨʛʘʥʽʟʤʫ ʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ.  

ʊʘʢʽ ʟʥʘʯʫʱʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ, ʷʢ ʨʦʟʯʠʥʥʠʢ ʽʦʥʥʠʭ ʩʧʦʣʫʢ ʽ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʫʤʦʚʣʝʥʽ ʩʧʝʮʠʬʽʯʥʦʶ ʾʾ ʙʫʜʦʚʦʶ 

(ʨʠʩ. 5.1). ɸʪʦʤ ʢʠʩʥʶ, ʩʧʦʣʫʯʠʚʰʠʩʴ ʟ ʜʚʦʤʘ ʘʪʦʤʘʤʠ ʚʦʜʥʶ, 

ʫʪʚʦʨʶʻ ʜʠʧʦʣʴʥʫ ʤʦʣʝʢʫʣʫ ʚʦʜʠ (ʘ) (ʩʪʨʽʣʢʦʶ ʧʦʢʘʟʘʥʦ ʫʤʦʚʥʠʡ 

ʥʘʧʨʷʤʦʢ ʜʠʧʦʣʷ). ʄʦʣʝʢʫʣʠ ʚʦʜʠ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʟʘʯʽʧʣʶʶʪʴʩʷ ʦʜʥʘ 

ʟʘ ʦʜʥʫ ʤʽʩʪʢʘʤʠ ʩʣʘʙʢʠʭ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ (ʙ). ɼʚʘ ʽʦʥʠ ʚʦʜʥʶ, 

ʟʘʨʷʜʞʝʥʽ ʧʦʟʠʪʠʚʥʦ, ʪʘ ʽʦʥ ʢʠʩʥʶ, ʟʘʨʷʜʞʝʥʠʡ ʥʝʛʘʪʠʚʥʦ, 

ʨʦʟʤʽʱʫʶʪʴʩʷ ʫ ʤʦʣʝʢʫʣʽ ʚʦʜʠ ʫ ʚʠʛʣʷʜʽ ʪʨʠʢʫʪʥʠʢʘ ʪʘʢ, ʱʦ 

ʩʪʚʦʨʶʶʪʴ ʜʠʧʦʣʴ (ʨʠʩ. 5.1, ʘ). ɺʘʞʣʠʚʦ, ʱʦ ʚ ʨʽʜʢʽʡ ʚʦʜʽ ʤʦʣʝʢʫʣʠ 

ʥʝ ʻ ʚʽʣʴʥʠʤʠ, ʘ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʜʦʩʠʪʴ ʩʣʘʙʢʠʤʠ ʭʽʤʽʯʥʠʤʠ 

ʟʚôʷʟʢʘʤʠ (ʤʽʞ ʘʪʦʤʘʤʠ ʢʠʩʥʶ ʽ ʚʦʜʥʶ). ʆʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ ʪʘʢʠʭ 

ʟʚôʷʟʢʽʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.1, ʙ. ʂʦʞʥʘ ʤʦʣʝʢʫʣʘ ʚʦʜʠ ʩʧʦʣʫʯʘʻʪʴʩʷ ʟ 

ʯʦʪʠʨʤʘ ʩʫʩʽʜʥʽʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʇʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʠ ʯʘʩʪʠʥʘ 

ʝʥʝʨʛʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʨʦʟʨʠʚ ʮʠʭ ʟʚôʷʟʢʽʚ, ʯʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ 

ʚʠʩʦʢʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʦʜʠ.  

ʋ ʨʘʟʽ ʧʦʪʨʝʙʠ ʨʦʟʯʠʥʠʪʠ ʫ ʚʦʜʽ ʚʝʣʠʢʫ ʦʨʛʘʥʽʯʥʫ ʤʦʣʝʢʫʣʫ 

ʜʦʚʦʜʠʪʴʩʷ ʥʝʤʦʚ ʙʠ çʥʘʩʠʣʴʥʦè ʚʪʠʩʢʫʚʘʪʠ ʾʾ ʫ çʚʦʜʥʫ ʩʪʨʫʢʪʫʨʥʫ 

ˇʨʘʪʢʫè, ʨʫʡʥʫʶʯʠ ʙʝʟʣʽʯ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ. ʎʝ ʝʥʝʨʛʝʪʠʯʥʦ 

ʥʝʚʠʛʽʜʥʦ. ʆʩʴ ʯʦʤʫ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ (ʷʢʱʦ ʚʦʥʠ ʥʝ ʥʝʩʫʪʴ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ, ʷʢ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʨʘʟʽ ʽʦʥʥʠʭ ʙʘʨʚʥʠʢʽʚ), ʥʝ 

ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ ʚʦʜʽ, ʘ ʥʝʤʦʚʙʠ çʚʠʰʪʦʚʭʫʶʪʴʩʷè ʟ ʥʝʾ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʥʝʟʚʠʯʘʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ ʮʽʣʢʦʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʾ ʩʧʝʮʠʬʽʯʥʦʶ 

ʙʫʜʦʚʦʶ.  
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ʈʠʩ. 5.1. ʉʪʨʫʢʪʫʨʘ ʚʦʜʠ: ʘ ï ʤʦʣʝʢʫʣʘ; ʙ ï ʟʚôʷʟʦʢ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ 

 

ʎʽʢʘʚʘ ʩʠʪʫʘʮʽʷ ʚʠʥʠʢʘʻ, ʢʦʣʠ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʘʥʽʟʦʤʝʪʨʠʯʥʽʡ 

ʤʦʣʝʢʫʣʽ ʦʙôʻʜʥʘʥʦ ʜʚʽ ʯʘʩʪʠʥʠ, ʦʜʥʘ ʟ ʷʢʠʭ ʟʘʨʷʜʞʝʥʘ ʽ ʩʘʤʘ ʧʦ ʩʦʙʽ 

ʤʦʛʣʘ ʙ ʨʦʟʯʠʥʷʪʠʩʷ ʫ ʚʦʜʽ, ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ ʥʝ ʟʘʨʷʜʞʝʥʘ ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʥʝʨʦʟʯʠʥʥʘ (ʨʠʩ. 5.2, ʘ). ʋ ʮʴʦʤʫ ʨʘʟʽ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘʢʠʭ 

ʤʦʣʝʢʫʣ ʫ ʚʦʜʽ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʪʘʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʦʜʽʡ.  

ʅʝʭʘʡ ʚʦʜʠ ʜʫʞʝ ʙʘʛʘʪʦ, ʘ ʟʘʨʷʜʞʝʥʠʭ ʘʥʽʟʦʤʝʪʨʠʯʥʠʭ ʤʦʣʝʢʫʣ 

ʜʫʞʝ ʤʘʣʦ. ʊʦʜʽ ʚʩʽ ʚʦʥʠ ʤʦʞʫʪʴ ʣʝʛʢʦ ʨʦʟʤʽʩʪʠʪʠʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʦʜʠ. 

ɺ ʮʠʭ ʫʤʦʚʘʭ ʟʘʨʷʜʞʝʥʽ çʛʦʣʦʚʢʠè ʤʦʣʝʢʫʣ ʟʘʥʫʨʝʥʽ ʫ ʚʦʜʫ (ʟʘʚʜʷʢʠ 

ʪʷʞʽʥʥʶ ʜʦ ʚʦʜʠ ʟ ʙʦʢʫ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ), ʘ çʭʚʦʩʪʠè ʮʠʭ ʤʦʣʝʢʫʣ, 

ʷʢ ʧʦʧʣʘʚʢʠ, ʩʪʠʨʯʘʪʴ ʫʛʦʨʫ, ʫʥʠʢʘʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʢʦʥʪʘʢʪʫ ʟ 

ʚʦʜʦʶ (ʨʠʩ. 5.2, ʘ). ɺʩʽ ʮʽ ʤʦʣʝʢʫʣʷʨʥʽ ʧʦʧʣʘʚʢʠ ʤʦʞʥʘ ʟʨʫʰʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʣʘʚʫʯʦʛʦ ʙʘʨôʻʨʘ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.2, ʙ. 

ʉʧʦʯʘʪʢʫ ʪʘʢʠʡ ʙʘʨôʻʨ ʤʘʻ ʜʫʞʝ ʩʣʘʙʢʫ ʧʨʦʪʠʜʽʶ ʟ ʙʦʢʫ ʤʦʣʝʢʫʣ, 

ʘʣʝ ʢʦʣʠ ʤʦʣʝʢʫʣʠ ʟʙʠʨʘʶʪʴʩʷ ʨʘʟʦʤ, ʾʭ ʧʨʦʪʠʜʽʷ ʨʽʟʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ʇʨʦʮʝʩ ʮʝʡ ʩʭʦʞʠʡ ʥʘ ʩʪʠʩʥʝʥʥʷ ʛʘʟʫ ʧʦʨʰʥʝʤ. ʇʦʨʰʝʥʴ 

ʨʫʭʘʻʪʴʩʷ ʣʝʛʢʦ, ʧʦʢʠ ʛʘʟ ʥʝ ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʫ ʨʽʜʠʥʫ, ʷʢʘ ʤʘʡʞʝ ʥʝ 

ʩʪʠʩʢʘʻʪʴʩʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʶʪʴ ʜʚʦʚʠʤʽʨʥʠʡ (ʘ 

ʥʝ ʪʨʠʚʠʤʽʨʥʠʡ) ʛʘʟ ʽ ʜʚʦʚʠʤʽʨʥʫ ʨʽʜʠʥʫ. ʗʢʙʠ ʤʦʣʝʢʫʣʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʚʦʜʠ ʨʫʭʘʣʠʩʷ ʭʘʦʪʠʯʥʦ, ʫʪʚʦʨʶʶʯʠ ʱʽʣʴʥʠʡ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʠʡ 

ʰʘʨ (ʪʦʚʱʠʥʘ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ ʦʜʥʫ ʤʦʣʝʢʫʣʫ), ʪʦ ʜʽʡʩʥʦ ʮʝ ʙʫʣʘ ʙ 

ʩʧʨʘʚʞʥʷ ʜʚʦʚʠʤʽʨʥʘ ʨʽʜʠʥʘ. ɸʣʝ ʤʦʣʝʢʫʣʠ ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʫ 

ʘ ʙ 
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ʧʣʦʱʠʥʽ ʰʘʨʫ ʪʽʣʴʢʠ ʟʙʝʨʽʛʘʶʯʠ ʦʜʥʫ ʡ ʪʫ ʞ ʦʨʽʻʥʪʘʮʽʶ, ʽ ʪʦʤʫ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ, ʱʦ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʜʚʦʚʠʤʽʨʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ï ʦʜʠʥ ʰʘʨ 

ʩʤʝʢʪʠʢʫ (ʨʠʩ. 5.3).  

 

ʘ    ʙ 

ʈʠʩ. 5.2. ʄʦʣʝʢʫʣʠ-çʧʫʛʦʣʦʚʢʠè, ʱʦ ʧʣʘʚʘʶʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʚʦʜʠ çʭʚʦʩʪʘʤʠè 

ʜʦʛʦʨʠ (ʘ), ̫ ʢʽ ʣʝʛʢʦ ʟʨʫʰʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʣʘʚʢʘ ʪʘʢ, 

ʱʦʙ ʫʪʚʦʨʠʚʩʷ ʱʽʣʴʥʠʡ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʠʡ ʰʘʨ (ʙ) 

 

ʋ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʦʣʝʢʫʣ-çʧʫʛʦʣʦʚʢʽʚè ʧʦʚʝʨʭʥʷ ʚʦʜʠ 

ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʩʪʘʻ ʟʘʡʥʷʪʦʶ. ɸʣʝ, ʷʢ 

ʚʠʷʚʣʷʻʪʴʩʷ, ʻ ʩʧʦʩʽʙ ʰʪʫʯʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʟʘʡʥʷʪʦʾ ʧʦʚʝʨʭʥʽ. ɯ 

ʤʦʣʝʢʫʣʠ-çʧʫʛʦʣʦʚʢʠè ʟʥʘʭʦʜʷʪʴ ʮʝʡ 

ʩʧʦʩʽʙ (ʨʠʩ. 5.4, ʘ). ʋʥʠʢʘʶʯʠ 

ʢʦʥʪʘʢʪʫ 

ʟ ʚʦʜʦʶ, çʭʚʦʩʪʠè ʮʠʭ ʤʦʣʝʢʫʣ 

ʭʦʚʘʶʪʴʩʷ ʚʩʝʨʝʜʠʥʫ ʩʬʝʨ, ʫʪʚʦʨʝʥʠʭ 

ʜʠʧʦʣʴʥʠʤʠ ʛʦʣʦʚʢʘʤʠ, ʩʪʚʦʨʶʶʯʠ 

ʤʽʮʝʣʠ (ʚʽʜ ʣʘʪ. micella ï ʢʨʠʭʢʘ). 

ʄʽʮʝʣʠ ʤʘʶʪʴ ʩʬʝʨʠʯʥʫ ʬʦʨʤʫ, ʽ ʨʦʟʯʠʥ ʚ ʮʽʣʦʤʫ ʩʪʘʻ ʩʭʦʞʠʤ ʥʘ 

ʩʫʩʧʝʥʟʽʶ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʨʽʜʠʥʽ. ʋ ʧʦʣʷʨʠʟʦʚʘʥʦʤʫ ʩʚʽʪʣʽ ʪʘʢʠʡ 

ʨʦʟʯʠʥ ʥʝ ʜʝʤʦʥʩʪʨʫʻ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ 

ʦʙʦʣʦʥʢʠ ʦʢʨʝʤʦʾ ʤʽʮʝʣʠ, ʟʘʣʠʰʘʶʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʤʽʨʢʫʚʘʥʥʷ 

ʱʦʜʦ ʧʨʠʨʦʜʠ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʰʘʨʫ. 

ɺ ʫʤʦʚʘʭ ʧʦʜʘʣʴʰʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ çʭʚʦʩʪʘʪʠʭè 

ʤʦʣʝʢʫʣ (ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʥʠʢʘ) ʢʽʣʴʢʽʩʪʴ 

ʩʬʝʨʠʯʥʠʭ ʤʽʮʝʣ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʜʦʪʠ, ʜʦʢʠ ʚʦʥʠ ʥʝ ʧʦʯʥʫʪʴ 

ɺʦʜʘ 

ʈʠʩ. 5.3. ʐʘʨʫʚʘʪʘ ʧʦʙʫʜʦʚʘ 

ʣʽʦʪʨʦʧʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ 
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ʟʣʠʧʘʪʠʩʷ. ɺʦʜʠ ʩʪʘʻ ʥʝʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʦʙʪʽʢʘʪʠ ʚʩʽ ʩʬʝʨʠʯʥʽ ʤʽʮʝʣʠ, 

ʽ ʚʠʥʠʢʘʻ ʥʦʚʘ ʛʝʦʤʝʪʨʽʷ ʧʘʢʦʚʘʥʥʷ ʤʦʣʝʢʫʣ (ʨʠʩ. 5.4, ʙ).  

 

 

ʘ    ʙ  

ʈʠʩ. 5.4. ʉʬʝʨʠʯʥʽ ʤʽʮʝʣʠ ʚʽʣʴʥʦ ʧʣʘʚʘʶʪʴ ʫ ʚʦʜʽ (ʘ), ʘ ʮʠʣʽʥʜʨʠʯʥʽ  

ʫʧʘʢʦʚʫʶʪʴʩʷ ʚ ʰʝʩʪʠʢʫʪʥʫ ʩʪʨʫʢʪʫʨʫ (ʙ) 

 

ʄʽʮʝʣʠ ʥʘʙʫʚʘʶʪʴ ʬʦʨʤʠ ʮʠʣʽʥʜʨʽʚ, ʪʽʩʥʦ ʨʦʟʤʽʱʝʥʠʭ ʧʦʨʫʯ, ʽ ʚ 

ʧʝʨʝʨʽʟʽ ʫʪʚʦʨʶʶʪʴ ʧʘʢʦʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʰʝʩʪʠʢʫʪʥʠʢʽʚ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʯʠʥʫ ʩʪʘʶʪʴ ʜʫʞʝ ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʪʦʛʦ, ʚ ʷʢʦʤʫ 

ʥʘʧʨʷʤʢʫ ʚʽʥ ʦʩʚʽʪʣʶʻʪʴʩʷ ï ʫʟʜʦʚʞ ʯʠ ʚʧʦʧʝʨʝʢ ʮʠʣʽʥʜʨʽʚ. ʈʦʟʯʠʥ 

ʤʘʻ ʟʥʘʯʥʝ ʧʦʜʚʽʡʥʝ ʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ ̔  ʚʦʜʥʦʯʘʩ ʚʽʥ ʤʦʞʝ ʪʝʢʪʠ. 

ɺʽʥ ʩʪʘʻ ʩʧʨʘʚʞʥʽʤ ʨʽʜʢʠʤ ʢʨʠʩʪʘʣʦʤ. ʊʘʢʦʛʦ ʪʠʧʫ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ, 

ʟʜʦʙʫʪʽ ʨʦʟʯʠʥʝʥʥʷʤ ʦʜʥʽʻʾ ʨʝʯʦʚʠʥʠ ʚ ʽʥʰʽʡ, ʥʘʟʠʚʘʶʪʴ 

ʣʽʦʪʨʦʧʥʠʤʠ (ʚʽʜ ʛʨʝʮ. lyo ï ʨʦʟʯʠʥʷʶ).  

ɽʢʩʧʝʨʠʤʝʥʪ ʟ ʫʞʝ ʫʪʚʦʨʝʥʠʤ ʨʽʜʢʠʤ ʣʽʦʪʨʦʧʥʠʤ ʢʨʠʩʪʘʣʦʤ ʤʦʞʝ 

ʙʫʪʠ ʧʦʜʦʚʞʝʥʠʤ. ʗʢʱʦ ʜʦʜʘʪʠ ʱʝ ʘʥʽʟʦʤʝʪʨʠʯʥʠʭ (çʭʚʦʩʪʘʪʠʭè) 

ʤʦʣʝʢʫʣ ʘʙʦ ʞ (ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ ʞ ʩʘʤʦʛʦ) ʚʠʧʘʨʫʚʘʪʠ ʯʘʩʪʠʥʫ 

ʚʦʜʠ, ʪʦ ʧʽʩʣʷ ʮʴʦʛʦ ʮʠʣʽʥʜʨʠʯʥʘ ʧʦʙʫʜʦʚʘ ʤʦʣʝʢʫʣ ʩʪʘʻ ʚʞʝ 

ʝʥʝʨʛʝʪʠʯʥʦ ʥʝʚʠʛʽʜʥʦʶ, ʽ ʨʝʯʦʚʠʥʘ, ʧʝʨʝʪʚʦʨʠʚʰʠʩʴ, ʥʘʙʫʚʘʻ ʬʦʨʤʠ 

ʢʫʧʢʠ ʧʘʨʘʣʝʣʴʥʠʭ ʰʘʨʽʚ (ʨʠʩ. 5.3). ʗʢ ʽ ʨʘʥʽʰʝ, ʜʦʚʛʽ çʭʚʦʩʪʠè ʤʦʣʝʢʫʣ 

ʫʥʠʢʘʶʪʴ ʢʦʥʪʘʢʪʫ ʟ ʚʦʜʦʶ, ʘ ʚʦʜʘ ʫʪʚʦʨʶʻ ʜʫʞʝ ʪʦʥʢʽ ʧʨʦʰʘʨʢʠ ʤʽʞ 

ʰʘʨʘʤʠ ʨʝʯʦʚʠʥʠ. ɼʣʷ ʪʘʢʠʭ ʪʦʥʢʠʭ ʧʨʦʰʘʨʢʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʠ ɦ ʝ 

ʚʠʩʪʘʯʘʻ, ʽ ʚʦʥʘ ʚʽʜʽʛʨʘʻ ʨʦʣʴ çʟʤʘʱʝʥʥʷè, ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʥʦʤʫ ʰʘʨʫ 

ʣʝʛʢʦ ʢʦʚʟʘʪʠ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ. ʎʝ ʩʭʦʞʝ ʥʘ ʤʠʣʦ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʦʛʦ 

ʧʦʜʽʙʥʽ ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʤʝʢʪʠʯʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʰʘʨʫʚʘʪʠʡ çʧʠʨʽʛè (ʨʠʩ. 5.3) ʟʘ ʩʚʦʾʤ ʧʦʭʦʜʞʝʥʥʷʤ ʻ ʣʽʦʪʨʦʧʥʠʤ ʨʽʜʢʠʤ 

ʢʨʠʩʪʘʣʦʤ, ʘ ʟʘ ʙʫʜʦʚʦʶ ï ʩʤʝʢʪʠʯʥʠʤ.  

ɺʦʜʘ 
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ʗʢʱʦ ʱʝ ʙʽʣʴʰʝ ʟʤʝʥʰʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʦʜʠ, ʪʦ ʚʠʥʠʢʘʶʪʴ ʥʦʚʽ 

ʩʪʨʫʢʪʫʨʥʽ ʬʦʨʤʠ (ʨʠʩ. 5.5). ɺʦʜʠ ʚʞʝ ʪʘʢ ʤʘʣʦ, ʱʦ ʨʝʯʦʚʠʥʘ ʷʚʣʷʻ 

ʩʦʙʦʶ ʚʞʝ ʥʝ ʨʦʟʯʠʥ ʟ 

ʘʥʽʟʦʤʝʪʨʠʯʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʫ 

ʚʦʜʽ, ʘ, ʥʘʚʧʘʢʠ ï h ʚʠʜʰʝ ʚʦʜʫ, 

ʨʦʟʯʠʥʝʥʫ ʚ ʮʽʡ ʨʝʯʦʚʠʥʽ. ɺ ʮʠʭ 

ʫʤʦʚʘʭ ʚʦʥʘ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʫ 

ʬʦʨʤʽ ʮʠʣʽʥʜʨʽʚ (ʨʠʩ. 5.5, ʘ), ʘ 

ʷʢʱʦ ʾʾ ʟʦʚʩʽʤ ʤʘʣʦ, ʪʦ ʡ ʫ ʬʦʨʤʽ 

ʥʝʚʝʣʠʢʠʭ ʩʬʝʨ (ʨʠʩ. 5.5, ʙ). 

ʇʨʠʥʮʠʧ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʟ ʚʦʜʦʶ 

ʢʦʥʪʘʢʪʫʶʪʴ ʪʽʣʴʢʠ ʜʠʧʦʣʴʥʽ 

çʛʦʣʦʚʢʠè ʤʦʣʝʢʫʣ, ʘ ʥʝ çʭʚʦʩʪʠè ʤʦʣʝʢʫʣ, ʚʠʢʦʥʫʻʪʴʩʷ ʽ ʚ ʮʠʭ ʜʚʦʭ 

ʚʠʧʘʜʢʘʭ. ʉʠʩʪʝʤʘ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 5.5, ʙ, ʚʞʝ ʥʝ ʻ ʨʽʜʢʠʤ 

ʢʨʠʩʪʘʣʦʤ. ʊʘʢʘ ʧʦʙʫʜʦʚʘ ʤʦʣʝʢʫʣ ʫʪʚʦʨʶʻ ʚʞʝ ʪʚʝʨʜʠʡ ʢʨʠʩʪʘʣ, ʱʦ 

ʤʽʩʪʠʪʴ ʫʢʨʘʧʣʝʥʥʷ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʾ ʙʫʜʦʚʠ (ʪʘʢ ʩʘʤʦ, ʷʢ ʽ 

ʩʬʝʨʠʯʥʽ ʤʽʮʝʣʠ). ʆʜʥʘʢ ʩʪʨʫʢʪʫʨʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5.5, ʘ, ʱʝ ʤʦʞʝ 

ʚʚʘʞʘʪʠʩʷ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʶ.  

ɺʠʧʘʨʦʚʫʶʯʠ ʟʘʣʠʰʢʠ ʚʦʜʠ, ʤʦʞ-

ʥʘ ʦʪʨʠʤʘʪʠ ʩʧʨʘʚʞʥʽʡ ʪʚʝʨʜʠʡ 

ʢʨʠʩʪʘʣ, ʫ ʷʢʦʤʫ ʘʥʽʟʦʤʝʪʨʠʯʥʽ 

ʤʦʣʝʢʫʣʠ ʯʽʪʢʦ ʟʘʬʽʢʩʦʚʘʥʽ ʥʘ ʩʚʦʾʭ 

ʤʽʩʮʷʭ; ʾʭ çʭʚʦʩʪʠè ʥʝʨʫʭʦʤʽ ʽ 

ʱʽʣʴʥʦ ʧʨʠʪʫʣʝʥʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, 

ʧʨʠʯʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʽʪʢʘ 

ʫʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʫ ʚʩʽʭ ʥʘʧʨʷʤʢʘʭ (ʨʠʩ. 5.6). 

ʈʦʟʛʣʷʥʫʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʝʪʘʧʽʚ ʩʠʥʪʝʟʫ ʦʨʛʘʥʽʯʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʢʨʠʩʪʘʣʘ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʣʦʛʽʯʥʠʤ ʤʝʪʦʜʦʤ. ʅʘ ʧʨʘʢʪʠʮʽ ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʪʽʣʴʢʠ ʾʾ ʦʢʨʝʤʽ ʣʘʥʢʠ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʜʥʠʭ ʨʝʯʦʚʠʥ ï 

ʮʝ ʧʦʩʣʽʜʦʚʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʩʠʪʫʘʮʽʾ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 5.2, ʜʦ 

ʩʪʨʫʢʪʫʨʠ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 5.4, ʘʣʝ ʜʣʷ ʽʥʰʠʭ ʚʠʧʘʜʢʽʚ ʚʽʜʦʤʽ 

ʩʪʨʫʢʪʫʨʠ çʦʙʝʨʥʝʥʦʛʦ ʪʠʧʫè. ʎʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʧʦʙʫʜʦʚʠ 

ʘʥʽʟʦʤʝʪʨʠʯʥʠʭ ʤʦʣʝʢʫʣ-çʧʫʛʦʣʦʚʢʽʚè.  

ʈʠʩ. 5.6. ʋʧʦʨʷʜʢʦʚʘʥʝ ʨʦʟʤʽʱʝʥʥʷ 

ʤʦʣʝʢʫʣʷʨʥʠʭ çʭʚʦʩʪʽʚè, ʭʘʨʘʢʪʝʨʥʝ 

ʜʣʷ ʢʨʠʩʪʘʣʘ 

 

  ͊     ͋

ʈʠʩ. 5.5. ʎʠʣʽʥʜʨʠʯʥʽ (ʘ) ʽ ʩʬʝʨʠʯʥʽ (ʙ) 

çʤʽʮʝʣʠ-ʧʝʨʝʚʝʨʪʥʽè, ʫʩʝʨʝʜʠʥʽ ʷʢʠʭ 

ʤʽʩʪʷʪʴʩʷ ʤʦʣʝʢʫʣʠ ʚʦʜʠ. 
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ʅʘʧʨʠʢʣʘʜ, ʤʦʣʝʢʫʣʠ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʤʘʶʪʴ ʦʜʥʫ ʜʠʧʦʣʴʥʫ ʛʦʣʦʚʢʫ 

ʪʘ ʦʜʠʥ çʭʚʽʩʪè ʽ ʣʝʛʢʦ ʫʪʚʦʨʶʶʪʴ ʩʬʝʨʠʯʥʽ ʤʽʮʝʣʠ (ʨʠʩ. 5.3, ʘ). ɺ 

ʽʥʰʦʤʫ ʨʘʟʽ ʘʥʽʟʦʤʝʪʨʠʯʥʽ ʤʦʣʝʢʫʣʠ ʬʦʩʬʦʣʽʧʽʜʽʚ (ʣʽʧʽʜʠ ï ʮʝ ʞʠʨʠ, 

ʱʦ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ) ʤʘʶʪʴ ʧʦ ʜʚʘ 

çʭʚʦʩʪʠè, ʧʨʠʻʜʥʘʥʽ ʜʦ ʦʜʥʽʻʾ ʛʦʣʦʚʢʠ, ʽ ʥʝ ʫʪʚʦʨʶʶʪʴ ʤʽʮʝʣ. 

ʇʨʠʯʠʥʦʶ ʻ ʪʝ, ʱʦ ʜʚʦʤ çʭʚʦʩʪʘʤè ʥʝ ʚʠʩʪʘʯʘʻ ʤʽʩʮʷ ʚ ʦʜʥʽʡ ʤʽʮʝʣʽ. 

ʊʦʤʫ ʤʦʣʝʢʫʣʠ ʬʦʩʬʦʣʽʧʽʜʽʚ ʫʪʚʦʨʶʶʪʴ ʣʠʰʝ ʩʪʘʙʽʣʴʥʽ ʧʣʦʩʢʽ 

ʧʦʜʚʽʡʥʽ ʰʘʨʠ, ʙʫʜʦʚʠ ʷʢʠʭ ʤʦʞʫʪʴ ʜʫʞʝ ʨʦʟʨʽʟʥʷʪʠʩʷ (ʨʠʩ. 5.7).  

 
         ʘ              ʙ            ʚ  

ʈʠʩ. 5.7. ʇʦʜʚʽʡʥʠʡ ʰʘʨ ʬʦʩʬʦʣʽʧʽʜʽʚ (ʘ) ï ʦʩʥʦʚʘ ʟʘʤʢʥʝʥʠʭ 

ʩʪʨʫʢʪʫʨ (ʣʽʧʦʩʦʤ) ʨʽʟʥʠʭ ʪʠʧʽʚ (ʙ ̔  ʚ) 

 

5.3. ʂʣʽʪʠʥʠ ʪʘ ʤʝʤʙʨʘʥʠ 

 

ɺʝʣʠʯʝʟʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʙʘʢʪʝʨʽʡ ʽ 

ʽʥʬʫʟʦʨʽʡ ʽ ʟʘʢʽʥʯʫʶʯʠ ʣʶʜʠʥʦʶ, ʤʘʶʪʴ ʦʜʥʫ ʩʧʽʣʴʥʫ ʦʩʦʙʣʠʚʽʩʪʴ, 

ʱʦ ʨʽʟʢʦ ʚʠʜʽʣʷʻ ʮʽ ʦʨʛʘʥʽʟʤʠ ʥʘ ʬʦʥʽ ʥʝʞʠʚʦʾ ʧʨʠʨʦʜʠ. ɺʩʽ ʚʦʥʠ 

ʤʘʶʪʴ ʢʣʽʪʠʥʥʫ ʙʫʜʦʚʫ. ʂʣʽʪʠʥʠ ï ʮʝ ʥʘʜʪʦ ʤʘʣʽ ʽ ʜʫʞʝ ʩʢʣʘʜʥʽ 

çʮʝʛʣʠʥʢʠè, ʟ ʷʢʠʭ ʧʦʙʫʜʦʚʘʥʦ ʚʝʩʴ ʞʠʚʠʡ ʦʨʛʘʥʽʟʤ. ʌʦʨʤʘ ̔  ʨʦʟʤʽʨʠ 

ʢʣʽʪʠʥ ʜʫʞʝ ʨʽʟʥʷʪʴʩʷ. ʅʘʡʜʨʽʙʥʽʰʽ ʢʣʽʪʠʥʠ (ʥʘʧʨʠʢʣʘʜ, ʙʘʢʪʝʨʽʾ) 

ʤʦʞʫʪʴ ʤʘʪʠ ʨʦʟʤʽʨ ʙʣʠʟʴʢʦ 1 ʤʢʤ, ʘ ʚʝʣʠʢʽ ʢʣʽʪʠʥʠ ï ʜʦʩʷʛʘʪʠ 

ʜʦʚʞʠʥʠ 1 ʤʤ ʽ ʙʽʣʴʰʝ.  
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ʇʦʧʨʠ ʽʩʪʦʪʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʬʦʨʤʽ ʪʘ 

ʨʦʟʤʽʨʘʭ, ʢʣʽʪʠʥʠ ʥʘʚʽʪʴ ʜʫʞʝ ʥʝʩʭʦʞʠʭ 

ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ ʦʨʛʘʥʽʟʤʽʚ ʤʘʶʪʴ ʦʜʥʫ 

ʨʘʟʶʯʫ ʩʭʦʞʽʩʪʴ. ʋʩʽ ʚʦʥʠ ʦʪʦʯʝʥʽ 

ʟʦʚʥʽʰʥʴʦʶ ʢʣʽʪʠʥʥʦʶ ʤʝʤʙʨʘʥʦʶ, 

ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʤʽʩʪʠʪʴʩʷ ʢʣʽʪʠʥʥʝ ʷʜʨʦ ʡ 

ʽʥʰʽ ʯʘʩʪʠʥʢʠ ï ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʽ 

ʦʨʛʘʥʝʣʠ (ʨʠʩ. 5.8).  

ʂʦʞʥʘ ʦʨʛʘʥʝʣʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʚʥʽ 

ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʽ ʬʫʥʢʮʽʾ ʢʣʽʪʠʥʠ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʷʜʨʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʟʘʧʘʩ 

ʛʝʥʝʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʚʩʽ 

ʫʩʧʘʜʢʦʚʘʥʽ ʦʟʥʘʢʠ ʦʨʛʘʥʽʟʤʫ. ʄʽʪʦʭʦʥʜʨʽʾ ʤʦʞʥʘ ʫʧʦʜʽʙʥʠʪʠ 

çʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤè ʢʣʽʪʠʥʠ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴ ʝʥʝʨʛʽʶ ʭʘʨʯʦʚʠʭ 

ʨʝʯʦʚʠʥ ʫ ʙʽʦʣʦʛʽʯʥʦ ʢʦʨʠʩʥʫ ʬʦʨʤʫ. ʅʘʧʨʠʢʣʘʜ, ʨʠʙʦʩʦʤʠ ï ʮʝ 

çʬʘʙʨʠʢʘ ʙʫʜʤʘʪʝʨʽʘʣʽʚè, ʥʘ ʷʢʽʡ ʚʠʨʦʙʣʷʻʪʴʩʷ ʩʠʥʪʝʟ ʙʽʣʢʦʚʠʭ 

ʤʦʣʝʢʫʣ. ʋʩʽ ʦʨʛʘʥʝʣʠ ʚʽʜʦʢʨʝʤʣʝʥʽ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʦʾ 

ʨʽʜʠʥʠ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʥʢʠʭ ʦʙʦʣʦʥʦʢ (ʤʝʤʙʨʘʥ), ʱʦ 

ʚʠʢʦʥʫʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʽ ʬʫʥʢʮʽʾ.  

ɿʦʚʥʽʰʥʷ (ʧʣʘʟʤʘʪʠʯʥʘ) ʤʝʤʙʨʘʥʘ ʻ ʤʝʭʘʥʽʯʥʦʶ ʦʧʦʨʦʶ ʽ 

ʝʣʝʢʪʨʠʯʥʠʤ ʽʟʦʣʷʪʦʨʦʤ ʜʣʷ ʢʣʽʪʠʥ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʣʽʪʠʥʘʤ ʟʙʝʨʽʛʘʪʠ 

ʩʚʦʶ ʮʽʣʴʥʽʩʪʴ ʽ ʩʧʝʮʠʬʽʢʫ. ʋ ʨʘʟʽ ʨʦʩʣʠʥʥʠʭ ʢʣʽʪʠʥ ʧʦʚʝʨʭ 

ʧʣʘʟʤʘʪʠʯʥʠʭ ʤʝʤʙʨʘʥʠ ʻ ʱʝ ʡ ʞʦʨʩʪʢʘ ʢʣʽʪʠʥʥʘ ʦʙʦʣʦʥʢʘ, ʤʘʪʝʨʽʘʣ 

ʜʣʷ ʷʢʦʾ ʟʥʦʚʫ ʚʠʜʽʣʷʻʪʴʩʷ ʤʝʤʙʨʘʥʦʶ.  

ɺʽʜʦʤʦ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʧʦʙʫʜʦʚʠ ʞʠʚʦʾ ʪʢʘʥʠʥʠ ʢʣʽʪʠʥʠ ʣʝʛʢʦ 

çʨʦʟʧʽʟʥʘʶʪʴè ʩʚʦʾʭ çʨʦʜʠʯʽʚè ʽ ʘʢʪʠʚʥʦ ʚʽʜʪʦʨʛʘʶʪʴ çʯʫʞʘʢʽʚè. 

ʉʚʦʾʭ çʨʦʜʠʯʽʚè ʨʦʟʧʽʟʥʘʻ ʪʘʢʦʞ ʟʦʚʥʽʰʥʷ ʤʝʤʙʨʘʥʘ ʢʣʽʪʠʥʠ. 

ʋ ʢʣʽʪʠʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʽʡʥʘ ʨʦʙʦʪʘ ʚʩʽʭ ʾʾ ʦʨʛʘʥʝʣ, ʽ ʥʘ ʮʝ 

ʧʦʪʨʽʙʥʘ ʝʥʝʨʛʽʷ. ɽʥʝʨʛʽʷ ʚʠʨʦʙʣʷʻʪʴʩʷ ʚʽʜ ʦʢʠʩʥʝʥʥʷ ʤʦʣʝʢʫʣ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʫ ʧʨʦʮʝʩʽ ʢʣʽʪʠʥʥʦʛʦ ʜʠʭʘʥʥʷ ʽ ʩʧʦʯʘʪʢʫ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʝʥʝʨʛʽʶ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʬʦʩʬʘʪʥʠʭ ʛʨʫʧ ʩʢʣʘʜʥʦʾ 

ʙʽʦʣʦʛʽʯʥʦʾ ʤʦʣʝʢʫʣʠ (ɸʊʌ). ʎʝʡ ʧʨʦʮʝʩ ʦʢʠʩʥʦʛʦ ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʤʝʤʙʨʘʥʽ, ʷʢʘ ʦʪʦʯʫʻ ʢʣʽʪʠʥʥʽ ʤʽʪʦʭʦʥʜʨʽʾ.  

ʈʠʩ. 5.8. ʂʣʽʪʠʥʘ ʞʠʚʦʛʦ 

ʦʨʛʘʥʽʟʤʫ ʟʦʚʥʽ ʦʪʦʯʝʥʘ 

ʤʝʤʙʨʘʥʦʶ (ʚʩʝʨʝʜʠʥʽ ʢʣʽʪʠʥʠ 

ʤʽʩʪʷʪʴʩʷ ʨʽʟʥʽ ʦʨʛʘʥʝʣʠ) 
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ʉʢʣʘʜ ʨʽʜʠʥʠ ʟʦʚʥʽ ʽ ʚʩʝʨʝʜʠʥʽ ʢʣʽʪʠʥʠ ʥʝ ʻ ʦʜʥʘʢʦʚʠʤ. ɿʦʢʨʝʤʘ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ ʧʝʚʥʦʛʦ ʪʠʧʫ ʧʦ ʨʽʟʥʽ ʙʦʢʠ ʢʣʽʪʠʥʥʦʾ ʤʝʤʙʨʘʥʠ 

ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ. ʄʝʤʙʨʘʥʘ ʚ ʮʴʦʤʫ ʨʘʟʽ ʚʽʜʽʛʨʘʻ 

ʨʦʣʴ ʪʦʥʢʦ ʧʨʘʮʶʶʯʦʛʦ ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʘ, ʱʦ ʚʭʦʜʠʪʴ ʫʩʝʨʝʜʠʥʫ 

ʢʣʽʪʠʥʠ ʽ ʚʠʚʦʜʠʪʴ ʥʘʟʦʚʥʽ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʨʝʯʦʚʠʥʠ. 

ɺ ʮʠʭ ʫʤʦʚʘʭ ʤʝʤʙʨʘʥʽ ʯʘʩʪʦ ʜʦʚʦʜʠʪʴʩʷ çʧʝʨʝʛʘʥʷʪʠè ʽʦʥʠ 

(ʥʘʧʨʠʢʣʘʜ, ʥʘʪʨʽʶ) ʟ ʪʦʛʦ ʤʽʩʮʷ, ʜʝ ʾʭ ʤʘʣʦ, ʪʫʜʠ, ʜʝ ʾʭ ʙʘʛʘʪʦ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʾ ʜʠʬʫʟʽʾ ʪʘʢʠʡ ʧʨʦʮʝʩ ʟʘʟʚʠʯʘʡ ʚʽʜʙʫʚʘʪʠʩʷ ʥʝ 

ʤʦʞʝ, ʪʦʤʫ ʤʝʤʙʨʘʥʘ ʚʠʢʦʥʫʻ ʨʦʣʴ çʥʘʩʦʩʘè, ʱʦ çʧʝʨʝʢʘʯʫʻè ʽʦʥʠ. 

ʊʘʢʠʡ ʘʢʪʠʚʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʥʝʩʝʥʥʷ ʨʝʯʦʚʠʥ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʡ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʣʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʦʨʛʘʥʽʟʤʫ ʚ ʨʘʟʽ ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. 

ɿʦʚʥʽʰʥʷ ʤʝʤʙʨʘʥʘ ʤʘʻ ʪʘʢʦʞ ʟʜʘʪʥʽʩʪʴ ʟʘʭʦʧʣʶʚʘʪʠ ʨʽʟʥʠʡ 

ʤʘʪʝʨʽʘʣ ʧʦʟʘ ʢʣʽʪʠʥʦʶ ʤʝʭʘʥʽʯʥʠʤ ʯʠʥʦʤ, ʦʛʦʨʪʘʶʯʠ ʡʦʛʦ ʪʘʢ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.9, ʘ. ɺʦʥʘ ʤʦʞʝ ʧʨʦʧʫʩʢʘʪʠ ʽ ʜʦʩʠʪʴ ʚʝʣʠʢʽ ʯʘʩʪʠʥʢʠ, 

ʷʢʽ ʥʝ ʩʧʨʦʤʦʞʥʽ ʧʨʦʡʪʠ ʢʨʽʟʴ ʤʝʤʙʨʘʥʫ ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʾ ʘʙʦ 

ʥʘʚʽʪʴ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ. ʇʨʦʮʝʩ ʮʝʡ ʥʘʟʠʚʘʶʪʴ ʧʽʥʦʮʠʪʦʟʦʤ. 

 
ʘ                 ʙ  

ʈʠʩ. 5.9. ʆʩʦʙʣʠʚʦʩʪʽ ʤʝʤʙʨʘʥ: 

ʘ ï ʤʝʤʙʨʘʥʘ, ʱʦ ʟʘʭʦʧʣʶʻ ʚʝʣʠʢʽ ʟʘ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʢʠ; 

ʙ ï ʚʝʣʠʢʽ ʤʦʣʝʢʫʣʠ ʙʽʣʢʽʚ, ʨʦʟʤʽʱʝʥʽ ʚʩʝʨʝʜʠʥʽ ʤʝʤʙʨʘʥʠ 

 

ʄʝʤʙʨʘʥʠ ʪʘʢʦʞ ʻ ʤʘʪʨʠʮʷʤʠ ʜʣʷ ʙʽʦʣʦʛʽʯʥʦ ʚʘʞʣʠʚʠʭ ʤʦʣʝʢʫʣ, 

ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʨʽʟʥʠʭ ʨʝʮʝʧʪʦʨʽʚ ï 

ʟʦʨʦʚʠʭ, ʥʶʭʦʚʠʭ. ʅʘʧʨʠʢʣʘʜ, ʫ ʟʝʣʝʥʦʤʫ ʣʠʩʪʽ ʧʝʨʝʙʽʛʘʻ ʧʨʦʮʝʩ 

ʬʦʪʦʩʠʥʪʝʟʫ ʚʫʛʣʝʚʦʜʽʚ ʟ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟ ʚʠʜʽʣʝʥʥʷʤ ʢʠʩʥʶ. ʁʦʛʦ 

ʟʜʽʡʩʥʶʶʪʴ ʤʦʣʝʢʫʣʠ ʭʣʦʨʦʬʽʣʫ, ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʤʝʤʙʨʘʥʠ 

ʩʧʝʮʽʘʣʴʥʠʭ ʦʨʛʘʥʝʣ. ʅʘʨʝʰʪʽ ʤʝʤʙʨʘʥʠ ʢʣʽʪʠʥ ʥʝʨʚʦʚʠʭ ʪʢʘʥʠʥ 

ʂʘʥʘʣ 

ʜʣʷ ʽʦʥʽʚ 
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(ʥʝʡʨʦʥʽʚ) ʚʽʜʽʛʨʘʶʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʘʭ ʧʦʰʠʨʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ʧʦ ʥʝʨʚʦʚʠʭ ʚʦʣʦʢʥʘʭ. 

ʄʝʤʙʨʘʥʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʫʩʽʭ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʭ ʧʨʦʮʝʩʘʭ, ɦʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʦʨʛʘʥʽʟʤʽ. ɺʠʚʯʝʥʥʷ ʤʝʤʙʨʘʥ ʻ ʧʣʽʜʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ 

ʩʧʨʦʙ ʨʦʟʛʘʜʘʪʠ ʪʘʻʤʥʠʮʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʢʣʽʪʠʥʠ. ɯ ʭʦʯʘ ʮʝ ʩʪʘʣʦ 

ʟʨʦʟʫʤʽʣʦ ʧʦʨʽʚʥʷʥʦ ʥʝʜʘʚʥʦ, ʚʞʝ ʩʪʚʦʨʝʥʦ ʥʦʚʫ ʥʘʫʢʫ ï 

ʤʝʤʙʨʘʥʦʣʦʛʽʶ. 

ʄʝʤʙʨʘʥʠ ʮʝ ʥʝ ʱʦ ʽʥʰʝ, ʷʢ ʰʘʨʫʚʘʪʽ ʩʪʨʫʢʪʫʨʠ. ɿʘ ʩʫʯʘʩʥʠʤʠ 

ʫʷʚʣʝʥʥʷʤʠ ʙʽʦʣʦʛʽʯʥʘ ʤʝʤʙʨʘʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʜʚʽʡʥʠʡ ʰʘʨ, 

ʩʢʣʘʜʝʥʠʡ ʟ ʬʦʩʬʦʣʽʧʽʜʽʚ ʽ ʜʝʷʢʠʭ ʽʥʰʠʭ ʘʥʽʟʦʤʝʪʨʠʯʥʠʭ çʤʦʣʝʢʫʣ-

ʧʫʛʦʣʦʚʢʽʚè. ʋʩʝʨʝʜʠʥʫ ʮʴʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʰʘʨʫ ʧʨʦʥʠʢʘʶʪʴ ʚʝʣʠʢʽ 

ʤʦʣʝʢʫʣʠ ʙʽʣʢʽʚ. ɺʦʥʠ ʤʦʞʫʪʴ ʧʨʦʥʠʟʫʚʘʪʠ ʤʝʤʙʨʘʥʫ ʥʘʩʢʨʽʟʴ, 

ʟʘʥʫʨʶʚʘʪʠʩʴ ʚ ʥʝʾ ʪʽʣʴʢʠ ʯʘʩʪʢʦʚʦ ʘʙʦ ʚʟʘʛʘʣʽ ʙʫʪʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʧʦʜʚʽʡʥʦʛʦ ʰʘʨʫ (ʨʠʩ. 5.9, ʙ). ʉʘʤʝ ʮʽ ʤʦʣʝʢʫʣʠ ʙʽʣʢʘ ʽ ʚʽʜʽʛʨʘʶʪʴ 

ʨʦʣʴ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ ʧʝʨʝʙʽʛʘʶʪʴ ʫ ʤʝʤʙʨʘʥʘʭ, 

ʤʦʞʫʪʴ ʨʦʟʧʽʟʥʘʚʘʪʠ çʩʚʦʾè ʽ çʯʫʞʽè ʢʣʽʪʠʥʠ, ʙʫʪʠ ʨʝʮʝʧʪʦʨʘʤʠ 

ʩʠʛʥʘʣʽʚ ʽ ʪ. ʽʥ. ʇʦʨʽʚʥʶʶʯʠ ʤʝʤʙʨʘʥʫ (ʨʠʩ. 5.9, ʘ) ʟ ʦʙʦʣʦʥʢʦʶ 

ʤʠʣʴʥʦʾ ʙʫʣʴʙʘʰʢʠ (ʜʠʚ. ʨʠʩ. 5.7, ʙ), ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʙʽʦʣʦʛʽʯʥʘ 

ʤʝʤʙʨʘʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʘʥʪʠʧʦʜ ʦʙʦʣʦʥʢʠ ʤʠʣʴʥʦʾ ʙʫʣʴʙʘʰʢʠ. ʎʝ ʡ ʥʝ 

ʜʠʚʥʦ, ʦʩʢʽʣʴʢʠ ʢʣʽʪʠʥʘ ʬʫʥʢʮʽʦʥʫʻ ʫ ʨʽʜʠʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʘ ʤʠʣʴʥʘ 

ʙʫʣʴʙʘʰʢʘ ʽʩʥʫʻ ʫ ʧʦʚʽʪʨʽ, ʫʪʨʠʤʫʶʯʠ ʚʦʜʫ ʚʩʝʨʝʜʠʥʽ ʩʚʦʻʾ ʦʙʦʣʦʥʢʠ. 

ɺʦʜʥʦʯʘʩ ʰʘʨʫʚʘʪʘ ʧʝʨʽʦʜʠʯʥʘ ʩʪʨʫʢʪʫʨʘ (ʜʠʚ. ʨʠʩ. 5.4) ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ 

ʦʩʥʦʚʥʠʡ  ʧʦʜʚʽʡʥʠʡ ʣʽʧʽʜʥʠʡ ʰʘʨ - ʝʣʝʤʝʥʪ ʤʝʤʙʨʘʥʠ. 

ʆʜʥʘʢ ʪʽʣʴʢʠ ʮʽʻʾ ʩʭʦʞʦʩʪʽ ʥʝʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʚʚʘʞʘʪʠ ʤʝʤʙʨʘʥʫ 

ʨʽʜʢʠʤ ʢʨʠʩʪʘʣʦʤ. ʅʘʩʧʨʘʚʜʽ ʤʦʣʝʢʫʣʠ ʤʝʤʙʨʘʥʠ ʤʦʞʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠ ʽ ʢʨʠʩʪʘʣʽʯʥʝ ʧʘʢʦʚʘʥʥʷ (ʜʠʚ. ʨʠʩ. 5.6). ʉʧʝʮʽʘʣʴʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ (ʥʘ ʰʪʫʯʥʠʭ ʜʚʦʰʘʨʦʚʠʭ ʤʝʤʙʨʘʥʘʭ) ʧʦʢʘʟʘʣʠ, ɦ ʦ 

ʜʦʚʛʽ ʤʦʣʝʢʫʣʷʨʥʽ çʭʚʦʩʪʠè ʚʩʝʨʝʜʠʥʽ ʤʝʤʙʨʘʥʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʤʫ ʩʪʘʥʽ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʧʝʮʽʘʣʴʥʽ çʤʦʣʝʢʫʣʷʨʥʽ ʤʽʪʢʠè, ̫ʢʽ 

ʚʚʦʜʠʣʠʩʷ ʚʩʝʨʝʜʠʥʫ ʤʝʤʙʨʘʥʠ. ʊʦʥʢʽ ʦʧʪʠʯʥʽ ʪʘ 

ʨʘʜʽʦʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʝʞʠʪʠ ʟʘ ʨʫʭʦʤ ʮʠʭ 

çʤʽʪʦʢè ʽ ʪʠʤ ʩʘʤʠʤ ʚʠʚʯʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʤʙʨʘʥʠ.  
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ɿʛʽʜʥʦ ʟʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʟʘ çʤʽʪʢʘʤʠè ʘʥʽʟʦʤʝʪʨʠʯʥʽ ʤʦʣʝʢʫʣʠ 

ʬʦʩʬʦʣʽʧʽʜʽʚ ʧʦʨʽʚʥʷʥʦ ʚʽʣʴʥʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʫʟʜʦʚʞ ʧʦʚʝʨʭʥʽ 

ʤʝʤʙʨʘʥʠ, ʟʘʣʠʰʘʶʯʠʩʴ ʫ ʤʝʞʘʭ ʩʚʦʛʦ ʰʘʨʫ. ʐʚʠʜʢʦʩʪʽ ʪʘʢʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʽ: ʟʘ ʦʜʥʫ ʩʝʢʫʥʜʫ ʤʦʣʝʢʫʣʘ ʤʦʞʝ 

ʧʝʨʝʤʽʩʪʠʪʠʩʷ ʚʟʜʦʚʞ ʰʘʨʫ ʥʘ ʢʽʣʴʢʘ ʤʽʢʨʦʤʝʪʨʽʚ, ʱʦ ʩʢʣʘʜʘʻ ʜʝʩʷʪʽ 

ʯʘʩʪʢʠ ʧʝʨʠʤʝʪʨʘ ʢʣʽʪʠʥʠ. ɸʣʝ çʧʝʨʝʩʪʨʠʙʥʫʪʠè ʟ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ 

ʤʝʤʙʨʘʥʠ ʫ ʥʠʞʥʽʡ ʘʙʦ ʥʘʚʧʘʢʠ ʤʦʣʝʢʫʣʘʤ ʬʦʩʬʦʣʽʧʽʜʽʚ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʢʦ ï ʪʘʢʽ ʚʠʧʘʜʢʠ ʪʨʘʧʣʷʶʪʴʩʷ ʜʫʞʝ ʨʽʜʢʦ, 

ʥʘʧʨʠʢʣʘʜ, ʦʜʠʥ ʨʘʟ ʟʘ ʛʦʜʠʥʫ ʘʙʦ ʨʽʜʰʝ. ɺʝʣʠʢʽ ʤʦʣʝʢʫʣʠ ʙʽʣʢʽʚ 

ʧʦʨʽʚʥʷʥʦ ʤʘʣʦʨʫʭʣʠʚʽ ʥʘʚʽʪʴ ʚ ʧʣʦʱʠʥʽ ʧʦʜʚʽʡʥʦʛʦ ʰʘʨʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʤʙʨʘʥʘ ʤʘʻ ʰʘʨʫʚʘʪʫ ʙʫʜʦʚʫ, ʘʣʝ ʚʩʝʨʝʜʠʥʽ ʰʘʨʫ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʨʷʜʢʫ ʥʝ ʽʩʥʫʻ, ʱʦ ʚʣʘʩʪʠʚʦ ʽ ʩʤʝʢʪʠʯʥʦʤʫ 

ʨʽʜʠʥʥʦʤʫ ʢʨʠʩʪʘʣʫ. ʊʘʢʘ ʧʦʙʫʜʦʚʘ ʧʨʠʥʮʠʧʦʚʦ ʚʘʞʣʠʚʘ ʜʣʷ ʨʦʙʦʪʠ 

ʤʝʤʙʨʘʥʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʤʝʤʙʨʘʥʠ çʚʽʜʤʦʚʣʷʶʪʴʩʷè ʚʠʢʦʥʫʚʘʪʠ 

ʩʚʦʾ çʦʙʦʚ'ʷʟʢʠè ʫ ʨʘʟʽ ʾʭ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʚʠʢʣʠʢʘʥʦʾ ʟʥʠʞʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ.  

 

5.4. ʈʽʜʢʽ ʢʨʠʩʪʘʣʠ ʪʘ ʤʝʤʙʨʘʥʠ 

 

ʗʢʱʦ ʤʝʤʙʨʘʥʠ ʤʘʶʪʴ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʫ ʙʫʜʦʚʫ, ʪʦ ʚʠʥʠʢʘʻ 

ʧʨʠʨʦʜʥʝ ʟʘʧʠʪʘʥʥʷ, ʯʠ ʤʦʞʥʘ ʭʦʯʘ ʙ ʯʘʩʪʢʦʚʦ ʟʨʦʟʫʤʽʪʠ ʤʝʭʘʥʽʟʤ ʾ ʭ 

ʨʦʙʦʪʠ, ʚʠʭʦʜʷʯʠ ʟ ʫʷʚʣʝʥʴ ʬʽʟʠʢʠ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ. ɺʠʷʚʣʷʻʪʴʩʷ, 

ʽʥʦʜʽ ʮʝ ʤʦʞʣʠʚʦ. ʅʘʧʨʠʢʣʘʜ, ʙʽʦʣʦʛʽʚ ʜʘʚʥʦ ʜʠʚʫʚʘʣʘ ʬʦʨʤʘ 

ʝʨʠʪʨʦʮʠʪʽʚ - ʯʝʨʚʦʥʠʭ ʢʨʦʚôʷʥʠʭ ʢʫʣʴʦʢ. ʋ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ ʚʦʥʠ 

ʤʘʶʪʴ ʬʦʨʤʫ ʜʠʩʢʽʚ ʟ ʫʚʽʛʥʫʪʦʶ ʚʩʝʨʝʜʠʥʫ ʧʦʚʝʨʭʥʝʶ. ɽʨʠʪʨʦʮʠʪ 

ï ʮʝ ʦʢʨʝʤʘ ʢʣʽʪʠʥʘ, ʦʪʦʯʝʥʘ ʤʝʤʙʨʘʥʦʶ, ʧʨʠʯʦʤʫ ʤʝʤʙʨʘʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʰʘʨʽʚ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʠʡ ʤʦʣʝʢʫʣʷʨʥʠʡ ʩʢʣʘʜ. 

ʆʪʞʝ, ʽ ʧʨʫʞʥʽʩʪʴ ʮʠʭ ʰʘʨʽʚ, ʱʦ ʧʨʦʪʠʜʽʻ ʚʠʛʠʥʫ ʤʝʤʙʨʘʥʠ, ʪʘʢʦʞ 

ʨʽʟʥʘ. ʈʦʟʛʣʷʜʘʶʯʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʛʠʥ ʜʚʦʭ ʩʤʝʢʪʠʯʥʠʭ 

ʰʘʨʽʚ, ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʟʘ ʧʝʚʥʦʾ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ ʤʽʞ ʚʥʫʪʨʽʰʥʴʦʶ 

ʪʘ ʟʦʚʥʽʰʥʴʦʶ ʩʪʦʨʦʥʘʤʠ ʢʣʽʪʠʥʥʦʾ ʤʝʤʙʨʘʥʠ ʾʡ ʚʠʛʽʜʥʽʰʝ ʥʘʙʫʪʠ 

ʩʘʤʝ ʚʚʽʛʥʫʪʦʾ ʬʦʨʤʠ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʫʚʽʛʥʫʪʘ ʬʦʨʤʘ ʧʦʪʨʽʙʥʘ 

ʝʨʠʪʨʦʮʠʪʘʤ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʾʤ ʣʝʛʰʝ ʧʨʦʥʠʢʘʪʠ ʫ ʜʫʞʝ ʪʦʥʢʽ 

ʢʨʦʚʦʥʦʩʥʽ ʩʫʜʠʥʠ, ʘ ʪʘʢʦʞ ʱʽʣʴʥʽʰʝ ʧʨʠʣʷʛʘʪʠ ʜʦ ʩʪʽʥʦʢ ʩʫʜʠʥ ʫ 
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ʣʝʛʝʥʝʚʠʭ ʘʣʴʚʝʦʣʘʭ, ʜʝ ʝʨʠʪʨʦʮʠʪʠ ʦʪʨʠʤʫʶʪʴ ʢʠʩʝʥʴ ʧʨʷʤʦ ʢʨʽʟʴ 

ʮʽ ʩʪʽʥʢʠ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʫʷʚʣʝʥʴ, ʚʽʜʦʤʠʭ ʟ ʬʽʟʠʢʠ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ, ʣʝʛʢʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʤʝʭʘʥʽʟʤ çʟʘʣʽʢʦʚʫʚʘʥʥʷè ʜʨʽʙʥʠʭ ʧʦʨ ʫ ʤʝʤʙʨʘʥʘʭ. 

ɼʣʷ ʙʫʜʴ-̫ ʢʦʛʦ ʢʨʫʛʣʦʛʦ ʦʪʚʦʨʫ ʨʘʜʽʫʩʦʤ R ʫ ʤʝʤʙʨʘʥʘʭ ʚʽʜʥʦʰʝʥʥʷ 

ʧʣʦʱʠʥʠ (pR2) ʜʦ ʧʝʨʠʤʝʪʨʘ (2pR) ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʨʘʜʽʫʩʘ. ɺʠʥʠʢʥʝʥʥʷ çʜʽʨʢʠè ʫ ʤʝʤʙʨʘʥʽ ʟʤʝʥʰʫʻ ʝʥʝʨʛʽʶ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʥʘʪʷʛʫ ʥʘ ʟʥʘʯʝʥʥʷ, ʧʨʦʧʦʨʮʽʡʥʝ ʧʣʦʱʠʥʽ ʜʽʨʢʠ. ʎʝ ʚʠʛʨʘʰ ʚ ʝʥʝʨʛʽʾ. 

ʇʨʦʛʨʘʰ ʚ ʝʥʝʨʛʽʾ (ʪʦʙʪʦ ʾʾ ʟʙʽʣʴʰʝʥʥʷ), ʩʧʨʠʯʠʥʝʥʠʡ ʫʪʚʦʨʝʥʥʷʤ 

ʜʝʬʝʢʪʫ (ʤʝʞʽ ʜʽʨʢʠ), ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʝʨʠʤʝʪʨʫ (ʨʠʩ. 5.10). 

 

 

 

 

 

 

 

 

 

 

ʇʦʢʠ çʜʽʨʢʘè ʤʘʣʘ, ʨʽʟʥʠʮʷ ʝʥʝʨʛʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʥʘ ʢʦʨʠʩʪʴ ʾʾ 

ʟʥʠʢʥʝʥʥʷ, ʽ ʚʠʧʘʜʢʦʚʦ ʫʪʚʦʨʝʥʘ ʜʽʨʢʘ çʟʘʣʽʢʦʚʫʻʪʴʩʷè. ʆʜʥʘʢ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʨʘʜʽʫʩʘ R ʜʦʩʷʛʘʻʪʴʩʷ ʢʨʠʪʠʯʥʠʡ ʨʦʟʤʽʨ, ʽ ʪʦʤʫ, ʷʢʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚʝʣʠʢʽ ʜʽʨʢʠ, ʪʦ ʚʦʥʠ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʯʠʥʘʶʪʴ ʟʨʦʩʪʘʪʠ 

ʥʘʜʘʣʽ ï ʤʝʤʙʨʘʥʘ ʨʫʡʥʫʻʪʴʩʷ. ʗʚʠʱʝ ʧʽʥʦʮʠʪʦʟʫ (ʜʠʚ. ʨʠʩ. 5.9, ʘ) 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ, ʚʠʭʦʜʷʯʠ ʟ ʪʘʢʠʭ ʤʽʨʢʫʚʘʥʴ.  

ʇʦʜʫʤʢʠ ʩʧʨʦʙʫʻʤʦ ʟʽʛʥʫʪʠ ʢʦʞʥʫ ʟ ʜʚʦʭ ʤʝʤʙʨʘʥ, ʩʢʣʘʜʝʥʠʭ ʟ 

ʢʣʠʥʦʧʦʜʽʙʥʠʭ ʤʦʣʝʢʫʣ, ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ. 5.11. ɺʠʛʠʥ ʧʝʨʰʦʾ 

ʜʚʦʰʘʨʦʚʦʾ ʤʝʤʙʨʘʥʠ (ʨʠʩ. 5.11, ʘ) ʧʦʣʽʧʰʠʪʴ ʫʤʦʚʠ ʜʣʷ ʙʽʣʴʰ 

ʱʽʣʴʥʦʛʦ ʧʘʢʦʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ, ʘʣʝ ʧʦʛʽʨʰʠʪʴ ʾʭ ʜʣʷ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʘʨʫ. ɼʣʷ ʜʨʫʛʦʾ ʤʝʤʙʨʘʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʽʥʰʘ ʩʠʪʫʘʮʽʷ. 

ʈʘʜʽʫʩ ʚʠʛʠʥʫ ʽ ʧʝʨʠʤʝʪʨ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʘʨʫ ʟʘʚʞʜʠ ʤʝʥʰʽ, ʥʽʞ 

ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ, ʽ ʪʦʤʫ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʰʘʨʽ ʟʽʛʥʫʪʦʾ ʤʝʤʙʨʘʥʠ 

ʤʦʣʝʢʫʣʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʙʣʠʞʯʝ ʦʜʥʘ ʜʦ ʦʜʥʦʾ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ 

R 

ɸ 

ɹ 

ʈʠʩ. 5.10. ʇʝʨʝʭʽʜ ʤʦʣʝʢʫʣ 

ʬʦʩʬʦʣʽʧʽʜʽʚ ʟ ʥʠʞʥʴʦʛʦ ʰʘʨʫ ɸ ʫ 

ʚʝʨʭʥʽʡ ʰʘʨ ɹ ʽ ʥʘʚʧʘʢʠ ï ʯʝʨʝʟ 

ʢʨʦʤʢʫ  ʦʪʚʦʨʫ ʨʘʜʽʫʩʦʤ R 
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ʦʯʝʚʠʜʥʠʡ ʚʠʩʥʦʚʦʢ: ʜʣʷ ʧʝʨʰʦʾ ʤʝʤʙʨʘʥʠ ʚʠʛʠʥ ʥʝʚʠʛʽʜʥʠʡ, ʘ ʜʣʷ 

ʜʨʫʛʦʾ ï ʚʠʛʽʜʥʠʡ. ʊʦʤʫ ʜʨʫʛʘ ʤʝʤʙʨʘʥʘ ʟʘʚʞʜʠ ʧʨʘʛʥʝ ʟʽʛʥʫʪʠʩʷ ʽ 

ʥʘʙʫʪʠ ʟʘʤʢʥʫʪʦʾ ʬʦʨʤʠ. 

 

 
ʘ    ʙ 

ʈʠʩ. 5.11. ʇʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʢʣʠʥʦʧʦʜʽʙʥʠʭ ʤʝʤʙʨʘʥ 

 

ʑʦʙ ʧʦʷʩʥʠʪʠ ʷʚʠʱʝ ʧʽʥʦʮʠʪʦʟʫ, 

ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʯʘʩʪʠʥʢʘ, 

ʷʢʘ ʥʘʙʣʠʟʠʣʘʩʷ ʜʦ ʤʝʤʙʨʘʥʠ, ʟʤʽʥʶʻ 

ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ ʤʦʣʝʢʫʣ ʬʦʩʬʦʣʽʧʽʜʽʚ. ʎʝ 

ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʯʝʨʝʟ ʧʦʚʝʨʪʘʥʥʷ ʜʠʧʦʣʴʥʦʾ 

ʯʘʩʪʠʥʠ ʤʦʣʝʢʫʣʠ, ʷʢʫ ʜʦʮʽʣʴʥʦ ʧʦʜʘʪʠ ʫ 

ʚʠʛʣʷʜʽ çʛʦʣʦʚʢʠ ʥʘ ʰʠʡʮʽè (ʨʠʩ. 5.12). 

ʗʢʱʦ ʮʷ ʯʘʩʪʠʥʘ ʥʘʙʫʚʘʻ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ, ʟʤʽʥʶʻʪʴʩʷ ʬʦʨʤʘ ʚʩʽʻʾ 

ʤʦʣʝʢʫʣʠ.  

ʗʢʱʦ ʨʘʥʽʰʝ ʚʦʥʘ ʙʫʣʘ ʙʽʣʴʰʝ ʩʭʦʞʘ ʥʘ 

ʢʣʠʥ, ʚʽʩʪʨʷ ʷʢʦʛʦ ʥʘʧʨʷʤʣʝʥʝ ʚʥʠʟ, ʪʦ ʪʝʧʝʨ ʤʦʣʝʢʫʣʘ ʥʘʛʘʜʫʻ ʢʣʠʥ 

ʟ ʚʽʩʪʨʷʤ, ʥʘʧʨʷʤʣʝʥʠʤ ʫʛʦʨʫ.  

ʊʘʢʘ ʬʦʨʤʘ ʥʝʩʪʽʡʢʘ ʚʽʜʥʦʩʥʦ ʚʠʛʠʥʫ, ʤʝʤʙʨʘʥʘ ʧʦʯʠʥʘʻ 

ʧʨʦʛʠʥʘʪʠʩʷ ʩʘʤʘ ʽ ʟʘʭʦʧʣʶʚʘʪʠ ʯʘʩʪʠʥʢʫ (ʜʠʚ. ʨʠʩ. 5.9). ʇʦʪʽʤ 

ʤʦʣʝʢʫʣʠ ʬʦʩʬʦʣʽʧʽʜʫ ʚʽʜʥʦʚʣʶʶʪʴ ʩʚʦʶ ʬʦʨʤʫ, ʽ ʯʘʩʪʠʥʢʘ, ɦ ʦ 

ʟʘʣʠʰʠʣʘʩʷ ʚ ʤʝʤʙʨʘʥʽ, ʟʥʦʚʫ ʥʘʙʫʚʘʻ ʧʣʦʩʢʦʾ ʩʪʨʫʢʪʫʨʠ.  

ʗʚʠʱʝ ʚʠʛʠʥʫ ʤʝʤʙʨʘʥ. ʅʝʭʘʡ ʻ ʤʝʤʙʨʘʥʘ, ʩʢʣʘʜʝʥʘ ʟ ʤʦʣʝʢʫʣ 

ʢʣʠʥʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ (ʚʽʩʪʨʷ ʥʘʧʨʷʤʣʝʥʽ ʚʩʝʨʝʜʠʥʫ, ʨʠʩ. 5.11, ʘ), ʽ 

ʧʽʜ ʯʘʩ ʚʠʛʠʥʫ ʤʦʣʝʢʫʣʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʢʠʜʘʪʠʩʷ ʟ ʦʜʥʦʛʦ 

ʈʠʩ. 5.12. ʈʦʟʧʨʷʤʣʝʥʥʷ 

ʜʠʧʦʣʴʥʦʾ ʯʘʩʪʠʥʢʠ, 

ʱʦ ʧʝʨʝʚʝʨʪʘʻ ʫʤʦʚʥʠʡ ʢʣʠʥ 

(ʟʘʛʘʣʴʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ 

ʤʦʣʝʢʫʣʠ ʬʦʩʬʦʣʽʧʽʜʫ) 
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ʰʘʨʫ ʚ ʽʥʰʠʡ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚ ʫʤʦʚʘʭ ʚʠʛʠʥʫ ʧʦʜʚʽʡʥʦʛʦ ʰʘʨʫ 

ʤʦʣʝʢʫʣʘʤ ʩʪʘʻ ʪʽʩʥʦ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʰʘʨʽ ʽ, ʥʘʚʧʘʢʠ, ʥʘʜʪʦ 

ʧʨʦʩʪʦʨʦ ʫ ʟʦʚʥʽʰʥʴʦʤʫ. ʆʜʥʘʢ ʜʣʷ ʩʪʨʠʙʢʽʚ ʤʦʣʝʢʫʣ ʟ ʰʘʨʫ 

ʚ ʰʘʨ ʧʦʪʨʽʙʥʦ ʧʦʜʦʣʘʪʠ ʜʝʷʢʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨôʻʨ, ʪʦʤʫ ʮʝʡ 

ʧʨʦʮʝʩ ʧʦʪʨʝʙʫʻ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʗʢʱʦ ʞ ʫ ʤʝʤʙʨʘʥʽ ʻ ʦʪʚʦʨʠ, ʪʦ 

ʤʦʣʝʢʫʣʠ ʽʟ ʰʘʨʫ ʚ ʰʘʨ ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʽ ʙʝʟ ʩʪʨʠʙʢʽʚ.  

ʅʘ ʨʠʩ. 5.10 ʧʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʦ, ʷʢ ʤʦʣʝʢʫʣʘ ʟ ʧʦʣʦʞʝʥʥʷ ɸ 

ʤʦʞʝ ʧʦʪʨʘʧʠʪʠ ʫ ʧʦʣʦʞʝʥʥʷ ɹ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʨʘʡʢʫ ʤʝʤʙʨʘʥʠ ʚ 

ʤʽʩʮʽ ʾʾ ʨʦʟʨʠʚʫ. ʊʘʢʽ ʨʦʟʨʠʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʽʡʢʠʤʠ, ʷʢʱʦ ʚʦʥʠ 

ʟʤʽʮʥʝʥʽ ʷʢʠʤʠʩʴ ʚʝʣʠʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ.  

ʊʘʢ ʯʠ ʽʥʘʢʰʝ, ʫ ʨʘʟʽ ʚʠʛʠʥʫ ʤʝʤʙʨʘʥʠ ʯʘʩʪʠʥʘ ʤʦʣʝʢʫʣ ʚʩʝ ʞ 

ʪʘʢʠ ʧʝʨʝʭʦʜʠʪʴ ʟʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʘʨʫ ʚ ʟʦʚʥʽʰʥʽʡ. ɸʣʝ ʟ ʤʦʣʝʢʫʣʘʤʠ 

ʩʧʦʣʫʯʝʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʜʠʧʦʣʴ, ʥʘʧʨʠʢʣʘʜ, ʥʘʧʨʷʤʣʝʥʠʡ ʪʘʢ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.13, ʘ.  

ʋ ʮʽʣʦʤʫ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʤʝʤʙʨʘʥʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʣʷ 

ʧʦʣʷʨʠʟʘʮʽʾ ʈ, ʥʘʧʨʷʤʣʝʥʦʾ ʽʟ ʩʝʨʝʜʠʥʠ ʥʘʟʦʚʥʽ. ʇʦʣʝ ʮʴʦʛʦ 

ʩʫʤʘʨʥʦʛʦ ʜʠʧʦʣʷ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʟʘʨʷʜʞʝʥʽ ʯʘʩʪʠʥʢʠ, ʱʦ 

ʧʝʨʝʙʫʚʘʶʪʴ ʫʩʝʨʝʜʠʥʽ ʘʙʦ ʟʦʚʥʽ ʟʽʛʥʫʪʦʾ ʤʝʤʙʨʘʥʠ.  

ʅʘʧʨʠʢʣʘʜ, ʚʦʥʦ ʟʤʫʰʫʻ ʧʦʟʠʪʠʚʥʽ ʽʦʥʠ ʨʫʭʘʪʠʩʷ ʟʩʝʨʝʜʠʥʠ 

ʥʘʟʦʚʥʽ ʢʨʽʟʴ ʦʪʚʽʨ ʫ ʤʝʤʙʨʘʥʽ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʠʭʽʜʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʽʦʥʽʚ ʟʦʚʥʽ ʚʠʱʘ, ʥʽʞ ʫʩʝʨʝʜʠʥʽ (ʨʠʩ. 5.13, ʙ). ʎʝ ʦʜʠʥ ʟ ʤʦʞʣʠʚʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʽʦʥʽʚ ʢʨʽʟʴ ʤʝʤʙʨʘʥʫ.  

ʇʽʜ ʯʘʩ ʚʠʛʠʥʫ ʤʝʤʙʨʘʥʠ ʯʘʩʪʠʥʘ ʜʠʧʦʣʽʚ ʚʠʰʪʦʚʭʫʻʪʴʩʷ ʟ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʘʨʫ ʚ ʟʦʚʥʽʰʥʽʡ ʪʘʢ, ʱʦ ʥʘ ʤʝʤʙʨʘʥʽ ʟôʷʚʣʷʻʪʴʩʷ 

ʩʫʤʘʨʥʠʡ ʜʠʧʦʣʴ (ʨʠʩ. 5.13, ʘ).  

ɼʠʧʦʣʴ, ʱʦ ʚʠʥʠʢʥʫʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʛʠʥʫ, ʟʤʫʰʫʻ ʽʦʥʠ ʨʫʭʘʪʠʩʷ 

ʢʨʽʟʴ ʦʪʚʦʨʠ ʚ ʤʝʤʙʨʘʥʽ (ʨʠʩ. 5.13, ʙ). 

ɯʥʰʠʤ ʧʨʦʷʚʦʤ ʮʠʭ ʝʬʝʢʪʽʚ ʻ ʚʟʘʻʤʦʜʽʷ ʩʢʣʘʜʥʠʭ ʙʽʣʢʦʚʠʭ 

ʤʦʣʝʢʫʣ ʥʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʘ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ï ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ.  

ɼʽʡʩʥʦ, ʷʢʱʦ ʦʜʥʘ ʟ ʤʦʣʝʢʫʣ ʙʽʣʢʘ ʫ ʤʦʜʝʣʽ, ʧʦʢʘʟʘʥʽʡ ʥʘ ʨʠʩ. 5.9, ʙ, 

ʟʤʽʥʠʪʴ ʩʚʦʶ ʬʦʨʤʫ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʟ ʷʢʦʶʩʴ ʭʽʤʽʯʥʦʶ ʨʝʯʦʚʠʥʦʶ, 

ʪʦ ʮʝ ʥʝʤʠʥʫʯʝ ʧʨʠʟʚʝʜʝ ʜʦ ʜʝʷʢʦʛʦ ʚʠʢʨʠʚʣʝʥʥʷ ʤʝʤʙʨʘʥʠ.  

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʮʝ ʚʠʢʨʠʚʣʝʥʥʷ ʚʽʜʦʙʨʘʟʠʪʴʩʷ ʥʘ ʩʪʘʥʽ ʽʥʰʠʭ 

ʙʽʣʢʦʚʠʭ ʤʦʣʝʢʫʣ, ʟʘʢʨʽʧʣʝʥʠʭ ʚʩʝʨʝʜʠʥʽ ʘʙʦ ʥʘ ʤʝʤʙʨʘʥʽ, ʥʘ 
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ʜʝʷʢʦʤʫ ʾʭ ʚʽʜʜʘʣʝʥʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʣʝʢʫʣʠ çʦʪʨʠʤʫʶʪʴ 

ʽʥʬʦʨʤʘʮʽʶè ʧʨʦ ʪʝ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʾʭ ʜʘʣʝʢʠʤʠ çʩʫʩʽʜʘʤʠè ʧʦ 

ʤʝʤʙʨʘʥʽ, ʽ ʤʦʞʫʪʴ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʨʽʟʥʠʭ ʢʦʣʝʢʪʠʚʥʠʭ ʧʨʦʮʝʩʘʭ. 

 
ʈʠʩ. 5.13. ɼʠʧʦʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʤʝʤʙʨʘʥʠ 

 

ɼʦʮʽʣʴʥʦ ʢʦʨʦʪʢʦ ʨʦʟʛʣʷʥʫʪʠ ʱʝ ʦʜʥʫ ʧʨʦʙʣʝʤʫ, ʷʢʘ, ʤʘʙʫʪʴ, 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʪʦʩʫʻʪʴʩʷ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʤʙʨʘʥ. 

ɯʜʝʪʴʩʷ ʧʨʦ ʦʜʠʥ ʟ ʮʽʢʘʚʠʭ ʙʽʦʬʽʟʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ï ʧʝʨʝʜʘʚʘʥʥʷ 

ʽʤʧʫʣʴʩʽʚ ʟʙʫʜʞʝʥʥʷ ʧʦ ʥʝʨʚʦʚʠʭ ʪʢʘʥʠʥʘʭ.  

ʅʘʪʝʧʝʨ ʟôʷʩʦʚʘʥʦ ʙʘʛʘʪʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʮʴʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʘʣʝ 

ʜʘʣʝʢʦ ʥʝ ʚʩʽ. ɹʽʣʴʰʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʥʘ ʚʦʣʦʢʥʽ, ʱʦ 

ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʥʫ ʥʝʨʚʦʚʫ ʢʣʽʪʠʥʫ ʛʽʛʘʥʪʩʴʢʦʛʦ ʨʦʟʤʽʨʫ (ʪʦʚʱʠʥʦʶ ʜʦ 

1 ʤʤ ̔ ʜʦʚʞʠʥʦʶ ʢʽʣʴʢʘ ʩʘʥʪʠʤʝʪʨʽʚ), ʚʠʡʥʷʪʫ ʟ ʢʘʣʴʤʘʨʘ.  

ʂʘʣʴʤʘʨʫ ʪʘʢʘ ʚʝʣʠʯʝʟʥʘ ʢʣʽʪʠʥʘ ʧʦʪʨʽʙʥʘ ʪʦʤʫ, ʱʦ ʚʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʝʘʢʪʠʚʥʠʡ ʧʨʠʥʮʠʧ ʨʫʭʫ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʤʘʡʞʝ 

ʤʠʪʪʻʚʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʨʦʙʦʪʠ ʚʩʽʭ ʤôʷʟʽʚ, ʱʦ ʚʠʢʠʜʘʶʪʴ ʚʦʜʥʠʡ 

ʩʪʨʫʤʽʥʴ. ʇʦ ʪʦʚʩʪʠʭ ʥʝʨʚʦʚʠʭ ʚʦʣʦʢʥʘʭ, ʷʢ ʚʠʷʚʠʣʦʩʷ, ʽʤʧʫʣʴʩ 

ʟʙʫʜʞʝʥʥʷ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ, ʥʽʞ ʧʦ ʪʦʥʢʠʭ. 

ʋ ʪʘʢʫ ʪʦʚʩʪʫ ʢʣʽʪʠʥʫ, ʦʪʦʯʝʥʫ ʤʝʤʙʨʘʥʦʶ (ʨʠʩ. 5.14), ʫʜʘʣʦʩʷ 

ʚʚʝʩʪʠ ʤʽʢʨʦʝʣʝʢʪʨʦʜʠ ʽ ʚʠʚʯʘʪʠ ʾʾ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɿôʷʩʫʚʘʣʦʩʷ, ʱʦ ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ ʟʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ ʤʝʤʙʨʘʥʠ, ʷʢʘ 

ʦʪʦʯʫʻ ʚʦʣʦʢʥʦ, ʟʘʚʞʜʠ ʟʘʨʷʜʞʝʥʘ ʧʦʟʠʪʠʚʥʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʥʫʪʨʽʰʥʴʦʾ ʜʦ ʧʦʪʝʥʮʽʘʣʫ 50 ʤɺ.  

ʎʝ ʟʫʤʦʚʣʝʥʦ ʨʽʟʥʠʮʝʶ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʦʥʽʚ ʢʘʣʽʶ ʽ ʥʘʪʨʽʶ 

ʚʩʝʨʝʜʠʥʽ ʪʘ ʟʦʚʥʽ ʢʣʽʪʠʥʠ (ʽʦʥʽʚ ʢʘʣʽʶ ʚʩʝʨʝʜʠʥʽ ʢʣʽʪʠʥʠ 

ʫ 30 ʨʘʟʽʚ ʙʽʣʴʰʝ, ʥʽʞ ʟʦʚʥʽ, ʘ ʽʦʥʽʚ ʥʘʪʨʽʶ, ʥʘʚʧʘʢʠ, ʫ 10 ʨʘʟʽʚ 

P 

P 
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ʤʝʥʰʝ), ʘ ʪʘʢʦʞ ʨʽʟʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ ʤʝʤʙʨʘʥʠ ʜʣʷ ʽʦʥʽʚ ʢʘʣʽʶ ʽ 

ʥʘʪʨʽʶ. 

ʋ ʩʪʘʥʽ ʩʧʦʢʦʶ ʤʝʤʙʨʘʥʘ ʣʝʛʢʦ 

ʚʠʚʦʜʠʪʴ ʥʘʪʨʽʡ ʟʩʝʨʝʜʠʥʠ ʥʘʟʦʚʥʽ, 

ʘ ʥʝ ʥʘʚʧʘʢʠ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ 

ʛʦʚʦʨʷʪʴ, ʱʦ ʧʨʘʮʶʻ çʥʘʪʨʽʻʚʠʡ ʥʘʩʦʩè, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʥʝʨʛʽʶ ʬʦʩʬʘʪʥʦʛʦ 

ʟʚôʷʟʢʫ ɸʊʌ.  

ʉʣʘʙʢʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʫ 

ʨʘʟʽ ʚʧʣʠʚʫ ʥʘ ʥʝʨʚʦʚʝ ʚʦʣʦʢʥʦ ʜʫʞʝ 

ʰʚʠʜʢʦ ʟʘʛʘʩʘʻ, ʧʨʦʭʦʜʷʯʠ ʚʩʴʦʛʦ 

ʜʝʢʽʣʴʢʘ ʤʽʣʽʤʝʪʨʽʚ, ʷʢ ʫ 

ʟʘʛʘʩʘʣʴʥʦʤʫ ʢʘʙʝʣʽ. ʅʝʨʚʦʚʝ 

ʚʦʣʦʢʥʦ, ʚʣʘʩʥʝ, ʽ ʻ ʪʘʢʠʤ ʢʘʙʝʣʝʤ, 

ʷʢʠʡ ʥʝ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ, ʷʢʱʦ 

ʚ ʥʴʦʛʦ ʥʝ ʚʙʫʜʦʚʘʥʽ ʩʧʝʮʽʘʣʴʥʽ 

çʧʽʜʩʠʣʶʚʘʯʽè. ɸʣʝ ʪʘʢʽ ʧʽʜʩʠʣʶʚʘʯʽ 

ʷʢʨʘʟ ʽ ʧʨʘʮʶʶʪʴ ʫ ʥʝʨʚʦʚʦʤʫ ʚʦʣʦʢʥʽ: ʮʝ ʽʦʥʥʽ ʥʘʩʦʩʠ ʜʣʷ ʥʘʪʨʽʶ ʽ 

ʢʘʣʽʶ, ʱʦ ʢʝʨʫʶʪʴʩʷ ʜʦʩʠʪʴ ʩʠʣʴʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʽʤʧʫʣʴʩʦʤ. 

ʉʠʣʴʥʝ ʟʙʫʜʞʝʥʥʷ ʢʣʽʪʠʥʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʤʢʥʝʥʥʷ ʥʘʪʨʽʻʚʦʛʦ 

ʥʘʩʦʩʘ ʽ ʨʽʟʢʦʛʦ (ʤʘʡʞʝ ʫ 20 ʨʘʟʽʚ) ʟʙʽʣʴʰʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ 

ʧʨʦʧʫʩʢʘʥʥʷ ʥʘʪʨʽʶ ʢʨʽʟʴ ʤʝʤʙʨʘʥʫ ʚʩʝʨʝʜʠʥʫ ʢʣʽʪʠʥʠ ʟʘ ʨʘʭʫʥʦʢ 

ʟʚʠʯʘʡʥʦʾ ʜʠʬʫʟʽʾ (ʽ, ʦʪʞʝ, ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʜʽʣʝʥʥʷ ʢʘʣʽʶ ʟʩʝʨʝʜʠʥʠ 

ʥʘʟʦʚʥʽ). ʊʘʢʝ ʝʣʝʢʪʨʠʯʥʝ çʟʘʤʢʥʝʥʥʷè ʤʝʤʙʨʘʥʠ ʚʠʢʣʠʢʘʻ ʧʘʜʽʥʥʷ 

ʧʦʪʝʥʮʽʘʣʫ ʾʾ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʩʧʦʯʘʪʢʫ ʜʦ ʥʫʣʷ (ʚʽʜʥʦʩʥʦ 

ʚʥʫʪʨʽʰʥʴʦʾ), ʘ ʧʦʪʽʤ ʽ ʜʦ ʜʝʷʢʦʛʦ ʚʽʜôʻʤʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʥʘʪʨʽʻʚʠʡ ʽʦʥʥʠʡ ʩʪʨʫʤ ʚʩʝʨʝʜʠʥʽ ʤʝʤʙʨʘʥʠ ʧʨʠʧʠʥʷʻʪʴʩʷ. ɸʣʝ 

ʦʩʢʽʣʴʢʠ ʫ ʩʧʦʢʦʾ ʤʝʤʙʨʘʥʘ ʚʩʴʦʛʦ ʚʦʣʦʢʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʻʜʠʥʠʡ 

ʟʘʨʷʜʞʝʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ, ʪʦ ʟʘʤʢʥʝʥʥʷ ʡʦʛʦ çʧʣʘʩʪʠʥè ʚ ʦʜʥʦʤʫ 

ʤʽʩʮʽ ʥʝ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʧʦʤʽʯʝʥʠʤ ʥʘ ʩʫʩʽʜʥʽʭ ʜʽʣʷʥʢʘʭ (ʨʠʩ. 5.14). 

ʊʘʢʠʤ ʧʘʩʠʚʥʠʤ ʯʠʥʦʤ ʝʣʝʢʪʨʠʯʥʝ ʟʙʫʜʞʝʥʥʷ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʩʫʩʽʜʥʶ 

ʜʽʣʷʥʢʫ, ʜʝ ʚʝʩʴ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʟʥʦʚʫ. ɯʤʧʫʣʴʩ ʧʨʦʭʦʜʠʪʴ 

ʈʠʩ. 5.14. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʧʦʜʽʡ 

ʚ ʫʤʦʚʘʭ ʧʦʨʫʰʝʥʥʷ ʥʝʨʚʦʚʦʛʦ 

ʚʦʣʦʢʥʘ ʽ ʬʦʨʤʘ ʥʝʨʚʦʚʦʛʦ ʽʤʧʫʣʴʩʫ 
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ʧʦʨʽʚʥʷʥʦ ʧʦʚʽʣʴʥʦ (ʜʝʩʷʪʢʠ ʤʝʪʨʽʚ ʟʘ ʩʝʢʫʥʜʫ), ʽ ʮʶ ʰʚʠʜʢʽʩʪʴ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ, ʚʽʜʦʤʠʤʠ ʟ ʪʝʦʨʽʾ ʢʘʙʝʣʴʥʠʭ 

ʣʽʥʽʡ ʟʚôʷʟʢʫ. ʌʦʨʤʫ ʥʝʨʚʦʚʦʛʦ ʽʤʧʫʣʴʩʫ ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.14.  

ɹʽʦʣʦʛʽʯʥʽ ʦʙôʻʢʪʠ ʤʦʞʫʪʴ ʨʦʟʨʽʟʥʷʪʠ ʦʜʥʦʚʘʣʝʥʪʥʽ (ʣʫʞʥʽ) ʽʦʥʠ 

ʢʘʣʽʶ ʽ ʥʘʪʨʽʶ ʥʝ ʪʽʣʴʢʠ ʟʘ ʨʽʟʥʠʮʝʶ ʾʭ ʨʦʟʤʽʨʽʚ, ʘʣʝ ʡ ʪʦʤʫ, ʱʦ 

ʥʘʪʨʽʡ ʤʘʻ ʪʽʣʴʢʠ s- ̔  p-ʝʣʝʢʪʨʦʥʥʽ ʦʙʦʣʦʥʢʠ, ʘ ʢʘʣʽʡ ʥʘʣʝʞʠʪʴ ʚʞʝ 

ʜʦ d-ʝʣʝʤʝʥʪʽʚ. ʍʦʯʘ ʚ ʢʘʣʽʾ ʮʷ d-ʦʙʦʣʦʥʢʘ ʽ ʥʝ ʤʽʩʪʠʪʴ ʝʣʝʢʪʨʦʥʽʚ, 

ʘʣʝ ʧʦʪʝʥʮʽʡʥʦ ʝʣʝʢʪʨʦʥʥʽ (ʽ ʝʣʝʢʪʨʠʯʥʽ) ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʦʛʦ ʽʦʥʘ 

ʩʫʪʪʻʚʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ.  

ʉʪʦʩʦʚʥʦ ʧʨʦʥʠʢʥʦʩʪʽ ʤʝʤʙʨʘʥ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʽʦʥ ʤʘʻ 

ʩʧʦʯʘʪʢʫ çʦʜʷʛʥʫʪʠè ʩʧʝʮʽʘʣʴʥʠʡ çʩʢʘʬʘʥʜʨè, ʘ ʚʞʝ ʧʦʪʽʤ ʧʨʦʥʠʢʥʫʪʠ 

ʢʨʽʟʴ ʤʝʤʙʨʘʥʫ. ʊʘʢʽ ʤʦʣʝʢʫʣʠ-ʩʢʘʬʘʥʜʨʠ ʚʠʷʚʣʝʥʽ ʥʝʜʘʚʥʦ, ʷʢ ʽ 

ʤʦʣʝʢʫʣʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʢʘʥʘʣʠ ʜʣʷ ʽʦʥʽʚ (ʽʦʥʦʬʦʨʠ). ɿʨʦʟʫʤʽʪʠ 

ʤʝʭʘʥʽʟʤʠ ʚʤʠʢʘʥʥʷ ʽ ʚʠʤʠʢʘʥʥʷ ʮʠʭ ʢʘʥʘʣʽʚ ʜʦʧʦʤʘʛʘʻ ʬʽʟʠʢʘ ʨʽʜʢʠʭ 

ʢʨʠʩʪʘʣʽʚ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʚʨʘʭʫʚʘʪʠ ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ ʤʦʣʝʢʫʣ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʾ ʤʝʤʙʨʘʥʠ ʧʽʜ ʜʽʻʶ ʧʦʣʷ ʥʝʨʚʦʚʦʛʦ ʽʤʧʫʣʴʩʫ. ʂʦʞʝʥ 

ʽʟ ʰʘʨʽʚ ʧʦʜʚʽʡʥʦʛʦ ʰʘʨʫ ʬʦʩʬʦʣʽʧʽʜʥʦʾ ʤʝʤʙʨʘʥʠ ʤʘʻ ʚʝʣʠʢʠʡ 

ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ, ʫʪʚʦʨʝʥʠʡ ʩʫʤʦʶ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʧʦʣʽʚ. ɺ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ, ʚʠʢʣʠʢʘʥʦʤʫ ʨʦʟʨʷʜʦʤ ʩʫʩʽʜʥʽʭ ʜʽʣʷʥʦʢ ʤʝʤʙʨʘʥʠ 

ʽ ʥʘʧʨʷʤʣʝʥʦʤʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʩʫʤʘʨʥʠʭ ʜʠʧʦʣʽʚ ʤʝʤʙʨʘʥʠ, ʾʾ 

ʤʦʣʝʢʫʣʠ ʤʦʞʫʪʴ ʧʝʨʝʦʨʽʻʥʪʫʚʘʪʠʩʷ ʪʘʢ, ʱʦʙ ʮʝʡ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ 

ʦʨʽʻʥʪʫʚʘʚʩʷ ʫʟʜʦʚʞ ʧʦʣʷ.  

ʎʝʡ ʧʨʦʮʝʩ ʧʦʜʽʙʥʠʡ ʜʦ ʧʝʨʝʭʦʜʫ ʌʨʝʜʝʨʽʢʩʘ ʜʣʷ ʥʝʤʘʪʠʢʫ ʚ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ, ʘʣʝ ʚʠʨʘʞʘʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʩʠʣʴʥʽʰʝ, ʦʩʢʽʣʴʢʠ ʪʫʪ 

ʧʦʣʝ ʚʟʘʻʤʦʜʽʻ ʟ ʥʘʩʪʽʣʴʢʠ ʞ ʚʝʣʠʢʠʤ ʩʫʤʘʨʥʠʤ ʜʠʧʦʣʴʥʠʤ ʤʦʤʝʥʪʦʤ, 

ʷʢ ʽ ʚ ʨʘʟʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʤʝʢʪʠʢʽʚ. ʉʧʨʘʚʜʽ, ʧʝʨʝʦʨʽʻʥʪʘʮʽʷ 

ʤʦʣʝʢʫʣ ʬʦʩʬʦʣʽʧʽʜʽʚ ʧʝʨʝʦʨʽʻʥʪʦʚʫʻ ʽ ʤʦʣʝʢʫʣʠ-ʢʘʥʘʣʠ, ʽ ʤʦʣʝʢʫʣʠ-

ʩʢʘʬʘʥʜʨʠ ʟʘ ʪʠʧʦʤ ʝʬʝʢʪʫ çʛʽʩʪʴ ï ʭʘʟʷʾʥè. ʊʦʜʽ ʮʷ ʧʝʨʝʦʨʽʻʥʪʘʮʽʷ 

ʚʠʷʚʠʪʴʩʷ ʪʠʤ ʩʘʤʠʤ çʧʝʨʝʤʠʢʘʯʝʤè, ʷʢʠʡ ʢʝʨʫʻ ʨʦʙʦʪʦʶ ʽʦʥʥʠʭ 

ʥʘʩʦʩʽʚ.  

ʊʝʧʝʨ ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ ʜʝʷʢʽ ʭʽʤʽʯʥʽ ʘʩʧʝʢʪʠ ʨʦʙʦʪʠ ʤʝʤʙʨʘʥ. 

ʄʝʤʙʨʘʥʠ ʟʜʽʡʩʥʶʶʪʴ ʧʨʦʮʝʩʠ ʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʜʝʷʢʠʭ ʤʦʣʝʢʫʣ, 

ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʭ ʜʣʷ ʦʨʛʘʥʽʟʤʫ. ʊʫʪ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʭʘʨʘʢʪʝʨ 
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ʤʝʤʙʨʘʥʠ ʧʨʦʷʚʣʷʻʪʴʩʷ ʜʚʦʷʢʦ. ʇʦ-ʧʝʨʰʝ, ʷʢ ʽ ʚ ʝʬʝʢʪʽ çʛʽʩʪʴ ï 

ʭʘʟʷʾʥè, ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʘ ʤʝʤʙʨʘʥʘ ʦʨʽʻʥʪʫʻ ʤʦʣʝʢʫʣʠ ʢʘʪʘʣʽʟʘʪʦʨʽʚ 

(ʬʝʨʤʝʥʪʽʚ), ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʪʨʽʙʥʫ ʛʝʦʤʝʪʨʽʶ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ 

ʤʦʣʝʢʫʣʘʤʠ, ʱʦ ʚʩʪʫʧʘʶʪʴ ʫ ʨʝʘʢʮʽʶ.  

ʎʝ ʨʽʟʢʦ ʧʽʜʚʠʱʫʻ ʚʠʙʽʨʢʦʚʽʩʪʴ ʤʦʣʝʢʫʣ, ʱʦ ʚʩʪʫʧʘʶʪʴ ʫ 

ʨʝʘʢʮʽʶ, ʽ ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ ʩʘʤʦʾ ʨʝʘʢʮʽʾ. ɺʽʜʦʤʽ, ʥʘʧʨʠʢʣʘʜ, 

ʚʠʧʘʜʢʠ, ʢʦʣʠ ʨʝʘʢʮʽʷ ʚ ʰʘʨʫʚʘʪʠʭ ʣʽʦʪʨʦʧʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʘʭ 

ʧʝʨʝʙʽʛʘʣʘ ʫ ʩʪʦ ʨʘʟʽʚ ʰʚʠʜʰʝ, ʥʽʞ ʫ ʟʚʠʯʘʡʥʦʤʫ 

ʥʝʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ.  

ʇʦ-ʜʨʫʛʝ, ʦʩʦʙʣʠʚʽʩʪʴ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʝʤʙʨʘʥ, ʽʩʪʦʪʥʘ ʜʣʷ 

ʩʠʥʪʝʟʫ ʙʽʦʣʦʛʽʯʥʠʭ ʤʦʣʝʢʫʣ, ʚʠʧʣʠʚʘʻ ʟ ʾʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʇʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʽʦʥʽʚ ʢʨʽʟʴ ʤʝʤʙʨʘʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ 

ʜʽʻʶ ʥʘʧʨʷʤʣʝʥʦʛʦ ʩʠʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʚʦʜʠʪʠ ʭʽʤʽʯʥʫ ʝʥʝʨʛʽʶ ʚ ʝʥʝʨʛʽʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʽ ʥʘʚʧʘʢʠ, 

ʧʨʠʯʦʤʫ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʤʦʞʝ ʚʽʜʽʛʨʘʚʘʪʠ ʨʦʣʴ ʜʦʟʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, 

ʱʦ çʨʦʟʬʘʩʦʚʫʻè ʝʥʝʨʛʽʶ ʥʝʚʝʣʠʢʠʤʠ ʧʦʨʮʽʷʤʠ, ʷʢʨʘʟ ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ 

ʚʠʥʠʢʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ.  

ʊʘʢʠʡ ʤʝʭʘʥʽʟʤ ʜʦʟʫʚʘʥʥʷ ʝʥʝʨʛʽʾ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʽʩʪʦʪʥʠʤ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʝʘʢʮʽʡ ʦʢʠʩʥʝʥʥʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʫʤʦʚʣʝʥʠʭ ʨʝʘʢʮʽʻʶ ʩʠʥʪʝʟʫ ɸʊʌ (ʢʣʽʪʠʥʥʝ 

ʜʠʭʘʥʥʷ), ʘ ʪʘʢʦʞ ʫ ʨʘʟʽ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʤʦʣʝʢʫʣʘʤʠ ɸʊʌ ʥʘ ʨʽʟʥʽ 

ʧʦʪʨʝʙʠ ʢʣʽʪʠʥʠ.  

ʅʘʨʝʰʪʽ, ʚʠʭʦʜʷʯʠ ʟ ʧʦʜʽʙʥʦʩʪʽ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʦʪʨʠʤʘʥʥʷ ʥʘʜʤʽʮʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʚʦʣʦʢʦʥ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ɦʦ 

ʤʽʮʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʪʘʢʦʞ ʟʫʤʦʚʣʶʻʪʴʩʷ ʾʭ çʩʢʣʘʜʘʥʥʷʤè ʟ 

ʙʽʣʢʦʚʠʭ (ʧʦʣʽʤʝʨʥʠʭ) ʤʦʣʝʢʫʣ ʚ ʫʧʦʨʷʜʢʦʚʘʥʦʤʫ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʤʫ ʩʪʘʥʽ.  

ʅʘʪʝʧʝʨ ʫ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʘʢʮʝʥʪʫʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʟʥʘʯʫʱʽʩʪʴ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ ʫ ʧʨʦʮʝʩʘʭ ʙʽʦʣʦʛʽʯʥʦʾ ʨʫʭʣʠʚʦʩʪʽ. 

ɯʜʝʪʴʩʷ ʧʝʨʝʜʫʩʽʤ ʧʨʦ ʤʝʭʘʥʽʟʤʠ ʩʢʦʨʦʯʝʥʥʷ ʤôʷʟʽʚ, ʨʫʭʫ ʢʣʽʪʠʥ, 

ʧʝʨʝʤʽʱʝʥʥʷ ʦʜʥʠʭ ʤʦʣʝʢʫʣ (ʥʘʧʨʠʢʣʘʜ, ʬʝʨʤʝʥʪʽʚ) ʫʟʜʦʚʞ ʽʥʰʠʭ 

(ʥʘʧʨʠʢʣʘʜ, ʙʽʣʢʽʚ) ʽ ʪ. ʽʥ.  
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ʆʩʦʙʣʠʚʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʡ ʤʝʭʘʥʽʟʤ ʤôʷʟʦʚʦʛʦ ʩʢʦʨʦʯʝʥʥʷ, ʫ 

ʧʨʦʮʝʩʽ ʷʢʦʛʦ ʭʽʤʽʯʥʘ ʝʥʝʨʛʽʷ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʛʽʜʨʦʣʽʟʫ 

ʤʦʣʝʢʫʣ ɸʊʌ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʚʝʨʪʫʻʪʴʩʷ ʚ ʤʝʭʘʥʽʯʥʫ ʝʥʝʨʛʽʶ. 

ʄôʷʟ ʩʢʦʨʦʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʦʚʟʘʥʥʷ ʦʜʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʦʣʝʢʫʣ 

ʧʦ ʽʥʰʠʭ; ʪʦʜʽ ʧʫʯʦʢ ʪʦʥʢʠʭ ʥʠʪʦʢ, ʫʪʚʦʨʝʥʠʭ ʤʦʣʝʢʫʣʘʤʠ ʙʽʣʢʘ 

ʘʢʪʠʥʫ, ʥʝʤʦʚʙʠ ʚʩʫʚʘʻʪʴʩʷ ʫ ʧʫʯʦʢ ʪʦʚʩʪʠʭ ʥʠʪʦʢ, ʫʪʚʦʨʝʥʠʭ 

ʤʦʣʝʢʫʣʘʤʠ ʽʥʰʦʛʦ ʙʽʣʢʘ, ï ʤʽʦʟʠʥʫ.  

ʈʝʥʪʛʝʥʽʚʩʴʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʞʠʚʠʭ (ʧʨʘʮʶʶʯʠʭ) ʤôʷʟʽʚ ʚʠʷʚʠʣʠ 

ʚʝʣʠʢʫ ʩʭʦʞʽʩʪʴ ʾʭ ʙʫʜʦʚʠ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ, 

ʽ ʪʦʤʫ ʜʝʷʢʽ ʚʯʝʥʽ ʚʚʘʞʘʶʪʴ, ʱʦ ʽ ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʘʢʪʠʥʦʚʠʭ ʪʘ 

ʤʽʦʟʠʥʦʚʠʭ ʤʦʣʝʢʫʣ ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʫʷʚʣʝʥʴ, 

ʨʦʟʚʠʥʝʥʠʭ ʬʽʟʠʢʦʶ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ.  

ɿʦʢʨʝʤʘ, ʟ ʧʦʟʠʮʽʾ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʩʢʦʨʦʯʝʥʥʷ ʤôʷʟʠ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʝʨʝʭʽʜ ʟ ʦʜʥʦʛʦ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ ʟʽ 

ʟʤʽʥʦʶ ʛʫʩʪʠʥʠ. ʅʘʩʢʽʣʴʢʠ ʧʽʜʪʚʝʨʜʠʪʴʩʷ ʪʘʢʠʡ ʧʽʜʭʽʜ, ʧʦʢʘʞʝ ʯʘʩ. 

 

5.5. ʈʽʜʢʽ ʢʨʠʩʪʘʣʠ ʚ ʢʨʽʦʣʦʛʽʾ ʪʘ ʤʝʜʠʮʠʥʽ 

 

ʇʨʦʙʣʝʤʘ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʞʠʚʠʭ ʦʙôʻʢʪʽʚ ʧʦʚôʷʟʘʥʘ ʟ ʙʘʛʘʪʴʤʘ 

ʥʝʚʠʨʽʰʝʥʠʤʠ ʥʘʫʢʦʚʠʤʠ ʽ ʪʝʭʥʽʯʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ. ɿʘʤʦʨʦʞʫʚʘʥʥʷ 

ʩʪʘʪʝʚʠʭ ʢʣʽʪʠʥ ʪʚʘʨʠʥ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʦʙʦʪʽ ʩʝʣʝʢʮʽʦʥʝʨʽʚ-

ʪʚʘʨʠʥʥʠʢʽʚ; ʤʝʜʠʮʠʥʘ ʪʘʢʦʞ ʛʦʩʪʨʦ ʧʦʪʨʝʙʫʻ ʟʘʧʘʩʽʚ ʢʨʦʚʽ, ʞʠʚʦʾ 

ʪʢʘʥʠʥʠ ʜʣʷ ʧʝʨʝʩʘʜʞʝʥʴ ʽ ʪ. ʽʥ.  

ʄʽʩʮʝʚʝ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʦʨʛʘʥʽʚ ʣʶʜʩʴʢʦʛʦ ʪʽʣʘ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʧʽʜ ʯʘʩ ʭʽʨʫʨʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ʆʩʥʦʚʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʮʴʦʤʫ ̒  ʟʙʝʨʝʞʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʢʣʽʪʠʥ ʦʨʛʘʥʽʟʤʫ ʧʽʩʣʷ ʚʽʜʽʛʨʽʚʘʥʥʷ. ʇʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʭʦʣʦʜʦʩʪʽʡʢʦʩʪʽ ʦʨʛʘʥʽʟʤʽʚ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʦʙʤʦʨʦʞʝʥʥʶ ʪʘʢʦʞ ʻ 

ʢʦʤʧʝʪʝʥʮʽʻʶ ʢʨʽʦʙʽʦʣʦʛʽʚ.  

ʇʽʜ ʯʘʩ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʟ ʞʠʚʠʤʠ ʢʣʽʪʠʥʘʤʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʘʢʽ 

ʧʨʦʮʝʩʠ. ʆʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʣʽʪʠʥʠ ʻ ʚʦʜʘ, ʽ ʪʦʤʫ ʥʘʡʙʽʣʴʰ 

ʦʯʝʚʠʜʥʠʤ ʨʠʟʠʢʦʤ ʻ ʤʝʭʘʥʽʯʥʝ ʧʦʰʢʦʜʞʝʥʥʷ ʦʢʨʝʤʠʭ ʢʣʽʪʠʥ ʽ 
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ʪʢʘʥʠʥ ʤʽʢʨʦʢʨʠʩʪʘʣʽʪʘʤʠ ʣʴʦʜʫ, ʱʦ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʴ ʫ ʧʨʦʮʝʩʽ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʟʘʛʨʦʟʣʠʚʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤ ʢʣʽʪʠʥ ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʣʽʪʫ ʚ ʥʝʟʘʤʝʨʟʣʽʡ ʯʘʩʪʠʥʽ ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ, ʟʤʽʥʘ ʧʦʙʫʜʦʚʠ (ʜʝʛʽʜʨʘʪʘʮʽʷ) ʙʽʣʢʦʚʠʭ ʤʦʣʝʢʫʣ, ʟʤʽʥʘ 

ʣʽʧʽʜʥʦʛʦ ʩʢʣʘʜʫ ʤʝʤʙʨʘʥ ʽ ʪ. ʽʥ. 

ɺʽʜʦʤʦ, ʱʦ ʚ ʨʘʟʽ ʜʫʞʝ ʰʚʠʜʢʦʛʦ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʢʣʽʪʠʥʠ 

ʟʙʝʨʽʛʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʩʚʦʾʭ ʬʫʥʢʮʽʡ. ʅʘʧʨʠʢʣʘʜ, 

ʰʚʠʜʢʝ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʝʨʠʪʨʦʮʠʪʽʚ ʫ ʨʽʜʢʦʤʫ ʘʟʦʪʽ ʜʦʟʚʦʣʷʻ 

ʟʙʝʨʽʛʘʪʠ ʾʭ ʥʝʦʙʤʝʞʝʥʦ ʜʦʚʛʦ ʽ ʧʦʪʽʤ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʢʣʽʥʽʢʘʭ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʚ ʫʤʦʚʘʭ çʪʝʨʤʽʯʥʦʛʦ ʫʜʘʨʫè ʥʝ 

ʚʩʪʠʛʘʻ ʚʽʜʙʫʪʠʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ (ʧʨʘʚʠʣʴʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʘʪʦʤʽʚ ʘʙʦ 

ʤʦʣʝʢʫʣ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ), ʽ ʨʝʯʦʚʠʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʟʘʩʢʣʝʥʦʤʫ, 

ʪʦʙʪʦ ʪʚʝʨʜʦʤʫ, ʘʣʝ ʥʝʚʨʝʛʫʣʴʦʚʘʥʦʤʫ ʩʪʘʥʽ. ʌʘʢʪʠʯʥʦ ʙʽʦʣʦʛʽʯʥʠʡ 

ʨʦʟʯʠʥ ʟʙʝʨʽʛʘʻ ʧʦʧʝʨʝʜʥʶ ʩʪʨʫʢʪʫʨʫ.  

ʊʝʧʝʨ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʽʶ ʟ ʨʽʜʢʠʤʠ ʢʨʠʩʪʘʣʘʤʠ. ɼʣʷ ʮʠʭ 

ʨʝʯʦʚʠʥ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʫʪʚʦʨʝʥʥʷ 

ʩʢʣʦʧʦʜʽʙʥʦʛʦ ʩʪʘʥʫ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ïʟʚʠʯʘʡʥʝ ʷʚʠʱʝ. 

ɯʥʦʜʽ ʩʢʣʦʧʦʜʽʙʥʠʡ ʩʪʘʥ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘʚʽʪʴ ʫ ʨʘʟʽ ʧʦʚʽʣʴʥʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ. ʊʦʤʫ ʜʣʷ ʢʨʽʦʙʽʦʣʦʛʽʚ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʩʪʘʥʦʚʣʷʪʴ ʜʚʦʷʢʫ 

ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ.  

ʇʦ-ʧʝʨʰʝ, ʾʭ ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʚʦʜʠʪʠ ʫ ʢʣʽʪʠʥʠ ʟʘʤʽʩʪʴ ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ ʥʘ ʯʘʩ ʾʭ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʟʽ ʟʚʦʨʦʪʥʦʶ ʟʘʤʽʥʦʶ ʧʽʜ ʯʘʩ 

ʨʦʟʤʦʨʦʞʫʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʙ ʟʙʝʨʝʛʪʠ ʮʽʣʽʩʥʽʩʪʴ ʢʣʽʪʠʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ.  

ʇʦ-ʜʨʫʛʝ, ʽʩʥʫʶʪʴ ʩʧʦʩʦʙʠ ʤʦʜʠʬʽʢʘʮʽʾ ʚʦʜʥʠʭ ʢʣʽʪʠʥʥʠʭ ʨʦʟʯʠʥʽʚ 

ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʾʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʚ 

ʮʴʦʤʫ ʥʘʧʨʷʤʽ ʽʥʪʝʥʩʠʚʥʦ ʧʨʦʚʦʜʷʪʴʩʷ. ʋ ʢʣʽʪʠʥʠ ʧʦʯʘʣʠ ʚʚʦʜʠʪʠ 

ʘʥʽʟʦʤʝʪʨʠʯʥʽ ʤʦʣʝʢʫʣʠ-çʧʫʛʦʣʦʚʢʠè. ʗʢʙʠ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚʜʘʣʦʩʷ ʥʝ 

ʧʦʨʫʰʠʪʠ ʦʩʥʦʚʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʢʣʽʪʠʥʠ ʽ ʜʦʩʪʘʪʥʴʦ 

ʧʽʜʚʠʱʫʚʘʪʠ ʟʜʘʪʥʽʩʪʴ ʢʣʽʪʠʥʥʦʾ ʨʽʜʠʥʠ ʜʦ ʩʢʣʫʚʘʥʥʷ ʟʘʤʽʩʪʴ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʪʦ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʚʘʞʘʪʠ ʚʠʨʽʰʝʥʦʶ.  

ʌʽʟʠʢ, ʷʢʠʡ ʜʦʩʣʽʜʞʫʻ ʪʚʝʨʜʝ ʪʽʣʦ, ʟʘʚʞʜʠ ʧʨʘʛʥʝ ʤʘʪʠ ʢʨʠʩʪʘʣʠ 

ʷʢʦʤʦʛʘ ʙʽʣʴʰʠʭ ʨʦʟʤʽʨʽʚ, ʙʽʣʴʰ ʯʠʩʪʽ ʽ ʟ ʥʘʡʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ 
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ʜʝʬʝʢʪʽʚ ʩʪʨʫʢʪʫʨʠ. ʅʘʚʧʘʢʠ, ʞʠʚʠʡ, ʥʦʨʤʘʣʴʥʦ ʧʨʘʮʶʶʯʠʡ 

ʦʨʛʘʥʽʟʤ ʥʝ ʚʽʜʯʫʚʘʻ ʧʦʪʨʝʙʠ ʚ ʽʜʝʘʣʴʥʠʭ ʢʨʠʩʪʘʣʘʭ. ɰʭ ʥʘʷʚʥʽʩʪʴ ʻ 

ʽʥʜʠʢʘʪʦʨʦʤ ʷʢʠʭʦʩʴ, ʷʢ ʢʘʞʫʪʴ ʤʝʜʠʢʠ, ʧʘʪʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʨʠʢʣʘʜʦʤ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʮʝ, ʻ ʘʪʝʨʦʩʢʣʝʨʦʟ, ʜʣʷ ʷʢʦʛʦ ʭʘʨʘʢʪʝʨʥʝ 

ʚʽʜʢʣʘʜʝʥʥʷ ʜʨʽʙʥʠʭ ʪʚʝʨʜʠʭ ʢʨʠʩʪʘʣʽʚ ʭʦʣʝʩʪʝʨʠʥʫ ʥʘ ʚʥʫʪʨʽʰʥʽʭ 

ʩʪʽʥʢʘʭ ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥ.  

ʎʽ ʢʨʠʩʪʘʣʠʢʠ ʫʩʢʣʘʜʥʶʶʪʴ ʪʝʯʽʶ ʢʨʦʚʽ ʘʙʦ ʥʘʚʽʪʴ ʟʘʢʫʧʦʨʶʶʪʴ 

ʩʫʜʠʥʠ, ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʚʘʞʢʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ 

ʭʦʣʝʩʪʝʨʠʥ ʟ çʧʦʛʘʥʦʛʦè (ʨʽʜʢʦʛʦ) ʢʨʠʩʪʘʣʘ ʩʪʘʻ çʭʦʨʦʰʠʤè 

(ʪʚʝʨʜʠʤ) ʢʨʠʩʪʘʣʦʤ, ʘʣʝ ʥʘʩʣʽʜʢʠ ʮʴʦʛʦ ʷʢʨʘʟ ʥʝʛʘʪʠʚʥʽ.  

ʇʦʜʽʙʥʘ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʽ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʞʦʚʯʥʠʭ ʢʘʤʝʥʽʚ ʫ ʧʝʯʽʥʮʽ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ 

ʪʘʢʦʞ ʚʭʦʜʷʪʴ ʭʦʣʝʩʪʝʨʠʥ ʽ ʨʷʜ ʩʦʣʝʡ.  

ɸʣʝ ʥʝ ʙʫʚʘʻ ʧʨʘʚʠʣ ʙʝʟ ʚʠʥʷʪʢʫ: ʫ ʰʠʰʢʦʧʦʜʽʙʥʽʡ ʟʘʣʦʟʽ 

ʣʶʜʩʴʢʦʛʦ ʤʦʟʢʫ ʟʦʚʩʽʤ ʥʝʜʘʚʥʦ ʚʠʷʚʣʝʥʦ ʤʽʢʨʦʢʨʠʩʪʘʣʠ ʢʘʣʴʮʠʪʫ. ʎʷ 

ʥʦʚʘ ʬʦʨʤʘ ʙʽʦʤʽʥʝʨʘʣʽʚ ʫ ʤʦʟʢʫ ʣʶʜʠʥʠ ʽʥʪʝʥʩʠʚʥʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. 

ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʫʞʝ ʤʘʣʠʭ ʢʨʠʩʪʘʣʠʢʽʚ (ʾʭ ʪʦʚʱʠʥʘ 2m, ʘ 

ʜʦʚʞʠʥʘ ï ʜʦ 20 m), ʩʭʦʞʠʭ ʥʘ ʷʛʦʜʠ ʰʦʚʢʦʚʠʮʽ ʜʨʫʟʠ 

ʛʽʜʨʦʘʧʘʪʠʪʽʚ. ʉʢʘʥʫʚʘʣʴʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ ʽʜʝʥʪʠʬʽʢʫʚʘʚ 

ʢʫʙʽʯʥʽ, ʛʝʢʩʘʛʦʥʘʣʴʥʽ ʪʘ ʮʠʣʽʥʜʨʠʯʥʽ ʤʦʨʬʦʣʦʛʽʾ ʚʠʷʚʣʝʥʠʭ 

ʢʨʠʩʪʘʣʽʚ.  

ʎʽ ʢʨʠʩʪʘʣʠ ï ̒ ʜʠʥʘ ʥʝʧʘʪʦʣʦʛʽʯʝʥʘ ʬʦʨʤʘ ʢʘʣʴʮʠʪʫ ʚ 

ʣʶʜʩʴʢʦʤʫ ʪʽʣʽ. ɺ ʫʤʦʚʘʭ ʣʘʟʝʨʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʚʠʷʚʣʝʥʦ, ʱʦ ʮʽ 

ʢʨʠʩʪʘʣʠ ʟʜʘʪʥʽ ʜʦ ʛʝʥʝʨʘʮʽʾ ʜʨʫʛʦʾ ʛʘʨʤʦʥʽʢʠ ʩʚʽʪʣʘ. ʎʝ ʻ ʜʦʢʘʟʦʤ 

ʤʦʞʣʠʚʦʛʦ ʚ ʪʘʢʠʭ ʢʨʠʩʪʘʣʘʭ ʧʨʦʷʚʣʝʥʥʷ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʝʬʝʢʪʫ. ɼʣʷ ʯʦʛʦ ʞ ʧʦʪʨʽʙʝʥ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ ʣʶʜʩʴʢʦʤʫ 

ʤʦʟʢʫ? ʏʠ ʥʝ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʛʝʥʝʨʫʚʘʪʠ (ʽ ʧʨʠʡʤʘʪʠ) ʝʣʝʢʪʨʠʯʥʽ 

ʽʤʧʫʣʴʩʠ ï ʥʦʩʽʾ ʽʥʬʦʨʤʘʮʽʾ?  

ʉʪʘʨʽʥʥʷ ʦʨʛʘʥʽʟʤʫ ʜʝʷʢʽ ʚʯʝʥʽ ʧʦʚôʷʟʫʶʪʴ ʟ ʧʨʦʮʝʩʦʤ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʤʙʨʘʥ. ʇʝʨʝʭʽʜ ʤʝʤʙʨʘʥʠ ʟ ʥʝʫʧʦʨʷʜʢʦʚʘʥʦʛʦ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ ʚ ʙʽʣʴʰ ʫʧʦʨʷʜʢʦʚʘʥʠʡ ʩʪʘʥ ʫʩʢʣʘʜʥʶʻ 

ʜʽʷʣʴʥʽʩʪʴ ʤʝʤʙʨʘʥʠ, ʟʦʢʨʝʤʘ, ʧʦʛʽʨʰʫʻ ʤʝʭʘʥʽʟʤ ʜʽʾ ʽʦʥʥʠʭ ʥʘʩʦʩʽʚ ʫ 

ʤʝʤʙʨʘʥʽ. ɿʘʢʨʠʩʪʘʣʽʟʦʚʘʥʽ ʬʦʩʬʦʣʽʧʽʜʥʽ ʤʝʤʙʨʘʥʠ ʜʽʡʩʥʦ ʚʠʷʚʣʷʶʪʴʩʷ 

ʚ ʪʢʘʥʠʥʘʭ ʩʪʘʨʠʭ ʦʨʛʘʥʽʟʤʽʚ, ̔  ʪʦʤʫ ʚʝʜʫʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 
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ʚʠʰʫʢʫʚʘʥʥʷ ʤʝʪʦʜʽʚ, ʱʦ ʫʪʨʫʜʥʶʶʪʴ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʤʝʤʙʨʘʥ, ʽ ʪʘʢʽ 

ʟʘʩʦʙʠ ʧʦʩʪʫʧʦʚʦ ʟʥʘʭʦʜʷʪʴʩʷ.  

 

    ʘ    ʙ 

ʈʠʩ. 5.15. ɿʜʦʨʦʚʽ ʢʣʽʪʠʥʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʤʽʞ ʩʦʙʦʶ ʢʦʥʪʘʢʪʠ (ʘ) 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʽʪʠʥ ʧʫʭʣʠʥʠ (ʙ) 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʫʭʣʠʥʥʠʭ ʢʣʽʪʠʥ ʧʽʜ ʝʣʝʢʪʨʦʥʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ 

ʧʦʢʘʟʘʣʦ ʧʦʤʽʪʥʫ ʚʽʜʤʽʥʥʽʩʪʴ ʾʭ ʙʫʜʦʚʠ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʥʦʨʤʘʣʴʥʠʭ 

ʢʣʽʪʠʥ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʠʭ ʽ ʪʠʭ ʢʣʽʪʠʥ ʦʜʥʘʢʦʚʠʡ, ʽ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ 

ʾʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʻ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʫ 

ʧʫʭʣʠʥʘʭ ʟʤʽʥʶʻʪʴʩʷ ʨʦʟʤʽʱʝʥʥʷ ʥʠʪʢʦʧʦʜʽʙʥʠʭ ʫʪʚʦʨʝʥʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʤʝʤʙʨʘʥʦʶ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʫʭ ʢʣʽʪʠʥʠ, ʘ ʪʘʢʦʞ 

ʟʤʽʥʶʻʪʴʩʷ ʙʫʜʦʚʘ ʟʦʚʥʽʰʥʴʦʾ ʤʝʤʙʨʘʥʠ. ɼʦ ʟʽʪʢʥʝʥʥʷ ʽʟ 

ʩʧʦʨʽʜʥʝʥʠʤʠ ʢʣʽʪʠʥʘʤʠ ʟʜʦʨʦʚʽ ʢʣʽʪʠʥʠ ʘʢʪʠʚʥʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ. 

ʇʦʪʽʤ, çʨʦʟʧʽʟʥʘʚʰʠè ʦʜʥʘ ʦʜʥʫ, ʨʦʜʠʥʥʽ ʢʣʽʪʠʥʠ ʚʩʪʫʧʘʶʪʴ ʫ ʪʽʩʥʠʡ 

ʢʦʥʪʘʢʪ ʽ ʟʫʧʠʥʷʶʪʴʩʷ, ʫʪʚʦʨʶʶʯʠ ʦʜʥʦʨʽʜʥʫ ʪʢʘʥʠʥʫ ʙʝʟ ʧʨʦʩʚʽʪʽʚ 

ʤʽʞ ʢʣʽʪʠʥʘʤʠ. ʎʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.15, ʘ. ʂʣʽʪʠʥʠ ʧʫʭʣʠʥʠ ʚʘʞʢʦ 

çʧʽʟʥʘʶʪʴè ʦʜʥʘ ʦʜʥʫ ʽ ʩʣʘʙʢʦ ʩʪʠʢʫʶʪʴʩʷ (ʨʠʩ. 5.15, ʙ), ʘ ʛʦʣʦʚʥʝ, 

ʥʝ ʟʫʧʠʥʷʶʪʴ ʧʽʜ ʯʘʩ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʩʚʦʛʦ ʨʦʟʤʥʦʞʝʥʥʷ ʧʦʜʽʣʦʤ ʧʽʩʣʷ 

ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʦʜʥʘ ʟ ʦʜʥʦʶ. ɺʝʜʫʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʧʨʠʧʫʱʝʥʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʧʫʭʣʠʥʥʠʭ ʢʣʽʪʠʥʘʭ ʨʽʜʢʦʢʨʠʩʪʘʣʠʯʥʽ 

ʩʪʨʫʢʪʫʨʠ ʤʝʤʙʨʘʥ ʽ ʥʠʪʢʦʧʦʜʽʙʥʠʭ ʫʪʚʦʨʝʥʴ ʧʦʨʫʰʫʶʪʴʩʷ, 

ʚʠʷʚʣʷʻʪʴʩʷ ʧʨʘʛʥʝʥʥʷ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʣʘʜʫ (ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʠʧʘʜʢʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ).  

ʋʞʝ ʻ ʧʨʠʢʣʘʜʠ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʥʴ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ 

ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʚʘʞʢʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʅʘʧʨʠʢʣʘʜ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʫ ʦʙʩʪʘʚʠʥʫ, ʱʦ ʜʚʦʰʘʨʦʚʘ ʤʝʤʙʨʘʥʘ ʧʨʦʧʫʩʢʘʻ 

ʢʨʽʟʴ ʩʝʙʝ ʜʝʷʢʽ ʣʽʢʘʨʩʴʢʽ ʨʝʯʦʚʠʥʠ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚʦʥʘ ʧʝʨʝʙʫʚʘʻ ʫ 
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ʨʽʜʢʦʢʨʠʩʪʘʣʠʯʥʦʤʫ ʩʪʘʥʽ, ʽ ʥʝ ʧʨʦʧʫʩʢʘʻ ʾʭ, ʷʢʱʦ ʚʦʥʠ ʚ ʙʽʣʴʰ 

ʫʧʦʨʷʜʢʦʚʘʥʦʤʫ, ʬʘʢʪʠʯʥʦ ʪʚʝʨʜʦʤʫ, ʩʪʘʥʽ. ʅʠʥʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʤʦʞʣʠʚʦʩʪʽ ʚʚʝʜʝʥʥʷ ʙʫʜʴ-̫ ʢʠʭ ʘʥʪʠʙʽʦʪʠʢʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʧʫʭʣʠʥʥʫ ʪʢʘʥʠʥʫ. ɼʣʷ ʮʴʦʛʦ ʛʦʪʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʤʽʢʨʦʩʢʦʧʽʯʥʽ 

ʙʫʣʴʙʘʰʢʠ ï ʣʽʧʦʩʦʤʠ, ʫ ʷʢʠʭ ʤʽʩʪʠʪʴʩʷ ʘʥʪʠʙʽʦʪʠʢ. ʎʽ ʙʫʣʴʙʘʰʢʠ 

ʦʪʦʯʝʥʽ ʜʚʦʰʘʨʦʚʦʶ ʤʝʤʙʨʘʥʦʶ, ʢʨʽʟʴ ʷʢʫ ʚ ʫʤʦʚʘʭ ʥʦʨʤʘʣʴʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʣʽʢʠ ʥʝ ʧʨʦʥʠʢʘʶʪʴ. ʋʚʝʜʝʥʽ ʫ ʢʨʦʚ ʮʽ ʙʫʣʴʙʘʰʢʠ 

ʨʦʟʥʦʩʷʪʴʩʷ ʥʝʶ ʧʦ ʚʩʴʦʤʫ ʪʽʣʫ ʽ, ʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʶ ʟʘʢʨʠʪʽʩʪʴ, ʥʝ 

ʤʦʞʫʪʴ ʟʘʚʜʘʪʠ ʰʢʦʜʠ ʦʨʛʘʥʽʟʤʫ. ʋ ʮʝʡ ʯʘʩ ʧʫʭʣʠʥʘ ʧʨʦʛʨʽʚʘʻʪʴʩʷ 

ʩʪʨʫʤʘʤʠ ʥʘʜʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ. ɺʽʜ ʥʘʛʨʽʚʘʥʥʷ ʤʝʤʙʨʘʥʠ ʙʫʣʴʙʘʰʦʢ 

ʧʝʨʝʭʦʜʷʪʴ ʫ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʩʪʘʥ, ʽ ʘʥʪʠʙʽʦʪʠʢ ʚʠʭʦʜʠʪʴ ʟ ʥʠʭ, 

ʱʦʙ ʘʪʘʢʫʚʘʪʠ ʢʣʽʪʠʥʠ ʧʫʭʣʠʥʠ. ɽʢʩʧʝʨʠʤʝʥʪʠ, ʧʨʦʚʝʜʝʥʽ ʥʘ 

ʪʚʘʨʠʥʘʭ, ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʣʽʢʫʚʘʥʥʷ ʢʽʣʴʢʽʩʪʴ ʣʽʢʽʚ, ɦ ʦ 

ʧʦʪʨʘʧʠʣʠ ʫ ʧʫʭʣʠʥʫ, ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʧʝʨʝʚʝʨʰʫʶʪʴ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʚʩʴʦʛʦ ʦʨʛʘʥʽʟʤʫ. ʅʘʧʦʚʥʝʥʽ ʣʽʢʘʤʠ ʣʽʧʦʩʦʤʠ ʫʩʧʽʰʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʽ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʪʨʦʤʙʽʚ ʫ ʢʨʦʚʦʥʦʩʥʠʭ 

ʩʫʜʠʥʘʭ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʽʜʚʠʱʝʥʥʷ 

ʯʫʪʣʠʚʦʩʪʽ ʤʝʤʙʨʘʥ ʜʦ ʥʝʚʝʣʠʢʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ. 

 

5.6. ʈʽʜʢʽ ʢʨʠʩʪʘʣʠ ʚ ʝʚʦʣʶʮʽʡʥʠʭ ʧʨʦʮʝʩʘʭ 

 

ʌʽʟʠʢʘ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʧʦʢʠ ɦʦ 

ʥʝ ʥʘʙʫʣʘ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘʣʝ ʥʝʤʘʻ ʩʫʤʥʽʚʽʚ ʫ ʪʦʤʫ, ɦ ʦ 

ʥʝʚʜʦʚʟʽ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʧʨʠʚʝʜʫʪʴ ʜʦ ʚʨʘʞʘʶʯʠʭ ʚʽʜʢʨʠʪʪʽʚ ʫ 

ʙʽʦʣʦʛʽʾ. ʎʝʥʪʨʘʣʴʥʦʶ ʽʜʝʻʶ, ʷʢʫ ʚʠʟʥʘʻ ʩʴʦʛʦʜʥʽ ʙʽʣʴʰʽʩʪʴ ʫʯʝʥʠʭ, 

ʻ ʝʚʦʣʶʮʽʡʥʘ ʛʽʧʦʪʝʟʘ ʧʨʦ ʨʦʟʚʠʪʦʢ ʞʠʪʪʷ ʥʘ ɿʝʤʣʽ ʟ ʥʝʞʠʚʦʾ ʤʘʪʝʨʽʾ. 

ʇʨʦʪʠʚʥʠʢʠ ʮʽʻʾ ʛʽʧʦʪʝʟʠ ʚʠʭʦʜʷʪʴ ʟ ʧʝʨʝʜʫʤʦʚʠ, ʱʦ ʞʠʚʘ ʤʘʪʝʨʽʷ 

ʩʘʤʘ ʟʘʨʦʜʞʫʚʘʪʠʩʴ ʥʝ ʤʦʞʝ ʽ ʟʘʥʝʩʝʥʘ ʥʘ ɿʝʤʣʶ ʟ ʽʥʰʠʭ ʩʦʥʷʯʥʠʭ 

ʩʠʩʪʝʤ, ʧʨʦʪʝ ʜʦʢʘʟʽʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʮʝ, ʧʦʢʠ ʱʦ ʥʝʤʘʻ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʦʨʷʜ ʟ ʪʨʠʚʘʣʠʤ ʭʦʜʦʤ ʙʽʦʣʦʛʽʯʥʦʾ ʝʚʦʣʶʮʽʾ ʟʘ ʏ. ɼʘʨʚʽʥʠʤ 

ʚʽʜ ʥʘʡʧʨʦʩʪʽʰʠʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʜʦ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʚʠʜʽʚ ʤʘʚ 

ʚʽʜʙʫʪʠʩʷ ʥʝ ʤʝʥʰ ʪʨʠʚʘʣʠʡ ʧʨʦʮʝʩ ʭʽʤʽʯʥʦʾ ʝʚʦʣʶʮʽʾ, ʱʦ 

ʟʘʚʝʨʰʠʚʩʷ ʩʪʚʦʨʝʥʥʷʤ ʞʠʚʦʾ ʢʣʽʪʠʥʠ.  
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ʋʯʝʥʽ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ɿʝʤʣʷ ʩʪʚʦʨʠʣʘʩʷ ʙʣʠʟʴʢʦ ʧôʷʪʠ ʤʽʣʴʷʨʜʽʚ 

ʨʦʢʽʚ ʪʦʤʫ, ʟ ʷʢʠʭ ʧʨʦʪʷʛʦʤ ʧʝʨʰʽ ʧʽʚʪʦʨʘ ʤʽʣʴʷʨʜʘ ʚʽʜʙʫʚʘʣʘʩʷ ʭʽʤʽʯʥʘ 

ʝʚʦʣʶʮʽʷ, ʪʦʙʪʦ ʟʘʨʦʜʞʫʚʘʣʠʩʷ ʥʘʡʧʨʠʤʽʪʠʚʥʽʰʽ ʦʜʥʦʢʣʽʪʠʥʥʽ 

ʦʨʛʘʥʽʟʤʠ (ʙʘʢʪʝʨʽʾ). ʗʢ ʚʽʜʦʤʦ, ʭʽʤʽʯʥʘ ʝʚʦʣʶʮʽʷ ʤʘʣʘ ʢʽʣʴʢʘ 

ʝʪʘʧʽʚ. ʆʜʥʠʤ ʟ ʥʠʭ ʙʫʚ ʧʝʨʽʦʜ ʬʦʨʤʫʚʘʥʥʷ ʢʣʽʪʠʥʠ, ʷʢʝ ʧʦʪʨʝʙʫʚʘʣʦ 

ʩʢʣʘʜʥʠʭ ʤʦʣʝʢʫʣ-ʧʦʣʽʤʝʨʽʚ (ʙʽʣʢʽʚ, ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʪʘ ʽʥ). ɼʣʷ 

ʾʭ ʩʠʥʪʝʟʫ ʧʦʪʨʽʙʥʽ ʙʽʣʴʰ ʧʨʦʩʪʽ çʟʘʛʦʪʦʚʢʠè ʪʠʧʫ ʘʤʽʥʦʢʠʩʣʦʪ (ʜʣʷ 

ʙʽʣʢʽʚ), ʧʫʨʠʥʽʚ, ʧʽʨʠʤʽʜʠʥʽʚ ʽ ʮʫʢʨʽʚ (ʜʣʷ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ), 

ʚʫʛʣʝʚʦʜʽʚ, ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʪʦʱʦ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʽʟ ʩʫʤʽʰʽ ʥʘʡʧʨʦʩʪʽʰʠʭ ʤʦʣʝʢʫʣ ʚʦʜʥʶ, ʘʤʽʘʢʫ, ʤʝʪʘʥʫ ʽ 

ʚʦʜʠ, ʷʢʽ ʪʽʣʴʢʠ ʡ ʙʫʣʠ ʚ ʥʘʷʚʥʦʩʪʽ ʧôʷʪʴ ʤʽʣʴʷʨʜʽʚ ʨʦʢʽʚ ʪʦʤʫ 

(ʟʨʦʟʫʤʽʣʦ, ʱʝ ʙʫʣʠ ʡ ʤʽʥʝʨʘʣʠ), ʥʘʙʽʨ ʩʢʣʘʜʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ. 

ʎʴʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʰʪʫʯʥʦ ʦʧʨʦʤʽʥʝʥʥʷʤ ʞʦʨʩʪʢʠʤ 

(ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʤ) ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ ʩʚʽʪʣʦʤ, ʨʘʜʽʦʘʢʪʠʚʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʘʙʦ ʞ ʧʨʦʧʫʩʢʘʥʥʷʤ ʯʝʨʝʟ çʧʝʨʚʠʥʥʠʡ ʙʫʣʴʡʦʥè 

ʝʣʝʢʪʨʠʯʥʠʭ ʨʦʟʨʷʜʽʚ. ʊʘʢʠʤʠ ʩʠʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ ʫ ʥʘʜʣʠʰʢʫ ʪʦʜʽ 

ʚʦʣʦʜʽʣʘ ʧʨʠʨʦʜʘ. ʐʪʫʯʥʠʤ ʩʧʦʩʦʙʦʤ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʜʝʷʢʽ (ʥʝ ʚʩʽ) 

çʙʫʜʽʚʝʣʴʥʽ ʮʝʛʣʠʥʠè ʜʣʷ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʦʞ ʜʦʙʫʪʽ ʚʫʛʣʝʚʦʜʠ 

ʽ, ʱʦ ʥʘʡʛʦʣʦʚʥʽʰʝ, ï ʞʠʨʥʽ ʢʠʩʣʦʪʠ. ʋ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʝʚʦʣʶʮʽʾ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʪʘʢʦʞ ʜʝʷʢʽ ʮʫʢʨʠ, ʢʦʣʠ ʾʭ 

ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʚʝʨʜʠʭ ʧʽʜʢʣʘʜʦʢ ʫ ʚʠʛʣʷʜʽ 

ʤʽʥʝʨʘʣʴʥʠʭ ʛʣʠʥ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʚʞʝ ʥʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʝʚʦʣʶʮʽʾ ʤʦʛʣʠ ʫʪʚʦʨʠʪʠʩʷ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽ ʧʣʽʚʢʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʚʦʜʠ ʘʙʦ ʚ ʦʙôʻʤʽ ʾʾ ʫ ʚʠʛʣʷʜʽ ʤʽʮʝʣ. ɾʠʨʥʽ ʢʠʩʣʦʪʠ ʤʦʞʫʪʴ 

ʦʨʽʻʥʪʫʚʘʪʠ ʧʨʦʩʪʽ ʨʝʘʛʝʥʪʠ, ʩʧʨʠʷʶʯʠ ʪʠʤ ʩʘʤʠʤ ʩʠʥʪʝʟʫ ʩʢʣʘʜʥʠʭ 

ʤʦʣʝʢʫʣ.  

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʝʚʦʣʶʮʽʾ ï ʩʠʥʪʝʟʫ ʧʦʣʽʤʝʨʥʠʭ ʣʘʥʮʶʞʢʽʚ ʟ 

ʦʢʨʝʤʠʭ ʤʦʥʦʤʝʨʥʠʭ ʣʘʥʦʢ ï ʨʦʣʴ ʨʦʟʯʠʥʥʠʢʽʚ, ʟʜʘʪʥʠʭ ʦʨʽʻʥʪʫʚʘʪʠ 

ʤʦʣʝʢʫʣʠ, ʤʦʛʣʘ ʙ ʩʪʘʪʠ ʱʝ ʙʽʣʴʰ ʟʥʘʯʫʱʦʶ. ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ɦ ʦ ʥʘ 

ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʥʠʢʣʦ ʡ ʚʝʣʠʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʜʟʝʨʢʘʣʴʥʦ 

ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʤʦʣʝʢʫʣ ï ʦʧʪʠʯʥʠʭ ʘʥʪʠʧʦʜʽʚ. ʋ ʾʭ ʩʠʥʪʝʟʽ ʥʝ 

ʚʠʢʣʶʯʘʻʪʴʩʷ ʽʩʪʦʪʥʘ ʨʦʣʴ ʭʦʣʝʩʪʝʨʠʯʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʷʢ 

ʦʨʽʻʥʪʠʨ ʦʧʪʠʯʥʦ ʧʨʘʚʠʭ ʯʠ ʣʽʚʠʭ ʨʦʟʯʠʥʥʠʢʽʚ.  
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ɺ ʝʚʦʣʶʮʽʡʥʽʡ ʪʝʦʨʽʾ ʥʘʡʩʢʣʘʜʥʽʰʠʤ ʻ ʫʪʚʦʨʝʥʥʷ ʢʣʽʪʠʥʠ. ɹʫʣʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʟʥʽ ʤʦʜʝʣʽ ʧʦʧʝʨʝʜʥʠʢʽʚ ʢʣʽʪʠʥ. ʅʘʡʚʽʜʦʤʽʰʘ ʟ ʥʠʭ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʷʚʣʝʥʥʷʭ ʧʨʦ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ï ʢʦʘʮʝʨʚʘʪʠ (ʚʽʜ ʣʘʪ. 

coacerve ï ʛʨʫʧʫʚʘʪʠʩʷ), ʱʦ ʥʘʜʟʚʠʯʘʡʥʦ ʣʝʛʢʦ ʫʪʚʦʨʶʶʪʴʩʷ ʫ 

ʩʠʣʴʥʦ ʨʦʟʙʘʚʣʝʥʠʭ ʨʦʟʯʠʥʘʭ ʧʦʣʽʤʝʨʽʚ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘ 

ʧʦʚʝʨʭʥʷʭ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ ʤʦʞʫʪʴ ʧʝʨʝʙʽʛʘʪʠ ʩʧʝʮʠʬʽʯʥʽ ʨʝʘʢʮʽʾ ʟ 

ʫʯʘʩʪʶ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ï ʬʝʨʤʝʥʪʽʚ. ʆʜʥʘ ʟ ʤʦʜʝʣʝʡ ʟʘʨʦʜʢʘ ʢʣʽʪʠʥʠ 

ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʤʽʮʝʣ ʘʙʦ, ʱʝ ʡʤʦʚʽʨʥʽʰʝ, ï 

ʣʽʧʦʩʦʤ, ʪʦʙʪʦ ʢʦʣʠ ʤʘʣʝʥʴʢʘ ʢʨʘʧʝʣʴʢʘ ʚʞʝ ʤʘʻ ʛʦʪʦʚʫ ʤʝʤʙʨʘʥʫ, 

ʙʫʜʦʚʘ ʷʢʦʾ ʚʽʜʧʦʚʽʜʘʻ ʤʝʤʙʨʘʥʽ ʞʠʚʠʭ ʢʣʽʪʠʥ. 

ʆʜʥʘʢ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝ, ʷʢ ʟʤʫʩʠʪʠ ʢʣʽʪʠʥʫ ʧʨʘʮʶʚʘʪʠ ʽ 

ʨʦʟʤʥʦʞʫʚʘʪʠʩʷ, ʚʠʜʘʶʪʴʩʷ ʜʦʩʠʪʴ ʩʫʧʝʨʝʯʣʠʚʠʤʠ, ʭʦʯ ʽ ʤʦʞʣʠʚʠʤʠ. 

ʎʝ ʧʽʜʪʚʝʨʜʠʚ ʜʦʢʪʦʨ ɺʫʜʚʦʨʜ ʫ ʉʪʦʢʛʦʣʴʤʽ ʧʽʜ ʯʘʩ ʦʪʨʠʤʘʥʥʷ 

ʅʦʙʝʣʽʚʩʴʢʦʾ ʧʨʝʤʽʾ: çʗ ʤʘʡʞʝ ʥʝ ʩʫʤʥʽʚʘʶʩʷ, ʱʦ ʤʦʞʥʘ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʟʨʦʙʠʪʠ ʱʦʩʴ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʦʟʥʘʢʘʤʠ ʞʠʪʪʷ, 

ʘʣʝ ʷ ʥʝ ʭʦʪʽʚ ʙʠ ʧʝʨʝʜʙʘʯʘʪʠ, ʩʢʽʣʴʢʠ ʥʘ ʮʝ ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʯʘʩʫè. 

ʅʘ ʝʪʘʧʽ ʙʽʦʣʦʛʽʯʥʦʾ ʝʚʦʣʶʮʽʾ ʨʦʣʴ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʤʘʡʞʝ ʥʝ 

ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚʽʚ. ʈʽʯ ʫ ʪʽʤ, ʱʦ ʧʨʦʮʝʩʠ ʬʦʪʦʩʠʥʪʝʟʫ, ʷʢʽ ʟʘ ʫʤʦʚ 

ʫʪʚʦʨʝʥʥʷ ʢʠʩʥʝʚʦʾ ʘʪʤʦʩʬʝʨʠ, ʧʝʨʝʙʽʛʘʶʪʴ ʫ ʟʝʣʝʥʠʭ ʨʦʩʣʠʥʘʭ ʟ 

ʧʨʷʤʦʶ ʫʯʘʩʪʶ ʢʣʽʪʠʥʥʠʭ ʤʝʤʙʨʘʥ. ʉʘʤʝ ʚ ʤʝʤʙʨʘʥʘʭ ʭʣʦʨʦʧʣʘʩʪʽʚ 

ʨʦʟʤʽʱʝʥʽ ʤʦʣʝʢʫʣʠ ʭʣʦʨʦʬʽʣʫ, ʱʦ ʧʦʛʣʠʥʘʶʪʴ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ ʽ 

ʧʝʨʝʪʚʦʨʶʶʪʴ ʾʾ ʥʘ ʝʥʝʨʛʽʶ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ, ʧʦʪʨʽʙʥʫ ʜʣʷ ʩʠʥʪʝʟʫ 

ʚʫʛʣʝʚʦʜʽʚ ʟ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʗʢ ʽ ʚ ʨʘʟʽ ʢʣʽʪʠʥʥʦʛʦ ʜʠʭʘʥʥʷ, ʨʦʣʴ 

ʤʝʤʙʨʘʥ, ʤʘʙʫʪʴ, ʧʦʣʷʛʘʻ ʚ çʨʦʟʬʘʩʫʚʘʥʥʽè ʚʝʣʠʢʠʭ ʢʚʘʥʪʽʚ ʝʥʝʨʛʽʾ 

ʥʘ ʧʦʨʮʽʾ, ʜʦʩʪʘʪʥʽ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ.  

ʅʘʡʤʝʥʰ ʟʨʦʟʫʤʽʣʘ ʽ ʚʠʚʯʝʥʘ ʽʩʪʠʥʥʘ ʨʦʣʴ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ 

ʩʪʘʥʫ ʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ʋ ʮʽʡ ʮʘʨʠʥʽ ʙʽʣʴʰʝ 

ʟʘʧʠʪʘʥʴ, ʥʽʞ ʚʽʜʧʦʚʽʜʝʡ, ʘ ʚʠʩʫʥʫʪʽ ʛʽʧʦʪʝʟʠ ʱʝ ʯʝʢʘʶʪʴ ʧʝʨʝʚʽʨʢʠ 

ʜʦʩʚʽʜʦʤ. ʌʽʟʠʯʥʽ ʜʦʩʣʽʜʠ ʥʘʜ ʞʠʚʠʤʠ ʢʣʽʪʠʥʘʤʠ ʻ ʜʫʞʝ ʩʢʣʘʜʥʠʤʠ ̫ʢ 

ʫ ʪʝʭʥʽʯʥʦʤʫ ʩʝʥʩʽ, ʪʘʢ ʽ ʱʦʜʦ ʦʜʥʦʟʥʘʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɸʜʞʝ, ʢʨʽʤ ʫʩʴʦʛʦ ʽʥʰʦʛʦ, ʪʨʝʙʘ ʪʦʯʥʦ ʟʥʘʪʠ, ʷʢʽ ʟʤʽʥʠ ʚʥʦʩʷʪʴʩʷ ʚ 

ʪʦʥʢʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʙʽʦʤʝʤʙʨʘʥ, 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʠʢʘʭ. ʇʦ ʩʫʪʽ, ʚʯʝʥʽ ʪʝʧʝʨ 

ʧʝʨʝʙʫʚʘʶʪʴ ʣʠʰʝ ʥʘ ʧʦʯʘʪʢʫ ʥʝʟʚʽʜʘʥʦʛʦ ʰʣʷʭʫ ʜʦ ʪʘʻʤʥʠʮʴ 
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ʞʠʚʦʛʦ. ʅʘʚʽʪʴ ʚʠʚʯʝʥʽ ʟʚʠʯʥʽ ʨʽʜʠʥʥʽ ʢʨʠʩʪʘʣʠ ʪʘʷʪʴ ʯʠʤʘʣʦ 

ʟʘʛʘʜʦʢ. ɼʫʞʝ ʚʘʞʣʠʚʦ ʟʨʦʟʫʤʽʪʠ, ʷʢʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʙʫʜʦʚʠ 

ʤʘʶʪʴ ʚʦʣʦʜʽʪʠ ʤʦʣʝʢʫʣʠ, ʱʦʙ ʫʪʚʦʨʠʪʠ ʪʽ ʯʠ ʽʥʰʽ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽ ʩʪʘʥʠ ʟ ʧʝʚʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʜʦʪʝʧʝʨ ʥʝʤʘʻ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʥʷ, ʯʠ ʤʦʞʣʠʚʝ ʽʩʥʫʚʘʥʥʷ 

ʥʝʤʘʪʠʢʫ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʘʧʨʠʢʣʘʜ ʤʽʥʫʩ 60 Áʉ, ʷʢʠʡ 

ʤʘʻ ʧʝʚʥʫ ʚôʷʟʢʽʩʪʴ. ʗʢʠʤʠ ʞ ʤʘʶʪʴ ʙʫʪʠ ʤʦʣʝʢʫʣʠ ʪʘʢʦʾ ʨʝʯʦʚʠʥʠ? 

ʎʝ ʥʝ ʪʽʣʴʢʠ ʥʘʫʢʦʚʝ ʧʠʪʘʥʥʷ, ʘʣʝ ʡ ʜʫʞʝ ʩʢʣʘʜʥʘ ʧʨʠʢʣʘʜʥʘ 

ʧʨʦʙʣʝʤʘ, ʦʩʢʽʣʴʢʠ ʩʫʯʘʩʥʘ ʪʝʭʥʽʢʘ ʛʦʩʪʨʦ ʧʦʪʨʝʙʫʻ ʩʘʤʝ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɯʩʥʫʶʯʽ ʞ ʨʝʯʦʚʠʥʠ ʜʦʙʨʝ ʬʫʥʢʮʽʦʥʫʶʪʴ ʟʜʝʙʽʣʴʰʦʛʦ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʱʦʾ ʥʽʞ ʤʽʥʫʩ 20 Áʉ, ʘ ʷʢʱʦ ʩʪʘʻ ʭʦʣʦʜʥʽʰʝ, ʪʦ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽ ʦʧʪʠʯʥʽ ʧʨʠʣʘʜʠ ʤʘʶʪʴ ʜʦʩʠʪʴ ʩʧʦʚʽʣʴʥʝʥʫ 

ʨʝʘʢʮʽʶ.  
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6. ʄɽʊɸʄɸʊɽʈɯɸʃʀ 

 

6.1. ʆʩʦʙʣʠʚʦʩʪʽ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ 

 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʨʝʚʦʣʶʮʽʡʥʫ ʟʤʽʥʫ ʚ ʫʷʚʣʝʥʥʷʭ ʧʨʦ ʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʝʣʝʢʪʨʦʥʽʢʠ ʟʨʦʙʠʣʠ ʤʝʪʘʤʘʪʝʨʽʘʣʠ. ɺʦʥʠ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʙʝʟʣʽʯʽ 

ʤʘʣʠʭ ʤʝʪʘʣʝʚʠʭ ʽ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʨʘʤʦʢ, ʩʪʨʠʞʥʽʚ, 

ʢʽʣʝʮʴ, ʜʠʩʢʽʚ ̔  ʪ. ʽʥ. ʗʢʱʦ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʰʠʨʶʻʪʴʩʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʭʚʠʣʷ, ʜʦʚʞʠʥʘ ʷʢʦʾ ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨʠ ʮʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʚʦʥʠ ʚʽʜʽʛʨʘʶʪʴ ʪʘʢʫ ʩʘʤʫ ʨʦʣʴ, ʱʦ ʡ ʘʪʦʤʠ ʪʘ ʤʦʣʝʢʫʣʠ 

ʚ ʦʜʥʦʨʽʜʥʽʡ ʨʝʯʦʚʠʥʽ ʧʽʜ ʯʘʩ ʧʦʰʠʨʝʥʥʷ ʩʚʽʪʣʘ, ʪʦʙʪʦ 

ʟʫʤʦʚʣʶʶʪʴ ʝʣʝʢʪʨʠʯʥʽ, ʤʘʛʥʽʪʥʽ ʡ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ.  

ʂʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʘʢʮʽʾ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʝʣʝʢʪʨʠʯʥʝ ʽ ʤʘʛʥʽʪʥʝ ʧʦʣʷ. ʅʘʧʨʠʢʣʘʜ, ʫ ʤʝʪʘʣʘʭ 

ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ ʨʫʭʘʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ 

ʚʧʣʠʚ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʪʦʙʪʦ ʩʪʚʦʨʶʶʪʴ ʧʨʦʪʠʣʝʞʥʦ 

ʥʘʧʨʷʤʣʝʥʝ ʚʥʫʪʨʽʰʥʻ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʱʦ ʟʫʤʦʚʣʶʻ ʤʘʡʞʝ 

ʧʦʚʥʝ ʚʽʜʙʠʪʪʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ. ʋ ʜʽʝʣʝʢʪʨʠʢʘʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ ʯʘʩʪʢʦʚʦ ʧʨʦʥʠʢʘʶʪʴ ʫ ʤʘʪʝʨʽʘʣ ʽ 

ʧʦʰʠʨʶʶʪʴʩʷ ʚ ʥʴʦʤʫ; ʚ ʮʠʭ ʫʤʦʚʘʭ ʝʣʝʢʪʨʠʯʥʘ ʧʦʣʷʨʠʟʘʮʽʷ 

(ʧʨʫʞʥʠʡ ʟʩʫʚ ʟʘʨʷʜʽʚ) ʟʫʤʦʚʣʶʻ ʪʦʡ ʘʙʦ ʽʥʰʠʡ, ʘʣʝ ʟʘʚʞʜʠ 

ʜʦʜʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʦʤʣʝʥʥʷ (n > 0).  

ʄʝʪʘʤʘʪʝʨʽʘʣʠ, ʥʘʚʧʘʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ n < 0. 

ʂʦʤʧʦʥʝʥʪʠ ʤʝʪʘʤʘʪʝʨʽʘʣʫ (ʨʘʤʢʠ, ʢʽʣʴʮʷ, ʩʪʨʠʞʥʽ ʡ ʽʥ.) ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʩʦʣʝʥʦʾʜʠ ʡ ʢʦʥʜʝʥʩʘʪʦʨʠ. ʉʘʤʝ ʪʦʤʫ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʤʝʪʘʤʘʪʝʨʽʘʣʫ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ: ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʪʦʤʽʚ ʽ ʤʦʣʝʢʫʣ, ʫ ʷʢʠʭ 

ʩʠʤʝʪʨʽʶ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ ʚʞʝ ʟʘʜʘʥʦ ʧʨʠʨʦʜʦʶ, 

ʤʝʪʘʣʝʚʽ ʡ ʜʽʝʣʝʢʪʨʠʯʥʽ ʝʣʝʤʝʥʪʠ ʤʦʞʥʘ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʙʠʨʘʪʠ ʽ 

ʢʦʥʩʪʨʫʶʚʘʪʠ ʟ ʝʣʝʤʝʥʪʽʚ ʪʦʡ ʘʙʦ ʽʥʰʠʡ ʤʝʪʘʤʘʪʝʨʽʘʣ, ʟʘʜʘʶʯʠ 

ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ. ʂʦʤʙʽʥʘʮʽʾ ʚʠʭʽʜʥʠʭ ʤʝʪʘʣʝʚʠʭ ʽ ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʤʝʪʘʤʘʪʝʨʽʘʣʫ ʤʦʞʫʪʴ ʟʫʤʦʚʣʶʚʘʪʠ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʷʢʽ ʥʝʤʦʞʣʠʚʽ ʚ ʪʨʘʜʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜôʻʤʥʽ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʣʦʤʣʝʥʥʷ ʫ ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ʋ 
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ʨʝʟʫʣʴʪʘʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ (ʚ ʦʧʪʠʮʽ ï ʧʨʦʤʝʥʽ ʩʚʽʪʣʘ) ʤʦʞʫʪʴ ʥʝ 

ʨʦʟʩʽʶʚʘʪʠʩʷ ʽ ʥʝ ʚʽʜʙʠʚʘʪʠʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʤʝʪʘʤʘʪʝʨʽʘʣʫ, ʘ ʢʦʚʟʘʪʠ 

ʚʟʜʦʚʞ ʥʝʾ.  

ɯʩʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʽʜôʻʤʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʣʦʤʣʝʥʥʷ n 

ʧʝʨʝʜʙʘʯʠʚ ʨʘʜʷʥʩʴʢʠʡ ʬʽʟʠʢ ɺ. ɻ. ɺʝʩʝʣʘʛʦ ʚ 1967 ʨ. ʆʩʢʽʣʴʢʠ n = 

ÑÕ(em), ʪʦ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ n = ïÕ(em), ʮʽ ʤʘʪʝʨʽʘʣʠ (ʷʢʽ ʚ ʪʦʡ ʯʘʩ 

ʚʠʜʘʚʘʣʠʩʷ ʪʽʣʴʢʠ ʫʷʚʥʠʤʠ) ʧʦʚʠʥʥʽ ʙʫʣʠ ʙ ʤʘʪʠ ʦʜʥʦʯʘʩʥʦ ʚʽʜôʻʤʥʽ 

ʟʥʘʯʝʥʥʷ ̫ ʢ e (ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ), ʪʘʢ ʽ m (ʤʘʛʥʽʪʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ). ʇʨʠʧʫʱʝʥʥʷ ʧʨʦ ʚʽʜôʻʤʥʽ ʧʘʨʘʤʝʪʨʠ n, e ̔ m ʥʝ ʩʫʧʝʨʝʯʠʪʴ 

ʨʽʚʥʷʥʥʷʤ ʄʘʢʩʚʝʣʣʘ. ʇʨʦʪʝ ʫ ʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʪʨʘʜʠʮʽʡʥʽ ʷʚʠʱʘ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʡ ʦʧʪʠʢʠ ʚ ʨʝʯʦʚʠʥʽ ʽʩʪʦʪʥʦ ʟʤʽʥʶʶʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, 

ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʪʘʢʦʛʦ ʤʝʪʘʤʘʪʝʨʽʘʣʫ ʣʽʥʟʘ ʥʝ ʬʦʢʫʩʫʻ, ʘ ʨʦʟʩʽʶʻ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ (ʩʚʽʪʣʦ), ʫ ʪʦʡ ʯʘʩ, ʷʢ ʧʣʦʩʢʠʡ ʜʠʩʢ ʟ 

ʤʝʪʘʤʘʪʝʨʽʘʣʫ, ʥʘʚʧʘʢʠ, ʬʦʢʫʩʫʻ ʧʨʦʤʝʥʽ.  

ʆʙôʻʢʪ, ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʤʝʪʘʤʘʪʝʨʽʘʣʫ ʘʙʦ ʦʙʣʠʮʴʦʚʘʥʠʡ ʥʠʤ, ʤʦʞʝ 

ʩʪʘʪʠ çʥʝʚʠʜʠʤʠʤè ʜʣʷ ʧʨʠʣʘʜʽʚ, ʷʢʠʤʠ ʧʨʦʚʦʜʷʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʥʝ ʚʽʜʙʠʚʘʻ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ, ʘ ʣʠʰʝ ʚʽʜʭʠʣʷʻ ʾʭ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʪʘʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʫ ʪʝʭʥʽʮʽ ʅɺʏ, ʪʦ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʝʢʨʘʥʽ 

ʨʘʜʘʨʘ ʙʫʜʝ ʚʠʜʥʦ ʪʽʣʴʢʠ ʪʝ, ʱʦ ʨʦʟʤʽʱʝʥʦ ʧʦʟʘ ʦʙôʻʢʪʦʤ, ʟʘʭʠʱʝʥʠʤ 

ʤʝʪʘʤʘʪʝʨʽʘʣʦʤ. ʅʘ ʤʽʩʮʽ ʞ ʡʦʛʦ ʩʘʤʦʛʦ ʙʫʜʝ çʧʦʨʦʞʥʝʯʘè. 

ʄʠʥʫʣʦ ʧʦʥʘʜ ʪʨʠʜʮʷʪʴ ʨʦʢʽʚ, ʧʝʨʰ ʥʽʞ ʨʦʟʨʘʭʫʥʢʠ ɺ.ɻ. ɺʝʩʝʣʘʛʦ 

ʨʝʘʣʽʟʫʚʘʣʠʩʷ ʥʘ ʧʨʘʢʪʠʮʽ. ʋ 2006 ʨ. ʘʤʝʨʠʢʘʥʩʴʢʽ ʽ ʙʨʠʪʘʥʩʴʢʽ 

ʜʦʩʣʽʜʥʠʢʠ ɼ. ʉʤʽʪ ʽ ɼʞ. ʇʝʥʜʨʽ ʚʧʝʨʰʝ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʪʘʢʠʡ 

ʤʝʪʘʤʘʪʝʨʽʘʣ, ʱʦ ʥʝ ʚʽʜʙʠʚʘʻ ʤʽʢʨʦʭʚʠʣʴʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʽʥ 

ʩʢʣʘʜʘʚʩʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʥʽʘʪʶʨʥʠʭ ʢʚʘʜʨʘʪʥʠʭ ʨʘʤʦʯʦʢ ʟ ʤʽʜʽ 

(ʨʦʟʤʽʨʦʤ ʙʣʠʟʴʢʦ 3 ʤʤ); ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʦʥʠ ʙʫʣʠ ʧʨʦʨʽʟʘʥʽ, ʘ ʢʨʘʾ ʙʽʣʷ 

ʧʨʦʨʽʟʫ ʚʛʥʫʪʽ ʚʩʝʨʝʜʠʥʫ. ʋʯʝʥʽ ʥʘʢʣʝʾʣʠ ʮʽ ʝʣʝʤʝʥʪʠ ʥʘ ʩʤʫʞʢʠ ʟʽ 

ʩʢʣʦʧʣʘʩʪʠʢʫ ʩʘʥʪʠʤʝʪʨʦʚʦʾ ʰʠʨʠʥʠ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ. ɿʽʛʥʫʚʰʠ 

ʩʤʫʞʢʠ, ʚʦʥʠ ʦʜʝʨʞʘʣʠ ʜʝʩʷʪʴ ʢʦʥʮʝʥʪʨʠʯʥʠʭ ʢʽʣʝʮʴ ʜʽʘʤʝʪʨʦʤ 6ï

12 ʩʤ ʽ ʚʩʪʘʚʠʣʠ ʦʜʥʝ ʚ ʦʜʥʝ ʪʘʢ, ʱʦʙ ʤʽʞ ʥʠʤʠ ʙʫʚ ʥʝʚʝʣʠʢʠʡ 

ʧʨʦʩʪʽʨ. ʋ ʮʝʥʪʨʽ ʢʦʥʩʪʨʫʢʮʽʾ ʫʪʚʦʨʠʚʩʷ ʦʪʚʽʨ ʜʽʘʤʝʪʨʦʤ h ʽʩʪʴ 

ʩʘʥʪʠʤʝʪʨʽʚ. ʇʦʧʝʨʝʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʽʢʨʦʭʚʠʣʽ ʟ 

ʜʦʚʞʠʥʦʶ ʙʣʠʟʴʢʦ ʪʨʴʦʭ ʩʘʥʪʠʤʝʪʨʽʚ ʥʝ ʤʦʞʫʪʴ ʧʨʦʥʠʢʘʪʠ 
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ʚʩʝʨʝʜʠʥʫ ʮʽʻʾ ʩʠʩʪʝʤʠ ʢʽʣʝʮʴ ï ʚʦʥʠ ʙʫʜʫʪʴ ʦʙʛʠʥʘʪʠ ʾʾ ʪʘʢ, ʱʦ 

ʧʦʤʽʱʝʥʠʡ ʤʽʞ ʥʠʤʠ ʤʽʜʥʠʡ ʮʠʣʽʥʜʨ ʚʠʷʚʠʪʴʩʷ ʥʝʚʠʜʠʤʠʤ ʫ 

ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʭʚʠʣʴ.  

ʗʢ ʧʦʚʽʜʦʤʠʣʠ ɼ. ʉʤʽʪ ʽ ɼʞ. ʇʝʥʜʨʽ ʚ ʞʫʨʥʘʣʽ çScienceè, 

ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʤʘʩʢʫʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ 

ʚʠʷʚʠʣʠʩʷ ʫʩʧʽʰʥʠʤʠ. ʅʘ ʝʢʨʘʥʽ ʣʦʢʘʪʦʨʘ ʟʘʤʽʩʪʴ ʤʽʜʥʦʛʦ ʮʠʣʽʥʜʨʘ 

ʙʫʣʦ ʚʠʜʥʦ ʪʽʣʴʢʠ ʧʽʜʩʪʘʚʢʫ, ʥʘ ʷʢʽʡ ʚʽʥ ʨʦʟʤʽʱʫʚʘʚʩʷ. ʄʽʢʨʦʭʚʠʣʽ 

ʜʽʡʩʥʦ ʥʝ ʧʨʦʥʠʢʘʣʠ ʚʩʝʨʝʜʠʥʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʭʦʯʘ ʯʝʨʝʟ ʝʣʝʢʪʨʠʯʥʽ 

ʚʪʨʘʪʠ ʚ ʤʝʪʘʤʘʪʝʨʽʘʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʤʽʪʥʦ ʩʣʘʙʰʘʣʦ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʧʝʨʰʠʡ ʢʨʦʢ ʜʦ ʩʪʚʦʨʝʥʥʷ ʤʘʩʢʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʟ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʫʯʘʩʥʽ ʣʽʪʘʢʠ-ʥʝʚʠʜʠʤʢʠ ʪʠʧʫ 

çʉʪʝʣʩè ʪʘʢʦʞ ʤʘʩʢʫʶʪʴʩʷ, ʤʘʡʞʝ ʥʝ ʟôʷʚʣʷʶʯʠʩʴ ʥʘ ʝʢʨʘʥʽ ʣʦʢʘʪʦʨʘ. 

ʆʜʥʘʢ ʫ ʪʝʭʥʦʣʦʛʽʾ çʉʪʝʣʩè ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʦʚʩʽʤ ʽʥʰʠʡ ʧʨʠʥʮʠʧ, 

ʘ ʩʘʤʝ ï ʩʧʝʮʽʘʣʴʥʽ ʙʘʛʘʪʦʰʘʨʦʚʽ ʧʦʢʨʠʪʪʷ, ʱʦ ʥʝ ʚʽʜʙʠʚʘʶʪʴ ʅɺʏ 

ʩʠʛʥʘʣʫ. 

ʋʞʝ ʜʦʩʷʛʥʫʪʦ ʧʝʚʥʠʭ ʫʩʧʽʭʽʚ ʫ ʩʪʚʦʨʝʥʥʽ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʪʝʭʥʽʢʠ ʅɺʏ. ʄʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʧʦʚʝʨʭʥʽ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʟʤʦʞʫʪʴ ʤʘʩʢʫʚʘʪʠ ʦʙôʻʢʪ 

ʚʽʜʨʘʟʫ ʚ ʜʝʢʽʣʴʢʦʭ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ. ʅʘʜ ʮʠʤ ʪʝʧʝʨ ʧʨʘʮʶʶʪʴ 

ʜʦʩʣʽʜʥʠʢʠ; ʧʨʠʢʣʘʜ ʦʜʥʽʻʾ ʟʽ ʩʪʨʫʢʪʫʨ, ʨʦʟʨʦʙʣʝʥʠʭ ɼʞ. ʇʝʥʜʨʽ, 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.1. 

 
ʈʠʩ. 6.1. ʌʦʪʦʛʨʘʬʽʷ ʙʣʦʢʘ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʤʝʪʘʤʘʪʝʨʽʘʣʫ ï ʢʦʤʧʦʟʠʪʫ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʝʜʫʪʴʩʷ ʽ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʭʚʠʣʴ, ʪʦʙʪʦ 

ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʦʧʪʠʯʥʦʾ ʯʘʩʪʠʥʠ ʩʧʝʢʪʨʘ. ʊʘʢ, ɺ. 

ʐʘʣʘʻʚ ʽ ʡʦʛʦ ʢʦʣʝʛʠ ʨʦʟʨʦʙʠʣʠ ʤʘʪʝʨʽʘʣ, ʱʦ ʝʢʨʘʥʫʻ ʽʥʬʨʘʯʝʨʚʦʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ ʦʜʥʦʛʦ 
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ʤʽʢʨʦʤʝʪʨʘ. ʊʝʦʨʝʪʠʯʥʦ ʚʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ ʪʠʩʷʯ ʟʦʣʦʪʠʭ 

ʝʣʝʤʝʥʪʽʚ ʨʦʟʤʽʨʦʤ 750³170 ʥʤ, ʥʘʥʝʩʝʥʠʭ ʥʘ ʩʢʣʷʥʫ ʧʣʘʩʪʠʥʫ ʫ 

ʚʠʛʣʷʜʽ ʧʨʘʚʠʣʴʥʦʾ ʩʽʪʢʠ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʡʪʦʥʰʽ 

ʧʣʽʚʢʠ ʽʟ ʩʠʩʪʝʤʠ ʟʦʣʦʪʦïʩʢʣʦïʟʦʣʦʪʦ (ʪʦʚʱʠʥʘ ʢʦʞʥʦʛʦ ʰʘʨʫ ï 50 

ʥʤ). ɺʝʨʪʠʢʘʣʴʥʦ ʨʦʟʤʽʱʝʥʽ ʟʦʣʦʪʽ ʧʣʽʚʢʠ ʫʪʚʦʨʠʣʠ ʩʚʦʻʨʽʜʥʽ 

ʦʙʢʣʘʜʠʥʢʠ ʢʨʠʭʽʪʥʦʛʦ ʢʚʘʟʽʢʦʥʜʝʥʩʘʪʦʨʘ. ɿʘ ʧʝʚʥʦʾ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ ʥʘʩʪʘʻ ʝʣʝʢʪʨʠʯʥʠʡ ʨʝʟʦʥʘʥʩ. ɺʽʜʦʤʦ, ʱʦ ʫ ʚʫʟʴʢʽʡ ʜʽʣʷʥʮʽ 

ʩʧʝʢʪʨʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʪʘʤ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʡ ʽ 

ʤʘʛʥʽʪʥʠʡ ʨʝʟʦʥʘʥʩʠ) ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʦʤʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘʙʫʚʘʻ 

ʚʽʜôʻʤʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʠʰʝ ʦʙʛʠʥʘʻ 

ʝʢʨʘʥ, ʥʝ ʚʽʜʙʠʚʘʶʯʠʩʴ ʚʽʜ ʥʴʦʛʦ. 

ʄʦʞʣʠʚʦ ʟ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ ʙʫʜʝ ʚʠʛʦʪʦʚʣʷʪʠ ʚʽʡʩʴʢʦʚʫ 

ʪʝʭʥʽʢʫ ʤʘʡʙʫʪʥʴʦʛʦ (ʥʘʧʨʠʢʣʘʜ, ʥʘʧʨʷʤʣʝʥʽ ʘʥʪʝʥʠ, ʱʦ ʤʘʶʪʴ 

ʧʦʢʨʠʪʪʷ ʜʣʷ ʤʘʩʢʫʚʘʥʥʷ ʚʽʜ ʨʘʜʘʨʽʚ). ɼʣʷ ʝʣʝʢʪʨʦʥʽʢʠ ʤʝʪʘʤʘʪʝʨʽʘʣʠ 

ʚʽʜʢʨʠʚʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʥʘʥʦʣʽʪʦʛʨʘʬʽʾ ʥʘ ʦʧʪʠʯʥʠʭ 

ʯʘʩʪʦʪʘʭ, ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʅɺʏ ʽ ʪ. ʽʥ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʘʤʘʪʝʨʽʘʣʠ ʧʦʪʨʽʙʥʽ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʚʽʡʩʴʢʦʚʦʾ 

ʪʝʭʥʽʢʠ. ʅʘʧʨʠʢʣʘʜ, ʥʠʥʽ ʨʦʟʨʦʙʣʷʶʪʴ ʤʦʙʽʣʴʥʽ ʪʝʣʝʬʦʥʠ ʟ 

ʥʘʥʦʧʦʢʨʠʪʪʷʤ, ʱʦ ʚʽʜʭʠʣʷʪʠʤʝ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʟʘʭʠʱʘʶʯʠ ʚʽʜ ʥʴʦʛʦ ʘʙʦʥʝʥʪʽʚ. ʄʝʪʘʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʟʨʦʙʠʪʠ ʜʽʡʩʥʫ 

ʨʝʚʦʣʶʮʽʶ ʽ ʚ ʦʧʪʠʮʽ. ɺʦʥʠ ʧʦʪʨʽʙʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʜʝʘʣʴʥʠʭ ʣʽʥʟ. 

ʉʫʯʘʩʥʽ ʣʽʥʟʠ, ʬʦʢʫʩʫʶʯʠ ʩʚʽʪʣʦ, ʛʫʙʣʷʪʴ (ʦʩʦʙʣʠʚʦ ʚ ʢʨʘʡʦʚʠʭ 

ʟʦʥʘʭ) ʜʝʷʢʫ ʯʘʩʪʠʥʫ, ʱʦ ʫʪʨʠʤʫʚʘʣʘʩʷ ʚ ʥʴʦʤʫ, ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ 

ʦʧʪʠʯʥʽ ʧʨʠʣʘʜʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ, ʤʘʶʪʴ ʧʝʨʝʜʘʚʘʪʠ 

ʪʦʯʥʝ ʟʦʙʨʘʞʝʥʥʷ. ɿʜʘʪʥʽʩʪʴ ʦʧʪʠʯʥʠʭ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ 

çʩʫʧʝʨʣʽʥʟè ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʩʢʦʧʽʚ, ʦʩʢʽʣʴʢʠ 

ʜʦʩʷʛʥʝ ʜʝʢʽʣʴʢʦʭ ʥʘʥʦʤʝʪʨʽʚ. ɿʘʚʜʷʢʠ ʪʘʢʠʤ ʧʨʠʣʘʜʘʤ 

ʨʦʟʰʠʨʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʙʽʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 
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6.2. ʉʝʨʝʜʦʚʠʱʘ ʟ ʚʽʜôʻʤʥʦʶ ʨʝʬʨʘʢʮʽʻʶ 

 

ʗʢ ʚʽʜʦʤʦ ʟ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʄʘʢʩʚʝʣʣʘ, ʫ ʟʚʠʯʘʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʥʘʧʨʷʤʠ ʚʝʢʪʦʨʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ɽ, ʚʝʢʪʦʨʘ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʅ ʪʘ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ k ʩʢʣʘʜʘʶʪʴ 

ʧʨʘʚʠʡ ʪʨʠʧʣʝʪ, ʪʦʙʪʦ ʦʧʠʩʫʶʪʴʩʷ ʥʘʧʨʷʤʘʤʠ ʧʘʣʴʮʽʚ ʧʨʘʚʦʾ 

ʨʫʢʠ (ʨʠʩ. 6.2, right hand material ï RHM).  

 
ʈʠʩ. 6.2. ʆʨʽʻʥʪʘʮʽʷ ʚʝʢʪʦʨʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʟʚʠʯʘʡʥʦʤʫ 

ʤʘʪʝʨʽʘʣʽ (RHM) ʪʘ ʤʝʪʘʤʘʪʝʨʽʘʣʽ (LHM) 

 

ɺʽʜʧʦʚʽʜʥʦ ʪʘʢʝ ʩʝʨʝʜʦʚʠʱʝ ʥʘʟʠʚʘʶʪʴ RHM. ʅʘʚʧʘʢʠ, ʫ 

ʤʝʪʘʤʘʪʝʨʽʘʣʽ ʮʽ ʚʝʢʪʦʨʠ ʫʪʚʦʨʶʶʪʴ ʣʽʚʠʡ ʪʨʠʧʣʝʪ (ʨʠʩ. 6.2, left hand 

material ï LHM). ʆʜʥʘʢ ʽ ʚ LHM ʩʝʨʝʜʦʚʠʱʽ (ʤʝʪʘʤʘʪʝʨʽʘʣʽ) ʚʝʢʪʦʨ 

ʇʦʡʪʽʥʛʘ S, ɦʦ ʧʦʢʘʟʫʻ ʥʘʧʨʷʤ ʧʦʰʠʨʝʥʥʷ ʝʥʝʨʛʽʾ, ʟʘʣʠʰʘʻʪʴʩʷ ʚ 

ʧʨʘʚʦʤʫ ʪʨʠʧʣʝʪʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ LHM ʩʝʨʝʜʦʚʠʱʽ ʭʚʠʣʴʦʚʠʡ ʚʝʢʪʦʨ k ʚʠʷʚʣʷʻʪʴʩʷ 

ʘʥʪʠʧʘʨʘʣʝʣʴʥʠʤ ʚʝʢʪʦʨʫ ʇʦʡʪʽʥʛʘ S. ʉʘʤʝ ʪʦʤʫ ʚʚʘʞʘʶʪʴ, ʱʦ ʚ 

ʤʝʪʘʤʘʪʝʨʽʘʣʽ ʧʦʰʠʨʶʻʪʴʩʷ ʟʚʦʨʦʪʥʘ ʭʚʠʣʷ. ʋ ʮʴʦʤʫ ʥʦʚʦʤʫ 

ʥʘʫʢʦʚʦʤʫ ʥʘʧʨʷʤʽ ʪʝʨʤʽʥʦʣʦʛʽʷ ʱʝ ʥʝ ʫʩʪʘʣʠʣʘʩʷ, ʽ ʪʦʤʫ ʚ 

ʧʫʙʣʽʢʘʮʽʷʭ ʤʝʪʘʤʘʪʝʨʽʘʣ ʥʘʟʠʚʘʶʪʴ ʥʝ ʪʽʣʴʢʠ LHM ʩʝʨʝʜʦʚʠʱʝʤ, ʘʣʝ 

ʪʘʢʦʞ ʽ ʤʘʪʝʨʽʘʣʦʤ ʟʽ ʟʚʦʨʦʪʥʦʶ ʭʚʠʣʝʶ.  

ʋ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʣʽʥʽʡ ʟ 

1D (ʦʜʥʦʚʠʤʽʨʥʦʶ) ʟʚʦʨʦʪʥʦʶ ʭʚʠʣʝʶ ʜʘʣʝʢʦ ʥʝ ʻ ʥʦʚʠʤ ʷʚʠʱʝʤ, 

ʚʢʣʶʯʘʶʯʠ ʣʘʤʧʠ ʟʚʦʨʦʪʥʦʾ ʭʚʠʣʽ. ʇʨʠʩʪʨʦʾ ʟʽ ʟʚʦʨʦʪʥʦʶ ʭʚʠʣʝʶ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʫ ʜʝʷʢʠʭ ʘʥʪʝʥʘʭ.  

ʅʦʚʠʤ ʫ ʤʝʪʘʤʘʪʝʨʽʘʣʘʭ (LHM ʩʝʨʝʜʦʚʠʱʘʭ) ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 2D (ʜʚʦʚʠʤʽʨʥʠʭ) ʽ ʥʘʚʽʪʴ 3D 

(ʪʨʠʚʠʤʽʨʥʠʭ) ʽʟʦʪʨʦʧʥʠʭ ʪʘ ʦʜʥʦʨʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʱʦ 
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ʧʽʜʪʨʠʤʫʶʪʴ ʧʦʰʠʨʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʭʚʠʣʽ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʷʢ 

ʩʝʨʝʜʦʚʠʱʝ ʟ ʚʽʜôʻʤʥʦʶ ʨʝʬʨʘʢʮʽʻʶ (negative refractive index). ɿʘ 

ʫʤʦʚʠ, ʱʦ n = ï Õ(em), ʪʘʢʽ ʩʝʨʝʜʦʚʠʱʘ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʥʷʪʪʶ 

çʟʚʠʯʘʡʥʝ ʜʽʝʣʝʢʪʨʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝè.  

ɿʘʢʦʥ ʉʥʝʣʽʫʩʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʷʚʠʱʝ ʟʘʣʦʤʣʝʥʥʷ ʥʘ ʤʝʞʽ ʜʚʦʭ 

ʩʝʨʝʜʦʚʠʱ, ʥʘʙʫʚʘʻ ʟʚʦʨʦʪʥʦʾ ʬʦʨʤʠ. ʅʘ ʨʠʩ. 6.3 ʧʦʨʽʚʥʶʻʪʴʩʷ 

ʟʘʣʦʤʣʝʥʥʷ ʧʨʦʤʝʥʷ ʫ ʨʘʟʽ ʧʝʨʝʭʦʜʫ ʽʟ ʩʝʨʝʜʦʚʠʱʘ ʄ1 ʫ ʩʝʨʝʜʦʚʠʱʝ 

ʄ2. ʊʘʥʛʝʥʮʽʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ k ʫ ʧʝʨʰʦʤʫ ʽ 

ʜʨʫʛʦʤʫ ʩʝʨʝʜʦʚʠʱʘʭ ʦʜʥʘʢʦʚʽ: k1t = k1t ʟʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ʟʙʝʨʝʞʝʥʥʷ 

ʤʦʤʝʥʪʫ. ʆʜʥʘʢ ʥʦʨʤʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʽʩʪʦʪʥʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ. 

ʇʨʦʤʽʥʴ, ʱʦ ʧʘʜʘʻ ʟʽ ʟʚʠʯʘʡʥʦʛʦ RHM ʩʝʨʝʜʦʚʠʱʘ ʄ1 ʫ ʟʚʠʯʘʡʥʝ 

RHM ʩʝʨʝʜʦʚʠʱʝ M2 (ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʨʠʩʫʥʢʘ), ʟʘʣʦʤʣʶʻʪʴʩʷ ʟʘ 

ʜʦʙʨʝ ʚʽʜʦʤʠʤ ʧʨʠʥʮʠʧʦʤ, ʦʩʢʽʣʴʢʠ n > 0. ʋ ʪʘʢʦʤʫ ʨʘʟʽ, ʧʨʠʨʦʜʥʦ, 

ʥʘʧʨʷʤ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ k2 ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʦʤ ʚʝʢʪʦʨʘ 

ʇʦʡʪʽʥʛʘ S2. 

ʅʘʚʧʘʢʠ, ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʠʩʫʥʢʘ LHM ʩʝʨʝʜʦʚʠʱʝ M2 ̫ ʚʣʷʻ 

ʩʦʙʦʶ ʤʝʪʘʤʘʪʝʨʽʘʣ ʟ n < 0. ɿʘ ʪʘʢʦʾ ʞ ʪʘʥʛʝʥʮʽʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ 

ʚʝʢʪʦʨʘ k2 ʡʦʛʦ ʥʦʨʤʘʣʴʥʘ ʢʦʤʧʦʥʝʥʪʘ ʚʽʜôʻʤʥʘ. ʇʦʰʠʨʶʻʪʴʩʷ 

ʟʚʦʨʦʪʥʘ ʭʚʠʣʷ, ʜʣʷ ʷʢʦʾ ʥʘʧʨʷʤ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ k2 ʧʨʦʪʠʣʝʞʥʠʡ 

ʥʘʧʨʷʤʫ ʚʝʢʪʦʨʘ ʇʦʡʪʽʥʛʘ S2. 

 
ʈʠʩ. 6.3. ɿʘʣʦʤʣʝʥʥʷ ʧʨʦʤʝʥʷ ʥʘ ʤʝʞʽ ʩʝʨʝʜʦʚʠʱ ʄ1 ̔  ʄ2 ʜʣʷ ʟʚʠʯʘʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

(ʚʛʦʨʽ) ʽ ʤʝʪʘʤʘʪʝʨʽʘʣʫ ʄ2 (ʚʥʠʟʫ) 

 

ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʩʫʪʽ ʭʚʠʣʴʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ 

ʤʝʪʘʤʘʪʝʨʽʘʣʽ, ʥʘ ʨʠʩ. 6.4 ʧʦʢʘʟʘʥʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʫ ʢʘʨʪʠʥʫ: ʧʘʜʽʥʥʷ 
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ʭʚʠʣʴʦʚʦʛʦ ʬʨʦʥʪʫ ʥʘ ʤʝʪʘʤʘʪʝʨʽʘʣ ʧʽʜ ʢʫʪʦʤ 45 ̄ʜʦ ʥʦʨʤʘʣʽ. ʏʘʩʪʠʥʘ 

ʝʥʝʨʛʽʾ ʚʽʜʙʠʚʘʻʪʴʩʷ (reflection) ʟʘ ʟʚʠʯʘʡʥʠʤ ʟʘʢʦʥʦʤ ï ʢʫʪ ʚʽʜʙʠʪʪʷ 

ʜʦʨʽʚʥʶʻ ʢʫʪʫ ʧʘʜʽʥʥʷ. ʉʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʽ ʟʘʣʦʤʣʝʥʽ ʭʚʠʣʽ: ʦʜʥʘ 

ʧʦʰʠʨʶʻʪʴʩʷ ʟʘ ʟʚʠʯʘʡʥʠʤ ʟʘʢʦʥʦʤ ʟ ʥʦʨʤʘʣʴʥʠʤ ʬʘʟʦʚʠʤ ʬʨʦʥʪʦʤ, ʘ 

ʜʨʫʛʘ ʤʘʻ ʥʝʟʚʠʯʘʡʥʝ ʟʘʣʦʤʣʝʥʥʷ ï ʟ ʚʽʜôʻʤʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ.  

 

ʈʠʩ. 6.4. ʇʦʰʠʨʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʬʨʦʥʪʫ ʚ ʤʝʪʘʤʝʪʘʨʽʘʣʽ 

 

ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʝʪʘʤʘʪʝʨʽʘʣʫ ʥʘ ʨʠʩ. 6.4 ʧʦʢʘʟʘʥʦ 

ʚʠʧʘʜʦʢ, ʢʦʣʠ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʘ ʧʣʘʩʪʠʥʢʘ ʤʝʪʘʤʘʪʝʨʽʘʣʫ (LHM 

ʩʝʨʝʜʦʚʠʱʘ) ʧʦʤʽʱʝʥʘ ʤʽʞ ʜʚʦʤʘ ʟʚʠʯʘʡʥʠʤʠ RHM ʩʝʨʝʜʦʚʠʱʘʤʠ, 

ʦʩʚʽʪʣʶʻʪʴʩʷ ʨʦʟʙʽʞʥʠʤ ʧʫʯʢʦʤ ʽʟ ʜʞʝʨʝʣʘ. ʊʫʪ ʚʠʷʚʣʷʶʪʴʩʷ ʚʞʝ ʥʝ 

ʨʦʟʩʽʶʚʘʣʴʥʽ, ʘ ʬʦʢʫʩʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʟʽ ʟʚʦʨʦʪʥʦʶ 

ʭʚʠʣʝʶ, ʷʢʽ ʤʦʞʫʪʴ ʥʘʙʫʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʧʪʠʮʽ (ʨʠʩ. 6.5). 

ʊʝʧʝʨ ʜʦʨʝʯʥʦ ʧʦʷʩʥʠʪʠ ʟʤʽʩʪ ʯʘʩʪʦ ʚʞʠʚʘʥʦʛʦ ʪʝʨʤʽʥʘ 

çʤʝʪʘʤʘʪʝʨʽʘʣè. ɻʨʝʮʴʢʝ ʩʣʦʚʦ çmetaè ʦʟʥʘʯʘʻ çʧʦ ʪʦʡ ʙʽʢè ʽ ʚʢʘʟʫʻ 

ʥʘ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʡ (ʱʦ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʟʚʠʯʘʡʥʦʩʪʽ) ʭʘʨʘʢʪʝʨ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ʈʠʩ. 6.5. ʌʦʢʫʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ ʧʣʘʩʪʠʥʢʦʶ ʤʝʪʘʤʘʪʝʨʽʘʣʫ ï ʝʬʝʢʪ-ʣʽʥʟʦʶ 

 

6.3. ʐʪʫʯʥʽ ʜʽʝʣʝʢʪʨʠʢʠ ʟ eʝʬ < 0 

 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ ʤʦʞʫʪʴ ʧʦʰʠʨʶʚʘʪʠʩʷ ʷʢ ʫ ʚʘʢʫʫʤʽ (e = 1, m 

= 1), ʪʘʢ ʽ ʚ ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʧʝʚʥʠʤʠ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʽ 

ʤʘʛʥʽʪʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ. ʇʘʨʘʤʝʪʨʠ e ̔  m ʮʽʣʢʦʤ ʚʠʟʥʘʯʝʥʽ ʜʣʷ 

ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʟʫʤʦʚʣʝʥʽ ʪʽʻʶ ʘʙʦ ʽʥʰʦʶ ʘʪʦʤʥʦʶ 

ʯʠ ʤʦʣʝʢʫʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʋ ʩʪʨʫʢʪʫʨʽ 

ʟʚʠʯʘʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʘ ʧʦʣʷʨʠʟʘʮʽʷ (ʧʦʜʽʣ 

ʟʘʨʷʜʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʤʝʥʪʫ) ʽ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ 

(ʦʨʽʻʥʪʘʮʽʷ ʤʘʛʥʽʪʥʠʭ ʤʦʤʝʥʪʽʚ) ʝʣʝʤʝʥʪʽʚ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ ï ʘʪʦʤʽʚ 

ʘʙʦ ʤʦʣʝʢʫʣ. ɺʣʘʩʪʠʚʦʩʪʽ ʩʘʤʠʭ ʘʪʦʤʽʚ ʘʙʦ ʤʦʣʝʢʫʣ ʦʙʫʤʦʚʣʝʥʽ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʟʘʢʦʥʘʤʠ ʬʽʟʠʢʠ; ʚʦʥʠ ʟʘʚʞʜʠ ʧʨʠʚʦʜʷʪʴ ʜʦ 

ʜʦʜʘʪʥʠʭ ʩʪʘʪʠʯʥʠʭ ʟʥʘʯʝʥʴ e ̔  ʙʣʠʟʴʢʠʭ ʜʦ ʦʜʠʥʠʮʽ ʚʝʣʠʯʠʥ m 

ʨʝʯʦʚʠʥʠ.  

ɺʠʥʷʪʢʦʤ, ʦʜʥʘʢ, ʻ ʪʽ ʜʽʘʧʘʟʦʥʠ ʯʘʩʪʦʪ ʟʤʽʥʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ, ʟʘ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʣʘʩʥʽ ʨʝʟʦʥʘʥʩʥʽ ʷʚʠʱʘ ï ̫ ʢ ʜʣʷ 

ʧʦʣʷʨʠʟʘʮʽʾ, ʪʘʢ ʽ ʜʣʷ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʪʝ ʘʙʦ ʽʥʰʝ ʟʥʘʯʝʥʥʷ 

e ʦʟʥʘʯʘʻ ʩʪʫʧʽʥʴ çʧʽʜʜʘʪʣʠʚʦʩʪʽè ʜʽʝʣʝʢʪʨʠʢʘ (ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʠʯʥʠʭ 

ʟʘʨʷʜʽʚ) ʜʦ ʫʪʚʦʨʝʥʥʷ ʚ ʥʴʦʤʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʤʝʥʪʫ ʚʥʘʩʣʽʜʦʢ ʜʽʾ 

ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʧʣʠʚʫ. ʈʝʘʢʮʽʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʟʘʨʷʜʽʚ ʥʝ 

ʻ ʤʠʪʪʻʚʦʶ ï ʫ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʚʧʣʠʚʫ ʯʘʩʪʦʪʠ ʧʦʣʷ ʨʘʥʦ ʯʠ ʧʽʟʥʦ 

ʚʠʷʚʣʷʻʪʴʩʷ ʽʥʝʨʮʽʷ çʚʽʜʛʫʢʫè-ʧʦʣʷʨʠʟʘʮʽʾ. ʂʦʣʠ ʬʘʟʘ çʚʽʜʛʫʢʫè 

(ʧʨʫʞʥʦʛʦ ʟʩʫʚʫ ʟʘʨʷʜʽʚ) ʚʽʜʩʪʘʻ ʚʽʜ ʬʘʟʠ ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʦʣʷ, ʪʦ ʪʘʢʠʡ 
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ʚʽʜʛʫʢ ʤʘʻ ʚʽʜôʻʤʥʝ ʟʥʘʯʝʥʥʷ e. ɸʥʘʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ 

ʽ ʚ ʨʘʟʽ ʥʘʤʘʛʥʽʯʝʥʥʷ, ʟʫʤʦʚʣʶʶʯʠ ʚʽʜôʻʤʥʫ ʚʝʣʠʯʠʥʫ m. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʜʦʩʠʪʴ ʚʫʟʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ, ʟʘ ʷʢʦʛʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʟʦʥʘʥʩ çʚʽʜʛʫʢʫè, ʤʦʞʣʠʚʽ ʚʽʜôʻʤʥʽ e ̔  m, ʘʣʝ ʮʝʡ 

ʜʽʘʧʘʟʦʥ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʫʞʝ ʚʠʩʦʢʠʤ ʧʦʛʣʠʥʘʥʥʷʤ ʝʣʝʢʪʨʦ-

ʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ. ʈʝʟʦʥʘʥʩ ʜʣʷ ʽʦʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʭʚʠʣʴ (ʟʘ ʯʘʩʪʦʪʠ  1013 ɻʮ), ʘ ʜʣʷ 

ʝʣʝʢʪʨʦʥʥʦʾ ï ʫ ʜʽʘʧʘʟʦʥʽ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʭ ʭʚʠʣʴ (ʟʘ ʯʘʩʪʦʪ ʙʽʣʴʰʠʭ 

ʟʘ 1016 ɻʮ), ʱʦ ʜʘʣʝʢʦ ʚʽʜ ʜʽʘʧʘʟʦʥʫ ʤʽʢʨʦʭʚʠʣʴ (109ï1011 ɻʮ). ʋ ʧôʻʟʦ-

ʝʣʝʢʪʨʠʢʫ ʪʘʢʦʞ ʤʦʞʣʠʚʠʡ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽʡ ʨʝʟʦʥʘʥʩ (ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜôʻʤʥʦʾ ʚʝʣʠʯʠʥʠ e), ʘʣʝ ʪʘʢʠʡ ʨʝʟʦʥʘʥʩ, ʥʘʚʧʘʢʠ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ (104ï107 ɻʮ) ʧʦʨʽʚʥʷʥʦ ʟ ʅɺʏ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʚʠʜʘʻʪʴʩʷ ʭʠʙʥʠʤ ʚʠʥʠʢʥʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ 

ʷʚʠʱ ʫ ʩʫʮʽʣʴʥʦʤʫ ʦʜʥʦʨʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʜʽʘʧʘʟʦʥʽ ʅɺʏ. ʉʘʤʝ ʪʦʤʫ 

ʤʽʢʨʦʭʚʠʣʴʦʚʠʡ1 ʤʝʪʘʤʘʪʝʨʽʘʣ ʢʦʥʩʪʨʫʶʻʪʴʩʷ ʟ ʥʝʩʫʮʽʣʴʥʦʛʦ ʡ 

ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱ. ʄʝʪʘʤʘʪʝʨʽʘʣʠ ʟʘʚʞʜʠ ʻ ʢʦʤʧʦʟʠʪʘʤʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʧʨʠʨʦʜʥʽʡ ʩʪʨʫʢʪʫʨʽ ʘʪʦʤʽʚ ʽ ʤʦʣʝʢʫʣ ʟʘʚʞʜʠ e > 

0 ʧʦʟʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʦʥʘʥʩʘʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ. ʆʜʥʘʢ 

ʾʭ ʜʽʘʧʘʟʦʥʠ ʥʠʞʯʽ ʚʽʜ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʫʤʦʚʠ e < 0 ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʰʪʫʯʥʫ ʩʪʨʫʢʪʫʨʫ ʟ 

ʨʝʟʦʥʘʥʩʘʤʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʝʚʝʣʠʢʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʨʽʚʥʷʥʦ ʟ 

ʜʦʚʞʠʥʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ, ʘʣʝ ʚʝʣʠʢʠʭ ʧʦʨʽʚʥʷʥʦ ʟ ʘʪʦʤʘʤʠ. 

ʄʘʪʝʨʽʘʣʘʤʠ ʟ ʚʽʜôʻʤʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ ʻ ʤʝʪʘʣʠ 

(ʥʠʞʯʝ ʚʽʜ ʯʘʩʪʦʪʠ ʧʣʘʟʤʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ). ʊʘʢʝ ʧʦʚʦʜʞʝʥʥʷ ʤʝʪʘʣʽʚ 

ʟʫʤʦʚʣʝʥʦ çʧʣʘʟʤʦʥʘʤʠè ï ʨʝʘʢʮʽʻʶ ʥʘ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʤʘʡʞʝ 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚ ʽʦʥʥʠʭ ˇʨʘʪʢʘʭ.  

ʇʣʘʟʤʦʚʘ ʯʘʩʪʦʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ n ʪʘ 

ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ mʝʬ, ʱʦ ʚʠʟʥʘʯʘʻ ʨʫʭʣʠʚʽʩʪʴ: wʧʣ2 = nʝ2/mʝʬ. 

ʆʩʢʽʣʴʢʠ ʚ ʤʝʪʘʣʘʭ e < 0, ʪʦ ʩʪʘʣʘ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ 

ʚ ʪʘʢʽʡ ʝʣʝʢʪʨʦʥʥʽʡ ʧʣʘʟʤʽ ʻ ʫʷʚʥʦʶ ʚʝʣʠʯʠʥʦʶ. ɺʽʜʧʦʚʽʜʥʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ, ʱʦ ʧʘʜʘʶʪʴ ʥʘ ʧʣʘʟʤʫ ʟʟʦʚʥʽ, ʚʠʧʨʦʙʦʚʫʶʪʴ 

ʨʝʘʢʪʠʚʥʝ ʧʦʛʣʠʥʘʥʥʷ ʽ ʚʽʜʙʠʪʪʷ.  
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ɿʘʜʦʚʛʦ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʙʫʣʠ ʚʠʚʯʝʥʽ ʽ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʚ ʨʘʜʽʦʣʦʢʘʮʽʾ ʰʪʫʯʥʽ ʜʽʝʣʝʢʪʨʠʢʠ. ɼʣʷ ʧʦʷʩʥʝʥʥʷ 

ʾʭʥʽʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʦʚʦʜʞʝʥʥʷ ʩʪʘʣʦʾ 

ʧʦʰʠʨʝʥʥʷ ʟʘ ʯʘʩʪʦʪʠ, ʥʠʞʯʦʾ ʚʽʜ ʧʣʘʟʤʦʚʦʾ ʯʘʩʪʦʪʠ ʚ ʤʝʪʘʣʘʭ, ʥʘʛʘʜʫʻ 

ʯʘʩʪʦʪʫ ʚʽʜʩʽʢʘʥʥʷ ʤʦʜ ʫ ʭʚʠʣʝʚʦʜʘʭ, ʥʠʞʯʝ ʚʽʜ ʷʢʦʾ ʭʚʠʣʷ ʚ 

ʭʚʠʣʝʚʦʜʽ ʧʦʰʠʨʶʚʘʪʠʩʷ ʥʝ ʤʦʞʝ, ʽ ʾʾ ʤʦʞʥʘ ʫʷʚʣʷʪʠ ʷʢ ʽʥʜʫʢʪʠʚʥʦ-

ʥʘʚʘʥʪʘʞʝʥʠʡ ʧʨʦʩʪʽʨ. ʎʝ ʷʚʠʱʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ çʰʪʫʯʥʠʭ 

ʜʽʝʣʝʢʪʨʠʢʘʭè ï ʩʝʨʝʜʦʚʠʱʘʭ, ʱʦ ʩʧʦʚʽʣʴʥʶʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ 

ʭʚʠʣʶ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʩʢʣʘʜʝʥʽ ʟ ʧʝʨʽʦʜʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʢʫʣʴ. çʐʪʫʯʥʠʤ ʜʽʝʣʝʢʪʨʠʢʦʤè ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ 

ʧʣʘʟʤʫ ʟ ʚʽʜôʻʤʥʦʶ ʨʝʬʨʘʢʮʽʻʶ (ʚʽʜôʻʤʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʟʘʣʦʤʣʝʥʥʷ). ɼʽʡʩʥʦ, ʧʝʚʥʠʤ ʯʠʥʦʤ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʤʝʪʘʣʝʚʽ ʜʠʩʢʠ, ʩʬʝʨʠ, ʜʨʦʪʠʢʠ ʡ ʽʥʰʽ ʚʢʨʘʧʣʝʥʥʷ ʫ ʨʘʟʽ 

ʦʧʨʦʤʽʥʝʥʥʷ ʾʭ ʤʽʢʨʦʭʚʠʣʷʤʠ ʤʦʞʫʪʴ ʽʤʽʪʫʚʘʪʠ ʩʝʨʝʜʦʚʠʱʝ ʟ 

ʚʽʜôʻʤʥʦʶ ʝʬʝʢʪʠʚʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ (eʝʬ < 0). ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʦʪʨʽʙʥʦ ʟʤʝʥʰʫʚʘʪʠ ʚʠʩʦʢʝ ʧʦʛʣʠʥʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʭʚʠʣʴ (ʚʠʩʦʢʝ ʧʦʛʣʠʥʘʥʥʷ ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʟʚʠʯʘʡʥʦʾ ʧʣʘʟʤʠ), ʷʢ ʽ 

ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ ʧʣʘʟʤʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʾʭ ʨʫʭʣʠʚʦʩʪʽ. ʎʝ ʧʦʪʨʝʙʫʻ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʤʝʪʘʤʘʪʝʨʽʘʣʫ ʫ ʚʠʛʣʷʜʽ ʧʝʪʝʣʴ ʟ ʪʦʥʢʠʭ ʜʨʦʪʠʢʽʚ, ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʫ 

ʧʝʨʽʦʜʠʯʥʫ ʩʪʨʫʢʪʫʨʫ. ɿʘʚʜʷʢʠ ʧʨʦʩʪʦʨʦʚʦʤʫ ʦʙʤʝʞʝʥʥʶ ʨʫʭʫ 

ʝʣʝʢʪʨʦʥʽʚ ʝʬʝʢʪʠʚʥʘ ʦʙôʻʤʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʫ ʪʦʥʢʠʭ 

ʜʨʦʪʠʢʘʭ ʟʥʠʞʫʻʪʴʩʷ, ʱʦ ʟʤʝʥʰʫʻ ʯʘʩʪʦʪʫ ʧʣʘʟʤʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ. ɸʣʝ 

ʙʽʣʴʰ ʽʩʪʦʪʥʦʶ ʻ ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʩʘʤʦʽʥʜʫʢʮʽʷ ʚ ˇʨʘʪʢʘʭ ʜʨʦʪʠʢʽʚ 

ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʨʽʟʢʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʝʣʝʢʪʨʦʥʽʚ, ʨʫʭ ʷʢʠʭ 

ʦʙʤʝʞʝʥʠʡ ʜʨʦʪʠʢʘʤʠ. ɿʘʛʘʣʦʤ ʫ ʪʘʢʽʡ ʩʪʨʫʢʪʫʨʽ ʧʣʘʟʤʦʚʘ ʯʘʩʪʦʪʘ 

ʚʽʜʯʫʪʥʦ ʟʥʠʞʫʻʪʴʩʷ, ʜʦʩʷʛʘʶʯʠ ʛʽʛʘʛʝʨʮʝʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ˇʨʘʪʢʠ ʟ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʜʨʦʪʠʢʽʚ ʟʘʚʜʷʢʠ ʾʭ 

ʧʣʘʟʤʦʧʦʜʽʙʥʦʤʫ ʧʦʚʦʜʞʝʥʥʶ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʦʜʞʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʥʘ ʤʽʢʨʦʭʚʠʣʷʭ ʷʢ ʩʝʨʝʜʦʚʠʱʘʭ ʟ ʚʽʜôʻʤʥʦʶ ʝʬʝʢʪʠʚʥʦʶ 

ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ. 
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6.4. ʐʪʫʯʥʽ ʩʝʨʝʜʦʚʠʱʘ ʟ mʝʬ < 0 

 

ʄʝʪʘʤʘʪʝʨʽʘʣ ʧʦʚʠʥʝʥ ʤʘʪʠ ʥʝ ʪʽʣʴʢʠ ʚʽʜôʻʤʥʫ ʚʝʣʠʯʠʥʫ eʝʬ, ʘʣʝ 

ʡ ʚʽʜôʻʤʥʫ ʚʝʣʠʯʠʥʫ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ mʝʬ. ɺʽʜôʻʤʥʠʡ ʚʥʝʩʦʢ ʫ 

ʚʝʣʠʯʠʥʫ m = 1 + c ʨʦʙʠʪʴ ʜʽʘʤʘʛʥʝʪʠʟʤ, ʜʣʷ ʷʢʦʛʦ ʤʘʛʥʽʪʥʘ 

ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ c < 0. ɸʣʝ, ʦʩʢʽʣʴʢʠ ʤʘʡʞʝ ʟʘʚʞʜʠ c << 1, ʪʦ ʡ 

ʚʝʣʠʯʠʥʘ m ʫ ʙʫʜʴ-̫ ʢʠʭ ʜʽʘʤʘʛʥʝʪʠʢʘʭ ʚʩʝ ʞ ʪʘʢʠ ʟʘʣʠʰʘʻʪʴʩʷ 

ʜʦʜʘʪʥʦʶ (ʽ ʥʘʚʽʪʴ ʫ ʥʘʜʧʨʦʚʽʜʥʠʢʘʭ, ʜʝ c = ï 1 ̔  m = 0, ʤʘʛʥʽʪʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ ʚʩʝ ʱʝ ʥʝʚʽʜôʻʤʥʘ). 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʽʜôʻʤʥʦʾ ʚʝʣʠʯʠʥʠ eʝʬ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʬʝʢʪ e < 

0, ʱʦ ʨʝʘʣʴʥʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʧʣʘʟʤʽ, ʯʘʩʪʦʪʫ ʷʢʦʛʦ ʩʧʝʮʽʘʣʴʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʜʘʣʦʩʷ ʟʥʠʟʠʪʠ ʜʦ ʜʽʘʧʘʟʦʥʫ ʤʽʢʨʦʭʚʠʣʴ. 

ʆʩʢʽʣʴʢʠ ʤʽʞ ʤʘʛʥʽʪʥʠʤʠ ʡ ʝʣʝʢʪʨʠʯʥʠʤʠ ʷʚʠʱʘʤʠ ʥʝʤʘʻ ʧʦʚʥʦʾ 

ʩʠʤʝʪʨʽʾ (ʫ ʧʨʠʨʦʜʽ ʽʩʥʫʶʪʴ ʪʽʣʴʢʠ ʝʣʝʢʪʨʠʯʥʽ ʟʘʨʷʜʠ, ʤʘʛʥʽʪʥʠʭ ʟʘʨʷʜʽʚ 

ʥʝʤʘʻ), ʪʦ ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ ʧʣʘʟʤʦʚʦʾ ʯʘʩʪʦʪʠ ʥʝʽʩʥʫʶʯʦʾ çʤʘʛʥʽʪʥʦʾ 

ʧʣʘʟʤʠè ʜʦʤʦʛʪʠʩʷ ʚʝʣʠʢʦʾ ʜʽʘʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ (ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ mʝʬ < 0) ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʜʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʰʪʫʯʥʽ 

ʤʝʪʦʜʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʛʦʪʦʚʣʷʪʠ ʨʽʟʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʜʣʷ ʷʢʠʭ mʝʬ < 0. ʆʜʠʥ ʟ ʪʘʢʠʭ ʤʝʪʦʜʽʚ, ʟʘʩʪʦʩʦʚʘʥʠʭ ʫ 

ʤʝʪʘʤʘʪʝʨʽʘʣʘʭ ɼʞ. ʇʝʥʜʨʽ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 6.6. ʄʘʛʥʽʪʥʝ ʧʦʣʝ ʅ 

ʥʘʧʨʷʤʣʝʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʣʦʱʠʥʠ ʢʽʣʝʮʴ. 

 
ʈʠʩ. 6.6. ʑʽʣʠʥʥʠʡ ʨʝʟʦʥʘʪʦʨ, ʚʠʛʦʪʦʚʣʝʥʠʡ ʚ ʦʙôʻʤʥʦʤʫ (ʘ) 

ʽ ʧʣʘʥʘʨʥʦʤʫ (ʙ) ʚʘʨʽʘʥʪʘʭ 

 

ʄʝʪʘʤʘʪʝʨʽʘʣ ʢʦʥʩʪʨʫʶʶʪʴ ʟ ʤʽʥʽʘʪʶʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʮʠʣʽʥʜʨʽʚ. ɰʭ 

ʩʪʨʫʢʪʫʨʘ ʥʘʛʘʜʫʻ ʧʣʦʩʢʦ-ʧʘʨʘʣʝʣʴʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ, ʟʛʦʨʥʫʪʽ ʚʟʜʦʚʞ 

ʦʜʥʽʻʾ ʦʩʽ. ʑʽʣʠʥʥʽ ʨʝʟʦʥʘʪʦʨʠ ʤʘʶʪʴ ʚʝʣʠʢʫ ʻʤʥʽʩʪʴ ʤʽʞ ʢʽʣʴʮʷʤʠ, 
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ʱʦ ʟʫʤʦʚʣʶʻ ʥʘʷʚʥʽʩʪʴ ʤʽʞ ʢʽʣʴʮʷʤʠ ʥʘʚʝʜʝʥʦʛʦ ʟʟʦʚʥʽ ʩʠʣʴʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʂʨʽʤ ʪʦʛʦ, ʭʦʯʘ ʝʣʝʢʪʨʠʯʥʽ ʟʘʨʷʜʠ ʽ ʥʝ ʤʦʞʫʪʴ 

ʧʨʦʭʦʜʠʪʠ ʢʨʽʟʴ ʱʽʣʠʥʠ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ, ʤʘʛʥʽʪʥʽ ʧʦʣʷ (ʦʨʽʻʥʪʦʚʘʥʽ 

ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.6, ʙ) ʽʥʜʫʢʫʶʪʴ ʦʜʥʦʯʘʩʥʦ ʩʪʨʫʤʠ ʚ ʦʙʦʭ 

ʢʽʣʴʮʷʭ. ʗʢ ʧʦʢʘʟʫʶʪʴ ʨʦʟʨʘʭʫʥʢʠ, ʥʘʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʨʦʙʠʪʴ 

ʧʦʤʽʪʥʠʡ ʚʥʝʩʦʢ ʫ ʤʘʛʥʽʪʥʫ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ c, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʝʬʝʢʪʠʚʥʘ ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʩʪʘʻ ʚʽʜôʻʤʥʦʶ: mʝʬ < 0. 

ʆʧʠʩʘʥʠʡ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʝʪʘʤʘʪʝʨʽʘʣʫ ï ʢʦʤʧʦʟʠʪʫ ʟʽ 

ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʥʝ ʻʜʠʥʠʡ. ʅʠʥʽ 

ʨʦʟʨʦʙʣʝʥʦ ʢʽʣʴʢʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘʢʦʛʦ ʪʠʧʫ ʪʘʢʦʞ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʣʘʥʘʨʥʦʾ ʘʙʦ ʦʙôʻʤʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʩʪʚʦʨʝʥʦʾ ʟ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʨʝʟʦʥʘʪʦʨʽʚ.  

 

6.5. ʇʣʘʥʘʨʥʽ ʪʘ ʦʙôʻʤʥʽ ʤʝʪʘʤʘʪʝʨʽʘʣʠ 

 

ʂʦʤʧʦʟʠʪʠ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʨʝʟʦʥʫʶʪʴ ʥʘ ʨʘʜʽʦʯʘʩʪʦʪʘʭ ʽ ʅɺʏ. ʈʝʟʦʥʘʥʩʥʽ ʢʦʥʪʫʨʠ 

ʩʪʚʦʨʶʶʪʴ ʟ ʧʘʨʘʣʝʣʴʥʦ ʘʙʦ ʧʦʩʣʽʜʦʚʥʦ ʚʚʽʤʢʥʝʥʠʭ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ 

(ʤʝʪʘʣʝʚʠʭ ʢʦʪʫʰʦʢ) ʽ ʻʤʥʦʩʪʝʡ (ʤʝʪʘʣʝʚʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʰʘʨʽʚ).  

ɯʥʜʫʢʪʠʚʥʦʩʪʽ ʽ ʻʤʥʦʩʪʽ ʜʘʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘ ʨʘʜʽʦʯʘʩʪʦʪʘʭ, ʜʝ 

ʚʦʥʠ ʤʘʶʪʴ ʮʽʣʢʦʤ ʤʘʢʨʦʩʢʦʧʽʯʥʽ 

ʨʦʟʤʽʨʠ. ʆʜʥʘʢ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʩʫʯʘʩʥʽ ʤʽʢʨʦʪʝʭʥʦʣʦʛʽʾ, ʽʥʜʫʢʪʠʚʥʦʩʪʽ 

ʪʘ ʻʤʥʦʩʪʽ ʤʦʞʥʘ ʚʠʛʦʪʦʚʠʪʠ ʜʫʞʝ 

ʤʘʣʠʤʠ ʡ ʫʪʚʦʨʠʪʠ ʟ ʥʠʭ ʧʣʦʩʢʫ 

ʨʝʛʫʣʷʨʥʫ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 6.7).  

ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʣʽʪʦʛʨʘʬʽʾ ʙʫʣʠ ʩʢʦʥʩʪʨʫʡʦʚʘʥʽ 

ʧʨʘʚʦʦʙʝʨʪʘʣʴʥʽ ʩʝʨʝʜʦʚʠʱʘ ï ʧʣʘʥʘʨʥʽ (2D) ʤʝʪʘʤʘʪʝʨʽʘʣʠ (ʨʠʩ. 

6.8).  

ʈʠʩ. 6.7. ʊʝʦʨʝʪʠʯʥʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʘ 

ʜʚʦʚʠʤʽʨʥʘ ʩʪʨʫʢʪʫʨʘ ʟ ʻʤʥʦʩʪʝʡ 

ʪʘ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ 
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ʈʠʩ. 6.8. ʈʝʘʣʽʟʦʚʘʥʘ ʜʚʦʚʠʤʽʨʥʘ (ʧʣʘʥʘʨʥʘ) ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʤʘʪʝʨʽʘʣʫ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. (ʌʦʪʦʛʨʘʬʽʶ ʦʪʨʠʤʘʥʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ) 

 

ʄʝʪʘʣʝʚʽ çʛʘʤʤʘ-ʜʽʦʥʠè ï ʭʽʨʘʣʴʥʽ ʬʽʛʫʨʠ ï ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʽʦʥʥʠʤ 

ʪʨʘʚʣʝʥʥʷʤ ʪʠʪʘʥʦ-ʟʦʣʦʪʦʾ ʧʣʽʚʢʠ. ɿʘʣʦʤʣʝʥʥʷ ʩʚʽʪʣʘ ʚʢʘʟʫʻ ʥʘ ʥʘ-

ʷʚʥʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʭʚʠʣʽ ʫ ʪʘʢʽʡ ʩʪʨʫʢʪʫʨʽ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʷʢ ʩʝʨʝʜʦʚʠʱʝ ʽʟ ʚʽʜôʻʤʥʦʶ ʨʝʬʨʘʢʮʽʻʶ. 

ʇʣʘʥʘʨʥʠʡ ʤʝʪʘʤʘʪʝʨʽʘʣ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʩʠʩʪʝʤʽ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʨʝʟʦʥʘʪʦʨʽʚ. ʃʽʚʦʩʪʦʨʦʥʥʽ ʤʝʪʘʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ 

ʚʽʜôʻʤʥʽ ʝʬʝʢʪʠʚʥʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʪʘ ʤʘʛʥʽʪʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʦʜʥʦʯʘʩʥʦ 

ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ ï ʚʽʜôʻʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʦʤʣʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ.  

ɿʚʠʯʘʡʥʽ ʤʝʪʘʤʘʪʝʨʽʘʣʠ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʥʘ 

ʜʚʘ ʪʠʧʠ: ʦʜʠʥ ï ʮʝ ʢʦʤʙʽʥʘʮʽʷ ʚʠʩʦʢʦʜʦʙʨʦʪʥʦʛʦ ʧʦʣʷʨʠʟʘʮʽʡʥʦ-

ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʝʟʦʥʘʪʦʨʽʚ, ʪʘʢʠʭ ̫ ʢ 

ʢʦʤʙʽʥʘʮʽʷ ʢʽʣʴʮʝʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʟ ʪʦʥʢʠʤʠ ʜʨʦʪʘʤʠ, ʘ ʜʨʫʛʠʡ ï 

ʧʝʨʝʜʘʚʘʣʴʥʘ ʣʽʥʽʷ ʟ ʧʦʩʣʽʜʦʚʥʦ ʚʚʽʤʢʥʝʥʠʤʠ ʪʘ ʰʫʥʪʫʚʘʣʴʥʠʤʠ 

ʽʥʜʫʢʪʠʚʥʦʩʪʷʤʠ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʝʪʘʣʠ ʜʦʙʨʽ ʧʨʦʚʽʜʥʠʢʠ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʠʯʠʥʦʶ ʚʝʣʠʢʠʭ ʫʪʨʘʪ ʝʥʝʨʛʽʾ, ʷʢʱʦ ʾʭ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ 

ʨʝʟʦʥʘʪʦʨʥʠʭ ʩʝʢʮʽʷʭ ʥʘ ʩʘʥʪʠʤʝʪʨʦʚʠʭ ʽ ʦʩʦʙʣʠʚʦ ʥʘ 

ʤʽʣʽʤʝʪʨʦʚʠʭ ʭʚʠʣʷʭ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʚʠʥʠʢʣʘ ʧʦʪʨʝʙʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʪʘ ʨʦʟʨʦʙʠʪʠ ʥʦʚʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʤʝʪʘʤʘʪʝʨʽʘʣʫ ʙʝʟ ʨʝʟʦʥʘʥʩʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. 
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ɹʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʜʚʦʚʠʤʽʨʥʠʡ ʤʝʪʘʤʘʪʝʨʽʘʣ ʟ ʚʽʜôʻʤʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʣʦʤʣʝʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʣʘʩʪʠʥ 

ʭʚʠʣʝʚʦʜʫ, ʚ ʷʢʦʤʫ ʨʦʟʤʽʱʝʥʦ ʢʚʘʜʨʘʪʥʫ ʩʽʪʢʫ ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʨʝʟʦʥʘʪʦʨʽʚ ʫ ʬʦʨʤʽ ʜʠʩʢʽʚ.  

ʂʦʣʝʢʪʠʚʥʘ ʪʘ ʤʽʢʨʦʩʢʦʧʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʨʝʟʦʥʘʪʦʨʽʚ ʧʽʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʊɽ ʨʝʟʦʥʘʥʩʫ ʟʫʤʦʚʣʶʻ 

ʚʽʜôʻʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʥʦʩʪʽ, ʪʦʜʽ ʷʢ ʧʘʨʘʣʝʣʴʥʽ ʧʣʘʩʪʠʥʢʠ 

ʭʚʠʣʝʚʦʜʫ, ʨʦʟʪʘʰʦʚʘʥʽ ʧʽʜ ʨʝʟʦʥʘʪʦʨʘʤʠ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜôʻʤʥʫ 

ʝʬʝʢʪʠʚʥʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʚʦʨʶʶʪʴʩʷ 

ʫʤʦʚʠ ʜʣʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʭʚʠʣʴ ʟ ʧʦʣʷʨʠʟʘʮʽʻʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʣʽʚʦʨʫʢʦʩʪʽ.  

ʇʦ ʩʫʪʽ ʜʽʝʣʝʢʪʨʠʯʥʦ-ʨʝʟʦʥʘʪʦʨʥʽ ʩʭʝʤʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʙʽʥʘʮʽʾ 

ʊɽ ̔ ʊʄ ʨʝʟʦʥʘʥʩʽʚ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʨʝʟʦʥʘʪʦʨʽʚ, ʨʦʙʦʪʘ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ 

ʢʨʫʛʣʠʤ ʨʝʟʦʥʘʪʦʨʘʤ ʽ ʪʦʥʢʠʤ ʜʨʦʪʠʥʢʘʤ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʦʧʝʨʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ (Q-ʬʘʢʪʦʨʘ) ʜʣʷ ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʨʝʟʦʥʘʪʦʨʽʚ, ʪʦʙʪʦ ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʩʪʘʥʪ ʤʽʞ ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʨʝʟʦʥʘʪʦʨʘʤʠ ʪʘ 

ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʫʩʫʥʝʥʥʷ ʟʙʫʜʞʝʥʥʷ ʨʝʟʦʥʘʪʦʨʽʚ ʯʝʨʝʟ ʾʭ ʟʚôʷʟʢʠ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʜʫʞʝ ʚʘʞʢʦ ʥʘʣʘʛʦʜʠʪʠ ʦʙʠʜʚʽ ʊɽ ̔ ʊʄ ʨʝʟʦʥʘʥʩʥʽ 

ʯʘʩʪʦʪʠ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʯʝʨʝʟ ʦʙʤʝʞʝʥʽʩʪʴ ʨʦʙʦʯʠʭ 

ʯʘʩʪʦʪ ʪʘ ʜʽʝʣʝʢʪʨʠʯʥʦ-ʨʝʟʦʥʘʥʩʥʫ ʩʭʝʤʫ.  

ɰʾ ʢʦʥʩʪʨʫʢʮʽʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʟʘʻʤʥʠʭ ʟʚôʷʟʢʘʭ ʤʽʞ 

ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʨʝʟʦʥʘʪʦʨʘʤʠ. ɺʽʜʦʤʦ, ʱʦ ʝʬʝʢʪʠʚʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ ʫ ʧʨʷʤʦʢʫʪʥʦʤʫ ʤʝʪʘʣʝʚʦʤʫ ʭʚʠʣʝʚʦʜʽ ʩʪʘʻ ʚʽʜôʻʤʥʦʶ, 

ʷʢʱʦ ʯʘʩʪʦʪʠ ʥʠʞʯʽ ʟʘ ʯʘʩʪʦʪʫ ʚʽʜʩʽʢʘʥʥʷ. ɼʣʷ ʧʨʷʤʦʢʫʪʥʦʛʦ ʭʚʠʣʝʚʦʜʫ, 

ʱʦ ʧʨʘʮʶʻ ʥʘ ʯʘʩʪʦʪʘʭ, ʥʠʞʯʠʭ ʚʽʜ ʯʘʩʪʦʪʠ ʚʽʜʩʽʢʘʥʥʷ, ʚ ʩʝʨʝʜʠʥʫ 

ʷʢʦʛʦ ʧʦʤʽʱʝʥʦ ʢʽʣʴʮʝʚʽ ʟʚôʷʟʘʥʽ ʨʝʟʦʥʘʪʦʨʠ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʡ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʣʽʚʦʩʪʦʨʦʥʥʽʡ ʝʬʝʢʪ ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ ʤʦʜʝʣʽ, 

ʦʩʢʽʣʴʢʠ ʟʚôʷʟʘʥʽ ʢʽʣʴʮʝʚʽ ʨʝʟʦʥʘʪʦʨʠ ʤʘʶʪʴ ʚʽʜôʻʤʥʫ  ʝʬʝʢʪʠʚʥʫ 

ʧʨʦʥʠʢʥʽʩʪʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʟ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʨʝʟʦʥʘʪʦʨʽʚ ʪʘ ʧʣʦʩʢʦ-

ʧʘʨʘʣʝʣʴʥʠʭ ʧʣʘʩʪʠʥ ʟʘʙʝʟʧʝʯʫʻ ʤʝʥʰʽ ʝʣʝʢʪʨʠʯʥʽ ʚʪʨʘʪʠ ʧʦʨʽʚʥʷʥʦ 

ʟʽ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʮʝʚʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʨʝʟʦʥʘʪʦʨʽʚ 

ʫ ʧʦʟʘʤʝʞʦʚʦʤʫ ʭʚʠʣʝʚʦʜʽ.  
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ɭ ʜʚʽ ʧʝʨʝʚʘʛʠ: 1) ʩʪʨʫʢʪʫʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʥʝ ʧʦʪʨʝʙʫʻ 

ʩʢʣʘʜʥʠʭ ʤʝʪʘʣʝʚʠʭ ʩʪʨʫʢʪʫʨ, ɦ ʦʙ ʨʝʘʣʽʟʫʚʘʪʠ ʚʽʜôʻʤʥʫ ʤʘʛʥʽʪʥʫ 

ʧʨʦʥʠʢʥʽʩʪʴ; 2) ʟʘʤʽʩʪʴ ʘʥʘʣʦʛʽʯʥʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʭʚʠʣʝʚʦʜʫ, ʚ 

ʷʢʦʤʫ ʚʠʜʘʣʝʥʦ ʙʦʢʦʚʽ ʩʪʽʥʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʣʦʩʢʦ-ʧʘʨʘʣʝʣʴʥʽ 

ʧʣʘʩʪʠʥʠ ʊɽ ʤʦʜ. 

ɻʝʦʤʝʪʨʽʶ ʤʝʪʘʤʘʪʝʨʽʘʣʫ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʨʝʟʦʥʘʪʦʨʘʭ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 6.9. ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʣʦʩʢʦ-ʧʘʨʘʣʝʣʴʥʠʭ ʧʣʘʩʪʠʥ ʭʚʠʣʝʚʦʜʫ 

(conducting plates) ʪʘ ʢʚʘʜʨʘʪʥʦʾ ˇʨʘʪʢʠ, ʚ ʷʢʽʡ ʨʦʟʤʽʱʝʥʦ 

ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʨʝʟʦʥʘʪʦʨ ʜʠʩʢʦʚʦʾ ʬʦʨʤʠ ʚ ʧʣʦʱʠʥʽ ʧʦʩʝʨʝʜʠʥʽ ʤʽʞ 

ʧʣʦʩʢʦ-ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ.  

ʍʚʠʣʝʚʽʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʧʣʘʩʪʠʥ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ 

ʚʽʜʩʪʘʥʽ d, ʪʘ ʩʝʨʝʜʦʚʠʱʘ (host medium) ʟ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʢʦʥʩʪʘʥʪʦʶ 

eBG. ɼʽʝʣʝʢʪʨʠʯʥʽ ʨʝʟʦʥʘʪʦʨʠ ʜʠʩʢʦʚʦʾ ʬʦʨʤʠ ʤʘʶʪʴ ʜʽʝʣʝʢʪʨʠʯʥʫ 

ʩʪʘʣʫ eDR, ʚʠʩʦʪʫ h ʪʘ ʜʽʘʤʝʪʨ ʘ. ʇʝʨʽʦʜ ˇʨʘʪʢʠ ʨ ʪʘ ʦʩʽ 

ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʧʣʦʩʢʦ-

ʧʘʨʘʣʝʣʴʥʠʭ ʧʣʘʩʪʠʥ. ɽʣʝʢʪʨʠʯʥʠʡ ʚʝʢʪʦʨ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ (incident 

wave) ʤʽʩʪʠʪʴʩʷ ʥʘ ʦʜʥʽʡ ʧʣʦʱʠʥʽ ʟ ʧʣʘʩʪʠʥʘʤʠ ʭʚʠʣʝʚʦʜʫ; ʪʘʢʠʤ 

ʯʠʥʦʤ, ʊɽ ʤʦʜʘ ʻ ʦʩʥʦʚʥʦʶ. 

 

ʈʠʩ. 6.9. ʉʪʨʫʢʪʫʨʘ ʧʣʘʥʘʨʥʦʛʦ ʤʝʪʘʤʘʪʝʨʽʘʣʫ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʨʝʟʦʥʘʪʦʨʘʭ 

 

 

ʙ 
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ɺʠʩʦʪʫ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʨʝʟʦʥʘʪʦʨʥʠʭ ʜʠʩʢʽʚ ʚʠʙʨʘʥʦ ʤʝʥʰʦʶ 

ʧʦʨʽʚʥʷʥʦ ʟ ʨʘʜʽʫʩʦʤ ʜʠʩʢʘ; ʪʦʤʫ ʮʝ ʊɽʄ01 ʤʦʜʘ, ʧʦʚʝʜʽʥʢʘ ʷʢʦʾ ʪʘʢʘ, ̫ʢ 

ʽ ʤʘʛʥʽʪʥʦʛʦ ʜʠʧʦʣʷ, ʨʦʟʤʽʱʝʥʦʛʦ ʚʟʜʦʚʞ ʦʩʽ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ 

ʨʝʟʦʥʘʪʦʨʥʦʛʦ ʜʠʩʢʘ, ʪʦʙʪʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʣʦʩʢʦ-ʧʘʨʘʣʝʣʴʥʠʭ 

ʧʣʘʩʪʠʥ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʘ ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʥʝ ʩʫʪʪʻʚʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ˇʨʘʪʢʠ, ʘʣʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ. ʆʪʞʝ, ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʜʚʦʚʠʤʽʨʥʽʡ 

ʣʽʚʦʩʪʦʨʦʥʥʽʡ ʤʝʪʘʤʘʪʝʨʽʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʦʜʥʦʯʘʩʥʦ ʧʦʻʜʥʫʶʯʠ 

ʚ̔ ʜôʻʤʥʽ ʝʬʝʢʪʠʚʥʫ ʤʘʛʥʽʪʥʫ ʪʘ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ. 

ʇʨʦʩʪʦʨʦʚʽ (3D) ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ, ʦʜʥʫ ʟ ʷʢʠʭ ʟʦʙʨʘʞʝʥʦ 

ʥʘ ʨʠʩ. 6.10, ʪʘʢʦʞ ʻ ʧʨʝʜʤʝʪʦʤ ʽʥʪʝʥʩʠʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɰʭ ʤʦʞʥʘ 

ʙʫʜʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ ʤʽʢʨʦʭʚʠʣʴʦʚʠʭ ʬʽʣʴʪʨʘʭ ʪʘ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʢʘʭ.  

 
ʈʠʩ. 6.10. ʈʝʘʣʽʟʦʚʘʥʘ ʪʨʠʚʠʤʽʨʥʘ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʤʘʪʝʨʽʘʣʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʫ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 

ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʧʪʠʯʥʠʭ ʧʨʠʣʘʜʘʭ ʨʝʘʣʽʟʘʮʽʷ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ 

ʧʦʯʘʩʪʠ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ.  
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7. ʅɸʅʆʌɯɿʀʂɸ ɯ ʈʆɿʄɯʈʅɯ ɽʌɽʂʊʀ 

 

7.1. ʆʩʦʙʣʠʚʦʩʪʽ ʥʘʥʦʩʪʘʥʫ ʨʝʯʦʚʠʥʠ 

 

ɺʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʫ ʥʘʥʦʨʦʟʤʽʨʥʦʤʫ 

ʩʪʘʥʽ ʟʫʤʦʚʠʣʘ ʨʘʟʶʯʘ ʟʤʽʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ ̔  

ʙʽʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥ, ʢʦʣʠ ʾʭ ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ 

ʟʤʝʥʰʫʶʪʴʩʷ ʜʦ ʥʘʥʦʤʝʪʨʦʚʠʭ ʨʦʟʤʽʨʽʚ ʩʘʤʝ ʟʘʚʜʷʢʠ ʾʭ ʚʝʣʠʯʠʥʽ, 

ʬʦʨʤʽ, ʭʽʤʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʧʦʚʝʨʭʥʽ ʽ ʪʦʧʦʣʦʛʽʾ. ʅʘʧʨʠʢʣʘʜ, 

ʰʝʩʪʠʥʘʥʦʤʝʪʨʦʚʽ ʛʨʘʥʫʣʠ ʤʽʜʽ ʤʘʶʪʴ ʫ ʧôʷʪʴ ʨʘʟʽʚ ʚʠʱʫ ʪʚʝʨʜʽʩʪʴ, 

ʥʽʞ ʟʚʠʯʘʡʥʘ ʤʽʜʴ; ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʩʝʣʝʥʽʜ ʢʘʜʤʽʶ (CdSe) ʤʦʞʝ 

ʥʘʙʫʚʘʪʠ ʙʫʜʴ-̫ ʢʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʢʝʨʦʚʘʥʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʡʦʛʦ ʛʨʘʥʫʣ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚ ʥʘʥʦʯʘʩʪʠʥʢʘʭ CdSe ʟʤʽʥʶʻʪʴʩʷ 

ʟʥʘʯʝʥʥʷ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚ ʩʧʝʢʪʨʽ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ. ʆʪʞʝ, 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʣʠʭ ʯʘʩʪʠʥʦʢ ʨʝʯʦʚʠʥʠ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʩʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ 

ʚʠʢʣʠʢʘʣʠ ʚʝʣʠʢʠʡ ʥʘʫʢʦʚʠʡ ʽ ʪʝʭʥʽʯʥʠʡ ʽʥʪʝʨʝʩ, ʽ ʮʷ ʛʘʣʫʟʴ ʩʪʘʣʘ 

ʘʨʝʥʦʶ ʘʢʪʠʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿôʷʚʠʣʠʩʷ ʥʦʚʽ ʤʦʣʝʢʫʣʷʨʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʽ ʦʯʽʢʫʶʪʴʩʷ ʧʦʜʘʣʴʰʽ ʚʝʣʠʢʽ çʧʨʦʨʠʚʠè ʫ ʪʝʭʥʦʣʦʛʽʾ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʪʴ ʟʛʦʜʦʤ ʩʪʚʦʨʶʚʘʪʠ ʾʭʥʶ ʩʪʨʫʢʪʫʨʫ ï ʘʪʦʤ ʟʘ ʘʪʦʤʦʤ.  

ʅʘʥʦʬʽʟʠʢʘ ʦʭʦʧʣʶʻ ʚʝʣʠʢʫ ʯʘʩʪʠʥʫ ʬʽʟʠʯʥʦʾ ʥʘʫʢʠ, ʜʝ 

ʩʪʠʢʘʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʨʦʟʜʽʣʠ ʬʽʟʠʢʠ, ʭʽʤʽʾ ʽ ʥʘʚʽʪʴ ʙʽʦʣʦʛʽʾ. ʎʷ 

ʛʘʣʫʟʴ ʬʽʟʠʢʠ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʤʘʶʪʴ 

ʚʝʣʠʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʽʡʩʴʢʦʚʠʭ, ʢʦʩʤʽʯʥʠʭ, ʘ ʪʘʢʦʞ 

ʢʦʤʝʨʮʽʡʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ.  

ɺʽʜʦʤʦ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʙʣʦʢʽʚ-ʢʨʠʩʪʘʣʠʢʽʚ ʫ ʨʝʯʦʚʠʥʽ 

(ʧʝʨʝʜʫʩʽʤ ʫ ʬʝʨʦʤʘʛʥʝʪʠʢʘʭ ʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʭ) ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ 

ʜʦ ʽʩʪʦʪʥʦʾ ʟʤʽʥʠ ʾʭʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʊʘʢʽ ʟʤʽʥʠ ʚʠʥʠʢʘʶʪʴʩʷ, ʢʦʣʠ 

ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʝʨʝʥ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 100 ʥʤ. ɿʤʽʥʘ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʥʘʡʙʽʣʴʰ ʧʦʤʽʪʥʘ, ʷʢʱʦ ʨʦʟʤʽʨʠ 

ʟʝʨʝʥ ʤʝʥʰʽ ʟʘ 10 ʥʤ. 

ʇʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ʽʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ 

ʟʝʨʥʘ ʚʽʜ 50 ʜʦ 150 ʥʤ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ʩʫʙʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʠʤʠ, ʘ 

ʷʢʱʦ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʟʝʨʥʘ ʩʪʘʻ ʤʝʥʰʠʤ ʟʘ 50 ʥʤ ï ʪʦ 
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ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʤʠ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ ʧʦʥʷʪʪʷ çʜʘʣʝʢʠʡ ʧʦʨʷʜʦʢè 

ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʨʝʯʦʚʠʥʠ ʚʞʝ ʥʝ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ. 

ʊʝʨʤʽʥ çʥʘʥʦè ʧʦʭʦʜʠʪʴ ʚʽʜ ʛʨʝʮʴʢʦʛʦ ʩʣʦʚʘ çnannosè ï ʢʘʨʣʠʢ. 

ʆʩʥʦʚʥʽ ʪʠʧʠ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.1. ɰʭ 

ʭʘʨʘʢʪʝʨʥʽ ʨʦʟʤʽʨʠ ʩʪʘʥʦʚʣʷʪʴ 5 ï 300 ʥʤ.  

 

0D             1D   2D              3D 
 

ʈʠʩ. 7.1. ʊʠʧʠ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: 0D ï ʥʫʣʴʚʠʤʽʨʥʽ  ʢʣʘʩʪʝʨʠ 

(ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ); 1D ï ʦʜʥʦʚʠʤʽʨʥʽ ʢʣʘʩʪʝʨʠ (ʥʘʥʦʪʨʫʙʢʠ ʪʘ ʢʚʘʥʪʦʚʽ ʥʠʪʢʠ); 

2D ï ʜʚʦʚʠʤʽʨʥʽ ʥʘʥʦʤʘʪʝʨʽʘʣʠ (ʧʣʽʚʢʠ ʽ ʰʘʨʠ), 

3D ï ʪʨʠʚʠʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ (ʥʘʥʦʢʦʤʧʦʟʠʪʠ) 

 

ʑʦʙ ʫʷʚʠʪʠ ʨʝʘʣʴʥʽ ʨʦʟʤʽʨʠ ʝʣʝʤʝʥʪʽʚ ʪʘ ʩʪʨʫʢʪʫʨ, ʟ ʷʢʠʤʠ ʦʧʝʨʫʻ 

ʥʘʥʦʬʽʟʠʢʘ, ʥʘ ʨʠʩ. 7.2 ʫ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ ʧʦʨʽʚʥʶʶʪʴʩʷ 

ʨʦʟʤʽʨʠ ʘʪʦʤʘ, ʤʦʣʝʢʫʣʠ, ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ, ʢʦʣʦʾʜʥʦʾ ʯʘʩʪʠʥʢʠ ʟʦʣʦʪʘ, 

ʙʘʢʪʝʨʽʾ ʽ ʞʠʚʦʾ ʢʣʽʪʠʥʠ. ʅʘʥʦʢʣʘʩʪʝʨʠ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʠʪʴ ʢʚʘʥʪʦʚʘ ʪʦʯʢʘ, 

ʙʽʣʴʰʽ ʥʽʞ ʘʪʦʤ ʽ ʤʦʣʝʢʫʣʘ, ʘʣʝ ʤʝʥʰʽ ʥʽʞ ʙʘʢʪʝʨʽʾ ̔  ʢʣʽʪʠʥʠ. ʆʙôʻʢʪʠ 

ʥʘʥʦʬʽʟʠʢʠ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʨʦʟʤʽʨʠ ï 10ï300 ʥʤ.  

 

ʈʠʩ. 7.2. ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʤʽʨʽʚ ʨʽʟʥʠʭ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʢʪʽʚ  

 

ʅʘʥʦʦʙôʻʢʪʠ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʽʟ ʢʨʠʩʪʘʣʘʤʠ, ʦʩʢʽʣʴʢʠ ʽ ʚ ʪʠʭ, ʽ ʚ 

ʪʠʭ ʘʪʦʤʠ ʚʧʦʨʷʜʢʦʚʘʥʽ. ɿʘ ʨʦʟʤʽʨʦʤ ʤʽʞ ʟʚʠʯʘʡʥʠʤʠ ʢʨʠʩʪʘʣʘʤʠ ʽ 

ʥʘʥʦʢʨʠʩʪʘʣʘʤʠ ʨʦʟʤʽʱʝʥʽ ʤʽʢʨʦʢʨʠʩʪʘʣʠ. ʋʤʦʚʥʦʶ ʤʝʞʝʶ ʤʽʞ 
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ʤʽʢʨʦʢʨʠʩʪʘʣʘʤʠ ʽ ʢʨʠʩʪʘʣʘʤʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ çʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨè 

ʙʣʠʟʴʢʦ 40 ï 50 ʤʢʤ. 

ɯʩʪʦʨʠʯʥʦ ʢʨʠʩʪʘʣʠ ʙʫʣʠ ʚʧʝʨʰʝ ʚʠʟʥʘʯʝʥʽ ʟʘ 

ʧʨʘʚʠʣʴʥʦʶ ʬʦʨʤʦʶ ʾʭ ʛʨʘʥʝʡ, ʷʢʘ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʢʨʠʩʪʘʣʽʚ. ɸʣʝ ʫ ʜʫʞʝ ʤʘʣʠʭ 

ʯʘʩʪʠʥʢʘʭ ʮʷ ʩʧʝʮʠʬʽʯʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʢʨʠʩʪʘʣʽʚ 

ʧʦʨʫʰʫʻʪʴʩʷ. ʅʘ ʧʨʠʢʣʘʜʽ ʢʫʙʽʯʥʦʛʦ ʢʨʠʩʪʘʣʘ 

ʦʢʩʠʜʫ ʤʘʛʥʽʶ (Mgʆ) (ʨʠʩ. 7.3) ʧʦʢʘʟʘʥʦ ʟʥʘʯʥʫ 

ʨʦʟʙʽʞʥʽʩʪʴ ʚ ʦʛʨʘʥʶʚʘʥʥʽ ʢʨʠʩʪʘʣʽʚ, 

ʤʽʢʨʦʢʨʠʩʪʘʣʽʚ ʽ ʥʘʥʦʯʘʩʪʠʥʦʢ.  

ʅʘ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʷ, 

ʱʦ ʟʤʽʥʘ ʨʦʟʤʽʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʬʦʨʤʠ 

ʢʨʠʩʪʘʣʘ. ʗʢʱʦ ʨʦʟʤʽʨʠ ʧʝʨʝʚʠʱʫʶʪʴ 100³100 

ʥʤ2, ʪʦ ʫ ʨʦʟʤʽʱʝʥʥʽ ʘʪʦʤʽʚ ʧʝʨʝʚʘʞʘʻ 

ʢʨʠʩʪʘʣʽʯʥʠʡ ʜʘʣʝʢʠʡ ʧʦʨʷʜʦʢ, ̔ ʢʨʠʩʪʘʣ Mgʆ 

ʤʘʻ ʟʚʠʯʘʡʥʫ ʢʫʙʽʯʥʫ ʬʦʨʤʫ. ɸʣʝ ʤʽʢʨʦʢʨʠʩʪʘʣʠ 

Mgʆ ʚʞʝ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ 

ʬʦʨʤʠ, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʥʘʥʦʨʦʟʤʽʨʥʠʡ ʢʨʠʩʪʘʣʠʢ 

ʥʘʙʫʚʘʻ ʬʦʨʤʠ ʜʦʜʝʢʘʝʜʨʘ. 

ɼʝʷʢʽ ʟ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʟʘʚʞʜʠ ʤʘʶʪʴ 

ʙʣʠʟʴʢʠʡ ʧʦʨʷʜʦʢ ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʜʦʙʨʝ 

ʚʠʚʯʝʥʽ ʘʤʦʨʬʥʽ ʤʝʪʘʣʝʚʽ ʩʧʣʘʚʠ (ʤʝʪʘʣʝʚʽ ʩʪʝʢʣʘ). ʊʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʨʝʯʦʚʠʥ ʟʥʘʯʥʦ ʟʤʽʥʝʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ, 

ʥʘʧʨʠʢʣʘʜ, ʬʝʨʦʤʘʛʥʝʪʠʢʠ ʟ ʪʘʢʠʤʠ ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʷʢʠʭ ʥʝ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚ ʤʘʪʝʨʽʘʣʘʭ ʟ ʜʘʣʝʢʠʤ ʧʦʨʷʜʢʦʤ ʨʦʟʤʽʱʝʥʥʷ 

ʘʪʦʤʽʚ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʡʦʛʦ 

ʦʙôʻʤʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʈʽʯ ʫ ʪʽʤ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʘ ʨʝʛʫʣʷʨʥʽ 

ʝʣʝʢʪʨʦʥʥʽ ʟʚôʷʟʢʠ ʘʪʦʤʽʚ çʦʙʽʨʚʘʥʽè, ʫʥʘʩʣʽʜʦʢ ʯʦʛʦ ʨʽʚʥʦʚʘʞʥʘ 

ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʧʦʙʫʜʦʚʘʥʘ ʧʦ-̔ ʥʰʦʤʫ, ʥʽʞ ʩʪʨʫʢʪʫʨʘ ʦʙôʻʤʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʘ ʟʤʽʥʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ 

ʘʪʦʤʽʚ ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʢʦʤʽʨʮʽ, ʫʪʚʦʨʶʻʪʴʩʷ ʽʥʰʘ ʩʠʤʝʪʨʽʷ ʩʪʨʫʢʪʫʨʠ, 

ʘ ʪʘʢʦʞ ʟʤʽʥʶʶʪʴʩʷ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ (ʯʘʩʪʦʪʠ 

ʬʦʥʦʥʽʚ).  

ʈʠʩ. 7.3. ʈʽʟʥʽ ʬʦʨʤʠ 

ʦʢʩʠʜʫ ʤʘʛʥʽʶ Mgʆ: 

4 ʥʤ ï ʥʘʥʦʯʘʩʪʠʥʢʘ, 

5³100 ʥʤ2 ï ʤʽʢʨʦʢʨʠʩʪʘʣ, 

100³100 ʥʤ2 ï ʢʨʠʩʪʘʣ 

100 ʥʤ 

100 ʥʤ 

100 ʥʤ 

5 ʥʤ 

4 ʥʤ 
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʘ ʟʤʽʥʶʻʪʴʩʷ (ʟʘʟʚʠʯʘʡ, 

ʟʥʠʞʫʻʪʴʩʷ) ʪʝʤʧʝʨʘʪʫʨʘ ɼʝʙʘʷ ʢʨʠʩʪʘʣʘ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ. ɿʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʽʡ 

ʪʝʭʥʦʣʦʛʽʾ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʧʽʪʘʢʩʽʘʣʴʥʠʭ ʰʘʨʽʚ. ʅʘ 

ʧʦʚʝʨʭʥʽ ʟʤʽʥʶʻʪʴʩʷ ʽ ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʢʨʠʩʪʘʣʽʚ.  

ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʩʦʙʣʠʚʽʩʪʶ ʟʚôʷʟʢʽʚ ʘʪʦʤʽʚ ʫ ʪʚʝʨʜʠʭ ʪʽʣʘʭ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʚʽʜʯʫʪʥʦ 

ʟʥʠʞʫʚʘʪʠʩʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ 

ʤʽʢʨʦ- ̔ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʚʦʭ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ ï ʟʦʣʦʪʘ (ʱʦ ʤʘʻ ʤʝʪʘʣʝʚʠʡ 

ʟʚôʷʟʦʢ) ̔  ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʩʫʣʴʬʽʜʫ ʢʘʜʤʽʶ (ʟ ʽʦʥʥʦ-ʢʦʚʘʣʝʥʪʥʠʤ 

ʟʚôʷʟʢʦʤ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.4. ɺʠʜʥʦ, ʱʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ ʜʣʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 1000 ʂ, ʱʦ ʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʭ. 

ʘ      ʙ 

ʈʠʩ. 7.4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ: 

ʘ ï ʪʠʧʦʚʦʛʦ ʤʝʪʘʣʫ (ʟʦʣʦʪʘ); ʙ ï ʪʠʧʦʚʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ (CdS) 

ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ (ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʧʦʢʘʟʘʥʦ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʟʨʘʟʢʽʚ) 

 

7.2. ʇʦʚʝʨʭʥʝʚʽ ʪʘ ʦʙôʻʤʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

 

ɻʦʣʦʚʥʘ ʧʨʠʯʠʥʘ ʚʽʜʤʽʥʥʦʩʪʽ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʟʚʠʯʘʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʘʢʽ ʨʝʯʦʚʠʥʠ ʤʘʶʪʴ ʜʫʞʝ ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʜʦ 

ʂ
 

ʂ
 

ʅʘʥʦʟʦʣʦʪʦ 
 

  

CdS 
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ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʚ ʦʙôʻʤʽ. ʏʠʤ ʤʝʥʰʠʡ ʨʦʟʤʽʨ ʥʘʥʦʢʣʘʩʪʝʨʘ, ʪʠʤ 

ʙʽʣʴʰʝ ʚʧʣʠʚ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʧʝʨʝʚʘʞʘʻ ʥʘʜ ʦʙôʻʤʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ʋ ʧʝʚʥʦʤʫ ʩʝʥʩʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʜʦʟʚʦʣʷʶʪʴ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʘ ʚ ʦʙôʻʤʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ʢʣʘʩʪʝʨʽʚ ʜʦ ʾʭʥʴʦʛʦ 

ʦʙôʻʤʫ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʻʾ ʘʙʦ ʽʥʰʦʾ ʨʝʯʦʚʠʥʠ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʽʡ 

ʬʦʨʤʽ ʚʠʷʚʣʷʶʪʴʩʷ ʜʦʩʠʪʴ ʨʽʟʥʠʤʠ.  

ʊʦʤʫ, ʟʤʽʥʶʶʯʠ ʨʦʟʤʽʨʠ ʽ ʬʦʨʤʠ ʥʘʥʦʢʣʘʩʪʝʨʽʚ, ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʦʞʥʘ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʟʤʽʥʶʚʘʪʠ. ʂʨʽʤ ʪʦʛʦ, ʽʩʪʦʪʥʦ ʟʤʽʥʶʻʪʴʩʷ ʽ 

ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ ʩʘʤʦʛʦ ʟʝʨʥʘ ʥʘʥʦʢʣʘʩʪʝʨʘ.  

ɼʝʬʝʢʪʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʪʠʧʦʚʽ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʽ 

ʚʝʣʠʢʠʭ (ʧʦʥʘʜ 100 ʤʢʤ) ʢʨʠʩʪʘʣʽʚ ʫ ʧʦʣʽʢʨʠʩʪʘʣʘʭ, ʪʘʢʽ ʷʢ 

ʜʠʩʣʦʢʘʮʽʾ (ʷʢʽ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʛʫʩʪʠʥʫ ʙʣʠʟʴʢʦ 104 ʩʤ-2), ʘ ʪʘʢʦʞ 

ʚʘʢʘʥʩʽʾ 

ʽ ʜʝʬʝʢʪʠ ʧʘʢʦʚʘʥʥʷ (ʟ ʛʫʩʪʠʥʦʶ 106 ï 1010 ʩʤï3) ʫ ʥʘʥʦʤʘʪʝʨʽʘʣʽ 

ʯʘʩʪʦ ʥʝ ʤʦʞʫʪʴ ʫʪʨʠʤʫʚʘʪʠʩʴ ʚʩʝʨʝʜʠʥʽ ʟʝʨʥʘ ʽ ʚʠʭʦʜʷʪʴ ʥʘ ʧʦ-

ʚʝʨʭʥʶ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʩʪʨʫʢʪʫʨʫ ʟʝʨʥʘ ʚ ʤʘʡʞʝ ʙʝʟʜʝʬʝʢʪʥʫ.  

ʆʜʥʘʢ ʫ ʤʘʩʠʚʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ï ʥʘʥʦʢʦʤʧʦʟʠʪʽ ï ʤʽʞʟʝʨʝʥʥʽ ʤʝʞʽ 

ʚʠʨʽʟʥʷʶʪʴʩʷ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ, ʽ ʪʦʤʫ ʜʣʷ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ 

ʦʙôʻʤʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʭʘʨʘʢʪʝʨʥʘ ʚʠʩʦʢʘ ʜʠʬʫʟʽʡʥʘ ʨʫʭʣʠʚʽʩʪʴ ʘʪʦʤʽʚ, 

ʱʦ ʥʘ 5 ï 6 ʧʦʨʷʜʢʽʚ ʚʠʱʘ, ʥʽʞ ʫ ʟʚʠʯʘʡʥʠʭ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ. 

ʊʝʦʨʝʪʠʯʥʫ ʤʦʜʝʣʴ ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.5.  

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʩʽ ʤʽʞʘʪʦʤʥʽ ʟʚôʷʟʢʠ ʩʬʝʨʠʯʥʦ ʩʠʤʝʪʨʠʯʥʽ 

(ʤʦʜʝʣʴ ʱʽʣʴʥʦʧʘʢʦʚʘʥʠʭ ʧʨʫʞʥʠʭ ʢʫʣʴ).  

ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʚ ʮʽʡ ʤʦʜʝʣʽ ʦʜʠʥ ʘʪʦʤ ʦʪʦʯʝʥʠʡ 12 

ʘʪʦʤʘʤʠ, ʦʩʢʽʣʴʢʠ 12 ï ʤʘʢʩʠʤʘʣʴʥʝ ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ.  

ʆʯʝʚʠʜʥʦ, ʱʦ ʚʩʴʦʛʦ ʫ ʧʝʨʰʦʤʫ ʢʣʘʩʪʝʨʽ ʫʪʨʠʤʫʻʪʴʩʷ 13 ʘʪʦʤʽʚ. 

ʊʦʜʽ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʥʘ ʧʦʚʝʨʭʥʽ (12) ʜʦ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ 

ʚ ʦʙôʻʤʽ (1) ʜʦʨʽʚʥʶʻ 92%.  
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              ʂʣʘʩʪʝʨ                      ʂʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ        ɺʽʜʥʦʰʝʥʥʷ % 

 

ʈʠʩ. 7.5. ɺʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʫʩʝʨʝʜʠʥʽ ʢʣʘʩʪʝʨʘ 

ʜʦ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ 

 

ʋ ʜʨʫʛʦʤʫ ʢʣʘʩʪʝʨʽ (ʨʠʩ. 7.5) ʥʘ ʧʦʚʝʨʭʥʶ ʜʦʜʘʻʪʴʩʷ ʱʝ ʦʜʠʥ 

ʰʘʨ ʘʪʦʤʽʚ, ʪʘʢ ʱʦ ʟʘʛʘʣʴʥʘ ʾʭ ʢʽʣʴʢʽʩʪʴ ʜʦʨʽʚʥʶʻ 55, ʘ ʚʽʜʥʦʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʘʪʦʤʽʚ ʜʦ ʦʙôʻʤʥʠʭ ʩʪʘʥʦʚʠʪʴ 76%. ɿʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʫ ʢʣʘʩʪʝʨʘʭ ʫʞʝ ʙʣʠʟʴʢʦ ʧʦʣʦʚʠʥʠ ʟ 

ʥʠʭ ʤʽʩʪʷʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʦʙôʻʤʫ ʢʣʘʩʪʝʨʘ. ʋʟʘʛʘʣʴʥʝʥʽ ʜʘʥʽ ʧʨʦ 

ʧʦʚʝʨʭʥʝʚʫ ʯʘʩʪʠʥʫ ʘʪʦʤʽʚ ʫ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʢʣʘʩʪʝʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.6. ʗʢʱʦ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʩʪʘʥʦʚʠʪʴ 4 ʥʤ, 

ʙʣʠʟʴʢʦ 50% ʟ ʥʠʭ ʚʠʭʦʜʷʪʴ ʥʘ ʧʦʚʝʨʭʥʶ. 

ʆʧʠʩʘʥʠʡ ʚʠʱʝ çʨʦʟʤʽʨʥʠʡè ʝʬʝʢʪ ʚʧʣʠʚʘʻ ʥʝ ʪʽʣʴʢʠ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ, ʘʣʝ ʡ ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʣʘʩʪʝʨʽ (ʥʘʧʨʠʢʣʘʜ, ʟʤʽʥʶʻʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ). ɿôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ 

ʩʪʚʦʨʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʥʦʩʪʘʥʫ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ.  
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ʈʦʟʤʽʨ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʥʤ 

ʈʠʩ. 7.6. ɺʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ, ʱʦ ʚʠʭʦʜʷʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʥʘʥʦʟʝʨʥʘ, ʜʦ 

ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʦʙôʻʤʽ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʫ ʥʘʥʦʤʝʪʨʘʭ  

 

ʏʝʨʝʟ ʧʦʨʫʰʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʚʟʘʻʤʦʜʽʾ ʩʧʽʥʦʚʠʭ ʽ ʦʨʙʽʪʘʣʴʥʠʭ 

ʤʦʤʝʥʪʽʚ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʚ ʽʩʪʦʪʥʦ ʟʤʽʥʶʶʪʴʩʷ ̔  

ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʯʦʚʠʥ, ʦʩʦʙʣʠʚʦ ʪʠʭ, ʢʦʪʨʽ ʻ ʬʝʨʦ-, ʘʥʪʠʬʝʨʦ- ̔  

ʬʝʨʠʤʘʛʥʠʪʥʠʤʠ. ʋ ʢʦʤʧʘʢʪʦʚʘʥʠʭ ʟ ʢʣʘʩʪʝʨʽʚ ʙʣʠʞʥʴʦʛʦ ʧʦʨʷʜʢʫ 

ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ, ʢʦʨʠʩʥʽ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʣʘʩʪʝʨʽʚ-ʟʝʨʝʥ ʻ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ 

ʢʝʨʫʚʘʥʥʷ ʙʘʛʘʪʴʤʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʚʝʨʜʠʭ ʪʽʣ. ɼʣʷ ʪʘʢʠʭ ʧʨʦʛʥʦʟʽʚ 

ʻ ʚʘʛʦʤʽ ʧʽʜʩʪʘʚʠ. ʄʘʣʠʡ ʨʦʟʤʽʨ ʟʝʨʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʝʣʠʢʠʭ ʟʤʽʥ 

ʩʪʨʫʢʪʫʨʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ʗʢʱʦ ʚʚʘʞʘʪʠ (ʫ ʛʨʫʙʦʤʫ ʥʘʙʣʠʞʝʥʥʽ) 

ʬʦʨʤʫ ʟʝʨʥʘ ʩʬʝʨʠʯʥʦʶ ʽʟ ʜʽʘʤʝʪʨʦʤ d ̔ ʪʦʚʱʠʥʦʶ ʤʝʞʽ t, ʪʦ ʯʘʩʪʠʥʘ 

ʤʽʞʟʝʨʝʥʥʠʭ ʤʝʞ ʫ ʟʘʛʘʣʴʥʦʤʫ ʦʙôʻʤʽ ʟʝʨʥʘ ʩʪʘʥʦʚʠʪʠʤʝ: 

DV/V=[pd3/6 ï p/6(d - 2 t)3]/[pd3/6] @ 6 t/d. 

ɿʘ ʪʦʚʱʠʥʠ ʤʝʞʽ t ʥʘ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ 3 ï 4-ʘʪʦʤʥʠʭ ʤʦʥʦʰʘʨʽʚ 

(0,5 ï 1,5 ʥʤ) ʧʨʠʧʘʜʘʻ ʜʦ 50% ʫʩʽʻʾ ʨʝʯʦʚʠʥʠ. ɼʣʷ ʟʚʠʯʘʡʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʽ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʨʝʯʦʚʠʥ ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 10ï9 ï 10ï6 

ʚʽʜʧʦʚʽʜʥʦ. 
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ʉʘʤʘ ʤʽʞʟʝʨʝʥʥʘ ʤʝʞʘ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ 

ʩʪʨʫʢʪʫʨʠ, ʪʦʤʫ ʽ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʽ ʢʦʤʧʘʢʪʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʜʠʬʫʟʽʡʥʦʶ ʨʫʭʣʠʚʽʩʪʶ ʘʪʦʤʽʚ, ʱʦ ʥʘ 5 ï 6 ʧʦʨʷʜʢʽʚ 

ʚʠʱʘ, ʥʽʞ ʟʚʠʯʘʡʥʽ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʤʘʪʝʨʽʘʣʠ.  

ʇʽʜʚʠʱʝʥʥʷ ʜʠʬʫʟʽʾ ʚ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʤʦʞʝ 

ʟʫʤʦʚʣʶʚʘʪʠʩʷ ʪʘʢʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

ï ʙʽʣʴʰ ʥʠʟʴʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʤʽʰʦʢ ʫ ʤʽʞʢʨʠʩʪʘʣʽʪʥʠʭ ʤʝʞʘʭ 

ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʞʘʤʠ ʟʚʠʯʘʡʥʦʛʦ ʪʠʧʫ, ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʧʦ-

ʣʽʢʨʠʩʪʘʣʽʚ; 

ï ʤʦʞʣʠʚʽʩʪʶ ʧʨʠʩʢʦʨʝʥʦʾ ʜʠʬʫʟʽʾ ʫʟʜʦʚʞ ʤʽʞʢʨʠʩʪʘʣʽʪʥʠʭ ʤʝʞ, ʱʦ 

ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʡ ʫʪʚʦʨʶʶʪʴ ʤʘʡʞʝ ʙʝʟʧʝʨʝʨʚʥʫ ˇʨʘʪʢʫ; 

ï ʮʽʣʢʦʤ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʩʪʨʫʢʪʫʨʠ ʤʽʞʢʨʠʩʪʘʣʽʪʥʠʭ ʤʝʞ 

ʫ ʥʘʥʦ- ̔  ʟʚʠʯʘʡʥʠʭ ʧʦʣʽʢʨʠʩʪʘʣʘʭ ʜʦʩʠʪʴ ʩʠʣʴʥʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ 

ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʧʦʨʠʩʪʦʩʪʽ ʫ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʱʦ ʪʘʢʦʞ 

ʧʨʠʩʢʦʨʶʻ ʜʠʬʫʟʽʶ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ (Pd, Ag, Tiʆ2, 

Mgʆ, WO3, ZnS), ʘ ʪʘʢʦʞ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ (AgïMg, AgïWO3) 

ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʤʧʘʢʪʦʚʘʥʠʡ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʫ ʚʩʽʭ 

ʚʠʧʘʜʢʘʭ ʤʘʻ ʤʘʡʞʝ ʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ.  

ɼʫʞʝ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʢʦʛʝʨʝʥʪʥʽ ʧʦʜʚʽʡʥʽ ʤʝʞʽ, ʘʣʝ 

ʜʽʣʷʥʢʠ ʟʝʨʝʥ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʨʽʦʜʠʯʥʦʶ ʘʪʦʤʥʦʶ ʩʪʨʫʢʪʫʨʦʶ.  

ʂʦʤʧʘʢʪʦʚʘʥʠʡ ʤʘʢʨʦʩʢʦʧʽʯʥʠʡ ʦʙ'ʻʤʥʠʡ ʤʘʪʝʨʽʘʣ, ʱʦ ʤʘʻ 

ʧʦʥʘʜ-ʜʨʽʙʥʦʟʝʨʥʠʩʪʫ ʘʙʦ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʥʘʙʫʚʘʻ 

ʮʽʣʦʛʦ ʨʷʜʫ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʚʘʞʢʦ ʦʪʨʠʤʘʪʠ ʚ ʤʘʪʝʨʽʘʣʘʭ ʽʟ 

ʟʚʠʯʘʡʥʦʶ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ.  

ʇʨʠʢʣʘʜʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʣʦʧʘʪʦʢ ʛʘʟʦʚʠʭ ʪʫʨʙʽʥ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʞʘʨʦʤʽʮʥʠʭ 

ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʩʧʣʘʚʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘ 

ʫʜʘʨʥʫ ʚ'ʷʟʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʠʭ ʜʝʪʘʣʝʡ.  

ʊʦʤʫ ʢʝʨʘʤʽʯʥʽ ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʮʠʢʣʽʯʥʠʭ ʪʝʨʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

 

 



174 

 

7.3. ʂʚʘʥʪʦʚʦʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ 

 

ɿʘʣʝʞʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʚʽʜ ʡʦʛʦ ʨʦʟʤʽʨʫ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʬʽʟʠʢʠ ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʧôʻʟʦʝʣʝʢʪʨʠʢʫ ʯʘʩʪʦʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʨʝʟʦʥʘʥʩʫ 

ʽ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ 

ʢʨʠʩʪʘʣʘ. ʄʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʧʣʽʚʦʢ ʽ 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʣʽʚʦʢ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʾʭ ʪʦʚʱʠʥʠ. 

ɸʣʝ ʥʘʡʙʽʣʴʰʝ ʨʦʟʤʽʨʥʠʡ ʝʬʝʢʪ ʧʨʦʷʚʣʷʻʪʴʩʷ ʜʣʷ 

ʥʘʥʦʯʘʩʪʠʥʦʢ. ʂʦʣʠ ʨʝʯʦʚʠʥʘ ʙʝʨʝʪʴʩʷ ʚ ʪʘʢʠʭ ʤʘʣʠʭ ʢʽʣʴʢʦʩʪʷʭ, ʾʾ 

ʥʘʚʽʪʴ ʥʝ ʤʦʞʥʘ ʦʜʥʦʟʥʘʯʥʦ ʚʚʘʞʘʪʠ ʽʟʦʣʷʪʦʨʘʤʠ, ʧʨʦʚʽʜʥʠʢʘʤʠ ʘʙʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʦʩʪʽ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ï ʤʝʪʘʣʠ, 

ʚʟʷʪʽ ʫ ʢʽʣʴʢʦʩʪʽ 20, 50 ʽ 100 ʘʪʦʤʽʚ, ʙʫʜʫʪʴ ʧʦʩʣʽʜʦʚʥʦ ʧʨʦʭʦʜʠʪʠ 

ʩʪʘʜʽʶ ʽʟʦʣʷʪʦʨʘ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʽ ʧʨʦʚʽʜʥʠʢʘ ʚʽʜʧʦʚʽʜʥʦ. ʈʽʯ ʫ ʪʽʤ, ɦʦ 

ʟʘ ʨʦʟʤʽʨʽʚ 1 ï 10 ʥʤ ʧʦʯʠʥʘʶʪʴ ʚʠʷʚʣʷʪʠʩʷ ʭʚʠʣʴʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʝʣʝʢʪʨʦʥʽʚ.  

ʅʘ ʨʠʩ. 7.7 ʧʦʷʩʥʶʻʪʴʩʷ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʢʚʘʥʪʦʚʠʡ ʩʪʘʥ 

ʝʣʝʢʪʨʦʥʽʚ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʽʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ.  

ʗʢ ʚʽʜʦʤʦ, ʝʣʝʢʪʨʦʥ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʭʚʠʣʝʶ, ʱʦ 

ʦʧʠʩʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦʶ ʬʫʥʢʮʽʻʶ ʭʚʠʣʴ. ʇʦʰʠʨʝʥʥʷ ʮʽʻʾ ʭʚʠʣʽ ʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʬʝʢʪʘʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟ 

ʢʚʘʥʪʦʚʠʤ ʦʙʤʝʞʝʥʥʷʤ, ʽʥʪʝʨʬʝʨʝʥʮʽʻʶ ʪʘ ʤʦʞʣʠʚʽʩʪʶ 

ʪʫʥʝʣʶʚʘʥʥʷ ʯʝʨʝʟ ʧʦʪʝʥʮʽʡʥʽ ʙʘʨ'ʻʨʠ. ʗʢʱʦ ʝʣʝʢʪʨʦʥ ʧʦʪʨʘʧʣʷʻ ʚ 

ʢʨʠʩʪʘʣ, ʨʦʟʤʽʨ ʷʢʦʛʦ L ʦʙʤʝʞʝʥʠʡ ʧʨʠʥʘʡʤʥʽ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽ 

ʟʘ ʩʚʦʻʶ ʚʝʣʠʯʠʥʦʶ ʧʦʨʽʚʥʷʻʤʦ ʟ ʜʦʚʞʠʥʦʶ ʝʣʝʢʪʨʦʥʥʦʾ ʭʚʠʣʽ lɽ , 

ʪʦ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʤʦʞʣʠʚʝ ʧʦʰʠʨʝʥʥʷ ʪʽʣʴʢʠ ʭʚʠʣʴ ʟ ʜʦʚʞʠʥʦʶ, 

ʢʨʘʪʥʦʶ ʛʝʦʤʝʪʨʠʯʥʠʤ ʨʦʟʤʽʨʘʤ ʩʪʨʫʢʪʫʨʠ. ɼʦʟʚʦʣʝʥʽ ʟʥʘʯʝʥʥʷ 

ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʫ k ʜʣʷ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʟʘʜʘʶʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ k = 2 p/ lɽ = n p/ lɽ ( ʧ = 1, 2, 3 ...), ʪʦʙʪʦ ʥʘ ʜʦʚʞʠʥʽ 

L ʤʘʻ ʫʢʣʘʜʘʪʠʩʷ ʮʽʣʝ ʯʠʩʣʦ ʥʘʧʽʚʭʚʠʣʽ ʝʣʝʢʪʨʦʥʥʦʾ ʭʚʠʣʽ L = n lɽ / 2 

. ɼʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʣʠʰʝ 

ʧʝʚʥʽ ʬʽʢʩʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʪʦʙʪʦ ʤʘʻ ʤʽʩʮʝ ʜʦʜʘʪʢʦʚʝ 

ʢʚʘʥʪʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʝʣʝʢʪʨʦʥʽʚ. 
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ʈʠʩ. 7.7. ɺʧʣʠʚ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘ ʢʚʘʥʪʫʚʘʥʥʷ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʱʽʣʴʥʦʩʪʽ: 

ʇʫʥʢʪʠʨʥʘ ʢʨʠʚʘ ï (bulk), ʦʙ'ʻʤʥʠʡ ʤʘʪʝʨʽʘʣ, 3D (ʪʨʠʚʠʤʽʨʥʠʡ);  

ʉʪʫʧʽʥʯʘʩʪʘ ʢʨʠʚʘ ï (quantum film) ʢʚʘʥʪʦʚʽ ʧʣʦʱʠʥʠ, 2D (ʜʚʦʚʠʤʽʨʥʠʡ);  

ʇʽʢʠ ï ʢʚʘʥʪʦʚʽ ʜʨʦʪʠ ï (quantum wire), 1D (ʦʜʥʦʤʽʨʥʽ);  

ʃʽʥʽʾ ï ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ ï (quantum dots), 0D (ʥʫʣʴ ï ʤʽʨʥʽ). 

 

ɿʘʤʠʢʘʥʥʷ ʝʣʝʢʪʨʦʥʘ ʟ ʝʬʝʢʪʠʚʥʦʶ ʤʘʩʦʶ ʪ* ʧʨʠʟʚʦʜʠʪʴ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ 

ʽʤʧʫʣʴʩʫ ʥʘ ʚʝʣʠʯʠʥʫ h p/L. ɺʽʜʧʦʚʽʜʥʦ ʟʨʦʩʪʘʻ ʽ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ 

ʝʣʝʢʪʨʦʥʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʚʘʥʪʦʚʝ ʦʙʤʝʞʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʟʘʤʢʥʝʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʪʘ 

ʜʦʜʘʪʢʦʚʦʛʦ ʢʚʘʥʪʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʡʦʛʦ 

ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʝʣʝʢʪʨʦʥʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙ'ʻʤʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʦʛʦ ʚʦʥʠ ʚʠʛʦʪʦʚʣʝʥʽ. 
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ʑʽʣʴʥʽʩʪʴ ʩʪʘʥʽʚ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʟʦʥʽ ʝʣʝʢʪʨʦʥʽʚ ʚ ʦʙ'ʻʤʥʦʤʫ 

(ʪʨʠʚʠʤʽʨʥʦʤʫ, 3D-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ) ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʝʥʝʨʛʽʾ ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʦ. ʆʜʥʘʢ ʫ ʪʦʥʢʠʭ ʰʘʨʘʭ (ʫ ʜʚʦʤʽʨʥʦʤʫ 2D-

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ) ʧʦ ʦʜʥʦʤʫ ʟ ʨʦʟʤʽʨʽʚ ʚʠʥʠʢʘʻ ʦʙʤʝʞʝʥʥʷ ʪʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʚʘʥʪʫʚʘʥʥʷ, ʱʦ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʧʦʜʽʣ ʱʽʣʴʥʦʩʪʽ 

ï ʚʦʥʦ ʩʪʘʻ çʩʪʫʧʽʥʯʘʩʪʠʤè. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʘʚʥʦ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʅɺʏ ʧʨʠʣʘʜʘʭ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʠʪʠ ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ. 

ʋ ʢʚʘʟʽʦʜʥʦʤʽʨʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ (3D- ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ) 

ʢʚʘʥʪʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʚʦʤʘ ʨʦʟʤʽʨʘʤʠ, ʱʦ ʚʞʝ ʜʫʞʝ ʩʫʪʪʻʚʦ 

ʟʤʽʥʶʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ. ʆʜʥʦʤʽʨʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ (ʢʚʘʥʪʦʚʽ 

ʧʨʦʚʦʜʠ ʘʙʦ ʢʚʘʥʪʦʚʽ ʥʠʪʢʠ) ʪʘʢʦʞ ʻ ʦʩʥʦʚʦʶ ʨʷʜʫ ʩʫʯʘʩʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ. ʅʘʡʙʽʣʴʰ çʢʘʪʘʩʪʨʦʬʽʯʥʝè ʟʤʽʥʘ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʨʦʟʤʽʨʽʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʫ ʚʩʽʭ ʪʨʴʦʭ ʚʠʤʽʨʘʭ ï ʫ ʪʘʢ ʟʚʘʥʠʭ çʢʚʘʥʪʦʚʠʭ 

ʪʦʯʢʘʭè, ʨʠʩ. 7.7. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʥʘʧʨʠʢʣʘʜ, ʢʨʝʤʥʽʡ ʟʜʘʪʥʠʡ ʩʪʘʪʠ 

ʦʩʥʦʚʦʶ ʥʦʚʽʪʥʽʭ ʣʘʟʝʨʥʠʭ ʧʨʠʣʘʜʽʚ, ʥʘ ʥʴʦʤʫ ʪʘʢʦʞ ʨʝʘʣʽʟʦʚʘʥʽ 

ʜʦʩʚʽʜʯʝʥʽ ʤʘʢʝʪʠ ʦʜʥʦʝʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ (ʨʠʩ. 7.8) ʘʙʦ 

ʧʘʤ'ʷʪʽ ʦʜʥʦʝʣʝʢʪʨʦʥʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ (ʆʊ) (ʨʠʩ. 7.9).  

 

ʈʠʩ. 7.8. ɼʽʘʛʨʘʤʘ ʦʜʥʦʝʣʝʢʪʨʦʥʥʦʛʦ ʪʫʥʝʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʇʨʠʢʣʘʜʘʶʯʠ 

ʧʦʪʝʥʮʽʘʣ Vg ʥʘ ʟʘʪʚʦʨ, ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʧʦ ʯʝʨʟʽ ʪʫʥʝʣʶʚʘʥʥʷʤ ʝʣʝʢʪʨʦʥʽʚ. 

Nanocrystals ï ʥʘʥʦʢʨʠʩʪʘʣʠ; Au leads ï ʟʦʣʦʪʠʡ ʧʨʦʚʽʜʥʠʢ; insulating layer - 

ʽʟʦʣʶʶʯʠʡ ʰʘʨ; doped Si substrate ï ʣʝʛʦʚʘʥʘ ʢʨʝʤʥʽʻʚʘ ʧʽʜʢʣʘʜʢʘ. 
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ɺʘʞʣʠʚʦʶ ʢʚʘʥʪʦʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʝʣʝʢʪʨʦʥʽʚ ʻ ʾʭ ʟʜʘʪʥʽʩʪʴ 

ʧʨʦʥʠʢʘʪʠ ʯʝʨʝʟ ʧʝʨʝʰʢʦʜʫ ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʾʭ ʝʥʝʨʛʽʷ ʥʠʞʯʘ 

ʟʘ ʧʦʪʝʥʮʽʡʥʠʡ ʙʘʨ'ʻʨ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʽʡ ʧʝʨʝʰʢʦʜʽ. ʂʚʘʥʪʦʚʝ 

ʦʙʤʝʞʝʥʥʷ, ʚʠʷʚʣʷʶʯʠʩʴ ʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʚʧʣʠʚʘʻ ʽ 

ʪʫʥʝʣʶʚʘʥʥʷ ʯʝʨʝʟ ʧʦʪʝʥʮʽʡʥʽ ʙʘʨ'ʻʨʠ. ʆʜʥʠʤ ʽʟ ʧʨʦʷʚʽʚ ʢʚʘʥʪʦʚʦʛʦ 

ʦʙʤʝʞʝʥʥʷ ʻ ʦʜʥʦ-ʝʣʝʢʪʨʦʥʥʝ ʪʫʥʝʣʶʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʢʫʣʦʥʽʚʩʴʢʦʾ 

ʙʣʦʢʘʜʠ. ʋ ʪʫʥʝʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʥʘʧʨʠʢʣʘʜ, ʪʠʧʫ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ-

ʤʝʪʘʣ, ʧʨʠ ʜʦʜʘʪʢʫ ʥʘʧʨʫʛʠ ʥʘ ʤʝʞʽ ʤʝʪʘʣ - ʜʽʝʣʝʢʪʨʠʢ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʟʘʨʷʜ, ʽ ʟʘ ʧʝʚʥʦʾ ʡʦʛʦ ʚʝʣʠʯʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʨʠʚ ʽ 

ʪʫʥʝʣʶʚʘʥʥʷ ʯʝʨʝʟ ʜʽʝʣʝʢʪʨʠʢ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʥʘ. ʇʽʩʣʷ ʘʢʪʫ 

ʪʫʥʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ. ʇʨʠ 

ʟʙʝʨʝʞʝʥʥʽ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ ʚʩʝ ʧʦʚʪʦʨʶʻʪʴʩʷ ʟʥʦʚʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ʚ ʪʘʢʽʡ ʩʪʨʫʢʪʫʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʮʽʷʤʠ, 

ʨʽʚʥʠʤʠ ʟʘʨʷʜ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʥʘ. 

 

ʈʠʩ. 7.9. Cʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʩʪʨʦʶ ʦʜʥʦʝʣʝʢʪʨʦʥʥʦʾ ʄʆʇ-ʧʘʤ'ʷʪʽ ʥʘ 

ʧʦʣʽʢʨʝʤʥʽʻʚʽʡ ʥʘʥʦʪʦʯʮʽ (Dot) ʧʨʠ ʧʝʨʝʤʠʢʘʥʥʽ ʧʦʨʦʛʘ ʟʘʪʚʦʨʘ (polysilicon ï 

ʧʦʣʽʢʨʝʤʥʽʡ; substrate ï ʧʽʜʢʣʘʜʢʘ; buried oxide ï ʧʨʠʭʦʚʘʥʠʡ ʦʢʩʠʜ ʢʨʝʤʥʽʶ; silicon 

channel ï ʢʨʝʤʥʽʻʚʠʡ ʢʘʥʘʣ). 
 

ɽʣʝʢʪʨʦʥʽʢʫ ʥʘʩʘʤʧʝʨʝʜ ʮʽʢʘʚʣʷʪʴ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʨʝʯʦʚʠʥʠ. ʅʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ (ʽʥʘʢʰʝ ï ʝʣʝʢʪʨʦʧʝʨʝʥʝʩʝʥʥʷ 

ʟʘʨʷʜʫ, ʘʙʦ ʝʣʝʢʪʨʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ) ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʚʧʣʠʚʘʻ 

ʝʬʝʢʪ ʢʚʘʥʪʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʝʣʝʢʪʨʦʥʽʚ, ʘ ʥʘ 



178 

 

ʥʘʡʤʝʥʰʠʭ ʚʽʜʩʪʘʥʷʭ ʧʦʯʠʥʘʶʪʴ ʧʦʟʥʘʯʘʪʠʩʷ ʾʭ ʭʚʠʣʴʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʋ ʪʚʝʨʜʦʤʫ ʪʽʣʽ ʜʦʚʞʠʥʘ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʦʾ 

ʭʚʠʣʽ ʟʘ ʟʚʠʯʘʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʥʦʚʠʪʴ ʜʝʢʽʣʴʢʘ ʥʘʥʦʤʝʪʨʽʚ. 

ʈʦʟʤʽʨʥʠʡ ʝʬʝʢʪ ʚʠʥʠʢʘʻ, ʷʢʱʦ ʜʦʚʞʠʥʘ ʪʽʣʘ, ʧʨʠʥʘʡʤʥʽ ʚ ʦʜʥʦʤʫ 

ʚʠʤʽʨʽ, ʩʪʘʻ ʧʦʨʽʚʥʷʥʥʦʶ ʟ ʜʝʷʢʦʶ ʢʨʠʪʠʯʥʦʶ ʚʝʣʠʯʠʥʦʶ lʢʨ.  

ɼʣʷ ʢʣʘʩʠʯʥʠʭ ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ lʢʨ ï ʮʝ ʢʣʘʩʠʯʥʘ ʚʝʣʠʯʠʥʘ, 

ʥʘʧʨʠʢʣʘʜ ʜʠʬʫʟʽʡʥʘ ʜʦʚʞʠʥʘ, ʘʙʦ ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ 

ʝʣʝʢʪʨʦʥʽʚ ʽ ʪ.ʽʥ. ʂʚʘʥʪʦʚʦʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ 

ʨʦʣʴ ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ lʢʨ ʚʽʜʽʛʨʘʻ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʜʝ ɹʨʦʡʣʷ l ʜʣʷ 

ʝʣʝʢʪʨʦʥʽʚ, ʪʦʙʪʦ ʢʦʣʠ ʨʦʟʤʽʨ ʩʪʨʫʢʪʫʨʠ ʭʦʯʘ ʙ ʚ ʦʜʥʦʤʫ ʚʠʤʽʨʽ ʤʘʻ 

ʧʦʨʷʜʦʢ l. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʚʘʥʪʦʚʦʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ ʟʫʤʦʚʣʶʻ 

ʭʚʠʣʴʦʚʘ ʧʨʠʨʦʜʘ ʝʣʝʢʪʨʦʥʽʚ. 

ʋ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʜʽʣʷʥʢʘʭ ʧʦʚʝʜʽʥʢʘ ʝʣʝʢʪʨʦʥʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʽʜʙʠʪʪʷʤ ʝʣʝʢʪʨʦʥʥʠʭ ʭʚʠʣʴ ʚʽʜ ʤʝʞ ʨʦʟʜʽʣʫ ʪʘʢʠʭ ʜʽʣʷʥʦʢ, ʘ ʪʘʢʦʞ 

ʽʥʪʝʨʬʝʨʝʥʮʽʻʶ ʝʣʝʢʪʨʦʥʥʠʭ ʭʚʠʣʴ ʘʙʦ ʧʨʦʭʦʜʞʝʥʥʷʤ ʭʚʠʣʴ ʢʨʽʟʴ 

ʧʦʪʝʥʮʽʘʣʴʥʽ ʙʘʨôʻʨʠ, ʢʚʘʥʪʫʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʽʚ, ʧʨʦʩʪʦʨʦʚʦ 

ʦʙʤʝʞʝʥʠʭ ʫ ʩʚʦʾʭ ʧʝʨʝʤʽʱʝʥʥʷʭ, ʧʨʦʭʦʜʞʝʥʥʷʤ ʝʣʝʢʪʨʦʥʽʚ ʢʨʽʟʴ 

ʥʘʥʦʤʝʪʨʦʚʽ ʜʽʝʣʝʢʪʨʠʯʥʽ ʧʨʦʰʘʨʢʠ, ʢʚʘʥʪʫʚʘʥʥʷʤ ʝʣʝʢʪʨʦʦʧʦʨʫ 

ʢʚʘʥʪʦʚʠʭ ʥʠʪʦʢ (ʧʨʦʚʦʜʽʚ) ʽ ʪ.ʽʥ. 

ʅʦʚʠʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʷʚʠʱʘʤʠ ʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʻ ʢʚʘʥʪʦʚʝ ʦʙʤʝʞʝʥʥʷ, ʪʫʥʝʣʶʚʘʥʥʷ, ʙʘʣʽʩʪʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʽ 

ʢʚʘʥʪʦʚʘ ʽʥʪʝʨʬʝʨʝʥʮʽʷ. ʌʽʟʠʯʥʘ ʧʨʠʨʦʜʘ ʚʩʽʭ ʮʠʭ ʝʬʝʢʪʽʚ 

ʦʧʠʩʫʻʪʴʩʷ ʢʚʘʥʪʦʚʦʶ ʤʝʭʘʥʽʢʦʶ. 

ʂʚʘʥʪʦʚʝ ʦʙʤʝʞʝʥʥʷ ʚʠʥʠʢʘʻ ʪʦʜʽ, ʢʦʣʠ ʨʫʭ ʝʣʝʢʪʨʦʥʽʚ ʭʦʯʘ ʙ ʚ 

ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʩʪʘʻ ʦʙʤʝʞʝʥʠʤ ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ ʙʘʨôʻʨʘʤʠ, 

ʟʫʤʦʚʣʝʥʠʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʦʶ. ʊʘʢʝ ʦʙʤʝʞʝʥʥʷ ʚʧʣʠʚʘʻ ʥʘ ʩʧʝʢʪʨ 

ʜʦʟʚʦʣʝʥʠʭ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʽʚ ʽ ʩʧʨʠʯʠʥʷʻ ʾʭ ʨʫʭ ʫ ʥʘʥʦʩʪʨʫʢʪʫʨʽ. ʎʝʡ 

ʨʫʭ ʟʤʽʥʶʻʪʴʩʷ ʷʢ ʫ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʙʘʨôʻʨʽʚ, ʪʘʢ ʽ ʚ 

ʥʘʧʨʷʤʢʘʭ, ʧʘʨʘʣʝʣʴʥʠʭ ʙʘʨôʻʨʘʤ. ʇʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʙʘʨôʻʨʽʚ ʤʦʞʣʠʚʝ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʯʝʨʝʟ 

ʪʫʥʝʣʶʚʘʥʥʷ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʭʽʜ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʟ ʦʜʥʽʻʾ ʜʽʣʷʥʢʠ 

ʥʘʥʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʣʘʜʫ ʚ ʽʥʰʫ. ʇʽʜ ʯʘʩ ʨʫʭʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚʟʜʦʚʞ 
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ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʙʘʨôʻʨʽʚ ʩʪʘʶʪʴ ʤʦʞʣʠʚʠʤʠ ʢʚʘʥʪʦʚʘ ʽʥʪʝʨʬʝʨʝʥʮʽʷ ʽ 

ʙʘʣʽʩʪʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʝʣʝʢʪʨʦʥʽʚ. 

 

7.4. ʍʚʠʣʴʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ 

 

ɺ ʦʩʥʦʚʫ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ ʧʦʢʣʘʜʝʥʦ ʪʦʡ ʬʘʢʪ, ʱʦ ʩʚʽʪʣʦ ʤʘʻ 

ʧʦʜʚʽʡʥʫ (ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʭʚʠʣʴʦʚʫ) ʧʨʠʨʦʜʫ. ʄʦʜʫʣʴ ʽʤʧʫʣʴʩʫ ʬʦʪʦʥʘ ʨ 

= |ʨ| ʤʦʞʝ ʚʠʨʘʞʘʪʠʩʷ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʫ ʜʦʚʞʠʥʫ ʭʚʠʣʽ l: 

ʨ = h/l, 

ʜʝ l = c/n, ʧʨʠʯʦʤʫ c ï h ʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ, a ʯʘʩʪʦʪʠ n ʟʥʘʭʦʜʷʪʴ ʜʣʷ 

ʢʚʘʥʪʘ ʩʚʽʪʣʘ ʟ ʝʥʝʨʛʽʻʶ ɽ ʟ ʬʦʨʤʫʣʠ ʇʣʘʥʢʘ:  

ɽ = hn. 

ʉʪʘʣʘ ʇʣʘʥʢʘ h  = 2pǩ = 6,6Ö10ï27 ʝʨʛÖʩ = 6,6Ö10ï34 ɼʞÖʩ. 

ʌʽʟʠʯʥʘ ʨʦʟʤʽʨʥʽʩʪʴ h ʦʟʥʘʯʘʻ: ʤʦʤʝʥʪ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ = ʝʥʝʨʛʽʷ ³ ʯʘʩ = 

ʜʦʚʞʠʥʘ ³ ʽʤʧʫʣʴʩ. ɼʽʷ ï ʤʦʤʝʥʪ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ï ʬʽʟʠʯʥʘ ʚʝʣʠʯʠʥʘ, 

ʱʦ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ʜʦʙʫʪʢʫ ʝʥʝʨʛʽʾ ʥʘ ʯʘʩ (ɽt). ɺʦʥʘ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʽ ʾʭ ʩʠʩʪʝʤ 

ʷʢ ʫ ʢʣʘʩʠʯʥʽʡ, ʪʘʢ ʽ ʫ ʢʚʘʥʪʦʚʽʡ ʤʝʭʘʥʽʮʽ. ʉʘʤʝ ʪʦʤʫ ʩʪʘʣʘ ʇʣʘʥʢʘ h 

(ʘʙʦ ǩ = h/2p) ʥʘʣʝʞʠʪʴ ʜʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʢʦʥʩʪʘʥʪ ʪʘʢ 

ʩʘʤʦ, ʷʢ ʽ ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ kɹ, ʷʢ ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ ʝ ̔  ʤʘʩʘ ʝʣʝʢʪʨʦʥʘ 

me. 

ʉʪʘʣʫ ʇʣʘʥʢʘ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʫʤʦʚʘʭ ʚʽʜʤʦʚʠ ʚʽʜ ʢʣʘʩʠʯʥʠʭ 

ʫʷʚʣʝʥʴ ʨʘʟʦʤ ʽʟ ʢʚʘʥʪʦʚʦʶ (ʭʚʠʣʴʦʚʦʶ) ʤʝʭʘʥʽʢʦʶ. ʌʦʨʤʘʣʴʥʠʡ 

ʧʝʨʝʭʽʜ ʚʽʜ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ ʜʦ ʢʣʘʩʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ʅʴʶʪʦʥʘ 

ʟʘʚʞʜʠ ʤʦʞʣʠʚʠʡ, ʷʢʱʦ ʧʦʢʣʘʩʪʠ h = 0. ʉʪʘʣʘ ʇʣʘʥʢʘ h ʧʦʚôʷʟʘʥʘ ʽʟ 

ʰʠʨʦʢʠʤ ʢʦʣʦʤ ʬʽʟʠʯʥʠʭ ʷʚʠʱ ʫ ʤʽʢʨʦʩʚʽʪʽ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʘ 

ʢʚʘʥʪʦʚʘʥʽʩʪʴ ʚʝʣʠʯʠʥ ʟ ʨʦʟʤʽʨʥʽʩʪʶ ʜʽʾ.  

ʋ ʢʚʘʥʪʦʚʽʡ ʤʝʭʘʥʽʮʽ ʬʦʨʤʫʣʫ ʨ = h/l ʟʘʟʚʠʯʘʡ ʧʦʜʘʶʪʴ ʫ 

ʚʝʢʪʦʨʥʽʡ ʬʦʨʤʽ: 

p = hk, 

ʜʝ |k| = 2p/l. ɺʝʣʠʯʠʥʫ k, ɦʦ ʥʘʟʠʚʘʻʪʴʩʷ ʭʚʠʣʴʦʚʠʤ ʚʝʢʪʦʨʦʤ, 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʢʚʘʥʪʦʚʽʡ ʤʝʭʘʥʽʮʽ. ʅʘʧʨʷʤʦʢ ʭʚʠʣʴʦʚʦʛʦ 
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ʚʝʢʪʦʨʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʚʝʢʪʦʨʘ ʽʤʧʫʣʴʩʫ ʨ ʬʦʪʦʥʘ, ʪʦʙʪʦ 

ʭʚʠʣʴʦʚʠʡ ʚʝʢʪʦʨ ʥʘʧʨʷʤʣʝʥʠʡ ʫ ʙʽʢ ʧʦʰʠʨʝʥʥʷ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ. 

ʄʦʜʫʣʴ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ k ʥʘʟʠʚʘʶʪʴ ʭʚʠʣʴʦʚʠʤ ʯʠʩʣʦʤ.  

ɼʝ ɹʨʦʡʣʴ ʫʩʪʘʥʦʚʠʚ, ʱʦ ʭʚʠʣʴʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠʪʘʤʘʥʥʽ ʥʝ 

ʪʽʣʴʢʠ ʬʦʪʦʥʘʤ, ʘʣʝ ʡ ʙʫʜʴ-̫ ʢʠʤ ʯʘʩʪʠʥʢʘʤ ʨʝʯʦʚʠʥʠ. ɼʣʷ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʜʫʞʝ ʚʘʞʣʠʚʦ, ʱʦ ʝʣʝʢʪʨʦʥ ʤʘʻ ʭʚʠʣʴʦʚʫ ʧʨʠʨʦʜʫ.  

ɼʦʚʞʠʥʫ ʭʚʠʣʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʙʫʜʴ-̫ ʢʽʡ ʨʫʭʦʤʽʡ ʯʘʩʪʠʥʮʽ, 

ʥʘʟʠʚʘʶʪʴ ʭʚʠʣʝʶ ʜʝ ɹʨʦʡʣʷ ʽ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

l = h/p = h/(mu), 

ʜʝ m ï ʤʘʩʘ ʯʘʩʪʠʥʢʠ ʽ u ï ʾ ʾ ʰʚʠʜʢʽʩʪʴ.  

ʍʚʠʣʴʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʽʢʨʦʯʘʩʪʠʥʢʠ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʦʧʠʩ ʾʾ 

ʨʫʭʫ ʦʜʥʦʯʘʩʥʠʤ ʟʘʜʘʥʥʷʤ ʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʢʦʦʨʜʠʥʘʪ ʽ ʰʚʠʜʢʦʩʪʝʡ. 

ʎʝʡ ʬʘʢʪ ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ 

ɻʝʡʟʝʥʙʝʨʛʘ: 

DʨʭDʭ ² h/2; 

DʨyDy ² h/2; 

DʨzDz ² h/2, 

ʜʝ Dʨʭ, Dʨʫ ̔  Dʨz ï ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʽʤʧʫʣʴʩʫ ʯʘʩʪʠʥʢʠ ʧʦ 

ʦʩʷʭ ʭ, ʫ ̔  z ʚʽʜʧʦʚʽʜʥʦ; Dʭ, Dy ̔  Dz ï ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟʥʘʯʝʥʴ ʢʦʦʨʜʠʥʘʪ 

ʯʘʩʪʠʥʢʠ ʚ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʍʚʠʣʴʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʦʧʠʩ ʾʭ ʧʦʚʝʜʽʥʢʠ ʦʜʥʦʯʘʩʥʠʤ 

ʟʘʜʘʥʥʷʤ ʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʢʦʦʨʜʠʥʘʪ ʽ ʰʚʠʜʢʦʩʪʝʡ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʢʦʤʙʽʥʘʮʽʡ DʨʭDy, DʨyDʭ ̔  DʨzDy 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʥʝ ʜʽʻ ï ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʥʘʯʝʥʴ ʥʝ 

ʩʧʨʷʞʝʥʠʭ ʤʽʞ ʩʦʙʦʶ ʢʦʦʨʜʠʥʘʪ ʽ ʢʦʤʧʦʥʝʥʪʽʚ ʽʤʧʫʣʴʩʫ ʤʦʞʫʪʴ 

ʥʝʟʘʣʝʞʥʦ ʤʘʪʠ ʙʫʜʴ-̫ ʢʽ ʟʥʘʯʝʥʥʷ. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʥʘʙʫʚʘʻ ʥʝʘʙʠʷʢʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʩʧʨʘʚʜʞʫʻʪʴʩʷ ʪʘʢʦʞ ʜʣʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʯʘʩʦʚʠʭ ʟʤʽʥʥʠʭ:  

DɽDt ² h/2, 

ʜʝ Dɽ ï ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʢʚʘʥʪʦʚʦʤʫ 

ʩʪʘʥʽ; Dt ï ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʮʴʦʤʫ ʩʪʘʥʽ. 
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ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʥʘʣʝʞʠʪʴ ʜʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʧʦʣʦʞʝʥʴ ʬʽʟʠʢʠ; ʚʦʥʦ ʤʘʻ ʚʩʝʙʽʯʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. 

ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʜʝ ɹʨʦʡʣʷ l ʜʣʷ ʝʣʝʢʪʨʦʥʘ, ʱʦ ʤʘʻ ʝʬʝʢʪʠʚʥʫ 

ʤʘʩʫ m* ̔ ʨʫʭʘʻʪʴʩʷ ʚ ʢʨʠʩʪʘʣʽ ʟʽ ʰʚʠʜʢʽʩʪʶ u, ʩʪʘʥʦʚʠʪʴ: 

l = ǩ/p = ǩ/m*u = h(2m*Eʢʽʥ)ï1/2, 

ʜʝ ʨ = m*u  ï ̔ʤʧʫʣʴʩ; Eʢʽʥ ï ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ ʜʝ ɹʨʦʡʣʷ ʪʠʤ ʙʽʣʴʰʘ, ʯʠʤ ʤʝʥʰʘ ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ 

ʝʣʝʢʪʨʦʥʘ.  

ɽʬʝʢʪʠʚʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʽʚ ʙʽʣʴʰʦʩʪʽ ʤʝʪʘʣʽʚ ʤʘʡʞʝ ʪʘʢʘ ʞ 

ʩʘʤʘ, ʷʢ ʽ ʫ ʚʘʢʫʫʤʽ: m* ~ mʝ, ʪʦʤʫ ʜʣʷ ʤʝʪʘʣʽʚ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʜʝ 

ɹʨʦʡʣʷ ʝʣʝʢʪʨʦʥʘ ʤʘʣʘ: l ¢ 1 ʥʤ. ʎʝ ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʝ ʜʦ ʩʪʘʣʦʾ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ. ʊʦʤʫ ʚ ʤʝʪʘʣʘʭ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ 

(ʪʝʤʧʝʨʘʪʫʨʘ ʙʣʠʟʴʢʘ ʜʦ 300 ʂ) ʥʝʤʦʞʣʠʚʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʢʚʘʥʪʦʚʽ 

ʥʘʥʦʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ (ʘʣʝ ʮʝ ʤʦʞʣʠʚʦ ʟʘ ʜʫʞʝ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʢʦʣʠ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʜʝ ɹʨʦʡʣʷ ʩʪʘʻ ʧʨʠʙʣʠʟʥʦ ʫ 10 ʨʘʟʽʚ ʙʽʣʴʰʦʶ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 300 ʂ). 

ɽʬʝʢʪʠʚʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʤʝʥʰʘ ʥʽʞ ʤʝʪʘʣʽʚ. 

ʊʘʢ, ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 4 ʂ ʜʣʷ ʢʨʝʤʥʽʶ m* = 0,2mʝ ̔  l º 500 ʥʤ, 

ʘ ʜʣʷ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ m* = 0,07mʝ ̔  l º 5000 ʥʤ. ɿʘ ʢʽʤʥʘʪʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʙʣʠʟʴʢʦ ʜʦ 300 ʂ) ʜʣʷ ʢʨʝʤʥʽʶ m* = 0,9mʝ ̔  ʚʽʜʧʦʚʽʜʥʦ 

l = 8 ʥʤ, ʜʣʷ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ m* = 0,07mʝ ̔ l = 30 ʥʤ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʘʤʝ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʜʝ ɹʨʦʡʣʷ ʤʘʻ 

ʥʘʥʦʨʦʟʤʽʨʠ, ʽ ʫ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʢʚʘʥʪʦʚʦʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʣʝʛʰʝ ʜʦʩʷʛʪʠ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ.  

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ɽ(k) ̔ ʛʫʩʪʠʥʘ ʾʭ ʢʚʘʥʪʦʚʠʭ 

ʩʪʘʥʽʚ g(E) ï ʥʘʡʚʘʞʣʠʚʽʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʚʘʥʪʦʚʦʛʦ ʦʙôʻʢʪʘ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʨʝʘʢʮʽʶ ʥʘ ʟʦʚʥʽʰʥʽ 

ʚʧʣʠʚʠ. ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ 

ʝʥʝʨʛʽʾ ʯʘʩʪʠʥʢʠ ʫ ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ.  

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʯʘʩʪʠʥʢʠ 

ʚʽʜ ʾʾ ʽʤʧʫʣʴʩʫ ɽ(ʨ) ʘʙʦ, ʱʦ ʪʝ ʩʘʤʝ, ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʚʽʜ ʭʚʠʣʴʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ɽ(k), ʦʩʢʽʣʴʢʠ ʽʤʧʫʣʴʩ ʽ ʭʚʠʣʴʦʚʠʡ ʚʝʢʪʦʨ ʧʦʚôʷʟʘʥʽ ʧʨʦʩʪʠʤ 
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ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: ʨ = ǩk (ʤʦʜʫʣʴ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʚʦʨʦʪʥʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ: k = 2p/l). ʊʦʤʫ 

ɽ(k) = ǩ2k2/2m. 

ʗʢʱʦ ʝʥʝʨʛʽʷ ʢʚʘʥʪʫʻʪʴʩʷ, ʪʦ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʥʘʟʠʚʘʶʪʴ 

ʜʠʩʢʨʝʪʥʠʤ (ʢʚʘʥʪʦʚʠʤ); ̫ʢʱʦ ʞ ʝʥʝʨʛʽʷ ʤʦʞʝ ʥʘʙʫʚʘʪʠ ʥʝʧʝʨʝʨ-

ʚʥʦʛʦ ʨʷʜʫ ʟʥʘʯʝʥʴ, ʪʦ ʩʧʝʢʪʨ ʥʘʟʠʚʘʶʪʴ ʩʫʮʽʣʴʥʠʤ (ʥʝʧʝʨʝʨʚʥʠʤ). 

ʉʧʝʢʪʨ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʫ ʚʘʢʫʫʤʽ ï ʩʫʮʽʣʴʥʠʡ, ʘ ʚ ʢʨʠʩʪʘʣʽ ï 

ʜʠʩʢʨʝʪʥʠʡ, ʭʦʯ ʽ ʟ ʜʫʞʝ ʚʠʩʦʢʦʶ ʛʫʩʪʠʥʦʶ ʩʪʘʥʽʚ. ʉʧʝʢʪʨ ʝʣʝʢʪʨʦʥʘ ʫ 

ʥʘʥʦʯʘʩʪʠʥʮʽ ʪʝʞ ʜʠʩʢʨʝʪʥʠʡ, ʘʣʝ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʨʦʟʨʽʜʞʝʥʘ.  

ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ g(E) ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ 

ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʦʜʠʥʠʮʶ ʦʙôʻʤʫ, ʧʣʦʱʽ ʘʙʦ ʜʦʚʞʠʥʠ (ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʦʟʤʽʨʥʦʩʪʽ ʦʙôʻʢʪʘ), ʚʽʜʥʝʩʝʥʫ ʜʦ ʦʜʠʥʠʯʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʝʥʝʨʛʽʡ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʜʦʨʽʚʥʶʻ dn(E) ï 

ʢʽʣʴʢʦʩʪʽ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʚ ʽʥʪʝʨʚʘʣʽ ʝʥʝʨʛʽʡ ʚʽʜ ɽ ʜʦ ɽ + dɽ: 

g(E) = dn(E)/dE. 

ɿʥʘʥʥʷ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ g(E) ̔ ʡʤʦʚʽʨʥʦʩʪʽ ʾʭ ʟʘʧʦʚʥʝʥʥʷ ʝʣʝʢʪʨʦʥʘʤʠ 

w(E) ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʽʚ ʨʦʟʛʣʷʥʫʪʦʾ ʩʠʩʪʝʤʠ ʧʦ 

ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʘʭ ʽ ʦʧʠʩʘʪʠ ʝʣʝʢʪʨʠʯʥʽ, ʦʧʪʠʯʥʽ ʡ ʜʝʷʢʽ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʠʩʪʝʤʠ. ɽʣʝʢʪʨʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʚʮʽʣʠʤ ʩʧʽʥʦʤ. ʊʦʤʫ 

ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ ʥʠʤʠ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʪʘʪʠʩʪʠʢʦʶ ʌʝʨʤʽ ï ɼʽʨʘʢʘ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʇʘʫʣʽ. 

ʇʦʨʽʚʥʷʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦʮʽʣʴʥʦ ʧʦʯʠʥʘʪʠ ʟ ʜʦʙʨʝ 

ʜʦʩʣʽʜʞʝʥʦʾ ʤʦʜʝʣʽ ï ʟʚʠʯʘʡʥʦʛʦ ʪʨʠʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ.  

 

7.5. ʂʨʠʩʪʘʣ ï ʪʨʠʚʠʤʽʨʥʘ (3D) ʩʪʨʫʢʪʫʨʘ 

 

çʅʝʩʢʽʥʯʝʥʥʠʡè ʫ ʚʩʽʭ ʥʘʧʨʷʤʢʘʭ ʢʨʠʩʪʘʣ ï ʤʘʢʨʦʩʢʦʧʽʯʥʠʡ 

ʦʙôʻʢʪ ï ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʘʣʝʢʠʤ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ ʘʪʦʤʽʚ. ɿ ʧʦʛʣʷʜʫ 

ʥʘʥʦʬʽʟʠʢʠ ʥʘʚʽʪʴ ʢʨʠʩʪʘʣʠʢ, ʱʦ ʤʘʻ ʤʽʢʨʦʥʥʽ ʨʦʟʤʽʨʠ, ʫʞʝ ʚʠʛʣʷʜʘʻ 

çʥʝʩʢʽʥʯʝʥʥʠʤè, ʦʩʢʽʣʴʢʠ ʫ ʚʩʽʭ ʥʘʧʨʷʤʢʘʭ ʡʦʛʦ ʨʝʛʫʣʷʨʥʘ 

ʢʨʠʩʪʘʣʽʯʥʘ ˇʨʘʪʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʠʩʷʯ ʘʪʦʤʽʚ, ʱʦ ʫ ʙʘʛʘʪʦ ʨʘʟʽʚ 

ʧʝʨʝʚʠʱʫʻ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʜʝ ɹʨʦʡʣʷ.  

ʋ ʨʘʟʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚʘʞʣʠʚʦʶ ʤʦʜʝʣʣʶ ̒ 

ʪʝ, ʱʦ ʚ ʤʝʪʘʣʘʭ ʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʢʨʠʩʪʘʣ ʥʝʤʦʚʙʠ ʥʘʧʦʚʥʝʥʠʡ 
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ʦʙôʻʤʥʠʤ (ʪʨʠʚʠʤʽʨʥʠʤ) 3D-ʝʣʝʢʪʨʦʥʥʠʤ ʛʘʟʦʤ, ʫ ʷʢʦʤʫ ʝʣʝʢʪʨʦʥʠ 

ʤʦʞʫʪʴ ʚʽʣʴʥʦ ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʚ ʙʫʜʴ-̫ ʢʦʤʫ ʥʘʧʨʷʤʢʫ.  

ɽʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ ʚ 3D-ʛʘʟʽ: 

ɽ = (m*u)2/2 = p2/2m* = (px2 + py2 + pz2)/2m* = ǩ2 (kx2 + ky2 + kz2)/2m*, 

ʜʝ p ̔  k ï ʢʚʘʟʽʽʤʧʫʣʴʩ ʽ ʢʚʘʟʽʭʚʠʣʴʦʚʠʡ ʚʝʢʪʦʨ ʝʣʝʢʪʨʦʥʘ ʚʽʜʧʦʚʽʜʥʦ, ʘ 

m* ï ʡʦʛʦ ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ (ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʾʾ ʚʚʘʞʘʶʪʴ ʽʟʦʪʨʦʧʥʦʶ).  

ʋ ʤʝʞʘʭ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ ʤʦʞʝ ʥʘʙʫʚʘʪʠ 

ʥʝʧʝʨʝʨʚʥʦʛʦ ʨʷʜʫ ʟʥʘʯʝʥʴ. ʉʧʝʢʪʨʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ɽ(k) ʚʠʛʣʷʜʘʻ ʷʢ 

ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʘ, ʦʩʢʽʣʴʢʠ ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ ʫ ʟʦʥʽ ʩʪʽʣʴʢʠ, ʩʢʽʣʴʢʠ 

ʝʣʝʢʪʨʦʥʽʚ ʫʪʨʠʤʫʻʪʴʩʷ ʚ 3D ʢʨʠʩʪʘʣʽ (ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ 1014 ï 

1020 ʩʤï3, ʜʣʷ ʤʝʪʘʣʫ ʙʣʠʟʴʢʦ 1022 ʩʤï3).  

ɺʽʜʧʦʚʽʜʥʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʨʽʚʥʷʤʠ ʝʥʝʨʛʽʾ ʚ ʟʦʥʽ 

ʧʨʦʚʽʜʥʦʩʪʽ ʜʫʞʝ ʤʘʣʘ: ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 10ï14 ï 10ï22 ʝɺ. 

ʇʦʨʽʚʥʷʥʦ ʟ ʝʥʝʨʛʽʻʶ ʪʝʧʣʦʚʦʛʦ ʨʫʭʫ 0,026 ʝɺ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ 

ʩʧʝʢʪʨ ɽ(k) ʜʽʡʩʥʦ ʚʠʛʣʷʜʘʻ ʩʫʮʽʣʴʥʠʤ.  

ɿʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʚʽʜ ʢʦʤʧʦʥʝʥʪʽʚ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ kx, ky, kz 

ʧʦʙʣʠʟʫ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʧʘʨʘʙʦʣʽʯʥʘ (ʨʠʩ. 7.10, ʙ). 

 

ʘ     ʙ    ʚ 

ʈʠʩ. 7.10. ɽʣʝʢʪʨʦʥʥʠʡ ʩʧʝʢʪʨ ʥʝʦʙʤʝʞʝʥʦʛʦ ʟʘ ʨʦʟʤʽʨʘʤʠ ʢʨʠʩʪʘʣʘ: 

ʘ ï ʟʨʘʟʦʢ ʢʨʠʩʪʘʣʘ, ʥʘʧʨʠʢʣʘʜ, ʢʫʙʽʯʥʠʡ; ʙ ï ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʘ 

ʚʽʜ ʩʢʣʘʜʦʚʠʭ ʢʚʘʟʽʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ; ʚ ï ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʢʚʘʥʪʦʚʠʭ 

ʩʪʘʥʽʚ (g(ɽ)) ʚʽʜ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʽʚ (ɽ) 

 

ɻʫʩʪʠʥʫ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʽʚ g(E) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.10, ʚ; 

ʜʣʷ ʥʝʦʙʤʝʞʝʥʦʛʦ ʟʘ ʨʦʟʤʽʨʘʤʠ (3D) ʢʨʠʩʪʘʣʘ ʮʝʡ ʧʘʨʘʤʝʪʨ ʪʘʢʦʞ 

ʦʧʠʩʫʻʪʴʩʷ ʧʘʨʘʙʦʣʦʶ g(E) ~ ɽ1/2. ʇʦʙʣʠʟʫ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

(ʟʚʽʜʢʠ ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜʣʽʢ) ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʽʚ 

ʥʝʚʝʣʠʢʘ, ʘʣʝ ʚʦʥʘ ʧʣʘʚʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ɽ, ʜʦʩʷʛʘʶʯʠ 
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ʥʘʩʠʯʝʥʥʷ. ʋ ʤʝʞʘʭ ʦʜʥʽʻʾ ʟʦʥʠ ʬʫʥʢʮʽʾ ɽ(k) ̔ g(E) ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʽ, 

ʪʦʤʫ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 3D ʢʨʠʩʪʘʣʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʣʽʚ 

ʟʤʽʥʶʶʪʴʩʷ ʥʝʧʝʨʝʨʚʥʦ (ʨʠʩ. 7.1, ʚ). 

ʊʨʠʚʠʤʽʨʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ ʫ ʢʨʠʩʪʘʣʘʭ ʚʠʚʯʘʶʪʴʩʷ ʷʢ 

ʫ ʬʽʟʠʮʽ ʤʝʪʘʣʽʚ, ʪʘʢ ʽ ʫ ʬʽʟʠʮʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ɺʽʥ ʦʙʫʤʦʚʣʶʻ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ (ʪʨʠʚʠʤʽʨʥʦʤʫ) ʩʪʘʥʽ. 

 

7.6. ʂʚʘʥʪʦʚʘ ʷʤʘ ï ʜʚʦʚʠʤʽʨʥʘ (2D) 

ʥʘʥʦʩʪʨʫʢʪʫʨʘ 

 

ɼʚʦʚʠʤʽʨʥʠʡ (2D) ʦʙôʻʢʪ ï ʮʝ ʪʦʥʢʠʡ ʰʘʨ ʢʨʠʩʪʘʣʘ, ʪʦʚʱʠʥʘ 

ʷʢʦʛʦ d ʩʧʽʚʨʦʟʤʽʨʥʘ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʜʝ ɹʨʦʡʣʷ (d ~ l). ʂʚʘʥʪʦʚʫ ʷʤʫ 

ʥʘʟʠʚʘʶʪʴ çʢʚʘʥʪʦʚʦʶ ʧʣʽʚʢʦʶè, çʢʚʘʥʪʦʚʠʤ ʢʦʣʦʜʷʟʝʤè ʪʦʱʦ.  

ʉʠʩʪʝʤʫ ʝʣʝʢʪʨʦʥʽʚ ʫ ʪʦʥʢʦʤʫ ʰʘʨʽ ʥʘʟʠʚʘʶʪʴ ʜʚʦʚʠʤʽʨʥʠʤ (ʘʙʦ 

2D) ʝʣʝʢʪʨʦʥʥʠʤ ʛʘʟʦʤ. ʌʨʘʛʤʝʥʪ ʪʦʥʢʦʛʦ ʰʘʨʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

7.11, ʘ. ʈʫʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʮʴʦʤʫ ʰʘʨʽ ʦʙʤʝʞʫʻʪʴʩʷ ʚʽʜʨʽʟʢʦʤ dʭ ʫ 

ʥʘʧʨʷʤʢʫ ʭ ̔ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʫ ʥʘʧʨʷʤʢʘʭ ʫ ̔ z. 

ʈʫʭʘʶʯʠʩʴ ʫ ʥʘʧʨʷʤʢʫ ʭ, ʝʣʝʢʪʨʦʥ ʥʝ ʟʜʘʪʝʥ ʟʘʣʠʰʠʪʠ ʪʦʥʢʠʡ hʘʨ, 

ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʨʦʙʦʪʘ ʚʠʭʦʜʫ (ʷʢʘ ʜʦʨʽʚʥʶʻ, ʥʘʧʨʠʢʣʘʜ, ʚ ʘʨʩʝʥʽʜʽ 

ʘʣʶʤʽʥʽʶ 4,5 ʝɺ) ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʘ ʚʽʜ ʝʥʝʨʛʽʾ ʪʝʧʣʦʚʦʛʦ ʨʫʭʫ (ʙʣʠʟʴʢʦ 

0,026 ʝɺ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʽ). ʊʦʤʫ ʨʫʭ ʝʣʝʢʪʨʦʥʘ ʫ ʥʘʧʨʷʤʢʫ ʭ 

ʧʨʘʚʦʤʽʨʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʫʭ ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ ʜʦʩʠʪʴ ʛʣʠʙʦʢʽʡ 

ʧʨʷʤʦʢʫʪʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʰʠʨʠʥʦʶ dʭ (ʨʠʩ. 7.11, ʘ). ɽʥʝʨʛʽʷ 

ʪʘʢʦʛʦ ʨʫʭʫ ʢʚʘʥʪʫʻʪʴʩʷ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʚʘʥʪʦʚʠʤ ʯʠʩʣʦʤ ʧ = 1, 

2, 3, ... .  

ʗʢʙʠ ʷʤʘ ʙʫʣʘ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʦʶ, ʪʦ ʥʘ ʾʾ ʰʠʨʠʥʽ dʭ ʫʢʣʘʜʘʣʘʩʷ 

ʙ ʮʽʣʘ ʢʽʣʴʢʽʩʪʴ ʧʽʚʭʚʠʣʴ ln/2, ʪʦʙʪʦ dʭ = ʧln/2. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʙʫʣʠ ʙ ʪʽʣʴʢʠ ʪʘʢʽ ʩʪʘʥʠ ʨʫʭʫ ʝʣʝʢʪʨʦʥʘ, ʷʢʠʤ 

ʚʽʜʧʦʚʽʜʘʣʘ ʙ ʩʪʦʷʯʘ ʭʚʠʣʷ, ʫʪʚʦʨʝʥʘ ʧʘʜʘʶʯʦʶ ʽ ʚʽʜʙʠʪʦʶ ʚʽʜ ʩʪʽʥʦʢ ̫ʤʠ 

ʭʚʠʣʷʤʠ ʜʝ ɹʨʦʡʣʷ (ʧʫʥʢʪʠʨʥʽ ʢʨʠʚʽ ʥʘ ʨʠʩ. 7.11). ɿʥʘʯʝʥʥʷ ɽʧ 

ʥʘʟʠʚʘʶʪʴ ʢʚʘʥʪʦʚʦʨʦʟʤʽʨʥʠʤʠ ʨʽʚʥʷʤʠ. 
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ɽʥʝʨʛʽʷ ʨʫʭʽʚ ʫʟʜʦʚʞ ʦʩʝʡ y ̔ z ʥʝ ʢʚʘʥʪʫʻʪʴʩʷ ʽ ʾʾ ʚʠʟʥʘʯʘʶʪʴ 

ʪʘʢʠʤʠ ʩʘʤʠʤʠ ʚʠʨʘʟʘʤʠ, ʱʦ ʡ ʜʣʷ ʧʦʚʝʜʽʥʢʠ ʚʽʣʴʥʦʾ ʯʘʩʪʠʥʢʠ ʚ 

ʦʙôʻʤʽ ʢʨʠʩʪʘʣʘ. ʊʦʤʫ ʧʦʚʥʫ ʝʥʝʨʛʽʶ ʝʣʝʢʪʨʦʥʘ ʟʘ ʫʤʦʚʠ, ʱʦ 

ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʝʣʝʢʪʨʦʥʘ m* ʦʜʥʘʢʦʚʝ ʜʣʷ ʨʫʭʽʚ ʫ ʚʩʽʭ 

ʥʘʧʨʷʤʢʘʭ, ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ  

ɽ = ǩ2(kʫ2 + kz2)/2m* + ɽʧ = ǩ2(kʫ2 + kz2)/2m* + ǩ2p2n2/2m*dʭ2, 

ʜʝ ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ ʧ = 1, 2, 3, .... 

ʆʪʞʝ, ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʘ ʫ ʢʚʘʥʪʦʚʽʡ ʷʤʽ ʜʚʦ-

ʚʠʤʽʨʥʦʛʦ ʥʘʥʦʦʙôʻʢʪʘ ʙʫʜʝ ʜʠʩʢʨʝʪʥʦ-ʥʝʧʝʨʝʨʚʥʠʤ. ʂʦʞʥʦʤʫ 

ʨʦʟʤʽʨʥʦʤʫ ʨʽʚʥʶ ɽʧ ʚʽʜʧʦʚʽʜʘʻ ʤʥʦʞʠʥʘ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ 

ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʽʣʴʥʦʛʦ ʨʫʭʫ ʝʣʝʢʪʨʦʥʘ ʚʟʜʦʚʞ ʦʩʝʡ ʫ ̔ z. ʎʷ 

ʩʫʢʫʧʥʽʩʪʴ ʝʥʝʨʛʽʡ ɽ ʥʘʟʠʚʘʻʪʴʩʷ ʜʚʦʚʠʤʽʨʥʦʶ ʧʽʜʟʦʥʦʶ 

ʨʦʟʤʽʨʥʦʛʦ ʢʚʘʥʪʫʚʘʥʥʷ. ɿʘʣʝʞʥʦʩʪʽ E(kʫ ,kz) ̔  g(E) ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 7.11, ʙ, ʚ. 

ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ E(kʫ,kz) ̫ʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʧʘʨʘʙʦʣʦʾʜʽʚ; ʜʥʦ 

ʧ-ʛʦ ʧʘʨʘʙʦʣʦʾʜʘ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ ɽ = ɽʧ. ɿʘʣʝʞʥʽʩʪʴ g(E) ʤʘʻ 

ʩʪʫʧʝʥʝʚʠʡ ʭʘʨʘʢʪʝʨ. ʂʦʞʥʘ ʨʦʟʤʽʨʥʘ ʧʽʜʟʦʥʘ ʚʥʦʩʠʪʴ ʫ ʟʥʘʯʝʥʥʷ 

ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʦʜʥʘʢʦʚʠʡ ʚʥʝʩʦʢ m*/pǩ2. 

 
ʈʠʩ. 7.11. ɼʚʦʚʠʤʽʨʥʠʡ (2D) ʥʘʥʦʦʙôʻʢʪ (ʪʦʥʢʠʡ ʰʘʨ): 

ʘ ï ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʦʥʢʦʛʦ ʰʘʨʫ, ʦʙʤʝʞʝʥʦʛʦ ʚʟʜʦʚʞ ʦʩʽ ʭ; 

ʙ ï ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʫ ʪʦʥʢʦʤʫ ʰʘʨʽ; ʚ ï ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ ʚʽʜ ʝʥʝʨʛʽʾ ʫ ʨʘʟʽ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʦʾ ʢʚʘʥʪʦʚʦʾ ʷʤʠ 

 

ʄʦʜʝʣʴ ʥʝʩʢʽʥʯʝʥʥʦ ʛʣʠʙʦʢʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ 

ʩʧʨʘʚʝʜʣʠʚʘ ʪʽʣʴʢʠ ʜʣʷ ʨʫʭʫ ʝʣʝʢʪʨʦʥʘ ʚ çʽʟʦʣʴʦʚʘʥʽʡè ʪʦʥʢʽʡ ʧʣʽʚʮʽ 

ʟʘ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʪʦʚʱʠʥʠ d. ʊʘʢʫ ʦʢʨʝʤʫ ʧʨʦʪʷʞʥʫ ʧʣʦʩʢʦ-

3D 

2D 

ʘ ʙ ʚ 
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ʧʘʨʘʣʝʣʴʥʫ ʧʣʽʚʢʫ ʥʘʥʦʤʝʪʨʦʚʦʾ ʪʦʚʱʠʥʠ ʥʘʚʨʷʜ ʯʠ ʤʦʞʥʘ 

ʨʝʘʣʽʟʫʚʘʪʠ. ʅʘ ʧʨʘʢʪʠʮʽ ʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʢʚʘʥʪʦʚʽ ʷʤʠ ï 

ʮʝ ʥʘʥʦʧʨʦʰʘʨʢʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʢʨʠʩʪʘʣʘ ʪʘʢ, ʱʦʙ ʨʫʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʙʫʚ ʦʙʤʝʞʝʥʠʤ ʣʠʰʝ ʚ ʦʜʥʦʤʫ ʚʠʤʽʨʽ; ʪʦʤʫ ʽ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ, ʱʦ ʮʽ ʥʦʩʽʾ ʤʽʩʪʷʪʴʩʷ ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ, 

ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʥʠ ï ʫ ʥʘʥʦʤʝʪʨʦʚʦʤʫ ʧʨʦʰʘʨʢʫ ʚʫʟʴʢʦʟʦʥʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʤʽʞ ʜʚʦʤʘ ʰʘʨʘʤʠ ʰʠʨʦʢʦʟʦʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ 

(ʨʠʩ. 7.12). 

ʇʝʨʰʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʘʣʽʟʦʚʘʥʦʶ ʽ ʜʦʩʣʽʜʞʝʥʦʶ 

ʢʚʘʥʪʦʚʦʶ ʷʤʦʶ ʙʫʣʘ ʥʘʥʦʨʦʟʤʽʨʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʦʩʥʦʚʽ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ʤʽʞ ʰʘʨʘʤʠ ʣʝʛʦʚʘʥʦʛʦ ʜʦʥʦʨʘʤʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ n-AlxGa1-xAs ̔ ʪʦʥʢʠʤ ʰʘʨʦʤ ʚʣʘʩʥʦʛʦ ʘʨʩʝʥʽʜʫ 

ʛʘʣʽʶ i-GaAs. ɽʥʝʨʛʝʪʠʯʥʘ ʱʽʣʠʥʘ Eg1 (ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ) ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ AlxGa1-xAs ʙʽʣʴʰʘ, ʥʽʞ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ Eg2 ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ. 

ʊʦʤʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʟ ʝʣʝʢʪʨʦʥʘʤʠ ʫ ʜʚʦʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʨʽʟʥʘ. 

ɼʥʦ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ n-AlxGa1-xAs ̔ ʜʫʞʝ ʙʣʠʟʴʢʠʡ ʜʦ ʥʴʦʛʦ ʜʦʥʦʨʥʠʡ 

ʨʽʚʝʥʴ ʨʦʟʤʽʱʝʥʽ ʚʠʱʝ ʧʦ ʰʢʘʣʽ ʝʥʝʨʛʽʡ ʚʽʜ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ GaAs. 

ʊʦʤʫ ʝʣʝʢʪʨʦʥʠ ʟ ʜʦʥʦʨʥʦʛʦ ʨʽʚʥʷ n-AlxGa1-xAs ʧʝʨʝʪʽʢʘʶʪʴ ʫ ʟʦʥʫ 

ʧʨʦʚʽʜʥʦʩʪʽ GaAs, ʽ ʥʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʘʭ ʟ ʙʦʢʫ ʙʽʣʴʰ ʚʫʟʴʢʦʟʦʥʥʦʛʦ 

i-GaAs ʚʠʥʠʢʘʶʪʴ 2D h ʘʨʠ, ʟʙʘʛʘʯʝʥʽ ʝʣʝʢʪʨʦʥʘʤʠ (ʪʘʢ ʩʘʤʦ ʚ 

AlxGa1-xAs ʚʠʥʠʢʘʶʪʴ ʟʙʽʜʥʝʥʽ ʰʘʨʠ). 
 

 

ʈʠʩ. 7.12. ɿʦʥʥʘ ʜʽʘʛʨʘʤʘ ʢʚʘʥʪʦʚʦʾ ʷʤʠ ï ʪʦʥʢʦʛʦ ʧʨʦʰʘʨʢʫ ʧʦʨʽʚʥʷʥʦ ʚʫʟʴʢʦʟʦʥʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ GaAs ʤʽʞ ʰʘʨʘʤʠ ʰʠʨʦʢʦʟʦʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ AlGaAs 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʷʭ ʨʦʟʜʽʣʫ ʟ ʙʦʢʫ GaAs 

ʫʪʚʦʨʶʻʪʴʩʷ ʜʚʦʚʠʤʽʨʥʠʡ (2D) ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ, ʦʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʥʠ 
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ʧʝʨʝʭʦʜʷʪʴ ʢʨʽʟʴ ʙʘʨôʻʨ ʽ ʥʘʛʨʦʤʘʜʞʫʶʪʴʩʷ ʫ ʙʽʣʴʰ ʥʠʟʴʢʦʟʦʥʥʦʤʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ. 

ʂʚʘʥʪʦʚʽ ʷʤʠ (ʘʙʦ ʢʚʘʥʪʦʚʽ ʰʘʨʠ) ï ʥʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ. ʉʘʤʝ ʚ ʥʠʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʘʢʽ 

ʫʥʽʢʘʣʴʥʽ ʬʽʟʠʯʥʽ ʷʚʠʱʘ, ʷʢ ʢʚʘʥʪʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ ʽ ʚʠʩʦʢʘ 

ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ï ʙʘʣʽʩʪʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

ʇʨʘʢʪʠʯʥʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʢʚʘʥʪʦʚʠʭ ʷʤ ʟ 2D-ʝʣʝʢʪʨʦʥʥʠʤ ʛʘʟʦʤ 

ʤʦʞʫʪʴ ʙʫʪʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʢʘʥʘʣʠ ʚ ʫʥʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ 

(ʤʝʪʘʣïʦʢʩʠʜïʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʩʪʨʫʢʪʫʨʠ ʥʘ ʢʨʝʤʥʽʾ) ʽ ʚʫʟʴʢʦʟʦʥʥʽ 

ʧʨʦʰʘʨʢʠ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʟʽ ʩʧʦʣʫʢ ɸIIIɺV (ɦ ʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʽʥʞʝʢʮʽʡʥʠʭ ʣʘʟʝʨʽʚ). ʉʠʩʪʝʤʠ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʘʨʘʣʝʣʴʥʠʭ 

ʢʚʘʥʪʦʚʠʭ ʷʤ, ʤʽʞ ʷʢʠʤʠ ʤʦʞʣʠʚʝ ʪʫʥʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ, 

ʩʢʣʘʜʘʶʪʴ ʥʘʜʛʨʘʪʢʠ ï ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʜʚʦʭ ʘʙʦ 

ʙʽʣʴʰʝ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʋ ʮʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʚʘʞʣʠʚʘ ʨʦʣʴ 

ʥʘʣʝʞʠʪʴ ʧʝʨʝʭʽʜʥʦʤʫ ʰʘʨʫ, ʪʦʙʪʦ ʤʝʞʽ ʨʦʟʜʽʣʫ ʜʚʦʭ ʤʘʪʝʨʽʘʣʽʚ.  

ɽʣʝʤʝʥʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ ʩʠʥʪʝʟʫʶʪʴ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ (Zn, Cd, Hg, Al, Ga, In, Si, Ge, P, As, 

Sb, S, Se, ʊʽ), ʨʦʟʤʽʱʝʥʽ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʇʝʨʽʦʜʠʯʥʦʾ ʪʘʙʣʠʮʽ 

ʝʣʝʤʝʥʪʽʚ ʽ ʥʘʣʝʞʘʪʴ ʜʦ II ï VI ʛʨʫʧ. ʋ ʩʝʨʝʜʠʥʽ ʤʽʩʪʠʪʴʩʷ ʢʨʝʤʥʽʡ, 

ʷʢʠʡ ʫ ʪʝʭʥʦʣʦʛʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʡʤʘʻ ʪʘʢʝ ʞ ʚʘʞʣʠʚʝ 

ʤʽʩʮʝ, ̫ ʢ ʩʪʘʣʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʂʨʽʤ 

ʢʨʝʤʥʽʶ, ʚ ʝʣʝʢʪʨʦʥʽʮʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʩʧʦʣʫʢʠ AIIIBV ̔  ʾʭ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ, ʘ ʪʘʢʦʞ ʩʧʦʣʫʢʠ AIIBVI. ɿʽ ʩʧʦʣʫʢ 

ʪʠʧʫ AIIIBV ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʨʩʝʥʽʜ ʛʘʣʽʶ GaAs, ʘ ʟ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ï AlxGa1-ʭAs. ɺʠʢʦʨʠʩʪʘʥʥ ̫ʪʘʢʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʟ ʙʝʟʧʝʨʝʨʚʥʦʶ, ʘ ʥʝ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʶ ʟʤʽʥʦʶ ʚʽʜʥʦʩʥʦʛʦ ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ III ʛʨʫʧʠ. ʋ 

ʪʘʢʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʪʝʞ ʟʤʽʥʶʻʪʴʩʷ 

ʥʝʧʝʨʝʨʚʥʦ. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʫʟʛʦʜʞʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ ʜʚʦʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʗʢʱʦ ʜʚʘ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʽ ʩʪʘʣʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ, 

ʚʠʨʦʱʫʶʪʴʩʷ ʦʜʠʥ ʥʘ ʦʜʥʦʤʫ, ʪʦ ʚ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʽʚ ʙʽʣʷ 
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ʤʝʞʽ ʨʦʟʜʽʣʫ ʚʠʥʠʢʘʶʪʴ ʚʝʣʠʢʽ ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʽ ʜʝʬʦʨʤʘʮʽʾ, 

ʷʢʽ ʟʜʘʪʥʽ ʚʠʢʣʠʢʘʪʠ ʤʽʢʨʦʪʨʽʱʠʥʠ ʚ ʦʜʥʦʤʫ ʽʟ ʰʘʨʽʚ. 

ʄʝʭʘʥʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʽ ʜʝʬʦʨʤʘʮʽʾ ʚʠʥʠʢʘʶʪʴ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʪʦʛʦ ʧʝʨʝʭʽʜ ʤʽʞ ʜʚʦʤʘ ʰʘʨʘʤʠ ʧʣʘʚʥʠʡ, ʯʠ ʥʽ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡ ʩʪʘʣʽ ˇʨʘʪʦʢ ʜʚʦʭ ʤʘʪʝʨʽʘʣʽʚ ʤʘʶʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ 

ʷʢʦʤʦʛʘ ʤʝʥʰʝ. ʉʘʤʝ ʪʦʤʫ ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʠʩʪʝʤʠ AlAsïGaAs, 

ʦʩʢʽʣʴʢʠ ʘʨʩʝʥʽʜ ʘʣʶʤʽʥʽʶ ʽ ʘʨʩʝʥʽʜ ʛʘʣʽʶ ʤʘʶʪʴ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ 

ʧʘʨʘʤʝʪʨʠ ˇʨʘʪʦʢ. ʋ ʮʴʦʤʫ ʨʘʟʽ GaAs ʫ ʚʠʛʣʷʜʽ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 

ʻ ʽʜʝʘʣʴʥʦʶ ʧʽʜʢʣʘʜʢʦʶ ʜʣʷ ʟʨʦʩʪʘʥʥʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ. ɯʥʰʦʶ 

ʧʨʠʨʦʜʥʦʶ ʧʽʜʢʣʘʜʢʦʶ ʻ ʬʦʩʬʽʜ ʽʥʜʽʶ Inʈ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 

ʢʦʤʙʽʥʘʮʽʾ ʟ ʪʚʝʨʜʠʤʠ ʨʦʟʯʠʥʘʤʠ GaAsïInAs, AlAsïAlSb ʪʘ ʽʥʰʠʤʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʪʠʧʫ AIIIBV. 

ʇʨʦʛʨʝʩ ʫ ʩʪʚʦʨʝʥʥʽ ʪʦʥʢʦʰʘʨʦʚʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʙʫʚ 

ʦʙʫʤʦʚʣʝʥʠʡ ʧʦʷʚʦʶ ʧʨʘʢʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʨʦʩʪʘʚʥʥʷ ʪʦʥʢʠʭ ʰʘʨʽʚ 

ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʝʧʽʪʘʢʩʽʾ, ʛʘʟʦʬʘʟʥʦʾ ʝʧʽʪʘʢʩʽʾ ʟ 

ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʽ ʨʽʜʠʥʥʦʬʘʟʥʦʾ ʝʧʽʪʘʢʩʽʾ. ɿôʷʚʠʣʘʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʦʱʫʚʘʪʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʟ ʜʫʞʝ ʨʽʟʢʦʶ ʤʝʞʝʶ ʨʦʟʜʽʣʫ. 

 

7.7. ʂʚʘʥʪʦʚʘ ʥʠʪʢʘ ï ʦʜʥʦʚʠʤʽʨʥʘ (1D) ʥʘʥʦʩʪʨʫʢʪʫʨʘ 

 

ʂʚʘʥʪʦʚʽ ʥʠʪʢʠ (ʘʙʦ ʢʚʘʥʪʦʚʠʡ ʧʨʦʚʽʜ, ʘʙʦ ʢʚʘʥʪʦʚʽ ʰʥʫʨʠ) 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʪʘʢʠʡ ʦʙôʻʢʪ, ʫ ʷʢʦʤʫ ʨʫʭ ʝʣʝʢʪʨʦʥʽʚ ʦʙʤʝʞʝʥʠʡ ʫ 

ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ (ʥʘʧʨʠʢʣʘʜ, ʫʟʜʦʚʞ ʦʩʝʡ ʭ ̔  z), ʘʣʝ ʥʝ ʦʙʤʝʞʝʥʠʡ 

ʫʟʜʦʚʞ ʦʜʥʽʻʾ ʦʩʽ, ʥʘʧʨʠʢʣʘʜ, ʫʟʜʦʚʞ ʦʩʽ ʫ (ʨʠʩ. 7.13). ɺʽʜʧʦʚʽʜʥʦ 

ʨʦʟʤʽʨʥʝ ʢʚʘʥʪʫʚʘʥʥʷ ʨʫʭʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʜʚʦʭ 

ʥʘʧʨʷʤʢʘʭ ï x ̔  z, ʘʣʝ ʚ ʥʘʧʨʷʤʢʫ y ʨʫʭ ʝʣʝʢʪʨʦʥʽʚ ʥʝ ʢʚʘʥʪʫʻʪʴʩʷ 

(ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʣʴʥʠʤ). 
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ʈʠʩ 7.13. ʆʜʥʦʚʠʤʽʨʥʠʡ (1D) ʥʘʥʦʦʙôʻʢʪ ï ʢʚʘʥʪʦʚʘ ʥʠʪʢʘ: 

ʘ ï ʤʦʜʝʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ; ʙ ï ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʚʽʜ ʟʥʘʯʝʥʥʷ  

ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ; ʚ ï ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ ʝʥʝʨʛʽʾ 

 

ʂʚʘʜʨʘʪʥʠʡ ʧʝʨʝʪʠʥ ʢʚʘʥʪʦʚʦʛʦ ʧʨʦʚʦʜʫ dx ³ dz ï ʮʝ ʣʠʰʝ 

cʧʨʦʱʝʥʘ ʤʦʜʝʣʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ; ʨʝʘʣʴʥʠʡ ʧʨʦʬʽʣʴ ʢʚʘʥʪʦʚʦʾ ʥʠʪʢʠ 

ʤʦʞʝ ʙʫʪʠ ʡ ʽʥʰʠʤ, ʥʽʞ ʮʝ ʟʦʙʨʘʞʝʥʦ ʥʘ ʤʦʜʝʣʴʥʦʤʫ ʨʠʩʫʥʢʫ. 

ɺʘʞʣʠʚʦ ʣʠʰʝ ʪʝ, ʱʦ ʧʦʪʝʥʮʽʘʣʴʥʘ ʷʤʘ ʜʣʷ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʢʚʘʥʪʦʚʽʡ ʥʠʪʮʽ ʜʚʦʚʠʤʽʨʥʘ. 

ɽʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʡʦʛʦ ʨʫʭʦʤ ʫʟʜʦʚʞ ʦʩʝʡ ʫ ̔ z, 

ʤʘʻ ʢʚʘʥʪʫʚʘʪʠʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ ʦʜʥʦʚʠʤʽʨʥʠʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤʘʭ 

ʰʠʨʠʥʦʶ dy ̔ dz. ʇʦʚʥʘ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ  

ɽ = ǩ2kʫ2/2m* + ɽ mʧ = ǩ2kʫ2/2m* + ǩ2p2n2/2m*dʭ2 + ǩ2p2m 2/2m*dz2, 

ʜʝ ʪ, ʧ = 1, 2, 3, ... ʽ ɽʪʧ ï ʝʥʝʨʛʽʷ ʨʦʟʤʽʨʥʠʭ ʨʽʚʥʽʚ. ʇʦʣʦʞʝʥʥʷ 

ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʚʦʭ ʢʚʘʥʪʦʚʠʭ ʯʠʩʝʣ ʪ ̔ ʧ, ʘ ʪʘʢʦʞ ʚʽʜ 

ʟʥʘʯʝʥʴ dʭ, dz, ʧʨʠʯʦʤʫ ʚ ʥʘʧʨʷʤʢʫ ʧʨʦʪʷʛʫʚʘʥʥʷ ʧʨʦʚʦʜʫ (ʫ) ʩʧʝʢʪʨ 

ʻ ʙʝʟʧʝʨʝʨʚʥʠʤ.  

ɿʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʢʚʘʥʪʦʚʽʡ ʥʠʪʮʽ ʤʽʩʪʠʪʴ ʦʜʥʦʚʠʤʽʨʥʽ ʧʽʜʟʦʥʠ 

(ʨʠʩ. 7.13, ʙ). ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ g(E) ʤʘʻ ʥʠʟʢʫ 

ʨʽʟʢʠʭ ʧʽʢʽʚ (ʨʠʩ. 7.13 ʚ), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʤʽʨʥʠʤ ʨʽʚʥʷʤ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʽʜʟʦʥʽ ʤʘʻ ʝʥʝʨʛʽʶ ʧʦʙʣʠʟʫ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʤʽʨʥʦʛʦ ʨʽʚʥʷ. 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʢʚʘʥʪʦʚʠʭ ʥʠʪʦʢ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʫ ʚʞʝ 

ʨʝʘʣʽʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʟ ʜʚʦʚʠʤʽʨʥʠʤ ʝʣʝʢʪʨʦʥʥʠʤ ʛʘʟʦʤ (ʷʢ ʧʨʘʚʠʣʦ, 

ʥʘ ʦʩʥʦʚʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ) ʪʠʤ ʘʙʦ ʽʥʰʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʧʦʩʦʙʦʤ 

ʦʙʤʝʞʫʻʪʴʩʷ ʨʫʭ ʝʣʝʢʪʨʦʥʽʚ ʱʝ ʚ ʦʜʥʦʤʫ ʟ ʥʘʧʨʷʤʢʽʚ.  
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ʈʠʩ. 7.14. ʂʚʘʥʪʦʚʽ ʥʠʪʢʠ ʟ ʨʽʟʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

 

ʇʨʦʚʽʜʥʽʩʪʴ ʢʚʘʥʪʦʚʠʭ ʥʠʪʦʢ ʤʦʞʝ ʤʘʪʠ ʚʘʞʣʠʚʽ ʦʩʦʙʣʠʚʦʩʪʽ. 

ʅʘʡʙʽʣʴʰ ʮʽʢʘʚʘ ʟ ʥʠʭ ʧʨʠʪʘʤʘʥʥʘ ʢʦʨʦʪʢʠʤ ʥʠʪʢʘʤ, ʜʦʚʞʠʥʘ 

ʷʢʠʭ ʤʝʥʰʘ ʚʽʜ ʜʦʚʞʠʥʠ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʝʣʝʢʪʨʦʥʽʚ (ʾʾ ʚʠʟʥʘʯʘʶʪʴ 

ʨʦʟʩʽʶʚʘʥʥʷʤ ʥʘ ʜʦʤʽʰʢʘʭ ʽ ʜʝʬʝʢʪʘʭ ʥʠʪʢʠ). ʊʘʢʽ ʩʪʨʫʢʪʫʨʠ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.14. ɽʣʝʢʪʨʦʥ, ʚʠʣʝʪʽʚʰʠ ʟ ʦʜʥʦʛʦ ʢʦʥʪʘʢʪʫ ʢʚʘʥʪʦʚʦʾ 

ʥʠʪʢʠ, ʜʦʣʽʪʘʻ ʜʦ ʽʥʰʦʛʦ ʢʦʥʪʘʢʪʫ ʙʝʟ ʟʽʪʢʥʝʥʴ ï ̫ʢ ʩʥʘʨʷʜ, ʚʠʧʫʱʝʥʠʡ 

ʟ ʛʘʨʤʘʪʠ. ɿʘ ʪʘʢʦʶ ʘʥʘʣʦʛʽʻʶ ʜʝʷʢʽ ʩʪʨʫʢʪʫʨʠ ʥʘʟʠʚʘʶʪʴ 

ʙʘʣʽʩʪʠʯʥʠʤʠ, ʜʝ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʽʪʢʥʝʥʴ ʝʣʝʢʪʨʦʥʽʚ. ʆʜʥʘʢ 

ʙʘʣʽʩʪʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʟʘʨʷʜʫ ʫ ʢʚʘʥʪʦʚʠʭ ʥʠʪʢʘʭ ʥʝ ʢʚʘʥʪʫʻʪʴʩʷ (ʷʢ 

ʫ ʚʠʧʘʜʢʫ 2D-ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ). 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʇʘʡʻʨʣʩʦʤ, ʜʣʷ ʜʦʚʛʠʭ ʢʚʘʥʪʦʚʠʭ ʥʠʪʦʢ ʟʘ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʡ (ʤʝʪʘʣʝʚʠʡ) ʩʪʘʥ ʩʪʘʻ 

ʝʥʝʨʛʝʪʠʯʥʦ ʥʝʚʠʛʽʜʥʠʤ. ʊʦʤʫ ʫ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʽʡ ʩʠʩʪʝʤʽ ʧʽʜ ʯʘʩ 

ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʦʥʪʘʥʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʤʝʪʘʣ ï 

ʜʽʝʣʝʢʪʨʠʢ.  

ʊʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʽ ʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʣʷ ʦʜʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰ 

ʚʠʚʯʝʥʠʭ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ï ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ 

ʧʦʣʽʤʝʨʫ TTF-TCNQ ï ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.15, ʘ. ʆʨʛʘʥʽʯʥʘ ʤʦʣʝʢʫʣʘ-

ʽʦʥ (TCNQ)- ʤʘʻ ʩʠʣʴʥʽ ʘʢʮʝʧʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʡ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠ 

ʩʦʣʽ, ʫ ʷʢʠʭ ʧʦʣʝʛʰʝʥʝ ʝʣʝʢʪʨʦʥʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ. ʉʝʨʝʜ 

ʙʘʛʘʪʴʦʭ ʪʘʢʠʭ ʩʦʣʝʡ, ʱʦ ʤʘʶʪʴ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʫ ʩʪʨʫʢʪʫʨʫ, ʩʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ ʩʧʦʣʫʢʫ TCNQ- ʟ 

TTF+, ̫ʢʠʡ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʢʘʪʽʦʥʘ. ʅʘʪʝʧʝʨ ʜʦʩʣʽʜʞʝʥʦ ʙʘʛʘʪʦ 
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ʢʨʠʩʪʘʣʽʚ-ʧʦʣʽʤʝʨʽʚ ʮʴʦʛʦ ʪʠʧʫ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʮʽʣʠʡ ʢʣʘʩ 

ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʠʭ çʤʝʪʘʣʽʚè. ʎʽ ʩʧʦʣʫʢʠ ʚʠʢʣʠʢʘʣʠ ʥʝʘʙʠʷʢʠʡ 

ʽʥʪʝʨʝʩ, ʦʩʢʽʣʴʢʠ ʚ ʥʠʭ ʦʯʽʢʫʚʘʣʘʩʴ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ 

ʥʘʜʧʨʦʚʽʜʥʽʩʪʴ. ʆʜʥʘʢ ʚʠʷʚʠʣʦʩʴ, ʱʦ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ ʙʽʣʴʰʽʩʪʴ ʟ 

ʪʘʢʠʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʢʚʘʟʽʤʝʪʘʣʽʚ ʧʝʨʝʭʦʜʠʪʴ ʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʬʘʟʫ 

ʟʘʤʽʩʪʴ ʥʘʜʧʨʦʚʽʜʥʦʾ.  

ɻʦʣʯʘʩʪʽ ʢʨʠʩʪʘʣʠ ʪʠʧʫ TTF-TCNQ ʤʘʶʪʴ ʨʽʟʢʫ ʘʥʽʟʦʪʨʦʧʽʶ 

ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʟ ʙʦʢʫ 

ʤʝʪʘʣʝʚʦʾ ʬʘʟʠ) ʧʨʦʚʽʜʥʽʩʪʴ TTF-TCNQ ʫʟʜʦʚʞ (s3) ̔ ʚʧʦʧʝʨʝʢ (s1) 

ʛʦʣʯʘʩʪʦʛʦ ʢʨʠʩʪʘʣʘ ʨʦʟʨʽʟʥʷʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ 500 ʨʘʟʽʚ, ʘ ʚ ʪʦʯʮʽ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜʥʦʰʝʥʥʷ s3/s1 ʜʦʩʷʛʘʻ 105. ʅʘʜʤʽʨʥʝ ʟʨʦʩʪʘʥʥʷ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟʽ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ (ʧʝʨʝʜ ʬʘʟʦʚʠʤ 

ʧʝʨʝʭʦʜʦʤ) ʦʜʥʦʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʩʪʘʻ ʧʝʨʝʚʘʞʥʦ ʧʨʫʞʥʠʤ ï ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʟʘʨʷʜʞʝʥʠʭ 

ʜʦʤʽʰʢʘʭ, ʢʦʣʠ ʝʣʝʢʪʨʦʥ ʟʤʽʥʶʻ ʥʘʧʨʷʤʦʢ ʨʫʭʫ, ʘʣʝ ʥʝ ʚʪʨʘʯʘʻ 

ʝʥʝʨʛʽʾ. ʌʦʥʦʥʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ï ʥʝʧʨʫʞʥʝ (ʢʦʣʠ ʝʣʝʢʪʨʦʥ ʧʽʜ ʯʘʩ 

ʟʽʪʢʥʝʥʥʷ ʚʪʨʘʯʘʻ ʝʥʝʨʛʽʶ), ʚ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ ʩʪʘʻ ʤʘʣʠʤ ̔  

ʱʝ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ. ʎʠʤ ʧʦʷʩʥʶʻʪʴʩʷ ʛʦʩʪʨʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʤʘʢʩʠʤʫʤ ʧʦʟʜʦʚʞʥʴʦʾ ʧʨʦʚʽʜʥʦʩʪʽ s3 (ʨʠʩ. 7.15, ʘ), 

ʘʣʝ ʮʝ ʧʽʜʚʠʱʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʨʽʟʢʦ ʦʙʨʠʚʘʻʪʴʩʷ ʬʘʟʦʚʠʤ 

ʧʝʨʝʭʦʜʦʤ ʇʘʡʻʨʣʩʘ. ɿʘʤʽʩʪʴ ʟʥʠʞʝʥʥʷ s3 ʫ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ 

(ʜʽʝʣʝʢʪʨʠʯʥʽʡ) ʬʘʟʽ ʨʽʟʢʦ (ʧʨʠʙʣʠʟʥʦ ʫ ʪʠʩʷʯʫ ʨʘʟʽʚ) ʟʨʦʩʪʘʻ 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ e3 ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ. 

ɿʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʟ ʙʦʢʫ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʬʘʟʠ) ʧʨʦʚʽʜʥʽʩʪʴ 

TTF-TCNQ ʜʫʞʝ ʤʘʣʘ, ʘʣʝ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʽ ʩʪʘʻ ʘʥʽʟʦʪʨʦʧʥʦʶ 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ. ʋ ʜʽʘʧʘʟʦʥʽ ʅɺʏ (ʥʘ ʯʘʩʪʦʪʽ 100 ɻɻʮ) ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʊ = 4,2 ʂ, ʢʦʣʠ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʨʝʣʘʢʩʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʚʞʝ 

ʥʝ ʤʦʞʫʪʴ ʨʦʙʠʪʠ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʚʥʝʩʢʫ, ʫ TTF-TCNQ ʟʥʘʯʝʥʥʷ e3 

= 3200 ʫ ʪʦʡ ʯʘʩ, ʷʢ e1 º e2 º 6. ʅʘʜʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ e3 ʫ TTF-TCNQ ʚ 

ʫʤʦʚʘʭ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʘʜʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʨʘʝʣʝʢʪʨʠʢʽʚ ʪʠʧʫ 

ʟʤʽʱʝʥʥʷ. ʋ ʥʠʭ e º 103 ï 104 ʟʫʤʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʬʦʥʦʥʥʦʛʦ 

ʩʧʝʢʪʨʘ. ɸʣʝ ʜʣʷ TTF-TCNQ ʧʨʠʯʠʥʘ ʜʫʞʝ ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ e ~ 103 

ʧʦʣʷʛʘʻ ʚ ʦʩʦʙʣʠʚʦʩʪʷʭ ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ. 
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ʈʠʩ. 7.15. ʆʩʦʙʣʠʚʦʩʪʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʢʨʠʩʪʘʣʽʚ TTF ï TCNQ: 

ʘ ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʭʽʜ ʧʨʦʚʽʜʥʦʩʪʽ s3 (1), ʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ c3 (2) 

ʽ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ e3 (3); ʙ ï ʧʦʷʚʘ ʥʠʞʯʝ ʚʽʜ ʧʝʨʝʭʦʜʫ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʱʽʣʠʥʠ D ʚ ʨʦʟʧʦʜʽʣʽ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʽʚ r; 

ʚ ï ʝʥʝʨʛʝʪʠʯʥʘ ʱʽʣʠʥʘ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʩʧʝʢʪʨʽ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ 

 

ʄʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ TTF-TCNQ ʤʘʣʘ ʽ 

ʧʘʨʘʤʘʛʥʽʪʥʘ, ʘ ʥʠʞʯʝ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʇʘʡʻʨʣʩʘ ʩʪʘʻ 

ʜʽʘʤʘʛʥʽʪʥʦʶ (ʨʠʩ. 7.16, ʘ). ʆʪʞʝ, ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʧʝʨʝʭʦʜʦʤ ʤʦʪʽʚʩʴʢʦʛʦ ʪʠʧʫ, ʦʩʢʽʣʴʢʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʬʘʟʘ 

ʚʽʜʧʦʚʽʜʘʻ ʜʽʝʣʝʢʪʨʠʢʫ ʟ ʮʽʣʢʦʤ ʟʘʧʦʚʥʝʥʦʶ ʚʘʣʝʥʪʥʦʶ ʟʦʥʦʶ. 

ʌʦʥʦʥʥʠʡ ʩʧʝʢʪʨ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʝʡʪʨʦʥʽʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ çʧʨʦʚʘʣʦʤè ʫ ʜʠʩʧʝʨʩʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ w(k) ʟʘ 

ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʚʘʟʽʽʤʧʫʣʴʩʫ ʬʦʥʦʥʽʚ ʨ = hk. ʎʝʡ çʧʨʦʚʘʣè ï 

ʘʥʦʤʘʣʽʷ ʂʦʥʘ ï ʟʫʤʦʚʣʶʻʪʴʩʷ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʟʥʘʯʝʥʥʷʤ ʢʚʘʟʽʽʤʧʫʣʴʩʫ ʬʦʥʦʥʽʚ ʜʦʨʽʚʥʶʻ 

ʧʦʜʚʦʻʥʦʤʫ ʬʝʨʤʽʾʚʩʴʢʦʤʫ ʢʚʘʟʽʽʤʧʫʣʴʩʫ ʝʣʝʢʪʨʦʥʽʚ (k = 2kF). ɺ ʦʜʥʦ-

ʚʠʤʽʨʥʠʭ ʤʝʪʘʣʘʭ ʧʦʚʝʨʭʥʷ ʌʝʨʤʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʣʦʱʠʥ: + 

2kF ʪʘ - 2kF. ʇʨʦʮʝʩʠ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʝʥʝʨʛʽʾ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʽʣʴʢʠ ʤʽʞ ʮʠʤʠ ʧʣʦʱʠʥʘʤʠ ʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʟʤʽʥʦʶ ʽʤʧʫʣʴʩʫ ʥʘ 2>kF. ʉʘʤʝ ʜʣʷ ʪʘʢʠʭ ʟʥʘʯʝʥʴ ʽʤʧʫʣʴʩʫ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʠʡ ʟʚôʷʟʦʢ. 
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ʋ ʢʨʠʩʪʘʣʘʭ TTF-TCNQ ʘʥʦʤʘʣʽʷ ʂʦʥʘ, ʪʦʙʪʦ çʧʨʦʚʘʣè ʫ 

ʟʘʣʝʞʥʦʩʪʽ w(k), ʫ ʤʽʨʫ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʡ ʥʘʙʣʠʞʝʥʥʷ ʜʦ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʩʪʘʻ ʛʽʛʘʥʪʩʴʢʦʶ. ʎʷ ʘʥʦʤʘʣʽʷ ʚ ʢʽʥʮʝʚʦʤʫ 

ʧʽʜʩʫʤʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʤʥʦʞʝʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʘ ʫʤʦʚ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʟ ʚʽʜʱʝʧʣʝʥʥʷʤ ʦʧʪʠʯʥʦʾ ʛʽʣʢʠ (ʘʙʦ ʛʽʣʦʢ). ʆʜʥʘ 

ʟ ʚʽʜʱʝʧʣʝʥʠʭ ʛʽʣʦʢ ʚʠʷʚʣʷʻʪʴʩʷ çʤôʷʢʦʶè, ʡ ʩʘʤʝ ʚʦʥʘ ʟʫʤʦʚʣʶʻ 

ʟʚôʷʟʦʢ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʫ ʟ ʭʚʠʣʷʤʠ ʟʘʨʷʜʦʚʦʾ ʛʫʩʪʠʥʠ, ʱʦ ʡ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʦʛʦ ʟʥʘʯʝʥʥʷ e3 ʥʠʞʯʝ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ. 

ʋ ʤʽʨʫ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʟ ʙʦʢʫ ʤʝʪʘʣʝʚʦʾ ʬʘʟʠ 

ʥʘ ʘʢʫʩʪʠʯʥʽʡ ʛʽʣʮʽ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʤʝʪʘʣʫ ʧʦʩʪʫʧʦʚʦ ʚʠʥʠʢʘʻ 

ʢʦʥʽʚʩʴʢʘ ʘʥʦʤʘʣʽʷ (ʨʠʩ. 7.16, ʘ).  

 
ʈʠʩ. 7.16. ɿʤʽʥʠ ʫ ʬʦʥʦʥʥʦʤʫ ʩʧʝʢʪʨʽ: 

ʘ ï ʟʘʣʝʞʥʠʡ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ çʧʨʦʚʘʣè (ʘʥʦʤʘʣʽʷ ʂʦʥʘ), 

ʙ ï ʦʙʝʨʥʝʥʥʷ ʚ ʥʫʣʴ ʯʘʩʪʦʪʠ ʤʦʜʠ ʟʽ ʟʥʘʯʝʥʥʷʤ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ k = p/2a; 

ʚ ï ʧʦʷʚʘ ʫ ʥʦʚʽʡ ʬʘʟʽ ʟ ʫʯʝʪʚʝʨʦ ʤʝʥʰʦʶ ʟʦʥʦʶ ɹʨʽʣʣʶʝʥʘ ʪʨʴʦʭ ʦʧʪʠʯʥʠʭ ʤʦʜ, 

ʚʢʣʶʯʘʶʯʠ ʜʚʽ çʤôʷʢʽè ʤʦʜʠ ʆ1 ̔ ʆ2, ʘ ʪʘʢʦʞ ʫʪʚʦʨʝʥʥʷ ʚ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʢʨʠʩʪʘʣʽ 

ʤʦʜʫʣʴʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʘ', ʙ, ʚ'), ̫ʢʘ ʦʙʫʤʦʚʣʶʻ ʟʚôʷʟʘʥʽ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ ʤʦʜʠ 

ʚ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʢʨʠʩʪʘʣʽ 

 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʤʦʜʝʣʽ ʘʥʦʤʘʣʽʶ ʂʦʥʘ ʧʦʢʘʟʘʥʦ ʟʘ ʭʚʠʣʴʦʚʦʛʦ 

ʚʝʢʪʦʨʘ k = p/2a (ʘʣʝ ʥʘʩʧʨʘʚʜʽ ʪʘʢʠʡ ʟʙʽʛ ʤʦʞʝ ʙʫʪʠ ʪʽʣʴʢʠ 

ʚʠʧʘʜʢʦʚʠʤ, ʽ ʚ ʜʽʡʩʥʦʩʪʽ ʮʴʦʛʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ). ʇʨʦʤʽʞʥʠʡ 

ʚʠʧʘʜʦʢ ʨʦʟʱʝʧʣʝʥʥʷ ʛʽʣʦʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.16, ʙ: ʟ ʘʢʫʩʪʠʯʥʦʾ ʛʽʣʢʠ, 
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ʱʦ ʟʘʥʫʣʶʻʪʴʩʷ, ʚʠʥʠʢʘʶʪʴ ʪʨʠ ʦʧʪʠʯʥʽ ʡ ʦʜʥʘ ʥʦʚʘ ʘʢʫʩʪʠʯʥʘ. ʇʽʩʣʷ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ (ʨʠʩ. 7.16, ʚ) ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʚʯʝʪʚʝʨʦ, ʘ ʜʝʷʢʽ ʟ ʦʧʪʠʯʥʠʭ ʛʽʣʦʢ (O1 ̔  ʆ2), ʱʦ ʚʽʜʱʝʧʠʣʠʩʷ, ʻ 

çʤôʷʢʠʤʠè. 

ʋ ʚʠʭʽʜʥʽʡ ʢʦʤʽʨʮʽ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʤʝʪʘʣʫ (ʨʠʩ. 7.16, a) ʚʩʽ 

ʚʫʟʣʠ çʥʝʡʪʨʘʣʴʥʽè ʡ ʝʣʝʢʪʨʦʥʥʘ ʛʫʩʪʠʥʘ ʨʦʟʧʦʜʽʣʝʥʘ ʨʽʚʥʦʤʽʨʥʦ. 

ʅʠʞʯʝ ʚʽʜ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʘʪʦʤʠ ʟʤʽʱʫʶʪʴʩʷ: ʫ ʧʦʜʚʦʻʥʽʡ ʢʦʤʽʨʮʽ 

ʚʦʥʠ ʛʨʫʧʫʚʘʣʠʩʷ ʙ ʧʦ ʜʚʘ (ʨʠʩ. 7.16, ʙ), ʘʣʝ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʠʧʘʜʢʫ 

ʚʦʥʠ ʛʨʫʧʫʶʪʴʩʷ ʧʦ ʯʦʪʠʨʠ (ʨʠʩ. 7.16, ʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.16, ʙ). 

ʎʝ ʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ: ʫ ʜʽʣʷʥʮʽ 

çʟʛʫʱʝʥʴè ʘʪʦʤʽʚ ʮʷ ʛʫʩʪʠʥʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽ ʚʠʥʠʢʘʻ ʥʝʛʘʪʠʚʥʠʡ 

ʝʬʝʢʪʠʚʥʠʡ ʟʘʨʷʜ, ʘ ʚ ʜʽʣʷʥʮʽ çʨʦʟʨʽʜʞʝʥʴè ï ʧʦʟʠʪʠʚʥʠʡ ʟʘʨʷʜ. 

ʉʪʚʦʨʶʻʪʴʩʷ ʭʚʠʣʷ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ, ʜʦʚʞʠʥʘ ʷʢʦʾ ʚ 

ʽʜʝʘʣʽʟʦʚʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʷʚʣʷʻʪʴʩʷ ʩʧʽʚʨʦʟʤʽʨʥʦʶ ʟ ʧʘʨʘʤʝʪʨʦʤ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ (ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʦʯʥʦ ʚ 4 ʨʘʟʠ). ʆʜʥʘʢ ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʚʩʽʭ ʚʽʜʦʤʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ, ʢʦʥʽʚʩʴʢʘ ʘʥʦʤʘʣʽʷ ʚʠʥʠʢʘʻ ʥʝ ʪʦʜʽ, ʢʦʣʠ k = p/2a, ʘ ʫ 

ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ, ʽ ʩʪʨʫʢʪʫʨʘ ʚʠʷʚʣʷʻʪʴʩʷ 

ʤʦʜʫʣʴʦʚʘʥʦʶ (ʥʝʩʧʽʚʨʦʟʤʽʨʥʦʶ ʟ ʧʘʨʘʤʝʪʨʦʤ ʚʠʭʽʜʥʦʾ ˇʨʘʪʢʠ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʣʘʩʪʠʚʦʩʪʽ ʥʠʟʴʢʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ ʥʝʟʚʠʯʘʡʥʽ ï ̔ ʥʝ 

ʪʽʣʴʢʠ ʚ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʤʫ, ʘʣʝ ʡ ʫ ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʩʪʘʥʽ.  

 

7.8. ʂʚʘʥʪʦʚʘ ʪʦʯʢʘ ï ʥʫʣʴʚʠʤʽʨʥʘ (0D) 

ʥʘʥʦʩʪʨʫʢʪʫʨʘ  

 

ɭ ʱʝ ʦʜʠʥ ʚʘʞʣʠʚʠʡ ʢʚʘʥʪʦʚʠʡ ʦʙôʻʢʪ ï ʥʫʣʴʚʠʤʽʨʥʘ ʢʚʘʥʪʦʚʘ 

ʪʦʯʢʘ, ʷʢʫ ʩʠʤʚʦʣʽʯʥʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 7.17, ʘ. ʈʫʭ ʝʣʝʢʪʨʦʥʽʚ ʜʣʷ 

ʪʘʢʦʛʦ ʦʙôʻʢʪʘ ʦʙʤʝʞʝʥʠʡ ʫ ʚʩʽʭ ʪʨʴʦʭ ʥʘʧʨʷʤʢʘʭ: x, y, z. ʌʦʨʤʫ ʪʦʯʢʠ 

ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʟʦʙʨʘʞʝʥʦ ʫ ʚʠʛʣʷʜʽ ʢʫʙʘ ʦʙôʻʤʦʤ dx³dʫ³dz. 
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ʈʠʩ. 7.17. ʅʫʣʴʚʠʤʽʨʥʠʡ (0D) ʥʘʥʦʦʙôʻʢʪ ï ʢʚʘʥʪʦʚʘ ʪʦʯʢʘ:  

ʘ ï ʤʦʜʝʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ; 

ʙ ï ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚʽʜ ʝʥʝʨʛʽʾ 

 

ʇʦʪʝʥʮʽʘʣʴʥʘ ʷʤʘ ʜʣʷ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʪʨʠʚʠʤʽʨʥʘ. ɽʥʝʨʛʽʷ 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʤʘʻ ʢʚʘʥʪʫʚʘʪʠʩʴ ʜʣʷ ʨʫʭʽʚ ʫ ʚʩʽʭ ʪʨʴʦʭ ʚʠʤʽʨʘʭ. 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʚʘʥʪʦʚʽʡ ʪʦʯʮʽ ʮʽʣʢʦʤ ʜʠʩʢ-

ʨʝʪʥʠʡ, ʷʢ ʽ ʚ ʦʢʨʝʤʦʤʫ ʘʪʦʤʽ. ɽʥʝʨʛʽʶ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʚʠʨʘʟʦʤ 

ɽ = ǩ2kx2l 2/2m*dx + ǩ2p2n2/2m*dy2 + ǩ2p2m 2/2m*dz2, 

ʜʝ l, m, n = 1, 2, 3,...; dx, dy, dz ï ʨʦʟʤʽʨʠ ʜʽʣʷʥʢʠ ʚ ʪʨʴʦʭ ʚʠʤʽʨʘʭ 

(ʨʠʩ. 7.17, ʘ.)  

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ 

ʨʦʟʤʽʨʥʠʭ ʨʽʚʥʽʚ ɽlʪʧ, ʱʦ ʥʘʛʘʜʫʻ ʩʧʝʢʪʨ ʽʟʦʣʴʦʚʘʥʦʛʦ ʘʪʦʤʘ. 

ɿʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ɽlʪʧ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʨʴʦʭ ʢʚʘʥʪʦʚʠʭ ʯʠʩʝʣ l, m, n ʽ 

ʨʦʟʤʽʨʽʚ dx, dy, dz. ɻʨʘʬʽʢ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ g(E) ʫ ʢʚʘʥʪʦʚʽʡ ʪʦʯʮʽ ʤʘʻ 

d-ʧʦʜʽʙʥʠʡ ʚʠʛʣʷʜ:  

g(E) = ¤, 

ʷʢʱʦ ɽ = Elmn (E ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʦʟʤʽʨʥʠʤ ʨʽʚʥʝʤ) ʽ g(E) = 0, ʷʢʱʦ ɽ ̧ Elmn 

(ʪʦʙʪʦ ɽ ʧʝʨʝʙʫʚʘʻ ʫ ʧʨʦʤʽʞʢʫ ʤʽʞ ʨʦʟʤʽʨʥʠʤʠ ʨʽʚʥʷʤʠ).  

ɻʨʘʬʽʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ d-ʬʫʥʢʮʽʡ ï ʮʝ ʽʜʝʘʣʽʟʦʚʘʥʠʡ ʚʠʧʘʜʦʢ. 

ʅʘʩʧʨʘʚʜʽ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʤʝʞ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʪʘ ʾʾ ʩʪʨʫʢʪʫʨʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʽʢʠ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʨʦʟʤʠʚʘʶʪʴʩʷ. ɿʘʣʝʞʥʽʩʪʴ 

g(E) ʜʣʷ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʫʟʴʢʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ. 

ʗʢ ʧʨʠʢʣʘʜ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʤʦʞʥʘ ʥʘʚʝʪʠ ʥʘʥʦʢʨʠʩʪʘʣʠʢʠ ʦʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʦʩʪʘʶʯʦʛʦ ʝʧʽʪʘʢʩʽʘʣʴʥʦʛʦ ʰʘʨʫ ʽʥʰʦʛʦ 
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ʤʘʪʝʨʽʘʣʫ. ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ï ʦʩʪʨʽʚʮʷ ʟ 

ʘʪʦʤʽʚ Ge, ʚʠʨʦʱʝʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ Si ʪʘ ʾʾ ʬʘʢʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ, 

ʦʪʨʠʤʘʥʝ ʤʝʪʦʜʦʤ ʩʢʘʥʫʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ, 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.18.  

 

ʘ 

 

ʙ 

ʈʠʩ. 7.18. ʆʙôʻʤʥʝ ʟʦʙʨʘʞʝʥʥʷ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ï ʧʽʨʘʤʽʜʢʠ ʟ ʘʪʦʤʽʚ ʛʝʨʤʘʥʽʶ, 

ʩʧʦʥʪʘʥʥʦ ʩʬʦʨʤʦʚʘʥʦʾ ʥʘ ʢʨʝʤʥʽʻʚʽʡ ʧʽʜʢʣʘʜʮʽ: ʘ ï ʢʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ; 

ʙ ï ʟʦʙʨʘʞʝʥʥʷ ʟʽ ʩʢʘʥʫʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ 

 

ɯʩʪʦʨʠʯʥʦ ʧʝʨʰʠʤʠ ʢʚʘʥʪʦʚʠʤʠ ʪʦʯʢʘʤʠ ʙʫʣʠ ʤʽʢʨʦʢʨʠʩʪʘʣʠ 

ʩʝʣʝʥʽʜʫ ʢʘʜʤʽʶ CdSe. ɽʣʝʢʪʨʦʥ ʫ ʪʘʢʦʤʫ ʤʽʢʨʦʢʨʠʩʪʘʣʽ ʚʠʷʚʣʷʻʪʴʩʷ ʚ 

ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ, ʪʦʤʫ ʚʽʥ ʤʘʻ ʢʽʣʴʢʘ ʩʪʘʮʽʦʥʘʨʥʠʭ ʨʽʚʥʽʚ 

ʝʥʝʨʛʽʾ ʟ ʭʘʨʘʢʪʝʨʥʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʥʠʤʠ (ʪʦʯʥʝ ʚʠʨʘʞʝʥʥʷ ʜʣʷ 

ʨʽʚʥʽʚ ʝʥʝʨʛʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʫ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ).  

ʇʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʤʽʞ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʽʚʥʷʤʠ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ 

ʤʦʞʝ ʚʠʧʨʦʤʽʥʶʚʘʪʠʩʷ ʬʦʪʦʥ ʘʥʘʣʦʛʽʯʥʦ ʧʝʨʝʭʦʜʫ ʝʣʝʢʪʨʦʥʘ ʤʽʞ 

ʨʽʚʥʷʤʠ ʝʥʝʨʛʽʾ ʘʪʦʤʘ. ʄʦʞʥʘ ʪʘʢʦʞ ʟʙʫʜʠʪʠ (çʟʘʢʠʥʫʪʠè) ʝʣʝʢʪʨʦʥ 

ʜʦ ʚʠʱʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ, ʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʨʦʜʫʢʫʻ ʧʝʨʝʭʽʜ ʤʽʞ ʥʠʞʯʝ ʨʦʟʤʽʱʝʥʠʤʠ ʨʽʚʥʷʤʠ (ʣʶʤʽʥʝʩʮʝʥʮʽʷ). 

http://ru.wikipedia.org/w/index.php?title=%D0%A1%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B4_%D0%BA%D0%B0%D0%B4%D0%BC%D0%B8%D1%8F&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%B4%D0%BC%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BB%D0%B5%D0%BD
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%8F%D0%BC%D0%B0
http://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%9B%D1%8E%D0%BC%D0%B8%D0%BD%D0%B5%D1%81%D1%86%D0%B5%D0%BD%D1%86%D0%B8%D1%8F
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ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʽʡʩʥʠʭ ʘʪʦʤʽʚ, ʯʘʩʪʦʪʘʤʠ ʧʝʨʝʭʦʜʽʚ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ 

ʣʝʛʢʦ ʢʝʨʫʚʘʪʠ, ʟʤʽʥʶʶʯʠ ʨʦʟʤʽʨʠ ʥʘʥʦʯʘʩʪʠʥʢʠ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ 

ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʢʨʠʩʪʘʣʽʚ ʩʝʣʝʥʽʜʫ ʢʘʜʤʽʶ ʟ ʯʘʩʪʦʪʦʶ, ʟʫʤʦʚʣʝʥʦʶ 

ʨʦʟʤʽʨʦʤ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʩʪʘʣʦ ʧʝʨʰʠʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ ʢʚʘʥʪʦʚʠʭ 

ʪʦʯʦʢ.  

ʏʠʩʣʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʠʩʚʷʯʝʥʦ ʢʚʘʥʪʦʚʠʤ ʪʦʯʢʘʤ, 

ʩʬʦʨʤʦʚʘʥʠʤ ʫ ʜʚʦʚʠʤʽʨʥʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʛʘʟʽ, ʨʫʭ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʷʢʦʤʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʣʦʱʠʥʠ ʻ ʦʙʤʝʞʝʥʠʤ, ʘ ʜʽʣʷʥʢʫ ʥʘ 

ʧʣʦʱʠʥʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʪʚʦʨʥʠʭ ʤʝʪʘʣʝʚʠʭ 

ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʫ ʟʚʝʨʭʫ. ʂʚʘʥʪʦʚʽ 

ʪʦʯʢʠ ʚ ʜʚʦʚʠʤʽʨʥʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʛʘʟʽ ʤʦʞʥʘ ʩʧʦʣʫʯʠʪʠ 

ʪʫʥʝʣʴʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ ʟ ʽʥʰʠʤʠ ʜʽʣʷʥʢʘʤʠ ʜʚʦʚʠʤʽʨʥʦʛʦ ʛʘʟʫ ʽ ʚʠʚʯʘʪʠ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʯʝʨʝʟ ʢʚʘʥʪʦʚʫ ʪʦʯʢʫ. ʋ ʪʘʢʽʡ ʩʠʩʪʝʤʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʚʠʱʝ ʨʦʟʛʣʷʥʫʪʦʾ ʜʘʣʽ ʢʫʣʦʥʽʚʩʴʢʦʾ ʙʣʦʢʘʜʠ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʫ ʧʨʠʣʘʜʘʭ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ 

ï ʮʝ ʧʝʨʝʜʫʩʽʤ ʦʜʥʦʝʣʝʢʪʨʦʥʥʽ ʪʨʘʥʟʠʩʪʦʨʠ. ɸʣʝ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʠʤ ʻ 

ʩʫʯʘʩʥʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ï ʮʝ ʣʘʟʝʨʠ ʥʘ ʤʘʩʠʚʘʭ 

ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘʭ, ʩʪʚʦʨʝʥʽ ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʢ ɸIIIɺV. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʽ ʪʝʦʨʝʪʠʯʥʦ ʦʯʽʢʫʚʘʥʽ ʧʝʨʝʚʘʛʠ ʪʘʢʠʭ 

ʣʘʟʝʨʽʚ: ʥʠʟʴʢʠʡ ʛʨʘʥʠʯʥʠʡ ʩʪʨʫʤ (ʙʣʠʟʴʢʦ 10 ɸ/ʩʤ2), ʚʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʛʨʘʥʠʯʥʦʛʦ ʩʪʨʫʤʫ. 

ɺʽʜʦʤʦ, ʱʦ ʣʘʟʝʨʠ ʥʘ ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘʭ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʽ ʜʣʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. ʅʘʡʙʽʣʴʰ ʧʦʪʨʽʙʥʠʡ ʥʘ ʧʨʘʢʪʠʮʽ ʜʽʘʧʘʟʦʥ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʟʦʨʦʩʪʽ ʦʧʪʦʚʦʣʦʢʥʘ ï ʜʦʚʞʠʥʠ ʭʚʠʣʴ 1,3 ï 1,5 

ʤʢʤ. ɺʦʜʥʦʯʘʩ ʜʘʚʥʦ ʨʦʟʨʦʙʣʝʥʽ ʣʘʟʝʨʠ ʥʘ ʢʚʘʥʪʦʚʠʭ ʷʤʘʭ ʥʘ ʦʩʥʦʚʽ 

GaAs ʚʠʧʨʦʤʽʥʶʶʪʴ ʥʘ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ 0,85 ï 0,95 ʤʢʤ.  

ʆʧʪʠʤʘʣʴʥʝ ʜʣʷ ʦʧʪʦʚʦʣʦʢʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʜʫʢʫʶʪʴ 

ʣʘʟʝʨʠ ʥʘ ʦʩʥʦʚʽ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ InGaAsPïInʈ. ɸʣʝ ʡ ʚʦʥʠ ʤʘʶʪʴ 

ʥʝʜʦʣʽʢʠ: ʥʠʟʴʢʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʩʢʣʘʜʥʫ ʪʝʭʥʦʣʦʛʽʶ 

ʚʠʛʦʪʦʚʣʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʧʽʜʢʣʘʜʢʘʭ Inʈ ʥʝʤʦʞʣʠʚʦ ʚʠʛʦʪʦʚʠʪʠ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʽ ʣʘʟʝʨʠ, ʷʢʽ ʤʘʶʪʴ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ 

(ʣʘʟʝʨʠ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤ ʨʝʟʦʥʘʪʦʨʦʤ ʚʠʛʦʪʦʚʣʷʶʪʴ ʪʽʣʴʢʠ ʥʘ 

ʧʜ̔ʢʣʘʜʢʘʭ GaAs).  

http://ru.wikipedia.org/wiki/%D0%94%D0%B2%D1%83%D0%BC%D0%B5%D1%80%D0%BD%D1%8B%D0%B9_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B0%D0%B7
http://ru.wikipedia.org/wiki/%D0%A2%D1%83%D0%BD%D0%BD%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D1%8D%D1%84%D1%84%D0%B5%D0%BA%D1%82
http://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%BB%D0%BE%D0%BD%D0%BE%D0%B2%D1%81%D0%BA%D0%B0%D1%8F_%D0%B1%D0%BB%D0%BE%D0%BA%D0%B0%D0%B4%D0%B0
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ʉʘʤʝ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 1,3 ʤʢʤ (ʪʦʙʪʦ ʚ ʤʘʩʠʤʫʤʽ ʧʨʦʟʦʨʦʩʪʽ 

ʦʧʪʦʚʦʣʦʢʥʘ) ʚʠʧʨʦʤʽʥʶʶʪʴ ʣʘʟʝʨʠ, ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘʭ 

InAs, ʨʦʟʤʽʱʝʥʠʭ ʫ ʤʘʪʨʠʮʽ GaAs.  

ɺʦʥʠ ʧʝʨʝʚʝʨʰʫʶʪʴ ʣʘʟʝʨʠ ʥʘ Inʈ ʟʘ ʛʨʘʥʠʯʥʠʤ ʩʪʨʫʤʦʤ, 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʚʚʝʜʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʚʦʣʦʢʥʦ, 

ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ̔  ʜʦʟʚʦʣʷʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʛʨʫʧʦʚʫ ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʊʦʤʫ ʚʝʨʪʠʢʘʣʴʥʠʡ ʣʘʟʝʨ ʥʘ 

ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘʭ InAs, ʨʦʟʤʽʱʝʥʠʭ ʫ ʤʘʪʨʠʮʽ GaAs, ̒  ʢʣʶʯʦʚʠʤ 

ʧʨʠʣʘʜʦʤ ʜʣʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ. 

ʈʦʟʨʦʙʣʷʻʪʴʩʷ ʪʘʢʦʞ ʚʝʨʪʠʢʘʣʴʥʠʡ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʡ ʣʘʟʝʨ ʥʘ 

ʦʩʥʦʚʽ ʰʠʨʦʢʦʟʦʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ GaN ʽʟ ʢʚʘʥʪʦʚʠʤʠ ʪʦʯʢʘʤʠ InGa. ʊʘʢʠʡ 

ʣʘʟʝʨ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʱʽʣʴʥʽʩʪʴ ʦʧʪʠʯʥʦʛʦ ʟʘʧʠʩʫ. 

ɺʽʜʦʤʦ, ʱʦ ʛʝʨʤʘʥʽʡ ʽ ʢʨʝʤʥʽʡ ʻ ʥʝʧʨʷʤʦʟʦʥʥʠʤʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ, ʱʦ ʦʙʤʝʞʫʻ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʬʦʪʦʧʨʠʡʤʘʯʽʚ ʽ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ.  

ʎʝ ʦʜʥʘ ʟ ʧʨʠʯʠʥ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʫʯʘʩʥʽʡ ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ ʩʧʦʣʫʢ 

ɸIIIɺV ̔ ɸIIɺVI. ɸʣʝ ʧʝʨʝʭʽʜ ʚʽʜ ʦʙôʻʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ 

ʧʦʩʣʘʙʣʶʻ ʦʙʤʝʞʝʥʥʷ, ʟʫʤʦʚʣʝʥʽ ʥʝʧʨʷʤʦʟʦʥʥʽʩʪʶ ʧʝʨʝʭʦʜʽʚ ʫ Ge ̔ Si.  

ɼʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ SiïGe ̔ʟ 

ʢʚʘʥʪʦʚʠʤʠ ʪʦʯʢʘʤʠ ʛʝʨʤʘʥʽʶ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʫʩʧʽʰʥʦ 

ʢʦʥʢʫʨʫʚʘʪʠ ʟ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʤʠ ʟʽ ʩʧʦʣʫʢ ɸIIIɺV, ̫ʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʷʢ ʬʦʪʦʧʨʠʡʤʘʯʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ʆʩʦʙʣʠʚʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ SiïGe ɦ ʦʜʦ 

ʤʦʞʣʠʚʦʩʪʽ ʚʙʫʜʦʚʫʚʘʥʥʷ ʾʭ ʫ ʢʨʝʤʥʽʻʚʽ ʽʥʪʝʛʨʘʣʴʥʽ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʽ 

ʩʭʝʤʠ.  

ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ ʛʝʨʤʘʥʽʶ ʚʜʘʻʪʴʩʷ ʟʘʨʦʱʫʚʘʪʠ ʙʣʠʟʴʢʠʤʠ ʟʘ 

ʩʪʨʫʢʪʫʨʦʶ ʰʘʨʘʤʠ ʢʨʝʤʥʽʶ, ʥʘ ʷʢʠʭ ʧʦʪʽʤ ʤʦʞʥʘ ʬʦʨʤʫʚʘʪʠ ʡ ̔ʥʰʽ 

ʝʣʝʤʝʥʪʠ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ.  

ɼʣʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʚʘʞʣʠʚʦ ʩʪʚʦʨʶʚʘʪʠ ʥʘ 

ʦʜʥʦʤʫ ʯʠʧʽ ʚʝʩʴ ʥʘʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʬʦʪʦʧʨʠʡʤʘʯʽ. ʊʦʜʽ 

ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʥʘ ʙʫʜʝ ʽʥʪʝʛʨʫʚʘʪʠ ʚ ʢʨʝʤʥʽʻʚʫ ʪʝʭʥʦʣʦʛʽʶ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʭʝʤʠ ʽ ʬʦʨʤʫʚʘʪʠ ʾʭ ʥʘ ʢʨʝʤʥʽʻʚʠʭ ʧʽʜʢʣʘʜʢʘʭ. 
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7.9. ʅʘʜˇʨʘʪʢʠ 

 

ɭ ʨʽʟʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʨïʧ-ʧʝʨʝʭʦʜʽʚ, ʘʣʝ ʨʘʥʽʰʝ ʾʭ 

ʨʝʘʣʽʟʦʚʫʚʘʣʠ ʚ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʩʘʤʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ, ʣʝʛʦʚʘʥʦʤʫ 

ʘʢʮʝʧʪʦʨʘʤʠ ʽ ʜʦʥʦʨʘʤʠ. ʊʘʢʽ ʧʝʨʝʭʦʜʠ ʥʘʟʠʚʘʶʪʴ ʤʦʥʦʧʝʨʝʭʦʜʘʤʠ, 

ʥʘʧʨʠʢʣʘʜ, p-Si ï n-Si. ɻʝʪʝʨʦʧʝʨʝʭʦʜʠ ʚʠʥʠʢʘʶʪʴ ʫ ʨʘʟʽ ʢʦʥʪʘʢʪʫ ʜʚʦʭ 

ʨʽʟʥʠʭ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ (ʨʠʩ. 7.19). ɿʘ ʪʘʢʦʛʦ 

ʢʦʥʪʘʢʪʫ ʟʤʽʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʘʣʝ ʡ ʽʥʰʽ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ʟʦʥʥʘ ʩʪʨʫʢʪʫʨʘ, ʝʬʝʢʪʠʚʥʽ ʤʘʩʠ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ, ʾʭ ʨʫʭʣʠʚʽʩʪʴ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʡ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ.  
 

 

ʈʠʩ. 7.19. ʂʣʘʩʠʬʽʢʘʮʽʷ ʥʘʜˇʨʘʪʦʢ 

 

ɻʝʪʝʨʦʧʝʨʝʭʦʜʠ ʙʫʚʘʶʪʴ ʨʽʟʢʽ ʽ ʧʣʘʚʥʽ. ʋ ʨʽʟʢʦʤʫ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽ 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ, ʤʝʥʰʽʡ ʚʽʜ ʰʠʨʠʥʠ ʜʽʣʷʥʢʠ 

ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ ʧʝʨʝʭʦʜʫ. ɺ ʽʜʝʘʣʴʥʦʤʫ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽ ʥʘ ʤʝʞʽ 

ʨʦʟʜʽʣʫ ʥʝʤʘʻ ʜʝʬʝʢʪʽʚ ʽ ˇʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ. ʄʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ, ʪʦʙʪʦ ʢʦʥʪʘʢʪʽʚ ʨʽʟʥʠʭ ʟʘ 

ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʟʜʽʡʩʥʝʥʠʭ ʚ ʦʜʥʦʤʫ 

ʤʦʥʦʢʨʠʩʪʘʣʽ, ʟʫʤʦʚʣʶʻʪʴʩʷ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ 

ʝʧʽʪʘʢʩʽʘʣʴʥʦʛʦ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʢʨʠʩʪʘʣʽʚ, ʪʦʙʪʦ 

ʤʝʪʦʜʽʚ ʫʪʚʦʨʝʥʥʷ ʦʜʥʘʢʦʚʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʰʘʨʽʚ ʢʨʠʩʪʘʣʽʚ ʦʜʥʽʻʾ 

ʨʝʯʦʚʠʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʽʥʰʦʾ ʨʝʯʦʚʠʥʠ. 
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ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʦʶ ʥʘʟʠʚʘʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʜʝʢʽʣʴʢʦʭ ʛʝʪʝʨʦ-

ʧʝʨʝʭʦʜʽʚ ʚ ʦʜʥʽʡ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʚʘʞʣʠʚʫ 

ʯʘʩʪʠʥʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʧʨʠʣʘʜʫ. ɯʟ ʙʝʟʣʽʯʽ ʧʨʦʰʘʨʢʽʚ 

ʢʨʠʩʪʘʣʽʚ, ʱʦ ʯʝʨʛʫʶʪʴʩʷ, ʫʪʚʦʨʶʻʪʴʩʷ ʧʣʘʥʘʨʥʘ ʧʝʨʽʦʜʠʯʥʘ 

ʩʪʨʫʢʪʫʨʘ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʥʘʜʛʨʘʪʢʦʶ. ʈʽʟʥʽ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥ ̫

ʥʘʜʛʨʘʪʦʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.20. ʍʘʨʘʢʪʝʨʥʽ ʨʦʟʤʽʨʠ ʧʨʦʰʘʨʢʽʚ ʫ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʽ ʥʘʜʛʨʘʪʢʘʭ ï ʥʘʥʦʤʝʪʨʦʚʽ, ʽ ʪʦʤʫ ʚʽʜʧʦʚʽʜʥʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʣʘʜʠ ʥʘʣʝʞʘʪʴ ʜʦ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʧʨʠʣʘʜʽʚ ʚ 

ʝʣʝʢʪʨʦʥʽʮʽ ï ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ. 
 

 
 

ʈʠʩ. 7.20. ʂʦʤʧʦʟʠʮʽʡʥʘ ʥʘʜˇʨʘʪʢʘ GaAs ï AlAs 

 

ʅʘʜˇʨʘʪʢʠ ï ʮʝ ʢʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʫ ʷʢʠʭ, ʢʨʽʤ ʧʝʨʽʦʜʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ, ʻ ʡ ʽʥʰʠʡ ʧʝʨʽʦʜʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, 

ʧʝʨʽʦʜ ̫ ʢʦʛʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʩʪʘʣʫ ˇʨʘʪʢʠ, ʘʣʝ ʚʽʜʧʦʚʽʜʘʻ 

ʥʘʥʦʨʦʟʤʽʨʘʤ. 

ɺʠʛʦʪʦʚʣʷʶʪʴ ʥʘʜˇʨʘʪʢʠ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʤʝʪʘʣʽʚ, 

ʥʘʜʧʨʦʚʽʜʥʠʢʽʚ ʽ ʜʽʝʣʝʢʪʨʠʢʽʚ. ɸʣʝ ʥʘʡʙʽʣʴʰʦʛʦ ʟʘʩʪʦʩʦʚʫʥʥʷ 

ʥʘʙʫʣʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʥʘʜˇʨʘʪʢʠ, ʧʨʠʢʣʘʜ ʷʢʦʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

7.20. ʅʘʜˇʨʘʪʢʠ ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʧʨʦʰʘʨʢʽʚ ʜʚʦʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʱʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʘʙʦ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʘʙʦ ʪʠʧʦʤ 

ʧʨʦʚʽʜʥʦʩʪʽ. ɺʠʛʦʪʦʚʣʷʶʪʴ ʥʘʜˇʨʘʪʢʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʪʝʭʥʦʣʦʛʽʾ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʝʧʽʪʘʢʩʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʥʘʨʦʱʫʚʘʪʠ ʰʘʨʠ ʙʫʜʴ-̫ ʢʦʾ ʩʧʦʣʫʢʠ ʽ ʪʦʚʱʠʥʠ. ʇʝʨʽʦʜ ʧʦʚʪʦʨʝʥʥʷ 

ʰʘʨʽʚ ï ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʥʘʥʦʤʝʪʨʽʚ ʜʦ ʜʝʩʷʪʢʽʚ ʥʘʥʦʤʝʪʨʽʚ (ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ï ʩʪʘʣʘ ̌ ʨʘʪʢʠ ʢʨʠʩʪʘʣʽʚ Si ʘʙʦ GaAs ʩʪʘʥʦʚʠʪʴ 

ʧʨʠʙʣʠʟʥʦ 0,5 ʥʤ). 

ʐʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʪʠʧʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʥʘʜˇʨʘʪʦʢ: 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʡ ʣʝʛʦʚʘʥʽ. ʂʦʤʧʦʟʠʮʽʡʥʽ ʥʘʜʛʨʘʪʢʠ ï ʮʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ 

ʽʟ ʧʨʦʰʘʨʢʽʚ ʩʧʦʣʫʢ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʨʽʟʥʦʾ ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʘʣʝ ʟ ʙʣʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʩʪʘʣʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ˇʨʘʪʦʢ, ʥʘʧʨʠʢʣʘʜ, ɸlxGa1-xAsïGaAs; InxGa1-xAsïGaAs; InxGa1-xAsïInʈ; 

ZnSïZnSe ʪʘ ʽʥ. ʊʫʪ ʜʦʜʘʪʢʦʚʠʡ ʧʝʨʽʦʜʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʧʝʨʽʦʜʠʯʥʦʾ ʟʤʽʥʠ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ.  

ʃʝʛʦʚʘʥʽ ʥʘʜˇʨʘʪʢʠ ï ʮʝ ʧʝʨʽʦʜʠʯʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʰʘʨʽʚ 

ʧ- ̔ ʨ-ʪʠʧʫ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʩʘʤʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ɼʦʥʦʨʥʽ ʘʪʦʤʠ ʚ ʧ-

ʰʘʨʘʭ ʚʽʜʜʘʶʪʴ ʝʣʝʢʪʨʦʥʠ, ʷʢʽ ʟʚôʷʟʫʶʪʴʩʷ ʘʢʮʝʧʪʦʨʥʠʤʠ ʘʪʦʤʘʤʠ 

ʫ ʨ-h ʘʨʘʭ. ɼʦʜʘʪʢʦʚʠʡ ʧʝʨʽʦʜʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʪʚʦʨʶʶʪʴ ʟʘʨʷʜʠ 

ʽʦʥʽʟʦʚʘʥʠʭ ʘʢʮʝʧʪʦʨʽʚ ʽ ʜʦʥʦʨʽʚ. 

ɼʦʜʘʪʢʦʚʠʡ ʧʝʨʽʦʜʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʥʘʜʛʨʘʪʢʠ ʟʤʽʥʶʻ ʟʦʥʥʫ 

ʩʪʨʫʢʪʫʨʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʥʘ ʙʘʟʽ ʷʢʠʭ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘʜˇʨʘʪʢʘ. 

ʊʦʤʫ ʥʘʜˇʨʘʪʢʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʥʦʚʠʡ, ʩʠʥʪʝʟʦʚʘʥʠʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʷʢʦʛʦ ʥʝʤʘʻ ʚ ʧʨʠʨʦʜʽ, ʟ ʥʝʟʚʠʯʘʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʽʜʙʠʨʘʶʯʠ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʰʘʨʽʚ, 

ʤʦʞʥʘ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʚʘʨʽʶʚʘʪʠ ʟʦʥʥʫ ʩʪʨʫʢʪʫʨʫ ʥʘʜʛʨʘʪʢʠ. 

ʉʫʢʫʧʥʽʩʪʴ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʟʦʥʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ ʟʦʥʥʦʾ ʽʥʞʝʥʝʨʽʾ. 

ɽʥʝʨʛʝʪʠʯʥʫ ʜʽʘʛʨʘʤʫ ʥʘʜʛʨʘʪʢʠ (ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʧʨʦʬʽʣʴ ʫ 

ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʧʨʦʰʘʨʢʽʚ) ̫ʢ ʧʨʠʢʣʘʜ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 7.21, ʘ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʥʘʜʛʨʘʪʢʠ ɸlxGa1-xAs ï GaAs. ʋʥʘʩʣʽʜʦʢ 

ʧʝʨʽʦʜʠʯʥʦʾ ʟʤʽʥʠ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ Dɽʝ = 

= ɽʉ1,2 ï ɽV1,2 ʩʪʚʦʨʶʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʷʤʦʢʫʪʥʠʭ ʢʚʘʥʪʦʚʠʭ ʷʤ, 

ʨʦʟʜʽʣʝʥʠʭ ʙʘʨôʻʨʘʤʠ. ʗʤʠ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʚʫʟʴʢʦʟʦʥʥʦʤʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ: ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ï ʫ ʟʦʥʽ ʧʨʦʚʽʜʥʦʩʪʽ, ʜʣʷ ʜʽʨʦʢ ï ʫ 

ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ. ɭ ʥʘʜˇʨʘʪʢʠ ʟ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʧʨʦʬʽʣʝʤ, ʥʘʧʨʠʢʣʘʜ ʫ 

ʩʪʨʫʢʪʫʨʘʭ GexSi1-x ï Si, GaAs ï Ga. 
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ʇʦʪʝʥʮʽʘʣʴʥʠʡ ʧʨʦʬʽʣʴ ʤʦʜʫʣʴʦʚʘʥʦ-ʣʝʛʦʚʘʥʦʾ ʥʘʜʛʨʘʪʢʠ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 7.21, ʙ. ʋ ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʠʧʘʜʢʫ ʜʦʥʦʨʥʦʶ ʜʦʤʽʰʢʦʶ ʣʝʛʫʻʪʴʩʷ 

ʪʽʣʴʢʠ ʰʠʨʦʢʦʟʦʥʥʠʡ ʤʘʪʝʨʽʘʣ. ɽʣʝʢʪʨʦʥʠ ʟ ʜʦʥʦʨʥʠʭ ʨʽʚʥʽʚ 

ʧʝʨʝʭʦʜʷʪʴ ʫ ʢʚʘʥʪʦʚʽ ʷʤʠ ʽ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʝʥʽ ʟ ʽʦʥʽʟʦʚʘʥʠʤʠ 

ʜʦʥʦʨʘʤʠ. ʏʝʨʛʫʚʘʥʥʷ ʟʘʨʷʜʽʚ ʚʠʢʣʠʢʘʻ ʧʝʨʽʦʜʠʯʥʽ ʚʠʛʠʥʠ ʢʨʘʾʚ ʟʦʥ. 

ʅʘ ʨʠʩ. 7.22, ʘ, ʙ h ʪʨʠʭʫʚʘʥʥʷʤ ʧʦʢʘʟʘʥʦ ʤʽʥʽʟʦʥʠ, ʥʘ ʷʢʽ 

ʨʦʟʙʠʚʘʶʪʴʩʷ ʚʘʣʝʥʪʥʘ ʟʦʥʘ ʽ ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ.  

 

ʘ                                                ʙ 

ʈʠʩ. 7.21. ɽʥʝʨʛʝʪʠʯʥʽ ʜʽʘʛʨʘʤʠ ʥʘʜˇʨʘʪʦʢ ʟ ʧʝʨʽʦʜʦʤ d:  

ʘ ï ʧʨʦʩʪʘ ʢʦʤʧʦʟʠʮʽʡʥʘ ʥʘʜˇʨʘʪʢʘ; ʙ ï ʤʦʜʫʣʴʦʚʘʥʦ-ʣʝʛʦʚʘʥʘ ʥʘʜˇʨʘʪʢʘ 

 

ʇʦʪʝʥʮʽʘʣʴʥʠʡ ʧʨʦʬʽʣʴ ʤʦʜʫʣʴʦʚʘʥʦ-ʣʝʛʦʚʘʥʦʾ ʥʘʜˇʨʘʪʢʠ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 7.21, ʙ. ʋ ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʠʧʘʜʢʫ ʜʦʥʦʨʥʦʶ ʜʦʤʽʰʢʦʶ ʣʝʛʫʻʪʴʩʷ 

ʪʽʣʴʢʠ ʰʠʨʦʢʦʟʦʥʥʠʡ ʤʘʪʝʨʽʘʣ. ɽʣʝʢʪʨʦʥʠ ʟ ʜʦʥʦʨʥʠʭ ʨʽʚʥʽʚ 

ʧʝʨʝʭʦʜʷʪʴ ʫ ʢʚʘʥʪʦʚʽ ʷʤʠ ʽ ʩʪʘʶʪʴ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʝʥʠʤʠ ʟ 

ʽʦʥʽʟʦʚʘʥʠʤʠ ʜʦʥʦʨʘʤʠ. ʏʝʨʛʫʚʘʥʥʷ ʟʘʨʷʜʽʚ ʚʠʢʣʠʢʘʻ ʧʝʨʽʦʜʠʯʥʽ 

ʚʠʛʠʥʠ ʢʨʘʾʚ ʟʦʥ. ʅʘ ʨʠʩ. 7.22, ʘ, ʙ hʪʨʠʭʫʚʘʥʥʷʤ ʧʦʢʘʟʘʥʦ ʤʽʥʽʟʦʥʠ, ʥʘ 

ʷʢʽ ʨʦʟʙʠʚʘʶʪʴʩʷ ʚʘʣʝʥʪʥʘ ʟʦʥʘ ʽ ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ.  

ʇʦʪʝʥʮʽʘʣʴʥʠʡ ʧʨʦʬʽʣʴ ʣʝʛʦʚʘʥʦʾ ʥʘʜˇʨʘʪʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

7.22. ɿʘʨʷʜʠ ʽʦʥʽʟʦʚʘʥʠʭ ʜʦʥʦʨʽʚ ʽ ʘʢʮʝʧʪʦʨʽʚ ʩʪʚʦʨʶʶʪʴ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ. ɽʣʝʢʪʨʦʥʠ ʽ 

ʜʽʨʢʠ ʚʠʷʚʣʷʶʪʴʩʷ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʝʥʠʤʠ: ʜʽʨʢʠ ʨʦʟʤʽʱʝʥʽ ʚ 

ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤʘʭ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʨ-h ʘʨʫ, ʘ ʝʣʝʢʪʨʦʥʠ ï 

ʫ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʷʤʘʭ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʧ-h ʘʨʫ. ʐʪʨʠʭʫʚʘʥʥʷʤ 

ʧʦʢʘʟʘʥʦ ʤʽʥʽʟʦʥʠ; Eg ï ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʠʭʽʜʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ; DEgʝʬ ï ʝʬʝʢʪʠʚʥʘ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 
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ʥʘʜʛʨʘʪʢʠ. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʝʛʦʚʘʥʠʭ ʥʘʜˇʨʘʪʦʢ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ GaAs. 
 

 

ʈʠʩ. 7.22. ɽʥʝʨʛʝʪʠʯʥʽ ʜʽʘʛʨʘʤʠ ʣʝʛʦʚʘʥʦʾ ʥʘʜˇʨʘʪʢʠ: 

Dɽgʝʬ ï ʝʬʝʢʪʠʚʥʘ  ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʜˇʨʘʪʢʠ; d ï ʾʾ ʧʝʨʽʦʜ 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʘʜʛʨʘʪʢʘʭ, ̫ ʢ 

ʽ ʫ ʨʘʟʽ ʤʘʩʠʚʥʦʛʦ ʢʨʠʩʪʘʣʘ, ʨʦʟʚôʷʟʫʶʪʴ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ, ʘʣʝ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʘ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʷʢʽʩʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʝʥʝʨʛʝʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʥʘʜˇʨʘʪʢʠ. ʇʦʪʝʥʮʽʘʣ 

ʥʘʜˇʨʘʪʢʠ ʧʝʨʽʦʜʠʯʥʠʡ, ʽ ʪʦʤʫ ʨʦʟʤʽʨʥʽ ʨʽʚʥʽ ʨʦʟʱʝʧʣʶʶʪʴʩʷ ʥʘ 

ʟʦʥʠ. 

ʉʧʝʢʪʨ ʤʘʻ ʟʦʥʥʠʡ ʭʘʨʘʢʪʝʨ; ʫ ʟʦʥʽ ʩʪʽʣʴʢʠ ʨʽʚʥʽʚ, ʩʢʽʣʴʢʠ ʷʤ ʫ 

ʩʪʨʫʢʪʫʨʽ. ʆʩʢʽʣʴʢʠ ʧʝʨʽʦʜ ʥʘʜʛʨʘʪʢʠ d ʟʘʟʚʠʯʘʡ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʚʽʜ 

ʩʪʘʣʦʾ ˇʨʘʪʢʠ, ʪʦ ʥʘʜʛʨʘʪʢʦʚʽ ʟʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʦʜʨʽʙʥʝʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʟʦʥʠ ʟʚʠʯʘʡʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʢʨʠʩʪʘʣʽʚ, ʷʢʽ 

ʥʘʟʠʚʘʶʪʴʩʷ ʤʽʥʽʟʦʥʘʤʠ.  

ʈʦʟʱʝʧʣʝʥʥʷ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʥʘ ʤʽʥʽʟʦʥʠ ʧʦ-

ʢʘʟʘʥʦ ʰʪʨʠʭʫʚʘʥʥʷʤ ʥʘ ʨʠʩ. 7.21 ̔  7.22. ʏʠʤ ʤʝʥʰʘ ʰʠʨʠʥʘ ʷʤʠ, 

ʪʠʤ ʙʽʣʴʰʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʤʽʥʽʟʦʥʘʤʠ ʽ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʘ ʰʠʨʠʥʘ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ DEgʝʬ; ʯʠʤ ʤʝʥʰʘ ʰʠʨʠʥʘ ʙʘʨôʻʨʘ, ʪʠʤ ʰʠʨʰʽ 

ʤʽʥʽʟʦʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʧʝʨʝʙʫʜʦʚʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 

ʥʘʜˇʨʘʪʢʠ ʧʨʦʩʪʦʶ ʟʤʽʥʦʶ ʪʦʚʱʠʥʠ ʰʘʨʽʚ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʦ ʤʦʞʥʘ 

ʟʜʽʡʩʥʠʪʠ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʝʧʽʪʘʢʩʽʾ. ɻʨʘʬʽʢ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ g(E) ʤʘʻ ʩʭʽʜʯʘʩʪʠʡ ʚʠʛʣʷʜ, ʷʢ ʽ g(E) ʜʣʷ ʢʚʘʥʪʦʚʦʾ ʷʤʠ, ʘʣʝ ʟ 

ʽʥʰʦʶ ʬʦʨʤʦʶ ʩʭʦʜʠʥʦʢ. 
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ɽʣʝʢʪʨʦʥʥʠʡ ʛʘʟ ʫ ʥʘʜˇʨʘʪʢʘʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʣʝʛʦʚʘʥʠʭ 

ʥʘʜˇʨʘʪʢʘʭ ʝʣʝʢʪʨʦʥʠ ʽ ʜʽʨʢʠ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʝʥʽ. ɻʝʥʝʨʦʚʘʥʽ ʩʚʽʪʣʦʤ 

ʧʘʨʠ ʝʣʝʢʪʨʦʥïʜʽʨʢʘ (ʥʝʨʽʚʥʦʚʘʞʥʽ ʥʦʩʽʾ) ʪʘʢʦʞ ʧʨʦʩʪʦʨʦʚʦ 

ʨʦʟʜʽʣʷʶʪʴʩʷ, ʱʦ ʟʘʚʘʞʘʻ ʾʭ ʨʝʢʦʤʙʽʥʘʮʽʾ ʽ ʟʙʽʣʴʰʫʻ ʾʭ ʯʘʩ ʞʠʪʪʷ ʜʦ 

10ï3 ʩ. 

ʋ ʤʦʜʫʣʴʦʚʘʥʦ-ʣʝʛʦʚʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʥʘʜˇʨʘʪʢʘʭ 

ʰʠʨʦʢʦʟʦʥʥʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ (ʥʘʧʨʠʢʣʘʜ, AlGaAs) ʣʝʛʫʻʪʴʩʷ 

ʜʦʥʦʨʥʦʶ ʜʦʤʽʰʢʦʶ. ɽʣʝʢʪʨʦʥʠ ʟ ʜʦʥʦʨʥʠʭ ʨʽʚʥʽʚ ʙʘʨôʻʨʘ ʧʝʨʝʭʦʜʷʪʴ 

ʫ ʷʤʠ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʚʫʟʴʢʦʟʦʥʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʥʘʧʨʠʢʣʘʜ 

GaAs, (ʜʠʚ. ʨʠʩ 7.21, ʙ).  

ʋ ʙʘʨôʻʨʘʭ ʟʘʣʠʰʘʶʪʴʩʷ ʽʦʥʽʟʦʚʘʥʽ ʜʦʥʦʨʠ (ʜʦʤʽʰʢʦʚʽ ʮʝʥʪʨʠ), ʫ 

ʷʤʘʭ ʫʪʚʦʨʶʻʪʴʩʷ 2D-ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ ʟ ʚʠʩʦʢʦʶ ʛʫʩʪʠʥʦʶ ʪʘ 

ʨʫʭʣʠʚʽʩʪʶ ʝʣʝʢʪʨʦʥʽʚ. ɺʠʩʦʢʘ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, 

ʱʦ ʛʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʽʚ ʫ ʚʫʟʴʢʦʟʦʥʥʦʤʫ ʰʘʨʽ ʙʽʣʴʰʘ ʚʽʜ ʛʫʩʪʠʥʠ 

ʮʝʥʪʨʽʚ ʨʦʟʩʽʶʚʘʥʥʷ, ʘ ʜʦʥʦʨʥʽ ʜʦʤʽʰʢʦʚʽ ʮʝʥʪʨʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ 

ʰʠʨʦʢʦʟʦʥʥʠʭ ʰʘʨʘʭ. 

ɽʬʝʢʪ ʟʙʽʣʴʰʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʦʩʦʙʣʠʚʦ ʚʠʷʚʣʷʻʪʴʩʷ ʟʘ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʢʦʣʠ ʛʦʣʦʚʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʨʦʙʠʪʴ 

ʾʭ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʜʦʤʽʰʢʘʭ. ɺʠʩʦʢʘ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʥʘ ʥʘʜˇʨʘʪʢʘʭ ʰʚʠʜʢʦʜʽʡʥʽ ʧʨʠʣʘʜʠ, ʥʘʧʨʠʢʣʘʜ ʪʨʘʥʟʠʩʪʦʨʠ 

ʟ ʚʠʩʦʢʦʧʨʦʚʽʜʥʠʤʠ ʢʘʥʘʣʘʤʠ. ʏʘʩ ʧʝʨʝʤʠʢʘʥʥʷ ʪʘʢʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʧʽʢʦʩʝʢʫʥʜʠ. 

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʻ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ 

ʩʪʘʣʠʤʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ. ʗʢʱʦ ʩʪʘʣʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ 

ʦʜʥʘʢʦʚʽ, ʪʦ ʚʩʽʤ ʘʪʦʤʘʤ ʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʣʝʛʢʦ ʧʽʜʣʘʰʪʫʚʘʪʠʩʷ ʜʦ 

ʚʩʽʭ ʘʪʦʤʽʚ ʽʥʰʦʛʦ. ʊʘʢʝ ʫʟʛʦʜʞʝʥʥʷ ˇʨʘʪʦʢ ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʩʝʚʜʦʤʦʨʬʥʠʤ ʟʨʦʩʪʘʥʥʷʤ, ʱʦ ʚʢʨʘʡ ʙʘʞʘʥʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ. ɭ ʚʩʴʦʛʦ ʢʽʣʴʢʘ ʩʠʩʪʝʤ, ʫ ʷʢʠʭ ʩʪʘʣʽ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ ʜʫʞʝ ʙʣʠʟʴʢʽ. ʄʦʞʣʠʚʦʩʪʽ ʚʠʙʦʨʫ ʚʝʣʠʯʠʥʠ 

ʨʦʟʨʠʚʫ ʟʦʥ ʤʦʞʥʘ ʨʦʟʰʠʨʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ï ʧʦʜʚʽʡʥʠʭ (ʪʘʢʠʭ ʷʢ SiGe) ʪʘ 

ʧʦʪʨʽʡʥʠʭ (AlGaAs).  

ʆʪʞʝ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʥʘʜˇʨʘʪʢʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʪʚʝʨʜʦʪʽʣʴʥʽ 

ʩʪʨʫʢʪʫʨʠ, ʫ ʷʢʠʭ, ʢʨʽʤ ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 
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ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ, ʻ ʜʦʜʘʪʢʦʚʠʡ ʦʜʥʦʚʠʤʽʨʥʠʡ ʧʦʪʝʥʮʽʘʣ, 

ʧʝʨʽʦʜ ʷʢʦʛʦ ʽʩʪʦʪʥʦ ʧʝʨʝʚʠʱʫʻ ʩʪʘʣʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ. ʅʘʷʚʥʽʩʪʴ 

ʪʘʢʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ, 

ʟʘʚʜʷʢʠ ʯʦʤʫ ʥʘʜˇʨʘʪʢʠ ʤʘʶʪʴ ʨʷʜ ʪʘʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʠʭ ʥʝʤʘʻ ʫ 

ʟʚʠʯʘʡʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ.  

ʅʘʜˇʨʘʪʢʠ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʫ ʤʦʞʣʠʚʽʩʪʴ ʜʦʚʽʣʴʥʦ ʟʤʽʥʶʚʘʪʠ 

ʟʦʥʥʫ ʩʪʨʫʢʪʫʨʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ʆʩʦʙʣʠʚʦʩʪʽ ʣʶʤʽʥʝʩʮʝʥʮʽʾ 

ʥʘʜˇʨʘʪʦʢ (ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʜʦʚʞʠʥʦʶ ʚʠʧʨʦʤʽʥʶʚʘʥʠʭ ʭʚʠʣʴ, 

ʝʢʩʠʪʦʥʥʠʡ ʭʘʨʘʢʪʝʨ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʞ ʜʦ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʩʠʣʴʥʝ ʦʙʤʝʞʝʥʥʷ ʜʦʤʽʰʢʦʚʦʛʦ ʟʘʭʦʧʣʝʥʥʷ, ʬʝʤʪʦʩʝʢʫʥʜʥʘ 

ʢʽʥʝʪʠʢʘ ʪʘ ʽʥ.) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. ɸʢʫʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʜˇʨʘʪʦʢ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʽʜʙʠʪʪʷ ʬʦʥʦʥʽʚ. 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʥʘʜˇʨʘʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʽʩʪʦʪʥʦ ʥʝʣʽʥʽʡʥʠʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʦʙʫʤʦʚʣʝʥʠʤʠ ʥʘʷʚʥʽʩʪʶ ʚ ʾʭʥʴʦʤʫ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʧʝʢʪʨʽ ʜʫʞʝ ʚʫʟʴʢʠʭ ʤʽʥʽʟʦʥ. 
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8. ʅɸʅʆʂʃɸʉʊɽʈʀ 

 

ʅʘʜʟʚʠʯʘʡʥʦ ʨʦʟʚʠʥʫʪʘ ʧʦʚʝʨʭʥʷ ʽʟʦʣʴʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʻ ʥʘ ʾʭʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺʽʜʤʽʪʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʢʣʘʩʪʝʨʽʚ ʻ ʥʝʤʦʥʦʪʦʥʥʘ ʟʘʣʝʞʥʽʩʪʴ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʘʪʦʤʽʚ ʫ ʢʣʘʩʪʝʨʽ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʩʪʨʫʢʪʫʨʫ ʢʣʘʩʪʝʨʽʚ ï 

ʯʘʩʪʠʥʦʢ, ʷʢʽ ʤʽʩʪʷʪʴ ʤʝʥʰ ʷʢ 2000 ʘʪʦʤʽʚ (ʛʽʛʘʥʪʩʴʢʽ ʢʣʘʩʪʝʨʠ 

ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʽ ʜʦ 20000 ʘʪʦʤʽʚ), ʘ ʪʘʢʦʞ ʾʭ ʦʩʥʦʚʥʽ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

 

8.1. ʉʪʨʫʢʪʫʨʘ ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

 

ʂʣʘʩʪʝʨ ʷʚʣʷʻ ʩʦʙʦʶ ʛʨʫʧʫ ʟ ʥʝʚʝʣʠʢʦʾ ʽ ʟʤʽʥʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʟʘʻʤʦʜʽʡʥʠʭ ʘʪʦʤʽʚ, ʽʦʥʽʚ ʘʙʦ ʤʦʣʝʢʫʣ. ʂʣʘʩʪʝʨʠ ʤʘʶʪʴ ʙʫʪʠ 

ʝʥʝʨʛʝʪʠʯʥʦ ʩʪʽʡʢʠʤʠ. ʊʝʦʨʝʪʠʯʥʦ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʫ 

ʢʣʘʩʪʝʨʽ ʜʦʨʽʚʥʶʻ ʜʚʦʤ. ɺʝʨʭʥʽʡ ʤʝʞʽ ʢʣʘʩʪʝʨʘ ʚʽʜʧʦʚʽʜʘʻ ʪʘʢʘ 

ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ, ʢʦʣʠ ʜʦʜʘʚʘʥʥʷ ʱʝ ʦʜʥʦʛʦ ʘʪʦʤʘ ʚʞʝ ʥʝ ʟʤʽʥʶʻ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʣʘʩʪʝʨʘ. ɿ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʧʦʛʣʷʜʫ ʮʷ ʟʤʽʥʘ 

ʟʘʢʽʥʯʫʻʪʴʩʷ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʫ ʛʨʫʧʽ ʜʦʩʷʛʘʻ ʦʜʥʽʻʾ ï ʜʚʦʭ 

ʪʠʩʷʯ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʢʣʘʩʪʝʨʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʱʽʣʴʥʝ ʪʘ ʨʝʛʫʣʷʨʥʝ 

ʧʘʢʦʚʘʥʥʷ ʘʪʦʤʽʚ ʽ ʙʫʜʫʚʘʪʠʩʷ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʩʪʘʙʽʣʴʥʠʭ ʘʪʦʤʥʠʭ 

ʢʦʥʬʽʛʫʨʘʮʽʡ. ɼʣʷ ʮʴʦʛʦ ʚ ʩʪʨʫʢʪʫʨʽ ʢʣʘʩʪʝʨʘ ʤʘʻ ʙʫʪʠ ʷʢʦʤʦʛʘ 

ʙʽʣʴʰʝ ʪʝʪʨʘʝʜʨʽʚ ʥʘʡʤʝʥʰʦʾ ʟʘ ʦʙôʻʤʦʤ ʩʪʘʙʽʣʴʥʦʾ ʘʪʦʤʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʠʭ ʢʣʘʩʪʝʨʽʚ ʚʣʘʩʪʠʚʝ ʟʚʠʯʘʡʥʝ ʜʣʷ ʢʨʠʩʪʘʣʽʚ 

ʢʫʙʽʯʥʝ ʘʙʦ ʛʝʢʩʘʛʦʥʘʣʴʥʝ ʧʘʢʦʚʘʥʥʷ ʘʪʦʤʽʚ. ɸʣʝ ʤʘʣʽ ʢʣʘʩʪʝʨʠ 

ʤʦʞʫʪʴ ʤʘʪʠ ʽʥʰʫ ʩʠʤʝʪʨʽʶ, ʜʣʷ ʷʢʦʾ ʭʘʨʘʢʪʝʨʥʘ ʚʽʩʴ ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ 

ʧʦʨʷʜʢʫ (ʱʦ çʟʘʙʦʨʦʥʝʥʘè ʫ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʢʨʠʩʪʘʣʘʭ). ɹʘʛʘʪʦ 

ʢʣʘʩʪʝʨʽʚ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʽʟʥʽ ʛʨʫʧʦʚʘʥʥʷ ʽʟ ʪʨʴʦʭ ʘʪʦʤʽʚ, ʫ ʷʢʠʭ 

ʘʪʦʤʠ ʦʜʥʘʢʦʚʦ ʚʽʜʜʘʣʝʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʡ ʫʪʚʦʨʶʶʪʴ 

ʨʽʚʥʦʩʪʦʨʦʥʥʽʡ ʪʨʠʢʫʪʥʠʢ (ʨʠʩ. 8.1). ʗʢ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ 

ʢʣʘʩʪʝʨʽʚ ʟʘʟʚʠʯʘʡ ʨʦʟʛʣʷʜʘʶʪʴ ʪʝʪʨʘʝʜʨ, ʦʢʪʘʝʜʨ, ʢʫʙ, 

ʧʝʥʪʘʛʦʥʘʣʴʥʫ ʧʽʨʘʤʽʜʫ, ʽʢʦʩʘʝʜʨ ʪʘ ʽʥ. ʅʘʡʤʝʥʰʠʡ ʩʪʽʡʢʠʡ ʢʣʘʩʪʝʨ ʟ 
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ʚʽʩʩʶ ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ ʤʽʩʪʠʪʴ ʩʽʤ ʘʪʦʤʽʚ ʽ ʤʘʻ ʬʦʨʤʫ 

ʧʝʥʪʘʛʦʥʘʣʴʥʦʾ ʙʽʧʽʨʘʤʽʜʠ, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʩʪʽʡʢʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʟ 

ʦʩʷʤʠ ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʽʥ.  

ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ʽʟ ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 8.1 ʢʦʥʬʽʛʫʨʘʮʽʡ ̒  

ʽʢʦʩʘʝʜʨ, ʱʦ ʤʽʩʪʠʪʴ ʮʝʥʪʨʘʣʴʥʠʡ ʘʪʦʤ, ʦʪʦʯʝʥʠʡ 12 ʘʪʦʤʘʤʠ, 

ʦʙôʻʜʥʘʥʠʤʠ ʚ 20 ʨʽʚʥʦʩʪʦʨʦʥʥʽʭ ʪʨʠʢʫʪʥʠʢʽʚ, ʽ ʤʘʻ ʰʽʩʪʴ ʦʩʝʡ 

ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ. ʎʝʡ ʽʢʦʩʘʝʜʨ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʪʘʢʦʞ ʫ 

ʚʠʛʣʷʜʽ ʬʽʛʫʨʠ, ʩʢʣʘʜʝʥʦʾ ʟ 20 ʽʜʝʥʪʠʯʥʠʭ ʪʝʪʨʘʝʜʨʽʚ, ʱʦ ʤʘʶʪʴ 

ʟʘʛʘʣʴʥʫ ʚʝʨʰʠʥʫ ʽ ʟôʻʜʥʘʥʠʭ ʦʜʠʥ ʟ ʦʜʥʠʤ ʟʘʛʘʣʴʥʠʤʠ ʛʨʘʥʷʤʠ.  

 
 

ʈʠʩ. 8.1. ʅʘʡʤʝʥʰʽ ʢʣʘʩʪʝʨʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧ ʘʪʦʤʽʚ: 

ʘ ï ʪʝʪʨʘʝʜʨ (ʧ = 4); ʙ ï ʪʨʠʛʦʥʘʣʴʥʘ ʙʽʧʽʨʘʤʽʜʘ (ʧ = 5) ʷʢ ʟôʻʜʥʘʥʥʷ ʜʚʦʭ 

ʪʝʪʨʘʝʜʨʽʚ; ʚ ï ʢʚʘʜʨʘʪʥʘ ʧʽʨʘʤʽʜʘ (ʧ = 5); ʛ ï ʪʨʠʧʽʨʘʤʽʜʘ (ʧ = 6), ʫʪʚʦʨʝʥʘ ʪʨʴʦʤʘ 

ʪʝʪʨʘʝʜʨʘʤʠ; ʜ ï ʦʢʪʘʝʜʨ (ʧ = 6); ʝ ï ʧʝʥʪʘʛʦʥʘʣʴʥʘ ʙʽʧʽʨʘʤʽʜʘ (ʧ = 7) ï ʥʘʡʤʝʥʰʠʡ 

ʩʪʽʡʢʠʡ ʢʣʘʩʪʝʨ ʟ ʚʽʩʩʶ ʩʠʤʝʪʨʽʾ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ; ʞ ï ʟʽʨʢʦʧʦʜʽʙʥʠʡ ʪʝʪʨʘʝʜʨ (ʧ = 

8), ʫʪʚʦʨʝʥʠʡ ʧôʷʪʴʤʘ ʪʝʪʨʘʝʜʨʘʤʠ; ʽ ï ʽʢʦʩʘʝʜʨ (ʧ = 13) 

 

ʈʦʟʛʣʷʜ ʚʽʜʥʦʩʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ 

ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʢʣʘʩʪʝʨʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʫ ʩʦʙʽ ʤʝʥʰʝ ʥʽʞ 150 ï 300 ʘʪʦʤʽʚ, 

ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤʠ ʤʘʶʪʴ ʙʫʪʠ ʽʢʦʩʘʝʜʨʠʯʥʽ ʬʦʨʤʠ. ɯ ʜʽʡʩʥʦ ï 

ʽʩʥʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʽʢʦʩʘʝʜʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʽʚ, ʨʦʟʤʽʨ ʷʢʠʭ 

ʤʝʥʰʠʡ ʟʘ 10 ʥʤ, ʧʽʜʪʚʝʨʜʞʝʥʦ ʯʠʩʣʝʥʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ.  

ʘ ʙ ʚ ʛ 

ʜ ʝ ʞ  ̔
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ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʫ ʢʣʘʩʪʝʨʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʰʚʠʜʢʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʽʾ ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʦʧʦʨʮʽʡʥʘ ʦʙôʻʤʫ; ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʚ ʢʣʘʩʪʝʨʽ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʫʞʥʦʾ ʝʥʝʨʛʽʾ 

ʧʝʨʝʚʠʱʫʻ ʟʤʝʥʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ, ʫʥʘʩʣʽʜʢʦʤ ʯʦʛʦ 

ʜʝʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʽʢʦʩʘʝʜʨʠʯʥʘ ʩʪʨʫʢʪʫʨʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʻ ʜʝʷʢʠʡ 

ʢʨʠʪʠʯʥʠʡ ʨʦʟʤʽʨ, ʚʠʱʝ ʚʽʜ ʷʢʦʛʦ ʽʢʦʩʘʝʜʨʠʯʥʽ ʩʪʨʫʢʪʫʨʠ ʩʪʘʶʪʴ 

ʤʝʥʰ ʩʪʘʙʽʣʴʥʠʤʠ, ʥʽʞ ʢʫʙʽʯʥʽ ʘʙʦ ʛʝʢʩʘʛʦʥʘʣʴʥʽ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ ʧʦʥʘʜ 10 ʥʤ.  

 

8.2. ʇʝʨʽʦʜ ˇʨʘʪʢʠ ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

 

ʇʝʨʝʭʽʜ ʚʽʜ ʤʘʩʠʚʥʠʭ ʢʨʠʩʪʘʣʽʚ ʜʦ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʤʽʥʦʶ ʤʽʞʘʪʦʤʥʠʭ ʚʽʜʩʪʘʥʝʡ ʽ ʧʝʨʽʦʜʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ. ʆʩʥʦʚʥʝ 

ʧʠʪʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʟʤʝʥʰʫʶʪʴʩʷ ʯʠ ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʝʨʽʦʜʠ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ 

ʽ ʟʘ ʷʢʦʛʦ ʨʦʟʤʽʨʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʮʷ ʟʤʽʥʘ ʩʪʘʻ ʧʦʤʽʪʥʦʶ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʩʫʧʝʨʝʯʣʠʚʽ, ʘ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʥʝ ʜʘʻ 

ʦʜʥʦʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʽ, ʷʢ ʤʘʻ ʟʤʽʥʶʚʘʪʠʩʴ ʧʘʨʘʤʝʪʨ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ˇʨʘʪʢʠ ʥʘʥʦʯʘʩʪʠʥʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʨʦʟʤʽʨʫ. ʄʦʞʣʠʚʝ ̫ ʢ ʟʙʽʣʴʰʝʥʥʷ, 

ʪʘʢ ʽ ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʚ ʨʘʟʽ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʫ ʥʘʥʦʯʘʩʪʠʥʦʢ. 

ɼʝ̫ʢʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ. ʗʢ ʜʣʷ ʟʦʣʦʪʘ (ɸu), ʪʘʢ ʽ ʜʣʷ 

ʩʨʽʙʣʘ (Ag) ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʪʦʤʘʤʠ ʛʨʘʪʢʠ ʫ ʥʘʥʦʯʘʩʪʠʥʢʘʭ ʟʤʝʥʰʫʻʪʴʩʷ 

ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ (ʨʠʩ. 8.2, ʘ). ʎʝ ʚʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ 

ʝʣʝʢʪʨʦʥʥʦʾ ʜʠʬʨʘʢʮʽʾ. 

ʄʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʾ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʤʽʥʘ ʜʽʘʤʝʪʨʘ 

ʯʘʩʪʠʥʦʢ ʘʣʶʤʽʥʽʶ (ɸl) ʚʽʜ 20 ʜʦ 6 ʥʤ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʧʝʨʽʦʜʫ ˇʨʘʪʢʠ ʥʘ 1,5% (ʨʠʩ. 8.2, ʙ). ʄʝʪʦʜʦʤ ʥʝʡʪʨʦʥʦʛʨʘʬʽʾ 

ʫʩʪʘʥʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷ ʧʝʨʽʦʜʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʚʽʜ 0,405 ʥʤ ʜʣʷ 

ʤʘʩʠʚʥʦʛʦ ʟʨʘʟʢʘ ɸl ʜʦ 0,402 ʥʤ ʜʣʷ 40 ʥʤ ʥʘʥʦʯʘʩʪʠʥʦʢ ɸl, ʘ ʪʘʢʦʞ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʢʣʘʩʪʝʨʽʚ ʤʽʜʽ ʜʦ 0,7 ʥʤ, ʱʦ ʩʢʦʨʦʯʫʻ ʧʘʨʘʤʝʪʨ 

ˇʨʘʪʢʠ ʥʘ 2% ʧʦʨʽʚʥʷʥʦ ʟ ʤʘʩʠʚʥʠʤ ʤʝʪʘʣʦʤ. 
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ʈʠʩ. 8.2. ɺʽʜʥʦʩʥʘ ʟʤʽʥʘ ʧʝʨʽʦʜʫ ˇʨʘʪʢʠ Dʘ/ʘ ʚʽʜ ʜʽʘʤʝʪʨʘ D ʥʘʥʦʯʘʩʪʠʥʦʢ: 

ʘ ï ʟʦʣʦʪʘ ɸu ʽ ʩʨʽʙʣʘ Ag; ʙ ï ʧʘʨʘʤʝʪʨ ˇʨʘʪʢʠ ʥʘʥʦʘʣʶʤʽʥʽʶ ɸl 

 

ʋʧʣʠʚ ʨʦʟʤʽʨʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʘ ʧʘʨʘʤʝʪʨ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ 

ʚʽʜʟʥʘʯʝʥʦ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʤʝʪʘʣʽʚ, ʘʣʝ ʡ ʜʣʷ ʩʧʦʣʫʢ (ʥʘʧʨʠʢʣʘʜ, 

ʟʤʝʥʰʝʥʥʷ ʧʝʨʽʦʜʫ ˇʨʘʪʢʠ ʩʫʙʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʠʭ ʥʽʪʨʠʜʽʚ ʪʠʪʘʥʫ, 

ʮʠʨʢʦʥʽʶ ʽ ʥʽʦʙʽʶ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ). 

ʅʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʦʶ ʧʨʠʯʠʥʦʶ ʟʤʝʥʰʝʥʥʷ ʧʝʨʽʦʜʫ ˇʨʘʪʢʠ ʤʘʣʠʭ 

ʯʘʩʪʠʥʦʢ ʧʦʨʽʚʥʷʥʦ ʟ ʤʘʩʠʚʥʦʶ ʨʝʯʦʚʠʥʦʶ ʻ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʽʩʪʴ 

ʤʽʞʘʪʦʤʥʠʭ ʟʚôʷʟʢʽʚ ʘʪʦʤʽʚ ʧʦʚʝʨʭʥʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʪʦʤʽʚ, ʨʦʟʤʽʱʝʥʠʭ 

ʫʩʝʨʝʜʠʥʽ ʯʘʩʪʠʥʢʠ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʩʢʦʨʦʯʝʥʥʷ ʚʽʜʩʪʘʥʝʡ ʤʽʞ 

ʘʪʦʤʥʠʤʠ ʧʣʦʱʠʥʢʘʤʠ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʢʠ (ʧʦʚʝʨʭʥʝʚʘ 

ʨʝʣʘʢʩʘʮʽʷ). ɼʽʡʩʥʦ, ʘʪʦʤ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʤʘʻ ʤʝʥʰʝ ʩʫʩʽʜʥʽʭ 

ʘʪʦʤʽʚ, ʥʽʞ ʚ ʦʙôʻʤʽ, ʽ ʚʩʽ ʚʦʥʠ ʨʦʟʤʽʱʝʥʽ ʧʦ ʦʜʠʥ ʙʽʢ ʚʽʜ ʥʴʦʛʦ. ʎʝ 

ʧʦʨʫʰʫʻ ʨʽʚʥʦʚʘʛʫ ʽ ʩʠʤʝʪʨʽʶ ʚ ʨʦʟʧʦʜʽʣʽ ʩʠʣ ʪʘ ʤʘʩ ʽ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʤʽʥʠ ʨʽʚʥʦʚʘʞʥʠʭ ʤʽʞʘʪʦʤʥʠʭ ʚʽʜʩʪʘʥʝʡ, ʜʝʬʦʨʤʘʮʽʡ ʟʩʫʚʫ, 

ʟʛʣʘʜʞʫʚʘʥʥʷ ʚʝʨʰʠʥ ʽ ʨʝʙʝʨ.  

ʆʜʥʘʢ ʽʥʢʦʣʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝ ʟʤʝʥʰʝʥʥʷ, ʘ ʟʙʽʣʴʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 

ˇʨʘʪʢʠ ʥʘʥʦʯʘʩʪʠʥʦʢ. ʅʘʧʨʠʢʣʘʜ, ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ Si ʚʽʜ 10 

ʜʦ 3 ʥʤ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʘ ˇʨʘʪʢʠ ʥʘ 1,1%. ɹʫʣʦ 

ʪʘʢʦʞ ʚʠʷʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʽʦʜʫ ˇʨʘʪʢʠ ʦʢʩʠʜʫ ʉʝʆ2 ʫ ʨʘʟʽ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʚʽʜ 25 ʜʦ 5 ʥʤ (ʨʠʩ. 8.3); ʦʜʥʘʢ ʤʦʞʣʠʚʦ, ʱʦ ʮʝ 

ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʽʦʜʫ ˇʨʘʪʢʠ ʦʢʩʠʜʫ ʮʝʨʽʶ ʟʫʤʦʚʣʝʥʦ ʘʜʩʦʨʙʮʽʻʶ ʚʦʜʠ, ʷʢ 

ʮʝ ʡ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʣʷ ʥʘʥʦʯʘʩʪʠʥʦʢ Mgʆ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʚʧʣʠʚ ʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ ʥʘ 

ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʝʦʜʥʦʟʥʘʯʥʽ. ʎʷ 

ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʤʦʞʝ ʟʫʤʦʚʣʶʚʘʪʠʩʷ ʧʝʨʝʜʫʩʽʤ ʘʜʩʦʨʙʮʽʻʶ 
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ʜʦʤʽʰʦʢ ʘʙʦ ʨʽʟʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʯʘʩʪʠʥʦʢ; ʽʥʰʘ ʤʦʞʣʠʚʘ 

ʧʨʠʯʠʥʘ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ï ʩʪʨʫʢʪʫʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʩʧʨʠʯʠʥʝʥʽ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ. 
 

 

ʈʠʩ. 8.3. ɿʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʘ ˇʨʘʪʢʠ ʘ ʜʣʷ ʥʘʥʦ-ʉʝʆ2 

ʚʽʜ ʜʽʘʤʝʪʨʘ D ʥʘʥʦʯʘʩʪʠʥʦʢ 

 

8.3. ʌʦʥʦʥʥʠʡ ʩʧʝʢʪʨ ʽ ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

 

ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʟʤʽʥʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʥʦʢʨʠʩʪʘʣʘ ʧʦʨʽʚʥʷʥʦ ʟ ʤʘʩʠʚʥʦʶ ʨʝʯʦʚʠʥʦʶ ʻ ʟʤʽʥʠ ʚʠʛʣʷʜʫ ̔  

ʤʝʞ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ, ʪʦʙʪʦ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʦʪ ʘʪʦʤʥʠʭ 

ʢʦʣʠʚʘʥʴ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʘʩʠʚʥʦʛʦ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ Si ʽ ʥʘʥʦʧʦʨʦʰʢʫ ʪʦʛʦ ʞ Si ʤʝʪʦʜʦʤ ʥʝʧʨʫʞʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʧʦʚʽʣʴʥʠʭ ʥʝʡʪʨʦʥʽʚ. 

ɿʛʽʜʥʦ ʟ ʮʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʫ ʬʦʥʦʥʥʦʤʫ ʩʧʝʢʪʨʽ ʤʘʣʠʭ 

ʯʘʩʪʠʥʦʢ ʚʠʥʠʢʘʶʪʴ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʤʦʜʠ ʢʦʣʠʚʘʥʴ, ʷʢʠʭ ʥʝʤʘʻ ʚ 

ʩʧʝʢʪʨʘʭ ʤʘʩʠʚʥʠʭ ʢʨʠʩʪʘʣʽʚ. ʋ ʥʘʥʦʯʘʩʪʠʥʢʘʭ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʣʠʰʝ ʪʘʢʽ ʭʚʠʣʽ, ʜʦʚʞʠʥʘ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʦʜʚʦʻʥʦʛʦ ʥʘʡʙʽʣʴʰʦʛʦ 

ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʢʠ d, ̔ ʪʦʤʫ ʟ ʙʦʢʫ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ 

ʬʦʥʦʥʥʠʡ ʩʧʝʢʪʨ ʦʙʤʝʞʝʥʠʡ ʜʝʷʢʦʶ ʤʽʥʽʤʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ: wʭʚ ~ 

uʟʚ/2d, ʜʝ uʟʚ ï hʚʠʜʢʽʩʪʴ ʟʚʫʢʫ (ʫ ʤʘʩʠʚʥʠʭ ʟʨʘʟʢʘʭ ʪʘʢʦʛʦ ʦʙʤʝʞʝʥʥʷ 

ʥʝʤʘʻ). ɿʥʘʯʝʥʥʷ wʭʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ, ʬʦʨʤʠ ʽ 

ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʢʠ. ʄʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ 

ʤʘʻ ʟʤʽʱʫʚʘʪʠ ʬʦʥʦʥʥʠʡ ʩʧʝʢʪʨ ʫ ʙʽʢ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ (ʨʠʩ. 8.4).  
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ʆʩʦʙʣʠʚʦʩʪʽ ʢʦʣʠʚʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʘʩʘʤʧʝʨʝʜ 

ʤʘʶʪʴ ʚʽʜʦʙʨʘʟʠʪʠʩʴ ʥʘ ʪʝʧʣʦʻʤʥʦʩʪʽ. 
 

 

ʈʠʩ. 8.4. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʉ: 

ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ ï ʪʝʦʨʽʷ ɼʝʙʘʷ; ʰʪʨʠʭʧʫʥʢʪʠʨ ï ʤʝʞʘ ɼʶʣʦʥʛʘïʇʪʽ; 

ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ ïʝʬʝʢʪ ʚʽʜʭʠʣʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʦʨʽʾ ɼʝʙʘʷ 

 

ʊʝʧʣʦʻʤʥʽʩʪʴ ï ʦʜʥʘ ʟ ʥʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʯʘʩʪʠʥʦʢ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʥʘʥʦʯʘʩʪʠʥʦʢ Ag (d = 10 

ʥʤ) ʽ ɸu (d = 4, 6 ʽ 18 ʥʤ) ʫ 3 ï 10 ʨʘʟʽʚ ʙʽʣʴʰʘ ʚʽʜ ʪʝʧʣʦʻʤʥʦʩʪʽ 

ʤʘʩʠʚʥʠʭ ʟʨʘʟʢʽʚ ʩʨʽʙʣʘ ʽ ʟʦʣʦʪʘ. ʎʝʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʚʠʩʥʦʚʢʘʤʠ ʧʨʦ ʢʚʘʥʪʦʚʠʡ 

ʨʦʟʤʽʨʥʠʡ ʝʬʝʢʪ ʪʝʧʣʦʻʤʥʦʩʪʽ ʥʘʥʦʯʘʩʪʠʥʦʢ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

ʧʨʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʥʘʥʦʧʘʣʘʜʽʶ Pd ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8.5. 

 
ʈʠʩ. 8.5. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʧʘʣʘʜʽʶ (ʈd) 

ʜʽʘʤʝʪʨʦʤ 3,0 ʥʤ (1), 6,6 ʥʤ (2) ʽ ʤʘʩʠʚʥʦʛʦ ʧʘʣʘʜʽʶ (3) 

 

ɿʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʥʘʥʦʯʘʩʪʠʥʦʢ Pd ʧʦʨʽʚʥʷʥʦ ʟ ʤʘʩʠʚʥʠʤ 

ʧʘʣʘʜʽʻʤ ʚ ʽʥʪʝʨʚʘʣʽ 1,4 ʂ < ʊ < 300 ʂ ʮʽʣʢʦʤ ʟʫʤʦʚʣʶʻʪʴʩʷ 

ʜʦʜʘʪʢʦʚʠʤ ˇʨʘʪʢʦʚʠʤ ʫʥʝʩʢʦʤ, ʦʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʥʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ, ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʟʚʠʯʘʡʥʦʤʫ 

1 2 

3 
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ʣʽʥʽʡʥʦʤʫ ʟʘʢʦʥʫ, ʧʨʠʯʦʤʫ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʣʝʢʪʨʦʥʥʦʾ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘʢʝ ʩʘʤʝ, ʷʢ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʩʠʚʥʦʛʦ 

ʧʘʣʘʜʽʶ. 

ʊʝʧʣʦʻʤʥʽʩʪʴ ʥʘʥʦʯʘʩʪʠʥʦʢ ʉu ʙʽʣʴʰʘ ʚʽʜ ʪʝʧʣʦʻʤʥʦʩʪʽ ʤʘʩʠʚʥʦʾ 

ʤʽʜʽ ʚ 1,2 ï 2,0 ʨʘʟʠ ʘʞ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 450 ʂ. ɸʣʝ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽʥʪʝʥʩʠʚʥʦ ʟʨʦʩʪʘʶʪʴ ʥʘʥʦʯʘʩʪʠʥʢʠ ʉʠ ʽ ʟʫʤʦʚʣʶʪʴ 

ʮʠʤ ʩʘʤʠʤ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʜʦ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ 

ʤʘʩʠʚʥʦʾ ʤʽʜʽ. 

 

8.4. ʄʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

 

ʋʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʚʟʘʻʤʦʜʽʾ ʩʧʽʥʦʚʠʭ ʽ ʦʨʙʽʪʘʣʴʥʠʭ 

ʤʦʤʝʥʪʽʚ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʚ ʽʩʪʦʪʥʦ ʟʤʽʥʶʶʪʴʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʯʦʚʠʥ. ʆʩʦʙʣʠʚʦ ʩʫʪʪʻʚʦ 

ʟʤʽʥʶʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ ʬʝʨʦ-, ʘʥʪʠʬʝʨʦ- ̔ ʬʝʨʠʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʋ 

ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʩʬʦʨʤʦʚʘʥʠʭ ʟ ʢʣʘʩʪʝʨʽʚ ʙʣʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ, 

ʬʦʨʤʫʶʪʴʩʷ ʥʦʚʽ ʽ ʚʘʞʣʠʚʽ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ.  

ɿʘʣʝʞʥʽʩʪʴ ʥʘʚʝʜʝʥʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚʽʜ ʨʦʟʤʽʨʫ 

ʢʣʘʩʪʝʨʘ ʜʣʷ ʦʩʥʦʚʥʠʭ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8.6. ɺ 

ʦʙôʻʤʥʦʤʫ ʬʝʨʦʤʘʛʥʝʪʠʢʫ ʯʝʨʝʟ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʫ ʚʟʘʻʤʦʜʽʶ, 

ʤʘʛʥʽʪʥʫ ʘʥʽʟʦʪʨʦʧʽʶ ʽ ʟ ʽʥʰʠʭ ʧʨʠʯʠʥ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʘʪʦʤʽʚ 

ʤʝʥʰʠʡ ʚʽʜ ʩʫʤʘʨʥʦʛʦ ʤʦʤʝʥʪʫ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʠʭ ʩʧʽʥʽʚ ʘʪʦʤʘ (ʾʭ 2 

ʜʣʷ ʥʽʢʝʣʶ, 3 ʜʣʷ ʢʦʙʘʣʴʪʫ ʽ 4 ʜʣʷ ʟʘʣʽʟʘ). ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ 8.6, ʚ 

ʦʙôʻʤʥʦʤʫ ʬʝʨʦʤʘʛʥʝʪʠʢʫ ʝʬʝʢʪʠʚʥʠʡ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʘʪʦʤʘ 

ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʡ ï ʚʽʥ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 0,6 mɹ ʜʣʷ ʥʽʢʝʣʶ, 1,8 mɹ ʜʣʷ 

ʢʦʙʘʣʴʪʫ ʪʘ 2,2 mɹ ʜʣʷ ʟʘʣʽʟʘ (mɹ ï ʤʘʛʥʝʪʦʥ ɹʦʨʘ, ʩʧʽʥʦʚʠʡ ʤʘʛʥʽʪʥʠʡ 

ʤʦʤʝʥʪ ʝʣʝʢʪʨʦʥʘ). ʋ ʥʘʥʦʯʘʩʪʠʥʢʘʭ ʟʤʽʥʘ ʟʚôʷʟʢʽʚ ʘʪʦʤʽʚ ʟʫʤʦʚʣʶʻ 

ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʘʪʦʤʽʚ, ɦ ʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʧʨʘʛʥʝ ʜʦ ʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʽʟʦʣʴʦʚʘʥʦʛʦ 

ʘʪʦʤʘ. ʎʝʡ ʝʬʝʢʪ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʻ ʤʘʛʥʽʪʥʫ ʧʨʦʥʠʢʥʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʛʥʽʪʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʽ ʩʪʚʦʨʶʻ ʨʷʜ ʽʥʰʠʭ ʝʬʝʢʪʽʚ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʧʣʠʚ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʥʘ ʨʽʟʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʜʫʞʝ 

ʚʽʜʯʫʪʥʠʡ ï ʟʦʢʨʝʤʘ, ʚʧʣʠʚ 

ʨʦʟʤʽʨʽʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʥʦʟʝʨʝʥ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʦʙôʻʤʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʊʦʤʫ ʚ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ ʨʦʟʛʣʷʜʘʶʪʴ 

ʤʝʪʦʜʠ çʢʦʥʩʪʨʫʶʚʘʥʥʷè 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʛʥʽʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ ʪʝʭʥʽʢʠ, ʯʝʨʝʟ ʟʤʽʥʫ 

ʨʦʟʤʽʨʽʚ ʟʝʨʥʘ ʩʪʨʫʢʪʫʨʠ.  

çʈʦʟʤʽʨʥʠʡè ʝʬʝʢʪ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʩʧʝʢʪʨ ʢʦʣʠʚʘʥʴ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʽ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 

ʝʣʝʢʪʨʦʥʽʚ (ʥʘʧʨʠʢʣʘʜ 

ʟʤʽʥʶʻʪʴʩʷ ʰʠʨʠʥʘ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ). ʊʘʢʠʤ ʯʠʥʦʤ, ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʥʦʩʪʘʥʫ ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ. 

ʏʝʨʝʟ ʧʦʨʫʰʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʚʟʘʻʤʦʜʽʾ ʩʧʽʥʦʚʠʭ ʽ ʦʨʙʽʪʘʣʴʥʠʭ 

ʤʦʤʝʥʪʽʚ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʚ ʽʩʪʦʪʥʦ ʟʤʽʥʶʶʪʴʩʷ ʽ 

ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʯʦʚʠʥ, ʦʩʦʙʣʠʚʦ ʪʠʭ, ʢʦʪʨʽ ʻ ʬʝʨʦ-, ʘʥʪʠʬʝʨʦ- ̔  

ʬʝʨʠʤʘʛʥʽʪʥʠʤʠ. ʋ ʢʦʤʧʘʢʪʦʚʘʥʠʭ ʟ ʢʣʘʩʪʝʨʽʚ ʙʣʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ 

ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʬʦʨʤʫʶʪʴʩʷ ʥʦʚʽ, ʢʦʨʠʩʥʽ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ (ʨʠʩ. 8.7). ʆʜʥʠʤʠ ʟ ʫʢʨʘʡ ʧʦʪʨʽʙʥʠʭ ʜʣʷ 

ʪʝʭʥʽʢʠ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʤʘʛʥʽʪʦʤôʷʢʽ ʤʘʪʝʨʽʘʣʠ. 

ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʧʽʜʚʠʱʝʥʥʷ ʤʘʛʥʽʪʦʤôʷʢʦʩʪʽ ʽ ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ 

ʧʦʷʚʠ ʚʝʣʠʯʝʟʥʦʾ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ (m ~ 5Ö105) ̒ ʧʦʣʝʛʰʝʥʘ 
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ʈʠʩ. 8.6. ʄʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ, ʨʦʟʨʘʭʦʚʘʥʠʡ 

ʥʘ ʦʜʠʥ ʘʪʦʤ ʜʣʷ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ Ni, Co ʽ Fe 

ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʚ ʘʥʛʩʪʨʝʤʘʭ 
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ʦʨʽʻʥʪʘʮʽʷ ʩʧʽʥʦʚʠʭ ʤʦʤʝʥʪʽʚ ʝʣʝʢʪʨʦʥʽʚ. ʋ ʥʘʥʦʯʘʩʪʠʥʢʘʭ ʢʦʥʮʝʥ-

ʪʨʘʮʽʷ ʜʝʬʝʢʪʽʚ ʥʘʙʘʛʘʪʦ ʥʠʞʯʘ (ʜʝʬʝʢʪʠ ʚ ʥʠʭ ʣʝʛʢʦ ʜʠʬʫʥʜʫʶʪʴ ʥʘ 

ʧʦʚʝʨʭʥʶ), ʪʦʤʫ ʦʨʽʻʥʪʘʮʽʷ ʩʧʽʥʦʚʠʭ ʤʦʤʝʥʪʽʚ ʫ ʟʦʚʥʽʰʥʴʦʤʫ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʧʦʣʝʛʰʫʻʪʴʩʷ. ʅʘʥʦʤʘʛʥʽʪʥʠʡ ʢʣʘʩʪʝʨ ʤʦʞʝ ʤʘʪʠ 

ʤʘʛʥʽʪʥʽ ʤʦʤʝʥʪʠ, ʦʨʽʻʥʪʦʚʘʥʽ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʦʜʝʣʷʭ (ʨʠʩ. 8.7). 

 
 

ʈʠʩ. 8.7. ʈʽʟʥʘ ʦʨʽʻʥʪʘʮʽʷ ʤʘʛʥʽʪʥʠʭ ʤʦʤʝʥʪʽʚ ʫ ʥʘʥʦʯʘʩʪʠʥʮʽ ʬʝʨʦʤʘʛʥʝʪʠʢʫ 

 

8.5. ʆʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʢʣʘʩʪʦʨʽʚ 

 

ʋ ʤʘʩʠʚʥʠʭ ʢʨʠʩʪʘʣʘʭ ʝʥʝʨʛʽʷ ʢʚʘʥʪʽʚ ʩʚʽʪʣʘ, ʱʦ ʧʘʜʘʻ ʥʘ ʢʨʠʩʪʘʣ, 

ʯʘʩʪʢʦʚʦ ʚʽʜʙʠʚʘʻʪʴʩʷ ʽ ʯʘʩʪʢʦʚʦ ʧʦʰʠʨʶʻʪʴʩʷ ʘʙʦ ʧʦʛʣʠʥʘʻʪʴʩʷ. ɺʽʜ 

ʟʨʘʟʢʽʚ ʤʝʪʘʣʽʚ ʩʚʽʪʣʦ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʚʽʜʙʠʚʘʻʪʴʩʷ, ʘ ʚ 

ʜʽʝʣʝʢʪʨʠʢʘʭ ʩʚʽʪʣʦ ʧʦʰʠʨʶʻʪʴʩʷ ʙʝʟ ʫʪʨʘʪ. ʆʩʦʙʣʠʚʽ ʦʧʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ï ʫ ʪʽʡ ʯʘʩʪʦʪʥʽʡ 

ʩʤʫʟʽ, ʜʝ ʝʥʝʨʛʽʷ ʢʚʘʥʪʽʚ ʩʚʽʪʣʘ ʩʪʘʻ ʩʧʽʚʤʽʨʥʦʶ ʘʙʦ ʧʝʨʝʚʘʞʘʻ 

ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ.  

ʋ ʥʘʥʦʢʣʘʩʪʝʨʘʭ ʤʝʪʘʣʽʚ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʾʭ 

ʢʨʠʩʪʘʣʽʚ, ʚʣʘʩʪʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ ʥʝ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘ ʦʩʥʦʚʽ 

ʫʷʚʣʝʥʴ ʧʨʦ çʛʘʟ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚè. ʋ ʤʘʣʦʤʫ ʢʣʘʩʪʝʨʽ ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʥʽʷʢʦʛʦ ʚʽʣʴʥʦʛʦ ʨʫʭʫ ʝʣʝʢʪʨʦʥʽʚ, ʽ ʪʦʤʫ ʚʩʽ ʟʤʽʥʠ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʪʘʥʽ ʝʣʝʢʪʨʦʥʽʚ ʢʣʘʩʪʝʨʘ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ 

ʟʙʫʨʝʥʴ (ʥʘʧʨʠʢʣʘʜ, ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ), ʟʚʦʜʷʪʴʩʷ ʥʝ ʜʦ ʾʭ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʩʝʨʝʜʠʥʽ ʢʣʘʩʪʝʨʘ, ʘ ʜʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʤʽʞ 

ʨʽʟʥʠʤʠ ʢʚʘʥʪʦʚʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʽʚʥʷʤʠ ʝʣʝʢʪʨʦʥʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʩʽʶʚʘʥʥʷ ʽ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ 

ʧʦʨʽʚʥʷʥʦ ʟ ʤʘʢʨʦʩʢʦʧʽʯʥʠʤ ʪʚʝʨʜʠʤ ʪʽʣʦʤ ʤʘʻ ʨʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ʈʦʟʤʽʨʥʽ ʝʬʝʢʪʠ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʩʪʦʪʥʽ ʜʣʷ ʪʘʢʠʭ ʥʘʥʦ-

ʯʘʩʪʠʥʦʢ, ʨʦʟʤʽʨ ʷʢʠʭ ʧʦʤʽʪʥʦ ʤʝʥʰʠʡ ʟʘ ʜʦʚʞʠʥʫ ʦʧʪʠʯʥʦʾ ʭʚʠʣʽ, ʘʣʝ 

ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 10 ï 15 ʥʤ.  



215 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʮʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʡʚʠʨʘʟʥʽʰʝ ʚʠʷʚʣʷʶʪʴʩʷ ʫ 

ʨʘʟʽ ʚʠʚʯʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ. ɼʣʷ ʮʴʦʛʦ ʥʘʥʦʯʘʩʪʠʥʢʠ 

ʤʘʶʪʴ ʙʫʪʠ ʨʦʟʤʽʱʝʥʽ ʫ ʧʨʦʟʦʨʽʡ çʤʘʪʨʠʮʽè, ʥʘʧʨʠʢʣʘʜ, ʫ ʩʢʣʽ ʘʙʦ 

ʧʦʣʽʤʝʨʽ, ʚ ʦʙôʻʤʥʦʤʫ ʟʨʘʟʢʫ ʯʠ ʫ ʧʣʽʚʮʽ. ɺʥʘʩʣʽʜʦʢ ʩʧʝʮʠʬʽʯʥʠʭ 

ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘʢʽ çʨʦʟʯʠʥʠè (ʪʘʢ ʩʘʤʦ, ʷʢ ʽ 

ʛʨʘʥʫʣʴʦʚʘʥʽ ʧʣʽʚʢʠ ʟ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ) ʤʦʞʫʪʴ ʤʘʪʠ ʷʩʢʨʘʚʽ 

ʢʦʣʴʦʨʠ. 

ʂʣʘʩʠʯʥʠʤ ʦʙôʻʢʪʦʤ ʚʠʚʯʝʥʥʷ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʘʣʽʚ ʫ ʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʻ ʟʦʣʦʪʦ ɸu (ʨʠʩ. 

8.8). ʋʞʝ ʩʦʪʥʽ ʨʦʢʽʚ ʜʠʩʧʝʨʩʥʝ ʟʦʣʦʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʷʢʽʩʥʦʛʦ 

ʬʘʨʙʫʚʘʥʥʷ ʩʪʝʢʦʣ. ɺʠʚʯʝʥʥʷ ʢʦʣʦʾʜʥʦʛʦ ʟʦʣʦʪʘ, ʱʦ ʟʜʘʪʥʝ 

ʟʘʙʘʨʚʣʶʚʘʪʠ ʩʝʨʝʜʦʚʠʱʝ, ʧʦʯʠʥʘʣʦʩʴ ʽʟ ʧʨʘʮʴ ʌʘʨʘʜʝʷ.  

 
ʈʠʩ. 8.8. ʂʦʣʦʾʜʥʘ ʯʘʩʪʠʥʢʘ ʟʦʣʦʪʘ ʨʦʟʤʽʨʦʤ ʙʣʠʟʴʢʦ 12 ʥʤ 

 

ʗʢ ʫ ʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʪʘʢ ʽ ʧʽʜ ʯʘʩ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ 

ʪʦʥʢʦʟʝʨʥʠʩʪʠʤʠ ʧʣʽʚʢʘʤʠ ʤʝʪʘʣʽʚ ʫ ʚʠʜʠʤʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʘ 

ʚʠʥʠʢʘʶʪʴ ʧʽʢʠ ʧʦʛʣʠʥʘʥʥʷ, ʷʢʠʭ ʥʝ ʙʫʚʘʻ ʚ ʤʘʩʠʚʥʠʭ ʤʝʪʘʣʘʭ. 

ʅʘʧʨʠʢʣʘʜ, ʛʨʘʥʫʣʴʦʚʘʥʽ ʧʣʽʚʢʠ ʟ ʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʜʽʘʤʝʪʨʦʤ 

4 ʥʤ ʤʘʶʪʴ ʷʚʥʦ ʚʠʨʘʞʝʥʠʡ ʤʘʢʩʠʤʫʤ ʧʦʛʣʠʥʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 560 ï 

600 ʥʤ. ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʝʪʘʣʽʚ Ag, Cu, Mg, In, 

Li, Na, K ʪʘʢʦʞ ʤʘʶʪʴ ʤʘʢʩʠʤʫʤʠ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ɺʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʦʧ-

ʪʠʯʥʠʭ ʽ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʨʝʯʦʚʠʥ, 
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ʦʩʢʽʣʴʢʠ ʦʧʪʠʯʥʝ ʧʦʛʣʠʥʘʥʥʷ ï ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʚʠʚʯʝʥʥʷ 

ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʽʞʟʦʥʥʠʤ ʧʦʛʣʠʥʘʥʥʷʤ ʩʚʽʪʣʘ. ʎʝ ʧʦʛʣʠʥʘʥʥʷ 

ʟʫʤʦʚʣʶʻʪʴʩʷ ʧʝʨʝʭʦʜʘʤʠ ʝʣʝʢʪʨʦʥʽʚ ʟ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʚ ʟʦʥʫ 

ʧʨʦʚʽʜʥʦʩʪʽ. ʂʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ a ʜʣʷ ʤʘʩʠʚʥʦʛʦ ʢʨʠʩʪʘʣʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʮʽ ʤʽʞ ʝʥʝʨʛʽʻʶ ʩʚʽʪʣʘ hn ̔  

ʰʠʨʠʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʱʽʣʠʥʠ ɽg (ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ): a ~ (hn ï ɽg)1/2. 

ʍʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ 

ʷʩʢʨʘʚʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʾʭʥʽʭ ʩʧʝʢʪʨʘʭ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɿʚʘʞʘʶʯʠ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʢʣʘʩʪʝʨʽʚ, ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭʥʽʭ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʶʪʴ ʚʠʷʚʣʷʪʠʩʷ ʫ ʚʠʙʽʨʢʦʚʦʤʫ ʧʦʛʣʠʥʘʥʥʽ ʩʚʽʪʣʘ ʧʝʚʥʠʭ 

ʯʘʩʪʦʪ. ʎʝ ʧʦʛʣʠʥʘʥʥʷ ʟʫʤʦʚʣʶʻʪʴʩʷ ʧʝʨʝʭʦʜʘʤʠ ʝʣʝʢʪʨʦʥʽʚ ʟ ʥʠʞʯʠʭ 

ʥʘ ʚʠʱʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ, ʘʙʦ ʫ ʜʠʩʢʨʝʪʥʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʩʚʽʪʣʘ 

ʧʝʚʥʠʭ ʯʘʩʪʦʪ, ʷʢʝ ʟʫʤʦʚʣʶʶʪʴʩʷ ʟʚʦʨʦʪʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʝʣʝʢʪʨʦʥʽʚ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʥʘ ʥʠʞʯʽ ʨʽʚʥʽ. 

ʊʦʤʫ ʝʣʝʢʪʨʦʥʥʽ ʧʨʦʮʝʩʠ ʫ ʥʠʟʴʢʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ ʜʦʩʣʽʜ-

ʞʫʶʪʴ ʥʘʩʘʤʧʝʨʝʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʧʦʛʣʠʥʘʥʥʷ ʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʩʚʽʪʣʘ. ʉʘʤʝ ʟ ʦʧʪʠʯʥʠʤʠ ʪʘ ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʩʠʚʽʚ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʧʦʚôʷʟʫʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʥʘʥʦʬʽʟʠʮʽ ʦʜʥʠʤʠ ʟ ʧʝʨʰʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʨʽʟʥʽ ʟʘ ʟʘʙʘʨʚʣʝʥʥʷʤ ʢʣʘʩʪʝʨʠ CdSʝ. ɼʦʚʞʠʥʘ ʦʧʪʠʯʥʦʾ 

ʭʚʠʣʽ (ʽ ʢʦʣʽʨ ʬʣʫʦʨʝʩʮʝʥʮʽʾ) ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ ʮʠʭ ʢʣʘʩʪʝʨʽʚ 

(ʨʠʩ. 8.9). ʋ ʥʘʡʙʽʣʴʰ ʚʠʚʯʝʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ CdSʝ ʙʣʘʢʠʪʥʠʡ 

(ʩʠʥʽʡ) ʟʩʫʚ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʥʘʥʦʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ 

10 ï 12 ʥʤ. 

ʇʦʛʣʠʥʘʥʥʷ ʬʦʪʦʥʽʚ ʧʦʨʦʜʞʫʻ ʫ ʢʣʘʩʪʝʨʘʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʽ ʧʘʨʠ, ʘ ʾʭ ʨʝʢʦʤʙʽʥʘʮʽʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʬʣʫʦʨʝʩ-

ʮʝʥʮʽʻʶ. ʊʦʙʪʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʩʫʚʦʤ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʫ ʙʽʢ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ. 

ʇʨʦʷʚʦʤ ʮʴʦʛʦ ʝʬʝʢʪʫ ʻ ʙʣʘʢʠʪʥʠʡ (ʩʠʥʽʡ) ʟʩʫʚ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʫ ʨʘʟʽ ʟʤʝʥʰʝʥʥʷ ʾʭ ʨʦʟʤʽʨʽʚ.  
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ʈʠʩ 8.9. ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʩʝʣʝʥʽʜʫ ʢʘʜʤʽʶ: 

400 ʥʤ ï ʬʽʦʣʝʪʦʚʠʡ ʢʦʣʽʨ, 450 ʥʤ ï ʩʠʥʽʡ, 500 ʥʤ ï ʟʝʣʝʥʠʡ, 

600 ʥʤ ï ʞʦʚʪʠʡ, 700 ʥʤ ï ʯʝʨʚʦʥʠʡ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʢʣʘʩʪʝʨʘʭ CdSʝ ʬʣʫʦʨʝʩʮʝʥʮʽʷ ʧʝʨʝʢʨʠʚʘʻ 

ʤʘʡʞʝ ʚʚʝʩʴ ʜʽʘʧʘʟʦʥ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ (ʜʦʚʞʠʥʠ ʭʚʠʣʴ 400 ï 700 ʥʤ). 

ɸʣʝ ʚ ʽʥʰʠʭ ʭʘʣʴʢʦʛʝʥʽʜʘʭ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʢʣʘʩʪʝʨʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʢ ʚ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽʡ, ʪʘʢ ʽ 

ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʩʤʫʟʽ ʩʧʝʢʪʨʫ.  

ʂʣʘʩʪʝʨʠ ZnS, CdS ʽ ZnSe 

ʬʣʫʦʨʝʩʮʽʶʶʪʴ ʚ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽʡ 

ʩʤʫʟʽ, ʢʣʘʩʪʝʨʠ CdSe ̔  CdTe ï ʫ 

ʚʠʜʠʤʽʡ ʩʤʫʟʽ ʩʧʝʢʪʨʫ, ʘ ʢʣʘʩʪʝʨʠ 

PbS, PbSe ʪʘ PbTe ï ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ 

ʩʤʫʟʽ (700 ï 3000 ʥʤ). ʂʨʽʤ ʪʦʛʦ, ʟ 

ʭʘʣʴʢʦʛʝʥʽʜʽʚ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ 

ʢʣʘʩʪʝʨʥʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʟ 

ʚʠʥʷʪʢʦʚʠʤʠ ʦʧʪʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʦʟʚʦʣʷʶʪʴ ʥʘʨʦʩʪʠʪʠ ʦʙʦʣʦʥʢʫ ʟ 

ʙʽʣʴʰ ʰʠʨʦʢʦʟʦʥʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʥʘ ʷʜʨʦ ʢʣʘʩʪʝʨʘ, ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʫʟʴʢʦʟʦʥʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ; ʥʘʧʨʠʢʣʘʜ, ʥʘ ʷʜʨʦ CdSe ʥʘʨʦʱʫʶʪʴ ʦʙʦʣʦʥʢʫ ʟ 

ZnS (ʨʠʩ. 8.10). 

ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʠʪʠ ʥʝʧʝʨʝʨʚʥʠʡ ʩʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ 

(ʟʙʫʜʞʝʥʥʷ ʬʣʫʦʨʝʩʮʝʥʮʽʾ) ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʴ, 

ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʥʘʥʦʢʣʘʩʪʝʨʘ. ʊʘʢʽ ʢʣʘʩʪʝʨʠ 

ʈʠʩ. 8.10. ʄʦʜʝʣʴ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʢʣʘʩʪʝʨʘ, ʩʢʣʘʜʝʥʦʛʦ ʟ ʷʜʨʘ CdSe 

ʟ ʝʧʽʪʘʢʩʽʘʣʴʥʠʤ ʧʦʢʨʠʪʪʷʤ 

ʦʙʦʣʦʥʢʦʶ ʟ ZnS 

http://www.nanotech-dubna.ru/index.php?option=content&task=view&id=57#cds
http://www.nanotech-dubna.ru/index.php?option=content&task=view&id=57#cdse
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʷʩʢʨʘʚʽʩʪʶ ʽ ʢʨʘʱʦʶ 

ʬʦʪʦʩʪʘʙʽʣʴʥʽʩʪʶ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʬʣʶʦʨʦʬʦʨʘʤʠ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʛʝʥʝʨʦʚʘʥʠʭ ʩʚʽʪʣʦʤ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

(ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʜʽʨʦʢ) ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʧʦʣʷʛʘʶʪʴ ʫ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʥʠʢʥʝʥʥʷ ʟʚôʷʟʘʥʠʭ ʩʪʘʥʽʚ-ʝʢʩʠʪʦʥʽʚ ʟʘ ʨʘʭʫʥʦʢ ʢʫʣʦʥʽʚʩʴʢʦʛʦ 

ʧʨʠʪʷʛʘʥʥʷ ʤʽʞ ʝʣʝʢʪʨʦʥʦʤ ʽ ʜʽʨʢʦʶ. ɽʢʩʠʪʦʥ ï ʮʝ ʪʘʢʠʡ 

ʟʚôʷʟʘʥʠʡ ʩʪʘʥ ʝʣʝʢʪʨʦʥʘ ʽ ʜʽʨʢʠ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʢʫʣʦʥʽʚʩʴʢʦʛʦ ʧʨʠʪʷʛʘʥʥʷ ʤʽʞ ʥʠʤʠ ʡ ʽʩʥʫʻ ʚ ʢʨʠʩʪʘʣʽ ʷʢ ʻʜʠʥʝ ʮʽʣʝ. 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʦʮʝʩʠ ʤʽʞʟʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʫ 

ʥʘʥʦʢʣʘʩʪʝʨʘʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨ, ʟʘ ʷʢʠʭ ʚʠʷʚʣʷʶʪʴʩʷ ʾʭʥʽ ʢʚʘʥʪʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʧʦʚʠʥʥʽ ʤʘʪʠ ʝʢʩʠʪʦʥʥʠʡ ʭʘʨʘʢʪʝʨ. 

ɯʥʪʝʥʩʠʚʥʝ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ, 

ʟʫʤʦʚʣʝʥʝ ʫʪʚʦʨʝʥʥʷʤ ʝʢʩʠʪʦʥʽʚ, ʩʧʦʩ-

ʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ʥʠʞʯʠʭ ʝʥʝʨʛʽʡ (ʪʦʙʪʦ 

ʥʠʞʯʠʭ ʯʘʩʪʦʪ ʩʚʽʪʣʘ), ʥʽʞ ʤʽʞʟʦʥʥʝ 

ʧʦʛʣʠʥʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ 

ʝʢʩʠʪʦʥʘ ʤʘʣʘ ʧʦʨʽʚʥʷʥʦ ʟ ɽg. ʊʦʤʫ ʥʘ 

ʰʢʘʣʽ ʝʥʝʨʛʽʡ ʝʢʩʠʪʦʥʥʝ ʧʦʛʣʠʥʘʥʥʷ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʚʣʘʩʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ 

ʩʚʽʪʣʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ, ʘʣʝ ʚʽʜʨʽʟ-

ʥʷʻʪʴʩʷ ʚʽʜ ʥʴʦʛʦ ʙʽʣʴʰ ʥʠʟʴʢʦʶ 

ʯʘʩʪʦʪʦʶ ʧʦʯʘʪʢʫ ʧʦʛʣʠʥʘʥʥʷ (ʨʠʩ. 

8.11). 

ʄʽʞʟʦʥʥʝ ʧʦʛʣʠʥʘʥʥʷ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʣʘʚʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ ʚʽʜ ʝʥʝʨʛʽʾ ʢʚʘʥʪʘ ʩʚʽʪʣʘ, ʪʦʜʽ, ʷʢ 

ʝʢʩʠʪʦʥʥʝ ʧʦʛʣʠʥʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʨʽʟʢʠʤ ʧʽʢʦʧʦʜʽʙʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʟʘ 

ʝʥʝʨʛʽʷʤʠ, ʤʝʥʰʠʤʠ ʟʘ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʤʽʞʟʦʥʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ. ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʣʘʩʥʝ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʷʚʦʶ ʽ ʨʽʟʢʠʤ ʟʨʦʩʪʘʥʥʷʤ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ, ʫ ʪʦʡ 

ʯʘʩ, ʷʢ ʝʢʩʠʪʦʥʥʝ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʥʝ ʚʠʢʣʠʢʘʻ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʣʝʢʪʨʦʥʥʝ ʟʙʫʜʞʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʢʨʠʩʪʘʣʽʚ 

ʟʫʤʦʚʣʶʻ ʫʪʚʦʨʝʥʥʷ ʩʣʘʙʢʦʟʚôʷʟʘʥʦʾ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʦʾ ʧʘʨʠ ï 

ʝʢʩʠʪʦʥʫ. ʈʘʜʽʫʩ ʜʝʣʦʢʘʣʽʟʘʮʽʾ ʝʢʩʠʪʦʥʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʘʥʘʣʦʛʽʯʥʠʤ 

ʙʦʨʦʚʩʴʢʦʤʫ ʨʘʜʽʫʩʫ ʘʪʦʤʽʚ. ɸʣʝ ʙʦʨʦʚʩʴʢʠʡ ʨʘʜʽʫʩ ʝʢʩʠʪʦʥʫ 

a 

ɤ 

a ɤ 

ʈʠʩ. 8.11. ʂʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ 

ʩʚʽʪʣʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ: ʩʫʮʽʣʴʥʘ 

ʢʨʠʚʘ ï ʝʢʩʠʪʦʥʥʝ ʧʦʛʣʠʥʥʷ; 

ʧʫʥʢʪʠʨʥʘ ʢʨʠʚʘ ï ʚʣʘʩʥʝ 

ʧʦʛʣʠʥʘʥʥʷ  

' 
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ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʡ, ʚʽʥ ʤʦʞʝ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʝʨʽʦʜ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ɿʤʝʥʰʝʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʢʨʠʩʪʘʣʘ ʜʦ ʨʦʟʤʽʨʽʚ ʥʘʥʦʢʣʘʩʪʝʨʘ, 

ʧʦʨʽʚʥʷʥʥʠʭ ʟ ʨʦʟʤʽʨʘʤʠ ʝʢʩʠʪʦʥʫ, ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʦʧʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʩʧʝʮʠʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʥʘʥʦʯʘʩʪʥʠʦʢ ʧʦʣʷʛʘʶʪʴ ʫ ʤʦʞʣʠʚʽʡ 

ʧʦʨʽʚʥʷʥʥʦʩʪʽ ʨʦʟʤʽʨʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟ ʙʦʨʽʚʩʴʢʠʤ ʨʘʜʽʫʩʦʤ ʝʢʩʠʪʦʥʽʚ 

ʫ ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ ʢʨʠʩʪʘʣʽ. ʋ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʙʦʨʦʚʩʴʢʠʡ 

ʨʘʜʽʫʩ ʝʢʩʠʪʦʥʫ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ï ʚʽʜ 0,7 ʥʤ ʜʣʷ 

ʢʨʠʩʪʘʣʘ CuCl ʜʦ 10 ʥʤ ʜʣʷ ʢʨʠʩʪʘʣʘ GaAs.  

ɿ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘʢʦʞ ʚʠʧʣʠʚʘʻ, ʱʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ʨʦʟʤʽʨʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʣʽʥʽʾ ʦʧʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʤʘʶʪʴ ʟʤʽʱʫʚʘʪʠʩʷ ʫ 

ʙʽʢ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ. ɽʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʽʟʦʣʴʦʚʘʥʦʾ 

ʤʦʣʝʢʫʣʠ ʧʦʤʽʪʥʦ ʙʽʣʴʰʘ ʚʽʜ ʝʥʝʨʛʽʾ ʤʽʞʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʫ (ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ) ʫ ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ. ʊʦʤʫ ʚ ʨʘʟʽ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʢʨʠʩʪʘʣʘ ʜʦ ʤʦʣʝʢʫʣʠ, ʪʦʙʪʦ ʢʦʣʠ ʟʤʝʥʰʫʻʪʴʩʷ 

ʯʘʩʪʠʥʢʘ, ʤʘʻ ʽʩʥʫʚʘʪʠ ʜʽʘʧʘʟʦʥ ʪʘʢʠʭ ʨʦʟʤʽʨʽʚ, ʫ ʷʢʦʤʫ ʝʥʝʨʛʽʷ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʧʣʘʚʥʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʤʝʥʰʦʛʦ ʟʥʘʯʝʥʥʷ 

ʜʦ ʙʽʣʴʰʦʛʦ. ʎʝʡ ʜʽʘʧʘʟʦʥ ʨʦʟʤʽʨʽʚ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʤʽʨʘʤ ʥʘʥʦʢʣʘʩʪʝʨʽʚ, 

ʷʢʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʜʥʠʤ ʟ ʧʨʠʢʣʘʜʽʚ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ.  

ʋʥʽʢʘʣʴʥʽ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ, ̫ʢ 

ʽ ʽʥʰʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ, ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʤʝʜʠʮʠʥʽ ʷʢ 

ʦʧʪʠʯʥʽ ʩʝʥʩʦʨʠ, ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʤʘʨʢʝʨʠ, ʬʦʪʦʩʝʥʩʠʙʽʣʽʟʘʪʦʨʠ, ʘ ʚ 

ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ ï ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ 

ʩʤʫʟʽ, ʝʬʝʢʪʠʚʥʠʭ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʥʘʜʤʽʥʽʘʪʶʨʥʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ, 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʩʚʽʪʣʘ ʪʘ ʥʝʣʽʥʽʡʥʦ-ʦʧʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. 
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9. ɺʋɻʃɽʎɽɺɯ ʅɸʅʆʉʊʈʋʂʊʋʈʀ  

 

ɺʫʛʣʝʮʴ ʫ ʇʝʨʽʦʜʠʯʥʽʡ ʩʠʩʪʝʤʽ ʝʣʝʤʝʥʪʽʚ ɼ. ɯ. ʄʝʥʜʝʣʻʻʚʘ 

ʥʘʣʝʞʠʪʴ ʜʦ ʧʽʜʛʨʫʧʠ 4ɸ. ɸʪʦʤʥʘ ʚʘʛʘ ʚʫʛʣʝʮʶ ʩʪʘʥʦʚʠʪʴ 12. 

ɽʣʝʢʪʨʦʥʥʘ ʦʙʦʣʦʥʢʘ ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʚʘʣʝʥʪʥʽ 

ʝʣʝʢʪʨʦʥʠ ʟ ʢʦʥʬʽʛʫʨʘʮʽʻʶ s2p2, ɦʦ ʜʦʟʚʦʣʷʻ ʘʪʦʤʫ ʚʫʛʣʝʮʶ ʤʘʪʠ ʪʘʢʽ 

ʚʘʣʝʥʪʥʦʩʪʽ: ï4, +2, +4. ɺʫʛʣʝʮʴ ʜʝʤʦʥʩʪʨʫʻ ʚʝʣʠʢʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʫʥʽʢʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʊʦʤʫ ʷʢ ʩʘʤ ʚʫʛʣʝʮʴ, ʪʘʢ ʽ ʡʦʛʦ ʩʧʦʣʫʢʠ ʻ 

ʦʙôʻʢʪʘʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ 

ʛʘʣʫʟʷʭ ʪʝʭʥʽʢʠ.  

ʂʨʽʤ ʘʤʦʨʬʥʦʾ ʩʘʞ,̔ ʨʘʥʽʰʝ ʙʫʣʠ ʚʽʜʦʤʽ ʪʽʣʴʢʠ ʜʚʽ ʢʨʠʩʪʘʣʽʯʥʽ 

(ʪʨʠʚʠʤʽʨʥʽ) ʘʣʦʪʨʦʧʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʶ: ʛʨʘʬʽʪ ̔  ʘʣʤʘʟ. 

ʅʝʱʦʜʘʚʥʦ ʜʦ ʥʠʭ ʜʦʜʘʚʩʷ ʱʝ ʡ ʬʫʣʝʨʠʪ ï ʥʦʚʘ ʦʙôʻʤʥʘ ʬʦʨʤʘ 

ʚʫʛʣʝʮʶ, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʤʦʣʝʢʫʣ ʉ60. ʆʩʦʙʣʠʚʫ ʟʥʘʯʫʱʽʩʪʴ ʩʝʨʝʜ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʤʘʶʪʴ ʪʘʢʦʞ 

ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ. 

 

9.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʫʛʣʝʮʝʚʠʭ ʩʪʨʫʢʪʫʨ 

 

ɼʣʷ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʚʘʞʣʠʚʠʤʠ ʜʦʩʷʛʥʝʥʥʷʤʠ ʩʪʘʣʠ ʚʽʜʢʨʠʪʪʷ 

ʽʥʰʠʭ, ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʧʦʣʫʢ, ʫʪʚʦʨʝʥʠʭ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ: ʢʘʨʙʽʥʫ, 

ʛʨʘʬʝʥʫ, ʬʫʣʝʨʝʥʽʚ ʪʘ ʥʘʥʦʪʨʫʙʦʢ. ʉʫʯʘʩʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ 

ʚʫʛʣʝʮʝʚʠʭ ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.1. 

 

ʈʠʩ. 9.1. ɺʫʛʣʝʮʝʚʽ ʩʪʨʫʢʪʫʨʠ: ʦʙôʻʤʥʽ (3D), ʥʠʟʴʢʦʚʠʤʽʨʥʠʤʠ (2D ʽ 1D) 

ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʥʽ 

 

ʅʠʟʴʢʦʚʠʤʽʨʥʽ 
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ʂʣʘʩʠʯʥʠʤʠ (ʦʙôʻʤʥʠʤʠ) ʩʪʨʫʢʪʫʨʘʤʠ ʚʫʛʣʝʮʶ ʻ ʘʣʤʘʟ ʽ ʛʨʘʬʽʪ 

(ʨʠʩ. 9.1). ɸʣʤʘʟ ï ʪʨʠʚʠʤʽʨʥʘ (ʧʨʦʩʪʦʨʦʚʘ) ʬʦʨʤʘ ʚʫʛʣʝʮʶ ï 

ʫʪʚʦʨʝʥʠʡ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʚ ʩʪʘʥʽ sp3-ʛʽʙʨʠʜʠʟʘʮʽʾ. ʋ ʢʨʠʩʪʘʣʽ ʘʣʤʘʟʫ 

ʢʦʞʝʥ ʘʪʦʤ ʚʫʛʣʝʮʶ ʦʪʦʯʝʥʠʡ ʯʦʪʠʨʤʘ ̔ ʥʰʠʤʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ 

ʚʫʟʣʘʭ ʪʝʪʨʘʝʜʨʘ (ʨʠʩ. 9.2, ʘ). ʉʫʩʽʜʥʽ ʘʪʦʤʠ ʟôʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ 

ʩʠʣʴʥʠʤʠ ʢʦʚʘʣʝʥʪʥʠʤʠ ʟʚôʷʟʢʘʤʠ, ɦ ʦ ʡ ʚʠʟʥʘʯʘʻ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ 

ʘʣʤʘʟʫ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʘʪʦʤʘʤʠ ʜʦʨʽʚʥʶʻ 0,154 ʥʤ. 
 

 

ʈʠʩ. 9.2. ʈʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʚ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʘʭ: 

ʘ ï ʘʣʤʘʟ; ʙ ï ʛʨʘʬʽʪ; ʚ ï ʢʘʨʙʽʥ; ʛ ï ʬʫʣʝʨʝʥ ʉ60; ʜ ï ʬʫʣʝʨʝʥ ʉ70 

 

ʋ ʛʨʘʬʽʪʽ ʦʢʨʝʤʽ ʘʪʦʤʠ ʚʫʛʣʝʮʶ, ʩʧʦʣʫʯʘʶʩʴ ʤʽʞ ʩʦʙʦʶ, 

ʫʪʚʦʨʶʶʪʴ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ˇʨʘʪʢʫ, ʫ ʷʢʽʡ ʢʦʞʝʥ ʘʪʦʤ ʤʘʻ ʪʨʠ ʩʫʩʽʜʥʽ 

ʘʪʦʤʠ. ʋ ʮʽʡ ʢʚʘʟʽʜʚʦʚʠʤʽʨʥʽʡ (ʧʣʦʱʠʥʥʽʡ) ʬʦʨʤʽ ʚʫʛʣʝʮʶ ʫʩʽ ʘʪʦʤʠ 

ʚʫʛʣʝʮʶ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʥʽ sp2-ʛʽʙʨʠʜʠʟʘʮʽʾ (ʨʠʩ. 9.2, ʙ). ɹʝʟʣʽʯ 

ʪʘʢʠʭ ˇʨʘʪʦʢ ʨʦʟʤʽʱʫʶʪʴʩʷ ʦʜʥʘ ʥʘʜ ʦʜʥʦʶ ʰʘʨʘʤʠ. 

ɺ ʫʪʚʦʨʝʥʥʽ ʢʦʚʘʣʝʥʪʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʽʟ ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʧʦ ʪʨʠ ʝʣʝʢʪʨʦʥʠ ʢʦʞʥʦʛʦ ʘʪʦʤʘ, ʫʪʚʦʨʶʶʯʠ 

s-ʟʚôʷʟʦʢ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʘʪʦʤʘʤʠ, ʨʦʟʤʽʱʝʥʠʤʠ ʫ ʚʫʟʣʘʭ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ˇʨʘʪʢʠ ʛʨʘʬʽʪʫ, ʩʪʘʥʦʚʠʪʴ 0,142 ʥʤ ï ʤʝʥʰʝ ʥʽʞ ʚ 

ʘʣʤʘʟʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʫʩʽʜʥʽ ʘʪʦʤʠ ʚʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʰʘʨʫ ʛʨʘʬʽʪʫ 

ʩʧʦʣʫʯʝʥʽ ʤʽʞ ʩʦʙʦʶ ʜʫʞʝ ʤʽʮʥʠʤʠ ʢʦʚʘʣʝʥʪʥʠʤʠ ʟʚôʷʟʢʘʤʠ. ɸʣʝ 
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ʰʘʨʠ ʫʪʨʠʤʫʶʪʴʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ ʩʣʘʙʢʠʤʠ ʚʘʥʜʝʨʚʘʘʣʴʩʦʚʠʤʠ 

ʩʠʣʘʤʠ, ʫ ʷʢʠʭ ʙʝʨʝ ʫʯʘʩʪʴ ʯʝʪʚʝʨʪʠʡ ʝʣʝʢʪʨʦʥ ʘʪʦʤʘ ʚʫʛʣʝʮʶ. 

ɻʝʢʩʘʛʦʥʘʣʴʥʽ ˇʨʘʪʢʠ ʛʨʘʬʽʪʫ ʚʽʜʜʘʣʝʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʥʘ ʚʽʜʩʪʘʥʴ 

0,335 ʥʤ, ʱʦ ʙʽʣʴʰʘ ʥʽʞ ʫ ʜʚʘ ʨʘʟʠ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʪʦʤʘʤʠ 

ʚʩʝʨʝʜʠʥʽ ˇʨʘʪʢʠ. ɿʚôʷʟʦʢ ʤʽʞ ʰʘʨʘʤʠ ʥʘʟʠʚʘʶʪʴ p-ʟʚôʷʟʢʦʤ. ɺʝʣʠʢʘ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʘʨʘʤʠ ʚʠʟʥʘʯʘʻ ʩʣʘʙʢʽʩʪʴ ʩʠʣ, ʱʦ ʫʪʨʠʤʫʶʪʴ ʰʘʨʠ. 

ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ (ʤʽʮʥʽ ʧʨʦʰʘʨʢʠ, ʩʣʘʙʢʦ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ) 

ʟʫʤʦʚʣʶʻ ʩʧʝʮʠʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʬʽʪʫ: ʟʦʢʨʝʤʘ ʡʦʛʦ 

ʧʣʘʩʪʠʯʥʽʩʪʴ, ʪʦʙʪʦ ʣʝʛʢʝ ʢʦʚʟʘʥʥʷ ʰʘʨʽʚ ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ, ʘ 

ʪʘʢʦʞ ʥʠʟʴʢʫ ʪʚʝʨʜʽʩʪʴ ʪʘ ʘʥʽʟʦʪʨʦʧʽʶ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʇʨʦ ʪʝ, ʱʦ ʚʫʛʣʝʮʴ ʤʦʞʝ ʤʘʪʠ ʱʝ ʡ ʪʨʝʪʶ ʘʣʦʪʨʦʧʥʫ ʤʦʜʠʬʽʢʘʮʽʶ, 

ʩʪʘʣʦ ʚʽʜʦʤʦ ʱʝ ʫ 1960-ʭ ʨʦʢʘʭ, ʢʦʣʠ ʙʫʚ ʫʧʝʨʰʝ ʟʥʘʡʜʝʥʠʡ ʢʘʨʙʽʥ. 

ʂʘʨʙʽʥ ï ʮʝ ʣʽʥʽʡʥʠʡ ʧʦʣʽʤʝʨ ʚʫʛʣʝʮʶ, ʷʢʠʡ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ 

ʫ ʰʪʫʯʥʠʭ ʫʤʦʚʘʭ ʫ ʚʠʛʣʷʜʽ ʜʦʚʛʠʭ ʣʘʥʮʶʞʢʽʚ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, 

ʧʘʨʘʣʝʣʴʥʠʭ ʦʜʠʥ ʦʜʥʦʤʫ (ʨʠʩ. 9.2, ʚ). ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʘʢʦʚʘʥʥʷ ʦʜʥʦʚʠʤʽʨʥʠʭ ʣʽʥʽʡʥʠʭ ʣʘʥʮʶʞʢʽʚ, 

ʘʣʝ ʡ ʜʦʪʝʧʝʨ ʥʝʤʘʻ ʻʜʠʥʦʛʦ ʧʦʛʣʷʜʫ ʥʘ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ. ɿʦʢʨʝʤʘ 

ʚʚʘʞʘʶʪʴ, ʱʦ ʢʘʨʙʽʥ ʻ ʧʦʣʽʤʝʨʦʤ ʟ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʷʢʠʡ ʥʝ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʨʠʩʪʘʣʽʯʥʫ ʨʝʯʦʚʠʥʫ.  

ʂʘʨʙʽʥ ʤʘʻ ʚʠʛʣʷʜ ʚʦʣʦʢʦʥ, ʧʦʨʦʰʢʫ, ʘ ʪʘʢʦʞ ʧʣʽʚʦʢ ʨʽʟʥʦʾ 

ʩʪʨʫʢʪʫʨʠ: ʜʦʚʛʽ ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ ʣʘʥʮʶʞʢʠ, ʘʤʦʨʬʥʠʡ ʽ 

ʢʚʘʟʽʘʤʦʨʬʥʠʡ ʤʘʪʝʨʽʘʣʠ ʟ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʠʤʠ ʚʢʨʘʧʣʝʥʥʷʤʠ, 

ʧʦʰʘʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʽ ʣʘʥʮʶʞʢʠ. ʏʘʩʪʠʥʢʠ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʘʨʙʽʥʫ 

ʤʘʶʪʴ ʦʛʨʘʥʶʚʘʥʥʷ ʽ ʧʣʘʩʪʠʥʯʘʩʪʫ ʬʦʨʤʫ ʢʨʠʩʪʘʣʽʚ, ʘ ʜʝʷʢʽ ʟ ʥʠʭ 

ï ʚʠʛʣʷʜ ʚʦʣʦʢʦʥ ʟʘʚʜʦʚʞʢʠ ʜʦ 9 ʤʤ.  

ʇʽʜ ʯʘʩ ʢʦʥʜʝʥʩʘʮʽʾ ʢʘʨʙʽʥʫ ʥʘ ʧʽʜʢʣʘʜʢʘʭ ʫʪʚʦʨʶʶʪʴʩʷ ʡʦʛʦ ʰʘʨʠ, 

ʣʽʥʽʡʥʽ ʣʘʥʮʶʞʢʠ ʚʫʛʣʝʮʶ ʷʢʠʭ ʦʨʽʻʥʪʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʦʨʤʘʣʴʥʦ 

ʚʽʜʥʦʩʥʦ ʧʽʜʢʣʘʜʢʠ. ʃʘʥʮʶʞʢʦʚʘ (ʣʽʥʽʡʥʘ) ʩʪʨʫʢʪʫʨʘ ʢʘʨʙʽʥʫ 

ʬʦʨʤʫʻʪʴʩʷ sp-ʛʽʙʨʠʜʠʟʦʚʘʥʠʤ ʘʪʦʤʦʤ ʚʫʛʣʝʮʶ. ʋ ʜʫʞʝ ʜʦʚʛʽʡ 

ʤʦʣʝʢʫʣʽ ʢʘʨʙʽʥʫ ʘʪʦʤʠ ʚʫʛʣʝʮʶ ʟôʻʜʥʫʶʪʴʩʷ ʚ ʣʘʥʮʶʞʢʠ 

ʧʦ ʯʝʨʟʽ: ʘʙʦ ʧʦʪʨʽʡʥʠʤʠ ʡ ʦʜʠʥʘʨʥʠʤʠ ʟʚôʷʟʢʘʤʠ, ʘʙʦ ʧʦʩʪʽʡʥʦ 

ʧʦʜʚʽʡʥʠʤʠ ʟʚôʷʟʢʘʤʠ, ʧʨʠʯʦʤʫ ʧʽʜ ʚʧʣʠʚʦʤ ʩʚʽʪʣʘ ʡʦʛʦ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʩʠʣʴʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ.  
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ʂʘʨʙʽʥ ʤʘʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘ ʷʢʠʭ ʤʦʞʝ 

ˇʨʫʥʪʫʚʘʪʠʩʷ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʨʙʽʥʫ, ʟʦʢʨʝʤʘ ʫ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʘʭ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʙʽʦʣʦʛʽʯʥʦʾ 

ʩʫʤʽʩʥʦʩʪʽ ʽ ʥʝʪʦʢʩʠʯʥʦʩʪʽ ʢʘʨʙʽʥʫ ʦʩʦʙʣʠʚʦʾ ʟʥʘʯʫʱʦʩʪʽ ʥʘʙʫʚʘʻ 

ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʜʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ʂʘʨʙʽʥʦʧʦʜʽʙʥʠʡ 

ʚʫʛʣʝʮʴ, ʘ ʪʘʢʦʞ ʘʣʤʘʟʦʧʦʜʽʙʥʽ ʚʫʛʣʝʮʝʚʽ ʧʣʽʚʢʠ, ʱʦ ʤʽʩʪʷʪʴ 

ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʢʘʨʙʽʥʫ, ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʤʝʜʠʮʠʥʽ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʽʮʥʠʭ ʰʦʚʥʠʭ ʥʠʪʦʢ, ʜʣʷ ʧʦʢʨʠʪʪʷ ʪʝʨʪʴʦʚʠʭ 

ʧʦʚʝʨʭʦʥʴ ʰʪʫʯʥʠʭ ʩʫʛʣʦʙʽʚ, ʘ ʟʦʚʩʽʤ ʥʝʜʘʚʥʦ ʡʦʛʦ ʧʦʯʘʣʠ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽ ʚ ʦʬʪʘʣʴʤʦʣʦʛʽʾ. 

ɻʨʘʬʝʥ ï ʮʝ ʧʣʦʱʠʥʥʠʡ ʧʦʣʽʤʝʨ ʚʫʛʣʝʮʶ: ʰʘʨ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ 

ʪʦʚʱʠʥʘ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ ʫʩʴʦʛʦ ʦʜʠʥ ʘʪʦʤ. ɸʪʦʤʠ ʩʧʦʣʫʯʝʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ spĮ-ʟʚôʷʟʢʽʚ ʫ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʜʚʦʚʠʤʽʨʥʫ ʢʨʠʩʪʘʣʽʯʥʫ 

ˇʨʘʪʢʫ. ɰʾ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʷʢ ʦʜʥʫ ʧʣʦʱʠʥʫ ʛʨʘʬʽʪʫ, ʚʽʜʜʽʣʝʥʫ ʚʽʜ 

ʦʙôʻʤʥʦʛʦ ʢʨʠʩʪʘʣʘ. ɻʨʘʬʝʥ ʤʘʻ ʚʝʣʠʢʫ ʤʝʭʘʥʽʯʥʫ ʞʦʨʩʪʢʽʩʪʴ ̔  

ʚʠʩʦʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. ɯʥʪʝʥʩʠʚʥʘ ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ 

ʛʨʘʬʝʥʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʙʘʛʘʪʴʦʭ ʧʨʠʣʘʜʘʭ, ʟʦʢʨʝʤʘ, ʚ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʮʽ (ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʛʨʘʬʝʥ ʤʦʞʝ ʟʘʤʽʥʠʪʠ 

ʢʨʝʤʥʽʡ ʚ ʽʥʪʝʛʨʘʣʴʥʠʭ ʤʽʢʨʦʩʭʝʤʘʭ). 

ʌʫʣʝʨʝʥʠ ï ʮʝ ʤʦʣʝʢʫʣʷʨʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʽʻʾ ʟ 

ʥʦʚʠʭ ʬʦʨʤ ʚʫʛʣʝʮʶ ʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʘʤʢʥʝʥʽ ʙʘʛʘʪʦʛʨʘʥʥʠʢʠ, 

ʩʢʣʘʜʝʥʽ ʟ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʷʢʽ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʧʫʢʣʦʛʦ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʘ (ʨʠʩ. 9.2, ʛ, ʜ). ɺʽʜʢʨʠʪʪʷ ʬʫʣʝʨʝʥʽʚ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ 

ʅʦʙʝʣʽʚʩʴʢʦʶ ʧʨʝʤʽʻʶ.  

ʉʧʦʯʘʪʢʫ ʮʝʡ ʢʣʘʩ ʩʧʦʣʫʢ ʙʫʚ ʦʙʤʝʞʝʥʠʡ ʣʠʰʝ ʩʪʨʫʢʪʫʨʘʤʠ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ ʪʽʣʴʢʠ ʧôʷʪʠ- ̔  ʰʝʩʪʠʢʫʪʥʽ ʛʨʘʥʽ. ʅʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʘ 

ʬʦʨʤʘ ʬʫʣʝʨʝʥʽʚ ï ʤʦʣʝʢʫʣʘ ʉ60 ï ʟʘʤʢʥʝʥʠʡ ʙʘʛʘʪʦʛʨʘʥʥʠʢ, 

ʧʦʙʫʜʦʚʘʥʠʡ ʟ ʧôʷʪʠ- ̔  ʰʝʩʪʠʢʫʪʥʠʭ ʛʨʘʥʝʡ. ʅʘʟʚʘ çʬʫʣʝʨʝʥè 

ʧʦʭʦʜʠʪʴ ʚʽʜ ʽʤʝʥʽ ʘʤʝʨʠʢʘʥʩʴʢʦʛʦ ʘʨʭʽʪʝʢʪʦʨʘ ɹ. ʌʫʣʝʨʘ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʚʘʚ ʜʣʷ ʙʫʜʽʚʣʽ ʢʫʧʦʣʽʚ ʙʫʜʠʥʢʽʚ ʧôʷʪʠ- ̔  ʰʝʩʪʠʢʫʪʥʠʢʠ, 

ʷʢʽ ʻ ʦʩʥʦʚʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʘʨʢʘʩʽʚ 

ʫʩʽʭ ʬʫʣʝʨʝʥʽʚ. ɯʤʦʚʽʨʥʦʶ ʛʘʣʫʟʟʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʣʝʨʝʥʽʚ ʻ ʦʧʪʠʯʥʽ 

ʟʘʪʚʦʨʠ, ʘ ʪʘʢʦʞ ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ, ʬʦʪʦʨʝʟʠʩʪʠ ʩʫʙʤʽʢʨʦʥʥʦʛʦ 

http://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82
http://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
http://ru.wikipedia.org/wiki/Sp%C2%B2_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BA%D1%81%D0%B0%D0%B3%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B5%D1%88%D1%91%D1%82%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B5%D1%88%D1%91%D1%82%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%81%D0%BA%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84%D0%B8%D1%82
http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%96%D1%91%D1%81%D1%82%D0%BA%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BD%D0%BE%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%BB%D0%BE%D1%82%D1%80%D0%BE%D0%BF%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
http://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BB%D0%BB%D0%B5%D1%80,_%D0%A0%D0%B8%D1%87%D0%B0%D1%80%D0%B4_%D0%91%D0%B0%D0%BA%D0%BC%D0%B8%D0%BD%D1%81%D1%82%D0%B5%D1%80
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ʨʦʟʤʽʨʫ ʪʘ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʣʤʘʟʥʠʭ ʧʣʽʚʦʢ. ʂʨʽʤ ʪʦʛʦ, 

ʬʫʣʝʨʝʥʠ ʽ ʾʭ ʨʽʟʥʽ ʭʽʤʽʯʥʽ ʧʦʭʽʜʥʽ ʨʘʟʦʤ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʤʠ 

ʧʦʣʽʤʝʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʌʫʣʝʨʠʪʘʤʠ ʥʘʟʠʚʘʶʪʴ ʢʦʥʜʝʥʩʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʽʚ. ʂʨʽʤ ʪʦʛʦ, ʘʢʪʫʘʣʴʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʻ ʬʫʣʝʨʠʜʠ ï 

ʮʝ ʢʨʠʩʪʘʣʠ ʬʫʣʝʨʠʪʽʚ, ʣʝʛʦʚʘʥʽ ʘʪʦʤʘʤʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ. ɼʝʷʢʽ 

ʬʫʣʝʨʠʜʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʥʘʜʧʨʦʚʽʜʥʽʩʪʴ: 

ʥʘʧʨʠʢʣʘʜ, ʫ ʬʫʣʝʨʠʜʽ-ʥʘʜʧʨʦʚʽʜʥʠʢʫ RbCs2ʉ60 ʢʨʠʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʊʢʨ = 33 ʂ. 

ʂʣʘʪʨʘʪʠ ï ʮʝ ʥʘʥʦʢʣʽʪʠʥʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢ ʽ ʛʨʘʬʝʥ, ʽ ʬʫʣʝʨʝʥ. ʋ 

ʜʦʙʨʝ ʚʠʚʯʝʥʠʭ ʟʚʠʯʘʡʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʚʦʜʥʠʭ) ʢʣʘʪʨʘʪʘʭ ʢʘʨʢʘʩʠ, 

ʫʪʚʦʨʝʥʽ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʠ ʘʙʦ ʜʝʷʢʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, 

ʥʘʧʨʠʢʣʘʜ ʛʽʜʨʦʭʽʥʦʥʫ, ʘ ʚʢʨʘʧʣʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ (çʛʦʩʪʷʤʠè) ʻ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʛʘʟʠ ʽ ʨʽʜʠʥʠ. ɸʣʝ ʜʣʷ ʩʫʙʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʩʪʘʥʦʚʣʷʪʴ ʽʥʪʝʨʝʩ ʽʥʰʽ ʢʣʘʪʨʘʪʠ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ 

ʥʘ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʢʨʠʩʪʘʣʘʭ, ˇʨʘʪʢʠ ʷʢʠʭ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʧʦʨʷʜʢʦʚʘʥʫ 

ʩʠʩʪʝʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʪʦʤʽʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʥʘʧʨʠʢʣʘʜ Si, Gʝ, Sn ʪʘ ʽʥ.  

ʊʘʢʽ ʢʣʘʪʨʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ ʤʽʮʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢ ʛʨʘʬʝʥ ̔  

ʬʫʣʝʨʝʥʠ. ʅʘʥʦʢʣʘʪʨʘʪʠ ï ʮʝ ʤʦʣʝʢʫʣʷʨʥʽ ʘʥʩʘʤʙʣʽ, ʚ ʷʢʠʭ 

ʧʽʜʩʪʨʫʢʪʫʨʠ çʛʦʩʪʷè ʽ çʛʦʩʧʦʜʘʨʷè ʩʧʦʣʫʯʝʥʽ ʩʣʘʙʢʠʤʠ ʟʚôʷʟʢʘʤʠ, 

ʫ ʪʦʡ ʯʘʩ, ʷʢ ˇʨʘʪʢʘ çʛʦʩʧʦʜʘʨʷè ʧʦʙʫʜʦʚʘʥʘ ʟ ʤʽʮʥʠʭ ʢʦʚʘʣʝʥʪʥʠʭ 

ʟʚôʷʟʢʽʚ, ʘ ʚ ʾʾ ʧʦʨʦʞʥʠʥʘʭ ʤʽʩʪʷʪʴʩʷ ʨʫʭʣʠʚʽ ʘʪʦʤʠ ʘʙʦ ʤʦʣʝʢʫʣʠ 

çʛʦʩʪʷè, ʟʜʘʪʥʽ ʢʦʣʠʚʘʪʠʩʷ ʘʙʦ ʦʙʝʨʪʘʪʠʩʷ ʚʩʝʨʝʜʠʥʽ ʧʨʠʟʥʘʯʝʥʦʛʦ 

ʜʣʷ ʥʠʭ ʦʙôʻʤʫ. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʢʣʘʪʨʘʪʽʚ ʟʫʤʦʚʠʣʘ ʾʭ ʥʝʟʚʠʯʘʡʥʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʦʢʨʝʤʘ ʚʠʩʦʢʫ ʝʣʝʢʪʨʦʥʥʫ 

ʧʨʦʚʽʜʥʽʩʪʴ, ʱʦ ʨʘʟʦʤ ʟ ʥʠʟʴʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʚʠʟʥʘʯʘʶʪʴ 

ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʣʘʪʨʘʪʽʚ ʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ. 

ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʷʤ ʟʙʝʨʽʛʘʪʠ ʪʘ ʟʚʽʣʴʥʷʪʠ ʽʥʰʽ ʘʪʦʤʠ ʽ ʤʦʣʝʢʫʣʠ 

(ʟʦʢʨʝʤʘ ʚʦʜʥʶ) ʬʫʣʝʨʝʥʠ ʽ ʢʣʘʪʨʘʪʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʜʫʞʝ ʚʘʞʣʠʚʠʤʠ ʜʣʷ 

ʝʥʝʨʛʝʪʠʢʠ ʤʘʡʙʫʪʥʴʦʛʦ. ɯʩʥʫʚʘʥʥʷ ʢʣʘʪʨʘʪʽʚ, ʷʢ ʽ ʽʥʰʠʭ ʪʠʧʽʚ 

ʩʫʙʤʦʣʝʢʫʣʷʨʥʠʭ ʘʥʩʘʤʙʣʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʩʪʽʣʴʢʠ ʭʽʤʽʯʥʦʶ 

ʧʨʠʨʦʜʦʶ ʾʭ ʨʝʯʦʚʠʥʠ, ʩʢʽʣʴʢʠ ʪʦʧʦʣʦʛʽʯʥʦʶ, ʛʝʦʤʝʪʨʠʯʥʦʶ ʽ 

http://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BB%D0%BB%D0%B5%D1%80%D0%B8%D1%82
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ʟʘʨʷʜʦʚʦʶ ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʧʽʜʩʪʨʫʢʪʫʨ çʛʦʩʪʷè ʽ çʛʦʩʧʦʜʘʨʷè ï 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʽʩʪʶ. 

ɺʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ (ʜʠʚ. ʨʠʩ. 9.2) ï ʮʝ ʧʨʦʪʷʞʥʽ ʮʠʣʽʥʜʨʠʯʥʽ 

ʩʪʨʫʢʪʫʨʠ ʜʽʘʤʝʪʨʦʤ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʥʘʥʦʤʝʪʨʽʚ ̔  

ʜʦʚʞʠʥʦʶ ʜʦ ʜʝʢʽʣʴʢʦʭ ʤʽʢʨʦʤʝʪʨʽʚ. ɺʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʜʥʽʻʾ ʘʙʦ 

ʜʝʢʽʣʴʢʦʭ ʟʛʦʨʥʫʪʠʭ ʫ ʪʨʫʙʢʫ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʛʨʘʬʽʪʦʚʠʭ ʧʣʦʱʠʥ 

(ʛʨʘʬʝʥʽʚ) ʽ ʟʘʢʽʥʯʫʶʪʴʩʷ ʟʘʟʚʠʯʘʡ ʥʘʧʽʚʩʬʝʨʠʯʥʦʶ ʛʦʣʦʚʢʦʶ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʤʝʪʘʣʝʚʽ ̔  ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ.  

ʄʝʪʘʣʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʜʦʙʨʝ ʧʨʦʚʦʜʷʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ 

ʥʘʚʽʪʴ ʧʦʙʣʠʟʫ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʪʝʤʧʝʨʘʪʫʨ, ʫ ʪʦʡ ʯʘʩ, ʷʢ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʽ ʟʨʦʩʪʘʻ ʫ ʨʘʟʽ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤ-

ʧʝʨʘʪʫʨʠ. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʪʨʫʙʦʢ ʟôʷʚʣʷʶʪʴʩʷ 

ʯʝʨʝʟ ʱʽʣʠʥʫ ʥʘ ʨʽʚʥʽ ʌʝʨʤʽ. ʋ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʪʨʫʙʢʠ ʥʝʨʽʜʢʦ 

ʚʠʭʦʜʷʪʴ ʙʘʛʘʪʦʰʘʨʦʚʠʤʠ, ʪʦʙʪʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʜʥʦʰʘʨʦʚʽ 

ʥʘʥʦʪʨʫʙʢʠ, ʚʢʣʘʜʝʥʽ ʦʜʥʘ ʚ ʦʜʥʫ.  

ʅʘʧʨʷʤʦʢ ʟʘʢʨʫʯʫʚʘʥʥʷ ʛʨʘʬʝʥʦʚʦʾ ʧʣʦʱʠʥʠ ʥʘʚʢʦʣʦ ʦʩʽ 

ʮʠʣʽʥʜʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ʢʽʨʘʣʴʥʦʩʪʽ, ʷʢʠʡ ʚʠʨʘʞʘʻʪʴʩʷ 

ʜʚʦʤʘ ʯʠʩʣʘʤʠ (n, m) ʜʣʷ ʦʜʥʦʩʪʽʥʥʠʭ ʥʘʥʦʪʨʫʙʦʢ. ʆʩʢʽʣʴʢʠ 

ʥʘʥʦʪʨʫʙʢʫ ʤʦʞʥʘ ʫʷʚʠʪʠ ʜʚʦʚʠʤʽʨʥʦʶ ʧʦʚʝʨʭʥʝʶ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʢʪʦʨʘ ʢʽʨʘʣʴʥʦʩʪʽ, ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ̫ʢ 

ʧʨʦʚʽʜʥʠʢʘʤʠ, ʪʘʢ ʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ. ʊʦʡ ʯʠ ʽʥʰʠʡ ʪʠʧ ʧʨʦʚʽʜʥʦʩʪʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʦʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʨʫʙʢʠ. ʋ ʧʝʨʝʥʝʩʝʥʥʽ ʟʘʨʷʜʫ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʪʽʣʴʢʠ p-ʝʣʝʢʪʨʦʥʠ, ʷʢʽ ʩʣʘʙʢʦ ʟʚôʷʟʘʥʽ ʟʽ ʩʚʦʾʤʠ ʘʪʦʤʘʤʠ. 

ɺʽʣʴʥʠʤʠ ʚʦʥʠ ʩʪʘʶʪʴ, ʢʦʣʠ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʥʘʥʦʪʨʫʙʢʠ ʻ 

ʟʦʥʘ ʥʝʟʘʡʥʷʪʠʭ ʩʪʘʥʽʚ p* (ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ). ʗʢʱʦ p- ̔  p*- ʩʪʘʥʠ 

ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʪʦ ʥʘʥʦʪʨʫʙʢʘ ʤʘʻ ʚʠʩʦʢʫ ʧʨʦʚʽʜʥʽʩʪʴ (ʥʘʧʨʠʢʣʘʜ, 

ʤʝʪʘʣʝʚʫ). ʗʢʱʦ p- ̔  p*- ʩʪʘʥʠ ʥʝ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʪʦʜʽ ʥʘʥʦʪʨʫʙʢʘ ʻ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ʘʙʦ ʜʽʝʣʝʢʪʨʠʢʦʤ ʟ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʽʜ 

ʢʽʣʴʢʦʭ ʜʝʩʷʪʠʭ ʜʦ ʢʽʣʴʢʦʭ ʝʣʝʢʪʨʦʥ-ʚʦʣʴʪʽʚ. ʄʝʥʰʽ ʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʥʦʪʨʫʙʢʘʤ ʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʘ. ʇʨʠ 

ʮʴʦʤʫ ʚʩʽ ʥʝʭʽʨʘʣʴʥʽ ʪʨʫʙʢʠ ʤʘʶʪʴ ʣʠʰʝ ʤʝʪʘʣʝʚʫ ʧʨʦʚʽʜʥʽʩʪʴ. ʋ ʚʩʽʭ 

ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʚʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ. 

http://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D0%BB%D0%B8%D0%BD%D0%B4%D1%80
http://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BD%D0%BE%D0%BC%D0%B5%D1%82%D1%80
http://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84%D0%B8%D1%82
http://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%81%D0%BA%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84%D0%B5%D0%BD
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%83%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%BA


226 

 

ʆʜʥʦʰʘʨʦʚʽ ʥʘʥʦʪʨʫʙʢʠ, ʩʠʥʪʝʟʦʚʘʥʽ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟ ʨʽʟʥʦʶ 

ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (ʚʫʛʣʝʮʶ, ʢʨʝʤʥʽʶ, ʥʽʪʨʠʜʫ ʙʦʨʫ ʘʙʦ 

ʦʢʩʠʜʫ ʮʠʥʢʫ), ʤʦʞʫʪʴ ʤʘʪʠ ʷʢ ʥʠʟʴʢʫ (ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʫ ʘʙʦ 

ʜʽʝʣʝʢʪʨʠʯʥʫ), ʪʘʢ ʽ ʜʫʞʝ ʚʠʩʦʢʫ (ʤʝʪʘʣʝʚʫ) ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʷʢʦ ʁʣʝʛʢʦ ʢʝʨʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʠʤ ʩʧʦʩʦʙʦʤ.  

ʅʘʥʦʪʨʫʙʢʠ ʻ ʦʙôʻʢʪʘʤʠ ʟ ʽʜʝʘʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʦʩʢʽʣʴʢʠ ʥʘʷʚʥʽ 

ʜʝʬʝʢʪʠ, ʷʢ ʧʨʘʚʠʣʦ, ʚʧʣʠʚʘʶʪʴ ʣʠʰʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʜʝʢʽʣʴʢʦʭ 

ʥʘʡʙʣʠʞʯʠʭ ʦʩʝʨʝʜʢʽʚ, ʘʣʝ ʥʝ ʧʦʨʫʰʫʶʪʴ ʩʪʨʫʢʪʫʨʠ ʪʨʫʙʢʠ ʚ ʮʽʣʦʤʫ. 

ʊʦʤʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʷʢ ʢʘʥʘʣʽʚ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʚʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʾʭ ʣʝʛʢʦʢʝʨʦʚʘʥʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʽ 

ʥʝʰʦʨʩʪʢʽʩʪʴ ʩʪʽʥʦʢ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʢʨʝʤʥʽʻʚʠʤʠ ʢʘʥʘʣʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʢʫʧʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʪʨʫʙʦʢ ʪʘʢʘ, ʱʦ ʜʣʷ ʧʨʠʣʘʜʽʚ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʮʝ ʤʦʞʝ ʦʟʥʘʯʘʪʠ ʫ ʧʝʨʩʧʝʢʪʠʚʽ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ, 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʣʘʜʽʚ. 

ʊʨʫʙʢʠ ʤʘʶʪʴ ʜʫʞʝ ʤʘʣʠʡ ʜʽʘʤʝʪʨ ʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʤʽʢʨʦʢʘʧʽʣʷʨʠ. ʊʦʤʫ ʾʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʢʘʧʩʫʣʠ ʜʣʷ ʘʢʪʠʚʥʠʭ 

ʤʦʣʝʢʫʣ, ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʤʝʪʘʣʽʚ ʽ ʛʘʟʽʚ ʪʘ ʽʥ. ʅʘʥʦʪʨʫʙʢʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʘʧʦʚʥʝʥʽ ʪʠʤ ʘʙʦ ʽʥʰʠʤ ʤʘʪʝʨʽʘʣʦʤ (ʥʘʧʨʠʢʣʘʜ, ʣʶʤʽʥʦʬʦʨʦʤ, 

ʬʝʨʦʤʘʛʥʝʪʠʢʦʤ, ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʦʤ ʪʘ ʽʥ), ʱʦ ʨʦʟʰʠʨʶʻ ʾʭ ʬʽʟʠʢʦ-

ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ɺʠʩʦʢʘ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʫʛʣʝʮʝʚʽ 

ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʪʨʫʙʦʢ ʷʢ ʥʘʜʤʽʮʥʽ ʥʠʪʢʠ, ʩʧʣʝʪʝʥʽ ʟ ʪʨʫʙʦʢ 

ʰʥʫʨʠ ʽ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ. ʐʠʨʦʢʦ ʚʽʜʦʤʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʥʦʪʨʫʙʦʢ ʫ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ: ʪʨʘʥʟʠʩʪʦʨʠ, ʥʘʥʦʧʨʦʚʽʜʥʠʢʠ, 

ʧʨʦʟʦʨʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʧʦʚʝʨʭʥʽ, ʤʽʥʽʘʪʶʨʥʽ ʜʘʪʯʠʢʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʤʦʣʝʢʫʣ ʫ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʘʙʦ ʚ ʨʦʟʯʠʥʘʭ ʟ ʫʣʴʪʨʘʚʠʩʦʢʦʶ 

ʯʫʪʣʠʚʽʩʪʶ, ʦʧʪʠʯʥʽ ʜʠʩʧʣʝʾ ʽ ʩʚʽʪʣʦʜʽʦʜʠ.  

 

9.2. ɻʨʘʬʝʥ 

 

ɻʨʘʬʝʥ ʻ ʥʝ ʧʨʦʩʪʦ ʯʘʩʪʠʥʦʶ ʷʢʦʾ-ʥʝʙʫʜʴ ʟ ʽʥʰʠʭ ʚʽʜʦʤʠʭ 

ʤʦʜʠʬʽʢʘʮʽʡ ʚʫʛʣʝʮʶ (ʥʘʧʨʠʢʣʘʜ, ʛʨʘʬʽʪʫ), ʘʣʝ ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚʽʥ ʚʠʷʚʣʷʻ ʩʧʝʮʠʬʽʯʥʽ 

http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BE%D0%B7%D0%B8%D1%82%D0%BD%D1%8B%D0%B5_%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D1%8B
http://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D0%B7%D0%B8%D1%81%D1%82%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%BB%D0%BE%D1%82%D1%80%D0%BE%D0%BF%D0%BD%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%BB%D0%BE%D1%82%D1%80%D0%BE%D0%BF%D0%BD%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84%D0%B8%D1%82
http://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%81%D0%BF%D0%B5%D0%BA%D1%82%D1%80
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ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʚʠʨʽʟʥʷʶʪʴ ʡʦʛʦ ʟ-ʧʦʤʽʞ ʽʥʰʠʭ 

ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ.  

ɻʨʘʬʝʥ ʻ ʧʣʦʩʢʠʤ ʜʚʦʚʠʤʽʨʥʠʤ ʘʣʦʪʨʦʧʦʤ ʚʫʛʣʝʮʶ, ʪʘʢ ʩʘʤʦ, ʷʢ 

ʽ ʦʜʥʦʩʪʽʥʥʽ ʥʘʥʦʪʨʫʙʢʠ, ʻ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʠʤ ʘʣʦʪʨʦʧʦʤ ʚʫʛʣʝʮʶ, 

ʪʦʙʪʦ ʛʨʘʬʝʥ ï ʮʝ ʚʫʛʣʝʮʝʚʘ ʧʣʽʚʢʘ ʪʦʚʱʠʥʦʶ ʦʜʠʥ ʘʪʦʤ. ʉʪʨʫʢʪʫʨʫ 

ʛʨʘʬʝʥʫ ʤʦʞʥʘ ʫʷʚʠʪʠ ʷʢ ʜʚʦʚʠʤʽʨʥʠʡ çʟʨʽʟè ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ˇʨʘʪʢʠ ʛʨʘʬʽʪʫ (ʨʠʩ. 9.3). ʋ ʛʨʘʬʝʥʽ ʘʪʦʤʠ ʚʫʛʣʝʮʶ 

ʟôʻʜʥʘʥʽ ʫ ʚʠʛʣʷʜʽ ʙʜʞʦʣʠʥʠʭ ʩʪʽʣʴʥʠʢʽʚ. ʂʦʞʝʥ ʘʪʦʤ ʚʫʛʣʝʮʶ ʤʘʻ 

ʪʨʠ ʩʫʩʽʜʥʽ ʘʪʦʤʠ, ʘ ʟʚôʷʟʦʢ ʫ ʧʣʦʱʠʥʽ ʻ sp2-ʛʽʙʨʠʜʠʟʘʮʽʻʶ. ʐʘʨ 

ʛʨʘʬʝʥʫ ʤʦʞʥʘ ʟʛʦʨʥʫʪʠ ʚ ʥʘʥʦʪʨʫʙʢʫ, ʘʙʦ ʟʚôʷʟʘʪʠ ʚ ʬʫʣʝʨʝʥ, ʘʙʦ 

ʫʪʚʦʨʠʪʠ ʟ ʥʴʦʛʦ ʰʘʨʫʚʘʪʠʡ ʛʨʘʬʽʪ. 
 

 

ʈʠʩ. 9.3. ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʫ ï ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʛʨʘʪʢʘ 

 

ɻʨʘʬʝʥ ʙʫʚ ʥʘʜʽʡʥʦ ʩʠʥʪʝʟʦʚʘʥʠʡ ʽ ʚʠʚʯʝʥʠʡ ʣʠʰʝ ʥʝʜʘʚʥʦ (ʫ 

2004 ʨ.), ʦʜʥʘʢ ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʦʚʠʣʦ ʧʽʜʚʠʱʝʥʠʡ ʽʥʪʝʨʝʩ. 

ɺʽʜʢʨʠʪʪʷ ʥʝʟʚʠʯʘʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʬʝʥʫ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ 

ʅʦʙʝʣʽʚʩʴʢʦʶ ʧʨʝʤʽʻʶ ʫ 2010 ʨ.  

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʜʦ ʛʨʘʬʝʥʫ ʧʦʷʚʠʚʩʷ ʚʞʝ ʧʽʩʣʷ ʚʽʜʢʨʠʪʪʷ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʜʣʷ ʷʢʠʭ ʫʩʷ ʧʝʨʚʽʩʥʘ ʪʝʦʨʽʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʫʜʫʚʘʣʘʩʷ ʥʘ ʩʧʨʦʱʝʥʽʡ ʤʦʜʝʣʽ ʥʘʥʦʪʨʫʙʢʠ ʷʢ ʨʦʟʛʦʨʥʫʪʦʛʦ 

ʮʠʣʽʥʜʨʘ. ʊʦʤʫ ʡ ʪʝʦʨʽʷ ʜʣʷ ʛʨʘʬʝʥʫ (ʨʦʟʨʦʙʣʝʥʘ ʷʢ ʜʦʜʘʪʦʢ ʜʦ 

ʥʘʥʦʪʨʫʙʦʢ) ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʘ. ʈʘʥʽʰʝ, ʦʜʥʘʢ, ʚʚʘʞʘʣʠ, ʱʦ ʚʽʣʴʥʫ 

ʽʜʝʘʣʴʥʫ ʜʚʦʚʠʤʽʨʥʫ ʧʣʽʚʢʫ ʩʪʚʦʨʠʪʠ ʥʝʤʦʞʣʠʚʦ ʯʝʨʝʟ ʾʾ 

http://ru.wikipedia.org/wiki/%D0%94%D0%B2%D1%83%D0%BC%D0%B5%D1%80%D0%BD%D1%8B%D0%B9_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B0%D0%B7
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Graphene_xyz.jpg
http://ru.wikipedia.org/wiki/2004_%D0%B3%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BD%D0%B0%D0%BD%D0%BE%D1%82%D1%80%D1%83%D0%B1%D0%BA%D0%B8
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ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʱʦʜʦ ʟʛʦʨʪʘʥʥʷ ʘʙʦ ʩʢʨʫʯʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ, ʱʦ ʪʝʧʣʦʚʽ 

ʬʣʫʢʪʫʘʮʽʾ ʤʘʶʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʣʘʚʣʝʥʥʷ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʤʦʥʦʰʘʨʦʚʦʛʦ ʢʨʠʩʪʘʣʘ ʚʫʛʣʝʮʶ ʟʘ ʙʫʜʴ-̫ ʢʦʾ ʢʽʥʮʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʉʧʦʯʘʪʢʫ ʦʩʥʦʚʥʠʡ ʩʧʦʩʽʙ ʩʪʚʦʨʝʥʥʷ ʛʨʘʬʝʥʫ ʧʦʣʷʛʘʚ ʫ 

ʤʝʭʘʥʽʯʥʦʤʫ ʚʽʜʱʝʧʣʝʥʥʽ ʰʘʨʽʚ ʛʨʘʬʽʪʫ. ʂʨʽʤ ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʦʛʦ 

ʤʝʪʦʜʫ ʚʽʜʰʘʨʦʚʫʚʘʥʥʷ ʚʽʜ ʛʨʘʬʽʪʫ, ʛʨʘʬʝʥ ʚʠʛʦʪʦʚʣʷʶʪʴ 

ʤʝʭʘʥʽʯʥʠʤ ʟʨʽʟʫʚʘʥʥʷʤ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʛʨʘʬʽʪʦʚʦʛʦ ʙʣʦʢʘ ʟ ʥʘʩʪʫʧʥʠʤ 

ʧʦʜʽʣʦʤ ʡʦʛʦ ʥʘ ʘʪʦʤʘʨʥʽ ʤʦʥʦʰʘʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʘ. ʎʝʡ ʤʝʪʦʜ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʷʢʽʩʥʽ ʟʨʘʟʢʠ ʛʨʘʬʝʥʫ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʆʜʥʘʢ ʤʝʪʦʜ ʚʽʜʱʝʧʣʝʥʥʷ ʥʝ ʧʨʠʧʫʩʢʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʩʰʪʘʙʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʩʢʽʣʴʢʠ ʻ ʨʫʯʥʦʶ 

ʧʨʦʮʝʜʫʨʦʶ. ɺʽʜʦʤʠʡ ʽ ʽʥʰʠʡ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʨʘʬʝʥʫ ï ʤʝʪʦʜ 

ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʧʽʜʢʣʘʜʢʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ; ʪʘʢʠʡ ʤʝʪʦʜ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. 

ʆʜʠʥ ʟ ʥʘʧʨʷʤʽʚ ʪʝʭʥʽʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ï ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʨʘʬʝʥʫ ʷʢ ʜʫʞʝ ʯʫʪʣʠʚʦʛʦ ʩʝʥʩʦʨʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣ 

ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʩʧʦʣʫʯʝʥʠʭ ʟ ʧʦʚʝʨʭʥʝʶ ʧʣʽʚʢʠ. ɼʦʩʣʽʜʞʫʚʘʣʠʩʷ 

ʪʘʢʽ ʨʝʯʦʚʠʥʠ, ʷʢ NH3, CO, H2O, NO2. ʉʝʥʩʦʨʠ ʨʦʟʤʽʨʦʤ 1Ĭ1 ʤʢʤ2 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣ NO2, ʟʘʭʦʧʣʝʥʠʭ 

ʛʨʘʬʝʥʦʤ. ʇʨʠʥʮʠʧ ʜʽʾ ʮʴʦʛʦ ʩʝʥʩʦʨʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʽʟʥʽ 

ʤʦʣʝʢʫʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʫ ʛʨʘʬʝʥʽ ʜʦʥʦʨʘʤʠ ʡ ʘʢʮʝʧʪʦʨʘʤʠ, ʱʦ, ʫ 

ʩʚʦʶ ʯʝʨʛʫ, ʟʫʤʦʚʣʶʚʘʪʠʤʫʪʴ ʟʤʽʥʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʛʨʘʬʝʥʫ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʨʽʟʥʠʭ ʜʦʤʽʰʦʢ ʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʛʨʘʬʝʥʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʤʦʣʝʢʫʣʘ NO2 ̒ ʝʬʝʢʪʠʚʥʠʤ ʘʢʮʝʧʪʦʨʦʤ ʯʝʨʝʟ ʾʭʥʶ 

ʧʘʨʘʤʘʛʥʽʪʥʫ ʚʣʘʩʪʠʚʽʩʪʴ, ʘ ʜʽʘʤʘʛʥʽʪʥʘ ʤʦʣʝʢʫʣʘ N2O4 ʩʪʚʦʨʶʻ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ, ʙʣʠʟʴʢʠʡ ʜʦ ʪʦʯʢʠ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʤʽʰʢʠ, ʤʦʣʝʢʫʣʠ ʷʢʠʭ ʤʘʶʪʴ ʤʘʛʥʽʪʥʠʡ 

ʤʦʤʝʥʪ (ʥʝʩʧʘʨʝʥʠʡ ʝʣʝʢʪʨʦʥ), ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰ ʩʠʣʴʥʠʤʠ 

ʣʝʛʫʚʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɺʠʚʯʝʥʥʷ ʛʨʘʬʝʥʫ ʧʦʢʘʟʘʣʦ, ʱʦ ʚʽʥ ʯʝʨʝʟ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʽ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʥʝ ʪʽʣʴʢʠ ʤʘʻ ʚʝʣʠʢʫ ʮʽʥʥʽʩʪʴ ʜʣʷ ʨʷʜʫ ʛʘʣʫʟʝʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘʣʝ ʡ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʧʝʨʝʚʽʨʢʠ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ʚʽʜʥʦʩʥʦʩʪʽ. ʈʽʯ ʫ ʪʽʤ, ʱʦ 

http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%B1%D0%B8%D0%B4_%D0%BA%D1%80%D0%B5%D0%BC%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BD%D1%81%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%BC%D0%B8%D0%B0%D0%BA
http://ru.wikipedia.org/wiki/CO
http://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
http://ru.wikipedia.org/wiki/NO2
http://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BD%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%86%D0%B5%D0%BF%D1%82%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B0%D0%BC%D0%B0%D0%B3%D0%BD%D0%B5%D1%82%D0%B8%D0%B7%D0%BC
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B0%D0%BC%D0%B0%D0%B3%D0%BD%D0%B5%D1%82%D0%B8%D0%B7%D0%BC
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D1%8B%D0%B9_%D0%BC%D0%BE%D0%BC%D0%B5%D0%BD%D1%82
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D1%8B%D0%B9_%D0%BC%D0%BE%D0%BC%D0%B5%D0%BD%D1%82
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ʚ ʛʨʘʬʝʥʽ ʝʣʝʢʪʨʠʯʥʽ ʟʘʨʷʜʠ ʚʝʜʫʪʴ ʩʝʙʝ ʷʢ ʨʝʣʷʪʠʚʽʩʪʩʴʢʽ ʯʘʩʪʠʥʢʠ ʟ 

ʥʫʣʴʦʚʦʶ ʤʘʩʦʶ ʩʧʦʢʦʶ. ʗʢ ʚʽʜʦʤʦ, ʧʦʙʣʠʟʫ ʜʽʨʘʢʦʚʩʴʢʠʭ ʪʦʯʦʢ 

ʢʚʘʟʽʯʘʩʪʠʥʢʠ (ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ï ʮʝ ʝʣʝʢʪʨʦʥʠ ʽ ʜʽʨʢʠ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ. ʎʽ ʯʘʩʪʠʥʢʠ, ʚʽʜʦʤʽ ʷʢ 

ʙʝʟʤʘʩʦʚʽ ʬʝʨʤʽʦʥʠ ɼʽʨʘʢʘ, ʨʘʥʽʰʝ ʙʫʣʠ ʧʝʨʝʜʙʘʯʝʥʽ ʪʝʦʨʽʻʶ 

ʚʽʜʥʦʩʥʦʩʪʽ ɽʡʥʰʪʝʡʥʘ ʽ ʦʧʠʩʘʥʽ ʨʽʚʥʷʥʥʷʤ ɼʽʨʘʢʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʨʘʬʝʥ ï ʜʚʦʚʠʤʽʨʥʠʡ ʚʫʛʣʝʮʴ ï ʤʘʻ ʝʣʝʢʪʨʦʥʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʟʦʚʩʽʤ ʥʝ ʩʭʦʞʽ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ. ɻʨʘʬʝʥ ʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ, ʘʣʝ ʡʦʛʦ ʥʝʟʚʠʯʘʡʥʘ 

ʚʣʘʩʪʠʚʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚ ʥʴʦʤʫ ʪʦʯʥʦ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʽʣʴʰʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʰʚʠʜʢʽʩʪʴ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʚ ʛʨʘʬʝʥʽ ʧʦʩʪʽʡʥʘ ʫ ʚʩʽʭ ʟʦʥʘʭ (ʚʦʥʘ ʙʣʠʟʴʢʘ ʜʦ 106 ʤ/ʩ), 

ʚʢʣʶʯʘʶʯʠ ʽ ʪʦʯʢʫ ɼʽʨʘʢʘ, ʜʝ ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʚʘʣʝʥʪʥʘ ʟʦʥʘ 

ʩʪʠʢʘʶʪʴʩʷ.  

ʋʥʽʢʘʣʴʥʘ ʟʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʫ ʟʫʤʦʚʣʶʻ ʝʢʟʦʪʠʯʥʽ ʝʬʝʢʪʠ, 

ʷʢʽ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʣʘʜʽʚ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʽʣʴʰʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʰʚʠʜʢʽʩʪʴ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ 

ʛʨʘʬʝʥʽ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ ʥʽ ʚʛʦʨʽ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, ʥʽ ʥʘ ʜʥʽ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ. ɺʦʥʘ ʧʦʩʪʽʡʥʘ ʧʦ ʚʩʽʭ ʟʦʥʘʭ, ʚʢʣʶʯʘʶʯʠ ʪʦʯʢʫ ɼʽʨʘʢʘ, ʜʝ 

ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʚʘʣʝʥʪʥʘ ʟʦʥʘ ʩʪʠʢʘʶʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʱʦ ʛʨʘʬʝʥ 

ʥʝ ʤʘʻ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʢʽʥʮʝʚʦʾ ʰʠʨʠʥʠ (ʽʥʰʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 1ï2 ʝɺ), 

ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ ʚ ʛʨʘʬʝʥʽ ʻ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʡʦʛʦ ʽʤʧʫʣʴʩʫ ʚ 

ʜʚʦʚʠʤʽʨʥʦʤʫ ʰʘʨʽ (ʚ ʫʩʽʭ ʽʥʰʠʭ ʢʚʘʟʽʜʚʦʚʠʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʧʦʨʮʽʡʥʘ ʢʚʘʜʨʘʪʫ ʽʤʧʫʣʴʩʫ). 

ʊʘʢʘ ʣʽʥʽʡʥʘ ʜʠʩʧʝʨʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʚʽʜ ʽʤʧʫʣʴʩʫ ʧʦʜʽʙʥʘ ʜʦ 

ʟʘʢʦʥʫ ʜʠʩʧʝʨʩʽʾ ʬʦʪʦʥʽʚ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ ɼʽʨʘʢʘ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʝʣʝʢʪʨʦʥʠ ʚ ʛʨʘʬʝʥʽ ʨʫʭʘʶʪʴʩʷ ʟ 

ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʧʨʷʤʢʫ ʾʭ ʽʤʧʫʣʴʩʫ, ʪʦʤʫ 

ʝʣʝʢʪʨʦʥʠ ʧʦʚʦʜʷʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʬʦʪʦʥʠ ʟ ʥʫʣʴʦʚʦʶ ʤʘʩʦʶ. ʎʝ 

ʩʧʨʘʚʝʜʣʠʚʦ ʽ ʚ ʪʦʯʮʽ ɼʽʨʘʢʘ, ʜʝ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʟʥʠʢʘʻ. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ 

ʛʨʘʬʝʥʫ ʟʫʤʦʚʣʶʻ ʽʩʥʫʚʘʥʥʷ ʚ ʥʴʦʤʫ ʮʽʣʦʯʠʩʣʦʚʦʛʦ ʢʚʘʥʪʦʚʦʛʦ 

ʝʬʝʢʪʫ ʍʦʣʣʘ. 
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ɿ ʥʦʚʠʭ ʬʽʟʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ 

ʛʨʘʬʝʥʦʤ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʨʷʜ ʨʝʣʷʪʠʚʽʩʪʩʴʢʠʭ ʝʬʝʢʪʽʚ. ɿʦʢʨʝʤʘ, 

ʙʝʟʤʘʩʦʚʽ ʬʝʨʤʽʦʥʠ ɼʽʨʘʢʘ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʥʘʙʫʚʘʶʪʴ ʜʠʥʘʤʽʯʥʦʾ 

ʤʘʩʠ, ʦʧʠʩʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʛʦ ʨʽʚʥʷʥʥʷ E = mc2, ʪʦʯʥʦ ʪʘʢ ʩʘʤʦ, 

ʷʢ ʾʾ ʟʜʦʙʫʚʘʶʪʴ ʬʦʪʦʥʠ (ʙʦʟʝ-ʯʘʩʪʠʥʢʠ, ʱʦ ʥʝ ʤʘʶʪʴ ʤʘʩʠ ʧʦʢʦʶ) 

ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ ʉʦʥʮʷ. 

ɽʣʝʢʪʨʦʥʥʽ ʧʦʣʴʦʚʽ ʧʨʠʣʘʜʠ ʥʘ ʛʨʘʬʝʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʫ 

ʦʙʩʪʘʚʠʥʫ, ʱʦ ʥʘʧʨʫʛʘ ʥʘ ʟʘʪʚʦʨʽ ʤʦʜʝʣʶʻ ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʫ ʛʨʘʬʝʥʽ ʽ 

ʧʝʨʝʤʠʢʘʻ ʡʦʛʦ ʤʽʞ ʪʦʯʢʦʶ ɼʽʨʘʢʘ ʪʘ ʩʪʘʥʘʤʠ ʟ ʚʠʩʦʢʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ. ʎʝʡ ʤʝʭʘʥʽʟʤ ʧʝʨʝʤʠʢʘʥʥʷ ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ 

ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʚʦʚʠʤʽʨʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʰʘʨʽʚ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ, ʜʝ ʥʦʩʽʾ ʟʘʨʷʜʫ ʩʪʘʶʪʴ 

ʥʝʨʫʭʦʤʠʤʠ ʚ ʨʘʟʽ ʥʠʟʴʢʦʾ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ, ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ 

ʛʨʘʬʝʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʦʶ ʥʘʚʽʪʴ ʪʦʜʽ, ʢʦʣʠ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʥʫʣʴ ʫ ʪʦʯʮʽ ɼʽʨʘʢʘ. ʊʦʤʫ ʽʩʥʫʻ ʽʩʪʦʪʥʘ ʚʽʜʤʽʥʥʽʩʪʴ 

ʤʽʞ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʽʟ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ 

ʧʦʨʷʜʢʫ 1 ʝɺ, ʷʢʘ ʝʬʝʢʪʠʚʥʦ ʙʣʦʢʫʻ ʩʪʨʫʤ ʫ çʚʠʤʢʥʝʥʦʤʫè (ʟʚʦʨʦʪʥʦʤʫ) 

ʨʝʞʠʤʽ, ʪʦʜʽ ʷʢ ʩʪʘʥ ʟ ʥʠʟʴʢʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʚ ʛʨʘʬʝʥʽ ʤʘʻ ʢʽʥʮʝʚʫ ʛʫʩʪʠʥʫ 

ʩʪʨʫʤʫ ʥʘʚʽʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨ, ʙʣʠʟʴʢʠʭ ʜʦ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ. ʄʽʥʽʤʘʣʴʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ ʛʨʘʬʝʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʝʬʝʢʪʘʤʠ, ʢʨʘʡʦʚʠʤʠ ʝʬʝʢʪʘʤʠ, 

ʜʦʤʽʰʢʘʤʠ ʽ ʧʽʜʢʣʘʜʢʦʶ, ʥʘ ʷʢʫ ʡʦʛʦ ʥʘʥʦʩʷʪʴ. 

ʆʜʥʘʢ, ʷʢʱʦ ʛʨʘʬʝʥ ʤʽʩʪʠʪʴʩʷ ʥʘ ʧʽʜʢʣʘʜʮʽ ʟ ʜʽʝʣʝʢʪʨʠʢʘ 

(ʥʘʧʨʠʢʣʘʜ, SiO2), ʪʦ ʬʣʫʢʪʫʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʽʜʢʣʘʜʢʠ 

ʨʦʟʤʠʚʘʶʪʴ ʬʽʟʠʯʥʫ ʢʘʨʪʠʥʫ ʚ ʪʦʯʮʽ ɼʽʨʘʢʘ. ʇʽʜʢʣʘʜʢʘ ʯʘʩʪʢʦʚʦ 

ʟʚôʷʟʫʻ ʝʣʝʢʪʨʠʯʥʽ ʟʘʨʷʜʠ, ʽʥʜʫʢʫʶʯʠ ʚ ʛʨʘʬʝʥʽ çʟʘʨʷʜ ʟʦʙʨʘʞʝʥʥʷè. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʚ ʛʨʘʬʝʥʽ ʩʪʚʦʨʶʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʡ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʡ ʬʦʥ, ʽ ʧʨʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʝʤ ʪʘʢʦʛʦ 

ʭʘʦʩʫ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʝ ʧʨʦʚʽʜʥʽʩʪʴ ʧʨʘʛʥʝ ʜʦ 

ʥʫʣʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʭʘʦʪʠʯʥʦʩʪʽ). 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʬʝʥʫ 

ʧʦʙʣʠʟʫ ʪʦʯʢʠ ɼʽʨʘʢʘ ʟʨʘʟʢʠ ʛʨʘʬʝʥʫ ʧʽʜʚʽʰʫʚʘʣʠ ʥʘ ʟʦʣʦʪʠʭ ʘʙʦ 

ʪʠʪʘʥʦʚʠʭ ʢʦʥʪʘʢʪʥʠʭ ʝʣʝʢʪʨʦʜʘʭ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʚʧʣʠʚʫ ʧʽʜʢʣʘʜʢʠ 

(ʨʠʩ. 9.4). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʽʥʽʤʘʣʴʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʫ ʪʦʯʮʽ ʜʦʪʠʢʫ ʟʦʥ 
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ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 4ʝ2 / h. 

ʇʨʦʚʽʜʥʽʩʪʴ ʛʨʘʬʝʥʫ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʝʬʝʢʪʽʚ ʽ ʜʦʤʽʰʦʢ, 

ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʤʽʞ ʧʣʽʚʢʦʶ ʛʨʘʬʝʥʫ ʽ ʧʽʜʢʣʘʜʢʦʶ, ʥʘ 

ʷʢʫ ʡʦʛʦ ʥʘʥʝʩʝʥʦ. ɼʣʷ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ 

ʩʪʘʥʦʚʠʪʴ 104 ʩʤ2/ɺ Ŀ ʩ ï ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʟʫʤʦʚʣʝʥʽ 

ʨʦʟʩʽʶʚʘʥʥʷʤ ʥʘ ʘʢʫʩʪʠʯʥʠʭ ʬʦʥʦʥʘʭ. ʎʷ ʨʫʭʣʠʚʽʩʪʴ ʟʥʘʯʥʦ ʚʠʱʘ ʚʽʜ 

ʨʫʭʣʠʚʦʩʪʽ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʽʩʥʫʶʯʠʭ ʢʨʝʤʥʽʻʚʠʭ ʧʨʠʣʘʜʘʭ. 

ɼʫʞʝ ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʫ ʛʨʘʬʝʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʡʦʛʦ 

ʝʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʻ ʙʘʣʽʩʪʠʯʥʦʶ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʪʨʘʥʟʠʩʪʦʨʠ ʟ 

ʛʨʘʬʝʥʦʚʠʤʠ ʢʘʥʘʣʘʤʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʨʠʩʪʨʦʷʭ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʥʘ ʛʽʛʘʛʝʨʮʝʚʠʭ ʯʘʩʪʦʪʘʭ. 

 
 

 
ʈʠʩ 9.4. ʄʘʢʝʪ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʧʽʜʚʽʰʝʥʠʤ ʰʘʨʦʤ ʛʨʘʬʝʥʫ 

 

ʄʝʞʫ ʤʽʞ ʛʨʘʬʝʥʦʤ, ʩʪʦʢʦʚʠʤ ʘʙʦ ʽʩʪʦʢʦʚʠʤ ʝʣʝʢʪʨʦʜʘʤʠ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʩʬʦʢʫʩʦʚʘʥʠʤ ʧʨʦʤʝʥʝʤ ʣʘʟʝʨʘ, ʥʘʧʨʷʤʣʝʥʠʤ ʥʘ ʛʨʘʬʝʥ, 

ʷʢʠʡ ʥʘʥʝʩʝʥʦ ʥʘ ʧʽʜʢʣʘʜʢʫ, ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ ʬʦʪʦʩʪʨʫʤʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʦʣʦʞʝʥʥʷ ʧʨʦʤʝʥʷ ʣʘʟʝʨʘ. ɺʠʷʚʠʣʦʩʷ, ʱʦ, ʢʨʽʤ ʝʣʝʢʪʨʦʥʥʦ-

ʜʽʨʢʦʚʦʛʦ çʧʘʨʘʟʠʪʥʦʛʦ ʬʦʥʫè, ʽʥʜʫʢʦʚʘʥʦʛʦ ʚ ʛʨʘʬʝʥʽ ʧʽʜʢʣʘʜʢʦʶ, ʩʘʤʽ 

ʢʨʘʾ ʛʨʘʬʝʥʦʚʦʾ ʧʣʦʱʠʥʢʠ ʚʠʷʚʠʣʠʩʴ ʨ-ʣʝʛʦʚʘʥʠʤʠ. ʎʝ ʦʟʥʘʯʘʻ, ɦ ʦ ʚ 

ʨʘʟʽ ʧʝʨʝʤʠʢʘʥʥʷ ʧʨʠʣʘʜʫ ʤʽʞ n- ʪʘ ʨ-ʪʠʧʘʤʠ ʧʨʦʚʽʜʥʦʩʪʽ ʟʘʣʝʞʥʦ 

ʚʽʜ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʚʦʨʽ ʢʨʘʡʦʚʽ ʜʽʣʷʥʢʠ ʧʝʨʝʤʠʢʘʶʪʴʩʷ ʨʘʥʽʰʝ ʟʘ 

ʮʝʥʪʨʘʣʴʥʫ. ʊʦʤʫ ʤʦʞʥʘ ʨʝʚʝʨʩʫʚʘʪʠ ʢʨʘʡʦʚʽ ʝʬʝʢʪʠ ʭʽʤʽʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʽ ʟʤʽʥʶʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʦʩʽʾʚ ʧʦ ʢʨʘʷʭ ʛʨʘʬʝʥʫ ʘʙʦ ʚ 
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ʡʦʛʦ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ. ʗʢʱʦ ʜʦʚʞʠʥʘ ʢʘʥʘʣʫ ʪʨʘʥʟʠʩʪʦʨʘ 

ʤʝʥʰʘ ʟʘ 5 ʥʤ, ʪʦ ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʪʨʘʥʟʠʩʪʦʨʽ 

ʧʽʜʢʣʘʜʢʫ. ʗʢʱʦ ʜʦʚʞʠʥʠ ʛʨʘʬʝʥʦʚʦʛʦ ʢʘʥʘʣʫ ʤʝʥʰʽ ʥʽʞ 1 ʥʤ, 

ʪʨʘʥʟʠʩʪʦʨʦʤ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ. 

ʇʝʨʝʭʽʜ ʤʽʞ ʩʪʘʥʘʤʠ ʟ ʚʠʩʦʢʦʶ ʽ ʥʠʟʴʢʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʟʘʣʝʞʥʦ ʚʽʜ 

ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʚʦʨʽ ʫ ʛʨʘʬʝʥʽ ʻ ʜʫʞʝ ʨʽʟʢʦʶ ʬʫʥʢʮʽʻʶ, ʘ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʫ 

ʪʦʯʮʽ ɼʽʨʘʢʘ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 1010 ʝʣʝʢʪʨʦʥʽʚ / ʩʤï2. ʈʫʭʣʠʚʽʩʪʴ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʽʜʚʽʰʝʥʦʤʫ ʛʨʘʬʝʥʽ ʩʪʘʥʦʚʠʪʴ 105 ʩʤ2/ɺ Ö ʩ ʟʘ ʛʫʩʪʠʥʠ 

ʥʦʩʽʾʚ 1011 ʩʤï2, ʱʦ ʥʘ ʧʦʨʷʜʦʢ ʚʠʱʝ, ʥʽʞ ʫ ʛʨʘʬʝʥʦʚʠʭ ʧʨʠʣʘʜʘʭ ʥʘ 

ʧʽʜʢʣʘʜʮʽ. ɼʣʷ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʩʪʘʥʦʚʠʪʴ 

104 ʩʤ2/ɺ Ö ʩ (ʦʙʤʝʞʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʟʫʤʦʚʣʶʻʪʴʩʷ ʨʦʟʩʽʶʚʘʥʥʷʤ ʥʘ 

ʘʢʫʩʪʠʯʥʠʭ ʬʦʥʦʥʘʭ). ʆʜʥʘʢ ʽ ʮʷ ʨʫʭʣʠʚʽʩʪʴ ʟʥʘʯʥʦ ʚʠʱʘ ʟʘ ʨʫʭʣʠʚʽʩʪʴ 

ʫ ʟʚʠʯʘʡʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʘʭ, ʘʙʦ ʫ ʛʨʘʬʝʥʽ ʥʘ ʧʽʜʢʣʘʜʮʽ.  

ɿʥʘʯʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʝʣʝʢʪʨʦʥʠ ʫ ʛʨʘʬʝʥʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʘʣʽʩʪʠʯʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ, ʽ ʮʶ ʚʣʘʩʪʠʚʽʩʪʴ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʨʠʩʪʨʦʷʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. 

ʅʘʡʚʠʱʘ ʩʝʨʝʜ ʚʽʜʦʤʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʨʦʙʠʪʴ 

ʛʨʘʬʝʥ ʽʤʦʚʽʨʥʠʤ çʤʘʪʝʨʽʘʣʦʤ ʥʦʤʝʨ ʦʜʠʥè ʚ ʥʘʥʦʝʣʝʢʪʨʦʥʽʮʽ. 

ʂʦʤʧʘʥʽʷ IBM ʨʦʟʨʦʙʠʣʘ ʪʨʘʥʟʠʩʪʦʨ ʥʘ ʦʩʥʦʚʽ ʛʨʘʬʝʥʫ, ʷʢʠʡ 

ʧʨʘʮʶʻ ʟ ʯʘʩʪʦʪʦʶ 26 ɻɻʮ. ʇʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʪʨʘʥʟʠʩʪʦʨʘ ʟ ʢʘʥʘʣʦʤ 

ʽʟ ʛʨʘʬʝʥʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.5. 

 

ʈʠʩ. 9.5. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʨʘʥʟʠʩʪʦʨʘ ʟ ʢʘʥʘʣʦʤ ʽʟ ʛʨʘʬʝʥʫ 

 

ɺʠʷʚʣʝʥʦ, ʱʦ ʧʦʢʨʠʪʪʷ ʜʝʪʘʣʝʡ ʪʨʘʥʟʠʩʪʦʨʘ ʰʘʨʦʤ ʜʽʝʣʝʢʪʨʠʢʘ 

Al2O3 ʧʨʠʙʣʠʟʥʦ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʟʤʝʥʰʫʻ ʧʨʦʚʽʜʥʽʩʪʴ ʪʨʘʥʟʠʩʪʦʨʘ ʽ 

ʟʤʽʱʫʻ ʧʦʣʦʞʝʥʥʷ ʤʽʥʽʤʫʤʫ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʙʽʢ ʟʥʘʯʥʦ ʤʝʥʰʦʾ ʥʘʧʨʫʛʠ 

ʟʘʪʚʦʨʘ. ʂʨʽʤ ʪʦʛʦ, ʧʽʩʣʷ ʧʘʩʠʚʘʮʽʾ Al2O3 ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ 

ʥʘʧʨʫʛʠ ʟʘʪʚʦʨʘ ʥʘʙʫʚʘʻ ʛʽʩʪʝʨʝʟʠʩʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʱʦ ʤʦʞʥʘ 

ɺʠʩʦʢʦʦʤʧʝʨʥʠʡ Si 

ɺʠʪʽʢ ʉʪʽʢ ɺʠʪʽʢ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʧʘʤôʷʪʽ. ʏʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘ ʩʪʨʫʤʦʤ ʪʘʢʦʞ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʧʘʩʠʚʫʚʘʣʴʥʦʛʦ ʰʘʨʫ ɸ12ʆ3: ʧʽʩʣʷ ʧʘʩʠʚʘʮʽʾ ʧʽʜʩʠʣʝʥʥʷ 

ʟʨʦʩʪʘʻ ʚ 2ï4 ʨʘʟʠ, ʘ ʯʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʽʜʩʠʣʝʥʥʷ ʩʪʘʻ ʣʽʥʽʡʥʦʶ ʚ 

ʧʦʜʚʽʡʥʦʤʫ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ. ɺʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʪʨʘʥʟʠʩʪʦʨʘ ʟ 

ʢʘʥʘʣʦʤ ʥʘ ʥʘʥʦʪʨʫʙʮʽ ʧʦʣʷʛʘʻ ʚ ʨʝʞʠʤʽ ʥʠʟʴʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʛʨʘʬʝʥʫ, 

ʪʦʤʫ ʪʨʘʥʟʠʩʪʦʨ ʙʫʜʝ ʤʘʪʠ ʢʽʥʮʝʚʫ ʛʫʩʪʠʥʫ ʩʪʨʫʤʫ ʥʘʚʽʪʴ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ, ʙʣʠʟʴʢʠʭ ʜʦ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ. ʄʝʪʘʣʝʚʽ ʝʣʝʢʪʨʦʜʠ 

ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʤʦʥʦʰʘʨʦʤ ʛʨʘʬʝʥʫ, ʧʽʜʚʽʰʝʥʠʤ ʥʘʜ ʢʨʝʤʥʽʻʚʦʶ 

ʧʽʜʢʣʘʜʢʦʶ. ʊʘʢʠʡ ʧʨʠʣʘʜ ʤʘʻ ʥʘʜʚʠʩʦʢʫ ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʽ ʜʫʞʝ ʚʫʟʴʢʠʡ ʧʝʨʝʭʽʜ ʫ ʪʦʯʮʽ ɼʽʨʘʢʘ. ʅʘʧʨʫʛʘ ʥʘ ʟʘʪʚʦʨʽ ʤʦʜʫʣʶʻ 

ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʫ ʛʨʘʬʝʥʽ ʽ ʧʝʨʝʤʠʢʘʻ ʡʦʛʦ ʤʽʞ ʪʦʯʢʦʶ ɼʽʨʘʢʘ ʪʘ 

ʩʪʘʥʘʤʠ ʟ ʚʠʩʦʢʦʶ ʧʨʦʚʽʜʥʽʩʪʶ. 

 

9.3. ʌʫʣʝʨʝʥʠ 

 

ʌʫʣʝʨʝʥʠ ʥʘʣʝʞʘʪʴ ʜʦ ʥʦʚʦʾ ʬʦʨʤʠ ʚʫʛʣʝʮʶ ï ʤʦʣʝʢʫʣʷʨʥʦʾ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʤʦʣʝʢʫʣʠ ʯʠʩʪʦʛʦ ʚʫʛʣʝʮʶ ʤʦʞʫʪʴ ʤʘʪʠ ʟʘʤʢʥʝʥʫ 

ʧʦʚʝʨʭʥʶ ʫ ʬʦʨʤʽ ʩʬʝʨʠ ʘʙʦ ʩʬʝʨʦʾʜʘ. ɿʦʚʥʽʰʥʷ ʝʣʝʢʪʨʦʥʥʘ 

ʦʙʦʣʦʥʢʘ s2p2 ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʠʪʴ ʩʪʽʡʢʽ ʟʚôʷʟʢʠ, ʢʦʣʠ ʩʫʩʽʜʥʽ ʘʪʦʤʠ 

ʫʪʚʦʨʶʶʪʴ ʧôʷʪʠ- ʡ ʰʝʩʪʠʢʫʪʥʠʢʠ, ʟ ʷʢʠʭ ʬʦʨʤʫʶʪʴʩʷ ʢʣʘʩʪʝʨʠ 

ʚʫʛʣʝʮʶ. ʎʷ ʞ ʩʪʨʫʢʪʫʨʘ ʻ ʦʧʪʠʤʘʣʴʥʦʶ ʜʣʷ ʥʘʡʙʽʣʴʰ ʩʪʽʡʢʠʭ 

ʢʣʘʩʪʝʨʽʚ ʚʫʛʣʝʮʶ.  

ʅʘʧʨʠʢʣʘʜ, ʩʪʨʫʢʪʫʨʘ ʉ60 ʤʽʩʪʠʪʴ 12 ʧʨʘʚʠʣʴʥʠʭ ʧôʷʪʠʢʫʪʥʠʢʽʚ 

(ʧʝʥʪʘʛʦʥʽʚ) ʽ 20 ʥʝʨʽʚʥʦʩʪʦʨʦʥʥʽʭ ʰʝʩʪʠʢʫʪʥʠʢʽʚ (ʛʝʢʩʘʛʦʥʽʚ), ʽ ʚ ʥʽʡ 

ʚʘʨʪʦ ʨʦʟʨʽʟʥʷʪʠ ʜʚʘ ʪʠʧʠ ʟʚôʷʟʢʽʚ. ʆʜʠʥ ʟ ʥʠʭ ʧʦʜʚʽʡʥʠʡ ̔  ʻ ʟʘʛʘʣʴʥʦʶ 

ʩʪʦʨʦʥʦʶ ʜʚʦʭ ʰʝʩʪʠʢʫʪʥʠʢʽʚ, ʘ ʜʨʫʛʠʡ ï ʦʜʠʥʘʨʥʠʡ ʽ ʻ ʟʘʛʘʣʴʥʦʶ 

ʩʪʦʨʦʥʦʶ ʧôʷʪʠ- ʡ ʰʝʩʪʠʢʫʪʥʠʢʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʜʦʚʞʠʥʘ ʩʪʦʨʽʥ ʉïʉ, ʷʢʽ ʟôʻʜʥʫʶʪʴ ʜʚʘ ʛʝʢʩʘʛʦʥʠ, ʜʦʨʽʚʥʶʻ 0,139 ʥʤ, ʪʦʜʽ 

ʷʢ ʜʦʚʞʠʥʘ ʩʪʦʨʽʥ ʉïʉ, ʱʦ ʟôʻʜʥʫʶʪʴ ʛʝʢʩʘʛʦʥ ʟ ʧʝʥʪʘʛʦʥʦʤ, ï ʙʣʠʟʴʢʦ 

0,144 ʥʤ. ɼʦʚʛʽ ʩʪʦʨʦʥʠ ʚ ˇʨʘʪʮʽ ʟʚôʷʟʢʽʚ ʉ60 ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʜʠʥʘʨʥʠʤ, ʘ 

ʙʽʣʴʰ ʢʦʨʦʪʢʽ ï ʧʦʜʚʽʡʥʠʤ ʟʚôʷʟʢʘʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʰʝʩʪʠʢʫʪʥʠʢʠ, 

ʱʦ ʩʢʣʘʜʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣʠ ʉ60, ʪʨʦʭʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 
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ʧʨʘʚʠʣʴʥʠʭ ʰʝʩʪʠʢʫʪʥʠʢʽʚ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ ʛʨʘʬʽʪʫ ʽ ʩʪʦʨʦʥʘ 

ʧʨʘʚʠʣʴʥʦʛʦ ʰʝʩʪʠʢʫʪʥʠʢʘ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ 0,142 ʥʤ. 

ɺʽʜʢʨʠʪʪʷ ʫ 1985 ʨ. ʮʽʻʾ ʤʦʣʝʢʫʣʷʨʥʦʾ ʬʦʨʤʠ ʚʫʛʣʝʮʶ ʜʦʟʚʦʣʠʣʦ 

ʨʦʟʰʠʨʠʪʠ ʢʦʣʦ ʥʦʚʠʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʘʜʟʚʠʯʘʡʥʠʤʠ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʦʯʘʣʦʩʷ ʟ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʫ 

ʤʘʩ-ʩʧʝʢʪʨʘʭ ʧʘʨʽʚ ʛʨʘʬʽʪʫ, ʩʪʚʦʨʝʥʠʭ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ ʥʘ ʛʨʘʬʽʪ 

ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ, ʚʠʥʠʢʘʻ ʽʥʪʝʥʩʠʚʥʠʡ ʧʽʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʩʽ 720 

(12 ³ 60), ʧʦʭʦʜʞʝʥʥʷ ʷʢʦʛʦ ʧʦʷʩʥʶʚʘʣʦʩʷ ʥʘʷʚʥʽʩʪʶ ʤʦʣʝʢʫʣ ʉ60. 

ɯʥʰʠʡ, ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʠʡ ʧʽʢ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʤʘʩʽ 840 (12³70), 

ʩʧʨʠʯʠʥʷʻʪʴʩʷ ʤʦʣʝʢʫʣʘʤʠ ʉ70.  

ɿʛʦʜʦʤ ʫ ʤʘʩ-ʩʧʝʢʪʨʘʭ ʧʨʦʜʫʢʪʽʚ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʛʨʘʬʽʪʫ ʙʫʣʠ 

ʚʠʷʚʣʝʥʽ ʽʥʰʽ ʩʪʘʙʽʣʴʥʽ ʢʣʘʩʪʝʨʠ ʉʧ, ʜʝ ʧ = 32, 44, 50, 58, 60, 70, 

72, 78, 80, 82 ʽ ʪ.ʜ. ɸʣʝ ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤʠ ʟ ʥʠʭ 

ʻ ʉ60 ̔ ʉ70. ʄʦʣʝʢʫʣʠ ʉ60 ̔  ʉ70 ʡ ʽʥʰʽ, ʷʢʽ ʤʘʣʠ ʬʦʨʤʫ ʟʘʤʢʥʝʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʩʪʘʣʠ ʥʘʟʠʚʘʪʠ ʬʫʣʝʨʝʥʘʤʠ. ʌʦʨʤʘ ʬʫʣʝʨʝʥʫ ʉ70 ʩʭʦʞʘ ʥʘ 

ʤôʷʯ ʜʣʷ ʛʨʠ ʚ ʨʝʛʙʽ. ɼʦʚʞʠʥʠ ʟʚôʷʟʢʽʚ ʟʤʽʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ 0,137 ï 

0,147 ʥʤ. ʅʘʡʙʽʣʴʰ ʢʦʨʦʪʢʽ ʟʚôʷʟʢʠ ʟôʻʜʥʫʶʪʴ ʚʝʨʰʠʥʠ ʜʚʦʭ ʨʽʟʥʠʭ 

ʧʝʥʪʘʛʦʥʽʚ. ʅʘʡʙʽʣʴʰ ʜʦʚʛʽ ʟʚôʷʟʢʠ ʨʦʟʤʽʱʝʥʽ ʚ ʧôʷʪʠʢʫʪʥʠʭ ʢʦʤʽʨʢʘʭ. 

ɺʠʩʦʪʘ ʤʦʣʝʢʫʣʠ ʉ70 ʜʦʨʽʚʥʶʻ 0,78 ʥʤ. ɽʢʚʘʪʦʨʽʘʣʴʥʘ ʧʣʦʱʠʥʘ ʤʘʻ 

ʜʽʘʤʝʪʨ 0,694 ʥʤ ʽ ʟʚʫʞʝʥʘ ʥʘ 0,05 ʥʤ.  

ʌʫʣʝʨʝʥ ʉ60 ʤʘʻ ʚʠʛʣʷʜ ʟʨʽʟʘʥʦʛʦ ʽʢʦʩʘʝʜʨʘ (ʨʠʩ. 9,6, ʘ) ʽ ʦʪʦʯʝʥʠʡ 

ʝʣʝʢʪʨʦʥʘʤʠ (ʨʠʩ. 9.6, ʙ). 

ʇʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʫʣʝʨʝʥʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʫ ʤʝʭʘʥʽʯʥʫ ʡ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʤʦʣʝʢʫʣʠ C60. ɼʣʷ 

ʦʢʨʝʤʦʾ ʤʦʣʝʢʫʣʠ C60 ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʮʽʻʾ ʚʣʘʩʪʠʚʦʩʪʽ ʻ ʤʦʜʫʣʴ 

ʦʙôʻʤʥʦʛʦ ʩʪʠʩʢʫ: ʤʦʣʝʢʫʣʘ C60 ʤʝʥʰʝ ʩʪʠʩʢʘʻʪʴʩʷ, ʥʽʞ ʢʨʠʩʪʘʣ 

ʘʣʤʘʟʫ. ʎʝʡ ʬʘʢʪ ʚʽʜʧʦʚʽʜʘʻ ʪʦʤʫ, ʱʦ ʘʪʦʤʠ ʚʫʛʣʝʮʶ ʚ 

ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ˇʨʘʪʢʘʭ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʢʦʚʘʣʝʥʪʥʠʤʠ ˇʨʘʪʢʘʤʠ, 

ʷʢʽ ʤʽʮʥʽʰʽ, ʥʽʞ ʚ ʘʣʤʘʟʽ.  
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ʈʠʩ. 9.6. ʈʽʟʥʽ ʤʦʜʝʣʽ ʬʫʣʝʨʝʥʫ ʉ60: 

ʘ ï ʰʝʩʪʠ- ʪʘ ʧôʷʪʠʛʨʘʥʥʠʢʠ ʟʨʽʟʘʥʦʛʦ ʽʢʦʩʘʝʜʨʘ; 

ʙ ï ʝʣʝʢʪʨʦʥʥʘ ʭʤʘʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʬʫʣʝʨʝʥʫ 
 

ɽʥʜʦʬʫʣʝʨʝʥʘʤʠ ʥʘʟʠʚʘʶʪʴ ʪʘʢʽ ʬʫʣʝʨʝʥʠ, ʚ ʷʢʠʭ ʫʩʝʨʝʜʠʥʽ 

ʤʦʣʝʢʫʣʠ ʬʫʣʝʨʝʥʫ ʨʦʟʤʽʱʝʥʦ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʥʝʚʫʛʣʝʮʝʚʠʭ ʘʪʦʤʽʚ. 

ʊʘʢʽ ʥʘʥʦʫʪʚʦʨʝʥʥʷ ʻ ʟʨʘʟʢʦʤ ʢʣʘʪʨʘʪʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘ ʦʙʩʪʘʚʠʥʘ, 

ʱʦ ʬʫʣʝʨʝʥʠ ʚʩʝʨʝʜʠʥʽ ʧʦʨʦʞʥʽ (ʜʣʷ ʉ60 ʜʽʘʤʝʪʨ ʧʦʨʦʞʥʠʥʠ ʜʦʨʽʚʥʶʻ 

0,4 ʥʤ). ʊʘʢʘ ʧʦʨʦʞʥʠʥʘ ʤʦʞʝ ʚʤʽʩʪʠʪʠ ʙʫʜʴ-̫ ʢʠʡ ʘʪʦʤ. ʋ ʮʴʦʤʫ ʨʘʟʽ 

ʩʪʦʨʦʥʥʽʡ ʘʪʦʤ ʟʘʢʨʠʪʠʡ ʩʫʮʽʣʴʥʦʶ ʦʙʦʣʦʥʢʦʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʪʦʤʽʚ 

ʚʫʛʣʝʮʶ. ʗʢʱʦ ʚ ʤʦʣʝʢʫʣʫ ʬʫʣʝʨʝʥʫ ʚʚʦʜʷʪʴʩʷ ʘʪʦʤʠ ʤʝʪʘʣʫ, ʪʦ ʪʘʢʽ 

ʝʥʜʦʝʜʨʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ ʥʘʟʠʚʘʶʪʴ ʤʝʪʘʣʬʫʣʝʨʝʥʘʤʠ. ɺʦʥʠ 

ʚʠʷʚʣʷʶʪʴʩʷ ʩʚʦʻʨʽʜʥʠʤʠ ʥʘʥʦʢʦʥʪʝʡʥʝʨʘʤʠ, ʷʢʽ ʚʚʘʞʘʶʪʴʩʷ ʜʦʩʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ̔ ʥʘʥʦʭʽʤʽʾ. ʉʪʨʫʢʪʫʨʫ 

ʤʦʣʝʢʫʣʠ ʝʥʜʦʬʫʣʝʨʝʥʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.6.  

ʉʧʦʩʦʙʠ ʫʪʚʦʨʝʥʥʷ ʝʥʜʦʬʫʣʝʨʝʥʽʚ: 

ï ʫʧʨʦʚʘʜʞʝʥʥʷ ʽʦʥʽʚ ʩʪʦʨʦʥʥʽʭ ʘʪʦʤʽʚ ʧʽʜ ʯʘʩ ʽʦʥʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ; 

ï ʧʨʦʥʠʢʥʝʥʥʷ ʫʩʝʨʝʜʠʥʫ ʬʫʣʝʨʝʥʽʚ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ (ʧʨʦʪʦʥʽʚ, 

ʥʝʡʪʨʦʥʽʚ) ʟ ʥʘʩʪʫʧʥʠʤ ʧʨʠʻʜʥʘʥʥʷʤ ʝʣʝʢʪʨʦʥʽʚ; 

ï ʟʘʭʦʧʣʝʥʥʷ ʬʫʣʝʨʝʥʘʤʠ ʩʪʦʨʦʥʥʽʭ ʽʦʥʽʚ ʘʙʦ ʘʪʦʤʽʚ ʫ ʨʘʟʽ 

ʚʝʣʠʢʠʭ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʘʪʦʤʽʚ ʤʦʣʝʢʫʣʠ ʬʫʣʝʨʝʥʫ.  
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ʈʠʩ. 9.7. ʉʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʠ ʝʥʜʦʬʫʣʝʨʝʥʫ 

 

ʄʝʪʦʜ ʽʦʥʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ ̒  ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʝʥʜʦʬʫʣʝʨʝʥʽʚ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʥʜʘʨʪʥʝ ̔ ʦʥʥʝ 

ʜʞʝʨʝʣʦ ʘʙʦ ʪʣʽʶʯʠʡ ʨʦʟʨʷʜ. ʋ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʚ ʝʥʝʨʛʽʾ ʧʨʦʥʠʢʘʶʯʠʭ ʫ ʬʫʣʝʨʝʥ 

ʙʦʤʙʘʨʜʫʚʘʣʴʥʠʭ ʽʦʥʽʚ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʽʩʥʫʚʘʥʥʷ ʜʝʷʢʦʛʦ 

çʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʽʢʥʘè ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʝʥʜʦʬʫʣʝʨʝʥʽʚ.  

ʅʘʷʚʥʽʩʪʴ ʤʘʢʩʠʤʫʤʫ ʣʝʛʢʦ ʧʦʷʩʥʠʪʠ. ʗʢʱʦ ʝʥʝʨʛʽʾ ʤʘʣʽ, ʪʦ 

ʽʦʥʘʤ ʥʝ ʚʜʘʻʪʴʩʷ ʧʝʨʝʙʦʨʦʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨ'ʻʨ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʾʭ 

ʧʨʦʥʠʢʥʝʥʥʶ ʫʩʝʨʝʜʠʥʫ ʬʫʣʝʨʝʥʫ.  

ʋ ʨʘʟʽ ʞ ʜʫʞʝ ʚʝʣʠʢʠʭ ʝʥʝʨʛʽʡ ʟʽʪʢʥʝʥʥʷ ʽʦʥʘ ʟ ʤʦʣʝʢʫʣʦʶ ʬʫʣʝʨʝʥʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʾ ʨʫʡʥʫʚʘʥʥʷ.  

ɼʣʷ ʽʦʥʽʚ ʚʝʣʠʢʦʛʦ ʨʘʜʽʫʩʘ ʝʥʝʨʛʽʷ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʦʥʠʢʥʝʥʥʷ 

ʫʩʝʨʝʜʠʥʫ ʤʦʣʝʢʫʣʠ ʬʫʣʝʨʝʥʫ, ʚʠʱʘ, ʽ ʪʦʤʫ ʝʥʝʨʛʽʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʢʩʠʤʫʤʫ ʚʠʭʦʜʫ ʝʥʜʦʬʫʣʝʨʝʥʽʚ, ʙʽʣʴʰʘ.  

ʂʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʪʠʧʽʚ ʝʥʜʦʝʜʨʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʝʩʴ ʯʘʩ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʟʦʢʨʝʤʘ ʢʦʤʧʣʝʢʩʽʚ ʟ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ: 

Sm@C60, Yb@C60, Gd@C82, Pr@C82, Lu@C82.  

ɺʝʣʠʢʽ ʟʘ ʨʦʟʤʽʨʦʤ ʬʫʣʝʨʝʥʠ, ʪʘʢʽ ʷʢ ʉ240, ʉ340, ʉ960, ʤʦʞʫʪʴ 

ʚʤʽʱʘʪʠ ʫ ʩʦʙʽ ʤʝʥʰʽ ʬʫʣʝʨʝʥʠ, ʫʪʚʦʨʶʶʯʠ ʢʦʥʮʝʥʪʨʠʯʥʽ ʰʘʨʠ, 

ʚʩʪʘʚʣʝʥʽ ʦʜʠʥ ʚ ʦʜʠʥ.  

ɼʘʣʽ ʙʫʜʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʘʥʘʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ.  
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ʅʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʣʝʨʝʥʽʚ ʫ ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʭ. 

ʇʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʟʘʡʤʘʶʪʴ ʥʘʥʦʯʘʩʪʠʥʢʠ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʢʨʠʩʪʘʣʽʚ ʜʦ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣ ʽ ʘʪʦʤʽʚ, ʚʠʟʥʘʯʘʻ ʾʭʥʽ ʦʩʦʙʣʠʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʢʨʠʩʪʘʣʘʤʠ, ʤʦʣʝʢʫʣʘʤʠ ʡ ʘʪʦʤʘʤʠ.  

ʅʘʥʦʩʪʨʫʢʪʫʨʥʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ 

ʩʧʦʥʫʢʘʻ ʬʽʟʠʢʽʚ ʽ ʭʽʤʽʢʽʚ ʧʨʦʚʦʜʠʪʠ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʆʜʥʠʤ ʟ ʪʠʧʽʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʤʝʪʘʣ-ʬʫʣʝʨʝʥʦʚʽ 

ʧʣʽʚʢʠ, ʱʦ ʦʩʘʜʞʫʶʪʴʩʷ ʫ ʚʘʢʫʫʤʽ. ʋ ʨʘʟʽ ʤʘʣʠʭ (ʧʨʠʙʣʠʟʥʦ 1%) 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʬʫʣʝʨʝʥʽʚ ʫ ʧʣʽʚʢʘʭ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʚʘʣʴʥʽ ʯʘʩʪʠʥʢʠ 

ʪʠʪʘʥ-ʬʫʣʝʨʝʥʫ (ʟʝʨʥʘ) ʤʘʶʪʴ ʦʢʨʫʛʣʫ ʬʦʨʤʫ ʽ ʨʦʟʤʽʨʠ 15 ï 40 ʥʤ.  

ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʫʣʝʨʝʥʫ 

ʧʦʷʩʥʶʻʪʴʩʷ ʤʘʣʦʶ ʨʫʭʣʠʚʽʩʪʶ ʤʦʣʝʢʫʣ ʉ60 ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʨʦʱʫʚʘʥʦʾ 

ʧʣʽʚʢʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʦʙʤʝʞʝʥʥʷʤ ʥʠʤʠ çʤʽʛʨʘʮʽʾè ʘʪʦʤʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʤʝʪʘʣʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʜʘʚʘʥʥʷ ʬʫʣʝʨʝʥʽʚ ʫ ʩʧʣʘʚʠ ʤʦʞʝ ʙʫʪʠ ʩʧʦʩʦʙʦʤ 

ʩʪʚʦʨʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʌʫʣʝʨʝʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʦʨʙʝʥʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ. ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʟʤʽʥʠ ʾʭʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ 

ʨʽʟʥʠʭ ʛʘʟʦʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ.  

ʇʽʜ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ ʥʘ ʧʦʚʽʪʨʽ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʬʫʣʝʨʝʥʦʚʠʭ 

ʧʣʽʚʦʢ, ʦʪʨʠʤʘʥʠʭ ʫ ʚʘʢʫʫʤʽ, ʟʨʦʩʪʘʻ. ʄʘʩʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ 

ʷʢ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʝʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʫ ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʫʣʝʨʝʥʠ.  

ʗʢ ʚʦʜʝʥʴïʘʢʫʤʫʣʶʚʘʣʴʥʽ ʤʘʪʨʠʮʽ ʥʘʪʝʧʝʨ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʽ 

ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ, ʘ ʦʩʦʙʣʠʚʦ ʬʫʣʝʨʝʥʠ, ʷʢʽ ʧʽʩʣʷ ʛʽʜʨʫʚʘʥʥʷ ʚʩʽʭ 

ʧʦʜʚʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʦʛʣʠ ʙ ʤʽʩʪʠʪʠ ʜʦ 7,7 % ʚʦʜʥʶ (ʪʦʙʪʦ 0,92 ʤ3 ʅ2 ʥʘ 

1 ʢʛ ʉ60ʅ60).  

ɽʬʝʢʪ ʥʝʣʽʥʽʡʥʦʾ ʦʧʪʠʯʥʦʾ ʧʨʦʟʦʨʦʩʪʽ ʨʦʟʯʠʥʽʚ ʽ ʩʧʦʣʫʢ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʬʫʣʝʨʝʥʠ, ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʦʩʥʦʚʫ 

ʦʧʪʠʯʥʠʭ ʟʘʪʚʦʨʽʚ ï ʦʙʤʝʞʫʚʘʯʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʜʠʤʦʛʦ ʡ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʽʚ.  
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ɻʨʘʥʠʯʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʧʪʠʯʥʠʡ ʟʘʪʚʦʨ ʥʘ 

ʦʩʥʦʚʽ ʬʫʣʝʨʝʥʽʚ, ʫ ʢʽʣʴʢʘ ʨʘʟʽʚ ʤʝʥʰʘ ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ ʧʦʜʽʙʥʠʭ ʮʽʣʝʡ.  

ɼʣʷ ʬʫʣʝʨʝʥʫ ʉ60 ʦʧʪʠʯʥʝ ʦʙʤʝʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʜʽʘʧʘʟʦʥ ʜʦʚʞʠʥ 

ʭʚʠʣʴ 400 ï 700 ʥʤ.  

ʆʙʤʝʞʝʥʥʷ ʙʽʣʴʰʠʭ ʬʫʣʝʨʝʥʽʚ (ʉ70, ʉ78, ʉ84) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ 

ʚʠʜʠʤʦʤʫ ʽ ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʩʧʝʢʪʨʘʭ. ʆʧʪʠʯʥʽ ʦʙʤʝʞʫʚʘʯʽ, 

ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʬʫʣʝʨʝʥʦʚʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʰʚʠʜʢʦʜʽʶ ï ʜʦ ʜʝʢʽʣʴʢʦʭ ʬʝʤʪʦʩʝʢʫʥʜ. 

 

9.4. ʌʫʣʝʨʠʪʠ ʽ ʬʫʣʝʨʠʜʠ 

 

ʂʨʠʩʪʘʣʽʯʥʫ ʤʦʜʠʬʽʢʘʮʽʶ ʚʫʛʣʝʮʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʣʝʢʫʣ ʉ60, 

ʫʧʝʨʰʝ ʚʠʷʚʣʝʥʦ ʫ 1990 ʨ. ʽ ʥʘʟʚʘʥʦ ʬʫʣʝʨʠʪʦʤ.  

ʌʫʣʝʨʝʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʝʣʝʢʪʨʦʚʽʜôʻʤʥʽʩʪʶ, ʪʦʙʪʦ 

ʟʜʘʪʥʽʩʪʶ ʧʨʠʪʷʛʫʚʘʪʠ ʜʦ ʩʝʙʝ ʝʣʝʢʪʨʦʥʠ.  

ʊʦʤʫ ʚʦʥʠ ʚʩʪʫʧʘʶʪʴ ʚ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʟ ʽʥʰʠʤʠ ʘʪʦʤʘʤʠ ʪʘ ʽʦʥʘʤʠ, 

ʽʥʦʜʽ ʫʪʚʦʨʶʶʯʠ ʢʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ.  

ɿôʷʩʫʚʘʣʦʩʷ, ʱʦ ʬʫʣʝʨʝʥʠ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʨʽʟʥʽ ʩʧʦʣʫʢʠ ʽ 

ʢʦʤʧʣʝʢʩʠ ʷʢ ʽʟ ʧʨʦʩʪʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʪʘʢ ʽ ʟ ʾʭʥʽʤʠ ʩʧʦʣʫʢʘʤʠ. ʊʘʢʽ 

ʤʘʪʝʨʽʘʣʠ ʩʪʘʣʠ ʥʘʟʠʚʘʪʠ ʬʫʣʝʨʠʜʘʤʠ. ɺʣʘʩʪʠʚʦʩʪʽ ʬʫʣʝʨʠʪʽʚ ʪʘ 

ʬʫʣʝʨʠʜʽʚ ʚʠʚʯʘʶʪʴ ʫ ʪʘʢʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ, ʷʢ ʬʽʟʠʢʘ, ʭʽʤʽʷ, 

ʤʘʪʝʤʘʪʠʢʘ, ʙʽʦʣʦʛʽʷ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ, ʤʝʜʠʮʠʥʘ ʡ ʘʨʭʽʪʝʢʪʫʨʘ. 

ɯʥʪʝʨʝʩ ʜʦ ʥʠʭ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʮʽ, ʝʥʝʨʛʝʪʠʮʽ, ʫ ʩʪʚʦʨʝʥʥʽ 

ʥʦʚʠʭ ʧʦʣʽʤʝʨʽʚ. 

ʂʨʠʩʪʘʣʠ-ʬʫʣʝʨʠʪʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʘʣʝ ʥʘʡʯʘʩʪʽʰʝ ʮʝ 

ʱʽʣʴʥʦʧʘʢʦʚʘʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʮʝʥʪʨʦʚʘʥʘ 

ʢʨʠʩʪʘʣʽʯʥʘ (ɻʎʂ) ʩʪʨʫʢʪʫʨʘ ʟʽ ʩʪʘʣʦʶ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ 1,417 ʥʤ (ʨʠʩ. 9.8). 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʬʫʣʝʨʝʥʽʚ ʩʪʘʥʦʚʠʪʴ 1,002 ʥʤ. ʂʦʦʨʜʠʥʘʮʽʡʥʘ ʢʽʣʴʢʽʩʪʴ 

ʈʠʩ. 9.8. ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ 

ɻʎʂ ˇʨʘʪʢʠ ʬʫʣʝʨʠʪʫ 
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ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʫ ʚ ɻʎʂ ʩʪʨʫʢʪʫʨʽ ʬʫʣʝʨʠʪʫ ï 12. ʆʩʢʽʣʴʢʠ ʨʘʜʽʫʩ 

ʤʦʣʝʢʫʣʠ ʉ60 ʜʦʨʽʚʥʶʻ 0,353 ʥʤ, ʪʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ 

ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʙʫʜʝ 0,294 ʥʤ, ʪʦʙʪʦ ʟʥʘʯʥʦ ʤʝʥʰʘ ʚʽʜ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʛʝʢʩʘʛʦʥʘʣʴʥʠʤʠ ˇʨʘʪʢʘʤʠ ʚ ʛʨʘʬʽʪʽ (0,335 ʥʤ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʩʠʣʠ ʫ ʬʫʣʝʨʠʪʽ ï ʚʘʥʜʝʨʚʘʘʣʴʩʦʚʽ. 

ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʬʫʣʝʨʠʪʫ ʤʽʩʪʠʪʴ ʚʽʩʽʤ ʪʝʪʨʘʝʜʨʠʯʥʠʭ 

ʧʦʨʦʞʥʠʥ ʽ ʯʦʪʠʨʠ ʦʢʪʘʝʜʨʠʯʥʽ ʧʦʨʦʞʥʝʯʽ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʦʪʦʯʝʥʘ 

ʚʽʜʧʦʚʽʜʥʦ ʯʦʪʠʨʤʘ ʽ ʰʽʩʪʴʤʘ ʤʦʣʝʢʫʣʘʤʠ ʉ60. ʉʘʤʝ ʮʷ ʦʙʩʪʘʚʠʥʘ 

ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʙʽʣʴʰ  ʩʢʣʘʜʥʠʭ ʢʨʠʩʪʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʬʫʣʝʨʝʥʽʚ ï 

ʬʫʣʝʨʠʜʽʚ.  

ʄʦʣʝʢʫʣʠ ʉ60 ʫ ʚʫʟʣʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʬʫʣʝʨʠʪʫ ʰʚʠʜʢʦ 

ʦʙʝʨʪʘʶʪʴʩʷ. ɿʘ ʜʘʥʠʤʠ ʷʜʝʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʯʘʩʪʦʪʘ 

ʪʘʢʦʛʦ ʦʙʝʨʪʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʊ = 300 ʂ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1012 

ɻʮ. ʈʽʯ ʫ ʪʽʤ, ʱʦ ʤʦʣʝʢʫʣʠ ʚ ɻʎʂ ˇʨʘʪʢʘʭ ʬʫʣʝʨʠʪʫ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʯʦʪʠʨʴʦʭ ʥʝʝʢʚʽʚʘʣʝʥʪʥʠʭ ʧʦʣʦʞʝʥʥʷʭ. ʂʦʞʥʘ ʟ ʯʦʪʠʨʴʦʭ ʤʦʣʝʢʫʣ 

ɻʎʂ ʢʫʙʘ ʦʙʝʨʪʘʻʪʴʩʷ ʙʽʣʷ ʦʜʥʽʻʾ ʟ ʦʩʝʡ ʢʨʠʩʪʘʣʘ ʥʘ ʪʘʢʠʡ ʩʘʤʠʡ ʢʫʪ, 

ʪʦʙʪʦ ʥʘ 24Á. ʃʦʢʘʣʽʟʘʮʽʷ ʦʙʝʨʪʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʉ= ʉ 

ʟʚôʷʟʢʫ, ʷʢʠʡ ʧʨʠʤʠʢʘʻ ʜʦ ʮʝʥʪʨʘ ʧôʷʪʠʢʫʪʥʠʢʘ ʩʫʩʽʜʥʴʦʾ ʤʦʣʝʢʫʣʠ, 

ʱʦ ʤʘʻ ʙʽʣʴʰ ʥʠʟʴʢʫ ʝʣʝʢʪʨʦʥʥʫ ʛʫʩʪʠʥʫ. ʋʩʝ ʮʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʤʽʞ 

ʤʦʣʝʢʫʣʘʤʠ ʽʩʥʫʻ ʥʝ ʪʽʣʴʢʠ ʤʦʣʝʢʫʣʷʨʥʘ, ʘʣʝ ʡ ʩʣʘʙʢʘ ʢʫʣʦʥʽʚʩʴʢʘ 

ʚʟʘʻʤʦʜʽʷ.  

ʇʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ ʪʚʝʨʜʦʛʦ ʬʫʣʝʨʠʪʫ ʚ ʦʢʦʣʽ ʪʝʤʧʝʨʘʪʫʨʠ 250 ʂ 

ʚʠʷʚʣʷʻʪʴʩʷ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʧʝʨʰʦʛʦ ʨʦʜʫ, ʢʦʣʠ ɻʎʂ ˇʨʘʪʢʘ 

ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ ʫ ʧʨʦʩʪʫ ʢʫʙʽʯʥʫ ˇʨʘʪʢʫ.  

ʋ ʨʘʟʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʘʣʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʬʫʣʝʨʠʪʫ 

ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʘʣʝ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʫ 

ʟʥʠʞʫʻʪʴʩʷ ʫ ʤʽʣʴʡʦʥʠ ʨʘʟʽʚ.  

ʇʨʠʨʦʜʫ ʪʘʢʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʧʦʚôʷʟʫʶʪʴ ʟ ʪʠʤ, ʱʦ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʊ = ʊm̔n ʫ ʢʨʠʩʪʘʣʘʭ ʬʫʣʝʨʠʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʽʢʩʘʮʽʷ 

ʦʢʨʝʤʠʭ ʢʣʘʩʪʝʨʽʚ ʉ60, ʪʦʜʽ ʷʢ ʟʘ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʙʝʨʪʘʥʥʷ 

ʤʦʣʝʢʫʣ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʾʭ ʦʨʽʻʥʪʘʮʽʶ.  

ʇʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ çʨʦʟʤʦʨʦʞʫʚʘʥʥʷʤè 

ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣ ʉ60, ʽ ʪʦʤʫ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ, ʱʦ 
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ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 250 ï 260 ʂ, ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ 

ʧʝʨʝʭʽʜ ʦʨʽʻʥʪʘʮʽʡʥʦʛʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʧʝʨʰʦʛʦ ʨʦʜʫ.  

ɺʠʤʽʨʶʚʘʥʥʷ ʤʦʜʫʣʷ ʖʥʛʘ ɽ ̔  ʧʦʛʣʠʥʘʥʥʷ ʟʚʫʢʫ ʥʘ ʯʘʩʪʦʪʽ 9 ʢɻʮ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʦʢʦʣʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ɻʎʂ ʤʦʜʫʣʴ ʖʥʛʘ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 8%, ʱʦ ʚʘʞʢʦ ʧʦʷʩʥʠʪʠ ʚʘʥʜʝʨʚʘʘʣʴʩʦʚʦʶ 

ʚʟʘʻʤʦʜʽʻʶ. ʇʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʚ ʮʴʦʤʫ ʨʘʟʽ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ 

ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʘ ʚʟʘʻʤʦʜʽʷ, ʟʫʤʦʚʣʝʥʘ ʚʠʙʦʨʦʤ ʧʝʨʝʚʘʞʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʦʣʝʢʫʣ ʉ60 ʫ ˇʨʘʪʮʽ.  

ʄʦʜʫʣʴ ʖʥʛʘ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʠʣ ʟʚôʷʟʢʫ ʚ ʧʨʫʞʥʠʭ ʩʠʩʪʝʤʘʭ, 

ʽ ʪʦʤʫ ʟʥʘʯʥʽ ʟʤʽʥʠ ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ ʧʽʜ ʯʘʩ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ 

ʧʦʚôʷʟʫʶʪʴ ʟ ʦʨʽʻʥʪʘʮʽʡʥʠʤ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ ʤʦʣʝʢʫʣ ʉ60.  

ʂʨʽʤ ʪʘʢʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʫ ʬʫʣʝʨʠʪʽ ʉ60 ʚʠʷʚʠʣʠ ʪʘʢʦʞ 

ʧʦʤʽʪʥʝ ʟʘʛʘʩʘʥʥʷ ʟʚʫʢʫ ʧʦʙʣʠʟʫ 160 ʂ ʟ ʤʘʢʩʠʤʫʤʦʤ, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ 

ʨʝʣʘʢʩʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ (ʨʠʩ. 9.9).  
 

 
 

ʈʠʩ. 9.9. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ (ʘ) 

ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʟʚʫʢʫ (ʙ) 

 

ʗʢ ʚʽʜʦʤʦ, ʤʘʢʩʠʤʫʤ ʟʘʛʘʩʘʥʥʷ ʧʨʫʞʥʠʭ ʭʚʠʣʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʘ ʫʤʦʚʠ wt = 1, ʜʝ w - ʢʦʣʦʚʘ ʯʘʩʪʦʪʘ; t - ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ. ɺ 

ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʧʨʦʮʝʩʘʭ, ʟʫʤʦʚʣʝʥʠʭ ʜʠʬʫʟʽʡʥʦʶ ʧʝʨʝʙʫʜʦʚʦʶ 

ʘʪʦʤʽʚ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʪʮʽ, ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ 

t = t0 exp(-E/kT), ʜʝ t0 - ʤʥʦʞʥʠʢ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʦʤʫ 

ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ; ɽ ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ; k ï ʩʪʘʣʘ 

ɹʦʣʴʮʤʘʥʘ. ʎʽ ʜʘʥʽ ʜʦʟʚʦʣʠʣʠ ʧʨʠʧʫʩʪʠʪʠ ʤʦʞʣʠʚʝ ʜʠʬʫʟʽʡʥʝ 
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ʧʝʨʝʤʽʱʝʥʥʷ ʤʦʣʝʢʫʣ ʉ60 ʟ ʦʜʥʽʻʾ ʧʦʟʠʮʽʾ ʚ ʽʥʰʫ ʚ ʧʨʦʩʪʠʭ ʢʫʙʽʯʥʠʭ 

ʛʨʘʪʢʘʭ ʫ ʨʘʟʽ ʮʠʢʣʽʯʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. 

ʌʫʣʝʨʝʥ ʉ70 (ʷʢʠʡ ʤʘʻ ʥʝ ʩʬʝʨʠʯʥʫ ʬʦʨʤʫ, ʘ ʽʥʰʫ, ʩʭʦʞʫ ʥʘ ʤôʷʯ 

ʜʣʷ ʛʨʠ ʫ ʨʝʛʙʽ) ʪʘʢʦʞ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʢʨʠʩʪʘʣʠ-ʬʫʣʝʨʠʪʠ. ɸʣʝ 

ʘʥʽʟʦʪʨʦʧʥʘ ʬʦʨʤʘ ʬʫʣʝʨʝʥʫ ʉ70 ʧʦʚʠʥʥʘ ʧʝʨʝʰʢʦʜʞʘʪʠ ʚʽʣʴʥʦʤʫ 

ʦʙʝʨʪʘʥʥʶ ʤʦʣʝʢʫʣʠ ʉ70 ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʱʦ ʡ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. ʌʫʣʝʨʠʪ ʟ ʤʦʣʝʢʫʣ ʉ70 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ɻʎʂ ˇʨʘʪʢʫ ʡ ʫ ʥʴʦʤʫ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʧʝʨʝʭʦʜʠ ʚ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʬʘʟʫ: ʦʜʠʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 276 ʂ, ʘ 

ʽʥʰʠʡ ï ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ  337 ʂ. 

ʌʫʣʝʨʠʪʠ ʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʽʟ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʽʜ 

1,50 ʜʦ 1,95 ʝɺ. ɽʣʝʢʪʨʦʥʥʠʡ ʩʪʘʥ ʤʦʣʝʢʫʣʠ ʽ ʟʦʥʥʘ ʩʪʨʫʢʪʫʨʘ 

ʢʨʠʩʪʘʣʘ ʉ60 ̒  ʦʙôʻʢʪʦʤ ʽʥʪʝʥʩʠʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʦʟʛʣʷʜʘʶʯʠ 

ʤʦʣʝʢʫʣʫ C60 ʷʢ ʩʠʤʝʪʨʠʯʥʫ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʤʦʞʣʠʚʦʩʪʽ ʽʩʥʫʚʘʥʥʷ ʦʜʥʦʢʨʘʪʥʦ, ʪʨʠʢʨʘʪʥʦ, ʯʦʪʠʨʠʢʨʘʪʥʦ ʽ 

ʧôʷʪʠʢʨʘʪʥʦ ʚʠʨʦʞʜʝʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʪʝʨʤʽʚ ʫ ʤʦʣʝʢʫʣʽ ʉ60. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ ʝʣʝʢʪʨʦʥʥʽ 

ʪʝʨʤʠ ʨʦʟʰʠʨʶʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʥʥʽ ʟʦʥʠ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʝʥʝʨʛʝʪʠʯʥʽ 

ʩʧʝʢʪʨʠ ʬʫʣʝʨʠʪʽʚ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʩʧʝʢʪʨʽʚ ʘʣʤʘʟʫ ʪʘ ʛʨʘʬʽʪʫ ʽ 

ʜʫʞʝ ʩʢʣʘʜʥʽ ʟʘ ʩʪʨʫʢʪʫʨʦʶ. 

ʆʪʞʝ, ʬʫʣʝʨʠʜʘʤʠ ʥʘʟʠʚʘʶʪʴ ʩʧʦʣʫʢʠ ʬʫʣʝʨʝʥʽʚ, ʟʘʟʚʠʯʘʡ ʟ 

ʤʝʪʘʣʘʤʠ. ʌʫʣʝʨʠʜʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ɸ3ʉ60 (ɸ = ʂ, Rb, Cs) ʤʘʶʪʴ ɻʎʂ. 

ʋ ʬʫʣʝʨʠʜʘʭ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ ʽ ʤʦʣʝʢʫʣʠ ʉ60 ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʦʙʝʨʪʘʶʪʴʩʷ, 

ʦʩʢʽʣʴʢʠ ʟʚôʷʟʦʢ ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʫ ʟ ʘʪʦʤʦʤ ʤʝʪʘʣʫ ʯʠʩʪʦ ʽʦʥʥʠʡ, ʪʦʙʪʦ 

ʣʫʞʥʠʡ ʤʝʪʘʣ ʚʽʜʜʘʻ ʦʜʠʥ ʚʘʣʝʥʪʥʠʡ ʝʣʝʢʪʨʦʥ ʤʦʣʝʢʫʣʽ ʉ60
- ɯʦʥʥʠʡ 

ʟʚôʷʟʦʢ ʥʘʙʘʛʘʪʦ ʩʠʣʴʥʽʰʠʡ ʥʽʞ ʚʘʥʜʝʨʚʘʘʣʴʩʦʚʠʡ, ʽ ʪʦʤʫ ʤʦʞʣʠʚʽ 

ʚʠʜʠ ʨʫʭʫ ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʫ ʦʙʤʝʞʝʥʽ. ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ɻʎʂ 

ˇʨʘʪʢʠ ʬʫʣʝʨʠʜʫ (ʪʦʙʪʦ ʥʘʡʤʝʥʰʘ ʯʘʩʪʠʥʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ, 

ʧʦʚʪʦʨʝʥʥʷʤ ʷʢʦʾ ʤʦʞʥʘ ʚʽʜʪʚʦʨʠʪʠ ʚʝʩʴ ʢʨʠʩʪʘʣ) ʤʽʩʪʠʪʴ ʚʽʩʽʤ 

ʪʝʪʨʘʝʜʨʠʯʥʠʭ ʽ ʯʦʪʠʨʠ ʦʢʪʘʝʜʨʠʯʥʽ ʧʦʨʦʞʥʠʥʠ (ʤʽʞʚʫʟʣʷ). ʋ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝʥʪʨ ʤʽʞʚʫʟʣʷ ʦʪʦʯʝʥʠʡ ʯʦʪʠʨʤʘ ʤʦʣʝʢʫʣʘʤʠ ʉ60, 

ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʚʝʨʰʠʥʘʭ ʪʝʪʨʘʝʜʨʘ; ʫ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ï h ʽʩʪʴʤʘ 

ʤʦʣʝʢʫʣʘʤʠ ʉ60, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʚʝʨʰʠʥʘʭ ʦʢʪʘʝʜʨʘ.  
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ɿʘ ʝʣʝʢʪʨʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʬʫʣʝʨʠʜʠ ʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʽʟ 

ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 1,5 ï 1,95 ʝɺ ʜʣʷ ʉ60 (ʧʨʠʙʣʠʟʥʦ 1,91 ʝɺ 

ʜʣʷ ʉ70), ʱʦ ʤʘʶʪʴ ʜʦʩʠʪʴ ʨʠʭʣʫ ʩʪʨʫʢʪʫʨʫ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʦʚʝʣʦʩʷ 

ʚʠʚʯʘʪʠ ʟʤʽʥʫ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ r ʧʽʜ ʪʠʩʢʦʤ. ɿʨʘʟʢʠ ʟ 

ʯʠʩʪʦʛʦ ʉ60 ʨʦʟʤʽʨʦʤ 0, 3³0,7³0,04 ʤʤ3 ʨʦʟʤʽʱʫʚʘʣʠ ʫ ʢʦʤʽʨʮʽ 

ʜʽʘʤʝʪʨʦʤ 1 ʤʤ, ʘ ʧʦʪʽʤ ʧʽʜʜʘʚʘʣʠ ʪʠʩʢʫ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ r ʫ ʨʘʟʽ 

ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʜʦ 95 ʘʪ ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʡʞʝ ʚ 9 ʨʘʟʽʚ. ɯʥʪʝʥʩʠʚʥʦ 

ʜʦʩʣʽʜʞʫʶʪʴ ʪʘʢʦʞ ʝʣʝʢʪʨʦʥʥʠʡ ʩʪʘʥ ʤʦʣʝʢʫʣʠ ʡ ʟʦʥʥʫ ʩʪʨʫʢʪʫʨʫ 

ʢʨʠʩʪʘʣʘ ʉ60. ɿʘ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʤʦʣʝʢʫʣʘ ʻ ʩʠʤʝʪʨʠʯʥʦʶ, ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʦʜʥʦʢʨʘʪʥʦ, ʪʨʠʢʨʘʪʥʦ, 

ʯʦʪʠʨʠʢʨʘʪʥʦ ʡ ʧôʷʪʠʢʨʘʪʥʦ ʚʠʨʦʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʪʝʨʤʽʚ ʫ 

ʤʦʣʝʢʫʣʽ ʉ60. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ 

ʝʣʝʢʪʨʦʥʥʽ ʪʝʨʤʠ ʨʦʟʰʠʨʶʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʥʥʽ ʟʦʥʠ. 

ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʚʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʬʫʣʝʨʝʥʽʚ ̒  

ʬʦʪʦʝʤʽʩʽʷ; ʜʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʚʘʥʪʠ ʟ ʝʥʝʨʛʽʻʶ ʚʽʜ 20 ʝɺ ʜʦ 2 

ï 3 ʢʝɺ. ʗʢ ʚʚʘʞʘʻʪʴʩʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʡ ʩʧʝʢʪʨʽʚ ʬʦʪʦʝʤʽʩʽʾ 

ʟʘʣʝʞʥʦ ʚʽʜ ʝʥʝʨʛʽʾ ʨʽʚʥʷ ʟʙʫʜʞʝʥʥʷ ʩʪʚʦʨʶʻ ʢʘʨʪʠʥʫ ʛʫʩʪʠʥʠ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ.  

ʉʧʝʢʪʨ ʬʫʣʝʨʠʪʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʧʝʢʪʨʽʚ ʘʣʤʘʟʫ ʽ ʛʨʘʬʽʪʫ ̔  

ʜʫʞʝ ʩʢʣʘʜʥʠʡ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʚ ʤʝʞʘʭ 0 ï 25 ʝɺ. ʁʦʛʦ ʦʩʦʙʣʠʚʽʩʪʶ ̒  

ʪʘʢʦʞ ʚʫʟʴʢʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ, ʥʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʤʘʢʨʦʤʦʣʝʢʫʣ.  

ɯʩʪʦʪʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʤʦʣʝʢʫʣʷʨʥʽʡ ʽ ʪʚʝʨʜʦʪʽʣʴʥʽʡ ʭʽʤʽʾ ʧʨʠʚʝʣʠ 

ʜʦ ʩʠʥʪʝʟʫ ʨʽʟʥʠʭ ʩʧʦʣʫʢ ʉ60 ʟ ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʟʦʢʨʝʤʘ ʽʥʪʝʨ-

ʢʘʣʴʦʚʘʥʠʭ ʩʧʦʣʫʢ (ʽʟ ʚʧʨʦʚʘʜʞʝʥʠʤʠ ʘʪʦʤʘʤʠ ʚ ʢʨʠʩʪʘʣʽʯʥʫ ˇʨʘʪʢʫ 

ʬʫʣʝʨʠʪʫ).  

ɿʘʚʜʷʢʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʦʜʥʦʚʘʣʝʥʪʥʠʭ ʽʦʥʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʚ 

ʫʩʽ ʪʨʠ ʧʣʦʱʠʥʠ ʪʚʝʨʜʦʛʦ ʉ60 ʚʽʥ ʥʘʙʫʚʘʻ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

(çʤʝʪʘʣʝʚʦʛʦ ʪʠʧʫè). 

ɺʝʣʠʢʽ ʪʝʪʨʘʝʜʨʠʯʥʽ ʡ ʦʢʪʘʝʜʨʠʯʥʽ ʧʦʨʦʞʥʠʥʠ ʚ ʢʨʠʩʪʘʣʽ ʟ ɻʎʂ 

ˇʨʘʪʢʦʶ ʫʪʚʦʨʶʶʪʴ ʰʘʨʫʚʘʪʽ ʛʘʣʝʨʝʾ.  

ʋ ʪʦʡ ʯʘʩ, ʷʢ ʦʩʥʦʚʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ (ʨʠʩ. 

9.10), ʤʝʪʘʣʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʷʛʘʶʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʟʘ ʨʘʭʫʥʦʢ 
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ʜʦʜʘʚʘʥʥʷ ʪʨʴʦʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʤʦʣʝʢʫʣʫ ʟʘʧʦʚʥʶʻʪʴʩʷ ʧʦʣʦʚʠʥʘ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ.  

ʊʘʢʽ ʩʧʦʣʫʢʠ ʥʘ ʦʩʥʦʚʽ ʬʫʣʝʨʝʥʽʚ ʪʠʧʫ ʄʭʉ60 (ʄ = ʂ, Rb) ʩʧʨʠʷʣʠ 

ʚʽʜʢʨʠʪʪʶ ʧʝʨʰʠʭ ʥʘʜʧʨʦʚʽʜʥʠʢʽʚ ʬʫʣʝʨʠʪʦʚʦʛʦ ʪʠʧʫ. 
 

 

ʘ        ʙ           ʚ 

ʈʠʩ. 9.10. ɽʣʝʤʝʥʪʘʨʥʽ ʢʦʤʽʨʢʠ ʬʫʣʝʨʠʜʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ: 

ʘ ï ʪʨʠ ʘʪʦʤʠ ʜʦʤʽʰʢʠ ʥʘ ʤʦʣʝʢʫʣʫ ʉ60; ʙ ï ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʽ ʧʦʨʦʞʥʠʥʠ ʆʎʂ ˇʨʘʪʢʠ; 

ʚ ï ʩʧʦʣʫʢʠ ɸ4ʉ60 ʟ ʦʙôʻʤʦʮʝʥʪʨʦʚʘʥʦʶ ʪʝʪʨʘʛʦʥʘʣʴʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ˇʨʘʪʢʦʶ 

 

ɸʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʫʣʝʨʠʪʫ, ʣʝʛʦʚʘʥʦʛʦ ʜʦ ʥʘʩʠʯʝʥʥʷ ʢʘʣʽʻʤ 

(ʂ) ʽ ʮʝʟʽʻʤ (ʉs), ʧʦʢʘʟʘʚ, ʱʦ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʫʪʚʦʨʶʻʪʴʩʷ ʢʦʤʧʦʟʠʮʽʷ 

ʄ6ʉ60 (ʄ ï ʣʫʞʥʠʡ ʤʝʪʘʣ). ʋ ʨʘʟʽ 

ʜʦʩʪʘʪʥʽʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʤʽʰʢʠ (x > 

3) ˇʨʘʪʢʘ ʬʫʣʝʨʠʪʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ˇʨʘʪʢʫ, ʚʽʜʤʽʥʥʫ ʚʽʜ ɻʎʂ. ʅʘʧʨʠʢʣʘʜ, 

ʣʝʛʫʚʘʥʥʷ ʬʫʣʝʨʠʪʫ ʂ, Rb, ʉs ʜʦ 

ʥʘʩʠʯʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʝʨʝʙʫʜʦʚʦʶ ɻʎʂ ˇʨʘʪʢʠ ʚ ʆʎʂ ʽʟ 

ʥʝʱʽʣʴʥʠʤ ʧʘʢʦʚʘʥʥʷʤ. ʆʜʥʫ ʟ ʛʨʘʥʝʡ 

ʪʘʢʦʛʦ ʢʫʙʘ ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 9.11. ʂʦʤʽʨʢʘ ʤʘʻ ʚʠʛʣʷʜ ʯʦʪʠʨʴʦʭ 

ʘʪʦʤʽʚ, ʨʦʟʤʽʱʝʥʠʭ, ʷʢ ʽ ʚ 

ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ ʘʣʤʘʟʫ, ʚ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʧʦʣʦʞʝʥʥʷʭ. ʂʦʞʥʘ ʤʦʣʝʢʫʣʘ ʉ60 ʧʝʨʝʙʫʚʘʻ ʚ ʦʪʦʯʝʥʥʽ 

24 ʘʪʦʤʽʚ ʤʝʪʘʣʫ, ʽ ʢʦʞʥʠʡ ʟ ʮʠʭ ʘʪʦʤʽʚ ʟʫʤʦʚʣʶʻ ʪʝʪʨʘʛʦʥʘʣʴʥʽʩʪʴ 

ʯʦʪʠʨʴʦʭ ʤʦʣʝʢʫʣ ʉ60. 

ʇʽʜ ʯʘʩ ʣʝʛʫʚʘʥʥʷ ʬʫʣʝʨʠʪʫ ʣʫʞʥʠʤʠ ʤʝʪʘʣʘʤʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʫ ɻʎʂ ʬʘʟʫ ʬʫʣʝʨʠʜʫ ʪʠʧʫ ʄʭʉ60 (ʭ = 3), ʘ ʪʘʢʦʞ 

ʈʠʩ. 9.11. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʛʨʘʥʽ 

ʢʫʙʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʜʦ ʦʩʽ Z ʜʣʷ 

ʆʎʂ ʢʦʤʽʨʢʠ ʄ6ʉ60, ʄ = ʂ, Rb, ʉs 
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ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʦʙôʻʤʦʮʝʪʨʦʚʘʥʽ ʪʝʪʨʘʛʦʥʘʣʴʥʽ ʬʘʟʠ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʭ 

= 4 ʽ ʭ = 6. ʇʝʨʰʘ ʟ ʥʠʭ ʚʠʷʚʠʣʘʩʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʥʘʜʧʨʦʚʽʜʥʠʢʦʤ. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʜʧʨʦʚʽʜʥʠʢʽʚ ʄ3ʉ60 ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʭʦʜʫ ʚ ʥʘʜʧʨʦʚʽʜʥʠʡ ʩʪʘʥ ʊʩ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʘʪʦʤʘ ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ. ʎʷ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʤʘʡʞʝ ʣʽʥʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʊʩ ̔  ʧʘʨʘʤʝʪʨʦʤ ʘ 

ɻʎʂ ˇʨʘʪʢʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟʥʘʡʰʣʠ ʧʦʷʩʥʝʥʥʷ ʟʘ 

ʧʨʠʧʫʱʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʩʣʘʙʢʦʛʦ ʟʚôʷʟʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʽʾ 

ɹʘʨʜʽʥʘïʂʫʧʝʨʘïʐʠʬʬʝʨʘ ʡ ʪʦʛʦ, ʱʦ ʊʩ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ 

ʧʝʨʝʢʨʠʪʪʷ ʥʘʡʙʣʠʞʯʠʭ ʤʦʣʝʢʫʣ ʉ60. ʆʜʥʘʢ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟôʷʩʦʚʘʥʦʶ 

ʨʦʣʴ ʽ ʚʧʣʠʚ ʣʝʛʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʽʟʥʽ ʣʫʞʥʽ ʤʝʪʘʣʠ ʚ ʩʧʦʣʫʢʘʭ ʪʠʧʫ ʄ3ʉ60 

ʧʽʜʢʦʨʷʶʪʴʩʷ ʧʨʘʚʠʣʫ ʩʧʘʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʫʯʘʩʪʶ ʚ ʮʴʦʤʫ 

ʧʨʦʮʝʩʽ ʬʦʥʦʥʽʚ ʣʫʞʥʠʭ ʽʦʥʽʚ, ʢʦʣʠ ʧʝʨʝʭʽʜ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢïʤʝʪʘʣ ʫ 

ʬʫʣʝʨʠʜʽ ʟʫʤʦʚʣʶʻʪʴʩʷ ʧʝʨʝʭʦʜʦʤ ʝʣʝʢʪʨʦʥʽʚ ʟ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ ʥʘ 

ʙʽʣʴʰ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ.  

 

9.5. ɺʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ 

 

ɺʽʜʢʨʠʪʪʷ ʬʫʣʝʨʝʥʽʚ ʩʪʘʣʦ ʩʧʦʥʫʢʘʣʴʥʠʤ ʤʦʪʠʚʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʽʥʰʠʭ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʽ ʧʨʠʥʮʠʧʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʾʭ ʧʦʙʫʜʦʚʠ ʟ ʚʫʛʣʝʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ ʪʠʧ 

ʟʚôʷʟʢʫ sp2 ʥʘ ʦʩʥʦʚʽ ʧʨʦʩʪʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʩʪʨʫʢʪʫʨʠ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʧʨʠʚʘʙʣʠʚʽ ʡ ʢʦʨʠʩʥʽ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʆʜʥʠʤ ʟ ʷʩʢʨʘʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʠʚʩʷ ʩʠʥʪʝʟ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ï ʪʦʥʢʠʭ ʥʠʪʦʢ, ʱʦ ʤʘʶʪʴ ʥʝʟʚʠʯʘʡʥʽ 

ʝʣʝʢʪʨʠʯʥʽ ʡ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʨʦ ʷʢʽ ʥʘʫʢʦʚʠʡ ʩʚʽʪ ʜʦʚʽʜʘʚʩʷ ʚ 

1991 ʨ. ɿôʷʩʫʚʘʣʦʩʷ, ʱʦ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʦʜʥʦʰʘʨʦʚʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʪʨʫʙʦʢ ʙʽʣʴʰ ʥʽʞ ʥʘ ʧʦʨʷʜʦʢ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ 

ʩʪʘʣʝʡ. ɿʘ ʝʣʝʢʪʨʠʯʥʦʶ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʘʙʦ ʤʝʪʘʣʝʚʠʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʩʪʨʫʢʪʫʨʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʢʝʨʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦ. ɹʽʣʴʰ ʪʦʛʦ, ʚʫʛʣʝʮʝʚʽ ʪʨʫʙʢʠ ʤʦʞʥʘ 

ʥʘʧʦʚʥʶʚʘʪʠ çʤʦʥʦʘʪʦʤʥʠʤʠ ʥʠʪʢʘʤʠè ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ ʘʙʦ ʩʧʦʣʫʢ. 
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ʇʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʥʘʥʦʪʨʫʙʦʢ ʙʫʚʘʻ ʥʘʩʪʽʣʴʢʠ ʚʝʣʠʢʦʶ, ʱʦ 

ʤʦʞʣʠʚʠʤ ʩʪʘʻ ʩʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨ ʟ ʚʝʣʠʯʝʟʥʦʶ ʧʠʪʦʤʦʶ 

ʧʦʚʝʨʭʥʝʶ, ʱʦ ʧʦʪʨʽʙʥʽ ʜʣʷ ʘʢʫʤʫʣʷʮʽʾ ʚʦʜʥʶ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʷʢ ʧʨʦʪʷʞʥʽ 

ʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟʽ ʟʛʦʨʥʫʪʠʭ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ˇʨʘʪʦʢ ʟ 

ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʫ ʚʫʟʣʘʭ. ʄʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʥʘʥʦʪʨʫʙʢʠ ʷʢ 

ʛʨʘʥʠʯʥʠʡ ʚʠʧʘʜʦʢ ʧʦʟʜʦʚʞʥʽʭ ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʽʚ, ʜʦʚʞʠʥʘ ʷʢʠʭ 

ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʻ ʜʽʘʤʝʪʨ.  

 

9.5.1. ʄʝʪʦʜʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ 

 

ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʫ ʥʘʥʦʪʨʫʙʦʢ (ʷʢ ʚʫʛʣʝʮʝʚʠʭ, ʪʘʢ ʽ ʟ 

ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ) ʻ ʝʣʝʢʪʨʠʯʥʠʡ ʜʫʛʦʚʠʡ ʨʦʟʨʷʜ, ʣʘʟʝʨʥʝ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʘʙʦ ʘʙʣʷʮʽʷ ʫ ʚʘʢʫʫʤʽ ʪʘ ʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ ʟ ʧʘʨʦʚʦʾ 

ʬʘʟʠ.  

ʄʝʪʦʜ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʪʨʠʚʘʣʠʡ ʯʘʩ ʙʫʚ ʥʘʡʧʨʦʩʪʽʰʠʤ ʽ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʤʝʪʦʜʦʤ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ. ɺʽʥ ʜʦʟʚʦʣʷʻ 

ʩʠʥʪʝʟʫʚʘʪʠ ʥʘʡʙʽʣʴʰʫ ʯʘʩʪʢʫ ʚʠʭʦʜʫ ʥʘʥʦʪʨʫʙʦʢ ʧʦʨʽʚʥʷʥʦ ʟ 

ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʫ.  

ʆʩʥʦʚʥʠʡ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʤʝʪʦʜʦʤ ʜʫʛʦʚʦʛʦ 

ʨʦʟʨʷʜʫ ï ʮʝ ʩʠʥʪʝʟ ʜʫʛʦʚʠʤ ʨʦʟʨʷʜʦʤ ʤʽʞ ʛʨʘʬʽʪʦʚʠʤʠ ʘʥʦʜʦʤ ʽ 

ʢʘʪʦʜʦʤ. ʋ ʭʦʜʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʘʥʦʜ ʚʠʧʘʨʦʚʫʻʪʴʩʷ, ʘ ʥʘ ʧʦʚʝʨʭʥʽ 

ʢʘʪʦʜʘ ʟʨʦʩʪʘʶʪʴ ʙʘʛʘʪʦʰʘʨʦʚʽ ʥʘʥʦʪʨʫʙʢʠ. ʇʦʙʽʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʚ ʮʽʡ ʨʝʘʢʮʽʾ ʻ ʘʤʦʨʬʥʠʡ ʚʫʛʣʝʮʴ ʽ ʢʫʣʷʩʪʽ ʤʦʣʝʢʫʣʠ ʬʫʣʝʨʝʥʫ. 

ɼʦʜʘʚʘʥʥʷ ʫ ʛʨʘʬʽʪʦʚʽ ʝʣʝʢʪʨʦʜʠ ʤʝʪʘʣʫ (ʢʦʙʘʣʴʪʫ, ʥʽʢʝʣʶ, ʟʘʣʽʟʘ, 

ʽʪʨʽʶ ʘʙʦ ʤʦʣʽʙʜʝʥʫ) ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʘ ʜʘʻ ʟʤʦʛʫ ʚʠʛʦʪʦʚʣʷʪʠ ʦʜʥʦʰʘʨʦʚʽ 

ʥʘʥʦʪʨʫʙʢʠ, ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʶʯʠ ʫʪʚʦʨʝʥʥʷ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ.  

ʂʽʣʴʢʽʩʪʴ ʽ ʷʢʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʪʘʣʽʟʘʪʦʨʘ, ʪʠʩʢʫ ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ, ʡʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ.  

ɼʽʘʤʝʪʨ ʦʜʥʦʰʘʨʦʚʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʤʝʞʘʭ 1,2 ï 1,4 ʥʤ. ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʘʨʛʦʥʫ ʟ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ ʜʠʬʫʟʽʾ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʪʦʥʢʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʟ ʜʽʘʤʝʪʨʦʤ 1,2 ʥʤ.  
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ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʦʤ ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʟʘʟʚʠʯʘʡ ʻ ʛʘʟ, ʤʦʣʝʢʫʣʠ ʷʢʦʛʦ ʤʽʩʪʷʪʴ 

ʚʫʛʣʝʮʴ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʥ ʉʅ4 (ʨʠʩ. 9.12).  

ɻʘʟ, ʥʘʛʨʽʪʠʡ ʜʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (400 ï 700 ʦʉ ʜʣʷ ʤʝʪʘʥʫ), 

ʧʨʦʧʫʩʢʘʶʪʴ ʯʝʨʝʟ ʰʘʨ ʥʘʥʦʯʘʩʪʠʥʦʢ ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, 

ʟʘʣʽʟʘ, ʥʽʢʝʣʶ ʘʙʦ ʢʦʙʘʣʴʪʫ.  

ʄʝʪʘʣʝʚʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨ ʨʝʘʢʮʽʾ 

ʨʦʟʧʘʜʫ ʤʝʪʘʥʫ ʥʘ ʚʫʛʣʝʮʴ ʽ ʚʦʜʝʥʴ.  

ɸʪʦʤʠ ʚʫʛʣʝʮʶ ʦʩʽʜʘʶʪʴ ʥʘ ʤʝʪʘʣʝʚʽ ʥʘʥʦʯʘʩʪʠʥʢʠ, ʧʦʩʪʫʧʦʚʦ 

ʬʦʨʤʫʶʯʠ ʥʘʥʦʪʨʫʙʢʠ.  
 

 
ʈʠʩ. 9.12. ʊʨʠʩʪʘʜʽʡʥʝ ʚʠʨʦʱʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʤʝʪʦʜʦʤ 

ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ: ʘ ï ʥʘʥʝʩʝʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʘ; 

ʙ ï ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʢʘʪʘʣʽʟʘʪʦʨʘ ʧʽʜ ʯʘʩ ʚʽʜʧʘʣʫ; 

ʚ ï ʟʨʦʩʪʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʷʜ ʩʧʦʩʦʙʽʚ ʩʠʥʪʝʟʫ ʦʜʥʦʰʘʨʦʚʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʟʘʜʘʥʦʾ ʢʽʨʘʣʴʥʦʩʪʽ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʘʜʘʥʦʾ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʦ ʩʧʦʩʦʙʠ ʣʝʛʫʚʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ 

ʜʦʤʽʰʢʘʤʠ ʨ- ̔  ʧ-ʪʠʧʽʚ ʪʘ ʩʧʦʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ. ɺʦʥʠ ʧʦʣʷʛʘʶʪʴ ʫ ʜʦʩʷʛʥʝʥʥʽ ʘʥʘʣʦʛʽʾ ʟʽ ʩʪʘʥʜʘʨʪʥʦʶ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʧʨʦʪʝ ʨʦʟʤʽʨʠ ʝʣʝʤʝʥʪʽʚ 

ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʩʪʽʥʥʠʭ ʥʘʥʦʪʨʫʙʦʢ ʩʢʣʘʜʘʶʪʴ ʦʜʠʥʠʮʽ 

ʥʘʥʦʤʝʪʨʽʚ.  

ʉʪʨʫʢʪʫʨʘ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ 

ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ, ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʥʘʥʦʪʨʫʙʦʢ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ. ʉʠʥʪʝʟʫʻʪʴʩʷ ʤʝʥʰʝ 

ʥʘʥʦʪʨʫʙʦʢ ʟ ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʚʦʥʠ ʙʽʣʴʰ ʚʠʛʥʫʪʽ, ʫ 

ɿʨʦʩʪʘʥʥʷ 

ʥʘʥʦʪʨʫʙʦʢ 
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ʥʘʥʦʪʨʫʙʢʘʭ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʜʝʬʝʢʪʽʚ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʟʘʣʝʞʥʦ 

ʚʽʜ ʢʘʪʘʣʽʟʘʪʦʨʘ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʩʧʽʨʘʣʴʥʝ ʟʨʦʩʪʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ. 

ʂʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʚ ʥʘʥʦʪʨʫʙʮʽ ʟʘʟʚʠʯʘʡ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʪʨʴʦʭ ʜʦ ʩʪʘ. 

ɺʦʥʠ ʟʨʦʩʪʘʶʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʽʜʢʣʘʜʢʠ ʽ ʩʠʣʴʥʦ ʚʠʪʷʛʫʶʪʴʩʷ: 

ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʫʪʴ ʜʦʩʷʛʪʠ ʜʦʚʞʠʥʠ ʜʝʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʽʚ ʟʘ 

ʜʽʘʤʝʪʨʘ ʥʝ ʙʽʣʴʰʦʛʦ ʥʽʞ 100 ʥʤ. 

ʉʪʘʥʜʘʨʪʥʘ ʤʝʪʦʜʠʢʘ ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʥʝ ʜʦʟʚʦʣʷʻ 

ʦʜʥʦʯʘʩʥʦ ʩʠʥʪʝʟʫʚʘʪʠ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʘʥʦʪʨʫʙʦʢ. ɸʣʝ ʧʽʜ 

ʚʧʣʠʚʦʤ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʥʦʯʘʩʪʠʥʢʠ ʤʝʪʘʣʝʚʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ 

ʩʧʣʘʚʣʷʶʪʴʩʷ ʽ ʩʫʪʪʻʚʦ ʚʪʨʘʯʘʶʪʴ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʗʢʱʦ 

ʯʘʩʪʠʥʢʠ ʤʝʪʘʣʫ ʩʧʦʯʘʪʢʫ ʨʦʟʤʽʱʫʶʪʴʩʷ ʜʦʩʠʪʴ ʜʘʣʝʢʦ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʛʦ, ʪʦ ʚʦʥʠ ʥʝ ʟʣʠʧʘʶʪʴʩʷ, ʧʨʦʪʝ ʢʽʣʴʢʽʩʪʴ ʥʘʥʦʪʨʫʙʦʢ ʟʤʝʥ-

ʰʫʻʪʴʩʷ. ʊʦʤʫ ʩʪʘʥʜʘʨʪʥʘ ʪʝʭʥʦʣʦʛʽʷ ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʧʦʪʨʝʙʫʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ. ʅʘʪʝʧʝʨ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʷʜ ʤʦʜʠʬʽʢʘʮʽʡ ʮʴʦʛʦ 

ʤʝʪʦʜʫ: ʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ ʟʘ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʭʽʤʽʯʥʝ 

ʦʩʘʜʞʝʥʥʷ, ʧʽʜʚʠʱʝʥʝ ʧʣʘʟʤʦʚʠʤ ʩʠʥʪʝʟʦʤ ʪʘ ʽʥʜʫʢʦʚʘʥʦʶ 

ʤʝʪʘʣʽʟʘʮʽʻʶ ʽ ʪ. ʽʥ.  

ʅʝʱʦʜʘʚʥʦ ʚʯʝʥʽ ʚʜʦʩʢʦʥʘʣʠʣʠ ʪʝʭʥʦʣʦʛʽʶ ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʜʣʷ 

ʚʠʨʦʱʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʤʘʟʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ. ʏʘʩʪʠʥʢʠ ʤʝʪʘʣʽʚ ʟʘʤʽʥʠʣʠ ʥʘ ʘʣʤʘʟʥʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʟ 

ʜʽʘʤʝʪʨʦʤ ʙʣʠʟʴʢʦ 5 ʥʤ, ʷʢʽ ʥʝ ʟʣʠʧʘʶʪʴʩʷ. ʄʝʪʘʥ ʟʘʤʽʥʠʣʠ ʝʪʘʥʦʣʦʤ 

(ʟʘ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʥ ʧʝʨʝʙʫʚʘʚ ʫ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ). ʗʢʱʦ 

ʝʪʘʥʦʣ ʧʨʦʧʫʩʢʘʪʠ ʯʝʨʝʟ ʰʘʨ ʘʣʤʘʟʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ, 

ʩʠʥʪʝʟʫʚʘʪʠʤʝʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʘʥʦʪʨʫʙʦʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, 

ʱʦ ʥʘʥʦʯʘʩʪʠʥʢʠ ʥʝ ʤʦʞʫʪʴ ʢʘʪʘʣʽʟʫʚʘʪʠ ʨʝʘʢʮʽʶ ʨʦʟʢʣʘʜʘʥʥʷ 

ʝʪʘʥʦʣʫ. ʊʝʤʧʝʨʘʪʫʨʘ, ʟʘ ʷʢʦʾ ʩʠʥʪʝʟʫʚʘʣʠʩʷ ʥʘʥʦʪʨʫʙʢʠ, ʩʪʘʥʦʚʠʪʴ 

ʙʣʠʟʴʢʦ 900 Áʉ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʧʘʜʫ ʤʦʣʝʢʫʣ ʝʪʘʥʦʣʫ.  

ʃʘʟʝʨʥʘ ʘʙʣʷʮʽʷ ʜʘʻ ʟʤʦʛʫ ʩʠʥʪʝʟʫʚʘʪʠ ʧʝʨʝʚʘʞʥʦ ʦʜʥʦʰʘʨʦʚʽ 

ʥʘʥʦʪʨʫʙʢʠ, ʪʦʜʽ ʷʢ ʽʥʰʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʩʫʤʽʰ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʽ ʦʜʥʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. ɼʦʚʞʠʥʘ, ʜʽʘʤʝʪʨ ʽ 

ʢʽʨʘʣʴʥʽʩʪʴ ʥʘʥʦʪʨʫʙʦʢ, ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʾ ʘʙʣʷʮʽʾ, 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʚʠʛʦʪʦʚʣʝʥʠʤʠ ʟʘ ʤʝʪʦʜʦʤ ʜʫʛʦʚʦʛʦ 

ʨʦʟʨʷʜʫ. ʆʜʥʦʩʪʽʥʥʽ ʥʘʥʦʪʨʫʙʢʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʾ 

ʘʙʣʷʮʽʾ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʷʢʽʩʪʴ.  

' 
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ɽʣʝʢʪʨʦʣʽʟ ï ʤʝʥʰ ʧʦʰʠʨʝʥʠʡ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ. ʅʘʪʝʧʝʨ ʮʝ ʻʜʠʥʠʡ ʤʝʪʦʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʟ 

ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʬʘʟʠ. ʉʠʥʪʝʟʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʤʽʩʪʠʪʴ ʙʘʛʘʪʦʰʘʨʦʚʽ 

ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ, ʽʥʢʘʧʩʫʣʴʦʚʘʥʽ ʫ ʚʫʛʣʝʮʴ ʤʝʪʘʣʝʚʽ ʯʘʩʪʠʥʢʠ 

ʽʦʥʽʚ, ʘʤʦʨʬʥʠʡ ʚʫʛʣʝʮʴ ʽ ʡʦʛʦ ʚʦʣʦʢʥʘ.  

ʉʣʽʜʦʤ ʟʘ ʚʫʛʣʝʮʝʚʠʤʠ ʽ ʢʨʝʤʥʽʻʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʧʦʥʘʜ 

ʜʝʩʷʪʴ ʨʦʢʽʚ ʪʦʤʫ ʙʫʣʦ ʧʝʨʝʜʙʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʩʠʥʪʝʟʫ 

ʦʜʥʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟ 

ʽʥʰʦʛʦ ʜʫʞʝ ʤʽʮʥʦʛʦ ʽ ʭʽʤʽʯʥʦ ʩʪʽʡʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ï ʥʽʪʨʠʜʫ ʙʦʨʫ. 

ʅʘʪʝʧʝʨ ʫ ʨʷʜʽ ʧʨʘʮʴ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʥʦʪʨʫʙʢʠ ʟ ʥʽʪʨʠʜʫ ʙʦʨʫ (ɺN) ̫ʢ 

ʯʠʩʪʽ, ʪʘʢ ʽ ʣʝʛʦʚʘʥʽ ʚʫʛʣʝʮʝʤ (ɺN-ʉ) ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʚʘʞʣʠʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʦʚʽʪʥʽʭ ʧʨʠʣʘʜʘʭ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ, ʧʨʦʪʝ ʚʫʛʣʝʮʝʚʽ 

ʥʘʥʦʪʨʫʙʢʠ ʥʝ ʻ ʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʦʩʦʙʠ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʽʟʥʠʤʠ. ʆʧʪʠʤʽʟʘʮʽʻʶ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ 

ʜʦʩʷʛʥʫʪʦ ʚʠʭʦʜʫ çʧʨʠʜʘʪʥʦʛʦ ʧʨʦʜʫʢʪʫè ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʚʽʜʩʦʪʢʽʚ ʚʽʜ 

ʤʘʩʠ ʦʩʘʜʫ, ̫ʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʢʘʪʦʜʽ.  

ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʧʦʚôʷʟʘʥʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʪʘʣʽʟʘʪʦʨʽʚ (ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʤʝʪʘʣʽʚ), ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʷʢ ʦʜʥʦʰʘʨʦʚʽ, ʪʘʢ ʽ ʙʘʛʘʪʦʰʘʨʦʚʽ 

ʥʘʥʦʪʨʫʙʢʠ ʫ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʩʪʘʥʘʭ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʥʘʧʨʷʤʽ ʧʦʣʽʧʰʝʥʥʷ ʩʧʦʩʦʙʽʚ ʩʠʥʪʝʟʫ ʥʘʥʦʪʨʫʙʦʢ 

ʧʨʦʜʦʚʞʫʶʪʴʩʷ, ʘʣʝ ʫʞʝ ʪʝʧʝʨ ʩʪʘʙʽʣʴʥʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʜʦʩʠʪʴ ʯʠʩʪʽ 

ʚʫʛʣʝʮʝʚʽ ʪʨʫʙʢʠ.  

 

9.5.2. ʆʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʪʨʫʙʦʢ 

 

ʅʘʥʦʪʨʫʙʢʠ ï ʮʝ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʽ ʚʫʛʣʝʮʝʚʽ ʥʠʪʢʦʧʦʜʽʙʥʽ 

ʢʨʠʩʪʘʣʠ, ɦʦ ʤʘʶʪʴ ʜʦʩʢʦʥʘʣʫ ʪʨʫʙʯʘʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʦʾ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽʜʝʘʣʴʥʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʚʦʣʦʢʥʘ.  

ɼʽʘʤʝʪʨ ʪʘʢʠʭ ʪʨʫʙʦʢ ʟʘʟʚʠʯʘʡ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʝʢʽʣʴʢʦʭ 

ʥʘʥʦʤʝʪʨʽʚ, ʘ ʜʦʚʞʠʥʘ ï ʚʽʜ ʜʝʩʷʪʠʭ ʯʘʩʪʦʢ ʤʽʢʨʦʥʘ ʜʦ ʜʝʩʷʪʢʽʚ 

ʤʽʢʨʦʥʽʚ.  

' 
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ʅʘ ʧʦʟʜʦʚʞʥʴʦʤʫ ʟʨʽʟʽ ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʢʦʞʥʘ ʥʠʪʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʰʘʨʽʚ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʷʚʣʷʻ ʩʦʙʦʶ ʛʝʢʩʘʛʦʥʘʣʴʥʫ 

ˇʨʘʪʢʫ ʛʨʘʬʽʪʫ. ʆʩʥʦʚʫ ʪʘʢʦʾ ˇʨʘʪʢʠ ʩʢʣʘʜʘʶʪʴ ʰʝʩʪʠʢʫʪʥʠʢʠ, 

ʫ ʚʝʨʰʠʥʘʭ ʢʫʪʽʚ ʷʢʠʭ ʨʦʟʤʽʱʝʥʽ ʘʪʦʤʠ ʚʫʛʣʝʮʶ (ʨʠʩ. 9.13, ʘ).  

ɺ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʘʨʘʤʠ ʜʦʨʽʚʥʶʻ 0,34 ʥʤ, ʪʦʙʪʦ 

ʪʘʢʘ ʞ, ʷʢ ʽ ʤʽʞ ʰʘʨʘʤʠ ʫ ʢʨʠʩʪʘʣʽʯʥʦʤʫ ʛʨʘʬʽʪʽ.  

ʎʠʣʽʥʜʨʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ 

ˇʨʘʪʢʠ ʚʫʛʣʝʮʶ ʟ sʨ2 ʟʚôʷʟʢʘʤʠ, ʱʦ ʥʝ ʤʽʩʪʠʪʴ ʥʝʥʘʩʠʯʝʥʠʭ ʟʚôʷʟʢʽʚ.  

                        
          ʘ               ʙ 

ʈʠʩ. 9.13. ʆʜʥʦʰʘʨʦʚʘ ʚʫʛʣʝʮʝʚʘ ʥʘʥʦʪʨʫʙʢʘ: ʘ ï ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ; 

ʙ ï ʬʫʣʝʨʝʥʦʧʦʜʽʙʥʠʡ ʟʘʢʨʠʪʠʡ ʢʽʥʝʮʴ ʥʘʥʦʪʨʫʙʢʠ 

 

ʆʜʠʥ ʰʘʨ ʛʨʘʬʽʪʫ ʟʛʦʨʥʫʪʠʡ ʚ ʥʘʧʨʷʤʢʫ ʢʽʥʮʽʚ, ʱʦ ʤʽʩʪʷʪʴ 

ʥʝʥʘʩʠʯʝʥʽ ʟʚôʷʟʢʠ. ʉʬʦʨʤʦʚʘʥʠʡ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʮʠʣʽʥʜʨ ʻ 

ʩʪʨʫʢʪʫʨʥʠʤ ʙʘʟʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʥʘʥʦʪʨʫʙʢʠ. 

ʂʽʥʮʽ ʪʨʫʙʦʯʦʢ ʟʘʢʨʠʪʽ ʦʜʥʦ- ʘʙʦ ʙʘʛʘʪʦʰʘʨʦʚʠʤʠ 

ʥʘʧʽʚʩʬʝʨʠʯʥʠʤʠ ʢʨʠʰʝʯʢʘʤʠ (ʨʠʩ. 9.13, ʙ), ʢʦʞʝʥ ʰʘʨ ʷʢʠʭ 

ʩʢʣʘʜʝʥʠʡ ʽʟ ʰʝʩʪʠʢʫʪʥʠʢʽʚ ʽ ʧôʷʪʠʢʫʪʥʠʢʽʚ, ʱʦ ʥʘʛʘʜʫʶʪʴ 

ʩʪʨʫʢʪʫʨʫ ʧʦʣʦʚʠʥʢʠ ʤʦʣʝʢʫʣʠ ʬʫʣʝʨʝʥʫ.  

ʋʥʽʢʘʣʴʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʥʘʥʦʪʨʫʙʢʠ ʧʦʣʷʛʘʻ ʫ ʩʧʽʨʘʣʴʥʦʤʫ 

ʨʦʟʤʽʱʝʥʥʽ ʚʫʛʣʝʮʝʚʠʭ ʰʝʩʪʠʢʫʪʥʠʢʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʰʘʨʫ, ʷʢʠʡ ʷʚʣʷʻ 

ʩʦʙʦʶ ʢʦʤʽʨʢʦʚʫ ˇʨʘʪʢʫ. ʉʧʽʨʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʠʤʝʪʨʽʻʶ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽ ʧʝʚʥʠʤ ʜʽʘʤʝʪʨʦʤ ʪʨʫʙʢʠ 

(ʢʦʞʝʥ ʟ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨ ʧʦʚʪʦʨʶʚʘʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʝʣʝʤʝʥʪʘ), ʚʽʜʯʫʪʥʦ ʟʤʽʥʶʻ ʛʫʩʪʠʥʫ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʪʘʥʽʚ, ʽ, ʦʪʞʝ, ʟʫʤʦʚʣʶʻ ʫʥʽʢʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʥʦʪʨʫʙʦʢ. ʑʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ ʢʝʨʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ 



250 

 

ʪʦʧʦʣʦʛʽʷ, ʪʦʙʪʦ ʧʝʚʥʠʤ ʯʠʥʦʤ ʦʨʽʻʥʪʦʚʘʥʘ ʛʝʦʤʝʪʨʠʯʥʘ 

ʢʦʥʬʽʛʫʨʘʮʽʷ ʦʢʨʝʤʠʭ ʰʘʨʽʚ ʫ ʢʦʞʥʽʡ ʪʨʫʙʮʽ, ʱʦ ʩʧʨʘʚʣʷʻ ʜʫʞʝ 

ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʩʧʦʣʫʢ. ʂʦʤʙʽʥʘʮʽʷ 

ʨʦʟʤʽʨʫ, ʩʪʨʫʢʪʫʨʠ ʽ ʪʦʧʦʣʦʛʽʾ ʥʘʜʽʣʷʻ ʥʘʥʦʪʨʫʙʢʠ ʥʝʟʚʠʯʘʡʥʠʤʠ 

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʩʪʽʡʢʽʩʪʶ, ʤʽʮʥʽʩʪʶ, ʪʚʝʨʜʽʩʪʶ ʘʙʦ 

ʛʥʫʯʢʽʩʪʶ ʫ ʨʘʟʽ ʜʝʬʦʨʤʘʮʽʾ), ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʝʨʝʥʝʩʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ (ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ).  

ɹʘʛʘʪʦʰʘʨʦʚʽ ʥʘʥʦʪʨʫʙʢʠ ʚʫʛʣʝʮʶ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʦʜʥʦʰʘʨʦʚʠʭ ʙʽʣʴʰʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʬʦʨʤ ʽ ʢʦʥʬʽʛʫʨʘʮʽʡ. 

ʄʦʞʣʠʚʽ ʨʽʟʥʦʚʠʜʠ ʧʦʧʝʨʝʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʧʦʢʘʟʘʥʦ ʥʘ pʠʩ. 9.14. ʉʪʨʫʢʪʫʨʫ, ʟʦʙʨʘʞʝʥʫ ʥʘ pʠʩ. 9.14, 

ʘ, ʥʘʟʚʘʥʦ çʨʦʩʽʡʩʴʢʦʶ ʤʘʪʨʴʦʰʢʦʶè. ɺʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʘʢʩʽʘʣʴʥʦ 

ʚʢʣʘʜʝʥʽ ʦʜʥʘ ʚ ʦʜʥʫ ʦʜʥʦʰʘʨʦʚʽ ʮʠʣʽʥʜʨʠʯʥʽ ʥʘʥʦʪʨʫʙʢʠ. ɯʥʰʦʛʦ 

ʪʠʧʫ ʩʪʨʫʢʪʫʨʘ, ʧʦʢʘʟʘʥʘ ʥʘ pʠʩ. 9.14, ʙ, ʥʘʛʘʜʫʻ ʟʛʦʨʥʫʪʠʡ ʨʫʣʦʥ ʘʙʦ 

ʩʫʚʽʡ. ɼʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʩʪʨʫʢʪʫʨ ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ 

ʰʘʨʘʤʠ, ʷʢ ʽ ʚ ʛʨʘʬʽʪʽ, ʜʦʨʽʚʥʶʻ 0,34 ʥʤ.  

ʆʯʽʢʫʶʪʴʩʷ ʫʩʧʽʰʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ. ɿʦʢʨʝʤʘ, 

ʦʜʥʦʰʘʨʦʚʽ ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʢʚʘʥʪʦʚʽ ʧʨʦʚʽʜʥʠʢʠ, ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʣʘʜʠ ʪʘ ʷʢ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ 

ʘʢʫʤʫʣʶʻ ʚʦʜʝʥʴ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʤʦʞʫʪʴ ʟʥʘʡʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ: 

ï ʫ ʧʦʣʴʦʚʠʭ ʝʤʽʩʽʡʥʠʭ ʧʨʠʩʪʨʦʷʭ ʷʢ ʥʘʥʦʟʦʥʜʽʚ, ʱʦ 

ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʨʦʙʦʯʠʭ ʢʽʥʮʽʚ ʘʪʦʤʥʦʛʦ ʩʠʣʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʘ;  

ï ̫ʢ ʝʬʝʢʪʠʚʥʽ ʦʧʦʨʥʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʽʟʫ; 

ï ʜʣʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʜʣʷ ʝʣʝʢʪʨʦʢʘʪʘʣʽʪʠʯʥʠʭ ʨʝʘʢʮʽʡ. 

 
ʘ   ʙ 
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ʈʠʩ. 9.14. ʄʦʜʝʣʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ: 

ʘ ï çʨʦʩʽʡʩʴʢʘ ʤʘʪʨʴʦʰʢʘè; ʙ ï ʩʚʠʪʦʢ 

 

ʋʞʝ ʧʝʨʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ 

ʮʠʭ ʤʘʪʝʨʽʘʣʘʭ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʟʚʠʯʘʡʥʽ ʝʬʝʢʪʠ. ʅʘʧʨʠʢʣʘʜ, 

ʥʘʥʦʪʨʫʙʢʠ ʟ ʚʽʜʢʨʠʪʠʤʠ ʢʽʥʮʷʤʠ ʧʨʦʜʫʢʫʶʪʴ ʢʘʧʽʣʷʨʥʠʡ ʝʬʝʢʪ, 

ʪʦʙʪʦ ʟʜʘʪʥʽ ʚʪʷʛʫʚʘʪʠ ʚ ʩʝʙʝ ʨʦʟʧʣʘʚʣʝʥʽ ʤʝʪʘʣʠ ʡ ʽʥʰʽ ʨʽʜʢʽ 

ʨʝʯʦʚʠʥʠ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʫ ʩʪʚʦʨʝʥʥʷ ʧʨʦʚʽʜʥʠʭ ʽ 

ʥʘʜʧʨʦʚʽʜʥʠʭ ʥʠʪʦʢ ʜʽʘʤʝʪʨʦʤ ʜʝʢʽʣʴʢʘ ʥʘʥʦʤʝʪʨʽʚ, ɦ ʦ ʤʦʞʫʪʴ 

ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʫ.  

ɽʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʪʨʫʙʦʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʾ ʩʧʽʨʘʣʴʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʟʦʢʨʝʤʘ, ʢʫʪʦʤ ʦʨʽʻʥʪʘʮʽʾ ʛʨʘʬʽʪʦʚʦʾ ʧʣʦʱʠʥʠ 

ʚʽʜʥʦʩʥʦ ʦʩʽ ʪʨʫʙʢʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʮʴʦʛʦ ʦʜʥʦʰʘʨʦʚʘ ʪʨʫʙʢʘ ʤʦʞʝ 

ʤʘʪʠ ʪʘʢʽ ʩʘʤʽ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʽ ʛʨʘʬʽʪ (çʥʘʧʽʚʤʝʪʘʣè, ʱʦ 

ʥʝ ʤʘʻ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ), ʘʙʦ ʙʫʪʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ʽʟ ʰʠʨʠʥʦʶ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚ ʤʝʞʘʭ 0,01 ï 0,7 ʝɺ. ʉʪʠʢʫʚʘʥʥʷ ʜʚʦʭ ʥʘʥʦʪʨʫʙʦʢ, 

ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʢʽʨʘʣʴʥʦʩʪʽ (ʪʦʙʪʦ ʨʽʟʥʽ ʢʫʪʠ ʥʘʭʠʣʫ 

ʩʧʽʨʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ) ʽ ʪʦʤʫ ʨʽʟʥʽ ʝʣʝʢʪʨʦʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ̫ ʚʣʷʻ 

ʩʦʙʦʶ ʨïʧ-ʧʝʨʝʭʽʜ, ʨʦʟʤʽʨʠ ʷʢʦʛʦ ʩʪʘʥʦʚʣʷʪʴ ʣʠʰʝ ʢʽʣʴʢʘ ʥʘʥʦʤʝʪʨʽʚ. 

ʎʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʷʢ ʦʩʥʦʚʫ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʥʘʥʦʪʨʫʙʦʢ. ɯʜʝʘʣʴʥʘ ʥʘʥʦʪʨʫʙʢʘ ï ʮʝ 

ʮʠʣʽʥʜʨ, ʚʠʢʦʥʘʥʠʡ ʟʛʦʨʪʘʥʥʷʤ ʧʣʦʩʢʦʾ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ˇʨʘʪʢʠ 

ʛʨʘʬʽʪʫ ʙʝʟ ʰʚʽʚ (pʠʩ. 9.15, ʘ). ʇʦʢʘʟʘʥʦ ʪʨʫʙʢʠ ʨʽʟʥʦʾ ʢʽʨʘʣʴʥʦʩʪʽ ï 

ʚʘʞʣʠʚʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʟʘʻʤʥʫ ʦʨʽʻʥʪʘʮʽʶ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ˇʨʘʪʢʠ ʛʨʘʬʽʪʫ ʽ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʥʘʥʦʪʨʫʙʢʠ.  
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ʈʠʩ. 9.15. ʄʦʜʝʣʴ ʥʘʥʦʪʨʫʙʦʢ: ʘ ï ʟ ʥʫʣʴʦʚʦʶ ʢʽʨʘʣʲʥʽʩʪʶ; 

ʙ ï  ʢʽʨʘʣʴʥʽʩʪʴ ʪʨʫʙʢʠ (6, 4) 

 

ʇʨʠʢʣʘʜʠ ʦʜʥʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʫʪʚʦʨʝʥʠʭ ʟʛʦʨʪʘʥʥʷʤ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ˇʨʘʪʢʠ ʛʨʘʬʽʪʫ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.16. ʅʘʧʨʷʤʦʢ 

ʚʝʢʪʦʨʘ ʟʛʦʨʪʘʥʥʷ ʉ (chiral) ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʥʦʩʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ 

ʜʚʦʭ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʜʽʣʷʥʦʢ: ʦʜʥʫ ʟ ʥʠʭ ʙʝʨʫʪʴ ʟʘ ʧʦʯʘʪʦʢ 

ʢʦʦʨʜʠʥʘʪ (0,0), ʘ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʨʫʛʦʾ ʜʽʣʷʥʢʠ ʚʠʟʥʘʯʘʶʪʴ 

ʜʚʦʤʘ ʮʽʣʠʤʠ ʯʠʩʣʘʤʠ (ʪ, ʧ) ʟ ʦʜʠʥʠʯʥʠʤʠ ʚʝʢʪʦʨʘʤʠ ʘ1 ̔  ʘ2 

(ʉ = ʪʘ1 + ʧʘ2). ʋ ʧʦʢʘʟʘʥʦʤʫ ʥʘ pʠʩ. 9.17 ʧʨʠʢʣʘʜʽ ʛʝʢʩʘʛʦʥʘʣʴʥʘ 

ˇʨʘʪʢʘ ʟʛʦʨʥʫʪʘ ʚʟʜʦʚʞ ʣʽʥʽʾ, ʱʦ ʟôʻʜʥʫʻ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ (0,0) ʽ 

ʪʦʯʢʫ ʉ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ (11,7).  

ɺʽʜʦʤʦ ʙʘʛʘʪʦ ʚʘʨʽʘʥʪʽʚ ʟʛʦʨʪʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ, ʘʣʝ ʟ-ʧʦʤʽʞ ʥʠʭ 

ʚʠʨʽʟʥʷʶʪʴ ʪʽ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʠʭ ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ˇʨʘʪʢʠ ʧʽʜ ʯʘʩ ʟʛʦʨʪʘʥʥʷ. ɼʦ ʪʨʫʙʦʢ ʪʘʢʦʛʦ ʪʠʧʫ 

ʥʘʣʝʞʘʪʴ ʪʨʫʙʢʠ armchair (çʛʦʬʨè ʘʙʦ çʢʨʽʩʣʦè), ʷʢʱʦ ʪ = ʧ, ʽ ʪʨʫʙʢʠ 

ʪʠʧʫ zigzag (çʟʠˇʟʘˇè), ʷʢʱʦ m = 0 (ʘʙʦ ʧ = 0). ɺʩʽ ʽʥʰʽ ʪʠʧʠ ʪʨʫʙʦʢ ʻ 

ʩʧʽʨʘʣʴʥʠʤʠ (ʩʢʨʫʯʝʥʠʤʠ) ʽ ʤʘʶʪʴ ʢʫʪʠ ʟʛʦʨʪʘʥʥʷ q ʫ ʤʝʞʘʭ 0 < q < 30Á, 

ʪʦʙʪʦ ʚ ʤʝʞʘʭ ʤʽʞ ʥʘʧʨʷʤʢʦʤ çʟʠˇʟʘˇè ʽ ʥʘʧʨʷʤʢʦʤ çʛʦʬʨè. ʎʽ 

ʥʘʧʨʷʤʢʠ ʧʦʟʥʘʯʝʥʽ ʣʽʥʽʷʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʦʯʦʢ. ʇʫʥʢʪʠʨʥʘ 

ʣʽʥʽʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʚʝʢʪʦʨʘ ʉ, ʻ ʥʘʧʨʷʤʢʦʤ ʦʩʽ ʪʨʫʙʢʠ (ʚʝʢʪʦʨ 

ʊ). 

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ ʦʜʥʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟʘʡʤʘʶʪʴ 

ʥʘʥʦʪʨʫʙʢʠ ʟ ʚʝʢʪʦʨʦʤ ʉ (10,10). ʋ ʥʘʥʦʪʨʫʙʢʘʭ ʪʘʢʦʛʦ ʪʠʧʫ ʜʚʘ ʟ ʉï

ʉ-ʟʚôʷʟʢʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʢʦʞʥʦʛʦ ʰʝʩʪʠʢʫʪʥʠʢʘ, ʦʨʽʻʥʪʦʚʘʥʽ 
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ʧʘʨʘʣʝʣʴʥʦ ʧʦʟʜʦʚʞʥʽʡ ʦʩʽ ʪʨʫʙʢʠ. ʅʘʥʦʪʨʫʙʢʠ ʧʦʜʽʙʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʯʠʩʪʦ ʤʝʪʘʣʝʚʫ ʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʧʽʜʚʠʱʝʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʫʙʢʘʤʠ ʽʥʰʦʾ ʢʽʨʘʣʴʥʦʩʪʽ (ʚʩʝ ʮʝ ʩʧʨʘʚʝʜʣʠʚʦ ʫ ʨʘʟʽ 

ʫʪʚʦʨʝʥʥʷ ʦʜʥʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ). ɯʥʜʝʢʩʦʚʘʥʫ ʩʭʝʤʫ, ʱʦ 

ʜʝʤʦʥʩʪʨʫʻ ʧʨʦʮʝʜʫʨʫ ʟʛʦʨʪʘʥʥʷ ʪʨʫʙʢʠ, ʧʦʢʘʟʘʥʦ ʥʘ pʠʩ. 9.16, ʘ 

ʪʘ 9.17. ɯʥʜʝʢʩ, ʧʦʢʘʟʘʥʠʡ ʥʘ ˇʨʘʪʮʽ, ʤʦʞʝ ʙʫʪʠ ʩʧʽʚʚʽʜʥʝʩʝʥʠʡ ʟ 

ʧʦʯʘʪʢʦʤ ʢʦʦʨʜʠʥʘʪ ʽ ʧʨʠʚʣʘʩʥʝʥʠʡ ʥʘʥʦʪʨʫʙʮʽ.  

ʅʘʧʨʠʢʣʘʜ, ʫʩʽ ʪʠʧʠ ʥʘʥʦʪʨʫʙʦʢ (ʧ, ʧ), ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ 

ʛʦʬʨʦʚʘʥʠʭ ʪʨʫʙʦʢ, ʧʦʟʥʘʯʝʥʽ ʷʢ armchair. ʋʩʽ (ʧ, 0) ʪʨʫʙʢʠ, 

ʧʦʟʥʘʯʝʥʽ ʷʢ zigzag, ̒ ʟʠˇʟʘˇʦʧʦʜʽʙʥʠʤʠ. ʈʦʟʤʽʱʝʥʥʷ ʽ ʜʦʚʞʠʥʘ 

ʚʝʢʪʦʨʘ ˇʨʘʪʢʠ, ʷʢʽ ʟôʻʜʥʫʶʪʴ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʽʟ ˇʨʘʪʢʦʶ (ʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʽʥʜʝʢʩʫ ʥʘʥʦʪʨʫʙʢʠ), ʚʠʟʥʘʯʘʶʪʴ ʩʧʽʨʘʣʴʥʽʩʪʴ ʽ ʜʽʘʤʝʪʨ 

ʪʨʫʙʢʠ. ʇʘʨʘʤʝʪʨʠ ʘ1 ̔  ʘ2 ̒  ʙʘʟʠʩʥʠʤʠ ʚʝʢʪʦʨʘʤʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ 

ˇʨʘʪʢʠ.  

 
ʈʠʩ. 9.16. ʇʨʠʢʣʘʜʠ ʥʘʥʦʪʨʫʙʦʢ: ʘ ï ʤʦʜʝʣʴ ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ 

ʨʽʟʥʦʾ ʢʽʨʘʣʴʥʦʩʪʽ ʧʽʜ ʯʘʩ ʟʛʦʨʪʘʥʥʷ ʫ ʮʠʣʽʥʜʨ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ˇʨʘʪʢʠ ʛʨʘʬʽʪʫ; 

ʙ ï ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʚʠʩʦʢʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʦʢʨʝʤʠʭ ʦʜʥʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 
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ʅʘʥʦʪʨʫʙʢʠ ʜʽʘʤʝʪʨʦʤ 1,36 ʥʤ ʪʘ ʜʦʚʞʠʥʦʶ ʜʝʩʷʪʢʠ ʽ ʩʦʪʥʽ 

ʥʘʥʦʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʝʪʘʣʝʚʦʶ ʧʨʦʚʽʜʥʽʩʪʶ, ʤʦʞʥʘ ʩʠʥ-

ʪʝʟʫʚʘʪʠ ʦʧʨʦʤʽʥʝʥʥʷʤ ʧʦʚʝʨʭʥʽ ʛʨʘʬʽʪʫ ʟ ʥʽʢʝʣʝʚʠʤ ʢʘʪʘʣʽʟʘʪʦʨʦʤ 

ʜʚʦʤʘ ʣʘʟʝʨʥʠʤʠ ʧʫʯʢʘʤʠ.  

ʊʘʢʽ ʥʘʥʦʪʨʫʙʢʠ ʟ ʢʽʨʘʣʴʥʽʩʪʶ (10,10) ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʜʞʛʫʪʠ 

ʜʽʘʤʝʪʨʦʤ 5 ï 20 ʤʢʤ, ʟʛʦʨʥʫʪʽ ʚ ʢʣʫʙʢʠ ̔ ʟʘʧʣʫʪʘʥʽ ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ.  
 

 

 
ʈʠʩ. 9.17. ʉʭʝʤʘ ʟʛʦʨʪʘʥʥʷ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʪʨʫʙʢʦʚʠʭ 

ʮʠʣʽʥʜʨʽʚ ʽʟ ʧʣʘʥʘʨʥʠʭ ʨʦʟʛʨʘʬʣʝʥʠʭ ʩʤʫʛ: 

ǒ ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ; ƺ ï ʤʝʪʘʣ; ɗ ï ʢʫʪ ʢʦʤʽʨʢʠ 

 

ʋ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ ʫ ʥʘʥʦʪʨʫʙʮʽ ʜʝʜʘʣʽ ʙʽʣʴʰʝ 

ʚʠʷʚʣʷʶʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʽʜʝʘʣʴʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ. ɯʥʢʦʣʠ 

ʟʦʚʥʽʰʥʷ ʦʙʦʣʦʥʢʘ ʥʘʚʽʪʴ ʥʘʙʫʚʘʻ ʬʦʨʤʠ ʙʘʛʘʪʦʛʨʘʥʥʠʢʘ. 

ʇʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʽʥʦʜʽ ʷʚʣʷʻ ʩʦʙʦʶ ʩʪʨʫʢʪʫʨʫ ʟ ʥʝʫʧʦʨʷʜʢʦʚʘʥʠʤ 

ʨʦʟʤʽʱʝʥʥʷʤ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ. ɺ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʥʘ ʽʜʝʘʣʴʥʽʡ 

ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ ˇʨʘʪʮʽ ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ ʥʘʥʦʪʨʫʙʢʠ ʚʠʥʠʢʘʶʪʴ 

ʜʝʬʝʢʪʠ ʫ ʚʠʛʣʷʜʽ ʧôʷʪʠʢʫʪʥʠʢʽʚ ʽ ʩʝʤʠʢʫʪʥʠʢʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʨʫʰʝʥʥʷ ʾʭʥʴʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ. ʇôʷʪʠʢʫʪʥʠʢ ʩʧʨʠʯʠʥʷʻ 

ʦʧʫʢʣʽʩʪʴ, ʘ ʩʝʤʠʢʫʪʥʠʢ ï ʚʠʛʠʥ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘʥʦʪʨʫʙʢʠ. 

ʇʦʜʽʙʥʽ ʜʝʬʝʢʪʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʥʫʪʠʭ ʽ ʟʘʢʨʫʯʝʥʠʭ 

ʥʘʥʦʪʨʫʙʦʢ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʟʨʦʩʪʘʥʥʷ ʚʠʛʠʥʘʶʪʴʩʷ, ʩʢʨʫʯʫʶʪʴʩʷ ʤʽʞ 



255 

 

ʩʦʙʦʶ, ʫʪʚʦʨʶʶʯʠ ʧʝʪʣʽ ʡ ʽʥʰʽ ʩʢʣʘʜʥʽ ʟʘ ʬʦʨʤʦʶ ʧʨʦʪʷʞʥʽ 

ʩʪʨʫʢʪʫʨʠ. ʂʦʥʬʽʛʫʨʘʮʽʾ ʥʘʥʦʪʨʫʙʦʢ ʫ ʨʘʟʽ ʾʭ ʚʠʛʠʥʫ ʧʦʢʘʟʘʥʦ ʥʘ pʠʩ. 

9.18, ʘ, ʘ ʚʠʛʥʫʪʫ ʪʦʥʢʫ ʪʨʫʙʢʫ ʧʦʨʫʯ ʟ ʧʨʷʤʦʶ ʪʦʚʩʪʦʶ ʪʨʫʙʢʦʶ ï 

ʥʘ ʨʠʩ. 9.18, ʙ. 

 

ʈʠʩ. 9.18. ʄʦʜʝʣʴ ʧʦʚʦʜʞʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʫ ʨʘʟʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʚʠʛʠʥʫ: 

ʘ ï ʜʚʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʥʘʥʦʪʨʫʙʦʢ ʫ ʩʪʘʥʽ ʚʠʛʠʥʫ; ʙ ï ʟʦʙʨʘʞʝʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʧʨʦʩʚʽʪʣʶʚʘʣʴʥʠʤ ʝʣʝʢʪʨʦʥʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ 

 

ʋʧʣʠʚ ʜʝʬʝʢʪʽʚ ʩʪʨʫʢʪʫʨʠ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʥʦʪʨʫʙʦʢ. ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʚʠʜʽʚ ʪʦʧʦʣʦʛʽʯʥʠʭ ʜʝʬʝʢʪʽʚ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʻ ʜʝʬʝʢʪʠ 

ʪʠʧʫ 7-5-5-7, ʷʢʽ ʤʽʩʪʷʪʴ ʧʘʨʫ 

ʧôʷʪʠʢʫʪʥʠʭ ʽ ʧʘʨʫ ʩʝʤʠʢʫʪʥʠʭ ʬʽʛʫʨ 

(ʨʠʩ. 9.19). ɼʝʬʝʢʪ 7-5-5-7 ʩʧʨʠʯʠʥʷʻ 

ʣʦʢʘʣʴʥʫ ʜʝʬʦʨʤʘʮʽʶ ʙʦʢʦʚʦʾ 

ʛʨʘʬʽʪʦʚʦʾ ʩʪʽʥʢʠ ʪʨʫʙʢʠ.  

ʘ 

ʙ 

ʈʠʩ. 9.19. ʐʪʫʯʥʦ ʩʪʚʦʨʝʥʠʡ ʜʝʬʝʢʪ 

ʥʘ ʥʘʥʦʪʨʫʙʮʽ; ʢʽʨʘʣʴʥʦʩʪʽ ʜʚʦʭ 

ʯʘʩʪʠʥ ʥʘʥʦʪʨʫʙʢʠ (7,1) ʽ (8,0) 

(8,0) 

(7,1) 



256 

 

ʂʦʣʠ ʧôʷʪʠʢʫʪʥʠʢ ʟôʻʜʥʫʻʪʴʩʷ ʽʟ ʩʝʤʠʢʫʪʥʠʢʦʤ, ʪʦ ʮʝ ʩʧʨʠʯʠʥʷʻ 

ʪʦʧʦʣʦʛʽʯʥʽ ʟʤʽʥʠ. ʇʘʨʘ 5-7 ʛʝʥʝʨʫʻ ʟʤʽʥʠ ʫ ʢʽʨʘʣʴʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ 

ʟʘʣʝʞʥʦ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʰʝʩʪʠʢʫʪʥʠʢʽʚ ʛʨʘʬʽʪʦʚʦʾ ˇʨʘʪʢʠ ʩʪʽʥʢʠ 

ʥʘʥʦʪʨʫʙʢʠ. 

ʆʩʢʽʣʴʢʠ ʢʽʨʘʣʴʥʽʩʪʴ ʥʘʥʦʪʨʫʙʢʠ ʚʠʟʥʘʯʘʻ ʾʾ ʝʣʝʢʪʨʦʥʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʪʦ ʪʘʢʽ ʜʝʬʝʢʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʥʘʥʦʪʨʫʙʦʢ ʥʘʥʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ. ɭ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʥʘʥʦʧʝʨʝʭʦʜʠ ʤʦʣʝʢʫʣʷʨʥʠʭ ʨʦʟʤʽʨʽʚ: ʤʝʪʘʣïʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, 

ʤʝʪʘʣïʤʝʪʘʣ ʯʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢïʥʘʧʽʚʧʨʦʚʽʜʥʠʢ. 

ʂʘʧʽʣʷʨʥʽ ʝʬʝʢʪʠ ʚ ʥʘʥʦʪʨʫʙʢʘʭ ʚʫʛʣʝʮʶ. ʄʦʞʣʠʚʽʩʪʴ 

ʟʘʧʦʚʥʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʘʥʘʣʫ ʥʘʥʦʪʨʫʙʦʢ ʨʽʟʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 

ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ. ʇʨʠʢʣʘʜʠ ʟʘʧʦʚʥʝʥʥʷ 

ʪʨʫʙʢʠ ʧʦʢʘʟʘʥʦ ʥʘ pʠʩ. 9.20. ʅʘʥʦʪʨʫʙʢʫ, ʟʘʧʦʚʥʝʥʫ ʧʨʦʚʽʜʥʠʢʦʤ, 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ʘʙʦ ʥʘʜʧʨʦʚʽʜʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʥʘʡʙʽʣʴʰ ʤʽʥʽʘʪʶʨʥʠʡ ʝʣʝʤʝʥʪ ʫ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ. 

 

ʈʠʩ. 9.20. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ (ʘ) ʪʘ ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ (ʙ) ʩʧʽʨʘʣʝʧʦʜʽʙʥʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʢʨʠʩʪʘʣʘ Sn ʫʩʝʨʝʜʠʥʽ ʢʘʧʽʣʷʨʘ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʥʘʥʦʪʨʫʙʢʠ. 

ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ (ʚ) ʽ ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ (ʛ) ʩʧʽʨʘʣʝʧʦʜʽʙʥʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʢʨʠʩʪʘʣʘ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ UCl4 ʫʩʝʨʝʜʠʥʽ ʢʘʧʽʣʷʨʘ  

ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʥʘʥʦʪʨʫʙʢʠ 

 

ʛ 

ʙ 

ʚ 

ʘ 
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ɼʣʷ ʪʦʛʦ ʱʦʙ ʫʚʝʩʪʠ ʚ ʥʘʥʦʪʨʫʙʢʫ ʨʽʜʠʥʫ, ʥʝʦʙʭʽʜʥʦ çʚʽʜʢʨʠʪʠè ʾ ʾ, 

ʪʦʙʪʦ ʚʠʜʘʣʠʪʠ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʥʘʥʦʪʨʫʙʢʠ (çʟʥʷʪʠ ʢʨʠʰʝʯʢʫè). ʎʶ 

ʦʧʝʨʘʮʽʶ ʜʦʙʨʝ ʚʽʜʧʨʘʮʴʦʚʘʥʦ. ʆʜʠʥ ʟʽ ʩʧʦʩʦʙʽʚ ʾʾ ʚʠʢʦʥʘʥʥʷ ʧʦʣʷʛʘʻ 

ʫ ʚʽʜʧʘʣʽ ʤʘʪʝʨʽʘʣʫ ʢʘʪʦʜʥʦʛʦ ʦʩʘʜʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 850 Áʉ ʧʨʦʪʷʛʦʤ 

ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ ʫ ʧʦʪʦʮʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʢʠʩʥʝʥʥʷ 

ʙʣʠʟʴʢʦ 10% ʫʩʽʭ ʥʘʥʦʪʨʫʙʦʢ ʚʠʷʚʣʷʶʪʴʩʷ ʚʽʜʢʨʠʪʠʤʠ. ɯʥʰʠʡ ʩʧʦʩʽʙ 

ʨʫʡʥʫʚʘʥʥʷ ʟʘʢʨʠʪʠʭ ʢʽʥʮʽʚ ʥʘʥʦʪʨʫʙʦʢ ï ʮʝ ʚʠʪʨʠʤʫʚʘʥʥʷ 

ʥʘʥʦʪʨʫʙʦʢ ʫ ʢʦʥʮʝʥʪʨʦʚʘʥʽʡ ʘʟʦʪʥʽʡ ʢʠʩʣʦʪʽ ʧʨʦʪʷʛʦʤ 4,5 ʛʦʜ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 240 ʦʉ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 80% ʥʘʥʦʪʨʫʙʦʢ 

ʩʪʘʶʪʴ ʚʽʜʢʨʠʪʠʤʠ. 

ʇʝʨʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʘʧʽʣʷʨʥʠʭ ʷʚʠʱ ʧʦʢʘʟʘʣʠ ʟʚôʷʟʦʢ ʤʽʞ 

ʟʥʘʯʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʽ ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʥʠʢʥʝʥʥʷ ʨʽʜʠʥʠ 

ʚʩʝʨʝʜʠʥʫ ʢʘʥʘʣʫ ʥʘʥʦʪʨʫʙʢʠ. ʂʘʧʽʣʷʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʚʠʷʚʣʷʶʪʴʩʷ ʪʽʣʴʢʠ ʟ ʪʠʤʠ ʨʽʜʠʥʘʤʠ, ʱʦ ʤʘʶʪʴ 

ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ s < 200 ʤʣʅ/ʤ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘʢʦʞ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʢʫ ʨʦʣʴ ʫ ʢʘʧʽʣʷʨʥʠʭ ʷʚʠʱʘʭ ʚʽʜʽʛʨʘʻ ʢʠʩʝʥʴ. ʅʘ 

ʧʦʚʝʨʭʥʽ ʨʽʜʢʠʭ ʤʝʪʘʣʽʚ ʟʘ ʥʘʷʥʦʩʪʽ ʢʠʩʥʶ ʫʪʚʦʨʶʶʪʴʩʷ ʦʢʩʠʜʠ, 

ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʷʢʠʭ ʤʝʥʰʠʡ, ʥʽʞ ʥʘʪʷʛ ʨʽʜʢʠʭ ʤʝʪʘʣʽʚ. 
 

ɼʣʷ ʚʚʝʜʝʥʥʷ ʫʩʝʨʝʜʠʥʫ ʥʘʥʦʪʨʫʙʦʢ ʨʽʜʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʨʦʟʯʠʥʥʠʢʠ, ʱʦ ʤʘʶʪʴ ʥʠʟʴʢʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ. ʗʢ ʨʦʟʯʠʥʥʠʢ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʥʮʝʥʪʨʦʚʘʥʫ ʘʟʦʪʥʫ ʢʠʩʣʦʪʫ, ʧʦʚʝʨʭʥʝʚʠʡ 

ʥʘʪʷʛ ʷʢʦʾ ʥʝʚʝʣʠʢʠʡ ï ʙʣʠʟʴʢʦ 43 ʤʣʅ/ʤ (ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʚʦʜʠ 73 

ʤʣʅ/ʤ).  

ʈʦʟʨʦʙʣʝʥʦ ʪʘʢʦʞ ʤʝʪʦʜʠ ʟʘʧʦʚʥʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʤʝʪʘʣʘʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʦʙʠ ʟʘʧʦʚʥʝʥʥʷ ʪʨʫʙʢʠ ʥʽʢʝʣʝʤ ʜʦʟʚʦʣʷʶʪʴ 

ʩʪʚʦʨʶʚʘʪʠ 80% ʚʽʜʢʨʠʪʠʭ ʪʨʫʙʦʢ; ʟʘ ʪʘʢʠʭ ʫʤʦʚ 60 ï 70 % ʪʨʫʙʦʢ 

ʤʽʩʪʷʪʴ ʥʽʢʝʣʝʚʠʡ ʤʘʪʝʨʽʘʣ. ʎʝʡ ʤʘʪʝʨʽʘʣ ʷʚʣʷʻ ʩʦʙʦʶ N̔ ʆ ʫ ʚʠʛʣʷʜʽ 

ʢʨʠʩʪʘʣʠʢʽʚ, ʱʦ ʤʘʶʪʴ ʜʽʘʤʝʪʨ 3 ï 6 ʥʤ, ʜʦʚʞʠʥʫ ʜʦ 30 ʥʤ ̔  ʤʽʩʪʷʪʴʩʷ 

ʚʩʝʨʝʜʠʥʽ ʥʘʥʦʪʨʫʙʦʢ, ʧʨʠʯʦʤʫ ʯʘʩʪʦ ʜʘʣʝʢʦ ʚʽʜ ʚʝʨʰʠʥʠ. 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʪʨʫʙʢʠ ʟ ʫʤʽʩʪʦʤ Fe ̔ Co. ɼʣʷ 

ʟʘʧʦʚʥʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦʟʯʠʥ ʤʝʪʘʣʽʚ ʘʙʦ ʾʭʥʽʭ 

ʦʢʩʠʜʽʚ ʚ ʘʟʦʪʥʽʡ ʢʠʩʣʦʪʽ. ɺʦʥʘ ʩʧʨʠʷʻ ʚʽʜʢʨʠʪʪʶ ʥʘʥʦʪʨʫʙʦʢ ʽ 

ʧʨʦʥʠʢʥʝʥʥʶ ʤʝʪʘʣʫ ʫ ʚʥʫʪʨʽʰʥʽ ʾʭʥʽ ʢʘʥʘʣʠ.  
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ʈʦʟʧʠʣʝʥʥʷʤ ʧʦʨʦʰʢʫ ʪʘʥʪʘʣʫ ʽ ʛʨʘʬʽʪʫ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʜʫʟʽ 

ʦʪʨʠʤʘʥʦ ʥʘʥʦʪʨʫʙʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʯʘʩʪʠʥʢʠ ʊʘʉ ʟ ʧʦʧʝʨʝʯʥʠʤ 

ʨʦʟʤʽʨʦʤ 2 ï 20 ʥʤ. ɿʘ ʚʠʤʽʨʘʤʠ ʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʫ ʫ ʥʘʜʧʨʦʚʽʜʥʠʡ ʩʪʘʥ ʯʘʩʪʠʥʦʢ ʊʘʉ. 

ɺʦʥʘ ʚʠʷʚʠʣʘʩʷ ʨʽʚʥʦʶ 10 ʂ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʜʧʨʦʚʽʜʥʠʭ ʜʨʦʪʠʢʽʚ 

ʜʽʘʤʝʪʨʦʤ ʢʽʣʴʢʘ ʥʘʥʦʤʝʪʨʽʚ.  

ʈʝʯʦʚʠʥʘ ʧʨʦʥʠʢʘʻ ʚʩʝʨʝʜʠʥʫ ʥʘʥʦʪʨʫʙʢʠ ʧʽʜ ʚʧʣʠʚʦʤ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ ʘʙʦ ʚʥʘʩʣʽʜʦʢ ʢʘʧʽʣʷʨʥʦʛʦ ʝʬʝʢʪʫ ʡ ʫʪʨʠʤʫʻʪʴʩʷ 

ʪʘʤ ʟʘʚʜʷʢʠ ʩʠʣʘ ʘʜʩʦʨʙʮʽʾ. ʎʝ ʤʦʞʝ ʤʘʪʠ ʚʘʞʣʠʚʽ ʡ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʧʨʘʢʪʠʯʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʘʢ, ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ 

ʫʥʽʢʘʣʴʥʽ çʧʦʩʫʜʠʥʠè ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʨʝʯʦʚʠʥ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʛʘʟʦʧʦʜʽʙʥʦʤʫ, ʨʽʜʢʦʤʫ ʘʙʦ ʪʚʝʨʜʦʤʫ ʩʪʘʥʘʭ. ɻʨʘʬʽʪʦʚʘ ʦʙʦʣʦʥʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʽʡ ʟʘʭʠʩʪ ʧʦʤʽʱʝʥʦʛʦ ʫ ʥʽʡ ʤʘʪʝʨʽʘʣʫ ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʛʦ ʭʽʤʽʯʥʦʛʦ ʯʠ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ. ʎʝ ʜʘʻ ʟʤʦʛʫ 

ʨʦʟʛʣʷʜʘʪʠ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʷʢ ʧʦʪʝʥʮʽʡʥʠʡ ʟʘʩʽʙ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʚʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ɿʦʢʨʝʤʘ, ʚʝʜʫʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʩʥʦʚʽ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʜʚʠʛʫʥʽʚ. 

ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. 

ʋʥʘʩʣʽʜʦʢ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʪʽʣʴʢʠ ʧʦʨʽʚʥʷʥʦ 

ʥʝʜʘʚʥʦ ʚʜʘʣʦʩʷ ʚʠʤʽʨʷʪʠ ʾʭ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ r 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʦʪʠʨʠʟʦʥʜʦʚʠʤ ʤʝʪʦʜʦʤ. ʅʘ ʧʦʣʽʨʦʚʘʥʫ ʧʦʚʝʨʭʥʶ 

ʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʫ ʚʘʢʫʫʤʽ ʙʫʣʠ ʥʘʥʝʩʝʥʽ ʟʦʣʦʪʽ ʩʤʫʞʢʠ, ʘ ʫ 

ʧʨʦʤʽʞʢʘʭ ʤʽʞ ʥʠʤʠ ʧʦʤʽʱʝʥʽ ʥʘʥʦʪʨʫʙʢʠ ʜʦʚʞʠʥʦʶ ʜʚʘ ï ʪʨʠ 

ʤʽʢʨʦʥʠ. 

ʇʦʪʽʤ ʥʘ ʦʜʥʫ ʟ ʦʙʨʘʥʠʭ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ 

ʥʘʧʠʣʶʚʘʣʠʩʷ ʯʦʪʠʨʠ ʚʦʣʴʬʨʘʤʦʚʽ ʧʨʦʚʽʜʥʠʢʠ ʪʦʚʱʠʥʦʶ 80 ʥʤ, 

ʨʦʟʤʽʱʝʥʥʷ ʷʢʠʭ ʧʦʢʘʟʘʥʦ ʥʘ pʠʩ. 9.21. ʇʦʢʘʟʘʥʦ ʪʘʢʦʞ ʯʦʪʠʨʠ 80-

ʥʘʥʦʤʽʢʨʦʥʥʽ ʚʦʣʴʬʨʘʤʦʚʽ ʧʨʦʚʽʜʥʽ ʜʦʨʽʞʢʠ, ʩʬʦʨʤʦʚʘʥʽ 

ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʽʜʢʣʘʜʮʽ ʟ ʦʢʩʠʜʫ ʢʨʝʤʥʽʶ; ʚʦʥʠ ʧʽʜʚʦʜʷʪʴʩʷ ʜʦ 

ʥʘʥʦʪʨʫʙʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʣʦʪʠʭ ʢʦʥʪʘʢʪʥʠʭ ʜʦʨʽʞʦʢ. ʂʦʞʥʠʡ ʟ 
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ʚʦʣʴʬʨʘʤʦʚʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʤʘʻ ʢʦʥʪʘʢʪ ʟ ʦʜʥʽʻʶ ʽʟ ʟʦʣʦʪʠʭ ʩʤʫʞʦʢ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʢʦʥʪʘʢʪʘʤʠ ʥʘ ʥʘʥʦʪʨʫʙʮʽ ʩʪʘʥʦʚʠʪʴ 0,3 ï 1 ʤʢ. 

 

ʈʠʩ. 9.21. ʊʦʧʦʣʦʛʽʷ ʯʦʪʠʨʠʟʦʥʜʦʚʦʾ ʩʭʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʦʢʨʝʤʦʾ ʥʘʥʦʪʨʫʙʢʠ 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʧʽʨ ʥʘʥʦʪʨʫʙʦʢ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʟʥʘʯʥʠʭ ʤʝʞʘʭ ï ʚʽʜ 5,1Ö10ï6 ʜʦ 0,8 ʆʤ.ʩʤ. 

ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ r ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʯʝ, ʥʽʞ ʛʨʘʬʽʪʫ. ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ 

ʥʘʥʦʪʨʫʙʦʢ ʤʘʻ ʤʝʪʘʣʝʚʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʘ ʤʝʥʰʘ ï ʚʠʷʚʣʷʻ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʽʟ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ɽg = 0,1 ï 0,3 ʝɺ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʣʴʥʦʛʦ ʪʫʥʝʣʴʥʦʛʦ 

ʤʽʢʨʦʩʢʦʧʘ, ʜʦʟʚʦʣʠʣʠ ʚʠʚʯʠʪʠ ʝʣʝʢʪʨʦʥʥʠʡ ʩʧʝʢʪʨ ʦʜʥʦʰʘʨʦʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʣʝʢʪʨʦʥʥʠʡ ʩʧʝʢʪʨ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʪʫʧʝʥʷ ʢʽʨʘʣʴʥʦʩʪʽ (ʪ ̔  ʧ) ʥʘʥʦʪʨʫʙʦʢ. ʋ ʥʘʧʨʷʤʢʫ ʩʢʨʫʯʫʚʘʥʥʷ 

(ʫʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʉ) ʧʝʨʽʦʜʠʯʥʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʫ ʚʠʛʣʷʜʽ 

ʉ.k = 2pq, ʜʝ k ï ʭʚʠʣʴʦʚʠʡ ʚʝʢʪʦʨ; q ï ʮʽʣʝ ʯʠʩʣʦ.  

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ k ʙʫʣʠ ʟʽʩʪʘʚʣʝʥʽ ʟ ʜʠʩʧʝʨʩʽʡʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ˇʨʘʪʢʠ ʛʨʘʬʽʪʫ ʽ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ 

ʨʽʟʥʠʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʤʦʜ. ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʷʢʱʦ ʧ = m, ʚ 

ʝʣʝʢʪʨʦʥʥʦʤʫ ʩʧʝʢʪʨʽ ʪʨʫʙʢʠ ʫʪʚʦʨʶʻʪʴʩʷ ʟʦʥʘ, ʷʢʘ ʧʝʨʝʪʠʥʘʻ ʨʽʚʝʥʴ 

ʌʝʨʤʽ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʥʘʥʦʪʨʫʙʢʠ ʜʽʡʩʥʦ ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʝʪʘʣʝʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɼʣʷ ʚʩʽʭ ʽʥʰʠʭ ʪʠʧʽʚ ʪʨʫʙʦʢ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʪʠʧʫ 

çʟʠˇʟʘˇè) ʨʝʘʣʽʟʫʶʪʴʩʷ ʜʚʽ ʤʦʞʣʠʚʦʩʪʽ: ʷʢʱʦ ʧ ï m = 3l (ʜʝ l ï ʮʽʣʝ 

ʯʠʩʣʦ), ʥʘʥʦʪʨʫʙʢʠ ʤʘʶʪʴ ʤʝʪʘʣʝʚʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʘ ʢʦʣʠ ʧ ï m ̧ 3l, 
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ʚʦʥʠ ʟʜʦʙʫʚʘʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʟ ʰʠʨʠʥʦʶ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ɽq = 2g0ʘʩ/d, ʜʝ g0 ï ʝʥʝʨʛʽʷ ʧʝʨʝʢʨʠʪʪʷ ʚʫʛʣʝʮʝʚʠʭ 

ʟʚôʷʟʢʽʚ ʉïʉ, ʟʘ ʷʢʠʭ ʘʪʦʤʠ ʚʫʛʣʝʮʶ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʥʘʡʙʣʠʞʯʽʡ 

ʚʽʜʩʪʘʥʽ (0,142 ʥʤ). 

ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʥʘʥʦʪʨʫʙʦʢ ʚʠʚʯʘʣʠ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʢʘʥʫʚʘʣʴʥʦʛʦ ʪʫʥʝʣʴʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ. ɺʠʤʽʨʶʚʘʣʠ ʪʫʥʝʣʴʥʠʡ ʩʪʨʫʤ 

ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʧʨʫʛʠ. ɹʽʣʴʰʽʩʪʴ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʢʘʟʘʣʠ ʥʠʟʴʢʫ ʧʨʦʚʽʜʥʽʩʪʴ ʫ ʨʘʟʽ ʤʘʣʦʾ ʥʘʧʨʫʛʠ, ʘʣʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʥʘʧʨʫʛʠ ʧʨʦʚʽʜʥʽʩʪʴ ʟʨʦʩʪʘʣʘ ʥʝʣʽʥʽʡʥʦ.  

ɼʦʩʣʽʜʞʝʥʽ ʥʘʥʦʪʨʫʙʢʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʚʽ ʛʨʫʧʠ. ʇʝʨʰʘ ʛʨʫʧʘ 

ʦʭʦʧʣʶʻ ʥʘʥʦʪʨʫʙʢʠ ʽʟ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ Eg ~ 0,5 ï 0,6 ʝɺ. ɿʥʘʯʝʥʥʷ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚ ʥʠʭ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʦʯʽʢʫʚʘʥʦʶ Eg 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʪʨʫʙʦʢ. ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʥʘʥʦʪʨʫʙʢʠ ʟʽ 

ʟʥʘʯʝʥʥʷʤ Eg ~ 1,7 ï 2,0 ʝɺ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤ Eg ʜʣʷ 

ʪʨʫʙʦʢ (ʧ ï m = 3l) ʜʽʘʤʝʪʨʦʤ 1,4 ʥʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʪʚʝʨʜʞʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʢʽʨʘʣʴʥʽʩʪʴ 

ʪʨʫʙʦʢ ʚʠʟʥʘʯʘʻ ʾʭʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʘʙʦ ʤʝʪʘʣʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ 

ʟʘʣʝʞʠʪʴ ʧʝʨʝʜʫʩʽʤ ʚʽʜ ʚʘʨʽʘʮʽʡ ʢʫʪʘ ʟʛʦʨʪʘʥʥʷ ʘʙʦ ʜʽʘʤʝʪʨʘ ʪʨʫʙʢʠ. 

ʄʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʥʘʥʦʪʨʫʙʦʢ. ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʻ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʜʽʘʤʘʛʥʽʪʥʦʾ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ c. ʄʘʛʥʽʪʥʫ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ 

ʧʦʢʘʟʘʥʦ ʥʘ pʠʩ. 9.22 ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚʫʛʣʝʮʶ.  

ɼʦʩʣʽʜʞʝʥʽ ʥʘʥʦʪʨʫʙʢʠ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʫ ʚʽʜôʻʤʥʫ ʤʘʛʥʽʪʥʫ 

ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʪʘʢʠʡ ʚʠʩʦʢʠʡ ʜʽʘʤʘʛʥʝʪʠʟʤ 

ʟʫʤʦʚʣʶʻʪʴʩʷ ʧʨʦʪʽʢʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʨʫʤʽʚ ʧʦ ʢʦʣʫ ʥʘʥʦʪʨʫʙʦʢ. 

ʎʝʡ ʜʽʘʤʘʛʥʝʪʠʟʤ ʧʽʜʩʠʣʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ, ʢʨʽʤ ʟʚʠʯʘʡʥʦʛʦ ʜʽʘʤʘʛʥʝʪʠʟʤʫ, ʜʽʻ ʤʝʭʘʥʽʟʤ, 

ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʤʝʪʘʣʽʚ, ʘ ʤʦʞʣʠʚʦ ï ̔ ʜʣʷ ʥʘʜʧʨʦʚʽʜʥʠʢʽʚ. 

ɿʘʟʚʠʯʘʡ ʜʽʘʤʘʛʥʝʪʠʟʤ ʚʠʥʠʢʘʻ ʟʘ ʨʘʭʫʥʦʢ ʧʨʝʮʝʩʽʾ ʝʣʝʢʪʨʦʥʥʠʭ 

ʦʨʙʽʪʘʣʝʡ ʘʪʦʤʽʚ, ʽʦʥʽʚ, ʤʦʣʝʢʫʣ (ʤʝʭʘʥʽʟʤ ʃʘʥʞʝʚʝʥʘ). ʊʘʢʘ 

ʧʨʝʮʝʩʽʷ ʟʘʚʞʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʟʦʚʥʽʰʥʽʤ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʷʢ ʧʨʦʷʚ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʚ ʘʪʦʤʽ ʧʦ 

ʦʨʙʽʪʽ (ʪʝʦʨʝʤʘ ʃʘʨʤʦʨʘ). ʆʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʥʥʽ ʦʙʦʣʦʥʢʠ ʘʪʦʤʽʚ ʽ ʽʦʥʽʚ 

ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʣʠʚʘʥʴ ʢʨʠʩʪʘʣʘ, ʪʦ ʜʽʘʤʘʛʥʽʪʥʘ 
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ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ, ʟʫʤʦʚʣʝʥʘ ʤʝʭʘʥʽʟʤʦʤ ʃʘʥʞʝʚʝʥʘ, ʟʘʣʠʰʘʶʯʠʩʴ 

ʚʽʜôʻʤʥʦʶ, ʩʣʘʙʢʦ ʟʤʽʥʶʻʪʴʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ.  

 
ʈʠʩ. 9.22. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ c 

ʨʽʟʥʠʭ ʬʦʨʤ ʚʫʛʣʝʮʶ: 1 ï ʬʫʣʝʨʠʪ ʉ60; 2 ï ʘʣʤʘʟ; 3 ï ʘʤʦʨʬʥʠʡ ʚʫʛʣʝʮʴ; 

4 ï ʦʨʽʻʥʪʦʚʘʥʠʡ ʢʨʠʩʪʘʣʽʯʥʠʡ ʛʨʘʬʽʪ; 5 ï ʥʘʥʦʪʨʫʙʢʠ 

 

ɺʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʯʘʩʪʦ ʚʠʷʚʣʷʶʪʴ ʤʝʪʘʣʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʚ 

ʤʝʪʘʣʘʭ ʚʠʷʚʣʷʻʪʴʩʷ ʡ ʽʥʰʠʡ ʚʠʜ ʜʽʘʤʘʛʥʝʪʠʟʤʫ (ʤʝʭʘʥʽʟʤ ʃʘʥʜʘʫ). 

ʄʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ, ʧʦʤʽʱʝʥʦʛʦ ʚ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, 

ʟʫʤʦʚʣʶʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚ ʝʣʝʢʪʨʦʥʘʭ ʚʣʘʩʥʦʛʦ ʩʧʽʥʦʚʦʛʦ ʤʦʤʝʥʪʫ; ʪʦʜʽ 

ʚʠʥʠʢʘʻ ʷʢ ʧʘʨʘʤʘʛʥʝʪʠʟʤ (ʇʘʫʣʽ), ʪʘʢ ʽ ʜʽʘʤʘʛʥʝʪʠʟʤ (ʃʘʥʜʘʫ). 

ɼʽʘʤʘʛʥʝʪʠʟʤ ʧʦʷʩʥʶʻʪʴʩʷ ʢʚʘʥʪʫʚʘʥʥʷʤ ʨʫʭʫ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʚ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. ʊʘʢʠʡ ʜʽʘʤʘʛʥʝʪʠʟʤ ʤʦʞʝ ʙʫʪʠ ʧʽʜʚʠʱʝʥʠʤ ʽ ʚ 

ʥʠʟʴʢʦʨʦʟʤʽʨʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʢʨʽʤ ʪʦʛʦ, ʚʽʥ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʥʠʞʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʽʘʤʘʛʥʝʪʠʟʤ, ʱʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ, ʤʘʻ ʢʚʘʟʽʜʚʦʚʠʤʽʨʥʫ (2D) ʩʪʨʫʢʪʫʨʫ 

ʛʨʘʬʽʪʫ. ɺʦʯʝʚʠʜʴ, ʜʽʘʤʘʛʥʝʪʠʟʤ ʫ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʽʡ (1D) ʩʪʨʫʢʪʫʨʽ 

ʚʫʛʣʝʮʝʚʠʭ ʪʨʫʙʦʢ ʤʘʻ ʪʘʢʠʡ ʩʘʤʠʡ ʭʘʨʘʢʪʝʨ. ʅʠʟʴʢʦʨʦʟʤʽʨʥʽ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʩʪʨʫʢʪʫʨʠ ʯʘʩʪʦ ʩʭʠʣʴʥʽ ʜʦ ʧʦʷʚʠ ʥʘʜʧʨʦʚʽʜʥʦʩʪʽ 

(ʢʦʣʠ ʜʽʘʤʘʛʥʝʪʠʟʤ ʚ ʥʠʭ ʩʪʘʻ ʛʽʛʘʥʪʩʴʢʠʤ). ɺʠʚʯʝʥʥʷ ʤʘʛʥʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʪʨʫʙʦʢ ʧʨʦʜʦʚʞʫʻʪʴʩʷ.  

ɽʤʽʩʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʪʨʫʙʦʢ ʚʫʛʣʝʮʶ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʜʦʩʠʪʴ ʟʥʘʯʫʱʠʤʠ ʚʠʷʚʠʣʠʩʷ ʨʝʟʫʣʴʪʘʪʠ 
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ʚʠʚʯʝʥʥʷ ʘʚʪʦʝʤʽʩʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, ʜʝ ʥʘʥʦʪʨʫʙʢʠ ʙʫʣʠ 

ʦʨʽʻʥʪʦʚʘʥʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʽʜʢʣʘʜʢʠ. ʉʪʨʫʤ ʝʤʽʩʽʾ ʟ ʧʣʦʱʽ 1 ʤʤ2 ʟʘ 

ʥʘʧʨʫʛʠ 6,5 ʢɺ ʩʪʘʥʦʚʠʪʴ 0,5 ʤʢɸ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʝ ʟʥʘʯʝʥʥʷ 

ʩʪʨʫʤʫ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ, ʦʪʨʠʤʘʥʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ 

ʌʘʫʣʝʨʘ ï ʅʦʨʜʛʝʡʤʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʚʪʦʝʤʽʩʽʷ ʚ ʮʴʦʤʫ ʨʘʟʽ 

ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʦʚʝʨʭʥʽ, ʟ ʷʢʦʾ ʚʠʪʷʛʫʶʪʴʩʷ 

ʝʣʝʢʪʨʦʥʠ. ʎʷ ʧʦʚʝʨʭʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʱʽʪʢʫ ʟʘʛʦʩʪʨʝʥʠʭ ʪʦʥʢʠʭ ʛʦʣʦʢ, 

ʥʘ ʚʝʨʰʠʥʘʭ ʷʢʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʥʘʧʨʫʞʝʥʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

ɺʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʝʤʽʩʽʾ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʷʢʱʦ ʨʦʙʦʪʘ ʚʠʭʦʜʫ 

ʝʣʝʢʪʨʦʥʽʚ ʙʫʜʝ ʜʦʩʠʪʴ ʥʠʟʴʢʦʶ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʚʠʭʦʜʫ 

ʝʣʝʢʪʨʦʥʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʥʘʥʦʪʨʫʙʢʠ ʜʽʘʤʝʪʨʦʤ 0,8 ï 1,1 ʥʤ, ʩʢʨʫʯʝʥʽ 

ʫ ʜʞʛʫʪʠ ʜʽʘʤʝʪʨʦʤ 10 ï 30 ʥʤ ʽ ʥʘʥʝʩʝʥʽ ʥʘ ʢʨʝʤʥʽʻʚʫ ʧʽʜʢʣʘʜʢʫ. ʗʢ 

ʘʥʦʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʦʣʽʙʜʝʥʦʚʠʡ ʩʪʨʠʞʝʥʴ ʜʽʘʤʝʪʨʦʤ 0,6 ʤʤ, ʱʦ 

ʚʽʜʩʪʦʾʪʴ ʚʽʜ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʥʘ ʚʽʜʩʪʘʥʴ 15 ʤʢʤ. ɸʚʪʦʝʣʝʢʪʨʦʥʥʘ 

ʝʤʽʩʽʷ ʦʜʥʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʟʘ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ E = 16Ö104 ɺ/ʩʤ. ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ ʝʤʽʩʽʾ j = 0,03 

A/ʩʤ2. ʆʮʽʥʢʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ ʌʘʫʣʝʨʘ ï ʅʦʨʜʛʝʡʤʘ, 

ʧʦʢʘʟʘʣʠ, ʱʦ ʨʦʙʦʪʘ ʚʠʭʦʜʫ ʝʣʝʢʪʨʦʥʽʚ ʟ ʥʘʥʦʪʨʫʙʦʢ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1 

ʝɺ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʛʣʷʜʘʪʠ ʥʘʥʦʪʨʫʙʢʠ ʷʢ ʝʬʝʢʪʠʚʥʠʡ 

ʤʘʪʝʨʽʘʣ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʭʦʣʦʜʥʠʭ ʢʘʪʦʜʘʭ. 

 

9.5.3. ʆʩʥʦʚʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ 

 

ʉʧʝʮʠʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʚʽʜʢʨʠʚʘʶʪʴ 

ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ï ʚʽʜ ʝʣʝʢʪʨʦʜʽʚ ʙʘʪʘʨʝʡʦʢ 

ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʘʨʤʘʪʫʨʥʠʭ ʚʦʣʦʢʦʥ ʜʣʷ 

ʟʤʽʮʥʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ. ʇʨʦʙʣʝʤʘ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʫʥʽʢʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʠʥʽ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʚʠʨʽʰʝʥʥʷ. ʊʦʤʫ ʚ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʪʽʣʴʢʠ ʧʦʙʽʞʥʦ ʦʢʨʝʩʣʝʥʦ ʪʽ ʤʦʞʣʠʚʽ ʩʬʝʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢʽ ʚʞʝ ʜʦʚʦʣʽ ʧʝʨʝʢʦʥʣʠʚʦ ʜʝʤʦʥʩʪʨʫʶʪʴʩʷ ʥʘ ʨʽʚʥʽ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʟʨʦʙʦʢ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʢʦʤʧʘʥʽʡ ʩʚʽʪʫ. 

ʗʢʱʦ ʚʟʜʦʚʞ ʦʩʽ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʧʨʠʢʣʘʩʪʠ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, 

ʪʦ ʟ ʾʾ ʢʽʥʮʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʫʞʝ ʽʥʪʝʥʩʠʚʥʘ ʝʤʽʩʽʷ ʝʣʝʢʪʨʦʥʽʚ, ʪʦʙʪʦ 
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ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʬʝʢʪ ʧʦʣʴʦʚʦʾ ʝʤʽʩʽʾ. ʊʘʢʘ ʧʦʣʴʦʚʘ ʝʤʽʩʽʷ ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʽ 

ʧʨʘʢʪʠʯʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʆʜʥʝ ʟ ʥʠʭ ï ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʣʦʩʢʠʭ ʧʘʥʝʣʴʥʠʭ 

ʜʠʩʧʣʝʾʚ. ʄʦʥʽʪʦʨʠ ʪʝʣʝʚʽʟʦʨʽʚ ʽ ʢʦʤʧôʶʪʝʨʽʚ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʢʦʣʴʦʨʦʚʦʾ 

ʢʘʨʪʠʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʝʨʦʚʘʥʫ ʝʣʝʢʪʨʦʥʥʫ ʛʘʨʤʘʪʫ ʜʣʷ ʦʧʨʦʤʽʥʝʥʥʷ 

ʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʝʢʨʘʥʘ, ʱʦ ʚʠʧʨʦʤʽʥʶʻ ʩʚʽʪʣʦ ʧʦʪʨʽʙʥʠʭ ʢʦʣʴʦʨʽʚ. 

ɽʣʝʢʪʨʦʥʥʫ ʛʘʨʤʘʪʫ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʪʦʥʢʦʶ ʧʣʽʚʢʦʶ, ʩʬʦʨʤʦʚʘʥʦʶ ʟ 

ʥʘʥʦʪʨʫʙʦʢ. ʊʘʢʫ ʧʣʽʚʢʫ ʧʦʤʽʱʘʶʪʴ ʥʘ ʧʽʜʢʣʘʜʢʫ ʟ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʢʝʨʫʚʘʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʥʘ ʥʝʾ ʟʚʝʨʭʫ ʥʘʥʦʩʷʪʴ ʜʽʝʣʝʢʪʨʠʯʥʠʡ 

ʧʨʦʟʦʨʠʡ ʰʘʨ, ʷʢʠʡ ʧʦʢʨʠʪʠʡ ʣʶʤʽʥʦʬʦʨʦʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʭʦʜʠʪʴ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʧʣʦʩʢʠʡ ʜʠʩʧʣʝʡ. ɯʥʰʝ ʤʦʞʣʠʚʝ ʧʨʘʢʪʠʯʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʴʦʚʦʾ ʝʤʽʩʽʾ, ʷʢʝ ʚʞʝ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ, ï ʩʪʚʦʨʝʥʥʷ 

ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʚʘʢʫʫʤʥʠʭ ʣʘʤʧ, ʪʘʢʠʭ ʩʘʤʠʭ ʷʩʢʨʘʚʠʭ, ʷʢ ʽ ʟʚʠʯʘʡʥʽ 

ʣʘʤʧʠ, ʘʣʝ ʥʘʙʘʛʘʪʦ ʝʬʝʢʪʠʚʥʽʰʠʭ ʽ ʜʦʚʛʦʚʽʯʥʽʰʠʭ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʽ ʝʤʽʩʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʪʨʫʙʦʢ: ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ 

ʘʚʪʦʝʣʝʢʪʨʦʥʥʦʾ ʝʤʽʩʽʾ ʟʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ 500 

ɺ/ʤ ʜʦʩʷʛʘʻ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 0,1 ɸ/ʩʤ2. 

ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʪʝʞ ʫʤʦʞʣʠʚʣʶʻ ʧʨʠʢʣʘʜʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʚ ʝʣʝʢʪʨʦʥʽʮʽ. ʎʝ, 

ʥʘʧʨʠʢʣʘʜ, ʝʤʽʪʝʨʠ ʟ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʘʙʦ 

ʦʜʥʦʰʘʨʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʚʫʛʣʝʮʶ, ʢʨʝʤʥʽʶ, 

ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ ʘʙʦ ʥʽʪʨʠʜʫ ʙʦʨʫ, ʚʢʨʠʪʽ ʩʨʽʙʣʦʤ, 

ʪʠʪʘʥʦʤ, ʧʣʘʪʠʥʦʶ ʘʙʦ ʟʦʣʦʪʦʤ), ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʫ ʚʘʢʫʫʤʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʷʢ ʥʦʚʠʡ ʪʠʧ ʧʦʣʴʦʚʠʭ 

ʢʘʪʦʜʽʚ (ʨʠʩ. 9.23). ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʪʘʢʠʭ 

ʝʤʽʪʝʨʽʚ ʻ ʥʘʥʦʤʝʪʨʦʚʘ ʢʨʠʚʠʟʥʘ ʾʭ ʚʽʩʪʨʷ.  

ɿʘʚʜʷʢʠ ʩʠʣʴʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʣʷ ʧʦʙʣʠʟʫ 

ʚʝʨʭʽʚʦʢ ʥʘʥʦʪʨʫʙʦʢ ʯʠ ʥʘʥʦʧʨʦʚʦʜʽʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʡ ʢʘʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʚʠʩʦʢʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ ʧʦʣʷ ʡ ʥʘʜʥʠʟʴʢʽ ʧʦʨʦʛʦʚʽ 

ʥʘʧʨʫʞʝʥʥʷ. 

ʅʘʥʦʪʨʫʙʢʠ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʨʦʞʥʠʩʪʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʫʩʝʨʝʜʠʥʽ ʷʢʠʭ ʤʦʞʥʘ ʧʝʨʝʤʽʱʘʪʠ ʤʝʪʘʣʝʚʽ 

1 

 
2 

 
3 

 
4 

 
5 

 
6 

ʈʠʩ. 9.23. ʉʭʝʤʘ ʝʤʽʪʝʨʘ 
ʟ ʧʦʣʴʦʚʠʤ ʢʘʪʦʜʦʤ 

ʟ ʥʘʥʦʪʨʫʙʦʢ: 

1 ï ʣʶʤʽʥʦʬʦʨ; 2 ʘʥʦʜ 

ʽʟ ʧʣʽʚʢʠ ʘʣʶʤʽʥʽʶ; 

3 ï ʩʢʣʷʥʘ ʢʦʣʙʘ;  

4 ï ʢʝʨʫʚʘʣʴʥʘ ʩʽʪʢʘ; 

5 ï ʢʘʪʦʜ ʽʟ ʤʘʩʠʚʫ 

ʥʘʥʦʪʨʫʙʢʠ;  

6 ï ʢʝʨʘʤʽʯʥʘ ʧʽʜʢʣʘʜʢʘ 
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ʥʘʥʦʯʘʩʪʠʥʢʠ ʪʘ ʬʽʢʩʫʚʘʪʠ ʾʭ ʧʦʣʦʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʠʭ 

ʘʙʦ ʤʘʛʥʽʪʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʜʦʟʚʦʣʠʪʴ ʜʦʤʦʛʪʠʩʷ ʥʘʜʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ 

ʟʘʧʠʩʫʚʘʥʥʷ ʜʘʥʠʭ.  

ʅʘʜʚʠʩʦʢʘ ʱʽʣʴʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ ʦʜʥʽʻʾ 

ʥʘʥʦʪʨʫʙʢʠ ʬʽʢʩʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʜʚʘ ʧʦʣʦʞʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʢʠ, ʘ ʟʥʘʯʥʦ 

ʙʽʣʴʰʝ ʧʦʣʦʞʝʥʴ ʯʘʩʪʠʥʢʠ (ʬʘʢʪʠʯʥʦ ʢʦʦʨʜʠʥʘʪʫ ʯʘʩʪʠʥʢʠ ʚ ʪʨʫʙʮʽ). 

ɻʝʦʤʝʪʨʽʷ ʥʘʥʦʪʨʫʙʢʠ ʦʙʤʝʞʫʻ ʝʣʝʢʪʨʦʥʠ ʫ ʚʫʟʴʢʠʭ ʩʤʫʛʘʭ ʫ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʛʨʘʬʽʪʫ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥʠ ʜʽʘʤʝʪʨʘ ʥʘʥʦʪʨʫʙʢʠ ʚ ʨʘʟʽ ʾʾ ʪʝʨʤʽʯʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʥʠ ʤʦʞʫʪʴ ʧʝʨʝʭʦʜʠʪʠ ʫ ʚʽʣʴʥʠʡ ʩʪʘʥ, ʱʦ 

ʨʦʙʠʪʴ ʥʘʥʦʪʨʫʙʢʫ ʧʨʦʚʽʜʥʦʶ ʘʞ ʜʦ ʤʝʪʘʣʝʚʦʾ ʧʨʦʚʽʜʥʦʩʪʽ.  

ʗʢʱʦ ʪʘʢʠʡ ʩʪʘʥ ʧʦ ʪʦʯʮʽ ʌʝʨʤʽ ʥʝ ʜʦʩʷʛʘʻʪʴʩʷ, ʪʦ ʥʘʥʦʪʨʫʙʢʘ ʻ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ʽ ʤʦʞʝ ʤʘʪʠ ʧʨʦʚʽʜʥʽʩʪʴ ʷʢ n-, ʪʘʢ ʽ ʨ-ʪʠʧʫ. 

ʄʘʣʽ ʨʦʟʤʽʨʠ, ʤʦʞʣʠʚʽʩʪʴ ʚ ʫʤʦʚʘʭ ʩʠʥʪʝʟʫ ʟʜʦʙʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʽ ʭʽʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʣʷʪʴ 

ʥʘʥʦʪʨʫʙʢʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʦʙʦʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ.  

ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʷʢʱʦ ʚ ʙʝʟʜʝʬʝʢʪʥʽʡ 

ʦʜʥʦʰʘʨʦʚʽʡ ʥʘʥʦʪʨʫʙʮʽ ʟ ʢʽʨʘʣʴʥʽʩʪʶ (8,0) ʩʪʚʦʨʠʪʠ ʜʝʬʝʢʪ ʫ ʚʠʛʣʷʜʽ 

ʧʘʨʠ ʧôʷʪʠʢʫʪʥʠʢ Ϭʩʝʤʠʢʫʪʥʠʢ, ʪʦ ʢʽʨʘʣʴʥʽʩʪʴ ʪʨʫʙʢʠ ʚ ʜʽʣʷʥʮʽ 

ʽʩʥʫʚʘʥʥʷ ʜʝʬʝʢʪʫ ʩʪʘʥʦʚʠʪʠʤʝ (7,1).  

ʅʘʥʦʪʨʫʙʢʘ ʟ ʢʽʨʘʣʴʥʽʩʪʶ (8,0) ʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ʽʟ ʰʠʨʠʥʦʶ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 1,2 ʝɺ, ʪʦʜʽ ʷʢ ʥʘʥʦʪʨʫʙʢʘ ʟ ʢʽʨʘʣʴʥʽʩʪʶ (7,1) ʻ ʚʞʝ 

ʥʘʧʽʚʤʝʪʘʣʦʤ, ʷʢʠʡ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʝʤʘʻ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʽʢʨʦʜʽʣʷʥʢʫ ʥʘʥʦʪʨʫʙʢʠ ʟ ʫʧʨʦʚʘʜʞʝʥʠʤ ʜʝʬʝʢʪʦʤ 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʛʝʪʝʨʦʧʝʨʝʭʽʜ ʤʝʪʘʣïʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʱʦ ʤʦʞʝ 

ʩʪʘʥʦʚʠʪʠ ʦʩʥʦʚʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʨʝʢʦʨʜʥʦ ʤʘʣʠʭ 

ʨʦʟʤʽʨʽʚ.  

ʇʨʦʚʘʜʷʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʧʦʣʴʦʚʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, 

ʨʦʟʤʽʱʝʥʠʭ ʤʽʞ ʟʦʣʦʪʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ. ʊʘʢʽ ʧʨʠʩʪʨʦʾ ʤʦʛʣʠ ʙ ʙʫʪʠ 

ʧʝʨʝʤʠʢʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʦʤʧôʶʪʝʨʘ.  

ʉʭʝʤʘʪʠʯʥʦ ʮʝʡ ʧʨʠʩʪʨʽʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9.24.  



265 

 

 
ʈʠʩ. 9.24. ʉʭʝʤʘ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ 

 

ʉʠʩʪʝʤʘ ʟ ʪʘʢʠʤ ʧʦʣʴʦʚʠʤ ʪʨʘʥʟʠʩʪʦʨʦʤ ʤʦʞʝ ʙʫʪʠ ʚ ʩʪʘʥʽ 

çʫʚʽʤʢʥʝʥʦè ʘʙʦ ʚ ʩʪʘʥʽ çʚʠʤʢʥʝʥʦè ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʪʝʯʝ ʯʠ ʥʝ 

ʪʝʯʝ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʥʘʥʦʪʨʫʙʢʦʶ ʤʽʞ ʟʦʣʦʪʠʤʠ ʚʠʪʦʢʦʤ ̔  

ʩʪʦʢʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʨʘʟʽ ʧʨʠʢʣʘʜʘʥʥʷ ʥʝʚʝʣʠʢʦʾ ʥʘʧʨʫʛʠ ʜʦ 

ʟʘʪʚʦʨʘ, ʷʢʠʤ ʻ ʢʨʝʤʥʽʻʚʘ ʧʽʜʢʣʘʜʢʘ, ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʧʨʦʚʽʜʥʽʩʪʴ 

ʥʘʥʦʪʨʫʙʢʠ ʙʽʣʴʰ ʥʽʞ ʫ 106 ʨʘʟʽʚ, ʱʦ ʧʦʨʽʚʥʷʥʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ ʢʨʝʤʥʽʻʚʠʭ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. ʏʘʩ ʧʝʨʝʤʠʢʘʥʥʷ 

ʪʘʢʦʛʦ ʧʨʠʩʪʨʦʶ ʙʫʜʝ ʥʝʡʤʦʚʽʨʥʦ ʤʘʣʠʤ, ʘ ʤʦʞʣʠʚʘ ʪʘʢʪʦʚʘ ʯʘʩʪʦʪʘ 

ʟʘ ʦʮʽʥʢʘʤʠ ʩʷʛʘʪʠʤʝ ʜʝʢʽʣʴʢʦʭ ʪʝʨʘʛʝʨʮʽʚ, ʱʦ ʚ 103 ʨʘʟʽʚ ʙʽʣʴʰʝ ʚʽʜ 

ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ ʟʘ ʥʘʷʚʥʠʭ ʧʨʦʮʝʩʦʨʽʚ. 

ʆʜʠʥ ʟ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʫ ʷʢʦʤʫ ʢʘʥʘʣ ʚʠʢʦʥʘʥʦ ʫ ʚʠʛʣʷʜʽ 

ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ ʜʽʘʤʝʪʨʦʤ 1,5 ʥʤ ʽ ʜʦʚʞʠʥʦʶ 100 ʥʤ, ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 9.25. ʇʽʜʟʘʪʚʦʨʥʠʡ ʜʽʝʣʝʢʪʨʠʢ ï h ʘʨ ɸ12ʆ3 ʟʘʚʪʦʚʰʢʠ 

ʜʝʢʽʣʴʢʘ ʥʘʥʦʤʝʪʨʽʚ. 

 
ʈʠʩ. 9.25. ʉʭʝʤʘ ʦʜʥʦʛʦ ʟ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʥʘ ʥʘʥʦʪʨʫʙʮʽ 

 

ʉʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʥʘ ʥʘʥʦʪʨʫʙʢʘʭ ʽʥʪʝʥʩʠʚʥʦ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʘʥʦʪʨʫʙʦʢ, ʱʦ ʚʠʧʨʦʤʽʥʶʶʪʴ ʩʚʽʪʣʦ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ, ʤʦʞʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʚʯʘʪʠ ʧʝʨʝʭʽʜʥʠʡ 

ɺʫʛʣʝʮʝʚʘ 

ʥʘʥʦʪʨʫʙʢʘ ɺʠʪʽʢ 

(Au) 

Cʪʽʢ 

(Au) 

ɯʟʦʣʶʚʘʣʴʥʠʡ ʰʘʨ (SiO2) 

ɿʘʪʚʦʨ (Si) 

  

ʅʘʥʦʪʨʫʙʢʘ 
 

ʘ    ʙ 

 

' 
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ʩʪʘʥ ʤʽʞ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʪʘ ʢʚʘʥʪʦʚʦʤʝʭʘʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʷʢʠʡ ʧʦʢʠ ʱʦ ʚʠʚʯʝʥʦ ʤʘʣʦ. ɿʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʧʦʛʣʠʥʘʥʥʷ ʢʚʘʥʪʽʚ ʩʚʽʪʣʘ ʦʜʥʦʰʘʨʦʚʠʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ.  

ʅʘʡʧʨʦʩʪʽʰʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ ï ʮʝ ʧʨʦʚʽʜʥʘ ʥʘʥʦʪʨʫʙʢʘ, ʱʦ 

ʨʦʟʤʽʱʝʥʘ ʫ ʚʘʢʫʫʤʽ ʽ ʜʦ ʢʽʥʮʽʚ ʷʢʦʾ ʧʨʠʻʜʥʘʥʦ ʝʣʝʢʪʨʦʜʠ. ʗʢʱʦ 

ʢʨʽʟʴ ʥʘʥʦʪʨʫʙʢʫ ʧʨʦʧʫʩʪʠʪʠ ʩʪʨʫʤ, ʚʦʥʘ ʥʘʛʨʽʚʘʻʪʴʩʷ ʽ ʧʦʯʠʥʘʻ 

ʚʠʧʫʩʢʘʪʠ ʬʦʪʦʥʠ. ʄʽʥʽʤʘʣʴʥʽ ʨʦʟʤʽʨʠ ʚʫʛʣʝʮʝʚʦʾ ʥʘʥʦʪʨʫʙʢʠ-

ʣʘʤʧʦʯʢʠ: ʰʠʨʠʥʘ ï 1,4 ʥʤ, ʜʦʚʞʠʥʘ ï 13 ʥʤ. ʆʩʢʽʣʴʢʠ ʣʶʜʩʴʢʝ ʦʢʦ 

ʟʜʘʪʥʝ ʨʦʟʨʽʟʥʷʪʠ ʦʢʨʝʤʽ ʢʚʘʥʪʠ ʩʚʽʪʣʘ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ 

ʥʘʥʦʪʨʫʙʢʦʶ, ʾʾ ʩʚʽʪʣʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ. 

ɽʣʝʢʪʨʦʣʶʤʽʥʝʩʮʝʥʮʽʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʤʘʻ ʜʝʷʢʽ 

ʥʝʟʚʠʯʘʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʚʠʧʨʦʤʽʥʶʚʘʥʝ ʩʚʽʪʣʦ ʜʫʞʝ 

ʧʦʣʷʨʠʟʫʻʪʴʩʷ ʚʟʜʦʚʞ ʦʩʽ ʪʨʫʙʢʠ. ɺʠʧʨʦʤʽʥʶʚʘʥʽ ʬʦʪʦʥʠ ʤʘʶʪʴ 

ʝʥʝʨʛʽʶ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʘʤʝʪʨʘ ʽ ʢʽʨʘʣʴʥʦʩʪʽ ʦʜʥʦʩʪʽʥʥʠʭ 

ʥʘʥʦʪʨʫʙʦʢ (ʯʝʨʝʟ ʟʘʣʝʞʥʽʩʪʴ ʾʭ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʽʜ ʮʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ). ɼʦʚʞʠʥʘ ʝʣʝʢʪʨʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʦʚʞʠʥʦʶ ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʋ ʢʦʨʦʪʢʠʭ ʜʽʦʜʘʭ ʘʙʦ 

ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʭʦʧʣʶʻ ʚʩʶ ʥʘʥʦʪʨʫʙʢʫ. ʋ 

ʜʦʚʛʠʭ ʧʨʠʩʪʨʦʷʭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʦʢʘʣʽʟʦʚʘʥʝ ʚ ʧʨʦʩʪʦʨʦʚʽʡ 

ʜʽʣʷʥʮʽ, ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʥʘʡʙʽʣʴʰʝ 

ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ. ɼʽʣʷʥʢʫ ʧʝʨʝʢʨʠʪʪʷ ʤʦʞʥʘ ʧʝʨʝʤʽʱʘʪʠ, 

ʟʤʽʥʶʶʯʠ ʧʦʪʝʥʮʽʘʣ ʟʘʪʚʦʨʘ, ʦʩʢʽʣʴʢʠ ʚʽʜʥʦʩʥʠʡ ʚʥʝʩʦʢ ʝʣʝʢʪʨʦʥʽʚ 

ʽ ʜʽʨʦʢ ʫ ʩʫʤʘʨʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʫ ʢʘʥʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦʪʝʥʮʽʘʣʦʤ ʟʘʪʚʦʨʘ. 

ɹʽʧʦʣʷʨʥʘ ʽʥʞʝʢʮʽʷ ʥʦʩʽʾʚ ʫ ʥʘʥʦʪʨʫʙʢʫ ʤʦʞʝ ʤʘʪʠ ʜʝʷʢʽ ʚʘʞʣʠʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ. ɯʥʞʝʢʪʦʚʘʥʽ ʟ ʨʽʟʥʠʭ ʢʽʥʮʽʚ 

ʥʘʥʦʪʨʫʙʢʠ ʝʣʝʢʪʨʦʥʠ ʽ ʜʽʨʢʠ ʧʨʦʩʪʦʨʦʚʦ ʦʙʤʝʞʫʶʪʴʩʷ ʥʘʥʦʪʨʫʙʢʦʶ ʽ 

ʨʝʢʦʤʙʽʥʫʶʪʴ ʫ ʨʘʟʽ ʟʽʪʢʥʝʥʥʷ. ʗʢʱʦ ʾʭ ʩʫʤʘʨʥʠʡ ʽʤʧʫʣʴʩ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ ʽ ʚ ʥʠʭ ʧʨʦʪʠʣʝʞʥʽ ʩʧʽʥʠ, ʪʦ ʚʦʥʠ ʤʦʞʫʪʴ ʨʝʢʦʤʙʽʥʫʚʘʪʠ ʟ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʬʦʪʦʥʘ. ɿʤʽʥʶʶʯʠ ʥʘʧʨʫʛʫ ʟʘʪʚʦʨʘ ʧʦʣʴʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʤʦʞʥʘ ʧʝʨʝʤʽʱʫʚʘʪʠ ʧʨʦʮʝʩ ʨʝʢʦʤʙʽʥʘʮʽʾ ʚ ʧʨʦʩʪʦʨʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʝʬʝʢʪʽ ʨʝʢʦʤʙʽʥʘʮʽʾ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʝʣʝʢʪʨʠʯʥʦ-

ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʦʜʥʦʤʦʣʝʢʫʣʷʨʥʝ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ. 
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ʉʚʽʪʣʦʯʫʪʣʠʚʽ ʧʨʠʩʪʨʦʾ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʪʨʫʙʦʢ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ 

ʩʪʘʜʽʾ ʨʦʟʨʦʙʣʝʥʥʷ. ʅʘʡʧʨʦʩʪʽʰʝ ʦʧʪʦʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʧʘʤôʷʪʽ 

ʩʪʚʦʨʶʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʢʦʤʙʽʥʘʮʽʾ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʟ ʢʘʥʘʣʦʤ ʟ 

ʢʦʤʧʦʟʠʪʫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʽ ʧʦʢʨʠʪʦʛʦ ʬʦʪʦʯʫʪʣʠʚʠʤ 

ʧʦʣʽʤʝʨʦʤ. ʋ ʨʘʟʽ ʦʧʨʦʤʽʥʝʥʥʷ ʧʦʣʽʤʝʨʫ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʫ ʩʠʩʪʝʤʽ ʥʘʥʦʪʨʫʙʢʘ ï ʧʦʣʽʤʝʨ ʚʠʥʠʢʘʻ 

ʬʦʪʦʩʪʨʫʤ, ʧʨʠʯʦʤʫ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ 

ʧʨʠʡʤʘʣʴʥʠʢʫ-ʥʘʥʦʪʨʫʙʮʽ. ʆʧʝʨʘʮʽʾ ʟʯʠʪʫʚʘʥʥʷ ʽ ʩʪʠʨʘʥʥʷ ʟʘʨʷʜʫ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʜʦʜʘʪʢʦʤ ʥʘʧʨʫʛʠ ʯʝʨʝʟ ʟʘʪʚʦʨ ʜʦ ʢʘʥʘʣʫ ʪʨʘʥʟʠʩʪʦʨʘ. 

ʆʧʪʠʯʥʠʡ ʩʧʝʢʪʨ ʚʽʜʛʫʢʫ ʧʨʠʣʘʜʫ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʦʣʽʤʝʨ ʟ ʨʽʟʥʠʤ ʧʦʛʣʠʥʘʥʥʷʤ. 

ʅʘʜ ʽʜʝʻʶ ʧʦʪʦʚʱʝʥʥʷ ʩʚʽʪʣʦʯʫʪʣʠʚʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʰʘʨʫʚʘʥʥʷ ʤʦʣʝʢʫʣ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʚʽʪʣʘ ʥʠʥʽ ʘʢʪʠʚʥʦ ʧʨʘʮʶʶʪʴ ʫʯʝʥʽ. 

ʉʚʽʪʣʦʯʫʪʣʠʚʽ ʧʨʠʩʪʨʦʾ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʪʨʫʙʦʢ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ 

ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʪʝʧʝʨ ʬʦʪʦʝʣʝʤʝʥʪʘʤʠ. ʇʨʠʩʪʨʦʾ ʥʘ 

ʥʘʥʦʪʨʫʙʢʘʭ ʜʫʞʝ ʢʦʤʧʘʢʪʥʽ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ 

ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ: ʚʦʥʘ ʬʘʢʪʠʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʽʘʤʝʪʨʦʤ 

ʥʘʥʦʪʨʫʙʢʠ ̔ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1 ʥʤ. ɼʣʷ ʚʠʩʦʢʦʯʫʪʣʠʚʦʾ ʨʝʻʩʪʨʘʮʽʾ 

ʩʚʽʪʣʦʚʦʾ ʢʘʨʪʠʥʠ ʜʦʩʠʪʴ ʩʬʦʢʫʩʫʚʘʪʠ ʩʣʘʙʢʠʡ ʧʫʯʦʢ 

ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʩʚʽʪʣʘ ʚ ʤʝʞʘʭ ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʊʝʭʥʦʣʦʛʽʷ ʯʠʧʽʚ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʚʽʜʧʦʚʽʜʘʻ 

ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʪʨʦʥʽʢʠ: ʜʨʫʢ ʯʠʧʽʚ ʥʘ ʛʥʫʯʢʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʦʩʥʦʚʘʭ ʽ ʥʠʟʴʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʫʛʣʝʮʴ 

ʩʣʘʙʢʦ ʚʧʣʠʚʘʻ ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʪʢʘʥʠʥʠ, ʽ ʮʝ ʨʦʙʠʪʴ ʥʦʚʠʡ 

ʩʚʽʪʣʦʯʫʪʣʠʚʠʡ ʤʘʪʝʨʽʘʣ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʪʫʯʥʦʾ 

ʩʽʪʢʽʚʢʠ. ʇʦ ʩʫʪʽ, ʩʚʽʪʣʦʯʫʪʣʠʚʽ ʥʘʥʦʪʨʫʙʢʠ, ʱʦ ʨʦʟʧʽʟʥʘʶʪʴ ʚʠʜʠʤʝ 

ʩʚʽʪʣʦ, ʚʽʜʢʨʠʚʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʰʪʫʯʥʦʛʦ ʟʦʨʫ. 

ʅʘʥʦʪʨʫʙʢʠ ʟʛʦʜʦʤ ʤʦʞʥʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʣʽʢʫʚʘʥʥʷ 

ʨʽʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ 

ʟʚôʷʟʢʽʚ ʤʽʞ ʡʦʛʦ ʦʢʨʝʤʠʤʠ ʯʘʩʪʠʥʘʤʠ. ɺʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ 

ʚʠʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ ʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʽ ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʤʦʟʢʦʚʠʭ ʥʝʡʨʦʥʽʚ. ʊʘʢʠʡ ʤʘʪʝʨʽʘʣ ʤʽʛ ʙʠ 

ʟʘʤʽʥʠʪʠ ʤʦʟʢʦʚʽ ʢʣʽʪʠʥʥʽ ʤʝʤʙʨʘʥʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʫʛʣʝʮʝʚʠʭ ʥʘ-



268 

 

ʥʦʪʨʫʙʦʢ ʤʦʞʥʘ ʙʫʜʝ ʣʽʢʫʚʘʪʠ ʟʘʭʚʦʨʶʚʘʥʥʷ ʮʝʥʪʨʘʣʴʥʦʾ ʥʝʨʚʦʚʦʾ 

ʩʠʩʪʝʤʠ. 

ɼʝʷʢʽ ʟ ʮʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʫʞʝ ʟʜʽʡʩʥʝʥʽ, ʘ ʨʝʘʣʽʟʘʮʽʷ ʽʥʰʠʭ 

ʤʦʞʣʠʚʘ ʚ ʥʘʡʙʣʠʞʯʦʤʫ ʘʙʦ ʚ ʙʽʣʴʰ ʚʽʜʜʘʣʝʥʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ. ɼʣʷ 

ʜʝʷʢʠʭ ʦʯʽʢʫʚʘʥʠʭ ʧʨʠʣʘʜʽʚ ʱʝ ʥʝʤʘʻ ʯʽʪʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʘʟʢʽʚ ʽ 

ʥʝʜʦʩʪʘʪʥʽ ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʧʨʦ ʦʨʛʘʥʽʟʘʮʽʶ ʽ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʪʘʢʠʤʠ 

ʦʙôʻʢʪʘʤʠ, ʷʢ ʥʘʥʦʪʨʫʙʢʠ, ʽ ʮʝ ʜʝʱʦ ʛʘʣʴʤʫʻ ʦʨʛʘʥʽʟʘʮʽʶ ʽ 

ʨʦʟʰʠʨʝʥʥʷ ʨʠʥʢʫ ʾʭ ʟʙʫʪʫ. 

ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʨʦʟʨʦʙʥʠʢʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʻ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʤʠʢʘʯʽʚ ʥʘ ʯʠʧʽ. ʇʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ 

ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʝʨʝʤʠʢʘʯʽʚ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ, 

ʪʦʥʰʠʭ ʧʨʦʚʦʜʽʚ, ʷʢʽ ʾʭ ʟôʻʜʥʫʶʪʴ, ʽ ʱʽʣʴʥʽʰʦʛʦ ʧʘʢʦʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʥʘ ʯʠʧʽ. ʆʜʥʘʢ ʫ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʟôʻʜʥʫʚʘʣʴʥʠʭ 

ʧʨʦʚʦʜʽʚ, ʷʢʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʾʭ ʧʦʧʝʨʝʯʥʠʡ ʨʦʟʤʽʨ, ʚʠʥʠʢʘʶʪʴ 

ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʦʧʦʨʫ ʧʨʦʚʦʜʽʚ, ʱʦ ʩʧʨʠʯʠʥʷʻ 

ʚʠʜʽʣʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ, ʧʝʨʝʛʨʽʚʘʥʥʷ ʘʞ ʜʦ ʤʦʞʣʠʚʦʛʦ 

ʧʣʘʚʣʝʥʥʷ ʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʧʨʦʚʽʜʥʠʢʽʚ.  

ɺʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ, ʜʽʘʤʝʪʨ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ ʥʘʥʦʤʝʪʨʠ, ʤʘʶʪʴ 

ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʠʡ ʦʧʽʨ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʨʦʧʫʩʢʘʪʠ ʯʝʨʝʟ ʥʠʭ ʚʝʣʠʢʽ 

ʩʪʨʫʤʠ ʙʝʟ ʽʩʪʦʪʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʷʢ 

ʟôʻʜʥʫʚʘʣʴʥʽ ʧʨʦʚʦʜʠ. ɼʫʞʝ ʚʠʩʦʢʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʥʘʥʦʪʨʫʙʦʢ 

ʦʟʥʘʯʘʻ, ʱʦ ʾʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ ʷʢ ʪʝʧʣʦʚʽʜʚʦʜʠ, ʱʦ ʰʚʠʜʢʦ 

ʚʠʥʦʩʷʪʴ ʟ ʯʠʧʘ ʥʘʜʣʠʰʢʦʚʝ ʪʝʧʣʦ.  

ʅʘ ʧʣʦʱʽ 1 ʩʤ2 ʩʫʯʘʩʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʨʦʟʤʽʱʝʥʦ ʙʣʠʟʴʢʦ 108 

ʧʝʨʝʤʠʢʘʯʽʚ. ʅʘ ʙʘʟʽ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʢʚʘʜʨʘʪʥʦʤʫ ʩʘʥʪʠʤʝʪʨʽ ʯʠʧʘ 

ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ 1012 ʧʝʨʝʤʠʢʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʐʚʠʜʢʽʩʪʴ 

ʧʝʨʝʤʠʢʘʥʥʷ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʟʛʽʜʥʦ ʟ ʦʮʽʥʢʘʤʠ ʤʘʻ ʙʫʪʠ ʫ 100 ʨʘʟʽʚ 

ʚʠʱʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʥʠʥʽʰʥʽʤ ʧʦʢʦʣʽʥʥʷʤ ʽʥʪʝʣʽʚʩʴʢʠʭ ʯʠʧʽʚ.  

ɺʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʙʘʪʘʨʝʡʦʢ. ʃʽʪʽʡ, ʷʢʠʡ ʻ ʥʦʩʽʻʤ ʟʘʨʷʜʫ ʫ ʜʝʷʢʠʭ ʙʘʪʘʨʝʡʢʘʭ, ʤʦʞʥʘ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʫ ʪʨʫʙʢʠ. ɿʛʽʜʥʦ ʟ ʦʮʽʥʢʘʤʠ ʟʘʧʦʚʥʝʥʥʷ ʪʨʫʙʦʢ 

ʘʪʦʤʘʤʠ ʣʽʪʽʶ ʤʦʞʥʘ ʜʦʚʦʜʠʪʠ ʜʦ ʦʜʥʦʛʦ ʘʪʦʤʘ Li ʥʘ ʰʽʩʪʴ ʘʪʦʤʽʚ ʉ. 
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ʅʘʪʝʧʝʨ ʟʫʩʠʣʣʷ ʚʯʝʥʠʭ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʟʘʧʦʚʥʝʥʠʭ ʧʨʦʚʽʜʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ.  

ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʠʣʘ ʙ ʩʪʚʦʨʶʚʘʪʠ ʩʪʨʫʤʦʧʨʦʚʽʜʥʽ ʩʧʦʣʫʢʠ, 

ʘ ʦʪʞʝ, ʚʠʨʦʙʣʷʪʠ ʥʘʥʦʝʣʝʢʪʨʦʥʥʽ ʧʨʠʣʘʜʠ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʟʤʝʥʰʠʣʠʩʷ 

ʙ ʤʘʡʞʝ ʫ ʜʚʘ ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʽʩʥʫʶʯʠʤʠ. 

ʆʜʠʥʠʯʥʽ ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʥʘʡʪʦʥʰʽ ʟʦʥʜʠ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟ ʤʘʣʦʶ ʰʦʨʩʪʢʽʩʪʶ (ʥʘ ʥʘʥʦʤʝʪʨʦʚʦʤʫ 

ʨʽʚʥʽ). ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʘ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʘ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ 

ʥʘʥʦʪʨʫʙʢʠ. ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ɽ ʫʟʜʦʚʞ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʥʘʥʦʪʨʫʙʢʠ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 7000 ɻʇʘ, ʪʦʜʽ ʷʢ ʟʦʥʜʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʥʘʜʤʽʮʥʦʾ 

ʽʨʠʜʽʻʚʦʾ ʩʪʘʣʽ, ʜʦʩʷʛʘʶʪʴ ʟʥʘʯʝʥʥʷ 520 ɻʇʘ. 

ʆʜʥʦʰʘʨʦʚʽ ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʫʪʴ ʧʨʫʞʥʦ ʧʦʜʦʚʞʫʚʘʪʠʩʷ ʘʞ ʥʘ 

16%. ʑʦʙ ʥʘʦʯʥʦ ʫʷʚʠʪʠ ʪʘʢʫ ʚʣʘʩʪʠʚʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʚ ʤʘʢʨʦ-

ʩʢʦʧʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ, ʥʘʧʨʠʢʣʘʜ, ʟʘʣʽʟʥʦʾ ʩʧʠʮʽ ʟʘʚʜʦʚʞʢʠ 30 ʩʤ, ʪʦ 

ʾʾ ʤʦʞʥʘ ʧʦʜʦʚʞʠʪʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ 4,5 ʩʤ, ʧʨʠʯʦʤʫ ʧʽʩʣʷ ʟʥʷʪʪʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʦʥʘ ʟʥʦʚʫ ʥʘʙʫʜʝ ʚʠʭʽʜʥʦʾ ʜʦʚʞʠʥʠ. ʊʘʢʘ 

çʥʘʜʝʣʘʩʪʠʯʥʽʩʪʴè ʪʘʢʦʞ ʩʪʘʥʦʚʠʪʴ ʽʥʪʝʨʝʩ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ.  

ʅʘʧʨʠʢʣʘʜ, ʤʽʢʨʦʟʦʥʜ ʽʟ ʥʘʥʦʪʨʫʙʢʠ ʟ ʥʘʜʧʨʫʞʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʫ ʨʘʟʽ ʧʝʨʝʚʠʱʝʥʥʷ ʧʝʚʥʦʛʦ ʟʫʩʠʣʣʷ ʙʫʜʝ ʟʛʠʥʘʪʠʩʷ 

ʧʨʫʞʥʦ ʽ ʪʠʤ ʩʘʤʠʤ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʥʪʘʢʪ ʟ ʧʦʚʝʨʭʥʝʶ.  

ɺʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʜʘʶʪʴ 

ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ 

ʤʽʮʥʽʩʪʴ ʟʘ ʫʤʦʚ ʥʘʜʚʠʩʦʢʠʭ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ɿ ʪʘʢʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʤʦʞʥʘ ʚʠʨʦʙʣʷʪʠ ʥʘʜʤôʷʢʫ ʽ ʥʘʜʤʽʮʥʫ ʪʢʘʥʠʥʠ. 

ɼʣʷ ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʧʨʠʚʘʙʣʠʚʘ ʚʠʩʦʢʘ ʧʠʪʦʤʘ 

ʧʦʚʝʨʭʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘʥʦʪʨʫʙʦʢ.  

ʅʘʥʦʪʨʫʙʢʠ ʚ ʧʨʦʮʝʩʽ ʟʨʦʩʪʘʥʥʷ ʩʧʦʥʪʘʥʥʦ ʫʪʚʦʨʶʶʪʴ 

ʦʨʽʻʥʪʦʚʘʥʽ ʩʧʽʨʘʣʝʧʦʜʽʙʥʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʨʦʞʥʠʥ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʦʟʤʽʨʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʥʘʥʦʪʨʫʙʦʢ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ 600 ʤ2 ʥʘ 1 ʩʤ2 

ʨʝʘʣʴʥʦʾ ʧʣʦʱʽ. ʅʘʩʪʽʣʴʢʠ ʚʠʩʦʢʘ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʤʘʪʝʨʽʘʣʫ 
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ʥʘʥʦʪʨʫʙʦʢ ʫʤʦʞʣʠʚʣʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ 

ʘʧʘʨʘʪʘʭ ʭʽʤʽʯʥʦʾ ʛʘʣʫʟʽ. 

ʄʦʞʥʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʥʦʪʨʫʙʢʠ ʷʢ ʝʣʝʢʪʨʦʜʠ ʜʣʷ 

ʥʘʫʢʦʻʤʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʚʝʣʠʢʦʾ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ. 

ʄʘʪʝʨʽʘʣʦʤ ʜʣʷ ʝʣʝʢʪʨʦʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʥʦʪʨʫʙʢʠ 

ʜʦʚʞʠʥʦʶ 20 ʤʢʤ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʧʫʯʢʽʚ ʜʽʘʤʝʪʨʦʤ 2 ʤʢʤ.  

ʄʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ï ʝʤʧʽʨʠʯʥʽ, ʱʦ ʯʘʩʪʦ 

ʚʠʷʚʣʷʶʪʴʩʷ ʜʫʞʝ ʚʜʘʣʠʤʠ ʟʥʘʭʽʜʢʘʤʠ.  

ʆʜʥʘʢ ʾʭ ʤʦʞʣʠʚʦʩʪʽ ʦʙʤʝʞʝʥʽ ɦ ʦʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ 

ʟʘʜʘʥʦʛʦ ʜʽʘʤʝʪʨʘ ʽ ʜʦʚʞʠʥʠ. ʉʠʩʪʝʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʦʟʚʦʣʷʶʪʴ ʫʜʦʩʢʦʥʘʣʠʪʠ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʽ 

ʢʝʨʦʚʘʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʜʘʩʪʴ 

ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʚʘʨʪʽʩʪʴ ʥʘʥʦʪʨʫʙʦʢ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʫ ʥʘʥʦʝʣʝʢʪʨʦʥʽʮʽ ʱʝ 

ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ ʨʷʜ ʧʨʦʙʣʝʤ, ʟʫʤʦʚʣʝʥʠʭ ʢʚʘʥʪʫʚʘʥʥʷʤ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʽʚ ʫ ʪʘʢʠʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ, 

ʷʢʠʤʠ ʻ ʥʘʥʦʪʨʫʙʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʰʘʨʦʚʦʾ ʥʘʥʦʪʨʫʙʢʠ 

ʦʯʽʢʫʻʪʴʩʷ ʚʪʽʣʝʥʥʷ ʚ ʨʝʘʣʴʥʽʩʪʴ ʽʜʝʾ ʩʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʫ 

ʚʠʛʣʷʜʽ ʜʝʬʝʢʪʫ ʧôʷʪʠʢʫʪʥʠʢïʩʝʤʠʢʫʪʥʠʢ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʪʦʚʧʯʠʢʽʚ ʥʘʥʦʪʨʫʙʦʢ ʯʠ 

ʥʘʥʦʧʨʦʚʦʜʽʚ ʷʢ ʥʘʥʦʛʝʥʝʨʘʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ 

ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘ ʤʝʭʘʥʽʯʥʦʤʫ ʚʠʛʠʥʽ ʯʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʤʫ 

ʧʨʠʥʮʠʧʽ, ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʧʘʜʢʦʚʽ ʚʽʙʨʘʮʽʾ ʘʙʦ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʢʦʣʠʚʘʥʥʷ ʜʣʷ ʞʠʚʣʝʥʥʷ ʨʽʟʥʠʭ ʥʘʜʤʘʣʠʭ ʧʨʠʩʪʨʦʾʚ 

(ʨʠʩ. 9.26).  

ɼʣʷ ʮʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʤʘʪʝʨʽʘʣ ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʝʧʨʠʜʘʪʥʠʡ, 

ʦʩʢʽʣʴʢʠ ʬʣʝʢʩʦʝʣʝʢʪʨʠʯʥʠʡ ʽ ʩʣʘʙʢʠʡ ʪʨʝʪʠʥʥʠʡ ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʡ 

ʝʬʝʢʪʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʚʩʽʭ ʨʝʯʦʚʠʥ, ʘ ʚ ʨʘʟʽ ʧʝʨʝʭʦʜʫ ʜʦ ʥʘʥʦʨʦʟʤʽʨʫ 

ʽ ʤʦʥʦʰʘʨʫ ʤʘʶʪʴ ʚʠʷʚʣʷʪʠʩʷ ʟʥʘʯʥʽ ʧʦʚʝʨʭʥʝʚʠʡ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʡ 

ʽ ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪʠ, ʽʥʜʫʢʦʚʘʥʽ ʚʪʨʘʪʦʶ ʮʝʥʪʨʘ ̔ ʥʚʝʨʩʽʾ ʯʝʨʝʟ 

ʜʦʤʽʥʫʶʯʠʡ ʚʥʝʩʦʢ ʧʦʚʝʨʭʥʽ. 

ʆʜʥʘʢ ʚʫʛʣʝʮʴ ï ʥʝ ʻʜʠʥʠʡ ʤʘʪʝʨʽʘʣ, ʟ ʷʢʦʛʦ ʦʪʨʠʤʫʶʪʴ 

ʥʘʥʦʪʨʫʙʢʠ; ʮʝ ʪʘʢʦʞ GʘN, GaAs, ɸl2ʆ3, ɺN, ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʪʘ 

ʽʥʰʽ ʤʘʪʝʨʽʘʣʠ. 
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ʂʨʽʤ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʥʘʥʦʪʨʫʙʢʠ ʽ ʥʘʥʦʩʪʨʠʞʥʽ ʧʨʠʜʘʪʥʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʥʘʧʨʠʢʣʘʜ 

ʥʘʥʦʛʝʥʝʨʘʪʦʨʘ ʩʪʨʫʤʫ. ɺʝʨʭʥʽʡ ʝʣʝʢʪʨʦʜ ʪʘʢʦʛʦ ʥʘʥʦʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʻ 

ʩʦʙʦʶ ʧʣʘʩʪʠʥʫ, ʧʦʚʝʨʭʥʷ ʷʢʦʾ ʧʦʢʨʠʪʘ ʤʘʩʠʚʦʤ ʧʽʨʘʤʽʜʘʣʴʥʠʭ 

ʥʘʥʦʰʪʠʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʢʨʝʤʥʽʻʚʠʭ, ʧʦʢʨʠʪʠʭ ʧʣʘʪʠʥʦʶ). ʅʠʞʥʽʡ 

ʝʣʝʢʪʨʦʜ ï ʧʽʜʢʣʘʜʢʘ ï ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʣʘʩʪʠʥʠ ʟ ʤʘʩʠʚʦʤ 

ʥʘʥʦʩʪʨʠʞʥʽʚ (ʥʘʧʨʠʢʣʘʜ, ʟ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ Zʧʆ ʘʙʦ ʉdS). 
 

 
ʈʠʩ. 9.26. ʇʨʠʥʮʠʧʦʚʠʡ ʧʨʠʩʪʨʽʡ ʥʘʥʦʛʝʥʝʨʘʪʦʨʘ ʩʪʨʫʤʫ 

 

ʋ ʨʘʟʽ ʤʝʭʘʥʽʯʥʦʛʦ ʘʙʦ ʘʢʫʩʪʠʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʦʚʝʨʭʥʶ ʝʣʝʢʪʨʦʜʘ 

ʥʘʥʦʩʪʨʠʞʥʽ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʚʝʨʰʠʥʘʤʠ ʥʘʥʦʩʪʨʠʞʥʽʚ, ʷʢʽ ʟʛʠʥʘʶʪʴʩʷ, 

ʛʝʥʝʨʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ, ʱʦ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʚʝʨʭʥʽʡ 

ʝʣʝʢʪʨʦʜ.  

ʊʘʢʠʡ ʛʝʥʝʨʘʪʦʨ ʤʦʞʝ ʧʨʦʜʫʢʫʚʘʪʠ ʩʪʨʫʤ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ 

ʩʪʘʥʦʚʠʪʴ ʜʝʢʽʣʴʢʘ ʥʘʥʦʘʤʧʝʨʽʚ. ʎʴʦʛʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʞʠʚʣʝʥʥʷ 

ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʤʘʶʪʴ ʥʘʥʦʤʝʪʨʦʚʽ ʨʦʟʤʽʨʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ, ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ 

ʛʝʥʝʨʘʪʦʨ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʦʩʥʦʚʽ ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʧʨʦʚʦʜʽʚ, 

ʷʢʠʡ ʥʝ ʙʫʜʝ ʤʽʩʪʠʪʠ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʥʘʥʦʪʨʫʙʢʠ ʷʢ ʥʦʚʦʾ ʬʘʟʠ ʨʝʯʦʚʠʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʾʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʶ ʦʟʥʘʢʦʶ. ʊʽ ʯʠ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʙʘʟʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʥʦʪʨʫʙʢʠ, ʦʪʨʠʤʘʥʦʾ 

ʥʘ ʦʩʥʦʚʽ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ GʘN, ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ 

ʪʨʫʙʢʠ; ʫ ʚʠʧʘʜʢʫ ʢʫʙʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ GʘN ʚʦʥʘ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʦʩʪʽʡʥʦʶ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʾʾ ʜʽʘʤʝʪʨʘ. 
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ɺʠʩʦʢʘ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʪʘ ʢʝʨʦʚʘʥʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʷʢ ʟʦʥʜʠ ʫ 

ʩʢʘʥʫʚʘʣʴʥʦʤʫ ʪʫʥʝʣʴʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ï ʪʘʢʠʡ ʟʦʥʜ ʜʘʻ ʟʤʦʛʫ 

ʧʽʜʚʠʱʫʚʘʪʠ ʛʨʘʥʠʯʥʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʨʠʣʘʜʽʚ ʧʦʜʽʙʥʦʛʦ ʪʠʧʫ. 

ʋ ʟʘʩʦʙʘʭ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦʨʫʰʫʻʪʴʩʷ ʯʘʩ ʚʽʜ ʯʘʩʫ ʪʝʤʘ 

çʢʦʩʤʽʯʥʦʛʦ ʣʽʬʪʘè: ʟ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʛʦʪʦʚʠʪʠ ʥʘʡʛʦʣʦʚʥʽʰʠʡ ʢʦʤʧʦʥʝʥʪ ʫʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ï ʥʘʜʤʽʮʥʠʡ 

ʢʘʙʝʣʴ ʜʦʚʞʠʥʦʶ 100 000 ʢʤ.  
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ʈʦʟʜʽʣ 10. ʉʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ 

 

ʉʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʧʦʥʪʘʥʥʦʶ 

ʧʦʣʷʨʠʟʘʮʽʻʶ ʈʩ ʥʘʧʨʷʤʦʢ ʷʢʦʾ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʦ ʜʦʜʘʥʠʤ ʟʟʦʚʥʽ 

ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ. ɺʣʘʩʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ, ʢʨʽʤ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ, 

ʤʘʶʪʴ ʪʘʢʦʞ ʝʣʝʢʪʨʝʪʠ ʪʘ ʧʽʨʦʝʣʝʢʪʨʠʢʠ. ʆʜʥʘʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʟʘʣʠʰʢʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʝʪʽʚ, ʩʧʦʥʪʘʥʥʘ ʧʦʣʷʨʠʟʘʮʽʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʙʽʣʴʥʠʡ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʩʪʘʥ ʧʦʣʷʨʥʠʭ 

ʜʽʝʣʝʢʪʨʠʢʽʚ. ʊʦʤʫ ʟʘʣʠʰʢʦʚʘ ʧʦʣʷʨʠʟʘʮʽʷ ʧʦʚʥʽʩʪʶ ʟʥʠʢʘʻ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʘʙʦ ʦʧʨʦʤʽʥʝʥʥʽ ʝʣʝʢʪʨʝʪʘ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʩʧʦʥʪʘʥʥʘ 

ʧʦʣʷʨʠʟʘʮʽʷ - ʢʨʠʩʪʘʣʦʬʽʟʠʯʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʣʷʨʥʦʛʦ ʢʨʠʩʪʘʣʘ; 

ʚʦʥʘ ʪʽʣʴʢʠ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʘʭ ʥʘ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ, 

ʘʣʝ ʧʦʪʽʤ ʧʦʚʥʽʩʪʶ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʧʨʠ ʧʦʚʝʨʥʝʥʥʽ ʜʦ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚ, ʚ ʷʢʠʭ ʙʫʚ ʢʨʠʩʪʘʣ ʜʦ ʮʠʭ ʚʧʣʠʚʽʚ. 

ʇʽʨʦʝʣʝʢʪʨʠʢʘ, ʨʦʟʛʣʷʥʫʪʘ ʨʘʥʽʰʝ, ʻ ʦʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ 

ʧʨʦʷʚʽʚ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʧʦʣʷʨʥʠʭ ʢʨʠʩʪʘʣʽʚ. 

ʇʽʨʦʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ (ʘʙʦ ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ), ʱʦ 

ʟ'ʷʚʣʷʻʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʩʪʘʣʘ, ʦʙʫʤʦʚʣʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʟʤʽʥʦʶ ʈʩ ʧʨʠʯʠʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʥʝʫʧʦʨʷʜʢʫʚʘʥʥʷ ʩʧʦʥʪʘʥʥʦ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʢʨʠʩʪʘʣʘ ʘʙʦ ʯʝʨʝʟ 

ʡʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ. ɼʦʜʘʥʝ ʟʟʦʚʥʽ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʥʝ 

ʤʦʞʝ ʟʤʽʥʠʪʠ ʥʘʧʨʷʤʦʢ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʧʽʨʦʝʣʝʢʪʨʠʢʘ. 

ʆʩʦʙʣʠʚʦ ʩʧʦʥʪʘʥʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʭ - ʪʘʢʠʭ ʧʦʣʷʨʥʠʭ ʜʽʝʣʝʢʪʨʠʢʘʭ, ʚ ʷʢʠʭ ʈʩ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠ ʩʚʽʡ ʥʘʧʨʷʤʦʢ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ . ɹʽʣʴʰʝ 

ʪʦʛʦ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʥʪʘʥʥʘ 

ʧʦʣʷʨʠʟʘʮʽʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʟʥʠʢʥʝʥʥʷ ʟʘʜʦʚʛʦ ʜʦ 

ʧʣʘʚʣʝʥʥʷ ʢʨʠʩʪʘʣʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʻ ʧʽʜʢʣʘʩʦʤ ʧʽʨʦʝʣʝʢʪʨʠʢʽʚ, ʚ 

ʷʢʦʤʫ ʩʧʦʥʪʘʥʥʦ ʧʦʣʷʨʠʟʦʚʘʥʠʡ ʩʪʘʥ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʩʪʽʡʢʠʤ ʽ ʪʦʤʫ 

ʜʫʞʝ ʣʘʙʽʣʴʥʠʤ (ʧʦʜʘʪʣʠʚʠʤ). ʎʝʡ ʩʪʘʥ ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʟʦʚʥʽʰʥʽʤʠ 

ʚʧʣʠʚʘʤʠ: ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ, ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ, ʤʝʭʘʥʽʯʥʠʤ 

ʪʠʩʢʦʤ ʪʘ ʽʥʰʠʭ (ʨʠʩ. 10.1.). 
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ʈʠʩ. 10.1. ɿʘʣʝʞʥʽʩʪʴ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʪʘ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ. 

 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʫʷʚʠʪʠ ʾʭ ʷʢ çʝʣʝʢʪʨʠʯʥʠʡ ʘʥʘʣʦʛ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚè, ʻ ʤʠʤʦʚʽʣʴʥʝ 

ʨʦʟʙʠʪʪʷ ʾʭ ʥʘ ʙʝʟʣʽʯ ʜʦʤʝʥʽʚ. ʋʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʜʦʤʝʥʫ ʩʧʦʥʪʘʥʥʘ 

ʧʦʣʷʨʠʟʘʮʽʷ ʩʧʨʷʤʦʚʘʥʘ ʦʜʥʘʢʦʚʠʤ ʯʠʥʦʤ, ʘʣʝ ʚ ʨʽʟʥʠʭ ʜʦʤʝʥʘʭ 

ʥʘʧʨʷʤʦʢ ʈ ʟ ʨʽʟʥʠʪʴʩʷ. ʋʪʚʦʨʝʥʥʷ ʧʦʣʽʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʭ ʚʠʛʽʜʥʦ ʝʥʝʨʛʝʪʠʯʥʦ, ʦʩʢʽʣʴʢʠ ʤʦʥʦʜʦʤʝʥʥʠʡ 

ʢʨʠʩʪʘʣ ʩʪʚʦʨʶʻ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʦʩʪʦʨʽ ʟʦʚʥʽʰʥʻ ʝʣʝʢʪʨʠʯʥʝ 

ʧʦʣʝ (ʙʫʜʫʯʠ ʝʣʝʢʪʨʝʪʦʤ). ʆʯʝʚʠʜʥʦ, ʱʦ ʝʥʝʨʛʽʷ ʮʴʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʣʷ ʟʥʠʞʫʻʪʴʩʷ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʜʦʤʝʥʽʚ. ʆʜʥʘʢ ʧʨʠ 

ʨʦʟʙʠʪʪʽ ʥʘ ʜʦʤʝʥʠ ʟʨʦʩʪʘʻ ʝʥʝʨʛʽʷ ʜʦʤʝʥʥʠʭ ʛʨʘʥʠʮʴ - ʩʪʽʥʦʢ, ʱʦ 

ʨʦʟʜʽʣʷʶʪʴ ʦʙʣʘʩʪʽ ʟ ʨʽʟʥʠʤ ʥʘʧʨʷʤʢʦʤ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʚʢʽʣʣʷ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ 

ʜʝʬʝʢʪʽʚ ʢʨʠʩʪʘʣʘ ʫʪʚʦʨʶʻʪʴʩʷ ʪʘ ʯʠ ʽʥʰʘ ʚʽʜʥʦʩʥʦ ʩʪʽʡʢʘ 

ʧʦʣʽʜʦʤʝʥʥʘ ʩʪʨʫʢʪʫʨʘ: ʨʽʚʥʦʚʘʞʥʽ ʨʦʟʤʽʨʠ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ 

ʜʦʤʝʥʽʚ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ ʩʦʪʠʭ ʯʘʩʪʦʢ ʤʽʣʽʤʝʪʨʘ ʜʦ ʢʽʣʴʢʦʭ 

ʤʽʣʽʤʝʪʨʽʚ. ɯʥʦʜʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ ʚʠʟʥʘʯʘʶʪʴ ʷʢ çʧʽʨʦʝʣʝʢʪʨʠʢ, ʱʦ 

ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʦʤʝʥʠè. 

ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ɽ ʟʤʫʰʫʻ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʽ ʜʦʤʝʥʠ, 

ʦʨʽʻʥʪʦʚʘʥʽ ʭʘʦʪʠʯʥʦ, ʥʘʙʫʚʘʪʠ ʦʜʥʘʢʦʚʫ ʦʨʽʻʥʪʘʮʽʶ; ʧʨʠ ʮʴʦʤʫ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʚʝʣʠʯʠʥʠ ɽ ʧʦʣʷʨʠʟʘʮʽʷ ʜʦʩʷʛʘʻ ʥʘʩʠʯʝʥʥʷ. ʉʪʘʥ ʽʟ 

ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʜʦʤʝʥʘʤʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʥʠʞʝʥʥʽ 

ʧʦʣʷ ʜʦ ʥʫʣʷ. ʗʢ ʙʘʯʠʤʦ ʥʘ ʨʠʩ. 10.1ʘ, ʧʦʣʷʨʠʟʘʮʽʷ ʙʝʟ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʣʷ (ʧʨʠ ɽ = 0) ʧʨʘʛʥʝ ʟʙʝʨʽʛʘʪʠ ʩʚʽʡ ʥʘʧʨʷʤʦʢ. ʗʢʱʦ ʞ ʟʤʽʥʠʪʠ 

ʧʦʣʷʨʥʽʩʪʴ ʧʨʠʢʣʘʜʝʥʦʛʦ ʟʟʦʚʥʽ ʧʦʣʷ ɽ ̔  ʟʙʽʣʴʰʫʚʘʪʠ ʡʦʛʦ ʚ 

ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʈʩ , ʪʦ ʚʦʥʦ, ʥʝ ʟʤʽʥʶʶʯʠ ʘʙʩʦʣʶʪʥʦʾ 

ʚʝʣʠʯʠʥʠ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, ʟʤʽʥʶʻ ʾʾ ʥʘʧʨʷʤ. 
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ɼʣʷ ʪʘʢʦʛʦ çʧʨʠʤʫʩʦʚʦʾè ʟʤʽʥʠ ʥʘʧʨʷʤʫ ʈʩ , ʪʦʙʪʦ ʜʣʷ 

ʧʝʨʝʧʦʣʷʨʠʟʘʮʽʾ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ , ʜʦ ʥʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ, ʷʢʝ ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʠʪʠʯʥʠʤ ʧʦʣʝʤ 

ɽʢ (ʨʠʩ. 10.1ʘ). ɯʥʦʜʽ ʚʝʣʠʯʠʥʘ ʮʴʦʛʦ ʧʦʣʷ ʜʦʩʷʛʘʻ ʜʫʞʝ ʚʝʣʠʢʦʾ 

ʚʝʣʠʯʠʥʠ, ʽ ʪʦʜʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ ʚʠʛʣʷʜʘʻ ʧʦʜʽʙʥʠʤ ʜʦ 

ʧʽʨʦʝʣʝʢʪʨʠʢʘ . ʊʠʤ ʥʝ ʤʝʥʰ, ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʪʘʢʦʛʦ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ, ʫ ʤʽʨʫ ʥʘʙʣʠʞʝʥʥʷ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʪʦʯʢʠ 

ʂʶʨʽ ʊʢ , ʡʦʛʦ ʢʨʠʪʠʯʥʝ ʧʦʣʝ ɽʢ h ʚʠʜʢʦ ʟʥʠʞʫʻʪʴʩʷ, ʪʘʢ ʱʦ 

ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʛʽʩʪʝʨʝʟʠʩ ʧʦʙʣʠʟʫ ʪʦʯʢʠ ʂʶʨʽ ʟʘʚʞʜʠ ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ( ɽʢ , ʷʢ ʽ ʈʩ ʟʚʝʨʪʘʻʪʴʩʷ ʚ ʥʫʣʴ ʧʨʠ ʊ = ʊʢ ). ʋ 

ʧʽʨʦʝʣʝʢʪʨʠʮʽ , ʥʘʚʧʘʢʠ, çʪʦʯʢʠ ʂʶʨʽè ʥʝʤʘʻ, ʘ çʢʦʝʨʮʠʪʠʚʥʝ ʧʦʣʝè 

ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʠʱʫʻ ʧʦʣʝ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʦʙʦʶ, ʪʦʙʪʦ. ʪʘʢʠʡ 

ʢʨʠʩʪʘʣ ʰʚʠʜʰʝ ʟʨʫʡʥʫʻʪʴʩʷ, ʥʽʞ ʟʤʽʥʠʪʴ ʥʘʧʨʷʤʦʢ ʩʚʦʻʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʣʷʨʠʟʘʮʽʾ. 

ʊʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ ʻ 

ʥʝʦʙʭʽʜʥʦʶ ʽ ʜʦʩʪʘʪʥʴʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ. 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʊʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʢʥʝʥʥʷ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʪʘ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ (ʧʨʠ 

ʊ>ʊʢʈʩ = 0, ʨʠʩ. 10.1ʙ). ʊʘʢʠʤ ʞʝ ʯʠʥʦʤ, ʷʢ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʚʧʣʠʚʘʻ ʥʘ ʈ ʟ ̔ ʟʨʦʩʪʘʥʥʷ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ (ʚʩʝʙʽʯʥʦʛʦ) ʪʠʩʢʫ (ʨʠʩ. 

10.1ʚ). ɺʠʩʦʢʠʡ ʪʠʩʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʢʥʝʥʥʷ ʩʧʦʥʪʘʥʥʦʾ 

ʧʦʣʷʨʠʟʘʮʽʾ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ, ʘʣʝ ʧʽʨʦʝʣʝʢʪʨʠʢ ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ 

ʟʙʝʨʽʛʘʻ ʈʩ ʘʞ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʢʨʠʩʪʘʣʘ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʦʩʦʙʣʠʚʽ, ʥʝʣʽʥʽʡʥʽ 

ʧʽʨʦʝʣʝʢʪʨʠʢʠ. ɺʦʥʠ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ çʣʽʥʽʡʥʠʭ 

ʧʽʨʦʝʣʝʢʪʨʠʢʽʚè ʪʠʧʫ ʪʫʨʤʘʣʽʥʫ ʘʙʦ ʩʫʣʴʬʘʪʫ ʣʽʪʽʶ, ʷʢʽ 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ. ʋ ʣʽʥʽʡʥʠʭ ʧʽʨʦʝʣʝʢʪʨʠʢʘʭ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ, ʥʽʷʢʽ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ, ʘʞ ʜʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʦʙʦʶ, ʱʦ ʥʝʩʧʨʦʤʦʞʥʽ ʟʤʽʥʠʪʠ ʥʘʧʨʷʤʦʢ 

ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʈʩ , ʭʦʯʘ ʽ ʟʤʝʥʰʫʻʪʴʩʷ 

ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʘʣʝ ʥʝ ʦʙʝʨʪʘʻʪʴʩʷ ʚ ʥʫʣʴ ʘʞ ʜʦ 

ʧʣʘʚʣʝʥʥʷ ʢʨʠʩʪʘʣʽʚ. ʅʘʚʧʘʢʠ, ʚ ʥʝʣʽʥʽʡʥʠʭ ʧʽʨʦʝʣʝʢʪʨʠʢʘʭ ï 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʭ ï ʩʧʦʥʪʘʥʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ʈʩ  ʦʙʝʨʪʘʻʪʴʩʷ ʚ ʥʫʣʴ 
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ʟʘʜʦʚʛʦ ʜʦ ʧʣʘʚʣʝʥʥʷ ʢʨʠʩʪʘʣʘ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʥʫ ʧʝʨʝʙʫʜʦʚʫ 

ʧʦʣʷʨʥʦʛʦ ʢʨʠʩʪʘʣʘ ʧʨʠ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʽ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʥʴʦʤʫ. 

ɻʦʚʦʨʷʯʠ ʧʨʦ çʘʢʪʠʚʥʽ ʜʽʝʣʝʢʪʨʠʢʠè ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ, ʧʝʨʰ ʟʘ 

ʚʩʝ, ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʘʙʦ ʩʧʦʨʽʜʥʝʥʽ ʟ ʥʠʤ ʜʽʝʣʝʢʪʨʠʢʠ. ʅʘʩʧʨʘʚʜʽ, 

ʩʘʤʝ ʫ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʭ ʚʩʽ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʨʘʞʝʥʽ ʥʘʡʙʽʣʴʰ ʩʠʣʴʥʦ. ʅʘʧʨʠʢʣʘʜ, ʨʝʢʦʨʜʥʦ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʢʨʠʩʪʘʣʘʭ ʩʝʛʥʝʪʦʚʦʾ 

ʩʦʣʽ ʪʘ ʚ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʫ ʩʫʣʴʬʦʡʦʜʠʜʘ ʩʫʨʴʤʠ (SbSI). ʅʘʡʙʽʣʴʰ 

ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʘʢʦʞ ʤʘʶʪʴ ʤʽʩʮʝ ʫ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʢʨʠʩʪʘʣʘʭ (ʪʨʠʛʣʽʮʠʥʩʫʣʴʬʘʪ, ʊɻʉ). 

ʊʦʤʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʠʡʤʘʯʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚ 

ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʘʤʝ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ (ʥʝʣʽʥʽʡʥʽ ʧʽʨʦʝʣʝʢʪʨʠʢʠ ). ʋ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽʡ 

ʪʝʭʥʽʮʽ ʪʘʢʦʞ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ, ʟʦʢʨʝʤʘ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʘ ʢʝʨʘʤʽʢʘ ʪʠʧʫ ʎʊʉ = 

PZT = ʈb (Zr, Ti)O3 . ʗʢ ʦʧʪʠʯʥʽ ʜʝʪʝʢʪʦʨʠ (ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʬʦʪʦʧʦʣʷʨʠʟʘʮʽʷ) ʚ ʜʘʥʠʡ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʢʨʠʩʪʘʣʠ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ ʜʠʛʽʜʨʦʬʦʩʬʘʪʫ ʢʘʣʽʶ (KDP), ʘ ʜʣʷ ʟʘʧʠʩʫ 

ʦʧʪʠʯʥʠʭ ʛʦʣʦʛʨʘʤ ʟʥʦʚʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʽ ʢʨʠʩʪʘʣʠ (ʥʽʦʙʘʪʫ ʩʪʨʦʥʮʽʶ ï ʙʘʨʽʶ ʽ ʥʽʦʙʘʪʫ 

ʣʽʪʽʶ). 

 

10.1. ʌʽʟʠʯʥʽ ʦʩʥʦʚʠ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ 

 

ɿʫʧʠʥʠʤʦʩʷ ʥʘ ʦʩʥʦʚʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʠʯʠʥʘʭ ʚʠʥʠʢʥʝʥʥʷ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʜʝʷʢʠʭ ʽʦʥʥʠʭ ʢʨʠʩʪʘʣʘʭ. 

ʇʦʢʘʞʝʤʦ, ʥʘʩʘʤʧʝʨʝʜ, ʱʦ ʟ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʽʚ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ 

ʘʥʛʘʨʤʦʥʽʟʤ , ʷʢʠʡ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʢʦʣʠʚʘʥʥʷʭ ʽʦʥʽʚ. ʎʝ ʦʟʥʘʯʘʻ 

ʥʝʣʽʥʽʡʥʽʩʪʴ çʢʚʘʟʽʧʨʫʞʥʦʛʦ è ʟʚ'ʷʟʢʫ ʤʽʞ ʚʟʘʻʤʥʠʤ ʟʤʽʱʝʥʥʷʤ ʽʦʥʽʚ 

ʢʨʠʩʪʘʣʘ. 

ɼʣʷ ʷʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʷʢ ʥʘʡʧʨʦʩʪʽʰʘ ʤʦʜʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʦʜʥʦʤʽʨʥʠʡ ʣʘʥʮʶʞʦʢ ʽʦʥʽʚ, ʱʦ ʨʦʟʛʣʷʥʫʪʠʡ ʨʘʥʽʰʝ ʚ ʨʦʟʜʽʣʽ 3. 
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ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ ʨʦʟʢʣʘʜʘʥʥʷ ʝʥʝʨʛʽʾ U ʣʽʥʽʡʥʦʛʦ ʣʘʥʮʶʞʢʘ ʽʦʥʽʚ ʚ 

ʨʷʜ ʟʘ ʚʝʣʠʯʠʥʦʶ ʧʨʫʞʥʠʭ ʟʩʫʚʽʚ ʭ : 

      U ( ʭ ) = İ ʩʭ2 + ı bʭ4 +é. 

ʇʨʠ ʦʙʛʦʚʦʨʝʥʥʽ ʧʦʣʷʨʠʟʘʮʽʾ ʟʚʠʯʘʡʥʠʭ (çʣʽʥʽʡʥʠʭè) 

ʜʽʝʣʝʢʪʨʠʢʽʚ ʜʦʩʠʪʴ ʦʙʤʝʞʠʪʠʩʷ ʧʝʨʰʠʤ ʯʣʝʥʦʤ ʮʴʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ: 

U (ʭ) = İ ʩʭ2 . ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʨʦʣʽ ʘʥʛʘʨʤʦʥʽʟʤʫ ʤʦʞʥʘ ʦʙʤʝʞʠʪʠʩʷ 

ʥʘʚʝʜʝʥʠʤ ʚʠʱʝ (ʪʘʢʦʞ ʧʨʦʩʪʠʤ) ʥʘʙʣʠʞʝʥʥʷʤ, ʱʦ ʚʨʘʭʦʚʫʻ, ʢʨʽʤ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʯʣʝʥʘ ʨʦʟʢʣʘʜʘʥʥʷ ʝʥʝʨʛʽʾ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʫʞʥʦʩʪʽ , 

ʧʝʨʰʠʡ ʘʥʛʘʨʤʦʥʽʯʥʠʡ ʯʣʝʥ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʘʥʛʘʨʤʦʥʽʟʤʫ b > 0. ɼʣʷ 

ʧʨʦʩʪʦʪʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʱʦ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʚʠʱʝ ʪʦʯʢʠ ʂʶʨʽ (ʊʢ), 

ʪʦʙʪʦ. ʫ ʥʝʧʦʣʷʨʥʽʡ ʧʘʨʘʝʣʝʢʪʨʠʯʥʽʡ ʬʘʟʽ ʮʝʥʪʨʦʩʠʤʝʪʨʠʯʥʽ ʚ ʪʦʡ 

ʯʘʩ ʷʢ ʧʦʣʷʨʥʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʽ ʢʨʠʩʪʘʣʠ, ʦʯʝʚʠʜʥʦ, 

ʥʝʮʝʥʪʨʦʩʠʤʝʪʨʠʯʥʽ. ʇʨʠ ʧʝʨʝʭʦʜʽ ʚ ʩʧʦʥʪʘʥʥʦ ʧʦʣʷʨʠʟʦʚʘʥʠʡ ʩʪʘʥ 

( ʥʠʞʯʝ ʊʢ ) ʜʦ ʨʦʟʢʣʘʜʘʥʥʷ ʫ ʨʷʜ ʬʫʥʢʮʽʾ U(ʭ) ʜʦʜʘʻʪʴʩʷ ʣʽʥʽʡʥʠʡ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʟʤʽʱʝʥʥʷ ʭ ʯʣʝʥ: 

U (ʭ) = İ ʩʭ 2 + ı bʭ 4 - Fx ,    (10.1) 

ʜʝ F ï ʥʘʧʨʫʞʝʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʛʦ (ʩʧʦʥʪʘʥʥʦʛʦ) ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

ɻʨʘʬʽʢʠ ʬʫʥʢʮʽʾ U ( ʭ ) ʜʣʷ ʚʠʧʘʜʢʽʚ ʩ > 0 ʩ < 0 ʥʘʚʦʜʷʪʴʩʷ ʥʘ 

ʨʠʩ. 10.2. ɺʠʜʥʦ, ʱʦ ʥʠʞʯʝ ʪʦʯʢʠ ʂʶʨʽ ʚʠʥʠʢʘʻ ʧʦʩʪʽʡʥʝ ʟʤʽʱʝʥʥʷ 

ʭʩ , ʪʦʙʪʦ ʩʧʦʥʪʘʥʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʧʨʠ ʷʢʽʡ ʝʥʝʨʛʽʷ U(ʭ) ʤʽʥʽʤʘʣʴʥʘ. 

ʆʩʢʽʣʴʢʠ ʩʧʦʥʪʘʥʥʦ ʧʦʣʷʨʠʟʦʚʘʥʠʡ ʩʪʘʥ ʧʨʠ ʭ = xʩ ̒ ʨʽʚʥʦʚʘʞʥʠʤ, 

ʪʦ ʩʫʤʘʨʥʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʩʠʩʪʝʤʫ ʟʘʨʷʜʽʚ ʫ ʮʴʦʤʫ ʩʪʘʥʽ, 

ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ: 

x

xU

µ

µ )(
cxx=

;0=  ʪʦʙʪʦ .03 =-+ ccc Fbxcx   (10.2) 

 ɿʽ ʩʧʦʥʪʘʥʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ ʧʦʚ'ʷʟʘʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʱʦ 

ʥʘʟʠʚʘʻʪʴʩʷ çʢʦʝʨʮʠʪʠʚʥʠʤ ʧʦʣʝʤè: Fc = bʈc, ʜʝ b - ʢʦʝʬʽʮʽʻʥʪ 

ʃʦʨʝʥʪʮʷ. ɼʣʷ ʦʜʥʦʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʧʨʦʩʪʠʤ ʣʽʥʽʡʥʠʤ ʣʘʥʮʶʞʢʦʤ ʽʦʥʽʚ, ʈc = npc = nqxc 

ʜʝ ʧ -ʢʦʥʮʝʥʪʨʘʮʽʷ ʽ q - ʟʘʨʷʜ ʽʦʥʽʚ. ʇʽʜʩʪʘʚʣʷʶʯʠ ʦʪʨʠʤʘʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (10.3), ʦʪʨʠʤʫʻʤʦ ʢʫʙʽʯʥʝ ʨʽʚʥʷʥʥʷ 

ʩxʩ + bʭc3 - nq2 bxc = 0,               (10.3) 

ʜʝ ʧʘʨʘʤʝʪʨ ʩ ï ʭʘʨʘʢʪʝʨʠʟʫʻ çʝʣʘʩʪʠʯʥʽʩʪʴè ʽ b ï ʧʘʨʘʤʝʪʨ 

ʘʥʛʘʨʤʦʥʽʟʤʫ . ʎʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʪʘʢʽ ʪʨʠ ʢʦʨʝʥʽ: 
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;01=x      °=3,2x .
2

b

cnq -b
   (10.4) 

ʆʩʢʽʣʴʢʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʧʦʥʪʘʥʥʦ ʧʦʣʷʨʠʟʦʚʘʥʘ ʬʘʟʘ ʟʽ ʩʧʦʥʪʘʥʥʦʶ 

ʜʝʬʦʨʤʘʮʽʻʶ xʩ̧0, ʪʦ ʧʝʨʰʝ ʨʽʰʝʥʥʷ (ʭ1 = 0), ʦʯʝʚʠʜʥʦ, ʻ ʧʦʙʽʯʥʠʤ ʽ 

ʥʠʞʯʝ ʪʦʯʢʠ ʂʶʨʽ ʥʝ ʨʝʘʣʽʟʫʻʪʴʩʷ. 

 
ʈʠʩ. 10.2 ɸʥʛʘʨʤʦʥʽʟʤ ʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ : ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ çʩʝʛʥʝʪʦʘʢʪʠʚʥʦʛʦè 

ʽʦʥʘ U ʚʽʜ ʡʦʛʦ ʣʦʢʘʣʽʟʘʮʽʾ ʭ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʣʽʥʽʡʥʦʛʦ ʧʦ 

ʜʝʬʦʨʤʘʮʽʾ ʚʢʣʘʜʫ Fx, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʦʥʪʘʥʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʭʩ 

 

ɸʥʘʣʽʟ ʜʚʦʭ ʽʥʰʠʭ ʦʪʨʠʤʘʥʠʭ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʪʘʢʽ 

ʚʠʩʥʦʚʢʠ. ʇʦ-ʧʝʨʰʝ, ʟʥʘʢʠ ç°è ʦʟʥʘʯʘʶʪʴ ʜʚʘ ʨʽʚʥʦʮʽʥʥʽ ʤʦʞʣʠʚʽ 

ʥʘʧʨʷʤʠ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʚʦʤ ʦʜʥʘʢʦʚʠʤ 

ʟʘ ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʘʣʝ ʨʽʟʥʠʤ ʟʘ ʥʘʧʨʷʤʦʤ ʟʩʫʚʽʚ ʽʦʥʽʚ: °ʭʩ. 

ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʜʚʦʤ ʟʥʘʯʝʥʥʷʤ °ʈc. ʗʢ ʧʨʘʚʠʣʦ, ʫ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʭ 

ʚ ʦʜʥʠʭ ʯʘʩʪʠʥʘʭ ʢʨʠʩʪʘʣʘ ʩʧʦʥʪʘʥʥʘ ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʩʧʨʷʤʦʚʘʥʘ ʚ 

ʦʜʠʥ ʙʽʢ, ʘ ʚ ʽʥʰʠʭ ï ʚ ʽʥʰʫ. ʆʙʣʘʩʪʽ ʟ ʦʜʥʘʢʦʚʦ ʩʧʨʷʤʦʚʘʥʦʶ ʈc 

ʥʘʟʠʚʘʶʪʴʩʷ ʜʦʤʝʥʘʤʠ . 

ʇʦ-ʜʨʫʛʝ, ʚ ʢʨʠʩʪʘʣʘʭ ʟʽ ʩʣʘʙʢʦ ʚʠʨʘʞʝʥʠʤ ʘʥʛʘʨʤʦʥʽʟʤʦʤ , 

ʢʦʣʠ b @0, ʩʧʦʥʪʘʥʥʽ (ʩʘʤʦʚʽʣʴʥʽ) ʫʩʫʥʝʥʥʷ ʽʦʥʽʚ ʚʟʘʛʘʣʽ ʥʝʤʦʞʣʠʚʽ. 

ʆʪʞʝ, ʘʥʛʘʨʤʦʥʽʟʤ ʦʜʥʘ ʽʟ ʚʠʟʥʘʯʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʢʨʠʩʪʘʣʽʚ.  

ʇʦ-ʪʨʝʪʻ, ʨʽʚʥʷʥʥʷ (10.3) ʤʘʻ ʜʽʡʩʥʝ ʢʦʨʽʥʥʷ 2,3 ʪʽʣʴʢʠ ʟʘ ʫʤʦʚʠ 

nq 2 b> ʩ (ʙʦ b > 0). ʑʦʙ ʧʨʦʷʩʥʠʪʠ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʮʽʻʾ ʚʘʞʣʠʚʦʾ 

ʥʝʨʽʚʥʦʩʪʽ ï ʫʤʦʚʠ ʧʦʷʚʠ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ï ʩʣʽʜ ʧʦʤʥʦʞʠʪʠ 

ʣʽʚʫ ʪʘ ʧʨʘʚʫ ʯʘʩʪʠʥʠ ʚʠʨʘʟʫ nq 2 b> ʩ ʥʘ ʜʝʬʦʨʤʘʮʽʶ ʭ, 

nq 2 bx > cx .    (10.5) 
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ʇʨʘʚʘ ʯʘʩʪʠʥʘ ʥʝʨʽʚʥʦʩʪʽ (10.5) ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʽ ʧʨʫʞʥʦʾ ʩʠʣʠ , 

ʱʦ ʟ'ʷʚʣʷʻʪʴʩʷ ʧʨʠ çʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʤʫè ʩʧʦʥʪʘʥʥʦʤʫ ʟʤʽʱʝʥʥʽ 

ʽʦʥʽʚ ʽ ʧʨʦʪʠʜʽʻ ʮʴʦʤʫ ʟʩʫʚʫ (ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʩʧʦʥʪʘʥʥʦ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʪʘʥʫ). ʎʷ ʩʠʣʘ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ 

ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʰʪʦʚʭʫʚʘʥʥʶ ʝʣʝʢʪʨʦʥʥʠʭ ʦʙʦʣʦʥʦʢ ʽʦʥʽʚ ʽ 

ʥʘʟʠʚʘʻʪʴʩʷ "ʧʦʚʝʨʪʘʶʯʦʶ" ʚʟʘʻʤʦʜʽʻʶ. ʆʪʞʝ, ʽ ʚ ʣʽʚʽʡ ʯʘʩʪʠʥʽ 

ʥʝʨʽʚʥʦʩʪʽ (10.5) ʚʠʨʘʟ nq2bx ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ʽ ʩʝʥʩ ʩʠʣʠ, ʷʢʫ 

ʥʘʟʠʚʘʶʪʴ "ʧʨʦʚʽʜʥʦʶ" ʚʟʘʻʤʦʜʽʻʶ (ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ). ʉʧʦʥʪʘʥʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ʚʠʥʠʢʘʻ ʫ ʪʠʭ ʢʨʠʩʪʘʣʘʭ, 

ʫ ʷʢʠʭ ʧʨʦʚʽʜʥʘ ʚʟʘʻʤʦʜʽʷ ʧʝʨʝʚʠʱʫʻ ʧʦʚʝʨʪʘʶʯʫ ʚʟʘʻʤʦʜʽʶ . 

ɸʥʘʣʽʟʫʶʯʠ ʚʠʨʘʟ (10.5), ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʧʦʷʚʽ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ ʚ ʽʦʥʥʠʭ ʢʨʠʩʪʘʣʘʭ ʩʧʨʠʷʶʪʴ: ʚʠʩʦʢʘ 

ʱʽʣʴʥʽʩʪʴ ʢʨʠʩʪʘʣʘ (ʫ ʜʘʥʽʡ ʧʨʦʩʪʽʡ ʤʦʜʝʣʽ ʮʝ ʧʘʨʘʤʝʪʨ ʧ) , ʚʝʣʠʢʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ ʽʦʥʽʚ q (ʷʢʠʡ ʚʭʦʜʠʪʴ ʫ ʬʦʨʤʫʣʫ (10.5) ʷʢ q2), ʘ 

ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʠʡ ʬʘʢʪʦʨ ʃʦʨʝʥʪʮʘ b.  

ʇʦʨʽʚʥʶʶʯʠ ʮʽ ʷʢʽʩʥʽ ʚʠʩʥʦʚʢʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, 

ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʷ ʫ ʾʭʥʽʡ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ. ʉʧʨʘʚʜʽ, ʩʝʨʝʜ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʜʦʙʨʝ ʚʠʚʯʝʥʠʭ ʣʫʞʥʦ-ʛʘʣʦʾʜʥʠʭ ʢʨʠʩʪʘʣʽʚ (ʃɻʂ) ʪʠʧʫ 

NaCl ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʥʝ ʚʽʜʦʤʽ: ʥʘʩʧʨʘʚʜʽ, ʽʦʥʠ ʮʠʭ ʢʨʠʩʪʘʣʽʚ 

ʦʜʥʦʟʘʨʷʜʥʽ: Na+1 ʽ Cl-1, ʘ ʯʠʥʥʠʢ ʃʦʨʝʥʪʮʘ ʤʘʣʠʡ: 1/3e0 , (e0 ï 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʚʘʢʫʫʤʫ). 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚ ʦʜʥʦʤʫ ʟ ʥʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʭ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ - 

ʪʠʪʘʥʘʪʽ ʙʘʨʽʶ, ɺʘʊiO3 - ʽʦʥ ʪʠʪʘʥʫ ʊi+4 ʻ ʯʦʪʠʨʠʚʘʣʝʥʪʥʠʤ (ʪʦʙʪʦ q2 ʚ 

16 ʨʘʟʽʚ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʃɻʂ). ʌʘʢʪʦʨ ʃʦʨʝʥʪʮʘ bʚ ʪʠʪʘʥʘʪʽ ʙʘʨʽʶ ʚ 5 

ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʟʚʠʯʘʡʥʝ ʜʣʷ ʧʨʦʩʪʠʭ ʢʫʙʽʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟʥʘʯʝʥʥʷ 

1/3e0. ʆʩʪʘʥʥʷ ʦʙʩʪʘʚʠʥʘ ʦʙʫʤʦʚʣʝʥʘ ʦʩʦʙʣʠʚʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʪʠʪʘʥʘʪʫ ʙʘʨʽʶ (ʪʠʧʫ ʧʝʨʦʚʩʢʽʪʫ - ʤʽʥʝʨʘʣʫ ʉʘʊiO3). 

ʋ ʧʝʨʦʚʩʢʽʪʘʭ, ʱʦ ʤʘʶʪʴ ʟʘʛʘʣʴʥʫ ʬʦʨʤʫʣʫ ɸɺʆ3 , ʤʘʣʠʡ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʽʦʥ ɺ ʦʪʦʯʝʥʠʡ ʢʠʩʥʝʚʠʤ ʦʢʪʘʝʜʨʦʤ (ʨʠʩ. 10.3). ʉʘʤʝ 

ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ çʩʝʛʥʝʪʦʘʢʪʠʚʥʦʛʦè ʽʦʥʘ ʽ ʜʘʻ ʥʘʡʙʽʣʴʰʠʡ çʚʥʝʩʦʢè 

ʫ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʫʪʚʦʨʶʻ ʩʧʦʥʪʘʥʥʫ ʧʦʣʷʨʠʟʘʮʽʶ.  

ɺʝʣʠʢʝ ʟʤʽʱʝʥʥʷ ʽʦʥʘ ʤʘʣʝʥʴʢʦʛʦ ʟʘ ʨʦʟʤʽʨʦʤ 

ʯʦʪʠʨʠʚʘʣʝʥʪʥʦʛʦ ʢʘʪʽʦʥʫ ɺ+4 ʚ ʢʠʩʥʝʚʦʤʫ ʦʢʪʘʝʜʨʽ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, 
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ʱʦ ʦʪʦʯʫʶʯʽ ʡʦʛʦ ʚʝʣʠʢʽ ʟʘ ʚʝʣʠʯʠʥʦʶ ʘʥʽʦʥʠ ʆ-2 ʚʽʜʰʪʦʚʭʫʶʯʠ 

ʦʜʠʥ ʦʜʥʦʛʦ, ʟʘʣʠʰʘʶʪʴ ʚʩʝʨʝʜʠʥʽ ʦʢʪʘʝʜʨʘ ʚʝʣʠʢʫ ʩʚʦʙʦʜʫ ʜʣʷ 

ʟʤʽʱʝʥʥʷ ʤʘʣʦʛʦ ʽʦʥʘ ɺ+4. ʎʝ ʩʧʨʠʷʻ ʧʦʷʚʽ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʚ 

ʧʝʨʦʚʩʢʽʪʘʭ. 

    
a                                                         b 

ʈʠʩ. 10.3. ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʧʝʨʦʚʩʢʽʪʫ ɸɺʆ3 : çʩʝʛʥʝʪʦʘʢʪʠʚʥʽ è ʽʦʥʠ ɺ+4 

ʦʪʦʯʝʥʽ ʢʠʩʥʝʚʠʤʠ ʦʢʪʘʝʜʨʘʤʠ, ʽʦʥʠ ɸ+2 ʨʦʟʪʘʰʦʚʘʥʽ ʤʽʞ ʦʢʪʘʝʜʨʘʤʠ;  

a ï ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ; b ï ʢʽʩʪʷʢ ʽʟ ʦʢʪʘʝʜʨʽʚ BX6 

 

ʊʠʪʘʥʘʪ ʙʘʨʽʶ ʻ ʦʜʥʠʤ ʽʟ ʙʘʛʘʪʴʦʭ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʟʽ 

ʩʪʨʫʢʪʫʨʦʶ ʧʝʨʦʚʩʢʽʪʫ (ʦʩʥʦʚʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʮʴʦʛʦ ʢʨʠʩʪʘʣʘ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 10.4).  

 

ʈʠʩ. 10.4. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʪʘʥʘʪʫ ʙʘʨʽʶ ï ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ ʟ 

ʌʇ1: ʘ ï ʟʘʣʝʞʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ eʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ; ʙ ï ʟʘʣʝʞʥʽʩʪʴ 

eʚʽʜ ʪʠʩʢʫ; ʚ ï ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ; ʛ ï 

ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ 
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ʋ ʪʘʙʣ. 10.1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʣʷ 

ʽʥʰʠʭ ʢʨʠʩʪʘʣʽʚ ʮʴʦʛʦ ʪʠʧʫ. ʂʨʽʤ ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʊʢ 

ʫ ʮʽʡ ʪʘʙʣʠʮʽ ʥʘʚʦʜʷʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʟʘʢʦʥʫ ʂʶʨʽ-ɺʝʡʩʩʘ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʠʱʝ 

ʪʦʯʢʠ ʂʶʨʽ:e @ ʉ/(ʊ ï q), ʽ ʥʘʚʽʪʴ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʣʷ 

ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ Wg ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʾ çʤ'ʷʢʦʾ ʤʦʜʠè ʚ ʥʝʧʦʣʷʨʥʽʡ (ʧʘʨʘʝʣʝʢʪʨʠʯʥʽʡ) 

ʬʘʟʽ: )( q-=w TATO . 

ʊʘʙʣʠʮʷ 10.1.  

ʆʩʥʦʚʥʽ ʢʣʘʩʠ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʘ ʜʘʥʠʤʠ ʅɺʏ ʜʦʩʣʽʜʞʝʥʴ 

 

ʈʝʯʦʚʠʥʘ ʈ ʩ , 

ʤʢʂʣÖʩʤ-2 
ʊ k , 

K 

q, 

K 

CÖ10-4, 

K 

Wg , 

ʝɺ 

ɸ /2 p, 

ɻɻʮÖʂ-1 /2 

ʉʢʣʘʜʥʽ ʦʢʩʠʜʠ 

ʪʠʧʫ ʧʝʨʦʚʩʢʽʪʫ: 

CaTiO 3 

SrTiO 3 

BaTiO 3 

PbTiO 3 

KNbO 3 

LiNbO 3 

 

 

- 

 

 

- 

 

 

- 90 

 

 

4,5 

 

 

3,2 

 

 

170 

- - 35 8,4 3,2 180 

30 400 388 12 3,3 75 

80 780 730 15 3,1 90 

30 685 625 18 3,4 95 

70 1500 - - 3,6 - 

ʂʨʠʩʪʘʣʠ ʟ ʚʦʜʥʝʚʠʤʠ 

ʟʚ'ʷʟʢʘʤʠ : 

Cʝʛʥʝʪʦʚʘ ʩʽʣʴ (ʉʉ) 

 

ɼʝʡʪʝʨʦʚʘʥʘ ʉʉ 

 

ʊɻʉ 

ɼʊɻʉ 

ʂɼʈ 

D ʂɼʈ 

 

 

0,25 

 

 

297 

255 

 

 

291 

257 

 

 

0,17 

0,14 

 

 

- 

 

 

 

- 

 

 

0,35 

308 

251 

300 

253 

 

- 

 

- 

 

- 

2,8 322,7 322 0,28 - 8,1 

3,2 327,5 327 0,27 - 10 

4,7 123 118 0,28 - 180 

4,8 216 208 0,31 - 37 

ʍʘʣʴʢʦʛʝʥʽʜʠ : 

SbSI 

SbSBr 

PbTe 

 

50 

 

295 

 

285 

 

23 

 

1,9 

 

- 

10 95 82 12 2,2 - 

- - - 14 0,2 - 
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ʅʘʷʚʥʽʩʪʴ ʦʩʦʙʣʠʚʦʛʦ (ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ) ʧʦʧʝʨʝʯʥʦʛʦ 

ʦʧʪʠʯʥʦʛʦ ʢʦʣʠʚʘʥʥʷ ʻ ʚʽʜʤʽʥʥʦʶ ʨʠʩʦʶ ʧʝʨʦʚʩʢʽʪʦʚʠʭ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ, ʷʢʽ ʟʘ ʧʨʠʨʦʜʦʶ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜʥʦʩʷʪʴʩʷ 

ʜʦ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʪʠʧʫ ʟʤʽʱʝʥʥʷ.  

ʋ ʪʘʙʣ. 10.1 ʥʘʚʦʜʷʪʴʩʷ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ ʢʽʣʴʢʦʭ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ̔ ʥʰʦʛʦ ʢʣʘʩʫ -ʟ ʬʘʟʦʚʠʤ ʧʝʨʝʭʦʜʦʤ ʪʠʧʫ ʧʦʨʷʜʦʢ 

-ʙʝʟʣʘʜʜʷ. ɰʭ ʚʽʜʨʽʟʥʷʻ ʧʝʨʰ ʟʘ ʚʩʝ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʟʘ ʚʝʣʠʯʠʥʦʶ 

ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʂʶʨʽ-ɺʝʡʩʩʘ ʉ ̔ ʙʣʠʟʴʢʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʊʢ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʂʶʨʽ-ɺʝʡʩʩʘ q, ʜʝ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʡ ʧʝʨʝʭʽʜ ʫ ʮʠʭ ʢʨʠʩʪʘʣʘʭ ʜʦʙʨʝ ʦʧʠʩʫʻʪʴʩʷ 

ʤʦʜʝʣʣʶ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ 

ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʪʠʧʫ ʧʦʨʷʜʦʢ-ʙʝʟʣʘʜ 

ʥʘʚʦʜʠʪʴʩʷ ʥʘ ʨʠʩ. 10.5 ʪʘ ʧʦʷʩʥʶʶʪʴʩʷ ʫ ʟʚ'ʷʟʢʫ ʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ 

ʪʝʦʨʽʻʶ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʜʨʫʛʦʛʦ ʨʦʜʫ.  

 
ʈʠʩ. 10.5. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, 

ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ (ʤʢʂʣ/ʩʤ 2) ʽ ʧʠʪʦʤʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚ ɼʞ/(ʛʨʘʜ Öʤʦʣʴ) 

ʜʣʷ ʢʨʠʩʪʘʣʽʚ, ʙʣʠʟʴʢʠʭ ʜʦ ʤʦʜʝʣʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʪʠʧʫ ʧʦʨʷʜʦʢ-ʙʝʟʣʘʜ: ʘ - 

ʪʨʠʛʣʽʮʠʥʩʫʣʴʬʘʪʫ (ʊɻʉ), NH 2 CH 2 ( COOH)3 ÖH 2 SO4 ; ʙ - ʜʠʛʽʨʦʬʦʩʬʘʪʫ ʢʘʣʽʶ 

(ʂDʈ), KH2 PO4 ; ʝ - ʩʝʛʥʝʪʦʚʦʾ ʩʦʣʽ (ʉʉ) KNaC4 H4 06 Ö4ʅ2 0. 
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ɼʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʢʨʠʩʪʘʣʽʚ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʟ ʧʝʨʝʭʦʜʦʤ ʪʠʧʫ ʟʤʽʱʝʥʥʷ ʪʘ 

ʦʧʠʩʫʶʪʴʩʷ ʜʘʣʽ. 

ʆʩʦʙʣʠʚʦʶ ʽ ʮʽʢʘʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʢʨʠʩʪʘʣʽʚ ʟ ʧʝʨʝʭʦʜʦʤ 

ʧʦʨʷʜʦʢ-ʙʝʟʣʘʜ ʻ ʽʟʦʪʦʧʽʯʥʠʡ ʝʬʝʢʪ - ʟʤʽʱʝʥʥʷ ʪʦʯʢʠ ʂʶʨʽ ʧʨʠ 

ʟʘʤʽʥʽ ʚʦʜʥʶ ʥʘ ʜʝʡʪʝʨʽʡ (ʪʘʙʣ. 10.1). ʎʷ ʦʙʩʪʘʚʠʥʘ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʦʜʥʝʚʠʭ ʟʚ'ʷʟʢʽʚ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ 

ʪʘʢʦʛʦ ʪʠʧʫ. ʅʘ ʨʠʩ. 10.5 ʧʽʜʩʫʤʦʚʘʥʦ ʦʩʥʦʚʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʮʴʦʛʦ ʪʠʧʫ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʠʷʚʣʝʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʽ 

ʢʨʠʩʪʘʣʠ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʢʠʩʥʶ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʭʘʣʴʢʦʛʝʥʽʜʠ (ʪʘʙʣ. 10.1). ʎʽ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ ʚʽʜʨʽʟʥʷʻ ʥʠʟʴʢʘ 

ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʪʦʙʪʦ. ʪʘʢʽ ʢʨʠʩʪʘʣʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. 

ʅʘ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʾʭʥʷ ʜʦʤʝʥʥʘ 

ʩʪʨʫʢʪʫʨʘ. ʋʪʚʦʨʝʥʥʷ ʧʦʣʽʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʠʞʯʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʢʨʠʩʪʘʣʘʭ ʝʥʝʨʛʝʪʠʯʥʦ 

ʚʠʛʽʜʥʦ. ʄʦʥʦʜʦʤʝʥʥʠʡ ʢʨʠʩʪʘʣ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.6,ʘ , ʩʪʚʦʨʶʻ 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʦʩʪʦʨʽ (ʷʢ ʝʣʝʢʪʨʝʪ), ʥʘ ʱʦ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʜʝʷʢʘ ʝʥʝʨʛʽʷ W1 . ɺʠʜʥʦ, ʱʦ ʚʞʝ ʫ ʜʚʦʜʦʤʝʥʥʦʤʫ 

ʢʨʠʩʪʘʣʽ ʝʥʝʨʛʽʷ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ ʙʫʜʝ ʤʝʥʰʦʶ (ʨʠʩ. 10.6,ʙ ), ʥʽʞ ʫ 

ʤʦʥʦʜʦʤʝʥʥʦʤʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʧʦʣʽʜʦʤʝʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʟʘʛʘʣʴʥʘ ʝʥʝʨʛʽʷ ʢʨʠʩʪʘʣʘ ʤʘʻ ʟʥʠʞʫʚʘʪʠʩʴ. ʎʝ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʽʾ ʦʙʤʝʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ W2 , ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʫʪʚʦʨʝʥʥʷ ʪʦʥʢʠʭ ʜʦʤʝʥʥʠʭ ʩʪʽʥʦʢ, ʱʦ ʨʦʟʜʽʣʷʶʪʴ ʦʙʣʘʩʪʽ ʟ ʨʽʟʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʈʩ (ʨʠʩ. 10.6, ʚ). ɿʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ ʩʪʽʡʢʠʤ ʩʪʘʻ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʜʦʤʝʥʽʚ, ʧʨʠ 

ʷʢʦʤʫ ʩʫʤʘ W1 + W2 ʤʽʥʽʤʘʣʴʥʘ. ɿʘʟʚʠʯʘʡ ʨʽʚʥʦʚʘʞʥʽ ʨʦʟʤʽʨʠ 

ʜʦʤʝʥʽʚ ʫ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʢʨʠʩʪʘʣʘʭ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ ʩʦʪʠʭ 

ʯʘʩʪʦʢ ʜʦ ʢʽʣʴʢʦʭ ʤʽʣʽʤʝʪʨʽʚ. 

ʃʽʥʽʡʥʽ ʧʽʨʦʝʣʝʢʪʨʠʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ çʞʦʨʩʪʢʦʶè 

ʦʨʽʻʥʪʘʮʽʻʶ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ, ʥʘ ʜʦʤʝʥʠ ʥʝ 

ʨʦʟʙʠʚʘʶʪʴʩʷ. ʊʠʤ ʥʝ ʤʝʥʰ, ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʦʩʪʦʨʽ ʚʦʥʠ 
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ʟʘʟʚʠʯʘʡ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʝ ʩʪʚʦʨʶʶʪʴ, ʪʦʤʫ ʱʦ ʚ ʥʠʭ ʩʧʦʥʪʘʥʥʘ 

ʧʦʣʷʨʠʟʘʮʽʷ ʝʢʨʘʥʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤ ʟʘʨʷʜʦʤ, ʱʦ ʧʨʠʧʣʠʚʘʻ ʜʦ 

ʧʦʚʝʨʭʥʽ (ʨʠʩ. 10.6 ʛ). ʇʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʢʦʤʧʝʥʩʘʮʽʷ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ, ʥʝ 

ʚʩʪʠʛʘʻ ʚʽʜʙʫʚʘʪʠʩʷ, ʱʦ ʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʷʢ ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ. 

ʃʠʰʝ çʩʚʽʞʽ ʩʢʦʣʠè ʧʽʨʦʝʣʝʢʪʨʠʯʥʦʛʦ ʢʨʠʩʪʘʣʘ ʪʠʤʯʘʩʦʚʦ 

ʫʪʚʦʨʶʶʪʴ ʝʣʝʢʪʨʝʪ (ʧʦʢʠ ʱʦ ʚ ʥʴʦʤʫ ʟʥʦʚʫ ʥʝ ʥʘʩʪʘʥʝ ʝʣʝʢʪʨʠʯʥʘ 

ʢʦʤʧʝʥʩʘʮʽʷ ʈ ʩ ). 

 
 

ʈʠʩ. 10.6. ɼʦʤʝʥʥʘ ʩʪʨʫʢʪʫʨʘ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ: ʘ - ʤʦʥʦʜʦʤʝʥʥʠʡ ʢʨʠʩʪʘʣ 

ʩʪʚʦʨʶʻ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʦʩʪʦʨʽ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʱʦ ʜʝʧʦʣʷʨʠʟʫʻ; ʙ - ʫ 

ʜʚʦʜʦʤʝʥʥʦʤʫ ʢʨʠʩʪʘʣʽ ʜʝʧʦʣʷʨʠʟʫʶʯʝ ʧʦʣʝ ʟʤʝʥʰʠʣʦʩʴ; ʚ - ʩʪʨʫʢʪʫʨʘ ʜʦʤʝʥʥʦʾ 

ʩʪʽʥʢʠ (ɼʉ), ʚ ʦʢʦʣʠʮʽ ʷʢʦʾ ʈ ʟ ʧʦʩʪʫʧʦʚʦ ʟʤʽʥʶʻ ʩʚʽʡ ʥʘʧʨʷʤʦʢ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ; ʛ - 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʧʽʨʦʝʣʝʢʪʨʠʢʦʤ, ʚ ʷʢʦʤʫ ʧʦʣʝ, ʱʦ ʜʝʧʦʣʷʨʠʟʫʻ, ʝʢʨʘʥʦʚʘʥʝ ʟʘʨʷʜʘʤʠ 

ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʘ. 

 

ʄʦʞʣʠʚʽʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʜʨʦʙʣʝʥʥʷ ʥʘ ʜʦʤʝʥʠ ʧʦʷʩʥʶʻʪʴʩʷ 

ʣʘʙʽʣʴʥʽʩʪʶ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʧʦʚʠʤ 

ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʤ ʩʪʘʥʦʤ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʽʥʦʜʽ 

ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʧʽʨʦʝʣʝʢʪʨʠʢʠ, ʱʦ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ ʜʦʤʝʥʠ . 

ʊʠʤ ʥʝ ʤʝʥʰ, ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ 

ʧʦʪʨʽʙʥʽ ʤʦʥʦʜʦʤʝʥʥʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʽ ʢʨʠʩʪʘʣʠ. ɿʦʢʨʝʤʘ, ʚʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʭ ʜʘʪʯʠʢʘʭ ʪʝʤʧʝʨʘʪʫʨʠ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʚ ʪʝʧʣʦʚʠʭ ʪʝʣʝʚʽʟʽʡʥʠʭ ʪʨʫʙʢʘʭ\ʧʽʨʦʢʦʥʘʭ), ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴ 

ʥʝʚʠʜʠʤʝ ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʝʜʤʝʪʽʚ ʥʘ ʚʠʜʠʤʝ ʥʘ 

ʪʝʣʝʚʽʟʽʡʥʦʤʫ ʝʢʨʘʥʽ ʟʦʙʨʘʞʝʥʥʷ. ʄʦʥʦʜʦʤʝʥʥʫ ʩʪʨʫʢʪʫʨʫ ʚ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʭ ʩʪʚʦʨʶʶʪʴ ʟʦʚʥʽʰʥʴʦʶ ʝʣʝʢʪʨʠʯʥʦʶ 

ʧʦʣʷʨʠʟʘʮʽʻʶ, ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʦʧʨʦʤʽʥʝʥʥʷʤ ʢʨʠʩʪʘʣʽʚ (ʜʦ ʷʢʠʭ 

ʧʨʠʢʣʘʜʝʥʦ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ) ʘʙʦ ʚʚʝʜʝʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʤʽʰʦʢ, 

ʱʦ ʫʩʢʣʘʜʥʶʶʪʴ ʫʪʚʦʨʝʥʥʷ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʜʦʤʝʥʥʠʭ ʩʪʽʥʦʢ. 
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ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʾ ʢʝʨʘʤʽʢʠ ʚ ʧ'ʻʟʦʪʝʭʥʽʮʽ 

ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʶʚʘʪʠ ʤʦʥʦʜʦʤʝʥʽʟʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ (ʽʥʘʢʰʝ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʡ ʟʨʘʟʦʢ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ ʢʨʠʩʪʘʣʽʪʽʚ ʽ 

ʜʦʤʝʥʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʫ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ, ʧ'ʻʟʦʝʬʝʢʪ ʥʝ ʜʘʻ). 

ʇ'ʻʟʦʢʝʨʘʤʽʢʫ ʟʘʟʚʠʯʘʡ ʧʦʣʷʨʠʟʫʶʪʴ ʪʘʢ ʩʘʤʦ, ʷʢ ʪʝʨʤʦʝʣʝʢʪʨʝʪʠ ï 

ʥʘʛʨʽʚʘʥʥʷʤ ʪʘ ʧʦʜʘʣʴʰʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʫ ʩʠʣʴʥʦʤʫ ʧʦʩʪʽʡʥʦʤʫ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ, ʱʦ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ 

ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ (ʫ ʪʦʯʮʽ ʂʶʨʽ ɽ ʢ = 0) ʋ ʥʘʛʨʽʪʽʡ ʢʝʨʘʤʽʮʽ 

ʜʦʤʝʥʠ ʦʨʽʻʥʪʫʶʪʴʩʷ ʧʦʣʝʤ ʽ ʤʘʡʞʝ ʚʩʽ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʮʴʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʨʦʙʦʯʦʾ ʦʙʣʘʩʪʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧ'ʻʟʦʢʝʨʘʤʽʢʘ ʻ ʪʝʢʩʪʫʨʦʶ ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʜʦʤʝʥʽʚ. ʇʝʨʝʛʨʽʚ ʧ'ʻʟʦʢʝʨʘʤʽʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʾʾ ʜʝʧʦʣʷʨʠʟʘʮʽʾ (ʷʢ ʽ ʧʝʨʝʛʨʽʚ ʟʚʠʯʘʡʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʝʪʽʚ ) ʪʘ ʚʪʨʘʪʠ 

ʥʝʶ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʦʤʫ ʱʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ 

ʜʦʤʝʥʽʚ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʨʫʰʫʻʪʴʩʷ. 

ʈʫʭ ʜʦʤʝʥʥʠʭ ʩʪʽʥʦʢ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʦʙʫʤʦʚʣʶʻ 

ʥʝʣʽʥʽʡʥʽ ʪʘ ʯʘʩʪʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ. ɿʫʧʠʥʠʤʦʩʷ 

ʩʧʦʯʘʪʢʫ ʥʘ ʥʝʣʽʥʽʡʥʦʩʪʽ. ʇʝʪʣʷ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ, 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ 10.1, ʘ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʤʫʰʝʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʚʩʽʭ 

ʜʦʤʝʥʽʚ ʩʧʦʯʘʪʢʫ ʚ ʦʜʥʫ, ʘ ʧʦʪʽʤ ʫ ʧʨʦʪʠʣʝʞʥʫ ʩʪʦʨʦʥʫ ï ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʥʘʧʨʷʤʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʎʝʡ ʚʥʝʩʦʢ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʱʦ ʟʥʘʭʦʜʠʪʴ ʪʝʭʥʽʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʝʪʣʷ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʚʘ ʨʽʟʥʽ ʩʪʘʥʠ 

ʧʦʣʷʨʠʟʘʮʽʾ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʢʨʠʩʪʘʣʘ, ʷʢʽ ʩʪʘʙʽʣʴʥʦ 

ʟʙʝʨʽʛʘʶʪʴʩʷ, ʷʢʱʦ ʢʦʝʨʮʠʪʠʚʥʝ ʧʦʣʝ ʜʦʩʠʪʴ ʚʝʣʠʢʝ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʠʩʪʨʦʾ ʧʘʤ'ʷʪʽ ʮʠʬʨʦʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ (ʆʊ) ʟ ʜʚʽʡʢʦʚʠʤ ʢʦʜʫʚʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʚ ʽʥʰʠʭ 

ʧʨʠʣʘʜʘʭ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. ɺ ʦʙ'ʻʤʥʠʭ ʢʨʠʩʪʘʣʘʭ 

ʧʝʨʝʧʦʣʷʨʠʟʘʮʽʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʜʦʤʝʥʽʚ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʜʦʩʠʪʴ 

ʚʠʩʦʢʦʾ ʧʨʷʤʦʢʫʪʥʦʩʪʽ ʛʽʩʪʝʨʝʟʠʩʥʦʾ ʧʝʪʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʽʜʥʦʩʥʦ 

ʥʝʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ: ʯʘʩʪʦʪʘ ʚʩʴʦʛʦ ʮʠʢʣʫ ʟʘʟʚʠʯʘʡ ʥʝ ʤʦʞʝ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 104 -106 ɻʮ ʜʣʷ ʦʙ'ʻʤʥʠʭ ʢʨʠʩʪʘʣʽʚ (ʘʣʝ ʥʘʙʘʛʘʪʦ ʚʠʱʘ 
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ʜʣʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ). ʅʘ ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʜʦʤʝʥʥʘ 

ʧʝʨʝʧʦʣʷʨʠʟʘʮʽʷ , ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʚʩʪʠʛʘʻ ʩʣʽʜʫʚʘʪʠ ʟʘ ʝʣʝʢʪʨʠʯʥʠʤ 

ʧʦʣʝʤ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʤʝʥʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʦʙ'ʻʤʥʠʭ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʦʙʤʝʞʫʻʪʴʩʷ ʨʘʜʽʦʯʘʩʪʦʪʥʠʤ 

ʜʽʘʧʘʟʦʥʦʤ. ʆʜʥʘʢ ʫ ʪʦʥʢʠʭ (ʤʝʥʰʝ 1 ʤʢʤ) ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ 

ʧʣʽʚʢʘʭ ʯʘʩ ʧʝʨʝʤʠʢʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʾ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 10-9 ʩ, ʱʦ 

ʟʥʘʭʦʜʠʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʷʭ ʧʘʤ'ʷʪʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ (ʆʊ). 

ʏʘʩʪʦʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, 

ʪʠʧʦʚʘ ʜʣʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʟ ʬʘʟʦʚʠʤ ʧʝʨʝʭʦʜʦʤ ʪʠʧʫ ʧʦʨʷʜʦʢ - 

ʙʝʟʣʘʜ, ʥʘʚʦʜʠʪʴʩʷ ʥʘ ʨʠʩ. 10.7.  

 
 

ʈʠʩ. 10.7. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʢʣʘʜʽʚ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʧʦʣʷʨʠʟʘʮʽʾ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ: ʚʠʱʝ ʊʢ ʜʝʤʦʥʩʪʨʘʮʽʡʥʽ ʢʨʠʚʽ ʙʣʠʟʴʢʽ ʜʦ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʨʠʩʪʘʣʘ KDP, ʘ ʥʠʞʯʝ ʊʢ ï ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʨʠʩʪʘʣʽʚ ʊɻʉ 

 

ʋ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʦʪʠ ʚʽʜ ʽʥʬʨʘʥʽʟʢʦʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʦ 

ʦʧʪʠʯʥʠʭ ʯʘʩʪʦʪ ʜʠʩʧʝʨʩʽʷ e ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʝʢʽʣʴʢʦʭ ʯʘʩʪʦʪʥʠʭ 

ʽʥʪʝʨʚʘʣʘʭ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʨʦʟʜʽʣʝʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʤʦʞʝ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʩʫʤʘ ʢʽʣʴʢʦʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʢʣʘʜʽʚ Dej 

ʦʙʫʤʦʚʣʝʥʠʭ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʧʦʣʷʨʠʟʘʮʽʾ. ɺʠʱʝ ʪʘ ʥʠʞʯʝ 

ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʮʽ ʤʝʭʘʥʽʟʤʠ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ. 

ʋ ʧʦʣʷʨʥʽʡ ʦʙʣʘʩʪʽ (ʥʠʞʯʝ ʪʦʯʢʠ ʂʶʨʽ) ʪʘʢʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʧʨʠʥʘʡʤʥʽ ʰʽʩʪʴ (ʨʠʩ. 10.7, ʦʙʣʘʩʪʴ ʊ < ʊʢ). ʎʝ, ʧʝʨʰ ʟʘ ʚʩʝ, 
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ʦʧʪʠʯʥʠʡ ʚʥʝʩʦʢ De1 , ʟʫʤʦʚʣʝʥʠʡ ʝʣʝʢʪʨʦʥʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ, ʷʢʠʡ 

ʫ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʭ ʜʘʥʦʛʦ ʪʠʧʫ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ (ʪʘʙʣ. 10.2).  

ʊʘʙʣʠʮʷ 10.2.  

ɼʽʝʣʝʢʪʨʠʯʥʽ ʚʢʣʘʜʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʯʘʩʪʦʪʠ ʨʽʟʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʧʦʣʷʨʠʟʘʮʽʾ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʪʠʧʫ ʧʦʨʷʜʦʢ ï 

ʙʝʟʣʘʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 290 ʂ. 
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ɿʤʽʥʘ De1 ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʣʠʤ ʪʘ 

ʥʝʛʘʪʠʚʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ (ʊʂe <0), ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʫ 

ʟʚʠʯʘʡʥʠʭ ʽʦʥʥʠʭ ʢʨʠʩʪʘʣʘʭ. 

ʄʘʣʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟ ʽʥʰʠʭ ʽʦʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʽ ʧʦʚʝʜʽʥʢʘ ɯʏ-

ʚʢʣʘʜʫ ʚ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ De2 : ʚʝʣʠʯʠʥʘ ʮʴʦʛʦ ʚʥʝʩʢʫ 

ʟʘʟʚʠʯʘʡ ʥʝʚʝʣʠʢʘ, ʘ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʟʠʪʠʚʥʦʶ ʚʝʣʠʯʠʥʦʶ ʊʂe. ʊʝʤʧʝʨʘʪʫʨʥʘ ʘʥʦʤʘʣʽʷ e2 ʧʦʙʣʠʟʫ ʊʢ, 

ʟʘʟʚʠʯʘʡ, ʥʝʟʥʘʯʥʘ ʥʘ ʚʽʜʤʽʥʫ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʪʠʧʫ ʟʤʽʱʝʥʥʷ. 

ɯʥʰʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 10.7 ʚʢʣʘʜʠ ʚ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ 

(ʜʽʣʷʥʢʠ 3ï6 ʥʠʞʯʝ ʊʢ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʨʽʚʥʷʥʦ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʧʦʣʷʨʠʟʘʮʽʾ, ʟʫʤʦʚʣʝʥʽ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʦʶ. ʉʧʽʣʴʥʠʤ ʜʣʷ ʥʠʭ ʻ ʜʦʩʠʪʴ ʰʚʠʜʢʝ ʟʤʝʥʰʝʥʥʷ 

ʚʝʣʠʯʠʥʠ Dej ʚ ʤʽʨʫ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ Tʢ , ʷʢʝ ʧʨʠʙʣʠʟʥʦ ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʟʘʢʦʥʦʤ ʂʶʨʽ ï ɺʝʡʩʩʘ: Dej = ɿ/( qj - T ), ʜʝ j = 3, 4, 5 (ʜʣʷ ʨʽʟʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ), qj - ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʉj - ʚʽʜʧʦʚʽʜʥʘ ʩʪʘʣʘ ʂʶʨʽ - ɺʝʡʩʩʘ. 

ʎʝ ʟʥʠʞʝʥʥʷ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ ʚʽʜ ʪʦʯʢʠ ʂʶʨʽ 

ʦʙʫʤʦʚʣʝʥʦ ʟʨʦʩʪʘʥʥʷʤ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ ʢʦʝʨʮʠʪʠʚʥʦʛʦ 

ʧʦʣʷ, ʷʢʝ çʧʨʠʛʥʽʯʫʻè ʩʚʦʙʦʜʫ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʧʦʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʫ ʩʣʘʙʢʦʤʫ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʧʦʣʽ. 
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ʅʘʡʤʝʥʰ ʜʦʩʣʽʜʞʝʥʦʶ ʻ ʜʠʩʧʝʨʩʽʷ De3 ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʩʢʣʘʜʥʦʤʫ ʜʣʷ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ʋ 

ʩʝʛʥʝʪʦʚʦʾ ʩʦʣʽ, ʥʘʧʨʠʢʣʘʜ, ʜʠʩʧʝʨʩʽʷ De3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 260 - 290 

ʂ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʯʘʩʪʦʪʘʭ - 340 ɻɻʮ, ʘ ʚ ʢʨʠʩʪʘʣʘʭ ʊɻʉ ʧʨʠ 280-

320ʂ ʥʘ ʯʘʩʪʦʪʘʭ 30-200 ɻɻʮ. ʄʝʭʘʥʽʟʤ ʮʽʻʾ ʜʠʩʧʝʨʩʽʾ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ 

çʟʘʧʽʟʥʝʥʥʷʤè ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʚʥʝʩʢʫ ʚʽʜ ʧʦʣʷʨʠʟʘʮʽʾ ʚʧʦʨʷʜʢʫʚʘʥʥʷ 

-ʙʝʟʣʘʜ  ʧʦʣʷʨʥʠʭ ʛʨʫʧ. ʗʢ ʚʽʜʦʤʦ, ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʊʢ - ʊ, 

ʜʝ ʚʢʣʘʜ De3 ʚʝʣʠʢʠʡ, ʩʧʦʥʪʘʥʥʘ ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʚ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʭ ʪʠʧʫ ʧʦʨʷʜʦʢ -ʙʝʟʣʘʜ ʱʝ ʜʘʣʝʢʦ ʥʝ ʜʦʩʷʛʘʻ ʩʚʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʆʪʞʝ, ʫ ʮʠʭ ʢʨʠʩʪʘʣʘʭ ʫ ʢʦʞʥʦʤʫ ʜʦʤʝʥʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʣʷʨʥʠʭ ʘʪʦʤʥʠʭ ʛʨʫʧ ʟ ʜʠʧʦʣʴʥʠʤʠ 

ʤʦʤʝʥʪʘʤʠ, ʩʧʨʷʤʦʚʘʥʠʤʠ ʧʨʦʪʠʣʝʞʥʦ ʈʩ. ɺʠʥʠʢʥʝʥʥʷ ʪʘʢʠʭ 

ʥʝʫʧʦʨʷʜʢʦʚʘʥʠʭ ʛʨʫʧ ʫ ʧʦʣʷʨʥʽʡ ʬʘʟʽ ʽʥʽʮʽʶʶʪʴʩʷ ʪʝʧʣʦʚʠʤ ʨʫʭʦʤ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, ʘ ʟʥʠʢʥʝʥʥʷ -ʢʦʝʨʮʠʪʠʚʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ 

ʧʦʣʝʤ; ʮʽ ʛʨʫʧʠ ʟ'ʷʚʣʷʶʪʴʩʷ ʽ ʟʥʠʢʘʶʪʴ (çʙʣʠʤʘʶʪʴè) ʚ ʦʙʩʷʟʽ 

ʢʨʠʩʪʘʣʘ ʟ ʯʘʩʪʦʪʦʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʮʽ ʊ ʢ - ʊ , ʷʢʘ ʚʠʟʥʘʯʘʻ 

ʚʝʣʠʯʠʥʫ ʢʦʝʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ, ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʈ ʩ . 

ɼʠʩʧʝʨʩʽʡʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ De3 ʥʠʞʯʝ ʊʢ ʧʦʚʠʥʥʽ ʙʫʪʠ, ʦʯʝʚʠʜʥʦ, 

ʧʦʜʽʙʥʽ ʜʦ ʨʽʚʥʷʥʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩʠ ʚʧʦʨʷʜʢʫʚʘʥʥʷ - 

ʥʝʫʧʦʨʷʜʢʫʚʘʥʥʷ ʚʠʱʝ ʊʢ, ʜʝ ʮʝʡ ʤʝʭʘʥʽʟʤ ʧʦʣʷʨʠʟʘʮʽʾ ʻ 

ʜʦʤʽʥʫʶʯʠʤ. ʏʘʩʪʦʪʘ ʜʠʩʧʝʨʩʽʾ De3 ʫ ʧʦʣʷʨʥʽʡ ʬʘʟʽ ʙʫʜʝ ʜʝʱʦ 

ʚʠʱʦʶ, ʥʽʞ ʫ ʥʝʧʦʣʷʨʥʽʡ ʬʘʟʽ (ʧʨʠ ʨʽʚʥʦʤʫ ʚʽʜʜʘʣʝʥʥʽ ʚʽʜ ʊʢ) ʟ-ʟʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʣʷ, ʱʦ ʚʠʥʠʢʘʻ ʨʘʟʦʤ ʟʽ ʩʧʦʥʪʘʥʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ. 

ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ ʚʥʝʩʦʢ De4 ʚ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʚ 

ʦʜʥʠʭ ʢʨʠʩʪʘʣʘʭ, ʥʘʧʨʠʢʣʘʜ, ʚ ʩʝʛʥʝʪʦʚʽʡ ʩʦʣʽ ʽ ʚ ʂDʈ, ʻ ʚʝʣʠʢʠʤ, ʚ 

ʽʥʰʠʭ (ʊɻʉ) - ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ (ʪʘʙʣ. 10.2).  

ɼʠʩʧʝʨʩʽʷ De4 ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʛʦ ʘʙʦ ʢʽʣʴʢʦʭ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʨʝʟʦʥʘʥʩʽʚ. ʗʢ ʧʨʘʚʠʣʦ, ʽʥʝʨʮʽʡʥʝ çʟʘʪʠʩʢʘʥʥʷè 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʯʘʩʪʦʪʘʭ 10 4 -106 

ɻʮ, ʧʨʠʯʦʤʫ ʚʝʣʠʯʠʥʘ De4 ʽ ʯʘʩʪʦʪʥʠʡ ʽʥʪʝʨʚʘʣ ʮʽʻʾ ʜʠʩʧʝʨʩʽʾ 

ʟʘʣʝʞʘʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʘ, ʘʣʝ 

ʪʘʢʦʞ ʚʽʜ ʩʪʫʧʝʥʶ  ʫʥʽʧʦʣʷʨʥʦʩʪʽ ʧʦʣʽʜʦʤʝʥʥʠʭ ʟʨʘʟʢʽʚ, ʚʽʜ ʾʭ 

ʨʦʟʤʽʨʽʚ, ʚʽʜ ʷʢʦʩʪʽ ʤʝʪʘʣʝʚʠʭ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʽʥʰʠʭ ʚʠʧʘʜʢʦʚʠʭ 
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ʬʘʢʪʦʨʽʚ ɯʥʦʜʽ ʧ'ʻʟʦʨʝʟʦʥʘʥʩʠ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤ 

ʜʽʝʣʝʢʪʨʠʯʥʠʤ ʚʢʣʘʜʦʤ De4 ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʠʩʧʝʨʩʽʾ De4 -ʤʝʭʘʥʽʟʤʫ, ʟʫʤʦʚʣʝʥʦʛʦ ʦʩʮʠʣʷʮʽʻʶ ʜʦʤʝʥʥʠʭ ʩʪʽʥʦʢ. 

ʆʙʣʘʩʪʴ ʜʠʩʧʝʨʩʽʾ De5 ʫ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʭ ʻ ʥʘʡʙʽʣʴʰ 

ʚʠʚʯʝʥʦʶ. ʎʝʡ ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʚʥʝʩʦʢ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʠʩʦʢʦʶ 

ʧʦʣʷʨʠʟʘʮʽʻʶ ʜʦʤʝʥʥʠʭ ʩʪʽʥʦʢ, ʧʨʠʯʠʥʦʶ ʷʢʦʾ ʦʜʥʽ ʘʚʪʦʨʠ 

ʚʚʘʞʘʶʪʴ ʨʝʣʘʢʩʘʮʽʡʥʠʡ, ʽʥʰʽ -ʨʝʟʦʥʘʥʩʥʠʡ ʤʝʭʘʥʽʟʤ ʧʦʣʷʨʠʟʘʮʽʾ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟʘʟʚʠʯʘʡ ʥʝ ʤʦʞʫʪʴ ʯʽʪʢʦ ʩʚʽʜʯʠʪʠ ʥʘ 

ʢʦʨʠʩʪʴ ʦʜʥʦʛʦ ʟ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʦʩʢʽʣʴʢʠ ʜʠʩʧʝʨʩʽʡʥʠʡ ʩʧʝʢʪʨ 

ʚʠʷʚʣʷʻʪʴʩʷ ʨʦʟʤʠʪʠʤ ʫ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʪʦʪ ʯʝʨʝʟ 

ʚʽʜʤʽʥʥʽʩʪʴ ʫʤʦʚ, ʚ ʷʢʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʨʽʟʥʽ ʜʦʤʝʥʥʽ ʩʪʽʥʢʠ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʪʦʚʱʠʥʘ ʜʦʤʝʥʥʠʭ 

ʩʪʽʥʦʢ ʽ ʚ ʢʨʠʩʪʘʣʘʭ ʊɻʉ ʽ ʩʝʛʥʝʪʦʚʦʾ ʩʦʣʽ ʥʝ ʤʘʣʘ (ʧʨʠʥʘʡʤʥʽ ʧʨʠ 

290 ʂ). ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʢʨʠʩʪʘʣʘ ʚ ʤʽʨʫ ʚʽʜʜʘʣʝʥʥʷ ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ ʚʥʫʪʨʽʰʥʻ ʧʦʣʝ ʚ ʢʨʠʩʪʘʣʘʭ ʟʨʦʩʪʘʻ ʽ De5 ʟʥʠʞʫʻʪʴʩʷ. 

ʄʦʞʣʠʚʦ, ʱʦ ʮʝ ʦʙʫʤʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʜʦʤʝʥʥʠʭ ʩʪʽʥʦʢ 

ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʊʢ - ʊ: ʧʠʪʦʤʠʡ ʦʙʩʷʛ ʦʙʣʘʩʪʝʡ ʟ ʚʠʩʦʢʦʶ 

ʧʦʣʷʨʠʟʘʮʽʻʶ ʟʥʠʞʫʻʪʴʩʷ, ʱʦ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʾʭ ʚʢʣʘʜʫ 

ʫ ʚʝʣʠʯʠʥʫ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ. 

ʆʙʣʘʩʪʴ 6 ʥʘ ʨʠʩ. 10.7 ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʥʠʞʯʽʡ ʟ ʦʧʠʩʘʥʠʭ ʪʫʪ 

ʜʠʩʧʝʨʩʽʡ De. ɺʝʣʠʯʠʥʘ De6 ʙʝʟʩʫʤʥʽʚʥʦ, ʧʦʚ'ʷʟʘʥʘ ʟ ʜʦʤʝʥʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʢʨʠʩʪʘʣʘ, ʘʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ De5 ʜʠʩʧʝʨʩʽʷ De6 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʽʥʬʨʘʥʠʟʴʢʠʭ ʯʘʩʪʦʪ. ʅʘ ʚʝʣʠʯʠʥʫ De6 ʱʝ 

ʙʽʣʴʰʦʶ ʤʽʨʦʶ, ʥʽʞ ʥʘ ʚʝʣʠʯʠʥʫ De5 ʚʧʣʠʚʘʶʪʴ ʧʨʦʮʝʩʠ ʩʪʘʨʽʥʥʷ, 

ʚʽʜʧʘʣʫ ʽ ʜʝʬʝʢʪʠ ʢʨʠʩʪʘʣʘ. ɹʽʣʴʰ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʚʢʣʘʜʠ De3,2,1 ʤʘʣʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʮʠʭ ʧʨʠʯʠʥ. 

ɼʚʘ ʦʩʥʦʚʥʠʭ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʧʦʣʷʨʠʟʘʮʽʾ ʧʦʣʷʛʘʶʪʴ ʫ 

ʧʝʨʝʤʽʱʝʥʥʽ ʜʦʤʝʥʥʠʭ ʩʪʽʥʦʢ ʪʘ ʟʘʨʦʜʞʝʥʥʽ ʥʦʚʠʭ ʜʦʤʝʥʽʚ, 

ʩʧʨʠʷʪʣʠʚʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʜʦ ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʦʣʷ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʚ 

ʧʨʦʮʝʩʽ çʩʪʘʨʽʥʥʷè ʜʦʤʝʥʥʽ ʩʪʽʥʢʠ ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʥʘ ʦʢʦʣʠʮʷʭ 

ʜʝʬʝʢʪʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʧʦʨʦʛʦʚʦʛʦ ʧʦʣʷ, ʱʦ ʟʘʙʦʨʦʥʷʻ 

ʮʝʡ ʤʝʭʘʥʽʟʤ ʧʝʨʝʧʦʣʷʨʠʟʘʮʽʾ ʚ ʩʣʘʙʢʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʧʦʣʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʧʣʠʚ çʩʪʘʨʽʥʥʷè ʥʘ ʚʝʣʠʯʠʥʫ De6 . 
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ʋ ʥʝʧʦʣʷʨʥʽʡ ʬʘʟʽ, ʚʠʱʝ ʊk , ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʚ 

ʪʠʧʫ ʫʧʦʨʷʜʢʦʚʘʥʘ ï ʥʝʫʧʦʨʷʜʢʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʥʝ ʥʘʩʪʽʣʴʢʠ 

ʩʢʣʘʜʥʽ, ʷʢ ʫ ʧʦʣʷʨʥʽʡ ʬʘʟʽ. ʂʨʽʤ ʦʧʪʠʯʥʦʛʦ (De1) ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

(De2) ʚʢʣʘʜʽʚ ʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ, ʱʦ ʥʝ ʤʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʣʷʨʥʦʶ ʬʘʟʦʶ (ʨʠʩ. 10.7), ʫ ʥʝʮʝʥʪʨʦʩʠʤʝʪʨʠʯʥʠʭ 

ʢʨʠʩʪʘʣʘʭ, ʥʘʧʨʠʢʣʘʜ ʫ ʩʝʛʥʝʪʦʚʦʾ ʩʦʣʽ ʪʘ KDP, ʧʦʚʠʥʥʘ ʚʽʜʙʫʚʘʪʠʩʷ 

ʜʠʩʧʝʨʩʽʷ De4 -ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʚʢʣʘʜʫ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ: 

,
))((

)(
)('4

q--

q-
=eD

TTT

TC
T

k

k      (10.6) 

ʜʝ q -ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʽ-ɺʝʡʩʩʘ ʟʘʪʠʩʥʫʪʦʛʦ ʢʨʠʩʪʘʣʘ; ʩ -ʧʦʩʪʽʡʥʘ 

ʂʶʨ-̔ɺʝʡʩʩʘ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʘ ʜʣʷ ʚʽʣʴʥʦʛʦ ʽ ʜʣʷ ʟʘʪʠʩʥʫʪʦʛʦ 

ʢʨʠʩʪʘʣʘ (ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʝ ʟʘʪʠʩʢʘʥʥʷ ʟʘʟʚʠʯʘʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 

ʯʘʩʪʦʪʘʭ 104-107 ɻʮ). 

ʅʘʡʙʽʣʴʰ ʮʽʢʘʚʘ ʦʙʣʘʩʪʴ ʜʠʩʧʝʨʩʽʾ ʚʠʱʝ ʊk ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʽʣʷʥʢʦʶ 3'. ɼʠʩʧʝʨʩʽʷ De3 ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʠʥʘʤʽʢʫ ʫʧʦʨʷʜʢʫʚʘʥʥʷ - 

ʥʝʫʧʦʨʷʜʢʫʚʘʥʥʷ ʧʦʣʷʨʥʠʭ ʘʪʦʤʥʠʭ ʛʨʫʧ ʫ ʢʨʠʩʪʘʣʘʭ ʟ ʬʘʟʦʚʠʤ 

ʧʝʨʝʭʦʜʦʤ ʪʠʧʫ ʧʦʨʷʜʦʢ - ʙʝʟʣʘʜʜʷ. ʇʫʥʢʪʠʨʥʠʤʠ ʣʽʥʽʷʤʠ ʥʘ 

ʜʽʣʷʥʮʽ 3' ʧʦʢʘʟʘʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ e(ʊ) ʧʨʠ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ ʚ 

ʦʙʣʘʩʪʽ ʜʠʩʧʝʨʩʽʾ. ʊʘʢʽ ʟʘʣʝʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʯʽʪʢʦ 

ʚʠʨʘʞʝʥʠʤ ʤʽʥʽʤʫʤʦʤ e'(ʊ) ʚ ʦʢʦʣʠʮʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʽʟ 

ʧʝʨʝʭʦʜʦʤ, ʙʣʠʟʴʢʠʤ ʜʦ ʌʇ2, ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʘʚʝʜʝʥʽ ʚʠʱʝ 

ʪʝʦʨʝʪʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ. ʅʘ ʨʠʩ. 10.5 ʙʫʣʠ ʧʦʢʘʟʘʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʟʘʣʝʞʥʦʩʪʽ e, ʈʩ ̔ ʉʨ ʪʨʴʦʭ ʢʨʠʩʪʘʣʽʚ - ʪʠʧʦʚʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʽʟʥʠʭ 

ʛʨʫʧ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʟ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʚʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʥʠʞʯʝ 

ʌʇ: ʪʨʠʛʣʽʮʠʥʩʫʣʴʬʘʪʫ (ʊɻʉ), ʜʠʛʽʜʨʦʬʦʩʬʘʪʫ ʢʘʣʽʶ (KDP) ʽ 

ʩʝʛʥʝʪʦʚʦʾ ʩʦʣʽ (ʉʉ ). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʽʾ, ʫ ʪʦʯʮʽ ʂʶʨʽ emʘʭ­ ¤. ʅʘʩʧʨʘʚʜʽ 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʢʨʠʩʪʘʣʽʚ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʫ ʚʠʧʘʜʢʫ ʊɻʉ), 

ʦʩʦʙʣʠʚʦʩʪʽ ʌʇ ʪʘ ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʚ KDP) ʪʘ ʧ'ʻʟʦʝʬʝʢʪ (ʚ ʉʉ) 

ʟʥʠʞʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚ ʪʦʯʮʽ 

ʂʶʨʽ. ɼʣʷ ʢʨʠʩʪʘʣʽʚ ʊɻʉ e22 m ʘʭ ʜʦʩʷʛʘʻ 3Ö10 5 ʫ ʨʘʟʽ KDP e33 m ʘʭ = 
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5Ö104 ʽ ʚ ʉʉe11 m ʘʭ = 4 Ö10 3 (ʽʥʜʝʢʩʠ e - ʮʝ ʛʦʣʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ 

eij). ʆʩʢʽʣʴʢʠ ʚʩʽ ʧʝʨʝʣʽʯʝʥʽ ʢʨʠʩʪʘʣʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʥʦʚʽʩʥʠʭ  

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ , ʪʦ ʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʷʚʣʷʶʪʴʩʷ 

ʚ ʥʠʭ ʪʽʣʴʢʠ ʚʟʜʦʚʞ ʦʜʥʦʛʦ ʟ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʢʽʚ. ʉʘʤʝ ʮʽ 

ʥʘʧʨʷʤʠ, ʨʽʟʥʽ ʜʣʷ ʊɻʉ, KDP ʪʘ ʉʉ , ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʘʢʩʠʤʫʤʦʤ 

e(T). 

ʊʝʤʧʝʨʘʪʫʨʥʝ ʟʥʠʞʝʥʥʷ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʫ ʚʩʽʭ ʪʨʴʦʭ 

ʢʨʠʩʪʘʣʘʭ ʧʨʠʙʣʠʟʥʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʢʦʥʫ ʈʩ ~ (ʊʢ - ʊ)-1/2 ; ʩʧʦʩʪʝʨʝʞʝʥʽ 

ʚʽʜʤʽʥʥʦʩʪʽ ʜʘʶʪʴ ʧʽʜʩʪʘʚʠ ʨʦʟʛʣʷʜʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʨʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʘ ʚʽʜ ʽʜʝʘʣʽʟʦʚʘʥʦʾ ʥʘʡʧʨʦʩʪʽʰʦʾ 

ʪʝʦʨʽʾ ʌʇ2, ʚʠʢʣʘʜʝʥʦʾ ʚʠʱʝ. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʚ ʮʽʣʦʤʫ ʧʽʜʪʚʝʨʜʞʫʻ ʪʝʦʨʽʶ ʌʇ2, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ 

ʩʪʨʠʙʦʢ ʉʨ(ʊ) ʫ ʪʦʯʮʽ ʧʝʨʝʭʦʜʫ. ʉʧʦʩʪʝʨʝʞʫʚʘʥʽ ʧʽʜ ʯʘʩ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʚʽʜʤʽʥʫ ʪʝʦʨʽʾ ʧʦʷʩʥʶʶʪʴʩʷ ʪʠʤ, ʱʦ ʫ ʥʘʡʧʨʦʩʪʽʰʦʾ 

ʪʝʦʨʽʾ ʃʘʥʜʘʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʬʣʫʢʪʫʘʮʽʾ ʧʦʣʷʨʠʟʘʮʽʾ. 

 

10.2 ʊʝʨʤʦʜʠʥʘʤʽʯʥʘ ʪʝʦʨʽʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ 

ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʧʝʨʰʦʛʦ ʨʦʜʫ 

 

ʈʘʥʽʰʝ ʫ ʨʦʟʜʽʣʽ 4 ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʪʝʦʨʽʷ ʃʘʥʜʘʫ ʙʫʣʘ 

ʟʘʩʪʦʩʦʚʘʥʘ ʜʦ ʦʧʠʩʫ ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʜʨʫʛʦʛʦ 

ʨʦʜʫ. ʎʷ ʪʝʦʨʽʷ ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʜʝʪʘʣʴʥʦ ʽ ʪʦʯʥʦ ʦʧʠʩʘʪʠ ʪʘʢʦʞ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʟ ʬʘʟʦʚʠʤ ʧʝʨʝʭʦʜʦʤ ʧʝʨʰʦʛʦ ʨʦʜʫ . 

ɺʠʭʽʜʥʠʤ ʻ ʪʘʢʠʡ ʚʠʨʘʟ ʜʣʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ: 

,
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ʜʝ      a= a0 ( ʊ - q); b < 0 ʪʘg >0. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʚʩʽʭ ʜʝʪʘʣʷʭ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ 

ʟʥʘʡʪʠ ʦʩʦʙʣʠʚʽ ʪʦʯʢʠ ʷʢ ʜʣʷ ʬʫʥʢʮʽʾ ʌ(ʈ), ʪʘʢ ʽ ʜʣʷ ʾʾ ʧʦʭʽʜʥʠʭ: 
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ʇʝʨʰʘ ʫʤʦʚʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʬʘʟʠ (µʌʈ/µ = 0) ʟʚʦʜʠʪʴʩʷ ʫ ʨʘʟʽ 

ʌʇ1 ʜʦ ʨʽʚʥʷʥʥʷ ʧ'ʷʪʦʛʦ ʩʪʫʧʝʥʷ (10.7) . ʂʦʨʝʥʽ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ 

ʥʘʩʪʫʧʥʽ: 

;01=P .
2

4
2/1

2

5,4,3,2 ö
ö

÷

õ

æ
æ

ç

å

g

ag-b°b-
°=P    (10.12) 

ɼʣʷ ʘʥʘʣʽʟʫ ʜʨʫʛʦʾ ʫʤʦʚʠ ʩʪʽʡʢʦʩʪʽ ( µ2 F/µʈ = 0) ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʝʢʩʪʨʝʤʫʤʠ ʨʽʚʥʷʥʥʷ ɽ (ʈ) = 0, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʟ (10.9): 

=9,8,7,6P .
10

2093
2/1

2

ö
ö

÷

õ

æ
æ

ç

å

g

ag-b°b-
°     (10.13) 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʝʢʩʪʨʝʤʫʤʠ ʟʘʣʝʞʥʦʩʪʽ µɽ/ µʈ ̒ ʦʩʦʙʣʠʚʠʤʠ ʪʦʯʢʘʤʠ 

ʚʠʨʘʟʫ (10.10): 

;010=P  .
10

3
12,11

g

b
-°=P      (10.14) 

ɯ ʥʘʨʝʰʪʽ, ʟ (10.11) ʤʘʻʤʦ 

.
10

14,13
g

b
-°=P       (10.15) 

ʏʦʪʠʨʥʘʜʮʷʪʴ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ (ʝʢʩʪʨʝʤʫʤʽʚ, ʧʝʨʝʛʠʥʽʚ, 

ʧʝʨʝʪʠʥʽʚ ʟ ʦʩʷʤʠ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʟʤʽʥʠ ʟʘʣʝʞʥʦʩʪʽ 

ʌ(ʈ), ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʦʙʣʠʟʫ ʌʇ1 ʧʨʠ ʟʤʽʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ a, b ʽ g. ʉʧʽʣʴʥʠʤʠ ʚʩʽʤ ʮʠʭ ʚʘʨʽʘʥʪʽʚ ʻ ʣʠʰʝ 

ʟʘʣʝʞʥʦʩʪʽ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 10.8. 

ʉʧʨʘʚʜʽ, ʚʩʽ ʢʦʨʝʥʽ ʨʽʚʥʷʥʴ (10.7) ʜʽʡʩʥʽ (ʬʦʨʤʫʣʠ 10.14 ʪʘ 

10.15), ʦʩʢʽʣʴʢʠ ʧʦʩʪʫʣʶʻʪʴʩʷ b < 0 ʽ g> 0. ʊʦʤʫ P13 ̔  P14 ʚʠʟʥʘʯʘʶʪʴ 

ʚʽʜʧʦʚʽʜʥʦ ʤʽʥʽʤʫʤ ʽ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʽʾ µ2 ɽ/µʈ 2 ʘ P10 , P11 ʪʘ P12 

-ʤʘʢʩʠʤʫʤ ʽ ʜʚʘ ʤʽʥʽʤʫʤʠ ʬʫʥʢʮʽʾ µɽ/ µʈ (ʨʠʩ. 10.8). ʇʦʜʘʣʴʰʠʡ 

ʘʥʘʣʽʟ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ a, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʟʛʽʜʥʦ (10.7). 
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ʈʠʩ. 10.8. ʇʦʭʽʜʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʌʇ1. 

 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʯʘʪʢʫ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʟ 

ʧʝʨʝʭʦʜʦʤ ʧʝʨʰʦʛʦ ʨʦʜʫ ʚ ʧʦʣʷʨʥʽʡ ʬʘʟʽ ʧʨʠ ʜʦʩʪʘʪʥʴʦʤʫ ʚʠʜʘʣʝʥʥʽ 

ʚʽʜ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ T k , ʢʦʣʠ T <q ʽ a < 0.ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʷʢ 

ʚʠʧʣʠʚʘʻ ʟ (10.13), ʨʽʚʥʷʥʥʷ (10.9) ʤʘʻ ʪʽʣʴʢʠ ʜʚʘ ʜʽʡʩʥʽ ʢʦʨʝʥʽ (P6 ʽ 

P7) ʟ ʯʦʪʠʨʴʦʭ. ʇʨʠ ʮʴʦʤʫ ʟʘʣʝʞʥʽʩʪʴ ɽ(ʈ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʤʽʥʽʤʫʤʦʤ ʧʨʠ P6 ʽ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ P7 ʘ ʪʘʢʦʞ ʧʝʨʝʪʠʥʘʻ ʚʽʩʴ ʈ ʚ 

ʪʨʴʦʭ ʪʦʯʢʘʭ: 

P1 = 0 ; .
2

4
2/1

2

3,2 ö
ö

÷

õ

æ
æ

ç

å

g

g-b+b-
°=P      

ʂʦʨʝʥʽ P4 ̔  P5 ʚʠʨʘʟʽ (10.12) ʫʷʚʥʽ, ʦʩʢʽʣʴʢʠ a <0 . 

 
ʈʠʩ. 10.9. ʇʦʭʽʜʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʧʝʪʣʷ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ 

ʛʽʩʪʝʨʝʟʠʩʫ ʪʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʟ ʌʇ1 ʫ ʧʦʣʷʨʥʽʡ 

ʬʘʟʽ. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ µɽ/µʈ ʪʘ ɽ(ʈ) ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 10.9. 

ʇʨʝʜʩʪʘʚʠʚʰʠ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ɽ (ʈ) ʷʢ ʈ (E), ʦʪʨʠʤʘʻʤʦ 



294 

 

ʩʠʪʫʘʮʽʶ, ʘʥʘʣʦʛʽʯʥʫ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʥʘ ʨʠʩ. 10.7 ʟ ʦʙʣʘʩʪʶ 

ʥʝʩʪʽʡʢʦʩʪʽ ʽ ʧʝʪʣʝʶ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ. ɺʽʜʧʦʚʽʜʥʦ, 

ʟʤʽʥʶʻʪʴʩʷ ʽ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʧʦʣʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʫ 

ʧʦʣʷʨʥʽʡ ʬʘʟʽ ï ʧʝʪʣʷ ʛʽʩʪʝʨʝʟʠʩʫ ʪʘ ʥʝʣʽʥʽʡʥʽʩʪʴ e(ɽ) - ʥʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʛʦ, ʷʢʦʛʦ ʨʦʜʫ ʧʝʨʝʭʽʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʢʨʠʩʪʘʣʽ ʫ 

ʪʦʯʮʽ ʂʶʨʽ . 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʝʨʝʙʽʛ ʩʧʦʥʪʘʥʥʦʾ 

ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʫ ʨʘʟʽ ʌʇ1 (ʨʠʩ. 10.10). ʋ ʪʦʯʮʽ ʧʝʨʝʭʦʜʫ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʦʪʝʥʮʽʘʣʠ ʥʝʧʦʣʷʨʥʦʾ F(ʈ) = F0(ʈ = 0) ʪʘ ʧʦʣʷʨʥʦʾ 

ʬʘʟʠ (ʚʠʨʘʟ 10.7 ʧʨʠ ʈ = 0) ʤʘʶʪʴ ʙʫʪʠ ʦʜʥʘʢʦʚʽ. ɿʚʽʜʩʠ 

.0
32

42 =
g
+

b
+a PP  

ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʮʝʡ ʚʠʨʘʟ ʚʝʣʠʯʠʥʫ ʈc, ʚʠʟʥʘʯʝʥʫ (10.12) 

(ʢʦʨʽʥʥʷ ʈ2-5, ʪʘʢ ʷʢ ʢʦʨʽʥʴ ʈ1 ʜʣʷ ʧʦʣʷʨʥʦʾ ʬʘʟʠ ʻ ʧʦʙʽʯʥʠʤ 

ʨʽʰʝʥʥʷʤ), ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʟʚ'ʷʟʫʻ ʚʩʽ ʪʨʠ ʧʘʨʘʤʝʪʨʠ a, b ʪʘ 

g. ʈʽʰʝʥʥʷʤ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ (ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʩʘʤʦʩʪʽʡʥʦ) 

ʙʫʜʝ ʪʘʢʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ a, ʧʨʠ 

ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʌʇ1: 

.
16

3 2

g

b
=ak      (10.16) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʧʝʨʰʦʛʦ ʨʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʟʘ ʊ = 

q̔  a= 0, ʘ ʟʘ ʧʦʟʠʪʠʚʥʦʾ ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʘ a (10.16, ʜʝ g> 0). ʆʪʞʝ, 

ʢʨʠʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʨʘʟʽ ʌʇ1 ʙʫʜʝ ʙʽʣʴʰʦʶ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʱʝ ʌʇ2, ʜʝ T k = q. ʉʧʦʥʪʘʥʥʘ ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʧʨʠ 

ʊ = T k ʚʠʥʠʢʘʻ ʩʪʨʠʙʢʦʤ (ʪʘʢʦʞ ʥʘ ʚʽʜʤʽʥʫ ʌʇ2). ɺʝʣʠʯʠʥʘ ʮʴʦʛʦ 

ʩʪʨʠʙʢʘ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʧʨʠ ʧʽʜʩʪʘʥʦʚʮʽ ak ʟ (10.16) ʜʦ (10.12): 

.
4

32

g

b
=DcP  

ʉʪʨʠʙʢʦʤ ʫ ʪʦʯʮʽ ʧʝʨʝʭʦʜʫ ʧʝʨʰʦʛʦ ʨʦʜʫ ʟʤʽʥʶʻʪʴʩʷ ʽ 

ʚʝʣʠʯʠʥʘ e. ʉʧʨʘʚʜʽ, ʚʠʱʝ T k  ʽʟ (10.9) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʈ = 0 ʤʘʻʤʦ e= 

=ʉ(ʊ- q)-1, ʪʘʢ ʷʢa = a0 ( ʊ- q). ʆʩʢʽʣʴʢʠ ʧʝʨʝʭʽʜ ʚʠʥʠʢʘʻ ʧʨʠ ʚʠʱʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʥʽʞ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʽ-ɺʝʡʩʩʘ, ʪʦ ʽ ʤʘʢʩʠʤʘʣʴʥʘ 
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ʚʝʣʠʯʠʥʘ e ʚ ʪʦʯʮʽ ʌʇ1 ʤʘʻ ʮʽʣʢʦʤ ʧʝʚʥʝ (ʥʝ ʥʝʩʢʽʥʯʝʥʥʝ, ʷʢ ʧʨʠ 

ʌʇ2 ʟʥʘʯʝʥʥʷ. 

 
ʈʠʩ. 10.10. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʪʘ ʟʚʦʨʦʪʥʦʾ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʫ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʭ ʟ ʌʇ1. 

. 

ɺʝʣʠʯʠʥʘ 2max
3

16

b

g
=e ʟʥʘʭʦʜʠʪʴʩʷ ʟ (10.16), ʪʘʢ ʷʢ e= 1 /a 

ʉʪʨʠʙʦʢ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚ ʧʦʣʷʨʥʫ ʬʘʟʫ 

ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʠʡ ʟ ʥʘʚʝʜʝʥʠʭ ʚʠʨʘʟʽʚ ʽ ʜʦʨʽʚʥʶʻ.
3

4
2b

g
=eD   

ʅʠʞʯʝ ʪʦʯʢʠ ʂʶʨʽ - e ʟʤʽʥʶʻʪʴʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚ ʯʦʪʠʨʠ ʨʘʟʠ 

ʽʥʪʝʥʩʠʚʥʽʰʝ, ʥʽʞ ʫ ʥʝʧʦʣʷʨʥʽʡ ʬʘʟʽ (ʨʠʩ. 10.11). ɼʽʡʩʥʦ, ʧʽʩʣʷ 

ʧʽʜʩʪʘʚʣʝʥʥʷ (10.12) ʫ (10.9) ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʪʨʠʤʘʻʤʦ 1/e = - 4a, 

ʟʚʽʜʢʠ .
)(4 q-

=e
T

C
 ɿʘʟʥʘʯʠʤʦ, ʱʦ ʜʣʷ  ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʟ ʧʝʨʝʭʦʜʦʤ 

ʧʝʨʰʦʛʦ ʨʦʜʫ ʟʥʠʞʝʥʥʷ e(ʊ) ʧʨʠ ʚʽʜʜʘʣʝʥʥʽ ʚʽʜ ʊk ʚ ʧʦʣʷʨʥʽʡ ʬʘʟʽ 

ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʷ ʚʜʚʽʯʽ ʰʚʠʜʰʝ, ʥʽʞ ʫ ʨʦʟʛʣʷʥʫʪʦʤʫ ʨʘʥʽʰʝ ʚʠʧʘʜʢʫ 

ʌʇ2. 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʝʧʦʣʷʨʥʦʾ ʬʘʟʠ ʪʘ ʦʢʦʣʠʮʽ ʧʝʨʝʭʦʜʫ ʧʝʨʰʦʛʦ 

ʨʦʜʫ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ. ʈʝʟʫʣʴʪʘʪ ʪʘʢʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10.11 ʜʝ ʚʚʝʜʝʥʠʡ ʜʦʧʦʤʽʞʥʠʡ 

ʧʘʨʘʤʝʪʨ .
2b

ag
=x ʋ ʤʽʨʫ ʟʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ a ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʽ 

ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʪʦʯʢʠ ʌʇ1 ʟʤʽʥʶʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ a, b ʽ g 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʧʘʨʘʤʝʪʨ x.  

ʇʨʠ ʮʴʦʤʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʧʦʜʚʽʡʥʘ ʧʝʪʣʷ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ 

ʛʽʩʪʝʨʝʟʠʩʫ ʚ ʜʝʷʢʽʡ ʪʝʤʧʝʨʘʪʫʨʥʽʡ ʦʙʣʘʩʪʽ ʚʠʱʝ ʪʦʯʢʠ ʂʶʨʽ, ʘ ʪʘʢʦʞ 

ʤʘʶʪʴ ʤʽʩʮʝ ʽʥʰʽ ʮʽʢʘʚʽ ʚʘʨʽʘʥʪʠ ʟʘʣʝʞʥʦʩʪ ̔ʈ(ɽ) ʽ e(ɽ). 
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ʈʠʩ. 10.11. ɺʠʜ ʬʫʥʢʮʽʡ F(ʈ), ʈ ( ɽ ) ʪʘ e(ɽ) ʧʨʠ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ 

ʢʦʥʩʪʘʥʪ ʫ ʨʦʟʢʣʘʜʘʥʥʽ ʚ ʨʷʜ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ F: ʫ ʤʽʨʫ ʟʤʝʥʰʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ aʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʌʇ1 ʧʨʦʭʦʜʠʪʴ ʨʽʟʥʽ ʩʪʘʜʽʾ (ʚ ʦʙʣʘʩʪʽ 0,4>> x0,25 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʜʚʽʡʥʘ ʧʝʪʣʷ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ, ʧʨʠ 0,25>> x0,2 - 

ʛʽʩʪʝʨʝʟʠʩʥʘ ʧʝʪʣʷ "ʟ ʧʝʨʝʪʷʞʢʦʶ"). 

. 
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ʅʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʤ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʦʤ, ʫ ʷʢʦʤʫ ʧʝʨʝʭʽʜ ʤʘʻ 

ʭʘʨʘʢʪʝʨ ʌʇ1, ʻ ʪʠʪʘʥʘʪ ʙʘʨʽʶ. ʋ ʮʴʦʤʫ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʫ ʩʧʨʘʚʜʽ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʚʩʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ 

ʧʝʨʰʦʛʦ ʨʦʜʫ (ʨʠʩ. 10.4).  

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʤʘʢʩʠʤʫʤ e ʫ ʯʠʩʪʦʤʫ ɺʘʊiO3 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʨʠ ʊk = 400 ʂ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʽ - ɺʝʡʩʩʘ q= 388 ʂ. ʇʦʩʪʽʡʥʘ ʂʶʨʽ 

- ɺʝʡʩʩʘ ʚ ʪʠʪʘʥʘʪʽ ʙʘʨʽʶ ʉ = 1,2 Ö105 ʂ, ʘ emax=10000. ʄʘʢʩʠʤʫʤ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʽ ʧʝʨʝʭʽʜ ʚ ʥʝʧʦʣʷʨʥʫ ʬʘʟʫ ʜʦʩʷʛʘʻʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʥʘʛʨʽʚʘʥʥʷ ʪʠʪʘʥʘʪʫ ʙʘʨʽʶ, ʘ ʡ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʪʝʦʨʽʻʶ, - ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ (ʨʠʩ. 10.4), 

ʧʨʠʯʦʤʫ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʘʥʘʣʽʟʫ ʜʣʷ ʧʨʦʩʪʦʪʠ ʪʠʩʢ ʧʝʨʝʜʙʘʯʘʚʩʷ 

ʧʦʩʪʽʡʥʠʤ. 

ʉʧʦʥʪʘʥʥʘ ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʫ ɺʘʊiO3 ʧʨʠ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʽ 

ʟ'ʷʚʣʷʻʪʴʩʷ ʩʪʨʠʙʢʦʤ, ʷʢ ʽ ʚʠʧʣʠʚʘʻ ʟ ʪʝʦʨʽʾ ʌʇ1. ʉʪʨʠʙʢʦʤ 

ʟʥʠʞʫʻʪʴʩʷ ʚ ʪʦʯʮʽ ʂʶʨʽ ʪʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ.  

ʆʪʞʝ, ʥʘʡʚʘʞʣʠʚʽʰʽ ʟʤʽʥʠ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʧʨʠ ʌʇ ʷʢ ʧʝʨʰʦʛʦ, ʽ ʜʨʫʛʦʛʦ ʨʦʜʫ ʫʩʧʽʰʥʦ 

ʧʦʷʩʥʶʶʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʻʶ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʠʪʘʥʘʪ ʙʘʨʽʶ ʮʽʢʘʚʠʡ ʱʝ ʡ ʫ ʪʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ, ʱʦ ʚ ʥʴʦʤʫ, ʢʨʽʤ ʦʩʥʦʚʥʦʛʦ ʌʇ ʧʨʠ ʊ k = 400 ʂ ʟ 

ʥʝʧʦʣʷʨʥʦʾ ʚ ʧʦʣʷʨʥʫ ʬʘʟʫ, ʤʘʶʪʴ ʤʽʩʮʝ ʱʝ ʜʚʘ ʧʝʨʝʭʦʜʠ ʤʽʞ 

ʨʽʟʥʠʤʠ ʧʦʣʷʨʥʠʤʠ ʬʘʟʘʤʠ.  

ʎʽ ʌʇ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʴʢʦ 300 ʂ ʽ 200 ʂ. 

ʋ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʫ ɺʘʊʽʆ3 ʩʠʤʝʪʨʽʷ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ ʢʫʙʽʯʥʦʾ (ʚʠʱʝ 400 ʂ) ʜʦ ʨʦʤʙʦʝʜʨʠʯʥʦʾ (ʥʠʞʯʝ 200 ʂ), 

ʧʨʦʭʦʜʷʯʠ ʪʝʪʨʘʛʦʥʘʣʴʥʫ ʽ ʨʦʤʙʽʯʥʫ ʬʘʟʠ (ʨʠʩ. 10.11).  

ɿʘ ʮʠʭ ʧʝʨʝʭʦʜʽʚ ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʈʩ ʟʤʽʥʶʻʪʴʩʷ ʤʘʣʦ, ʘʣʝ 

ʟʤʽʥʶʻ ʩʚʽʡ ʥʘʧʨʷʤʦʢ.  

ʋ ʪʝʪʨʘʛʦʥʘʣʴʥʽʡ ʬʘʟʽ ʈʩ ʩʧʨʷʤʦʚʘʥʘ ʧʦ ʨʝʙʨʫ ʢʦʣʠʰʥʴʦʛʦ 

ʢʫʙʘ, ʪʦʙʪʦ ʚʟʜʦʚʞ [100], ʚ ʨʦʤʙʽʯʥʽʡ ʬʘʟʽ ï ʧʦ ʜʽʘʛʦʥʘʣʽ ʛʨʘʥʽ ʢʫʙʘ 

[110], ʘ ʚ ʩʘʤʽʡ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʨʦʤʙʦʝʜʨʠʯʥʽʡ ʬʘʟʽ ï ʧʦ 

ʦʙ'ʻʤʥʽʡ ʜʽʘʛʦʥʘʣʽ, ʪʦʙʪʦ ʚʟʜʦʚʞ [111 ]. ɺʩʽ ʧʝʨʝʭʦʜʠ ʫ ɺʘʊʽʆ3 
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ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʌʇ1, ʧʨʠʯʦʤʫ ʚ ʦʢʦʣʠʮʽ ʧʝʨʝʭʦʜʽʚ ʤʘʻ ʤʽʩʮʝ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʽʩʪʝʨʝʟʠʩ. 

ɺʠʙʽʨ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʫ ʫ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʽʡ ʪʝʦʨʽʾ ʃʘʥʜʘʫ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʜʽʣʝʥʥʽ ʥʘʡʚʘʞʣʠʚʽʰʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʘ.  

ʋ ʨʘʟʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʚʠʙʽʨ ʷʢ ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʫ 

ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʷʩʥʠʪʠ ʥʝ ʪʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʭʽʜ Pc , ʘʣʝ ʽ ʚʝʣʠʢʠʡ ʤʘʢʩʠʤʫʤ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚ ʦʢʦʣʠʮʽ 

ʌʇ. 

ʊʠʤ ʥʝ ʤʝʥʰ, ʚʽʜʦʤʽ ʚʠʧʘʜʢʠ ʚʠʥʠʢʥʝʥʥʷ ʧʨʠ ʌʇ ʩʧʦʥʪʘʥʥʦʾ 

ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʙʝʟ ʧʦʤʽʪʥʦʛʦ ʤʘʢʩʠʤʫʤʫ e(T), ʥʘʧʨʠʢʣʘʜ, ʫ 

ʤʦʣʽʙʜʘʪʽ ʛʘʜʦʣʽʥʽʶ Gd2(ʄʦO4)3.  

ʎʝʡ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ ʧʨʝʜʩʪʘʚʣʷʻ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʩʫʯʘʩʥʦʾ 

ʪʝʭʥʽʢʠ ʯʝʨʝʟ ʭʦʨʦʰʽ ʝʣʝʢʪʨʦʦʧʪʠʯʥʽ ʪʘ ʧʨʫʞʥʦʦʧʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴe ʤʦʣʽʙʜʘʪʘ ʛʘʜʦʣʽʥʽʶ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 10.13ʘ ʟ ʷʢʦʛʦ ʚʠʜʥʦ, ʱʦ ʧʦʷʚʘ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʧʨʠ 

ʌʇ ʥʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʤʘʢʩʠʤʫʤʦʤ e, ʭʦʯʘ ʥʠʞʯʝ Tk = 432 ʂ ʫ 

ʮʴʦʤʫ ʢʨʠʩʪʘʣʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʛʽʩʪʝʨʝʟʠʩ.  

ʊʘʢʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʥʘʟʠʚʘʶʪʴʩʷ ʥʝʚʣʘʩʥʠʤʠ. ɺ ʥʠʭ 

ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʧʝʨʝʩʪʘʻ ʙʫʪʠ ʧʘʨʘʤʝʪʨʦʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ.  

ʋ ʚʠʧʘʜʢʫ Gd2(ʄʦO4)3 ʥʘʧʨʠʢʣʘʜ, ʧʨʠʯʠʥʦʶ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʚ ʪʦʯʮʽ ʂʶʨʽ ʻ ʤʝʭʘʥʽʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʘ ʩʧʦʥʪʘʥʥʘ 

ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʚʠʥʠʢʘʻ ʧʨʠ ʌʇ ʷʢ ʦʜʥʘ ʟ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʫʧʦʨʷʜʢʦʚʘʥʦʾ ʬʘʟʠ. 

ʋ ʜʝʷʢʠʭ ʨʝʯʦʚʠʥʘʭ, ʙʣʠʟʴʢʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʜʦ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ, ʚ ʦʙʣʘʩʪʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʤʦʞʝ ʙʫʪʠ ʥʝ ʪʽʣʴʢʠ 

ʚʠʨʘʞʝʥʠʡ ʤʘʢʩʠʤʫʤ e(ʊ), ʘʣʝ ʥʠʞʯʝ ʌʇ ʥʝ ʚʠʥʠʢʘʻ ʽ ʈʩ . ʋ ʪʦʯʮʽ 

ʂʶʨʽ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʥʝʚʝʣʠʢʠʡ ʩʪʨʠʙʦʢ e.  

ʅʘʧʨʠʢʣʘʜ, ʪʘʢʠʡ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

ʦʨʪʦʬʦʩʬʘʪʽ ʩʚʠʥʮʶ Pb3(PO4)2  (ʨʠʩ. 10.13ʙ). ʎʝʡ ʌʇ ʥʝ ʻ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʤ, ʭʦʯʘ ʟʘ ʚʠʜʦʤ ʟʘʣʝʞʥʦʩʪʽ e(ʊ) ʥʘʛʘʜʫʻ ʥʝʚʣʘʩʥʽ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ.  
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ʉʠʣʴʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʥʝ ʧʝʨʝʚʦʜʠʪʴ ʢʨʠʩʪʘʣ ʫ ʧʦʣʷʨʥʫ ʬʘʟʫ, 

ʦʪʞʝ, ʚʽʥ ʥʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʘʥʪʠʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ. ʆʨʪʦʬʦʩʬʘʪ 

ʩʚʠʥʮʶ ʻ ʩʝʛʥʝʪʦʝʣʘʩʪʠʢʦʤ . 

 

10.3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʚ ʝʣʝʢʪʨʦʥʽʮʽ 

 

ʗʢʱʦ ʷʢ ʧʨʠʢʣʘʜ ʚʟʷʪʠ ʪʘʢʠʡ ʩʫʯʘʩʥʠʡ ʧʨʠʩʪʨʽʡ ʷʢ ʤʦʙʽʣʴʥʠʡ 

ʪʝʣʝʬʦʥ, ʪʦ ʚʠʷʚʠʪʴʩʷ, ʱʦ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʽ ʤʘʪʝʨʽʘʣʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʙʘʛʘʪʴʦʭ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʘʭ.  

ʅʘʩʘʤʧʝʨʝʜ, ʡʦʛʦ ʤʽʢʨʦʬʦʥ (ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʷʤʠʡ 

ʧ'ʻʟʦʝʬʝʢʪ) ʽ ʪʝʣʝʬʦʥ (ʱʦ ʧʨʘʮʶʻ ʥʘ ʧʨʠʥʮʠʧʽ ʟʚʦʨʦʪʥʦʛʦ 

ʧ'ʻʟʦʝʬʝʢʪʫ).  

ʂʨʽʤ ʪʦʛʦ, ʧ'ʻʟʦʝʬʝʢʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ 

ʬʽʣʴʪʨʘʭ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʘ ʧʦʚʝʨʭʥʝʚʠʭ ʘʢʫʩʪʠʯʥʠʭ ʭʚʠʣʷʭ, ʱʦ 

ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʣʽʚʢʘʭ.  

ʋ ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʬʽʣʴʪʨʘʭ ʩʠʛʥʘʣʽʚ (ʅɺʏ - ʬʽʣʴʪʨʘʭ) 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʦʨʽʜʥʝʥʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʤ ʜʽʝʣʝʢʪʨʠʯʥʽ 

ʤʘʪʝʨʽʘʣʠ ʟ ʚʠʩʦʢʦʶ ʧʨʦʥʠʢʥʽʩʪʶ ʪʘ ʤʘʣʠʤʠ ʚʪʨʘʪʘʤʠ (ʮʠʤ 

ʜʽʝʣʝʢʪʨʠʢʘʤ ʧʨʠʩʚʷʯʝʥʠʡ 6 ʨʦʟʜʽʣ).  

ɯ, ʥʘʨʝʰʪʽ, ʥʘʜʤʽʥʽʘʪʶʨʥʽ ʢʝʨʘʤʽʯʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʦʙʽʣʴʥʦʤʫ ʪʝʣʝʬʦʥʽ, ʪʘʢʦʞ ʻ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. 

ɿ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ, ʥʘʚʝʜʝʥʦʾ ʥʘ 

ʨʠʩ. 10.12, ʫ ʮʴʦʤʫ ʧʘʨʘʛʨʘʬʽ ʨʦʟʛʣʷʥʫʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʷʢ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ ʧʝʨʝʤʠʢʘʶʯʠʭ 

ʧʨʠʩʪʨʦʾʚ. 
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10.3.1. ʂʦʥʜʝʥʩʘʪʦʨʥʽ ʤʘʪʝʨʽʘʣʠ 

 

ʅʘʡʙʽʣʴʰ ʤʘʩʦʚʠʤ ʚʠʜʦʤ ʨʘʜʽʦʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʻ ʢʝʨʘʤʽʯʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ, ʯʘʩʪʢʘ ʷʢʠʭ ʫ ʚʩʴʦʤʫ 

ʦʙʩʷʟʽ ʚʠʧʫʩʢʫ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʜʦʩʷʛʘʻ 50 - 60% ʧʨʠ 

ʘʙʩʦʣʶʪʥʦʤʫ ʦʙʩʷʟʽ ʚʠʧʫʩʢʫ, ʱʦ ʩʷʛʘʻ ʜʝʩʷʪʢʽʚ ʤʽʣʴʷʨʜʽʚ ʰʪʫʢ ʥʘ 

ʨʽʢ.  

ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʽʚ ʩʝʛʥʝʪʦʢʝʨʘʤʽʯʥʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ, ʽ ʚʽʜʦʤʦʩʪʽ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʾʭ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʚʦʜʷʪʴʩʷ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʜʦʚʽʜʥʠʢʘʭ.  

ʆʙʤʝʞʠʤʦʩʷ ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʚʠʤʦʛ, ʱʦ 

ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʢʦʥʜʝʥʩʘʪʦʨʥʦʾ ʩʝʛʥʝʪʦʢʝʨʘʤʽʢʠ ʪʘ ʘʥʘʣʽʟʦʤ 

ʤʦʞʣʠʚʦʩʪʝʡ ʾʭ ʟʘʜʦʚʦʣʝʥʥʷ. 

ʅʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤʠ ʚʠʤʦʛʘʤʠ ʪʘʢʦʛʦ ʨʦʜʫ ʻ: ʜʣʷ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʥʘʡʙʽʣʴʰʘ ʚʝʣʠʯʠʥʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ, ʱʦ ʜʦʩʷʞʥʘ, ʧʨʠ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʾʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ; ʜʣʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʥʘʡʚʠʱʘ 

ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ.  

ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʥʝʦʙʭʽʜʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʤʝʥʰʠʭ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʪʨʘʪ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʤʽʮʥʦʩʪʽ ʪʘ ʦʙ'ʻʤʥʦʛʦ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ.  

ɼʦʜʘʪʢʦʚʠʤʠ ʚʠʤʦʛʘʤʠ ʻ ʩʪʽʡʢʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʩʪʘʨʽʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ, ʧʨʠʨʦʜʥʦ, 

ʜʝʰʝʚʠʟʥʘ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ. 
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ʈʠʩ. 10.12. ʉʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʚ ʩʫʯʘʩʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ ( ɻʉ ï 

ʛʽʙʨʠʜʥʽ ʩʪʨʫʢʪʫʨʠ). 

 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʱʦ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʷʢ 

ʚʠʭʽʜʥʘ ʩʠʨʦʚʠʥʘ ʜʣʷ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʩʧʦʣʫʢʠ, ʘ ʾʭ ʩʫʤʽʰʽ ʘʙʦ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʯʝʨʝʟ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʜʦʚʦʣʝʥʥʷ ʞʦʨʩʪʢʠʭ ʦʙʤʝʞʝʥʴ ʧʦ ʜʦʧʫʩʢʘʭ ʥʘ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʾʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʧʦʣʴʦʚʽ 

ʟʘʣʝʞʥʦʩʪʽ. ʉʢʣʘʜ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 
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ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʛʣʠʙʣʝʥʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʩʪʝʤ, ʯʘʩʪʦ ï ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʘʙʦ ʟ ʤʘʣʠʤʠ 

ʤʦʜʠʬʽʢʫʶʯʠʤʠ ʜʦʙʘʚʢʘʤʠ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʪʠʪʘʥʘʪʽʚ, ʮʠʨʢʦʥʘʪʽʚ ʪʘ ʩʪʘʥʥʘʪʽʚ  ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ ʤʝʪʘʣʽʚ ʪʘ 

ʚʽʩʤʫʪʫ. ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʧʝʨʦʚʩʢʽʪʥʽ 

ʩʠʩʪʝʤʠ ʟ ʰʘʨʫʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʘʙʦ ʩʠʩʪʝʤʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʪʠʧʫ ʢʘʣʽʡ-ʚʦʣʴʬʨʘʤʦʚʦʾ ʙʨʦʥʟʠ.  

ʆʜʥʠʤ ʽʟ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʦʟʥʘʚʯʠʭ ʧʽʜʭʦʜʽʚ 

ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʟʘʣʝʞʥʽʩʪʶ e ʽ ʚʽʜʧʦʚʽʜʥʦ ʻʤʥʽʩʪʶ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʻ ʩʠʥʪʝʟ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʘʜʘʥʠʤ ʩʪʫʧʝʥʝʤ ʨʦʟʤʠʪʪʷ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ.  

ɿʤʝʥʰʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʪʨʘʪ ʜʦʤʘʛʘʶʪʴʩʷ ʧʝʨʝʭʦʜʦʤ ʜʦ 

ʪʝʭʥʦʣʦʛʽʾ ʛʘʨʷʯʦʛʦ ʘʙʦ ʽʟʦʩʪʘʪʠʯʥʦʛʦ ʧʨʝʩʫʚʘʥʥʷ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʱʽʣʴʥʽʩʪʴ ʢʝʨʘʤʽʢʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʩʢʣʦ-

ʩʧʦʣʫʯʥʠʭ ʜʦʙʘʚʦʢ, ʘʞ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʝʛʥʝʪʦʩʠʪʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʚʠʜʽʣʝʥʥʷ ʚ ʩʢʣʦʬʘʟʥʽʡ ʤʘʪʨʠʮʽ ʤʽʢʨʦʢʨʠʩʪʘʣʽʚ ï ʥʦʩʽʾʚ ʙʘʞʘʥʠʭ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ɺʠʙʠʨʘʶʯʠ ʩʢʣʘʜ ʪʘ ʪʝʭʥʦʣʦʛʽʶ, ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʪʘʢʠʤ 

ʪʝʭʥʽʯʥʦ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢ ʜʽʝʣʝʢʪʨʠʯʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ï 

ʟʤʽʥʘ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʠ ʥʘʢʣʘʜʝʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʱʦ 

ʫʧʨʘʚʣʷʻ.  

ɺʘʨʽʢʦʥʜʠ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʪʘʢʠʤ ʰʣʷʭʦʤ, ʟʥʘʭʦʜʷʪʴ ʩʚʦʶ 

ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʭʝʤʦʪʝʭʥʽʮʽ ʽ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ, 

ʚʢʣʶʯʘʶʯʠ ʪʝʨʤʦʢʦʤʧʝʥʩʦʚʘʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʛʦʜʠʥʥʠʢʘ ʽ ʙʘʛʘʪʴʦʭ ʧʨʠʩʪʨʦʾʚ ʘʚʪʦʤʘʪʠʢʠ.  

ɺʠʩʦʢʘ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʚʠʜʽʚ ʢʦʥʜʝʥʩʘʪʦʨʥʦʾ 

ʢʝʨʘʤʽʢʠ ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʤʘʩʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʟʘʜʘʥʦʾ 

ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʽʚ. 
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10.3.2. ʂʦʤʧʦʥʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ-

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. 

 

ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʜʚʘ ʪʠʧʠ ʨʘʜʽʦʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

(ʣʝʛʦʚʘʥʦʾ, ʚʽʜʥʦʚʣʝʥʦʾ) ʩʝʛʥʝʪʦʢʝʨʘʤʽʢʠ, ʷʢʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʥʘ ʦʩʥʦʚʽ ʪʠʪʘʥʘʪʫ ʙʘʨʽʶ. ʎʝ ʤʘʣʦʛʘʙʘʨʠʪʥʽ 

ʢʦʥʜʝʥʩʘʪʦʨʠ ʽ ʧʦʟʠʩʪʦʨʠ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ 

ʩʝʛʥʝʪʦʢʝʨʘʤʽʢʠ. 

ʋ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʬʝʢʪ ʙʘʨ'ʻʨʥʦʾ ʻʤʥʦʩʪʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʊʦʤʫ ʪʘʢʽ ʢʦʥʜʝʥʩʘʪʦʨʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ 

ʽʟ ʙʘʨ'ʻʨʥʠʤ ʰʘʨʦʤ; ʫ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʻʤʥʽʩʪʴ ʟʙʽʜʥʝʥʦʛʦ 

ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ ʰʘʨʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʤʽʩʮʽ ʜʦʪʠʢʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʢʝʨʘʤʽʢʠ ʪʘ ʤʝʪʘʣʝʚʦʛʦ (ʩʨʽʙʥʦʛʦ, ʧʘʣʘʜʽʻʚʦʛʦ, 

ʥʽʢʝʣʝʚʦʛʦ) ʝʣʝʢʪʨʦʜʘ. ʇʨʦʚʽʜʥʽʩʪʴ ʙʘʨ'ʻʨʥʦʛʦ ʰʘʨʫ ʜʦʩʠʪʴ ʚʠʩʦʢʘ, 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʚʠʩʦʢʽʡ ʙʘʨ'ʻʨʥʽʡ ʻʤʥʦʩʪʽ ʣʝʛʦʚʘʥʦʛʦ ʘʙʦ 

ʚʽʜʥʦʚʣʝʥʦʛʦ ʪʠʪʘʥʘʪʫ ʙʘʨʽʶ, ʱʦ ʜʦʩʷʛʘʻ 10 ʤʢʌ/ʩʤ2 ʨʦʙʦʯʽ ʥʘʧʨʫʛʠ 

ʧʦʜʽʙʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʜʝʢʽʣʴʢʦʭ ʚʦʣʴʪ. 

ʇʦʨʽʚʥʷʥʦ ʚʠʱʽ ʥʦʤʽʥʘʣʴʥʽ ʨʦʙʦʯʽ ʥʘʧʨʫʛʠ (ʜʦ ʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ 

ʚʦʣʴʪ) ʜʦʩʷʛʘʶʪʴʩʷ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʟ 

ʜʽʝʣʝʢʪʨʠʯʥʠʤ ʰʘʨʦʤ, ʦʜʝʨʞʫʚʘʥʠʤ ʪʝʨʤʦʦʙʨʦʙʢʦʶ ʥʘ ʧʦʚʽʪʨʽ 

ʚʽʜʥʦʚʣʝʥʦʛʦ ʪʠʪʘʥʘʪʫ ʙʘʨʽʶ (ʚ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ï ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʟʽ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʧʦʣʝʛʰʫʻ ʤʽʛʨʘʮʽʶ ʢʠʩʥʝʚʠʭ ʚʘʢʘʥʩʽʡ) ʪʘ 

ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʩʝʛʥʝʪʦʢʝʨʘʤʽʢʠ 

ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʽ ʧʦʣʷʨʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ ʟ ʦʜʥʠʤ ʦʤʽʯʥʠʤ ʪʘ 

ʦʜʥʠʤ ʥʝʦʤʽʯʥʠʤ ʢʦʥʪʘʢʪʘʤʠ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʫ ʢʽʣʴʢʘ ʨʘʟʽʚ ʙʽʣʴʰʦʶ 

ʻʤʥʽʩʪʶ, ʥʽʞ ʥʝʧʦʣʷʨʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ. 

ɼʦʨʝʯʥʦ ʚʢʘʟʘʪʠ, ʱʦ ʫ ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʘʭ ʩʪʚʦʨʝʥʥʷ 

ʢʦʥʜʝʥʩʘʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʘʛʘʣʴʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ 

ʧʨʦʥʠʢʥʽʩʪʶ ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʧʨʦʛʨʝʩ ʫ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʤʽʞʟʝʨʥʦʚʠʤʠ ʰʘʨʘʤʠ. ʎʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʨʽʟʥʠʤ ʩʢʣʘʜʦʤ ʽ ʩʪʨʫʢʪʫʨʦʶ ʚ ʦʙʩʷʟʽ ʟʝʨʥʘ ʽ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ, ʟʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ 

ʚʧʘʣʶʶʪʴʩʷ, ʟ ʥʝʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ. 



304 

 

ɼʨʫʛʠʤ ʪʠʧʦʤ ʨʘʜʽʦʢʦʤʧʦʥʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʩʝʛʥʝʪʦʢʝʨʘʤʽʢʠ ʻ ʪʝʨʤʦʨʝʟʠʩʪʦʨʠ ʟ ʚʝʣʠʢʠʤ 

ʧʦʟʠʪʠʚʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʦʧʦʨʫ (ʊʂʉ) ï ʧʦʟʠʩʪʦʨʠ. 

ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʦʟʠʩʪʦʨʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʘʥʽʰʝ 

ʨʦʟʨʦʙʣʝʥʠʤʠ ʪʝʨʤʦʨʝʟʠʩʪʦʨʘʤʠ, ʱʦ ʤʘʶʪʴ ʥʝʛʘʪʠʚʥʠʡ ʊʂʉ, ʻ 

ʚʝʣʠʯʝʟʥʠʡ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʦʧʦʨʫ (ʜʦ 106 ʨʘʟʽʚ ʫ ʩʝʨʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ, ʽ ʜʦ 1010 ʨʘʟʽʚ ʫ ʢʨʘʱʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʨʘʟʢʽʚ). ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʢʦʶ ʟʤʽʥʦʶ ʦʧʦʨʫ ʚ 

ʪʦʯʮʽ ʂʶʨʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ,  ʱʦ ʽʩʪʦʪʥʦ ʧʦʣʝʛʰʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʟʠʩʪʦʨʽʚ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʘʚʪʦʤʘʪʠʢʠ ʪʘ 

ʨʝʛʫʣʶʚʘʥʥʷ. ʇʨʦʤʠʩʣʦʚʠʡ ʚʠʧʫʩʢ ʧʦʟʠʩʪʦʨʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʦʩʷʛʥʫʚ 

ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʽ ʤʘʻ ʷʚʥʫ ʪʝʥʜʝʥʮʽʶ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ. 

ɼʦʪʨʠʤʘʥʥʷ ʞʦʨʩʪʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʥʘʜʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʩʪʨʫʢʪʫʨ ʟ ʦʜʥʦʨʽʜʥʠʤʠ 

ʙʘʨ'ʻʨʥʠʤʠ ʰʘʨʘʤʠ, ʩʪʠʤʫʣʶʚʘʣʦ ʜʫʞʝ ʚʠʩʦʢʠʡ (ʧʦʥʘʜ 25% ʥʘ ʨʽʢ) 

ʪʝʤʧ ʚʠʧʫʩʢʫ ʧʦʟʠʩʪʦʨʽʚ  ʧʝʨʦʚʩʢʽʪʥʦʛʦ ʪʠʧʫ ʪʘ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ 

ʾʭ ʦʩʥʦʚʽ ï ʚʽʜ ʬʝʥʽʚ ʜʣʷ ʩʫʰʽʥʥʷ ʚʦʣʦʩʩʷ ʜʦ ʩʠʩʪʝʤ ʧʽʜʽʛʨʽʚʫ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʪʘ ʘʚʪʦʤʘʪʽʚ ʧʨʦʪʠʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʤʝʨʝʞ. ɺʽʜʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʠʡ ʪʝʤʧ ʟʨʦʩʪʘʥʥʷ 

ʨʽʟʥʠʭ ʢʝʨʘʤʽʯʥʠʭ ʜʘʪʯʠʢʽʚ, ʚʢʣʶʯʘʶʯʠ ʘʥʘʣʽʟʘʪʦʨʠ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ 

ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ. 

 

10.3.3. ʇʨʠʩʪʨʦʾ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʬʝʢʪʽ ʧʝʨʝʤʠʢʘʥʥʷ 

 

ɺʠʱʝ ʚʢʘʟʫʚʘʣʦʩʷ, ʱʦ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭʥʻ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʻ 

ʥʘʷʚʥʽʩʪʴ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, ʱʦ ʨʝʚʝʨʩʫʻʪʴʩʷ, ʽʥʘʢʰʝ ï ʝʬʝʢʪʫ 

ʧʝʨʝʤʠʢʘʥʥʷ. ʎʝʡ ʝʬʝʢʪ ʚʠʨʘʞʝʥʠʡ ʪʠʤ ʯʽʪʢʽʰʝ, ʱʦ ʙʽʣʴʰ 

ʧʨʷʤʦʢʫʪʥʘ ʧʝʪʣʷ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ ʽ ʱʦ ʤʝʥʰʝ ʚʝʣʠʯʠʥʘ 

ʢʦʝʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ɽʢ (ʨʠʩ. 10.13ʘ). ʅʘʷʚʥʽʩʪʴ ʝʬʝʢʪʫ ʧʝʨʝʤʠʢʘʥʥʷ 

ʻ ʦʩʥʦʚʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʚ ʦʜʥʦʤʫ ʟ 

ʜʚʦʭ ʩʪʘʙʽʣʴʥʠʭ ʩʪʘʥʽʚ ʧʦʣʷʨʠʟʘʮʽʾ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʷʢʽ ʤʦʞʝ ʙʫʪʠ 

ʽʥʪʝʨʧʨʝʪʦʚʘʥʘ ʷʢ 0 ʘʙʦ 1 ʫ ʜʚʽʡʢʦʚʽʡ ʩʠʩʪʝʤʽ ʯʠʩʣʝʥʥʷ ï 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʙʘʟʠ ʩʫʯʘʩʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. 
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ʈʠʩ. 10.13. ʆʩʥʦʚʥʽ ʥʝʣʽʥʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ:  

ʘ -ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʛʽʩʪʝʨʝʟʠʩ; ʙ ï ʜʠʥʘʤʽʯʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ; ʚ ï ʥʝʣʽʥʽʡʥʠʡ ʦʢ ʯʝʨʝʟ 

ʩʝʛʥʝʪʦʢʦʥʜʝʥʩʘʪʦʨ ; ʛ ï ʝʬʝʢʪʠʚʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ; ʜ ï ʨʝʚʝʨʩʠʚʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ;  

ʝ ï ʘʤʧʣʽʪʫʜʥʘ ʤʦʜʫʣʷʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʛʥʝʪʦʢʦʥʜʝʥʩʘʪʦʨʘ 

 

ʄʦʞʣʠʚʽʩʪʴ ʨʝʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʚ ʝʣʝʤʝʥʪʥʽʡ ʙʘʟʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ (ʆʊ) ʽ 

ʣʦʛʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʭʘʨʘʢʪʝʨʫ ʟʥʘʢʫ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʠ ʦʧʠʪʫʚʘʥʥʽ ʽʤʧʫʣʴʩʦʤ, ʱʦ ʟʯʠʪʫʻ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ çʦʙ'ʻʤʥʽè ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʥʝ ʤʘʶʪʴ 

ʩʧʨʘʚʞʥʴʦʛʦ ʧʦʨʦʛʫ ʧʝʨʝʤʠʢʘʥʥʷ, ʪʦʙʪʦ ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʡ ʜʦʜʘʪʦʢ 

ʩʣʘʙʰʦʛʦ ʧʦʣʷ ʟʚʦʨʦʪʥʦʛʦ ʟʥʘʢʫ ʚʨʝʰʪʽ-ʨʝʰʪ ʚʠʢʣʠʢʘʻ 

ʧʝʨʝʤʠʢʘʥʥʷ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ï ʚʪʨʘʪʫ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʟʫʤʦʚʣʶʻ 

ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʟʘʧʠʩʘʥʦʾ ʫ 

ʚʫʟʣʫ ʤʘʪʨʠʯʥʦʛʦ ʟʘʧʘʤ'ʷʪʦʚʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʫʡʥʽʚʥʦʛʦ ʚʧʣʠʚʫ ʜʨʦʙʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʟʚʦʨʦʪʥʦʛʦ ʟʥʘʢʫ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʧʨʠ ʟʯʠʪʫʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʟ ʙʫʜʴ-ʷʢʦʾ ʢʦʤʽʨʢʠ ʮʴʦʛʦ 

ʧʨʠʩʪʨʦʶ. ɺʠʥʷʪʢʦʤ ʻ ʣʠʰʝ ʰʘʨʫʚʘʪʠʡ ʪʠʪʘʥʘʪ ʚʽʩʤʫʪʫ ɺ4̔Ti3O12, 

ʱʦ, ʦʯʝʚʠʜʥʦ, ʦʙʫʤʦʚʣʝʥʦ ʥʝʟʚʠʯʘʡʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʝʨʝʤʠʢʘʥʥʷ, 

ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʮʴʦʛʦ ʤʦʥʦʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʫ: ʧʨʠ ʜʽʾ 
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ʧʝʨʝʤʠʢʘʶʯʦʛʦ ʧʦʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʦʨʦʪ ʈʩ ʚʩʴʦʛʦ ʥʘ 30Á (ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʩ - ʩʢʣʘʜʦʚʘ ʈʩ  ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʨʦʙʦʪʠ ʢʦʤʽʨʢʠ 180-ʛʨʘʜʫʩʥʝ 

ʧʝʨʝʤʠʢʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʾ). 

ʆʜʥʘʢ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʠʩʪʨʦʷʭ, ʱʦ 

ʟʘʧʘʤ'ʷʪʦʚʫʶʪʴ, ʦʪʨʠʤʘʣʠ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʝ çʦʙ'ʻʤʥʽè, ʘ 

ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ, ʽʥʪʝʛʨʦʚʘʥʽ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ 

(ʨʦʟʜʽʣ 10.4). ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʘʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʷʭ ʽ ʚ 

ʷʢʦʩʪʽ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʨʠʥʮʠʧʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠʩʪʨʦʾʚ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʧʝʨʝʤʠʢʘʥʥʽ ʧʦʣʷʨʠʟʘʮʽʾ ʚ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʭ, ʮʝ 

ʜʦʩʷʞʥʽʩʪʴ ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ (ʜʦ 1012 ʙʽʪ/ʩʤ2), ʧʦʪʝʥʮʽʡʥʝ 

ʫʧʨʘʚʣʽʥʥʷ, ʤʘʣʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʽʥʰʽ. ʎʝ ʜʦʟʚʦʣʷʶʪʴ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʘ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʪʝʭʥʽʢʫ ʚ ʥʘʡʙʣʠʞʯʦʤʫ 

ʤʘʡʙʫʪʥʴʦʤʫ. 

 

10.3.4. ɻʽʙʨʠʜʥʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʬʝʢʪ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʤʠʢʘʥʥʷ 

 

ʋ ʧʨʠʩʪʨʦʷʭ ʮʴʦʛʦ ʪʠʧʫ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʽʥʰʠʤʠ ʘʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ʆʩʥʦʚʦʶ ʜʽʾ ʪʘʢʠʭ 

ʧʨʠʩʪʨʦʾʚ ʻ ʚʧʣʠʚ ʧʨʦʮʝʩʽʚ ʧʦʚʥʦʾ ʘʙʦ ʯʘʩʪʢʦʚʦʾ ʧʝʨʝʧʦʣʷʨʠʟʘʮʽʾ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʤʝʪʠ ï ʟʤʽʥʠ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʪʘʢʪʫʶʯʦʛʦ ʟ ʥʠʤ ʤʘʪʝʨʽʘʣʫ, ʟʦʢʨʝʤʘ 

ʝʣʝʢʪʨʦʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ, ʬʦʪʦʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʘʙʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ. ʈʦʟʛʣʷʥʝʤʦ ʫ ʟʘʟʥʘʯʝʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʝʷʢʽ 

ʧʨʠʢʣʘʜʠ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʇʨʠʩʪʨʦʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʽʙʨʠʜʥʫ ʩʪʨʫʢʪʫʨʫ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ ï ʝʣʝʢʪʨʦʣʶʤʽʥʦʬʦʨ. ʎʝ ʦʜʠʥ ʽʟ ʚʠʜʽʚ 

ʽʥʜʠʢʘʪʦʨʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʫ ʷʢʠʭ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʥʥʷ ʚʚʝʜʝʥʦʾ ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʾ ʪʘ ʨʝʛʫʣʶʻ 

ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʯʝʥʥʷ ʢʝʨʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʝʢʨʘʥʫ. 

ʊʠʧʦʚʠʤ ʧʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʪʘʙʣʦ ʻ 1200-ʝʣʝʤʝʥʪʥʠʡ 

ʽʥʜʠʢʘʪʦʨ ʟ ʤʘʪʨʠʯʥʦʶ ʘʜʨʝʩʘʮʽʻʶ. ʂʦʥʩʪʨʫʢʮʽʷ ʢʦʞʥʦʾ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʾ ʧʘʥʝʣʽ ʻ ʰʘʨʫʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ: ʩʢʣʷʥʘ 

ʧʽʜʢʣʘʜʢʘ ï ʩʠʩʪʝʤʘ ʥʘʧʠʣʝʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ï n ʰʘʨ ʩʝʛʥʝʪʦʢʝʨʘʤʽʢʠ 
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ʟʘʚʪʦʚʰʢʠ ï ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʜʽʚ. ʂʦʞʝʥ ʝʣʝʤʝʥʪ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʾ 

ʢʝʨʫʶʯʦʾ ʩʪʨʫʢʪʫʨʠ ʟ'ʻʜʥʫʻʪʴʩʷ ʟʽ "ʩʚʦʾʤ" ʝʣʝʢʪʨʦʣʶʤʽʥʝʩʮʝʥʪʥʠʤ 

ʝʣʝʤʝʥʪʦʤ, ʱʦ ʦʬʦʨʤʣʝʥʠʡ ʥʘ ʟʘʛʘʣʴʥʽʡ ʧʘʥʝʣʽ, ʷʢʘ ʻ ʩʢʣʷʥʦʶ 

ʧʣʘʩʪʠʥʦʶ ʟ ʥʘʥʝʩʝʥʦʶ ʥʘ ʥʝʾ ʧʣʽʚʢʦʶ ʝʣʝʢʪʨʦʣʶʤʽʥʦʬʦʨʘ 

ʪʦʚʱʠʥʦʶ 0,02 ʤʤ. ɺ ʷʢʦʩʪʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʢʝʨʘʤʽʢʘ ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʈZT ʟ ʪʦʯʢʦʶ 

ʂʶʨʽ 150Áʉ ʟʘʣʠʰʢʦʚʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ 30 ʤʢʂʣ/ʩʤ2 ʥʠʟʴʢʠʤ 

ʢʦʝʨʮʠʪʠʚʥʠʤ ʧʦʣʝʤ 5 ʢɺ/ʩʤ ʽ ʚʠʩʦʢʦʶ ʧʨʦʙʠʚʥʦʶ ʥʘʧʨʫʛʦʶ. ɺ 

ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʣʶʤʽʥʦʬʦʨʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʫʣʴʬʽʜ-ʩʝʣʝʥʽʜ ʮʠʥʢʫ, 

ʘʢʪʠʚʦʚʘʥʠʡ ʤʽʜʜʶ, ʟ ʧʦʯʘʪʢʦʚʦʶ ʷʩʢʨʘʚʽʩʪʶ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʟʙʫʜʞʝʥʥʽ 160 ʢʜ/ʤ2 ʧʨʠ ʚʝʣʠʯʠʥʽ ʯʘʩʫ ʥʘʧʽʚʩʧʘʜʫ ʷʩʢʨʘʚʦʩʪʽ 

ʩʚʽʪʽʥʥʷ ʧʦʨʷʜʢʫ 1000 ʛʦʜ. ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʦʧʠʩʫʚʘʥʦʛʦ ʪʘʙʣʦ 

ʦʪʨʠʤʘʥʦ ʢʦʥʪʨʘʩʪ 100:1, ʱʦ ʧʨʠ ʜʦʩʷʛʥʫʪʽʡ ʷʩʢʨʘʚʦʩʪʽ 

ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʧʦʤʽʨʥʦ ʦʩʚʽʪʣʝʥʦʤʫ 

ʧʨʠʤʽʱʝʥʥʽ. ʄʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʽʥʜʠʢʘʪʦʨ ʧʦʜʽʙʥʦʛʦ ʪʠʧʫ 

ʚʠʷʚʠʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʧʣʦʩʢʠʭ ʝʢʨʘʥʽʚ ʊɺ 

ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ. ɹʝʟʧʝʨʝʯʥʦ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʙʫʜʫʪʴ 

ʧʦʪʨʽʙʥʽ ʱʝ ʟʥʘʯʥʽ ʟʫʩʠʣʣʷ ʷʢ ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢ ʽ ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʜʦʩʠʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʣʷ 

ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʜʥʽʻʶ ʟ ʨʝʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʨʦʟʚʠʪʢʫ 

ʽʥʜʠʢʘʪʦʨʽʚ ʨʦʟʛʣʷʥʫʪʦʛʦ ʪʠʧʫ ʻ ʩʪʚʦʨʝʥʥʷ ʢʝʨʦʚʘʥʠʭ ʟʥʘʢʦʤʽʩʮʴ ʚ 

ʽʥʜʠʢʘʪʦʨʘʭ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʘʣʴʥʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʥʘʧʨʠʢʣʘʜ ʩʠʩʪʝʤʘʭ 

ʢʦʥʪʨʦʣʶ ʨʫʭʫ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ, ʘʝʨʦʧʦʨʪʽʚ ʽ ʪ.ʧ. 

ʇʨʠʩʪʨʦʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʽʙʨʠʜʥʫ ʩʪʨʫʢʪʫʨʫ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ - ʬʦʪʦʧʨʦʚʽʜʥʠʢ. ʇʦʜʽʙʥʽ ʧʨʠʩʪʨʦʾ ʤʘʶʪʴ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʦʧʪʠʯʥʦ ʟʘʧʠʩʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ 

ʤʦʞʝ ʙʫʪʠ ʝʣʝʢʪʨʠʯʥʦ ʩʪʝʨʪʘ ʽ ʟʥʦʚʫ ʧʝʨʝʟʘʧʠʩʘʥʘ. ʊʘʢʠʡ ʥʘʙʽʨ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʰʠʨʦʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨ ʷʢ ʟʘʧʘʤ'ʷʪʦʚʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʢʝʨʦʚʘʥʠʭ ʪʨʘʥʩʧʘʨʘʥʪʽʚ-ʬʦʨʤʫʚʘʣʴʥʠʢʽʚ ʩʪʦʨʽʥʦʢ ʛʦʣʦʛʨʘʬʽʯʥʠʭ 

ʟʘʧʘʤ'ʷʪʦʚʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʬʦʪʦʧʨʦʮʝʩʦʨʽʚ. ʊʠʧʦʚʠʡ 

ʧʨʠʩʪʨʽʡ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ n- ʬʦʪʦʧʨʦʚʽʜʥʠʢ ʷʚʣʷʻ ʩʦʙʦʶ ʧʣʘʩʪʠʥʫ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ, ʥʘ ʷʢʫ ʥʘʥʝʩʝʥʠʡ ʰʘʨ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ. ʅʘ ʦʙʠʜʚʽ 

ʧʦʚʝʨʭʥʽ ʜʚʦʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʨʦʟʧʦʨʦʰʝʥʽ ʩʫʮʽʣʴʥʽ ʝʣʝʢʪʨʦʜʠ, 
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ʚʝʨʭʥʽʡ ʟ ʷʢʠʭ ʦʙʦʚ'ʷʟʢʦʚʦ ʤʘʻ ʙʫʪʠ ʧʨʦʟʦʨʠʤ. ɿʦʙʨʘʞʝʥʥʷ, ʱʦ 

ʟʘʧʠʩʫʻʪʴʩʷ, ʘʙʦ ʩʢʘʥʫʻʪʴʩʷ ʧʦ ʪʦʯʢʘʭ, ʘʙʦ ʧʨʦʝʢʪʫʻʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʶ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ, ʧʨʠʯʦʤʫ ʦʜʥʦʯʘʩʥʦ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʧʦʜʘʻʪʴʩʷ "ʟʘʧʠʩʫʶʯʠʡ" ʽʤʧʫʣʴʩ ʥʘʧʨʫʛʠ. 

ɿʘʚʜʷʢʠ ʨʽʟʢʦʤʫ ʧʘʜʽʥʥʶ ʦʧʦʨʫ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ ʫ ʦʩʚʽʪʣʝʥʠʭ 

ʦʙʣʘʩʪʷʭ ʧʨʘʢʪʠʯʥʦ ʚʩʷ ʧʨʠʢʣʘʜʝʥʘ ʥʘʧʨʫʛʘ ʧʘʜʘʻ ʥʘ ʰʘʨʽ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ, ʣʦʢʘʣʴʥʦ ʧʝʨʝʧʦʣʷʨʠʟʫʶʯʠ ʡʦʛʦ ʽ ʪʠʤ ʩʘʤʠʤ 

ʩʪʚʦʨʶʶʯʠ ʚ ʥʴʦʤʫ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʧʦʣʷʨʠʟʘʮʽʾ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʧʦʜʽʣʫ ʦʩʚʽʪʣʝʥʦʩʪʽ ʚ ʟʦʙʨʘʞʝʥʥʽ, ʱʦ ʟʘʧʠʩʫʻʪʴʩʷ. ʇʨʠ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʟʯʠʪʫʚʘʥʥʽ ʟʘʧʠʩʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʾ 

ʨʫʡʥʘʮʽʷ; ʦʧʪʠʯʥʝ ʟʯʠʪʫʚʘʥʥʷ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʙʝʟ ʨʫʡʥʫʚʘʥʥʷ ʫ 

ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʟ ʧʝʚʥʠʤʠ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ʗʢ ʧʨʠʢʣʘʜ ʧʦʜʽʙʥʠʭ ɿʋ ʚʢʘʞʝʤʦ ʥʘ ʧʨʠʩʪʨʽʡ, ʚ ʷʢʦʤʫ ʧʣʽʚʢʘ 

ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ CdSe ʪʦʚʱʠʥʦʶ 0,7 ʤʢʤ ʦʩʘʜʞʫʚʘʣʘʩʷ ʥʘ ʧʦʚʝʨʭʥʶ 

ʥʘʧʠʣʝʥʦʛʦ ʰʘʨʫ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ (PbBiLa) (Fe,Nb,Zr)ʆ3. ɭʤʥ̔ʩʪʴ 

ɿʋ ʩʢʣʘʣʘ 6-106 ʙʽʪ. ʇʽʩʣʷ 109 ʮʠʢʣʽʚ ʧʝʨʝʧʦʣʷʨʠʟʘʮʽʾ "ʚʪʦʤʘ" 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʾ ʧʣʽʚʢʠ ʚʠʷʚʣʷʣʘʩʷ ʩʣʘʙʦ, ʧʨʦʪʝ ʟʘ ʯʘʩ ʧʦʨʷʜʢʫ 

106 ʚ ʥʽʡ ʚʽʜʙʫʚʘʚʩʷ ʩʧʘʜ ʟʘʣʠʰʢʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʠʙʣʠʟʥʦ ʥʘ 30% 

ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʭʦʜʦʤ ʥʘ ʥʘʩʠʯʝʥʥʷ. ʎʷ ʦʙʩʪʘʚʠʥʘ, ʟʚʽʩʥʦ, ʟʥʠʞʫʚʘʣʦ 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʩʠʩʪʝʤʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ. 

ʇʨʠʩʪʨʦʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʽʙʨʠʜʥʫ ʩʪʨʫʢʪʫʨʫ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ - ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ. ʇʨʠ ʟʜʽʡʩʥʝʥʥʽ ʧʨʷʤʦʛʦ 

ʢʦʥʪʘʢʪʫ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʥʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟʤʽʥʦʶ ʩʪʘʥʫ ʧʦʣʷʨʠʟʘʮʽʾ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ. 

ɿʦʢʨʝʤʘ, ʥʘ ʧʦʜʽʙʥʠʭ ʩʝʥʜʚʽʯʘʭ ʨʝʘʣʽʟʦʚʘʥʽ ʘʜʘʧʪʠʚʥʽ ʨʝʟʠʩʪʦʨʠ, 

ʚʝʣʠʯʠʥʘ ʦʧʦʨʫ ʷʢʠʭ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʧʦʜʘʯʝʶ 

ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ ʥʘʧʨʫʛʠ, ʱʦ ʟʘʜʘʻʪʴʩʷ, ʽ ʥʝ ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʠʭ 

ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʽʜʪʨʠʤʢʫ ʟʘʜʘʥʦʾ ʚʝʣʠʯʠʥʠ ʧʨʦʚʽʜʥʦʩʪʽ.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʥʘʧʨʠʢʣʘʜ, ʢʨʠʩʪʘʣʘ ʊɻʉ ʟ ʧʣʽʚʢʦʶ ʊʝ ʨ - 

ʪʠʧʫ ʽ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʣʽʚʢʦʶ Siʆ2 ʩʪʚʦʨʝʥʠʡ ʪʨʘʥʟʠʩʪʦʨ, 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʢʦʛʦ, ʚʢʣʶʯʘʶʯʠ 

ʛʨʘʥʠʯʥʫ ʥʘʧʨʫʛʫ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʤʽʥʦʶ ʩʪʘʥʫ ʧʦʣʷʨʠʟʘʮʽʾ 
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ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ. ɯʩʪʦʪʥʦ ʙʽʣʴʰʦʾ ʩʪʘʙʽʣʴʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʦʣʦʜʽʶʪʴ ʩʠʩʪʝʤʠ ʟ ʪʦʥʢʦʾ ʧʣʽʚʢʠ Bi4Ti3ʆ12 , ʥʘʧʠʣʝʥʦʾ ʥʘ ʢʨʝʤʥʽʻʚʫ 

"ʧʽʜʢʣʘʜʢʫ".  

ʎʷ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʨʠʥʮʠʧʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʩʪʚʦʨʝʥʥʽ ʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨ ʧʣʘʥʘʨʥʦʾ ʣʽʪʦʛʨʘʬʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ɯɺ, ʅɺɯʉ ʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ, 

ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʘ ʩʪʚʦʨʝʥʥʷ ʩʭʝʤ, ʱʦ ʤʽʩʪʷʪʴ ʥʘʙʦʨʠ 

ʘʜʘʧʪʠʚʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ.  

ʗʢ ʙʫʜʝ ʦʧʠʩʘʥʦ ʜʘʣʽ, ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʽ ʧʣʽʚʢʠ, ʽʥʪʝʛʨʦʚʘʥʽ ʟ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ʽ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʧʦʩʪʽʡʥʦʾ ʜʦʚʛʦʪʨʠʚʘʣʦʾ 

ʧʘʤ'ʷʪʽ, ʱʦ ʚʣʘʩʪʠʚʘ ʛʽʙʨʠʜʥʠʤ ʩʪʨʫʢʪʫʨʘʤ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ - 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʠʣʘʜʽʚ ʪʘʢʦʛʦ ʪʠʧʫ 

ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 25%. 

 

10.4 ʅʝʣʽʥʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ 

 

ʅʝʣʽʥʽʡʥʽ ʜʽʝʣʝʢʪʨʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʝʣʝʢʪʨʠʯʥʽ 

ʩʠʛʥʘʣʠ (ʤʦʜʫʣʷʮʽʷ, ʧʦʩʠʣʝʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʽʥ.).  

ʗʢ ʚʽʜʦʤʦ, ʝʣʝʢʪʨʠʯʥʘ ʽʥʜʫʢʮʽʷ ʜʽʝʣʝʢʪʨʠʢʽʚ ʧʨʦʧʦʨʮʽʡʥʘ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ D ~ eE ʘʙʦ, ʱʦ ʪʝ ʞ ʩʘʤʝ, 

ʽʥʜʫʢʦʚʘʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ ʧʦʣʷʨʠʟʘʮʽʷ ʣʽʥʽʡʥʦ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʧʦʣʝʤ ʈ ~ cɽ, ʧʨʠʯʦʤʫ e= 1 + c.  

ʆʜʥʘʢ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʮʽ ʣʽʥʽʡʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʨʫʰʫʶʪʴʩʷ, 

ʦʩʢʽʣʴʢʠ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ 

e = e(ɽ) (ʘʙʦ c= c(E). ʅʝʣʽʥʽʡʥʠʤ ʥʘʟʠʚʘʻʪʴʩʷ ʜʽʝʣʝʢʪʨʠʢ, ʚ ʷʢʦʤʫ 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. 

ʋ ʜʫʞʝ ʩʠʣʴʥʠʭ ʧʦʣʷʭ ʙʫʜʴ-ʷʢʠʡ ʜʽʝʣʝʢʪʨʠʢ ʚʠʷʚʣʷʻʪʴʩʷ 

ʥʝʣʽʥʽʡʥʠʤ. ɸʣʝ ʟʤʽʥʘ e(E) ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝʟʥʘʯʥʘ, ʽ ʥʝʶ 

ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ.  

ɿ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʥʝʣʽʥʽʡʥʽʩʪʶ ʜʦʚʦʜʠʪʴʩʷ ʨʘʭʫʚʘʪʠʩʷ (ʽ ʾʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʪʝʭʥʽʮʽ) ʪʽʣʴʢʠ ʚ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʭ ʪʘ 

ʩʧʦʨʽʜʥʝʥʠʭ ʾʤ ʤʘʪʝʨʽʘʣʘʭ. 
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10.4.1. ʄʝʭʘʥʽʟʤʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ. 

 

ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ s ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ 

ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʧʦʣʷ ɽ ʦʟʥʘʯʘʻ, ʱʦ ʤʽʢʨʦʩʢʦʧʽʯʥʘ ʧʦʣʷʨʠʟʫʝʤʽʩʪʴ 

ʪʠʭ ʯʠ ʽʥʰʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʦʣʷʨʠʟʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʶʯʦʛʦ ʥʘ 

ʤʦʣʝʢʫʣʠ, ʘʪʦʤʠ ʘʙʦ ʽʦʥʠ ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʧʦʣʷ F. ʆʜʥʘʢ ʚʩʪʘʥʦʚʠʪʠ 

ʟʘʛʘʣʴʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʟʚ'ʷʟʦʢ e(ɽ) ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʽ a(F) ʩʢʣʘʜʥʦ, ʦʩʢʽʣʴʢʠ ʟʘʣʝʞʥʽʩʪʴ F(E) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʥʢʨʝʪʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʠʭ ʯʠ ʽʥʰʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ ʽ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ 

ʨʽʟʥʦʶ. 

ʊʦʤʫ ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ e(ɽ) ʜʦʮʽʣʴʥʦ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

ʩʪʝʧʝʥʥʦʛʦ ʨʷʜʫ 

   e( ɽ ) = e(0) + e1 ɽ + e2 ɽ 2 + e3 ɽ 3 é , (10.16) 

ʷʢʠʡ ʥʘʡʯʘʩʪʽʰʝ ʰʚʠʜʢʦ ʩʭʦʜʠʪʴʩʷ. 

ɼʣʷ ʮʝʥʪʨʦʩʠʤʝʪʨʠʯʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ (ʥʝ-ʧ'ʻʟʦʝʣʝʢʪʨʠʢʽʚ) 

ʬʫʥʢʮʽʷ e(ɽ) ʻ ʧʘʨʥʦʶ ʽ ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʥʝʧʘʨʥʠʭ ʩʪʫʧʝʥʷʭ ɽ ʚ 

ʨʽʚʥʷʥʥʽ (10.8) ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʰʚʠʜʢʦʶ ʟʙʽʞʥʽʩʪʶ ʨʷʜʫ ʥʝʣʽʥʽʡʥʽʩʪʴ e 

ʮʝʥʪʨʦʩʠʤʝʪʨʠʯʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ 

    e( ɽ )º e(0) + e2 ɽ2.                    (10.17) 

ʋ ʨʘʟʽ ʜʽʝʣʝʢʪʨʠʢʽʚ ʟ ʥʝʮʝʥʪʨʦʩʠʤʝʪʨʠʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚʩʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʨʷʜʫ (10.16) ʚʽʜʤʽʥʥʽ ʚʽʜ ʥʫʣʷ, ʘʣʝ ʚʥʘʩʣʽʜʦʢ ʰʚʠʜʢʦʾ 

ʟʙʽʞʥʦʩʪʽ ʤʦʞʥʘ ʦʙʤʝʞʠʪʠʩʷ ʜʨʫʛʠʤ ʯʣʝʥʦʤ ʨʷʜʫ: 

     e( ɽ )º  e(0) + e1 ɽ.               (10.18) 

ʂʽʣʴʢʽʩʥʝ ʧʦʨʽʚʥʷʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽ ʨʽʟʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ 

ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ N = (1/e)de/dE, ʷʢʠʡ 

ʚʚʦʜʠʪʴʩʷ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ (ʊʂ)e = (1/e)de/dʊ ) .  

ɿ ʚʠʨʘʟʽʚ (10.17) ʽ (10.18) ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ e1 ̔  e2 

ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʣʽʥʽʡʥʽʩʪʶ N ʧʨʦʩʪʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʷʢ ʜʣʷ 

ʥʝʮʝʥʪʨʦʩʠʤʝʪʨʠʯʥʠʭ , ʪʘʢ ʽ ʜʣʷ ʧʝʥʪʨʦʩʠʤʝʪʨʠʯʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ: 

e1 = eN ʪʘ e2 = eN/2E. 
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ʗʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʚʩʽʭ ʤʝʭʘʥʽʟʤʽʚ ʧʦʣʷʨʠʟʘʮʽʾ, ʢʨʽʤ ʦʧʪʠʯʥʦʾ ʪʘ 

ʧʝʨʝʧʦʣʷʨʠʟʘʮʽʾ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʜʦʤʝʥʽʚ, ʢʦʝʬʽʮʽʻʥʪʠ e1 ʽ e2 ʫ 

ʚʠʨʘʟʘʭ (10.17) ʪʘ (10.18) ʥʝʛʘʪʠʚʥʽ, ʪʦʙʪʦ ʚ ʩʠʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʦʣʷʭ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʪʦʤʫ N< 0. ʋ ʚʠʧʘʜʢʫ 

ʦʧʪʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʤʘʻ ʤʽʩʮʝ ʟʨʦʩʪʘʥʥʷ e(ɽ). ʅʠʞʯʝ ʦʧʠʩʫʻʪʴʩʷ 

ʜʦʤʝʥʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ. 

 

10.4.2. ʅʝʣʽʥʽʡʥʽʩʪʴ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ. 

 

ʇʦʣʷʨʠʟʘʮʽʷ, ʱʦ ʧʝʨʝʦʨʽʻʥʪʦʚʫʻʪʴʩʷ, ʻ ʛʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʽ ʚʽʜʦʙʨʘʞʝʥʘ ʚ ʾʭ ʚʠʟʥʘʯʝʥʥʽ. ʅʘ ʨʠʩ. 10.13ʘ ʙʫʣʘ 

ʥʘʚʝʜʝʥʘ ʧʝʪʣʷ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ - ʛʦʣʦʚʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʜʦʤʝʥʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʮʽʚ. ʗʢ ʽ ʚ ʬʝʨʦʤʘʛʥʝʪʠʢʘʭ, 

ʛʽʩʪʝʨʝʟʠʩ ʦʙʫʤʦʚʣʝʥʠʡ ʧʝʨʝʦʨʽʻʥʪʘʮʽʻʶ ʜʦʤʝʥʽʚ: ʩʧʦʯʘʪʢʫ ʜʦʤʝʥʠ 

ʦʨʽʻʥʪʫʶʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ɽ (ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ), ʧʽʩʣʷ ʯʦʛʦ ʥʘʩʪʘʻ 

ʥʘʩʠʯʝʥʥʷ ʪʘ ʟʨʦʩʪʘʥʥʷ ʈ ( ɽ ) ʫʧʦʚʽʣʴʥʶʻʪʴʩʷ. 

ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʧʦʣʷ ʟʥʠʞʫʻʪʴʩʷ ʣʠʰʝ ʽʥʜʫʢʦʚʘʥʘ ʧʦʣʷʨʠʟʘʮʽʷ, 

ʦʪʞʝ ʟʘ ɽ = 0 ʟʘʣʠʰʘʻʪʴʩʷ ʣʠʰʝ ʩʧʦʥʪʘʥʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ʈʩ. ɿʤʽʥʘ 

ʟʥʘʢʘ ʧʦʣʷ ʩʧʦʯʘʪʢʫ ʚʧʣʠʚʘʻ ʪʽʣʴʢʠ ʥʘ ʽʥʜʫʢʦʚʘʥʫ ʧʦʣʷʨʠʟʘʮʽʶ 

(ʣʽʥʽʡʥʘ ʯʘʩʪʠʥʘ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ), ʘʣʝ, ʷʢ ʪʽʣʴʢʠ ʧʦʣʝ ʜʦʩʷʛʘʻ 

ʢʦʝʨʮʠʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ïɽʂ, ʩʧʦʥʪʘʥʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ʰʚʠʜʢʦ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ +ʈʩ ʜʦ ïʈʩ. ʇʨʠ ʧʦʜʘʣʴʰʽʡ ʟʤʽʥʽ ʧʦʣʷ ʮʠʢʣ 

ʧʦʚʪʦʨʶʻʪʴʩʷ, ʪʦʤʫ ʟʤʽʥʘ ʈ(ɽ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʪʣʝʶ. 

ɼʚʘ ʧʨʦʪʠʣʝʞʥʽ ʟʥʘʯʝʥʥʷ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ (+ ʈʩ ʪʘ ïʈʩ ) ʚ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʢʨʠʩʪʘʣʘʭ 

ʤʦʞʫʪʴ ʜʦʚʛʦ ʟʙʝʨʽʛʘʪʠʩʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʮʠʤ ʫ ʟʘʧʘʤ'ʷʪʦʚʫʶʯʠʭ 

ʧʨʠʩʪʨʦʷʭ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ (ʆʊ) ʟʘʧʠʩ ʪʘ ʟʙʝʨʽʛʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʚʽʡʢʦʚʠʤ ʢʦʜʦʤ. ʅʘʧʨʠʢʣʘʜ, ʽʤʧʫʣʴʩ ʧʦʟʠʪʠʚʥʦʾ 

ʧʦʣʷʨʥʦʩʪʽ ʦʨʽʻʥʪʫʻ ʜʦʤʝʥʠ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʣʠʰʢʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ 

ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʦʾ + ʈʩ . ʅʘʩʪʫʧʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ñʟʯʠʪʫʶʯʠʡò ʽʤʧʫʣʴʩ 

ʫ ʨʘʟʽ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʧʦʣʷʨʠʟʘʮʽʾ ʽ ʩʪʨʫʤ ʯʝʨʝʟ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʡ ñʝʣʝʤʝʥʪ ʧʘʤ'ʷʪʽò ʚʠʷʚʣʷʻʪʴʩʷ ʤʽʟʝʨʥʦ ʤʘʣʠʤ. 

ʗʢʱʦ ʞ ʟʘʧʠʩʘʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʽʤʧʫʣʴʩ, ʪʦ ʧʨʠ ʟʯʠʪʫʚʘʥʥʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʧʦʣʷʨʠʟʘʮʽʷ ï ʩʪʨʠʙʦʢ ʧʦʣʷʨʠʟʘʮʽʾ ʚʽʜ ïʈʩ ʜʦ +ʈʩ , 
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ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ ʯʝʨʝʟ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʡ 

ʢʦʥʜʝʥʩʘʪʦʨ. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʘ ʧʣʽʚʢʘ ʤʦʞʝ 

ʢʝʨʫʚʘʪʠ ʩʪʨʫʤʦʤ ʢʘʥʘʣʴʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʷʢʱʦ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʧʽʜʟʘʪʚʦʨʥʦʛʦ ʜʽʝʣʝʢʪʨʠʢʘ (ʥʘʧʠʣʶʻʪʴʩʷ ʚ ʭʦʜʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʩʭʝʤʠ). 

ɼʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ 

ʧʦʣʷʨʠʟʘʮʽʾ ʜʦ ʧʦʣʷ e= 1 + P/e0E. ɼʣʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ e >>1, ʪʘʢ 

ʱʦ e º P/e0E, ʜʝ ʈ = ʈ̔ ʥʜ + ʈʦʨ (ʈ̔ ʥʜ - ʽʥʜʫʢʦʚʘʥʘ ʧʦʣʷʨʠʟʘʮʽʷ; Pop - 

ʦʨʽʻʥʪʘʮʽʡʥʘ (ʜʦʤʝʥʥʘ) ʧʦʣʷʨʠʟʘʮʽʷ). ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩ. 10.13,ʙ, ʚ 

ʦʙʣʘʩʪʽ ʩʪʨʠʙʢʽʚ ʧʦʣʷʨʠʟʘʮʽʾ ʟʘʣʝʞʥʽʩʪʴ e(ɽ) ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʛʦʩʪʨʽ 

ʤʘʢʩʠʤʫʤʠ ʧʨʠ -ɽʢ ʪʘ +ɽʢ .  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʧʝʨʽʦʜ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʻʤʥʽʩʪʴ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʜʚʽʯʽ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʽʢʦʚʽ 

ʟʥʘʯʝʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʩʪʨʫʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʥʝʣʽʥʽʡʥʠʡ 

ʢʦʥʜʝʥʩʘʪʦʨ, ʤʘʻ ʨʽʟʢʦ ʥʝʩʠʥʫʩʦʾʜʘʣʴʥʫ ʬʦʨʤʫ (ʨʠʩ. 10.13ʝ). 

ʋʩʝʨʝʜʥʶʶʯʠ e ʟʘ ʧʝʨʽʦʜ ʦʪʨʠʤʫʻʤʦ ʝʬʝʢʪʠʚʥʫ ʜʽʝʣʝʢʪʨʠʯʥʫ 

ʧʨʦʥʠʢʥʽʩʪʴ eʝʬ, ʟʘʣʝʞʥʽʩʪʴ ʷʢʦʾ ʚʽʜ ʝʬʝʢʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʨʠʚʦʶ ʟ ʤʘʢʩʠʤʫʤʦʤ (ʨʠʩ. 10.13,ʛ), 

ʙʽʣʴʰ ʧʦʣʦʛʠʤ, ʥʽʞ ʤʘʢʩʠʤʫʤ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ e ʥʘ ʨʠʩ. 10.13,ʙ .  

ʅʘ ʜʽʣʷʥʮʽ 1 ʟʘʣʝʞʥʦʩʪʽ eʝʬ(ɽ) ʫ ʩʣʘʙʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʷʭ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ, ʪʘʢ ʷʢ ʮʽʻʾ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʥʝʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʚʠʢʣʠʢʘʪʠ ʜʦʤʝʥʥʫ ʧʝʨʝʧʦʣʷʨʠʟʘʮʽʶ, ʽ 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʈ̔ ʥʜ ʥʘ ʜʽʣʷʥʮʽ 2 eʝʬ ʨʽʟʢʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ, ʪʘʢ ʷʢ ʜʦ ʈ̔ ʥʜ ʜʦʜʘʻʪʴʩʷ Pop .  

ʂʦʣʠ ʤʘʡʞʝ ʚʩʽ ʜʦʤʝʥʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʝʨʝʧʦʣʷʨʠʟʘʮʽʾ, 

ʟʘʣʝʞʥʽʩʪʴ eʝʬ(ɽ) ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ʜʽʣʷʥʮʽ 3. ʇʦʪʽʤ ʥʘ ʜʽʣʷʥʮʽ 4 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʢʣʘʜ ʈ̔ ʥʜ 

ʥʝʟʥʘʯʥʠʡ, Pop ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʘ ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ ɽ ʧʨʦʜʦʚʞʫʻ 

ʥʘʨʦʩʪʘʪʠ. 

ɺʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʾ ʟʤʽʥʠ eʝʬ(ɽ) ʝʬʝʢʪʠʚʥʫ ʥʝʣʽʥʽʡʥʽʩʪʴ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʥʝʜʦʮʽʣʴʥʦ ʦʧʠʩʫʚʘʪʠ ʨʷʜʘʤʠ (10.16) ï (10.18). ʅʘ 

ʧʨʘʢʪʠʮʽ ʮʷ ʜʦʤʝʥʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʦʧʠʩʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 



313 

 

ʂʝʬ=eʤʘʢʩ/eʧʦʯ . ʋ ʥʝʣʽʥʽʡʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ï ʚʘʨʠʢʦʥʜʘʭ ï 

ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʜʦʩʷʛʘʻ 20.  

ɽʬʝʢʪʠʚʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʚʘʨʠʢʦʥʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʧʨʠʩʪʨʦʷʭ ʤʥʦʞʝʥʥʷ ʯʘʩʪʦʪʠ (ʚʠʜʽʣʷʶʪʴʩʷ ʚʠʱʽ ʛʘʨʤʦʥʽʢʠ ʩʪʨʫʤʫ), 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʪʨʘʩʪʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ï ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʪʥʠʭ 

ʝʢʨʘʥʽʚ, ʚ ʦʙʤʝʞʫʚʘʯʘʭ ʥʘʧʨʫʛʠ (ʜʝ ʻʤʥʽʩʪʴ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʟ ʥʘʧʨʫʛʦʶ 

ʪʘ ʾʾ ʦʧʽʨ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʫ ʟʥʠʞʫʻʪʴʩʷ). 

ʂʨʽʤ ʝʬʝʢʪʠʚʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʫ ʚʘʨʠʢʦʥʜʘʭ ʽʩʥʫʻ (ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʷʭ) ʪʘʢʦʞ ʨʝʚʝʨʩʠʚʥʘ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ï ʟʤʽʥʘ eʨ ʫ ʟʤʽʥʥʦʤʫ ʧʦʣʽ ʧʽʜ ʜʽʻʶ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʦʜʥʦʯʘʩʥʦ ʢʝʨʫʶʯʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʤʽʱʝʥʥʷ ɽʫ (ʨʠʩ. 10.13,ʜ).  

ʂʝʨʫʶʯʝ ʧʦʣʝ "ʞʦʨʩʪʢʦ" ʦʨʽʻʥʪʫʻ ʜʦʤʝʥʠ ʽ ʚʠʤʠʢʘʻ ʾʭ ʟ 

ʧʝʨʝʧʦʣʷʨʠʟʘʮʽʾ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ eʨ ʟʥʠʞʫʻʪʴʩʷ, ʜʦʩʷʛʘʶʯʠ ʥʘʩʠʯʝʥʥʷ 

eʥʘʩ.  

ʋ ʚʘʨʠʢʦʥʜʘʭ ʢʦʝʬʽʮʽʻʥʪ ʨʝʚʝʨʩʠʚʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʪʦʙʪʦ. 

ʚʽʜʥʦʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʜʦ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʚ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ, ʂʨ = eʧʦʯ/eʥʘʩ ʜʦʩʷʛʘʻ 10. ʈʝʚʝʨʩʠʚʥʘ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʻʤʥʦʩʪʽ 

ʩʝʛʥʝʪʦʢʦʥʜʝʥʩʘʪʦʨʘ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʾ ʧʝʨʝʙʫʜʦʚʠ ʟʥʘʯʥʦ 

ʟʨʦʩʪʘʻ, ʷʢʱʦ ʢʦʥʜʝʥʩʘʪʦʨ ʚʢʣʶʯʝʥʠʡ ʚ ʨʝʟʦʥʘʥʩʥʠʡ ʢʦʥʪʫʨ. 

ɿʘʣʝʞʥʽʩʪʴ eʨ(ɽʫ) ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʘʤʧʣʽʪʫʜʥʦʾ 

ʤʦʜʫʣʷʮʽʾ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ (ʨʠʩ. 10.13,ʝ). ʑʦʙ 

ʤʦʜʫʣʷʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʫʣʘ ʣʽʥʽʡʥʦʶ, ʢʨʽʤ ʢʝʨʫʶʯʦʛʦ 

ʟʤʽʥʥʦʛʦ ʧʦʣʷ ʜʦʮʽʣʴʥʦ ʜʦʢʣʘʩʪʠ ʧʦʩʪʽʡʥʝ ʟʤʽʱʝʥʥʷ ɽʩʤ (ʨʠʩ. 10. 

13,ʜ). 

ʈʝʚʝʨʩʠʚʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʥʘ ʚʽʜʤʽʥʫ ʝʬʝʢʪʠʚʥʦʾ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʚ ʰʠʨʰʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ, ʷʢʱʦ ʥʘʧʨʫʛʘ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝʚʝʣʠʢʘ.  

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʝʨʫʶʯʝ ʧʦʣʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʥʽʟʦʪʨʦʧʽʾ e ʪʘ 

ʝʬʝʢʪʫ ʥʘʩʠʯʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʾ. ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʧʦʣʷʨʥʦʾ 

(ʧʘʨʘʝʣʝʢʪʨʠʯʥʦʾ) ʬʘʟʠ ʨʝʚʝʨʩʠʚʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʽ ʚ ʅɺʏ-ʜʽʘʧʘʟʦʥʽ. 
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10.4.3. ʅʝʣʽʥʽʡʥʽʩʪʴ ʧʘʨʘʝʣʝʢʪʨʠʢʽʚ. 

 

ɼʦ ʧʘʨʘʝʣʝʢʪʨʠʢʽʚ ʥʘʣʝʞʘʪʴ ʥʝʣʽʥʽʡʥʽ ʜʽʝʣʝʢʪʨʠʢʠ, 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʷʢʠʭ ʟʤʽʥʶʻʪʴʩʷ ʟʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ʂʶʨʽ - 

ɺʝʡʩʘ. ɿʘʟʚʠʯʘʡ ʧʘʨʘʝʣʝʢʪʨʠʢʘʤʠ ʻ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʚʠʱʝ ʟʘ ʪʦʯʢʫ 

ʂʶʨʽ (ʨʦʟʜʽʣ 10.2), ʘ ʪʘʢʦʞ ʙʣʠʟʴʢʽ ʜʦ ʥʠʭ ʨʝʯʦʚʠʥʠ (SrTiO3, ʂʪʘʆ3), 

ʷʢʽ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʧʝʨʝʭʦʜʷʪʴ ʫ ʧʦʣʷʨʥʫ ʬʘʟʫ 

ʚʥʘʩʣʽʜʦʢ ʢʚʘʥʪʦʚʠʭ ʝʬʝʢʪʽʚ. 

ɼʦʤʝʥʠ ʚʠʱʝ ʪʦʯʢʠ ʂʶʨʽ ʚʽʜʩʫʪʥʽ, ʪʦʤʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ 

ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʪʨʘʪʠ (ʷʢʽ ʚ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʭ ʦʙʫʤʦʚʣʝʥʽ ʜʦʤʝʥʘʤʠ) 

ʫ ʧʘʨʘʝʣʝʢʪʨʠʢʘʭ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʽ. ɰʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ 

ʥʝʣʽʥʽʡʥʽ ʜʽʝʣʝʢʪʨʠʢʠ ʘʞ ʜʦ ʯʘʩʪʦʪ 108 ï 1011 ɻʮ. ɼʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ ʧʘʨʘʝʣʝʢʪʨʠʢʽʚ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʘʢ ʽ ʚʽʜ 

ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ: 

q-
ºe

T

C
T)( ;              (10.19) 

3 233

0 )(31

)(
)(

ET

T
E

ebe+

e
ºe ,    (10.20) 

ʜʝ ʉ - ʧʦʩʪʽʡʥʘ ʂʶʨʽ - ɺʝʡʩʘ; q - ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʽ - ɺʝʡʩʘ. ʎʝ ʚʠʨʘʟ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʜʦʮʽʣʴʥʦ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʨʷʜʫ, ʱʦ ʰʚʠʜʢʦ 
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ʜʝ 3

03be=K ;b - ʂʦʝʬʽʮʽʻʥʪ ʫ ʨʦʟʢʣʘʜʘʥʥʽ ʃʘʥʜʘʫ. ɺʠʟʥʘʯʠʤʦ ʟ (10.21) 
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ʆʪʨʠʤʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʣʶʩʪʨʫʶʪʴʩʷ ʥʘ ʨʠʩ. 10.14. ʋ ʮʴʦʤʫ 

ʚʠʜʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʊʂe ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʘ 

ʥʝʣʽʥʽʡʥʽʩʪʴ N ï ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ.  



315 

 

ʇʨʠ ʧʝʚʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʝʣʽʥʽʡʥʽʩʪʴ ʚʠʷʚʣʷʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʶ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʫ ʟʚ'ʷʟʢʫ ʟ ʚʠʙʦʨʦʤ 

ʨʦʙʦʯʠʭ ʨʝʞʠʤʽʚ ʅɺʏ-ʚʘʨʠʢʦʥʜʽʚ ʧʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʪʝʭʥʽʯʥʠʭ 

ʧʨʠʩʪʨʦʷʭ. ɺʠʟʥʘʯʠʤʦ ʟ ʦʩʪʘʥʥʴʦʛʦ ʚʠʨʘʟʫ ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ ɽʤʘʢʩ , 

ʧʨʠ ʷʢʽʡ ʤʘʢʩʠʤʘʣʴʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ: 
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ʎʝʡ ʧʘʨʘʤʝʪʨ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʘʨʘʝʣʝʢʪʨʠʯʥʫ ñʞʦʨʩʪʢʽʩʪʴò 

ʥʝʣʽʥʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʠʟʥʘʯʘʻ ʚʠʙʽʨ ʨʦʙʦʯʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʥʘʧʨʫʛʠ. ʅʘʩʧʨʘʚʜʽ ʧʨʘʛʥʫʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʮʽʻʾ ʥʘʧʨʫʛʠ. ʎʝ ʧʦʚ'ʷʟʘʥʦ 

ʷʢ ʟ ʚʠʤʦʛʦʶ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠʩʪʨʦʶ (ʨʦʙʦʯʘ ʥʘʧʨʫʛʘ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʽʩʪʦʪʥʦ ʥʠʞʯʦʶ ʟʘ ʥʘʧʨʫʛʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʦʙʦʶ), ʪʘʢ 

ʽ ʟ ʚʠʤʦʛʘʤʠ ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ, ʱʦ ʫʧʨʘʚʣʷʶʪʴ (ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ ʥʘʛʨʽʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ ʜʽʝʣʝʢʪʨʠʢʘ).  

ɺʥʘʩʣʽʜʦʢ ʤʘʣʦʾ ʽʥʝʨʮʽʡʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ, ʚʠʩʦʢʦʾ ʨʘʜʽʘʮʽʡʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʅɺʏ-ʚʘʨʠʢʦʥʜʠ ʜʫʞʝ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʧʘʨʘʤʝʪʨʠʯʥʽ ʧʽʜʩʠʣʶʚʘʯʽ, 

ʤʦʜʫʣʷʪʦʨʽʚ ʩʠʛʥʘʣʽʚ ʅɺʏ, ʬʘʟʦʦʙʝʨʪʘʯʽʚ ʪʘ ʽʥ. 

 
ʈʠʩ. 10.14. ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʨʘʝʣʝʢʪʨʠʢʽʚ: ʘ, ʙ ï ʟʘʣʝʞʥʦ eʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ; ʚ ï ʟʤʽʥʘ ʊʂ e̔ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ; ʛ ï ʟʤʽʥʘ ʥʝʣʽʥʽʡʥʦʩʪʽ N ̔ ʟ 

ʥʘʧʨʫʞʝʥʽʩʪʶ ʧʦʣʷ 
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ʇʨʠ ʢʨʽʦʛʝʥʥʠʭ (ʛʝʣʽʻʚʠʭ) ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʪʘʥʪʘʣʘʪ ʢʘʣʽʶ, ʱʦ ʤʘʻ ʧʨʠ ʛʝʣʽʻʚʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʜʫʞʝ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʪʨʘʪ, ʧʨʠ ʘʟʦʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ï ʪʠʪʘʥʘʪ ʩʪʨʦʥʮʽʶ, ʘ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï ʚʘʨʠʢʦʥʜʠ 

ʪʠʧʽʚ ɺʂ-7 ʪʘ ɺʂ-8.  

ɼʣʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʥʘ ʥʘʜʚʠʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ ʙʘʞʘʥʦ, ʱʦʙ ʚʝʣʠʯʠʥʘ ʽ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ e ʙʫʣʠ 

ʥʘʡʤʝʥʰʠʤʠ, ʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ï ʥʘʡʙʽʣʴʰʦʶ .  

ʆʜʥʘʢ ʟ ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʩʣʽʜ, ʱʦ ʥʝʣʽʥʽʡʥʽʩʪʴ 

ʧʨʦʧʦʨʮʽʡʥʘ ʢʫʙʫ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʘ ʧʦʣʝ, ʚ ʷʢʦʤʫ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ, ʟʨʦʩʪʘʻ ʧʨʠ ʚʽʜʜʘʣʝʥʥʽ ʚʽʜ ʪʦʯʢʠ ʂʶʨʽ - 

ɺʝʡʩʘ ʷʢ ʚʠʨʘʟ (ʊ ï q)3/2.  

ʊʦʤʫ ʩʫʧʝʨʝʯʣʠʚʽ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʅɺʏ-

ʜʽʝʣʝʢʪʨʠʢʘ (ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ, ʥʝʣʽʥʽʡʥʽʩʪʴ ʽ ʤʘʣʘ ʚʝʣʠʯʠʥʘ e), 

ʚʘʞʢʦ ʟʘʜʦʚʦʣʴʥʠʪʠ. ʇʨʦʪʝ, ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʚʠʷʚʠʣʦʩʷ 

ʤʦʞʣʠʚʠʤ. 

ʅʝʣʽʥʽʡʥʽ ʅɺʏ-ʩʝʛʥʝʪʦʝʣʝʤʝʥʪʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʪʦʥʢʠʭ ʧʣʽʚʦʢ, ʥʘʥʝʩʝʥʠʭ ʥʘ ʧʽʜʢʣʘʜʢʫ ʟ ʜʽʝʣʝʢʪʨʠʢʘ, ʱʦ ʤʘʻ ʚʠʩʦʢʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ (ɺʝʆ ʘʙʦ MgO ).  

ʈʽʟʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʧʽʜʢʣʘʜʢʠ ʪʘ ʧʣʽʚʢʠ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʚ ʦʩʪʘʥʥʽʡ ʤʝʭʘʥʽʯʥʦ ʾʥʘʧʨʫʛʠ, ʚʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʚʝʣʠʯʠʥʘ e ʟʥʠʞʫʻʪʴʩʷ, ʘ ʟʘʣʝʞʥʽʩʪʴ e(T) ʩʠʣʴʥʦ ʨʦʟʤʠʚʘʻʪʴʩʷ.  

ʂʨʽʤ ʪʦʛʦ, ʫ ʧʣʽʚʮʽ ʨʦʙʦʯʽ ʥʘʧʨʫʛʠ ʟʥʠʞʫʶʪʴʩʷ, ʘ ʧʨʦʙʠʚʥʘ 

ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʽʜʚʠʱʫʻʪʴʩʷ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʢʣʘʜʢʦʶ ʭʦʨʦʰʦʛʦ 

ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʟʘʧʦʙʽʛʘʻ ʧʝʨʝʛʨʽʚʫ ʥʝʣʽʥʽʡʥʦʾ ʥʘ ʅɺʏ ʧʣʽʚʢʠ, ʚ 

ʷʢʽʡ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ. 
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10.5 ʊʝʭʥʽʯʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʣʽʚʦʢ 

 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʡ ʽʥʪʝʨʝʩ ʜʦ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʣʽʚʦʢ, ʷʢʽ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʙʘʛʘʪʴʦʭ 

ʛʘʣʫʟʷʭ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ. ɿʥʘʯʥʠʡ ʧʨʦʛʨʝʩ 

ʜʦʩʷʛʥʫʪʦ ʫ ʚʠʚʯʝʥʥʽ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʛʥʝʪʦʧʣʽʚʦʢ ʪʘ ʚ ʾʭ 

ʪʝʭʥʦʣʦʛʽʾ  ʥʘʥʝʩʝʥʥʷ. ʋ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʣʽʚʦʢ ʩʪʘʻ ʜʝʜʘʣʽ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ. ʆʩʥʦʚʥʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʣʽʚʦʢ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʥʘ ʨʠʩ. 

10.15. 

 

ʈʠʩ. 10.15. ʆʩʥʦʚʥʽ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʣʽʚʦʢ. 

 




































































