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ɺʉʊʋʇ 

 

ʈʦʟʚʠʪʦʢ ʪʝʭʥʽʢʠ ʽ ʟʤʽʥʘ ʩʠʪʫʘʮʽʾ ʟʽ ʩʚʽʪʦʚʠʤʠ 

ʟʘʧʘʩʘʤʠ ʩʠʨʦʚʠʥʠ ʩʪʘʚʣʪ̫ ɹʧʝʨʝʜ ʜʦʩʣʽʜʥʠʢʘʤʠ ʤʘʪʝʨʽʘʣʽʚ 

ʜʝʜʘʣʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʠʤʘʛʘʻʪʴʩʷ 

ʨʦʟʨʦʙʣʷʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʘ ʟ ʽʥh ʦʛʦ ï 

ʦʪʨʠʤʫʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʥʝʜʝʬʽʮʠʪʥʦʾ ʽ ʥʝʜʦʨʦʛʦʾ ʩʠʨʦʚʠʥʠ 

ʟʘʤʽʩʪʴ ʫʞʝ ʦʩʚʦʻʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟ ʜʦʨʦʛʦʚʘʨʪʽʩʥʠʭ ʚʠʭ̔ʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʇʨʦʙʣʝʤʘ ʟʘʤʽʥʠ ʤʘʪʝʨʽʘʣʽʚ ï ʮʝ ʥʘʩʘʤʧʝʨʝʜ 

ʝʢʦʥʦʤʽʷ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ, ʟʦʢʨʝʤʘ ʟʦʣʦʪʘ, ʩʨʽʙʣʘ ʪʘ 

ʧʘʣʘʜʽʶ, ʘ ʪʘʢʦʞ ʪʘʢʠʭ ʤʝʪʘʣʽʚ, ʷʢ ʤʽʜʴ, ʢʦʙʘʣʴʪ, ʥʽʢʝʣʴ, 

ʤʘʨʛʘʥʝʮʴ, ʤʦʣʽʙʜʝʥ ʽ ʦʣʦʚʦ. ʎʝ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʩʬʝʨʽ 

ʜʦʩʣʜ̔ʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʪʠʤʫʣʶʻ ʧʨʠʩʢʦʨʝʥʝ ʨʦʟʨʦʙʣʝʥʥ ̫

ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʽ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ ʘʥʘʣʽʟʫ, ʷʢʽ ʪʘʢ ʥʝʦʙʭʽʜʥʽ ʚ 

ʩʫʯʘʩʥʠʭ ʩʬʝʨʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʚʠʩʦʢʦʢ̫ʽʩʥʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʢʣʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɼʣʷ ʟô̫ ʩʫʚʘʥʥʷ ʧʨʠʯʠʥ 

ʚʠʥʠʢʣʠʭ ʜʝʬʝʢʪʽʚ ʚʠʨʦʙʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ ʯʘʩʪʦ ʜʦʚʦʜʠʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʫʞʝ ʪʦʥʢʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʈʘʮʽʦʥʘʣʴʥʠʡ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʾʭ ʦʙʨʦʙʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʥʠʞʫʶʪʴ ʩʦʙʽʚʘʨʪʽʩʪʴ ʽ 

ʧʽʜʚʠʱʫʁ ʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ. 

ʄʘʪʝʨʽʘʣʦʟʥʘʚʮʽ (ʫ ʙʽʣʴʰ ʰʠʨʦʢʦʤʫ ʩʝʥʩʽ ʽʥʞʝʥʝʨʠ ʽ 

ʜʦʩʣʽʜʥʠʢʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʽʟ ʤʘʪʝʨʽʘʣʘʤʠ) ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʧʦʷʩʥʝʥʥʷ 

ʚʟʘʻʤʦʟʚô̫ ʟʢʽʚ çʪʝʭʥʦʣʦʛʽʷ ï ʩʪʨʫʢʪʫʨʘ, ʙʫʜʦʚʘ ï 

ʚʣʘʩʪʠʚʦʩʪʽè. ɿʜʝʙʽʣʴʰʦʛʦ ʮʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʢʦʤʧʣʝʢʩʥʦ, ʱʦʙ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʟʘʧʠʪʘʥʥʷ, ʯʦʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʠʡ ʩʘʤʝ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʘʙʦ ʧʘʨʘʤʝʪʨʽʚ ʙʫʜʦʚʠ ʽ ʩʪʨʫʢʪʫʨʠ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʪʘ 

ʦʮʽʥʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ 

ʯʘʩʪʦ ʪʨʘʧʣʷʶʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʧʨʠʩʚʷʯʝʥʽʡ 
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ʤʝʪʘʣʦʟʥʘʚʩʪʚʫ (ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʫ), ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʦʩʥʦʚʥʽ 

ʧʨʠʥʮʠʧʠ, ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʤʝʞʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʘʫʢʘ ʧʨʦ ʤʘʪʝʨʽʘʣʠ ï ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ ï ʥʝ ʤʦʞʝ 

ʦʙʭʦʜʠʪʠʩʷ ʣʠh ʝ ʧʨʷʤʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʩʪʨʫʢʪʫʨʠ ʟ 

ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʤʽʢʨʦʩʢʦʧʽʚ. ɺʘʞʣʠʚʽ 

ʜʘʥʽ ʧʨʦ ʢʽʥʝʪʠʢʫ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʝʨʞʘʥʽ ʧʨʦʩʪʽʰʝ ʽ ʰʚʠʜʰʝ ʥʝʧʨʷʤʦ ï ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʬʽʟʠʯʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʧʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʴ 

ʙʝʟʧʝʨʝʨʚʥʠʤ ʽ ʚʠʚʯʘʪʠ ʥʘʚʽʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʰʚʠʜʢʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ ʤʘʨʪʝʥʩʠʪʥʽ. 

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʣʝʥʥʷ ʩʧʣʘʚʽʚ, ʱʦ ʤʘʁʪʴ ʚʠʟʥʘʯʝʥ ̔

ʬʽʟʠʯʥ ̔ʚʣʘʩʪʠʚʦʩʪ,̔ ʙʝʟ ʾʭ ʚʠʤʽʨʶʚʘʥʴ ʥʝʤʦʞʣʠʚʦ ʦʙʽʡʪʠʩʴ. 

ɯ ʚ ʮʴʦʤʫ ʨʘʟʽ ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʟʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʘʞʣʠʚʦʶ ʩʬʝʨʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ ʻ 

ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʙʝʟ ʨʫʡʥʫʚʘʥʥʷ 

ʜʝʪʘʣʝʡ ʽ ʧʩʫʚʘʥʥʷ ʾʭ ʧʦʚʝʨʭʥʽ. ɺʦʜʥʦʯʘʩ ʧʦʨʽʚʥʷʥʦ ʣʝʛʢʦ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʟʜʽʡʩʥʶʚʘʪʠ ʩʪʦʚʽʜʩʦʪʢʦʚʠʡ 

ʢʦʥʪʨʦʣʴ ʧʨʦʜʫʢʮʽʾ. 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʮʴʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ 

ʧʦʣ̫ʛʘʶʪʴ ʫ ʪʘʢʦʤʫ: 

1 ʆʟʥʘʡʦʤʠʪʠʩ ̫ ʟ ʬʽʟʠʯʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ, ʱʦ ʻ 

ʦʩʥʦʚʦ  ʁ ʙʘʟʦʚʠʭ, ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʜʦʩʣʜ̔ʞʝʥʥʷ. 

2 ɺʠʨʦʙʠʪʠ ʩʘʤʦʩʪʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʚʯʝʥʥʷ ʥʦʚʠʭ 

ʤʝʪʦʜʽʚ, ʷʢʠʡ ʟʚʦʜʠʚʩʷ ʙ ʜʦ ʦʜʝʨʞʘʥʥʷ ʯʽʪʢʠʭ ʚʽʜʧʦʚʽʜʝʡ ʥʘ 

ʧʠʪʘʥʥʷ: ʱʦ  ̒ ʦʩʥʦʚʦ  ʁ ʤʝʪʦʜʫ, ʷʢʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʜʦʩʣʜ̔ʞʫʚʘʥʫ ʩʠʩʪʝʤʫ ʤʦʞʝ ʙʫʪʠ ʦʜʝʨʞʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ, ʷʢʽ 

ʦʙʤʝʞʝʥʥʷ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʽʚ. 

3 ɺʠʨʽʰʫʶʯʠ ʧʦʩʪʘʚʣʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʟʘʚʜʘʥʥʷ, ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʘʭ ʪʘ ʚʠʙʠʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʤʝʪʦʜʠ ʟ ʙʝʟʣʽʯʽ ʤʦʞʣʠʚʠʭ. 
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ʈʆɿɼɯʃ 1 
ɺʃɸʉʊʀɺʆʉʊɯ ʄɸʊɽʈɯɸʃɯɺ  
ʊɸ ɰʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

 
1.1 ɺʟʘʻʤʦʟʚô̫ ʟʦʢ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ  

ʤʘʪʝʨʽʘʣʫ 
 

ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ 
ʦʙʫʤʦʚʣʶʶʪʩɹʷ ʾʭ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʢʣʘʜʫ 
ʨʝʘʣʴʥʠʭ ʦʙô̒ ʢʪʽʚ (ʨʠʩ. 1.1).  

 

 
 

ʈʠʩʫʥʦʢ 1.1 ï ʉʠʩʪʝʤʥʝ ʧʦʜʘʥʥ̫  ʨʝʯʦʚʠʥʠ 
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ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʦʟʥʘʢ ʩʪʨʫʢʪʫʨʠ ʻ 
ʜʝʬʝʢʪʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʙʫʜʦʚʠ, ʪʦʙʪʦ ʚʘʢʘʥʩʽʾ, ʜʠʩʣʦʢʘʮʽʾ, 
ʜʝʬʝʢʪʠ ʧʘʢʫʚʘʥʥʷ, ʜʦʤʽʰʢʦʚʽ ʘʪʦʤʠ ʚ ʥʝʚʝʣʠʢʠʭ 
ʢʽʣʴʢʦʩʪʷʭ. ɺʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʽ ʤʝʞʽ ʟʝʨʝʥ ʪʘʢʦʞ 
ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʫ. ɼʦ 
ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʪʽʣ, ʱʦ 
ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʣʝʞʠʪʴ ʽ ʢʨʠʩʪʘʣʽʯʥʘ ʪʝʢʩʪʫʨʘ. 
ʂʨʽʤ ʪʝʢʩʪʫʨʠ, ʧʦʚô̫ ʟʘʥʦʾ ʟ ʢʨʠʩʪʘʣʽʯʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ, ʥʘ 
ʩʪʨʫʢʪʫʨʥʦ ʯʫʪʣʠʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʚʦ- ʪʘ ʙʘʛʘʪʦʬʘʟʦʚʠʭ 
ʩʧʣʘʚʽʚ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʪʝʢʩʪʫʨʘ, ʧʦʚô̫ ʟʘʥʘ ʟ ʚʽʜʥʦʩʥʠʤ 
ʨʦʟʤʽʱʝʥʥʷʤ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ. 
 
 1.1.1 ʉʪʨʫʢʪʫʨʥʘ ʯʫʪʣʠʚʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ 

 

ʉʪʨʫʢʪʫʨʥʘ ʯʫʪʣʠʚʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ï ʮʝ ʾʭ 
ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʨʠʩʪʘʣʽʯʥʠʭ ʜʝʬʝʢʪʽʚ ʽ ʪʝʢʩʪʫʨʠ. ʋʩʽ 
ʚʣʘʩʪʠʚʦʩʪʽ (ʷʢ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʽ, ʪʘʢ ʽ ʩʪʨʫʢʪʫʨʥʦ-
ʥʝʯʫʪʣʠʚʽ) ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ, ʪʦʙʪʦ ʚʽʜ ʩʢʣʘʜʫ, 
ʢʽʣʴʢʽʩʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʬʘʟ, ʟ 
ʷʢʠʭ ʩʢʣʘʜʘʶʪʴʩʷ ʤʝʪʘʣʝʚʽ ʪʽʣʘ. ʉʢʣʘʜ ʩʧʣʘʚʫ ï ʮʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ. ʏʘʩʪʦ ʚʘʞʢʦ ʚʽʜʦʢʨʝʤʠʪʠ 
ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʚʽʜ ʚʧʣʠʚʫ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʥʘ ʪʫ ʘʙʦ ʽʥʰʫ 
ʚʣʘʩʪʠʚʽʩʪʴ, ʦʜʥʘʢ ʟʘ ʩʧʦʣʫʯʝʥʥ ̫ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 
ʚʠʤʽʨʶʚʘʥʥʷ ʮʽʻʾ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʡ ʧʦʜʽʣ ʩʪʘʻ ʤʦʞʣʠʚʠʤ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʘʻ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ 
ʧ̔ ʜ ʯʘʩ ʤʝʪʘʣʦʟʥʘʚʯʠʭ ʜʦʩʣʽʜʞʝʥ.ɹ ʂʨʽʤ ʪʦʛʦ, ʚ ʙʘʛʘʪʴʦʭ 
ʚʠʧʘʜʢʘʭ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʽʣʴʰ 
ʧʨʦʜʫʢʪʠʚʥʝ ʽ ʜʝʰʝʚʰʝ, ʥʽʞ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʪʨʫʢʪʫʨʥʽ 
ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʦʙʣʠʚʦ ʢʦʨʠʩʥʝ ʧʦʻʜʥʘʥʥʷ ʚʠʤʽʨʚʁʘʥʴ 
ʨʽʟʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ï ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʠʭ ʽ ʩʪʨʫʢʪʫʨʥʦ-
ʥʝʯʫʪʣʠʚʠʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʯʠʩʣʝʥʥʽ ʟʘʚʜʘʥʥ,̫ ʱʦ 
ʟʚʦʜʷʪʴʩʷ ʜʦ ʘʥʘʣʽʟʫ ʬʘʟʦʚʦʛʦ ʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʽʚ 
ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ, ʽ ʜʦ ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʮʴʦʛʦ ʩʪʘʥʫ ʧʽʜ ʯʘʩ 
ʦʙʨʦʙʣʝʥʥʷ. 
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1.1.2 ɺʟʘʻʤʦʟʚô̫ ʟʦʢ ʦʙô̒ ʢʪʘ  ̔ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ. 
ɺʟʘʻʤʦʟʚô̫ ʟʦʢ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ 

 

ʇ̔ ʜ ʯʘʩ ʚʠʚʯʝʥʥ ̫ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʠʩʪʠʭ 
ʤʝʪʘʣʽʚ ʥʘʩʘʤʧʝʨʝʜ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʮʠʭ 
ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʟʥʘʭʦʜʞʝʥʥʷ ʤʝʪʘʣʫ ʚ ʧʝʨʽʦʜʠʯʥʽʡ ʩʠʩʪʝʤʽ 
ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 
ʩʧʣʘʚʽʚ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʦʥʠ ʚʘʞʣʠʚʽ ʷʢ 
ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ, ʜʘʻ ʙʝʟʧʦʩʝʨʝʜʥʶ ʪʝʭʥʦʣʦʛʽʯʥʫ 
ʽʥʬʦʨʤʘʮʽʶ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʜʣʷ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʟʘʻʤʦʜʽʾ 
ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʟʦʥʜʘ ʪʘ ʦʙô̒ ʢʪʘ (ʨʠʩ. 1.2).  
 

 
 

ʈʠʩʫʥʦʢ 1.2 ï ɺʟʘʻʤʦʟʚô̫ ʟʦʢ ʦʙô̒ ʢʪʘ ʽ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ 

 
ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʷʢ 

ʻʜʠʥʦʛʦ ʮʽʣʦʛʦ ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʟʦʥʜ, ʪʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 
ʚʠʩʥʦʚʢʠ ʧʨʦ ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʯʦʚʠʥʠ. ʂʨʽʤ 
ʪʦʛʦ, ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʥʫʪʨʽʰʥʽʤʠ 
ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʫ, ʪʦʙʪʦ ʡʦʛʦ ʩʪʨʫʢʪʫʨʦʶ ʪʘ 
ʙʫʜʦʚʦʶ. 

ʄʘʢʨʦʩʢʦʧʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʯʦʚʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʁ ʪʴ 
ʟʘʛʘʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ 
(ʨʠʩ. 1.3).  



15 

 
ʈʠʩʫʥʦʢ 1.3 ï ɺʟʘʻʤʦʟʚô̫ ʟʦʢ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʫ 

 
1.1.3 ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ 

 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʧʝʚʥʠʡ ʤʘʪʝʨʽʘʣ ʷʢ ʻʜʠʥʫ 
ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʩʠʩʪʝʤʫ ʚ ʨʘʤʢʘʭ ʟʘʢʦʥʽʚ ʪʝʨʤʦʜʠʥʘʤʽʢʠ, 
ʤʦʞʥʘ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʦʧʠʩʘʪʠ ʩʪʘʥ ʤʘʪʝʨʽʘʣʫ ʽ ʚʠʟʥʘʯʠʪʠ 
ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʻʜʠʥʽʡ ʩʠʩʪʝʤʽ. ʆʩʢʽʣʴʢʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ 
ʟʘʢʦʥʠ ʫʥʽʚʝʨʩʘʣʴʥʽ, ʪʘʢʘ ʩʠʩʪʝʤʘ ʻ ʥʝʟʘʤʽʥʥʠʤ ʟʘʩʦʙʦʤ, 
ʥʝʦʜʤʽʥʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʧʽʜ ʯʘʩ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
ɺʠʟʥʘʯʠʚʰʠ ʚʽʣʴʥʫ ʝʥʪʘʣʴʧʽʶ G (ʪʘʢ ʟʚʘʥʠʡ ʧʦʪʝʥʮʽʘʣ 
ɻʽʙʙʩʘ), ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʪʘʥʫ 
ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʧʦʭʽʜʥʽ ʝʥʪʘʣʴʧʽʾ ʟʘ ʟʦʚʥʽʰʥʽʤʠ ʯʠʥʥʠʢʘʤʠ 
ʚʧʣʠʚʫ. ʊʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʻ, ʥʘʧʨʠʢʣʘʜ, ʪʠʩʢ ʨ, 
ʪʝʤʧʝʨʘʪʫʨʘ ʊ, ʘʥʽʟʦʪʨʦʧʥʽ ʟʦʚʥʽʰʥʽ ʤʝʭʘʥʽʯʥʽ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ů, ʢʦʥʮʝʥʪʨʘʮʽʾ ʩ, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʠʯʥʽ ɽ ʽ 
ʤʘʛʥʽʪʥʽ ʅ ʧʦʣʷ.  

ɺʥʫʪʨʽʰʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ ï ʦʙô̒ ʤ V, ʝʥʪʨʦʧʽʷ S, 
ʝʣʝʢʪʨʠʯʥʘ ʈ ʽ ʤʘʛʥʽʪʥʘ ʄ ʧʦʣʷʨʠʟʘʮʽʾ ï ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 
ʝʥʪʘʣʴʧʽʻ ʁʚʽʜʧʦʚʽʜʥʦ ʟʘ ʬʦʨʤʫʣʘʤʠ (1.1): 
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 ʗʢʱʦ ʟʘ ʟʤʽʥʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʘʥʫ ʚʠʟʥʘʯʠʪʠ 
ʧʦʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʪʘʥʫ, ʦʜʝʨʞʠʤʦ ʱʝ ʦʜʥʫ 
ʩʠʩʪʝʤʫ ʨʽʚʥʦʮʽʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ, ʜʝʷʢʽ ʟ ʷʢʠʭ 
ʧʦʜʘʥʽ ʚ ʪʘʙʣʠʮʽ 1.1. 
 

ʊʘʙʣʠʮʷ 1.1 ï ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ 
 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʽʘʣʫ ʌʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʊʝʧʣʦʻʤʥʽʩʪʴ 

dT

dS

m

T
C Ö=

 
ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 
ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ dT

dV

V
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1
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ʉʪʠʩʣʠʚʽʩʪʴ 
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dV

V
Ö-=

1
y

 
ʄʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ 

dH
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ɼʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ 
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t
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ʄʘʛʥʽʪʦʩʪʨʠʢʮʽʷ 

dH

dV

V
H Ö=

1
w

 
ɽʣʝʢʪʨʦʩʪʨʠʢʮʽʷ 
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ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 
ʤʘʛʥʽʪʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ dT

dM
M T =¡

 
ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 
ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ dT

dP
PT =¡

 
 

ɹʫʜʴ-ʷʢʠʡ ʧʘʨʘʤʝʪʨ ʟʘʟʥʘʯʝʥʦʛʦ ʪʠʧʫ ʦʧʠʩʫʻ 
ʚʽʜʧʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʡ ʥʝ 
ʧʦʚʥʩ̔ʪʶ, ʽ ʤʦʞʝ ʟʘʟʥʘʪʠ ʽʥʰʠʭ ʚʧʣʠʚʽʚ: 
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 ʧʘʨʘʤʝʪʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʷʢʱʦ ʻ 
ʧʦʤʽʪʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ (ʥʘʧʨʠʢʣʘʜ, ʥʘʷʚʥʽʩʪʴ 
ʟʚô̫ ʟʫʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʽʟʦʣʷʮʽʷ ʽ ʪ. ʜ.); 

 ʧʘʨʘʤʝʪʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʷʤʢʫ ʚʠʤʽʨʶʚʘʥʥʷ, ʫ 
ʨʘʟʽ ʘʥʽʟʦʪʨʦʧʽʾ ʤʘʪʝʨʽʘʣʫ (ʥʘʧʨʠʢʣʘʜ, ʟʘ ʥʘʷʚʥʦʩʪʽ 
ʤʦʥʦʢʨʠʩʪʘʣʽʚ, ʪʝʢʩʪʫʨʠ), ʦʩʢʽʣʴʢʠ ʚʽʥ ʥʝ ʻ ʩʢʘʣʷʨʥʦʶ 
ʚʝʣʠʯʠʥʦʶ; 

 ʧʘʨʘʤʝʪʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʫʜʴ-ʷʢʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ 
ʚʧʣʠʚʫ, ʢʦʣʠ ʽʩʥʫʻ ʥʝʣʽʥʽʡʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ ʥʠʤ ʪʘ 
ʚʽʜʧʦʚʽʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʪʘʥʫ; 

 ʧʘʨʘʤʝʪʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʨʝʜʽʩʪʦʨʽʾ ʚʠʤʽʨʶʚʘʥʥʷ ʡ 
ʫ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʚʠʭʦʜʠʪʴ ʥʝʦʜʥʦʟʥʘʯʥʠʤ ʟʘ ʧʝʨʝʙʽʛʫ 
ʥʝʦʙʦʨʦʪʥʠʭ ʯʘʩʪʢʦʚʠʭ ʧʨʦʮʝʩʽʚ; ʮʝ ʷʚʠʱʝ ʥʘʟʠʚʘʪʁʴ 
ʛʽʩʪʝʨʝʟʠʩʦʤ (ʥʘʧʨʠʢʣʘʜ, ʬʝʨʦʤʘʛʥʝʪʠʟʤ); 

 ʧʘʨʘʤʝʪʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ 
ʥʘʷʚʥʦʩʪʽ ʤʝʭʘʥʽʟʤʽʚ ʚʥʫʪʨʽʰʥʴʦʾ ʨʝʣʘʢʩʘʮʽʾ ʘʙʦ ʨʝʟʦʥʘʥʩʫ 
(ʥʘʧʨʠʢʣʘʜ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʫʞʥʦʩʪʽ); 

 ʧʘʨʘʤʝʪʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚʠ ʚʠʪʨʠʤʢʠ ʟʨʘʟʢʘ (ʯʘʩ, 
ʪʝʤʧʝʨʘʪʫʨʘ) ʚʥʘʩʣʽʜʦʢ ʩʪʘʨʽʥʥʷ ʧʽʩʣʷ ʦʩʪʘʪʦʯʥʦʛʦ 
ʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʦʩʢʽʣʴʢʠ ʮʝ ʦʙʨʦʙʣʝʥʥʷ ʩʧʨʠʯʠʥʠʣʦ 
ʥʝʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ (ʥʘʧʨʠʢʣʘʜ, ʩʪʘʨʽʥʥʷ ʤʝʪʘʣʽʚ ʧʽʩʣʷ 
ʭʦʣʦʜʥʦʾ ʜʝʬʦʨʤʘʮʽʾ). 
 

1.2 ɼʝʬʝʢʪʠ ʩʪʨʫʢʪʫʨʠ 
 

 

ʉʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʪʨʽʙʥʦ ʚʠʚʯʘʪʠ ʫ 

ʚʟʘ̒ʤʦʟʚô̫ ʟʢʫ, ʦʩʢʽʣʴʢʠ ʣʠh ʝ ʚ ʮʴʦʤʫ ʨʘʟʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʥʝʦʙʭʽʜʥʽ ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟ 

ʫʨʘʭʫʚʘʥʥ̫ ʤ ʚʧʣʠʚʫ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ ʪʘ ʙʫʜʦʚʠ. ɿʘʛʘʣʦʤ 

ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʽʘʣʫ ʚ ʨʽʟʥʠʭ ʤʽʩʮʷʭ ʨʽʟʥʘ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, 

ʱʦ ʥʝ ʽʩʥʫʻ ʽʜʝʘʣʴʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʘ ʚ ʨʝʘʣʴʥʠʭ ʢʨʠʩʪʘʣʘʭ 

ʟʘʚʞʜʠ ʻ ʜʝʬʝʢʪʠ ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 1.4). 

ʋ ʙʘʛʘʪʦʬʘʟʦʚʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʷʢʠʤʠ ʻ, ʥʘʧʨʠʢʣʘʜ, 

ʩʧʣʘʚʠ, ʚʝʣʠʢʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʨʦʟʧʦʜʽʣ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʪʦʤʽʚ ʫ 

ˇʨʘʪʮʽ, ʪʦʙʪʦ ʭʽʤʽʯʥʠʡ ʧʦʨʷʜʦʢ. ɺʽʥ ʜʦʩʷʛʘʻ ʧʦʚʥʦʛʦ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ˇʨʘʪʢʠ ʘʞ ʜʦ ʭʽʤʽʯʥʦʛʦ ʜʘʣʴʥʴʦʛʦ 
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ʧʦʨʷʜʢʫ. ʗʢʱʦ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʘʙʦ 

ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ, ʯʘʩʪʦ ʚʠʨʽʰʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʾʭ 

ʚʟʘʻʤʥʘ ʦʨʽʻʥʪʘʮʽʷ, ʪʦʙʪʦ ʩʪʫʧʽʥʴ ʩʧʨʷʤʦʚʘʥʦʩʪʽ. 

 
 

ʈʠʩʫʥʦʢ 1.4 ï ɼʝʬʝʢʪʠ ʩʪʨʫʢʪʫʨʠ 
  

1.2.1 ɺʠʟʥʘʯʝʥʥʷ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ 
 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʜ̔ʞʝʥʴ ʙʫʣʠ ʚʽʜʢʨʠʪʽ ʧʝʨʰʽ çʪʦʯʢʦʚʽè ʜʝʬʝʢʪʠ ʘʪʦʤʥʦʾ 

ʙʫʜʦʚʠ ʢʨʠʩʪʘʣʽʚ, ʷʢʽ ʚ ʥʘʫʮʽ ʦʜʝʨʞʘʣʠ ʥʘʟʚʫ ʪʦʯʢʦʚʠʭ 

ʜʝʬʝʢʪʽʚ ʟʘ ʌʨʝʥʢʝʣʝʤ (ʨʠʩ. 1.5 ʘ).  

 
ʘ   ʙ 

 

ʈʠʩʫʥʦʢ 1.5 ï ʊʦʯʢʦʚʽ ʜʝʬʝʢʪʠ ʟʘ ʌʨʝʥʢʝʣʝʤ (ʘ)  

ʽ ʟʘ ʐʦʪʪʢʽ (ʙ) 
 

1 ɺʘʢʘʥʩʽʾ. 

2 ɼʦʤʽʰʢʦʚʽ 

ʘʪʦʤʠ: 

ï ʟʘʤʽʱʝʥʥʷ; 

ï ʚʧʨʦʚʘʜʞʝʥʥ ̫

ɼʠʩʣʦʢʘʮʽʾ: 

ï ʢʨʘʻʚʽ; 

ï ʛʚʠʥʪʦʚʽ 

1 ʄʝʞʽ: 

ï ʬʘʟ; 

ï ʟʝʨʝʥ; 

ï ʙʣʦʢʽʚ. 

2 ɼʝʬʝʢʪʠ  

ʧʘʢʫʚʘʥʥʷ 

1 ʍʤʘʨʠ  

ʪʦʯʢʦʚʠʭ  

ʜʝʬʝʢʪʽʚ. 

2 ɿʦʥʠ  

ʤʽʢʨʦʣʽʢʚʘʮʽʡ ʪʘ  

ʨʦʟh ʘʨʫʚʘʥʴ 
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ʇʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʬʣʫʢʪʫʘʮʽʡ ʘʪʦʤ 

ʟʘʣʠʰʘʻ ʩʚʦʻ ʨʝʛʫʣʷʨʥʝ ʧʦʣʦʞʝʥʥʷ ʚ ʢʨʠʩʪʘʣʽ, ʱʦ 

ʚʽʜʧʦʚʜ̔ʘʻ ʚʫʟʣʫ ʧʨʦʩʪʦʨʦʚʦʾ ˇʨʘʪʢʠ, ʽ ʟʘʡʤʘʻ ʥʦʚʫ ʧʦʟʠʮʽʶ 

ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʣʦʞʝʥʥʶ ʤʽʞ 

ʚʫʟʣʘʤʠ ʧʨʦʩʪʦʨʦʚʦʾ ˇʨʘʪʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʜʽʙʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʘʪʦʤʘ ʟ ʚʠʭʽʜʥʦʛʦ ʨʝʛʫʣʷʨʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ 

ʤʽʞʚʫʟʣʦʚʝ ʫʪʚʦʨʠʪʴʩʷ ʧʘʨʘ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ: ʚʘʢʘʥʩʽʷ ʡ 

ʤʽʞʚʫʟʣʦʚʠʡ ʘʪʦʤ. ʅʘʡʤʝʥʫʚʘʥʥʷ çʪʦʯʢʦʚʽ ʜʝʬʝʢʪʠè, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʽʞʚʫʟʣʦʚʠʭ ʘʪʦʤʽʚ ʽ ʚʘʢʘʥʩʽʡ, ʦʜʝʨʞʘʣʠ 

ʯʝʨʝʟ ʩʚʦʾ ʤʘʣʽ ʨʦʟʤʽʨʠ: ʽ ʩʘʤʽ ʤʽʞʚʫʟʣʦʚʽ ʘʪʦʤʠ, ʽ ʚʘʢʘʥʩʽʾ 

ʤʘʶʪʴ ʨʦʟʤʽʨʠ, ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʤʽʨʘʤʠ ʘʪʦʤʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʜʦʢʘʟ ʥʘʷʚʥʦʩʪʽ ʚ ʢʨʠʩʪʘʣʘʭ 

ʟʘʟʥʘʯʝʥʠʭ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʜʦʟʚʦʣʠʣʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʥʘ 

ʥʦʚʦʤʫ ʘʪʦʤʥʦʤʫ ʨʽʚʥʽ ʤʝʭʘʥʽʟʤʠ ʜʠʬʫʟʽʾ ʡ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʨʝʘʣʴʥʠʭ ʢʨʠʩʪʘʣʘʭ: ʽ ʤʽʞʚʫʟʣʦʚʽ 

ʘʪʦʤʠ, ʽ ʚʘʢʘʥʩʽʾ ʩʧʨʠ̫ ʶʪʴ ʽ ʜʠʬʫʟʽʾ, ʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ʋ 

ʟʦʚʥʽʰʥʴʦʤʫ ʧʦʩʪʡ̔ʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʡ ʤʽʞʚʫʟʣʦʚʽ 

ʘʪʦʤʠ (ʽʦʥʠ), ʽ ʚʘʢʘʥʩʽʾ ʩʣʫʞʘʪʴ ʧʝʨʝʥʦʩʥʠʢʘʤʠ ʝʣʝʢʪʨʠʯʥʠʭ 

ʟʘʨʷʜʽʚ; ʚʘʢʘʥʩʽʷ ʤʘʻ ʝʬʝʢʪʠʚʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ, ʱʦ 

ʧʨʦʪʠʣʝʞʥʠʡ ʟʘʨʷʜʫ ʤʽʞʚʫʟʣʦʚʦʛʦ ʘʪʦʤʘ (ʽʦʥʘ). ɿʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʚʘʢʘʥʩʽʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

ʢʨʠʩʪʘʣʘ ʟʙʽʣʴʰʫ̒ ʪʴʩʷ. 

ʄʘʡʞʝ ʯʝʨʝʟ ʜʝʩʷʪʴ ʨʦʢʽʚ ʧʽʩʣʷ ʚʽʜʢʨʠʪʪʷ  

ʗ. ɯ. ʌʨʝʥʢʝʣʝʤ ʧʝʨʰʠʭ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʥʽʤʝʮʴʢʠʤ 

ʜʦʩʣʽʜʥʠʢʦʤ ɺ. ʐʦʪʪʢʽ ʙʫʚ ʚʽʜʢʨʠʪʠʡ ʥʦʚʠʡ ʪʠʧ ʪʦʯʢʦʚʠʭ 

ʜʝʬʝʢʪʽʚ. ɿʘ ɺ. ʐʦʪʪʢʽ, ʘʪʦʤ (ʽʦʥ), ʱʦ ʟʘʣʠʰʠʚ ʩʚʽʡ ʚʫʟʦʣ, 

ʥʝ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʤʽʞʚʫʟʣʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʘ ʟʦʚʩʽʤ 

ʟʘʣʠʰʘʻ ʩʚʽʡ ʢʨʠʩʪʘʣ (ʨʠʩ. 1.5 ʙ). ʇʨʦʪʝ, ʷʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ 

ʽʦʥʥʠʡ ʢʨʠʩʪʘʣ, ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ 

ʢʨʠʩʪʘʣʘ ʩʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ, ʱʦ ʧʽʰʣʠ ʟ 

ʢʘʪʽʦʥʘʤʠ, ʧʦʚʠʥʥʝ ʜʦʨʽʚʥʶʚʘʪʠ ʩʫʤʘʨʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ, ʷʢʽ ʧʽʰʣʠ ʟ ʘʥʽʦʥʘʤʠ.  
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ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʝʬʝʢʪʽʚ ʟʘ ʌʨʝʥʢʝʣʝʤ ʪʦʯʢʦʚʽ 

ʜʝʬʝʢʪʠ ʟʘ ʐʦʪʪʢʽ  ʚʧʣʠʚʘʶʪʴ ʥʝ ʣʠʰʝ ʥʘ ʟʙʽʣʴʰʝʥʥʷ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʢʨʠʩʪʘʣʘ, ʘ ʡ ʥʘ ʡʦʛʦ ʱʽʣʴʥʽʩʪʴ. 

ʗʢ ʪʦʯʢʦʚʽ ʜʝʬʝʢʪʠ ʟʘ ʌʨʝʥʢʝʣʝʤ, ʪʘʢ ʽ ʪʦʯʢʦʚʽ 

ʜʝʬʝʢʪʠ ʟʘ ʐʦʪʪʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʧʘʨʥʠʭ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ, 

ʦʩʢʽʣʴʢʠ ʢʦʞʥʽ ʟ ʥʠʭ ʤʽʩʪʷʪʴ ʧʘʨʠ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ (ʘʙʦ 

ʚʘʢʘʥʩʽʶ ʟ ʤʽʞʚʫʟʣʦʚʠʤ ʘʪʦʤʦʤ, ʘʙʦ ʧʘʨʠ ʚʘʢʘʥʩʽʡ: ʘʥʽʦʥʥʫ 

ʟ ʢʘʪʽʦʥʥʦʾ). ʆʜʥʘʢ ʫ ʢʨʠʩʪʘʣʽ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʡ ʦʜʠʥʠʯʥʽ 

ʪʦʯʢʦʚʽ ʜʝʬʝʢʪʠ: ʦʜʠʥʠʯʥʽ ʚʘʢʘʥʩʽʾ, ʦʜʠʥʠʯʥʽ ʘʪʦʤʠ ʨʽʟʥʠʭ 

ʜʦʤʽʰʦʢ, ʷʢʽ ʟʘʚʞʜʠ ʥʘʷʚʥʽ ʚ ʢʨʠʩʪʘʣʽ ʚ ʙʽʣʴʰʠʭ ʘʙʦ 

ʤʝʥh ʠʭ ʢʽʣʴʢʦʩʪʷʭ. 

ʋʪʚʦʨʝʥʥʷ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʚʠʢʣʠʢʘʻ ʚʠʥʠʢʥʝʥʥʷ 

ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʫ ʢʨʠʩʪʘʣʽ. ʊʘʢ, ʫʪʚʦʨʝʥʥʷ ʘʥʽʦʥʥʦʾ 

ʚʘʢʘʥʩʽʾ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʟʠʪʠʚʥʦʛʦ 

ʟʘʨʷʜʫ, ʱʦ ʚʩʪʫʧʘʻ ʚ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʫ ʚʟʘʻʤʦʜʽʶ ʟ 

ʥʘʚʢʦʣʠʰʥʽʤʠ  ʢʘʪʽʦʥʘʤʠ ʡ ʚʽʜʩʫʚʘʻ ʾʭ ʚʽʜ ʚʘʢʘʥʩʽʾ  

(ʨʠʩ. 1.6 ʘ, ʙ). 

 
ʘ   ʙ 

ʈʠʩʫʥʦʢ 1.6 ï ʉʭʝʤʘ ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ 

ʟʘ ʫʪʚʦʨʝʥʥ ̫ʚʘʢʘʥʩʽʾ ʚ ʽʦʥʥʦʤʫ ʢʨʠʩʪʘʣʽ:  

ʘ  ï ʚʠʭʽʜʥʘ ʩʪʨʫʢʪʫʨʘ; ʙ ï ʜʝʬʝʢʪʥʘ ʩʪʨʫʢʪʫʨʘ 
 

ʗʢ ʧʦʢʘʟʫʶʪʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʧʨʠ 

ʫʪʚʦʨʝʥʥʽ ʚʘʢʘʥʩʽʡ ʧʝʨʝʚʘʞʥʠʡ ʚʧʣʠʚ ʥʘ ʚʽʣʴʥʫ ʝʥʝʨʛʽʶ 

ʢʨʠʩʪʘʣʘ ʨʦʙʠʪʴ ʩʘʤʝ ʟʨʦʩʪʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ, 

ʚʥʘʩʣʜ̔ʦʢ ʯʦʛʦ ʫʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʡ ʫ ʢʨʠʩʪʘʣʽ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʡ, ʦʪʞʝ, ʚʠʷʚʣʷʻʪʴʩʷ 
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ʚʠʛʽʜʥʠʤ ʜʣʷ ʢʨʠʩʪʘʣʘ. ʆʪʞʝ, ʫʪʚʦʨʝʥʥʷ ʩʘʤʦʛʦ ʢʨʠʩʪʘʣʘ 

ʥʝʤʠʥʫʯʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʫ ʡʦʛʦ ʦʙô̒ ʤʽ 

ʙʽʣʴʰʦʾ ʘʙʦ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʚʘʢʘʥʩʽʡ. 

ɯʩʪʦʪʥʠʡ ʚʥʝʩʦʢ ʫ ʢʽʣʴʢʽʩʪʴ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ 

ʚʥʦʩʷʪʴ ʪʘʢʦʞ ʜʦʤʽʰʢʦʚʽ ʘʪʦʤʠ, ʥʘʷʚʥʽʩʪʴ ʷʢʠʭ ʧʦʤʽʪʥʦ 

ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʷʭ ʢʨʠʩʪʘʣʘ. ʅʘʷʚʥʽʩʪʴ ʪʘʢʠʭ 

ʜʦʤʽʰʦʢ ʩʧʨʠʷʻ ʧʝʨʝʢʨʫʯʫʚʘʥʥʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʷʢ 

ʯʝʨʝʟ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʘʪʦʤʽʚ 

ʜʦʤh̔ʢʠ ʡ ʦʩʥʦʚʥʦʾ ʨʝʯʦʚʠʥʠ, ʪʘʢ ʽ ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʘ-ʦʩʥʦʚʠ (ʫʪʚʦʨʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ, ʜʦʤʽh ʢʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ). ʊʦʤʫ ʥʘ 

ʧʨʘʢʪʠʮʽ ʧʨʘʛʥʫʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʩʪʦʨʦʥʥʽʭ 

ʜʦʤʽʰʦʢ ʜʦ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ. 

ʈʝʘʣʴʥʽ ʢʨʠʩʪʘʣʠ ʤʽʩʪʷʪʴ ʙʝʟʣʽʯ ʪʠʧʽʚ ʪʦʯʢʦʚʠʭ 

ʜʝʬʝʢʪʽʚ (ʪʫʪ ʨʦʟʛʣʷʥʫʪʽ ʣʠʰʝ ʥʘʡʧʨʦʩʪʽʰʽ ʟ ʥʠʭ), ʷʢʽ 

ʚʧʣʠʚʘʁ ʪʴ ʷʢ ʥʘ ʝʣʝʢʪʨʠʯʥʽ, ʪʘʢ ʽ ʥʘ ʦʧʪʠʯʥʽ ʡ ʽʥʰʽ ʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʚ. 

 

1.2.2 ɺʠʟʥʘʯʝʥʥʷ ʦʜʥʦʚʠʤʽʨʥʠʭ ʜʝʬʝʢʪʽʚ 
 

ʋʩʧʽʰʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣ-ɹ

ʥʠʭ ʨʦʙʽʪ ʟ̔ ʚʠʚʯʝʥʥʷ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʘʪʦʤʥʦʾ ʙʫʜʦʚʠ 

ʢʨʠʩʪʘʣʽʚ ʜʦʟʚʦʣʠʣʘ ʧʦʷʩʥʠʪʠ ʩʫʯʘʩʥʝ ʪʨʘʢʪʫʚʘʥʥʷ ʪʘʢʠʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʨʠʩʪʘʣʽʯʥʠʭ ʪʽʣ, ʷʢ 

ʜʠʬʫʟʽʷ ʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʚʚʝʩʪʠ ʥʦʚʽʪʥʽ ʧʦʜʘʥʥʷ ʧʨʦ 

ʪʦʯʢʦʚʽ ʜʝʬʝʢʪʠ ʨʝʘʣʴʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ.  

ʉʫʯʘʩʥʝ ʚʯʝʥʥʷ ʧʨʦ ʘʪʦʤʥʫ ʩʪʨʫʢʪʫʨʫ ʨʝʘʣʴʥʦʛʦ 

ʢʨʠʩʪʘʣʘ ʪʨʘʢʪʫʻ ʨʦʟʨʠʚ ʤʽʞ ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʻʶ ʘʪʦʤʥʦʾ 

ʙʫʜʦʚʠ ʽʜʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʘ ʡ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʥʘ ʦʩʥʦʚʽ   

ʪʝʦʨʽʾ ʜʠʩʣʦʢʘʮʽʡ. 

ɿʛʘʜʘʥʘ ʢʣʘʩʠʯʥʘ ʪʝʦʨʽʷ ʘʪʦʤʥʦʾ ʙʫʜʦʚʠ ʽʜʝʘʣʴʥʦʛʦ 

ʢʨʠʩʪʘʣʘ ʦʧʠʩʫʚʘʣʘ ʟʨʫʰʝʥʥʷ ʩʫʩʽʜʥʽʭ ʘʪʦʤʥʠʭ ʧʣʦʱʠʥ ʷʢ 

ʨʝʟʫʣʴʪʘʪ ʦʜʥʦʯʘʩʥʦʛʦ ʨʦʟʨʠʚʫ ʚʩʽʭ ʩʪʘʨʠʭ ʤʽʞʚʫʟʣʦʚʠʭ 

ʟʚô̫ ʟʢʽʚ (ʷʢ ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʝ ʥʘ ʨʠʩ. 1.7 ʘ). 
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ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʦʨʽʾ ʽʜʝʘʣʴʥʦʾ ʘʪʦʤʥʦʾ ʙʫʜʦʚʠ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʝʦʨʽʷ ʜʠʩʣʦʢʘʮʽʡ ʚʚʦʜʠʪʴ ʧʦʥʷʪʪʷ 

ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʜʝʷʢʦʾ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʨʦʟʤʽʱʝʥʥʷʤ 

ʘʪʦʤʽʚ ʫ ʩʫʩʽʜʥʽʭ ʘʪʦʤʥʠʭ ʧʣʦʱʠʥʘʭ. ʇʨʠʯʠʥʘʤʠ ʪʘʢʦʾ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚʧʣʠʚʫ ʥʘ 

ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʙʝʟʣʽʯʽ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ 

ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʥʝʤʠʥʫʯʽ ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʛʠ ʚ ʢʨʠʩʪʘʣʽ, 

ʷʢʽ ʟʘʚʞʜʠ ʥʘ̫ ʚʥʽ ʚ ʢʨʠʩʪʘʣʽ ʡ ʧʨʠʚʦʜʷʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʾ 

ʘʪʦʤʥʠʭ ʧʣʦʱʠʥ ʢʨʠʩʪʘʣʘ; ʥʘʷʚʥʽʩʪʴ ʜʦʤʽʰʢʦʚʠʭ ʘʪʦʤʽʚ, 

ʱʦ ʩʧʦʪʚʦʨʶʶʪʴ ʘʪʦʤʥʫ ʩʪʨʫʢʪʫʨʫ ʦʩʥʦʚʥʦʾ ʨʝʯʦʚʠʥʠ; 

ʩʧʝʮʠʬʽʯʥʽ ʨʦʩʪʦʚʽ ʜʝʬʝʢʪʠ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʚʠʥʠʢʥʝʥʥʷ ʚ 

ʟʨʦʩʪʘʶʯʦʤʫ ʢʨʠʩʪʘʣʽ ʨʽʟʥʦʛʦ ʨʦʜʫ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʪʘ ʽʥ. 
 

 
ʘ   ʙ 

 

ʈʠʩʫʥʦʢ 1.7 ï ʉʭʝʤʠ ʟʨʫʰʝʥʥʷ: ʚ ʽʜʝʘʣʴʥʦʤʫ ʢʨʠʩʪʘʣʽ (ʘ),  

ʫ ʨʝʘʣʴʥʦʤʫ ʢʨʠʩʪʘʣʽ (ʽʟ ʢʨʘʡʦʚʦʶ ʜʠʩʣʦʢʘʮʽʻʶ) (ʙ) 

 

ʆʜʠʥ ʽʟ ʧʨʠʢʣʘʜʽʚ ʪʘʢʦʾ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ 

ʨʦʟʤʽʱʝʥʥʷʤ ʘʪʦʤʽʚ ʫ ʩʫʩʽʜʥʽʭ ʘʪʦʤʥʠʭ ʧʣʦʱʠʥʘʭ 

ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 1.7 ʙ, ʜʝ ʯʠʩʣʦ ʘʪʦʤʥʠʭ ʧʣʦʱʠʥ ʫ 

ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʨʠʩʪʘʣʘ ʥʘ ʦʜʥʝ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʥʠʞʥʽʡ ʡʦʛʦ 

ʯʘʩʪʠʥʽ. ʎʝ ʤʦʞʣʠʚʘ ʡ ʦʯʝʚʠʜʥʘ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʜʦʩʠʪʴ ʩʝʨʡʦʟʥʠʭ ʥʘʩʣʽʜʢʽʚ ʫ ʧʦʚʦʜʞʝʥʥʽ ʢʨʠʩʪʘʣʘ ʧʽʜ 

ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʥʘʧʨʫʛ. ʊʝʧʝʨ ʜʣʷ ʚʟʘʻʤʥʦʛʦ ʟʨʫʰʝʥʥʷ 

ʩʫʩʽʜʥʽʭ ʘʪʦʤʥʠʭ ʧʣʦʱʠʥ ʘ ʡ ʩ ʥʝ ʧʦʪʨʽʙʥʦ ʦʜʥʦʯʘʩʥʦʛʦ 

ʨʦʟʨʠʚʫ ʚʩʽʭ ʤʽʞʚʫʟʣʦʚʠʭ ʟʚô̫ ʟʢʽʚ ʤʽʞ ʘʪʦʤʥʠʤʠ 
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ʧʣʦʱʠʥʘʤʠ, ʜʦʩʠʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʣʠʰʝ ʦʜʥʦʛʦ 

ʤʽʞʚʫʟʣʦʚʦʛʦ ʟʚô̫ ʟʢʫ ʟ ʧʦʣʦʞʝʥʥʷ ʝ ʚ ʧʦʣʦʞʝʥʥʷ f 

(ʚʦʜʥʦʯʘʩ ʟʘʡʚʘ ʧʣʦʱʠʥʘ d ʧʝʨʝʩʫʥʝʪʴʩʷ ʚʣʚ̔ʦ ʚ ʥʘʧʨʷʤʢʫ 

ʩʠʣʠ ʈ). ʇʦʜʽʙʥʘ ʩʭʝʤʘ ʜʘʻ ʮʽʣʢʦʤ ʣʦʛʽʯʥʝ ʧʦʷʩʥʝʥʥʷ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʦʮʽʥʢʘʤʠ ʤʽʮʥʦʩʪʽ ʢʨʠʩʪʘʣʘ ʟ ʢʣʘʩʠʯʥʦʾ 

ʪʝʦʨʽʾ ʡ ʬʘʢʪʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʠʭ ʜʘʥʠʭ. 
 
1.3 ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 
 

 

ɼʦ ʧʦʥʷʪʪʷ ʩʪʨʫʢʪʫʨʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʚʭʦʜʠʪʴ ʥʝ 
ʣʠh ʝ ʛʝʦʤʝʪʨʠʯʥʠʡ ʘʩʧʝʢʪ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʨʦʟʤʽʱʝʥʥʷ 
ʘʪʦʤʽʚ ʪʘ ʽʦʥʽʚ ʫ ˇʨʘʪʮʽ, ʘ ʡ ʪʘʢʦʞ ʾʭ ʝʥʝʨʛʝʪʠʯʥʽ 
ʚʟʘ̒ʤʦʟʚô̫ ʟʢʠ (ʥʘʧʨʠʢʣʘʜ, ʪʠʧ ʟʚô̫ ʟʢʫ, ʩʠʣʠ ʚʟʘʻʤʦʜʽʾ). ʎʝʡ 
ʢʦʤʧʣʝʢʩ ʫʨʘʭʦʚʫʻʪʴʩʷ ʧʦʥʷʪʪʷʤ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ. 
ɼʣʷ ʽʥʞʝʥʝʨʘ-ʤʘʪʝʨʽʘʣʦʟʥʘʚʮʷ, ʷʢʠʡ ʨʦʟʨʦʙʣʷʻ ʥʦʚʠʡ 
ʤʘʪʝʨʽʘʣ, ʮʝ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʫ ʟʚô̫ ʟʢʫ ʟ ʝʣʝʢʪʨʠʯʥʠʤʠ ʽ 
ʤʘʛʥʽʪʥʠʤʠ ʷʚʠɦ ʘʤʠ. ʆʪʞʝ, ʩʢʣʘʜ ʽ ʩʪʨʫʢʪʫʨʘ ʚʠʟʥʘʯʘʶʪʴ 
ʤʘʢʨʦ- ʽ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ (ʨʠʩ. 1.8). 

 

 
 

ʈʠʩʫʥʦʢ 1.8 ï ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

 

ʊʠʧ ʽ ʯʘʩʪʢʘ: 

ï ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ; 

ï ʩʫʧʫʪʥʽʭ ʝʣʝʤʝʥʪʽʚ; 

ï ʜʦʤʽʰʦʢ 

ʇʦʨʷʜʦʢ ʩʪʨʫʢʪʫʨʥʦʛʦ ʝʣʝʤʝʥʪʘ 

(ʛʝʦʤʝʪʨʠʯʥʠʡ ʧʦʨʷʜʦʢ). 

ʈʦʟʧʦʜʽʣ ʩʪʨʫʢʪʫʨʥʦʛʦ ʝʣʝʤʝʥʪʘ 

(ʭʽʤʽʯʥʠʡ ʧʦʨʷʜʦʢ). 

ʅʘʧʨʷʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʝʣʝʤʝʥʪʘ 

(ʦʨʽʥ̒ʪʘʮʽʷ ʤʦʤʝʥʪʽʚ). 

ɼʝʬʝʢʪʠ ʩʪʨʫʢʪʫʨʠ (ʥʘʧʨʠʢʣʘʜ, 

ʜʦʤʽʰʢʦʚʽ ʘʪʦʤʠ, ʚʘʢʘʥʩʽʾ, ʜʠʩʣʦʢʘʮʽʾ, 

ʜʝʬʝʢʪʠ ʫʧʘʢʦʚʢʠ, ʤʝʞʽ ʟʝʨʝʥ ʽ ʬʘʟ, 

ʧʦʚʝʨʭʥʝʚʽ ʜʝʬʝʢʪʠ, ʣʽʢʚʘʮʽʷ, 

ʚʠʜ̔ʣʝʥʥʷ ʧʦʨ, ʫʩʘʜʢʦʚʽ ʜʝʬʝʢʪʠ, 

ʪʨʽʱʠʥʠ) 

ʑʽʣʴʥʽʩʪʴ, ʧʨʫʞʥʽʩʪʴ, 

ʪʝʨʤʽʯʥʝ ʨʦʟh ʠʨʝʥʥʷ, 

ʪʝʧʣʦʻʤʥʽʩʪʴ, ʜʽʘʣʝʢʪʨʠʯʥʘ 

ʽ ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, 

ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ, 

ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʷ, 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ, 

ʪʝʨʤʦʨʫh ʽʡʥʘ ʩʠʣʘ 

ʄʘʩʘ ʧʨʠʩʘʜʢʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʪʠʩʢ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʯʘʩ ʘʙʦ 

ʰʚʠʜʢʽʩʪʴ ʧʣʘʚʣʝʥʥʷ, 

ʣʠʪʪʷ, ʧʨʦʢʘʪʫʚʘʥʥʷ, 

ʚʦʣʦʯʽʥʥʷ, ʪʝʨʤʽʯʥʦʛʦ 
ʦʙʨʦʙʣʝʥʥʷ. 

ɿʘʟʦʨ ʤʽʞ ʚʘʣʢʘʤʠ ʘʙʦ 

ʜʽʘʤʝʪʨ ʚʦʣʦʢʠ. 

ʐʚʠʜʢʽʩʪʴ ʧʨʦʢʘʪʫʚʘʥʥʷ 

ʘʙʦ ʚʦʣʦʯʽʥʥʷ 
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1.4 ʆʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʝʪʘʣʝʚʠʭ ʪʚʝʨʜʠʭ 
ʪʽʣ ʽ ʪʠʧʦʚʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

  

ʋ ʪʘʙʣʠʮʽ 1.2 ʟʘʟʥʘʯʝʥʽ ʪʠʧʦʚʽ ʜʣʷ ʦʩʥʦʚʥʠʭ 
ʩʪʨʫʢʪʫʨʥʠʭ ʚʘʨʽʘʥʪʽʚ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʎʝ ʚʽʜʥʦʩʥʦ 
ʥʝʚʝʣʠʢʠʡ ʥʘʙʽʨ ʤʝʪʦʜʽʚ ʽ ʧʨʠʣʘʜʽʚ, ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʽʡ ʜʣʷ 
ʜʦʩʣʜ̔ʞʝʥʥʷ ʩʪʨʫʢʪʫʨ ʙʽʣʴʰʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. 

ʊʘʙʣʠʮʷ 1.2 ï ʆʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 
ʤʝʪʘʣʝʚʠʭ ʪʚʝʨʜʠʭ ʪʽʣ ʽ ʪʠʧʦʚʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 
ʈʦʟʤʽʨʥʘ 
ʭʘʨʘʢ-
ʪʝʨʠʩ-
ʪʠʢʘ 

ʉʪʨʫʢ-
ʪʫʨʥʘ 
ʦʩʦʙ-
ʣʠʚʽʩʪʴ 

ɸʥʘʣʽʪʠʯʥʘ 
ʧʨʦʙʣʝʤʘ 

ʄʝʪʦʜ 
ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʊʨʠ- 
ʚʠʤʽʨʥʘ 
 (3D) 

 

ʄʘʢʨʦ-
ʜʝʬʝʢ-
ʪʠ 
 

ʋʩʘʜʢʦʚʽ 
ʜʝʬʝʢʪʠ, 

ʪʨ̔ɦʠʥʠ, ʤʘʢʨʦ-
ʚʢʣʶʯʝʥʥʷ, 
ʨʦʟʰʘʨʫʚʘʥʥʷ, 
ʜʝʬʝʢʪʠ 
ʟô̒ ʜʥʘʥʥʷ ʽ 
ʥʘh ʘʨʫʚʘʥʥʷ 

ʄʘʛʥʽʪʥʠʡ ʽ ʤʘʛʥʽʪʦ-ʽʥʜʫʢʪʠʚʥʠʡ ʪʘ 
ʫʣʴʪʨʘ-ʟʚʫʢʦʚʠʡ ʢʦʥʪʨʦʣʴ; 
ʨʝʥʪʛʝʥʦ-ʜʝʬʝʢʪʨʦʩʢʦʧʽʷ 
ʽ ʛʘʤʤʘ-ʜʝʬʝʢʪʦʩʢʦʧʽʷ 

ʇʦʨʠ, ʛʘʟʦʚʽ 
ʙʫʣʴʙʘʰʢʠ 

ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ 
ʢʦʥʪʨʦʣʴ 

ʌʘʟʠ, 
ʚʢʣ-ʁ
ʯʝʥʥ ̫

 

ʉʢʣʘʜ 
(ʬʘʟʦʚʠʡ 
ʘʥʘʣʽʟ) 

 

ɽʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʡ ʤ̔ʢʨʦʘʥʘʣʽʟ; 
ʤʘʩ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʚʪʦʨʠʥʥʠʭ 

ʽʦʥʽʚ; ʦʞʝ-ʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ; 
ʜʠʬʨʘʢʮʽʷ ʨʝʥʪʛʝʥʽʚʩʢɹʠʭ ʧʨʦʤʝʥʽʚ; 
ʨʝʥʪʛʝʥʦ-ʬʣʶʦʨʝʩʮʝʥʪʥʠʡ ʘʥʘʣʽʟ; 

ʤʝʩʩʙʘʫʝʨʽʚʩʴʢʘ 
ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ʉʪʨʫʢʪʫʨʘ ʽ 
ʧʘʨʘʤʝʪʨʠ 
ʨ̌ʘʪʢʠ 

 

ɼʠʬʨʘʢʮʽʷ ʨʝʥʪʛʝʥʽʚʩʢɹʠʭ ʧʨʦʤʝʥʽʚ; 
ʧʨʦʩʚʽʯʫʚʘʣʴʥʘ ʝʣʝʢʪʨʦʥʥʘ 

ʤʽʢʨʦʩʢʦʧʽʷ; ʜʠʬʨʘʢʮʽʷ ʥʝʡʪʨʦʥʽʚ 

ʆʙô̒ ʤʥʽ 
ʯʘʩʪʢʠ ʬʘʟ 

ʂʽʣʴʢʽʩʥʘ ʤʝʪʘʣʦʛʨʘʬʽʷ; ʢʽʣʴʢʽʩʥʠʡ 
ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʤʽʢʨʦʟʦʥʜʘ; 
ʜʠʬʨʘʢʮʽʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ ʽʟ 
ʚʠʤʽʨʶʚʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ; 
ʤʝʩʩʙʘʫʝʨʽʚʩʢɹʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ; 

ʜʠʬʨʘʢʮʽʷ ʥʝʡʨʦʥʽʚ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.2 
ʈʦʟʤʽʨʥʘ 
ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʘ 

ʉʪʨʫʢʪʫʨʥʘ 
ʦʩʦʙʣʠʚʽʩʪʴ 

ɸʥʘʣʽʪʠʯʥʘ 
ʧʨʦʙʣʝʤʘ 

ʄʝʪʦʜ 
ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʊʨʠ- 
ʚʠʤʽʨʥʘ 
 (3D) 

 

ʌʘʟʠ,  
ʚʢʣʶʯʝʥʥ ̫

ʈʦʟʤʽʨ  
ʟʝʨʥʘ  

ʽ ʚʢʣʯʁʝʥʴ,  
ʙʘʣʴʥʘ ʦʮʥ̔ʢʘ, 
ʦʙô̒ ʤʥʠʡ  
ʨʦʟʧʦʜʽʣ 

ʂʽʣʴʢʽʩʥʘ ʤʝʪʘʣʦʛʨʘʬʽʷ; 
ʢʽʣʴʢʽʩʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ 

ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ 

ʤʽʢʨʦʟʦʥʜʘ 

ʊʝʢʩʪʫʨʠ ʊʠʧ  
ʽ ʩʪʫʧʽʥʴ 

ʪʝʢʩʪʫʨʫʚʘʥʥʷ 

ɼʠʬʨʘʢʮʽʷ ʨʝʥʪʛʝʥʽʚʩʢɹʠʭ 
ʧʨʦʤʝʥʽʚ ʟ̔ 

ʪʝʢʩʪʫʨʛʦʥʽʦʤʝʪʨʦʤ; 
ʤʝʩʩʙʘʫʝʨʽʚʩʴʢʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ; 

ʜʠʬʨʘʢʮʽʷ ʥʝʡʨʦʥʽʚ 

ʈʦʟʧʦʜʽʣ 
ʝʣʝʤʝʥʪʽʚ 

ʃʽʢʚʘʮʽʷ ʽ ʪ. ʽʥ. ɽʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʡ 
ʤʽʢʨʦʘʥʘʣʽʟ; 
ʦʞʝ-ʝʣʝʢʪʨʦʥʥʘ 
ʩʧʝʢʪʨʦʩʢʦʧʽʷ; ʤʘʩ-

ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʚʪʦʨʠʥʥʠʭ 
ʦ̔ʥʽʚ 

ɿʙʘʛʘʯʝʥʥʷ ʧʦ 
ʤʝʞʘʭ ʟʝʨʝʥ 

ʄʘʩ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ 
ʚʪʦʨʠʥʥʠʭ ʽʦʥʽʚ; 
ʦʞʝ-ʝʣʝʢʪʨʦʥʥʘ 
ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ɼʠʬʫʟʽʡʥʽ ʟʦʥʠ 
 

ɽʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʡ 
ʤʽʢʨʦʘʥʘʣʽʟ; 

ʤʘʩ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ 
ʚʪʦʨʠʥʥʠʭ ʽʦʥʽʚ; 

ʦʞʝ-ʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ʇʦʨʜ̫ʢʠ 
 (ʟ ʥʘʜʩʪʨʫʢʪʫ-

ʨʦʶ), 
ʨʦʟʤ̔ʱʝʥʥʷ 

ɼʠʬʨʘʢʮʽʷ ʨʝʥʪʛʝʥʽʚʩʢɹʠʭ 
ʧʨʦʤʝʥʽʚ; ʤʝʩʩʙʘʫʝʨʽʚʩʴʢʘ 
ʩʧʝʢʪʨʦʩʢʦʧʽʷ; ʽʦʥʥʝ 
ʚʽʜʙʠʪʪʷ; ʧʨʦʩʚʽʯʫʚʘʣʴʥʘ 
ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

ɺʠʜʽʣʝʥʥʷ ɯʜʝʥʪʠʬʢ̔ʘʮʽʷ, 
ʩʢʣʘʜ 

ʄʘʩ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ 
ʚʪʦʨʠʥʥʠʭ ʽʦʥʽʚ; 

ʧʨʦʩʚʽʯʫʚʘʣʴʥʘ ʝʣʝʢʪʨʦʥʥʘ 
ʤʽʢʨʦʩʢʦʧʽʷ; ʜʠʬʨʘʢʮʽʷ 
ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ; 
ʤʝʩʩʙʘʫʝʨʽʚʩʢɹʘ 
ʩʧʝʢʪʨʦʩʢʦʧʽʷ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.2 
ʈʦʟʤʽʨʥʘ 
ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʘ 

ʉʪʨʫʢʪʫʨʥʘ 
ʦʩʦʙʣʠʚʽʩʪʴ 

ɸʥʘʣʽʪʠʯʥʘ 
ʧʨʦʙʣʝʤʘ 

ʄʝʪʦʜ 
ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʊʨʠ- 
ʚʠʤʽʨʥʘ 
 (3D) 

 

ɺʠʜʽʣʝʥʥʷ ʉʪʨʫʢʪʫʨʘ 
ˇʨʘʪʢʠ 

ʇʨʦʩʚʽʯʫʚʘʣʴʥʘ ʝʣʝʢʪʨʦʥʥʘ 
ʤʽʢʨʦʩʢʦʧʽʷ; ʜʠʬʨʘʢʮʽʷ 
ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ 

ʆʙô̒ ʤʥʘ 
ʯʘʩʪʢʘ, 
ʚʝʣʠʯʠʥʘ, 
ʨʦʟʧʦʜʽʣ 

ɺʽʜʙʠʚʥʘ ʝʣʝʢʪʨʦʥʥʘ 
ʤʽʢʨʦʩʢʦʧʽʷ; ʜʠʬʨʘʢʮʽʷ 
ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ; 
ʨʝʥʪʛʝʥʽʚʩʴʢʝ ʤʘʣʦʢʫʪʦʚʝ 
ʨʦʟʩʽʷʥʥʷ; ʢʽʣʴʢʽʩʥʘ 
ʤʝʪʘʣʦʛʨʘʬʽʷ; 
ʤʝʩʩʙʘʫʝʨʽʚʩʴʢʘ 
ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ʄʘʛʥʽʪʥʽ 
ʩʪʨʫʢʪʫʨʠ 

ʇʦʷʩʥʝʥʥʷ 
ʤʘʛʥʽʪʥʠʭ 
ʩʪʨʫʢʪʫʨ ʽ 
ʷʚʠʱ 

ɼʠʬʨʘʢʮʽʷ ʥʝʡʪʨʦʥʽʚ; 
ʤʝʩʩʙʘʫʝʨʽʚʩʴʢʘ 
ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ɼʚʦ-
ʚʠʤʽʨʥʘ 
(2D) 

ʄʝʞʽ ʟʝʨʝʥ ʽ 
ʬʘʟ 

ʇʠʪʦʤʘ 
ʧʦʚʝʨʭʥʷ 
ʟʝʨʝʥ ʽ ʤʝʞ 
ʬʘʟ 

ʂʽʣʴʢʽʩʥʘ ʤʝʪʘʣʦʛʨʘʬʽʷ 

ʉʢʣʘʜ ʄʘʩ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ 
ʚʪʦʨʠʥʥʠʭ ʽʦʥʽʚ; 

ʦʞʝ-ʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦ-
ʩʢʦʧʽʷ; ʬʦʪʦʝʣʝʢʪʨʦʥʥʘ 

ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ʉʪʨʫʢʪʫʨʘ ʇʨʦʩʚʽʯʫʚʘʣʴʥʘ ʝʣʝʢʪʨʦʥʥʘ 
ʤ̔ʢʨʦʩʢʦʧʽʷ 

ɿʦʚʥʽʰʥʷ 
ʧʦʚʝʨʭʥʷ 

ɻʣʠʙʠʥʘ 
ʥʝʨ̔ʚʥʦʩʪʝʡ 

ʑʫʧʦʚʽ ʧʨʠʣʘʜʠ, 
ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʘ 
ʤʽʢʨʦʩʢʦʧʽʷ 

ʊʦʧʦʛʨʘʬʽʷ ʈʘʩʪʨʦʚʘ ʝʣʝʢʪʨʦʥʥʘ 
ʤʢ̔ʨʦʩʢʦʧʽʷ 

ʉʢʣʘʜ  
(ʪʘʢʦʞ ʚ 

ʘʜʩʦʨʙʮʽʡʥʠʭ 
ʪʘ ʽʥʰʠʭ 
ʘhʨʘʭ) 

ʄʘʩ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ 
ʚʪʦʨʠʥʥʠʭ ʽʦʥʽʚ; 

ʦʞʝ-ʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦ-
ʩʢʦʧʽʷ; ʬʦʪʦʝʣʝʢʪʨʦʥʥʘ 

ʩʧʝʢʪʨʦʩʢʦʧʽʷ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.2 
ʈʦʟʤʽʨʥʘ 
ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʘ 

ʉʪʨʫʢʪʫʨʥʘ 
ʦʩʦʙʣʠ-
ʚʽʩʪʴ 

ɸʥʘʣʽʪʠʯʥʘ 
ʧʨʦʙʣʝʤʘ 

ʄʝʪʦʜ 
ʜʦʩʣʽʜʞʝʥʥʷ 

 

 ɼʝʬʝʢʪʠ 
ʫʧʘʢʦʚʢʠ 

ɿʦʙʨʘʞʝʥʥʷ ʇʨʦʩʚʽʯʫʚʘʣʴʥʘ 
ʝʣʝʢʪʨʦʥʥʘ ʤ̔ʢʨʦʩʢʦʧʽʷ 

ɼʚʦ-
ʚʠʤʽʨʥʘ 
(2D) 

ʌʝʨʦ-
ʤʘʛʥʪ̔ʥʽ 
ʟʦʥʠ 

ɿʦʙʨʘʞʝʥʥʷ ʽ 
ʤʝʞʽ ɹʣʦʭʘ 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʠʤ 
ʧʦʨʦʰʢʦʤ; ʧʦʣʨ̫ʠʟʘʮʽʷ 
ʤʽʢʨʦʩʢʦʧʘ; ʨʘʩʪʨʦʚʘ 
ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

ʆʜʥʦ-
ʚʠʤʽʨʥʘ 
(1D) 
 

ɼʠʩʣʦʢʘʮʽʷ ɿʦʙʨʘʞʝʥʥʷ ʊʨʘʚʣʝʥʥʷ; 
ʧʨʦʩʚʽʯʫʚʘʣʴʥʘ 

ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ; 
ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʪʦʧʦʛʨʘʬʽʷ 

ʑʽʣʴʥʽʩʪʴ  
ʜʠʩʣʦʢʘʮʽʡ 

ɼʠʬʨʘʢʮʽʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ 
ʧʨʦʤʝʥʽʚ; ʧʨʦ-
ʧʨʦʩʚʽʯʫʚʘʣʴʥʘ 

ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

ʅʫʣʴʦʚʘ 
(0D) 

ɺʘʢʘʥʩʽʾ, 
ʜʦʤʽʰʢʦʚʽ 
ʘʪʦʤʠ 

ʂʦʥʮʝʥʪʨʘʮʽʷ, 
ʨʦʟʧʦʜʽʣ 

ɼʠʬʨʘʢʮʽʷ ʽʦʥʽʚ; 
ʧʦʟʠʪʨʦʥʥʘ ʘʥʽʛʽʣʷʮʽʷ 

ʂʦʥʮʝʥʪʨʘʮʽʷ, 
ʨʦʟʧʦʜʽʣ 
ʜʦʤʽʰʢʦʚʠʭ 
ʘʪʦʤʽʚ 

ʧʨʦʥʠʢʥʝʥʥʷ ʪʘ 
ʟʘʤʽʱʝʥʥʷ 

ɼʠʬʨʘʢʮʽʷ ʽʦʥʽʚ ʽ 
ʥʝʡʪʨʦʥʽʚ; 

ʘʚʪʦʝʣʝʢʪʨʦʥʥʘ ʽ 
ʘʚʪʦʽʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ; 

ʧʦʟʠʪʨʦʥʥʘ  
ʘʥʽʛʣ̔ʷʮʽʷ 

 

1.5. ʄʝʪʘʣʝʚʽ ʝʣʝʤʝʥʪʠ ʪʘ ʩʧʦʣʫʢʠ 

1.5.1 ʆʩʦʙʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʥʦʾ ʙʫʜʦʚʠ ʤʝʪʘʣʽʚ  

ʽ ʥʝʤʝʪʘʣʽʚ 
 

ʋʩʽ ʤʘʪʝʨʽʘʣʠ ʨʦʟʧʦʜʽʣʷʶʪʴ ʥʘ ʤʝʪʘʣʠ ʪʘ ʥʝʤʝʪʘʣʠ. 

ɿʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʟ̔ ʙʽʣʴʰ-ʤʝʥʰ ʚʠʨʘʞʝʥʠʤʠ 

ʤʝʪʘʣʝʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʘ ʤʝʪʘʣʠ ʪʘ ʥʝʤʝʪʘʣʠ 

ʥʘʡʢʨʘɦ ʠʤ ʢʨʠʪʝʨʽʻʤ ʻ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ. ɽʣʝʢʪʨʠʯʥʠʡ 

ʩʪʨʫʤ ʫ ʤʝʪʘʣʽ ï ʮʝ ʩʧʨʷʤʦʚʘʥʠʡ ʧʦʪʽʢ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, 

ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʤʝʪʘʣʽ, ʷʢʠʡ ʟô̫ ʚʣʷʻʪʴʩʷ, ʷʢʱʦ ʤʽʞ ʜʚʦʤʘ 

ʪʦʯʢʘʤʠ ʤʝʪʘʣʝʚʦʛʦ ʪʽʣʘ ʚʠʥʠʢʘʻ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ. ʊʦʤʫ 

ʤʝʪʘʣʝʚʫ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʟʠʚʘʶʪʴ ʝʣʝʢʪʨʦʥʥʦʶ. ʄʝʪʘʣʠ 
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ʤʘʪʁʴ ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʪʝʧʣʦʚʽʡ 

ʨʽʚʥʦʚʘʟʽ ʟ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʽʦʥʘʤʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ 

ʫ ʚʫʟʣʘʭ ̌ʨʘʪʢʠ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʦʪʨʠʤʫʻʤʦ ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ, 

ʱʦ ʻ ʢʦʣʝʢʪʠʚʥʠʤ ʥʘʜʙʘʥʥʷʤ ʫʩʽʻʾ ʧʨʦʩʪʦʨʦʚʦʾ ˇʨʘʪʢʠ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʚ ʤʝʪʘʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʝ 

ʣʠh ʝ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʘ ʡ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. ʊʝʧʣʦ-

ʧʨʦʚʽʜʥʽʩʪʴ ʤʝʪʘʣʽʚ ʟʥʘʯʥʦ ʁ ʤʽʨʦ  ʁ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʧʝʨʝʜʘʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʟʽʪʢʥʝʥʥʷʤ ʝʣʝʢʪʨʦʥʽʚ ʤʽʞ ʩʦʙʦʶ ʪʘ ʟ 

ʦ̔ʥʘʤʠ ˇʨʘʪʢʠ. 

ɽʣʝʢʪʨʦʥʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʝʨʠʬʝʨʽʾ ʘʪʦʤʘ, 

ʥʘʟʠʚʘʶʪʴ ʚʘʣʝʥʪʥʠʤʠ, ʦʩʢ̔ ʣʴʢʠ ʥʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʭʽʤʽʯʥʠʡ ʟʚô̫ ʟʦʢ ʟʘ ʫʪʚʦʨʝʥʥ ̫ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʤʝʪʘʣʽʚ 

(ʽʥʪʝʨʤʝʪʘʣʜ̔ʥʽ ʩʧʦʣʫʢʠ ʽ ʩʧʦʣʫʢʠ ʤʝʪʘʣʽʚ ʟ̔ ʥʝʤʝʪʘʣʘʤʠ), 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʪʘ ʽʥʰʠʭ ʬʘʟ. ɺʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʽʚ 

ʟʥʘʯʥʦ  ʁ ʤʽʨʦ  ʁ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʥʦʩʥʦʶ ʩʚʦʙʦʜʦʶ 

ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. ɿʘ ʮʽʻʶ ʦʩʦʙʣʠʚʽʩʪ ʁʤʝʪʘʣʠ ʽʩʪʦʪʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʥʝʤʝʪʘʣʽʚ. 

ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ 

ʚʽʣʴʥʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ, ʪʘʢ ʽ ʧʦʟʠʪʠʚʥʠʤʠ ʽʦʥʘʤʠ, ʚ 

ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ ʧʨʘʢʪʠʯʥʦ ʟʦʩʝʨʝʜʞʝʥʘ ʚʩʷ ʤʘʩʘ ʘʪʦʤʘ. ʇʽʜ 

ʯʘʩ ʚʠʚʯʝʥʥ ̫ ʢʦʞʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʟʘʻʤʦʜʽʶ ʽʦʥʽʚ ʽ ʢʦʣʝʢʪʠʚʟ̔ʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. 

ʈʽʟʥʠʮ ʁ ʤʽʞ ʤʝʪʘʣʘʤʠ ʪʘ ʥʝʤʝʪʘʣʘʤʠ ʤʦʞʥʘ 

ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʨʦʙʦʪʦʶ, ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟ 

ʽʟʦʣʴʦʚʘʥʦʛʦ ʘʪʦʤʘ ʥʘʡʙʽʣʴʰ ʩʣʘʙʢʦʟʚô̫ ʟʘʥʦʛʦ ʝʣʝʢʪʨʦʥʘ. 

ʎʁ  ʨʦʙʦʪʫ ʥʘʟʠʚʘʪʁʴ ̔ʦʥʽʟʘʮʽʡʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ. 

ʅʘʡʚʠʱʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽʦʥʽʟʘʮʽʡʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʁ ʪʴʩʷ ʘʪʦʤʠ ʙʣʘʛʦʨʦʜʥʠʭ ʛʘʟʽʚ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ 

ʟʘʚʝʨʰʝʥʦʩʪʽ ʾʭ ʝʣʝʢʪʨʦʥʥʦʾ ʙʫʜʦʚʠ. ɿʘ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʙʣʘʛʦʨʦʜʥʦʛʦ ʛʘʟʫ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʟʘ ʥʠʤ ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ 

ʽʦʥʽʟʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʝʟʥʘʯʥʠʡ ʟʚô̫ ʟʦʢ ʟ̔ ʷʜʨʦʤ ʜʦʜʘʪʢʦʚʦʛʦ s-ʝʣʝʢʪʨʦʥʘ. 

ʄʝʪʘʣʠ ʤʘʶʪʴ ʙʽʣʴʰ ʥʠʟʴʢʝ ʟʥʘʯʝʥʥʷ ʽʦʥʽʟʘʮʽʡʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʚ ʧʝʨʝʚʘʞʥʽʡ ʢʽʣʴʢʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʽʜ 4 ʝɺ ʜʦ 
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9 ʝɺ. ɯʦʥʽʟʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʨʦʤʽʞʥʠʭ ʝʣʝʤʝʥʪʽʚ (Si, Ge, 

ɸs, Se ʽ ʊʽ) ʩʪʘʥʦʚʠʪʴ 8ï10 ʝɺ. 

ʋ ʢʨʠʩʪʘʣʘʭ ʥʝʤʝʪʘʣʽʚ ʤʽʞ ʘʪʦʤʘʤʠ ʜʽʻ ʢʦʚʘʣʝʥʪʥʠʡ 

(ʛʦʤʝʦʧʦʣʷʨʥʠʡ) ʟʚô̫ ʟʦʢ, ʷʢʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʘʨʘʤʠ 

ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʚʦʤ ʩʫʩʽʜʥʽʤ ʘʪʦʤʘʤ. 

ʇʨʦʩʪʦʨʦʚʽ ˇʨʘʪʢʠ ʤʝʪʘʣʽʚ ʟʘʟʚʠʯʘʡ ʢʦʤʧʘʢʪʥʽ ʡ ʜʫʞʝ 

ʩʠʤʝʪʨʠʯʥʽ. ʋ ʙʽʣʴʰʦʩʪʽ ʩʚʦʾʡ ʤʝʪʘʣʠ ʤʘʶʪʴ 

ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʫ ʢʫʙʽʯʥʫ ʽ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʽ 

ˇʨʘʪʢʠ ʟ ʢʦʦʨʜʠʥʘʮʽʡʥʠʤ ʯʠʩʣʦʤ 12 ʪʘ ʦʙô̒ ʤʥʦʮʝʥʪʨʦʚʘʥʫ 

ˇʨʘʪʢʫ ʟ ʢʦʦʨʜʠʥʘʮʽʡʥʠʤ ʯʠʩʣʦʤ 8. 

ʊʘʢʽ ˇʨʘʪʢʠ ʚʣʘʩʪʠʚʽ ʤʝʪʘʣʘʤ:  

 ʢʫʙ ̔ʟ ʮʝʥʪʨʦʚʘʥʠʤʠ ʛʨʘʥʷʤʠ Ŭ-ʉʘ, ɓ-ʉʝ, Sr, ʊh, ʈb, 

Ŭ-Sʩ, ɓ-Lʘ, Ni, Ag, ɸu, Pd, ʈt, Rh, Ir, ɔ-Fe, ʉʠ, ɓ-ʉʦ; 

 ʦʙô̒ ʤʥʦʮʝʥʪʨʦʚʘʥʠʡ ʢʫʙ: ʉs, Rb, ʂ, Na, Li, ɓ-Ti,  

ɓ-ʊ1, ɓ-Zr, ʊʘ, Ŭ-W, ʄʦ, V, Ŭ-(ŭ-)Fʝ, ʉr, Nb, ɺʘ; 

 ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʨ̌ʘʪʢʘ Hf, Mg,            

Ŭ-Ti, Cd, Re, ʆs, Ru, Zn, Ŭ-ʉʦ, ɺʝ, ɓ-ʉʘ, ɓ-Sc, Y, Ŭ-La, Ŭ-ʊ1,  

Ŭ -Zr. 

 

1.5.2 ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʘʣʽʯʥʠʭ ʬʘʟ 
 

 ɼʣʷ ʚʠʚʯʝʥʥʷ ʟʚô̫ ʟʢʫ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ 

ʟ̔ ʾʭ ʩʪʨʫʢʪʫʨʦʶ ʧʦʪʨʽʙʥʦ ʥʘʩʘʤʧʝʨʝʜ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʤʝʪʘʣʽʯʥʽ ʬʘʟʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʩʧʣʘʚʘʭ. ʇ̔ ʜ  ʯʘʩ ʦʧʠʩʫ 

ʭ̔ʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʧʨʠʡʤʘʶʪʴ, ʱʦ ʚʦʥʘ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʦʥʥʦʛʦ, ʢʦʚʘʣʝʥʪʥʦʛʦ ʘʙʦ 

ʤʝʪʘʣʝʚʦʛʦ ʟʚô̫ ʟʢʫ. ʅʘʷʚʥʽʩʪʴ ʭʽʤʽʯʥʦʛʦ ʟʚô̫ ʟʢʫ ʻ 

ʧʝʨʝʜʫʤʦʚʦʶ ʫʪʚʦʨʝʥʥʷ ʟ ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʠʭ ʤʝʪʘʣʝʚʠʭ ʪʘ 

ʥ̔h ʠʭ ʬʘʟ. 

 ɽʣʝʢʪʨʦʩʪʘʪʠʯʥʠʡ (ʽʦʥʥʠʡ) ʟʚô̫ ʟʦʢ ʤʽʞ ʽʦʥʽʟʦʚʘʥʠʤʠ 

ʘʪʦʤʘʤʠ ʤʝʪʘʣʫ ʽ ʥʝʤʝʪʘʣʫ ʻ ʥʘʩʣʽʜʢʦʤ ʪʦʛʦ, ʱʦ ʘʪʦʤʠ 

ʤʝʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʣʝʛʢʦ ʚʽʜʜʘʶʪʴ ʩʚʦʾ ʚʘʣʝʥʪʥʽ 

ʝʣʝʢʪʨʦʥʠ, ʷʢʽ ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʘʪʦʤʽʚ ʥʝʤʝʪʘʣʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ɺʦʜʥʦʯʘʩ ʘʪʦʤʠ ʤʝʪʘʣʫ ʽ ʥʝʤʝʪʘʣʫ ʥʘʙʫʚʘʶʪʴ 
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ʝʣʝʢʪʨʠʯʥʠʭ ʨʟ̔ʥʦʡʤʝʥʥʠʭ ʟʘʨʷʜʽʚ, ʱʦ ʚʟʘʻʤʥʦ 

ʧʨʠʪʷʛʫʶʪʴʩʷ, ʯʠʤ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʚô̫ ʟʦʢ ʤʽʞ ʥʠʤʠ. 

 ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʝʚʠʭ ʬʘʟ ʥʘʡʙʽʣʴʰʝ 

ʟʥʘʯʝʥʥʷ ʤʘʻ ʤʝʪʘʣʝʚʠʡ ʽ ʢʦʚʘʣʝʥʪʥʠʡ ʟʚô̫ ʟʦʢ. ʊʘʢ ʩʘʤʦ, ʷʢ 

ʽ ʯʠʩʣʝʥʥʽ ʽʦʥʥʽ ʩʧʦʣʫʢʠ, ʤʝʪʘʣʝʚʽ ʬʘʟʠ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʘʪʦʤʥʠʭ, ʘ ʥʝ ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʨʠʩʪʘʣʽʚ. ɿʘ ʭʽʤʽʯʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʨʽʟʥʠʭ ʤʝʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫʪʚʦʨʶʶʪʴʩʷ ʨʽʟʥʽ 

ʬʘʟʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʭʽʤʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ. ʎʝ ʪʘʢʘ ʬʘʟʘ, 

ʷʢʘ: 1) ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʽʜ 

ʤʝʪʘʣʽʚ-ʢʦʤʧʦʥʝʥʪʽʚ, ʟ ʷʢʠʭ ʚʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ; 2) ʤʘʻ ʤʘʡʞʝ 

ʩʪʨʦʛʦ ʧʦʩʪʽʡʥʠʡ ʩʢʣʘʜ, ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʫʞʝ ʚʫʟʴʢʠʭ ʤʝʞʘʭ ʽ 

ʦʧʠʩʫʻʪʴʩʷ ʧʨʦʩʪʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʘʪʦʤʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ; 

3) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʝʥʝʨʛʽʻʶ ʫʪʚʦʨʝʥʥʷ ʟ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʫ ʪʘʢʠʭ ʩʧʦʣʫʢʘʭ 

ʧʝʨʝʚʘʞʘʻ ʢʦʚʘʣʝʥʪʥʠʡ ʟʚô̫ ʟʦʢ. ɸʪʦʤʥʘ ʙʫʜʦʚʘ ʭʽʤʽʯʥʠʭ 

ʩʧʦʣʫʢ ʨʽʟʥʦʤʘʥʪ̔ʥʘ. 

 ʅʘʡʙʣʠʞʯ ̔ ʜʦ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ ʟʘ ʩʚʦʻʶ ʭʽʤʽʯʥʦʶ 

ʧʨʠʨʦʜʦʶ ʫʪʚʦʨʝʥʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ. ɰʭ ʩʢʣʘʜ 

ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʙʣʠʟʴʢʠʤ ʜʦ ʯʠʩʪʦʛʦ ʤʝʪʘʣʫ-ʨʦʟʯʠʥʥʠʢʘ. ʋ 

ʮʴʦʤʫ ʨʘʟʽ ʽ ʟʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʦʟʯʠʥ ʙʫʜʝ ʤʘʣʦ  

ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʨʦʟʯʠʥʥʠʢʘ. ɸʪʦʤʥʘ ʙʫʜʦʚʘ ʨʦʟʯʠʥʫ ʷʢʽʩʥʦ 

ʪʘʢʘ ʩʘʤʘ, ʷʢ ʽ ʤʝʪʘʣʫ-ʨʦʟʯʠʥʥʠʢʘ, ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʤʝʪʘʣʝʚʠʤ ʟʚô̫ ʟʢʦʤ. ʊʚʝʨʜʽ ʨʦʟʯʠʥʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ 

ʥʝʦʙʤʝʞʝʥʦʾ ʪʘ ʦʙʤʝʞʝʥʦ  ʁ ʨʦʟʯʠʥʥʦʩʪʽ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʫʧʦʨʷʜʢʦʚʘʥʠʤʠ. ʋʧʦʨʷʜʢʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʫʟʣʠ 

ˇʨʘʪʢʠ ʩʪʘʶʪʴ ʥʝʨʽʚʥʦʮʽʥʥʠʤʠ ʡ ʘʪʦʤʠ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʨʘʛʥʫʪʴ ʨʦʟʪʘʰʫʚʘʪʠʩʷ ʚ ʧʝʚʥʦʤʫ ʧʦʨʷʜʢʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʨʦʟʯʠʥʽʚ, ʫ ʷʢʠʭ ʨʦʟʧʦʜʽʣ ʤʘʻ 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. 

 

1.5.3 ʇʨʦʤʽʞʥʽ ʬʘʟʠ ʪʘ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʷ 
 

 ʄʽʞ ʭʽʤʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʽ ʪʚʝʨʜʠʤʠ ʨʦʟʯʠʥʘʤʠ 

ʤʝʪʘʣʽʚ ʤʽʩʪʠʪʴʩʷ ʚʝʣʠʢʘ ʛʨʫʧʘ ʪʘʢ ʟʚʘʥʠʭ ʧʨʦʤʽʞʥʠʭ ʬʘʟ. 

ʎʽ ʬʘʟʠ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ 
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ʙʫʜʦʚʦʶ. ʉʢʣʘʜ ʾʭ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ, ʽ 

ʮʠʤ ʚʦʥʠ ʥʘʛʘʜʫʶʪʴ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ. ɺʦʜʥʦʯʘʩ ʱʦʜʦ 

ʘʪʦʤʥʦʾ ʙʫʜʦʚʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʥʠ ʤʦʞʫʪʴ ʜʫʞʝ ʨʽʟʢʦ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʤʝʪʘʣʽʚ-ʢʦʤʧʦʥʝʥʪʽʚ; ʥʘ ʜʽʘʛʨʘʤʽ ʬʘʟʦʚʦʾ 

ʨʽʚʥʦʚʘʛʠ ʚʦʥʠ ʚʽʜʦʢʨʝʤʣʝʥʽ ʚʽʜ ʨʦʟʯʠʥʽʚ ʥʘ ʙʘʟʽ ʤʝʪʘʣʽʚ-

ʢʦʤʧʦʥʝʥʪʽʚ ʛʝʪʝʨʦʛʝʥʥʠʤʠ ʤʝʞʘʤʠ. ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʽʜʦʤʫ ʧʦʜʽʙʥʩ̔ʪʴ ʤʽʞ ʧʨʦʤʽʞʥʠʤʠ ʬʘʟʘʤʠ  ̔

ʭʽʤʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ. 

 ʅʝ ʚʩʽ ʧʨʦʤʽʞʥʽ ʬʘʟʠ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ. ɼʫʞʝ 

ʙʘʛʘʪʦ ʟ ʥʠʭ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʪʽʻʾ ʯʠ ʽʥʰʦʾ 

ʛʨʫʧʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʠʤʠ ʦʟʥʘʢʘʤʠ. ʆʜʥʘʢ ʜʝʷʢʽ 

ʟ ʧʨʦʤʽʞʥʠʭ ʬʘʟ ʝʤʧʽʨʠʯʥʦ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʪʘʢʠʭ 

ʯʦʪʠʨʴʦʭ ʪʠʧʽʚ: 1) ʝʣʝʢʪʨʦʥʥʽ ʩʧʦʣʫʢʠ; 2) ʬʘʟʠ ʟʽ 

ʩʪʨʫʢʪʫʨʦʶ ʥʽʢʝʣʴʘʨʩʝʥʽʜʫ; 3) ʬʘʟʠ ʧʨʦʥʠʢʥʝʥʥʷ; 4) ů-ʬʘʟʠ  

(ʨʠʩ. 1.9). 

 
ʈʠʩʫʥʦʢ 1.9 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʨʦʤʽʞʥʠʭ ʬʘʟ 

 

ɹʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʻ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʘ 

ʄ. ʉ. ʂʫʨʥʘʢʦʚʠʤ (ʨʠʩ. 1.6), ʷʢʘ ʨʦʟʜʽʣʷʻ ʧʨʦʤʽʞʥʽ ʬʘʟʠ ʥʘ 

ʜʘʣʴʪʦʥʽʜʠ ʪʘ ʙʝʨʪʦʣʽʜʠ. ʇʝʨʰʽ ʟ ʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʦʩʦʙʣʠʚʦʾ çʩʠʥʛʫʣʷʨʥʦʾè (ʟʘ ʂʫʨʥʘʢʦʚʠʤ) ʪʦʯʢʠ 

ʥʘ ʢʨʠʚʽʡ ʟʘʣʝʞʥʦʩʪʽ ʷʢʦʾ-ʥʝʙʫʜʴ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʚ 
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ʤʝʞʘʭ ʦʜʥʦʬʘʟʦʚʦʾ ʦʙʣʘʩʪʽ. ʋ ʪʦʤʫ ʨʘʟ̔, ʷʢʱʦ ʥʘ ʢʨʠʚʽʡ 

çʚʣʘʩʪʠʚʽʩʪʴ ï ʩʢʣʘʜè ʫ ʤʝʞʘʭ ʦʙʣʘʩʪʽ ʧʨʦʤʽʞʥʦʾ ʬʘʟʠ 

ʥʝʤʘʻ ʩʠʥʛʫʣʷʨʥʦʾ ʪʦʯʢʠ, ʪʦ ʮʷ ʬʘʟʘ ʻ ʙʝʨʪʦʣʽʜʦʤ. 

ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʬʘʟʠ ʤʦʞʝ ʙʫʪʠ ɔ-ʬʘʟʘ ʚ ʩʠʩʪʝʤʽ ɺi-Ti 

(ʨʠʩ. 1.10), ʥʘʚʝʜʝʥʘ ʟʘ ʜʘʥʠʤʠ ʄ. ʉ. ʂʫʨʥʘʢʦʚʘ ʟ̔ 

ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ. 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 1.10 ï  

ɼʽʘʛʨʘʤʘ ʬʘʟʦʚʦʾ 

ʨʽʚʥʦʚʘʛʠ ʪʘ 

ʝʣʝʢʪʨʦʧʨʦʚʜ̔ʥʦʩʪ̔ 

ʩʧʣʘʚʽʚ ʊʽ ʡ Bi 

 

 

1.5.4 ʄʝʪʘʣʝʚʽ ʝʣʝʤʝʥʪʠ ʡ ʩʧʦʣʫʢʠ  

ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
 

ʊʚʝʨʜʽ ʨʦʟʯʠʥʠ 

ɹʝʟʧʝʨʝʨʚʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʫʪʚʦʨʶʶʪʴʩʷ 

ʟʘʤʽʱʝʥʥʤ̫ ʤʽʞ ʽʟʦʤʦʨʬʥʠʤʠ ʤʝʪʘʣʘʤʠ, ʘʪʦʤʥʽ ʨʘʜʽʫʩʠ 

ʷʢʠʭ ʚʽʜʨʟ̔ʥʷʁʪɹ ʩʷ ʤʝʥʰʝ ʥʽʞ ʥʘ 15 % ʽ ʷʢ̔ ʙʣʠʟʴʢʦ 

ʨʦʟʤʽʱʝʥʽ ʚ ʧʝʨʽʦʜʠʯʥʽʡ ʪʘʙʣʠʮʽ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʦʙʪʦ 

ʙʣʠʟʴʢʽ ʟʘ ʚʘʣʝʥʪʥʽʩʪʶ ʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʫʤʽʞʥʠʭ ʧʝʨʽʦʜʘʭ. 

ʅʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʠ: Ag-ɸu, ʂ-Rb, Sʝ-ʊʽ, ʄʦ-W, ɸu-ʉu,            

Ge-Si, Nb-ʊʘ, ʉʦ-Ir, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʙʣʠʟʴʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʦʜʥʽʻʾ ʛʨʫʧʠ; Ir-Pt, Ag-ʈd, ʉu-Ni, Ni-Fe, ʊʽ-ʉr, ʉʦ-Ni, ʱʦ 



33 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʙʣʠʟʴʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʦʜʥʦʛʦ ʧʝʨʦ̔ʜʫ;  

ɸu-Ni, ɸu-Pd, ʉʦ-Pd, Fʝ-Pd, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʙʣʠʟʴʢʠʭ ʛʨʫʧʘʭ ʽ ʧʝʨʽʦʜʘʭ. 

ʆʙʤʝʞʝʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʙʘʟʽ ʦʜʥʦʛʦ ʟ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘʤʽʱʝʥʥʷʤ ʘʙʦ ʧʨʦʥʠʢʥʝʥʥʷʤ, 

ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʘʪʦʤʥʠʭ ʜʽʘʤʝʪʨʽʚ ʨʦʟʯʠʥʥʠʢʘ ʽ 

ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ. ʈʦʟʯʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʦʪʨʠʤʫʶʪʴ ʧʽʜ 

ʯʘʩ ʨʦʟʯʠʥʝʥʥ ̫ʥʝʤʝʪʘʣʫ ʚ ʤʝʪʘʣʽ, ʧʨʠʯʦʤʫ ʚʽʜʥʦʰʝʥʥʷ ʾʭ 

ʘʪʦʤʥʠʭ ʜʽʘʤʝʪʨʽʚ ʧʦʚʠʥʥʝ ʙʫʪʠ ʤʝʥʠhʤ ʥʽʞ 0,59. 

ɺʦʜʥʦʯʘʩ ʘʪʦʤʠ ʥʝʤʝʪʘʣʫ ʨʦʟʤʽʫɦʶʪʴʩʷ ʥʝ ʫ ʚʫʟʣʘʭ 

ʧʨʦʩʪʦʨʦʚʦʾ ˇʨʘʪʢʠ, ʘ ʤʽʞ ʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, ʚ ʘʫʩʪʝʥʽʪʽ, 

ʬʝʨʠʪʽ ʘʙʦ ʤʘʨʪʝʥʩʠʪʽ ʚʫʛʣʝʮʴ ʨʦʟʯʠʥʝʥʠʡ ʫ ɔ- ʘʙʦ Ŭ-ʟʘʣ̔ʟʽ 

ʧʨʦʥʠʢʥʝʥʥʷʤ. ɺ ʘʫʩʪʝʥʪ̔ʽ ʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʧʦʻʜʥʫʶʪʴʩʷ 

ʦʙʠʜʚʘ ʚʠʧʘʜʢʠ: ʘʪʦʤʠ ʣʝʛʫʚʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʟʯʠʥʝʥʽ 

ʟʘʤʽʱʝʥʥʷʤ, ʘ ʚʫʛʣʝʮʶ ï ʧʨʦʥʠʢʥʝʥʥʷʤ. 

ɺʽʜʦʤʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ʫʪʚʦʨʝʥʥ ̫

ʦʙʤʝʞʝʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʧʨʦʩʪʠʭ 2-, 3-, 4- ʽ                         

5-ʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ (ʪʘʢʦʞ ʽ Si, Gʝ, ɸs, Sʝ ʽ ʊʽ) ʚ 

ʦʜʥʦʚʘʣʝʥʪʥʽʡ ʤʽʜʽ ʘʙʦ ʩʨʽʙʣʽ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ ʯʠʤ ʚʠʱʘ 

ʚʘʣʝʥʪʥʽʩʪʴ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ, ʪʠʤ ʥʠʞʯʘ ʛʨʘʥʠʯʥʘ 

ʨʦʟʯʠʥʥʽʩʪʴ ʉmʘʭ. ʇʨʠʙʣʠʟʥʦ ʉmʘʭ Ā (ʨ ï 1) = 40 %, ʜʝ ʨ ï 

ʚʘʣʝʥʪʥʽʩʪʴ ʨʦʟʯʠʥʝʥʦʛʦ ʤʝʪʘʣʫ. 

ʊʚʝʨʜʽ ʨʦʟʯʠʥʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʥʝʦʙʤʝʞʝʥʦ ʾ  ̔

ʦʙʤʝʞʝʥʦ ʾ ʨʦʟʯʠʥʥʦʩʪʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʫʧʦʨʷʜʢʦʚʘʥʠʤʠ. 

ʋʧʦʨʷʜʢʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʫʟʣʠ ˇʨʘʪʢʠ ʩʪʘʶʪʴ 

ʥʝʨʽʚʥʦʮʽʥʥʠʤʠ ʡ ʘʪʦʤʠ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʘʛʥʫʪʴ 

ʨʦʟʤʽʫɦʚʘʪʠʩʷ ʚ ʧʝʚʥʦʤʫ ʧʦʨʷʜʢʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʨʦʟʯʠʥʽʚ, ʫ ʷʢʠʭ ʨʦʟʧʦʜʽʣ ʤʘʻ 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. 

 

ɽʣʝʢʪʨʦʥʥʽ ʩʧʦʣʫʢʠ ʪʘ ʧʨʦʤʽʞʥʽ ʬʘʟʠ 
 

ɽʣʝʢʪʨʦʥʥʽ ʩʧʦʣʫʢʠ ï ʮʝ ʟô̒ ʜʥʘʥʥʷ ʜʚʦʭ ʤʝʪʘʣʽʚ, 

ʧʨʠʯʦʤʫ ʦʜʠʥ ʟ̔ ʥʠʭ ʻ ʦʜʥʦʚʘʣʝʥʪʥʠʤ (ʉu, Ag, ɸu, Li, Na) 

ʘʙʦ ʧʝʨʝʭʽʜʥʠʤ (ʄn, Fʝ, ʉʦ, Ni, Rh, Pd, Pt, ʉʝ, La, ʈr) , ʘ 
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ʥ̔h ʠʡ ï ʧʨʦʩʪʠʤ ʤʝʪʘʣʦʤ ʟ̔ ʚʘʣʝʥʪʥʽʩʪʶ ʚʽʜ 2 ʜʦ 5 (ɺʝ, Mg, 

Zn, Cd, ʅg, ɸl, Gʘ, In, Si, Ge, Sn, As, Sb). ʉʢʣʘʜ ʮʠʭ ʩʧʦʣʫʢ 

ʧʨʠʙʣʠʟʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʣʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʟʘʛʘʣʴʥʦ ʾ

ʢʽʣʴʢʦʩʪʽ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʘʪʦʤʽʚ. ʇʝʨʝʭʽʜʥʠʤ ʤʝʪʘʣʘʤ ʫ ʨʽʟʥʠʭ ʚʠʧʘʜʢʘʭ 

ʧʨʠʧʠʩʫʻʪʴʩʷ ʚʘʣʝʥʪʥʽʩʪʴ ʚʽʜ 0 ʜʦ 2. ʈʽʟʥʽ ʩʧʦʣʫʢʠ ʤʘʶʪʴ 

ʦʜʥʫ ʡ ʪʫ ʩʘʤʫ ʧʨʦʩʪʦʨʦʚʫ ˇʨʘʪʢʫ, ʷʢʱʦ ʮʝ ʚʽʜʥʦʰʝʥʥʷ 

ʦʜʥʘʢʦʚʝ. ʅʘʧʨʠʢʣʘʜ, ʬʘʟʠ ʧʨʠʙʣʠʟʥʦʛʦ ʩʢʣʘʜʫ ʉu3Sn, 

Ag5Al 3 ʽ ʉuZn3 ʤʘʶʪʴ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʢʦʤʧʘʢʪʥʫ ˇʨʘʪʢʫ, ʭʦʯʘ 

ʾʭ ʘʪʦʤʥʠʡ ʚʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷ̒ ʪʴʩʷ. 

ɺʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ (ʝ) ʜʦ ʢʽʣʴʢʦʩʪʽ 

ʘʪʦʤʽʚ ʫ ʩʧʦʣʫʮʽ (n), ʪʦʙʪʦ (ʝ:n) ʥʘʟʠʚʘʪʁʴ ʝʣʝʢʪʨʦʥʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ. ɽʣʝʢʪʨʦʥʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʟʥʘʯʘʻ 

ʩʠʤʝʪʨʽʶ ʤʝʪʘʣʝʚʦʛʦ ʢʨʠʩʪʘʣʘ. ʋ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʤʽʥʶʻʪʴʩʷ ʪʘʢʦʞ ʽ ʩʪʨʫʢʪʫʨʘ 

ʩʧʦʣʫʢʠ.   

ɿʥʘʡʜʝʥʦ ʪʨʠ ʧʦʚʪʦʨʶʚʘʥʽ ʫ ʙʘʛʘʪʴʦʭ ʩʠʩʪʝʤʘʭ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ: (3:2), (21:13) ʽ (7:4). ʋ ʪʘʙʣʠʮʽ 1.3 

ʧʦʜʘʥʦ ʧʨʠʢʣʘʜʠ, ɦ ʦ ʽʣʶʩʪʨʫʶʪʴ ʮʝ ʧʨʘʚʠʣʦ. 

 ʅʘʧʨʠʢʣʘʜ, ʫ ʩʠʩʪʝʤʽ ʉu-Zn ʢʦʞʥʽʡ ʧʨʦʤʽʞʥʽʡ ʬʘʟʽ ɓ, 

ɔ ʽ Ů ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʧʦʣʫʢʠ ʉuZn (3:2), ʉu5Zn8 (21:13) ʽ 

CuZn3 (7:4). ʋ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ Zn, ʫ ʷʢʦʛʦ ʚʜʚʽʯʽ 

ʙʽʣʴʰʝ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʥʽʞ ʫ ʉu, ʟʨʦʩʪʘʻ ʝʣʝʢʪʨʦʥʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʜ 1,5 ʜʦ 1,615 ʽ 1,75. ʎʽ ʩʧʦʣʫʢʠ ʤʘʶʪʴ 

ʟʤʥ̔ʥʠʡ ʩʢʣʘʜ: ʚʽʜ 46 % ʜʦ 51 % Zn ï ɓ-ʬʘʟʘ, ʚʽʜ 58 % ʜʦ 

67 % Zn ï ɔ-ʬʘʟʘ, ʽ ʚʽʜ 78 % ʜʦ 86 % Zn ï Ů-ʬʘʟʘ. 

ʉʝʨʝʜ ʝʣʝʢʪʨʦʥʥʠʭ ʩʧʦʣʫʢ ʪʨʘʧʣʷʶʪʴʩʷ ʷʢ 

ʜʘʣʴʪʦʥʜ̔ʠ, ʪʘʢ ʽ ʙʝʨʪʦʣʽʜʠ. ɽʣʝʢʪʨʦʥʥʽ ʩʧʦʣʫʢʠ, ʦʩʦʙʣʠʚʦ                  

ɔ-ʬʘʟʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʪʚʝʨʜʠʤʠ ʨʦʟʯʠʥʘʤʠ ʥʘ ʙʘʟʽ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʟʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ 

ʙʫʜʦʚʦʶ ʜʦ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʚ ʫʤʦʚʥʦʤʫ ʽ ʟʚʫʞʝʥʦʤʫ 

ʚʠʟʥʘʯʝʥʥʽ, ʷʢʝ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʱʝ. 

ʉʝʨʝʜ ɓ-ʬʘʟ, ʱʦ ʤʽʩʪʷʪʴ ʧʝʨʝʭʽʜʥʽ ʤʝʪʘʣʠ, ʻ ʪʘʢʽ 

(Niɸ1, ʉʦɸ1 ʪʘ ʽʥ.) ʬʘʟʠ, ʷʢʽ ʧʣʘʚʣʷʪʴʩʷ ʟʘ ʜʫʞʝ ʚʠʩʦʢʦ ʾ
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ʪʝʤʧʝʨʘʪʫʨʠ, ʜʦ ʧʣʘʚʣʝʥʥʷ ʟʙʝʨʽʛʘʶʪʴ ʫʧʦʨʷʜʢʦʚʘʥʽʩʪʴ, 

ʫʪʚʦʨʶʶʪʴʩʷ ʟ ʚʝʣʠʢʦʶ ʝʥʝʨʛʽʻʶ ʩʧʦʣʫʢʠ ʪʘ ʾʤ 

ʚʽʜʧʦʚʽʜʘʁ ʪʴ ʷʚʥʽ ʤʘʢʩʠʤʫʤʠ ʥʘ ʜʽʘʛʨʘʤʘʭ ʨʽʚʥʦʚʘʛʠ 

(ʥʘʧʨʠʢʣʘʜ, ʨʠʩ. 1.7). ʊʘʢʽ ɓ-ʬʘʟʠ ʤʘʣʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʩʪʽʡʢʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʽ ʣʠʰʝ ʪʠʤ, ʱʦ ʦʙʣʘʩʪʴ, ʟʘʡʥʷʪʘ 

ʥʠʤʠ ʥʘ ʦʩʽ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʜʦʩʠʪʴ ʰʠʨʦʢʘ. ʎʽ ʬʘʟʠ ʤʦʞʥʘ 

ʙʫʣʦ ʙ ʚʠʟʥʘʪʠ ʨʦʟʯʠʥʘʤʠ ʥʘ ʙʘʟʽ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʟ 

ʫʤʦʚʦʶ, ʱʦ ʚ ʾʭ ʢʨʠʩʪʘʣʘʭ ʜʽʻ ʟʚô̫ ʟʦʢ ʤʽʞ ʘʪʦʤʘʤʠ, ʘ ʥʝ 

ʤʦʣʝʢʫʣʘʤʠ. 

 

ʊʘʙʣʠʮʷ 1.3 ï ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʣʷ ʜʝʷʢʠʭ ʩʧʦʣʫʢ 
 

ʊʠʧ ʬʘʟʠ, 

ˇʨʘʪʢʘ 

ʉʧʦʣʫʢʘ ʂʣ̔ɹʢʽʩʪʴ 

ʚʘʣʝʥʪ-

ʥʠʭ 

ʝʣʝʢʪʨʦ-

ʥ̔ʚ 

ʂʽʣɹʢʽʩʪʴ 

ʘʪʦʤ̔ʚ  

ʫ ʩʧʦʣʫʮ ̔

ɺʽʜʥʦʰʝʥʥ̫ 

ʝ:n  

(ʝʣʝʢʪʨʦʥʥʘ 

ʢʦʥʮʝʥʪʨʘʮ̫̔ ) 

ɓ, ɻʎʂ 

ʉuZn 

ʉu3ɸ1 

ʉu5Sn 

ɸg3Al  

3 

6 

9 

6 

2 

4 

6 

4 

3:2 (1,5) 

ɔ, 

ʩʢʣʘʜʥʘ 

ʢʫʙ̔ʯʥʘ 

ʢ̫ ʫ Ŭ-ʄn 

ʟ 52 ʘʪʦʤʘʤʠ 

ʉu5Zn8 

ʉu5Cd8 

ʉu9Al 4 

ʉu3Sn8 

21 

21 

21 

63 

13 

13 

21 

39 

21:13 (1,615) 

Ů, 

ɻʇʋ 

ʉuZn3 

ʉu3Sn 

ɸu5Al 3 

7 

7 

14 

4 

4 

8 

7:4 (1,75) 

  

ʌʘʟʠ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʥʽʢʝʣʴʘʨʩʝʥʽʜʫ (Niɸs), ʱʦ ʤʘʻ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫ ˇʨʘʪʢʫ, ʪʘʢʦʞ ʫʪʚʦʨʶʶʪʴʩʷ ʚʥʘʩʣʜ̔ʦʢ 

ʚʟʘ̒ʤʦʜʽʾ ʦʜʥʦʚʘʣʝʥʪʥʠʭ (ʉu, Ag) ʘʙʦ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʟ̔ 

ʧʨʦʩʪʠʤʠ ʤʝʪʘʣʘʤʠ ʚʠʩʦʢʦʾ ʚʘʣʝʥʪʥʦʩʪʽ (ʚʽʜ 4 ʜʦ 6). ʎʽ ʬʘʟʠ 

ʻ ʪʚʝʨʜʠʤʠ ʨʦʟʯʠʥʘʤʠ ʥʘ ʙʘʟʽ ʭʽʤʽʯʥʦʾ ʩʧʦʣʫʢʠ ʪʠʧʫ ɸɺ 

(ʥʘʧʨʠʢʣʘʜ, FeSb, ʉʦSb, NiBi, Niʊʝ, NiSb ʪʘ ʽʥ.). ʋ ʪʠʭ 
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ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʢʣʘʜ, ʪʦʯʥʦ ʦʧʠʩʫʚʘʥʠʡ ʬʦʨʤʫʣʦʶ ɸɺ, 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜʧʦʚʽʜʥʦʾ ʦʜʥʦʬʘʟʦʚʦʾ ʦʙʣʘʩʪʽ, ʥʘ 

ʜʽʘʛʨʘʤʽ ʨʽʚʥʦʚʘʛʠ ʻ ʷʚʥʦ ʚʠʨʘʞʝʥʠʡ ʤʘʢʩʠʤʫʤ, ʘ ʥʘ ʢʨʠʚʽʡ 

ʟʘʣʝʞʥʦʩʪʽ çʚʣʘʩʪʠʚʽʩʪ ɹï ʩʢʣʘʜè ʻ ʩʠʥʛʫʣʷʨʥʘ ʪʦʯʢʘ, ʪʦʙʪʦ 

ʬʘʟʘ ï ʜʘʣʴʪʦʥʽʜʦʤ. ʉʝʨʝʜ ʥʽʢʝʣʴʘʨʩʝʥʽʜʥʠʭ ʬʘʟ ʻ ʪʚʝʨʜʽ 

ʨʦʟʯʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ, ʟʘʤʽʱʝʥʥʷ ʽ ʚʠʣʫʯʝʥʥʷ. ʋ ʜʝʷʢʠʭ 

ʥ̔ʢʝʣʴʘʨʩʝʥʽʜʥʠʭ ʬʘʟʘʭ ʧʝʨʝʚʘʞʘʻ ʤʝʪʘʣʝʚʠʡ ʟʚô̫ ʟʦʢ, ʚ 

ʽʥʰʠʭ ï ʢʦʚʘʣʝʥʪʥʠʡ. 

ʇʦʨʷʜ ʟ̔ ʨʦʟʯʠʥʘʤʠ ʧʨʦʥʠʢʥʝʥʥʷ ʥʘ ʙʘʟʽ ʤʝʪʘʣʽʚ  

(ʘʫʩʪʝʥʽʪ, ʬʝʨʠʪ ʪʘ ʽʥ.), ʘ ʪʘʢʦʞ ʥʽʢʝʣʴʘʨʩʝʥʽʜʥʦʛʦ ʪʠʧʫ 

(ʥʘʧʨʠʢʣʘʜ, NiSb ʟ̔ ʥʘʜʣʠʰʢʦʤ ʥʽʢʝʣʶ) ʽʩʥʫʻ ʚʝʣʠʢʠʡ ʢʣʘʩ 

ʧʨʦʤʽʞʥʠʭ ʬʘʟ, ʱʦ ʤʘʶʪʴ ʥʘʟʚʫ çʬʘʟʘ ʧʨʦʥʠʢʥʝʥʥʷè. ʎʽ 

ʬʘʟʠ ʫʪʚʦʨʶʶʪʴʩʷ ʩʧʦʣʫʯʝʥʥʷʤ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʟ̔ 

ʚʫʛʣʝʮʝʤ, ʘʟʦʪʦʤ, ʚʦʜʥʝʤ ʽ ʙʦʨʦʤ, ʪʦʙʪʦ ʟ ʥʝʤʝʪʘʣʘʤʠ, ʱʦ 

ʤʘʶʪʴ ʤʘʣʠʡ ʘʪʦʤʥʠʡ ʨʘʜʽʫʩ. ʇʨʦʩʪʦʨʦʚʘ ˇʨʘʪʢʘ ʬʘʟ 

ʧʨʦʥʠʢʥʝʥʥʷ ï ʢʫʙʽʯʥʘ, ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʘʙʦ ʪʝʪʨʘʛʦʥʘʣʴʥʘ. 

ʌʘʟʠ ʧʨʦʥʠʢʥʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʩʚʦʻʨʽʜʥʽ ʭʽʤʽʯʥʽ 

ʩʧʦʣʫʢʠ (Nbʉ, Fe2N, ʊɸʉ, ʊiʅ2 ʪʘ ̔ʥ.) ʟʤʽʥʥʦʛʦ ʩʢʣʘʜʫ. 

ʆʜʥʦʬʘʟʦʚ̔ ʦʙʣʘʩʪʽ ʬʘʟ ʧʨʦʥʠʢʥʝʥʥʷ ʥʘ ʜʽʘʛʨʘʤʘʭ ʬʘʟʦʚʦʾ 

ʨʽʚʥʦʚʘʛʠ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʤʘʶʪʴ ʟʥʘʯʥʫ ʧʨʦʪʷʞʥʽʩʪʴ ʧʦ 

ʦʩʽ ʢʦʥʮʝʥʪʨʘʮʽʡ. ʌʦʨʤʫʣʠ, ʱʦ ʧʨʠʧʠʩʘʥʽ ʮʠʤ ʬʘʟʘʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʥʝʤʝʪʘʣʫ. ɯʥʦʜʽ ʩʢʣʘʜ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʦʨʤʫʣʽ, ʣʝʞʠʪʴ ʟʘ ʤʝʞʘʤʠ ʦʜʥʦʬʘʟʦʚʦʾ 

ʦʙʣʘʩʪʽ ʜʽʘʛʨʘʤʠ. ɿʘ ʨʷʜʦʤ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʘʪʦʤʥʦʶ ʙʫʜʦʚʦʶ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʬʘʟʠ ʧʨʦʥʠʢʥʝʥʥʷ ʜʦ 

ʩʧʦʣʫʢ ʙʝʨʪʦʣʽʜʥʦʛʦ ʪʠʧʫ ʟ ʤʝʪʘʣʝʚʠʤ ʟʚô̫ ʟʢʦʤ. 

ů-ʌʘʟʠ ï ʮʝ ʩʧʦʣʫʢʠ ʤʽʞ ʧʝʨʝʭʽʜʥʠʤʠ ʤʝʪʘʣʘʤʠ ʫ 

ʙ̔ʥʘʨʥʠʭ ʩʠʩʪʝʤʘʭ: Fʝ-V, Fʝ-ʉr, ʉʦ-ʉr, ʉʦ-V, Ni-V,  

ʉr-ʄn, V-ʄn, Fʝ-ʄʦ, ʱʦ ʤʘʶʪʴ ʰʘʨʫʚʘʪʫ ʪʝʪʨʘʛʦʥʘʣʥɹʫ 

ˇʨʘʪʢʫ ʟ 30 ʘʪʦʤʘʤʠ ʚ ʢʦʤʽʨʮʽ (ʪʠʧʫ ɓ-U). ʋ ʪʘʙʣʠʮʽ 

ʄʝʥʜʝʣʻʻʚʘ ʤʝʪʘʣʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ů-ʬʘʟʠ, ʨʦʟʤʽʫɦʶʪɹʩʷ 

ʧʦ ʨʽʟʥʽ ʙʦʢʠ ʚʽʜ ʄn, ʦʩʪʘʥʥʽʡ ʟô̒ ʜʥʫʻʪʴʩʷ ʟ ʙʫʜʴ-ʷʢʠʤ ʟ̔ 

ʮʠʭ ʤʝʪʘʣʽʚ. ʈʽʟʥʠʮʷ ʤʽʞ ʜʽʘʤʝʪʨʘʤʠ ʘʪʦʤʽʚ ʜʦʨʽʚʥʶʻ ʘʙʦ 

ʤʝʥʰʝ ʥʽʞ 8 % (ʚʠʥʷʪʦʢ ʩʪʘʥʦʚʠʪʴ Fʝ-ʄʦ, ʜʝ ʮʷ ʨʽʟʥʠʮʷ 
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ʜʦʨʽʚʥʶʻ 10 %). ʆʜʠʥ ʟ̔ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʚʠʥʝʥ ʤʘʪʠ 

ʦʙô̒ ʤʥʦʮʝʥʪʨʦʚʘʥʫ ʢʫʙʽʯʥʫ, ʘ ʽʥʰʠʡ ï ʭʦʯʘ ʙ ʚ ʦʜʥʽʡ 

ʘʣʦʪʨʦʧʽʯʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʫ ʢʫʙʽʯʥʫ ˇʨʘʪʢʫ.  

ů-ʌʘʟʠ ʟʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʣʠʟʴʢʽ ʜʦ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, 

ʘʣʝ ʦʙʣʘʩʪʽ ʾʭ ʛʦʤʦʛʝʥʥʦʩʪʽ ʥʘ ʜʽʘʛʨʘʤʘʭ ʨʽʚʥʦʚʘʛʠ ʜʦʩʠʪʴ 

ʰʠʨʦʢʽ. 

ʍʤ̔ʽʯʥʽ ʩʧʦʣʫʢʠ 
ʍʽʤʽʯʥʽ ʩʧʦʣʫʢʠ ʫʪʚʦʨʶʶʪʴʩʷ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ 

ʟʘʡʤʘʶʪʴ ʨʽʟʥʽ ʧʦʣʦʞʝʥʥʷ ʚ ʪʘʙʣʠʮʽ ʄʝʥʜʝʣʻʻʚʘ. 

ɹʝʟʫʤʦʚʥʦ, ʩʬʦʨʤʫʣʶʚʘʪʠ, ʷʢʽ ʟ ʝʣʝʤʝʥʪʽʚ ʫʪʚʦʨʶʶʪʴ 

ʭʤ̔ʽʯʥʽ ʩʧʦʣʫʢʠ, ʘ ʷʢʽ ʥʝ ʫʪʚʦʨʶʶʪʴ, ʩʴʦʛʦʜʥʽ ʜʫʞʝ ʚʘʞʢʦ. 

ʃʠh ʝ ʜʝʷʢʽ ʟ ʤʝʪʘʣʝʚʠʭ ʩʧʦʣʫʢ ʧʽʜʣʷʛʘʶʪʴ ʧʨʘʚʠʣʘʤ 

ʚʘʣʝʥʪʥʦʩʪʽ. ɼʦ ʪʘʢʠʭ ʥʘʣʝʞʘʪʴ ʧʝʨʝʚʘʞʥʦ ʩʧʦʣʫʢʠ ʤʘʛʥʽʶ: 

Mg2Sn, Mg2Pb, Mg3Bi2, MgTe ʪʘ ʽʥ. ʍʽʤʽʯʥʽ ʩʧʦʣʫʢʠ 

ʧʣʘʚʣʷʪʴʩʷ ʢʦʥʛʨʫʝʥʪʥʦ ʽ ʥʝʢʦʥʛʨʫʝʥʪʥʦ. ʏʘʩʪʦ ʚ ʦʜʥʽʡ 

ʙʽʥʘʨʥʽʡ ʩʠʩʪʝʤʽ ʫʪʚʦʨʶ̒ ʪʴʩʷ ʢʽʣʴʢʘ ʩʧʦʣʫʢ, ʥʘʧʨʠʢʣʘʜ: 

Mg2Ni ʽ MgNi2; Pd3Sb, PdSb ʽ PdSb2; Ca2Si, CaSi; CaSi2 ʪʘ ʽʥ. 

ʋ ʥʠʟʮʽ ʚʠʧʘʜʢʽʚ ʟʘ ʫʪʚʦʨʝʥʥ ̫ʚ ʩʠʩʪʝʤʽ ʣʠh ʝ ʩʧʦʣʫʢ ʩʪʨʦʛʦ 

ʧʝʚʥʦʛʦ ʩʢʣʘʜʫ, ʦʙʤʝʞʝʥʘ ʨʦʟʯʠʥʥʽʩʪʴ ʥʘ ʙʘʟʽ ʤʝʪʘʣʽʚ ï 

ʢʦʤʧʦʥʝʥʪʽʚ ʜʫʞʝ ʤʘʣʘ ʘʙʦ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ. ɸʪʦʤʥʘ 

ʙʫʜʦʚʘ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʘ ʽ ʥʝ ʧʽʜʣʷʛʘʻ 

ʢʣʘʩʠʬʢ̔ʘʮʽʾ. ʃʠh ʝ ʜʝʷʢʽ ʟ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʙô̒ ʜʥʘʥʽ ʚ ʛʨʫʧʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʜʥʦʪʠʧʥʦʶ 

ʧʨʦʩʪʦʨʦʚʦʶ ˇʨʘʪʢʦʶ. ʉʧʦʣʫʢʠ MgCu2, CuBe2, MgNi2, 

TiBe2, CaAl2, NaAu2, BiAu2, KBi2, TiCo2, ZrW2, MgZn2, 

CoMg2, TiFe2, NbFe2 ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ ʤʘʶʪʴ ʙʫʜʦʚʫ ʘʙʦ 

ʮʠʥʢʦʚʦʾ ʦʙʤʘʥʢʠ, ʘʙʦ ʚʫʨʮʠʪʫ, ʘʙʦ ʧʨʦʤʽʞʥʦʛʦ ʪʠʧʫ.  

 

1.6 ʂʣʘʩʠʬʽʢʘʮʽʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ  

ʽ ʤʝʪʦʜʽʚ ʾʭ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 
 

ɼʦ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʥʘʣʝʞʘʪʴ 

ʤʝʭʘʥʽʯʥʽ, ʪʝʧʣʦʚʽ, ʝʣʝʢʪʨʠʯʥʽ, ʤʘʛʥʽʪʥʽ ʪʘ ʦʧʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɰʭ ʚʠʚʯʘʶʪʴ, ʩʧʦʩʪʝʨʽʛʘʶʯʠ, ʷʢ ʧʦʚʦʜʠʪʴ ʩʝʙʝ 

ʟʨʘʟʦʢ ʟʘ ʟʤ̔ʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ ʘʙʦ ʦʙô̒ ʤʫ, ʚ ʫʤʦʚʘʭ 
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ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʛʨʘʜʽʻʥʪʽʚ, ʘ ʪʘʢʦʞ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ï ʩʚʽʪʣʘ, ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ, ʧʫʯʢʽʚ 

ʝʣʝʢʪʨʦʥʽʚ, ʥʝʡʪʨʦʥʽʚ ʽ ʪ. ʧ. 

 

1.6.1 ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 
 

ʅʘ ʩʴʦʛʦʜʥʽ ʚʽʜʩʫʪʥʷ ʻʜʠʥʘ ʫʥʽʚʝʨʩʘʣʴʥʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʋʨʘʭʦʚʫʶʯʠ 

ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʦʮʽʣʴʥʦ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʘ ʪʘʢʠʤʠ ʦʟʥʘʢʘʤʠ: 

1 ɿʘ ʧʨʠʟʥʘʯʝʥʥʷʤ 

1.1 ɺʠʨʦʙʥʠʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

1.2 ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʜ̔ʞʝʥʥʷ 

1.3 ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽ ʨʦʙʦʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʪʝʭʥʽʯʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ 

1.4 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʪʘ ʚʠʨʦʙʽʚ 

2 ɿʘ ʭʘʨʘʢʪʝʨʦʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

2.1 ʃʠʚʘʨʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

2.2 ɿʚʘʨʶʚʘʣʴʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

2.3 ʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʪʝʨʤʽʯʥʝ ʦʙʨʦʙʣʝʥʥʷ 

3 ɿʘ ʭʘʨʘʢʪʝʨʦʤ, ʪʠʧʫ ʟʤʽʥʶʚʘʥʠʭ ʚʝʣʠʯʠʥ 

3.1 ʊʝʧʣʦʬʽʟʠʯʥʽ 

3.2 ʄʝʭʘʥʽʯʥʽ 

3.3 ʍʽʤʽʯʥʽ 

3.4 ʄʝʪʘʣʦʛʨʘʬʽʯʥʽ 

3.5 ɽʣʝʢʪʨʠʯʥʽ 

4 ɿʘ ʢʽʣʴʢʽʩʪʶ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʤʽʨʶʶʪʴʩʷ 

4.1 ʆʜʥʦʬʘʢʪʦʨʥʽ 

4.2 ɼʚʦʬʘʢʪʦʨʥʽ 

4.3 ɹʘʛʘʪʦʬʘʢʪʦʨʥʽ 

4.4 ʆʜʥʦʧʘʨʘʤʝʪʨʠʯʥʽ 

4.5 ɹʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʽ 
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ʇʽʜ ʬʽʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʫʤʽʶʪʴ 

ʟʘʟʚʠʯʘʡ ʤʝʪʦʜʠ, ʨʦʟʨʦʙʣʝʥʽ ʬʽʟʠʢʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʦʾ ʘʧʘʨʘʪʫʨʥʦʾ ʙʘʟʠ. ʋ ʪʘʢʠʡ ʩʧʦʩʽʙ ʬʽʟʠʯʥʽ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʠʩʪʘʚʣʷʶʪʴʩʷ ʨʫʪʠʥʥʠʤ ʤʝʪʦʜʘʤ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʪʘʢʠʤ ʷʢ ʟʚʘʞʫʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ, ʧʦʜʽʣ ʨʝʯʦʚʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʛʦʥʢʠ ʪʦʱʦ. 

ʌʽʟʠʯʥʽ ʤʝʪʦʜʠ ʩʢʣʘʜʘʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʨʩʝʥʘʣ ʥʘʫʢʠ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽ ʧʨʦʮʝʩʽʚ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʛʘʣʽ ʧʨʠʡʥʷʪʦ ʧʦʜʽʣʷʪʠ ʥʘ 

ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʤʧʽʨʠʯʥʽ (ʨʠʩ. 1.11), ʦʩʪʘʥʥʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

 

 
ʈʠʩʫʥʦʢ 1.11 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʨʽʟʥʠʤʠ 

ʧʽʜʭʦʜʘʤʠ: ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʩʪʠʤʫʣʶʶʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ʢʽʣʴʢʽʩʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʯʠ ʩʧʨʦʩʪʦʚʫʶʪʴ ʪʝʦʨʝʪʠʯʥʽ ʧʦʙʫʜʦʚʠ, 

ʪʝʦʨʝʪʠʯʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦʨʦʢʫʶʪʴ ï ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʤʽʨʷʥʦ. 

ʇʨʠʚʝʨʪʘʻ ʫʚʘʛʫ, ʱʦ ʢʽʣʴʢʽʩʥʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ 

ʩʫʪʴ ʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʡʤʘʶʪʴ ʢʣʶʯʦʚʝ 

ʤʽʩʮʝ ʚ ʥʘʚʝʜʝʥʽʡ ʩʭʝʤʽ (ʨʠʩ. 1.11). 
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1.6.2 ɺʠʜʠ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʚʠʜʠ ʝʪʘʣʦʥʽʚ 
 

ɺʠʤʽʨʶʚʘʥʥʷ ï ʮʝ ʧʦʨʽʚʥʷʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ 

ʟ̔ ʟʨʘʟʢʦʤ. ʇʨʠʡʥʷʪʦ ʚʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʜʽʣ̫ʪʠ ʥʘ ʜʚʽ 

ʛʨʫʧʠ: ʧʨʷʤʽ ʪʘ ʥʝʧʨʷʤʽ. ʇʨʷʤʝ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ 

ʙʝʟʧʦʩʝʨʝʜʥʻ ʧʦʨʽʚʥʷʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʟʽ ʟʨʘʟʢʦʤ. 

ʅʘʧʨʠʢʣʘʜ, ʚʠʤʽʨʶʶʯʠ ʜʦʚʞʠʥʫ ʩʪʦʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʫʣʝʪʢʠ, ʤʠ ʧʦʨʽʚʥʶʻʤʦ ʦʙô̒ ʢʪ (ʩʪʽʣ) ʟ ʝʪʘʣʦʥʦʤ, ʷʢʠʤ ʻ 

ʨʫʣʝʪʢʘ. ʋ ʩʫʯʘʩʥʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʧʨʘʢʪʠʮʽ ʪʘʢʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʨʘʧʣʷʁ ʪʴʩʷ ʜʦʩʠʪʴ ʨʽʜʢʦ. 

ɿʘ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʽʚ ʧʨʦ ʮʽʢʘʚʫ ʜʣʷ ʥʘʩ ʚʝʣʠʯʠʥʫ ɸ 

ʤʠ ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʝʣʠʯʠʥʠ ɺ, ʚʦʜʥʦʯʘʩ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ 

ʚʝʣʠʯʠʥʘʤʠ ɸ ʪʘ ɺ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʪʦʯʥʦ ʚʽʜʦʤʠʤ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʘʢʦʛʦ ʨʦʜʫ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʽʡ ʘʥʘʣʽʪʠʯʥʽʡ ʧʨʘʢʪʠʮʽ. 

ʅʘʧʨʠʢʣʘʜ, ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʻ ʧʦh ʠʨʝʥʠʤ ʥʝʧʨʷʤʠʤ 

ʤʝʪʦʜʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʩʠ ʤʦʣʝʢʫʣ. ʆʜʠʥ ʽʟ ʨʽʟʥʦʚʠʜʽʚ 

ʧʨʦʮʝʜʫʨʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʝ ʤʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ. ʅʘ 

ʧʦʯʘʪʢʫ ʽʦʥʽʟʫʻʤʦ ʤʦʣʝʢʫʣʫ ʄ ʟʽʪʢʥʝʥʥʤ̫ ʟ̔ ʜʦʩʠʪʴ 

ʝʥʝʨʛʽʡʥʠʤ ʝʣʝʢʪʨʦʥʦʤ: 

ʄ + e Ÿ M
+
 +2e.    (1.2) 

ɯʦʥ ʄ
+
, ʷʢʠʡ ʫʪʚʦʨʠʚʩʷ, ʧʨʠʩʢʦʨʠʤʦ ʨʽʟʥʠʮʝʶ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ U ʽ ʥʘʧʨʘʚʠʤʦ ʚ ʦʙʣʘʩʪʴ, ʫ ʷʢʽʡ 

ʩʪʚʦʨʝʥʦ ʧʦʩʪʽʡʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʟ ʥʘʧʨʫʞʝʥʽʩʪʶ ʅ, 

ʚʦʜʥʦʯʘʩ ʅ ʥʦʨʤʘʣʴʥʘ ʜʦ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ v. ʆʩʥʦʚʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʜʫʨʫ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʚʢʣʶʯʘʶʪʴ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ  

 

 
,   (1.3) 

 

ʜʝ m ï ʤʘʩʘ ʽʦʥʘ M
+
; ʝ ï ʦʜʠʥʠʯʥʠʡ ʟʘʨʷʜ. 
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ʉʠʣʫ ʃʦʨʝʥʮʘ FL, ʷʢʘ ʜʽʻ ʚ ʧʦʩʪʽʡʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ 

ʧʦʣʽ ʥʘ ʟʘʨʷʜ, ʱʦ ʨʫʭʘʻʪʴʩʷ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʽʟ (1.4): 

 

 (1.4) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ ʅʴʶʪʦʥʘ, ʱʦ ʧʦʚô̫ ʟʫʻ 

ʚʽʜʮʝʥʪʨʦʚʫ ʩʠʣʫ ʽ ʧʨʠʩʢʦʨʝʥʥʷ, 

 
, (1.5) 

ʜʝ R ï ʨʘʜʽʫʩ ʢʦʣʘ, ʧʦ ʷʢʦʤʫ ʨʫʭʘʪʠʤʝʪʴʩʷ ʽʦʥ M
+
 ʫ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ.  

ɿ ʚʠʨʘʟʽʚ (1.3)ï(1.5) ʚʠʧʣʠʚʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ 

ʟʚô̫ ʟʫʻ ʨʘʜʽʫʩ ʪʨʘʻʢʪʦʨʽʾ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʘʩʘ/ʟʘʨʷʜ: 

 

. 
         

(1.6) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʤʽʨʶʶʯʠ R, ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ 

ʚʝʣʠʯʠʥʫ m ʤʘʩʠ ʤʦʣʝʢʫʣʠ.  

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʚʠʨʽʰʘʣʴʥʠʤ ʯʠʥʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʜʽʡʥʦʩʪʽ ʟʘʢʣʘʜʝʥʠʭ 

ʧʨʠʧʫʱʝʥʴ, ʫ ʨʘʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.3)ï(1.5) ʩʫʤʥʽʚʽʚ ʥʝ 

ʚʠʢʣʠʢʘʶʪʴ. 

ʋ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʚʞʜʠ ʥʘʷʚʥʠʡ ʟʨʘʟʦʢ, ʫ ʨʘʟʽ 

ʧʨʷʤʦʛʦ ʚʠʤʽʨʁ ʚʘʥʥʷ ʡʦʛʦ ʥʘ̫ ʚʥʽʩʪʴ ʦʯʝʚʠʜʥʘ (ʨʫʣʝʪʢʘ ʚ 

ʨʫʢʘʭ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʫʣʝʪʢʠ ʷʢ ʝʪʘʣʦʥʘ ʚʠʧʨʘʚʜʘʥʦ ʪʠʤ, 

ʱʦ ʚ ʧʨʦʮʝʩʽ ʩʚʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʦʥʘ ʧʦʨʽʚʥʶʚʘʣʘʩʷ ʟ̔ 

ʟʘʜʘʥʠʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʟ ʽʥʰʠʤ ʝʪʘʣʦʥʦʤ ʚʠʱʦʛʦ ʢʣʘʩʫ, 

ʷʢʠʡ ʟʽ ʩʚʦʛʦ ʙʦʢʫ ʢʘʣʽʙʨʫʚʘʚʩʷ ʟʘ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʤ 

ʟʨʘʟʢʦʤ. ɯʩʥʫʻ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʘ ʜʝʨʞʘʚʦʶ ʽʻʨʘʨʭʽʷ ʝʪʘʣʦʥʽʚ, 

ʥʘʡʚʠɦʝ ʚ ʷʢ̔ʡ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘʡʪʦʯʥʽʰʽ ʅʘʮʽʦʥʘʣʴʥʽ ʟʨʘʟʢʠ, 

ʱʦ ʚʽʜʪʚʦʨʶʶʪʴ ʧʨʠʡʥʷʪʽ ʥʘ ʜʘʥʠʡ ʯʘʩ ʧʝʨʚʠʥʥʽ 

ʄʽʞʥʘʨʦʜʥʽ ʟʨʘʟʢʠ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʻʜʠʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʙʫʣʘ 

ʫʩʚʽʜʦʤʣʝʥʘ ʥʘʫʢʦʚʠʤ ʽ ʧʨʦʤʠʩʣʦʚʠʤ ʩʧʽʚʪʦʚʘʨʠʩʪʚʦʤ 
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ʥʘʧʨʠʢʽʥʮʽ 18-ʛʦ ʩʪʦʣʽʪʪʷ. ʋ ʪʦʡ ʯʘʩ ʧʨʦʙʣʝʤʘʤʠ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʚʠʤʽʨʶʚʘʥʴ ʘʢʪʠʚʥʦ ʟʘʡʤʘʚʩʷ 

ɼ. ɯ. ʄʝʥʜʝʣʻʻʚ. ʇʝʨʚʠʥʥʽ ʩʪʘʥʜʘʨʪʠ ʟʥʘʯʥʦ ʟʤʽʥʶʚʘʣʠʩʷ 

ʚʧʨʦʜʦʚʞ 200 ʨʦʢʽʚ, ʨʦʙʦʪʘ ʟ ʚʠʨʦʙʣʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʪʨʠʚʘʻ 

ʽ ʩʴʦʛʦʜʥʽ. 

ʄʦʞʥʘ ʟʘʟʥʘʯʠʪʠ ʜʚʽ ʚʘʞʣʠʚʽ ʪʝʥʜʝʥʮʽʾ ʚ ʩʫʯʘʩʥʽʡ 

ʤʝʪʨʦʣʦʛʽʾ. ʇʝʨʰʘ ʧʦʣʷʛʘʻ ʫ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʝʪʘʣʦʥʽʚ, ʜʨʫʛʘ 

 ʮʝ ʧʨʘʛʥʝʥʥʷ ʚʽʜʪʚʦʨʶʚʘʪʠ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ ʯʝʨʝʟ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʩʚʽʪʦʚʽ ʢʦʥʩʪʘʥʪʠ, ʪʘʢʽ ʷʢ ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ, 

ʩʪʘʣʘ ʇʣʘʥʢʘ ʪʘ ʽʥʰʽ. ɼʝʮʝʥʪʨʘʣʽʟʘʮʽʷ ʦʟʥʘʯʘʻ, ʱʦ ʩʪʘʥʜʘʨʪ 

ʥʝ ʚʽʜʪʚʦʨʶʻ ʷʢʽʩʴ ʫʥʽʢʘʣʴʥʽ ʚʠʨʽʙ ʘʙʦ ʷʚʠʱʝ, ʘʣʝ ʤʦʞʝ 

ʙʫʪʠ ʚʽʜʪʚʦʨʝʥʦ ʙʫʜʴ-ʜʝ. ʇʨʠʢʣʘʜ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ï ʚʽʜʤʦʚʘ 

ʚʽʜ ʤʝʪʨʘ ʷʢ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʰʪʨʠʭʘʤʠ ʥʘ ʇʘʨʠʟʢɹʽʡ ʣʽʥʽʡʮʽ 

ʪʘ ʚʠʨʘʞʝʥʥʷ ʡʦʛʦ ʚ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʚʠʧʨʦʤʥ̔ʶʚʘʥʥʷ Cd ʟʘ 

ʟʘʜʘʥʠʭ ʫʤʦʚ. 

ɼʨʫʛʘ ʪʝʥʜʝʥʮʽʷ ʧʦʣʷʛʘʻ ʫ ʧʨʘʛʥʝʥʥʽ ʚʽʜʪʚʦʨʶʚʘʪʠ 

ʝʪʘʣʦʥʥʽ ʦʜʠʥʠʮʽ ʯʝʨʝʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʩʚʽʪʦʚʽ ʢʦʥʩʪʘʥʪʠ, 

ʮʷ ʛʘʣʫʟʴ ʜʦʩʣʽʜʞʝʥʴ ʦʜʝʨʞʘʣʘ ʥʘʟʚʫ ʢʚʘʥʪʦʚʦʾ ʤʝʪʨʦʣʦʛʽʾ. 

ʊʝʦʨʝʪʠʯʥʦ ʚʽʜʦʤʽ ʪʘʢʽ ʢʦʤʙʽʥʘʮʽʾ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʩʪʘʣʦʾ G, 

ʢʦʥʩʪʘʥʪʠ ʇʣʘʥʢʘ h, ʰʚʠʜʢʦʩʪʽ ʩʚʽʪʣʘ, ʷʢʽ ʤʘʶʪʴ 

ʨʦʟʤʽʨʥʦʩʪʽ ʜʦʚʞʠʥʠ L, ʤʘʩʠ m, ʯʘʩʫ t, ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʙʽʥʘʮʽʾ 

ʚʽʜʦʤʽ ʷʢ ʧʣʘʥʢʚ̔ʩʴʢʽ.  

ʇʨʠʢʣʘʜʦʤ ʢʚʘʥʪʦʚʦ-ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʻ 

ʩʪʚʦʨʝʥʥʷ ʟʨʘʟʢʘ ʚʦʣʴʪʘ (ʨʠʩ. 1.12).  

ʋʩʴʦʛʦ ʥʘ ʩʴʦʛʦʜʥʽ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦ ʙʣʠʟʴʢʦ 

130 ʝʪʘʣʦʥʽʚ, ʱʦ ʚʽʜʪʚʦʨʶʶʪʴ ʨʽʟʥʽ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ. 

 
ʈʠʩʫʥʦʢ 1.12 ï ɽʪʘʣʦʥ ʚʦʣʴʪʘ ʥʘ ʦʩʥʦʚʽ ʜʞʦʟʝʬʩʦʥʽʚʩʴʢʦʛʦ 

ʧʝʨʝʭʦʜʫ 
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1.6.3 ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ 
 

ɿʘʛʘʣʴʥʽ ʜʣʷ ʚʩʽʭ ʬʽʟʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʩʢʣʘʜʦʚʽ 

ʧʦʜʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 1.13 ʫ ʚʠʛʣʷʜʽ ʪʘʢ ʟʚʘʥʦʾ çʩʢʝʣʝʪʥʦʾ 

ʩʭʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷè. 

 

 
ʈʠʩʫʥʦʢ 1.13 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ  

ʥʘ ʧʨʠʢʣʘʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  

ʨʦʟʨʷʜʫ N2 

 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʟ ʧʨʠʢʣʘʜʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʧʝʢʪʨʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʣʝʢʫʣ ʘʟʦʪʫ, ʱʦ ʟʙʫʜʞʫʶʪʴʩʷ ʚ 

ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ. ʆʙô̒ ʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʛʘʟʦʧʦʜʽʙʥʠʡ 

ʘʟʦʪ, ʱʦ ʟʙʫʜʞʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤ ʨʦʟʨʷʜʦʤ (ʜʝʷʢʽ ʦʙô̒ ʢʪʠ 

ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ). ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ï 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʝʚʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ Iɚ  

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʌɽʇ) ʥʘ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ, ʚʝʣʠʯʠʥʘ 

ʷʢʦʛʦ ʚʠʤʨ̔ʶʻʪʴʩʷ ʘʤʧʝʨʤʝʪʨʦʤ. ʈʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʽʜʦʙʨʘʞʘ̒ ʪʴʩʷ ʽʥʜʠʢʘʪʦʨʦʤ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ï 

ʤʦʥʽʪʦʨʦʤ) ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ, ʧʘʨʘʣʝʣʴʥʦ ʟ 

ʽʥʜʠʢʘʮʽʻʶ ʚʽʜʙʫʚʘ̒ ʪʴʩʷ ʨʝʻʩʪʨʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʧʘʧʝʨʽ 

ʘʙʦ ʥʘ ʤʘʛʥʽʪʥʦʤʫ ʜʠʩʢʫ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʦʙô̒ʢʪʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʫ ʬʦʨʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

ʆʙô̒ ʢʪ     ʇʝʨʝʪʚʦʨʚʁʘʯ ɺʠʤʽʨʶʚʘʯ 

ʈʝʻʩʪʨʘʪʦʨ 

  ɯʥʜʠʢʘʪʦʨ 
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1.6.4 ʄʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʴ 
 

ɺʟʘʻʤʦʜʽʷ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ ʟ ʦʙô̒ ʢʪʦʤ ʦʩʥʦʚʘʥʘ ʥʘ 

ʬʽʟʠʯʥʠʭ ʷʚʠʱʘʭ, ʩʫʢʫʧʥʽʩʪʴ ʷʢʠʭ ʩʢʣʘʜʘʻ ʧʨʠʥʮʠʧ 

ʚʠʤʽʨʚʁʘʥʥʷ. ʉʫʢʫʧʥʽʩʪʴ ʧʨʠʡʦʤʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʽʚ 

ʪʘ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ ʥʘʟʠʚʘʶʪʴ ʤʝʪʦʜʦʤ ʚʠʤʽʨʶʚʘʥʴ. 

ʄʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʴ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʪʘʢʠʤ ʧʨʠʥʮʠʧʦʤ 

(ʨʠʩ. 1.14).  
 

 
ʈʠʩʫʥʦʢ 1.14 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʴ 

 

ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ  ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ 

ʨʦʟʜʽʣʽʚ ʤʝʪʨʦʣʦʛʽʾ, ʪʦʤʫ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʜʦʩʠʪʴ ʧʦʚʥʦʾ 

ʢʘʨʪʠʥʠ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʾʭ ʥʝʦʙʭʽʜʥʦ ʩʪʨʦʛʦ 

ʚʠʟʥʘʯʠʪʠ, ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʽʩʪʦʪʥʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ 

ʦʟʥʘʢʘʤʠ, ʧʦʜʘʪʠ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʾʭ ʨʝʘʣʽʟʘʮʽʾ (ʨʠʩ. 1.15). 
 

 
ʈʠʩʫʥʦʢ 1.15 ï ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ 
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ʈʦʟʛʣʷʜʘʶʯʠ ʨʽʟʥʽ ʟʘ ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ ʤʝʪʦʜʠ 

ʚʠʤʽʨʶʚʘʥʴ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʾʭ 

ʧʨʦʚʝʜʝʥʥʷ: ʤʝʪʦʜ ʚʽʜʭʠʣʝʥʴ, ʤʝʪʦʜ ʨʽʟʥʠʮʽ ʪʘ ʥʫʣʴʦʚʠʡ 

ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ. 

1 ʄʝʪʦʜ ʚʽʜʭʠʣʝʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ 

ʚʩʷ ʚʝʣʠʯʠʥʘ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʫʞʠʥʥʠʭ ʚʘʛ 

ʚʠʤʽʨʶʻʪʴʩʷ ʚʘʛʘ ʚʘʥʪʘʞʫ ʧʦʚʥʽʩʪʶ, ʩʧʝʮʽʘʣʴʥʦʶ ʨʝʡʢʦʶ 

ʚʠʤʽʨʶʻʪʴʩʷ ʧʦʚʥʝ ʟʨʦʩʪʘʥʥʷ ʣʶʜʠʥʠ ʯʠ ʨʫʣʝʪʢʦʶ ʪʦʱʦ. 
2 ʄʝʪʦʜʦʤ ʨʽʟʥʠʮʽ ʚʠʤʽʨʶʻʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʚʽʜ ʙʫʜʴ-ʷʢʦʛʦ ʩʪʘʥʜʘʨʪʫ, ʱʦ ʥʘʩ ʮʽʢʘʚʠʪ.ɹ ʅʘʧʨʠʢʣʘʜ, 

ʢʦʨʦʤʠʩʣʦʚʽ ʚʘʛʠ ʧʦʢʘʟʫʶʪʴ ʚʽʜʤʽʥʥʽʩʪʴ ʚʘʛʠ ʚʘʥʪʘʞʫ ʚʽʜ 

ʚʘʛʠ ʛʠʨʽ ʟʘ ʥʝʧʦʚʥʦʛʦ ʚʨʽʚʥʦʚʘʞʫʚʘʥʥ ̫ʩʠʩʪʝʤʠ (ʨʠʩ. 1.16). 

 
ʈʠʩʫʥʦʢ 1.16 ï ɺʠʤʽʨʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʨʽʟʥʠʮʽ 

 
ʄʝʪʦʜ ʨʽʟʥʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʭʝʤʽ 

ʜʚʦʧʨʦʤʝʥʝʚʦʾ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ, ʢʦʣʠ ʩʧʝʢʪʨ ʨʦʟʯʠʥʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟô̒ ʜʥʘʥʥʷ, ʧʦʤʽʱʝʥʦʛʦ ʚ ʢʶʚʝʪʫ, 

ʨʝʻʩʪʨʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʪʘʢʦʾ ʩʘʤʦʾ ʢʶʚʝʪʠ, ʟʘʧʦʚʥʝʥʦʾ 

ʨʦʟʯʠʥʥʠʢʦʤ ʙʝʟ ʨʝʯʦʚʠʥʠ. ʋ ʥʠʟʮʽ ʚʠʧʘʜʢʽʚ ʮʝ ʜʦʧʦʤʘʛʘʻ 

ʚʠʧʨʘʚʠʪʠ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ, ʚʠʢʣʶʯʠʚʰʠ ʟʤʽʱʝʥʥʷ 

ʥʫʣʴʦʚʦʾ ʣʽʥʽʾ (ʧʦʢʘʟʘʥʦ ʧʫʥʢʪʠʨʦʤ ʥʘ ʨʠʩ. 1.16), 

ʩʧʨʠʯʠʥʝʥʝ ʨʦʟʩʽʶʚʘʥʥʷʤ ʩʚʪ̔ʣʘ. ʄʝʪʦʜ ʨʽʟʥʠʮʽ ̒ ʦʩʥʦʚʦ  ʁ
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ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʽʦʜʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʘʙʦ ʩʪʨʫʢʪʫʨ 

ʧʦʨʽʚʥʷʥʥʷʤ ʾʭ ʽʟ ʧʝʨʽʦʜʠʯʥʠʤʠ ʝʪʘʣʦʥʘʤʠ. 

3 ʅʫʣʴʦʚʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʦʚʥʽʡ 

ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʟʦʚʥʽʥhʴʦʛʦ ʚʧʣʠʚʫ. ʈʝʻʩʪʨʫʻʪʴʩʷ ʚʦʜʥʦʯʘʩ ʥʝ ʩʘʤʘ 

ʚʝʣʠʯʠʥʘ, ʘ ʬʘʢʪ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʛʥʘʣʫ. ʂʣʘʩʠʯʥʠʤ 

ʧʨʠʢʣʘʜʦʤ ʥʫʣʴʦʚʦʛʦ ʤʝʪʦʜʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʩʪʘ 

ʋʾʪʩʪʦʥʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ (ʨʠʩ. 1.17). 

ʇʨʠʢʣʘʜʦʤ ʥʫʣʴʦʚʦʛʦ ʤʝʪʦʜʫ ʚ ʤʝʭʘʥʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ ʻ 

ʧʨʫʞʥʘ ʤʝʤʙʨʘʥʘ, ʜʝʬʦʨʤʘʮʽʷ ʷʢʦʾ ʚʠʤʽʨʶʻʪʴʩʷ ʱʦʜʦ ʟʤʽʥʠ 

ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʦʜʥʽʻʶ ʟ ʧʣʘʩʪʠʥ ʷʢʦʛʦ ʻ ʤʝʤʙʨʘʥʘ. 

ʂʦʥʜʝʥʩʘʪʦʨ ʚʢʣʶʯʘʁ ʪʴ ʫ ʨʝʟʦʥʘʥʩʥʠʡ ʢʦʥʪʫʨ ʪʘ 

ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʟʤʽʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʜʦʤʘʛʘʶʪʴʩʷ 

ʧʦʚʝʨʥʝʥʥʷ ʢʦʥʪʫʨʫ ʚ ʨʝʟʦʥʘʥʩ. 

 

 
ʈʠʩʫʥʦʢ 1.17 ï ʅʫʣʴʦʚʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ: ʢʦʥʜʝʥʩʘʪʦʨʥʠʡ 

ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ: ʜʘʪʯʠʢ ʤʝʭʘʥʽʯʥʠʭ ʟʩʫʚʽʚ,  

ʧʽʨʦʤʝʪʨ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ, ʤʽʩʪ ʋʪʾʩʪʦʥʘ 

 

ʇʨʠʢʣʘʜ ʦʧʪʠʯʥʠʭ ʥʫʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ï 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʽʣʘ, ʱʦ ʩʚʽʪʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʩʢʨʘʚʽʩʥʦʛʦ ʧʽʨʦʤʝʪʨʘ. ʗʩʢʨʘʚʽʩʪʴ ʦʙô̒ ʢʪʘ ʧʦʨʽʚʥʶʶʪʴ ʟ̔ 

ʷʩʢʨʘʚʽʩʪʶ ʥʠʪʢʠ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ ʩʪʨʫʤʦʤ, ʟʙʽʛ 
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ʷʩʢʨʘʚʦʩʪʝʡ (çʟʥʠʢʥʝʥʥʷè ʥʠʪʢʠ ʥʘ ʪʣʽ ʟʦʙʨʘʞʝʥʥʷ) 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʽʚʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨ. 

ɺʚʘʞʘʶʪʴ, ʱʦ ʥʫʣʴʦʚʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʚʠʱʫ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. ʅʘʧʨʠʢʣʘʜ, ʫ ʢʣʘʩʠʯʥʦʤʫ ʤʽʩʪʢʫ             

ʋʾʪʩʪʦʥʘ ʤʠ ʤʦʞʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʫʞʝ ʯʫʪʣʠʚʠʡ ʥʫʣʴ-

ʛʘʣʴʚʘʥʦʤʝʪʨ, ʱʦʙ ʟʘʬʽʢʩʫʚʘʪʠ ʬʘʢʪ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʨʫʤʫ. 

ʂʨʽʤ ʪʦʛʦ, ʧʦʚʥʘ ʢʦʤʧʝʥʩʘʮʽʷ ʫʩʫʚʘʻ ʧʦʭʠʙʢʫ, ʟʫʤʦʚʣʝʥʫ 

ʥʘʛʨʽʚʘʥʥʷʤ ʨʝʟʠʩʪʦʨʽʚ ʩʪʨʫʤʦʤ. 

 

1.6.5 ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 
 

ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʤʝʪʨʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʙʫʜʴ-ʷʢʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʻ ʯʫʪʣʠʚʽʩʪʴ, ʨʦʟʜʽʣʥɹʘ 

ʟʜʘʪʥʽʩʪʴ, ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ, ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʯʘʩ ʚʽʜʛʫʢʫ. ʆʙʛʦʚʦʨʠʤʦ ʟʤʽʩʪ ʮʠʭ ʧʦʥʷʪʴ. 

ʇʦʧʝʨʝʜʥʴʦ ʜʦʤʦʚʠʤʦʩʷ ʧʦʟʥʘʯʘʪʠ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʽ ʚ 

ʧʨʠʩʪʨʽʡ ʚʠʤʨ̔ʶʚʘʥʥʷ x, ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ y. 

ʏʫʪʣʠʚʽʩʪʶ ʩʠʩʪʝʤʠ S ʥʘʟʠʚʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ 

 
. (1.7) 

ʆʩʢʽʣʴʢʠ ʯʘʩʪʦ ʯʫʪʣʠʚʽʩʪʴ ʥʝʧʦʩʪʽʡʥʘ ʚ ʤʝʞʘʭ 

ʤʦʞʣʠʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʥʷʪʪʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ 

Sdif = S (x). ʅʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʧʦʜʘʚʘʥʥʷ ʥʘʧʨʫʛʠ x = 40 ʤɺ 

ʥʘ ʚʽʜʭʠʣʴʥʽ ʧʣʘʩʪʠʥʠ ʦʩʮʠʣʦʛʨʘʬʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʩʫʚ 

ʧʨʦʤʝʥʷ ʥʘ ʝʢʨʘʥʽ ʥʘ ʫ = 8 ʩʤ. ʏʫʪʣʠʚʽʩʪʴ ʦʩʮʠʣʦʛʨʘʬʘ ʚ 

ʮʴʦʤʫ ʨʘʟʽ S = 8/40 = 0,2 ʩʤ/ʤɺ, ʥʘ ʧʨʘʢʪʠʮʽ ʥʝ ʤʝʥʰ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʙʝʨʥʝʥʫ ʚʝʣʠʯʠʥʫ 5 ʤɺ/ʩʤ. 

ʈʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʥʘʟʠʚʘʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

 

, (1.8) 

ʜʝ ŭʭ ï ʤʽʥʽʤʘʣʴʥʘ ʟʤʽʥʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʷʚʣʝʥʘ.  
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ɺʘʞʣʠʚʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ R ʥʝ ʻ 

ʘʙʩʦʣʶʪʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʴ. 

ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ŭʭ ʻ ʢʦʥʩʪʘʥʪʦʶ ʚ ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʚʠʤʽʨʚʁʘʥʠʭ ʟʥʘʯʝʥʴ ʭ, ʪʦ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʟʨʦʩʪʘʻ ʚ 

ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʭ. 

ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ D 

 

(1.9) 

 

ʚʠʟʥʘʯʘʻ ʰʠʨʠʥʫ ʦʙʣʘʩʪʽ, ʜʝ ʩʠʛʥʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʤʽʨʥ̫ʽ. 

ʄʽʥʽʤʘʣʴʥʠʡ ʩʠʛʥʘʣ, ʧʦ ʩʫʪʽ, ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʝʣʠʯʠʥʦʶ 

ʤʽʥ̔ʤʘʣʴʥʦ ʚʠʷʚʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ŭʭ, ʱʦ ʧʽʜʢʨʝʩʣʝʥʦ ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (1.9). ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ xmax 

ʣʽʤ̔ʪʫʻʪʴʩʷ ʟʘʟʚʠʯʘʡ ʥʝ ʨʫʡʥʫʚʘʥʥʷʤ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʘ ʚʝʣʠʯʠʥʦʶ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʟʘʟʚʠʯʘʡ ʫ ʨʘʟʽ ʚʝʣʠʢʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʦʜʽ. 

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʴ. ɿʘ ʙʫʜʴ-ʷʢʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʚʭ̔ʜʥʠʡ ʩʠʛʥʘʣ ʻ ʚʝʣʠʯʠʥʦʶ, ʫʩʝʨʝʜʥʝʥʦʶ ʟʘ ʜʝʷʢʠʤ 

ʦʙô̒ ʤʦʤ, ʧʦʚʝʨʭʥʝʶ ʘʙʦ ʪʽʣʝʩʥʠʤ ʢʫʪʦʤ. ʅʘʧʨʠʢʣʘʜ, 

ʚʠʤ̔ʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʪʫʪʥʠʤ ʪʝʨʤʦʤʝʪʨʦʤ ʜʘʻ 

ʨʝʟʫʣʴʪʘʪ, ʫʩʝʨʝʜʥʝʥʠʡ ʟʘ ʦʙʩʷʛʦʤ ʧʦʨʷʜʢʫ ʦʙô̒ ʤʫ 

ʢʽʥʮʝʚʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʟ̔ ʨʪʫʪʪʶ. ʇʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥ ̫

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʩʝʨʝʜʥʝʥʥʷ 

ʚʠʤʽʨʶʚʘʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʤʝʞʘʭ ʪʣ̔ʝʩʥʦʛʦ ʢʫʪʘ, ʱʦ 

ʚʠʨʽʟʫʻʪʴʩʷ ʚʭʽʜʥʠʤ ʚʽʢʦʥʮʝʤ ʧʨʠʩʪʨʦʶ ʪʘ ʽʥ. ʇʨʦʩʪʦʨʦʚʫ 

dV ʘʙʦ ʧʦʚʝʨʭʥʝʚʫ dS ʨʦʟʜʽʣʥɹʫ ʟʜʘʪʥʽʩʪʴ ʤʦʞʥʘ ʚʚʝʩʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 

. (1.10) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.10) ʥʝ ʧʦʪʨʽʙʥʦ ʨʦʟʫʤʽʪʠ ʪʘʢ, ʱʦ 

ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʟʘʚʞʜʠ ʦʙʤʝʞʫʻʪʴʩʷ 
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ʚʝʣʠʯʠʥʦʶ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʯʘʩʦʤ ʟʘ ʤʝʞʫ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʜʣ̔ʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʪʘʚʣʷʪʴ ʪʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʘʪʯʠʢʘ ʥʝʦʙʭʽʜʥʦʛʦ ʨʦʟʤʽʨʫ. 

ɹʫʜʴ-ʷʢʝ ʬʽʟʠʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʤʘʛʘʻ ʦʩʪʘʪʦʯʥʦʛʦ 

ʯʘʩʫ, ʦʩʢʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙô̒ ʢʪ ʪʘ 

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʦʙʤʽʥʶʶʪʴʩʷ ʝʥʝʨʛʽʻʶ. ɼʣʷ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʘʧʨʦʚʘʜʞʫʶʪʴ ʧʦʥʷʪʪʷ ʯʘʩʫ 

ʚʽʜʛʫʢʫ Ű. ʉʠʤʚʦʣʽʯʥʝ ʧʦʥʷʪʪʷ ʯʘʩʫ ʚʽʜʛʫʢʫ ʤʦʞʥʘ ʚʚʝʩʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.11): 

 

. (1.11) 

 

ʂʦʥʩʪʘʪʘʮʽʷ ʪʦʛʦ, ʱʦ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ 

ʧʦʪʨʝʙʫʻ ʦʩʪʘʪʦʯʥʦʛʦ ʯʘʩʫ, ʟʜʘʻʪʴʩʷ ʪʨʠʚʽʘʣʴʥʦʶ. ɸʣʝ 

ʫʚʘʞʥʠʡ ʘʥʘʣʽʟ ʪʠʤʯʘʩʦʚʦʛʦ ʘʩʧʝʢʪʫ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʷʚʣʷʻʪʴʩʷ ʬʽʟʠʯʥʦ ʜʫʞʝ ʟʤʽʩʪʦʚʥʠʤ ʽ ʧʦʪʨʝʙʫʻ 

ˇʨʫʥʪʦʚʥʦʛʦ ʦʙʛʦʚʦʨʝʥʥʷ. 

ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚ ʫʩʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.7)ï

(1.11) ʚʭʦʜʠʪʴ ʚʝʣʠʯʠʥʘ ŭʭ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʧʦʨʦʛʦʤ 

ʚʠʷʚʣʝʥʥʷ. ʇʦʨʽʛ ʚʠʷʚʣʝʥʥʷ ï ʮʝ ʤʽʥʽʤʘʣʴʥʠʡ ʚʭʽʜʥʠʡ 

ʩʠʛʥʘʣ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʠʡ ʽʟ ʟʘʜʘʥʠʤ ʩʪʫʧʝʥʝʤ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ.  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ çʜʦʙʨʦʾè ʚ ʫʩʽʭ ʚʽʜʥʦʰʝʥʥʷʭ 

ʚʠʤʽʨʚʁʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʩʧʨʷʤʫʚʘʪʠ ŭʭ Ÿ 0, ʘʣʝ 

ʮʝ ʧʨʘʛʥʝʥʥʷ ʩʫʧʝʨʝʯʠʪʴ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʫ. 

ʅʘʜʽʡʥʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʫ ʦʙʤʝʞʫʶʪʴ ʧʦʭʠʙʢʠ 

ʚʠʤ̔ʨʶʚʘʥʥʷ. 
 

1.6.6 ʇʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ 

 

ʋ ʧʦʥʷʪʪʷ çʚʠʤʽʨʶʚʘʥʥʷè ʚʭʦʜʷʪʴ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʦʟʥʘʢʠ: 
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  ʚʠʤʽʨʶʚʘʪʠ ʤʦʞʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʠʭ 

ʦʙô̒ ʢʪʽʚ ʧʽʟʥʘʥʥʷ, ʪʦʙʪʦ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ;  

  ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʝ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ, 

ʪʦʙʪʦ ʪʝʦʨʝʪʠʯʥʽ ʤʽʨʢʫʚʘʥʥʷ ʯʠ ʨʦʟʨʘʭʫʥʢʠ ʥʝ ʤʦʞʫʪʴ 

ʟʘʤʽʥʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪ; 

  ʜʣ̫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʧʦʪʨʽʙʥʽ ʦʩʦʙʣʠʚʽ ʪʝʭʥʽʯʥʽ 

ʟʘʩʦʙʠ ï çʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʴè, ʱʦ ʚʟʘʻʤʦʜʽʶʪ ɹ ʟ̔ 

ʤʘʪʝʨʽʘʣʴʥʠʤ ʦʙô̒ ʢʪʦʤ; 

  ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʻ ʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʦʾ 

ʚʝʣʠʯʠʥʠ. 

 ʈʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʚʞʜʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʷʢʝ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʧʦʩʪʫʣʘʪʫ ʚʠʟʥʘʯʠʪʠ ʥʝʤʦʞʣʠʚʦ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʶʚʘʥʴ ʦʜʝʨʞʫʶʪʴ ʟʥʘʯʝʥʥʷ 

ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʙʣʠʟʴʢʝ ʜʦ ʽʩʪʠʥʥʦʛʦ, ʷʢʝ ʥʘʟʠʚʘʶʪʴ 

ʜʽʡʩʥʠʤ ʟʥʘʯʝʥʥʷʤ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʯʠ ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ. 

ʁʦʛʦ ʚʠʟʥʘʯʘʪʁʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ̔ ʥʘʩʪʽʣʴʢʠ ʙʣʠʟʢɹʦ ʜʦ 

ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ ʜʣʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʚʦʥʦ ʤʦʞʝ ʡʦʛʦ ʟʘʤʽʥʠʪʠ. ɿʘ ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ ʟʘ 

ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʠʤʽʨʽʚ ʙʝʨʫʪʴ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ, ʘ ʟʘ ʦʜʥʦʢʨʘʪʥʠʭ ʚʠʤʽʨʽʚ ï ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ, 

ʦʜʝʨʞʘʥʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʶʚʘʥʴ ʙʽʣʴʰ ʪʦʯʥʠʤ ʪʝʭʥʽʯʥʠʤ 

ʟʘʩʦʙʦʤ. 

ɺʽʜʤʽʥʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜ ʽʩʪʠʥʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʦʷʩʥʶʻʪʴʩʷ ʥʝʜʦʩʢʦʥʘʣʽʩʪʶ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ, 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʶ ʩʧʦʩʦʙʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ, 

ʚʧʣʠʚ ʫʤʦʚ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ, ʫʯʘʩʪʶ ʣʶʜʠʥʠ ʟ ʾʾ 

ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ  ̔ʪ. ʜ. 

ɺʽʜʭʠʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜ ʽʩʪʠʥʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʥʘʟʠʚʘʪʁʴ ʧʦʭʠʙʢʦʶ 

ʚʠʤʽʨʶʚʘʥʥʷ. 

 ʌʽʟʠʯʥʫ ʚʝʣʠʯʠʥʫ, ʷʢʽʡ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʥʘʜʘʥʝ 

ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʜʦʨʽʚʥʁ  ̒ ʦʜʠʥʠʮʽ, ʥʘʟʠʚʘʶʪʴ 

ʦʜʠʥʠʮʝʶ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ. 
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 ʈʦʟʤʽʨ ʦʜʠʥʠʮʽ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʠʤ.  

 ʆʜʥʘʢ ʚʠʤʽʨʠ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʚ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʦʜʠʥʠʮʷʭ. ʉʧʽʣʴʥʽʩʪʴ ʦʜʠʥʠʮʴ ʫ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʤʘʩh ʪʘʙʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʫʛʦʜʘʤʠ. ɺ ʋʢʨʘʾʥʽ ʜʽʻ çɼʝʨʞʘʚʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʻʜʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʦʜʠʥʠʮʽ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥè, ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʷʢʦʛʦ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʚʚʝʜʝʥʘ ʜʦ ʦʙʦʚô̫ ʟʢʦʚʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʞʥʘʨʦʜʥʘ ʩʠʩʪʝʤʘ ʦʜʠʥʠʮʴ (ʉI). 

ʗʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʦʯʥʽʩʪʶ, 

ʜʦʩʪʦʚʽʨʥʽʩʪʶ, ʧʨʘʚʠʣʴʥʽʩʪʶ, ʟʙʽʞʥʽʩʪʶ, ʚʽʜʪʚʦʨʝʥʥʷʤ ʪʘ 

ʨʦʟʤʽʨʦʤ ʜʦʧʫʩʪʠʤʠʭ ʧʦʭʠʙʦʢ. 

 ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ï ʮʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʚʽʜʦʙʨʘʞʫʻ ʙʣʠʟʴʢʽʩʪʴ ʜʦ ʥʫʣʷ ʧʦʭʠʙʢʠ 

ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʘʙʦ ʦʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʥʘʙʣʠʞʝʥʽʩʪʴ  

ʨʝʟʫʣʴʪʘʪʫ ʜʦ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. 

 ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʫʧʝʥʝʤ 

ʜʦʚʽʨʠ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʡʤʦʚʽʨʥʽʩʪʶ ʪʦʛʦ, ʱʦ ʽʩʪʠʥʥʽ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ 

ʚʝʣʠʯʠʥʠ  ̒ ʫ ʟʘʟʥʘʯʝʥʠʭ ʤʝʞʘʭ. ʊʘʢʫ ʡʤʦʚʽʨʥʽʩʪʴ 

ʥʘʟʠʚʘʪʁʴ ʜʦʚʽʨʯʦʶ.  

 ʇʨʘʚʠʣʴʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ï ʮʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʙʣʠʟʴʢʽʩʪʴ ʜʦ ʥʫʣʷ 

ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. 

 ɿʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ï ʮʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ 

ʙʣʠʟʴʢʽʩʪʴ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʦʜʥʽʻʾ ʡ 

ʪʽʻʾ ʩʘʤʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʚʠʢʦʥʘʥʠʭ ʧʦʚʪʦʨʥʦ ʦʜʥʠʤ ʽ 

ʪʠʤ ʩʘʤʠʤ ʤʝʪʦʜʦʤ ʪʘ ɿɺ, ʚ ʦʜʥʠʭ ʽ ʪʠʭ ʩʘʤʠʭ ʫʤʦʚʘʭ. 

ɺʽʜʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ï ʮʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ 

ʙʣʠʟʴʢʽʩʪʴ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʦʜʥʽʻʾ ʡ 

ʪʽʻʾ ʩʘʤʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʚʠʢʦʥʘʥʠʭ ʫ ʨʽʟʥʠʭ ʤʽʩʮʷʭ, 

ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ɿɺ, ʘʣʝ ʚ ʦʜʥʠʭ ʽ ʪʠʭ ʩʘʤʠʭ ʫʤʦʚʘʭ. 
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ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ï ʮʝ ʚʽʜʭʠʣʝʥʥʷ æ ʨʝʟʫʣʴʪʘʪʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʍʚʠʤ ʚʽʜ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ Qʽʩʪ, ʷʢʝ 

ʚʠʟʥʘʯʘʁʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

                                   æ = ʍʚʠʤ ï Qʽʩʪ.             (1.12) 

ʊʘʢʫ ʧʦʭʠʙʢʫ ʥʘʟʠʚʘʪʁʴ ʘʙʩʦʣʶʪʥʦʶ, ʚʦʥʘ ʦʧʠʩʫʻ 

ʢʽʣʴʢʽʩʥʫ ʙʣʠʟʴʢʽʩʪʴ ʚʠʤʽʨʷʥʦʛʦ ʟʥʘʯʝʥʥʷ ʌɺ ʜʦ ʽʩʪʠʥʥʦʛʦ 

(ʜʽʡʩʥʦʛʦ) ʾʾ ʟʥʘʯʝʥʥʷ. 

 

1.6.7 ʇʦʤʠʣʢʠ ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ 
 

ɺʠʧʘʜʢʦʚʽ ʧʦʤʠʣʢʠ ʨʽʚʥʦʪʦʯʥʠʭ ʚʠʤʽʨʽʚ. 
ʇʦʟʥʘʯʠʤʦ ʟʘ X ʩʧʨʘʚʞʥʻ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, 

ʟʘ ʦʜʥʦʛʦ ʚʠʤʽʨʫ ʦʜʝʨʞʠʤʦ ʥʝ ʯʠʩʣʦ X, ʘ ʜʝʷʢʝ ʯʠʩʣʦ a1 

ʟʘʟʚʠʯʘʡ ʙʣʠʟʴʢʝ ʜʦ ʚʝʣʠʯʠʥʠ X. ʈʽʟʥʠʮʶ X ï a1 ʥʘʟʠʚʘʶʪʴ 

ʽʩʪʠʥʥʦʶ ʘʙʩʦʣʶʪʥʦʶ ʧʦʤʠʣʢʦʶ ʦʜʥʦʛʦ ʚʠʤʽʨʫ: 
 

x1 = X - a1 .                                   (1.13)  
 

ɿ ʨʽʚʥʦʩʪʽ (1.13) ʙʘʯʠʤʦ, ʱʦ ʷʢʱʦ  X > a1, ʪʦ 

ʚʠʧʘʜʢʦʚʘ ʧʦʤʠʣʢʘ ʤʘʻ ʟʥʘʢ ʧʣʶʩ; ʷʢʱʦ X < a1, ʚʦʥʘ ʤʘʻ 

ʟʥʘʢ ʤʥ̔ʫʩ, ʟʘ X = a1 ʚʦʥʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʗʢʱʦ ʧʦʚʪʦʨʠʪʠ 

ʚʠʤ̔ʨʶʚʘʥʥʷ n ʨʘʟʽʚ, ʦʜʝʨʞʠʤʦ ʩʝʨʽʶ (ʨʷʜ) ʯʠʩʝʣ 

a1, a2, é, an, ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʽʚ. ɺʦʜʥʦʯʘʩ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʦʪʦʯʥʠʤʠ, ʷʢʱʦ ʚʦʥʠ ʚʠʢʦʥʘʥʽ 

ʚ ʦʜʥʠʭ ʽ ʪʠʭ ʩʘʤʠʭ ʫʤʦʚʘʭ, ʦʜʥʽʻʶ ʽ ʪʽʻʶ ʩʘʤʦʶ ʦʩʦʙʦʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʩʘʤʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʦʜʥʦʤʫ ʽ 

ʪʦʤʫ ʩʘʤʦʤʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʦʪʦʯʝʥʥʽ.  

ʉʫʢʫʧʥʽʩʪʴ ʯʠʩʝʣ a1, a2, é, an ʥʘʟʠʚʘʶʪʴ ʨʷʜʦʤ 

ʨʽʚʥʦʪʦʯʥʠʭ ʚʠʤʽʨʽʚ. ʗʢʱʦ ʩʝʨʽʷ ʚʠʧʘʜʢʦʚʠʭ ʧʦʤʠʣʦʢ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʣʠʢʦʾ ʾʭ ʢʽʣʴʢʦʩʪʽ, ʪʦ ʣʝʛʢʦ ʚʩʪʘʥʦʚʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ, ʷʢʦʶ ʚʦʥʠ ʦʧʠʩʫʶʪʴʩʷ. ʊʘʢʽ ʟʘʢʦʥʠ ʥʘʟʠʚʘʶʪʴ 

ʟʘʢʦʥʘʤʠ ʚʝʣʠʢʠʭ ʯʠʩʝʣ ʯʠ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʟʘʢʦʥʘʤʠ.  
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ɺʣʘʩʪʠʚʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʧʦʤʠʣʦʢ. ɿ ʘʥʘʣʽʟʫ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʝʢʽʣʴʢʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʚʠʧʘʜʢʦʚʠʭ ʧʦʤʠʣʦʢ: 

- ʢʽʣʴʢʽʩʪʴ ʧʦʟʠʪʠʚʥʠʭ ʧʦʤʠʣʦʢ ʤʘʡʞʝ ʜʦʨʽʚʥʶʻ 

ʢ̔ʣʴʢʦʩʪʽ ʥʝʛʘʪʠʚʥʠʭ, ʧʨʠʯʦʤʫ ʮʝ ʧʨʘʚʠʣʦ ʚʠʢʦʥʫʻʪʴʩʷ ʪʠʤ 

ʢʨʘʱʝ, ʯʠʤ ʙʽʣʴʰʝ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʴ; 

- ʜʨʽʙʥʽ ʧʦʤʠʣʢʠ ʪʨʘʧʣʷʶʪʴʩʷ ʯʘʩʪʽʰʝ, ʥʽʞ ʚʝʣʠʢʽ; 

- ʚʝʣʠʯʠʥʘ ʥʘʡʙʽʣʴʰʠʭ ʧʦʤʠʣʦʢ ʥʝ ʧʝʨʝʚʠʱʫʻ 

ʜʝ̫ ʢʦʾ ʧʝʚʥʦʾ ʤʝʞʽ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ. 

ʅʘʡʙʽʣʴʰʫ ʧʦʤʠʣʢʫ ʚ ʨʷʜ ̔ʨʽʚʥʦʪʦʯʥʠʭ ʚʠʤʽʨʽʚ ʥʘʟʠʚʘʶʪʴ 

ʛʨʘʥʠʯʥʦʶ ʧʦʤʠʣʢʦʶ;  

- ʜʣʷ ʚʝʣʠʢʦʾ ʚʠʙʽʨʢʠ ʚʠʤʽʨʶʚʘʥʴ ʩʧʨʘʚʝʜʣʠʚʘ 

ʨʚ̔ʥʽʩʪʴ 

.0
...21 º
+++

n

ʭʭʭ n
                       (1.14) 

ɯʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʧʘʜʢʦʚʠʭ ʧʦʤʠʣʦʢ ʚʠʧʣʠʚʘʻ, ʱʦ 

ʯʘʩʪʦʪʘ ʧʦʷʚʠ P ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ ʚʝʣʠʯʠʥʦʶ x ʙʫʜʝ ʪʠʤ 

ʤʝʥʦh ,ʁ ʯʠʤ ʙʽʣʴʰʘ ʩʘʤʘ ʮʷ ʧʦʤʠʣʢʘ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 

ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʚʠʧʘʜʢʦʚʠʭ ʧʦʤʠʣʦʢ ʻ ʩʧʘʜʥʘ ʬʫʥʢʮʽʷ ʾʭ 

ʚʝʣʠʯʠʥʠ. ʊʘʢʘ ʬʫʥʢʮʽʷ ʤʘʻ ʚʠʛʣʷʜ  

,
22xce

c
P -=

p
                           (1.15) 

ʜʝ ʩ ï ʜʝʷʢʘ ʢʦʥʩʪʘʥʪʘ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʤʽʨʦʶ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ. 

ʌʦʨʤʫʣʫ (1.15) ʥʘʟʠʚʘʶʪʴ ʬʦʨʤʫʣʦʶ ʚʠʧʘʜʢʦʚʠʭ 

ʧʦʤʠʣʦʢ, ʘʙʦ ʢʨʠʚʦʶ ɻʘʫʩʘ. ɺʦʥʘ ʚʠʨʘʞʘʻ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ 

ʚʠʧʘʜʢʦʚʠʭ ʧʦʤʠʣʦʢ ʽ ʻ ʦʩʥʦʚʥʦʶ ʬʦʨʤʫʣʦʶ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʪʝʦʨʽʾ ʧʦʭʠʙʦʢ.  

ʉʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ 

ʚʝʣʠʯʠʥʠ. ʇʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʽʚ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʧʦʰʫʢ 

ʥʝʚʽʜʦʤʦʛʦ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ X ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ. ʅʝʭʘʡ 

ʟʨʦʙʣʝʥʦ n ʨʽʚʥʦʪʦʯʥʠʭ ʚʠʤʽʨʽʚ, ʚʦʜʥʦʯʘʩ ʦʜʥʽ ʚʠʤʽʨʠ 

ʙʽʣʴʰʽ ʚʽʜ ʚʝʣʠʯʠʥʠ X, ʽʥʰʽ ï ʤʝʥʰ̔ ʚʽʜ X, ʤʦʞʣʠʚʦ, ʻ 
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ʥʘʚʽʪʴ ʨʽʚʥʽ X, ʘʣʝ ʷʢʽ ï ʥʝʚʽʜʦʤʦ. ʗʢʱʦ ʟ ʫʩʽʭ ʮʠʭ ʯʠʩʝʣ 

ʩʬʦʨʤʫʚʘʪʠ ʬʫʥʢʮʽʶ f(ʘ1, ʘ2, é, an), ʪʦ ʾʾ ʚʝʣʠʯʠʥʘ 

ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʧʝʚʥʦʤʫ ʯʠʩʣʫ b1 = f1(ʘ1, ʘ2, é, an), ʷʢʝ 

ʚ̔ ʜʨʽʟʥʷʪʠʤʝʪʴʩʷ ʚʽʜ X ʥʘ ʜʝ̫ ʢʫ ʚʝʣʠʯʠʥʫ Db1, ʱʦ ʜʦʨʽʚʥʶʻ 

Db1 = X - b1.     

ʇ̔ ʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ̔ ʥʰʦʾ ʬʫʥʢʮʽʾ f2 ï ʚʦʥʘ 

ʜʦʨʽʚʥʚʁʘʪʠʤʝ ʽʥʰʦʤʫ ʯʠʩʣʫ b2, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ X ʥʘ 

ʚʝʣʠʯʠʥʫ Db2. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʪʘʢʝ ʯʠʩʣʦ a ʫ 

ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʾ ʚʽʜ ʯʠʩʝʣ ʘ1, ʘ2, é, an,  ʷʢʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

X ʤʝʥʰʝ, ʥʽʞ ʙʫʜʴ-ʷʢʝ ʟ ʚʠʱʝʟʛʘʜʘʥʠʭ ʯʠʩʝʣ b1, b2. ʎʝ 

ʯʠʩʣʦ a ʥʘʟʠʚʘʶʪʴ ʥʘʡʙʽʣʴʰ ʤ̔ʦʚʽʨʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. ʁʦʛʦ ʙʝʨʫʪʴ ʟʘ ʟʥʘʯʝʥʥʷ ʰʫʢʘʥʦʾ 

ʚʝʣʠʯʠʥʠ X.  

ʅʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣʠ ɻʘʫʩʘ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ 

ʡʤʦʚʽʨʥʦʩʪʽ ʤʦʞʥʘ ʜʦʚʝʩʪʠ, ʱʦ ʬʫʥʢʮʽʷ a = f(ʘ1, ʘ2, é, an) 

ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ:  

,
...21

n

aaa
a n+++
=                           (1.16) 

ʪʦʙʪʦ ʥʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʽʩʥʝ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ 

ʜʦʨʽʚʥʶʻ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʤʫ ʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʚʁʘʥʴ.  

ɺʽʜʭʠʣʝʥʥʷ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʛʦ ʚʽʜ ʽʩʪʠʥʥʦʛʦ 

ʟʥʘʯʝʥʥʷ X ʥʘʟʠʚʘʶʪʴ ʽʩʪʠʥʥʦʶ ʘʙʩʦʣʶʪʥʦʶ ʧʦʤʠʣʢʦʶ ʯʠ 

ʽʩʪʠʥʥʦʶ ʘʙʩʦʣʶʪʥʦʶ ʧʦʭʠʙʢʦʶ: 
 

X ī a = ° x.                               (1.17)  
 

ʆʜʥʝ ʽʟ ʟʘʚʜʘʥʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʪʽ 

ʤʝʞʽ, ʚ ʷʢʠʭ  ̒ ʽʩʪʠʥʥʘ ʘʙʩʦʣʶʪʥʘ ʧʦʤʠʣʢʘ x ʩʝʨʝʜʥʴʦʛʦ 

ʘʨʠʬʤʝʪʠʯʥʦʛʦ.  

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦ 

ʚʠʟʥʘʯʘʁ ʪʴ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ e ʟʘ ʬʦʨʤʫʣʦʶ 
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(1.18) 

 

ʗʢʱʦ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 10 %, ʪʦ ʢʘʞʫʪʴ, ʱʦ ʟʨʦʙʣʝʥʦ ʣʠʰʝ 

ʦʮʽʥʶʚʘʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. ɼʣʷ ʽʥʞʝʥʝʨʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟ 

ʚʽʜʥʦʩʥʦʶ ʧʦʭʠʙʢʦʶ ʤʝʥh ʝ ʥʽʞ 10 %. 

ʁʤʦʚʽʨʥʽ ʧʦʤʠʣʢʠ. ʅʝʭʘʡ ʻ ʨʷʜ ʨʽʚʥʦʪʦʯʥʠʭ ʚʠʤʨ̔ʽʚ 

ʘ1, ʘ2, é, an. ʇʽʜʨʘʭʫʻʤʦ ʡʦʛʦ ʘʨʠʬʤʝʪʠʯʥʫ ʩʝʨʝʜʠʥʫ a ʽ 

ʩʬʦʨʤʫʻʤʦ ʨʽʟʥʠʮʽ (ʘ ï ʘ1), (ʘ ï ʘ2), é, (ʘ ï ʘn).  

ʂʦʞʥʫ ʟ ʮʠʭ ʨʽʟʥʠʮʴ ʥʘʟʠʚʘʶʪʴ ʚʽʜʭʠʣʝʥʥʷʤ 

ʦʢʨʝʤʦʛʦ ʚʠʤʽʨʫ ʚʽʜ ʘʨʠʬʤʝʪʠʯʥʦʾ ʩʝʨʝʜʠʥʠ ʪʘ ʧʦʟʥʘʯʘʶʪʴ 

ʣ̔ʪʝʨʦʶ v. ɿʥʘʯʝʥʥʷ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʘ ʪʘʢʠʤʠ ʬʦʨʤʫʣʘʤʠ:  

v1 = (ʘ ï ʘ1), v2 =  (ʘ ï ʘ2), é, vn =  (ʘ ï ʘn).           (1.19)  

ʅʘʡʽʤʦʚʽʨʥʽʰʽ ʧʦʤʠʣʢʠ ʤʘʶʪʴ ʮʽʢʘʚʫ ʚʣʘʩʪʠʚʽʩʪʴ. 

ʉʢʣʘʜʝʤʦ ʨʽʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʢʦʛʦ ʚʠʨʘʟʫ: 

 

)....(... 2121 nn aaanavvv +++-=+++  

ʅʘ ʧʽʜʩʪʘʚʽ ʨʽʚʥʦʩʪʽ (1.15) ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʧʨʘʚʘ 

ʯʘʩʪʠʥʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʯʠʩʣʘ ʚʠʤʽʨʽʚ n. ʆʪʞʝ,  

,0...21 =+++ nvvv                            (1.20)  

ʪʦʙʪʦ ʘʣʛʝʙʨʘʾʯʥʘ ʩʫʤʘ ʥʘʡʽʤʦʚʽʨʥʽʰʠʭ ʧʦʤʠʣʦʢ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʯʠʩʣʘ ʚʠʤʽʨʶʚʘʥʴ.  

 

1.6.8 ʇʦʭʠʙʢʠ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ 
 

ʇʦʭʠʙʢʠ, ʦʙʫʤʦʚʣʝʥʽ ʢʦʥʩʪʨʫʢʮʽʻʶ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʧʨʠʣʘʜʫ, ʪʦʯʥʽʩʪʶ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʛʨʘʜʫʶʚʘʥʥʷ, 
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ʥʘʟʠʚʘʶʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ, ʘʙʦ ʧʨʠʣʘʜʦʚʠʤʠ. ʊʘʢʽ 

ʧʦʭʠʙʢʠ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ɼʝʨʞʘʚʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ 

ʋʢʨʘʾʥʠ (ɼʉʊʋ). ʋ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ 

ʜʦʧʫʩʪʠʤʫ ʧʦʭʠʙʢʫ (ʥʘʧʨʠʢʣʘʜ, ʫ ʣʽʥʽʡʢʠ) ʟʘ ʮʶ ʧʦʭʠʙʢʫ 

ʤʦʞʥʘ ʚʟʷʪʠ  ʧʦʣʦʚʠʥʫ ʮʽʥʠ ʧʦʜʽʣʫ. 

ʂʣʘʩ ʪʦʯʥʦʩʪʽ ʝʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 
ɼʣʷ ʩʪʨʽʣʢʦʚʠʭ ʝʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʚʚʦʜʷʪʴʩʷ 

ʢʣʘʩʠ ʪʦʯʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʠʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ 

ʧʦʭʠʙʦʢ. ʂʣʘʩ ʪʦʯʥʦʩʪʽ ʟʘʟʚʠʯʘʡ ʟʘʟʥʘʯʘʶʪʴ ʥʘ ʰʢʘʣʽ 

ʧʨʠʣʘʜʫ ʚʽʜʧʦʚʽʜʥʦʶ ʮʠʬʨʦʶ. ʗʢʱʦ ʥʘ ʰʢʘʣʽ ʪʘʢʦʛʦ 

ʧʦʟʥʘʯʝʥʥʷ ʥʝʤʘʻ, ʪʦ ʜʘʥʠʡ ʧʨʠʣʘʜ ʧʦʟʘʢʣʘʩʥʠʡ, ʪʘ ʡʦʛʦ 

ʥʘʚʝʜʝʥʘ ʧʦʭʠʙʢʘ ʧʦʥʘʜ 4 %. ʂʣʘʩʠ ʪʦʯʥʦʩʪʽ ʧʦʟʥʘʯʘʶʪʴ ʥʘ 

ʰʢʘʣʘʭ ʧʨʠʣʘʜʽʚ 0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4,0, ʱʦ ʧʦʢʘʟʫʻ, 

ʩʢʽʣʴʢʠ ʚʽʜʩʦʪʢʽʚ ʩʪʘʥʦʚʠʪʴ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʽʜ ʫʩʽʻʾ 

ʰʢʘʣʠ ʧʨʠʣʘʜʫ [3].  

ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ D u A ʘʙʩʦʣʶʪʥʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ 

ʧʦʭʠʙʢʫ, ʘ Amax ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʰʢʘʣʠ ʧʨʠʣʘʜʫ, 

ʢʣʘʩ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ 

 

   (1.21) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʙʩʦʣʶʪʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʦʭʠʙʢʘ 

ʧʨʠʣʘʜʫ ʢʣʘʩʫ 1,5 ʩʪʘʥʦʚʠʪʴ 1,5 % ʚʽʜ ʡʦʛʦ ʰʢʘʣʠ. ʗʢʱʦ 

ʚʽʜʦʤʠʡ ʢʣʘʩ ʪʦʯʥʦʩʪʽ ʧʨʠʣʘʜʫ ʪʘ ʡʦʛʦ ʰʢʘʣʘ, ʪʦ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʘʙʩʦʣʶʪʥʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ ʧʦʭʠʙʢʫ 

ʚʠʤʽʨʚʁʘʥʥʷ: 

.
100

ʧʨmax gÖ
=D

A
Au                                 

(1.22) 

 

ʅʝʚʘʞʢʦ ʧʦʤʽʪʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʴ 

ʥʘʧʨʠʢʽʥʮʽ ʰʢʘʣʠ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʷʚʣʷʻʪʴʩʷ ʤʝʥʰʦʶ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʨʽʣʢʦʚʠʤ 

ʝʣʝʢʪʨʦʚʠʤʽʨʚʁʘʣʴʥʠʤ ʧʨʠʣʘʜʦʤ ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ 
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ʧʨʠʣʘʜ ʟ̔ ʪʘʢʦʶ ʰʢʘʣʦʶ, ʱʦʙ ʫ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʠ ʨʦʟʤʽʱʫʚʘʣʠʩʷ ʚ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʰʢʘʣʠ ʧʨʠʣʘʜʫ.  

ʇʦʭʠʙʢʘ ʚʽʜʣʽʢʫ. ɿʘ ʟʥʷʪʪ ̫ ʧʦʢʘʟʘʥʴ ʽʟ ʧʨʠʣʘʜʫ 

ʚʠʥʠʢʘʻ ʧʦʭʠʙʢʘ ʚʽʜʣʽʢʫ Dʦ A. ɺʦʥʘ ʚʠʥʠʢʘʻ ʚʽʜ ʥʝʜʦʩʪʘʪʥʴʦ 
ʪʦʯʥʦʛʦ ʚʽʜʨʘʭʫʚʘʥʥʷ ʧʦʢʘʟʘʥʴ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʇʨʠʡʥʪ̫ʦ ʧʨʠʡʤʘʪʠ ʮʶ ʧʦʭʠʙʢʫ ʷʢ ʪʘʢʫ, ʱʦ ʜʦʨʽʚʥʶʻ 

ʧʦʣʦʚʠʥʽ ʮʥ̔ʠ ʧʦʜʽʣʫ.  

ʇʦʚʥʘ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ  
ɿʘ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʧʦʪʨʽʙʥʦ 

ʦʮʽʥʶʚʘʪʠ ʪʘʢʽ ʧʦʭʠʙʢʠ: D u A, Dʦ A, Da. ɺʦʜʥʦʯʘʩ ʛʨʫʙʽ ʪʘ 

ʩʠʩʪʝʤʘʪʠʯʥʽ ʧʦʭʠʙʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʢʣʶʯʝʥʽ. ʋ ʨʝʟʫʣʪɹʘʪʽ 

ʟʘ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʩʫʤʘʨʥʘ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʷʢ  
 

DA = D u A + Dʦ A + D a. 
                     

(1.23) 

 

ʆʩʪʘʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʦʾ 

ʚʝʣʠʯʠʥʠ ɸ ʟʘʧʠʩʫʶʪʴ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 
 

 (1.24) 

ʜʝ ɸʧʨ ï ʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʦʜʝʨʞʘʥʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʧʨʠʯʦʤʫ ʷʢʱʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ 

ʙʘʛʘʪʦʨʘʟʦʚʦ, ʪʦʜʽ ʟʘʧʠʩʫʶʪʴ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʮʠʭ 

ʚʠʤʽʨʚʁʘʥʴ; DA ï ʧʦʚʥʘ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʧʨʷʤʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ.  
 

ʇ̔ ʜ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʧʨʷʤʠʭ 

ʚʠʤʽʨʚʁʘʥʴ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʧʦʚô̫ ʟʘʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟ 

ʬʽʟʠʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ɸ, ɺ ʪʘ ʉ, ʷʢʽ ʚʠʤʽʨʶʶʪʴʩʷ ʧʨʷʤʠʤ 

ʩʧʦʩʦʙʦʤ, ʩʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ 

ʥʝʧʨʷʤʦʛʦ ʚʠʤʽʨʁ ʚʘʥʥʷ E, ʘ ʧʦʪʽʤ ï ʘʙʩʦʣʶʪʥʫ. 

ʆʩʪʘʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘʧʠʩʫʻʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ ʨʘʟʽ 

ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

 

     ɸ = ɸʧʨ Ñ D A, 

 



58 

1.7 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  

ʤʘʪʝʨʽʘʣʽʚ 
 

ɸʪʦʤʠ ʪʘ ʤʦʣʝʢʫʣʠ ʪʚʝʨʜʠʭ ʪʽʣ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʨʽʚʥʦʚʘʞʥʠʭ ʧʦʣʦʞʝʥʥʷʭ, ʫ ʷʢʠʭ ʨʝʟʫʣʴʪʫʶʯʘ ʩʠʣʘ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɿʘ ʟʙʣʠʞʝʥʥ ̫ ʘʪʦʤʽʚ ʧʝʨʝʚʘʞʘʻ ʩʠʣʘ 

ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, ʘ ʟʘ ʾʭ ʚʠʜʘʣʝʥʥ ̫ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ 

ï ʩʠʣʘ ʪʷʞʽʥʥʷ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ ʪʚʝʨʜʠʭ 

ʪʽʣ, ʪʦʙʪʦ ʾʭ ʟʜʘʪʥʽʩʪʴ ʧʨʦʪʠʜʽʷʪʠ ʟʤʽʥʽ ʬʦʨʤʠ ʪʘ ʦʙô̒ ʤʫ. 

ʈʦʟʪʷʛʫʚʘʥʥʶ ʪʽʣ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʩʠʣʠ ʤʽʞʘʪʦʤʥʦʛʦ 

ʪʷʞʽʥʥʷ, ʘ ʩʪʠʩʥʝʥʥ ʁï ʩʠʣʠ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ. 

ʊʘʢʠʭ ʪʽʣ, ʱʦ ʥʝ ʜʝʬʦʨʤʫʶʪʴʩʷ, ʚ ʧʨʠʨʦʜʽ ʥʝ ʽʩʥʫʻ. 

ɼʝʬʦʨʤʘʮʽʷ ï ʟʤʽʥʘ ʬʦʨʤʠ ʯʠ ʦʙô̒ ʤʫ ʪʽʣʘ ʧʽʜ ʜʽʻʶ 

ʟʦʚʥʽʥhʽʭ ʩʠʣ.  

ʉʝʨʝʜ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʪʚʝʨʜʠʭ ʪʽʣʘʭ, 

ʨʦʟʨʽʟʥʷʶʪʴ ʧô̫ ʪʴ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ: ʣʽʥʽʡʥʘ ï ʨʦʟʪʷʛʫʚʘʥʥʷ 

(ʪʨʦʩʠ ʧʽʜʽʡʤʘʣʴʥʠʭ ʢʨʘʥʽʚ, ʢʘʥʘʪʥʠʭ ʜʦʨʽʛ, ʙʫʢʩʠʨʥʽ 

ʪʨʦʩʠ), ʩʪʠʩʥʝʥʥʷ (ʢʦʣʦʥʠ, ʩʪʽʥʠ, ʬʫʥʜʘʤʝʥʪʠ ʙʫʜʽʚʝʣʴ), 

ʟʤ̔ɦ ʝʥʥʷ (ʟʘʢʣʝʧʢʠ, ʙʦʣʪʠ, ʟô̒ ʜʥʘʥʽ ʤʝʪʘʣʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʧʨʦʮʝʩ ʨʦʟʨʽʟʘʥʥʷ ʥʦʞʠʮʷʤʠ ʧʘʧʝʨʫ), ʢʨʫʯʝʥʥʷ 

(ʟʘʛʚʠʥʯʫʚʘʥʥʷ ʛʘʡʦʢ, ʨʦʙʦʪʘ ʚʘʣʽʚ ʤʘʰʠʥ, ʩʚʝʨʜʣʽʥʥʷ 

ʤʝʪʘʣʽʚ ʪʦʱʦ) ʽ ʟʛʠʥʫ, ʘ ʪʘʢʦʞ ʜʝʬʦʨʤʘʮʽʾ ʙʫʚʘʶʪʴ ʧʨʫʞʥʽ 

ʪʘ ʧʣʘʩʪʠʯʥʽ.  

ʇʨʫʞʥʘ ʜʝʬʦʨʤʘʮʽʷ ï ʜʝʬʦʨʤʘʮʽʷ, ʟʘ ʷʢʦ ʾ ʧʽʩʣʷ 

ʧʨʠʧʠʥʝʥʥʷ ʜʽʾ ʩʠʣʠ ʨʦʟʤʽʨʠ ʪʘ ʬʦʨʤʘ ʪʽʣʘ ʚʽʜʥʦʚʣʶʶʪʴʩʷ. 

ʇʣʘʩʪʠʯʥʘ ï ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʜʽʾ ʧʨʠʢʣʘʜʝʥʠʭ 

ʩʠʣ. 

ʌʽʟʠʯʥʫ ʚʝʣʠʯʠʥʫ, ʱʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʤʦʜʫʣʷ 

ʩʠʣʠ ʧʨʫʞʥʦʩʪʽ F, ʱʦ ʚʠʥʠʢʘʻ ʟʘ ʜʝʬʦʨʤʘʮʽʾ, ʜʦ ʧʣʦʱʽ 

ʧʝʨʝʨʽʟʫ S ʟʨʘʟʢʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʜʦ ʚʝʢʪʦʨʘ ʩʠʣʠ F, 

ʥʘʟʠʚʘʪʁʴ ʤʝʭʘʥʽʯʥʦʶ ʥʘʧʨʫʛʦʶ: ů = F/S (ʦʜʠʥʠʮʷ 

ʚʠʤʽʨʚʁʘʥʥʷ ʧʘʩʢʘʣʴ (ʇʘ): 1 ʇʘ = 1 ʅ/ʤ
2
). ʄʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʽʘʛʨʘʤʘ ʨʦʟʪʷʛʥʝʥʥʷ-

ʩʪʠʩʢʘʥʥʷ. 
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1.8 ʊʝʧʣʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 
 

ʋʩʽ ʨʝʯʦʚʠʥʠ ʚ ʧʨʠʨʦʜʽ ï ʽ ʪʚʝʨʜʽ, ʽ ʨʽʜʢʽ, ʽ 

ʛʘʟʦʧʦʜʽʙʥʽ ï ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʝʣʠʢʦ ʾ ʢʽʣʴʢʦʩʪʽ ʜʫʞʝ 

ʤʘʣʝʥʴʢʠʭ ʯʘʩʪʠʥʦʢ: ʤʦʣʝʢʫʣ ʪʘ ʘʪʦʤʽʚ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʭʘʦʪʠʯʥʦʤʫ ʘʙʦ ʪʝʧʣʦʚʦʤʫ ʨʫʩʽ.  

ʏʘʩʪʠʥʢʠ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ, ʤʘʶʪʴ ʚʟʘʻʤʥʫ 

ʧʦʪʝʥʮʽʘʣʥɹʫ ʝʥʝʨʛʽʶ. ʆʩʥʦʚʥʽ ʪʝʧʣʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣʠʮʽ 1.4.  

ʊʝʧʣʦʻʤʥʽʩʪʴ ʪʽʣʘ ʧʦʢʘʟʫʻ, ʥʘ ʷʢʫ ʚʝʣʠʯʠʥʫ 

ʟʤʽʥʶ̒ ʪʴʩʷ ʡʦʛʦ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʟʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʦʜʠʥ ʛʨʘʜʫʩ (1.25): 
 

ʉ = æɽ/æʊ,   (1.25) 

 

ʜʝ ɽ ï ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʪʽʣʘ ʟʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘ ȹʊ. 
 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʥʘʟʠʚʘʶʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʘ ʚʽʜ 

ʦʜʥʦʛʦ ʪʽʣʘ ʜʦ ʽʥʰʦʛʦ ʘʙʦ ʚʽʜ ʦʜʥʽʻʾ ʯʘʩʪʠʥʠ ʪʽʣʘ ʜʦ ʽʥʰʦʾ. 

ʂʦʞʥʘ ʨʝʯʦʚʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʾʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʪʦʤʫ ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʨʝʯʦʚʠʥʠ.  

ʏʠʤ ʙʽʣʴʰʝ ʝʣʝʢʪʨʦʥʽʚ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʧʝʨʝʥʝʩʝʥʥʽ 

ʪʝʧʣʘ, ʪʠʤ ʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ; ʯʠʤ 

ʰʚʠʜʰʝ ʮʽ ʝʣʝʢʪʨʦʥʠ ʨʫʭʘʶʪʴʩʷ, ʪʠʤ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʥʝʩʝʥʘ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ; ʯʠʤ ʜʦʚʰʝ 

ʝʣʝʢʪʨʦʥʠ ʙʫʜʫʪʴ ʨʫʭʘʪʠʩʷ ʙʝʟ ʟʽʪʢʥʝʥʴ, ʪʠʤ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʙʽʣʴʰʠʡ.  

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʠʪʦʤʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʨʝʯʦʚʠʥʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ.  
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ʊʘʙʣʠʮʷ 1.4 ï ʆʩʥʦʚʥʽ ʪʝʧʣʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ                          

ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɺʣʘʩʪʠʚʽʩʪʴ ʇʦʟʥʘ-

ʯʝʥʥʷ 

ɺʠʟʥʘʯʝʥʥʷ ʆʜʠʥʠʮʷ 

ʚʠʤʽʨʚʁʘʥʥʷ 

ʊʝʤʧʝʨʘʪʫʨʘ ʊ ʊʝʨʤʦʜʠʥʘʤʽʯʥʘ 

ʚʝʣʠʯʠʥʘ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʥ ʪʽʣʘ 

ʧʽʜ ʯʘʩ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʨʚ̔ʥʦʚʘʛʠ. ɸʙʩʦʣʶʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʧʦʨʮ̔ ʡʥʘ ʩʝʨʝʜʥʽʡ 

ʢʽʥʝʪʠʯʥʽʡ ʝʥʝʨʛʽʾ 

ʯʘʩʪʠʥʦʢ ʪʣ̔ʘ 

ʛʨʘʜ (Áʂ, Áʉ) 

ʊʝʧʣʦʪʘ ʅ ɽʥʝʨʛʽʷ ʪʝʧʣʦʚʦʛʦ 

ʨʫʭʫ ʯʘʩʪʠʥʦʢ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʪʽʣʦ 

ʂʘʣʦʨʽʷ (ʢʘʣ) 

ʂʦʝʬʽʮʽʻʥʪ 

ʣʽʥʽʡʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ 

ʨʦʟʰʠʨʝʥʥ ̫

Ŭ ɺʽʜʥʦʩʥʘ ʟʤʽʥʘ 

ʨʦʟʤʨ̔ʽʚ ʟʘ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 1Á 

ʛʨʘʜ
ï1 

ʊʝʧʣʦʻʤʥʽʩʪʴ ʉ ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, 

ʧʝʨʝʜʘʥʦʛʦ ʪʽʣʫ, ʜʦ 

ʚʽʜʧʦʚʜ̔ʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ 

ɼʞ/ʛʨʘʜ, 

ʢʘʣ/(ʤʦʣʴ Ĭ 

Ĭ ʛʨʘʜ) 

 

ʂʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦ-

ʧʨʦʚʽʜʥʦʩʪʽ 

k ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʫ; ʯʠʩʝʣʴʥʦ 

ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʦʜʠʥʠʮʶ ʧʣʦʱʽ 

ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʟʘ 

ʦʜʠʥʠʯʥʦʛʦ ʛʨʘʜʽʻʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 

 ɺʪ/(ʤ Ŀ ʛʨʘʜ), 

ʢʘʣ/(ʩʤ Ŀ ʩ Ĭ 

Ĭ ʛʨʘʜ) 
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1.9 ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ 

ʧʨʦ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 
 

ɽʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʪʦʛʦ, ʷʢ ʝʣʝʢʪʨʦʥʠ ʩʢʣʘʜʦʚʠʭ ʡʦʛʦ ʘʪʦʤʽʚ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ 

ʧʦ ʦʨʙʽʪʘʣʴʥʠʭ ʨʽʚʥʷʭ ʧʽʜ ʯʘʩ ʡʦʛʦ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʣ̔ʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʚʪʨʘʪʠʣʠ ʟʚô̫ ʟʦʢ ʟʽ 

ʩʚʦʾʤʠ ʘʪʦʤʘʤʠ, ʜʦʟʚʦʣʠʣʠ ʜʝ ɹʨʦʡʣʶ ʚʢʘʟʘʪʠ ʥʘ ʧʦʜʚʽʡʥʠʡ  

ʭʘʨʘʢʪʝʨ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ï ʭʚʠʣʴʦʚʠʡ ʪʘ ʢʦʨʧʫʩʢʫʣʷʨʥʠʡ ʽ 

ʚʩʪʘʥʦʚʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʟʚô̫ ʟʦʢ ʟʘ ʬʦʨʤʫʣʦʶ (1.26) ʤʽʞ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ l ʪʘ ʝʥʝʨʛʽʻʶ:  
 

l = h/mv =h/p,  (1.26) 
 

ʜʝ ʨ ï ʽʤʧʫʣʴʩ ʯʘʩʪʠʥʢʠ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʝ ɹʨʦʡʣʷ ʧʦʢʘʟʫʻ, ʱʦ ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ ʤʽʢʨʦʯʘʩʪʠʥʢʠ ʧʦʚô̫ ʟʘʥʘ ʽʟ ʩʘʤʦʶ ʯʘʩʪʠʥʢʦʶ ʽ 

ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʚʝʣʠʯʠʥʽ ʾʾ ʽʤʧʫʣʴʩʫ, ʘ ʦʪʞʝ, 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟʘ ʧʨʠʩʢʦʨʝʥʥ ̫ ʘʙʦ 

ʩʧʦʚʽʣʴʥʝʥʥ ̫ ʯʘʩʪʠʥʢʠ. ʆʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1.5. 

ʇ̔ ʜ ʯʘʩ ʫʪʚʦʨʝʥʥ ̫ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʘʪʦʤʽʚ ʫ ʞʦʨʩʪʢʫ ʩʪʨʫʢʪʫʨʫ ʢʦʞʝʥ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʝʣʝʢʪʨʦʥʥʠʡ ʨʽʚʝʥʴ ʚ ʘʪʦʤʘʭ ʨʦʟʱʝʧʣʶʻʪʴʩʷ ʥʘ ʨʷʜ 

ʙʣʠʟʴʢʠʭ ʧʽʜʨʽʚʥʽʚ, ʦʙô̒ ʜʥʘʥʠʭ ʚ ʝʥʝʨʛʝʪʠʯʥʫ ʩʤʫʛʫ ʘʙʦ 

ʟʦʥʫ. 

ɹʘʛʘʪʦʟʦʥʥʫ ʪʝʦʨʽʶ ʙʫʜʦʚʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʨʝʯʦʚʠʥʠ. ʗʢʱʦ ʚʘʣʝʥʪʥʘ ʟʦʥʘ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʟʘʧʦʚʥʝʥʘ, ʘ ʜʦ 

ʥʘʩʪʫʧʥʦʾ ʥʝʟʘʧʦʚʥʝʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʟʦʥʠ ʜʘʣʝʢʦ, 

ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʝʣʝʢʪʨʦʥ ʥʘ ʥʝʾ ʧʝʨʝʡʜʝ, ʙʣʠʟʴʢʘ ʜʦ 

ʥʫʣʷ. ʆʪʞʝ, ʝʣʝʢʪʨʦʥʠ ʤʽʮʥʦ ʧʨʠʚô̫ ʟʘʥʽ ʜʦ ʘʪʦʤʽʚ ʽ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʫʪʚʦʨʶʶʪʴ ʧʨʦʚʽʜʥʦʛʦ ʰʘʨʫ. ɺʽʜʧʦʚʽʜʥʦ ʧʽʜ 

ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʾ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʟ̔ ʤʽʩʮʷ ʚʦʥʠ ʥʝ 

ʨʫʭʘʶʪʴʩʷ, ʮʝ ʽʟʦʣʷʪʦʨ (ʜʽʝʣʝʢʪʨʠʢ) ï ʨʝʯʦʚʠʥʘ, ʱʦ ʥʝ 

ʧʨʦʚʦʜʠʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. ʅʘʡʯʘʩʪʽʰʝ ʚ ʩʫʯʘʩʥʽʡ 
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ʪʝʭʥʽʮʽ ʷʢ ʝʣʝʢʪʨʦʽʟʦʣʷʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ 

ʧʣʘʩʪʤʘʩʠ.  

ʊʘʙʣʠʮʷ 1.5 ï ʆʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
ɺʣʘʩʪʠʚ̔ʩʪʴ ʇʦʟʥʘʯʝʥʥʷ ɺʠʟʥʘʯʝʥʥʷ ʆʜʠʥʠʮ ̫

ʚʠʤʨ̔ʁ ʚʘʥʥʷ 

1 2 3 4 

ʇʠʪʦʤʘ  

ʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ 

ů ʇʝʨʝʥʝʩʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʟʘʨʷʜʫ ʧʽʜ ʜʽʻʶ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚ̔ ʜʥʦʰʝʥʥʷʤ 

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʜʦ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ; 

ʚʝʣʠʯʠʥʘ ʦʙʝʨʥʝʥʘ 

ʧʠʪʦʤʦʤʫ 

ʝʣʝʢʪʨʠʯʥʦʤʫ 

ʦʧʦʨʫ 

 

ʆʤ
ï1 
Ŀ ʩʤ

ï1 

ʇʠʪʦʤʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ 

ʦʧʽʨ 

P ɽʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ 

ʧʨʦʚʽʜʥʠʢʘ 

ʦʜʠʥʠʯʥʦʾ ʜʦʚʞʠʥʠ 

ʟʘ ʦʜʠʥʠʯʥʦ ʾʧʣʦʱʽ 

ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ 

 

ʆʤ Ŀ ʩʤ 

ɽʣʝʢʪʨʠʯʥʠʡ 

ʦʧʽʨ 

R ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʨʦʚʽʜʥʠʢʘ ʯʠ-

ʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ 

ʚʽʜʥʦʰʝʥʥʶ  

ʝʣʝʢʪʨʠʯʥʦʾ 

ʥʘʧʨʫʛʠ ʥʘ ʢʽʥʮʷʭ 

ʧʨʦʚʽʜʥʠʢʘ ʜʦ ʩʠʣʠ 

ʩʪʨʫʤʫ ʯʝʨʝʟ 

ʧʨʦʚʽʜʥʠʢ 

ʆʤ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.5 
1 2 3 4 

ʇʦʣ̫ʨʠʟʘʮʽʷ P ɿʤʽʥʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʘʥʫ ʨʝʯʦʚʠʥʠ 

ʧʽʜ ʪʠʩʢʦʤ 

ʟʦʚʥʽʰʥʴʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ; ʯʠʩʝʣʴʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʜʠʧʦʣʴʥʠʤ 

ʤʦʤʝʥʪʦʤ ʦʜʠʥʠʮʽ 

ʦʙô̒ ʤʫ 

ʂ/ʤ
2
 

ɼ̔ ʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ 

Ů ʂʦʝʬʽʮʽʻʥʪ 

ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ 

ʤʽʞ ʝʣʝʢʪʨʠʯʥʦʶ 

ʽʥʜʫʢʮʽʻʶ ʽ 

ʥʘʧʨʫʞʝʥʽʩʪʶ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʌ/ʤ 

ʂ(ɺ Ŀ ʤ) 

ɺʽʜʥʦʩʥʘ  

ʜ̔ʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ 

Ů/Ů0 ɺʽʜʥʦʰʝʥʥʷ ʜ-̔

ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʜʣʷ 

ʤʘʪʝʨʽʘʣʫ ʽ ʜʣʷ 

ʚʘʢʫʫʤʫ Ů0 

ɹʝʟʨʦʟʤʽʨʥʘ 

ʚʝʣʠʯʠʥʘ 

 

ɼʦʙʨʽ ʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʶʪʴ ʽ ʘʤʦʨʬʥʽ 

ʨʝʯʦʚʠʥʠ, ʪʘʢʽ ʷʢ ʩʢʣʦ, ʬʘʨʬʦʨ ʘʙʦ ʛʫʤʘ, ʱʦ ʥʝ ʤʘʶʪʴ 

ʞʦʨʩʪʢʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʽ ʷʢʽ ʪʘʢʦʞ ʥʝʨʽʜʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʁ ʪʴʩʷ ʷʢ ʝʣʝʢʪʨʦʽʟʦʣʷʪʦʨʠ. 

ʇʨʦʚʽʜʥʠʢ ï ʮʝ ʨʝʯʦʚʠʥʘ ʽʟ ʯʘʩʪʢʦʚʦ ʟʘʧʦʚʥʝʥʦʶ 

ʟʦʥʦʶ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʫʩʝʨʝʜʠʥʽ ʷʢʦʾ ʝʣʝʢʪʨʦʥʠ 

ʤʘʶʪʴ ʟʥʘʯʥʫ ʩʚʦʙʦʜʫ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜ ʘʪʦʤʘ ʜʦ ʘʪʦʤʘ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʚ ʪʝʭʥʽʮʽ ʧʨʦʚʽʜʥʠʢʠ ï ʮʝ, ʟʚʠʯʘʡʥʦ 

ʞ, ʤʝʪʘʣʠ, ʥʘʩʘʤʧʝʨʝʜ ʤʽʜʴ ʽ ʘʣʶʤʽʥʽʡ, ʱʦ ʤʘʶʪʴ 

ʤʽʥʽʤʘʣʥɹʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʽ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʽ ʚ ʟʝʤʥʽʡ 

ʧʨʠʨʦʜʽ. ʉʘʤʝ ʟ ʥʠʭ ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʛʦʪʦʚʣʷʶʪʴ 
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ʚʠʩʦʢʦʚʦʣʴʪʥʽ ʝʣʝʢʪʨʠʯʥʽ ʢʘʙʝʣʽ  ̔ ʢʘʙʝʣʽ ʪʘ ʜʨʦʪʠ ʜʣʷ 

ʧʦʙʫʪʦʚʠʭ ʝʣʝʢʪʨʦʤʝʨʝʞ.  

ɭ ʡ ʽʥʰʽ ʚʠʜʠ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʛʘʨʥʫ ʝʣʝʢʪʨʦ-

ʧʨʦʚʽʜʥʽʩʪ ɹ ï ʮʝ, ʟʦʢʨʝʤʘ, ʩʦʣʴʦʚʽ, ʣʫʞʥʽ ʡ ʢʠʩʣʦʪʥʽ 

ʨʦʟʯʠʥʠ, ʘ ʪʘʢʦʞ ʧʣʘʟʤʘ ʽ ʜʝʷʢʽ ʚʠʜʠ ʜʦʚʛʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʤʦʣʝʢʫʣ. 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ï ʮʝ ʢʨʠʩʪʘʣʽʯʥʽ ʨʝʯʦʚʠʥʠ ʽʟ 

ʟʘʧʦʚʥʝʥʦʶ ʚʘʣʝʥʪʥʦʶ ʟʦʥʦʶ, ʽ ʚ ʮʴʦʤʫ ʚʦʥʠ ʧʦʜʽʙʥʽ ʜʦ 

ʽʟʦʣʷʪʦʨʽʚ, ʦʜʥʘʢ ʨʽʟʥʠʮʷ ʝʥʝʨʛʽʡ ʤʽʞ ʚʘʣʝʥʪʥʠʤ ʨʽʚʥʝʤ ʽ 

ʥʘʩʪʫʧʥʠʤ, ʱʦ ʻ ʧʨʦʚʜ̔ʥʠʤ, ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʽʚʥʝʤ ʫ ʥʠʭ 

ʥʘʩʪʽʣʢɹʠ ʥʝʟʥʘʯʥʘ, ʱʦ ʝʣʝʢʪʨʦʥʠ ʜʦʣʘʶʪʴ ʾʾ ʟʘ ʟʚʠʯʘʡʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʫʥʘʩʣʽʜʦʢ ʪʝʧʣʦʚʦʛʦ ʨʫʭʫ. ʅʘʡʚʽʜʦʤʽʰʽ ʟ ʥʠʭ ï 

ʢʨʝʤʥʽʡ ʽ ʛʝʨʤʘʥʽʡ. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʫ ʩʫʯʘʩʥʽʡ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʩʘʤʝ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʾʭ ʧʨʦʚʜ̔ʥ ̔ʚʣʘʩʪʠʚʦʩʪʽ ʣʝʛʢʦ ʽ ʪʦʯʥʦ 

ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʟʦʚʥʽʥhʽʭ ʫʤʦʚ. 

  

1.10 ʄʘʛʥʽʪʥ ̔ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʪʘ ʾʭ ʢʦʨʦʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
 

ʄʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʪʦʤʘ ʚʠʟʥʘʯʘʪʁʴʩʷ ʧʝʨʝʚʘʞʥʦ 

ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʝʣʝʢʪʨʦʥʽʚ, ʪʦʤʫ ʱʦ ʤʘʛʥʝʪʠʟʤ 

ʽʥʰʠʭ ʡʦʛʦ ʯʘʩʪʠʥʦʢ (ʧʨʦʪʦʥʽʚ, ʥʝʡʪʨʦʥʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ 

ʷʜʨʦ) ʜʫʞʝ ʤʘʣʠʡ.  

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʝʣʝʢʪʨʦʥʘ, ʱʦ 

ʨʫʭʘ̒ ʪʴʩʷ ʧʦ ʟʘʤʢʥʝʥʽʡ ʦʨʙʽʪʽ, ʚʚʦʜʷʪʴ ʧʦʥʷʪʪʷ ʦʨʙʽ-

ʪʘʣʴʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʈ0. ʎʝ ʚʝʢʪʦʨʥʘ ʚʝʣʠʯʠʥʘ, ʱʦ 

ʚʠʤʽʨʶʻʪʴʩʷ ʜʦʙʫʪʢʦʤ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʩʪʨʫʤʫ I ʥʘ ʚʝʣʠʯʠʥʫ 

ʦʙʪʯ̔ʥʦ ʾ ʥʠʤ ʧʣʦʱʽ S (ʈ0 = SI). ʅʘʧʨʷʤʦʢ ʦʨʙʽʪʘʣʴʥʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʈ0 ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʘʚʠʣʦʤ ʩʚʝʨʜʣʠʢʘ. 

ɽʣʝʢʪʨʦʥ, ʢʨʽʤ ʦʨʙʽʪʘʣʴʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʤʘʻ ʡ 

ʦʨʙʽʪʘʣʴʥʠʡ ʤʝʭʘʥʽʯʥʠʡ ʤʦʤʝʥʪ L0, ʚʦʜʥʦʯʘʩ ʈ0 ʽ L0 

ʩʧʨʷʤʦʚʘʥʽ ʚ ʧʨʦʪʠʣʝʞʥʽ ʙʦʢʠ. ɽʣʝʢʪʨʦʥ ʤʘʻ ʚʣʘʩʥ ̔

ʤʘʛʥʪ̔ʥ̔ ʡ ʤʝʭʘʥʽʯʥ ̔ʤʦʤʝʥʪʠ, ʱʦ ʦʜʝʨʞʘʣʠ ʥʘʟʚʫ ʩʧʽʥʦʚʠʭ 

ʤʦʤʝʥʪʽʚ ʈʩʧʽʥ ʽ Lʩʧʽʥ. 
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ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʝ ʜʽʣʝʥʥʷ ʪʽʣ ʟʘ ʤʘʛʥʽʪʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʜʽʣʝʥʥʷ ʩʣʘʙʦʤʘʛʥʽʪʥʠʭ ʽ 

ʩʠʣʴʥʦʤʘʛʥʽʪʥʠʭ ʪʽʣ. ʊʘʢʦʞ ʟʘ ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʤʘʪʝʨʘ̔ʣʠ ʜʽʣʷʪʴʩʷ ʥʘ ʜʽʘʤʘʛʥʝʪʠʢʠ, ʧʘʨʘʤʘʛʥʝʪʠʢʠ, 

ʬʝʨʦʤʘʛʥʝʪʠʢʠ, ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʢʠ ʪʘ ʬʝʨʠʤʘʛʥʝʪʠʢʠ. ʋʩʽ 

ʮʽ ʨʝʯʦʚʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʦʶ ʤʘʛʥʽʪʥʦʶ 

ʧʨʦʥʠʢʥʽʩʪʶ ɛ: ʜʣʷ ʜʽʘʤʘʛʥʝʪʠʢʽʚ ɛ < 1, ʜʣʷ ʧʘʨʘʤʘʛʥʝʪʠʢʽʚ 

ɛ > 1, ʧʨʦʪʝ ʽ ʚ ʪʦʤʫ, ʽ ʚ ʽʥʰʦʤʫ ʨʘʟʽ ɛ ʣʠʰʝ ʥʝʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʦʜʠʥʠʮʽ. ɼʣʷ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ɛ >> 1, ʱʦ 

ʤʘʪʁʴ ʟʘʣʠʰʢʦʚʠʡ ʤʘʛʥʝʪʠʟʤ, ʪʦʙʪʦ ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʽ ʟʘ ʚʜ̔ʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʥʘʤʘʛʥʽʯʫʚʘʣʴʥʦʛʦ ʧʦʣʷ. 

ɼʣʷ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʭʘʨʘʢʪʝʨʥʠʡ ʤʘʛʥʽʪʥʠʡ 

ʛʽʩʪʝʨʝʟʠʩ ï ʷʚʠʱʝ, ʱʦ ʚʠʥʠʢʘʻ ʟʘ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥ ̫

ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʟʨʘʟʢʘ. ʉʫʪʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ 

ʧʦʣ̫ʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʤʽʥʘ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʟʨʘʟʢʘ ʚʽʜʩʪʘʻ ʚʽʜ 

ʟʤʽʥ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽ ʟʘ ʜʝʷʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ 

ʤʘʻ ʥʘʟʚʫ ʪʦʯʢʠ ʂʶʨʽ, ʬʝʨʦʤʘʛʥʝʪʠʢ ʚʪʨʘʯʘʻ ʬʝʨʦʤʘʛʥʽʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʡ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʟʚʠʯʘʡʥʠʡ ʧʘʨʘʤʘʛʥʝʪʠʢ. 

ʌʝʨʠʤʘʛʥʝʪʠʢʠ ï ʨʝʯʦʚʠʥʠ, ʚ ʷʢʠʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨ, 

ʥʠʞʯʠʭ ʚʽʜ ʪʦʯʢʠ ʂʶʨʽ, ʤʘʻʤʦ ʬʝʨʠʤʘʛʥʽʪʥʝ ʚʧʦʨʷʜʢʫʚʘʥʥʷ 

ʤʘʛʥʽʪʥʠʭ ʤʦʤʝʥʪʽʚ ʽʦʥʽʚ. ʅʘʡʙʽʣʴʰʠʡ ʢʣʘʩ ʜʦʙʨʝ ʚʠʚʯʝʥʠʭ 

ʬʝʨʠʤʘʛʥʝʪʠʢʽʚ ʫʪʚʦʨʶʶʪʴ ʬʝʨʠʪʠ. 

ʄʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʤʘʛʥʽʪʥʦ-ʤô̫ʢ ̔ʪʘ 

ʤʘʛʥʽʪʥʦ-ʪʚʝʨʜʽ. ʄʘʛʥʽʪʥʦ-ʪʚʝʨʜʽ ʤʘʪʝʨʽʘʣʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʢʦʝʨʮʠʪʠʚʥʦʶ ʩʠʣʦʶ 

(ʅʩ Ó 4 ʢɸ/ʤ) ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʩʪʽʡʥʠʭ 

ʤʘʛʥʽʪʽʚ. ɼʦ ʤʘʛʥʽʪʥʦ-ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʣʝʞʘʪʴ ʜʝʷʢʽ 

ʚʫʛʣʝʮʝʚʽ ʩʪʘʣʽ, ʚʦʣʴʬʨʘʤʦʚʘ, ʭʨʦʤʠʩʪʘ ʽ ʢʦʙʘʣʴʪʦʚʘ ʩʪʘʣʽ, 

ʩʧʣʘʚʠ ʘʣʴʥʽ (ʘʣʤʁʽʥʽʡ + ʥʽʢʝʣʴ), ʘʣʴʥʽʩʽ (Al + Ni + Si) 

(ʘʣʶʤʽʥʽʡ + ʥʢ̔ʝʣʴ + ʢʨʝʤʥʽʡ), ʘʣʴʥʽʢʦ (Al + Ni + Co) 

(ʘʣʶʤʽʥʽʡ + ʥʢ̔ʝʣʴ + ʢʦʙʘʣʴʪ) ʽ ʤʘʛʥʽʢʦ (ʄʘ + Ni + Co) 

(ʤʘʛʥʽʡ + ʥʽʢʝʣʴ + + ʢʦʙʘʣʴʪ), ʘ ʪʘʢʦʞ ʬʝʨʠʪʠ ʢʦʙʘʣʴʪʫ ʽ 

ʙʘʨʽʶ. ʄʘʛʥʽʪʥʦ-ʤô̫ ʢʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 
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ʚʠʩʦʢʦʶ ʤʘʛʥʽʪʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ, ʥʝʚʝʣʠʢʦʶ ʢʦʝʨʮʠʪʠʚʥʦʶ 

ʩʠʣʦʶ (ʅʩ < 4 ʢɸ/ʤ) ʽ ʤʘʣʠʤʠ ʚʪʨʘʪʘʤʠ ʥʘ ʛʽʩʪʝʨʝʟʠʩ. ɰʭ 

ʤʦʞʥʘ ʧʦʜ̔ʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ:  

 ʤʝʪʘʣʝʚʽ ʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ (ʟʘʣʽʟʦ ʪʘ ʡʦʛʦ ʩʧʣʘʚʠ) 

ï ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ ʟʚʫʢʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. 

ʅʘʡʙʽʣʴʰ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʤʝʪʘʣʝʚʠʡ ʤʘʛʥʽʪʥʠʡ ʤʘʪʝʨʽʘʣ ï 

ʧʝʨʤʘʣʦʡ; 

 ʤʘʛʥʽʪʦʜʽʝʣʝʢʪʨʠʢʠ; 

 ʬʝʨʠʪʠ. 
 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ  
 

1 ʗʢʽ ʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʽʟʠʯʥʽ 
ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʪʽʣ?  

2 ʑʦ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʦʟʥʘʢ ʩʪʨʫʢʪʫʨʠ 
ʤʘʪʝʨʽʘʣʽʚ? 

3 ʇʦʷʩʥʽʪʴ ʧʦʥʷʪʪʷ çʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʽ ʚʣʘʩʪʠʚʦʩʪʽ 
ʤʘʪʝʨʽʘʣʫè. 

4 ʗʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʥʦʩʷʪʴ ʜʦ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʽ 
ʤʢ̔ʨʦʩʢʦʧʽʯʥʠʭ? 

5 ʗʢʠʤ ʯʠʥʦʤ ʙʫʜʦʚʘ ʤʘʪʝʨʽʘʣʫ ʚʧʣʠʚʘʻ ʥʘ 
ʚʣʘʩʪʠʚʦʩʪʽ? 

6 ʑʦ ʪʘʢʝ ʚʥʫʪʨʽʰʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ? 
7 ʗʢʠʤ ʯʠʥʦʤ ʦʩʥʦʚʥʽ ʪʘ ʜʦʜʘʪʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʫ? 

8 ʋ ʯʦʤʫ ʧʦʣʷʛʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʡ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʤʝʪʘʣʘʭ? 

9 ʗʢʽ ʝʣʝʢʪʨʦʥʠ ʥʘʟʠʚʘʶʪʴʩʷ ʚʘʣʝʥʪʥʠʤʠ? 

10 ʏʠʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʫ? 

11 ʅʘʟʚʽʪʴ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʤʝʪʘʣʘʤʠ ʽ ʥʝʤʝʪʘʣʘʤʠ. 

12 ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʽʦʥʽʟʘʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. 

13 ʑʦ ʪʘʢʝ ʬʘʟʘ? ʗʢʽ ʪʠʧʠ ʬʘʟ ʚʠ ʟʥʘʻʪʝ? 

14 ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʾ ʩʧʦʣʫʢʠ. 

15 ɼʘʡʪʝ ʢʣʘʩʠʬʽʢʘʮʽʶ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ. 

16 ʅʘʟʚʽʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ. 

17 ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʩʧʣʘʚʫ. 
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18 ʗʢʽ ʬʘʟʠ ʥʘʟʠʚʘʶʪʴ ʧʨʦʤʽʞʥʠʤʠ? 

19 ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʤʽʞʥʠʭ ʬʘʟ.  

20 ʂʣʘʩʠʬʠʢʘʮʽʷ ʧʨʦʤʽʞʥʠʭ ʬʘʟ.  

21 ʅʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʧʨʦʤʽʞʥʠʭ ʬʘʟ. 

22 ɽʣʝʢʪʨʦʥʥʽ ʩʧʦʣʫʢʠ ʪʘ ʾʭ ʧʨʠʢʣʘʜʠ.  

23 ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. 

24 ʌʘʟʠ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʥʽʢʝʣʴʘʨʩʝʥʽʜʫ. 

25 ʂʣʘʩʠʬʢ̔ʘʮ̫̔  ʬʘʟ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʥʽʢʝʣʴʘʨʩʝʥʽʜʫ. 

26 ů-ʌʘʟʠ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ. 

27 ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ. 

28 ʑʦ ʪʘʢʝ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ?  

29 ʗʢʽ ʪʠʧʠ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʜʽʣʷʶʪʴ?  

30 ʗʢʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʽ ʚʠʢʣʶʯʝʥʥʷ ʧʦʭʠʙʦʢ 

ʜʦʩʣʽʜʽʚ ʚʘʤ ʚʽʜʦʤʽ?  

31 ʗʢ ʽ ʟʘ ʷʢʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢʣʘʩ 

ʪʦʯʥʦʩʪʽ ʧʨʠʣʘʜʽʚ?  

32 ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʮʽʥʶʚʘʥʥʶ ʪʦʯʥʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. 

33 ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʾʭ ʢʦʨʦʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

34 ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʾʭ ʢʦʨʦʪʢʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

35 ɼʝʬʦʨʤʘʮʽʷ ʪʘ ʾʾ ʚʠʜʠ. ɿʘʢʦʥ ɻʫʢʘ.  

36 ʊʝʧʣʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʷ. 

37 ɽʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ 

ʢʣʘʩʠʬʢ̔ʘʮʽʷ. 

38 ʇʦʩʪʫʣʘʪʠ ɹʦʨʘ. ʇʨʠʥʮʠʧ ʟʘʙʦʨʦʥʠ ʇʘʫʣʽ. 

39 ɿʦʥʥʘ ʪʝʦʨʽʷ ʙʫʜʦʚʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. 

40 ʄʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ.  

41 ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʘʪʝʨʽʘʣ̔ ʚ ʟʘ ʤʘʛʥʽʪʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 
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ʈʆɿɼɯʃ 2 

ʊɽʇʃʆɺɯ ɺʃɸʉʊʀɺʆʉʊɯ ʄɸʊɽʈɯɸʃɯɺ 

 

2.1 ʊʝʧʣʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

2.1.1 ʊʝʧʣʦʻʤʥʽʩʪʴ ʽ ʪʝʧʣʦʚʤʽʩʪ (ʝʥʪʘʣʴʧʽʷ) 
 

ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʧʽʜ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʥ ̫ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʧʝʨʝʚʘʞʥʦ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʫ ʩʧʣʘʚʘʭ. ɺʠʚʯʘʶʯʠ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʚʤʽʩʪʫ, 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʪʝʧʣʦʻʤʥʦʩʪʽ ʡ ʧʨʠʭʦʚʘʥʫ ʪʝʧʣʦʪʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. ʇʨʦʩʪʦ ʚʠʤʽʨʶʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʜ ʯʘʩ 

ʥʘʛʨʽʚʘʥʥ ̫ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥ ̫ ʚʧʨʦʜʦʚʞ ʯʘʩʫ, ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ ʟʘ ʧʝʨʝʛʠʥʘʤʠ ʽ ʟʫʧʠʥʢʘʤʠ ʥʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʨʠʚʠʭ. ʅʘ ʚʠʤʽʨʶʚʘʥʥʽ ʪʝʧʣʦʪʠ ʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʙʘʟʫʶʪʴʩʷ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʡ ʽ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟʠ ʚʽʜʧʦʚʽʜʥʦ. 

ʊʝʤʧʝʨʘʪʫʨʘ ï ʦʜʠʥ ʽʟ ʚʘʞʣʠʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʨʦʮʝʩʠ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʷʢ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʦʪʦʚʦʛʦ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʪʘʢ ʽ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʪ̫ʴ: ʥʘʛʨʽʚʘʥʥʷ, ʛʘʨʪʫʚʘʥʥʷ, 

ʩʫʰ̔ʥʥʷ, ʪʝʨʤʽʯʥʝ ʪʘ ʭʤ̔ʽʢʦ-ʪʝʨʤʽʯʥʝ ʦʙʨʦʙʣʝʥʥʷ, 

ʟʚʘʨʶʚʘʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʽʥ. ʄʝʞʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ï ʚʽʜ ʤʽʥʫʩ 90 ʜʦ ʧʣʶʩ 1 200 ÁC ʽ ʚʠʱʝ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʣʝʞʠʪʴ ʜʦ ʪʘʢʠʭ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, 

ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ (ʧʨʷʤʦ) ʥʝ ʚʠʤʽʨʶʶʪʴ. ʊʦʤʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʟʘʚʞʜʠ ʧʝʨʝʪʚʦʨʶʶʪʴ ʥʘ ʽʥʰʫ ʬʽʟʠʯʥʫ ʚʝʣʠʯʠʥʫ, ʷʢʘ 

ʟʚô̫ ʟʘʥʘ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʽʜʦʤʦʶ ʟʘʣʝʞʥʽʩʪʶ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴ 

ʜʝʢ̔ʣʴʢʘ ʰʢʘʣ. 

ɿʘ ʩʪʘʥʜʘʨʪʦʤ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʰʢʘʣ: ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʰʢʘʣʠ (ʊʊʐ) ʷʢ ʦʩʥʦʚʥʦʾ ʪʘ ʤʽʞʥʘʨʦʜʥʦʾ ʧʨʘʢʪʠʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʰʢʘʣʠ (ʄʇʊʐ). 

ʋ ʧʨʦʤʠʩʣʦʚʽʡ ʪʝʨʤʦʤʝʪʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴ ʜʚʘ 

ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ: 
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 ʢʦʥʪʘʢʪʥʠʡ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʝʨʚʠʥʥʠʤ 

ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ, ʷʢʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʢʦʥʪʘʢʪʫ ̒ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ; 

 ʙʝʟʢʦʥʪʘʢʪʥʠʡ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʧʽʨʦʤʝʪʨʘʭ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʪʝʧʣʦʚʠʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʥʘʛʨʽʪʠʭ ʪʽʣ. 

ɺ̔ ʜʧʦʚʽʜʥʦ ʜʦ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʤʝʪʨʠ ʢʣʘʩʠʬʽʢʫʶʪʴ ʪʘʢ: 

ï ʢʦʥʪʘʢʪʥʽ ʥʘ: 

1) ʪʝʨʤʦʤʝʪʨʠ ʨʦʟʰʠʨʝʥʥʷ: ʨʽʜʠʥʥʽ ʩʢʣʷʥʽ (ʜʽʘʧʘʟʦʥ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜ  ʤʽʥʫʩ 200 ÁC ʜʦ ʧʣʶʩ 600 ÁC) ʪʘ 

ʜʠʣʘʪʦʤʝʪʨʠʯʥʽ ʡ  ʙʽʤʝʪʘʣʝʚʽ (ʚʽʜ ʤʽʥʫʩ 150 ÁC ʜʦ ʧʣʶʩ 

700 ÁC). ʇʨʠʥʮʠʧ ʾʭʥʴʦʾ ʜʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʤʽʥʽ ʦʙô̒ ʤʫ ʨʽʜʠʥʠ 

ʯʠ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʪʚʝʨʜʠʭ ʪʽʣ ʟʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ; 

2) ʤʘʥʦʤʝʪʨʠʯʥʽ ʪʝʨʤʦʤʝʪʨʠ (ʚʽʜ ʤʽʥʫʩ 200 ʜʦ ʧʣʶʩ 

1 000 ÁC) ï ʚ ʪʝʨʤʦʤʝʪʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʤʽʥʘ ʪʠʩʢʫ 

ʛʘʟʫ, ʨʽʜʠʥʠ ʯʠ ʧʘʨʠ ʚ ʟʘʤʢʥʝʥʦʤʫ ʦʙô̒ ʤʽ ʟʘ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ; 

3) ʪʝʨʤʦʤʝʪʨʠ ʦʧʦʨʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʧʨʦʚʽʜʥʠʢʽʚ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʷʢʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

ʘ) ʤʝʪʘʣʝʚʽ (ʚʽʜ ʤʽʥʫʩ 260 ÁC ʜʦ ʧʣʶʩ 1 100 ÁC); 

ʙ) ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ (ʚʽʜ ʤʽʥʫʩ 275 ÁC ʜʦ ʧʣʶʩ 

60 ÁC); 

4) ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʪʝʨʤʦʤʝʪʨʠ (ʪʝʨʤʦʧʘʨʠ), ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ (ʚʽʜ ʤʽʥʫʩ 200 ÁC 

ʜʦ ʧʣʶʩ 2 200 ÁC), ʘ ʧʨʠʥʮʠ ʜʽʾ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʤʽʥʽ 

ʪʝʨʤʦʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ (ʊɽʈʉ) ʚ ʣʘʥʮʶʛʫ ʧʽʜ ʯʘʩ 

ʥʘʛʨʽʚʘʥʥ ̫ʩʧʘʶ ʜʚʦʭ ʨʽʟʥʦʨʜ̔ʥʠʭ ʤʝʪʘʣʽʚ. 

ʊʝʧʣʦʚʤʽʩʪ Q (ʪʝʧʣʦʚʘ ʬʫʥʢʮʽʷ, ʘʙʦ ʝʥʪʘʣʴʧʽʷ) ʻ 

ʬʫʥʢʮʽʻʶ ʩʪʘʥʫ ʽ ʟʘ ʽʟʦʙʘʨʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʦʪʠ, ʥʝʦʙʭʽʜʥʦ ʾ ʜʣʷ ʧʽʜʚʠɦʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʽʣʘ 

ʤʘʩʦʶ m ʚʽʜ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʥʘ ʚʝʣʠʯʠʥʫ ʊ ʚ ʂ. ɺʝʣʠʯʠʥʫ 
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Q (2.1) ʤʦʞʥʘ ʚ ʮʴʦʤʫ ʨʘʟʽ ʚʟʷʪʠ ʧʨʦʧʦʨʮʽʡʥʦ ʁʪʝʤʧʝʨʘʪʫʨʽ 

ʊ ʽ ʤʘʩʽ ʪʽʣʘ m: 

Q = cmT,   (2.1) 

ʜʝ ʩ ï ʩʝʨʝʜʥʽʡ ʜʣʷ ʚʟʷʪʦʛʦ ʽʥʪʝʨʚʘʣʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʦʝʬʽʮʽ̒ ʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʱʦ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ ʚ 

ʢʘʣʦʨʽʭ̫, ʥʝʦʙʭʽʜʥʦ ʾʜʣʷ ʥʘʛʨʽʚʘʥʥʷ 1 ʛ ʨʝʯʦʚʠʥʠ ʥʘ 1 ʂ. 

ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʥʘʟʠʚʘʪʁʴ ʧʠʪʦʤʦʶ 

ʪʝʧʣʦ- ʤ̒ʥʽʩʪʶ. ʇ̔ʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ ̫ʪʽʣʘ ʤʘʩʦʶ m ʚʽʜ T1 ʜʦ 

ʊ2 (ʊ2 > T1) ʡʦʛʦ ʪʝʧʣʦʚʤʽʩʪ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ Q1 ʜʦ Q2. ɿ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ (2.2) ʚʠʧʣʠʚʘʻ: 

.
1

12

12

mTT

QQ
cp Ö

-

-
=                                  (2.2) 

ʎʷ ʚʝʣʠʯʠʥʘ ʩʝʨʝʜʥʴʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘʟʚʠʯʘʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. ɿʤʝʥʰʫʶʯʠ 

ʨʽʟʥʠʮʶ ʊ2 ï T1 ʜʦ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʾ ʚʝʣʠʯʠʥʠ, ʦʜʝʨʞʠʤʦ 

ʩʧʨʘʚʞʥʶ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʨ (2.3) ʟʘ ʧʝʚʥʦ ʾ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʜʠʬʝʨʝʥʮʽʘʣʥɹʝ ʚʠʨʘʞʝʥʥʷ ʷʢʦʾ  

mdT

dQ
cp

1
Ö= .                                 (2.3) 

ɺʝʣʠʯʠʥʫ ʩʨ, ʷʢ ʽ ʩʝʨʝʜʥ ʁʪʝʧʣʦʻʤʥʽʩʪʴ, ʥʘʟʠʚʘʪʁʴ 

ʧʠʪʦʤʦʶ ʪʝʧʣʦʻʤʥʽʩʪʶ, ʾʾ ʚʠʤʽʨʶʪʁʴ ʫ ʢʘʣ/ʛ Ā ʛʨʘʜ 

(ɼʞ/ʛ Ā ʂ). 

ʊʝʤʧʝʨʘʪʫʨʫ ʪʽʣʘ ʚʠʟʥʘʯʘʪʁʴ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʪʝʧʣʦʚʦʛʦ ʨʫʭʫ ʡʦʛʦ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʘʪʠʩʷ 

ʭʘʦʪʠʯʥʦ (ʚ ʛʘʟʘʭ) ʘʙʦ ʢʦʣʠʚʘʪʠʩʷ ʟ ʨʽʟʥʦʶ ʘʤʧʣʽʪʫʜʦʶ ʙʽʣʷ 

ʧʝʚʥʠʭ ʮʝʥʪʨʽʚ ʫ ʨʽʜʢʦʤʫ ʘʙʦ ʢʨʠʩʪʘʣʽʯʥʦʤʫ (ʪʚʝʨʜʦʤʫ) 

ʪʽʣʽ. ʎʠʤʠ ʮʝʥʪʨʘʤʠ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ  ̒ʚʫʟʣʠ ʧʨʦʩʪʦʨʦʚʦʾ 
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ʨ̌ʘʪʢʠ. ʋ ʨʚ̔ʥʷʥʥʽ (2.3) dQ ʤʽʩʪʠʪʴ ʫʩʶ ʝʥʝʨʛʽʶ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʊ, ̔  ʥʝ ʤ̔ʩʪʠʪʴ ʝʥʝʨʛʽ ʾʪʽʣʘ ʟʘ 0 ʂ. 

ʂʦʣʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʷ ʪʝʧʣʦʻʤʥʽʩʪʴ ʫ ʜʝʷʢʦʤʫ  

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʢʘʣʦʨʠʤʝʪʨʠʯʥʦ ʧʽʜʩʫʤʦʚʫʻʪɹʩʷ 

ʥʝ ʣʠh ʝ ʝʥʝʨʛʽʷ ʘʪʦʤʥʠʭ ʢʦʣʠʚʘʥʴ, ʘ ʡ ʧʨʠʭʦʚʘʥʘ ʝʥʝʨʛʽʷ 

(ʪʝʧʣʦʪʘ) ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. ɺʦʜʥʦʯʘʩ 

ʧʨʠʭʦʚʘʥʘ ʪʝʧʣʦʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʝ ʤʘʪʠ ʧʦʟʠʪʠʚʥʠʡ ʽ 

ʥʝʛʘʪʠʚʥʠʡ ʟʥʘʢʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ɿ ʪʝʦʨʽʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʛʘʟʽʚ ʚʽʜʦʤʦ, ʱʦ ʜʣʷ ʢʦʞʥʦʾ 

ʨʝʯʦʚʠʥʠ ʻ ʜʚʽ ʭʘʨʘʢʪʝʨʥʽ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ï 

ʩʨ ʽ ʩɡ, ʪʦʙʪʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʘ ʩʪʘʣʦʛʦ ʪʠʩʢʫ ʽ ʩʪʘʣʦʛʦ ʦʙô̒ ʤʫ, 

ʧʨʠʯʦʤʫ ʩʨ > ʩɡ. ɼʣʷ ʤʝʪʘʣʽʚ ʚʽʜʤʽʥʥʽʩʪʴ ʮʠʭ ʜʚʦʭ ʚʝʣʠʯʠʥ 

ʤʘʻ ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ʇʨʘʢʪʠʯʥʦ ʚʠʤʽʨʷʪʠ ʩɡ ʥʝ 

ʚʜʘʻʪʴʩʷ. ʊʦʤʫ ʥʘʜʘʣʽ, ʜʝ ʤʦʚʘ ʡʜʝ ʧʨʦ ʪʝʧʣʦʻʤʥʩ̔ʪɹ, 

ʦʜʝʨʞʘʥʫ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʘ 

ʩʪʘʣʦʛʦ ʪʠʩʢʫ, ʩʨ. ʋ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʝʣʠʯʠʥʘ ʪʠʩʢʫ ʨ ʥʝ 

ʦʙʫʤʦʚʣʝʥʘ, ʤʦʞʥʘ ʙʨʘʪʠ ʨ = 0, ʦʩʢ̔ ʣʴʢʠ ʟʘ ʯʠʩʣʝʥʥʠʭ 

ʚʠʟʥʘʯʝʥʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʤʝʪʘʣʽʚ ʫ ʚʘʢʫʫʤʽ ʪʘ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʪʠʩʢʫ ʧʦʤʽʪʥʦʾ ʨʽʟʥʠʮʽ ʟʥʘʡʜʝʥʦ ʥʝ ʙʫʣʦ. 

ɽʥʪʘʣʴʧʽʷ ï ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʱʦ                 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʥ ʩʠʩʪʝʤʠ ʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽʡ ʨʽʚʥʦʚʘʟʽ ʟʘ 

ʚʠʙʦʨʫ ʷʢ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʪʠʩʢʫ, ʝʥʪʨʦʧʽʾ ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʯʘʩʪʠʥʦʢ. ʎʝ ʚʣʘʩʪʠʚʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ 

ʝʥʝʨʛʽʾ, ʷʢʫ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ ʪʝʧʣʦʪʫ. (ʄʽʨʦʶ ʟʤʽʥʠ 

ʚʧʦʨʜ̫ʢʦʚʘʥʦʩʪʽ ʩʠʩʪʝʤʠ  ̒ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ ȹS). ʋʩʽ ʭʽʤʽʯʥʽ 

ʨʝʘʢʮʽʾ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʘʙʦ ʧʦʛʣʠʥʘʥʥʷʤ 

ʪʝʧʣʘ. ʈʝʘʢʮʽʾ ʧʝʨʰʦʛʦ ʪʠʧʫ ʥʘʟʠʚʘʶʪʴ ʝʢʟʦʪʝʨʤʽʯʥʠʤʠ, 

ʨʝʘʢʮʽʾ ʜʨʫʛʦʛʦ ʪʠʧʫ ï ʝʥʜʦʪʝʨʤʽʯʥʠʤʠ. ʋ ʨʘʟʽ 

ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʩʠʩʪʝʤʘ ʚʪʨʘʯʘʻ ʪʝʧʣʦ, ʪʦʜʽ 

ʝʥʪʘʣʴʧʽʷ ï ʚʝʣʠʯʠʥʘ ʚʽʜô̒ ʤʥʘ, ʘ ʚ ʨʘʟʽ ʝʥʜʦʪʝʨʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ ʩʠʩʪʝʤʘ ʧʦʛʣʠʥʘʻ ʪʝʧʣʦ, ʪʦʜʽ ʝʥʪʘʣʴʧʽʷ ï ʚʝʣʠʯʠʥʘ 

ʜʦʜʘʪʥʘ. 
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2.1.2 ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʧʣʦʚʤʽʩʪʫ 
 

ɸʪʦʤʥʦʶ (ʤʦʣʝʢʫʣʷʨʥʦʶ) ʪʝʧʣʦʻʤʥʽʩʪʶ ʤʝʪʘʣʫ ʉv 

ʘʙʦ ʉʨ ʥʘʟʠʚʘʪʁʴ ʪʝʧʣʦʻʤʥʽʩʪʴ ʛʨʘʤ-ʘʪʦʤʘ ʨʝʯʦʚʠʥʠ. ɰʾ 

ʚʠʤʽʨʶʪʁʴ ʤʥʦʞʝʥʥʷʤ ʧʠʪʦʤʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʥʘ ʘʪʦʤʥʫ 

ʚʘʛʫ ɸ: 

Cv = cvA    ʘʙʦ       ʉʨ = ʩʨɸ.                   (2.4)  

ɿʛʽʜʥʦ ʟ ʧʨʘʚʠʣʦʤ ɼʶʣʦʥʛʘ ʪʘ ʇʪʽ ʤʦʣʝʢʫʣʷʨʥʘ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʦʜʥʦʘʪʦʤʥʠʭ ʛʘʟʽʚ ʻ ʚʝʣʠʯʠʥʦʶ ʩʪʘʣʦ ,ʁ ʱʦ 

ʜʦʨ̔ʚʥʶʻ 

Cɸ = (3R)/2,        (2.5) 

ʜʝ R ï ʛʘʟʦʚʘ ʩʪʘʣʘ, ʱʦ ʜʦʨʽʚʥʶʻ 8,31 ɼʞ/ʤʦʣʴ Ā ʂ.  

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤʥʦʞʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʚʘʛʠ ʥʘ 

ʧʠʪʦʤʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʻ ʧʨʠʙʣʠʟʥʦ ʚʝʣʠʯʠʥʦʶ ʩʪʘʣʦʶ. 

ʇʨʘʚʠʣʦ ɼʶʣʦʥʛʘ ʪʘ ʇʪʽ ʟʘʩʪʦʩʦʚʫʪʁʴ ʽ ʜʦ ʤʝʪʘʣʽʚ, ʷʢʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʧʦʚʽʜʘʻ ʢʽʤʥʘʪʥʽʡ ʘʙʦ ʻ ʚʠʱʦʶ. ʆʩʢ̔ ʣʴʢʠ 

ʤʦʣʝʢʫʣʘ ʤʝʪʘʣʫ ʦʜʥʦʘʪʦʤʥʘ, ʪʦ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʘʪʦʤʥʘ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ ʻ ʚʝʣʠʯʠʥʦʶ ʩʪʘʣʦʶ: ʟʘ 0 Áʉ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʜʣʷ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ ʤʝʪʘʣʽʚ ʢʦʣʠʚʘʻʪʩɹʷ 

ʚʽʜ 5,8 ʢʘʣ/ʛʨʘʜ Ā ʛ-ʘʪʦʤ ʜʦ 6,2 ʢʘʣ/ʛʨʘʜ Ā ʛ-ʘʪʦʤ. ʆʩʢʽʣʢɹʠ 

ʪʚʝʨʜʽ ʨʝʯʦʚʠʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʘʪʦʤʽʚ, ʱʦ ʢʦʣʠʚʘʶʪʴʩʷ 

ʙʣʠʟʴʢʦ ʜʝʷʢʠʭ ʮʝʥʪʨʽʚ, ʷʢʽ ʻ ʚʫʟʣʘʤʠ ʨ̌ʘʪʢʠ, ʪʦ ʧʦʚʥʘ 

ʝʥʝʨʛʽʷ ʘʪʦʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʥʝʪʠʯʥʦʾ ʽ ʧʦʪʝʥʮʽʘʣʥɹʦʾ, 

ʧʨʠʯʦʤʫ ʮʽ ʝʥʝʨʛʽʾ ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ. 

ɿʛʽʜʥʦ ʟ ʢʽʥʝʪʠʯʥʦ ʁ ʪʝʦʨʽʻ  ʁ ʪʝʧʣʦʻʤʥʦʩʪʽ ʦʜʥʦ-

ʘʪʦʤʥʦʛʦ ʛʘʟʫ ʘʪʦʤʠ ʧʽʜ ʯʘʩ ʾʭ ʨʫʭʫ ʤʘʶʪʴ ʣʠh ʝ ʢʽʥʝʪʠʯʥʫ 

ʝʥʝʨʛʽʻʶ, ʧʨʠʯʦʤʫ ʩʝʨʝʜʥʷ ʝʥʝʨʛʽʷ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥ 

ʩʪʝʧʽʥʴ ʚʽʣʴʥʦʩʪʽ, ʜʦʨʽʚʥʶʻ Rʊ/2. ʋ ʪʚʝʨʜʦʤʫ ʽ ʨʽʜʢʦʤʫ ʪʣ̔ʘʭ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʣʠh ʝ 

ʢʽʥʝʪʠʯʥʫ, ʘ ʡ ʧʦʪʝʥʮʽʘʣʥɹʫ ʝʥʝʨʛʽʶ ʢʦʣʠʚʥʠʭ ʘʪʦʤʽʚ. ɿ 
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ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʟʘ ʪʨʴʦʭ ʩʪʝʧʝʥ̔ʚ 

ʚʽʣʴʥʦʩʪʽ ʜʦʨ̔ʚʥʶʻ 3Rʊ/2, ʧʦʚʥʘ ʝʥʝʨʛʽʷ 

W = 3RT,                                   (2.6) 

ʪʦʙʪʦ ʚʜʚʽʯʽ ʙʽʣʴʰʝ ʢʽʥʝʪʠʯʥʦʾ, ʦʩʢʽʣʴʢʠ ʦʩʪʘʥʥʷ ʜʦʨʽʚʥʶʻ 

ʧʦʪʝʥʮʽʘʣʥɹʽʡ. ʆʪʞʝ, ʘʪʦʤʥʘ ʪʝʧʣʦʤʽʩʪʢʽʩʪʴ ʤʝʪʘʣʽʚ ʤʘ̒ 

ʚʝʣʠʯʠʥʫ 

                   ʉɸ = 3R ï ʟʘʢʦʥ ɼʶʣʦʥʛʘ ʪʘ ʇʪʽ.                   (2.7) 
 

ɺʽʥ ʩʧʨʘʚʝʜʣʠʚʠʡ ʟʘ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʠɦʭ ʚʽʜ ʜʝʷʢʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ Ū. ʂʨʽʤ ʧʦʜʚʦʻʥʥʷ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ, ʷʢʘ ʥʝ ʧʦʚʠʥʥʘ 

ʟʤʽʥʶʚʘʪʠʩ̫ ʟʘ ʊ > Ū, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʧʘʜʘʥʥʷ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʤʝʪʘʣʽʚ (ʟʘ ʊ < Ū) ʜʦ ʥʫʣʷ ʟʘ ʊ = 0 ʂ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʘʪʦʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʚʝʨʜʠʭ ʤʝʪʘʣʽʚ ʥʝ ʻ 

ʚʝʣʠʯʠʥʦʶ ʩʪʘʣʦʶ, ʚʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʧʽʜʚʠʱʫ̒ ʪʴʩʷ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ,̫ ʧʨʠʯʦʤʫ ʙʽʣʴʰ ʟʥʘʯʫ ʦɦ ʚ 

ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʽ ʦʩʦʙʣʠʚʦ ʬʝʨʦʤʘʛʥʽʪʥʠʭ (ʨʠʩ. 2.1). 

ɼʣʷ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʘʚʠʣʦ ɼʶʣʦʥʛʘ ʪʘ ʇʪʽ 

ʥʝʜʦʨʝʯʥʝ. ʋ ʢʚʘʥʪʦʚʽʡ ʪʝʦʨʽʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, 

ʨʦʟʨʦʙʣʝʥʽʡ ɸ. ɽʡʥʰʪʝʡʥʦʤ, ʘʪʦʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʚʫʟʣʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ, ʢʦʣʠʚʘʶʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ 

ʚʽʜ ʦʜʥʦʛʦ ʟ ʦʜʥʘʢʦʚʦʶ ʯʘʩʪʦʪʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 

1 013 ɻʮ. 

ɽʥʝʨʛʽʷ ʢʦʣʠʚʘʥʴ ʘʪʦʤʘ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʥʝ 

ʙʝʟʧʝʨʝʨʚʥʦ, ʘ ʧʦʨʮʽʷʤʠ. ɺʝʣʠʯʠʥʘ ʧʦʨʮʽʾ ʝʥʝʨʛʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (2.8): 

Ů = hɜ,                                       (2.8) 

ʜʝ h ï ʩʪʘʣʘ ʇʣʘʥʢʘ (h = 6,626 Ā 10
ï34

 ɼʞ Ā ʩ), ʘ ɜ ï ʯʘʩʪʦʪʘ 

ʢʦʣʠʚʘʥʴ ʘʪʦʤʘ. 
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ʈʠʩʫʥʦʢ 2.1 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ:  

ʘ ï ʤʝʪʘʣʽʚ; ʙ ï ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ (ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ ï ʪʝʦʨʽʷ, 

ʩʫʮʽʣʴʥʘ ï ʝʢʩʧʝʨʠʤʝʥʪ) 

 

ɿʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ 

ʥʝʨʽʚʥʽʩʪʴ hɜ > kT, ʝʥʝʨʛʽʷ ʪʝʧʣʦʚʦʛʦ ʨʫʭʫ ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ 

ʧʦʨʫh ʝʥʥʷ ʢʦʣʠʚʘʥʴ ʘʪʦʤʽʚ ʽ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʪʝʧʣʦʻʤʥʦʩʪʽ. ʊʝʤʧʝʨʘʪʫʨʘ, ʟʘ ʷʢʦ ʾʧʦʯʠʥʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʪʝʧʣʦʻʤʥʦʩʪʽ, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʷʢ T = hɜ/k  

(k = 1,38 Ā 10
ï23

 ɼʞ/ʂ ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ). 

ʊʝʦʨʽʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ɸ. ɽʡʥʰʪʝʡʥʘ ʙʫʣʘ ʫʪʦʯʥʝʥʘ 

ʇ. ɼʝʙʘʻʤ. ɸ. ɽʡʥʰʪʝʡʥ ʚʚʘʞʘʚ, ʱʦ ʘʪʦʤʠ ʫ ʚʫʟʣʘʭ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʦʣʠʚʘʶʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ 

ʽ ʯʘʩʪʦʪʘ ʾʭ ʢʦʣʠʚʘʥʴ ʦʜʥʘʢʦʚʘ. ʇ. ɼʝʙʘʡ ʫʨʘʭʫʚʘʚ, ʱʦ 

ʘʪʦʤʠ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ ʧʦʚô̫ ʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʽ ʱʦ ʚʩʽ ʚʦʥʠ ʥʝ 

ʤʦʞʫʪʴ ʢʦʣʠʚʘʪʠʩʷ ʟ ʦʜʥʘʢʦʚʦʶ ʯʘʩʪʦʪʦʶ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʝʦʨʽʾ ʇ. ɼʝʙʘʷ ʪʝʤʧʝʨʘʪʫʨʫ, ʟʘ ʷʢʦ ʾʧʦʯʠʥʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʪʝʧʣʦʻʤʥʦʩʪʽ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥ ʩʪʝʧʽʥʴ ʚʽʣʴʥʦʩʪʽ, 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʢʦʣʠʚʘʥʥʷ ʘʪʦʤʘ: hɜmax = kʊ. 

ʎʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʟʠʚʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ɼʝʙʘʷ ʽ ʧʦʟʥʘʯʘʶʪʴ ʣʽʪʝʨʦʶ QD = hɜʤʘʭ/k, ʜʝ 

ɜʤʘʭ ï ʚʝʨʭʥʷ ʤʘʢʩʠʤʘʣʴʥʘ ʤʝʞʘ ʯʘʩʪʦʪ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ 

ʦʢʨʝʤʠʭ ʽʦʥʽʚ ʫ ʨ̌ʘʪʮʽ. 
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ɿʘ ʜʫʞʝ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʚʠʟʥʘʯʘ̒ ʪʴʩʷ ʪʘʢ: 

.)(
5

12 3
4

D

T
RC
Q

=
p

u                             (2.9) 

ɿ ʨʽʚʥʷʥʥʷ (2.7) ʚʠʧʣʠʚʘʻ, ʱʦ ʟʘ ʟʤʝʥʰʝʥʥ ̫ ʊ 

ʪʝʧʣʦ̒ ʤʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ ʽ ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ; ʟʘ ʟʙʽʣʴʰʝʥʥ ̫ʊ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 3R. ʈʽʚʥʷʥʥʷ (2.9) ʧʦʢʘʟʫʻ, 

ʱʦ ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʪʝʧʣʦʻʤʥʽʩʪʴ ʥʝ ʫ ʬʫʥʢʮʽʾ ʊ, ʘ ʫ 

ʬʫʥʢʮʽʾ X = Q/T, ʪʦ ʜʣʷ ʚʩʽʭ ʤʝʪʘʣʽʚ ʧʦʚʠʥʥʘ ʚʠʡʪʠ ʦʜʥʘ ʽ ʪʘ 

ʩʘʤʘ ʟʘʣʝʞʥʽʩʪʴ, ʱʦ ʡ ʽʣʶʩʪʨʫʻ ʨʠʩʫʥʦʢ 2.1 ʘ. 

ɿʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʊ << QD) ʽʟ ʨʽʚʥʷʥʥʷ (2.9) 

ʦʜʝʨʞʫʻʤʦ ʨʽʚʥʷʥʥʷ (2.10): 

Cv = 234R(T/QD)
3
.                      (2.10) 

 

ɼʣʷ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʊ >> QD) ʨʽʚʥʷʥʥ ̫ (2.9) 

ʥʘʙʠʨʘʻ ʚʠʛʣʜ̫ʫ (2.11): 

Cv = 3R(1 ï 1/20(QD/ʊ)
2
) ­3R,             (2.11) 

ʱʦ ʟʙʽʛʘʪ̒ʴʩʷ ʟ̔ ʟʘʢʦʥʦʤ ɼʶʣʦʥʛʘ ʪʘ ʇʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʊ > QD ʩʧʨʘʚʝʜʣʠʚʠʡ ʟʘʢʦʥ 

ɼʶʣʦʥʛʘ ʪʘ ʇʪʽ, QD > T > QD/50 ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʦʜʥʘʢ ʢʽʣʴʢʽʩʥʠʡ ʭʘʨʘʢʪʝʨ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ 

ʧʦʢʠ ʱʦ ʥʝ ʚʩʪʘʥʦʚʣʝʥʠʡ, ʟʘ ʊ < QD/50 ʩʧʨʘʚʝʜʣʠʚʠʡ ʟʘʢʦʥ 

ʢʫʙʽʚ ɼʝʙʘʷ. 

ʅʘ ʨʠʩʫʥʢʫ 2.2 ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ 

ʪʝʧʣʦʚʤʽʩʪʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʩʪʘʣʦʛʦ ʪʠʩʢʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥʠ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ 

ʪʝʧʣʦʤʽʩʪʢʽʩʪʴ ʟʨʦʩʪʘʻ ʟʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʯʘʪʢʫ 

ʧʦʚʽʣʴʥʦ, ʧʦʪʽʤ ʰʚʠʜʰʝ ʽ, ʧʦʯʠʥʘʶʯʠ ʟ ʜʝʷʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʤʘʡʞʝ ʧʨʷʤʦʣʽʥʽʡʥʦ. ʇʨʷʤʦʣʽʥʽʡʥʠʡ ʭʽʜ Q ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʪʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʱʝ ʟʘ ʷʢʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʨʦʩʪʘʻ ʜʫʞʝ 

ʧʣʘʚʥʦ. ʋ ʪʦʯʮʽ ʧʣʘʚʣʝʥʥʷ ʊS ʪʝʧʣʦʤʽʩʪʢʽʩʪʴ ʟʨʦʩʪʘʻ 

ʫʨʠʚʯʘʩʪʦ. 
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ʈʠʩʫʥʦʢ 2.2 ï ʊʝʧʣʦʚʤʽʩʪ 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

 

ʎʝʡ ʧʨʠʨʽʩʪ ʪʝʧʣʦʪʠ ʜʦʨʽʚʥʶʻ ʪʝʧʣʦʪʽ ʧʣʘʚʣʝʥʥʷ qS. 

ɿʘʟʚʠʯʘʡ ʪʝʧʣʦʤʽʩʪʢʽʩʪʴ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ (ʢʨʠʚʘ f) ʟʨʦʩʪʘʻ 

ʰʚʠʜʰʝ, ʥʽʞ ʪʚʝʨʜʦʛʦ (ʢʨʠʚʘ ʂ). ɹʽʣʴʰ ʢʨʫʪʦʤʫ ʧʽʜʡʦʤʫ 

ʢʨʠʚʦʾ f ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʦʾ dQ/dt, 

ʦʪʞʝ, ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (2.3) ʨʽʜʢʠʡ ʤʝʪʘʣ ʤʘʻ ʙʽʣʴʰʫ 

ʪʝʧʣʦʻʤʥʽʩʪʴ, ʥʽʞ ʪʚʝʨʜʠʡ (ʢʨʠʩʪʘʣʽʯʥʠʡ). ʊʝʧʣʦʚʤʽʩʪ 

ʘʤʦʨʬʥʦʛʦ ʪʽʣʘ (ʨʠʩ. 2.2) ʟʦʙʨʘʞʝʥʦ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ F, 

ʱʦ ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʢʨʠʚʦʾ f. 

 

2.1.3 ʊʝʧʣʦʚʤʽʩʪ ʨʝʘʣʴʥʠʭ ʤʝʪʘʣʽʚ, ʩʧʣʘʚʽʚ ʽ ʩʧʦʣʫʢ 
 

ʇʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ŪD ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʨʽʚʥʷʥʥʷ (2.7) ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʪʝʧʣʦʚʤʽʩʪʫ ʦʜʝʨʞʫʻʤʦ, ʱʦ ŪD  ʟʘʣʝʞʠʪ ɹʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʤʽʨʚʁʘʥʥʷ ʪʝʧʣʦʚʤʽʩʪʫ. ɼʣʷ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʚʦʥʘ ʩʧʘʜʘʻ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʊ ʚʽʜ 0 ʂ, ʘ ʧʦʪʽʤ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ɼʣʷ ʽʥʰʠʭ 

ʤʝʪʘʣʽʚ ʟʘʟʚʠʯʘʡ ŪD ʩʧʦʯʘʪʢʫ ʟʨʦʩʪʘ,̒ ʘ ʧʦʪʽʤ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ. ɺʝʣʠʯʠʥʘ ŪD ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʫ ʪʘ ʽʥh ʠʤʠ ʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɿʘʛʘʣʴʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝʧʣʦʻʤʥʦʩʪʽ ʤʝʪʘʣʽʚ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʦʰʠʨʝʥʽ ʥʘ ʤʝʪʘʣʝʚʽ ʬʘʟʠ ʪʘ ʛʝʪʝʨʦʛʝʥʥʽ ʩʧʣʘʚʠ. ɿʘ 

ʫʪʚʦʨʝʥʥ ̫ ʤʝʪʘʣʝʚʠʭ ʬʘʟ ʟʘʛʘʣʴʥʠʡ ʟʘʧʘʩ ʝʥʝʨʛʽʾ ʤʦʞʝ 

ʟʙ̔ʣʴʰʠʪʠʩʷ, ʦʜʥʘʢ ʝʥʝʨʛʽʷ ʪʝʧʣʦʚʠʭ ʢʦʣʠʚʘʥʴ ʢʦʞʥʦʛʦ 



77 

ʘʪʦʤʘ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʧʦʣʫʢʠ, ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʧʝʨʝʙʫʚʘʻ ʚʽʥ ʫ 

ʢʨʠʩʪʘʣʽ ʯʠʩʪʦʾ ʨʝʯʦʚʠʥʠ ʯʠ ʭʽʤʽʯʥʦ ʾʩʧʦʣʫʢʠ. 

ʎʝ ʷʚʠʱʝ ʚʽʜʦʙʨʘʟʠʣʦʩʷ ʫ ʧʨʘʚʠʣʽ 

ʅʝʡʤʘʥʥʘ ʪʘ ʂʦʧʧʘ (ʜʣʷ ʨʽʜʢʠʭ ʩʧʣʘʚʽʚ ʥʝ 

ʟʘʩʪʦʩʦʚʫʻʪʩɹʷ), ʟʘ ʷʢʠʤ ʤʦʣʝʢʫʣʷʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʉ 

ʪʚʝʨʜʦʾ ʭʽʤʽʯʥʦʾ ʩʧʦʣʫʢʠ ʘʜʠʪʠʚʥʦ (ʟʘ ʧʨʘʚʠʣʦʤ 

ʟʤʽʰʫʚʘʥʥʷ) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʪʦʤʥʠʭ ʪʝʧʣʦʻʤʥʦʩʪʝʡ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʎʝ ʧʨʘʚʠʣʦ ʚʠʨʘʞʘ̒ ʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

ʉ = ʨʉ1 + qC2 (ʢʘʣ/ʛʨʘʜ Ā ʤʦʣʴ),               (2.12) 

ʜʝ ʨ ʽ q ï ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʝʣʝʤʝʥʪʽʚ ʫ ʤʦʣʝʢʫʣʽ ʮʽʻʾ ʭʽʤʽʯʥʦʾ 

ʩʧʦʣʫʢʠ; ʉ1 ʽ ʉ2 ï ʘʪʦʤʥʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ. 

ɯʟ ʬʦʨʤʫʣʠ (2.12) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʠʪʦʤʫ ʪʝʧ-

ʣʦʻʤʥʽʩʪʴ ʭʽʤʽʯʥʦʾ ʩʧʦʣʫʢʠ, ʜʣʷ ʮʦɹʛʦ ʧʦʪʨʽʙʥʦ ʚʝʣʠʯʠʥʫ ʉ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʫ ʚʘʛʫ. 

ʇʨʘʚʠʣʦ ʅʝʡʤʘʥʥʘ ʪʘ ʂʦʧʧʘ ʟʘʩʪʦʩʦʚʫʁʪ ɹʜʦ ʩʧʦʣʫʢ 

ʤʝʪʘʣʽʚ ʤʽʞ ʩʦʙʦʶ, ʜʦ ʩʧʦʣʫʢ ʤʝʪʘʣʽʚ ʟ̔ ʥʝʤʝʪʘʣʘʤʠ, ʘ 

ʪʘʢʦʞ ʟ̔ ʚʝʣʠʢʦʶ ʪʦʯʥʽʩʪʶ ʜʦ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ, ʧʨʦʤʽʞʥʠʭ 

ʬʘʟ ʽ ʾʭ ʩʫʤʽʰʝʡ ʫ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʧʣʘʚʘʭ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ 

ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʠʪʦʤʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʧʣʘʚʫ ʪʘʢʦʞ 

ʧʦʪʨʽʙʥʦ ʫ ʬʦʨʤʫʣʫ (2.8) ʧʽʜʩʪʘʚʠʪʠ ʚʘʛʦʚʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ 

ʧʠʪʦʤʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ. ʇʝʨʝʚʽʨʢʘ ʮʴʦʛʦ ʧʨʘʚʠʣʘ 

ʧʦʢʘʟʘʣʘ, ʱʦ ʦʜʝʨʞʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʽ ʧʽʜʨʘʭʦʚʘʥʽ ʟʘ 

ʬʦʨʤʫʣʦʶ (2.8) ʚʝʣʠʯʠʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʙʽʣʴh ʝ, ʥʽʞ  

ʥʘ 4 %. 

 

2.1.4 ɿʤʽʥʘ ʪʝʧʣʦʻʤʥʦʩʪʽ  

ʟʘ ʬʘʟʦʚʠʭ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥ ɹ
 

ʇʣʘʚʥʘ ʟʤʽʥʘ ʪʝʧʣʦʚʤʽʩʪʫ Q ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʧʦʨʫʰʫʻʪʴʩʷ ʟʘ ʦʙʦʨʦʪʥʠʭ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥ,ɹ ʽ ʟʥʘʯʝʥʥʷ 

Q ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʩʪʨʠʙʢʦʤ ʘʙʦ 

ʜʫʞʝ ʨʽʟʢʦ, ʭʦʯʘ ʡ ʙʝʟʧʝʨʝʨʚʥʦ. 
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ʉʪʨʠʙʢʦʧʦʜʽʙʥʘ ʟʤʽʥʘ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

I ʨʦʜʫ, ʨʽʟʢʘ ʟʤʽʥʘ ï ʧʝʨʝʪʚʦʨʝʥʥʷʤ II ʨʦʜʫ. ɿʘ ʧʝʨʝʪʚʦʨʝʥɹ 

I ʨʦʜʫ ʚ ʷʢʽʡ-ʥʝʙʫʜʴ ʬʘʟʽ ʚʠʥʠʢʘʶʪʴ ʟʘʨʦʜʢʠ ʥʦʚʦʾ ʬʘʟʠ, 

ʷʢʘ, ʩʧʽʚʽʩʥʫʶʯʠ ʟ ʧʝʨʰʦʶ, ʟʨʦʩʪʘ ̒ ʟʘ ʨʘʭʫʥʦʢ ʥʝʾ. 

ʇʨʠʢʣʘʜʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʣʘʚʣʝʥʥʷ ź ʟʘʪʚʝʨʜʽʥʥʷ, 

ʘʣʦʪʨʦʧʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ Ŭ ź ɓ ʪʘ ʽʥʰʽ. ɿʘ ʧʝʨʝʪʚʦʨʝʥʴ 

II ʨʦʜʫ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʬʘʟ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. ʌʘʟʘ 

ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʽʥʰʫ ʬʘʟʫ ʙʝʟ ʫʪʚʦʨʝʥʥʷ 

ʟʘʨʦʜʢʽʚ. ɿʘ ʪʘʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥ ̫  ̒ʣʠh ʝ ʦʜʥʘ ʬʘʟʘ ʟ ʜʝʜʘʣʽ 

ʙ̔ʣʴʰʠʤ ʩʪʫʧʝʥʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʇʨʠʢʣʘʜʦʤ ʻ ʘʪʦʤʥʝ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ (ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ) ʫ ʬʘʟʽ ʟ ʆʎʂ- ʨ̌ʘʪʢʘʤʠ. 

ʇ̔ ʜ ʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥ ̫ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʽʥʶʻʪʴʩʷ ʩʪʫʧʽʥʴ 

ʧʦʨʷʜʢʫ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʩʘʤʽʡ ʬʘʟʽ. ɯʥʰʠʡ ʧʨʠʢʣʘʜ ï ʧʝʨʝʭʽʜ 

ʬʘʟʠ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ̫  ʟ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ (ʌ) ʩʪʘʥʫ ʚ 

ʧʘʨʘʤʘʛʥʽʪʥʠʡ (ʇ) (ʟʘ ʦʭʦʣʦʜʞʝʥʥ ̫ ʇ Ÿ ʌ). ʇʝʨʝʭʽʜ 

ʌ ź ʇ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ ʩʧʽʥʽʚ ʫ ˇʨʘʪʮʽ. 

ʅʘ ʨʠʩʫʥʢʫ 2.3 ʧʦʢʘʟʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʪʝʧʣʦʚʤʩ̔ʪʫ Q, ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ F, ʝʥʪʨʦʧʽʾ S ʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʨ 

ʜʣʷ ʚʠʧʘʜʢʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ I ʽ II ʨʦʜʽʚ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʟʦʪʝʨʤʽʯʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʟʘ ʊʧ 

(ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʪʚʦʨʝʥʥʷ), ʫ ʜʨʫʛʦʤʫ ï ʪʘʢʦʛʦ ʝʬʝʢʪʫ 

ʥʝʤʘʻ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʷ ʩʨ(ʊ) ʤʘʻ ʨʦʟʨʠʚ ʽ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʘ ʊʧ ʨʽʟʢʦ ʟʨʦʩʪʘʻ, ʧʨʘʛʥʫʯʠ ʜʦ 

ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ʋ ʜʨʫʛʦʤʫ ï ʩʨ ʩʠʣʴʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 

ʧʦʨʽʚʥʷʥʦ ʚʫʟʴʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ, ʜʦʩʷʛʘʶʯʠ ʭʦʯʘ ʡ 

ʚʝʣʠʢʦʛʦ, ʘʣʝ ʢʽʥʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɽʥʪʨʦʧʽʷ ʧʣʘʚʣʝʥʥʷ ȹS = qs/Ts ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʤʝʪʘʣʽʚ 

ʜʦʨ̔ʚʥʶʻ ʧʨʠʙʣʠʟʥʦ (6
ï10
) ɼʞ/(ʂ Ŀ ʤʦʣʴ). 

ʅʘ ʨʠʩʫʥʢʫ 2.4 ʧʦʢʘʟʘʥʦ ʭʽʜ ʽʩʪʠʥʥʦʾ ʘʪʦʤʥʦʾ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘʣʽʟʘ ʚʽʜ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʜʦ 2 000 ʂ ʟʘ 

ʜʘʥʠʤʠ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ.  



79 

 
     ʘ    ʙ 

ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʟʤʽʥʠ Q, F, S ʽ ʩʨ ʟ̔ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʟʘ ʧʝʨʝʪʚʦʨʝʥ ɹI (ʘ) ʽ II (ʙ) ʨʦʜʽʚ  

(qʧ ï ʪʝʧʣʦʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ) 

 

ʇʦʨʷʜ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʜʝʨʞʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

(ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ) ʪʫʪ ʥʘʥʝʩʝʥʽ ʪʘʢʦʞ ʦʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ɔ-ʟʘʣʽʟʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʯʝ ʚʽʜ ʪʦʯʢʠ ɸ3 ʟʘ ʧʨʠʧʫɦ ʝʥʥ̫, 

ʱʦ ɔ-ʟʘʣʽʟʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʝ ʥʠʞʯʝ ʚʽʜ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ. 
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ʈʠʩʫʥʦʢ 2.4 ï ɿʤʽʥʘ ʘʪʦʤʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘʣʽʟʘ  

ʟʘ ʥʘʛʨʚ̔ʘʥʥ ̫
 

ɸʪʦʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ (ʨʠʩ. 2.4) Ŭ- ʽ ɔ-ʟʘʣʽʟʘ ʟʘ           

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ̫ ʽ ʚʞʝ ʟʘ 

300 ʂ ʾʾ ʚʝʣʠʯʠʥʘ ʙʽʣʴʰʘ ʚʽʜ ɿR (ʯʠʩʣʦ ɼʶʣʦʥʛʘ ï ʇʪʽ). 

ɺʠʱʝ ʚʽʜ 500 ʂ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʘʢʦʞ ʨʽʟʢʦ ʟʨʦʩʪʘʻ. 

ʄʘʢʩʠʤʘʣʥɹʝ ʾʾ ʟʥʘʯʝʥʥʷ ʚ ʪʦʯʮʽ ɸ2 ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 

84 ɼʞ/(ʂ Ŀ ʛ-ʘʪʦʤ). ʇʦʜʘʣʴʰʠʡ ʨʽʟʢʠʡ ʩʧʘʜ ʪʝʧʣʦʻʤʥʦʩʪʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʩʪʘʥʫ Ŭ-ʟʘʣʽʟʘ. ʋ 

ʪʦʯʮʽ ɸ3 ʪʝʧʣʦʻʤʥʽʩʪʴ Ŭ-ʟʘʣʽʟʘ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ŭ-ʟʘʣʽʟʘ ʚ ʪʦʯʮʽ ɸ4. 

 

2.2 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ  

ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʄʝʪʦʜʠ ʪʝʨʤʽʯʥʦʛʦ ʽ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ  

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

2.2.1 ʄʝʪʦʜʠ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 
 

ʊʝʨʤʽʯʥʠʤ ʘʥʘʣʽʟʦʤ (ʪʝʨʤʦʛʨʘʬʽʻʶ) ʥʘʟʠʚʘʶʪʴ 

ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʠʭ ʽ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʟʘ ʾʭ ʪʝʧʣʦʚʠʤ ʝʬʝʢʪʦʤ. ʐʚʠʜʢʽʩʪʴ ʥʘ 

ʥʘʛʨʽʚʘʥʥ ̫ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ ʨʝʯʦʚʠʥʠ ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʯʘʩ 
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ʧʨʦʭʦʜʞʝʥʥʷ ʚ ʥʴʦʤʫ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʧʦʛʣʠʥʘʥʥʷ ʘʙʦ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʦʪʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦ. 

 

ʇʨʦʩʪʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ 
 

ʇʨʦʩʪʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʣʷʛʘʻ ʚ ʟʘʧʠʩʽ 
ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ 
ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʴ ʫ 
ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʨʘʟʢʠ ʟ ʚʽʜʥʦʰʝʥʥʷʤ 
ʚʠʩʦʪʠ ʜʦ ʜʽʘʤʝʪʨʘ ʚʽʜ 1 ʜʦ 2. ʄʘʩʘ ʟʨʘʟʢʘ ï ʚ ʤʝʞʘʭ ʚʽʜ 
ʜʝʢʽʣʴʢʦʭ ʛʨʘʤʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʛʨʘʤʽʚ, ʽʥʦʜʽ ʜʦ 150ï
200 ʛ. ʇʦ ʦʩʽ ʟʨʘʟʢʘ ʧʨʦʩʚʝʨʜʣʶʶʪʴ ʢʘʥʘʣ ʜʦ ʧʦʣʦʚʠʥʠ 
ʚʠʩʦʪʠ, ʚ ʷʢʠʡ ʚʚʦʜʷʪʴ ʩʧʘʡ ʪʝʨʤʦʧʘʨʠ, ʟô̒ ʜʥʘʥʦʾ ʟ̔ 
ʟʘʧʠʩʫʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ. ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʘʧʠʩʫʻʪʴʩʷ 
ʪʝʨʤʦʛʨʘʤʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʪʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ ï ʯʘʩè. 

ʊʝʨʤʦʛʨʘʤʘ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ 
ʧʦʚʽʣʴʥʦʛʦ ʥʘʛʨʽʚʘʥʥ,̫ ʱʦ ʧʨʦʭʦʜʠʪʴ ʟ̔ ʧʦʛʣʠʥʘʥʥʷʤ 
ʪʝʧʣʦʪʠ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.5.  

 

 
ʈʠʩʫʥʦʢ 2.5 ï ʊʝʨʤʦʛʨʘʤʘ  
ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ  

ʟʘ ʥʘʛʨʽʚʘʥʥ̫:  
tʧ, tʟ, tʧʝʨ ï ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʯʽ, 
ʟʨʘʟʢʘ ʽ ʧʝʨʝʪʚʦʨʝʥʥ ̫

ʅʘ ʢʨʠʚʽʡ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢ̔ 
ʜ̔ʣʷʥʢʠ: 

ï 0 ï Ű1 ï ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ ʟʽ ʩʪʘʣʦʶ ʚhʠʜʢʩ̔ʪʶ. 
ʋʩʷ ʪʝʧʣʦʪʘ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʧʝʯʽ ʜʦ ʟʨʘʟʢʘ, ʚʠʪʨʘʯʘ̒ ʪʴʩʷ 
ʥʘ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʷ; 

ï ʫ ʤʦʤʝʥʪ Ű1 ʧʦʯʠʥʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ 
ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʟʨʘʟʢʘ, ʯʘʩʪʠʥʘ ʪʝʧʣʦʪʠ, ʱʦ 
ʧʽʜʚʦʜʠʪʴʩʷ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ 
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ʥʘʛʨʽʚʘʥʥʷ ʟʤʝʥh ʫʻʪʴʩʷ ʜʦ ʤʦʤʝʥʪʫ Ű2, ʪʝʤʧʝʨʘʪʫʨʘ 
ʪʝʨʤʦʧʘʨʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʩʽ ʟʨʘʟʢʘ, ʚʽʜʩʪʘʻ ʚʽʜ 
ʪʝʤʧʝʨʘʪʫʨʠ ʡʦʛʦ ʧʦʚʝʨʭʥʽ; 

ï ʧʦʯʠʥʘʶʯʠ ʟ ʤʦʤʝʥʪʫ Ű2, ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʭʦʧʣʶʻ 
ʜʝʜʘʣʽ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʦʙʩʷʛʫ, ʚʩʷ ʪʝʧʣʦʪʘ, ʱʦ ʧʽʜʚʦʜʠʪʩɹʷ, 
ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ 
ʟʘʣʠʰʘ̒ ʪɹʩʷ ʩʪʘʣʦʶ; 

ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʧʽʯʯʶ ʽ ʟʨʘʟʢʦʤ tʧïtʟ 
ʟʨʦʩʪʝ ʧʽʜ ʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʞ ʜʦ ʤʦʤʝʥʪʫ ʡʦʛʦ 
ʟʘʚʝʨh ʝʥʥʷ Ű3, ʪʦʤʫ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 
ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʽʦʜ ʧʨʠʩʢʦʨʝʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ Ű3ïŰ4. 
ʋ ʤʽʨʫ ʟʤʝʥʰʝʥʥʷ ʨʟ̔ʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ tʧïtʟ ʰʚʠʜʢʽʩʪʴ 
ʥʘʛʨʽʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦʤʫ ʤʦʤʝʥʪʫ Ű3 ʚʽʜʧʦʚʽʜʘʻ 
ʧʝʨʝʛʠʥ ʢʨʠʚʦʾ t0(Ű); 

ï ʟ ʤʦʤʝʥʪʫ Ű4 ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʩʪʘʣʽʩʪʴ ʨʽʟʥʠʮʽ 
ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʧʽʯʯʶ ʪʘ ʟʨʘʟʢʦʤ ʽ ʧʦʜʘʣʴʰʝ ʥʘʛʨʽʚʘʥʥʷ 
ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ̔ʩʪʘʣʦʶ ʰʚʠʜʢʽʩʪʶ. 

ɺʠʜ ʪʝʨʤʦʛʨʘʤ ʝʢʟʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʻʪʩɹʷ 
ʰʚʠʜʢʽʩʪʶ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʦʪʠ (ʨʠʩ. 2.6). 

 

 
 

ʈʠʩʫʥʦʢ 2.6 ï ʊʝʨʤʦʛʨʘʤʠ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ  
ʧ̔ ʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ:̫ ʘ ï ʧʦʚʽʣʴʥʠʡ ʧʨʦʮʝʩ (çʝʢʟʦʪʝʨʤʽʯʥʘ ʭʚʠʣʷè); 

ʙ ï ʰʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ; ʚ ï ʘʚʪʦʢʘʪʘʣʽʪʠʯʥʠʡ ʧʨʦʮʝʩ,  
ʧʦʜ̔ʙʥʠʡ ʜʦ ʚʠʙʫʭʫ 
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ɸʥʘʣʦʛʽʯʥʽ ʪʝʨʤʦʛʨʘʤʠ ʚʠʭʦʜʷʪʴ ʽ ʧʽʜ ʯʘʩ 
ʦʭʦʣʦʜʞʝʥʥ ̫ʟʨʘʟʢʽʚ (ʨʠʩ. 2.7). 

 
ʈʠʩʫʥʦʢ 2.7 ï ʊʝʨʤʦʛʨʘʤʠ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ  
ʧ̔ ʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥ:̫ ʘ ï ʽʟʦʪʝʨʤʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ;  

ʙ ï ʰʚʠʜʢʦʧʣʠʥʥʠʡ ʧʨʦʮʝʩ 

 
ʇʨʦʩʪʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʤʘʻ ʥʝʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ. 

ɿʘ ʤʘʣʦʛʦ ʧʠʪʦʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʥʘ ʦʜʠʥʠʮʶ ʤʘʩʠ ʘʙʦ 
ʟʘ ʥʝʚʝʣʠʢʦ ʾʢʽʣʴʢʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʬʘʟʠ ʧʝʨʝʛʠʥʠ ʥʘ 
ʪʝʨʤʽʯʥʠʭ ʢʨʠʚʠʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʶ, ʩʪʘʶʪʴ 
ʣʝʜʴ ʧʦʤʽʪʥʠʤʠ, ʽ ʪʘʢʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ 
ʚʠʚ̫ʣʝʥʽ. ʅʘʙʘʛʘʪʦ ʙʽʣʴʰʫ ʯʫʪʣʠʚʽʩʪʴ ʤʘʻ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ 
ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ (ɼʊɸ). 

 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ 
 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ɼʊɸ ʟʘʧʠʩʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 
ʟʨʘʟʢʘ ʽ ʨʽʟʥʠʮ ʁʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʟʨʘʟʢʦʤ ʪʘ ʝʪʘʣʦʥʦʤ, ʷʢʽ ʥʝ 
ʤʘʶʪʴ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ɼʦ ʧʦʯʘʪʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ 
ʟʨʘʟʦʢ ʽ ʝʪʘʣʦʥ ʨʽʚʥʦʤʽʨʥʦ ʥʘʛʨʽʚʘʶʪʴʩʷ ʽ ʟʘ ʧʨʘʚʠʣʴʥʦ 
ʚʠʙʨʘʥʦʛʦ ʝʪʘʣʦʥʘ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʥʠʤʠ ȹt = tʟïtʝ 
ʙʣʠʟʴʢʘ ʜʦ ʥʫʣʷ (ʨʠʩ. 2.8). 

ʇʽʜ ʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ ʘʙʦ 
ʦʭʦʣʦʜʞʝʥʥʷ ʟʨʘʟʢʘ ʟʤʽʥʶʻʪʴʩʷ (ʥʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ 
ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ ʟʘʣʠʰʘʻʪʴʩʷ 
ʩʪʘʣʦʶ, ʘ ʝʪʘʣʦʥ ʧʨʦʜʦʚʞʫʻ ʥʘʛʨʽʚʘʪʠʩʴ ʘʙʦ 
ʦʭʦʣʦʜʞʫʚʘʪʠʩʷ (ʨʠʩ. 2.8). 
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ʈʠʩʫʥʦʢ 2.8 ï ɼʠʬʝʨʝʥʮʽʘʣʥɹʘ 
ʪʝʨʤʦʛʨʘʤʘ ʽʟʦʪʝʨʤʽʯʥʦʛʦ  
ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ  
ʧ̔ ʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥ ̫ 
ʟ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʦʪʠ 

 

 

ʊʦʤʫ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʟʨʘʟʢʘ ʪʘ ʝʪʘʣʦʥʘ ʟʨʦʩʪʘʻ ʽ 
ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ʜʦ ʤʦʤʝʥʪʫ ʢʽʥʮʷ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʅʘʜʘʣʽ 
ȹt ʰʚʠʜʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ, ʙʣʠʟʴʢʦʛʦ ʜʦ ʥʫʣʷ. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽʡ ʢʨʠʚʽʡ ʟô̫ ʚʣʷʻʪʴʩʷ 
ʝʢʩʪʨʝʤʫʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʽʥʮʶ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʟ̔ʫ 
ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʟʘʧʠʩʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʽ ʨʽʟʥʠʮʽ 
ʪʝʤʧʝʨʘʪʫʨ ʟʨʘʟʢʘ ʪʘ ʝʪʘʣʦʥʘ ʙʫʣʘ ʩʪʚʦʨʝʥʘ 
ʄ. ʉ. ʂʫʨʥʘʢʦʚʠʤ ʱʝ ʚ 1903 ʨʦʮʽ ʡ ʥʘʜʘʣʽ ʦʜʝʨʞʘʣʘ ʥʘʟʚʫ 
ʧʽʨʦʤʝʪʨʘ ʂʫʨʥʘʢʦʚʘ. ʇʨʦʩʪʘ ʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʪʝʨʤʦʧʘʨʠ 
ʧʨʠʻʜʥʘʥʽ ʜʦ ʜʟʝʨʢʘʣʴʥʠʭ ʛʘʣʴʚʘʥʦʤʝʪʨʽʚ (ʨʠʩ. 2.9). 
ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʽʨʦʤʝʪʨʘ ʄ. ʉ. ʂʫʨʥʘʢʦʚʘ ʚʠʷʚʠʣʘʩʷ 
ʥʘʩʪʽʣʴʢʠ ʚʜʘʣʦʶ, ʱʦ ʟʙʝʨʝʛʣʘʩʷ ʜʦ ʮʴʦʛʦ ʯʘʩʫ. 
ɿʤʽʥʶʚʘʣʘʩʷ ʣʠʰʝ ʢʦʥʩʪʨʫʢʮʽʷ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʽ ʫʩʪʘʥʦʚʢʠ 
ʟʘʛʘʣʦʤ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʟʨʘʟʢʦʤ ʽ 
ʝʪʘʣʦʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʫ ʪʝʨʤʦʧʘʨʫ, ʱʦ 
ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʨʦʩʪʠʭ ʪʝʨʤʦʧʘʨ, ʫʚʽʤʢʥʝʥʠʭ ʧʦʩʪʫʧʦʚʦ 
ʟô̒ ʜʥʘʥʥʷʤ ʦʜʥʦʡʤʝʥʥʠʭ ʜʨʦʪʽʚ. ʆʜʠʥ ʟ̔ ʛʘʨʷʯʠʭ ʩʧʘʾʚ 
ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʪʝʨʤʦʧʘʨʠ ʧʦʤʽʱʘʶʪʴ ʫ ʮʝʥʪʨ ʟʨʘʟʢʘ, ʘ 
ʽʥʰʠʡ ï ʫ ʮʝʥʪʨ ʝʪʘʣʦʥʘ (ʨʠʩ. 2.9). ʊʝʨʤʦʝʣʝʢʪʨʦʨʫʰʽʡʥʘ 
ʩʠʣʘ ʪʘʢʦʾ ʪʝʨʤʦʧʘʨʠ ʧʨʦʧʦʨʮʽʡʥʘ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ 
ʨʦʙʦʯʠʭ (ʛʘʨʷʯʠʭ) ʩʧʘʾʚ. ɼʠʬʝʨʝʥʮʽʘʣʴʥʫ ʪʝʨʤʦʧʘʨʫ 
ʟô̒ ʜʥʫʶʪʴ ʽʟ ʛʘʣʴʚʘʥʦʤʝʪʨʦʤ ʪʘʢ, ʱʦʙ ʚʝʨʰʠʥʘ ʧʽʢʘ 
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ʚʽʜʧʦʚʽʜʥʦʛʦ ʝʢʟʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʙʫʣʘ ʩʧʨʷʤʦʚʘʥʘ 
ʚʛʦʨʫ, ʘ ʟʘ ʝʥʜʦʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥ ̫ï ʚʥʠʟ. 

 

 

 
 
 

ʈʠʩʫʥʦʢ 2.9 ï  
ʇʨʠʥʮʠʧʦʚʘ ʝʣʝʢʪʨʠʯʥʘ 
ʩʭʝʤʘ ʧʽʨʦʤʝʪʨʘ 
ʄ. ʉ. ʂʫʨʥʘʢʦʚʘ:  
ɸ, ɹ ï ʨʽʟʥʦʚʠʜʠ 
ʪʝʨʤʦʧʘʨʥʠʭ ʜʨʦʪʽʚ;  
ʈ1 ʽ ʈ2 ï ʛʘʣʴʚʘʥʦʤʝʪʨʠ; 

R1ïR5 ï ʨʝʟʠʩʪʦʨʠ 

 

ʇʦʢʘʟʘʥʥʷ ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʈ1 ʧʨʦʧʦʨʮʽʡʥʽ ʨʽʟʥʠʮʽ 
ʪʝʤʧʝʨʘʪʫʨ ʟʨʘʟʢʘ ʪʘ ʝʪʘʣʦʥʘ. ɻʽʣʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ 
ʪʝʨʤʦʧʘʨʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʨʘʟʢʫ, ʤʦʞʥʘ ʚʠʢʦ-
ʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ, 
ʧʽʜôʻʜʥʘʚʰʠ ʜʦ ʥʝʾ ʛʘʣʴʚʘʥʦʤʝʪʨ ʈ2 (ʨʠʩ. 2.9). ʎʝ ʜʦʟʚʦʣʷʻ 
ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʢʨʝʤʦʾ ʪʝʨʤʦʧʘʨʠ ʜʣʷ 
ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ. ʈʝʟʠʩʪʦʨʠ R1 ʽ R2 ʩʣʫʞʘʪʴ 
ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʛʘʣʴʚʘʥʦʤʝʪʨʽʚ, R3 ʽ R4 ï ʜʣʷ 
ʫʩʪʘʥʦʚʣʝʥʥʷ ʨʝʞʠʤʫ ʢʨʠʪʠʯʥʦʛʦ ʟʘʩʧʦʢʦʻʥʥʷ ʾʭ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ 
ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʩʦʢʦʯʫʪʣʠʚʽ ʜʟʝʨʢʘʣʴʥʽ 
ʛʘʣʴʚʘʥʦʤʝʪʨʠ (ʨʠʩ. 2.10). 

ʇʝʯʽ ʡ ʨʝʛʫʣʶʚʘʣʴʥʘ ʘʧʘʨʘʪʫʨʘ ʜʣʷ ʪʝʨʤʽʯʥʦʛʦ 
ʘʥʘʣʟ̔ʫ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʣʘʚʥʫ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ, 
ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚ 
ʰʠʨʦʢʠʭ ʤʝʞʘʭ, ʙʘʛʘʪʦʨʘʟʦʚʝ ʚʽʜʪʚʦʨʝʥʥʷ ʦʜʥʦʛʦ ʡ ʪʦʛʦ 
ʩʘʤʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ. ɿʜʝʙʽʣʴʰʦʛʦ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ 
ʯʠ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʪʘʣʦʶ. 
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ʈʠʩʫʥʦʢ 2.10 ï 
ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ 
ʜʟʝʨʢʘʣʴʥʦʛʦ 
ʛʘʣʴʚʘʥʦʤʝʪʨʘ 

 

ʅʘ ʪʦʥʢʠʭ ʧʨʫʞʥʠʭ ʩʪʨʽʯʢʘʭ ʟ̔ 
ʙʝʨʠʣʦʚʦʾ ʙʨʦʥʟʠ 1 ʽ 7 ʧʽʜʚʽʰʝʥʘ 
ʨʫʭʣʠʚʘ ʩʠʩʪʝʤʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ 
ʜʟʝʨʢʘʣʴʮʷ 2 ʽ ʢʦʪʫʰʢʠ (ʨʘʤʢʠ) 3, ʱʦ 
ʤʩ̔ʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ 
ʪʦʥʢʦʛʦ ʽʟʦʣʴʦʚʘʥʦʛʦ ʤʽʜʥʦʛʦ ʜʨʦʪʫ. 
ɺʠʤʽʨʚʁʘʥʠʡ ʩʪʨʫʤ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ 
ʨʘʤʢʠ ʯʝʨʝʟ ʥʠʪʢʠ ʧʽʜʚʽʩʫ 1, 7. ʈʘʤʢʘ 
ʨʦʟʤʽʱʝʥʘ ʚ ʢʽʣʴʮʝʚʦʤʫ ʟʘʟʦʨʽ ʤʽʞ 
ʧʦʣʶʩʥʠʤʠ ʥʘʢʦʥʝʯʥʠʢʘʤʠ 4, 6 
ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʘ ʽ ʟʘʣʽʟʥʠʤ ʩʝʨ-
ʜʝʯʥʠʢʦʤ 5. ʉʪʨʫʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ 
ʯʝʨʝʟ ʨʘʤʢʫ, ʚʟʘʻʤʦʜʽʶʯʠ ʟ 
ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ, ʩʪʚʦʨʶʻ ʢʨʫʪʥʠʡ 
ʤʦʤʝʥʪ. 

ʅʘ ʨʠʩʫʥʢʫ 2.11 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʪʘʢʠʭ ʝʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʦ ʦʜʝʨʞʘʥʠʭ ʢʨʠʚʠʭ ʜʣʷ ʝʚʪʝʢʪʦʾʜʥʠʭ ʩʪʘʣʝʡ. 

 

 

 
 
ʈʠʩʫʥʦʢ 2.11 ï ʂʨʠʚʽ 
ʦʭʦʣʦʜʞʝʥʥʷ  

ʝʚʪʝʢʪʦʾʜʥʠʭ ʩʪʘʣʝʡ:  
1 ï ʧʨʦʩʪʠʡ  

ʽ 2 ï ʜʠʬʝʨʝʥʮʽʘʣʥɹʠʡ 
ʟʘʧʠʩʠ 

 

 

ʗʢ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʽ, ʪʘʢ ʽ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥ ̫ʻ 
ʣʠʰʝ ʦʜʥʘ ʢʨʠʪʠʯʥʘ ʪʦʯʢʘ (ɸʩ1 ʽ ɸr1). ʇʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ ̫
ʚʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚʠʱʝ, ʥʽʞ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥ.̫ ʅʘ 
ʪʝʤʧʝʨʘʪʫʨʥʽʡ ʢʨʠʚʽʡ ʫ ʮʠʭ ʪʦʯʢʘʭ ʻ ʟʫʧʠʥʢʘ ʚʥʘʩʣʽʜʦʢ 
ʧʦʛʣʠʥʘʥʥʷ ʪʝʧʣʦʪʠ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ ̫ ʽ ʚʠʜʽʣʝʥʥʷ ʾʾ ʟʘ 
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ʦʭʦʣʦʜʞʝʥʥ.̫ ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ ̫ ʚ 
ʪʦʯʮʽ ɸʩ1 ʝʪʘʣʦʥ ʤʘʚ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʥʽʞ ʟʨʘʟʦʢ, 
ʘ ʧ̔ʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥ,̫ ʥʘʚʧʘʢʠ, ʚ ʪʦʯʮʽ ɸr1 ʟʨʘʟʦʢ, 
ʟʚʘʞʘʶʯʠ ʥʘ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʦʪʠ, ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʫ 
ʪʝʤʧʝʨʘʪʫʨʫ, ʥʽʞ ʝʪʘʣʦʥ. 

ʊʦʤʫ ʷʢʱʦ ʚ ʪʦʯʮʽ ɸʩ1 ʟʘʡʯʠʢ ʜʟʝʨʢʘʣʴʥʦʛʦ 
ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʟʽ ʟô̒ ʜʥʘʥʠʭ ʽʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʪʝʨʤʦʧʘʨʠ,   
ʚʜ̔ʭʠʣʷʻʪʴʩʷ ʚʧʨʘʚʦ ʚʽʜ ʥʫʣʷ, ʪʦ ʚ ʪʦʯʮʽ ɸr1 ʚʽʥ ʽʜʝ ʚʣʽʚʦ, ʽ 
ʪʦʤʫ ʧʽʢ ʘbʩ (ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʝʪʘʣʦʥʘ ʽ ʟʨʘʟʢʘ) 
ʚʽʜʢʣʘʜʝʥʠʡ ʫʛʦʨʫ ʚʽʜ ʥʫʣʴʦʚʦʾ ʣʽʥʽʾ ʆʆ, ʘ ʧʽʢ ʘ1b1ʩ1 ï ʚʥʠʟ. 
ʈʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʟʨʘʟʢʘ ʪʘ ʝʪʘʣʦʥʘ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ 
ʫʧʨʦʜʦʚʞ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʚʽʪʴ ʪʦʜʽ, ʢʦʣʠ ʚ ʟʨʘʟʢʘ ʥʝʤʘʻ ʥʽ 
ʧʦʛʣʠʥʘʥʥʷ, ʥʽ ʚʠʜʽʣʝʥʥʷ ʧʨʠʭʦʚʘʥʦʾ ʪʝʧʣʦʪʠ. ʎʝ 
ʧʦʷʩʥʶʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʽʜʝʘʣʴʥʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ 
ʟʨʘʟʢʘ ʪʘ ʝʪʘʣʦʥʘ, ʱʦ, ʦʜʥʘʢ, ʥʝ ʚʠʢʣʠʢʘʻ ʥʽʷʢʠʭ ʪʨʫʜʥʦʱʽʚ 
ʜʣʷ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʦʤʫ ʱʦ ʚ ʢʨʠʪʠʯʥʠʭ ʪʦʯʢʘʭ 
ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʽʟʢʦ ʚʠʜʽʣʷ̒ ʪʴʩʷ. 
 

2.2.2 ʂʘʣʦʨʠʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ 
 

ʂʘʣʦʨʠʤʝʪʨʽʷ ï ʮʝ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ 
ʝʬʝʢʪʽʚ ʘʙʦ ʪʝʧʣʦʻʤʥʦʩʪʽ. ʇʨʠʣʘʜʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʮʽʻʾ 
ʤʝʪʠ, ʥʘʟʠʚʘʶʪʴ ʢʘʣʦʨʠʤʝʪʨʘʤʠ. ʅʘʡʙʽʣʴʰ ʯʫʪʣʠʚʽ ʤʝʪʦʜʠ 
ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʶʪ ɹ ʚʠʤʽʨʶʚʘʪʠ ʥʘʚʽʪʴ 
ʥʘʡʤʝʥʰʽ ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʤʽʩʪʫ (ʪʝʧʣʦʻʤʥʦʩʪʽ) ʤʝʪʘʣʫ 
ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʊ ʟʨʘʟʦʢ ʥʘʛʨʽʚʘʶʪʴ ʜʦ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ, 
ʚʠʪʨʠʤʫʶʪʴ ʟʘ ʥʝʾ ʽ ʧʦʪʽʤ ʧʝʨʝʥʦʩʪ̫ ɹ ʫ ʢʘʣʦʨʠʤʝʪʨ, 
ʥʘʧʦʚʥʝʥʠʡ ʚʦʜʦʶ ʘʙʦ ʽʥʰʦʶ ʨʽʜʠʥʦʶ. ʊʝʧʣʦʻʤʥʽʩʪʴ ʩ 
ʦʙʯʠʩʣʶʁʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

 

Q = m Ā c(T ï Tʢ),                             (2.13) 
 

ʜʝ Q ï ʪʝʧʣʦʪʘ, ʱʦ ʧʝʨʝʡʰʣʘ ʚʽʜ ʟʨʘʟʢʘ ʜʦ ʢʘʣʦʨʠʤʝʪʨʘ; m ï 
ʤʘʩʘ ʟʨʘʟʢʘ, ʤ; ʊ ï ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʜ ʟʘʥʫʨʝʥʥʷʤ; Tʢ ï 
ʢʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʣʦʨʠʤʝʪʨʽ. 
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ʎʝʡ ʤʝʪʦʜ, ʱʦ ʟʘʩʪʦʩʦʚʫʪʁʴ ʩʴʦʛʦʜʥʽ ʟʜʝʙʽʣʴʰʦʛʦ 
ʜʣʷ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʘʟʠʚʘʪʁʴ ʧʨʷʤʠʤ (ʘʙʦ 
ʘʜʽʘʙʘʪʠʯʥʠʤ) ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. 

 

ʇʨʷʤʘ ʢʘʣʦʨʠʤʝʪʨʽʷ 

ʇʨʷʤʘ ʢʘʣʦʨʠʤʝʪʨʽʷ ʧʦʣʷʛʘʻ ʚ ʦʭʦʣʦʜʞʝʥʥʽ ʟʨʘʟʢʘ, 

ʥʘʛʨʽʪʦʛʦ ʜʦ ʧʝʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ t, ʷʢʘ ʧʝʨʝʚʠʱʫʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʟʨʘʟʢʫ tʧʝʨ. ʅʘʛʨʽʪʠʡ ʟʨʘʟʦʢ, 

ʫʢʣʘʜʝʥʠʡ ʫ ʪʦʥʢʦʩʪʽʥʥʫ ʦʙʦʣʦʥʢʫ, ʚʥʦʩʷʪʴ ʫ ʢʘʣʦʨʠʤʝʪʨ ï 

ʩʧʝʮʽʘʣʥɹʫ ʧʦʩʫʜʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʨʽʜʠʥʫ (ʟʘʟʚʠʯʘʡ ʚʦʜʫ). 

ʇʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥ ̫ ʟʨʘʟʢʘ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʜʘʚʘʥʥʷ ʪʝʧʣʘ ʚʽʜ ʟʨʘʟʢʘ ʜʦ ʢʘʣʦʨʠʤʝʪʨʘ ʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʩʪʘʥʥʴʦʛʦ ʧʽʜʚʠʱʫʻʪʴʩʷ. ɺʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ q ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʟ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʫ: 

 

 

 

(2.14) 

ʜʝ m ï ʤʘʩʘ ʟʨʘʟʢʘ; 1C , 2C  ï ʩʝʨʝʜʥʷ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʨʘʟʢʘ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ ʽ ʥʠʞʯʝ ʚʽʜ ʪʦʯʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ; tʢ ʽ tʧ ï 

ʢʽʥʮʝʚʘ ʽ ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʠ ʢʘʣʦʨʠʤʝʪʨʘ; 
KC  ï ʧʦʚʥʘ 

ʩʝʨʝʜʥʷ ʪʝʧʣʦʻʤʥʽʩʪʴ ʢʘʣʦʨʠʤʝʪʨʘ; Q ï ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ 

ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʜʦʚʢʽʣʣʷ (ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʩʧʝʮʽʘʣʴʥʠʤʠ 

ʪʘʙʣʠʮʷʤʠ). 

ʄʦʞʣʠʚʦʩʪʽ ʨʦʟʛʣʷʥʫʪʦʛʦ ʤʝʪʦʜʫ ʦʙʤʝʞʝʥʽ, ʦʩʢʽʣʢɹʠ 

ʨʝʞʠʤ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ʮʽʣʢʦʤ ʚʠʟʥʘʯʝʥʠʡ ʽ 

ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʠʡ ʣʠhʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʤʽʥʠ ʨʽʜʠʥʠ. ɼʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʧʘʨʦʚʫʚʘʥʥ ʁ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʨʽʜʠʥʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴ çʢʨʠʞʘʥʽè ʢʘʣʦʨʠʤʝʪʨʠ, ʱʦ ʫʪʨʠʤʫʶʪʴ ʚʦʜʫ ʟ 

ʣʴʦʜʦʤ. ʂʽʣʴʢʽʩʪʴ ʨʦʟʪʦʧʣʝʥʥʦʛʦ ʣʴʦʜʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʟʤʝʥh ʝʥʥʷʤ ʦʙô̒ ʤʫ ʩʫʤʽʰʽ. 

ʇʨʷʤʫ ʢʘʣʦʨʠʤʝʪʨʽ ʁʥʝ ʟʘʩʪʦʩʦʚʫʪʁʴ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʪʚʝʨʜʠʭ ʤʝʪʘʣʘʭ ʽ ʩʧʣʘʚʘʭ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʘʣʠʤʠ ʪʝʧʣʦʚʠʤʠ ʝʬʝʢʪʘʤʠ. ɼʣʷ ʮʽʻʾ 
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ʤʝʪʠ ʨʦʟʨʦʙʣʝʥʽ ʽʥʰʽ, ʦʧʠʩʘʥʽ ʥʠʞʯʝ ʤʝʪʦʜʠ, ʱʦ ʤʘʶʪʴ 

ʙʽʣʴʰʫ ʯʫʪʣʠʚʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ. 

 

ʄʝʪʦʜʠ ʟʚʦʨʦʪʥʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ 
 

ʄʝʪʦʜ ʟʚʦʨʦʪʥʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʭʦʣʦʜʥʠʡ ʟʨʘʟʦʢ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʝ ʟ ʙʽʣʴʰ 

ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʜʝ ʚʽʥ ʥʘʛʨʽʚʘʻʪʴʩʷ. ʎʝʡ ʤʝʪʦʜ 

ʟʘʩʪʦʩʦʚʫʁʪʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʧʫʩʢʫ ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ, 

ʚ ̫ ʢ̔ʡ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ ̫ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ʚʠʜʽʣʷʻʪʴʩʷ 

ʧʨʠʭʦʚʘʥʘ ʪʝʧʣʦʪʘ ʛʘʨʪʫʚʘʥʥʷ ʽ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʧʽʜʨʘʭʫʥʢʫ. 

ʎʝʡ ʤʝʪʦʜ ʤʦʞʥʘ ʟ ʫʩʧʽʭʦʤ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʥ ̫ ʥʝʟʚʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ (ʚʽʜʧʫʩʢ ʟʘʛʘʨʪʦʚʘʥʦʾ 

ʩʪʘʣʽ, ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʷ ʥʘʢʣʝʧʘʥʦʛʦ ʤʝʪʘʣʫ ʽ ʪ. ʜ.). 

ʇʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ ̫ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ, ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʪʝʧʣʦ-

ʚʤʽʩʪʫ Q ʽ ʰʚʠʜʢʠʤ ʟʨʦʩʪʘʥʥʷʤ ʧʦʭʽʜʥʦʾ dQ/dt, ʘ ʚʽʜʧʦʚʽʜʥʦ 

ʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʉʨ = (dQ/dt) Ā (1/ʪ) (ʨʠʩ. 2.12 ʘ). ʆʩʢ̔ ʣʴʢʠ 

ʟʨʦʩʪʘʥʥʷ dQ/dt ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʢʽʥʮʝʚʠʭ ʟʥʘʯʝʥʴ, ʪʦ 

ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʠʡ ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʢʨʠʚʦʾ 

dQ/dt ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜ t1 ʜʦ t2. 

 

 
                ʘ                                  ʙ 

 

ʈʠʩʫʥʦʢ 2.12 ï 

ɿʤʽʥʘ ʪʝʧʣʦ-

ʚʤʽʩʪʫ (Q) 

 ʽ ʧʦʭʽʜʥʦʾ dQ/dt 

ʟʘ ʧʝʨʝʪʚʦʨʝʥ ɹ

ʜʨʫʛʦʛʦ (ʘ)  

ʪʘ ʧʝʨʰʦʛʦ (ʙ) 

ʨʦʜ̔ ʚ 

ɯʟʦʪʝʨʤʽʯʥʠʡ ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʪʝʧʣʦʚʤʽʩʪʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʯʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʨʠʚ ʧʦʭʽʜʥʦʾ dQ/dt ʽ, 
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ʦʪʞʝ, ʨʦʟʨʠʚ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʪʝʧʣʦʻʤʥʦʩʪʽ 

(ʨʠʩ. 2.12 ʙ). ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ 

ʟʜʽʡʩʥʶʶʪʴ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʆʜʥʠʤ ʟ̔ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘ ʥʠʟʴʢʠʭ ʽ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʻ ʤʝʪʦʜ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ. ɿʨʘʟʦʢ ʧʦʤʽʱʘʻʪʴʩʷ ʚ ʩʧʽʨʘʣʴ 

ʦʧʦʨʦʤ R (ʆʤ), ʱʦ ʦʙʽʛʨʽʚʘʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ I (ɸ) 

ʚʧʨʦʜʦʚʞ Ű ʩ. ɿʨʘʟʦʢ ʤʘʩʦʶ m ʽ ʧʠʪʦʤʦʶ ʪʝʧʣʦʻʤʥʽʩʪʶ ʩʨ 

ʥʘʛʨʚ̔ʘʻʪʴʩʷ ʚʽʜ T1 ʜʦ T2. ʋ ʨʘʟʽ ʷʢʱʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ 

ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʫ ʥʘʚʢʦʣʠʰʥʽʡ ʧʨʦʩʪʽʨ, ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦ ʁ(2.15): 
 

)(

24,0

12

2

TTm

RI
cp

-
=

t
.                               (2.15) 

ɺʝʣʠʯʠʥʘ Cʨ ʚ ʮʴʦʤʫ ʨʘʟʽ ʻ ʩʝʨʝʜʥʴʦʶ ʧʠʪʦʤʦʶ 

ʪʝʧʣʦʻʤʥʽʩʪʶ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ 

ʥʘʙʣʠʟʠʪʠʩʷ ʜʦ ʽʩʪʠʥʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ, ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ, ʧʝʨʝʜʘʥʦʾ ʪʽʣʫ, ʽ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʨʽʚʥʷʥʦ ʤʘʣ̔ (ʜʠʚ. ʬʦʨʤʫʣʫ (2.3)). 

 

2.2.3 ʄʝʪʦʜ ʉʘʡʢʩʘ 
 

ʄʝʪʦʜ ʉʘʡʢʩʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘʛʨʽʚʘʥʥʷ 

ʟʜʡ̔ʩʥʶʻʪʴʩʷ ʷʢ ʟʦʚʥʽʰʥʽʤ, ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʽʤ ʜʞʝʨʝʣʦʤ 

ʪʝʧʣʦʪʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʫʤʦʚʘʭ, 

ʙʣʠʟʢɹʠʭ ʜʦ ʘʜʽʘʙʘʪʠʯʥʠʭ, ʽ, ʦʪʞʝ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʪʝʧʣʦʦʙʤʽʥʫ ʟʨʘʟʢʘ ʟ ʜʦʚʢʽʣʣʷʤ (ʙʣʦʢʦʤ), ʫʩʷ ʧʦʪʫʞʥʽʩʪʴ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʥʘʛʨʽʚʥʠʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ. 

ʇʫʩʪʦʪʽʣʠʡ ʟʨʘʟʦʢ, ʫ ʷʢʦʤʫ ʤʽʩʪʠʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʡ 

ʥʘʛʨʽʚʥʠʢ, ʨʦʟʤʽʱʝʥʠʡ ʫ ʤʘʩʠʚʥʦʤʫ ʤʝʪʘʣʝʚʦʤʫ ʙʣʦʮʽ 

(ʨʠʩ. 2.13). ɹʣʦʢ ʟ̔ ʟʨʘʟʢʦʤ ʫʩʪʘʥʦʚʣʝʥʠʡ ʫ ʧʝʯʽ ʽ ʧʦʚʦʣʽ 

ʥʘʛʨʽʚʘʻʪʴʩʷ ʚʽʜ ʥʝʾ ʟ ̔ʩʪʘʣʦʶ ʰʚʠʜʢʽʩʪʶ. ʗʢʱʦ ʚʥʫʪʨʽʰʥʽʡ 

ʥʘʛʨʽʚʥʠʢ ʥʝ ʚʚʽʤʢʥʝʥʠʡ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ ʥʠʞʯʘ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʙʣʦʢʘ tʙ. 
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ʈʠʩʫʥʦʢ 2.13 ï ʉʧʨʦʱʝʥʘ ʩʭʝʤʘ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʤʝʪʦʜʦʤ ʉʘʡʢʩʘ: 

1 ï ʟʨʘʟʦʢ; 2 ï ʤʘʩʠʚʥʠʡ ʙʣʦʢ;  

3 ï ʪʝʨʤʦʧʘʨʘ ʙʣʦʢʘ;  

4 ï ʚʠʚʦʜʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʥʘʛʨʽʚʥʠʢʘ ʟʨʘʟʢʘ;  

5 ï ʜʠʬʝʨʝʥʮʽʘʣʥɹʘ ʪʝʨʤʦʧʘʨʘ 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ  

ʤʽʞ ʟʨʘʟʢʦʤ ʽ ʙʣʦʢʦʤ 
 

ʇʝʨʽʦʜʠʯʥʦ ʚʤʠʢʘʶʯʠ ʽ ʚʠʤʠʢʘʶʯʠ ʚʥʫʪʨʽʰʥʽʡ 

ʥʘʛʨʽʚʥʠʢ, ʜʦʤʘʛʘʶʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ 

ʚʽʜʥʦʩʥʦ ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʦʢʘ (ʨʠʩ. 2.14). 

ʋ ʤʦʤʝʥʪʠ ʯʘʩʫ Ű1, Ű2, Ű3 ʟʘ ʚʚʽʤʢʥʝʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʥʘʛʨʽʚʥʠʢʘ tʟ = tʙ, ʦʪʞʝ, ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʟʨʘʟʢʦʤ ʽ ʙʣʦʢʦʤ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ, ʽ ʚʩʷ ʪʝʧʣʦʪʘ, ʚʠʜʽʣʝʥʘ ʚʥʫʪʨʽʰʥʽʤ 

ʥʘʛʨʽʚʥʠʢʦʤ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʨʘʟʢʘ. 

 

 
ʈʠʩʫʥʦʢ 2.14 ï ʊʝʨʤʦʛʨʘʤʠ 

ʥʘʛʨʽʚʘʥʥʷ ʙʣʦʢʘ (tʙ)  

ʽ ʟʨʘʟʢʘ (tʟ)  

ʟʘ ʚʠʟʥʘʯʝʥʥ ̫ʪʝʧʣʦʻʤʥʦʩʪʽ 

ʤʝʪʦʜʦʤ ʉʘʡʢʩʘ:  

ʥ̔ ï ʩʪʨʫʤ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʥʘʛʨʽʚʥʠʢʘ ʟʨʘʟʢʘ 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚ ʩʪʘʣʽ ʟ 

0,74 % ʉ ʤʝʪʦʜʦʤ ʉʘʡʢʩʘ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.15. 
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ʈʠʩʫʥʦʢ 2.15 ï 

ɿʤʽʥʘ ʪʝʧʣʦ-

ʻʤʥʦʩʪʽ ʩʪʘʣʽ  

ʟ 0,74 % ʉ ʧʽʩʣʷ 

ʛʘʨʪʫʚʘʥʥʷ (ʘ)  

ʽ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ 

ʟ ʚʽʜʧʫʩʢʦʤ (ʙ) 

 

 

ʅʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.15 ʘ ʢʨʠʚʘ ʧʠʪʦʤʦʾ ʪʝʧʣʦ-

ʻʤʥʦʩʪʽ, ʦʜʝʨʞʘʥʘ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ ̫ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 8ï10 ʛʨʘʜ/ʭʚ. ɽʬʝʢʪ I ʦʙʫʤʦʚʣʝʥʠʡ ʧʝʨʝʭʦʜʦʤ 

ʤʘʨʪʝʥʩʠʪʫ ʛʘʨʪʫʚʘʥʥʷ ʚ ʤʘʨʪʝʥʩʠʪ ʚʽʜʧʫʩʢʫ; ʚʦʜʥʦʯʘʩ 

ʪʝʪʨʘʛʦʥʘʣʴʥʽʩʪʴ ˇʨʘʪʢʠ ʤʘʨʪʝʥʩʠʪʫ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʟ 

ʨʦʟʯʠʥʫ ʚʠʜʽʣʷʻʪʴʩʷ ʢʘʨʙʽʜ ʥʝʚʩʪʘʥʦʚʣʝʥʦʛʦ ʩʢʣʘʜʫ Fexʉ. 

ɽʬʝʢʪ II ʦʙʫʤʦʚʣʝʥʠʡ ʨʦʟʧʘʜʦʤ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ, 

ʪʦʙʪʦ ʡʦʛʦ ʧʝʨʝʭʦʜʦʤ ʫ ʤʘʨʪʝʥʩʠʪ ʚʽʜʧʫʩʢʫ ʽ ʚʠʜʽʣʝʥʥʷ 

Fexʉ. ɽʬʝʢʪ III ʦʙʫʤʦʚʣʝʥʠʡ çʜʦʨʦʟʧʘʜʦʤè ʤʘʨʪʝʥʩʠʪʫ ʽ 

ʢʘʨʙʽʜʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ Fexʉ Ÿ Fe3ʉ. 

ʅʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.15 ʙ ʢʨʠʚʘ, ʦʜʝʨʞʘʥʘ ʧʽʜ ʯʘʩ 

ʥʘʛʨʽʚʘʥʥ ̫ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʽʜʧʫʩʢʫ ʚʧʨʦʜʦʚʞ ʜʚʦʭ 

ʛʦʜʠʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 250 Áʉ. ɿʘ ʪʘʢʦʛʦ ʚʽʜʧʫʩʢʫ 

ʟʘʣʠʰʢʦʚʠʡ ʘʫʩʪʝʥʽʪ ʨʦʟʧʘʜʘʻʪʴʩʷ ʽ ʩʪʘʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʤʘʨʪʝʥʩʠʪʫ ʚʽʜʧʫʩʢʫ ʽ Fe3ʉ. ɽʬʝʢʪ ɸ ʦʙʫʤʦʚʣʝʥʠʡ 

ʧʦʜʘʣʴʰʠʤ ʨʦʟʧʘʜʦʤ ʤʘʨʪʝʥʩʠʪʫ ʽ ʧʝʨʝʭʦʜʦʤ ʡʦʛʦ ʚ ʩʫʤʽʰ 

ʬʝʨʠʪʫ ʽ Fexʉ. ɽʬʝʢʪ ɹ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʢʮʽʾ Fexʉ Ÿ Fe3ʉ. 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʤʝʪʦʜʦʤ ʉʘʡʢʩʘ ʧʦʢʘʟʘʥʘ ʥʘ  

ʨʠʩʫʥʢʫ 2.16.  
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ʈʠʩʫʥʦʢ 2.16 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ:  

1 ï ʜʠʬʝʨʝʥʮʽʘʣʥɹʘ ʪʝʨʤʦʧʘʨʘ; 2 ï ʩʧʽʨʘʣʴ;  

3 ï ʟʨʘʟʦʢ; 4 ï ʢʚʘʨʮʝʚʘ ʧʽʜʩʪʘʚʢʘ; 5 ï ʙʣʦʢ; 6 ï ʧʽʯ;  

7 ï ʩʧʦʣʫʯʥʘ ʤʫʬʪʘ; 8 ï ʪʨʠʤʘʯ ʟʨʘʟʢʘ ʽ ʙʣʦʢʘ;  

9 ï ʪʨʫʙʢʘ ʜʣʷ ʽʟʦʣʷʮʽʾ ʜʨʦʪʽʚ ʩʧʽʨʘʣʽ; 10 ï ʪʝʨʤʦʧʘʨʘ  

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʦʢʘ; 11 ï ʚʦʣʴʪʤʝʪʨ;  

12 ï ʘʢʫʤʫʣʷʪʦʨ, 13 ï ʦʧʽʨ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʫʤʫ  

ʚ ʣʘʥʮʶʟʽ ʩʧʽʨʘʣʽ; 14 ï ʘʤʧʝʨʤʝʪʨ; 15 ï ʤʽʣʽʚʦʣʴʪʤʝʪʨ;  

16 ï ʧʨʦʙʽʨʢʘ ʟ ʤʘʩʣʦʤ ʜʣʷ ʢʽʥʮʽʚ ʪʝʨʤʦʧʘʨʠ; 17 ï ʪʝʨʤʦʩ;  

18 ï ʜʟʝʨʢʘʣʴʥʠʡ ʛʘʣʴʚʘʥʦʤʝʪʨ 

 

ʆʩʥʦʚʥʠʤʠ ʾʾ ʯʘʩʪʠʥʘʤʠ ʻ: ʟʨʘʟʦʢ 3, ʙʣʦʢ 5, ʩʧʽʨʘʣʴ 

2, ʧʽʯ 6, ʪʝʨʤʦʧʘʨʘ 10 ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʦʢʘ ʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʪʝʨʤʦʧʘʨʘ 1 ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʟʨʘʟʢʦʤ ʽ ʙʣʦʢʦʤ. 

 

2.2.4 ʄʝʪʦʜ ʉʤʪ̔ʘ 
 

ʄʝʪʦʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘʣʦʩʪʽ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʩʪʽʥʢʫ ʟʘ ʥʝʟʤʽʥʥʦʾ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ ʫ ʥʽʡ, ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʩʝʨʝʜʥʶ ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʧʣʘʚʫ ʽ ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ 

ʧʝʨʝʪʚʦʨʝʥʴ. ʂʝʨʘʤʽʯʥʠʡ ʩʪʘʢʘʥʯʠʢ ʽʟ ʟʨʘʟʢʦʤ (ʨʠʩ. 2.17) 

ʥʘʛʨʽʚʘʻʪʴʩʷ ʚ ʧʝʯʽ ʪʘʢ, ʱʦ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ 
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ʟʦʚʥʽʰʥʴʦʶ ʽ ʚʥʫʪʨʽʰʥʴʦʶ ʩʪʥ̔ʢʘʤʠ ʩʪʘʢʘʥʯʠʢʘ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʩʪʘʣʦʶ. 

 

 

 

ʈʠʩʫʥʦʢ 2.17 ï ʉʭʝʤʘ, ʱʦ 

ʽʣʩʁʪʨʫʻ ʤʝʪʦʜ ʉʤʽʪʘ: 1 ï ʟʨʘʟʦʢ;  

2 ï ʧʨʠʣʘʜ, ʱʦ ʚʠʤʽʨʶʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʟʨʘʟʢʘ;  

3 ï ʢʝʨʘʤʽʯʥʠʡ ʩʪʘʢʘʥʯʠʢ  

ʟ̔ ʢʨʠʰʢʦʶ;  

4, 5 ï ʧʨʠʣʘʜʠ, ʱʦ ʚʠʤʽʨʶʶʪʴ 

ʩʝʨʝʜʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʘʢʘʥʯʠʢʘ  

ʽ ʨʽʟʥʠʮ ʁʪʝʤʧʝʨʘʪʫʨ ʫ ʡʦʛʦ ʩʪʽʥʮʽ 

ʚʽʜʧʦʚʽʜʥʦ 

 

ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʦʾ ʨʝʛʫʣ-ʁ

ʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. ʋ ʜʽʡʩʥʦʩʪʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʩʪʘʢʘʥʯʠʢʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦʤʫ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʢʘʣʦʨʠʤʝʪʨʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʝʯʦʚʠʥʫ ʟ ʚʽʜʦʤʦʶ ʟʘʣʝʞʥʽʩʪʶ 

ʪʝʧʣʦʻʤʥʦʩʪʽ. 

ʂʘʣʦʨʠʤʝʪʨʠʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʧʦʚʥʽʰʝ 

ʚʠʚʯʠʪʠ ʩʫʪʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʫ 

ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʘʭ ʟʘ ʾʭ ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ. ɼʣʷ 

ʜʦʩʣʜ̔ʞʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʟʽ ʩʧʣʘʚʫ 

ʟʘʟʚʠʯʘʡ ʚʠʛʦʪʦʚʣʷʁ ʪʴ ʮʠʣʽʥʜʨʠʯʥʽ ʟʨʘʟʢʠ ʟ̔ ʮʝʥʪʨʘʣʴʥʠʤ 

ʦʪʚʦʨʦʤ, ʫ ʷʢʠʡ ʧʦʤʽʱʘʻʪʴʩʷ ʩʧʘʡ ʪʝʨʤʦʧʘʨʠ. ɿʨʘʟʦʢ 

ʧʦʤʽʱʘʶʪʴ ʫ ʧʽʯ, ʜʝ ʚʽʥ ʨʽʚʥʦʤʽʨʥʦ ʥʘʛʨʽʚʘʻʪʴʩʷ. ʋ ʧʨʦʮʝʩʽ 

ʥʘʛʨʽʚʘʥʥʷ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ ʨʝʻʩʪʨʫʶʪʴʩʷ ʜʚʽ ʚʝʣʠʯʠʥʠ: 

ʯʘʩ ʽ ʪʝʤʧʝʨʘʪʫʨʘ. ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʯʘʩʫ 

ʟʦʙʨʘʞʫʻʪʴʩʷ ʛʨʘʬʽʯʥʦ ʫ ʚʠʛʣʷʜʽ ʢʨʠʚʦʾ (ʨʠʩ. 2.18). 
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ʈʠʩʫʥʦʢ 2.18 ï ʂʨʠʚʽ ʦʭʦʣʦʜʞʝʥʥʷ çʪʝʤʧʝʨʘʪʫʨʘ ï ʯʘʩè 

 
 

ʂʨʠʚʘ I ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʨʦʭʦʜʠʪʴ ʫ ʜʝʷʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ (t1ït2); ʷʢʱʦ ʞ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʡʜʝ ʟʘ ʩʪʘʣʦ ʾʪʝʤʧʝʨʘʪʫʨʠ t1, ʪʦ ʫʪʚʦʨʶʻʪʴʩʷ 

ʢʨʠʚʘ II. ʅʘʧʨʠʢʣʘʜ, ʢʨʠʚʦʶ I ʟʦʙʨʘʟʠʪʴʩʷ ʟʘʪʚʝʨʜʽʚʘʥʥʷ 

ʨʽʜʢʦʛʦ ʩʧʣʘʚʫ, ʱʦ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ, ʢʨʠʚʦʶ ɯɯ ï ʟʘʪʚʝʨʜʽʚʘʥʥʷ ʯʠʩʪʦʛʦ ʤʝʪʘʣʫ, 

ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʫ ʽ ʪ. ʜ. ɿʘʟʚʠʯʘʡ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷʤ, ʫʥʘʩʣʽʜʦʢ ʮʦɹʛʦ ʢʨʠʚʽ 

ɯ ʪʘ ɯɯ ʥʘʙʠʨʘʁʪʴ ʚʠʛʣʷʜʫ ɯô ʽ ɯɯô. ʇʦʨʷʜ ʟ̔ ʮʠʤʠ ʢʨʠʚʠʤʠ 

ʥʘʥʝʩʝʥʽ ʧʫʥʢʪʠʨʥʽ ʧʣʘʚʥʽ ʣʽʥʽʾ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʦʭʦʣʦʜʞʝʥʥʶ (ʫ ʪʠʭ ʩʘʤʠʭ ʫʤʦʚʘʭ) ʪʽʣʘ, ʚ ʷʢʦʤʫ ʥʝʤʘʻ 

ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʪʚʦʨʝʥʴ. ʋ ʚʠʧʘʜʢʘʭ ɯɯ ʘʙʦ ɯɯô ʨʽʟʥʠʮʷ 

ʪʝʤʧʝʨʘʪʫʨ ʟʨʘʟʢʘ ʪʘ ʝʪʘʣʦʥʘ ʚ ʧʨʦʮʝʩʽ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʟʫʧʠʥʢʠ ʙʫʜʝ ʟʨʦʩʪʘʪʠ (ʩʫʮʽʣʴʥʘ ʪʘ ʧʫʥʢʪʠʨʥʽ ʢʨʠʚʽ 

ʨʦʟʭʦʜʷʪʴʩʷ), ʜʦʩʷʛʥʝ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʢʽʥʮʽ ʟʫʧʠʥʢʠ 

ʽ ʧʽʩʣʷ ʮʴʦʛʦ ʩʧʘʜʘʪʠʤʝ ï ʟʨʘʟʦʢ ʽ ʝʪʘʣʦʥ ʙʫʜʫʪʴ 

ʧʦʨ̔ʚʥʶʚʘʪʠʩʷ ʟʘ ʩʚʦʻʶ ʪʝʤʧʝʨʘʪʫʨʦʶ. 

 

2.3 ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʽ ʤʝʪʦʜʠ ʾʾ ʜʦʩʣʽʜʞʝʥʥʷ 

2.3.1 ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. ʆʩʥʦʚʥʽ ʚʠʟʥʘʯʝʥʥʷ  

ʽ ʟʘʣʝʞʥʦʩʪʽ 
 

ɺʠʩʦʢʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʷʢ ʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʻ 

ʭʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʤʝʪʘʣʽʚ. ʄʝʪʘʣʠ ʟ ʥʠʟʴʢʦʶ 

ʚʘʣʝʥʪʥʽʩʪʶ, ʱʦ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʡ ʤʝʪʘʣʝʚʠʡ 

ʭʘʨʘʢʪʝʨ, ʤʘʁ ʪʴ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪ.ɹ 
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ɺʝʣʠʯʠʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʪʽʣʘ ʧʝʨʝʜʘʚʘʪʠ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʚʽʜ ʦʜʥʽʻʾ ʡʦʛʦ ʪʦʯʢʠ ʜʦ 

ʽʥʰʦʾ, ʷʢʱʦ ʤʽʞ ʥʠʤʠ ʚʠʥʠʢʘʻ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ. 

ɺʠʜʽʣʠʤʦ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ (ʨʠʩ. 2.19) ʜʚʽ ʧʘʨʘʣʝʣʴʥʽ 

ʧʣʦʱʠʥʠ ʥʘ ʚʽʜʩʪʘʥʽ l ʽ ʚʽʟʴʤʝʤʦ ʥʘ ʥʠʭ ʜʚʘ ʧʝʨʝʪʠʥʠ 

ʧʣʦʱʝʶ S. 

 

 

 
ʈʠʩʫʥʦʢ 2.19 ï ɿʨʘʟʦʢ  

ʟʘ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ  

t1 ï t2 

  

ʗʢʱʦ ʚ ʦʜʥʦʤʫ ʟ ʧʝʨʝʨʽʟʽʚ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ t1, ʘ ʚ ʽʥʰʦʤʫ ï t2, ʧʨʠʯʦʤʫ t1 > t2, ʪʦ ʧʦʪʽʢ 

ʪʝʧʣʘ ʧʝʨʝʤʽɦ ʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ, ʟʘʟʥʘʯʝʥʦʤʫ ʩʪʨʽʣʢʦʶ. 

ʋʧʨʦʜʦʚʞ ʧʨʦʤʽʞʢʫ ʯʘʩʫ Ű ʧʨʦʡʜʝ ʪʠʤ ʙʽʣʴʰʘ ʢʽʣʴʢʩ̔ʪɹ 

ʪʝʧʣʦʪʠ Q, ʯʠʤ ʤʝʥʰʝ l, ʯʠʤ ʙʽʣʴʰʘ ʧʣʦʱʘ S, ʯʠʤ ʙʽʣʴʰʘ 

ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ t1 ï t2 ʽ ʯʠʤ ʙʽʣʴʰʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ Ű: 

                    tl
l

tt
SQ 21-= .                            (2.16) 

 

ʋ ʬʦʨʤʫʣʽ (2.16) ʢʦʝʬʽʮʽʻʥʪ ɚ ʻ ʢʦʥʩʪʘʥʪʦʶ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʤʘʪʝʨʽʘʣʫ. ʇʨʠʨʽʚʥʶʶʯʠ ʚ ʧʨʘʚʽʡ 

ʯʘʩʪʠʥʠ ʬʦʨʤʫʣʠ (2.16) S, l, Ű ʽ t1 ï t2 ʦʜʠʥʠʮʽ, ʤʦʞʥʘ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ɚ ʚʠʤʽʨʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʪʝʧʣʦʪʠ, ʥʘʧʨʠʢʣʘʜ 

ʫ ʢʘʣʦʨʽʷʭ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʫ ʪʽʣʽ ʯʝʨʝʟ ʧʝʨʝʨʽʟ 1 ʩʤ
2
, ʥʘ 

ʜʦʚʞʠʥʽ 1 ʩʤ, ʟʘ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ 1 Áʉ ʫʧʨʦʜʦʚʞ 

1 ʩʝʢʫʥʜʠ. ʎ ʁ ʚʝʣʠʯʠʥʫ ɚ ʥʘʟʠʚʘʪʁʴ ʚʥʫʪʨʽʰʥʴʦʶ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, ʧʠʪʦʤʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʘʙʦ, 

ʥʘʡʯʘʩʪʽʰʝ, ʧʨʦʩʪʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ. 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ɚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʆʩʢ̔ʣʴʢʠ ʧʝʚʥʘ ɚ ʥʘʣʝʞʠʪʴ ʜʦ ʩʝʨʝʜʥʴʦʾ ʚʝʣʠʯʠʥʠ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ t1ït2, ʜʽʡʩʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʟʘ ʮ̔̒ ʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ɚt ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ 
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ʬʦʨʤʫʣʘʤʠ, ʟʚʘʞʘʶʯʠ ʥʘ ʪ̔ ʫʤʦʚʠ, ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʩʪʘʻ 

ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʶ (dt), ʥʘ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʽʡ ʜʦʚʞʠʥʽ (dl): 
 

dl

dt
SQ t tl= ,                              (2.17) 

t
l

11
ÖÖ=

Sdt

dl
Qt .                             (2.18) 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʚ ʢʘʣ/(ʩʤ Ā 
ʦ
ʉ Ā ʩ) 

ʘʙʦ ʫ ɺʪ/(ʩʤ Ā ʂ). ɿʘ ʧʝʨʝʭʦʜʫ ʚʽʜ ʦʜʥʠʭ ʦʜʠʥʠʮʴ 

ʚʠʤʽʨʚʁʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʦ ʽʥʰʠʭ ʧʦʪʨ̔ʙʥʦ ʚʚʦʜʠʪʠ 

ʢʦʝʬʽʮʽ̒ ʥʪ 0,24. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʭʽʤʽʯʥʦ ʯʠʩʪʦʛʦ ʟʘʣʽʟʘ ʟʘ 

0 Áʉ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʜʦʨʽʚʥʶʻ 0,94 ɺʪ/(ʩʤ Ā ʂ), ʘʙʦ 

0,94 Ā 0,24 = 0,226 ʢʘʣ/(ʩʤ Ā 
ʦ
ʉ Ā ʩ). 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʟʤʽʥʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʽʜ ʯʘʩ 

ʥʘʛʨʚ̔ʘʥʥ ̫ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʬʦʨʤʫʣʦʶ 
 

ɚt = ɚ0(1+Ŭt),                                (2.19) 
 

ʜʝ Ŭ ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ; ʮʷ 

ʚʝʣʠʯʠʥʘ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʤʘʻ ʚʽʜô̒ ʤʥʠʡ ʟʥʘʢ, ʪʦʤʫ ʱʦ 

ʧ̔ ʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ ̫ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ. 

ʋ ʪʝʭʥʽʮʽ ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʘ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ 

(2.20): 

c
a
r

l
= ,                                    (2.20) 

ʜʝ ɚ ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ; ɟ ï ʛʫʩʪʠʥʘ; ʩ ï ʪʝʧʣʦʻʤʥʽʩʪʴ. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʘʭ ʭʘʨʘʢʪʝʨʠʟʫʻ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɯʟ ʬʽʟʠʯʥʦʛʦ ʧʦʛʣʷʜʫ ʷʚʠʱʝ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʻ 

ʧʝʨʝʥʝʩʝʥʥʷʤ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʋ ʤʝʪʘʣʝʚʠʭ ʢʨʠʩʪʘʣʘʭ 

ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʟʜʽʡʩʥʶ̒ ʪʴʩʷ ʜʚʦʤʘ ʪʠʧʘʤʠ ʥʦʩʽʾʚ: ʝʣʝʢʪʨʦʥʘʤʠ ʧʨʦʚʽʜʥʦʩʪʽ 
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ʪʘ ʢʦʣʠʚʘʥʥʷʤʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨ̌ʘʪʢʠ (ʬʦʥʦʥʘʤʠ). ɺʽʜʧʦʚʽʜʥʦ 

ʨʦʟʨʽʟʥʷʁ ʪʴ ʝʣʝʢʪʨʦʥʥʫ (ɚʝʣ) ʽ ̌ʨʘʪʢʦʚʫ (ɚ̌ʨʘʪ) ʩʢʣʘʜʦʚʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʄʝʭʘʥʽʟʤʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʝʪʘʣʽʚ ʽ 

ʩʧʣʘʚʽʚ, ʱʦ ʧʝʨʝʚʘʞʘʻ, ʻ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʘ ʝʣʝʢʪʨʦʥʘʤʠ 

ʧʨʦʚʽʜʥʦʩʪʽ, ˇʨʘʪʢʦʚʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ 

ʟʚʠʯʘʡʥʦ ʤʘʣʘ (ʧʨʠʙʣʠʟʥʦ ʚ 30 ʨʘʟʽʚ ʤʝʥʰʘ) ʧʦʨʽʚʥʷʥʦ ʟ 

ʝʣʝʢʪʨʦʥʥʦʶ. ʉʘʤʝ ʫ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʚʠʩʦʢʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʷʢ ʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʻ ʭʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʤʝʪʘʣʝʚʦʛʦ 

ʩʪʘʥʫ. ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʥʝʤʝʪʘʣʽʯʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣ (ʽʦʥʥʠʭ ʽ 

ʢʦʚʘʣʝʥʪʥʠʭ ʢʨʠʩʪʘʣʽʚ) ʦʙʫʤʦʚʣʝʥʘ ʧʦh ʠʨʝʥʥʷʤ ʢʦʣʠʚʘʥʴ 

ʢʨʠʩʪʘʣʯ̔ʥʦʾ ˇʨʘʪʢʠ ̔ ʥʘ 1ï2 ʧʦʨʷʜʢʠ ʥʠʞʯʘ ʟʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʩ̔ʪɹ ʤʝʪʘʣʽʚ. 

ʅʘ ʨʠʩʫʥʢʫ 2.20 ʘ ʥʘʚʝʜʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʜʝʷʢʠʭ ʪʝʭʥʽʯʥʦ ʚʘʞʣʠʚʠʭ ʤʝʪʘʣʽʚ ʟʘ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦ ʢʽʤʥʘʪʥʦʾ, ʘ ʥʘ ʨʠʩʫʥʢʫ 2.20 ʙ  

ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ɚ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʟʘ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ.  
 

  
 

ʈʠʩʫʥʦʢ 2.20 ï ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʟʘ ʥʠʟʴʢʠʭ (ʘ) 

 ʽ ʚʠʩʦʢʠʭ (ʙ) ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ 

ɸʥʘʣʽʟ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ, ʱʦ ʤʽʩʪʠʪʴ ʧʦʜʽʣ ɚ ʥʘ ˇʨʘʪʢʦʚʫ ʪʘ 
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ʝʣʝʢʪʨʦʥʥʫ ʩʢʣʘʜʦʚʽ, ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ˇʨʘʪʢʠ ʚ ʧʦʚʥʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʟʘ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ. ɺʦʜʥʦʯʘʩ ˇʨʘʪʢʦʚʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ (ʟʤʝʥʰʫʻʪʴʩʷ), ʷʢ ʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʢʽʚ, ʧʨʦʧʦʨʮʽʡʥʦ ʊ
ï1

. 

 

2.3.2 ʄʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 
 

ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʘʡ-

ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʩʪʘʮʽʦʥʘʨʥʽ ʤʝʪʦʜʠ. ɰʭ 

ʧʨʠʥʮʠʧʦʚʘ ʩʫʪʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʦʢʨʝʤʠʭ ʪʦʯʢʘʭ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʪʨʠʞʥʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʜʴ-ʷʢʦʾ 

ʪʦʯʢʠ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʾʾ ʢʦʦʨʜʠʥʘʪ, ʘʣʝ ʥʝ ʚʽʜ ʯʘʩʫ. 

ʆʪʨʠʤʫʤ̒ʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ. ʉʪʘʮʽʦʥʘʨʥʽ 

ʤʝʪʦʜʠ ʜʣ̔ʷʪʴʩʷ ʥʘ ʘʙʩʦʣʶʪʥʽ, ʚʽʜʥʦʩʥʽ ʪʘ ʥʝʧʨʷʤʽ. 

ɿʘ ʥʠʟʴʢʠʭ (ʥʠʞʯʝ ʚʽʜ ʥʫʣʷ) ʽ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ 

ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ, ʫ ʷʢʦʤʫ ʦʜʥʦʤʫ ʢʽʥʮ ʁ

ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʩʪʨʠʞʥ ̫ ʥʘʜʘ̒ ʪʴʩʷ ʟʘ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʥʘʛʨʽʚʘʥʥʷ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ (ʧʦʪʫʞʥʽʩʪʴ ʈ, ɺʪ), ʫ ʪʦʡ 

ʯʘʩ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʽʥʰʦʛʦ ʢʽʥʮʷ ʩʪʨʠʞʥʷ ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʪʘʣʦʶ. ɿʘ ʜʦʩʠʪʴ ʛʘʨʥʦ ʾʪʝʧʣʦʽʟʦʣʷʮʽʾ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ 

ʯʝʨʝʟ ʙʫʜʴ-ʷʢʠʡ ʧʝʨʝʨʽʟ S ʙʨʫʩʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʚʩʷ ʝʥʝʨʛʽʷ ʈ. 

ʉʪʘʣʫ ʨʽʟʥʠʮ ʁʪʝʤʧʝʨʘʪʫʨ ʊ1ïʊ2 ʤʽʞ ʜʚʦʤʘ ʧʝʨʝʨʽʟʘʤʠ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ l, ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʘʙʦ ʜʚʦʭ ʟʚʠʯʘʡʥʠʭ ʪʝʨʤʦʧʘʨ. 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʘ̒ ʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.21): 
 

  
)( 21 TTs

Pl

-
=l                                  (2.21) 

ʽ ʥʘʣʝʞʠʪʴ ʜʦ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 2/)( 21 TT + . 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʝʪʘʣʽʚ ʟʘ ʩʝʨʝʜʥʽʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʠʧʨʦʙʦʚʫʚʘʥʠʡ ʩʪʨʠʞʝʥʴ ʧʦʤʽʱʘʶʪʴ ʤʽʞ 
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ʥʘʛʨʽʚʘʣʴʥʦʶ ʙʘʥʝʶ ʽ ʚʦʜʷʥʠʤ ʢʘʣʦʨʠʤʝʪʨʦʤ, ʷʢʠʡ ʩʣʫʞʠʪʴ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ. ɿʘ ʥʘʛʨʽʚʘʥʥʷʤ ʚʦʜʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʫ 

ʨʦʙʣʷʪʴ ʚʠʩʥʦʚʢʠ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ Q, ʱʦ ʧʨʦʡʰʣʘ ʟʘ 

ʚʠʟʥʘʯʝʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ Ű ʚʠʧʨʦʙʦʚʫʚʘʥʠʤ ʩʪʨʠʞʥʝʤ. 

ɺʠʤʽʨʶʶʯʠ ʩʪʘʣʫ ʨʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ ʪʝʨʤʦʧʘʨʘʤʠ ʤʽʞ 

ʪʦʯʢʘʤʠ, ʱʦ ʣʝʞʘʪʴ ʥʘ ʚʽʜʦʤʽʡ ʚʽʜʩʪʘʥʽ l, ʽ ʟʥʘʶʯʠ ʧʝʨʝʨʽʟ 

ʩʪʨʠʞʥʷ S, ʟʘ ʬʦʨʤʫʣʦʶ (2.21) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʟʨʘʟʢʘ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ɚ ʟʘ ʥʠʟʴʢʠʭ ʽ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʦʞ ʚʽʜʥʦʩʥʽ ʤʝʪʦʜʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʝ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʘ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʚʝʣʠʯʠʥʦʶ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʚʯʝʥʦʛʦ ʝʪʘʣʦʥʘ ʽ ʧʦʪʽʤ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ. 

ʗʢʱʦ ʨʷʜ ʦʜʥʘʢʦʚʠʭ ʟʘ ʧʝʨʝʨʽʟʦʤ ʩʪʨʠʞʥʽʚ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ̔ ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ, ʧʦʢʨʠʪʠʭ ʰʘʨʦʤ ʚʦʩʢʫ, 

ʚʩʪʘʚʠʪʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʚ ʙʽʯʥʫ ʩʪʽʥʢʫ 

ʧʦʩʫʜʠʥʠ ʟ ʢʠʧʣʷʯʦʶ ʚʦʜʦʶ, ʪʦ ʥʘ ʥʠʭ ʧʦʯʥʝʪʴʩʷ ʪʘʥʝʥʥʷ 

ʚʦʩʢʫ ʟ ʢʽʥʮʽʚ, ʥʘʡʙʣʠʞʯʠʭ ʜʦ ʮʽʻʾ ʧʦʩʫʜʠʥʠ. ɺʦʜʥʦʯʘʩ ʯʠʤ 

ʚʠʘɦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʩʪʨʠʞʥʷ, ʪʠʤ ʥʘ ʙʽʣʴʰʽʡ ʜʦʚʞʠʥʽ, 

ʚʨʘʭʦʚʫʶʯʠ ʚʽʜ ʩʪʽʥʢʠ ʧʦʩʫʜʠʥʠ, ʦʧʣʘʚʣʷʻʪʴʩʷ ʚʽʩʢ. ɿʘ 

ʜʦʩʠʪʴ ʜʦʚʛʠʭ ʩʪʨʠʞʥʽʚ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʢʚʘʜʨʘʪʫ ʜʦʚʞʠʥʠ 

(2.22), ʥʘ ʷʢʽʡ ʚʽʜʙʫʣʦʩʷ ʨʦʟʧʣʘʚʣʝʥʥʷ: 

2

2

2

1

2

1

x

x
=

l

l
.                                   (2.22) 

ʗʢʱʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʦʜʥʦʛʦ ʟʽ ʩʪʨʠʞʥʽʚ ʚʽʜʦʤʘ, 

ʪʦ, ʚʠʤʽʨʶʶʯʠ ʜʦʚʞʠʥʠ ʦʧʣʘʚʣʝʥʥʷ ʭ1  ̔ ʭ2, ʤʦʞʥʘ 

ʦʙʯʠʩʣʠʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʽʥʰʦʛʦ ʩʪʨʠʞʥʷ ɚ2. 

ʉʭʝʤʘ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʩʥʦʾ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.21. ɿʨʘʟʦʢ 1 ʪʘ 

ʝʪʘʣʦʥ 2 ʫʛʚʠʥʯʫʶʪʴʩʷ ʚ ʤʽʜʥʠʡ ʮʠʣʽʥʜʨ 3, ʫ ʷʢʦʤʫ 

ʮʠʨʢʫʣʶʁ ʪʴ ʧʘʨʠ ʚʦʜʠ (ʩʪʘʣʘ ʪʝʤʧʝʨʘʪʫʨʘ 100 Áʉ), ʱʦ 

ʚʠʭʦʜʷʪʴ ʟ̔ ʢʠʧô̫ ʪʠʣʴʥʠʢʘ 4 ʽ ʷʢʽ ʧʦʚʝʨʪʘʶʪʴʩʷ ʚ ʥʴʦʛʦ 
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ʯʝʨʝʟ ʭʦʣʦʜʠʣʥɹʠʢ (ʧʨʘʚʦʨʫʯ) ʫ ʚʠʛʣʷʜʽ ʢʦʥʜʝʥʩʦʚʘʥʦʾ 

ʚʦʜʠ. ʂʠʧô̫ ʪʽʥʥʷ ʚʦʜʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʥʥʷʤ ʩʧ̔ʨʘʣʽ 5. ɿʨʘʟʦʢ ʪʘ ʝʪʘʣʦʥ ʧʦʢʨʠʪʽ 

ʰʘʨʦʤ ʨʪʫʪʥʦ-ʩʨʽʙʥʦʛʦ ʡʦʜʠʜʫ (HgJ2 Ā AgJ), ʷʢʠʡ ʟʤʽʥʶʻ 

ʩʚʦʻ ʞʦʚʪʝ ʟʘʙʘʨʚʣʝʥʥʷ ʥʘ ʦʨʘʥʞʝʚʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 45 Áʉ. 

ʇʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʚʠʤ̔ʨʶʶʪʴ ʭ2 ʽ ʭ1 ï ʚʽʜʩʪʘʥ ̔ʚʽʜ ʥʘʛʨʽʚʘʣʴʥʦʛʦ ʮʠʣʽʥʜʨʘ ʜʦ 

ʤʝʞʽ ʟʤʽʥʠ ʢʦʣʴʦʨʫ, ʽ ʟʘ ʥʠʤʠ ʟ ʬʦʨʤʫʣʠ (2.16) ʦʙʯʠʩʣʶʶʪʴ 

ʥʝʦʙʭʽʜʥʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. 
 

 

 
ʈʠʩʫʥʦʢ 2.21 ï ʉʭʝʤʘ 

ʧʨʠʣʘʜʫ ʜʣʷ ʚʽʜʥʦʩʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʧʣʦʧʨʦʚʜ̔ʥʦʩʪʽ:  

1 ï ʟʨʘʟʦʢ; 2 ï ʝʪʘʣʦʥ; 

3 ï ʤʽʜʥʠʡ ʮʠʣʽʥʜʨ;  

4 ï ʢʠʧô̫ ʪʠʣʴʥʠʢ;  

5 ï ʩʧ̔ʨʘʣʴ 

ʝʣʝʢʪʨʦʥʘʛʨʽʚʥʠʢʘ 

 

 

ʊʦʯʥʽʩʪʴ ʮʴʦʛʦ 

ʧʨʠʣʘʜʫ ï 10 %, ʱʦ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʨʷʜʫ 

ʧʨʘʢʪʠʯʥʠʭ ʚʠʧʘʜʢʽʚ. 

ʇʨʠʣʘʜʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʘ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘʟʚʠʯʘʡ ʟʘʙʝʟʧʝʯʝʥʽ ʟʘʭʠʩʥʦʶ ʪʨʫʙʦʶ, 

ʱʦ ʦʙʽʛʨʽʚʘʻʪʴʩʷ, ʷʢʘ ʦʙʝʨʽʛʘʻ ʚʠʧʨʦʙʦʚʫʚʘʥʠʡ ʩʪʨʠʞʝʥʴ ʚʽʜ 

ʦʭʦʣʦʜʞʝʥʥʷ. ʋ ʮʠʭ ʧʨʠʣʘʜʘʭ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʟ ʦʜʥʦʛʦ 

ʢʽʥʮʷ ʩʪʨʠʞʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤ ʦʙʽʛʨʽʚʦʤ, ʘ 

ʥ̔h ʠʡ ʢʽʥʝʮʴ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʚʦʜʦʶ ʘʙʦ ʪʝʞ ʟʥʘʭʦʜʠʪʩɹʷ ʚ 

ʝʣʝʢʪʨʦʧʝʯʽ ʟ ʙʽʣʴʰ ʥʠʟʴʢʦʶ, ʘʣʝ ʪʘʢʦʞ ʩʪʘʣʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ. ʎʽ ʧʨʠʣʘʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʣʠʰʝ ʘʙʩʦʣʶʪʥʽ: 

ʚʽʜʥʦʩʥʽ ʤʝʪʦʜʠ ʜʣʷ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝʧʨʠʜʘʪʥʽ. 
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ʅʘ ʨʠʩʫʥʢʫ 2.22 ʟʦʙʨʘʞʝʥʦ ʧʨʠʣʘʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺʠʧʨʦʙʦʚʫʚʘʥʠʡ 

ʩʪʨʠʞʝʥʴ 1 ʫʛʚʠʥʯʫʻʪʴʩʷ ʟʥʠʟʫ ʚ ʤʽʜʥʠʡ ʙʣʦʢ 2, ʥʘʚʢʦʣʦ 

ʷʢʦʛʦ ʨʦʟʤʽʱʝʥʘ ʩʧʽʨʘʣʴ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ. 

ɺʝʨʭʥʷ ʯʘʩʪʠʥʘ ʩʪʨʠʞʥʷ 1 ʱʽʣʴʥʦ ʚʭʦʜʠʪʴ ʫ ʤʽʜʥʫ 

ʛʦʣʦʚʢʫ 3, ʱʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʮʠʨʢʫʣʶʶʯʦʶ ʚʦʜʦʶ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʭʜ̔ʥʦʾ ʚʦʜʠ ʚʠʤʽʨʶʻʪʴʩʷ ʪʝʨʤʦʤʝʪʨʦʤ 4, ʘ 

ʚʠʭ̔ʜʥʦʾ ï ʪʝʨʤʦʤʝʪʨʦʤ 5.  

ɿʥʘʶʯʠ ʚʠʪʨʘʪʫ ʚʦʜʠ ʽ ʨʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʾʾ 

ʚʠʭʦʜʽ ʪʘ ʚʭʦʜʽ, ʤʦʞʥʘ ʧʽʜʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʯʝʨʝʟ ʧʝʨʝʨʽʟ ʟʨʘʟʢʘ 1, ʷʢʱʦ 

ʧʨʠʡʥ̫ ʪʠ, ʱʦ ʚʩʷ ʪʝʧʣʦʪʘ ʧʨʦʭʦʜʠʪʴ ʙʝʟ ʞʦʜʥʠʭ ʚʪʨʘʪ  ̔

ʧʝʨʝʥʦʩʠʪʴʩʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʶ ʛʦʣʦʚʢʦʶ 3. ʈʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʜʦʚʞʠʥʽ ʩʪʨʠʞʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʨʴʦʤʘ 

ʪʝʨʤʦʧʘʨʘʤʠ 6, 7 ʽ 8, ʧʦʩʪʘʚʣʝʥʠʤʠ ʥʘ ʧʝʚʥʠʭ, ʪʦʯʥʦ 

ʬʽʢʩʦʚʘʥʠʭ ʚʽʜʩʪʘʥʷʭ. ɿʥʘʶʯʠ ʧʝʨʝʨʽʟ ʟʨʘʟʢʘ, ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ, ʷʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʚʦʜʦʶ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʽ ʧʝʨʝʧʘʜ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʧʝʚʥʽʡ ʜʦʚʞʠʥʽ ʟʨʘʟʢʘ (ʤʽʞ ʙʫʜʴ-ʷʢʠʤʠ 

ʜʚʦʤʘ ʪʝʨʤʦʧʘʨʘʤʠ), ʤʦʞʥʘ ʟʘ ʬʦʨʤʫʣʦʶ (2.16) ʧʽʜʨʘʭʫʚʘʪʠ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʩʪʨʠʞʥʷ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʠʪʨʘʪ ʫ ʩʪʨʠʞʥʽ ʥʘʚʢʦʣʦ 

ʥʴʦʛʦ ʻ ʟʘʭʠʩʥʠʡ ʤʝʪʘʣʝʚʠʡ ʝʢʨʘʥ ʫ ʚʠʛʣʷʜʽ ʪʨʫʙʠ 9, 

ʟʘʛʘʣʥɹʠʡ ʩʧʘʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʜʦʚʞʠʥʽ ʝʢʨʘʥʘ ʪʘʢʠʡ 

ʩʘʤʠʡ, ʷʢ ʽ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʩʪʨʠʞʥʷ. ʎʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʪʠʤ, ʱʦ ʚʥʠʟʫ ʝʢʨʘʥ 9 ʱʽʣʴʥʦ ʥʘʩʘʜʞʝʥʠʡ ʥʘ ʤʽʜʥʠʡ ʙʣʦʢ 2, 

ʘ ʚʛʦʨʽ ï ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʚʦʜʦʶ ʜʦ ʪʽʻʾ ʩʘʤʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʱʦ ʡ ʟʨʘʟʦʢ; ʚʠʪʨʘʪʘ ʚʦʜʠ ʚ ʦʭʦʣʦʜʞʫʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ 

ʧʜ̔ʙʠʨʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʪʝʨʤʦʤʝʪʨ 10 ʧʦʢʘʟʫʚʘʚ ʪʫ 

ʩʘʤʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʱʦ ʡ ʪʝʨʤʦʤʝʪʨ 5. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʘ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʟʘʤʽʩʪʴ ʚʦʜʷʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʜʨʫʛʫ ʝʣʝʢʪʨʠʯʥʫ ʧʽʯ, ʥʘʛʨʽʪʫ ʜʦ ʙʽʣʴʰ ʥʠʟʴʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʥʽʞ ʥʠʞʥʷ ʧʽʯ, ʷʢʘ ʻ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʚʦʛʦ 

ʩʪʨʫʤʫ ʟʘ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ʟʨʘʟʢʘ.  
 



103 

 

 

ʈʠʩʫʥʦʢ 2.22 ï ʉʭʝʤʘ  

ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ  

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

 ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ: 

1 ï ʟʨʘʟʦʢ-ʩʪʨʠʞʝʥʴ; 

2 ï ʤʽʜʥʠʡ ʙʣʦʢ ʟ̔ ʩʧʽʨʘʣʣʶ 

ʥʘʛʨʽʚʘʥʥʷ; 

3 ï ʤʽʜʥʘ ʛʦʣʦʚʢʘ ʟ 

ʦʭʦʣʦʜʞʝʥʥʷʤ; 

4, 5 ï ʪʝʨʤʦʤʝʪʨʠ ʢʦʥʪʨʦʣʶ 

ʚʭʦʜʫ ʽ ʚʠʭʦʜʫ ʚʦʜʠ; 

6, 7, 8 ï ʪʝʨʤʦʧʘʨʠ; 

9 ï ʟʘʭʠʩʥʠʡ ʝʢʨʘʥ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ; 

10 ï ʪʝʨʤʦʤʝʪʨ, ʧʦʚô̫ ʟʘʥʠʡ  

ʟ̔ ʪʝʨʤʦʤʝʪʨʦʤ 5  

ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʦʜʠ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ,  

ʽ ʟʘʭʠʩʥʦʛʦ ʝʢʨʘʥʘ 

 

ʎʝʡ ʤʝʪʦʜ ʤʘʻ ʚʩʽ ʧʝʨʝʚʘʛʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʠʤʽʨʶʚʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʱʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚʦʜʦʶ, 

ʷʢʘ ʚʠʪʽʢʘʻ ʟ ʙʦʢʫ ʭʦʣʦʜʠʣʴʥʠʢʘ. ɼʣʷ ʪʦʯʥʦʛʦ ʦʙʣʽʢʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ, ʝʣʝʤʝʥʪ ʦʧʦʨʫ (ʥʘʛʨʽʚʥʠʢ) 

ʧʦʪʨʽʙʥʦ ʧʦʤʽʩʪʠʪʠ ʥʝ ʟʦʚʥʽ ʟʨʘʟʢʘ, ʘ ʚʩʝʨʝʜʠʥʽ ʥʴʦʛʦ, 

ʚʥʘʩʣʽʜʦʢ ʮʦɹʛʦ ʟʥʘʯʥʦ ʩʢʦʨʦʪʷʪʴʩʷ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ, ʱʦ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴʩʷ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʧʨʠʣʘʜ, ʟʦʙʨʘʞʝʥʠʡ 

ʥʘ ʨʠʩʫʥʢʫ 2.23, ʚ ʷʢʦʤʫ ʧʽʯ 1 ʧʦʤʽʱʝʥʘ ʫ ʚʠʩʚʝʨʜʣʝʥʽʡ 

ʛʦʣʦʚʮʽ ʟʨʘʟʢʘ 2 ʽ ʟʘʢʨʠʪʘ ʟʚʝʨʭʫ ʰʘʡʙʦʶ ʟ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. 
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ʈʠʩʫʥʦʢ 2.23 ï ʉʭʝʤʘ ʧʨʠʣʘʜʫ 

ʟ ʥʘʛʨʽʚʥʠʢʦʤ, ʨʦʟʤ̔ʱʝʥʠʤ 

ʫʩʝʨʝʜʠʥʽ ʟʨʘʟʢʘ: 

1 ï ʧʽʯ ʫ ʪʽʣʽ ʟʨʘʟʢʘ;  

2 ï ʟʨʘʟʦʢ; 3 ï ʽʟʦʣʶʚʘʣʴʥʽ 

ʧʨʦʢʣʘʜʢʠ; 4 ï ʛʘʡʢʘ;  

5 ï ʧʫʩʪʦʪʽʣʽ ʥʽʞʢʠ  

ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʣʘʜʫ  

ʫ ʚʘʥʥʫ ʦʭʦʣʦʜʞʝʥʥʷ  

ʟ̔ ʩʪʘʣʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ; 

ʘʘô ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʟʨʘʟʢʘ; 

bbô, ccô ï ʧʝʨʝʨʽʟʠ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʥʷ ʪʝʨʤʦʧʘʨ 

 

ɿʨʘʟʦʢ ʥʘ ʨʽʟʴʙʣʝʥʥʽ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʜʥʠʱʝ ʧʨʠʣʘʜʫ, 

ʙʫʜʫʯʠ ʫʱʽʣʴʥʝʥʠʤ ʟ ʦʙʦʭ ʙʦʢ̔ʚ ʪʝʧʣʦʽʟʦʣʶʚʘʣʴʥʠʤʠ 

ʧʨʦʢʣʘʜʢʘʤʠ 3 ʪʘ ʟʘʪʷʛʥʫʪʠʡ ʛʘʡʢʦʶ 4. ɿʨʘʟʦʢ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʟʥʠʟʫ ʧʦʤʽʱʝʥʥʷʤ ʚʩʽʻʾ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ 

ʧʨʠʣʘʜʫ ʫ ʚʘʥʥʫ ʩʪʘʣʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʧʨʠʣʘʜ ʩʪʘʚʠʪʴʩʷ ʥʘ 

ʧʫʩʪʦʪʽʣʫ ʥʽʞʢʫ 5). ʋ ʧʝʨʝʨʽʟʘʭ bbô ʽ ʩʩô ʫʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʪʝʨʤʦʧʘʨʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ. ɿʥʘʶʯʠ ʮʶ 

ʨʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʟʘʟʥʘʯʝʥʠʤʠ ʧʝʨʝʨʽʟʘʤʠ, 

ʧʣʦʫɦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʨʘʟʢʘ ʘʘô ʽ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ 

ʚʠʪʨʘʯʘ̒ ʪʴʩʷ, ʚ ʧʝʯʽ 1, ʤʦʞʥʘ ʧʽʜʨʘʭʫʚʘʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. 

ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʧʨʠʣʘʜʫ ʻ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ, ʚʨʘʭʫʚʘʪʠ ʷʢʽ 

ʤʦʞʥʘ ʣʠʰʝ ʧʦʧʝʨʝʜʥʽʤ ʛʨʘʜʫʶʚʘʣʴʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʅʘ ʨʠʩʫʥʢʫ 2.24 ʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ.  
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ʈʠʩʫʥʦʢ 2.24 ï ʉʭʝʤʘ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʘ ʥʠʟɹʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʊʦʯʥʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

0,7ï2,5 %  

(ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ) 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ 1 ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʚʦʩʴʤʠ ʪʦʯʢʘʭ 

ʧʦ ʜʦʚʞʠʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʧʘʨ, ʟʘʢʨʽʧʣʝʥʠʭ ʫ ʥʦʞʦʚʠʭ 

ʪʨʠʤʘʯʘʭ 3. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʜʦʚʞʠʥʽ ʟʘʭʠʩʥʦʾ 

ʪʨʫʙʠ 2 ʨʝʛʫʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʩʥʦʚʥʦʛʦ 5 ʽ 

ʜʦʧʦʤʽʞʥʠʭ ʥʘʛʨʽʚʥʠʢʽʚ 6. ʈʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ 

ʟʘʭʠʩʥʦʶ ʪʨʫʙʦʶ ʽ ʟʨʘʟʢʦʤ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʪʝʨʤʦʧʘʨ, ʩʧʘʾ ʮʠʭ ʪʝʨʤʦʧʘʨ ʨʦʟʤʽʱʝʥʽ 

ʧʦʙʣʠʟʫ ʢʨʧ̔ʣʝʥʥʷ ʥʘʛʨʽʚʥʠʢ̔ʚ. ɿʥʠʟʫ ʟʨʘʟʢʘ ʨʦʟʤʽʱʝʥʠʡ 

ʥʘʛʨʽʚʥʠʢ 4, ʫʩʷ ʩʠʩʪʝʤʘ ʧʦʤʽʱʝʥʘ ʚ ʧʦʩʫʜʠʥʫ ʟ 

ʦʭʦʣʦʜʞʫʚʘʣʥɹʦʶ  

ʨʽʜʠʥʦʶ 7. 

 

2.4 ʊʝʨʤʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʤʝʪʘʣʽʚ  
 ̔ʤʝʪʦʜʠ ʡʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

2.4.1 ʊʝʨʤʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʤʝʪʘʣʽʚ 
 

ɿʚʠʯʘʡʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʪʚʝʨʜʠʭ ʪʽʣ ï ʾʭ ʨʦʟʰʠʨʝʥʥʷ ʟʘ 

ʥʘʛʨʽʚʘʥʥ.̫ ʈʦʟʰʠʨʝʥʥʷ ï ʮʝ ʟʙʽʣʴʰʝʥʥʷ ʤʽʞʘʪʦʤʥʦʾ ʚʽʜ-

ʩʪʘʥʽ ʚ ʨ̌ʘʪʮʽ. ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʜʚʘ ʘʪʦʤʠ (ʨʠʩ. 2.25), ʣ̔ʚʠʡ 

ʽʟ ʷʢʠʭ ʟʘʢʨʽʧʣʝʥʠʡ ʫ ʪʦʯʮʽ ʘ, ʘ ʧʨʘʚʠʡ ʢʦʣʠʚʘʻʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʙ, ʪʦ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʥʷ, ʷʢ ʧʦʢʘʟʘʥʦ 

ʰʪʨʠʭʦʚʦʶ ʣʽʥʽʻʶ (1 ʽ 2), ʟʨʦʩʪʝ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʊ1 ʜʦ ʊ2. ʇ̔ʜ ʯʘʩ ʚʠʜʘʣʝʥʥʷ ʢʦʣʠʚʥʦʛʦ 

ʘʪʦʤʘ ʚʽʜ ʥʝʨʫʭʦʤʦʛʦ (1) ʚʠʥʠʢʘʻ ʩʠʣʘ ʧʨʠʪʷʛʘʥʥʷ ʂ1, ʟʘ 

ʥʘʙʣʠʞʝʥʥ̫ ï ʩʠʣʘ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʂ2. ʂ2 ʟʘʚʞʜʠ ʙʽʣʴʰʘ 
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ʚʽʜ ʂ1. ʆʩʢʽʣʴʢʠ ʂ2 > ʂ1, ʪʦ ʟʘ ʟʙʽʣʴʰʝʥʥ ̫ ʘʤʧʣʽʪʫʜʠ 

ʢʦʣʠʚʘʥʥʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ (ʨʠʩ. 3.25 ʙ) ʚʽʜʩʪʘʥʴ 

ɟ ʟʨʦʩʪʘʻ (ʨǋǋʦ > ʨǋʦ). 
 

 

 

 
ʈʠʩʫʥʦʢ 2.25 ï 

ʄʦʜʝʣʴ ʟ̔ ʜʚʦʭ 

ʘʪʦʤʽʚ, ʱʦ 

ʽʣʁʩʪʨʫʻ 

ʪʝʧʣʦʚʝ 

ʨʦʟʠhʨʝʥʥʷ 
 

ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʫ ʥʘʡʧʨʦʩʪʽʰʫ ʤʦʜʝʣʴ ʧʝʨʝʥʝʩʪʠ ʥʘ 

ʪʨʠʚʠʤʽʨʥʝ ʪʽʣʦ (ʨ̌ʘʪʢʫ), ʪʦ ʦʪʨʠʤʘʻʤʦ ʷʚʠʱʝ ʪʝʧʣʦʚʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ. 

ʉʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʦʙʯʠʩʣʝʥʠʡ ʟʘ ʬʦʨʤʫʣʦ  ʁ
 

l2 = l 1[l + Ɏ(T2 ï ʊ1)] ,                     (2.23) 
 

ʜʝ l2 ʽ l1 ï ʜʦʚʞʠʥʠ ʩʪʨʠʞʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʊ2 ʽ ʊ1; Ɏ ï 

ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ. 

ɿʚʽʜʩʠ  

112

12 1

lTT

ll
Ö

-

-
=¡a .                               (2.24) 

ɿʘ ʧʝʨʝʭʦʜʫ ʜʦ ʜʽʡʩʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʰʠʨʝʥʥʷ 

ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʊ2 ï ʊ1 ʽ ʜʦʚʞʠʥ l2 ï l1 ʧʨ̫ʤʫʪʁʴ ʜʦ ʥʫʣʷ, 

ʘ ʜʦʚʞʠʥʘ l1 ï ʜʦ lʪ (ʜʦʚʞʠʥʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʊ). 

ɼʽʡʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ  

T

T
ldT

dl 1
Ö=a .                                  (2.25) 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʢʨʠʚʦʾ l = ű(ʊ) ʜʣʷ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʟʥʘʯʝʥʥʷ ŬT ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɼʣʷ ʮʴʦʛʦ ʟ ʢʨʠʚʦʾ ʙʝʨʫʪʴ lT ʽ ʧʝʨʰʫ ʧʦʭʽʜʥʫ ʚ ʮʽʡ ʪʦʯʮʽ.  

ʆʙô̒ ʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ɓ ~ 3Ŭ. 
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ʈʦʟʰʠʨʝʥʥʷ ʪʚʝʨʜʦʛʦ ʤʝʪʘʣʫ ʘʙʦ ʩʧʣʘʚʫ ʟʘ 

ʥʘʛʨʽʚʘʥʥ̫ ʟʚʦʜʠʪʴʩʷ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ ʜʘʥʠʭ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ɟ ʤʽʞ 

ʢʦʞʥʦʶ ʧʘʨʦʶ ʩʫʩʽʜʥʽʭ ʘʪʦʤʽʚ. ɿʘ ʟʙʽʣʴʰʝʥʥ ̫ɟ ʟʘ (2.26) 

ʩʠʣʘ ʚʟʘʻʤʦʜʽʾ ʩʫʩʽʜʥʽʭ ʘʪʦʤʽʚ F ʟʜʽʡʩʥʶʻ ʟʦʚʥʽʰʥʶ ʨʦʙʦʪʫ 

Fdɟ ʽ ʧʦʪʝʥʮʽʘʣʥɹʘ ʝʥʝʨʛʽʷ ʪʽʣʘ W ʟʤʝʥʰʫʻʪʴʩʷ: 
 

Fdɟ = ïdW.                                 (2.26) 
 

ʗʢʱʦ ɟ ʜʫʞʝ ʚʝʣʠʢʝ, ʪʦ ʩʠʣʫ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ  
F = 0 ʽ ʧʦʪʝʥʮʽʘʣʥɹʫ ʝʥʝʨʛʽʶ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 
ʚʝʣʠʯʠʥʘʤʠ ʩʪʘʣʠʤʠ, ʷʢʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ɟ, ʽ ʪʘʢʠʤʠ, ʱʦ 
ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ɿʘ ʜʦʩʪʘʪʥʴʦʛʦ ʟʙʣʠʞʝʥʥʷ ʘʪʦʤʽʚ ʤʽʞ 
ʥʠʤʠ ʚʠʥʠʢʘʻ ʩʠʣʘ ʧʨʠʪʷʛʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ W ʽ F 
ʥʘʙʫʚʘʶʪʴ ʚʽʜô̒ ʤʥʦʾ ʚʝʣʠʯʠʥʠ. ɿʘ ʚʽʜʩʪʘʥʽ ɟʦ, ʱʦ ʚʽʜʧʦʚʽʜʘ ̒
ʨʚ̔ʥʦʚʘʞʥʦʤʫ ʧʝʨʽʦʜʫ ʨ̌ʘʪʢʠ, W ʤʘʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽ 
ʟʥʦʚʫ F = 0. ʗʢʱʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʜʘʣʴʰʝ ʟʙʣʠʞʝʥʥʷ ʘʪʦʤʽʚ, 
ʪʦ ʤʽʞ ʥʠʤʠ ʚʠʥʠʢʥʝ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 
ʟʙʽʣʴʰʝʥʥʶ W ʽ ʜʦʜʘʪʥʦʤʫ ʟʥʘʢʫ ʚʝʣʠʯʠʥʠ F. 

ɯʟ ʢʨʠʚʠʭ ʟʘʣʝʞʥʦʩʪʽ W ʽ F ʚʽʜ ɟ ʙʘʯʠʤʦ (ʨʠʩ. 2.26), 
ʱʦ ʦʙʠʜʚʽ ʢʨʠʚʽ ʘʩʠʤʧʪʦʪʠʯʥʦ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ 
ʥʘʙʣʠʞʘʶʪʩɹʷ ʜʦ ʥʫʣʷ, ʘ ʧʦ ʚʝʨʪʠʢʘʣʽ ï ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. 
 

  

ʈʠʩʫʥʦʢ 2.26 ï ɿʤʽʥʘ ʧʦʪʝʥʮʽʘʣʥɹʦʾ 
ʝʥʝʨʛʽʾ ʽ ʩʠʣ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ 
ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʪʦʤʘʤʠ 

ʈʠʩʫʥʦʢ 2.27 ï ʉʭʝʤʘ 
ʟʘʣʝʞʥʦʩʪʽ ʤʽʞʘʪʦʤʥʠʭ ʩʠʣ 
ʚʽʜ ʚʜ̔ʩʪʘʥʽ ʤʽʞ ʘʪʦʤʘʤʠ 
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ʅʘ ʨʠʩʫʥʢʫ 2.27 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ 
ʤʽʞʘʪʦʤʥʠʭ ʩʠʣ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʪʦʤʘʤʠ; ʂ2 ʚʽʜʧʦʚʽʜʘʻ 
ʚʽʜʰʪʦʚʭʫʚʘʥʥʶ, ʂ1 ï ʧʨʠʪʷʛʘʥʥʶ. ʈʝʟʫʣʴʪʫʶʯʘ ʩʠʣʘ 
ʟʦʙʨʘʞʫʻʪʴʩʷ ʢʨʠʚʦʶ F (F = ʂ1 ï ʂ2), ʷʢʘ ʟʘ ʩʚʦʻʶ ʬʦʨʤʦʶ 
ʥʘʛʘʜʫʻ ʢʨʠʚʫ ʂ2, ʦʩʢʽʣʴʢʠ ʩʠʣʠ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ 
ʟʤʽʥʶʁ ʪʴʩʷ ʟʘ ʟʙʽʣʴʰʝʥʥ ̫ ʤʽʞʘʪʦʤʥʦʾ ʚʽʜʩʪʘʥʽ ʙʽʣʴʰʦʶ 
ʤʽʨʦʶ, ʥʽʞ ʩʠʣʠ ʧʨʠʪ̫ʛʘʥʥʷ. 
 

2.4.2 ʉʫʪʥʽʩʪʴ ʜʠʣʘʪʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ  

ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʝ ʦʙʣʘʜʥʘʥʥʷ 
 

ɺʥʫʪʨʽʰʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʤʝʪʘʣʘʭ ʽ ʩʧʣʘʚʘʭ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʤʽʥʦʶ ʚʝʣʠʯʠʥʠ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʽ 

ʢʦʝʬʽʮʽʥ̒ʪʘ ʨʦʟʰʠʨʝʥʥʷ. ʅʘ ʚʠʚʯʝʥʥʽ ʮʠʭ ʟʤʽʥ ʙʘʟʫʻʪʴʩʷ 

ʜʠʣʘʪʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ. 

 

ʈʽʟʥʦʚʠʜʠ ʜʠʣʘʪʦʤʝʪʨʽʚ 

ɼʠʣʘʪʦʤʝʪʨʘʤʠ ʥʘʟʠʚʘʶʪʴ ʧʨʠʣʘʜʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ʽ ʦʙô̒ ʤʥʠʭ (ʣʽʥʽʡʥʠʭ) ʝʬʝʢʪʽʚ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ 

ʨʦʟʨʦʙʣʝʥʦ ʙʝʟʣʽʯ ʢʦʥʩʪʨʫʢʮʽʡ ʜʠʣʘʪʦʤʝʪʨʽʚ, ʷʢ ʧʨʦʩʪʠʭ, 

ʪʘʢ ʽ ʜʫʞʝ ʩʢʣʘʜʥʠʭ.  
ʄʝʭʘʥʽʯʥʽ ʜʠʣʘʪʦʤʝʪʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʚʦʭ ʪʠʧʽʚ. ɺ 

ʦʜʥʠʭ ʜʠʣʘʪʦʤʝʪʨʘʭ ʟʤʽʥʘ ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ ʧʝʨʝʪʚʦʨʶʻʪʩɹʷ ʚ 
ʧʦʚʦʨʦʪ ʩʪʨʽʣʢʠ ʘʙʦ ʚ ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʘ ʥʘ ʧʘʧʝʨʽ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʚʘʞʝʣʷ (ʮʽ ʧʨʠʣʘʜʠ ʟʘʩʪʘʨʽʣʽ ʪʘ ʥʘ ʮʝʡ 
ʯʘʩ ʤʘʡʞʝ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ). ɺ ʽʥʰʠʭ ï ʟʤʽʥʘ ʜʦʚʞʠʥʠ 
ʟʨʘʟʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʤʝʭʘʥʽʯʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ. ʏʫʪʣʠʚʽʩʪʴ 
ʤʝʭʘʥʽʯʥʠʭ ʜʠʣʘʪʦʤʝʪʨʽʚ ʟʘʟʚʠʯʘʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 10

ï3
 ʤʤ. 

ʆʧʪʠʯʥʽ ʜʠʣʘʪʦʤʝʪʨʠ ʥʘʜʟʚʠʯʘʡʥʦ ʨʽʟʥʽ ʟʘ 
ʢʦʥʩʪʨʫʢʮʽʻʶ ʽ ʧʨʠʥʮʠʧʦʤ ʜʽʾ. ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ 
ʟʤʽʥʘ ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ ʟʘ 
ʟʤ̔ʱʝʥʥʷʤ ʡʦʛʦ ʪʦʨʮʷ ʯʝʨʝʟ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʘʙʦ ʪʝʣʝʩʢʦʧʽʯʥʽ 
ʧʨʠʩʪʨʦʾ. ʊʘʢʽ ʜʠʣʘʪʦʤʝʪʨʠ ʥʘʟʠʚʘʶʪʴ ʪʘʢʦʞ 
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ʢʦʤʧʘʨʘʪʦʨʥʠʤʠ. ɺ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʜʠʣʘʪʦʤʝʪʨʘʭ ʟʤʽʥʘ 
ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʟʩʫʚ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ 
ʢʘʨʪʠʥʠ, ʱʦ ʩʧʦʩʪʝʨʛ̔ʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʘ. 
ʏʫʪʣʠʚʽʩʪʴ ʮʠʭ ʜʠʣʘʪʦʤʝʪʨʽʚ ʜʦʩʷʛʘʻ 10

ï6
 ʤʤ ʟʘ 

ʚʠʢʦʨʠʩʪʘʥʥ ̫ʟʚʠʯʘʡʥʠʭ ʜʞʝʨʝʣ ʩʚʽʪʣʘ ʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʱʝ 
ʥʘ ʧʦʨʷʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ 
ʤʘ̒ ʯʽʪʢʫ ʤʦʥʦʭʨʦʤʘʪʠʯʥʽʩʪ.ɹ 

ʌʦʪʦʝʣʝʢʪʨʠʯʥʽ ʜʠʣʘʪʦʤʝʪʨʠ ʽʥʦʜʽ ʢʣʘʩʠʬʽʢʫʶʪʴ 
ʷʢ ʦʧʪʠʯʥʽ. ʋ ʥʠʭ ʟʤʽʥʘ ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʨʟ̔ʥʠʭ ʧʨʦʤʽʞʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʫ ʟʤʽʥʫ 
ʦʩʚʽʪʣʝʥʦʩʪʽ ʬʦʪʦʝʣʝʤʝʥʪʘ ʘʙʦ ʬʦʪʦʦʧʦʨʫ. ɿʤʽʥʘ ʩʠʣʠ 
ʩʪʨʫʤʫ ʚ ʮʠʭ ʝʣʝʤʝʥʪʘʭ ʤʦʞʝ ʙʫʪʠ ʧʦʩʠʣʝʥʘ ʽ ʟʘʧʠʩʘʥʘ ʪʠʤ 
ʯʠ ʽʥʰʠʤ ʩʧʦʩʦʙʦʤ. ʄʘʢʩʠʤʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ 
ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʜʠʣʘʪʦʤʝʪʨʽʚ ʩʪʘʥʦʚʠʪʴ 10

ï7
ʤʤ. 

ɭʤʥʽʩʥʽ ʜʠʣʘʪʦʤʝʪʨʠ ʽʩʪʦʪʥʦ ʨʽʟʥʷʪʴʩʷ ʟʘ 
ʢʦʥʩʪʨʫʢʮʽʤ̫ʠ ʪʘ ʝʣʝʢʪʨʠʯʥʠʤʠ ʩʭʝʤʘʤʠ, ʦʜʥʘʢ ʫʩʽ ʚʦʥʠ 
ʚʽʜʨʽʟʥʷʁ ʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ ʫ ʟʤʽʥʫ 
ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʆʩʪʘʥʥʷ ʟʽ ʩʚʦʛʦ ʙʦʢʫ 
ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʟʤ̔ʥʫ ʯʘʩʪʦʪʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, 
ʚʠʤʽʨʶʚʘʥʦʛʦ ʨʘʜʽʦʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ. ʏʫʪʣʠʚʽʩʪʴ 
ʻʤʥʽʩʥʠʭ ʜʠʣʘʪʦʤʝʪʨʽʚ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʚʠʩʦʢʦʶ ʽ 
ʦʙʤʝʞʫʻʪʴʩʷ ʣʠʰʝ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 
ʩʭʝʤʠ. ɺʽʜʦʤʽ ʢʦʥʩʪʨʫʢʮʽʾ ʻʤʥʽʩʥʠʭ ʜʠʣʘʪʦʤʝʪʨʽʚ ʟ̔ 
ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʙʽʣʴʰʝʥʥʷ ʜʦ 10

6
. 

ɯʥʜʫʢʮʽʡʥʽ ʜʠʣʘʪʦʤʝʪʨʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʟʤʥ̔ʘ 
ʜʦʚʞʠʥʠ ʩʧʨʠʡʤʘʻʪʴʩʷ ʽʥʜʫʢʪʠʚʥʠʤ ʜʘʪʯʠʢʦʤ ʧʝʨʝʤʽɦ ʝʥʴ, 
ʟôʻʜʥʘʥʠʤ ̔ʟ ʚʠʤʽʨʶʚʘʣʴʥʦʶ ʩʭʝʤʦʶ. ʏʫʪʣʠʚʽʩʪʴ 
ʽʥʜʫʢʮʽʡʥʠʭ ʜʠʣʘʪʦʤʝʪʨʽʚ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʚʠʩʦʢʦʶ. 

ʋ ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʜʠʣʘʪʦʤʝʪʨʽʚ ʟʤʽʥʘ ʜʦʚʞʠʥʠ 
ʧʝʨʝʜʘʻʪʴʩʷ ʧʨʫʞʥʦʤʫ ʝʣʝʤʝʥʪʫ ʟ ʥʘʢʣʝʻʥʠʤʠ ʥʘ ʥʴʦʛʦ 
ʪʝʥʟʦʤʝʪʨʠʯʥʠʤʠ ʜʘʪʯʠʢʘʤʠ. ɹʽʣʷ ʧʨʫʞʥʦʾ ʦʙʣʘʩʪʽ ʟʤʽʥʘ 
ʝʣʝʢʪʨʦʦʧʦʨʫ ʜʘʪʯʠʢʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʾ. 
ʏʫʪʣʠʚʽʩʪʴ ʜʠʣʘʪʦʤʝʪʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 
ʧʦʩʠʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. 
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ɼʠʣʘʪʦʤʝʪʨʠʯʥʠʡ ʜʘʪʯʠʢ 
ʋ ʪʝʭʥʽʯʥʠʭ ʜʠʣʘʪʦʤʝʪʨʘʭ ʽ ʚ ʙʘʛʘʪʴʦʭ ʧʨʠʣʘʜʘʭ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʟʨʘʟʦʢ ʧʦʤʽʱʘʶʪʴ ʫ 
ʢʚʘʨʮʦʚʫ ʪʨʫʙʢʫ ʟ̔ ʟʘʧʘʷʥʠʤ ʢʽʥʮʝʤ, ʟʘʢʨʽʧʣʝʥʠʤ ʫ ʢʦʨʧʫʩʽ 
ʧʨʠʣʘʜʫ (ʨʠʩ. 2.28).  

 
ʈʠʩʫʥʦʢ 2.28 ï ɼʠʣʘʪʦʤʝʪʨʠʯʥʠʡ ʜʘʪʯʠʢ: 1 ï ʟʨʘʟʦʢ;  

2, 3 ï ʢʚʘʨʮʦʚʽ ʪʨʫʙʢʘ ʽ ʩʪʨʠʞʝʥʴ; 4 ï ʩʧʦʣʫʯʥʘ ʤʫʬʪʘ;  
5 ï ʢʦʨʧʫʩ ʜʠʣʘʪʦʤʝʪʨʘ 

 
ɿʤʽʥʘ ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ ʯʝʨʝʟ ʢʚʘʨʮʦʚʠʡ ʩʪʨʠʞʝʥʴ 

ʧʝʨʝʜʘʻʪʩɹʷ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʛʦʣʦʚʮʽ. ɺʠʙʽʨ ʢʚʘʨʮʫ ʜʣʷ 
ʜʝʪʘʣʝʡ ʜʠʣʘʪʦʤʝʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ ʦʙʫʤʦʚʣʝʥʠʡ ʡʦʛʦ 
ʤʘʣʠʤ ʢʦʝʬʮ̔ʽʻʥʪʦʤ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ: ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 
ʥʫʣʷ ʜʦ 1 100 Áʉ Ŭʢ å 0,55 Ὴ 10

ï6
 1/ʂ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 1 150 Áʉ 

ʫ ʢʚʘʨʮʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʣʽʤʦʨʬʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚʥʘʩʣʽʜʦʢ 
ʮʦɹʛʦ Ŭʢ ʟʨʦʩʪʘʻ ʜʦ 7 Ā 10

ï6
, ʱʦ ʚʠʢʣʶʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʚʘʨʮʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ ʚʽʜ 1 100 Áʉ. ʂʨʽʤ ʪʦʛʦ, ʟʘ 
ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʚʘʨʮ ʨʦʟʤô̫ ʢʰʫʻʪʴʩʷ, ʘ ʟʘ 1 300 Áʉ ï 
ʧʣʘʚʠʪʴʩʷ. ʇʝʨʝʤʽʱʝʥʥʷ ʧʨʘʚʦʛʦ ʪʦʨʮʷ ʩʪʨʠʞʥʷ 3 
(ʨʠʩ. 2.28), ʷʢ ʮʝ ʚʠʧʣʠʚʘʻ ʟ ʧʨʠʩʪʨʦʶ ʜʘʪʯʠʢʘ, ʜʦʨʽʚʥʶʻ 
ʨʽʟʥʠʮʽ ʨʦʟʰʠʨʝʥʴ ʟʨʘʟʢʘ ʪʘ ʢʚʘʨʮʦʚʦʾ ʪʨʫʙʢʠ ʥʘ ʜʦʚʞʠʥʽ 
ʟʨʘʟʢʘ. ʆʩʢʽʣʴʢʠ ʪʨʫʙʢʘ ʽ ʩʪʨʠʞʝʥʴ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʦʜʥʦʛʦ ʡ 
ʪʦʛʦ ʩʘʤʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʦ ʾʭ ʨʦʟʰʠʨʝʥʥʷ ʟʘ ʥʘʛʨʽʚʘʥʥ ̫ʟʘ 
ʤʝʞʘʤʠ ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ ʚʟʘ̒ ʤʥʦ ʢʦʤʧʝʥʩʫʻʪʴʩʷ. ɿʘ ʚʠʤʽʨʽʚ 
ʥʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽʡ ʩʭʝʤʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʪʘʣʦʥ, ʟ̔ ʷʢʠʤ 
ʧʦʨʽʚʥʶʻʪʴʩʷ ʟʤʽʥʘ ʜʦʚʞʠʥʠ. ɽʪʘʣʦʥ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ̔ 
ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʝ ʤʘʻ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʟ̔ ʚʽʜʦʤʦʶ 
ʟʘʣʝʞʥʽʩʪʶ ʢʦʝʬʽʮʽʻʥʪʘ ʣʽʥʽʡʥʦʛʦ ʨʦʟh ʠʨʝʥʥʷ, ʙʣʠʟʴʢʦ ʁʜʦ 
ʪʘʢʦʾ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ (ʥʘʧʨʠʢʣʘʜ, ʧʽʨʦʩ ï 
82 % Ni, 7 % ʉr, 5 % W, 3 % ʄn ʽ 3 % Fʝ). ʂʨʽʤ ʪʦʛʦ, ʝʪʘʣʦʥ 
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ʧʦʚʠʥʝʥ ʟʙʝʨʽʛʘʪʠ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ 
ʟʘʩʪʦʩʫʚʘʥʥ,̫ ʙʫʪʠ ʞʘʨʦʩʪʽʡʢʠʤ, ʩʪʽʡʢʠʤ ʧʨʦʪʠ 
ʦʢʠʩʥʁ ʚʘʥʥʷ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

 
2.4.3 ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ  
ʜʣʷ ʘʥʘʣʽʟʫ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʤʝʪʘʣʘʭ ʽ ʩʧʣʘʚʘʭ 

 

ʋʩʪʘʪʢʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʥɹʦʛʦ ʜʠʣʘʪʦʤʝʪʨʘ 
ʐʝʚʝʥʘʨʘ ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʝ ʥʘ ʨʠʩʫʥʢʫ 2.29.  
 

 
 

 
ʈʠʩʫʥʦʢ 2.29 ï ɼʠʬʝʨʝʥʮʽʘʣʥɹʠʡ ʜʠʣʘʪʦʤʝʪʨ ʐʝʚʝʥʘʨʘ:  
ʘ ï ʩʭʝʤʘ ʧʨʠʣʘʜʫ; ʙ ï ʩʭʝʤʘ ʛʦʣʦʚʢʠ ʜʠʣʘʪʦʤʝʪʨʘ;  
ʚ ï ʩʭʝʤʘ ʟʘʧʠʩʫ; 1, 2 ï ʢʚʘʨʮʦʚʽ ʪʨʫʙʢʠ; 3 ï ʰʘʡʙʘ; 

 4, 5 ï ʢʨʽʧʠʣʴʥʽ ʛʚʠʥʪʠ; 6 ï ʝʪʘʣʦʥ (ʧʦʤʽʱʘʻʪʴʩʷ ʚ 1);  
7 ï ʚʠʧʨʦʙʦʚʫʚʘʥʠʡ ʟʨʘʟʦʢ (ʧʦʤʽʱʘʻʪʴʩʷ ʚ 2);  

8, 9 ï ʢʚʘʨʮʦʚʽ ʩʪʨʠʞʥʽ; 10, 11 ï ʩʪʘʣʝʚʽ ʩʪʨʠʞʥʽ;  
12ï14 ï ʥʝʨʫʭʦʤʽ ʦʧʦʨʠ; 15 ï ʦʧʪʠʯʥʠʡ ʚʘʞʽʣʴ;  

16 ï ʜʟʝʨʢʘʣʴʮʝ; 17 ï ʥʝʨʫʭʦʤʘ ʦʧʦʨʘ; 18, 19 ï ʧʨʫʞʠʥʠ 
 

ɼʠʣʘʪʦʤʝʪʨ 
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ʇʨʠʣʘʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʦʣʦʚʢʠ (ʚʣʘʩʥʝ ʜʠʣʘʪʦʤʝʪʨʘ) ʽ 
ʨʝ̒ ʩʪʨʫʚʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ. ʋ ʛʦʣʦʚʮʽ ʻ ʜʚʽ ʢʚʘʨʮʦʚʽ ʪʨʫʙʢʠ 1 ʽ 
2, ʷʢʽ ʦʜʥʠʤ ʢʽʥʮʝʤ ʚʧʘʷʥʽ ʚ ʰʘʡʙʫ 3. ʎʷ ʰʘʡʙʘ ʧʨʠʢʨʽʧʣʝʥʘ 
ʛʚʠʥʪʘʤʠ 4 ʪʘ 5 ʜʦ ʤʝʪʘʣʝʚʦʾ ʧʽʜʩʪʘʚʢʠ. ʋ ʚʝʨʭʥʽʡ ʪʨʫʙʮʽ 1 
ʧʦʤʽʱʘʻʪʴʩʷ ʝʪʘʣʦʥ 6, ʘ ʚ ʪʨʫʙʮʽ 2 ï ʚʠʧʨʦʙʦʚʫʚʘʥʠʡ ʟʨʘʟʦʢ 
7. ɽʪʘʣʦʥ ʽ ʟʨʘʟʦʢ ʚʠʛʦʪʦʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʮʠʣʽʥʜʨʠʯʥʠʭ 
ʩʪʨʠʞʥʽʚ ʦʜʥʘʢʦʚʠʭ ʨʦʟʤʽʨʽʚ ʽʟ ʟʘʛʦʩʪʨʝʥʠʤʠ ʢʽʥʮʷʤʠ. 

ʉʚʦʾʤʠ ʚʽʩʪʨʷʤʠ ʟʨʘʟʦʢ ʽ ʝʪʘʣʦʥ ʟ ʦʜʥʦʛʦ ʙʦʢʫ 
ʚʧʠʨʘʶʪʴʩʷ ʫ ʟʘʚʘʨʝʥʽ ʢʽʥʮʽ ʢʚʘʨʮʦʚʠʭ ʪʨʫʙʦʢ, ʘ ʟ ʽʥʰʦʛʦ ï 
ʚ ʪʦʨʮʽ ʢʚʘʨʮʦʚʠʭ ʩʪʨʠʞʥʽʚ 8 ʽ 9. ʇʦʜʦʚʞʝʥʥʷ ʟʨʘʟʢʘ ʪʘ 
ʝʪʘʣʦʥʘ ʟʘ ʧʦʩʝʨʝʜʥʠʮʪʚʦʤ ʢʚʘʨʮʦʚʠʭ ʩʪʨʠʞʥʽʚ 8 ʽ 9, 
ʩʪʘʣʝʚʠʭ ʩʪʨʠʞʥʽʚ 10 ʽ 17 ʧʝʨʝʜʘʶʪʴʩʷ ʨʫʭʦʤʠʤ ʦʧʦʨʘʤ 12 ʽ 
13 ʦʧʪʠʯʥʦʛʦ ʚʘʞʝʣʷ 15, ʜʦ ʷʢʦʛʦ ʧʨʠʢʨʽʧʣʝʥʝ 
ʜʟʝʨʢʘʣʴʮʝ 16. 

ʆʧʪʠʯʥʠʡ ʚʘʞʽʣʴ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʤʝʪʘʣʝʚʦʾ 
ʧʣʘʩʪʠʥʢʠ ʟ ʪʨʴʦʤʘ ʛʦʩʪʨʠʤʠ ʚʠʩʪʫʧʘʤʠ 12, 13 ʽ 14, 
ʨʦʟʤʽʝɦʥʠʤʠ ʧʦ ʚʝʨʰʠʥʘʭ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ. 
ɺʽʩʪʨʷ 12 (ʚʝʨʰʠʥʘ ʧʨʷʤʦʛʦ ʢʫʪʘ) ʚʧʠʨʘʻʪʴʩʷ ʚ ʟʘʛʣʠʙʣʝʥʥʷ 
ʥʘ ʪʦʨʮʽ ʩʪʨʠʞʥʷ 10, ʚʽʩʪʨʷ 13 ï ʚ ʛʣʘʜʢʠʡ ʪʦʨʝʮʴ ʩʪʨʠʞʥʷ ʽ 
ʚʽʩʪʨʷ 14 ï ʚ ʥʝʨʫʭʦʤʫ ʦʧʦʨʫ 17. ɿʘ ʨʦʟʰʠʨʝʥʥ ̫ʟʨʘʟʢʘ ʘʙʦ 
ʝʪʘʣʦʥʘ ʦʧʪʠʯʥʠʡ ʚʘʞʽʣʴ 15 ʧʽʜ ʾʭ ʥʘʪʠʩʢʦʤ ʚʽʜʭʦʜʠʪʴ ʚʽʜ 
ʩʚʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ. ʋ ʪʦʤʫ ʨʘʟʽ, ʷʢʱʦ ʟʨʘʟʦʢ ʽ 
ʝʪʘʣʦʥ ʩʢʦʨʦʯʫʶʪʴʩʷ, ʚʘʞʽʣʴ 15 ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚ 
ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʽʜ ʜʽʻʶ ʧʨʫʞʠʥʠ. ʉʪʘʣʝʚʽ ʩʪʨʠʞʥʽ 10 
ʽ 11 ʪʘʢʦʞ ʚʜ̔ʭʦʜʷʪʴ ʚʣʽʚʦ (ʨʠʩ. 2.29 ʘ) ʧʽʜ ʜʽʻʶ ʧʨʫʞʠʥ 18 ʽ 
19, ʷʢʽ ʟʘ ʧʦʜʦʚʞʝʥʥ ̫ ʚʠʧʨʦʙʦʚʫʚʘʥʠʭ ʩʪʨʠʞʥʽʚ ʙʫʣʠ 
ʩʪʠʩʥʝʥ̔. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʜʦʩʣ̔ ʜʫ ʜʦ ʛʦʣʦʚʢʠ ʜʠʣʘʪʦʤʝʪʨʘ, ʟ 
ʙʦʢʫ ʜʟʝʨʢʘʣʮɹʷ 16, ʧʨʠʩʫʚʘʻʪʴʩʷ ʢʘʤʝʨʘ, ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ 
ʢʽʥʮʽ ʷʢʦʾ ʻ ʢʘʩʝʪʘ (ʜʣʷ ʬʦʪʦʟʘʧʠʩʫ) ʽ ʣʘʤʧʦʯʢʘ. ʇʫʯʦʢ 
ʩʚʽʪʣʘ ʚʽʜ ʮʽʻʾ ʣʘʤʧʦʯʢʠ ʢʨʽʟʴ ʣʽʥʟʫ ʧʦʪʨʘʧʣʷʻ ʥʘ ʜʟʝʨʢʘʣʴʮʝ 
16 ʽ, ʚʽʜʙʠʚh ʠʩʴ ʚʽʜ ʥʴʦʛʦ ʫ ʚʠʛʣʷʜʽ ʩʚʽʪʣʦʚʦʾ ʪʦʯʢʠ, ʧʘʜʘʻ 
ʥʘ ʬʦʪʦʧʣʘʩʪʠʥʢʫ. ɿʘ ʧʝʨʝʤʽʱʝʥʥʷ ʜʟʝʨʢʘʣʴʮʷ 16 (ʨʘʟʦʤ ʟ̔ 
ʚʘʞʝʣʝʤ 15) ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʪʘʢʦʞ ʽ ʩʚʽʪʣʦʚʘ ʪʦʯʢʘ, ʷʢʘ 
ʥʘʥʦʩʠʪʴ ʥʘ ʬʦʪʦʧʣʘʩʪʠʥʮʽ ʢʨʠʚʫ. ʅʘ ʪʨʫʙʢʠ 7, 2 
ʥʘʩʫʚʘʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʘ ʪʨʫʙʯʘʩʪʘ ʧʽʯ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ 
ʟʨʘʟʢʽʚ. 
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ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʤʽʱʝʥʥʷ ʩʚʽʪʣʦʚʦʾ ʪʦʯʢʠ ʥʘ ʬʦʪʦ-
ʧʣʘʩʪʠʥʮʽ ʟʘ ʜʠʣʘʪʦʤʝʪʨʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥ ̫ ʩʪʘʣʽ. 
ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʣʠhʝ ʝʪʘʣʦʥ 6, ʘ ʩʪʨʠʞʝʥʴ 7 
ʥʝ ʟʤʥ̔ʶʻ ʩʚʦʾʭ ʨʦʟʤʽʨʽʚ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʜʟʝʨʢʘʣʴʮʝ 16 ʙʫʜʝ 
ʧʦʚʝʨʪʘʪʠʩʷ ʥʘʚʢʦʣʦ ʥʝʨʫʭʦʤʦʾ ʥʘʭʠʣʝʥʦʾ ʦʩʽ 13ï14 ʽ 
ʩʚʽʪʣʦʚʘ ʪʦʯʢʘ ʆ (ʨʠʩ. 2.29 ʚ) ʥʘ ʬʦʪʦʧʣʘʩʪʠʥʮʽ 
ʧʝʨʝʤʽʩʪʠʪʴʩʷ ʚʥʠʟ, ʧʨʘʚʦʨʫʯ, ʧʦ ʧʫʥʢʪʠʨʥʽʡ ʣʽʥʽʾ ʆɸ. ʗʢʱʦ 
ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʣʠhʝ ʟʨʘʟʦʢ 7 ʟʘ ʥʝʨʫʭʦʤʦʛʦ 
ʝʪʘʣʦʥʘ, ʪʦ ʚʘʞʽʣʴ 15 ʨʘʟʦʤ ʟ̔ ʜʟʝʨʢʘʣʴʮʝʤ 16 ʙʫʜʝ 
ʧʦʚʝʨʪʘʪʠʩʷ ʥʘʚʢʦʣʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʦʩʽ 12ï14 (ʨʠʩ. 2.29 ʙ), 
ʽ ʩʚʽʪʣʦʚʘ ʪʦʯʢʘ ʥʘ ʧʣʘʩʪʠʥʮʽ ʧʽʜʝ ʚʝʨʪʠʢʘʣʴʥʦ ʚʛʦʨʫ, ʧʦ 
ʧʫʥʢʪʠʨʥʽʡ ʣʽʥʽʾ ʆɺ. ɼ̔ʡʩʥʦ, ʟʘ ʦʜʥʦʯʘʩʥʦʛʦ ʥʘʛʨʽʚʘʥʥ ̫ʡ 
ʨʦʟʠhʨʝʥʥ ̫ ʟʨʘʟʢʘ ʪʘ ʝʪʘʣʦʥʘ ʩʚʽʪʣʦʚʘ ʪʦʯʢʘ ʧʽʜʝ ʧʦ 
ʨʽʚʥʦʜʽʶʯʽʡ ʟʘʟʥʘʯʝʥʠʭ ʪʨʘʻʢʪʦʨʽʡ (ʥʘ ʨʠʩ. 2.29 ʚ ï ʩʫʮʽʣʴʥʘ 
ʣʽʥʽʷ ʆʉ). ʎʷ ʣʽʥʽʷ ʆʉ ʙʫʜʝ ʜʝʱʦ ʥʘʭʠʣʝʥʘ ʚʧʨʘʚʦ ʚʥʠʟ, 
ʦʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ʚ ʧʽʨʦʩʫ ʙʽʣʴʰʠʡ, ʥʽʞ ʫ 
ʩʪʘʣʽ (ʚʠʥʷʪʢʦʤ ʻ, ʷʢ ʧʦʙʘʯʠʤʦ ʜʘʣʽ, ʘʫʩʪʝʥʽʪʥʘ ʩʪʘʣʴ). 
ʗʢʱʦ ʙ ʟʘ ʙʫʜʴ-ʷʢʦ ʾʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʦʯʮʽ ʩʪʘʣʦʩʷ ʩʪʠʩʢʘʥʥʷ 
ʩʪʘʣʽ, ʪʦ ʦʧʪʠʯʥʠʡ ʚʘʞʽʣʴ ʧʦʚʝʨʥʫʚʩʷ ʙ ʥʘʟʘʜ ʥʘʚʢʦʣʦ 
ʦʩʽ 12ï14 ʽ ʪʦʯʢʘ, ʱʦ ʩʚʽʪʠʪʴʩʷ, ʧʽʰʣʘ ʙ ʚʥʠʟ ʫ ʥʘʧʨʷʤʢʫ 
DF, ʥʘʙʣʠʞʘʶʯʠʩʴ ʜʦ ʣʽʥʽʾ ʧʽʨʦʩʫ ʆɸ.  

ʇʨʠʢʣʘʜ ʦʜʝʨʞʘʥʦʾ ʜʽʘʛʨʘʤʠ ʥʘʚʝʜʝʥʦ ʥʘ 
ʨʠʩʫʥʢʫ 2.30. 

 

 

ʈʠʩʫʥʦʢ 2.30 ï 
ʂʨʠʚʽ,  

ʦʜʝʨʞʘʥʽ ʥʘ 
ʜʠʣʘʪʦʤʝʪʨʽ 
ʐʝʚʝʥʘʨʘ. 
ʂʨʠʚʘ I 
ʚʽʜʧʦʚʽʜʘʻ 
ʝʪʘʣʦʥʫ,  

ʢʨʠʚʘ II ï ʟʨʘʟʢʫ 
 

ʆʩʢʽʣʴʢʠ ʨʦʟʰʠʨʝʥʥʷ ʥʽʭʨʦʤʫ ʘʙʦ ʧʽʨʦʩʫ ʟʘʣʝʞʥʦ ʚʽʜ 
ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʧʝʨʝʜ ʚʽʜʦʤʝ, ʪʦʜ̔ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ 
ʢʨʠʚʦʾ I ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʽʜʧʦʚʽʜʥʫ ʾʡ ʪʝʤʧʝʨʘʪʫʨʫ. ʅʘ 
ʢʨʠʚʽʡ II ʚʠʷʚʣʷʶʪʴʩʷ ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ, ʪʝʤʧʝʨʘʪʫʨʠ ʷʢʠʭ 
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ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʟʘ ʢʨʠʚʦʶ I ʧʨʦʚʝʜʝʥʥʷʤ ʧʫʥʢʪʠʨʥʠʭ ʣʽʥʽʡ 
ʧʘʨʘʣʝʣʴʥʦ ʦʩʽ ʦʨʜʠʥʘʪ, ʦʩʢʽʣʴʢʠ ʟʨʘʟʦʢ ʪʘ ʝʪʘʣʦʥ ʫ ʧʨʦʮʝʩʽ 
ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʠʭ ʽ ʪʠʭ ʩʘʤʠʭ 
ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚʘʭ. ʆʨʜʠʥʘʪʘ ʻ ʢʨʠʚʦʣʽʥʽʡʥʦʶ, ʦʩʢʽʣʴʢʠ 
ʧʝʨʦ ʧʝʨʝʤ̔ʱʫ̒ʪʴʩʷ ʥʝ ʧʘʨʘʣʝʣʴʥʦ ʦʩʽ ʙʘʨʘʙʘʥʘ, ʘ ʧʦ ʜʫʟʽ 
ʢʦʣʘ. ɿʘʟʚʠʯʘʡ ʥʘ ʧʘʧʝʨʽ, ʷʢʠʡ ʦʜʷʛʘʪʁʴ ʥʘ ʙʘʨʘʙʘʥ, ʧʦ ʦʩʽ 
ʦʨʜʠʥʘʪ ʧʦʧʝʨʝʜʥʴʦ ʥʘʥʦʩʷʪʴ ʥʝ ʧʦʜʦʚʞʝʥʥʷ ʝʪʘʣʦʥʘ, ʘ 
ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 
ʨʦʟʰʠʨʝʥʥʷ ʟʘ ʢʨʠʚʠʤʠ I ʽ II ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʥʦʚʫ 
ʢʨʠʚʫ, ʷʢʘ ʜʘʚʘʣʘ ʙ ʟʘʣʝʞʥʽʩʪʴ ï ʧʦʜʦʚʞʝʥʥʷ ʟʨʘʟʢʘ ʫ 
ʬʫʥʢʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʽ ʟʘ ʥʝ  ʁʦʙʯʠʩʣʠʪʠ ʚʝʣʠʯʠʥʫ Ŭ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟʘ ʰʚʠʜʢʦʛʦ 
ʥʘʛʨʽʚʘʥʥ ̫ ʝʣʝʢʪʨʦʩʪʨʫʤʦʤ ʚʠʢʦʨʠʩʪʦʚʫʪʁ ɹ ʜʨʦʪʷʥʠʡ 
ʜʠʣʘʪʦʤʝʪʨ ʟ ʦʧʪʠʯʥʠʤ ʟʘʧʠʩʦʤ, ʷʢʠʡ ʤʘʻ ʤʽʥʽʤʘʣʴʥʫ 
ʽʥʝʨʮʽʁ (ʨʠʩ. 2.31). ɿʨʘʟʦʢ 1, ʟʘʢʨʽʧʣʝʥʠʡ ʦʜʥʠʤ ʢʽʥʮʝʤ, 
ʞʦʨʩʪʢʦ ʧʦʚô̫ ʟʘʥʠʡ ʟ̔ ʚʘʞʝʣʝʤ 2. ɿʘ ʥʘʛʨʽʚʘʥʥ ̫ ʟʨʘʟʢʘ 
ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ ʚʽʥ ʧʦʜʦʚʞʫʻʪʴʩʷ, ʽ ʚʘʞʽʣʴ 2 ʧʽʜ ʜʽʻʶ 
ʚʣʘʩʥʦʾ ʚʘʛʠ ʦʧʫʩʢʘʻʪʴʩʷ, ʧʦʚʝʨʪʘʶʯʠ ʚʘʞʽʣʴ 3 
(ʧʨʠʪʠʩʥʫʪʠʡ ʜʦ ʚʘʞʝʣʷ 2 ʧʨʫʞʠʥʦʶ 5), ʥʘ ʷʢʦʤʫ 
ʟʘʢʨʽʧʣʝʥʝ ʜʟʝʨʢʘʣʴʮʝ 4. ʇʨʦʤʽʥʴ ʩʚʽʪʣʘ, ʚʽʜʙʠʪʠʡ ʚʽʜ 
ʜʟʝʨʢʘʣʴʮʷ 4, ʟʘʧʠʩʫʻ ʧʦʜʦʚʞʝʥʥʷ (ʟʘ ʟʙʽʣʴʰʝʥʥʷ ʚ 
100 ʨʘʟʽʚ) ʥʘ ʬʦʪʦʧʣʽʚʮʽ ʙʘʨʘʙʘʥʘ. 

 

 

ʈʠʩʫʥʦʢ 2.31 ï ʉʭʝʤʘ 
ʜʨʦʪʷʥʦʛʦ ʤʘʣʦ-
ʽʥʝʨʮʽʡʥʦʛʦ 
ʜʠʣʘʪʦʤʝʪʨʘ: 

1 ï ʟʨʘʟʦʢ;  
2 ï ʚʘʞʽʣʴ ʦʩʥʦʚʥʠʡ;  

3 ï ʚʘʞʽʣʴ ʧʦʚʦʨʦʪʥʠʡ;  
4 ï ʜʟʝʨʢʘʣʴʮʝ;  

5 ï ʧʨʠʪʠʩʢʥʘ ʧʨʫʞʠʥʘ 
 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʬʽʢʩʫʻʪʴʩʷ ʤʘʣʦʽʥʝʨʮʽʡʥʠʤ 
ʜʟʝʨʢʘʣʴʥʠʤ ʛʘʣʚɹʘʥʦʤʝʪʨʦʤ ʽ ʟʘʧʠʩʫʻʪʴʩʷ ʥʘ ʪʽʡ ʩʘʤʽʡ 
ʧʣʽʚʮʽ, ʱʦ ʡ ʨʦʟʰʠʨʝʥʥʷ ʟʨʘʟʢʘ. ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ 
ʜʦʩʷʛʥʝʥʥ ̫ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʽʜʣʽʢʫ ʟʘ 3,5 ʩ, ʪʦʙʪʦ ʰʚʠʜʢʦʩʪʽ 
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ʥʘʛʨʽʚʘʥʥ ̫ 200 ʛʨʘʜ/ʩ, ʥʝ ʧʝʨʝʚʠʱʫʻ 1 %, ʟʘ ʰʚʠʜʢʦʩʪʽ 
ʥʘʛʨʽʚʘʥʥʷ 1 000 ʛʨʘʜ/ʩ ʧʦʭʠʙʢʘ ʩʪʘʥʦʚʠʪʴ 6 %. 

ʂʦʥʩʪʨʫʢʮʽʷ ʦʧʪʠʯʥʦʛʦ ʜʠʣʘʪʦʤʝʪʨʘ ʂʘʥʪʦʨʘ 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ 
ʩʧʣʘʚʘʭ. ʎʷ ʫʩʪʘʥʦʚʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʣʘʩʥʝ ʜʠʣʘʪʦʤʝʪʨʘ ʪʘ 
ʥʘʛʨʽʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʧʽʯ, ʪʝʨʤʦʩʪʘʪ, ʧʫʣʴʪ ʢʝʨʫʚʘʥʥʷ)  
(ʨʠʩ. 2.32). ɼʠʣʘʪʦʤʝʪʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʯʘʩʪʠʥ: 
ʩʪʨʽʯʢʦʚʦ-ʧʨʦʪʷʞʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 7 ʽ ʬʦʪʦʩʪʨʽʯʢʠ 2 ʜʣʷ 
ʨʝʻʩʪʨʘʮʽʾ ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ, ʧʨʠʚʦʜʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʱʦ 
ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 3 ʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 4, 
ʧʝʨʝʤʠʢʘʯʘ h ʚʠʜʢʦʩʪʽ ʬʦʪʦʩʪʨʽʯʢʠ 5, ʚʽʜʤʽʪʥʠʢʘ 
ʪʝʤʧʝʨʘʪʫʨʠ 6, ʝʢʨʘʥʘ 7 ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 
ʧʫʣʴʪʘ ʢʝʨʫʚʘʥʥ ̫8, ʥʘʛʨʽʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ 9, ʢʚʘʨʮʦʚʦʾ 
ʩʠʩʪʝʤʠ ʜʣʷ ʜʠʬʝʨʝʥʮʘ̔ʣʥɹʦʛʦ ʤʝʪʦʜʫ 10, ʧʝʯʽ 17, ʝʪʘʣʦʥʘ 
12, ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʟʨʘʟʢʘ 13, ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ 
ʧʨʠʩʪʨʦʶ 14, ʢʚʘʨʮʦʚʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʧʨʦʩʪʦʛʦ ʤʝʪʦʜʫ 15 ʽ 
ʪʝʨʤʦʩʪʘʪʘ 16. 
 

 
ʈʠʩʫʥʦʢ 2.32 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʠʣʘʪʦʤʝʪʨʘ ʂʘʥʪʦʨʘ 

 

ʅʘ ʨʠʩʫʥʢʫ 2.33 ʘ ʜʣʷ ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʥʘ ʧʨʦʩʪʘ 
ʢʨʠʚʘ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʩʪʘʣʽ ʋ8 ʚʽʜ 900 Áʉ ʜʦ 335 Áʉ, ʘ ʥʘ 
ʨʠʩʫʥʢʫ 2.33 ʙ ï ʜʠʬʝʨʝʥʮʽʘʣʥɹʘ ʢʨʠʚʘ ʥʘʛʨʽʚʘʥʥʷ ʽ 
ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ ʪʽʻʾ ʩʘʤʦʾ ʩʪʘʣʽ. 

ɿʘʛʘʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʜʠʣʘʪʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ 
ʚʠʚʯʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʪʚʦʨʝʥʴ ʻ ʪʝ, ʱʦ ʢʽʣʴʢʽʩʥʠʡ 
ʨʦʟʨʘʭʫʥʦʢ ʢʨʠʚʠʭ, ʷʢʠʡ ʦʜʝʨʞʫʻʤʦ, ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝ-
ʥʠʡ ̔ʟ ʜʦʩʪʘʪʥʴʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʤʘʡʞʝ 
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ʥʝʤʦʞʣʠʚʦ ʢʽʣʴʢʽʩʥʦ ʚʽʜʦʢʨʝʤʠʪʠ ʦʙô̒ ʤʥʠʡ ʝʬʝʢʪ 
ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜ ʯʠʩʪʦ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʘʙʦ 
ʩʪʠʩʥʝʥʥʷ. 

 

 

 
 

 

ʈʠʩʫʥʦʢ 2.33 ï ɼʠʣʘʪʦʛʨʘʤʠ, ʦʜʝʨʞʘʥʽ ʥʘ ʜʠʣʘʪʦʤʝʪʨʽ ʂʘʥʪʦʨʘ:  
ʘ ï ʢʨʠʚʘ ʜʣʷ ʩʪʘʣʽ ʋ8; ʤʘʩʰʪʘʙ ʯʘʩʫ; 1 ʤʤ ï 5 ʩʝʢʫʥʜ  

(ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʬʦʪʦʩʪʨʽʯʢʠ ï 0,2 ʤʤ/ʩ);  
ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ 900 Áʉ ʜʦ 335 Áʉ; ʙ ï ʜʠʬʝʨʝʥʮʽʘʣʥɹʘ ʢʨʠʚʘ 

ʥʘʛʨʽʚʘʥʥʷ ʡ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʩʪʘʣʽ ʋ8;  
ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ 900 Áʉ ʥʘ ʧʦʚʽʪʨʽ 

 
ʑʦʜʦ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʨʦʟʧʘʜʫ 

ʘʫʩʪʝʥʽʪʫ ʥʘʡʢʨʘʱʠʤ ʻ ʤʘʛʥʽʪʥʠʡ ʤʝʪʦʜ, ʷʢʦʤʫ ʚ ʮʴʦʤʫ 
ʩʝʥʩʽ ʟʥʘʯʥʦ ʧʦʩʪʫʧʘʪ̒ʴʩʷ ʷʢ ʝʣʝʢʪʨʠʯʥʠʡ, ʪʘʢ  ̔
ʜʠʣʘʪʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ. 
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ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ  
 

1 ɺʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʤʽʩʪʫ ʪʘ ʝʥʪʘʣʴʧʽʾ. 
2 ʑʦ ʪʘʢʝ ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʩ̔ʪɹ? ʅʘʟʚʽʪʴ ʦʜʠʥʠʮʽ 

ʚʠʤʽʨʁʚʘʥʥʷ. 
3 ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ.  
4 ɿʘʢʦʥ ɼʶʣʦʥʛʘ ʪʘ ʇʪʽ. 
5 ʂʚʘʥʪʦʚʘ ʪʝʦʨʽʷ ʪʝʧʣʦʻʤʥʦʩʪʽ, ʨʦʟʨʦʙʣʝʥʘ 

ɽʡʥhʪʝʡʥʦʤ. 
6 ʂʚʘʥʪʦʚʘ ʪʝʦʨʽʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ɼʝʙʘ.̫  
7 ʊʝʤʧʝʨʘʪʫʨʘ ɼʝʙʘʷ. ɿʘʢʦʥ ɼʝʙʘʷ. 
8 ʊʝʧʣʦʻʤʥʽʩʪʴ ʨʝʘʣʴʥʠʭ ʤʝʪʘʣʽʚ.  
9 ʊʝʧʣʦʻʤʥʽʩʪʴ ʩʧʣʘʚʽʚ ʽ ʩʧʦʣʫʢ. 
10 ʇʨʘʚʠʣʦ ʅʝʡʤʘʥʘ ï ʂʦʧʧʘ. 
11 ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘ ʬʘʟʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥ ɹI ʽ II ʨʦʜʫ. 
12 ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ.  
13 ʇʦʷʩʥʽʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚ 

ʩʪʘʣʽ, ʱʦ ʤʽʩʪʠʪʴ 0,74 % ʉ. 
14 ʑʦ ʪʘʢʝ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ? 
15 ʇʨʦʩʪʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʽ ʡʦʛʦ ʪʝʨʤʦʛʨʘʤʠ. 
16 ɼʠʬʝʨʝʥʮʽʘʣɹʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ (ɼʊɸ) ʽ ʡʦʛʦ 

ʪʝʨʤʦʛʨʘʤʠ. 
17 ʋʩʪʘʥʦʚʢʠ ʜʣʷ ɼʊɸ. 
18 ʂʘʣʦʨʠʤʝʪʨʽʷ ʷʢ ʦʜʠʥ ʽʟ ʤʝʪʦʜʽʚ ʪʝʨʤʽʯʥʦʛʦ 

ʘʥʘʣʟ̔ʫ.  
19 ʇʨʷʤʘ ʽ ʟʚʦʨʦʪʥʘ ʢʘʣʦʨʠʤʝʪʨʽʷ. 
20 ʄʝʪʦʜ ʉʤʽʪʘ ʜʣʷ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. 
21 ʄʝʪʦʜ ʉʘʡʢʩʘ ʜʣʷ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. 
22 ʈʽʟʥʦʚʠʜʠ ʟʘʣʝʞʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʯʘʩʫ ʟʘ 

ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ. 
23 ʇʦʥʷʪʪʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 
24 ɺʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦ ʾʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪ̔. 
25 ʊʝʤʧʝʨʘʪʫʨʦʧʨʦʚʜ̔ʥ̔ʩʪʴ ʪʘ ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
26 ʄʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 



118 

27 ʉʭʝʤʘ ʧʨʠʣʘʜʫ ʜʣʷ ʚʽʜʥʦʩʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 
ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

28 ʉʭʝʤʘ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 
ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

29 ʉʭʝʤʘ ʧʨʠʣʘʜʫ ʟ ʥʘʛʨʽʚʥʠʢʦʤ, ʧʦʤʽʱʝʥʠʤ 
ʫʩʝʨʝʜʠʥʫ ʟʨʘʟʢʘ. 

30 ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 
ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

31 ʊʝʨʤʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʤʝʪʘʣʽʚ.  
32 ʑʦ ʪʘʢʝ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ? 
33 ɿʤʽʥʘ ʧʦʪʝʥʮʽʘʣʥɹʦʾ ʝʥʝʨʛʽʾ ʽ ʩʠʣ ʤʽʞʘʪʦʤʥʦʾ 

ʚʟʘ̒ ʤʦʜʽʾ ʟʘ ʥʘʛʨʽʚʘʥʥ.̫ 
34 ʑʦ ʪʘʢʝ ʜʠʣʘʪʦʤʝʪʨʠ?  
35 ʅʘʟʚʽʪʴ ʨʽʟʥʦʚʠʜʠ ʜʠʣʘʪʦʤʝʪʨʽʚ. 
36 ʉʭʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʜʠʣʘʪʦʤʝʪʨʘ ʐʝʚʝʥʘʨʘ. 
37 ʉʭʝʤʠ ʜʠʣʘʪʦʤʝʪʨʘ ʂʘʥʪʦʨʘ ʽ ʜʨʦʪʷʥʦʛʦ 

ʤʘʣʦʥ̔ʝʨʮʽʡʥʦʛʦ ʜʠʣʘʪʦʤʝʪʨʘ. 
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ʈʆɿɼɯʃ 3 

ɽʃɽʂʊʈʀʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʄɸʊɽʈɯɸʃɯɺ  

ɯ ʄɽʊʆɼʀ ɰʍ ɼʆʉʃɯɼɾɽʅʅʗ 

 

3.1 ɽʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 
3.1.1 ʆʩʥʦʚʥʽ ʚʠʟʥʘʯʝʥʥʷ. ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

ʽ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʤʝʪʘʣʽʚ 
 

ʆʩʥʦʚʦʶ ʚʠʚʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʝʪʘʣʽʚ ʽ ʾʭ ʩʧʣʘʚʽʚ ʻ ʟʘʢʦʥ ʆʤʘ, ʱʦ ʧʦʚô̫ ʟʫʻ ʧʨʷʤʦʶ 

ʧʨʦʧʦʨʮʽʡʥʽʩʪʶ ʨʽʟʥʠʮʶ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʢʽʥʮʷʭ ʧʨʦʚʽʜʥʠʢʘ 

(U) ʽ ʩʠʣʫ ʩʪʨʫʤʫ (I), ʱʦ ʧʦ ʥʴʦʤʫ ʧʨʦʭʦʜʠʪʴ. U ʪʘ I 

ʧʦʚô̫ ʟʘʥʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ï ʦʧʦʨʦʤ ʧʨʦʚʽʜʥʠʢʘ 

(R). ʌ̔ʟʠʯʥʦʶ ʢʦʥʩʪʘʥʪʦʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʝʣʝʢʪʨʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʫ, ʻ ʡʦʛʦ ʧʠʪʦʤʠʡ ʦʧʽʨ r. ʎʷ ʚʝʣʠʯʠʥʘ 

ʚʠʟʥʘʯʘ̒ ʪʴʩʷ ʧʨʠʨʦʜʦʶ ʦʙô̒ ʢʪʘ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ 

ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ. ʗʢ ʚʽʜʦʤʦ, r ʤʦʞʝ ʙʫʪʠ ʦʜʝʨʞʘʥʝ 

ʚʠʤʽʨʶʚʘʥʥʷʤ ʦʧʦʨʫ R ʥʘ ʟʨʘʟʢʫ ʜʦʚʞʠʥʦʶ l ʽ ʧʝʨʝʨʽʟʦʤ S; 

ʦʙʯʠʩʣʶʻʪʴʩʷ r ʟʘ ʬʦʨʤʫʣʦ  ʁ

R = r Ā (l/S).                                  (3.1) 

ɼʫʞʝ ʯʘʩʪʦ ʜʣʷ ʤʝʪʘʣʝʚʠʭ ʧʨʦʚʽʜʥʠʢʽʚ R 

ʚʠʨʘʞʘʻʪʩɹʷ ʚ ʦʤʘʭ, l ï ʚ ʤ, ʽ S ï ʚ ʤʤ
2
. ʂʦʨʠʩʪʫʶʯʠʩʴ ʮʠʤʠ 

ʧʦʟʥʘʯʝʥʥʷʤʠ, ʟʘ ʬʦʨʤʫʣʦ  ʁ(3.1) ʦʜʝʨʞʫʻʤʦ r, ʚʠʨʘʞʝʥʝ ʚ 

ʆʤ Ā ʤʤ
2
/ʤ. 

ɼʣʷ ʪʝʭʥʽʯʥʦ ʯʠʩʪʦʛʦ ʟʘʣʽʟʘ r ï 0,10 ʆʤ Ā ʤʤ
2
/ʤ, ʘʙʦ  

10 ʤʢʆʤ Ā ʩʤ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʦʧʽʨ 1 ʩʤ
3
 ʟʘʣʽʟʘ ʜʦʨʽʚʥʶʻ 

10 ʤʢʆʤ. 

ʇʠʪʦʤʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ů ʻ ʚʝʣʠʯʠʥʦʶ, 

ʦʙʝʨʥʝʥʦʶ ʧʠʪʦʤʦʤʫ ʦʧʦʨʫ, ʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

ů = 1 : r.                                    (3.2) 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ů ʚʠʤʽʨʶʻʪʴʩʷ ʤ/ʆʤ Ā ʤʤ
2
, ʘʙʦ  

ʤʢʆʤ
ï1 
Ā ʩʤ

-1
, ʘʙʦ ʆʤ

ï1 
Ā ʩʤ

ï1
. 

ʇʠʪʦʤʠʡ ʦʧʽʨ (ʽ ʧʨʦʚʽʜʥʽʩʪʴ) ʩʧʣʘʚʽʚ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ 

ʤʝʪʘʣʽʚ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɿʘʟʚʠʯʘʡ ʝʣʝʢʪʨʦʦʧʽʨ 

ʪʠʤ ʙʽʣʴʰʠʡ, ʯʠʤ ʚʠʱʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʫ. ʗʢʱʦ 

ʧʦʟʥʘʯʠʪʠ ʯʝʨʝʟ r0 ʽ r t ʧʠʪʦʤʽ ʦʧʦʨʠ ʧʨʦʚʽʜʥʠʢʘ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ 0 Áʉ ʽ t Áʉ, ʪʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ 

ʚʠʨʘʟʠʪʠ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ:  

r t =  r0(1 + Ŭt + ɓt
3 
+ ɔt

3
 + é).                (3.3) 

ɿʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʚʠʱʝ ʚʽʜ 20 Áʉ) ʜʣʷ ʙʽʣʴ-

ʰʦʩʪʽ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ ʩʧʨʘʚʝʜʣʠʚʘ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ (ɓ, ɔ 

 ̔ʪ. ʽʥ. ʚʽʜʥʦʩʥʦ ʤʘʣʽ): 

r t =  r0(1 + Ŭt).                              (3.4) 

ɿ ʨʽʚʥʷʥʥʷ (3.4) ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʚʠʨʘʟ (3.5) ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

Ŭ = (r t ï r0)/r0 Ā t .                             (3.5) 

ʎʝʡ ʚʠʨʘʟ ʜʘʻ ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ Ŭ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 0ït Áʉ. ɿʘ ʟʤʝʥʰʝʥʥ ̫ ʮʴʦʛʦ 

ʽʥʪʝʨʚʘʣʫ (ʫ ʤʝʞʽ) ʜʦ 0 ʚʠʭʦʜʠʪʴ ʩʧʨʘʚʞʥʻ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʥ̒ʪʘ (3.6) ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ t: 

                       
t

t
dt

d

r

r
a

1
Ö= .                                  (3.6) 

ɿʘ ʚʠʟʥʘʯʝʥʥ ̫ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʠʪʦʤʦʛʦ 

ʦʧʦʨʫ Ŭr ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʨʤʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ 

ʟʨʘʟʢʘ. ʊʦʜʽ ʟʘ (3.7) 

Ŭr = ŬR + ɓ(1 + æt Ā ŬR),                           (3.7) 

ʜʝ ŬR ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʣʴʥʦʛʦ ʦʧʦʨʫ ʟʨʘʟʢʘ; 

ȹt ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ, ʫ ʷʢʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ Ŭr; ɓ ï 

ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ. 
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ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.1. 

 
   ʘ     ʙ 
ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ (ʘ) ʽ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ  

ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʥʽʢʝʣʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ (ʙ) 

 

3.1.2 ʈʦʟʧʦʜʽʣ ʤʘʪʝʨʽʘʣʽʚ  

ʟʘʣʝʞʥʦ ʚʽʜ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 
 

ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʚʽʜ ʨʦʟʤʽʨʽʚ ʟʨʘʟʢʘ ʥʝ 

ʟʘʣʝʞʠʪʴ, ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʽ 

ʩʪʨʫʢʪʫʨʦʶ ʚʩʽʭ ʨʽʚʥʽʚ ï ʚʽʜ ʘʪʦʤʥʦ-ʢʨʠʩʪʘʣʽʯʥʦʾ ʜʦ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʠ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʪʚʝʨʜʽ ʪʽʣʘ ʜʽʣʷʪʴ ʥʘ ʪʨʠ ʛʨʫʧʠ: ʜʽʝʣʝʢʪʨʠʢʠ, 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʽ ʤʝʪʘʣʠ (ʨʠʩ. 3.2). 

 

 
ʈʠʩʫʥʦʢ 3.2 ï ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʪʚʝʨʜʠʭ ʪʽʣ ʟʘ t = 20 

ʦ
ʉ:  

1 ï ʘʣʤʘʟ; 2 ï ʩʣʶʜʘ; 3 ï ʧʦʣʽʝʪʠʣʝʥ 
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ʇʨʦʚʽʜʥʠʢʠ  

ʋ ʜʝʷʢʠʭ ʨʝʯʦʚʠʥ ʚʘʣʝʥʪʥʽ ʝʣʝʢʪʨʦʥʠ ʚʽʣʴʥʦ 

ʧʝʨʝʤʽɦ ʫʶʪʴʩʷ ʤʽʞ ʘʪʦʤʘʤʠ. ʗʢʱʦ ʧʦʜʘʪʠ ʥʘ ʪʘʢʫ 

ʨʝʯʦʚʠʥʫ ʝʣʝʢʪʨʠʯʥʫ ʥʘʧʨʫʛʫ (ʥʘʧʨʠʢʣʘʜ, ʧʽʜôʻʜʥʘʪʠ ʜʦ 

ʜʚʦʭ ʾʾ ʢʽʥʮʽʚ ʧʦʣʶʩʘ ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ), ʝʣʝʢʪʨʦʥʠ 

ʧʦʯʥʫʪʴ ʙʝʟʧʝʨʝhʢʦʜʥʠʡ ʫʧʦʨʷʜʢʦʚʘʥʠʡ ʨʫʭ ʫ ʥʘʧʨʷʤʢʫ 

ʧʽʚʜʝʥʥʦʛʦ ʧʦʣʶʩʘ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ, ʩʪʚʦʨʶʶʯʠ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ. ʉʪʨʫʤʦʧʨʦʚʽʜʥʽ ʨʝʯʦʚʠʥʠ 

ʧʦʜʽʙʥʦʛʦ ʨʦʜʫ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʧʨʦʚʽʜʥʠʢʘʤʠ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʚ ʪʝʭʥʽʮʽ ʧʨʦʚʽʜʥʠʢʠ ï ʮʝ, ʟʚʠʯʘʡʥʦ ʞ, 

ʤʝʪʘʣʠ, ʥʘʩʘʤʧʝʨʝʜ ʤ̔ ʜʴ ʽ ʘʣʶʤʽʥʽʡ, ʷʢʽ ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʽ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʽ ʚ ʟʝʤʥʽʡ ʧʨʠʨʦʜʽ. 

ʂʦʪʫʰʢʫ ʟ ʤʽʜʥʠʤ ʧʨʦʚʦʜʦʤ ʙʫʣʦ ʟʘʤʢʥʝʥʦ ʥʘ 

ʛʘʣɹʚʘʥʦʤʝʪʨ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʢʦʚʟʘʶʯʠʤʠ ʢʦʥʪʘʢʪʘʤʠ 

(ʨʠʩ. 3.3). ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ (n = 5 000 ʦʙ/ʭʚ) 

ʢʦʪʫʰʢʘ ʜʫʞʝ ʰʚʠʜʢʦ ʦʙʝʨʪʘʣʘʩʴ, ʘ ʧʦʪʽʤ ʨʽʟʢʦ 

ʛʘʣʴʤʫʚʘʣʘʩʴ. ʋ ʮʝʡ ʤʦʤʝʥʪ ʛʘʣʴʚʘʥʦʤʝʪʨ ʬʽʢʩʫʚʘʚ 

ʢʦʨʦʪʢʦʯʘʩʥʠʡ ʩʪʨʫʤ. ʎʝ ʧʦʷʩʥʝʥʦ ʪʠʤ, ʱʦ ʧʽʩʣʷ ʨʽʟʢʦʛʦ 

ʛʘʣʴʤʫʚʘʥʥʷ ʚʽʣʥɹʽ ʝʣʝʢʪʨʦʥʠ ʱʝ ʜʝʷʢʠʡ ʯʘʩ ʟʘ ʽʥʝʨʮʽʻʶ 

ʨʫʭʘʣʠʩʷ ʩʧʨʷʤʦʚʘʥʦ, ʽ ʚ ʢʦʪʫʰʮʽ ʚʠʥʠʢʘʚ ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʪʨʫʤ.  

 
ʈʠʩʫʥʦʢ 3.3  ɻʘʣʴʚʘʥʦʤʝʪʨ ʨʝʻʩʪʨʫʻ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ  

ʫ ʤʦʤʝʥʪ ʨʽʟʢʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʢʦʪʫʰʢʠ 
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ʎʝʡ ʜʦʩʣʽʜ ʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʦʚʝʜʝʥʥʷʤ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʤʝʪʘʣʽʚ. ʋ ʤʝʪʘʣʘʭ ʚʽʣʴʥʽ 

ʝʣʝʢʪʨʦʥʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʭʘʦʪʠʯʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʨʫʩʽ. ʇʽʜ 

ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʦʥʠ ʧʦʯʠʥʘʶʪʴ 

ʧʝʨʝʤʽʱʫʚʘʪʠʩ ̫ ʚʧʦʨʷʜʢʦʚʘʥʦ ʽʟ ʩʝʨʝʜʥʴʦʶ ʰʚʠʜʢʽʩʪʶ 

ʧʨʠʙʣʠʟʥʦ 0,5 ʤʤ/ʩ. ɸ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʚʩʝʨʝʜʠʥʽ ʤʝʪʘʣʝʚʦʛʦ ʧʨʦʚʽʜʥʠʢʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 

300 000 ʢʤ/ʩ. 

ʉʘʤʝ ʮʶ ʰʚʠʜʢʽʩʪʴ ʧʦʚô̫ ʟʫʶʪʴ ʟ̔ ʧʦʰʠʨʝʥʥʷʤ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚ ʤʝʪʘʣʘʭ. ʊʘʢ, ʝʣʝʢʪʨʦʥʥʘ ʪʝʦʨʽʷ 

ʧʦʩ̫ʥʶʻ ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʚ ʤʝʪʘʣʘʭ, ʪʦʙʪʦ 

ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. 

ʂʨʘʱʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʦʚʽʜʥʠʢ, ʟʘ ʫʤʦʚ ʥʦʨʤʘʣʴʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ, ʻ ʤʝʪʘʣʝʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʨʽʙʣʦʤ. ʆʜʥʘʢ 

ʩʨʽʙʣʦ ʥʝ ʟʘʚʞʜʠ ʻ ʽʜʝʘʣʴʥʠʤ ʚʠʙʦʨʦʤ ʷʢ ʤʘʪʝʨʽʘʣ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʦ ʜʦʨʦʛʝ ʽ ʩʧʨʠʡʥʷʪʣʠʚʝ ʜʦ ʧʦʪʴʤʷʥʽʥʥʷ, ʘ ʦʢʩʠʜʥʠʡ 

ʰʘʨ, ʚʽʜʦʤʠʡ ʷʢ ʧʦʪʴʤʷʥʽʥʥʷ, ʥʝ ʧʨʦʚʦʜʠʪʴ. ʇʦʜʽʙʥʠʤ 

ʯʠʥʦʤ, ʽʨʞʘ ʪʘ ʽʥʰʽ ʦʢʩʠʜʥʽ ʰʘʨʠ ʟʥʠʞʫʶʪʴ ʧʨʦʚʽʜʥʽʩʪʴ 

ʥʘʚʽʪʴ ʫ ʥʘʡʤʽʮʥʽʰʠʭ ʧʨʦʚʽʜʥʠʢʘʭ. ʅʘʡʝʬʝʢʪʠʚʥʽʰʠʤʠ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʨʦʚʽʜʥʠʢʘʤʠ ʻ ʩʨʽʙʣʦ, ʟʦʣʦʪʦ, ʤʽʜʴ, 

ʘʣʶʤʽʥʽʡ, ʤʝʨʢʫʨʽʡ, ʩʪʘʣʴ, ʟʘʣʽʟʦ, ʧʣʘʪʠʥʘ, ʣʘʪʫʥʴ. 

ɽʣʝʢʪʨʠʯʥʽ ʧʨʦʚʽʜʥʠʢʠ ʘʙʦ ʧʨʦʚʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʤʘʁ ʪʴ 

ʥʝʚʝʣʠʢʠʡ ʦʧʽʨ ʮʠʨʢʫʣʷʮʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, 

ʚʨʘʭʦʚʫʯʁʠ ʾʭ ʩʧʝʮʠʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɸʪʦʤʥʘ ʩʪʨʫʢʪʫʨʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʧʦʣʝʛʰʫʻ ʨʫʭ ʝʣʝʢʪʨʦʥʽʚ ʯʝʨʝʟ 

ʥʠʭ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʮʝʡ ʪʠʧ ʝʣʝʤʝʥʪʽʚ ʩʧʨʠʷʻ 

ʧʝʨʝʜʘʚʘʥʥʶ ʝʣʝʢʪʨʠʢʠ. 

ʇʨʦʚʽʜʥʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʘʥʽ ʚ ʨʽʟʥʠʭ ʬʦʨʤʘʭ, 

ʦʜʥʠʤ ʟ̔ ʥʠʭ ʻ ʤʘʪʝʨʽʘʣ ʫ ʢʦʥʢʨʝʪʥʠʭ ʬʽʟʠʯʥʠʭ ʫʤʦʚʘʭ, 

ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʣʝʚʽ ʧʨʫʪʢʠ (ʩʪʝʨʞʥʽ), ʷʢʽ ʥʝ ʙʫʣʠ 

ʚʠʛʦʪʦʚʣʝʥʽ ʷʢ ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥʮʶʛʽʚ. ʅʝʟʚʘʞʘʯʁʠ 

ʥʘ ʪʝ, ʱʦ ʚʦʥʠ ʥʝ ʻ ʯʘʩʪʠʥʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʫʟʣʘ, ʮʽ 

ʤʘʪʝʨʽʘʣʠ ʟʘʚʞʜʠ ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. 
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ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʦʜʥʦʧʦʣʶʩʥʽ ʘʙʦ ʙʘʛʘʪʦʧʦʣʶʩʥʽ 

ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʚʽʜʥʠʢʠ, ʷʢʽ ʬʦʨʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ 

ʩʧʦʣʫʯʥʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥʮʶʛʽʚ ʫ ʞʠʪʣʦʚʠʭ ʽ 

ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ. ʎʝʡ ʪʠʧ ʧʨʦʚʽʜʥʠʢʽʚ ʤʦʞʝ ʙʫʪʠ 

ʫʪʚʦʨʝʥʠʡ ʫʩʝʨʝʜʠʥʽ ʤʽʜʥʠʤʠ ʜʨʦʪʘʤʠ ʘʙʦ ʽʥʰʠʤ ʚʠʜʦʤ 

ʤʝʪʘʣʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʦʢʨʠʪʦʛʦ ʽʟʦʣʶʚʘʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ. 

ʂʨʽʤ ʪʦʛʦ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ ʣʘʥʮʶʛʘ ʤʦʞʥʘ 

ʨʦʟʨʽʟʥʠʪʠ ʧʨʦʚʽʜʥʠʢʠ ʜʣʷ ʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ (ʪʦʥʢʽ) ʘʙʦ 

ʢʘʙʝʣʽ ʜʣʷ ʧʽʜʟʝʤʥʠʭ ʢʨʘʥʽʚ ʚ ʝʣʝʢʪʨʦʨʦʟʧʦʜʽʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ (ʪʦʚʩʪʽ). 

ɽʣʝʢʪʨʠʯʥʽ ʧʨʦʚʽʜʥʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʤ, ʱʦ ʥʝ 

ʥʘʜʘʶʪʴ ʚʝʣʠʢʦʛʦ ʦʧʦʨʫ ʧʨʦʭʦʜʞʝʥʥʶ ʯʝʨʝʟ ʥʠʭ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʤʦʞʣʠʚʦ ʣʠʰʝ ʟʘʚʜʷʢʠ ʾʭ 

ʝʣʝʢʪʨʠʯʥʠʤ ʪʘ ʬʽʟʠʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʷʢʽ ʛʘʨʘʥʪʫʶʪʴ, ʱʦ 

ʮʠʨʢʫʣʷʮʽʷ ʝʣʝʢʪʨʠʢʠ ʯʝʨʝʟ ʧʨʦʚʽʜʥʠʢ ʥʝ ʩʧʨʠʯʠʥʶ̒  

ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʧʨʦ ʷʢʠʡ ʡʜʝ ʤʦʚʘ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʢʘʪʝʛʦʨʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, ʽ ʟʽ 

ʩʚʦʛʦ ʙʦʢʫ ʚ ʢʦʞʥʽʡ ʢʘʪʝʛʦʨʽʾ ʻ ʤʘʪʝʨʽʘʣʠ ʘʙʦ ʩʝʨʝʜʦʚʠʱʘ ʟ 

ʥʘʡʚʠʱʦʶ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ (ʨʠʩ. 3.4).  

 

 

 

 
ʈʠʩʫʥʦʢ 3.4 ï ʈʽʟʥʦʚʠʜʠ 

ʧʨʦʚʽʜʥʠʢʽʚ 
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ɿʘ ʜʦʩʢʦʥʘʣʽʩʪʶ ʥʘʡʢʨʘʱʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʨʦʚʽʜʥʠʢʘʤʠ ʻ ʪʚʝʨʜʽ ʤʝʪʘʣʠ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʜʽʣʷʶʪʴʩʷ ʤʽʜʴ, 

ʟʦʣʦʪʦ, ʩʨʽʙʣʦ, ʘʣʶʤʽʥʽʡ, ʟʘʣʽʟʦ ʪʘ ʜʝʷʢʽ ʩʧʣʘʚʠ. 

ʆʜʥʘʢ ʽʩʥʫʶʪʴ ʽʥʰʽ ʪʠʧʠ ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ ʨʦʟʯʠʥʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʭʦʨʦʰʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ 

ʛʨʘʬʽʪʦʚʽ ʘʙʦ ʩʦʣʴʦʚʽ ʨʦʟʯʠʥʠ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʤʦʞʥʘ ʨʦʟʨʽʟʥʠʪʠ ʪʨʠ ʪʠʧʠ ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ 

ʧʨʦʚʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

 

ʄʝʪʘʣʝʚʽ ʧʨʦʚʽʜʥʠʢʠ. ʎʷ ʛʨʫʧʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʪʚʝʨʜʠʭ ʤʝʪʘʣʽʚ ʪʘ ʾʭ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʣʘʚʽʚ. ʄʝʪʘʣʝʚʽ 

ʧʨʦʚʽʜʥʠʢʠ ʩʚʦʻʶ ʚʠʩʦʢʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʟʦʙʦʚô̫ ʟʘʥʽ ʭʤʘʨʘʤ 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʮʠʨʢʫʣʷʮʽʾ ʯʝʨʝʟ ʥʠʭ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. ʄʝʪʘʣʠ ʚʽʜʜʘʶʪʴ ʝʣʝʢʪʨʦʥʠ, 

ʨʦʟʤʽʱʝʥʽ ʥʘ ʦʩʪʘʥʥʽʡ ʦʨʙʽʪʽ ʾʭ ʘʪʦʤʽʚ, ʥʝ ʚʢʣʘʜʘʶʯʠ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ ʨʦʙʠʪʴ ʧʝʨʝʭʽʜ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ 

ʦʜʥʦʛʦ ʘʪʦʤʘ ʜʦ ʽʥʰʦʛʦ ʩʧʨʠ̫ ʪʣʠʚʠʤ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʩʧʣʘʚʠ 

ʭʘʨʘʢʪʝʨʠʟʫʁ ʪʴʩʷ ʚʠʩʦʢʠʤ ʦʧʦʨʦʤ; ʪʦʙʪʦ ʚʦʥʠ ʤʘʶʪʴ ʦʧʽʨ, 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦʚʞʠʥʽ ʪʘ ʜʽʘʤʝʪʨʫ ʧʨʦʚʽʜʥʠʢʘ. ʅʘʡʙʽʣʴʰ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʩʧʣʘʚʠ ʚ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ï 

ʣʘʪʫʥʴ, ʤʽʜʥʦ-ʮʠʥʢʦʚʠʡ ʩʧʣʘʚ; ʞʝʨʩʪʴ, ʩʧʣʘʚ ʟʘʣʽʟʘ ʪʘ 

ʦʣʦʚʘ; ʩʧʣʘʚʠ ʤʽʜʥʦʛʦ ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʦʥʽʢʝʣʝʚʽ ʩʧʣʘʚʠ. 

 

ɽʣʝʢʪʨʦʣʽʪʠʯʥʽ ʧʨʦʚʽʜʥʠʢʠ. ʎʝ ʨʦʟʯʠʥʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʽʣʴʥʠʭ ʽʦʥʽʚ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʢʣʘʩʫ ʽʦʥʽʚ. ɿʜʝʙʽʣʴʰʦʛʦ ʪʘʢʽ ʪʠʧʠ 

ʧʨʦʚʽʜʥʠʢʽʚ ʥʘʷʚʥʽ ʚ ʽʦʥʥʠʭ ʨʦʟʯʠʥʘʭ, ʦʩʢʽʣʴʢʠ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʽ ʨʝʯʦʚʠʥʠ ʧʦʚʠʥʥʽ ʟʘʟʥʘʪʠ ʯʘʩʪʢʦʚʦʾ (ʘʙʦ 

ʧʦʚʥʦʾ) ʜʠʩʦʮʽʘʮʽʾ, ʱʦʙ ʫʪʚʦʨʠʪʠ ʽʦʥʠ, ʷʢʽ ʙʫʜʫʪʴ ʥʦʩʽʷʤʠ 

ʟʘʨʷʜʫ. ɽʣʝʢʪʨʦʣʽʪʠʯʥʽ ʧʨʦʚʽʜʥʠʢʠ ʙʘʟʫʶʪʴ ʩʚʦʶ ʨʦʙʦʪʫ ʥʘ 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʷʭ ʽ ʚʠʪʽʩʥʝʥʥʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʧʦʣʝʛʰʫʻ ʨʫʭ 

ʝʣʝʢʪʨʦʥʽʚ ʧʦ ʰʣʷʭʫ ʮʠʨʢʫʣʮ̫ʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʚʽʣʴʥʠʤʠ ʽʦʥʘʤʠ. 
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ɻʘʟʦʚʽ ʧʨʦʚʽʜʥʠʢʠ. ɼʦ ʮ̔ ʻʾ ʢʘʪʝʛʦʨʽ ʾʚʭʦʜʷʪʴ ʛʘʟʠ, 

ʷʢʽ ʨʘʥʽʰʝ ʟʘʟʥʘʚʘʣʠ ʧʨʦʮʝʩʫ ʽʦʥʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʯʝʨʝʟ ʥʠʭ ʝʣʝʢʪʨʠʢʫ. ʇʦʚʽʪʨʷ ʩʘʤʝ ʧʦ ʩʦʙʽ ʜʽʻ ʷʢ 

ʧʨʦʚʽʜʥʠʢ ʝʣʝʢʪʨʠʢʠ, ʢʦʣʠ ʟʘ ʧʨʦʙʦ ʁ ʜʽʝʣʝʢʪʨʠʢʘ ʚʦʥʦ 

ʩʣʫʞʠʪʴ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʫʪʚʦʨʝʥʥʷ 

ʙʣʠʩʢʘʚʢʠ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʨʦʟʨʷʜʽʚ. 

ɼʽʝʣʝʢʪʨʠʢʠ 

ʋ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʨʝʯʦʚʠʥ (ʟʦʢʨʝʤʘ ʫ ʩʢʣʽ, ʧʦʨʮʝʣʥ̫ʽ, 

ʧʣʘʩʪʤʘʩʘʭ, ʢʝʨʘʤʽʮʽ) ʝʣʝʢʪʨʦʥʠ ʤʽʮʥʦ ʧʨʠʚô̫ ʟʘʥʽ ʜʦ ʘʪʦʤʽʚ 

ʘʙʦ ʤʦʣʝʢʫʣ ʽ ʥʝ ʟʜʘʪʥʽ ʜʦ ʚʽʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʧʨʠʢʣʘʜʝʥʦʾ ʟʟʦʚʥʽ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʠ. ʊʘʢʽ 

ʤʘʪʝʨʽʘʣʠ ʥʘʟʠʚʘʶʪʴʩʷ ʽʟʦʣʷʪʦʨʘʤʠ, ʘʙʦ ʜʽʝʣʝʢʪʨʠʢʘʤʠ. 

ɽʣʝʢʪʨʠʯʥʽ ʟʘʨʷʜʠ ʥʝ ʧʨʦʭʦʜʷʪʴ ʚʽʣʴʥʦ ʯʝʨʝʟ 

ʽʟʦʣʪ̫ʦʨʠ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʮʝ ʽʜʝʘʣʴʥʘ ʷʢʽʩʪʴ ï ʩʠʣʴʥʽ 

ʽʟʦʣʷʪʦʨʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʦʢʨʠʪʪʷ ʘʙʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʨô̒ ʨʘ ʤʽʞ ʧʨʦʚʽʜʥʠʢʘʤʠ, ʱʦʙ ʪʨʠʤʘʪʠ 

ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʧʽʜ ʢʦʥʪʨʦʣʝʤ. ʎʝ ʙʘʯʠʤʦ ʥʘ ʜʨʦʪʘʭ ʪʘ 

ʢʘʙʝʣʷʭ, ʧʦʢʨʠʪʠʭ ʛʫʤʦʶ. ʅʘʡʝʬʝʢʪʠʚʥʽʰʠʤʠ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʽʟʦʣʷʪʦʨʘʤʠ ʻ ʛʫʤʘ, ʩʢʣʦ, ʯʠʩʪʘ ʚʦʜʘ, ʦʣʽʷ, 

ʧʦʚʽʪʨʷ, ʜʽʘʤʘʥʪʠ, ʩʫʭʝ ʜʝʨʝʚʦ, ʩʫʭʘ ʙʘʚʦʚʥʘ, ʧʣʘʩʪʠʢʠ ʽ 

ʩʢʣʦʧʣʘʩʪʠʢʠ, ʘʩʬʘʣʴʪ, ʩʫʭʠʡ ʧʘʧʽʨ, ʬʘʨʬʦʨ, ʢʝʨʘʤʽʢʘ, 

ʢʚʘʨʮ. 

ʋ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ 

ʝʣʝʢʪʨʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʻ ʩʝʨʝʜʦʚʠʱʝʤ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ. ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʛʣʷʜʽ ʜʽʝʣʝʢʪʨʠʢ ʧʦʤʽʞ ʜʚʦʤʘ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʥʜʝʥʩʘʪʦʨ 

(ʨʠʩ. 3.5). ʇʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʜʽʝʣʝʢʪʨʠʢ 

ʧʦʣʷʨʠʟʫʻʪʴʩʷ. 
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ʈʠʩʫʥʦʢ 3.5 ï ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʟʘʨʷʜʽʚ  

ʫ ʧʦʣʷʨʠʟʦʚʘʥʦʤʫ ʜʽʝʣʝʢʪʨʠʢʫ 

 

ʇʦʣʷʨʠʟʘʮʽʷ ï ʮʝ ʧʨʦʮʝʩ, ʟʘ ʷʢʦʛʦ ʟʚô̫ ʟʘʥʽ ʟʘʨʷʜʠ ʚ 

ʘʪʦʤʘʭ, ʽʦʥʘʭ ʘʙʦ ʤʦʣʝʢʫʣʘʭ ʤʘʪʝʨʽʘʣʫ ʦʙʤʝʞʝʥʦ 

ʟʤʽʱʫʁ ʪʴʩʷ ʘʙʦ ʦʨʽʻʥʪʫʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ. ʇʦʟʠʪʠʚʥʽ ʟʘʨʷʜʠ ʟʤʽʱʫʶʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʥʝʛʘʪʠʚʥʦʛʦ 

ʝʣʝʢʪʨʦʜʫ, ʘ ʥʝʛʘʪʠʚʥʽ ï ʚ ʥʘʧʨʷʤʢʫ ʧʦʟʠʪʠʚʥʦʛʦ ʝʣʝʢʪʨʦʜʫ 

(ʨʠʩ. 3.5). 

ʇʽʜ ʯʘʩ ʧʦʣʷʨʠʟʘʮʽʾ ʚ ʤʘʪʝʨʽʘʣʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʝʣʝʢʪʨʠʯʥʽ ʜʠʧʦʣʽ, ʷʢʽ ʤʘʶʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʤʦʤʝʥʪ. 

ɿʤʽʱʝʥʥʷ ʟʘʨʷʜʽʚ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ, ʧʦʷʚʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ 

ʚʠʥʠʢʘʻ ʚ ʥʘʧʨʷʤʽ ʧʦʣʷ ʽ ʡʜʝ ʟʘ ʢʦʞʥʦʶ ʟʤʽʥʦʶ ʧʨʠʢʣʘʜʝʥʦʾ 

ʥʘʧʨʫʛʠ. 

ʉʧʨʦʤʦʞʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʢʘ ʧʦʣʷʨʠʟʫʚʘʪʠʩʷ ʚ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʻ ʡʦʛʦ ʦʩʥʦʚʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ. ɿʘʣʝʞʥʦ 

ʚʽʜ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ ʽ ʩʪʨʫʢʪʫʨʠ ʜʽʝʣʝʢʪʨʠʢʘ ʨʦʟʨʽʟʥʷʶʪʴ 

ʜʚʘ ʚʠʜʠ ʧʦʣʷʨʠʟʘʮʽʾ: 

 ʧʦʣʷʨʠʟʘʮʽʷ, ʱʦ ʥʝ ʚʠʢʣʠʢʘʻ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʪʨʘʪ; 

 ʧʦʣʷʨʠʟʘʮʽʷ, ʧʦʚô̫ ʟʘʥʘ ʟ ʧʦʷʚʦʶ ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʚʪʨʘʪ. 

ʇʦʣʷʨʠʟʘʮʽʷ ʧʝʨʰʦʛʦ ʚʠʜʫ ï ʮʝ ʧʦʣʷʨʠʟʘʮʽʷ 

ʜʽʝʣʝʢʪʨʠʢʘ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ 

ʤʘʡʞʝ ʤʠʪʪʻʚʦ, ʙʝʟ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʦʪʠ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʱʝ 

l 

ɽ 

+

   

ï

  



128 

ʧʨʫʞʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ. ɼʦ ʮʴʦʛʦ ʚʠʜʫ ʚʽʜʥʦʩʷʪʴ 

ʝʣʝʢʪʨʦʥʥʫ ʪʘ ʽʦʥʥʫ ʧʦʣ̫ʨʠʟʘʮʽ ʁʜʽʝʣʝʢʪʨʠʢʽʚ. 

ʇʦʣʷʨʠʟʘʮʽʷ ʜʨʫʛʦʛʦ ʚʠʜʫ ʧʨʦʭʦʜʠʪʴ ʩʧʦʚʽʣʴʥʝʥʦ ʽ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʦʟʩʽʶʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʚ ʜʽʝʣʝʢʪʨʠʢʫ, ʪʦʙʪʦ 

ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʷʤ, ʥʘʟʠʚʘʻʪʴʩʷ ʥʝ ʧʨʫʞʥʦʶ, ʘʙʦ 

ʨʝʣʘʢʩʘʮʽʡʥʦʶ. ɼʦ ʮʴʦʛʦ ʚʠʜʫ ʚʽʜʥʦʩʷʪʴ ʜʠʧʦʣʴʥʫ, ʽʦʥʥʦ-

ʨʝʣʘʢʩʘʮʽʡʥʫ, ʝʣʝʢʪʨʦʥʥʦ-ʨʝʣʘʢʩʘʮʽʡʥʫ, ʤʽʛʨʘʮʽʡʥʫ, 

ʩʧʦʥʪʘʥʥʫ ʪʘ ʽʥ. 

 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʠ 

ɭ ʥʝʯʠʩʣʝʥʥʘ ʢʘʪʝʛʦʨʽʷ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʟʘʡʤʘʶʪʴ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʤʝʪʘʣʘʤʠ ʪʘ 

ʽʟʦʣʷʪʦʨʘʤʠ (ʥʘʡʚʽʜʦʤʽʰʽ ʟ ʥʠʭ ï ʢʨʝʤʥʽʡ ʽ ʛʝʨʤʘʥʽʡ). ɿʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʚʽʜ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʚʦʥʠ ʚʩʝ-ʪʘʢʠ 

ʤʘʶʪʴ ʧʝʚʥʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʾ 

ʥʘʧʨʫʛʠ. ʂʦʝʬʽʮʽ̒ ʥʪ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʥʠʭ ʜʦʩʠʪʴ ʥʠʟʴʢʠʡ (ʪʦʡ 

ʩʘʤʠʡ ʢʨʝʤʥʽʡ ʧʨʦʚʦʜʠʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʫ ʤʽʣʴʡʦʥʠ 

ʨʘʟʽʚ ʛʽʨʰʝ ʚʽʜ ʤʽʜʽ), ʘʣʝ ʜʝʢ̫ʠʡ ʩʪʨʫʤ, ʭʘʡ ʽ ʥʝʟʥʘʯʥʠʡ, 

ʚʦʥʠ ʚʩʝ-ʪʘʢʠ ʧʨʦʚʦʜʷʪʴ. ʊʘʢʽ ʨʝʯʦʚʠʥʠ ʥʘʟʠʚʘʶʪʴ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ (ʨʠʩ. 3.6).  
 

 
ʈʠʩʫʥʦʢ 3.6  ʈʽʟʥʦʚʠʜʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

 

ʗʢ ʟô̫ ʩʫʚʘʣʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ, ʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʦʙʫʤʦʚʣʝʥʘ ʥʝ ʣʠʰʝ ʨʫʭʦʤ 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ (ʪʘʢ ʟʚʘʥʦ ʁ n-ʧʨʦʚʽʜʥʽʩʪʶ ʟʘ ʨʘʭʫʥʦʢ 
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ʩʧʨʷʤʦʚʘʥʦʛʦ ʨʫʭʫ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ), ʘ ʡ 

ʽʥʰʠʤ ʪʠʧʦʤ ʧʨʦʚʽʜʥʦʩʪʽ (ʪʘʢ ʟʚʘʥʘ ʜʽʨʢʦʚʘ, ʘʙʦ                         

p-ʧʨʦʚʽʜʥʽʩʪʴ), ʦʙʫʤʦʚʣʝʥʘ ʟʚʠʯʘʡʥʦ ʞ ʪʘʢʦʞ ʨʫʭʦʤ 

ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʧʨʦʪʝ ʟ ʧʦʛʣʷʜʫ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʩʧʨʷʤʦʚʘʥʠʤ ʩʪʨʫʤʦʤ ʧʦʟʠʪʠʚʥʦ 

ʟʘʨʷʜʞʝʥʠʭ ʜʽʨʦʢ ʜʦ ʥʝʛʘʪʠʚʥʦʛʦ ʧʦʣʶʩʘ. 

ʋ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʤʝʥʰʝ, ʥʽʞ 

ʫ ʧʨʦʚʽʜʥʠʢʘʭ, ʽ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʜʽʝʣʝʢʪʨʠʢʘʭ,  ʙʣʠʟʴʢʦ 10
12
ï

10
13 
ʚ 1 ʤ

3
. 

ɺʣʘʩʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʥʝʚʠʩʦʢʘ, ʘʣʝ 

ʢʽʣʴʢʽʩʪʴ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʾʭ ʥʘʛʨʽʚʘʥʥʷʤ, 

ʦʩʚʽʪʣʝʥʥʷʤ ʘʙʦ ʚʥʝʩʝʥʥʷʤ ʜʦʤʽʰʦʢ.  

ʌʽʟʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

ʟʫʤʦʚʠʣʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ ʫʥʘʩʣʽʜʦʢ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ (ʪʝʨʤʦʝʣʝʤʝʥʪʠ, ʬʦʪʦʝʣʝʤʝʥʪʠ, ʜʽʦʜʠ, 

ʪʨʘʥʟʠʩʪʦʨʠ ʪʦʱʦ). 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʥʘʣʝʞʘʪʴ ʜʦ ʤʝʪʘʣʽʚ, ʜʦ ʪʚʝʨʜʠʭ 

ʪʽʣ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴ ʛʝʨʤʘʥʽʡ, ʢʨʝʤʥʽʡ, ʤʠʰô̫ ʢ ʪʘ ʽʥ., ʘ 

ʪʘʢʦʞ ʨʽʟʥʽ ʩʧʣʘʚʠ ʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ. 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʤʝʪʘʣʽʚ 

ʤʝʭʘʥʽʟʤʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. 

 

3.1.3 ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʚʽʜʥʠʢʦʚʠʭ  

ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 
 

ʋ ʤʝʪʘʣʘʭ ʧʝʨʝʚʘʞʥʠʤ ʪʠʧʦʤ ʭʽʤʽʯʥʦʛʦ ʟʚô̫ ʟʢʫ ʤʽʞ 

ʘʪʦʤʘʤʠ  ̒ʤʝʪʘʣʽʯʥʠʡ ʪʠʧ ʟʚô̫ ʟʢʫ, ʘ ʚ ʥʘʧʽʚʧʨʦʚʜ̔ʥʠʢʘʭ ʽ 

ʜʽʝʣʝʢʪʨʠʢʘʭ ï ʢʦʚʘʣʝʥʪʥʠʡ ʯʠ ʢʦʚʘʣʝʥʪʥʦ-ʽʦʥʥʠʡ ʪʘ ʽʦʥʥʦ-

ʢʦʚʘʣʝʥʪʥʠʡ ʪʠʧʠ ʟʚô̫ ʟʢʫ ʚʽʜʧʦʚʽʜʥʦ. ɿ ʧʦʛʣʷʜʫ ʟʦʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʥʘʡʙʽʣʴʰ ʦʩʦʙʣʠʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʤʝʪʘʣʽʚ  ̒ʪʝ, 

ʱʦ ʚ ʥʠʭ ʚʝʨʭʥʷ ʝʥʝʨʛʝʪʠʯʥʘ ʟʦʥʘ, ʷʢʘ ʤʽʩʪʠʪʴ ʝʣʝʢʪʨʦʥʠ 

(ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ), ʤʘʻ ʥʝʟʘʡʥʷʪʽ ʨʽʚʥʽ.  

ʋ ʜʽʝʣʝʢʪʨʠʢʘʭ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʟʘ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʧʨʠʙʣʠʟʥʦ 0 ʂ) ʚʝʨʭʥʷ, ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʘ 
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ʝʣʝʢʪʨʦʥʘʤʠ ʝʥʝʨʛʝʪʠʯʥʘ ʟʦʥʘ (ʚʘʣʝʥʪʥʘ ʟʦʥʘ) ʚʽʜʜʽʣʝʥʘ ʚʽʜ 

ʥʘʩʪʫʧʥʦʾ ï ʧʫʩʪʦʾ ï ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʟʘʙʦʨʦʥʝʥʦʶ 

ʜʽʣʷʥʢʦʶ ʢʦʥʝʯʥʦʾ ʚʝʣʠʯʠʥʠ Eg (ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ), ʚ ʷʢʽʡ 

ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜʩʫʪʥʽ. ɼʦʙʘʚʢʠ ʡ ʜʝʬʝʢʪʠ ʚ 

ʜʽʝʣʝʢʪʨʠʢʘʭ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʦʷʚʠ ʨʽʚʥʽʚ ʫ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ, ʘʣʝ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ 

ʧʦʨʽʚʥʷʥʦ ʤʘʣʦ, ʪʘʢ ʱʦ ʧʦʥʷʪʪʷ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʟʙʝʨʽʛʘʻ 

ʩʤʠʩʣ. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʟʘʟʚʠʯʘʡ ʚʠʜʽʣʷʶʪʴ ʫ ʩʘʤʦʩʪʽʡʥʫ 

ʛʨʫʧʫ ʨʝʯʦʚʠʥ. ɸʣʝ ʷʢʱʦ ʤʽʞ ʤʝʪʘʣʘʤʠ ʪʘ ʜʽʝʣʝʢʪʨʠʢʘʤʠ ʻ 

ʷʢʽʩʥʘ ʨʽʟʥʠʮʷ ʚ ʟʦʥʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʪʦ ʤʽʞ ʜʽʝʣʝʢʪʨʠʢʘʤʠ ʪʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʨʽʟʥʠʮʷ ʣʠʰʝ ʷʢʽʩʥʘ ï ʫ ʚʝʣʠʯʠʥʽ Eg. 

ʇʨʘʢʪʠʯʥʦ ʙʘʛʘʪʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦʚʦʜʷʪʴ ʩʝʙʝ ʷʢ ʜʽʝʣʝʢʪʨʠʢʠ, ʘ ʙʘʛʘʪʦ ʜʽʝʣʝʢʪʨʠʢʽʚ ʟʘ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʷʚʣʷʶʪʴ ʩʝʙʝ ʷʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ. 

ʋʤʦʚʥʦ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʨʝʯʦʚʠʥʘʤʠ, ʫ 

ʷʢʠʭ ʟʘ ʢʽʤʥʘʪʥʦ ʾ ʪʝʤʧʝʨʘʪʫʨʠ Eg < 2ï3 ʝɺ. ʇʨʦʪʝ 

ʥʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʽʩʥʫʶʪʴ ʽ ʥʝʣʫʞʥʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ, ʫ ʷʢʠʭ Eg = 0 (ʥʘʧʨʠʢʣʘʜ, ʅgTe ʪʘ HgSe).  

ɿʘʟʚʠʯʘʡ ʤʝʪʘʣʠ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʚ ʢʦʤʧʘʢʪʥʽ 

ʩʪʨʫʢʪʫʨʠ ʟʽ ʱʽʣʴʥʠʤ ʫʧʘʢʫʚʘʥʥʷʤ ʘʪʦʤʽʚ, ʚʦʥʠ ʤʘʁʪʴ 

ʦʜʥʦʯʘʩʥʦ ʚʠʩʦʢʫ ʤʝʭʘʥʽʯʥʫ ʩʪʽʡʢʽʩʪ ɹ ʪʘ ʚʠʩʦʢʫ 

ʧʣʘʩʪʠʯʥʽʩʪ.ɹ  

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʤʘʶʪʴ ʟʘʟʚʠʯʘʡ ʥʝ ʱʽʣʴʥʦ 

ʫʧʘʢʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ, ʚʦʥʠ ʢʨʠʭʢʽ ʘʞ ʜʦ ʜʦʩʠʪʴ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʄʝʪʘʣʠ ʯʘʩʪʦ ʣʝʛʢʦ ʫʪʚʦʨʶʶʪʴ ʩʧʣʘʚʠ ʟ 

ʤʘʪʝʨʽʘʣʘʤʠ ʟ ʽʥʰʦʶ ʧʨʠʨʦʜʦʶ ʭʽʤʽʯʥʦʛʦ ʟʚô̫ ʟʢʫ, 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ï ʧʦʛʘʥʦ. ʄʝʪʘʣʠ ʥʝ ʧʨʦʟʦʨʽ ʜʣʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʚʽʜ ʩʘʤʠʭ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʘʞ ʜʦ 

ʩʝʨʝʜʠʥʠ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʾ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ; ʜʣʷ ʚʝʣʠʢʦʾ 

ʯʘʩʪʦʪʠ ʤʝʪʘʣʠ ʩʪʘʶʪʴ ʧʨʦʟʦʨʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʚ ʮʽʡ 

ʰʠʨʦʢʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʜʦʙʨʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʠʧʨʦʤʽʥʝʥʥʷ.  

ɼʽʝʣʝʢʪʨʠʢʠ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʥʘ ʧʨʦʪʠʣʝʞʥʽʩʪʴ 

ʤʝʪʘʣʘʤ ʧʨʦʟʦʨʽ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʚʽʜ ʥʠʟʴʢʠʭ 

ʯʘʩʪʦʪ ʽ ʜʦ ʧʝʚʥʦʾ ʛʨʘʥʠʯʥʦʾ ʯʘʩʪʦʪʠ, ʭʘʨʘʢʪʝʨʥʦʾ ʜʣʷ 
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ʤʘʪʝʨʽʘʣʫ, ʷʢʫ ʥʘʟʠʚʘʪʁʴ ʦʩʥʦʚʥʦʶ ʯʘʩʪʦʪʦʶ ʧʦʛʣʠʥʘʥʥʷ 

ʯʠ ʢʨʘʻʤ ʚʣʘʩʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ. ɿʘʟʚʠʯʘʡ ʜʽʝʣʝʢʪʨʠʢʠ ʪʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʧʨʦʟʦʨʽ ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ. ʏʘʩʪʦ ʚ 

ʜʽʝʣʝʢʪʨʠʢʽʚ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʧʝʨʝʜ ʢʨʘʻʤ ʚʣʘʩʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʢʠ ʜʦʜʘʪʢʦʚʦʛʦ ʪʘ 

ʝʢʩʠʪʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ. ɻʨʫʧʠ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʚʽʜʨʽʟʥʷʁ ʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟ. 

ɺʽʜʤʽʥʥʽʩʪʴ ʫ ʚʝʣʠʯʠʥʽ ɟ ʽ ʜʘʣʦ ʧʦʚʽʜ ʜʦ ʚʚʝʜʝʥʥʷ ʪʝʨʤʽʥʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ. ʈʦʟʜʣ̔ʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʟʥʘʯʝʥʥʷʤʠ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʫʤʦʚʥʝ.  

ɼʦ ʜʽʝʣʝʢʪʨʠʢʽʚ ʧʨʠʡʥʷʪʦ ʚʽʜʥʦʩʠʪʠ ʤʘʪʝʨʽʘʣʠ ʟ  

ɟ = 10
10

10
20

 ʆʤ Ŀ ʩʤ (ů = 10
ï20

10
ï10

 ʆʤ
ï1 
Ŀ ʩʤ

ï1
), ʜʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ï ʤʘʪʝʨʽʘʣʽʚ ʟ̔ ɟ = 10
ï4

10
10

 ʆʤ Ŀ ʩʤ 

(ů = 10
ï10

10
4
 ʆʤ

ï1 
Ŀ ʩʤ

ï1
); ʜʦ ʤʝʪʘʣʽʚ ï ʤʘʪʝʨʽʘʣʠ ʟ ɟ = 10

ï6
 

10
ï4

 ʆʤ Ŀ ʩʤ (ů = 10
4

10
6
 ʆʤ

ï1 
Ŀ ʩʤ

ï1
).  

ʋ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʨʫʭʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʭʘʥʽʟʤʦʤ ʨʦʟʩʽʷʥʥʷ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ,  

ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʬʦʥʦʥʘʭ ʽ ʟʘʨʷʜʞʝʥʠʭ ʩʫʤʽʰʘʭ. 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʨʦʟʩʽʶʚʘʥʥʷ, ʤʘʻ ʩʪʝʧʝʥʝʚʠʡ ʭʘʨʘʢʪʝʨ, ʽ ʟʘ ʟʚʠʯʘʡ 

ʨʫʭʣʠʚʽʩʪʴ ʩʧʘʜʘʻ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢ ʽ ʚ 

ʤʝʪʘʣʘʭ. ʆʩʦʙʣʠʚʦ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʜʦ ʦʩʚʽʪʣʝʥʥʷ, ʱʦ  ̒ʦʩʥʦʚʦʶ ʩʪʚʦʨʝʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʬʦʪʦʧʨʠʡʤʘʯʽʚ.  

ɼʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʭʘʨʘʢʪʝʨʥʘ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦ ʚʤʽʩʪʫ ʭʽʤʽʯʥʠʭ ʩʫʤʽʰʝʡ 

ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ, ʜʣʷ ʤʝʪʘʣʽʚ ï ʟʥʘʯʥʦ ʤʝʥʰʘ. 

ʄʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʪʦʯʥʠʤ ʜʦʟʫʚʘʥʥʷʤ ʜʦʙʘʚʣʝʥʠʭ ʩʫʤʽʰʝʡ 

ʯʠ ʦʪʨʠʤʘʥʥʷʤ ʢʦʥʪʨʦʣʴʥʦʛʦ ʯʠʩʣʘ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ 

ʤʘʻ ʚʝʣʠʢʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʽ ʜʘʻ ʦʩʥʦʚʫ ʜʣʷ ʤʘʩʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʙʦʨʽʚ.  
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ɹʽʣʴʰʝ ʪʦʛʦ, ʩʘʤʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ 

ʯʠʩʪʦʪʠ ʽ ʩʪʨʫʢʪʫʨʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ 

ʧʨʠʯʠʥ ʪʦʛʦ, ʱʦ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʽ 

ʨʦʟʚʠʪʦʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʪʝʭʥʽʢʠ ʩʪʘʣʠ ʤʦʞʣʠʚʠʤʠ 

ʣʠʰʝ ʟ ʢʽʥʮʷ 40-ʭ ʨʦʢʽʚ ʮʴʦʛʦ ʩʪʦʣʽʪʪʷ, ʭʦʯʘ ʧʝʨʰʽ ʟʛʘʜʢʠ 

ʧʨʦ ʥʘʧʚ̔ʧʨʦʚʽʜʥʠʢʠ ʥʘʣʝʞʘʪʴ ʱʝ ʜʦ 1833 ʨʦʢʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʽʜʤʽʥʥʽʩʪʴ ʪʠʧʽʚ ʭʽʤʽʯʥʦʛʦ ʟʚô̫ ʟʢʫ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʾ ʚʽʜʤʽʥʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭʥʽʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʱʝʥʘʚʝʜʝʥʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ 

ʚʠʩʥʦʚʢʠ: 

Å ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʚʩʽ ʨʝʯʦʚʠʥʠ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʧʨʦʚʽʜʥʠʢʠ, ʜʽʝʣʝʢʪʨʠʢʠ ʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ; 

Å ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʫ 

ʨʝʯʦʚʠʥʽ ʚʠʟʥʘʯʘʻ ʾʾ ʝʣʝʢʪʨʠʯʥʫ ʧʨʦʚʽʜʥʽʩʪʴ; 

Å ʫ ʤʝʪʘʣʘʭ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʫʪʚʦʨʶʻʪʴʩʷ 

ʩʧʨʷʤʦʚʘʥʠʤ ʨʫʭʦʤ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. ʎʝʡ ʚʠʩʥʦʚʦʢ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

 

3.2 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  

ʤʘʪʝʨʽʘʣʽʚ 

3.2.1 ʄʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ 
 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʘʶʪʴ ʚʝʣʠʯʠʥʫ ʧʦʚʥʦʛʦ ʘʙʦ 

ʟʘʛʘʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʟʨʘʟʢʘ R ⱷ ̔ʟ ʟʘʢʦʥʫ ʆʤʘ  

R = U/I, ʘ ʚʝʣʠʯʠʥʫ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ r ʟʥʘʭʦʜʷʪʴ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  R = r Ā (l/S). 

ɿʜʝʙʽʣʴʰʦʛʦ ʚ ʤʝʪʘʣʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʜʦʚʦʜʠʪʴʩʷ ʚʠʤʽʨʶʚʘʪʠ ʜʫʞʝ ʤʘʣʽ ʝʣʝʢʪʨʠʯʥʽ ʦʧʦʨʠ ï 

ʧʦʨʷʜʢʫ 10
ï1
ï10

ï3
 ʆʤ, ʘ ʽʥʦʜʽ ʡ ʤʝʥʰʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ 

ʨʦʟʤʽʨʘʤʠ ʟʨʘʟʢʽʚ. ɿʘʣʝʞʥʦ ʚʽʜ ʨʝʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʟʨʘʟʢʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ ʜʨʦʪʫ, ʩʪʨʽʯʢʠ ʘʙʦ 

ʚʠʪʦʯʫʶʪʴ ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ. ɼʦʚʞʠʥʘ ʟʨʘʟʢʽʚ ʟʘʟʚʠʯʘʡ 

ʥʝ ʧʝʨʝʚʠɦ ʫʻ 50ï100 ʤʤ, ʘ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʤʝʞʘʭ ʚʽʜ ʯʘʩʪʦʢ ʤʤ
2
 ʜʦ 15ï20 ʤʤ

2
. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʜʦ 
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ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʩʪʘʚʣʷʪʴʩʷ 

ʧʜ̔ʚʠʱʝʥʽ ʚʠʤʦʛʠ ʟʘ ʯʫʪʣʠʚʩ̔ʪʁ  ʽ ʪʦʯʥʩ̔ʪʁ. 

 

ʄʝʪʦʜ ʚʦʣʴʪʤʝʪʨʘ-ʘʤʧʝʨʤʝʪʨʘ 
 

ʎʝʡ ʤʝʪʦʜ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʡ ʽ ʣʝʛʢʦ ʤʦʞʝ ʙʫʪʠ 

ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʟʘʧʠʩʫ ʰʚʠʜʢʠʭ ʟʤʽʥ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʧʦʨʫ. ɺ ʦʜʥʦʤʫ ʟ̔ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʤʝʪʦʜʫ ʟʨʘʟʦʢ ʦʧʦʨʦʤ Rʭ 
ʚʤʠʢʘʻʪʩɹʷ ʧʦʩʣʽʜʦʚʥʦ ʟ ʘʤʧʝʨʤʝʪʨʦʤ, ʘ ʚʦʣʴʪʤʝʪʨ ʚʠʤʽʨʶʻ 

ʩʧʘʜ ʥʘʧʨʫʛʠ ʥʘ ʥʠʭ (ʨʠʩ. 3.7 ʘ). 
 

 
ʈʠʩʫʥʦʢ 3.7 ï ʇʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʟô̒ ʜʥʘʥʴ ʟʨʘʟʢʘ ʽ ʚʠʤʽʨʚʁʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ ʟʘ ʚʠʤʽʨʶʚʘʥʥ ̫ʦʧʦʨʫ  

ʤʝʪʦʜʦʤ ʚʦʣʴʪʤʝʪʨʘ-ʘʤʧʝʨʤʝʪʨʘ 

 

ʗʢʱʦ ɯʘ ʽ UB ï ʧʦʢʘʟʘʥʥʷ ʘʤʧʝʨʤʝʪʨʘ ʽ ʚʦʣʴʪʤʝʪʨʘ, ʪʦ 

ʦʧʽʨ ʟʨʘʟʢʘ 
 

Rôʭ= UB/ɯʘ.                                (3.8) 

ɺ ʽʥʰʦʤʫ ʚʘʨʽʘʥʪʽ ʤʝʪʦʜʫ (ʨʠʩ. 3.7 ʙ) ʚʦʣʴʪʤʝʪʨ 

ʚʠʤʽʨʶʻ ʩʧʘʜ ʥʘʧʨʫʛʠ ʥʘ ʟʨʘʟʢʫ, ʘ ʘʤʧʝʨʤʝʪʨ ʧʦʢʘʟʫʻ ʩʠʣʫ 

ʩʫʤʘʨʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʘʨʘʣʝʣʴʥʦ ʟô̒ ʜʥʘʥʽ 

ʟʨʘʟʦʢ ʽ ʚʦʣʴʪʤʝʪʨ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʦʧʽʨ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (3.8). ɿʚʽʜʩʠ ʟʥʘʭʦʜʠʤʦ ʜʽʡʩʥʠʡ ʦʧʽʨ 

ʟʨʘʟʢʘ ʟʘ ʬʦʨʤʫʣʦʶ  
 

Rʭ = (Rôʭ Ā Rɺ)/(Rɺ ï Rôʭ).                         (3.9) 
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ʆʪʞʝ, Rôʭ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.8), ʪʠʤ 

ʙʣʠʞʯʝ ʜʦ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʟʨʘʟʢʘ Rʭ, ʯʠʤ ʙʽʣʴʰʝ 

ʦʧʽʨ ʚʦʣʴʪʤʝʪʨʘ ʧʝʨʝʚʠʱʫʻ ʦʧʽʨ ʟʨʘʟʢʘ. 

ɿʘ ʘʥʘʣʽʟʫ ʦʙʦʭ ʨʽʟʥʦʚʠʜʽʚ ʤʝʪʦʜʫ ʥʝ ʚʨʘʭʦʚʫʚʘʚʩʷ 

ʦʧʽʨ ʩʧʦʣʫʯʥʠʭ ʧʨʦʚʦʜʽʚ ʪʘ ʧʝʨʝʭʽʜʥʽ ʦʧʦʨʠ ʢʦʥʪʘʢʪʽʚ, ʷʢʽ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʤʦʞʣʠʚʦ ʤʝʥʰʠʤʠ. 

ɼʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʟʘʧʠʩʫ ʦʧʦʨʫ ʟʨʘʟʢʘ ʟʘʣʝʞʥʦ ʚʽʜ 

ʯʘʩʫ ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʴʪʤʝʪʨ ʪʘ ʘʤʧʝʨʤʝʪʨ ʟʘʤʥ̔ʶʶʪʴ 

ʛʘʣʴʚʘʥʦʤʝʪʨʘʤʠ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʙʦ ʰʣʝʡʬʦʚʦʛʦ 

ʦʩʮʠʣʦʛʨʘʬʘ. 

ʄʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʡ ʦʩʮʠʣʦʛʨʘʬ ï ʮʝ ʧʨʠʣʘʜ ʜʣʷ 

ʬʦʪʦʟʘʧʠʩʫ ʩʪʨʫʤʽʚ, ʱʦ ʰʚʠʜʢʦ ʟʤʽʥʶʶʪʴʩʷ, ʘʙʦ ʥʘʧʨʫʛ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʜʟʝʨʢʘʣʴʥʠʭ ʛʘʣʴʚʘʥʦʤʝʪʨʽʚ, 

ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʘʣʦʶ ʽʥʝʨʮʽʡʥʽʩʪʶ ʽ, ʦʪʞʝ, ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʦʜʽʻʶ. ʆʩʮʠʣʦʛʨʘʬʠ ʮʴʦʛʦ ʪʠʧʫ ʤʽʩʪʷʪʴ 6ï

12 ʛʘʣʴʚʘʥʦʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʟʘʧʠʩʫʚʘʪʠ ʥʘ 

ʬʦʪʦʧʣʽʚʢʫ ʘʙʦ ʩʧʝʮʽʘʣʴʥʠʡ ʨʫʣʦʥʥʠʡ ʬʦʪʦʧʘʧʽʨ ʚʽʜʧʦʚʽʜʥʝ 

ʯʠʩʣʦ ʚʝʣʠʯʠʥ. 

ɺʠʩʦʢʘ ʰʚʠʜʢʦʜʽʷ ʛʘʣʴʚʘʥʦʤʝʪʨʽʚ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, 

ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʜʫʞʝ ʤʘʣʽ ʨʦʟʤʽʨʠ (ʜʽʘʤʝʪʨ ʢʦʨʧʫʩʫ 5ï

6 ʤʤ), ʘ ʾʭ ʨʫʭʦʤʘ ʩʠʩʪʝʤʘ ʤʘʻ ʤʽʟʝʨʥʫ ʤʘʩʫ. ʈʘʤʢʘ 

ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʤʽʩʪʠʪʴ ʣʠʰʝ ʦʜʠʥ ʚʠʪʦʢ ʫ ʚʠʛʣʷʜʽ ʜʦʚʛʦʾ, 

ʚʫʟʴʢʦʾ ʧʝʪʣʽ, ʟʘʢʨʽʧʣʝʥʦʾ ʤʽʞ ʧʦʣʶʩʘʤʠ ʧʦʩʪʽʡʥʦʛʦ 

ʤʘʛʥʽʪʫ, ʟʘʛʘʣʴʥʦʛʦ ʚʩʽʤ ʛʘʣʴʚʘʥʦʤʝʪʨʽʚ. ɼʦ ʩʝʨʝʜʠʥʠ ʧʝʪʣʽ 

ʘʙʦ ʰʣʝʡʬʫ ʧʨʠʢʨʽʧʣʝʥʝ ʢʨʠʭʽʪʥʝ ʜʟʝʨʢʘʣʴʮʝ. ʇʝʪʣʷ ʨʘʟʦʤ 

ʽʟ ʜʟʝʨʢʘʣʮɹʝʤ ʟʘʥʫʨʝʥʽ ʚ ʜʝʤʧʬʽʨʫʚʘʣʴʥʫ ʨʽʜʠʥʫ, ʱʦ ʛʘʩʠʪʴ 

ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ. 

ɼʟʝʨʢʘʣʴʮʷ ʚʩʽʭ ʛʘʣʴʚʘʥʦʤʝʪʨʽʚ ʚʠʩʚʽʪʣʶʶʪʴʩʷ 

ʜʞʝʨʝʣʦʤ ʩʚʽʪʣʘ, ʘ ʚʽʜʙʠʪʽ ʥʠʤʠ ʧʨʦʤʝʥʽ ʬʦʢʫʩʫʶʪʴʩʷ ʚ 

ʪʦʯʮʽ ʜʦʚʛʦʶ ʮʠʣʽʥʜʨʠʯʥʦʶ ʣʽʥʟʦʶ ʽ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ 

ʬʦʪʦʧʘʧʽʨ ʘʙʦ ʬʦʪʦʧʣʽʚʢʫ. ʇʝʨʝʤʽʱʝʥʥʷ ʧʨʦʤʝʥʽʚ ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ ʥʘ ʤʘʪʦʚʦʤʫ ʝʢʨʘʥʽ ʦʩʮʠʣʦʛʨʘʬʘ. ɻʘʣʴʚʘʥʦʤʝʪʨʠ 

ʦʩʮʠʣʦʛʨʘʬʘ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʘ ʯʫʪʣʠʚʽʩʪʶ ʪʘ ʰʚʠʜʢʦʜʽʻʶ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʟʤʽʥʥʦʛʦ 
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ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʟʘʧʠʩʫʻʪʴʩʷ ʙʝʟ ʩʧʦʪʚʦʨʝʥʴ. 

ɻʨʘʥʠʯʥʘ ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ ʩʷʛʘʻ 10 ʢɻʮ. 

ɼʟʝʨʢʘʣʴʥʽ ʛʘʣʴʚʘʥʦʤʝʪʨʠ ʦʩʮʠʣʦʛʨʘʬʘ ʛʨʘʜʫʶʶʪʴ 

ʟʘ ʥʘʧʨʫʛʦ,ʁ ʧʦʨʽʚʥʶʶʯʠ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʤʝʥʷ ʥʘ ʤʘʪʦʚʦʤʫ 

ʩʢʣʽ, ʬʦʪʦʧʘʧʝʨʽ ʘʙʦ ʧʣʽʚʮʽ ʟ ʧʦʢʘʟʘʥʥʷʤʠ ʟʨʘʟʢʦʚʦʛʦ 

ʚʦʣʴʪʤʝʪʨʘ (ʨʠʩ. 3.8 ʘ). 

ɼʣʷ ʟʘʧʠʩʫ ʝʣʝʢʪʨʦʦʧʦʨʫ, ʱʦ ʰʚʠʜʢʦ ʟʤʽʥʶʻʪʴʩʷ, 

ʟʙʠʨʘʶʪʴ ʩʭʝʤʫ ʟʘ ʨʠʩʫʥʢʫ 3.8 ʙ. ʇʦʢʘʟʠ UX ʛʘʣʴʚʘʥʦʤʝʪʨʘ 

ɻ1 ʧʨʦʧʦʨʮʽʡʥʽ ʩʧʘʜʫ ʥʘʧʨʫʛʠ ʥʘ ʟʨʘʟʢʫ RX, ʘ ʧʦʢʘʟʘʥʥʷ Uʜ 
ʛʘʣʴʚʘʥʦʤʝʪʨʘ ɻ2  ʥʘʧʨʫʛʠ ʥʘ ʜʦʜʘʪʢʦʚʦʤʫ ʨʝʟʠʩʪʦʨʽ Rʜ, 

ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʚʽʜʦʤʘ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. 

 
ʈʠʩʫʥʦʢ 3.8  ʉʭʝʤʠ ʛʨʘʜʫʶʚʘʥʥʷ ʛʘʣʴʚʘʥʦʤʝʪʨʘ ɻ ʟʘ ʥʘʧʨʫʛʦʶ 

(ʘ) ʪʘ ʙʝʟʧʝʨʝʨʚʥʠʤ ʟʘʧʠʩʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʤʝʪʦʜʦʤ 

ʚʦʣʴʪʤʝʪʨʘ ï ʘʤʧʝʨʤʝʪʨʘ (ʙ): R ï ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʨʝʦʩʪʘʪ;  

R0 ï ʟʨʘʟʢʦʚʠʡ ʨʝʟʠʩʪʦʨ; V0 ï ʟʨʘʟʢʦʚʠʡ ʚʦʣʴʪʤʝʪʨ;  

A ï ʘʤʧʝʨʤʝʪʨ; RX ï ʟʨʘʟʦʢ; Rʜ ï ʜʦʜʘʪʢʦʚʠʡ ʦʧʽʨ; 

 ɻ1 ʪʘ ɻ2 ï ʛʘʣʴʚʘʥʦʤʝʪʨʠ ʦʩʮʠʣʦʛʨʘʬʘ,  

ʧʨʦʛʨʘʜʫʡʦʚʘʥʽ ʟʘ ʥʘʧʨʫʛʦʶ 
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ʗʢʱʦ ʩʪʨʫʤʠ IX ʽ Iʜ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ 

ʛʘʣʴʚʘʥʦʤʝʪʨʠ ɻ1 ʽ ɻ2, ʜʫʞʝ ʤʘʣʽ (ʦʜʠʥʠʮʽ ʤʽʣʽʘʤʧʝʨ) 

ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʪʨʫʤʦʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ RX ʽ Rʜ, ʪʦ 

 

 
(3.10) 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʨʘʭʦʚʫʶʪʴʩʷ ʟʘ 

ʦʩʮʠʣʦʛʨʘʤʦʶ ʥʝ ʥʘʧʨʫʛʠ, ʘ ʧʦʢʘʟʘʥʥʷ Ŭ1 ʽ Ŭ2 

ʛʘʣʴʚʘʥʦʤʝʪʨʽʚ ɻ1 ʽ ɻ2, ʧʦʚô̫ ʟʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

UX = k1Ŭ1, Uʜ = k2Ŭ2, ʪʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.10) ʧʨʘʢʪʠʯʥʦ 

ʤʘʶʪʴ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

 

 
(3.11) 

 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ k1, k2 ʪʘ ʩʪʘʣʘ ʂ = (k1/k2) 

 ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʛʨʘʜʫʶʚʘʥʥ ̫ʛʘʣʴʚʘʥʦʤʝʪʨʽʚ. 

 

3.2.2 ʄʦʩʪʦʚʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʦʧʦʨʫ 
 

ʄʦʩʪʦʚʽ ʤʝʪʦʜʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 

ʚʠʤʽʨʚʁʘʥʥʷ ʷʢ ʤʘʣʠʭ, ʪʘʢ ʽ ʚʝʣʠʢʠʭ ʦʧʦʨʽʚ, ʱʦ ʨʽʟʥʷʪʴʩʷ 

ʥʘ ʢʽʣʢɹʘ ʧʦʨʷʜʢʽʚ. ʈʦʟʨʽʟʥʷʶʪʴ ʧʨʦʩʪʠʡ, ʘʙʦ ʦʜʠʥʘʨʥʠʡ, ʽ 

ʧʦʜʚʽʡʥʠʡ ʝʣʝʢʪʨʠʯʥʽ ʤʦʩʪʠ. ʇʝʨʰʠʡ ʜʦʟʚʦʣʷʻ ʟ 

ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʶʚʘʪʠ ʚʠʩʦʢʦʦʤʥʽ ʦʧʦʨʠ, ʘʣʝ ʧʽʜ 

ʯʘʩ ʚʠʤʽʨʶʚʘʥʥ ̫ʤʘʣʠʭ ʦʧʦʨʽʚ ʧʦʭʠʙʢʘ ʟʨʦʩʪʘʻ. ʇʦʜʚʽʡʥʠʡ 

ʤʽʩʪ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟ̔ ʧʨʠʡʥʷʪʥʦʶ ʧʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʪʠ 

ʥʘʚʽʪʴ ʜʫʞʝ ʤʘʣʽ ʦʧʦʨʠ. 

ʇʨʦʩʪʠʡ ʤʽʩʪ. ʇ̔ ʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥ ̫ʦʧʦʨʫ ʟʨʘʟʢʘ Rʭ 
ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʛʦ ʤʦʩʪʘ (ʨʠʩ. 3.9) ʟʨʘʟʢʦʚʠʡ, ʘʙʦ 

ʝʪʘʣʦʥʥʠʡ, ʦʧʽʨ R0 ʦʙʠʨʘʶʪʴ ʪʦʛʦ ʩʘʤʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ ʡ Rʭ. 
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ʈʠʩʫʥʦʢ 3.9 ï ʉʧʨʦɦ ʝʥʘ 

ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 

ʧʨʦʩʪʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʤʦʩʪʘ: G ï ʜʞʝʨʝʣʦ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ;  

S ï ʚʠʤʠʢʘʯ 

  

ɿʤʽʥʥʽ ʨʝʟʠʩʪʦʨʠ R1 ̔  R2 ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʥʦ ʙʽʣʴh  ̔

ʟʘ ʦʧʦʨʦʤ. ɰʭ ʚʝʣʠʯʠʥʫ ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ Rʭ ʧʽʜʙʠʨʘʶʪʴ 

ʪʘʢ, ʱʦʙ ʩʪʨʫʤ ʯʝʨʝʟ ʥʫʣʴ-ʛʘʣʴʚʘʥʦʤʝʪʨ ɻ ʙʫʚ ʚʽʜʩʫʪʥʽʤ 

(ʨʽʚʥʦʚʘʛʘ ʤʦʩʪʘ). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʦʪʝʥʮʽʘʣʠ ʪʦʯʦʢ 2 ʽ 4 

ʦʜʥʘʢʦʚʽ, ʪʦʙʪʦ U2 = U4, ʯʝʨʝʟ Rʭ ʽ Rʦ ʧʨʦʭʦʜʠʪʴ ʦʜʠʥ ʽ ʪʦʡ 

ʩʘʤʠʡ ʩʪʨʫʤ ɯ1, ʘ ʯʝʨʝʟ R1 ʽ R2 ï ʩʪʨʫʤ ɯ2. ʉʧʘʜ ʥʘʧʨʫʛʠ ʥʘ 

ʜʽʣʷʥʢʘʭ ʩʭʝʤʠ ʤʦʩʪʘ: U1 ï U2 = ɯ1Rʭ, U2 ï U3 = ɯ1R0. 

ʇʦʜʽʣʠʚh ʠ ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ ʥʘ ʜʨʫʛʝ, ʦʜʝʨʞʠʤʦ ʬʦʨʤʫʣʫ  

032

21

R

R

UU

UU x=
-

-
.                                 (3.12) 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ, ʧʦʨʽʚʥʶʶʯʠ ʩʧʘʜ ʥʘʧʨʫʛʠ ʥʘ 

ʨʝʟʠʩʪʦʨʘʭ R1 ʽ R2, ʟʥʘʡʜʝʤʦ  

2

1

34

41

R

R

UU

UU
=

-

-
.                                  (3.13) 

ʗʢɦʦ ʚ ʤʦʤʝʥʪ ʨʽʚʥʦʚʘʛʠ ʤʦʩʪʘ U2 = U4, ʪʦ ʣʽʚʽ 

ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʴ (4.10) ʽ (4.11) ʦʜʥʘʢʦʚʽ, ʦʪʞʝ, ʦʧʽʨ ʟʨʘʟʢʘ Rʭ 

ʪʘʢʠʡ: 

2

1

0 R

R

R

Rx =   ̔   
2

1
0

R

R
RRx = .                        (3.14) 

  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʩʪʦʛʦ ʤʦʩʪʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʦʧʦʨʽʚ ʤʝʥʰʝ ʥʽʞ 0,1ï0,01 ʆʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʧʦʭʠʙʦʢ, ʦʩʢʽʣʴʢʠ ʥʘ ʜʽʣʷʥʮʽ 1ï2 ʩʭʝʤʠ (ʨʠʩ. 3.9), ʢʨʽʤ Rʭ 
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ʜ̔ʁ ʪʴ ʦʧʽʨ ʧʨʦʚʦʜʽʚ ʽ ʧʝʨʝʭʽʜʥʠʡ ʦʧʽʨ ʢʦʥʪʘʢʪʽʚ, ʩʫʤʘ ʷʢʠʭ 

ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʩʫʤʽʨʥʦʶ ʟ̔ Rʭ. ʇʝʨʝʭʽʜ ʜʦ ʩʭʝʤʠ 

ʧʦʜʚʽʡʥʦʛʦ ʤʦʩʪʘ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʟʘʟʥʘʯʝʥʫ 

ʧʦʭʠʙʢʫ. 

ʇʦʜʚʽʡʥʠʡ ʤʽʩʪ. ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʧʦʜʚʽʡʥʦʛʦ 

ʤʦʩʪʫ (ʨʠʩ. 3.10) ʚʠʭʦʜʠʪʴ ʜʦʜʘʚʘʥʥʷʤ ʜʦ ʩʭʝʤʠ ʧʨʦʩʪʦʛʦ 

ʤʦʩʪʘ (ʨʠʩ. 3.9) ʣʘʥʮʶʞʢʘ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʨʝʟʠʩʪʦʨʽʚ  

R1ǋ ï R2ǋ. ʆʧʽʨ ʨʝʟʠʩʪʦʨʽʚ R1, R1ô, R2 ʽ R2ô ʟʥʘʯʥʦ ʙʽʣʴhʠʡ, 

ʥʽʞ Rʭ ʽ R0. ʎʝ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʦʩʣʘʙʠʪʠ ʚʧʣʠʚ ʩʧʦʣʫʯʥʠʭ 

ʜʨʦʪʽʚ ʽ ʧʝʨʝʭʽʜʥʠʭ ʦʧʦʨʽʚ ʢʦʥʪʘʢʪʽʚ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʚʠʤʽʨʚʁʘʥʴ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʬʦʨʤʫʣʘ ʜʣʷ ʧʦʜʚʽʡʥʦʛʦ ʤʦʩʪʘ 

ʪʘʢʘ ʩʘʤʘ, ʱʦ ʡ ʜʣʷ ʧʨʦʩʪʦʛʦ (ʜʠʚ. ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.14)). 

 
 

ʈʠʩʫʥʦʢ 3.10 ï 

ʉʧʨʦɦ ʝʥʘ ʩʭʝʤʘ  

ʧʦʜʚʽʡʥʦʛʦ  

ʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʩʪʘ 

ʆʜʥʘʢ ʧʦʜʚʽʡʥʠʡ ʤʽʩʪ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʟʥʘʯʥʦ 

ʤʝʥʰʽ ʦʧʦʨʠ, ʥʽʞ ʦʜʠʥʘʨʥʠʡ. ɿʘ ʯʫʪʣʠʚʦʩʪʽ ʥʫʣʴ-

ʛʘʣʴʚʘʥʦʤʝʪʨʘ 10
ï8

 ɸ ʥʘ ʧʦʜʽʣ ʰʢʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʜʚʽʡʥʦʛʦ ʤʦʩʪʘ ʤʦʞʥʘ ʚʠʤʽʨʶʚʘʪʠ ʦʧʦʨʠ ʜʦ 10
ï5

 ʆʤ. 

 

3.2.3 ɺʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ  

ʙʝʟʢʦʥʪʘʢʪʥʠʤʠ ʤʝʪʦʜʘʤʠ 
 

ʄʝʪʦʜ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʷʢʱʦ ʥʝ 

ʤʦʞʥʘ ʚʠʛʦʪʦʚʠʪʠ ʟʚʠʯʘʡʥʠʡ ʟʨʘʟʦʢ ʫ ʚʠʛʣʷʜʽ ʜʨʦʪʫ, 

ʩʪʨʽʯʢʠ ʘʙʦ ʪʦʥʢʦʛʦ ʩʪʨʠʞʥʷ ʽ ʩʢʦʨʠʩʪʘʪʠʩʷ ʚʠʱʝʦʧʠʩʘʥʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʟʨʘʟʦʢ 1, ʱʦ ʤʘʻ ʬʦʨʤʫ ʢʽʣʮɹʷ 

(ʨʠʩ. 3.11), ʻ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʦʶ ʚʪʦʨʠʥʥʦʶ ʦʙʤʦʪʢʦʶ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟ ʨʦʟʥʤ̔ʥʠʤ ʩʝʨʜʝʯʥʠʢʦʤ 2, ʧʝʨʚʠʥʥʘ 
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ʦʙʤʦʪʢʘ ʷʢʦʛʦ W, ʥʘʤʦʪʘʥʘ ʥʘ ʩʝʨʝʜʥʽʡ ʩʪʨʠʞʝʥʴ 

ʩʝʨʜʝʯʥʠʢʘ, ʚʚʽʤʢʥʝʥʘ ʚ ʤʝʨʝʞʫ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 
 

 

 

 

ʈʠʩʫʥʦʢ 3.11 ï 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ 

ʤʝʪʦʜʦʤ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʘ: 1 ï ʟʨʘʟʦʢ;  

2 ï ʩʝʨʜʝʯʥʠʢ  

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

  

ʈʦʟʧʦʜʽʣ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʌ, ʱʦ ʚʠʥʠʢʘʻ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʩʪʨʠʞʥʽ ʤʽʞ ʢʨʘʡʥʽʤʠ ʩʪʨʠʞʥʷʤʠ ʩʝʨʜʝʯʥʠʢʘ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʪʦʨʠʥʥʠʭ ʦʙʤʦʪʦʢ 

(ʟʨʘʟʢʘ 1 ʽ W1), ʘ ʦʪʞʝ, ʤʦʞʝ ʨʝʛʫʣʶʚʘʪʠʩʷ ʟʤʽʥʦ  ʁʦʧʦʨʫ 

ʤʘʛʘʟʠʥʘ ʨʝʟʠʩʪʦʨʽʚ Rʤ, ʧʽʜôʻʜʥʘʥʦʛʦ ʜʦ W1. ɺʠʤʽʨʶʚʘʥʥʷ 

ʦʧʦʨʫ ʟʨʘʟʢʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʨʽʚʥʦʚʘʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʧʦʪʦʢʽʚ 

ʌ1 ʪʘ ʌ2 ʫ ʢʨʘʡʥʽʭ ʩʪʨʠʞʥʷʭ ʩʝʨʜʝʯʥʠʢʘ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʧʦʪʦʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʪʫʰʦʢ W2 ʪʘ W3: 

ʦʜʥʘʢʦʚʽ ʧʦʪʦʢʠ ʥʘʚʦʜʷʪʴ ʦʜʥʘʢʦʚʽ ɽʈʉ ʚ ʽʜʝʥʪʠʯʥʠʭ 

ʢʦʪʫʰʢʘʭ, ʮʴʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʥʫʣʴʦʚʝ ʧʦʢʘʟʘʥʥʷ 

ʛʘʣʴʚʘʥʦʤʝʪʨʘ ɻ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʤʦʞʣʠʚʦʾ 

ʥʝʩʠʤʝʪʨʠʯʥʦʩʪʽ ʩʭʝʤʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʨʘʟʢʘ  ̔ʨʦʟʽʤʢʥʝʥʥ̫ 

ʣʘʥʮʶʛʘ ʢʦʪʫʰʢʠ W1 ʥʫʣʴ-ʛʘʣʴʚʘʥʦʤʝʪʨ ʧʽʜôʻʜʥʘʥʠʡ ʜʦ 

ʧʦʚʟʫʥʘ ʟʤʽʥʥʠʭ ʨʝʟʠʩʪʦʨʽʚ R1 ʽ R2. ʆʧʽʨ ʟʨʘʟʢʘ Rɿ 

ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

  

Rɿ = Rʢ/W1
2
.
   

(3.15) 

ʇʦʨʷʜʦʢ ʚʠʤʽʨʶʚʘʥʥʷ:  

1 ɼʦʤʘʛʘʶʪʴʩʷ ʥʫʣʴʦʚʦʛʦ ʧʦʢʘʟʘʥʥʷ ʛʘʣʴʚʘʥʦʤʝʪʨʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʟʠʩʪʦʨʽʚ R1 ʽ R2 ʙʝʟ ʟʨʘʟʢʘ ʽ ʟʘ 

ʨʦʟʽʤʢʥʝʥʦʛʦ ʣʘʥʮʶʛʘ ʢʦʪʫʰʢʠ W1.  
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2 ʋʩʪʘʥʦʚʣʶʶʪʴ ʟʘʤʽʩʪʴ ʟʨʘʟʢʘ ʝʪʘʣʦʥ ʟ̔ ʪʦʯʥʦ 

ʚʽʜʦʤʠʤ ʦʧʦʨʦʤ ʝʪʘʣʦʥʘ Rʝ, ʽ, ʟʘʤʢʥʫʚʰʠ ʣʘʥʮʶʛ ʢʦʪʫʰʢʠ 

W1, ʜʦʤʘʛʘʶʪʴʩʷ ʥʫʣʴʦʚʦʛʦ ʧʦʢʘʟʘʥʥʷ ʛʘʣʴʚʘʥʦʤʝʪʨʘ. ɼʣʷ 

ʮʽʻʾ ʤʝʪʠ ʦʧʽʨ ʤʘʛʘʟʠʥʘ Rʤ ʫʩʪʘʥʦʚʣʶʶʪʴ ʪʘʢʠʤ, ʱʦʙ  

Rʢ + Rʤ = Rʝ, ʘ ʧʦʪʽʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʘʟʠʥʘ ʻʤʥʦʩʪʝʡ ʉʤ 

ʢʦʤʧʝʥʩʫʶʪʴ ʟʩʫʚ ʬʘʟ.  

3 ɺʠʜʘʣʠʚʰʠ ʝʪʘʣʦʥ, ʫʩʪʘʥʦʚʣʶʶʪʴ ʟʨʘʟʦʢ ʽ ʟʥʦʚʫ 

ʜʦʤʘʛʘʶʪʴʩʷ ʥʫʣʴʦʚʦʛʦ ʧʦʢʘʟʘʥʥʷ ʛʘʣʴʚʘʥʦʤʝʪʨʘ, 

ʟʤʽʥʶʯʁʠ ʣʠʰʝ ʦʧʽʨ ʤʘʛʘʟʠʥʘ ʨʝʟʠʩʪʦʨʽʚ. 

ʄʝʪʦʜ ʚʠʭʨʦʚʠʭ ʩʪʨʫʤʽʚ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ 

ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʦʦʧʽʨ ʟʨʘʟʢʽʚ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʡ ʥʝʦʙʤʝʞʝʥʦ 

ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʪʫʰʢʠ ʟʙʫʜʞʝʥʥʷ, 

ʟô̒ ʜʥʘʥʦʾ ʟ ʜʞʝʨʝʣʦʤ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ, ʫ ʟʨʘʟʢʫ ʥʘʚʦʜʠʪʴʩʷ 

ʟʤʽʥʥʠʡ (ʚʠʭʨʦʚʠʡ) ʩʪʨʫʤ. ɺʝʣʠʯʠʥʘ ʽ ʨʦʟʧʦʜʽʣ ʚʠʭʨʦʚʠʭ 

ʩʪʨʫʤʽʚ ʟʘ ʧʝʨʝʨʽʟʦʤ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʯʠ ʽʥʰʦʛʦ 

ʦʙô̒ ʢʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, 

ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʬʦʨʤʠ, ʨʦʟʤʽʨʽʚ ʽ ʚʽʜ ʬʦʨʤʠ 

ʢʦʪʫʰʢʠ. ʈʝ̒ ʩʪʨʘʮʽ ʁ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʭʨʦʚʠʭ ʩʪʨʫʤʽʚ 

ʤʦʞʫʪʴ ʧʨʦʚʦʜʠʪʠ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʨʫʛʦʾ ʢʦʪʫʰʢʠ, 

ʟô̒ ʜʥʘʥʦʾ ʟ ʚʠʤʽʨʚʁʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʘʙʦ ʟʘ ʟʤʽʥʦ  ʁ

ʧʦʚʥʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ (ʽʤʧʝʜʘʥʩʫ) ʢʦʪʫʰʢʠ ʟʙʫʜʞʝʥʥʷ ʟʘ 

ʥʘʙʣʠʞʝʥʥ ̫ ʾʾ ʜʦ ʜʦʩʣʜ̔ʞʫʚʘʥʦʛʦ ʦʙô̒ ʢʪʘ. ʅʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʣʦʩʢʫ ʥʘʢʣʘʜʥʫ ʢʦʪʫʰʢʫ. ʇʨʠʣʘʜ 

ʛʨʘʜʫʶʶʪʴ ʟʘ ʟʨʘʟʢʘʤʠ ʟ ʚʽʜʦʤʠʤ ʦʧʦʨʦʤ. ʆʩʥʦʚʥʽ ʛʘʣʫʟʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ï ʜʝʬʝʢʪʦʩʢʦʧʽʷ ʪʘ ʩʦʨʪʫʚʘʥʥʷ ʩʪʘʣʝʡ ʽ 

ʩʧʣʘʚʽʚ. 

 

3.2.4 ɽʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ 
 

ɽʣʝʢʪʨʦʦʧʽʨ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

ʆʜʥʦʨʽʜʥʽ ʨʦʟʯʠʥʠ. ɿʘ ʫʪʚʦʨʝʥʥ ̫ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʟʨʦʩʪʘʻ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʙʽʣʴʰʠʡ ʯʠ 

ʤʝʥʰʠʡ ʦʧ̔ʨ ʤʘʻ ʨʦʟʯʠʥʥʠʡ ʝʣʝʤʝʥʪ ʧʦʨʽʚʥʷʥʦ ʟ 

ʨʦʟʯʠʥʥʠʢʦʤ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʩʧʦʪʚʦʨʝʥʥʷʤ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ˇʨʘʪʢʠ, ʷʢʝ ʚʽʜʙʫʚʘʪ̒ʴʩʷ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥ ̫ ʪʚʝʨʜʦʛʦ 
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ʨʦʟʯʠʥʫ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʦʧʦʨʽʚ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʟʨʦʩʪʘʥʥʷ ʝʣʝʢʪʨʦʦʧʦʨʫ ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʝ 

ʭʽʤʽʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʢʦʤʧʦʥʝʥʪʽʚ. ʋ ʩʧʣʘʚʘʭ ʟ̔ 

ʙʝʟʧʝʨʝʨʚʥʠʤ ʨʷʜʦʤ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʤʘʢʩʠʤʫʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʙʣʠʟʴʢʽʡ ʜʦ  

50 ʘʪ % (ʨʠʩ. 3.12). 

ʄʘʢʩʠʤʫʤ ʝʣʝʢʪʨʦʦʧʦʨʫ ʨʦʟʯʠʥʽʚ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʽ 

ʧʘʨʘʤʘʛʥʝʪʠʢʽʚ ʟ̔ ʚʠʩʦʢʦʶ ʤʘʛʥʽʪʥʦʶ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʶ 

ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʟʘ ̔ʥʦh ʾʢʦʥʮʝʥʪʨʘʮʽʾ. ʄʘʢʩʠʤʘʣʴʥʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʤʦʞʝ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʝʣʝʢʪʨʦʦʧʽʨ ʩʧʣʘʚʣʶʚʘʥʠʭ ʤʝʪʘʣʽʚ. ʂʦʥʮʝʥʪʨʘʮʽʡʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʪʘʢʠʭ ʩʧʣʘʚʽʚ ʥʘʙʣʠʞʝʥʦ 

ʦʧʠʩʫ̒ ʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʉ(1ïʉ), ʜʝ ʉ ï ʘʪʦʤʥʘ ʯʘʩʪʢʘ 

ʦʜʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ (ʨʠʩ. 3.12). 
 

 

 
ʈʠʩʫʥʦʢ 3.12 ï ʇʠʪʦʤʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʩʧʣʘʚʽʚ 

ʉu-Nʽ (1),  

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʝʣʝʢʪʨʦʦʧʦʨʫ (2)  

ʽ ʬʫʥʢʮʽʷ ʉ(1ïʉ) (3),  

ʜʝ ʉ ï ʘʪʦʤʥʘ ʯʘʩʪʢʘ 

ʥ̔ʢʝʣʶ 

  

ʋʧʦʨʷʜʢʦʚʘʥʽ ʨʦʟʯʠʥʠ. ʋʧʦʨʷʜʢʫʚʘʥʥʷ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʡʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʧʦʨʫ (ʨʠʩ. 3.13). ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʥʷʤ 

ʧʨʘʚʠʣʴʥʦʩʪʽ, ʩʠʤʝʪʨʠʯʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ. ʄʘʢʩʠʤʘʣʴʥʝ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʽ 

ʚʽʜʧʦʚʽʜʥʝ ʡʦʤʫ ʥʘʡʙʣ̔ʴʰʝ ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʩʧʦʩʪʝʨʽʛʘʁʪʴʩʷ ʫ ʩʧʣʘʚʘʭ ʟ̔ ʧʝʚʥʠʤ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ. ʋ ʩʠʩʪʝʤʽ 

ʉu-ɸu ʮʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ʩʢʣʘʜʽʚ ʉu3ɸu ʽ ʉuɸu. 
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ʇʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʜʫʞʝ ʽʩʪʦʪʥʦ ï ʥʘ ʜʝʩʷʪʢʠ ʚʽʜʩʦʪʢʽʚ ï 

ʧʽʜʚʠʱʫʻ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʩʧʣʘʚʽʚ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʨʫʡʥʫʚʘʥʥʷʤ ʫʧʦʨʷʜʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʨʦʮʝʩʘʤʠ ʢʦʚʟʘʥʥʷ. 
 

 

 

ʈʠʩʫʥʦʢ 3.13 ï ɺʧʣʠʚ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʥʘ ʧʠʪʦʤʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʩʧʣʘʚʽʚ 

ʉu-ɸu:  

1 ï ʟʘʛʘʨʪʦʚʘʥʽ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ ʩʧʣʘʚʠ;  

2 ï ʚʽʜʧʘʣʝʥʽ ʚʧʦʨʷʜʢʦʚʘʥʽ 

ʩʧʣʘʚʠ 

 

ʅʝʦʜʥʦʨʽʜʥʽ ʨʦʟʯʠʥʠ. ɽʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʜʝʷʢʠʭ 

ʦʜʥʦʬʘʟʦʚʠʭ ʩʧʣʘʚʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʧʝʨʝʭʽʜʥʽ ʤʝʪʘʣʠ, 

ʟʤʝʥʰʫʻʪʩɹʷ ʟʘ ʧʣʘʩʪʠʯʥʦ ʾ ʜʝʬʦʨʤʘʮʽʾ (ʩʧʣʘʚʠ ʄn-ʉu,           

Fʝ-ɸ1, Ni-ʉr, Ni-ʉu ʪʘ ʽʥʰʽ), ʘ ʧʦʜʘʣʴʰʠʡ ʚʽʜʧʘʣ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʦʧʦʨʫ (ʨʠʩ. 3.14). 

 
ʈʠʩʫʥʦʢ 3.14 ï ʉʭʝʤʘ ʟʤʽʥʠ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ  

ʥʽʭʨʦʤʫ (80 % Ni, 20 % ʉr) ʟʘ ʧʣʘʩʪʠʯʥʦ ʾʜʝʬʦʨʤʘʮʽʾ (ʘ) 

 ʽ ʧʦʜʘʣʴʰʦʛʦ ʚʽʜʧʘʣʚʁʘʥʥ ̫(ʙ) 

 

ʎʝ ʧʦʚô̫ ʟʘʥʦ ʟ ʽʩʥʫʚʘʥʥʷʤ ʫ ʪʘʢʠʭ ʩʧʣʘʚʘʭ 

ʩʫʙʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, ʱʦ 

ʨʫʡʥʫʶʪʴʩʷ ʧʣʘʩʪʠʯʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 
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ʚʽʜʧʘʣʦʤ. ʊʘʢʘ ʩʫʙʩʪʨʫʢʪʫʨʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʦʜʝʨʞʘʣʘ 

ʥʘʟʚʫ ʂ-ʩʪʘʥʫ. 

 

ɽʣʝʢʪʨʦʦʧʽʨ ʽʥʪʝʨʤʝʪʘʣʽʯʥʠʭ ʩʧʦʣʫʢ ʽ ʧʨʦʤʽʞʥʠʭ ʬʘʟ 

ɿʘ ʫʪʚʦʨʝʥʥ ̫ ʽʥʪʝʨʤʝʪʘʣʽʯʥʠʭ ʩʧʦʣʫʢ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʽʥʘ ʭʘʨʘʢʪʝʨʫ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ ï ʟô̫ ʚʣʷʻʪʴʩʷ 

ʢʦʚʘʣʝʥʪʥʘ ʩʢʣʘʜʦʚʘ ʟʚô̫ ʟʢʫ, ʚʥʘʩʣʽʜʦʢ ʮʦɹʛʦ ʯʘʩʪʢʘ 

ʤʝʪʘʣʝʚʦʛʦ ʟʚô̫ ʟʢʫ ʟʤʝʥʰʫʻʪʴʩʷ ʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʽʩʪʦʪʥʦ 

ʟʨʦʩʪʘʻ. ʊʨʘʧʣʷʶʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʮʴʦʛʦ ʧʨʘʚʠʣʘ. 

ʅʘʧʨʠʢʣʘʜ, ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʦʦʧʽʨ ʬʘʟʠ ɸ13ʊi ʫʜʚʽʯʽ ʤʝʥʰʠʡ 

(ʘ ʥʝ ʙʽʣʴh ʠʡ) ʚʽʜ ʦʧʦʨʫ ʪʠʪʘʥʫ. ɼʣʷ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ ʟ̔ 

ʚʫʟʴʢʦʶ ʦʙʣʘʩʪʶ ʛʦʤʦʛʝʥʥʦʩʪʽ, ʱʦ ʤʘʁʪʴ ʚʠʩʦʢ ̔ʟʥʘʯʝʥʥʷ r, 

ʭʘʨʘʢʪʝʨʥʝ ʨʽʟʢʝ ʟʤʝʥʰʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʥʘʚʽʪʴ ʟʘ 

ʥʝʚʝʣʠʢʦʛʦ ʚʽʜʭʠʣʝʥʥ ̫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʽʜ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ɿʘ ʫʪʚʦʨʝʥʥ ̫

ʽʥʪʝʨʤʝʪʘʣʽʯʥʠʭ ʩʧʦʣʫʢ ʤʦʞʣʠʚʘ ʟʤʽʥʘ ʪʠʧʫ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʩʧʦʣʫʢʘ ɸ13ʄn ʻ ʝʣʝʢʪʨʦʥʥʠʤ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʫ ʧʨʦʚʽʜʥʽʩʪʴ ʤʘʶʪʴ 

ʙʘʛʘʪʦ ʬʘʟ, ʫʪʚʦʨʝʥʽ ʟʘ ʚʟʘʻʤʦʜʽʾ ʤʝʪʘʣʽʚ ʟ̔ ʥʝʤʝʪʘʣʘʤʠ. ʋ 

ʪʦʡ ʩʘʤʠʡ ʯʘʩ ʥʽʪʨʠʜʠ, ʙʦʨʠʜʠ ʽ ʢʘʨʙʽʜʠ ʟʘʟʚʠʯʘʡ 

ʟʙʝʨʽʛʘʶʪʴ ʤʝʪʘʣʝʚʫ ʧʨʦʚʽʜʥʽʩʪʴ. 

 

ɽʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʧʣʘʚʽʚ 

ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ï ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʊʦʤʫ ʝʣʝʢʪʨʦʦʧʽʨ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʧʣʘʚʽʚ 

ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʾʭ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʦʙô̒ ʤʥʦʾ ʯʘʩʪʢʠ 

ʜʨʫʛʦʾ ʬʘʟʠ (ʘʙʦ ʬʘʟ) ʽ ʧʠʪʦʤʠʭ ʦʧʦʨʽʚ ʬʘʟ, ʘ ʡ ʚʽʜ 

ʩʪʨʫʢʪʫʨʠ. ɿʘ ʽʥʰʠʭ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ, ʬʦʨʤʠ ʽ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ ʬʘʟ ʚ 

ʦʩʥʦʚʥʦʤʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ, ʚʽʜ ʨʦʟʤʽʨʫ ʟʝʨʥʘ, ʚʽʜ 

ʱʽʣʴʥʦʩʪʽ ʜʝʬʝʢʪʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʙʫʜʦʚʠ. ɽʣʝʢʪʨʦʦʧʽʨ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʢʩʪʫʨʠ ʣʠh ʝ ʚ ʩʧʣʘʚʘʭ, ʜʝ ʻ ʪʝʢʩʪʫʨʦʚʘʥʘ 

ʬʘʟʘ ʘʙʦ ʬʘʟʠ, ʷʢʽ ʥʝ ʥʘʣʝʞʘʪʴ ʜʦ ʢʫʙʽʯʥʦʾ ʩʠʥʛʦʥʽʾ. 

ɼʚʦʬʘʟʦʚ̔ ʩʧʣʘʚʠ, ʱʦ ʤʽʩʪʷʪʴ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʦʚʩ̔ʥʽ ʟʝʨʥʘ 
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ʜʨʫʛʦʾ ʬʘʟʠ, ʤʦʞʫʪʴ ʤʘʪʠ ʤʘʪʨʠʯʥʫ ʘʙʦ ʩʪʘʪʠʩʪʠʯʥʫ 

ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 3.15). ʆʧʽʨ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʩʪʨʫʢʪʫʨ, 

ʥʘʧʨʠʢʣʘʜ ʧʝʨʣʽʪʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʧʣʘʩʪʠʥ. 

ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʦʦʧʽʨ ʮʝʤʝʥʪʠʪʫ ʥʘʙʘʛʘʪʦ ʙʽʣʴh ʠʡ, ʥʽʞ 

ʬʝʨʠʪʫ. 
 

 

 

ʈʠʩʫʥʦʢ 3.15 ï 

ʉʭʝʤʠ  

ʤʘʪʨʠʯʥʦʾ (ʘ) 

 ʽ ʩʪʘʪʠʩʪʠʯʥʦʾ (ʙ) 

ʤ̔ʢʨʦʩʪʨʫʢʪʫʨ 

 

  ʘ                                     ʙ 

ʊʦʤʫ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʩʪʘʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ 

ʧʣʘʩʪʠʥ ʮʝʤʝʥʪʠʪʫ ʚ ʧʝʨʣʽʪʽ ʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʘʡʤʝʥʰʠʤ, 

ʷʢʱʦ ʢʘʨʙʽʜʥʽ ʧʣʘʩʪʠʥʠ ʨʦʟʤʽʱʝʥʽ ʧʘʨʘʣʝʣʴʥʦ ʥʘʧʨʷʤʢʫ 

ʩʪʨʫʤʫ. 

 

3.2.5 ɿʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ  

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʡ ʪʠʩʢʫ 
 

ɿʘ ʪʝʦʨʝʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥ ̫ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʝʣʝʢʪʨʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ 

ʘʙʩʦʣʪʁʥʦ ʚʽʣʴʥʽ. ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʪʝʧʣʦʚʽ ʢʦʣʠʚʘʥʥʷ 

ʦʢʨʝʤʠʭ ʘʪʦʤʽʚ ʥʝʟʘʣʝʞʥʽ, ʪʦ ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʚʽʜʥʽʩʪʴ 

ʧʦʚʠʥʥʘ ʩʧʘʜʘʪʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʪʝʤʧʝʨʘʪʫʨʽ, ʦʩʢʽʣʴʢʠ 

ʚʝʣʠʯʠʥʘ 1/Ű ʧʨʦʧʦʨʮʽʡʥʘ ʩʝʨʝʜʥʴʦʤʫ ʢʚʘʜʨʘʪʫ ʘʤʧʣʽʪʫʜʠ 

ʢʦʣʠʚʘʥʴ ʘʪʦʤʽʚ ʭ
2
, ʷʢʘ ʣʽʥʽʡʥʦ ʟʨʦʩʪʘʻ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ. ʎʝ 

ʧʨʠʧʫɦ ʝʥʥʷ ʧʨʦ ʥʝʟʘʣʝʞʥʽʩʪʴ ʘʪʦʤʥʠʭ ʢʦʣʠʚʘʥʴ 

ʩʧʨʘʚʝʜʣʠʚʝ ʜʣʷ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʥʘʯʥʦ ʚʠʱʦʾ ʟʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʫ. ʊʦʤʫ ʟʘ ʚʠʩʦʢʦ ʾʪʝʤʧʝʨʘʪʫʨʠ ʦʧʽʨ ʯʠʩʪʠʭ 

ʤʝʪʘʣʽʚ (3.16) ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ 

ʪʝʤʧʝʨʘʪʫʨʽ: 
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r t = r0(1+Ŭʊ),                              (3.16) 

 

ʜʝ r0 ï ʦʧʽʨ ʟʘ 0 Áʉ; r t ʟʘ ʊ Áʉ; Ŭ ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽ̒ ʥʪ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ.  

ɼʣʷ ʚʩʽʭ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ, ʟʘ ʚʠʥʷʪʢʦʤ ʧʝʨʝʭʽʜʥʠʭ, Ŭ 

ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 4 Ā 10
ï3
. ʇʝʨʝʭʽʜʥʽ ʤʝʪʘʣʠ ʡ ʦʩʦʙʣʠʚʦ 

ʬʝʨʦʤʘʛʥʝʪʠʢʠ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ (ʧʦʨʷʜʢʫ             

10
ï2

). ɿʘ ʥʠʟʴʢʦ ʾʪʝʤʧʝʨʘʪʫʨʠ ʦʧʽʨ ʟʨʦʩʪʘʻ ʧʨʦʧʦʨʮʽʡʥʦ T
5
, 

ʱʦ ʧʦʚʠʥʥʦ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʾ ʜʦʚʞʠʥʠ 

ʚʽʣɹʥʦʛʦ ʧʨʦʙʽʛʫ ʧʨʦʧʦʨʮʽʡʥʦ ʊ
ï5

. 

ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʨʽʜʢʦʛʦ 

ʤʝʪʘʣʫ ʧʨʠʙʣʠʟʥʦ ʚ 1,5ï2 ʨʘʟʠ ʙʽʣʴʰʠʡ, ʥʽʞ ʪʚʝʨʜʦʛʦ, ʱʦ 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʦʨʫʰʝʥʥʷʤ ʩʫʚʦʨʦʛʦ ʧʦʨʷʜʢʫ ʘʪʦʤʽʚ ʧʽʜ 

ʯʘʩ ʧʣʘʚʣʝʥʥ,̫ ʘ ʪʘʢʦʞ ʜʝʷʢʦʶ ʟʤʽʥʦʶ ʤʽʞʘʪʦʤʥʦʛʦ ʟʚô̫ ʟʢʫ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʽ ʜʦ ʟʤʽʥʠ ʦʙô̒ ʤʫ ʟʘ ʧʝʨʝʭʦʜʫ ʤʝʪʘʣʫ ʚ 

ʨʽʜʢʠʡ ʩʪʘʥ. ɺʠʥʷʪʢʦʤ ʻ ʅg, ʦʧʽʨ ʷʢʦʛʦ ʧʽʜ ʯʘʩ ʧʣʘʚʣʝʥʥ ̫

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʯʦʪʠʨʠ ʨʘʟʠ. ʅʘʛʨʽʚʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ 

ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ. ɼʝʷʢʽ 

ʤʝʪʘʣʠ ʷʢ ʧʽʜ ʯʘʩ ʧʣʘʚʣʝʥʥ,̫ ʪʘʢ ʽ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʘʥʦʤʘʣʴʥʦʶ ʟʤʽʥʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ. 

ʆʜʥʦʚʘʣʝʥʪʥʽ ʤʝʪʘʣʠ ʧʝʨʰʦʾ ʛʨʫʧʠ (Li, Na, ʂ, Rb, ʉs, 

ʘ ʪʘʢʦʞ ʉu, Ag, ɸu) ʤʘʶʪʴ ʷʚʥʦ ʚʠʨʘʞʝʥʫ ʤʝʪʘʣʝʚʫ 

ʧʨʦʚʽʜʥʽʩʪʴ. ɿʘ ʥʘʛʨʽʚʘʥʥ̫ ʾʭ ʝʣʝʢʪʨʦʦʧʽʨ ʟʨʦʩʪʘʻ. ɼʣʷ 

ʧʨʦʩʪʦʨʦʚʠʭ ̌ʨʘʪ ʮʠʭ ʤʝʪʘʣʽʚ ʭʘʨʘʢʪʝʨʥʝ ʚʝʣʠʢʝ 

ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ, ̫ʢʝ ʤʘʣʦ ʟʤʽʥʶʪ̒ʴʩʷ ʧʽʜ ʯʘʩ 

ʧʣʘʚʣʝʥʥ.̫ 

ɸʥʦʤʘʣʴʥʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʧʽʜʚʠʱʝʥʥ ̫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʝʣʝʢʪʨʦʦʧʽʨ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʾʭ ʩʧʦʥʪʘʥʥʦʶ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʶ. ʇ̔ʜ ʯʘʩ ʾʾ ʟʥʠʢʥʝʥʥ,̫ ʚʠʱʝ ʚʽʜ ʪʦʯʢʠ ʂʶʨʽ, 

ʝʣʝʢʪʨʦʦʧʽʨ ʟʤʽʥʶʻʪʴʩʷ ʥʦʨʤʘʣʴʥʠʤ ʯʠʥʦʤ, ʷʢ ʫ 

ʧʘʨʘʤʘʛʥʪ̔ʥʠʭ ʤʝʪʘʣʽʚ. 

ʅʘ ʨʠʩʫʥʢʫ 3.16 ʥʘʚʝʜʝʥʦ ʚʽʜʥʦʩʥʫ ʟʤʽʥʫ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʥʽʢʝʣʶ ʽ ʧʘʣʘʜʽʶ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ, 

ʧʨʠʯʦʤʫ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʤʘʩʰʪʘʙ ʧʽʜʽʙʨʘʥʠʡ ʚʽʜʧʦʚʽʜʥʠʤ 
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ʯʠʥʦʤ. ʋ ʪʦʯʮʽ ʂʶʨʽ r/r 0 ʧʨʠʡʥʷʪʦ ʪʘʢʠʤ, ʱʦ ʜʦʨʽʚʥʶʻ 

ʦʜʠʥʠʮʽ. ɿ ʨʠʩʫʥʢʘ 3.16 ʚʠʧʣʠʚʘʻ, ʱʦ ʟʘ ʟʥʠʞʝʥʥ ̫

ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʯʝ ʥʽʞ ɗNi ʦʧʽʨ ʬʝʨʦʤʘʛʥʝʪʠʢʘ ʩʧʘʜʘʻ 

ʰʚʠʜʰʝ, ʥʽʞ ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʤʝʪʘʣʫ, ʱʦ ʟʫʤʦʚʣʝʥʦ 

ʚʟʘʻʤʦʜʽʻʶ s- ʽ d-ʝʣʝʢʪʨʦʥʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʩʧʦʥʪʘʥʥʫ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ. ɹʘʯʠʤʦ ʪʘʢʦʞ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʝʣʝʢʪʨʦʦʧʦʨʫ ʟʘ ʥʘʛʨʽʚʘʥʥ ̫ʥʽʢʝʣʶ ʟʨʦʩʪʘʻ ʜʦ 

ʪʦʯʢʠ ʂʶʨʽ ʡ ʧʦʪʽʤ ʨʽʟʢʦ ʩʧʘʜʘʻ. 

 

 

 
ʈʠʩʫʥʦʢ 3.16 ï 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 

r/r 0 ʥʽʢʝʣʶ ʽ ʧʘʣʘʜʽʶ; 

ʧʠʪʦʤʠʡ ʦʧʽʨ ʦʙʦʭ 

ʤʝʪʘʣʽʚ ʫ ʪʦʯʮʽ ʂʶʨʽ 

ʥʢ̔ʝʣʶ ʧʨʠʡʥʷʪʦ ʪʘʢʠʤ, 

ʱʦ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ 

 

ʊʝ ʩʘʤʝ ʩʪʦʩʫʻʪʴʩʷ ʡ ʽʥʰʠʭ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ, ʟʦʢʨʝʤʘ 

ʟʘʣʽʟʘ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ 

ʚʠʱʝ ʚʽʜ ʪʦʯʢʠ ʂʶʨʽ, ʢʦʣʠ ʚʦʥʠ ʩʪʘʶʪʴ ʧʘʨʘʤʘʛʥʽʪʥʠʤʠ, 

ʚʩʝ-ʪʘʢʠ ʙʽʣʴʰʠʡ, ʥʽʞ ʫ ʧʨʦʩʪʠʭ ʤʝʪʘʣʽʚ.  

ʉʝʨʝʜ ʯʦʪʠʨʠ-, ʧô̫ʪʠ- ʽ ʰʝʩʪʠʚʘʣʝʥʪʥʦʛʦ ʝʣʝʤʝʥʪʽʚ ʟ̔ 

ʧʦʩʣʽʜʦʚʥʦ ʟʘʧʦʚʥʝʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ ʦʙʦʣʦʥʢʘʤʠ ʻ 

ʥʝʤʝʪʘʣʠ ʪʘ ʧʨʦʩʪʽ ʤʝʪʘʣʠ. ʋ ʨʷʜʽ ʝʣʝʤʝʥʪʽʚ ʯʝʪʚʝʨʪʦʾ ʛʨʫʧʠ 

ʪʘʙʣʠʮʽ ʄʝʥʜʝʣʻʚ̒ʘ ʟʘ ʟʙʽʣʴʰʝʥʥ ̫ʘʪʦʤʥʦʾ ʚʘʛʠ (ʉ, Si, Gʝ, 

Sn, ʈb) ʥʝʤʝʪʘʣʝʚʠʡ ʭʘʨʘʢʪʝʨ ʝʣʝʤʝʥʪʽʚ ʟʤʽʥʶʻʪʴʩʷ 

ʤʝʪʘʣʝʚʠʤ, ʟʨʦʩʪʘʶʪʴ ʽʦʥʥʽ ʨʘʜʽʫʩʠ ʽ ʟʤʽʥʶʻʪʴʩʷ ʭʘʨʘʢʪʝʨ 

ʟʚô̫ ʟʢʫ ʤʽʞ ʘʪʦʤʘʤʠ. ɿʨʫʯʥʦ ʧʦʨʽʚʥʷʪʠ ʧʝʨʰʽ ʯʦʪʠʨʠ 

ʝʣʝʤʝʥʪʠ, ʪʦʤʫ ʱʦ ʚʩʽ ʚʦʥʠ, ʚʢʣʶʯʘʶʯʠ ʩʽʨʝ ʦʣʦʚʦ, ʤʘʶʪʴ 

ˇʨʘʪʢʫ ʘʣʤʘʟʫ. ʂʦʚʘʣʝʥʪʥʠʡ ʟʚô̫ ʟʦʢ, ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ ʫ 

ʘʣʤʘʟ,̔ ʚ ʙʣ̔ʴʰʽʡ ʩʚʦʾʡ ʯʘʩʪʠʥʽ ʟʘʤʽʥʶʻʪʴʩʷ ʤʝʪʘʣʝʚʠʤ ʫ 

ʛʝʨʤʘʥʽ ʁ ʽ ʩʽʨʦʛʦ ʦʣʦʚʘ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʽ ʝʣʝʢʪʨʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʥ̔ʶʶʪʴʩʷ ʪʘʢ, ʱʦ ʘʣʤʘʟ ï ʽʟʦʣʷʪʦʨ, ʢʨʝʤʥʽʡ, 
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ʛʝʨʤʘʥʽʡ ʽ ʩʽʨʝ ʦʣʦʚʦ ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ. ɹʽʣʝ ʦʣʦʚʦ ʽ 

ʩʚʠʥʝʮʴ ʟʘ ʩʚʦ̒ʁ  ʩʪʨʫʢʪʫʨʦʶ ʽ ʧʨʦʚʽʜʥʩ̔ʪʁ ï ʤʝʪʘʣʠ. 

ɸʥʘʣʦʛʽʯʥʘ ʟʤʽʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʝʨʝʜ ʝʣʝʤʝʥʪʽʚ ʧô̫ ʪʦʾ (ʈ, 

ɸs, Sb, ɺi) ʽ ʰʦʩʪʦʾ (S, Sɽ, ʊʽ, ʈʦ) ʛʨʫʧ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʤʝʪʘʣʽʚ ʟʘ ʚʩʝʙʽʯʥʦʛʦ ʩʪʠʩʢʘʥʥ ̫ (ʧʽʜ 

ʪʠʩʢʦʤ ʜʦ 12 000 ʘʪʤ) ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʇʠʪʦʤʠʡ ʦʧʽʨ ʧʽʜ ʪʠʩʢʦʤ  

 

rp = r0(1 + űp),                               (3.17) 

 

ʜʝ r0 ï ʧʠʪʦʤʠʡ ʦʧʽʨ ʫ ʚʘʢʫʫʤʽ; ʨ ï ʪʠʩʢ, ʢʛ/ʩʤ
2
; ű ï 

ʚʽʜô̒ ʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʠʩʢʫ ʧʦʨʷʜʢʫ 10
ï5
ï10

ï6
. 

ʆʧʽʨ ʜʝʷʢʠʭ ʤʝʪʘʣʽʚ (Li, ʉʘ, Sr, Sb, Bi) ʧʽʜ ʪʠʩʢʦʤ 

ʧʽʜʚʠʱʫʻʪʴʩʷ, ʱʦ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʘʥʦʤʘʣʽʶ. ɿʘ 

ʚʩʝʙʯ̔ʥʦʛʦ ʩʪʠʩʢʘʥʥ ̫ʟʤʝʥʰʫʻʪʴʩʷ ʪʘʢʦʞ ʽ ʦʙô̒ ʤ ʪʽʣʘ. ʊʦʤʫ 

ʧʦʪʨʽʙʥʦ ʨʦʟʨʽʟʥʷʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʠʩʢʫ ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ ʦʧʦʨʫ 

űR ʽ ʢʦʝʬʽʮʽʻʥʪ ʪʠʩʢʫ ʜʣʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ űr. 

ɿʘ ʧʨʫʞʥʦʛʦ ʨʦʟʪʷʛʫʚʘʥʥ ̫ ʘʙʦ ʢʨʫʯʝʥʥ ̫

ʟʙʽʣʴʰʫʶʪʩɹʷ ʤʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ ʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ 

ʤʝʪʘʣʽʚ ʟʨʦʩʪʘʻ. ɺʧʣʠʚ ʧʨʫʞʥʦʛʦ ʨʦʟʪʷʛʫʚʘʥʥʷ ʟʘ ʫʤʦʚʠ 

ʧʨʦʧʫʩʢʘʥʥʷ ʩʪʨʫʤʫ ʚʟʜʦʚʞ ʜʽʶʯʦʾ ʩʠʣʠ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦ  ʁ
 

R = R0(1 + ŬRů),                              (3.18) 

 

ʜʝ R0 ï ʦʧʽʨ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ; ů ï ʥʘʧʨʫʞʝʥʥʷ, ʢʛ/ʤʤ
2
; ŬR ï 

ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʨʫʛʠ. 

 

3.2.6 ɺʧʣʠʚ ʥʘʢʣʝʧʫ ʪʘ ʚʽʜʧʘʣʶʚʘʥʥʷ ʤʝʪʘʣʽʚ  

ʥʘ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ 
 

ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ (ɸ1, ʉu, 

Ag, Fe ʪʘ ʽʥh̔), ʚʠʤʽʨʷʥʠʡ ʟʘ ʢʽʤʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ, ʥʘʚʽʪʴ 

ʟʘ ʟʥʘʯʥʦʛʦ ʥʘʢʣʝʧʫ ʟʨʦʩʪʘʻ ʣʠʰʝ ʥʘ ʢʽʣʴʢʘ ʚʽʜʩʦʪʢʽʚ 

(ʧʨʠʙʣʠʟʥʦ ʥʘ 2ï6 %). ʉʝʨʝʜ ʚʠʚʯʝʥʠʭ ʤʝʪʘʣʽʚ ʚʠʥʷʪʢʦʤ ʻ 
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ʚʦʣʴʬʨʘʤ, ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʷʢʦʛʦ, ʜʫʞʝ ʦʙʪʠʩʥʝʥʦʛʦ, 

ʟʨʦʩʪʘʻ ʥʘ ʜʝʩʷʪʢʠ ʚʽʜʩʦʪʢʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʧʦʨʫ ʤʝʪʘʣʽʚ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʩʘʤʧʝʨʝʜ ʪʠʤ, ʱʦ ʟʘ 

ʥʘʢʣʝʧʫ ʩʧʦʪʚʦʨʶʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʘ ˇʨʘʪʢʘ ʢʨʠʩʪʘʣʽʚ. 

ɺʧʣʠʚ ʥʘʢʣʝʧʫ ʽ ʧʦʜʘʣʴʰʦʛʦ ʚʽʜʧʘʣʫ ʥʘ ʝʣʝʢʪʨʠʯʥʠʡ 

ʦʧʽʨ ʩʧʣʘʚʽʚ, ʱʦ ʤʘʶʪʴ ʛʝʪʝʨʦʛʝʥʥʫ ʩʪʨʫʢʪʫʨʫ, ʚʠʟʥʘʯʘʻʪʩɹʷ 

ʥʝ ʣʠhʝ ʚʠʥʠʢʥʝʥʥʷʤ ʘʙʦ ʫʩʫʥʝʥʥʷʤ ʩʧʦʪʚʦʨʝʥʴ 

ʧʨʦʩʪʦʨʦʚʦʾ ˇʨʘʪʢʠ, ʘ ʡ ʟʤʽʥʦʶ ʚʟʘʻʤʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ 

ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ. ɿ ʨʠʩʫʥʢʘ 3.17 ʙʘʯʠʤʦ, ʱʦ ʧʽʜ 

ʚʧʣʠʚʦʤ ʥʘʢʣʝʧʫ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʜʨʦʪʫ ʟʽ ʩʪʘʣʽ ʟ ʚʤʽʩʪʦʤ 

0,58 % ʉ, ʷʢʠʡ ʧʦʧʝʨʝʜʥʴʦ ʧʘʪʝʥʪʦʚʘʥʠʡ ʫ ʩʚʠʥʮʽ, ʥʝ ʣʠh ʝ 

ʥʝ ʟʨʦʩʪʘʻ, ʘ ʡ ʚʽʜʯʫʪʥʦ (ʥʘ 5,5 %) ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠʙʣʠʟʥʦ 

ʪʝ ʩʘʤʝ ʚʠʭʦʜʠʪʴ ʟ̔ ʮʽʻ ʁ ʩʪʘʣʣʶ, ʷʢʱʦ ʚʦʥʘ ʙʫʣʘ 

ʧʦʧʝʨʝʜʥʴʦ ʥʦʨʤʘʣʽʟʦʚʘʥʦ .ʁ 

ʇʦʷʩʥʶʻʪʴʩʷ ʮʝ ʪʠʤ, ʱʦ ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʧʝʨʣʽʪ ʧʽʜ 

ʚʧʣʠʚʦʤ ʜʝʬʦʨʤʘʮʽʾ ʦʨʽʻʥʪʫʻʪʴʩʷ ʩʚʦʾʤʠ ʧʣʘʩʪʠʥʢʘʤʠ 

ʚʟʜʦʚʞ ʜʨʦʪʫ, ʚʠʭʦʜʠʪʴ ʪʘʢ ʟʚʘʥʘ çʬʽʙʨʦʚʘè ʩʪʨʫʢʪʫʨʘ. 

ɿʤʝʥʰʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʝʥʥʷ 

ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʚʘʞʘʻ ʥʘʜ ʡʦʛʦ ʟʙʽʣʴʰʝʥʥʷʤ, 

ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʦʪʨʠʤʘʥʥʷʤ ʚʥʘʩʣʽʜʦʢ ʥʘʢʣʝʧʫ ʬʝʨʠʪʫ. 

 

 

ʈʠʩʫʥʦʢ 3.17 ï ɿʘʣʝʞʥʽʩʪʴ 

ʟʤʽʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ 

ʭʦʣʦʜʥʦʪʷʛʥʫʪʦʾ ʩʪʘʣʽ  

(ȹr/r ï 100 %) ʚʽʜ ʩʪʫʧʝʥʷ 

ʦʙʪʠʩʥʝʥʥʷ: 1 ï ʧʽʩʣʷ 

ʜʝʬʦʨʤʘʮʽʾ; 2 ï ʧʽʩʣʷ 

ʜʝʬʦʨʤʘʮʽʾ ʽ ʚʽʜʧʫʩʢʫ  

ʟʘ 200 Áʉ 

 

ʋʩʫʥʝʥʥʷ ʥʘʢʣʝʧʫ ʧʽʜ ʯʘʩ ʚʽʜʧʘʣʶʚʘʥʥ ̫ʜʦ 650 Áʉ 

ʩʧʨʠʯʠʥʶʻ ʜʦʜʘʪʢʦʚʝ ʟʤʝʥʰʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ 

(ʨʠʩ. 3.18). 
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ʈʠʩʫʥʦʢ 3.18 ï  

ɿʤ̔ʥʘ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʧʦʨʫ (ȹr/r) ʽ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ Ŭ0ï100 

ʩʪʘʣʽ ʟ 0,58 % ʉ 

ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ  

ʚʽʜʧʘʣʚʁʘʥʥʷ  

ʧʽʩʣʷ ʦʙʪʠʩʥʝʥʥʷ  

ʥʘ 73,5 % 

ɿʘ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥ ̫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʧʘʣʶʚʘʥʥ ̫ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʟʨʦʩʪʘʻ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʧʦʨʫh ʝʥʥʷʤ ʦʨʽʻʥʪʫʚʘʥʥʷ ʮʝʤʝʥʪʠʪʥʠʭ ʧʣʘʩʪʠʥʦʢ. 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʁʚʘʥʥʷ 600 Áʉ ʟʨʦʩʪʘʻ, ʘ ʧʦʪʽʤ ʩʧʘʜʘʻ, 

ʪʦʙʪʦ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʪʠʣʝʞʥʦ ȹr/r, ʱʦ ʧʦʚô̫ ʟʘʥʦ ʟʽ ʟʤʽʥʦʶ 

ʩʢʣʘʜʫ ʬʘʟ ʘʙʦ ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʧʨʦʩʪʦʨʦʚʦʾ ˇʨʘʪʢʠ, ʪʦʙʪʦ 

ʚʠʥʠʢʥʝʥʥʷʤ ʟʘʣʠʰʢʦʚʦʛʦ ʦʧʦʨʫ. ɺʧʣʠʚ ʥʘʢʣʝʧʫ ʽ ʚʽʜʧʘʣʫ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʧʦʪʦʚʱʝʥʥ ̫ʮʝʤʝʥʪʠʪʥʠʭ ʧʣʘʩʪʠʥʦʢ. 

 

3.2.7 ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ  

ʚ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ 
 

ɿʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʬʘʟʦʚʦʛʦ 

ʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʛʦʤʦʛʝʥʥʠʭ ʽ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʧʣʘʚʽʚ 

ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʨʷʜ ʥʘʫʢʦʚʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ 

ʤʝʪʘʣʦʟʥʘʚʩʪʚʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʤʝʪʦʜʦʤ. ʅʠʞʯʝ 

ʥʘʚʝʜʝʥʽ ʜʝʷʢʽ ʚʠʧʘʜʢʠ ʪʘʢʠʭ ʨʽʰʝʥʴ. 

ʋ ʚʽʜʧʘʣʝʥʦʤʫ ʤʝʪʘʣʽ, ʱʦ ʤʽʩʪʠʪʴ ʜʦʤʽʰʢʠ, 

ʝʣʝʢʪʨʦʦʧʽʨ ʟʘ ʧʨ̫ʤʫʚʘʥʥ̫ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʘʙʩʦʣʶʪʥʦʛʦ 

ʥʫʣʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘʣʠʰʢʦʚʠʤ ʦʧʦʨʦʤ, 

ʦʙʫʤʦʚʣʝʥʠʤ ʥʘʷʚʥʽʩʪʶ ʜʦʤʽʰʦʢ, ʘ ʦʧʽʨ ʤʝʪʘʣʫ-ʨʦʟʯʠʥʥʠʢʘ 

ʧʨ̫ʤʫʻ ʜʦ ʥʫʣʷ. ʅʘ ʮʽʡ ʦʙʩʪʘʚʠʥʽ ʙʘʟʫʻʪʴʩʷ ʦʜʠʥ ʽʟ ʩʫʯʘʩʥʠʭ 

ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʯʠʩʪʦʪʠ ʤʝʪʘʣʫ, ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʡ ʟʘ 
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ʤʘʣʠʭ ʚʤʽʩʪʽʚ ʜʦʤʽʰʦʢ. ʗʢ ʧʦʢʘʟʥʠʢ ʯʠʩʪʦʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʦʧʦʨʽʚ ʟʨʘʟʢʘ ʟʘ 

300 ʂ ʽ 4,2 ʂ (R300/R4,2). ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʯʠʩʪʦʪʠ ʤʝʪʘʣʫ 

ʚʝʣʠʯʠʥʘ ʮʴʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʅʘ ʨʠʩʫʥʢʫ 3.19 

ʧʦʢʘʟʘʥʝ ʟʙʽʣʴh ʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ R300/R4,2 ʟʘ ʨʘʬʽʥʫʚʘʥʥ̫ 

ʟʘʣʽʟʘ ï ʚʠʜʘʣʝʥʥ̫ ʜʦʤʽʰʦʢ ʚʫʛʣʝʮʶ, ʢʠʩʥʶ ʪʘ ʘʟʦʪʫ. 

ʂʦʥʪʨʦʣʴ ʯʠʩʪʦʪʠ ʤʝʪʘʣʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʣʘʩʠʬʢ̔ʘʮʽʾ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʯʠʩʪʦʪʠ ʤʝʪʘʣʽʚ ʟʘ ʚʝʣʠʯʠʥʦʶ 

ʚʽʜʥʦʩʥʦʛʦ ʟʘʣʠʰʢʦʚʦʛʦ ʦʧʦʨʫ ʾʭ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ 

ʥʘ ʪʨʠ ʛʨʫʧʠ:  

1) R300/R4,2 < 100 ï ʜʣʷ ʮʠʭ ʤʝʪʘʣʽʚ ʪʝʭʥʽʯʥʦʾ ʯʠʩʪʦʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʟʘ ʢʽʤʥʘʪʥʦ ʾ ʪʝʤʧʝʨʘʪʫʨ 

ʤʝʪʦʜ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ; 

2) 50 < R300/R4,2 < 1 000 ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʪʦʪʠ 

ʪʘʢʠʭ ʤʝʪʘʣʽʚ ʟʘ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʦʧʦʨʫ ʥʝʦʙʭʽʜʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʤʝʪʦʜʽʚ;  

3) R300/R4,2 > 1 000 ï ʜʣʷ ʮʽʻʾ ʛʨʫʧʠ ʤʝʪʘʣʽʚ ʢʦʥʪʨʦʣʴ 

ʯʠʩʪʦʪʠ ʟʘ ʚʽʜʥʦʩʥʠʤ ʟʘʣʠʰʢʦʚʠʤ ʦʧʦʨʦʤ ʥʘʡʙʽʣʴʰ 

ʜʦʮʽʣʥɹʠʡ. 

 
 

ʈʠʩʫʥʦʢ 3.19 ï ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ R300/R4,2 ʽ ʚʤʽʩʪʫ ʜʦʤʽʰʦʢ 

ʉ (2), ʆ (3), N (4) ʚʽʜ ʦʙʨʦʙʣʝʥʥʷ: I ï ʚʽʜʧʘʣʚʁʘʥʥʷ ʟʘ 890 Áʉ 

(ʚʠʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ); II ï ʟʦʥʘ ʦʯʠʱʝʥʥʷ ʚ ʩʫʭʦʤʫ ʚʦʜʥʽ;  

III ï ʚʽʜʧʘʣʶʚʘʥʥʷ 770/200 ʛʦʜ ʫ ʚʦʣʦʛʦʤʫ ʚʦʜʥʽ;  

IV ï ʜʦʜʘʪʢʦʚʘ ʟʦʥʘ ʦʯʠʱʝʥʥʷ ʚ ʩʫʭʦʤʫ ʚʦʜʥʽ;  

V ï ʜʚʦʨʘʟʦʚʘ ʟʦʥʘ ʦʯʠʱʝʥʥʷ ʚ ʩʫʭʦʤʫ ʚʦʜʥʽ;  

VI ï ʜʝʚô̫ ʪʠʨʘʟʦʚʘ ʟʦʥʘ ʦʯʠʱʝʥʥʷ (2 ʧʨʦʭʦʜʠ ʫ ʚʦʣʦʛʦʤʫ ʚʦʜʥʽ,  

5 ʧʨʦʭʦʜʽʚ ʫ ʚʘʢʫʫʤʽ, 2 ʧʨʦʭʦʜʠ ʚ ʩʫʭʦʤʫ ʚʦʜʥʽ) 

 

O, C, N2 ԓ 10
ï4 (ʘʪ) 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʢʦʥʪʨʦʣʶʶʪʴ ʟʦʥʥʝ 

ʨʘʬʽʥʫʚʘʥʥʷ ʤʝʪʘʣʫ ʧʦ ʜʦʚʞʠʥʽ ʟʣʠʪʢʫ, ʚʠʤʽʨʶʶʯʠ 

ʚʽʜʥʦʩʥʠʡ ʟʘʣʠʰʢʦʚʠʡ ʦʧʽʨ ʟʨʘʟʢʽʚ, ʚʠʨʽʟʘʥʠʭ ʟ̔ ʨʽʟʥʠʭ 

ʜʽʣʷʥʦʢ ʟʣʠʪʢʘ. 

ɿʘʣʠʰʢʦʚʠʡ ʦʧʽʨ ʚʽʜʧʘʣʝʥʦʛʦ ʤʝʪʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʚʤʽʩʪʦʤ ʜʦʤʽʰʦʢ. ʊʦʤʫ, ʚʠʤʽʨʶʶʯʠ 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʟʘ ʢʽʤʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ ʡ ʧʦʙʣʠʟʫ ʥʫʣʷ, 

ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʯʠʩʪʦʪʠ ʤʘʪʝʨʽʘʣʫ ʩʪʦʩʦʚʥʦ ʧʦʚʥʦʛʦ 

ʽ ʟʘʣʠʰʢʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʠʭ ʦʧʦʨʽʚ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʚʽʜʥʦʰʝʥʥʷ R300/R4,2 ʨʽʟʢʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʜʦʤʽʰʦʢ ʚ 

ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ ʡ (ʨʠʩ. 3.20). 

 

 
ɺʤʽʩʪ ʜʦʤʽʰʦʢ, 10

-2
%  

 

ʈʠʩʫʥʦʢ 3.20 ï ɺʧʣʠʚ 

ʩʫʤʘʨʥʦʛʦ ʚʤʽʩʪʫ 

ʜʦʤʽʰʦʢ ʧʨʦʥʠʢʥʝʥʥʷ 

ʚʫʛʣʝʮʶ, ʘʟʦʪʫ ʽ ʢʠʩʥʶ 

ʚ ʟʘʣʟ̔ʽ  

ʥʘ ʚʽʜʥʦʰʝʥʥʷ R300/R4,2 

 

ɺʝʣʠʯʠʥʘ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʜʣʷ ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ ʪʘ ʜʦʤʽʰʦʢ  ̔ʟʘ ʤʘʣʦʛʦ 

ʚʤ̔ʩʪʫ ʦʩʪʘʥʥʽʭ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 10
5
. 

ɺʠʚʯʝʥʥʷ ʨʦʟʧʘʜʫ ʧʝʨʝʥʘʩʠʯʝʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. 

ʈʦʟʧʘʜ ʧʝʨʝʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʚʠʢʣʠʢʘʻ ʟʘʟʚʠʯʘʡ 

ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʟʥʠʞʝʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ. ɿʥʠʞʝʥʥʷ ʦʧʦʨʫ ʩʧʦʩʪʝʨʽʛʘ̒ ʪʴʩʷ ʟʘ 

ʚ̔ ʜʧʫʩʢʫ ʟʘʛʘʨʪʦʚʘʥʠʭ ʩʪʘʣʝʡ, ʟʘ ʰʪʫʯʥʦʛʦ  ʩʪʘʨʽʥʥ ̫

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ (ʨʠʩ. 3.21) ʪʘ ʫ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ 

ʚʠʧʘʜʢʘʭ. 

10ï2 % 
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ʈʠʩʫʥʦʢ 3.21 ï ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʩʧʣʘʚʫ 

ɸʄʛ8 ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʩʪʘʨʽʥʥʷ ʟʘ 150 ÁC 

 

ʆʜʥʘʢ ʟʘ ʩʪʘʨʽʥʥ ̫ ʜʝʷʢʠʭ ʩʧʣʘʚʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ, ʷʢʠʡ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠʩʷ 

ʨʟ̔ʥʠʤʠ ʧʨʠʯʠʥʘʤʠ. ɿʘ ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʨʽʥʥ ̫ʟʘʛʘʨʪʦʚʘʥʠʭ 

ʩʧʣʘʚʽʚ ʘʣʶʤʽʥʽʡ-ʤʽʜʴ ʧʽʜʚʠʱʝʥʥʷ ʝʣʝʢʪʨʦʦʧʦʨʫ 

ʦʙʫʤʦʚʣʝʥʦ ʚʠʥʠʢʥʝʥʥʷʤ ʟʦʥ ɻʽʥʴʻ ï ʇʨʝʩʪʦʥʘ, ʱʦ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʩʫʙʤʽʢʨʦʩʢʦʧʽʯʥʽ ʩʢʫʧʯʝʥʥʷ ʚ ʤʘʪʨʠʮʽ ʘʪʦʤʽʚ 

ʨʦʟʯʠʥʝʥʦʾ ʤʽʜʽ. ʄʦʞʣʠʚʝ ʟʨʦʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʟʘ 

ʩʪʘʨʽʥʥ ̫ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʫʥʘʩʣʽʜʦʢ ʚʠʜʽʣʝʥʥʷ ʬʘʟʠ 

ʟ ʚʠʩʦʢʠʤ ʧʠʪʦʤʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʦʧʦʨʦʤ, ʥʘʧʨʠʢʣʘʜ, 

ʢʘʨʙʜ̔ʽʚ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʨʦʟʧʘʜʫ ʽ, ʦʪʞʝ, ʟʘ ʙʽʣʴʰ 

ʽʩʪʦʪʥʦʛʦ ʟʙʽʜʥʽʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, ʝʣʝʢʪʨʦʦʧʽʨ ʧʦʚʠʥʝʥ 

ʟʥʠʞʫʚʘʪʠʩʷ. 

ɺʠʚʯʝʥʥʷ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ 

ʟʤʽʥ ʟʘ ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʩʪʘʣʝʡ ʪʘ ʽʥʰʠʭ ʩʧʣʘʚʽʚ.  

ɺʠʩʦʢʘ ʩʪʨʫʢʪʫʨʥʘ ʯʫʪʣʠʚʽʩʪʴ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʧʦʨʫ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʨʝʟʠʩʪʦʤʝʪʨʽʾ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʡʞʝ ʙʫʜʴ-ʷʢʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʤʝʪʘʣʝʚʠʭ 

ʩʧʣʘʚʽʚ. 

ʅʘʡʙʽʣʴʰʽ ʟʤʽʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʩʪʘʣʝʡ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʫʪʚʦʨʝʥʥ ̫ʤʘʨʪʝʥʩʠʪʫ ʪʘ ʡʦʛʦ ʨʦʟʧʘʜʫ ʧ̔ ʜ 

ʯʘʩ ʚʽʜʧʫʩʢʫ. 

ɽʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʤʘʨʪʝʥʩʠʪʫ ʚʠʱʠʡ, ʥʽʞ ʙʫʜʴ-ʷʢʦʾ 

ʽʥʰʦʾ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ. ɯʩʪʦʪʥʽ ʟʤʽʥʠ ʝʣʝʢʪʨʦʦʧʦʨʫ 
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ʩʧʦʩʪʝʨʛ̔ʘʶʪʴʩʷ ʽ ʟʘ ʨʦʟʧʘʜʫ ʧʝʨʝʦʭʦʣʦʜʞʝʥʦʛʦ ʘʫʩʪʝʥʽʪʫ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨ.  

ɺʽʜʦʤʽ ʝʤʧʽʨʠʯʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʩʪʘʣʽ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʾʾ ʭʽʤʯ̔ʥʦʛʦ ʩʢʣʘʜʫ ʟʘ ʩʪʨʫʢʪʫʨʠ ʧʝʚʥʦʛʦ ʪʠʧʫ. ɺʥʘʩʣʽʜʦʢ 

ʩʪʨʫʢʪʫʨʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʮʽ 

ʩʧʽʚʚʽʜʥʦh ʝʥʥʷ ʻ ʥʘʙʣʠʞʝʥʠʤʠ ʪʽʻʶ ʯʠ ʽʥʰʦʶ ʤʽʨʦʶ. 

ʉʪʨʫʢʪʫʨʥʘ ʯʫʪʣʠʚʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʥʝ 

ʜʦʟʚʦʣʷʻ, ʟʘ ʨʽʜʢʽʩʥʠʤʠ ʚʠʥʷʪʢʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʦʧʦʨʫ ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʦʙô̒ʤʥʠʭ ʯʘʩʪʦʢ ʬʘʟ ʘʙʦ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ. ʆʜʥʘʢ 

ʤʦʤʝʥʪʠ ʧʦʯʘʪʢʫ ʪʘ ʢʽʥʮʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʨʝʟʠʩʪʦʤʝʪʨʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟ ʜʦʩʪʘʪʥʴʦʶ 

ʪʦʯʥʩ̔ʪʶ. 

 

3.3 ɽʬʝʢʪʠ ʧ̔ ʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥΎ  
ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ 
3.3.1 ɽʬʝʢʪ ʍʦʣʣʘ ʪʘ ʧʦʷʩʥʝʥʥʷ ʡʦʛʦ  

ʚʠʥʠʢʥʝʥʥʷ 
 

ɽʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʫ ʤʝʪʘʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʝʣʝʢʪʨʦʥʘʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʦʙʦʣʦʥʢʘʭ ʘʪʦʤʘ; ʮʽ ʝʣʝʢʪʨʦʥʠ ʜʦ ʧʝʚʥʦʾ ʤʽʨʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʟʥʘʥʽ ʚʣ̔ʴʥʠʤʠ. ʉʪʨʫʤ ʩʪʚʦʨʶʻʪʴʩʷ ʝʣʝʢʪʨʦʥʘʤʠ, ʱʦ 

ʨʫʭʘʶʪʴʩʷ ʤʽʞ ʽʦʥʘʤʠ, ʱʦ ʫʪʚʦʨʶʪʁ ɹʢʨʠʩʪʘʣʽʯʥʫ ˇʨʘʪʢʫ 

ʤʝʪʘʣʫ. ɼʦʢʘʟʦʤ ʪʦʛʦ, ʱʦ ʥʦʩʽʷʤʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʻ 

ʝʣʝʢʪʨʦʥʠ,  ̒ʝʬʝʢʪ ʍʦʣʣʘ. 

ʋ ʧʣʘʩʪʠʥʮʽ ʪʦʚʱʠʥʦʶ d ʽ ʰʠʨʠʥʦʶ b (ʨʠʩ. 3.22) ʟʘ 

ʧʨʦʧʫʱʝʥʥ ̫ʩʪʨʫʤʫ I ʫʟʜʦʚʞ ʦʩʽ X ʽ ʚʚʽʤʢʥʝʥʥʽ ʧʦʣʷ ʅ ʫ 

ʥʘʧʨʷʤʢʫ Z ʚʠʥʠʢʘʻ (ʚʟʜʦʚʞ ʦʩʽ ʫ) ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ɽ 

ʤʽʞ ʪʦʯʢʘʤʠ ɸ ʽ ɺ. ʅʘʡʧʨʦʩʪʽʰʝ ʧʦʷʩʥʝʥʥʷ ʮʦɹʛʦ ʷʚʠʱʘ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʩʧʨʷʤʦʚʘʥʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʨʫʭʫ ʝʣʝʢʪʨʦʥʽʚ, ʧʦʚʠʥʥʝ ʚʽʜʭʠʣʷʪʠ ʾʭ, 

ʥʘʙʣʠʞʘʶʯʠ ʜʦ ʦʜʥʽʻʾ ʟ ̔ʩʪʦʨʽʥ ʧʣʘʩʪʠʥʢʠ. 
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ʈʠʩʫʥʦʢ 3.22 ï ʉʭʝʤʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʚʠʷʚʣʝʥʥʷ  

ʝʬʝʢʪʫ ʍʦʣʣʘ 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʷ ʩʪʦʨʦʥʘ ʟʘʨʷʜʞʘʪ̒ʴʩʷ ʥʝʛʘʪʠʚʥʦ, ʘ 

ʧʨʦʪʠʣʝʞʥʘ ï ʧʦʟʠʪʠʚʥʦ, ʽ ʤʽʞ ʥʠʤʠ ʚʠʥʠʢʘʻ ʨʽʟʥʠʮʷ 

ʧʦʪʝʥʮʘ̔ʣʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ (3.19ï3.20), ʱʦ 

d

HI
E c= ,                                    (3.19) 

ʘʙʦ                                E = ɢ Ā H Ā j Ā b,                               (3.20) 

ʜʝ j ï ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ, ʘ ɢ ï ʩʪʘʣʘ ʍʦʣʣʘ, ʷʢʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

H ʽ I ʚ ʤʝʪʘʣʘʭ ʟ̔ ʥʦʨʤʘʣʴʥʠʤ ʝʬʝʢʪʦʤ ʍʦʣʣʘ ʽ ʤʘʻ ʟʚʠʯʘʡʥʦ 

ʚʽʜô̒ ʤʥʠʡ ʟʥʘʢ. 

ɯʟ ʮʠʭ ʜʘʥʠʭ ʚʠʧʣʠʚʘʻ, ʱʦ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʤʝʪʘʣʫ 

ʟʘ ʧʦʤʽʱʝʥʥ ̫ʡʦʛʦ ʚ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʧʦʚʠʥʝʥ ʟʤʽʥʶʚʘʪʠʩʷ. 

ʋʧʝʨʰʝ ʜʣʷ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʪʘʢʠʡ ʛʘʣʴʚʘʥʦʤʘʛʥʽʪʥʠʡ ʝʬʝʢʪ 

ʙʫʚ ʚʠʷʚʣʝʥʠʡ ɺ. ʊʦʤʩʦʥʦʤ ʱʝ ʚ 1856 ʨ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʥʝʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʝʪʘʣʽʚ (ʟʘ 

ʚʠʥʷʪʢʦʤ ʪʝʣʫʨʫ) ʟʤʽʥʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ȹr/r ʟʘʚʞʜʠ 

ʧʦʟʠʪʠʚʥʘ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʻ ʥʘʢʣʘʜʝʥʝ ʧʦʣʝ 

ʧʦʟʜʦʚʞʥʽʤ ʘʙʦ ʧʦʧʝʨʝʯʥʠʤ ʱʦʜʦ ʥʘʧʨʷʤʢʫ ʩʪʨʫʤʫ. 

ɺʝʣʠʯʠʥʘ ȹr/r ʟʨʦʩʪʘʻ ʧʨʦʧʦʨʮʽʡʥʦ H
2
, ʜʝ H ï ʥʘʧʨʫʞʝʥʽʩʪʴ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʋ ʜʫʞʝ ʩʠʣʴʥʠʭ ʧʦʣʷʭ (ʧʦʨʷʜʢʫ 10
4
ï10

5 

ɽʨʩʪʝʜ) ȹr/r ʟʨʦʩʪʘʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ H. ɿʛʽʜʥʦ ʟ 

ʚʠʩʣʦʚʣʝʥʠʤʠ ʧʨʠʧʫʱʝʥʥʷʤʠ ȹr/r ʽʜʝʘʣʴʥʠʭ ʤʝʪʘʣʽʚ, 

ʘʙʩʦʣʶʪʥʦ ʯʠʩʪʠʭ ʽ ʟʥʝʤʽʮʥʝʥʠʭ, ʧʦʚʠʥʥʘ ʣʽʥʽʡʥʦ ʟʘʣʝʞʘʪʠ 

ʚʽʜ H ʥʘʚʽʪʴ ʫ ʥʘʡʙʽʣʴʰ ʩʣʘʙʢʠʭ ʧʦʣʷʭ. ɿʤʽʥʘ ʝʣʝʢʪʨʠʯʥʦʛʦ 
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ʦʧʦʨʫ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʘʢʦʞ ʽ ʜʣʷ ʨʽʜʢʠʭ 

ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ, ʟʦʢʨʝʤʘ ʜʣʷ ʩʧʣʘʚʽʚ ʥʘʪʨʽʡ-ʢʘʣʽʡ. 

ɼʣʷ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ, ʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʤʘʛʥʽʪʥʫ 

ʘʥʽʟʦʪʨʦʧʽʶ, ʚ ʧʦʣʷʭ ʪʝʭʥʽʯʥʦʛʦ ʥʘʤʘʛʥʽʯʝʥʥʷ (ʟʘ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥ ̫ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʥʘʩʠʯʝʥʥʷ Is,) ȹr/r > 0, ʷʢʱʦ 

ʧʦʣʝ ʽ ʩʪʨʫʤ ʧʘʨʘʣʝʣʴʥʽ, ʽ ȹr/r < 0, ʷʢʱʦ ʚʦʥʠ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ. 

ɽʬʝʢʪ ʍʦʣʣʘ ʚʽʜʢʨʠʚ ʫ 1879 ʨʦʮʽ ʘʤʝʨʠʢʘʥʩʴʢʠʡ 

ʬ̔ʟʠʢ ɽ. ʍʦʣʣ (1855ï1938), ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʚʠʥʠʢʥʝʥʥʷ ʚ 

ʧʨʦʚʽʜʥʠʢʫ ʽʟ ʩʪʨʫʤʦʤ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ 

ʥʘʧʨʷʤʫ ʩʪʨʫʤʫ ʪʘ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʇʨʠʯʠʥʦʶ 

ʚʠʥʠʢʥʝʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ ʻ ʚʽʜʭʠʣʝʥʥʷ ʨʫʭʫ ʟʘʨʷʜʞʝʥʠʭ 

ʯʘʩʪʠʥʦʢ (ʝʣʝʢʪʨʦʥʽʚ, ʜʽʨʦʢ) ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʃʦʨʝʥʮʘ ʚʽʜ 

ʧʨʷʤʦʣʥ̔ʽʡʥʦʾ ʪʨʘʻʢʪʦʨʽʾ (ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʥʘ ʨʠʩ. 3.23).  

 
ʈʠʩʫʥʦʢ 3.23 ï ʉʭʝʤʘ ʜʦ ʧʦʷʩʥʝʥʥʷ ʝʬʝʢʪʫ ʍʦʣʣʘ 

ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʽʣʴʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ ʚʽʜʭʠʣʷʶʪʴʩʷ ʜʦ 

ʦʜʥʽʻʾ ʟ ʙʽʯʥʠʭ ʛʨʘʥʝʡ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʥʘʧʨʷʤʦʢ 

ʩʠʣʠ ʃʦʨʝʥʮʘ, ʷʢʘ ʜʽʻ ʽ ʥʘ ʝʣʝʢʪʨʦʥʠ, ʽ ʥʘ ʜʽʨʢʠ ʦʜʥʘʢʦʚʠʡ 

(ʚʽʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʘʚʠʣʦʤ ʣʽʚʦʾ ʨʫʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʥʘʧʨʷʤʢʫ ʩʪʨʫʤʫ ʡ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ), ʜʦ ʦʜʥʽʻʾ ʟ 

ʛʨʘʥʝʡ ʚʽʜʭʠʣʷʻʪʴʩʷ ʙʽʣʴʰʝ ʪʠʭ ʥʦʩʽʾʚ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʠʭ 

ʙ̔ʣʴʰʘ. ʅʘ ʨʠʩʫʥʢʫ 3.23 ʧʦʢʘʟʘʥʠʡ ʚʠʧʘʜʦʢ ʜʦʥʦʨʥʦʛʦ            

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʟʘʨʷʜʽʚ, ʚʠʥʠʢʘʻ ʧʦʧʝʨʝʯʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʥʘʧʨʫʞʝʥʽʩʪʶ 
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ɽʭ, ʷʢʝ ʧʝʨʝʰʢʦʜʞʘʻ ʧʦʜʘʣʴʰʦʤʫ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʟʘʨʷʜʽʚ. 

ɼʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ ʥʘʩʪʘʻ ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʩʠʣʠ ʃʦʨʝʥʮʘ  

Fʣ = q Ὴ V Ὴ B ʩʠʣʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ Fʝʣ = q Ὴ Eʭ    (q ï ʟʘʨʷʜ 

ʥʦʩʽʾʚ ʩʪʨʫʤʫ; V ï ʾʭʥʷ ʜʨʝʡʬʦʚʘ ʰʚʠʜʢʽʩʪʴ).  

ʋʨʘʭʦʚʫʶʯʠ,  ʱʦ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ   j = q Ὴ V Ὴ n,  ʽ ʚʚʘʞʘʶʯʠ 

ʭʦʣʣʽʚʩʴʢʝ ʧʦʣʝ ɽʭ ʦʜʥʦʨʽʜʥʠʤ, ʪʦʙʪʦ ʭʦʣʣʽʚʩʴʢʘ ʥʘʧʨʫʛʘ 

Uʭ = ɽʭ Ὴ b, ʦʜʝʨʞʫʻʤʦ 
 

 

(3.21) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʢ ʭʦʣʽʚʩʴʢʦʾ ʥʘʧʨʫʛʠ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʥʘʢʘ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʘ ʾʾ ʚʝʣʠʯʠʥʘ ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʾʭʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ n. ʊʦʤʫ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ 

ʭʦʣʣʽʚʩʴʢʘ ʥʘʧʨʫʛʘ ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʙʽʣʴʰʘ, ʥʽʞ ʫ 

ʤʝʪʘʣʘʭ ʽ ʜʦʩʷʛʘʻ ʜʝʩʷʪʢʽʚ ʤʽʣʽʚʦʣʴʪ. 

ɺʽʟʴʤʝʤʦ ʙʣʦʢ ʤʝʪʘʣʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ ʜʣʷ 

ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ (ʨʠʩ. 3.24).  

 

 

 

ʈʠʩʫʥʦʢ 3.24 ï ʉʭʝʤʘ  

ʚʠʥʠʢʥʝʥʥʷ ʝʬʝʢʪʫ ʍʦʣʣʘ 

ʇʽʩʣʷ ʧʦʜʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʥʴʦʛʦ ʩʪʨʫʤ çIè ʧʦʯʠʥʘʻ 

ʧʨʦʭʦʜʠʪʠ  ʟʣʽʚʘ ʥʘʧʨʘʚʦ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚʟʜʦʚʞ 

ʥʘʧʨʷʤʢʫ x. ʈʦʟʤʽʫɦʻʤʦ ʤʝʪʘʣʝʚʠʡ ʙʣʦʢ ʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ 

ʱʽʣɹʥʦʩʪʽ çɺè. ʅʘʧʨʷʤʦʢ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚʟʜʦʚʞ ʦʩʽ y. 

ʊʝʧʝʨ ʟʘ ʣʽʚʠʤ ʧʨʘʚʠʣʦʤ ʌʣʝʤʽʥʛʘ ʥʦʩʽʾ ʟʘʨʷʜʫ ʙʫʜʫʪʴ 

ʚʽʜʯʫʚʘʪʠ ʩʠʣʫ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʦʭ ʥʘʧʨʷʤʢʽʚ ʩʪʨʫʤʫ ʽ 

ʥʘʧʨʷʤʢʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɿʛʽʜʥʦ ʟ ʧʨʘʚʠʣʦʤ ʌʣʝʤʽʥʛʘ 

ʝʣʝʢʪʨʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜʭʠʣʷʶʪʴʩʷ ʜʦ ʜʥʘ ʙʣʦʢʘ. ʋ 
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ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʫʜʝʪʴʩʷ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʙʣʦʢʘ. ʆʪʞʝ, ʧʦʧʝʨʝʢ ʙʣʦʢʘ ʚʟʜʦʚʞ 

ʦʩʽ z ʟô̫ ʚʣʷʻʪʴʩʷ ʥʝʚʝʣʠʢʘ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ. ɽʣʝʢʪʨʠʯʥʝ 

ʧʦʣʝ, ʩʪʚʦʨʝʥʝ ʟʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʟʩʫʚʫ ʝʣʝʢʪʨʦʥʽʚ, ʪʘʢʦʞ 

ʚʠʩʪʫʧʘʻ ʧʨʦʪʠ ʟʩʫʚʫ ʝʣʝʢʪʨʦʥʽʚ ʫ ʙʽʢ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʝʚʦʛʦ 

ʙʣʦʢʘ. ʆʪʞʝ, ʥʘ ʥʦʩʽʾ ʟʘʨʷʜʫ ʤʦʞʫʪʴ ʜʽʷʪʠ ʜʚʽ ʩʠʣʠ: 

ï ʩʠʣʘ, ʦʙʫʤʦʚʣʝʥʘ ʝʬʝʢʪʦʤ ʍʦʣʣʘ; 

ï ʩʠʣʘ, ʦʙʫʤʦʚʣʝʥʘ ʩʪʚʦʨʝʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ. 

ʎʽ ʩʠʣʠ ʧʨʦʪʠʣʝʞʥʽ ʦʜʠʥ ʦʜʥʦʤʫ. ʇʽʩʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʚʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʦʙʫʤʦʚʣʝʥʦʛʦ 

ʝʬʝʢʪʦʤ ʍʦʣʣʘ, ʩʠʩʪʝʤʘ ʩʪʘʻ ʚ ʨʽʚʥʦʚʘʟʽ.  

 

3.3.2 ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʬʝʢʪʫ ʍʦʣʣʘ 
 

1 ʎʝʡ ʝʬʝʢʪ ʧʦʢʣʘʜʝʥʠʡ ʚ ʦʩʥʦʚʫ ʨʦʙʦʪʠ 

ʤʘʛʥʝʪʦʤʝʪʨʽʚ ï ʧʨʠʣʘʜʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʜʫʢʮʽʾ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʌʦʨʤʫʣʘ (3.21) ʧʦʢʘʟʫʻ, ʱʦ Uʭ ~ ɺ, ʪʦʙʪʦ 

ʰʢʘʣʫ ʤʽʣʽʚʦʣʴʪʤʝʪʨʘ ʤʦʞʥʘ ʧʨʦʛʨʘʜʫʶʚʘʪʠ ʚ ʦʜʠʥʠʮʷʭ 

ʽʥʜʫʢʮʽʾ (ʊʣ). 

2 ɺʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʪʘ ʾʭ 

ʨʫʭʣʠʚʦʩʪʽ ɛ. ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ  j = I/(bd). ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʮʴʦʛʦ ʽʟ (3.21) ʦʜʝʨʞʫʻʤʦ 

.
xx Udq
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=                          (3.22) 

ɿʥʘʶʯʠ ʪʦʚʱʠʥʫ d ʜʘʪʯʠʢʘ ʍʦʣʣʘ, ʩʪʨʫʤ I ʪʘ 

ʽʥʜʫʢʮʽʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ɺ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ n, ʚʠʤʽʨʶʶʯʠ ʭʦʣʣʽʚʩʴʢʫ ʥʘʧʨʫʛʫ Uʭ . ɼʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʦ ʚʠʤʽʨʶʚʘʪʠ 

ʦʧʽʨ R ʟʨʘʟʢʘ ï ʜʘʪʯʠʢʘ ʍʦʣʣʘ ʪʘ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ: 

ʜʦʚʞʠʥʫ ʘ ʽ ʰʠʨʠʥʫ b. ɼʣʷ ʧʨʷʤʦʢʫʪʥʦʛʦ ʟʨʘʟʢʘ, 

ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩʫʥʢʫ 3.23, 
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3 ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ, 

ʥʘʧʨʠʢʣʘʜ 1 000 ɸ, ʧʨʠʯʦʤʫ ʙʝʟʢʦʥʪʘʢʪʥʠʤ ʩʧʦʩʦʙʦʤ. ɺ 

ʦʩʥʦʚʫ ʤʝʪʦʜʫ ʧʦʢʣʘʜʝʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ 

ʫʪʚʦʨʶʚʘʪʠ ʤʘʛʥʽʪʥʝ ʧʦʣʝ. ʌʘʢʪʠʯʥʦ ʚʠʤʽʨʶʻʪʴʩʷ ʽʥʜʫʢʮʽʷ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʷʢʘ ʧʦʪʽʤ ʧʝʨʝʨʘʭʦʚʫʻʪʴʩʷ ʚ ʩʪʨʫʤ, ʱʦ 

ʡʦʛʦ ʫʪʚʦʨʶʻ. 

4 ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʽʚ. ʗʢʱʦ ʤʘʛʥʽʪʥʝ ʧʦʣʝ 

ʫʪʚʦʨʶʻ ʧʝʚʥʠʡ ʢʫʪ ʟ̔ ʥʘʧʨʷʤʢʦʤ ʩʪʨʫʤʫ, ʪʦ ʭʦʣʣʽʚʩʴʢʘ 

ʥʘʧʨʫʛʘ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʮʴʦʛʦ ʢʫʪʘ, ʪʦʙʪʦ ʚʠʟʥʘʯʘʪʠʩʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ ʜʦ ʩʪʨʫʤʫ ʩʢʣʘʜʦʚʦʶ ʽʥʜʫʢʮʽʾ (ʜʠʚ. 

ʬʦʨʤʫʣʫ (3.21)). ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʠ ʢʫʪʽʚ ʧʨʠʚʝʩʪʠ 

ʜʦ ʚʠʤʨ̔ʶʚʘʥʴ ʥʘʧʨʫʛʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʩʠʩʪʝʤʘʭ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. 

5 ʍʦʣʣʽʚʩʴʢʽ ʤʽʢʨʦʬʦʥʠ ʜʽʶʪʴ ʟʘ ʪʘʢʠʤ ʩʘʤʠʤ 

ʧʨʠʥʮʠʧʦʤ. ɼʘʪʯʠʢ ʢʦʣʠʚʘʻʪʴʩʷ ʨʘʟʦʤ ʽʟ ʤʝʤʙʨʘʥʦʶ. 

ʏʘʩʪʦʪʘ ʽ ʘʤʧʣʽʪʫʜʘ ʭʦʣʣʽʚʩʴʢʦʾ ʥʘʧʨʫʛʠ ʟʤʽʥʶʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʟ ʢʦʣʠʚʘʥʥʷʤʠ ʤʝʤʙʨʘʥʠ. 

6 ɿʘʭʠʩʥʽ ʚʠʤʠʢʘʯʽ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʚʽʜ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ. ɼʘʪʯʠʢ ʍʦʣʣʘ ʧʦʤʽʱʫʻʪʴʩʷ ʚ ʤʘʛʥʽʪʥʝ ʧʦʣʝ 

ʣʽʥʽʾ ʞʠʚʣʝʥʥʷ ʫʩʪʘʥʦʚʢʠ. ɿʘ ʧʝʨʝʚʘʥʪʘʞʝʥ ɹ ʩʪʨʫʤ 

ʞʠʚʣʝʥʥʷ, ʘ ʨʘʟʦʤ ̔ʟ ʥʠʤ ʽʥʜʫʢʮʽʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽ 

ʭʦʣʣʽʚʩʴʢʘ ʥʘʧʨʫʛʘ ʨʽʟʢʦ ʟʨʦʩʪʘʶʪʴ. ʂʦʣʠ ʭʦʣʣʽʚʩʴʢʘ 

ʥʘʧʨʫʛʘ ʧʝʨʝʚʠʱʫʻ ʧʝʚʥʫ ʤʝʞʫ, ʩʧʨʘʮʴʦʚʫʻ ʝʣʝʢʪʨʦʥʥʘ 

ʩʠʩʪʝʤʘ, ʽ ʫʩʪʘʥʦʚʢʘ ʟʥʝʩʪʨʫʤʣʶʻʪʴʩʷ. 
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7 ʋ ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ 

ʟʘʧʘʣʚʁʘʥʥʷ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ. ɼʽʘʤʘʛʥʽʪʥʘ 

ʧʣʘʩʪʠʥʘ (ʟʘʟʚʠʯʘʡ ʤʽʜʥʘ) ʦʙʝʨʪʘʻʪʴʩʷ ʩʠʥʭʨʦʥʥʦ ʟ 

ʢʦʣʽʥʯʘʪʠʤ ʚʘʣʦʤ. ʇʣʘʩʪʠʥʘ ʝʢʨʘʥʫʻ ʜʘʪʯʠʢ ʍʦʣʣʘ ʚʽʜ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʍʦʣʣʽʚʩʴʢʘ  ʝ. ʨ. ʩ. ʥʝ ʚʠʥʠʢʘʻ. ʋ ʧʣʘʩʪʠʥʽ 

ʟʨʦʙʣʝʥʽ ʦʪʚʦʨʠ, ʯʝʨʝʟ ʷʢʽ ʚ ʧʝʚʥʽ ʤʦʤʝʥʪʠ ʜʘʪʯʠʢ ʟʘʟʥʘʻ ʜʽʾ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʋ ʮʽ ʤʦʤʝʥʪʠ ʚʠʥʠʢʘʻ ʽʤʧʫʣʴʩ ʭʦʣʣʽʚʩʴʢʦʾ 

ʥʘʧʨʫʛʠ, ʷʢʠʡ ʫ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʝʣʝʢʪʨʦʥʥʦʶ ʩʠʩʪʝʤʦʶ ʜʣʷ ʧʦʜʘʥʥʷ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʥʘ 

ʩʚʽʯʢʫ ʟʘʧʘʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʮʠʣʽʥʜʨʘ. 

8 ɽʬʝʢʪ ʍʦʣʣʘ ï ʮʝ ʜʫʞʝ ʢʦʨʠʩʥʝ ʷʚʠʱʝ ʽ ʜʦʧʦʤʘʛʘʻ 

ʚʠʟʥʘʯʪʝ ʪʠʧ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʪʦʙʪʦ ʪʠʧ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʝʣʝʢʪʨʦʥʥʠʡ ʘʙʦ ʜʽʨʢʦʚʠʡ ʫ ʤʝʪʘʣʽ ʘʙʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ, ʱʦ 

ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ɿʥʘʶʯʠ ʥʘʧʨʷʤʦʢ ʥʘʧʨʫʛʠ, ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ, ʱʦ ʜʘʥʠʡ ʟʨʘʟʦʢ ʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ n-ʪʠʧʫ ʘʙʦ 

ʨ-ʪʠʧʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʍʦʣʣʘ ʻ 

ʥʝʛʘʪʠʚʥʠʤ ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ n-ʪʠʧʫ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʪʦʡ 

ʩʘʤʠʡ ʧʦʟʠʪʠʚʥʠʡ ʫ ʚʠʧʘʜʢʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ p-ʪʠʧʫ. 

9 ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʻ ʙʘʛʘʪʦ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʠʭ 

ʪʠʧʽʚ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʝʬʝʢʪʫ 

ʍʦʣʣʘ, ʚʢʣʶʯʘʶʯʠ ʜʘʪʯʠʢʠ ʍʦʣʣʘ-ʝʬʝʢʪʫ ʽ ʟʦʥʜʠ ʍʦʣʣʘ-

ʝʬʝʢʪʫ. 

ʅʘ ʦʩʥʦʚʽ ʝʬʝʢʪʫ ʍʦʣʣʘ ʬʫʥʢʮʽʦʥʫʶʪʴ ʩʝʥʩʦʨʠ 

ʍʦʣʣʘ: ʧʨʠʣʘʜʠ, ʱʦ ʚʠʤʽʨʶʶʪʴ ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ. ʉʝʥʩʦʨʠ ʍʦʣʣʘ ʥʘʙʫʣʠ ʧʦʰʠʨʝʥʥʷ ʫ ʙʝʟʢʦʣʝʢʪʦʨʥʠʭ, 

ʘʙʦ ʚʝʥʪʠʣʴʥʠʭ, ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʭ ʩʝʨʚʦʤʦʪʦʨʘʭ. ʉʝʥʩʦʨʠ 

ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʩʪʘʪʦʨʽ ʜʚʠʛʫʥʘ ʪʘ 

ʚʠʢʦʥʫʶʪʴ ʨʦʣɹ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ, ʱʦ ʨʝʘʣʽʟʫʻ 

ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ ʟ̔ ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ. ʅʘ ʦʩʥʦʚʽ ʝʬʝʢʪʫ 

ʍʦʣʣʘ ʧʨʘʮʶʶʪʴ ʜʝ̫ ʢʽ ʚʠʜʠ ʽʦʥʥʠʭ ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ. 

ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʚʠʭʽʜʥʠʡ ʝʬʝʢʪ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʦʙʫʪʢʦʤ ʜʚʦʭ ʚʝʣʠʯʠʥ (ʅ ʪʘ I), ʜʘʪʯʠʢʠ ʍʦʣʣʘ ʤʘʶʪʴ ʜʫʞʝ 

ʠhʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɹʝʟʢʦʥʪʘʢʪʥʽ ʢʣʘʚʽʰʥʽ ʧʝʨʝʤʠʢʘʯʽ ʥʘ 
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ʦʩʥʦʚʽ ʝʬʝʢʪʫ ʍʦʣʣʘ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ (ʨʠʩ. 3.25) ʪʘʤ ʜʦʩʠʪʴ 

ʠhʨʦʢʦ ʚʞʝ ʟ ʧʦʯʘʪʢʫ 70-ʭ ʨʦʢʽʚ ʍʍ ʩʪ.  

 
ʈʠʩʫʥʦʢ 3.25 ï ɹʝʟʢʦʥʪʘʢʪʥʽ ʢʣʘʚʽʰʥʽ ʧʝʨʝʤʠʢʘʯʽ 

ʥʘ ʦʩʥʦʚʽ ʝʬʝʢʪʫ ʍʦʣʣʘ 

 

ʇʝʨʝʚʘʛʠ ʮʴʦʛʦ ʧʝʨʝʤʠʢʘʯʘ ï ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ ʪʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʤʘʣʽ ʛʘʙʘʨʠʪʠ, ʘ ʥʝʜʦʣʽʢʠ ï ʧʦʩʪʽʡʥʝ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ. 

 

ʇʨʠʥʮʠʧ ʜʽʾ ʛʝʥʝʨʘʪʦʨʘ ʍʦʣʣʘ 

ɼʘʪʯʠʢ ʍʦʣʣʘ ʤʘʻ ʱʽʣʠʥʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. ɿ ʦʜʥʦʛʦ 

ʙʦʢʫ ʱʽʣʠʥʠ ʨʦʟʤʽʱʝʥʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʷʢʠʤ ʟʘ 

ʚʚʽʤʢʥʝʥʦʛʦ ʟʘʧʘʣʝʥʥʷ ʧʨʦʭʦʜʠʪʴ ʩʪʨʫʤ, ʟ ʽʥʰʦʛʦ ï 

ʧʦʩʪʽʡʥʠʡ ʤʘʛʥʽʪ. 

ʋ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʥʘ ʝʣʝʢʪʨʦʥʠ, ʱʦ ʨʫʭʘʶʪʴʩʷ, 

ʚʧʣʠʚʘʻ ʩʠʣʘ. ɺʝʢʪʦʨ ʩʠʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʜʦ ʥʘʧʨʷʤʫ 

ʷʢ ʤʘʛʥʽʪʥʦʾ, ʪʘʢ ʽ ʝʣʝʢʪʨʠʯʥʦʾ ʩʢʣʘʜʦʚʠʭ ʧʦʣʷ. 

ʗʢʱʦ ʚʥʝʩʪʠ ʚ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʟ ʽʥʜʫʢʮʽʻʶ 

ʥʘʧʽʚʧʨʦʚʜ̔ʥʠʢʦʚʫ ʧʣʘʩʪʠʥʢʫ (ʥʘʧʨʠʢʣʘʜ, ʟ ʘʨʩʝʥʽʜʫ ʽʥʜʽ ʁ

ʘʙʦ ʘʥʪʠʤʦʥʽʜʫ ʽʥʜʽ)ʁ, ʯʝʨʝʟ ʷʢʫ ʧʨʦʭʦʜʠʪʴ ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʪʨʫʤ, ʪʦ ʥʘ ʙʽʯʥʠʭ ʩʪʦʨʦʥʘʭ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʥʘʧʨʷʤʢʫ ʩʪʨʫʤʫ, ʚʠʥʠʢʘʻ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ. ʅʘʧʨʫʛʘ 

ʍʦʣʣʘ (ɽʈʉ ʍʦʣʣʘ) ʧʨʦʧʦʨʮʽʡʥʘ ʩʪʨʫʤʫ ʪʘ ʤʘʛʥʽʪʥʽʡ 

ʥ̔ʜʫʢʮʽʾ. 

ʄʽʞ ʧʣʘʩʪʠʥʢʦʶ ʪʘ ʤʘʛʥʽʪʦʤ ʻ ʟʘʟʦʨ. ʋ ʧʨʦʤʽʞʢʫ 

ʜʘʪʯʠʢʘ ʤʽʩʪʠʪʴʩʷ ʩʪʘʣʝʚʠʡ ʝʢʨʘʥ. ʂʦʣʠ ʚ ʟʘʟʦʨʽ ʥʝʤʘʻ 
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ʝʢʨʘʥʘ, ʪʦ ʥʘ ʧʣʘʩʪʠʥʢʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʜʽʻ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʽ 

ʟ ʥʝʾ ʟʥʽʤʘʻʪʴʩʷ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ. ʗʢʱʦ ʞ ʫ ʟʘʟʦʨʽ 

ʤʩ̔ʪʠʪʴʩʷ ʝʢʨʘʥ, ʪʦ ʤʘʛʥʽʪʥʽ ʩʠʣʦʚʽ ʣʽʥʽʾ ʟʘʤʠʢʘʶʪʴʩʷ ʯʝʨʝʟ 

ʝʢʨʘʥ ʽ ʥʘ ʧʣʘʩʪʠʥʢʫ ʥʝ ʜʽʻ, ʫ ʮʴʦʤʫ ʨʘʟʽ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ 

ʥʘ ʧʣʘʩʪʠʥʮʽ ʥʝ ʚʠʥʠʢʘʻ. 

ɯʥʪʝʛʨʘʣʴʥʘ ʤʽʢʨʦʩʭʝʤʘ ʧʝʨʝʪʚʦʨʶʻ ʨʽʟʥʠʮʶ 

ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʣʘʩʪʠʥʮʽ, ʥʘ ʥʝʛʘʪʠʚʥʽ 

ʽʤʧʫʣʩɹʠ ʥʘʧʨʫʛʠ ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ ʥʘ ʚʠʭʦʜʽ ʜʘʪʯʠʢʘ. ʂʦʣʠ 

ʝʢʨʘʥ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʟʦʨʽ ʜʘʪʯʠʢʘ, ʪʦ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ ʙʫʜʝ 

ʥʘʧʨʫʛʘ, ʷʢʱʦ ʞ ʫ ʟʘʟʦʨʽ ʜʘʪʯʠʢʘ ʝʢʨʘʥʘ ʥʝʤʘʻ, ʪʦ ʥʘʧʨʫʛʘ 

ʥʘ ʚʠʭʦʜʽ ʜʘʪʯʠʢʘ ʙʣʠʟʴʢʘ ʜʦ ʥʫʣʷ (ʨʠʩ. 3.26). 

 
 

ʈʠʩʫʥʦʢ 3.26 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʽ  

ʝʬʝʢʪʫ ʍʦʣʣʘ 

 

3.3.3 ʈʽʟʥʦʚʠʜʠ ʝʬʝʢʪʽʚ ʍʦʣʣʘ 
 

ɯʩʥʫʶʪʴ ʨʽʟʥʦʚʠʜʠ ʝʬʝʢʪʽʚ ʍʦʣʣʘ, ʦʧʠʩ ʷʢʠʭ 

ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. 

ɸʥʦʤʘʣʴʥʠʡ ʝʬʝʢʪ ʍʦʣʣʘ. ɺʠʧʘʜʦʢ ʧʦʷʚʠ ʥʘʧʨʫʛʠ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʫ ʟʨʘʟʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʜʦ ʥʘʧʨʷʤʢʫ 

ʩʪʨʫʤʫ, ʷʢʠʡ ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʯʝʨʝʟ ʟʨʘʟʦʢ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʩɹʷ ʧʽʜ ʯʘʩ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʪ̔ʥʦʛʦ ʧʦʣʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʘʥʦʤʘʣʴʥʠʤ 

ʝʬʝʢʪʦʤ ʍʦʣʣʘ. ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʘʥʦʤʘʣʴʥʦʛʦ ʝʬʝʢʪʫ ʍʦʣʣʘ ʻ ʧʦʨʫʰʝʥʥʷ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ 

ʱʦʜʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʫ ʚ ʩʠʩʪʝʤʽ. ʅʘʧʨʠʢʣʘʜ, ʘʥʦʤʘʣʴʥʠʡ 
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ʝʬʝʢʪ ʍʦʣʣʘ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʫ ʟʨʘʟʢʘʭ ʟ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʶ. 

ʂʚʘʥʪʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ. ʋ ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ 

ʫ ʧʣʦʩʢʦʤʫ ʧʨʦʚʽʜʥʠʢʫ, ʪʦʙʪʦ ʫ ʢʚʘʟʽʜʚʦʚʠʤʽʨʥʦʤʫ 

ʝʣʝʢʪʨʦʥʥʦʤʫ ʛʘʟʽ ʚ ʩʠʩʪʝʤʽ ʧʦʯʠʥʘʶʪʴ ʧʨʦʷʚʣʷʪʠʩʷ 

ʢʚʘʥʪʦʚʽ ʝʬʝʢʪʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʢʚʘʥʪʦʚʦʛʦ ʝʬʝʢʪʘ 

ʍʦʣʣʘ: ʢʚʘʥʪʫʚʘʥʥʷ ʭʦʣʣʽʚʩʴʢʦʛʦ ʦʧʦʨʫ. ʋ ʱʝ ʩʠʣʴʥʽʰʠʭ 

ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ ʧʨʦʷʚʣʷʻʪʩɹʷ ʜʨʦʙʦʚʠʡ ʢʚʘʥʪʦʚʠʡ ʝʬʝʢʪ 

ʍʦʣʣʘ, ʧʦʚô̫ ʟʘʥʠʡ ʟ̔ ʢʘʨʜʠʥʘʣʴʥʦʶ ʧʝʨʝʙʫʜʦʚʦʶ 

ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʜʚʦʚʠʤʽʨʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʨʽʜʠʥʠ. 

ʉʧʽʥʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ. ʋ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʚ ʥʝʤʘʛʥʽʪʥʠʭ ʧʨʦʚʽʜʥʠʢʘʭ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ 

ʚʽʜʭʠʣʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʟ ʧʨʦʪʠʣʝʞʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʩʧʽʥʽʚ 

ʫ ʨ̔ʟʥʽ ʩʪʦʨʦʥʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʝʣʝʢʪʨʠʯʥʦʛʦ  ʧʦʣ̫. ʎʝ 

ʷʚʠʱʝ, ʱʦ ʦʜʝʨʞʘʣʦ ʥʘʟʚʫ ʩʧʽʥʦʚʦʛʦ ʝʬʝʢʪʫ ʍʦʣʣʘ, ʙʫʣʦ 

ʪʝʦʨʝʪʠʯʥʦ ʧʝʨʝʜʙʘʯʝʥʝ ɼʴʷʢʦʥʦʚʠʤ ʽ ʇʝʨʝʣʝʤ ʫ 1971 ʨ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʟʦʚʥʽʰʥʽʡ ʽ ʚʥʫʪʨʽʰʥʽʡ ʩʧʽʥʦʚʽ ʝʬʝʢʪʠ. ʇʝʨʰʠʡ 

ʟ̔ ʥʠʭ ʧʦʚôʷʟʘʥʠʡ ʟʽ ʩʧʽʥ-ʟʘʣʝʞʥʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ, ʘ ʜʨʫʛʠʡ 

ï ʟʽ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʦʶ ʚʟʘʻʤʦʜʽʻʶ. 

ɼʨʦʙʥʠʡ ʢʚʘʥʪʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ. ʇʨʦ ʝʬʝʢʪ ʍʦʣʣʘ 

ʥʘʧʠʩʘʥʦ ʙʘʛʘʪʦ, ʮʝʡ ʝʬʝʢʪ ʽʥʪʝʥʩʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʪʝʭʥʽʮʽ, ʘʣʝ ʚʯʝʥʽ ʧʨʦʜʦʚʞʫʶʪʴ ʡʦʛʦ ʜʦʩʣʽʜʞʫʚʘʪʠ. ʋ 

1980 ʨʦʮʽ ʥʽʤʝʮʴʢʠʡ ʬʽʟʠʢ ʂʣʘʫʩ ʬʦʥ ʂʣʽʪʮʫʥʛ ʚʠʚʯʘʚ 

ʨʦʙʦʪʫ ʝʬʝʢʪʫ ʍʦʣʣʘ ʟʘ ʥʘʜʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʋ ʪʦʥʢʽʡ 

ʧʣʘʩʪʠʥʮʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʬʦʥ ʂʣʽʪʮʫʥʛ ʧʣʘʚʥʦ ʟʤʽʥʶʚʘʚ 

ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʚʠʷʚʠʚ, ʱʦ ʦʧʽʨ ʍʦʣʣʘ 

ʟʤ̔ʥʶʻʪʴʩʷ ʥʝ ʧʣʘʚʥʦ, ʘ ʩʪʨʠʙʢʘʤʠ. ɺʝʣʠʯʠʥʘ ʩʪʨʠʙʢʘ ʥʝ 

ʟʘʣʝʞʘʣʘ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, ʘ ʙʫʣʘ ʢʦʤʙʽʥʘʮʽʻʶ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʢʦʥʩʪʘʥʪ, ʧʦʜʽʣʝʥʠʭ ʥʘ ʧʦʩʪʽʡʥʝ 

ʯʠʩʣʦ. ɺʠʭʦʜʠʣʦ, ʱʦ ʟʘʢʦʥʠ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ ʷʢʠʤʦʩʴ 

ʯʠʥʦʤ ʟʤʽʥʶʚʘʣʠ ʧʨʠʨʦʜʫ ʝʬʝʢʪʫ ʍʦʣʣʘ. ʎʝ ʙʫʣʦ ʥʘʟʚʘʥʦ 

ʽʥʪʝʛʨʘʣʴʥʠʤ ʢʚʘʥʪʦʚʠʤ ʝʬʝʢʪʦʤ ʍʦʣʣʘ. ɿʘ ʮʝ ʚʽʜʢʨʠʪʪʷ 

ʬʦʥ ʂʣʽʪʮʫʥʛ ʦʪʨʠʤʘʚ ʅʦʙʝʣʽʚʩʴʢʫ ʧʨʝʤʽʶ ʟ ʬʽʟʠʢʠ ʫ 

1985 ʨʦʮʽ. 
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ʏʝʨʝʟ ʜʚʘ ʨʦʢʠ ʧʽʩʣʷ ʚʽʜʢʨʠʪʪʷ ʬʦʥ ʂʣʽʪʮʫʥʛʘ ʚ 

ʣʘʙʦʨʘʪʦʨʽʾ ʢʦʤʧʘʥʽʾ Bell Telephone (ʪʦʾ ʩʘʤʦʾ, ʚ ʷʢʽʡ ʙʫʚ 

ʚʽʜʢʨʠʪʠʡ ʪʨʘʥʟʠʩʪʦʨ) ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʉʪʦʨʤʝʨ ʽ ʊʩʫ ʾ

ʚʠʚʯʘʣʠ ʢʚʘʥʪʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʢʣʶʯʥʦ 

ʯʠʩʪʠʡ ʟʨʘʟʦʢ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ, 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʫ ʮʽʡ ʩʘʤʽʡ ʣʘʙʦʨʘʪʦʨʽʾ. ɿʨʘʟʦʢ ʤʘʚ ʥʘʩʪʽʣʴʢʠ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʯʠʩʪʦʪʠ, ʱʦ ʝʣʝʢʪʨʦʥʠ ʧʨʦʭʦʜʠʣʠ ʡʦʛʦ ʟ 

ʢʽʥʮʷ ʚ ʢʽʥʝʮʴ, ʥʝ ʟʽhʪʦʚʭʫʶʯʠʩʴ ʽʟ ʧʝʨʝʰʢʦʜʘʤʠ. 

ɽʢʩʧʝʨʠʤʝʥʪ ʉʪʦʨʤʝʨʘ ʪʘ ʊʩʫ ʾʧʨʦʭʦʜʠʚ ʟʘ ʥʘʙʘʛʘʪʦ ʥʠʞʯʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʤʘʡʞʝ ʘʙʩʦʣʶʪʥʠʡ ʥʫʣʴ) ʽ ʟ ʧʦʪʫʞʥʽʰʠʤʠ 

ʤʘʛʥʽʪʥʠʤʠ ʧʦʣʷʤʠ, ʥʽʞ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʬʦʥ ʂʣʽʪʮʫʥʛʘ (ʫ 

ʤʽʣʴʡʦʥ ʨʘʟʽʚ ʙʽʣʴʰʝ, ʥʽʞ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ɿʝʤʣʽ). 

ʅʘ ʧʨʝʚʝʣʠʢʠʡ ʧʦʜʠʚ ʉʪʦʨʤʝʨ ʽ ʊʩʫ ʾ ʚʠʷʚʠʣʠ 

ʩʪʨʠʙʦʢ ʚ ʦʧʦʨʽ ʍʦʣʣʘ ʚʪʨʠʯʽ ʙʽʣʴʰʠʡ, ʥʽʞ ʫ ʬʦʥ ʂʣʽʪʮʫʥʛʘ. 

ʇʦʪʽʤ ʚʦʥʠ ʚʠʷʚʠʣʠ ʱʝ ʙʽʣʴʰʽ ʩʪʨʠʙʢʠ. ɺʠʭʦʜʠʣʘ ʪʘ ʩʘʤʘ 

ʢʦʤʙʽʥʘʮʽʷ ʬʽʟʠʯʥʠʭ ʧʦʩʪʽʡʥʠʭ, ʘʣʝ ʧʦʜʽʣʝʥʘ ʥʝ ʥʘ ʮʽʣʝ, ʘ ʥʘ 

ʜʨʦʙʦʚʝ ʯʠʩʣʦ. ɿʘʨʷʜ ʝʣʝʢʪʨʦʥʘ ʫ ʬʽʟʠʢʽʚ ʚʚʘʞʘʻʪʴʩʷ 

ʢʦʥʩʪʘʥʪʦʶ, ʱʦ ʥʝ ʜʽʣʠʪʴʩʷ ʥʘ ʯʘʩʪʠʥʠ. ʅʘ ʮʴʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽ ʭʽʙʘ ʱʦ ʙʨʘʣʠ ʫʯʘʩʪʴ ʯʘʩʪʠʥʢʠ ʟ ʜʨʦʙʦʚʠʤʠ 

ʟʘʨʷʜʘʤʠ. ɽʬʝʢʪ ʙʫʚ ʥʘʟʚʘʥʠʡ ʜʨʦʙʥʠʤ ʢʚʘʥʪʦʚʠʤ ʝʬʝʢʪʦʤ 

ʍʦʣʣʘ (ʨʠʩ. 3.27). 

 
ʈʠʩʫʥʦʢ 3.27 ï ʉʭʝʤʘ ʚʠʥʠʢʥʝʥʥʷ  

ʜʨʦʙʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʝʬʝʢʪʘ ʍʦʣʣʘ 

 

ʏʝʨʝʟ ʦʜʠʥ ʨʽʢ ʧʽʩʣʷ ʮʴʦʛʦ ʚʽʜʢʨʠʪʪʷ ʩʧʽʚʨʦʙʽʪʥʠʢ 

ʣʘʙʦʨʘʪʦʨʽʾ ʃʘʬʣʽʥ ʜʘʚ ʪʝʦʨʝʪʠʯʥʝ ʧʦʷʩʥʝʥʥʷ ʝʬʝʢʪʫ. ɺʽʥ 
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ʟʘʷʚʠʚ, ʱʦ ʢʦʤʙʽʥʘʮʽʷ ʥʘʜʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʧʦʪʫʞʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʤʫʰʫʻ ʝʣʝʢʪʨʦʥʠ ʫʪʚʦʨʶʚʘʪʠ 

ʩʪʠʩʣʠʚʫ ʢʚʘʥʪʦʚʫ ʨʽʜʠʥʫ. ɸʣʝ ʥʘ ʨʠʩʫʥʢʫ 3.27 ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʁ ʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʧʦʢʘʟʘʥʠʡ ʧʦʪʽʢ 

ʝʣʝʢʪʨʦʥʽʚ (ʢʫʣʽ), ʱʦ ʧʨʦʪʠʢʘʶʪʴ ʧʣʦʱʠʥʫ. ʅʝʨʽʚʥʦʩʪʽ 

ʧʣʦʱʠʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʦʟʧʦʜʽʣ ʟʘʨʷʜʫ ʦʜʥʦʛʦ ʟ 

ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʥʘʷʚʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʟʘʨʷʜʫ ʽʥʰʠʭ 

ʝʣʝʢʪʨʦʥʽʚ. ʗʢʱʦ ʝʣʝʢʪʨʦʥ ʜʦʜʘʻʪʴʩʷ ʜʦ ʢʚʘʥʪʦʚʦʾ ʨʽʜʠʥʠ, 

ʪʦ ʫʪʚʦʨʶʻʪʴʩʷ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʟ̔ ʜʨʦʙʦʚʠʤ 

ʟʘʨʷʜʦʤ (ʥʘ ʨʠʩʫʥʢʫ 3.27 ʧʦʢʘʟʘʥʦ ʷʢ ʥʘʙʽʨ ʩʪʨʽʣʦʢ ʫ 

ʢʦʞʥʦʛʦ ʝʣʝʢʪʨʦʥʘ). 

ʋ 1998 ʨ. ʍʦʨʩʪ ʉʪʦʨʤʝʨ, ɼʘʥʽʝʣʴ ʊʩʫʾ ʪʘ ʈʦʙʝʨʪ 

ʃʘʬʣʽʥ ʙʫʣʠ ʫʜʦʩʪʦʻʥʽ ʅʦʙʝʣʽʚʩʴʢʦʾ ʧʨʝʤʽʾ ʟ ʬʽʟʠʢʠ. ʅʘ 

ʩʴʦʛʦʜʥʽ ʍ. ʉʪʦʨʤʝʨ ï ʧʨʦʬʝʩʦʨ ʬʽʟʠʢʠ ʂʦʣʫʤʙʽʡʩʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ, ɼ. ʊʩʫʾ ï ʧʨʦʬʝʩʦʨ ʇʨʽʥʩʪʦʥʩʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ, ʈ. ʃʘʬʣʽʥ ï ʧʨʦʬʝʩʦʨ ʉʪʝʥʬʦʨʜʩʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ. 

 

3.3.4 ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  

ʤʘʪʝʨʽʘʣʽʚ 
 

ɼʦ ʜʽʝʣʝʢʪʨʠʢʽʚ ʚʽʜʥʦʩʷʪʴ ʝʣʝʢʪʨʝʪʠ, ʧô̒ ʟʦʝʣʝʢʪʨʠʢʠ, 

ʧʽʨʦʝʣʝʢʪʨʠʢʠ, ʩʝʛʥʝʪʦʝʣʘʩʪʠʢʠ, ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ, 

ʨʝʣʘʢʩʦʨʠ ʽ ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢʠ. ɿʘ ʟʘʩʪʦʩʫʚʘʥʥ ̫ʜʽʝʣʝʢʪʨʠʢʽʚ 

ï ʦʜʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰ ʚʝʣʠʢʠʭ ʢʣʘʩʽʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ï ʜʦʩʠʪʴ ʯʽʪʢʦ ʚʠʟʥʘʯʠʣʘʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʧʘʩʠʚʥʠʭ, ʪʘʢ ʽ ʘʢʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ 

ʤʘʪʝʨʽʘʣʽʚ.  

ʇʘʩʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʢʦʣʠ ʾʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ 

ʝʣʝʢʪʨʦʽʟʦʣʷʮʽʡʥ ̔ ʤʘʪʝʨʽʘʣʠ ʽ ʜʽʝʣʝʢʪʨʠʢʠ ʢʦʥʜʝʥʩʘʪʦʨʽʚ 

ʟʚʠʯʘʡʥʠʭ ʪʠʧʽʚ. ɽʣʝʢʪʨʦʽʟʦʣʷʮʽʡʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

ʥʘʟʠʚʘʶʪʴ ʜʽʝʣʝʢʪʨʠʢʠ, ʷʢʽ ʥʝ ʜʦʧʫʩʢʘʶʪʴ ʚʠʪʦʢʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ, ʪʦʙʪʦ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ ʚʽʜʜʽʣʷʶʪʴ 

ʝʣʝʢʪʨʠʯʥʽ ʣʘʥʮʶʛʠ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʘʙʦ ʩʪʨʫʤʦʧʨʦʚʽʜʥʽ 
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ʯʘʩʪʠʥʠ ʧʨʠʩʪʨʦʾʚ, ʧʨʠʣʘʜʽʚ ʽ ʘʧʘʨʘʪʽʚ ʚʽʜ ʧʨʦʚʽʜʥʠʭ, ʘʣʝ ʥʝ 

ʩʪʨʫʤʦʚʝʜʫʯʠʭ ʯʘʩʪʠʥ (ʚʽʜ ʢʦʨʧʫʩʫ, ʚʽʜ ʟʝʤʣʽ). ʋ ʮʠʭ 

ʚʠʧʘʜʢʘʭ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʥʝ ʚʽʜʽʛʨʘʻ 

ʦʩʦʙʣʠʚʦʾ ʨʦʣʽ ʘʙʦ ʚʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʷʢʦʤʦʛʘ ʤʝʥʰʦʶ, 

ʱʦʙ ʥʝ ʚʥʦʩʠʪʠ ʚ ʩʭʝʤʠ ʧʘʨʘʟʠʪʥʠʭ ʻʤʥʦʩʪʝʡ. ʗʢʱʦ 

ʤʘʪʝʨʽʘʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʽʝʣʝʢʪʨʠʢ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʧʝʚʥʦʾ ʻʤʥʦʩʪʽ ʽ ʥʘʡʤʝʥʰʠʭ ʨʦʟʤʽʨʽʚ, ʪʦ ʟʘ ʽʥʰʠʭ ʦʜʥʘʢʦʚʠʭ 

ʫʤʦʚ ʙʘʞʘʥʦ, ʱʦʙ ʮʝʡ ʤʘʪʝʨʽʘʣ ʤʘʚ ʚʝʣʠʢʫ ʜʽʝʣʝʢʪʨʠʯʥʫ 

ʧʨʦʥʠʢʥʽʩʪʴ. 

ɸʢʪʠʚʥʠʤʠ (ʢʝʨʦʚʘʥʠʤʠ) ʜʽʝʣʝʢʪʨʠʢʘʤʠ ʻ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ, ʧô̒ ʟʦʝʣʝʢʪʨʠʢʠ, ʧʽʨʦʝʣʝʢʪʨʠʢʠ, 

ʝʣʝʢʪʨʦʣʶʤʽʥʦʬʦʨʠ, ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʽ 

ʟʘʪʚʦʨʽʚ ʫ ʣʘʟʝʨʥʽʡ ʪʝʭʥʽʮʽ, ʝʣʝʢʪʨʝʪʠ ʪʘ ʽʥ. ʋʤʦʚʥʦ ʜʦ 

ʧʨʦʚʽʜʥʠʢʽʚ ʚʽʜʥʦʩʷʪʴ ʤʘʪʝʨʽʘʣʠ ʟ ʧʠʪʦʤʠʤ ʝʣʝʢʪʨʠʯʥʠʤ 

ʦʧʦʨʦʤ r < 10
ï5

 ʆʤ Ŀ ʤ, ʜʦ ʜʽʝʣʝʢʪʨʠʢʽʚ  ʤʘʪʝʨʽʘʣʠ, ʫ ʷʢʠʭ  

r < 10
8
 ʆʤ Ŀ ʤ. ɺʦʜʥʦʯʘʩ ʥʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʠʪʦʤʠʡ 

ʦʧʽʨ  ʥʘʡʢʨʘʱʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʣʠʰʝ                 

r < 10
ï8

 ʆʤ Ŀ ʤ, ʘ ʚ ʢʨʘʱʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ ʧʝʨʝʚʝʨʰʫʚʘʪʠ                      

10
16

 ʆʤ Ŀ ʤ. ʇʠʪʦʤʠʡ ʦʧʽʨ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟʘʣʝʞʥʦ ʚʽʜ 

ʙʫʜʦʚʠ ʽ ʩʢʣʘʜʫ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʚʽʜ ʫʤʦʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʤʝʞʘʭ r ~10
ï5

 ï 10
8
 ʆʤ Ŀ ʤ. 

ʇʦʨʷʜ ʟ ʝʣʝʢʪʨʠʯʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʧʦʧʠʪ ʥʘ 

ʜʽʝʣʝʢʪʨʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʟʨʦʩʪʘ ̒ʜʝʥʴ ʟʘ ʜʥʝʤ. ʎʝ ʧʦʚô̫ ʟʘʥʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʜʝʨʞʘʚʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʧʨʠʚʘʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʜʝʨʞʘʚʥʠʭ ʽ ʥʝʜʝʨʞʘʚʥʠʭ ʛʨʦʤʘʜʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʽ 

ʫʩʪʘʥʦʚ. ɺʝʣʠʢʠʡ ʧʦʧʠʪ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘʢʦʞ 

ʧʦʚô̫ ʟʘʥʠʡ ʟʽ ʟʙʽʣʴh ʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʣʘʜʽʚ ʽ ʟʘʩʦʙʽʚ ʟʚô̫ ʟʢʫ. ʋ ʪʝʭʥʽʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʨʽʟʥʽ ʚʠʜʠ ʜʽʝʣʝʢʪʨʠʢʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴ ʫ ʧʨʦʮʝʩʽ 

ʧʝʨʝʨʦʙʣʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʭʽʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʗʢ ʚʽʜʦʤʦ, ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʦʟʤʽɦʝʥʥʷʤ ʘʪʦʤʽʚ ʽ ʤʦʣʝʢʫʣ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ 

ˇʨʘʪʮʽ. ʍʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʤʘʪʝʨʽʘʣʫ, ʘ 
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ʪʘʢʦʞ ʩʪʨʫʢʪʫʨʘ, ʩʠʤʝʪʨʽʷ ʽ ʩʪʫʧʽʥʴ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ, ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʜʽʝʣʝʢʪʨʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢ ʽ ʾʭ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ 

ʬʘʢʪʦʨʽʚ, ʫʨʘʭʦʚʫʁʯʠ ʪʝʤʧʝʨʘʪʫʨʫ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʟʘʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ ʢʦʞʝʥ ʦʢʨʝʤʦ 

ʚʟ̫ʪʠʡ ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʧʦ-ʨʽʟʥʦʤʫ ʧʨʦʷʚʣʷʪʠ 

ʩʚʦʾ ʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʬʝʨʫ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚ ʜʘʥʠʡ ʯʘʩ ʚʽʜʩʫʪʥʽʡ ʻʜʠʥʠʡ ʧʽʜʭʽʜ 

ʚ ʦʮʽʥʶʚʘʥʥʽ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʋ ʥʘʨʦʜʥʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʽʝʣʝʢʪʨʠʯʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʨʛʘʥʽʯʥʠʭ ʽ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. 

ʋ ʥʘʫʮʽ ʥʝʦʨʛʘʥʽʯʥʽ ʭʽʤʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʚʽʜʦʤʽ ʷʢ 

ʩʧʦʣʫʢʠ ʚʫʛʣʝʮʶ ʟ ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʆʩʢʽʣʴʢʠ ʚʫʛʣʝʮʴ 

ʤʘʻ ʧʽʜʚʠʱʝʥʫ ʟʜʘʪʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʪʦ 

ʡʦʛʦ ʨʦʣʴ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʫ ʩʪʚʦʨʝʥʥʽ ʨʝʯʦʚʠʥ ʟ̔ 

ʣʘʥʮʶʞʢʦʚʠʤʠ ʘʙʦ ʨʦʟʛʘʣʫʞʝʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʣʠʰʝ ʟ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʘʙʦ ʟ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, 

ʤʽʞ ʷʢʠʤʠ ʨʦʟʤʽʱʝʥʽ ʘʪʦʤʠ ʽʥʰʠʭ ʝʣʝʤʝʥʪʚ̔.  

ɼʦ ʦʨʛʘʥʽʯʥʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ 

ʚʜ̔ʥʝʩʪʠ: 

ï ʩʢʣʦ (ʢʦʥʜʝʥʩʘʪʦʨʥʝ, ʫʩʪʘʥʦʚʥʝ, ʣʘʤʧʦʚʝ, ʣʫʞʥʝ, 

ʙʝʟʣʫʞʥʝ ʪʘ ʽʥʝh ʩʢʣʦ) ï ʘʤʦʨʬʥʘ ʨʝʯʦʚʠʥʘ, ʷʢʘ  ̒ʩʢʣʘʜʥʦʶ 

ʩʠʩʪʝʤʦʶ ʨʽʟʥʠʭ ʦʢʠʩʣʽʚ. ʏʝʨʝʟ ʪʝ, ʱʦ ʜʦ ʩʢʣʘʜʫ ʩʢʣʘ 

ʚʭʦʜʷʪʴ ʪʘʢʽ ʦʢʩʠʜʠ, ʷʢ SiO2, CaO, Al2O3, ʪʦ ʜʽʝʣʝʢʪʨʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʢʣʘ ʜʦʩʠʪʴ ʜʦʙʨʽ; 

ï ʩʢʣʦʝʤʘʣʴ ï ʮʝ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʥʘʥʦʩʪ̫ʴ ʪʦʥʢʠʤ 

ʰʘʨʦʤ ʥʘ ʧʦʚʝʨʭʥʶ ʤʝʪʘʣʝʚʠʭ ʪʘ ʽʥʰʠʭ ʧʨʝʜʤʝʪʽʚ ʟ̔ ʤʝʪʦʶ 

ʟʘʭʠʩʪʫ ʾʭ ʚʽʜ ʢʦʨʦʟʽʾ; 

ï ʩʢʣʦʚʦʣʦʢʥʦ ï ʩʢʣʷʥʽ ʥʠʪʢʠ, ʟ ʷʢʠʭ ʟʛʦʜʦʤ ʪʯʫʪʴ 

ʩʢʣʷʥʽ ʪʢʘʥʠʥʠ; 
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ï ʩʚʽʪʣʦʚʦʜʠ ï ʩʚ̔ʪʣʦʧʨʦʚʜ̔ʥʠʡ ʚʠʜ ʩʢʣʦʚʦʣʦʢʥʘ, 

ʪʦʙʪʦ ʜʞʛʫʪ, ʩʢʨʫʯʝʥʠʡ ʟ̔ ʚʦʣʦʢʦʥ, ʱʦ ʤʘʶʪʴ ʩʝʨʮʝʚʠʥʫ ʽ 

ʦʙʦʣʦʥʢʫ ʟ ̔ʩʪʝʢʦʣ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ; 

ï ʩʠʪʘʣʠ ï ʢʨʠʩʪʘʣʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ 

ʩʠʣʽʢʘʪʠ; 

ï ʢʝʨʘʤʽʯʥʽ ʤʘʪʝʨʽʘʣʠ (ʬʘʨʬʦʨ, ʩʪʝʘʪʠʪ); 

ï ʩʣʶʜʘ (ʤʽʢʘʥʽʪʠ, ʩʣʶʜʦʧʣʘʩʪ, ʤʽʢʘʣʝʢʩʫ); 

ï ʘʟʙʝʩʪ (ʘʩʙʦʮʝʤʝʥʪ) ï ʥʘʟʚʘ ʛʨʫʧʠ ʤʽʥʝʨʘʣʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʚʦʣʦʢʥʠʩʪʫ ʙʫʜʦʚʫ, ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʦʣʦʢʥʠʩʪʠʡ 

ʨʽʟʥʦʚʠʜ ʤʽʥʝʨʘʣʫ ʭʨʠʟʦʪʠʣ ï 3MgO  2SiO2  2H2O. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʘʢʫ ʚʝʣʠʢʫ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʽʩʥʫʶʯʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʦʥʠ ʥʝ 

ʟʘʚʞʜʠ ʤʦʞʫʪʴ ʟʘʤʽʥʠʪʠ ʦʜʠʥ ʽʥʰʠʤ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ 

ʩʬʝʨʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʝʨʝʚʘʞʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʜʝʰʝʚʠʟʥʠ, ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ 

ʝʣʝʢʪʨʦʽʟʦʣʮ̫ʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʚʣʷʪʴʩʷ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʚʠʤʦʛʠ. 

ʂʨʽʤ ʽʥʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʝʣʠʢʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʶʪʴ ʤʝʭʘʥʽʯʥʽ, ʪʝʧʣʦʚʽ ʪʘ ʽʥʰʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʚʨʘʭʦʚʫʶʯʠ ʟʜʘʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʟʘʟʥʘʚʘʪʠ ʪʠʭ 

ʯʠ ʽʥh ʠʭ ʚʠʜ̔ʚ ʦʙʨʦʙʣʝʥʥʷ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟ ʥʠʭ 

ʥʝʦʙʭʽʜʥʠʭ ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ ʚʘʨʪʽʩʪʴ ʽ ʜʝʬʽʮʠʪʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʽʚ. ʊʦʤʫ ʜʣʷ ʨʽʟʥʠʭ ʚʠʧʘʜʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʠʙʠʨʘʶʪʴ ʨʽʟʥʽ ʜʽʝʣʝʢʪʨʠʯʥʽ ʤʘʪʝʨʽʘʣʠ. 

 

3.3.5 ʇô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ 
 

ʇô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ (ʧô̒ ʟʦʝʬʝʢʪ) ï ʝʬʝʢʪ 

ʚʠʥʠʢʥʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʾ ʜʽʝʣʝʢʪʨʠʢʘ ʧʽʜ ʜʽʻʶ ʤʝʭʘʥʽʯʥʠʭ 

ʥʘʧʨʫʛ (ʧʨʷʤʠʡ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ). ɹʫʚ ʚʽʜʢʨʠʪʠʡ ʫ 

1880 ʨʦʮʽ ʙʨʘʪʘʤʠ ʂʶʨ̔. ɯʩʥʫʻ ʽ ʟʚʦʨʦʪʥʠʡ 

ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ ï ʚʠʥʠʢʥʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʙʫʚ ʧʝʨʝʜʚʽʱʝʥʠʡ 
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ʃʧ̔ʧʤʘʥʦʤ ʫ 1881 ʨʦʮʽ ʡ ʫ ʪʦʤʫ ʩʘʤʦʤʫ ʨʦʮʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʦ ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʙʨʘʪʘʤʠ ʂʶʨʽ). 

ʇô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ ʽʩʥʫʻ ʚ ʮʽʣʦʤʫ ʨʷʜʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ï CdS, Zn0, GaAs, InSb, ʊʝ ʡ ʽʥ. 

ʇô̒ ʟʦʝʬʝʢʪ (ʨʠʩ. 3.28) ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘ 

ʤʝʭʘʥʽʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʝʷʢʠʭ ʢʨʠʩʪʘʣʽʚ ʫ ʚʠʟʥʘʯʝʥʠʭ 

ʥʘʧʨʷʤʢʘʭ ʥʘ ʾʭ ʛʨʘʥʷʭ ʟô̫ ʚʣʷʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʽ ʟʘʨʷʜʠ 

ʧʨʦʪʠʣʝʞʥʠʭ ʟʥʘʢʽʚ. ʇô̒ ʟʦʝʬʝʢʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʢʚʘʨʮʽ, 

ʪʫʨʤʘʣʽʥʽ, ʩʝʛʥʝʪʦʚʽʡ ʩʦʣʽ, ʪʠʪʘʥʘʪʽ ʙʘʨʽʶ, ʮʠʥʢʦʚʽʡ ʦʙʤʘʥʮʽ 

ʪʘ ʽʥʰʠʭ ʨʝʯʦʚʠʥʘʭ. ɿʚʦʨʦʪʥʠʡ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ 

ʧʦʣʷʛʘʻ ʫ ʟʤʽʥʽ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʜʝʷʢʠʭ ʢʨʠʩʪʘʣʽʚ ʧʽʜ ʜʽʻʶ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ɿʤʽʥʘ ʥʘʧʨʷʤʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʭʘʨʘʢʪʝʨʫ ʜʝʬʦʨʤʘʮʽʡ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ. ʎʝʡ 

ʝʬʝʢʪ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʫ. 

 
ʈʠʩʫʥʦʢ 3.28 ï ʉʭʝʤʘ ʚʠʥʠʢʥʝʥʥʷ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʛʦ  

ʝʬʝʢʪʫ 

 

ʊʝʨʤʽʥ çʧô̒ ʟʦʝʣʝʢʪʨʠʢʘè ʧʦʭʦʜʠʪʴ ʚʽʜ ʛʨʝʮʴʢʦʛʦ 

ʩʣʦʚʘ çʧô̒ ʟʦè, ʱʦ ʦʟʥʘʯʘʻ ʩʪʠʩʥʝʥʥʷ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʚʽʜ ʛʨʝʮʴʢʦʛʦ ʩʣʦʚʘ çʙʫʨʰʪʠʥè ʧʦʭʦʜʠʪʴ ʩʣʦʚʦ 

çʝʣʝʢʪʨʠʢʘè. ɹʫʨʰʪʠʥ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʜʞʝʨʝʣʦʤ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ɹʘʛʘʪʦ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ ʜʣʷ ʩʚʦʻʾ ʨʦʙʦʪʠ. 

ʅʘʧʨʠʢʣʘʜ, ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʷʢʠʭ ʧʨʠʩʪʨʦʾʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʚʫʢʫ ʤʽʢʨʦʬʦʥʠ, ʷʢʽ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, 
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ʧʨʘʮʶʶʪʴ ʥʘ ʦʩʥʦʚʽ ʟʛʘʜʘʥʦʛʦ ʝʬʝʢʪʫ. ʇô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ 

ʢʨʠʩʪʘʣ ʧʝʨʝʪʚʦʨʶʻ ʝʥʝʨʛʽʶ ʚʘʰʦʛʦ ʛʦʣʦʩʫ ʥʘ ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʠʛʥʘʣ, ʟ̔ ʷʢʠʤ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʩʤʘʨʪʬʦʥʠ, ʢʦʤʧôʁ ʪʝʨʠ 

ʪʘ ʽʥʰʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ. 

ʉʪʚʦʨʝʥʥʷ ʜʝʷʢʠʭ ʧʨʦʩʫʥʫʪʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘʢʦʞ 

ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʤʫ ʝʬʝʢʪʫ. 

ʅʘʧʨʠʢʣʘʜ, ʧʦʪʫʞʥʽ ʛʽʜʨʦʣʦʢʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʘʣʝʥʴʢʽ ʯʫʪʣʠʚʽ ʤʽʢʨʦʬʦʥʠ ʪʘ ʢʝʨʘʤʽʯʥʠʡ ʟʚʫʢʦʚʠʡ ʜʘʪʯʠʢ, 

ʩʪʚʦʨʝʥʽ ʥʘ ʦʩʥʦʚʽ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʬʝʢʪʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʝʬʝʢʪʫ ʥʘ ʧʨʠʢʣʘʜʽ ʢʚʘʨʮʫ. ʂʨʠʩʪʘʣʠ ʢʚʘʨʮʫ SiO2 ʽʩʥʫʶʪʴ ʚ 

ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ. ʎʽʢʘʚʣʷʪʴ ʥʘʩ 

ʢʨʠʩʪʘʣʠ (Ŭ-ʢʚʘʨʮ), ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʪʘʢ ʟʚʘʥʦʾ ʪʨʠʛʦʥʘʣʴʥʦʾ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʩʠʩʪʝʤʠ ʽ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʬʦʨʤʫ, 

ʧʦʢʘʟʘʥʫ ʥʘ ʨʠʩʫʥʢʫ 3.29 ʘ, ʙ.  

ʘ 
 

ʙ 
 

ʚ 
ʈʠʩʫʥʦʢ 3.29 ï ʌʦʪʦ (ʘ) ʽ ʩʭʝʤʘ (ʙ) ʢʨʠʩʪʘʣʘ ʢʚʘʨʮʫ;  

ʢʚʘʨʮʦʚʘ ʧʣʘʩʪʠʥʢʘ, ʚʠʨʽʟʘʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʾ ʦʩʽ (ʚ) 

 

ɺʦʥʠ ʥʘʛʘʜʫʶʪʴ ʰʝʩʪʠʛʨʘʥʥʫ ʧʨʠʟʤʫ, ʦʙʤʝʞʝʥʫ 

ʜʚʦʤʘ ʧʽʨʘʤʽʜʘʤʠ, ʧʨʦʪʝ ʤʘʶʪʴ ʱʝ ʨʷʜ ʜʦʜʘʪʢʦʚʠʭ ʛʨʘʥʝʡ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʣʘʩʪʠʥʢʫ ʢʚʘʨʮʫ, ʚʠʨʽʟʘʥʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʦʜʥʽʻʾ ʟ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʭ ʦʩʝʡ X. ɺʽʩʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʜʦ 

Z ʽ X, ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ Y (ʨʠʩ. 3.29 ʚ). ɺʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʟʘ 
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ʨʦʟʪʷʛʫʚʘʥʥ ̫ʧʣʘʩʪʠʥʢʠ ʚʟʜʦʚʞ ʦʩʽ ʍ ʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 

ʜʦ ʥʝʾ ʛʨʘʥʷʭ ɸɺʉD ʽ ɽFGʅ ʟô̫ ʚʣʷʶʪʴʩʷ ʨʽʟʥʦʡʤʝʥʥʽ 

ʧʦʣ̫ʨʠʟʘʮʽʡʥʽ ʟʘʨʷʜʠ. ʊʘʢʠʡ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ 

ʥʘʟʠʚʘʶʪɹ ʧʦʟʜʦʚʞʥʽʤ. ʗʢʱʦ ʟʤʽʥʠʪʠ ʟʥʘʢ ʜʝʬʦʨʤʘʮʽʾ, 

ʪʦʙʪʦ ʧʝʨʝʡʪʠ ʚʽʜ ʨʦʟʪʷʛʫʚʘʥʥʷ ʜʦ ʩʪʠʩʥʝʥʥʷ, ʪʦ ʡ ʟʥʘʢʠ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʨʷʜʽʚ ʟʤʥ̔ʷʪʴʩʷ ʥʘ ʧʨʦʪʠʣʝʞʥʽ. 

ʇʦʨʷʜ ʟ̔ ʧʦʟʜʦʚʞʥʽʤ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʤ ʝʬʝʢʪʦʤ 

ʽʩʥʫʻ ʪʘʢʦʞ ʧʦʧʝʨʝʯʥʠʡ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ. ɺʽʥ 

ʧʦʣ̫ʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘ ʩʪʠʩʥʝʥʥ̫ ʘʙʦ ʨʦʟʪʷʛʫʚʘʥʥ ̫ʚʟʜʦʚʞ 

ʦʩʽ Y ʚʠʥʠʢʘʻ ʧʦʣʷʨʠʟʘʮʽʷ ʚʟʜʦʚʞ ʦʩʽ ʍ ʽ ʥʘ ʪʠʭ ʩʘʤʠʭ 

ʛʨʘʥʷʭ ɸɺʉD ʽ ɽFGʅ ʟô̫ ʚʣʷʶʪʴʩʷ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʨʷʜʠ. 

ɺʦʜʥʦʯʘʩ ʚʠʚ̫ʣʷʻʪʴʩʷ, ʱʦ ʟʥʘʢʠ ʟʘʨʷʜʽʚ ʥʘ ʢʦʞʥʽʡ ʛʨʘʥʽ ʟʘ 

ʩʪʠʩʥʝʥʥ ̫ʚʟʜʦʚʞ Y (ʥʘ ʧʦʧʝʨʝʯʥʦʤʫ ʝʬʝʢʪʽ) ʪʘʢʽ ʩʘʤʽ, ʷʢ ʟʘ 

ʨʦʟʪʷʛʫʚʘʥʥ ̫ʫʟʜʦʚʞ ʍ (ʫ ʧʦʟʜʦʚʞʥʴʦʤʫ ʝʬʝʢʪʽ). 

ʇô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ ʧʦʷʩʥʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: ʚ 

ʽʦʥʥʠʭ ʢʨʠʩʪʘʣʘʭ ʫʥʘʩʣʽʜʦʢ ʥʝʟʙʽʞʥʦʩʪʽ ʮʝʥʪʨʽʚ ʧʦʟʠʪʠʚʥʠʭ 

ʽ ʥʝʛʘʪʠʚʥʠʭ ʽʦʥʽʚ ʻ ʝʣʝʢʪʨʠʯʥʠʡ ʤʦʤʝʥʪ ʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʆʜʥʘʢ ʮʷ ʧʦʣʷʨʠʟʘʮʽʷ 

ʟʘʟʚʠʯʘʡ ʥʝ ʧʨʦʷʚʣʷʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʢʦʤʧʝʥʩʫʻʪʴʩʷ 

ʟʘʨʷʜʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ. ɿʘ ʜʝʬʦʨʤʘʮʽʾ ʢʨʠʩʪʘʣʘ ʧʦʟʠʪʠʚʥʽ ʡ 

ʥʝʛʘʪʠʚʥʽ ʽʦʥʠ ʨ̌ʘʪʢʠ ʟʤʽʱʫʶʪʴʩʷ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ, ʽ 

ʪʦʤʫ ʟʤ̔ʥʶʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʡ ʤʦʤʝʥʪ ʢʨʠʩʪʘʣʘ. ʎʷ ʟʤʽʥʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʤʝʥʪʫ ʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʤʫ 

ʝʬʝʢʪʽ. 

ʈʠʩʫʥʦʢ 3.30 ʷʢʽʩʥʦ ʧʦʷʩʥʶʻ ʚʠʥʠʢʥʝʥʥʷ 

ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʬʝʢʪʫ ʚ ʢʚʘʨʮʽ. ʊʫʪ ʩʭʝʤʘʪʠʯʥʦ 

ʧʦʢʘʟʘʥʽ ʧʨʦʢ̒ʮʽʾ ʧʦʟʠʪʠʚʥʠʭ ʽʦʥʽʚ Si (ʟʘʰʪʨʠʭʦʚʘʥʽ ʢʦʣʘ) ʽ 

ʥʝʛʘʪʠʚʥʠʭ ʽʦʥʽʚ ʆ (ʩʚʽʪʣʽ ʢʦʣʘ) ʫ ʧʣʦʱʠʥʽ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʜʦ ʦʧʪʠʯʥʦʾ ʦʩʽ Z. ʎʝʡ ʨʠʩʫʥʦʢ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʬʘʢʪʠʯʥʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽʦʥʽʚ ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ 

ʢʦʤʽʨʮʽ ʢʚʘʨʮʫ, ʧʨʦʪʝ ʧʨʘʚʠʣʴʥʦ ʧʝʨʝʜʘʻ ʩʠʤʝʪʨʽʶ 

ʚʟʘʻʤʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʽʦʥʽʚ, ʱʦ ʚʞʝ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʷʢʽʩʥʦʛʦ 

ʧʦʷʩʥʝʥʥʷ. ʈʠʩʫʥʦʢ 3.30 ʘ ʚʽʜʧʦʚʽʜʘʻ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ 

ʢʨʠʩʪʘʣʫ. ʅʘ ʤʝʞʽ A, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʜʦ ʦʩʽ X1, ʻ ʚʠʩʪʫʧʥʽ 
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ʧʦʟʠʪʠʚʥʽ ʟʘʨʷʜʠ, ʘ ʥʘ ʧʘʨʘʣʝʣʴʥʽʡ ʾʡ ʤʝʞʽ ɺ ï ʚʠʩʪʫʧʥʽ 

ʥʝʛʘʪʠʚʥʽ ʟʘʨʷʜʠ. ɿʘ ʩʪʠʩʥʝʥʥ ̫ʚʟʜʦʚʞ ʦʩʽ X1 (ʨʠʩ. 3.30 ʙ) 

ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʜʝʬʦʨʤʫʻʪʴʩʷ. 

ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 3.30 ï ɼʦ ʧʦʷʩʥʝʥʥʷ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʬʝʢʪʫ 

 

ɺʦʜʥʦʯʘʩ ʧʦʟʠʪʠʚʥʠʡ ʽʦʥ 1 ʽ ʥʝʛʘʪʠʚʥʠʡ ʽʦʥ 2 

çʚʜʘʚʣʶʶʪʴʩʷè ʚʩʝʨʝʜʠʥʫ ʝʣʝʤʝʥʪʘ, ʚʽʜʪʘʢ ʚʠʩʪʫʧʥ̔  ʟʘʨʷʜʠ 

(ʧʦʟʠʪʠʚʥʠʡ ʥʘ ʧʣʦʱʠʥʽ ɸ ʽ ʥʝʛʘʪʠʚʥʠʡ ʥʘ ʧʣʦʱʠʥʽ ɺ) 

ʟʤʝʥh ʫʶʪʴʩʷ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʧʦʷʚʽ ʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʥʘ 

ʧʣʦʱʠʥʽ ɸ ʽ ʧʦʟʠʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʥʘ ʧʣʦʱʠʥʽ ɺ. ɿʘ 

ʨʦʟʪʷʛʫʚʘʥʥ ̫ ʚʟʜʦʚʞ ʦʩʽ X1 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʦʪʠʣʝʞʥʝ 

(ʨʠʩ. 3.30 ʚ): ʽʦʥʠ 1 ʽ 2 çʚʠʰʪʦʚʭʫʶʪʴʩʷè ʟ ʢʦʤʽʨʢʠ. ʊʦʤʫ ʥʘ 

ʤʝʞʽ ɸ ʚʠʥʠʢʘʻ ʜʦʜʘʪʢʦʚʠʡ ʧʦʟʠʪʠʚʥʠʡ ʟʘʨʷʜ, ʘ ʥʘ ʤʝʞʽ ɺ ï 

ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ. 

 

3.3.5.1 ʇʨʷʤʠʡ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ 
 

ʇʨʷʤʠʡ ʧô̒ ʟʦʝʬʝʢʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ: ʫ 

ʧô̒ ʟʦʟʘʧʘʣʴʥʠʯʢʘʭ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʥʘ 

ʨʦʟʨʷʜʥʠʢʫ; ʚ ʜʘʪʯʠʢʘʭ ʷʢ ʯʫʪʣʠʚʠʡ ʜʦ ʩʠʣʠ ʝʣʝʤʝʥʪ (ʯʠʤ 

ʙʽʣʴʰʘ ʩʠʣʘ, ʪʠʤ ʚʠʱʘ ʥʘʧʨʫʛʘ ʥʘ ʢʦʥʪʘʢʪʘʭ); ʷʢ ʯʫʪʣʠʚʠʡ 

ʝʣʝʤʝʥʪ ʫ ʤʽʢʨʦʬʦʥʘʭ; ʫ ʢʦʥʪʘʢʪʥʦʤʫ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʤʫ 

ʜʝʪʦʥʘʪʦʨʽ. 

ʇô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ (ʢʝʨʘʤʽʯʥʠʡ ʘʙʦ 

ʢʨʠʩʪʘʣʽʯʥʠʡ) ʧʦʤʽʱʘʶʪʴ ʤʽʞ ʜʚʦʤʘ ʤʝʪʘʣʝʚʠʤʠ 
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ʧʣʘʩʪʠʥʘʤʠ (ʨʠʩ. 3.31). ɼʣʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ 

ʥʝʦʙʭʽʜʥʦ ʜʦʢʣʘʩʪʠ ʤʝʭʘʥʽʯʥʦʛʦ ʟʫʩʠʣʣʷ (ʩʪʠʩʥʫʪʠ ʘʙʦ 

ʨʦʟʪʠʩʥʫʪʠ). ʋ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥ ̫ʤʝʭʘʥʽʯʥʦʛʦ ʟʫʩʠʣʣʷ ʥʘ 

ʤʝʪʘʣʝʚʠʭ ʧʣʘʩʪʠʥʘʭ ʧʦʯʠʥʘʻ ʥʘʢʦʧʠʯʫʚʘʪʠʩʴ ʝʣʝʢʪʨʠʯʥʠʡ 

ʟʘʨʷʜ.  

 
ʈʠʩʫʥʦʢ 3.31 ï ɺʠʥʠʢʥʝʥʥʷ ʧʨʷʤʦʛʦ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʬʝʢʪʫ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ ʜʽʻ ʷʢ 

ʤʽʥʽʘʪʶʨʥʠʡ ʘʢʫʤʫʣʷʪʦʨ. ʄʽʢʨʦʬʦʥʠ, ʜʘʪʯʠʢʠ ʪʠʩʢʫ, 

ʛʽʜʨʦʣʦʢʘʪʦʨʠ ʪʘ ʽʥʰʽ ʯʫʪʣʠʚʽ ʧʨʠʩʪʨʦʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʝʡ 

ʝʬʝʢʪ ʜʣʷ ʩʚʦʻʾ ʨʦʙʦʪʠ. 

 

3.3.5.2 ɿʚʦʨʦʪʥʠʡ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ 
 

ɿʚʦʨʦʪʥʠʡ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʩɹʷ: ʫ ʧô̒ ʟʦʚʠʧʨʦʤʽʥʶʚʘʯʘʭ (ʝʬʝʢʪʠʚʥʽ ʥʘ 

ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʪʘ ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ; ʪʘʢʽ, 

ʥʘʧʨʠʢʣʘʜ, ʫʩʪʘʥʦʚʣʶʁ ʪʴʩʷ ʚ ʤʫʟʠʯʥʠʭ ʣʠʩʪʽʚʢʘʭ); 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʘʭ; ʫ ʩʠʩʪʝʤʘʭ ʥʘʜʪʦʯʥʦʛʦ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʩʠʩʪʝʤʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʛʦʣʢʠ 

ʚ ʩʢʘʥʫʚʘʣʴʥʦʤʫ ʪʫʥʝʣʥɹʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʘʙʦ ʧʦʟʠʮʽʦʥʝʨ 

ʧʝʨʝʤʽʱʝʥʥʷ ʛʦʣʦʚʢʠ ʞʦʨʩʪʢʦʛʦ ʜʠʩʢʘ; ʜʣʷ ʧʦʜʘʥʥʷ 

ʯʦʨʥʠʣʘ ʚ ʰʠʨʦʢʦʬʦʨʤʘʪʥʠʭ ʧʨʠʥʪʝʨʘʭ, ʱʦ ʜʨʫʢʫʶʪʴ ʥʘ 

ʩʦʣʴʚʝʥʪʥʠʭ ʯʦʨʥʠʣʘʭ ʽ ʯʦʨʥʠʣʘʭ ʟ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ 

ʟʘʪʚʝʨʜʽʥʥʷʤ; ʫ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʘʭ. 

https://elenergi.ru/wp-content/uploads/2016/09/%D0%9F%D1%80%D1%8F%D0%BC%D0%BE%D0%B9-%D0%BF%D1%8C%D0%B5%D0%B7%D0%BE%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9-%D1%8D%D1%84%D1%84%D0%B5%D0%BA%D1%82.jpg
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ɺʠʱʝ ʟʛʘʜʫʚʘʣʦʩʷ, ʱʦ ʪʘʢʝ ʟʚʦʨʦʪʥʠʡ 

ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ. ɺʽʥ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘ 

ʜʦʜʘʚʘʥʥ ̫ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʠ ʜʦ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʢʨʠʩʪʘʣʘ ʚʽʜʙʫʜʝʪʴʩʷ ʤʝʭʘʥʽʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʪʽʣʘ, ʧʽʜ ʷʢʦʶ 

ʚʦʥʦ ʨʦʟʰʠʨʶʚʘʪʠʤʝʪʩɹʷ ʘʙʦ ʩʪʠʩʢʘʪʠʤʝʪʴʩʷ. 

ɿʚʦʨʦʪʥʠʡ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ ʟʥʘʯʥʦ ʜʦʧʦʤʘʛʘʻ 

ʟʘ ʨʦʟʨʦʙʣʝʥʥʷ ʘʢʫʩʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʚʫʢʦʚʽ ʢʦʣʦʥʢʠ, ʩʠʨʝʥʠ, ʜʟʚʽʥʢʠ (ʨʠʩ. 3.32). ʇʝʨʝʚʘʛʠ 

ʪʘʢʠʭ ʜʠʥʘʤʽʢʽʚ ʫ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʜʫʞʝ ʪʦʥʢʽ, ʘ ʮʝ ʨʦʙʠʪʴ ʾʭ 

ʧʨʘʢʪʠʯʥʦ ʥʝʟʘʤʽʥʥʠʤʠ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʜʨʽʙʥʠʭ 

ʧʨʠʩʪʨʦʷʭ, ʥʘʧʨʠʢʣʘʜ, ʫ ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʬʦʥʘʭ. ʊʘʢʦʞ ʮʝʡ 

ʝʬʝʢʪ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʜʠʯʥʽ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʪʘ 

ʛʜ̔ʨʦʘʢʫʩʪʠʯʥʽ ʜʘʪʯʠʢʠ. 

ʇʨʷʤʠʡ ʽ ʟʚʦʨʦʪʥʠʡ ʝʬʝʢʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ 

ʢʚʘʨʮʦʚʠʭ ʨʝʟʦʥʘʪʦʨʘʭ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʝʪʘʣʦʥ ʯʘʩʪʦʪʠ; 

ʚ ʧô̒ ʟʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʜʣʷ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ. 

 
ʈʠʩʫʥʦʢ 3.32 ï ɺʠʥʠʢʥʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʬʝʢʪʫ 

 

ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʶʪʴ 

ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ʢʚʘʨʮʫ. ʗʢʱʦ ʧʦʤʽʩʪʠʪʠ 

ʢʚʘʨʮʦʚʫ ʧʣʘʩʪʠʥʢʫ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʽ 

ʩʪʚʦʨʠʪʠ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʟʤʽʥʥʫ ʥʘʧʨʫʛʫ, ʪʦ ʟʘ ʯʘʩʪʦʪʠ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʦʜʥʽʻʶ ʽʟ ʚʣʘʩʥʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʦʪ ʧʣʘʩʪʠʥʢʠ, ʥʘʩʪʘʻ ʤʝʭʘʥʽʯʥʠʡ ʨʝʟʦʥʘʥʩ ʽ 

ʚ ʧʣʘʩʪʠʥʮʽ ʚʠʥʠʢʘʶʪʴ ʜʫʞʝ ʩʠʣʴʥʽ ʤʝʭʘʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ. 
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ʊʘʢʘ ʢʚʘʨʮʦʚʘ ʧʣʘʩʪʠʥʢʘ ʻ ʧʦʪʫʞʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ 

ʭʚʠʣʴ ʥʘʜʟʚʫʢʦʚʦʾ ʯʘʩʪʦʪʠ (ʢʚʘʨʮʦʚʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ), ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʭʥʽʮʽ, ʙʽʦʣʦʛʽʾ ʪʘ ʤʝʜʠʮʠʥʽ, ʘ ʪʘʢʦʞ ʫ 

ʯʠʩʣʝʥʥʠʭ ʬʽʟʠʯʥʠʭ ʪʘ ʬʟ̔ʠʢʦ-ʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

 

3.3.5.3 ɺʠʢʦʨʠʩʪʘʥʥʷ ʧô̒ ʟʦʝʬʝʢʪʫ ʚ ʪʝʭʥʽʮʽ 
 

ʇʨʷʤʠʡ ʧô̒ ʟʦʝʬʝʢʪ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴ: 

ï ʫ ʧô̒ ʟʦʟʘʧʘʣʴʥʠʯʢʘʭ, ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʚʠʩʦʢʦʾ 

ʥʘʧʨʫʛʠ ʥʘ ʨʦʟʨʷʜʥʠʢʫ; 

ï ʫ ʜʘʪʯʠʢʘʭ ʷʢ ʯʫʪʣʠʚʠʡ ʜʦ ʩʠʣʠ ʝʣʝʤʝʥʪʘ (ʯʠʤ 

ʙ̔ʣʴʘh ʩʠʣʘ, ʪʠʤ ʚʠʱʘ ʥʘʧʨʫʛʘ ʥʘ ʢʦʥʪʘʢʪʘʭ); 

ï ʷʢ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ ʫ ʤʽʢʨʦʬʦʥʘʭ; 

ï  ʫ ʢʦʥʪʘʢʪʥʦʤʫ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʤʫ ʧʽʜʨʠʚʥʠʢʫ 

(ʥʘʧʨʠʢʣʘʜ, ʜʦ ʧʦʩʪʨʽʣʽʚ ʈʇɻ-7). 

ɿʚʦʨʦʪʥʠʡ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ ʚʠʢʦʨʠʩʪʦʚʫʁʪʴ: 

ï ʫ ʧô̒ ʟʦʚʠʧʨʦʤʽʥʶʚʘʯʘʭ (ʝʬʝʢʪʠʚʥʽ ʥʘ ʚʠʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ ʽ ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ, ʪʘʢʽ, ʥʘʧʨʠʢʣʘʜ, 

ʫʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʤʫʟʠʯʥʽ ʣʠʩʪʽʚʢʠ), ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ 

ʚʠʧʨʦʤʽʥʚʁʘʯʘʭ; 

ï ʚ ʩʠʩʪʝʤʘʭ ʥʘʜʪʦʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, 

ʫ ʩʠʩʪʝʤʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʛʦʣʢʠ ʚ ʩʢʘʥʫʚʘʣʴʥʦʤʫ 

ʪʫʥʝʣʴʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʘʙʦ ʧʦʟʠʮʽʦʥʝʨ ʧʝʨʝʤʽʱʝʥʥʷ 

ʛʦʣʦʚʢʠ ʞʦʨʩʪʢʦʛʦ ʜʠʩʢʘ; 

ï ʜʣʷ ʧʦʜʘʥʥʷ ʯʦʨʥʠʣʘ ʚ ʰʠʨʦʢʦʬʦʨʤʘʪʥʠʭ 

ʧʨʠʥʪʝʨʘʭ, ʱʦ ʜʨʫʢʫʶʪʴ ʥʘ ʩʦʣʴʚʝʥʪʥʠʭ ʯʦʨʥʠʣʘʭ ʽ 

ʯʦʨʥʠʣʘʭ ʟ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ ʟʘʪʚʝʨʜʽʥʥʷʤ; 

ï ʫ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʘʭ. 

ʇʨʷʤʠʡ ʪʘ ʟʚʦʨʦʪʥʠʡ ʝʬʝʢʪʠ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴ: 

ï ʫ ʢʚʘʨʮʦʚʠʭ ʨʝʟʦʥʘʪʦʨʘʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ 

ʝʪʘʣʦʥ ʯʘʩʪʦʪʠ; 

ï ʫ ʧô̒ ʟʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʜʣʷ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʚʠʩʦʢʦʾ 

ʯʘʩʪʦʪʠ. 

ʐʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʩʫʯʘʩʥʽʡ ʪʝʭʥʽʮʽ ʜʘʪʯʠʢʠ 

ʪʠʩʢʫ, ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʽ ʜʝʪʦʥʘʪʦʨʠ, ʜʞʝʨʝʣʘ ʟʚʫʢʫ 
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ʚʝʣʠʯʝʟʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʤʽʥʽʘʪʶʨʥʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ, 

ʢʚʘʨʮʦʚʽ ʨʝʟʦʥʘʪʦʨʠ ʚʠʩʦʢʦʩʪʽʡʢʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʯʘʩʪʦʪʠ, 

ʢʦʥʜʝʥʩʘʪʦʨʠ ʪʘ ʽʥ. 

ʅʘ ʨʠʩʫʥʢʫ 3.33 ʧʦʢʘʟʘʥʠʡ ʧʦʜʚʽʡʥʠʡ ʧô̒ ʟʦʝʣʝʤʝʥʪ 

(ʩʢʣʘʜʝʥʠʡ ʽʟ ʜʚʦʭ ʧʣʘʩʪʠʥʦʢ), ʱʦ ʧʨʘʮʶʻ ʥʘ ʩʪʠʩʥʝʥʥʷ. 

ʇʣʘʩʪʠʥʢʠ ʚʠʨʽʟʘʥʽ ʟ ʢʨʠʩʪʘʣʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʦʥʠ 

ʦʜʥʦʯʘʩʥʦ ʘʙʦ ʩʪʠʩʢʘʶʪʴʩʷ, ʘʙʦ ʨʦʟʪʷʛʫʶʪʴʩʷ. ʗʢʱʦ, 

ʥʘʚʧʘʢʠ, ʩʪʠʩʢʘʪʠ ʘʙʦ ʨʦʟʪʷʛʫʚʘʪʠ ʪʘʢʠʡ ʧô̒ ʟʦʝʣʝʤʝʥʪ 

ʟʦʚʥʽʥhʽʤʠ ʩʠʣʘʤʠ, ʤʽʞ ʡʦʛʦ ʦʙʢʣʘʜʢʘʤʠ ʟô̫ ʚʣʷʻʪʴʩʷ 

ʥʘʧʨʫʛʘ. ɿô̒ ʜʥʘʥʥʷ ʧʣʘʩʪʠʥʦʢ ʫ ʮʴʦʤʫ ʧô̒ ʟʦʝʣʝʤʝʥʪʽ 

ʚʽʜʧʦʚʽʜʘʻ ʧʘʨʘʣʝʣʴʥʦʤʫ ʟô̒ ʜʥʘʥʥʶ ʢʦʥʜʝʥʩʘʪʦʨʽʚ. 

 
ʈʠʩʫʥʦʢ 3.33  ʇʦʜʚʽʡʥʠʡ ʧô̒ ʟʦʝʣʝʤʝʥʪ,  

ʱʦ ʧʨʘʮʶʻ ʥʘ ʩʪʠʩʢ 

 

ʅʘ ʨʠʩʫʥʢʫ 3.34 ʧʦʢʘʟʘʥʠʡ ʧô̒ ʟʦʝʣʝʤʝʥʪ, ʱʦ ʧʨʘʮʶʻ 

ʥʘ ʚʠʛʠʥ. ɿʘ ʧʦʷʚʠ ʥʘʧʨʫʛʠ ʥʘ ʦʙʢʣʘʜʢʘʭ ʦʜʥʘ ʟ ʧʣʘʩʪʠʥʦʢ 

ʩʪʠʩʢʘʻʪʴʩʷ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽ ʧʦʜʦʚʞʫʻʪʴʩʷ ʚ 

ʧʦʟʜʦʚʞʥʴʦʤʫ, ʘ ʽʥʰʘ ï ʨʦʟʪʷʛʫʻʪʴʩʷ ʽ ʢʦʨʦʪʰʘʻ, ʚʽʜ ʯʦʛʦ 

ʚʠʥʠʢʘʻ ʜʝʬʦʨʤʘʮʽʷ ʚʠʛʠʥʫ.  

 
ʈʠʩʫʥʦʢ 3.34  ʇʦʜʚʽʡʥʠʡ ʧô̒ ʟʦʝʣʝʤʝʥʪ,  

ʱʦ ʧʨʘʮʶʻ ʥʘ ʚʠʛʠʥ 
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ʗʢʱʦ ʟʛʠʥʘʪʠ ʪʘʢʠʡ ʧô̒ ʟʦʝʣʝʤʝʥʪ ʟʦʚʥʽʰʥʽʤʠ 

ʩʠʣʘʤʠ, ʪʦ ʤʽʞ ʡʦʛʦ ʦʙʢʣʘʜʢʘʤʠ ʚʠʥʠʢʘʻ ʝʣʝʢʪʨʠʯʥʘ 

ʥʘʧʨʫʛʘ. ɿô̒ ʜʥʘʥʥʷ ʧʣʘʩʪʠʥʦʢ ʫ ʮʴʦʤʫ ʨʘʟʽ ʚʽʜʧʦʚʽʜʘʻ 

ʧʦʩʣʽʜʦʚʥʦʤʫ ʟô̒ ʜʥʘʥʥʶ ʢʦʥʜʝʥʩʘʪʦʨʽʚ. ʆʯʝʚʠʜʥʦ, ʱʦ 

ʪʘʢʠʡ ʧô̒ ʟʦʝʣʝʤʝʥʪ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʩʪʠʩʢʫʚʘʥʥʷ ʪʘ 

ʨʦʟʪʷʛʥʝʥʥʷ: ʫ ʮʴʦʤʫ ʨʘʟʽ ʚ ʢʦʞʥʽʡ ʽʟ ʧʣʘʩʪʠʥʦʢ ʚʠʥʠʢʘʻ 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʘʣʝ ʧʦʣʷ ʩʧʨʷʤʦʚʘʥʽ ʧʨʦʪʠʣʝʞʥʦ, ʽ ʪʦʤʫ 

ʥʘʧʨʫʛʘ ʤʽʞ ʦʙʢʣʘʜʢʘʤʠ ʜʦʨʽʚʥʶʻ ʥʫʣʶ.  

ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ  

ʨʽʟʥʦʤʘʥʽʪʥʽʡ ʝʣʝʢʪʨʦʘʢʫʩʪʠʯʥʽʡ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʽʡ 

ʘʧʘʨʘʪʫʨʽ. ɺʢʘʞʝʤʦ ʥʘ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʽ ʤʽʢʨʦʬʦʥ ʪʘ 

ʪʝʣʝʬʦʥ, ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʘʜʘʧʪʝʨ (ʚ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʨʦʛʨʘʚʘʯʘʭ ʧʘʪʝʬʦʥʥʠʭ ʧʣʘʩʪʠʥʦʢ), ʤʘʥʦʤʝʪʨʠ, 

ʚʠʤ̔ʨʶʚʘʯʽ, ʚʽʙʨʘʮʽʾ ʪʘ ʽʥ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʘʶʪʴ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ʢʚʘʨʮʫ. ʗʢʱʦ ʧʦʤʽʩʪʠʪʠ 

ʢʚʘʨʮʦʚʫ ʧʣʘʩʪʠʥʢʫ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʽ 

ʩʪʚʦʨʠʪʠ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʟʤʽʥʥʫ ʥʘʧʨʫʛʫ, ʪʦ ʟʘ ʯʘʩʪʦʪʠ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʦʜʥʽʻʶ ʟʽ ʩʚʦʾʭ 

ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʦʪ ʧʣʘʩʪʠʥʢʠ, ʥʘʩʪʘʻ ʤʝʭʘʥʽʯʥʠʡ ʨʝʟʦʥʘʥʩ ʽ 

ʚ ʧʣʘʩʪʠʥʮʽ ʚʠʥʠʢʘʶʪʴ ʜʫʞʝ ʩʠʣʴʥʽ ʤʝʭʘʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ. 

ʊʘʢʘ ʢʚʘʨʮʦʚʘ ʧʣʘʩʪʠʥʢʘ ʻ ʧʦʪʫʞʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ 

ʭʚʠʣʴ ʥʘʜʟʚʫʢʦʚʦʾ ʯʘʩʪʦʪʠ (ʢʚʘʨʮʦʚʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ), ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʭʥʽʮʽ, ʙʽʦʣʦʛʽʾ ʪʘ ʤʝʜʠʮʠʥʽ, ʘ ʪʘʢʦʞ ʫ 

ʯʠʩʣʝʥʥʠʭ ʬʽʟʠʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʇô̒ ʟʦʝʣʝʢʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʜʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʯʘʩʪʦʪʠ ʛʝʥʝʨʘʪʦʨʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʫ 

ʨʘʜʽʦʪʝʭʥʽʮʽ ʪʘ ʽʥʰʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

ʅʘʡʯʘʩʪʽʰʝ ʩʫʯʘʩʥʘ ʣʶʜʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻ ʾʭ ʫ 

ʟʘʧʘʣʥɹʠʯʢʘʭ, ʜʝ ʽʩʢʨʘ ʫʪʚʦʨʶʻʪʴʩʷ ʚʽʜ ʫʜʘʨʫ ʚ 

ʧô̒ ʟʦʧʣʘʩʪʠʥʢʫ.  

ʇʝʨʝʜʦʚʦʶ ʩʬʝʨʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧô̒ ʟʦʝʣʝʢʪʨʠʢʽʚ ʻ 

ʟʦʥʜʦʚʘ ʩʢʘʥʫʚʘʣʴʥʘ ʤʽʢʨʦʩʢʦʧʽʷ (ɿʉʄ). ɿ ʥʠʭ 

ʚʠʛʦʪʦʚʣʷʁ ʪʴ ʩʢʘʥʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʟʦʥʜʦʚʠʭ ʤʽʢʨʦʩʢʦʧʽʚ, 

ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʟʦʥʜʘ ʚ ʧʣʦʱʠʥʽ ʟʨʘʟʢʘ ʟ 
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ʪʦʯʥʽʩʪʶ ʜʦ 0,01 ɸ. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʮʽʻʶ 

ʤʝʪʦʶ ʦʜʝʨʞʘʣʘ ʧô̒ ʟʦʢʝʨʘʤʽʢʘ, ʱʦ ʻ ʧʦʣʷʨʠʟʦʚʘʥʠʤ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ 

ʥʘʙʫʣʠ ʪʨʫʙʯʘʩʪʽ ʧô̒ ʟʦʝʣʝʤʝʥʪʠ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʠʪʴ ʚʝʣʠʢʽ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙô̒ ʢʪʽʚ ʟʘ 

ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ ʢʝʨʫʚʘʣʴʥʠʭ ʥʘʧʨʫʛ. ɺʦʥʠ ʻ 

ʧʦʨʦʞʥʠʩʪʠʤʠ ʪʦʥʢʦʩʪʽʥʥʠʤʠ ʮʠʣʥ̔ʜʨʘʤʠ, ʚʠʛʦʪʦʚʣʝʥʠʤʠ ʟ 

ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿô̒ ʜʥʘʥʥʷ ʪʨʴʦʭ ʪʘʢʠʭ ʪʨʫʙʦʢ 

ʚ ʻʜʠʥʠʡ ʚʫʟʦʣ ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʟʦʥʜʘ ʚ 

ʪʨʴʦʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʥʘʧʨʷʤʢʘʭ, ʪʘʢʠʡ ʩʢʘʥʫʚʘʣʴʥʠʡ 

ʝʣʝʤʝʥʪ ʥʘʟʠʚʘʪʁ ɹʪʨʠʧʦʜʦʤ. 

ʇô̒ ʟʦʝʣʝʤʝʥʪʠ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʪʘʢʪʠʣʴʥʠʭ 

ʜʘʪʯʠʢʘʭ (ʨʠʩ. 3.35). 

 
ʈʠʩʫʥʦʢ 3.35 ï ʇô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʪʘʢʪʠʣʴʥʠʡ ʜʘʪʯʠʢ 

 

ʋ 1964 ʨ. ʖ. ɺ. ɻʫʣʷʻʚ ʪʘ ɺ. ɯ. ʇʫʩʪʦʚʦʡʪ 

ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʰʘʨʫʚʘʪʫ ʩʪʨʫʢʪʫʨʫ çʧô̒ ʟʦʝʣʝʢʪʨʠʢ ï

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢè ʷʢ ʙʘʟʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʘʢʫʩʪʦʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʣʘʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʫʩʪʠʯʥʽ ʭʚʠʣʽ. 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ  

 

1 ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ. 

2 ʇʠʪʦʤʘ ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʚʽʜʥʽʩʪʴ. 
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3 ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ.  

4 ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ. 

5 ʇʨʦʚʽʜʥʠʢʠ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

6 ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

7 ɼ̔ʝʣʝʢʪʨʠʢʠ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

8 ʇô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ. ʇô̒ ʟʦʝʣʝʢʪʨʠʢʠ ʪʘ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

9 ʄʝʪʦʜ ʚʦʣʴʪʤʝʪʨʘ-ʘʤʧʝʨʤʝʪʨʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ. 

10 ʄʦʩʪʦʚʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʦʧʦʨʫ: 

ʧʨʦʩʪʠʡ ʤʽʩʪ. 

11 ʄʦʩʪʦʚʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʦʧʦʨʫ: 

ʧʦʜʚʽʡʥʠʡ ʤʽʩʪ. 

12 ʄʝʪʦʜ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʦʧʦʨʫ. 

13 ɽʬʝʢʪ ʍʦʣʣʘ. 

14 ɽʣʝʢʪʨʦʦʧʽʨ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ: ʦʜʥʦʨʜ̔ʥʠʭ, 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʽ ʚʧʦʨʷʜʢʦʚʘʥʠʭ. 

15 ɽʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʧʣʘʚʽʚ. 

16 ɿʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʦʧʦʨʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ  

ʪʠʩʢʫ. 

17 ɺʧʣʠʚ ʥʘʢʣʝʧʫ ʥʘ ʝʣʝʢʪʨʦʦʧʽʨ ʩʧʣʘʚʽʚ. 

18 ʂʦʥʪʨʦʣʴ ʯʠʩʪʦʪʠ ʤʝʪʘʣʫ ʟʘ ʚʝʣʠʯʠʥʦʶ ʚʽʜʥʦʩʥʦʛʦ 

ʟʘʣʠʰʢʦʚʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ. 
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ʈʆɿɼɯʃ 4 

ʄɸɻʅɯʊʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʄɸʊɽʈɯɸʃɯɺ  

ɯ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ 

 

4.1 ʂʣʘʩʠʬʢ̔ʘʮ̫̔ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʤʘʛʥ̔ʪʥʠʤʠ  

ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

4.1.1 ʆʩʥʦʚʥʽ ʤʘʛʥʽʪʥʽ ʧʘʨʘʤʝʪʨʠ 
 

ʗʢʱʦ ʟʘ ʥʘʢʣʘʜʝʥʥ ̫ ʥʘ ʽʟʦʪʨʦʧʥʝ ʪʽʣʦ ʦʙô̒ ʤʦʤ V 

ʦʜʥʦʨʽʜʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘʧʨʫʞʝʥʽʩʪʶ ʅ ʪʘ ʽʥʜʫʢʮʽʻʶ 

ɺ ʤʽʞ ʪʽʣʦʤ ʽ ʧʦʣʝʤ ʚʠʥʠʢʘʶʪʴ ʩʠʣʠ ʚʟʘʻʤʦʜʽʾ, ʪʦ ʛʦʚʦʨʷʪʴ, 

ʱʦ ʪʽʣʦ ʥʘʤʘʛʥʽʪʠʣʦʩ.̫ ʅʘʚʢʦʣʦ ʥʴʦʛʦ ʩʪʚʦʨʶʻʪʴʩʷ ʤʘʛʥʽʪʥʝ 

ʧʦʣʝ, ʘ ʩʘʤʝ ʪʽʣʦ ʤʘʻ ʜʚʘ ʤʘʛʥʽʪʥʠʭ ʧʦʣʶʩʠ: ʧʽʚʥʽʯʥʠʡ ʽ 

ʧʽʚʜʝʥʥʠʡ. ʇʦʣʶʩʠ ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ. ʉʠʣʘ 

ʚʟʘ̒ʤʦʜʽʾ ʧʦʣʶʩʽʚ ʧʨʦʧʦʨʮʽʡʥʘ ʾʭ ʟʘʨʷʜʘʤ ʽ ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʢʚʘʜʨʘʪʫ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʠʤʠ. ʄʘʛʥʽʪʥʝ ʧʦʣʝ ʚ 

ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʩʦʙʣʠʚʦʶ 

ʚʝʣʠʯʠʥʦʶ ʅ, ʱʦ ʤʘʻ ʥʘʟʚʫ ʥʘʧʨʫʞʝʥʽʩʪ ɹ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ. ɿʘ ʦʜʠʥʠʮʶ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ɽʨʩʪʝʜ) 

ʙʝʨʫʪʴ ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ ʦʜʠʥʠʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʟʘʨʷʜʫ ʥʘ 

ʚʽʜʩʪʘʥʽ 1 ʩʤ. ʋ ʩʠʩʪʝʤʽ ʉɯ ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ï ʘʤʧʝʨ ʥʘ ʤʝʪʨ (ɸ/ʤ). 

ɼʣʷ ʦʧʠʩʫ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʽʣʘ ʚʚʦʜʠʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʱʦ ʤʘʻ ʥʘʟʚʫ ʥʘʤʘʛʥʽʯʝʥʽʩʪ ɹ (4.1), ʧʽʜ 

ʷʢʦʶ ʨʦʟʫʤʽʪʁʴ ʤʝʞʫ ʚʽʜʥʦʰʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʜʝ̫ ʢʦʛʦ ʦʙô̒ ʤʫ ʪʽʣʘ V ʜʦ ʮʴʦʛʦ ʦʙô̒ ʤʫ, ʢʦʣʠ ʦʩʪʘʥʥʽʡ 

ʧʨ̫ʤʫʻ ʜʦ ʥʫʣʷ: 

J = lim (M/V)V­ 0.                     (4.1) 

ɿʘ ʨʽʚʥʦʤʽʨʥʦ ʾʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 

 

J = M/V,   (4.2) 

ʜʝ ʄ ï ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʪʽʣʘ (ɸ Ö ʤ
2
): V ï ʦʙô̒ ʤ ʪʽʣʘ (ʤ

3
);              

J ï ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ (ɸ/ʤ). 
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ʌʘʨʘʜʝʻʤ ʙʫʣʦ ʚʚʝʜʝʥʦ ʧʦʥʷʪʪʷ ʧʨʦ ʟʘʤʢʥʝʥ̔ ʣʽʥʽʾ 

ʽʥʜʫʢʮʽʾ. ʅʘʧʨʷʤʦʢ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʣʽʥʽʾ ʽʥʜʫʢʮʽʾ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʘʪʠ ʥʘʧʨʷʤ ʽ ʚʝʣʠʯʠʥʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ. ɿʛʽʜʥʦ ʟ 

ʪʝʦʨʝʤʦʶ ɻʘʫʩʘ ʧʦʚʥʝ ʯʠʩʣʦ ʣʽʥʽʾ ʽʥʜʫʢʮʽʾ, ʱʦ ʧʨʦʭʦʜʷʪʴ 

ʥʦʨʤʘʣʴʥʦ ʯʝʨʝʟ ʜʝʷʢʠʡ ʧʝʨʝʨʽʟ, ʥʘʟʠʚʘʪʁʴ ʤʘʛʥʽʪʥʠʤ 

ʧʦʪʦʢʦʤ ʫ ʮʴʦʤʫ ʧʝʨʝʨʽʟʽ. ɻʫʩʪʠʥʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʘʙʦ 

ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ (4.3), ʜʦʨʽʚʥʶʻ ʧʦʪʦʢʫ ʯʝʨʝʟ ʝʣʝʤʝʥʪ 

ʧʦʚʝʨʭʥʽ, ʧʣʦʱʘ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ: 

ɺ = y/S,                                   (4.3) 

ʜʝ ɺ ï ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ; y ï ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ (ʚʦʣʴʪʚ̔ ʟʘ 

ʩʝʢʫʥʜʫ, ʘʙʦ ʚʝʙʝʨ ï ɺʙ); S ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ (ʤ
2
). 

ʋ ʩʠʩʪʝʤʽ ʉɯ ʟʘ ʦʜʠʥʠʮʶ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʧʨʠʡʥʷʪʘ 

ʪʝʩʣʘ (1 ʊʣ = 1 ɺʙ/ʤ
2 

= 1 ɺ Ö ʩ/ʤ
2
), ʚ ʩʠʩʪʝʤʽ CGSM ʟʘ 

ʦʜʠʥʠʮʶ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʧʨʠʡʥʷʪʠʡ ʛʘʫʩ.  

ʄʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ, ʥʘʧʨʫʞʝʥʽʩʪʴ ʽ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ 

ʧʦʚô̫ ʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʪʘʢʠʤ ʚʠʨʘʟʦʤ: 

B = H + 4pJ.      (4.4) 

ɺʝʣʠʯʠʥʘ ɺ ʟʨʦʩʪʘʻ ʨʘʟʦʤ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ H. 

ʉʧʚ̔ʚʽʜʥʦʰʝʥʥʷ ʮʠʭ ʚʝʣʠʯʠʥ ʥʘʟʠʚʘʪʁʴ ʤʘʛʥʽʪʥʦʶ 

ʧʨʦʥʠʢʥʽʩʪ  ʁʽ ʧʦʟʥʘʯʘʪʁʴ ɛ:  

 

        ɺ = ɛH.                                   (4.5) 
 

ʅʘʧʨʫʞʝʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʝ ʻ ʤʘʛʥʽʪʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʨʝʯʦʚʠʥʠ, ʘʣʝ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʤʘʛʥʽʪʥʠʭ ʷʚʠʱʘʭ. ʉʪʨʫʤ ɯ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʦ ʢʽʣʴʮʶ 

ʨʘʜʽʫʩʦʤ r, ʩʪʚʦʨʶʻ ʚ ʮʝʥʪʨʽ ʡʦʛʦ ʤʘʛʥʽʪʥʝ ʧʦʣʝ 

ʥʘʧʨʫʞʝʥʽʩʪʶ ʅ = ɯ/2r. ɿʘ ɯ = 1 ɸ, 2r = 1 ʤ, ʅ = 1 ɸ/ʤ. ʊʘʢʝ 

ʢʽʣʴʮʝ ʟʽ ʩʪʨʫʤʦʤ ʤʘʻ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʟʘ ʬʦʨʤʫʣʦʶ  

 

ʄ = Õ0ɯS,                                (4.6) 
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ʜʝ ɛ0 ï ʤʘʛʥʽʪʥʘ ʩʪʘʣʘ, ʱʦ ʜʦʨʽʚʥʶʻ 4ˊ Ā 10
ï7

 ʅ/ɸ
2
, ʘʙʦ ɻʥ/ʤ; 

S ï ʧʣʦʱʘ ʢʽʣʴʮʷ.  

ʅʘʤʘʛʥʽʯʝʥʽʩʪʴ ʨʝʯʦʚʠʥʠ (4.7) ʧʨʦʧʦʨʮʽʡʥʘ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ:  

J = ɢʅ,                                     (4.7) 

ʜʝ ɢ ï ʤʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʨʝʯʦʚʠʥʠ.  

 

ʋ ʩʠʩʪʝʤʽ ʉɯ ɢ ï ʙʝʟʨʦʟʤʽʨʥʘ ʚʝʣʠʯʠʥʘ. ʂʣʘʩʠʬʽʢʘʮʽʷ 

ʨʝʯʦʚʠʥ ʟʘ ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨ̌ʫʥʪʫʻʪʴʩʷ ʥʘ 

ʟʥʘʢʦʚʽ, ʚʝʣʠʯʠʥʽ ɢ ʪʘ ʾʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽ ʪʝʤʧʝʨʘʪʫʨʠ. 

 

4.1.2 ʄʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʭʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
 

ɿʘ ʗ. ʌʨʝʥʢʝʣʝʤ, ʤʘʛʥʽʪʥʽ ʷʚʠʱʘ ʚ ʨʝʯʦʚʠʥʘʭ 

ʧʦʜ̔ʣʷʁʪʴ ʥʘ ʜʚʘ ʚʝʣʠʢʽ ʢʣʘʩʠ: ʩʣʘʙʦʤʘʛʥʽʪʥʽ ʪʘ 

ʩʠʣʴʥʦʤʘʛʥʪ̔ʥʽ. ʉʣʘʙʦʤʘʛʥʽʪʥʽ ʷʚʠʱʘ ï ʜʽʘʤʘʛʥʝʪʠʟʤ ʽ 

ʧʘʨʘʤʘʛʥʝʪʠʟʤ ï ʨʦʟʚʠʚʘʶʪʴʩʷ ʣʠʰʝ ʚ ʟʦʚʥʽʰʥʴʦʤʫ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ (ʤʘʛʥʪ̔ʥʦ-ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ ʨʝʯʦʚʠʥʠ). 

ʉʠʣʴʥʦʤʘʛʥʽʪʥʽ ʷʚʠʱʘ (ʢʦʦʧʝʨʘʪʠʚʥʠʡ ʤʘʛʥʝʪʠʟʤ) ï 

ʬʝʨʦʤʘʛʥʝʪʠʟʤ, ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʟʤ, ʬʝʨʠʤʘʛʥʝʪʠʟʤ ï 

ʦʙʫʤʦʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʚʥʫʪʨʽʰʥʴʦʶ ʚʟʘʤ̒ʦʜʽʻʶ ʝʣʝʢʪʨʦʥʽʚ 

ʫ ʨʝʯʦʚʠʥʽ (ʤʘʛʥʽʪʥʦ-ʚʧʦʨʷʜʢʦʚʘʥʽ ʨʝʯʦʚʠʥʠ). 

ʄʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ɢ ʤʘʪʝʨʽʘʣʽʚ ʧʝʨʰʦʛʦ 

ʢʣʘʩʫ ʜʫʞʝ ʤʘʣʘ (ʧʦʨʷʜʢʫ 10
ï5
ï10

ï6
) ʽ ʻ ʚʝʣʠʯʠʥʦʶ ʩʪʘʣʦʶ ʫ 

ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʦʣʷ ʅ. ɼʣʷ ʧʘʨʘʤʘʛʥʽʪʥʠʭ ʤʝʪʘʣʽʚ ɢ ʻ 

ʚʝʣʠʯʠʥʦʶ ʜʦʜʘʪʥʦʶ, ʘ ʜʣʷ ʜʽʘʤʘʛʥʽʪʥʠʭ ï ʚʽʜô̒ ʤʥʦʶ. 

ʊʦʙʪʦ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʧʘʨʘʤʘʛʥʽʪʥʠʭ ʤʝʪʘʣʽʚ ʟʙʽʛʘʻʪʴʩʷ ʟʘ 

ʩʚʦʾʤ ʥʘʧʨʤ̫ʦʤ ̔ʟ ʧʦʣʝʤ, ʘ ʜʣʷ ʜʽʘʤʘʛʥʽʪʥʠʭ ï 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʩʧʨʷʤʦʚʘʥʘ ʥʘʟʫʩʪʨʽʯ ʧʦʣʶ. ɽʣʝʤʝʥʪʘʨʥʽ 

ʤʘʛʥʽʪʥʽ ʤʦʤʝʥʪʠ ʤʝʪʘʣʽʚ ʧʝʨh ʦʛʦ ʢʣʘʩʫ ʭʘʦʪʠʯʥʦ 

ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʧʨʦʩʪʦʨʽ (ʨʠʩ. 4.1 ʘ), ʫ ʤʝʪʘʣʘʭ ʜʨʫʛʦʛʦ ʢʣʘʩʫ 

ʤʦʤʝʥʪʠ ʨʦʟʤʽʱʝʥʽ ʚʧʦʨʷʜʢʦʚʘʥʦ (ʨʠʩ. 4.1 ʙ, ʚ). ɿʘʟʥʘʯʝʥʽ 
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ʪʠʧʠ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʻ ʥʝ ʣʠʰʝ ʩʝʨʝʜ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ, ʘ ʡ 

ʩʝʨʝʜ ʾʭ ʩʧʣʘʚʽʚ.  

 
ʈʠʩʫʥʦʢ 4.1 ï ʉʭʝʤʘ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʘʪʦʤʥʠʭ  

ʤʘʛʥʽʪʥʠʭ ʤʦʤʝʥʪʽʚ: ʘ ï ʧʘʨʘʤʘʛʥʝʪʠʢ; ʙ ï ʬʝʨʦʤʘʛʥʝʪʠʢ;  

ʚ ï ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʢ; ʛ ï ʬʝʨʠʤʘʛʥʝʪʠʢ 

 

ɹʫʚʘʶʪʴ ʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʪʠʧʠ ʤʘʛʥʽʪʥʦʛʦ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʩʝʨʝʜ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʤʝʪʘʣʽʚ. ɺ 

ʽʦʥʥʠʭ ʩʧʦʣʫʢʘʭ ʫ ʥʠʟʮʽ ʚʠʧʘʜʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʬʝʨʠʤʘʛʥʝʪʠʟʤ (ʨʠʩ. 4.1 ʛ), ʪʦʙʪʦ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʠʡ 

ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʟʤ. 

ʋ ʥʘʡʧʨʦʩʪʽʰʠʭ ʚʠʧʘʜʢʘʭ ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʟʤ ʽ 

ʬʝʨʠʤʘʛʥʝʪʠʟʤ ʻ ʤʘʛʥʝʪʠʟʤʦʤ ʜʚʦʭ ʧʽʜʨ̌ʘʪʦʢ. ʋ ʢʦʞʥʽʡ 

ʧʽʜ̌ʨʘʪʮʽ ʤʘʛʥʽʪʥʽ ʤʦʤʝʥʪʠ ʘʪʦʤʽʚ ʧʘʨʘʣʝʣʴʥʽ ʡ ʩʪʚʦʨʶʶʪʴ 

ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ ʧʽʜʨ̌ʘʪʢʠ. ʉʫʤʘʨʥʽ ʤʦʤʝʥʪʠ ʧʽʜʨ̌ʘʪʦʢ 

ʘʥʪʠʧʘʨʘʣʝʣʴʥʽ, ʽ ʷʢʱʦ ʚʦʥʠ ʦʜʥʘʢʦʚʽ, ʪʦ ʚʠʭʦʜʠʪʴ 

ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʟʤ. ʗʢʱʦ ʦʜʠʥ ʙʽʣʴʰʠʡ ʟʘ ʽʥʠhʡ, ʪʦ 

ʚʠʭʦʜʠʪʴ ʬʝʨʠʤʘʛʥʝʪʠʟʤ. ɿʜʘʚʥʘ ʚʽʜʦʤʘ ʧʨʠʨʦʜʥʘ ʩʧʦʣʫʢʘ 

(ʤʘʛʥʝʪʠʪ) Fʝ3ʆ4 ʘʙʦ Fʝ2ʆ3 Ā Fʝʆ ï ʮʝ ʬʝʨʠʤʘʛʥʝʪʠʢ. ɺʦʥʦ 

ʤʘ̒ ʩʪʨʫʢʪʫʨʫ ʦʙʝʨʥʝʥʦʾ ʰʧʽʥʝʣʽ. ʋ ʥʴʦʤʫ ʽʦʥʠ ʢʠʩʥʶ, 

ʩ̔ʪʦʪʥʦ ʙʽʣʴʰʽ, ʥʽʞ ʽʦʥʠ ʟʘʣʽʟʘ, ʫʪʚʦʨʶʶʪʴ ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʽ 

ʨ̌ʘʪʢʠ. ʄʘʛʥʽʪʥʘ ʧʦʚʝʜʽʥʢʘ ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʫ ʥʝ ʜʫʞʝ 

ʩʠʣʴʥʠʭ ʧʦʣʷʭ ʙʣʠʟʴʢʘ ʜʦ ʧʘʨʘʤʘʛʥʝʪʠʢʽʚ, ʬʝʨʠʤʘʛʥʝʪʠʢʠ 

ʟʘ ʩʚʦ̒ʁ ʧʦʚʝʜʽʥʢʦʶ ʙʣʠʟʴʢʽ ʜʦ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ. 

ʌʝʨʦʤʘʛʥʽʪʥ̔ ʤʝʪʘʣʠ ʥʘʤʘʛʥʽʯʫʶʪʴʩʷ ʜʫʞʝ ʩʠʣʴʥʦ ʚ 

ʨʘʟʽ ʚʥʝʩʝʥʥ ̫ ʾʭ ʫ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʪʘ ʤʘʪʁʴ ʚʠʩʦʢʫ ʤʘʛʥʽʪʥʫ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪɹ. 

ʂʦʞʥʽʡ ʛʨʫʧʽ ʨʝʯʦʚʠʥ: ʜʽʘʤʘʛʥʽʪʥʽʡ, ʧʘʨʘʤʘʛʥʽʪʥʽʡ  ̔

ʬʝʨʦʤʘʛʥʽʪʥʽʡ ï ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʝ ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ 
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ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ. ʋ ʜʽʘʤʘʛʥʝʪʠʢʽʚ (ʤʽʜʴ, ʩʨʽʙʣʦ, ʟʦʣʦʪʦ 

ʪʦɦ ʦ) ʤʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʥʝʛʘʪʠʚʥʘ ʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚ 

ʤʝʞʘʭ c = (ï10
ï6

)ï(ï10
ï7

). ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʽʩʤʫʪʫ ʚʦʥʘ 

ʜʦʨʽʚʥʶʻ c = ï0,000013. ɼʽʘʤʘʛʥʝʪʠʢ ʚʠʰʪʦʚʭʫʪ̒ʴʩʷ ʽʟ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ. ʋ ʧʘʨʘʤʘʛʥʝʪʠʢʽʚ ʤʘʛʥʽʪʥʘ 

ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʜʝʱʦ ʙʽʣʴʰʘ ʟʘ ʥʫʣʴ c = 10
ï6
ï10

ï7
. 

ɹʽʣʴʰʽʩʪʴ ʤʝʪʘʣʽʚ: ʣʫʞʥʽ, ʣʫʞʥʦ-ʟʝʤʝʣʴʥʽ ʪʘ ʧʝʨʝʭʽʜʥʽ, ʘ 

ʪʘʢʦʞ ʬʝʨʦʤʘʛʥʝʪʠʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʚʽʜ ʪʦʯʢʠ ʂʶʨʽ 

ʥʘʣʝʞʘʪʴ ʜʦ ʧʘʨʘʤʘʛʥʝʪʠʢʽʚ. ʋ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʤʘʛʥʽʪʥʘ 

ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʽ ʧʦʟʠʪʠʚʥʘ c = 10
2
ï10

3
. ɯʟ 

ʯʠʩʪʠʭ ʭʤ̔ʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʝʨʦʤʘʛʥʽʪʥ ̔ʚʣʘʩʪʠʚʦʩʪ ̔ʤʘʶʪʴ 

ʟʘʣʽʟʦ, ʥʽʢʝʣʴ, ʢʦʙʘʣʴʪ ʽ ʛʘʜʦʣʽʥʽʡ. ɿʘ ʜʫʞʝ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʜʦ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʝʨʙʽʡ, 

ʜʠʩʧʨʦʟʽʡ, ʪʫʣʽʡ, ʛʦʣʴʤʽʡ ʽ ʪʝʨʙʽʡ. ʂʨʽʤ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ, 

ʬʝʨʦʤʘʛʥʽʪʥ̔ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʶʪʴ ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ, 

ʥʽʢʝʣʶ, ʢʦʙʘʣʴʪʫ, ʤʘʨʛʘʥʮʶ ʪʘ ʭʨʦʤʫ. ʅʘʡʚʘʞʣʠʚʽʰʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʾʭ ʟʜʘʪʥʽʩʪʴ 

ʟʙʝʨʽʛʘʪʠ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʥʘʤʘʛʥʯ̔ʫʚʘʥʦʛʦ 

ʧʦʣʷ, ʚʥʘʩʣʽʜʦʢ ʮʦɹʛʦ ʚʦʥʠ ʩʘʤʽ ʩʪʘʶʪʴ ʧʦʩʪʽʡʥʠʤʠ 

ʤʘʛʥʽʪʘʤʠ. 

ʄʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʽʚ ʪʘ 

ʾʭ ʩʧʣʘʚʽʚ ʦʙʫʤʦʚʣʝʥʽ ʤʘʛʥʽʪʥʠʤ ʤʦʤʝʥʪʦʤ ʨʫʭʦʤʦʛʦ 

ʝʣʝʢʪʨʦʥʘ. ʄʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʷʜʨʘ ʤʘʡʞʝ ʚ 2 000 ʨʘʟʽʚ 

ʤʝʥʠhʡ ʚʽʜ ʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʝʣʝʢʪʨʦʥʘ, ʽ ʥʠʤ ʤʦʞʥʘ ʚ 

ʮʦɹʤʫ ʨʘʟʽ ʟʥʝʭʪʫʚʘʪʠ. ʉʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʥʘ 

ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ, ʧʨʠʯʦʤʫ ʤʝʭʘʥʽʯʥʠʡ ʤʦʤʝʥʪ ʢʽʣʴʢʦʩʪʽ 

ʨʫʭʫ (ʩʧʽʥ) S ʧʘʨʘʣʝʣʴʥʠʡ ʜʦ ʮʽʻʾ ʦʩʽ: 

p22

1 h
S Ö°= ,                                 (4.8) 

ʜʝ h = 6,627 Ā 10
ï27

 ʝʨʛ Ā ʩ (ʩʪʘʣʘ ʇʣʘʥʢʘ). 

 

ɼʚʘ ʟʥʘʢʠ ʫ ʚʠʨʘʟ̔  (5.8) ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʩʧʽʥ 

ʤʦʞʝ ʤʘʪʠ ʣʠh ʝ ʜʚʽ ʦʨʽʻʥʪʘʮʽʾ ʱʦʜʦ ʟʦʚʥʽʰʥʴʦʛʦ 
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ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʉʧʽʥʫ ʝʣʝʢʪʨʦʥʘ (5.9) ʚʽʜʧʦʚʽʜʘʻ ʤʘʛʥʽʪʥʠʡ 

ʤʦʤʝʥʪ, ʪʘʢ ʟʚʘʥʠʡ ʤʘʛʥʝʪʦʥ ɹʦʨʘ:  

20109273,0
4

-Ö==
mc

eh
B

p
m  ʝʨ ʛĀ ʩ

ï1
,        (4.9) 

ʜʝ ʩ ï ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ; ʝ ʽ m ï ʟʘʨʷʜ ʽ ʤʘʩʘ ʥʝʨʫʭʦʤʦʛʦ 

ʝʣʝʢʪʨʦʥʘ. 

 

ʄʘʛʥʝʪʦʥ ɹʦʨʘ ʙʝʨʫʪʴ ʟʘ ʘʪʦʤʥʫ ʦʜʠʥʠʮʶ ʤʘʛʥʽʪʥʦʛʦ 

ʤʦʤʝʥʪʫ. 

 

4.1.3 ɼ̔ʘʤʘʛʥʝʪʠʢʠ 
 

ɼʽʘʤʘʛʥʝʪʠʢʘʤʠ ʥʘʟʠʚʘʶʪʴ ʨʝʯʦʚʠʥʠ, ʱʦ ʩʣʘʙʦ 

ʥʘʤʘʛʥʽʯʫʶʪʴʩʷ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. ɼʣʷ ʥʠʭ c < 0 ʽ ʤʘʣʘ ʟʘ 

ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ (10
ï6
ï10

ï4
). ɺʝʢʪʦʨ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ 

ʜʽʘʤʘʛʥʝʪʠʢʘ ʟʘʚʞʜʠ ʧʨʦʪʠʣʝʞʥʠʡ ʚʝʢʪʦʨʫ ʅ, ʪʦʤʫ ʜʽʘ-

ʤʘʛʥʝʪʠʢ ʚʠʰʪʦʚʭʫʻʪʴʩʷ ʟ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ɼʽʘʤʘʛʥʝʪʠʟʤ ʤʘʶʪʴ ʫʩʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʥʝ ʤʘʶʪʴ 

ʚʣʘʩʥʠʭ (ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʣʷ) ʘʪʦʤʥʠʭ ʤʘʛʥʽʪʥʠʭ ʤʦʤʝʥʪʽʚ. 

ʊʦʙʪʦ ʜʽʘʤʘʛʥʝʪʠʟʤ ʚʣʘʩʪʠʚʠʡ ʘʙʩʦʣʶʪʥʦ ʚʩʽʤ ʨʝʯʦʚʠʥʘʤ. 

ʋʩʶ ʩʫʢʫʧʥʽʩʪʴ ʜʽʘʤʘʛʥʝʪʠʢʽʚ ʧʦʜʽʣʷʪʁʴ ʥʘ ʪʨʠ ʛʨʫʧʠ. 

ʂʣʘʩʠʯʥʽ ʜʽʘʤʘʛʥʝʪʠʢʠ ï ʙʣʘʛʦʨʦʜʥʽ ʛʘʟʠ, ʜʝʷʢʽ 

ʤʝʪʘʣʠ (ʉu, Zn, ɸg, ɸu, ʅg ʪʘ ʽʥʰʽ), ʙʘʛʘʪʦ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ. ʄʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʾʭ ʤʘʻ ʥʦʨʤʘʣʴʥʝ ʤʘʣʝ 

ʘʙʩʦʣʪʁʥʝ ʟʥʘʯʝʥʥʷ (10
ï5
ï10

ï6
) ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

ʊʠʧʦʚʠʤʠ ʜʽʘʤʘʛʥʝʪʠʢʘʤʠ ʻ ʙʣʘʛʦʨʦʜʥʽ ʛʘʟʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʘʪʦʤʽʚ ʽʟ ʟʘʚʝʨʰʝʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʦʙʦʣʦʥʢʘʤʠ. ʄʘʛʥʽʪʥʽ ʤʦʤʝʥʪʠ ʝʣʝʢʪʨʦʥʽʚ ʩʢʦʤʧʝʥʩʦʚʘʥʽ, ʽ 

ʪʦʤʫ ʙʣʘʛʦʨʦʜʥʽ ʛʘʟʠ ʥʝ ʤʘʶʪʴ ʚʣʘʩʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʤʦʤʝʥʪʫ. ɹʫʜʴ-ʷʢʠʡ ʝʣʝʤʝʥʪ ʙʫʜʝ ʜʽʘʤʘʛʤʘʛʥʽʪʥʠʤ, ʷʢʱʦ 

ʚʽʥ ʽʦʥʽʟʦʚʘʥʠʡ ʥʘʩʪʽʣʴʢʠ, ʱʦ ʝʣʝʢʪʨʦʥʥʘ ʦʙʦʣʦʥʢʘ ʡʦʛʦ 

ʘʪʦʤʘ ʩʪʘʥʝ ʪʘʢʦʶ ʩʘʤʦʶ, ʷʢ ʚ ʘʪʦʤʘ ʙʣʘʛʦʨʦʜʥʦʛʦ ʛʘʟʫ. 

ʅʘʧʨʠʢʣʘʜ, ʦʜʥʦʚʘʣʝʥʪʥʠʡ ʥʘʪʨʽʡ ʧʦʪʨʽʙʥʦ ʽʦʥʽʟʫʚʘʪʠ 

ʦʜʥʦʨʘʟʦʚʦ (ʜʦ Na
+
), ʜʚʦʚʘʣʝʥʪʥʠʡ ʢʘʣʴʮʽʡ ï ʜʚʦʨʘʟʦʚʦ (ʜʦ 
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ʉʘ
+
), ʱʦʙ ʾʭʥʽ ʽʦʥʠ ʩʪʘʣʠ ʜʽʘʤʘʛʥʽʪʥʠʤʠ, ʭʦʯʘ ʤʝʪʘʣʝʚʽ ï 

ʥʝʡʪʨʘʣʴʥʽ, ʥʘʪʨʽʡ ʽ ʢʘʣʴʮʽʡ ï ʧʘʨʘʤʘʛʥʽʪʥʽ. 

ɿ ʪʝʦʨʽʾ ʚʠʧʣʠʚʘʻ, ʱʦ ʝʣʝʢʪʨʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʤʘʶʪʴ 

ʷʢ ʧʘʨʘʤʘʛʥʝʪʠʟʤ, ʪʘʢ ʽ ʜʽʘʤʘʛʥʝʪʠʟʤ ʟ̔ ʧʝʨʝʚʘʞʘʥʥʷʤ 

ʧʘʨʘʤʘʛʥʽʪʥʦʾ ʩʢʣʘʜʦʚʦʾ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʽʘʤʘʛʥʽʪʥʠʤʠ ʻ ʪʽ 

ʤʝʪʘʣʠ, ʫ ʷʢʠʭ ʜʽʘʤʘʛʥʝʪʠʟʤ ʽʦʥʥʦʾ ʦʩʥʦʚʠ ʢʨʠʩʪʘʣʘ 

ʧʝʨʝʚʠʱʫʻ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ. 

ɸʥʦʤʘʣʴʥʽ ʜʽʘʤʘʛʥʝʪʠʢʠ ï Bi, Sb, ʛʨʘʬʽʪ, ɔ-ʬʘʟʠ 

ʩʠʩʪʝʤ ʉu-Zn ʪʘ ʽʥʰʽ. ɸʪʦʤʥʘ ʤʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʾʭ ʫ 

10ï100 ʨʘʟʽʚ ʙʽʣʴʰʘ, ʥʽʞ ʫ ʢʣʘʩʠʯʥʠʭ ʜʽʘʤʘʛʥʝʪʠʢʽʚ. 

ʉʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʜʝʷʢʠʭ ʨʝʯʦʚʠʥ ï ʧʝʨʽʦʜʠʯʥʘ ʬʫʥʢʮʽʷ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ. ɼʣʷ ʚʩʽʭ ʘʥʦʤʘʣʴʥʠʭ ʜʽʘʤʘʛʥʝʪʠʢʽʚ 

ʭʘʨʘʢʪʝʨʥʘ ʩʠʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʅʘʜʧʨʦʚʽʜʥʠʢʠ. ɹʘʛʘʪʦ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 

1ï10 ʂ ʧʝʨʝʭʦʜʷʪʴ ʫ ʥʘʜʧʨʦʚʽʜʥʠʢʦʚʠʡ ʩʪʘʥ, ʪʦʙʪʦ 

ʧʦʚʥʽʩʪʶ ʚʪʨʘʯʘʶʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ. ʉʪʨʫʤ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʧʦ ʧʦʚʝʨʭʥʽ ʥʘʜʧʨʦʚʽʜʥʠʢʘ, ʝʢʨʘʥʫʻ ʡʦʛʦ 

ʚʥʫʪʨʽh ʥʽ ʦʙʩʷʛʠ ʚʽʜ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ʋ ʪʘʢʦʤʫ ʩʪʘʥʽ ʚʩʝʨʝʜʠʥʽ ʥʘʜʧʨʦʚʽʜʥʠʢʘ ɺ = ʅ = 0 ʽ ʥʽʷʢʦʾ 

ʜʽʘʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʪ̫ʣʠʚʦʩʪʽ ʥʝ ʽʩʥʫʻ. ɸʣʝ ʟ̔ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʛʣʷʜʫ ʥʘʜʧʨʦʚʽʜʥʠʢʠ ʤʘʶʪʴ ʜʽʘʤʘʛʥʝʪʠʟʤ, ʦʙʫʤʦʚʣʝʥʠʡ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʤʠ ʧʦʚʝʨʭʥʝʚʠʤʠ ʩʪʨʫʤʘʤʠ. ɺʽʜʧʦʚʽʜʥʘ ʜʦ 

ʮʴʦʛʦ ʜʽʘʤʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʘ 

ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ ʟʥʘʯʝʥʥʷ ɢ = ï1/4ˊ. 

   

4.1.4 ʇʘʨʘʤʘʛʥʝʪʠʢʠ 
 

ʊʽʣʦ ʧʘʨʘʤʘʛʥʽʪʥʝ, ʷʢʱʦ ʡʦʛʦ ʘʪʦʤʠ (ʽʦʥʠ) ʤʘʶʪʴ 

ʚʣʘʩʥʽ ʤʘʛʥʽʪʥʽ ʤʦʤʝʥʪʠ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʣʷ ʪʝʧʣʦʚʠʡ ʨʫʭ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʭʘʦʪʠʯʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʘʛʥʽʪʥʠʭ 

ʤʦʤʝʥʪʽʚ, ʫʥʘʩʣʽʜʦʢ ʮʦɹʛʦ ʪʽʣʦ ʥʝʤʘʛʥʽʪʥʝ. ɿʦʚʥʽʰʥʻ 

ʤʘʛʥʪ̔ʥʝ ʧʦʣʝ ʜʦʣʘʻ ʚʧʣʠʚ ʪʝʧʣʦʚʦʛʦ ʨʫʭʫ ʡ ʘʪʦʤʥʽ ʤʘʛʥʽʪʥʽ 

ʤʦʤʝʥʪʠ ʦʨʽʻʥʪʫʶʪʴʩʷ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʉʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʧʘʨʘʤʘʛʥʝʪʠʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

(ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʨ̌ʘʪʢʠ). ʇʘʨʘʤʘʛʥʝʪʠʢʠ ʤʘʶʪʴ ʤʘʣʫ 



186 

ʧʦʟʠʪʠʚʥʫ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ, ʩʣʘʙʦ ʥʘʤʘʛʥʽʯʫʶʪʴʩʷ, 

ʚʪʷʛʫʶʪʴʩʷ ʚ ʥʝʦʜʥʦʨʽʜʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ. 

ʅʦʨʤʘʣʴʥʽ ʧʘʨʘʤʘʛʥʝʪʠʢʠ ï ʮʝ ʨʝʯʦʚʠʥʠ, 

ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʷʢʠʭ ʦʙʫʤʦʚʣʝʥʠʡ ʨʝʟʫʣʴʪʫʶʯʠʤʠ 

ʤʘʛʥʽʪʥʠʤʠ ʤʦʤʝʥʪʘʤʠ ʘʪʦʤʽʚ. ʎʝ ʛʘʟʠ (ʆ2, Nʆ), ʩʦʣʽ ʟʘʣʽʟʘ, 

ʢʦʙʘʣʴʪʫ, ʥʢ̔ʝʣʶ, ʤʝʪʘʣʝʚʽ Fʝ, ʉʦ, Ni ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ 

ʚʽʜ ʪʦʯʦʢ ʂʨʁʽ. ʄʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʛʘʟʽʚ ʽ ʜʝʷʢʠʭ 

ʩʧʦʣʫʢ ʟʘʧʠʩʫ̒ ʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʟʘʢʦʥʫ ʂʶʨʽ ʟʘ ʬʦʨʤʫʣʦʶ  
 

ɢ = ʉ/ʊ,                                  (4.10) 

ʜʝ ʉ ï ʩʪʘʣʘ ʂʶʨʽ; ʊ ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

 

ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʥʦʨʤʘʣʴʥʠʭ ʧʘʨʘʤʘʛʥʝʪʠʢʽʚ ʧʽʜʣ̫ʛʘ̒ 

ʟʘʢʦʥʫ ʂʶʨʽ ï ɺʝʡʩʘ ʟʛʽʜʥʦ ʟ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 

ɢ = ʉ / (ʊ ï ȹ),                                (4.11) 

ʜʝ ȹ ï ʩʪʘʣʘ ɺʝʡʩʘ. 
 

ɼʣʷ ʧʘʨʘʤʘʛʥʝʪʠʢʽʚ, ʷʢʽ ʟʘ ʟʥʠʞʝʥʥ ̫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʪʘʶʪʴ ʬʝʨʦʤʘʛʥʝʪʠʢʘʤʠ, ȹ ï ʜʦʜʘʪʥʘ. ʗʢʱʦ ʨʝʯʦʚʠʥʘ ʟʘ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʝʭʦʜʠʪʴ ʚ ʘʥʪʠʬʝʨʦʤʘʛʥʽʪʥʠʡ ʩʪʘʥ, 

ȹ ʟʘʟʚʠʯʘʡ ʚʽʜô̒ ʤʥʘ. ɼʣʷ ʥʽʢʝʣʶ ʚ ʧʘʨʘʤʘʛʥʽʪʥʦʤʫ ʩʪʘʥʽ ʪʘ 

ʨʷʜʫ ʩʧʣʘʚʽʚ ʤʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʧʚ̔ʚʽʜʥʦʰʝʥʥʷʤ  

ɢ = ɢʢ + ʉ / (ʊ ï ȹ),                              (4.12) 

ʜʝ ɢʢ ï ʯʘʩʪʠʥʘ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ, ʱʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

 

ʋ ʩʠʣʴʥʠʭ ʧʦʣʷʭ ʽ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʦʨʤʘʣʴʥʠʭ ʧʘʨʘʤʘʛʥʝʪʠʢʽʚ ʥʘʙʣʠʞʘʻʪʴʩʷ 

ʜʦ ʥʘʩʠʯʝʥʥʷ, ʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʢʨʽʦʤʘʛʥʽʪʥʽ ʘʥʦʤʘʣʽʾ.  

ʈʝʯʦʚʠʥʠ, ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʷʢʠʭ ʦʙʫʤʦʚʣʝʥʠʡ 

ʚʽʣɹʥʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʘʛʥʽʪʥʦʶ 

ʩʧʨʠʡʥʷʪʣʠʚʩ̔ʪʶ, ɦʦ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʨʝʯʦʚʠʥ ʚʭʦʜʷʪʴ ʣʽʪʽʡ, ʥʘʪʨʽʡ, 

ʢʘʣʽʡ, ʨʫʙʽʜʽʡ ʽ ʮʝʟʽʡ. 
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ʄʝʪʘʤʘʛʥʝʪʠʢʠ ï ʮʝ ʨʝʯʦʚʠʥʠ, ʤʘʛʥʽʪʥʘ 

ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʷʢʠʭ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʘʥʦʤʘʣʴʥʦ ʟʤʽʥʶʻʪʴʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ. 

ʄʝʪʘʤʘʛʥʝʪʠʢʘʤʠ ʻ ʭʣʦʨʠʜʠ ʜʝʷʢʠʭ ʤʝʪʘʣʽʚ (FeCl2, CoCl2) 

ʪʘ ʽʥʰʽ. ɿʘ ʮʠʢʣʽʯʥʦ ʾʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʽ ʥʘʧʨʷʤʢʫ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʚʠʱʝ ʛʽʩʪʝʨʝʟʠʩʫ, ʪʠʧʦʚʝ ʜʣʷ 

ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ. 

ʉʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʢʠ ï ʮʝ ʩʧʣʘʚʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʥʝʤʘʛʥʽʪʥʦʾ ʧʘʨʘʤʘʛʥʽʪʥʦʾ ʯʠ ʜʽʘʤʘʛʥʽʪʥʦʾ ʤʘʪʨʠʮʽ, ʫ ʷʢʽʡ 

ʨʦʟʧʦʜʽʣʝʥʽ ʜʨʽʙʥʽ ï ʤʝʥʝh ʥʽʞ 10 ʥʤ ï ʯʘʩʪʠʥʢʠ, ʘʙʦ 

ʢʣʘʩʪʝʨʠ, ʱʦ ʤʘʶʪʴ ʬʝʨʦʤʘʛʥʽʪʥʽ ʘʙʦ ʬʝʨʠʤʘʛʥʽʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ̔ ʩʣʘʙʦ ʚʟʘʻʤʦʜʽʶʪ ɹ ʤʽʞ ʩʦʙʦʶ. 

ʉʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʢʠ ʷʢʽʩʥʦ ʧʦʜʽʙʥʽ ʟ ʥʦʨʤʘʣʴʥʠʤʠ 

ʧʘʨʘʤʘʛʥʝʪʠʢʘʤʠ, ʧʽʜʣʷʛʘʁʪ ɹ ʟʘʢʦʥʫ ʂʶʨʽ, ʘʣʝ ʾʭ 

ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʽ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚ ʙʘʛʘʪʦ 

ʨʘʟʽʚ ʙʽʣʴʰʠʤʠ. ʉʫʧʝʨʧʘʨʘʤʘʛʥʽʪʥʠʡ ʩʪʘʥ ʚʠʥʠʢʘʻ, ʟʦʢʨʝʤʘ, 

ʟʘ ʨʦʟʧʘʜʫ ʜʝʷʢʠʭ ʧʝʨʝʩʠʯʝʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ, ʷʢʠʡ 

ʧʨʦʭʦʜʠʪʴ ʟ̔ ʚʠʜʽʣʝʥʥʷʤ ʯʘʩʪʠʥʦʢ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʝʪʘʣʽʚ: 

ʢʦʙʘʣʴʪʫ ʚ ʩʧʣʘʚʽ ʉu + 2 % ʉʦ, ʟʘʣʽʟʘ ʚ ɓ-ʣʘʪʫʥʽ, ʱʦ ʤʽʩʪʠʪʴ 

ʙʣʠʟʴʢʦ 0,1 % Fʝ ʪʘ ʚ ʽʥʰʠʭ ʩʧʣʘʚʘʭ. ɺ ʘʫʩʪʝʥʽʪʥʠʭ 

ʤʝʪʘʩʪʘʙʽʣʴʥʠʭ ʩʪʘʣʷʭ ʩʪʘʥ ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʟʤʫ ʤʦʞʝ 

ʚʠʥʠʢʥʫʪʠ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʤʘʨʪʝʥʩʠʪʫ ʜʝʬʦʨʤʘʮʽʾ. 

 

4.1.5 ɺʠʤʨ̔ʶʚʘʥʥʷ ʧʘʨʘʤʘʛʥʽʪʥʦʾ  

ʽ ʜʽʘʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ 
 

ʅʘʡʯʘʩʪʽʰʝ ʧʘʨʘʤʘʛʥʽʪʥʘ ʘʙʦ ʜʽʘʤʘʛʥʽʪʥʘ 

ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʩʠʣʦʶ, ʟ ʷʢʦʶ ʟʨʘʟʦʢ 

ʚʪʷʛʫʻʪʴʩʷ ʚ ʥʝʦʜʥʦʨʽʜʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʘʙʦ ʚʠʰʪʦʚʭʫʻʪʴʩʷ ʟ 

ʥʴʦʛʦ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʝ ʧʦʣʝ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʷʢʱʦ 

ʚʠʛʦʪʦʚʠʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʟʽ ʩʢʦʰʝʥʠʤʠ ʧʦʣʶʩʘʤʠ. ɿʨʘʟʦʢ, 

ʧʦʤʽʱʝʥʠʡ ʫ ʤʽʞʧʦʣʶʩʥʠʡ ʧʨʦʩʪʽʨ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʟʽ 

ʩʢʦʰʝʥʠʤʠ ʧʦʣʩʁʘʤʠ (ʨʠʩ. 4.2), ʚʪʷʛʫʻʪʴʩʷ (ʘʙʦ 
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ʚʠʰʪʦʚʭʫʻʪʴʩʷ) ʩʠʣʦʶ F, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ  

dx

dH
VHF Ö=c ,                                    (4.13) 

ʜʝ ɢ ï ʤʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʟʨʘʟʢʘ; V ï ʦʙô̒ ʤ ʟʨʘʟʢʘ; 

H ï ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ; dH/dx ï ʛʨʘʜʽʻʥʪ ʧʦʣʷ 

ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʭ. 

 

 

ʈʠʩʫʥʦʢ 4.2 ï ʉʭʝʤʘ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʘʛʥʽʪʥʦʾ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ: 

1 ï ʝʣʝʢʪʨʦʤʘʛʥʽʪ;  

2 ï ʟʨʘʟʦʢ;  

3 ï ʦʧʦʨʘ ʚʘʛ;  

4 ï ʢʦʪʫʰʢʘ  

ʟ̔ ʩʝʨʜʝʯʥʠʢʦʤ 

ɼʦ ʦʜʥʽʻʾ ʯʘʰʽ ʘʥʘʣʽʪʠʯʥʠʭ ʚʘʛ ʧʽʜʚʽʰʝʥʠʡ 

ʚʠʧʨʦʙʦʚʫʚʘʥʠʡ ʟʨʘʟʦʢ, ʘ ʜʦ ʽʥʰʦʾ ï ʬʝʨʦʤʘʛʥʽʪʥʠʡ 

ʩʝʨʜʝʯʥʠʢ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʽʥʜʫʢʮʽʡʥʦʾ ʢʦʪʫʰʢʠ. ʇʽʜ ʯʘʩ 

ʧʨʦʧʫʩʢʘʥʥ̫ ʩʣʘʙʢʦʛʦ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ I ʯʝʨʝʟ ʢʦʪʫʰʢʫ 

ʩʝʨʜʝʯʥʠʢ ʫ ʥʝʾ ʚʪʷʛʫʻʪʴʩʷ, ʘ ʟʨʘʟʦʢ ʚʠʪʷʛʫʻʪʴʩʷ ʟ 

ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʤʘʛʥʪ̔ʥʦʛʦ ʧʦʣʷ. ɼʦʤʘʛʘʶʯʠʩʴ ʨʽʚʥʦʚʘʛʠ, 

ʤʦʞʥʘ ʟʘ ʩʠʣʦʶ ʩʪʨʫʤʫ I ʚʠʟʥʘʯʠʪʠ F, ʘ ʦʪʞʝ, ʚʝʣʠʯʠʥʫ ɢ ʟʘ 

ʬʦʨʤʫʣʦʶ (4.13). ʊʘʢʠʡ ʤʝʪʦʜ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ 

ʚʽʜʥʦʩʥʠʡ, ʧʨʠʯʦʤʫ ʧʨʠʣʘʜ ʤʦʞʥʘ ʧʨʦʛʨʘʜʫʶʚʘʪʠ ʟʘ 

ʤʝʪʘʣʘʤʠ, ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʷʢʠʭ ʚʽʜʦʤʘ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘ- ʽ ʜʽʘʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʩʠʣʠ ʚʪʷʛʫʚʘʥʥʷ F. ʋ ʙʽʥʘʨʥʠʭ 

ʩʧʣʘʚʘʭ ʧʘʨʘ- ʽ ʜʽʘʤʘʛʥʽʪʥʠʭ ʤʝʪʘʣʽʚ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ. ʋ ʨʘʟʽ ʛʝʪʝʨʦʛʝʥʥʦʾ 
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ʩʫʤʽʰʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ; ʫ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʘʭ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʢʨʠʚʦʣʽʥʽʡʥʦ ʫ 

ʬʫʥʢʮʽʾ ʩʢʣʘʜʫ; ʭʤ̔ʽʯʥʘ ʩʧʦʣʫʢʘ ʤʘʻ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ, 

ʽʩʪʦʪʥʦ ʚʽʜʤʽʥʥʫ ʚʽʜ ʚʝʣʠʯʠʥʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʽʚ. ɹʽʣʴʰ ʩʢʣʘʜʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʚʽʜ 

ʩʢʣʘʜʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ʫʪʚʦʨʝʥʥ ̫ʩʧʣʘʚʽʚ ʜʽʘʤʘʛʥʽʪʥʠʭ 

ʤʝʪʘʣʽʚ ʟ̔ ʧʝʨʝʭʽʜʥʠʤʠ ʤʝʪʘʣʘʤʠ (ʭʨʦʤ, ʤʘʨʛʘʥʝʮʴ, ʟʘʣʽʟʦ, 

ʢʦʙʘʣʴʪ, ʥʽʢʝʣʴ ʪʘ ʽʥʰ)̔, ʷʢʽ ʻ ʩʠʣʴʥʠʤʠ ʧʘʨʘ- ʽ 

ʬʝʨʦʤʘʛʥʝʪʠʢʘʤʠ. 

ʇʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʟʤʽʥʶʻ ʚʝʣʠʯʠʥʫ ʤʘʛʥʽʪʥʦʾ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ, ʟʘ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʛʥʽʪʥʘ 

ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʧʦʯʘʪʢʦʚʦʾ.  

ɿʥʘʡʜʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘ- ʽ ʜʽʘʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʩʧʣʘʚʽʚ, ʡʦʛʦ ʟʤʽʥʠ ʚ ʨʝʟʫʣʪɹʘʪʽ 

ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʪʠʩʢʦʤ ʽ ʪ. ʜ. 

ɿʘ ʚʠʟʥʘʯʝʥʥ ̫ ʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʭʽʤʽʯʥʦ 

ʯʠʩʪʠʭ ʨʝʯʦʚʠʥ ʣʝʛʢʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʷʚʣʝʥʽ ʥʝʟʥʘʯʥʽ 

ʜʦʤʽʰʢʠ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʝʪʘʣʽʚ ï ʪʘʢʠʭ ʷʢ ʟʘʣʽʟʦ, ʥʽʢʝʣʴ, 

ʢʦʙʘʣʴʪ ʪʘ ʽʥʰ,̔ ʦʩʢʽʣʴʢʠ ʾʭ ʤʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʥʘ 

ʢ̔ ʣʴʢʘ ʧʦʨʜ̫ʢʽʚ ʙʽʣʴʰʘ ʽ ʚʠʷʚʣʷʻ ʽʩʪʦʪʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʥʘʤʘʛʥʽʯʫʚʘʣʴʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʦʞ ʜʫʞʝ ʤʘʣʽ 

ʢʽʣʴʢʦʩʪʽ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʬʝʨʠʪʫ ʘʙʦ ʢʘʨʙʽʜʽʚ ʚ ʘʫʩʪʝʥʽʪʥʽʡ 

ʩʪʘʣʽ. 

 

4.2 ʌʝʨʦʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʾ ʭ ʚʣʘʩʪʠʚʦʩʪʽ 
4.2.1 ʌʝʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

 

ʌʝʨʦʤʘʛʥʝʪʠʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʝʣʠʢʠʤʠ 

ʧʦʟʠʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ɢ (ʜʦ 

10
6
), ʥʝʣʥ̔ʽʡʥʦʶ ʽ ʥʝʦʜʥʦʟʥʘʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʘ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʷʚʠʱʝ ʤʘʛʥʽʪʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ). ɼʦ 

ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʥʘʣʝʞʘʪʴ ʟʘʣ̔ʟʦ, ʢʦʙʘʣʴʪ, ʥʽʢʝʣʴ ʽ ʛʘʜʦʣʽʥʽʡ 

(ʦʩʪʘʥʥʽʡ ʥʠʞʯʝ ʥʽʞ 18 Áʉ), ʩʧʣʘʚʠ ʽ ʩʧʦʣʫʢʠ ʮʠʭ ʤʝʪʘʣʽʚ, 
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ʩʧʣʘʚʠ ʽ ʩʧʦʣʫʢʠ ʭʨʦʤʫ ʪʘ ʤʘʨʛʘʥʮʶ ʟ ʽʥʰʠʤʠ 

ʥʝʬʝʨʦʤʘʛʥʽʪʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʘ ʪʘʢʦʞ ʜʝʷʢʽ ʨʽʜʢʦʟʝʤʝʣʴʥʽ 

ʤʝʪʘʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʯʝ ʟʘ 0 Áʉ. ʌʝʨʦʤʘʛʥʝʪʠʢʠ ʜʫʞʝ 

ʽʩʪʦʪʥʦ ʥʘʤʘʛʥʽʯʫʶʪʴʩʷ ʥʘʚʽʪʴ ʫ ʩʣʘʙʢʠʭ ʧʦʣʷʭ ʽ ʩʠʣʴʥʦ 

ʚʪʷʛʫʶʪʴʩʷ ʚ ʥʝʦʜʥʦʨʽʜʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ. ʄʘʛʥʽʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʧʦʚô̫ ʟʘʥʽ ʟ ʽʩʥʫʚʘʥʥʷʤ 

ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

 

4.2.2 ɼʦʤʝʥʥʘ ʩʪʨʫʢʪʫʨʘ 
 

ʇʽʜ ʚʧʣʠʚʦʤ ʨʦʟʤʘʛʥʽʯʫʚʘʣʴʥʦʾ ʜʽʾ ʧʦʚʝʨʭʥʽ (ʪʘʢ 

ʟʚʘʥʦʛʦ ʨʦʟʤʘʛʥʽʯʫʚʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ) ʥʘʤʘʛʥʽʯʝʥʠʡ 

ʬʝʨʦʤʘʛʥʝʪʠʢ ʥʘʙʫʚʘʻ ʜʦʜʘʪʢʦʚʦ ʾʝʥʝʨʛʽ.ʾ ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚ 

ʢʨʠʩʪʘʣʽ ʜʦʤʝʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʘʛʥʽʪʥʠʡ 

ʧʦʪʽʢ ʙʫʚ ʟʘʤʢʥʝʥʠʤ. ɿ ʨʠʩʫʥʢʘ 4.3 ʙʘʯʠʤʦ, ʷʢ ʤʦʞʝ 

ʟʤʽʥʚʁʘʪʠʩʷ ʜʦʤʝʥʥʘ ʩʪʨʫʢʪʫʨʘ: ʟʘ ʧʝʨʝʭʦʜʫ ʚʽʜ ʚʘʨʽʘʥʪʘ ʘ 

ʜʦ ʛ ʜʽʷ ʨʦʟʤʘʛʥʽʯʫʚʘʣʥɹʦʛʦ ʧʦʣʷ ʟʤʝʥʰʫʻʪʴʩʷ.  

 
ʈʠʩʫʥʦʢ 4.3 ï ʄʦʞʣʠʚʘ ʜʦʤʝʥʥʘ ʩʪʨʫʢʪʫʨʘ  

ʚ ʦʜʥʦʦʩʴʦʚʦʤʫ ʢʨʠʩʪʘʣʽ. ʅʘʧʨʠʢʣʘʜ, ʫ ʢʨʠʩʪʘʣʽ ʉʦ 

 

ʗʢʙʠ ʜʽʷʣʠ ʣʠʰʝ ʦʙʤʽʥʥʽ ʩʠʣʠ, ʷʢʽ ʦʨʽʻʥʪʫʶʪʴ ʩʧʽʥʠ ʽ 

ʪʠʤ ʩʘʤʠʤ ʬʦʨʤʫʶʪʴ ʜʦʤʝʥ, ʪʦ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʠʤ ʙʫʚ 

ʙʠ ʚʠʧʘʜʦʢ ʘ. ʇʝʨʝʭʽʜ ʜʦ ʚʠʧʘʜʢʽʚ ʙ ʽ ʚ (ʧʦʜʽʣ ʜʦʤʝʥʫ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʨʦʟʤʘʛʥʽʯʫʚʘʣʴʥʦʛʦ ʧʦʣʷ. ʆʜʥʘʢ 

ʚʦʜʥʦʯʘʩ ʥʘ ʤʝʞ̔ ʨʦʟʜʽʣʫ ʜʚʦʭ ʜʨʽʙʥʽʰʠʭ ʜʦʤʝʥʽʚ 
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ʟô̫ ʚʣʷʻʪʴʩʷ ʧʝʨʝʭʽʜʥʠʡ ʛʨʘʥʠʯʥʠʡ ʰʘʨ, ʫ ʷʢʦʤʫ ʚʠʥʠʢʥʝ 

ʜʦʜʘʪʢʦʚʘ ʝʥʝʨʛʽʷ ʘʥʽʟʦʪʨʦʧʽʾ ʪʘ ʦʙʤʽʥʥʘ (ʚʠʧʘʜʦʢ ʛ). 

 

4.2.3 ʂʨʠʚʘ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ. ʄʘʛʥʽʪʥʽ ʧʘʨʘʤʝʪʨʠ  

ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ. ʉʫʪʥʽʩʪʴ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ  

ʽ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥ ̫
 

ʅʘʤʘʛʥʽʯʫʚʘʥʥʷ ʬʝʨʦʤʘʛʥʝʪʠʢʘ, ʱʦ ʥʝ ʤʘʻ 

ʨʝʟʫʣʴʪʫʶʯʦ ʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪ̔ ʥʠʞʯʝ ʚʽʜ ʪʦʯʢʠ ʂʶʨʽ, 

ʚʽʜʙʫʚʘ̒ ʪʴʩʷ ʟʘ ʚʥʝʩʝʥʥ ̫ʡʦʛʦ ʫ ʟʦʚʥʽʰʥʻ ʤʘʛʥʽʪʥʝ ʧʦʣʝ. 

ʅʘʤʘʛʥʽʯʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʟʤʽʥʽ ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʋ 

ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ (ʧʦʣʝ ʅ = 0) ʚʝʢʪʦʨʠ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ 

ʜʦʤʝʥʽʚ ʧʦʧʘʨʥʦ ʢʦʤʧʝʥʩʫʶʪʴʩʷ (ʨʠʩ. 4.4).  
 

 
ʈʠʩʫʥʦʢ 4.4 ï ʉʭʝʤʠ ʢʨʠʚʦʾ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ  

ʬʝʨʦʤʘʛʥʝʪʠʢʘ ʽ ʧʦʩʣʽʜʦʚʥʠʭ ʩʪʘʜʽʡ ʟʤʽʥʠ  

ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 
 

ʅʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ ʢʨʠʚʦʾ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ 1ï2 

ʦʙʦʨʦʪʥʽʡ ʟʤʽʥ ̔ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʦʙʦʨʦʪʥʠʡ ʟʩʫʚ           

ʤʽʞʜʦʤʝʥʥʠʭ ʤʝʞ. ɼʦʤʝʥʠ, ʚʝʢʪʦʨ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʷʢʠʭ 

ʩʪʘʥʦʚʠʪʴ ʥʘʡʤʝʥʰʠʡ ʢʫʪ ʟ̔ ʚʝʢʪʦʨʦʤ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ, 

ʟʨʦʩʪʘʶʪʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʣʷ, ʘ ʥʝʩʧʨʠʷʪʣʠʚʦ ʦʨʽʻʥʪʦʚʘʥʽ 

ʜʦʤʝʥʠ ʟʤʝʥʰʫʶʪʴʩʷ (ʪʦʯʢʘ 2 ʥʘ ʨʠʩ. 4.4). ʋ ʧʦʣʷʭ ʙʣ̔ʴʰʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ï ʥʘ ʜʽʣʷʥʮʽ 2ï4 ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʦʙʦʨʦʪʥʠʡ 

ʟʩʫʚ ʤʽʞʜʦʤʝʥʥʠʭ ʢʦʨʜʦʥʽʚ. ʉʧʨʠʷʪʣʠʚʦ ʦʨʽʻʥʪʦʚʘʥʽ 



192 

ʜʦʤʝʥʠ ʟʥʘʯʥʦ ʚʠʨʦʩʪʘʶʪʴ (ʪʦʯʢʘ 3). ʅʝʦʙʦʨʦʪʥʠʡ ʟʩʫʚ 

ʟʘʢʽʥʯʫ̒ ʪʴʩʷ ʚ ʪʦʯʮʽ 4. ʊʽʣʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʦʜʠʥ 

ʛʽʛʘʥʪʩʴʢʠʡ ʜʦʤʝʥ, ʘʣʝ ʚʝʢʪʦʨ ʡʦʛʦ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʥʝ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʝʢʪʦʨʦʤ ʧʦʣʷ. ʅʘʙʣʠʞʝʥʥʷ ʜʦ ʥʘʩʠʯʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʚʦʨʦʪʫ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʪʽʣʘ 

ʜʦ ʟʙʽʛʫ ʟ ʚʝʢʪʦʨʦʤ ʧʦʣʷ (ʧʨʦʮʝʩ ʦʙʝʨʪʘʥʥʷ, ʜʽʣʷʥʢʘ ʢʨʠʚʦʾ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ 4ï5). 

ɺʝʢʪʦʨʠ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʜʦʤʝʥʽʚ ʦʨʽʻʥʪʦʚʘʥʽ ʪʘʢ, ʱʦ 

ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʦʩʪʦʨʽ ʾʭ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʝ ʚʠʷʚʣʷʻʪʩɹʷ 

ʧʽʜ ʯʘʩ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ʌʝʨʦʤʘʛʥʝʪʠʟʤ ʚʠʥʠʢʘʻ ʚ ʤʝʪʘʣʘʭ ʟ̔ ʥʝʜʦʙʫʜʦʚʘʥʦʶ 

ʚʥʫʪʨʽʥhʴʦʶ d ʘʙʦ f ʝʣʝʢʪʨʦʥʥʦʶ ʦʙʦʣʦʥʢʦʶ, ʨʘʜʽʫʩ ʷʢʦʾ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʩʠʪʴ ʤʘʣʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʩʪʘʥʥʶ ʤʽʞ 

ʘʪʦʤʘʤʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨ̌ʘʪʢʠ. ʋ ʪʘʢʠʭ ʤʝʪʘʣʘʭ ʩʧʽʥʦʚʽ 

ʤʘʛʥʽʪʥʽ ʤʦʤʝʥʪʠ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʥʝʜʦʙʫʜʦʚʘʥʠʭ ʦʙʦʣʦʥʢʘʭ 

ʫʥʘʩʣʽʜʦʢ ʢʚʘʥʪʦʚʦʤʝʭʘʥʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʧʘʨʘʣʝʣʴʥʦ, ʱʦ ʚʠʢʣʠʢʘʻ ʤʠʤʦʚʽʣʴʥʫ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ. 

ʇʦʜʘʥʘ ʩʭʝʤʘ ʽʣʶʩʪʨʫʻ ʦʨʽ̒ ʥʪʘʮʽʶ ʩʧʽʥʦʚʠʭ ʤʘʛʥʽʪʥʠʭ 

ʤʦʤʝʥʪʽʚ ʥʘ 3d-ʦʙʦʣʦʥʮʽ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ: 

 
 

 
 

 

ɼʚʦʟʥʘʯʥʽ ʯʠʩʣʘ ʧʝʨʝʜ ʩʠʤʚʦʣʘʤʠ ʝʣʝʤʝʥʪʽʚ ï ʾʭ 

ʥʦʤʝʨʠ ʚ ʧʝʨʽʦʜʠʯʥʽʡ ʩʠʩʪʝʤʽ ɼ. ɯ. ʄʝʥʜʝʣʻʻʚʘ. ɿʘ 

ʥʘʛʨʚ̔ʘʥʥ ̫ʬʝʨʦʤʘʛʥʝʪʠʢʘ ʪʝʧʣʦʚʠʡ ʨʫʭ ʨʫʡʥʫʻ ʤʠʤʦʚʽʣʴʥʦ 

ʧʘʨʘʣʝʣʥɹʫ ʦʨʽʻʥʪʘʮʽʶ ʘʪʦʤʥʠʭ ʤʘʛʥʽʪʥʠʭ ʤʦʤʝʥʪʽʚ, ʽ ʚʠʱʝ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʂʶʨʽ (Ū) ʪʽʣʦ ʚʪʨʘʯʘʻ ʬʝʨʦʤʘʛʥʽʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʩʪʘʻ ʧʘʨʘʤʘʛʥʝʪʠʢʦʤ. 

ɿ ʤʝʪʘʣʽʚ ʟ ʦʩʦʙʣʠʚʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʠhʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʝʨʦʤʘʛʥʝʪʠʢʠ Fe, Ni, Co ʽ ʾʭ ʩʧʣʘʚʠ, 

ʜʦ ʬʝʨʦʤʘʛʥʝʪʠʢʘ ʥʘʣʝʞʠʪʴ ʙʽʣʴʰʽʩʪʴ ʩʪʘʣʝʡ ʽ ʯʘʚʫʥʽʚ. 
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ʗʢʱʦ ʬʝʨʦʤʘʛʥʽʪʥʠʡ ʩʪʨʠʞʝʥʴ ʥʘʤʘʛʥʽʪʠʪʠ, 

ʧʦʤʽʩʪʠʚʰʠ ʡʦʛʦ ʚ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʪʦ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ 

ʜʞʝʨʝʣʘ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʩʪʨʠʞʝʥʴ ʟʙʝʨʝʞʝ ʜʝʷʢʫ ʟʘʣʠʰʢʦʚʫ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ. 

ʋʥʘʩʣʽʜʦʢ ʥʝʟʚʦʨʦʪʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ 

ʟʘʣʝʞʥʽʩʪʴ ʽʥʜʫʢʮʽʾ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʮʠʢʣʽʯʥʦ ʟʤʽʥʶʚʘʥʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦʶ ʽ ʥʝʟʙʽʞʥʦʶ ʟ 

ʦʩʥʦʚʥʦʶ ʢʨʠʚʦʶ. ʇʝʪʣʝʶ ʛʽʩʪʝʨʝʟʠʩʫ ʥʘʟʠʚʘʶʪʴ ʟʘʤʢʥʝʥʫ 

ʢʨʠʚʫ ɺ(ʅ) ʘʙʦ ʄ(ʅ), ʱʦ ʚʠʭʦʜʠʪʴ ʟʘ ʧʝʨʽʦʜʠʯʥʦ,ʾ ʧʦʚʽʣʴʥʦ ʾ

ʟʤʽʥʠ ʥʘʤʘʛʥʽʯʫʚʘʥʦʛʦ ʧʦʣʷ ʚ ʟʘʜʘʥʠʭ ʤʝʞʘʭ, ʷʢʠʤ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʩʪʘʥʦʚʣʝʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʘʙʦ 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ. ʗʚʠʱʘ ʛʽʩʪʝʨʝʟʠʩʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ 

ʦʙʣʘʩʪʷʭ ʜʫʞʝ ʩʣʘʙʢʠʭ ʽ, ʥʘʚʧʘʢʠ, ʜʫʞʝ ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ. ʉʠʤʝʪʨʠʯʥʫ ʧʝʪʣʶ ʛʽʩʪʝʨʝʟʠʩʫ ʦʜʝʨʞʫʶʪʴ ʟʘ ʟʤʽʥʠ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʥʘʤʘʛʥʽʯʫʚʘʥʦʛʦ ʧʦʣʷ ʚ ʤʝʞʘʭ Ñ ʅ. ʇʝʪʣ ʁ

ʥʘʟʠʚʘʪʁʴ ʤʘʢʩʠʤʘʣʥɹʦʶ, ʷʢʱʦ ʅmax = ʅs, ʽ ʯʘʩʪʢʦʚʦʶ, 

ʷʢʱʦ ʅmax < ʅs (ʨʠʩ. 4.5). 

 

 

 

ʈʠʩʫʥʦʢ 4.5 ï 

ʄʘʢʩʠʤʘʣʴʥʘ (1) ʽ 

ʯʘʩʪʢʦʚʘ (2) ʧʝʪʣʽ 

ʛʩ̔ʪʝʨʝʟʠʩʫ 

 

ɹʫʜʴ-ʷʢʘ ʯʘʩʪʢʦʚʘ ʧʝʪʣʷ ʛʽʩʪʝʨʝʟʠʩʫ ʤʽʩʪʠʪʴʩʷ 

ʚʩʝʨʝʜʠʥʽ ʤʘʢʩʠʤʘʣʴʥʦʾ. ʆʩʥʦʚʥʘ ʢʨʠʚʘ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʻ            

ʛʝʦʤʝʪʨʠʯʥʠʤ ʤʽʩʮʝʤ ʚʝʨʰʠʥ ʯʘʩʪʢʦʚʠʭ ʧʝʪʝʣʴ ʛʽʩʪʝʨʝʟʠʩʫ. 
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ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʦʯʢʘʤʠ 

ʧʝʨʝʪʠʥʫ ʾʾ ʟ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ. ɿʘʣʠʰʢʦʚʘ ʽʥʜʫʢʮʽʷ ɺr, ʘʙʦ 

ʨʝʤʘʥʝʥʮ ï ʽʥʜʫʢʮʽʷ ʧʦʧʝʨʝʜʥʴʦ ʥʘʤʘʛʥʽʯʝʥʦʛʦ ʜʦ 

ʥʘʩʠʯʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʽʩʣʷ ʚʠʤʢʥʝʥʥʷ 

ʥʘʤʘʛʥʽʯʫʚʘʥʦʩʪʽ ʧʦʣʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʰʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ  

(ɺr = ɛ0ʄ). ʂʦʝʨʮʠʪʠʚʥʦʶ ʩʠʣʦʶ ʥʘʟʠʚʘʶʪʴ ʥʘʧʨʫʞʝʥʽʩʪʴ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʚ ʷʢʦʤʫ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ, ʘʙʦ ʽʥʜʫʢʮʽʷ, 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʤʘʛʥʽʯʝʥʦʛʦ ʜʦ ʥʘʩʠʯʝʥʥʷ ʟʨʘʟʢʘ 

ʧʝʨʝʪʚʦʨʶʻʪɹʩʷ ʥʘ ʥʫʣʴ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʨʦʟʨʽʟʥʷʶʪʴ 

ʢʦʝʨʮʠʪʠʚʥʫ ʩʠʣʫ ʧʽʩʣʷ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʅʩ, ʘʙʦ ʅʩʄ, ʽ 

ʢʦʝʨʮʠʪʠʚʥʫ ʩʠʣʫ ʧʽʩʣʷ ʽʥʜʫʢʮʽʾ ʅʩɺ. ɿʘʚʞʜʠ ʅʩʄ > ʅʩɺ, ʘʣʝ 

ʜʣʷ ʤʘʪʝʨʘ̔ʣʽʚ ʟ̔ ʅʩʄ < 500 ɸ/ʩʤ ʟʥʘʯʝʥʥʷ ʢʦʝʨʮʠʪʠʚʥʦʾ 

ʩʠʣʠ, ʚʠʟʥʘʯʝʥʽ ʟʘ ʥʘʤʘʛʥʽʯʝʥ̔ ʩʪʶ ʽ ʟʘ ʽʥʜʫʢʮʽʻ,ʁ ʙʣʠʟʴʢʽ. 

ʊʦʯʢʠ ʧʝʨʝʪʠʥʫ ʧʨʠʚʘʪʥʦʾ ʧʝʪʣʽ ʟ ʦʩʷʤʠ ʽʥʜʫʢʮʽʾ ʪʘ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ʚʽʜʧʦʚʽʜʥʦ ʥʘʟʠʚʘʶʪʴ ʟʘʣʠʰʢʦʚʦʶ 

ʽʥʜʫʢʮʽʻʶ ʽ ʢʦʝʨʮʠʪʠʚʥʦʶ ʩʠʣʦʶ ʥʘ ʯʘʩʪʢʦʚʽʡ ʧʝʪʣʽ ʽ 

ʧʦʟʥʘʯʘʁ ʪʴ ɺôr ʽ ʅôʩ. ʂʨʠʚʘ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ ï ʮʝ ʜʽʣʷʥʢʘ 

ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʚʽʜ ɺr ʜʦ ï ʅʩ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʠʩʦʢʦʢʦʝʨʮʠʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ.  

 

4.2.4 ɸʥʪʠʬʝʨʦʤʘʛʥʝʪʠʢʠ 
 

ʋ ʜʝʷʢʠʭ ʨʝʯʦʚʠʥʘʭ ʚʟʘʻʤʦʜʽʷ ʩʫʩʽʜʥʽʭ ʘʪʦʤʽʚ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʘʥʪʠʧʘʨʘʣʝʣʴʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʾʭ ʤʘʛʥʽʪʥʠʭ 

ʤʦʤʝʥʪʽʚ. ʊʘʢʽ ʨʝʯʦʚʠʥʠ ʥʘʟʠʚʘʶʪʴ ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʢʘʤʠ 

(ʄn, ʉr, ʄnʆ, Fʝʆ, Ŭ-Fe2ʆ3, ʉrʉl2 ʪʘ ʽʥʰʽ). ɹʫʜʦʚʫ 

ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʢʘ ʤʦʞʥʘ ʧʦʜʘʪʠ ʷʢ ʚʟʘʻʤʥʝ ʧʨʦʥʠʢʥʝʥʥʷ 

ʜʚʦʭ ʤʘʛʥʪ̔ʥʠʭ ʧʽʜʨ̌ʘʪʦʢ ʟ ʦʜʥʘʢʦʚʠʤʠ ʘʪʦʤʥʠʤʠ 

ʤʘʛʥʽʪʥʠʤʠ ʤʦʤʝʥʪʘʤʠ, ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʘʥʪʠʧʘʨʘʣʝʣʴʥʦ 

(ʨʠʩ. 4.6 ʘ). 
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ʈʠʩʫʥʦʢ 4.6 ï ʉʭʝʤʠ 

ʤʘʛʥʽʪʥʦʾ ʙʫʜʦʚʠ 

ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʢʘ (ʘ) 

ʽ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʡʦʛʦ 

ʤʘʛʥʪ̔ʥʦʾ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ (ʙ) 

ʅʘʤʘʛʥʽʯʝʥʽʩʪʴ ʮʠʭ ʧʽʜʨ̌ʘʪʦʢ ʚʟʘʻʤʥʦ ʢʦʤʧʝʥʩʫʻʪʩɹʷ 

ʽ ʨʝʟʫʣʴʪʫʶʯʠʡ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ɸʥʪʠʬʝʨʦʤʘʛʥʝʪʠʢʠ ʚʠʷʚʣʷʶʪʴ ʣʠʰʝ ʩʣʘʙʢʫ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʥʝʧʦʚʥʦʪʦʶ ʢʦʤʧʝʥʩʘʮʽʾ ʤʘʛʥʽʪʥʠʭ 

ʤʦʤʝʥʪʽʚ ʧʽʜʨ̌ʘʪʦʢ. ʄʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ 

ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʟʨʦʩʪʘʻ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʥʘʩʣʽʜʦʢ ʧʦʩʪʫʧʦʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʪʝʧʣʦʚʠʤ ʨʫʭʦʤ ʩʫʚʦʨʦʾ 

ʧʦʧʘʨʥʦ ʘʥʪʠʧʘʨʘʣʝʣʴʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʘʪʦʤʥʠʭ ʤʘʛʥʽʪʥʠʭ 

ʤʦʤʝʥʪʽʚ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ ʊN, ʱʦ ʤʘʻ ʥʘʟʚʫ ʪʦʯʢʠ ʅʝʝʣʷ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʝ ʨʫʡʥʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʧʽʜʨ̌ʘʪʦʢ, ʽ ʪʽʣʦ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʘʨʘʤʘʛʥʝʪʠʢ, ʧʽʜʣʷʛʘʻ ʟʘʢʦʥʫ ʂʶʨʽ ï

ɺʝʡʩʘ (ʨʠʩ. 4.6 ʙ). ɿʥʘʯʝʥʥʷ ʪʦʯʢʠ ʅʝʝʣʷ ʤʦʞʝ ʙʫʪʠ ʽʩʪʦʪʥʦ 

ʨʽʟʥʠʤ, ʥʘʧʨʠʢʣʘʜ, ʊN ʭʨʦʤʫ ï 420 ʂ, ʘ ʊN  Vʉ13 ï 30 ʂ. 

 

4.2.5 ʌʝʨʠʤʘʛʥʝʪʠʢʠ 
 

ʌʝʨʠʤʘʛʥʝʪʠʢʠ ʧʦʜʽʙʥʦ ʜʦ ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʢʽʚ  

ʤʘʶʪʴ ʜʚʽ ʚʟʘʻʤʥʦ ʧʨʦʥʠʢʣʠʚʽ ʤʘʛʥʽʪʥʽ ʧʽʜˇʨʘʪʢʠ ʟ 

ʘʥʪʠʧʘʨʘʣʝʣʴʥʦ ʁ ʦʨʽʻʥʪʘʮʽʻʶ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʘʛʥʽʪʥʠʭ 

ʤʦʤʝʥʪʽʚ ʨʽʟʥʦʾ ʚʝʣʠʯʠʥʠ (ʨʠʩ. 4.7). 

 

 

 
ʈʠʩʫʥʦʢ 4.7 ï ʉʭʝʤʘ 

ʤʘʛʥʽʪʥʦ ʾʙʫʜʦʚʠ 

ʬʝʨʠʤʘʛʥʝʪʠʢʘ 
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ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʝʨʠʤʘʛʥʝʪʠʢʽʚ ʘʥʘʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ, ʘʣʝ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʽʩʪʦʪʥʦ ʨʽʟʥʦʶ. ʎʝ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʧʽʜʨ̌ʘʪʦʢ  

(ʨʠʩ. 4.8). ɿʘ ʨʽʚʥʦʩʪʽ ʪʦʯʦʢ ʂʶʨʽ ʧʽʜʨ̌ʘʪʦʢ ʨʝʘʣʽʟʫʶʪʴʩʷ 

ʟʘʣʝʞʥʦʩʪʽ ʪʠʧʫ ʘ ʽ ʙ (ʜʠʚ. ʨʠʩ. 4.8). ʗʢʱʦ ʪʦʯʢʠ ʂʶʨʽ ʨʽʟʥʽ, 

ʪʦ ʟʘ ʜʝʷʢʦ ʾ ʪʝʤʧʝʨʘʪʫʨʠ Ūʢ (ʪʦʯʢʘ ʢʦʤʧʝʥʩʘʮʽʾ) 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʨ̌ʘʪʦʢ ʨʽʚʥʽ ʽ ʩʫʤʘʨʥʘ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʘʣʝ ʤʘʛʥʽʪʥʝ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ 

(ʜʠʚ. ʨʠʩ. 4.8).  

ʊʠʧʦʚʽ ʬʝʨʠʤʘʛʥʝʪʠʢʠ ʄʆ Ŀ Fʝ2ʆ3, ʜʝ ʄ ï 

ʜʚʦʚʘʣʝʥʪʥʠʡ ʤʝʪʘʣ (ʤʘʨʛʘʥʝʮʴ, ʟʘʣʽʟʦ, ʢʦʙʘʣʴʪ, ʥʽʢʝʣʴ, 

ʤʽʜʴ ʪʘ ʽʥʰʽ). ʊʘʢʽ ʤʘʪʝʨʽʘʣʠ ʥʘʟʠʚʘʶʪʴ ʬʝʨʠʪʘʤʠ ʽ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʮʽ. 

 

 
                         ʘ                        ʙ                         ʚ 

 
ʈʠʩʫʥʦʢ 4.8 ï ɼʝʷʢʽ ʚʘʨʽʘʥʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʤʠʤʦʚʽʣʴʥʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʬʝʨʠʤʘʛʥʝʪʠʢʽʚ:  

ʚʝʨʭʥʽʡ ʨʷʜ ï ʥʘʤʘʛʥʽʯʝʥʩ̔ʪɹ ʧʽʜ̌ʨʘʪʦʢ;  

ʥʠʞʥʽʡ ʨʷʜ ï ʩʫʤʘʨʥʘ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʪʽʣʘ; Ū ï ʪʦʯʢʘ ʂʶʨʽ;  

Ūʢ ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʤʧʝʥʩʘʮʽʾ 
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4.2.6 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ  

ʟ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 
 

ɯʟ ʤʝʪʘʣʽʚ ʟ ʦʩʦʙʣʠʚʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʝʨʦʤʘʛʥʝʪʠʢʠ Fʝ, ʉʦ, Ni, 

ʨʽʜʢʦʟʝʤʝʣʴʥʽ ʤʝʪʘʣʠ (ʈɿʄ) ʪʘ ʾʭ ʩʧʣʘʚʠ. ʉʘʤʝ ʷʚʠʱʝ 

ʬʝʨʦʤʘʛʥʝʪʠʟʤʫ ʤʘʻ ʚʝʣʠʯʝʟʥʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʯʘʪʢʫ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ, 

ʦʜʝʨʞʘʥʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

1 ʌʝʨʦʤʘʛʥʝʪʠʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʧʘʨʘʤʘʛʥʝʪʠʢʘʤʠ 

ʤʘʁ ʪʴ ʜʫʞʝ ʚʝʣʠʢʫ ʤʘʛʥʽʪʥʫ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʘʤʘʛʥʽʯʝʥʽ ʜʦ ʥʘʩʠʯʝʥʥʷ ʚ ʧʦʨʽʚʥʷʥʦ ʤʘʣʠʭ ʧʦʣʷʭ.  

2 ɺʦʥʠ ʤʘʶʪʴ ʟʘʣʠʰʢʦʚʫ ʥʘʤʘʛʥʽʯʝʥʽʩʪ ɹʽ ʤʘʛʥʽʪʥʠʡ 

ʛʽʩʪʝʨʝʟʠʩ. ʗʢʱʦ ʬʝʨʦʤʘʛʥʽʪʥʠʡ ʩʪʨʠʞʝʥʴ ʥʘʤʘʛʥʽʪʠʪʠ, 

ʧʦʤʽʩʪʠʚʰʠ ʡʦʛʦ ʚ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʪʦ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ 

ʜʞʝʨʝʣʘ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʩʪʨʠʞʝʥʴ ʟʙʝʨʝʞʝ ʜʝʷʢʫ ʟʘʣʠʰʢʦʚʫ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ. 

3 ʌʝʨʦʤʘʛʥʝʪʠʟʤ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʬʝʨʦʤʘʛʥʝʪʠʢʫ 

ʩʣʘʙh ʘʻ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ (ʩʪʫʧʽʥʴ ʩʧʽʥʦʚʦʛʦ ʘʙʦ 

ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ) ʽ ʟʥʠʢʘʻ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ Ūc, ʱʦ ʤʘʻ ʥʘʟʚʫ ʪʦʯʢʠ ʂʶʨʽ. ʊʦʯʢʘ ʂʶʨʽ ʪʘ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʘʩʠʯʝʥʥʷ ʟʘ 0 ʂ (J0) ʨʽʟʥʽ ʜʣʷ ʨʽʟʥʠʭ 

ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ. ʇʨʦʪʝ ʟʚô̫ ʟʦʢ ʚʽʜʥʦʩʥʠʭ ʟʥʘʯʝʥʴ 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ (Js/jʦ) ʽ ʪʝʤʧʝʨʘʪʫʨʠ (ʊ/Ūc) ʧʽʜʣʛ̫ʘʻ ʧʝʚʥʽʡ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ. 

4 ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʬʝʨʦʤʘʛʥʝʪʠʢʘ ʻ 

ʪʝ, ʱʦ ʟʘ ʊ < Ūc ʚʽʥ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙʣʘʩʪʝʡ, 

ʥʘʤʘʛʥʽʯʝʥʠʭ ʜʦ ʥʘʩʠʯʝʥʥʷ. ʊʘʢʽ ʦʙʣʘʩʪʽ ʥʘʟʠʚʘʶʪʴ 

ʜʦʤʝʥʘʤʠ, ʘ ʾʭ ʨʦʟʤʽʨʠ ʽ ʚʽʜʥʦʩʥʝ ʨʦʟʤʽʱʝʥʥʷ ï ʜʦʤʝʥʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ. ʗʢʱʦ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʪʽʣʘ 

(ʟʦʢʨʝʤʘ, ʢʨʠʩʪʘʣʘ) ʟʘ ʊ < Ūc ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ ʮʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʚʝʢʪʦʨʠ Js ʜʦʤʝʥʽʚ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʪʽʣʦ, 

ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʽ ʚʝʢʪʦʨʥʘ ʩʫʤʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʇʨʦʮʝʩ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʚ ʙʘʛʘʪʦʜʦʤʝʥʥʦʤʫ ʪʽʣʽ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʧʦʛʣʠʥʘʥʥʷ ʦʜʥʠʭ ʜʦʤʝʥʽʚ ʽʥʰʠʤʠ ʧʽʜ ʚʧʣʠʚʦʤ 
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ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ. ɿʚô̫ ʟʦʢ ʤʽʞ ʜʦʤʝʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷʤ ʦʧʠʩʘʥʠʡ ʥʠʞʯʝ. 

5 ɿʘ ʧʝʨʝʭʦʜʫ ʪʽʣʘ ʟ ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʩʪʘʥʫ ʫ 

ʬʝʨʦʤʘʛʥʽʪʥʠʡ ʫ ʧʨʦʮʝʩʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʡʦʛʦ 

ʦʙô̒ ʤ. ʆʙô̒ ʤ ʡʦʛʦ ʤʦʞʝ ʟʙʽʣʴʰʠʪʠʩʷ (ȹV > 0) ʽ ʟʤʝʥʰʠʪʠʩʷ  

(ȹV < 0) ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ ʪʽʣʘ. ɺʦʜʥʦʯʘʩ ʟʤʽʥʁʁʪʴʩʷ 

ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ. ɺʽʜʥʦʩʥʫ ʟʤʽʥʫ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ 

ʥʘʟʠʚʘʁʪʴ ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʻʶ ʽ ʧʦʟʥʘʯʘʪʁʴ ɚ =ȹl/l. ʃʽʥʽʡʥʽ 

ʨʦʟʤʨ̔ʠ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʪʽʣʘ ʟʤʽʥʶʶʪʴʩʷ ʪʘʢʦʞ ʽ ʟʘ ʡʦʛʦ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥ ̫ʟʘ ʩʪʘʣʦ ʾʊ < Ūc. ʋ ʮʴʦʤʫ ʨʘʟʽ ʡʦʛʦ ʦʙô̒ ʤ 

ʟʤʽʥʶ̒ ʪʴʩʷ ʟʘʟʚʠʯʘʡ ʥʝʟʥʘʯʥʦ. 

6 ɺʠʱʝʨʦʟʛʣʷʥʫʪʽ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʽ ʚʩʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʣ, ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʠʤʠ ʽ 

ʩʪʨʫʢʪʫʨʥʦ-ʥʝʯʫʪʣʠʚʠʤʠ. ʉʪʨʫʢʪʫʨʥʘ ʯʫʪʣʠʚʽʩʪʴ ï ʮʝ 

ʟʘʣʝʞʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʪʽʣʘ (ʚʝʣʠʯʠʥʘ ʟʝʨʥʘ, 

ʡʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ, ʥʘʷʚʥʽʩʪʴ ʜʚʽʡʥʠʢʽʚ ʽ ʜʝʬʝʢʪʽʚ ʫʧʘʢʦʚʢʠ, 

ʚʝʣʠʯʠʥʘ ʪʘ ʨʦʟʦʨʽʻʥʪʫʚʘʥʥʷ ʙʣʦʢʽʚ, ʥʘʷʚʥʽʩʪʴ ʜʠʩʣʦʢʘʮʽʡ ʽ 

ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ). ʋ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʽʡ ʬʦʨʤʽ ʩʪʨʫʢʪʫʨʥʫ 

ʯʫʪʣʠʚʽʩʪʴ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʟʘʣʝʞʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜ 

ʜʝʬʝʢʪʽʚ ʨ̌ʘʪʢʠ. ʊʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ Js, Ūc, ï ʩʪʨʫʢʪʫʨʥʦ-

ʥʝʯʫʪʣʠʚʽ, ʅc, ɛ, ɢ ï ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʽ. ʇʝʨʰʽ ʟ̔ ʟʛʘʜʘʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚô̫ ʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʥʦʶ 

ʟʤʽʥʦʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʨʷʜʢʫ, ʜʨʫʛʽ ï ʟ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷʤ, 

ʪʦʙʪʦ ʟʽ ʟʤʽʥʦʶ ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʉʫʯʘʩʥʘ ʪʝʦʨʽʷ ʬʝʨʦʤʘʛʥʝʪʠʟʤʫ ʧʝʨʝʚʘʞʥʦ 

ʧʦʜʽʣ̫̒ʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʜʚʘ ʨʦʟʜʽʣʠ ï ʪʝʦʨʽʶ ʩʧʦʥʪʘʥʥʦʛʦ 

ʤʘʛʥʝʪʠʟʤʫ (ʤʘʛʥʽʪʥʦʛʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ) ʽ ʪʝʦʨʽʶ ʪʝʭʥʽʯʥʦʛʦ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ (ʢʨʠʚʘ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ, ʧʝʪʣʷ ʛʽʩʪʝʨʝʟʠʩʫ). 

ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʷʢ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʽ, ʪʘʢ ʽ 

ʩʪʨʫʢʪʫʨʥʦ-ʥʝʯʫʪʣʠʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʘʟʦʚʦʛʦ 

ʩʪʘʥʫ ʪʚʝʨʜʦʛʦ ʪʽʣʘ (ʩʢʣʘʜ ʽ ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʬʘʟ, ʾʭ ʘʪʦʤʥʝ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ). 
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4.3 ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʤʽʥʠ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

 ʫ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ 

4.3.1 ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ  

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ 
 

ʄʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ; ʧʣʘʚʣʝʥʥʷ ʽ 

ʟʘʪʚʝʨʜʽʥʥʷ, ʘ ʪʘʢʦʞ ʘʣʦʪʨʦʧʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʢʣʠʢʘʁ ʪʴ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʽ ʟʤʽʥʠ ʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ. 

ʅʘ ʨʠʩʫʥʢʫ 4.9 ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ. ɼʦʩʣʽʜʞʫʚʘʥʠʡ 

ʟʨʘʟʦʢ ʧʦʤʽʱʘʶʪʴ ʫ ʯʘʰʢʫ ɸ, ʽ ʟʘ ʚʚʽʤʢʥʝʥʥ̫ ʩʪʨʫʤʫ ʚ 

ʦʙʤʦʪʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ ɽʄ ʚʽʥ ʚʪʷʛʫʻʪʴʩʷ ʟ̔ ʩʠʣʦʶ ʂ. ʉʠʣʘ 

ʂ ʚʠʢʣʠʢʘʻ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʩʪʨʠʞʥʷ D ʟ̔ 

ʟʨʘʟʢʦʤ, ʧʨʦʪʠʜʽʻ ʤʦʤʝʥʪʫ, ʱʦ ʚʠʥʠʢʘʻ ʟʘ ʧʨʦʧʫʱʝʥʥ ̫

ʩʪʨʫʤʫ ʯʝʨʝʟ ʦʙʤʦʪʢʠ ʢʦʪʫʰʦʢ L1 ʽ L2. 

 

 

ʈʠʩʫʥʦʢ 4.9 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʛʥʪ̔ʥʦʾ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ: ɽʄ ï ʝʣʝʢʪʨʦʤʘʛʥʽʪ; ɸ ï ʯʘʰʢʘ ʜʣʷ ʟʨʘʟʢʘ; 

 ɽ1, ɽ2, ɽ3 ï ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ; D ï ʩʪʨʠʞʝʥʴ;  

ʆ, ʆ1 ï ʜʠʩʢʠ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʥʠʪʦʢ; ɹ ʽ ɺ ï ʥʠʪʢʠ ʧʽʜʚʽʩʫ;  

L1 ï ʨʫʭʦʤʘ ʢʦʪʫʰʢʘ; L2 ï ʥʝʨʫʭʦʤʘ ʢʦʪʫʰʢʘ; ʂ ï ʧʨʫʞʠʥʘ;  

ʄ ï ʜʟʝʨʢʘʣʴʮʝ; ʃ ï ʦʩʚʽʪʣʶʚʘʯ; ʐ ï ʰʢʘʣʘ;  

ʉ ï ʩʪʽʡʢʘ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ 
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ɿʤʽʥʶʶʯʠ ʩʪʨʫʤ i ʚ ʢʦʪʫʰʮʽ L1, ʤʦʞʥʘ ʩʠʣʦʶ 

ʚʟʘ̒ʤʦʜʽʾ ʢʦʪʫʰʦʢ ʫʨʽʚʥʦʚʘʞʠʪʠ ʚʝʣʠʯʠʥʫ K. ɿʥʘʶʯʠ ʩʠʣʫ 

ʩʪʨʫʤʫ iʝʪ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʫʨʽʚʥʦʚʘʞʠʪʠ ʩʠʣʫ, ʱʦ 

ʚʠʥʠʢʘʻ ʟʘ ʚʪʷʛʫʚʘʥʥ ̫ ʝʪʘʣʦʥʥʦʛʦ ʟʨʘʟʢʘ, ʱʦ ʜʦʨʽʚʥʶ  ̒

ʦʙô̒ ʤʫ ʟ ̔ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʶ cʝʪ, ʟʘ ʚʝʣʠʯʠʥʦʶ ʩʪʨʫʤʫ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʟʨʘʟʢʘ cʟʨ ʟʘ 
ʬʦʨʤʫʣʦʶ  

 

cʟʨ = (cʝʪ Ā iʟʨ) / iʝʪ.   (4.14) 

 

 

4.3.2 ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ  

ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʘʣʽʩʪʠʯʥʠʤ ʤʝʪʦʜʦʤ 
 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʙʘʣʽʩʪʠʯʥʠʡ ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʷʚʠʱʽ ʽʥʜʫʢʮʽʾ ʽ ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ. ʇʨʠʧʫʩʪʠʤʦ, ʻ 

ʬʝʨʦʤʘʛʥʽʪʥʠʡ ʟʨʘʟʦʢ ɸ ʫ ʚʠʛʣʷʜʽ ʢʽʣʴʮʷ (ʪʘʢ ʟʚʘʥʦʛʦ 

ʪʦʨʦʜʾʘ), ʥʘ ʷʢʦʤʫ ʧʦ ʚʩʽʡ ʡʦʛʦ ʦʢʨʫʞʥʦʩʪʽ ʨʦʟʤʽʱʝʥʘ 

ʧʝʨʚʠʥʥʘ ʦʙʤʦʪʢʘ I ʽ ʚʪʦʨʠʥʥʘ II  ï ʥʘ ʷʢʽʡʩʴ ʡʦʛʦ ʜʽʣʷʥʮʽ 

(ʨʠʩ. 4.10). 

 
ʈʠʩʫʥʦʢ 4.10 ï 

ʉʭʝʤʘ ʙʘʣʽʩʪʠʯʥʦʛʦ 

ʤʝʪʦʜʫ 

 

         ʇʝʨʚʠʥʥʘ ʦʙʤʦʪʢʘ ʧʨʠ̒ ʜʥʘʥʘ ʜʦ 

ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; ʢʽʥʮʽ 

ʚʪʦʨʠʥʥʦʾ ʦʙʤʦʪʢʠ ʧʨʠʻʜʥʘʥʽ ʜʦ 

ʙʘʣʽʩʪʠʯʥʦʛʦ ʜʟʝʨʢʘʣʴʥʦʛʦ ʛʘʣʴʚʘ-

ʥʦʤʝʪʨʘ G. ɿʘ ʮʴʦʛʦ ʤʝʪʦʜʫ 

ʚʠʤ̔ʨʶʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʛʘʣɹʚʘʥʦʤʝʪʨ ʟ̔ ʚʝʣʠʢʠʤ ʤʦʤʝʥʪʦʤ 

ʽʥʝʨʮʽʾ, ʪʦʙʪʦ ʟ ʚʝʣʠʢʠʤ ʧʝʨʽʦʜʦʤ 

ʢʦʣʠʚʘʥʥʷ (ʥʝ ʤʝʥʰʝ ʥʽʞ 10ï20 ʩ). 

ʊʘʢʠʡ ʛʘʣʴʚʘʥʦʤʝʪʨ ʥʘʟʠʚʘʁʪʴ 

ʙʘʣʽʩʪʠʯʥʠʤ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʦʧʠʩʫʚʘʥʠʡ 

ʤʝʪʦʜ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʯʥʦʾ ʽʥʝʨʮʽʾ 

ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʧʦʷʩʥʶ̒ ʪʴʩʷ ʧʨʠʥ-

ʮʠʧʦʤ, ʧʦʢʣʘʜʝʥʠʤ ʚ ʦʩʥʦʚʫ ʤʝʪʦʜʫ. 
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ʎʝʡ ʧʨʠʥʮʠʧ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʦʙʤʦʪʢʫ I ʜʘʻʪʩɹʷ 

ʽʤʧʫʣʴʩ ʩʪʨʫʤʫ, ʱʦ ʥʘʤʘʛʥʽʯʫʻ ʟʨʘʟʦʢ. ɺʦʜʥʦʯʘʩ ʚ ʦʙʤʦʪʮʽ 

II  ʽʥʜʫʢʫʻʪʴʩʷ ʩʪʨʫʤ, ʱʦ ʜʽʻ ʥʘ ʛʘʣʴʚʘʥʦʤʝʪʨ G. ʇʦʢʘʟʘʥʥʷ 

ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʪʠʤ ʙʽʣʴʰʽ, ʯʠʤ ʽʥʪʝʥʩʠʚʥʽʰʝ 

ʥʘʤʘʛʥʽʯʫʻʪʩɹʷ ʟʨʘʟʦʢ ʫ ʪʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʷʢʝ 

ʩʪʚʦʨʶʻʪʴʩʷ ʧʝʨʚʠʥʥʦʶ ʦʙʤʦʪʢʦʶ I, ʪʦʙʪʦ ʯʠʤ ʙʽʣʴʰʠʡ 

ʧʦʪʽʢ ʽʥʜʫʢʮʽʾ ʟʨʘʟʢʘ. ɺ ʦʙʤʦʪʮʽ II  ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʝʚʥʘ 

ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ ʣʠʰʝ ʚ ʪʦʤʫ ʨʘʟʽ, ʷʢʱʦ ʚ ʧʝʨʚʠʥʥʽʡ 

ʦʙʤʦʪʮʽ ʩʠʣʘ ʩʪʨʫʤʫ ʟʨʦʩʪʘʪʠʤʝ ʘʙʦ ʟʤʝʥʰʫʚʘʪʠʤʝʪʴʩʷ, 

ʟʦʢʨʝʤʘ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ ʥʫʣʷ ʜʦ ʜʝʷʢʦʛʦ ʟʥʘʯʝʥʥʷ 

ʘʙʦ, ʥʘʚʧʘʢʠ, ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ ʥʫʣʷ. ʎʷ 

ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ, ʘ ʪʘʢʦʞ ʽ ʩʪʨʫʤ i, ʱʦ ʧʨʦʭʦʜʠʪʴ ʫ 

ʚʪʦʨʠʥʥʦʤʫ ʣʘʥʮʶʟʽ, ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʧʨʦʜʦʚʞ ʧʝʨʽʦʜʫ 

ʯʘʩʫ Ű, ʫ ʷʢʦʤʫ ʚ ʣʘʥʮʶʟʽ ʦʙʤʦʪʢʠ I ʚʽʜʙʫʚʘʣʘʩʷ ʟʤʽʥʘ ʩʠʣʠ 

ʩʪʨʫʤʫ. ɿʘ ʙʘʣʽʩʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ (4.15) 

ʧʦʪʨʙ̔ʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʩʠʣʫ ʩʪʨʫʤʫ i ʚ ʘʤʧʝʨʘʭ, ʱʦ 

ʧʨʦʡʰʦʚ ʯʝʨʝʟ ʦʙʤʦʪʢʫ II, ʘ ʚʩʶ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʢʠ ʚ 

ʢʫʣʦʥʘʭ ʟʘ ʯʘʩ Ű:  

ñ=
t

t
0

idQ .                                  (4.15) 

ɺʽʜʭʠʣʝʥʥʷ ʜʟʝʨʢʘʣʴʮʷ ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʙʫʜʝ 

ʧʨʦʧʦʨʮʽʡʥʝ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʠʢʠ Q, ʷʢʘ ʧʨʦʡʰʣʘ ʯʝʨʝʟ 

ʨʫʭʣʠʚʫ ʢʦʪʫʰʢʫ ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʟʘ ʚʝʩʴ ʯʘʩ Ű, ʷʢʱʦ 

ʚʽʜʭʠʣʝʥʥʷ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʧʦʯʥʝʪʴʩʷ ʣʠʰʝ 

ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʽʤʧʫʣʴʩ ʟʘʢʽʥʯʠʚʩʷ, ʪʦʙʪʦ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʫ 

ʣʘʥʮʶʟʽ I ʚʩʪʘʥʦʚʠʚʩʷ ʚʞʝ ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ ʧʝʚʥʦʾ 

ʚʝʣʠʯʠʥʠ. ʎʝ ʟʜʽʡʩʥʶ̒ ʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʽʥʝʨʮʽʾ 

ʛʘʣʴʚʘʥʦʤʝʪʨʘ, ʱʦ ʜʦʩʷʛʘ̒ ʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʥʘʚʽʰʫʚʘʥʥʷʤ 

ʪʷʛʘʨʮʽʚ (ʙʘʣʘʩʪʫ) ʥʘ ʨʫʭʦʤʫ ʩʠʩʪʝʤʫ ʛʘʣʴʚʘʥʦʤʝʪʨʘ. 

ɺʦʜʥʦʯʘʩ 
 

Q = cbŬ,                                 (4.16) 
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ʜʝ cb ï ʩʪʘʣʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ 

ʝʣʝʢʪʨʠʢʠ ʚ ʢʫʣʦʥʘʭ, ʱʦ ʧʨʦʡʰʦʚ ʯʝʨʝʟ ʙʘʣʽʩʪʠʯʥʠʡ 

ʛʘʣʴʚʘʥʦʤʝʪʨ ʟʘ ʡʦʛʦ ʚʽʜʭʠʣʝʥʥ ̫Ŭ = 1.  
 

ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʟʠʚʘʁʪʴ ʙʘʣʽʩʪʠʯʥʦʶ ʩʪʘʣʦʶ. 

ɺʽʜ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʠʢʠ Q ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʜʦ ʽʥʜʫʢʮʽʾ 

B ʪʦʨʦʾʜʘ. ɿʘ ʚʚʽʤʢʥʝʥʥ̫ ʩʪʨʫʤʫ I ʚ ʧʝʨʚʠʥʥʽʡ ʦʙʤʦʪʮʽ 

ʚʠʥʠʢʘʻ ʧʦʣʝ H, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʟʨʘʟʦʢ ʥʘʤʘʛʥʽʪʠʪʴʩʷ ʜʦ 

ʽʥʜʫʢʮʽʾ ɺ. ʎʝʡ ʧʨʦʮʝʩ ʧʨʦʡʜʝ ʚ Ű ʩ; ʢʽʣʴʢʽʩʪʴ ʩʠʣʦʚʠʭ 

ʤʘʛʥʽʪʥʠʭ ʣʽʥʽʡ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʟʨʘʟʦʢ ʟʘ ʯʘʩ Ű, ʪʦʙʪʦ 

ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ (4.17), ʟʤʽʥʠʪʴʩʷ ʚʽʜ 0 ʜʦ ʌ: 

 

ʌ = ɺS,                               (4.17) 

ʜʝ S ï ʧʝʨʝʨʽʟ ʟʨʘʟʢʘ (ʪʦʨʦʜʾʘ). 

ʅʘ ʨʠʩʫʥʢʫ 4.11 ʧʦʢʘʟʘʥʘ ʪʝʭʥʽʯʥʘ ʩʭʝʤʘ ʙʘʣʽʩʪʠʯʥʦʾ 

ʫʩʪʘʥʦʚʢʠ.  

 
ʈʠʩʫʥʦʢ 4.11 ï ʉʭʝʤʘ 

ʙʘʣʽʩʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʂʣʝʤʠ ʨʫʙʠʣʴʥʠʢʘ 2 ʽ 3 

ʧʝʨʝʭʨʝʩʥʦ ʟô̒ ʜʥʘʥʽ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʥʘʧʨʤ̫ʦʢ 

ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ɯ. ʂʦʣʠ 

ʨʫʙʠʣʴʥʠʢ ʧʝʨʝʢʠʥʫʪʠʡ ʫ 

ʧʦʣʦʞʝʥʥʷ 1ï2, ʩʪʨʫʤ ʽʜʝ ʚ 

ʥʘʧʨʷʤʢʫ, ʟʘʟʥʘʯʝʥʦʤʫ 

ʩʫʮʽʣʴʥʠʤʠ ʩʪʨʽʣʢʘʤʠ, ʘ ʟʘ 

ʟô̒ ʜʥʘʥʥʷ 1ï3 ï ʫ ʥʘʧʨʷʤʢʫ 

ʧʫʥʢʪʠʨʥʠʭ ʩʪʨʽʣʦʢ. ʑʦʙ 

ʦʪʨʠʤʘʪʠ ʚ ʦʙʤʦʪʮʽ ɯ ʦʜʥʫ ʽ ʪʫ 

ʩʘʤʫ ʩʠʣʫ ʩʪʨʫʤʫ ʚ ʦʙʦʭ 

ʥʘʧʨʷʤʘʭ, ʧʦʪʨʽʙʥʦ ʟô̒ ʜʥʘʪʠ 

ʢʣʝʤʠ (ʣʽʚʫ 2 ʽ ʧʨʘʚʫ 3) ʥʘʢʦʨʦʪʢʦ 

ʢʣʶʯʝʤ 8. ʉʭʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʜʚʦʭ ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥʮʶʛʽʚ: 

ɯ ʧʝʨʚʠʥʥʦʾ, ʥʘʤʘʛʥʽʯʫʻ ʟʨʘʟʦʢ (ʚ 

ʜʘʥʦʤʫ   ʚʠʧʘʜʢʫ   ʪʦʨʦʾʜ   ʊ),   ʪʘ              

ɯɯ   ʚʪʦʨʠʥʥʦʾ,   ʙʘʣʽʩʪʠʯʥʦʾ,   ɦ ʦ 
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ʩʣʫʞʠʪʴ ʜʣʷ ʚʠʤʨ̔ʶʚʘʥʥʷ ʽʥʜʫʢʮʽʾ ʟʨʘʟʢʘ. ʅʘʤʘʛʥʽʯʫʚʘʥʠʡ 

ʣʘʥʮʶʛ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʣʘʥʦʢ: ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ 6, ʨʝʛʫʣʶʚʘʣʴʥʦʛʦ ʨʝʦʩʪʘʪʘ 5, ʘʤʧʝʨʤʝʪʨʘ 7, 

ʜʚʦʧʦʣʶʩʥʦʛʦ ʨʫʙʠʣʴʥʠʢʘ ʧʝʨʝʤʠʢʘʯʘ 2ï1ï3, 

ʥʘʤʘʛʥʽʯʫʚʘʥʦʾ ʦʙʤʦʪʢʠ 1, ʢʣʶʯʘ 8 ʽ ʨʝʛʫʣʶʚʘʣʴʥʦʛʦ 

ʨʝʦʩʪʘʪʘ 9. ɹʘʣʽʩʪʠʯʥʠʡ ʣʘʥʮʶʛ ʤʽʩʪʠʪʴ ʙʘʣʽʩʪʠʯʥʠʡ 

ʛʘʣʴʚʘʥʦʤʝʪʨ 10, ʤʘʛʘʟʠʥ ʦʧʦʨʫ 11, ʢʣʶʯ 4 ʽ ʚʪʦʨʠʥʥʫ 

ʦʙʤʦʪʢʫ II. ɻʘʣʚɹʘʥʦʤʝʪʨ 10 ʻ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʨʠʣʘʜʦʤ, 

ʤʘʛʘʟʠʥ ʦʧʦʨʫ (ʧʨʝʮʠʟʽʡʥʠʡ) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʤʽʥʠ 

ʯʫʪʣʠʚʦʩʪʽ ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʽ ʢʣʶʯ 4 ʜʣʷ ʟʘʤʠʢʘʥʥʷ 

ʚʪʦʨʠʥʥʦʛʦ ʣʘʥʮʛʁʘ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʙʘʣʽʩʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʤʦʞʥʘ 

ʦʜʝʨʞʘʪʠ ʢʨʠʚʫ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʽ ʧʝʪʣʶ ʛʽʩʪʝʨʝʟʠʩʫ ʟʨʘʟʢʘ. 

 

 

4.3.3 ʄʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ  

ʚ ʟʘʤʢʥʝʥʦʤʫ ʣʘʥʮʁʟʽ 
 

ʏʘʩʪʦ ʧʦʧʨʘʚʢʘ ʧʦʣʷ H ʥʘ ʨʦʟʤʘʛʥʽʯʫʚʘʣʴʥʠʡ ʬʘʢʪʦʨ 

ʻ ʚʝʣʠʯʠʥʦʶ ʪʦʛʦ ʩʘʤʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ ʡ ʩʘʤʘ ʚʠʤʽʨʶʚʘʥʘ 

ʚʝʣʠʯʠʥʘ ʅ, ʱʦ ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʂʨʽʤ ʪʦʛʦ, 

ʚʚʘʞʘʶʯʠ ʅ ʥʝ ʟʘʣʝʞʥʠʤ ʚʽʜ ʤʘʪʝʨʽʘʣʫ, ʤʠ ʨʦʙʠʤʦ ʚʽʜʦʤʫ 

ʧʦʤʠʣʢʫ. ɺʥʘʩʣʽʜʦʢ ʥʝʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʷʢʽ ʚʥʦʩʠʪʴ ʦʙʣʽʢ 

ʨʦʟʤʘʛʥʽʯʫʚʘʥʦʛʦ ʬʘʢʪʦʨʘ, ʯʘʩʪʦ ʧʨʘʛʥʫʪʴ ʩʪʚʦʨʠʪʠ 

ʟʘʤʢʥʝʥʠʡ ʤʘʛʥʽʪʥʠʡ ʣʘʥʮʶʛ ʜʣʷ ʩʪʨʠʞʥʝʚʦʛʦ ʟʨʘʟʢʘ ʽ 

ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʫʥʠʢʥʫʪʠ ʨʦʟʤʘʛʥʽʯʫʚʘʥʫ ʜʽʶ ʡʦʛʦ ʢʽʥʮʽʚ. 

ʎʝ ʜʦʩʷʛʘ̒ ʪʴʩʷ ʪʠʤ, ʱʦ ʟʨʘʟʦʢ ʧʦ ʢʽʥʮʷʭ ʟʘʤʠʢʘʻʪʴʩʷ 

ʟʘʣʽʟʥʠʤ ʭʦʤʫʪʦʤ (ʨʠʩ. 4.12 ʘ) ʘʙʦ ʚʚʦʜʠʪʴʩʷ ʚ 

ʤʽʞʧʦʣʶʩʥʠʡ ʧʨʦʩʪʽʨ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ (ʨʠʩ. 4.12 ʙ). 
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ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 4.12 ï ʉʭʝʤʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʭʦʤʫʪʘ (ʘ) ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ (ʙ) 

 

ʅʘ ʩʭʝʤʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʦʤʫʪʘ I ʽ ʟ ̔ʟʨʘʟʢʦʤ ʈ 

ʧʫʥʢʪʠʨʥʠʤʠ ʣʽʥʽʷʤʠ ʟʘʟʥʘʯʝʥʦ ʰʣʷʭ ʟʘʤʢʥʝʥʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ. ʅʘ ʟʨʘʟʦʢ ʥʘʜʷʛʘʶʪʴ ʧʝʨʚʠʥʥʫ ʽ 

ʚʪʦʨʠʥʥʫ ʦʙʤʦʪʢʠ (ʨʠʩ. 4.12 ʘ ʥʝ ʧʦʢʘʟʘʥʽ), ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ 

ʚʤʠʢʘʶʪʴʩʷ ʚ ʙʘʣʽʩʪʠʯʥʫ ʩʭʝʤʫ (ʜʠʚ. ʨʠʩ. 4.11). 

ʋ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʷʢʱʦ ʧʦʪʨʽʙʥʦ ʨʦʙʠʪʠ ʤʘʛʥʽʪʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʨʦʪʢʠʭ ʟʨʘʟʢʽʚ, ʫ ʩʠʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪ (ʨʠʩ. 4.12 ʙ). ʂʦʨʠʩʪʫʶʯʠʩʴ 

ʥʠʤ, ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʢʨʠʚʫ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʽ ʧʝʪʣʶ 

ʛʽʩʪʝʨʝʟʠʩʫ. ɿʤʽʥʶʶʯʠ ʩʠʣʫ ʩʪʨʫʤʫ ɯ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʦ 

ʦʙʤʦʪʮʽ ʢʽʩʪʷʢʘ ɸ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʙʫʜʝʤʦ ʟʤʽʥʶʚʘʪʠ ʧʦʣʝ 

ʅ, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʟʨʘʟʦʢ ʈ. ɺʦʜʥʦʯʘʩ 

ʟʤʽʥʶʚʘʪʠʤʝʪʴʩ̫  ʽʥʜʫʢʮʽʷ ɺ ʟʨʘʟʢʘ, ʱʦ ʡ ʚʽʜʟʥʘʯʠʪʴ 

ʙʘʣʽʩʪʠʯʥʠʡ ʛʘʣʴʚʘʥʦʤʝʪʨ G, ʜʦ ʷʢʦʛʦ ʧʨʠʻʜʥʘʥʘ ʦʙʤʦʪʢʘ, 

ʥʘʚʠʪʘ ʥʘ ʟʨʘʟʦʢ. ɿʥʘʶʯʠ ʩʪʘʣʫ cb ʛʘʣʴʚʘʥʦʤʝʪʨʘ G, ʣʝʛʢʦ 

ʦʙʯʠʩʣʠʪʠ ʽʥʜʫʢʮʽʶ ʟʨʘʟʢʘ ɺ (ʜʠʚ. ʬʦʨʤʫʣʫ 4.17). 

ʄʝʪʦʜ ʐʪʝʙʣʝʡʥʘ ʜʦʟʚʦʣʷʻ ʟ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʚʠʤʽʨʶʚʘʪʠ ʚʥʫʪʨʽʰʥʶ ʽʥʜʫʢʮʽʶ 4ˊI. ʎʝʡ 

ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʨʘʟʦʢ ʟʘʰʪʦʚʭʫʻʪʴʩʷ ʰʚʠʜʢʠʤ 

ʨʫʭʦʤ ʫ ʢʘʥʘʣ, ʧʨʦʩʚʝʨʜʣʝʥʠʡ ʫ ʧʦʣʶʩʘʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, 

ʷʢ ʧʦʢʘʟʘʥʦ ʩʪʨʽʣʢʦʶ ʥʘ ʨʠʩʫʥʢʫ 4.13. 
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ʈʠʩʫʥʦʢ 4.13 ï ʉʭʝʤʘ  

ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ 

ʤʝʪʦʜʦʤ ʐʪʝʙʣʝʡʥʘ 

ɺʦʜʥʦʯʘʩ ʩʝʨʝʜʠʥʘ ʟʨʘʟʢʘ ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʩʝʨʝʜʥʴʦʶ 

ʪʦʯʢʦʶ ʤʞ̔ʧʦʣʶʩʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʇʝʨʝʜ ʪʠʤ ʷʢ ʧʨʦ-

ʰʪʦʚʭʥʫʪʠ ʟʨʘʟʦʢ ʆ, ʚʤʠʢʘʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʥʘ ʙʘʞʘʥʫ 

ʚʝʣʠʯʠʥʫ ʧʦʣʷ ʅ ʽ ʟʘʤʠʢʘʶʪʴ ʣʘʥʮʶʛ ʙʘʣʽʩʪʠʯʥʦʛʦ 

ʛʘʣʴʚʘʥʦʤʝʪʨʘ G, ʜʦ ʷʢʦʛʦ ʧʽʜôʻʜʥʘʥʘ ʢʦʪʫʰʢʘ ʂ, ʱʦ 

ʟʘʣʠʰʘ̒ ʪʴʩʷ ʥʝʨʫʭʦʤʦʶ ʥʘ ʚʝʩʴ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ. ɿʘ 

ʚʰʪʦʚʭʫʚʘʥʥ ̫ʟʨʘʟʢʘ ʚ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʥʘʧʨʫʞʝʥʽʩʪʁ ʅ ʚʽʥ 

ʥʘʤʘʛʥʯ̔ʫʻʪʴʩʷ ʽ ʚʠʥʠʢʘʶʪʴ ʫ ʥʴʦʤʫ ʤʘʛʥʽʪʥʽ ʩʠʣʦʚʽ ʣʽʥʽʾ, 

ʧʝʨʝʪʠʥʘʶʯʠ ʚʠʪʢʠ ʢʦʪʫʰʢʠ ʂ, ʱʦ ʩʧʨʠʯʠʥʶʶʪʴ 

ʚʽʜʭʠʣʝʥʥʷ ʜʟʝʨʢʘʣʴʮʷ ʛʘʣʴʚʘʥʦʤʝʪʨʘ G. ɯʟ ʮʴʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ Ŭ ʦʙʯʠʩʣʶʶʪʴ ʚʥʫʪʨʽh ʥʶ ʽʥʜʫʢʮʽʶ ʟʨʘʟʢʘ 4ˊI, 

ʱʦ ʚʠʭʦʜʠʪʴ ʫ ʧʦʣʝ ʅ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ 

ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ, ʦʙʫʤʦʚʣʝʥʠʡ ʚʝʣʠʯʠʥʦʶ 4ˊI, ʘ ʥʝ ɺ (ʷʢ ʚ 

ʥ̔h ʠʭ ʤʝʪʦʜʘʭ), ʷʢʘ ʻ ʩʫʤʦʶ 4ˊI + H. ʋ ʮʴʦʤʫ ʨʘʟʽ ʧʦʣʝ ʅ 

ʤʘʻ ʩʪʘʣʝ ʟʥʘʯʝʥʥʷ ʽ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʧʦʢʘʟʠ ʛʘʣʴʚʘʥʦʤʝʪʨʘ, 

ʦʩʢʽʣʴʢʠ ʚʽʜʭʠʣʝʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʦʙʫʤʦʚʣʝʥʽ ʣʠh ʝ ʟʤʽʥʦʶ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ (ʡʦʛʦ ʟʨʦʩʪʘʥʥʷʤ ʘʙʦ ʟʤʝʥʰʝʥʥʷʤ). 

ɿʤ̔ʥʶʻʪʴʩʷ ʚ ʮʴʦʤʫ ʨʘʟʽ ʣʠʰʝ ʧʦʪʽʢ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ̔ 

ʚʥʫʪʨʽʰʥʴʦʾ ʽʥʜʫʢʮʽʾ ʟʨʘʟʢʘ ʚʽʜ 0 ʜʦ 4ˊI. 

ʄʝʪʦʜ ʐʪʝʙʣʝʡʥʘ ʙʫʚ ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʥʘʩʠʯʝʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ 

ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʟʘ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. 
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4.3.4 ɺʠʚʯʝʥʥʷ ʤʘʛʥ̔ʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʚ̔  

 ̔ʤʝʪʘʣ̔ʯʥʠʭ ʬʘʟ 
 

ɼʽʘʤʘʛʥʽʪʥʽ ʪʘ ʧʘʨʘʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ 

ʊʚʝʨʜʽ ʨʦʟʯʠʥʠ. ʄʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʧʣʘʚʥʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʢʨʠʚʦ ,ʁ ʨʦʟʤʽʱʝʥʦʶ 

ʦʧʫʢʣʽʩʪʶ ʜʦ ʦʩʽ ʢʦʥʮʝʥʪʨʘʮʽʾ. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʘʢʦʥʫ 

ʘʜʠʪʠʚʥʦʩʪʽ ʚʚʘʞʘʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʟʤʽʥʠ ʩʠʣ ʟʚô̫ ʟʢʫ ʟʘ 

ʫʪʚʦʨʝʥʥ ̫ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ (ʨʠʩ. 4.14). 

ʄʽʥʽʤʫʤ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʟʘʟʚʠʯʘʡ ʙʣʠʟʴʢʠʡ ʜʦ  

50 ʘʪ % ʢʦʥʮʝʥʪʨʘʮʽʾ, ʱʦ ʧʦʚô̫ ʟʫʶʪʴ ʟ̔ ʥʘʡʙʽʣʴʰʠʤʠ 

ʧʦʨʫʰʝʥʥʷʤʠ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʧʦʣʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨ̌ʘʪʢʠ ʚ ʥʝ-

ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ. ʋ ʩʧʣʘʚʘʭ Na-K 

(ʨʠʩ. 4.14 ʘ) ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ 

ʟʘʢʦʥʦʤ. 

ʋʧʦʨʷʜʢʫʚʘʥʥʷ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʨʽʟʥʠʤʠ 

ʝʬʝʢʪʘʤʠ. ʉʧʣʘʚ ʉuɸu ʟʘ ʫʧʦʨʷʜʢʫʚʘʥʥ ̫ ʩʪʘʻ ʤʝʥʰ 

ʜʽʘʤʘʛʥʽʪʥʠʤ, ʘ ʩʧʣʘʚ ʉu3ɸu ʚ ʫʧʦʨʷʜʢʦʚʘʥʦʤʫ ʩʪʘʥʽ ï 

ʙʽʣʴʰ ʜ̔ʘʤʘʛʥʽʪʥʠʤ (ʨʠʩ. 4.14 ʙ). 

 

 
                 ʘ                                      ʙ 
ʈʠʩʫʥʦʢ 4.14 ï ʉʭʝʤʘ ʟʤʽʥʠ ʧʘʨʘʤʘʛʥʽʪʥʦʾ (ʘ)  

ʽ ʜʽʘʤʘʛʥʽʪʥʦʾ (ʙ) ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʥʝʦʙʤʝʞʝʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 
(ȹ ï ʚʧʦʨʷʜʢʦʚʘʥʠʡ ʩʪʘʥ) 
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ʅʘʡʙʽʣʴʰ ʟʥʘʯʥʽ ʟʤʽʥʠ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ 

ʚʽʜʙʫʚʘʶʪʩɹʷ ʟʘ ʨʦʟʯʠʥʝʥʥ ̫ ʚ ʜʽʘʤʘʛʥʽʪʥʠʭ ʤʝʪʘʣʘʭ 

ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʽ ʩʠʣʴʥʠʭ ʧʘʨʘʤʘʛʥʝʪʠʢʽʚ. ɿʘ ʩʧʣʘʚʫ ʤʽʜʽ ʟ 

ʧʘʨʘʤʘʛʥʽʪʥʠʤ ʧʘʣʘʜʽʻʤ ʩʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʠʣʝʥʥʷ 

ʜʽʘʤʘʛʥʝʪʠʟʤʫ, ʪʦʙʪʦ ʧʘʣʘʜʽʡ, ʨʦʟʯʠʥʝʥʠʡ ʫ ʤʽʜʽ, ʩʪʘʻ 

ʜʽʘʤʘʛʥʽʪʥʠʤ, ʷʢʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʛʦ ʥʝ ʧʝʨʝʚʠ ʫɦʻ 

ʧʨʠʙʣʠʟʥʦ 30 %. ʅʘʚʧʘʢʠ, ʤʘʨʛʘʥʝʮʴ ʨʽʟʢʦ ʧʦʩʠʣʶʻ 

ʧʘʨʘʤʘʛʥʝʪʠʟʤ  ̔ʩʧʣʘʚʠ ʉu-ʄn ̔ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʦʩʪʘʥʥʴʦʛʦ ʙʽʣʴʰ ʧʘʨʘʤʘʛʥʽʪʥʽ, ʥʽʞ ʯʠʩʪʠʡ ʤʘʨʛʘʥʝʮʴ. 

ɯʥʪʝʨʤʝʪʘʣʽʯʥʽ ʩʧʦʣʫʢʠ ʽ ʧʨʦʤʽʞʥʽ ʬʘʟʠ. 
ʋʪʚʦʨʝʥʥʷ ʥʘʟʚʘʥʠʭ ʬʘʟ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʝʢʩʪʨʝʤʫʤʽʚ 

ʥʘ ʢʨʠʚʽʡ çʩʢʣʘʜ ï ʤʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴè, ʘʣʝ 

ʚʠʥʠʢʥʝʥʥʷ ʜʝʷʢʠʭ ʬʘʟ ʥʝ ʚʠʢʣʠʢʘʻ ʟʤʽʥ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʩʧʣʘʚʘʭ Cu-Zn ʫʪʚʦʨʶʶʪʴʩʷ ʝʣʝʢʪʨʦʥʥʽ 

ʩʧʦʣʫʢʠ: ɓ-CuZn (ʩʝʣ = 3/2), ɔ-ʉu5Zn8 (ʩʝʣ = 21/13),  

Ů-CuZn3 (ʩʝʣ = 7/4), ʜʝ ʩʝʣ ï ʝʣʝʢʪʨʦʥʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ.  

ʈʽʟʢʠʡ, ʛʦʩʪʨʠʡ ʧʽʢ ʜʽʘʤʘʛʥʝʪʠʟʤʫ ʚʠʷʚʣʷʻʪʴʩʷ ʣʠh ʝ 

ʟʘ ʩʢʣʘʜʫ, ʱʦ ʚʽʜʧʦʚʽʜʘ ̒ɔ-ʬʘʟʽ, ʦʜʥʘʢ ʥʽ ɓ-, ʥʽ Ů-ʬʘʟʘ ʥʝ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʢʨʠʚʽʡ çʩʢʣʘʜ ï ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴè 

(ʨʠʩ. 4.15). 

 

 

 
ʈʠʩʫʥʦʢ 4.15 ï ʄʘʛʥʽʪʥʘ 

ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʩʧʣʘʚʽʚ 
Cu-Zn 

 

ʇʦʩʠʣʝʥʥʷ ʜʽʘʤʘʛʥʝʪʠʟʤʫ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥ ̫ɔ-ʬʘʟʠ ʚ 

ʣʘʪʫʥʷʭ ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʟʘʧʦʚʥʝʥʥʷʤ ʧʝʨʰʦʾ ʟʦʥʠ ɹʨʽʣʶʥ̒ʘ.  

ɻʝʪʝʨʦʛʝʥʥʽ ʩʧʣʘʚʠ. ʉʧʨʠʡʥ̫ʪʣʠʚʽʩʪʴ ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʩʧʣʘʚʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʧʨʤ̫ʽʡ, ʷʢʘ 
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ʟôʻʜʥʫʻ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʬʘʟ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʜʚʦʬʘʟʦʚʫ 

ʦʙʣʘʩʪʴ. ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚ ʩʠʩʪʝʤʽ çZnïSnè ʤʦʞʥʘ 

ʧʽʜʽʙʨʘʪʠ ʩʧʣʘʚ ʟ̔ ʥʫʣʴʦʚʦʶ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʶ (ʨʠʩ. 4.16). 

 

 

 
ʈʠʩʫʥʦʢ 4.16 ï ʄʘʛʥʽʪʥʘ 

ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʩʧʣʘʚʽʚ 
ZnïSn 

 

ʄʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʘʫʩʪʝʥʽʪʥʠʭ ʩʪʘʣʝʡ. 
ɿʜʝʙʽʣʴʰʦʛʦ ʘʫʩʪʝʥʽʪʥʽ ʩʪʘʣʽ ʪʘ ʩʧʣʘʚʠ ʧʘʨʘʤʘʛʥʽʪʥʽ. 

ɺʠʥ̫ʪʦʢ ʩʪʘʥʦʚʣʷʪʴ ʩʧʣʘʚʠ ʩʠʩʪʝʤʠ çʟʘʣʽʟʦ ï ʥʽʢʝʣʴè (ʫʩʽ 

ʚʦʥʠ ʬʝʨʦʤʘʛʥʽʪʥʽ) ʪʘ ʜʝʷʢʽ ʘʥʪʠʬʝʨʦʤʘʛʥʽʪʥʽ ʩʧʣʘʚʠ 

ʩʠʩʪʝʤʠ çʟʘʣʽʟʦ ï ʤʘʨʛʘʥʝʮʴè. ʅʘʤʘʛʥʽʯʝʥʽʩʪʴ 

ʧʘʨʘʤʘʛʥʽʪʥʠʭ ʬʘʟ ʣʥ̔ʽʡʥʦ ʟʨʦʩʪʘʻ ʟ ̔ ʟʙʽʣʴʰʝʥʥʷʤ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ, ʘ ʬʝʨʦʤʘʛʥʽʪʥʽ ʬʘʟʠ ʥʘʤʘʛʥʽʯʫʁ ʪʴʩʷ ʜʦ 

ʥʘʩʠʯʝʥʥʷ ʫ ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʠʭ ʧʦʣʷʭ.  

ʇʦʣʽʤʦʨʬʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʟʚʠʯʘʡ 

ʩʫʧʨʦʚʦʜʞʫʁ ʪʴʩʷ ʙʽʣʴʰ-ʤʝʥʰ ʩ̔ʪʦʪʥʠʤʠ ʟʤʽʥʘʤʠ ʤʘʛʥʽʪʥʦʾ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ɔ-ʟʘʣʽʟʦ ʤʘʻ ʤʝʥʰʫ 

ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ, ʥʽʞ ʧʘʨʘʤʘʛʥʽʪʥʽ Ŭ- ʽ ŭ-ʟʘʣʽʟʦ. ʈʽʟʥʠʡ ʽ 

ʩʪʫʧʽʥʴ ʟʘʣʝʞʥʦʩʪʽ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ Ŭ- 

ʘʙʦ ŭ- ʽ ʚ ɔ-ʩʪʘʥʘʭ (ʨʠʩ. 4.17). 

 

 

 

ʈʠʩʫʥʦʢ 4.17 ï ʊʝʤʧʝʨʘʪʫʨʥʘ 
ʟʘʣʝʞʥʽʩʪʴ ʤʘʛʥʽʪʥʦʾ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʟʘʣʽʟʘ (ʩʭʝʤʘ) 
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ɯʥʦʜʽ ʟʘ ʧʦʣʽʤʦʨʬʥʠʭ ʧʝʨʝʪʚʦʨʝʥ ɹ ʟʤʽʥʶʻʪʴʩʷ ʥʝ 

ʣʠh ʝ ʚʝʣʠʯʠʥʘ, ʘ ʡ ʟʥʘʢ ʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ. 

ɿʦʢʨʝʤʘ, ʧʘʨʘʤʘʛʥʽʪʥʝ ʙʽʣʝ ʦʣʦʚʦ ʧʽʜ ʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥ ̫ʥʘ 

ʩʽʨʝ ʩʪʘʻ ʜʽʘʤʘʛʥʽʪʥʠʤ. 

ʇʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʪʘʢʦʞ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ 

ʤʘʛʥʽʪʥʫ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ ʷʢ ʟʘ 

ʚʝʣʠʯʠʥʦʶ, ʪʘʢ ʽ ʟʘ ʟʥʘʢʦʤ. ʅʘʧʨʠʢʣʘʜ, ʜʝʬʦʨʤʘʮʽʷ 

ʟʤʝʥʰʫʻ ʜʽʘʤʘʛʥʝʪʠʟʤ ʤʽʜʽ ʪʘ ʮʠʥʢʫ, ʘ ʟʘ ʟʥʘʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʤʽʜʴ ʩʪʘʻ ʧʘʨʘʤʘʛʥʽʪʥʦʶ. ʋ ʪʘʢʦʤʫ ʩʘʤʦʤʫ 

ʥʘʧʨʷʤʢʫ ʟʤʽʥʶʻʪʴʩʷ ʤʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʟʘ 

ʧʦʜʨʽʙʥʝʥʥ ̫ ʟʝʨʥʘ: ʜʽʘʤʘʛʥʝʪʠʟʤ ʚʽʩʤʫʪʫ ʽ ʩʫʨʤʠ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʩʝʣʝʥ ʽ ʪʝʣʫʨ ʩʪʘʶʪʴ ʧʘʨʘʤʘʛʥʽʪʥʠʤʠ ʟʘ 

ʟʥʘʯʥʦʛʦ ʧʦʜʨʽʙʥʝʥʥ ̫ʟʝʨʥʘ. 

 

4.3.5 ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʠʭ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʩʧʣʘʚʽʚ 
 

ʇʦʨʽʚʥʷʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʧʘʣʝʥʦʾ ʽ ʟʘʛʘʨʪʦʚʘʥʦʾ 

ʩʪʘʣ̔ ʧʦʜʘʥʝ ʥʘ ʨʠʩʫʥʢʫ 4.18. 

 

 

 
 

 
 

ʈʠʩʫʥʦʢ 4.18 ï 

ʇʦʨʽʚʥʷʥʥʷ 

ʤʘʛʥʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʽʜʧʘʣʝʥʦʾ ʽ 

ʟʘʛʘʨʪʦʚʘʥʦʾ 

ʩʪʘʣʽ 
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ʉʧʘʜ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʥʘʩʠʯʝʥʥʷ ʟʘ ʟʙʽʣʴʰʝʥʥ ̫ʚʤʩ̔ʪʫ 

ʚʫʛʣʝʮʶ ʫ ʚʽʜʧʘʣʝʥʽʡ ʩʪʘʣʽ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʟô̫ ʚʣʷʻʪʴʩʷ ʥʦʚʘ ʬʘʟʘ, Fe3C (ʮʝʤʝʥʪʠʪ), ʫ ʷʢʽʡ 93,3 % Fe ʽ 

6,7 % ʉ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʣʽʟʘ ʟʚô̫ ʟʫʻʪʴʩʷ 

ʭʽʤʽʯʥʦ ʽ ʤʘʻ ʟʥʠʞʝʥʫ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ. Fe3C ʤʘʻ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ Js = 1,25ï1,3 ʊʣ. ʗʢʱʦ ʙ ʢʽʣʴʢʽʩʪʴ 

ʤʘʛʥʝʪʦʥʫ ɹʦʨʘ ʥʘ 1 ʘʪʦʤ ʟʘʣʽʟʘ ʚ ʮʝʤʝʥʪʠʪʽ ʥʝ 

ʟʤʝʥʰʫʚʘʣʘʩʷ, ʪʦ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʘʩʠʯʝʥʥʷ ʮʝʤʝʥʪʠʪʫ 

ʜʦʨʽʚʥʶʚʘʣʘ 1,98 ʊʣ. 

ʂʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠh ʝ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʮʝʤʝʥʪʫ, ʘ ʡ ʚʽʜ ʡʦʛʦ ʬʦʨʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʩʪʘʣʽ 

ʐʍ15 ʟʘ ʥʘʷʚʥʦʩʪʽ ʣʠʰʝ ʟʝʨʥʠʩʪʦʛʦ ʮʝʤʝʥʪʠʪʫ ʅʩ = 795,8, 

ʟʘ ʥʘʷʚʥʦʩʪʽ ʟʝʨʥʠʩʪʦʛʦ ʮʝʤʝʥʪʠʪʫ ʽ ʢʘʨʙʽʜʥʦʾ ʩʽʪʢʠ ï 993,7, 

ʘ ʟʘ ʩʪʨʫʢʪʫʨʠ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʧʝʨʣʽʪʫ ï 1 512 ɸ/ʤ. ɿ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʠʧʣʠʚʘʻ, ʱʦ ʫ ʚʽʜʧʘʣʝʥʽʡ ʩʪʘʣʽ 

ʐʍ15 ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʟʝʨʥʠʩʪʦʛʦ ʮʝʤʝʥʪʠʪʫ ʢʦʝʨʮʠʪʠʚʥʘ 

ʩʠʣʘ ʟʨʦʩʪʘʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʯʠʩʣʫ ʟʝʨʝʥ ʢʘʨʙ̔ʜʫ ʚ 

1 ʤʤ
3
 ï n ʽ ʣʽʥʽʡʥʦ ʟʚô̫ ʟʘʥʘ ʟ ʪʚʝʨʜʽʩʪʶ ʟʘ ɹʨʠʥʝʣʝʤ. 

ʇʦʢʘʟʘʥʦ ʪʘʢʦʞ, ʱʦ ʅʩ ʪʘ ʅʚ ʧʽʜʚʠʱʫʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʝʥ ʬʝʨʠʪʥʦʾ ʬʘʟʠ ʟʘ ʦʜʥ̒ʾ ʽ ʪʽʻʾ ʩʘʤʦ ʾ

ʜʠʩʧʝʨʩʥʦʩʪʽ ʢʘʨʙʜ̔ʽʚ. 

ɻʘʨʪʫʚʘʥʥʷ ʜʫʞʝ ʩʠʣʴʥʦ ʧʽʜʚʠʱʫʻ ʢʦʝʨʮʠʪʠʚʥʫ ʩʠʣʫ 

ʽ ʟʥʠʞʫʻ ʧʨʦʥʠʢʥʽʩʪʴ ɛmax. ɺʦʜʥʦʯʘʩ ʢʨʠʚʽ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʝʣʠʯʠʥʫ ʅʩ ʚʽʜʧʘʣʝʥʦʾ ʽ ʟʘʛʘʨʪʦʚʘʥʦʾ 

ʩʪʘʣʽ, ʨʦʟ-ʭʦʜʷʪʴʩʷ ʫ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʫʛʣʝʮʶ. ɺʧʣʠʚ ʛʘʨʪʫʚʘʥʥʷ ʥʘ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʠʤ 

ʙʽʣʴʰʠʡ, ʯʠʤ ʚʠɦ ʠʡ ʚʤʽʩʪ ʚʫʛʣʝʮʶ. ɿʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ 

4ˊIs ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʥʘʩʣʽʜʦʢ 

ʛʘʨʪʫʚʘʥʥʷ ʟô̫ʚʣʷʻʪʴʩʷ ʧʘʨʘʤʘʛʥʽʪʥʠʡ ʘʫʩʪʝʥʽʪ ʽ ʪʠʤ 

ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ, ʯʠʤ ʚʠɦ ʠʡ ʚʤʽʩʪ ʚʫʛʣʝʮʶ ʚ ʩʪʘʣʽ. 

ʇʽʜʚʠʱʝʥʥʷ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ ʚʥʘʩʣʽʜʦʢ 

ʛʘʨʪʫʚʘʥʥʷ ʩʪʘʣʽ ʦʙʫʤʦʚʣʝʥʝ ʧʝʨʝʚʘʞʥʦ ʫʪʚʦʨʝʥʥʷʤ 

ʤʘʨʪʝʥʩʠʪʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʝʦʨʽʻʶ ʥʘʧʨʫʛ. ʂʨʠʚʽ ʥʘ 

ʨʠʩʫʥʢʫ 4.19 ʧʦʢʘʟʫʶʪʴ ʟʤʽʥʫ Hʩ ʪʘ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  
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ʈʠʩʫʥʦʢ 4.19 ï 

ɿʘʣʝʞʥʽʩʪʴ 

ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʟʘʛʘʨʪʦʚʘʥʦʾ 

ʩʪʘʣʽ ʐʍ15 ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ  

ʟʘʣʠʰʢʦʚʦʛʦ  

ʘʫʩʪʝʥʽʪʫ 
 

ɿʦʢʨʝʤʘ, ɛmax ʥʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʽʥʽʤʫʤ, ʢʦʣʠ ʅʩ 

ʤʘʻ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ. ɼʦʜʘʪʢʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʅc ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʪʝʦʨʽ̒ʁ  ʚʢʣʶʯʝʥʴ. 

ɺʧʣʠʚ ʚʽʜʧʫʩʢʫ ʥʘ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʨʦʪʠʣʝʞʥʠʡ ʚʧʣʠʚʫ ʛʘʨʪʫʚʘʥʥʷ. ʊʘʢ, ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ 

ʩʧʘʜʘʻ, ʘ ʟʘʣʠʰʢʦʚʘ ʽʥʜʫʢʮʽʷ ʟʨʦʩʪʘʻ. ɿʙʽʣʴʰʫʶʪʴʩʷ ʪʘʢʦʞ 

ʧʨʦʥʠʢʥʽʩʪʴ ʽ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʘʩʠʯʝʥʥʷ. ʆʩʪʘʥʥʷ ʨʽʟʢʦ 

ʟʨʦʩʪʘʻ ʟʘ ʚʽʜʧʫʩʢʫ ʥʘ 210ï250 Áʉ ʫ ʟʚô̫ʟʢʫ ʟ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʚ ʤʘʨʪʝʥʩʠʪ. ɿʘ 

ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʧʫʩʢʫ ʚʦʥʘ ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ Fe3C. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʚʽʜʧʫʩʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʠʱʝʦʧʠʩʘʥʠʡ ʤʝʪʦʜ ʐʪʝʙʣʝʡʥʘ, ʢʦʣʠ 

ʚʠʤʽʨʶʚʘʣʠ ʤʘʛʥʽʪʥʝ ʥʘʩʠʯʝʥʥʷ ʥʘʛʨʽʪʠʭ ʟʨʘʟʢʽʚ. 

ɿʘʩʪʦʩʦʚʫʚʘʣʠ ʤʝʪʦʜʠʢʫ ʚʠʤʽʨʶʚʘʥʥʷ 4ˊIs, ʟʘ ʷʢʦ ʾ

ʙʘʣʽʩʪʠʯʥʘ ʦʙʤʦʪʢʘ, ʥʝ ʧʝʨʝʙʫʚʘʁ ʯʠ ʚ ʟʦʥʽ ʥʘʛʨʽʚʘʥʥʷ, ʚʩʝ 

ʞ ʫ ʤʦʤʝʥʪ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʤʽɦ ʘʻʪʴʩʷ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʥʘʛʨʽʪʦʛʦ ʟʨʘʟʢʘ 

(ʨʠʩ. 4.20). 
 



212 

 
ʈʠʩʫʥʦʢ 4.20 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ ʚʽʜʧʫʩʢʫ: 

1 ï ʢʦʤʧʝʥʩʘʮʽʡʥʘ ʢʦʪʫʰʢʘ: 2 ï ʥʘʤʘʛʥʽʯʫʚʘʥʘ ʢʦʪʫʰʢʘ;  

3 ï ʧʦʣʶʩʥʠʡ ʥʘʢʦʥʝʯʥʠʢ; 4 ï ʧʽʯ; 5 ï ʚʘʢʫʫʤʥʠʡ ʥʘʩʦʩ;  

6 ï ʢʚʘʨʮʦʚʘ ʪʨʫʙʢʘ, 7 ï ʟʨʘʟʦʢ; 8 ï ʚʠʤʽʨʶʚʘʣʴʥʘ ʢʦʪʫʰʢʘ;  

9 ï ʧʦʚʽʪʨʷʥʝ ʛʘʣʴʤʦ; 10 ï ʨʝʡʢʠ 

 

ʆʩʥʦʚʥʦʶ ʯʘʩʪʠʥʦʶ ʫʩʪʘʥʦʚʢʠ ʻ ʧʦʪʫʞʥʠʡ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪ, ʱʦ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʧʦ ʧʦʭʠʣʽʡ ʧʣʦʱʠʥʽ. ʅʘ 

ʧʦʣʁʩʥʠʭ ʥʘʢʦʥʝʯʥʠʢʘʭ ʨʦʟʤʽʱʝʥʽ ʢʦʪʫʰʢʠ 2 000 ʚʠʪʢʽʚ 

ʢʦʞʥʘ ʟ 2-ʤʤ ʤʽʜʥʦʛʦ ʜʨʦʪʫ. ɿʘ ʩʪʨʫʤʫ 10 ɸ ʚ ʟʘʟʦʨʽ 15 ʤʤ 

ʚʠʭʦʜʠʪʴ ʧʦʣʝ ʥʘʧʨʫʞʝʥʽʩʪʶ 640 Ŀ 10
3
 ɸ/ʤ. ʄʽʞ 

ʧʦʣʶʩʥʠʤʠ ʥʘʢʦʥʝʯʥʠʢʘʤʠ ʨʦʟʤʽʱʝʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ 

(ʙʘʣʽʩʪʠʯʥʘ) ʢʦʪʫʢhʘ ʽ, ʢʨʽʤ ʪʦʛʦ, ʥʘ ʦʜʥʦʤʫ ʟ ʧʦʣʶʩʽʚ ï 

ʢʦʤʧʝʥʩʘʮʽʡʥʘ ʢʦʪʫh ʢʘ, ʚʚʽʤʢʥʝʥʘ ʥʘʟʫʩʪʨʽʯ ʧʝʨʰʽʡ. 

ʇʦʣʶʩʥʽ ʥʘʢʦʥʝʯʥʠʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʨʦʟʩʚʝʨʜʣʝʥʽ ʧʦ 

ʮʝʥʪʨʫ ʽ ʚ ʦʪʚʽʨ ʚʩʪʘʚʣʝʥʘ ʢʚʘʨʮʦʚʘ ʥʝʨʫʭʦʤʘ ʪʨʫʙʢʘ, 

ʧʨʠʻʜʥʘʥʘ ʜʦ ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ. ʋ ʟʘʧʘʷʥʦʤʫ ʢʽʥʮʽ ʮʽʻʾ 

ʪʨʫʙʢʠ ʧʦʤʽʱʘ̒ ʪʴʩʷ ʟʨʘʟʦʢ, ʱʦ ʦʙʽʛʨʽʚʘʻʪʴʩʷ ʪʨʫʙʯʘʩʪʦʶ 

ʧʣʘʪʠʥʦʚʦʶ ʧʽʯʯʶ, ʷʢʘ ʫʢʨʽʧʣʝʥʘ ʥʘ ʢʽʩʪʷʢʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ. ʋ ʧʨʦʮʝʩʽ ʚʽʜʧʫʩʢʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪ 

ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʚʘʛʠ ʧʦ ʧʦʭʠʣʽʡ ʧʣʦʱʠʥʽ 

(ʥʘʧʨʷʤʦʢ ʥʘ ʨʠʩʫʥʢʫ 4.20 ʧʦʢʘʟʘʥʠʡ ʩʪʨʽʣʢʦʶ) ʪʘ ʟʨʘʟʦʢ 

ʧʦʪʨʘʧʣʷʻ ʚ ʤʽʞʧʦʣʩʁʥʠʡ ʧʨʦʩʪʽʨ. 
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ʉʪʨʫʤ, ʽʥʜʫʢʦʚʘʥʠʡ ʚʦʜʥʦʯʘʩ ʫ ʚʠʤʽʨʶʚʘʣʴʥʽʡ 

ʢʦʪʫʰʮʽ, ʩʧʨʠʯʠʥʶʻ ʚʽʜʭʠʣʝʥʥʷ ʙʘʣʽʩʪʠʯʥʦʛʦ 

ʛʘʣʴʚʘʥʦʤʝʪʨʘ, ʧʨʠʻʜʥʘʥʦʛʦ ʜʦ ʢʦʪʫʰʢʠ. ɺʽʜʭʠʣʝʥʥʷ 

ʧʨʦʧʦʨʮʽʡʥʝ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʥʘʩʠʯʝʥʥʷ ʟʨʘʟʢʘ. 

ʇʝʨʝʤʽʱʝʥʥʷ ʟʨʘʟʢʘ ʟʘʡʤʘʣʦ ʙʣʠʟʴʢʦ 2 ʩ, ʽ ʦʭʦʣʦʜʞʝʥʥʷ 

ʟʨʘʟʢʘ, ʥʘʛʨʽʪʦʛʦ ʜʦ 500 Áʉ, ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʦ 2 Áʉ. ʑʦʙ 

ʫʥʠʢʥʫʪʠ ʫʜʘʨʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʥʘ ʩʪʘʥʠʥʽ ʨʦʟʤʽʱʝʥʠʡ 

ʛʫʤʦʚʠʡ ʙʫʬʝʨ. ʅʘ ʨʠʩʫʥʢʫ 4.21 ʧʦʢʘʟʘʥʘ ʢʨʠʚʘ ʟʤʽʥʠ 4ˊIs, 

ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ ̫ ʜʦ 800 Üʉ ʽ ʧʦʜʘʣʴʦhʤʫ ʦʭʦʣʦʜʞʝʥʥʽ 

ʧʦʧʝʨʝʜʥʴʦ ʟʘʛʘʨʪʦʚʘʥʦʛʦ ʟʨʘʟʢʘ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʦʛʦ ʩʧʣʘʚʫ 

ʟ 0,41 % ʉ.  

ɿ ʢʨʠʚʦʾ ʥʘʛʨʽʚʘʥʥʷ ʙʘʯʠʤʦ, ʱʦ ʟʘ 250ï260 Áʉ 

ʧʽʜʚʠʱʫʻʪʴʩʷ 4ˊIs, ʱʦ ʟʫʤʦʚʣʝʥʦ ʨʦʟʧʘʜʦʤ ʟʘʣʠʰʢʦʚʦʛʦ 

ʘʫʩʪʝʥʽʪʫ. ɿʘ ʧʦʜʘʣʴʰʦʛʦ ʥʘʛʨʽʚʘʥʥ ̫ʚʠʱʝ ʟʘ 400 Áʉ 4ˊIs 

ʟʥʠʞʫʻʪʴʩʷ ʦʙʝʨʥʝʥʦ, ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚ ʨʘʡʦʥʽ 

760 Áʉ ʩʧʘʜʘʻ ʜʦ ʥʫʣʷ ʚ ʪʦʯʮʽ ʂʶʨʽ ʟʘʣʽʟʘ. 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.21 ï 

ɿʤʽʥʘ  

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ 

ʥʘʩʠʯʝʥʥʷ 

ʟʘʛʘʨʪʦʚʘʥʦʾ 

ʩʪʘʣʽ ʧʽʜ ʯʘʩ 

ʥʘʛʨʚ̔ʘʥʥ ̫

(ʚʽʜʧʫʩʢʫ) ʪʘ 

ʦʭʦʣʦʜʞʝʥʥ ̫
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ʊʦʡ ʬʘʢʪ, ʱʦ ʚ ʨʘʡʦʥʽ 400ï800 Áʉ 4ˊIs (ʦʜʥʘʢʦʚʦ ʷʢ 

ʧ̔ ʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ,̫ ʪʘʢ ʽ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥ)̫ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʜ̔ʩʫʪʥʽʩʪʴ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟʘ ʚʽʜʧʫʩʢʫ ʚʠʱʝ ʟʘ 400 Áʉ 

(ʟʘ 210 Áʉ ʤʘʻ ʧʝʨʝʣʦʤ ʽ ʧʽʜʥʽʤʘʻʪʴʩʷ ʙʽʣʴʰ ʢʨʫʪʦ). ʎʝ 

ʙʽʣʴʰ ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʥʘʩʠʯʝʥʥʷ ʚʽʜ  

210 Áʉ ʽ ʥʠʞʯʝ ʦʙʫʤʦʚʣʝʥʘ ʧʝʨʝʭʦʜʦʤ ʯʝʨʝʟ ʪʦʯʢʫ ʂʶʨʽ 

ʮʝʤʝʥʪʠʪʫ, ʷʢʠʡ ʚʠʧʘʚ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ ̫ ʚ ʧʨʦʮʝʩʽ 

ʚʽʜʧʫʩʢʫ. ɿʘ ʦʭʦʣʦʜʞʝʥʥ ̫ʜʦ 210 Áʉ Fe3C ʧʘʨʘʤʘʛʥʽʪʥʠʡ, 

ʫʥʘʩʣʜ̔ʦʢ ʮʦɹʛʦ ʢʨʠʚʘ ʦʭʦʣʦʜʞʝʥʥʷ ʣʝʞʠʪʴ ʥʠʞʯʝ ʚʽʜ 

ʢʨʠʚʦʾ ʥʘʛʨʽʚʘʥʥʷ. 

ʅʘ ʨʠʩʫʥʢʫ 4.22 ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʥʘʩʠʯʝʥʥʷ ʚʽʜʧʘʣʝʥʦʾ ʽ ʟʘʛʘʨʪʦʚʘʥʦʾ 

ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʚʽʜ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ. ɹʽʣʴʰ ʩʠʣʴʥʝ 

ʟʤʝʥʰʝʥʥʷ 4pIS ʜʣʷ ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʷʚʫ 

ʚʥʘʩʣʽʜʦʢ ʛʘʨʪʫʚʘʥʥʷ ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʘʫʩʪʝʥʽʪʫ ʽ ʩʠʣʴʥʦʾ ʜʽʾ 

ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʥʘ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʪʦʤʽʚ ʟʘʣʽʟʘ ʚ                   

a-ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ. ʂʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ, ʟʘʣʠʰʢʦʚʝ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ, ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʽ ʚʪʨʘʪʠ ʥʘ 

ʛʽʩʪʝʨʝʟʠʩ, ʢʨʽʤ ʩʢʣʘʜʫ ʽ ʢʽʣʴʢʦʩʪʽ ʥʘʷʚʥʠʭ ʬʘʟ, ʽʩʪʦʪʥʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʦʟʤʨ̔ʽʚ ʽ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ ʮʠʭ ʬʘʟ ʫ 

ʩʧʣʘʚʽ, ʘ ʪʘʢʦʞ ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʝʨʥʘ ʽ ʥʘʧʨʫʛ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ 

ʨ̌ʘʪʮʽ. 

 

 

 
ʈʠʩʫʥʦʢ 4.22 ï ʄʘʛʥʽʪʥʝ 

ʥʘʩʠʯʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ 
ʩʪʘʣʽ ʧʽʩʣʷ ʚʽʜʧʘʣʫ (1)  

ʽ ʛʘʨʪʫʚʘʥʥʷ (2) 
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ʅʘ ʨʠʩʫʥʢʫ 4.23 ʥʘʚʝʜʝʥʘ ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ ʩʧʣʘʚʫ 

ʟʘʣʽʟʘ ʟ ʚʫʛʣʝʮʝʤ.  

 

 

 
ʈʠʩʫʥʦʢ 4.23 ï ʂʦʝʨʮʠʪʠʚʥʘ 

ʩʠʣʘ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ 

 ʽ ʟʝʨʥʠʩʪʦʛʦ ʧʝʨʣʽʪʫ: 

1 ï ʜʨʽʙʥʦʧʣʘʩʪʠʥʯʘʩʪʠʡ; 

2 ï ʧʣʘʩʪʠʥʯʘʩʪʠʡ; 

3 ï ʟʝʨʥʠʩʪʠʡ 

 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩʫʥʢʘ 4.23, ʟʘ ʦʜʥʘʢʦʚʦʛʦ ʚʤʽʩʪʫ 

ʚʫʛʣʝʮʶ ʫ ʚʽʜʧʘʣʝʥʦʤʫ ʩʧʣʘʚʽ ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʬʦʨʤʠ ʚʠʜʽʣʝʥʦʛʦ ʮʝʤʝʥʪʠʪʫ. 

ʊʝʨʤʽʯʥʝ ʦʙʨʦʙʣʝʥʥʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʩʪʘʥʫ 

ʩʧʣʘʚʽʚ, ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʟʤ̔ʥʶʶʯʠ ʜʝʷʢʽ ʟ ʥʠʭ ʫ ʜʝʩʷʪʢʠ, ʘ ʽʥʦʜʽ ʡ ʩʦʪʥʽ ʨʘʟʽʚ.  

ʅʘ ʨʠʩʫʥʢʫ 4.24 ʘ ʧʦʢʘʟʘʥʘ ʟʤʽʥʘ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ 

ʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʩʪʘʣʽ ʟ 0,78 % ʉ 

ʫʥʘʩʣʽʜʦʢ ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥ.̫ ʂʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ ʅc 

ʩʧʣʘʚʫ, ʱʦ ʤʘʻ ʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, 

ʟʥʘʯʥʦ ʤʝʥʰʘ, ʥʽʞ ʩʧʣʘʚʫ, ʱʦ ʤʘʻ ʛʝʪʝʨʦʛʝʥʥʫ ʩʪʨʫʢʪʫʨʫ. 

ʎʷ ʟʤʥ̔ʘ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ 

ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʞ ʦʙʣʘʩʪʝʡ ʽʩʥʫʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, 

ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʟʧʘʜʫ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʚʥʘʩʣʽʜʦʢ ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʘʙʦ ʧʽʜ ʜʽʻʶ 

ʷʢʠʭʦʩɹ ʽʥh ʠʭ ʯʠʥʥʠʢʽʚ. 
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ʘ 

 
ʙ 

 

 

ʈʠʩʫʥʦʢ 4.24 ï 

ɿʤʽʥʘ ʤʘʛʥʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ  

ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ  

ʟ 0,78 % ʉ ʟ̔ ʨʽʟʥʠʤ 

ʩʪʫʧʝʥʝʤ 

ʜʝʬʦʨʤʘʮʽʾ 

 ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʪʝʨʤʽʯʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ (ʘ); 

ʟʘʣʝʞʥʽʩʪʴ ʅʩ  

ʚʽʜ ʚʤʽʩʪʫ 

ʤʦʣʽʙʜʝʥʫ  

ʚ Fe-Mo ʩʧʣʘʚʽ (ʙ) 

 

 

ʅʘ ʨʠʩʫʥʢʫ 4.24 ʙ ʧʦʢʘʟʘʥʘ ʟʤʽʥʘ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ 

ʫ ʚʽʜʧʘʣʝʥʠʭ ʟʘʣʽʟʦ-ʤʦʣʽʙʜʝʥʦʚʠʭ ʩʧʣʘʚʘʭ ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʤ̔ʩʪʫ ʤʦʣʽʙʜʝʥʫ. ɿʘ ʫʪʚʦʨʝʥʥ ̫ a-ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ 

ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ ʩʧʣʘʚʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ 

ʤʦʣʽʙʜʝʥʫ, ʘʣʝ ʟʘ ʫʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʛʝʥʥʦʾ ʦʙʣʘʩʪʽ a +e  ʚʦʥʘ 
ʧʦʤʽʪʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɺʤʽʩʪ ʤʦʣʽʙʜʝʥʫ, ʟʘ ʷʢʦʛʦ 

ʧʦʯʠʥʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ, ʜʦʟʚʦʣʷʻ 

ʚʩʪʘʥʦʚʠʪʠ ʤʝʞʫ ʽʩʥʫʚʘʥʥʷ ʦʜʥʦʨʽʜʥʦʾ ʦʙʣʘʩʪʽ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʚ ʮʠʭ ʩʧʣʘʚʘʭ. 

 

4.3.6 ʄʘʛʥ̔ʪʥ̔ ʤʘʪʝʨʽʘʣʠ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ 
 

ʄʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ ʟʘ ʩʚʦʾʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʽ. ɻʨʫʙʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ ʜʚʽ ʛʨʫʧʠ ï ʥʘ ʤʘʛʥʽʪʥʦ-ʤô̫ ʢʽ ʪʘ ʤʘʛʥʽʪʥʦ-

ʪʚʝʨʜʽ ʤʘʪʝʨʽʘʣʠ. ʇʝʨʰʽ ʟ ʥʠʭ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 
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ʤʘʛʥʽʪʦʧʨʦʚʦʜʽʚ, ʜʨʫʛʽ ï ʜʣʷ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ. ɯʥʰʠʤʠ 

ʩʣʦʚʘʤʠ, ʤʘʛʥʽʪʥʦ-ʤô̫ ʢʽ ʤʘʪʝʨʽʘʣʠ ʧʨʦʚʦʜʷʪʴ ʤʘʛʥʽʪʥʠʡ 

ʧʦʪʽʢ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʙʫʜʴ-ʷʢʠʤ ʜʞʝʨʝʣʦʤ, ʤʘʛʥʽʪʥʦ-ʪʚʝʨʜʽ 

ʤʘʪʝʨʽʘʣʠ ʩʘʤʽ ʻ ʜʞʝʨʝʣʦʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ. ɼʫʞʝ ʯʘʩʪʦ 

ʧʦʻʜʥʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʦʙʦʭ ʛʨʫʧ ʩʪʘʥʦʚʠʪʴ ʤʘʛʥʽʪʥʫ 

ʩʠʩʪʝʤʫ (ʤʘʛʥʽʪʥʠʡ ʣʘʥʮʶʛ). ɿʘ ʩʚʦʻʶ ʤʝʪʘʣʫʨʛʽʡʥʦʶ 

ʧʨʠʨʦʜʦʶ (ʩʢʣʘʜʦʤ ʽ ʩʪʨʫʢʪʫʨʦ )ʁ ʪʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʤʘʪʝʨʽʘʣʠ ʦʙʦʭ ʛʨʫʧ ʧʨʦʪʠʣʝʞʥʽ ʦʜʠʥ ʦʜʥʦʤʫ. 

ʄʘʛʥʽʪʥʦ-ʤô̫ ʢʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʚʫʟʴʢʫ ʧʝʪʣʶ 

ʛʽʩʪʝʨʝʟʠʩʫ (ʨʠʩ. 4.25 ʘ), ʘ ʪʘʢʦʞ ʤʘʣʠʡ ʟʘʧʘʩ ʤʘʛʥʽʪʥʦʾ 

ʝʥʝʨʛʽʾ ʽ ʣʝʛʢʦ ʧʝʨʝʤʘʛʥʽʯʫʶʪʴʩʷ, ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʫ 

ʩʣʘʙʢʠʭ ʽ ʩʠʣʴʥʠʭ ʧʦʣʷʭ ʚʝʣʠʢʘ. ɿ ʤʘʛʥʪ̔ʥʦ-ʤô̫ ʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʠʛʦʪʦʚʣʷʶʪʴ ʩʝʨʜʝʯʥʠʢʠ ʜʨʦʩʝʣʽʚ ʽ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʝʣʝʢʪʨʦʥʥʠʭ ʚʫʟʣʽʚ.  

ʄʘʛʥʽʪʥʦ-ʪʚʝʨʜʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʰʠʨʦʢʫ ʧʝʪʣʶ 

ʛʽʩʪʝʨʝʟʠʩʫ (ʨʠʩ. 4.25 ʙ) ʽ ʚʝʣʠʢʠʡ ʟʘʧʘʩ ʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ. 

ɰʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ. 

ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʢʦʝʨʮʠʪʠʚʥʦʶ ʩʠʣʦʶ  

(ʅʩ Ó 4 ʢɸ/ʤ) ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʩʪʽʡʥʠʭ 

ʤʘʛʥʽʪʽʚ. 

 

 
          ʘ                                     ʙ 
ʄʘʛʥʽʪʥʦ-ʤô̫ʢʽ                     ʄʘʛʥʽʪʥʦ-ʪʚʝʨʜʽ 

ʅʩ < 4 ʢɸ/ʤ                             ʅʩ Ó 4 ʢɸ/ʤ 

¬ mʦ, mʤʘʭ                                 ® mʦ, mʤʘʭ 

ʉʪʘʣʴ 1212,                       ɽ7ɺ6, ɽʍ5, ɽɺʂ35 

ʉʪʘʣʴ 1411,  

ʉʪʘʣʴ 1511 

 

ʈʠʩʫʥʦʢ 4.25 ï 

ɺʠʜ ʧʝʪʣʽ 

ʛʩ̔ʪʝʨʝʟʠʩʫ ʜʣʷ 

ʤʘʛʥʽʪʥʦ-ʤô̫ ʢʠʭ 

(ʘ) ʽ ʤʘʛʥʽʪʥʦ-

ʪʚʝʨʜʠʭ (ʙ) 

ʤʘʪʝʨʘ̔ʣʽʚ 

(ʩʭʝʤʘʪʠʯʥʠʡ) 

ʪʘ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʚ) 
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ɼʦ ʤʘʛʥʽʪʥʦ-ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʣʝʞʘʪʴ ʜʝʷʢʽ 

ʚʫʛʣʝʮʝʚʽ ʩʪʘʣʽ, ʚʦʣʴʬʨʘʤʦʚʘ, ʭʨʦʤʠʩʪʘ ʽ ʢʦʙʘʣʴʪʦʚʘ ʩʪʘʣʽ, 

ʩʧʣʘʚʠ ʘʣʴʥʽ (Al  + Ni) (ʘʣʶʤʽʥʽʡ + ʥʽʢʝʣʴ), ʘʣʴʥʽʩʽ 

(Al  + Ni + Si) (ʘʣʶʤʽʥʽʡ + ʥʽʢʝʣʴ + ʢʨʝʤʥʽʡ), ʘʣʴʥʢ̔ʦ 

(Al  + Ni + Co) (ʘʣʶʤʽʥʽʡ + ʥʽʢʝʣʴ + ʢʦʙʘʣʴʪ) ʽ ʤʘʛʥʽʢʦ 

(ʄʘ + Ni + Co) (ʤʘʛʥʽʡ + ʥʽʢʝʣʴ + ʢʦʙʘʣʴʪ), ʘ ʪʘʢʦʞ ʬʝʨʠʪʠ 

ʢʦʙʘʣʴʪʫ ʪʘ ʙʘʨʽʶ. 

ʄʘʛʥʽʪʥʦ-ʤô̫ ʢʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʠʩʦʢʦʶ ʤʘʛʥʽʪʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ ʪʘ ʤʘʣʠʤʠ ʚʪʨʘʪʘʤʠ ʥʘ 

ʛʽʩʪʝʨʝʟʠʩ. ɰʭ ʤʦʞʥʘ ʨʦʟʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ:  

1) ʤʝʪʘʣʝʚʽ ʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ (ʟʘʣʽʟʦ ʪʘ ʡʦʛʦ 

ʩʧʣʘʚʠ) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʫ ʟʚʫʢʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʯʘʩʪʦʪ. ʅʘʡʙʽʣʴʰ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʤʝʪʘʣʝʚʠʡ ʤʘʛʥʽʪʥʠʡ 

ʤʘʪʝʨʽʘʣ ï ʧʝʨʤʘʣʦʡ;  

2) ʤʘʛʥʽʪʦʜʽʝʣʝʢʪʨʠʢʠ;  

3) ʬʝʨʠʪʠ. 

ʅʘʡʚʘʞʣʠʚʽʰʘ ʩʝʨʝʜ ʤʘʛʥʽʪʥʦ-ʤô̫ ʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʩʪʘʣʴ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʘ ʪʦʥʢʦʣʠʩʪʦʚʘ. ɺʦʥʘ ʧʦʚʠʥʥʘ 

ʤʘʪʠ ʤʘʣʫ ʢʦʝʨʮʠʪʠʚʥʫ ʩʠʣʫ ʽ ʚʝʣʠʢʫ ʤʘʛʥʽʪʥʫ 

ʧʨʦʥʠʢʥʽʩʪʴ, ʦʪʞʝ, ʤʘʣʽ ʛʽʩʪʝʨʝʟʠʩʥʽ ʚʪʨʘʪʠ ʽ ʧʦ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʩʦʢʫ ʽʥʜʫʢʮʽʶ ʚ ʧʦʣʷʭ (ʧʦʨʷʜʢʫ 100ï3 000 ɸ/ʤ). ʗʢʱʦ ʚ 

ʦʩʝʨʜʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʥʘʧʨʠʢʣʘʜ, ʽʥʜʫʢʮʽʷ ʚʠʩʦʢʘ ʚ 

ʩʣʘʙʢʦʤʫ ʧʦʣʽ, ʪʦ ʟʘ ʟʘʜʘʥʦ ʾ ʩʠʣʠ ʩʪʨʫʤʫ ʚ ʧʝʨʚʠʥʥʽʡ 

ʦʙʤʦʪʮʽ ʤʦʞʥʘ ʤʘʪʠ ʤʝʥʰʝ ʚʠʪʢʽʚ, ʪʦʙʪʦ ʟʤʝʥʰʠʪʠ 

ʛʘʙʘʨʠʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɺʘʞʣʠʚʦ ʪʘʢʦʞ, ʱʦʙ ʚʪʨʘʪʠ ʥʘ 

ʚʠʭʨʦʚʽ ʩʪʨʫʤʠ ʚ ʦʩʝʨʜ̔ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʘʙʦ ʚ ʩʪʘʪʦʨʽ ʪʘ 

ʨʦʪʦʨʽ ʤʘʰʠʥʠ ʪʘʢʦʞ ʙʫʣʠ ʤʘʣʽ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ 

ʧʽʜʚʠʱʠʪʠ ʝʣʝʢʪʨʦʦʧʽʨ ʩʪʘʣʽ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʾʾ ʣʝʛʫʚʘʥʥʷʤ 

Si. ʑʦʙ ʟʤʝʥʰʠʪʠ ʮʽ ʚʪʨʘʪʠ, ʜʝʪʘʣʽ ʤʘʰʠʥ ʽ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ̔ ʪʦʥʢʠʭ ʣʠʩʪʽʚ ʪʦʚʱʠʥʦʶ 

ʧʦʨʷʜʢʫ 0,1 ʤʤ, ʽ ʮʽ ʣʠʩʪʠ ʤʘʶʪʴ ʝʣʝʢʪʨʦ̔ ʟʦʣʷʮʽʡʥʝ 

ʧʦʢʨʠʪʪʷ. ɰʭ ʰʪʘʤʧʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʟʘʛʦʪʦʚʦʢ, ʷʢʽ ʟʙʠʨʘʶʪʴ ʫ 

ʧʘʢʝʪʠ, ʽ ʟ ʧʘʢʝʪʽʚ ʚʠʛʦʪʦʚʣʷʶʪʴ ʩʝʨʜʝʯʥʠʢʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʽ ʜʝʪʘʣʽ ʝʣʝʢʪʨʦʤʘʰʠʥ. ʂʨʽʤ ʚʪʨʘʪ ʥʘ 
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ʚʠʭʨʦʚʽ ʩʪʨʫʤʠ ʽ ʛʽʩʪʝʨʝʟʠʩ, ʽʩʥʫʶʪʴ ʱʝ ʜʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ, 

ʧʦʚô̫ ʟʘʥʽ ʟ ʨʫʭʦʤ ʜʦʤʝʥʥʠʭ ʩʪʽʥʦʢ ʟʘ ʮʠʢʣʽʯʥʦʛʦ 

ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥ ̫ ʫ ʟʤʽʥʥʦʤʫ ʧʦʣʽ. ɼʣʷ ʟʤʝʥh ʝʥʥʷ 

ʛʽʩʪʝʨʝʟʠʩʥʠʭ ʚʪʨʘʪ ʩʪʘʣʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʯʠʩʪʦʶ, ʪʦʙʪʦ ʥʝ 

ʤʽʩʪʠʪʠ ʥʝʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ, ʽ ʚʝʣʠʢʦʟʝʨʥʠʩʪʦʶ (0,5ï

1 ʤʤ). 

ʂʨʽʤ ʪʦʛʦ, ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ 

ʩʧʣʘʚʠ ʟ ʚʠʩʦʢʦʶ ʧʨʦʥʠʢʥʽʩʪʶ ʫ ʩʣʘʙʢʠʭ ʧʦʣʷʭ ʚʠʩʦʢʦʾ 

ʯʘʩʪʦʪʠ (ʜʦ 10
4
 ɻʮ), ʪʘʢ ʟʚʘʥʽ ʧʝʨʤʘʣʦ,ʾ ʥʘ ʦʩʥʦʚʽ ʩʧʣʘʚʫ 

ʥʽʢʝʣʴ-ʟʘʣʽʟʦ. ɿʚʘʞʘʶʯʠ ʥʘ ʾʭ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ, ʥʠʞʯʝ 

ʥʘʚʝʜʝʥʽ ʣʠʰʝ ʜʝʷʢʽ ʟ ʥʠʭ, ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ. ʎʽ ʩʧʣʘʚʠ 

ʦʜʥʦʬʘʟʦʚ̔, ʤʘʶʪʴ ʷʢ ʥʽʢʝʣʴ, ɻʎʂ- ʨ̌ʘʪʢʠ ʽ ʩʢʣʘʜ (70ï85 % 

Ni), ʘ ʪʘʢʦʞ ʚʣʘʩʪʠʚʦʩʪʽ, ʙʣʠʟʴʢʽ ʜʦ Ni3Fe. ʋ ʥʠʭ ʚʠʥʠʢʘʻ 

ʘʪʦʤʥʝ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʯʝ ʥʽʞ 550 Üʉ. 

ɺʦʥʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʦʯʘʪʢʦʚʫ (20ï100 Ā 10
3
) ʽ ʤʘʢʩʠʤʘʣʥɹʫ 

(100ï1 000 Ā 10
3
) ʧʨʦʥʠʢʥ̔ ʩʪʴ ʽ ʤʘʣʫ ʢʦʝʨʮʠʪʠʚʥʫ ʩʠʣʫ 

(0,05ï0,003 ɸ/ʩʤ). ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʣʝʢʪʨʦʦʧʦʨʫ 

(ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʥʘ ʚʠʭʨʦʚʽ ʩʪʨʫʤʠ) ʮʽ ʩʧʣʘʚʠ ʣʝʛʫʶʪʴ 

ʄʦ, W, V, ʉr ʪʘ ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʪʚʝʨʜʠʡ 

ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ Ni-Fe. ɰʭ ʪʦʯʢʘ ʂʶʨʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 

330 
ʦ
ʉ ʜʦ 450 

ʦ
ʉ. 

ʉʧʣʘʚʠ ʟ ʚʠʩʦʢʦʶ ʽʥʜʫʢʮʽʻʶ ʤʘʛʥʽʪʥʦʛʦ ʥʘʩʠʯʝʥʥʷ. 
ʅʦʚʠʤ ʮʽʢʘʚʠʤ ʥʘʧʨʷʤʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ 

ʤʝʪʘʣʽʚ (ʈɿʄ) ʜʣʷ ʩʝʨʜʝʯʥʠʢʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʈʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʟʨʦʟʫʤʽʣʦ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʠʞʯʝ ʚʽʜ ʪʦʯʢʠ ʂʶʨʽ ʩʧʣʘʚʫ, ʟ 

ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʠʡ ʩʝʨʜʝʯʥʠʢ, ʘ ʚ ʈɿʄ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʽʥʜʫʢʮʽʁ ʥʘʩʠʯʝʥʥʷ, ʪʦʯʢʠ ʂʶʨʽ ʥʠʟʴʢʽ. ɺʠʩʦʢʝ ʟʥʘʯʝʥʥʷ 

ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʥʘʩʠʯʝʥʥʷ ʚʘʞʢʠʭ ʈɿʄ ʦʙʫʤʦʚʣʝʥʝ ʪʠʤ, ʱʦ 

ʩʫʤʘʨʥʠʡ ʩʧʽʥʦʚʠʡ ʤʦʤʝʥʪ ʮʠʭ ʤʝʪʘʣʽʚ ʚʠʱʠʡ, ʥʽʞ ʫ ʟʘʣʽʟʘ, 

ʢʦʙʘʣʴʪʫ ʪʘ ʥʽʢʝʣʷ ʡ, ʢʨʽʤ ʪʦʛʦ, ʫ ʩʪʚʦʨʝʥʥʽ 

ʬʝʨʦʤʘʛʥʝʪʠʟʤʫ ʈɿʄ ʙʝʨʝ ʫʯʘʩʪʴ ʪʘʢʦʞ ʦʨʙʽʪʘʣʴʥʠʡ 

ʤʦʤʝʥʪ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʈɿʄ ʫ ʟʘʟʥʘʯʝʥʠʭ ʮʽʣʷʭ ʩʪʨʠʤʫʻʪʴʩʷ 

ʾʭ ʚʠʢʣʶʯʥʦ ʚʠʩʦʢʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ. ʅʘʤʘʛʥʽʯʝʥʽʩʪʴ 
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ʥʘʩʠʯʝʥʥʷ ʫ ʥʘʧʨʷʤʢʫ ʚʘʞʢʦʛʦ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ 

ʚ ʧʦʣʷʭ ʧʦʨʷʜʢʫ ʤʽʣʡɹʦʥʽʚ ʝʨʩʪʝʜʽʚ. ʊʦʤʫ ʚ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʪʣ̔ʘʭ ʟ̔ ʙʝʟʣʘʜʥʠʤ ʦʨʽʻʥʪʫʚʘʥʥʷʤ ʟʝʨʝʥ 

ʦʪʨʠʤʘʪʠ ʤʘʛʥʽʪʥʝ ʥʘʩʠʯʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. 

ʉʪʚʦʨʝʥʥʷ ʪʝʢʩʪʫʨʠ ʟ ʚʽʩʩʶ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʚʟʜʦʚʞ 

ʥʘʧʨʷʤʢʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʙʫʣʦ ʙ ʦʜʥʠʤ ̔ʟ ʤʦʞʣʠʚʠʭ 

ʨʽʰʝʥʴ. 

ʏʘʩʪʦ ʙʫʚʘʻ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʫʩʫʥʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʧʦʭʠʙʢʠ ʚ ʤʘʛʥʽʪʥʽʡ ʩʠʩʪʝʤʽ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʧʨʠʣʘʜʫ ʤʘʪʠ 

ʪʝʨʤʦʤʘʛʥʽʪʥʠʡ ʩʧʣʘʚ ʟ̔ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʧʨʦʥʠʢʥʽʩʪʶ, 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʷʢʦʛʦ ʚʽʜʯʫʪʥʦ ʟʤʽʥʶʚʘʣʘʩʷ ʙ ʟ̔ ʥʘʛʨʽʚʘʥʥʷʤ 

ʫ ʨʘʡʦʥʽ ʢʣʽʤʘʪʠʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʚʽʜ ï60 
ʦ
ʉ ʜʦ +50 

ʦ
ʉ), 

ʪʦʙʪʦ ʩʧʣʘʚ, ʪʦʯʢʘ ʂʶʨʽ ʷʢʦʛʦ ʟʥʠʞʝʥʘ ʽ ʟʥʘʭʦʜʠʪʴʩʷ 

ʧʦʙʣʠʟʫ ʟʘʟʥʘʯʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʗʢ ʪʝʨʤʦʤʘʛʥʽʪʥʠʡ 

ʤʘʪʝʨʽʘʣ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʣʘʚ, ʷʢʠʡ ʤʽʩʪʠʪʴ 70 % Fʝ ʽ 30 % 

Ni. ɺʽʥ ʧʝʨʝʩʪʘʻ ʙʫʪʠ ʬʝʨʦʤʘʛʥʽʪʥʠʤ ʟʘ 100 
ʦ
ʉ. ɼʣʷ 

ʦʜʝʨʞʘʥʥʷ ʧʣʘʚʥʦʛʦ ʽ ʧʦʩʪʫʧʦʚʦʛʦ ʩʧʘʜʫ ʽʥʜʫʢʮʽʾ ʟʘ 

ʥʘʛʨʽʚʘʥʥ ̫ ʪʘʢʽ ʩʧʣʘʚʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʥʝʨʽʚʥʦʤʽʨʥʫ ʟʘ 

ʩʢʣʘʜʦʤ ʩʪʨʫʢʪʫʨʫ, ʜʣʷ ʮʦɹʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʤʠʥʫʯʝ 

ʥʘʚ̫ʥʘ ʜʝʥʜʨʠʪʥʘ ʣʽʢʚʘʮʽʷ. ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʧʽʜ ʯʘʩ 

ʥʘʛʨʽʚʘʥʥ ̫ ʤʘʪʝʨʽʘʣ ʩʪʘʻ ʧʘʨʘʤʘʛʥʽʪʥʠʤ ʧʦʩʪʫʧʦʚʦ ï ʚʽʜ 

ʦʜʥʦʛʦ ʢʨʠʩʪʘʣʽʪʫ ʜʦ ʽʥʰʦʛʦ. ɿʘʤʽʩʪʴ ʪʦʯʢʠ ʂʶʨʽ ʚʠʭʦʜʠʪʴ 

ʥʙ̔ʠ çʽʥʪʝʨʚʘʣ ʂʶʨʽè. ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʩʧʣʘʚʠ ʥʘ ʙʘʟʽ 

ʥʽʢʝʣʶ, ʪʘʢ ʟʚʘʥʽ ʢʘʣʤʘʣʦʾ (30 % ʘʙʦ 10 % ʉu, 2,5 % Fʝ, 

ʨʝʰʪʘ Ni), ʘ ʪʘʢʦʞ ʩʧʣʘʚʠ ʥʘ ʙʘʟʽ ʟʘʣʽʟʘ ʟ̔ 35 % Ni ʽ 8ï13 % 

ʉr, ʱʦ ʧʨʘʮʶʶʪʴ ʷʢ ʢʦʤʧʝʥʩʘʪʦʨʠ ʜʦ 100 Áʉ. 

ʆʩʥʦʚʥʘ ʚʠʤʦʛʘ ʧʨʦʧʦʥʦʚʘʥʘ ʜʦ ʧʦʩʪʽʡʥʦʛʦ 

ʤʘʛʥʪ̔ʫ ï ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʧʦʪʫʞʥʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʤʽʞ 

ʧʦʣʁʩʘʤʠ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʩʣʷ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʤʘʛʥʽʪʫ. 

ʆʯʝʚʠʜʥʦ, ʮʝʡ ʧʦʪʽʢ ʪʠʤ ʧʦʪʫʞʥʽʰʠʡ, ʯʠʤ ʙʽʣʴʰʽ ʧʝʨʝʨʽʟ 

ʤʘʛʥʽʪʫ ɸ ʪʘ ʡʦʛʦ ʟʘʣʠʰʢʦʚʘ ʽʥʜʫʢʮʽʷ ɺôr. ɿʘʣʠʰʢʦʚʠʡ 

ʧʦʪʢ̔ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ɺôrĀɸ. ʊʫʪ ɺôr ï ʥʝ ʩʧʨʘʚʞʥʷ 

ʟʘʣʠʰʢʦʚʘ ʽʥʜʫʢʮʽʷ, ʘ ʫʷʚʥʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ 

ʤʘʪʝʨʽʘʣʫ ʤʘʛʥʪ̔ʫ, ʘ ʡ ʚʽʜ ʡʦʛʦ ʬʦʨʤʠ. ʎʝ ʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ 
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ʢʦʞʝʥ ʤʘʛʥʽʪ ʻ ʨʦʟʽʤʢʥʝʥʠʤ ʤʘʛʥʽʪʥʠʤ ʣʘʥʮʶʛʦʤ ʟ̔ ʧʝʚʥʠʤ 

ʨʦʟʤʘʛʥʽʯʫʚʘʣʴʥʠʤ ʯʠʥʥʠʢʦʤ. ʗʢʙʠ ʤʘʛʥʽʪ ʙʫʚ ʟʘʤʢʥʝʥʠʤ, 

ʥʘʧʨʠʢʣʘʜ ʫ ʚʠʛʣʷʜʽ ʪʦʨʦʾʜʘ, ʪʦ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʦʞʥʘ 

ʙʫʣʦ ʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ. ʋ ʜʽʡʩʥʦʩʪʽ ʧʦʩʪʽʡʥʠʡ ʤʘʛʥʽʪ 

ʨʦʟʽʤʢʥʝʥʠʡ, ʽ ʚ ʤʽʞʧʦʣʶʩʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʤʽʱʘʻʪʴʩʷ 

ʨʦʙʦʯʘ ʩʠʩʪʝʤʘ (ʢʦʪʫʰʢʘ ʽ ʪ. ʧ.) ʧʨʠʣʘʜʫ ʘʙʦ ʘʧʘʨʘʪʘ. ʏʠʤ 

ʙʽʣʴʰʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʦʣʶʩʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʜʫʛʦʚʦʛʦ ʤʘʛʥʪ̔ʫ 

ʟʘ ʩʪʘʣʠʭ ʨʦʟʤʽʨʽʚ ʩʪʘʣʝʚʦʾ ʩʤʫʛʠ, ʪʠʤ ʙʽʣʴʰʠʡ 

ʨʦʟʤʘʛʥʯ̔ʫʚʘʣʴʥʠʡ ʬʘʢʪʦʨ, ʪʦʤʫ ʱʦ ʟʘ ʟʙʽʣʴʰʝʥʥ ̫

ʤʽʞʧʦʣʶʩʥʦʛʦ ʟʘʟʦʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʜʘʣʽ ʙʽʣʴʰʠʡ ʚʽʜʭʽʜ 

ʚʽʜ ʟʘʤʢʥʝʥʦʛʦ ʩʪʘʥʫ (ʪʦʨʦʜʾ) ʽ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʧʦʚʥʽʩʪʶ 

ʨʦʟʽʤʢʥʝʥʦʛʦ ʩʪʘʥʫ (ʧʨʷʤʠʡ ʩʪʨʠʞʝʥʴ). ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʧʦʪʦʢʫ ʚ ʟʘʟʦʨʽ ʤʦʞʥʘ ʟʙʽʣʴʰʫʚʘʪʠ ʧʝʨʝʨʽʟ ʤʘʛʥʽʪʫ ɸ, ʱʦ, 

ʦʜʥʘʢ, ʧʽʜʚʠʱʫʻ ʚʠʪʨʘʪʠ ʜʦʨʦʛʦʚʘʨʪʽʩʥʦʾ ʣʝʛʫʚʘʣʴʥʦʾ ʩʪʘʣʽ 

ʘʙʦ ʩʧʣʘʚʫ ʽ ʥʝ ʟʘʚʞʜʠ ʜʘʻ ʚʽʜʯʫʪʥʠʡ ʝʬʝʢʪ, ʪʦʤʫ ʱʦ 

ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʝʨʽʟʫ ʩʤʫʛʠ ʟʘ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʩʘʤʦ ʾʜʦʚʞʠʥʠ ʟʽ 

ʩʚʦʛʦ ʙʦʢʫ ʧʽʜʚʠʱʫʻ ʨʦʟʤʘʛʥʽʯʫʚʘʣʥɹʠʡ ʬʘʢʪʦʨ ʽ ʟʥʠʞʫʻ 

ɺôr. 

ʇʨʠʨʦʜʥʠʤ ʚʠʭʦʜʦʤ ʻ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʨʮʠʪʠʚʥʦʾ 

ʩʠʣʠ ʤʘʛʥʽʪʫ ʟʘ ʪʽ̒ʾ ʩʘʤʦ ʾ ʡʦʛʦ ʽʥʜʫʢʮʽʾ ʽ ʪʦʛʦ ʩʘʤʦʛʦ 

ʨʦʟʤʘʛʥʽʯʫʚʘʥʦʛʦ ʬʘʢʪʦʨʘ. ɿʘ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʩʘʤʦ ʾʟʘʣʠʰʢʦʚʦ ʾ

ʽʥʜʫʢʮʽʾ ʤʘʪʝʨʽʘʣʫ ʫʷʚʥʘ ʟʘʣʠʰʢʦʚʘ ʽʥʜʫʢʮʽʷ ʙʫʜʝ ʪʠʤ 

ʙʽʣʴʰʦ,ʁ ʯʠʤ ʙʽʣʴʰʘ ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ. ʊʦʤʫ ʩʧʣʘʚ ʜʣʷ 

ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʪʠʤ ʢʨʘʱʠʡ, ʯʠʤ ʚʠʱʽ ʡʦʛʦ ʟʘʣʠʰʢʦʚʘ 

ʽʥʜʫʢʮʽʷ ʽ ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ. 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ  

 

1 ʅʘʧʨʫʞʝʥʽʩʪʴ ʪʘ ʽʥʜʫʢʮʽʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ.  

2 ʅʘʤʘʛʥʽʯʝʥʽʩʪʴ, ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʤʘʪʝʨʽʘʣʽʚ. 

3 ʄʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʨʝʯʦʚʠʥʠ. 

4 ʄʘʛʥʽʪʦʚʧʦʨʷʜʢʦʚʘʥ ̔ ʡ ʤʘʛʥʽʪʦʥʝʚʧʦʨʷʜʢʦʚʘʥʽ 

ʤʘʪʝʨʽʘʣʠ. 

5 ɼʽʘʤʘʛʥʝʪʠʢʠ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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6 ʇʘʨʘʤʘʛʥʝʪʠʢʠ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

7 ʄʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʜʽʘʤʘʛʥʝʪʠʢʽʚ, 

ʧʘʨʘʤʘʛʥʝʪʠʢʚ̔ ʽ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ. 

8 ɺʠʤʽʨʶʚʘʥʥʷ ʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʽʘ- ʽ 

ʧʘʨʘʤʘʛʥʝʪʠʢʽʚ. 

9 ʌʝʨʦʤʘʛʥʝʪʠʢʠ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

10 ʇʝʪʣʷ ʛʽʩʪʝʨʝʟʠʩʫ: ʟʘʣʠʰʢʦʚʘ ʽʥʜʫʢʮʽʷ, 

ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ, ʢʨʠʚʘ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʽ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ. 

11 ʌʝʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. 

12 ɼʦʤʝʥʥʘ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʽʘʣʽʚ ʽ ʾʾ ʚʧʣʠʚ ʥʘ 

ʤʘʛʥʪ̔ʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

13 ɸʥʪʠʬʝʨʦʤʘʛʥʝʪʠʢʠ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

14 ʌʝʨʠʤʘʛʥʝʪʠʢʠ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

15 ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ. 

16 ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʘʣʽʩʪʠʯʥʠʤ ʤʝʪʦʜʦʤ. 

17 ʄʘʛʥʽʪʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʽ ʤʝʪʦʜ ʩʢʠʜʘʥʥʷ ʜʣʷ 

ʚʠʤ̔ ʨʶʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

18 ʄʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʟʘʤʢʥʝʥʦʤʫ ʣʘʥʮʶʟʽ. 

19 ɼʽʘʤʘʛʥʽʪʥʽ ʪʘ ʧʘʨʘʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʽʚ ʽ 

ʩʧʣʘʚʽʚ. 

20 ʄʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʧʘʣʝʥʦ ʾ ʽ ʟʘʛʘʨʪʦʚʘʥʦʾ 

ʩʪʘʣʽ. 

21 ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʚʯʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ 

ʧʨʦʮʝʩ ̔ʚʽʜʧʫʩʢʫ. 

22 ʄʘʛʥʽʪʥʝ ʥʘʩʠʯʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʧʽʩʣʷ ʚʽʜʧʘʣʫ 

ʪʘ ʛʘʨʪʫʚʘʥʥʷ. 

23 ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ ʚʽʜ ʨʦʟʤʽʨʫ ʟʝʨʥʘ. 

24 ɿʤʽʥʘ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ ʟ 0,78 % ʉ ʽʟ 

ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʜʝʬʦʨʤʘʮʽʾ ʚʥʘʩʣʽʜʦʢ ʪʝʨʤʽʯʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ. 

25 ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʝʨʮʠʪʠʚʥʦʾ 

ʩʠʣʠ. 
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26 ʄʘʛʥ̔ʪʥʦ-ʤô̫ ʢ̔ ʤʘʪʝʨʽʘʣʠ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

27 ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʽ ʧʝʪʣʷ ʛʽʩʪʝʨʝʟʠʩʫ ʟʘ 

ʪʝʨʤʦʤʘʛʥʪ̔ʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ. 

28 ʊʝʨʤʦʤʘʛʥʽʪʥʽ ʩʧʣʘʚʠ. 

29 ʉʧʣʘʚʠ ʜʣʷ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ. 
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ʈʆɿɼɯʃ 5 

ʇʈʋɾʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʄɸʊɽʈɯɸʃɯɺ 

ɯ ʄɽʊʆɼʀ ɰʍ ɼʆʉʃɯɼɾɽʅʅʗ 

 

ʅʘʡʚʘʞʣʠʚʽʰʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʽʜ ʯʘʩ 

ʢʦʥʩʪʨʫʶʚʘʥʥ ̫ʤʘʰʠʥ ʪʘ ʘʛʨʝʛʘʪʽʚ. ɼʣʷ ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʝʡ 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʢʦʥʩʪʘʥʪʠ ʧʨʫʞʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʪʦʡ ʯʠ ʽʥʰʠʡ ʤʘʪʝʨʽʘʣ. ʇʦʨʷʜ ʟ̔ ʮʠʤ ʪʦʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ 

ʮʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʢʦʥʩʪʘʥʪ ʜʦʟʚʦʣʷʻ ʬʽʟʠʢʦʚʽ ʪʘ 

ʤʝʪʘʣʦʟʥʘʚʮʝʚʽ ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʤʽʞʘʪʦʤʥʽ ʚʟʘʻʤʦʜʽʾ ʽ 

ʧʨʦ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥʠ. ʇʨʫʞʥʽʩʪʴ, ʪʘʢ ʩʘʤʦ ʷʢ 

 ̔ ʽʥʰʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʽ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ. 

 

5.1 ʆʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʚʝʣʠʯʠʥ 

ʆʩʥʦʚʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʧʨʫʞʥʽʩʪʴ, ʻ: 

ɽ ï ʤʦʜʫʣʴ ʥʦʨʤʘʣʴʥʦʾ ʧʨʫʞʥʦʩʪʽ (ʤʦʜʫʣʴ ʖʥʛʘ); 

G ï ʤʦʜʫʣʴ ʟʩʫʚʫ; 

D ï ʤʦʜʫʣʴ ʚʩʝʙʽʯʥʦʛʦ ʩʪʠʩʢʘʥʥʷ (ʘʙʦ ʦʙô̒ ʤʥʦʾ 

ʧʨʫʞʥʦʩʪʽ); 

ɛ ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ. 

ʎʽ ʯʦʪʠʨʠ ʚʝʣʠʯʠʥʠ ʧʦʚô̫ ʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʜʚʦʤʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

)1(2 +
=
m

E
G ,                                    (5.1) 

)21(3 m-
º

E
D .                                   (5.2) 
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ʊʨʠ ʟʘʟʥʘʯʝʥʽ ʤʦʜʫʣ ̔ (ɽ, G, D) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʤʽʞ ʥʘʧʨʫʛʦʶ ʽ ʧʨʫʞʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ  

ʚʽʜʧʦʚʽʜʥʦ ʧʽʜ ʯʘʩ ʨʦʟʪʷʛʫʚʘʥʥ,̫ ʟʩʫʚʽ ʪʘ ʚʩʝʙʽʯʥʦʛʦ 

ʩʪʠʩʢʘʥʥ.̫ ʎʝ ʻ ʥʘʩʣʽʜʢʦʤ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʟʘʢʦʥʫ ɻʫʢʘ (5.3) 

ʜʣʷ ʜʝʬʦʨʤʘʮʽʡ ʫ ʧʨʫʞʥʽʡ ʦʙʣʘʩʪʽ:  

 

                      S = ɽ, t = Gg ̔  ʨ = D(æV/V),                      (5.3) 

 

ʜʝ s, t ʽ ʨ ï ʥʘʧʨʫʛʠ: ʥʦʨʤʘʣʴʥʘ, ʜʦʪʠʯʥʘ ʽ ʚʩʝʙʽʯʥʦʛʦ 

ʩʪʠʩʢʘʥʥʷ; Ů, g, (ȹV/V) ï ʚʽʜʥʦʩʥʝ ʨʦʟʪʷʛʫʚʘʥʥʷ, ʟʨʫʰʝʥʥʷ, 

ʟʤʽʥʠ ʦʙô̒ ʤʫ. 

 

ʂʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ɛ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʦʙô̒ ʤʫ 

ʪʽʣʘ ʟʘ ʧʨʫʞʥʦ ʾ ʜʝʬʦʨʤʘʮʽʾ: ʟʙʽʣʴʰʝʥʥʷ ʧʽʜ ʯʘʩ 

ʨʦʟʪʷʛʫʚʘʥʥ̫ ʡ ʟʤʝʥʰʝʥʥʷ ʧʽʜ ʯʘʩ ʩʪʠʩʢʘʥʥ.̫ ʅʘʧʨʠʢʣʘʜ, ʟʘ 

ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʨʦʟʪʷʛʫʚʘʥʥ ̫ ʟʙʽʣʴʰʝʥʥʷ ʦʙô̒ ʤʫ ʪʽʣʘ, 

ʚʥʘʩʣʜ̔ʦʢ ʡʦʛʦ ʧʦʜʦʚʞʝʥʥʷ, ʣʠh ʝ ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʻʪʴʩʷ 

ʧʦʧʝʨʝʯʥʠʤ ʟʚʫʞʝʥʥʷʤ. ɸʥʘʣʦʛʽʯʥʝ ʷʚʠʱʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʘ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʩʪʠʩʢʘʥʥ̫:  

 

ll

aa

/

/

D

D
=m ,                                    (5.4) 

 

ʜʝ ȹʘ/ʘ ʽ ȹ1/l ï ʚʽʜʥʦʩʥʘ ʟʤʽʥʘ ʧʦʧʝʨʝʯʥʠʭ ʽ ʧʦʟʜʦʚʞʥʽʭ 

ʨʦʟʤʽʨʽʚ ʪʽʣʘ ʧʨʠʟʤʘʪʠʯʥʦʾ ʬʦʨʤʠ. 

 

ɺʝʣʠʯʠʥʘ ɛ ʦʜʥʘʢʦʚʘ ʟʘ ʨʦʟʪʷʛʫʚʘʥʥʷ ʡ ʩʪʠʩʢʘʥʥʷ ï 

ʚʦʥʘ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ ʤʽʞ 0 ʽ 1/2. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʤʝʪʘʣʽʚ ʽ 

ʩʧʣʘʚʽʚ ɛ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 0,25ï0,35; ʥʘʡʤʝʥʰʝ ɛ 

ʟʥʘʡʜʝʥʝ ʫ ɺʝ (0,039), ʥʘʡʙʽʣʴʰʝ ï ʫ ʈb (0,44), Tl ʪʘ In 

(0,46). 

ʄʦʜʫʣʽ ɽ, G ʽ D ʤʘʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ ʥʘʧʨʫʛʠ, ɛ ï 

ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ. 
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ʇʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʽ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʘʪʠʯʥʠʤʠ ʡ 

ʜʠʥʘʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʐʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʟʚʫʢʫ, ʱʦ ʻ ʰʚʠʜʢʽʩʪʶ 

ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ, ʫ ʤʝʪʘʣʘʭ ʜʫʞʝ ʚʝʣʠʢʘ. 

ʅʘʚʽʪɹ ʫ ʩʚʠʥʮʽ ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ 1 320 ʤ/ʩ, ʫ ʤʽʜʽ ï 3 660 ʤ/ʩ, 

ʚ ʟʘʣʟ̔ʽ ï 5 000 ʤ/ʩ ʽ ʪ. ʜ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ 

ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʜʠʥʘʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʠʥʘʤʽʯʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʟʘ ʜʫʞʝ ʤʘʣʠʭ ʜʝʬʦʨʤʘʮʡ̔, 

ʱʦ ʜʫʞʝ ʚʘʞʣʠʚʦ ʜʣʷ ʤô̫ ʢʠʭ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ, ʫ ʷʢʠʭ 

ʧʨʫʞʥʘ ʜʝʬʦʨʤʘʮʽʷ ʧʦʩʪʫʧʘʻʪʴʩʷ ʤʽʩʮʝʤ ʧʣʘʩʪʠʯʥʽʡ ʟʘ 

ʧʦʨʽʚʥʷʥʦ ʤʘʣʠʭ ʥʘʧʨʫʛ. ʉʪʘʪʠʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʚʦʜʷʪʩɹʷ 

ʜʦ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʥʘʧʨʫʛʠ (ʧʝʨʝʚʘʞʥʦ ʥʘ 

ʩʴʦʛʦʜʥʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ), ʘ ʜʠʥʘʤʽʯʥʽ ï 

ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʩʪʨʠʞʥʷ ʽʟ ʚʠʤʽʨʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɼʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ 

ʛʨʫʧʠ: ʨʝʟʦʥʘʥʩʥʽ, ʫ ʚ ʷʢʠʭ ʫ ʟʨʘʟʢʘʭ ʟʙʫʜʞʫʶʪʴ ʧʦʟʜʦʚʞʥʽ 

ʘʙʦ ʧʦʧʝʨʝʯʥʽ ʚʣʘʩʥʽ ʢʦʣʠʚʘʥʥʷ, ʪʘ ʽʤʧʫʣʴʩʥʽ, ʚ ʷʢʠʭ 

ʧʨʫʞʥʘ ʜʝʬʦʨʤʘʮʽʷ ʚʠʥʠʢʘʻ ʟʘ ʧʨʦʭʦʜʞʝʥʥ ̫ʯʝʨʝʟ ʟʨʘʟʦʢ 

ʟʚʫʢʦʚʦʾ ʭʚʠʣ̔ . 

ʄʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʠʣʠ ʚʟʘʻʤʦʜʽʾ 

ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ ʡ ʚʽʜʧʦʚʽʜʥʦ 

ʝʣʝʢʪʨʦʥʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʮʽ ʩʠʣʠ. ʉʝʨʝʜʥʷ 

ʝʥʝʨʛʽʷ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟʤʽʥʶʻʪʴʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ, 

ʪʦʤʫ ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʪʘʢʦʞ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʋ 

ʪʝʦʨʽʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ɼʝʙʘʷ ʢʨʠʩʪʘʣʽʯʥʝ ʪʽʣʦ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ 

ʽʟʦʪʨʦʧʥʠʡ ʧʨʫʞʥʠʡ ʢʦʥʪʠʥʫʤ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʛʘʨʤʦʥʽʯʥʽ 

ʢʦʣʠʚʘʥʥʷ. ʊʦʤʫ ʪʝʨʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʝ 

ʟʤʽʥʶʻʪʴʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘʢ ʩʘʤʦ, ʷʢ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩV. 

ɿʘ ʟʙʽʣʴʰʝʥʥ̫ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

ʟʤʝʥh ʫʻʪʴʩʷ: ɽ = ɽ0 (1 ï ʝʊ). ɿʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʊ
4
, ʘ ʟʘ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (ŪD < ʊ < 0,5 ʊʇʣ) ï ʧʨʦʧʦʨʮʽʡʥʦ ʊ.  
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ʊʝʨʤʽʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ɽ ʪʘ G 

ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʽ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʥʘʧʨʷʤʢʫ: ʚʦʥʠ ʤʘʢʩʠʤʘʣʴʥʽ ʫ 

ʥʘʧʨʷʤʢʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʥʽʤʫʤʫ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʽ, 

ʥʘʚʧʘʢʠ ʤʽʥʽʤʘʣʴʥʽ ʫ ʥʘʧʨʷʤʢʘʭ, ʜʝ ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ 

ʜʦʩʷʛʘʶʪʴ ʤʘʢʩʠʤʫʤʫ.  

ʄʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʪʘʢ ʩʘʤʦ, ʷʢ ̔ ʪʝʤʧʝʨʘʪʫʨʘ ɼʝʙʘʷ, 

ʧʦʤʽʪʥʦ ʟʨʦʩʪʘʶʪʴ ʟʘ ʟʙʽʣʴʰʝʥʥ ̫ʪʠʩʢʫ ʈ. ʄʦʜʫʣʴ ʦʙô̒ ʤʥʦʾ 

ʧʨʫʞʥʦʩʪʽ ʜʦʨʽʚʥʶʻ ʚʝʣʠʯʠʥʽ, ʱʦ ʻ ʦʙʝʨʥʝʥʦʶ ʜʦ 

ʢʦʝʬʽʮʽʥ̒ʪʘ ʚʩʝʙʽʯʥʦʛʦ ʩʪʠʩʢʫʚʘʥʥʷ: 

D = 1/ɢ.                                    (5.5) 

ɿʘʣʝʞʥʽʩʪʴ D ʚʽʜ ʪʠʩʢʫ ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʘ ʫ ʚʠʛʣʷʜʽ 

ʚʠʨʘʟʫ 

D(ʈ) å D0 (1 + ɓʈ),                        (5.6) 
 

ʜʝ ʙʘʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʦʜʫʣʷ ʟʥʘʭʦʜʪ̫ʴ ʟʘ ʬʦʨʤʫʣʦʶ  

PD

D

µ

µ
=

0

b .                                (5.7) 

ɼʣʷ Fʝ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʜʦʨʽʚʥʶʻ 2,06 Ŀ 10
ï11

 ʇʘ
ï1
, ʜʣʷ 

ʉu ï 3 Ŀ 10
ï11 
ʇʘ
ï1
, ʜʣʷ ɸg ï 5,1 Ŀ 10

ï11
 ʇʘ

ï1
.
 

 

5.2 ʇʨʫʞʥʽʩʪʴ ʤʝʪʘʣ̔ʚ 
 

ɿ ʨʠʩʫʥʢʘ 5.1 ʚʠʧʣʠʚʘʻ, ʱʦ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʟʘ 

ʟʚʠʯʘʡʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ ʻ ʧʝʨʽʦʜʠʯʥʦʶ ʬʫʥʢʮʽʻʶ ʘʪʦʤʥʦʛʦ 

ʥʦʤʝʨʘ ʝʣʝʤʝʥʪʘ. 

ʉʝʨʝʜ ʝʣʝʤʝʥʪʽʚ ʪʨʝʪʴʦʛʦ ʧʝʨʽʦʜʫ ʪʘʙʣʠʮʽ 

ʄʝʥʜʝʣʻʚ̒ʘ (Nʘ, ʄg, ɸ1 ʽ Si) ʤʦʜʫʣʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʘʟʦʤ ʟ 

ʘʪʦʤʥʠʤ ʥʦʤʝʨʦʤ, ʱʦ ʧʦʚô̫ ʟʘʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ 

ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ ʟʤʝʥʰʝʥʥʷʤ ʘʪʦʤʥʦʛʦ ʨʘʜʽʫʩʘ. 

ʉʝʨʝʜ ʝʣʝʤʝʥʪʽʚ ʦʜʥʽʻʾ ʛʨʫʧʠ, ʥʘʧʨʠʢʣʘʜ, ɺʝ, ʄg, ʉʘ, Sr ʪʘ 

ɺʘ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʨʷʜ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʘʪʦʤʥʦʛʦ ʨʘʜʽʫʩʘ. 
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ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʤʦʜʫʣʴ ɽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʤʽʞʘʪʦʤʥʦʾ ʚʽʜʩʪʘʥʽ ʘ ʧʨʠʙʣʠʟʥʦ ʟʘ ʪʘʢʠʤ 

ʨʽʚʥʷʥʥʷʤ: 

ɽ = k/a
m
,
                                                              

(5.8) 

 

ʜʝ ʢ ʽ ʪ ï ʩʪʘʣʽ ʚʝʣʠʯʠʥʠ. 

 

 
ʈʠʩʫʥʦʢ 5.1 ï ʇʝʨʽʦʜʠʯʥʘ ʟʤʽʥʘ ʤʦʜʫʣʷ ʥʦʨʤʘʣʴʥʦʾ  

ʧʨʫʞʥʦʩʪʽ 

 

ʎʝ ʧʨʘʚʠʣʦ ʥʝ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʧʝʨʝʭʽʜʥʽ ʤʝʪʘʣʠ. ʋ 

ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʘʭ ʦʜʥʽʻʾ ʛʨʫʧʠ (ʥʘʧʨʠʢʣʘʜ, ʆs, Ru, Fʝ ʘʙʦ 

Ir, Rh, ʉʦ) ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʟʨʦʩʪʘʻ ʨʘʟʦʤ ʟ ʘʪʦʤʥʠʤ 

ʨʘʜ̔ʫʩʦʤ. ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʚʽʜʥʦʩʥʦ 

ʚʠʩʦʢʠʡ, ʱʦ ʤʦʞʥʘ ʧʦʚô̫ ʟʘʪʠ ʟʽ ʟʥʘʯʥʦ ʁ ʩʠʣʦ  ʁ

ʤʽʞʘʪʦʤʥʦʛʦ ʟʚô̫ ʟʢʫ, ʟʫʤʦʚʣʝʥʦʾ d-ʝʣʝʢʪʨʦʥʘʤʠ. ʅʘʡʙʽʣʴʰʝ 
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ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʤʘʶʪʴ ʝʣʝʤʝʥʪʠ ʟ 5ï7 d-ʝʣʝʢʪʨʦʥʘʤʠ (ʆs, 

Ru, Fʝ, ʄʦ, ʉʦ ʪʘ ʽʥ.).  

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʻ ʘʥʽʟʦʪʨʦʧʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ, ʱʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʧʨʷʤʢʫ ʚ ʢʨʠʩʪʘʣʽ. ʋ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʤʫ ʪʽʣʽ, 

ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʙʝʟʣʘʜʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʟʝʨʝʥ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʷʤʢʫ, ʽ 

ʚʝʣʠʯʠʥʘ ʡʦʛʦ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʫʩʝʨʝʜʥʝʥʥʷʤ 

ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʥʦʢʨʠʩʪʘʣʘ.  

ʇ̔ ʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥ ̫ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʦʜʫʣʷ ʥʦʨʤʘʣʴʥʦʾ ʧʨʫʞʥʦʩʪʽ  
 

ɔ = (dE/dT) Ā (1/ɽ)    (5.9) 
 

ʧʨʠʙʣʠʟʥʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʣʽʥʽʡʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʚʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ Ŭ, ʱʦ ʚʠʧʣʠʚʘʻ ʟ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʨʽʚʥʷʥʥʷ 

(5.8) ʟʘ ʪʝʤʧʝʨʘʪʫʨʦ .ʁ ɺʽʜʥʦʰʝʥʥʷ Ŭ Ÿ ɔ ʧʨʠʙʣʠʟʥʦ 

ʜʦʨʽʚʥʁ ʻ 4 Ā 10
ï2

.
 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ɔ ʪʘʢ 

ʩʘʤʦ, ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʝʪʘʣʽʚ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ Tʧʣ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ 

ʤʝʪʘʣʽʚ ɽ ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʡʞʝ ʣʽʥʽʡʥʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ, Ŭ Ÿ ɔ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʣʽʟʘ ʧʽʜʚʠʱʫʻ ɽ ʫ 

ʟʚô̫ ʟʢʫ ʟʽ ʟʙʽʣʴh ʝʥʥʷʤ ʢʦʤʧʘʢʪʥʦʩʪʽ ʨ̌ʘʪʢʠ. ɿʘ ʧʝʨʝʭʦʜʫ 

ʟʘʣʽʟʘ ʟ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʩʪʘʥʫ ʚ ʧʘʨʘʤʘʛʥʽʪʥʠʡ E 

ʟʤʝʥʰʫʻʪʴʩʷ.  

ʇʽʜ ʚʧʣʠʚʦʤ ʥʘʢʣʝʧʫ ʦʙô̒ʤʥʦʮʝʥʪʨʦʚʘʥʦʛʦ Ŭ-ʟʘʣʽʟʘ E 

ʟʤʝʥʰʫʻʪʴʩʷ. ʋ ʤʝʪʘʣʽʚ ʟ̔ ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʠʤʠ ʢʫʙʽʯʥʠʤʠ 

ʨ̌ʘʪʢʘʤʠ (Al, Ni ʽ ʉu) ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʧʘʜ ʤʦʜʫʣʷ 

ʥʦʨʤʘʣʴʥʦʾ ʧʨʫʞʥʦʩʪʽ ʟʘ ʥʘʢʣʝʧʫ, ʷʢʝ ʟʤʽʥʶʻʪʴʩʷ, ʟʘ 

ʩʠʣɹʥʠʭ ʩʪʫʧʝʥʽʚ ʥʘʢʣʝʧʫ ï ʚʽʜʧʦʚʽʜʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʆʩʪʘʥʥʻ ʧʦʷʩʥʶʻʪʴʩʷ ʪʝʢʩʪʫʨʦʶ ʧʨʦʪʷʞʢʠ. ʋ ʢʨʠʩʪʘʣʘʭ ʮʠʭ 

ʤʝʪʘʣʽʚ ʚʝʣʠʯʠʥʘ E ʚʟʜʦʚʞ [111] ʤʘʻ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ, 

ʚʟʜʦʚʞ [100] ï ʥʘʡʤʝʥʰʝ. ʂʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʤʽʜʽ ʪʘ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʣʽʟʘ ʟʤʝʥʰʫʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʥʘʢʣʝʧʫ. 
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5.3 ʄʝʪʦʜ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪ̫ 

5.3.1 ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ 
 

ɺʽʜʦʤʦ, ʱʦ ʢʦʣʠʚʘʥʥʷ, ʽʥʽʮʽʡʦʚʘʥʽ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ, 

ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʟʛʘʩʘʶʪʴ ʥʘʚʽʪʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʦʧʦʨʫ. ʇʝʨʰʠʤ ʚʯʝʥʠʤ, ʭʪʦ ʟʚʝʨʥʫʚ ʥʘ ʮʝ ʚʘʞʣʠʚʝ ʷʚʠʱʝ 

ʫʚʘʛʫ, ʙʫʚ ʂʝʣʴʚʽʥ (1865 ʨ.). ʁʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ 

ʧʨʦʜʦʚʞʝʥʽ ʧʨʘʮʷʤʠ ʄʘʢʩʚʝʣʣʘ (1868 ʨ.), ʌʦʡʛʪʘ (1892 ʨ.), 

ɺʝʡʥʙʝʨʛʘ (1904 ʨ.), ʂʫʟʥʝʮʦʚʘ (1913 ʨ.), ʂʝʤʙʝʣʣʘ  

(1925 ʨ.) ʪʘ ʽʥ. ʋ ʮʽ ʨʦʢʠ ʥʘʢʦʧʠʯʫʚʘʣʠʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʘʥʽ ʧʨʦ ʭʘʨʘʢʪʝʨ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʢʦʣʠʚʘʥʴ ʟʘʣʝʞʥʦ ʚʽʜ 

ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚʠʙʫʜʦʚʫʚʘʣʘʩʷ ʧʨʦ ʮʝ ʤʘʢʨʦʩʢʦʧʽʯʥʘ 

ʪʝʦʨʽʷ. ʌʽʟʠʯʥʘ ʧʨʠʨʦʜʘ ʷʚʠʱʘ ʟʘʣʠʰʘʣʘʩʴ ʟʜʝʙʽʣʴʰʦʛʦ 

ʥʝʚʠʟʥʘʯʝʥʦʶ, ʧʨʦ ʤʝʭʘʥʽʟʤʠ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʢʦʣʠʚʘʥʴ 

ʱʝ ʥʝ ʡʰʣʦʩʷ, ʘʣʝ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʛʣʠʙʦʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫʞʝ 

ʙʫʚ ʧʽʜʛʦʪʦʚʣʝʥʠʡ.  

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʠʢʦʥʘʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʣʜ̔ʞʝʥʴ ʨʽʟʥʦʛʦ ʨʦʜʫ. ʊʘʢʠʡ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʜʦ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʥʝ ʚʠʧʘʜʢʦʚʠʡ ʽ ʧʨʦʜʠʢʪʦʚʘʥʠʡ ʟʥʘʯʥʦʶ 

ʧʨʘʢʪʠʯʥʦʶ ʮʽʥʥʩ̔ʪʶ ʜʦʩʣʽʜʞʝʥʴ. ɺʽʜʦʤʦ, ʱʦ ʥʘʜʽʡʥʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʡ ï ʚʘʞʣʠʚʘ ʧʨʦʙʣʝʤʘ. ɺʦʥʘ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʽʰʝʥʘ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ̔ ʚʠʩʦʢʠʤʠ 

ʩʪʘʙʽʣʴʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ, ʭʽʤʽʯʥʠʤʠ ʪʘ ʽʥʰʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɿʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ, ʚʽʜʥʘʡʪʠ ʥʦʚʽ, ʷʢʽ ʤʘʶʪʴ ʥʝʦʙʭʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ï 

ʪʨʫʜʦʤʽʩʪʢʝ ʟʘʚʜʘʥʥ.̫ 

ʄʘʪʝʨʽʘʣʠ, ʱʦ  ̒ ʦʩʥʦʚʦ  ʁ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʘʟʚʠʯʘʡ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʫ ʟʤʽʥʥʠʭ ʧʦʣʷʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ 

(ʤʝʭʘʥʽʯʥʠʭ, ʪʝʤʧʝʨʘʪʫʨʥʠʭ, ʘʪʤʦʩʬʝʨʥʠʭ ʪʦʱʦ) ʪʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʽ ʪʦʤʫ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʽʥʶʶʪʴ ʩʚʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɺʠʤʽʨʶʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʽ ʜʝʬʝʢʪʫ 

ʤʦʜʫʣʷ ʟʘ ʨʟ̔ʥʠʭ ʯʘʩʪʦʪ, ʘʤʧʣʽʪʫʜ ʜʝʬʦʨʤʘʮʽʾ ʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʬʝʢʪʽʚ, ʾʭ ʤʽʩʮʝ ʟʥʘʭʦʜʞʝʥʥʷ ʫ ʤʘʪʝʨʽʘʣʽ, 

ʚʟʘʻʤʦʜʽʾ ʜʝʬʝʢʪʽʚ ʤʽʞ ʩʦʙʦʶ, ʢʨʽʤ ʪʦʛʦ, ʨʽʟʥʦʤʘʥʽʪʥʽ 
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ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʚʥʫʪʨʽʰʥʶ ʧʝʨʝʙʫʜʦʚʫ ʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ 

ʤʘʪʝʨʽʘʣʽʚ, ʢʦʣʠ ʥʘ ʥʴʦʛʦ ʜʽʶʪʴ ʟʦʚʥʽʥhʽ ʬʘʢʪʦʨʠ. 

ʆʜʝʨʞʘʪʠ ʪʘʢʫ ʰʠʨʦʢʫ ʽʥʬʦʨʤʘʮʽʶ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ 

ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. ʅʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ ʤʝʭʘʥʟ̔ʤʠ ʪʘ 

ʤʦʜʝʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʦʢʣʘʜʥʦ, ʚʪʨʘʪʠ ʷʢʽʩʥʦ ʪʘ ʢʣ̔ʴʢʽʩʥʦ 

ʦʮʽʥʶʶʪʴʩʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʢʣʘʩʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʦʩʪʽ 

ʤʝʪʦʜʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʪʘ ʜʦʮʣ̔ʴʥʦʩʪʽ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʚʠʨʽʰʝʥʥ ̫ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʙʣʝʤ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ. 

 

5.3.2 ʄʦʜʝʣʴʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ 
 

ʗʢʱʦ ʚʠʢʣʠʢʘʪʠ ʢʦʣʠʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ʫ ʪʚʝʨʜʦʤʫ 

ʪʽʣʽ, ʷʢʝ ʧʝʨʝʙʫʚʘʻ ʫ ʚʘʢʫʫʤʽ (ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʚʠʢʣʶʯʠʪʠ 

ʚʪʨʘʪʠ ʪʝʨʪʷ ʽ ʥʘ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʘʢʫʩʪʠʯʥʽ ʚʪʨʘʪʠ), 

ʪʦ ʽ ʚ ʮʴʦʤʫ ʨʘʟʽ ʩʧʦʩʪʝʨʽʛʘʪʠʤʝʪʴʩʷ ʟʛʘʩʘʥʥʷ ï ʟʤʝʥʰʝʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʫ ʯʘʩʽ. ʄʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʟʛʘʩʘʥʥʷ 

ʦʙʫʤʦʚʣʝʥʽ ʟʚʦʨʦʪʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʯʘʩʪʠʥʠ ʤʝʭʘʥʽʯʥʦʾ 

ʝʥʝʨʛʽʾ ʢʦʣʠʚʘʥʴ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ ʥʘ ʪʝʧʣʦʪʫ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʮʝʩʽʚ, ʷʢʽ ʦʙô̒ ʜʥʫʶʪʴʩʷ ʧʽʜ ʟʘʛʘʣʴʥʦʶ ʥʘʟʚʦʶ 

çʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷè. ɿʘ ʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠʯʠʥʦʶ ʮʠʭ 

ʟʚʦʨʦʪʥʠʭ ʚʪʨʘʪ ʻ ʟʜʝʙʽʣʴʰʦʛʦ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʱʦ 

ʚʠʥʠʢʘʻ ʫ ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʦʙô̒ ʤʽ ʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʛʘʩʘʥʥʷ. ʋ 

ʨʘʟʽ ʤʘʣʠʭ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ, ʢʦʣʠ ʥʘʧʨʫʞʝʥʥʷ ʥʝ ʜʦʩʷʛʘʻ 

ʤʝʞʽ ʧʨʫʞʥʦʩʪʽ, ʟʛʘʩʘʥʥʷ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʩɹʷ. ʊʦʜʽ 

ʧʨʦʮʝʩʠ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʢʦʥʫ ɻʫʢʘ:  

 

s = ɽ Ö e ,    (5.10) 

 

ʜʝ s ï ʥʘʧʨʫʞʝʥʥʷ; ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ; Ů ï ʜʝʬʦʨʤʘʮʽʷ. 
 

ɼʽʘʛʨʘʤʘ çʥʘʧʨʫʞʝʥʥʷ ï ʜʝʬʦʨʤʘʮʽʷè ʜʣʷ ʮʠʢʣʫ 

ʢʦʣʠʚʘʥʴ ʤʘʻ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 5.2.  
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ʈʠʩʫʥʦʢ 5.2 ï ɿʘʣʝʞʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ Ů ʚʽʜ ʥʘʧʨʫʞʝʥʥʷ ɕ  

ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʟʘ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥ ̫

 

ʃʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ ʥʘʧʨʫʞʝʥʥʷ 

ʩʚʜ̔ʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʟʚʦʨʦʪʥʠʭ ʚʪʨʘʪ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ 

(ʦʩʢʣ̔ʴʢʠ ʨʦʙʦʪʘ ʜʝʬʦʨʤʘʮʽʾ dA = s Ā ŭ Ā Ů, ʪʦ ʧʦʚʥʘ ʝʥʝʨʛʽʷ, 

ʨʦʟʩʽʷʥʘ ʪʽʣʦʤ ʟʘ ʮʠʢʣ, ʙʫʜʝ ɸ = ŭ Ā s Ā dŮ, ʘʙʦ ʛʝʦʤʝʪʨʠʯʥʦ 

ʨʽʚʥʘ ʧʣʦʱʽ ʬʽʛʫʨʠ, ʦʙʤʝʞʝʥʦʾ ʢʨʠʚʦʶ ʫ ʢʦʦʨʜʠʥʘʪʘʭ sïŮ; ʫ 
ʮʴʦʤʫ ʨʘʟʽ ʧʣʦʱʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʗʢʱʦ ʪʚʝʨʜʝ ʪʽʣʦ ʥʝ ʜʦʩʠʪʴ ʧʨʫʞʥʻ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚʽʜʩʪʘʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ ʥʘʧʨʫʞʝʥʥʷ ï ʟʩʫʚ ʜʝʬʦʨʤʘʮʽʾ ʽ 

ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʬʘʟʦʶ. ʅʘʷʚʥʽʩʪʴ ʟʩʫʚʫ ʬʘʟ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʛʽʩʪʝʨʝʟʠʩʫ, ʧʦʜʽʙʥʦʤʫ ʜʦ ʤʘʛʥʽʪʥʦʛʦ, ʽ ʜʽʘʛʨʘʤʘ 

çʥʘʧʨʫʞʝʥʥʷ ï ʜʝʬʦʨʤʘʮʽʷè ʤʘʻ ʬʦʨʤʫ ʟʘʤʢʥʝʥʦʾ ʧʝʪʣʽ 

(ʨʠʩ. 5.3). ʅʝʦʙʦʨʦʪʥʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʟʘ ʮʠʢʣ ʢʦʣʠʚʘʥʥʷ 

ʚʠʤʽʨʶʶʪʴʩʷ ʧʣʦʱʝʶ ʧʝʪʣʽ (dɸ > 0). ʏʠʤ ʙʽʣʴʰʘ 

ʜʝʬʦʨʤʘʮʽʷ ʙʫʜʝ ʚʽʜʩʪʘʚʘʪʠ ʚʽʜ ʥʘʧʨʫʞʝʥʥʷ, ʪʠʤ ʙʽʣʴʰʠʤʠ 

ʙʫʜʫʪʴ ʚʪʨʘʪʠ ʽ ʟʘ ʟʩʫʚʫ ʬʘʟ, ʱʦ ʜʦʨʽʚʥʶ  ̒ 90Ü, ʽ ʙʫʜʝ 

ʜʦʩʷʛʥʫʪʠʡ ʤʘʢʩʠʤʫʤ ʚʪʨʘʪ. ɿʘ ʤʽʨʫ ʟʚʦʨʦʪʥʠʭ ʚʪʨʘʪ ʟʘ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥ̫ ʚʟʷʪʘ çʧʠʪʦʤʘ ʝʥʝʨʛʽʷ 

ʟʛʘʩʘʥʥʷè, ʷʢʘ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʝʥʝʨʛʽʾ, ʱʦ 

ʨʦʟʩʽʶʻʪʴʩʷ ʟʘ ʮʠʢʣ, ʽ ʤʘʢʩʠʤʘʣʥɹʦʾ ʝʥʝʨʛʽʾ ʮʠʢʣʫ W/DW. 
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ʈʠʩʫʥʦʢ 5.3 ï ɿʘʣʝʞʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ Ů ʚʽʜ ʥʘʧʨʫʞʝʥʥʷ s  
ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʟʘ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥ ̫

 

5.3.3 ʆʩʥʦʚʠ ʤʝʪʦʜʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ 
 

ʎʝʡ ʤʝʪʦʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʜʘʪʥʦʩʪʽ ʤʝʪʘʣʽʚ 

ʥʝʟʚʦʨʦʪʥʦ ʨʦʟʩʽʶʚʘʪʠ ʝʥʝʨʛʽʶ ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʜʫʞʝ 

ʧʦʠhʨʝʥʠʡ ʫ ʤʝʪʘʣʦʟʥʘʚʩʪʚʽ ʪʘ ʬʽʟʠʮʽ ʤʝʪʘʣʽʚ.  

ʋʩʝ ʚʠʱʝʚʠʢʣʘʜʝʥʝ ʧʨʦ ʧʨʫʞʥʩ̔ʪɹ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ 

ʩʪʦʩʫʻʪʴʩʷ ʪʦʛʦ, ʢʦʣʠ ʜʝʬʦʨʤʘʮʽʷ ʪʦʯʥʦ ʚʽʜʧʦʚʽʜʘʻ 

ʧʨʠʢʣʘʜʝʥ̔ʡ ʥʘʧʨʫʟʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ɻʫʢʘ. ɯʥʰʠʤʠ 

ʩʣʦʚʘʤʠ, ʚ ʮʴʦʤʫ ʟʘʢʦʥʽ ʚʽʜʩʫʪʥʽʡ ʬʘʢʪʦʨ ʯʘʩʫ. ʅʘʩʧʨʘʚʜʽ 

ʩʪʘʙʽʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ɻʫʢʘ ʚʠʭʦʜʠʪʴ 

ʣʠh ʝ ʟʘ ʜʫʞʝ ʧʦʚʽʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʘ. ʗʢʱʦ ʜʫʞʝ 

ʰʚʠʜʢʦ ʧʨʠʢʣʘʩʪʠ ʥʘʧʨʫʛʫ ů (ʘʙʦ Ű), ʪʦ ʟʨʘʟʦʢ 

ʜʝʬʦʨʤʫʻʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ Ůô ʽ ʤʦʜʫʣʴ ʥʦʨʤʘʣʴʥʦʾ 

ʧʨʫʞʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ɽʥ, ʜʦʨʽʚʥʶʚʘʪʠʤʝ ů: Ůô. ʗʢʱʦ ʧʦʪʽʤ 

ʚʠʪʨʠʤʫʚʘʪʠ ʧʽʜ ʥʘʧʨʫʛʦʶ ů ʟʨʘʟʦʢ ʜʦ ʤʦʤʝʥʪʫ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʦʚʘʛʠ, ʪʦ ʚʠʡʜʝ ʜʦʜʘʪʢʦʚʘ ʜʝʬʦʨʤʘʮʽʷ 

ʟʨʘʟʢʘ Ů" ʽ ʤʦʜʫʣʴ ɽʨ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ ů: (Ů ó+ Ů "). 

ʆʯʝʚʠʜʥʦ, ɽʥ > ɽʨ. ʇʝʨʰʠʡ ʟ̔ ʥʠʭ ʥʘʟʠʚʘʁʪʴ 

ʥʝʨʝʣʘʢʩʫʶʯʠʤ ʤʦʜʫʣʝʤ, ʜʨʫʛʠʡ ï ʨʝʣʘʢʩʫʶʯʠʤ. ʅʘ 

ʨʠʩʫʥʢʫ 5.4 ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ Ů ʽ ů (ʧʫʥʢʪʠʨ) ʫ ʯʘʩʽ: 

Ů0 = Ůô+ Ů".  

ʐʚʠʜʢʽʩʪʴ ʨʝʣʘʢʩʘʮʽʾ ʜʝʬʦʨʤʘʮʽʾ, ʪʦʙʪʦ ʾʾ 

ʟʙʽʣʴʰʝʥʥʷ ʚʽʜ Ůô ʜʦ Ů0, ʟʘ ů = ʩʦnst ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ  

),(1 0 eete s -=                               (5.11) 



234 

ʜʝ st  ï ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ ʟʘ ʩʪʘʣʦʾ ʥʘʧʨʫʛʠ. 

 

 
 
ʈʠʩʫʥʦʢ 5.4 ï ɿʤʽʥʘ 

ʥʘʧʨʫʛʠ  ̔
ʜʝʬʦʨʤʘʮʽʾ  

ʚ ʯʘʩʽ ʟʘ ʨʝʣʘʢʩʘʮʽʾ 
ʜʝʬʦʨʤʘʮʽʾ 

 

 

ɸʥʘʣʦʛʽʯʥʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʨʝʣʘʢʩʘʮʽʶ ʥʘʧʨʫʛʠ ʟʘ 

ʩʪʘʣʦʾ ʜʝʬʦʨʤʘʮʽʾ: 

).(1 0 ssts e -=                             (5.12) 

ɿ ʨʠʩʫʥʢʘ 5.4 ʙʘʯʠʤʦ ʪʘʢʦʞ, ʱʦ ʟʘ ʤʠʪʪʻʚʦʛʦ ʩʧʘʜʫ ů 

ʜʦ ʥʫʣʷ ʜʝʬʦʨʤʘʮʽʷ ʟʥʠʞʫʻʪʴʩʷ ʜʦ Ů" = Ů0 ï Ůô ʽ ʧʦʪʽʤ 

ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʥʫʣʷ. 

ʈʝʣʘʢʩʘʮʽʷ ï ʮʝ ʥʘʩʣʽʜʦʢ ʟʘʧʽʟʥʶʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪ-

ʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʨʦʩʪʦʨʦʚʽʡ ʨ̌ʘʪʮʽ ʟʨʘʟʢʘ. ɿʘ ʡʦʛʦ 

ʜʝʬʦʨʤʘʮʽʾ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʜʝʬʝʢʪʠ (ʚʘʢʘʥʩʽʾ, ʜʠʩʣʦʢʘʮʽʾ), 

ʘʪʦʤʠ, ʨʦʟʯʠʥʝʥʽ ʧʨʦʥʠʢʥʝʥʥʷʤ ʘʙʦ ʟʘʤʽʱʝʥʥʷʤ, ʤʝʞʽ 

ʜʦʤʝʥʽʚ ʤʘʛʥʽʪʦʚʧʦʨʷʜʢʦʚʘʥʠʭ ʤʝʪʘʣʽʚ ʽ ʪ. ʧ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʨʝʣʘʢʩʘʮʽʾ (ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ) ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ʨʽʟʥʽ 

ʧʨʦʮʝʩʠ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʚʠʛʠʥ ʜʚʦʭʦʧʦʨʥʦʛʦ 

ʩʪʨʠʞʥʷ ʟ ʧʨʷʤʦʢʫʪʥʠʤ ʧʝʨʝʨʽʟʦʤ. ɿʘ ʚʠʛʠʥʫ ʻ ʥʝʡʪʨʘʣʴʥʘ 

ʧʣʦʱʠʥʘ. ʅʝʭʘʡ ʟʘ ʚʠʛʠʥʫ ʯʘʩʪʠʥʘ ʩʪʨʠʞʥʷ ʚʠʱʝ ʚʽʜ ʮʽʻʾ 

ʧʣʦɦʠʥʠ ʨʦʟʪʷʛʥʝʥʘ, ʘ ʥʠʞʯʝ ï ʩʪʠʩʥʝʥʘ. ɺ ʫʤʦʚʘʭ 

ʤʠʪʪʚ̒ʦʛʦ, ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʠʣʦʶ F ʚʝʨʭʥʷ 
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ʯʘʩʪʠʥʘ ʩʪʨʠʞʥʷ ʦʭʦʣʦʜʠʪʴʩʷ, ʘ ʥʠʞʥʷ ï ʥʘʛʨʽʻʪʴʩʷ. ɿʘ 

ʧʦʜʘʣʴh ʦʾ ʚʠʪʨʠʤʢʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʦʭ ʯʘʩʪʠʥ ʧʨʠʟʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʨʦʟʪʷʛʥʝʥʘ 

ʯʘʩʪʠʥʘ ʩʪʨʠʞʥʷ ʥʘʛʨʽʻʪʴʩʷ ʡ, ʦʪʞʝ, ʨʦʟʰʠʨʠʪʴʩʷ 

ʜʦʜʘʪʢʦʚʦ, ʘ ʩʪʠʩʥʫʪʘ ʯʘʩʪʠʥʘ ʦʭʦʣʦʥʝ ʪʘ ʚʽʜʯʫʻ ʜʦʜʘʪʢʦʚʝ 

ʩʪʠʩʥʝʥʥʷ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʟ ʯʘʩʦʤ ʧʨʦʡʜʝ ʨʝʣʘʢʩʘʮʽʡʥʠʡ 

ʧʨʦʮʝʩ, ʷʢʠʡ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠ ʩʪʨʽʣʫ ʧʨʦʛʠʥʫ ʜʦ ʜʝʷʢʦʛʦ 

ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ ʩʪʘʣʦʾ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛʠ (ʨʠʩ. 5.5). 

ɺʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʟʘ ʤʘʣʦʛʦ ʢʫʪʘ ű ʧʨʠʡʥʷʪʦ 

ʧʦʟʥʘʯʘʪʠ Q
ï1

 ï ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʭʘʥʽʟʤʠ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʷʚʠʱ ʫ 

ʪʚʝʨʜʠʭ ʪʽʣʘʭ. 

1 ʈʝʣʘʢʩʘʮʽʷ, ʦʙʫʤʦʚʣʝʥʘ ʪʝʧʣʦʚʠʤʠ ʧʦʪʦʢʘʤʠ. 

ʇʨʠʢʣʘʜʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʣʠʢʘʻ ʚ ʪʽʣʽ ʨʽʟʥʫ 

ʜʝʬʦʨʤʘʮʽʶ, ʦʙʫʤʦʚʣʝʥʫ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ ʘʙʦ 

ʘʥʽʟʦʪʨʦʧʽʻʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʠʞʥʽʭ 

ʰʘʨʽʚ ʟʨʦʩʪʝ, ʘ ʚʝʨʭʥʽʭ ï ʟʥʠʟʠʪʴʩʷ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ 

ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʣ̔ʫ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʦʪʞʝ, ʽ ʥʘʧʨʫʞʝʥʴ 

ʫ ʮʽʡ ʦʙʣʘʩʪʽ, ʽ ʩʧʨʠʯʠʥʠʪʴ ʨʝʣʘʢʩʘʮʽʡʥʠʡ ʧʨʦʮʝʩ. 

ɺʠʨʽʚʥʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʮʴʦʤʫ ʨʘʟʽ 

ʷʢ ʤʽʞ ʪʚʝʨʜʠʤ ʪʽʣʦʤ ʽ ʥʘʚʢʦʣʠʥhʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʪʘʢ ʽ 

ʤʽʞ ʦʢʨʝʤʠʤʠ ʯʘʩʪʠʥʘʤʠ ʪʣ̔ʘ. 

 

 
 

ʈʠʩʫʥʦʢ 5.5 ï ʉʭʝʤʘ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʟʘ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ 

ʢʨʫʯʝʥʥ ̫ʚ ʢʦʦʨʜʠʥʘʪʘʭ Ű-Ů (ʘ), ʨʝʘʣʴʥʘ ʧʝʪʣʷ, ʱʦ ʚʠʭʦʜʠʪʴ ʟʘ 

ʢʽʥʮʝʚʦ ʾʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ (ʙ) ʽ ʟʩʫʚ ʟʘ ʬʘʟʘʤʠ Ű ʽ Ů (ʚ) 
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2 ʇʨʦʮʝʩʠ, ʧʦʚô̫ ʟʘʥʽ ʟ ʘʥʽʟʦʪʨʦʧʥʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʘʪʦʤʽʚ ʫ ʧʦʣʽ ʥʘʧʨʫʞʝʥʴ. ʋ ʥʝʚʨʝʛʫʣʴʦʚʘʥʦʤʫ ʪʚʝʨʜʦʤʫ 

ʨʦʟʯʠʥʽ ʨʦʟʧʦʜʽʣ ʘʪʦʤʽʚ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ʥʝ ʧʦʚô̫ ʟʘʥʠʡ 

ʟ̔ ʷʢʠʤ-ʥʝʙʫʜʴ ʧʝʚʥʠʤ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʤ ʥʘʧʨʷʤʢʦʤ. ɿʘ 

ʥʘʢʣʘʜʝʥʥ ̫ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ ʨʦʟʯʠʥʝʥʽ ʘʪʦʤʠ ʧʨʘʛʥʫʪʴ 

ʧʝʨʝʡʪʠ ʚ ʧʦʣʦʞʝʥʥʷ, ʟʘ ʷʢʠʭ ʨ̌ʘʪʢʘ ʢʨʠʩʪʘʣʫ ʤʘʻ ʤʽʥʽʤʫʤ 

ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ. ɿʤʽʥʘ ʟʥʘʢʫ ʥʘʧʨʫʞʝʥʴ ʧʨʠʟʚʝʜʝ ʜʦ ʪʦʛʦ, 

ʱʦ ʘʪʦʤʠ ʟ ʚʝʣʠʢʠʤʠ ʨʘʜʽʫʩʘʤʠ ʚʠʷʚʣʷʪʴʩʷ ʪʝʧʝʨ ʫ ʩʪʠʩʣʠʭ 

ʰʘʨʘʭ, ʱʦ ʩʪʚʦʨʠʪʴ ʫ ʮʠʭ ʤʽʩʮʷʭ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ, 

ʷʢʽ ʙʫʜʫʪʴ ʨʝʣʘʢʩʫʚʘʪʠ ʟ ʧʝʚʥʠʤ ʯʘʩʦʤ Ű. ɿʘ ʧʝʚʥʦʾ ʯʘʩʪʦʪʠ, 

ʢʦʣʠ ɤŰ = 1, ʤʘʻʤʦ ʤʘʢʩʠʤʫʤ ʚʪʨʘʪ, ʱʦ ʜʘʻ ʥʘ ʢʨʠʚʽʡ Q
ï1

 ï 

ɤ ʧʽʢ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ. ʊʘʢʠʡ ʩʘʤʠʡ ʝʬʝʢʪ 

ʩʧʦʩʪʝʨʽʛʘ̒ʪʴʩʷ ʫ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ ʪʠʧʫ ʧʨʦʥʠʢʥʝʥʥʷ. 

3 ʋʧʦʨʷʜʢʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ ʘʪʦʤʽʚ ʫ ʨ̌ʘʪʮʽ. ɺ 

ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʩʧʣʘʚʘʭ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʝʷʢʠʡ ʩʪʫʧʽʥʴ ʧʦʨʷʜʢʫ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʦʛʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʚô̫ ʟʘʥʦ ʟ 

ʧʨʦʮʝʩʦʤ ʨʝʣʘʢʩʘʮʽʾ ʟ ʧʝʚʥʠʤ ʯʘʩʦʤ Ű. ʗʢʱʦ ʯʘʩʪʦʪʘ 

ʢʦʣʠʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʽʙʨʘʥʘ ʪʘʢ, ʱʦ ɤŰ = 1, ʦʪʨʠʤʫʻʤʦ 

ʧʽʢ ʚʥʫʪʨʽʥhʴʦʛʦ ʪʝʨʪʷ.  

4 ʉʤʫʛʠ ʢʦʚʟʘʥʥʷ ʪʘ ʤʝʞʽ ʟʝʨʝʥ. ɺʥʫʪʨʽʰʥʻ ʪʝʨʪʷ 

ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʝ ʨʫʭʦʤ ʤʝʞ ʟʝʨʥʘ ʽ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ 

ʜʚʽʡʥʠʢʽʚ. ʎʝʡ ʨʫʭ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʥʝʦʙʦʨʦʪʥʠʤʠ ʚʪʨʘʪʘʤʠ 

ʝʥʝʨʛʽʾ. 

5 ʄʘʛʥʽʪʦʧʨʫʞʥʦʩʪʽ. ʋ ʬʝʨʦʤʘʛʥʝʪʠʢʘʭ 

ʚʠʷʚʣʷ̒ ʪʴʩʷ ʜʦʜʘʪʢʦʚʝ ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ ʟʘ ʨʘʭʫʥʦʢ 

ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʡʥʠʭ ʝʬʝʢʪʽʚ. ʎʽ ʷʚʠʱʘ ʪʽʩʥʦ ʧʦʚô̫ ʟʘʥʽ ʟʽ 

ʟʤʽʥʦʶ ʤʦʜʫʣʷ ʖʥʛʘ ʟʘ ʥʘʤʘʛʥʽʯʫʚʘʥʥ ̫ʘʙʦ, ʽʥʘʢʰʝ, ʟ ʪʘʢ 

ʟʚʘʥʠʤ æɽ-ʝʬʝʢʪʦʤ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʨʦʟʨʘʭʦʚʘʥʘ 

ʪʝʦʨʝʪʠʯʥʦ. 

ʋ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ ʟʘʤʽʱʝʥʥʷ ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ 

ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʫ ʨʦʟʯʠʥʘʭ ʧʨʦʥʠʢʥʝʥʥʷ. ɺʦʥʦ ʧʦʤʽʪʥʝ 

ʟʘ ʫʪʨʠʤʘʥʥ ̫ ʘʪʦʤʽʚ ʟʘʤʽʱʝʥʥʷ ʙʽʣʴʰʝ ʥʽʞ 10 %. ɺʦʥʦ 

ʧʦʚô̫ ʟʘʥʝ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʘʨ ʜʦʤʽʰʢʦʚʠʭ ʘʪʦʤʽʚ ʟʘʤʽɦ ʝʥʥʷ, 
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ʱʦ ʩʪʚʦʨʶʶʪɹ ʫ ʨ̌ʘʪʮʽ ʪʝʪʨʘʛʦʥʘʣʴʥʝ ʩʧʦʪʚʦʨʝʥʥʷ, 

ʧʨʠʯʦʤʫ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʙʽʣʴʰʝ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʘʪʦʤʥʽ 

ʜʽʘʤʝʪʨʠ ʦʩʥʦʚʥʠʭ ʽ ʜʦʤʽʰʢʦʚʠʭ ʘʪʦʤʽʚ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʡ 

ʦʨʽ̒ʥʪʫʚʘʥʥʷ ʮʠʭ ʧʘʨ ʫʟʜʦʚʞ ʧʝʚʥʦʛʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ 

ʥʘʧʨʷʤʢʫ ʧʽʜ ʥʘʡʤʝʥʰʠʤ ʢʫʪʦʤ ʜʦ ʜʽʶʯʦʾ ʥʘʧʨʫʛʠ 

ʥʝʦʙʭʽʜʥʘ ʘʪʦʤʥʘ ʧʝʨʝʙʫʜʦʚʘ, ʱʦ ʩʧʨʠʯʠʥʶʻ ʨʝʣʘʢʩʘʮʽʶ ʟʘ 

ʜʝʬʦʨʤʘʮʽʾ. ʆʩʢʽʣʴʢʠ ʧʝʨʝʭʽʜ ʘʪʦʤʽʚ ʟʘʤʽʱʝʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʢʘʥʩʽʡ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʠʭ 

ʧʦʨʽʚʥʷʥʦ ʤʘʣʘ, ʦʜʥʦʯʘʩʥʦ ʚʠʙʫʜʦʚʫʻʪʴʩʷ ʚ ʝʥʝʨʛʝʪʠʯʥʦ 

ʥʘʡʚʠʛʽʜʥʽʰʦʤʫ ʥʘʧʨʷʤʢʫ ʥʝʚʝʣʠʢʝ ʯʠʩʣʦ ʧʘʨ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʽʚʥʥ̫ʦ ʤʘʣʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ. ɿ 

ʨʠʩʫʥʢʘ 5.6 ʙʘʯʠʤʦ, ʱʦ ʧʽʢ Q
ï1

 ʪʠʤ ʙʽʣʴʰʠʡ, ʯʠʤ ʚʠʱʠʡ 

ʚʤʽʩʪ ʮʠʥʢʫ, ʨʦʟʯʠʥʝʥʦʛʦ ʚ ʩʨʽʙʣʽ, ʡ ʚʠʩʦʪʘ ʮʴʦʛʦ ʧʽʢʘ 

ʧʨʦʧʦʨʮʽʡʥʘ ʩ
2
, ʜʝ ʩ ï ʘʪʦʤʥʠʡ ʚʤʽʩʪ ʮʠʥʢʫ. 

 

 

 

ʈʠʩʫʥʦʢ 5.6 ï 

ʊʝʤʧʝʨʘʪʫʨʥʘ 

ʟʘʣʝʞʥʽʩʪʴ 

ʚʥʫʪʨʽʥhʴʦʛʦ ʪʝʨʪʷ 

ʜʣʷ ʨʷʜʫ  

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

 Ag-Zn:  

1 ï 30,2 % (ʘʪ) Zn;  

2 ï 24,2 % (ʘʪ) Zn;  

3 ï 19,3 % (ʘʪ) Zn;  

4 ï 15,8 % (ʘʪ) Zn. 

ʏʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ 

0,7 ɻʮ ʟʘ ʢʽʤʥʘʪʥʦ ʾ

ʪʝʤʧʝʨʘʪʫʨʠ 

 

 

ɺʠʤʽʨʶʶʯʠ Q
ï1
, ʤʦʞʥʘ ʟʥʘʡʪʠ ʨʽʚʥʷʥʥʷ ʜʠʬʫʟʽʾ, 

ʦʪʞʝ, ʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ Dʊ. ɯʩʪʦʪʥʦ, ʱʦ Dʊ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʟʘ ʷʢʠʭ ʟʚʠʯʘʡʥʠʡ 

Q
ï
1
 

 1
03

 

1 000/T 
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ʤʝʪʦʜ ʧʦʰʘʨʦʚʦʛʦ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝ ʜʘʻ ʚʽʜʯʫʪʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ʅʘ ʨʠʩʫʥʢʫ 5.7 ʥʘʚʝʜʝʥʘ ʟʤʽʥʘ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚʽʜ 

ʧʘʨʘʤʝʪʨʘ wt.  

 

 
 

ʈʠʩʫʥʦʢ 5.7 ï ɿʘʣʝʞʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʪʘ ʤʦʜʫʣʷ 

ʧʨʫʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʘ wt 

 

ʅʘ ʢʨʠʚʽʡ ʟʘʣʝʞʥʦʩʪʽ Q
ï1

 ʚʽʜ ʧʘʨʘʤʝʪʨʘ wt 
ʩʧʦʩʪʝʨʛ̔ʘʪʠʤʝʪʴʩʷ ʤʘʢʩʠʤʫʤ (ʨʠʩ. 5.7), ʷʢʠʡ ʥʘʟʠʚʘʪʁʴ 

ʧʽʢʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ. ʏʝʨʝʟ ʪʝ, ʱʦ ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ 

ʦʙʫʤʦʚʣʝʥʝ ʨʽʟʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ, ʢʦʞʝʥ 

ʧʨʦʮʝʩ ʤʘʻ ʩʚʽʡ, ʚʣʘʩʪʠʚʠʡ ʡʦʤʫ ʯʘʩ ʨʝʣʘʢʩʘʮʽʡ. ɿʤʽʥʶʶʯʠ 

ʯʘʩʪʦʪʫ ʥʘʚʘʥʪʘʞʝʥʥʷ w, ʤʘʻʤʦ ʨʷʜ ʧʽʢʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʝʨʪʷ ʥʘ ʢʨʠʚʽʡ ï Q
ï1

 ï wŰ (ʨʠʩ. 5.8). ʉʫʢʫʧʥʽʩʪʴ ʪʘʢʠʭ ʧʽʢʽʚ 
ʥʘʟʠʚʘʶʪʴ ʩʧʝʢʪʨʦʤ ʨʝʣʘʢʩʘʮʽʾ. 
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ʈʠʩʫʥʦʢ 5.8 ï ʊʠʧʦʚʠʡ ʩʧʝʢʪʨ ʨʝʣʘʢʩʘʮʽʾ ʪʚʝʨʜʦʛʦ ʪʽʣʘ  

ʟʘ ʢʽʤʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ: ɯ ï ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ, 

ʦʙʫʤʦʚʣʝʥʝ ʥʘʷʚʥʽʩʪʶ ʧʘʨ ʘʪʦʤʽʚ ʟ ʨʽʟʥʠʤʠ ʘʪʦʤʥʠʤʠ ʨʘʜʽʫʩʘʤʠ 

(ʨʦʟʯʠʥʠ ʚʢʦʨʽʥʝʥʥʷ); ɯɯ ï ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ, ʦʙʫʤʦʚʣʝʥʝ ʚô̫ ʟʢʦʶ 

ʪʝʯʽʻʶ ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ; ɯɯɯ ï ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ, ʦʙʫʤʦʚʣʝʥʝ ʚô̫ ʟʢʦʶ 

ʪʝʯʽʻʶ ʚ çʘʤʦʨʬʥʠʭè ʜʽʣʷʥʢʘʭ,  

ʷʢʽ ʙʫʣʠ ʚʚʝʜʝʥʽ ʧʣʘʩʪʠʯʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ 

 (ʩʤʫʛʠ ʢʦʚʟʘʥʥʷ);  ɯV ï ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ, ʦʙʫʤʦʚʣʝʥʝ 

ʜʠʬʫʟʽʻʶ ʘʪʦʤʽʚ ʚʢʦʨʽʥʝʥʥʷ; V ï ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ, ʦʙʫʤʦʚʣʝʥʝ 

ʧʦʧʝʨʝʯʥʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʟʘ ʟʛʠʥʫ ʟʨʘʟʢʘ; Vɯ ï ʚʥʫʪʨʽʰʥʻ 

ʪʝʨʪʷ, ʦʙʫʤʦʚʣʝʥʝ ʤʽʞʢʨʠʩʪʘʣʽʯʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ 

 

ɺʠʟʥʘʯʝʥʥʷ çʨʝʣʘʢʩʦʚʘʥʠʡè ʽ çʥʝʨʝʣʘʢʩʦʚʘʥʠʡè 

ʤʦʜʫʣʴ ʚʠʧʣʠʚʘʶʪʴ ʽʟ ʜʽʘʛʨʘʤʠ ʨʦʟʪʷʛʫʚʘʥʥʷ ʫ ʧʨʫʞʥʽʡ 

ʦʙʣʘʩʪʽ (ʨʠʩ. 5.9). ɿʘ ʰʚʠʜʢʦʛʦ ʨʦʟʪʷʛʫʚʘʥʥ ̫ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ, ʚʽʜ ʆ ʜʦ ɸ ʫ ʨʝʟʫʣʴʪʘʪʽ ʘʜʽʘʙʘʪʠʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ ʙʫʜʝ ʥʠʞʯʦʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʦʚʢʽʣʣʷ, ʽ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʟʨʘʟʦʢ, ʧʦʛʣʠʥʫʚʰʠ ʪʝʧʣʦ ʽʟ 

ʜʦʚʢʽʣʣʷ, ʚʠʜʦʚʞʠʪʴʩʷ ʜʦ ʪʦʯʢʠ ɺ. ɿʘ ʟʤʝʥʰʝʥʥ ̫

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʪʦʯʢʠ ʉ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ ʙʫʜʝ ʙʽʣʴʰ 

ʚʠʩʦʢʦʶ, ʥʽʞ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʜʦʚʢʽʣʣʷ. ʎʠʢʣ 

ʟʘʢʽʥʯʠʪʴʩʷ ʦʭʦʣʦʜʞʝʥʥʷʤ ʽ ʩʪʠʩʥʝʥʥʷʤ ʜʦ ʪʦʯʢʠ ʆ ï ʜʦ 

ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʣʽʥʽʾ ʆɸ ʜʘʻ 

ʘʜʽʘʙʘʪʠʯʥʠʡ ʘʙʦ ʥʝʨʝʣʘʢʩʦʚʘʥʠʡ ʤʦʜʫʣʴ, ʘ ʪʘʥʛʝʥʩ ʢʫʪʘ 

ʥʘʭʠʣʫ ʣʽʥʽʾ ʆɺ ï ʽʟʦʪʝʨʤʽʯʥʠʡ, ʘʙʦ ʨʝʣʘʢʩʦʚʘʥʠʡ ʤʦʜʫʣʴ. 
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ʈʠʩʫʥʦʢ 5.9 ï ɼʽʘʛʨʘʤʘ ʧʨʫʞʥʦʛʦ ʥʘʩʣʽʜʢʫ 

 

ʅʘ ʨʠʩʫʥʢʫ 5.10 ʥʘʚʝʜʝʥʦ ʚʧʣʠʚ ʨʦʟʤʽʨʫ ʟʝʨʥʘ ʥʘ 

ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ ʚ ʘʣʶʤʽʥʽʻʚʦʤʫ ʟʨʘʟʢʫ. 

 

 
 

ʈʠʩʫʥʦʢ 5.10 ï ɺʧʣʠʚ ʨʦʟʤʽʨʫ ʟʝʨʝʥ ʥʘ ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ  

ʚ ʘʣʶʤʽʥʽʻʚʦʤʫ ʟʨʘʟʢʫ: ɯ ï ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʟʝʨʥʘ ï 0,02 ʩʤ;  

ɯɯ ï 0,04 ʩʤ; ɯɯɯ ï 0,07 ʩʤ; ɯV ï 0,084 ʩʤ;  

V ï ʙʽʣʴʰʝ ʥʽʞ 0,084 ʩʤ. ɼʽʘʤʝʪʨ ʜʨʦʪʫ ï 0,084 ʩʤ. 

 ʏʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ï 0,69 ɻʮ ʟʘ ʢʤ̔ʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ 

 

ʋ ʪʘʙʣʠʮʽ 5.1 ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ 

ʜʝʷʢʠʭ ʤʝʪʘʣʽʚ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʥʫʪʨʽʰʥʻ ʪʝʨʪʷ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʪʦʪʠ ʤʘʪʝʨʽʘʣʫ, ʩʧʦʩʦʙʫ 
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ʚʠʛʦʪʦʚʣʝʥʥʷ (ʣʠʪʪʷ, ʩʧʽʢʘʥʥʷ, ʝʣʝʢʪʨʦʣʽʪʠʯʥʝ), ʩʪʫʧʝʥʷ 

ʦʙʪʠʩʢʘʥʥʷ, ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ.  

 

ʊʘʙʣʠʮʷ 5.1 ï ɺʥʫʪʨʽʰʥʻ ʪʝʨʪʷ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ                    

ʟʘ ʢ̔ʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 
ɸʪʦʤ- 

ʥʠʡ 

ʥʦʤʝʨ 

ʄʝʪʘʣ ʉʧʦʩʽʙ 

ʦʪʨʠʤʘʥʥʷ 

ʏʠʩʪʦ-

ʪʘ, 

% 

ɺʽʜʧʘʣʶʚʘʥʥʷ ɺʥʫʪ- 

ʨ̔h ʥʻ  

ʪʝʨʪʷ  

Q
ï1 

 10
ï4

 

ʪʝʤʧʝ-

ʨʘʪʫʨʘ, 
ʦ
ʉ 

ʯʘʩ, 

ʭʚ 

12 Mg ʃʠʪʠʡ 99,99 550 30 2,1 

13 Al  ʃʠʪʠʡ, 

ʪʷʛʥʫʪʠʡ 

99,99 550 30 0,46 

26 Fe ʃʠʪʝ,  

ʪʛ̫ʥʫʪʝ 

99,7 930 30 5,6 

27 Co ɽʣʝʢʪʨʦʪʝ

ʭʥʽʯʥʠʡ 

ʪʷʛʥʫʪʠʡ 

99,96 800 60 2,0 

28 Ni ʃʠʪʠʡ, 

ʪʷʛʥʫʪʠʡ 

99,7 700 30 72,1 

29 Cu ʃʠʪʘ,  

ʪʛ̫ʥʫʪʘ 

99,99 400 30 35,5 

30 Zn ʇʨʝʩʦʚʘʥ

ʠʡ 

99,99 200 60 7,7 

42 Mo ʉʧʝʯʝʥʠʡ 99 900 60 5,1 

48 Cd ʃʠʪʠʡ 99,5   11 

50 Sn ʃʠʪʝ 99   54,2 

73 Ta ʃʠʪʠʡ, 

ʪʷʛʥʫʪʠʡ 

99,9 1 200 60 6 

74 W  99   3,5 

82 Pb ʃʠʪʠʡ 99,9   45,7 

83 Bi ʃʠʪʠʡ 99   54,2 

 

ʋʩʽ ʮʽ ʬʘʢʪʦʨʠ ʟʤʽʥʶʶʪʴ ʚʝʣʠʯʠʥʫ ʟʘ ʤʥʦʞʥʠʢʘ               

10
ï4
, ʘʣʝ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʶʪʴ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʠ 

ʚʥʫʪʨʽʥhʴʦʛʦ ʪʝʨʪʷ. ʇʨʦʪʝ ʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʤʽʥʫ ʧʦʨʷʜʢʫ 

ʚʝʣʠʯʠʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ 

ʮʠʥʢʫ ʟʘ ʟʙʣ̔ʴʰʝʥʥʷ ʯʠʩʪʦʪʠ ʟ 99,99 % ʜʦ 99,999 %                        
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(Q
ï1 

= 2 Ŀ 10
ï5
). ɺʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʥʽʢʝʣʶ 

ʦʙʫʤʦʚʣʝʥʝ ʡʦʛʦ ʬʝʨʦʤʘʛʥʽʪʥʦʶ ʧʨʠʨʦʜʦʶ. 

 
5.3.4 ɺʠʤʽʨʶʚʘʥʥʷ ʚʥʫʪʨʽhʥʴʦʛʦ ʪʝʨʪʷ 

 

ɿ ʫʩʽʭ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʝʨʪʷ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ: ʤʝʪʦʜ ʚʣ̔ʴʥʠʭ ʽ 

ʤʝʪʦʜ ʟʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ. 

ʋ ʧʝʨʰʦʤʫ ʤʝʪʦʜʽ ʚʠʤʽʨʶʻʪʴʩʷ ʣʦʛʘʨʠʬʤʽʯʥʠʡ 

ʜʝʢʨʝʤʝʥʪ ʚʽʣʴʥʠʭ ʟʘʛʘʩʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʩʪʚʦʨʝʥʠʭ ʙʫʜʴ-

ʷʢʠʤ ʩʧʦʩʦʙʦʤ ʫ ʟʨʘʟʢʫ. ʂʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʟʽ ʩʭʝʤ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʜʘʻ ʩʭʝʤʘ ʚʽʣʴʥʠʭ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʤʘʣʦʾ 

ʘʤʧʣʽʪʫʜʠ ʟ ʯʘʩʪʦʪʦʶ, ʚʠʤʽʨʶʚʘʥʦʶ ʯʘʩʪʦ ʚʽʟʫʘʣʴʥʦ (ʚʽʜ 

0,2 ɻʮ ʜʦ 2 ɻʮ). ʎʷ ʩʭʝʤʘ ʚʽʜʦʤʘ ʧʽʜ ʥʘʟʚʦʶ ʢʨʫʪʠʣʴʥʦʛʦ 

ʤʘʷʪʥʠʢʘ (ʨʠʩ. 5.11). 

 

 

 
ʈʠʩʫʥʦʢ 5.11 ï ʉʭʝʤʘʪʠʯʥʠʡ 

ʧʨʠʩʪʨʽʡ ʧʨʠʣʘʜʫ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʝʨʪʷ ʤʝʪʦʜʦʤ ʢʨʫʪʠʣʴʥʦʛʦ 

ʤʘʷʪʥʠʢʘ 

ɼʨʦʪʷʥʠʡ ʟʨʘʟʦʢ 1, ʟʘʟʚʠʯʘʡ ʜʽʘʤʝʪʨʦʤ 0,7 ʤʤ ʽ 

ʜʦʚʞʠʥʦʶ 300 ʤʤ, ʧʨʠʢʨʽʧʣʶʪʁʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʘʥʛʦʚʠʭ 

ʟʘʭʦʧʣʶʚʘʯʽʚ 2 ʜʦ ʚʝʨʭʥʴʦʛʦ ʥʝʨʫʭʦʤʦʛʦ ʩʪʨʠʞʥʷ 3 ʪʘ 
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ʥʠʞʥʴʦʛʦ ʨʫʭʦʤʦʛʦ 4, ʷʢʠʡ ʻ ʽʥʝʨʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʟ 

ʧʦʧʝʨʝʯʥʦʶ ʧʣʘʥʢʦʶ 5, ʟʘ ʷʢʦʶ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ, ʤʦʞʫʪʴ 

ʧʝʨʝʩʫʚʘʪʠʩʷ ʚʘʞʢʠ 6. ʅʠʞʥʽʡ ʢʽʥʝʮʴ ʩʪʨʠʞʥʷ 4 ʧʦʤʽʱʝʥʠʡ 

ʫ ʤʘʩʣʷʥʠʡ ʟʘʩʧʦʢʦʶʚʘʯ 7 ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʨʘʜʽʘʣʴʥʠʤ 

ʟʤʽʱʝʥʥʷʤ ʟʨʘʟʢʘ. ʉʚʽʪʣʦʚʠʡ ʧʨʦʤʽʥʴ ʚʽʜ ʦʩʚʽʪʣʶʚʘʯʘ 10, 

ʚʽʜʙʠʪʠʡ ʚʽʜ ʜʟʝʨʢʘʣʴʮʷ 8, ʧʘʜʘʻ ʥʘ ʥʘʧʽʚʧʨʦʟʦʨʫ ʰʢʘʣʫ 9, 

ʚʽʜʜʘʣʝʥʫ ʚʽʜ ʜʟʝʨʢʘʣʴʮʷ ʥʘ ʚʽʜʩʪʘʥʴ 3 ʤ. ʂʦʣʠʚʘʥʥʷ 

ʟʙʫʜʞʫʁ ʪʴʩʷ ʩʪʚʦʨʝʥʥʷʤ ʟʘʢʨʫʯʫʚʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ 11, ʧʽʩʣʷ ʮʦɹʛʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʘ ʰʢʘʣʦʶ 9 ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʪ̔ʫʜʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. 

ɿʨʘʟʦʢ 7 ʧʦʤʽʱʝʥʠʡ ʫ ʧʽʯ 12 ʽʟ ʟʘʭʠʩʥʦʶ ʘʪʤʦʩʬʝʨʦʶ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʥʘ ʙʽʣʴʰ ʚʝʣʠʢʠʭ 

ʟʨʘʟʢʘʭ ʤʦʞʥʘ ʧʨʦʚʘʜʠʪʠ ʟʘ ʪʽʻʶ ʩʘʤʦʶ ʩʭʝʤʦʶ, ʘʣʝ ʯʘʩʪʦʪʘ 

ʢʦʣʠʚʘʥʴ ʪʫʪ ʥʘʙʘʛʘʪʦ ʚʠʱʘ, ʽ ʪʦʤʫ ʧʨʠʣʘʜ ʧʦʪʨʝʙʫʻ 

ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʧʠʩʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʬʦʪʦʟʘʧʠʩ). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʠʭ ʟʨʘʟʢʽʚ ʤʘʻ ʥʝʜʦʣʽʢ ï ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪ ɹʜʝʬʝʢʪʽʚ, ʷʢʽ ʚʥʦʩʷʪʴ ʬʦʥ ʟʘ ʚʠʤʽʨʽʚ ʚʥʫʪʨʽhʥʴʦʛʦ 

ʪʝʨʪʷ.  

ʎʶ ʩʘʤʫ ʩʭʝʤʫ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʽ ʚ ʤʝʪʦʜʽ 

ʚʠʤʫh ʝʥʠʭ ʢʦʣʠʚʘʥʴ, ʜʦʩʷʛʘʶʯʠ ʨʝʟʦʥʘʥʩʫ ʟʤʽʥʦʶ ʯʘʩʪʦʪʠ 

ʧʦʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʢʦʣʠʚʘʥʥʷ. ɿ ʢʨʠʚʦʾ 

ʨʝʟʦʥʘʥʩʫ ʟʘ ʬʦʨʤʫʣʦʶ (5.12) ʤʦʞʝ ʙʫʪʠ ʧʽʜʨʘʭʦʚʘʥʝ 

ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ.  

ɯʥʰʠʤ ʨʽʟʥʦʚʠʜʦʤ ʤʝʪʦʜʫ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʻ ʩʭʝʤʘ 

ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʽʥʝʨʮʽʡʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʨʠʩ. 5.12).  

ʉʭʝʤʘ ʮʷ ʟʘʩʪʦʩʦʚʥʘ ʫ ʨʘʟʽ ʟʨʘʟʢʽʚ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ. 

ɿʨʘʟʦʢ 1 ʫ ʬʦʨʤʽ ʧʨʫʪʢʘ ʧʽʜʚʽʰʫʶʪʴ ʥʘ ʥʠʪʢʘʭ ʫ ʤʽʩʮʷʭ 

ʚʫʟʣʽʚ ʢʦʣʠʚʘʥʴ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ. ʅʘ ʟʨʘʟʦʢ, 

ʷʢʱʦ ʚʽʥ ʚʠʛʦʪʦʚʣʝʥʠʡ ʽʟ ʥʝʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʤʝʪʘʣʫ, 

ʥʘʢʣʝʶʶʪʴ ʧʦʣʶʩʥʽ ʥʘʢʦʥʝʯʥʠʢʠ 2, ʥʘʚʧʨʦʪʠ ʷʢʠʭ 

ʨʦʟʤʽʱʫʶʪʴ ʢʦʪʫʢhʠ 3. 

 



244 

 
ʈʠʩʫʥʦʢ 5.12 ï ʉʭʝʤʘ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ  

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʤʝʪʦʜʦʤ ʨʝʟʦʥʘʥʩʫ 

 

ʂʦʪʫʰʢʠ ʟ ʧʦʣʶʩʥʠʤʠ ʥʘʢʦʥʝʯʥʠʢʘʤʠ, ʧʦʤʽʱʝʥʽ ʚ 

ʧʦʣʽ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʄ, ʥʘʚʦʜʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʥʠʭ 

ʩʪʨʫʤʽʚ, ʩʪʚʦʨʶʚʘʥʠʭ ʛʝʥʝʨʘʪʦʨʦʤ ɻ, ʚʠʭʨʦʚʽ ʩʪʨʫʤʠ, ʱʦ 

ʜʽʶʪʴ ʯʝʨʝʟ ʧʦʣʶʩʥʽ ʥʘʢʦʥʝʯʥʠʢʠ ʥʘ ʟʨʘʟʦʢ, ʟʙʫʜʞʫʯʁʠ ʚ 

ʥʴʦʤʫ ʢʦʣʠʚʘʥʥʷ. ʎʽ ʢʦʣʠʚʘʥʥʷ ʜʝʪʝʢʪʫʶʪʴʩʷ ʚ ʘʥʘʣʦʛʽʯʥʽʡ 

ʢʦʪʫʰʮʽ ʥʘ ʽʥʰʦʤʫ ʢʽʥʮʽ ʟʨʘʟʢʘ ʽ ʧʦʩʠʣʝʥʽ ʧʽʜʩʠʣʁʚʘʯʝʤ ʋ 

ʧʦʜʘʶʪʴʩʷ ʥʘ ʽʥʜʠʢʘʪʦʨʥʠʡ ʧʨʠʣʘʜʠ, ʥʘʧʨʠʢʣʘʜ, 

ʦʩʮʠʣʦʛʨʘʬ. ɺʝʣʠʯʠʥʘ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʽʥʜʠʢʘʪʦʨ, ʻ ʤ̔ʨʦʶ ʘʤʧʣʽʪʫʜʠ ʟʨʘʟʢʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ 

ʩʭʝʤʠ ʦʙʤʝʞʝʥʝ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ (ʚʘʞʢʦ ʦʭʦʣʦʜʞʫʚʘʪʠ ʟʙʫʜʞʫʚʘʣʴʥʽ ʢʦʪʫhʢʠ).  

ʎʷ ʩʘʤʘ ʩʭʝʤʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʚ 

ʨʝʟʦʥʘʥʩʥʦʤʫ ʤʝʪʦʜʽ ʟʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ. ʄʝʪʦʜ ʨʝʟʦʥʘʥʩʫ 

ʚʠʢʦʨʠʩʪʦʚʫʁʪʴ ʟʘ ʚʝʣʠʢʦ ʾ ʚʝʣʠʯʠʥʠ ʟʘʛʘʩʘʥʥʷ, ʜʘʶʯʠ 

ʰʠʨʦʢʽ ʧʢ̔ʠ ʨʝʟʦʥʘʥʩʫ ʽ ʜʫʞʝ ʢʦʨʦʪʢʠʡ ʯʘʩ ʟʘʛʘʩʘʥʥʷ. ʉʭʝʤʘ 

ʮʴʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʦʛʽʯʥʘ ʚʠʱʝʦʧʠʩʘʥʽʡ.  

ɿʙʫʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʫ ʩʭʝʤʘʭ ʽʟ ʨʝʟʦʥʘʥʩʦʤ, ʢʨʽʤ 

ʚʠʱʝʦʧʠʩʘʥʦʛʦ ʤʝʪʦʜʫ ʚʠʭʨʦʚʠʭ ʩʪʨʫʤʽʚ, ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʽ 

ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʤ ʤʝʪʦʜʘʤʠ. 
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5.4 ʇʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʤʝʪʘʣʦʟʥʘʚʩʪʚʘ 
 

ɺʥʫʪʨʽʰʥʻ ʪʝʨʪʷ ʤʝʪʘʣʽʚ 

ʅʘ ʨʠʩʫʥʢʫ 5.13 ʧʦʢʘʟʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʜʣʷ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ ʤʘʛʥʽʶ, 

ʘʣʶʤ̔ʥʽʶ, ʤʽʜʽ ʪʘ ʟʘʣʽʟʘ. ʋʩʽ ʢʨʠʚʽ ʤʘʶʪʴ ʟʘ ʧʝʚʥʦ ʾ

ʪʝʤʧʝʨʘʪʫʨʠ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ ʤʘʢʩʠʤʫʤ. ɼʣʷ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ ʮʠʭ ʤʝʪʘʣʽʚ ʪʘʢʠʭ ʤʘʢʩʠʤʫʤʽʚ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʦʩʢʣ̔ʴʢʠ ʚʦʥʠ ʦʙʫʤʦʚʣʝʥʽ ʚô̫ ʟʢʠʤ 

ʢʦʚʟʘʥʥʷʤ ʫʟʜʦʚʞ ʤʝʞ ʟʝʨʝʥ.  

 

 

ʈʠʩʫʥʦʢ 5.13 ï 

ʊʝʤʧʝʨʘʪʫʨʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʧʽʢʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ, 

ʧʦʚô̫ ʟʘʥʦʛʦ ʟ ʚô̫ ʟʢʦʶ 

ʧʦʚʝʜʽʥʢʦʶ ʤʝʞ ʟʝʨʝʥ,  

ʫ ʨʽʟʥʠʭ ʤʝʪʘʣʘʭ. 

ʏʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ï 

ʧʨʠʙʣʠʟʥʦ 1 ɻʮ  

ʟʘ ʢʽʤʥʘʪʥʦ ʾ 

ʪʝʤʧʝʨʘʪʫʨʠ 

 
ʊʘʢʦʞ ʙʘʯʠʤʦ, ʱʦ ʤʘʢʩʠʤʫʤʠ ʥʝ ʩʠʤʝʪʨʠʯʥʽ. 

ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʛʽʣʢʘ ʢʨʠʚʦʾ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʧʽʩʣʷ 

ʤʘʢʩʠʤʫʤʫ ʥʝ ʟʥʠʞʫʻʪʴʩʷ ʧʦʚʥʽʩʪʶ, ʷʢ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ. ʊʘʢʠʡ ʭʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʧʦʷʩʥʶʻʪʴʩʷ ʚʧʣʠʚʦʤ ʭʦʣʦʜʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ (ʜʦ ʽ ʧʽʩʣʷ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ), ʟ ̔ ʟʨʦʩʪʘʥʥʷʤ 

ʩʪʫʧʝʥʷ ʷʢʦʾ ʟʥʠʞʝʥʥʷ ʢʨʠʚʦʾ ʧʽʩʣʷ ʤʘʢʩʠʤʫʤʫ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʽ ʟʘ ʚʝʣʠʢʠʭ ʩʪʫʧʝʥʽʚ ʦʙʪʠʩʥʝʥʥʷ ʤʘʢʩʠʤʫʤ 

ʥʘ ʢʨʠʚʽʡ ʤʦʞʝ ʧʝʨʝʨʦʜʠʪʠʩʷ ʚ ʪʦʯʢʫ ʧʝʨʝʛʠʥʫ. 

ʗʢʱʦ ʜʦʤʽʰʢʠ ʨʦʟʤʽʫɦʶʪʴʩʷ ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ, ʪʦ 

ʤʘʢʩʠʤʫʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʽʡ ʢʨʠʚʽʡ 

ʟʥʠʢʘʻ ʽ ʤʦʞʝ ʟʦʚʩʽʤ ʟʥʠʢʥʫʪʠ ʟʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʛʦ ʚʤʽʩʪʫ 
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ʜʦʤh̔ʦʢ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʙʣʦʢʫʚʘʥʥʷʤ ʤʝʞ ʟʝʨʝʥ. ʅʘ 

ʨʠʩʫʥʢʫ 5.14 ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʚʤʽʩʪʫ ʜʦʤʽʰʦʢ ʥʘ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʝ ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ. 

 

 

ʈʠʩʫʥʦʢ 5.14 ï ɺʧʣʠʚ 

ʚʤʽʩʪʫ ʜʦʤʽʰʦʢ ʥʘ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʝ 

ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ 

ʘʣʁʤʽʥʽʶ: 

 I ï 99,991 % ï 

ʘʣʶʤʽʥʽʡ;  

II ï ʘʣʶʤ̔ʥʽʡ  

ʟ̔ 0,14 % ʉu;  

0,48 % Fe ʽ 0,11 % Si;  

III ï 99,991 % ʘʣʤʁʽʥʽʡ, 

ʩʧʣʘʚʣʝʥʠʡ ʟ̔ 4 % ʤ̔ʜ ̔
 

ʋ ʨʘʟʽ ʘʣʦʪʨʦʧʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʯʠʩʪʠʭ ʤʝʪʘʣʘʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʨʠʙʦʢ ʥʘ ʢʨʠʚʽʡ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʊʘʢʠʡ ʩʪʨʠʙʦʢ ʚʠʷʚʣʝʥʠʡ ʜʣʷ ʯʠʩʪʦʛʦ 

ʢʦʙʘʣʴʪʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʙʣʠʟʥʦ 4 000 ęʉ (ʨʠʩ. 5.15). 
 

 

 

ʈʠʩʫʥʦʢ 5.15 ï 

ʊʝʤʧʝʨʘʪʫʨʥʘ 

ʟʘʣʝʞʥʽʩʪʴ 

ʚʥʫʪʨʽʥhʴʦʛʦ ʪʝʨʪʷ 

 ʜʣʷ ʢʦʙʘʣʴʪʫ. ʏʘʩʪʦʪʘ 

ʢʦʣʠʚʘʥʴ ï ʧʨʠʙʣʠʟʥʦ  

600 ɻʮ ʟʘ ʢʽʤʥʘʪʥʦ ʾ

ʪʝʤʧʝʨʘʪʫʨʠ 
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ɺʥʫʪʨʽʰʥʻ ʪʝʨʪʷ ʩʧʣʘʚʽʚ 

ɺʥʫʪʨʽʰʥʻ ʪʝʨʪʷ ʩʧʣʘʚʽʚ ʤʦʞʥʘ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʠʪʠ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʟʘʣʝʞʥʦʩʪ̫ʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʫ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ ʧʨʦʥʠʢʥʝʥʥʷ ʽ ʟʘʤʽʱʝʥʥʷ. ʇ̔ ʢʠ ʥʘ ʢʨʠʚʽʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʟʫʤʦʚʣʝʥʽ 

ʨʝʣʘʢʩʘʮʽʡʥʠʤ ʧʨʦʮʝʩʘʤʠ, ʧʦʚô̫ ʟʘʥʠʤʠ ʟ ʧʝʨʝʚʘʞʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʪʘ ʘʟʦʪʫ ʫ ʚʠʭʽʜʥʦʤʫ ʪʚʝʨʜʦʤʫ 

ʨʦʟʯʠʥʽ Ŭ-ʟʘʣʽʟʘ. ɺʥʫʪʨʽʰʥʻ ʪʝʨʪʷ ʫ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ 

ʧʨʦʥʠʢʥʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʪʘʥʪʘʣʽ, ʧʦʚô̫ ʟʘʥʝ ʟ ʥʘʷʚʥʽʩʪʶ 

ʚʫʛʣʝʮʶ ʪʘ ʢʠʩʥʶ. ɺʠʩʦʪʘ ʧʽʢʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʣʽʥʽʡʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ (ʟʘ ʤʘʣʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ), ʦʩʢʽʣʴʢʠ ʨʦʟʩʽʶʚʘʥʘ ʝʥʝʨʛʽʷ ʧʦʚʠʥʥʘ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʯʠʩʣʘ ʨʦʟʩʽʶʚʘʣʴʥʠʭ ʦʙʣʘʩʪʝʡ, ʱʦ 

ʧʨʦʧʦʨʮʽʡʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʦʥʠʢʣʠʭ ʘʪʦʤʽʚ. ʅʘ 

ʨʠʩʫʥʢʫ 5.16 ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʢʠʩʥʶ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʪʘʥʪʘʣʽ 

ʥʘ ʚʠʩʦʪʫ ʧʽʢʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ. 

 
ʈʠʩʫʥʦʢ 5.16 ï ʂʨʠʚʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʟʨʘʟʢʘ 

ʪʘʥʪʘʣʫ (ʧʫʥʢʪʠʨʥʽ ʣʽʥʽʾ) ʽ ʜʣʷ ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩʥʝʤ ʟʨʘʟʢʘ 

(ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ). ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʚʽ ʯʘʩʪʦʪʠ  

ʢʦʣʠʚʘʥʴ: ƺ ï ʙʽʣʴʰ ʥʠʟʴʢʘ ʯʘʩʪʦʪʘ (ʧʨʠʙʣʠʟʥʦ 0,31 ɻʮ);  

ʭ ï ʙʽʣʴʰ ʚʠʩʦʢʘ ʯʘʩʪʦʪʘ (ʧʨʠʙʣʠʟʥʦ 1,2 ɻʮ) 
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʨʦʜʠ ʤʝʞ ʟʝʨʝʥ ʤʝʪʦʜʦʤ 

ʚʥʫʪʨʽʥhʴʦʛʦ ʪʝʨʪʷ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʙʫʣʦ ʚʝʣʠʢʦʛʦ 

ʧʦʰʠʨʝʥʥʷ. ɿʙʽʛ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ, ʦʜʝʨʞʘʥʦʾ ʜʣʷ 

ʨʫʭʫ ʤʝʞ ʟʝʨʝʥ ʟʘ ʚʠʤʽʨʶʚʘʥʥ ̫ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʜʣʷ ɸ1, 

Ŭ-Fe, ʉu ʽ ʨʷʜʫ ʩʧʣʘʚʽʚ, ʽʟ ʟʥʘʯʝʥʥʷʤ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ 

ʜʠʬʫʟʽʾ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʜʽʙʥʽʩʪʴ ʮʠʭ ʜʚʦʭ ʷʚʠʱ. ʎʝ 

ʜʦʧʦʤʦʞʝ ʛʣʠʙʰʝ ʟʨʦʟʫʤʽʪʠ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ 

ʤʝʞʘʭ ʟʝʨʝʥ, ʽ ʨʦʣʴ ʦʩʪʘʥʥʽʭ ʫ ʤʝʪʘʣʽ.  

ɺʠʚʯʘʶʯʠ ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ, ʦʙʫʤʦʚʣʝʥʝ 

ʘʥʽʟʦʪʨʦʧʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʨʦʟʯʠʥʝʥʠʭ ʘʪʦʤʽʚ, ʤʦʞʥʘ 

ʦʜʝʨʞʘʪʠ ʜʘʥʽ ʧʨʦ ʾʭ ʨʫʭʣʠʚʽʩʪʴ ʽ ʜʠʬʫʟʽʡʥʽ ʧʨʦʮʝʩʠ, 

ʧʦʚô̫ ʟʘʥʽ ʟ ʾʭ ʧʝʨʝʨʦʟʧʦʜʣ̔ʦʤ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʜʦʟʚʦʣʠʣʦ 

ʚʠʚʯʠʪʠ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʢʘʨʙʽʜʦʫʪʚʦʨʶʚʘʣʴʥʽʡ 

ʘʫʩʪʝʥʽʪʥʽʡ ʩʪʘʣʽ ʟ 25 % Cr ʽ 20 % Ni. ɺʠʧʘʜʘʥʥʷ ʽ 

ʨʦʟʯʠʥʝʥʥʷ ʥʦʚʦʾ ʬʘʟʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʧʽʢʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ, ʦʜʠʥ ʟ ʷʢʠʭ (ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ) 

ʟʫʤʦʚʣʝʥʠʡ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʪʚʝʨʜʦʤʫ 

ʨʦʟʯʠʥʽ, ʘ ʽʥʰʠʡ (ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ) ï ʚô̫ ʟʢʦʶ ʪʝʯʽʻʶ 

ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ (ʨʠʩ. 5.17). 

 
 

ʈʠʩʫʥʦʢ 5.17 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʛʦ  

ʪʝʨʪʷ ʟʘʛʘʨʪʦʚʘʥʦʛʦ ʟʨʘʟʢʘ ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʘʣʽ.  

ʏʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʧʦʨʷʜʢʫ 1 ɻʮ ʟʘ 20 Üʉ 
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ʊʝʤʧʝʨʘʪʫʨʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʟʘ ʧʦʚʝʜʽʥʢʦʶ ʮʠʭ 

ʤʘʢʩʠʤʫʤʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʽʥʪʝʨʚʘʣ ʚʠʧʘʜʘʥʥʷ ʜʨʫʛʦʾ ʬʘʟʠ 

ʟ ʧʝʨʝʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʽ ʤʽʩʮʷ ʾʾ ʚʠʜʽʣʝʥʥʷ, 

ʧʦʚʥʩ̔ʪʶ ʟʙʽʛʣʠʩʷ ʟ ʜʘʥʠʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʽʚ (ʨʠʩ. 5.18). 

 
 

ʈʠʩʫʥʦʢ 5.18 ï ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʫʩʢʫ ʥʘ ʟʤʽʥʫ  

ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʫʤʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʽ ʚʝʣʠʯʠʥʫ  

ʧʘʨʘʤʝʪʨʘ ʘʫʩʪʝʥʽʪʫ (ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ) ʩʪʘʣʽ ʪʠʧʫ 20ï25 

 

ɺʥʫʪʨʽʰʥʻ ʪʝʨʪʷ ʜʦʟʚʦʣʷʻ ʧʨʦʩʪʝʞʠʪʠ ʢʽʥʝʪʠʢʫ 

ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ɺʽʜʦʤʠʡ ʨʷʜ ʨʦʙʽʪ ʟ̔ ʚʠʚʯʝʥʥʷ 

ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʪʚʝʨʜʽʥʥʷ (ʩʪʘʨʽʥʥʷ) ʤʝʪʦʜʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʝʨʪʷ.  

ɼʦʩʣʽʜʞʝʥʦ ʢʽʥʝʪʠʢʫ ʨʦʟʧʘʜʫ ʧʝʨʝʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʙʝʨʠʣʽʶ ʚ ʤʽʜʽ ʟʘ ʚʽʜʧʫʩʢʫ ʟ ʚʠʜʽʣʝʥʥʷʤ ɔ-ʬʘʟʠ. 

ɺʠʤʽʨʷʥʘ ʪʝʧʣʦʪʘ ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʜʽʣʝʥʥʷ ʘʪʦʤʽʚ Be ʟ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʜʦʨʽʚʥʶʻ (16 000 Ñ 300) ʢʘʣ/ʤʦʣʴ, ʱʦ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʠʤʽʨʘʤʠ ʪʝʧʣʦʪʠ ʘʢʪʠʚʘʮʽʾ ʽʥh ʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʁ ʪʴ 

ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ, ʭʦʣʦʜʥʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʨʦʟʤʽʨ 
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ʟʝʨʥʘ, ʯʠʩʪʦʪʘ ʪʘ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʪʝʨʤʽʯʥʝ 

ʦʙʨʦʙʣʝʥʥʷ ʽ ʜʦʤʽʰʢʠ, ʘ ʪʘʢʦʞ ʘʣʦʪʨʦʧʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ  

 

1 ʆʩʥʦʚʥʽ ʚʝʣʠʯʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʫʞʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. 

2 ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʘ̔ʣ̔ ʚ. 

3 ɿʘʣʝʞʥʽʩʪʴ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʪʝʨʤʯ̔ʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ. 

4 ɿʘʣʝʞʥʽʩʪʴ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ. 

5 ʄʦʜʫʣʴ ʦʙô̒ ʤʥʦʾ ʧʨʫʞʥʦʩʪʽ. 

6 ɹʘʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ. 

7 ʅʝʨʝʣʘʢʩʦʚʘʥʠʡ ʽ ʨʝʣʘʢʩʦʚʘʥʠʡ ʤʦʜʫʣ ̔ʧʨʫʞʥʦʩʪʽ. 

8 ɿʤʽʥʘ ʥʘʧʨʫʛʠ ʽ ʜʝʬʦʨʤʘʮʽʾ ʚ ʯʘʩʽ ʟʘ ʨʝʣʘʢʩʘʮʽʾ 

ʜʝʬʦʨʤʘʮʽʾ. 

9 ɺʥʫʪʨʽʰʥʻ ʪʝʨʪʷ (ʨʝʣʘʢʩʘʮʽʷ) ʤʘʪʝʨʽʘʣʽʚ. 

10 ɼ̔ ʘʛʨʘʤʘ ʢʨʫʪʽʥʥʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ Ů ʽ Ű. ʄʝʪʦʜ 

ʢʨʫʪʠʣʴʥʦʛʦ ʤʘʷʪʥʠʢʘ. 

11 ɺʥʫʪʨʽʰʥʻ ʪʝʨʪʷ ʫ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ ʟʘʤʽʱʝʥʥʷ ʪʘ 

ʧʨʦʥʠʢʥʝʥʥʷ. 

12 ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʤʝʪʦʜʦʤ 

ʚʥʫʪʨʽʥhʴʦʛʦ ʪʝʨʪʷ. 
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ʈʆɿɼɯʃ 6 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʃɸʉʊʀɺʆʉʊɽʁ ʄɸʊɽʈɯɸʃɯɺ  

ɿɸ ɼʆʇʆʄʆɻʆʖ ʉʇɽʂʊʈɸʃʔʅʆɻʆ ɸʅɸʃɯɿʋ  

 

6.1 ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ 
 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ï ʩʫʢʫʧʥʽʩʪʴ ʤʝʪʦʜʽʚ ʷʢʽʩʥʦʛʦ 

ʡ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʦʙô̒ ʢʪʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʚʯʝʥʥʽ ʩʧʝʢʪʨʽʚ ʚʟʘʻʤʦʜʽʾ ʤʘʪʝʨʽʘʣʫ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, 

ʚʢʣʶʯʘʶʯʠ ʩʧʝʢʪʨʠ ʝʣʝʢʪʨʦʤʘʛʥʪ̔ʥʦʛʦ ʚʠʧʨʦʤʽʥʚʁʘʥʥ,̫ 

ʘʢʫʩʪʠʯʥʠʭ ʭʚʠʣʴ, ʨʦʟʧʦʜʽʣʫ ʟʘ ʤʘʩʘʤʠ ʪʘ ʝʥʝʨʛʽʷʤʠ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ ̔ ʪʦʱʦ. ɿʘʣʝʞʥʦ ʚʽʜ ʤʝʪʠ ʘʥʘʣʽʟʫ ʪʘ 

ʪʠʧʽʚ ʩʧʝʢʪʨʽʚ ʚʠʜʽʣʷʶʪʴ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ. ɸʪʦʤʥʠʡ  ̔ʤʦʣʝʢʫʣʷʨʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟʠ 

ʜʦʟʚʦʣʁ̫ʪɹ ʚʠʟʥʘʯʘʪʠ ʝʣʝʤʝʥʪʥʠʡ ̔ ʤʦʣʝʢʫʣʷʨʥʠʡ ʩʢʣʘʜ 

ʨʝʯʦʚʠʥʠ. ɺ ʝʤʽʩʽʡʥʦʤʫ ʪʘ ʘʙʩʦʨʙʮʽʡʥʦʤʫ ʤʝʪʦʜʘʭ ʩʢʣʘʜ 

ʚʠʟʥʘʯʘʪ̒ɹʩʷ ʟʘ ʩʧʝʢʪʨʘʤʠ ʚʠʧʫʩʢʘʥʥʷ ʽ ʧʦʛʣʠʥʘʥʥʷ. ʄʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʩʧʝʢʪʨʘʤʠ ʤʘʩ-

ʘʪʦʤʘʨʥʠʭ ʘʙʦ ʤʦʣʝʢʫʣʷʨʥʠʭ ̔ʦʥʦʚ  ̔ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ 

ʟ̔ʦʪʦʧʥʠʡ ʩʢʣʘʜ ʟʨʘʟʢʘ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ ʤʝʪʦʜʽʚ ʦʜʝʨʞʫʶʪʴ 

ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʽ ʪʘ 

ʨʦʟʧʦʜʽʣ ʟʘʧʦʚʥʝʥʠʭ ʽ ʥʝʟʘʧʦʚʥʝʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʨʽʚʥʽʚ, ʩʪʫʧʽʥɹ ʦʢʠʩʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ 

ʤʦʣʝʢʫʣ ʽ ʭʽʤʯ̔ʥʫ ʘʢʪʠʚʥʩ̔ʪɹ ʧʦʚʝʨʭʥʽ ʘʙʦ ʤʦʣʝʢʫʣ, 

ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ, ʧʨʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟʚô̫ ʟʢʽʚ 

ʩʠʩʪʝʤʠ çʪʚʝʨʜʝ ʪʽʣʦ ï ʘʜʩʦʨʙʘʪè. ɻʣʠʙʠʥʘ ʘʥʘʣʽʟʫ ʟʚʠʯʘʡʥʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ ʩʦʨʪʦʤ ʯʘʩʪʠʥʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʢʦʥʢʨʝʪʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʜʝʩʷʪʠʭ ʯʘʩʪʦʢ 

ʥʘʥʦʤʝʪʨʘ ʜʦ 10
3
 ʥʤ. ɯʩʥʫʻ ʙʝʟʣʽʯ ʤʝʪʦʜʽʚ, ʷʢʽ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʜʦ ʢʣʘʩʫ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ. ʋʷʚʣʝʥʥʷ ʧʨʦ ʮʝ ʜʘʻ 

ʩʭʝʤʘ, ʧʦʜʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 6.1. ʉʪʨʽʣʢʠ ʥʘ ʮʽʡ ʜʽʘʛʨʘʤʽ, 

ʩʧʨʷʤʦʚʘʥʽ ʜʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʚʠʥʥʠʤ 

ʯʘʩʪʠʥʢʘʤ. ʉʪʨʽʣʢʠ, ʩʧʨʤ̫ʦʚʘʥʽ ʥʘʟʦʚʥʽ, ʚʽʜʧʦʚʽʜʘʶʪʴ 

http://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B5%D0%BA%D1%82%D1%80
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%83%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B2%D0%BE%D0%BB%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC%D0%BD%D0%BE-%D1%8D%D0%BC%D0%B8%D1%81%D1%81%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%BF%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%81%D0%BA%D0%BE%D0%BF%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC%D0%BD%D0%BE-%D0%B0%D0%B1%D1%81%D0%BE%D1%80%D0%B1%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D1%81%D0%BF%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B5%D1%82%D1%80
http://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B5%D0%BA%D1%82%D1%80_%D0%BF%D0%BE%D0%B3%D0%BB%D0%BE%D1%89%D0%B5%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81-%D1%81%D0%BF%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81-%D1%81%D0%BF%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D1%82%D0%BE%D0%BF
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ʚʪʦʨʠʥʥʠʤ ʯʘʩʪʠʥʢʘʤ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ 

ʩʪʘʥ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ʂʦʞʥʦʤʫ ʧʦʻʜʥʘʥʥʶ ʧʘʜʘʶʯʦʾ ʪʘ 

ʚʽʜʙʠʪʦʾ ʯʘʩʪʠʥʦʢ ʚʽʜʧʦʚʽʜʘʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʠʡ ʤʝʪʦʜ.  

 

ʈʠʩʫʥʦʢ 6.1 ï 

ʉʭʝʤʘ, ʱʦ ʜʘʻ 

ʫʚ̫ʣʝʥʥʷ ʧʨʦ 

ʽʩʥʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ 

ʩʧʝʢʪʨʦʩʢʦʧʯ̔ʥʠʭ 

ʤʝʪʦʜʽʚ 

 

ɺ ʝʣʝʢʪʨʦʥʥʽʡ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʨʝʘʣʽʟʫʪʁʴʩʷ ʪʨʠ 

ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ: 1) ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ 

ʜʣʷ ʧʦʨʫʰʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʚʥʫʪʨʽʰʥʽʭ ʦʙʦʣʦʥʦʢ, ʘʙʦ ʤʝʪʦʜ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʈʌɽʉ); 

2) ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʤô̫ ʢʦʛʦ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ 

ʚʠʧʨʦʤʥ̔ʶʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʘʣʝʥʪʥʽ ʨʽʚʥʽ, 

ʘʙʦ ʫʣʪɹʨʘʬʽʦʣʝʪʦʚʘ ʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ (ʋʌɽʉ); 

3) ʜʦʩʣʽʜʞʝʥʥʷ ʦʞʝ-ʝʣʝʢʪʨʦʥʽʚ, ʘʙʦ ʝʣʝʢʪʨʦʥʥʘ ʦʞʝ-

ʩʧʝʢʪʨʦʩʢʦʧʽʷ (ɽʆʉ). ʇʨʦʮʝʩʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʝʣʝʢʪʨʦʥʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʤʦʞʥʘ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʭʝʤ, 

ʧʦʜʘʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 6.2. 

 
 

ʈʠʩʫʥʦʢ 6.2 ï ʇʨʦʮʝʩʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʝʣʝʢʪʨʦʥʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ: 

ʘ ï ʋʌɽʉ; ʙ ï ʈʌɽʉ; ʚ ï ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʬʣʫʦʨʝʩʮʝʥʮʽʷ;  

ʛ ï ʦʞʝ-ʧʨʦʮʝʩ 

   ʘ ʙ 

  ʚ ʛ 
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ʋ ʨʘʟʽ ʦʧʨʦʤʽʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʬʦʪʦʥʘʤʠ ʙʘʣʘʥʩ 

ʝʥʝʨʛʽʾ ʫ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ ʪʘʢʠʤ 

ʯʠʥʦʤ: 
 

ɽʢ  = hɜ ï ɽɺ,                                     (6.1) 

ʜʝ ɽʢ ï ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʚʠʧʫʩʢʘʁ ʪʴʩʷ ʽʟ 

ʤʦʣʝʢʫʣʠ ʧʽʜ ʜʽʻʶ ʬʦʪʦʥʘ ʟ ʝʥʝʨʛʽʻʶ hɜ; ɽɺ ï ʝʥʝʨʛʽʷ ʟʚô̫ ʟʢʫ 

ʝʣʝʢʪʨʦʥʘ.  

ɿʥʘʶʯʠ ʝʥʝʨʛʽʶ ʧʝʨʚʠʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ hɜ ʽ 

ʚʠʟʥʘʯʘʶʯʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ 

ʝʤʽʪʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ɽʢ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʝʥʝʨʛʽʶ ʟʚô̫ ʟʢʫ 

ʜʘʥʦʛʦ ʘʪʦʤʘ ʘʙʦ ʤʦʣʝʢʫʣʠ ʟ ʧʦʚʝʨʭʥʝʶ.  

ʉʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʤʝʪʦʜʠ ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ ʥʘ 

ʛʨʫʧʠ: ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʽ, ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʧʦʚʝʨʭʥʽ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʧʦʚʝʨʭʥʝʚʠʭ 

ʨʝʘʢʮʽʡ. 

 

6.1.1 ʇʨʝʜʤʝʪ ʢʽʣʴʢʽʩʥʦʾ ʪʘ ʷʢʽʩʥʦʾ ʤʝʪʘʣʦʛʨʘʬʽʾ 
 

ʗʢʽʩʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʜʦʟʚʦʣʷʶʪʴ 

ʦʧʠʩʘʪʠ ʥʘʩʘʤʧʝʨʝʜ ʪʠʧ, ʬʦʨʤʫ, ʨʦʟʤʽʨ ʽ ʚʟʘʻʤʥʝ 

ʨʦʟʤ̔ʱʝʥʥʷ ʚʠʷʚʣʝʥʠʭ ʬʘʟ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ.  

ʂʽʣʴʢʽʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʦʜʽʣʷʻʪʴʩʷ ʟʘ 

ʜʚʦʤʘ ʥʘʧʨʷʤʢʘʤʠ:  

 ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʚʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʘʙʦ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ ʢʽʣʴʢʽʩʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʦʢʨʝʤʠʭ ʬʘʟ ʘʙʦ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ. ɼʣʷ ʮʽʻʾ ʤʝʪʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʽ ʤʝʪʦʜʠ, ʷʢ ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʘʙʦ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʡ ʤʽʢʨʦʘʥʘʣʽʟ;  

 ʚʠʚʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʩʪʦʨʦʚʦʾ 

ʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʠ ʚʠʤʽʨʶʚʘʥʥʷʤ ʯʠʩʝʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝʡ 

ʥʘʧʨʷʤʦʢ ʥʘʟʠʚʘʪʁʴ ʢʽʣʴʢʽʩʥʦ ʁʤʝʪʘʣʦʛʨʘʬʽʻ.ʁ  
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ʆʩʥʦʚʥʽ ʦʧʝʨʘʮʽʾ ʢʽʣʴʢʽʩʥʦʾ ʤʝʪʘʣʦʛʨʘʬʽʾ ï 

ʧʽʜʨʘʭʫʥʦʢ, ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʟʥʘʭʦʜʷʪʩɹʷ ʚ ʧʦʣʽ ʟʦʨʫ. ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʞʫʪʴ ʙʫʪʠ, ʟʦʢʨʝʤʘ, 

ʢ̔ʣʴʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʟʝʨʥʘ ʘʙʦ ʦʙô̒ ʤʥʽ ʯʘʩʪʠʥʢʠ ʨʽʟʥʠʭ ʬʘʟ 

ʫ ʩʪʨʫʢʪʫʨʽ ʩʧʣʘʚʫ. ʂʽʣʴʢʽʩʥʫ ʤʝʪʘʣʦʛʨʘʬʽ ʁ

ʚʠʢʦʨʠʩʪʦʚʫʪʁʴ ʷʢ ʩʪʘʥʜʘʨʪʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʚ ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʽ ʚ ʙʽʣʴʰʦʤʫ ʦʙʩʷʟʽ ï ʚ 

ʤʝʪʘʣʦʦʙʨʦʙʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʶʪʴ ʥʘ ʨʝʪʝʣʴʥʦ 

ʧ̔ ʜʛʦʪʦʚʣʝʥʠʭ ʰʣʽʬʘʭ ʥʝʧʨʦʟʦʨʠʭ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ 

ʪʚʝʨʜʠʭ ʪʽʣ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʩʢʦʧʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ 

ʚʽʜʙʠʪʦʤʫ ʩʚʽʪʣʽ. ʋ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʚʽʪʣʦʚʠʭ ʤʽʢʨʦʩʢʦʧʽʚ 

ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʬʘʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʚʝʣʠʯʠʥʦʶ ʥʝ ʤʝʥʰʝ ʥʽʞ 1 ʤʢʤ ʯʝʨʝʟ ʦʙʤʝʞʝʥʫ ʨʦʟʜʽʣʴʥʫ 

ʟʜʘʪʥ̔ʩʪɹ. ʈʦʟʤʽʨʠ ʪʘ ʬʦʨʤʘ ʟʨʘʟʢʘ ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʰʠʨʦʢʠʭ 

ʤʝʞʘʭ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ. ɺʝʣʠʯʠʥʘ 

ʬʘʢʪʠʯʥʦ ʧʨʦʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙô̒ ʢʪʘ ʪʘʢʦʞ 

ʢʦʣʠʚʘ̒ ʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

(ʚʽʜ 50-ʨʘʟʦʚʦʛʦ ʜʦ 1 000-ʨʘʟʦʚʦʛʦ) ʽ ʧʣʦʱʽ ʧʝʨʝʛʣʷʥʫʪʠʭ 

ʧʦʣʽʚ ʟʦʨʫ ʚ ʤʝʞʘʭ ʚʽʜ 0,1 ʤʤ
2
 ʜʦ 100 ʤʤ

2
. 

 

6.1.2 ʌʦʪʦʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 
 

ʌʦʪʦʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽ ̫ (ʌɽʉ, ʘʙʦ ɽʉʍɸ) ʻ 

ʩʫʯʘʩʥʠʤ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ ʤʝʪʦʜʦʤ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʟʘʻʤʦʜʽʾ ʬʦʪʦʥʽʚ ʪʘ ʝʣʝʢʪʨʦʥʽʚ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ: 

ʤʦʥʦʭʨʦʤʘʪʠʯʥʽ ʽ ʚ ʧʦʪʨʽʙʥʠʭ ʚʠʧʘʜʢʘʭ ʧʦʣʷʨʠʟʦʚʘʥʽ 

ʬʦʪʦʥʠ ʩʧʨʤ̫ʦʚʫʶʪʴʩʷ ʥʘ ʟʨʘʟʦʢ ʽ ʚʥʘʩʣʽʜʦʢ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʬʝʢʪʫ ʽʤʽʪʫʶʪʴʩʷ ʝʣʝʢʪʨʦʥʠ. ɰʭ 

ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʚʠʤʽʨʶʻʪʴʩʷ ʧʦʪʽʤ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʘʥʘʣʽʟʘʪʦʨʽ. ʆʩʢʽʣʴʢʠ ʛʣʠʙʠʥʘ ʚʠʭʦʜʫ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ ʜʫʞʝ 

ʤʘʣʘ (ʚʽʜ 0,5 ʥʤ ʜʦ 5 ʥʤ), ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʤʦʞʝ 

ʽʩʪʦʪʥʦ ʩʧʦʪʚʦʨʶʚʘʪʠ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʡ ʩʧʝʢʪʨ. ʊʦʤʫ 

ʟʘʟʚʠʯʘʡ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʚ ʫʤʦʚʘʭ ʥʘʜʚʠʩʦʢʦʛʦ 
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ʚʘʢʫʫʤʫ, ʽ ʚʦʥʠ ʜʫʞʝ ʪʨʫʜʦʤʽʩʪʢʽ ʟ ʧʦʛʣʷʜʫ ʧʨʦʮʝʩʫ 

ʧʽʜʛʦʪʦʚʢʠ ʯʠʩʪʦʾ ʧʦʚʝʨʭʥʽ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʪʘ ʝʥʝʨʛʽʾ ʜʞʝʨʝʣʘ ʟʙʫʜʞʝʥʥʷ 

ʨʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʌɽʉ: ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʫ ʬʦʪʦʝʣʝʢʪʨʦʥʥʫ 

ʩʧʝʢʪʨʦʩʢʦʧʽʶ (ʋʌɽʉ) ʟ ʝʥʝʨʛʽʻʶ ʟʙʫʜʞʝʥʥʷ ʜʦ 40 ʝɺ ʽ 

ʩʧʨʠʯʠʥʝʥʫ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʫ ʩʧʝʢʪʨʦʩʢʦʧʽ ʁ (ʈʌɽʉ) ʟ ʪʠʧʦʚʠʤʠ 

ʝʥʝʨʛʽʷʤʠ ʚʽʜ 1,2 ʢʝɺ ʜʦ 1,5 ʢʝɺ.  

ɽʥʝʨʛʝʪʠʯʥʠʡ ʜʦʟʚʽʣ ʧʨʦʤʠʩʣʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʧʝʢʪʨʦʤʝʪʨʽʚ ʩʪʘʥʦʚʠʪʴ ʜʦ 50 ʤʝɺ ʜʣʷ ʋʌɽʉ ʽ ʟʘ 

ʟʙʫʜʞʝʥʥ̫ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦ ʁ ʣʽʥʽʻʶ ɸ1                                        

ʂŬ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʩʷʛʘʻ 0,5 ʝɺ. ʄʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ 

ʚʩʽ ʝʣʝʤʝʥʪʠ ʟ̔ Z > 2. ʇʝʨʝʚʘʞʘʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ, ʦʜʥʘʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʭʥʽʢʠ 

ʤʦʞʣʠʚʝ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʨ̔ʶʚʘʥʴ ʫ ʨʽʜʠʥʘʭ ʽ ʛʘʟʘʭ. ʋ 

ʨʝʻʩʪʨʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ ʚʠʤʽʨʶʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʽʤʽʪʫʚʘʣʴʥʠʭ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ ʷʢ ʬʫʥʢʮʽʶ ʾʭ ʝʥʝʨʛʽʾ ʟʘ 

ʟʘʜʘʥʦʾ ʛʝʦʤʝʪʨʽʾ. 

ʋ ʨʘʟʽ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟ ʢʫʪʦʚʠʤ 

ʨʦʟʜʽʣʝʥʥʷʤ (ʌɽʉʂʈ), ʢʨʽʤ ʪʦʛʦ, ʨʝʻʩʪʨʫʶʪʴʩʷ 

ʘʟʠʤʫʪʘʣʴʥʠʡ ʽ ʧʦʣʷʨʥʠʡ ʢʫʪʠ ʚʠʭʦʜʫ ʝʣʝʢʪʨʦʥʽʚ.  

ʊʨʘʜʠʮʽʡʥʦ ʦʩʥʦʚʥʦʶ ʦʙʣʘʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʌɽʉ ̒ 

ʚʠʚʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʘʣʝʥʪʥʠʭ ʽ ʚʥʫʪʨʽʰʥʽʭ 

ʨ̔ʚʥʽʚ. ɺʦʜʥʦʯʘʩ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʜʣʷ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ 

> 25 ʝɺ ʢʨʠʚʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʪʘʥ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ (ʟʘ ʥʝʚʝʣʠʢʦ ʾʤʦʜʫʣʷʮʽʾ  

ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʘ).  

 

ʇʨʠʥʮʠʧʠ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

 ʪʚʝʨʜʠʭ ʪʽʣ 

ɿʘ ʦʧʨʦʤʽʥʝʥʥ ̫ʧʦʚʝʨʭʥʽ ʨʝʯʦʚʠʥʠ ʬʦʪʦʥʘʤʠ ʤʦʞʫʪʴ 

ʧʨʦʭʦʜʠʪʠ ʨʽʟʥʽ ʧʨʦʮʝʩʠ, ʟʦʢʨʝʤʘ, ʫʪʚʦʨʝʥʥʷ ʬʦʪʦ-

ʝʣʝʢʪʨʦʥʽʚ, ʨʦʟʩʽʶʚʘʥʥʷ ʬʦʪʦʥʽʚ, ʬʦʪʦʜʝʩʦʨʙʮʽʷ ʘʪʦʤʽʚ ʽ 

ʤʦʣʝʢʫʣ ʟ̔ ʧʦʚʝʨʭʥʽ. 
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ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʚʩʽʭ ʩʧʦʩʦʙʽʚ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʩʭʝʤʘʪʠʯʥʦ ʧʦʜʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 6.3. 

 

 

 

ʈʠʩʫʥʦʢ 6.3 ï 

ʇʨʦʮʝʩʠ  

ʥʘ ʧʦʚʝʨʭʥʽ  

ʟʘ ʦʧʨʦʤʥ̔ʝʥʥ ̫ʾʾ 

ʬʦʪʦʥʘʤʠ 

 

ʄʦʥʦʭʨʦʤʘʪʠʯʥʽ ʬʦʪʦʥʠ ʧʝʚʥʦʾ ʝʥʝʨʛʽʾ hɜ ʟʘ ʟʘʜʘʥʦ ʾ

ʛʝʦʤʝʪʨʽʾ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ (pq , pj) ʚʟʘʻʤʦʜʽʁʪʴ ʽʟ 

ʟʨʘʟʢʦʤ, ʽ ʚʥʘʩʣʽʜʦʢ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʬʝʢʪʫ ʽʤʪ̔ʫʶʪʴʩʷ 

ʝʣʝʢʪʨʦʥʠ, ʷʢʽ ʤʘʶʪʴ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ Eʢ ʽ ʧʝʚʥʫ 

ʦʨʽ̒ʥʪʘʮʽʶ ʱʦʜʦ ʟʨʘʟʢʘ (eq, ej ) (ʨʠʩ. 6.4).  
 

 
 

ʈʠʩʫʥʦʢ 6.4 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʤʝʪʦʜʫ ʌɽʉ. ɿʤʽʥʥʠʤʠ ʻ: 

ʝʥʝʨʛʽʷ ʬʦʪʦʥʽʚ hɜ, ʧʦʣʷʨʠʟʘʮʽʷ ʈ, ʧʦʣʷʨʥʠʡ ʽ ʘʟʠʤʫʪʘʣʥɹʠʡ ʢʫʪʠ 

ʧʘʜʽʥʥʷ (pq , pj); ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʽʚ ʟʙʫʜʣʠʚʦʛʦ ʧʫʯʢʘ ʬʦʪʦʥʽʚ 

Ekin, ʧʦʣʷʨʠʟʘʮʽʷ ů, ʘʟʠʤʫʪʘʣʴʥʠʡ 

 ʽ ʧʦʣʷʨʥʠʡ ʢʫʪʠ ʚʠʭʦʜʫ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ (eq, ej ) 
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ʎʽ ʝʣʝʢʪʨʦʥʠ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʘʥʘʣʽʟʘʪʦʨ. ɿʙʫʜʞʝʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʣʷʨʠʟʦʚʘʥʠʤ (ʈ), ʷʢ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʜʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʝ ʢʽʣʴʮʝ ʘʙʦ ʝʣʝʢʪʨʦʥʥʠʡ ʩʠʥʭʨʦʪʨʦʥ.  

ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʚʝʣʠʯʠʥʦʶ, ʦʜʝʨʞʫʚʘʥʦ ʁʤʝʪʦʜʦʤ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʻ ʝʥʝʨʛʽʷ ʟʚô̫ ʟʢʫ ʝʣʝʢʪʨʦʥʽʚ 

EB. ɰʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʟʜʽʡʩʥʶʶʪʴ 

ʚʠʤʽʨʚʁʘʥʥʷʤ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ Ekin ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʝʥʝʨʛʦ-

ʘʥʘʣʽʟʘʪʦʨʽ. ʆʩʥʦʚʦʶ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ,̒ ʷʢ ʙʘʯʠʤʦ ʟ 

ʨʠʩʫʥʢʘ 6.5 ʘ, ʧʨʦʩʪʝ ʩʧʽʚʚʽʜʥʦh ʝʥʥʷ (6.2): 

sP

F

Bkin ʌEEhv ++= .                           (6.2) 

 

 
ʈʠʩʫʥʦʢ 6.5 ï ɺʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟʚô̫ ʟʢʫ ʝʣʝʢʪʨʦʥʽʚ  

ʫ ʨʘʟʽ ʤʝʪʘʣʫ (ʘ) ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʟʚô̫ ʟʢʫ ɽɺ  

ʷʢ ʨʽʟʥʠʮʽ ʝʥʝʨʛʽʡ ʦʩʥʦʚʥʠʭ ʩʪʘʥʽʚ ʘʪʦʤʘ  

ʪʘ ʽʦʥʘ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʣʘʢʩʘʮʽʡʥʦʛʦ ʚʥʝʩʢʫ ɽR  

ʚ ʝʥʝʨʛʽʶ E
F

B ʜʣʷ ʚʠʧʘʜʢʫ çʟʘʤʦʨʦʞʝʥʠʭè ʦʨʙʽʪ (ʙ) 
 

ʇʨʠʯʦʤʫ ʝʥʝʨʛʽʷ ʟʚô̫ ʟʢʫ ʥʘʣʝʞʠʪʴ ʜʦ ʽʜʝʥʪʠʯʥʠʭ ʜʣʷ 

ʤʝʪʘʣʝʚʦʛʦ ʩʪʘʥʫ ʨʽʚʥʽʚ ʌʝʨʤʽ EF ʟʨʘʟʢʘ ʽ ʩʧʝʢʪʨʦʤʝʪʨʘ. 

ɺʝʣʠʯʠʥʘ ʌsP ʻ ʨʦʙʦʪʦʶ ʚʠʭʦʜʫ ʩʧʝʢʪʨʦʤʝʪʨʘ. ʅʘ ʧʨʘʢʪʠʮʽ 

ʚʝʣʠʯʠʥʠ hɜ ̔ ʌsP ʦʙô̒ ʜʥʫʶʪʴʩʷ ʚ ʢʦʥʩʪʘʥʪʫ ʩʧʝʢʪʨʦʤʝʪʨʘ, 

ʪʘʢ ʱʦ ʟ ʚʠʤʽʨʷʥʦʛʦ ʟʥʘʯʝʥʥʷ Ekin ʚʽʜʨʘʟʫ ʦʜʝʨʞʫʶʪʴ 

ʚʽʜʧʦʚʽʜʥʫ ʝʥʝʨʛʽʶ ʟʚô̫ ʟʢʫ. 
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ʆʩʦʙʣʠʚʦ ʽʩʪʦʪʥʫ ʚʝʣʠʯʠʥʫ ʤʘʻ ʝʥʝʨʛʽʷ ʨʝʣʘʢʩʘʮʽʾ. 

ʋʥʘʩʣʽʜʦʢ ʚʠʥʠʢʥʝʥʥʷ ʚʘʢʘʥʩʽʾ ʚ ʨʘʟʽ ʨʝʣʘʢʩʘʮʽʾ 

ʚʨʘʭʦʚʫ̒ ʪʴʩʷ ʷʢ ʣʦʢʘʣʴʥʘ ʟʤʽʥʘ ʱʽʣʴʥʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ ʚ 

ʘʪʦʤʽ ʯʝʨʝʟ ʩʠʣʴʥʝ ʧʨʠʪʷʛʘʥʥʷ ʤʽʞ ʝʣʝʢʪʨʦʥʘʤʠ ʽ ʷʜʨʦʤ 

(ʚʥʫʪʨʽʰʥʴʦʘʪʦʤʥʠʡ ʚʥʝʩʦʢ), ʪʘʢ ʽ ʝʢʨʘʥʫʚʘʥʥʷ ʩʫʩʽʜʥʽʤʠ 

ʘʪʦʤʘʤʠ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʦʛʦ ʽʦʥʘ (ʟʦʚʥʽʰʥʷ ʘʪʦʤʘʨʥʘ 

ʨʝʣʘʢʩʘʮʽʷ). ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʧʣʠʚʫ ʨʝʣʘʢʩʘʮʽʾ 

ʧʦʜʘʥʝ ʥʘ ʨʠʩʫʥʢʫ 6.5 ʙ. ʇʽʩʣʷ ʧʨʦʮʝʩʫ ʽʦʥʽʟʘʮʽʾ ʯʝʨʝʟ 

ʨʝʦʨʛʘʥʽʟʘʮʽʶ ʦʨʙʽʪʘʣʝʡ ʚʠʥʠʢʘʻ ʥʦʚʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʘʪʦʤʥʠʤ 

ʩʪʘʥʦʤ ɣAt, ʢʨʠʚʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʽʦʥʽʟʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ɣIon. ɺʝʣʠʯʠʥʘ E
F

B ʻ ʝʥʝʨʛʽʻʶ ʟʚô̫ ʟʢʫ ʜʣʷ ʚʠʧʘʜʢʫ 

çʟʘʤʦʨʦʞʝʥʦʾè ʦʨʙʽʪʘʣʽ, ʪʦʙʪʦ ʜʣʷ ʩʪʘʣʦʛʦ ʟʥʘʯʝʥʥʷ 

ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ɣ. ɿʘ ʟʥʽʤʘʥʥ ̫ ʩʧʝʢʪʨʽʚ ʯʝʨʝʟ ʧʨʦʮʝʩ 

ʬʦʪʦʝʤʽʩʽʾ ʝʥʝʨʛʽʷ ʟʚô̫ ʟʢʫ ʚʠʨʘʞʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ 

R

F

BB EEE -= .                              (6.3) 
 

çʂʦʣʠʰʥʷè ʝʥʝʨʛʽʷ ʟʚô̫ ʟʢʫ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ 

ʣʠh ʝ ʪʦʜʽ, ʢʦʣʠ ʚʽʜʦʤʠʡ ʚʥʝʩʦʢ ʨʝʣʘʢʩʘʮʽʾ. 

ɽʥʝʨʛʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ (ʈʌɽʉ) ʟʘ ʚʠʙʠʚʘʥʥ ̫ʝʣʝʢʪʨʦʥʘ 

ʟ ʂ-ʦʙʦʣʦʥʢʠ ʘʪʦʤʘ ʧʦʜʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 6.6. 

 

 

 

 

ʈʠʩʫʥʦʢ 6.6 ï  

ɽʥʝʨʛʝʪʠʯʥʘ  

ʜʽʘʛʨʘʤʘ ʈʌɽʉ 
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ɸʧʘʨʘʪʫʨʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʌɽʉ-ʩʧʝʢʪʨʽʚ 
 

ʌʦʪʦʝʣʝʢʪʨʦʥʥʠʡ ʩʧʝʢʪʨʦʤʝʪʨ ʩʢʣʘʜʘʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʟ ʯʦʪʠʨʴʦʭ ʛʦʣʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ: ʜʞʝʨʝʣʘ 

ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʩʪʚʦʨʶʻ ʤʦʥʦʝʥʝʨʛʝʪʠʯʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; ʚʽʜʧʦʚʽʜʥʦʾ ʚʘʢʫʫʤʥʦʾ ʢʘʤʝʨʠ ʜʣʷ ʟʨʘʟʢʽʚ, 

ʫ ʷʢʽʡ ʤʦʞʣʠʚ ̔ ʾʭ ʫʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʘ; 

ʝʥʝʨʛʦʘʥʘʣʽʟʘʪʦʨʘ ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ ʽ ʩʠʩʪʝʤʠ ʨʝʻʩʪʨʘʮʽʾ ʟ 

ʚʽʜʧʦʚʽʜʥʦʶ ʝʣʝʢʪʨʦʥʢ̔ʦʶ. ʎʽ ʝʣʝʤʝʥʪʠ ʨʦʟʤʽʫɦʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʫ ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ ʥʘʚʢʦʣʦ ʟʨʘʟʢʘ. ɼʫʞʝ ʚʠʩʦʢʽ 

ʚʠʤʦʛʠ ʜʦ ʚʘʢʫʫʤʫ (10
ï7
ï10

ï10
 ʇʘ) ʨʝʘʣʽʟʫʶʪʴʩʷ ʩʴʦʛʦʜʥʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʦʥʥʠʭ, Ti-ʩʫʙʣʽʤʘʮʽʡʥʠʭ, 

ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʠʭ ʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʜʠʬʫʟʽʡʥʠʭ 

ʥʘʩʦʩʽʚ. ʅʘ ʨʠʩʫʥʢʫ 6.7 ʥʘʚʝʜʝʥʦ ʧʨʠʩʪʨʽʡ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ 

(ʅʈ5950ɸ). 

 

 

 

ʈʠʩʫʥʦʢ 6.7 ï 

ʇʨʠʥʮʠʧʦʚʠʡ ʧʨʠʩʪʨʽʡ 

ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ (HP 5950A): 

1 ï ʟʨʘʟʦʢ;  

2 ï ʜʞʝʨʝʣʦ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥ;̫  

3 ï ʢʦʣʦ ʈʦʣʘʥʜʘ;  

4 ï ʤʦʥʦʭʨʦʤʘʪʦʨ;  

5 ï ʣ̔ʥʟʠ; 6 ï ʜʝʪʝʢʪʦʨ;  

7 ï ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʡ 

ʘʥʘʣʽʟʘʪʦʨ; 8 ï ʚʠʩʥʦʚʦʢ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʚʁʘʥʴ;  

9 ï ʘʥʘʣʽʟʘʪʦʨ  

ʝʣʝʢʪʨʦʥʽʚ 
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ʗʢ ʜʞʝʨʝʣʘ ʬʦʪʦʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʜʫʩʽʤ 

ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʪʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʘ ʪʘʢʦʞ ʫʩʝ ʙʽʣʴʰʝ ʩʠʥʭʨʦʪʨʦʥʥʝ ʚʠʧʨʦʤʥ̔ʶʚʘʥʥʷ. ɽʥʝʨʛʽʷ 

ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻ ʜʽʘʧʘʟʦʥ ʝʥʝʨʛʽʡ 

ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʧʝʢʪʨʘ.  

ʋʣʴʪʨʘʬʽʦʣʝʪʦʚʠʡ (UV) ʚʠʧʨʦʤʽʥʶʚʘʯ ʟ̔ ʜʫʞʝ 

ʚʠʩʦʢʦʶ ʤʦʥʦʭʨʦʤʘʪʠʯʥʽʩʪʶ (ʰʠʨʠʥʘ ʣʽʥʽʡ 20 ʤʝɺ) 

ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʛʘʨʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ. 

ɼʣʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʟʙʫʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴ ʧʝʨʝʚʘʞʥʦ 

ʂŬ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʣʶʤʽʥʽʶ ʪʘ ʤʘʛʥʽʶ, ʚʦʜʥʦʯʘʩ ʽʩʪʦʪʥʝ 

ʧʦʣʽʧʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʝ 

ʚʥʘʩʣʽʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʦʥʦʭʨʦʤʘʪʦʨʽʚ. 

ʇʽʩʣʷ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʘʥʘʣʟ̔ʘʪʦʨ ʻ ʜʨʫʛʠʤ ʟʘ ʚʘʞʣʠʚʽʩʪʶ ʘʧʘʨʘʪʫʨʥʠʤ ʝʣʝʤʝʥʪʦʤ. 

ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʘʟʚʠʯʘʡ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽ ʝʥʝʨʛʝʪʠʯʥʽ 

ʘʥʘʣʟ̔ʘʪʦʨʠ ʟ ʮʠʣʽʥʜʨʠʯʥʠʭ ʘʙʦ ʩʬʝʨʠʯʥʠʭ ʧʣʘʩʪʠʥ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ̔ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. ɽʣʝʢʪʨʦʥʠ, ʱʦ 

ʧʦʪʨʘʧʠʣʠ ʯʝʨʝʟ ʚʠʭʽʜʥʫ ʘʧʝʨʪʫʨʫ  ̔ʤʘʶʪʴ ʧʝʚʥʫ ʢʽʥʝʪʠʯʥʫ 

ʝʥʝʨʛʽʶ, ʨʫʭʘʁ ʪʩɹ ̫ ʧʦ ʧʝʚʥʽʡ ʦʨʙʽʪʽ, ʬʦʨʤʘ ʷʢʦʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʢʦʥʘʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʦʧʪʠʢʠ, ʝʣʝʢʪʨʠʯʥʠʤ 

ʧʦʣʝʤ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʽ ʛʝʦʤʝʪʨʽʻʶ ʘʥʘʣʽʟʘʪʦʨʘ. 

ʈʌɽʉ-ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʭʽʤʽʯʥʠʭ 

ʩʪʘʥʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʜʘʪʥʽʩʪʴ ʘʥʘʣʽʟʫ 

ʚʝʣʠʢʠʭ ʟʨʘʟʢʽʚ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʛʦʤʦʛʝʥʥʽʩʪʴ 

ʧʦʚʥʦʨʦʟʤʽʨʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʣʘʩʪʠʥ. ʉʠʩʪʝʤʘ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʥʝʨʫʡʥʽʚʥʠʡ ʘʥʘʣʽʟ ʫʣʴʪʨʘʪʦʥʢʠʭ 

ʧʦʢʨʠʪʪʚ̔ (ʜʦ 10 ʥʤ) ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 0,1 ʥʤ 

(ʨʠʩ. 6.8). 
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ʈʠʩʫʥʦʢ 6.8 ï ʉʠʩʪʝʤʘ  

ʜʣʷ ʥʝʨʫʡʥʽʚʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʚʝʨʭʥʽ Theta 300, ʧʦʻʜʥʫʻ ʤʝʪʦʜʠʢʠ 

ʈʌɽʉ ʽ ʈʌɽʉ ʟ ʢʫʪʦʚʠʤ ʨʦʟʜʣ̔ʝʥʥʷʤ 

 

ɼʣʷ ʙʽʣʴʰ ʪʦʚʩʪʠʭ ʧʣʽʚʦʢ (ʜʦ 2 ʤʢʤ) ʚʠʢʦʨʠʩʪʦʚʫʁʪʴ 

ʩʠʩʪʝʤʫ ʪʨʘʚʣʝʥʥʷ ʧʫʯʢʦʤ ʽʦʥʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʧʦʰʘʨʦʚʠʡ ʈʌɽʉ-ʘʥʘʣʽʟ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ 

ʧʨʦʬ̔ʣʽʚ ʥʘ ʚʝʣʠʢʽ ʛʣʠʙʠʥʠ. 

ʄʦʜʫʣʴ ʝʣʝʢʪʨʦʥʥʦ-ʽʦʥʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ɽɯʉ)  

(ʨʠʩ. 6.9) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʘʥʘʣʽʟʫ ʟʨʘʟʢʽʚ ʨʦʟʤʽʨʘʤʠ ʜʦ  

10 ʤʤ Ĭ 10 ʤʤ Ĭ 8 ʤʤ ʚ ʫʤʦʚʘʭ ʥʘʜʚʠʩʦʢʦʛʦ ʚʘʢʫʫʤʫ (ʜʦ 

1,2  10
ï10

 ʤɹʘʨ). ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʤʦʜʫʣʷ ï ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʨʘʟʢʘ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʪʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʾ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʦʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʨʦʟʩʽ̫ ʥʥʷ ʽʦʥʽʚ.  
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ʈʠʩʫʥʦʢ 6.9 ï 

ʄʦʜʫʣʴ 

ʝʣʝʢʪʨʦʥʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʅɸʅʆʌɸɹ 25 

 

 

ʆʩʥʦʚʫ ʧʨʠʣʘʜʫ ʩʪʘʥʦʚʠʪʴ ʩʧʝʢʪʨʦʤʝʪʨ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʚʪʨʘʪ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʝʻʩʪʨʘʮʽʶ ʚʽʜʙʠʪʠʭ ʝʣʝʢʪʨʦʥʽʚ ʟ ʝʥʝʨʛʽʷʤʠ ʜʦ 15 ʢʝɺ ʟʘ 

ʦʙʨʘʥʦʾ ʜʣ̔ʷʥʢʠ ʟʨʘʟʢʘ. ʄʦʜʫʣʴ ɽɯʉ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʫ ʤʽʢʨʦ-, ʦʧʪʦ- ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʥʽʮʽ ʜʣʷ ʘʥʘʣʽʟʫ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʘʧʘʤô̫ ʪʦʚʫʚʘʣʴʥʠʭ 

ʩʝʨʝʜʦʚʠʱ, ʫ ʭʽʤʽʯʥʽʡ ʪʝʭʥʦʣʦʛʽʾ, ʜʣʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʫ ʪʝʭʥʦʣʦʛʽʾ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪ. ʧ. 

 

6.1.3 ɽʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʜʣʷ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 
 

ʇʽʜʛʦʪʦʚʢʘ ʟʨʘʟʢʽʚ 

ʈʦʟʨʽʟʥʷʶʪʴ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʥʦʚʦʾ ʧʦʚʝʨʭʥʽ ʪʘ 

ʩʧʦʩʦʙʠ ʦʙʨʦʙʣʝʥʥʷ ʜʣʷ ʧʦʩʪʫʧʦʚʦʛʦ ʚʠʜʘʣʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʠʭ ʽ ʟʤʽʥʝʥʠʭ ʰʘʨʽʚ. ɼʦ ʧʝʨʰʦʾ ʢʘʪʝʛʦʨʽʾ ʥʘʣʝʞʘʪʴ 

ʩʢʦʣ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʟʨʘʟʢʘ ʚʟʜʦʚʞ ʧʣʦʱʠʥʠ ʨ̌ʘʪʢʠ ʟ 

ʤʘʣʠʤʠ ʽʥʜʝʢʩʘʤʠ. ʗʢʱʦ ʮʝʡ ʩʢʦʣ ʧʨʦʚʦʜʠʪʴʩʷ ʚ 

ʥʘʜʚʠʩʦʢʦʤʫ ʚʘʢʫʫʤʽ, ʪʦ ʚʠʭʦʜʠʪʴ ʧʣʘʩʢʘ ʽ ʯʠʩʪʘ ʧʦʚʝʨʭʥʷ ʟ 

ʧʝʚʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʜʣʷ ʬʦʪʦʝʤʽʩʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʠʱʦʾ 
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ʷʢʦʩʪʽ. ɿʚʠʯʘʡʥʦ, ʧʦʪʨ̔ʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʘʢʪʠʚʥʽʩʪʴ ʩʚʽʞʦʾ 

ʧʦʚʝʨʭʥʽ ɦʦʜʦ ʛʘʟʽʚ ʥʘʚʢʦʣʠʰʥʴʦ ʾʘʪʤʦʩʬʝʨʠ. ʅʘʧʨʠʢʣʘʜ, 

Si ʽ CaAs ʜʫʞʝ ʣʝʛʢʦ ʘʙʩʦʨʙʫʶʪʴ ʯʝʨʝʟ ʥʝʟʘʜʽʷʥʽ ʚʽʣʴʥʽ 

ʟʚô̫ʟʢʠ ʟ ʥʘʚʢʦʣʠʰʥʦɹ  ʁ ʛʘʟʦʚʦ  ʁ ʘʪʤʦʩʬʝʨʦ  ʁ ʽ ʥʘʚʽʪʴ ʫ 

ʥʘʜʚʠʩʦʢʦʤʫ ʚʘʢʫʫʤʽ ʧʦʨʷʜʢʫ 10
ï8

 ʇʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʘʨʦʩʪʘʥʥʷ ʤʦʥʦʘʪʦʤʥʦʛʦ ʰʘʨʫ ʟʘ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʡ ʯʘʩ. 

ɯʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠʛʦʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ, ʪʘʢʠʤʠ ʷʢ 

ʦʩʘʜʞʝʥʥʷ ʘʙʦ ʥʘʧʠʣʝʥʥʷ, ʪʘʢʦʞ ʦʪʨʠʤʫʶʪʴ ʥʦʚʫ 

ʧʦʚʝʨʭʥʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʙʦʭ ʩʧʦʩʦʙʽʚ ʦʙʤʝʞʫʻʪʴʩʷ, 

ʱʦʧʨʘʚʜʘ, ʟ ʙʦʢʫ ʯʠʩʪʦʪʠ ʽ ʩʪʝʭʽʦʤʝʪʨʽʾ. ɿ ʫʩʧʽʭʦʤ 

ʟʘʩʪʦʩʦʚʫʪʁʴ ʧʽʜʛʦʪʦʚʢʫ ʟʨʘʟʢʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʘʢʫʫʤʥʽʡ 

ʢʘʤʝʨʽ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʤʝʭʘʥʽʯʥʦʤʫ ʚʠʜʘʣʝʥʥʽ ʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʤʘʟʥʦʾ ʱʽʪʢʠ. ʅʝʜʦʣʽʢʦʤ ʻ ʥʝʤʠʥʫʯʘ 

ʚ ʮʴʦʤʫ ʨʘʟʽ ʰʦʨʩʪʢʽʩʪʴ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʘ ʧʽʜʛʦʪʦʚʢʘ ʽʦʥʥʠʤ ʪʨʘʚʣʝʥʥʷʤ 

(ʨʦʟʧʠʣʝʥʥʷ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʽʦʥʽʚ 

ʙʣʘʛʦʨʦʜʥʠʭ ʛʘʟʽʚ (ʥʘʧʨʠʢʣʘʜ, ɸr
+
). ʄʘʡʞʝ ʚʩʽ ʧʨʦʤʠʩʣʦʚʽ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʽ ʩʧʝʢʪʨʦʤʝʪʨʠ ʟʘʙʝʟʧʝʯʝʥʽ ʛʘʨʤʘʪʘʤʠ ʜʣʷ 

ʽʦʥʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʟʘ ʧʽʜʛʦʪʦʚʢʠ ʟʨʘʟʢʽʚ. ʋ ʧʨʦʮʝʩʽ 

ʨʦʟʧʠʣʝʥʥʷ ʚʠʙʠʚʘʶʪʴʩʷ ʘʪʦʤʠ ʟ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʫʥʘʩʣʽʜʦʢ 

ʚʧʣʠʚʫ ʧʨʠʩʢʦʨʝʥʠʭ ʽʦʥʽʚ ʙʣʘʛʦʨʦʜʥʦʛʦ ʛʘʟʫ. ʎʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ, ʟʘʣʝʞʥʦ ʚʽʜ ʽʦʥʥʦʛʦ ʩʪʨʫʤʫ, ʧʨʠʩʢʦʨʶʚʘʣʴʥʦ ʾ

ʥʘʧʨʫʛʠ ʪʘ ʤʘʪʝʨʘ̔ʣʫ ʟʨʘʟʢʘ, ʚʠʜʘʣʠʪʠ ʟ ʧʦʚʝʨʭʥʽ ʥʝʙʘʞʘʥʽ 

ʤʦʥʦʘʪʦʤʥ̔ ʰʘʨʠ ʟʘ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʡ ʯʘʩ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʽʦʥʥʦʛʦ ʪʨʘʚʣʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʟʘ ʚʠʩʦʢʠʭ ʧʨʠʩʢʦʨʶʚʘʣʴʥʠʭ 

ʥʘʧʨʫʛ (ʚʽʜ 1 ʢɺ ʜʦ 10 ʢɺ), ʧʦʚʝʨʭʥʷ ʟʨʘʟʢʽʚ ʜʫʞʝ ʩʠʣʴʥʦ 

ʩʧʦʪʚʦʨʶʻʪʴʩʷ (ʘʤʦʨʬʽʟʫʻʪʴʩʷ). ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʯʘʩʪʦ ʯʝʨʝʟ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʢʦʝʬʽʮʽʻʥʪʘʭ ʨʦʟʧʠʣʝʥʥʷ ʜʝʬʽʮʠʪ 

ʦʜʥʽʻʾ ʟ ʢʦʤʧʦʥʝʥʪ ʟʨʘʟʢʘ, ʪʘʢ ʱʦ ʩʢʣʘʜ ʧʦʚʝʨʭʥʽ ʩʪʘʻ ʥʝ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʦ ʩʢʣʘʜʫ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ 

ʚʜʘʻʪʴʩʷ ʫʩʫʥʫʪʠ ʥʝʙʘʞʘʥʽ ʰʘʨʠ, ʥʘʧʨʠʢʣʘʜ ʦʢʠʩʥʽ, 

ʥʘʛʨʽʚʘʥʥʷʤ ʟʨʘʟʢʽʚ. 
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ʌʦʪʦʝʤʽʩʽʷ ʤʝʪʘʣʽʚ 

ʉʠʩʪʝʤʘʪʠʯʥʝ ʚʠʚʯʝʥʥʷ ʚʘʣʝʥʪʥʠʭ ʟʦʥ ʧʝʨʝʭʽʜʥʠʭ 

ʤʝʪʘʣʽʚ ʥʘʣʝʞʠʪʴ ʜʦ ʧʝʨʰʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʨʦʙʪ̔ ʧʽʩʣʷ ʪʦʛʦ, 

ʷʢ ʜʦ ʜʦʩʣʽʜʥʠʢʽʚ ʧʦʪʨʘʧʠʣʠ ʩʧʝʢʪʨʦʤʝʪʨʠ ʟ ʚʠʩʦʢʦʶ 

ʨʦʟʜʣ̔ʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʉʧʝʢʪʨʠ ʣʝʛʢʠʭ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ 

(ʨʠʩ. 6.10) ʤʘʶʪʴ ʧʨʦʩʪʠʡ ʚʠʛʣʷʜ ʽ ʦʜʠʥ ʧʽʢ ʚʠʩʦʢʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʥʠʞʥʴʦʤʫ ʢʨʘʾ d-ʟʦʥ, ʩʧʨʠʯʠʥʝʥʠʡ 

ʟʤʝʥʰʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʧʝʨʝʨʽʟʫ ʽʦʥʽʟʘʮʽʾ. 
 

 
 

ʈʠʩʫʥʦʢ 6.10 ï ʉʧʝʢʪʨʠ ʚʘʣʝʥʪʥʦʾ ʩʤʫʛʠ ʧʝʨʝʭʽʜʥʠʭ  

ʤʝʪʘʣʽʚ, ʦʜʝʨʞʘʥʽ ʤʝʪʦʜʦʤ ʈʌɽʉ 

 

ɹʘʯʠʤʦ, ʱʦ ʪʨʠ ʤʝʪʘʣʠ ʟ ʥʘʡʙʽʣʴʰ ʩʠʣʴʥʠʤ 

ʩʧʽʥʦʨʙʪ̔ʘʣʴʥʠʤ ʟʚô̫ ʟʢʦʤ Ir, Pt, Au ʻ ʪʘʢʦʞ ʤʝʪʘʣʘʤʠ, ʜʣʷ 

ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʫʙʣʝʪʥʘ ʩʪʨʫʢʪʫʨʘ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. 

ɼʣʷ Au ʝʥʝʨʛʝʪʠʯʥʝ ʨʦʟʜʽʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʩʪʘʥʦʚʠʪʴ ~3 ʝɺ, 

ʟʥʘʯʝʥʥʷ, ʷʢʝ ʫʜʚʽʯʽ ʙʽʣʴʰʝ, ʥʽʞ ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʽʚʥʷʤʠ d3/2 ï 

d5/2 ʚ ʘʪʦʤʽ. ɿ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʩʧʝʢʪʨʽʚ ʤʦʞʥʘ 

ʚʩʪʘʥʦʚʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʽʢʽʚ ʢʦʤʧʦʥʝʥʪʽʚ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ 

ʥ̔ʜʠʚʽʜʫʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ J (ʧʦʚʥʠʡ ʤʦʤʝʥʪ). 
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ʋ ʤʽʨʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʘʢʫʫʤʥʠʭ ʩʠʩʪʝʤ ʽ ʟ 

ʧʽʜʚʠɦ ʝʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʜʦʟʚʦʣʫ ʟô̫ ʚʠʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʱʝ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʪʦʥʢʦʾ ʩʪʨʫʢʪʫʨʠ ʚʘʣʝʥʪʥʦʾ 

ʩʤʫʛʠ ʽ ʧʨʦʚʦʜʠʪʠ ʈʌɽʉ-ʚʠʤʽʨʶʚʘʥʥʷ ʪʘʢʦʞ ʥʘ ʤʝʪʘʣʘʭ ʟ̔ 

ʚʠʩʦʢʦʶ ʭʽʤʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʪʘʢʠʭ ʷʢ Mg ʪʘ ɸ1 ʘʙʦ Cd, 

Dy, Er. ʆʩʪʘʥʥʽ ʨʽʜʢʦʟʝʤʝʣʴʥʽ ʤʝʪʘʣʠ ʚʠʚʯʘʣʠ, ʟʘ ʜʘʥʠʤʠ 

ʘʚʪʦʨʽʚ, ʟʘ ʚʘʢʫʫʤʫ 6ï10
ï10

 ʇʘ. ʂʦʤʧʣʝʢʩʥʽ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ 

ʜʦʩʣʜ̔ʞʝʥʥʷ ʟ ʫʩʧʽʭʦʤ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 3D-ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ (Sc-Zn). 

  

ɽʉʍɸ ʷʢ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 
 

ʌʦʪʦʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʤʦʞʝ ʜʘʪʠ ʪʘʢʫ 

ʽʥʬʦʨʤʘʮʽʶ:  

ï ʟʘ ʢʽʥʝʪʠʯʥʦ ʁ ʝʥʝʨʛʽʻ  ʁ ʘʙʦ ʝʥʝʨʛʽʻ  ʁ ʟʚô̫ ʟʢʫ 

ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ (ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ);  

ï ʟʘ ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʘʙʦ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ 

ʘʙʦ ʢʣ̔ʴʢʽʩʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ);  

ï ʢʨʽʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʚʝʨʭʥ,ʁ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ 

ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʨʦʟʧʦʜʽʣ ʟʘ ʛʣʠʙʠʥʦ  ʁ ʝʣʝʤʝʥʪʽʚ ʽ 

ʩʧʦʣʫʢ; ʥʘ ʛʣʠʙʠʥʘʭ, ʱʦ ʜʦʨʽʚʥʶʶʪʴ ʛʣʠʙʠʥʽ ʚʠʭʦʜʫ 

ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʥʝ 

ʩʧʦʪʚʦʨʶʻʪʩɹʷ, ʜʣʷ ʘʥʘʣʽʟʫ ʙʽʣʴʰ ʪʦʚʩʪʠʭ ʰʘʨʽʚ ʥʝʦʙʭʽʜʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʤʝʪʦʜʽʚ. 

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʻ ʥʝʟʥʘʯʥʘ ʛʣʠʙʠʥʘ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʪʨʠʤʫ̒ ʪʴʩʷ 

ʟʘ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ɻʣʠʙʠʥʘ ʦʙʣʘʩʪʽ, ʱʦ ʜʘʻ 

ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ ʽ           

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦ ʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʘ 

ʤʽʢʨʦʤʝʪʨʽʚ; ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʜʦʚʛʦʭʚʠʣʴʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʣʽʥʽʡ ʦʙʣʘʩʪʴ 

ʩʢʦʨʦʯʫʻʪʴʩʷ ʚʽʜ 0,1 ʤʢʤ ʜʦ 1 ʤʢʤ. 
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ʗʢ ʧʨʠʢʣʘʜ (ʨʠʩ. 6.11), ʥʘʚʝʜʝʥʠʡ ʩʧʝʢʪʨ ʟʦʣʦʪʦʾ 

ʬʦʣʴʛʠ, ʥʘ ʷʢʽʡ ʘʜʩʦʨʙʦʚʘʥʘ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʨʪʫʪʽ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ɽʉʍɸ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤʝʥʰʝ 

ʥʽʞ 0,1%-ʡ ʤʦʥʦʰʘʨ Hg ʥʘ ʧʦʚʝʨʭʥʽ Au. 
 

 

 

 

ʈʠʩʫʥʦʢ 6.11 ï 

ʉʧʝʢʪʨ  

ʬʦʪʦʝʣʝʢʪʨʦʥʽʚ  

ʟʦʣʦʪʦʾ ʬʦʣʴʛʠ 

 

6.1.4 ɽʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʠʡ ʤʽʢʨʦʘʥʘʣʽʟ 
 

ʇʦʥʷʪʪʷ çʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʠʡ ʤʽʢʨʦʘʥʘʣʽʟè (ɽɿʄɸ) 

ʤʽʩʪʠʪʴ ʢʦʤʙʽʥʘʮʽʶ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ 

(ʈʉʄɸ) ʪʘ ʨʘʩʪʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ʈɽʄ).  

ɽɿʄɸ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʤ, ʜʝ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ 

ʩʢʣʘʜ ʟʨʘʟʢʘ ʚ ʤʽʢʨʦʦʙô̒ ʤʘʭ ʘʙʦ ʡʦʛʦ ʪʦʧʦʛʨʘʬʽʶ. ʄʦʞʫʪʴ 

ʙʫʪʠ ʚʠʨʽʰʝʥʽ ʪʘʢ̔ ʟʘʚʜʘʥʥʷ:  

ï ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʣʘʤʫ ʽ ʚʥʫʪʨʽʰʥʽʭ 

ʧʦʚʝʨʭʦʥʴ, ʘ ʪʘʢʦʞ ʧʦʚʝʨʭʥʽ ʛʘʣʴʚʘʥʽʯʥʠʭ ʽ ʢʦʨʦʟʽʡʥʠʭ 

ʘhʨʽʚ;  

ï ʦʮʽʥʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʨʽʟʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ 

ʟʥʦh ʝʥʠʭ ʜʝʪʘʣʝʡ;  

ï ʷʢʽʩʥʠʡ ʽ ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʽʟʥʠʭ ʬʘʟ ʽ ʚʢʣʶʯʝʥʴ;  

ï ʘʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʟʦʥ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʽʚ ʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʦʙô̒ ʢʪʘ; 
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ï ʚʠʷʚʣʝʥʥʷ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʽ ʬʝʨʦʝʣʝʢʪʨʠʯʥʠʭ 

ʜʦʤʝʥʽʚ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʫ 

ʝʣʝʤʝʥʪʘʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʨʘʟʽ ɽɿʄɸ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ 

ʘʥʘʣʽʟʫ ʚʩʽʭ ʪʚʝʨʜʠʭ ʪʽʣ, ʪʘʢʠʭ ʷʢ ʤʝʪʘʣʠ, ʩʢʣʦ, ʢʝʨʘʤʢ̔ʘ, 

ʛʽʨʩʴʢʘ ʧʦʨʦʜʘ, ʨʫʜʘ, ʘ ʪʘʢʦʞ ʙʽʦʣʦʛʽʯʥʽ ʧʨʝʧʘʨʘʪʠ. 

 

ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ 

ɽɿʄɸ ï ʮʝ ʩʧʦʩʽʙ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘ ʷʢʦʛʦ ʪʦʥʢʦ 

ʩʬʦʢʫʩʦʚʘʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʦʤʽʥʴ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʦʚʝʨʭʥʶ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ, ʚʦʜʥʦʯʘʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ 

ʝʣʝʢʪʨʦʥʽʚ ʟ ̔ʟʨʘʟʢʦʤ ʽ ʚʠʥʠʢʘʶʪʴ ʨʽʟʥʽ ʩʠʛʥʘʣʠ, ʱʦ ʤʽʩʪʷʪʴ 

ʧʝʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʨʘʟʦʢ (ʨʠʩ. 6.12).  

ʋʩʽ ʩʠʛʥʘʣʠ ʪʝʧʝʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ʋ ʪʦʡ ʯʘʩ, ʷʢ ʧʝʨʰʽ ʰʽʩʪʴ ʩʠʛʥʘʣʽʚ ʟʚʠʯʘʡʥʦ 

ʩʣʫʞʘʪʴ ʫ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʭ ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʘʭ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʜʝʷʢʽ ʥʦʚʽʪʥʽ ʧʨʠʣʘʜʠ, ʱʦ ʧʨʘʮʶʁ ʪʴ 

ʟ ʫʣʴʪʨʘʚʠʩʦʢʠʤ ʚʘʢʫʫʤʦʤ, ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʡ ʘʥʘʣʽʟʫʚʘʪʠ ʦʞʝ-ʝʣʝʢʪʨʦʥʠ. 

 

ɹʫʜʦʚʘ ʧʨʠʣʘʜʽʚ ʜʣʷ ʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ 

ʤʽʢʨʦʘʥʘʣʽʟʫ 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʤʝʪʦʜʫ ɽɿʄɸ ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ. 

ʌʦʨʤʫʻʪʴʩʷ ʚʫʟʴʢʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʧʫʯʦʢ ʜʽʘʤʝʪʨʦʤ ʙʣʠʟʴʢʦ 

1 ʤʢʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴ ʜʣʷ ʧʦʨʫʰʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʟʨʘʟʢʫ. ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʣʽʥʽʾ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʩʧʝʢʪʨʘ (ʟʘʟʚʠʯʘʡ 0,1ï1,2 ʥʤ) ʦʜʥʦʟʥʘʯʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʝʣʝʤʝʥʪʘ. ʂʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʚʽʜʥʦʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʜʥʽʻʾ ʽ 

ʪʽʻʾ ʩʘʤʦʾ ʣʽʥʽʾ ʫ ʟʨʘʟʢʫ ʡ ʝʪʘʣʦʥʽ. ʗʢ ʝʪʘʣʦʥ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʠʩʪʠʡ ʝʣʝʤʝʥʪ ʘʙʦ ʩʧʦʣʫʢʫ ʚʽʜʦʤʦʛʦ 

ʩʢʣʘʜʫ. ɺʽʜʥʦʩʥʘ ʪʦʯʥʽʩʪʴ ʢʽʣʴʢʽʩʥʠʭ ʚʠʟʥʘʯʝʥʴ ʥʝ ʛʽʨʰʘ ʟʘ 

Ñ 2 %. ʄʝʞʘ ʯʫʪʣʠʚʦʩʪʽ ʟʘ ʧʨʝʮʠʟʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ~ 0,01 %, 
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ʘʣʝ ʚ ʦʢʨʝʤʠʭ ʩʧʨʠʷʪʣʠʚʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ~ 

0,001 %. ɸʙʩʦʣʶʪʥʘ ʣʦʢʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʤʝʪʦʜʫ ʩʪʘʥʦʚʠʪʴ 

~ 10ï15 ʛ. ʗʢ ʟʦʥʜʫʚʘʣʴʥʠʡ ʧʫʯʦʢ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪʴ 

ʝʣʝʢʪʨʦʥʠ ʟ ʝʥʝʨʛʽʻʶ 10ï30 ʝɺ. ɿʘ ʪʘʢʦ ʾʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʠ 

ʧʨʦʥʠʢʘʶʪʴ ʫ ʪʚʝʨʜʝ ʪʽʣʦ ʥʘ ʛʣʠʙʠʥʫ ʙʣʠʟʢɹʦ 1 ʤʢʤ ʽ 

ʤʦʞʫʪʴ ʚʽʜʭʠʣʷʪʠʩʷ ʚʽʜ ʧʝʨʚʽʩʥʦʛʦ ʥʘʧʨʷʤʢʫ ʪʘʢʦʞ ʥʘ 

~ 1 ʤʢʤ. ʎʠʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʡʤʝʥʰʠʡ ʘʥʘʣʽʟʦʚʘʥʠʡ ʦʙʩʷʛ 

(~ 1 ʤʢʤ
3
).  

 

 
ʈʠʩʫʥʦʢ 6.12 ï ʉʠʛʥʘʣʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʟʘ ʚʟʘʻʤʦʜʽʾ  

ʝʣʝʢʪʨʦʥʽʚ ʽʟ ʟʨʘʟʢʦʤ: 1 ï ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʦʤʽʥʴ; 2 ï ʦʙô̒ ʢʪ;  

3 ï ʚʽʜʙʠʪʽ ʝʣʝʢʪʨʦʥʠ; 4 ï ʚʪʦʨʠʥʥʽ ʝʣʝʢʪʨʦʥʠ; 5 ï ʦʞʝ-ʝʣʝʢʪʨʦʥʠ; 

6 ï ʩʪʨʫʤ ʧʦʛʣʠʥʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ; 7 ï ʝʣʝʢʪʨʦʥʠ, ʱʦ ʧʨʦʡʰʣʠ 

ʟʨʘʟʦʢ; 8 ï ʢʘʪʦʜʦʣʶʤʽʥʝʩʮʝʥʪʥʝ ʚʠʧʨʦʤʽʥʚʁʘʥʥʷ;  

9 ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʽ ʛʘʣʴʤʽʚʥʝ ʨʝʥʪʛʝʥʽʚʩʴʢʝ ʚʠʧʨʦʤʥ̔ʶʚʘʥʥʷ 
 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ 

ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʘ ʧʦʜʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 6.13. V-ʇʦʜʽʙʥʘ 

ʚʦʣʴʬʨʘʤʦʚʘ ʥʠʪʢʘ ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 2 700 ʂ. ɼʦ 

ʥʠʪʢʠ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʥʝʛʘʪʠʚʥʠʡ ʧʦʪʝʥʮʽʘʣ 10ï30 ʢɺ. 

ɽʬʝʢʪʠʚʥʠʡ ʜʽʘʤʝʪʨ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʥʽʚ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ 

~ 100 ʤʢʤ. ɼʣʷ ʘʥʘʣʽʟʫ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʫʪʁʴ çʙʨʝʛʛʽʚʩʴʢʠʡ ʩʧʝʢʪʨʦʤʝʪʨè ʟ̔ ʢʨʠʩʪʘʣʦʤ. 

ʂʨʠʩʪʘʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʤʦʥʦʭʨʦʤʘʪʦʨ, ʱʦ ʚʠʜʽʣʷʻ 

ʦʜʥʦʯʘʩʥʦ ʦʜʥʫ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʚ ʩʧʝʢʪʨʽ. ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʻ 

ʬʫʥʢʮʽʻʶ ʢʫʪʘ ʧʘʜʽʥʥʷ ʧʨʦʤʝʥʽʚ. ɯʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʫʤʦʚ 



269 

ʬʦʢʫʩʫʚʘʥʥʷ ʚʠʧʣʠʚʘ̒, ʱʦ ʜʝʪʝʢʪʦʨ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʘ 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴ ʧʨʦʧʦʨʮʽʡʥʠʡ ʣʽʯʠʣʴʥʠʢ, ʧʦʚʠʥʝʥ 

ʧʝʨʝʙʫʚʘʪʠ ʥʘ ʪʘʢʽʡ ʩʘʤʽʡ ʚ̔ ʜʩʪʘʥʽ, ʱʦ ʡ ʩʢʣʦ ʚʽʜ ʟʨʘʟʢʘ. 

 
ʈʠʩʫʥʦʢ 6.13 ï ɽʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʠʡ ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨ 

 

ɿʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʘ ʧʘʜʽʥʥʷ ʢʨʠʩʪʘʣ ʽ ʣʽʯʠʣʴʥʠʢ 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ. ʂʦʥʩʪʨʫʢʮʽʷ 

ʩʪʦʣʠʢʘ ʟʘʟʚʠʯʘʡ ʪʘʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʦʥʪʫʚʘʪʠ ʢʽʣʴʢʘ 

ʟʨʘʟʢʽʚ ʽ ʟʤ̔ʥʁ ʚʘʪʠ ʘʥʘʣʽʟʦʚʘʥʠʡ ʟʨʘʟʦʢ ʧʦʚʦʨʦʪʦʤ ʩʪʦʣʠʢʘ. 

ɿʨʘʟʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ʧʦʣʽʨʫʚʘʥʥʤ̫ ʽ ʧʦʧʝʨʝʜʥʽʤ ʦʯʠʱʝʥʥʷʤ. ʅʘ ʥʝʧʦʣʽʨʦʚʘʥʠʭ 

ʟʨʘʟʢʘʭ ʪʦʯʥʽʩʪʴ ʘʥʘʣʽʟʫ ʟʥʠʞʫʻʪʴʩʷ. ʇʦʚʝʨʭʥʷ ʟʨʘʟʢʽʚ 

ʧʦʚʠʥʥʘ ʤʘʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪ ʟ̔ ʢʦʨʧʫʩʦʤ ʧʨʠʣʘʜʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʢʘʥʥʷ ʟʘʨʷʜʫ, ʧʨʠʥʝʩʝʥʦʛʦ ʝʣʝʢʪʨʦʥʘʤʠ.  

ʉʭʝʤʘ ʦʜʝʨʞʘʥʥʷ ʨʘʩʪʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʙô̒ ʢʪʘ ʚ 

ʝʣʝʢʪʨʦʥʥʠʭ ʽ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʷʭ ʟʦʙʨʘʞʝʥʘ ʥʘ  

ʨʠʩʫʥʢʫ 6.14. ʉʢʘʥʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʨʘʩʪʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʙô̒ ʢʪʘ, ʦʨʛʘʥʽʟʦʚʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 
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ʪʦʛʦ, ʱʦ ʝʣʝʢʪʨʦʥʥʠʡ ʟʦʥʜ ʚʽʜʭʠʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʦʪʫʰʦʢ, ʱʦ ʞʠʚʣʷʪʴʩʷ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ 

ʧʠʣʢʦʧʦʜʽʙʥʠʭ ʢʦʣʠʚʘʥʴ. 

 
ʈʠʩʫʥʦʢ 6.14 ï ʉʭʝʤʘ ʧʦʙʫʜʦʚʠ ʨʘʩʪʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥ ̫

 

ɿʦʙʨʘʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʜʝʨʞʘʥʝ ʚ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ 

ʧʨʦʤʝʥʷʭ ʘʙʦ ʚ ʝʣʝʢʪʨʦʥʘʭ. ɺʦʜʥʦʯʘʩ ʥʘ ʝʢʨʘʥʽ ʝʣʝʢʪʨʦʥʥʦ-

ʧʨʦʤʝʥʝʚʦʾ ʪʨʫʙʢʠ ʤʦʜʫʣʶʻʪʴʩʷ ʷʩʢʨʘʚʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʭʘʨʘʢʪʝʨʫ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ. 

 
 

6.1.5 ʉʧʝʢʪʨʦʤʝʪʨʽʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥ ̫
 

ʋ ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ ʩʧʝʢʪʨʦʤʝʪʨʽ ʜʠʩʧʝʨʛʫʚʘʣʴʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʻ ʢʨʠʩʪʘʣ. ɼʠʬʨʘʢʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʡʦʛʦ 

ʘʪʦʤʥʠʭ ʧʣʦʱʠʥʘʭ. ʉʧʝʢʪʨʦʤʝʪʨ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʪʠʧʫ 

ʤʩ̔ʪʠʪʴ ʧʣʦʩʢʠʡ ʢʨʠʩʪʘʣ, ʨʦʟʤʽʱʝʥʠʡ ʥʘ ʰʣʷʭʫ ʧʫʯʢʘ 

ʨʝʥʪʛʝʥʽʚʩʢɹʠʭ ʧʨʦʤʝʥʽʚ, ʽ ʣʽʯʠʣʴʥʠʢ ʬʦʪʦʥʽʚ, ʫʩʪʘʥʦʚʣʝʥʠʡ 

ʪʘʢ, ʱʦʙ ʟʙʠʨʘʪʠ ʧʨʦʤʝʥʽ, ʚʽʜʙʠʪʽ ʚʽʜ ʧʣʦʱʠʥ ʢʨʠʩʪʘʣʘ ʟ 

ʥʠʟʴʢʠʤʠ ʤʽʣʣʝʨʚ̔ʩʴʢʠʤʠ ʽʥʜʝʢʩʘʤʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ 

ɹʨʝʛʛʘ: 
 

  2dsin Ū = nɚ,                                 (6.4)  
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ʜʝ d ï ʤʽʞʧʣʦʱʠʥʥʘ ʚʽʜʩʪʘʥʴ; n ï ʧʦʨʷʜʦʢ ʚʽʜʦʙʨʘʞʝʥʥʷ 

(ʮʽʣʝ ʯʠʩʣʦ); Ū ï ʢʫʪ ʚʽʜʙʠʪʪʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʚʁʘʥʥʷ ʧʦʚʝʨʭʥʝʶ ʢʨʠʩʪʘʣʘ, ʜʦʚʞʠʥʘ ʭʚʠʣʽ 

ʚʠʧʨʦʤ̔ ʥʶʚʘʥʥʷ (ʨʠʩ. 6.15). 

 

 

ʈʠʩʫʥʦʢ 6.15 ï  

ɺʽʜʦʙʨʘʞʝʥʥʷ  

ʚʠʧʨʦʤʥ̔ʶʚʘʥʥʷ  

ʧʽʜ ʢʫʪʦʤ ɹʨʝʛʛʘ Ū 

ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʾ  

ʜ̔ʣʷʥʢʠ ʧʣʦʩʢʦʛʦ 

ʢʨʠʩʪʘʣʘ 

 

ʇʦʚʝʨʪʘʶʯʠ ʢʨʠʩʪʘʣ ʪʘ ʣʽʯʠʣʴʥʠʢ ʽ ʟʤʽʥʶʶʯʠ ʫ 

ʪʘʢʠʡ ʩʧʦʩʽʙ ʢʫʪ ɹʨʝʛʛʘ Ū (ʣʽʯʠʣʴʥʠʢ ʧʦʚʠʥʝʥ ʨʫʭʘʪʠʩʷ ʟ 

ʫʜʚʽʯʽ ʙʽʣʴʰʦʶ ʢʫʪʦʚʦ  ʁʰʚʠʜʢʽʩʪʶ, ʥʽʞ ʢʨʠʩʪʘʣ), ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʩʧʝʢʪʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʝʤʽʩʽʾ. 

ʆʜʥʘʢ ʜʣʷ ʤʘʣʦʛʦ ʟʘ ʨʦʟʤʽʨʘʤʠ ʜʞʝʨʝʣʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʽʢʨʦʘʥʘʣʽʟʽ, ʢʫʪ 

ʧʘʜʽʥʥʷ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʢʫʪʫ ɹʨʝʛʛʘ ʣʠʰʝ ʜʣʷ ʥʝʚʝʣʠʢʦʾ 

ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ ʧʣʦʩʢʦʛʦ ʢʨʠʩʪʘʣʘ. ʊʘʢʘ ʛʝʦʤʝʪʨʽʷ, 

ʦʯʝʚʠʜʥʦ, ʥʝʝʬʝʢʪʠʚʥʘ. ʊʦʤʫ ʢʨʠʩʪʘʣ-ʘʥʘʣʽʟʘʪʦʨ ʟʛʠʥʘʶʪʴ, 

ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʡʦʛʦ ʢʦʨʠʩʥʫ ʨʦʙʦʯʫ ʧʣʦʱʫ, ʟʙʝʨʽʛʘʶʯʠ 

ʚʦʜʥʦʯʘʩ ʩʪʘʣʠʤ ʢʫʪ ɹʨʝʛʛʘ. ɿʘʩʪʦʩʦʚʫʚʘʥʘ ʩʠʩʪʝʤʘ 

ʬʦʢʫʩʫʚʘʥʥʷ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʘʧʣʷʥʥʷ ʚ ʣʽʯʠʣʴʥʠʢ 

ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʬʦʪʦʥʽʚ, ʱʦ ʫʚʽʡʰʣʠ ʜʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʽ ʟʘʟʥʘʣʠ ʜʠʬʨʘʢʮʽ ʾʥʘ ʢʨʠʩʪʘʣʽ. 

ɽʤʽʪʦʚʘʥʠʡ ʟʨʘʟʢʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʩʠʛʥʘʣ 

ʨʝʻʩʪʨʫ̒ ʪʴʩʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ ʟʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʡ ʘʥʘʣʽʟʫʶʪʴʩʷ ʧʦ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʘʙʦ ʝʥʝʨʛʽʾ. 

ʗʢʱʦ ʩʧʝʢʪʨʦʤʝʪʨ ʚʠʟʥʘʯʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢ ʬʫʥʢʮʽʶ ɚ, ʪʦ 

ʚʽʥ ʥʘʣʝʞʠʪʴ ʜʦ ʪʠʧʫ ʩʧʝʢʪʨʦʤʝʪʨʽʚ ʭʚʠʣʴʦʚʦʾ ʜʠʩʧʝʨʩʽʾ, ʘ 

ʢʦʣʠ ʧʨʝʜʩʪʘʚʣʷʻ ʬʫʥʢʮʽʶ I = f(E), ʪʦ ʻ ʝʥʝʨʛʝʪʠʯʥʠʤ 

ʜʠʩʧʝʨʩʽʡʥʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ. 
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ʉʧʝʢʪʨʦʤʝʪʨ ʭʚʠʣʴʦʚʦʾ ʜʠʩʧʝʨʩʽʾ 

ʉʧʝʢʪʨʦʤʝʪʨ ʭʚʠʣʴʦʚʦʾ ʜʠʩʧʝʨʩʽʾ (ʉʍɼ) ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʚʣʘʩʥʝ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʜʝʪʝʢʪʦʨʘ, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʦʥʽʢʠ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʙʨʦʙʣʝʥʥʷ 

ʩʠʛʥʘʣʽʚ (ʨʠʩ. 6.16).  

 
 

ʈʠʩʫʥʦʢ 6.16 ï 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʭʚʠʣʴʦʚʦʾ 

ʜʠʩʧʝʨʩʽʾ: 

1 ï ʢʨʠʩʪʘʣ-ʘʥʘʣʽʟʘʪʦʨ; 

2 ï ʜʽʘʬʨʘʛʤʘ; 

3 ï ʟʨʘʟʦʢ; 

4 ï ʜʝʪʝʢʪʦʨ; 

5 ï ʧʽʜʩʠʣʶʚʘʯ; 

6 ï ʘʥʘʣʽʟʘʪʦʨ; 

7 ï ʩʘʤʦʧʠʩʥʽ 

ʫʣʘʰʪʫʚʘʥʥʷ; 

8 ï ʚʠʤʽʨʶʚʘʯ ʱʽʣʴʥʦʩʪʽ 

ʽʤʧʫʣʴʩʽʚ; 

9 ï ʣʽʯʠʣʴʥʠʢ 
 

ʈʝʥʪʛʝʥʽʚʩʴʢʠʡ ʩʠʛʥʘʣ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ̔ ʟʨʘʟʢʘ ʧʽʜ 

ʢʫʪʦʤ, ʩʧʦʯʘʪʢʫ ʧʦʪʨʘʧʣʷʻ ʚ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʩʧʝʢʪʨʦʤʝʪʨ, 

ʱʦ ʧʨʘʮʶʻ ʟʘ ʧʨʠʥʮʠʧʦʤ ʙʨʝʛʛʽʚʩʴʢʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʢʨʠʩʪʘʣʘʭ. ʇʨʦʥʠʢʣʝ ʚ 

ʩʧʝʢʪʨʦʤʝʪʨ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʠhʝ ʚ ʪʦʤʫ ʨʘʟʽ ʚʽʜʙʠʚʘʻʪʴʩʷ 

ʢʨʠʩʪʘʣʦʤ-ʘʥʘʣʽʟʘʪʦʨʦʤ, ʷʢʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʤʠ ʧʣʦʱʠʥʘʤʠ d, ʢʫʪ ʧʘʜʽʥʥʷ ű ʽ ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ ɚ ʟʘʜʦʚʦʣʥɹʷʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̫(6.4). ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʷʢʦʤʦʛʘ ʙʽʣɹʰʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʥʘʪʠ ʪʘʢ ʟʚʘʥʫ ʫʤʦʚʫ ʈʦʣʘʥʜʘ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ 

ʨʝʥʪʛʝʥʽʚʩʴʢʝ ʜʞʝʨʝʣʦ, ʢʨʠʩʪʘʣ-ʘʥʘʣʽʟʘʪʦʨ ʽ ʜʝʪʝʢʪʦʨ 

ʧʦʚʠʥʥʽ ʧʝʨʝʙʫʚʘʪʠ ʥʘ ʢʦʣʽ ʬʦʢʫʩʫʚʘʥʥʷ (ʨʠʩ. 6.16). ʗʢʱʦ 

ʨʘʜʽʫʩ ʢʦʣʘ ʈʦʣʘʥʜʘ ʩʪʘʣʠʡ, ʪʦ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚ 

ʨʝʻʩʪʨʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʤʥ̔ʶʻʪʴʩʷ ʢʫʪ ʚʠʭʦʜʫ Ū. 

ʆʩʢʽʣʴʢʠ ʢʫʪ Ū ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʭʦʜʠʪʴ ʫ ʧʦʧʨʘʚʢʫ ʥʘ 
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ʧʦʛʣʠʥʘʥʥʷ, ʮʝ ʦʙʫʤʦʚʣʶʻ ʟʥʘʯʥʽ ʥʝʜʦʣʽʢʠ ʧʨʠʣʘʜʫ. ʋ 

ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʣʠhʝ ʣʽʥʽʡʥʽ ʩʧʝʢʪʨʦʤʝʪʨʠ, ʫ ʷʢʠʭ ʢʫʪ ʚʠʭʦʜʫ ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʪʘʣʠʤ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ 

ʟʥʘʯʝʥʴ ű ʽ ɚ ʟʤʽʥʶʻʪʴʩʷ ʨʘʜʽʫʩ ʢʦʣʘ ʈʦʣʘʥʜʘ (ʨʠʩ. 6.17).  
 

 

 

ʈʠʩʫʥʦʢ 6.17 ï 

ʇʨʠʥʮʠʧ ʣʽʥʽʡʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ï ʢʫʪ 

ʚʠʭʦʜʫ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʟʤʽʥʥʠʤ: 

1 ï ʢʨʠʩʪʘʣ-

ʘʥʘʣʽʟʘʪʦʨ;  

2 ï ʜʝʪʝʢʪʦʨ;  

3 ï ʩʣʽʜ ʮʝʥʪʨʘ 

ʬʦʢʘʣʴʥʦʛʦ ʢʦʣʘ;  

4 ï ʟʨʘʟʦʢ 

 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʜʦʩʣʽʜʠʪʠ ʚʝʩʴ ʤʦʞʣʠʚʠʡ ʜʽʘʧʘʟʦʥ 

ʝʣʝʤʝʥʪʽʚ ʚʽʜ ʙʝʨʠʣʽʶ ʜʦ ʫʨʘʥʫ, ʚ ʘʥʘʣʽʟʘʪʦʨʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʢʨʠʩʪʘʣʠ ʟ ʨʽʟʥʦʶ ʚʝʣʠʯʠʥʦʶ d. 

ɺʽʜʙʠʪʽ ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʢʚʘʥʪʠ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʜʝʪʝʢʪʦʨ 

(ʧʨʦʧʦʨʮʽʡʥʠʡ ʣʯ̔ʠʣʴʥʠʢ), ʜʝ ʚʦʥʠ ʚʥʘʩʣʽʜʦʢ ʽʦʥʽʟʘʮʽʾ 

ʩʪʚʦʨʶʶʪʴ ʧʝʨʚʠʥʥʽ ʟʘʨʷʜʞʝʥʽ ʯʘʩʪʠʥʢʠ. ɺʠʥʠʢʣ̔  ʚʦʜʥʦʯʘʩ 

ʝʣʝʢʪʨʦʥʠ ʽʥʪʝʥʩʠʚʥʦ ʧʨʠʩʢʦʨʶʶʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʠʤ 

ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ. ɿʘʚʜʷʢʠ ʧʦʜʘʣʴʰʽʡ ʫʜʘʨʥʽʡ ʽʦʥʽʟʘʮʽʾ 

ʫʪʚʦʨʶʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʘ ʭʤʘʨʘ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʣʽʯʠʣʴʥʠʢ ʽ 

ʚʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʨʦʙʦʯʠʡ ʦʧʽʨ. ɺʦʜʥʦʯʘʩ ʩʪʚʦʨʶʻʪʴʩʷ 

ʩʠʛʥʘʣ, ʷʢʠʡ ʧʦʪʽʤ ʧʽʜʩʠʣʶʻʪʴʩʷ ʽ ʧʝʨʝʜʘʻʪʴʩʷ ʚ 

ʦʜʥʦʢʘʥʘʣʴʥʠʡ ʘʥʘʣʽʟʘʪʦʨ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʝʣʝʢʮʽʦʥʫʚʘʪʠ 

ʽʤʧʫʣʴʩʠ ʟ ʥʝʦʙʭʽʜʥʦʶ ʝʥʝʨʛʽʻʶ. ɺʠʙʨʘʥʽ ʽʤʧʫʣʴʩʠ 

ʧʦʜʘʶʪʴʩʷ ʥʘ ʣʽʯʠʣʴʥʠʢ ʤ̔ʧʫʣʴʩʽʚ ʽ ʪʘʤ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʟ 

ʤʝʪʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ.  
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ʅʘ ʧʨʘʢʪʠʮʽ ʟʘ ʟʥʷʪʪ ̫ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʩʧʝʢʪʨʘ 

ʤʝʪʦʜʦʤ ʉʍɼ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʽʥʶʻʪʴʩʷ ʢʫʪ ű ʧʘʜʽʥʥʷ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʧʨʦʤʝʥʷ ʥʘ ʢʨʠʩʪʘʣ-ʘʥʘʣʽʟʘʪʦʨ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʚʠʛʫʥʘ, ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʝʻʩʪʨʫʻʪʴʩʷ 

ʩʘʤʦʧʠʩʥʠʤ ʧʨʠʩʪʨʦʻʤ ʷʢ ʬʫʥʢʮʽʷ ʢʫʪʘ ű, ʘ ʧʦʪʽʤ ʟʘ 

ʬʦʨʤʫʣʦʶ (6.4) ʟʘʧʠʩʫʻʪʴʩʷ ʪʘʢʦʞ ʷʢ ʬʫʥʢʮʽʷ ɚ. ʋʪʚʦʨʝʥʽ 

ʤʘʢʩʠʤʫʤʠ ʚ ʮʴʦʤʫ ʨʘʟʽ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʚʥʠʤ 

ʝʣʝʤʝʥʪʘʤ. ʅʝʜʦʣʽʢʦʤ ʉʍɼ ʻ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʣʽʥʽʡ ʩʧʝʢʪʨʘ, 

ʪʦʤʫ ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (6.4) ʜʣʷ ʢʦʞʥʦʾ ʝʤʽʪʦʚʘʥʦʾ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʣʥ̔ʽʾ, ʢʨʽʤ ʨʝʬʣʝʢʩʫ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʤʦʞʝ 

ʟô̫ ʚʠʪʠʩʷ ʣʽʥʽʷ ʧʦʨʷʜʢʫ n > 1. ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʭʚʠʣʴʦʚʦʾ ʜʠʩʧʝʨʩʽʾ æɚ/ɚ å 10
ï3
ï10

ï4
. 

ʇʨʠʥʮʠʧʦʚʘ ʙʣʦʢ-ʩʭʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ VRA-20 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 6.18.  

ʇʦʪʫʞʥʠʡ ʧʦʪʽʢ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʚ 

ʩʧʝʢʪʨʦʤʝʪʨʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʪʨʫʙʢʠ (1), ʥʘ ʷʢʫ ʧʦʜʘʻʪʴʩʷ 

ʥʘʧʨʫʛʘ ʚʽʜ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʜʞʝʨʝʣʘ (2) ʽ ʷʢʘ 

ʦʭʦʣʦʜʞʫʻʪʩɹʷ ʧʨʦʪʦʯʥʦʶ ʚʦʜʦʶ, ʧʘʜʘʻ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ 

ʦʙô̒ ʢʪ (3) ʽ ʟʙʫʜʞʫʻ ʚ ʥʴʦʤʫ ʡʦʛʦ ʚʣʘʩʥʝ ʬʣʫʦʨʝʩʮʝʥʪʥʝ 

ʨʝʥʪʛʝʥʽʚʩʢɹʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 
ʈʠʩʫʥʦʢ 6.18 ï ʇʨʠʥʮʠʧʦʚʘ ʙʣʦʢ-ʩʭʝʤʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʩʝʭʚʠʣʴʦʚʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ VRA-20 

ʎʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʪʨʘʧʣʷʻ ʚ ʢʨʠʩʪʘʣ-

ʜʠʬʨʘʢʮʽʡʥʠʡ ʧʨʠʩʪʨʽʡ (4), ʜʝ çʚʽʜʙʠʚʥ̔ è ʧʣʦʱʠʥʠ 

ʤʦʥʦʢʨʠʩʪʘʣʘ-ʘʥʘʣʽʟʘʪʦʨʘ ʨʦʟʤʽʫɦʶʪʴʩʷ ʱʦʜʦ ʧʫʯʢʘ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʽʜ ʢʫʪʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘ ̒
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ʫʤʦʚʽ ɺʫʣʴʬʘ ï ɹʨʝʛʛʘ, ʽ ʚʠʜʽʣʷʶʪʴ ʽʟ ʧʫʯʢʘ ʣʠʰʝ ʦʜʥʫ 

ʜʦʚʞʠʥʫ ʭʚʠʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʮʽʡ ʫʤʦʚʽ. ʗʢʱʦ ʧʣʘʚʥʦ 

ʟʤʽʥʶʚʘʪʠ ʦʨʽʻʥʪʘʮʽʶ ʢʨʠʩʪʘʣ-ʘʥʘʣʽʟʘʪʦʨʘ ʱʦʜʦ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʧʫʯʢʘ, ʪʦ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʩʧʝʢʪʨʘʣʴʥʠʡ 

ʨʦʟʧʦʜʽʣ ʧʘʜʘʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʌʦʪʦʥʠ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʚʠʜʽʣʝʥʦ ʁ ʜʦʚʞʠʥʦʶ 

ʭʚʠʣʽ ʨʝʻʩʪʨʫʶʪʴʩʷ ʣʯ̔ʠʣɹʥʠʢʦʤ 5, ʥʘ ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ 

ʥʘʧʨʫʛʘ ʚʽʜ ʙʣʦʢʘ ʞʠʚʣʝʥʥʷ 6. ʌʦʪʦʥʠ, ʟʘʨʝ̒ʩʪʨʦʚʘʥʽ ʫ 

ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʟʘ 

ʟʘʟʥʘʯʝʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʚ ʟʘʧʘʤô̫ ʪʦʚʫʚʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ 

(7) ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʚʝʜʝʥʽ ʥʘ ʪʘʙʣʦ (8) ʘʙʦ ʥʘ ʜʨʫʢ (9). 

 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ ʩʧʝʢʪʨʦʤʝʪʨ 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ ʩʧʝʢʪʨʦʤʝʪʨ (ɽɼʉ) 

ʩʢʣʘʜʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟ ʢʨʝʤʥʽʻʚʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ 

ʜʝʪʝʢʪʦʨʘ, ʧʽʜʩʠʣʶʚʘʯʘ ʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ 

(ʨʠʩ. 6.19). 
 

 

ʈʠʩʫʥʦʢ 6.19 ïʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ  

ʜʠʩʧʝʨʩʥʦʛʦ  

ʩʧʝʢʪʨʦʤʝʪʨʘ: 

1 ï ʨʽʜʢʠʡ ʘʟʦʪ;  

2 ï ʜʝʪʝʢʪʦʨ; 3 ï ʚʭ̔ʜʥʝ ʚʽʢʥʦ 

(ʙʝʨʠʣʽʡ); 4 ï ʧʽʜʩʠʣʶʚʘʯ; 

5 ï ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʡ ʘʥʘʣʽʟʘʪʦʨ;  

6 ï ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ;  

7 ï ʽʥʜʠʢʘʪʦʨ ʜʘʥʠʭ; 8 ï ʟʨʘʟʦʢ 

ɿʘ ʩʚʦʾʤ ʧʨʠʥʮʠʧʦʤ ʜʝʪʝʢʪʦʨ ï ʮʝ ʢʨʝʤʥʽʻʚʠʡ ʜʽʦʜ, ʫ 

ʷʢʦʛʦ ʯʝʨʝʟ ʜʠʬʫʟʽʶ Li ʚʠʭʦʜʠʪʴ ʰʠʨʦʢʘ ʦʙʣʘʩʪʴ  

ʨ-n-ʧʝʨʝʭʦʜʫ. 
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ɸʥʘʣʦʛʽʯʥʦ ʪʦʤʫ, ʷʢ ʧʨʘʮʶʻ ʜʽʦʜ ʫ ʟʘʤʠʢʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ, ʯʝʨʝʟ ʜʝʪʝʢʪʦʨ ʩʧʦʯʘʪʢʫ ʩʪʨʫʤ ʥʝ ʡʜʝ. ʗʢʱʦ 

ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʢʚʘʥʪʠ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʜʝʪʝʢʪʦʨ, ʚʦʥʠ ʤʦʞʫʪʴ 

ʚ ʦʙʣʘʩʪʽ ʨ-n-ʧʝʨʝʭʦʜʫ, ʟʘʚʜʷʢʠ ʽʦʥʽʟʘʮʽʾ, ʫʪʚʦʨʠʪʠ ʧʘʨʫ 

ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ, ʯʠʩʣʦ ʷʢʠʭ ʧʨʦʧʦʨʮʽʡʥʝ ʝʥʝʨʛʽʾ ʢʚʘʥʪʽʚ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʚʠʭʦʜʽ ʜʝʪʝʢʪʦʨʘ ʫʪʚʦʨʶʶʪʴʩʷ ʩʠʛʥʘʣʠ, 

ʧʨʦʧʦʨʮʽʡʥʽ ʝʥʝʨʛʽʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʽ 

ʧʦʩʠʣʶʁ ʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ. ʇʦʪʽʤ ʮʽ ʽʤʧʫʣʴʩʠ 

ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʡ ʘʥʘʣʽʟʘʪʦʨ. ʊʫʪ ʚʦʥʠ 

ʦʪʨʠʤʫʁ ʪʴ ʥʦʤʝʨ ʧʨʦʧʦʨʮʽʡʥʦ ʝʥʝʨʛʽʾ ʪʘ ʚʥʦʩʷʪʴʩʷ ʚ 

ʧʘʤô̫ ʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ. ʆʙʩʷʛ ʧʘʤô̫ ʪʽ ʤʦʞʝ ʙʫʪʠ 

ʚʽʜʪʚʦʨʝʥʠʡ ʥʘ ʝʢʨʘʥʽ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʝʨʝʛʣʷʜ ʫʩʴʦʛʦ ʩʧʝʢʪʨʘ. ɺʝʣʠʢʦʶ ʧʝʨʝʚʘʛʦʶ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʜʠʩʧʝʨʩʽʡʥʠʭ ʩʧʝʢʪʨʦʤʝʪʨʽʚ ʻ ʪʝ, ʱʦ ʝʥʝʨʛʽʷ ʚʩʽʭ ʧʘʜʘʶʯʠʭ 

ʢʚʘʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʦʙʨʦʙʣʝʥʘ ʦʜʥʦʯʘʩʥʦ.  

ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʜʣʷ ʟʥʷʪʪʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʩʧʝʢʪʨʘ 

ʧʦʪʨʽʙʥʦ ʣʠʰʝ ʢʽʣʴʢʘ ʭʚʠʣʠʥ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟʽ 

ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ ʭʚʠʣʴʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʥʝʦʙʭʽʜʥʦ ʟʘʪʨʘʪʠʪʠ ʥʘ 

ʪʫ ʩʘʤʫ ʦʧʝʨʘʮʽʶ ʦʜʥʫ ʯʠ ʢʽʣʴʢʘ ʛʦʜʠʥ. ʅʝʜʦʣʽʢʦʤ ɽɼʉ ʻ 

ʧʨʠʙʣʠʟʥʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʘ ʝʥʝʨʛʝʪʠʯʥʘ  

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ̔ ʉʍɼ. ʇʨʠʙʣʠʟʥʦ ʥʘ ʜʚʘ 

ʧʦʨʷʜʢʠ ʙʽʣʴʰʘ ʧʦʨʽʚʥʷʥʦ ʟ̔ ʉʍɼ ʯʫʪʣʠʚʽʩʪʴ ɽɼʉ ʜʦʟʚʦʣʷʻ 

ʧʨʘʮʶʚʘʪʠ ʟ ̔ʩʪʨʫʤʘʤʠ ʜʦ 10
ï11

 ɸ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʉʍɼ 

ʧʦʪʨʽʙʥʽ ʩʪʨʫʤʠ ʧʨʠʙʣʠʟʥʦ 10
ï8

 ɸ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʦʞʥʘ 

ʧʽʜʚʠʱʠʪʠ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʤʽʢʨʦʟʦʥʜʘ ʽ ʪʠʤ ʩʘʤʠʤ 

ʟʤʝʥh ʠʪʠ ʪʝʨʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʨʘʟʦʢ. ʂʨʝʤʥʽʻʚʠʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʜʝʪʝʢʪʦʨ ʟʘʟʚʠʯʘʡ ʤʘʻ ʚʫʟʴʢʝ ʙʝʨʠʣʽʻʚʝ 

ʚʽʢʥʦ, ʱʦ ʟʘʭʠʱʘʻ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʤʘʩʪʠʣʦʤ ʽʟ ʜʠʬʫʟʽʡʥʦʛʦ 

ʥʘʩʦʩʘ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʜʦʚʛʦʭʚʠʣʴʦʚʝ 

ʨʝʥʪʛʝʥʽʚʩʴʢʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦ ʧʦʛʣʠʥʘ̒ ʪʴʩʷ, ʽ 

ʪʦʤʫ ʥʝ ʤʦʞʥʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʝʣʝʤʝʥʪʠ ʟ ʧʦʨʷʜʢʦʚʠʤ 

ʥʦʤʝʨʦʤ Z < 11. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʣʝʛʢʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʆ, N, ʉ) ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʧʝʢʪʨʦʤʝʪʨʠ ʭʚʠʣʴʦʚʦʾ ʜʠʩʧʝʨʩʽʾ.  
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ɿʘʟʚʠʯʘʡ ɽɼʉ ʻ ʘʥʘʣʽʪʠʯʥʦ ʁʧʨʠʩʪʘʚʢʦʶ ʨʘʩʪʨʦʚʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ (ʨʠʩ. 6.20). 

 

 

 

 

ʈʠʩʫʥʦʢ 6.20 ï 

ʈʘʩʪʨʦʚʠʡ 

ʝʣʝʢʪʨʦʥʥʠʡ 

ʤʽʢʨʦʩʢʦʧ Quanta 600 

FEG 

 

ʂʦʤʧʣʝʢʩʥʘ ʩʠʩʪʝʤʘ ʤʽʢʨʦʘʥʘʣʽʟʫ ʨʘʩʪʨʦʚʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʤʽʩʪʠʪʴ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʡ 

ʩʧʝʢʪʨʦʤʝʪʨ, ʩʧʝʢʪʨʦʤʝʪʨ ʭʚʠʣʴʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʽ ʧʨʠʩʪʘʚʢʠ 

ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʠ ʪʘ ʪʝʢʩʪʫʨʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʤʝʪʦʜʦʤ ʜʠʬʨʘʢʮʽʾ ʚʽʜʙʠʪʠʭ ʝʣʝʢʪʨʦʥʽʚ. ʂʝʨʫʚʘʥʥʷ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʧʨʦʚʦʜʷʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʨʠʩ. 6.21).  

 

 

 

 

ʈʠʩʫʥʦʢ 6.21 ï  

ʇʦʨʽʚʥʷʥʥʷ  

ʩʧʝʢʪʨʽʚ, ʦʜʝʨʞʘʥʠʭ  

ʥʘ ɽɼʉ (ʩʚʽʪʣʠʡ) 

 ʽ ʉʍɼ (ʩʽʨʠʡ) 
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6.1.6 ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʤʽʢʨʦʘʥʘʣʽʟ 
 

ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʤʽʢʨʦʘʥʘʣʽʟ ʻ ʣʦʢʘʣʴʥʠʤ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʷʢʽʩʥʦ ʽ 

ʢ̔ʣʴʢʽʩʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʤʽʢʨʦʦʙô̒ ʤʠ ʧʦʨʷʜʢʫ ʜʝʢʽʣʴʢʦʭ 

ʢʫʙʽʯʥʠʭ ʤʽʢʨʦʤʝʪʨʽʚ. ʇʦʨʫʰʝʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʚʁʘʥʥʷ ʫ ʟʨʘʟʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʥʢʦ 

ʩʬʦʢʫʩʦʚʘʥʦʛʦ ʧʫʯʢʘ ʝʣʝʢʪʨʦʥʽʚ, ʝʥʝʨʛʽʷ ʷʢʠʭ ʚʠʟʥʘʯʘʻ 

ʚʝʣʠʯʠʥʫ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʦʙô̒ ʤʫ. 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʽʢʨʦ-

ʘʥʘʣʟ̔ʘʪʦʨʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 6.22.  

 

 

ʈʠʩʫʥʦʢ 6.22 ï ʇʨʠʥʮʠʧʦʚʘ 

ʩʭʝʤʘ ʨʝʥʪʛʝʥʦ-

ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʘ:  

1 ï ʢʘʪʦʜ; 2 ï ʮʠʣʽʥʜʨ 

ɺʝʥʝʣʴʪʘ; 3 ï ʘʥʦʜ;  

4 ï ʢʦʥʜʝʥʩʦʨʥʘ ʜʽʘʬʨʘʛʤʘ;  

5 ï ʢʦʥʜʝʥʩʦʨʥʘ ʣʽʥʟʘ;  

6 ï ʦʙô̒ ʢʪʠʚʥʘ ʜʽʘʬʨʘʛʤʘ;  

7 ï ʦʙô̒ ʢʪʠʚʥʘ ʣʽʥʟʘ;  

8 ï ʢʽʥʝʩʢʦʧ; 

 9 ï ʚʽʜʭʠʣʴʥ̔ ʢʦʪʫʢhʠ;  

10 ï ʜʝʪʝʢʪʦʨ ʚʽʜʙʠʪʠʭ 

ʝʣʝʢʪʨʦʥʽʚ;  

11 ï ʜʝʪʝʢʪʦʨ ʧʦʛʣʠʥʝʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ;  

12 ï ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʘʙʦ 

ʝʣʝʢʪʨʦʥʥʠʡ ʩʠʛʥʘʣ;  

13 ï ʛʝʥʝʨʘʪʦʨ ʨʦʟʛʦʨʪʢʠ;  

14 ï ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ 

ʩʧʝʢʪʨʦʤʝʪʨ;  

15 ï ʜʝʪʝʢʪʦʨ ʚʪʦʨʠʥʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ; 16 ï ʟʨʘʟʦʢ 
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ʎʝʥʪʨʘʣʴʥʦʶ ʣʘʥʢʦʶ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʟ̔ʘʪʦʨʘ ʻ ʢʦʣʦʥʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ, ʱʦ ʩʣʫʞʠʪʴ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʦ ʩʬʦʢʫʩʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʤʝʥʷ. 

ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʦʣʦʥʠ ʤʽʩʪʠʪʴʩʷ ʝʣʝʢʪʨʦʥʥʘ ʛʘʨʤʘʪʘ. 

ɿʘʟʚʠʯʘʡ ʚʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʛʦʣʯʘʩʪʦʛʦ 

ʢʘʪʦʜʘ, ʷʢʠʡ ʝʤʽʪʫʻ ʝʣʝʢʪʨʦʥʠ ʚʥʘʩʣʽʜʦʢ ʪʝʨʤʦʝʤʽʩʽʾ. ʂʨʽʤ 

ʪʦʛʦ, ʜʦ ʥʝʾ ʚʭʦʜʠʪʴ ʮʠʣʽʥʜʨ ɺʝʥʝʣʴʪʘ, ʷʢʠʡ ʚʽʜʥʦʩʥʦ ʢʘʪʦʜʘ 

ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ~ 100 ɺ, ʚʽʥ ʨʝʛʫʣʶʻ ʧʦʪʽʢ 

ʝʣʝʢʪʨʦʥʽʚ, ʘ ʪʘʢʦʞ ʘʥʦʜ, ʱʦ ʧʨʠʩʢʦʨʶʻ ʝʤʽʪʦʚʘʥʽ 

ʝʣʝʢʪʨʦʥʠ ʽ ʥʘʜʘʻ ʾʤ ʥʝʦʙʭʽʜʥʫ ʝʥʝʨʛʽʶ. ɿʘʚʜʷʢʠ ʩʚʦʻʨʽʜʥʽʡ 

ʬʦʨʤʽ ʮʠʣʽʥʜʨ ɺʝʥʝʣʴʪʘ ʩʪʚʦʨʶʻ ʧʫʯʦʢ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟɹʢʦʩʪʽ ʚʽʜ ʘʥʦʜʥʦʾ ʜʽʘʬʨʘʛʤʠ ï ʪʘʢ 

ʟʚʘʥʦʛʦ ʢʨʦʩʦʚʝʨʘ, ʱʦ ʤʘʻ ʜʽʘʤʝʪʨ ʚʽʜ 20 ʤʢʤ ʜʦ 50 ʤʢʤ. 

ɽʣʝʢʪʨʦʥʥʘ ʦʧʪʠʢʘ, ʱʦ ʩʢʣʘʜʘ̒ ʪʴʩʷ ʟ ʜʚʦʭ ʘʙʦ ʪʨʴʦʭ 

ʤʘʛʥʽʪʥʠʭ ʣʽʥʟ ʽ ʩʠʩʪʝʤʠ ʜʽʘʬʨʘʛʤ, ʟʤʝʥʰʫʻ ʢʨʦʩʦʚʝʨ ʥʘ 

ʥʝʦʙʭʽʜʥʠʡ ʜʽʘʤʝʪʨ ʧʨʦʤʝʥʷ ʽ ʬʦʢʫʩʫʻ ʡʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ 

ʦʙô̒ ʢʪʘ. ɿʥʠʟʫ ʜʦ ʢʦʣʦʥʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʢ̔ʨʦʩʢʦʧʘ 

ʧʨʠʤʠʢʘʶʪʴ ʢʘʤʝʨʘ ʟʨʘʟʢʘ ʽ ʰʣʶʟ, ʷʢʠʡ ʩʣʫʞʠʪʴ ʜʣʷ 

ʚʚʝʜʝʥʥʷ ʟʨʘʟʢʘ ʚ ʩʠʩʪʝʤʫ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ ʚʘʢʫʫʤ ̔                 

~ 10
ï3

 ʇʘ. ʋ ʢʘʤʝʨʽ ʟʨʘʟʢʘ ʻ ʛʦʥʽʦʤʝʪʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʧʝʨʝʩʫʚʘʥʥʷ ʟʨʘʟʢʘ ʚ ʪʨʴʦʭ ʥʘʧʨʷʤʢʘʭ. ʍʦʨʦʰʠʡ ʛʦʥʽʦʤʝʪʨ 

ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʦʞ ʥʘʭʠʣ ʦʙô̒ ʢʪʘ ʱʦʜʦ ʦʧʪʠʯʥʦʾ ʦʩʽ ʩʠʩʪʝʤʠ 

(ʦʩʽ z) ʽ ʦʙʝʨʪʘʥʥʷ ʟʨʘʟʢʘ. ʂʨʽʤ ʛʦʥʽʦʤʝʪʨʘ, ʜʣʷ ʨʫʭʫ ʦʙô̒ ʢʪʘ 

ʚ ʢʘʤʝʨʽ ʟʨʘʟʢʘ ʤʽʩʪʷʪʴʩʷ ʜʝʪʝʢʪʦʨʠ ʚʽʜʦʙʨʘʞʝʥʠʭ, 

ʚʪʦʨʠʥʥʠʭ ʽ ʧʦʛʣʠʥʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʘ 

ʧʽʜô̒ ʜʥʘʥʥʷ ʩʧʝʢʪʨʦʤʝʪʨʽʚ ʭʚʠʣʴʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ. ɺʙʫʜʦʚʘʥʠʡ 

ʩʚʽʪʣʦʚʠʡ ʤʽʢʨʦʩʢʦʧ ʜʦʟʚʦʣʷʻ ʚʝʩʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʟʨʘʟʢʦʤ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ. 

ʋʤʦʚʦʶ ʢʦʨʝʢʪʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʨʝʪʝʣʴʥʘ ʧʽʜʛʦʪʦʚʢʘ 

ʟʨʘʟʢʘ, ʷʢʘ ʚʠʢʣʶʯʘʻ ʧʦʷʚʫ ʧʦʤʠʣʦʢ ʫʥʘʩʣʽʜʦʢ ʤʦʞʣʠʚʦʛʦ 

ʧʨʦʥʠʢʥʝʥʥʷ ʧʦʣʽʨʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʟʘʣʠʰʢʽʚ 

ʰʣʽʬʫʚʘʣʥɹʦʾ ʤʘʩʠ ʘʙʦ ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ ʧʽʜ ʯʘʩ 
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ʪʨʘʚʣʝʥʥʽ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʪʨʽʙʥ ̔ ʨʝʪʝʣʴʥʘ 

ʧʽʜʛʦʪʦʚʢʘ ʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

 

ʇʽʜʛʦʪʦʚʢʘ ʟʨʘʟʢʽʚ 

ɼʣʷ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʽʜʛʦʪʦʚʣʝʥʽ ʟʨʘʟʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʠʭ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʧʦʣʽʨʫʚʘʥʥʷ. ʑʦʙ 

ʫʥʠʢʥʫʪʠ ʟʘʥʘʜʪʦ ʩʠʣʴʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ, ʧʦʪʨʽʙʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʰʣʽʬʫʚʘʥʥʷ ʤʦʢʨʠʤ ʩʧʦʩʦʙʦʤ. ʇʦʣʽʨʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʚʠʢʣʶʯʥʦ ʤʝʭʘʥʽʯʥʦ, ʦʩʢʽʣʴʢʠ ʟʘ 

ʭʽʤʽʯʥʦʛʦ ʧʦʣ̔ʨʫʚʘʥʥ ̫ ʚʠʥʠʢʘʻ ʥʝʙʝʟʧʝʢʘ ʟʙʘʛʘʯʝʥʥʷ ʘʙʦ 

ʟʙʽʜʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʚʝʨʭʥʽ ʚʥʘʩʣʽʜʦʢ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʪʨʘʚʣʝʥʥʷ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʽʜʰʫʢʘʪʠ ʥʝʦʙʭʽʜʥʝ ʤʽʩʮʝ ʥʘ 

ʟʨʘʟʢʫ ʚ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʤʫ ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʽ, ʤʦʞʥʘ 

ʧʽʩʣʷ ʧʦʣʽʨʫʚʘʥʥʷ ʩʣʘʙʦ ʧʨʦʪʨʘʚʠʪʠ ʟʨʘʟʦʢ ʽ ʟʘʟʥʘʯʠʪʠ 

ʥʝʦʙʭʽʜʥʽ ʤʽʩʮʷ ʚʽʜʙʠʪʢʘʤʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʘʙʦ ʢʦʣʦʚʠʤ 

ʤʘʨʢʫʚʘʥʥʷʤ. ʇʦʪʽʤ ʟʨʘʟʦʢ ʧʦʪʨʽʙʥʦ ʟʥʦʚʫ ʧʝʨʝʧʦʣʽʨʫʚʘʪʠ 

ʜʦ ʪʘʢʦʾ ʤʽʨʠ, ʢʦʣʠ ʪʨʘʚʣʝʥʥʷ ʟʥʠʢʘʻ, ʘ ʤʘʨʢʫʚʘʥʥʷ 

ʟʘʣʠh ʘʻʪʴʩʷ.  

ʅʘʧʠʣʝʥʥʷ ʟʨʘʟʢʘ ʧʽʩʣʷ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʟʘʟʚʠʯʘʡ ʥʝ 

ʧʦʪʨʙ̔ʥʝ, ʦʩʢʽʣʴʢʠ ʤʝʪʘʣʝʚʽ ʟʨʘʟʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ. ʃʠh ʝ ʚ ʪʦʤʫ ʨʘʟʽ, ʷʢʦɦ ʟʨʘʟʦʢ ʤʽʩʪʠʪʴ 

ʥʝʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ, ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʧʠʣʝʥʥʷ ʛʨʘʬʽʪʫ, ʘʣʶʤʽʥʽʶ ʘʙʦ ʤʽʜʽ. 

ʋ ʙʫʜʴ-ʷʢʦʤʫ ʨʘʟʽ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʽʜʝʘʣʴʥʦ ʯʠʩʪʠʤ. ʎʷ ʚʠʤʦʛʘ ʩʪʦʩʫʻʪʴʩʷ ʷʢ ʨʘʩʪʨʦʚʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʪʘʢ ʽ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʤʽʢʨʦʘʥʘʣʽʟʫ. ʗʢʱʦ ʚʠʷʚʠʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʜʦʜʘʪʢʦʚʦʤʫ 

ʦʯʠɦ ʝʥʥ̔ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʪʦ ʜʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʧʝʮʘ̔ʣʴʥʽ ʧʨʦʤʠʚʘʣʴʥʽ ʨʝʯʦʚʠʥʠ, ʟʦʢʨʝʤʘ ʦʯʠʱʝʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫʣʴʪʨʘʟʚʫʢʫ. 
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ʗʢʽʩʥʠʡ ʘʥʘʣʽʟ 

ɸʥʘʣʽʟ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʟʨʘʟʢʘ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ 

ʩʪʘʜʽʾ. ʇʝʨʰʘ ʩʪʘʜʽʷ ï ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ï ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʢʽʣʴʢʦʩʪʽ ʪʘ ʪʠʧʫ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʜʽʣʷʥʮʽ ʟʨʘʟʢʘ. ʇʦʪʽʤ ʚʠʢʦʥʫʻʪʴʩʷ ʢʽʣʴʢʽʩʥʠʡ 

ʘʥʘʣʽʟ ʟ̔ ʚʠʟʥʘʯʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʮ̔ ʡ 

ʜʽʣʷʥʮʽ ʟʨʘʟʢʘ. ʗʢʱʦ ʟʨʘʟʦʢ ʤʘʻ ʜʝʢʽʣʴʢʘ ʬʘʟ, ʭʽʤʽʯʥʠʡ 

ʩʢʣʘʜ ʷʢʠʭ ʥʝʚʜ̔ʦʤʠʡ, ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ 

ʢʦʞʥʦʾ ʬʘʟʠ. ɿʘ ʚʝʣʠʢʦ ʾʢʽʣʴʢʦʩʪʽ ʟʘʚʜʘʥ ɹʜʣʷ ʟô̫ ʩʫʚʘʥʥʷ 

ʢʘʨʪʠʥʠ ʜʦʩʠʪʴ ʚʠʢʦʥʘʪʠ ʣʠhʝ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ.  

ɿʘ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʥʘʥʥ ̫ʘʥʘʣʽʟʫ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʝ 

ʤʽʩʮʝ ʟʨʘʟʢʘ ʥʘʧʨʷʤʣʷʁʪʴ ʝʣʝʢʪʨʦʥʥʠʡ ʟʦʥʜ ʽ 

ʨʝʥʪʛʝʥʽʚʩʢɹʠʡ ʩʧʝʢʪʨ, ʱʦ ʝʤʽʪʫʻʪʴʩʷ ʟʨʘʟʢʦʤ, ʨʝʻʩʪʨʫʻʪʴʩʷ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʭʚʠʣʴʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʯʠ ʝʥʝʨʛʝʪʠʯʥʠʤ 

ʜʠʩʧʝʨʩʽʡʥʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ. ʎʝʡ ʩʧʦʩʽʙ ʥʘʣʝʞʠʪʴ ʜʦ 

ʪʦʯʢʦʚʦʛʦ ʤʝʪʦʜʫ ʷʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ. ɺʽʜʥʝʩʝʥʥʷ ʣʽʥʽʡ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʩʧʝʢʪʨʘ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʩʫʯʘʩʥʠʭ ʧʨʠʣʘʜʘʭ ʚʠʢʦʥʫʻʪʴʩʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ 

ʧʨʠʩʪʨʦʻʤ, ʫ ʧʨʠʣʘʜʘʭ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʢʦʣʽʥʥʷ ʮʶ 

ʦʧʝʨʘʮʽʶ ʧʨʦʚʦʜʠʣʠ ʟʘ ʪʘʙʣʠʮʷʤʠ. ʋ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ʤʦʞʝ ʙʫʪʠ ʜʦʧʦʚʥʝʥʠʡ ʪʦʯʢʦʚʠʤ ʤʝʪʦʜʦʤ 

ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ. 

 

ɸʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ 

ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʤʽʢʨʦʘʥʘʣʽʟ ʻ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʝʣʝʤʝʥʪʽʚ. ɸʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʥʘʥʠʡ ʫ ʷʢʽʩʥʦʤʫ, ʥʘʧʽʚʢʣ̔ʴʢʽʩʥʦʤʫ ʽ ʢʽʣʴʢʽʩʥʦʤʫ ʚʠʜʘʭ 

ʟʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʘʙʦ ʜʠʩʢʨʝʪʥʦʛʦ ʨʝʞʠʤʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɿʨʦʟʫʤʽʣʦ, ʢʽʣʴʢʩ̔ʥʠʡ ʚʠʤʽʨ ʝʣʝʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʣʠʰʝ 

ʜʠʩʢʨʝʪʥʠʤ ʟʘ ʚʠʢʦʥʘʥʥ ̫ ʚʽʜʧʦʚʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʥʘʣʽʟʽʚ 

ʪʦʯʢʦʚʠʤ ʤʝʪʦʜʦʤ. 
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6.1.7 ʃʽʥʽʡʥʠʡ ʘʥʘʣʽʟ 
 

ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʫʟʜʦʚʞ 

ʟʘʜʘʥʦ ʾʚʠʪʷʛʥʫʪʦʾ ʜʽʣʷʥʢʠ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥ ̫

ʣʽʢʚʘʮʽʡʥʠʭ ʜʽʣʷʥʦʢ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʪʨʠ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʝʣʝʢʪʨʦʥʥʠʡ ʣʽʥʽʡʥʠʡ 

ʘʥʘʣʽʟ, ʙʝʟʧʝʨʝʨʚʥʠʡ ʤʝʭʘʥʽʯʥʠʡ ʣʽʥʽʡʥʠʡ ʘʥʘʣʽʟ, 

ʜʠʩʢʨʝʪʥʠʡ ʤʝʭʘʥʽʯʥʠʡ ʣʽʥʽʡʥʠʡ ʘʥʘʣʽʟ ʧʦʨʽʚʥʷʥʥʤ̫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʦʯʢʦʚʦʛʦ ʘʥʘʣʽʟʫ.  

ɿʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚ̔ʜʭʠʣʴʥʦʾ ʢʦʪʫʰʢʠ ʝʣʝʢʪʨʦʥʥʠʡ ʟʦʥʜ ʨʫʭʘʻʪʴʩʷ ʫʟʜʦʚʞ 

ʣʽʥʽʾ ʧʦ ʥʝʨʫʭʦʤʦʤʫ ʟʨʘʟʢʫ, ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʦʜʘʻʪʴʩʷ ʷʢ 

ʬʫʥʢʮʽʷ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʝʢʨʘʥʽ ʧʨʠʣʘʜʫ. 

ʉʢʘʥʫʚʘʥʥʷ ʟʨʘʟʢʘ ʽ ʨʘʩʪʨʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʝʢʨʘʥʽ 

ʚʽʜʙʫʚʘʪʁʴʩʷ ʩʠʥʭʨʦʥʥʦ. ʅʝʜʦʣʽʢʦʤ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʣʽʥʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʦʙʤʝʞʝʥʘ ʚʝʣʠʯʠʥʘ ʩʢʘʥʫʚʘʣʴʥʦʾ 

ʜʽʣʷʥʢʠ ʥʘ ʨʽʚʥʽ 500 ʤʢʤ ʽ ʥʝʜʦʪʨʠʤʘʥʥʷ ʫʤʦʚ ʈʦʣʘʥʜʘ 

ʚʥʘʩʣʽʜʦʢ ʟʘʥʘʜʪʦ ʚʝʣʠʢʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʨʦʤʝʥʷ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʟʘ ʤʘʣʠʭ 

ʟʙʽʣʴʰʝʥʴ, ʱʦ ʩʧʨʠʯʠʥʶʻ ʚʪʨʘʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʡ ʫʷʚʥʫ 

ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ.  

ɿʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

ʟʨʘʟʦʢ ʨʫʭʘʻʪʴʩʷ ʟʘ ʟʘʜʘʥʦ  ʁ ʪʨʘʻʢʪʦʨʽʻ ʁ ʟ ʜʦʧʦʤʦʛʦʶ  

ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʝʣʝʢʪʨʦʥʥʠʡ ʟʦʥʜ 

ʥʝʨʫʭʦʤʠʡ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʝʣʝʤʝʥʪʘ ʨʝʻʩʪʨʫʻʪʴʩʷ ʷʢ ʬʫʥʢʮʽʷ ʧʦʣʦʞʝʥʥʷ 

ʪʦʯʢʠ ʩʘʤʦʧʠʩʥʠʤ ʧʨʠʩʪʨʦʻʤ. ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʟʨʘʟʢʘ 

ʟʘʟʚʠʯʘʡ ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 1 ʤʢʤ/ʭʚ ʜʦ 500 ʤʢʤ/ʭʚ, ʱʦ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ 

ʘʥʘʣʽʪʠʯʥʦʾ ʟʘʜʘʯʽ. ʋ ʟʚʠʯʘʡʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘ ʤʝʭʘʥʽʯʥʦʛʦ 

ʣ̔ʥʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʨʝʻʩʪʨʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʥʘ 

ʟʨʘʟʢʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʤʦʞʥʘ ʥʝʦʜʥʦʨʘʟʦʚʦ 

ʧʦʚʪʦʨʶʚʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʜʦʪʨʠʤʫʶʯʠʩʴ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪ̔ 

ʦʨʽʻʥʪʘʮʽʾ ʟʨʘʟʢʘ.  
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ʆʩʢʽʣʴʢʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ ʬʫʥʢʮʽʻʶ ʢʦʥʮʝʥʪʨʘʮʽʾ, 

ʜʽʘʛʨʘʤʘ ʷʢʽʩʥʦ ʚʽʜʪʚʦʨʶʻ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʥʘʣʽʟʦʚʘʥʦʛʦ 

ʝʣʝʤʝʥʪʘ. ɿʘ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʚʽʜʧʦʚʽʜʥʠʭ ʝʪʘʣʦʥʽʚ ʤʦʞʥʘ 

ʟʘʜʘʪʠ ʤʘʩʰʪʘʙ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʧʽʚʢʽʣʴʢʽʩʥʦ 

ʦʮʽʥʠʪʠ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ. ʋ ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʟʦʥʜʘʭ, 

ʦʩʥʘʱʝʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʣʽʥʽʡʥʠʡ ʘʥʘʣʽʟ 

ʚʠʢʦʥʫ̒ ʪʴʩʷ ʤʘʡʞʝ ʚʠʢʣʶʯʥʦ ʤʝʪʦʜʦʤ ʪʘʢ ʟʚʘʥʦʛʦ 

ʢʨʦʢʦʚʦʛʦ ʩʢʘʥʫʚʘʥʥʷ (step ï scan), ʪʦʙʪʦ ʧʦʩʣʽʜʦʚʥʠʤ 

ʧʨʦʚʝʜʝʥʥʷʤ ʪʦʯʢʦʚʦʛʦ ʘʥʘʣʽʟʫ. ɺʦʜʥʦʯʘʩ ʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʚʚʦʜʪ̫ʴ ʧʦʯʘʪʢʦʚʫ ʪʦʯʢʫ 

ʧʨʦʬʽʣʶ, ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ, ʰʠʨʠʥʫ ʢʨʦʢʫ, ʘ ʪʘʢʦʞ 

ʪʨʠʚʘʣʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ. ʇʽʩʣʷ ʩʪʘʨʪʦʚʦʾ 

ʢʦʤʘʥʜʠ ʧʨʠʣʘʜ ʚʠʢʦʥʫʻ ʟʘʚʜʘʥʥʷ ʩʘʤʦʩʪʽʡʥʦ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʪʠʧʫ ʟʘʩʪʦʩʦʚʫʚʘʥʦʾ ʧʨʦʛʨʘʤʠ ʚʠʜʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʙʦ 

ʢʽʣʴʢʽʩʥʠʡ ʨʝʟʫʣʴʪʘʪ. ɺʽʜʧʦʚʽʜʥʽ ʧʨʦʛʨʘʤʠ ʜʦʟʚʦʣʷʶʪʴ 

ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʻʩʪʨʫʚʘʪʠ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

 

ɸʥʘʣʽʟ ʟʘ ʧʣʦʱʘʤʠ 

ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʥʘ ʧʣʦʱʠʥʽ ʧʦʣʷʛʘʻ ʚ ʦʜʝʨʞʘʥʥʽ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʨʘʩʪʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʎʽ ʟʦʙʨʘʞʝʥʥʷ 

ʜʘʶʪʴ ʰʚʠʜʢʠʡ, ʷʢʽʩʥʠʡ ʦʛʣʷʜ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʫ ʟʨʘʟʢʫ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʘʩʪʨʦʚʦʛʦ ʧʨʠʥʮʠʧʫ ʝʣʝʢʪʨʦʥʥʠʡ ʟʦʥʜ 

ʩʢʘʥʫʻ ʢʚʘʜʨʘʪ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʝ 

ʨʝʥʪʛʝʥʽʚʩʢɹʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʟʘ ʩʢʘʥʫʚʘʥʥʷ 

ʦʙô̒ ʢʪʘ, ʟʚʠʯʘʡʥʠʤ ʩʧʦʩʦʙʦʤ ʦʙʨʦʙʣʷʻʪʴʩʷ ʚ ʩʧʝʢʪʨʦʤʝʪʨʽ, 

ʜʝʪʝʢʪʦʨʽ, ʧʽʜʩʠʣʶʚʘʯʽ ʪʘ ʘʥʘʣʽʟʘʪʦʨʽ. ɯʤʧʫʣʴʩ ʥʘʧʨʫʛʠ ʥʘ 

ʚʠʭʦʜʽ ʘʥʘʣʽʟʘʪʦʨʘ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʢʽʥʝʩʢʦʧ, ʜʝ ʚʽʥ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʠʣʥ̔ʜʨʘ ɺʝʥʝʣʴʪʘ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ ʩʚʽʪʣʠʭ ʽ 

ʪʝʤʥʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ. ʋ ʪʦʡ ʤʦʤʝʥʪ, ʢʦʣʠ ʩʠʛʥʘʣ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʢʽʥʝʩʢʦʧ, ʥʘ ʝʢʨʘʥʽ ʟô̫ ʚʣʷʻʪʴʩʷ ʩʚʽʪʣʘ ʪʦʯʢʘ. 

ʆʜʝʨʞʫʚʘʥʝ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʝ ʨʘʩʪʨʦʚʝ 

ʟʦʙʨʘʞʝʥʥʷ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʥʘ 
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ʘʥʘʣʽʟʫʚʘʣʴʥʡ̔ ʜʽʣʷʥʮʽ ʟʨʘʟʢʘ. ʑʽʣʴʥʽʩʪʴ ʪʦʯʦʢ ʻ ʤʽʨʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʨʠʩ. 6.23). 

ɯʥʰʘ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʟʘ 

ʧʣʦʝɦ  ʁʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʘ ʧʦʚʝʨʭʥʷ ʟʨʘʟʢʘ 

ʩʢʘʥʫʻʪʴʩʷ ʧʦ ʪʦʯʢʘʭ, ʪʦʙʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʢʨʦʢʦʚʝ 

ʩʢʘʥʫʚʘʥʥʷ. ʇʦʧʝʨʝʜʥʴʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥ ̔ʰʠʨʠʥʘ ʢʨʦʢʫ 

ʪʘ ʨʦʟʤʽʨ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ʉʘʤ ʘʥʘʣʽʟ ʚʠʢʦʥʫʻʪʴʩʷ 

ʷʢʽʩʥʦ ʘʙʦ ʢʣ̔ʴʢʽʩʥʦ. 

 

ʂʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ 

ʇʨʠʥʮʠʧ ʢʽʣʴʢʽʩʥʦʛʦ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʤʢ̔ʨʦʘʥʘʣʽʟʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʪʦʚʘʥʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʥʘ ʘʥʘʣʽʟʦʚʘʥʽʡ ʜʽʣʷʥʮʽ, ʻ ʤʽʨʦʶ ʾʭ 

ʢʦʥʮʝʥʪʨʘʮʽʾ.  
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