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ɹɹʂ   22.3+ 22.1 

 

 

 

 

 

ɿʙʽʨʥʠʢ ʜʨʫʢʫʻʪʴʩʷ ʟʘ ʨʽʰʝʥʥʷʤ ɺʯʝʥʦʾ ʨʘʜʠ  

ʅʽʞʠʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʄʠʢʦʣʠ ɻʦʛʦʣʷ 

ʇʨʦʪʦʢʦʣ ʚʽʜ  07.11.13 ʨ.  ˉ3 
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ʜʦʢʪ. ʧʝʜ. ʥ., ʧʨʦʬʝʩʦʨ, ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪ ɸʇʅ ʋʢʨʘʾʥʠ ɹʫʨʜʘ ʄ.ɯ. 

 

 

 

ɼʦ ʟʙʽʨʥʠʢʘ ʚʢʣʶʯʝʥʽ ʥʘʫʢʦʚʽ ʩʪʘʪʪʽ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʠʭ ʩʧʽʚʨʦʙʽʪ-

ʥʠʢʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ ʢʘʬʝʜʨ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, 

ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʦʩʚʽʪʥʽʭ ʚʠʤʽʨʶʚʘʥʴ, ʬʽʟʠʢʠ ʅʽʞʠʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽ-

ʚʝʨʩʠʪʝʪʫ ʽʤ. ʄʠʢʦʣʠ ɻʦʛʦʣʷ ʟ ʘʢʪʫʘʣʴʥʠʭ ʧʠʪʘʥʴ ʚʠʱʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʤʘ-

ʪʝʤʘʪʠʢʠ, ʬʽʟʠʢʠ, ʽʥʬʦʨʤʘʪʠʢʠ, ʤʝʪʦʜʠʢʠ ʚʠʢʣʘʜʘʥʥʷ ʜʠʩʮʠʧʣʽʥ ʬʽʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʮʠʢʣʫ. ʈ̫ ʜ ʩʪʘʪʪʝʡ ʧʨʠʩʚʷʯʝʥʦ 145 ʨʽʯʥʠʮʽ ʟ ʜʥʷ ʥʘʨʦʜ-

ʞʝʥʥʷ ʚʠʜʘʪʥʦʛʦ ʫʢʨʘʾʥʴʩʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ɻʝʦʨʛʽʷ ɺʦʨʦʥʦʛʦ. 

ɼʣʷ ʬʘʭʽʚʮʽʚ ʫ ʛʘʣʫʟʽ ʤʘʪʝʤʘʪʠʢʠ, ʬʽʟʠʢʠ, ʽʥʬʦʨʤʘʪʠʢʠ, ʦʩʚʽʪʥʽʭ ʚʠ-

ʤʽʨʶʚʘʥʴ, ʧʝʜʘʛʦʛʽʢʠ ʚʠʱʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʰʢʦʣʠ. 
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ʋɼʂ 621.039.586+ 519.7 

 

ɼʆ ʈʆɿʈʆɹʂʀ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄʆɼɽʃɽʁ ʉʂʃɸɼʅʀʍ 
ʆɹôɭʂʊɯɺ ɿɯ ɿʉʋɺʅʀʄʀ ɸʈɻʋʄɽʅʊɸʄʀ  

ɼʞʘʤʰʠʜ ɻʘʨʘʭʘʥʣʫ, ʆ.ɺ. ʂʦʥʦʚʘʣ, ɯ.ɺ. ʂʘʟʘʯʢʦʚ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʧʦʚôʷʟʘʥʘ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ, ʚʽʜʥʦʩʥʦ ʷʢʠʭ ʚʽʜʩʫʪʥʽ ʧʦʚʥʽ ʜʘʥʽ ʪʘ ʨʝʞʠʤʠ ʷʢʠʭ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʽʟʥʠʭ ʫʩʢʣʘʜ-

ʥʶʶʯʠʭ ʬʘʢʪʦʨʽʚ (ʥʝ ʣʽʥʽʡʥʦʩʪʽ, ʟʘʣʝʞʥʦʩʪʽ ʘʨʛʫʤʝʥʪʽʚ ʚʽʜ ʟʩʫʚʽʚ ʫ ʯʘʩʽ ʽ ʪ.ʜ.). ʉʪʘʪʪʷ ʧʨʠʩʚʷ-

ʯʝʥʘ ʧʨʦʙʣʝʤʽ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʦʜʥʽʻʶ ʟ ʫʩʢʣʘʜ-

ʥʶʶʯʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʣʝʞʥʽʩʪʴ ʘʨʛʫʤʝʥʪʽʚ ʚʽʜ ʯʘʩʦʚʠʭ ʟʩʫʚʽʚ (ʟʘʧʽʟʥʝʥʴ ʘʙʦ/ʯʠ ʚʠʧʝʨʝʜʞʝʥʴ 

ʫ ʯʘʩʽ ʟʘ ʦʜʥʠʤ ʯʠ ʜʝʢʽʣʴʢʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ). ɸʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʚ ʷʢʦʩʪʽ ʤʦʜʝʣʝʡ ʩʢʣʘʜʥʽ ʥʝ-

ʣʽʥʽʡʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʘʙʦ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʜʣʷ ʷʢʠʭ ʩʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʂʦʰʽ, ʨʽʰʝʥʥʷ 

ʦʩʪʘʥʥʴʦʾ ʤʘʻ ʜʦʧʦʤʦʛʪʠ ʜʦʩʣʽʜʥʠʢʫ ʟʨʦʟʫʤʽʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ, ʚʽʜʥʦ-

ʩʥʦ ʷʢʦʾ, ʤʦʞʣʠʚʦ, ʥʝʤʘʻ ʧʦʚʥʠʭ ʜʘʥʠʭ. ɸʥʘʣʽʟʫʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʜʝʷʢʠʭ ʮʽʢʘʚʠʭ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ ʤʦʞʥʘ ʟʤʦʜʝʣʶʚʘʪʠ ʪʘ ʧʨʦʚʝʩʪʠ ʦʙʯʠʩ-

ʣʶʚʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ɽʆʄ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʮʽʢʘʚʠʭ ʜʣʷ ʧʨʘʢʪʠʢʠ ʦʩʦʙʣʠʚʦʩʪʝʡ. ɿʦʢʨʝ-

ʤʘ, ʧʦʜʽʙʥʽ ʜʦ ʨʦʟʛʣʷʥʫʪʠʭ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʽ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʚʝʜʽʥʢʠ ʩʢʣʘʜʥʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʩʪʝʤ, ʧʦʰʫʢʫ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ, 

ʪʘʢʪʠʯʥʦʛʦ ʪʘ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʦʙôʻʢʪʘʤʠ, ʪʦʱʦ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʟʽ ʟʩʫʚʥʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ, ʦʩʦʙʣʠʚʦ ï ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟ-

ʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ, ʤʘʻ ʥʘ ʤʝʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʠʭ ʩʠʩʪʝʤ ʪʘ ʟʘʢʦʥʦʤʽʨ-

ʥʦʩʪʝʡ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʘʥʘʣʽʟʫʚʘʪʠ ʢʨʠʪʠʯʥʽ ʽ ʥʘʚʽʪʴ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʷʚʠʱʘ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʽʥʰʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʘ ʚʽʜʪʘʢ ʟʘʧʦʙʽʛʪʠ ʥʝʙʘʞʘʥʠʤ ʨʝʞʠʤʘʤ ʪʘ, ʤʦʞ-

ʣʠʚʦ, ʭʦʯʘ ʙ ʜʦ ʧʝʚʥʦʾ ʤʽʨʠ ʢʝʨʫʚʘʪʠ ʙʝʟʧʝʢʦʶ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʩʪʝʤ ʯʠ ʟʘʧʦʙʽʛʘʪʠ 

ʥʝʙʝʟʧʝʮʽ ʩʧʝʮʽʘʣʴʥʠʤ ʚʠʙʦʨʦʤ ʫʤʦʚ ʽ ʧʘʨʘʤʝʪʨʽʚ. ʉʠʪʫʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘ-

ʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʩʪʘʚʠʪʠ ʟʘʜʘʯʫ ʪʘʢʪʠʯʥʦʛʦ ʪʘ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʩʢʣʘ-

ʜʥʠʭ ʦʙôʻʢʪʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʩʢʣʘʜʥʽ ʧʨʠʨʦʜʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʦʙôʻʢʪʠ ʥʝ ʜʘʶʪʴ ʟʤʦʛʠ ʧʦʙʫʜʫʚʘʪʠ ʾʭ 

ʪʦʯʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʟʘ ʙʨʘʢʦʤ ʧʝʚʥʠʭ ʜʘʥʠʭ ʧʨʦ ʾʭʥʶ ʩʪʨʫʢʪʫʨʫ, ʟʚ'ʷʟʦʢ ʧʘʨʘʤʝʪʨʽʚ, ʚʥʘ-

ʩʣʽʜʦʢ ʥʘʜʪʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʧʦʚʝʜʽʥʢʫ, ʥʝʚʽʜʦʤʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ 

ʥʠʤʠ, ʧʨʠʥʮʠʧʦʚʦʾ ʥʝʤʦʞʣʠʚʦʩʪʽ ʪʦʯʥʠʭ ʚʠʤʽʨʽʚ ʧʘʨʘʤʝʪʨʽʚ, ʪʦʱʦ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝʨʦʟʛʣʷʥʫʪʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʦʞʝ ʙʫʪʠ ʪʘʢʘ. ʆʩʢʽ-

ʣʴʢʠ ʧʦʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʢʣʘʜʥʫ ʩʠʩʪʝʤʫ ʚʽʜʩʫʪʥʷ ʘʙʦ ʧʨʠʥʮʠʧʦʚʦ ʥʝʤʦʞʣʠʚʘ (ʧʨʠʥʘʡʤʥʽ ʟ 

ʦʮʽʥʝʥʦʶ ʪʦʯʥʽʩʪʶ), ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʙʫʜʫʶʪʴ ʪʘʢ ʟʚʘʥʽ ʘʛʨʝʛʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ (ʚʧʣʠʚʦʚʽ) ʧʘʨʘʤʝʪʨʠ ʪʘ ʚʽʜʦʤʽ ʷʢʽʩʥʽ ʽ ʢʽʣʴʢʽʩʥʽ ʜʘʥʽ ʧʨʦ ʥʠʭ. ʎʝ 

ʤʦʞʝ ʙʫʪʠ ʪʽʣʴʢʠ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʜʦ ʧʦʙʫʜʦʚʠ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʤʦʜʝʣʽ, ʷʢʘ ʥʘʜʘʣʽ 

ʤʦʞʝ ʫʪʦʯʥʶʚʘʪʠʩʴ, ʘʣʝ ʽʥʦʜʽ ʥʘʚʽʪʴ ʪʘʢʠʭ ʨʦʙʘʩʪʥʠʭ ʤʦʜʝʣʝʡ ʚʠʷʚʣʷʻʪʴʩʷ ʜʦʩʠʪʴ ʜʣʷ ʚʠʢʦ-

ʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʧʨʘʢʪʠʯʥʦʾ ʮʽʣʽ.  

ʊʝʦʨʽʷ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʟʽ ʟʩʫʚʥʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʻ ʧʽʜʭʦʜʷʱʠʤ ʤʘʪʝʤʘʪʠʯ-

ʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚʠʱʝʦʧʠʩʘʥʦʾ ʟʘʜʘʯʽ. ɺʣʘʩʪʠʚʦʩʪʽ ʙʘʛʘʪʴʦʭ ʨʝʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ 

ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʝʬʝʢʪʫ ʧʽʩʣʷʜʽʾ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʾʭ ʧʦʚʝʜʽʥʢʘ ʚ ʥʘʩʪʫʧʥʠʡ ʤʦʤʝʥʪ 

ʯʘʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ ʽʩʪʦʨʽʾ ʨʦʟʚʠʪʢʫ, ʘ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʘ. ʅʘʡ-

ʧʨʦʩʪʽʰʽ ʚʠʧʘʜʢʠ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʚʠʚʯʘʣʠ ʚ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ 

ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ (ʟʘʧʽʟʥʝʥʥʷʤʠ ʪʘ ʚʠʧʝʨʝʜʞʝʥʥʷʤʠ): [1-19]. ʈʝʘʣʴʥʽ ʦʙôʻʢʪʠ ʟʥʘʯʥʦ 

ʩʢʣʘʜʥʽʰʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʘʚʽʪʴ ʧʨʠ ʩʧʨʦʱʝʥʥʽ ʦʧʠʩʫʶʪʴʩʷ ʩʠʩʪʝʤʘʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚ-

ʥʷʥʴ, ʘʨʛʫʤʝʥʪʠ ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʚʽʜʭʠʣʷʶʯʠʭ ʘʨʛʫʤʝʥʪʽʚ, ʱʦ ʜʦ ʪʦʛʦ ʞ ʤʦʞʫʪʴ ʩʘʤʽ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʯʘʩʫ ʪʘ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. 



4  ʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥ ̔ʟʘʧʠʩʢʠ 

 

ɿʘ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʦʪʨʠʤʘʥʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʽʾ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʟ 

ʟʘʧʽʟʥʶʶʯʠʤʠ ʪʘ ʚʠʧʝʨʝʜʞʘʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʩʬʦʨʤʫʚʘʣʠ ʪʝʦʨʽʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ, ʷʢʘ ʥʘ ʧʨʦʪʷʟʽ ʦʩʪʘʥʥʽʭ 20 ʨʦʢʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʽʟʥʠʭ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʟ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʝʡ ʥʘʫʢʠ, ʪʝʭʥʽʢʠ, ʛʦʩʧʦʜʘʨʩʪʚʘ. 

ʈʦʟʨʦʙʮʽ ʯʠʩʝʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʽʰʝʥʥʷ ʟʘʜʘʯ, ʘ ʪʘʢʦʞ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʶ ʧʨʠʩʚʷʯʝʥʦ ʯʠʤʘʣʦ ʨʦ-

ʙʽʪ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ, ʥʘʧʨʠʢʣʘʜ, [2, 4-6, 11-17], ʜʝ ʨʽʚʥʷʥʥʷʤ ʟ ʚʠʧʝʨʝʜʞʝʥʥʷʤʠ ʤʘʡʞʝ ʥʝ ʧʨʠʜʽ-

ʣʷʣʦʩʴ ʫʚʘʛʠ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʨʦʙʽʪ [2, 4], ʚ ʷʢʠʭ ʥʘʜʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʘʢʠʭ ʟʘʜʘʯ. 

ʑʦʜʦ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʽʟ ʟʘʧʽʟʥʶʶʯʠʤʠ ʪʘ ʚʠʧʝʨʝʜʞʘʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ, 

ʪʦ ʪʘʢʽ ʨʦʟʛʣʷʜʘʣʠʩʴ ʚ ʨʦʙʦʪʘʭ [7, 20-23]: ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ 

ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ [20-22], ʜʠʥʘʤʽʢʠ ʧʦʧʫʣʷʮʽʡ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʠʯ-

ʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ [7, 23]. ʎʽʢʘʚʦ, 

ʱʦ ʚ ʪʝʦʨʽʾ ʢʝʨʫʚʘʥʥʷ ʨʫʭʫ ʩʠʩʪʝʤ ʟ ʟʘʧʽʟʥʝʥʥʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ 

ʫ ʬʦʨʤʽ ʧʨʠʥʮʠʧʫ ʤʘʢʩʠʤʫʤʫ ʇʦʥʪʨʷʛʽʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʨʷʞʝʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʽʟ ʚʠʧʝʨʝ-

ʜʞʝʥʥʷʤʠ [3]. ʇʦʩʪʘʥʦʚʢʘ ʙʽʣʴʰʦʩʪʽ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝ-

ʤʘʭ, ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

                           
1 2( , ( ), ( ), ( ))

dx
f t x t x t x t

dt
t t= - + ,           a t b¢ ¢,                                     (1) 

ʜʝ nx RÍ , n NÍ , a RÍ , b RÍ , a<b, 
1 2,t t- ʚʝʣʠʯʠʥʠ ʟʘʧ̔ʟʥʝʥʴ ʪʘ ʚʠʧʝʨʝʜʞʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ, f - 

ʜʝʷʢʘ ʟʘʜʘʥʘ n - ʚʠʤʽʨʥʘ ʬʫʥʢʮʽ̫ . ʉʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʘ̔ʣʴʥʠʭ ʨʽʚʥʷʥʴ (1) ʽʟ ʟʘʧʽʟʥʝʥʥʷʤʠ ʪʘ ʚʠ-

ʧʝʨʝʜʞʝʥʥʷʤʠ ʫ ʯʘʩʽ ʤʘʻ ʙʫʪʠ ʜʦʧʦʚʥʝʥʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ (ʟʘʜʘʯʘ 

ʂʦʰ̔). 

ɽʬʝʢʪʠʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽʟ ʟʘʧʽʟʥʶʶʯʠʤʠ ʪʘ ʚʠ-

ʧʝʨʝʜʞʘʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʻ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʘ ʪʘʢʦʞ ʨʽʟʥʽ ʤʝʪʦʜʠ ʫʩʝʨʝʜʥʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘ-

ʣʴʥʠʭ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ [24, 25]. ɺʦʥʠ ʜʦʟʚʦʣʠʣʠ ʚʠʢʦʥʘʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ, ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʧʦʚʝʜʽʥʢʠ ʧʦʪʝʥ-

ʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʽʜʦʤʦʩʪʷʭ ʧʨʦ ʨʦʙʦʪʫ ʦʙôʻʢʪʽʚ. 

ʊʘʢ, ʘʛʨʝʛʦʚʘʥʘ ʤʦʜʝʣʴ ʨʦʟʚʠʪʢʫ ʷʜʝʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʧʦʙʫʜʦʚʘʥʘ ʪʘ ʜʦʩʣʽʜʞʝʥʘ ʚ 

ʨʦʙʦʪʘʭ [20-22], ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʢʦʤʧôʶʪʝʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʮʽʢʘʚʠʭ ʦʩʦʙʣʠ-

ʚʦʩʪʝʡ ʧʦʚʝʜʽʥʢʠ ʨʦʙʦʪʠ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ ʥʘ ʨʽʚʥʽ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʯʠ ʦʢʨʝ-

ʤʠʭ ʙʣʦʢʽʚ, ʚʩʽʻʾ ʛʘʣʫʟʽ ʽ ʪ.ʜ., ʟʥʘʭʦʜʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʩʪʨʘʪʝʛʽʾ, ʚʠʷʚʣʷʪʠ ʢʨʠʪʠʯʥʽ ʪʘ ʘʚʘʨʽʡʥʦ 

ʥʝʙʝʟʧʝʯʥʽ ʩʠʪʫʘʮʽʾ, ʪʦʱʦ. ʎʝ ʤʦʞʝ ʧʝʚʥʦʶ ʤʽʨʦʶ ʩʧʨʠʷʪʠ ʧʦʢʨʘʱʝʥʥʶ ʢʝʨʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜ-

ʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʪʘ ʟʥʠʞʝʥʥʶ ʾʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. ɸ 

ʦʩʢʽʣʴʢʠ ʧʦʜʽʙʥʽ ʩʢʣʘʜʥʽ ʦʙôʻʢʪʠ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʫʜʫʚʘʪʠ ʾʭ ʪʦʯʥʽ ʜʝʪʝ-

ʨʤʽʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʧʣʠʚʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʥʝʨʽʜʢʦ ʥʝ-

ʚʽʜʦʤʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ, ʪʦ ʘʛʨʝʛʦʚʘʥʽ ʤʦʜʝʣʽ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʦʙôʻʢʪ, 

ʤʦʞʫʪʴ ʧʦʩʣʫʛʫʚʘʪʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʨʠʨʦʜʠ ʪʘ ʧʦʚʝʜʽʥʢʠ ʦʙôʻʢʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ 

ʦʙôʻʢʪʽʚ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʪʦ ʘʛʨʝʛʦʚʘʥʘ ʤʦʜʝʣʴ ʜʦʩʪʘʪʥʴʦ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ ʤʦʞʝ ʙʫʪʠ ʟʘ-

ʧʠʩʘʥʘ ʪʘʢ [20]: 

 

                                   ( ) ( ( ))
0 0

dx ni N x a a N x
i i ij j jidt j

= - Ö + Ö -ä
=

,                                               (2) 

ʜʝ: ix - ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣ,̔ iN - ʤʦʞʣʠʚʽ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥ̫  i-ʦʛʦ ʧʘʨʘʤʝʪʨʘ, ija - ʢʦʝʬ̔ʮ̔ ʥ̒ʪʠ, 

ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ - ʟʘʜʘʯʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʘ ʟʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʧʨʦ ʨʦʙʦʪʫ ʦʙôʻʢʪʘ, n- 

ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʚ̔, i=1,2én. ʉʪʨʦʛʦ ʛʦʚʦʨʷʯʠ, ija  ʤʦʞʫʪʴ ʙʫʪʠ ʜʝʷʢʠʤʠ ʬʫʥʢʮʽ̫ ʤʠ ʯʘʩʫ; iN  

ʤʦʞʫʪʴ ʚʘʨ̔ʁ ʚʘʪʠʩʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʧʨʦʙʣʝʤʠ (ʪʘʢʪʠʯʥʝ ʯʠ ʩʪʨʘʪʝʛʽʯʥʝ ʧʣʘ-

ʥʫʚʘʥʥʷ, ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʪʘ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʡ̔, ʪʦʱʦ). ɻʨʘʥʠʮʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩ-

ʪʝʤʠ (2) ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʭ ʙʣʠʟʴʢʽʩʪʶ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʘʥʠʯʥʦ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʦ ʷʢ ʚʣʘʩʪʠʚʽʩʪʴ ʥʘʩʠʯʝʥʥʷ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʩʠʩʪʝʤʠ [1].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʱʝʥʘʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʥʝʣ̔ʥ̔ʡʥʠʭ ʜʠʬʝʨʝʥʮʘ̔ʣʴʥʠʭ ʨʽʚʥʷʥʴ (2) ʟ ʚʽʜʧʦʚʽʜ-

ʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʜʠʥʘʤʢ̔ʫ ʨʦʟʚʠʪʢʫ ʩʢʣʘʜʥʦʛʦ ʦʙôʻʢʪʘ ʚ ʯʘʩʽ 

ʜʦ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ ʥʠʤ ʧʝʚʥʠʭ ʟʘʧʣʘʥʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ  ʯʠ ʪʦ ʨʝʞʠʤʽʚ, ʥʘʧʨʠʢʣʘʜ, ʥʘʩʠ-
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ʯʝʥʥʷ ʟʘ ʧʝʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ (ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ), ʚʠʟʥʘ-

ʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʫ ʨʦʟʚʠʪʢʫ ʦʙôʻʢʪʘ, ʟʥʘʭʦʜʞʝʥʥʷ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʩʠʪʫʘʮʽʡ, ʘ 

ʪʘʢʦʞ ʽʥʰʠʭ ʮʽʢʘʚʠʭ ʥʝʚʽʜʦʤʠʭ ʯʠ ʟʘʜʘʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ. ɿʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ 

ix  ʤʦʞʫʪʴ ʧʨʝʜʩʪʘʚʣʷʪʠ ʫ ʟʛʘʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʥʘʧʨʠʢʣʘʜ, ʯʠʩʝʣʴʥʽʩʪʴ ʧʝʨʩʦʥʘʣʫ ʪʘ ʫʧʨʘʚʣʽʥ-

ʮʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʢʽʣʴʢʽʩʪʴ ʚʠʨʦʙʣʷʻʤʦʾ  ʧʨʦʜʫʢʮʽʾ, ʚʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʟʥʦʛʦ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʣʽʢʚʽʜʘʮʽʶ ʥʘʥʝʩʝʥʦʛʦ ʧʦʨʫʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʨʽʚʥʦ-

ʚʘʛʠ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʫ, ʨʽʚʝʥʴ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʪ.ʜ. ʎʽ ʧʘʨʘʤʝʪʨʠ 
ix
 
ʤʦ-

ʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 
iN  ʽ ʪʦʤʫ ʨʦʟʛʣʷʜʫʚʘʥʫ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʥʦʨʤʫʚʘʪʠ ʟʘ ʦʙ-

ʨʘʥʠʤ ʤʘʩʰʪʘʙʦʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʈʦʟʨʦʙʢʘ ʘʛʨʝʛʦʚʘʥʦʾ ʤʦʜʝʣʽ ʦʙô̒ʢʪʘ ʧʦʯʠʥʘʪ̒ɹʩʷ ʟ ʦʙʯʠʩʣʝʥʥʷ ʢʦʥʩʪʘʥʪ ʩʠʩʪʝʤʠ ʜʠʬʝ-

ʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (2). ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʦʜʥʠʤ ʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʙʘʟʫʶʯʴ ʥʘ 

ʥʘʷʚʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʘʨʦ ʦʙôʻʢʪ ʘʙʦ ʞ ʧʨʠʡʥʷʪʠ  ʩʧʦʯʘʪʢʫ ʥʘʙʣʠʞʝʥʽ ʟʥʘʯʝʥʥʷ ʟ ʜʦʩʚʽ-

ʜʫ ̔ ʥʘʜʘʣʽ ʾʭ ʫʪʦʯʥʶʚʘʪʠ. ʉʠʩʪʝʤʘ (2) ʤʦʞʝ ʤʘʪʠ ʪʘʢʦʞ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ ʟ ʨʽʟʥʠʭ ʧʨʠʯʠʥ ʚʽʜ-

ʥʦʩʥʦ ʧʨʠʨʦʜʠ ʨʝʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ ʯʠ ʫʤʦʚ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ, ʥʘʧʨʠʢʣʘʜ, ʤʘʪʝ-

ʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʷʜʝʨʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙôʢ̒ʪʘ [20-22], ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: 

1 2,x x  - ʯʠʩʝʣʴʥʽʩʪʴ ʨʦʙʽʪʥʠʢʽʚ ʪʘ ʫʧʨʘʚʣʥ̔ʮ̔ʚ, ʚʽʜʧʦʚʽʜʥʦ; 

3x  - ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ; 

4x   - ʚʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ; 

5x  - ʚʠʪʨʘʪʠ ʥʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʣʽʢʚʽʜʘʮʽʶ ʟʘʙʨʫʜ-

ʥʝʥʴ, ʱʦ ʚʞʝ ʩʪʘʣʠʩʴ; 

6x  - ʨʚ̔ʝʥʴ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ ʥʘ ʦʙôʻʢʪʽ. 

ʈʽʚʝʥʴ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʫ ʜʽʘʧʘʟʦʥʽ [0, 1], ʷʢʱʦ ʧʨʠʡʥʷʪʠ ʟʘʢʦʥ ʟʙʝʨʝ-

ʞʝʥʥʷ ʩʫʙʩʪʘʥʮʽʾ, ʟʘ ʷʢʠʤ ʙʽʧʦʣʷʨʥʠʡ Universum ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʨʦʪʠʨʽʯ ï ʘʙʩʦʣʶʪʥʦ ʚʠ-

ʩʦʢʦʾ ʪʘ ʘʙʩʦʣʶʪʥʦ ʥʠʟʴʢʦʾ ʢʫʣʴʪʫʨʠ (1 ï ʽʜʝʘʣʴʥʦ ʚʠʩʦʢʘ, 0 ï ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʢʫʣʴʪʫʨʠ) [26, 

27]. ʊʦʜʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ 
6x =0 ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʧʦʚʥʽʡ ʚʽʜʩʫʪʥʦʩʪʽ ʙʫʜʴ-ʷʢʦʾ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝ-

ʢʠ, ʪʦʜʽ ʷʢ ʧʨʦʪʠʣʝʞʥʠʡ ʚʠʧʘʜʦʢ  
6x =1 ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘʡʚʠʱʦʤʫ ʨʽʚʥʶ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ, 

ʷʢʠʡ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʽʜʝʘʣʴʥʠʤ ʪʘ ʧʨʘʢʪʠʯʥʦ ʥʝʜʦʩʷʞʥʠʤ ʥʘʩʧʨʘʚʜʽ.  

ɼʦʨʝʯʥʦ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʦʙôʻʢʪʘ ʫ ʙʝʟʨʦʟʤʽʨʥʦʤʫ ʚʠʛʣʷʜʽ, ʷʢʠʡ ʻ 

ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤ ʽ ʟʨʫʯʥʠʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ. ɼʣʷ ʮʴʦʛʦ ʚʩʽ ʧʘ-

ʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʚʽʜʥʝʩʝʤʦ ʜʦ ʾʭ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʽ ʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2) ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʫ 

ʙʝʟʨʦʟʤʽʨʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ: 

 
dy

dt
b b y b y b y y1

10 11 1 12 2 13 3 11 1 1 1= + - + - + - -[ ( ) ( ) ( )]( ) , 

dy

dt
b b y b y b y y2

20 21 1 22 2 23 3 21 1 1 1= + - + - + - -[ ( ) ( ) ( )]( ) , 

dy

dt
b b y b y b y b y b y b y y3

30 31 1 32 2 33 3 34 4 35 5 36 6 31 1 1 1 1 1= + - + - + - + - + - + -[ ( ) ( ) ( ) ( ) ( ) )]( ) , 

                            dy

dt
b b y b y b y b y y4

40 43 3 44 4 45 5 46 6 41 1 1 1= + - + - + - + -[ ( ) ( ) ( ) )]( ) ,                       (3) 

dy

dt
b b y b y b y b y y5

50 53 3 54 4 55 5 56 6 51 1 1 1= + - + - + - + -[ ( ) ( ) ( ) )]( ) , 

dy

dt
b b y b y b y y6

60 61 1 62 2 63 3 61 1 1 1= + - + - + - -[ ( ) ( ) ( )]( ),  

             



6  ʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥ ̔ʟʘʧʠʩʢʠ 

 

ʜʝ: , , ,
0 0 6 6

y x N b a N b a y x
i i i ij ij j i i
= = = =. ʇʦʩʪʘʚʠʤʦ ʪʘʢʦʞ ʦʙʤʝʞʝʥʥʷ ʚʠʛʣʷʜʫ 54 3

N N N+ ¢ . 

ɼʣʷ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʯʘʩʫ t  ʚ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ (3) ʦʙʨʘʥʦ ʭʘʨʘʢʪʝʨʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ T . ɸ ʪʘʢʠʡ 

ʚʘʞʣʠʚʠʡ ʧʦʢʘʟʥʠʢ ʷʢ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʦʙôʻʢʪʘ ʧʨʠʡʤʝʤʦ ʟʘ ʧʨʦʧʦʟʠʮʽʻʶ ʨʦʙʽʪ [20-22]: 

                                        1
3 4 61 1 1 2

1
52 1 2 2

y y yy y
V q

y y y

a b

a b

+ +
= Ö
+ +

.

                                                       (4) 

ʊʫʪ ʚ ʨʽʚʥʷʥʥʽ (4) ʤʘʻʤʦ: q - ʧʘʨʘʤʝʪʨ ʧʦʪʦʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʽʚʥʷ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʥʘ 

ʜʘʥʠʡ ʤʦʤʝʥʪ, ,
i i
a b- ʢʦʝʬ̔ʮ̔ ʥ̒ʪʠ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʧʨʠ ʨʦʟʛʣʷʜʽ ʢʦʥʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʦʢʘʟʥʠʢ ʙʝʟʧʝʢʠ ʦʙôʻʢʪʘ ʫ ʧʨʠʡʥʷʪʦʤʫ ʚʠʛʣʷʜʽ (4) ʧʦʢʘʟʫ,̒ ʦɦ 0V­  ʧʨʠ , , 0
3 4 6

y y y ­ ,  ̔

V­¤ ʧʨʠ 0
5

y ­ . ʇʨʠ , 0
1 2

y y ­  ʥ̔ʜʠʢʘʪʦʨ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ 

ʢʽʣʴʢʽʩʪʶ ʧʨʘʮʶʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʘʣʝ ʪʘʢʦʞ ʨʽʚʥʝʤ ʥ̔ʜʠʚʜ̔ʫʘʣʴʥʠʭ ʽ ʩʦʮ̔ʘʣʴʥʠʭ ʧʦʪʨʝʙ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʨʠʡʥʷʪʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʣʦʛʽʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʘʢʪʠʯʥʠʤ ʜʘʥʠʤ ʪʘ ʟʘʛʘʣʴʥʠʤ ʤʽʨʢʫʚʘʥ-

ʥʷʤ ʽ ʚʠʜʘʻʪʴʩʷ ʧʨʠʜʘʪʥʠʤ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. 

ɸʥʘʣʽʟ ʥʝʣʠʥʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ. ʅʝʣʽʥʽʡʥʽʩʪʴ ʤʦʜʝʣʝʡ ʟʘʚʞʜʠ ʚʠʢʣʠʢʘʻ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚʝʜʽʥʢʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ï ʽʩʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʦʩʦʙʦʚʠʭ ʪʘ ʢʨʠʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤ. ʄʦʞʣʠʚʽ ʪʦʯʢʠ ʙʽʬʫʨʢʘʮʽʾ, ʚ ʷʢʠʭ ʩʠʩʪʝʤʘ 

ʨʽʟʢʦ ʧʝʨʝʩʢʘʢʫʻ ʟ ʦʜʥʦʛʦ ʨʝʞʠʤʫ ʥʘ ʽʥʰʠʡ (ʷʢ ʧʨʘʚʠʣʦ, ʟʦʚʩʽʤ ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ), 

ʘʪʪʨʘʢʪʦʨʽʚ (ʧʨʠʪʷʛʫʶʯʠʭ ʤʥʦʞʠʥ ʪʨʘʝʢʪʦʨʽʡ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʨʫʭʫ ʩʠʩʪʝʤʠ, ʜʦ ʷʢʠʭ ʚʩʽ 

ʽʥʰʽ ʪʨʘʻʢʪʦʨʽʾ ʥʘʙʣʠʞʫʶʪʴʩʷ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ), ʪʘ ʽʥʰʽ ʦʩʦʙʣʠʚʦʩʪʽ. ɼʦʩʣʽʜʞʝʥ-

ʥʷ ʥʝʣʽʥʽʡʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʻ ʢʦʥʯʝ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʫ-

ʤʽʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʧʦʚʝʜʽʥʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʠʣʴʥʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ. ʊʘʢ, ʟʥʘʁʯʠ 

ʦʩʥʦʚʥ ̔ʢʨʠʪʠʯʥʽ ʨʝʞʠʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʾʭ ʧʘʨʘʤʝʪʨʠ ʽ ʟʘʢʦʥʠ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ, ʤʦʞʥʘ ʩʧʨʦʙʫ-

ʚʘʪʠ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ ʽ ʟʘʧʦʙʽʛʪʠ ʧʦʧʘʜʘʥʥʶ ʦʙôʻʢʪʘ ʫ ʢʨʠʪʠʯʥʠʡ ʩʪʘʥ.  

ɼʣʷ ʦʩʦʙʠ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ, ʽʥʬʦʨʤʘʮʽ̫  ʧʨʦ ʾʾ  ʦʩʦʙʣʠʚʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʾʭ ʢʦʤʧʣʝʢʩʽʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʢʨʠʪʠʯʥʠʭ ʨʝʞʠʤ̔ʚ ʨʦʙʦʪʠ, ʤʦʞʝ ʥʘʜʘʪʠ ʜʦʧʦ-

ʤʦʛʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘʢʠʤ ʨʝʞʠʤʘʤ. ʄʦʞʣʠʚʽ ʟʘʪʨʠʤʢʠ ʪʘ ʚʠʧʝʨʝʜʞʝʥʥʷ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʫ 

ʯʘʩʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʠʢʘʥʽ ʨʽʟʥʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʟʦʢʨʝʤʘ, ʢʽʥʮʝʚʦʶ ʰʚʠʜʢʽʩʪʶ ʨʦʟʧʦʚʩʶ-

ʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʢʦʤʘʥʜ, ʤʘʶʪʴ ʙʫʪʠ ʜʦʩʣʽʜʞʝʥʠʤʠ ʨʝʪʝʣʴʥʦ ʽ ʥʘʜʘʣʽ ʚʨʘ-

ʭʦʚʘʥʠʤʠ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʠʯʠʥ. ʅʘʧʨʠʢʣʘʜ, ʟʘʪʨʠʤʢʠ ʫ ʯʘʩʽ t ʟʘ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʽʟʥʠʤʠ ʪʘ ʱʝ ʡ ʟʘʣʝʞʘʪʠ ʤʽʞ ʩʦʙʦʶ ʡ ʫ ʯʘʩʽ, ʪʦʜʽ ʮʝ ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʝ ʫʩʢʣʘʜʥʝʥʥʷ ʟʘʜʘʯʽ 

ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʘʢʪʠʢʠ, ʪʘʢ ʽ ʟ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. ɼʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʦʧʠʩʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʥʘ ɽʆʄ, ʥʘʚʝʜʝʥʽ ʥʘ ʈʠʩ. 1, 2, ʧʦʢʘ-

ʟʫʶʪʴ ʤʦʞʣʠʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʨʦʟʛʣʷʥʫʪʦʾ ʩʠʩʪʝʤʠ ʷʜʝʨʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙôʻʢʪʘ. 

ʈʦʟʛʣʷʥʫʪʽ ʬʫʥʢʮʽʾ ʤʘʶʪʴ ʥʦʤʝʨʠ ʚʽʜ 1 ʜʦ 6 (ʭ: 1-6), ʘ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ ʦʙʨʘʥʽ ʥʘʩʪʫʧʥʽ: 

parameter (part=1.0, omega=2*pi*0.1, phi=pi/2., x_0=0., x_max=60.) 

(y1=1.-0.8, y2=1.-0.9, y3=1.-0.8, y4=1.-0.7, y5=1.-0.2, y6=1.-0.5) 

 (N1=50000., N2=5000., N3=333333., N4=5000.,  N5=5000., N6=1.) 

 (A10=-0.3, A11= 1.0e-06, A12=-1.0e-05, A13=-1.0e-06, A14= 1.0e-04, A15= 1.0e-04, A16=0.) 

(A20=-0.2, A21= 1.0e-06, A22=-1.0e-05, A23=-1.0e-06, A24= 1.0e-04, A25= 1.0e-04, A26=0.) 

(A30=-0.1, A31=-1.0e-05, A32=-1.0e-06, A33=-1.0e-05, A34= 1.0e-04, A35= 1.0e-04, A36=-0.1) 

(A40=-0.1, A41=+0.0e-00, A42=+0.0e-00, A43= 1.0e-06, A44=-1.0e-04, A45=-1.0e-04, A46=-0.3) 

(A50=-0.1, A51=+0.0e-00, A52=+0.0e-00, A53= 1.0e-06, A54=-1.0e-04, A55=-1.0e-04, A56=-0.3) 

(A60=-0.34, A61= 1.0e-06, A62= 1.0e-05, A63= 1.0e-06, A64=+0.0e-00, A65=+0.0e-00, A66=0.). 

ɺ ʨʝʟʫʣʴʪʘʪ ̔ʪʘʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʚ̔, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 1, 2, ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʤʽʪʠʪʠ ʪʘ ʜʦʩʣʽʜʠʪʠ ʜʝʷʢʽ ʥʝʟʚʠʯʘʡʥʽ ʨʝʞʠʤʠ, ʦʧʪʠʤʘʣʴʥʽ, ʢʨʠʪʠʯʥʽ ʪʘ ʥʘʚʽʪʴ ʢʘʪʘʩʪʨʦʬʽʯʥʽ, 

ʪʦʱʦ. ʊʘʢʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʩʢʣʘʜʥʦʛʦ ʥʝʣʽʥʽʡʥʦʛʦ ʦʙôʻʢʪʘ ʜʦʟʚʦʣʠʪʴ 

ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʥʠʤ ʘʙʦ ʞ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʟʘ ʟʘʜʘʥʠʤ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦ-

ʩʪʽ. 
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ʈʠʩ. 1. ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʚ̔ (ʭ: 1-6) ʫ ʯʘʩʽ ʪʘ ʾʭ ʬʘʟʦʚʽ ʧʦʨʪʨʝʪʠ  
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ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʯʘʩʫ (ʚʝʨʭʥʽʡ ʨʠʩʫʥʦʢ) ʪʘ ʾʭ ʬʘʟʦʚʽ ʧʦʨʪʨʝʪʠ 

(ʟʘʣʝʞʥʽʩʪʴ ʧʦʭʽʜʥʦʾ ʢʦʞʥʦʛʦ ʟ ʧʘʨʘʤʝʪʨʽʚ, dx/dt, ʚʽʜ ʟʥʘʯʝʥʥʷ ʩʘʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʭ)  

ʅʘʧʨʠʢʣʘʜ, ʥʘ ʈʠʩ. 2 ʧʦʢʘʟʫʻ ʚʠʜ̔ ʣʝʥʠʡ ʬʨʘʛʤʝʥʪ ʢʦʣʠʚʘʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʫ ʜʣʷ 

ʪʨʝʪʴʦ ʾʬʫʥʢʮʽʾ ʟ ʰʝʩʪʠ ʨʦʟʛʣʷʥʫʪʠʭ ʬʫʥʢʮʡ̔, ʱʦ ʦʧʠʩʫʶʪʴ ʦʙôʻʢʪ. ʊʘʢʦʛʦ ʨʦʜʫ ʦʩʦʙʣʠʚʦʩʪʽ 

ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʦʙʣʘʩʪ ̔ʧʘʨʘʤʝʪʨʚ̔, ʚ ʷʢʽʡ ʤʘʶʪʴ ʤʽʩʮʝ ʦʩʦʙʣʠʚʦ-

ʩʪʽ ʧʦʚʝʜʽʥʢʠ ʦʙôʻʢʪʘ (ʢʨʠʪʠʯʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ).  

ʇ̔ʩʣ̫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʤʦʜʝʣ ̔ʨʝʘʣʴʥʦʛʦ ʦʙôʢ̒ʪʘ, ʧʦʜʽʙʥʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʧʦʙʽʛʪʠ 

ʜʝʷʢʠʤ ʥʝʙʘʞʘʥʠʤ ʨʝʞʠʤʘʤ ʨʦʙʦʪʠ. ʊʘʢ, ʟʥʘʯʥ ̔ʢʦʣʠʚʘʥʥʷ ʬʘʟʦʚʠʭ ʪʨʘʝʢʪʦʨʡ̔ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʨʽʟʢʽ ʢʦʣʠʚʘʥʥʷ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʥʘʚʽʪʴ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʨʠ ʧʦʨ̔-

ʚʥʷʥʦ ʥʝʚʝʣʠʢʦʤʫ ʢʦʣʠʚʘʥʥʽ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ. ʈʽʟʥʠʮʷ ʤ̔ ʞ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʥʘ ʈʠʩ. 1 

ʪʘ ʈʠʩ. 2 ʜʘʥʠʤʠ ʥʝʚʝʣʠʢʘ, ʘʣʝ ʥʘ ʈʠʩ. 2 ʧʦʤʽʪʥʘ ʟʥʘʯʥʘ ʦʩʮʠʣʷʮʽ̫  ʬʘʟʦʚʦ ʾʪʨʘʝʢʪʦʨʽʾ ʪʨʝʪʴʦ ʾ

ʬʫʥʢʮʽʾ (ʫ ʨʦʟʛʣʷʥʫʪʽʡ ʤʦʜʝʣ ̔ʮʝ ï ʢʽʣʴʢʽʩʪʴ ʚʠʨʦʙʣʷʻʤʦʾ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʯʠ ʛʘʣʫʟʟʶ ʧʨʦʜʫʢʮʽʾ). 

ʎʽʢʘʚʝ ʥʝʧʨʦʩʪʝ ʧʠʪʘʥʥʷ ʧʨʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɺʦʥʠ ʤʘʶʪʴ ʚʠ-

ʟʥʘʯʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʚ̔ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʧʨʦʚʝʜʝʥʠʭ ʟʘ ʨʦʟ-

ʨʦʙʣʝʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ, ʟ ʨʝʘʣʴʥʠʤʠ ʜʘʥʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʦʙʦʪʦʶ ʦʙôʻʢʪʘ. ʊʘ-

ʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʙôʻʢʪʘ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʾʾ 

ʧʘʨʘʤʝʪʨʽʚ (ʧʘʨʘʤʝʪʨʠʟʘʮʽ̫ ʩʠʩʪʝʤʠ, ʜ̔ʝʥʪʠʬʢ̔ʘʮ̫̔ ʧʘʨʘʤʝʪʨʚ̔ ʦʙôʻʢʪʘ) ʜʣʷ ʢʦʞʥʦʾ ʨʦʟʛʣʷʜʫʚʘ-

ʥʦʾ ʛ̔ʧʦʪʝʟʠ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ.  

ʅʝʨʽʜʢʦ ʟʘʜʘʯʘ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʩʠʩʪʝʤʠ ʻ ʥʝʢʦʨʝʢʪʥʦ ʧʦʩʪʘʚʣʝʥʦ,ʁ ʘ ʧʘʨʘʤʝʪʨʠ  ʩʠʩʪʝʤʠ 

ʻ ʣʦʢʘʣʴʥʦ ʥʝʜ̔ʝʥʪʠʬʽʢʦʚʘʥʠʤʠ (ʽʩʥʫʻ ʥʝʧʝʨʝʨʚʥʘ ʤʥʦʞʠʥʘ ʨʦʟʚôʷʟʢʽʚ). ʎʷ ʩʢʣʘʜʥʘ ʧʨʦʙʣʝʤʘ 

ʤʘʻ ʙʫʪʠ ʜʦʩʣʽʜʞʝʥʦʶ ʦʢʨʝʤʦ ʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʦʥʘ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ʇʘʨʘʤʝʪʨʠʯʥʘ 

ʜ̔ʝʥʪʠʬʢ̔ʘʮ̫̔ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣ ̔ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʮʽʥʢʘʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʽʡ ʤʽʨʽ ʨʦʟʭʦ-
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ʜʞʝʥʥʷ ʚʽʜʛʫʢʽʚ ʤʦʜʝʣʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɯ ʘʜʝʢʚʘʪʥʩ̔ʪʴ ʧʦʙʫʜʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʘʶʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʘʤʝ ʚʠʱʝʦʟʥʘʯʝʥʫ ʤʽʨʫ.  

ɸʛʨʝʛʦʚʘʥʘ ʜʠʥʘʤ̔ʯʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʪʠʧʫ ʨʦʟʛʣʷʥʫʪʦʾ (1)-(4) ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ, 

ʟʦʢʨʝʤʘ, ʜʣ̫ ʪʘʢʪʠʯʥʦʛʦ ʪʘ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʦʙô̒ʢʪʘ ʙʫʜʴ-ʷʢʦʛʦ ʨʽʚʥʷ ʥʘ 

ʦʩʥʦʚ ̔ ʩʠʪʫʘʮʽʡʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʰʠʨʦʢʦʤʫ ʜ̔ʘʧʘʟʦʥ ̔ ʚʘʨ̔ʡʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʚ̔ ʜʣʷ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʚʾ ʨʦʟʚʠʪʢʫ ʦʙôʻʢʪʘ. ɺʠ̫ ʚʣʝʥ ̔ʮʽʢʘʚʽ ʦʩʦʙʣʠʚʽ ʩʪʘʥʠ ʪʘ ʨʝʞʠʤʠ 

ʩʠʩʪʝʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ - ʤʦʞʣʠʚʽ ʢʨʠʪʠʯʥ ̔ʨʝʞʠʤʠ ʽ ʢʘʪʘʩʪʨʦʬʠ, ʥʝʦʙʭʽʜʥʦ ʨʝʪʝʣʴʥʦ ʚʠʚʯʘʪʠ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʚ̔, ʚʠʢʣʶʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʨʝʞʠʤʚ̔, ʜʣʷ ʯʦʛʦ ʥʝʦʙʭʜ̔ʥʦ ʚʠ-

ʢʣʶʯʠʪʠ ʚʠʧʘʜʢʠ ʢʨʠʪʠʯʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ, ʟʥʘʡʜʝʥ ̔ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ɽʆʄ.  

ʇʦʜʘʣʴʰʠʡ ʨʦʟʛʣʷʜ ʘʛʨʝʛʦʚʘʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʤʦ ʰʣʷʭʦʤ 

ʧʦʙʫʜʦʚʠ ʪʝʦʨʽʾ ʢʝʨʫʚʘʥʥʷ ʦʙôʻʢʪʦʤ, ʦʙʠʨʘʶʯʠ ʢʝʨʽʚʥʽ ʧʘʨʘʤʝʪʨʠ 
ija (t) ʦʧʪʠʤʘʣʴʥʠʤʠ ʟ ʫʤʦʚʠ 

ʚʠʢʦʥʘʥʥʷ ʧʨʠʡʥʷʪʠʭ ʢʨʠʪʝʨʽʚʾ. ʆʙôʢ̒ʪ ʤʦʞʝ ʚʠʡʪʠ ʥʘ ʟʘʜʘʥʠʡ ʨʝʞʠʤ ʟ ʧʨʠʡʥʷʪʠʤʠ ʢʨʠʪʝʨʽ̫ -

ʤʠ ʯʠ ʟʘ ʥʘʙʦʨʦʤ ʧʨʠʡʥʷʪʠʭ ʢʨʠʪʝʨʽʚʾ: ʤʥ̔̔ʤʘʣʴʥʠʡ ʯʘʩ ʚʠʭʦʜʫ ʥʘ ʟʘʜʘʥʠʡ ʨʝʞʠʤ, ʤʘʢʩʠʤʘʣʴ-

ʥʠʡ ʨʽʚʝʥʴ ʚʠʨʦʙʣʷʻʤʦʾ ʧʨʦʜʫʢʮʽʾ, ʤʥ̔̔ʤʘʣʴʥʘ ʟʘʛʨʦʟʘ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʙʝʟʧʝʢʠ ʧʝʨʩʦʥʘʣʫ  ̔ʪ.̔ʥ.  

ʅʘʧʨʠʢʣʘʜ, ʧʨʦʙʣʝʤʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʤ ʦʙôʻʢʪʦʤ ʟʘ ʟʘ-

ʜʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʤʦʞʥʘ ʧʦʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ, ʚʚʦʜʷʯʠ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʥʦʚ̔ ʟʤʽʥʥʽ 

1i iz y= -, ɦ ʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʧʨʦʱʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3): 

dz

dt
b b z b z b z z1

10 11 1 12 2 13 3 1= + + +( ) ,      
dz

dt
b b z b z b z z2

20 21 1 22 2 23 3 2= + + +( ) , 

dz

dt
b b b z b z b z b z b z b z z3

30 36 31 1 32 2 33 3 34 4 35 5 36 6 3= + + + + + + -( ) , 

                                             
dz

dt
b b b z b z b z b z z4

40 46 43 3 44 4 45 5 46 6 4= + + + + -( ) ,                              (5) 

      

dz

dt
b b b z b z b z b z z5

50 56 53 3 54 4 55 5 56 6 5= + + + + -( ) ,   
dz

dt
b b z b z b z z6

60 61 1 62 2 63 3 6= + + +( ) . 

ɼʘʣʽ ʜʣʷ ʩʠʩʪʝʤʠ (5) ʟʘʧʠʩʫʶʪʴ ʥʘʩʪʫʧʥʠʡ ʪʘʢ ʟʚʘʥʠʡ ɻʘʤ̔ʣʴʪʦʥʘ̔ʥ [3]: 

                                                     H z p p z b zi i

i

i j j

j

( , ) =
= =

ä ä
1

6

0

6

.                                                           (6) 

ʽ ʚ ʨʽʚʥʷʥʥʽ (6) ʧʦʢʣʘʜʘʶʪʴ 
0 1z =, ʘ ʜʘʣʽ ʬʫʥʢʮʽʾ ip  ʚʠʟʥʘʯʘʶʪʴ ʟ ʥʘʩʪʫʧʥʦʾ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥ-

ʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 

 

                                              
dp

dt
p b z p z bi

i i j j

j

j j

j

ji=- +
= =

ä ä( )
0

6

1

6

.                                              (7) 

ɺʠʭʦʜʷʯʠ ʟ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ (7), ʧʨʦʙʣʝʤʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʦʙôʻʢʪʦʤ ʤʦʞʥʘ 

ʟʚʝʩʪʠ ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʚ̔ ( )mu t  (m=1,2,é,M) ʟ ʥʘʩʪʫʧʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ: 

 

                                                   
dz

dt
f z z u ui

i= ( , . . , , . . ),1 6 1 6
                                                  (8) 

 

ʜʝ ( )
i

u t  ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʜʦʜʘʪʥʽ ʢʝʨʽʚʥʽ ʬʫʥʢʮʽʾ ʜʠʩʢʨʝʪʥʦʛʦ ʯʘʩʫ ʘʙʦ ( )ijb t . ʇʨʠ ʮʴʦʤʫ ʜʦ ʨʽʚ-

ʥʷʥʴ (8) ʩʣʽʜ ʪʘʢʦʞ ʜʦʜʘʪʠ ʬʫʥʢʮʦ̔ʥʘʣ ʷʢʦʩʪʽ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ 

                        I f z u dti m

T

=ñ0

0

( , ) ,   ʘʙʦ   # ( , ), ( ) .z f z u zi m0 0 0 0 0= =                               (9) 
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ɿʛʽʜʥʦ ʪʝʦʨʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ( )mu t  ʟʘʜʦʚʦʣʴʥʷʣʦ 

ʨʽʚʥʷʥʥʶ (9) ʪʘ ʫʤʦʚʽ ( , , ) 0.i i mH z p u =  ɸʣʝ ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʫ ʇʦʥʪʨʷʛʥ̔ʘ 

ʥʘʜʘʻ ʪ̔ʣʴʢʠ ʥʝʦʙʭʽʜʥʫ ʫʤʦʚʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʘʣʝ ʥʝ ʜʦʩʪʘʪʥʶ, ʪʦʤʫ ʤʦʞʣʠʚʝ ʽʩʥʫ-

ʚʘʥʥʷ ʤʥʦʞʠʥʠ ʨ̔ʟʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʚôʷʟʦʢ ʤʦʞʥʝ ʥʝ 

ʽʩʥʫʚʘʪʠ. 

ʎʽʢʘʚʦ, ʱʦ ʘʥʘʣ̔ʟ ʩʠʩʪʝʤʠ (2) ʧʦʢʘʟʫ ̒ʥʘʩʪʫʧʥʽ ʪʠʧʠ ʩʪʘʮʦ̔ʥʘʨʥʠʭ ʨ̔hʝʥʴ: 

x
i
= N

i
, x

i
= *x

i
, 

ʜʝ ʧʝʨʰʝ  ̒ʪʨʠʚʘ̔ʣʴʥʠʤ, ʘ ʜʨʫʛʝ, *x
i

 ʟʘʜʦʚʦʣʴʥʷʻ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ ʚʠʛʣʷʜʫ: 

                                                       
1

( )
n

io ij j j

j

a N xa
=

-+ä =0.                                                    (10) 

ʈʽʰʝʥʥʷ x
i
= *x

i  
ʻʜʠʥʝ, ʷʢʱʦ ʚʠʟʥʘʯʥʠʢ ʩʠʩʪʝʤʠ (10) ʥʝʥʫʣʴʦʚʠʡ. ɸ ʷʢʱʦ ʚʠʟʥʘʯʥʠʢ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ, ʤʦʞʣʠʚʽ ʥʘʩʪʫʧʥʽ ʚʠʧʘʜʢʠ: 

- ʥʝʥʫʣʴʦʚʽ ʤ̔ʥʦʨʠ (n-1)- ʛʦ ʧʦʨʷʜʢʫ, ʪʦʜʽ ʤʘʻʤʦ (n-1) ʧʨʷʤʫ
 
x
i
= *x

i
, ɦ ʦ ʟʘʣʝʞʘʪʴ ʚʽʜ  ʦʜ-

ʥʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʦʜʥʘ ʟ̔ ʦʙʨʘʥʠʭ ʟʤʽʥʥʠʭ 
ix ). 

- ʥʝʥʫʣʴʦʚʽ ʤ̔ʥʦʨʳ (n-k)- ʛʦ ʧʦʨʷʜʢʫ: ʽʩʥʫʻ ʧʦʚʝʨʭʥ ̫k- ʛʦ ʧʦʨʷʜʢʫ x
i
= *x

i
 ʚ n- ʚʠʤʽʨʥʦʤʫ 

ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʪʫʪ ʢʦʝʬ̔ʮ̔ ʥ̒ʪʠ ija  ʥʝʦʙʭʽʜʥʦ ʦʙʯʠʩʣʶʚʘʪʠ ʟ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʬʫʥʢʮʽ-

ʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʫʤʦʚʦʶ ʤʽʥʽʤʫʤʫ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ  

ʨʦʟʚôʷʟʢʫ ( )ix t  ʚʽʜ ʨʝʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʢ̒ʪʘ ( )ix t" . ɼʣʷ ʮʴʦʛʦ ʩʧʦʯʘʪʢʫ ʨʦʙʣʷʪʴ ʘʥʘʣʽʟ ʦʩʦ-

ʙʦʚʠʭ ʪʦʯʦʢ ʩʠʩʪʝʤʠ. ɼʦ ʪʦʛʦ ʞ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʟʘ ʧʝʨʰʝ ʥʘʙʣʠʞʝʥʥʷ ʦʙʠʨʘʶʪʴ ʧʦʩʪʽʡʥʽ 

ʟʘʧʽʟʥʶʶʯʽ ʘʨʛʫʤʝʥʪʠ t ʽ ʩʧʨʦʱʫʶʪʴ ʦʧʠʩʘʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʥʘʩʪʫʧʥʠʡ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʡ ʜʣʷ ʨʽʰʝʥʥʷ ʚʠʛʣʷʜ: 

dz

dt
b b z t b z t b z t z t1

10 11 1 11 12 2 12 13 3 13 1 10= + - + - + - -[ ( ) ( ) ( )] ( ),t t t t  

dz

dt
b b z t b z t b z t z t2

20 21 1 21 22 2 22 23 3 23 2 20= + - + - + - -[ ( ) ( ) ( )] ( ),t t t t  

                  
dz

dt
b b z t b z t b z t b z t

b z t b z t z t

3

30 31 1 31 32 2 32 33 3 33 34 4 34

35 5 35 36 6 36 3 30

= + - + - + - + - +

+ - + - -

[ ( ) ( ) ( ) ( )

( ) ( )] ( ),

t t t t

t t t

                      (11) 

dz

dt
b b z t b z t b z t b z t z t4

40 43 3 43 44 4 44 45 5 45 46 6 46 4 40= + - + - + - + - -[ ( ) ( ) ( ) ( )] ( ),t t t t t

dz

dt
b b z t b z t b z t b z t z t5

50 53 3 53 54 4 54 55 5 55 56 6 56 5 50= + - + - + - + - -[ ( ) ( ) ( ) ( )] ( ),t t t t t

dz

dt
b b z t b z t b z t z t6

60 61 1 61 62 2 62 63 3 63 6 60= + - + - + - -[ ( ) ( ) ( ))] ( ),t t t t  

ʜʝ 
ijt- ʧʦʩʪʽʡʥʽ ʯʘʩʦʚʽ ʟʘʧʽʟʥʝʥʥʷ, ʷʢʽ ʫ ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘʢʦʞ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʯʘʩʫ (ʽ ʤʦʞʣʠʚʦ ï ʤʽʞ ʩʦʙʦʶ).  

ʉʠʩʪʝʤʘ (11) ʦʧʠʩʫʻ ʝʚʦʣʶʮʽʁ  ʦʙôʻʢʪʘ ʫ ʯʘʩʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʢʦʥʢʨʝʪʥʦ ʾʽʩʪʦʨʽʾ ʨʦʟ-

ʚʠʪʢʫ ʜʦ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʯʘʩʫ. ɼʦʜʘʪʥʽ ʯʘʩʦʚʽ ʟʩʫʚʠ ʚ ʩʠʩʪʝʤʽ ʤʦʞʝʤʦ ʚʚʘʞʘʪʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʱʦ 

ʟʘʧʣʘʥʦʚʘʥʽ ʥʘ ʤʘʡʙʫʪʥʻ ʜʦʩʷʛʥʝʥʥʷ. ɿʘʧʽʟʥʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʠʢʘʥʽ ʨʽʟʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʷʢ 

ʪʝʭʥʽʯʥʦʛʦ, ʪʘʢ ʽ ʣʶʜʩʴʢʦʛʦ ʭʘʨʘʢʪʝʨʫ. 
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ʆʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʚʠʜʫ (11) ʚ ʟʘ-

ʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʩʢʣʘʜʥʦʶ ʜʣʷ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ  ʤʦʜʝʣʶʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʯʘʩʦʚʠʭ ʚʽʜʭʠʣʝʥʴ ʪʘ ʩʢʣʘʜʥʦʩʪʽ ʾʭ ʚʨʘʭʫʚʘʥʥʷ ʧʨʠ ʽʪʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʘʭ ʦʙʯʠʩʣʝʥʴ ʟʘ ʯʘʩʦʤ. 

ɿʥʘʯʥʦʛʦ ʩʧʨʦʱʝʥʥʷ ʤʦʞʥʘ ʜʦʩʷʛʪʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʨʦʟʢʣʘʜʠ ʬʫʥʢʮʡ̔ ( )i ijz t t- ʚ ʨʷʜʠ ʊʝʡʣʦʨʘ ʚ 

ʦʢʦʣʽ ʧʦʪʦʯʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʤʠ ɽʣʴʩʛʦʣʴʮ ̫[2], ʟʛʽʜʥʦ ʷʢʦʾ ʫʪʨʠʤʫʶʪʴ ʪʽʣʴʢʠ 

ʣʽʥʽʡʥʽ ʯʣʝʥʠ:  

          z ti i j( )-t ºz t zi i j i( ) #-t     

ʦʩʢʽʣʴʢʠ ʥʝʣʽʥʽʡʥʽ ʯʣʝʥʠ ʧʦʛʽʨʰʫʶʪʴ ʪʦʯʥʽʩʪʴ. ʊʫʪ z#¹ /dz dt. ʅʘ ʞʘʣʴ, ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʠʷʚʣʝ-

ʥʽ ʚʠʧʘʜʢʠ ʥʝʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʪʝʦʨʝʤʠ. 

ɺʠʩʥʦʚʢʠ ʟ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʚ ʩʪʘʪʪʽ ʨʦʟ-

ʨʦʙʣʝʥʽ ʘʛʨʝʛʦʚʘʥ ̔ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʚʽʜʭʠʣʷʶʯʠʭ 

ʘʨʛʫʤʝʥʪʽʚ ʪʘ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ ʰʣʷʭʦʤ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʘʢ, ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʜʝʷʢʽ ʥʝʛʘʪʠʚʥʽ ʚʧʣʠʚʠ ʦʙôʻʢʪʘ ʥʘ ʦʪʦʯʫ-

ʶʯʝ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʣʶʜʝʡ, ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʧʦʩʣʘʙʣʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʜʽʡ ʪʘ ʾʭ ʣʽʢʚʽʜʘ-

ʮʽʾ, ʚʠʟʥʘʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʥʘʤʽʢʠ ʨʦʟʚʠʪʢʫ ʦʙôʻʢʪʘ, ʟʤʽʥʠ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ ʥʘ ʥʴʦʤʫ ʪʘ ʤʦ-

ʞʣʠʚʦʩʪʽ ʾʾ ʧʽʜʚʠʱʝʥʥʷ. ʇʦʙʫʜʦʚʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʘʛʨʝʛʦʚʘʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ɽʆʄ 

ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʪʘʢʦʞ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʠʪʘʥʥʷ ʧʨʦ ʪʘʢʪʠʯʥʝ ʪʘ ʩʪʨʘʪʝʛʽʯʥʝ ʢʝʨʫʚʘʥʥʷ 

ʦʙôʻʢʪʘʤʠ ʨʽʟʥʠʭ ʨʽʚʥʽʚ (ʧʽʜʧʨʠʻʤʩʪʚʦ, ʛʘʣʫʟʴ ʯʠ ʧʨʦʩʪʦ ʩʢʣʘʜʥʠʡ ʪʝʭʥʽʯʥʠʡ ʧʨʠʩʪʨʽʡ, ʪʦʱʦ).  

ʈʝʟʫʣʴʪʘʪʠ ʩʠʪʫʘʮʽʡʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʘʨʽʡʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʩʫʚʥʠʭ ʘʨʛʫʤʝʥʪʽʚ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʠʪʠ ʪʘ ʜʦʩʣʽʜʠʪʠ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʽ ʨʝʞʠʤʠ ʪʘ ʷʚʠʱʘ, ʷʢ ʦʧʪʠʤʽʟʫʶ ʯʦʛʦ ʧʣʘʥʫ, ʪʘʢ ʽ ʥʝʙʝʟʧʝʯʥʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʽ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʦʙôʻʢʪʘ. ɺʠʷʚʣʝʥʽ ʢʨʠʪʠʯʥʽ ʨʝʞʠʤʠ ʽ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʩʠʪʫʘʮʽʾ ʪʘ ʩʮʝʥʘʨʽʾ, ʟʘ ʷʢʠʤʠ ʩʠʩʪʝʤʘ 

ʤʦʞʝ ʧʦʧʘʩʪʠ ʜʦ ʥʠʭ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʚʯʝʥʽ ʦʩʦʙʣʠʚʦ ʨʝʪʝʣʴʥʦ ʟ ʤʝʪʦʶ ʾʭ ʥʝ ʧʨʠʧʫʱʝʥʥʷ ʫ ʨʝ-

ʘʣʴʥʦʤʫ ʦʙôʻʢʪʽ, ʷʢʠʡ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʰʣʷʭʦʤ ʪʘʢʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʦʜʽʙʥʽ 

ʧʽʜʭʦʜʠ ʪʘ ʰʣʷʭʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʝʪʦʜʦʣʦʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʦʜʝʨʞʘ-

ʥʠʭ ʜʘʥʠʭ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʧʦʢʘʟʘ-

ʥʦ ʪʘʢʦʞ, ʷʢ ʟʥʘʥʥʷ ʧʨʦ ʜʠʥʘʤʽʢʫ ʨʦʟʚʠʪʢʫ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ, ʪʘʢʠʭ ʷʢ, ʥʘʧʨʠ-

ʢʣʘʜ, ʘʪʦʤʥʽ ʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ (ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ ʽ ʚʩʶ ʷʜʝʨʥʫ ʛʘʣʫʟʴ ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʥʘ 

ʦʩʥʦʚʽ ʩʪʘʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʩʠʩʪʝʤʫ ʪʘ ʟʘʛʘʣʴʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʱʦʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʛʦ 

ʦʙôʻʢʪʘ) ʧʦʢʘʟʘʥʦ, ʱʦ ʮʝ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʟʥʘʥʥʷ ʧʨʦ ʢʨʠʪʠʯʥʽ ʩʠʪʫʘʮʽʾ ʪʘ ʚʟʘʻʤʥʠʡ 

ʚʧʣʠʚ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ, ʧʨʠ ʷʢʠʭ ʨʽʟʥʽ ʥʝʙʘʞʘʥʽ ʯʠ ʥʘʚʽʪʴ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʷʚʠʱʘ 

ʩʪʘʶʪʴ ʤʦʞʣʠʚʠʤʠ.  

ɼʣʷ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʽʚ ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʙʫʜʫʚʘʪʠ ʾʭ ʪʦʯʥʽ ʜʝʪʝʨʤʽʥʦʚʘʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʪʦʤʫ ʜʣʷ ʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʤʦʜʝʣʶʚʘʥʥʷ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʘʛʨʝ-

ʛʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʟʘʛʘʣʴʥʠʭ ʷʢʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʟʚʦʣʷʻ ʚʠ-

ʷʚʠʪʠ ʚʘʞʣʠʚʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʟʚôʷʟʢʠ ʤʽʞ ʥʠʤʠ.   
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ʉʋʏɸʉʅɯ ʄɽʊʆɼʀ ʈʆɿɺôʗɿɸʅʅʗ ɹɸɻɸʊʆɺʀʄɯʈʅʀʍ ʈɯɺʅʗʅʔ  
ʄɸʊɽʄɸʊʀʏʅʆɰ ʌɯɿʀʂʀ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ ʉʂʃɸɼʅʀʍ ʉʀʉʊɽʄ 

ʈ.ʈ. ɿʘʨʽʧʦʚ, ɯ.ɺ. ʂʘʟʘʯʢʦʚ 

ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʨʽʚ-

ʥʷʥʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ 

ʤʝʪʦʜʽʚ ʪʘ ʩʧʝʮʠʬʽʯʥʽ ʨʠʩʠ ʾʭ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʢʦʥʢʨʝʪ-

ʥʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʦʞ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʦʩʦʙʣʠʚʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʥʘʡʢʨʘʱʝ ʚʨʘʭʦʚʫʶʪʴ 

ʩʧʝʮʠʬʽʢʫ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʽ ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʩʘʤʝ ʜʣʷ ʥʠʭ. ʆʙʛʦʚʦʨʶ-

ʻʪʴʩʷ ʰʣʷʭʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʪʘ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ. 



    ʄʘʪʝʤʘʪʠʢʘ 

 

13 

ʏʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʜʣʷ ʨʽʚʥʷʥʴ ʪʘ 

ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʣʠʩʴ ʟ ʩʝʨʝʜʠʥʠ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ 

ʚʥʘʩʣʽʜʦʢ ʚʝʣʠʢʠʭ ʧʦʪʨʝʙ ʧʨʘʢʪʠʢʠ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ. ɺʦʥʠ ʩʪʨʽʤʢʦ ʥʘʨʦʱʫ-

ʚʘʣʠ ʧʦʪʫʞʥʽʩʪʴ ʚʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʜʚʘʜʮʷʪʠ ʨʦʢʽʚ ʪʘ ʟʘʟʥʘʣʠ ʚʝʣʠʢʠʭ ʟʤʽʥ [1ï8]. ɺʯʝʥʽ ʪʘ ʽʥ-

ʞʝʥʝʨʠ ʧʦʩʪʘʣʠ ʧʝʨʝʜ ʥʝʦʙʭʽʜʥʽʩʪʶ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ, ʦʩʢʽʣʴʢʠ ʚʽʜʦʤʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ 

ʪʘ ʧʽʜʭʦʜʠ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʥʝ ʤʦʛʣʠ ʟʘʜʦʚʦʣʴʥʠʪʠ ʟʥʘʯʥʦ ʧʦʩʠʣʝʥʠʭ ʪʘ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʚʘʥʠʭ 

ʧʦʪʨʝʙ ʧʨʘʢʪʠʢʠ. ʄʝʪʦʜʠ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʪʘ ʢʽʥʮʝʚʠʭ ʦʙôʻʤʽʚ (ʝʣʝʤʝʥʪʽʚ), ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥ-

ʪʽʚ ʽ ʪ.ʜ. ʧʨʦʜʦʚʞʫʶʪʴ ʨʦʟʚʠʚʘʪʠʩʴ ʪʘ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠʩʴ ʱʦʜʦ ʾʭ ʩʪʽʡʢʦʩʪʽ, ʪʦʯʥʦʩʪʽ, ʝʬʝʢʪʠʚ-

ʥʦʩʪʽ ʽ ʪ.ʧ., ʘ ʪʘʢʦʞ ʙʘʛʘʪʦ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʩʪʚʦʨʝʥʥʶ ʧʨʦʛʨʘʤʥʠʭ ʧʣʘʪʬʦʨʤ, ʟʨʫʯʥʠʭ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʜʦʩʚʽʜʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʘʙʦ ʤʘʶʪʴ ʡʦʛʦ ʥʘ ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʦʤʫ 

ʨʽʚʥʽ.  

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʚʘʜʮʷʪʠ ʨʦʢʽʚ ʟôʷʚʠʣʠʩʴ ʧʦʪʫʞʥʽ ʧʘʢʝʪʠ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ, ʢʦʨʠʩ-

ʪʫʚʘʥʥʷ ʷʢʠʤʠ ʥʝ ʚʠʤʘʛʘʻ ʚʽʜ ʜʦʩʣʽʜʥʠʢʘ ʯʠ ʽʥʞʝʥʝʨʘ ʚʦʣʦʜʽʥʥʷ ʘʣʛʦʨʠʪʤʽʯʥʠʤʠ ʤʦʚʘʤʠ ʧʨʦ-

ʛʨʘʤʫʚʘʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʪʘ ʚʠʩʦʢʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʢʫʣʴʪʫʨʦʶ. ɯʥʪʝʨʬʝʡʩʠ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʟʨʦʙʣʝʥʽ ʧʨʦʩʪʠʤʠ ʫ ʢʦʨʠʩʪʫʚʘʥʥʽ ʽ ʪʦʤʫ ʟʘʜʘʯʽ, ʷʢʽ ʱʝ ʜʦʥʝʜʘʚʥʘ ʙʫʣʠ ʥʝʧʽʜʩʠʣʴʥʽ ʜʣʷ ʢʦʨʠʩ-

ʪʫʚʘʯʽʚ ʙʝʟ ˇʨʫʥʪʦʚʥʦʛʦ ʟʥʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʩʴʦʛʦʜʥʽ ʤʦʞʫʪʴ 

ʨʦʟʚôʷʟʫʚʘʪʠʩʴ ʥʠʤʠ ʽ ʜʦʩʠʪʴ ʫʩʧʽʰʥʦ. 

ʊʘʢ, ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʡ ʚ ʦʙʣʘʩʪʷʭ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʙʫʣʦ ʧʦʩʠ-

ʣʝʥʦ ʫ 1970-ʭ ʨʨ., ʢʦʣʠ ʜʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʽʚʥʷʥʴ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʦʯʘʣʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʦʙôʻʤʽʚ (ʄʂʆ). ɺʽʜʧʨʘʚʥʦʶ ʪʦʯʢʦʶ (ʄʂʆ) ʻ ʽʥʪʝʛʨʘʣʴʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʢʦ-

ʥʽʚ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʤʘʩʠ, ʽʤʧʫʣʴʩʫ ʪʘ ʽʥʰʽ [7]. ɹʘʣʘʥʩʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʧʠʩʫʶʪʴ ʜʣʷ ʥʝ-

ʚʝʣʠʢʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙôʻʤʫ; ʾʭ ʜʠʩʢʨʝʪʥʠʡ ʘʥʘʣʦʛ ʦʪʨʠʤʫʻʪʴʩʷ ʩʫʤʫʚʘʥʥʷʤ ʧʦ ʚʩʽʤ ʤʝʞʘʤ 

ʚʠʜʽʣʝʥʦʛʦ ʦʙôʻʤʫ ʧʦʪʦʢʽʚ ʤʘʩʠ, ʽʤʧʫʣʴʩʫ ʪʘ ʽʥʰʠʭ. ʆʩʢʽʣʴʢʠ ʽʥʪʝʛʨʘʣʴʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʢʦ-

ʥʽʚ ʟʙʝʨʝʞʝʥʥʷ ʥʝ ʥʘʢʣʘʜʘʻ ʦʙʤʝʞʝʥʴ ʥʘ ʬʦʨʤʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙôʻʤʫ, (ʄʂʆ) ʤʦʞʥʘ ʚʠʢʦʨʠʩ-

ʪʦʚʫʚʘʪʠ ʜʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʽʚʥʷʥʴ ʛʽʜʨʦʛʘʟʦʜʠʥʘʤʽʢʠ ʷʢ ʥʘ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ, ʪʘʢ ʽ ʥʘ ʥʝʩʪʨʫʢ-

ʪʫʨʦʚʘʥʠʭ ʩʽʪʢʘʭ ʟ ʜʦʚʽʣʴʥʦʶ ʬʦʨʤʦʶ ʢʦʤʽʨʦʢ, ʱʦ, ʚ ʧʨʠʥʮʠʧʽ, ʧʦʚʥʽʩʪʶ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ 

ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. 

ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʜʦʩʠʪʴ ʩʢʣʘʜʥʝ ʚ ʘʣʛʦʨʠʪʤʽʯʥʦʤʫ ʚʽʜʥʦ-

ʰʝʥʥʽ, ʪʨʫʜʦʤʽʩʪʢʝ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʨʝʩʫʨʩʦʻʤʥʝ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʨʦʟʚôʷʟʘʥʥʽ ʪʨʠʚʠʤʽʨʥʠʭ ʟʘʜʘʯ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʷʢ ʟ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʤʦʞʣʠʚʠʭ ʬʦʨʤ ʢʦʤʽʨʦʢ ʨʦʟʨʘ-

ʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʽ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʽʰʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʘʣʛʝ-

ʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʥʝ ʤʘʻ ʧʝʚʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɿʥʘʯʥʦ ʝʢʦʥʦʤʥʽʰʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʯʥʦ - 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ, ʷʢʝ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʙʠʪʪʷ ʦʙʣʘʩʪʽ ʪʝʯʽʾ ʥʘ ʢʽʣʴʢʘ ʧʽʜ ʦʙʣʘʩʪʝʡ (ʙʣʦʢʽʚ) ʚʽʜ-

ʥʦʩʥʦ ʧʨʦʩʪʦʾ ʬʦʨʤʠ, ʚ ʢʦʞʥʽʡ ʟ ʷʢʠʭ ʙʫʜʫʻʪʴʩʷ ʩʚʦʷ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ. ɺ ʮʽʣʦʤʫ ʪʘʢʘ ʩʢʣʘʜʦ-

ʚʘ ʩʽʪʢʘ ʥʝ ʻ ʩʪʨʫʢʪʫʨʦʚʘʥʦʶ, ʧʨʦʪʝ ʚʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʙʣʦʢʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʟʚʠʯʘʡʥʘ ʽʥʜʝʢʩʥʘ 

ʥʫʤʝʨʘʮʽʷ ʚʫʟʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ, ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʩʪʨʫʢʪʫ-

ʨʦʚʘʥʠʭ ʩʽʪʦʢ. ɺʩʝ ʮʝ ʨʦʙʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʯʥʦ - ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʫ ʧʦʻʜʥʘʥʥʽ ʟ (ʄʂʆ) 

ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʠʤ, ʘʣʝ ʥʘʜʟʚʠʯʘʡʥʦ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʨʦʟʰʠʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʨʦʟʚ'ʷʟʫʚʘʥʠʭ 

ʟʘʜʘʯ.  

ʅʘʧʨʠʢʣʘʜ, çʩʪʘʥʜʘʨʪʥʝè ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʷʢʦʾʩʴ ʚʝʣʠʯʠʥʠ   ʚ ʢʦʥʪʨʦʣʴʥʦʤʫ ʦʙ'ʻʤʽ ɋ, 
ʦʙʤʝʞʝʥʦʤʫ ʧʦʚʝʨʭʥʝʶ Ὓ =  ɆὛὯ ʟ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʣʶ ὲ ʤʘʻ ʚʠʛʣʷʜ 

 ᷿
‬”‰

‬ὸ
Ὠɱ+ В ᷿ ὲϽὛὯὯɱ

ήὨί= ᷿ ὗὨɱ,     ή= ”ὠ‰ ‌ɳ‰       
ɱ

 (1) 

ʜʝ  ή ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʚʝʣʠʯʠʥʠ ה, ʱʦ ʚʢʣʶʯʘʻ ʢʦʥʚʝʢʪʠʚʥʫ ʽ ʜʠʬʫʟʽʡʥʫ ʩʢʣʘʜʦʚʽ, ὗ ï 

ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʦʙ'ʻʤʥʠʭ ʜʞʝʨʝʣ, ὠ ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ, ” ï ʱʽʣʴʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, ‌ ï ʢʦ-

ʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ. ɺ ʷʢʦʩʪʽ ה ʤʦʞʝ ʬʽʛʫʨʫʚʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʜʘʥʦʛʦ ʩʝʨʝʜʦʚʠ-

ʱʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʤʽʰʦʢ, ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʽ ʪ.ʜ. ɺ ʛʨʘʥʠʮʽ, ʧʨʠ ʩʪʷʛʫʚʘʥʥʽ 

ʦʙôʻʤʫ ʚ ʪʦʯʢʫ, ʤʦʞʥʘ ʥʘ ʧʽʜʩʪʘʚʽ ʬʦʨʤʫʣʠ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ - ɻʘʫʩʘ ʧʝʨʝʧʠʩʘʪʠ ʮʝ ʨʽʚʥʷʥʥʷ ʚ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽʡ ʬʦʨʤʽ 
Ћ”‰

Ћὸ+ Ͻɳή= ὗ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʦʩʪʘʥʥʷ, ʚ ʩʠʣʫ ʙʽʣʴʰ ʯʘʩʪʦʛʦ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʚ ʣʽʪʝʨʘʪʫʨʽ, ʽʥʦʜʽ ʚʚʘʞʘʻʪʴʩʷ ʧʝʨʚʠʥʥʦʶ, ʘ ʽʥʪʝʛʨʘʣʴʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʢʦʥʫ ʟʙʝ-

ʨʝʞʝʥʥʷ (1) çʚʠʚʦʜʠʪʴʩʷè ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʰʣʷʭʦʤ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʦʙ'ʻʤʦʤ. 

ɿʛʽʜʥʦ (ʄʂʆ) ʧʨʦʩʪʦʨʦʚʘ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʟʘʜʘʯʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʙʠʪʪʷ ʨʦʟʨʘʭʫʥ-

ʢʦʚʦʾ ʦʙʣʘʩʪʽ ʥʘ ʥʝʚʝʣʠʢʽ ʜʦʪʠʯʥʽ ʦʙôʻʤʠ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʟʘʧʠʩʫʻʪʴʩʷ ʙʘʣʘʥʩʦʚʝ ʩʧʽʚʚʽʜʥʦ-
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ʰʝʥʥʷ (1). ɺʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙ'ʻʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʦʜʥʘ (ʽ ʪʽʣʴʢʠ ʦʜʥʘ) ʪʦʯʢʘ 

çʧʨʠʚ'ʷʟʢʠè ʰʫʢʘʥʦʛʦ ʩʽʪʢʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ. ɺ ʙʽʣʴʰʦʩʪʽ ʨʦʟʨʦʙʦʢ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ 

ʨʦʟʚôʷʟʘʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʟʘʜʘʯ ʜʣʷ ʦʙʣʘʩʪʝʡ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʚ ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙ'ʻʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʽʨʢʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ: ʚʫʟʣʠ ʩʽʪʢʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫ ʚʝʨʰʠʥʘʭ ʙʘʛʘ-

ʪʦʛʨʘʥʥʠʢʘ (ʜʣʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ï ʛʝʢʩʘʝʜʨ (ʜʠʚ. ʈʠʩ. 1), ʩʽʪʢʦʚʽ ʣʽʥʽʾ ʡʜʫʪʴ ʫʟʜʦʚʞ ʡʦʛʦ 

ʨʝʙʝʨ, ʘ ʟʥʘʯʝʥʥʷ ʰʫʢʘʥʠʭ ʚʝʣʠʯʠʥ ʧʨʠʧʠʩʫʶʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʮʝʥʪʨʫ ʢʦʤʽʨʢʠ [7]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʚ ʦʙʨʘʥʽʡ ʢʦʤʽʨʮʽ ʥʝʦʙʭʽʜʥʦ ʦʙʯʠ-

ʩʣʠʪʠ ʽʥʪʝʛʨʘʣʠ, ʱʦ ʚʭʦʜʷʪʴ ʚ (1), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʚʘʜʨʘʪʫʨʥʽ ʬʦʨʤʫʣʠ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ, 

ʱʦʙ ʜʣʷ ʜʦʪʠʯʥʠʭ ʦʙôʻʤʽʚ  ʧʦʚʝʨʭʥʝʚʠʡ ʽʥʪʝʛʨʘʣ ʧʦ ʾʭ ʩʧʽʣʴʥʽʡ ʛʨʘʥʠʮʽ ὛὯ ʦʙʯʠʩʣʶʚʘʚʩʷ ʽʜʝʥ-

ʪʠʯʥʦ. ʄʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʚʘʨʽʘʥʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʦʨʽʻʥʪʫʶʯʠʩʴ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ, ʥʘ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʡʥʷʪʫ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ çɻʝʦʛʨʘʬʽʯʥʫè ʩʠ-

ʩʪʝʤʫ ʧʦʟʥʘʯʝʥʴ (ʜʠʚ. ʈʠʩ. 1)[7]: ʮʝʥʪʨ ʧʦʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙ'ʻʤʫ (Ὥ,Ὦ,Ὧ) ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ 
P, ʮʝʥʪʨʠ ʜʦʪʠʯʥʠʭ ʟ ʥʠʤ ʦʙôʻʤʽʚ ï ʷʢ Ὁ (Ὥ + 1,Ὦ,Ὧ),ὔ (Ὥ,Ὦ + 1,Ὧ),ὡ (Ὥ 1,Ὦ,Ὧ)  ʽ ʪ.ʜ., ʮʝʥʪʨʠ 

ʾʭ ʩʧʽʣʴʥʠʭ ʛʨʘʥʝʡ ï ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʘʣʠʤʠ ʣʽʪʝʨʘʤʠ (Ὡ,ὲ,ύ ...). ʆʩʢʽʣʴʢʠ ʜʣʷ ʚʩʽʭ ʛʨʘʥʝʡ ʢʦʤʽ-

ʨʢʠ ʧʦʚʝʨʭʥʝʚʽ ʽʥʪʝʛʨʘʣʠ ʚ ʨʽʚʥʷʥʥʽ (1) ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʦʜʥʠʤ ʽ ʪʠʤ ʞʝ ʧʨʘʚʠʣʦʤ, ʤʦʞʥʘ ʜʣʷ 

ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʜʘʪʠ ʣʠʰʝ ʛʨʘʥʴ ὛὩ. 
 

 
 

ʈʠʩ. 1. ʇʨʦʩʪʦʨʦʚʘ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʦʙʣʘʩʪʽ ʟʘ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʦʙôʻʤʽʚ: 

ǒ ï ʚʫʟʦʣ ʩʽʪʢʠ, Ǐ ï ʮʝʥʪʨ ʢʦʤʽʨʢʠ,ƺ ï ʮʝʥʪʨ ʤʝʞʽ 

 

ʅʘʡʧʨʦʩʪʽʰʽ ʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʚ (ʄʂʆ) ʢʚʘʜʨʘʪʫʨʥʽ ʬʦʨʤʫʣʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

ʪʦʯʥʦʩʪʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʧʣʠʚʘʶʪʴ ʟ ʪʝʦʨʝʤʠ ʧʨʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ: 

 ᷿ ὲϽήὨίὛὩ
ὛӶὩϽήὩ,    ᷿ ὗὨɋ ὗpɋɋ

 (2) 

ʜʝ ὛӶὩḳὛὩὲὩ ï ʫʤʦʚʥʠʡ ʚʝʢʪʦʨ ʧʣʦʱʽ ʛʨʘʥʽ, ʦʙʯʠʩʣʶʚʘʥʠʡ ʷʢ ʚʝʢʪʦʨʥʠʡ ʜʦʙʫʪʦʢ ʾʾ ʜʽʘʛʦʥʘʣʝʡ, 
ήe ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ה ʚ ʮʝʥʪʨʽ ʛʨʘʥʽ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ ήὩ ʦʙʯʠʩʣʝʥʦ ʟ ʜʨʫʛʠʤ ʧʦʨʷʜʢʦʤ 
ʪʦʯʥʦʩʪʽ, ʪʦ ʬʦʨʤʫʣʠ (2) ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʨʫʛʠʡ ʧʦʨʷʜʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʽʚʥʷʥʥʷ (1). ʇʦʥʠʞʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ ήὩ ʥʝʛʘʡʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʦʨʷʜʢʫ ʪʦʯʥʦʩʪʽ ʯʠʩʝʣʴʥʦʾ ʩʭʝʤʠ ʚ ʮʽʣʦʤʫ. 
ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʨʷʜʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʪʨʦʛʦ ʚʠʱʝ ʜʨʫʛʦʛʦ ʪʨʝʙʘ ʥʝ ʪʽʣʴʢʠ ʧʦʣʽʧʰʠʪʠ ʪʦʯʥʽʩʪʴ 

ʦʙʯʠʩʣʝʥʥʷ ήὩ, ʘʣʝ ʽ ʚʠʢʦʨʠʩʪʘʪʠ ʟʘʤʽʩʪʴ (2) ʙʽʣʴʰ ʪʦʯʥʽ ʢʚʘʜʨʘʪʫʨʥʽ ʬʦʨʤʫʣʠ, ʚʨʘʭʦʚʫʶʪʴ 

ʟʤʽʥʫ q ʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʷʢ ʟʽ ʟʥʘʯʥʠʤ ʫʩʢʣʘʜʥʝʥʥʷʤ ʦʙʯʠʩʣʝʥʴ, ʪʘʢ ʽ ʟ ʨʦʟʰʠ-

ʨʝʥʥʷʤ ʰʘʙʣʦʥʫ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʩʭʝʤʠ ʧʽʜʚʠʱʝʥʦʛʦ ʧʦʨʷʜʢʫ ʪʦʯʥʦʩʪʽ ʥʝ ʟʥʘʭʦ-

ʜʷʪʴ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʦʤʫ ʚ ʨʘʤʢʘʭ (ʄʂʆ), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ (ʄʂʈ), ʜʦʩʠʪʴ 

ʚʘʞʢʦ ʧʦʙʫʜʫʚʘʪʠ ʯʠʩʝʣʴʥʫ ʩʭʝʤʫ ʚʠʱʝ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʦʯʥʦʩʪʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʩʢʘʟʘʥʝ, ʢʚʘʜʨʘʪʫʨʥʫ ʬʦʨʤʫʣʫ (2) ʧʨʠʡʤʘʶʪʴ ʟʘ ʦʩʥʦʚʫ ʽ ʦʙʯʠʩʣʶʶʪʴ 

ήὩ. ʗʢ ʧʨʘʚʠʣʦ, ʤʘʩʦʚʠʡ çʨʦʟʭʽʜè ʨʽʜʠʥʠ ʯʝʨʝʟ ʛʨʘʥʴ ʢʦʤʽʨʢʠ, ὫὩ= ὛӶὩϽ(”ὠ)Ὡ, ʦʙʯʠʩʣʶʻʪʴʩʷ 
ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ, ʘ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʝʰʪʠ ʨʽʚʥʷʥʴ. ʇʨʠ 

ʚʽʜʦʤʦʤʫ çʨʦʟʭʦʜʽè ʧʠʪʘʥʥʷ ʦʙʨʘʭʫʥʢʫ ʢʦʥʚʝʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʪʦʢʫ ה ʯʝʨʝʟ ʛʨʘʥʴ ʟʚʦʜʠʪʴʩʷ 

ʜʦ ʚʠʟʥʘʯʝʥʥʷ  הὩ . ɼʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻ ʣʽʥʽʡʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ; ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʾʾ ʥʘʡʧʨʦʩʪʽʰʠʡ ʢʚʘʟʽʦʜʥʦʤʽʨʥʠʡ ʚʘʨʽʘʥʪ - ʽʥʪʝʨʧʦʣʷʮʽʷ ʚʟʜʦʚʞ ʩʽʪʢʦʚʦʾ ʣʽʥʽʾ ʧʦ ʜʚʦʤ ʚʫʟ-

ʣʦʚʠʤ ʟʥʘʯʝʥʥʷʤ,  הὖ ʪʘ הὉ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʽʜʩʪʘʥʝʡ ὖὩ ʪʘ ὩὉ. ɺʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʦʪʨʠʤʘʥʘ ʪʘ-

ʢʠʤ ʩʧʦʩʦʙʦʤ ʯʠʩʝʣʴʥʘ ʩʭʝʤʘ ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʽ (ʄʂʈ), ʷʢʘ ʚ ʫʤʦʚʘʭ ʤʘʣʦʾ ʚʝʣʠʯʠʥʠ ʬʽʟʠʯʥʦʾ 

ʜʠʬʫʟʽʾ ʥʝʩʪʽʡʢʘ. 

ʉʧʦʩʽʙ ʙʦʨʦʪʴʙʠ ʟ ʥʝʩʪʽʡʢʽʩʪʶ ʮʝʥʪʨʘʣʴʥʦ - ʨʽʟʥʠʮʝʚʦʾ ʩʭʝʤʠ ï ʮʝ ʘʧʨʦʢʩʠʤʘʮʽʷ ʢʦʥʚʝʢ-

ʪʠʚʥʠʭ ʧʦʭʽʜʥʠʭ ʦʜʥʦʩʪʦʨʦʥʥʽʤʠ ʨʽʟʥʠʮʷʤʠ çʧʨʦʪʠ ʧʦʪʦʢʫè, ʱʦ ʤʦʞʥʘ ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʧʨʽʦʨʠ-
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ʪʝʪʥʠʡ ʦʙʣʽʢ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʥʘʯʝʥʥʷ ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ ʫ ʚʫʟʣʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫʟʜʦʚʞ ʩʽʪʢʦʚʦʾ 

ʣʽʥʽʾ ʚʠʱʝ ʧʦ ʧʦʪʦʢʫ ʚʽʜ ʜʘʥʦʾ ʪʦʯʢʠ. ʉʪʦʩʦʚʥʦ  (ʄʂʆ) ʧʨʠʥʮʠʧ ʧʨʽʦʨʠʪʝʪʫ ʽʥʬʦʨʤʘʮʽʾ ʟʚʝʨʭʫ 

ʧʦ ʧʦʪʦʢʫ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʚʠʧʘʜʢʫ ὫὩ> 0 (ʨʽʜʠʥʘ ʪʝʯʝ ʚʽʜ P ʜʦ E, ʜʠʚ. ʨʠʩ. 1) ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ 

>ὡ , ʘ ʜʣʷ ʚʠʧʘʜʢʫ ὫὩה̔  ὖה  Ὡ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷה  0 - ʟʥʘʯʝʥʥʷ  הὉ  ̔ הὉὉ. ʃʽʥʽʡ-

ʥʘ ʝʢʩʪʨʘʧʦʣʷʮʽʷ ʧʦ ʜʚʦʤ ʚʫʟʣʘʤ ʟʘʙʝʟʧʝʯʠʪʴ ʜʨʫʛʠʡ ʧʦʨʷʜʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ (ʝʢʚʽʚʘʣʝʥʪ ʧʨʦʪʠ-

ʧʦʪʦʢʦʚʦʾ ʩʭʝʤʠ (ʄʂʈ) ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ), ʘ ʧʨʦʩʪʝ ʟʥʝʩʝʥʥʷ ʧʦ ʧʦʪʦʢʫ ʟʥʘʯʝʥʥʷ ה ʟ ʥʘʡʙʣʠʞ-

ʯʦʛʦ ʚʫʟʣʘ (P ʘʙʦ E) ʥʘ ʛʨʘʥʴ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʪʠʧʦʪʦʢʦʚʽʡ ʩʭʝʤʽ (ʄʂʈ) ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʪʦʯʥʦʩ-

ʪʽ. 

ɼʘʥʫ ʽʥʪʝʨʧʦʣʷʮʽʶ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʩʭʝʤʠ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʩʪʫʧʝ-

ʥʝʤ ʧʨʦʪʠʧʦʪʦʢʦʚʦʩʪʽ. ʋ ʜʝʱʦ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ ʢʦʤʽʨʦʢ) 

ʧʨʦʪʠʧʦʪʦʢʦʚʘ ʩʭʝʤʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʦʯʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ‰Ὡ ‰Ὡ =Ὡ‏      ,Ὡ‏‐
‰ὡ 2‰ὖ+ ‰Ὁ / 2,  ὫὩ> 0 

‰ὖ 2‰Ὁ+ ‰ὉὉ / 2,  ὫὩ< 0
 (3) 

ʜʝ ‰Ὡ ï çʮʝʥʪʨʘʣʴʥʝè ʟʥʘʯʝʥʥʷ, ʦʜʝʨʞʫʚʘʥʝ ʰʣʷʭʦʤ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʘ ‏Ὡï ʧʨʦʪʠʧʦʪʦʢʦʚʘ 
ʧʦʧʨʘʚʢʘ, ʱʦ ʚʚʦʜʠʪʴʩʷ ʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʚʘʛʦʶ ʀ. ʇʨʠ   ‐ =  1 ʤʘʻʤʦ ʧʦʚʥʽʩʪʶ ʧʨʦʪʠʧʦʪʦʢʦʚʫ 

ʩʭʝʤʫ, ‐ =  0 ï ʮʝʥʪʨʘʣʴʥʦ-ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ (ʱʦ ʧʦʷʩʥʶʻ ʥʘʟʚʫ הὩ). ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʧʦʧʨʘʚʢʘ 
 ʥʝ ʪʽʣʴʢʠ ʫʟʜʦʚʞ ʽʥʜʝʢʩʥʦʛʦ ʣʽʥʽʾ Ὥ, ʘʣʝ ʪʘʢʦʞ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʽʚ ה Ὡ ʤʦʞʝ ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʫ‏
Ὦ ̔  Ὧ. ʉʽʤʝʡʩʪʚʫ ʟʚʘʞʝʥʠʭ ʧʨʦʪʠʧʦʪʦʢʦʚʠʭ ʩʭʝʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʪʦʯʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʧʦʧʨʘʚʢʘ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʜʫ (‐ =  1 ʜʘʻ ʧʦʚʥʽʩʪʶ ʧʨʦʪʠʧʦʪʦʢʦʚʫ ʩʭʝʤʫ): 

=Ὡ‏ 
‰Ὁ ‰ὖ / 2,  ὫὩ> 0 

‰ὖ ‰Ὁ / 2,  ὫὩ< 0
 (3ʘ) 

ɸʧʨʦʢʩʠʤʘʮʽʷ ʜʠʬʫʟʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʪʦʢʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʥʚʝʢʪʠʚʥʦʾ, ʥʝ ʚʠʤʘʛʘʻ 

ʷʢʠʭ-ʥʝʙʫʜʴ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʭʝʤʠ. ɼʝʷʢʫ ʩʢʣʘʜʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʻ ʣʠʰʝ ʦʙ-

ʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʦʾ  ʚ ʮʝʥʪʨʽ ʛʨʘʥʽ. ɯʩʥʫʶʪʴ, ʧʨʠʥʘʡʤʥʽ, ʜʚʽ ʤʦʞʣʠʚʦʩʪʽ. 

ʇʝʨʰʘ ï ʨʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ɳה ʚ ʮʝʥʪʨʘʭ ʢʦʤʽʨʦʢ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʪʝʛʨʘʣʴʥʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʷ ʛʨʘʜʽʻʥʪʘ:  

 ᷿ ɳהὨɱ= ᷿ ὲהὨίὛɱ
ᵼ( ɳה)ὖ

1

ɱ
В ὛӶὯ‰ὯὯ  (4) 

ʧʽʩʣʷ ʯʦʛʦ ʟʘʩʪʦʩʫʚʘʪʠ ʟʚʠʯʘʡʥʫ ʧʨʦʮʝʜʫʨʫ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ ɳה 

ʥʘ ʤʝʞʽ ʦʩʝʨʝʜʢʫ. ɯʥʰʠʡ ʩʧʦʩʽʙ ï ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʢʽʥʮʝʚʠʤʠ ʨʽʟʥʠʮʷʤʠ ʩʘʤʫ ʧʦʭʽʜʥʫ ‬‰/‬ὲ ʥʘ 
ʛʨʘʥʽ, ʧʝʨʝʭʦʜʷʯʠ, ʷʢ ʮʝ ʧʨʠʡʥʷʪʦ ʚ ʄʂʈ, ʚ ʣʦʢʘʣʴʥʫ ʽʥʜʝʢʩʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (ʬʘʢʪʠʯʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʠ ʧʝʨʝʭʦʜʫ ʜʦ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ). ɼʨʫʛʠʡ ʧʽʜʭʽʜ 

ʚʠʤʘʛʘʻ ʤʝʥʰʝ ʦʙʯʠʩʣʝʥʴ ʽ ʟʘʙʝʟʧʝʯʫʻ ʤʝʥʰʫ ʧʦʭʠʙʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʘ ʨʽʚʥʦʤʽʨʥʽʡ ʩʽʪʮʽ (ʚ ʨʘ-

ʤʢʘʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʦʯʥʦʩʪʽ), ʘʣʝ ʟʘʩʪʦʩʦʚʥʠʡ ʪʽʣʴʢʠ ʜʣʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ.  

ʈʦʟʛʣʷʥʫʪʽ ʧʽʜʭʦʜʠ ʜʦ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʢʘʣʷʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʘʩʪʦʩʦʚʥʽ ʽ ʜʦ ʨʽʚʥʷʥʴ ʨʫʭʫ ʨʽ-

ʜʠʥʠ ʟ ʪʽʻʶ ʣʠʰʝ ʨʽʟʥʠʮʝʶ, ʱʦ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʜʠʬʫʟʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʪʦʢʫ ʽʤʧʫʣʴʩʫ ʯʝʨʝʟ 

ʛʨʘʥʴ ʢʦʤʽʨʢʠ ʜʦʚʦʜʠʪʴʩʷ ʤʘʪʠ ʩʧʨʘʚʫ ʟ ʪʝʥʟʦʨʦʤ ʥʘʧʨʫʞʝʥʴ, ʘ ʚʥʝʩʦʢ ʛʨʘʜʽʻʥʪʘ ʪʠʩʢʫ ʚ ʙʘʣʘʥʩ 

ʽʤʧʫʣʴʩʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (4). ɸʧʨʦʢʩʠʤʘʮʽʷ ʨʽʚʥʷʥʥʷ 

ʥʝʨʦʟʨʠʚʥʦʩʪʽ, ʟʜʘʚʘʣʦʩʷ ʙ, ʱʝ ʧʨʦʩʪʽʰʝ ï ʧʦʪʨʽʙʥʦ ʣʠʰʝ ʧʽʜʩʫʤʫʚʘʪʠ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ ʧʦ ʚʩʽʭ 

ʛʨʘʥʷʭ ʢʦʤʽʨʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʡʧʨʦʩʪʽʰʫ ʢʚʘʜʨʘʪʫʨʫ ὫὩ= ὛӶὩϽ(ɟὠ)Ὡ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʦʜʥʽʻʶ 
ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʭ ʩʭʝʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʽ ʰʚʠʜʢʦʩʪʽ ʚ ʮʝʥʪʨʽ ʛʨʘʥʽ. ʆʜʥʘʢ 

ʧʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʪʘʢ ʟʚʘʥʽ ʧʘʨʥʦ-ʥʝʧʘʨʥʽ ʧʨʦʩʪʦʨʦʚʽ ʦʩʮʠʣʷʮʽʾ ʧʦʣʷ ʪʠʩʢʫ, ʱʦ ʦʩʦʙ-

ʣʠʚʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʪʦʢʽʚ ʛʘʟʫ ʽ ʥʝʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ ʤʘʣʦʾ ʰʚʠʜʢʦʩʪʽ. ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʥʝ-

ʬʽʟʠʯʥʠʭ ʦʩʮʠʣʷʮʽʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʨʝʛʫʶʯʘ ʧʨʦʮʝʜʫʨʘ, ʱʦ ʚʚʦʜʠʪʴ ʚ ʚʠʨʘʟ ʜʣʷ 

ʚʠʪʨʘʪʠ  ὫὩ ʩʧʝʮʽʘʣʴʥʫ ʩʪʘʙʽʣʽʟʫʶʯʫ ʧʦʧʨʘʚʢʫ, ʱʦ ʫ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʪʘʢ: 

 ὫὩ= ὫӶὩ
ὅ

ὃὩ
ὴὉ ὴὴ

1

2

ὴὉ ὴὡ

2
+
ὴὉὉ ὴὖ

2
 (5) 

ʊʫʪ ὅ ï ʚʘʛʦʚʠʡ ʤʥʦʞʥʠʢ, ὃὩï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʢʦʤʽʨʦʢ ʪʘ ʚʽʜ 
ʩʧʦʩʦʙʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʽʚʥʷʥʴ ʨʫʭʫ. ʇʦʧʨʘʚʢʘ (5) ʨʝʘʛʫʻ ʥʘ ʚʽʜʭʠʣʝʥʥʷ çʽʥʜʝʢʩʥʦʾè ʧʦʭʽʜʥʦʾ 

(‬ὴ/‬Ὥ)Ὡ= ὴὉ ὴὴ ʚʽʜ ʾʾ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ [(‬ὴ/ ЋὭ)ὖ+ (‬ὴ/‬Ὥ)Ὁ]/ 2, ʫ ʚʠʧʘʜʢʫ ʛʣʘʜʢʦʛʦ 

ʧʦʣʷ ʧʦʧʨʘʚʢʘ ʧʨʦʧʦʨʮʽʡʥʘ ‬3ὴ/‬Ὥ3 ʽ ʤʘʻ ʪʨʝʪʽʡ ʧʦʨʷʜʦʢ ʤʘʣʦʩʪʽ. 



16  ʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥ ̔ʟʘʧʠʩʢʠ 

 

ʊʨʘʜʠʮʽʡʥʦ ʜʣʷ ʟʘʜʘʯ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚ-

ʥʷʥʴ ʅʘʚôʻ - ʉʪʦʢʩʘ [9,10ï17,18ï25]. ʆʜʥʘʢ ʚ ʦʩʪʘʥʥʽ 20 ʨʦʢʽʚ ʨʦʟʚʠʚʘʻʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʽ-

ʜʭʽʜ ï ʤʝʪʦʜ ʨʝʰʽʪʦʯʥʠʭ ʨʽʚʥʷʥʴ ɹʦʣʴʮʤʘʥʘ (LBM) [8,26,27], ʚ ʷʢʦʤʫ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ 

ʚôʷʟʢʦʾ ʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʜʠʩʢʨʝʪʠʟʦʚʘʥʝ  ʨʽʚʥʷʥʥʷ ɹʦʣʴʮʤʘʥʘ. ɺʽʥ ʤʘʻ ʨʷʜ 

ʧʝʨʝʚʘʛ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʧʽʜʭʦʜʦʤ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʙʘʛʘʪʦʬʘʟʥʠʭ 

ʪʝʯʽʡ, ʘ ʪʘʢʦʞ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʧʦʨʠʩʪʠʭ ʧʦʚʝʨʭʦʥʴ. ʂʨʽʤ ʪʦʛʦ, LBM ʻ ʷʚʥʠʤ ʤʝʪʦʜʦʤ, ʪʦʤʫ ʧʨʠ-

ʨʦʜʥʠʤ ʯʠʥʦʤ ʨʦʟʧʘʨʘʣʝʣʶʻʪʴʩʷ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʫ ʟʚ'ʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʘʭ. 

ʂʽʥʝʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʦʜʥʦʯʘʩʪʢʦʚʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ  Ὢ(ὶ,‚Ӷ,ὸ) ʙʝʟ ʚʨʘʭʫ-

ʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʤʘʻ ʚʠʛʣʷʜ [8]: 

 
‬Ὢ

‬ὸ
+ ‚ӶɳὪ= ɱ (6) 

ʜʝ ɋ ï ʽʥʪʝʛʨʘʣ ʟʽʪʢʥʝʥʴ, t ï ʯʘʩ, ὶӶ= (ὼ,ώ,ᾀ) ï ʚʝʢʪʦʨ ʧʨʦʩʪʦʨʦʚʠʭ ʟʤʽʥʥʠʭ, ‚Ӷ= (‚ὼ,‚ώ,‚ᾀ) ï 

ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʢʠ. ʄʘʢʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʛʫʩʪʠʥʘ ɟ(ὶӶ,ὸ) ʽ ʰʚʠʜʢʽʩʪʴ ʩʝʨʝ-

ʜʦʚʠʱʘ u(ὶ,ὸ) ʻ ʤʦʤʝʥʪʘʤʠ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʽ ʟʥʘʭʦʜʷʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʧʦ 
ʚʩʽʤ ʤʦʞʣʠʚʠʤ ʰʚʠʜʢʦʩʪʷʤ ‚Ӷ. 

ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʨʽʚʥʷʥʥʷ (6) ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ: ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʚ ʧʨʦʩʪʦʨʽ ʰʚʠʜʢʦʩʪʝʡ, ʘ ʥʘ ʜʨʫʛʦʤʫ ï ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʟʘ ʯʘʩʦʤ ʽ ʧʨʦʩʪʦʨʦʚʠʤʠ 

ʟʤʽʥʥʠʤʠ. ɼʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚ ʧʨʦʩʪʦʨʽ ʰʚʠʜʢʦʩʪʝʡ ʟʘʜʘʻʪʴʩʷ ʩʢʽʥʯʝʥʥʘ ʩʫʢʫʧʥʽʩʪʴ ʚʝʢʪʦʨʽʚ 

ʤʦʞʣʠʚʠʭ ʰʚʠʜʢʦʩʪʝʡ {eὯ}Ὧ= 1
ὓ , ʢʦʞʥʦʤʫ ʚʝʢʪʦʨʫ ʽʟ ʟʘʜʘʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜ-

ʥʽʩʪʴ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ὸ ʪʘ ὶӶ: ὪὯὶӶ,ὸ= ὪὶӶ,ὩӶὯ,ὸ,Ὧ= 1,ὓ. ʊʘʢʠʤ 
ʯʠʥʦʤ, ʨʽʚʥʷʥʥʷ (6) ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʚʽʜʥʦʩʥʦ ὪὯ 

 
‬ὪὯ

‬ὸ
+ ὩӶὯɳ ὪὯ= ɱὯ     (7) 

ï ʨʽʚʥʷʥʥʷ ɹʦʣʴʮʤʘʥʘ ʟ ʜʠʩʢʨʝʪʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ. ɿ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ, ʨʦʟʛʣʷʜʘʶʯʠ ʨʽʚʥʦʤʽʨʥʫ 

ʧʦ ʯʘʩʫ ʪʘ ʧʨʦʩʪʦʨʦʚʠʤ ʟʤʽʥʥʠʤ ʩʽʪʢʫ ʽ ʚʚʘʞʘʶʯʠ, ʱʦ ʯʘʩʪʠʥʢʘ ʟʘ ʢʨʦʢ ʧʦ ʯʘʩʫ ʧʝʨʝʣʽʪʘʻ ʚ ʩʫ-

ʩʽʜʥʽ ʚʫʟʣʠ ʧʨʦʩʪʦʨʦʚʦʾ ʨʝʰʽʪʢʠ (ʪʦʙʪʦ ʨʦʟʤʽʨ ʢʦʤʽʨʢʠ ЎὶӶὯ= ὩӶὯЎὸ), ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʝ ʨʝʰʽ-

ʪʦʯʥʝ ʨʽʚʥʷʥʥʷ ɹʦʣʴʮʤʘʥʘ  

 ὪὯὶӶ+ ὩӶὯЎὸ,ὸ+ Ўὸ= ὪὯὶӶ,ὸ+ ɱὯ(ὪὯὶӶ,ὸ) (8) 

ɺ ʤʝʪʦʜʘʭ LBM ʦʧʝʨʘʪʦʨ ʟʽʪʢʥʝʥʥʷ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ BGK ʥʘʙʣʠ-

ʞʝʥʥʷ, ʷʢʝ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʣʽʥʽʡʥʫ ʨʝʣʘʢʩʘʮʽʶ ʜʦ ʣʦʢʘʣʴʥʦʾ ʨʽʚʥʦʚʘʛʠ [8]: 

ɱὯ= (ὪὯ
Ὡή
”,ό ὪὯ)/ †) 

ʜʝ † ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʧʘʨʘʤʝʪʨ ʨʝʣʘʢʩʘʮʽʾ, ʘ ὪὯ
Ὡή
ï ʨʽʚʥʦʚʘʞʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ 

ὪὯ
Ὡή
ὶӶ,ὸ= ύὯɟ(ὶӶ) 1 + 3

(ὩӶὯϽό)

ὧ2
+

9

2

(ὩӶὯϽό)2

ὧ4

3

2

ό2

ὧ2
 

ʊʫʪ ὧ= Ўὼ/Ўὸ  ï ʙʘʟʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚ ʢʦʤʽʨʮʽ (Ўὼ ̔  Ўὸ ï ʢʨʦʢ ʩʽʪʢʠ ʽ ʢʨʦʢ ʧʦ ʯʘʩʫ), ʘ ύὯ ï ʚʘʛʦʚʽ 
ʢʦʝʬʽʮʽʻʥʪʠ, ʨʽʟʥʽ ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʨʝʰʽʪʦʢ. ʊʘʢʠʡ ʚʠʜ  ὪὯ

Ὡή
ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʦʟʢʣʘʜ ʨʽʚ-

ʥʦʚʘʞʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʄʘʢʩʚʝʣʘ ʟʘ ʰʚʠʜʢʦʩʪʷʤʠ ό ʜʦ ʯʣʝʥʽʚ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʤʘʣʦʩʪʽ. 

ɻʫʩʪʠʥʘ ʨʽʜʠʥʠ ” ʽ ʰʚʠʜʢʽʩʪʴ ό ʫ ʚʫʟʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʯʠʩʣʝʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ ”= В ὪὯ
ὓ
Ὧ= 0   ʪʘ 

”ό= В eὯὪὯ
ὓ
Ὧ= 0  .ʊʠʩʢ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ  ὴ= ɟ

ὧ2

3
 . 

ɼʣʷ ʦʧʠʩʫ ʤʦʜʝʣʽ ʨʝʰʽʪʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʥʦʩʪʽ ʟʘʜʘʯʽ ʽ ʚʽʜ ʥʘʙʦʨʫ ʤʦʞʣʠʚʠʭ ʥʘ-

ʙʦʨʽʚ ʰʚʠʜʢʦʩʪʝʡ ʚʚʦʜʠʪʴʩʷ ʧʦʟʥʘʯʝʥʥʷ DὲQὴ, ʜʝ ὴɴ {1,2,3} ï ʨʦʟʤʽʨʥʽʩʪʴ ʬʽʟʠʯʥʦʛʦ ʧʨʦʩʪʦ-

ʨʫ, ʘ ὲ Nɴ ï ʯʠʩʣʦ ʤʦʞʣʠʚʠʭ ʰʚʠʜʢʦʩʪʝʡ [8]. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʤʦʜʝʣʣʶ ʜʣʷ ʜʚʦʚʠ-

ʤʽʨʥʠʭ ʟʘʜʘʯ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʻ ʜʝʚôʷʪʠʰʚʠʜʢʽʩʥʘ ʤʦʜʝʣʴ D2Q9.  ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʽ ʨʽʚʥʦʤʽʨʥʘ 
ʩʽʪʢʘ ʚ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ (ʟ ʨʦʟʤʽʨʦʤ ʢʦʤʽʨʢʠ ὰό) ʽ ʤʦʞʣʠʚʽ ʥʘʧʨʷʤʢʠ ʰʚʠʜʢʦʩʪʝʡ ὩӶὥ, 
ʜʝ ὥ= 0,ȣ,8  ï ʽʥʜʝʢʩ ʥʘʧʨʷʤʢʫ. ʐʚʠʜʢʽʩʪʴ  ὩӶ0 = 0 ʦʟʥʘʯʘʻ, ʱʦ ʯʘʩʪʠʥʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ 

ʩʧʦʢʦʶ. 



    ʄʘʪʝʤʘʪʠʢʘ 
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ʈʠʩ. 2. ʄʦʞʣʠʚʽ ʚʝʢʪʦʨʠ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʚ ʤʝʪʦʜʽ LBM ʜʣʷ ʤʦʜʝʣʽ D2Q9 

 

ɺʠʟʥʘʯʠʚʰʠ ʙʘʟʦʚʫ ʰʚʠʜʢʽʩʪʴ ʚ ʢʦʤʽʨʮʽ ʷʢ ὧ= ὰό/ὸί, ʜʝ ts ï ʚʝʣʠʯʠʥʘ ʢʨʦʢʫ ʟʘ ʯʘʩʦʤ, 

ʦʪʨʠʤʘʻʤʦ, ʱʦ ʚʝʣʠʯʠʥʠ ʰʚʠʜʢʦʩʪʝʡ  e5 = e6 = e7 = e8 = Ѝ2c. ʂʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʝʡ, ʪʘ-

ʢʠʤ ʯʠʥʦʤ, ʨʽʚʥʽ ʘʙʦ 0, ʘʙʦ ὧ. ʈʝʰʽʪʦʯʥʝ ʨʽʚʥʷʥʥʷ ɹʦʣʴʮʤʘʥʘ: 

 

 ὪὥὶӶ+ ὩӶὥЎὸ,ὸ+ Ўὸ= ὪὥὶӶ,ὸ
1

†
[ὪὥὶӶ,ὸ Ὢὥ

Ὡή
(ὶӶ,ὸ)] (9) 

 

ʜʝ ὥ= 0,ȣ,8 

ʆʜʠʥ ʢʨʦʢ ʟʘ ʯʘʩʦʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ: ʩʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʥʦʩ (ʨʠʩ.3), ʘ 

ʧʦʪʽʤ ʨʝʣʘʢʩʘʮʽʷ ʜʦ ʨʽʚʥʦʚʘʞʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ. 

 

 

 
ʈʠʩ.3 ʇʝʨʝʥʦʩ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʘ ʢʨʦʢ ʯʘʩʫ 

 

ʈʽʚʥʦʚʘʞʥʘ ʬʫʥʢʮʽʷ: 

 Ὢὥ
Ὡή
ὶӶ,ὸ= ύὥʍ(ὶӶ) 1 + 3

(ὩӶὥϽό)

ὧ2 +
9

2

(ὩӶὥϽό)2

ὧ4

3

2

ό2

ὧ2  (10) 

ʜʝ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢ:  

 ύὥ=

ừ
Ừ

ứ
4

9 ,ὥ= 0,

1
9 ,ὥ= 1,2,3,4

1
36

 (11) 

ɻʫʩʪʠʥʘ ʨʽʜʠʥʠ ” ʽ ʰʚʠʜʢʽʩʪʴ ό ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 ”= В Ὢὥ
8
ὥ= 0 ,    ”ό= В ὩӶὥὪὥ

8
ὥ= 0  (12) 

ɿ ʨʽʚʥʷʥʥʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʤʦʜʝʣʽ D2Q9 ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʢʣʘʜʫ ʏʝʤʧʝʥʘ - ɽʥʩʢʦʛʘ ʤʦʞ-

ʥʘ ʚʠʚʝʩʪʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʅʘʚôʻ - ʉʪʦʢʩʘ. ʈʦʟʚôʷʟʫʚʘʥʝ ʜʠʩʢʨʝʪʥʝ ʨʽʚʥʷʥʥʷ (9) ʽ ʬʫʥʢʮʽʶ ʨʦʟ-

ʧʦʜʽʣʫ (10) ʨʦʟʢʣʘʜʘʶʪʴ ʚ ʨʷʜ ʟʘ ʩʪʝʧʝʥʷʤʠ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʢʨʦʢ ʟʘ ʯʘʩʦʤ). ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʪʽʣʴʢʠ ʧʝʨʰʽ ʜʚʘ ʯʣʝʥʠ ʨʦʟʢʣʘʜʫ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʚʝʣʠʯʠʥ, ʷʢʝ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʽʚʥʷʥʴ ʅʘʚôʻ - ʉʪʦʢʩʘ ʜʣʷ ʥʝʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ ʥʘ ʚʝʣʠʯʠʥʫ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

ʟʘ ʢʨʦʢʦʤ ʧʦ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʥʘ ʚʝʣʠʯʠʥʫ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʘʣʦʩʪʽ ʧʦ ʯʠʩʣʫ ʄʘʭʘ ʄ.  



18  ʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥ ̔ʟʘʧʠʩʢʠ 

 

ʇʨʠ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʬʽʟʠʯʥʠʭ ʷʚʠʱ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʟʘʜʘʯʫ ʥʝ 

ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʘʥʘʣʽʪʠʯʥʦ, ʘ ʯʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʨʽʟʥʦʛʦ ʨʦʜʫ ʥʝʩʪʽʡʢʦ-

ʩʪʝʡ. ʈʷʜ ʧʨʦʙʣʝʤ ʚʠʥʠʢʘʻ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʷʭ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ. ʋ ʧʨʦʮʝʩʽ ʦʧʠʩʫ 

ʬʽʟʠʯʥʦʛʦ ʷʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʢʫʧʥʦʩʪʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʤʽʥʘ ʬʽʟʠ-

ʯʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʘ ʯʘʩʪʦ ʥʦʩʠʪʴ ʜʠʩʢʨʝʪʥʠʡ ʭʘʨʘʢʪʝʨ (ʤʦʣʝʢʫʣʠ ʚ ʛʘʟʦʜʠʥʘʤʽʮʽ, ʝʣʝʤʝʥʪʘʨʥʽ 

ʟʘʨʷʜʠ ʚ ʝʣʝʢʪʨʠʮʽ ʽ ʪ.ʜ.), ʥʝʧʝʨʝʨʚʥʦʶ ʤʦʜʝʣʣʶ.  

ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʨʽʟʥʠʮʝʚʠʭ ʩʭʝʤ ʧʨʦʩʪʽʨ ʽ ʯʘʩ ʚ ʮʽʡ ʥʝʧʝʨʝʨʚʥʦʾ ʤʦʜʝʣʽ ʟʥʦʚʫ ʩʪʘʶʪʴ 

ʜʠʩʢʨʝʪʥʠʤʠ, ʘ ʧʽʩʣʷ ʨʝʘʣʽʟʘʮʽʾ ʾʭ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʚʩʽ ʚʝʣʠʯʠʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟ ʦʙʤʝʞʝʥʦʶ ʪʦʯ-

ʥʽʩʪʶ. ɿʚʽʜʩʠ ʥʘʧʨʦʰʫʻʪʴʩʷ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʦʮʽʣʴʥʦ ʦʜʨʘʟʫ ʙʫʜʫʚʘʪʠ ʜʠʩʢʨʝʪʥʽ ʤʦʜʝʣʽ ʬʽʟʠʯʥʠʭ 

ʷʚʠʱ. ʆʜʥʠʤ ʟ ʢʣʘʩʽʚ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ ʢʣʽʪʢʦʚʽ ʘʚʪʦʤʘʪʠ (ʂɸ) [26] ï ʬʦʨʤʘʣʴʥʘ ʤʦʜʝʣʴ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʢʪʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʝʚʥʠʤ ʩʪʘʥʦʤ. ʆʢʦʣʠ ʢʦʞ-

ʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʷʢ ʥʘʙʽʨ ʟ ʯʦʪʠʨʴʦʭ ʥʘʡʙʣʠʞʯʠʭ ʝʣʝʤʝʥʪʽʚ (ʇʽʚʥʽʯ, ʇʽʚ-

ʜʝʥʴ, ʉʭʽʜ ʽ ɿʘʭʽʜ), ʥʘʙʽʨ ʟ ʚʦʩʴʤʠ ʥʘʡʙʣʠʞʯʠʭ ʝʣʝʤʝʥʪʽʚ (ʇʽʚʥʽʯ, ʇʽʚʥʽʯʥʠʡ ʩʭʽʜ, ʉʭʽʜ, ʇʽʚʜʝʥ-

ʥʠʡ ʩʭʽʜ, ʇʽʚʜʝʥʴ, ʇʽʚʜʝʥʥʠʡ ʟʘʭʽʜ, ɿʘʭʽʜ, ʇʽʚʥʽʯʥʠʡ ʟʘʭʽʜ) ʽ ʪ.ʜ., ʥʘʧʨʠʢʣʘʜ [26]: 

 
ᶻ i 1,j ᶻ

i,j 1 i, j  i, j + 1
ᶻ (i,j + 1) ᶻ

    

i 1, j 1 i 1,j  i 1,j + 1

i,j 1   i, j  i, j + 1
(i + 1,j 1) (i, j + 1) (i + 1, j + 1)

 

 

ʊʫʪ ʦʢʦʣʠ ʢʦʤʽʨʢʠ (ἱ,ἲ), ʨʦʟʪʘʰʦʚʘʥʽ ʚ -ʤʫ ʨʷʜʢʫ ʽ ἲ-ʤʫ ʩʪʦʚʧʮʶ, ʜʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʢʦʣʫ ʬʦʥ 
ʅʝʡʤʘʥʘ (ʣʽʚʦʨʫʯ) ʽ ʦʢʦʣʫ ʄʫʨʘ (ʧʨʘʚʦʨʫʯ). ʂʣʽʪʢʦʚʠʡ ʘʚʪʦʤʘʪ ʧʨʝʜʩʪʘʚʣʷʻ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦ-

ʜʝʣʴ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʚ ʷʢʽʡ ʯʘʩ ʽ ʧʨʦʩʪʽʨ ʜʠʩʢʨʝʪʥʽ (ʩʫʢʫʧʥʽʩʪʴ ʟʥʘʯʝʥʴ, ʧʨʠʡʥʷʪʠʭ ʧʨʦʩʪʦ-

ʨʦʚʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʣʝʤ ʂɸ), ʘ ʚʩʽ ʟʘʣʝʞʥʽ ʚʝʣʠʯʠʥʠ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʢʽʥʮʝ-

ʚʠʡ ʥʘʙʽʨ ʟʥʘʯʝʥʴ. ʂɸ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʣʦʢʘʣʴʥʦʩʪʽ, ʪʦʙʪʦ ʥʘ ʢʦʞʥʦʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ ʥʦʚʠʡ 

ʩʪʘʥ ʜʝʷʢʦʾ ʪʦʯʢʠ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʩʪʘʥʫ ʪʦʯʦʢ ʚ ʾʾ ʥʝʚʝʣʠʢʦʤʫ ʦʢʦʣʽ. ʂʨʽʤ ʪʦʛʦ, ʮʷ ʟʘʣʝʞ-

ʥʽʩʪʴ ʦʜʥʦʨʽʜʥʘ ʚ ʧʨʦʩʪʦʨʽ ï ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʦʜʥʽ ʡ ʪʽ ʞ ʧʨʘʚʠʣʘ. 

ʅʘʡʚʽʜʦʤʽʰʠʡ (ʂɸ) ï ʛʨʘ çɾʠʪʪʷè, ʚʠʟʥʘʯʝʥʠʡ ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʨʝʰʽʪʮʽ ʥʘ ʧʣʦʱʠʥʽ, 

ʧʨʠʯʦʤʫ ʢʦʞʥʘ ʢʣʽʪʠʥʘ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʦʜʥʦʤʫ ʟ ʜʚʦʭ ʩʪʘʥʽʚ: 0 ï ʢʣʽʪʠʥʢʘ ʤʝʨʪʚʘ ʽ 1ï ʞʠ-

ʚʘ. ʅʘʡʙʣʠʞʯʽ ʜʦ ʜʘʥʦʾ 8 ʢʣʽʪʠʥʦʢ ʥʘʟʠʚʘʶʪʴʩʷ ʾʾ ʩʫʩʽʜʘʤʠ. ɿʘʢʦʥʠ ʨʦʟʚʠʪʢʫ ʮʴʦʛʦ (ʂɸ) ʥʘʩʪʫ-

ʧʥʽ: ʷʢʱʦ ʫ ʞʠʚʦʾ ʢʣʽʪʠʥʠ ʤʝʥʰʝ ʜʚʦʭ ʩʫʩʽʜʽʚ ʘʙʦ  ʙʽʣʴʰʝ ʪʨʴʦʭ ʩʫʩʽʜʽʚ, ʚʦʥʘ ʩʪʘʻ ʤʝʨʪʚʦʶ; 

ʷʢʱʦ ʫ ʤʝʨʪʚʦʾ ʢʣʽʪʠʥʠ ʨʽʚʥʦ ʪʨʠ ʩʫʩʽʜʘ, ʚʦʥʘ ʩʪʘʻ ʞʠʚʦʶ (çʥʘʨʦʜʞʝʥʥʷè). ʎʽ ʧʨʘʚʠʣʘ (ʂɸ) 

ʧʨʠʚʦʜʷʪʴ ʜʦ ʜʫʞʝ ʩʢʣʘʜʥʦʾ ʛʣʦʙʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ. ʎʽʢʘʚʦ ʪʘʢʦʞ ʪʝ, ʱʦ ʛʨʘ çɾʠʪʪʷè ʷʚʣʷʻ ʩʦ-

ʙʦʶ ʩʚʽʪ, ʜʝ ʤʘʡʙʫʪʥʻ ʜʝʪʝʨʤʽʥʦʚʘʥʦ, ʘʣʝ çʜʽʟʥʘʪʠʩʷè ʡʦʛʦ ʤʦʞʥʘ ʣʠʰʝ çʜʦʞʠʚʰʠè ʜʦ ʥʴʦʛʦ. 

ʗʢʱʦ ʚʜʘʻʪʴʩʷ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʥʘ ʦʩʥʦʚʽ (ʂɸ), ʪʦ ʩʠʣʴʥʦ ʩʧʨʦʱʫʶʪʴʩʷ ʢʦʤʧ'ʶʪʝʨ-

ʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦ ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʥʶ. ʆʩʦʙʣʠʚʦ ʧʦʤʽʪʥʠʡ ʚʠʛʨʘʰ ʚ ʯʘʩʽ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ɽʆʄ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʮʝʩʦʨʽʚ - ʤʘʰʠʥʘʭ ʢʣʽʪʢʦʚʠʭ ʘʚʪʦʤʘʪʽʚ. ɺ 

ʜʘʥʠʡ ʯʘʩ (ʂɸ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʝʣʠʢʦʛʦ ʢʦʣʘ ʨʽʟʥʦʤʘʥʽ-

ʪʥʠʭ ʟʘʜʘʯ.  

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʤʝʪʦʜʘʤʠ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʟʘʜʘʯ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʯʽʡ ʥʝʦʙʭʽʜʥʦ ʚʠʙʠ-

ʨʘʪʠ ʟʤʽʥʥʽ ʚʝʣʠʯʠʥʠ ʽ ʨʽʟʥʠʮʝʚʽ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʜʘʯ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝ-

ʪʦʜʫ ɽʡʣʝʨʘ ʨʫʭ ʨʽʜʠʥʠ ʦʧʠʩʫʻʪʴʩʷ ʥʘ ʩʽʪʮʽ, ʷʢʘ ʬʽʢʩʦʚʘʥʘ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʚʠʢʦʨʠʩ-

ʪʘʥʥʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʚʠʥʠʢʘʶʪʴ ʪʨʫʜʥʦʱʽ ʚ ʟʘʜʘʯʘʭ, ʜʝ ʤʘʻ ʤʽʩʮʝ ʨʫʭ ʪʦʥʢʠʭ ʰʘʨʽʚ ʨʽʜʠʥʠ ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʥʠʤʠ ʚʽʜʩʪʘʥʝʡ, ʷʢʽ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʙʽʣʴʰʽ ʾʭ ʪʦʚʱʠʥʠ. ɼʫʞʝ ʚʘʞʢʦ ʩʣʽʜʢʫʚʘʪʠ ʟʘ 

ʛʨʘʥʠʮʷʤʠ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʧʽʜ ʯʘʩ ʾʭʥʴʦʛʦ ʨʫʭʫ ʥʘ ɽʡʣʝʨʦʚʽʡ ʩʽʪʮʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝ-

ʪʦʜʫ ʃʘʛʨʘʥʞʘ, ʢʦʣʠ ʨʫʭ ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʽʪʢʠ, ʧʦʟʚôʷʟʘʥʦʾ ʟ ʨʽʜʠʥʦʶ, ʚʠʥʠʢʘʶʪʴ 

ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ, ʷʢʱʦ ʻ ʧʦʚʝʨʭʥʽ ʢʦʚʟʘʥʥʷ ʘʙʦ ʽʥʰʽ ʧʨʠʯʠʥʠ, ʷʢʽ ʧʨʠʚʦʜʷʪʴ ʜʦ ʩʠʣʴʥʦʛʦ ʚʠʢʨʠ-

ʚʣʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʩʽʪʢʠ. ʎʽ ʥʝʜʦʣʽʢʠ ʤʦʞʥʘ ʫʩʫʥʫʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢ ʟʚʘʥʦʛʦ ʃʘʛʨʘʥʞʝʚʦ - 

ɽʡʣʝʨʦʚʘ ʧʽʜʭʦʜʫ, ʚʽʣʴʥʦʛʦ ʚʽʜ ʥʝʜʦʣʽʢʽʚ ʷʢ ʣʘʛʨʘʥʞʝʚʦʾ, ʪʘʢ ʽ ʝʡʣʝʨʝʚʦʾ ʩʽʪʢʠ.  

ʅʝʭʘʡ ʨʽʜʠʥʘ ʦʧʠʩʫʻʪʴʩʷ ʛʫʩʪʠʥʦʶ ”, ʰʚʠʜʢʽʩʪʶ ό ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʽ ʚʥʫʪʨʽʰʥʴʦʶ 

ʝʥʝʨʛʽʻʶ .̆ ɿʘʧʠʰʝʤʦ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ †, ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ S(ὶ) ʨʫʭʘ-
ʻʪʴʩʷ ʟ ʜʦʚʽʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ w(ὶ) ʚ ʪʽʡ ʞʝ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ὓ†,ὸ,ὴ†,ὸ i 

Ὗ(†,ὸ)  ï ʚʽʜʧʦʚʽʜʥʦ, ʟʘʛʘʣʴʥʘ ʤʘʩʘ, ʢʽʣʴʢʽʩʪʴ ʨʫʭʫ ʽ ʝʥʝʨʛʽʷ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚʩʝʨʝʜʠʥʽ S ʚ ʤʦʤʝʥʪ 

ὸ. ʗʢʱʦ x ï ʪʨʠʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ ʟʽ ʩʢʣʘʜʦʚʠʤʠ  ”, ”u,(”Ὡ+ 1
2”u

2), ʪʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ὓ,  ὴ ʽ 

Ὗ ʪʨʴʦʤʘ ʩʢʣʘʜʦʚʠʤʠ ʪʘʢʦʛʦ ʚʝʢʪʦʨʘ ʍ [6]:  



    ʄʘʪʝʤʘʪʠʢʘ 

 

19 

 

 ὢ= ᷿ ὼὨ††
 (13) 

ɼʣʷ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʚʝʢʪʦʨʘ ʍ ʤʘʻʤʦ 

 
‬ὢ

‬ὸ
= ᷿

‬ὼ

‬ὸ
Ὠ†+ ᷿ ὨὛϽύὼὛ†

 (14) 

ʈʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ, ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʽ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʷ ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ 

[6]: 

 
‬”

‬ὸ
+ Ͻɳό”= 0,  

‬”ό

‬ὸ
+ Ͻɳό”ό= ὖɳ, (15) 

ʜʝ P = P(Ὡ,”) ï ʪʠʩʢ. ʗʢʱʦ ʚʠʢʦʨʠʩʪʘʪʠ ʨʽʚʥʷʥʥʷ (15), ʪʦ ʤʘʻʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

 
Ὠὓ

Ὠὸ
= ᷿ ὨὛϽ(ό ύ)”

Ὓ
,   
Ὠὴ

Ὠὸ
= ᷿ ὨὛϽὖ ᷿ ὨὛϽό ύ”ό,

ὛὛ
 (16) 

ὨὟ

Ὠὸ
= ὨὛϽὖό ὨὛϽό ύ ”Ὡ+ 1

2”ό
2

ὛὛ

 

ʈʦʟʛʣʷʥʝʤʦ, ʥʘʧʨʠʢʣʘʜ, ʜʚʦʤʽʨʥʫ ʪʝʯʽʶ ʚ ʜʝʢʘʨʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʅʝʭʘʡ ʧʣʦʱʠʥʘ x,y 

ʨʦʟʜʽʣʝʥʘ ʥʘ ʢʦʤʽʨʢʠ †Ὥ,Ὦ ʜʚʦʤʘ ʩʽʤʝʡʩʪʚʘʤʠ ʣʽʥʽʡ (ʈʠʩ. 4) [6]. ʅʝʭʘʡ ʧʝʨʰʝ ʩʽʤʝʡʩʪʚʦ ʟʘʜʘʥʝ 

ʩʠʩʪʝʤʦʶ ʬʽʢʩʦʚʘʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʣʽʥʽʡ ὼ= ὼὭ,Ὥ= 1,2,ȣ,ʘ ʜʨʫʛʝ ʩʽʤʝʡʩʪʚʦ ʥʝ  ʧʝʨʝʩʽʯʥʠʭ ʤʽʞ 
ʩʦʙʦʶ ʣʽʥʽʡ ʜʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ώ= yὮ(ὼ,ὸ), ʧʨʠʯʦʤʫ yὮ+ 1 ὼ,ὸ> yὮ(ὼ,ὸ) ʜʣʷ ʣʶʙʦʛʦ ὼ ̔  

ὸ. 
 

 
ʈʠʩ. 4. ʉʽʤʝʡʩʪʚʦ ʣʽʥʽʡ ʃʘʛʨʘʥʞʝʚʦ-ɽʡʣʝʨʦʚʦʛʦ ʤʝʪʦʜʫ 

 

ɻʨʘʥʠʮʽ ʢʦʤʽʨʦʢ SὭ,Ὦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʩʪʦʨʽʥ: ʣʽʚʦʾ, ʧʨʘʚʦʾ, ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ. 

ʅʘ ʣʽʚʽʡ ʽ ʧʨʘʚʽʡ ʩʪʦʨʦʥʘʭ ʧʨʠʡʤʘʻʤʦ w =  0, ʪʦʙʪʦ ʪʫʪ ʨʫʭ ʚʽʜʩʫʪʥʽʡ. ʅʘ ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʩʪʦ-

ʨʦʥʘʭ ʧʨʠʡʤʘʻʤʦ  ὨὛϽ(ό ύ)  =  0, ʪʦʙʪʦ ʥʦʨʤʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʰʚʠʜʢʦʩʪʽ w ʧʦʚʝʨʭʥʽ ʜʦʨʽʚʥʶʻ 
ʥʦʨʤʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ u. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʜʠʥʘ ʥʝ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʫ-ʣʽʥʽʾ, ʘ ʤʦ-

ʞʝ ʚʪʽʢʘʪʠ ʽ ʚʠʪʽʢʘʪʠ ʚ ʢʦʤʽʨʢʫ ʯʝʨʝʟ ʭ-ʣʽʥʽʾ.  ɯʥʪʝʛʨʘʣʠ ʧʝʨʝʥʝʩʝʥʥʷ ʚʠʜʫ ᷿ ὨὛϽό ύὪ
Ὓ

, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʨʽʚʥʷʥʴ (15), (16), ʟʚʦʜʷʪʴʩʷ, ʜʦ ʚʠʜʫ 

 

 ᷿ ὨὛϽό ύὪ
Ὓ

= ᷿ ὨώόὪ+
Ὓ1

᷿ ὨώόὪ,
Ὓ2

 (17) 

 

ʜʝ ό ï ʩʢʣʘʜʦʚʘ u = ό,ὺ, a S1 i S2  ʚʽʜʥʦʩʷʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʣʽʚʦʾ ʽ ʧʨʘʚʦʾ ʩʪʦʨʦʥʠ. 

ʂʣʶʯʦʚʦʶ ʧʨʦʙʣʝʤʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʻ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦ-

ʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʢʦʤʧôʶʪʝʨʽʚ (ɽʆʄ) [28-32]. ʇʨʦʝʢʪʫʶʯʠ ʽʥʩʪʨʫʤʝʥʪʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʜʦʩʣʽʜʥʠʢʠ ʥʘʤʘʛʘʶʪʴʩʷ ʧʦʙʫʜʫʚʘʪʠ ʻʜʠʥʫ ʩʪʨʫʢʪʫʨʫ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʨʦʟʚôʷʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʤʘʩʠʚʠ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚ-

ʥʷʥʴ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʴ ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ, ʥʝ-

ʤʘʻ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ: ʫ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʩʚʽʡ ʦʩʦʙʣʠʚʽʡ ʧʽʜʭʽʜ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʪʦʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʩʧʝʮʠʬʽʮʽ ʨʽʚʥʷʥʥʷ ʽ ʪʦʤʫ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʩʘʤʝ ʜʣʷ ʡʦʛʦ ʨʦʟʚôʷʟʢʫ.  
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ʋɼʂ 517.929 

ʈɯɺʅʗʅʅʗ ɯɿ ɿɸʇɯɿʅʖʖʏʀʄʀ ʊɸ ɺʀʇɽʈɽɼɾɸʖʏʀʄʀ  
ɸʈɻʋʄɽʅʊɸʄʀ: ɿ ʇʈʀʂʃɸɼɸʄʀ ɿɸʉʊʆʉʋɺɸʅʅʗ  

ɼʆ ʄʆɼɽʃʖɺɸʅʅʗ ʊʗɾʂʀʍ ɸɺɸʈɯʁ 

ɯ.ɺ. ʂʘʟʘʯʢʦʚ, ɯ.ɺ. ɺʘʱʝʥʢʦ  

ɭ ʚʝʣʠʢʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʜʣʷ ʙʘʛʘʪʴʦʭ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ, ʪʝʭʥʽʢʠ ʽ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦ-

ʜʘʨʩʪʚʘ. ɺʽʜ ʪʦʯʥʦʩʪʽ ʧʦʙʫʜʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʷʢʦʩʪʽ ʧʨʦʚʝʜʝʥʠʭ ʦʙʯʠʩʣʝʥʴ ʟʘʣʝʞʠʪʴ ʤʦʞʣʠ-

ʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʠʩʪʨʦʾʚ, ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʙʝʟʧʝʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʪʦʱʦ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʧʘʩʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʪʘʥʮʽʡ ʚʽʜ ʪʷʞʢʠʭ ʘʚʘʨʽʡ, ʷʢʽ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚ ʤʘʶʪʴ ʫʪʨʠʤʘʪʠ ʨʦʟʧʣʘʚ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʚʩʝ-

ʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʘʙʦ ʢʦʥʪʝʡʥʤʝʥʪʘ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʩʪʘʥʽ, ʥʝʦʙʭʽʜʥʦ ʤʦʜʝʣʶʚʘʪʠ 

ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʽ ʧʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ ʢʦʨʽʫʤʫ ʟ ʦʭʦʣʦʜʞʫʚʘʯʝʤ ʪʘ ʢʦʥʩʪʨʫʢʮʽʷʤʠ. ɼʣʷ ʮʴʦʛʦ ʧʦʪ-

ʨʽʙʥʦ ʟʜʽʡʩʥʠʪʠ ʜʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʠʭ ʩʮʝʥʘʨʽʾʚ ʪʷʞʢʠʭ ʘʚʘʨʽʡ ʪʘ ʚʠʟʥʘʯʠʪʠ ʛʨʘʥʠʯʥʽ 

ʟʥʘʯʝʥʥʷ ʫʩʽʭ ʚʘʞʣʠʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ.  

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʫʯʘʩʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ ʚʢʣʶʯʘʶʪʴ ʥʝʣʽʥʽʡʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ 

ʨʽʚʥʷʥʥʷ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ, ʨʦʟʚôʷʟʦʢ ʷʢʠʭ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʥʝʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʚ ʜʦʩʪʘʪ-

ʥʴʦʤʫ ʦʙôʻʤʽ ʪʘ ʟ ʥʝʦʙʭʽʜʥʦʶ ʪʦʯʥʽʩʪʶ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʽ ʩʫʯʘʩʥʽ ʜʦʩʷʛʥʝʥʥʷ ʫ ʛʘʣʫʟʽ ʯʠ-

ʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ. ɺʥʘʩʣʽʜʦʢ ʥʝʩʪʽʡʢʦʩʪʽ ʯʠʩʝʣʴʥʠʭ ʩʭʝʤ ʜʣʷ ʨʷʜʫ ʩʠʩʪʝʤ 

ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʣʷʪʠ ʩʧʝʮʠʬʽʯʥʽ ʤʝʪʦʜʠ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʟʘʜʘʯʽ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʾʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʷʢʽ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʨʽʚʥʷʥʴ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʴ. 

ʄʘʡʞʝ ʢʦʞʥʘ ʧʨʘʢʪʠʯʥʘ ʟʘʜʘʯʘ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ, 

ʨʦʟʚôʷʟʫʻʪʴʩʷ ʫ ʪʨʠ ʝʪʘʧʠ: 

¶  ʪʚʦʨʯʠʡ ʝʪʘʧ ï ʩʢʣʘʜʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ; 

¶  ʪʝʭʥʽʯʥʠʡ ʝʪʘʧ ï ʡʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʚʽʜʦʤʠʤ ʤʝʪʦʜʦʤ ʯʠ ʨʦʟʨʦʙʢʘ ʩʧʝʮʠʬʽʯʥʦʛʦ ʤʝʪʦʜʫ 

ʜʣʷ ʡʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ; 

¶ ʝʪʘʧ ʜʦʩʣʽʜʞʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʦʟʚôʷʟʢʽʚ, ʫ ʭʦʜʽ ʷʢʦʛʦ ʽʟ ʥʝʩʢʽʥʯʝʥʥʦʾ ʤʥʦʞʠʥʠ ʟʘʣʝʞʥʦ-

ʩʪʝʡ (ʨʦʟʚôʷʟʢʽʚ) ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʪʫ, ʷʢʘ ʧʨʠʪʘʤʘʥʥʘ ʩʘʤʝ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʦʮʝʩʦʚʽ, ʘ ʜʣʷ ʮʴʦ-

ʛʦ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʡʦʛʦ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ. 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ï ʮʝ ʪʘʢʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥ-

ʥʷ, ʱʦ ʟʚ'ʷʟʫʶʪʴ ʘʨʛʫʤʝʥʪ, ʰʫʢʘʥʫ ʬʫʥʢʮʽʶ ʪʘ ʾʾ ʧʦʭʽʜʥʽ, ʚʟʷʪʽ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʧʨʠ ʨʽʟʥʠʭ ʟʥʘ-

ʯʝʥʥʷʭ ʮʴʦʛʦ ʘʨʛʫʤʝʥʪʫ. ʅʘʧʨʠʢʣʘʜ:  

 

ὼǋὸ= ὥὼ(ὸ †)                                                                  (1) 

 

ὼǋὸ= ὥὼ(Ὧὸ)                                                                    (2) 
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ʜʝ ʩʪʘʣʽ ὥ, ὸ, Ὧ ʟʘʜʘʥʽ; ʪʦ † ʚ ʨʽʚʥʷʥʥʽ (1) ʽ ὸ Ὧὸ ʚ ʨʽʚʥʷʥʥʽ (2) - ʚʽʜʭʠʣʝʥʥʷ ʘʨʛʫʤʝʥʪʫ. ɿʫʩʪʨʽ-

ʯʘʶʪʴʩʷ ʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ 

ʙʽʣʴʰʝ ʯʠʩʣʦ ʚʽʜʭʠʣʝʥʴ ʘʨʛʫʤʝʥʪʫ, ʱʦ ʤʦʞʫʪʴ ʷʚʣʷʪʠ ʩʦʙʦʶ ʟʘʜʘʥʽ ʬʫʥʢʮʽʾ (ʟʦʢʨʝʤʘ, ʷʢʱʦ ʚʦ-

ʥʠ ʧʦʩʪʽʡʥʽ, ʪʦ ʨʽʚʥʷʥʥʷ ʯʘʩʪʦ ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʨʽʟʥʠʮʝʚʠʤʠ) ʘʙʦ ʥʘʚʽʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ 

ʰʫʢʘʥʦʛʦ ʨʦʟʚôʷʟʢʫ. ʗʢʱʦ ʚʽʜʭʠʣʝʥʥʷ ʧʦʩʪʽʡʥʽ, ʪʦ ʨʽʚʥʷʥʥʷ ʚʠʜʫ (2) ʥʘʟʠʚʘʶʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡ-

ʥʦ-ʨʽʟʥʠʮʝʚʠʤʠ ʨʽʚʥʷʥʥʷʤʠ. ɿʫʩʪʨʽʯʘʻʪʴʩʷ ʪʘʢʦʞ ʥʘʟʚʘ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʷʥ-

ʥʷ, ʘ ʚ ʜʝʷʢʠʭ ʨʦʙʦʪʘʭ ʪʘʢʽ ʨʽʚʥʷʥʥʷ ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʷʥʥʷʤʠ ʚ ʟʤʽʰʘʥʠʭ ʨʽʟʥʠʮʷʭ. ɽʧʽʟʦʜʠʯʥʦ 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʪʘʢʦʞ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ, ʚ ʷʢʠʭ ʰʫʢʘʥʘ ʬʫ-

ʥʢʮʽʷ ʟʘʣʝʞʠʪʴ ʙʽʣʴʰʝ ʥʽʞ ʚʽʜ ʦʜʥʦʛʦ ʘʨʛʫʤʝʥʪʫ. 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʚʧʝʨʰʝ ʟ'ʷʚʠʣʠʩʷ ʫ ʟʚ'ʷʟʢʫ ʟ ʬʦʨ-

ʤʘʣʴʥʠʤ ʨʦʟʚôʷʟʢʦʤ ʨʽʚʥʷʥʴ ʟ ʯʘʩʪʠʥʥʠʤʠ ʧʦʭʽʜʥʠʤʠ ʽ ʧʦʪʽʤ ʥʝʦʜʥʦʨʘʟʦʚʦ ʨʦʟʛʣʷʜʘʣʠʩʷ ʷʢ ʩʘ-

ʤʽ ʧʦ ʩʦʙʽ, ʪʘʢ ʽ ʚ ʟʚ'ʷʟʢʫ ʽʟ ʟʘʚʜʘʥʥʷʤʠ ʛʝʦʤʝʪʨʽʾ, ʘ ʧʽʟʥʽʰʝ - ʫ ʟʚ'ʷʟʢʫ ʟ ʨʽʟʥʠʤʠ ʜʦʜʘʪʢʘʤʠ, ʥʘ-

ʩʘʤʧʝʨʝʜ ʜʦ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʇʦʙʫʜʦʚʫ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʪʝʦʨʽʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʙʫʣʦ ʨʦʟʧʦʯʘʪʦ ʚ 1949 ʨʦʮʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʜʦʧʫʩʢʘʻ ʙʫʜʴ-ʷʢʽ 

ʩʫʧʝʨʧʦʟʠʮʽʾ ʰʫʢʘʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ [ʪʠʧʫ ὼ (ὼ (ὸ))] ʽ ʽʥʪʝʛʨʘʣʠ ʚʽʜ ʥʴʦʛʦ, ʪʦʤʫ ʬʦʨʤʘʣʴʥʦ ʢʣʘʩ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʠ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʩʽ ʨʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦ-

ʛʦ ʘʥʘʣʽʟʫ. ɺʩʝ ʞ ʟʘʟʚʠʯʘʡ, ʛʦʚʦʨʷʯʠ ʧʨʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘ-

ʤʠ, ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʪʦʡ ʯʠ ʽʥʰʠʡ ʧʨʠʨʦʜʥʠʡ ʢʣʘʩ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʚ ʷʢʠʭ ʚʚʝʜʝʥʦ ʚʽʜ-

ʭʠʣʝʥʥʷ ʘʨʛʫʤʝʥʪʫ, ʱʦ ʜʦʧʫʩʢʘʻ ʧʦʙʫʜʦʚʫ ʟʤʽʩʪʦʚʥʦʾ ʪʝʦʨʽʾ. ʇʨʠ ʮʴʦʤʫ ʨʷʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʠ-

ʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʠ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʶ ʘʥʘʣʦʛʽʶ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʪʦʜʽ ʷʢ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ ʻ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʤʠ [4]. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʪʘʢʽ, ʷʢ ʣʽʥʽʡʥʽ 

ʨʽʚʥʷʥʥʷ 1-ʛʦ ʽ 2-ʛʦ ʧʦʨʷʜʢʽʚ, ʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʽʟ ʩʪʘʣʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʽ ʩʪʘʣʠʤʠ ʚʽʜʭʠʣʷʶʯʠ-

ʤʠ ʘʨʛʫʤʝʥʪʘʤʠ, ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʪʘ ʽʥʰʽ. 

ʃʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ n-ʛʦ ʧʦʨʷʜʢʫ ʽʟ ʟʘʧʽʟʥʶʶʯʠʤ ʘʨʛʫʤʝʥʪʦʤ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠ-

ʛʣʷʜʽ 

 

ὼὲ ὸ= В В ὥὴὮὸὼ
ὴ ὸ †Ὦὸ + Ὢὸ.ά

Ὦ= 1
ὲ 1
ὴ= 0                                   (3) 

  

ɿʚʠʯʘʡʥʦ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʩʽ Űj  ʥʝʧʝʨʝʨʚʥʽ ʽ ʥʝʚʽʜ'ʻʤʥʽ, ʘ ὥὴὮ ʽ Ὢ ï ʥʝʧʝʨʝʨʚʥʽ ʥʘ ʧʽʚʽ-

ʥʪʝʨʚʘʣʽ ὸ0 ὸ< Ὕ Њ, ʧʦʯʘʪʢʦʚʘ ʬʫʥʢʮʽʷ ű(t) ʚʠʟʥʘʯʝʥʘ ʽ ʥʝʧʝʨʝʨʚʥʘ ʨʘʟʦʤ ʟʽ ʩʚʦʾʤʠ ʧʦʭʽʜ-

ʥʠʤʠ ʜʦ (ὲ 1)-ʛʦ ʧʦʨʷʜʢʫ ʚʢʣʶʯʥʦ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʤʥʦʞʠʥʽ Et0
. 

ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʽ ʟʘʧʽʟʥʶʚʘʥʥʷ Űj- ʧʦʩʪʽʡʥʽ, ʪʦ ʜʣʷ ʚʠʚʯʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ (3) ʟʘ-

ʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʝʮʠʬʽʯʥʽ ʤʝʪʦʜʠ.  

ʋ ʨʦʙʦʪʘʭ ʄʠʰʢʽʩʘ ʚʧʝʨʰʝ ʙʫʣʠ ʩʠʩʪʝʤʘʪʠʯʥʦ ʚʠʚʯʝʥʽ ʦʢʨʝʤʽ ʪʠʧʠ ʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽ-

ʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽʟ ʟʤʽʥʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʽ ʟʤʽʥʥʠʤʠ ʟʘʧʽʟʥʶʚʘʥʥʷʤʠ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ. ɺʠ-

ʚʯʘʚʩʷ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ 

 

ώǋὼ ὓ(ὼ)ώ(ὼ Ў(ὼ)) = 0, 

 

ʨʽʚʥʷʥʥʷ ʥʝʩʪʽʡʢʦʛʦ ʪʠʧʫ, ʽ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ 

 

ώǋὼ+ ὓ(ὼ)ώ(ὼ Ў(ὼ)) = 0, 

 

ʨʽʚʥʷʥʥʷ ʩʪʽʡʢʦʛʦ ʪʠʧʫ. ʊʫʪ ὓ(ὼ) 0, Ў(ὼ) 0, ὃ ὼ< ὄ;    Њ< ὃ< ὄ Ð.  

ʄʠʰʢʽʩ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʚ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ 

 

ώᴃὼ ὓ(ὼ)ώ(ὼ Ў(ὼ)) = 0 

 

(ὓ(ὼ) 0, Ў(ὼ) 0, ὃ ὼ< ὄ; Њ< ὃ< ὄ Њ), ʥʘʟʚʘʥʦʛʦ ʥʠʤ ʨʽʚʥʷʥʥʷʤ ʧʝʨʽʦʜʠʯʥʦʛʦ 

ʪʠʧʫ. ʋ ʡʦʛʦ ʤʦʥʦʛʨʘʬʽʾ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫʟʘʛʘʣʴʥʝʥʽ ʥʘ ʨʽʚʥʷʥʥʷ ʘʥʘʣʦʛʽʯʥʦʛʦ ʪʠʧʫ ʟ ʨʦʟ-

ʧʦʜʽʣʦʤ ʟʘʧʽʟʥʶʚʘʥʥʷ. 



    ʄʘʪʝʤʘʪʠʢʘ 

 

23 

ʃʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʽʟ ʩʪʘʣʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʽ ʩʪʘʣʠʤʠ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʻ ʥʘʡ-

ʙʽʣʴʰ ʚʠʚʯʘʻʤʠʤʠ ʽ ʯʘʩʪʽʰʝ ʽʥʰʠʭ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʜʦʜʘʪʢʘʭ ʢʣʘʩʦʤ ʨʽʚʥʷʥʴ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ 

ʘʨʛʫʤʝʥʪʘʤʠ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ, ʱʦ ʽ 

ʩʧʦʥʫʢʘʻ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʢʦʥʢʨʝʪʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʟʘʤʽʥʶʚʘʪʠ (ʯʘʩʪʦ ʙʝʟ ʜʦʩʪʘʪʥʴʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ) ʥʝʣʽʥʽʡʥʽ ʽ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʨʽʚʥʷʥʥʷ ʥʘ ʣʽʥʽʡʥʽ ʽʟ ʩʪʘʣʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʽ ʚʽʜʭʠ-

ʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ.  

ʈʦʟʛʣʷʥʫʪʽ ʨʽʚʥʷʥʥʷ  

 

ὥάὲ

ή

ὲ= 0

ὶ

ά= 0

ώά ὼ+ Ὤὲ = Ὢὼ 

 

ʜʝ ὥάὲ ï ʢʦʤʧʣʝʢʩʥʽ ʩʪʘʣʽ, ʘ hn  ï ʜʽʡʩʥʽ ʽ ʜʦʜʘʪʥʽ  ʯʠʩʣʘ (0 = Ὤ0 < Ὤ1 < ...< Ὤή) ʽ Ὢὼ - ʜʝʷʢʘ 

ʟʘʜʘʥʘ ʬʫʥʢʮʽʷ [2]. ɸ ʪʘʢʦʞ - ʥʝʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ  ʚʠʛʣʷʜʫ 

 

ὅ1,1 ὸώ
1 Ὤ1,1 ὸ = Ὂ[ὸ,ώ1 (Ὤ1,2(ὸ),ȣώ1 (Ὤ1,ὔ1

(ὸ)),ώ(Ὤ0,1(ὸ)),ȣώ(Ὤ0,ὔ2
(ὸ)) ḳ 

ḳὊ{ὸ,ώ( )},   ὸɴ [0,2“], 
 

ʜʝ y ὸ= ώ1 ὸ,... ,ώὲὸ ;ὲ ὲ ʤʘʪʨʠʮʷ C1,1 t  ʤʘʶʪʴ ʚʠʤʽʨʥʽ, ʦʙʤʝʞʝʥʽ ʝʣʝʤʝʥʪʠ; Ὤὶ,Ὦ(ὸ) - 

ʚʠʤʽʨʥʽ ʬʫʥʢʮʽʾ; ʚʝʢʪʦʨʥʘ ʬʫʥʢʮʽʷ Ὂ[ὸ,ὼ(2),. . . ,ὼ(ὔ1),ὠ(1),. . ,ὠ(ὔ2)] ʚʠʟʥʘʯʝʥʘ ʧʨʠ ʚʩʽʭ 
ὼὮᶰὥὲ,ὠ(Ὦ) ᶰὥὲ ʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʫ ʃʽʧʰʠʮʷ [3]. 

ʊʘʢʦʞ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʥʘʙʣʠʞʝʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʟ ʚʽ-

ʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ. ɸ ʩʘʤʝ ʪʘʢʽ, ʷʢ ʽʪʝʨʘʮʽʡʥʠʡ ʤʝʪʦʜ, ʤʝʪʦʜ ɽʡʣʝʨʘ ʽ ʧʘʨʘʙʦʣʽʯʥʽ ʤʝʪʦ-

ʜʠ, ʨʦʟʢʣʘʜʘʥʥʷ ʧʦ ʩʪʫʧʝʥʷʭ ʟʘʧʽʟʥʶʚʘʥʥʷ, ʤʝʪʦʜʠ, ʧʦʚôʷʟʘʥʽ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʃʘʧʣʘʩʘ, ʥʘʙʣʠ-

ʞʝʥʽ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʧʝʨʽʦʜʠʯʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ, ʛʨʘʬʽʯʥʽ ʤʝʪʦʜʠ. 

1. ɯʪʝʨʘʮʽʡʥʠʡ ʤʝʪʦʜ. ʉʪʦʩʦʚʥʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟ ʟʘʧʽʟʥʶʶʯʠʤ ʘʨʛʫʤʝʥʪʦʤ 

  

ώǋὼ = Ὢὼ,ώὼ,ώὼ Ўὼ ,     ώὼḳ•ὼ ʥʘ ῴ‗                               (4) 

 

ʘʙʦ ʜʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʡʦʤʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

 

ώ(ὼ) = •(ὃ) + Ὢὼ,ώὼ,ώὼ Ўὼ Ὠὼ
ὼ

ὃ

 

 

ʟ ʪʠʤʠ ʞ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ, ʚʠʭʦʜʷʯʠ ʟ 

ʜʦʚʽʣʴʥʦʾ ʥʝʧʝʨʝʨʚʥʦʾ ʟʘʜʦʚʦʣʴʥʷʶʯʦʾ ʧʦʯʘʪʢʦʚʽʡ ʫʤʦʚʽ ʬʫʥʢʮʽʾ ώ(ὼ) = ώ0(ὼ), ʙʫʜʫʶʪʴ ʧʦʩʣʽ-

ʜʦʚʥʽʩʪʴ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ 

 

ώὲ(ὼ) = •(ὃ) + ᷿Ὢὼ,ώὼ,ώὼ Ўὼ Ὠὼ
ὼ

ὃ
   (ὲ= 1,2,. . .). 

 

ʗʢʱʦ Ὢ ʽ ű ʥʝʧʝʨʝʨʚʥʽ ʽ Ὢ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʽ ʃʽʧʰʠʮʷ ʧʦ ʜʨʫʛʦʤʫ ʽ ʪʨʝʪʴʦʤʫ ʘʨʛʫʤʝʥʪʘʤ, 
ʪʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʘʙʣʠʞʝʥʴ ώὲ(ὼ)  ʨʽʚʥʦʤʽʨʥʦ ʩʭʦʜʠʪʴʩʷ ʜʦ ʻʜʠʥʦʛʦ ʚ ʮʠʭ ʫʤʦʚʘʭ ʨʦʟʚôʷʟʢʫ 

ʨʽʚʥʷʥʥʷ (4). ʗʢ ʽ ʜʣʷ ʨʽʚʥʷʥʴ ʙʝʟ ʚʽʜʭʠʣʝʥʴ, ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʨʽʜʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴ-

ʩʷ ʷʢ ʩʘʤʦʩʪʽʡʥʠʡ ʚʠʨʽʰʫʚʘʥʠʡ ʤʝʪʦʜ. ʏʘʩʪʽʰʝ ʚʽʥ ʢʦʤʙʽʥʫʻʪʴʩʷ ʟ ʜʝʷʢʠʤʠ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʤʠ 

ʤʝʪʦʜʘʤʠ. 

2. ʄʝʪʦʜ ɽʡʣʝʨʘ ʽ ʧʘʨʘʙʦʣʽʯʥʽ ʤʝʪʦʜʠ. ʇʘʨʘʙʦʣʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʟʠʚʘʶʪʴ ʤʝʪʦʜʠ ʯʠ-

ʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʰʫʢʘʥʦʛʦ ʨʦʟʚôʷʟʢʫ 

ʜʫʛʘʤʠ ʧʘʨʘʙʦʣ ʧʦʨʷʜʢʫ m 2. ʉʶʜʠ ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʪʦʜʠ ɸʜʘʤʩʘ - ʐʪʝʨʤʝʨ, ʄʽʣʥʘ ʽ ʪʘʢ ʜʘʣʽ. 

ʗʢʽʩʥʽ ʦʩʥʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ɽʡʣʝʨʘ ʽ ʧʘʨʘʙʦʣʽʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʟʘʧʽʟʥʶʶʯʠʤ ʘʨʛʫʤʝʥʪʦʤ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʨʦʙʦʪʘʭ ɽʣʴʩʛʦʣʴʮʘ ʽ ʡʦ-

ʛʦ ʤʦʥʦʛʨʘʬʽʾ . 



24  ʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥ ̔ʟʘʧʠʩʢʠ 

 

ɼʣʷ ʨʦʟʚôʷʟʢʫ ώ(ὼ)  ʨʽʚʥʷʥʥʷ (4) ʣʘʤʘʥʽ ɽʡʣʝʨʘ ʙʫʜʫʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʪʦʤʫ, ʷʢ ʮʝ ʨʦʙʠʪʴ-

ʩʷ ʜʣʷ ʨʽʚʥʷʥʴ ʙʝʟ ʚʽʜʭʠʣʝʥʴ. ʇʨʠ ʟʤʽʥʥʽʡ ʟʘʧʽʟʥʶʚʘʥʥʷ ʟʨʫʯʥʦ ʚʝʩʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʽ ʟʤʽʥʥʠʤ 

ʢʨʦʢʦʤ, ʱʦʙ ʟʥʘʡʪʠ ʟʥʘʯʝʥʥʷ Ὂ ὼ,ώὼ,ώὼ Ўὼ  ʚ ʜʝʷʢʽʡ ʪʦʯʮʽ ὼὲ, ʤʘʶʯʠ ʚʞʝ ʟʥʘʯʝʥʥʷ 

ώὼὲ Ўὼὲ ), ʷʢʝ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʚʝʣʦʩʷ ʙ ʟʥʘʭʦʜʠʪʠ ʰʣʷʭʦʤ ʽʥʪʝʨʧʦʣʷʮʽʾ. 

3. ʈʦʟʢʣʘʜʘʥʥʷ ʧʦ ʩʪʫʧʝʥʷʭ ʟʘʧʽʟʥʶʚʘʥʥʷ. ʋ ʧʨʠʢʣʘʜʥʠʭ ʨʦʙʦʪʘʭ ʜʣʷ ʥʘʙʣʠʞʝʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ, ʘ ʽʥʦʜʽ ʥʘʚʽʪʴ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘ ʩʪʽʡʢʽʩʪʴ ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽʟ ʟʘ-

ʧʽʟʥʶʶʯʠʤ ʘʨʛʫʤʝʥʪʦʤ, ʽʟ ʤʘʣʠʤ ʟʘʧʽʟʥʶʚʘʥʥʷʤ ʜʫʞʝ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʨʦʟʢʣʘʜʫ ʟʘ 

ʩʪʝʧʝʥʷʤʠ ʟʘʧʽʟʥʶʚʘʥʥʷ. ʉʪʦʩʦʚʥʦ ʨʽʚʥʷʥʥʷ 

 

ώᴂὼ = Ὂ ὼ,ώὼ,ώὼ Ўὼ    ὃ ὼ< ὄ Њ, ώ(ὼ) ḳ•ὼ ̎  ́ῴ‗              (5) 

 

ʮʝʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʽʚʥʷʥʥʷ (5)) ʟʘʤʽʥʶʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

ώᴂὼ = Ὂ ὼ,ώὼ,ώ(ὼ)״†ώᴂ(ὼ)+ ...+
( 1)ά†ά

ά!
ώ(ά) (ὼ) . 

 

ɿʚʠʯʘʡʥʦ ʪʘʢʘ ʟʘʤʽʥʘ ʚʠʢʦʥʫʻʪʴʩʷ ʙʝʟ ʞʦʜʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʾ ʜʦʧʫʩʪʠʤʦʩʪʽ. 

 

4. ʄʝʪʦʜʠ, ʧʦʚôʷʟʘʥʽ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʃʘʧʣʘʩʘ. ʄʫʨʘʚʡʦʚ ʰʫʢʘʻ ʥʘʙʣʠʞʝʥʠʡ ʨʦʟʚ'ʷʟʦʢ 

ʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟ ʧʦʩʪʽʡʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʽ ʚʽʜʭʠʣʝʥʥʷʤʠ 

 

ὥὯ

ὲ

Ὤ= 0

ὼὬ ὸ+ ὦὯ

ὲ

Ὤ= 0

ὼὬ ὸ †= 0     (0 < ὸ< ὥ;  †> 0,ὥὲ= 1), 

 

ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ 

 

ὼὸḳ0    ὸ< 0 ,    ὼὯ + 0 = ὰὯ     (Ὧ= 0,.. ,ὲ 1). 
 

ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʧʝʨʘʮʽʡʥʝ ʚʠʨʘʞʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʥʘ ʢʽʥʮʝʚʦʤʫ ʽʥʪʝʨʚʘʣʽ, 

ʦʪʨʠʤʘʥʝ ʚ ʡʦʛʦ ʨʦʙʦʪʘʭ, ʜʣʷ ʟʚʝʨʥʝʥʥʷ ʷʢʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʂʦʽʟʫʤʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʡ-

ʪʠ ʥʘʙʣʠʞʝʥʠʡ ʚʠʨʘʟ ʜʣʷ ʦʨʠʛʽʥʘʣʫ ʫ ʚʠʛʣʷʜʽ ʜʦʙʫʪʢʫ ʝʢʩʧʦʥʝʥʪʠ ʥʘ ʩʫʤʫ ʨʷʜʫ ʌʫʨ'ʻ. ʆʪʨʠʤʘ-

ʥʘ ʧʦʤʠʣʢʘ ʦʮʽʥʶʻʪʴʩʷ. 

 

5. ʅʘʙʣʠʞʝʥʽ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʧʝʨʽʦʜʠʯʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ. ʇʽʥʥʽ ʨʦʟʛʣʷʜʘʻ ʨʽʚʥʷʥʥʷ 

 

В cʈy
ʈ t + В В Dʈv

N
v=1

m 1
ʈ=0

m
ʈ= 0 y ʈ t ʊv = ʀf(Y(t), t),                              (6) 

 

ʜʝ ʊv > 0; cm 0 ʽ Y(t) ï ʤʘʪʨʠʮʷ y ʈ t ʊv (ʈ= 0,.. . ,m 1; v = 1,.. . ,N). ʈʦʟʢʣʘʜʘʶʯʠ 
ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (6) ʧʨʠ ʟʘʜʘʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ ʚ ʨʷʜ, ʢʦʝʬʽʮʽʻʥʪʠ ʷʢʦʛʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

Y(t), ʚʽʥ ʧʦʪʽʤ ʦʙʤʝʞʫʻʪʴʩʷ ʨʦʟʛʣʷʜʦʤ ʣʠʰʝ ʢʽʥʮʝʚʦʛʦ ʯʠʩʣʘ ʯʣʝʥʽʚ ʮʴʦʛʦ ʨʷʜʫ, ʜʣʷ ʢʦʝʬʽʮʽʻʥ-

ʪʽʚ ʷʢʦʛʦ ʚʠʚʦʜʷʪʴʩʷ ʥʘʙʣʠʞʝʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ. ɿʥʘʭʦʜʷʯʠ ʟ ʥʠʭ ʢʦʝʬʽʮʽʻʥʪʠ, ʦʪʨʠʤʘ-

ʻʤʦ ʥʘʙʣʠʞʝʥʫ ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ (6), ʷʢʘ ʜʦʩʠʪʴ ʪʦʯʥʘ ʧʨʠ ʤʘʣʠʭ ȿyȿ ʽ ȿʀȿ. ɿ ʮʽʻʾ 

ʬʦʨʤʫʣʠ ʚʠʚʦʜʷʪʴʩʷ ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʨʽʚʥʷʥʥʷ (6) ʜʦʧʫʩʢʘʻ ʧʝʨʽʦʜʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʽ ʟʥʘʭʦʜʠʪʴ-

ʩʷ ʡʦʛʦ ʥʘʙʣʠʞʝʥʠʡ ʚʠʨʘʟ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʪʘʢʦʞ ʩʫʜʠʪʠ ʧʨʦ ʩʪʽʡʢʽʩʪʴ ʨʦʟʚôʷʟʢʫ , ʘʣʝ ʥʝ 

ʧʽʜʭʦʜʠʪʴ ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ȿyȿ, ʥʘʚʽʪʴ ʷʢʱʦ ʨʦʟʚôʷʟʦʢ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ ʦʙʤʝʞʝ-

ʥʠʤ.  

6. ɻʨʘʬʽʯʥʽ ʤʝʪʦʜʠ. ɻʨʘʬʽʯʥʠʤ ʤʝʪʦʜʘʤ ʨʦʟʚôʷʟʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʚʽʜʭʠ-

ʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ʐʪʽʢʘʥʘ. ʈʦʟʪʘʰʦʚʫʶʯʠ ʩʧʝʮʽʘʣʴʥʠʤ ʯʠʥʦʤ ʛʨʘʬʽʢʠ 

ʬʫʥʢʮʽʡ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ 

 

yᴂx = F x,y x ,y x ɻx , y x ɼy ) , 
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ʚʽʥ ʚʢʘʟʫʻ ʧʨʦʮʝʩ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʪʘʢ ʟʚʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʪʨʠʢʫʪʥʠʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʥʘʧʨʷʤʦʢ ʜʦʪʠʯʥʦʾ ʚ ʪʦʯʮʽ ʧʦʣʷ. ɿʙʽʞʥʽʩʪʴ ʣʘʤʘʥʠʭ ʜʦ ʰʫʢʘʥʦʾ ʽʥʪʝʛʨʘʣʴʥʦʾ ʢʨʠʚʦʾ ʥʝ ʜʦʚʦ-

ʜʠʪʴʩʷ [2]. 

ɽʬʝʢʪʠʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟ ʟʘʧʽʟʥʶʚʘʥʥʷʤʠ ʽ ʚʠʧʝʨʝ-

ʜʞʝʥʥʷʤʠ, ʢʨʽʤ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʻ ʪʘʢʦʞ ʤʝʪʦʜʠ ʫʩʝʨʝʜʥʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʪʘ ʽʥʪʝʛʨʦ-

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʨʦʟʚʠʪʢʫ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟ-

ʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ (ʇʅʆ) ʥʘ ʦʩʥʦʚʽ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʟ ʚʽʜʭʠʣʝʥʥʷʤʠ ʫ ʯʘʩʽ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʚʽ-

ʜʦʤʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʦʙ'ʻʢʪ, - ʚʘʞʣʠʚʘ ʧʨʦʙʣʝʤʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ 

ʦʙ'ʻʢʪʘ ʪʘ ʜʠʥʘʤʽʢʫ ʡʦʛʦ ʨʦʟʚʠʪʢʫ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʽ ʜʦʩʣʽʜʞʝʥʘ ʘʛʨʝ-

ʛʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʨʦʟʚʠʪʢʫ ʷʜʝʨʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙ'ʻʢʪʘ (ʦʢʨʝʤʠʭ ʙʣʦʢʽʚ ɸɽʉ, ɸɽʉ 

ʘʙʦ ʛʨʫʧ ɸɽʉ, ʷʜʝʨʥʦʾ ʛʘʣʫʟʽ ʢʨʘʾʥʠ ʘʙʦ ʛʨʫʧʠ ʢʨʘʾʥ, ʽ ʪ.ʜ.), ʧʦʙʫʜʦʚʘʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʧʽʟ-

ʥʶʶʯʠʭ ʽ ʚʠʧʝʨʝʜʞʘʶʯʠʭ ʘʨʛʫʤʝʥʪʽʚ ʩʠʩʪʝʤʠ.  

ɼʘʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʥʝʛʘʪʠʚʥʽ ʚʧʣʠʚʠ ʇʅʆ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʾʭ ʦʩʣʘʙʣʝʥʥʷ 

ʟ ʧʦʜʘʣʴʰʦʶ ʣʽʢʚʽʜʘʮʽʻʶ, ʜʠʥʘʤʽʢʫ ʨʦʟʚʠʪʢʫ ʩʘʤʦʛʦ ʦʙ'ʻʢʪʘ, ʟʤʽʥʫ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ ʥʘ ʥʴʦʤʫ ʽ 

ʾʾ ʚʧʣʠʚ ʥʘ ʧʦʢʘʟʥʠʢʠ, ʚʢʣʶʯʘʶʯʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. ʈʦʟʚʠʪʦʢ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʇʅʆ ʜʦʟʚʦ-

ʣʠʪʴ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʟʥʘʥʥʷ ʧʨʦ ʢʨʠʪʠʯʥʽ ʩʠʪʫʘʮʽʾ ʽ ʚʟʘʻʤʦʚʧʣʠʚʠ ʧʘʨʘʤʝʪʨʽʚ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝ-

ʤʠ, ʧʨʠ ʷʢʠʭ ʥʝʙʘʞʘʥʽ ʘʙʦ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʥʘʩʣʽʜʢʠ ʤʦʞʣʠʚʽ. 

ʇʅʆ ʙʫʜʴ-ʷʢʦʾ ʧʨʠʨʦʜʠ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʷʢ ʥʝʣʽʥʽʡʥʫ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʫ 

ʥʘʙʦʨʦʤ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʚʠʟʥʘʯʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʘʛʨʝʛʦʚʘʥʘ ʤʦʜʝʣʴ 

ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ:  

 
ὨὼὮ

Ὠὸ
= (ὔὮ ὼὭ)(ὥὭ0 + В ὥὭὮὔὮ ὼὭ

ὲ
Ὦ= 0 ,                                                       (7) 

 

ʜʝ: ὼὭ- ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ, ὔὮ- ʛʨʘʥʠʯʥʽ ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ i-ʦʛʦ ʧʘʨʘʤʝʪʨʘ, ὥὭὮ - ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ 

ʧʽʜʣʷʛʘʶʪʴ ʚʠʟʥʘʯʝʥʥʶ ʟʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʦʙ'ʻʢʪ, ὲ - ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʽʚ, Ὥ =  1,2 .. .ὲ. 

ʉʪʨʦʛʦ ʢʘʞʫʯʠ, aij  ʤʦʞʫʪʴ ʙʫʪʠ ʜʝʷʢʠʤʠ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ; ʤʦʞʫʪʴ ʚʘʨʽʶʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʦʟʛʣʷʥʫʪʦʾ ʧʨʦʙʣʝʤʦʶ (ʪʘʢʪʠʯʥʝ ʯʠ ʩʪʨʘʪʝʛʽʯʥʝ ʧʣʘʥʫʚʘʥʥʷ, ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʩʠʪʫʘʮʽʡ 

ʽ ʪ.ʜ.). ʊʫʪ ʤʝʞʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ (7) ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʭ ʚʟʘʻʤʥʠʤ ʚʧʣʠʚʦʤ ʽ ʙʣʠʟʴʢʽʩʪʶ 

ʜʦ ʛʨʘʥʠʯʥʦ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ (ʚʣʘʩʪʠʚʽʩʪʴ ʥʘʩʠʯʝʥʥʷ). 

ʄʦʜʝʣʶʚʘʥʥʷ ʇʅʆ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʦʙʯʠʩʣʝʥʥʷ ʢʦʥʩʪʘʥʪ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (7) ʥʘ ʦʩʥʦʚʽ ʚʽ-

ʜʦʤʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙ'ʻʢʪ. ʇʦʪʽʤ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ 

ʤʦʜʝʣʽ ʥʘ ʽʥʰʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʦʜʝʣʽ. ʅʘ ʞʘʣʴ, ʜʣʷ ʙʘ-

ʛʘʪʴʦʭ ʇʅʆ ʪʘʢʠʭ ʜʘʥʠʭ ʥʝʜʦʩʪʘʪʥʴʦ, ʪʦʤʫ ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ - ʪʨʠʚʘʣʠʡ ʧʨʦʮʝʩ, ʚ ʭʦʜʽ ʷʢʦʛʦ ʚʽ-

ʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʪʘ ʫʪʦʯʥʝʥʥʷ ʤʦʜʝʣʽ [1]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʽʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘ-

ʤʠ ʪʘ ʩʧʝʢʪʨ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʫʧʠʥʠʚʰʠʩʴ ʣʠʰʝ ʥʘ ʜʝʢʽʣʴʢʦʭ ʛʘʣʫʟʷʭ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ. ɿʘʩʪʦʩʫ-

ʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʷʚʠʱ ʧʨʠʟʚʝʣʦ 

ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʚʘʞʣʠʚʦʛʦ ʟʘʩʦʙʫ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ï ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥ-

ʥʷ ʨʝʘʣʴʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʊʘʢ, ʙʘʛʘʪʦ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʽʚ ʤʘʶʪʴ ʚʠʛʣʷʜ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʎʝ ʱʝ ʨʘʟ ʧʽʜʢʨʝʩ-

ʣʶʻ ʯʠʥʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʢʦʥʽʚ ʫ ʧʨʠʨʦʜʽ. ɯʥʪʝʛʨʫʚʘʥʥʷ ʮʠʭ ʨʽʚʥʷʥʴ - ʩʢʣʘʜʥʘ ʩʧʨʘʚʘ. ʆʜʥʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʚʜʘʻʪʴʩʷ ʨʦʟʚ'ʷʟʘʪʠ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ, ʪʦʙʪʦ ʟʘʧʠʩʘʪʠ ʰʫʢʘʥʫ ʬʫʥʢʮʽʶ 

ʫ ʚʠʛʣʷʜʽ ʬʦʨʤʫʣʠ. ɼʣʷ ʽʥʰʠʭ ʱʝ ʡ ʜʦʩʽ ʥʝ ʟʥʘʡʜʝʥʦ ʟʨʫʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ. ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ 

ʨʽʚʥʷʥʥʷ ʜʦʩʠʪʴ ʧʨʦʩʪʦ ʽ ʧʦʚʥʦ ʦʧʠʩʫʶʪʴ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʥʝ ʣʠʰʝ ʚʤʽʪʠ ʾʭ 

ʨʦʟʚ'ʷʟʫʚʘʪʠ (ʟʘʨʘʟ ʮʝ ʟʨʫʯʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʢʦʤʧôʶʪʝʨʽʚ), ʘ ʡ ʩʢʣʘʜʘʪʠ 

ʤʦʜʝʣʽ, ʨʽʚʥʷʥʥʷ. 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ, ʦʪʨʠʤʘʥʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʯʠ ʷʚʠ-

ʱʘ, ʻ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʶ ʤʦʜʝʣʣʶ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. ʂʨʽʤ ʪʦʛʦ, ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʚʠʚʯʝʥʥʽ 

ʦʙôʻʢʪʽʚ, ʤʦʜʝʣʽ ʷʢʠʭ ʟʚʦʜʷʪʴʩʷ ʜʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʟʥʘʥʥʷ ʟʘʢʦ-

ʥʽʚ ʪʠʭ ʛʘʣʫʟʝʡ ʥʘʫʢʠ, ʟ ʷʢʠʤʠ ʧʦʚôʷʟʘʥʘ ʧʨʠʨʦʜʘ ʜʦʩʣʽʜʞʝʥʦʛʦ ʦʙôʻʢʪʘ, ʥʘʧʨʠʢʣʘʜ, ʟʘʢʦʥʠ ʙʽʦ-

ʣʦʛʽʾ, ʬʽʟʠʢʠ, ʭʽʤʽʾ ʪʘ ʽʥʰʽ. 

ʆʪʞʝ, ʧʦʯʘʚʰʠ ʩʚʽʡ ʨʦʟʚʠʪʦʢ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʟ ʚʽʜʭʠʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ 

ʩʪʘʣʠ ʧʦʪʫʞʥʠʤ ʟʥʘʨʷʜʜʷʤ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʩʫʯʘʩʥʦʛʦ ʞʠʪʪʷ, ʭʦʯʘ ʡ ʩʴʦʛʦʜʥʽ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝ ʟʘʚʞʜʠ ʨʦʟʚôʷʟʘʥʠʤʠ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ. ʉʚʽʪ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʚʽʜʭʠ-
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ʣʷʶʯʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʩʪʽʣʴʢʠ ʙʘʛʘʪʠʤ, ʥʘʩʢʽʣʴʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʻ ʨʝʘʣʴʥʠʡ 

ʩʚʽʪ. 
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ɯʅʌʆʈʄɸʎɯʁʅʆ-ɸʅɸʃɯʊʀʏʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ɼʃʗ ʈʆɿʈɸʍʋʅʂʋ 
ʇʈʆʎɽʉɯɺ ɿɸ ʄɽʊʆɼʆʄ ɼʈʆɹʆɺʀʍ ʂʈʆʂɯɺ 

ɯ.ɺ. ʂʘʟʘʯʢʦʚ, ɯ.ɯ. ʂʦʩʷʢ 

ʇʨʠ ʯʠʩʝʣʴʥʦʤʫ ʨʽʰʝʥʥʽ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʚʠʢʣʶʯʥʦ ʚʘʞʣʠʚʠ-

ʤʠ ʻ ʧʠʪʘʥʥʷ ʧʨʦ ʩʪʽʡʢʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʪʦʜʽʚ. ɿʘ ʦʩʪʘʥʥʽ 

ʨʦʢʠ ʨʦʟʨʦʙʣʝʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʝʢʦʥʦʤʽʯʥʠʭ ʨʽʟʥʠʮʝʚʠʭ ʩʭʝʤ ʯʠʩʝʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʙʘʛʘʪʦʚʠ-

ʤʽʨʥʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʨʦʟʱʝʧʣʝʥʥʽ ʧʨʦʩʪʦʨʦʚʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʦʧʝʨʘʪʦʨʽʚ ʧʦ ʢʦʦʨʜʠʥʘʪʥʠʭ ʥʘʧʨʷʤʢʘʭ ʽ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʩʢʘʣʷʨʥʦʾ ʧʨʦʛʦʥʢʠ ʚʟʜʦʚʞ ʮʠʭ 

ʥʘʧʨʷʤʢʽʚ. ʎʝ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʟʘʜʘʯʫ, ʟʚʦʜʷʯʠ, ʥʘʧʨʠʢʣʘʜ, ʪʨʠʚʠʤʽʨʥʫ ʟʘʜʘʯʫ ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʪʨʴʦʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʟʘʜʘʯ. ʊʘʢ, ʪʨʠʚʠʤʽʨʥʽ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʧʦʩʪʘʶʪʴ 

ʧʨʠ ʚʠʚʯʝʥʥʽ ʪʷʞʢʠʭ ʘʚʘʨʽʡ ʥʘ ɸɽʉ, ʜʝ ʤʘʶʪʴ ʤʽʩʮʝ ʩʢʣʘʜʥʽ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʩʫʧʨʦʚʦʜʞʫʚʘʥʽ 

ʙʘʛʘʪʴʤʘ ʽʥʰʠʤʠ. 

ʄʝʪʦʜ ʜʨʦʙʦʚʠʭ ʢʨʦʢʽʚ - ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʝʢʦʥʦʤʽʯʥʠʭ (ʫ ʩʝʥʩʽ ʯʠʩʣʘ ʦʧʝʨʘʮʽʡ) ʩʪʽʡʢʠʭ ʨʽʟʥʠ-

ʮʝʚʠʭ ʩʭʝʤ ʜʣʷ ʨʽʰʝʥʥʷ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʜʣʷ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽ-

ʟʠʢʠ [1].  

           ʅʘʧʨʠʢʣʘʜ, ʯʠʩʝʣʴʥʝ ʨʽʰʝʥʥʷ ʥʘʚʽʪʴ ʥʘʡʧʨʦʩʪʽʰʠʭ ʨʽʚʥʷʥʴ ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʪʠʧʫ ʩʠʣʴʥʦ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʷʢʱʦ ʚ ʟʘʜʘʯʽ ʻ ʚ ʥʘʷʚʥʦʩʪʽ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʚʠʤʽʨʫ. ʋʤʦʚʘ ʩʪʽʡʢʦʩ-

ʪʽ ʜʣʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʩʭʝʤ ʥʘʢʣʘʜʘʻ ʥʘʩʪʽʣʴʢʠ ʞʦʨʩʪʢʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʨʦʢʠ ʟʘ ʯʘʩʦʤ, ʱʦ ʨʦʟ-

ʨʘʭʫʥʦʢ ʟʘ ʮʠʤʠ ʩʭʝʤʘʤʠ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʠʡ. ʅʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʝʷʚʥʽ ʩʭʝʤʠ. ʋʷ-

ʚʽʤʦ ʨʽʟʥʠʮʝʚʫ ʩʭʝʤʫ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʜʚʦʚʠʤʽʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ [2] 
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=
‬2ό

‬ὼ2
+
‬2ό

‬ώ2
 

ʫ ʚʠʛʣʷʜʽ 

όάὰ
ὲ+ 1 όάὰ

ὲ

†
= Ў1όάὰ

ὲ+ 1 + Ў2όάὰ
ὲ+ 1, 

ʪʫʪ 

Ў1όάὰ
ὲ+ 1 =

όά 1,ὰ
ὲ+ 1 2όά,ὰ

ὲ+ 1 + όά+ 1,ὰ
ὲ+ 1

Ὤὼ
2 , Ў2όάὰ

ὲ+ 1 =
όά,ὰ1
ὲ+ 1 2όάὰ

ὲ+ 1 + όά,ὰ+ 1
ὲ+ 1

Ὤώ
2 . 

 

ʆʪʨʠʤʘʥʘ ʣʽʥʽʡʥʘ ʩʠʩʪʝʤʘ ʟ ʨʦʟʨʽʜʞʝʥʦʶ (ʙʣʦʢʦʚʦʶ) ʤʘʪʨʠʮʝʶ. ʆʜʥʘʢ ʚʠʛʣʷʜ ʮʽʻʾ ʤʘʪʨʠʮʽ ʪʘ-

ʢʠʡ, ʱʦ ʘʣʛʦʨʠʪʤ ʧ'ʷʪʠʪʦʯʢʦʚʦʾ ʧʨʦʛʦʥʢʠ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ. 
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ʈʠʩ. 1. ʇʨʦʩʪʦʨʦʚʠʡ ʰʘʙʣʦʥ ʯʠʩʝʣʴʥʦʾ ʩʭʝʤʠ 

 

ʄʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʭʝʤʫ ʨʦʟʱʝʧʣʝʥʥʷ ʟʘ ʥʘʧʨʷʤʢʘʤʠ, ʘʙʦ ʣʦʢʘʣʴʥʦ - ʦʜʥʦʤʽʨʥʫ ʩʭʝ-

ʤʫ (ʤʝʪʦʜ ʜʨʦʙʦʚʠʭ ʢʨʦʢʽʚ [3]): 

 

όάὰ όάὰ
ὲ

†
= Ў1όάὰ,

όάὰ
ὲ+ 1 όάὰ
†

= Ў2όάὰ
ὲ+ 1. 

 

ɺʽʜʧʦʚʽʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʰʘʙʣʦʥ ʩʭʝʤʠ ʙʫʜʝ, ʷʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1. 

 

ɼʣʷ ʘʥʘʣʦʛʽʯʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ 

 

‬ό

‬ὸ
=
‬2ό

‬ὼ2
+
‬2ό

‬ώ2
+
‬2ό

‬ᾀ2
 

 

ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʣʦʢʘʣʴʥʦ - ʦʜʥʦʤʽʨʥʫ ʩʭʝʤʫ ʜʨʦʙʦʚʠʭ ʢʨʦʢʽʚ 

 

όάὰὴ
ὲ+ 1/ 3

όάὰὴ
ὲ

†
= Ў1όάὰὴ

ὲ+ 1/ 3
,

όάὰὴ
ὲ+ 2/ 3

όάὰὴ
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όάὰὴ
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†
= Ў3όάὰὴ
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ʇʦʨʷʜʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ ʮʠʭ ʩʭʝʤ: ὕ†,Ὤὼ
2,Ὤώ

2  ʚ ʜʚʦʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ ʪʘ ὕ†,Ὤὼ
2,Ὤώ

2 ,Ὤᾀ
2  - ʚ ʪʨʠ-

ʚʠʤʽʨʥʦʤʫ. ʇʦʨʷʜʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ ʮʽʻʾ ʩʭʝʤʠ ʟʘ ʯʘʩʦʤ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʜʦ ʜʨʫʛʦʛʦ, ʷʢʱʦ ʧʨʦ-

ʚʝʩʪʠ ʫʩʝʨʝʜʥʝʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ЎὭόάὰὴ
ὲ Ὥ= 1 3 , ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʜʨʫʛʽ ʧʦʭʽʜʥʽ ʧʦ ʢʦʦʨʜʠʥʘʪʘʭ 

ὼὭὭ= 1 3 : 
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ʜʝ 0 ‚ 1, ʧʨʠʯʦʤʫ ʧʨʠ ‚= 1/ 2 ʧʦʨʷʜʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʭʝʤʠ ʙʫʜʝ ὕ†,Ὤὼ2 ,Ὤώ2 ,Ὤᾀ
2 . ʎʷ ʩʭʝ-

ʤʘ ʂʨʘʥʢʘ-ʅʽʢʦʣʩʦʥʘ ʩʪʽʡʢʘ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ †,Ὤὼ,Ὤώ,Ὤᾀ; ʾʾ ʰʘʙʣʦʥ ʜʣʷ ʜʚʦʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ: 

 

όάὰ
ὲ+ 1/ 2

όάὰ
ὲ

†
= Ў1 ‚όάὰ

ὲ+ 1/ 2
+ 1 ‚όάὰ

ὲ , 

όάὰ
ὲ+ 1 όάὰ

ὲ+
1
2

†
= Ў2 ‚όάὰ

ὲ+ 1 + 1 ‚όάὰ
ὲ+ 1/ 2

 

 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʈʠʩ. 2: 

 

 
 

ʈʠʩ. 2. ʐʘʙʣʦʥ ʩʭʝʤʠ ʂʨʘʥʢʘ-ʅʽʢʦʣʩʦʥʘ ʜʣʷ ʜʚʦʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ 

 

ʅʘʚʝʜʝʤʦ ʱʝ ʦʜʥʫ ʩʭʝʤʫ, ʷʢʘ ʤʘʻ ʜʨʫʛʠʡ ʧʦʨʷʜʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦ † Ὥ Ὤ: 
 

όάὰ όάὰ
ὲ

†
=

1

2
Ў1όάὰ+ Ў2όάὰ

ὲ ,
όάὰ
ὲ+ 1 όάὰ
†

=
1

2
Ў1όάὰ+ Ў2όάὰ

ὲ+ 1 ; 

 

ʾʾ ʧʨʦʩʪʦʨʦʚʠʡ ʰʘʙʣʦʥ ʧʦʢʘʟʘʥʠʡ ʥʘ ʈʠʩ. 3: 

 

1. ʉʭʝʤʠ ʟ ʜʨʦʙʦʚʠʤʠ ʢʨʦʢʘʤʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʽ ʚ ʦʜʥʦʤʽʨʥʠʭ ʟʘʜʘʯʘʭ. 

ʈʦʟʛʣʷʥʝʤʦ, ʥʘʧʨʠʢʣʘʜ, ʩʭʝʤʠ ɺ.ʂ. ʉʘʫʣʴʻʚʘ 

2.  [4] ʣʦʢʘʣʴʥʦ-ʥʝʷʚʥʦʛʦ ʨʘʭʫʥʢʫ ʦʜʥʦʤʽʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

 

όὲ+ 1/ 2 όὲ

†
=

1

2
Ẓόὲ+ 1/ 2, 

(1) 
όὲ+ 1 όὲ+ 1/ 2

†
=

1

2
Ẓόὲ+

1
2, Ẓ= ὥ2

Ў1Ў1

Ὤ2
, 

ʷʢʘ ʚʽʜʪʚʦʨʶʻ ʩʭʝʤʫ ʧʦʟʜʦʚʞʥʴʦ-ʧʦʧʝʨʝʯʥʦʾ ʧʨʦʛʦʥʢʠ ʜʣʷ ʦʜʥʦʛʦ ʟ ʥʘʧʨʷʤʢʽʚ, ʥʘʧʨʠʢʣʘʜ ὼ1. 

ʇʦʢʘʞʝʤʦ, ʱʦ ʩʭʝʤʘ (1) ʝʢʚʽʚʘʣʝʥʪʥʘ ʜʚʦʰʘʨʦʚʽʡ ʩʭʝʤʽ ʟ ʚʘʛʘʤʠ ʧʨʠ ‌= 1/ 2 (ʩʭʝʤʘ ʂʨʘʥʢʘ-

ʅʽʢʦʣʩʦʥʘ). ɿʘʧʠʩʫʶʯʠ (1) ʫ ʚʠʛʣʷʜʽ 

 

Ὁ
†

2
Ẓ όὲ+ 1/ 2 = όὲ, όὲ+ 1 = Ὁ+

†

2
Ẓ όὲ+ 1/ 2,                      2  

 

ʽ ʚʠʢʣʶʯʘʶʯʠ όὲ+ 1/ 2, ʦʪʨʠʤʫʻʤʦ 

 

ὲ+ 1,ά,ὰ 

ὲ+ 1,ά,ὰ+ 1 

ὲ+
1

2
,ά+ 1,ὰ 

ὲ+
1

2
,ά,ὰ+ 1 

ὲ,ά+ 1,ὰ 

ὲ,ά,ὰ 

ὲ+ 1,ά,ὰ 1 

ὲ+ 1,ά,ὰ 1 

ὲ+
1

2
,ά 1,ὰ 

ὲ,ά 1,ὰ 
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Ὁ
†

2
Ẓ όὲ+ 1 = Ὁ+

†

2
Ẓ όὲ.                                                                      (3) 

 

ɿʚʽʜʩʠ ʩʣʽʜʫʻ 

 

όὲ+ 1 όὲ

†
= Ẓ
όὲ+ όὲ+ 1

2
.                                                                                (4) 

 

 
ʈʠʩ. 3. ʇʨʦʩʪʦʨʦʚʠʡ ʰʘʙʣʦʥ ʩʭʝʤʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦ † Ὥ Ὤ 

 

3. ʇʝʨʝʧʠʰʝʤʦ ʩʭʝʤʫ (1) ʚ ʮʽʣʠʭ ʽʥʜʝʢʩʘʭ: 

 

όὲ όὲ 1

†
= Ẓόὲ,                                                                        (5 )́ 

όὲ+ 1 όὲ

†
= Ẓόὲ.                                                                       (5 )̂ 

 

ʉʢʣʘʚʰʠ ʨʽʚʥʷʥʥʷ (5), ʦʪʨʠʤʘʻʤʦ 

 

όὲ+ 1 όὲ 1

†
= 2Ẓόὲ.                                                                       (6) 

 

ʉʭʝʤʘ (6) ʟʦʚʥʽ ʥʘʛʘʜʫʻ ʩʭʝʤʫ çʭʨʝʩʪè, ʧʨʦʪʝ ʬʦʨʤʫʣʠ (5) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʭʝʤʘ (6) ʻ ʥʝʦʜʥʦʨʽʜ-

ʥʦʶ ʽ ʾʾ ʥʝ ʤʦʞʥʘ ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʦʜʥʦʨʽʜʥʫ ʩʭʝʤʫ çʭʨʝʩʪè. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʨʽʜʥʦʾ ʩʭʝʤʠ ʩʣʽʜ 

ʧʨʦʚʝʩʪʠ ʚʠʢʣʶʯʝʥʥʷ όὲ ʟ (5ʘ), (5ʙ), ʽ ʘʥʘʣʦʛʽʯʥʦ (4) ʦʪʨʠʤʫʻʤʦ 

 

όὲ+ 1 όὲ 1

†
= Ẓόὲ 1 + όὲ+ 1 .                                                             (7) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʘ ʡ ʪʘ ʞ ʬʦʨʤʫʣʘ (6) ʤʦʞʝ ʙʫʪʠ ʧʦ-ʨʽʟʥʦʤʫ ʨʦʟʪʣʫʤʘʯʝʥʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʘʢʦʥʫ ʚʠʟʥʘʯʝʥʥʷ όὲ. 
           ʇʦʢʘʞʝʤʦ ʱʝ ʘʥʘʣʦʛʽʯʥʠʡ ʧʨʠʢʣʘʜ. ʉʭʝʤʘ ʩʪʘʙʽʣʽʟʫʶʯʦʾ ʧʦʧʨʘʚʢʠ 

 

όὲ+ 1/ 2 όὲ

†
= Ẓ1ό

ὲ+ 1/ 2 + Ẓ2ό
ὲ                                                           (8) 

 

όάὰ
ὲ+ 1 όά+ 1,ὰ

ὲ+ 1  

όά,ὰ+ 1 

όά+ 1,ὰ
ὲ  

όάὰ 

όάὰ
ὲ  

όά 1,ὰ
ὲ  

όά 1,ὰ
ὲ+ 1  

όά,ὰ1 
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όὲ+ 1 όὲ+ 1/ 2

†
= Ẓ2 ό

ὲ+ 1 όὲ  

 

ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʨʽʚʥʷʥʴ (8) ʜʘʻ 

 

όὲ+ 1 όὲ

†
= Ẓ1ό

ὲ+ 1/ 2 + Ẓ2ό
ὲ+ 1.                                                      (9) 

 

ʄʘʞʦʨʘʥʪʥʘ ʩʭʝʤʘ ʨʦʟʱʝʧʣʝʥʥʷ 

 

όὲ+ 1/ 2 όὲ

†
= Ẓ1ό

ὲ+ 1/ 2; 

(10) 
όὲ+ 1 όὲ+ 1/ 2

†
= Ẓ2ό

ὲ+ 1. 

 

ʪʘʢʦʞ ʧʽʩʣʷ ʩʢʣʘʜʝʥʥʷ ʬʦʨʤʘʣʴʥʦ ʜʘʻ ʨʽʚʥʷʥʥʷ (9), ʧʨʦʪʝ ʩʭʝʤʠ (8), (10) ʨʽʟʥʽ, ʽ ʬʦʨʤʘʣʴʥʦ ʦʜʥʝ 

ʡ ʪʝ ʞ ʨʽʚʥʷʥʥʷ (9) ʚ ʦʙʦʭ ʩʭʝʤʘʭ ʤʘʻ ʨʽʟʥʠʡ ʩʝʥʩ, ʪʘʢ ʷʢ ʚʝʣʠʯʠʥʘ όὲ+ 1/ 2 ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʢʦʞ-

ʥʽʡ ʩʭʝʤʽ ʧʦ-ʩʚʦʻʤʫ. ɺʽʜʧʦʚʽʜʥʽ ʩʭʝʤʠ ʚ ʮʽʣʠʭ ʢʨʦʢʘʭ, ʦʪʨʠʤʘʥʽ ʚʠʢʣʶʯʝʥʥʷʤ όὲ+ 1/ 2, ʥʝ ʩʧʽʚ-

ʧʘʜʘʶʪʴ. 

4. ʆʜʥʽʡ ʽ ʪʽʡ ʞʝ ʩʭʝʤʽ ʚ ʮʽʣʠʭ ʢʨʦʢʘʭ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʭʝʤʠ ʚ 

ʜʨʦʙʦʚʠʭ ʢʨʦʢʘʭ. ʅʘʧʨʠʢʣʘʜ, ʩʭʝʤʘ ʚ ʮʽʣʠʭ ʢʨʦʢʘʭ 

 

Ὁ
1

2
†Ẓ1 Ὁ

1

2
†Ẓ2 ό

ὲ+ 1 = Ὁ+
1

2
†Ẓ1 Ὁ+

1

2
†Ẓ2 ό

ὲ                 (11) 

 

ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘʩʪʫʧʥʠʤʠ ʩʭʝʤʘʤʠ ʚ ʜʨʦʙʦʚʠʭ ʢʨʦʢʘʭ: 

ʘ) ʩʭʝʤʘ ʧ. ʧ. ʧ. 

 

όὲ+ 1/ 2 όὲ

†
=

1

2
Ẓ1ό

ὲ+ 1/ 2 + Ẓ2ό
ὲ ; 

(12) 
όὲ+ 1 όὲ+ 1/ 2

†
=

1

2
Ẓ1ό

ὲ+ 1/ 2 + Ẓ2ό
ὲ+ 1 ; 

 

ʙ) ʩʭʝʤʘ ʨʦʟʱʝʧʣʝʥʥʷ 

 

όὲ+ 1/ 2 όὲ

†
= Ẓ1 ‌ό

ὲ+ 1/ 2 + ‍όὲ ; 

(13) 
όὲ+ 1 όὲ+ 1/ 2

†
= Ẓ2 ‌ό

ὲ+ 1 + ‍όὲ+ 1/ 2 , ‍= 1 ‌, 

ʧʨʠ ‌=
1

2
; 

 

ʚ) ʩʭʝʤʘ ʥʘʙʣʠʞʝʥʦʾ ʬʘʢʪʦʨʠʟʘʮʽʾ ʦʧʝʨʘʪʦʨʘ 

 

Ὁ
1

2
†Ẓ1 ό

ὲ+ 1/ 2 = Ὢὲ= Ὁ+
1

2
†Ẓ1 Ὁ+

1

2
†Ẓ2 ό

ὲ; 

(14) 

Ὁ
1

2
†Ẓ2 ό

ὲ+ 1 = όὲ+ 1/ 2. 
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ʆʪʞʝ, ʩʭʝʤʠ (12)-(14) ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʨʝʘʣʽʟʘʮʽʾ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʩʭʝʤʠ (11). ʊʠʤ 

ʩʘʤʠʤ ʩʭʝʤʠ (12)-(14), ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʢʨʘʻʚʠʭ ʫʤʦʚ, ʝʢʚʽʚʘʣʝʥʪʥʽ. 

ʋ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ ʟʽ ʟʤʽʰʘʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚʽʜʧʦʚʽʜʥʽ ʩʭʝʤʠ ʟ ʮʽʣʠʤʠ ʢʨʦʢʘʤʠ ʥʝ ʩʧʽʚʧʘ-

ʜʘʶʪʴ ʽ ʩʭʝʤʠ (12)-(14) ʩʪʘʶʪʴ ʥʝʝʢʚʽʚʘʣʝʥʪʥʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ʦʜʥʘ ʡ ʪʘ ʞ ʩʭʝʤʘ ʟ ʜʨʦʙʦʚʠʤʠ 

ʢʨʦʢʘʤʠ ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʽ ʨʝʘʣʽʟʘʮʽʾ ʢʨʘʻʚʠʭ ʫʤʦʚ. 

5. ʄʝʪʦʜ ʨʦʟʱʝʧʣʝʥʥʷ ʟ ʚʘʛʘʤʠ ʧʨʠ ά 3,‌=
1

2
 ʚʦʣʦʜʽʻ ʥʘʡʙʽʣʴʰʦʶ ʧʨʦʩʪʦʪʦʶ, 

ʟʙʝʨʽʛʘʶʯʠ ʚ ʪʦʡ ʞʝ ʯʘʩ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʡ ʪʦʯʥʦʩʪʽ 2-ʛʦ ʧʦʨʷʜʢʫ. ʊʠʤ ʥʝ ʤʝʥʰʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʭʝʤ ʧʨʝʜʠʢʪʦʨ-ʢʦʨʝʢʪʦʨ ʜʦʮʽʣʴʥʦ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʨʽ-

ʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, ʱʦ ʚʢʣʶʯʘʻ ʚʠʭʽʜ ʥʘ ʘʩʠʤʧʪʦʪʠʯʥʠʡ ʨʝʞʠʤ 

ὸO Њ . ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʭʝʤʠ ʧʨʝʜʠʢʪʦʨ-ʢʦʨʝʢʪʦʨ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʭʝʤʠ ʨʦʟʱʝʧʣʝʥʥʷ, ʜʦʧʫ-

ʩʢʘʶʪʴ ʫʢʨʫʧʥʝʥʥʷ ʢʨʦʢʫ, ʪʘʢ ʷʢ ʤʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʧʦʚʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ. 

ɼʦ ʜʦʩʪʦʾʥʩʪʚ ʩʭʝʤʠ ʄɼʂ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʧʨʦʩʪʦʪʫ ʚ ʘʣʛʦʨʠʪʤʽʟʘʮʽʾ ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʡ ʘʙʩʦ-

ʣʶʪʥʫ ʩʪʽʡʢʽʩʪʴ ʟ ʚʝʣʠʢʠʤ ʟʘʧʘʩʦʤ ʩʪʽʡʢʦʩʪʽ ʥʘʚʽʪʴ ʜʣʷ ʟʘʜʘʯ, ʱʦ ʤʽʩʪʷʪʴ ʟʤʽʰʘʥʽ ʧʦʭʽʜʥʽ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʄɼʂ ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʩʪʫʧʥʽ: ʥʘ ʢʦʞʥʦʤʫ ʜʨʦʙʦʚʦʤʫ ʢʨʦʮʽ ʜʦʩʷʛʘʻʪʴʩʷ ʯʘʩʪʢʦʚʘ 

ʘʧʨʦʢʩʠʤʘʮʽʷ, ʧʦʚʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʜʨʦʙʦʚʦʤʫ ʢʨʦʮʽ, ʪʦʙʪʦ ʤʘʻ ʤʽʩʮʝ 

ʩʫʤʘʨʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ; ʩʭʝʤʘ ʤʘʻ ʧʝʨʰʠʡ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʽ ʟʘ ʯʘʩʦʤ [5]. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʷʞʢʠʭ ʘʚʘʨʽʡ ʚʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʡ ʧʦʟʘ ʥʠʤ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʝ ʧʠ-

ʪʘʥʥʷ ʙʫʣʦ ʡ ʟʘʣʠʰʘʻʪʴʩʷ: ʷʢ ʟʫʧʠʥʠʪʠ ʘʚʘʨʽʶ ʘʙʦ ʣʦʢʘʣʽʟʫʚʘʪʠ ʾʾ ʥʘʩʣʽʜʢʠ ʚ ʨʝʘʢʪʦʨʽ ʘʙʦ ʢʦʥ-

ʪʝʡʥʤʝʥʪʽ. ɿʚʽʜʩʠ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʝ ʟʘʚʜʘʥʥʷ - ʦʭʦʣʦʜʞʝʥʥʷ ʷʜʝʨʥʦʛʦ ʨʦʟʧʣʘʚʫ ʚ ʨʝʘʢʪʦʨʽ ʽ 

(ʘʙʦ) ʧʦʟʘ ʥʠʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʮʝʥʘʨʽʶ ʪʷʞʢʦʾ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ 

ʚ ʂʦʨʦʣʽʚʩʴʢʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ ʡ ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʘ ʚ [6]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʧʝʨʝʩʣʽʜʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʮʽʣʽ [7]: 

¶ ʏʠ ʙʫʜʝ ʰʘʨ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʟ ʥʠʟʴʢʦʶ ʧʦʨʠʩʪʽʩʪʶ ʜʦʩʠʪʴ ʜʦʙʨʝ ʦʭʦʣʦʜʞʫʚʘʪʠʩʷ ʚ 

ʛʣʠʙʦʢʦʤʫ ʙʘʩʝʡʥʽ ʟ ʚʦʜʦʶ ʧʨʠ ʥʠʟʴʢʠʭ ʪʠʩʢʘʭ (ʧʘʩʠʚʥʘ ʩʠʩʪʝʤʘ, ʙʝʟ ʧʨʠʤʫʩʦʚʦʛʦ ʥʘ-

ʧʦʨʫ)? 

¶ ʏʠ ʤʦʞʝ ʙʫʪʠ ʧʦʩʠʣʝʥʠʡ ʝʬʝʢʪ ʦʭʦʣʦʜʞʝʥʥʷ ʘʙʦ ʧʦʷʚʘ ʩʫʭʠʭ ʧʣʷʤ ʚ ʰʘʨʽ ʥʝʤʠʥʫʯʝ ʡ 
ʨʽʚʥʦʤʽʨʥʝ ʦʭʦʣʦʜʞʫʚʘʥʥʷ ʰʘʨʫ ʯʘʩʪʠʥʦʢ ʥʝʤʦʞʣʠʚʝ ʧʦʜʽʙʥʠʤ ʤʝʪʦʜʦʤ? 

¶ ʗʢʽ ʦʩʥʦʚʥʽ ʤʝʭʘʥʽʟʤʠ ʮʴʦʛʦ ʤʝʪʦʜʫ ʦʭʦʣʦʜʞʝʥʥʷ ʰʘʨʫ ʯʘʩʪʠʥʦʢ ʢʦʨʽʫʤʫ ʽ ʷʢʽ ʤʦʞʣʠʚʽ 
ʫʧʨʘʚʣʷʶʯʽ ʜʽʾ, ʷʢʦʶ ʤʽʨʦʶ ʽ ʷʢʠʤ ʯʠʥʦʤ? 

ɼʝʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʦ ʦʩʦʙʣʠʚʦʩʪʽ ʬʽʟʠʯʥʠʭ ʷʚʠʱ, ʙʝʟ ʷʢʠʭ ʥʝʤʦʞʣʠʚʦ ʫʩʧʽʰʥʝ ʚʠʨʽ-

ʰʝʥʥʷ ʧʨʦʙʣʝʤʠ, ʽ ʧʦʢʘʟʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʷʚʫ ʜʝʷʢʠʭ ʥʦʚʠʭ ʤʘʣʦʚʠʚʯʝʥʠʭ ʷʚʠʱ, ʟʦʢʨʝʤʘ, 

ʘʥʦʤʘʣʴʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʨʦʟʽʛʨʽʚʫ, ʷʢʽ ʤʦʞʫʪʴ ʟʨʦʙʠʪʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʩʠʩʪʝʤʫ ʟʘʭʠʩʪʫ ʚʽʜ 

ʘʚʘʨʽʾ ʡ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʚʯʝʥʽ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʡ ʜʦʩʪʦʚʽʨʥʦ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://dic.academic.ru/dic.nsf/enc_mathematics/1662/%D0%94%D0%A0%D0%9E%D0%91

%D0%9D%D0%AB%D0%A5 

2. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
http://www.intuit.ru/department/calculate/nmdiffeq/2/4.html 

3. ʗʥʝʥʢʦ ʅ.ʅ. ʄʝʪʦʜ ʜʨʦʙʥʳʭ ʰʘʛʦʚ ʨʝʰʝʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠ-

ʢʠ. / ʅ.ʅ. ʗʥʝʥʢʦ. - ʅ.: ʅʘʫʢʘ.- 1967.- 195ʩ. 

4. ɺ.ʂ. ʉʘʫʣʴʝʚ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʤʝʪʦʜʦʤ ʩʝʪʦʢ. ʄ., 
ʌʠʟʤʘʪʛʠʟ, 1960. 

5. ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://ikt.muctr.ru/html2/7/lek7_6.html  

6. Konovalikhin M.J., Yang Z.L., Amjad M., Sehgal B.R. On dryout heat flux of particle debris 

bed with a downcomer/ ICONE-8.- Baltimore.- USA.- April .- 2000. 

7. Kazachkov I.V., Konovalikhin M.J. and Sehgal B.R. Dryout Location in a Low-porosity 

Volumetrically Heated Particle Bed// J. of Enhanced Heat Transfer. 2001.- Vol.8, no.6,  

p.397-410.  

 

 

 

http://dic.academic.ru/dic.nsf/enc_mathematics/1662/%D0%94%D0%A0%D0%9E%D0%91%D0%9D%D0%AB%D0%A5
http://dic.academic.ru/dic.nsf/enc_mathematics/1662/%D0%94%D0%A0%D0%9E%D0%91%D0%9D%D0%AB%D0%A5
http://www.intuit.ru/department/calculate/nmdiffeq/2/4.html
http://ikt.muctr.ru/html2/7/lek7_6.html


32  ʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥ ̔ʟʘʧʠʩʢʠ 

 

 

ʋɼʂ 512.5 

 

ɿɺɽɼɽʅʅʗ ʂɺɸɼʈɸʊʀʏʅʆɰ ʌʆʈʄʀ ɼʆ ʂɸʅʆʅɯʏʅʆɻʆ ɺʀɻʃʗɼʋ  
ʆʈʊʆɻʆʅɸʃʔʅʀʄ ʇɽʈɽʊɺʆʈɽʅʅʗʄ 

ɸ.ɺ. ʂʫʨʥʠʰ 

ʊʝʦʨʽʷ ʢʚʘʜʨʘʪʠʯʥʠʭ ʬʦʨʤ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʽʟ ʟʚʝʜʝʥʥʷʤ ʨʽʚʥʷʥʴ ʢʨʠʚʠʭ ʽ ʧʦʚʝʨʭʦʥʴ ʜʦ 

ʢʘʥʦʥʽʯʥʦʛʦ ʚʠʛʣʷʜʫ. ɼʣʷ ʮʝʥʪʨʘʣʴʥʦʾ ʢʨʠʚʦʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʮʝ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʥʝ-

ʩʝʥʥʷ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ ʽ ʧʦʚʦʨʦʪʫ ʧʨʷʤʦʢʫʪʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʢʫʪ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʘʣʛʝʙʨʠ ʜʘʥʘ ʟʘʜʘʯʘ ʧʦʣʷʛʘʻ ʫ ʚʽʜʰʫʢʘʥʥʽ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʝ ʧʨʠ-

ʚʦʜʠʪʴ ʟʘʜʘʥʠʡ ʤʥʦʛʦʯʣʝʥ 2-ʛʦ ʩʪʝʧʝʥʷ ʜʦ ʢʘʥʦʥʽʯʥʦʛʦ ʚʠʛʣʷʜʫ. 

ʂʚʘʜʨʘʪʠʯʥʦʶ ʬʦʨʤʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʦʜʥʦʨʽʜʥʠʡ ʤʥʦʛʦʯʣʝʥ ʜʨʫʛʦʛʦ ʩʪʝʧʝʥʷ ʚʽʜ ὲ ʟʤʽʥʥʠʭ 

( ) +++++++= 3223
2
1221131132112

2
11121 2222,,, xxaxaxxaxxaxxaxaxxxF nnn 33  

2
222 nnnnn xaxxa ++++ 33 .                                                                                                                (1) 

ʂʦʝʬʽʮʽʻʥʪʘʤʠ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʙʫʜʴ-ʷʢʽ ʯʠʩʣʘ. ɺʚʝʜʝʤʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥ-

ʥʷ: ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ 2
ix  ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ iia , ʘ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ ( )jixx ji ¸,  ï ʯʝʨʝʟ ija2 . ʆʩʢʽʣʴʢʠ 

ijji xxxx = , ʪʦ jiij aa 22 = , ʪʘʢ ʱʦ  

jiij aa = .                                                                         (2) 

ʊʦʜʽ jijijiijjiij xxaxxaxxa +=2  ʽ ʚʩʶ ʢʚʘʜʨʘʪʠʯʥʫ ʬʦʨʤʫ F  ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʩʢʦʨʦʯʝʥʦ ʫ 

ʚʠʛʣʷʜʽ ʩʫʤʠ  

ää
==

=
n

j
jiij

n

i

xxaF
11

.                                                               (3) 

ʄʘʪʨʠʮʷ ( )ija=A  ʧʦʨʷʜʢʫ n, ʩʢʣʘʜʝʥʘ ʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ija , ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʝʶ ʢʚʘʜʨʘ-

ʪʠʯʥʦʾ ʬʦʨʤʠ, ʽ ʾʾ ʨʘʥʛ ï ʨʘʥʛʦʤ ʮʽʻʾ ʬʦʨʤʠ. ɺ ʩʠʣʫ (2) ʤʘʪʨʠʮʷ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʟʘʚʞʜʠ ʩʠ-

ʤʝʪʨʠʯʥʘ. ʂʚʘʜʨʘʪʠʯʥʫ ʬʦʨʤʫ F  ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʯʠʩʣʦʚʫ ʬʫʥʢʮʽʶ ʚʝʢʪʦʨʥʦʛʦ ʘʨʛʫʤʝʥʪʫ 

x
C

 ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ nxxx ,,, 21 3 ,  ʟʘʜʘʥʫ ʚ ʧʨʦʩʪʦʨʽ ()xFFRn

C
=: . ɰʾ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʚʝ-

ʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʦʛʦ ʜʦʙʫʪʢʫ. 

() xxxxF T CCCC
(A=  ï ʚʝʢʪʦʨ-ʩʪʦʚʧʝʮʴ).                                           (4) 

 

ʗʢʱʦ ʚ ʢʚʘʜʨʘʪʠʯʥʽʡ ʬʦʨʤʽ ʟ ʤʘʪʨʠʮʝʶ A  ʚʠʢʦʥʘʪʠ ʣʽʥʽʡʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ yQx
CC

= , ʪʦ ʜʽ-

ʩʪʘʥʝʤʦ ʢʚʘʜʨʘʪʠʯʥʫ ʬʦʨʤʫ ʟ ʤʘʪʨʠʮʝʶ QQTAB= . 

ʉʧʨʘʚʜʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫ ʫ ʚʠʛʣʷʜʽ (4), ʦʪʨʠʤʘʻʤʦ ( ) ( )yQQyyQyQF TT CCC
AA

T
== , 

ʘʙʦ yyF
C

BT= ,  QQTAB= . ʆʩʢʽʣʴʢʠ ( ) BAAAB TT ==== QQQQQQ TTTTTT , ʪʦ ʤʘʪʨʠʮʷ B  

ʩʠʤʝʪʨʠʯʥʘ, ʘ ʦʪʞʝ ʚʦʥʘ ʻ ʤʘʪʨʠʮʝʶ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ () yyyF T CCC
B= . 

ʂʚʘʜʨʘʪʠʯʥʘ ʬʦʨʤʘ, ʧʦʜʘʥʘ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʢʚʘʜʨʘʪʽʚ ʟʤʽʥʥʠʭ, ʥʘʟʠʚʘʻʪʴʩʷ ʢʘʥʦʥʽʯʥʦʶ 

(ʜʽʘʛʦʥʘʣʴʥʦʶ): 
22

22
2
11 nnyyyF lll +++= 3 .                                                     (5) 

ʄʘʪʨʠʮʝʶ ʢʘʥʦʥʽʯʥʦʾ ʬʦʨʤʠ (5) ʻ ʜʽʘʛʦʥʘʣʴʥʘ ʤʘʪʨʠʮʷ  ( )ndiag lll ,,, 21 3=L . ɿʚʝʜʝʥʥʷ 

ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʜʦ ʢʘʥʦʥʽʯʥʦʛʦ ʚʠʜʫ ʦʟʥʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʤʽʥʥʠʭ, 

ʧʨʠ ʷʢʦʤʫ ʤʘʪʨʠʮʷ ʜʘʥʦʾ ʬʦʨʤʠ ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ ʜʽʘʛʦʥʘʣʴʥʫ. 

ʂʚʘʜʨʘʪʠʯʥʫ ʬʦʨʤʫ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʢʘʥʦʥʽʯʥʦʛʦ ʚʠʜʫ ʥʝ ʻʜʠʥʠʤ ʩʧʦʩʦʙʦʤ. ʗʢ ʣʽʥʽʡʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʘʢ ʽ ʢʘʥʦʥʽʯʥʘ ʬʦʨʤʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ. ɸʣʝ ʯʠʩʣʦ ʜʦʜʘʥʢʽʚ ʚ ʫʩʽʭ 

ʤʦʞʣʠʚʠʭ ʢʘʥʦʥʽʯʥʠʭ ʚʠʜʘʭ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʦʜʥʝ ʡ ʪʝ ʩʘʤʝ ʽ ʜʦʨʽʚʥʶʻ ʨʘʥʛʫ ʬʦʨʤʠ. 
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ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʩʽʙ ʟʚʝʜʝʥʥʷ ʜʽʡʩʥʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ (ʬʦʨʤʠ ʟ ʜʽʡʩʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘ-

ʤʠ) ʜʦ ʢʘʥʦʥʽʯʥʦʛʦ ʚʠʜʫ. 

ʊʝʦʨʝʤʘ. ɼʽʡʩʥʫ ʢʚʘʜʨʘʪʠʯʥʫ ʬʦʨʤʫ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʢʘʥʦʥʽʯʥʦʛʦ ʚʠʛʣʷʜʫ ʧʨʠ ʜʦʧʦʤʦʟʽ 

ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʚʽʜʦʤʠʭ. ʉʪʦʚʧʮʷʤʠ ʤʘʪʨʠʮʽ ʮʴʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʻ ʢʦʦʨʜʠʥʘʪʥʽ 

ʩʪʦʚʧʮʽ ʦʨʪʦʥʦʨʤʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʣʘʩʥʠʭ ʚʝʢʪʦʨʽʚ ʤʘʪʨʠʮʽ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ, ʘ ʢʘʥʦʥʽʯʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʻ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʠʤ ʚʝʢʪʦʨʘʤ. 

ʉʧʨʘʚʜʽ, ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʾ ʤʘʪʨʠʮʽ A  ʟ ʜʽʡʩʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʽʩʥʫʻ ʦʨʪʦʛʦʥʘʣʴʥʘ ʤʘʪʨʠʮʷ 

Q, ʷʢʘ ʧʝʨʝʪʚʦʨʶʻ ʾʾ ʚ ʜʽʘʛʦʥʘʣʴʥʫ 

( ) AQQB,,,,B 1
21

-== ndiag lll 3 .  

ɼʝ nlll ,,, 21 3  ï ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ A  ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ, ʘ ʤʘʪʨʠʮʷ Q  ʫʪʚʦʨʝʥʘ 

ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ  ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʚʣʘʩʥʠʭ ʚʝʢʪʦʨʽʚ-ʩʪʦʚʧʮʽʚ. ʆʩʢʽʣʴʢʠ Q  ï ʦʨʪʦʛʦʥʘʣʴʥʘ ʤʘʪ-

ʨʠʮʷ, ʪʦ T-1 QQ = , ʪʦʙʪʦ AQQB T= . Bï ʤʘʪʨʠʮʷ ʢʘʥʦʥʽʯʥʦʾ ʬʦʨʤʠ (5), ʚ ʷʢʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ 

ʢʚʘʜʨʘʪʠʯʥʘ ʬʦʨʤʘ ʟ ʤʘʪʨʠʮʝʶ A  ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʨʪʦʥʦʛʘʣʴʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

yQx
CC

= . 

ɿʚʝʜʝʥʥʷ ʢʘʥʦʥʽʯʥʦʾ ʬʦʨʤʠ ʜʦ ʢʘʥʦʥʽʯʥʦʛʦ ʚʠʜʫ ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʥʘʟʠʚʘ-

ʶʪʴ ʟʚʝʜʝʥʥʷʤ ʜʦ ʛʦʣʦʚʥʠʭ ʦʩʝʡ. 

ʇʨʠʢʣʘʜ. ʇʨʠʚʝʩʪʠ ʜʦ ʛʦʣʦʚʥʠʭ ʦʩʝʡ ʢʚʘʜʨʘʪʠʯʥʫ ʬʦʨʤʫ 

323121
2
3

2
2

2
1 844552 xxxxxxxxxF --+++= . 

ʄʘʪʨʠʮʝʶ ʮʽʻʾ ʬʦʨʤʠ ʻ 
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

=

54-2-

4-52
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A . ʉʢʣʘʜʘʻʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʽ ʟʥʘʭʦ-
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ʆʨʪʦʛʦʥʘʣʴʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʚʦʜʷʪʴ ʜʽʡʩʥʫ ʢʚʘʜʨʘʪʠʯʥʫ ʬʦʨʤʫ ʜʦ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʢʘʥʦ-

ʥʽʯʥʦʛʦ ʚʠʛʣʷʜʫ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʧʦʨʷʜʢʫ ʩʣʽʜʫʚʘʥʥʷ ʯʣʝʥʽʚ. ʎʝ ʚʠʧʣʠʚʘʻ ʟ ʪʦʛʦ, ʱʦ ʢʘʥʦʥʽʯʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʢʦʨʝʥʽ ʤʘʪʨʠʮʽ ʜʘʥʦʾ ʬʦʨʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʜʥʦʟʥʘʯʥʦ. 
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ʋɼʂ 514.7(075.8) 

 

ɻɽʆɼɽɿʀʏʅɯ ʃɯʅɯɰ ʅɸ ɻʃɸɼʂʀʍ ʂʆʅɯʏʅʀʍ ʇʆɺɽʈʍʅʗʍ 

ʃ. ɺ. ʎʠʛʘʥʦʢ, ʗ. ɺ. ʃʠʪʦʚʯʝʥʢʦ 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʥʽʯʥʫ ʧʦʚʝʨʭʥʶ ὑ ʟ ʚʝʨʰʠʥʦʶ ʫ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ ʧʨʷʤʦʢʫʪʥʦʾ ʩʠʩʪʝʤʠ 

ὕὭᴆὮᴆὯᴆ. ɿʘ ʥʘʧʨʷʤʥʫ ὰ ʮʽʻʾ ʧʦʚʝʨʭʥʽ ʚʽʟʴʤʝʤʦ ʦʜʥʫ ʟ ʮʝʥʪʨʘʣʴʥʦ ʩʠʤʝʪʨʠʥʠʭ ʣʽʥʽʡ ʧʝʨʝʪʠʥʫ ʢʦʥʫ-

ʩʘ ὑ ʽʟ ʩʬʝʨʦʶ Ὃ ʦʜʠʥʠʯʥʦʛʦ ʨʘʜʽʫʩʘ ʟ ʮʝʥʪʨʦʤ ʫ ʧʦʯʘʪʢʫ 

ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 1). ʅʝʭʘʡ  ὰ ï ʛʣʘʜʢʘ ʣʽʥʽʷ ʢʣʘʩʫ ὅ2 (ʜʚʽʯʽ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ) ʟʘʜʘʥʘ ʚʝʢʪʦʨʥʠʤ ʨʽʚʥʷʥʥʷʤ 

                                             ”ᴆ= ”ᴆ(ὺ)                                 (1) 

ʫ ʧʨʠʨʦʜʥʽʡ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ, ʜʝ ʧʘʨʘʤʝʪʨ ὺ ʥʘʙʫʚʘʻ ʟʥʘ-

ʯʝʥʴ ʟ ʯʠʩʣʦʚʦʛʦ ʧʨʦʤʽʞʢʫ ɯ. 

ʊʦʜʽ ʚʝʢʪʦʨʥʝ ʨʽʚʥʷʥʥʷ ʢʦʥʫʩʘ ὑ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

Ὑᴆ= ό”ᴆὺ, 

ʜʝ όᶰ Њ,+Ð ,ὺɴ Ὅ. 
ʅʝʭʘʡ ʛʝʦʜʝʟʠʯʥʘ ʣʽʥʽʷ ‎ ʟʘʜʘʥʘ ʥʘ ʢʦʥʽʯʥʽʡ ʧʦʚʝʨ-

ʭʥʽ ὑ ʚʥʫʪʨʽʰʥʽʤʠ ʨʽʚʥʷʥʥʷʤʠ 

                    ό= όί,ὺ= ὺ(ί)                                           (2) 

ʟ ʧʨʠʨʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ί. ɼʽʩʪʘʥʝʤʦ ʚʝʢʪʦʨʥʝ ʨʽʚʥʷʥʥʷ ʛʝʦʜʝʟʠʯʥʦʾ ʣʽʥʽʾ ‎ 
 

                                                        ὶᴆ= ό(ί)”ᴆὺί , ίɴ Ὅ1.                                                               (3) 

 

ʆʩʢʽʣʴʢʠ ʣʽʥʽʷ ‎ ʻ ʛʝʦʜʝʟʠʯʥʦʶ ʣʽʥʽʻʶ ʧʦʚʝʨʭʥʽ ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʷʢʱʦ ʾʾ ʛʦʣʦʚʥʘ ʥʦʨʤʘʣʴ ʫ 
ʢʦʞʥʽʡ ʪʦʯʮʽ ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʦʨʤʘʣʣʶ ʜʦ ʧʦʚʝʨʭʥʽ, ʟʥʘʡʜʝʤʦ ʚʝʢʪʦʨ 

 

ᾀ 

Ὥᴆ Ὦᴆ 

Ὧᴆ 

ὕ 

ʈʠʩ. 1 

ώ 

ʈʠʩ. 1 

ὼ 
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ὔᴆ= Ὑᴆό
ǋ Ὑᴆὺ
ǋ 

 

ʥʦʨʤʘʣʽ ʜʦ ʢʦʥʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʫʤʦʚʠ ό 0, ʱʦ ʚʠʢʣʶʯʘʻ ʚʝʨʰʠʥʫ ʢʦʥʫʩʘ.  ʊʦʜʽ 

 

Ὑᴆό
ǋ = ”ᴆὺ,  Ὑᴆὺ

ǋ= ό
Ὠ”ᴆ

Ὠὺ
,  ὔᴆ= ό”ᴆὺ 

Ὠ”ᴆ

Ὠὺ
, 

ʘʙʦ 

ὔᴆ= ό”ᴆ  ”ᴆǋ, ʜʝ ”ᴆ= ”ᴆὺ,  ”ᴆǋ=
Ὠ”ᴆ

Ὠὺ
. 

 

ʈʦʟʛʣʷʥʝʤʦ ʚʝʢʪʦʨ ὔᴆ1 = ”ᴆ ”ᴆǋ, ʷʢʠʡ ʢʦʣʽʥʝʘʨʥʠʡ ʚʝʢʪʦʨʫ  ὔᴆ, ʦʪʞʝ ʻ ʥʘʧʨʷʤʥʠʤ ʚʝʢʪʦʨʦʤ 
ʥʦʨʤʘʣʽ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ ʢʦʥʫʩʘ ὑ ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʚʝʨʰʠʥʠ ʆ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʣʽʥʽʷ ὰ ʣʝʞʠʪʴ ʥʘ ʩʬʝʨʽ Ὃ ʦʜʠʥʠʯʥʦʛʦ ʨʘʜʽʫʩʘ ʟ ʮʝʥʪʨʦʤ ʆ ʜʣʷ ʚʩʽʭ ʟʥʘʯʝʥʴ 

ὺɴ Ὅ, ”ᴆ ʚ (1) ʻ ʦʜʠʥʠʯʥʠʤ ʚʝʢʪʦʨʦʤ, ʪʦʜʽ ʚʝʢʪʦʨ ”ᴆǋ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ”ᴆ ʽ ”ᴆǋ= 1, ʪʦʤʫ ʱʦ ʚ 
ʨʽʚʥʷʥʥʽ (1) ὺ ï ʧʨʠʨʦʜʥʠʡ ʧʘʨʘʤʝʪʨ. 

ʆʪʞʝ, ʟʛʽʜʥʦ ʦʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʥʦʛʦ ʜʦʙʫʪʢʫ ʚʝʢʪʦʨ ὔᴆ1 ʪʘʢʦʞ ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ, ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʥʠʡ ʜʦ ʚʝʢʪʦʨʽʚ ”ᴆ, ”ᴆǋ ʽ ʪʨʽʡʢʘ ʚʝʢʪʦʨʽʚ ”ᴆ, ”ᴆǋ,ὔᴆ1  ʤʘʻ ʧʨʘʚʫ ʦʨʽʻʥʪʘʮʽʶ. 

ɿʥʘʡʜʝʤʦ ʚʝʢʪʦʨ ʢʨʠʚʠʥʠ Ὧ’ᴆ ʛʝʦʜʝʟʠʯʥʦʾ ʣʽʥʽʾ ‎, ʦʩʢʽʣʴʢʠ ʚʽʥ ʻ ʥʘʧʨʷʤʥʠʤ ʚʝʢʪʦʨʦʤ ʛʦ-

ʣʦʚʥʦʾ ʥʦʨʤʘʣʽ ‎. ɿʛʽʜʥʦ ʬʦʨʤʫʣʠ ʌʨʝʥʝ Ὧ’ᴆ=
Ὠ†ᴆ

Ὠί
,  †ᴆ=

Ὠὶᴆ

Ὠί
  ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʜʦʪʠʯʥʦʾ. ɿ ʨʽʚ-

ʥʷʥʥʷ ʛʝʦʜʝʟʠʯʥʦʾ ʣʽʥʽʾ (3), ʚʨʘʭʦʚʫʶʯʠ (2), ʟʥʘʭʦʜʠʤʦ 

 

ὶᴆǋ= όǋ”ᴆ+ ό”ᴆǋὺǋ,   ʜʝ ὶᴆǋ=
Ὠὶᴆ

Ὠί
, ”ᴆǋ=

Ὠ”ᴆ

Ὠὺ
, όǋ=

Ὠό

Ὠί
, ὺǋ=

Ὠὺ

Ὠί
. 

 

ʆʩʢʽʣʴʢʠ ὶᴆǋ ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ, ὶᴆǋ2 = 1, ʟʚʽʜʩʠ 

 

όǋ2”ᴆ2 + 2όόǋὺǋ”ᴆ ”ᴆǋ+  ό2”ᴆǋ
2
ὺǋ2 =  όǋ2 + ό2ὺǋ2 = 1, 

 

ʪʦʤʫ ʱʦ ”ᴆ2 = ”ᴆǋ
2

= 1, ”ᴆ ”ᴆǋ= 0. ɼʽʩʪʘʣʠ ʨʽʚʥʷʥʥʷ 

 

                                                              όǋ2 + ό2ὺǋ2 = 1.                                                             (4) 

 

ɼʠʬʝʨʝʥʮʽʶʶʯʠ ʧʦʭʽʜʥʫ ὶᴆǋ= όǋ”ᴆ+ ό”ᴆǋὺǋ ʧʦ ʧʨʠʨʦʜʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ί, ʟʥʘʭʦʜʠʤʦ ʚʝʢʪʦʨ 

 

ὶᴆǋǋ= Ὧ’ᴆ= όǋǋ”ᴆ+ 2όǋὺǋ”ᴆǋ+ όὺǋǋ”ᴆǋ+ όὺǋ
2
 ”ᴆǋǋ=  

= όǋǋ”ᴆ+ 2όǋὺǋ+ όὺǋǋ”ᴆǋ+ όὺǋ2 ”ᴆǋǋ, 
 

ʜʝ  ὶᴆǋǋ=
Ὠ2ὶᴆ

Ὠί2
,  ”ᴆǋǋ=

Ὠ2”ᴆ

Ὠὺ2,  όǋǋ=
Ὠ2ό

Ὠί2
,  ὺǋǋ=

Ὠ2ὺ

Ὠί2
. 

ɺʥʘʩʣʽʜʦʢ ʢʦʣʽʥʝʘʨʥʦʩʪʽ ʚʝʢʪʦʨʽʚ ὔᴆ1 ʽ Ὧ’ᴆ ʾʭ ʚʝʢʪʦʨʥʠʡ ʜʦʙʫʪʦʢ ʜʦʨʽʚʥʶʻ ʥʫʣʴʦʚʦʤʫ ʚʝʢ-

ʪʦʨʫ: 

 

ὔᴆ1 ,Ὧ’ᴆ= 0, 

 

ʟʚʽʜʩʠ ʜʽʩʪʘʥʝʤʦ 

”ᴆ  ”ᴆǋ, όǋǋ”ᴆ+ 2όǋὺǋ+ όὺǋǋ”ᴆǋ+ όὺǋ2 ”ᴆǋǋ = 0ᴆ, 

 

ʘʙʦ 

 

όǋǋ”ᴆǋ 2όǋὺǋ+ όὺǋǋ”ᴆ+ όὺǋ2 ”ᴆ ”ᴆǋǋ”ᴆǋ= 0ᴆ, 

                                      όǋǋ+  όὺǋ2 ”ᴆ ”ᴆǋǋ”ᴆǋ 2όǋὺǋ+ όὺǋǋ”ᴆ= 0ᴆ,                                              (5) 
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ʪʦʤʫ ʱʦ 

 

”ᴆ  ”ᴆǋ”ᴆ= ”ᴆǋ, ”ᴆ  ”ᴆǋ”ᴆǋ= ”ᴆ, ”ᴆ  ”ᴆǋ”ᴆǋǋ= ”ᴆ ”ᴆǋǋ”ᴆǋ 

 

ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ 

 

ὥᴆ ὦᴆὧᴆ= ὦᴆὥᴆ ὧᴆ  ὥᴆὦᴆ ὧᴆ, 

 

ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ”ᴆ2 = ”ᴆǋ
2

= 1, ”ᴆ  ”ᴆǋ= 0, ”ᴆǋ”ᴆǋǋ= 0. 

ʆʩʢ̔ʣʴʢʠ ʚʝʢʪʦʨʠ ”ᴆ ʽ   ”ᴆǋ ʥʝʢʦʣʽʥʝʘʨʥʽ, ʪʦ ʚʦʥʠ ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʽ ʽ ʟ ʨʽʚʥʦʩʪʽ (5) ʚʠʧʣʠʚʘʻ 
ʩʠʩʪʝʤʘ 

 

                                                              
2όǋὺǋ+ όὺǋǋ= 0,

όǋǋ+  όὺǋ2 ”ᴆ ”ᴆǋǋ= 0.
                                                            (6) 

 

ʆʙô̒ ʜʥʫʶʯʠ ʩʠʩʪʝʤʫ (6) ʽ ʨʽʚʥʷʥʥʷ (4) ʜʽʩʪʘʥʝʤʦ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

 

                                                            

2όǋὺǋ+ όὺǋǋ= 0,

 όǋ2 + ό2ὺǋ2 = 1,

όǋǋ+  όὺǋ
2
”ᴆ ”ᴆǋǋ= 0.

                                                             (7) 

 

ɿ ʧʝʨʰʦʛʦ ʨʽʚʥʷʥʥʷ (7) ʚʠʧʣʠʚʘʻ, ʱʦ ʜʦʙʫʪʦʢ ό2ὺǋ  ʻ ʩʪʘʣʠʤ ʯʠʩʣʦʤ, ʪʦʤʫ ʱʦ ʧʦʭʽʜʥʘ ʚʽʜ 
ό2ὺǋ  ʧʦ ʧʨʠʨʦʜʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ί ʜʦʨʽʚʥʶʻ ʥʫʣʶ: 

 

ό2ὺǋ
ǋ
= 2όόǋὺǋ+ ό2ὺǋǋ= ό2όǋὺǋ+ όὺǋǋ= 0. 

 

ʆʪʞʝ, ό2ὺǋ= ʩ, ʟʚʽʜʩʠ   ό4ὺǋ
2

= ʩ2 ʘʙʦ  

 

                                                               ό4 Ὠὺ2 = ὧ2 Ὠί2.                                                               (8) 

 

ɸ ʦʩʢʽʣʴʢʠ ʟ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (7) 

 

Ὠί2 = Ὠό2 + ό2 Ὠὺ2, 

 

ʧʽʜʩʪʘʚʣʷʶʯʠ Ὠί2 ʫ ʨʽʚʥʷʥʥʷ (8), ʜʽʩʪʘʥʝʤʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

 

ό4 Ὠὺ2 = ὧ2 Ὠό2 + ὧ2ό2 Ὠὺ2,  

 

ʘʙʦ 

 

 ό4 ὧ2ό2 Ὠὺ2 = ὧ2 Ὠό2, 

 

ʽʥʪʝʛʨʫʶʯʠ ʷʢʝ, ʜʽʩʪʘʥʝʤʦ 

 

ὺ= ὧ᷿
Ὠό

όЍό2 ὧ2
= ὥὶὧὧί

ό

ὧ
+ ὧ1 , 

ὧ1 ὺ= ὥὶὧὧί
ό

ὧ
, ὧ 0,  

ό=
ὧ

ίὭὲὧ1 ὺ
 . 

 

ʆʪʞʝ, ʚʝʢʪʦʨʥʝ ʨʽʚʥʷʥʥʷ ʩʽʤôʾ ʛʝʦʜʝʟʠʯʥʠʭ ʣʽʥʽʡ ʥʘ ʢʦʥʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ὑ ʤʘʻ ʚʠʛʣʷʜ 
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                                                                       ὶᴆ=
ὧ

ίὭὲὧ1 ὺ
”ᴆὺ.                                                          (9) 

 

ʊʨʝʪʻ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (7) ʚʩʪʘʥʦʚʣʶʻ ʟʚô̫ ʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʦʤ ὺ ʚ ʨʽʚʥʷʥʥʽ (1) ʽ ʧʨʠʨʦʜʥʠʤ 
ʧʘʨʘʤʝʪʨʦʤ ί ʫ ʨʽʚʥʷʥʥʽ (3). ʏʠʩʣʦ ”ᴆ ”ᴆǋǋ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʻʶ ”ᴆὺ ʚ ʨʽʚʥʷʥʥʽ (1) ʥʘ-

ʧʨʷʤʥʦʾ ʣʽʥʽʾ ὰ ʢʦʥ̔ʯʥʦʾ ʧʦʚʝʨʭʥʽ ὑ. 

ʅʘʧʨʠʢʣʘʜ, ʥʝʭʘʡ ʥʘʧʨʷʤʥʘ ὰ0 ʢʦʥʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ὑ ʟʘʜʘʥʘ ʨʽʚʥʷʥʥʤ 

 

                                                       ”ᴆ0
1

Ѝ2
ὧέίЍ2ὺ; 

1

Ѝ2
ίὭὲЍ2ὺ; 

1

Ѝ2
,                                           (10) 

 

ʜʝ ʧʘʨʘʤʝʪʨ ὺ ʥʘʣʝʞʠʪʴ ʧʨʦʤʽʞʢʫ Ὅ0 = [0; Ѝ2“). ʆʯʝʚʠʜʥʦ, ʣʽʥʽʷ ὰ0 ʚ (10) ï ʢʦʣʦ ʨʘʜʽʫʩʘ 1, ʨʦ-

ʟʤʽʱʝʥʝ ʫ ʧʣʦʱʠʥʽ ᾀ=
1

Ѝ2
. 

ɿʥʘʡʜʝʤʦ ʧʦʭʜ̔ʥ̔ 

 

”ᴆ0
ǋ ίὭὲЍ2ὺ;  ὧέίЍ2ὺ;  0 ;  

 ”ᴆ0
ǋǋЍ2ὧέίЍ2ὺ; Ѝ2ίὭὲЍ2ὺ;  0 . 

 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʚʩʽʭ ὺɴ Ὅ0 ȿ”ᴆ0ȿ= 1, ʢʦʣʦ ὰ0 ʥʘʣʝʞʠʪʴ ʩʬʝʨʽ Ὃ ʦʜʠʥʠʯʥʦʛʦ ʨʘʜʽʫʩʘ ʟ ʮʝʥʪʨʦʤ ʫ ʧʦ-

ʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ, ʘ ʪʘʢ ʷʢ ”ᴆ0
ǋ = 1 ʜʣʷ ʚʩʽʭ ὺɴ Ὅ0, ʪʦ ʧʘʨʘʤʝʪʨ ὺ ʚ (10) ʻ ʧʨʠʨʦʜʥʠʤ ʧʘʨʘʤʝʪ-

ʨʦʤ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʣʷ ”ᴆ0 ʚ (10) ”ᴆ0”ᴆ0
ǋǋ= 1, ʪʨʝʪʻ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (7) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

 

όǋǋόὺǋ
2

= 0. 

 

ɸ ʨʽʚʥʷʥʥʷʤ ʛʝʦʜʝʟʠʯʥʠʭ ʣʽʥʽʡ ʟʛʽʜʥʦ (9) ʻ 

 

ὶᴆ=
ὧ

ίὭὲὧ1 ὺ

1

Ѝ2
ὧέίЍ2ὺ; 

1

Ѝ2
ίὭὲЍ2ὺ; 

1

Ѝ2
 

 

ʥʘ ʢʦʥʽʯʥʽʡ ʧʦʚʝʨʭʥʽ 

ὑᴆ0 = ό
1

Ѝ2
ὧέίЍ2ὺ; 

1

Ѝ2
ίὭὲЍ2ὺ; 

1

Ѝ2
,  

 

 όᶰ Њ;  Ð , ὺɴ = [0; Ѝ2“). 
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ɼʆ ʇʀʊɸʅʅʗ ʇʈʆ ʇʆʉʊɯʁʅʋ ʉʂʃɸɼʆɺʋ ɺ ʉʇɽʂʊʈɸʍ  
ʌɸʈɸɼɽɰɺʉʔʂʆɻʆ ʆɹɽʈʊɸʅʅʗ ʊɸ ʋʇʆʈʗɼʂʋɺɸʅʅʗ  

ɺ ʊɺɽʈɼʀʍ ʈʆɿʏʀʅɸʍ (InAs)x-(CdTe)1-x 

ɺ.ʆ. ɸʥʽʱʝʥʢʦ 

ʉʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʚʝʣʠʢʘ ʛʨʫʧʘ ʩʠʩʪʝʤ ʪʠʧʫ ɸ
3
ɺ

5
ïɸ

2
ɺ

6
, ʚ ʷʢʠʭ ʚʠʷʚʣʝʥʦ ʫʪʚʦʨʝʥ-

ʥʷ ʛʝʪʝʨʦʚʘʣʝʥʪʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. 

ʊʝʦʨʝʪʠʯʥʠʡ ʽ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ ʛʦʤʦʛʝʥʥʽ ʦʙʣʘʩʪʽ ʧʦʙʣʠʟʫ ʚʠʭʽʜʥʠʭ ʧʦ-

ʜʚʽʡʥʠʭ ʩʧʦʣʫʢ ɸ
3
ɺ

5
 ʽ ɸ

2
ɺ

6
. ʌʘʟʠ ʚ ʮʠʭ ʦʙʣʘʩʪʷʭ ʻ ʩʠʣʴʥʦ ʣʝʛʦʚʘʥʠʤʠ ʘʙʦ ʩʠʣʴʥʦ ʢʦʤʧʝʥʩʦʚʘ-

ʥʠʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ, ʷʢʽ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʘʭ. 

ʋ ʛʝʪʝʨʦʚʘʣʝʥʪʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ (ʊʈ) ʯʘʩʪʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪ ʫʧʦʨʷʜʢʫʚʘʥʥʷ, 

ʧʦʚôʷʟʘʥʠʡ ʟ ʝʢʩʪʨʝʤʫʤʘʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʽ ʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʋ ʨʦʙʦʪʽ [1] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʩʢʣʘʜʫ ʊʈ (InAs)x ï (CdTe)1-x ʤʝʪʦʜʦʤ ʤʽʞʟʦʥʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ. ʇʦʙʣʠʟʫ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʦʛʦ ʢʨʘʶ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʝʢʩ-

ʧʦʥʝʥʮʽʘʣʴʥʦ ʟʨʦʩʪʘʻ ʟ ʯʘʩʪʦʪʦʶ: 

0
0

( )
( )exp

( )

T
T

T

w w
a a

è ø-
= é ù

Dê ú

> >
,                (1) 

 

ʜʝ 0( )Ta  ï ʚʝʣʠʯʠʥʘ, ʱʦ ʩʣʘʙʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, w ï ʯʘʩʪʦʪʘ ʩʚʽʪʣʘ, 0w  ï ʧʦ-

ʨʦʛʦʚʘ ʯʘʩʪʦʪʘ, ( )TD  ï ʝʥʝʨʛʽʷ [1]. 

ʇʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʥʘ ʯʘʩʪʦʪʽ ʥʠʞʯʝ ʧʦʨʦʛʦʚʦʾ ʫ ʚʠʧʘʜʢʫ ʊʈ (InAs)x ï (CdTe)1-x ʟʫʤʦʚʣʝ-

ʥʝ, ʽʤʦʚʽʨʥʦ, ʜʚʦʤʘ ʯʠʥʥʠʢʘʤʠ: ʧʝʨʝʭʦʜʘʤʠ ʟ ʭʚʦʩʪʘ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʥʘ ʨʽʚʝʥʴ ʌʝʨʤʽ ʟʦʥʠ ʧʨʦ-

ʚʽʜʥʦʩʪʽ ʪʘ ʧʝʨʝʭʦʜʘʤʠ ʝʣʝʢʪʨʦʥʽʚ ʟ ʚʝʨʰʠʥʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʥʘ ʜʽʨʢʠ ʌʝʨʤʽ-ʟʘʧʦʚʥʝʥʥʷ. ʇʨʠ-

ʥʘʛʽʜʥʦ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʭʚʽʩʪ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʩʧʨʠʯʠʥʝʥʠʡ ʭʘʦʪʠʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʥʝʫʧʦʨʷʜʢʦ-

ʚʘʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʘʪʦʤʽʚ. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʛʫʩʪʠʥʘ ʩʪʘʥʽʚ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʩʧʘʜʘʻ ʚ ʛʣʠʙʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ. 

ɼʣʷ ʧʨʦʩʪʦʪʠ ʚ ʨʦʙʦʪʽ [1] ʧʨʠʧʫʩʪʠʣʠ, ʱʦ ʟʘʢʦʥ ʩʧʘʜʘʥʥʷ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʤʘʻ ʚʠʛʣʷʜ 

0exp( / )e- D, ʜʝ e ï ʝʥʝʨʛʽʷ, ʷʢʘ ʚʽʜʨʘʭʦʚʫʻʪʴʩʷ ʚʛʦʨʫ ʚʽʜ ʚʝʨʰʠʥʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, ʘ 0D  ï ʝʥʝʨ-

ʛʽʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʝʣʠʯʠʥʫ ʬʣʫʢʪʫʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝ-

ʤʧʝʨʘʪʫʨʠ. ʉʣʽʜ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʫ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ ʜʽʨʦʢ ʩʧʘʜʘʻ ʚʛʣʠʙ ʬʝʨʤʽ-

ʟʘʧʦʚʥʝʥʥʷ ʟʘ ʟʘʢʦʥʦʤ exp( / )kTe- , ʜʝ e ʪʝʧʝʨ ʚʽʜʨʘʭʦʚʫʻʪʴʩʷ ʚʥʠʟ ʚʽʜ ʨʽʚʥʷ ʌʝʨʤʽ (k  ï ʩʪʘʣʘ 

ɹʦʣʴʮʤʘʥʘ), ʘ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʘʜʘʻ ʟʘ ʟʘʢʦʥʦʤ (1) ʟ ( )T kTD = . ɿʨʦ-

ʟʫʤʽʣʦ, ʮʝʡ ʤʝʭʘʥʽʟʤ ʧʦʛʣʠʥʘʥʥʷ ʥʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʝʨ-

ʰʠʡ ʤʝʭʘʥʽʟʤ ʽ ʧʨʠ T OK­ . 

ʅʘ ʛʨʘʬʽʢʘʭ lg ( )f ha n= , ʧʦʙʫʜʦʚʘʥʠʭ ʜʣʷ ʊʈ (InAs)x ï (CdTe)1-x ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝ-

ʨʚʘʣʽ 100é500 ʂ ʯʽʪʢʦ ʚʠʜʥʦ ,ʱʦ ʥʘʭʠʣ ʜʦʚʛʦʭʚʠʣʴʦʚʠʭ ʜʽʣʷʥʦʢ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʎʝʡ ʥʘʭʠʣ ʽ ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨʥʫ ʜʣʷ ʜʘʥʦʛʦ ʟʨʘʟʢʘ ʝʥʝʨʛʽʶ 0D, ʷʢʘ ʜʘʻ ʙʝʟʧʦʩʝʨʝʜʥʶ ʽʥʬʦʨʤʘ-

ʮʽʶ ʧʨʦ ʭʚʽʩʪ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. ʂʦʨʦʪʢʦʭʚʠʣʴʦʚʽ ʞ ʜʽʣʷʥʢʠ ʫʪʚʦʨʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʝ ʚʽʷʣʦ, ʷʢʝ 

ʩʭʦʜʠʪʴʩʷ ʚ ʦʜʥʫ ʪʦʯʢʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʨʦʛʦʚʦʤʫ ʧʝʨʝʭʦʜʫ. ʎʽ ʜʽʣʷʥʢʠ ʢʨʠʚʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʝʨʝʭʦʜʘʤ ʥʘ ʜʽʨʢʠ ʫ ʌʝʨʤʽ-ʟʘʧʦʚʥʝʥʥʽ. ʂʦʣʠ ʝʥʝʨʛʽʷ ʢʚʘʥʪʘ ʩʪʘʻ ʤʝʥʰʦʶ ʟʘ ʰʠʨʠʥʫ ʟʘʙʦʨʦ-
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ʥʝʥʦʾ ʟʦʥʠ, ʟʘʢʠʜʠ ʝʣʝʢʪʨʦʥʽʚ ʚ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʩʪʘʶʪʴ ʥʝʤʦʞʣʠʚʠʤʠ, ʽ ʚ ʧʦʛʣʠʥʘʥʥʽ ʧʦʯʠʥʘʻ 

ʧʨʠʡʤʘʪʠ ʫʯʘʩʪʴ ʭʚʽʩʪ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʤʘʣʦʾ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʝʣʝʢʪ-

ʨʦʥʘ ʭʚʽʩʪ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʤʝʥʰʠʡ, ʘʥʽʞ ʚʘʣʝʥʪʥʦʾ. ʉʘʤʝ ʮʠʤ ʽ ʧʦʷʩʥʶʶʪʴʩʷ ʧʝʨʝʛʠʥʠ ʥʘ 

ʢʨʠʚʠʭ lg ( )f ha n= . 

ɼʣʷ ʩʧʣʘʚʽʚ (InAs)x ï (CdTe)1-x ʚʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ 0D  ʚʽʜ ʩʢʣʘʜʫ ʟ ʥʘʭʠʣʫ ʜʦʚʛʦʭʚʠʣʴʦ-

ʚʦʾ ʜʽʣʷʥʢʠ ʥʘ ʛʨʘʬʽʢʘʭ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ ʚʽʜ ʝʥʝʨʛʽʾ ʚʜʘʣʦʩʷ ʣʠʰʝ ʤʝʥʰʝ ʜʦ 1 

ʤʦʣ.% ʪʝʣʫʨʠʜʘ ʢʘʜʤʽʶ [1]. ʇʦʷʚʘ ʫʩʝʨʝʜʠʥʽʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʚ ʟʦʥʽ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʮʴʦʤʫ ʞ ʝʥʝ-

ʨʛʝʪʠʯʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʤʘʩʢʫʻ ʢʘʨʪʠʥʫ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ ʧʝʨʝʭʦʜʘʭ ʥʘ ʭʚʦʩʪʘʭ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚ 

ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ. ʊʦʤʫ ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʚʤʽʩʪʦʤ CdTe ʙʽʣʴʰʠʤ ʟʘ 1 ʤʦʣ.% 
0D  ʚʠʟʥʘʯʘʣʠ ʟ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ( )Ts s= , ʜʝ / ( )kT Ts= D , ʘ 
1

0 0( ) ( / )Td dTs-

­D = . ɿʘʣʝʞʥʽʩʪʴ 

0D  ʚʽʜ ʩʢʣʘʜʫ ʊʈ (InAs)x ï (CdTe)1-x ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ 

0D  ʚʽʜ ʩʢʣʘʜʫ ʊʈ (InAs)x ï (CdTe)1-x (0 ï ʟʥʘʯʝʥʥʷ 
0D, ʦʜʝʨʞʘʥʽ ʟ ʥʘʭʠʣʫ  

ʜʦʚʛʦʭʚʠʣʴʦʚʠʭ ʜʽʣʷʥʦʢ ʟʘʣʝʞʥʦʩʪʝʡ lg ( )f ha n= ; ³ï ʟʥʘʯʝʥʥʷ 
0D, ʦʙʨʘʭʦʚʘʥʽ  

ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ( )Ts s= ) 

 

ɿ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʚʤʽʩʪʽ ʚ ʩʧʣʘʚʽ 0,5 ʤʦʣ.% CdTe 0D  ʥʘʙʫʚʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘ-

ʯʝʥʥʷ, ʷʢʝ ʜʦʨʽʚʥʶʻ 0,028 ʝɺ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʬʣʫʢʪʫʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʛʨʘʪʢʠ (ʥʘʡʙʽʣʴʰʘ ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʽʩʪʴ) ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ ʚ ʊʈ 0,5 ʤʦʣ.% CdTe. ʋ ʟʘʟʥʘʯʝ-

ʥʽʡ ʚʠʱʝ ʦʙʣʘʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʠʩʪʝʤʽ InAs ï CdTe ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʘ-

ʢʦʞ ʤʽʥʽʤʫʤ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʥʘ ʜʥʽ ʟʦʥʠ [2]. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʙʽ-

ʣʴʰʝ ʟʥʘʯʝʥʥʷ ʬʣʫʢʪʫʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʙʣʠʟʫ ʧʝʨʝʭʦʜʫ ʜʦ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ. 

ʋ ʧʨʘʮʽ [3] ʧʦʚʽʜʦʤʣʷʣʦʩʷ ʧʨʦ ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʫ ʌʘʨʘʜʝʷ (ɽʌ) ʚ ʊʈ (InAs)x ï (CdTe)1-x . ɺ 

ʮʠʭ ʨʦʟʯʠʥʘʭ ʤʘʻ ʤʽʩʮʝ ɽʌ ʥʘ ʚʽʣʴʥʠʭ ʥʦʩʽʷʭ ʟʘʨʷʜʫ. ʇʨʦʪʝ ʝʢʩʪʨʘʧʦʣʷʮʽʷ ʛʨʘʬʽʢʽʚ ʟʘʣʝʞʥʦʩʪʽ 

ʧʠʪʦʤʦʛʦ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʤʝʥʽʚ / Hdq  ʚʽʜ ʢʚʘʜʨʘʪʘ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʷʢʽ 

ʻ ʧʨʷʤʠʤʠ ʣʽʥʽʷʤʠ, ʜʦ 0l=  ʤʢʤ, ʥʝ ʧʨʠʚʦʜʠʪʴ ʾʭ ʜʦ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ, ʘ ʚʽʜʩʽʢʘʻ ʧʦʚʥʠʡ ʜʦ-

ʜʘʪʥʽʡ ʚʽʜʨʽʟʦʢ ʥʘ ʦʩʽ ʦʨʜʠʥʘʪ. ʅʘ ʧʨʠʨʦʜʫ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʬʘʨʘʜʝʾʚʩʴʦʛʦ ʦʙʝʨʪʘʥʥʷ (ʌʆ) 

ʥʘ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʘʭ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʧʦʣʷʜʠ. ɭ ʩʧʨʦʙʠ ʧʦʷʩʥʠʪʠ ʧʦʩʪʽʡʥʫ ʩʢʣʘʜʦʚʫ ʚ GaAs ʚʥʝ-

ʩʢʦʤ ʤʽʞʟʦʥʥʦʛʦ ɽʌ [4]. ɺ ʨʦʙʦʪʽ [5] ʮʝ ʷʚʠʱʝ ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʙʘʛʘʪʦʢʨʘʪʥʠʤ ʚʽʜʙʠʚʘʥʥʷʤ ʚ 

ʟʨʘʟʢʘʭ n-GaAs ʪʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʟʨʘʟʢʽʚ. ʇʨʠʨʦʜʘ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ 

ʧʦʚôʷʟʘʥʘ ʟ ʨʽʟʥʠʤ ʟʘʧʦʚʥʝʥʥʷʤ ʤʘʛʥʽʪʥʠʭ ʧʽʜʟʦʥ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʚ n-InSb [6]. ʆʜʥʘʢ ʧʠʪʘʥ-

ʥʷ ʧʨʦ ʧʦʩʪʽʡʥʫ ʩʢʣʘʜʦʚʫ ʫ ʩʧʝʢʪʨʘʭ ʌʆ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʨʦʟʚôʷʟʘʥʝ. 
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ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʌʆ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʈ (InAs)x ï (CdTe)1-x 

 
ʅʘʤ ʚʠʜʘʣʦʩʷ ʜʦʮʽʣʴʥʠʤ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʌʆ ʚʽʜ ʩʢʣʘʜʫ 

ʊʈ (InAs)x ï (CdTe)1-x (ʨʠʩ. 2). ɿ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ 0( / )Hd lq =  ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʊʈ ʤʘʻ ʷʚʥʦ ʚʠʨʘʞʝʥʠʡ ʥʝʤʦʥʦʪʦʥʥʠʡ ʭʘʨʘʢʪʝʨ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʚ ʦʙʣʘʩʪʽ ʭʽʤʽʯʥʠʭ 

ʩʢʣʘʜʽʚ ʊʈ, ʙʣʠʟʴʢʠʭ ʜʦ 0,5 ʤʦʣ.% CdTe ʪʘ ʤʽʥʽʤʫʤ ʚ ʦʙʣʘʩʪʽ 1,5é2,5 ʤʦʣ.% CdTe. ʇʦʨʽʚʥʶʶ-

ʯʠ ʨʠʩ. 1 ʽ 2 ʙʘʯʠʤʦ, ʱʦ ʤʘʢʩʠʤʫʤ 0( / )Hd lq =  ʥʘ ʨʠʩ. 2 ʧʨʠʧʘʜʘʻ ʥʘ ʪʦʡ ʞʝ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʊʈ, 

ʱʦ ʽ ʤʘʢʩʠʤʫʤ 
0D  ʥʘ ʨʠʩ. 1. ʎʝ ʜʘʻ ʧʽʜʩʪʘʚʠ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ ʌʆ ʫ ʊʈ (In-

As)x ï (CdTe)1-x ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʩʪʫʧʽʥʴ ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʘʪʦʤʽʚ ʫ ʩʧʣʘʚʽ, 

ʷʢʘ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ InAs 0,5 ʤʦʣ.% CdTe. ʐʠʨʦʢʠʡ ʤʽʥʽʤʫʤ ʚ 

ʦʙʣʘʩʪʽ 1,5é2,5 ʤʦʣ.% CdTe, ʽʤʦʚʽʨʥʦ, ʚʢʘʟʫʻ ʥʘ ʤʘʢʩʠʤʘʣʴʥʝ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʘʪʦʤʽʚ ʫ ʊʈ ʽ ʧʝ-

ʨʝʭʽʜ ʚʽʜ ʧʦʜʚʽʡʥʦʛʦ ʣʝʛʫʚʘʥʥʷ InAs ʢʘʜʤʽʻʤ ʽ ʪʝʣʫʨʦʤ ʜʦ ʫʪʚʦʨʝʥʥʷ çʚʣʘʩʥʝè ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

(InAs)x (CdTe)1-x. ʅʘ ʢʦʨʠʩʪʴ ʪʘʢʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʩʚʽʜʯʠʪʴ ʟʘʣʝʞʥʽʩʪʴ ʬʘʨʘʜʝʾʚʩʴʢʦʾ ʝʬʝʢʪʠʚʥʦʾ 

ʤʘʩʠ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʈ. ɽʬʝʢʪʠʚʥʘ ʤʘʩʘ ʚ ʊʈ (InAs)x (CdTe)1-x ʟ ʚʤʽʩʪʦʤ CdTe 

ʜʦ 2,5 ʤʦʣ.% ʧʦʤʽʤʥʦ ʤʝʥʰʘ, ʥʽʞ ʫ ʣʝʛʦʚʘʥʦʤʫ ʪʝʣʫʨʦʤ InAs ʟ ʪʘʢʦʶ ʞ ʢʦʥʬʝʥʪʨʘʮʽʻʶ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ [3]. ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʊʈ ʟ ʚʤʽʩʪʦʤ CdTe 1,0é3,5 ʤʦʣ.% ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ 

ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʘ: (1,0é1,1)10
19

 ʩʤ
-3
. ʊʦʤʫ ʟʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʥʝ ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ, ʘ 

ʦʙʫʤʦʚʣʝʥʘ, ʽʤʦʚʽʨʥʦ, ʪʽʻʶ ʦʙʩʪʘʚʠʥʦʶ, ʱʦ ʧʨʠ ʚʤʽʩʪʽ ʚ ʊʈ CdTe ʫ ʢʽʣʴʢʦʩʪʽ (1,0é2,0) ʤʦʣ.% 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. 

ʅʘ ʢʦʨʠʩʪʴ ʪʘʢʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʩʚʽʜʯʠʪʴ ʌʆ ʚ ʟʨʘʟʢʫ ʽʟ ʚʤʽʩʪʦʤ ʪʝʣʫʨʠʜʫ  

ʢʘʜʤʽʶ 1,5ʤʦʣ.% (
191,1 10N= Ö  ʩʤ

-3
,

2ʩʤ
1970

ɺ ʩ
U =

Ö
, ʨʠʩ. 3) [3]. 

ʋ ʮʴʦʤʫ ʟʨʘʟʢʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʥʰʠʭ, ʤʘʻ ʤʽʩʮʝ ʤʽʞʟʦʥʥʠʡ ʝʬʝʢʪ 

ʌʘʨʘʜʝʷ, ʚ ʩʧʝʢʪʨʽ ʷʢʦʛʦ ʩʧʦʩʪʝʨʽʛʘ-

ʻʪʴʩʷ ʤʘʢʩʠʤʫʤ, ʙʣʠʟʴʢʠʡ ʜʦ ɽg. 

ʄʘʢʩʠʤʫʤ ʚʽʜʧʦʚʽʜʘʻ ʝʥʝʨʛʽʾ 0,31 

ʝɺ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ ʫ ʚʠʭʽʜʥʦʤʫ InAs ʧʨʠ ʊ = 296 ʂ 

ʜʦʨʽʚʥʶʻ 0,35 ʝɺ [7]. 

ɼʣʷ InAs ʚʥʝʩʦʢ ʚ ʤʽʞʟʦʥʥʠʡ 

ʝʬʝʢʪ ʌʘʨʘʜʝʷ ʟʽ ʩʪʘʥʽʚ ʟʦʥʠ ʣʝʛʢʠʭ 

ʜʽʨʦʢ ʪʘ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʦ ʚʽʜʱʝʧʣʝ-

ʥʦʾ ʟʦʥʠ ʚʽʜôʻʤʥʠʡ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʝ-

ʨʝʭʦʜʠ ʟʽ ʩʪʘʥʽʚ ʟʦʥʠ ʚʘʞʢʠʭ ʜʽʨʦʢ 
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ʈʠʩ. 3. ʉʧʝʢʪʨʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʌʆ ʚ ʪʚʝʨʜʦʤʫ  

ʨʦʟʯʠʥʽ (InAs)0,985 (CdTe)0,015 ʜʣʷ ʊ = 296 ʂ [3] 
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ʩʧʨʠʯʠʥʷʶʪʴ ʜʦʜʘʪʥʻ ʦʙʝʨʪʘʥʥʷ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʝʥʝʨʛʽʾ ʬʦʪʦʥʽʚ ʽ ʥʘʙʣʠʞʝʥʥʽ ʾʾ ʜʦ -ὉὫ ʨʟ̔~̯‫

ʢʦ ʟʨʦʩʪʘʻ ʚʥʝʩʦʢ ʧʝʨʝʭʦʜʽʚ ʟ ʥʘʡʤʝʥʰʠʤʠ ʝʥʝʨʛʽʷʤʠ. ɼʣʷ InAs ʪʘ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʡʦʛʦ 

ʦʩʥʦʚʽ ʚ ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʦʧʪʠʯʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʟ ʥʘʡʤʝʥʰʠ-

ʤʠ ʝʥʝʨʛʽʷʤʠ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʻ ʧʝʨʝʭʦʜʠ ʟʽ ʩʪʘʥʽʚ ʟʦʥʠ ʣʝʛʢʠʭ ʜʽʨʦʢ. ɺ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ 

ʚʠʧʘʜʢʫ ʟʥʘʢ ʬʘʨʘʜʝʾʚʩʴʢʦʛʦ ʦʙʝʨʪʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʟʦʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʘʥʦʛʦ ʤʘ-

ʪʝʨʽʘʣʫ ʽ ʟʘʧʦʚʥʝʥʥʷʤ ʨʽʚʥʽʚ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ [4]. ʊʦʤʫ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ 

-ὉὫ ʚ ʊʈ (InAs)0,985 (CdTe)0,015 ʟʘ ʨʘʭʫʥʦʢ ʨʘʥʽʰʝ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʯʠʥʥʠʢʽʚ ʨʝʘʣʽʟʫʻʪʴʩʷ ʪʘ~̯‫

ʢʠʡ ʥʘʙʽʨ ʟʦʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʧʨʠ ʷʢʠʭ ʧʦʯʠʥʘʶʪʴ ʧʝʨʝʚʘʞʘʪʠ ʧʝʨʝʭʦʜʠ ʽʟ ʟʦʥʠ ʣʝʛʢʠʭ ʜʽʨʦʢ 

ʥʘʜ ʧʝʨʝʭʦʜʘʤʠ ʽʟ ʟʦʥʠ ʚʘʞʢʠʭ ʜʽʨʦʢ, ʱʦ ʽ ʦʙʫʤʦʚʣʶʻ ʽʥʚʝʨʩʽʶ ʟʥʘʢʘ ʌʆ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʊʈ (InAs)x ï (CdTe)1-x ʚ ʦʙʣʘʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʡ CdTe 1,5 ʤʦʣ.% ʩʧʦʩʪʝʨʽʛʘ-

ʶʪʴʩʷ ʝʢʩʪʨʝʤʘʣʴʥʽ ʪʦʯʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʬʘʨʘʜʝʾʚʩʴʢʦʾ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʪʘ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ, 

ʧʦʚôʷʟʘʥʽ ʟ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ ʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʘʪʦʤʽʚ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʪʮʽ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ. ɯʥ-

ʜʠʢʘʪʦʨʦʤ ʩʪʫʧʝʥʷ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʚ ʊʈ (InAs)x (CdTe)1-x, ʽʤʦʚʽʨʥʦ, ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʧʦʩʪʽʡʥʘ 

ʩʢʣʘʜʦʚʘ ʬʘʨʘʜʝʾʚʩʴʦʛʦ ʦʙʝʨʪʘʥʥʷ. 
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ɽʌɽʂʊ ʌɸʈɸɼɽʗ ɺ ɸʈʉɽʅɯɼɯ ɻɸʃɯʖ, ʆɼʅʆʏɸʉʅʆ ʃɽɻʆɺɸʅʆʄʋ  
ɼʆʅʆʈʅʆʖ (ʊʝ) ɯ ɸʂʎɽʇʊʆʈʅʆʖ (ʉd) ɼʆʄɯʐʂɸʄʀ 

ɺ. ʆ. ɸʥʽʱʝʥʢʦ 

ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʜʦʤʽʰʦʢ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʤʘʻ ʚʝʣʠʢʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘ-

ʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʫʚʝʜʝʥʥʷ ʜʦʤʽʰʦʢ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪ-

ʨʘʤʠ. 

ɼʦʤʽʰʢʠ ʧʦʨʫʰʫʶʪʴ ʪʨʘʥʩʣʷʮʽʡʥʫ ʩʠʤʝʪʨʽʶ ʢʨʠʩʪʘʣʘ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ, ʩʪʨʦʛʦ ʢʘʞʫʯʠ, 

ʧʦʥʷʪʪʷ ʢʚʘʟʽʽʤʧʫʣʴʩʘ, ʟʦʥʠ ʽ ʪ.ʜ. ʚʪʨʘʯʘʶʪʴ ʧʦʧʝʨʝʜʥʽʡ ʩʝʥʩ. 

ɺʧʣʠʚ ʜʦʤʽʰʢʠ ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʨʠʩʪʘʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʬʘʢʪʦ-

ʨʽʚ. 

1. ʇʦʪʝʥʮʽʘʣ ʜʦʤʽʰʢʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʪʝʥʮʽʘʣʫ ʟʘʤʽʱʝʥʦʛʦ ʘʪʦʤʘ, ʨʽʟʥʠʮʷ ʜʘʻ ʪʘʢ 

ʟʚʘʥʝ ʣʦʢʘʣʴʥʝ ʟʙʫʨʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ. 
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2. ɸʪʦʤ ʜʦʤʽʰʢʠ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʘʪʦʤʘ, ʷʢʠʡ ʚʦʥʘ ʟʘʤʽʱʘʻ, ʟʘ ʨʦʟʤʽʨʦʤ. ʎʝ ʩʧʨʠ-

ʯʠʥʷʻ ʜʝʬʦʨʤʘʮʽʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʚ ʦʢʦʣʽ ʜʦʤʽʰʢʠ, ʱʦ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ. 

3. ɸʪʦʤ ʜʦʤʽʰʢʠ ʥʝ ʣʠʰʝ ʟʩʫʚʘʻ ʥʘʡʙʣʠʞʯʽ ʘʪʦʤʠ ʛʨʘʪʢʠ, ʘʣʝ ʽ ʟʤʽʥʶʻ ʾʭ ʧʦʪʝʥʮʽʘʣ. ʊʦʤʫ 

ʨʦʟʩʽʶʚʘʯʝʤ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʚ ʜʦʤʽʰʢʦʚʦʤʫ ʢʨʠʩʪʘʣʽ ʙʫʜʝ ʥʝ ʩʘʤʘ ʜʦʤʽʰʢʘ, ʘ çʢʦʤʧʣʝʢʩè ï ʘʪʦʤ 

ʜʦʤʽʰʢʠ + ʦʪʦʯʝʥʥʷ ʜʦʤʽʰʢʠ ʚ ʢʨʠʩʪʘʣʽ [1]. 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʚ ʘʨʩʝʥʽʜʽ ʛʘʣʽʶ, ʣʝʛʦʚʘʥʦʤʫ ʣʠʰʝ ʜʦʥʦʨʥʠʤʠ ʜʦʤʽʰʢʘ-

ʤʠ, ʚʠʚʯʝʥʠʡ ʜʦʩʠʪʴ ʜʦʙʨʝ [2, 3, 4]. ʈʘʟʦʤ ʟ ʪʠʤ ʚ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʽ ʜʘʥʽ ʧʨʦ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʦʜʚʽʡʥʦ ʣʝʛʦʚʘʥʦʤʫ ʜʦʥʦʨʥʠʤʠ ʽ ʘʢʮʝʧʪʦʨʥʠʤʠ ʜʦʤʽʰʢʘʤʠ ʘʨʩʝʥʽʜʽ ʛʘ-

ʣʽʶ, ʦʪʨʠʤʘʥʽ, ʟʦʢʨʝʤʘ, ʥʘ ʦʩʥʦʚʽ ʝʬʝʢʪʫ ʌʘʨʘʜʝʷ (ɽʌ). 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ɽʌ ʚ GaAs, ʦʜʥʦʯʘʩʥʦ ʣʝʛʦʚʘʥʦʤʫ ʜʦʤʽʰʢʘʤʠ ʪʝʣʫʨʫ ʽ ʢʘʜʤʽʶ, ʤʝʪʦ-

ʜʦʤ ʥʘʧʨʷʤʣʝʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʛʨʘʜʽʻʥʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʢʨʫʧʥʦʙ-

ʣʦʯʥʠʡ ʟʣʠʚʦʢ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ ʟ ʚʤʽʩʪʦʤ ʚ ʥʴʦʤʫ 0,1 ʤʦʣ. % CdTe. ɿʨʘʟʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʨʽ-

ʟʘʣʠʩʷ ʟ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʟʣʠʚʢʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʡʦʛʦ ʧʦʚʟʜʦʚʞʥʴʦʾ ʦʩʽ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʪʠ 

ʟʨʘʟʢʠ ʟ ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʝʣʝʢʪʨʦʥʽʚ. 

ɽʣʝʢʪʨʠʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʟʨʘʟʢʘʭ ʨʦʟʤʽʨʘʤʠ 12³3³1,5 ʤʤ
3
 ʟʘ ʢʣʘʩʠʯʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ ʚ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʥʦʤʫ ʽ ʪʝʧʣʦʚʦʤʫ ʧʦʣʷʭ. ɿʨʘʟʢʠ ʙʫʣʠ ʥʠʟʴ-

ʢʦʦʤʥʠʤʠ ʽ ʝʣʝʢʪʨʠʯʥʦ ʦʜʥʦʨʽʜʥʠʤʠ ʧʦ ʜʦʚʞʠʥʽ. 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟʨʘʟʢʠ ʰʣʽʬʫʚʘʣʠʩʷ ʘʙʨʘʟʠʚʥʠʤʠ ʧʦʨʦʰʢʘʤʠ 

ʪʘ ʧʦʣʽʨʫʚʘʣʠʩʷ ʘʙʨʘʟʠʚʥʠʤʠ ʧʘʩʪʘʤʠ ʜʦ ʪʦʚʱʠʥ 150 ʤʢʤ. 

ɺʩʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʘʟʢʽʚ, ʚʠʤʽʨʷʥʽ ʪʘ ʦʙʨʘʭʦʚʘʥʽ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 1. 
ʊʘʙʣʠʮʷ 1 

ˉ ʟʨʘʟʢʽʚ GaAs, ʦʜʥʦʯʘʩʥʦ ʣʝʛʦʚʘʥʦʛʦ ʜʦʤʽʰʢʘʤʠ ʊʝ ʽ Cd, ʢʦʥʮʝʥʪʨʘʮʽʷ N ʝʣʝʢʪʨʦʥʽʚ, ʪʦʚʱʠʥʘ ʟʨʘʟʢʽʚ 

d, ʚʽʜʧʦʚʽʜʥʠʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ l ʧʠʪʦʤʠʡ ʢʫʪ ʧʦʚʦʨʦʪʫ ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʤʝʥʽʚ / Hdq  ʪʘ ʬʘʨʘ-

ʜʝʾʚʩʴʢʘ ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʽʚ *

0/Fm m  ʜʣʷ ʊ = 296ʂ 

ˉ 

ʟʨʘʟʢʘ 

N, 

ʩʤ
-3 

d, 

ʤʢʤ 

l, 

ʤʢʤ 

10
4

Hd

q
, 

ʨʘʜ/ɽÖʩʤ 

*

0

Fm

m
 

4n 2,8Ö10
18 143 6,0 11,9 0,081°0,009 

13n 3,9Ö10
18

 142 6,0 9,9 0,10°0,01 

1n 4,3Ö10
18

 110 6,0 12,9 0,096°0,010 

8n 5,7Ö10
18

 110 6,0 22,6 0,084°0,009 

 

ɿ ʛʨʘʬʽʢʽʚ 2/ ( )Hd fq l=  (ʨʠʩ. 1) ʚʠʜʥʦ, ʱʦ ʚ ʘʨʩʝʥʽʜʽ ʛʘʣʽʶ, ʦʜʥʦʯʘʩʥʦ ʣʝʛʦʚʘʥʦʤʫ ʊʝ ʽ 

Cd, ʤʘʻ ʤʽʩʮʝ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʤʝʥʽʚ ʚʽʜ 

ʢʚʘʜʨʘʪʘ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ɽʌ ʥʘ ʚʽʣʴʥʠʭ ʥʦʩʽʷʭ ʟʘʨʷʜʫ. ʇʨʦʪʝ ʝʢʩʪʨʘʧʦ-

ʣʷʮʽʷ ʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ ʛʨʘʬʽʢʽʚ ʜʦ 0l=  ʤʢʤ ʥʝ ʧʨʠʚʦʜʠʪʴ ʾʭ ʜʦ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ, ʘ ʚʽʜʩʽʢʘʻ 

ʧʝʚʥʠʡ ʜʦʜʘʪʥʽʡ ʚʽʜʨʽʟʦʢ ʥʘ ʦʩʽ ʦʨʜʠʥʘʪ. ɯʩʥʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʝʨʪʘʥʥʷ ʧʨʠ 0l=  ʤʢʤ ʤʦʞ-

ʥʘ ʧʦʚôʷʟʘʪʠ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʦʜʚʽʡʥʦʛʦ ʣʝʛʦʚʘʥʦʛʦ GaAs ʷʢ ʥʝʫʧʦʨʷʜʢʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʦ ʥʘʭʠʣʫ ʟʘʣʝʞʥʦʩʪʝʡ 2/ ( )Hd fq l= , ʟʘ ʬʦʨʤʫʣʦʶ 

 

3 2
*

42
F

r

Ne
m

n c
Hd

l

q
p

= ,                   (1) 

ʜʝ ʝ ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ, rn  ï ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʧʨʦʟʦʨʦʩʪʽ ʟʨʘʟʢʽʚ, ʩ ï ʰʚʠʜʢʽʩʪʴ 

ʩʚʽʪʣʘ, ʚʠʟʥʘʯʘʣʘʩʷ ʬʘʨʘʜʝʾʚʩʴʢʘ ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ *

0/Fm m  (ʪʘʙʣ. 1). 
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ʈʠʩ. 1. ɿʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ ɯ4-ʧʨʦʤʝʥʽʚ / Hdq  ʚʽʜ 2l  ʜʣʷ 

ʟʨʘʟʢʽʚ 4n, 13n, 1n, 8n ʦʜʥʦʯʘʩʥʦ ʣʝʛʦʚʘʥʦʛʦ ʜʦʤʽʰʢʘʤʠ ʊʝ ʽ Cd GaAs ʧʨʠ ʊ = 296ʂ 
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ɼʣʷ ʦʙʨʘʭʫʥʢʽʚ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ rn  ʧʨʠʡʤʘʚʩʷ ʨʽʚʥʠʤ 3,4. ʇʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚ-

ʥʦʾ ʤʘʩʠ ʩʢʣʘʜʘʣʘ 10%. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʝʣʝʢʪʨʦʥʽʚ ʚ GaAs, ʣʝʛʦʚʘʥʦʤʫ ʣʠʰʝ ʜʦʥʦʨʥʦʶ 

ʜʦʤʽʰʢʦʶ, ʽ ʧʦʜʚʽʡʥʦ ʣʝʛʦʚʘʥʦʤʫ ʪʝʣʫʨʦʤ ʽ ʢʘʜʤʽʻʤ, ʤʠ ʧʝʨʝʥʝʩʣʠ ʥʘ ʨʠʩ. 2 ʬʘʨʘʜʝʾʚʩʴʢʽ ʝʬʝʢ-

ʪʠʚʥʽ ʤʘʩʠ ʝʣʝʢʪʨʦʥʽʚ, ʥʘʚʝʜʝʥʽ ʚ [4, ʉ. 144]. ɿʽʨʦʯʢʘʤʠ ʧʦʢʘʟʘʥʽ ʝʬʝʢʪʠʚʥʽ ʤʘʩʠ, ʦʪʨʠʤʘʥʽ ʥʘ-

ʤʠ. ʅʘʰʽ ʟʥʘʯʝʥʥʷ *

0/Fm m  ʫ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ ʝʬʝʢʪʠʚʥʠʭ ʤʘʩ, 

ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʟʨʘʟʢʽʚ ʣʠʰʝ ʟ ʜʦʥʦʨʥʠʤʠ ʜʦʤʽʰʢʘʤʠ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʫ ʚʠʚʯʝʥʦʤʫ ʢʦʥ-

ʮʝʥʪʨʘʮʽʡʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʧʝʢʪʨʽ ʝʣʝʢʪʨʦʥʽʚ ʧʦʜʚʽʡʥʦ ʣʝʛʦʚʘʥʦʛʦ 

GaAs ʽ ʣʝʛʦʚʘʥʦʛʦ ʣʠʰʝ ʜʦʥʦʨʥʦʶ ʜʦʤʽʰʢʦʶ, ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 
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ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʬʘʨʘʜʝʾʚʩʴʢʦʾ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʝʣʝʢʪʨʦʥʽʚ *

0/Fm m  ʚ GaAs 

ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ: ¶ ï [4], *  ï ʥʘʰʽ ʜʘʥʽ 
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ʊɽʈʄʆɽʈʉ ʊɸ ɽʌɽʂʊʀɺʅɸ ʄɸʉɸ ɼɯʈʆʂ ɺ ZnSnAs2 ʊɸ ZnGeAs2 

ɺ.ʆ. ɸʥʽʱʝʥʢʦ 

ʇʦʪʨʽʡʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʧʦʣʫʢʠ ɸ
2
ɺ

4
ʉ

5
2 ʻ ʥʘʡʙʣʠʞʯʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ, ʭʽʤʽʯʥʠʤʠ ʽ 

ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ʧʦʜʚʽʡʥʠʭ ʩʧʦʣʫʢ ɸ
3
ɺ

5
, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʦ-

ʙʥʠʮʪʚʘ ʯʠʩʣʝʥʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ. 

ʍʽʤʽʯʥʘ ʡ ʝʣʝʢʪʨʦʥʥʘ ʘʥʘʣʦʛʽʷ ʧʦʪʨʽʡʥʠʭ ʽ ʧʦʜʚʽʡʥʠʭ ʩʧʦʣʫʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʜʽʙʥʠʤ ʭʽ-

ʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʘʥʽʦʥʽʚ ʚ ʩʧʦʣʫʢʘʭ ʦʙʦʭ ʪʠʧʽʚ, ʘ ʪʘʢʦʞ ʨʽʚʥʽʩʪʶ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʘʙʦ, 

ʽʥʘʢʰʝ ʢʘʞʫʯʠ, ʨʽʚʥʽʩʪʶ ʢʽʣʴʢʦʩʪʽ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʢʦʞʥʠʡ ʘʪʦʤ ʫ ʙʫʜʴ-ʷʢʽʡ ʩʧʦʣʫʮʽ 

ʮʠʭ ʪʠʧʽʚ. ʂʨʠʩʪʘʣʦʭʽʤʽʯʥʘ ʘʥʘʣʦʛʽʷ ɸ
2
ɺ

4
ʉ

5
2 ʪʘ ɸ

3
ɺ

5
 ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʩʧʽʣʴʥʦʤʫ ʜʣʷ ʧʦʜʚʽʡʥʠʭ ʽ 
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ʧʦʪʨʽʡʥʠʭ ʩʧʦʣʫʢ ʪʝʪʨʘʝʜʨʠʯʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʘʪʦʤʽʚ ʫ ʩʪʨʫʢʪʫʨʽ ʪʘ ʧʦʜʽʙʥʦʤʫ ʪʠʧʽ ʭʽʤʽʯʥʦʛʦ 

ʟʚôʷʟʢʫ ʤʽʞ ʥʠʤʠ. 

ɽʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ZnSnAs2 ʚʠʚʯʝʥʽ ʜʦʩʠʪʴ ʜʦʙʨʝ [1]. ʈʘʟʦʤ ʟ ʪʠʤ ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ 

ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʜʽʨʦʢ, ʚʠʟʥʘʯʝʥʘ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʝʬʝʢʪʽʚ ʧʝʨʝ-

ʥʦʩʫ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʽ ʩʢʣʘʜʘʻ 0,27m0 ʽ 0,64m0 [2], 0,6m0 [3,4], 0,43m0 [5] ʽ 0,525 m0 [6]. 

ʉʝʨʝʜ ʧʦʪʨʽʡʥʠʭ ʘʨʩʝʥʽʜʽʚ ZnGeAs2 ʻ, ʤʘʙʫʪʴ, ʥʘʡʤʝʥʰʝ ʚʠʚʯʝʥʦʶ ʩʧʦʣʫʢʦʶ. ɺʝʣʠʯʠʥʠ 

ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʜʣʷ ʜʽʨʦʢ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ (0,74 m0 [2]; 0,4m0 [7]), ʚʽʜ-

ʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. ɺʽʜʤʽʥʥʦʩʪʽ ʫ ʚʝʣʠʯʠʥʘʭ ʝʬʝʢʪʠʚʥʠʭ ʤʘʩ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʜʽʨʦʢ ʚ ZnSnAs2 

ʪʘ ZnGeAs2 ʧʦʚôʷʟʘʥʽ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʟ ʥʝ ʜʫʞʝ ʪʦʯʥʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ ʪʝʨʤʦɽʈʉ ʢʨʠʩʪʘʣʽʚ ʪʘ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʤʝʭʘʥʽʟʤʫ ʨʦʟʩʽʶʚʘʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ 296T K= ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

(ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ s, ʢʦʝʬʽʮʽʻʥʪʘ ʍʦʣʣʘ Rx ʽ ʪʝʨʤʦɽʈʉ a) ʧʦʪʨʽʡʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠ-

ʢʦʚʠʭ ʩʧʦʣʫʢ ZnSnAs2 ʪʘ ZnGeAs2, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʟʦʥʥʦʛʦ ʚʠʨʽʚʥʶʚʘʥʥʷ. ɿʨʘʟʢʠ ʜʣʷ ʜʦʩ-

ʣʽʜʞʝʥʥʷ ʚʠʨʽʟʘʤʠ ʽʟ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʟʣʠʚʢʘ. ʊʝʨʤʦɽʈʉ ʚʠʤʽʨʶʚʘʣʘʩʷ ʟʘ ʤʝʪʦʜʠʢʦʶ [8]. ʉʫ-

ʤʘʨʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ a ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 5%. ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ZnSnAs2 ʪʘ 

ZnGeAs2 ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 
ʊʘʙʣʠʮʷ 1 

ɼʝʷʢʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ZnSnAs2 ʪʘ ZnGeAs2 ʧʨʠ 296T K=  

ʉʧʦʣʫʢʘ 
s, 

ʆʤ
-1
ʩʤ

-1 
Rx, 

ʩʤ
3
/ʢʣ 

ʨ, 

ʩʤ
-3
 

ux, 

ʩʤ
2
/ɺÖʩ 

a, 

ʤʢɺ/ʂ 

ZnSnAs2 92 0,47 1,4Ö10
19 

43 210 

ZnGeAs2 38 0,34 1,9Ö10
19

 13 260 

ï ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ s ï 10%; 

ï ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ p ï 6%; 

ï ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ a ï 5%. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʜʽʨʦʢ ʙʽʣʷ ʢʨʘʶ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʚ ʩʧʦʣʫʢʘʭ 
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 [9], ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʜʣʷ ʪʝʨʤʦɽʈʉ ʬʦʨʤʫʣʫ 
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ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʚʠʧʘʜʢʫ ʢʚʘʜʨʘʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚʽʜ ʢʚʘʟʽʽ-

ʤʧʫʣʴʩʫ ʽ ʩʪʝʧʝʥʝʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ ʚʽʜ ʝʥʝʨʛʽʾ. ɺ (1) k ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ, ʝ ï ʟʘʨʷʜ 

ʝʣʝʢʪʨʦʥʘ, r ï ʧʘʨʘʤʝʪʨ ʨʦʟʩʽʶʚʘʥʥʷ, *

1( )rF m+
, *( )rF m  ï ʽʥʪʝʛʨʘʣʠ ʌʝʨʤʽ, *m  ï ʧʨʠʚʝʜʝʥʠʡ ʨʽ-

ʚʝʥʴ ʌʝʨʤʽ. 

ɼʣʷ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʽʦʥʘʭ ʜʦʤʽʰʢʠ 2r = , ʥʘ ʘʢʫʩʪʠʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʛʨʘʪʢʠ 0r = , ʥʘ ʦʧ-

ʪʠʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ r = 1/2  ʧʨʠ T Tq<   ʽ 1r =   ʧʨʠ T Tq>  (Tq ï ʪʝʤʧʝʨʘʪʫʨʘ ɼʝʙʘʷ). 

ɺʠʤʽʨʶʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʪʝʨʤʦɽʈʉ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʤʦ-

ʛʨʘʤ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣʠ (1) ʜʣʷ ʨʽʟʥʠʭ r ʪʘ *m, ʧʨʠʚʝʜʝʥʠʡ ʨʽʚʝʥʴ ʌʝʨʤʽ, ʦʮʽʥʠʪʠ 

ʩʪʫʧʽʥʴ ʚʠʨʦʜʞʝʥʥʷ ʜʽʨʢʦʚʦʛʦ ʛʘʟʫ ʽ ʜʣʷ ʟʘʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʦʟʩʽʶʚʘʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 

 

                                                    ὴ= 4“
2ά ὯzὝ
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3

2
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2

(‘ᶻ)                                                      (2) 

 

ʦʙʯʠʩʣʠʪʠ ʝʬʝʢʪʠʚʥʫ ʤʘʩʫ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʜʽʨʦʢ ʚ ʧʘʨʘʙʦʣʽʯʥʽʡ ʟʦʥʽ. ʋ ʬʦʨʤʫʣʽ (2) ʨ ï ʢʦʥʮʝʥʪ-

ʨʘʮʽʷ ʜʽʨʦʢ, m
*
 ï ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ, ʊ ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, h ï ʩʪʘʣʘ ʇʣʘʥʢʘ. 

ʆʜʝʨʞʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʧʨʠʚʝʜʝʥʦʛʦ ʨʽʚʥʷ ʌʝʨʤʽ ʽ ʚʽʜʧʦʚʽ-

ʜʥʽ ʾʤ ʝʬʝʢʪʠʚʥʽ ʤʘʩʠ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʚ ZnSnAs2 ʪʘ ZnGeAs2 ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. 

ʋ ʟʨʘʟʢʘʭ ZnSnAs2 ʪʘ ZnGeAs2 ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʽʨʦʢ ʙʽʣʴʰʝ 10
19
ʩʤ

-3
 ʩʪʘʣʘ ʍʦʣʣʘ ʧʨʘʢ-

ʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʰʠʨʦʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠ-
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ʨʦʜʞʝʥʥʷ ʛʘʟʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ [3,7]. ʊʦʤʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2 ʝʬʝʢʪʠʚʥʽ ʤʘʩʠ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ, ʦʙ-

ʨʘʭʦʚʘʥʽ ʜʣʷ ʚʽʜôʻʤʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠʚʝʜʝʥʦʛʦ ʨʽʚʥʷ ʌʝʨʤʽ, ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʥʝ ʙʫʜʝʤʦ. 

 
ʊʘʙʣʠʮʷ 2 

ʇʨʠʚʝʜʝʥʠʡ ʨʽʚʝʥʴ ʌʝʨʤʽ *m  ʪʘ ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʜʽʨʦʢ m
*
/m0 ʚ ZnSnAs2 ʽ ZnGeAs2  

ʧʨʠ ʊ = 296ʂ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ ʨʦʟʩʽʶʚʘʥʥʷ r 

r 
ZnSnAs2 ZnGeAs2 

*m  m
*
/m0 

*m  m
*
/m0 

0 ï 0,1 0,84 ï 0,8 1,50 

1/2 0,60 0,60 ï 0,2 1,10 

1 1,2 0,46 0,3 0,85 

2 3,0 0,25 1,7 0,46 

ï ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ 
*m  ï 10%; 

ï ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ m
*
/m0 ï 16%. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʧʦʣʫʢʠ ɸ
2
ɺ

4
ʉ

5
2 ʻ ʥʘʡʙʣʠʞʯʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ, ʭʽʤʽʯʥʠʤʠ ʽ ʢʨʠʩʪʘ-

ʣʦʭʽʤʽʯʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ɸ
3
ɺ

5
, ʚ ʷʢʠʭ ʫ ʚʠʧʘʜʢʫ ʧʨʦʚʽʜʥʦʩʪʽ ʨ-ʪʠʧʫ ʧʨʠ ʢʽʤʥʘ-

ʪʥʠʭ ʽ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʝʨʝʚʘʞʘʻ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʽʦʥʘʭ ʜʦʤʽʰʢʠ ʪʘ ʘʢʫʩʪʠʯʥʠʭ ʢʦʣʠʚʘʥ-

ʥʷʭ ʛʨʘʪʢʠ, ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʤʦʞʣʠʚʠʡ ʤʝʭʘʥʽʟʤ ʨʦʟʩʽʶʚʘʥʷ ʥʘ ʦʧʪʠʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʪʘʢʦʞ ʥʝ 

ʙʫʜʝʤʦ. 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʤʽʨʢʫʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚ ZnSnAs2 ʪʘ ZnGeAs2 ʧʨʠ ʊ = 

296ʂ ʧʝʨʝʚʘʞʘʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ ʻ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʽʦʥʘʭ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʜʦʤʽʰʦʢ ʪʘ ʜʝʬʝʢ-

ʪʘʭ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ ʚ ʢʘʪʽʦʥʥʽʡ ʧʽʜʛʨʘʪʮʽ (r = 2). ɿʛʽʜʥʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʦʮʽʥʢʘʤ ʚ ʨʘʤʢʘʭ 

ʬʦʨʤʘʣʽʟʤʫ ʢʚʘʟʽʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʪʘʢʽ ʢʨʠʩʪʘʣʠ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʜʝʬʝʢʪʠ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ ʚ 

ʢʘʪʽʦʥʥʽʡ ʧʽʜʛʨʘʪʮʽ ʚ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ 10
19
ʩʤ

-3
 [10]. 

ʊʦʤʫ ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ ʜʽʨʦʢ ʚ ZnSnAs2 ʧʨʠ ʊ = 296ʂ m
*
 = (0,25°0,04)m0, 

ʱʦ ʜʦʙʨʝ ʩʧʽʚʧʘʜʘʻ ʽʟ ʟʥʘʯʝʥʥʷʤ m
 *
 = 0,27 m0, ʦʪʨʠʤʘʥʠʤ ʚ ʨʦʙʦʪʽ [2]. 

ʋ ZnGeAs2 m
*
 = (0,46°0,07)m0. ʋ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʮʝ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʩʧʽʚʧʘʜʘʻ 

ʟ ʨʝʟʫʣʴʪʘʪʦʤ, ʦʪʨʠʤʘʥʠʤ ʚ ʨʦʙʦʪʽ [7] (0,4 m0), ʽ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟ ʚʝʣʠʯʠʥʦʶ m
*
, ʷʢʫ ʦʪʨʠʤʘʚ ʘʚ-

ʪʦʨ ʨʦʙʦʪʠ [2] (0,74m0). 
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ɺʀɿʅɸʏɽʅʅʗ ɽʂɺɸʊʆʈɯɸʃʔʅʀʍ ʂʆʆʈɼʀʅɸʊ ʉʆʅʎʗ  
ɿɸ ʉʇʆʉʊɽʈɽɾɽʅʅʗʄʀ ʅɸ ɸʉʊʈʆʅʆʄɯʏʅʆʄʋ ʄɸʁɼɸʅʏʀʂʋ 

ɺ.ʆ. ɸʥʽʱʝʥʢʦ, ɻ.ʇ. ɻʨʠʱʝʥʢʦ 

ʋ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʧʨʘʢʪʠʢʫʤʽ ʟ ʘʩʪʨʦʥʦʤʽʾ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʘʩʪʨʦʥʦʤʽʯʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ 

ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʫ ʧʦʣʫʜʝʥʥʦʾ ʣʽʥʽʾ, ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪ 

ʤʽʩʮʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʢʫʪʘ ʥʘʭʠʣʫ ʝʢʣʽʧʪʠʢʠ ʜʦ ʝʢʚʘʪʦʨʘ [1]. ʆʜʥʘʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʘʩʪʨʦ-

ʥʦʤʽʯʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʽ ʝʢʚʘʪʦʨʽʘʣʴʥʽ ʢʦʦʨʜʠʥʘʪʠ ʉʦʥʮʷ  ʽ ‌
½

 ʚ ʤʦʤʝʥʪ 

ʡʦʛʦ ʚʝʨʭʥʴʦʾ ʢʫʣʴʤʽʥʘʮʽʾ. ɸʥʘʣʽʟ ʟʤʽʩʪʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʧʨʘʢʪʠʢʫʤʽʚ ʟ ʘʩʪʨʦʥʦʤʽʾ ʜʣʷ ʥʝʘʩʪʨʦ-

ʥʦʤʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʩʚʽʜʯʠʪʴ, ʱʦ ʣʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ʟ ʚʠʟʥʘʯʝʥʥʷ ‏
½

 ̔  ‌
½

 ʚ 

ʞʦʜʥʦʤʫ ʟ ʥʠʭ ʥʝ ʦʧʠʩʘʥʘ [2 ï 7]. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʪʝʦʨʝʪʠʯʥʠʡ ʘʩʧʝʢʪ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ. ʉʧʦʩʪʝʨʽʛʘʯ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʮʝʥʪʨʽ ʥʝʙʝʩʥʦʾ ʩʬʝʨʠ, ʙʘʯʠʪʴ ʚ ʤʦʤʝʥʪ ʚʝʨʭʥʴʦʾ ʢʫʣʴʤʽʥʘʮʽʾ ʉʦʥʮʷ ʝʢʣʽʧʪʠʢʫ, ʥʝʙʝʩʥʠʡ ʝʢ-

ʚʘʪʦʨ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʡ ʛʦʨʠʟʦʥʪ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʪʘʢ, ʷʢ ʥʘ ʨʠʩʫʥʢʫ 1. ɺʠʤʽʨʷʚʰʠ ʚ ʮʝʡ ʤʦʤʝʥʪ 

ʚʠʩʦʪʫ ʉʦʥʮʷ Ὤ
½
, ʟʥʘʭʦʜʷʪʴ ʡʦʛʦ ʩʭʠʣʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ 

‏                                                         
½

= •+ Ὤ
½

90Ј.                                                        (1) 

ɻʝʦʛʨʘʬʽʯʥʽ ʰʠʨʦʪʠ ʽ ʜʦʚʛʦʪʠ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʠʭ ʤʽʩʪ ʋʢʨʘʾʥʠ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ɸʩʪʨʦʥʦʤʽ-

ʯʥʦʤʫ ʢʘʣʝʥʜʘʨʽ ɻɸʆ ʅɸʅʋ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɿ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ CQ  (ʨʠʩ. 1), ʟʘ ʬʦʨʤʫʣʘʤʠ ʩʬʝʨʠʯʥʦʾ ʪʨʠʛʦʥʦʤʝʪʨʽʾ [2,4], 
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ʆʪʞʝ, ʢʦʣʠ ʚʽʜʦʤʦ ʩʭʠʣʝʥʥʷ ʉʦʥʮʷ ‏
½

  ʚ ʜʝʷʢʠʡ ʤʦʤʝʥʪ ʽ ʢʫʪ e, ʪʦ ʟʘ ʬʦʨʤʫʣʦʶ (2) ʤʦ-

ʞʥʘ ʟʥʘʡʪʠ ʧʨʷʤʝ ʩʭʦʜʞʝʥʥʷ ʉʦʥʮʷ ʜʣʷ ʮʴʦʛʦ ʞ ʤʦʤʝʥʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʷʤʝ ʩʭʦʜʞʝʥʥʷ ʉʦ-

ʥʮʷ ʦʙʯʠʩʣʶʶʪʴ, ʘ ʥʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʤʽʨʷʶʪʴ ʚʽʜ ʫʷʚʥʦʾ ʪʦʯʢʠ ʚʝʩʥʷʥʦʛʦ ʨʽʚʥʦʜʝʥʥʷ, ʷʢʘ 

ʧʦʪʨʽʙʥʘ ʣʠʰʝ ʫ ʷʢʦʩʪʽ ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ. ʅʘʚʧʘʢʠ, ʾʾ ʧʦʣʦʞʝʥʥʷ ʥʘ ʥʝʙʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʷʤʠʤ 

ʩʭʦʜʞʝʥʥʷʤ ʉʦʥʮʷ. 

ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʤʽʨʷʪʠ ʚʠʩʦʪʫ ʉʦʥʮʷ Ὤ
½

 ʫ ʚʝʨʭʥʽʡ ʢʫʣʴʤʽʥʘʮʽʾ ʤʦʞʥʘ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʛʥʦʤʦʥʘ ï ʟʘʛʦʩʪʨʝʥʦʛʦ ʜʦ ʛʦʨʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʪʝʨʞʥʷ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʛʦʨʠʟʦʥʪʘ-

ʣʴʥʽʡ ʧʣʦʱʘʜʮʽ [1]. 

ɿʥʘʯʥʦ ʪʦʯʥʽʰʝ ʚʠʤʽʨʷʪʠ ʧʦʣʫʜʝʥʥʫ ʚʠʩʦʪʫ ʉʦʥʮʷ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʜʦʣʽʪʘ [1]. 

ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʩʧʦʯʘʪʢʫ ʦʙʨʘʭʫʚʘʪʠ ʤʦʤʝʥʪ ʩʧʨʘʚʞʥʴʦʛʦ ʧʦʣʫʜʥʷ ʟʘ ʧʦʷʩʥʠʤ ʘʙʦ ʣʽʪʥʽʤ ʯʘ-

ʩʦʤ ʟʘ ʬʦʨʤʫʣʘʤʠ 

                                                      
, . . 12h h

ʇ ʩʧʨʧʦʣT nh l= + + -,                                                (3) 

                                                     , . . 12 1h h h

ʃ ʩʧʨʧʦʣT nh l= + + - +,                                           (4) 

ʜʝ h ï ʨʽʚʥʷʥʥʷ ʯʘʩʫ, ʷʢʝ ʚʠʧʠʩʫʶʪʴ ʥʘ ʜʝʥʴ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟ ʪʘʙʣʠʮʽ çɽʬʝʤʝʨʠʜʠ ʉʦʥʮʷ ʪʘ ʄʽ-

ʩʷʮʷè ɸʩʪʨʦʥʦʤʽʯʥʦʛʦ ʢʘʣʝʥʜʘʨʷ ɻɸʆ ʅɸʅʋ, hn  ï ʥʦʤʝʨ ʛʦʜʠʥʥʦʛʦ ʧʦʷʩʘ, l ï ʛʝʦʛʨʘʬʽʯʥʘ 

ʜʦʚʛʦʪʘ, ʷʢʘ ʪʘʢʦʞ ʻ ʚ ɸʩʪʨʦʥʦʤʽʯʥʦʤʫ ʢʘʣʝʥʜʘʨʽ. 

ɿʘ 15é20 ʭʚʠʣʠʥ ʜʦ ʩʧʨʘʚʞʥʴʦʛʦ ʧʦʣʫʜʥʷ ʪʝʦʜʦʣʽʪ ʥʽʚʝʣʶʶʪʴ ʽ ʥʘʚʦʜʷʪʴ ʪʨʫʙʫ ʥʘ ʉʦʥʮʝ 

ʪʘʢ, ʱʦʙ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʠʩʢʘ ʉʦʥʮʷ ʚʽʜʥʦʩʥʦ ʧʝʨʝʭʨʝʩʪʷ ʦʢʫʣʷ-

ʨʘ ʙʫʣʦ ʪʘʢʠʤ, ʷʢ ʥʘ ʨʠʩʫʥʢʫ 2 (ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʤʥʦʛʦ ʩʚʽʪʣʦʬʽ-

ʣʴʪʨʘ ʦʙʦʚôʷʟʢʦʚʝ!). ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴ ʜʚʘ ʩʧʦʩʪʝʨʽʛʘʯʽ. 

ʆʜʠʥ ʟ ʥʠʭ ʫʚʝʩʴ ʯʘʩ ʫʪʨʠʤʫʻ ʤʽʢʨʦʤʝʪʨʠʯʥʠʤʠ ʛʚʠʥʪʘʤʠ ʜʠʩʢ 

ʉʦʥʮʷ ʫ ʥʝʟʤʽʥʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʚʽʜʥʦʩʥʦ ʧʝʨʝʭʨʝʩʪʷ ʦʢʫʣʷʨʘ, 

ʜʨʫʛʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʚʽʨʝʥʦʛʦ ʛʦʜʠʥʥʠʢʘ ʩʧʦʚʽʱʘʻ ʧʨʦ ʤʦ-

ʤʝʥʪ ʩʧʨʘʚʞʥʴʦʛʦ ʧʦʣʫʜʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʧʝʨʰʠʡ ʩʧʦʩʪʝʨʽʛʘʯ ʧʨʠ-

ʧʠʥʷʻ ʛʽʜʦʶʚʘʥʥʷ. 

ʋ ʤʦʤʝʥʪ ʩʧʨʘʚʞʥʴʦʛʦ ʧʦʣʫʜʥʷ ʚʠʤʽʨʶʶʪʴ ʚʠʩʦʪʫ ʥʠʞ-

ʥʴʦʛʦ ʢʨʘʶ ʉʦʥʷʯʥʦʛʦ ʜʠʩʢʘ (ʬʘʢʪʠʯʥʦ ʚʝʨʭʥʴʦʛʦ, ʙʦ ʪʨʫʙʘ ʪʝʦ-

ʜʦʣʽʪʘ ʜʘʻ ʦʙʝʨʥʝʥʝ ʟʦʙʨʘʞʝʥʥʷ) ʽ ʟʤʝʥʰʫʶʪʴ ʾʾ ʥʘ ʚʝʣʠʯʠʥʫ ʢʫ-

ʪʦʚʦʛʦ ʨʘʜʽʫʩʘ ʉʦʥʮʷ (16¡). 
ɿʥʘʡʰʦʚʰʠ ʟʘ ʬʦʨʤʫʣʘʤʠ (1), (2) ʩʭʠʣʝʥʥʷ ʪʘ ʧʨʷʤʝ ʩʭʦ-

ʜʞʝʥʥʷ ʉʦʥʮʷ, ʜʦʮʽʣʴʥʦ ʧʦʨʽʚʥʷʪʠ ʾʭ ʟ ʚʝʣʠʯʠʥʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ 

ʚ ɸʩʪʨʦʥʦʤʽʯʥʦʤʫ ʢʘʣʝʥʜʘʨʽ, ʷʢʽ ʪʨʝʙʘ ʝʢʩʪʨʘʧʦʣʶʚʘʪʠ ʥʘ ʤʦ-

ʤʝʥʪ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 
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ʋɼʂ 621.315 535.3:539.2 

 

ɿɹʋɼɾɽʅʅʗ ʇʆɺɽʈʍʅɽɺʀʍ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ ʍɺʀʃʔ  
ɺ ʆʇʊʀʏʅʆ-ɸʅɯɿʆʊʈʆʇʅʆʄʋ ʉʋʃʔʌɯɼɯ ʂɸɼʄɯʖ 

ɭ.ʌ. ɺʝʥʛʝʨ, ʃ.ʖ. ʄʝʣʴʥʠʯʫʢ, ʆ.ɺ. ʄʝʣʴʥʠʯʫʢ, ʇ.ʖ. ɹʫʣʘʚʝʥʢʦ 

ʋ ʰʠʨʦʢʦʟʦʥʥʠʭ ʦʧʪʠʯʥʦ-ʘʥʽʟʦʪʨʦʧʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʧʦʚʝʨʭʥʝʚʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

ʭʚʠʣʽ (ʧʦʚʝʨʭʥʝʚʽ ʧʦʣʷʨʠʪʦʥʠ) ʙʫʚʘʶʪʴ ʜʚʦʭ ʪʠʧʽʚ. ɼʦ ʧʝʨʰʦʛʦ ʟ ʥʠʭ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʘʢ ʟʚʘʥʽ 

ʩʠʥʛʫʣʷʨʥʽ ʧʦʚʝʨʭʥʝʚʽ ʟʙʫʜʞʝʥʥʷ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʚ ʨʦʙʦʪʘʭ [1 ï 3]. ʋ ʚʠʧʘʜʢʫ 

ʥʘʷʚʥʦʩʪʽ ʜʚʦʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜʧʦʚʽʜʥʦ ʽʟ ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʧʨʦʥʠʢʥʦʩʪʷʤʠ e0 ʪʘ e(ɜ) ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ 

(ʚʟʜʦʚʞ ʦʩʽ ʭ) ʤʦʞʫʪʴ ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠʩʷ ʧʦʚʝʨʭʥʝʚʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ ʜʨʫʛʦʛʦ ʪʠʧʫ. ɸʚʪʦ-

ʨʘʤʠ [4] ʧʦʢʘʟʘʥʦ, ʱʦ ʮʝʡ ʪʠʧ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʭʦʯʘ ʙ ʦʜʥʝ ʽʟ ʩʝʨʝʜʦʚʠʱ ʻ ʧʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʠʤ, ʪʦʙʪʦ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʷʢʦʛʦ ʫ ʧʝʚʥʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʻ ʚʽʜôʻʤʥʦʶ. 

ʇʨʠ ex < 0, ez < 0 (ʜʝ ex, ez ï ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ) ʟʙʫʜʞʫʶʪʴʩʷ ʧʦʚʝʨʭʥʝʚʽ ʧʦʣʷʨʠʪʦʥʠ 1-ʛʦ ʪʠʧʫ (ʇʇ-1), ʷʢʽ ʽʩʥʫʶʪʴ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʟʥʘ-

ʯʝʥʴ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ K (K
2 
> e1) ʧʦʚʝʨʭʥʝʚʠʭ ʧʦʣʷʨʠʪʦʥʽʚ. ɿʘ ʚʝʣʠʢʠʭ K ʮʝ ʧʦʚʝʨʭʥʝʚʽ ʬʦʥʦʥʠ 

(ʥʝ ʧʦʚôʷʟʘʥʽ ʟ ʬʦʪʦʥʘʤʠ), ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʝʟ ʚʨʘʭʫ-

ʚʘʥʥʷ ʟʘʧʽʟʥʝʥʥʷ. ʂʦʣʠ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ ex  < 0, ez > K
2
, ʤʘʶʪʴ ʤʽʩʮʝ ʧʦʚʝʨʭʥʝʚʽ ʧʦʣʷʨʠʪʦʥʠ 2-

ʛʦ ʪʠʧʫ (ʇʇ-2), ʧʨʠʯʦʤʫ ʚʦʥʠ ʽʩʥʫʶʪʴ ʚ ʦʙʤʝʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʭʚʠʣʴʦʚʠʭ ʚʝʢʪʦʨʽʚ ʽ ʭʘʨʘʢʪʝʨʥʽ 

ʪʽʣʴʢʠ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʠʭ ʢʨʠʩʪʘʣʽʚ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ [5] ʜʦʩʣʽʜʞʝʥʦ ʫʤʦʚʠ ʟʙʫʜʞʝʥʥʷ ʪʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʚ ʦʧʪʠʯʥʦ-ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʘʭ 

ʩʫʣʴʬʽʜʫ ʢʘʜʤʽʶ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʦʨʫʰʝʥʦʛʦ ʧʦʚʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʜʙʠʚʘʥʥʷ 

(ʇʇɺɺ) ʚ ɯʏ-ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʧʨʠ ʪʨʴʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʦʨʽʻʥʪʘʮʽʷʭ ʦʧʪʠʯʥʦʾ ʦʩʽ ʪʘ 

ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ. 

ɺ ʷʢʦʩʪʽ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʙʨʘʥʦ ʤʦʥʦʢʨʠʩʪʘʣʠ ʩʫʣʴʬʽʜʫ ʢʘʜʤʽʶ (CdS), ʷʢʠʡ ʤʦʞʝ 

ʙʫʪʠ ʷʢ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ, ʪʘʢ ʽ ʢʫʙʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. CdS ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʰʠʨʦʢʦʟʦʥʥʠʭ ʥʘʧʽ-

ʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʧʦʣʫʢ ʛʨʫʧʠ A
2
B

6
 ʽʟ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 2,4 ʝɺ ʧʨʠ T = 300 ʂ [6]. ʉʫ-

ʣʴʬʽʜ ʢʘʜʤʽʶ ʷʚʣʷʻʪʴʩʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ n-ʪʠʧʫ [7 ï 9]. ʉʫʣʴʬʽʜ ʢʘʜʤʽʶ ʚʦʣʦʜʽʻ ʫʥʽʢʘʣʴʥʠʤʠ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [6 ï 10], ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʡʦʛʦ ʚ ʝʣʝʢʪʨʦʥʥʽʡ, 

ʦʧʪʦʝʣʝʢʪʨʦʥʥʽʡ ʪʘ ʣʘʟʝʨʥʽʡ ʪʝʭʥʽʮʽ, ʬʦʪʦʧʨʠʡʤʘʯʘʭ ʪʘ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʷʭ [7, 11], ʚʽʥ ʻ ʱʝ ʡ 

ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʠʤ ʤʦʜʝʣʴʥʠʤ ʢʨʠʩʪʘʣʦʤ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʚʝʨʭʥʝʚʠʭ ʟʙʫʜʞʝʥʴ ʬʦʥʦʥʥʦʛʦ ʪʘ 

ʧʣʘʟʤʦʥ-ʬʦʥʦʥʥʦʛʦ ʪʠʧʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʩʧʝʢʪʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʩʫʣʴʬʽʜʫ ʢʘʜ-

ʤʽʶ ʚ ʦʙʣʘʩʪʽ ʟʘʣʠʰʢʦʚʠʭ ʧʨʦʤʝʥʽʚ ʧʨʠ ʜʚʦʭ ʚʟʘʻʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʦʨʽʻʥʪʘʮʽʷʭ ʦʧʪʠʯʥʦʾ ʦʩʽ ʉ 

ʪʘ ʚʝʢʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ɽ ʚ ʭʚʠʣʽ, ʱʦ ʧʘʜʘʻ, ʙʫʣʦ ʦʧʠʩʘʥʦ ʚ ʨʦʙʦʪʽ [5]. ɸʚʪʦʨʘʤʠ [12] ʨʦ-

ʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ʤʦʥʦʢʨʠʩʪʘʣʽʚ CdS ʧʨʠ ʦʨʽʻʥʪʘʮʽʷʭ ɽ̂ ʉ ʽ ɽ || ʉ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʽʚ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʚʟʘʻʤʦʫʟʛʦʜʞʝʥʽ 

ʦʙôʻʤʥʽ ʧʘʨʘʤʝʪʨʠ ʥʝʣʝʛʦʚʘʥʦʛʦ ʩʫʣʴʬʽʜʫ ʢʘʜʤʽʶ (ʪʘʙʣ. 1) ʪʘ ʧʘʨʘʤʝʪʨʠ ʧʣʘʟʤʦʥ-ʬʦʥʦʥʥʦʾ ʧʽʜ-

ʩʠʩʪʝʤʠ. 
 

ʊʘʙʣʠʮʷ 1  

ɺʟʘʻʤʦʫʟʛʦʜʞʝʥʽ ʦʙôʻʤʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʥʦʢʨʠʩʪʘʣʘ CdS 

ʅʘʧʨʷʤʦʢ Ů0 ŮÐ ɜʊ, ʩʤ
-1
 ɜL, ʩʤ

-1
 

ɽ̂ ʉ 8,28 5,24 243 307 

ɽ || ʉ 8,64 5,24 234 305 

 

ʋ ʨʦʙʦʪʽ [12] ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʚʟʘʻʤʦʫʟʛʦʜʞʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʥʦʢʨʠʩʪʘʣʘ CdS ʜʦʩ-

ʣʽʜʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʩʧʝʢʪʨʽʚ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ ʟʘ ʢʫʪʦʤ Q ʪʘ ʧʣʘʟʤʦʚʦʶ ʯʘʩʪʦʪʦʶ 

ɜp. ɺʧʝʨʰʝ ʚʠʟʥʘʯʝʥʦ ʯʘʩʪʦʪʠ ʚʽʜʩʽʯʦʢ ʧʦʟʜʦʚʞʥʴʦ-ʧʦʧʝʨʝʯʥʦʾ ʭʚʠʣʽ, ʥʫʣʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠ-

ʚʘʥʥʷ ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʪʘ ʟʘʪʫʭʘʥʥʷ ʬʦʥʦʥʥʦʾ ʽ ʧʣʘʟʤʦʚʦʾ ʧʽʜʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʚʽʜʙʠʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ɯʏ-ʜʽʘʧʘʟʦʥʫ ʚʽʜ ʦʜʥʦʚʽʩʥʠʭ ʦʧʪʠʯʥʦ-ʘʥʽʟʦʪʨʦʧʥʠʭ ʧʦ-
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ʣʷʨʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ CdS ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʟʥʘʯʥʦʶ ʬʦʥʦʥʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ ʪʘ ʩʠʣɹʥʦʶ 

ʘʥ̔ʟʦʪʨʦʧʽ̒ ʶ ʧʣʘʟʤʦʚʦʾ ʧʽʜʩʠʩʪʝʤʠ, ʱʦ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷ̒ ʪʴʩʷ ʚʽʜ ʢʦʝʬʽʮʽ̒ ʥʪʘ ʚʜ̔ʙʠʚʘʥʥʷ ʽʟʦʪ-

ʧʥʠʭ ʢʨʠʩʪʘʣʽʚ CdS. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʽʚ ʫ CdS 

ʚʦʜʠʪʴ ʜʦ ʟʤʽʱʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʤʝʞʽ ʦʙʣʘʩʪʽ ʧʨʦʟʦʨʦʩʪʽ. 

ʆʙʣʘʩʪʴ çʟʘʣʠʰʢʦʚʠʭ ʧʨʦʤʝʥʽʚè ʜʣʷ ʉdS ʟʛʽʜʥʦ [13, 14] ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʤʽʞ ʯʘʩ-

ʪʦʪʘʤʠ ɜʊ  ʽ ɜL. ɼʣʷ ʦʧʪʠʯʥʦ-ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʉdS ʮʝ ʻ ʧʨʦʤʽʞʦʢ ʤʽʞ ʯʘʩʪʦʪʘʤʠ 

230 ï 310 ʩʤ
-1
 (ʜʠʚ. ʪʘʙʣ. 1). ʗʢ ʚʽʜʦʤʦ, ʫ ʚʢʘʟʘʥʦʤʫ ʧʨʦʤʽʞʢʫ ʨʦʟʪʘʰʦʚʘʥʘ ʦʙʣʘʩʪʴ ʽʩʥʫ-

ʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʬʦʥʦʥʥʠʭ ʧʦʣʷʨʠʪʦʥʽʚ [1, 2, 4]. 

ɸʚʪʦʨʘʤʠ [1, 4] ʧʦʢʘʟʘʥʦ, ʱʦ ʩʧʝʢʪʨ ʧʦʚʝʨʭʥʝʚʠʭ ʧʦʣʷʨʠʪʦʥʽʚ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʜʚʦʤʘ 

ʤʝʪʦʜʘʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʧʽʚʮʠʣʽʥʜʨʘ ʧʦʨʫʰʝʥʦʛʦ ʧʦʚʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʜʙʠʚʘʥʥʷ. ʇʦ-

ʧʝʨʰʝ, ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʢʫʪʽ ʧʘʜʽʥʥʷ ʧʨʦʤʝʥʷ Ŭ ʚ ʝʣʝʤʝʥʪʽ ʇʇɺɺ ʽ ʩʢʘʥʫʚʘʥʥʽ ʯʘʩʪʦʪʠ ʘʙʦ ʧʨʠ 

ʟʤʽʥʽ ʢʫʪʘ Ŭ ʧʨʠ ʩʪʘʣʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ. ʇʨʠ ʮʴʦʤʫ ʜʠʩʧʝʨʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʚʢʘʟʘʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʇʨʠ ʩʢʘʥʫʚʘʥʥʽ ʟʘ ʯʘʩʪʦʪʦʶ ʜʠʩʧʝʨʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ɜʧʧ(ʂ) 

ʧʨʷʤʫʻ ʜʦ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʇʇ, ʘ ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ ʟʘ ʢʫʪʦʤ Ŭ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʭʚʠ-

ʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ ʯʘʩʪʦʪʘ ʥʝ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʛʨʘʥʠʯʥʦʾ ʯʘʩʪʦʪʠ ɜʧʧ, ʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʛʠʥ ʜʠʩ-

ʧʝʨʩʽʡʥʦʾ ʢʨʠʚʦʾ ʥʘʟʘʜ ʽ ʟʘʪʷʛʫʚʘʥʥʷ ʾʾ ʚ ʦʙʣʘʩʪʴ ʚʠʱʝ ɜʧʧ (ʪʘʢ ʟʚʘʥʘ çʢʨʠʚʘ ʧʦʚʝʨʪʘʥʥʷè), ʜʝ 

ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ Ů(ɜ) > ï 1. 

ɿʛʽʜʥʦ [1, 2, 4] ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ ʟʘ ʯʘʩʪʦʪʦʶ ɜ (Ŭ = const) ʫ ʩʧʝʢʪʨʽ ʇʇɺɺ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ, 

ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʷ ʜʠʩʧʝʨʩʽʾ, ʟôʷʚʣʷʻʪʴʩʷ ʤʽʥʽʤʫʤ ʚʽʜʙʠʚʘʥʥʷ. ʏʘʩʪʦʪʘ ʤʽʥʽʤʫʤʫ 

ʧʦʚôʷʟʘʥʘ ʽʟ ʯʘʩʪʦʪʦʶ ʇʇ, ʘ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʇʇɺɺ ï ʽʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʪʫʭʘʥʥʷ ʇʇ. 

ʈʦʟʨʘʭʫʥʦʢ ʩʧʝʢʪʨʽʚ ʇʇɺɺ ʩʫʣʴʬʽʜʫ ʢʘʜʤʽʶ ʧʨʦʚʝʜʝʥʦ ʟʘ ʬʦʨʤʫʣʘʤʠ ʨʦʙʽʪ [1, 4] ʟ ʫʨʘ-

ʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʥʽʟʦʪʨʦʧʽʾ ʬʦʥʦʥʥʦʾ ʪʘ ʧʣʘʟʤʦʚʦʾ ʧʽʜʩʠʩʪʝʤ:  
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 l ï ʪʦʚʱʠʥʘ ʟʘʟʦʨʫ.  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʩʧʝʢʪʨʽʚ ʧʦʨʫʰʝʥʦʛʦ ʧʦʚʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʜʙʠʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʝʣʝʤʝ-

ʥʪʘ ʇʇɺɺ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʧʽʚʮʠʣʽʥʜʨ KRS-5 ʽʟ Ůʧ = 5,6. ʉʧʝʢʪʨʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʧʦʚʽʪʨʷʥʦʤʫ ʟʘ-

ʟʦʨʽ ʪʦʚʱʠʥʦʶ l = 1,5 ʤʢʤ ʤʽʞ ʝʣʝʤʝʥʪʦʤ ʇʇɺɺ ʽ ʧʦʚʝʨʭʥʝʶ CdS. ʂʫʪʠ ʧʘʜʽʥʥʷ ɯʏ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʝʣʝʤʝʥʪʽ ʇʇɺɺ ʟʤʽʥʶʚʘʣʠʩʷ ʚʽʜ 26 ʜʦ 60Á ʧʨʠ ʢʨʦʮʽ 1Á.  

ʅʘ ʨʠʩ. 1, ʘ ï ʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʝʢʪʨʠ ʇʇɺɺ ʚʽʜ ʧʦʚʝʨʭʥʽ ʤʦʥʦʢʨʠʩʪʘʣʘ ʩʫʣʴʬʽʜʫ ʢʘʜʤʽʶ, ʨʦ-

ʟʨʘʭʦʚʘʥʽ ʜʣʷ ʪʨʴʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʦʨʽʻʥʪʘʮʽʡ (ʨʠʩ. 2).  
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ʈʠʩ. 1. ʉʧʝʢʪʨʠ ʇʇɺɺ ʤʦʥʦʢʨʠʩʪʘʣʘ CdS ʧʨʠ ʪʨʴʦʭ ʦʨʽʻʥʪʘʮʽʷʭ: ʘ) C || x , K Ĉ , xy || C  

(ű = 90Á,Ū=90
ʦ
); ʙ) C || y, K || C, xy || C (ű = 0); ʚ) C || z, K Ĉ , xy C^  (Ū = 0). 

 

ʋ ʤʦʥʦʛʨʘʬʽʷʭ [1, 4] ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ (ɜ > 240 ʩʤ
-1
) ʚʧʣʠʚʦʤ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʚ ʩʧʝʢʪʨʘʭ ʇʇɺɺ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʧʨʠ ɯ/ɯ0 > 70 % ʚ ʦʙʣʘʩʪʽ ʤʽʥʽʤʫʤʫ 

ʩʧʝʢʪʨʽʚ. ɼʣʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ (ɜ < 240 ʩʤ
-1
) ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʽʜʩʫʪ-

ʥʽʩʪʴ ʨʘʜʽʘʮʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʫ ʩʧʝʢʪʨʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ɯ/ɯ0 > 95 %. 
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ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʝʢʪʨʠ ʇʇɺɺ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʘ CdS. ʈʦʟʨʘʭʫʥʦʢ 

ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ ʟʘ ʯʘʩʪʦʪʦʶ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 270 ʜʦ 300 ʩʤ
-1
 ʧʨʠ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʢʫʪʘ ʧʘʜʽʥʥʷ ʚ ʧʨʠʟʤʽ ʇʇɺɺ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 2. ʆʨʽʻʥʪʘʮʽʷ ʧʦʚʝʨʭʥʽ ʧʦʣʷʨʥʦʛʦ ʦʜʥʦʚʽʩʥʦʛʦ ʦʧʪʠʯʥʦ-ʘʥʽʟʦʪʨʦʧʥʦʛʦ  

ʢʨʠʩʪʘʣʘ CdS ʚʽʜʥʦʩʥʦ ʦʩʽ ʉ ʽ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ ʂ 

 

ʉʧʝʢʪʨʠ ʇʇɺɺ (ʨʠʩ. 1, ʢʨʠʚʽ 1 ï 5) ʨʦʟʨʘʭʦʚʘʥʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʘʥʽʟʦʪʨʦʧʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʪʫ-

ʭʘʥʥʷ ʬʦʥʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ɔf^=  9 ʩʤ
-1
, 

||
ɔ

f
 = 11 ʩʤ

-1
 ̔  ʢʫʪʘʭ ʧʘʜʽʥʥʷ ɯʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʧʨʠʟʤʽ 

ʇʇɺɺ ʚʽʜʧʦʚʽʜʥʦ 29Á (1), 30Á (2), 31Á (3), 32Á (4), 33Á (5).  

ʗʢ ʚʽʜʦʤʦ, ʜʦ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʠʭ ʧʦʣʷʨʠʪʦʥʽʚ ʥʘʣʝʞʘʪʴ ʜʠʩʧʝʨʩʽʡʥʽ ʟʘʣʝʞ-

ʥʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʪʫʭʘʥʥʷ ʇʇ [1, 2, 4].  

ʋ ʨʦʙʦʪʘʭ [1, 4] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʦʜʥʦʚʽʩʥʦʤʫ ʧʦʣʷʨʥʦʤʫ ʢʨʠʩʪʘʣʽ ʤʦʞʣʠʚʝ ʟʙʫʜʞʝʥʥʷ 

ʇʇ, ʯʠʩʣʦ ʜʠʩʧʝʨʩʽʡʥʠʭ ʛʽʣʦʢ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʦʧʪʠʯʥʦʾ ʦʩʽ ʢʨʠʩʪʘʣʘ ʉ ʚʽʜʥʦʩʥʦ 

ʡʦʛʦ ʧʦʚʝʨʭʥʽ xy. 

ʋ ʪʘʙʣ. 2 ʧʦʜʘʥʦ ʯʘʩʪʦʪʠ ʤʽʥʽʤʫʤʽʚ ʫ ʩʧʝʢʪʨʘʭ ʇʇɺɺ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʘʩʪʦʪʘʤ ʧʦʚʝʨʭ-

ʥʝʚʦʛʦ ʧʦʣʷʨʠʪʦʥʘ ɜʧʧ ʪʘ ʟʥʘʯʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ Kc/wT|| ʟʘ ʪʨʴʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨ-

ʥʠʭ ʦʨʽʻʥʪʘʮʽʡ. ɿʛʽʜʥʦ [4] ʯʘʩʪʦʪʘ ʤʽʥʽʤʫʤʫ ʫ ʩʧʝʢʪʨʘʭ ʇʇɺɺ ʪʘ ʟʥʘʯʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʠʩʧʝʨʩʽʡʥʦʶ ʪʦʯʢʦʶ. ʅʘʙʽʨ ʪʘʢʠʭ ʪʦʯʦʢ ʫʪʚʦʨʶʻ ʜʠʩʧʝʨʩʽʡʥʫ ʢʨʠʚʫ. 

ʈʦʟʨʘʭʫʥʦʢ ʜʠʩʧʝʨʩʽʡʥʠʭ ʢʨʠʚʠʭ ʇʇ ʧʨʦʚʝʜʝʥʦ ʟʘ ʬʦʨʤʫʣʘʤʠ ʨʦʙʦʪʠ [4] ʧʨʠ ʚʠʢʦʨʠʩ-

ʪʘʥʥʽ ʜʘʥʠʭ ʪʘʙʣ. 1 ʜʣʷ ʦʧʪʠʯʥʦ-ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ CdS. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʜʠʩʧʝʨʩʽʡ-

ʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʨʦʟʛʣʷʜʘʣʠʩʴ ʪʽʣʴʢʠ ʪʘʢʽ ʨʦʟʚôʷʟʢʠ ʨʽʚʥʷʥʴ, ʜʣʷ ʷʢʠʭ K > ɤ/ʩ, ʪʦʙʪʦ ʥʝʨʘʜʽʘ-

ʮʽʡʥʽ ʧʦʚʝʨʭʥʝʚʽ ʬʦʥʦʥʥʽ ʤʦʜʠ. ɺʠʩʦʢʦʯʘʩʪʦʪʥʘ ʜʠʩʧʝʨʩʽʡʥʘ ʛʽʣʢʘ ʧʦʯʠʥʘʻʪʴʩʷ ʫ ʪʦʯʮʽ ɜ = ɜT, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʦʪʽ ʧʦʧʝʨʝʯʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʬʦʥʦʥʘ (ʜʠʚ. ʪʘʙʣ. 1) ʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʭʚʠʣʴʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ʘʩʠʤʧʪʦʪʠʯʥʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦʾ ʯʘʩʪʦʪʠ ʇʇ. 

ɼʠʩʧʝʨʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʇʇ ɜʧʧ(ʂ) CdS ʜʣʷ ʪʨʴʦʭ ʦʨʽʻʥʪʘʮʽʡ (C || x, ^K C , xy || C, C || y,  

K || C, xy || C, C || z, ^K C , ^xy C) ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʛʨʘʥʠʯʥʽ ʯʘʩʪʦʪʠ ʧʦʚʝʨʭʥʝʚʠʭ ʬʦʥʦʥʥʠʭ 

ʧʦʣʷʨʠʪʦʥʽʚ: 289 (ʢʨʠʚʘ 1),  293 (ʢʨʠʚʘ 2), 289 (ʢʨʠʚʘ 3) ʩʤ
-1
 ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʘʭ ʟʘʪʫʭʘʥʥʷ ʬʦ-

ʥʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʥʦ 9 ʩʤ
-1 
ʧʨʠ ɽ̂ ʉ  ̔11 ʩʤ

-1
 ʧʨʠ ɽ || ʉ (ʨʠʩ. 3). ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, 

ʜʠʩʧʝʨʩʽʡʥʽ ʢʨʠʚʽ ɜʧʧ(ʂ) ʤʘʶʪʴ ʩʫʪʪʻʚʫ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʪʦʪʠ ʇʇ ɜʧʧ ʫ ʜʽʘʧʘʟʦʥʽ ʭʚʠʣʴʦʚʠʭ ʚʝʢʪʦ-

ʨʽʚ Kc/wT||. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪ-

ʥʠʭ ʭʚʠʣʴ (ʧʦʚʝʨʭʥʝʚʠʭ ʧʦʣʷʨʠʪʦʥʥʠʭ ʩʪʘʥʽʚ) ʚ ʦʧʪʠʯʥʦ-ʘʥʽʟʦʪʨʦʧʥʠʭ ʢʨʠʩʪʘʣʘʭ ʪʘ ʚʟʘʻʤʥʦ ʫʟ-
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ʛʦʜʞʝʥʠʭ ʦʙôʻʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫʧʝʨʰʝ ʦʜʝʨʞʘʥʦ ʩʧʝʢʪʨʠ ʧʦʨʫʰʝʥʦʛʦ ʧʦʚʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʜ-

ʙʠʚʘʥʥʷ ʧʨʠ ʪʨʴʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʦʨʽʻʥʪʘʮʽʷʭ ʪʘ ʧʦʙʫʜʦʚʘʥʦ ʜʠʩʧʝʨʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʧʦʚʝʨʭʥʝʚʠʭ ʬʦʥʦʥʥʠʭ ʟʙʫʜʞʝʥʴ ʫ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʘʭ CdS ʧʨʠ ʪʨʴʦʭ ʦʨʽʻʥʪʘʮʽʷʭ 

ʦʧʪʠʯʥʦʾ ʦʩʽ ʉ ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʇʇ. 
ʊʘʙʣʠʮʷ 2 

ʏʘʩʪʦʪʠ ʇʇ ʪʘ ʟʥʘʯʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ CdS  

ʧʨʠ ʪʨʴʦʭ ʚʟʘʻʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʦʨʽʻʥʪʘʮʽʷʭ  

 

Ŭ, Á 

C || x, K Ĉ , xy || C 

(ű = 90Á, Ū = 90Á) 

C || y, K || C, xy || C  

(ű = 0) 

C || z, K Ĉ , xy C^   

(Ū = 0) 

ɜʧʧ, ʩʤ
-1
 Kc/wT|| ɜʧʧ, ʩʤ

-1
 Kc/wT|| ɜʧʧ, ʩʤ

-1
 Kc/wT|| 

26 252,3 1,112 252,6 1,113 252,4 1,128 

27 264 1,196 264,7 1,198 264,1 1,230 

28 272,1 1,288 273,1 1,290 272,2 1,343 

29 277,3 1,383 278,4 1,379 277,4 1,465 

30 280,9 1,491 282,1 1,472 280,9 1,608 

31 283,3 1,610 284,7 1,572 283,4 1,769 

32 285,2 1,770 286,6 1,679 285,3 1,989 

33 286,5 1,963 288 1,796 286,6 2,252 

34 287,4 2,193 289,1 1,924 287,5 2,565 

35 288,2 2,570 290 2,076 288,3 3,070 

36 288,8 3,168 290,7 2,244 288,9 3,861 

37 289,2 4,118 291,2 2,411 289,3 5,099 

38 289,7 ï 291,7 2,645 289,8 ï 

39 289,9 ï 292 2,840 290 ï 

40 290,2 ï 292,2 3,004 290,4 ï 

45 290,9 ï 293,2 5,337 291 ï 

50 291,1 ï 293,7 ï 291,1 ï 

55 291,2 ï 294 ï 291,3 ï 

60 291,3 ï 294,1 ï 291,4 ï 
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ʈʠʩ. 3. ɼʠʩʧʝʨʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʇʇ ɜʧʧ(ʂ) (ʢʨʠʚʽ 1 ï 3) ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ CdS 

ʧʨʠ ʪʨʴʦʭ ʦʨʽʻʥʪʘʮʽʷʭ: ʘ)C || x, K Ĉ , xy || C (ű = 90Á, Ū = 90
ʦ
); ʙ) C || y, K || C, xy || C (ű = 0);  

ʚ) C || z, K Ĉ , xy C^  (Ū = 0). 
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ʋɼʂ 621.315 

 

ʉʇɽʂʊʈʀ ɯʏ-ɺɯɼɹʀɺɸʅʅʗ ʄʆʅʆʂʈʀʉʊɸʃɸ LiNbO3 ɺ ʆɹʃɸʉʊɯ  
çɿɸʃʀʐʂʆɺʀʍ ʇʈʆʄɽʅɯɺè 

ɭ.ʌ. ɺʝʥʛʝʨ, ʃ.ʖ. ʄʝʣʴʥʠʯʫʢ, ʆ.ɺ. ʄʝʣʴʥʠʯʫʢ, ʆ.ɺ. ʉʝʥʯʝʥʢʦ 

ɸʥʘʣʽʟʫʶʯʠ ʥʠʟʢʫ ʧʫʙʣʽʢʘʮʽʡ ʽʟ ʧʨʦʚʽʜʥʠʭ ʬʘʭʦʚʠʭ ʞʫʨʥʘʣʽʚ ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʠʣʘʜʽʚ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʧʪʠʢʠ ʡ ʘʢʫʩʪʦʝʣʝʢʪʨʦʥʽʢʠ 

 ̒ʤʦʥʦʢʨʠʩʪʘʣʠ ʥʽʦʙʘʪʫ ʣʽʪʽʶ (LiNbO3). ʇʨʠʯʠʥʦʶ ʪʘʢʦʛʦ ʣʽʜʝʨʩʪʚʘ, ʧʝʨʰ ʟʘ ʚʩʝ, ʻ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʽʦʙʘʪʫ ʣʽʪʽʶ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʦʱʫʚʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ 

ʨʦʟʤʽʨʽʚ (10 ʭ 10 ʭ 50 ʤʤ
3
) ʽʟ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ [1]. 

ʅʽʦʙʘʪ ʣʽʪʽʶ ï ʦʜʥʦʚʽʩʥʠʡ ʦʧʪʠʯʥʦ-ʚʽʜôʻʤʥʠʡ ʧʦʣʷʨʥʠʡ ʢʨʠʩʪʘʣ. ɿʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫ-

ʨʠ LiNbO3 ʻ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʦʤ. ʊʦʯʢʘ ʂʶʨʽ ~1483 ʂ. ʆʩʥʦʚʫ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʥʽʦʙʘʪʫ 

ʣʽʪʽʶ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʩʪʘʥʦʚʣʷʪʴ ʜʝʬʦʨʤʦʚʘʥʽ ʢʠʩʥʝʚʽ ʦʢʪʘʝʜʨʠ NbO6, ʟôʻʜʥʘʥʽ ʟʘʛʘ-

ʣʴʥʠʤʠ ʛʨʘʥʷʤʠ ʽ ʨʝʙʨʘʤʠ [2]. ʅʘ ʨʠʩ. 1 ʧʦʜʘʥʦ ʤʦʜʝʣʴ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʥʽʦʙʘʪʫ ʣʽʪʽʶ 

ʚʟʜʦʚʞ ʧʦʣʷʨʥʦʾ ʦʩʽ z, ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ C3V
6
 (R3c), Z = 2. ʋ ʮʝʥʪʨʽ ʦʢʪʘʝʜʨʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʡʦʥʠ 

Nb; ʡʦʥʠ Li ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʣʘʥʮʶʞʢʘʤʠ ʫʟʜʦʚʞ ʦʩʽ z. ʂʠʩʥʝʚʽ ʘʪʦʤʠ ʣʝʞʘʪʴ ʫ ʰʘʨʘʭ, ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʥʠʭ z ʽ ʚʽʜʜʘʣʝʥʠʭ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʘ 1/6 ʧʝʨʽʦʜʫ ʨʝʰʽʪʢʠ ʚʟʜʦʚʞ ʦʩʽ z. ʇʘʨʘʤʝʪʨʠ ʨʦ-

ʤʙʦʝʜʨʠʯʥʦʾ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ: ʘ = 5,47 ¡, a = 53Á 43'. ʊʚʝʨʜʽʩʪʴ ʟʘ ʰʢʘʣʦʶ ʄʦʦʩʘ 5. ʂʨʠʩ-

ʪʘʣʠ ʦʧʪʠʯʥʦ-ʧʨʦʟʦʨʽ ʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ 0,4 ʜʦ 5 ʤʢʤ; ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʟʚʠʯʘʡ-

ʥʦʛʦ ʧʨʦʤʝʥʷ ʩʪʘʥʦʚʠʪʴ 2,29, ʥʝʟʚʠʯʘʡʥʦʛʦ ï 2,20 (ʜʣʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 0,63 ʤʢʤ) [2 ï 6]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩ. 1. ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʥʽʦʙʘʪʫ ʣʽʪʽʶ [2] 

ɼʦʩʣʽʜʞʫʚʘʥʽ ʚ ʨʦʙʦʪʽ ʤʦʥʦʢʨʠʩʪʘʣʠ LiNbO3 ʚʠʨʦʱʫʚʘʣʠʩʷ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʴʢʦʛʦ ʧʨʠ 

ʰʚʠʜʢʦʩʪʽ ʚʠʪʷʛʫʚʘʥʥʷ 8 ʤʤ/ʛʦʜ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʽʜ 15 ʜʦ 35 ʦʙ/ʭʚ ʽ ʨʘʜʽʫʩʽ ʢʨʠʩʪʘʣʘ 10 

ʤʤ. ʅʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 20 ʦʙ/ʭʚ. ʊʠ-

ʛʝʣʴ ʥʝ ʧʦʚʝʨʪʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʩʪʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ LiNbO3  ï 1533 ʂ. ɻʨʘʜʽʻʥʪ ʟʤʽʥʠ 

http://www.xumuk.ru/encyklopedia/2247.html
http://www.xumuk.ru/encyklopedia/2/4325.html
http://www.xumuk.ru/encyklopedia/2202.html
http://www.xumuk.ru/encyklopedia/2202.html
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ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʪʷʛʫʚʘʥʥʷ 1300 ʂ ʜʦ ʢʽʤʥʘʪʥʦʾ ʜʦʨʽʚʥʶʚʘʚ 50 ʂ/ʛʦʜ. ɺʽʜʧʘʣ 

ʧʨʦʚʦʜʠʣʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʝʯʽ ʦʧʦʨʫ ʚ ʘʪʤʦʩʬʝʨʽ ʧʦʚʽʪʨʷ.  

ɿ ʚʠʨʦʱʝʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ LiNbO3 ʚʠʨʽʟʘʣʠʩʴ ʟʨʘʟʢʠ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʥʘʧʨʷʤʢʘ-

ʤʠ. ʈʦʟʤʽʨʠ ʟʨʘʟʢʽʚ ʤʦʥʦʢʨʠʩʪʘʣʽʚ LiNbO3 ʩʪʘʥʦʚʠʣʠ 10 ʭ 8 ʭ 8 ʤʤ
3
. ʇʝʨʝʜ ʪʝʨʤʦʦʙʨʦʙʢʦʶ ʤʦʥʦʢ-

ʨʠʩʪʘʣʠ ʥʽʦʙʘʪʫ ʣʽʪʽʶ ʦʨʽʻʥʪʫʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʤʝʪʦʜʫ. ʆʨʽʻʥʪʦʚʘʥʠʡ ʤʦʥʦʢ-

ʨʠʩʪʘʣ ʟʘʢʨʽʧʣʶʚʘʣʠ ʥʘ ʩʪʦʣʠʢ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʽ ʨʽʟʘʣʠ ʘʣʤʘʟʥʠʤ ʜʠʩʢʦʤ ʥʘ ʧʣʘʩʪʠʥʠ 

ʟʘʜʘʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʧʦʪʨʽʙʥʦʾ ʪʦʚʱʠʥʠ. ʆʙʨʦʙʢʘ ʧʦʚʝʨʭʥʽ ʤʦʥʦʢʨʠʩʪʘʣʽʚ LiNbO3 ʚʠʢʦʥʫʚʘʣʘʩʴ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘʥʜʘʨʪʥʠʭ ʘʙʨʘʟʠʚʥʠʭ ʤʽʢʨʦʧʦʨʦʰʢʽʚ (ɺʉ-3) ʽ ʘʣʤʘʟʥʦʾ ʧʘʩʪʠ. ʂʦʥʪʨʦʣʴ ʟʘ ʪʦ-

ʚʱʠʥʦʶ ʪʘ ʦʨʽʻʥʪʘʮʽʻʶ ʤʦʥʦʢʨʠʩʪʘʣʽʚ LiNbO3 ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʦʛʦʥʽʦʤʝʪʨʘ. 

ʆʙʨʦʙʢʘ ʧʦʚʝʨʭʥʽ ʤʦʥʦʢʨʠʩʪʘʣʽʚ LiNbO3 ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʚʽʜʧʦʚʽʜʘʣʘ 14-ʤʫ ʢʣʘʩʫ ʪʦʯʥʦʩʪʽ.  

ʉʧʝʢʪʨʠ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ R(ɜ) ʚʠʤʽʨʶʚʘʣʠʩʷ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʀʂʉ-31 ʟ ʧʨʠʩʪʘʚʢʦʶ 

ʜʣʷ ʚʽʜʙʠʚʘʥʥʷ ʀʇʆ-22 ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʪʘʣʦʥʥʦʛʦ ʜʟʝʨʢʘʣʘ ʚ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ 400 ï 2000 ʩʤ
-1
. 

ʉʧʝʢʪʨʠ R(ɜ) ʟʘʧʠʩʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʷʨʠʟʘʪʦʨʘ, ʩʪʫʧʽʥʴ ʧʦʣʷʨʠʟʘʮʽʾ ʷʢʦʛʦ ʈ = 0,98, ʧʨʠ 

ʦʨʽʻʥʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʝʢʪʦʨʘ ɽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʦʧʪʠʯʥʦʾ ʦʩʽ ʉ ʢʨʠʩʪʘʣʘ LiNbO3 (ɽ ̂  ʉ). 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʚʘʥʥʷ ʦʜʝʨʞʘʥʦ ʟ ʧʦʭʠʙʢʦʶ 1 ï 2 %. ɺʠʤʽʨʶʚʘʥʥʷ R(ɜ) ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʠ ʊ = 300 ʂ. 

ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ e(ɜ) ʚ ʦʙʣʘʩʪʽ çʟʘʣʠʰʢʦʚʠʭ 

ʧʨʦʤʝʥʽʚè ʚʠʨʘʞʝʥʦ ʫ ʚʠʛʣʷʜʽ ʚʽʜʦʤʦʾ ʬʦʨʤʫʣʠ ɻʝʣʴʤʛʦʣʴʮʘ-ʂʝʪʪʣʝʨʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʝ-

ʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʘʧʨʦʙʦʚʘʥʦʾ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʘʭ 6H-SiC, ZnO ʽ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦʾ ʚ ʨʦʙʦʪʽ 

[4]. 

ʈʦʟʨʘʭʫʥʢʠ ʩʧʝʢʪʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʚʽʜʙʠʚʘʥʥʷ R(ɜ) LiNbO3 ʚ Iʏ-ʦʙʣʘʩʪʽ ʧʨʦʚʝʜʝʥʦ ʟʘ ʬʦʨ-

ʤʫʣʘʤʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʘʜʠʪʠʚʥʠʡ ʚʥʝʩʦʢ ʫ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʚʘʥʥʷ ʦʙôʻʤʥʠʭ ʬʦʥʦʥʽʚ ʟʘ ʦʨʽʻʥ-

ʪʘʮʽʾ ɽ ̂ ʉ (ʟʥʘʢ  ̂ʧʽʜ ʯʘʩ ʟʘʧʠʩʫ ʦʧʫʱʝʥʦ):  
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ɜL, ɜʪ  ï ʯʘʩʪʦʪʠ (ʚ ʩʤ
-1
) ʧʦʟʜʦʚʞʥʽʭ ʪʘ ʧʦʧʝʨʝʯʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʽʚ; ɔʬ ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʪʫʭʘʥ-

ʥʷ ʬʦʥʦʥʽʚ; ɜ ï ʯʘʩʪʦʪʘ Iʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʚ ʩʤ
-1
). 

ʅʘ ʨʠʩ. 2 ʧʦʜʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʩʧʝʢʪʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ (1 ï ǒ) ʤʦʥʦʢʨʠʩʪʘʣʽʚ 

LiNbO3, ʦʪʨʠʤʘʥʠʭ ʫ ʨʦʙʦʪʽ [3], ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʀʂʉ-31 ʪʘ ʧʨʠʩʪʘʚʢʠ ʜʣʷ ʚʽʜʙʠʚʘʥʥʷ ʀʇʆ-22 

(2 ï ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ). ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʩʧʝʢʪʨʠ (1, 2), ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ, ʟʘʨʝʻʩʪʨʦʚʘʥʦ 

ʟʘ ʦʨʽʻʥʪʘʮʽʾ ɽ  ̂ʉ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 400 ʜʦ 1100 ʩʤ
-1
. ʗʢ ʚʽʜʦʤʦ, ʦʙʣʘʩʪʴ çʟʘʣʠʰʢʦʚʠʭ ʧʨʦʤʝʥʽʚè 

LiNbO3 ʨʦʟʤʽʱʝʥʘ ʚ ʜʽʘʧʘʟʦʥʽ 155 ï 880 ʩʤ
-1
 ʧʨʠ ɽ  ̂ʉ ʽ 255 ï 886 ʩʤ

-1
 ʧʨʠ ɽ || ʉ [2]. ɺ ʦʙʣʘʩʪʽ 

ʯʘʩʪʦʪʠ ʘʢʪʠʚʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʬʦʥʦʥʘ ɜʪ ʻ ʜʽʣʷʥʢʘ ʟ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʙʠʚʘʥʥʷ, ʱʦ ʟʫʤʦ-

ʚʣʝʥʦ ʜʠʧʦʣʴʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʨʝʰʽʪʢʠ.  

ɺʩʪʘʚʢʘ (ʨʠʩ. 2, ʘ) ʤʽʩʪʠʪʴ ʟʦʙʨʘʞʝʥʥʷ R(ɜ) ʤʦʥʦʢʨʠʩʪʘʣʽʚ LiNbO3, ʟʙʽʣʴʰʝʥʝ ʫ 2 ʨʘʟʠ, ʟʘ 

ʦʨʽʻʥʪʘʮʽʾ ɽ ̂ ʉ ʚ ʦʙʣʘʩʪʽ çʟʘʣʠʰʢʦʚʠʭ ʧʨʦʤʝʥʽʚè. ʇʨʠ ʟʙʽʣʴʰʝʥʦʤʫ ʚʠʛʣʷʜʽ ʩʧʝʢʪʨʘ ʟʦʚʥʽʰʥʴʦʛʦ 

ʚʽʜʙʠʚʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʥʽʦʙʘʪʫ ʣʽʪʽʶ ʯʽʪʢʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʫʟʛʦʜʞʝʥʥʷ ʯʘʩʪʦʪʠ ʤʽʥʽʤʫʤʫ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʝʢʪʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʫ ʨʦʙʦʪʽ [3] (ʪʦʯʢʠ 1), ʟ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʘʚʪʦʨʘʤʠ ʜʘʥʦʾ 

ʨʦʙʦʪʠ (ʧʫʥʢʪʠʨ 2). ʆʜʥʘʢ, ʤʽʥʽʤʫʤ ʥʘ ʯʘʩʪʦʪʽ 700 ʩʤ
-1 
ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʦʙʦʪʠ [3] 

ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʽʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʜʘʥʠʤʠ (ʯʝʨʚʦʥʘ ʣʽʥʽʷ). ɺʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʘʤʠʤʠ ʝʢʩʧʝʨʠʤʝ-

ʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʩʪʘʪʪʽ, ʧʦʚôʷʟʘʥʽ ʟ ʫʤʦʚʘʤʠ ʚʠʨʦʱʫʚʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʥʽ-

ʦʙʘʪʫ ʣʽʪʽʶ. ɺʽʜʤʽʥʥʦʩʪʽ ʫ ʩʧʝʢʪʨʘʭ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ 800 ï 850 ʩʤ
-1
 

ʧʨʠ ɽ ̂ ʉ ʧʦʚôʷʟʘʥʦ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʠ 

ʦʩʮʠʣʷʪʦʨʘ ʥʘ ʯʘʩʪʦʪʽ ʧʦʧʝʨʝʯʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʬʦʥʦʥʘ 820 ʩʤ
-1
 (ʨʠʩ. 2, ʙ).  



    ʌʽʟʠʢʘ ʪʘ ʘʩʪʨʦʥʦʤʽʷ 

 

57 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʚʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ LiNbO3 ʧʨʠ E  ̂C 

ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 2. ʌʦʨʤʘ ʩʧʝʢʪʨʽʚ 1, 2 ʷʢʽʩʥʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʦʟʨʘʭʫʥʢʦʤ 3. ʄʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥ-

ʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʧʝʢʪʨʽʚ R(ɜ) ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʥʦʚʠʪʴ d= 3,4 ʭ 10-2 
(ʪʦʯʢʠ 1) 

ʪʘ d= 4,2 ʭ 10-2
 (ʧʫʥʢʪʠʨ 2). ʄʠ ʧʦʚôʷʟʫʻʤʦ ʮʽ ʨʦʟʙʽʞʥʦʩʪʽ ʟ ʟʘʣʝʞʥʽʩʪʶ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʪʫʭʘʥʥʷ ʬʦ-

ʥʦʥʥʠʭ ʤʦʜ ʚʽʜ ʯʘʩʪʦʪʠ, ʪʦʯʥʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʘʚʪʦʨʘʤʠ [3]. ɿ ʨʠʩ. 2 ʚʠʜʥʦ, ʱʦ ʽʩʥʫʻ 

ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʪʫʭʘʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʽʚ ɔʬ ʧʨʠ ʦʨʽʻʥʪʘʮʽʷʭ E  ̂C ʚʽʜ ʯʘʩ-

ʪʦʪʠ ɜ ɯʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɸʥʘʣʦʛʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ɔʬ ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʚ ʤʦʥʦʢʨʠʩʪʘʣʘʭ ZnO ʽ 

6H-SiC [4]. ʈʦʟʙʽʞʥʦʩʪʽ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʨʦʙʦʪʠ [3] ʽ ʦʪʨʠʤʘ-

ʥʠʤʠ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʥʘʩʘʤʧʝʨʝʜ, ʧʦʚôʷʟʘʥʽ ʟ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʦ-

ʥʦʢʨʠʩʪʘʣʽʚ ʪʘ ʤʝʪʦʜʘʤʠ ʦʙʨʦʙʢʠ ʟʨʘʟʢʽʚ ʥʽʦʙʘʪʫ ʣʽʪʽʶ. ʂʨʽʤ ʪʦʛʦ, ʫ ʨʦʙʦʪʽ [2] ʧʦʢʘʟʘʥʦ, ʱʦ ʜʝʷʢʽ 

ʚʣʘʩʪʠʚʦʩʪʽ LiNbO3 ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʜʝʬʝʢʪʽʚ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʜʝʬʝʢʪʽʚ ʬʦʥʦʥ ʤʦʞʝ 

ʙʫʪʠ ʚʽʜʩʫʪʥʽʤ ʘʙʦ ʙʫʪʠ ʜʦʩʠʪʴ ʤʘʣʠʤ ʽ ʥʝ ʧʨʦʷʚʣʷʪʠʩʷ ʫ ʩʧʝʢʪʨʘʭ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ.  
 

 
 

ʈʠʩ. 2. ʉʧʝʢʪʨʠ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ R(ɜ) ʚʽʜ ʧʦʚʝʨʭʥʽ LiNbO3 ʧʨʠ ɽ  ̂ʉ. ɽʢʩʧʝʨʠʤʝʥʪ: 1 ï R(ɜ) LiNbO3 ʧʨʠ E  ̂C [3];  

2 ï R(ɜ) LiNbO3 ʧʨʠ E  ̂C. ʈʦʟʨʘʭʫʥʦʢ: 3 - E ̂  C. ɺʩʪʘʚʢʘ ʘ ʪʘ ʙ - ʟʙʽʣʴʰʝʥʽ ʚ 2 ʨʘʟʠ R(ɜ) ʜʣʷ LiNbO3. 

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ LiNbO3 ʤʝʪʦʜʦʤ Iʏ-ʚʽʜʙʠʚʘʥʥʷ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʨʘʚʠʣʘʤʠ ʚʽʜʙʦʨʫ 

ʜʦʟʚʦʣʝʥʦ ʧʨʦʷʚʣʝʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʽ ʧʦʟʜʦʚʞʥʽʭ ʢʦʣʠʚʘʥʴ ʪʠʧʫ ɸ1 ʽ ɽ. ʋ ʨʦʙʦʪʘʭ [2, 5] ʧʦʢʘʟʘʥʦ, 

ʱʦ ʫ ʤʦʥʦʢʨʠʩʪʘʣʘʭ LiNbO3 ʤʦʞʣʠʚʝ ʟʙʫʜʞʝʥʥʷ ʜʦ 30 ʬʦʥʦʥʥʠʭ ʢʦʣʠʚʘʥʴ, ʟ ʷʢʠʭ ɸ1 ʽ ɽ ʢʦʣʠ-

ʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʢʫʩʪʠʯʥʠʤ ʤʦʜʘʤ, ɸ2 ʢʦʣʠʚʘʥʥʷ ʥʝʘʢʪʠʚʥʽ ʚ ʂʈʉ ʪʘ ɯʏ-ʩʧʝʢʪʨʘʭ, ʯʦʪʠʨʠ 

ʢʦʣʠʚʘʥʥʷ ʪʠʧʫ ɸ1 ʘʢʪʠʚʥʽ ʚ z ʧʦʣʷʨʠʟʘʮʽʾ ɯʏ-ʩʧʝʢʪʨʽʚ ʽ ʚ ʫʩʽʭ ʜʽʘʛʦʥʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʪʝʥʟʦ-

ʨʘ ʂʈʉ, ʜʝʚôʷʪʴ ʢʦʣʠʚʘʥʴ ʪʠʧʫ ɽ ʘʢʪʠʚʥʽ ʚ ʭ ʽ ʫ ʧʦʣʷʨʠʟʘʮʽʷʭ ɯʏ-ʩʧʝʢʪʨʽʚ ʽ ʚ xx, yy, xy, xz, yz 

ʢʦʤʧʦʥʝʥʪʘʭ ʪʝʥʟʦʨʘ. ʆʩʪʘʥʥʽ ï ʜʚʽʯʽ ʚʠʨʦʜʞʝʥʽ ʧʦʣʷʨʥʽ ʤʦʜʠ, ʷʢʽ ʨʦʟʱʝʧʣʶʶʪʴʩʷ ʚ LO-TO- 

ʜʫʙʣʝʪʠ, ʚʽʜʧʦʚʽʜʥʽ ʧʦʟʜʦʚʞʥʽʤ (LO) ʽ ʧʦʧʝʨʝʯʥʠʤ (ʊʆ) ʢʦʣʠʚʘʥʥʷʤ. 

ɺʨʘʭʦʚʫʶʯʠ ʧʨʦʚʝʜʝʥʠʡ ʚʠʱʝ ʘʥʘʣʽʟ ʬʦʥʦʥʥʠʭ ʢʦʣʠʚʘʥʴ, ʱʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ɯʏ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʠʭ ʟ ʂʈʉ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʭ ʫ [2, 5], ʦʪʨʠʤʘʥʦ ʯʘʩʪʦʪʠ ʽ ʩʠʣʠ ʦʩʮʠʣʷʪʦʨʽʚ ʧʦʧʝʨʝʯʥʠʭ 
Tn  ʽ ʧʦʟʜʦʚʞʥʽʭ 

Ln  ɽ-

ʢʦʣʠʚʘʥʴ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʥʽʦʙʽʪʫ ʣʽʪʽʶ ʧʨʠ ʦʨʽʻʥʪʘʮʽʾ ɽ̂ ʉ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʯʘʩʪʦʪʠ 

LO- ʽ ʊʆ-ʬʦʥʦʥʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʷʢ ʽʟ ʩʧʝʢʪʨʽʚ ʂʈʉ, ʪʘʢ ʽʟ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ 

ɯʏ-ʧʦʛʣʠʥʘʥʥʽ ʟʙʫʜʞʫʶʪʴʩʷ ʜʠʧʦʣʴʥʦ-ʘʢʪʠʚʥʽ ʢʦʣʠʚʘʥʥʷ ʪʽʣʴʢʠ ʊʆ-ʪʠʧʫ. ɺʠʚʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʬʫʥʢʮʽʾ Ů(ɜ) ʟʘ ʩʧʝʢʪʨʘʤʠ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʦʪʠ ʷʢ ʊʆ, ʪʘʢ ʽ LO ʢʦʣʠʚʘʥʴ, 

ʷʢʽ, ʷʢ ʚʽʜʦʤʦ, ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʃʽʜʜʝʡʥʘ-ʉʘʢʩʘ-ʊʝʣʣʝʨʘ [4, 7, 8]. 



58  ʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥ ̔ʟʘʧʠʩʢʠ 

 

ʋ ʨʦʙʦʪʽ ʧʨʠʜʽʣʷʣʘʩʴ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʨʠ ɽ̂ ʉ, ʦʩʢʽʣʴʢʠ ʣʠʰʝ ʟʘ ʚʢʘʟʘʥʦʾ 

ʦʨʽʻʥʪʘʮʽʾ ʫ ʩʧʝʢʪʨʘʭ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʦʷʚ ʩʠʣʴʥʦʛʦ ʘʥʛʘʨʤʦʥʽʟʤʫ ʪʘ ʚʝʣʠʢʦʛʦ 

TO-LO-ʨʦʟʱʝʧʣʝʥʥʷ.  

ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʥʘʤʠ ʚʧʝʨʰʝ ʧʦʙʫʜʦʚʘʥʦ ʙʘʛʘʪʦʦʩʮʠʣʷʪʦʨʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʧʨʦʙʦʚʘʥʦʾ ʡ ʦʧʫʙʣʽʢʦʚʘʥʦʾ ʚ ʤʦʥʦʛʨʘʬʽʾ [4] ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʦ-

ʘʥʽʟʦʪʨʦʧʥʠʭ ʢʨʠʩʪʘʣʽʚ ZnO ʽ 6H-SiC. ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʚʨʘʭʦʚʘʥʦ, ʱʦ ʫ 

ʤʦʥʦʢʨʠʩʪʘʣʘʭ ʥʽʦʙʘʪʫ ʣʽʪʽʶ ʟʙʫʜʞʫʶʪʴʩʷ ʯʦʪʠʨʠ ʢʦʣʠʚʘʥʥʷ ʪʠʧʫ ɸ1 ʘʢʪʠʚʥʽ ʚ z-ʧʦʣʷʨʠʟʘʮʽʾ ɯʏ-

ʩʧʝʢʪʨʽʚ ʪʘ ʥʠʟʢʘ ʢʦʣʠʚʘʥʴ ʪʠʧʫ ɽ ʘʢʪʠʚʥʽ ʚ ʭ ʽ ʫ ʧʦʣʷʨʠʟʘʮʽʾ. ʄʝʪʦʜʦʤ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

ʩʧʝʢʪʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʚʽʜʙʠʚʘʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚʟʘʻʤʥʦ ʫʟʛʦʜʞʝʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 

LiNbO3, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1  

ɺʟʘʻʤʥʦ ʫʟʛʦʜʞʝʥʽ ʧʘʨʘʤʝʪʨʠ ʦʜʥʦʦʩʮʠʣʷʨʥʦʾ ʤʦʜʝʣʽ ʤʦʥʦʢʨʠʩʪʘʣʽʚ LiNbO3 

ʏʘʩʪʦʪʘ ʧʦʧʝʨʝʯʥʠʭ ʽ ʧʦʟʜʦʚʞʥʽʭ  

ɽ-ʢʦʣʠʚʘʥʴ  ʉʠʣʘ ʦʩʮʠʣʷʪʦʨʘ, 

ȹŮ 
Tn, ʩʤ

-1
 

Ln, ʩʤ
-1
 

325 371 2,2 

371 428 2,3 

431 454 0,18 

582 880 4,3 

660 891    0,025 

820 903    0,003 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʙʦʚʘʥʦʾ ʡ ʦʧʫʙʣʽʢʦʚʘʥʦʾ ʚ ʤʦʥʦʛʨʘ-

ʬʽʾ [4] ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʦ-ʘʥʽʟʦʪʨʦʧʥʠʭ ʢʨʠʩʪʘʣʽʚ ZnO ʽ 6H-SiC ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʙʘʛʘʪʦʦʩʮʠʣʷʪʦʨʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʧʝʢʪʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʚʽʜʙʠʚʘʥʥʷ ʥʽʦʙʘʪʫ ʣʽʪʽʶ, ʦʪʨʠʤʘʥʦʛʦ ʚ 

[3] (ʨʠʩ. 2, ʪʦʯʢʠ 1) ʪʘ ʘʚʪʦʨʘʤʠ ʜʘʥʦʾ ʨʦʙʦʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʀʂʉ-31 (ʧʫʥʢʪʠʨ 2, ʨʠʩ. 2). ʎʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʘʪʠ ʚʟʘʻʤʥʦ ʫʟʛʦʜʞʝʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ LiNbO3, 

ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 1. ʂʨʽʤ ʪʦʛʦ, ʘʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʥʝ ʣʠʰʝ ʪʝʦʨʽʾ ʟ ʝʢʩʧʝ-

ʨʠʤʝʥʪʦʤ, ʘʣʝ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝ-

ʨʘʪʫʨʠ. ʇʦʢʘʟʘʥʦ ʢʽʣʴʢʽʩʥʝ ʥʝʫʟʛʦʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʧʨʠ ʷʢʽʩʥʦʤʫ 

ʚʽʜʪʚʦʨʝʥʥʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʧʝʢʪʨʽʚ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ. ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʦʩʮʠ-

ʣʷʪʦʨʽʚ ʤʦʥʦʢʨʠʩʪʘʣʽʚ LiNbO3 ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʮʝ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʜʘʥʦʾ 

ʨʦʙʦʪʠ.  
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ʋɼʂ 621.315 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʊʆʅʂʀʍ ʇʃɯɺʆʂ ZnO ʅɸ ʇʆɺɽʈʍʅɯ SiO2  
ʄɽʊʆɼʆʄ ɯʏ-ʉʇɽʂʊʈʆʉʂʆʇɯɰ ɺɯɼɹʀɺɸʅʅʗ 

ɭ.ʌ. ɺʝʥʛʝʨ, ʃ.ʖ. ʄʝʣʴʥʠʯʫʢ, ʆ.ɺ. ʄʝʣʴʥʠʯʫʢ, ʊ.ɺ. ʉʝʤʽʢ̔ ʥʘ, ʖ.ɯ. ʍʨʦʢʦʣʦʚʘ  

ʆʢʩʠʜ ʮʠʥʢʫ (ZnO)  ̒ʰʠʨʦʢʦʟʦʥʥʠʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ (Eg = 3,37 ʝɺ), ʱʦ ʢʨʠʩʪʘʣʽʟʫʪ̒ʴʩʷ ʚ 

ʩʪʨʫʢʪʫʨʽ ʚʶʨʪʮʠʪʫ ʪʘ ʥʘʣʝʞʠʪʴ ʜʦ ʧʨʦʩʪʦʨʦʚʦʾ ʛʨʫʧʠ 
4

V6ʉ (P63mc) [1, 2]. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʤʦʥʦʢʨʠʩʪʘʣʠ ZnO ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʮʽʣʦʾ ʥʠʟʢʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʪʝʨʤʦ-, ʧôʻʟʦ- i 

ʪʝʥʟʦʜʘʪʯʠʢʽʚ, ʘʢʫʩʪʦʝʣʝʢʪʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ, ʟʜʘʪʥʠʭ ʧʨʘʮʶʚʘʪʠ ʟʘ ʫʤʦʚ ʚʠʩʦʢʦʾ ʨʘʜʽʘʮʽʡʥʦʾ, 

ʭʽʤʽʯʥʦʾ ʪʘ ʪʝʨʤʽʯʥʦʾ ʜʽʾ [3 ï 5]. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʧʦʟʠʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʦʢʩʠʜʫ ʮʠʥʢʫ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʣʷ ʚʢʘʟʘʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʭʘʨʘʢʪʝʨʥʠʤ ʻ 

ʦʜʠʥ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ ï ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ. ɿʦʚʩʽʤ ʽʥʰʘ ʩʠʪʫʘʮʽʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʣʽ-

ʚʦʢ ZnO, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʫ ʩʦʙʽ ʷʢ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʦʢʩʠʜʫ ʮʠʥʢʫ, ʪʘʢ ʽ ʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʣʠʰʝ ʧʣʽʚʢʘʤ: ʚʠʩʦʢʘ ʦʧʪʠʯʥʘ ʧʨʦʟʦʨʽʩʪʴ ʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʧʣʽʚʢʠ 

ʦʢʩʠʜʫ ʮʠʥʢʫ ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ. ʎʝ ʜʦʟʚʦʣʷʻ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʣʽʚʢʠ ʦʢʩʠʜʫ 

ʮʠʥʢʫ ʚ ʷʢʦʩʪʽ çʧʨʦʩʚʽʪʣʶʶʯʠʭè ʧʦʢʨʠʪʪʽʚ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ, 

ʪʘʢʠʭ ʷʢ ʩʚʽʪʣʦʜʽʦʜʠ ʟ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʛʦʣʫʙʽ ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ 

ʪʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽ ʣʘʟʝʨʠ, ʧʨʦʟʦʨʽ ʝʣʝʢʪʨʦʜʠ ʜʣʷ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʦʱʦ [6]. ʂʨʽʤ ʪʦʛʦ, ʫ ʥʘʫ-

ʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʟôʷʚʠʣʦʩʷ ʙʘʛʘʪʦ ʧʫʙʣʽʢʘʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʧʨʘʢʪʠʯʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʣʽʚʦʢ ʦʢ-

ʩʠʜʫ ʮʠʥʢʫ ʥʝ ʣʠʰʝ ʚ ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ, ʘʣʝ ʡ ʚ ʽʥʰʠʭ ʦʙʣʘʩʪʷʭ: ʛʘʟʦ- ʽ ʬʦʪʦʩʝʥʩʦʨʥʘ ʪʝʭʥʽʢʘ [7], 

ʬʦʪʦʚʦʣʴʪʘʾʢʘ [8], ʭʦʣʦʜʥʘ ʘʚʪʦʝʣʝʢʪʨʦʥʥʘ ʝʤʽʩʽʷ [9], ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʘ [10], ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʥʦʤ-

ʥʠʭ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ [11] ʪʘ ʽʥ. ɺ ʷʢʦʩʪʽ ʧʽʜʢʣʘʜʦʢ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʧʣʽʚʦʢ ZnO 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ, ʪʘʢ ʽ ʜʽʝʣʝʢʪʨʠʯʥʽ ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ 6H-SiC, 

Al2O3, SiO2 ʪʘ ʽʥ. ɺʦʥʠ ʤʘʶʪʴ ʽʜʝʘʣʴʥʫ ʧʦʚʝʨʭʥʶ, ʩʪʽʡʢʽ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʽ ʥʝ ʚʩʪʫʧʘʶʪʴ ʫ ʚʟʘʻʤʦ-

ʜʽʶ ʟ ʦʢʩʠʜʦʤ ʮʠʥʢʫ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʣʴʥʦ ʣʝʛʦʚʘʥʠʭ ʧʣʽʚʦʢ 

ʦʢʩʠʜʫ ʮʠʥʢʫ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤ ʽʟ ʜʽʝʣʝʢʪʨʠʢʽʚ ʻ ʦʧʪʠʯʥʝ ʩʢʣʦ, ʜʣʷ ʷʢʦʛʦ ʚʽʜʩʫʪʥʽ ʙʫʜʴ-ʷʢʽ ʦʩʮʠ-

ʣʷʮʽʾ ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʝ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʥʢʠʭ ʧʦʣʽʢʨʠʩʪʘ-

ʣʽʯʥʠʭ ʧʨʦʟʦʨʠʭ ʩʠʣʴʥʦ ʣʝʛʦʚʘʥʠʭ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʮʠʥʢʫ ʥʘ  ʧʽʜʢʣʘʜʢʘʭ ʽʟ ʦʧʪʠʯʥʦʛʦ ʩʢʣʘ ʧʨʠ ʨʽʟ-

ʥʠʭ ʦʧʪʠʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʣʽʚʢʠ ʪʘ ʾʾ ʪʦʚʱʠʥʠ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʩʪʘʣʦʾ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʦʩʘʜʞʝʥʥʷ.  

ʇʣʽʚʢʠ ʦʢʩʠʜʫ ʮʠʥʢʫ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʰʘʨʦʚʦʛʦ ʦʩʘʜʞʝʥʥʷ ʥʘ ʧʽʜʢʣʘʜʢʠ ʽʟ 

ʦʧʪʠʯʥʦʛʦ ʩʢʣʘ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʤʝʪʦʜʫ ʧʨʦʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [12]. ʗʢ ʧʦʢʘʟʘʥʦ ʚ [13], ʚʠʨʦ-

ʱʫʚʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʽʝʪʠʣ ʮʠʥʢʫ ʽ ʧʘʨʽʚ ʜʝʽʦʥʽʟʦʚʘʥʦʾ ʚʦʜʠ, ʷʢ ʧʨʝʢʫʨʩʦʨʽʚ 

ʮʠʥʢʫ ʽ ʢʠʩʥʶ. ʊʠʩʢ ʫ ʢʘʤʝʨʽ ʚʠʨʦʱʫʚʘʥʥʷ ʩʪʘʥʦʚʠʚ ʜʝʢʽʣʴʢʘ ʤʙʘʨ. ʇʣʽʚʢʠ ZnO ʥʘ ʧʽʜʢʣʘʜʢʘʭ ʽʟ 

ʦʧʪʠʯʥʦʛʦ ʩʢʣʘ ʦʪʨʠʤʘʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 200 Üʉ. ʊʦʚʱʠʥʘ ʧʣʽʚʦʢ ZnO ʚʠʤʽʨʶʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʨʝʬʣʝʢʪʦʤʝʪʨʘ Mikropack Nanocalc 2000. ɿʘ ʜʦʧʦʤʦʛʦʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʘ (ɸFʄ; 

Veeco, Digital Instruments) ʚ ʨʝʞʠʤʽ ʚʠʷʚʣʝʥʥʷ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʤʦʨʬʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ ʧʣʽʚʦʢ, ʘ  

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʜʠʬʨʘʢʮʽʾ ï ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ ZnO. ʋʩʽ ʧʣʽʚʢʠ ZnO ʻ ʧʦ-

ʣʽʢʨʠʩʪʘʣʽʯʥʠʤʠ ʽ ʤʘʶʪʴ ʪʽʣʴʢʠ ʦʜʥʫ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʫ ʦʨʽʻʥʪʘʮʽʶ ɽ̂ ʉ [13]. ʂʨʽʤ ʪʦʛʦ, ʧʦʚʝʨʭ-

ʥʷ ʧʣʽʚʢʠ ZnO ʻ ʦʜʥʦʨʽʜʥʦʶ ʧʨʠ ʰʦʨʩʪʢʦʩʪʽ ʫ ʤʝʞʘʭ 1,51 ʥʤ.  

ɺʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʚʠʢʦʨʠʩ-

ʪʘʥʥʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʀʂʉ-31 ʟ ʧʨʠʩʪʘʚʢʦʶ ʜʣʷ ʚʽʜʙʠʚʘʥʥʷ ʀʇʆ-22 ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʪʘʣʦʥ-

ʥʦʛʦ ʜʟʝʨʢʘʣʘ ʚ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ 400 ï 1400 ʩʤ
-1
. ʉʧʝʢʪʨʠ R(ɜ) ʟʘʧʠʩʘʥʽ ʟ ʧʦʣʷʨʠʟʘʪʦʨʦʤ, ʩʪʫʧʽʥʴ 
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ʧʦʣʷʨʠʟʘʮʽʾ ʷʢʦʛʦ ʈ = 0,98, ʧʨʠ ʦʨʽʻʥʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʝʢʪʦʨʘ ɽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʦʧʪʠʯʥʦʾ 

ʦʩʽ ʉ ʢʨʠʩʪʘʣʘ SiC 6ʅ. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʚʘʥʥʷ ʦʜʝʨʞʘʥʦ ʟ ʧʦʭʠʙʢʦʶ 1 ï 2 %.  

ʗʢ ʚʽʜʦʤʦ, ʦʜʥʠʤ ʽʟ ʥʝʨʫʡʥʽʚʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩ-

ʪʠʚʦʩʪʝʡ ʪʦʥʢʠʭ ʧʣʽʚʦʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʾʭ ʷʢʽʩʪʴ ʽ ʩʪʨʫʢʪʫʨʥʫ ʜʦʩʢʦʥʘʣʽʩʪʴ, ʻ ʤʝʪʦʜ 

ʽʥʬʨʘʯʝʨʚʦʥʦʾ (ɯʏ) ʩʧʝʢʪʨʦʩʢʦʧʽʾ [2]. ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʥʝ ʣʠʰʝ ʧʨʦ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʽʚʢʠ, ʘʣʝ ʡ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʧʽʜʢʣʘʜʢʠ ʪʘ ʩʪʘʥ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʾʾ ʧʦʚʝʨʭʥʽ. 

ʆʙʣʘʩʪʴ çʟʘʣʠʰʢʦʚʠʭ ʧʨʦʤʝʥʽʚè ʦʢʩʠʜʫ ʮʠʥʢʫ ʨʦʟʤʽʱʝʥʘ ʚ ʧʨʦʤʽʞʢʫ ʤʽʞ ʯʘʩʪʦʪʘʤʠ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʦʧʪʠʯʥʦʛʦ ʬʦʥʦʥʘ (ʪʘʙʣ. 1).  
 

ʊʘʙʣʠʮʷ 1  

ɺʟʘʻʤʥʦ ʫʟʛʦʜʞʝʥʽ ʧʘʨʘʤʝʪʨʠ ʦʜʥʦʦʩʮʠʣʷʨʥʦʾ ʤʦʜʝʣʽ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ZnO [2, 14] 
 

 

ʆʨʽʻʥʪʘʮʽʷ 0e  e¤ nT, ʩʤ
-1 

nL, ʩʤ
-1
 

E Ĉ 8,1 3,95 412 591 

E || C 9,0 4,05 380 570 

 

 

ɼʝʪʘʣʴʥʽʰʠʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʥʷ ʚʟʘʻʤʥʦ ʫʟʛʦʜʞʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʜʥʦʦʩʮʠʣʷʨʥʦʾ ʤʦʜʝʣʽ ʜʣʷ 

ZnO ʧʨʦʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [2, 14]. ɸʚʪʦʨʘʤʠ [14] ʧʦʢʘʟʘʥʦ, ʱʦ ZnO ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʘʥʽ-

ʟʦʪʨʦʧʽʻʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʦʥʦʥʥʦʾ ʽ ʩʣʘʙʢʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ ʧʣʘʟʤʦʚʦʾ ʧʽʜʩʠʩʪʝʤ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ 

ʧʣʽʚʢʠ ʦʢʩʠʜʫ ʮʠʥʢʫ ʻ ʜʦʙʨʠʤʠ ʤʦʜʝʣʴʥʠʤʠ ʦʙôʻʢʪʘʤʠ, ʟʨʫʯʥʠʤʠ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʽʟʦʪʨʦʧʽʾ 

ʦʧʪʠʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ɯʏ-ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʟʘ ʥʘʷʚʥʦʩʪʽ ʟʚôʷʟʢʫ ʜʦʚʛʦʭʚʠ-

ʣʴʦʚʠʭ ʦʧʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ˇʨʘʪʢʠ ʟ ʝʣʝʢʪʨʦʥʥʦʶ ʧʣʘʟʤʦʶ. 

ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʩʧʝʢʪʨʽʚ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʧʦʛʣʠʥʘʶʯʦʾ ʧʣʽʚʢʠ ʥʘ çʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʽʡè 

ʧʽʜʢʣʘʜʮʽ ʟ ʦʧʪʠʯʥʦʛʦ ʩʢʣʘ ʧʨʦʚʝʜʝʥʦ ʚ ʦʙʣʘʩʪʽ çʟʘʣʠʰʢʦʚʠʭ ʧʨʦʤʝʥʽʚè ʦʢʩʠʜʫ ʮʠʥʢʫ ʟʘ ʤʘʪʝʤʘ-

ʪʠʯʥʠʤʠ ʚʠʨʘʟʘʤʠ [2]: 
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( )4 /2 2g = p lk d ; ( )4 /2 2d = p ln d . 

 
 

ʧ1, ʧ2, ʧ3 ï ʧʦʢʘʟʥʠʢʠ ʟʘʣʦʤʣʝʥʥʷ; k1, k2, k3 ï ʧʦʢʘʟʥʠʢʠ ʧʦʛʣʠʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʧʦʚʽʪʨʷ, ʧʣʽʚʢʠ ʦʢ-

ʩʠʜʫ ʮʠʥʢʫ ʪʦʚʱʠʥʦʶ d ʪʘ ʦʧʪʠʯʥʦʛʦ ʩʢʣʘ. 

ʈʦʟʨʘʭʫʥʦʢ ʧ2 ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟ ʘʜʠʪʠʚʥʠʤ ʚʢʣʘʜʦʤ 

ʘʢʪʠʚʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʽʚ nT
 ʽ ʧʣʘʟʤʦʥʽʚ np  [1, 9]: 
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() () () ( )1 2

2 2 2 2
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ê úê új j j j j Lj Tj Tj fji i  

 

( ) ( )2
/ ,

¤
- n e n n+ gè ø

ê úpj j pj
i  

 

ʜʝ nL
, nT

 ï ʯʘʩʪʦʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʦʧʪʠʯʥʠʭ ʬʦʪʦʥʽʚ; gf  ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷ 

ʦʧʪʠʯʥʦʛʦ ʬʦʥʦʥʘ; gp  ʽ np  ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷ ʪʘ ʯʘʩʪʦʪʘ ʧʣʘʟʤʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ. ɼʦʩʣʽʜʞʝʥ-

ʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʦʛʣʠʥʘʥʥʷ ʧʽʜʢʣʘʜʢʠ ʚ ɯʏ-ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ. 

 

 
ʈʠʩ. 1. ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʧʝʢʪʨʠ R(ɜ) cʠʣʴʥʦ ʣʝʛʦʚʘʥʠʭ ʧʣʽʚʦʢ ZnO ʥʘ ʧʽʜʢʣʘʜʢʘʭ SiO2 (ʜʘʥʽ ʚ ʪʘʙʣ. 1);  

ʪʦʯʢʠ ï ʝʢʩʧʝʨʠʤʝʥʪ 

 

ʅʘ ʨʠʩ. 1 (ʣʽʥʽʾ 1 ï 5) ʧʦʢʘʟʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ɯʏ-

ʚʽʜʙʠʚʘʥʥʷ ʩʠʣʴʥʦ ʣʝʛʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ZnO/SiO2 ʚʽʜ ʯʘʩʪʦʪʠ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʧʣʽʚʢʠ, ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʭ ʫ ʪʘʙʣ. 2 ʟʘ ʦʨʽʻʥʪʘʮʽʾ ɽ̂ ʉ. ʂʨʠʚʽ 1, 2 ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʚʱʠʥʽ ʧʣʽʚʢʠ d = 0,22 ʤʢʤ ʧʨʠ ʢʦʥʮʝ-

ʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʽʚ (ʝʣʝʢʪʨʦʥʽʚ) 1,5 ʭ 10
19

 ʽ 7,35 ʭ 10
19

 ʩʤ
-3
 ʚʽʜʧʦʚʽʜʥʦ. ʃʽʥʽʾ 3 ï 5 ʨʦʟʨʘ-

ʭʦʚʘʥʦ ʧʨʠ ʟʤʽʥʽ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʚʽʜ 0,22 ʜʦ 0, 72 ʤʢʤ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʽʚ 

(ʝʣʝʢʪʨʦʥʽʚ) ʫ ʧʣʽʚʮʽ ʚʽʜ 1,3 ʭ 10
20

 ʜʦ 4,3 ʭ 10
20

 ʩʤ
-3
. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1, ʟʤʽʥʘ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʽʚ (ʝʣʝʢʪʨʦʥʽʚ) ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜ-

ʙʠʚʘʥʥʷ R(ɜ) ʚ ʦʙʣʘʩʪʽ çʟʘʣʠʰʢʦʚʠʭ ʧʨʦʤʝʥʽʚè ʦʢʩʠʜʫ ʮʠʥʢʫ. 

ʊʦʯʢʘʤʠ ʧʦʢʘʟʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʩʧʝʢʪʨʽʚ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʜʣʷ ZnO/SiO2 (ʜʘʥʽ ʜʣʷ 

ʟʨʘʟʢʽʚ: S312-1 ʪʘ S312-3 ʜʠʚ. ʪʘʙʣ. 2). ʂʨʦʢ ʩʢʘʥʫʚʘʥʥʷ ʟʘ ʯʘʩʪʦʪʦʶ ʩʪʘʥʦʚʠʚ 5 ʩʤ
-1
. 

ɿʙʽʣʴʰʝʥʥʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʽʚ (ʝʣʝʢʪʨʦʥʽʚ) ʫ ʧʣʽʚʢʘʭ ʦʢʩʠʜʫ ʮʠʥʢʫ ʚʽʜ 10
19

 ʜʦ 5 Ĭ 10
20

 

ʩʤ
-3
 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʱʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʩʧʝʢʪʨʘ ʚʽʜʙʠʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʦʧʪʠ-

ʯʥʦʛʦ ʬʦʥʦʥʘ ʧʣʽʚʢʠ ʜʦ 10 ʩʤ
-1
. ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʚʘʥʥʷ (ʢʨʠʚʽ 1 ï 5) ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 

0,2 ʜʦ 0,71 ʥʘ ʚʩʽʡ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʘ. ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʘʥʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʠʭ ʟʘ ʪʦʚʱʠʥʦʶ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʽʚ, ʦʪʨʠʤʘʥʠʭ ʥʝʟʘʣʝʞʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ, ʽ ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʫ ʪʘʙʣ. 2. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʪʫʭʘʥʥʷ ʧʣʘʟʤʦʥʽʚ, ʪʦ ʨʦʟʨʘʭʫʥʦʢ ʢʨʠʚʠʭ 1 ï 5 ʧʨʦʚʝʜʝʥʦ 
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ʟʘ ʫʤʦʚʠ n =gp p . ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʚʟʘʻʤʦʫʟʛʦʜʞʝʥʽ ʧʘʨʘʤʝʪ-

ʨʠ ʦʢʩʠʜʫ ʮʠʥʢʫ (ʜʠʚ. ʪʘʙʣ. 1). ɿʘʪʫʭʘʥʥʷ ʬʦʥʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʚʟʷʪʦ ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ ʨʽʚʥʠʤ 25 

ʩʤ
-1
. ʇʨʠ ʚʢʘʟʘʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʡʢʨʘʱʝ ʫʟʛʦʜʞʝʥʥʷ ʪʝʦʨʽʾ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠ-

ʤʠ ʜʘʥʠʤʠ. ʇʦʭʠʙʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 3 %. 

 

 
ʊʘʙʣʠʮ ̫2  

ʇʘʨʘʤʝʪʨʠ ʩʠʣʴʥʦ ʣʝʛʦʚʘʥʠʭ ʧʣʽʚʦʢ ZnO [13]  

ɿʨʘʟʦʢ 

 

ʈʫʭʣʠʚʽʩʪʴ, 

ʩʤ
2
/(ɺĿʩ) 

ʂʦʥʮʝʥʪʨʘʮʽʷ, 

ʩʤ
-3 

ʇʣʘʟʤʦʚʘ ʯʘʩ-

ʪʦʪʘ, 

ʩʤ
-1
 

ʇʨʦʚʽʜʥʽʩʪʴ, 

ɋ
-1
 ʩʤ

-1 

1. ZnO/glass (S312-1) 24 1,5 x 10
19

 1140 1,73 x 10
3
 

2. ZnO/glass (S312-2) 23.3 7,35 x 10
19

 2530 3,65 x 10
2
 

3. ZnO (III -2) 1,94E-03 1,3E+20 3370 2,48E+01 

4. ZnO (III -1) 1,66E-03 1,42E+20 3520 2,65E+01 

5. ZnO/glass (S312-3) 25,7 4,33 x 10
20

 6145 5,6 x 10
3
 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʜʣʷ ʩʪʨʫʢʪʫʨʠ ʪʦʥʢʘ ʥʘʧʽʚʧʨʦʚʽ-

ʜʥʠʢʦʚʘ ʩʠʣʴʥʦ ʣʝʛʦʚʘʥʘ ʧʣʽʚʢʘ ʦʢʩʠʜʫ ʮʠʥʢʫ ʥʘ ʧʽʜʢʣʘʜʮʽ ʟ ʦʧʪʠʯʥʦʛʦ ʩʢʣʘ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʣʽʚʮʽ ʧ0 = 7,35 ʭ 10
19

 ʩʤ
-3
 (ʟʨʘʟʦʢ ï S312-2). ʊʦʚʱʠʥʘ ʧʣʽʚʢʠ ZnO d = 0,22 ʤʢʤ ʭʘʨʘ-

ʢʪʝʨʥʘ ʜʣʷ ʚʩʽʭ ʢʨʠʚʠʭ; ʟʘʪʫʭʘʥʥʷ ʬʦʥʦʥʽʚ ï 25 ʩʤ
-1
. ɿʘʪʫʭʘʥʥʷ ʧʣʘʟʤʦʚʦʾ ʧʽʜʩʠʩʪʝʤʠ ʫ ʧʣʽʚʮʽ ʦʢ-

ʩʠʜʫ ʮʠʥʢʫ ʟʤʽʥʶʚʘʣʦʩʴ ʚʽʜ 500 ʩʤ
-1
 (ʢʨʠʚʘ 1) ʜʦ 3000 ʩʤ

-1
 (ʢʨʠʚʘ 6) ʟ ʢʨʦʢʦʤ 500 ʩʤ

-1
. ɿʤʝʥʰʝʥ-

ʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʧʣʽʚʢʘ ʦʢʩʠʜʫ ʮʠʥʢʫ ʥʘ ʧʽʜʢʣʘʜʮʽ ʦʧʪʠʯʥʝ ʩʢʣʦ ʩʧʦʩʪʝʨʽʛʘ-

ʻʪʴʩʷ ʚ ʫʩʽʡ ʦʙʣʘʩʪʽ çʟʘʣʠʰʢʦʚʠʭ ʧʨʦʤʝʥʽʚè ZnO ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʪʫʭʘʥʥʷ ʧʣʘʟʤʦ-

ʥʽʚ. 
 

ʈʠʩ. 2. ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʧʝʢʪʨʠ R(ɜ) ʩʠʣʴʥʦ ʣʝʛʦʚʘʥʦʾ ʧʣʽʚʢʠ ZnO ʥʘ ʧʽʜʢʣʘʜʮʽ Siʆ2 ( vp = 2530 ʩʤ
-1
; gf = 25 ʩʤ

-1
 ), 

ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ZnO d = 0,22 ʤʢʤ ʧʨʠ gp = 500 (1), 1000 (2), 1500 (3), 2000 (4), 2500 (5), 3000 (6) ʩʤ
-1
;  

ʪʦʯʢʠ ï ʝʢʩʧʝʨʠʤʝʥʪ. 
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ʈʠʩ. 3. ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʧʝʢʪʨʠ R(ɜ) ʩʠʣʴʥʦ ʣʝʛʦʚʘʥʦʾ ʧʣʽʚʢʠ ZnO ʥʘ ʧʽʜʢʣʘʜʮʽ Siʆ2 (vp =  gp = 2530 ʩʤ
-1
),  

 ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ZnO d = 0,22 ʤʢʤ ʧʨʠ gf = 10, 15, 20, 30, 40, 50 ʩʤ
-1
; ʪʦʯʢʠ ï ʝʢʩʧʝʨʠʤʝʥʪ. 

ʈʠʩ. 4. ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʧʝʢʪʨʠ R(ɜ) ʩʠʣʴʥʦ ʣʝʛʦʚʘʥʦʾ ʧʣʽʚʢʠ ZnO ʥʘ ʧʽʜʢʣʘʜʮʽ Siʆ2 vp =  gp = 2530 ʩʤ
-1
, gf = 25 ʩʤ

-1
, 

ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ZnO d = 0,05 (1), 0,1 (2), 0,2 (3), 0,3 (4), 0,4 (5), 0,5 (6) ʤʢʤ; 

 ʪʦʯʢʠ ï ʝʢʩʧʝʨʠʤʝʥʪ. 

 

ʊʦʯʢʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚ ʧʨʦʤʽʞʢʫ ʚʽʜ 400 ʜʦ 600 ʩʤ
-1
 ʧʨʠ ʢʨʦʮʽ ʩʢʘ-

ʥʫʚʘʥʥʷ 5 ʩʤ
-1
. ɼʠʩʧʝʨʩʽʡʥʠʤ ʘʥʘʣʽʟʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʢʨʘʱʝ ʫʟʛʦʜʞʝʥʥʷ ʪʝʦʨʽʾ ʟ ʝʢʩʧʝʨʠ-

ʤʝʥʪʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ vp =  gp = 2500 ʩʤ
-1
, gf = 25 ʩʤ

-1 ʟʘ ʜʘʥʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ 0,22 ʤʢʤ. 
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ʅʘ ʨʠʩ. 3 ʧʦʜʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʧʝʢʪʨʠ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʜʣʷ ʩʠʣʴʥʦ 

ʣʝʛʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ZnO/SiO2 (ʟʨʘʟʦʢ ï S312-2). ʂʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʣʽʚʮʽ ZnO ʜʣʷ ʢʨʠ-

ʚʠʭ 1 ï 6 ʩʪʘʥʦʚʠʪʴ ʧ0 = 7,35 ʭ 10
19

 ʩʤ
-3
 ʧʨʠ ʪʦʚʱʠʥʽ ʧʣʽʚʢʠ d = 0,22 ʤʢʤ. ɿʘʪʫʭʘʥʥʷ ʧʣʘʟʤʦʥʽʚ 

gp = 2530 ʩʤ
-1 

 ʙʫʣʦ ʬʽʢʩʦʚʘʥʠʤ ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ. ɿʤʽʥʘ ʬʦʨʤʠ ʢʨʠʚʠʭ 1 ï 6 ʧʦʚôʷʟʘʥʘ ʟ ʚʧʣʠʚʦʤ 

ʬʦʥʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʟʘʣʠʰʢʦʚʠʭ ʧʨʦʤʝʥʽʚ.  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3, ʧʨʠ  gf = 25 ʩʤ
-1
 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʫʟʛʦʜʞʝʥʝ ʩʧʽʚʧʘʜʘʥʥʷ ʪʝʦ-

ʨʽʾ ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʝʢʪʨ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʜʣʷ ʩʠʣʴʥʦ ʣʝʛʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ZnO/SiO2 

(ʟʨʘʟʦʢ S312-2). ʂʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʣʽʚʮʽ ZnO ʜʣʷ ʢʨʠʚʠʭ 1 ï 6 ʩʪʘʥʦʚʠʪʴ ʧ0 = 

7,35 ʭ 10
19

 ʩʤ
-3
 ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ ʟʘ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʠ d ʚʽʜ 0,05 ʜʦ 0,5 ʤʢʤ. ʈʝʰʪʘ ʧʘʨʘʤʝʪʨʽʚ ʻ ʬʽʢ-

ʩʦʚʘʥʠʤʠ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʧʽʜʧʠʩʘʭ ʜʦ ʨʠʩʫʥʢʘ. 
ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʫʩʽʭ ʩʧʝʢʪʨʽʚ ʥʘ ʨʠʩ. 1 ï 4 ʻ ʥʘʷʚʥʽʩʪʴ ʤʘʢʩʠʤʫʤʽʚ ʫ ʜʽʘʧʘʟʦʥʘʭ 

350 ï 500 ʩʤ
-1
, ʟʫʤʦʚʣʝʥʠʭ ʚʧʣʠʚʦʤ ʬʦʥʦʥʥʦʾ ʪʘ ʧʣʘʟʤʦʚʦʾ ʧʽʜʩʠʩʪʝʤ ʚ ʦʙʣʘʩʪʽ çʟʘʣʠʰʢʦʚʠʭ 

ʧʨʦʤʝʥʽʚè ʦʢʩʠʜʫ ʮʠʥʢʫ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʣʽʚʢʘ ZnO ʻ ʩʠʣʴʥʦ ʣʝʛʦʚʘʥʦʶ, ʪʦ ʟʤʝʥʰʝʥʥʷ R(ɜ) ʚ 
ʦʙʣʘʩʪʽ 300 ï 600 ʩʤ

-1
 ʧʦʚôʷʟʘʥʦ ʽʟ ʚʧʣʠʚʦʤ ʥʝ ʣʠʰʝ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʘ ʡ ʨʫʭʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ ʥʘ 

ʬʦʨʤʫ ʩʧʝʢʪʨʘ ʚʽʜʙʠʚʘʥʥʷ. ɿ ʨʠʩ. 2, 3 ʚʠʜʥʦ, ʱʦ ʦʙʣʘʩʪʴ ʤʽʞ ʯʘʩʪʦʪʘʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʽ ʧʦʟʜʦʚʞ-
ʥʴʦʛʦ ʦʧʪʠʯʥʦʛʦ ʬʦʥʦʥʽʚ ʧʣʽʚʢʠ ZnO ʥʘʡʯʫʪʣʠʚʽʰʘ ʜʦ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʨʫʭʣʠʚʦʩʪʽ ʚʽʣʴʥʠʭ 
ʥʦʩʽʾʚ ʟʘʨʷʜʽʚ ʫ ʩʪʨʫʢʪʫʨʽ ZnO/Siʆ2. ʆʜʥʘʢ, ʟʤʽʥʘ ʧʣʘʟʤʦʚʦʾ ʧʽʜʩʠʩʪʝʤʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 
ʩʧʝʢʪʨ ʚʽʜʙʠʚʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʩʢʣʘ. ʂʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ 300 ï 600 ʩʤ

-1
 ʤʘʻ ʤʘʢʩʠʤʘ-

ʣʴʥʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʤʽʥʠ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ (ʜʠʚ. ʨʠʩ. 4). 
ʆʪʞʝ, ʽʟ ʧʨʦʚʝʜʝʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʧʣʠʚʘʻ, ʱʦ ʩʧʝʢʪʨʠ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʫ ʩʪʨʫʢ-

ʪʫʨʽ ʧʦʚʽʪʨʷ ï ʧʣʽʚʢʘ ZnO ï ʦʧʪʠʯʥʝ ʩʢʣʦ ʜʦʙʨʝ ʤʦʜʝʣʶʶʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙôʻʤʥʠʭ ʚʟʘʻʤ-

ʥʦ ʫʟʛʦʜʞʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʫ ʨʦʙʦʪʘʭ [2, 14] ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʦʢʩʠʜʫ ʮʠʥʢʫ. ʎʝ ʧʽʜ-

ʪʚʝʨʜʞʫʻ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʷʢ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦ-

ʩʪʝʡ ʧʣʽʚʦʢ ZnO, ʪʘʢ ʽ ʩʪʫʧʝʥʷ ʾʭ ʪʝʢʩʪʫʨʦʚʘʥʦʩʪʽ. ʅʘ ʦʩʥʦʚʽ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʚʯʝʥʠʭ 

ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʝʨʫʡʥʽʚʥʽ ʤʝʪʦʜʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʝʣʝʢʪʨʦʥʽʚ, ʨʫʭʣʠʚʽʩʪʴ ʪʘ ʧʠʪʦʤʫ ʧʨʦʚʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʫ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʝʢʩʧʝʨʠ-

ʤʝʥʪʫ, ʥʝ ʨʫʡʥʫʶʯʠ ʾʭ. 
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ʄɸɻʅɯʊʆʈɽʌʃɽʂʎɯʁʅʀʁ ɽʌɽʂʊ ʋ ɼɺʆʐɸʈʆɺʀʍ  
ʉʊʈʋʂʊʋʈɸʍ ZnO/6H-SiC 

ɸ.ɯ. ɭʚʪʫʰʝʥʢʦ, ʆ.ɺ. ʄʝʣʴʥʠʯʫʢ 

ʊʦʥʢʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʣʽʚʢʠ, ʟʘʚʜʷʢʠ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ.ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ [1, 2]. ɸʢʪʫʘʣʴʥʦʶ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʨʦʙʣʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʮʠʥʢʫ ʥʘ ʦʧʪʠʯʥʦ-ʘʥʽʟʦʪʨʦʧʥʠʭ ʧʽʜʢʣʘʜʢʘʭ, ʷʢʽ ʥʘ ʩʴʦʛʦ-

ʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʢʫʩʪʦ-, ʦʧʪʦ-, ʤʽʢʨʦ-, ʽʥʪʝʛʨʘʣʴʥʽʡ ʪʘ ʅɺʏ ʝʣʝʢʪʨʦʥʽʮʽ ʚ ʷʢʦʩʪʽ ʧʨʦʟʦ-

ʨʠʭ ʰʘʨʽʚ ʽ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʣʝʛʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʜʽʝʣʝʢʪʨʠʢʘʤʠ ʘʙʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ 

[1, 2]. ɿʦʢʨʝʤʘ ʥʝʜʦʩʣʽʜʞʝʥʠʤʠ ʻ ʜʚʦʰʘʨʦʚʽ ʩʪʨʫʢʪʫʨʠ ZnO/6H-SiC ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʬʦʥʦʥʥʦʾ ʪʘ 

ʧʣʘʟʤʦʚʦʾ ʧʽʜʩʠʩʪʝʤ ʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. 

ʄʘʛʥʽʪʦʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʚ ɯʏ-ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ, ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʦʧʪʠʯ-

ʥʠʭ ʷʚʠʱ ʚ ʤʝʪʘʣʘʭ, ʧʦʚôʷʟʘʥʽ ʟ ʚʥʫʪʨʽʟʦʥʥʠʤʠ ʦʧʪʠʯʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ. ʊʦʤʫ ʤʘʛʥʽʪʥʝ ʧʦʣʝ 

ʚʧʣʠʚʘʻ ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʚʘʥʥʷ, ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ɯʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [3].  

ɿʤʽʥʘ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʚʘʥʥʷ R, ʧʨʦʧʫʩʢʘʥʥʷ T ʪʘ ʧʦʛʣʠʥʘʥʥʷ A ʩʚʽʪʣʘ ʟʘ ʫʤʦ-

ʚʠ ʨʦʟʤʽʱʝʥʥʷ ʢʨʠʩʪʘʣʘ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ (ʤʘʛʥʽʪʦʨʝʬʣʝʢʮʽʡʥʠʡ ʝʬʝʢʪ (ʄʈɽ)) ʫʧʝʨʰʝ ʪʝʦʨʝ-

ʪʠʯʥʦ ʚʠʚʯʝʥʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚ [3 ï 7]. ʄʘʛʥʽʪʦʨʝʬʣʝʢʮʽʡʥʠʡ ʝʬʝʢʪ ʥʘ ʷʚʠ-

ʱʽ ʚʽʜʙʠʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʤʘʛʥʽʪʦʚʽʜʙʠʚʘʥʥʷ. ɿʛʽʜʥʦ [8] ʢʦʝʬʽʮʽʻʥʪʦʤ ʤʘʛ-

ʥʽʪʦʚʽʜʙʠʚʘʥʥʷ ʻ ʚʝʣʠʯʠʥʘ 

 

( )0 0/ /HR R R R RD = - , 

ʜʝ 
0,HR R  ï ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʚʘʥʥʷ ʩʚʽʪʣʘ ʩʪʨʫʢʪʫʨʦʶ ʟʘ ʥʘʷʚʥʦʩʪʽ ʡ ʚʽʜʩʫʪʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʚʽʜʧʦʚʽʜʥʦ.  

 ʋ  ʨʦʙʦʪʘʭ [3 ï 7] ʜʦʩʣʽʜʞʝʥʦ ʤʘʛʥʽʪʦʨʝʬʣʝʢʮʽʡʥʠʡ ʝʬʝʢʪ ʫ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʩʧʣʘʚʘʭ ʤʝ-

ʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ ʚ ɯʏ-ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ, ʨʦʟʛʣʷʥʫʪʦ ʡʦʛʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʯʘʩʪʦʪʠ, ʢʫʪʘ ʧʘʜʽʥʥʷ ʪʘ 

ʧʦʣʷʨʠʟʘʮʽʾ ʩʚʽʪʣʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʤʘʛʥʽʪʦʨʝʬʣʝʢʮʽʡʥʦʛʦ ʝʬʝʢʪʫ ʫ ʜʘ-

ʥʠʭ ʩʠʩʪʝʤʘʭ ʻ ʩʧʽʥ-ʟʘʣʝʞʥʝ ʪʫʥʝʣʶʚʘʥʥʷ ʥʘ ʦʧʪʠʯʥʠʭ ʯʘʩʪʦʪʘʭ. ʋ ʩʧʝʢʪʨʘʭ ʚʽʜʙʠʚʘʥʥʷ ʚʠʷʚ-

ʣʝʥʦ ʥʠʟʢʫ ʬʦʥʦʥʥʠʭ ʤʦʜ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʤʘʪʨʠʮʽ ʽ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʦʩʮʠʣʷʮʽʾ ʤʘʛʥʽʪʦʨʝʬʣʝʢʮʽʡʥʦ-

ʛʦ ʝʬʝʢʪʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʄʈɽ ʤʘʻ ʩʣʘʙʢʫ ʧʦʣʷʨʠʟʘʮʽʡʥʫ ʪʘ ʢʫʪʦʚʫ ʟʘʣʝʞʥʦʩʪʽ ʟʘ ʤʘʣʠʭ ʢʫʪʽʚ 

ʧʘʜʽʥʥʷ ʩʚʽʪʣʘ. ɿʘ ʫʤʦʚʠ ʟʨʦʩʪʘʥʥʷ ʢʫʪʘ ʧʘʜʽʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʧʫʩʢʘʥʥʷ ʧʦʯʠʥʘʻ ʩʠʣʴʥʦ 

ʟʨʦʩʪʘʪʠ. ʄʈɽ ʥʘ ʚʽʜʙʠʚʘʥʥʽ ʜʦʩʷʛʘʻ ʥʘʡʙʽʣʴʰʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʨ-ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ ʧʨʠ ʢʫ-

ʪʘʭ ʧʘʜʽʥʥʷ, ʙʣʠʟʴʢʠʭ ʜʦ ʢʫʪʘ ɹʨʶʩʪʝʨʘ, ʘ ʪʘʢʦʞ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʧʦʙʣʠʟʫ ʧʦʨʦʛʫ ʧʝʨʢʦʣʷ-

ʮʽʾ ʽʟ ʚʤʽʩʪʦʤ ʤʝʪʘʣʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʬʘʟʽ. ʋ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʽʟ ʪʫʥʝʣʴʥʠʤ ʤʘʛʥʽ-

ʪʦʦʧʦʨʦʤ  ʄʈɽ ʩʢʣʘʜʥʦ ʧʦʚôʷʟʘʥʠʡ ʟ ʦʧʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʠʯʦʤʫ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʄʈɽ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʙʠʚʘʥʥʷ ʥʝ ʻ ʣʽʥʽʡʥʦʶ. ɿʘ ʚʝʣʠʢʠʭ ʢʫʪʽʚ ʧʘʜʽʥʥʷ ʩʚʽʪʣʘ ʤʘʻ ʤʽʩʮʝ ʩʠʣʴʥʘ ʧʦʣʷ-

ʨʠʟʘʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʄʈɽ, ʧʨʠʯʦʤʫ ʚʽʥ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʜʣʷ ʨ-ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪ ʧʨʠ 

ʚʽʜʙʠʚʘʥʥʽ ʽ ʜʣʷ s-ʢʦʤʧʦʥʝʥʪʠ ʧʨʠ ʧʨʦʧʫʩʢʘʥʥʽ. ʋ [9] ʨʦʟʚʠʥʫʪʘ ʪʝʦʨʽʷ ʜʣʷ ʄʈɽ ʜʣʷ ʤʝʪʘʣʝʚʠʭ 
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ʤʫʣʴʪʠʰʘʨʽʚ. ɽʬʝʢʪ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚ ʙʣʠʞʥʽʡ ɯʏ-ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʽ ʟʘ ʚʽʜʙʠʚʘʥʥʷ ʩʪʘʥʦʚʠʚ ʧʨʠʙ-

ʣʠʟʥʦ 0,1 ï 0,5 %. 

ɺʚʘʞʘʻʪʴʩʷ [3 ï 9], ʱʦ ʚ ʤʘʛʥʽʪʥʠʭ ʽ ʥʝʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʚʝʣʠʢʦʛʦ ʤʘʛ-

ʥʽʪʦʦʧʦʨʫ, ʄʈɽ ʥʘʩʪʽʣʴʢʠ ʤʘʣʠʡ, ʱʦ ʥʠʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ɯ ʪʽʣʴʢʠ ʚ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʽʟ 

ʛʽʛʘʥʪʩʴʢʠʤ ʪʫʥʝʣʴʥʠʤ ʘʙʦ ʢʦʣʦʩʘʣʴʥʠʤ ʤʘʛʥʽʪʦʦʧʦʨʦʤ ʧʨʦʚʽʜʥʽʩʪʴ ʟʥʘʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʫʤʦ-

ʚʠ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ, ʪʦʤʫ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʚ ɯʏ-ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ, ʣʽʥʽʡʥʦ ʧʦʚôʷʟʘʥʘ ʟ 

ʧʨʦʚʽʜʥʽʩʪʶ, ʪʘʢʦʞ ʻ ʬʫʥʢʮʽʻʶ ʧʨʠʢʣʘʜʝʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʆʩʢʽʣʴʢʠ ʽʥʜʝʢʩʠ ʨʝʬʨʘʢʮʽʾ ʽ ʚʩʽ 

ʦʧʪʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ, ʦʯʝʚʠʜʥʦ, ʱʦ ʄʈɽ ʻ ʯʘʩʪʦʪʥʠʤ 

ʘʥʘʣʦʛʦʤ ʛʽʛʘʥʪʩʴʢʦʛʦ ʤʘʛʥʽʪʦʦʧʦʨʫ ʽ ʧʘʨʥʠʤ ʟʘ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷʤ. ɺ ɯʏ-ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʪʨʘʜʠ-

ʮʽʡʥʽ ʥʝʧʘʨʥʽ ʽ ʧʘʨʥʽ ʟʘ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷʤ ʤʘʛʥʽʪʦʦʧʪʠʯʥʽ ʝʬʝʢʪʠ ʥʘ ʚʽʜʙʠʪʦʤʫ ʩʚʽʪʣʽ ʚ ʤʝʪʘʣʘʭ 

ʪʘ ʢʦʤʧʦʟʠʪʘʭ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 0,01 %, ʪʦʤʫ ʧʦʰʫʢ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʚʝʣʠʢʠʤ ʄʈɽ ʤʘʻ ʚʘʞʣʠʚʝ 

ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. 

ʋ ʨʦʙʦʪʽ [7] ʨʦʟʨʘʭʦʚʘʥʦ ʤʘʛʥʽʪʦʧʨʦʧʫʩʢʘʥʥʷ ʽ ʤʘʛʥʽʪʦʚʽʜʙʠʚʘʥʥʷ ʜʣʷ ʤʘʥʛʘʥʽʪʽʚ ʽ ʦʜʥʦ-

ʤʽʨʥʠʭ ʤʘʛʥʽʪʦʬʦʪʦʥʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʧʣʽʚʢʫ ʤʘʥʛʘʥʽʪʫ ʚ ʷʢʦʩʪʽ ʜʝʬʝʢʪʫ. ɺʠʢʦʥʘʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʘʛʥʽʪʦʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʤʘʛʥʽʪʦʚʽʜʙʠʚʘʥʥʷ ʤʘʥʛʘʥʽʪʽʚ ʽʟ ʢʦʣʦʩʘʣʴʥʠʤ 

ʤʘʛʥʽʪʦʦʧʦʨʦʤ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʨʦʷʚʠ ʤʘʛʥʽʪʦʨʝʬʣʝʢʮʽʡʥʦʛʦ ʝʬʝʢʪʫ, ʧʨʠʯʦʤʫ ʚʝʣʠʯʠʥʘ 

ʝʬʝʢʪʫ ʥʘ ʧʨʦʭʦʜʞʝʥʥʷ ʤʦʞʝ ʩʷʛʘʪʠ 20 ï 40 % ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɽʬʝʢʪ ʥʘ ʚʽʜʙʠʚʘʥʥʽ 

ʜʣʷ ʧʣʽʚʢʠ ʪʦʚʱʠʥʦʶ 300 ʥʤ ʩʪʘʥʦʚʠʪʴ 1 ï 2 % ʽ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʧʽʜʩʠʣʝʥʠʡ ʟʘ ʨʘʭʫʥʦʢ ʙʘʛʘ-

ʪʦʧʨʦʤʝʥʝʚʦʾ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʚ ʩʠʤʝʪʨʠʯʥʽʡ ʪʘ ʘʥʪʠʩʠʤʝʪʨʠʯʥʽʡ ʩʭʝʤʽ ʤʘʛʥʽʪʦʬʦʪʦʥʥʠʭ ʢʨʠʩʪʘ-

ʣʽʚ ʽʟ ʚʙʫʜʦʚʘʥʠʤ ʜʝʬʝʢʪʦʤ. 

ʋ [6] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʝʢʪʨʠ ʤʘʛʥʽʪʦʚʽʜʙʠʚʘʥʥʷ ʫ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʧʣʽʚʢʘʭ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʴʩʷ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʤ ʤʽʥʽʤʫʤʦʤ. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟʽ ʟʙʫʜʞʝʥʥʷʤ ʧʦʟʜʦ-

ʚʞʥʴʦʾ ʦʧʪʠʯʥʦʾ ʬʦʥʦʥʥʦʾ ʤʦʜʠ. ʄʽʥʽʤʫʤ ʩʪʘʻ ʯʽʪʢʽʰʠʤ, ʘ ʡʦʛʦ ʘʤʧʣʽʪʫʜʘ ʟʨʦʩʪʘʻ ʥʝʣʽʥʽʡʥʦ 

ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʅ. ɿʥʘʯʝʥʥʷ ʄʈɽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʘʭ ʥʠʟʴʢʦʾ ʚʽʜʙʠʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʨʘʟ-

ʢʽʚ. 

ʂʨʘʚʝʮʴ ɸ.ʌ. ʪʘ ʽʥ. ʚʧʝʨʰʝ [8] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʷʚʠʣʠ ʪʘ ʜʦʩʣʽʜʠʣʠ ʚʧʣʠʚ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ Al2O3, LiF, MgO. ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʩʧʝʢʪʨʠ ʚʽʜʙʠʚʘʥʥʷ ʚ ʦʧʪʠʯʥʦ-ʘʥʽʟʦʪʨʦʧʥʠʭ ʥʝʤʘʛʥʽʪʥʠʭ ʢʨʠʩʪʘʣʘʭ ʜʝʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʋ ʩʧʝʢʪʨʘʭ ʤʘʛʥʽʪʦʚʽʜʙʠʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʨʽʟʢʽ ʧʽʢʠ ʚ ʦʙʣʘʩʪʷʭ ʯʘʩʪʦʪ, ʜʝ 

ʚʽʜʙʠʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʢʨʠʩʪʘʣʘ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʤʽʥʽʤʘʣʴʥʘ.   

ʋ ʨʦʙʦʪʽ [10] ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʷʚʠ ʤʛʥʽʪʦʨʝʬʨʘʢʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʫ ʧʦʣʷʨʥʠʭ ʦʧʪʠʯʥʦ-

ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʘʭ ZnO ʪʘ 6H-SiC ʪʘ ʡʦʛʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ  ʡ ʥʘʧʨʷʤʢʫ ʤʘʛ-

ʥʽʪʥʦʛʦ ʧʦʣʷ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʪʫʭʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʬʦʥʦʥʘ  

ʪʘ ʧʣʘʟʤʦʥʽʚ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʩʧʝʢʪʨʠ ʚʽ-

ʜʙʠʚʘʥʥʷ ʜʚʦʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ï ʪʦʥʢʠʡ ʧʦʛʣʠʥʘʶʯʠʡ ʦʜʥʦʨʽʜʥʠʡ ʰʘʨ ʥʘ ʧʦʛʣʠʥʘʶʯʽʡ çʥʘʧʽ-

ʚʥʝʩʢʽʥʯʝʥʥʽʡè ʧʽʜʢʣʘʜʮʽ ʟʘ ʫʤʦʚʠ ʜʽʾ ʥʘ ʦʩʪʘʥʥʶ ʩʠʣʴʥʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ʂʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦ ʟ ʚʠʨʘʟʫ 
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1 2 3, ,n n n  - ʧʦʢʘʟʥʠʢʠ ʟʘʣʦʤʣʝʥʥʷ ʽ 
1 2 3, ,k k k  - ʧʦʢʘʟʥʠʢʠ ʧʦʛʣʠʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʧʦʚʽʪʨʷ, ʧʣʽ-

ʚʢʠ ʦʢʩʠʜʫ ʮʠʥʢʫ ʪʦʚʱʠʥʦʶ 
2d  ʪʘ ʧʽʜʢʣʘʜʢʠ 6H-SiC. ʆʙʯʠʩʣʝʥʥʷ 

2 3,n n  ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩ-

ʥʦʚʽ ʤʦʜʝʣʽ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʦʢʩʠʜʫ ʮʠʥʢʫ ʪʘ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʷʢʘ ʚʢʣʶʯʘʻ ʚʢʣʘʜ 

ʘʢʪʠʚʥʠʭ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʽʚ 
Tn  ʽ ʧʣʘʟʤʦʥʽʚ pn ; 
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¡e ʪʘ ¡¡e - ʜʽʡʩʥʘ ʡ ʫʷʚʥʘ ʯʘʩʪʠʥʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʦʢʩʠʜʫ ʮʠʥʢʫ: 
2 2

; 2n k nk¡ ¡e = - e =, 

n  ʪʘ k  - ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʽ ʛʦʣʦʚʥʠʡ ʧʦʢʘʟʥʠʢ ʧʦʛʣʠʥʘʥʥʷ ʦʢʩʠʜʫ ʮʠʥʢʫ. 
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1B  - ʩʠʣʘ ʦʩʮʠʣʷʪʦʨʘ, 
Tn  ʽ fg  - ʯʘʩʪʦʪʘ ʽ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷ ʬʦʥʦʥʘ, pn  ʽ pg  - ʯʘʩʪʦʪʘ ʽ ʢʦʝ-

ʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷ ʧʣʘʟʤʦʥʫ;  
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^W= m m- ʮʠʢʣʦʪʨʦʥʥʘ ʯʘʩʪʦʪʘ; 

ʢʦʤʧʦʥʝʥʪʠ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʪʝʥʟʦʨʘ ʦʙʝʨʥʝʥʦʾ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ijm, ʟʛʽʜʥʦ [11], ʚʠʨʘʞʘʶʪʴʩʷ 
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ʆʙôʻʤʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʦʢʩʠʜʫ ʮʠʥʢʫ ʪʘ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ (ʧʦʣʽʪʠʧ 6ʅ), ʱʦ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚ ʦʙʨʘʭʫʥʢʘʭ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʚʘʥʥʷ ʜʚʦʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʪʦʥʢʠʡ ʧʦʛʣʠʥʘʶʯʠʡ 

ʦʜʥʦʨʽʜʥʠʡ ʰʘʨ ZnO ʥʘ ʧʦʛʣʠʥʘʶʯʽʡ çʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʽʡè ʧʽʜʢʣʘʜʮʽ 6H-SiC, ʧʦʜʘʥʦ ʚ ʪʘʙʣ. 1 ï 4. 
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ʊʘʙʣʠʮʷ 1 

ʆʙôʻʤʥʽ ʧʘʨʘʤʝʪʨʠ ZnO 

ZnO 
0e 

¤e  
Tn, ʩʤ

-1 
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-1 

E C^
C

 8,1 3,95 412 591 

IIE C
C
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ʊʘʙʣʠʮʷ 2 

ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ZnO, ʚʠʨʦʱʝʥʠʭ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ ʤʝʪʦʜʦʤ 
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IIE C  
E C^   

IIE C  

1. ZO2-3 9,3Ŀ10
16 

   90 100 150 170 11 11 0,21 1,23 0,258 4,76 3,88 

2. ZO1-3 6,6Ŀ10
17

 240 250 280 260 13 13 0,23 1,13 0,260 4,35 3,85 

3. ZO6-B 2,0Ŀ10
18

 420 480 406 350 21 21 0,22 1,18 0,260 4,55 3,85 

 

ʊʘʙʣʠʮʷ 3 

ʆʙôʻʤʥʽ ʧʘʨʘʤʝʪʨʠ 6H-SiC 

6H-SiC 
0e  

¤e  
Tn, ʩʤ

-1
 

Ln, ʩʤ
-1
 

E C^
C

 9,66 6,52 797 970 

IIE C
C

 10,03 6,7 788 964 

 

ʊʘʙʣʠʮʷ 4 

ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 6H-SiC 

ˉ ɿʨʘʟʦʢ n0, ʩʤ
-3 pn , ʩʤ

-1 

pg , ʩʤ
-1
 fg , ʩʤ

-1 

IIm  m̂  
E C^

 
 

IIE C  E C^
 

 

IIE C  E C^
 

 

IIE C  

1. ʇʉɽ-3ɹ 5Ŀ10
18

 550 200 620 340 12 12 0,59 4 

2. SC-1 6,8Ŀ10
18

 620 210 700 260 14 14 0,59 4 

3. SC-2 10
19

 740 280 830 450 12 12 0,59 4 

ɿʘ ʩʧʝʢʪʨʘʤʠ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ (ʨʠʩ.1) ʚʧʣʠʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʦʥʢʠʡ ʧʦʛʣʠʥʘ-

ʶʯʠʡ ʦʜʥʦʨʽʜʥʠʡ ʰʘʨ ZnO ʥʘ ʧʦʛʣʠʥʘʶʯʽʡ çʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʽʡè ʧʽʜʢʣʘʜʮʽ 6H-SiC ʟʘ ʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ 100 ʢɽ ʥʝ ʦʯʝʚʠʜʥʠʡ. ʊʦʤʫ, ʟ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʨʠ ʚʠʚʯʝʥʥʽ ʚʧʣʠʚʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʥʘ ʜʘʥʫ ʩʪʨʫʢʪʫʨʫ ʢʨʘʱʝ ʨʦʟʛʣʷʥʫʪʠ ʩʧʝʢʪʨʠ ʤʘʛʥʽʪʦʚʽʜʙʠʚʘʥʥʷ, ʷʢʽ ʧʦʜʘʥʦ ʥʘ ʨʠʩ 2.  

 
ʈʠʩ. 1. ʉʧʝʢʪʨʠ ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʪʦʥʢʠʡ ʧʦʛʣʠʥʘʶʯʠʡ ʦʜʥʦʨʽʜʥʠʡ ʰʘʨ ZnO ʥʘ ʧʦʛʣʠʥʘʶʯʽʡ  

çʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʽʡè ʧʽʜʢʣʘʜʮʽ 6H-SiC: 1 - ʙʝʟ ʚʧʣʠʚʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ; 2 - ʟʘ ʥʘʷʚʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 100 ʢɽ. 
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ʈʠʩ. 2. ʉʧʝʢʪʨ ɯʏ-ʤʘʛʥʽʪʦʚʽʜʙʠʚʘʥʥʷ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʪʦʥʢʠʡ ʧʦʛʣʠʥʘʶʯʠʡ ʦʜʥʦʨʽʜʥʠʡ  

ʰʘʨ ZnO ʥʘ ʧʦʛʣʠʥʘʶʯʽʡ çʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʽʡè ʧʽʜʢʣʘʜʮʽ 6H-SiC ʟʘ ʜʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 100 ʢɽ. 
 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2, ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʫʣʷ ʚ ʩʧʝʢʪʨʘʭ ʤʘʛʥʽʪʦʚʽʜʙʠʚʘʥʥʷ ʧʣʽʚʢʠ ZnO, ʪʦʚʠɦ-

ʥʦʶ 2 ʤʢʤ, ʥʘ ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʽʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽʡ ʧʽʜʢʣʘʜʮʽ 6H-SiC ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʦʢʦʣʽ 

ʯʘʩʪʦʪ ʧʦʧʝʨʝʯʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʬʦʥʦʥʘ ZnO (380 ï 412 ʩʤ
-1
) ʪʘ ʧʦʟʜʦʚʞʥʴʦʛʦ ʦʧʪʠʯʥʦʛʦ ʬʦʥʦʥʘ  

6H-SiC (964 ï 970 ʩʤ
-1
). ʎʝ ʟʫʤʦʚʣʝʥʦ ʮʠʢʣʦʪʨʦʥʥʠʤ ʨʫʭʦʤ ʝʣʝʢʪʨʦʥʽʚ ʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ.  

ʈʘʥʽʰʝ ʚʞʝ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʪʦʚʱʠʥʠ ʰʘʨʫ ʧʣʽʚʢʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʥʘ ʧʽʜʢʣʘʜʮʽ ʥʘ 

ʩʧʝʢʪʨʠ ʚʽʜʙʠʚʘʥʥʷ [1-2]. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʪʦʚʱʠʥʠ ʰʘʨʫ ʧʣʽʚʢʠ ʥʘ ʩʧʝʢʪʨʠ 

ʤʘʛʥʽʪʦʚʽʜʙʠʚʘʥʥʷ. ɿʦʢʨʝʤʘ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ ʰʘʨʫ ʧʣʽʚʢʠ ʥʘ ʯʘʩʪʦʪʽ ʧʦ-

ʧʝʨʝʯʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʬʦʥʦʥʘ  ʦʢʩʠʜʫ ʮʠʥʢʫ ʢʦʝʬʽʮʽʻʥʪ ʤʘʛʥʽʪʦʚʽʜʙʠʚʘʥʥʷ ʟʘ ʘʙʩʦʣʶʪʥʦʶ ʚʝ-

ʣʠʯʠʥʦʶ ʟʨʦʩʪʘʻ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʥʘ ʯʘʩʪʦʪʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʦʧʪʠʯʥʦʛʦ ʬʦʥʦʥʘ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ (ʧʦ-

ʣʽʪʠʧ 6ʅ) ʤʦʜʫʣʴ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ. 3).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʩʧʝʢʪʨʘʤʠ ʤʘʛʥʽʪʦʚʽʜʙʠʚʘʥʥʷ ʚ ɯʏ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ 

ʤʘʛʥʽʪʦʨʝʬʣʝʢʮʽʡʥʦʛʦ ʝʬʝʢʪʫ  ʚ ʥʝʣʝʛʦʚʘʥʠʭ ʜʚʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨʘʭ ZnO/6H-SiC ʟʘ ʧʦʣʽʚ 

100 ʢɽ. ɺʠʷʚʣʝʥʦ, ʱʦ ʪʦʚʱʠʥʘ ʰʘʨʫ ʧʣʽʚʢʠ ʦʢʩʠʜʫ ʮʠʥʢʫ ʚʧʣʠʚʘʻ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ɯʏ-ʚʽʜʙʠʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʟʘʣʠʰʢʦʚʠʭ ʧʨʦʤʝʥʽʚ ʚʽʜ ʚʢʘʟʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʽʾ ʟʦʚʥʽʰ-

ʥʴʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʧʨʠʯʦʤʫ, ʟʽ ʟʤʽʥʦʶ ʪʦʚʱʠʥʠ ʰʘʨʫ ʧʣʽʚʢʠ ʟʤʽʥʶʻʪʴʩʷ ʢʦʝ-

ʬʽʮʽʻʥʪ ʤʘʛʥʽʪʦʚʽʜʙʠʚʘʥʥʷ.  

 

 
ʈʠʩ. 3. ʉʧʝʢʪʨʠ ɯʏ-ʤʘʛʥʽʪʦʚʽʜʙʠʚʘʥʥʷ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʪʦʥʢʠʡ ʧʦʛʣʠʥʘʶʯʠʡ ʦʜʥʦʨʽʜʥʠʡ  

ʰʘʨ ZnO ʥʘ ʧʦʛʣʠʥʘʶʯʽʡ çʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʽʡè ʧʽʜʢʣʘʜʮʽ 6H-SiC ʟʘ ʜʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 100 ʢɽ: 

ʢʨʠʚʘ 1 ï ʧʨʠ d=0,2 ʤʢʤ; ʢʨʠʚʘ 2 ï d=0,5 ʤʢʤ 
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ʆ ʇʈɽɼɺɽʉʊʅʀʂɸʍ ɿɽʄʃɽʊʈʗʉɽʅʀʗ 

ʃ. ɿʫʨʦʰʚʠʣʠ, ɼʞ. ɿʫʨʦʰʚʠʣʠ  

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ. ʇʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʳʨʦʩ ʯʠʩʣʦ ʪʝʭ ʫʯʝʥʥʳʭ ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪ, 

ʯʪʦ ʜʣʷ  ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʥʫʞʥʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ.  

ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʲʝʜʠʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʦʬʠʟʠʢʦʚ, ʤʝʪʝʦʨʦʣʦʛʦʚ, 

ʛʝʦʣʦʛʦʚ ʠ ʩʚʦʠʭ ʩʬʝʨʘʭ ʧʦʠʩʢʘʪʴ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [1 - 3] ʧʦʢʘʟʘ-

ʣʠ: 1) ɺ ʤʦʤʝʥʪ ʪʦʣʯʢʘ ʫʩʠʣʠʚʘʝʪʩʷ ʵʬʬʝʢʪ ʩʤʝʰʠʚʘʥʠʷ ʩʣʦʝʚ. 2) ɿʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʜʦ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʚʳʰʝʥʠʷ ʠʟʤʝʥʯʠʚʦʩʪʠ. 3) ʇʨʠ ʧʝʨʝʜʘʯʠ ʚʦʟʤʫʱʝʥʠʷ ʦʪ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʢ ʠʦʥʦʩʬʝʨʝ ʥʝʡʪʨʘʣʴʥʦʤ ʚ ʘʪʤʦʩʬʝʨʝ ʛʣʘʚʥʳʝ ʨʦʣʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ. ʊʘʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɺɻɺ-ʠʩʪʦʯʥʠʢ. ɸʚʪʦʨ[4] ʧʦʢʘʟʘʣ, ʯʪʦ ʪʘ-

ʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʜʣʷ ɺɻɺ ʤʦʛʫʪ ʙʳʪʴ ʩʝʡʩʤʦʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ɿʝʤʣʠ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ.  ɺ ʩʚʷʟʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠʥʪʝʨʝʩʥʦ ʙʳʣʦ 

ʧʦʢʘʟʘʪʴ: 1.ɺʦʟʤʫʱʝʥʠʷ ʦʪ ɿʝʤʣʠ ʜʦʩʪʠʛʣʦ ʣʠ ʜʦ ʠʦʥʦʩʬʝʨʳ?  

2.ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘ ɿʝʤʣʝ ʦʪʘʙʨʘʞʘʣʦ ʣʠ ʥʘ ʚ ʠʦʥʦʩʬʝʨʫ? 

ɼʘʥʥʳʝ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ʕʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʤʦʞʥʦ ʫʪʚʝʨʜʠʪʴ ʦʪ ʟʘʧʠʩʝʡ 15 ʠʶʥʷ 

1991ʛʦʜʘ. ɺ ʵʪʦ ʚʨʝʤʷ ʚ ʊʙʠʣʠʩʠ ʨʘʙʦʪʘʣʠ ʢʘʢ ʩʝʡʩʤʠʯʝʩʢʠʝ ʪʘʢ ʠ ʤʠʢʨʦʙʘʨʦʚʘʨʠʘʮʠʦʥʥʳʝ 

ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʢʘʥʘʣʳ ʘ ʚ ʪʘʙʘʭʤʝʣʘ ʚʝʣʠʩʴ ʥʘʙʣʶʜʝʥʠʷ ʥʘʜ ʧʘʨʘʤʝʪʨʘʤ f0 ʚ ʩʣʦʝ F2. ʕʪʦ 

ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʴ ʩʧʝʢʪʨʳ ʢʘʢ ʜʦ ʪʘʢ ʠ ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʥʘ ɿʝʤʣʝ ʠ ʚ ʠʦʥʦ-

ʩʬʝʨʝ. ɿʘʧʠʩʠ ʩʝʡʩʤʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ɿʝʤʣʠ ʙʳʣʠ ʦʮʠʬʨʦʚʘʥʳ ʟʘ 45 ʯʘʩʦʚ ʜʦ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʷ ʠ ʚʳʯʠʩʣʝʥʳ ʧʦ ʤʝʪʦʜʫ [5]. ʇʦʵʪʦʤʫ ʤʝʪʦʜʫ ʙʳʣ ʚʳʯʠʩʣʝʥ ʩʧʝʢʪʨ ʧʘʨʘ ʤʝʪʨʘ f0F2  

ʠʦʥʦʩʬʝʨʳ.  
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ɿʘʢʣʶʯʝʥʠʝ.  ʂʦʣʝʙʘʥʠʷ ʩ ʙʣʠʟʢʠʤʠ ʚʳʰʝ ʚʳʯʠʩʣʝʥʠʡ ʧʝʨʠʦʜʦʤ (50-120) ʤʠʥ. ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʠ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʚ ʚʘʨʠʘʮʠʷʭ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʤʦʜʫʣʠʨʦʚʘʪʴʩʷ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʡ ʯʝʨʝʟ ʠʦʥʦʩʬʝʨʫ. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʦʣʝ-

ʙʘʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʫʩʣʦʚʣʝʥʳ ʢʦʣʝʙʘʥʠʷʤʠ ʧʨʦʚʦʜʷʱʝʡ ʠʦʥʦʩʬʝʨʳ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠ-

ʨʫʶʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʚʳʯʠʩʣʝʥʠʡ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʯʪo ʚ ʠʦʥʦ-

ʩʬʝʨʝ ʪʦʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʙʝʟ ʢʘʢʠʭ ʣʠʙʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʧʝʨʠʦʜʳ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʠʦʜʘʤ ʩʝʡʩʤʦʛʨʘʚʠʪʘʮʠʦʦʥʥʳʭ ʢʦʣʝʙʘʥʠʠ ɿʝʤʣʠ. ɺʳʜʝʣʝʥʥʳʝ  ʛʘʨʤʦʥʠʢʠ ʩ 

ʙʦʣʴʰʠʤ ʧʝʨʠʦʜʦʤ ʢʦʪʦʨʳʝ ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʩʦʦʙʱʘʝʪ ʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʂʘʢ ʙʫʜʪʦ ʠʦʥʦ-

ʩʬʝʨʘ ʪʦʞʝ ʧʦʯʫʚʩʪʚʦʚʘʣʘ ʪʝ ʚʦʟʤʫʱʝʥʠʷ ɿʝʤʣʠ ʢʦʪʦʨʳʡ ʚʳʟʚʘʣ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʛʨʫʟʠʡ 

1991ʛ.15 ʠʶʥʷ ʧʦʜ ʠʤʝʥʠ ñʩʘʤʘʯʘʙʣʦò. ʅʘ ʦʩʥʦʚʝ ʩ ʦʜʥʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʛʦʚʦʨʠʪʴ ʦ ʧʨʦʛʥʦʟʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʣʠʰʢʦʤ ʨʘʥʦ, ʥʦ ʧʘʨʘʤʝʪʨ f0F2 ʠʦʥʦʩʬʝʨʳ ʧʨʝʜʚʝʩʪʥʠʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʵʪʦ 

ʦʯʝʚʠʜʥʦ.  
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ʊɽʈʄʆʇɸʈʀ, ɰʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʊɸ ʉʇʆʉʆɹʀ ɺʀɻʆʊʆɺʃɽʅʅʗ 

ʄ.ʇ. ʈʫʜʝʥʢʦ, ʊ.ʆ. ʉʠʙʽʨʷʢʦʚʘ  

ʅʘ ʩʴʦʛʦʜʥʽ ʪʝʨʤʦʧʘʨʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʽ ʻ ʪʘʤ ʥʝʟʘʤʽʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ. ʇʦʜʘʣʴʰʝ ʚʠʚʯʝʥʥʷ ʪʝʨʤʦʧʘʨ ʤʦʞʝ ʚʽʜʢʨʠʪʠ ʜʦʜʘʪ-

ʢʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʟ ʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷ-

ʤʠ. 

ʄʠ ʧʦʩʪʘʚʠʣʠ ʟʘ ʤʝʪʫ ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʨʤʦʧʘʨ, 

ʟôʷʩʫʚʘʪʠ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʨʘʢʪʠʯʥʦ ʚʠʛʦʪʦʚʠʪʠ ʪʝʨʤʦʧʘʨʠ ʨʽʟʥʠʤʠ (ʜʦʩʪʫʧʥʠʤʠ ʚ ʥʘʰʠʭ 

ʫʤʦʚʘʭ) ʩʧʦʩʦʙʘʤʠ ʪʘ ʟ ʨʽʟʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʟʥʷʪʠ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɸʥʘʣʽʟʫʶʯʠ ʩʧʦʩʦʙʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʨʤʦʧʘʨ, ʤʠ ʟʫʧʠʥʠʣʠʩʷ ʥʘ ʜʚʦʭ ʽʟ ʥʠʭ.  

1. ʉʧʦʩʽʙ ʟʚʘʨʶʚʘʥʥʷ ʪʝʨʤʦʧʘʨʠ ʚ ʜʫʟʽ ʤʽʞ ʜʚʦʤʘ ʝʣʝʢʪʨʦʜʘʤʠ. ʎʝʡ ʩʧʦʩʽʙ ʤʠ ʦʙʨʘʣʠ ʩʝ-

ʨʝʜ ʽʥʰʠʭ ʽʟ ʥʘʩʪʫʧʥʠʭ ʤʽʨʢʫʚʘʥʴ: 

1) ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʜʫʟʽ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʻ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʚʘʨʶʚʘʪʠ 

ʙʫʜʴ-ʷʢʽ ʤʘʪʝʨʽʘʣʠ; 

2) ʩʝʨʝʜʦʚʠʱʝ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʻ ʥʝ ʥʘʜʪʦ ʘʛʨʝʩʠʚʥʠʤ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʥʠʢʥʫʪʠ ʩʠ-

ʣʴʥʦʾ ʢʘʨʙʽʜʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ; 

3) ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʩʧʦʩʦʙʫ ʻ ʜʦʩʠʪʴ ʜʦʩʪʫʧʥʦʶ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ ʩʢʦʨʠʩʪʘʣʠʩʷ ʚʫʛʽʣʴʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʦʤ, ʱʦ ʤʘʚ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ 70ɺ ʪʘ ʤʽʛ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʠʣʫ ʩʪʨʫʤʫ ʜʦ 100ɸ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʜʫ-

ʛʠ ʝʣʝʢʪʨʦʜʠ ʧʨʠʚʦʜʠʣʠʩʷ ʚ ʢʦʥʪʘʢʪ, ʘ ʧʦʪʽʤ ʚʽʜʜʘʣʷʣʠʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʘ ʚʽʜʩʪʘʥʴ ʙʣʠʟʴʢʦ 

1ʩʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʩʪʽʡʢʫ ʜʫʛʫ. ʑʦʙ ʜʫʛʘ ʥʝ ʛʘʩʣʘ, ʚʝʩʴ ʯʘʩ ʧʽʜʪʨʠʤʫʚʘʣʠ ʚʠʱʝ ʟʘʟʥʘʯʝʥʫ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ. 

ʇʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʫʚʘʣʠ ʧʘʨʠ ʝʣʝʢʪʨʦʜʽʚ ʜʣʷ ʟʚʘʨʶʚʘʥʥʷ: ʤʽʜʴïʘʣʶʤʽʥʽʡ, ʢʦʥʩʪʘʥʪʘʥï

ʤʽʜʴ, ʤʽʜʴïʟʘʣʽʟʦ ʪʘ ʢʦʥʩʪʘʥʪʘʥïʥʽʭʨʦʤ. ʂʦʥʩʪʘʥʪʘʥ ï ʪʝʨʤʦʩʪʘʙʽʣʴʥʠʡ ʩʧʣʘʚ ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ 




