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ʇʈɽɼʀʉʃʆɺʀɽ 
 

ɼʦʨʦʛʠʝ ʘʚʪʦʨʳ ʠ ʯʠʪʘʪʝʣʠ! ɺʘʰʝʤʫ ʚʥʠʤʘʥʠʶ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʦʯʝʨʝʜʥʦʡ, ʶʙʠʣʝʡʥʳʡ ʚʳʧʫʩʢ ʜʘʥʥʦʛʦ ʩʙʦʨʥʠʢʘ: ʚ ʵʪʦʤ ʛʦʜʫ ʦʥ ʠʟʜʘʝʪʩʷ 

ʚ ʧʷʪʳʡ ʨʘʟ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʝʨʝʨʳʚʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ ʜʘʥʥʦʛʦ ʠʟʜʘʥʠʷ (ʚ 2011 ʛʦʜʫ 

ʦʥ ʩʦʩʪʘʚʣʷʣ 0,175 ʧʦ ʜʘʥʥʳʤ ʈʀʅʎ) ʩʨʘʚʥʠʤ ʩ ʠʤʧʘʢʪ-ʬʘʢʪʦʨʘʤʠ ʨʷʜʘ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ. ɺ ʧʦʣʥʦʡ ʤʝʨʝ 

ʦʧʨʘʚʜʘʣʩʷ ʥʘʰ ʟʘʤʳʩʝʣ, ʩʚʷʟʘʥʥʳʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʫʙʣʠʢʘʮʠʠ ʩʪʘʪʝʡ, 

ʦʪʚʝʯʘʶʱʠʭ ʨʘʟʥʳʤ ʦʙʣʘʩʪʷʤ ʟʥʘʥʠʡ, ʚʢʣʶʯʘʷ ʬʠʟʠʢʫ, ʭʠʤʠʶ, ʙʠʦʣʦʛʠʶ 

ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. ʕʪʦʪ ʟʘʤʳʩʝʣ ʦʪʨʘʞʝʥ ʠ ʚ ʜʘʥʥʦʤ ʚʳʧʫʩʢʝ: ʚ ʥʝʤ 

ʤʥʦʛʦ ʠʥʪʝʨʝʩʥʳʭ ʠ, ʥʘʜʝʝʤʩʷ, ʧʦʣʝʟʥʳʭ ʜʣʷ ʯʠʪʘʪʝʣʝʡ ʩʪʘʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ɼʚʘʜʮʘʪʴ ʣʝʪ ʥʘʟʘʜ ʦʪʥʦʰʝʥʠʝ ʢ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʥʦʥʘʫʢʝ (ʵʪʦʪ 

ʪʝʨʤʠʥ ʙʳʣ ʚʚʝʜʝʥ ʟʘʨʫʙʝʞʥʳʤʠ ʘʚʪʦʨʘʤʠ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʥʘʫʯʥʳʭ 

ʦʩʥʦʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ) ʙʳʣʦ ʷʚʥʦ ʥʝʦʜʥʦʟʥʘʯʥʳʤ: ʦʪ ʠʨʦʥʠʠ ʜʦ 

ʥʝʦʧʨʘʚʜʘʥʥʦ ʙʦʣʴʰʠʭ ʥʘʜʝʞʜ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʣʣʦʠʜʥʦʡ 

ʭʠʤʠʠ ʚʳʩʢʘʟʳʚʘʣʠ ʤʥʝʥʠʝ, ʯʪʦ ʥʘʥʦʥʘʫʢʦʡ ʩʪʘʣʠ ʥʘʟʳʚʘʪʴ ʪʦ, ʯʝʤ ʦʥʠ 

ʚʩʶ ʞʠʟʥʴ ʟʘʥʠʤʘʣʠʩʴ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʘʢ: ʦʩʥʦʚʳ 

ʬʠʟʠʢʠ ʤʝʞʬʘʟʥʳʭ ʷʚʣʝʥʠʡ ʠ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʭʦʜʷʪ ʚʦ 

ʚʩʝ ʢʫʨʩʳ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʛʣʘʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ʷʚʣʷʶʪʩʷ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʘ 

ʜʨʫʛʠʝ ʪʠʧʳ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ ʘʵʨʦʟʦʣʠ ʠ, ʪʝʤ ʙʦʣʝʝ, 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʭʝʤʳ, ʷʚʣʷʶʪʩʷ ʜʣʷ ʥʝʝ ʜʘʣʝʢʦ ʥʝ ʦʩʥʦʚʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ. ɽʩʪʴ ʝʱʝ ʦʜʥʦ ʩʦʦʙʨʘʞʝʥʠʝ, ʦʧʨʘʚʜʳʚʘʶʱʝʝ ʚʳʜʝʣʝʥʠʝ 

ʥʘʥʦʥʘʫʢʠ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʜʠʩʮʠʧʣʠʥʳ: ʧʦʷʚʠʣʠʩʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ 

ʟʦʥʜʦʚʫʶ ʤʠʢʨʦʩʢʦʧʠʶ. ʀ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʦʧʨʘʚʜʘʣʩʷ ʧʨʦʛʥʦʟ ʈ. ʌʝʡʥʤʘʥʘ, ʩʜʝʣʘʥʥʳʡ ʝʱʝ ʚ 1959 ʛʦʜʫ ʚ ʝʛʦ 

ʠʟʚʝʩʪʥʦʡ ʩʪʘʪʴʝ çɺʥʠʟʫ ʧʦʣʥʳʤ-ʧʦʣʥʦ ʤʝʩʪʘè (çThere is plenty of space at 

the bottomè). ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʙʳʣʦ ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʥʦ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʡ ʥʘ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʤʘʩʰʪʘʙʘʭ, ʚ ʥʝʡ ʞʝ ʦʪʤʝʯʘʣʠʩʴ ʚʦʟʤʦʞʥʳʝ ʪʨʫʜʥʦʩʪʠ ʨʘʟʚʠʪʠʷ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʩʚʷʟʘʥʥʳʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʤʥʦʛʦ ʙʦʣʴʰʠʤ ʨʘʟʙʨʦʩʦʤ ʚ 

ʩʚʦʡʩʪʚʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʈ. ʌʝʡʥʤʘʥ ʩʜʝʣʘʣ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʦʧʪʠʤʠʩʪʠʯʝʩʢʠʡ ʧʨʦʛʥʦʟ, ʢʦʪʦʨʳʡ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʧʨʘʚʜʳʚʘʝʪʩʷ ʚ ʥʘʰʠ 

ʜʥʠ. 

ʇʨʠʛʣʘʰʘʝʤ ʚʘʩ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ, ʞʜʝʤ ʥʦʚʳʭ 

ʠʥʪʝʨʝʩʥʳʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʥʘʫʢʠ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ 
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ʉʍɽʄɸ ʂʃɸʉʊɽʈʀɿɸʎʀʀ ʀ ʅɽʈɸɺʅʆɺɽʉʅʆʁ 

ʂʈʀʉʊɸʃʃʀɿɸʎʀʀ ʉʇʃɸɺʆɺ ʕɺʊɽʂʊʀʏɽʉʂʆɻʆ ʊʀʇɸ 
ɺ.ɼ. ɸʣʝʢʩʘʥʜʨʦʚ, ɽ.ɸ. ʇʦʢʠʥʪʝʣʠʮʘ  

ɼʦʥʙʘʩʩʢʘʷ ʘʢʘʜʝʤʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ 

ʋʢʨʘʠʥʘ, ɼʦʥʝʮʢʘʷ ʦʙʣʘʩʪʴ, 86123, ʄʘʢʝʝʚʢʘ, ʫʣ. ɼʝʨʞʘʚʠʥʘ, 2 
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ɸʥʥʦʪʘʮʠʷ: ʈʘʟʨʘʙʦʪʘʥʳ ʩʭʝʤʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʞʠʜʢʦʩʪʠ ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʧʣʘʚʦʚ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʙʝʟ 

ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʞʠʜʢʦʛʦ ʙʠʥʘʨʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʢ ʪʚʝʨʜʦʡ ʬʘʟʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʜʚʫʤ ʧʘʨʘʣʣʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʢʘʢ ʚ ʜʦ-, ʪʘʢ 

ʠ ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʷʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʘʩʧʣʘʚʘ ʧʦ ʤʝʨʝ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʡ ʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʣʘʚʳ, ʙʠʥʘʨʥʘʷ ʩʠʩʪʝʤʘ, ʩʧʣʘʚʳ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʩʧʣʘʚʳ ʙʝʟ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ, 

ʨʘʚʥʦʚʝʩʥʘʷ ʠ ʥʝʨʘʚʥʦʚʝʩʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʵʚʪʝʢʪʠʢʘ. 

 

ʈʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʨʘʩʧʣʘʚʦʚ ʧʦʩʚʷʱʝʥʦ 

ʥʝʤʘʣʦ ʨʘʙʦʪ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʢ ʪʝʤʘʪʠʢʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʶʪʩʷ ʩʭʝʤʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ɺ.ʀ. ɸʨʭʘʨʦʚʳʤ [1] ʠ ʆ.ʄ. ʀʛʥʘʪʴʝʚʳʤ 

[2]. ʆʜʥʘʢʦ ʦʙʝ ʵʪʠ ʩʭʝʤʳ ʷʚʣʷʶʪʩʷ ʫʟʢʦ-ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ. ʇʝʨʚʘʷ [1] 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʦʣʴʢʦ ʜʣʷ ʨʘʩʧʣʘʚʘ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʜʦʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʠ ʢʘʩʘʣʘʩʴ ʦʙʣʘʩʪʠ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨ ʣʠʢʚʠʜʫʩʘ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʤʝʪʘʩʪʘʙʠʣʴʥʫʶ ʦʙʣʘʩʪʴ 

ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʡ ʞʠʜʢʦʩʪʠ. ɺʪʦʨʘʷ ʩʭʝʤʘ [2], ʥʘʦʙʦʨʦʪ, ʨʘʟʨʘʙʦʪʘʥʘ ʣʠʰʴ 

ʜʣʷ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʘʤʦʨʬʠʟʘʮʠʠ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʨʘʩʧʣʘʚʘ ʙʝʟ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʮʝʣʴʶ 

ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʢʣʘʩʪʝʨʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʨʘʩʧʣʘʚʦʚ (ʢʘʢ ʚʳʰʝ, ʪʘʢ ʠ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨ ʣʠʢʚʠʜʫʩʘ) ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʦ ʟʘ ʙʘʟʦʚʫʶ ʦʩʥʦʚʫ ʧʨʠʤʝʤ ʫʩʣʦʚʥʫʶ 

ʜʠʘʛʨʘʤʤʫ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʞʠʜʢʦʡ ʠ ʢʣʘʩʪʝʨʥʦʡ ʬʘʟ ʜʚʦʡʥʦʡ 

ʩʠʩʪʝʤʳ A B-  [2].  

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʜʘʥʥʘʷ ʩʭʝʤʘ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʦʧʨʘʚʦʢ. ʂʘʢ 

ʚʠʜʠʤ, ʥʘ ʥʝʤ ʥʘʥʝʩʝʥʳ ʰʪʨʠʭʦʚʘʥʥʳʤʠ ʣʠʥʠʷʤʠ ʟʦʥʳ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʞʠʜʢʦʩʪʴ ʧʣʶʩ ʢʣʘʩʪʝʨʳ 
AK  ʢʦʤʧʦʥʝʥʪʘ A  ʚ ʜʦʵʚʪʝʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʠ 

ʞʠʜʢʦʩʪʴ ʧʣʶʩ ʢʣʘʩʪʝʨʳ 
BK  ʢʦʤʧʦʥʝʥʪʘ B  ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʡ ʟʦʥʝ. 

ʇʝʨʝʩʝʯʝʥʠʝ ʵʪʠʭ ʟʦʥ ʦʙʨʘʟʫʝʪ ʦʙʣʘʩʪʴ MSNM ʞʠʜʢʦʩʪʴ ʧʣʶʩ ʩʤʝʰʘʥʥʳʝ 

ʢʣʘʩʪʝʨʳ 
AK  ʠ 

BK , ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʘʤʦʨʬʠʟʘʮʠʠ 

(ʩʪʝʢʣʦʚʘʥʠʷ) ʥʠʞʝ ʣʠʥʠʠ MN ʦʩʪʘʝʪʩʷ ʩʤʝʩʴ çʪʚʝʨʜʳʭè ʢʣʘʩʪʝʨʦʚ 

AK  ʠ 
BK . 
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʞʠʜʢʦʡ ʠ ʢʣʘʩʪʝʨʥʦʡ ʬʘʟ ʜʚʦʡʥʦʡ 

ʩʠʩʪʝʤʳ A B- . 

 

ʇʦʧʳʪʘʝʤʩʷ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʜʘʥʥʫʶ ʩʭʝʤʫ ʢ ʦʙʣʘʩʪʷʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʢʣʘʩʪʝʨʥʦʝ ʩʪʨʦʝʥʠʝ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨ 
LT , ʩ ʫʯʝʪʦʤ 

ʢʣʘʩʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʞʠʜʢʦʩʪʝʡ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ [3-5]. 

ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʵʪʦʛʦ ʩʣʫʞʘʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʧʝʨʝʛʨʝʚʘ T+D  ʨʘʩʧʣʘʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ (ʠʣʠ ʣʠʢʚʠʜʫʩʘ) ʥʘ ʭʘʨʘʢʪʝʨ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ [6-8]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʢ 

ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ A  ʠ B  (ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʩʦʝʜʠʥʝʥʠʡ), ʪʘʢ ʠ 

ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʝʜʝʣʴʥʳʝ ʧʝʨʝʛʨʝʚʳ ( )K K L K LT T T T T+ + +D = - >. ʕʪʠ ʧʝʨʝʛʨʝʚʳ ʭʘʨʘʢʪʝʨʥʳ ʪʝʤ, 

ʯʪʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ çʥʝʜʦʛʨʝʪʦʡè ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦ KT+ ʞʠʜʢʦʩʪʠ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩ 

ʧʨʘʢʪʠʯʝʩʢʠʤ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʝʜʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʭ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʘʚʥʦʚʝʩʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʭʦʜʷʪʩʷ ʜʣʷ ʩʧʣʘʚʦʚ ʥʘ ʣʠʥʠʶ ʣʠʢʚʠʜʫʩʘ, ʘ ʜʣʷ ʯʠʩʪʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ. ʇʦʩʣʝ ʞʝ çʧʝʨʝʛʨʝʚʘè ʨʘʩʧʣʘʚʘ 

ʚʳʰʝ KT+ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʞʠʜʢʦʩʪʴ ʧʝʨʝʭʦʜʠʪ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ 

ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʨʘʩʧʣʘʚʘ 

ʥʘʩʪʫʧʘʝʪ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʷ ʢʘʞʜʦʛʦ ʩʧʣʘʚʘ 

ʪʝʤʧʝʨʘʪʫʨʳ 
minT  ʠʣʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ min min( , )L LT T T T T T- -D D = - <. 

ʉʦʛʣʘʩʥʦ ʢʣʘʩʪʝʨʥʦ-ʢʦʘʛʫʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [7] 

ʢʣʘʩʪʝʨʥʦʝ ʩʪʨʦʝʥʠʝ ʨʘʩʧʣʘʚʘ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʞʠʜʢʦʩʪʠ ʜʦ ʦʧʨʝʜʝʣʝʥʥʳʭ 
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ʪʝʤʧʝʨʘʪʫʨ 
KT+. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʣʘʙʦ ʧʨʦʛʨʝʪʦʛʦ ʨʘʩʧʣʘʚʘ (ʜʦ KT+) 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʙʳ ʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʧʦʜʦʙʥʳʭ 

ʢʣʘʩʪʝʨʘʭ  ʟʘʪʨʘʚʢʘʭ. ʇʦʵʪʦʤʫ ʥʘʯʘʣʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

LT  ʥʦʩʠʪ ʨʘʚʥʦʚʝʩʥʳʡ ʭʘʨʘʢʪʝʨ. 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʨʘʩʧʣʘʚʦʚ, ʥʘʯʠʥʘʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨ kiT+ ʚʳʰʝ ʣʠʥʠʠ 

ʣʠʢʚʠʜʫʩʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʩ ʥʠʞʥʠʤʠ ʛʨʘʥʠʮʘʤʠ mini
T- , ʥʘ ʧʨʠʤʝʨʝ 

ʩʧʣʘʚʦʚ ʙʝʟ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ. 
 

ʇʨʠ ʧʝʨʝʛʨʝʚʘʭ ʨʘʩʧʣʘʚʘ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨ ʣʠʢʚʠʜʫʩʘ 

ʢʨʠʩʪʘʣʣʦʧʦʜʦʙʥʳʝ ʢʣʘʩʪʝʨʳ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʶʪʩʷ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʪʘʢʦʛʦ ʨʘʩʧʣʘʚʘ KT+ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʢʫʙʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ (ʠʣʠ ʟʘʨʦʜʳʰʝʡ ʢʨʠʩʪʘʣʣʦʚ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʞʠʜʢʦʩʪʴ ʧʝʨʝʦʭʣʘʞʜʘʝʪʩʷ ʜʦ 
minT , ʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʦʩʠʪ ʥʝʨʘʚʥʦʚʝʩʥʳʡ ʭʘʨʘʢʪʝʨ [6-8]. ʅʘʥʝʩʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ KT+ ʠ minT-  ʥʘ ʜʠʘʛʨʘʤʤʫ ʩʧʣʘʚʦʚ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ (ʨʠʩ. 2). 

ʃʠʥʠʠ A E BT P T+ + ʠ '

min minA B
T ET- - , ʦʙʨʘʟʦʚʘʥʥʳʝ ʵʪʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʩʶ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʧʦʜʦʙʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʚʦʡ ʣʠʢʚʠʜʫʩʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʦʪ 

KT+ ʜʦ 
minT  ʚ ʨʘʩʧʣʘʚʝ ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ ʢʨʠʪʠʯʝʩʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘ ʣʠʥʠʷʭ '

minA
T E-

 ʠ '

minB
T E- . ʇʨʠ ʵʪʦʤ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨ 

ʣʠʢʚʠʜʫʩʘ 
AT E  ʠ 

BT E  ʯʘʩʪʴ ʢʣʘʩʪʝʨʦʚ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʫʩʪʦʡʯʠʚʳʝ 

ʟʘʨʦʜʳʰʠ ʢʨʠʩʪʘʣʣʦʚ A  (ʠʣʠ B), ʘ ʧʝʨʝʦʭʣʘʞʜʝʥʥʳʡ ʨʘʩʧʣʘʚ ʤʦʞʥʦ 
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ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘʨʦʜʳʰʝʡ, ʢʨʠʩʪʘʣʣʦʧʦʜʦʙʥʳʭ ʠ 

ʥʝʢʨʠʩʪʘʣʣʦʧʦʜʦʙʥʳʭ ʢʣʘʩʪʝʨʦʚ. ʀʭ ʚʟʘʠʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʫʩʣʦʚʠʡ (ʪʝʤʧʝʨʘʪʫʨʳ, ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ, ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, 

ʧʨʠʤʝʩʝʡ ʠ ʧʨ.). ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʣʘʩʪʝʨʦʚ-

ʟʘʨʦʜʳʰʝʡ, ʧʦʩʣʝʜʥʠʝ ʩʙʣʠʞʘʶʪʩʷ ʠ ʢʦʘʛʫʣʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʙʨʘʟʫʷ 

ʧʝʨʚʠʯʥʳʡ ʪʚʝʨʜʳʡ ʢʦʥʛʣʦʤʝʨʘʪ ʦʙʲʝʤʦʤ 
xV . ʇʨʠ ʵʪʦʤ ʚʳʜʝʣʷʝʪʩʷ 

ʪʝʧʣʦʪʘ ʢʦʘʛʫʣʷʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 
minT  ʜʦ 

LT  ʠ ʚʳʧʘʜʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ A  ʚ ʜʦʵʚʪʝʢʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʢʨʠʩʪʘʣʣʦʚ B  

ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʨʘʩʧʣʘʚ ʦʙʝʜʥʷʝʪʩʷ ʚʪʦʨʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ, ʘ ʧʦʩʣʝʜʫʶʱʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚʥʦʚʴ ʥʘʯʠʥʘʝʪʩʷ ʥʘ ʣʠʥʠʠ 

ʣʠʢʚʠʜʫʩʘ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʣʠʜʫʩʘ 
ET . 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʧʦʩʣʝʜʥʠʝ ʜʘʥʥʳʝ [7,9], ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʧʣʘʚʦʚ ʠʟ 

ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʙʳ ʚ ʜʚʘ ʵʪʘʧʘ. ʇʝʨʚʳʡ  

ʚʙʣʠʟʠ 
LT  ʩ ʚʳʧʘʜʝʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ A  ʠ ʚʪʦʨʦʡ  ʚʙʣʠʟʠ ʵʚʪʝʢʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ 
ET . ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʙʝʜʥʝʥʠʠ ʨʘʩʧʣʘʚʘ ʤʦʣʝʢʫʣʘʤʠ 

ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʝʨʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʧʦʩʣʝʜʫʶʱʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʢʘʢ A, ʪʘʢ ʠ B  ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʥʝʢʦʪʦʨʳʤ ʟʘʧʦʟʜʘʥʠʝʤ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʞʝ ʚʙʣʠʟʠ 
ET . ɿʘʰʪʨʠʭʦʚʘʥʥʳʝ 

ʫʯʘʩʪʢʠ ʥʘ ʨʠʩ. 2 ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʘʣʠʯʠʝ ʢʣʘʩʪʝʨʦʚ ʩʦʩʪʘʚʦʚ A  ʠ B  ʢʘʢ 

ʚʳʰʝ, ʪʘʢ ʠ ʥʠʞʝ ʣʠʥʠʡ ʣʠʢʚʠʜʫʩʘ 
AT E  ʠ 

BT E. ʆʙʣʘʩʪʴ ʞʝ ' ' '

ED DP FF D , 

ʧʦʢʘʟʘʥʥʘʷ ʧʝʨʝʩʝʢʘʶʱʠʤʠʩʷ ʰʪʨʠʭʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʜ çʢʫʧʦʣʦʤè 

ʟʦʥʫ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ 
AK  ʠ 

BK  ʚ ʜʦʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 

ʚ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʤ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʨʘʩʧʣʘʚʝ. ʃʠʥʠʷ 
EOP Q, 

ʨʘʟʛʨʘʥʠʯʠʚʘʶʱʘʷ ʦʙʣʘʩʪʴ ʩʤʝʰʘʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʞ+
A BK K+  ʦʪ ʞʠʜʢʦʩʪʠ, 

ʚ ʢʦʪʦʨʦʡ ʧʨʝʦʙʣʘʜʘʶʪ ʢʣʘʩʪʝʨʳ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʥʘʧʦʤʠʥʘʝʪ 

ʩʚʦʝʦʙʨʘʟʥʫʶ ʢʨʠʚʫʶ ʨʘʩʩʣʦʝʥʠʷ. 

ɺ ʜʦʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʟʘʰʪʨʠʭʦʚʘʥʥʘʷ ʧʣʦʱʘʜʴ ʬʠʛʫʨʳ 
'

minAA E AT P ET T+ - + ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʦʷʥʠʝ ʞʠʜʢʦʩʪʴ ʧʣʶʩ ʢʣʘʩʪʝʨʳ 
AK  

ʚʝʱʝʩʪʚʘ A, ʪ.ʝ. ʞ+
AK  ʚ ʜʦʵʚʪʝʢʪʠʯʝʩʢʦʡ ʟʦʥʝ, ʘ ʧʣʦʱʘʜʴ ʬʠʛʫʨʳ 

'

minBB E BT T E P T+ - +  ʩʦʩʪʦʷʥʠʝ ʞ+
BK  ʚ ʟʘʵʚʪʝʚʪʠʯʝʩʢʦʡ ʟʦʥʝ, ʢʘʢ ʚʳʰʝ, ʪʘʢ ʠ 

ʥʠʞʝ ʣʠʥʠʡ ʣʠʢʚʠʜʫʩʘ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʵʪʠʭ ʦʙʣʘʩʪʝʡ 'EOMP NQE O, 

ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʬʠʛʫʨ '

minAA E AT P ET T+ - + ʠ '

minBB E BT T E P T+ - +, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʦʷʥʠʝ ʞʠʜʢʦʩʪʴ ʧʣʶʩ ʩʤʝʰʘʥʥʳʝ ʢʣʘʩʪʝʨʳ 
AK  ʠ 

BK , ʪ.ʝ. 

ʞ+
A BK K+ . 

ʇʦʩʣʝ ʥʘʯʘʣʘ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ minT-  ʜʣʷ 

ʚʩʝʭ ʩʧʣʘʚʦʚ ʧʦʜʥʠʤʘʶʪʩʷ ʜʦ ʣʠʥʠʠ ʣʠʢʚʠʜʫʩʘ. ʇʨʠ ʵʪʦʤ ʧʨʝʢʨʘʱʘʶʪ 

ʩʚʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʦʙʣʘʩʪʠ '

minAA AT ET T-  ʠ '

minBB BT ET T- . ʇʨʠ 
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ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʦʙʨʘʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʳ 
A  ʚ ʜʦʵʚʪʝʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʠ ʢʨʠʩʪʘʣʣʳ B  ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʡ ʟʦʥʝ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨ ʣʠʢʚʠʜʫʩʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 

ʩʦʣʠʜʫʩʘ ʥʦʩʠʪ ʦʙʳʯʥʳʡ ʨʘʚʥʦʚʝʩʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʵʪʦʤ ʦʙʣʘʩʪʴ 
A AT MDT  

ʦʪʨʘʞʘʝʪ ʩʦʩʪʦʷʥʠʝ ʞʠʜʢʦʩʪʴ ʧʣʶʩ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʦʥʝʥʪʘ A  (ʞ+
mA ), ʘ 

ʦʙʣʘʩʪʴ 
B BT NFT  ʩʦʩʪʦʷʥʠʝ ʞʠʜʢʦʩʪʴ ʧʣʶʩ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʦʥʝʥʪʘ B   

(ʞ+
TB ). ʆʙʣʘʩʪʴ ʧʦʜ ʢʫʧʦʣʦʤ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʪʦʯʢʠ M , E , D , M , 

ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʩʪʦʷʥʠʶ ʞʠʜʢʦʩʪʴ ʧʣʶʩ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʦʥʝʥʪʘ A  ʧʣʶʩ 

ʢʣʘʩʪʝʨʳ 
BK  ʢʦʤʧʦʥʝʥʪʘ B  (ʞ+

TA +
BK ) ʚ ʜʦʵʚʪʝʢʪʠʯʝʩʢʦʡ ʟʦʥʝ. ʆʙʣʘʩʪʴ, 

ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʪʦʯʢʠ N , F , E , N , ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʩʪʦʷʥʠʶ ʞʠʜʢʦʩʪʴ 

ʧʣʶʩ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʦʥʝʥʪʘ B  ʧʣʶʩ ʢʣʘʩʪʝʨʳ 
AK  ʢʦʤʧʦʥʝʥʪʘ A  (ʞ+

TB +

AK ) ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʡ ʟʦʥʝ. ʇʦ ʤʝʨʝ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʧʣʘʚʘ ʠ ʧʨʠʙʣʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢ ʣʠʥʠʠ ʩʦʣʠʜʫʩʘ ʠʟ ʦʩʪʘʚʰʝʡʩʷ ʞʠʜʢʦʩʪʠ ʚ ʜʦʵʚʪʝʢʪʠʯʝʩʢʦʡ 

ʟʦʥʝ ʥʘʨʷʜʫ ʩ ʦʙʨʘʟʦʚʘʚʰʠʤʠʩʷ ʢʨʫʧʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ A  ʚ ʦʙʣʘʩʪʠ 

A AT MDT , ʚ ʦʙʣʘʩʪʠ MEDM  ʬʦʨʤʠʨʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʣʢʠʝ 

ʢʨʠʩʪʘʣʣʳ A, ʘ ʠʟ ʦʩʪʘʚʰʝʡʩʷ (ʦʙʝʜʥʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʦʤ A) ʞʠʜʢʦʩʪʠ ʠ 

ʢʣʘʩʪʝʨʦʚ 
BK  ʦʙʨʘʟʫʶʪʩʷ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ 

TB . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʣʠʜʫʩʘ ʦʢʦʥʯʘʪʝʣʴʥʦ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

TA  ʠ ʵʚʪʝʢʪʠʢʠ ʠʟ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ 
T TA B+ . ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʠʤʝʝʪ 

ʤʝʩʪʦ ʠ ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʦʣʠʜʫʩʘ ʥʘ 

ʣʠʥʠʠ EF  ʬʦʨʤʠʨʫʶʪʩʷ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ 
TB  ʠ ʵʚʪʝʢʪʠʢʘ ʠʟ ʤʝʣʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ 
T TA B+ . ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʚʪʝʢʪʠʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ 

ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʪʦʯʢʘʤ D  ʠ F , ʘ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʵʪʠʭ ʪʦʯʝʢ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʚʪʝʢʪʠʢʠ ʨʘʩʪʝʪ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʚ ʪʦʯʢʝ E .  

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ, 

ʜʦʧʦʣʥʝʥʥʘʷ ʦʙʣʘʩʪʷʤʠ ʢʣʘʩʪʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʞʠʜʢʦʩʪʠ ʢʘʢ ʚʳʰʝ ʪʘʢ ʠ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ (ʣʠʢʚʠʜʫʩʘ) ʧʦʟʚʦʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʨʦʩʣʝʞʠʚʘʪʴ ʵʪʘʧʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʞʠʜʢʦʡ ʬʘʟʳ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʪʝʨʥʦ-ʢʦʘʛʫʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʵʥʪʨʦʧʠʠ, ʵʥʪʘʣʴʧʠʠ ʠ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ) ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʢʘʥʩʠʡ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʝʘʣʴʥʳʭ 

ʟʘʨʦʜʳʰʝʡ ʢʨʠʪʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ, ʵʥʪʨʦʧʠʷ, ʵʥʪʘʣʴʧʠʷ, ʤʝʞʬʘʟʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʵʥʝʨʛʠʷ, ʟʘʨʦʜʳʰ ʢʨʠʩʪʘʣʣʘ, ʚʘʢʘʥʩʠʠ, ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨ. 

 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʟʘʨʦʜʳʰʘ ʢʨʠʩʪʘʣʣʘ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ ʜʚʠʞʫʱʝʡ 

ʩʠʣʦʡ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʩʚʦʙʦʜʥʳʭ ʵʥʝʨʛʠʡ ɻʠʙʙʩʘ 

SL GGG -=D  ʤʝʞʜʫ ʞʠʜʢʦʡ ( )LG  ʠ ʪʚʝʨʜʦʡ ( )SG  ʬʘʟʘʤʠ [1]. ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ 

ʩʦʩʪʦʠʪ ʠʟ ʦʙʲʝʤʥʦʡ 
VGD  ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ FGD  ʩʦʩʪʘʚʣʷʶʱʠʭ 

 
FV GGG D+D-=D . (1) 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʝʣʠʯʠʥʘ GD  ʝʩʪʴ ʬʫʥʢʮʠʷ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ -DT  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ LT . ʉ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ 

ʚʳʚʦʜʷʪʩʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ 
kl  ʟʘʨʦʜʳʰʘ 

ʢʨʠʩʪʘʣʣʘ, ʫʩʪʦʡʯʠʚʦʛʦ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʨʦʩʪʫ ʠ ʨʘʙʦʪʳ kA  ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʋʯʝʪ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚʥʦʩʠʪ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʩʣʦʞʥʝʥʠʷ ʚ ʵʪʠ ʨʘʩʯʝʪʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʚʘʢʘʥʩʠʡ ʥʘ ʤʝʞʬʘʟʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ ʠ ʵʥʪʘʣʴʧʠʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚʝʣʠʯʠʥʳ 
kl  ʠ 

kA . ʈʝʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ʤʦʞʥʦ 

ʫʧʦʜʦʙʠʪʴ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʤʝʱʝʥʠʷ [2], ʫ ʢʦʪʦʨʳʭ 

ʚ ʨʦʣʠ çʚʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪʳè ʚʳʩʪʫʧʘʶʪ ʚʘʢʘʥʩʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ [3] ʧʝʨʝʩʪʘʥʦʚʦʯʥʳʝ ʧʨʠʝʤʳ ʧʨʠ ʘʥʘʣʠʟʝ ʢʘʢ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ CSD , ʪʘʢ ʠ  ʚʠʙʨʘʮʠʦʥʥʦʡ nSD  ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʥʪʨʦʧʠʠ 

ʧʣʘʚʣʝʥʠʷ. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʟʘ ʩʯʝʪ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʠ 

ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʣʝʢʫʣ ʚʝʱʝʩʪʚʘ A  ʩ ʫʯʝʪʦʤ ʚʘʢʘʥʩʠʡ. ʅʘʟʦʚʝʤ 

ʨʝʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ʩ ʚʘʢʘʥʩʠʷʤʠ a-ʢʨʠʩʪʘʣʣʦʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʜʝʘʣʴʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ A . 

ɺʘʢʘʥʩʠʠ ʚʣʠʷʶʪ ʥʘ ʵʥʪʨʦʧʠʶ a

SSD  a-ʢʨʠʩʪʘʣʣʘ  
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 a
n

aa SSS CS D+D=D , (2) 

ʛʜʝ aCSD  ʠ a

nSD  ï ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʠ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʵʥʪʨʦʧʠʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʦʛʦ ʞʝ ʢʨʠʩʪʘʣʣʘ.  

ʉʫʤʤʠʨʫʷ ʦʙʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦ ʤʝʪʦʜʠʢʝ [2], ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ 

ʵʥʪʘʣʴʧʠʠ ʩʤʝʰʝʥʠʷ a-ʢʨʠʩʪʘʣʣʘ ʩ ʚʘʢʘʥʩʠʷʤʠ ʩ ʫʯʝʪʦʤ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

ʜʣʷ ʪʚʝʨʜʦʡ ʬʘʟʳ  

 ( )0A B

S S BS Z k N U XaD = , (3) 

ʜʣʷ ʞʠʜʢʦʡ ʬʘʟʳ 

 ( )0A B

L L BS Z k N U XaD = , (4) 

ʛʜʝ 
SZ , LZ  ï ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ ʚ ʪʚʝʨʜʦʤ ʠ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʷʭ [4] (

g5,0=SZ ), gï ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʠʤʝʶʱʠʡ ʩʤʳʩʣ ʧʘʨʘʤʝʪʨʘ 

ɻʨʶʥʘʡʟʝʥʘ [5], 0/ ABB NNX =  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʘʢʘʥʩʠʡ ʚ 

ʢʨʠʩʪʘʣʣʝ, 

 ()( )( ) XXXXXU ln1ln1 +--= . (5) 

ʇʝʨʝʭʦʜʷ ʢ ʨʘʩʯʝʪʫ  ʠʟʤʝʥʝʥʠʷ  ʵʥʪʨʦʧʠʠ 
LSSD   ʧʨʠ ʧʣʘʚʣʝʥʠʠ  

a-ʢʨʠʩʪʘʣʣʘ, ʠʤʝʝʤ aaa
LSLS SSS D-D=D , ʘ ʩ ʫʯʝʪʦʤ (3) ʠ (4) ʧʦʣʫʯʘʝʤ 

 ( )0A B

LS LS BS Z k N U XaD =D , (6) 

ʛʜʝ LSLS ZZZ -=D  ï ʨʘʟʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʯʠʩʝʣ ʜʣʷ ʪʚʝʨʜʦʛʦ ʠ 

ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʀʟ (3) ʠ (4) ʚʠʜʥʘ ʧʨʷʤʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʷʤʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʯʠʩʝʣ LSZD  ʠ ʧʘʨʘʤʝʪʨʘʤʠ ɻʨʶʥʘʡʟʝʥʘ ( )LSSLS ggg -=D : 

LSLS ZDºD 2g . 

ʇʘʨʘʤʝʪʨ ɻʨʶʥʘʡʟʝʥʘ g ʝʩʪʴ ʤʝʨʘ ʦʙʲʝʤʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʣʘ: ʧʣʦʪʥʦʩʪʠ r, ʪʝʧʣʦʝʤʢʦʩʪʠ nc , 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʰʠʨʝʥʠʷ a, ʤʦʜʫʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ 

H  [6] nrag cH /= . ʇʨʠ ʧʣʘʚʣʝʥʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʠʩʧʳʪʳʚʘʶʪ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʢʘʯʢʦʤ ʜʦʣʞʝʥ 

ʠʟʤʝʥʠʪʴʩʷ ʠ ʧʘʨʘʤʝʪʨ ɻʨʶʥʘʡʟʝʥʘ 
LSLS ggg -=D . ɺ ʣʠʪʝʨʘʪʫʨʝ [7-8] 

ʜʦʩʪʘʪʦʯʥʦ ʩʚʝʜʝʥʠʡ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ LS ZZZ -=D  

ʩʨʘʟʫ ʧʦʩʣʝ ʧʣʘʚʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ Bi  ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʨʘʚʥʦ 0,7; ʜʣʷ 

Sb ï 0,4; ʜʣʷ Cu ï 0,5; ʜʣʷ Ni ï 0,6. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ ɻʨʶʥʘʡʟʝʥʘ ʜʣʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʝʱʝʩʪʚ: ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

1,4;  0,8;  1,0;  1,2LSgD = . 

ʀʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ (6) ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʠʟʤʝʥʝʥʠʶ 

ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ [5,9]  
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 ( ) ( )0/A A A B

LS LS LS B LH H Z k T m U XaD =D + D , (7) 

ʛʜʝ ALSHD  ï ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ɸ, A

LT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ 0­X , A

LSLS HH D­D a , ʪ.ʝ. ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʘʢʘʥʩʠʡ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʜʝʬʝʢʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩʪʨʝʤʠʪʩʷ ʢ 

ʵʥʪʘʣʴʧʠʠ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ FGD  ʚ (1) ʟʘʚʠʩʠʪ ʦʪ 

ʤʝʞʬʘʟʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 
LSs . çʉʚʦʙʦʜʥʘʷè ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʵʥʝʨʛʠʷ asL
 ʢʨʠʩʪʘʣʣʘ ɸ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʘʢʘʥʩʠʡ B

FN  ʥʘ 

ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ F  ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ 

ʫʨʘʚʥʝʥʠʝʤ ʐʠʰʢʦʚʩʢʦʛʦ [10]  

 ( ) ( )/ ln 1 /A A A B A

S S B L F F Fk T N F N Nas s= + - , (8) 

ʛʜʝ A
FN  ï ʯʠʩʣʦ ʤʦʣʝʢʫʣ ɸ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ɸ, asS  ï 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ɸ.  

ɺʚʝʜʷ ʧʦʥʷʪʠʝ ʜʦʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʘʢʘʥʩʠʡ  ( )F

A

F

B

F XNN =/  ʠ 

ʘʜʘʧʪʠʨʫʷ ʫʨʘʚʥʝʥʠʝ (8) ʜʣʷ ʩʣʫʯʘʷ ʤʝʞʬʘʟʥʦʡ ʵʥʝʨʛʠʠ asLS  ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʜʦʣʠ ʚʘʢʘʥʩʠʡ ʜʣʷ a-ʜʝʬʝʢʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʢʦʥʪʘʢʪʝ ʩ ʞʠʜʢʦʡ ʬʘʟʦʡ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

 ( )B

F

AA

Lɹ

A

LSLS XUpTk+=ssa , (9) 

ʛʜʝ FNp A

F

A /=  ï ʨʝʪʠʢʫʣʷʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ ɸ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʣʷ B

FX  ʵʢʚʠʚʘʣʝʥʪʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʦʙʲʝʤʥʦʡ ʜʦʣʝ, ʪ.ʝ. B

V

B

F XX = , ʧʦʵʪʦʤʫ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʥʘ ʛʨʘʥʠʮʝ 

ʩ ʨʘʩʧʣʘʚʦʤ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ  

 ( )A A A B

LS LS B L Vk T p U Xas s= + ,  (10) 

ʛʜʝ ALSs  ï ʤʝʞʬʘʟʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʥʘ ʛʨʘʥʠʮʝ ʞʠʜʢʦʩʪʴ-

ʠʜʝʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ. 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʟʘʨʦʜʳʰʘ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ GD , 

ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ (1), ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʦʙʲʝʤʥʦʡ 
VGD , ʥʦ ʠ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ FGD  ʩʦʩʪʘʚʣʷʶʱʠʭ. ɼʣʷ ʟʘʨʦʜʳʰʘ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ 

ʜʣʠʥʦʡ ʨʝʙʨʘ l  ʧʨʠ ʥʘʣʠʯʠʠ ʚʘʢʘʥʩʠʡ  

 aaaaa sm LSVFV llGGG 23 6+D-=D+D-=D , (11) 

ʛʜʝ A

LLSV TTH /aaa rm -DD=D  ï ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʝʜʠʥʠʮʫ 

ʦʙʲʝʤʘ, ar  ï ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ ʩ ʚʘʢʘʥʩʠʷʤʠ, a
LSHD  ï ʵʥʪʘʣʴʧʠʷ 

ʧʣʘʚʣʝʥʠʷ, 
LSHaè øD =ê úɼʞ/ʢʛ. 

 aaaa sr LS

A

LLS lTTHlG 23 6/ +DD-=D - . (12) 

ʇʦʩʢʦʣʴʢʫ aGD  ʝʩʪʴ ʬʫʥʢʮʠʷ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ l  ʠ X, ʪʦ ʫʩʣʦʚʠʝʤ 

ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʨʦʜʳʰʘ ʢʨʠʪʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʷʚʣʷʝʪʩʷ 
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( ) 0/2 =µµDµ XlGa . ʉ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʝʡ a
LSHD  (7) ʠ asLS  (10) ʦʪ ʍ ʠʟ (12) 

ʩʣʝʜʫʝʪ  

 
04 /A A

k L LSl T p m T Za a ar-= D D . (13) 

ʀʟ ʚʳʨʘʞʝʥʠʷ (13) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ çʦʯʠʱʝʥʠʠè ʢʨʠʩʪʘʣʣʘ ɸ ʦʪ 

ʚʘʢʘʥʩʠʡ ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨ a
kl  ʜʝʬʝʢʪʥʦʛʦ ʟʘʨʦʜʳʰʘ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ 

ʢʨʠʪʠʯʝʩʢʦʤʫ ʨʘʟʤʝʨʫ A

kl  ʟʘʨʦʜʳʰʘ ʠʜʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʪ.ʝ. ʧʨʠ 0­BX , 
A

kk ll ­a , ʛʜʝ  

 
04 /A A A A A

k L LSl T p m T Zr-= D D . (14) 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ [1,11] ʚʳʨʘʞʝʥʠʡ ʜʣʷ kl  ʚ ʬʦʨʤʫʣʘʭ (13-14) 

ʬʠʛʫʨʠʨʫʶʪ ʢʦʥʢʨʝʪʥʳʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʟʘʨʦʜʳʰʝʡ 

ʢʨʠʩʪʘʣʣʦʚ (ʢʘʢ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢ ʠ ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ). 

ʇʦʜʩʪʘʚʣʷʷ (13) ʚ (12), ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ ʦʙʨʘʟʦʚʘʥʠʷ 

ʟʘʨʦʜʳʰʘ ʩ ʚʘʢʘʥʩʠʷʤʠ aa
kk GA D=  ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʥʫ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ. 

ʊʘʢ, ʜʣʷ ʚʠʩʤʫʪʘ 2 3kl
aº - ʥʤ, 0,4 0,6kAaº -  ʵɺ, ʘ ʜʣʷ ʩʫʨʴʤʳ 1,6 2,5kl

aº -  ʥʤ, 

0,72 0,89kAaº -  ʵɺ. 
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ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

nsdobnyakov@mail.ru 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 3-d ʠʟʦʙʨʘʞʝʥʠʡ ʥʘʥʦʧʦʢʨʳʪʠʷ ʭʨʦʤʘ 

ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ (ʩʪʝʢʣʦ), ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʪʫʥʥʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʠʭ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʨʠʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʧʦʢʨʳʪʠʝ ʭʨʦʤ ʥʘ ʩʪʝʢʣʝ, 3-d ʠʟʦʙʨʘʞʝʥʠʷ, ʩʠʣʦʚʘʷ 

ʪʫʥʥʝʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʊʄ), ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʧʦ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. ʆʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʧʣʝʥʢʠ ʩ ʬʨʘʢʪʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʫʩʣʦʚʠʷʭ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʜʘʣʝʢʠʭ ʦʪ 

ʨʘʚʥʦʚʝʩʥʳʭ. ʉʚʦʡʩʪʚʘ ʪʘʢʠʭ ʧʣʝʥʦʢ, ʢʘʢ ʦʧʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʭ ʦʙʳʯʥʳʭ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʘʥʘʣʦʛʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʫʱʝʩʪʚʫʶʱʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʤʦʨʬʦʣʦʛʠʝʡ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʩʥʦʚʥʳʤ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʬʨʘʢʪʘʣʴʥʳʡ ʢʣʘʩʪʝʨ ï ʦʙʲʝʢʪ 

ʜʨʦʙʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ çʋʄʂɸ-02Gè 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ 3-d ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʥʦʧʦʢʨʳʪʠʡ ʭʨʦʤʘ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʦʜʣʦʞʢʝ (ʩʪʝʢʣʦ) (ʩʤ. ʨʠʩ. 1). ɸʥʘʣʠʟ ʨʝʣʴʝʬʘ ʥʘʥʦʧʦʢʨʳʪʠʷ ʭʨʦʤʘ 

ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʣʷʪʴ ʜʘʥʥʳʝ ʦ ʨʝʞʠʤʝ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʳʣʝʥʠʷ 

(ʧʣʦʪʥʦʩʪʠ ʧʫʯʢʘ, ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʨʝʣʴʝʬʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦ çʚʳʨʘʱʠʚʘʥʠʶè 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʟʘʜʘʥʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʦʡ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʢʘʢ 

ʥʘ ʪʦʣʱʠʥʫ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ (ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʠ ʩʣʠʷʥʠʷ 

ʦʩʪʨʦʚʢʦʚʳʭ ʧʣʝʥʦʢ), ʧʣʦʪʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʠ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʣʝʥʦʢ ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʦʜʣʦʞʢʫ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʠ. ʅʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ 

ʥʘʥʦʫʨʦʚʥʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʧʦʢʨʳʪʠʷ ʭʨʦʤʘ ʥʘ 
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ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ (ʩʪʝʢʣʦ) ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʨʘʚʥʦʤʝʨʥʦ 

ʠ ʠʤʝʪʴ ʨʘʟʤʝʨʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʨʘʥʠʮʳ  

100 ʥʤ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪ.ʝ. ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʷʤ (ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʦʨʷʜʢʘ 40 60-  ʥʤ). 

 

 
ʈʠʩ. 1. 3-d ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʥʦʧʣʝʥʦʢ ʭʨʦʤʘ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ (ʩʪʝʢʣʦ), 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ: ʚʝʨʭʥʠʡ ʨʠʩʫʥʦʢ (

1,6 1,6³  ʤʢʤ
2
) ʠ ʥʠʞʥʠʡ ʨʠʩʫʥʦʢ (3,0 3,0³  ʤʢʤ

2
).  

 

ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʦʪʤʝʪʠʤ ʩʫʱʝʩʪʚʫʶʱʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʦʣʱʠʥʳ 

ʧʣʝʥʢʠ: ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʶʪʩʷ ʩʪʨʫʢʪʫʨʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʨʘʟʤʝʨʘʤ. 

ʇʦ ʥʘʰʝʡ ʦʮʝʥʢʝ, ʛʣʫʙʠʥʘ ʚʧʘʜʠʥ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 30 ʥʤ, ʘ ʚʳʩʦʪʘ ʧʠʢʦʚ 
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ʥʝ ʧʨʝʚʳʰʘʝʪ 15 ʥʤ. ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʟ ʨʠʩ. 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʨʘʟʝʮ ʚ 

ʮʝʣʦʤ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʨʦʚʥʳʝ ʫʯʘʩʪʢʠ ï çʧʣʘʪʦè, ʢʦʛʜʘ ʨʘʟʥʠʮʘ ʚʳʩʦʪ 

ʤʝʞʜʫ ʧʠʢʘʤʠ ʠ ʚʧʘʜʠʥʘʤʠ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 15 ʥʤ (ʩʤ. ʨʠʩ. 2). ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʤʝʥʥʦ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʥʦʧʦʢʨʳʪʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʥʘʨʫʞʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 

[3-4], ʠʟʫʯʝʥʠʷ ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʥʘʥʦʧʦʢʨʳʪʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʢʦʘʣʝʩʮʝʥʮʠʠ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʠ ʪ.ʜ.), ʘ 

ʪʘʢʞʝ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ [5]. 

ʉʢʘʥʠʨʫʶʱʠʡ ʪʫʥʥʝʣʴʥʳʡ ʤʠʢʨʦʩʢʦʧ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʦʣʴʪ-

ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ) ʪʫʥʥʝʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ ʟʦʥʜïʧʦʚʝʨʭʥʦʩʪʴ 

ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʘ. ɼʣʷ ʭʘʨʘʢʪʝʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʪʫʥʥʝʣʴʥʦʤ ʢʦʥʪʘʢʪʝ 

ʧʦʨʷʜʢʘ 0,1 1-  ɺ ʠ ʪʫʥʥʝʣʴʥʳʭ ʪʦʢʦʚ ʥʘ ʫʨʦʚʥʝ 0,1 1-  ʥɸ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʫʥʥʝʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ 
tR  ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥ ʩʦʩʪʘʚʣʷʝʪ 8 1010 10·  ʆʤ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 
sR  ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ 

tR , 

ʠ ʭʘʨʘʢʪʝʨ ɺɸʍ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʩʚʦʡʩʪʚʘʤʠ ʥʝʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ 

ʦʙʨʘʟʮʘ ʚʙʣʠʟʠ ʪʫʥʥʝʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ. ʍʘʨʘʢʪʝʨ ʪʫʥʥʝʣʴʥʦʡ ɺɸʍ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʨʘʟʮʝ. ɺ 

ʪʫʥʥʝʣʴʥʦʤ ʪʦʢʝ ʫʯʘʩʪʚʫʶʪ, ʚ ʦʩʥʦʚʥʦʤ, ʵʣʝʢʪʨʦʥʳ ʩ ʵʥʝʨʛʠʷʤʠ ʚʙʣʠʟʠ 

ʫʨʦʚʥʷ ʌʝʨʤʠ. ʇʨʠ ʧʨʷʤʦʤ ʩʤʝʱʝʥʠʠ ʵʣʝʢʪʨʦʥʳ ʪʫʥʥʝʣʠʨʫʶʪ ʠʟ 

ʟʘʧʦʣʥʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʟʦʥʜʘ ʥʘ ʩʚʦʙʦʜʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʮʘ. ʇʨʠ ʦʙʨʘʪʥʦʤ ʩʤʝʱʝʥʠʠ ʵʣʝʢʪʨʦʥʳ 

ʪʫʥʥʝʣʠʨʫʶʪ ʠʟ ʦʙʨʘʟʮʘ ʚ ʟʦʥʜ. ɺʝʣʠʯʠʥʘ ʪʫʥʥʝʣʴʥʦʛʦ ʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʧʨʷʞʝʥʠʝʤ ʩʤʝʱʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʟʨʘʯʥʦʩʪʠ ʙʘʨʴʝʨʘ ʠ 

ʧʣʦʪʥʦʩʪʴʶ ʩʦʩʪʦʷʥʠʡ ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ. ʉʊʄ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʥʦ ʠ ʝʝ ʣʦʢʘʣʴʥʫʶ 

ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʦʣʫʯʘʝʤʘʷ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʮʘ ʤʦʞʝʪ ʙʳʪʴ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʘ ʚʣʠʷʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʫʯʝʩʪʴ. ʅʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ 

ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʫʥʥʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʚʠʜ ɺɸʍ ʥʘ ʧʨʠʤʝʨʝ 

ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʩʪʨʠʝ (ʚʦʣʴʬʨʘʤ) ï ʦʙʨʘʟʝʮ (ʭʨʦʤ ʥʘ ʩʪʝʢʣʝ). ʅʘ ʨʠʩ. 

3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ɺɸʍ, ʩʜʝʣʘʥʥʳʭ ʙʝʟ ʟʘʤʝʥʳ 

ʦʩʪʨʠʷ. ʂʨʠʚʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʜʥʦʤʫ ʠʟ ʧʝʨʚʳʭ ʩʢʘʥʦʚ (ʩʤ. ʨʠʩ. 3 

ʢʨʠʚʘʷ 1), ʦʢʘʟʘʣʘʩʴ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʢʘ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʣʠʷʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʩʪʨʠʷ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʦʩʪʨʠʝʤ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʢʘ 

ʥʘʧʨʷʞʝʥʠʷ (ʩʤ. ʨʠʩ. 3 ʢʨʠʚʘʷ 2). ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʩʪʨʠʷ ʠʟʤʝʥʠʣʘʩʴ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ 

ʯʘʩʪʠʯʥʳʤ ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ ʩ ʦʙʨʘʟʮʘ ʥʘ ʦʩʪʨʠʝ. 
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ʈʠʩ. 2. ʇʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ çʭʨʦʤ ʥʘ ʩʪʝʢʣʝè ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʛʣʘʚʥʦʡ 

(ʯʝʨʥʘʷ ʢʨʠʚʘʷ) ʠ ʧʦʙʦʯʥʦʡ (ʢʨʘʩʥʘʷ) ʜʠʘʛʦʥʘʣʝʡ, ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 1. 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʚʝʣʠʯʠʥʘ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ ï 60 ʥʤ, ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʦʬʠʣʝʡ ʨʝʣʴʝʬʦʚ ï 10 ʥʤ.  
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ʈʠʩ. 3. ʂʨʠʚʘʷ 1 ɺɸʍ ʢʦʥʪʘʢʪʘ ʚʦʣʴʬʨʘʤ ï ʭʨʦʤ. ʂʨʠʚʘʷ 2 ʦʪʚʝʯʘʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʟʦʥʜʘ ʠ ʥʘʣʠʯʠʶ ʵʬʬʝʢʪʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. 

 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʦʩʪʨʠʝʤ ʠ ʦʙʨʘʟʮʦʤ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʪʝʨʤʠʯʝʩʢʠʡ ʨʘʟʦʛʨʝʚ ʦʩʪʨʠʷ, ʚʳʟʚʘʥʥʳʡ ʵʥʝʨʛʠʝʡ, 

ʚʳʜʝʣʷʶʱʝʡʩʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʦʩʪʨʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ (ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʦʩʪʨʠʷ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʚʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ɼʞʦʫʣʷïʃʝʥʮʘ ʠ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʦʩʪʨʠʷ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʚʳʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʅʦʪʪʠʥʛʘʤʘ) [6]. ʕʪʦʪ ʵʬʬʝʢʪ ʪʘʢʞʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ɺɸʍ ʪʫʥʥʝʣʴʥʦʛʦ ʙʘʨʴʝʨʘ, ʪ.ʢ. ʰʠʨʠʥʘ ʟʘʟʦʨʘ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʅʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʚʣʠʷʥʠʝ 

ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʵʬʬʝʢʪʦʚ ʥʘ ɺɸʍ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʩʨʘʚʥʝʥʠʷ ʢʨʠʚʳʭ 1 ʠ 

2 (ʩʤ. ʨʠʩ. 3). 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʣʘʥʘʨʠʟʘʮʠʠ 

ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʥʦʤʝʪʨʦʚʦʛʦ 

ʤʘʩʰʪʘʙʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʝʪʩʷ ʵʬʬʝʢʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ ʚʳʩʪʫʧʦʚ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʧʳʣʝʥʠʝʤ 

ʚʧʘʜʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʦʙʨʘʟʮʘ ʥʘʢʣʦʥʥʦ ʧʘʜʘʶʱʠʤʠ 

ʧʫʯʢʘʤʠ ʠʦʥʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [7] ʤʝʪʦʜʦʤ ʉʊʄ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʦʢ ʭʨʦʤʘ, ʦʩʘʞʜʝʥʥʳʭ ʥʘ ʧʦʣʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʪʝʢʣʘ ʜʦ ʠ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʧʫʯʢʦʤ ʠʦʥʦʚ ʘʨʛʦʥʘ, ʧʨʠ ʵʪʦʤ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 



ɀɔɓɔɖɚ-ɡɔɘɔɣɑɝɖɔɑ Ɍɝɛɑɖɞɧ ɔɓɟɣɑəɔɫ ɖɗɌɝɞɑɜɚɎ,  

əɌəɚɝɞɜɟɖɞɟɜ ɔ əɌəɚɘɌɞɑɜɔɌɗɚɎ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʚ 5 8-  ʨʘʟ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʠʦʥʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ.  
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʛʨʘʥʪʳ ˉ 12-03-31593-ʤʦʣ-ʘ ʠ ˉ 13-03-00119-ʘ). 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʤʢʘʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʌʨʝʥʢʝʣʷ ï ɻʘʤʙʦʰʘ ï ɿʘʜʫʤʢʠʥʘ ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ ʚ 

ʤʝʞʬʘʟʥʫʶ ʵʥʝʨʛʠʶ ʥʘ ʛʨʘʥʠʮʝ ʢʦʥʪʘʢʪʘ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʩʨʝʜʘʤʠ. ʆʮʝʥʝʥ ʚʢʣʘʜ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʨʘʟʤʳʪʠʝʤ ʫʨʦʚʥʷ ʌʝʨʤʠ. ʅʘ ʧʨʠʤʝʨʝ ʨʦʜʠʷ ʧʦʢʘʟʘʥʳ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʠ ʨʘʟʤʝʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ ʜʣʷ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ ʪʦʥʢʘʷ ʧʣʝʥʢʘ ï ʚʘʢʫʫʤ ʠ 

ʤʘʣʘʷ ʯʘʩʪʠʮʘ ï ʩʦʙʩʪʚʝʥʥʳʡ ʨʘʩʧʣʘʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʞʬʘʟʥʘʷ ʵʥʝʨʛʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʪʦʥʢʠʝ ʧʣʝʥʢʠ, 

ʤʘʣʳʝ ʯʘʩʪʠʮʳ, ʨʘʩʧʣʘʚ. 

 

ɺʦʧʨʦʩ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʬʘʟʥʦʡ ʵʥʝʨʛʠʠ (ʄʕ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʩʥʦ 

ʩʚʷʟʘʥ ʩ ʚʦʧʨʦʩʘʤʠ ʨʘʟʤʝʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ, ʨʦʩʪʘ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʬʦʨʤʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʠ ʧʣʝʥʦʢ. 

ɿʥʘʥʠʝ ʚʝʣʠʯʠʥʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ 

ʪʚʝʨʜʦʡ ʬʘʟʳ [1-3]. 

ɺ ʨʘʙʦʪʘʭ [4-6] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʢʣʘʜʘ ʚ ʄʕ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʥʘ ʛʨʘʥʠʮʝ ʩ ʚʘʢʫʫʤʦʤ, 

ʩʦʙʩʪʚʝʥʥʳʤ ʨʘʩʧʣʘʚʦʤ ʠ ʥʝʧʦʣʷʨʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʞʠʜʢʦʩʪʷʤʠ. ɺ 

ʨʘʙʦʪʘʭ [7,8] ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʣʫʯʘʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʘʣʘʷ 

ʯʘʩʪʠʮʘ ï ʩʦʙʩʪʚʝʥʥʳʡ ʨʘʩʧʣʘʚ ʠ ʪʦʥʢʘʷ ʧʣʝʥʢʘ ï ʚʘʢʫʫʤ. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ 

ʥʝ ʫʯʠʪʳʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʨʘʟʤʳʪʠʝ ʫʨʦʚʥʷ ʌʝʨʤʠ ʠ ʧʨʦʚʦʜʠʣʠ ʣʠʰʴ 

ʧʨʠʙʣʠʞʝʥʥʫʶ ʦʮʝʥʢʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʙʳʣ 

ʫʩʪʨʘʥʝʥ ʚ ʨʘʙʦʪʘʭ [9,10] ʜʣʷ ʩʣʫʯʘʷ ʧʦʣʫʙʝʩʢʦʥʝʯʥʳʡ ʢʨʠʩʪʘʣʣ ï 

ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʨʘʩʧʣʘʚ, ʤʘʣʘʷ ʯʘʩʪʠʮʘ ï ʩʦʙʩʪʚʝʥʥʳʡ ʨʘʩʧʣʘʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦʧʳʪʢʘ ʦʮʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʚʢʣʘʜ 

ʚ ʄʕ ʠ ʝʛʦ ʨʘʟʤʝʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʤʘʣʳʭ ʯʘʩʪʠʮ ʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʨʘʥʠʮʘʭ ʢʦʥʪʘʢʪʘ: ʚʘʢʫʫʤ, 

ʩʦʙʩʪʚʝʥʥʳʡ ʨʘʩʧʣʘʚ.  

ʂʘʢ ʠ ʚ ʨʘʙʦʪʝ [4] ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ ʚ ʄʕ ʜʣʷ 

ʛʨʘʥʠʮʳ ʤʝʪʘʣʣ ï ʩʨʝʜʘ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʦʥʥʫʶ ( )

12

Tʠfw  ʠ ʵʣʝʢʪʨʦʥʥʫʶ 
( )

12

Tʵfw  ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʤ 



ɀɔɓɔɖɚ-ɡɔɘɔɣɑɝɖɔɑ Ɍɝɛɑɖɞɧ ɔɓɟɣɑəɔɫ ɖɗɌɝɞɑɜɚɎ,  

əɌəɚɝɞɜɟɖɞɟɜ ɔ əɌəɚɘɌɞɑɜɔɌɗɚɎ 

21 

ʜʚʠʞʝʥʠʝʤ ʠʦʥʦʚ ʨʘʩʧʣʘʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʘʟʤʳʪʠʝʤ ʵʥʝʨʛʠʠ ʌʝʨʤʠ. 

ʊʘʢʞʝ ʫʯʠʪʳʚʘʝʤ, ʯʪʦ ( )

12

Tʠfw  ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ( )

12

Tʠfw  ʠ 

ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʡ ( )

12

Tʠfw  ʯʘʩʪʝʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʚʢʣʘʜ ʚ ʄʕ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [4] ʢʘʢ 

ʨʘʟʥʦʩʪʴ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ( )F ¤  

ʧʨʠ T q>> (q ï ʪʝʤʧʝʨʘʪʫʨʘ ɼʝʙʘʷ) ʩ ʫʯʝʪʦʤ ʘʥʛʘʨʤʦʥʠʯʥʦʩʪʠ ʠ ʩʚʦʙʦʜʥʦʡ 

ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ ʚ k-ʧʣʦʩʢʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ )( kxF , ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʛʠʙʙʩʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ xG ʨʘʟʜʝʣʘ,  

 ( ) ()( ) ( )

12 ( )Tʠ k

k

k

f F x F n hklwD = - ¤è øê úä , (1) 

ʠʣʠ ʧʝʨʝʭʦʜʷ ʦʪ ʩʫʤʤʠʨʦʚʘʥʠʷ ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ 

 [ ]( )

12

0

( ) ( ) ( )

x

Tʠ

vf F x F n x dxw

G

= - ¤ Öñ , (2) 

ʛʜʝ )(xnv  ï ʯʠʩʣʦ ʠʦʥʦʚ ʚ 1 ʩʤ
3
 ʤʝʪʘʣʣʘ. ʇʝʨʝʭʦʜʷ ʢ ʙʝʟʨʘʟʤʝʨʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ e ʠ ʧʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ )(¤F  ʠ )( kxF  [4] ʚ (2), ʧʦʣʫʯʠʤ  

 3 2 2 3 2

12

0 0

3 3 1( Tʠ) * / /

B i v B i vf k Ts ln ( ) n ( )d k T g( ) ( ) n ( )d

e e

w c e e e c e e e
G G

è ø è ø= Ö + ¤ - Öê ú ê úñ ñ . (3) 

ɿʜʝʩʴ *s  ï ʣʠʥʝʡʥʳʡ ʧʘʨʘʤʝʪʨ, ʧʨʠʚʦʜʷʱʠʡ ʫʨʘʚʥʝʥʠʷ ʊʦʤʘʩʘ-ʌʝʨʤʠ ʢ 

ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ, eG ï ʛʨʘʥʠʮʘ ɻʠʙʙʩʘ, )(65)( 62 ¤wb=¤ mkg , b ï ʧʝʨʚʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʘʥʛʘʨʤʦʥʠʯʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ la ; Ra 2=  ï ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʦʥʘʤʠ (R  

ï ʨʘʚʥʦʚʝʩʥʳʡ ʨʘʜʠʫʩ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʰʘʨʘ).  

 ()
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( )
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1
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1 ( )

pR R
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R c

c e
c e

e e

-
= -
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 ʧʨʠ 0 Re e¢ ¢ , (4) 
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pR R
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p c

c e
c e

e e
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+ + -

 ʧʨʠ Re e²  (5) 

ɿʜʝʩʴ Re  ï ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ, p ï ʩʢʘʯʦʢ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʪʚʝʨʜʦʡ 

ʬʘʟʳ, )( RpR ec , n  ʠ c  ʥʘʭʦʜʷʪʩʷ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʫʩʣʦʚʠʡ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ [5]. 

ʊʘʢ ʢʘʢ ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ k  ʚ ʬʦʨʤʫʣʝ (4) ʜʣʷ )(eci  ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

( )
6

1 ( ) 1 1R
pR R

c

e e
c e

-
-å õ

- - <<æ ö
ç ÷

, ʪʦ ʧʦʣʫʯʘʝʤ:  
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ʛʜʝ h  ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ. 

ɺʳʧʦʣʥʠʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʠ ʧʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ 

ʯʘʩʪʠʮ ʥʘ 1 ʩʤ
2
 ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʰʠʨʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʬʦʨʤʫʣʝ 
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ʜʣʷ ( )

12

Tʠfw , ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʄʕ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʤʝʪʘʣʣʘ 
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, (7) 

ʛʜʝ R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, D
*
 ï ʧʣʦʪʥʦʩʪʴ ʪʚʝʨʜʦʡ ʬʘʟʳ.  

ʕʣʝʢʪʨʦʥʥʳʡ ʚʢʣʘʜ ʚ ( )

12

Tʠfw  ʨʘʩʩʯʠʪʘʝʤ ʩʦʛʣʘʩʥʦ [4]. ʊʝʤʧʝʨʘʪʫʨʥʦʝ 

ʨʘʟʤʳʪʠʝ ʛʨʘʥʠʮʳ ʌʝʨʤʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʜʦʙʘʚʦʯʥʫʶ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ 

ʵʣʝʢʪʨʦʥʘ 
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m
D =- . (8) 

ʛʜʝ *
0 ie Vm l=  ï ʵʥʝʨʛʠʷ ʌʝʨʤʠ ʤʝʪʘʣʣʘ ʜʣʷ ʩʣʫʯʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ. ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʪʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʣʶʙʦʡ ʧʣʦʩʢʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣ ï ʩʦʙʩʪʚʝʥʥʳʡ ʨʘʩʧʣʘʚ 
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x x
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ʛʜʝ ( )xr  ï ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ. ʇʦʵʪʦʤʫ ʠʟʙʳʪʦʯʥʘʷ 

ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʨʘʟʤʳʪʠʝʤ ʛʨʘʥʠʮʳ ʌʝʨʤʠ ʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʦʙʣʘʩʪʠ ʤʝʪʘʣʣʘ, ʙʫʜʝʪ ʜʘʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʢʣʘʜ ʚ 12fw  ʤʝʪʘʣʣʘ ʥʘ ʛʨʘʥʠʮʝ 

ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʨʘʩʧʣʘʚʦʤ 
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ɺʥʝʰʥʷʷ ʯʘʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (x xG> ) ʜʘʩʪ 

ʚʢʣʘʜ ʚ ( )

12

Tʠfw  
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ʉʫʤʤʠʨʫʷ (10) ʠ (11) ʠ ʧʝʨʝʭʦʜʷ ʢ ʙʝʟʨʘʟʤʝʨʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ 

ʬʫʥʢʮʠʷʤ ( )ic e ʠ ( )ec e, ʧʦʣʫʯʠʤ ʧʦʣʥʳʡ ʚʢʣʘʜ ʚ ʄʕ ʤʝʪʘʣʣʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʬʝʨʤʠʝʚʩʢʦʡ ʵʥʝʨʛʠʠ 
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 (12) 

ʀʣʠ, ʚʚʠʜʫ ʪʦʛʦ ʯʪʦ (0) /i zr = W ʠ ( )
1( )

1
(0)

e

i

p
r e

r

-
= + , ʠʤʝʝʤ: 
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ɿʜʝʩʴ z  ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʘʪʦʤ ʤʝʪʘʣʣʘ; W ï 

ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʰʘʨʘ. ʈʘʟʣʦʞʠʚ ʚ ʨʷʜ 1 2( )ic e ʠ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʚ (13), 

ʧʦʣʫʯʠʣʠ ʚʢʣʘʜ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʄʕ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʨʘʟʤʳʪʠʝʤ ʫʨʦʚʥʷ ʌʝʨʤʠ: 
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. (14) 

ɸʥʘʣʦʛʠʯʥʦ, ʠʩʭʦʜʷ ʠʟ ʪʝʭ ʞʝ ʧʦʣʦʞʝʥʠʡ, ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ ʚ ʄʕ ʥʘ ʛʨʘʥʠʮʝ ʤʘʣʘʷ ʯʘʩʪʠʮʘ ï ʚʘʢʫʫʤ, ʪʦʥʢʘʷ 

ʧʣʝʥʢʘ ï ʚʘʢʫʫʤ, ʪʦʥʢʘʷ ʧʣʝʥʢʘ ï ʨʘʩʧʣʘʚ. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʊʦʤʘʩʘ ï ʌʝʨʤʠ ʜʣʷ ʤʘʣʦʡ ʯʘʩʪʠʮʳ ʥʘ ʛʨʘʥʠʮʝ ʩ 

ʚʘʢʫʫʤʦʤ: 
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ʠ (16) ʜʣʷ ʩʣʫʯʘʷ ʛʨʘʥʠʮʳ ʢʦʥʪʘʢʪʘ ʤʘʣʘʷ ʯʘʩʪʠʮʘ ï ʚʘʢʫʫʤ ʧʦʣʫʯʠʤ  

 { }
2 2 2

( ) * 1/2

12 *

0

( )
4

Tʵ B
R ɻ R

k T z
f s cw

p
l e e c e

m
=- - +

W
. (17) 

ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʄʕ ʥʘ ʛʨʘʥʠʮʝ ʯʘʩʪʠʮʘ ï ʚʘʢʫʫʤ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʤʝʪʘʣʣʘ, ʚʳʨʘʞʝʥʠʝ (7) ʧʦ ʚʠʜʫ ʥʝ 

ʠʟʤʝʥʠʪʩʷ. 

ʈʘʩʩʫʞʜʘʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʠʣʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ ʚ ʄʕ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʛʨʘʥʠʮʝ ʩ ʚʘʢʫʫʤʦʤ  
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ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʚʳʙʨʘʣʠ ʨʦʜʠʡ, ʪʘʢ ʢʘʢ ʦʥ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʪʦʥʢʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʦʥʢʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ [11]. ʇʨʠ ʦʮʝʥʢʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʥʘʯʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʤʘʩʩʠʚʥʦʛʦ ʨʦʜʠʷ. ʉʢʘʯʦʢ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʧʣʘʚʣʝʥʠʠ 

ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʘ ʟʘʧʦʣʥʝʥʠʷ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 

ʛʨʘʥʠ ( )111, ʪʘʢ ʢʘʢ ʜʣʷ ʤʝʪʘʣʣʦʚ ʩ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʵʪʘ ʛʨʘʥʴ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʦʡ ʧʨʠ ʨʦʩʪʝ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠ ʤʘʣʳʭ ʯʘʩʪʠʮ [12].  

ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʚʝʣʠʯʠʥʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʄʕ 

ʚʥʦʩʠʪ ʠʦʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʤʝʪʘʣʣʘ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʚʢʣʘʜ ʚ ʄʕ ʤʘʣʳʭ 

ʯʘʩʪʠʮ ʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʦʪʨʠʮʘʪʝʣʝʥ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ [13] ʠ ʩʧʨʘʚʦʯʥʳʤʠ ʜʘʥʥʳʤʠ 

ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʨʦʜʠʷ [14]. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʟʤʝʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ ʚ 

ʄʕ ʥʘʥʦʯʘʩʪʠʮ (ʩʤ. ʨʠʩ. 1) ʥʘ ʛʨʘʥʠʮʝ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʨʘʩʧʣʘʚʦʤ 

ʘʥʘʣʦʛʠʯʝʥ ʭʦʜʫ ʄʕ ʥʘ ʪʦʡ ʞʝ ʛʨʘʥʠʮʝ [10]. 

ʉ ʨʦʩʪʦʤ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮʳ ʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʜʣʷ ʯʘʩʪʠʮʳ ʜʠʘʤʝʪʨʦʤ 2  ʥʤ ʩʦʩʪʘʚʣʷʝʪ 

43% ʦʪ ʦʙʱʝʡ ʚʝʣʠʯʠʥʳ ʄʕ, ʪʦ ʧʨʠ 20 ʥʤ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʚʢʣʘʜʘ 

ʜʦʭʦʜʠʪ ʪʦʣʴʢʦ ʜʦ 18% .  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ 

ʄʕ ʦʛʨʘʥʝʥʥʳʭ ʯʘʩʪʠʮ ʚʳʰʝ ʠ ʝʛʦ ʨʘʟʤʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ 

ʟʘʤʝʪʥʝʝ (ʩʤ. ʨʠʩ. 1 ʘ, 1 ʙ). ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʨʘʟʤʳʪʠʝʤ ʫʨʦʚʥʷ ʌʝʨʤʠ. 

ʇʨʠ 300K  ʝʛʦ ʚʝʣʠʯʠʥʘ ʜʦʭʦʜʠʪ ʜʦ 3 5 5 0, , %-  ʦʪ ʚʢʣʘʜʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʤʝʪʘʣʣʘ. 

ɼʣʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʛʨʘʥʠʮʝ ʩ ʚʘʢʫʫʤʦʤ ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʦʜ 

ʨʘʟʤʝʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʣʫʯʘʷ 

ʤʘʣʳʭ ʯʘʩʪʠʮ. ʈʘʟʤʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ ʚ ʄʕ ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʥʘ ʛʨʘʥʠʮʝ ʩ ʚʘʢʫʫʤʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʙʩʦʣʶʪʥʦʡ 

ʚʝʣʠʯʠʥʦʡ ʚʢʣʘʜʘ, ʘ ʧʨʠ ʥʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʛʣʘʞʠʚʘʝʪʩʷ ʠ 

ʩʪʘʥʦʚʠʪʩʷ ʣʠʥʝʡʥʦʡ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300K  ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʚʢʣʘʜ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1%  ʦʪ ʚʝʣʠʯʠʥʳ ʄʕ ʧʣʝʥʢʠ ʥʘ ʛʨʘʥʠʮʝ ʩ ʚʘʢʫʫʤʦʤ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩʦ ʩʣʫʯʘʝʤ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ʤʘʣʘʷ ʯʘʩʪʠʮʘ - 

ʩʦʙʩʪʚʝʥʥʳʡ ʨʘʩʧʣʘʚ ʚ ʩʣʫʯʘʝ ʢʦʥʪʘʢʪʘ ʧʣʝʥʢʠ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʠ 
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ʥʝʩʦʙʩʪʚʝʥʥʳʤ ʨʘʩʧʣʘʚʦʤ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʧʦʚʳʰʝʥʠʷ ʨʦʣʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ ʠ ʝʛʦ ʨʘʟʤʝʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 
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ʈʠʩ. 1. ʀʟʦʪʝʨʤʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ ʚ ʤʝʞʬʘʟʥʫʶ ʵʥʝʨʛʠʶ (ʤɼʞ/ʤ

2
) ʥʘ ʛʨʘʥʠʮʝ ʩ 

ʩʦʙʩʪʚʝʥʥʳʤ ʨʘʩʧʣʘʚʦʤ (ʘ) ʢʫʙʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʜʣʷ ʛʨʘʥʠ ( )111 , (ʙ) ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ 

ʨʦʜʠʷ. 
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ʈʠʩ. 2. ʀʟʦʪʝʨʤʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ ʚ ʤʝʞʬʘʟʥʫʶ ʵʥʝʨʛʠʶ (ʤɼʞ/ʤ

2
) ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʨʦʜʠʷ ʥʘ ʛʨʘʥʠʮʝ ʩ ʚʘʢʫʫʤʦʤ ʜʣʷ ʛʨʘʥʠ ( )111  ʜʣʷ 100K  (ʘ), 200K  (ʙ)  

ʠ 300K  (ʚ). 
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ɺʳʚʦʜʳ: 

1. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʚʳʨʘʞʝʥʠʷ (14), (17), (19), (20) ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 
ʚʢʣʘʜʘ ʚ ʄʕ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʘʟʤʳʪʠʝʤ ʫʨʦʚʥʷ ʌʝʨʤʠ, 

ʩʦʚʤʝʩʪʥʦ ʩ ʚʳʨʘʞʝʥʠʝʤ ʜʣʷ ʚʢʣʘʜʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ 

ʤʝʪʘʣʣʘ, ʜʘʶʪ ʢʦʨʨʝʢʪʥʫʶ ʦʮʝʥʢʫ ʨʘʟʤʝʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʢʣʘʜʘ ʚ ʄʕ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ. 

2. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʣʠʯʠʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ ʚ ʄʕ 

ʧʦʣʫʙʝʩʢʦʥʝʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʛʨʘʥʠʮʝ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʨʘʩʧʣʘʚʦʤ (
( )

12 (111) 40,3Tfw =-  ʤɼʞ/ʤ
2
) ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʪʚʝʨʜʦʡ ʬʘʟʳ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʢʣʘʜʘ. ʅʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʪʦʥʢʘʷ ʧʣʝʥʢʘ ï ʚʘʢʫʫʤ (( )

12 (111) 19,4Tfw =-  ʤɼʞ/ʤ
2
) 

ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  

3. ʇʦʣʫʯʝʥʥʳʝ ʬʦʨʤʫʣʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 
ʚʢʣʘʜʘ ʚ ʄʕ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩ ʥʝʩʦʙʩʪʚʝʥʥʳʤ ʨʘʩʧʣʘʚʦʤ ʚ ʩʣʫʯʘʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ. 
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ɸʥʥʦʪʘʮʠʷ: ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʚʥʦʢʘʥʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 14% 7%Al Cu Ce- - , 

ʚʣʠʷʥʠʝ ʚʦʣʦʯʝʥʠʷ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʣʦʢʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 14% 7%Al Cu Ce- - . 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʨʘʚʥʦʢʘʥʘʣʴʥʦʝ ʫʛʣʦʚʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚʦʣʦʯʝʥʠʝ, ʜʝʬʦʨʤʘʮʠʷ. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʣʘʛʦʜʘʨʷ ʤʘʣʦʤʫ 

ʫʜʝʣʴʥʦʤʫ ʚʝʩʫ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʘ ʪʘʢ ʞʝ ʭʦʨʦʰʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʡ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʘʚʠʘ- ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ, ʷʚʣʷʝʪʩʷ 

ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʩʧʣʘʚ 14% 7%Al Cu Ce- - . ɼʦʙʘʚʢʠ ʮʝʨʠʷ ʢ ʘʣʶʤʠʥʠʝʚʳʤ 

ʩʧʣʘʚʘʤ ʧʨʠʚʦʜʷʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʙʝʟ ʧʦʪʝʨʠ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʠʟʤʝʣʴʯʝʥʠʶ ʟʝʨʥʘ ʠ ʫʣʫʯʰʝʥʠʶ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʨʝʟʘʥʠʝʤ [1]. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʥʥʳʡ ʩʧʣʘʚ ʥʝ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʯʪʦʙʳ ʙʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʠʟ ʥʝʛʦ ʧʨʦʚʦʣʦʢʫ ʚ 

ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʚ ʩʧʣʘʚʝ 14% 7%Al Cu Ce- -  

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʜʝʬʦʨʤʘʮʠʠ ʚ ʜʝʥʜʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ. ɺ 

ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʝʦʜʥʦʨʦʜʥʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʨʫʧʥʳʝ 

ʙʝʟʵʚʪʝʢʪʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ 
8 4Al CeCu  ʧʦ 

ʛʨʘʥʠʮʘʤ ʜʝʥʜʨʠʪʥʳʭ ʷʯʝʝʢ ʤʝʥʝʝ 0,5 ʤʢʤ, ʘ ʨʘʟʤʝʨ ʦʙʣʘʩʪʝʡ ʚʥʫʪʨʠ 

ʜʝʥʜʨʠʪʘ, ʩʚʦʙʦʜʥʳʭ ʦʪ ʵʪʠʭ ʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ ʤʠʢʨʦʤʝʪʨʦʚ. ɺ 

ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʙʝʟʵʚʪʝʢʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ ʧʨʦʠʩʭʦʜʠʪ ʩʠʣʴʥʘʷ 

ʣʦʢʘʣʠʟʘʮʠʷ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ 1) ʧʦʚʳʩʠʪʴ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʭ ʯʘʩʪʠʮ ʧʦ ʘʣʶʤʠʥʠʝʚʦʡ ʤʘʪʨʠʮʝ; 2) 

ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʭ ʯʘʩʪʠʮ; 3) ʜʦʙʠʪʴʩʷ ʢʨʫʛʣʦʡ ʬʦʨʤʳ 

ʵʪʠʭ ʯʘʩʪʠʮ, ʪʦ ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʘʢ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʪʦʥʢʫʶ ʧʨʦʚʦʣʦʢʫ, ʪʘʢ ʠ ʧʨʦʯʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʫʤʝʥʴʰʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʪʦʣʱʠʥʫ ʧʨʦʚʦʣʦʢʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʨʘʚʥʦʢʘʥʘʣʴʥʦʝ ʫʛʣʦʚʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ (ʜʘʣʝʝ ï ʈʂʋʇ) ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 540 C̄  ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ, ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʦʰʣʘ ʬʨʘʛʤʝʥʪʘʮʠʷ ʠ ʩʬʝʨʦʜʠʟʘʮʠʷ ʪʨʦʡʥʦʛʦ 
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ʩʦʝʜʠʥʝʥʠʷ 
8 4Al CeCu. ʆʪʞʠʛ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʣʠʷʣ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʘ. ɺ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʨʘʟʝʮ ʠʩʧʳʪʘʣ ʭʨʫʧʢʦʝ 

ʨʘʟʨʫʰʝʥʠʝ, ʦʜʥʦʨʦʜʥʦ ʜʝʬʦʨʤʠʨʦʚʘʣʩʷ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʰʝʡʢʠ ʚʧʣʦʪʴ ʜʦ 

ʤʦʤʝʥʪʘ ʨʘʟʨʳʚʘ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʪʞʠʛʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʠʟʤʝʥʠʣʠʩʴ, ʜʝʬʦʨʤʘʮʠʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ʦʪʞʠʛʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʝʨʳʚʠʩʪʳʤ ʪʝʯʝʥʠʝʤ, ʧʨʦʷʚʣʷʶʱʝʤʩʷ ʚ ʚʠʜʝ 

ʟʫʙʮʦʚ ʥʘ ʢʨʠʚʳʭ ʥʘʧʨʷʞʝʥʠʝ-ʜʝʬʦʨʤʘʮʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʈʂʋʇ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʝʨʭʙʦʣʴʰʠʝ ʧʣʘʩʪʠʯʝʩʢʠʝ 

ʜʝʬʦʨʤʘʮʠʠ ʟʘʛʦʪʦʚʢʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʝʝ ʬʦʨʤʳ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʙʨʘʙʦʪʢʘ ʈʂʋʇ ʥʝ ʫʭʫʜʰʘʝʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ, ʥʝ ʙʳʣʦ 

ʦʙʨʘʟʦʚʘʥʦ ʥʠʢʘʢʠʭ ʧʫʩʪʦʪ. ɿʘ ʩʯʝʪ ʧʦʜʙʦʨʘ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʬʦʨʤʘʮʠʠ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʩʧʣʘʚʝ 14% 7%Al Cu Ce- - , ʘ ʪʘʢ 

ʞʝ ʈʂʋʇ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ 

ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʭ ʯʘʩʪʠʮ ʢʘʢ 
8 4Al CeCu, ʘ ʪʘʢ ʞʝ ʠʭ ʠʥʪʝʥʩʠʚʥʦʝ 

ʜʨʦʙʣʝʥʠʝ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ  ʠ ʧʦʟʚʦʣʠʣʦ 

ʫʚʝʣʠʯʠʪʴ ʧʨʦʯʥʦʩʪʴ 14% 7%Al Cu Ce- -  [2]. ɼʘʣʝʝ ʙʳʣʘ ʧʦʜʦʙʨʘʥʘ 

ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʩʥʷʪʴ ʥʘʢʦʧʣʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʙʝʟ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʘʜʝʥʠʷ ʧʨʦʯʥʦʩʪʠ.  

ɼʘʣʝʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʦʣʦʯʠʣʠ ʧʨʦʚʦʣʦʢʫ. ʀʩʭʦʜʥʦʡ 

ʟʘʛʦʪʦʚʢʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʶʤʠʥʠʝʚʦʡ ʧʨʦʚʦʣʦʢʠ ʷʚʣʷʣʘʩʴ ʢʘʪʘʥʢʘ 

ʜʠʘʤʝʪʨʦʤ 8,0 ʤʤ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʦʢʘʪʢʦʡ ʩʣʠʪʢʦʚ ʥʘ ʧʨʦʚʦʣʦʯʥʦ-

ʧʨʦʢʘʪʥʦʤ ʩʪʘʥʝ. ʈʘʜʠʘʣʴʥʦ ʩʜʚʠʛʦʚʫʶ ʧʨʦʢʘʪʢʫ ʟʘʛʦʪʦʚʦʢ ʠʟ ʩʧʣʘʚʘ 
14% 7%Al Cu Ce- -  ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʪʘʥʝ ʈʉʇ-14-40 ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩ Ï 20 ʤʤ ʜʦ Ï 8  ʤʤ ʟʘ 12 ʧʨʦʭʦʜʦʚ. ʀʟʛʦʪʦʚʣʝʥʠʝ 

ʘʣʶʤʠʥʠʝʚʦʡ ʧʨʦʚʦʣʦʢʠ ʠʟ ʢʘʪʘʥʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʚʦʣʦʯʝʥʠʷ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʪʘʥʢʘ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʯʝʨʝʟ ʨʷʜ ʦʪʚʝʨʩʪʠʡ (ʚʦʣʦʢ), ʨʘʟʤʝʨʳ 

ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ, ʯʝʤ ʨʘʟʤʝʨʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʪʷʛʠʚʘʝʤʦʛʦ 

ʤʝʪʘʣʣʘ ʧʝʨʝʜ ʧʨʦʚʦʣʦʢʦʡ. ʇʦʵʪʦʤʫ ʢʘʪʘʥʢʘ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʚʦʣʦʢʫ, 

ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʠ ʠʟʤʝʥʷʝʪ ʩʚʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ, ʧʨʠʥʠʤʘʷ ʧʦʩʣʝ 

ʚʳʭʦʜʘ ʠʟ ʚʦʣʦʢʠ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ ʥʘʠʤʝʥʴʰʝʛʦ ʩʝʯʝʥʠʷ  ʢʘʥʘʣʘ. ɼʣʠʥʘ 

ʧʦʣʦʩʳ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʤʝʥʴʰʝʥʠʶ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʇʝʨʝʜ ʚʦʣʦʯʝʥʠʝʤ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʘʥʢʝ ʟʘʦʩʪʨʷʶʪ 

ʧʝʨʝʜʥʠʡ ʢʦʥʝʮ ʧʦʣʦʩʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, ʩ ʪʘʢʠʤ 

ʨʘʩʯʝʪʦʤ, ʯʪʦʙʳ ʢʦʥʝʮ ʣʝʛʢʦ ʚʭʦʜʠʣ ʚ ʚʦʣʦʢʫ ʠ ʯʘʩʪʠʯʥʦ ʚʳʭʦʜʠʣ ʩ ʝʝ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ. ʕʪʦʪ ʢʦʥʝʮ ʟʘʭʚʘʪʳʚʘʶʪ ʩʧʝʮʠʘʣʴʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʠ ʧʨʦʪʷʛʠʚʘʶʪ. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʚʥʝʰʥʝʝ ʪʨʝʥʠʝ, ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʨʦʪʷʛʠʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʠ ʚʦʣʦʯʠʣʴʥʦʛʦ ʢʘʥʘʣʘ ʚʚʦʜʷʪ 

ʩʤʘʟʢʫ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʥʘ ʚʦʣʦʯʝʥʠʝ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʣʫʯʝʥʠʶ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫ ʧʨʦʪʷʛʠʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ, ʩʠʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪ ʠʟʥʦʩ ʩʘʤʦʛʦ ʢʘʥʘʣʘ ʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʮʝʩʩ ʩ ʧʦ-

ʚʳʰʝʥʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʜʝʬʦʨʤʘʮʠʠ. ʇʦʣʫʯʝʥʠʝ ʧʨʦʚʦʣʦʢʠ ʧʨʦʚʦʜʠʣʠ ʥʘ 
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ʚʦʣʦʯʠʣʴʥʦʡ ʤʘʰʠʥʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʚʦʣʦʯʝʥʠʷ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʷʛʦʚʦʛʦ ʙʘʨʘʙʘʥʘ Ï 450 ʤʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʦʣʦʯʝʥʠʷ 12 

ʤ/ʤʠʥ. ɺ ʢʘʯʝʩʪʚʝ ʩʤʘʟʢʠ ʧʨʠʤʝʥʷʣʘʩʴ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ 

ʜʣʷ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʝʪʘʣʣʦʚ. ʇʨʠ ʚʦʣʦʯʝʥʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʨʰʨʫʪʳ ʚʦʣʦʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʘʙʝʣʝʡ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʦʣʦʯʢʘʭ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʦʣʦʢ ʠʟ 

ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ɺʂ8. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʭʦʣʦʜʥʦʪʷʥʫʪʦʡ ʧʨʦʚʦʣʦʢʠ ʠʟ ʩʧʣʘʚʘ 

14% 7%Al Cu Ce- -  ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʜʨʦʙʣʝʥʠʝ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʚʳʜʝʣʝʥʠʡ: ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʧʨʦʚʦʣʦʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʫʶ ʘʣʶʤʠʥʠʝʚʫʶ ʤʘʪʨʠʮʫ 

ʩ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ ʤʝʣʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ 

ʬʘʟʳ 
8 4Al CeCu. ʆʪʞʠʛ ʭʦʣʦʜʥʦʪʷʥʫʪʦʡ ʧʨʦʚʦʣʦʢʠ ʚʦ ʚʩʝʭ ʩʦʩʪʦʷʥʠʷʭ 

ʧʨʠʚʦʜʠʪ ʢ ʫʢʨʫʧʥʝʥʠʶ ʯʘʩʪʠʮ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʬʘʟʳ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʝʩʢʦʣʴʢʦ ʦʛʨʫʙʣʷʝʪ ʩʪʨʫʢʪʫʨʫ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʣʦʢʠ ʠʟ 

ʩʧʣʘʚʘ 14% 7%Al Cu Ce- -  ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʪʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʥʘ ʵʪʦ 

ʫʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʠʟʣʦʤʘʭ ʢʨʫʧʥʳʭ ʦʙʣʘʩʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʙʦʨʦʟʜʢʠ. ʊʘʢʠʝ ʦʙʣʘʩʪʠ ʜʦʤʠʥʠʨʫʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ 

ʦʙʨʘʟʮʦʚ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʧʦ ʢʨʫʛʫ ʧʦ ʢʨʘʶ ʦʙʨʘʟʮʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʠʟʣʦʤʝ ʚ 

ʮʝʥʪʨʝ ʦʙʨʘʟʮʘ ʥʘʙʣʶʜʘʝʪʩʷ ʷʤʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʦʣʦʯʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʡ 

ʥʘʛʘʨʪʦʚʢʝ ʩʧʣʘʚʘ 14% 7%Al Cu Ce- - , ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʯʥʦʩʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʚʦʟʨʘʩʪʘʶʪ ʚ 1,5 2-  ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʜʦ ʚʦʣʦʯʝʥʠʷ 

ʩʦʩʪʦʷʥʠʝʤ, ʪʦʛʜʘ ʢʘʢ ʫʜʣʠʥʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʘʜʘʝʪ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

2%.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʨʦʚʦʣʦʢʠ ʝʝ ʦʪʞʠʛʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 300 C̄  ʜʦ 450 C̄  ʚ 

ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʀʩʧʳʪʘʥʠʷ ʩʧʣʘʚʘ 14% 7%Al Cu Ce- - , ʧʨʦʚʝʜʝʥʥʳʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ 31,3 10-³  ʩ
-1
, ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʪʞʠʛ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300 450C-  ̄ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʫʜʣʠʥʝʥʠʷ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʧʨʝʜʝʣʘ 

ʧʨʦʯʥʦʩʪʠ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʥʠʞʝʥʠʝʤ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʥʘ ʨʘʥʥʝʡ 

ʩʪʘʜʠʠ ʜʝʬʦʨʤʘʮʠʠ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ.  
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʂʇ ʅʀʋ çɹʝʣɻʋè ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʜʦʛʦʚʦʨ ˉ 16.120.11.3258-ʄʂ. 
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ɸʥʥʦʪʘʮʠʷ: ʄʝʪʦʜʦʤ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʪʫʥʥʝʣʴʥʦʤ ʤʠʢʨʦʩʢʦʧʝ, 

ʧʦʣʫʯʝʥʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʜʠ ʩ ʨʘʟʣʠʯʥʦʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʨʘʢʪʘʣ, ʩʢʘʥʠʨʫʶʱʘʷ ʪʫʥʥʝʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʪʦʧʦʣʦʛʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ʊʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʣʴʝʬʘ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʝʪ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʥʦʛʠʭ ʦʪʨʘʩʣʝʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʪʘʢ ʢʘʢ 

ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʦʡ 

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʥʝʨʝʛʫʣʷʨʥʦʩʪʴʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʉʨʝʜʠ ʤʝʪʦʜʦʚ 

ʜʠʘʛʥʦʩʪʠʢʠ ʪʦʧʦʣʦʛʠʠ ʪʘʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʠʜʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ 

ʩʢʘʥʠʨʫʶʱʘʷ ʪʫʥʥʝʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʊʄ) [1]. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ʉʊʄ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʛʣʘ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʪʫʥʥʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʥʝ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦ ʚʨʝʤʷ 

ʠʟʤʝʨʝʥʠʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʘ ʜʝʬʦʨʤʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʛʦ ʤʝʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʠʛʣʘ ʥʝ ʤʦʞʝʪ 

ʜʦʙʨʘʪʴʩʷ ʜʦ ʚʩʝʭ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʝʪ ʦʩʪʨʳʡ ʧʨʦʬʠʣʴ ʭʨʝʙʪʘ ʩ ʛʣʫʙʦʢʠʤʠ ʚʧʘʜʠʥʘʤʠ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʛʣʘʞʠʚʘʥʠʶ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʸʪʘ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ʉʦʛʣʘʩʥʦ ɻʆʉʊ 2789-73 ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʘʤʠ 
aR  ʠ 

zR . ɺʳʩʦʪʥʳʡ ʧʘʨʘʤʝʪʨ zR  ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʩʫʤʤʘ ʩʨʝʜʥʠʭ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʩʦʪ ʧʷʪʠ ʥʘʠʙʦʣʴʰʠʭ 

ʚʳʩʪʫʧʦʚ ʧʨʦʬʠʣʷ ʠ ʛʣʫʙʠʥ ʧʷʪʠ ʥʘʠʙʦʣʴʰʠʭ ʚʧʘʜʠʥ ʧʨʦʬʠʣʷ ʚ ʧʨʝʜʝʣʘʭ 

ʙʘʟʦʚʦʡ ʜʣʠʥʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ: 

 

5 5

1 1

5

pm i vm i

i i
z

y y

R = =

+

=
ä ä

, (1) 

ʛʜʝ pm iy  ï ʚʳʩʦʪʘ i -ʛʦ ʥʘʠʙʦʣʴʰʝʛʦ ʚʳʩʪʫʧʘ ʧʨʦʬʠʣʷ; vm iy  ï ʛʣʫʙʠʥʘ i -ʡ 

ʥʘʠʙʦʣʴʰʝʡ ʚʧʘʜʠʥʳ ʧʨʦʬʠʣʷ. 
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ʇʘʨʘʤʝʪʨ 
aR  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʘʙʩʦʣʶʪʥʳʭ 

ʟʥʘʯʝʥʠʡ ʦʪʢʣʦʥʝʥʠʡ ʧʨʦʬʠʣʷ ʚ ʧʨʝʜʝʣʘʭ ʙʘʟʦʚʦʡ ʜʣʠʥʳ:  

 
10

1 1
( ) ,  

l n

a a i

i

R y x dx R y
l n =

= =äñ , (2) 

ʛʜʝ l  ï ʙʘʟʦʚʘʷ ʜʣʠʥʘ, n  ï ʯʠʩʣʦ ʚʳʙʨʘʥʥʳʭ ʪʦʯʝʢ ʧʨʦʬʠʣʷ ʥʘ ʙʘʟʦʚʦʡ 

ʜʣʠʥʝ, 
iy  ï ʚʳʩʦʪʘ i -ʛʦ ʥʘʠʙʦʣʴʰʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʬʠʣʷ ʦʪ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ. 

ɻʆʉʊ 2789-73 ʫʯʠʪʳʚʘʝʪ ʩʚʦʡʩʪʚʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʧʦʩʦʙʘ ʝʸ ʧʦʣʫʯʝʥʠʷ (ʣʠʪʴʸ, ʧʨʝʩʩʦʚʘʥʠʝ, ʧʨʦʢʘʪʳʚʘʥʠʝ, 

ʦʙʨʫʙʢʘ, ʦʙʨʘʙʦʪʢʘ ʨʝʟʘʥʠʝʤ ʠ ʪ.ʧ.) ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʩʝ ʚʠʜʳ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʨʦʤʝ ʪʝʭ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʶʪʩʷ ʚʦʨʩʠʩʪʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʜʨʝʚʝʩʠʥʘ, ʚʦʡʣʦʢ, ʬʝʪʨ ʠ ʪ.ʧ.) [2]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥ 
aR  

ʠʣʠ 
zR  ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʪʦʧʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʦʬʠʣʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʣʠʯʥʳʤʠ, 

ʥʦ ʠʤʝʪʴ ʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ 
aR  ʠʣʠ 

zR . ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫʯʠʪʳʚʘʶʪʩʷ ʣʠʰʴ ʧʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ 

ʦʩʪʘʚʣʷʶʪʩʷ ʙʝʟ ʚʥʠʤʘʥʠʷ ʝʸ ʥʝʨʝʛʫʣʷʨʥʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʘ ʚʚʝʜʝʥʘ ʢʦʥʮʝʧʮʠʷ ʬʨʘʢʪʘʣʦʚ. ʕʪʘ 

ʢʦʥʮʝʧʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʩʘʤʦʧʦʜʦʙʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ. ɽʸ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʜʥʠʤ ʧʦʢʘʟʘʪʝʣʝʤ - ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ D, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 2 3D< <. ɻʣʘʜʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 2D= , ʘ ʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ D  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ [3]. 

ʌʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʝʧʝʥʠ 

ʩʣʦʞʥʦʩʪʠ ʪʦʧʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʪʝʨʠʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʨʝʰʝʥʠʷ ʧʨʠʙʦʨʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥʘ ʪʦʧʦʣʦʛʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʀʟʤʝʨʝʥʠʷ ʠ ʬʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʙʨʘʟʮʘʭ 

ʤʝʜʥʦʛʦ ʩʧʣʘʚʘ ʄ1 ɻʆʉʊ 495-77. ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ 

ʨʘʟʣʠʯʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ʌʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʘ ɸ, 

ʦʙʨʘʟʮʘ ɹ, ʠ ʦʙʨʘʟʮʘ ɺ, ʧʨʠ ʜʝʩʷʪʠʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʝʤ, ʩʜʝʣʘʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʘ Levenhuk 3L ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʙʳʣʠ 

ʩʜʝʣʘʥʳ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʋʄʂɸ-02-ɽ, ʥʘ ʙʘʟʝ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. 
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ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʧʣʦʱʘʜʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʠ ʩʥʠʟʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʸʪʦʚ, ʙʳʣʠ ʩʥʷʪʳ ʬʨʘʛʤʝʥʪʳ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʨʘʟʤʝʨʦʤ 4³4 ʤʢʤ (ʩʤ. ʨʠʩ. 2). 

 

 
ʈʠʩ. 1. ʆʙʨʘʟʮʳ ʤʝʜʠ, ʩʥʷʪʳʝ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. 

 

 
ʈʠʩ. 2. ʉʥʠʤʢʠ, ʩʜʝʣʘʥʥʳʝ ʩʢʘʥʠʨʫʶʱʠʤ ʪʫʥʥʝʣʴʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ. 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʜʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʥʝʨʝʛʫʣʷʨʥʘ ʧʦ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʤ. ʅʘ ʩʘʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʭʦʜʷʪʩʷ ʧʠʢʠ ʠ 

ʚʧʘʜʠʥʳ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ. ɺʧʘʜʠʥʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ 

ʧʨʦʪʷʞʸʥʥʦʩʪʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʈʘʟʤʝʨ 

ʚʳʩʪʫʧʦʚ ʠ ʚʧʘʜʠʥ ʢʦʣʝʙʣʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʪʦʪʳ ʦʙʨʘʙʦʪʢʠ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʬʠʣʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚʪʦʨʦʛʦ ʦʙʨʘʟʮʘ. ʉ 

ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (1), ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ 
zR  [4], ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʚʪʦʨʦʛʦ ʦʙʨʘʟʮʘ 

4,6zBR = ʤʢʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 5zR = . 

 
ʈʠʩ. 3. ʇʨʦʬʠʣʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʪʦʨʦʤʫ ʦʙʨʘʟʮʫ ʤʝʜʠ. 
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ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʬʠʣʷʤ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʚʳʯʠʩʣʝʥʳ 1,6zAR =  ʤʢʤ, ʠ 8,0zCR =  ʤʢʤ, ʯʪʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ 

ʢʣʘʩʩʘʤʠ ʪʦʯʥʦʩʪʠ 1,6zR =  ʠ 8zR = . 

ʊʦʧʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ ʥʘʛʣʷʜʥʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩ. 4. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ 

ɺ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʩʪʨʳʤʠ ʬʦʨʤʘʤʠ 

ʭʨʝʙʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ɹ ʧʦʢʨʳʪʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʚʳʩʪʫʧʘʤʠ ʩ ʤʝʥʴʰʠʤ ʧʝʨʝʧʘʜʦʤ ʚʳʩʦʪ, ʘ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ɸ ʥʘʠʙʦʣʝʝ ʛʣʘʜʢʘʷ. 

    
 ʘ ʙ 

 
ʚ 

ʈʠʩ.4. ʆʙʲʸʤʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʥʠʤʢʦʚ. 

 

ʇʦʣʝʟʥʦʩʪʴ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʦʡʩʪʚ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʫʩʪʘʥʦʚʣʝʥʘ, ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʧʦʩʣʝʜʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚʳʷʚʣʷʶʪ, ʯʪʦ ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ [5]. 

ʕʪʘ ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ: 

ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʤʝʪʦʜ ʦʙʣʘʩʪʴ-ʧʝʨʠʤʝʪʨ, ʤʝʪʦʜ ʚʘʨʠʘʮʠʠ, 

ʜʠʩʧʝʨʩʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ. ʕʪʠ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʦʮʝʥʢʠ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʦʙʱʠʭ 

ʜʚʫʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʠ, ʢʘʢ ʪʘʢʦʚʳʝ, ʜʘʚʥʦ ʠʟʚʝʩʪʥʳʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳ. 
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ʆʮʝʥʢʘ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʧʦʤʦʱʠ ʉʊʄ ʚʳʧʦʣʥʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʨʠʛʠʥʘʣʴʥʳʭ ʩʝʨʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʇʨʠ ʵʪʦʤ ʧʦʣʫʪʦʥʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʨʝʚʦʜʠʣʠʩʴ ʚ 

ʜʚʦʠʯʥʳʝ ʯʝʨʥʦ-ʙʝʣʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʦʣʫʯʘʣʠ ʟʥʘʯʝʥʠʝ ʥʘ ʢʘʞʜʳʡ 

ʧʠʢʩʝʣʴ ʣʠʙʦ 1 (çʙʝʣʳʡè) ʣʠʙʦ 0  (çʯʝʨʥʳʡè), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʝʡ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʷʨʢʦʩʪʠ. ʕʪʦ ʜʘʸʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʠʣʠ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʷʨʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʬʨʘʢʪʘʣʴʥʳʝ ʨʘʟʤʝʨʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʚʷʟʴʶ ʩ 

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʧʦʣʫʪʦʥʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʯʝʨʥʳʭ ʠ ʙʝʣʳʭ 

ʦʙʣʘʩʪʝʡ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʊʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʬʨʘʢʪʘʣʴʥʳʤʠ 

ʨʘʟʤʝʨʥʦʩʪʷʤʠ ʦʙʨʘʟʮʦʚ, ʚʳʚʝʜʝʥʥʳʝ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʬʦʪʦʛʨʘʬʠʡ ʉʊʄ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʤ ʧʘʨʘʤʝʪʨʘʤʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. 
 

ʊʘʙʣʠʮʘ 1. ʉʦʦʪʥʦʰʝʥʠʝ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. 
 ʆʙʨʘʟʝʮ ɸ ʆʙʨʘʟʝʮ ɹ ʆʙʨʘʟʝʮ ɺ 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ 1,6zR =  5zR =  8zR =  

ʌʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ 2,16 0,04°  2,14 0,04°  2,15 0,04°  

 

ʇʦʩʪʦʷʥʩʪʚʦ (ʩ ʫʯʸʪʦʤ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ) ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʩʪʘʸʪʩʷ ʩʘʤʦʧʦʜʦʙʥʦʡ, ʤʝʥʷʝʪʩʷ ʣʠʰʴ ʚʝʣʠʯʠʥʘ ʥʝʨʦʚʥʦʩʪʝʡ 
zR . ʏʘʩʪʦ 

ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʊʘʙʣʠʮʳ 1 ʜʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʟʘʜʘʪʴ ʩʨʝʜʥʶʶ ʚʝʣʠʯʠʥʫ ʧʝʨʝʧʘʜʘ ʚʳʩʦʪ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʬʨʘʢʪʘʣʴʥʫʶ ʨʘʟʤʝʨʥʦʩʪʴ. ɼʘʣʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʥʦ 

ʟʘʜʘʪʴ (ʧʦʩʪʨʦʠʪʴ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢ, ʦʧʠʩʘʥʥʳʭ ʚ 

ʪʝʦʨʠʠ ʬʨʘʢʪʘʣʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ D  ʚʳʚʝʜʝʥʥʘʷ ʠʟ ʩʝʨʦʡ 

ʰʢʘʣʳ ʤʠʢʨʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʉʊʄ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ 

ʢʨʠʪʝʨʠʝʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʦʙʱʠʡ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʠʟʢʦʝ ʟʥʘʯʝʥʠʝ 

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʟʘʢʨʫʛʣʝʥʥʳʤ ʧʨʦʬʠʣʝʤ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ. ʌʨʘʢʪʘʣʴʥʘʷ 

ʨʘʟʤʝʨʥʦʩʪʴ D, ʟʘʚʠʩʷʱʘʷ ʦʪ ʫʯʘʩʪʢʦʚ ʧʦʚʳʰʝʥʠʷ ʠ ʟʘʥʠʞʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʠ ʧʨʦʚʘʣʳ) ʦʢʘʟʳʚʘʝʪʩʷ ʤʘʣʦ ʩʚʷʟʘʥʥʦʡ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 
zR. ʌʨʘʢʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʣʴʝʬʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʦʞʝʪ ʜʘʪʴ 

ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. 

ʈʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʥʦʩʠʪ ʜʦʩʪʘʪʦʯʥʦ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 0,04° . ʄʦʜʝʣʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘ 



ȸɑɒɎɟɓɚɎɝɖɔɕ ɝɍɚɜəɔɖ əɌɟɣəɧɡ ɞɜɟɐɚɎ 

Ȯɧɛɟɝɖ 5, 2013  

 38 

ʦʩʥʦʚʝ ʬʨʘʢʪʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ: 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʪʨʝʥʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʨʷʜʘ ʜʨʫʛʠʭ. 
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ɸʥʥʦʪʘʮʠʷ: ʂʦʤʧʦʟʠʪʳ ʤʘʥʛʘʥʠʪ ʣʘʥʪʘʥʘ-ʩʪʨʦʥʮʠʷ - ʇʄʄɸ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʦʨʷʯʠʤ 

ʧʨʝʩʩʦʚʘʥʠʝʤ. ʇʦʨʦʰʢʠ ʤʘʥʛʘʥʠʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʟʦʣʴ-ʛʝʣʴ 

ʤʝʪʦʜʦʤ. ʂʦʤʧʦʟʠʪʳ ʧʦʢʘʟʘʣʠ ʜʚʘ ʪʠʧʘ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ: ʪʫʥʥʝʣʴʥʦʝ, ʩʚʷʟʘʥʥʦʝ 

ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʢʦʤʧʦʟʠʪʘ ʠ ʢʦʣʦʩʩʘʣʴʥʦʝ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʯʘʩʪʠʮ ʤʘʥʛʘʥʠʪʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʜʣʷ ʦʮʝʥʢʠ ʪʫʥʥʝʣʴʥʦʛʦ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʨʘʩʩʯʠʪʘʥʳ 

ʧʘʨʘʤʝʪʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ, ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ. 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʄʉ) ʪʫʥʥʝʣʴʥʦʛʦ ʪʠʧʘ (ʊʄʉ) ʙʳʣʦ ʚʧʝʨʚʳʝ 

ʦʧʠʩʘʥʦ ʚ 1975 ʛʦʜʫ [1] ʠ ʩʨʘʟʫ ʧʨʠʚʣʝʢʣʦ ʚʥʠʤʘʥʠʝ ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ. 

ʅʝʩʢʦʣʴʢʦ ʧʦʟʞʝ, ʚ 1993 ʛʦʜʫ, ʙʳʣʦ ʦʪʢʨʳʪʦ ʢʦʣʦʩʩʘʣʴʥʦʝ 

ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʂʄʉ) ʚ ʤʘʥʛʘʥʠʪʘʭ [2-4]. ʆʩʥʦʚʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ 

ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʫʶ ʧʨʠʥʷʪʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ ʬʦʨʤʫʣʝ [5] 

 ( )0 /H HMR R R R= - ,   (1) 

ʛʜʝ 
HR  ī ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʧʨʠʣʦʞʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 

0R  

ī ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (MR ʯʘʱʝ ʚʩʝʛʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʨʦʮʝʥʪʘʭ). 

ɽʩʣʠ ʤʝʞʜʫ ʧʨʦʚʦʜʷʱʠʤʠ ʯʘʩʪʠʮʘʤʠ ʤʘʥʛʘʥʠʪʘ ʠʤʝʶʪʩʷ ʪʦʥʢʠʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʩʣʦʡʢʠ ʨʘʟʤʝʨʦʤ ʚ ʝʜʠʥʠʮʳ ʥʘʥʦʤʝʪʨʦʚ [6], ʪʦ ʪʘʢʦʡ 

ʤʘʪʝʨʠʘʣ ʚ ʜʦʧʦʣʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʪʫʥʥʝʣʴʥʳʤ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. 

ɿʥʘʯʝʥʠʝ ʊʄʉ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʟʘ ʩʯʝʪ ʫʪʦʣʱʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʦʩʣʦʝʢ, ʥʦ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʦʪʦʨʦʛʦ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʪʝʢʘʥʠʝ ʧʝʨʢʦʣʷʮʠʦʥʥʳʭ ʪʦʢʦʚ. ʅʘʣʠʯʠʝ ʚ ʢʦʤʧʦʟʠʪʘʭ 

ʦʙʝʠʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʬʬʝʢʪʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ 

ʦʙʱʫʶ ʚʝʣʠʯʠʥʫ ʄʉ ʠ ʨʘʩʰʠʨʠʪʴ ʨʘʙʦʯʫʶ ʦʙʣʘʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 

ʛʝʣʠʝʚʳʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ (
cT ) [7-8]. ʏʘʱʝ ʚʩʝʛʦ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʦʧʠʩʳʚʘʶʪʩʷ ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʤʘʥʛʘʥʠʪʦʚ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʦʚ [9-10] ʠ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ [11-13]. ʄʘʪʝʨʠʘʣʳ ʩ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ ʷʚʣʷʶʪʩʷ ʨʝʜʢʦʩʪʴʶ [14-16]. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʤʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʤʦʨʬʦʣʦʛʠʠ ʯʘʩʪʠʮ ʤʘʥʛʘʥʠʪʘ ʠ ʦʪ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʧʦʣʠʤʝʨʘ, ʦʪ ʢʦʪʦʨʦʡ 

ʟʘʚʠʩʠʪ ʪʦʣʱʠʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʩʣʦʝʢ ʤʝʞʜʫ ʧʨʦʚʦʜʷʱʠʤʠ 

ʯʘʩʪʠʮʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʥʘ 
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ʚʝʣʠʯʠʥʫ ʄʉ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʩ ʚʘʨʴʠʨʫʝʤʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʇʄʄɸ). 

 

2. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʠʮ ʤʘʥʛʘʥʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʦʦʙʨʘʟʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ 

[17]. ʇʦʣʫʯʝʥʥʳʡ, ʫʧʘʨʠʚʘʥʠʝʤ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʣʘʥʪʘʥʘ, 

ʤʘʨʛʘʥʮʘ, ʩʪʨʦʥʮʠʷ ʠ ʵʪʠʣʝʥʛʣʠʢʦʣʷ, ʛʝʣʴ ʧʦʜʚʝʨʛʘʣʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʪʞʠʛʫ ʧʨʠ 

1000C  ʚ ʪʝʯʝʥʠʝ 4  ʯʘʩʦʚ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʙʳʣ 

ʧʦʣʫʯʝʥ ʦʜʥʦʬʘʟʥʳʡ ʧʦʨʦʰʦʢ LSMO ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʝʪʢʠ 5,5021Åa= , 

13,3532(1)Åc= , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʦʪʥʦʰʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʚ ʥʦʤʠʥʘʣʴʥʦʡ 

ʥʘʚʝʩʢʝ 0,7 0,3 3La Sr MnO d-  (ʩʤ. ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʈʌɸ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʤʘʥʛʘʥʠʪʘ ʧʦʣʫʯʝʥʥʦʛʦ ʦʪʞʠʛʦʤ ʧʨʠ 

1000C . 

 

ʄʝʪʦʜʦʤ ʤʘʛʥʠʪʦʤʝʪʨʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ 

ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 100 ʕ, ʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

33,2 0,9°  ɸĬʤ
2
/ʢʛ, ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʩʣʝʜʥʝʡ ʩʚʷʟʘʥʦ ʩ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ 

ʧʦʣʫʯʘʝʤʳʭ ʯʘʩʪʠʮ, 210 70°  ʥʤ ʧʦ ʜʘʥʥʳʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

360 1K° , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʤ ʚʘʨʠʘʥʪʘʤ ʩʦʦʪʥʦʰʝʥʠʷ ʣʘʥʪʘʥʘ ʢ 

ʩʪʨʦʥʮʠʶ ʚ ʤʘʥʛʘʥʠʪʝ ʨʘʚʥʳʤ 0,7 0,3 3La Sr MnO ʠ 0,58 0,42 3La Sr MnO [18]. ʆʜʥʘʢʦ 

LSMO ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ / 0,58/0,42La Sr  ʷʚʣʷʝʪʩʷ ʜʠʵʣʝʢʪʨʠʢʦʤ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʦʣʫʯʝʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʢʦʤʧʘʢʪʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ 

ʤʘʥʛʘʥʠʪʘ ʠ ʢʦʤʧʦʟʠʪʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʨʦʚʦʜʷʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ɼʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ LSMO 10 70%-  ʩ ʰʘʛʦʤ 10%, 



ɀɔɓɔɖɚ-ɡɔɘɔɣɑɝɖɔɑ Ɍɝɛɑɖɞɧ ɔɓɟɣɑəɔɫ ɖɗɌɝɞɑɜɚɎ,  

əɌəɚɝɞɜɟɖɞɟɜ ɔ əɌəɚɘɌɞɑɜɔɌɗɚɎ 
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ʦʙʨʘʟʮʳ MP-1090 ï MP-7030 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʨʘʣʠʩʴ ʧʦʨʦʰʢʠ ʤʘʥʛʘʥʠʪʘ 

ʠ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʪʱʘʪʝʣʴʥʦ 

ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʠ ʧʨʝʩʩʦʚʘʣʠʩʴ ʧʨʠ 170 C̄  ʚ ʪʘʙʣʝʪʢʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 300

 ʤʇʘ (ʩʤ. ʨʠʩ. 2).  

ʀʟʤʝʨʝʥʠʷ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʧʦʣʠʤʝʨʘ ʚ ʢʦʤʧʦʟʠʪʝ ʧʨʠʚʦʜʠʪ ʢ 

ʣʠʥʝʡʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

 

  
ʈʠʩ. 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʢʦʤʧʦʟʠʪʦʚ LSMO - ʇʄʄɸ. ɸ ï ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʜʝʨʞʘʥʠʶ 

ʇʄʄɸ 10 ʤʘʩʩ. %, ɺ ï 60 ʤʘʩʩ. % . 

 

 
ʈʠʩ. 3. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
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ʈʠʩ 4. ʇʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

 

ʄʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʦʙʨʘʟʮʘ ʩ ʥʘʠʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʇʄʄɸ ʧʨʦʠʩʭʦʜʠʪ ʩʥʘʯʘʣʘ 

çʩʢʣʝʠʚʘʥʠʝè ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʤʘʥʛʘʥʠʪʘ, ʘ ʟʘʪʝʤ, ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʜʦʣʠ ʧʦʣʠʤʝʨʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʪʦʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ 

ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʩʣʦʝʢ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʧʦʣʠʤʝʨʘ ʚ ʢʦʤʧʦʟʠʪʝ 70

 ʤʘʩʩ. % ʦʙʨʘʟʝʮ ʦʢʘʟʳʚʘʣʩʷ ʥʝʧʨʦʚʦʜʷʱʠʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʜʦʩʪʠʞʝʥʠʝʤ 

ʧʦʨʦʛʘ ʧʝʨʢʦʣʷʮʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʷʤʠ ʪʫʥʥʝʣʴʥʦʛʦ ʄʉ, 

ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʧʨʦʩʣʦʝʢ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʪʫʥʥʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ, ʘ ʟʥʘʯʠʪ ʠ ʦʙʱʝʛʦ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɼʘʥʥʳʡ 

ʬɻʬʝʢʪ, ʚ ʩʠʣʫ ʩʚʦʝʡ ʧʨʠʨʦʜʳ, ʙʦʣʝʝ ʚʳʨʘʞʝʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77K  

(ʩʤ. ʨʠʩ. 3). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʩʦʢʦʧʦʣʝʚʳʝ ʯʘʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʤʝʶʪ ʣʠʥʝʡʥʳʡ ʚʠʜ, ʧʨʠʯʝʤ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʧʦʣʠʤʝʨʘ ʚ ʦʙʨʘʟʮʘʭ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʫʛʣʘ ʥʘʢʣʦʥʘ ʵʪʠʭ ʧʨʷʤʳʭ, 

ʘ ʣʠʰʴ ʩʜʚʠʛʘʝʪ ʠʭ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ (ʧʦ ʤʦʜʫʣʶ) ʟʥʘʯʝʥʠʡ 

ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʛʦʤʦʛʝʥʥʦʩʪʠ 

ʯʘʩʪʠʮ ʤʘʥʛʘʥʠʪʘ ʚ ʢʦʤʧʦʟʠʪʘʭ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʦʙʨʘʟʮʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʥʦʩʷʪ ʚʢʣʘʜ ʊʄʉ ʠ ʂʄʉ, ʪʦ 

ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʄʉ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʠʩʘʥʘ ʢʘʢ ʠʭ ʩʫʤʤʘ. ʊʄʉ ʟʘʚʠʩʠʪ 

ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʘ ʯʝʨʝʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʙʘʨʴʝʨ 

[19]  
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ʛʜʝ d  ī ʪʦʣʱʠʥʘ ʙʘʨʴʝʨʘ, ʘ 
bE  ī ʦʪʨʘʞʘʝʪ ʨʘʟʦʨʠʝʥʪʘʮʠʶ ʤʘʛʥʠʪʥʳʭ 

ʜʦʤʝʥʦʚ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʕʬʬʝʢʪ ʂʄʉ ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʣʷ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʢʣʘʜʘ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʩʪʘʷ 

ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ: 

 MR A H= Ö.  (3) 

ʉʫʤʤʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʘʝʪ 

 { }exp /MR A B H D H C= + Ö + -   (4) 

ʛʜʝ , , ,A B C D ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, H  ī ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʩʣʝʜʥʷʷ ʬʫʥʢʮʠʷ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. ʆʜʥʘʢʦ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʛʦʥʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ ʝʩʣʠ ʫʯʝʩʪʴ ʠʭ ʬʠʟʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʊʘʢ ʢʘʢ 

ʢʨʠʚʘʷ ʜʦʣʞʥʘ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʫʣʝʚʫʶ ʪʦʯʢʫ ʧʘʨʘʤʝʪʨʳ A ʠ 

D ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ. ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʚʳʨʘʞʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ 

ʚʠʜ  

 { }exp /MR A B H A H C=- + Ö + -.  (5). 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʠʭ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ 

(5) ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ , , ,A B C D, ʚ ʯʘʩʪʥʦʩʪʠ ʧʘʨʘʤʝʪʨ A  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʊʄʉ. ɺ ʊʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʩʝʭ ʢʦʤʧʦʟʠʪʦʚ. 
 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʇʄʄɸ (%) A  B  C  1/C  

10 0,0899 0,01073 0,00788 126,9 

30 0,0968 0,01015 0,00777 128,7 

40 0,0978 0,01125 0,00803 124,5 

53 0,0100 0,01133 0,00827 120,9 

57 0,0735 0,01096 0,00827 120,9 

 

ʀʟ ʊʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʊʄʉ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʇʄʄɸ ʜʦ 53%. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʦʪ ʬʘʢʪ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ: ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʦʣʱʠʥʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʊʄʉ. ʆʜʥʘʢʦ ʧʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʥʝʢʦʪʦʨʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʚʝʨʦʷʪʥʦʩʪʴ 

ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʄʉ. ʇʦʩʢʦʣʴʢʫ ʧʦʨʦʰʢʠ ʤʘʥʛʘʥʠʪʦʚ ʚ ʦʙʨʘʟʮʘʭ ʩ ʨʘʟʣʠʯʥʳʤ 
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ʩʦʜʝʨʞʘʥʠʝʤ ʇʄʄɸ ʙʳʣʠ ʠʜʝʥʪʠʯʥʳ, ʘ ʢʘʢ ʠʟʚʝʩʪʥʦ ʂʄʉ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʩʘʤʠʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʤʘʥʛʘʥʠʪʘ, ʪʦ ʧʘʨʘʤʝʪʨ B ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ. ʇʘʨʘʤʝʪʨ 1/C  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʊʄʉ ʢ ʧʨʠʣʦʞʝʥʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʚʘʞʝʥ ʩ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʝʥʩʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣʠ ʦʮʝʥʝʥʳ 

ʚʢʣʘʜʳ ʂʄʉ ʠ ʊʄʉ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʤʘʥʛʘʥʠʪ ʣʘʥʪʘʥʘ-ʩʪʨʦʥʮʠʷ ï ʇʄʄɸ. 

ɺʝʣʠʯʠʥʘ ʊʄʉ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʇʄʄɸ ʚ 

ʢʦʤʧʦʟʠʪʝ ʜʦ 10%, ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʇʄʄɸ 

ʧʨʠʚʦʜʠʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʵʬʬʝʢʪʘ. 
 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʌʌʀ (ʛʨʘʥʪ 12-08-01325-ʘ) ʠ ʛʨʘʥʪʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ - ʢʘʥʜʠʜʘʪʦʚ 

ʥʘʫʢ (ʄʂ-2613.2012.8). 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 
 

1. Julliere, M.  Tunneling between ferromagnetic films / M. Julliere // Physics Letters A. ī 

1975. ī V. 54. ī I. 3. ī P. 225-226. 

2. Jin, S. Thousandfold change in resistivity in magnetoresistive La Ca Mn O- - - films / 

S. Jin, T.H. Tiefel, M. McCormack et al. // Science. ī 1994. ī V. 264. ï No. 5157. ī P. 413-

415. 

3. Helmolt, R. Giant negative magnetoresistance in perovskitelike 
2/3 1/3 xLa Ba MnO  

ferromagnetic films / R. Von Helmolt, J. Wecker, B. Holzapfel, L. Schultz, K. Samwer // 

Physical Review Letters. ī 1993. ī V. 71. ī I. 14. ī P. 2331-2333. 

4. Chahara, K. Magnetoresistance in magnetic manganese oxide with intrinsic 

antiferromagnetic spin structure / K. Chahara, T. Ohno, M. Kasai, Y. Kozono // Applied 

Physics Letters. ī 1993. ī V. 63. ï I. 14. ï P. 1990-1992. 

5. ɻʦʨʙʝʥʢʦ, ʆ.ʖ. ʄʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʥʛʘʥʠʪʦʚ ʚ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʠ 

ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ / ʆ.ʖ. ɻʦʨʙʝʥʢʦ, ɸ.ɸ. ɹʦʩʘʢ // ʉʝʥʩʦʨ. ī 2002. ī ˉ 2. ī ʉ. 28-44. 

6. Sirena, M. Metal/insulator manganite multilayers / M. Sirena, M. Granada, L.B. Steren, J. 

Guimpel // Physica B: Condensed Matter. ī 2002. ī V. 320. ī I. 1-4. ī P. 172-174. 

7. Vasilôev, A.V. Synthesis and properties of magnetoresistive ( ) 3,La Sr MnO-based glass-

ceramic borate-matrix composites // A.V. Vasiliev, A.A. Eliseev, P.E. Kazin, Yu.D. 

Tretôyakov // Inorganic Materials. ī 2011. ī V. 47. ī I. 6. ī P. 670-673. 

8. Vasilôev, A.V. Magnetoresistive composites 0,7 0,3 3La Sr MnO d-ï  PMMA / A.V. Vasilôev, 

V.A. Vizgalov, L.A. Trusov et al. // Doklady Chemistry. ī 2012. ī V. 445. ī I. 1. ī P. 137-

139.  

9. Lu, W.J. Low-field magnetoresistance in 0,8 0,2 3 2/La Sr MnO ZrO composite system / W.J. 

Lu, Y.P. Sun, X.B. Zhu et al. // Material Letters. ī 2006. ī V. 60. ī I. 27. ī P. 3207-3211. 

10. Gil, L.K.  Electrical transport properties of sintered granular manganite/insulator systems 

/ L.K. Gil, E. Baca, O. Moran, C. Quinayas, G. Bolanos // Solid State Communications. ī 

2008. ī V. 145. ī I. 1-2. ī P. 66-71. 

http://www.sciencedirect.com/science/article/pii/0375960175901747


ɀɔɓɔɖɚ-ɡɔɘɔɣɑɝɖɔɑ Ɍɝɛɑɖɞɧ ɔɓɟɣɑəɔɫ ɖɗɌɝɞɑɜɚɎ,  

əɌəɚɝɞɜɟɖɞɟɜ ɔ əɌəɚɘɌɞɑɜɔɌɗɚɎ 

45 

11. Zaitsev, D.D. Preparation of a ( ) 3, xLa Sr MnO-  ï based magnetoresistive composite 

from borate glass / D.D. Zaitsev, A.V. Vasilôev, S.E. Kushnir et al. // Doklady Chemistry. ī 

2007. ī V. 412. ī I. 2. ī P. 33-34. 

12. M¿ller, R. LaSr ï manganate powders and bulk material by crystallization of a glass / R. 

M¿ller, T. Eick, H. Steinmetz, E. SteinbeiÇ // Journal of European Ceramic Society. ī 2001. ī 

V. 21. ī I. 10-22. ī P. 1941-1944. 

13. M¿ller, R. LaSr-manganate powders by crystallization of a borate glass / R. M¿ller, W. 

Sch¿ppel, T. Eick // Journal of Magnetism and Magnetic Materials. ī 2000. ī V. 217. ī I. 1-

3. ī P. 155-158. 

14. Gil, L.K.  Influence of polyparaphenylene on the magnetotransport of manganite/polymer 

composites / L.K. Gil, E. Baca, O. Moran et al. // Physica B: Condensed Matter. ī 2008. ī V. 

403. ī I. 10-11. ī P. 1813-1818. 

15. Artale, C. Electric and magnetic properties of PMMA/manganite composites / C. Artale, 

S. Fermepin, M. Forti et al. // Physica B: Condensed Matter. ī 2009. ī V. 404. ī I. 18. ī P. 

2760-2762. 

16. Gaur, A. Improved magnetotransport in LCMO-polymer (PPS) composite / A. Gaur, 

G.D. Varma // Solid State Communications. ī 2007. ī V. 144. ī I. 3-4.ī P. 138-143. 

17. Dyakonov, V. Magnetic, resonance and transport properties of nanopowder of 

0,7 0,3 3La Sr MnO manganites / V. Dyakonov, A. ślawska-Waniewska, N. Nedelko, E. Zubov // 

Journal of Magnetism and Magnetic Materials. ī 2010. ī V. 322. ī I. 20. ī P. 3072-3079. 

18. Tokura, Y.  Colossal magnetoresistive manganites / Y. Tokura, Y. Tomioka // Journal of 

Magnetism and Magnetic Materials. ī 1999. ī V. 200. ī I. 1-3. ī P. 1-23. 

19. Tedrow, P.M. Spin-dependent tunneling into ferromagnetic nickel / P.M. Tedrow, R. 

Meservey // Physical Review Letters. ī 1971. ī V. 26. ī I. 4. ī P. 192-195. 

 



ȸɑɒɎɟɓɚɎɝɖɔɕ ɝɍɚɜəɔɖ əɌɟɣəɧɡ ɞɜɟɐɚɎ 

Ȯɧɛɟɝɖ 5, 2013  

 46 

ʋɼʂ 532.6:546.22 

ʅɸʍʆɾɼɽʅʀɽ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʅɸʅʆʂʃɸʉʊɽʈʆɺ ʇʆ ʈɽɿʋʃʔʊɸʊɸʄ  

ʀʍ ʄʆʃɽʂʋʃʗʈʅʆ-ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 
ʉ.ɸ. ɺʘʩʠʣʴʝʚ, ʆ.ɼ.ʆ. ʆʙʠʝʩ, ɺ.ʄ. ʉʘʤʩʦʥʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

170002, ʊʚʝʨʴ, ʉʘʜʦʚʳʡ ʧʝʨʝʫʣʦʢ, 35 

samsonoff@inbox.ru 

 

ɸʥʥʦʪʘʮʠʷ: ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘʭʦʜʠʣʠʩʴ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʠ ʩʫʙʣʠʤʘʮʠʠ. 

ʅʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʪʘʣʴʧʠʠ (ʪʝʧʣʦʪʳ) ʩʫʙʣʠʤʘʮʠʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʪʘʙʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʲʝʤʥʳʭ ʬʘʟ, ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʝʥʠʷ 

ʵʥʪʘʣʴʧʠʠ (ʪʝʧʣʦʪʳ) ʧʣʘʚʣʝʥʠʷ ʚ 2-3 ʨʘʟʘ ʤʝʥʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʘʙʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʢʣʘʩʪʝʨʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ; ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ; 

ʵʥʪʘʣʴʧʠʷ ʩʫʙʣʠʤʘʮʠʠ; ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ; ʧʦʪʝʥʮʠʘʣ ʩʠʣʴʥʦʡ ʩʚʷʟʠ.  

 

ʅʘʥʦʢʣʘʩʪʝʨʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʥʘʥʦʢʣʘʩʪʝʨʘʤ, 

ʧʨʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʩʚʷʟʠ ʩ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ ʥʘʥʦʢʣʘʩʪʝʨʳ ʥʠʢʝʣʷ ʠ ʟʦʣʦʪʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ɽʩʣʠ ʚ ʦʙʲʝʤʥʦʡ ʬʘʟʝ ʟʦʣʦʪʦ ʷʚʣʷʝʪʩʷ ʜʠʘʤʘʛʥʝʪʠʢʦʤ, ʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʥʦʢʣʘʩʪʝʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʠʥʘ, ʘ ʠʭ ʘʥʩʘʤʙʣʠ ʦʧʠʩʳʚʘʶʪʩʷ ʤʦʜʝʣʴʶ 

ʩʚʝʨʭʧʘʨʘʤʘʛʥʝʪʠʢʘ [1]. ʆʩʦʙʳʝ ʤʘʛʥʠʪʥʳʝ, ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ 

ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʠʭ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʙʫʝʤʳʝ ʩʚʦʡʩʪʚʘ 

ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʧʨʦʷʚʣʷʶʪʩʷ 

ʪʦʣʴʢʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʬʘʟ. 

ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʥʘʥʦʢʣʘʩʪʝʨʘʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʷʜʦʤ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʯʪʦ ʚʳʟʳʚʘʣʦ ʠ ʚʳʟʳʚʘʝʪ ʨʷʜ ʜʠʩʢʫʩʩʠʡ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʧʨʠʟʥʘʝʪ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʢ ʥʘʥʦʯʘʩʪʠʮʘʤ ʧʦʥʷʪʠʡ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʣʘʚʣʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ 
mT . ɹʦʣʝʝ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʧʦʥʷʪʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʥʘʥʦʢʣʘʩʪʝʨʘʤ. ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʠʟʙʝʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ 

ʪʝʨʤʠʥʦʚ, ʟʘʤʝʥʷʷ ʠʭ ʥʘ ʪʝʨʤʠʥʳ çʟʘʪʚʝʨʜʝʚʘʥʠʝè (çfreezingè) ʠ 

çʪʝʤʧʝʨʘʪʫʨʘ ʟʘʪʚʝʨʜʝʚʘʥʠʷè. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʪʝʨʤʠʥ çʢʨʠʩʪʘʣʣʠʟʘʮʠʷè 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ [2], ʧʦʩʚʷʱʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʩʚʠʥʮʘ, ʘ ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ [3], ʧʦʩʚʷʱʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦ-



ɀɔɓɔɖɚ-ɡɔɘɔɣɑɝɖɔɑ Ɍɝɛɑɖɞɧ ɔɓɟɣɑəɔɫ ɖɗɌɝɞɑɜɚɎ,  

əɌəɚɝɞɜɟɖɞɟɜ ɔ əɌəɚɘɌɞɑɜɔɌɗɚɎ 

47 

ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʥʠʢʝʣʷ.  

ɺ ʨʘʙʦʪʘʭ [4,5] ʥʘʤʠ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʧʣʘʚʣʝʥʠʝ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʥʠʢʝʣʷ ʠ ʟʦʣʦʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ (ʄɼ) ʠ 

ʧʦʪʝʥʮʠʘʣʘ ʩʠʣʴʥʦʡ ʩʚʷʟʠ [6]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ 

ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʩʪʝʨʝʟʠʩ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʘʣʦʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʪ.ʝ. ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʠʥ 

ʘʪʦʤ) ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʯʘʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʥʘʥʦʢʣʘʩʪʝʨʘ u  ʦʪ 

ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ T. ʌʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʧʣʘʚʣʝʥʠʷ ʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʢʘʯʢʠ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ ()u T , ʦʪʚʝʯʘʶʱʠʭ 

ʥʘʛʨʝʚʫ ʠ ʦʭʣʘʞʜʝʥʠʶ ʥʘʥʦʯʘʩʪʠʮʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ. 1, ʥʘʭʦʜʠʤ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 900mT Kº , ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 800cT Kº . 

ʈʘʟʫʤʝʝʪʩʷ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 
ʈʠʩ. 1. ʂʨʠʚʳʝ ʧʣʘʚʣʝʥʠʷ (1) ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (2) ʢʣʘʩʪʝʨʘ ʟʦʣʦʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

1000 ʘʪʦʤʦʚ. 

 

ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʪʦʤʫ, ʯʪʦ ʠʟ 

ʢʨʠʚʳʭ ʧʣʘʚʣʝʥʠʷ ʤʦʞʥʦ ʠʟʚʣʝʯʴ ʚʘʞʥʫʶ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʦʚʝʜʝʥʠʠ ʜʨʫʛʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʯʘʩʪʠʮ, ʧʨʝʞʜʝ 


