
ʊʨʫʜʳ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ çɺʦʣʥʳ-2017è.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʘʜʠʦʬʠʟʠʢʝ ʠ ʦʧʪʠʢʝ 
 

1 
 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

 ɺ ʈɸɼʀʆʌʀɿʀʂɽ ʀ ʆʇʊʀʂɽ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʜʚʫʩʣʦʡʥʦʤ 

ʛʨʘʬʝʥʝ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɺ.ʃ. ɸʙʜʨʘʭʤʘʥʦʚ, ɼ.ɺ. ɿʘʚʴʷʣʦʚ ........................................................................................ 3 

ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʣʘʟʤʝʥʥʦʛʦ ʤʠʢʨʦʧʦʣʷ 

ɸ.ɸ. ɹʝʣʦʚ, ʅ.ʅ. ʂʘʣʠʪʢʠʥ, ʀ.ɸ. ʂʦʟʣʠʪʠʥ ....................................................................... 5 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ɸ.ʅ.ɹʦʛʦʣʶʙʦʚ, ʅ.ɸ.ɹʦʛʦʣʶʙʦʚ ........................................................................................... 8 

ɼʠʩʢʨʝʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʳ 

ʃ.ɺ. ɹʦʨʦʜʘʯʝʚ .................................................................................................................... 11 

ɹʦʨʦʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʪʠʧʘ ɺʉn ï ʥʦʚʳʡ ʢʣʘʩʩ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ 

ʉ.ɺ. ɹʦʨʦʟʥʠʥ, ʀ.ɺ. ɿʘʧʦʨʦʮʢʦʚʘ, ʅ.ʇ. ɹʦʨʦʟʥʠʥʘ ......................................................... 14 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʣʦʠʩʪʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ FDTD 

ɺ.ɸ. ɻʦʚʦʨʫʭʠʥ, ɾ.ʆ. ɼʦʤʙʨʦʚʩʢʘʷ, ʅ.ɽ. ʐʘʧʢʠʥʘ ........................................................ 16 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʠʝʤʦ-

ʧʝʨʝʜʘʶʱʠʭ ʪʨʘʢʪʘʭ ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤ 

ɸ.ʄ. ɿʦʪʦʚ, ɸ.ɺ. ɸʚʝʨʯʝʥʢʦ, ʇ.ɺ. ʂʦʨʦʣʝʥʢʦ, ʅ.ʅ. ʇʘʚʣʦʚ ............................................ 18 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʠʯʝʩʢʦʡ ʙʝʟʵʭʦʚʦʡ ʢʘʤʝʨʳ 

ʄ.ʂ. ʂʝʧʧʝʨ, ʅ.ɽ. ʐʘʧʢʠʥʘ .............................................................................................. 21 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʰʫʤʦʚ ʚ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘʭ ʩ 

ʤʦʜʘʤʠ ʰʝʧʯʫʱʝʡ ʛʘʣʝʨʝʠ 

ʅ.ʄ. ʂʦʥʜʨʘʪʴʝʚ, ʄ.ʃ. ɻʦʨʦʜʝʮʢʠʡ ................................................................................. 23 

ʋʯʝʪ ʵʬʬʝʢʪʘ ʥʝʣʦʢʘʣʴʥʦʩʪʠ ʧʨʠ ʨʘʩʩʝʷʥʠʠ ʩʚʝʪʘ ʥʘ ʧʣʘʟʤʦʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮʘʭ ʚ ʛʠʙʨʠʜʥʦʡ ʩʭʝʤʝ ʤʝʪʦʜʘ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʀ.ɺ. ʃʦʧʫʰʝʥʢʦ .................................................................................................................. 28 

ʉʠʥʛʫʣʷʨʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦʣʥʦʚʦʜʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʦʩʦʙʳʭ ʪʦʯʝʢ 

ɸ.ʅ. ɹʦʛʦʣʶʙʦʚ, ʀ.ɽ. ʄʦʛʠʣʝʚʩʢʠʡ ................................................................................... 32 

ʈʘʩʯʝʪ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʣʘʟʝʨʦʚ 

ʇ.ɸ. ʅʦʩʦʚ, ɺ.ʀ. ɹʘʪʰʝʚ, ɺ.ʖ. ʇʘʚʣʦʚ ........................................................................... 35 

ʈʘʩʯʝʪ ʬʦʨʤʠʨʫʶʱʝʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʤʦʱʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʦʚ 

ʇ.ɸ. ʅʦʩʦʚ ........................................................................................................................... 38 



ʊʨʫʜʳ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ çɺʦʣʥʳ-2017è.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʘʜʠʦʬʠʟʠʢʝ ʠ ʦʧʪʠʢʝ 
 

2 
 

ʀʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʤʝʡʩʪʚʘ ʤʦʣʝʢʫʣ ʩ ʚʳʜʝʣʝʥʥʳʤʠ 

ʦʜʥʦʘʪʦʤʥʳʤʠ ʟʘʨʷʜʦʚʳʤʠ ʮʝʥʪʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʘʪʦʤʦʚ Rh, Ru, Pt ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

ɸ.ɸ. ʇʘʨʰʠʥʮʝʚ, ɺ.ɺ. ʐʦʨʦʭʦʚ, ɽ.ʉ. ʉʦʣʜʘʪʦʚ .............................................................. 40 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʌʘʙʨʠ-ʇʝʨʦ: ʨʘʩʯʝʪ 

ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʄ.ɺ. ʇʦʧʣʘʚʩʢʠʡ ................................................................................................................. 41 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ ʠ ʦʧʪʠʯʝʩʢʠʭ ʫʩʠʣʠʪʝʣʝʡ 

ɸ.ɻ. ʈʞʘʥʦʚ ........................................................................................................................ 44 

ɼʠʬʨʘʢʮʠʷ ʥʘ ʪʝʣʘʭ ʩ ʢʦʥʠʯʝʩʢʠʤʠ ʪʦʯʢʘʤʠ 

ɺ.ɺ. ʈʦʚʝʥʢʦ, ʀ.ɽ. ʄʦʛʠʣʝʚʩʢʠʡ ........................................................................................ 48 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʠʩʪʝʤ ʩʣʦʞʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ɺ.ʄ. ʇʠʢʫʥʦʚ, ɸ.ʀ. ɽʨʦʭʠʥ, ʄ.ʀ. ʉʚʝʪʢʠʥ ...................................................................... 51 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʯʣʝʥʝʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʨʘʟʥʦʛʦ 

ʨʘʟʤʝʨʘ 

ɺ.ʄ. ʇʠʢʫʥʦʚ, ɸ.ʀ. ɽʨʦʭʠʥ, ʄ.ʀ. ʉʚʝʪʢʠʥ ...................................................................... 53 

ʂʦʥʝʯʥʦʤʝʨʥʳʝ ʊʝʦʨʝʤʳ ʆʪʩʯʝʪʦʚ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʠʭʨʝʡ 

ɽ.ʅ. ʊʝʨʝʥʪʴʝʚ, ʅ.ɽ. ʊʝʨʝʥʪʴʝʚ, ʀ.ʀ. ʌʘʨʰʘʢʦʚʘ ......................................................... 56 

ʌʠʟʠʯʝʩʢʠʝ ʇʨʠʥʮʠʧʳ ʅʘʩʪʨʦʡʢʠ ʠ ʠʥʪʝʨʧʦʣʷʮʠʷ ʚ ʜʦʩʪʠʞʝʥʠʠ 

ʧʨʝʜʝʣʴʥʦʛʦ ʩʚʝʨʭ ʨʘʟʨʝʰʝʥʠʷ 

ɽ.ʅ. ʊʝʨʝʥʪʴʝʚ, ʅ.ɽ. ʊʝʨʝʥʪʴʝʚ, ʀ.ʀ. ʌʘʨʰʘʢʦʚʘ ......................................................... 59 

 

  



ʊʨʫʜʳ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ çɺʦʣʥʳ-2017è.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʘʜʠʦʬʠʟʠʢʝ ʠ ʦʧʪʠʢʝ 
 

3 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʜʚʫʩʣʦʡʥʦʤ 

ʛʨʘʬʝʥʝ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
 

ɺ.ʃ. ɸʙʜʨʘʭʤʘʥʦʚ, ɼ.ɺ. ɿʘʚʴʷʣʦʚ 
ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

369565@gmail.com 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʬʝʥʘ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1,2]. ʀʥʪʝʨʝʩ ʢ 

ʵʪʦʤʫ ʤʘʪʝʨʠʘʣʫ ʦʙʫʩʣʦʚʣʝʥ, ʚ ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ, ʝʛʦ ʥʝʦʙʳʯʥʳʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʠʠ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʜʚʫʭʩʣʦʡʥʦʤ 

ʛʨʘʬʝʥʝ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɺ ʦʜʥʦʩʣʦʡʥʦʤ ʛʨʘʬʝʥʝ ʵʪʦʪ 

ʵʬʬʝʢʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʙʳʣ ʠʟʫʯʝʥ ʚ [3] ʢʘʢ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʚʨʝʤʝʥʠ 

ʨʝʣʘʢʩʘʮʠʠ, ʪʘʢ ʠ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ. 

ɼʚʫʭʩʣʦʡʥʳʡ ʛʨʘʬʝʥ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʜʥʦʩʣʦʡʥʦʛʦ, ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʧʨʠ ʧʦʤʦʱʠ ʚʥʝʰʥʝʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʣʷ. ʀʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʰʠʨʠʥʳ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʪʘʢ ʞʝ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘ ʣʠʩʪ ʜʚʫʭʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʠʥʠʷʤ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ, ʥʦ ʥʦʨʤʘʣʠ ʧʘʜʘʝʪ ʧʣʦʩʢʘʷ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʚʦʣʥʘ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ 

ʵʣʝʢʪʨʦʥʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ. ɺ ʝʛʦ ʨʘʤʢʘʭ ʵʣʝʢʪʨʦʥʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʩʦ ʩʧʝʢʪʨʦʤ 
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ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʩʣʦʷʤʠ ʛʨʘʬʝʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʮʝʩʩʦʚ ʨʘʩʩʝʠʚʘʥʠʷ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ 

ʙʝʨʝʪʩʷ ʨʘʩʩʝʷʥʠʝ ʥʘ ʬʦʥʦʥʘʭ (ʢʘʢ ʘʢʫʩʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʙʝʟʜʠʩʧʝʨʩʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ). 

 

 

 
ʈʠʩ. 1. ɻʝʦʤʝʪʨʠʷ ʟʘʜʘʯʠ 

 

ʇʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʣʦʱʘʝʤʦʡ 

ʤʦʱʥʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʝʞʜʫ ʩʣʦʷʤʠ ʛʨʘʬʝʥʘ 

ʥʘʧʨʷʞʝʥʠʷ . ʉʝʤʝʡʩʪʚʦ ʵʪʠʭ ʢʨʠʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩ. 2. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʜʚʫʭʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʘʟʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʩʣʦʷʤʠ 

 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʫʚʝʣʠʯʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʥʠʞʝʥʠʶ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ. ʕʪʦʪ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ 

ʪʝʤ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ 

ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʘ, ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʩʧʝʢʪʨʝ ʧʦʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʵʬʬʝʢʪʠʚʥʘʷ 

ʤʘʩʩʘ ʥʦʩʠʪʝʣʝʡ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʡ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʶ ʮʠʢʣʦʪʨʦʥʥʦʡ ʯʘʩʪʦʪʳ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ ʚʣʝʚʦ ʠ ʚʥʠʟ. 
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ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʣʘʟʤʝʥʥʦʛʦ ʤʠʢʨʦʧʦʣʷ 
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1
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2
, ʀ.ɸ. ʂʦʟʣʠʪʠʥ

2
 

1
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʚʘ, ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

2
ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ 
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1. ʇʨʦʙʣʝʤʘ. ʇʣʘʟʤʘ ʩʦʩʪʦʠʪ ʠʟ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʨʘʟʥʳʭ ʩʦʨʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʚ ʭʘʦʪʠʯʝʩʢʦʤ ʪʝʧʣʦʚʦʤ ʜʚʠʞʝʥʠʠ. ʇʦʵʪʦʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʵʪʠʤʠ 

ʯʘʩʪʠʮʘʤʠ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʙʫʜʝʪ ʬʣʫʢʪʫʠʨʦʚʘʪʴ ʚʦ ʚʨʝʤʝʥʠ. ʅʘʣʠʯʠʝ 

ʪʘʢʦʛʦ ʧʦʣʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʘʟʤʳ. 

ɽʩʣʠ ʠʦʥʥʳʡ ʦʩʪʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʪʦ ʝʛʦ ʫʨʦʚʥʠ ʩʤʝʱʝʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʝʡ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʦʪ ʚʥʝʰʥʠʡ ʧʦʣʝʡ ʠʦʥʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦʛʦ ʠʦʥʘ ʙʫʜʫʪ ʩʤʝʱʝʥʳ ʧʦʨʦʛʠ ʬʦʪʦʵʬʬʝʢʪʘ ʩ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʠ ʧʦʣʦʞʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʘʤ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ. ʇʦʩʢʦʣʴʢʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʬʣʫʢʪʫʠʨʫʝʪ, ʪʦʪ ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ ʠʦʥʦʚ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʤʳʪʠʶ ʧʦʨʦʛʦʚ ʬʦʪʦʵʬʬʝʢʪʘ ʠ ʫʰʠʨʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ. 

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʘʟʤʳ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʠʢʨʦʧʦʣʷ. ʉʝʨʴʝʟʥʦʝ ʠʟʫʯʝʥʠʝ ʥʘʯʘʣʦʩʴ ʩ 

ʨʘʙʦʪʳ ʍʦʣʴʮʤʘʨʢʘ [1]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʠʟ ʧʨʠʙʣʠʞʝʥʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ )(EP  ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʨʘʟʫʤʥʦ ʦʮʝʥʠʪʴ ʰʪʘʨʢʦʚʩʢʦʝ ʫʰʠʨʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ. ɺ 1980-ʝ ʛʦʜʳ 

ʛʨʫʧʧʘ ʀʛʣʝʩʠʘʩʘ (ʃʦʩ-ɸʣʘʤʦʩ) ʧʦʩʪʨʦʠʣʘ ʤʦʜʝʣʠ )(EP , ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʧʣʘʟʤʫ 

ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʝʡ. ʊʦʛʜʘ ʞʝ ʧʦʷʚʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʳ ʩ 1~T  ʢʵɺ ʠ 1~r  ʛ/ʩʤ
3
, ʨʘʟʫʤʥʦ ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʵʪʠʤʠ 

ʤʦʜʝʣʷʤʠ. 

ʆʜʥʘʢʦ ʥʠʢʪʦ ʥʝ ʦʙʨʘʱʘʣ ʚʥʠʤʘʥʠʷ ʥʘ ʦʜʠʥ ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʚʩʝʭ 

ʵʪʠʭ ʤʦʜʝʣʝʡ. ʀʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʣʠ ʤʝʜʣʝʥʥʦ ʫʙʳʚʘʶʱʠʝ çʭʚʦʩʪʳè 3~)( -EEP  ʧʨʠ 

¤­E . ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

 ñ
¤

=
0

2 )(
8

1
dEEPEW

p
 (1) 

ʦʢʘʟʳʚʘʣʘʩʴ ʙʝʩʢʦʥʝʯʥʦʡ. ɺ ʬʦʨʤʫʣʘʭ ʠʩʧʦʣʴʟʫʝʤ ʘʪʦʤʥʫʶ ʩʠʩʪʝʤʫ ʝʜʠʥʠʮ. ʉʦʛʣʘʩʠʝ 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʟʘ ʥʘʙʣʶʜʘʝʤʳʝ ʢʦʥʪʫʨʳ ʣʠʥʠʡ ʦʪʚʝʯʘʝʪ 

ʪʦʣʴʢʦ ʤʘʣʘʷ ʦʢʨʝʩʪʥʦʩʪʴ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʚ ʵʪʠʭ ʤʦʜʝʣʷʭ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʠʢʨʦʧʦʣʷ 

ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ, ʥʘʯʘʪʳʝ ʚ [2-4] ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʠʢʨʦʧʦʣʷ. ɼʘʣʝʝ ʠʟʣʦʞʝʥʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʦʙʦʙʱʠʪʴ ʵʪʠ ʧʦʜʭʦʜʳ ʥʘ 

ʩʣʫʯʘʡ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʤʠʢʨʦʧʦʣʷ. 

2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. ʊʦʯʢʫ, ʚ ʢʦʪʦʨʦʡ ʠʱʝʤ ʧʦʣʝ, ʚʳʙʝʨʝʤ ʟʘ 

ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ. ʇʫʩʪʴ ʧʣʘʟʤʘ ʩʦʩʪʦʠʪ ʯʘʩʪʠʮ ʩ ʟʘʨʷʜʦʤ jZ  ʩ ʤʛʥʦʚʝʥʥʳʤʠ 

ʧʦʣʦʞʝʥʠʷʤʠ jr
C
. ʕʪʠʤʠ ʯʘʩʪʠʮʘʤʠ ʷʚʣʷʶʪʩʷ ʠʦʥʳ ʠ ʵʣʝʢʪʨʦʥʳ (1-=eZ ). ʇʣʘʟʤʘ 

ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʘ, ʪʘʢ ʯʪʦ 

 0=ä jZ . (2) 
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ʅʘʤ ʥʫʞʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʷ ʚ ʪʦʯʢʝ r
C

 ʚʙʣʠʟʠ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. ʂʘʞʜʳʡ 

ʟʘʨʷʜ ʩʦʟʜʘʝʪ ʚ ʵʪʦʡ ʪʦʯʢʝ ʧʦʪʝʥʮʠʘʣ || rrZ jjj

CC
-=j . ʇʦʵʪʦʤʫ ʧʦʣʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʨʘʚʝʥ 

 ä -= ||)( rrZr jj

CCC
j . (3) 

ʈʘʟʣʦʞʠʤ ʵʪʦʪ ʧʦʪʝʥʮʠʘʣ ʧʦ r
C
, ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʯʣʝʥʘʤʠ: 

 ),(
2

1
),()0()( rTrrEr

CCCCC
++ºjj . (4) 

ɿʜʝʩʴ ʩʢʘʣʷʨ, ʚʝʢʪʦʨ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E
C

 ʠ ʪʝʥʟʦʨ T  ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 ä= jj rZ)0(j , ä= },,{3

jjjjj zyxrZE
C

, ä= trZT jj

5
, 
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jjjj zyxr ++= . (5) 
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jjjjjj

jjjjjj

rzzyzx

zyryyx

zxyxrx

t . (6) 

ɺʦ ʚʩʝʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʪʦʣʴʢʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ E
C
, ʘ 

ʥʘʣʠʯʠʝ ʥʝ ʪʦʣʴʢʦ ʪʨʝʪʴʝʛʦ, ʥʦ ʠ ʧʝʨʚʦʛʦ ʩʣʘʛʘʝʤʳʭ ʚ (4) ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ. 

3. ʈʘʩʧʨʝʜʝʣʝʥʠʷ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ V  ʩʨʝʜʥʠʡ ʦʙʲʝʤ, ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʦʜʠʥ 

ʠʦʥ. ʊʦʛʜʘ ʨʘʜʠʫʩ R  ʩʬʝʨʳ ʦʙʲʝʤʘ V  ʝʩʪʴ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʦʥʘʤʠ. ɺʚʝʜʝʤ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʟʘʨʷʜʘ Z, ʫʯʠʪʳʚʘʶʱʝʝ ʥʘʣʠʯʠʝ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ (ʵʪʦ ʫʩʨʝʜʥʝʥʠʝ 

ʣʠʙʦ ʧʦ ʍʦʣʴʮʤʘʨʢʫ, ʣʠʙʦ ʧʦ ɼʝʙʘʶ). 

ʉʦʛʣʘʩʥʦ [3], ʧʨʠʤʝʤ ʛʠʧʦʪʝʟʫ ʢʚʘʟʠʥʝʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʠʮ (ʤʦʜʝʣʴ QUIP). ʕʪʦʪ 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʜʚʠʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ 

ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʦʛʜʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ 

(5)-(6) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʢʦʥ ʙʦʣʴʰʠʭ ʯʠʩʝʣ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ. ʉʢʘʣʷʨʥʳʡ ʧʦʪʝʥʮʠʘʣ )0(j  ʠʤʝʝʪ ʛʘʫʩʩʦʚʫ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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exp
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jP . (7) 

ʂʘʞʜʘʷ ʠʟ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʪʘʢʞʝ ʠʤʝʝʪ ʛʘʫʩʩʦʚʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʘ ʜʣʠʥʘ ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʠʤʝʝʪ ʤʘʢʩʚʝʣʣʦʚʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ: 
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ʇʨʠ ʵʪʦʤ ʢʦʤʧʦʥʝʥʪʳ xE , yE , zE  ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʥʳ ʥʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʠ ʩʦ 

ʩʢʘʣʷʨʘʤʠ j ʠʣʠ E. ʂʦʤʧʦʥʝʥʪʳ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʪʝʥʟʦʨʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 

ɻʘʫʩʩʫ ʠ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʥʳ ʩ ʚʝʣʠʯʠʥʘʤʠ (7), (8) 

 öö
÷

õ
ææ
ç

å
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2
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2

0

exp
1
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T

T

T
TP ik

ik
p

. (7) 

ʄʘʩʰʪʘʙʥʳʝ ʢʦʥʩʪʘʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ. 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ (1). ʋʤʥʦʞʘʷ ʧʣʦʪʥʦʩʪʴ W  ʥʘ V , 

ʧʦʣʫʯʘʝʤ ʵʥʝʨʛʠʶ ʚ ʩʨʝʜʥʝʡ ʘʪʦʤʥʦʡ ʷʯʝʡʢʝ. ʂʚʘʟʠʥʝʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʠʮ ʦʟʥʘʯʘʝʪ 

ʩʨʝʜʥʶʶ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʥʝʨʛʠʷ 

ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʦʜʥʫ ʷʯʝʡʢʫ ʨʘʚʥʘ RZ29.0- . ʅʦ ʧʨʷʤʦʝ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʜʥʦʡ ʯʘʩʪʠʮʳ ʩ ʧʦʣʝʤ, 

ʩʦʟʜʘʥʥʳʤ ʧʦʣʝʤ ʜʨʫʛʦʡ ʯʘʩʪʠʮʳ, ʥʦ ʩ ʦʙʨʘʪʥʳʤ ʟʥʘʢʦʤ. ʕʪʦ ʜʘʝʪ 

 
2

0 518 RZE = . (8) 

ʄʘʢʩʠʤʫʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 2

0 90.1 RZEE º= . 

ʕʪʦ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʤʘʢʩʠʤʫʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʍʦʣʴʮʤʘʨʢʘ, ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ 265.1 RZEº . ʇʦʩʢʦʣʴʢʫ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʝʩʪʴ ʛʨʘʜʠʝʥʪ ʧʦʪʝʥʮʠʘʣʘ, ʘ 

ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʪʝʥʟʦʨ ʝʩʪʴ ʧʨʦʠʟʚʦʜʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʪʦ 

 RZ2

0 518=j , 
32

0 526 RZT = . (9) 

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ (4) ʝʩʪʴ ʨʷʜ ʧʦ ʩʪʝʧʝʥʷʤ 1-R . 

ʆʮʝʥʠʤ ʭʘʨʘʢʪʝʨʥʫʶ ʚʝʣʠʯʠʥʫ R  ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʠʯʥʳʭ ʩʠʪʫʘʮʠʡ. (ʘ) 

ʆʪʢʨʳʪʳʡ ʨʘʟʨʷʜ ʚ ʪʨʫʙʢʘʭ ʧʨʠ ʜʘʚʣʝʥʠʠ 1 ʘʪʤ. ʠ ʪʝʤʧʝʨʘʪʫʨʝ T  = 8-10 ʢʂ, ʢʦʪʦʨʳʡ 

ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ. (ʙ) ʈʘʟʨʷʜ ʚ 

ʟʘʧʘʷʥʥʦʤ ʢʘʧʠʣʣʷʨʝ, ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ʘʪʤ., ʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʥʘʛʨʝʚʝ ʩʦʩʪʘʚʣʷʝʪ 10-20 ʢʂ; ʪʘʢʦʡ ʨʘʟʨʷʜ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʰʠʨʝʥʠʷ ʣʠʥʠʡ ʚ ʧʣʦʪʥʦʡ ʧʣʘʟʤʝ. (ʚ) ɻʦʨʷʯʘʷ ʧʣʘʟʤʘ ʩ ʧʣʦʪʥʦʩʪʴʶ 

1~r  ʛ/ʩʤ
3
, ʙʣʠʟʢʦʡ ʢ ʧʣʦʪʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. (ʛ) ʉʚʝʨʭʧʣʦʪʥʘʷ ʧʣʘʟʤʘ ʩ 100~r  

ʛ/ʩʤ
3
, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʞʘʪʠʶ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʫʜʘʨʥʳʤʠ ʚʦʣʥʘʤʠ ʩ 

ʜʘʚʣʝʥʠʷʤʠ ʚ ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ ʘʪʤʦʩʬʝʨ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ R  ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 1. 

 

 (ʘ) (ʙ) (ʚ) (ʛ) 

R  (ʘ.ʝ.) 120 40 4 1 
ʊʘʙʣ. 1. ʈʘʜʠʫʩʳ ʘʪʦʤʥʳʭ ʷʯʝʝʢ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ɺʠʜʥʦ, ʯʪʦ ʚ ʧʝʨʚʳʭ ʜʚʫʭ ʩʣʫʯʘʷʭ ʩʭʦʜʠʤʦʩʪʴ ʨʷʜʘ (4) ʭʦʨʦʰʘʷ, ʠ ʦʧʫʱʝʥʥʳʤʠ 

ʯʣʝʥʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɼʘʞʝ ʚ ʪʨʝʪʴʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʨʘʟʫʤʥʦ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʯʣʝʥʦʤ. ʃʠʰʴ ʚ ʯʝʪʚʝʨʪʦʤ ʩʣʫʯʘʝ ʚʢʣʘʜʦʤ ʩʣʝʜʫʶʱʠʭ 

ʯʣʝʥʦʚ ʧʨʝʥʝʙʨʝʛʘʪʴ ʥʝʣʴʟʷ. 

4. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ )(jP  ʦʪʚʝʪʩʪʚʝʥʥʦ 

ʟʘ ʨʘʟʤʳʪʠʝ ʧʦʨʦʛʦʚ ʬʦʪʦʵʬʬʝʢʪʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ )(EP  ʠ )(TP  ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ 

ʰʪʘʨʢʦʚʩʢʦʝ ʫʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ 

ʵʪʠʭ ʵʬʬʝʢʪʦʚ ʨʘʟʫʤʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʢʘʢ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ 

ʩʧʝʢʪʨʘʤʠ ʚ ʧʣʦʪʥʦʡ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʝ, ʪʘʢ ʠ ʩ ʰʠʨʠʥʘʤʠ ʣʠʥʠʡ ʚ ʦʪʢʨʳʪʳʭ ʨʘʟʨʷʜʥʳʭ 

ʪʨʫʙʢʘʭ. ɺʩʝ ʪʨʠ ʩʣʘʛʘʝʤʳʭ ʥʘʜʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʩʝʣʝʥʥʦʩʪʝʡ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ ʠ, ʪʝʤ ʩʘʤʳʤ, ʜʣʷ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʵʬʬʝʢʪʘ ʠ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʣʠʥʠʷʭ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʅʌ ˉ 16-11-10001 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ, 

ʚʦʣʥʦʚʦʡ ʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʧʪʠʢʠ ʩʚʷʟʳʚʘʶʪ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʦʩʪʨʦʝʥʥʳʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ï ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʠʨʦ-

ʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ ʝʜʠʥʠʮ ʜʦ 

ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ. ʅʘʨʷʜʫ ʩ ʚʦʣʥʦʚʝʜʫʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʩʦ ʩʣʦʞʥʦʡ ʥʝʨʝʛʫʣʷʨʥʦʡ 

ʛʝʦʤʝʪʨʠʝʡ ʠ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʘʥʠʟʦʪʨʦʧʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʭʦʜʷʪ ʚʦʣʥʦʚʝʜʫʱʠʝ ʩʠʩʪʝʤʳ ʩ ʙʠʠʟʦʪʨʦʧʥʳʤ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʢʠʨʘʣʴʥʳʤ 

ʟʘʧʦʣʥʝʥʠʝʤ. ʇʦʤʠʤʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʠʩʪʝʤ, ʥʘʯʠʥʘʶʪ ʧʨʠʤʝʥʷʪʴʩʷ ʤʥʦʛʦʩʣʦʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ 

ʬʨʘʢʪʘʣʴʥʳʭ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʘʢʪʥʳʝ ʠ 

ʵʬʬʝʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚʝʩʴʤʘ ʦʩʪʨʦ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟʚʝʩʪʥʳʭ, ʩʦʟʜʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʥʦʚʳʭ ʵʢʦʥʦʤʠʯʥʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʠʩʩʣʝʜʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʢʣʘʩʪʝʨʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ [1]. ʇʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʥʘʩʫʱʥʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ 

ʘʧʦʩʪʝʨʠʦʨʥʫʶ ʦʮʝʥʢʫ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʢʨʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ  ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʤʝʪʘʣʣʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʢʠʨʘʣʴʥʳʭ, ʙʠʠʟʦʪʨʦʧʥʳʭ ʠ 

ʙʠʘʥʠʟʦʪʨʦʧʥʳʭ  ʩʨʝʜ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ.  ʕʪʘʧ 

ʧʝʨʚʳʡ: ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʯʠʩʣʝʥʥʳʭ ʠ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʕʪʘʧ ʚʪʦʨʦʡ: ʩʪʨʦʛʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʦʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ. ʕʪʘʧ ʪʨʝʪʠʡ: ʩʦʟʜʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʘʣʛʦʨʠʪʤʦʚ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ. ʕʪʘʧ ʯʝʪʚʝʨʪʳʡ: 

ʨʝʘʣʠʟʘʮʠʷ ʧʦʩʪʨʦʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

   ɼʣʷ ʦʧʠʩʘʥʠʷ ʚʦʣʥʦʚʝʜʫʱʠʭ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʢʨʘʝʚʳʝ ʠ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ 

ʜʣʷ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ 

ʦʙʣʘʩʪʷʭ ʩ ʥʝʨʝʛʫʣʷʨʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠ ʩʣʦʞʥʳʤ ʥʝʦʜʥʦʨʦʜʥʳʤ ʠ ʘʥʠʟʦʪʨʦʧʥʳʤ 

ʟʘʧʦʣʥʝʥʠʝʤ. ʆʧʝʨʘʪʦʨʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʪʘʢʠʭ ʟʘʜʘʯʘʭ, ʷʚʣʷʶʪʩʷ ʥʝʩʘʤʦʩʦʧʨʷ-

ʞʝʥʥʳʤʠ ʠ ʥʝʟʥʘʢʦʦʧʨʝʜʝʣʥʥʳʤʠ. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʢ 

ʧʨ̫ʤʳʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʣʥʦʚʝʜʫʱʠʭ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʠʩʪʝʤ, 

ʪʘʢ ʠ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɺ ʨʘʙʦʪʘʭ ɸ.ɻ.ʉʚʝʰʥʠʢʦʚʘ ʠ ɸ.ʉ.ʀʣʴʠʥʩʢʦʛʦ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʠʥʪʝʟʘ ʚ ʧʦʣʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ ɸ.ʅ. ʊʠʭʦʥʦʚʘ [2]. ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʠʜʝʷ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ ʚʦʣʥʦʚʝʜʫʱʝʡ ʩʠʩʪʝʤʳ ʩ ʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʝʤʳʤʠ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʘʨʠʘʮʠʦʥʥʳʝ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯ, ʩʪʨʦʠʪʩʷ ʦʮʝʥʠʚʘʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣ ʠ ʠʱʝʪʩʷ ʝʛʦ ʵʢʩʪʨʝʤʫʤ. ɿʘʜʘʯʘ ʩʠʥʪʝʟʘ 
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ʊʨʫʜʳ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ çɺʦʣʥʳ-2017è.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʘʜʠʦʬʠʟʠʢʝ ʠ ʦʧʪʠʢʝ 
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ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʝʡ ʩ ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʳʤʠ 

ʦʧʝʨʘʪʦʨʘʤʠ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤ. 

ɺʝʩʴʤʘ  ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤ rʤʠʥʠʤʠʟʘʮʠʠ ʧʨʷʤʦʛʦ ʧʦʠʩʢʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʅʝʣʜʝʨʘ-ʄʠʜʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ ʤʠʥʠʤʠʟʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ [1]. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʩʠʥʪʝʟʘ ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʶ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʨʦʮʝʩʩʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʦ 

ʨʝʰʘʝʪʩʷ ʨʷʜ ʧʨʷʤʳʭ ʟʘʜʘʯ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʷʤʳʭ ʟʘʜʘʯ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʝʢʮʠʦʥʥʳʭ ʠ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʭ ʤʝʪʦʜʦʚ ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʡ, ʥʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʧʨʦʝʢʮʠʦʥʥʦ-ʩʝʪʦʯʥʳʭ ʤʝʪʦʜʦʚ (ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʝʪʦʜ 

ʩʤʝʰʝʥʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʝʪʦʜ ʩʫʧʝʨʵʣʝʤʝʥʪʦʚ ʠ ʪ.ʜ.). ʕʪʠ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʤʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʩʯʝʪʘ ʚʦʣʥʦʚʝʜʫʱʠʭ 

ʩʠʩʪʝʤ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠ  ʩʣʦʞʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ. 

ɺʘʞʥʝʡʰʠʤ ʤʦʤʝʥʪʦʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʘʯʝʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʩʪʨʦʝʥʥʳʭ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʭʦʜʠʤʦʩʪʠ ʠ ʘʧʨʠʦʨʥʘʷ ʠ 

ʘʧʦʩʪʝʨʠʦʨʥʘʷ ʦʮʝʥʢʠ ʧʦʣʫʯʘʝʤʦʡ ʪʦʯʥʦʩʪʠ, ʯʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʛʣʫʙʦʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʦʧʝʨʘʪʦʨʦʚ 

ʧʦʩʪʨʦʝʥʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʢʣʘʩʩʘ ʟʘʜʘʯ, ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 

ʨʘʟʥʦʩʪʝʡ ʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʢʦʪʦʨʳʭ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʣʠʯʥʘ. ʇʝʨʚʳʡ ʢʣʘʩʩ ï 

ʵʪʦ ʟʘʜʘʯʠ ʚʦʟʙʫʞʜʝʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʨʘʩʯʝʪʝ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦ ʜʣʠʥʝ 

ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʦʪʚʝʪʚʠʪʝʣʠ, ʩʦʛʣʘʩʫʶʱʠʝ ʧʝʨʝʭʦʜʳ, ʠʟʛʠʙʳ, 

ʚʦʣʥʦʚʦʜʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʠ ʪ.ʜ. ʇʦʜ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʧʨʠ ʵʪʦʤ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ 

ʢʘʢ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ ʚʦʣʥʦʚʝʜʫʱʝʡ ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʟʘʧʦʣʥʷʶʱʝʡ ʝʝ ʩʨʝʜʳ. ɺʪʦʨʦʡ ʢʣʘʩʩ ï ʵʪʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʘʜʘʯʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ 

ʨʘʩʯʝʪʝ ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʜʣʠʥʝ ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʠʩʪʝʤ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʛʝʦʤʝʪʨʠʝʡ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʧʨʦʠʟʚʦʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʚʦʡʩʪʚ ʟʘʧʦʣʥʝʥʠʡ ʩʨʝʜʳ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɺ ʨʘʙʦʪʝ  [3] ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʩʤʝʰʘʥʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʝʰʝʥʘ ʟʘʜʘʯʘ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʣʦʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ ʢʠʨʘʣʴʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʥʘʷ 

ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ ʚʦʣʥʦʚʝʜʫʱʝʡ ʩʠʩʪʝʤʳ ʩʦ ʩʣʦʞʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʩʚʦʜʠʪʩʷ ʢ ʦʙʦʙʱʝʥʥʦʡ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʝ ʩʦʙʩʪʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ  ʜʣʷ ʥʝʟʥʘʢʦʦʧʨʝʜʝʣʝʥʥʳʭ  ʣʝʥʪʦʯʥʳʭ ʤʘʪʨʠʮ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ɺ  ʩʣʫʯʘʝ 

ʵʨʤʠʪʦʚʳʭ ʠʣʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʘʪʨʠʮ ʜʣʷ ʠʭ ʬʘʢʪʦʨʠʟʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʪʝʨʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʡ 

ʩʪʨʘʪʝʛʠʷ -   ʤʝʪʦʜ ɹʘʥʯʘ-ʂʘʫʬʤʘʥ,  ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʜʘʥʥʳʭ ʤʘʪʨʠʮ [4]. 

ɺ ʨʘʙʦʪʘʭ [5-6] ʧʦʩʪʨʦʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʠʩʪʝʤʘʭ ʩ ʙʠʠʟʦʪʨʦʧʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʥʘ 

ʦʩʥʦʚʝ ʣʘʛʨʘʥʞʝʚʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʪʦʨʦʛʦ ʥʝ ʚʦʟʥʠʢʘʶʪ 

ʬʠʢʪʠʚʥʳʝ ʥʝʬʠʟʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (çʜʫʭʠè), ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ɹʘʥʯʘ ï 

ʂʘʫʬʤʘʥ ʜʣʷ ʬʘʢʪʦʨʠʟʘʮʠʠ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʩʪʦʷʥʥʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʚʦʣʥʦʚʦʜʘʭ ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʛʝʦʤʝʪʨʠʝʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʙʠʠʟʦʪʨʦʧʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ [7]. ʆʙʱʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ 
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ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʠʩʪʝʤ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ 15-01-03524). 
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ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʧʨʦʙʣʝʤʦʡ ʘʥʦʤʘʣʴʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʧʣʘʟʤʦʡ ʠʥʪʝʥʩʠʚʥʳʭ ʩʚʝʪʦʚʳʭ ʧʫʯʢʦʚ [1], ʤʝʭʘʥʠʟʤ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʠʣ 

ʟʘʢʦʥʯʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ ʩʠʣʴʥʦʡ ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ [2]. 

ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʠʣʴʥʦ ʪʫʨʙʫʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʤʝʪʦʜʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚʝʜʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʩ ʥʘʯʘʣʘ 70-ʳʭ ʛʦʜʦʚ 

(ʩʤ., ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʳ [1-4]). ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʠʭ ʫʩʠʣʠʡ ʷʚʠʣʦʩʴ ʚʳʷʩʥʝʥʠʝ ʦʙʱʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʷʚʣʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʯʘʣʴʥʘʷ ʨʘʩʢʘʯʢʘ ʚʥʝʰʥʝʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʢ ʢʦʪʦʨʦʡ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʠ ʜʦʙʘʚʣʷʝʪʩʷ ʠ ʤʦʜʫʣʷʮʠʦʥʥʘʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ, ʧʨʠʚʦʜʠʪ ʢ ʩʚʦʝʦʙʨʘʟʥʦʡ ʩʘʤʦʬʦʢʫʩʠʨʦʚʢʝ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʠ ʧʦʷʚʣʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʣʦʢʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʘʤʧʣʠʪʫʜʳ. ʇʨʠ ʵʪʦʤ ʟʘ ʩʯʸʪ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʯʘʩʪʠʮʳ ʚʳʪʘʣʢʠʚʘʶʪʩʷ ʠʟ ʦʙʣʘʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ ʚʦʣʥʦʚʳʭ 

ʧʘʢʝʪʦʚ ʠ ʚ ʧʣʘʟʤʝ ʦʙʨʘʟʫʶʪʩʷ ʢʘʚʝʨʥʳ (ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ - ʩʦʣʠʪʦʥʳ) ʧʣʦʪʥʦʩʪʠ, 

ʠʛʨʘʶʱʠʝ ʨʦʣʴ ʨʝʟʦʥʘʪʦʨʦʚ ʜʣʷ ʟʘʭʚʘʯʝʥʥʳʭ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʢʘʚʠʪʦʥʳ. ʇʦʩʣʝʜʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ çʩʭʣʦʧʳʚʘʶʪʩʷè ʟʘ ʢʦʥʝʯʥʦʝ 

ʚʨʝʤʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʢʘʯʢʫ ʧʣʘʟʤʦʥʦʚ ʠʟ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ, 

ʧʦʨʦʞʜʘʝʤʦʛʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʪʦʨʦʥʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ (ʥʘʧʨʠʤʝʨ, ʣʘʟʝʨʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ [5]), ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʯʘʩʪʴ ʩʧʝʢʪʨʘ. ʅʘ ʧʦʟʜʥʝʡ (ʢʠʥʝʪʠʯʝʩʢʦʡ) ʩʪʘʜʠʠ 

ʧʨʦʮʝʩʩʘ ʚʢʣʶʯʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʟʘʪʫʭʘʥʠʝ ʃʘʥʜʘʫ [2] ʥʘ ʨʝʟʦʥʘʥʩʥʳʭ ʵʣʝʢʪʨʦʥʘʭ, 

ʨʝʘʣʠʟʫʶʱʝʝ ʤʝʭʘʥʠʟʤ ʫʩʚʦʝʥʠʷ ʧʣʘʟʤʦʡ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ. 

ɺʧʝʨʚʳʝ ʵʪʦ ʷʚʣʝʥʠʝ, ʥʘʟʚʘʥʥʦʝ ʣʝʥʛʤʶʨʦʚʩʢʠʤ ʢʦʣʣʘʧʩʦʤ, ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ 

ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʝ ʚ ʨʘʤʢʘʭ ʫʩʨʝʜʥʝʥʥʦʛʦ (ʧʦ çʙʳʩʪʨʦʤʫè ʚʨʝʤʝʥʠ ~1/ɤpe)  ʦʧʠʩʘʥʠʷ 

ʧʣʘʟʤʳ ʚ ʨʘʙʦʪʝ [3]. ʇʦʟʜʥʝʝ ʚ ʩʝʨʠʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ  ʧʣʘʟʤʳ [4] ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʥʫʞʜʝʥʥʦʛʦ ʢʦʣʣʘʧʩʘ (ʢʚʘʟʠʢʦʣʣʘʧʩʘ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦʡ 

ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʠ ʚ ʦʜʥʦʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ (ʥʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʟʘʤʢʥʫʪʦʡ ʦʜʥʦʤʝʨʥʦʡ 

ʩʠʩʪʝʤʝ ʙʝʟ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʙʳʯʥʳʡ ʢʦʣʣʘʧʩ ʟʘʧʨʝʱʸʥ ʟʘʢʦʥʘʤʠ ʩʦʭʨʘʥʝʥʠʷ 

[2]), ʘ ʠʤʝʥʥʦ ʧʦʢʘʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʣʠʪʦʥʦʚ ʠ ʛʝʥʝʨʘʮʠʷ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʝ ʯʝʨʪʳ ʣʝʥʛʤʶʨʦʚʩʢʦʛʦ ʢʦʣʣʘʧʩʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ 

ʫʧʨʦʱʝʥʥʳʭ (ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ) ʧʦʩʪʘʥʦʚʢʘʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʫʯʠʪʳʚʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʷʚʣʝʥʠʷ, ʝʩʪʝʩʪʚʝʥʥʦ ʞʝʣʘʥʠʝ 

ʧʨʦʜʦʣʞʠʪʴ ʝʛʦ ʠʟʫʯʝʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʚʢʣʶʯʘʶʱʝʡ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩ ʵʪʦʡ ʮʝʣʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʤʝʪʦʜʫ ʤʘʢʨʦʯʘʩʪʠʮ [6], ʣʠʰʝʥʥʦʛʦ ʤʥʦʛʠʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʦʙʣʘʜʘʶʱʝʛʦ ʦʛʨʦʤʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ ʜʠʩʢʨʝʪʥʦʡ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ɺʣʘʩʦʚʘ ï ɼʘʨʚʠʥʘ  

[7] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʩʨʝʜʝ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʘ ʥʝʣʠʥʝʡʥʦʡ ʩʪʘʜʠʠ ʩʠʣʴʥʦʡ 

ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʠʤʝʶʱʝʡʩʷ ʪʝʦʨʠʝʡ. ʇʦʩʣʝʜʥʝʝ ʦʙʲʷʩʥʷʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʦʜʭʦʜʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʩʪʠ ʩʨʝʜʳ ʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ 
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ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʞʝʣʘʪʝʣʴʥʦ ʠʟʫʯʘʪʴ, ʦʪʪʘʣʢʠʚʘʷʩʴ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʩʪʘʥʦʚʦʢ ʠ ʧʦʩʪʝʧʝʥʥʦ ʥʘʨʘʱʠʚʘʷ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ɺ 

ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʦʪʤʝʪʠʤ ʨʷʜ ʤʦʤʝʥʪʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʠʨʘʝʪʩʷ ʥʘʰʘ 

(ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ) ʧʦʩʪʘʥʦʚʢʘ.  

ʈʘʟʚʠʪʠʝ ʣʝʥʛʤʶʨʦʚʩʢʦʛʦ ʢʦʣʣʘʧʩʘ ʚ ʧʦʣʝ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥʦ ʩ ʥʝʣʠʥʝʡʥʦʡ ʵʚʦʣʶʮʠʝʡ ʢʘʚʝʨʥ ʧʣʦʪʥʦʩʪʠ, ʠʤʝʶʱʠʭ ɺʏ ʥʘʧʦʣʥʝʥʠʝ. ʇʦʵʪʦʤʫ 

ʝʛʦ ʯʠʩʣʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦ ʚʝʩʪʠ ʚ ʤʘʩʰʪʘʙʘʭ çʪʫʨʙʫʣʝʥʪʥʦʡ ʷʯʝʡʢʠè [4], 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʭʘʨʘʢʪʝʨʥʦʡ ʚʝʣʠʯʠʥʦʡ ʢʘʚʠʪʦʥʘ.  

 ɺ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʥʝʣʠʥʝʡʥʦʡ ʩʘʤʦʬʦʢʫʩʠʨʦʚʢʠ 

ʢʦʣʝʙʘʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʨʝʜʥʝʡ ʧʦ ʦʙʣʘʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ  ʟʥʘʯʠʪʝʣʴʥʦ 

(ʚ 5-8 ʨʘʟ)  ʙʦʣʴʰʝ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʚʥʝʰʥʝʡ ʥʘʢʘʯʢʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʨʘʥʥʠʭ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʘʥʦʤʘʣʴʥʦʤʫ ʥʘʛʨʝʚʫ ʧʣʘʟʤʳ (ʥʘʧʨʠʤʝʨ, [4]) 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʢʘʯʢʠ ʤʘʣʦʡ ʠ ʫʤʝʨʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʨʝʘʣʠʟʫʶʱʠʝ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʜʠʥʘʤʠʢʠ ʢʦʣʣʘʧʩʘ. 

ɻʝʥʝʨʘʮʠʷ ʢʘʚʠʪʦʥʦʚ (ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʦʙʦʛʘʱʝʥʠʶ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ 

ʩʧʝʢʪʨʘ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʢʣʶʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʟʘʪʫʭʘʥʠʷ 

ʃʘʥʜʘʫ) ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʢʘʯʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠ ʤʦʜʫʣʷʮʠʦʥʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ. ʇʦʵʪʦʤʫ ʙʘʟʦʚʘʷ ʧʦʩʪʘʥʦʚʢʘ ʧʨʠʟʚʘʥʘ ʨʘʟʨʝʰʠʪʴ ʨʘʟʨʝʰʠʪʴ ʠʭ 

ʧʨʝʚʘʣʠʨʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ʥʘ ʬʦʥʝ ʤʘʣʳʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʥʘʩʪʦʷʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʩʨʝʜʝ 

ʩʘʤʦʬʦʢʫʩʠʨʦʚʢʘ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʧʦʟʜʥʝʤ ʵʪʘʧʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʢʪʠʚʥʦ 

ʠʜʫʱʠʤʠ ʨʘʩʧʘʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʦʪʣʠʯʠʠ ʦʪ ʩʣʫʯʘʷ ʯʠʩʪʦʡ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ  

ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʩʪʘʜʠʶ ʢʦʣʣʘʧʩʘ. ʇʨʠ ʵʪʦʤ ʦʙʳʯʥʦʝ ʜʣʷ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʣʘʟʤʳ ʥʝʨʘʚʝʥʩʪʚʦ Te >> Ti , ʩʦʭʨʘʥʷʝʤʦʝ ʚ ʥʘʰʝʡ ʧʦʩʪʘʥʦʚʢʝ,  

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʣʘʙʦʝ ʟʘʪʫʭʘʥʠʝ ʦʙʨʘʟʫʶʱʝʡʩʷ ʠʦʥʥʦ-ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ. 

ʂ ʨʘʥʝʝ ʩʢʘʟʘʥʥʦʤʫ ʜʦʙʘʚʠʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʠʭ ʧʦʣʫʪʦʨʘʤʝʨʥʳʭ (X, Vx, Vy, Vz)   

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʣʝʥʛʤʶʨʦʚʩʢʦʛʦ ʢʦʣʣʘʧʩʘ ʤʳ ʦʛʨʘʥʠʯʠʚʘʝʤʩʷ ʩʣʫʯʘʝʤ ʧʨʦʜʦʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʦʷʯʝʡ ʚʦʣʥʳ ʥʘʢʘʯʢʠ E = exEocos(ɤot), ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʚʥʝʰʥʝʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ B = ezBo ʠ ʩ ʯʘʩʪʦʪʦʡ ɤo, ʙʣʠʟʢʦʡ ʢ ʚʝʨʭʥʝʛʠʙʨʠʜʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ɤuh = (ɤpeĮ +ɤceĮ)ĭ/Į. ʇʨʠ ʵʪʦʤ ʚ ʨʘʤʢʘʭ ʩʪʘʨʪʦʚʦʡ ʧʨʦʮʝʜʫʨʳ 

ʦʨʛʘʥʠʟʫʝʪʩʷ ʜʣʠʥʥʦʚʦʣʥʦʚʦʝ ʚʦʟʤʫʱʝʥʠʝ ʤʘʢʩʚʝʣʣʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʧʦ ʩʢʦʨʦʩʪʷʤ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʝ ʧʦʚʳʰʝʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ  

ʚ ʧʝʨʚʦʡ  ʤʦʜʝ  (ʩ ʚʦʣʥʦʚʳʤ  ʯʠʩʣʦʤ  Kʦ = 2  ́ / L )  ʣʝʥʛʤʶʨʦʚʩʢʠʭ  ʢʦʣʝʙʘʥʠʡ,   

ʢʦʪʦʨʘʷ ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʥʝʨʘʚʝʥʩʪʚʘ  Wf / nʦTe > (KʦrDe)Į ʦʢʘʟʳʚʘʝʪʩʷ 
ʥʝʩʪʘʙʠʣʴʥʦʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ñʨʘʩʩʪʨʦʡʢʠò ʯʘʩʪʦʪʳ ʚʥʝʰʥʝʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ  ɤo  ʨʝʘʣʠʟʦʚʘʪʴ   ʥʘ ʥʝʣʠʥʝʡʥʦʡ ʩʪʘʜʠʠ  ʨʘʩʢʘʯʢʠ ʨʝʞʠʤʳ 

ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʠʣʠ ʨʘʩʧʘʜʥʦʡ (ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʠʞʝ)  ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʆʪʤʝʪʠʤ ʭʘʨʘʢʪʝʨʥʳʝ ʤʦʤʝʥʪʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʣʝʥʛʤʶʨʦʚʩʢʦʛʦ 

ʢʦʣʣʘʧʩʘ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʳ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʣʠʥʝʡʥʘʷ ʩʪʘʜʠʷ ʩʘʤʦʬʦʢʫʩʠʨʦʚʢʠ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʩʣʫʯʘʝ ʧʨʦʪʝʢʘʝʪ ʥʘ ʬʦʥʝ ʨʘʩʧʘʜʘ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʥʘ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ 

ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʤʦʜʳ, ʠʟ ʢʦʪʦʨʳʭ ʚʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚʝʨʭʥʝʛʠʙʨʠʜʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ 

ʢʦʣʝʙʘʥʠʝʤ, ʘ ʧʝʨʚʘʷ ð ʠʦʥʥʦ-ʟʚʫʢʦʚʦʡ ʚʦʣʥʦʡ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʁ ʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʢʨʝʤʝʥʪʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʣʥʳ ʥʘʢʘʯʢʠ  ɔ ~ (EoĮ)ĭ/į  [1]. 

ɼʘʣʝʝ, ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʨʘʩʧʘʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʩʪʝʪ ʘʤʧʣʠʪʫʜʘ ʩʪʦʷʯʝʡ ʠʦʥʥʦ-

ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ. ʕʪʦʪ ʨʦʩʪ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʥʝʣʠʥʝʡʥʦʛʦ çʦʧʨʦʢʠʜʳʚʘʥʠʷè, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʟʘʭʚʘʪʦʤ ʚʩʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʠʦʥʦʚ. ʈʝʟʢʦ ʚʦʟʨʘʩʪʘʶʱʠʡ ʧʨʠ ʵʪʦʤ 

ʜʝʢʨʝʤʝʥʪ ʥʝʫʩʪʦʡʯʠʚʦʡ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʤʦʜʳ ʚʳʟʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ 
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ʧʦʨʦʛʘ ʨʘʩʧʘʜʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʥʘʩʳʱʝʥʠʶ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʨʦʚʥʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʠ.  

ʅʘʢʦʥʝʮ,  ʚ ʧʨʦʚʝʜʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʙʥʘʨʫʞʝʥ ʘʥʦʤʘʣʴʥʳʡ 

ʧʦʧʝʨʝʯʥʳʡ ʥʘʛʨʝʚ ʧʣʘʟʤʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʥʘʙʣʶʜʘʶʱʠʡʩʷ ʩ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, 

ʥʦ ʚʦ ʚʩʝʭ  ʚʘʨʠʘʥʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ  ʚʦʟʙʫʞʜʝʥʠʝʤ  ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ. ʋʢʘʟʘʥʥʳʡ ʵʬʬʝʢʪ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪ 

ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ  ʠ ʩʦʭʨʘʥʷʝʪ ʤʘʢʩʚʝʣʣʦʚʩʢʠʡ ʚʠʜ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʯʘʩʪʠʮ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʬʬʝʢʪʘ ʃʘʥʜʘʫ, ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʥʘʜʪʝʧʣʦʚʳʝ ʠʦʥʳ ʠ ʵʣʝʢʪʨʦʥʳ 

ʧʨʠ ʣʝʥʛʤʶʨʦʚʩʢʦʤ ʢʦʣʣʘʧʩʝ ʚ ʝʛʦ ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ [4].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʢʦʣʣʘʧʩ, ʢʘʢ ʥʝʣʠʥʝʡʥʘʷ ʩʪʘʜʠʷ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʫʤʝʨʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʜʥʘʢʦ, ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʩʪʘʜʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʩʣʫʯʘʝʤ ʫʞʝ ʥʝ ʟʘʪʫʭʘʥʠʝʤ ʃʘʥʜʘʫ, ʘ 

ʧʦʧʝʨʝʯʥʳʤ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ  ʥʘʛʨʝʚʦʤ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʦʚ ʠ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʤ ʟʘʭʚʘʪʦʤ ʠʦʥʦʚ ʚ ʠʦʥʥʦ-ʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ. 
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ʥʝʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʩʨʝʜʠ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʧʦʟʚʦʣʠʚʰʠʭ ʩʥʘʯʘʣʘ 

ʧʨʝʜʩʢʘʟʘʪʴ, ʘ ʟʘʪʝʤ ʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʦʜʥʦʩʪʝʥʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʠʟʦʵʣʝʢʪʨʦʥʥʳʭ 

ʘʥʘʣʦʛʦʚ ʫʛʣʝʨʦʜʘ ï ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʟʘʤʝʱʝʥʠʝʤ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʦʜʥʦʩʣʦʡʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʢʘʭ (ʆʋʅʊ) ʥʘ ʘʪʦʤʳ ʙʦʨʘ - ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ BCnʪʨʫʙʢʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʨʫʙʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʩʚʝʨʪʢʦʡ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ  ʘʥʘʣʦʛʦʚ ʛʨʘʬʠʪʘ, ʪʘʢʠʭ, ʢʘʢ ʢʚʘʟʠʧʣʘʥʘʨʥʳʡ ʢʘʨʙʠʜ ʙʦʨʘ Bʉ3, ʠʤʝʶʪ 

ʤʝʥʴʰʫʶ ʵʥʝʨʛʠʶ ʜʝʬʦʨʤʘʮʠʠ, ʯʝʤ ʩʘʤʠ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʦʣʫʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʠʥʪʝʨʝʩʥʳʤʠ ʵʣʝʢʪʨʦʥʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ 

ʙʦʨʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʥʠʭ.  

ʕʪʦ ʨʦʞʜʘʝʪ ʤʥʦʞʝʩʪʚʦ ʠʥʪʝʨʝʩʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ɺ ʠ ʉ ʚ 

ʙʦʨʦʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʫʙʫʣʝʥʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʞʠʜʘʝʤʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʣʴʟʫ ʠ 

ʚʘʞʥʦʩʪʴ ʵʪʠʭ ʦʜʥʦʤʝʨʥʳʭ ʥʘʥʦʩʠʩʪʝʤ, ʠʭ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦ 

ʩʠʭ ʧʦʨ ʥʝ ʠʟʫʯʝʥʳ.  

ɺ 2003 ʛʦʜʫ ʫʯʝʥʳʤ ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʦʜʥʦʩʣʦʡʥʳʝ ʙʦʨʦʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʙʦʨʦʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙ ʤʝʪʦʜʦʤ 

ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʉʊʉ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʝ. ɼʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʥʦʚʳʡ ʢʣʘʩʩ ʥʘʥʦʪʫʙʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, 

ʦʙʣʘʜʘʶʱʠʭ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʪʢʨʳʚʘʶʱʠʤʠ 

ʰʠʨʦʯʘʡʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ 

ʙʦʨʦʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʫʙʫʣʷʨʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʥʫʪ ʦʙʨʘʟʫʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʥʦʚʳʭ 

ʩʪʨʫʢʪʫʨ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʜʦ ʟʘʱʠʪʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʆʜʥʘʢʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʤʥʝʥʠʷ ʦ ʥʘʠʙʦʣʝʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʙʦʨʦʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʯʝʛʦ ʥʝ 

ʠʟʚʝʩʪʥʦ ʦʙ ʠʭ ʵʣʝʢʪʨʦʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʥʘʥʦʪʫʙʫʣʷʨʥʳʭ ʙʦʨʩʦʜʝʨʞʘʱʠʭ 

ʩʪʨʫʢʪʫʨ ʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ 

ʘʢʪʫʘʣʴʥʳʤʠʚʚʠʜʫ ʦʞʠʜʘʝʤʳʭ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʤʝʥʝʥʠʷ.  

ɿʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʙʦʨʦʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʫʙʫʣʝʥʦʚ ʩʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʘʪʦʤʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʘʪʦʤʦʚ ʙʦʨʘ ʠ ʫʛʣʝʨʦʜʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʜʘʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ.  

ɺʦʟʤʦʞʥʳʤ ʚʘʨʠʘʥʪʦʤ ʙʦʨʦʫʛʣʝʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ 

ʢʘʨʙʠʜ ʙʦʨʘ ɺʉn ï ʝʛʦ ʢʚʘʟʠʧʣʘʥʘʨʥʘʷ ʬʦʨʤʘ, ʩʭʦʞʘʷ ʧʦ ʩʪʨʦʝʥʠʶ ʩ ʛʨʘʬʠʪʦʤ. ʕʪʦ 

ʦʜʥʦʤʝʨʥʘʷ ʧʣʦʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʦʜʦʙʥʳʭ ʫʛʣʝʨʦʜʥʳʤ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ 

ʮʠʢʣʦʚ. ʍʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʦʧʨʝʜʝʣʝʥʳ ʩʠʣʴʥʳʤʠ ʢʦʚʘʣʝʥʪʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʛʠʙʨʠʜʥʳʤʠ sp-ʦʨʙʠʪʘʣʷʤʠ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʥʘʥʦʪʫʙʫʣʝʥʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʪʦʤʦʚ ʙʦʨʘ ʚ ʢʣʘʩʪʝʨʘʭ (15%, 25%, 
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50%).ʊʘʢʞʝ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚ 

ʢʣʘʩʪʝʨʝ ʥʘʥʦʪʨʫʙʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʝʤʳʭ ʥʘʥʦʩʠʩʪʝʤ. 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʥʪʦʩʪʠ (DFT) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ B3LYP ʠ ʙʘʟʠʩʘ 6-31G. ɼʣʷ ʜʚʫʭ ʚʠʜʦʚ ʥʘʥʦʪʨʫʙʦʢ 

(ʢʦʥʮʝʥʪʨʘʮʠʠ 50% ʠ 25%) ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʮʝʧʦʯʝʢ 

ʘʪʦʤʘ ʙʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʥʘʥʦʪʨʫʙʢʠ: ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʝʝ; ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 15% ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʜʦʣʴ ʩʧʠʨʘʣʠ.  

 

 

ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ ʢʣʘʩʪʝʨʘ BC ʥʘʥʦʪʨʫʙʢʠ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʘʪʦʤʘʤʠ ʙʦʨʘ 

 

ɸʥʘʣʠʟ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ 

ʥʘʥʦʪʫʙʫʣʝʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʜʠʵʣʝʢʪʨʠʢʘʤ, ʧʨʠʯʝʤ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʙʦʨʘ (4,09 ʵɺ ʜʣʷ 15%, 2,99 ʵɺ 

ʜʣʷ 50%). ɸʥʘʣʠʟ ʟʘʨʷʜʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʠʥʪʝʨʝʩʥʳʝ ʚʳʚʦʜʳ ʦ 

ʚʦʟʤʦʞʥʳʭ ʩʬʝʨʘʭ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ʅʘ ʪʦʤʘʭ ʫʛʣʝʨʦʜʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʘ ʥʘ ʘʪʦʤʘʭ ʙʦʨʘ ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʘʪʦʤʦʚ ʧʨʦʜʦʣʴʥʦ 

ʛʣʘʚʥʦʡ ʦʩʠ ʪʫʙʫʣʝʥʘ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʥʦʢʦʥʜʝʥʩʘʪʦʨʦʚ ʧʨʠ ʠʭ ʧʦʧʝʨʝʯʥʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʄʂ-1735.2017.8. 
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ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (Finite-DifferenceTime-Domain, 

FDTD) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. 

ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʬʦʨʤʝ, ʧʦ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʝ ʁʝ [1], [2]. 

ʄʝʪʦʜ FDTD ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʨʝʟʦʥʘʥʩʥʳʤ ʤʝʪʦʜʘʤ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʨʘʩʯʝʪʦʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʫʢʪʫʨ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʧʦʨʷʜʢʘ ʜʣʠʥʳ ʚʦʣʥʳ. ʇʨʠ ʵʪʦʤ, ʯʪʦʙʳ ʧʦʛʨʝʰʥʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʝ ʥʝ ʧʨʝʚʳʰʘʣʘ 1.5%, h ʘʛ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ hʯʘʱʝ 

ʚʩʝʛʦ ʚʳʙʠʨʘʶʪ ʨʘʚʥʳʤ 1/20 ʜʣʠʥʳ ʚʦʣʥʳl ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ [3].ʆʜʥʘʢʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦʛʦ ʰʘʛʘ 

ʩʪʘʥʦʚʷʪʩʷ ʟʘʤʝʪʥʳʤʠ ʥʝʬʠʟʠʯʥʳʝ ʦʩʮʠʣʣʷʮʠʠ ʨʝʰʝʥʠʷ [4], [5]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʝʤʦʥʦʪʦʥʥʦʩʪʴʶ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ. ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʦʰʠʙʦʢ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʭ ʩʝʪʢʘʭ, ʚʳʙʠʨʘʷ h  ʩ ʫʯʝʪʦʤ ʢʘʢ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ (ʣʘʟʝʨʳ, ʩʚʝʪʦʜʠʦʜʳ) ʠ ʧʨʠʸʤʥʠʢʦʚ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʬʦʪʦʜʠʦʜ,r ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʀʂ-ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʠʤʦʝ, 

ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʳ ʠ ʪ.ʜ.) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʩʣʦʠʩʪʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʦʜʣʦʞʢʝ, ʧʨʠʯʝʤ ʪʦʣʱʠʥʳ ʩʣʦʝʚ 

ʤʦʛʫʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤʳ ʠʣʠ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ l. ʆʜʠʥ ʠʟ ʩʣʦʝʚ ʦʙʳʯʥʦ ʠʤʝʝʪ ʙʦʣʴʰʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, ʯʪʦ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʘʩʯʝʪʘʭ, ʪʘʢ ʢʘʢ 

ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪɹ ʢʦʥʪʨʘʩʪʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʀʟ-ʟʘ ʩʠʣʴʥʦʡ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʨʝʰʝʥʠʷ ʨʘʩʯʝʪʳ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʰʘʛʦʤ ʠʟʙʳʪʦʯʥʦ 

ʪʨʫʜʦʝʤʢʠ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʜʘʧʪʠʚʥʳʝ ʩʝʪʢʠ. 

 

 
ʈʠʩ. 1. ʆʜʠʥʘʨʥʘʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ. 

 

ʋʥʠʚʝʨʩʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʠʟʚʦʜʷʱʠʭ ʬʫʥʢʮʠʡ ʜʣʷ ʘʜʘʧʪʠʚʥʳʭ 

ʩʝʪʦʢ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʠʭ ʥʫʞʥʦ ʩʪʨʦʠʪʴ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʉʨʝʜʠ 

ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʩʝʪʦʢ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʢʚʘʟʠʨʘʚʥʦʤʝʨʥʳʝ ʩʝʪʢʠ [6], ʨʘʩʯʝʪʳ 

ʥʘ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩ ʤʥʦʛʦʢʨʘʪʥʳʤ ʩʛʫʱʝʥʠʝʤ. ʆʥʠ, ʪʘʢʞʝ ʢʘʢ ʠ 

ʨʘʚʥʦʤʝʨʥʳʝ ʩʝʪʢʠ [7], ʧʦʟʚʦʣʷʶʪ ʥʘʭʦʜʠʪʴ ʘʧʦʩʪʝʨʠʦʨʥʫʶ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʪʦʯʥʫʶ 

ʦʮʝʥʢʫ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠʤʝʥʷʷ ʬʦʨʤʫʣʳ ʈʠʯʘʨʜʩʦʥʘ [8] 

ʨʝʢʫʨʨʝʥʪʥʳʤ ʦʙʨʘʟʦʤ [6], ʤʦʞʥʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦʚʳʩʠʪʴ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ [9]. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʦʠʩʪʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʨʝʜʫ çʚʦʟʜʫʭ-ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ-ʚʦʟʜʫʭè, 

ʩʦʩʪʦʷʱʫʶ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʠʟ 2s+  ʩʣʦʝʚ. ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʧʨʦʠʟʚʦʜʷʱʘʷ ʬʫʥʢʮʠʷ 

ʠʟ [10],[11] ʭʦʨʦʰʦ ʧʝʨʝʜʘʶʱʘʷ ʚʩʝ ʜʝʪʘʣʠ ʨʝʰʝʥʠʷ (ʨʝʛʫʣʷʨʥʳʝ ʫʯʘʩʪʢʠ, ʧʦʛʨʘʥʠʯʥʳʝ 

ʩʣʦʠ, ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜʥʳʝ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʥʠʤʠ), ʙʳʣʘ ʦʙʦʙʱʝʥʘ ʥʘ ʩʣʫʯʘʡ ʛʨʘʥʠʮʳ 

mailto:v081297@mail.ru


ʊʨʫʜʳ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ çɺʦʣʥʳ-2017è.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʘʜʠʦʬʠʟʠʢʝ ʠ ʦʧʪʠʢʝ 
 

17 
 

ʨʘʟʜʝʣʘ çʚʦʟʜʫʭ-ʜʠʵʣʝʢʪʨʠʢè[12]. ʀʩʧʦʣʴʟʫʷ ʝʝ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʣʝʜʫʶʱʫʶ 

ʧʨʦʠʟʚʦʜʷʱʫʶ ʬʫʥʢʮʠʶ 
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 (1) 

ʛʜʝ [ ; ],L Rx x xÍ [0;2 2],sxÍ + ʥʦʤʝʨ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ i  ʧʨʦʙʝʛʘʝʪ ʟʥʘʯʝʥʠʷ ʦʪ 2 ʜʦ 

1s+. ɺʩʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʠʩ. 1. ʋʧʨʘʚʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ A  ʠ C ʜʣʷ 
ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʚʦʟʜʫʰʥʳʭ ʧʨʦʩʣʦʝʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʭ ʩʠʩʪʝʤ 

ʫʨʘʚʥʝʥʠʡ.  
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ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʩʘʤʦʡ ʩʪʨʫʢʪʫʨʳ 
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 (3) 

ɿʜʝʩʴ eī ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, kī ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪʳ ˉ 15-01-03524 ʠ 

 ̄16-31-00418). 
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ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ  

2
 ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 

azotov@gmail.com 

 

ʇʨʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʜʘʧʪʠʚʥʳʭ ʠ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʣʫʯʝʥʠʠ ʢʦʨʨʝʢʪʥʳʭ 

ʜʘʥʥʳʭ ʦʙ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʤ ʧʨʦʬʠʣʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʬʘʟʦʚʳʝ ʬʣʫʢʪʫʘʮʠʠ ʠʟʣʫʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʠ ʚʨʝʤʝʥʥʳʤʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʪʨʫʢʪʫʨʳ 

ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ. ʊʦʧʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʫʱʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ 

ʭʘʨʘʢʪʝʨ ʚʠʥʪʦʚʳʭ ʜʠʩʣʦʢʘʮʠʡ [1]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʦʧʨʦʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʠʥʪʦʚʳʭ ʜʠʩʣʦʢʘʮʠʡ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʦʩʚʝʱʝʥʠʝ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ 

ʦʢʘʟʘʣʠʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ. ʂ ʥʠʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʛʨʫʧʧʫ ʚʦʧʨʦʩʦʚ, 

ʢʘʩʘʶʱʠʭʩʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʧʨʠ ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʦʚʳʭ 

ʧʫʯʢʦʚ. ʊʘʢ, ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʥʫʞʜʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ 

ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʫʯʢʘʤ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʘʧʝʨʪʫʨʦʡ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʩʷ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʧʦʷʚʣʝʥʠʷ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʚʦʣʥʦʚʦʤ ʬʨʦʥʪʝ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʤ 

ʣʘʟʝʨʥʳʤ ʧʫʯʢʘʤ ʩ ʠʟʥʘʯʘʣʴʥʦ ʙʝʟʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ.  

ʈʘʩʩʤʦʪʨʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʠʯʠʥ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʷʚʣʝʥʠʶ 

ʘʥʦʤʘʣʠʡ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʙʳʣʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʤʦʪʨʝʥʦ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʝʛʦ ʧʨʦʬʠʣʴ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʫʧʝʨʛʘʫʩʩʦʚʦʡ ʬʫʥʢʮʠʝʡ. ʈʠʩ. 1 ï 3 ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʧʫʯʢʘ ʚ ʦʙʣʘʩʪʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʥʘ 

ʠʟʥʘʯʘʣʴʥʦʤ ʚʦʣʥʦʚʦʤ ʬʨʦʥʪʝ ʥʘ ʦʩʠ ʧʫʯʢʘ ʠʤʝʝʪ ʤʝʩʪʦ çʧʨʦʚʘʣè, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ 

ʚ ʦʙʣʘʩʪʠ ʢʦʪʦʨʦʛʦ ʟʘʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

 Ὂὼ ὃϽψὼ ὼ ȟ  (1) 

ʛʜʝ ɸ ï ʥʦʨʤʠʨʦʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʜʘʶʱʠʡ ʠʩʭʦʜʥʫʶ ʚʝʣʠʯʠʥʫ ʩʪʨʝʣʳ ʧʨʦʛʠʙʘ 

ʬʨʦʥʪʘ; ʭ ï ʟʥʘʯʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʢʦʦʨʜʠʥʘʪʳ. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʧʦʣʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ (ʩʧʨʘʚʘ), ʩʠʩʪʝʤʘ ʵʢʚʠʬʘʟʥʳʭ ʣʠʥʠʡ 

(ʩʣʝʚʘ). ʭ,z ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʧʝʨʝʯʥʘʷ ʠ ʧʨʦʜʦʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʳ. 
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʧʦʣʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ (ʩʧʨʘʚʘ), ʩʠʩʪʝʤʘ ʵʢʚʠʬʘʟʥʳʭ ʣʠʥʠʡ 

(ʩʣʝʚʘ). ɺʝʣʠʯʠʥʘ ʩʪʨʝʣʳ ʧʨʦʛʠʙʘ ʨʘʚʥʘ 0.75 ʦʪ ʠʩʭʦʜʥʦʡ.  

 

 
ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʧʦʣʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ (ʩʧʨʘʚʘ), ʩʠʩʪʝʤʘ ʵʢʚʠʬʘʟʥʳʭ ʣʠʥʠʡ 

(ʩʣʝʚʘ). ɺʝʣʠʯʠʥʘ ʩʪʨʝʣʳ ʧʨʦʛʠʙʘ ʨʘʚʥʘ 0.5 ʦʪ ʠʩʭʦʜʥʦʡ. 

 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʩʫʱʝʩʪʚʣʝʥʥʦʝ ʤʝʪʦʜʦʤ ʨʘʟʣʦʞʝʥʠʷ ʟʘʜʘʥʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʧʣʦʩʢʠʤ ʚʦʣʥʘʤ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʫʯʢʘ ʧʦʣʦʞʝʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʦʚʳʭ ʜʠʩʣʦʢʘʮʠʡ ʟʘʚʠʩʠʪ ʦʪ 

ʟʥʘʯʝʥʠʷ ʩʪʨʝʣʳ ʧʨʦʛʠʙʘ ʚʦʣʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʪʨʝʣʳ ʧʨʦʛʠʙʘ 

ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʣʦʢʘʮʠʡ ʩʥʠʞʘʝʪʩʷ, ʠ ʟʘʤʝʪʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʅʘʯʠʥʘʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʪʨʝʣʳ ʧʨʦʛʠʙʘ, ʚʠʥʪʦʚʳʝ 

ʜʠʩʣʦʢʘʮʠʠ ʚ ʧʦʣʝ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʧʨʠ ʥʘʣʠʯʠʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʧʨʠʜʘʶʱʠʭ 

ʚʦʣʥʦʚʦʤʫ ʬʨʦʥʪʫ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳʤ 

ʫʩʣʦʚʠʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʥʪʦʚʳʭ ʜʠʩʣʦʢʘʮʠʡ, ʷʚʣʷʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʬʘʟʳ ʦʪ ʬʘʟʳ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʥʘ ʚʝʣʠʯʠʥʫ, 

ʧʨʝʚʦʩʭʦʜʷʱʫʶ „  “Ⱦτ.  

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʨʦʚʝʨʢʫ 

ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʘʥʘʣʦʛʠʯʥʘ 

ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [2]. ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʤʥʦʛʦʧʨʦʭʦʜʥʫʶ ʦʧʪʠʯʝʩʢʫʶ ʢʶʚʝʪʫ. ʀʟʤʝʥʷʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʨʝʞʠʤ ʚʥʫʪʨʠ ʢʶʚʝʪʳ ʠ ʩʢʦʨʦʩʪʴ ʧʨʦʢʘʯʢʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʩʨʝʜʳ, ʤʦʞʥʦ ʙʳʣʦ ʤʝʥʷʪʴ 

ʫʨʦʚʝʥʴ ʚʦʟʤʫʱʝʥʠʡ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʥʘ ʚʳʭʦʜʝ ʢʶʚʝʪʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
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ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʬʣʫʢʪʫʘʮʠʡ ʬʘʟʳ ʥʘ ʚʳʭʦʜʝ ʢʶʚʝʪʳ ʧʨʝʚʳʰʘʣʦ ʚʝʣʠʯʠʥʫ 

„  “Ⱦτ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʢʶʚʝʪʳ, ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʚʝʨʦʷʪʥʦʩʪʠ, ʤʦʞʥʦ 

ʙʳʣʦ ʦʙʥʘʨʫʞʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʥʪʦʚʳʭ ʜʠʩʣʦʢʘʮʠʡ ʬʘʟʳ. ʀʭ ʥʘʣʠʯʠʝ ʠ ʧʦʣʦʞʝʥʠʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʦʩʴ ʧʫʪʝʤ ʬʠʢʩʘʮʠʠ ʥʘ ʩʜʚʠʛʦʚʳʭ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʭ ʪʦʯʝʢ ʚ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʦ ʚʝʪʚʣʝʥʠʝ ʠʥʪʝʨʬʝʨʝʮʠʦʥʥʳʭ ʧʦʣʦʩ. ʅʘ ʈʠʩ. 4 ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʦʚ ʧʨʠʚʝʜʝʥʳ ʩʜʚʠʛʦʚʳʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʠʟʥʘʯʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʠ ʢ ʩʪʨʫʢʪʫʨʝ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʦʪ ʥʘʯʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 
 

 
ʈʠʩ. 4. ʉʜʚʠʛʦʚʳʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ: ʠʟʥʘʯʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ (ʩʧʨʘʚʘ), ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

25 ʤʝʪʨʦʚ ʦʪ ʥʘʯʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʩʣʝʚʘ). ʂʨʘʩʥʳʡ ʢʨʫʛ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʠʥʪʦʚʫʶ ʜʠʩʣʦʢʘʮʠʶ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʷʚʣʝʥʠʝ ʚ ʣʘʟʝʨʥʳʭ ʧʫʯʢʘʭ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʦʧʪʠʯʝʩʢʠʭ ʪʨʘʢʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʬʘʟʦʚʳʭ ʘʥʦʤʘʣʠʡ 

ʥʘ ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 
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ʄ.ʂ. ʂʝʧʧʝʨ
1
, ʅ.ɽ. ʐʘʧʢʠʥʘ

1, 2 

1
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ

 

2
ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʈɸʅ 

kepper.maria@gmail.com 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʝʠʚʘʶʱʠʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʦʙʣʘʩʪʴ ʧʨʠʢʣʘʜʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʢʦʤʧʘʢʪʥʳʝ 

ʧʦʣʠʛʦʥʳ, ʢʘʢ ʤʦʱʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʝʠʚʘʶʱʠʭ 

ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʦʚ ʘʥʪʝʥʥ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʙʝʟʵʭʦʚʦʡ ʢʘʤʝʨʳ ʚ ʬʦʨʤʝ ʢʦʥʠʯʝʩʢʦʛʦ ʠ ʩʝʢʪʦʨʠʘʣʴʥʦʛʦ ʨʫʧʦʨʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʝ ʟʘʜʘʯʠ: ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʫʧʦʨʘ ʷʚʣʷʝʪʩʷ 

ʠʜʝʘʣʴʥʦ ʧʨʦʚʦʜʷʱʝʡ, ʚʦ ʚʪʦʨʦʤ - ʧʦʢʨʳʪʘ ʜʠʵʣʝʢʪʨʠʢʦʤ. 

ʇʫʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʨʫʧʦʨ ʠʤʝʝʪ ʚʳʩʦʪʫ h ʠ ʫʛʦʣ ʨʘʩʢʨʳʚʘ Ẳ. ɺʚʦʜʠʪʩʷ 

ʩʬʝʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʩ ʮʝʥʪʨʦʤ ʚ ʚʝʨʰʠʥʝ ʨʫʧʦʨʘ, ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ, ʚ ʦʙʣʘʩʪʠ: 

. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʠʧʦʣʴ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ( )0 0 0, ,Rq j  ʠ ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʜʦʣʴ ʦʨʪʘ j. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ çʨʘʩʢʨʳʚʝè ʨʫʧʦʨʘ. 

ɺ ʩʣʫʯʘʝ ʠʜʝʘʣʴʥʦ ʧʨʦʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʫʩʘ ʢʦʤʧʦʥʝʥʪʳ 

ʧʦʣʷ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [1]: 

 

 

 

 , 

ʛʜʝ ʬʫʥʢʮʠʠ U ʠ Vï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʬʫʥʢʮʠʠ ɻʝʨʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʥʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʨʘʚʥʝʥʠʶ: 

 

ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʚʦʣʥʦʚʳʤ. ɼʣʷ ʬʫʥʢʮʠʡ  ʫʨʘʚʥʝʥʠʷ 

ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ: 

 

ʌʫʥʢʮʠʠ u ʠ v ʧʦʟʚʦʣʷʶʪ ʩʚʝʩʪʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʧʦʣʷ ʢ ʨʝʰʝʥʠʶ ʚʦʣʥʦʚʳʭ 

ʫʨʘʚʥʝʥʠʡ. ʇʨʝʜʩʪʘʚʠʤ ʬʫʥʢʮʠʠ u ʠ v (ʧʦʪʝʥʮʠʘʣʳ ɼʝʙʘʷ) ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦ 

ʩʦʙʩʪʚʝʥʥʳʤ ʬʫʥʢʮʠʷʤ ʢʦʥʫʩʘ ʠ [1]: 

file:///G:/t/dock/waves%202017/Тезисы/Сборник%20трудов/kepper.maria@gmail.com
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ʇʨʠ ɻʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʢʦʥʫʩ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʦʜʥʦʨʦʜʥʳʤ ʠ ʠʟʦʪʨʦʧʥʳʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʩʭʦʜʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. 

ɹʳʣ ʨʘʩʩʤʦʪʨʝʥ ʪʘʢʞʝ ʩʣʫʯʘʡ ʠʤʧʝʜʘʥʩʥʦʛʦ ʧʦʢʨʳʪʠʷ ʢʦʥʫʩʘ, ʚ ʢʦʪʦʨʦʤ ʫʩʣʦʚʠʷ 

ʥʘ ʛʨʘʥʠʮʝ ʧʨʠʥʠʤʘʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  

ʇʨʠ  ʚʳʧʦʣʥʷʝʪʩʷ [nôE]=-z[nô[nôH]],  

ʛʜʝ  

ʇʨʠ ʨʘʩʯʝʪʘʭ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ =6-i6, =6-i6, ʪʦʣʱʠʥʘ ʤʘʪʝʨʠʘʣʘ ʥʘ ʩʪʝʥʢʘʭ 

ʨʫʧʦʨʘ = 0.225 ʤ. 

 

 
ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ çʚ ʨʘʟʨʝʟʝè ʧʨʠ z=h 

 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ FEKO ʠ 

ʧʨʦʛʨʘʤʤʳ Matematika. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 
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ʨʳè, ʂʦʥʬʝʨʝʥʮʠʷ çʃʦʤʦʥʦʩʦʚ-2017è. 
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ʄʠʢʨʦʨʝʟʦʥʘʪʦʨʳ ʩ ʤʦʜʘʤʠ ʰʝʧʯʫʱʝʡ ʛʘʣʝʨʝʠ (ʄʐɻ) ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʜʣʷ ʙʫʜʫʱʠʭ ʬʦʪʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʦʯʝʪʘʶʪ ʩʚʝʨʭʚʳʩʦʢʫʶ 

ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʩ ʥʝʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ ʠ ʦʙʲʸʤʦʤ ʤʦʜʳ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʧʨʠʣʦʞʝʥʠʡ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʜ ʠ ʥʘʜʝʞʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʰʫʤʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʪʝʨʤʠʯʝʩʢʠʝ ʠ ʢʚʘʥʪʦʚʳʝ 

ʬʣʫʢʪʫʘʮʠʠ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ, ʝʩʣʠ ʠʟʙʝʞʘʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʰʫʤʦʚ. ʇʝʨʚʳʤ 

ʪʝʧʣʦʚʳʤ ʰʫʤʦʤ, ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʚ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘʭ, ʙʳʣ ʪʝʨʤʦʨʝʬʨʘʢʪʠʚʥʳʡ ʰʫʤ 

[1]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʤʠʢʨʦʩʬʝʨ ʠʟ ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ ʙʳʣʠ 

ʥʘʡʜʝʥʳ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʨʝʜʩʢʘʟʘʥʠʝʤ. ɹʨʦʫʥʦʚʩʢʠʡ ʰʫʤ 

ʤʠʢʨʦʪʦʨʦʠʜʘ WGM ʙʳʣ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʟʤʝʨʝʥ [2] ʠ ʩʨʘʚʥʝʥ ʩ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʴʶ ʰʫʤʘ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʚʦʟʤʦʞʥʳʭ ʰʫʤʦʚ ʚ ʤʠʢʨʦʜʠʩʢʘʭ WGM ʤʦʞʥʦ 

ʥʘʡʪʠ ʚ [3]. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʜʝʤʦʥʩʪʨʠʨʫʝʤ ʤʝʪʦʜ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ 

ʰʫʤʦʚ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ WGM. ʄʳ ʧʦʢʘʟʳʚʘʝʤ, ʯʪʦ 

ʨʝʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʨʝʟʦʥʘʪʦʨʘ ʤʘʣʦ ʚʣʠʷʝʪ ʥʘ ʩʧʝʢʪʨ ʪʝʨʤʦʨʝʬʨʘʢʪʠʚʥʳʭ ʰʫʤʦʚ ʠ ʯʪʦ 

ʫʧʨʦʱʝʥʥʘʷ ʬʦʨʤʫʣʘ ʙʝʩʢʦʥʝʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ [1] ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʦʙʱʝʡ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʰʫʤʦʚ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʬʣʫʢʪʫʘʮʠʦʥʥʦ-ʜʠʩʩʠʧʘʮʠʦʥʥʫʶ ʪʝʦʨʝʤʫ 

ʚ ʬʦʨʤʫʣʠʨʦʚʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ [4]. ʕʪʘ ʬʦʨʤʫʣʠʨʦʚʢʘ ʣʝʛʢʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʡ 

ʘʣʛʦʨʠʪʤ.  

1. ɺʳʙʨʘʪʴ ʦʙʦʙʱʸʥʥʫʶ ʢʦʦʨʜʠʥʘʪʫ x, ʦʧʠʩʳʚʘʶʱʫʶ ʩʠʩʪʝʤʫ. 

2. ʇʨʝʜʩʪʘʚʠʪʴ ʥʘʙʣʶʜʘʝʤʫʶ ʚ ʚʠʜʝ ñ= rdrqrxy 3)()(
CC

.  

3. ʇʦʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʩʠʩʪʝʤʫ ʩʣʘʙʦʡ ʦʙʦʙʱʸʥʥʦʡ ʩʠʣʦʡ )()cos(0 rqtFf
C

w= , 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʩʦʧʨʷʞʸʥʥʦʡ ʢ x (ʪ.ʝ. ʨʘʙʦʪʘ ʵʪʦʡ ʩʠʣʳ ʨʘʚʥʘ ñ= fdxWf ).  

4. ʈʘʩʩʯʠʪʘʪʴ ʦʪʢʣʠʢ ʩʠʩʪʝʤʳ ʥʘ ʜʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʨʘʩʩʝʷʥʥʫʶ ʵʥʝʨʛʠʶ Wdiss 

5. ʈʘʩʩʯʠʪʘʪʴ ʩʧʝʢʪʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ 
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ɺ ʩʣʫʯʘʝ ʨʝʟʦʥʘʪʦʨʘ ʥʘʙʣʶʜʘʝʤʦʡ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ, ʘ ʪʦʯʥʝʝ ʝʸ 

ʩʜʚʠʛ. ʆʥʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʜʠʫʩʘ ʨʝʟʦʥʘʪʦʨʘ ʠ ʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ɺ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ 
Rn

lc
=w , ʛʜʝ c  -- ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, R  -- ʨʘʜʠʫʩ, n -- ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ, l -- ʦʨʙʠʪʘʣʴʥʦʝ ʯʠʩʣʦ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ  
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ʛʜʝ jA -- ʘʤʧʣʠʪʫʜʳ ʤʦʜ ʨʝʟʦʥʘʪʦʨʘ, je
C

 -- ʠʭ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ, edĔ -- ʠʟʤʝʥʝʥʠʝ 

ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʩʜʚʠʛ ʯʘʩʪʦʪʳ 
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ʊʨʫʜʳ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ çɺʦʣʥʳ-2017è.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʘʜʠʦʬʠʟʠʢʝ ʠ ʦʧʪʠʢʝ 
 

24 
 

ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ ʪʘʢ ʞʝ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʪʘʢʦʡ ʬʦʨʤʝ. ʆʪʥʦʰʝʥʠʝ 

ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʚ ʤʦʜʘʭ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʝʡ ʠ ʠʥʪʝʛʨʘʣʦʚ ʧʝʨʝʢʨʳʪʠʷ ʤʦʜ 

ʩ ʧʦʣʝʤ ʥʘʢʘʯʢʠ: 
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ʇʝʨʚʘʷ (ʯʘʩʪʦʪʥʘʷ) ʯʘʩʪʴ ʦʙʳʯʥʦ ʤʦʞʝʪ ʙʳʪʴ ʙʣʠʟʢʘ ʢ 1 ʪʦʣʴʢʦ ʜʣʷ ʤʦʜ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʦʨʙʠʪʘʣʴʥʳʤʠ ʯʠʩʣʘʤʠ l. ɺʪʦʨʘʷ ʯʘʩʪʴ ï ʥʘʦʙʦʨʦʪ ʙʣʠʟʢʘ ʢ 1 ʪʦʣʴʢʦ ʜʣʷ ʤʦʜ ʦʜʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʨʘʜʠʘʣʴʥʳʤʠ ʠ ʧʦʧʝʨʝʯʥʳʤʠ ʤʦʜʦʚʳʤʠ ʯʠʩʣʘʤʠ q ʠ p. 

ʊʝʨʤʦʨʝʬʨʘʢʪʠʚʥʳʡ ʰʫʤ ʚ ʨʝʟʦʥʘʪʦʨʝ ï ʩʜʚʠʛ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʧʨʠ 

ʬʣʫʢʪʫʘʮʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ-ʟʘ ʪʝʨʤʦʨʝʬʨʘʢʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ. ɺ ʩʪʘʪʴʝ [1] ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ 
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ʛʜʝ Bk  -- ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, T  -- ʪʝʤʧʝʨʘʪʫʨʘ, ə -- ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ɟ -- 

ʧʣʦʪʥʦʩʪʴ, C ï ʪʝʧʣʦʸʤʢʦʩʪʴ, rd  ʠ zd  -- ʧʦʣʫʰʠʨʠʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʦʜʳ (ʧʦ 

ʵʥʝʨʛʠʠ). ʕʪʠ ʬʦʨʤʫʣʘ ʩʧʨʘʚʝʜʣʠʚʘ ʪʦʣʴʢʦ ʧʨʠ rz dd > , ʦʜʥʘʢʦ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʧʨʠ rz dd <  ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʝʥʷʪʴ rd  ʠ zd  ʤʝʩʪʘʤʠ ʚ (4) ʠ (5). ʇʨʠ rz dd =  

ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʚʳʨʘʞʝʥʠʝ.  

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʙʝʨʝʤ ʦʙʦʙʱʸʥʥʦʡ ʢʦʦʨʜʠʥʘʪʦʡ ʪʝʤʧʝʨʘʪʫʨʫ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʨʝʟʦʥʘʪʦʨʘʭ ʤʦʜʳ ʚʳʨʦʞʜʝʥʳ ʧʦ ʘʟʠʤʫʪʘʣʴʥʦʤʫ 

ʯʠʩʣʫ, ʤʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ (3) ʙʣʠʟʢʦ ʢ 1 ʪʦʣʴʢʦ ʜʣʷ ʤʦʜʳ ʥʘʢʘʯʢʠ. ʊʘʢ ʢʘʢ 

ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʝ ʚʦʟʥʠʢʘʝʪ ʥʠʢʘʢʠʭ ʨʝʟʦʥʘʥʩʦʚ, ʤʦʞʥʦ 

ʩʤʝʣʦ ʦʛʨʘʥʠʯʠʪʴ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʡ ʤʦʜʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ (2) 

ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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ʈʘʩʩʝʷʥʥʫʶ ʵʥʝʨʛʠʶ ʥʘʡʜʸʤ  
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ɻʜʝ T
~

 -- ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʬʣʫʢʪʫʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ [ ]tieTT wd
~

Á= , jb  -- 

ʪʝʨʤʦʨʝʬʨʘʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ 10 =S  ɼʞ ï ʨʘʟʤʝʨʥʘʷ ʥʦʨʤʠʨʦʚʢʘ. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ [1] ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ (4)-(5) ʠ [2]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʘ ʩʯʸʪ ʩʚʷʟʠ 

ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʰʫʤʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʨʘʞʝʥʠʶ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦʛʦ ʦʪʢʨʳʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʋʯʸʪ ʞʝ ʛʨʘʥʠʮ 

ʧʨʠ ʧʦʤʦʱʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʦʤ ʨʝʟʦʥʘʪʦʨʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʦʰʠʙʢʝ. ʕʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʧʨʠʤʝʨʝ [2], ʛʜʝ ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʜʣʷ 

ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ CaF2 ʜʠʩʢʘ. 
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ʈʠʩ. 1. ʉʣʝʚʘ: ʩʨʘʚʥʝʥʠʝ ʪʝʦʨʠʠ (4)-(5), ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩ ʦʢʨʫʞʝʥʠʝʤ ʠ ʙʝʟ), ʵʢʩʧʝʨʠʤʝʥʪʘ [1] ʠ 

ʬʦʨʤʫʣʳ A15 ʠʟ ʧʨʠʣʦʞʝʥʠʷ [1] ʜʣʷ ʪʝʨʤʦʨʝʬʨʘʢʪʠʚʥʦʛʦ ʰʫʤʘ SiO2 ʩʬʝʨʳ. ʉʧʨʘʚʘ: ʩʨʘʚʥʝʥʠʝ ʪʝʦʨʠʠ 

(4)-(5), ʪʝʦʨʠʠ [3] ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩ ʦʢʨʫʞʝʥʠʝʤ ʠ ʙʝʟ) ʜʣʷ ʪʝʨʤʦʨʝʬʨʘʢʪʠʚʥʦʛʦ ʰʫʤʘ CaF2 ʜʠʩʢʘ. 

 
ɹʨʦʫʥʦʚʩʢʠʡ ʰʫʤ ï ʠʟʤʝʥʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʡ ʚʩʣʝʜʩʪʚʠʝ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʯʘʩʪʠʮ ʚʝʱʝʩʪʚʘ ʨʝʟʦʥʘʪʦʨʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʝʛʦ ʛʨʘʥʠʮʳ. ʃʝʛʢʦ ʧʦʣʫʯʠʪʴ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʨʝʟʦʥʘʥʩʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ [2]: 
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ʛʜʝ jW  -- ʯʘʩʪʦʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʦʜ, jG  -- ʠʭ ʧʦʪʝʨʠ (ʧʦʣʥʘʷ ʰʠʨʠʥʘ), jm  -- ʠʭ 

ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʩʩʳ. ɺ ʩʪʘʪʴʝ [3] ʙʳʣʦ ʜʘʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʥʠʟʰʝʡ ʤʦʜʳ 
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m R . ɿʜʝʩʴ su  -- ʩʢʦʨʦʩʪʴ 

ʟʚʫʢʘ ʚ ʤʘʪʝʨʠʘʣʝ ʨʝʟʦʥʘʪʦʨʘ, k -- ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, a-- ʪʝʧʣʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ, K  -- 

ʦʙʲʸʤʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, RV  -- ʦʙʲʸʤ ʨʝʟʦʥʘʪʦʨʘ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɹʨʦʫʥʦʚʩʢʦʛʦ ʰʫʤʘ ʫʜʦʙʥʦ ʧʨʠʥʷʪʴ ʦʙʦʙʱʸʥʥʦʡ 

ʢʦʦʨʜʠʥʘʪʦʡ ʧʦʣʝ ʩʤʝʱʝʥʠʡ ʫʧʨʫʛʦʛʦ ʪʝʣʘ u
C
, ʪʦʛʜʘ ʦʙʦʙʱʸʥʥʦʡ ʩʠʣʦʡ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ 

ʧʨʦʩʪʦ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʟʦʥʘʪʦʨʘ. ʇʨʠ ʤʘʣʳʭ ʜʝʬʦʨʤʘʮʠʷʭ, ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʨʘʜʠʫʩʘ ʨʝʟʦʥʘʪʦʨʘ ʢʘʢ ʣʦʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ: 

 )()())'(()( rurrurr
CCCCCCCC
eeee Ð-º-­ , (9) 

ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ, ʩ ʫʯʸʪʦʤ ʧʦʣʷʨʠʟʘʮʠʠ [5], ʜʘʸʪ 
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ʛʜʝ erre eee ĔĔĔ -=D  ʠ 111 ĔĔĔ --- -=D erre eee  -- ʨʘʟʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ 

ʨʝʟʦʥʘʪʦʨʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʠʭ ʦʙʨʘʪʥʳʭ ʚʝʣʠʯʠʥ, Sn
C

 -- ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʟʦʥʘʪʦʨʘ, ||je
C

 ʠ ( )̂^= jj ed
CC
eĔ  -- ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʠʥʜʫʢʮʠʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʨʝʟʦʥʘʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʞʝ ʥʝ ʧʦʣʫʯʠʪʩʷ ʧʨʝʥʝʙʨʝʯʴ 

ʧʝʨʝʢʨʸʩʪʥʳʤʠ ʯʣʝʥʘʤʠ, ʢʘʢ ʵʪʦ ʜʝʣʘʣʦʩʴ ʜʣʷ ʪʝʨʤʦʨʝʬʨʘʢʪʠʚʥʦʛʦ ʰʫʤʘ, ʪʘʢ ʢʘʢ 

ʫʨʘʚʥʝʥʠʝ ʫʧʨʫʛʦʩʪʠ ʚʳʜʘʩʪ ʨʝʟʦʥʘʥʩʳ. ʊʘʢ ʢʘʢ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ (10) ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʦʥʘʪʦʨʘ, ʪʦ ʠ ʧʨʦʙʥʘʷ ʩʠʣʘ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʨʠʣʦʞʝʥʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ: 
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ʛʜʝ sĔ -- ʪʝʥʟʦʨ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʠ 10 =F  ʅÖʤ ï ʨʘʟʤʝʨʥʘʷ ʥʦʨʤʠʨʦʚʢʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʊɽ ʤʦʜ (ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚʜʦʣʴ ʦʩʠ ʨʝʟʦʥʘʪʦʨʘ) ʚʪʦʨʦʡ ʯʣʝʥ ʚ 

ʩʢʦʙʢʘʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʳʤ ʥʦʣʶ, ʘ ʜʣʷ ʊʄ ʤʦʜ (ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚʜʦʣʴ ʨʘʜʠʫʩʘ 

ʨʝʟʦʥʘʪʦʨʘ) ʧʝʨʚʳʡ ʯʣʝʥ ʨʘʚʝʥ ʥʦʣʶ. ʈʘʩʩʝʷʥʥʫʶ ʵʥʝʨʛʠʶ ʥʘʡʜʸʤ ʯʝʨʝʟ ʫʛʦʣ ʧʦʪʝʨʴ 

 rdW ikiklossdiss

3

ñ= sxj , (12) 

ʛʜʝ ikx  -- ʪʝʥʟʦʨ ʜʝʬʦʨʤʘʮʠʠ. 

 

 
ʈʠʩ. 2. ʉʣʝʚʘ: ʩʨʘʚʥʝʥʠʝ ʪʝʦʨʠʠ (8)[3] (ʢʨʘʩʥʘʷ), ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʨʦʫʥʦʚʩʢʦʛʦ ʰʫʤʘ CaF2 ʜʠʩʢʘ. ʅʘ 

ʨʠʩʫʥʢʝ ʪʘʢ ʞʝ ʧʦʢʘʟʘʥ ʰʫʤ (8) ʩ ʧʦʜʩʪʘʥʦʚʢʦʡ ʦʙʲʤyʘ ʄʐɻ ʚʤʝʩʪʦ ʦʙʲʤyʘ ʨʝʟʦʥʘʪʦʨʘ. ʉʧʨʘʚʘ: ʧʝʨʚʳʝ 

ʯʝʪʳʨʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʦʜʳ ʤʠʢʨʦʜʠʩʢʘ, ʢʦʪʦʨʳʝ ʚʠʜʥʦ ʚ ʙʨʦʫʥʦʚʩʢʦʤ ʰʫʤʝ. ʇʝʨʚʳʝ ʜʚʝ ʤʦʜʳ ʷʚʣʷʶʪʩʷ 

ʚʝʨʪʠʢʘʣʴʥʳʤʠ, ʚʪʦʨʳʝ ʜʚʝ -- ʨʘʜʠʘʣʴʥʳʤʠ. ʈʘʜʠʘʣʴʥʘʷ ʤʦʜʘ ʩ ʯʘʩʪʦʪʦʡ Ý0, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʩʣʝʜ ʟʘ [3] 

ʷʚʣʷʝʪʩʷ ʰʝʩʪʦʡ ʧʦ ʯʘʩʪʦʪʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʦʡ. 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʝʦʨʠʠ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʜʣʷ ʨʝʟʦʥʘʪʦʨʘ ʠʟ 

[2]. ɺʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʝʟʦʥʘʥʩʦʚ, ʢʘʢ ʩʧʨʘʚʘ ʪʘʢ ʠ ʩʣʝʚʘ ʦʪ ʥʝʛʦ. 

ʇʝʨʚʳʝ ʧʷʪʴ ʤʦʜ ʷʚʣʷʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʤʠ, ʜʚʝ ʥʠʟʰʠʝ ʠʟ ʥʠʭ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 2 

ʩʧʨʘʚʘ ʚʚʝʨʭʫ ʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʙʨʦʫʥʦʚʩʢʦʤ ʰʫʤʝ. ɽʱʸ ʪʨʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʚ ʥʸʤ 

ʦʪʩʫʪʩʪʚʫʶʪ. ʈʘʜʠʘʣʴʥʘʷ ʤʦʜʘ ʩ ʯʘʩʪʦʪʦʡ 0W , ʷʚʣʷʝʪʩʷ ʰʝʩʪʦʡ ʧʦ ʯʘʩʪʦʪʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʦʡ. ʉʣʝʜʫʶʱʘʷ ʨʘʜʠʘʣʴʥʘʷ ʤʦʜʘ -- ʜʝʩʷʪʦʡ (ʨʠʩ. 2 ʩʧʨʘʚʘ ʚʥʠʟʫ). 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʘʢ ʞʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʄʦʞʥʦ ʜʦʙʠʪʴʩʷ ʣʫʯʰʝʛʦ 

ʩʦʦʪʚʝʪʩʪʚʠʷ, ʝʩʣʠ ʚ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʝ ʟʘʤʝʥʠʪʴ ʦʙʲʸʤ ʨʝʟʦʥʘʪʦʨʘ ʥʘ ʦʙʲʸʤ 

ʦʧʪʠʯʝʩʢʦʡ ʤʦʜʳ rzm dRdV p2º , ʧʨʝʜʧʦʣʦʞʠʚ, ʯʪʦ ʜʣʷ ʰʫʤʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʦʙʲʸʤ, 

ʙʣʠʟʢʠʡ ʢ ʦʙʲʸʤʫ ʄʐɻ, ʘ ʥʝ ʚʩʝʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʚ [3]. 

ʊʘʢ ʞʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ [2] ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ 

ʧʦʣʫʯʝʥʥʳʤʠ ʪʘʤ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.  
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ʈʠʩ. 3. ʉʨʘʚʥʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ [2] ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʠʢʨʦʪʦʨʦʠʜʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʠʤʝʥʝʥʠʝ ʬʣʫʢʪʫʘʮʠʦʥʥʦ-ʜʠʩʩʠʧʘʮʠʦʥʥʦʡ 

ʪʝʦʨʝʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʨʤʦʨʝʬʨʘʢʪʠʚʥʦʛʦ ʰʫʤʘ ʚ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘʭ ʩ ʤʦʜʘʤʠ 

ʰʝʧʯʫʱʝʡ ʛʘʣʝʨʝʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ ʠ 

ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʘ. ɽʛʦ ʪʘʢʞʝ ʤʦʞʥʦ ʣʝʛʢʦ ʦʙʦʙʱʠʪʴ ʥʘ ʜʨʫʛʠʝ ʪʠʧʳ ʰʫʤʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʝʨʤʦʨʝʬʨʘʢʪʠʚʥʳʡ ʰʫʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʠ ʨʝʟʦʥʘʪʦʨʘ ʧʨʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʠ ʨʘʚʝʥ 

ʧʨʠʙʣʠʞʝʥʥʦʤʫ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʚʳʨʘʞʝʥʠʶ. ʆʜʥʘʢʦ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʩʚʷʟʴ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʠ ʦʧʦʨʫ ʤʦʞʝʪ ʥʝʤʥʦʛʦ ʠʟʤʝʥʠʪʴ ʰʫʤ. ɺʳʨʘʞʝʥʠʝ 

ʜʣʷ ʪʝʨʤʦʨʝʬʨʘʢʪʠʚʥʦʛʦ ʰʫʤʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʜʣʷ ʜʠʩʢʦʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʚ [3], ʙʳʣʦ 

ʥʘʡʜʝʥʦ ʥʝʩʦʚʤʝʩʪʠʤʳʤ ʩ ʤʦʜʝʣʴʥʳʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ 

ɹʨʦʫʥʦʚʩʢʠʡ ʰʫʤʘ ʪʘʢ ʞʝ ʙʣʠʟʦʢ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʚʪʦʨʷʷ ʚʩʝ 

ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ 17-02-00522). 

 

ʃʀʊɽʈɸʊʋʈɸ 

 

1. M. L. Gorodetsky, I.S. Grudinin // J.Opt. Soc. Am. B. 2004. Vol. 21, No. 4. P. 697. 

2. A. Schliesser, et al. // New Journal of Physics 2008 Vol. 10 P. 095015 

3. A.B. Matsko, et al. // J. Opt. Soc. Am. B 2007 Vol. 24 P. 1324ï1335 

4. Y. Levin // Physics Letters A 2008 Vol. 372 P. 1941 ï 1944 

5. Skorobogatiy. 

  



ʊʨʫʜʳ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ çɺʦʣʥʳ-2017è.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʘʜʠʦʬʠʟʠʢʝ ʠ ʦʧʪʠʢʝ 
 

28 
 

ʋʯʝʪ ʵʬʬʝʢʪʘ ʥʝʣʦʢʘʣʴʥʦʩʪʠ ʧʨʠ ʨʘʩʩʝʷʥʠʠ ʩʚʝʪʘ ʥʘ ʧʣʘʟʤʦʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮʘʭ ʚ ʛʠʙʨʠʜʥʦʡ ʩʭʝʤʝ ʤʝʪʦʜʘ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
 

ʀ.ɺ. ʃʦʧʫʰʝʥʢʦ 
ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ ʤʘʪʝʤʘʪʠʢʠ 

lopushenko.ivan@physics.msu.ru 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʝʪʘ ʩ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʠʟ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚ ʩʚʷʟʠ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʦʣʫʯʘʪʴ ʠʥʪʝʥʩʠʚʥʳʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʥʘ ʤʘʩʰʪʘʙʘʭ, ʤʝʥʴʰʠʭ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʝʜʝʣʘ ɸʙʙʝ [1]. 

ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʩʝʠʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʦʢʘʟʳʚʘʶʪ ʠʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʘ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʫʧʨʘʚʣʷʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʠ ʧʦʣʫʯʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʘʥʥʳʝ ʵʬʬʝʢʪʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʘʢʠʭ 

ʧʨʠʢʣʘʜʥʳʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʙʣʠʞʥʝʧʦʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʩʝʯʝʥʠʷ ʵʬʬʝʢʪʘ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʣʠʪʦʛʨʘʬʠʷ ʥʘʥʦʯʘʩʪʠʮ, ʠ ʜʨʫʛʠʭ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʬʦʪʦʥʥʳʝ ʥʘʥʦʩʠʩʪʝʤʳ ʩ ʪʨʝʙʫʝʤʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʩʪʨʦʛʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɽʩʣʠ ʨʘʟʤʝʨ ʨʘʩʩʝʠʚʘʪʝʣʷ ʤʝʥʴʰʝ 10ʥʤ, ʢʣʘʩʩʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʠʤʝʥʠʤʦʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ [2]. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʵʬʬʝʢʪʘ ʥʝʣʦʢʘʣʴʥʦʩʪʠ (ʕʅʃ), ʢʦʪʦʨʳʡ 

ʟʘʪʨʫʜʥʷʝʪ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʘʩʩʝʷʥʠʷ [3]. ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʜʘʥʥʦʛʦ 

ʵʬʬʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʨʘʟʤʝʨ ʨʘʩʩʝʠʚʘʪʝʣʷ ʠʟ 

ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʤʘʪʝʨʠʘʣʝ, ʩʚʦʙʦʜʥʳʝ ʟʘʨʷʜʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʝʠʚʘʪʝʣʷ, ʧʦʩʣʝ ʯʝʛʦ 

ʚʥʫʪʨʠ ʥʝʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʟʘʨʷʜ ʠ ʪʦʢ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʧʦʣʝ ɽ ʚʥʫʪʨʠ ʨʘʩʩʝʠʚʘʪʝʣʷ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʯʠʩʪʦ ʧʦʧʝʨʝʯʥʳʤ ( div 0=E ), ʠ ʜʣʷ 

ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʝʪʩʷ ʧʨʠʚʣʝʯʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʣʷ (rot 0=E ). ɺ ʦʩʥʦʚʫ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ ʢ ʦʧʠʩʘʥʠʶ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

(ɻɼʊ) ʠ ʦʙʦʙʱʝʥʥʳʡ ʥʝʣʦʢʘʣʴʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʦʪʢʣʠʢ (ʆʅʆ) [4].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʦʝ ʧʦʣʝ ʚ ʪʦʯʢʝ ʄ ʚʥʫʪʨʠ ʯʘʩʪʠʮʳ ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʚʠʜʝ ʩʫʤʤʳ 

ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʢʦʤʧʦʥʝʥʪ: ( ) ( ) ( )i T LM M M= +E E E . ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʧʨʦʜʦʣʴʥʦʝ ( )L ME  ʠ ʧʦʧʝʨʝʯʥʦʝ ( )T ME  ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʡ 

ɻʝʣʴʤʛʦʣʴʮʘ: 

 2 2( ) rot ( , ) 0,T Tk wÐ + =E r   

 2 2( )div ( , ) 0,L Lk wÐ + =E r   

ʛʜʝ ʧʦʧʝʨʝʯʥʦʤʫ ʧʦʣʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ 2 2

T i ik kem= , ʘ ʧʨʦʜʦʣʴʥʦʤʫ ʧʦʣʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ 
Lk , ʦʧʨʝʜʝʣʷʝʤʦʝ ʩ ʧʦʤʦʱʴʶ ɻɼʊ ʠ ʆʅʆ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ 

Ůi, ɛi ï ʤʘʪʝʨʠʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʝʠʚʘʪʝʣʷ, k=2 /́ɚ=ɤ/c, ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ 

ʚʥʝʰʥʝʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ, r  - ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ 

ʥʘʙʣʶʜʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʟʘʜʘʯʘ ʜʠʬʨʘʢʮʠʠ ʧʣʦʩʢʦʡ 

ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ { , }inc inc
E H  ʥʘ ʦʜʥʦʨʦʜʥʦʡ 
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ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʥʘʥʦʯʘʩʪʠʮʝ Di ʚ ʦʜʥʦʨʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʝ D0. ʊʦʛʜʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚ ʨʘʤʢʘʭ ɻɼʊ ʠ ʆʅʆ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

( )2rot ( ) ( ) graddiv ( ) ;

rot ( ) ( );

( ) ( ) ( );

;

i T i L

i i i

i T L

i

M jk M M

M jk M

M M M

M D

e x

m

= +

=-

= +

Í

H E E

E H

E E E
       

0 0 0

0 0 0

0

0

rot ( ) ( );

rot ( ) ( );

( ) ( ) ( );

;

S inc

M jk M

M jk M

M M M

M D

e

m

=

=-

= +

Í

H E

E H

E E E
  

 

( )0

( ) ( ) ( );

( ) ( ) ( );

( ) ( ) ( ) ;

;

S inc

P i P

S inc

P i P

inc S

P L i P

i

P P P

P P P

P P P

P D

e e

è ø³ - = ³ê ú

è ø³ - = ³ê ú

Ö = Ö +

Íµ

n E E n E

n H H n H

n E n E E

 (1) 

 
0 00lim ( ) ( ) 0, , .S S

r
r M M M Dr M

r
e m

­¤

å õ
Ö ³ - = = ­¤æ ö
ç ÷

Í
r

E H   

ɿʜʝʩʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʤʝʝʪ ʛʘʨʤʦʥʠʯʝʩʢʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʚʠʜʘ 
j t

e
w
. ɺʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: T ie e=  - 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʨʘʩʩʝʠʚʘʪʝʣʷ, { E0,i, H0,i}  ï ʧʦʣʥʦʝ ʧʦʣʝ ʚ ʢʘʞʜʦʡ ʠʟ ʦʙʣʘʩʪʝʡ D0,i, nP ï ʚʥʝʰʥʷʷ 

ʝʜʠʥʠʯʥʘʷ ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ÖDi, j ï ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ, Ů0, ɛ0 ï ʤʘʪʝʨʠʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ D0, 
2 2
0 0 0

k k e m=  ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʚ ʩʨʝʜʝ D0.  

ʂʨʦʤʝ ʪʦʛʦ, ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʫʯʝʪʘ 

ʧʨʦʜʦʣʴʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʯʘʩʪʠʮʳ: ʚʢʣʘʜ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʥʘʣʠʯʠʝʤ ʩʚʷʟʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʚ ʤʝʪʘʣʣʝ ( )2 2j
L T p
e e w gw w= - - , 

ʠ ʚʝʣʠʯʠʥʘ x, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʤʘʩʰʪʘʙ ʕʅʃ. ɺ ʨʘʤʢʘʭ ɻɼʊ ʠ ʆʅʆ ʟʥʘʯʝʥʠʝ x 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ: ( )2 2 2 j
H L
x e b w gw= -  ʜʣʷ ɻɼʊ ʠ 

( )( )( )2 2 2D j j
G L
x e b g w w gw= + + -  ʜʣʷ ʆʅʆ [4]. ʅʘʤʠ ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʦʟʥʘʯʝʥʠʷ 

ʜʣʷ ʧʣʘʟʤʝʥʥʦʡ ʯʘʩʪʦʪʳ ʤʝʪʘʣʣʘ ɤp, ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʚ ʩʨʝʜʝ ɔ, ʢʦʵʬʬʠʮʠʝʥʪʘ 

ɓ, ʩʚʷʟʘʥʥʦʛʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ʌʝʨʤʠ v
F

 ʩʦʦʪʥʦʰʝʥʠʝʤ 2 23 / 5v
F

b =  ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʪʘʢ ʞʝ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʵʣʝʢʪʨʦʥʦʚ D. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʧʨʦʜʦʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʷ ʣʦʢʘʣʠʟʦʚʘʥʘ ʩʪʨʦʛʦ ʚʥʫʪʨʠ ʯʘʩʪʠʮʳ ʠ ʥʝ ʚʥʦʩʠʪ 

ʚʢʣʘʜ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ iH , ʪʘʢ ʢʘʢ rot(grad ) 0F = . ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ɓ=0 ʠ D=0 ʧʦʣʝ 

ʚʥʫʪʨʠ ʯʘʩʪʠʮʳ ʩʪʘʥʦʚʠʪʩʷ ʯʠʩʪʦ ʧʦʧʝʨʝʯʥʳʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʢʘʣʴʥʦʤʫ 

ʧʨʠʙʣʠʞʝʥʠʶ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʤʝʪʦʜʘ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʄɼʀ) [5]. ɽʛʦ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʜʦʩʪʠʛʘʝʤʦʝ ʙʣʘʛʦʜʘʨʷ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʜʣʷ ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʧʦʣʝʡ ʠ ʦʪʩʫʪʩʪʚʠʶ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʝʠʚʘʪʝʣʷ, ʘ ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ. ʋʯʝʪ ʕʅʃ ʚ ʨʘʤʢʘʭ ʄɼʀ 

ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʦʚ ɻɼʊ ʠ ʆʅʆ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ɼʀ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʜʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʧʦʣʷ.  
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ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʬʨʘʢʮʠʷ ʩʚʝʪʘ ʥʘ ʯʘʩʪʠʮʘʭ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, 

ʤʳ ʙʫʜʝʤ ʩʪʨʦʠʪʴ ʨʝʰʝʥʠʝ ʜʣʷ ʧʦʣʷ ʚʥʝ ʠ ʚʥʫʪʨʠ ʨʘʩʩʝʠʚʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʦʡ 

ʩʭʝʤʳ ʄɼʀ [5]. ʆʙʦʟʥʘʯʠʤ ( )nj Ö - ʩʬʝʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʦʨʷʜʢʘ n. ʊʦʛʜʘ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʣʝʡ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʣʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʯʘʩʪʠʮʳ, ʧʨʠʤʫʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ɿʜʝʩʴ { } { } { }1, 0 2, 0 3, 0( ),0,0 , 0, ( ),0 , 0,0, ( )
n n n

i i i

n T MM n T MM n T MMj k R j k R j k R= = =A A A  - ʚʝʢʪʦʨʥʳʝ 

ʧʦʪʝʥʮʠʘʣʳ ʠʩʪʦʯʥʠʢʦʚ ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ, 
2 2 2 2(x x ) (y y ) (z z )

nMM n n nR = - + - + -, 

ʘ Q ʠ f ï ʩʬʝʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ M ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ Mn. 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ɼʀ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʨʘʩʩʝʷʥʥʦʝ ʧʦʣʝ ʚʦ ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʠ 

{ , }S S
E H  ʩʪʨʦʠʪʩʷ ʘʥʘʣʦʛʠʯʥʦ (2) ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ ɻʝʣʴʤʛʦʣʴʮʘ ʚ ʚʠʜʝ 

ʩʬʝʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʍʘʥʢʝʣʷ ʚʪʦʨʦʛʦ ʨʦʜʘ (2)
00 ( )

nMMh k R , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ 

ʠʟʣʫʯʝʥʠʷ, ʘ ɼʀ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʪʦʯʢʘʭ { }n iM DÍ , ʣʦʢʘʣʠʟʦʚʘʥʥrʭ ʚʥʫʪʨʠ 

ʨʘʩʩʝʠʚʘʪʝʣʷ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʩʝʷʥʥʦʛʦ ʧʦʣʷ ʧʨʦʜʦʣʴʥʳʝ ʧʦʣʷ ʥʝ 

ʧʨʠʚʣʝʢʘʶʪʩʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʝʛʦ ʦʧʠʩʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʯʠʥ 
,
,0

e h
aE  ʠ 

,
,0

e h
aH , ʛʜʝ ʠʥʜʝʢʩ 0 

ʦʟʥʘʯʘʝʪ ʚʳʯʠʩʣʝʥʠʝ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ D0. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʪʦʛʦʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ 

ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʝʡ ʧʨʠʥʠʤʘʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʅʝʠʟʚʝʩʪʥʳʝ ʘʤʧʣʠʪʫʜʳ { }0 0

, , , , 1
, , , ,

N
T L T

n n n n n n
p p p q qa a a a =

 ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ʢʦʣʣʦʢʘʮʠʡ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʝʠʚʘʪʝʣʷ, ʟʘʜʘʥʥʳʭ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ (1). ʆʧʨʝʜʝʣʠʚ ʘʤʧʣʠʪʫʜʳ ɼʀ, ʣʝʛʢʦ ʚʳʯʠʩʣʠʪʴ 

ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʧʦʣʷ F, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  
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0 20
0 0 0

exp{ }
( ) ( ) ( , , ) (1 ), ,   0.

jk R
R R O R R z

R
q q j

-
= + ­¤ >E E F  

ʅʘ ʝʝ ʦʩʥʦʚʝ ʚʳʯʠʩʣʷʶʪʩʷ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʝʷʥʠʷ, ʢʘʢ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʨʘʩʩʝʷʥʠʷ (DSC) ʠ ʧʦʣʥʦʝ ʩʝʯʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ů:  

2 2

0 0 0 0 0( , , ) ( , , ) ( , , ) , ( ) ( , , ) .DSC F F DSC dq jq q j q q j q q j s q q q j
W

= + = Wñ  

ɿʜʝʩʴ W  - ʝʜʠʥʠʯʥʘʷ ʩʬʝʨʘ, { , , }Rq j - ʩʬʝʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ M, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʙʨʘʥʥʳʤ ʨʘʥʝʝ ʜʝʢʘʨʪʦʚʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. 

ɸʧʨʦʙʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʩʣʫʯʘʷ ʜʠʬʨʘʢʮʠʠ ʧʣʦʩʢʦʡ ʚʦʣʥʳ 

ʥʘ ʩʝʨʝʙʨʷʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʜʠʘʤʝʪʨʦʤ ʦʪ 6 ʜʦ 20 ʥʤ ʧʫʪʝʤ 

ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʩʝʷʥʠʷ ʠ ʠʭ ʩʨʘʚʥʝʥʠʷ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʨʝʝhʥʠʝʤ, ʫʯʠʪʳʚʘʶʱʝʤ ʕʅʃ ʠ ʧʨʝʜʣʦʞʝʥʥʦʤ ʚ ʨʘʙʦʪʝ [4]. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ, ʘ ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ 

ʦʙʣʘʩʪʠ ʝʸ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʯʘʩʪʠʮ ʜʨʫʛʠʭ 

ʬʦʨʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʣʶʩʥʫʪʳʭ ʠ ʚʳʪʷʥʫʪʳʭ ʩʬʝʨʦʠʜʦʚ. 

 

 
ʈʠʩ. 1. ʇʦʣʥʦʝ ʩʝʯʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʩʝʨʝʙʨʷʥʦʡ ʩʬʝʨʳ ʜʠʘʤʝʪʨʦʤ 2R=10ʥʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ 

ʚʥʝʰʥʝʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ɤ. ɸʧʦʩʪʝʨʠʦʨʥʘʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʩʭʝʤʝ ʄɼʀ ʥʝ ʧʨʝʚʳʰʘʝʪ 1%. 

1 - ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʙʝʟ ʫʯʝʪʘ ʕʅʃ 

2 - ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʩ ʫʯʝʪʦʤ ʕʅʃ ʚ ʨʘʤʢʘʭ ɻɼʊ 

3 - ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʩ ʫʯʝʪʦʤ ʕʅʃ ʚ ʨʘʤʢʘʭ ʆʅʆ 

4 - ʈʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʭʝʤʝ ʄɼʀ ʙʝʟ ʫʯʝʪʘ ʕʅʃ 

5 - ʈʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʭʝʤʝ ʄɼʀ ʩ ʫʯʝʪʦʤ ʕʅʃ ʚ ʨʘʤʢʘʭ ɻɼʊ 

6 - ʈʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʭʝʤʝ ʄɼʀ ʩ ʫʯʝʪʦʤ ʕʅʃ ʚ ʨʘʤʢʘʭ ʆʅʆ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʦ ʨʘʩʯʝʪʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠ ʥʘʣʠʯʠʠ ʨʝʙʝʨ ʥʘ ʠʭ ʛʨʘʥʠʮʘʭ ʠ ʩʣʦʞʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʨʝʙʝʨ ʥʘ ʛʨʘʥʠʮʝ ʠ ʨʘʟʨʳʚʦʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʦʙʦʡ 

ʪʦʯʢʠ ʛʨʘʥʠʮʳ ʠʣʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʦʣʥʝʥʠʷ [1,4]. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʨʝʦʜʦʣʝʥʠʷ 

ʵʪʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ ʚ ʷʚʥʦʤ ʚʠʜʝ, ʪʦ ʝʩʪʴ 

ʧʦʩʪʨʦʝʥʠʝ ʘʩʠʤʧʪʦʪʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʝʙʨʘ ʚ ʚʦʣʥʦʚʦʜʝ [4]. 

ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʘʩʠʤʧʪʦʪʠʢʝ ʨʝʰʝʥʠʷ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ɺ.ɸ. ʂʦʥʜʨʘʪʴʝʚʘ [3], ʘ ʪʘʢʞʝ 

ʉ.ɸ. ʅʘʟʘʨʦʚʘ ʠ ɹ.ɸ. ʇʣʘʤʝʥʝʚʩʢʦʛʦ [2]. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʜ ʩʣʦʚʦʤ çʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝè ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʟʘʧʠʩʴ ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʩʠʥʛʫʣʷʨʥʦʡ ʠ ʛʣʘʜʢʦʡ 

ʯʘʩʪʝʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʜʠʦʚʦʣʥʦʚʦʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʙʝʩʢʦʥʝʯʥʳʡ ʮʠʣʠʥʜʨ 

( ) ( ){ }+¤¤-ÍWÍ= ,,, zyxQ  ʩ ʠʜʝʘʣʴʥʦ ʧʨʦʚʦʜʷʱʠʤʠ ʩʪʝʥʢʘʤʠ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʟʘʧʦʣʥʝʥʠʝʤ, ʥʝʦʜʥʦʨʦʜʥʳʤ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʦʣʥʦʚʦʜʘ ʠʤʝʝʪ ʛʘʨʤʦʥʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʚʠʜʘ 
tie w-
.. ʄʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ, ʟʘʧʦʣʥʷʶʱʝʡ ʚʦʣʥʦʚʦʜ, ʨʘʚʥʘ 1¹m . 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ e ð ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʘʷ ʩʢʘʣʷʨʥʘʷ ʚʝʱʝʩʪʚʝʥʥʘʷ 

ʬʫʥʢʮʠʷ. ʀʩʩʣʝʜʫʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʛʨʘʥʠʮʘ ʚʦʣʥʦʚʦʜʘ ʠʤʝʝʪ ʚʭʦʜʷʱʝʝ ʨʝʙʨʦ c 

ʜʚʫʛʨʘʥʥʳʤ ʫʛʣʦʤ 0w . ʏʝʨʝʟ ʨʝʙʨʦ ʧʨʦʭʦʜʠʪ ʧʣʦʩʢʦʩʪʴ ʨʘʟʨʳʚʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʜʚʫʛʨʘʥʥʳʡ ʫʛʦʣ b ʩ ʛʨʘʥʠʮʝʡ ʚʦʣʥʦʚʦʜʘ. 

ʇʨʠ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʘʙʦʪʝ [5] 

ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ (ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ) 

 

2 2

2

grad div rot ,

rot div grad ,

z

z z

H k E H

ik H E E

e g

e e g e

^ ^

^

- - = -

- - = -
 (1) 

ʛʜʝ k
c

w
=  ð ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ, gð ʩʧʝʢʪʨʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ; ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ 

ʬʫʥʢʮʠʠ ʠʤʝʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ z ʚʠʜʘ i ze g . ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʠʷ 

ʠʤʝʶʪ ʚʠʜ 

 

( ) ( ) ( )

( )( )

0, 0, 0, 0, 0,

div 0, grad 0.

z z
C CC

z z
C C

E E

H E ike

ÆWÆW

^

ʡ ʱ ʡ ʱʏ = = ʏ = = ˇ =ʢ ʲʢ ʲ ʣ ʳʣ ʳ
ʡ ʱʡ =ɦ + ˇ ʏ =ʢ ʲʢ ʲʣ ʳ ʣ ʳ

H n H n H n

H i n
 (2)  

ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: { } { }, ,
x y r

H H H H H
j^

= = , C ð ʣʠʥʠʷ 

ʨʘʟʨʳʚʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, nð ʥʦʨʤʘʣʴ ʢ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ ʠʣʠ ʣʠʥʠʠ 

ʨʘʟʨʳʚʘ,  
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div , rot ,

grad , rot .

y yx x

z z z z
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H HH H
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E E
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^ ^

Æ ÆÆ Æ
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Æ Æ Æ Æ

Æ Æ Æ Æ
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Æ Æ Æ Æ
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 (3) 

ɺ ʨʘʙʦʪʝ [5] ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʧʦʠʩʢʝ ʩʣʘʙʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ (1)-(2). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʧʦʨʦʞʜʘʝʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʧʝʨʘʪʦʨ ( )( )
3

2
:T L WW È  

ʢʦʤʧʘʢʪʥʳʡ ʚ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʝ V ʛʠʣʴʙʝʨʪʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ 1

0 2
(div)W H W= ɽ& , 

ʚʳʜʝʣʷʝʤʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ 

 
,

z
rotH ik Ee

^
= -

 (4) 

ʢʦʪʦʨʦʝ ʧʦʥʠʤʘʝʪʩʷ ʚ ʩʤʳʩʣʝ ʦʙʦʙʱʝʥʥʳʭ ʬʫʥʢʮʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʝʢʪʨ ʟʘʜʘʯʠ (1)-

(2), ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʫʢʘʟʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩʦʩʪʦʠʪ ʠʟ ʩʯʝʪʥʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʚʦʟʨʘʩʪʘʶʱʠʭ ʧʦ ʤʦʜʫʣʶ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʏʪʦʙʳ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʨʝʙʨʘ ʛʨʘʥʠʮʳ ʚʦʣʥʦʚʦʜʘ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ ʧʣʦʩʢʦʩʪʴ ʨʘʟʨʳʚʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʩʥʘʯʘʣʘ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʚʩʝʡ ʧʣʦʩʢʦʩʪʠ ʚʤʝʩʪʦ 

ʦʙʣʘʩʪʠ W. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʟʘʶʱʝʡ ʬʫʥʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʟʘʜʘʯʫ 

ʚ ʢʦʥʝʯʥʦʤ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʚʦʣʥʦʚʦʜʘ ʢ ʟʘʜʘʯʝ ʥʘ ʚʩʝʡ ʧʣʦʩʢʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʦʡ (ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʝʙʨʘ). ɼʣʷ ʫʜʦʙʩʪʚʘ ʦʧʠʩʘʥʠʷ ʚʚʦʜʠʪʩʷ ʧʦʣʷʨʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ ʩ ʮʝʥʪʨʦʤ ʥʘ ʨʝʙʨʝ ʚʦʣʥʦʚʦʜʘ. 

ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ zE  ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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ʊʝʤ ʞʝ ʤʝʪʦʜʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥ ʚ ʨʘʙʦʪʝ [1] ʜʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝʙʨʘ, ʫʜʘʝʪʩʷ 

ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʤʝʪʘʣʣʦ-

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝʙʨʘ: 
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ʛʜʝ kn  ð ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ( ) ( )0 0
sin 2 sin = 0.
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(ʢʨʦʤʝ 0
k

n = ), 
1, / 2,

( ) ( )
0, ,

r d
r r C

r d
c c ˆ

ʤʧ ɱʧ= ʆʥ
ʧ >ʧʦ

ð ʩʨʝʟʘʶʱʘʷ ʬʫʥʢʮʠʷ, ( , )r jɺ  ð 

ʛʣʘʜʢʘʷ ʯʘʩʪʴ ʨʝʰʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʦʨʤʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʛʣʘʚʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʠʤʝʝʪ ʠʤʝʥʥʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʧʦʣʝ. ʉʘʤʘ ʧʨʦʜʦʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʛʨʘʥʠʯʝʥʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʫʛʣʦʚʦʡ ʪʦʯʢʠ, ʘ ʝʝ ʧʨʦʠʟʚʦʜʥʘʷ ʠʤʝʝʪ ʩʪʝʧʝʥʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ, ʧʨʠʯʝʤ ʚʠʜ ʬʫʥʢʮʠʠ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴ, ʠ ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʫʯʝʥʥʤr ʨʘʥʝʝ ʜʣʷ 

ʩʢʘʣʷʨʥʦʛʦ ʩʣʫʯʘʷ [6]. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʥʘʥʠʝ ʪʦʯʥʦʛʦ ʚʠʜʘ ʩʠʥʛʫʣʷʨʥʦʩʪʠ 

ʧʦʟʚʦʣʷʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʦʙʥʳʭ ʬʫʥʢʮʠʡ ʚʚʝʩʪʠ ʬʫʥʢʮʠʠ, ʠʤʝʶʱʠʝ ʩʠʥʛʫʣʷʨʥʦʩʪʠ 

ʜʘʥʥʦʛʦ ʚʠʜʘ, ʠ ʪʝʤ ʩʘʤʳʤ ʪʦʯʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʩʠʥʛʫʣʷʨʥʫʶ ʯʘʩʪʴ ʨʝʰʝʥʠʷ. ʕʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢ ʪʦʯʥʦʤʫ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʣʘʜʢʦʤʫ ʩʣʫʯʘʶ [7].  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪʳ 15-01-03524 ʠ 16-01-00690). 
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ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʝʟʦʥʘʪʦʨʦʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʣʘʟʝʨʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚ 

ʘʢʪʠʚʥʦʤ ʵʣʝʤʝʥʪʝ ʪʝʨʤʦʦʧʪʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ (ʦʙʨʘʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 

çʪʝʧʣʦʚʘʷè ʣʠʥʟʘ) [1-3]. ɺʦʟʥʠʢʘʶʱʘʷ ʚ ʪʚʝʨʜʦʪʝʣʴʥʦʤ ʘʢʪʠʚʥʦʤ ʵʣʝʤʝʥʪʘ ʪʝʧʣʦʚʘʷ 

ʣʠʥʟʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʟʦʥʘʪʦʨʘ ï ʨʝʟʦʥʘʪʦʨ ʩʪʘʥʦʚʠʪʩʷ 

ʟʝʨʢʘʣʴʥʦ-ʣʠʥʟʦʚʳʤ.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʘʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʣʘʟʝʨʘ, ʦʙʦʩʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʝʟʦʥʘʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʨʝʟʦʥʘʪʦʨʘ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʣʘʟʝʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʟʦʥʘʪʦʨʘ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʩʠʣʳ ʪʝʧʣʦʚʦʡ 

ʣʠʥʟʳ ʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ (ʥʦʤʠʥʘʣʴʥʦʛʦ) ʟʥʘʯʝʥʠʷ. ʕʪʦʪ 

ʩʧʦʩʦʙ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʟʦʥʘʪʦʨʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʦʧʪʠʯʝʩʢʫʶ ʩʠʣʫ ʪʝʧʣʦʚʦʡ ʣʠʥʟʳ ʟʘʨʘʥʝʝ ʩʣʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʣʘʟʝʨʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʣʘʟʝʨʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʚ 

ʨʘʙʦʯʝʡ ʟʦʥʝ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʜʠʘʤʝʪʨʘ ʧʝʨʝʪʷʞʢʠ, ʝʝ ʧʦʣʦʞʝʥʠʷ, ʢʦʥʬʦʢʘʣʴʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, ʫʛʣʦʚʦʡ ʨʘʩʭʦʜʠʤʦʩʪʠ. ʊʘʢʠʝ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚʦʩʪʨʝʙʦʚʘʥʳ ʜʣʷ ʪʘʢʠʭ 

ʧʨʠʢʣʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʢʘʢ ʢʦʩʤʠʯʝʩʢʠʝ ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʩʚʷʟʠ, ʨʘʟʨʘʙʦʪʢʘ 

ʣʘʟʝʨʥʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʨ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʝʟʦʥʘʪʦʨʘ 

ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʣʘʟʝʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʨʝʟʦʥʘʪʦʨʘ ʣʘʟʝʨʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʩʪʠ 

ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʉʭʝʤʘ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʝʟʦʥʘʪʦʨʘ ʚʢʣʶʯʘʝʪ 

ʣʠʥʟʦʧʦʜʦʙʥʳʡ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʘʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ ʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʫʶ 

ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʫʶ ʚʘʨʠʦʩʠʩʪʝʤʫ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʝʞʜʫ ʧʣʦʩʢʠʤʠ ʟʝʨʢʘʣʘʤʠ (ʨʠʩ. 

1). 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʝʟʦʥʘʪʦʨʘ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʣʘʟʝʨʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʫʯʢʘ ʩ ʠʟʤʝʥʷʝʤʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 1f¡ ï ʟʘʜʥʝʝ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʪʝʧʣʦʚʦʡ 

ʣʠʥʟʳ; 2 3,  f f¡ ¡ ï ʟʘʜʥʠʝ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʷ ʣʠʥʟ ʚʘʨʠʦʩʠʩʪʝʤʳ; 2 3,  s s  ï  ʧʝʨʝʤʝʱʝʥʠʝ ʣʠʥʟ 

ʚʘʨʠʦʩʠʩʪʝʤʳ (ʚʣʝʚʦ ʦʪ ʥʫʣʝʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ï ʦʪʨʠʮʘʪʝʣʴʥʦʝ, ʚʧʨʘʚʦ ï ʧʦʣʦʞʠʪʝʣʴʥʦʝ); 1 4l l»  ï ʜʣʠʥʳ 

ʧʣʝʯ ʨʝʟʦʥʘʪʦʨʘ; 
1 32 ,  2p ph h¡ ï ʜʠʘʤʝʪʨ ʧʝʨʝʪʷʞʢʠ ʧʫʯʢʘ ʥʘ ʟʝʨʢʘʣʘʭ ʨʝʟʦʥʘʪʦʨʘ. 



ʊʨʫʜʳ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ çɺʦʣʥʳ-2017è.  
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ɿʘʜʘʯʘ ʛʘʙʘʨʠʪʥʦʛʦ ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʣʘʟʝʨʦʚ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʣʘʟʝʨʥʳʡ ʧʫʯʦʢ ʩ ʠʟʤʝʥʷʝʤʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ 

ʥʝʠʟʤʝʥʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʨʝʟʦʥʘʪʦʨʦʚ, ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚ [4]. ɸʙʝʨʨʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʟʝʨʢʘʣʴʥʦ-ʣʠʥʟʦʚʳʭ ʨʝʟʦʥʘʪʦʨʦʚ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʤʝʪʦʜʦʤ ʣʫʯʝʚʦʛʦ ʧʘʢʝʪʘ, ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʚʰʠʡʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʘʥʘʣʠʟʘ çʧʫʩʪʳʭè ʨʝʟʦʥʘʪʦʨʦʚ [5]. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ 

ʩʭʝʤʳ ʨʝʟʦʥʘʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʫʯʢʘ ʩ ʪʨʝʙʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ï 

ʥʝʠʟʤʝʥʥʦʩʪʴ ʜʠʘʤʝʪʨʘ ʧʝʨʝʪʷʞʢʠ ʥʘ ʣʝʚʦʤ ʟʝʨʢʘʣʝ ʠ ʪʨʝʙʫʝʤʳʡ ʧʝʨʝʧʘʜ ʠʟʤʝʥʝʥʠʷ 

ʜʠʘʤʝʪʨʘ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʥʦʤ ʧʨʘʚʦʤ ʟʝʨʢʘʣʝ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ, ʨʘʟʲʶʩʪʠʨʦʚʢʠ 

ʵʣʝʤʝʥʪʦʚ ʨʝʟʦʥʘʪʦʨʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʨʘʩʩʤʦʪʨʝʥʳ, ʘ 

ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ [6]. ʆʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪʘʭ 

ʩʯʠʪʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʟʣʠʯʠʤʳʤʠ ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʨʝʟʦʥʘʪʦʨʘ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ 

ʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʕʪʦ ʜʦʧʫʱʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʪʦʣʴʢʦ ʚ ʧʘʨʘʢʩʠʘʣʴʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ. ʇʦʩʢʦʣʴʢʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʶʪ ʩʬʝʨʠʯʝʩʢʠʝ ʟʝʨʢʘʣʘ, ʘʙʝʨʨʘʮʠʷ 

ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʝʟʦʥʘʪʦʨʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʫʯʢʘ. 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʚ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʨʘʤʢʘʭ ʩʢʘʣʷʨʥʦʡ ʪʝʦʨʠʠ ʜʠʬʨʘʢʮʠʠ [2,5,6]. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʫʭʟʝʨʢʘʣʴʥʳʡ ʨʝʟʦʥʘʪʦʨ ʜʣʠʥʦʡ L  ʩ ʨʘʜʠʫʩʘʤʠ ʢʨʠʚʠʟʥʳ ʩʬʝʨʠʯʝʩʢʠʭ 

ʟʝʨʢʘʣ 
jR , ʛʜʝ 1j =  ï ʜʣʷ ʣʝʚʦʛʦ ʟʝʨʢʘʣʘ, ʘ 2j =  ï ʜʣʷ ʧʨʘʚʦʛʦ ʟʝʨʢʘʣʘ. ɺʦʣʥʦʚʘʷ 

ʘʙʝʨʨʘʮʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʚ ʪʦʯʢʝ ( );j jx y  ʚ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 
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ɿʜʝʩʴ ʧʝʨʚʳʡ ʯʣʝʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʘʢʩʠʘʣʴʥʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ, ʘ ʦʩʪʘʣʴʥʳʝ ï 

ʘʙʝʨʨʘʮʠʷʤ ʟʝʨʢʘʣʘ 3, 5 ʠ 7-ʛʦ ʧʦʨʷʜʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʨʝʟʦʥʘʪʦʨʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ G-ʧʣʦʩʢʦʩʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʢʘʞʜʦʤʫ 

ʨʝʟʦʥʘʪʦʨʫ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʜʥʦʟʥʘʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʪʦʯʢʘ 

(ʨʠʩ. 2). ɸʥʘʣʠʟ G-ʜʠʘʛʨʘʤʤʳ ʩ ʫʯʝʪʦʤ ʘʙʝʨʨʘʮʠʡ ʟʝʨʢʘʣ ʨʝʟʦʥʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 1) ʠʤʝʶʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʫʩʪʦʡʯʠʚʳʭ ʢʦʥʮʝʥʪʨʠʯʥʳʭ (ʚ I 

ʯʝʪʚʝʨʪʠ ʜʠʘʛʨʘʤʤʳ) ʠ ʢʦʥʬʦʢʘʣʴʥʳʭ (ʚ III ʯʝʪʚʝʨʪʠ ʜʠʘʛʨʘʤʤʳ) ʨʝʟʦʥʘʪʦʨʦʚ; 2) 

ʤʘʣʳʝ ʠʩʢʘʞʝʥʠʷ ʧʦʣʷ ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʫʯʢʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʥʝʢʦʥʬʦʢʘʣʴʥʳʭ ʠ 

ʥʝʢʦʥʮʝʥʪʨʠʯʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʚʜʘʣʠ ʦʪ ʛʨʘʥʠʮʳ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʵʪʠʭ ʨʝʟʦʥʘʪʦʨʦʚ 

ʢʨʠʚʳʭ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʜʣʷ ʣʠʥʝʡʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʨʘʩʯʝʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ 1) ʧʘʨʘʤʝʪʨʳ ʢʦʥʬʠʛʫʨʘʮʠʠ (g-ʧʘʨʘʤʝʪʨʳ) ʠʜʝʘʣʴʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʠ ʧʨʠ 

ʫʯʝʪʝ ʘʙʝʨʨʘʮʠʡ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ ʟʝʨʢʘʣ ʨʘʟʣʠʯʥʳ; 2) ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʘʣʴʥʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ʫʞʝ, ʯʝʤ ʠʜʝʘʣʴʥʦʛʦ; 3) ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʟʦʥʘʪʦʨ ʤʦʞʝʪ 

ʩʪʘʪʴ ʥʝʫʩʪʦʡʯʠʚʳʤ ʠʟ-ʟʘ ʘʙʝʨʨʘʮʠʡ ʟʝʨʢʘʣ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʨʫʛʦʛʦ 

ʪʠʧʘ ʢʦʣʝʙʘʥʠʡ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʚ 

ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʨʝʟʦʥʘʪʦʨʘʭ ʩ ʫʯʝʪʦʤ ʘʙʝʨʨʘʮʠʡ ʟʝʨʢʘʣ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʚʫʭʟʝʨʢʘʣʴʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʡ 

ʨʝʟʦʥʘʪʦʨ ʧʨʠʚʦʜʠʪʩʷ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʜʚʫʭʟʝʨʢʘʣʴʥʦʤʫ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ 

(ʨʘʜʠʫʩʳ ʢʨʠʚʠʟʥʳ ʟʝʨʢʘʣ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ, ʠʭ ʘʧʝʨʪʫʨʳ) ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʭʝʤʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ 

ʘʙʝʨʨʘʮʠʡ ʟʝʨʢʘʣ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ 



ʊʨʫʜʳ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ çɺʦʣʥʳ-2017è.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʘʜʠʦʬʠʟʠʢʝ ʠ ʦʧʪʠʢʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʫʯʢʘ ʠ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʠʭ ʨʘʩʯʝʪʘ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʜʚʫʭʟʝʨʢʘʣʴʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ. 

 

 
ʈʠʩ. 2. G-ʜʠʘʛʨʘʤʤʘ ʣʘʟʝʨʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʙʘʟʝ ʪʝʦʨʠʠ ʣʘʟʝʨʥʦʡ ʦʧʪʠʢʠ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʳʤʠ ʣʘʟʝʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʛʘʙʘʨʠʪʥʦʛʦ 

ʨʘʩʯʝʪʘ ʠ ʘʙʝʨʨʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʦʥʘʪʦʨʦʚ. ɸʜʝʢʚʘʪʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʝʟʦʥʘʪʦʨʦʚ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜʥʦʛʦ ʧʫʯʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʛʨʘʥʪ ˉ  

ʄʂ-6960.2016.8). 
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