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ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 

 

 

ʋɼʂ 53:51 

 

ɼʈʋɻʆʁ ɺɿɻʃʗɼ ʅɸ ʅɽʂʆʊʆʈʓɽ ʌʀɿʀʏɽʉʂʀɽ ʇʈɽɼʇʆʃʆɾɽʅʀʗ 
 

 
ʃ.ʇ. ɻʥʘʪʶʢ-ɼʘʥʠʣʴʯʫʢ, ʠʥʞʝʥʝʨ 

ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨ ʧʨʠʚʦʜʠʪ ʫʪʦʯʥʝʥʠʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʥʝʢʦʪʦ-

ʨʳʭ ʬʠʟʠʢʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʫʪʠ ʠʭ ʤʳʩʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʫʭʤʝʨʥʦʝ ʠ ʪʨʝʭʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠʩʢʨʠʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʘʩʪʠʮʳ. 

 

ɺʚʝʜʝʥʠʝ 

ʋʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʚ ʍʍI ʚʝʢʝ ʧʦʟʚʦʣʷʝʪ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʫʯʝʥʳʭ, ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ, ʥʘ 

ʙʘʟʝ ʠʥʩʪʠʪʫʪʩʢʠʭ ʟʥʘʥʠʡ, ʧʦʧʳʪʢʘʤʠ ʨʘʟʜʚʠʥʫʪʴ ʛʦʨʠʟʦʥʪʳ ʥʝʧʦʟʥʘʥʥʦʛʦ. ʂʘʞʜʘʷ ʢʨʫʧʠʥʢʘ ʧʦʜʪʚʝʨʞʜʝʥʥʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʤʦʞʝʪ ʷʚʠʪʴʩʷ ʢʨʫʧʠʥʢʦʡ ʠʩʪʠʥʳ, ʢ ʢʦʪʦʨʦʡ ʯʝʣʦʚʝʯʝʩʪʚʦ ʪʘʢ ʩʪʨʝʤʠʪʩʷ. ʇʦʵʪʦʤʫ ʦʙʦʩʥʦʚʘʥ-

ʥʳʡ ʢʨʠʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʦʪʚʝʩʪʠ ʦʪ ʠʩʪʠʥʳ ʢʘʢ ʚʳʤʳʩʝʣ, ʰʫʪʢʫ, ʪʘʢ ʠ ʨʝʣʠʛʠʦʟʥʳʡ ʟʣʦʡ ʫʤʳʩʝʣ.  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳʝ ʥʘʫʯʥʳʝ ʪʨʫʜʳ ʩ ʧʦʟʠʮʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʭ ʩʦʜʝʨʞʘʥʠʶ. 

1) ɻʘʫʩʩ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʪʨʝʭʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʩʢʨʠʚʣʝʥʦ, ʠ ʚ ʥʝʤ ʧʘʨʘʣʣʝʣʴʥʳʝ ʣʠʥʠʠ ʧʝʨʝʩʝ-

ʢʘʶʪʩʷ. ʈʘʩʩʤʦʪʨʠʤ ʨʠʩ 2. [1], ʛʜʝ ʪʨʝʫʛʦʣʴʥʠʢ ʠ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʣʠʥʠʠ ʧʦʤʝʱʝʥʳ ʥʘ ʨʘʟʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘʤʠ ʚ ʪʘʙʣʠʮʝ 1. ʀʪʘʢ, ɻʘʫʩʩ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ ʠʩʢʨʠʚʣʝʥʦ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʵʪʦ?  

ɺʚʝʜʝʤ ʧʦʥʷʪʠʝ ʟʨʠʪʝʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ ʚʠʜʝʥʠʷ ʯʝʣʦʚʝʢʦʤ. ʇʨʠ ʵʪʦʤ ʧʨʠʥʠʤʘʝʤ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʯʝ-

ʣʦʚʝʢ ʚʠʜʠʪ ʦʜʥʦʤʦʤʝʥʪʥʦ ʣʶʙʦʡ ʧʨʝʜʤʝʪ, ʢʘʢ ʧʨʦʝʢʮʠʶ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʜʚʫʤʝʨʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʭʫʜʦʞ-

ʥʠʢ ʨʠʩʫʝʪ ʵʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʤʘʪʝʨʠʘʣʴʥʦʡ ʜʚʫʤʝʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʚʦʝʛʦ ʭʦʣʩʪʘ ʩ ʥʫʣʝʚʦʡ ʢʨʠʚʠʟʥʦʡ. ʀ ʯʝʤ 

ʪʘʣʘʥʪʣʠʚʝʡ ʭʫʜʦʞʥʠʢ, ʪʝʤ ʨʝʘʣʠʩʪʠʯʥʝʡ ʦʥ ʦʪʦʙʨʘʟʠʪ ʫʚʠʜʝʥʥʳʝ ʠʤ ʪʨʝʭʤʝʨʥʳʝ ʧʨʝʜʤʝʪʳ. ʄʦʞʥʦ ʣʠ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʛʦʚʦʨʠʪʴ ʦʙ ʠʩʢʨʠʚʣʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ?  

  

ʊʘʙʣʠʮʘ 1 
ˉ  ɺʠʜ ʧʣʦʩʢʦʩʪʠ ʉʫʤʤʘ ʫʛʣʦʚ ʪʨʝʫʛʦʣʴʥʠʢʘ ɺʠʜ ʧʘʨʘʣʣʝʣʴʥʳʭ 

1     ʉ ʚʳʧʫʢʣʦʡ ʢʨʠʚʠʟʥʦʡ < 180Á ʇʘʨʘʣʣʝʣʴʥʳʝ ʣʠʥʠʠ ʩʭʦʜʷʪʩʷ 

2 ʉ ʥʫʣʝʚʦʡ ʢʨʠʚʠʟʥʦʡ = 180Á ʅʝ ʩʭʦʜʷʱʠʝʩʷ ʧʘʨʘʣʣʝʣʴʥʳʝ ʣʠʥʠʠ 

3     ʉ ʚʦʛʥʫʪʦʡ ʢʨʠʚʠʟʥʦʡ >180Á ʈʘʩʭʦʜʷʱʠʝʩʷ ʧʘʨʘʣʣʝʣʴʥʳʝ ʣʠʥʠʠ 

 

ɼʘʣʝʝ, ʟʥʘʷ ʚʝʣʠʯʠʥʫ ʢʨʠʚʠʟʥʳ ʧʣʦʩʢʦʩʪʠ   

 

                                                                          ʂʢʨ = ĭ/rĮ,                                                                                   (1) 

 

ʛʜʝ r ï ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ, ʚʳʩʯʠʪʳʚʘʝʤ ʩʫʤʤʫ ʫʛʣʦʚ ʪʨʝʫʛʦʣʴʥʠʢʘ ˉ1, ʟʘʪʝʤ ʩʫʤʤʫ ʫʛʣʦʚ ʪʨʝʫʛʦʣʴʥʠʢʘ ˉ2. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʫʤʤʳ ʫʛʣʦʚ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʨʘʚʥʳ 180Á, ʢʘʢ ʠ ʫ ˉ2, ʪʦ ʝʩʪʴ ʥʠʢʘʢʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʳʪʴ ʥʝ ʤʦʞʝʪ. ʉʫʱʝʩʪʚʫʶʪ ʣʠʰʴ ʠʩʢʨʠʚʣʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʝʢʮʠʡ ʥʘ ʟʨʠʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʚʠʜʝʥʠʷ ʯʝʣʦʚʝʢʦʤ. ʊʦ ʝʩʪʴ, ʥʝʪ ʥʠʯʝʛʦ ʫʜʠʚʠʪʝʣʴʥʦʛʦ ʚ ʪʦʤ, ʯʪʦ ʩʫʤʤʳ ʫʛʣʦʚ ʪʨʝʭ ʨʘʟʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʨʘʚ-

ʥʳ, ʪʘʢ ʢʘʢ, ʫʯʠʪʳʚʘʷ ʢʨʠʚʠʟʥʫ, ʨʘʩʯʝʪ ʚʝʜʝʪʩʷ ʧʦ ʨʝʘʣʴʥʳʤ ʪʨʝʫʛʦʣʴʥʠʢʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʪʨʝʭʤʝʨʥʦʤ ʥʝʠʩ-

ʢʨʠʚʣʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘ ʜʚʫʤʝʨʥʦʡ ʟʨʠʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʠʜʝʥʠʷ ʠʩʢʨʠʚʣʝʥʠʝ ʬʠʢʩʠʨʫʝʪʩʷ, ʥʦ ʥʝ ʫʯʠ-

ʪʳʚʘʝʪʩʷ. ɻʘʫʩʩ ʩʜʝʣʘʣ ʩʚʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʦʧʠʨʘʷʩʴ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʜʚʫʤʝʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʟʨʠʪʝʣʴʥʦʛʦ 

ʚʠʜʝʥʠʷ, ʧʝʨʝʥʝʩʷ ʝʛʦ ʥʘ ʪʨʝʭʤʝʨʥʫʶ, ʯʪʦ ʥʝ ʚʝʨʥʦ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʟʘʛʣʷʥʫʪʴ ʚʥʫʪʨʴ ʵʪʦʡ ʚʦʛʥʫʪʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʠʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʚʥʠʤʘʪʝʣʴʥʦ ʚʳʧʫʢʣʫʶ, ʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚ ʥʠʭ ʥʝʠʟʤʝʥʥʳ, 

ʪʘʢʞʝ  ʥʝʠʟʤʝʥʥʳ ʫʛʣʳ ʪʨʝʫʛʦʣʴʥʠʢʦʚ.  

ʇʨʠʚʝʜʝʤ ʝʱʝ ʦʜʠʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʧʣʦʱʘʜʠ ʬʠʛʫʨʳ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʠʤʝʥʷʷ ʜʘʥʥʳʝ 

ʜʚʫʤʝʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʟʨʠʪʝʣʴʥʦʛʦ ʚʠʜʝʥʠʷ ʯʝʣʦʚʝʢʦʤ. ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʬʠʛʫʨʫ ï ʪʦʥʢʦʝ, ʠʤʝʶʱʝʝ 

ʰʠʨʠʥʫ, ʢʦʣʴʮʦ. ɽʛʦ ʦʙʱʘʷ  ʧʣʦʱʘʜʴ (ʝʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʝʛʦ ʪʦʣʱʠʥʦʡ) ʬʘʢʪʠʯʝʩʢʠ ï ʩʫʤʤʘ ʧʣʦʱʘʜʝʡ ʚʥʫʪʨʝʥ-

ʥʝʡ ʠ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʫʩʣʦʚʥʦ ʨʘʚʥʳʭ ʜʨʫʛ ʜʨʫʛʫ, ʫʤʥʦʞʝʥʥʘʷ ʥʘ ʢʨʠʚʠʟʥʫ  

                                                           
É ɻʥʘʪʶʢ-ɼʘʥʠʣʴʯʫʢ ʃ.ʇ. / Gnatyuk-Danilchuk L.P., 2014 
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                                                                    S ʢ= 4 Ā ʂʢʨĀ Sʧpʢ,                                                                          (2) 

 

ʛʜʝ Sʢ ï ʦʙʱʘ̫ ʧʣʦʱʘʜʴ ʢʦʣʴʮʘ; Sʧpʢ ï ʧʣʦʱʘʜʴ  ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʢʦʣʴʮʘ ʥʘ ʜʚʫʤʝʨʥʫʶ ʧʣʦʩ-

ʢʦʩʪʴ.                

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʝʭʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝ ʠʩʢʨʠʚʣʝʥʦ, ʘ ʚʠʜʠʤʦʩʪʴ ʠʩ-

ʢʨʠʚʣʝʥʠʷ ʩʦʟʜʘʝʪʩʷ ʜʚʫʤʝʨʥʦʡ ʟʨʠʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʚʠʜʝʥʠʷ ʯʝʣʦʚʝʢʦʤ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʦʝʮʠʨʫʶʪʩʷ  ʚʠʜʠ-

ʤʳʝ ʧʨʝʜʤʝʪʳ ʠʟ ʪʨʝʭʤʝʨʥʦʛʦ, ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

2) ʐʠʥʪʘʫ ʗʥ ʠ ʉʪʠʚ ʅʘʪʠʩ ʩʯʠʪʘʶʪ, ʯʪʦ ʰʘʨʠʢ, ʙʨʦʰʝʥʥʳʡ ʚʩʣʝʜ ʫʧʘʚʰʝʤʫ ʥʘ ʙʘʪʫʜ ʯʝʣʦʚʝʢʫ, ʙʫʜʝʪ 

ʜʚʠʛʘʪʴʩʷ ʧʦ ʩʧʠʨʘʣʠ ʠ ʩʢʘʪʠʪʩʷ ʝʤʫ ʧʦʜ ʥʦʛʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʣʳ ʪʷʛʦʪʝʥʠʷ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʩ ʵʪʠʤ ʥʝʣʴʟʷ 

ʩʦʛʣʘʩʠʪʴʩʷ: ʝʩʣʠ ʚʝʩ ʠ ʤʘʩʩʘ ʯʝʣʦʚʝʢʘ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʶʪ ʤʘʩʩʫ ʠ ʚʝʩ ʰʘʨʠʢʘ, ʪʦ ʜʚʠʞʝʥʠʝ ʧʦ ʩʧʠʨʘʣʠ ʯʝʣʦ-

ʚʝʢʘ ʙʫʜʝʪ ʧʦʯʪʠ ʥʝʚʠʜʠʤʦ, ʘ ʜʚʠʞʝʥʠʝ ʧʦ ʩʧʠʨʘʣʠ ʰʘʨʠʢʘ ï ʚʝʩʴʤʘ ʟʘʤʝʪʥʦ; ʰʘʨʠʢ ʫʧʘʜʝʪ ʥʝ ʧʦʜ ʥʦʛʠ ʯʝʣʦ-

ʚʝʢʫ, ʘ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʝʛʦ ʠ ʩʢʘʪʠʪʴʩʷ ʢ ʥʝʤʫ ʠʟ-ʟʘ ʚʦʛʥʫʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʪʫʪʘ ʧʦʜ ʚʝʩʦʤ ʯʝ-

ʣʦʚʝʢʘ. ʅʘ ʈʠʩ 1. ʠ ʈʠʩ.2. ʧʦʢʘʟʘʥʳ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʣʶʙʦʛʦ ʙʦʣʝʝ ʣʝʛʢʦʛʦ ʧʨʝʜʤʝʪʘ. 

ʃʝʛʯʝ ʚʩʝʛʦ ʥʘʛʣʷʜʥʦ ʫʚʠʜʝʪʴ ʜʚʠʞʝʥʠʝ ʧʘʜʘʶʱʝʛʦ ʧʫʭʦʚʦʛʦ ʧʝʨʳʰʢʘ. ʏʝʤ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʪʦʯʢʦʡ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʠ ʧʣʦʩʢʦʩʪʴʶ, ʧʨʝʛʨʘʞʜʘʶʱʝʡ ʵʪʦ ʧʘʜʝʥʠʝ, ʪʝʤ ʙʦʣʝʝ ʷʚʥʦ ʚʠʜʥʘ ʩʧʠʨʘʣʴ ʜʚʠʞʝʥʠʷ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʜʠʫʩʘ ʜʫʛʠ ʦʧʠʩʳʚʘʝʤʦʡ ʧʫʰʠʥʢʦʡ. ʇʨʠ ʵʪʦʤ ʩʢʨʳʪʳʝ ʜʣʷ ʦʱʫʱʝʥʠʡ ʯʝʣʦʚʝʢʘ ʚʦʟʜʫʰʥʳʝ ʧʦʪʦ-

ʢʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʢʣʦʥʠʪʴ ʪʦʯʢʫ ʧʨʠʟʝʤʣʝʥʠʷ ʦʪ ʦʞʠʜʘʝʤʦʡ.  

 

                                                
                                     
                                      ʈʠʩ. 1.                                                                      ʈʠʩ. 2. 
 

ʅʘ ʨʠʩ. 1 ʯʝʣʦʚʝʢ ʠʟ ʪʦʯʢʠ ɺ1 (ʭ1, ʫ1 , 0) çʧʨʠʟʝʤʣʷʝʪʩʷè ʚ ʪʦʯʢʫ ɺ2 (ʭ2, ʫ2, 0) ʥʘ ʜʚʫʭʤʝʨʥʫʶ ʧʣʦʩʢʦʩʪʴ  ʭʫ. 
ʅʘ ʨʠʩ. 2. ʧʫʰʠʥʢʘ ʠʟ ʪʦʯʢʠ ɸ1((ʭ1 , ʫ1 ,0), ʧʘʜʘʷ ʧʦ ʩʧʠʨʘʣʠ, ʜʦʩʪʠʛʘʝʪ ʪʦʯʢʠ ɸ2 (ʭ2, ʫ2, 0) ʥʘ ʜʚʫʭʤʝʨʥʦʡ ʧʣʦʩʢʦʩʪʠ  ʭʫ.  

 

3) ʇʦʠʩʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʜʦʩʪʫʧʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʝʣʠ ʢ ʦʙʥʘʨʫʞʝʥʠʶ ʨʘʙʦʪʳ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çɸʣʛʝʙʨʘ 

ʩʠʛʥʘʪʫʨ çʯʘʩʪʠʮʳè, ʘʚʪʦʨ ʢʦʪʦʨʦʡ (ɻʣʘʫʭʤʘʥ ʄ.) ʧʳʪʘʝʪʩʷ, ʩʤʝʰʠʚʘʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʜʦʢʘ-

ʟʘʪʴ, ʯʪʦ ʬʠʟʠʢʘ ʠ ʤʘʪʝʤʘʪʠʢʘ ʯʝʣʦʚʝʯʝʩʪʚʫ ʥʝ ʥʫʞʥʳ, ʥʘ ʠʭ ʤʝʩʪʝ ʜʦʣʞʥʳ ʙʳʪʴ ʬʠʣʦʩʦʬʠʷ ʠ ʚʝʨʘ ʚ ɺʳʩʰʠʝ ʩʠ-

ʣʳ. ɼʘʥʥʳʡ ʦʧʫʩ ʢ ʪʦʤʫ ʞʝ ʫʢʨʘʰʝʥ ʥʘʜʫʤʘʥʥʳʤʠ, ʥʦ ʚʝʩʴʤʘ ʪʘʣʘʥʪʣʠʚʳʤʠ ʠʣʣʶʩʪʨʘʮʠʷʤʠ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, 

ʥʝ ʠʤʝʶʱʠʤʠ ʥʠʯʝʛʦ ʦʙʱʝʛʦ ʩ ʥʘʫʢʦʡ. ʇʨʝʜʧʦʣʦʞʠʤ, ʦʧʫʩ ʥʘʧʠʩʘʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ, ʩʪʠʨʘʷ ʥʘʫʢʫ ʚʦʦʙʱʝ, ʚʥʝʜ-

ʨʠʪʴ ʯʝʣʦʚʝʯʝʩʪʚʫ ʥʝʧʦʥʷʪʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʚʠʪʠʝʚʘʪʳʝ ʫʤʦʟʘʢʣʶʯʝʥʠʷ, ʥʘʧʠʩʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʝʨ-

ʰʝʥʥʦ ʥʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʠʣʠ ʩʣʦʚ ʮʝʨʢʦʚʥʦʡ ʣʝʢʩʠʢʠ, ʥʝ ʩʦʚʧʘʜʘʶʱʝʡ ʧʦ ʩʤʳʩʣʫ, ʠ ʧʨʠ ʵʪʦʤ ʘʙʩʦʣʶʪʥʦ ʟʘ-

ʢʨʳʪʴ ʜʦʨʦʛʫ ʢ ʟʥʘʥʠʷʤ. ʕʪʦ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʚ ʜʘʥʥʳʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ʥʘʨʦʜ ʧʦʚʝʨʥʫʣʩʷ ʣʠʮʦʤ ʢ ʮʝʨʢʚʠ. 

ʅʘʧʨʘʰʠʚʘʝʪʩʷ ʚʳʚʦʜ: ʯʝʣʦʚʝʢ ʚʳʰʝʣ ʥʘ ʢʘʢʦʡ-ʪʦ ʚʳʩʰʠʡ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʚ ʨʘʟʛʘʜʢʝ ʪʘʡʥʳ ʤʠʨʦʟʜʘʥʠʷ. ʕʪʦ ʝʱʝ 

ʦʜʠʥ, ʥʘʨʷʜʫ ʩ ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʝʡ, ʦʧʘʩʥʳʡ ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʦʤ. ʈʘʟʙʝʨʝʤ ʧʨʦʙʣʝʤʫ ʧʦʜʨʦʙʥʝʝ.  

ɸʚʪʦʨ ʦʧʫʩʘ ʢʦʩʥʫʣʩʷ ʧʦʯʪʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʬʠʟʠʢʠ ʚʝʩʴʤʘ ʧʦʚʝʨʭʥʦʩʪʥʦ, ʩʦ ʩʣʝʜʫʶʱʠ-

ʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʟʣʦʞʝʥʠʷ ʠ ʬʘʢʪʠʯʝʩʢʠʤʠ ʦʰʠʙʢʘʤʠ: 

3.1 ʘ) ʚʟʷʚ ʟʘ ʦʩʥʦʚʫ ʢʘʢʦʡ-ʣʠʙʦ ʥʘʡʜʝʥʥʳʡ ʨʘʥʝʝ ʟʘʢʦʥ, ʘʚʪʦʨ ʟʘʧʠʩʳʚʘʝʪ ʤʘʪʝʨʠʘʣ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʨʤʠ-

ʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʣʠʯʥʳʭ ʫʤʦʟʘʢʣʶʯʝʥʠʷʭ; ʚʟʷʚ ʠʟʚʝʩʪʥʫʶ ʬʦʨʤʫʣʫ, ʜʦʧʦʣʥʷʝʪ ʝʝ ʙʝʟʦʩʥʦʚʘʪʝʣʴʥʳʤʠ ʵʣʝ-

ʤʝʥʪʘʤʠ, ʤʝʥʷʝʪ ʩ ʠʭ ʧʦʤʦʱʴʶ ʦʙʦʟʥʘʯʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʠʜʘ, ʧʦʩʣʝ ʯʝʛʦ, ʙʝʟ ʦʙʲʷʩʥʝʥʠʷ ʩʫʪʠ, ʠʩʢʣʶʯʘʝʪ 

ʥʘʜʫʤʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚʳʚʝʣ ʬʦʨʤʫʣʫ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʧʫʪʝʤ, ʥʝʞʝʣʠ ʕʡʥʰʪʝʡʥ, ʥʘʧʨʠʤʝʨ.  

 ʙ) ʚ ʢʘʯʝʩʪʚʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʘʚʪʦʨ ʧʨʠʚʦʜʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʟ ʤʦʣʠʪʚ ʠʣʠ ʠʟ ʪʝʢʩʪʘ ɽʚʘʥʛʝʣʠʷ, ʥʘʧʨʠ-

ʤʝʨ, ʠʟ ɾʠʚʦʡ ʊʦʨʳ: çʚʘʨʠʘʥʪʳ ʨʘʩʢʨʳʪʠʷ ...ʩʦʙʦʣʠʩʪʠʯʝʩʢʦʛʦ ɼʨʝʚʘ ʉʬʠʨʦʪé,  
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ʟʘʧʫʪʘʥʥʦʛʦ, ʤʠʩʪʠʯʝʩʢʦʛʦ, ʥʝʧʦʥʷʪʥʦʛʦ...è 

ʄʦʞʥʦ ʣʠ ʦʙʲʷʩʥʷʪʴ ʥʝʧʦʥʷʪʥʳʤ? 

 

3.2) ʅʘʟʚʘʥʠʝ: ɸʣʛʝʙʨʘ ʩʠʛʥʘʪʫʨ 

 

ʨʘʟʜʝʣ ʤʘʪʝʤʘʪʠʢʠ               ʘ) ʚʦʦʙʱʝ ʛʣʘʛʦʣ: ʫʢʘʟʳʚʘʪʴ, ʫʧʨʘʚʣʷʪʴ   

                                              ʙ) ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʫʯʘʝʤ: ʘ) ɸʣʛʝʙʨʘ ʧʦʨʷʜʢʦʚʳʭ ʥʦʤʝʨʦʚ (ʯʝʛʦ?) 

                        ʙ) ʘʣʛʝʙʨʘ ʫʧʨʘʚʣʷʪʴ (ʫʢʘʟʳʚʘʪʴ). 

3.3) ʇʈɺ ï ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʘʪʝʨʠʘʣʴʥʦ ʚʠʜʠʤʦʡ, 

ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʫʩʣʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ʇʦʵʪʦʤʫ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ çʵʬʬʝʢʪʠʚʥʦʝ ʩʝʯʝʥʠʝ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʩʣʘʙʦ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʩʠʣʳè, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝʚʝʨʥʦ ï ʟʜʝʩʴ ʧʨʦʠʩʭʦ-

ʜʠʪ ʷʚʥʘʷ ʧʦʜʤʝʥʘ ʧʦʥʷʪʠʡ, ʪʘʢ ʢʘʢ ʩʝʯʝʥʠʝ ʯʝʛʦ-ʣʠʙʦ ʝʩʪʴ ʧʨʦʝʢʮʠʷ ʥʘ ʜʚʫʭʤʝʨʥʫʶ ʧʣʦʩʢʦʩʪʴ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʟʤʝʨʘʤʠ ʵʪʦʡ ʧʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʠ (ʩʪʨ. 364). 

3.4) ɼʘʣʝʝ, 

r op ï çʫʩʨʝʜʥʝʥʥʳʡ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʦʜʥʦʡ ʵʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠè ï ʘʚʪʦʨ ʧʫʪʘʝʪ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (ʩʪʨ. 365). 

3.5) ʊʘʢʠʝ ʩʣʦʚʘ, ʢʘʢ: ʫʣʴʪʝʨʘʣʴʥʳʡ (ʚ ʩʣʦʚʘʨʷʭ: ʫʣʴʪʝʨʥʘʣʴʥʳʡ-ʘʜʩʢʠʡ), ʠʥʜʠʢʘʪʨʠʩʘ, ʵʢʦʧʦʪʝʥʮʠ-

ʘʣʴʥʳʡ, ʩʫʙʢʦʥʪ, ʘʥʪʠʩʫʙʢʦʥʪ, ʢʦʤʧʘʢʪʠʚʠʟʘʮʠʷ, ʘʣʩʠʛʥʘ (ʪʘʢʦʛʦ ʩʣʦʚʘ ʤʳ ʥʝ ʥʘʡʜʝʤ ʫ ɺ. ɼʘʣʷ ʚ ʊʦʣʢʦʚʦʤ 

ʩʣʦʚʘʨʝ ɾʠʚʦʛʦ ɺʝʣʠʢʦʨʫʩʩʢʦʛʦ ʷʟʳʢʘ) ï ʥʝ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʠ ʷʚʣʷʶʪʩʷ ʘʚʪʦʨʩʢʠʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ; 

3.6) ʉʣʦʚʦ ʬʦʨʤʫʣʘ, ʠ ʮʝʣʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʟʘʤʝʥʷʶʪʩʷ ʘʚʪʦʨʦʤ ʥʘ ʩʣʦʚʦ ʤʝʪʨʠʢʘ. ʆʜʥʘ-

ʢʦ ʩʣʦʚʦ ʤʝʪʨʠʢʘ ʦʟʥʘʯʘʝʪ: 

ʘ) ʧʨʠʭʦʜʩʢʦʡ ʩʧʠʩʦʢ ʨʦʞʜʝʥʥʳʭ, ʫʤʝʨʰʠʭ ʠ ʧʦʚʝʥʯʘʥʥʳʭ; 

ʙ) ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʨʦʞʜʝʥʠʠ ʠ ʢʨʝʱʝʥʠʠ; 

ʚ) ʩʦʙʨʘʥʠʝ ʘʢʪʦʚ ʦ ʜʚʦʨʷʥʩʢʠʭ ʨʦʜʘʭ; 

ʛ) ʨʦʜʦʩʣʦʚʥʳʝ ʢʥʠʛʠ; 

ʜ) ʨʘʩʩʪʦʷʥʠʝ, 

ʋʧʦʪʨʝʙʣʝʥʠʝ ʝʛʦ ʚ ʜʘʥʥʦʤ ʥʘʫʯʥʦʤ ʢʦʥʪʝʢʩʪʝ ʥʝʜʦʧʫʩʪʠʤʦ. 

3.7) ɸʚʪʦʨ ʫʧʦʪʨʝʙʣʷʝʪ ʙʝʩʩʤʳʩʣʝʥʥʳʝ ʚʳʩʢʘʟʳʚʘʥʠʷ, ʪʠʧʘ çʫʩʨʝʜʥʝʥʦ ʤʝʪʨʠʢʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʩʪʦ-

ʷʥʠʝè. 

3.8) ʉʦʤʥʠʪʝʣʴʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚʳʩʢʘʟʳʚʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʚʠʜʘ: ç...ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʩʫʙʲʷʜʨʳʰʢʝ ʚ 

ʜ̫ʨʝ ʠ ʦ ʤʥʦʛʠʭ ʯʘʩʪʠʮʮʝʧʦʜʦʙʥʳʭ ʩʫʱʥʦʩʪʝʡè (ʩʪʨ. 347). 

3.9.) ɸʚʪʦʨ ʦʧʨʝʜʝʣʷʝʪ ʪʝʨʤʠʥʦʤ ʛʠʛʘʣʴʥʳʝ ʤʠʥʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ, ʭʦʪʷ ʛʠʛʘ ï ʧʝʨʚʘʷ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ 

ʥʘʠʤʝʥʦʚʘʥʠʡ ʝʜʠʥʠʮ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʩʣʫʞʘʱʘʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʠʤʝʥʦʚʘʥʠʡ, ʢʨʘʪʥʳʭ ʝʜʠʥʠʮ, ʨʘʚʥʳʭ 

ʤʠʣʣʠʘʨʜʫ (10
9
) ʠʩʭʦʜʥʳʭ ʝʜʠʥʠʮ: 

 

                                                                                    1ʛʠʛʘʛʝʨʮ= 10
9
)                                                                             (3) 

 

ʅʝ ʢʘʩʘʷʩʴ ʬʦʨʤʫʣ (ʛʜʝ ʠʤʝʶʪ ʤʝʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ) ʠ ʧʝʨʝʯʠʩʣʝʥʠʡ ʧʦʩʪʨʘʥʠʯʥʦ ʩʤʳʩʣʦʚʳʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʩʯʠʪʘʝʤ, ʯʪʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʦʡ 

ʢʥʠʛʠ ʚ ʨʘʟʨʷʜ ʧʩʝʚʜʦʥʘʫʯʥʳʭ. 

4. ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʢʦʤʤʝʥʪʘʨʠʠ ʦ ʧʨʦʯʠʪʘʥʥʦʡ ʢʥʠʛʝ: ɸ.ɸ. ɸʙʨʠʢʦʩʦʚ, ʃ.ʇ. ɻʦʨʴʢʦʚ ʠ ʀ.ɽ ɼʟʷ-

ʣʦʰʠʥʩʢʠʡ çʄʝʪʦʜʳ ʢʚʘʥʪʦʚʦʛʦ ʧʦʣʷ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝè, 2006. 

ɺʳʟʳʚʘʶʪ ʥʝʜʦʫʤʝʥʠʝ ʚʳʚʦʜʳ ʘʚʪʦʨʦʚ [1] ʥʘ ʩʪʨ. 484, ʢʘʩʘʪʝʣʴʥʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. ʌʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ æn-ʚʝʣʠʯʠʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ. ʕʪʦ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ. ʅʝʜʦʫʤʝʥʠʝ ʪʘʢʞʝ ʚʳʟʳʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

4.1) ʉʤ. ʬʦʨʤʫʣʫ (36.6) ï ʰʠʨʠʥʘ ʱʝʣʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʥʝ ʠʟʤʝʨʷʝʪʩʷ ʝʶ. 

4.2) ʅʝʪ ʯʝʪʢʦʩʪʠ ʫʩʣʦʚʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ, ʧʫʪʘʥʠʮʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʤʚʦʣʦʚ ʧʨʠʨʘʱʝʥʠʡ, ʦʧʝʨʘ-

ʪʦʨʦʚ, ʬʫʥʢʮʠʡ, ʰʠʨʠʥʳ ʱʝʣʠ ʠ ʪʘʢ ʜʘʣʝʝ. 

4.3.) ʩʭʦʜʩʪʚʦ ʬʦʨʤʫʣ (38.13) ʠ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘʜʫʤʘʥʥʦ ʠ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʨʘʚ-

ʥʝʥʠʡ ʜʣʷ ʯʘʩʪʠʮ ʩ ʤʘʩʩʦʡ 2m ʠ ʟʘʨʷʜʦʤ 2ʝ, ʧʦʷʚʠʚʰʠʭʩʷ ʥʘ ʩʪʨʘʥʠʮʝ 484 ʧʦ ʫʤʦʣʯʘʥʠʶ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʠ ʥʝʚʝʨʥʳʤʠ, ʪʘʢ ʢʘʢ ʚʳʚʦʜʳ ʤʦʞʥʦ ʜʝʣʘʪʴ ʣʠʰʴ ʧʦ ʦʢʦʥʯʘʪʝʣʴʥʦʤʫ, ʧʨʝʜʝʣʴʥʦ ʫʧʨʦʱʝʥʥʦʤʫ 

ʩʢʦʤʧʦʥʦʚʘʥʥʦʤʫ ʚʠʜʫ ʬʦʨʤʫʣ, ʘ ʥʝ ʧʦ ʠʭ ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʦʤʫ ʧʦʭʦʞʝʤʫ ʩʦʩʪʦʷʥʠʶ. ʈʘʟʙʝʨʝʤʩʷ  ʧʦ-

ʜʨʦʙʥʝʝ: ʚʦʟʴʤʝʤ ʬʦʨʤʫʣʫ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ [1] (38.13) ʠ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ:  
 

                                                            2ie                                       (2e)
2

 

                                             ɱ( r ) = - Ƅ   (ɣ
* Ð rɣ - ɣÐ rɣ

*
) -  Ƅ    A( r ) | ɣ |

2
                                          (1)                      

                                                            4m                                        2m 
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ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʠʩʯʠʩʣʷʝʪʩʷ ʦʜʥʠʤ ʢʦʤʧʣʝʢʩʥʳʤ ʯʠʩʣʦʤ, ʛʜʝ ʧʝʨʚʳʡ ʯʣʝʥ ï ʤʥʠʤʘʷ 

ʝʛʦ ʯʘʩʪʴ, ʘ ʚʪʦʨʦʡ ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ. ʆʜʥʘʢʦ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ (ʩʤ. ʣʶ-

ʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʩʧʨʘʚʦʯʥʠʢ!), ʧʨʠʯʝʤ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʤʠ ʠ ʠʭ ʤʦʞʝʪ ʙʳʪʴ 

ʪʦʣʴʢʦ ʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʘ: ʭ1 = ʘ+id,  x 1 = a-id, ʘ ʚ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ ï ʦʜʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦʪ ʯʣʝʥ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝ ʤʦʞʝʪ ï ʵʪʦ, ʚʦ-ʧʝʨʚʳʭ. ɺʦ-ʚʪʦʨʳʭ, ʚʳʭʦʜʠʪ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʴʶ ʜʘʥʥʦʡ ʬʦʨʤʫʣʳ, ʘ ʠʤʝʥʥʦ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʚ ʥʘ 2, ʠʤʝʝʤ 
 

                                                                         2e
2

 

                                                          ɱ (r) = - - Ƅ A(r)/ɣ/
2

                                                                                 (2)                                         

                                                                         m 

ɺ ʜʘʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʦʪʨʠʮʘʪʝʣʴʥʘ, ʠ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ ʨʘʚʥʦʝ 2e
2

 ʧʨʠʭʦʜʠʪʩʷ 

ʤʘʩʩʘ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ, ʯʪʦ ʩʦʚʝʨʰʝʥʥʦ ʘʙʩʫʨʜʥʦ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʥʦ ʥʝ 

ʬʠʟʠʯʝʩʢʘʷ. 

ʙ) ɼʘʣʝʝ ʦʪʤʝʪʠʤ ʬʨʘʟʫ çʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʘʪ ʝʝ ʮʝʥʪʨʘ ʠʥʝʨʮʠʠè. ʄʦʞʝʪ ʙʳʪʴ, 

ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʯʘʩʪʠʮʳ? ʄʦʞʝʪ ʙʳʪʴ ï ʚʝʣʠʯʠʥʘ ʚʝʢʪʦʨʘ? ʆ ʢʘʢʦʤ ʮʝʥʪʨʝ ʠʥʝʨʮʠʠ ʟʜʝʩʴ 

ʠʜʝʪ ʨʝʯʴ? ʉʘʤʘ ʧʦ ʩʝʙʝ ʬʫʥʢʮʠʷ ʥʝ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʠʥʝʨʮʠʝʡ, ʝʡ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʯʘʩʪʠʮʘ, ʢʦʪʦʨʫʶ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʝʡ. 

ʇʦʜʚʝʜʝʤ ʠʪʦʛ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ. 

1. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨ ʩʦʚʝʨʰʘʝʪ ʧʦʧʳʪʢʫ ʫʪʦʯʥʝʥʠʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʩʜʝʣʘʥʥʦʛʦ ʠʟʚʝʩʪʥʳʤ ʬʠʟʠʢʦʤ 

ɻʘʫʩʩʦʤ. 

2. ɺʚʝʜʝʥʳ ʥʝʙʦʣʴʰʠʝ ʫʪʦʯʥʝʥʠʷ ʚ ʫʯʝʥʠʝ ʐʠʥʪʘʫ ʗʥ ʠ ʉʪʠʚʘ ʅʘʪʠʩʘ. 

3. ʇʨʠʚʝʜʝʥʳ ʦʙʦʩʥʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ, ʯʪʦ ʥʘʫʯʥʳʡ ʪʨʫʜ ɻʘʫʭʤʘʥʘ ʄ., çʩʧʝʢʫʣʷʪʠʚʥʦè  ʦʧʠʨʘ-

ʶʱʝʛʦʩʷ ʥʘ ʨʝʣʠʛʠʦʟʥʳʝ ʪʨʫʜʳ ʜʨʝʚʥʦʩʪʠ, ʘ ʪʝʤ ʩʘʤʳʤ ʥʘ ʜʦʚʝʨʯʠʚʦʩʪʴ ʥʝʧʨʦʩʚʝʱʝʥʥʳʭ ʯʠʪʘʪʝʣʝʡ, ʷʚʣʷʝʪʩʷ 

ʧʩʝʚʜʦʥʘʫʯʥʳʤ. ɼʫʤʘʝʪʩʷ, ʯʪʦ ʠ ʦʩʪʘʣʴʥʳʝ ʠʟʳʩʢʘʥʠʷ ɻʣʘʫʭʤʘʥʘ ʄ.ʍ. ʠʤʝʶʪ ʩʭʦʞʫʶ ʮʝʣʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʤʳʩʣʠ ï ʫʚʝʩʪʠ ʯʠʪʘʪʝʣʷ ʦʪ ʠʩʪʠʥʳ, ʧʨʝʜʣʘʛʘʷ ʩʣʝʧʦ ʧʦʜʯʠʥʷʪʴʩʷ ʚʝʨʝ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʠʩʢʘʪʴ 

ʠʩʪʠʥʫ ʚʦʦʙʱʝ ʥʝ ʩʣʝʜʫʝʪ.  

4. ɸʚʪʦʨ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʚʦʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʫʥʢʪʘʤ 1,2,3,4ʘ), ʙ) ʠ ʦʙʲʷʩʥʝʥʠʷʤ ʥʘ ʩʪʨ. 484, 

ʚʳʜʚʠʥʫʪʳʤ ʚ ʢʥʠʛʝ ɸ. ɸʙʨʠʢʦʩʦʚ, ʃ.ʇ. ɻʦʨʴʢʦʚ ʠ ʀ.ɽ. ɼʟʷʣʦʰʠʥʩʢʠʡ çʄʝʪʦʜʳ ʢʚʘʥʪʦʚʦʛʦ ʧʦʣʷ ʧʦ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʦʡ ʬʠʟʠʢʝè, 2006, ʷʚʣʷʶʪʩʷ ʥʘʜʫʤʘʥʥʳʤʠ ʠ ʥʝʢʦʨʨʝʢʪʥʳʤʠ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠ, ʪʘʢ ʠ ʬʠʟʠʯʝʩʢʠ. 
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ɺʀɿʋɸʃʀɿɸʎʀʗ ʏʀʉʃɽʅʅʆɻʆ ʈɽʐɽʅʀʗ ʅɽʃʀʅɽʁʅʆʁ 

 ʄʆɼɽʃʀ ɺ ʇɸʂɽʊɽ COMSOL MULTIPHYSICS 
 

 
ʊ.ɺ. ʂʠʩʝʣʝʚʘ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʉʪʘʚʨʦʧʦʣʴ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʚʪʦʚʦʣʥʦʚʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʧʨʠʙʣʠʞʘʶʱʠʡ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. ʉ ʧʦʤʦ-

ʱʴʶ ʧʘʢʝʪʘ Comsol Multiphysics ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʚʠʟʫʘʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʤʦʜʝʣʠ, ʩʦʛʣʘʩʫʶ-

ʱʠʡʩʷ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ, ʘʚʪʦʚʦʣʥʦʚʦʡ ʧʨʦʮʝʩʩ, ʧʘʢʝʪ Comsol Multiphysics. 

 

ɸʚʪʦʢʦʣʝʙʘʥʠʷ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʘʚʪʦʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʷʚʣʝʥʠʡ 

ʚ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʠʟʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʨʝʜʘʭ. ʋʞʝ ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ ʵʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʭ ʞʝ ʙʠʦʨʠʪʤʦʚ. ʅʘʠʙʦʣʝʝ ʪʨʫʜʥʦʡ 

ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʧʨʦʙʣʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʘʜʝʢʚʘʪʥʳʭ ʠʩʩʣʝʜʫʝʤʳʤ ʩʠʩʪʝʤʘʤ. ʊʨʫʜʥʦʩʪʴ 

ʫʩʫʛʫʙʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʝʩʴʤʘ ʪʠʧʠʯʥʳʝ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʡ ʧʨʘʢʪʠʢʠ ʘʚʪʦʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʧʣʦʭʦ 

ʥʘʙʣʶʜʘʝʤʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʣʠʙʦ ʧʨʦʠʩʭʦʜʷʪ ʧʦʯʪʠ ʤʛʥʦʚʝʥʥʦ, ʢʦʛʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʨʘʩʧʦʟʥʘʪʴ ʠ ʩʝʧʘ-

ʨʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʣʠʙʦ ʧʨʦʠʩʭʦʜʷʪ ʩʣʠʰʢʦʤ ʤʝʜʣʝʥʥʦ, ʯʪʦ ʝʱʝ ʭʫʞʝ ʜʣʷ ʘʥʘʣʠʟʘ.  

ɸʜʝʢʚʘʪʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʷʟʳʢʦʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʘʚʪʦʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʷʟʳʢ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɺ ʩʠʩʪʝʤʘʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʝʘʣʴʥʳʝ ʩʨʝʜʳ, ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʚʪʦʚʦʣʥ ʭʦʨʦʰʦ ʤʦʜʝʣʠʨʫʶʪʩʷ ʚ 

ʨʘʤʢʘʭ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʟ-

ʙʫʜʠʤʳʭ ʩʨʝʜʘʭ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʚ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ.  

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʢʦʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʚʪʦʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʦʜʠ-

ʥʘʢʦʚʳ ʚ ʩʠʩʪʝʤʘʭ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. ʉʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʲʝʜʠʥʷʶʱʠʤʠ ʠʩʩʣʝʜʫʝʤʳʝ ʧʨʦʮʝʩʩʳ, ʠ 

ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʪʥʝʩʪʠ ʠʭ ʢ ʘʚʪʦʚʦʣʥʦʚʳʤ ʷʚʣʷʶʪʩʷ:  

M ʘʢʪʠʚʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʩʨʝʜʘ, ʚʦʣʥʦʚʦʡ ʧʨʦʮʝʩʩ ʚ ʢʦʪʦʨʦʡ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʪʦʷʥ-

ʥʳʤʠ ʟʘ ʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʚ ʩʨʝʜʝ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ;  

M ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ (ʧʝʨʠʦʜ, ʜʣʠʥʘ ʚʦʣʥʳ, ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʘʤʧʣʠʪʫʜʘ ʠ 
ʬʦʨʤʘ) ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

ʇʨʦʮʝʩʩ, ʦʪʚʝʯʘʶʱʠʡ ʚʩʝʤ ʵʪʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʷʯʝʡʢʝ ʩ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʴʶ ï 

ʢʦʣʣʦʠʜʥʦʤ ʨʘʩʪʚʦʨʝ ʤʘʛʥʝʪʠʪʘ ʚ ʢʝʨʦʩʠʥʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. ʇʨʠ-

ʵʣʝʢʪʨʦʜʥʳʡ ʩʣʦʡ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʤʝʱʝʥʥʦʡ ʚ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʷʯʝʡʢʫ, ʢʦʪʦʨʳʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʠʚʥʫʶ ʥʝʣʠʥʝʡʥʫʶ ʩʨʝʜʫ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʦʜʝʣʴ-

ʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠ ʘʚʪʦʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ɺʩʝ ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʣʝʛʢʦ ʠʟʫʯʘʪʴ ʥʝʣʠʥʝʡʥʳʝ ʧʨʦʮʝʩʩʳ, ʘ ʧʦʣʫʯʝʥʥʦʝ ʠ ʨʝʰʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʥʘʙʣʶʜʘʝʤʳʝ ʘʚʪʦ-

ʚʦʣʥʳ ʜʣʷ ʜʚʫʤʝʨʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʝʪ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʧʨʠʨʦʜʫ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠ 

ʩʘʤʫ ʤʦʜʝʣʴ ʘʚʪʦʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʘʨʘʙʦʣʠ-

ʯʝʩʢʦʛʦ ʪʠʧʘ [3]: 

                                            (1) 

 

ʛʜʝ ɟs ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʟʘʨʷʜ, ʦʪʥʝʩʝʥʥʳʡ ʢ ʝʜʠʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ; D ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ; j(t) ï 

ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʥʘʧʨʘʚʣʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʨʘʩʯʝʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʫʨʘʚʥʝʥʠʠ (1) ʘʚʪʦʚʦʣʥʦʚʦʡ ʧʨʦʮʝʩʩ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʥʝʣʠʥʝʡʥʦʛʦ ʩʣʘʛʘʝʤʦʛʦ j(t) (ʨʠʩ. 1).  

                                                           
 É ʂʠʩʝʣʝʚʘ ʊ.ɺ. / Kiselyova T.V., 2014 
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ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʦʪ ʚʨʝʤʝʥʠ  

 

ʇʦ ʛʨʘʬʠʢʫ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʚʠʜʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ( )j t ʚʢʣʶʯʘʝʪ ʜʚʝ ʩʦʩʪʘʚʣʷ-

ʶʱʠʝ(1)( )j t  ʠ (2)( )j t , ʛʜʝ 
(1)( )j t  ï ʪʦʢ ʟʘʨʷʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʬʘʟʫ ʨʝʬʨʘʢʪʝʨʥʦʩʪʠ, (2)( )j t  ï ʪʦʢ ʨʘʟʨʷ-

ʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʬʘʟʫ ʚʦʟʙʫʞʜʝʥʠʷ ʘʚʪʦʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʊʦʢ ʟʘʨʷʜʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʘʛʘʝʤʳʭ:(1) (1)(1)
1 2( ) ( ) ( )j t j t j t= + , ʛʜʝ 

(1)
1 ( )j t ï ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʪʦʢ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʘʢʘʧʣʠʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʩʣʦʝʚ, 
(1)
2 ( )j t  ï ʦʩʪʘʪʦʯʥʳʡ ʪʦʢ ʠʣʠ 

ʪʦʢ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʪʦʣʴʢʦ ʩʢʚʦʟʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ j(t) ʷʚʣʷʝʪʩʷ ʨʘʟʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ, ʧʦʵʪʦʤʫ ʙʳ-

ʣʦ ʧʨʦʚʝʜʝʥʦ ʝʝ ʩʛʣʘʞʠʚʘʥʠʝ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʳ MatLab 6.5. 

 

 
 

ʈʠʩʫʥʦʢ 2. ɺʠʜ ʬʫʥʢʮʠʠ j(t) ʧʦʩʣʝ ʩʛʣʘʞʠʚʘʥʠʷ  

 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Comsol 

Multiphysics ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʘʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (PDE). ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʫʨʘʚʥʝʥʠʷʭ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʘʪʴ PDE ʯʝʨʝʟ ʦʜʠʥ ʠʟ ʧʨʠʢʣʘʜʥʳʭ ʨʝʞʠʤʦʚ: ʢʦʵʬʬʠʮʠʝʥʪʥʘʷ ʬʦʨʤʘ; ʛʝʥʝʨʘʣʴʥʘʷ ʬʦʨʤʘ; 

ʦʩʣʘʙʣʝʥʥʘʷ ʧʨʦʝʢʮʠʦʥʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ. ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʨʝʞʠʤ, ʤʦʞʥʦ ʠʩʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʘʥʘʣʠʟʘ, 

ʚʢʣʶʯʘʷ ʩʪʘʮʠʦʥʘʨʥʳʡ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ, ʣʠʥʝʡʥʳʡ ʠ ʥʝʣʠʥʝʡʥʳʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ.  

ʇʦʩʪʘʚʠʤ ʟʘʜʘʯʫ ʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ, ʦʪʥʝʩʝʥʥʦʛʦ ʢ ʝʜʠ-

ʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʝʥʝʙʨʝʛʘʷ ʪʦʣʱʠʥʦʡ ʷʯʝʡʢʠ, ʤʦʜʝʣʠʨʫʝʤʦʝ ʧʦʣʝ ʙʫʜʝʪ ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʳʤ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʥʝ ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʦʡ, ʧʦʩʢʦʣʴʢʫ ʤʳ ʘʥʘʣʠʟʠʨʫʝʤ ʦʜʥʦ ʬʠʟʠʯʝʩʢʦʝ 

ʷʚʣʝʥʠʝ ï ʘʚʪʦʚʦʣʥʦʚʦʡ ʧʨʦʮʝʩʩ, ʧʦʵʪʦʤʫ ʥʝʠʟʚʝʩʪʥʦʡ ʠʣʠ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ɟS. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʚ ʩʠʩʪʝʤʝ Multiphysics ʫʨʘʚʥʝʥʠʝ ʘʚʪʦʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʢʦʵʬʬʠʮʠʝʥʪʥʦʡ 

ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʝʤ [5]: 
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                   ,      (2) 

 

ʛʜʝ W ï ʥʝʢʦʪʦʨʘʷ ʦʙʣʘʩʪʴ ʚ ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʢʘʣʷʨʥʦʝ ʧʦʣʝ, 

ʛʨʘʥʠʮʘ ʵʪʦʡ ʦʙʣʘʩʪʠ Wµ ; u ï ʠʩʢʦʤʦʝ ʩʢʘʣʷʨʥʦʝ ʧʦʣʝ; da, a, f ï ʟʘʜʘʥʥʳʝ ʩʢʘʣʷʨʥʳʝ ʧʦʣʷ; Ŭ, ɓ, ɔ ï ʟʘʜʘʥʥʳʝ 

ʚʝʢʪʦʨʥʳʝ ʧʦʣʷ; c ï ʟʘʜʘʥʥʦʝ ʩʢʘʣʷʨʥʦʝ ʠʣʠ ʪʝʥʟʦʨʥʦʝ (ʚʪʦʨʦʡ ʚʘʣʝʥʪʥʦʩʪʠ) ʧʦʣʝ.  

ʇʦʣʷ da, c, Ŭ, ɓ, ɔ, a, f ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ PDE ʠʣʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ. 

ʉʢʘʣʷʨʥʳʝ ʧʝʨʝʤʝʥʥʳʝ h, r, q, g ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

ʇʨʠ da Í 0 ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʥʘʟʳʚʘʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ. ɼʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ x, y ʠ ʧʝʨʝʤʝʥʥʘʷ, ʦʙʦʟʥʘʯʘʶʱʘʷ ʚʨʝʤʷ t ʥʘʟʳʚʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ.  

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2) ʠʤʝʝʪ ʚʠʜ: 
 

                                                                                                               (3) 

 

ʛʜʝ da = 1, ʩ = D, f = j(t). 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʨʘʟʤʝʨʳ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝ-

ʩʢʦʡ ʷʯʝʡʢʠ 3*5*0,05 ʩʤ
3
 ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 1-ʛʦ ʨʦʜʘ:  

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʷʯʝʡʢʠ, ʧʦʩʪʨʦʝʥʥʘʷ ʛʨʘʬʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʠʩʪʝʤʳ 

Multiphysics ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. ʇʘʨʘʤʝʪʨʳ ʟʦʥ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ sD
C

s
=-  ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫ-

ʟʠʠ (ʥʝ ʟʘʚʠʩʠʪ ʦʪ x ʠ y). 

 
 

ʈʠʩʫʥʦʢ 3. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʚʪʦʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ 

 

ʄʘʩʩʠʚ ʪʘʙʣʠʯʥʦ ʟʘʜʘʥʥʦʡ ʩʛʣʘʞʝʥʥʦʡ ʬʫʥʢʮʠʠ j(t) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ MatLab ʙʳʣ ʚʥʝʜʨʝʥ ʚ ʤʦ-

ʜʝʣʴ ʩʠʩʪʝʤʳ Multiphysics ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʘʙʦʨʦʤ ʢʦʤʘʥʜ. 



ISSN 2308-4804. Science and world . 2014. ˉ 5 (9). Vol. I. 

 

 

17 

 

 
 

ʈʠʩʫʥʦʢ 4. ʆʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

 

ʆʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 4, ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʩʝʪʢʫ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʃʘʛʨʘʥʞʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ɻʝʥʝʨʘʪʦʨ ʩʝʪʢʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʝʪ 

ʪʨʝʫʛʦʣʴʥʫʶ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʩʝʪʢʫ, ʘ ʤʠʥʠʤʠʟʘʮʠʶ ʯʠʩʣʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʧʦʣʥʷʶʪ ʟʘʣʦʞʝʥʥʳʝ 

ʘʜʘʧʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʛʝʥʝʨʘʮʠʠ ʠ ʧʨʝʜʦʧʨʝʜʝʣʝʥʠʷ ʩʝʪʢʠ. ɺ ʩʠʩʪʝʤʝ Multiphysics ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʫʧʨʘʚʣʝ-

ʥʠʝ ʧʘʨʘʤʝʪʨʘʤʠ ʛʝʥʝʨʘʪʦʨʘ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʧʝ-

ʨʝʦʧʨʝʜʝʣʷʪʴ ʩʝʪʢʫ. 

ʇʨʠ ʯʠʩʣʝ ʵʣʝʤʝʥʪʦʚ ʙʘʟʦʚʦʡ ʩʝʪʢʠ 588 ʠ ʤʠʥʠʤʘʣʴʥʦʤ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ 0,6094, ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʜʣʷ 2 

ʰʘʛʦʚ ʧʦ ʚʨʝʤʝʥʠ (0,5t ʩd= ) ʩʦʩʪʘʚʠʣʦ 1,883 ʩ, ʘ ʜʣʷ 120 ʰʘʛʦʚ ï 2,574 ʩ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʘʚʪʦʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʘ 60 ʩ, ʧʨʝʜʩʪʘʚʣʝ-

ʥʦ ʚ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʩ ʣʠʥʠʷʤʠ ʨʘʚʥʦʛʦ ʫʨʦʚʥʷ. 

 

 
 

ʈʠʩʫʥʦʢ 5. ɺʠʟʫʘʣʠʟʘʮʠʷ ʚ ʩʨʝʜʝ Comsol Multiphysics ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ, ʦʪʥʝʩʝʥʥʦʛʦ ʢ ʝʜʠʥʠʮʝ 

ʧʦʚʝʨʭʥʦʩʪʠ  

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ, ʦʪʥʝʩʝʥʥʦʛʦ ʢ ʝʜʠʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 

ʚʝʣʠʯʠʥʳ ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ j(t), ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʬʦʨʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ɟS ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʦʨʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɟS ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ 
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ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ɟS, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʘʚʪʦʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʥʘ ʙʘʟʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Comsol Multiphysics ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʠʣ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʙʣʝʤʫ ʛʣʘʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʵʚʦ-

ʣʶʮʠʶ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʦʡ ʚʝʣʠʯʠʥʳ  sr  ï ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ, ʦʪʥʝʩʝʥʥʦ-

ʛʦ ʢ ʝʜʠʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 8*10
-5
 ʜʦ 1*10

-3 
ʂʣ/ʤ

2
, ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘʩʫʷʩʴ ʩ ʜʘʥʥʳʤʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʢʘʟʳʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʦʙʨʘʥʥʦʡ ʤʦʜʝʣʠ [1, 2, 4]. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʚʪʦʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʝʜʠʮʠʥʝ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠ-

ʢʝ, ʵʢʦʥʦʤʠʢʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ. 
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Abstract. Approach to creation of mathematical model of the autowave process, approaching the theoretical 

problem definition to field researches is presented in the article. By means of Comsol Multiphysics package the result of 

visualization of the numerical solution of the model, which coordinated with laboratory data is presented. 
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ʋɼʂ 534.1 

 

ɻɽʆʈɽɿʆʅɸʅʉʓ  ʉɽʁʉʄʀʏɽʉʂʆɻʆ ʄɸʗʊʅʀʂɸ 
 

 
ʅ.ʀ. ʄʘʨʪʳʥʦʚ

1
, ʄ.ɸ. ʈʘʤʘʟʘʥʦʚʘ

2
 

1 
 ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

2
 ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʠ ʤʘʰʠʥʦʚʝʜʝʥʠʷ  ʠʤ. ʘʢʘʜʝʤʠʢʘ ʋ.ɸ. ɼʞʦʣʜʘʩʙʝʢʦʚʘ (ɸʣʤʘʪʳ), ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʦʨʝʟʦʥʘʥʩʦʚ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʢʨʫʪʠʣʴʥʦʛʦ ʤʘʷʪʥʠʢʘ, ʧʦʟʚʦʣʠʚ-

ʰʝʝ ʧʦʥʷʪʴ ʠ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʦʝ ʥʘ ʧʨʘʢʪʠʢʝ  ʧʠʢʦʦʙʨʘʟʥʦʝ ʠ ʙʫʭʪʦʦʙʨʘʟʥʦʝ ʧʦʚʝʜʝʥʠʝ ʝʛʦ ʫʛʣʘ ʟʘʢʨʫʯʠ-

ʚʘʥʠʷ ʚ ʧʝʨʠʦʜ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʉʤʦʜʝʣʠʨʦʚʘʥʳ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʙʫʭʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʨʝʘʣʴʥʳʤ ʟʘʧʠʩʷʤ ʧʨʠʙʦʨʦʚ ʤʘʷʪʥʠʢʦʚʘ ʪʠʧʘ çɸʣʝʤè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ, ʛʝʦʨʝʟʦʥʘʥʩ, ʘʤʧʣʠʪʫʜʘ, ʫʛʦʣ ʟʘʢʨʫʯʠʚʘʥʠʷ, ʙʫʭʪʘ. 

 

ɺʚʝʜʝʥʠʝ. ʇʦʜ ʧʨʦʛʥʦʟʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦʥʠʤʘʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʘ, ʚʨʝʤʝʥʠ ʠ ʩʠʣʳ (ʤʘʛʥʠʪʫʜʳ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ) ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʇʨʦʛʥʦʟ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʫʩʣʦʚʥʦʡ ʤʝʨʝ  ʜʝʣʠʪʩʷ  ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʡ (ʥʘ 

ʜʝʩʷʪʠʣʝʪʠʷ ʚʧʝʨʝʜ), ʩʨʝʜʥʝʩʨʦʯʥʳʡ (ʥʘ ʛʦʜʳ ʚʧʝʨʝʜ), ʢʨʘʪʢʦʩʨʦʯʥʳʡ (ʤʝʩʷʮʳ-ʜʥʠ ʚʧʝʨʝʜ) ʠ ʦʧʝʨʘʪʠʚʥʳʡ (ʯʘ-

ʩ-rʤʠʥʫʪʳ ʚʧʝʨʝʜ). ʂʘʞʜʳʡ ʵʪʘʧ ʧʨʦʛʥʦʟʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʙʦʨʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚ - ʷʚʣʝʥʠʡ, ʦʧʝ-

ʨʝʞʘʶʱʠʭ ʠ ʧʨʝʜʚʝʱʘʶʱʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [6,3].  

ɽʩʣʠ ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʨʦʛʥʦʟ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʷʭ,  ʜʘʝʪ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʪʦ ʥʘʜʝʞʥʦʩʪʴ ʩʨʝʜʥʝʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ 

ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ 0,5 ʠ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 0,5 [3]. ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʚʝʩʪʥʠʢʦʚ, ʥʠ ʦʜʠʥ ʠʟ ʥʠʭ ʥʝ ʜʘʝʪ ʪʦʯʥʳʭ ʦʮʝʥʦʢ. ɺ ʨʘʟʥʳʭ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʨʘʡʦʥʘʭ 

ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʠ ʨʘʙʦʪʘʶʪ ʧʦ-ʨʘʟʥʦʤʫ, ʜʘʚʘʷ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʫʱʝʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʢʘʢ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʫʩʣʦʚʠʡ ʝʛʦ ʟʘʨʦʞʜʝʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ, ʪʘʢ ʠ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʧʦʤʝʭʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ [8]. ʉʠʪʫʘʮʠʷ ʩ ʢʨʘʪʢʦʩʨʦʯʥʳʤ ʠ ʦʧʝ-

ʨʘʪʠʚʥʳʤ ʧʨʦʛʥʦʟʦʤ ʝʱʝ ʭʫʞʝ: ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʛʥʦʟʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ. 

ʉ ʮʝʣʴʶ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʨʫʪʠʣʴʥʳʡ ʤʘʷʪʥʠʢ 

[7]. ʅʘ ʙʘʟʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʦʣʝʙʘʥʠʡ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ, ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʭ ʤʝʪʦʜʦʚ, ʂʘʣʠʥʠʢʦʚʳʤ ʅ.ʀ. ʠ ʜʨʫʛʠʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠʥʩʪʠʪʫʪʘ ʌʠʟʠʢʠ ɿʝʤʣʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠ-

ʢʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [4,5]. 

ʊʝʨʨʠʪʦʨʠʷ ʶʛʘ ʠ ʶʛʦ-ʚʦʩʪʦʢʘ ʂʘʟʘʭʩʪʘʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʩʪʨʘʥ 

ʉʅɻ [15]. ʇʦʩʣʝ  ʉʧʠʪʘʢʩʢʦʛʦ  ʟʝʤʣʝʪʨʷʩʝʥʠʷ 1988ʛ.,   ʚ ʪʝʯʝʥʠʝ 1989-1993ʛʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʙʳʣʘ 

ʩʦʟʜʘʥʘ ʩʝʪʴ ʩʪʘʥʮʠʡ ʠʟ 9 ʧʦʣʠʛʦʥʦʚ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʨʝʩʧʫʙʣʠʢʠ. 

ʂʘʞʜʳʡ ʧʦʣʠʛʦʥ ʦʩʥʘʱʝʥ ʧʨʠʙʦʨʦʤ çɸʣʝʤè, ʩʦʩʪʦʷʱʠʤ ʠʟ ʜʚʫʭ ʢʨʫʪʠʣʴʥʳʭ ʤʘʷʪʥʠʢʦʚ ʠ ʜʨʫʛʠʭ ʧʨʠʙʦʨʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʈʝʛʠʩʪʨʘʮʠʷ ʜʘʥʥʳʭ ʚʝʜʝʪʩʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʩ ʜʠʩ-

ʢʨʝʪʥʦʩʪʴʶ 5, 10, 15, 30, 50 ʩʝʢʫʥʜ. 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʪʠ ʧʦʟʚʦʣʠʣ ʩʦʙʨʘʪʴ ʫʥʠʢʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʦ ʛʦʪʦʚʷʱʠʭʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʠ ʧʦ-

ʢʘʟʘʣ, ʯʪʦ ʧʨʦʛʥʦʟʥʳʝ ʧʨʠʟʥʘʢʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʧʝʨʝʜ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʝʤ. ʇʨʦʛʥʦʟʥʳʝ ʧʨʠʟʥʘʢʠ ʚʳʨʘʞʘʶʪʩʷ ʚ ʨʝʛʫʣʷʨʥʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʝʞʝʜʥʝʚʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʧʦʢʘʟʘʥʠʡ ʧʨʠ-

ʙʦʨʦʚ ʦʪ ʩʚʦʝʛʦ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʫʨʦʚʥʷ, ʣʠʙʦ ʚ ʧʠʢʦʦʙʨʘʟʥʦʤ, ʣʠʙʦ ʚ ʙʫʭʪʦʦʙʨʘʟʥʦʤ ʠʟʤʝʥʝʥʠʠ ʫʛʣʦʚ ʟʘʢʨʫ-

ʯʠʚʘʥʠʷ ʤʘʷʪʥʠʢʘ [14]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʧʝʭʠ ʚ ʧʦʥʠʤʘʥʠʠ ʩʚʷʟʠ ʧʦʚʝʜʝʥʠʷ ʢʨʫʪʠʣʴʥʦʛʦ ʤʘʷʪʥʠʢʘ ʩ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʦʡ, ʫʩʪʘʥʦʚʠʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʥʝ ʫʜʘʚʘʣʦʩʴ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʠʟ-ʟʘ ʦʪʩʫʪ-

ʩʪʚʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʨʦʛʦʡ ʪʝʦʨʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘʭ ʥʝ ʧʦʟʚʦʣʷʝʪ çʧʝʨʝʙʨʘʪʴ ʚʩʝ ʚʘʨʠʘʥʪʳ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷè, ʘ ʟʥʘʯʠʪ, ʧʦʣʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʷ ʤʘʷʪʥʠʢʘ ʠ ʛʣʫʙʦʢʦ ʠʟʫʯʠʪʴ ʧʨʠʨʦʜʫ ʷʚʣʝʥʠʷ. ʅʘ ʵʪʠ ʚʦʧʨʦʩʳ, ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ, 

ʩʧʦʩʦʙʥʘ ʦʪʚʝʪʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʪʝʦʨʠʷ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʧʨʠʙʣʠʞʝʥʥʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ [9]. 

ʅʠʞʝ ʢʨʘʪʢʦ ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ [9], ʠʩʩʣʝʜʫʶʪʩʷ 

ʝʛʦ ʛʝʦʨʝʟʦʥʘʥʩʳ. ʉʤʦʜʝʣʠʨʦʚʘʥʳ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʙʫʭʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʘʣʴʥʳʤ ʟʘʧʠʩʷʤ ʧʨʠʙʦʨʦʚ çɸʣʝʤè.  

1. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ. ʉʝʡʩʤʠʯʝʩʢʠʡ ʢʨʫʪʠʣʴʥʳʡ  ʤʘʷʪʥʠʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʘʣʪʝʣʴ (ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʛʨʫʟʠʢʘʤʠ ʥʘ ʢʦʥʮʘʭ), ʩʦʝʜʠʥʸʥʥʦʡ ʞʝʩʪʢʦʡ ʫʧʨʫʛʦʡ ʥʠʪʴʶ ʩ ʪʦʯ-

ʢʦʡ ʧʦʜʚʝʩʘ ʆ. ʄʘʷʪʥʠʢ  ʟʘʢʣʶʯʸʥ ʚ ʚʘʢʫʫʤʥʫʶ ʢʘʤʝʨʫ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʥʘ ʪʚʝʨʜʦʤ ʧʦʩʪʘʤʝʥʪʝ. ʊʦʯʢʘ ʧʦʜʚʝʩʘ 

ʤʘʷʪʥʠʢʘ ʆ ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʚʝʨʭʥʝʡ ʢʨʳʰʢʝ ʢʘʤʝʨʳ. ʇʦʣʝ ʩʠʣ ʪʷʞʝʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ ʧʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʫ ʠ ʚʨʝʤʝʥʠ. ɺ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ. ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ 

ʞʝʩʪʢʘʷ ʫʧʨʫʛʘʷ ʥʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʙʦʪʘʝʪ ʥʘ ʠʟʛʠʙ, ʘ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʧʨʫʛʦʡ ʥʠʪʠ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʝʥ ʫʛʣʫ ʟʘʢʨʫʯʠʚʘʥʠʷ ʤʘʷʪʥʠʢʘ. ɼʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʚ ʩʬʝʨʠʯʝ-

ʩʢʦʤ ʧʦʜʰʠʧʥʠʢʝ, ʟʘʢʨʝʧʣʸʥʥʦʤ ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ ʤʘʷʪʥʠʢʘ. ʊʘʢʠʝ ʫʧʨʦʱʝʥʠʷ ʩʜʝʣʘʥʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʤʝʥʴ-

                                                           
É ʄʘʨʪʳʥʦʚ ʅ.ʀ., ʈʘʤʘʟʘʥʦʚʘ ʄ.ɸ. / Martynov N.I., Ramazanova M.A., 2014 
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ʰʠʪʴ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʧʦʩʢʦʣʴʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʧʦ ʩʣʦʚʘʤ ʀ.ʀ. ʂʘʣʠʥʥʠʢʦʚʘ, çʥʝ 

ʤʝʥʷʶʪ ʩʫʱʝʩʪʚʘ ʜʝʣʘ, ʥʦ ʟʘʛʨʷʟʥʷʶʪ ʵʢʩʧʝʨʠʤʝʥʪè [9]. 

ʊʘʢʦʡ ʤʘʷʪʥʠʢ ʥʘʟʚʘʥ ʤʦʜʝʣʴʥʳʤ ʠ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʝʩʪʴ ʧʘʨʘʤʝʪʨʳ ʨʝʘʣʴʥʦʛʦ ʤʘʷʪʥʠʢʘ 

ʥʘ ʩʪʘʥʮʠʠ çʄʝʜʝʦè. ʆʥ ʠʤʝʝʪ ʪʨʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ (ɣ, ɗ, ű)  ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʕʡʣʝʨʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠ-

ʥʘʪ (ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʕʡʣʝʨʘ ʧʦʚʝʨʥʫʪʘ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʥʘ ʧʨʷʤʦʡ ʫʛʦʣ ʚʦʢʨʫʛ ʦʩʠ ʆx [9]). 

ʅʠʟʢʦʯʘʩʪʦʪʥʳʝ ʤʠʢʨʦʩʝʡʩʤʳ, ʠʜʫʱʠʝ ʠʟ ʦʯʘʛʦʚ ʙʫʜʫʱʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʚʳʟʳʚʘʶʪ ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʜʚʠʞʝʥʠʷ ʢʦʨʧʫʩʘ ʧʨʠʙʦʨʘ. ʂʦʨʧʫʩ ʧʨʠʙʦʨʘ ʩʦʚʝʨʰʘʝʪ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʩ ʫʩʢʦʨʝʥʠʝʤ w
C

 ʠ ʤʦʞʝʪ 

ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ W
C

 ʠ ʫʛʣʦʚʳʤ ʫʩʢʦʨʝʥʠʝʤ e. ʉʣʦʞʥʦʝ ʜʚʠʞʝʥʠʝ ʢʦʨʧʫʩʘ ʧʨʠʙʦʨʘ ʚʳʩʪʫ-

ʧʘʝʪ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʥʝʰʥʠʭ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʣ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ  ʩʣʦʞʥʳʝ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʝʡ-

ʩʤʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ.  

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ, ʚʳʚʦʜʷʪʩʷ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʤʘʷʪʥʠʢʘ ʚ 

ʬʦʨʤʝ ʕʡʣʝʨʘ [9]. ɿʘʪʝʤ ʧʨʠʚʦʜʷʪʩʷ ʣʘʛʨʘʥʞʝʚʘʷ ʠ ʛʘʤʠʣʴʪʦʥʦʚʘ ʬʦʨʤʳ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʤʘʷʪʥʠʢʘ. ʇʨʠ ʵʪʦʤ 

ʫʯʪʝʥʦ, ʯʪʦ ʥʘ ʤʘʷʪʥʠʢ ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ ʜʝʡʩʪʚʫʝʪ ʤʘʣʳʡ ʪʦʨʤʦʟʷʱʠʡ ʤʦʤʝʥʪ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ 

ʚʝʢʪʦʨʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʤʘʷʪʥʠʢʘ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʛʘʤʠʣʴʪʦʥʦʚʦʡ 

ʬʦʨʤʝ ʦʙʫʩʣʦʚʣʝʥʘ ʜʘʣʴʥʝʡʰʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʫʩʨʝʜʥʝʥʠʷ [1,2]. 

ʋʨʘʚʥʝʥʠʷ ɻʘʤʠʣʴʪʦʥʘ ʟʘʧʠʩʘʥʳ ʜʣʷ ʥʘʪʫʨʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʩʢʦʣʴʢʫ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʤʘʷʪʥʠʢ, ʨʘʟʥʦʨʦʜ-

ʥʳ ʧʦ ʩʚʦʝʤʫ ʤʘʩʰʪʘʙʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʦʮʝʥʠʪʴ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʤʘʷʪʥʠʢʘ  ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʩʝʡʩʤ ʥʘ ʛʨʫʥʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʝʣʴʥʳʡ 

ʩʝʡʩʤʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʳʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʝʦʨʠʷ, ʚ ʮʝʣʷʭ ʫʧʨʦʱʝʥʠʷ, 

ʩʪʨʦʠʪʩʷ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʣʠʥʝʡʥʳʝ ʩʚʦʙʦʜʥʳʝ, ʟʘʪʫʭʘʶʱʠʝ ʠ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʘʷʪʥʠʢʘ [9]. 

ɺʳʜʝʣʝʥ ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ m, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʝʛʦ ʯʘʩʪʦʪ ʣʠʥʝʡʥʳʭ ʢʨʫʪʠʣʴʥʳʭ ʠ ʥʫʪʘ-

ʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʤʦʜʝʣʴʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ 0076,0=m . ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ ʤʦʤʝʥʪʘ 

ʠʤʧʫʣʴʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʧʨʦʚʦʜʠʪʩʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ: 
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ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʢʦʦʨʜʠʥʘʪʫ 
3q , ʙʣʠʟʢʫʶ ʢ ʮʠʢʣʠʯʝʩʢʦʡ, ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʩʣʝ-

ʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ: 
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ʘ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ  ʜʦ  
3mʚʢʣʶʯʠʪʝʣʴʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ:  
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ʏʝʨʪʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʝʨʝʤʝʥʥʳʝ. g ï ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ; n ï ʯʘʩʪʦʪʘ ʣʠʥʝʡʥʳʭ 

ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ; 
000  , , eWw - ʭʘʨʘʢʪʝʨʥʳʝ ʤʘʩʰʪʘʙʳ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ; ɱ - ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʤʘʷʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʆʭ; a ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʤʘʷʪʥʠʢʘ ʜʦ ʮʝʥʪʨʘ ʛʘʣʪʝʣʠ;    

321321321 ,,,,,,,, eeeWWWwww  - ʧʨʦʝʢʮʠʷ ʙʝʟʨʘʟʤʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʥʝʧʦʜʚʠʞʥʳʝ ʦʩʠ; f0 - ʙʝʟʨʘʟʤʝʨ-

ʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ; 321 ,, PPP -ʙʝʟʨʘʟʤʝʨʥʳʝ ʦʙʦʙʱʝʥʥʳʝ ʠʤʧʫʣʴʩʳ,  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ  ʫʛʣʦʚʳʤ ʢʦʦʨ-

ʜʠʥʘʪʘʤ 
321 ,, qqq . ɺ ʜʘʣʴʥʝʡʰʝʤ ʯʝʨʪʦʯʢʠ ʥʘʜ ʙʝʟʨʘʟʤʝʨʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʦʧʫʩʢʘʶʪʩʷ, ʛʜʝ ʵʪʦ ʥʝ ʚʳʟʳʚʘʝʪ 

ʥʝʜʦʨʘʟʫʤʝʥʠʡ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʪʨʦʠʪʩʷ ʧʦʨʦʞʜʘʶʱʝʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠ P3(0)=P0Í0 ʦʧʠʩʳʚʘʝʪ ʦʙʱʠʡ ʩʣʫʯʘʡ 

ʢʦʣʝʙʘʥʠʡ, ʘ ʧʨʠ P0=0 - ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ (ʧʣʦʩʢʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ) ʢʦʣʝʙʘʥʠʷ ʤʘʷʪʥʠʢʘ. ʇʦʜ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʧʦʥʠʤʘʝʪʩʷ ʢʦʣʝʙʘʥʠʷ ʤʘʷʪʥʠʢʘ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɿʘʪʝʤ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ ʟʘʤʝʥʷʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʠʩʪʝʤʦʡ, ʟʘʧʠʩʘʥʥʦʡ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʝ. ɼʘʣʝʝ ʩʪʨʦʷʪʩʷ ʦʧʝʨʘʪʦʨʳ 

ʩʛʣʘʞʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʪʦʨʦʚ ʫʩʨʝʜʥʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʚʦʟʤʫʱʝʥʠʷʭ [2], ʧʦʩʣʝ ʯʝʛʦ ʚʳʧʠʩʳ-

ʚʘʶʪʩʷ ʠʩʢʦʤʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʩʚʦʙʦʜʥʳʭ ʠ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ. 

ɿʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʚʘʨʠʘʮʠʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ  ʩʪʨʦʠʪʩʷ  ʨʝʰʝʥʠʝ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʫʨ.  ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʦʨʝʤʳ ʤʝʪʦʜʘ ʫʩʨʝʜʥʝʥʠʷ ʛʘʨʘʥʪʠʨʫʶʪ ʙʣʠ-

ʟʦʩʪʴ ʪʦʯʥʳʭ ʠ ʧʨʠʙʣʠʞʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ  [1,2]. ʕʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝ-

ʥʠʡ ʠ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʝʛʦ ʜʚʠʞʝʥʠʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʦ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʙʦʪʳ [7]).  

2. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ. ʇʨʝʦʙʨʘʟʫʝʤ ʫʨʘʚʥʝʥʠʷ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ (1.3) ʢ ʚʠ-

ʜʫ, ʫʜʦʙʥʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʠʟʚʝʜʸʤ ʟʘʤʝʥʫ ʥʝʠʟʚʝʩʪʥʳʭ ʧʝʨʝʤʝʥʥʳʭ: 
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t-=ueq , 
t-R=R e3 , 

02 fmt= ,                                                 (2.1)                

 

ʛʜʝ Ű ï ʤʝʜʣʝʥʥʦʝ ʚʨʝʤʷ. ɺʳʨʘʞʘʷ ʠʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ (1.3) ʠʤʧʫʣʴʩ Ʌ1 ʠ ʧʦʜʩʪʘʚʣʷʷ ʚ ʯʝʪʚʝʨʪʦʝ 

ʫʨʘʚʥʝʥʠʝ (1.3) ʩ ʫʯʸʪʦʤ (2.1), ʧʦʣʫʯʠʤ: 
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ʆʧʨʝʜʝʣʷʷ ʠʤʧʫʣʴʩ Ʌ2 ʠʟ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ (1.3) ʠ ʧʦʜʩʪʘʚʣʷʷ ʚ ʧʷʪʦʝ ʫʨʘʚʥʝʥʠʝ (1.3), ʧʦʣʫʯʠʤ: 
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 ʏʣʝʥʘʤʠ ʯʝʪʚʸʨʪʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʧʦ ɛ ʠ ʚʳʰʝ ʧʨʝʥʝʙʨʝʛʘʝʤ. ʐʝʩʪʦʝ ʫʨʘʚʥʝʥʠʝ (1.3) ʩ ʫʯʸʪʦʤ (2.1) 

ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

                                                                ( )3231
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.                                                                   (2.4) 

 

ɺ ʫʨʘʚʥʝʥʠʷʭ (2.2) ï (2.4) ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ f11, é ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (1.4). 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2.3) ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ ɼʶʘʤʝʣʷ ʩ ʫʯʸʪʦʤ (2.1) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
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ɺ (2.5) ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʣʠʩʴ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ. ʀʟ (2.5) ʩʣʝ-

ʜʫʝʪ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ q2(t) ʩʦʩʪʦʷʪ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʥʘʚʷʟʘʥ-

ʥʳʭ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ ʠʟʚʥʝ. 

ʋʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (2.2) ʟʘʤʝʥʠʤ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʠʩʪʝʤʦʡ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, 

ʟʘʧʠʩʘʥʥʦʡ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʝ. ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʚʘʨʠʘʮʠʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ. ʈʝ-

ʰʝʥʠʝ (2.2) ʠʱʝʤ ʚ ʚʠʜʝ: 
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ɿʜʝʩʴ () ()tt bbaa == ,  ï ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ, ʘ ()tR=R  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (2.4). 

ʇʦʜʩʪʘʚʣʷʷ (2.7) ʚ (2.2), ʚʳʧʦʣʥʷʷ ʥʝʩʣʦʞʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʜʝʨʞʠʚʘʷ ʯʣʝʥʳ ʜʦ 
2m   ʚʢʣʶʯʠʪʝʣʴʥʦ, ʧʦʣʫ-
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ɺ ʦʙʦʟʥʘʯʝʥʠʷʭ (2.10) ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ɛ
2
 ʚʢʣʶʯʠʪʝʣʴʥʦ ʩʦʦʪʥʦʰʝʥʠʝ (2.4) ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 
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ʇʨʠʚʝʜʸʤ ʪʨʝʪʴʝ ʫʨʘʚʥʝʥʠʝ (1.3) ʢ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʝ, ʚʳʧʦʣʥʠʚ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ ʧʦ ʬʦʨʤʫʣʝ [9]: 
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ʊʦʛʜʘ ʪʨʝʪʴʝ ʫʨʘʚʥʝʥʠʝ (1.3) ʚ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʨʠʤʝʪ ʚʠʜ: 
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ʛʜʝ ( )03 ,,,, btya PG  - ʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ, ʷʚʥʳʡ ʚʠʜ ʢʦʪʦʨʦʡ ʧʦʢʘ ʥʝ ʧʨʠʚʦʜʠʤ, ʘ  
000 bwy -=  - 

ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ, ʢʦʪʦʨʫʶ ʚʩʝʛʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʘʚʥʦʡ ʥʫʣʶ, ʩʜʚʠʥʫʚ ʥʘʯʘʣʴʥʳʡ ʦʪʩʯʸʪ ʚʨʝʤʝʥʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1.3) ʟʘʤʝʥʝʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ (2.5), (2.9), 

(2.11), (2.13), ʢʦʪʦʨʘʷ ʙʦʣʝʝ ʫʜʦʙʥʘ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

3. ɺʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʙʣʠʟʢʠʝ ʢ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ. ɺ ʨʘʙʦʪʝ [9] ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʘʷʪʥʠʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ ʙʫʜʫʪ ʧʣʦʩʢʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ ʠʣʠ 

ʙʣʠʟʢʠʝ ʢ ʥʠʤ, ʝʩʣʠ () ,0030 ==PP    00

2 =f  (ʠʣʠ 03ºR  ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ɛ
3
 ʚʢʣʶʯʠʪʝʣʴʥʦ ʠ

0

2f -ʚʝʣʠʯʠʥʘ 

ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʧʦ  m(ʥʘʧʨʠʤʝʨ, w3 ~ ɛ
3
)) (ʩʤ.ʪʘʢʞʝ (2.11)). . ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʫʛʦʣ ʥʫʪʘ-

ʮʠʠ ʥʝ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʥʫʣʝʚʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʯʪʦ ʜʣʷ ʧʣʦʩʢʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝʚʦʟʤʦʞ-

ʥʦ. ʊʦʛʜʘ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ (2.9) ʩʣʝʜʫʝʪ ʧʦʜ ȹ ʧʦʥʠʤʘʪʴ Ŭ (Ŭ = ȹ). ʆʙʦʟʥʘʯʘʷ a2=À  ʠ ʧʝʨʝʭʦʜʷ ʢ ʧʦʣʦʚʠʥ-

ʥʦʡ ʬʘʟʝ, ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (2.9) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
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ʛʜʝ ʬʫʥʢʮʠʷ G(S) ʚ (2.6) ʧʨʠʤʝʪ ʚʠʜ: 
 

                                    () ( )3133
2

020 cossin
2

sin qqeASG W-WW+=
- y

ee
t

.                                     (3.2) 

 

ɿʘʧʠʰʝʤ ʨʝʰʝʥʠʝ ʜʣʷ ʩʚʦʙʦʜʥʳʭ ʟʘʪʫʭʘʶʱʠʭ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ [9,10]:  
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ɺ ʩʦʦʪʥʦʰʝʥʠʷʭ (3.3) ɸ0 ï ʥʘʯʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ, 0y -ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʚʘʨʠʘʮʠʠ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ (ɸ0, ɣ0), ʩʯʠʪʘʷ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ. ɼʠʬʬʝʨʝʥʮʠʨʫʷ  ʧʝʨʚʳʝ ʜʚʘ 

ʩʦʦʪʥʦʰʝʥʠʷ (3.3) ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦʜʩʪʘʚʣʷʷ ʚ (3.1) ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ɛ
2
 ʚʢʣʶʯʠʪʝʣʴʥʦ, ʧʦʣʫʯʠʤ: 
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é
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è
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y

m
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tt
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          (3.4) 

ʛʜʝ                   011 4cos4cos yyt -= *

-ea , 012 4sin4sin yyt -= *

-ea , 01 ywy +=* t  

                 ( )*--= yy t 2sin2sin4 021 ea , ( )*--= yy t 2cos2cos2 022 ea , 

3

0
0

cos

~

q

w
w =        

ɽʩʣʠ ,
2

3

p
°=q  ʪʦ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ (3.4) ʥʝʦʙʭʦʜʠʤʦ 

10
~ ww  ʟʘʤʝʥʠʪʴ ʥʘ .30ww@

 
 ʈʘʟʨʝʰʘʷ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ (3.4) ʦʪʥʦʩʠʪʝʣʴʥʦ 00,
¶¶

yA , ʙʫʜʝʤ ʠʤʝʪʴ: 

 

                                       .cos~,sin~
10

22

0010

22
0 ** -=-=

¶¶

ymyym tt wweAwweA                            (3.5) 

 

ɺ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ x, y:        
    

                                                          0000 sin,cos yy AyAx ==                                                           (3.6) 

 

ʉʦʦʪʥʦʰʝʥʠʷ (3.5) ʧʨʠʤʫʪ ʚʠʜ: 
 

                                      ( ) ( ).cos~,sin~
110

22

110

22 twweytwwex wmwm tt
-=-=

¶¶

                                (3.7) 

 

ʀʥʪʝʛʨʠʨʫʷ (3.7) ʩ ʫʯʸʪʦʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʧʦʣʫʯʠʤ: 

                                       

( )

( ) ,cos~sinsin

,sin~coscos

0

11

2

0

2

000000

0
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2

000000
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t

t

dttwewAAy

dttwewAAx

wmyy

wmyy

t

t

                               (3.8) 

ʛʜʝ                                    ()0000 AA = , ()0000 yy = .                                       
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ʀʩʧʦʣʴʟʫʷ (2.1), (3.3), (3.6), (3.8), ʦʧʨʝʜʝʣʠʤ q1: 

() () () () ( ) [ ( --é
ê

è
+--=+= **

-

*

-

*

- )3coscos2
64

sin1
32

cos,
2

00

2

0

2

002

001111 yy
m

y
m

y ttt e
A

e
f

A
eAtqtqtqtq cʚc

 

( ) ( ) ( )]]000000 4cos2cos22cos2 yyyyyy --++-- ***
    

() () ( )[ ] 0011

0

1

2

0

2

1 ,sin~ 0 ywywm mt +=-= *

-

ñ tdSStSweewtq

t

Sf

ʚ                                                                     (3.9) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʫʪʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʫʧʝʨʧʦʟʠʮʠʶ ʩʦʙʩʪʚʝʥʥʳʭ ʟʘʪʫʭʘʶ-

ʱʠʭ ʢʦʣʝʙʘʥʠʡ  q1c (t) ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ q1ʚ (t). ʇʨʠ 000=À  (ʠʣʠ ʧʨʠ Ű ­ ¤) ʧʦʣʫʯʠʤ ʛʝʪʝʨʦʧʝʨʠʦʜʠ-

ʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʪ.ʝ ʢʦʣʝʙʘʥʠʷ , ʥʘʚʷʟʘʥʥʳʝ ʩʠʩʪʝʤʝ ʠʟ ʚʥʝ ʚʥʝʰʥʠʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ. 

3.1 ʈʝʟʦʥʘʥʩʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ.  ɺʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ , ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʤʘʷʪʥʠʢ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʚ 

ʨʷʜ ʌʫʨʴʝ, ʠ ,ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʢʘʞʜʦʡ ʛʘʨʤʦʥʠʢʠ ʚ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʆʮʝʥʠʤ ʚʢʣʘʜ 

()tq â1
 ʚ ʥʫʪʘʮʠʦʥʥʳʝ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʧʦʣʘʛʘʷ 

 

                                                               () ( )SBSww 1110 sin~ n= ,                                                               (3.10) 

 

ʛʜʝ 1B  - ʘʤʧʣʠʪʫʜʘ, 1n  - ʯʘʩʪʦʪʘ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ. ʇʦʜʩʪʘʚʣʷʷ (3.10) ʚ ʪʨʝʪʴʝ ʩʦʦʪʥʦʰʝʥʠʝ (3.9) ʠ 

ʚʳʧʦʣʥʷʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʧʦʣʫʯʠʤ: 
 

                                      () ( ) ( )[ ]**-

*
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D

-= jwnjnw
m t tet

B
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1 coscos ,                          (3.11) 

ʛʜʝ     

                    ( ) .
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D
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wm

j
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jmwnwm
ff

ff              (3.12) 

 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (3.9), (3.11) ʩʣʝʜʫʝʪ, ʯʪʦ ʯʝʨʝʟ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚʥʝ ʨʝʟʦʥʘʥʩʥʦʡ ʟʦʥʳ 

( )11 nw¸  ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ, ʙʣʠʟʢʠʝ ʢ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʩ ʯʘʩʪʦʪʦʡ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ 1n  ʠ ʘʤʧʣʠ-

ʪʫʜʦʡ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 
2m. ɺ ʦʙʣʘʩʪʠ ʪʦʯʥʦʛʦ ʛʣʘʚʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 
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ææ
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2

11

fm
wn

 

ʠʟ (3.11), (3.12) 

ʩʣʝʜʫʝʪ, ʯʪʦ 

                                 () ( ) ( )[ ] ,
2

1cos,coscos
2

2

0

2

1

2

1

0

1
1

f
tet

f

B
tqʚ

m
jnjn

m t -=-+-= *

-

*
             (3.13) 

 

ʪ.ʝ. ʘʤʧʣʠʪʫʜʘ ʚʳʥʫʞʜʝʥʥʳʭ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʧʦʨʷʜʦʢ. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝ-

ʥʠʷ 
0f  ʧʦʨʷʜʢʘ m, ʪʦ 

ʚq1
 ʧʦʨʷʜʢʘ ʝʜʠʥʠʮʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʯʥʳʡ ʨʝʟʦʥʘʥʩ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ 

ʯʫʪʴ ʤʝʥʴʰʝ 1w . 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʧʦʚʝʜʝʥʠʝ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ, ʧʦʣʘʛʘʷ: 

 

                   () ( ) () ( ) () ( ),sin,sin,sin 222201133011110 SDSSCSSCS neenn ==WW=WW            (3.14) 
 

ʛʜʝ C1,C3,D1,D2 ï ʘʤʧʣʠʪʫʜʳ, n11, n22 ï ʯʘʩʪʦʪʳ ʚʥʝʰʥʠʭ ʫʛʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʮʝʥʠʤ 

ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʧʦʚʝʜʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ q2. ʋʯʠʪʳʚʘʷ (2.5), (3.2), (3.6), (3.8), (3.14) ʩ ʪʦʯʥʦʩʪʴʶ 

ʜʦ ʤʘʣʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚʢʣʶʯʠʪʝʣʴʥʦ, ʧʦʣʫʯʠʤ: 
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,         (3.15) 

ʛʜʝ                                     () ( )31330000100 cossin, qCqCACSS -=+=* wyy .                    

 

ʇʨʦʠʟʚʝʜʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʠ ʨʷʜ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (3.15) ʙʫʜʝʤ ʠʤʝʪʴ: 
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(3.19) 

 

ɺʳʨʘʞʝʥʠʝ (3.18) ʟʘʧʠʩʘʥʦ ʚ ʨʘʟʚʸʨʥʫʪʦʤ ʚʠʜʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ ʨʝʟʦʥʘʥʩʥʳʝ 

ʟʦʥʳ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʤʘʣʦʩʪʠ ʟʥʘʤʝʥʘʪʝʣʝʡ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʩʦʦʪʥʦʰʝʥʠʡ (3.18), (3.19). ʕʪʠ 

ʫʩʣʦʚʠʷ, ʢʘʢ ʥʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʩʣʝʜʫʶʱʠʝ: 

                                                    2
1

11

2

0222
2

,1 w
w

nmwn °°º-=º f .                                            (3.20) 

ʂʘʢ ʚʠʜʥʦ ʠʟ (3.20) ʜʣʷ 11n ʩʫʱʝʩʪʚʫʝʪ 4 ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʳ. ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʦʚʝʜʝʥʠʝ ʫʛʣʘ ʟʘʢʨʫ-

ʯʠʚʘʥʠʷ ʚ ʨʝʟʦʥʘʥʩʥʦʡ ʟʦʥʝ. ʇʨʠ 222 wn º , ʪ.ʝ. ʢʦʛʜʘ ʯʘʩʪʦʪʘ 22n  ʙʣʠʟʢʘ ʢ ʯʘʩʪʦʪʝ ʤʠʢʨʦʩʝʡʩʤ, ʠʤʝʝʤ: 
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   (3.21) 

 

ɸʤʧʣʠʪʫʜʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʦʨʷʜʢʘ ɛ , 

ʪʦ 2

2

e

ʚq  ʧʦʨʷʜʢʘ ʝʜʠʥʠʮʳ.  

ʇʫʩʪʴ ʚʳʧʦʣʥʷʝʪʩʷ ʦʜʥʦ ʠʟ ʚʪʦʨʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʥʘʧʨʠʤʝʨ,   2
1

11
2
w

w
n += . ʊʦʛʜʘ ʟʘʚʠ-

ʩʠʤʦʩʪʴ (3.18) ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ m2
 ʧʨʠʤʝʪ ʚʠʜ: 
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tq ʚ             (3.22) 

ʛʜʝ .
2

00
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y
wh +-= t   

 

ʂʘʢ ʚʠʜʥʦ ʠʟ (3.22) ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʨʝʟʦʥʘʥʩʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʥʦʩʠʪ ʧʝʨʚʳʡ ʯʣʝʥ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮʳ, ʝʩʣʠ 
0f  ʧʦʨʷʜʢʘ m. ʇʨʠ ʪʨʝʭ ʜʨʫʛʠʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʚʪʦʨʳʭ ʨʝʟʦʥʘʥʩ-

ʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ (3.20) ʜʣʷ 11n , ʩʪʨʫʢʪʫʨʘ (3.22) ʥʝ ʠʟʤʝʥʠʪʩʷ. ʇʦʤʝʥʷʝʪʩʷ ʟʥʘʢ ʧʨʠ ʚʪʦʨʦʤ ʯʣʝʥʝ (3.22), ʣʠʙʦ 

ʠʟʤʝʥʷʪʩʷ ʬʘʟʳ ,, 21 jj  ʥʦ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʩʝʛʜʘ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʯʘʩʪʦʪʝ 2w. ʕʪʦ ʧʨʦʚʝʨʷʝʪʩʷ 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʷʤʳʤ ʚʳʯʠʩʣʝʥʠʝʤ. 

ʇʦʩʢʦʣʴʢʫ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʝʩʪʴ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ,ʪʦ ʯʘʩʪʦʪʳ ʫʛʣʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʢʨʦʩʝʡʩʤ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʤʘʷʪʥʠʢ, ʪ.ʝ ʯʘʩʪʦʪʳ 1122,nn   ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤʠ. 

ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ 2q ʚʥʦʩʠʪ ʯʣʝʥ2

2

e

ʚq . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʦʢʘʟʳʚʘʶʪ 

ʥʫʪʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʘ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ ʠ ʫʛʦʣ 2q  ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 2w. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʧʦʨʷʜʢʘ ɛ, ʪʦ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʯʘʩʪʦʪ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ 22211 , wnwn ­­  ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʥʘʨʘʩʪʘʥʠʝ ʫʛʣʘ 

ʟʘʢʨʫʯʠʚʘʥʠʷ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʯʘʩʪʦʪʳ 221,nn - ʫʭʦʜʠʪ ʠʟ ʨʝʟʦʥʘʥʩʥʦʡ ʟʦʥʳ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ ʫʤʝʥʴ-

ʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ j. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʣʦʞʝʥʠʷ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ, ʧʦʣʫʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʢʘʨʪʠʥʘ ʚʘ-

ʨʠʘʮʠʡ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʤʘʷʪʥʠʢʘ, ʜʣʷʱʘʷʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. ɺʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʠ 

ʫʙʳʚʘʥʠʷ ʵʪʠʭ ʚʘʨʠʘʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʯʘʩʪʦʪ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ  ʨʝʟʦʥʘʥʩʥʦʡ ʟʦʥʳ.  

ʇʣʦʩʢʦʩʪʴ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʤ ʧʨʝʮʝʩʩʠʠ 
3q , ʢʦʪʦʨʳʡ ʩ ʪʦʯʥʦ-

ʩʪʴʶ ʜʦ ʆ(1) ʨʘʚʝʥ: 

1

3
3

w

w
tgq -= . 

ʅʘ ʥʝʛʦ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʜʨʦʞʘʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʫʛʣʦʤ ()tq2 . 

3.2. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʨʝʘʣʴʥʳʤʠ ʟʘʧʠʩʷʤʠ. ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳ-

ʰʝ ʬʦʨʤʫʣʘʤ  ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ. ɺʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ ʟʘʜʘ-

ʚʘʣʠʩʴ ʚ ʚʠʜʝ: 
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                                          (3.23) 

 

ʅʘ ʨʠʩʫʥʢʘʭ 1ʘ,ʙ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʚʳʥʫʞʜʝʥʥʳʭ ʥʫʪʘʮʠʦʥʥʳʭ ʠ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ, 

ʙʣʠʟʢʠʭ ʢ ʧʣʦʩʢʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ W ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʠʭ ʫʛʣʦʚʳʭ ʚʦʟʤʫʱʝ-

ʥʠʡ ( )0231 === DCC . ɺʳʥʫʞʜʘʶʱʘʷ ʩʠʣʘ ʟʘʜʘʚʘʣʘʩʴ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (3.23), ʯʘʩʪʦʪʘ 

ʢʦʪʦʨʦʡ 1n ʧʨʠ ʚʭʦʜʝ ʚ ʨʝʟʦʥʘʥʩʥʫʶ ʟʦʥʫ ʠ ʚʳʭʦʜʝ ʠʟ ʥʝʝ ʠʟʤʝʥʷʣʘʩʴ ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʤ ʦʙʨʘʟʦʤ (ʨʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1. ɺʳʥʫʞʜʝʥʥʳʝ ʥʫʪʘʮʠʦʥʥʳʝ ʠ ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʘʷʪʥʠʢʘ, ʙʣʠʟʢʠʝ ʢ ʧʣʦʩʢʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ  (ʘ, ʙ) 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 1ʘ,ʙ ʧʨʠ 11 wn­  ʘʤʧʣʠʪʫʜʘ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʨʝʟʢʦ ʥʘʨʘʩʪʘʝʪ. ʇʨʠ ʚʳʭʦʜʝ ʯʘ-

ʩʪʦʪʳ ʚʥʝʰʥʝʡ ʩʠʣʳ 1n ʠʟ ʨʝʟʦʥʘʥʩʥʦʡ ʟʦʥʳ ʘʤʧʣʠʪʫʜʳ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʟʘʪʫʭʘʶʪ, ʠ ʪʝʤ ʙʳʩʪʨʝʝ, ʯʝʤ ʙʦʣʴʰʝ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʥʘ 5-6 ʧʦʨʷʜʢʦʚ 

ʤʝʥʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʤʧʣʠʪʫʜʳ ʫʛʣʘ ʥʫʪʘʮʠʠ. ʆʥʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʥʝʰʥʝʡ ʘʤʧʣʠʪʫʜʳ 1B  ʠ ʧʝʨʠ-

ʦʜʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʧʨʝʮʝʩʩʠʠ 
30q , ʟʘʜʘʶʱʠʤ ʧʣʦʩʢʦʩʪʴ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʀʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʯʘʩʪʦʪʘ ʚʥʝʰʥʠʭ ʩʠʣ 1n ʧʨʦʭʦʜʠʪ ʨʝʟʦʥʘʥʩʥʫʶ ʟʦʥʫ ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʤ ʦʙʨʘʟʦʤ, ʥʦ ʩʪʘʨʪʫʝʪ ʠʟ 

ʦʙʣʘʩʪʠ ʧʦʥʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (ʥʘʧʨʠʤʝʨ, () 11 1,00 wn = ), ʪʦ ʢʘʨʪʠʥʘ ʢʦʣʝʙʘʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʨʘʩʯʝʪʦʚ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʚʣʠʷʥʠʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʦʣʝʙʘʥʠʷ ʧʨʠ ʪʨʘʧʝ-
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ʮʝʠʜʘʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪ ʚʥʝʰʥʠʭ ʫʛʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʏʘʩʪʦʪʘ ʚʦʟʤʫʱʘʶʱʠʭ ʩʠʣ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʧʦʣʘʛʘʣʘʩʴ ʨʘʚʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 1w. ɿʘ ʭʘʨʘʢʪʝʨʥʳʡ ʙʝʟʨʘʟʤʝʨʥʳʡ ʤʘʩʰʪʘʙ ʚʨʝʤʝʥʠ ʧʨʠʥʷʪʘ ʚʝʣʠʯʠʥʘ 

p

w
t

2

2t= . ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʛʣʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ j,2q  ʠʟʤʝʥʷʶʪʩʷ ʙʫʭʪʦʦʙʨʘʟʥʳʤ ʦʙʨʘʟʦʤ ʠ ʥʘ ʥʠʭ ʥʘʢʣʘ-

ʜʳʚʘʶʪʩʷ ʤʘʣʳʝ çʜʨʦʞʘʥʠʷè ʦʪ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ 11 wn¸  (ʥʘʧʨʠ-

ʤʝʨ, 4,01=n  ʠʣʠ 10), ʪ.ʝ. ʥʫʪʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʥʝ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ, ʪʦ ʢʘʨʪʠʥʘ ʢʦʣʝʙʘʥʠʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʪʩʷ (ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʝʠʟʤʝʥʥʳʤʠ ʦʩʪʘʣʴʥʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ).  

ɼʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝ-

ʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʨʦʬʠʣʷ ʙʫʭʪʳ. ʋʚʝʣʠʯʝʥʠʝ ʞʝ ʘʤʧʣʠʪʫʜʳ ʚʥʝʰʥʠʭ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ 20 ʨʘʟ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʙʫʭʪʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝ-

ʥʠʝ ʫʛʣʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ 2q . ʕʪʦ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʢʦʨʨʝʢʪʠʚʳ ʚ ʧʦʚʝʜʝʥʠʝ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ (ʨʠʩʫʥʢʠ 2 ʘ,ʙ). ɺʣʠʷʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ j ʫʩʠʣʠʚʘʝʪʩʷ ʠ ʧʨʦʬʠʣʴ ʢʨʫʪʠʣʴ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠʦʙʨʝʪʘʝʪ ʧʠʣʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʘʤʧʣʠʪʫʜʳ 1B  ʙʫʭʪʘ ʢʨʫʪʠʣʴ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʦʧʘʜʘʝʪ, ʠ ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʦʩʷʪ ʷʚʥʦ ʧʠʣʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ. 
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ʈʠʩʫʥʦʢ 2. ɺʳʥʫʞʜʝʥʥʳʝ ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ (ʘ, ʙ) 

 

ɽʩʣʠ ʫʛʣʦʚʳʝ ʯʘʩʪʦʪʳ ʩʪʘʨʪʫʶʪ ʠʟ ʦʙʣʘʩʪʠ ʧʦʥʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʪʦ ʢʘʨʪʠʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪ-

ʩʷ, ʠʤʝʶʪʩʷ ʣʠʰʴ ʥʝʙʦʣʴʰʠʝ ʣʦʢʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʚ ʧʨʦʬʠʣʷʭ ʢʦʣʝʙʘʥʠʡ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ. ʆʪʤʝʪʠʤ, ʯʪʦ ʫʚʝ-

ʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜ 21,CC  ʚ 20õ100 ʨʘʟ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʙʱʝʡ ʢʘʨʪʠʥʝ ʢʦʣʝʙʘʥʠʡ. ʕʪʦ ʠ ʧʦʥʷʪ-

ʥʦ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʚʢʣʘʜ ʚ ʦʙʱʠʝ ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʘʣ. 

ɼʘʣʝʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʨʘʩʯʝʪʦʚ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʚʣʠʷʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʯʘʩʪʦʪʘʤʠ 

221,nn  ʚʥʝhʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʨʝʟʦʥʘʥʩʥʳʭ ʟʦʥ ʥʘ ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʘʷʪʥʠʢʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ: ʝʩʣʠ ʨʝʟʦ-

ʥʘʥʩʥʘʷ ʟʦʥʘ 1n ʧʝʨʝʢʨʳʚʘʝʪ ʚʩʶ ʨʝʟʦʥʘʥʩʥʫʶ ʟʦʥʫ 22n , ʪʦ ʥʫʪʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʦʟʤʫʱʘʶʪ ʚʩʶ ʙʫʭʪʦʦʙʨʘʟ-

ʥʫʶ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ. ɽʩʣʠ ʪʦʣʴʢʦ ʣʝʚʫʶ  ʠʣʠ ʧʨʘʚʫʶ  ʯʘʩʪʠ, ʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʫʪʘʮʠʦʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʚʦʟʤʫʱʘʶʪ ʣʝʚʫʶ ʠʣʠ ʧʨʘʚʫʶ ʯʘʩʪʠ ʚʝʪʚʠ ʢʨʠʚʦʡ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʤʘʣʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʨʝ-

ʥʠʷ ʦʙʱʘʷ ʢʘʨʪʠʥʘ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʩʪʘʨʪʫʶʪ ʣʠ ʯʘʩʪʦʪʳ 

ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʠʟ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʥʳʭ ʠʣʠ ʧʦʥʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʨʝʥʠʷ 

ʛʣʫʙʠʥʘ ʙʫʭʪʳ ʦʩʪʘʝʪʩʷ ʧʨʝʞʥʝʡ, ʥʦ ʨʝʟʢʦ ʠʟʤʝʥʷʝʪʩʷ ʢʨʠʚʘʷ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʝʨʝʜ ʠ ʧʦʩʣʝ ʙʫʭʪʳ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʠʢʦʦʦʙʨʘʟʥʦʝ ʥʘʨʘʩʪʘʥʠʝ (ʨʠʩʫʥʦʢ 2ʙ) ʠ ʙʫʭʪʦʦʙʨʘʟʥʦʝ ʧʦʚʝʜʝʥʠʝ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ 

ʤʘʷʪʥʠʢʘ (ʨʠʩʫʥʦʢ 3ʙ) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʨʝʘʣʴʥʳʭ ʟʘʧʠʩʝʡ ʧʨʠʙʦʨʦʚ çɸʣʝʤè [8].   

ʅʘ ʨʠʩʫʥʢʝ 3ʘ ʧʨʠʚʝʜʝʥʳ ʯʝʪʳʨʝʭʩʫʪʦʯʥʳʝ ʟʘʧʠʩʠ ʫʛʣʦʚ ʟʘʢʨʫʯʠʚʘʥʠʷ ʜʚʫʭ ʤʘʷʪʥʠʢʦʚ (ʨʷʜʳ 3,4) ʧʨʠ-

ʙʦʨʘ çɸʣʝʤè ʥʘ ʩʪʘʥʮʠʠ çʋʟʫʥ-ɸʛʘʯè, ʧʦʣʫʯʝʥʥʳʝ ʩ 30.10.99ʛ. ʧʦ 02.11.99ʛ. ʉʪʨʝʣʢʦʡ ʦʙʦʟʥʘʯʝʥ ʤʦʤʝʥʪ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ ʠ ʨʷʜʦʤ ʫʢʘʟʘʥʳ ʧʘʨʘʤʝʪʨʳ ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʝʡʩʤʦ-

ʧʦʣʠʛʦʥʘ ʚ ʛ.ɸʣʤʘʪʳ. ɻʨʘʬʠʢʠ ʧʦʩʪʨʦʝʥʳ ʧʦ ʩʨʝʜʥʝʯʘʩʦʚʳʤ ʟʥʘʯʝʥʠʷʤ. ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʦ ʚʨʝʤʷ, ʧʦ 

ʦʩʠ ʦʨʜʠʥʘʪ - ʧʦʢʘʟʘʥʠʷ  ʧʨʠʙʦʨʘ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. 
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ʘ) 

 

ʈʠʩʫʥʦʢ 3ʘ. ʈʝʘʣʴʥʘʷ ʟʘʧʠʩʴ ʫʛʣʦʚ ʟʘʢʨʫʯʠʚʘʥʠʷ ʧʨʠʙʦʨʘ çɸʣʝʤè ʥʘ ʩʪʘʥʮʠʠ çʋʟʫʥ-ɸʛʘʯè 

 

 
ʙ) 

 

 

 

 
ʈʠʩʫʥʦʢ 3ʙ. ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʙʫʭʪʘ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʤʘʷʪʥʠʢʘ ʩʪʘʥʮʠʠ çʋʟʫʥ-ɸʛʘʯè 

ʈʠʩʫʥʦʢ 3. ʈʝʘʣʴʥʘʷ ʠ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʙʫʭʪʳ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʤʘʷʪʥʠʢʘ ʩʪʘʥʮʠʠ çʋʟʫʥ-ɸʛʘʯè 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ, ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ, ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʘʤʦʛʦ 

ʧʨʠʙʦʨʘ çɸʣʝʤè ʧʨʠʥʘʜʣʝʞʠʪ ʛʨʫʧʧʝ ʫʯʝʥʳʭ ʊʫʣʴʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʠ ʜʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 

1993ʛ. ʚʝʩʴ ʮʠʢʣ ʨʘʙʦʪ ʧʦ ʩʝʪʠ ʧʨʦʚʦʜʠʣʩʷ ʩʦʪʨʫʜʥʠʢʘʤʠ ʊʫʣʇʀ. ʅʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 1994ʛ., ʚʝʩʴ 

ʮʠʢʣ ʨʘʙʦʪ ʧʦ ʢʨʘʪʢʦʩʨʦʯʥʦʤʫ ʧʨʦʛʥʦʟʫ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʅʇʂ çʇʨʦʛʥʦʟè ɻʋ çʂʘʟʩʝʣʝʟʘ-

ʱʠʪʘè. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʅʇʂ çʇʨʦʛʥʦʟè ʥʝ ʨʘʩʧʦʣʘʛʘʝʪ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʮʝʥʝ ʜʝʣʝʥʠʡ ʦʪʥʦʩʠ-

ʪʝʣʴʥʳʭ ʝʜʠʥʠʮ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʚ ʛʨʘʜʫʩʘʭ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʚʦʝ ʚʨʝʤʷ ʩʦʪʨʫʜʥʠʢʘʤʠ ʊʫʣʇʀ ʥʝ ʙʳʣ ʧʝʨʝʜʘʥ 

ʦʩʥʦʚʥʦʡ ʧʘʢʝʪ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ [14]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʯʪʦʙʳ ʢʘʢ-ʪʦ ʩʦʧʦʩʪʘʚʠʪʴ ʨʝʘʣʴʥʳʝ ʠ ʩʠʥʪʝʪʠ-

ʯʝʩʢʠʝ ʟʘʧʠʩʠ, ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʙʫʭʪʘ (ʦʙʦʟʥʘʯʝʥʘ ʧʫʥʢʪʠʨʥʳʤ ʵʣʣʠʧʩʦʤ) ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʙʫʭʪʘ, 

ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 3ʘ. ɺʭʦʜ ʯʘʩʪʦʪʳ 2n  ʚ ʨʝʟʦʥʘʥʩʥʫʶ ʟʦʥʫ ʠ ʚʳʭʦʜ ʠʟ ʥʝʝ ʟʘʜʘʚʘʣʩʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ 
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ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʚʨʝʤʝʥʠ. ʇʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ (ʨʠʩʫʥʦʢ 3ʙ) ʙʳʣʦ ʜʦʩʪʠʛ-

ʥʫʪʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʭʦʜʩʪʚʦ ʨʝʘʣʴʥʦʡ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʙʫʭʪ. ʄʳ ʥʝ ʩʪʘʚʠʣʠ ʧʝʨʝʜ ʩʦʙʦʡ ʟʘʜʘʯʫ ʧʦʣʫʯʝʥʠʷ ʜʝ-

ʪʘʣʴʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʟʘʧʠʩʝʡ. ʍʦʪʷ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʥʘʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʠ ʵʪʦʛʦ, ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʩʦʚʧʘʜʝʥʠʷ.  

4. ʆʙʱʠʡ ʩʣʫʯʘʡ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɿʘʧʠʰʝʤ ʨʝʰʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʟʘʪʫʭʘʶʱʠʭ ʥʫʪʘʮʠʦʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ ʜʣʷ ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʢʦʣʝʙʘʥʠʡ [9,12]: 
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ɺʥʦʚʴ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʚʘʨʠʘʮʠʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ, ʩʯʠʪʘʷ 00, ya  ʬʫʥʢʮʠʷʤʠ ʚʨʝ-

ʤʝʥʠ. ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʧʝʨʚʳʝ ʜʚʘ ʩʦʦʪʥʦʰʝʥʠʷ (4.1) ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦʜʩʪʘʚʣʷʷ ʚ (2.9), ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʜʚʫʭ 

ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 00,
¶¶

ya , ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʡ ʙʫʜʝʪ: 
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ʛʜʝ 
21

,
oo

ff  ʦʧʨʝʜʝʣʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (2.10). ʉʦʦʪʥʦʰʝʥʠʝ (2.12) ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʆ(1) ʚʢʣʶʯʠʪʝʣʴ-

ʥʦ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʚʠʜʫ: 
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ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ (2.11) ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʆ(1) 
*

3q = () () .00 3033 qqq ==*
  

 

                                   

.
2

cos
2

cos,cos

,
2

sincossin
1

sin

,
2

sinsincos
1

cos

0
0

0
010000

0
300301

0

3

0
300301

0

3

ù
ú

ø
é
ê

è
ö
÷

õ
æ
ç

å -
+ö
÷

õ
æ
ç

å +
D=D+=C

ù
ú

ø
é
ê

è
ö
÷

õ
æ
ç

å -
+

CC
=

ù
ú

ø
é
ê

è
ö
÷

õ
æ
ç

å -
-

CC
=

**

*

*

yy
a

yy
ya

yy

yy

X

qPqXq

qPqXq

     (4.4) 

 

ʋʯʠʪʳʚʘʷ (2.10), (4.4), ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (4.2) ʧʦʩʣʝ ʨʷʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
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ʉʜʚʠʥʫʚ ʥʝʤʥʦʛʦ ʦʪʩʯʸʪ ʚʨʝʤʝʥʠ ʪʘʢ, ʯʪʦʙʳ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ()0000 yy =  ʙr -

ʣʘ ʨʘʚʥʘ ʥʫʣʶ, ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ:                              
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ʀʩʧʦʣʴʟʫʷ (2.1), (4.1), (4.2), ʦʧʨʝʜʝʣʠʤ q1:         
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ɺʳʨʘʞʝʥʠʝ ()tqʚ1  ʦʧʠʩʳʚʘʝʪ ʚʳʥʫʞʜʝʥʥʳʝ ʥʫʪʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ.   ɽʩʣʠ ʚ ʪʨʝʪʴʝʤ ʩʦʦʪʥʦʰʝ-

ʥʠʠ(4.9) ʧʦʣʦʞʠʪʴ Ʌ0 = 0, ʪʦ ʦʥʦ ʧʝʨʝʡʜʸʪ ʚ ʪʨʝʪʴʝ ʩʦʦʪʥʦʰʝʥʠʝ (3.9), ʜʣʷ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

4.1 ʈʝʟʦʥʘʥʩʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʆʮʝʥʠʤ ʚʢʣʘʜ 
ʚq1

 ʧʨʠ ʪʦʯʥʦʤ ʨʝʟʦʥʘʥʩʝ 

( ))sin(),sin(, 1330111011 gngnwn +=+== tBwwtBww  ʚ ʦʙʱʠʝ ʥʫʪʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʘʷʪʥʠʢʘ. ɺʳ-

ʯʠʩʣʷʷ ʠʥʪʝʛʨʘʣʳ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (4.9), ʧʦʣʫʯʠʤ: 
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ʛʜʝ ʤʥʦʛʦʪʦʯʠʝ ʦʟʥʘʯʘʝʪ ʯʣʝʥʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʧʦ ɛ. ɿʜʝʩʴ: 
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( 4.11) 

 

ʀʟ (4.10) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦ ʠʩʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʯʣʝʥʦʤ 
2t-e  ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʉʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, 
ʚq1
 ʚʳʨʘʩʪʘʝʪ ʥʘ ʧʦʨʷʜʦʢ, ʘ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʜʚʦʡʥʦʤ ʦʙʝʨʪʦʥʝ ʚʥʝʰʥʝʡ ʯʘʩʪʦʪʳ 

11 wn= . ɽʩʣʠ f0  ʧʦʨʷʜʢʘ ɛ , ʪʦ 
ʚq1
 ʧʦʨʷʜʢʘ ʝʜʠʥʠʮʳ. ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (4.10) ʠ (4.11) ʚʠʜʥʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ 
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ʢʦʣʝʙʘʥʠʡ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʘʤʧʣʠʪʫʜ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʩʜʚʠʛʘ ʬʘʟ, ʪʘʢ ʠ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʫʛʣʘ 

ʥʫʪʘʮʠʠ ʠ ʧʨʝʮʝʩʩʠʠ, ʘ ʪʘʢʞʝ ʠʤʧʫʣʴʩʘ ʈ0.  

ʆʮʝʥʠʤ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʧʦʚʝʜʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ 2q , ʧʦʣʘʛʘʷ:  
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ʆʧʨʝʜʝʣʷʷ ʬʫʥʢʮʠʶ G(S), ʟʘʜʘʥʥʫʶ ʩʦʦʪʥʦʰʝʥʠʝʤ (2.6) ʩ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʡ (4.4), (4.6) , ʧʦʣʫʯʠʤ: 
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ʛʜʝ            

 

                    

( )( ) ( ) ( )[ ]
( ) ( ) ( ) ( )[ ]
( ) ( ) ( ) ( )[ ]SCPSCSSSZ

SCPSCPSSZ

SBPSBSSZ

130110000100113

1101300000112

110130000111

sincos2sinsin)(

,sincossin)(

,sincossin)(

wwawgn

wwagn

wwagn

**

**

**

-+DD+=

++D+=

++D+=

            (4.14) 

                                   ,cossin,sincos 30330133033011 qCqCCqCqCC +=-= **
                           (4.15) 

 

ʘ 
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31 ,BB  ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʩʣʝʜʥʠʤʠ ʜʚʫʤʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (4.11). 

ʇʦʜʩʪʘʚʣʷʷ (4.12) ʚ (4.14) ʠ ʠʩʧʦʣʴʟʫʷ (4.13), ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʥʦʰʝʥʠʷ (2.5) ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ()tq2 . 

ɿʘʤʝʪʠʤ, ʯʪʦ ʠʥʪʝʛʨʘʣ, ʩʪʦʷʱʠʡ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (2.5) ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʯʣʝʥʘ, (4.14), ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʥʝ ʚʳʯʠʩʣʷʝʪ-

ʩʷ ʯʝʨʝʟ ʵʣʝʤʝʥʪʘʨʥʳʝ ʬʫʥʢʮʠʠ. ʇʦʵʪʦʤʫ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʠʙʣʠʞʸʥʥʳʤ ʠʣʠ ʯʠʩʣʝʥ-

ʥʳʤ ʤʝʪʦʜʦʤ. 

ʇʦʢʘʞʝʤ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʪʦʯʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʢʦʛʜʘ 1111 wnn º= , ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ()tq â2
 ʧʦʷʚʣʷʶʪʩʷ 

ʯʣʝʥʳ, ʠʤʝʶʱʠʝ ʧʦʨʷʜʦʢ m. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ Ȼ = Z12 + Z13. ʌʫʥʢʮʠʷ () 00 >Su - ʛʣʘʜʢʘʷ ʠ ʨʘʚʥʦʤʝʨʥʦ ʦʛʨʘʥʠ-
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ʛʜʝ ( )ttt ,0, Í*** . ɺʳʯʠʩʣʷʷ ʠʥʪʝʛʨʘʣʳ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (4.16), (4.17) ʚ ʦʙʣʘʩʪʠ ʪʦʯʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʧʦʣʫ-

ʯʠʤ:                                      
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ɿʜʝʩʴ ʤʥʦʛʦʪʦʯʠʝʤ ʦʙʦʟʥʘʯʝʥʳ ʯʣʝʥʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ m.  

4.2. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʨʝʘʣʴʥʳʤʠ ʟʘʧʠʩʷʤʠ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʘʩʯʝ-

ʪʳ, ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʩʧʨʘʚʝʜʣʠʚʳʝ ʜʣʷ ʧʣʦʩʢʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʝʨʝʥʦʩʷʪʩʷ ʠ ʥʘ ʩʣʫʯʘʡ ʦʙ-

ʱʠʭ ʢʦʣʝʙʘʥʠʡ ( )00¸P , ʥʦ ʠʤʝʶʪʩʷ ʠ ʦʪʣʠʯʠʷ. ʅʫʪʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʦʩʷʪ ʷʚʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢ-
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ʪʝʨ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʘ 
0P . ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ ʀ.ʀ. ʂʘʣʠʥʠʢʦʚʘ ʦ ʚʣʠʷʥʠʠ ʢʨʫʪʠʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʥʘ ʥʫʪʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ [7].  ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ 
0P  ʢʦʣʝʙʘʥʠʷ ʙʣʠʟʢʠ 

ʢ ʧʣʦʩʢʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ. ʆʙʱʠʡ ʭʘʨʘʢʪʝʨ ʢʦʣʝʙʘʥʠʡ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʤʘʷʪʥʠʢʘ ʧʨʠʤʝʨʥʦ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʧʣʦʩʢʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ dcba ,,, , ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʨʝʤʷ ʚʩʪʫʧ-

ʣʝʥʠʷ ʯʘʩʪʦʪ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ 221,nn  ʚ ʨʝʟʦʥʘʥʩʥʫʶ ʟʦʥʫ ʠ ʚʳʭʦʜʘ ʠʟ ʥʝʝ. ʅʘ ʧʨʦʬʠʣʴ ʙʫʭʪʳ ʠ ʧʠʣʦʦʙ-

ʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ (ʨʠʩʫʥʦʢ4)  ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʘʯʘʣʴʥʳʡ ʠʤ-

ʧʫʣʴʩ .0P  

 
 

ʈʠʩʫʥʦʢ 4. ɻʨʘʬʠʢ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ 

 

ʅʘ ʨʠʩʫʥʢʝ 5ʘ ʧʨʠʚʝʜʝʥʘ ʨʝʘʣʴʥʘʷ ʟʘʧʠʩʴ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʧʨʠʙʦʨʘ çɸʣʝʤè ʥʘ ʩʪʘʥʮʠʠ çɸʢʢʦʣʴè  ʩ 

31.01.98ʛ. ʧʦ 06.02.98ʛ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʙʫʭʪʘ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ, ʧʦ-

ʩʣʝ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ (ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʦʙʦʟʥʘʯʝʥʦ ʩʪʨʝʣʢʦʡ, ʫʢʘʟʘʥʳ ʝʛʦ  ʧʘʨʘʤʝʪʨʳ). ʅʘ ʨʠ-

ʩʫʥʢʝ 6ʙ ʧʨʠʚʝʜʝʥʘ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʙʫʭʪʘ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʤʘʷʪʥʠʢʘ ʥʘ ʩʪʘʥʮʠʠ çɸʢʢʦʣʴè.  
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ʈʠʩʫʥʦʢ 5ʙ. ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʙʫʭʪʘ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʤʘʷʪʥʠʢʘ ʩʪʘʥʮʠʠ çɸʢʢʦʣʴè 

ʈʠʩʫʥʦʢ 5. ʈʝʘʣʴʥʘʷ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʙʫʭʪʳ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ  ʩʪʘʥʮʠʠ çɸʢʢʦʣʴè 
 

5. ɻʝʦʨʝʟʦʥʘʥʩʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʢʨʫʪʠʣʴʥʦʛʦ ʤʘʷʪʥʠʢʘ. ʉ ʧʨʠʭʦʜʦʤ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠʟ ʦʯʘʛʘ 

ʙʫʜʫʱʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʯʘʩʪʦʪʦʡ, ʙʣʠʟʢʦʡ ʢ ʯʘʩʪʦʪʝ ʣʠʥʝʡʥʳʭ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ, ʧʨʦʠʩʭʦ-

ʜʠʪ ʚʦʟʙʫʞʜʝʥʠʝ ʤʘʷʪʥʠʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ. ʏʘʩʪʴ ʵʥʝʨʛʠʠ ʤʘʷʪʥʠʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʧʝʨʝʜʘʸʪʩʷ ʚ ʢʨʫʪʠʣʴʥʳʝ ʢʦ-

ʣʝʙʘʥʠʷ ʚ ʚʠʜʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ. ʊʝʤ ʩʘʤʳʤ ʯʘʩʪʠʯʥʦ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪʩʷ ʛʠʧʦʪʝʟʘ ʀ.ʀ. ʂʘʣʠʥʠʢʦʚʘ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʙʫʞʜʝʥʠʝ ʤʘʷʪʥʠʢʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʤʘʷʪʥʠʢ ʚʝʜʸʪ ʩʝʙʷ ʢʘʢ ʧʨʠʸʤʥʠʢ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʧʝʨʝʢʘʯʢʘ 

ʵʥʝʨʛʠʠ ʚ ʝʛʦ ʢʨʫʪʠʣʴʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʤʘʷʪʥʠʢ ʚʝʜʸʪ ʩʝʙʷ ʢʘʢ "ʠʥʜʠʢʘʪʦʨ" ʠ "ʩʧʝʢ-

ʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟʘʪʦʨ" ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʠʟ ʦʯʘʛʘ ʙʫʜʫʱʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʠʭʦʜʷʪ ʫʛʣʦʚʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚ ʚʠʜʝ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘ-

ʥʠʡ ʛʨʫʥʪʘ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʯʘʩʪʦʪʳ ʫʛʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʢ ʯʘʩʪʦʪʝ ʣʠʥʝʡʥʳʭ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ 

ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʫʜʘʣʝʥʠʠ ʦʪ ʥʝʝ ʦʙʨʘʟʫʝʪʩʷ ʙʫʭʪʘ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ. ʅʘ ʙʫʭʪʫ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʣʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ çʜʨʦʞʘʥʠʷè ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʋʨʦʚʝʥʴ çʜʨʦʞʘʥʠʡè ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʝʡ-

ʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʧʘʨʘʤʝʪʨʘʤʠ ʛʨʫʥʪʘ,   ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʷʪʥʠʢʘ ʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʮʝʩʩʘ. 

ɽʩʣʠ ʫʛʣʦʚʳʝ ʚʦʟʤʫʱʝʥʠʷ ʥʝ ʜʦʭʦʜʷʪ ʜʦ ʤʘʷʪʥʠʢʘ ʠʣʠ ʥʘʭʦʜʷʪʩʷ ʚʥʝ ʟʦʥʳ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʦʠʩ-

ʭʦʜʠʪ ʚʦʟʙʫʞʜʝʥʠʝ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʪʦ ʚʘʨʠʘʮʠʠ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʤʘʷʪʥʠʢʘ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ çʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʳʭ ʧʠʢʦʚè, ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ ʧʦʨʷʜʢʘ 1ɻʮ. ɽʩʣʠ ʚʦʟʙʫʞʜʝʥʠʝ ʤʘʷʪʥʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʫʛʣʦʚʳʭ 

ʚʦʟʤʫʱʝʥʠʡ, ʪʦ ʚʘʨʠʘʮʠʠ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʤʘʷʪʥʠʢʘ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ çʛʣʘʜʢʠʭè ʙʫʭʪ (ʯʘʩʪʦʪʘ ʧʦʨʷʜʢʘ ʤɻʮ). 

ɺ ʧʨʠʨʦʜʝ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ,  ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʠʯʥʦʝ ʧʦ ʚʨʝʤʝʥʠ ʚʢʣʶʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠʟʣʫʯʝʥʠʷ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠʟ ʦʯʘʛʘ ʙʫʜʫʱʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠʤʠ 

ʤʘʷʪʥʠʢʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʢʘʨʪʠʥʘ ʚʘʨʠʘʮʠʡ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ.  

ʅʘʣʠʯʠʝ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʭ  ʙʫʭʪʦʦʙʨʘʟʥʳʭ  ʚʘʨʠʘʮʠʡ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʤʘʷʪʥʠʢʘ ʢʘʢ ʨʘʟ ʠ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʛʨʫʥʪʘ, ʚʳʟʚʘʥʥʳʭ ʤʠʢʨʦʩʝʡʩʤʘʤʠ ʠʟ ʦʯʘʛʘ ʛʦʪʦʚʷʱʝʛʦʩʷ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ.  

ɺ ʨʘʙʦʪʘʭ [9,12] ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʨʝʥʠʷ ʧʦʨʷʜʢʘ m ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʪʘʮʠʦ-

ʥʘʨʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʘ  ʢʘʯʝʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ ʩ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʪʝ-

ʢʘʶʱʠʤʠ ʚ ʦʯʘʛʝ ʙʫʜʫʱʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʇʨʦʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʳʥʫʞʜʝʥʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʢʨʫʪʠʣʴʥʦʛʦ ʤʘʷʪʥʠʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ ʠʟ ʪʨʝʭ (66,7 %) ʩʪʘʮʠʦʥʘʨʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʨʳʚʘʤʠ ʘʤʧʣʠʪʫʜ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ.  

ʅʘʧʨʘʚʣʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦ-

ʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʢʨʫʪʠʣʴʥʳʤʠ ʤʘʷʪʥʠʢʘʤʠ ʦʙʩʫʞʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [9,13]. 
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Abstract. The research of georesonances of the seismic tortional pendulum, allowed to understand and explain ob-

served in practice pike-shaped and bay-shaped behavior of its corner of twisting during preparation of future earthquake is 

conducted. The synthetic bays corresponding to the real records of devices of pendulum type çAlemè are simulated. 
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Abstract. The nonlinear boundary value problems for certain classes of dynamical systems with continuous 

and discrete time are describes in article. 
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Consider (n-1)-dimensional simplex
1nS -

: 

 

( )
ý
ü
û

í
ì
ë

==²== ä
=

-
n

1i
iin21

1n 1x ,n,...,2,1i ,0x :x,...,x,xxS . 

 

In [3] studied the following dynamical system  

 

                                                                    
1nT

n21
S)x,...,x,(x  x),x(fx -Í==#                                                    (1) 

ö
÷

õ
æ
ç

å
=

dt

d
. , where the components { },n1,2,...,k  ,f

k
Í  of the vector f: 

()
ji

n

1j,i

k

ijk
xxxf ä

=

= a  

are defined by the tensor { }kija  of order n having 
3n  real constants which satisfy  

 

1) 
k

ji

k

ij
aa =  for all { }n,...,2,1k,j,i Í ; 

2) 0
n

1k

k

ij
=ä

=

a  for all { }n,...,2,1j,i Í ; 

3) 0k

ij
²a  for all { }n,...,2,1kj,ki Í¸¸ . 

 

Here we are consider the analogy of a dynamical system (1) as  

 

j

n

1j,i
ik,ijk xxPx:V ä

=

=¡ , 
T n-1

k 1 2 nx = (x ,x ,..., x ) S¡ Í , where  

ij,k ,P 0k

ij ij ka d= + ², ij,k ji,kP = P  and 1P
n

1k
k,ij =ä

=

, 

 

                                                           
 É Normatov I.H. / ʅʦʨʤʘʪʦʚ ʀ.ʍ., 2014 
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,

1,                      if      

1
,   if  ʠ    or   

2

0,                   in other cases

ij k

i j k

i j i = k j = kd

= =ë
î
î
= ¸ì
î
îí

. 

 

Here we will allocate and describe the main class of nonlinear boundary value problems for dynamic systems: 

1) Class of the dynamic systems constructed on the binomial distributions: 

let (L,L) be a finite graph, L=n  and W ï a finite set, where W=2
n
.  Define the measure l on W, 

believing  

l(ɸ)=p and l(ʘ)=q, p>0, q>0, where p+q=1 and .
q

p
a=  

We are consider on the W binomial distributionma , given by the formula 

 

                                                                              () () ()s-s
a =sm AA nnn

qp                                                          (2) 

 

The dynamic system constructed on a finite graph on the binomial distribution (2), is called a bernoulli. 

2) Class of the dynamic systems constructed on factored measures of binomial distributions: 

let now the set of edges (L,L) ï is empty, i.e., L is not provided with the graph structure. In this case, we iden-

tify two points 
1s  and

2s , if ( ) ( )1 2A An ns s= , and we form the following factored space 

{ }0 1, ,..., ,ns s sW= where is is the set of points for which ()n iA s = . On W distribution is defined 

 

                                              ( ) inii

ni qpC~~ -

a =sm  for WÍs
~~

i  n,...,1,0i=                             (3) 

 

The dynamic system constructed on at least (2) will be called a factored bernoulli. 

3) Class of dynamical systems constructed on the Gibbs distribution: 

next class of the dynamical systems are further associated with lattice models of statistical mechanics. 

Let (L,L) ï an arbitrary finite graph without loops and multiple edges. 

On the set, we are consider the Hamiltonian 

 

                                                                    () ()() ()ä ä
LÍ

sss d-d-À=s
y,x x

xAyx hH                                                      (4) 

 

where the first sum is taken over all pairs of nearest neighbors and Rh, ÍÀ . This hamiltonian defines the 

Potts model with an external field. 

We define on W the Gibbs distribution as follows: for any sÍW set  
 

                                                                                   () ()( )s-=sm - HexpZ 1  ,                                                           (5) 

 

where ()( ).HexpZ ä
WÍs

s-=  

 

If the graph (L,L), L=Å, then for h=0 for any set () 0H =s , sÍW. 

4)  Class of dynamical systems constructed by markov measures: 

Now we define the class of markov evolutionary processes. In this case, of course, will be limited to graphs, is 

a sub graph of Z. 

Let (L, ʌ) ï connected graph of the following form: 

 

1ðð2ðð3ðð.ðð.ðð. é .ððn, 
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We are consider the stochastic matrix 

 

öö
÷

õ
ææ
ç

å

aaa

a

PP

PP

A

AAA
, where 0P,P,P,P,

1PP

1PP
AAAA

A

AAA
²

í
ì
ë

=+

=+
aaaa

aaa

a
 

 

Let (P(A),P(a)) ï a measure for ʌ={ɸ, ʘ}, which satisfies the following condition: 

 

()()( ) ()()( )aa
aaa

a
P,AP

PP

PP
P,AP

A

AAA
=öö
÷

õ
ææ
ç

å
. 

 

Such a measure always exists, if PAA  ,0> PAa  ,0>  PaA  ,0>  Paa 0> . 

 

In this case 

pq1

q
)A(P

-+
=  and P(a) .

pq1

p1

-+

-
=  

 

Then we define a markov measure on W, believing 

 

() ()() ()( ) ()( )()() ()() ( )()n1n3221 P...PP1Pn,...,2,1 s-ssssss=sssm=sm  

 

for any sÍW. 

Now we consider the nonlinear boundary value problem for dynamic systems [1, 2] in the continuous and dis-

crete approximation: 

                                                                 

()2

2
( , ) 0

t

kx
P t x

t

µ
- =

µ
 at ( , ),t o TÍ                                                 (6) 

() () { }
0

, , , 1,2,..., .
t t

k k
t t T

x a x b for all i j k E n
= =
= = Í =  

 

Suppose, an approximation to the solution of this approximation 
()

,
t

nx  in the neighborhood of the decompo-

sition  

() ()( ) ()( )( , ) ( , ) , ,
t t t

n n n

P
P t x P t x t x x x

x

µ
º + -

µ
 

therefore seems appropriate to look for the next approximation to the solution
()

1

t

nx +  as a solution to the bound-

ary value problem 

                                            

()
() ()( ) () ()( )

2

1
12

( , ) , , 0,

t
t t t tn

n n n n

x P
P t x t x x x

t x

+
+

µ µå õ
- + - =æ ö

µ µç ÷
                        (7) 

 

() ()
1 1

0
, .

t t

n n
t t T

x a x b+ +
= =
= =

 

 

Now consider grid approximations of boundary value problems (5): 

 

                                       

() () ()
()1 1

2

2
( , ) 0, 1,2,3,..., 1,

n n n
nk k k

k k

x x x
P t x k N

h

+ -- +
- = = -                       (8) 
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() () ()
0 , , ,
n n n

N k
Tx a x b where h x

N
= = =  ï approximations to the values 

( )kh
x .  

 

Let 
()

, 0,1,2,...,
n

kx k N=  the set of variables forming the n-th approximation to the solution of the sys-

tem (8). In the vicinity of this approximation, the relation 

 

() () ()( )( , ) ( , ) ( , ) .
n n n

k k k k x k k k kP t x P t x P t x x xº + -  

 

Therefore, we seek the following approximation of the system of equations 

 

( ) ( ) ( )
() () ( ) ()( )( )

1 1 1
11 1

2

2
( , ) ( , ) 0,

1,2,3,..., 1,

n n n
n n n nk k k

k k x k k k k

x x x
P t x P t x x x

h

k N

+ + +
++ -- +

- + - =

= -

( ) ( )1 1

0 , ,
n n

Nx a x b
+ +
= =  

 

is a discrete approximation (8). 

We note that for the four classes can build a nonlinear boundary value problem with continuous and discrete 

time. But there are dynamical systems on which you can build only problem with discrete time. In our considerations, 

these are dynamic systems built on disconnected graphs. 
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ʅɽʃʀʅɽʁʅʓɽ ʂʈɸɽɺʓɽ ɿɸɼɸʏʀ ɼʃʗ ɼʀʅɸʄʀʏɽʉʂʀʍ ʉʀʉʊɽʄ  

ʉ ʅɽʇʈɽʈʓɺʅʓʄ ʀ ɼʀʉʂʈɽʊʅʓʄ ɺʈɽʄɽʅɽʄ 
 

ʀ.ʍ. ʅʦʨʤʘʪʦʚ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʎʝʥʪʨʘ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  

ʊʘʰʢʝʥʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝʡ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʣʠʥʝʡʥʳʝ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʣʘʩʩʦʚ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʠ ʜʠʩʢʨʝʪʥʳʤ ʚʨʝʤʝʥʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʤʧʣʝʢʩ, ʛʨʘʬ, ʩʠʩʪʝʤʘ, ʪʝʥʟʦʨ, ʤʝʨʘ, ʦʧʝʨʘʪʦʨ, ʧʨʦʮʝʩʩ. 
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ʋɼʂ 938.9 

 

ʕʃɽʂʊʈʆʅʅʆɽ ʉʊʈʆɽʅʀɽ ɺʆɼʓ 
 

 
ɸ.ɸ. ʇʦʪʘʧʦʚ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥ ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʦʜʳ ʚ ʮʝʧʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ: ʘʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ Ÿ ʤʦʣʝʢʫʣʘ ʚʦʜʳ Ÿ ʣʝʜ, ʚʦʜʘ. ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦ-

ʝʥʠʷ ʚʦʜʳ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʦʚʦʤ ʧʦʥʠʤʘʥʠʠ ʧʨʠʨʦʜʳ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ çʢʠʩʣʦʨʦʜ-ʚʦʜʦʨʦʜʥʦʡè ʩʚʷʟʠ ʢʘʢ ʦʩʥʦʚʘ ʧʦʩʪʨʦʝʥʠʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ.  

ɼʘʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ. ʈʘʩʩʤʦʪʨʝ-

ʥʳ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʚ ʩʚʝʪʝ ʥʦʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʵʣʝʢʪʨʦʥʥʦʤ ʩʪʨʦʝʥʠʠ ʚʦʜʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʘ, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʧʦʜʚʠʞʥʦʩʪʴ ʧʨʦʪʦʥʦʚ, ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

 

ʇʣʘʥʝʪʘʨʥʘʷ ʠ ʚʩʝʦʙʲʝʤʣʶʱʘʷ ʨʦʣʴ ʚʦʜʳ ʚ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʷʭ ʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʩ ʦʜ-

ʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʨʷʜʘ ʥʘʙʣʶʜʘʝʤʳʭ ʩʚʦʡʩʪʚ ʚʦʜʳ,  ʩ ʜʨʫʛʦʡ, ʜʝʣʘʶʪ ʚʦʜʫ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʭ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʲʝʢʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʩʪʨʦʝʥʠʷ ʚʦʜʳ ʧʦʩʚʷʱʝʥʦ ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ 

ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ. ʀʥʬʦʨʤʘʮʠʶ ʦ ʥʘʠʙʦʣʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʦʨʠʷʭ ʠ ʤʦʜʝʣʷʭ ʚʦʜʳ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʘʭ 

[1ï4, 6, 7, 13, 15]. ʇʦʩʢʦʣʴʢʫ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚ ʮʝʣʠʢʦʤ ʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʩʪʨʫʢʪʫʨʦʡ, ʪʦ ʧʨʠʯʠʥʫ 

ʧʘʨʘʜʦʢʩʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ ʧʨʦʷʚʣʝʥʠʡ ʚʦʜʳ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʚ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʤʦʜʝʣʝʡ ʚʦʜʳ. ʆʙ-

ʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʦʧʠʨʘʶʪʩʷ ʥʘ 

ʦʰʠʙʦʯʥʦʝ ʧʦʥʠʤʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʢʦʪʦʨʦʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʛʠʧʦʪʝʟʝ ʦ 

ʧʝʨʝʢʨʳʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʠʩʭʦʜʥʳʭ ʘʪʦʤʦʚ [8, 15]. 

1. ʕʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ 

ʇʘʨʘʤʝʪʨʳ ʚʦʜʳ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ɻʝʥʝʪʠʯʝʩʢʠ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʦʙʫʩʣʦʚʣʝʥʦ ʵʣʝʢʪʨʦʥʥʳʤ ʩʪʨʦʝʥʠʝʤ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʘʪʦʤʦʚ,  ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ. 

ɸʪʦʤ ʚʦʜʦʨʦʜʘ ʦʙʨʘʟʦʚʘʥ ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ï ʵʣʝʢʪʨʦʥʘ ʠ ʧʨʦʪʦʥʘ. ɽʜʠʥʩʪʚʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʠʭ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʚ ʚʠʜʝ ʧʨʦʪʦʥʘ, ʚʳʩʪʫʧʘʶʱʝʛʦ ʚ 

ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘ ʧʨʠʪʷʞʝʥʠʷ, ʠ ʦʙʨʘʱʘʶʱʝʛʦʩʷ ʚʦʢʨʫʛ ʥʝʛʦ ʵʣʝʢʪʨʦʥʘ. ɿʘʜʘʯʘ ʦʧʠʩʘʥʠʷ ʘʪʦʤʘ ʚʝʩʴʤʘ ʙʣʠʟʢʘ ʢ 

ʟʘʜʘʯʝ ʦ ʜʚʠʞʝʥʠʠ ʧʣʘʥʝʪ ʚʦʢʨʫʛ ʩʦʣʥʮʘ, ʠʟʚʝʩʪʥʦʡ ʢʘʢ ʢʝʧʣʝʨʦʚʘ ʟʘʜʘʯʘ [9]. ɺ ʦʩʥʦʚʝ ʝʝ ʨʝʰʝʥʠʷ ʣʝʞʘʪ ʟʘʢʦ-

ʥʳ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ Ů ʠ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ L. ɺ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ r ʠ ű ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʵʣʝʢʪʨʦʥʘ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ ʠʤʝʝʪ ʚʠʜ [9]. 

   

   ʠ  ,                                             (1) 

  

ʛʜʝ eZ ʠ m ï ʟʘʨʷʜ ʷʜʨʘ ʠ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ. 

ɺ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʢʨʫʛʦʚʦʛʦ ʜʚʠʞʝʥʠʷ  ʫʨʘʚʥʝʥʠʝ (1) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

 

                                                                                                                                 (2) 

 

ʛʜʝ r ï ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʷʜʨʦʤ ʠ ʵʣʝʢʪʨʦʥʦʤ; L ï ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ, ʨʘʚʥʳʡ 

L=mvr; v ï ʦʨʙʠʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ. ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ (2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʠʥʝʪʠʯʝ-

ʩʢʫʶ ʵʥʝʨʛʠʶ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ, ʘ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ï ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʟʘʨʷʜʘ ʷʜʨʘ ʩ ʵʣʝʢʪʨʦʥʦʤ. ʋʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʘʪʦʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʫʤʫ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨ-

ʛʠʠ, ʨʘʚʥʦʡ ʵʥʝʨʛʠʷ ʩʚʷʟʠ Ů ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʚʥʦʚʝʩʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ, ʨʘʚʥʦʤʫ ʙʦʨʦʚʩʢʦʤʫ ʨʘʜʠʫʩʫ ʘB. 

ʇʨʠ Z=1, ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʫ ʜʣʷ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ , ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʚʝʣʠʯʠʥʘ ʧʦ ʢʦʪʦ-

ʨʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʥʦʤ ʩʦʛʣʘʩʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, Ůʅ = 13,6 ʵɺ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʦʝʥʠʷ ʘʪʦʤʘ 

ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʛʦ ʷʜʨʦ ʠ ʵʣʝʢʪʨʦʥ ʦʙʨʘʟʫʶʪ ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʫʶ ʤʝʞʜʫ ʩʦʙʦʡ ʜʠʧʦʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʢʦʪʦʨʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʨ=eaB. ʅʘʣʠʯʠʝ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʨʦʷʚʣʷʝʪ-

ʩʷ ʚ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʩʪʨʝʤʷʱʝʛʦʩʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʩʪʨʫʢʪʫʨ.  

ɸʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʩʦʛʣʘʩʥʦ ʜʠʧʦʣʴ-ʦʙʦʣʦʯʝʯʥʦʡ ʤʦʜʝʣʠ [8, 9] ʠʤʝʶʪ 6 ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦ-

ʨʳʝ ʚʨʘʱʘʶʪʩʷ ʧʦ 6 ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʤ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʦʨʙʠʪʘʤ. ɺʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʟʘʨʷʜʘ +6q ʷʜʨʘ (ʦʩʪʦʚʘ), ʙʣʘʛʦʜʘʨʷ ʜʝʡʩʪʚʠʶ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʝʪʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫ-

ʨʘʮʠʷ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ (ʨʠʩ.1). ʆʥʘ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʟ 6 ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʘ ʯʝʪʳʨʝ 

ʵʣʝʢʪʨʦʥʘ 
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ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ 

 

1ï4 ʟʘʧʦʣʥʷʶʪ ʚʝʨʰʠʥʳ ʪʝʪʨʘʵʜʨʘ (ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ), ʚʧʠʩʘʥʥʦʛʦ ʚ ʚʦʦʙʨʘʞʘ-

ʝʤʳʡ ʢʫʙ (ʨʠʩ.1). ʅʝʟʘʥʷʪʳʝ ʚʝʨʰʠʥʳ ʢʫʙʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʪʨʘʵʜʨ, ʠ ʜʚʘ (ʠʟ 6) ʦʩʪʘʚʰʠʭʩʷ ʵʣʝʢʪʨʦʥʘ 

ʟʘʧʦʣʥʷʶʪ ʜʚʝ ʚʝʨʰʠʥʳ ʵʪʦʛʦ çʚʪʦʨʦʛʦè ʪʝʪʨʘʵʜʨʘ; ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʘ ʪʝʪʨʘʵʜʨʘ ʩʦʩʪʘʚʣʷʶʪ ʢʫʙ ʩ ʚʦʩʝʤʴʶ ʚʝʨʰʠ-

ʥʘʤʠ (ʨʠʩ. 1). ɺ ʪʘʢʦʡ ʢʫʙʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʪʦʤʘ ʜʚʝ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ 1-5 ʠ 3-6 ʦʙʨʘʟʫʶʪ ʩʚʷʟʘʥʥʳʝ ʵʣʣʠʧʪʠʯʝʩʢʠʝ 

ʦʨʙʠʪʳ ʚʜʦʣʴ ʜʚʫʭ ʜʠʘʛʦʥʘʣʝʡ ʚʦʦʙʨʘʞʘʝʤʦʛʦ ʢʫʙʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʫʣʝʚʳʝ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ (ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʢʘʢ ʩʫʤʤʘ ʦʜʠʥʘʢʦʚʳʭ ʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʣʦʢʘʣʴʥʳʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ). ɼʚʘ ʦʩʪʘʚʰʠʭʩʷ ʜʠʘʛʦʥʘʣʴʥʦ ʥʝ ʩʚʷ-

ʟʘʥʥʳʭ ʵʣʝʢʪʨʦʥʘ ʟʘʥʠʤʘʶʪ ʜʚʝ ʩʚʦʙʦʜʥʳʝ ʚʝʨʰʠʥʳ ʜʘʥʥʦʛʦ ʢʫʙʘ. ʆʥʠ ʦʙʨʘʟʫʶʪ ʩ ʷʜʨʦʤ ʘʪʦʤʘ ʜʚʘ ʥʝʩʢʦʤʧʝʥʩʠ-

ʨʦʚʘʥʥʳʭ ʣʦʢʘʣʴʥʳʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʘ ʨʣ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʦʪʣʠʯʥʳʡ ʦʪ ʥʫʣʷ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ 

ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ. ʋʛʦʣ ʤʝʞʜʫ ʵʪʠʤʠ ʣʦʢʘʣʴʥʳʤʠ ʜʠʧʦʣʴʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʦʢ ʢ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤʫ 

ʫʛʣʫ (ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʥ ʨʘʚʝʥ 104,5
0
), ʧʦʜʪʚʝʨʞʜʘʷ ʵʪʠʤ ʧʨʠʥʷʪʫʶ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʘʪʦʤʘ. ʂʦʥ-

ʬʠʛʫʨʘʮʠʷ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʦʪʚʝʯʘʝʪ ʦʙʱʝʤʫ ʧʦʜʭʦʜʫ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʘʣʝʥʪʥʳʭ ʦʙʦʣʦʯʝʢ ʩ 

ʯʠʩʣʦʤ ʵʣʝʢʪʨʦʥʦʚ ʙʦʣʝʝ ʧʷʪʠ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʚʝʨʰʠʥ çʧʫʩʪʦʛʦè ʪʝʪʨʘʵʜʨʘ, 

ʚʧʠʩʘʥʥʦʛʦ ʚ ʢʫʙ [8, 9]. ʉʪʨʝʤʣʝʥʠʝ ʢ ʢʫʙʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʦʣʦʯʝʢ ʘʪʦʤʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʝʝ ʚʳʩʦʢʦʡ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʠ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʴʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ [8, 9].  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ 

ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʦʨʙʠʪʳ, ʵʣʝʢʪʨʦʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʷʜʨʦ-ʬʦʢʫʩ ʠ ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʦʡ ʙʦʣʴʰʦʡ ʦʩʠ ʵʣʣʠʧʩʘ, ʥʘʭʦʜʷʪʩʷ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʂʝʧʣʝʨʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, 

ʵʣʝʢʪʨʦʥʳ ʚ ʘʧʦʛʝʝ ʠʤʝʶʪ ʙčʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʫʜʘʣʝʥʳ ʦʪ ʷʜʨʘ, ʘ ʵʣʝʢʪʨʦʥʳ ʚ ʧʝʨʠʛʝʝ ʥʘʭʦʜʷʪʩʷ ʙʣʠʞʝ ʢ ʷʜʨʫ ʠ ʩʠʣʴʥʝʝ ʩʚʷʟʘʥʳ ʩ ʥʠʤ. ʕʣʝʢʪʨʦʥʳ ʚ ʦʙʣʘʩʪʠ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ ʦʪ ʷʜʨʘ ʧʦ ʧʨʠʥʷʪʦʡ ʚ ʭʠʤʠʠ ʪʝʨʤʠʥʦʣʦʛʠʠ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʢʘʢ çʚʘʣʝʥʪʥʳʝè ʵʣʝʢʪʨʦʥʳ, ʘ ʚ 

ʦʙʣʘʩʪʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ ʦʪ ʷʜʨʘ  ʢʘʢ çʥʝʧʦʜʝʣʝʥʥʳʝ ʧʘʨʳè. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ çʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳè ʨʘʩ-

ʢʨʳʚʘʝʪʩʷ ʚ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪ. ʇʣʦʩʢʦʩʪʴ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʷʜʨʦ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʙʦʣʴh ʦʡ 

ʦʩʠ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʳ, ʨʘʟʜʝʣʷʝʪ ʵʣʝʢʪʨʦʥʥʫʶ ʦʨʙʠʪʫ ʥʘ çʚʘʣʝʥʪʥʫʶè ʠ çʥʝʧʦʜʝʣʝʥʥʫʶè ʩʦʩʪʘʚʣʷʶʱʠʝ. ʉʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦʛʦ ʩʤʳʩʣʘ, ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʚʘʣʝʥʪʥʦʤʫ ʵʣʝʢʪʨʦʥʫ çʥʝʧʦʜʝʣʝʥʥʘʷ ʧʘʨʘè ʥʝ ʠʤʝʝʪ.   

ɺ ʥʝʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʩʝ ʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ ʘʪʦʤʘ ʨʘʚʥʦʮʝʥʥʳ ʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʵʥʝʨʛʠʠ 

ʩʚʷʟʠ (ʧʦʪʝʥʮʠʘʣʳ ʠʦʥʠʟʘʮʠʠ). ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʣʝʢʫʣ ʘʪʦʤ ʧʝʨʝʜʘʝʪ ʩʚʦʠ ʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʘʢʪʠʯʝʩʢʦʡ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʤʫ ʧʦʚʳʰʝʥʠʶ 

ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʦʩʪʘʚʰʠʭʩʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʘʪʦʤʦʤ (ʨʠʩ. 2). 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʧʦ ʩʚʦʠʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʤ ʵʣʣʠʧʪʠ-

ʯʝʩʢʠʤ ʦʨʙʠʪʘʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʱʝʛʦ ʫʨʘʚʥʝʥʠʷ (1) [9]:  

 

                                                                         (3) 

 

ʆʥʦ ʧʦʣʫʯʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʠ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʞʝʩʪʢʦʛʦ 

ʦʩʪʦʚʘ ʠ ʩ ʫʯʝʪʦʤ ʪʝʦʨʝʤʳ ɻʘʫʩʩʘ. ɿʜʝʩʴ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʩʚʦʠʭ ʦʨʙʠʪʘʭ ʚ ʪʦʯʢʘʭ ʜʦʩʪʠʞʝʥʠʷ ʵʢʩʪʨʝʤʫʤʘ, ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ  ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʦʚ ʚ ʮʝʥ-

ʪʨʘʣʴʥʦʤ ʧʦʣʝ ʟʘʨʷʜʘ ʦʩʪʦʚʘ ʘʪʦʤʘ (ů ï ʢʦʥʩʪʘʥʪʘ ʵʢʨʘʥʠʨʦʚʘʥʠʷ), ʪʨʝʪʴʝ ʠ ʯʝʪʚʝʨʪʳʝ ʩʣʘʛʘʝʤʦʝ ï ʵʥʝʨʛʠʶ 

ʚʟʘʠʤʥʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ. ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʘʝʪ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʵʣʝʢʪʨʦʥʦʚ (ʧʦʪʝʥʮʠʘʣʘ ʠʦʥʠʟʘʮʠʠ IO) [8,9]. 

 

                                                                      (4) 

 

ʛʜʝ ao ï ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʳ ʚʳʜʝʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ,; oɻ ï ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʦʨʙʠʪʳ 

ʰʝʩʪʠʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ɖ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʢʦʪʦʨʳʤ ʫʯʠʪʳʚʘʝʪʩʷ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʜʚʫʤʷ ʥʝʟʘʥʷʪʳʤʠ ʚʝʨʰʠʥʘʤʠ ʢʫʙʘ (ʨʠʩ. 1); 1 ; Ůok ï 
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ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʘʪʦʤʘ ʩ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʦʡ, ʨʘʚʥʦʡ Ůok =40,8ʵɺ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʚʘʟʠʩʬʝʨʳ, ʦʙʨʘʟʫʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʨʝʜʥʝʥʠʷ 

6-ʠ ʦʨʙʠʪ ʚʥʝʰʥʠʭ ʦʙʦʣʦʯʝʢ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘ-

ʮʠʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ (IO=13,6ʵɺ) ʧʦ (4) ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʰʝʩʪʠʵʣʝʢʪʨʦʥʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʫʩʪʦʡʯʠʚʦʡ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʣʠʯʠʝ ʫ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʣʦʢʘʣʴʥʳʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʥʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʤʫ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʥʪʝʥʩʠʚʥʳʤ ʤʝʞʤʦʣʝʢʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ. ʇʨʠ 

ʵʪʦʤ ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʦʨʙʠʪʳ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʜʘʶʪ ʵʪʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʚʳʩʦʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ.  

ʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ ʚʦʜʳ ʦʙʫʩʣʦʚʣʝʥʘ ʵʣʝʢʪʨʦʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʘʪʦʤʦʚ, ʚʩʪʫʧʘʶʱʠʭ ʚ 

ʭʠʤʠʯʝʩʢʫʶ ʩʚʷʟʴ. ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʷʚʣʷ-

ʶʪʩʷ ʠʩʭʦʜʥʳʤʠ ʚ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʥʠʤʠ ʜʝʡʩʪʚʫʶʪ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʤʝʞʜʫ ʜʠʧʦʣʴʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʘʪʦʤʦʚ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ , ʛʜʝ r ï ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ű ï ʫʛʦʣ ʤʝʞʜʫ ʦʩʷʤʠ ʜʠʧʦʣʝʡ  p [10]. 

ʇʦ ʤʝʨʝ ʩʙʣʠʞʝʥʠʷ ʘʪʦʤʦʚ ʜʠʧʦʣʠ ʩʪʨʝʤʷʪʩʷ ʢ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʪʠʧʘ Źŷ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʥʠʤʠ ʤʘʢʩʠʤʘʣʴʥʳ. ʅʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʵʥʝʨʛʠʷ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠ-

ʯʠʥʳ ʜʦʩʪʘʪʦʯʥʦʡ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʟʘʠʤʥʦʝ ñʧʨʦʥʠʢʥʦʚʝʥʠʝò ʘʪʦʤʦʚ. ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʦʣʦʯʢʠ ñʧʝʨʝ-

ʢʨʳʚʘʶʪʩʷò ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʦʙʨʝʪʘʶʪ ʭʘʨʘʢʪʝʨ ʟʘʨʷʜ ï ʟʘʨʷʜʦʚʳʭ. ʕʣʝʢʪʨʦʥʳ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʧʦʧʘʜʘʶʪ ʚ 

ʧʦʣʝ ʧʨʠʪʷʞʝʥʠʷ ʷʜʨʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʘ ʵʣʝʢʪʨʦʥ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ï ʚ ʧʦʣʝ ʢʘʪʠʦʥʘ ʢʠʩʣʦʨʦʜʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʩʙʣʠʞʝʥʠʠ ʘʪʦʤʦʚ ʚʦʟʥʠʢʘʶʪ ʩʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ ʷʜʨʘʤʠ ʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʨʘʟʥʳʤ ʘʪʦʤʘʤ 

(ʨʠʩ. 2). ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʥʦʚʴ ʦʙʨʘʟʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʵʣʝʢʪʨʦʥʳ ʦʙʦʠʭ ʘʪʦʤʦʚ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ 

ʩʚʦʝ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʕʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʤʦʜʝʣʴ ʢʦʣʴʮʘ ʥʘ ʦʩʠ ʤʦʣʝʢʫʣʳ, ʧʨʝʜʣʦʞʝʥʥʘʷ 

ʅ. ɹʦʨʦʤ [9, 12].  
 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʅ+ʆŸʅʆ+ʅŸʅ2ʆ; ʪʦʯʢʘʤʠ ʧʦʢʘʟʘʥʳ ʵʣʝʢʪʨʦʥʳ, 

ʧʦʣʳʤʠ ʢʨʫʞʢʘʤʠ ï ʧʨʦʪʦʥʳ, ʢʨʫʧʥʳʤʠ ʯʝʨʥʳʤʠ ʢʨʫʞʢʘʤʠ ï ʦʩʪʦʚʳ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʧʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ 

ʦʨʙʠʪ  r

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʥʳ ʚʩʪʫʧʘʶʱʠʭ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʦʙʦʙʱʝʩʪʚʣʷʶʪʩʷ ʥʘ ʢʨʫ-

ʛʦʚʦʡ ʦʨʙʠʪʝ, ʦʙʨʘʟʫʝʤʦʡ ʧʦʩʨʝʜʠʥʝ ʤʝʞʜʫ ʷʜʨʘʤʠ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʤʦʣʝʢʫʣʳ. ʄʝʭʘʥʠʟʤ 

ʩʚʷʟʳʚʘʥʠʷ ʘʪʦʤʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʷʚʣʝʥʠʠ ʩʠʣ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ 

ʦʙʫʩʣʦʚʣʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʜʠʧʦʣʴʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ [8, 9, 12]. ɺ ʧʨʠ-

ʣʦʞʝʥʠʠ ʢ ʤʦʣʝʢʫʣʘʤ ʚʦʜʳ ʵʪʘ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʦʙʱʝʩʪʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʩ ʦʜʥʠʤ ʠʟ 

ʵʣʝʢʪʨʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʆ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʠ H ʆ (ʨʠʩ.2). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʟʘʨʷʜʦʚ,  ʢʘʪʠʦʥʘ ʆ
+
 ʠ ʧʨʦʪʦʥʘ ʅ

+
, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʝ, ʧʣʦʩʢʦʩʪʴ 

ʢʦʪʦʨʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʣʠʥʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ.  

ɻʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʆ ʅ ʵʣʝʢʪʨʠʯʝʩʢʠ (ʭʠʤʠʯʝʩʢʠ) ʘʢʪʠʚʥʘ, ʧʦʩʢʦʣʴʢʫ ʫ ʢʘʪʠʦʥʘ ʢʠʩʣʦʨʦʜʘ ʆ
2+

 

ʦʩʪʘʝʪʩʷ çʘʢʪʠʚʥʳʡè ʵʣʝʢʪʨʦʥ, ʢʦʪʦʨʳʡ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʝʪ ʩʦ ʚʪʦʨʳʤ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʚʪʦʨʫʶ ʤʦ-

ʣʝʢʫʣʷʨʥʫʶ ʦʨʙʠʪʫ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʚʘʣʝʥʪʥʫʶ ʩʚʷʟʴ (ʨʠʩ.2). ʆʙʨʘʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʩʪʨʫʢʪʫʨʘ ʅ2ʆ ʚ ʚʠʜʝ 

ʢʘʪʠʦʥʘ ʆ
2+

 ʩ ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʦʯʥʦʡ ʦʙʦʣʦʯʢʦʡ (ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʵʪʦʡ ʦʙʦʣʦʯʢʝ ʨʘʚʥʘ 55 ʵɺ) ʠ ʧʘʨʳ 

ʧʨʦʪʦʥʦʚ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʢʠʩʣʦʨʦʜʦʤ. ɺ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʫʞʝ ʥʝʪ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ, 

ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʚ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʷʭ ʚʦʜʳ. ɺ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ ʠʦʥʠʟʠʨʫʶʪʩʷ ʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʠʦʥʳ ʅ
+
 ʠ ʆ

2+
. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠ ʦʙʲʷʩʥʷʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʧʦʣʦʞʝʥʠʝ ʧʨʦʪʦʥʦʚ ʅ
+
 ʥʘ ʩʚʷʟʠ ʥʝ ʫʜʘʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɽʩʣʠ ʙʳ 

ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʥʝ ʙʳʣ ʠʦʥʠʟʠʨʦʚʘʥ ʠ ʩʦʭʨʘʥʷʣ ʩʚʦʶ ʠʜʝʥʪʠʯʥʦʩʪʴ ʚ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣʳ, ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʪʨʘʢʪʦ-

ʚʘʪʴ ʚ ʠʟʚʝʩʪʥʳʭ ʪʝʦʨʠʷʭ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʛʣʠ ʙʳ 

ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʧʨʦʪʦʥʘ ʧʦ ʧʦʣʦʞʝʥʠʶ ʝʛʦ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ. 

ʂʦʣʴʮʝʚʘʷ ʤʦʜʝʣʴ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʦʙʨʘʟʘ ʭʠʤʠʯʝʩʢʦʡ 

ʩʚʷʟʠ ʚ ʚʠʜʝ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʦʙʦʣʦʯʝʢ ʘʪʦʤʦʚ [8, 16]. ʉʭʝʤʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 2, ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝ-

ʥʠʠ ʦʪʨʘʞʘʝʪ ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʦʚ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʝ ʤʦʣʝʢʫʣʳ ʚʦ-

ʜʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ ʠ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʯʝʪʳʨʝʭ ʵʣʣʠʧʪʠ-

ʯʝʩʢʠʭ ʦʨʙʠʪʘʭ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ. ʌʘʢʪʠʯʝʩʢʠ ʤʦʣʝʢʫʣʘ ʅ2ʆ ʥʝ ʠʤʝʝʪ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ ʚ ʦʙʱʝʧʨʠʥʷʪʦʤ 
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ʩʤʳʩʣʝ, ʢʦʛʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʘʪʦʤʳ ʦʭʚʘʯʝʥʳ ʦʙʱʠʤ ʵʣʝʢʪʨʦʥʥʳʤ ʢʦʥʪʫʨʦʤ, ʩʦʟʜʘʚʘʝʤʳʤ ʧʝ-

ʨʝʢʨʳʚʘʶʱʠʤʠʩʷ ʵʣʝʢʪʨʦʥʥʳʤʠ ʦʙʦʣʦʯʢʘʤʠ ʠʩʭʦʜʥʳʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ. ɼʨʫʛʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦ-

ʙʝʥʥʦʩʪʴʶ ”ʝ ʷʚʣʷʝʪʩʷ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʢʨʫʛʦʚʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ, ʦʙʲʷʩʥʷ-

ʶʱʝʝ ʩʧʝʮʠʬʠʢʫ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʨʠ ʪʦʤ, ʯʪʦ ʩʠʣʳ, ʩʚʷʟʳʚʘʶʱʠʝ ʤʝʞʜʫ ʩʦʙʦʡ 

ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʚʦʜʳ, ʠʤʝʶʪ ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʠ-

ʨʦʜʫ. ɺ ʢʦʣʴʮʝʚʦʡ ʤʦʜʝʣʠ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʞʲʷʜʝʨʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʛʠʜ-

ʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʅ ʆ ʠ ʜʠʘʤʝʪʨʦʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪ, ʢʦʪʦʨʳʝ ʚʢʫʧʝ ʜʘʶʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ (2,6õ2,8)¡.  

ʉʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠʤʝʶʪ ʦʪʣʠʯʥʳʡ ʦʪ ʥʫʣʷ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ (ʨ = 

1,85 D), ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫ ʥʝʝ ʫʛʦʣʢʦʚʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ ʧʨʠʨʦʜʫ ʠ ʤʝʭʘʥʠʟʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʈʘʥʝʝ ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ, ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʦʡ ʠʦʥʥʦʡ ʩʚʷʟʠ, ʢʦʛʜʘ ʘʪʦʤʘʤ ʧʨʠʧʠʩʳʚʘʶʪʩʷ ʧʘʨʮʠʘʣʴʥʳʝ ʟʘʨʷʜʳ ʨʘʟʥʳʭ ʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʧʝʨʝʢʨʳʚʘʥʠʷ ʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ [16]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ, ʧʦ ʩʫʪʠ, ʥʝ ʠʤʝʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ.  

ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʢʦʣʴʮʘ ʥʘ ʦʩʠ ʤʦʣʝʢʫʣʳ ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʤʦʣʝʢʫʣ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʠʝʤ ʩʪʨʦʝʥʠʷ ʘʪʦʤʦʚ ʚ ʩʦʩʪʘʚʝ ʛʝʪʝʨʦʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ, ʫ ʢʦ-

ʪʦʨʳʭ ʧʣʦʩʢʦʩʪʴ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʳ ʩʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʢʘʞʜʦʡ ʠʟ ʆ ʅ-ʛʨʫʧʧ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʆ ʅ-ʛʨʫʧʧ. ɺʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʥʦʩʪʠ ʵʥʝʨʛʠʡ 

ʧʨʠʪʷʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʧʨʦʪʦʥʦʤ ʠ ʦʩʪʦʚʦʤ-ʢʘʪʠʦʥʦʤ ʆ
2+

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʝʢʪʦʨʥʘʷ ʩʫʤ-

ʤʘ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʆ ʅ-ʛʨʫʧʧ ʜʘʝʪ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. 

2. ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ  

ʕʣʝʢʪʨʦʥʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ ʬʘʢʪʠʯʝʩʢʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ ʠ ʦʩʪʦʚʦʤ ʢʠʩ-

ʣʦʨʦʜʘ, ʧʦʵʪʦʤʫ ʟʘʨʷʜʳ ʧʨʦʪʦʥʦʚ ʠ ʢʘʪʠʦʥʘ ʆ
2+

 ʦʢʘʟʳʚʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʜʣʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ 

ʦʢʨʫʞʘʶʱʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʧʨʝʜʦʧʨʝʜʝʣʷʷ ʠʟʙʠʨʘʪʝʣʴʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʣʝʢʪʨʦʥʳ ʜʝʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʧʣʦʩʢʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʳ, ʯʪʦ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʅʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʦʣʝʢʫʣʳ, ʙʣʘʛʦʜʘ-

ʨʷ ʥʘʣʠʯʠʶ ʫ ʥʠʭ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʶʱʠʭ ʩʠʣ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʨʘʩʩʪʦʷʥʠʡ, ʩʦʠʟʤʝʨʠʤʳʭ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʤʦʣʝʢʫʣ, ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ 

ʢʫʣʦʥʦʚʩʢʠʝ ʩʠʣʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ ʢʘʪʠʦʥʦʚ ʆ
2+
, ʧʨʦʪʦʥʘ ʅ

+ 
ʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ. ʄʘʢʩʠʤʫʤ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ 

ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʝ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʟʘʨʷʜ ʢʘʪʠʦʥʘ ʆ
2+

 ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʟʘʨʷ-

ʜʘ ʧʨʦʪʦʥʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʜʥʦʨʦʜʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘʨʷʜʦʚ ʤʦʣʝʢʫʣʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʢ ʬʦʨʤʠʨʦʚʘ-

ʥʠʶ ʛʨʘʜʠʝʥʪʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʚʟʘʠʤʥʫʶ ʦʨʠʝʥʪʘ-

ʮʠʶ ʤʦʣʝʢʫʣ. ʇʦ ʤʝʨʝ ʩʙʣʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʧʦʚʳʰʘʝʪʩʷ ʨʦʣʴ ʩʠʣ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ ʦʜʥʦʠʤʝʥʥʳʤʠ ʟʘʨʷʜʘʤʠ. ʇʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʨʘʚʝʥʩʪʚʘ ʩʠʣ ʧʨʠʪʷʞʝʥʠʷ ʠ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʦʣʝʢʫʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣ ʜʦʣʞʥʦ ʦʪʚʝʯʘʪʴ ʫʩʣʦʚʠʶ ʤʠʥʠʤʫʤʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʟʘʨʷʜʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʣʝʢʫʣ. ɺʟʘ-

ʠʤʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʦʩʪʦʚʘ-ʢʘʪʠʦʥʘ ʆ
2+
, ʫ ʢʦʪʦʨʦʛʦ ʚʳʜʝʣʝʥ-

ʥʳʝ ʥʘʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪ ʟʘʜʘʶʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʩʦʟʜʘʚʘʝʤʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɹʣʘ-

ʛʦʜʘʨʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ ʫʛʣʘʤ ʤʝʞʜʫ ʵʣʣʠʧʪʠʯʝʩʢʠʤʠ ʦʨʙʠʪʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʘʪʠʦʥʦʤ ʆ
2+

 ʦʜʥʦʡ ʤʦʣʝ-

ʢʫʣʳ ʠ ʧʨʦʪʦʥʦʤ ʅ
+
 ʜʨʫʛʦʡ ʤʦʣʝʢʫʣʳ ʧʨʠʥʠʤʘʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʪʘʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʘʨʷʜʦʚ 

ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʵʥʝʨʛʠʠ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʩʭʝʤʦʡ ʧʦ ʨʠʩ. 3. ʕʪʘ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ.  
 

 
 

ʈʠʩ. 3. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʊʦʯʢʘʤʠ ʧʦʢʘʟʘʥʳ ʵʣʝʢʪʨʦʥʳ, ʧʦʣʳʤʠ 

ʢʨʫʞʢʘʤʠ ï ʧʨʦʪʦʥʳ, ʢʨʫʧʥʳʤʠ ʯʝʨʥʳʤʠ ʢʨʫʞʢʘʤʠ ï ʦʩʪʦʚʳ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ; ʧʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ 

ʦʨʙʠʪʳ 

 

ɺ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʣʝʢʫʣʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʧʫ-

ʪʝʤ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ 
 

                                                                    (5) 
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ʛʜʝ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʥʝʨʛʠʶ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ ʧʝʨʚʦʡ ʤʦʣʝ-

ʢʫʣʳ, ʠʤʝʶʱʠʭ ʵʬʬʝʢʪʠʚʥʳʡ ʟʘʨʷʜ qe, ʠ ʢʘʪʠʦʥʦʤ ʆ
2+
, ʠʤʝʶʱʠʤ ʟʘʨʷʜ 2qo, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʨʘʚʥʦ b1; ʚʪʦ-

ʨʦʝ ʩʣʘʛʘʝʤʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʥʝʨʛʠʶ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʟʘʨʷʜʦʤ ʝ ʧʨʦʪʦʥʘ ʠ ʜʠʧʦʣʴʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʨ ʥʘ ʩʚʷʟʷʭ 

ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʳ, ʨʘʟʜʝʣʷʝʤʳʭ ʨʘʩʩʪʦʷʥʠʝʤ b2; ʪʨʝʪʴʝ ʩʣʘʛʘʝʤʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʥʝʨʛʠʶ ʚʟʘʠʤʥʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʥʳʤ ʤʦʣʝʢʫʣʘʤ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ b3; ʯʝʪʚʝʨ-

ʪʦʝ ʩʣʘʛʘʝʤʦʝ ï ʵʥʝʨʛʠʷ ʚʟʘʠʤʥʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʟʘʨʷʜʦʚ ʧʨʦʪʦʥʘ ʝ ʠ ʢʘʪʠʦʥʘ qo, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ l; 

  ʛʜʝ ʘ ï ʨʘʜʠʫʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʳ, l2 ï ʧʨʦʝʢʮʠʷ ʨʘʩʩʪʦʷʥʠʷ b1 ʥʘ ʣʠʥʠʶ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘ-

ʤʠ.  

ʀʟ (5) ʩʣʝʜʫʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʨʘʩʩʪʦ-

ʷʥʠʝʤ ʠ ʨʘʜʠʫʩʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʳ (ʧʦʩʢʦʣʴʢʫ ). ʈʘʜʠʫʩ ʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʳ ʤʦʞʥʦ ʥʘʡʪʠ, 

ʠʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʳ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʚʝʥʩʪʚʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʢʨʫʛʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʧʦʣʦʚʠʥʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʟʘʨʷʜʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʟʘʨʷ-

ʜʘʤʠ ʧʨʦʪʦʥʘ ʠ ʦʩʪʦʚʘ ʢʠʩʣʦʨʦʜʘ, ʪʘʢ ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ  ʛʜʝ 

ʧʨʠʥʷʪʘ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʙʦʨʦʚʩʢʦʛʦ ʨʘʜʠʫʩʘ , ʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʝ ʪʦʞʜʝʩʪʚʦ L=ǩ; ʟʜʝʩʴ 

ʪʘʢʞʝ ʫʯʪʝʥʦ ʪʦ, ʯʪʦ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʨʘʚʝʥ 4ʘɺ [8, 9]. ʕʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝ-

ʢʫʣʷʨʥʦʡ ʦʨʙʠʪʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʩʚʦʝʤ ʥʝʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʝʩʴʤʘ ʙʣʠʟʢʘ ʢ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ (ʪ.ʝ. ʧʦʨʷʜʢʘ 13,6 ʵɺ). ɺ ʜʘʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʜʠʫʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʳ ʨʘʚʝʥ ʘ å 1,4¡, ʪ.ʝ. ʜʠʘʤʝʪʨ ʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʝʥ ʢʨʘʪʯʘʡʰʝʤʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ å 2,8¡.  

ʅʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʫʨʘʚʥʝʥʠʝ (5) ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʟʥʘʢ ʠ ʚʝʣʠʯʠʥʫ ʵʥʝʨ-

ʛʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʧʦ (5) ʦʛʨʘʥʠʯʠʚʘʝʪ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚʭʦʜʷʱʠʭ ʚ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥ ʘ, b1, b2, b3. 

ʀʪʘʢ, ʩʦʛʣʘʩʥʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʟʘʨʷʜʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʧʨʦʪʦʥʦʤ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʦʜ-

ʥʦʡ ʤʦʣʝʢʫʣʳ, ʢʘʪʠʦʥʦʤ ʆ
2+

 ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʜʨʫʛʦʡ ʤʦʣʝʢʫʣʳ ʠ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ ʦʙʝʠʭ 

ʤʦʣʝʢʫʣ. ʉʧʝʮʠʬʠʢʘ çʚʦʜʦʨʦʜʥʦʡè ʩʚʷʟʠ ʚʠʜʠʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʠ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʫʛʣʦʚ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪ ʦʩʪʦʚʘ-ʢʘʪʠʦʥʘ ʆ
2+
, ʘ ʪʘʢʞʝ ʫʜʚʦʝʥʥʳʤ ʟʘʨʷʜʦʤ 2qO ʢʘʪʠʦʥʘ ʆ

2+
, 

ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʦʚ ʥʘ ʩʚʷʟʠ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʚʳʰʝʥʥʫʶ ʵʥʝʨ-

ʛʠʶ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ. ʀʟ 6 ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ 2 ʵʣʝʢʪʨʦʥʘ ʠʜʫʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ 

ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʆ ʅ (ʥʘ ʨʠʩ. 1 ʵʣʝʢʪʨʦʥʳ 5 ʠ 6), ʘ ʦʩʪʘʚʰʠʝʩʷ ʯʝʪʳʨʝ ʵʣʝʢʪʨʦʥʘ ʦʙʨʘʟʫʶʪ  ʦʩʪʦʚ-ʢʘʪʠʦʥ ʆ
2+

 ʩ 

ʭʘʨʘʢʪʝʨʥʦʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʧʘʨ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪ ʩ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤʠ ʫʛʣʘʤʠ; ʦʜʥʘ ʠʟ ʥʠʭ ʩʦʦʩʥʘ ʩ ʚʘʣʝʥʪʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ (ʵʣʝʢʪʨʦʥʳ 1 ʠ 3) ʠ ʥʝ ʤʦʞʝʪ ʫʯʘʩʪʚʦ-

ʚʘʪʴ ʚ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʘ ʚʪʦʨʘʷ ʧʘʨʘ (ʵʣʝʢʪʨʦʥʳ 2 ʠ 4) ʠʜʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ. ʉʦʚʤʝʩʪʥʦ ʩ ʟʘʨʷʜʘʤʠ ʆ ʅ-ʛʨʫʧʧ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʥʠʭ ʚʘʣʝʥʪʥʳʤ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ ʫʛʣʦʤ ʵʪʘ ʧʘʨʘ çʥʝ-

ʧʦʜʝʣʝʥʥʳʭè ʵʣʝʢʪʨʦʥʦʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ 

ʙʣʘʛʦʜʘʨʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ ʦʪʢʨʳʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʪʠʦʥʘ ʆ
2+

 ʠ ʧʨʦʪʦʥʘ 

ʅ
+
 ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʣʦʞʠʚʰʠʭʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʪʦʤ, ʯʪʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʫʩʣʦʚʣʝʥʳ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ ʟʘʨʷʜʘʤʠ ʥʘ ʘʪʦʤʘʭ ʆ ʠ ʅ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʟʘ ʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʢʨʳʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ. ʇʦ ʦʧʨʝʜʝʣʝ-

ʥʠʶ ʖʇɸʂ çɺʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ï ʵʪʦ ʬʦʨʤʘ ʘʩʩʦʮʠʘʮʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤ ʘʪʦʤʦʤ ʠ ʚʦʜʦʨʦʜʥʳʤ 

ʘʪʦʤʦʤè. ɺ ʥʦʚʦʡ ʨʝʜʘʢʮʠʠ [4] çɺʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ï ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ é ʠ 

ʘʪʦʤʦʤ ʚ ʤʦʣʝʢʫʣʝ é, ʫ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʟʥʘʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠè. ʆʙʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʠʩʭʦʜʷʪ ʠʟ ʥʝʚʝʨʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫ-

ʣʳ ʚʦʜʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʘʪʦʤʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʢʪʠʯʝʩʢʠ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʥʝʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʢʦʥʮʝʧʮʠʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪʘ ʧʝʨʝʢʨʳʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ [14, 8]. 

ɽʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʩʫʱʥʦʩʪʠ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʪʦ ʦʩʦʙʝʥʥʦʩʪʴ ʝʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʷʟʘʥʘ ʚ 

ʦʜʠʥʘʢʦʚʦʡ ʤʝʨʝ, ʢʘʢ ʘʪʦʤʫ ʚʦʜʦʨʦʜʘ, ʪʘʢ ʠ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ. ʀʤʝʥʥʦ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʧʨʠʚʥʦʩʠʪ ʚ çʚʦʜʦʨʦʜ-

ʥʫʶè ʩʚʷʟʴ çʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶè ʩʧʝʮʠʬʠʢʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ 

ʧʣʦʪʥʦʡ ʚʦʜʳ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʪʝʨʤʠʥ çʚʦʜʦʨʦʜʥʘʷè ʩʚʷʟʴ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʨʘʞʘʝʪ ʧʨʠʨʦʜʫ ʠ ʤʝʭʘʥʠʟʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʚʦʜʳ. ʂʘʢ ʚ ʬʦʨʤʘʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ, ʪʘʢ ʠ 

ʧʦ ʩʚʦʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʚʷʟʴ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʷʚʣʷʝʪʩʷ çʢʠʩʣʦʨʦʜ-ʚʦʜʦʨʦʜʥʦʡè. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜʳ. ʅʘʜʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʟʘʚʝʨʰʘʶʱʠʤ ʟʚʝʥʦʤ 

ʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʠ ʚʝʱʝʩʪʚʘ: ʘʪʦʤ ï ʤʦʣʝʢʫʣʘ ï ʚʦʜʘ. ʇʦʥʷʪʥʦ, ʯʪʦ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʧʣʦʪʥʦʡ 

ʚʦʜʳ ʧʨʝʜʦʧʨʝʜʝʣʝʥʳ ʵʣʝʢʪʨʦʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʤʦʣʝʢʫʣ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʚʦʜʘ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠʤʝʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʀʤʝʥʥʦ ʤʦʣʝʢʫʣʳ ʩ 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʥʠʭ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʚʳʜʝʣʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ 

ʪʝʤ ʩʘʤʳʤ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʫ ʚʦʜʳ. ɺʩʝ ʤʦʣʝʢʫʣʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ ʧʦ ʤʝʭʘʥʠʟʤʫ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʩʤʦʪ-

ʨʝʥʥʦʡ ʚʳʰʝ ʤʦʜʝʣʴʶ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ʚʦʜʳ ʫʯʘʩʪʚʫʝʪ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʜʤʦʣʝʢʫʣʷʨ-
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ʥʦʡ ʩʪʨʫʢʪʫʨʳ ʯʝʨʝʟ ʧʦʩʨʝʜʩʪʚʦ ʯʝʪʳʨʝʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʚʳʜʝʣʝʥʥʳʭ ʩʚʷʟʝʡ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʥʠ ʦʙʨʘʟʫʶʪ 

ʪʝʪʨʘʵʜʨ, ʮʝʥʪʨ ʠ ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʛʦ ʟʘʥʠʤʘʶʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʙʝʩʢʦʥʝʯʥʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʨʝʰʝʪʢʫ ʚ ʚʠʜʝ ʰʝʩʪʠʛʨʘʥʥʳʭ ʢʦʣʝʮ, ʥʘʧʦʜʦʙʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʛʣʝʨʦʜʘ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʴʜʘ, ʧʦʷʩʥʷʶʱʠʡ ʧʨʠʨʦʜʫ ʠ ʤʝʭʘʥʠʟʤ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ. ʄʦʣʝʢʫʣʳ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʣʠʥʠʠ ʩʚʷʟʠ ʧʨʦʪʦʥ ï ʵʣʣʠʧʪʠ-

ʯʝʩʢʘʷ ʦʨʙʠʪʘ ʦʩʪʦʚʘ-ʢʘʪʠʦʥʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ. ʀʤʝʥʥʦ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʧʦʩʪʨʦʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʴʜʘ. ʉʧʝʮʠʬʠʢʘ ʵʪʦʡ ʩʚʷʟʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʣʘʛʦ-

ʜʘʨʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʣʠʥʠʠ ʩʚʷʟʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ, ʘ ʩʠʩʪʝʤʘ ʚ ʮʝʣʦʤ ʧʨʠʥʠʤʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ. ʂʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ʩʚʷʟʘ-

ʥʘ ʩʦ ʩʚʦʠʤ ʙʣʠʞʘʡʰʠʤ ʦʢʨʫʞʝʥʠʝʤ ʯʝʪʳʨʴʤʷ ʩʚʷʟʷʤʠ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (5). ɼʚʝ ʠʟ ʥʠʭ ʦʙʷʟʘʥʳ ʧʨʦʪʦʥʘʤ ʅ
+
 (ʥʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʳ ʜʚʦʡʥʳʤʠ 

ʢʨʫʞʢʘʤʠ), ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʳʭ 

ʩʚʷʟʝʡ ʤʦʣʝʢʫʣ ʚʦʜʳ. ɼʚʝ ʜʨʫʛʠʝ ʩʚʷʟʠ ʦʙʷʟʘʥʳ ʜʚʫʤ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʦʨʙʠʪʘʤ (ʥʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʥʳʤʠ ʦʚʘ-

ʣʘʤʠ ʥʘ ʦʩʪʦʚʘʭ-ʢʘʪʠʦʥʘʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ), ʷʚʣʷʶʱʠʭʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. ʕʣʣʠʧʪʠ-

ʯʝʩʢʠʝ ʦʨʙʠʪʳ ʦʩʪʦʚʘ-ʢʘʪʠʦʥʘ, ʩʦʦʩʥʳʝ ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠ-

ʨʦʚʘʥʠʠ çʚʦʜʦʨʦʜʥʳʭè ʩʚʷʟʝʡ. ɼʨʫʛʘʷ ʧʘʨʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪ ʩʦʚʤʝʩʪʥʦ ʩ ʚʘʣʝʥʪʥʳʤ ʫʛʣʦʤ ʦʙʨʘʟʫʶʪ ʪʝʪʨʘʵʜʨʠ-

ʯʝʩʢʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʚʦʜʳ.   
 

 
 

 ï ʵʣʝʢʪʨʦʥʳ,  ⱷ ʦʩʪʦʚ-ʢʘʪʠʦʥ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ,   ï ʧʨʦʪʦʥʳ; ʧʫʥʢʪʠʨʥʳʤʠ ʦʚʘʣʘʤʠ ʧʦʢʘʟʘʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʳ 

(ʙʦʣʴʰʠʝ ʜʠʘʤʝʪʨʳ) ʠ ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʦʨʙʠʪʳ ʦʩʪʦʚʘ-ʢʘʪʠʦʥʘ ʢʠʩʣʦʨʦʜʘ, çʚʦʜʦʨʦʜʥʳʝè ʩʚʷʟʠ ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʥʳʤʠ 

ʣʠʥʠʷʤʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʧʨʦʪʦʥ ʠ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʦʨʙʠʪʫ ʘʪʦʤʘ ʦʩʪʦʚʘ-ʢʘʪʠʦʥʘ ʢʠʩʣʦʨʦʜʘ   
 

ʆʜʥʘ ʩʚʷʟʴ, ʢʦʪʦʨʘʷ ʠʜʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚ ʩʦʩʝʜʥʠʭ ʩʣʦʷʭ, ʥʘ ʨʠʩ. 4 ʥʝ ʧʦʢʘʟʘʥʘ, 

ʯʪʦʙʳ ʥʝ ʟʘʪʨʫʜʥʷʪʴ ʚʦʩʧʨʠʷʪʠʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʀʟ ʨʠʩ. 4 ʚʠʜʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ (ʧʦʢʘ-

ʟʘʥʳ ʧʫʥʢʪʠʨʥʳʤʠ ʦʚʘʣʘʤʠ) ʩʦʟʜʘʶʪ ʬʘʢʪʠʯʝʩʢʠ ʦʙʲʝʤʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ. 

ʈʠʩ. 5 ʜʘʝʪ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʴʜʘ 

ʵʣʝʢʪʨʦʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʤʦʣʝʢʫʣ ʚʦʜʳ.  

ʇʝʨʝʭʦʜ ʪʚʝʨʜʦʡ ʚʦʜʳ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʯʘʩʪʠʯʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ. ʇʨʠ ʵʪʦʤ ʦʩʚʦʙʦʞʜʘʝʤʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʝʪ ʧʦʣʦʩʪʠ ʩʦʭʨʘʥʠʚʰʝʡʩʷ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʯʘʩʪʠʯʥʦ ʦʙʨʘʟʫʶʪ ʘʩʩʦʮʠʘʪʳ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʤʦʣʝʢʫʣ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʯʠʩʣʦ 

ʘʩʩʦʮʠʘʪʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʯʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʚʦʜʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʢʠʧʝʥʠʷ ʚ ʚʦʜʝ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʩʩʦʮʠʘʪʦʚ. ʄʦʥʦʤʦʣʝʢʫʣʷʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʳ 

ʜʦʩʪʠʛʘʝʪʩʷ ʣʠʰʴ ʚ ʪʨʦʡʥʦʡ ʪʦʯʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 374 
0
ʉ ʠ ʜʘʚʣʝʥʠʠ 22 ʄʇʘ. ʅʝʧʨʝʨʳʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʘʩʩʦʮʠʘʪʦʚ ʧʦ ʨʘʟʤʝʨʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʟʘʢʦʥʦʤʝʨʥʦʤʫ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʤʫ ʧʦʚʝʜʝ-

ʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʤʝʥʥʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʜʘʥʥʳʝ ʦ ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʶʪ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʘʚʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦʤ ʩʪʨʦʝʥʠʠ ʚʦʜʳ. 

3. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʙʫʩʣʦʚʣʝʥʳ ʵʥʝʨʛʠʝʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ. ʄʝʨʦʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʠʷ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʋ ʚʦʜʳ ʵʪʦ ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʵʥʝʨʛʠʷ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʠ. ɽʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʷ ʵʥʪʘʣʴʧʠʠ 

ʧʣʘʚʣʝʥʠʷ æʅʧʣ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʠ ʨʘʟʨʫʰʝʥʠʷ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚʦʜʳ, ʪʘʢ ʯʪʦ 

ʠ=ʧĿæʅʧʣ å 2Ŀ1,44 ʛʜʝ n ʯʠʩʣʦ ʬʘʢʪʠʯʝʩʢʠ ʜʝʡʩʪʚʫʶʱʠʭ ʩʚʷʟʝʡ ʥʘ ʤʦʣʝʢʫʣʫ, ʧ=2. ʕʥʝʨʛʠʷ çʚʦ-

ʜʦʨʦʜʥʦʡè ʩʚʷʟʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʪʠʧʠʯʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ. ʊʘʢʦʝ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʦʝ ʦʪʣʠʯʠʝ ʩʪʘʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ çʚʦʜʦʨʦʜʥʦʡè ʩʚʷʟʠ ʚ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. 

ʕʥʝʨʛʠʶ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚ ʪʦʯʢʝ ʢʠʧʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʨʳʚʫ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 
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ʩʚʷʟʝʡ ʚʦʜʳ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʯʝʚʠʜʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠ = ʢʊʢʠʧ å 0,032 ʵɺ. ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ , ʛʜʝ ʵʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

æʅʦʙʨ, ʢʦʪʦʨʘʷ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʫʤʤʘʨʥʫʶ ʵʥʝʨʛʠʶ ʨʘʟʨʳʚʘ ʩʚʷʟʝʡ. ʆʞʠʜʘʝʤʘʷ ʚʝʣʠʯʠʥʘ 

ʝʜʠʥʠʯʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʠ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʳ ʧʦ ʜʘʥʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ 

ʯʠʩʣʝ ɖ å 12,5. ʇʨʠʚʝʜʝʥʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʜʘʶʪ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʭʘʨʘʢʪʝʨʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʦ ʧʨʦʮʝʩʩʘʭ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ. ʀʤʝʥʥʦ ʦʥʠ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʤʦʜʝʣʴʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʢʘʢ ʪʚʝʨʜʦʡ, ʪʘʢ ʠ 

ʞʠʜʢʦʡ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʥʥʘʷ ʤʦʜʝʣʴ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʧʨʳʞʢʦʚʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʧʨʦʪʦʥʦʚ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʥʝʨʝʘʣʠʩʪʠʯʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʧʨʦʪʦʥʦʚ, ʩʦ-

ʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʧʫʩʢʘʶʪʩʷ ʚʦʟʤʦʞʥʳʤʠ ʪʝʧʣʦʚʳʝ ʨʘʟʨʳʚʳ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ  

ʆ ʅ. ɺ ʨʘʤʢʘʭ ʠʟʣʦʞʝʥʥʳʭ ʚʳʰʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʵʣʝʢʪʨʦʥʥʦʤ ʩʪʨʦʝʥʠʠ ʚʦʜʳ ʘʚʪʦʨʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʛʠʧʦʪʝ-

ʟʘ ɻʣʝʢʪʨʦʥʥʦʡ ʧʨʠʨʦʜʳ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʧʫʪʝʤ 

ʧʝʨʝʩʢʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ (ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʨʙʠʪʘʤʠ). ʆʙʦʩʥʦʚʘʥʠʝʤ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʷʚʣ̫ -

ʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʦʙʲʝʤʝ ʚʦʜʳ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʙʣʠʞʝʥʠʝ ʤʦʣʝʢʫ-

ʣʷʨʥʳʭ ʦʨʙʠʪ (ʩʤ. ʨʠʩ. 4) ʜʦ ʫʨʦʚʥʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʪʘʥʦʚʷʪʩʷ ʚʦʟʤʦʞʥʳʤʠ ʧʝʨʝʩʢʦʢʠ ʵʣʝʢʪʨʦʥʦʚ ʩ ʦʜʥʦʡ ʦʨʙʠʪʳ 

ʥʘ ʜʨʫʛʫʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʢʦʚʘʣʝʥʪʥʳʤ ʩʚʷʟʷʤ, ʪʘʢ ʯʪʦ 
 

                                                                                 (6) 

 

ɿʜʝʩʴ ʧ ï ʦʙʱʝʝ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʨʘʚʥʦʝ ʯʠʩʣʫ ʢʦʚʘʣʝʥʪʳʭ ʩʚʷʟʝʡ; ʧ0   ʯʠʩʣʦ çʩʚʦʙʦʜʥʳʭè ʵʣʝʢʪʨʦʥʦʚ, ʫʯʘʩʪ-

ʚʫʶʱʠʭ ʚ ʧʝʨʝʥʦʩʝ ʟʘʨʷʜʘ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ ʠʘ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʤʝʞʜʫ ʤʦʣʝʢʫ-

ʣʷʨʥʳʤʠ ʦʨʙʠʪʘʤʠ; ʢʊ ï ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʘʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʘ ʠʘ. 

ɸʢʪʠʚʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʦʙʲʷʩʥʷʝʪ çʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡè ʭʘʨʘʢʪʝʨ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʨʘʞʘʝʪ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʳʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. ɺ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʯʠʩʣʦ çʩʚʦʙʦʜʥʳʭè ʵʣʝʢʪʨʦʥʦʚ, ʧʨʝʦʜʦʣʝʚʰʠʭ ʙʘʨʴʝʨ ʠʘ, 

ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʣʝʜ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʢʘʢ ʭʦʨʦʰʠʡ ʜʠʵʣʝʢʪʨʠʢ. ʉ ʧʦʚʳʰʝ-

ʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʯʠʩʣʦ çʩʚʦʙʦʜʥʳʭè ʵʣʝʢʪʨʦʥʦʚ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʚʦʜʘ ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʦʡʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠ-

ʢʘ. ɺ ʛʘʟʦʚʦʡ ʬʘʟʝ ʚʦʜʫ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ, ʠ ʦʥʘ ʷʚʣʷʝʪʩʷ ʜʠʵʣʝʢʪʨʠʢʦʤ.  

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 263 ʂ ʨʘʚʥʘ (11-13) 

ʢʢʘʣ/ʤʦʣʴ [15]. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʝʝ ʢʘʢ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠ-

ʤʦʡ ʜʣʷ ʦʪʨʳʚʘ ʵʣʝʢʪʨʦʥʘ ʦʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ (ʦʪ ʝʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʳ), ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʶʱʝʡʩʷ ʵʥʝʨʛʠʝʡ 

(ʧʦʪʝʥʮʠʘʣʦʤ) ʠʦʥʠʟʘʮʠʠ. ʋʤʝʥʴʰʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʠʦʥʠʟʘʮʠʠ (12,2 ʵɺ) ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ ʜʦ ʫʨʦʚʥʷ ʧʦʨʷʜʢʘ 

0,5 ʵɺ ʦʙʫʩʣʦʚʣʝʥʦ ʜʝʣʦʢʘʣʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ ʠ ʩʠʣʴʥʳʤ ʦʩʣʘʙʣʷʶʱʠʤ ʵʥʝʨʛʠʶ 

ʩʚʷʟʠ ʚʣʠʷʥʠʝʤ ʩʦ ʩʪʦʨʦʥʳ ʟʘʨʷʜʦʚ ʢʘʪʠʦʥʦʚ ʅ
+
 ʠ ʆ

2+
 ʚ ʧʣʦʪʥʦʡ ʚʦʜʝ. ʇʦʜʩʪʘʥʦʚʢʘ ʚʝʣʠʯʠʥʳ ʠʘ ʚ ʫʨʘʚʥʝʥʠʝ (6) 

ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʯʠʩʣʦ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧ, ʘ ʟʘʪʝʤ ʨʘʩʩʯʠʪʘʪʴ ʫʜʝʣʴʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʣʴʜʘ [5]. 
 

                                                                                           (7) 

 

ʛʜʝ m ʠ e ï ʤʘʩʩʘ ʠ ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, Ű ï ʚʨʝʤʷ ʧʝʨʝʙʨʦʩʘ ʵʣʝʢʪʨʦʥʘ ʚ ʝʜʠʥʠʯʥʦʤ ʘʢʪʝ ʧʨʝʦʜʦʣʝʥʠʷ ʘʢʪʠʚʘʮʠʦʥ-

ʥʦʛʦ ʙʘʨʴʝʨʘ (ʚʨʝʤʷ ʧʝʨʝʩʢʦʢʘ ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʳ ʥʘ ʜʨʫʛʫʶ).  

ʇʦʜʩʪʘʥʦʚʢʘ ʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥ ʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʜʘʝʪ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥ ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

ʨʝʟʫʣʴʪʘʪʳ [5, 15]. ʇʨʠ ʵʪʦʤ ʚʩʝ ʚʝʣʠʯʠʥʳ ʚ ʫʨʘʚʥʝʥʠʠ (7), ʚ ʪʦʤ ʯʠʩʣʝ ʚʨʝʤʷ ʧʝʨʝʙʨʦʩʘ ʵʣʝʢʪʨʦʥʦʚ Ű ʠ ʨʝʘʣʴʥʦʝ 

ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʧ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʝʨʝʥʦʩʝ ʟʘʨʷʜʘ, ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʳ ʠ ʠʤʝʶʪ ʦʜʥʦʟʥʘʯʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ. ɺʦʜʘ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʳʭ ʜʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʧʠ-

ʩʘʥʠʷ ʦʙʲʝʢʪʦʚ. ʂʦʥʮʝʧʮʠʷ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʣʝʞʘʱʘʷ ʚ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ ʪʝʦʨʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʞʠʜʢʦʩʪʝʡ ʠ ʨʘʩʪʚʦʨʦʚ, ʦʢʘʟʘʣʘʩʴ ʥʝʧʨʠʛʦʜʥʦʡ ʜʣʷ ʚʦʜʳ. ʇʨʦʙʣʝʤʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʚʦ-

ʜʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʧʨʦʪʠʚʦʨʝʯʠʠ ʤʝʞʜʫ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʥʦ-

ʩʪʠ ʚʦʜʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʢʘʞʫʱʝʡʩʷ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʢʦʪʦʨʘʷ ʩʣʝʜʫʝʪ ʠʟ ʤʦʜʝʣʠ ʚʨʘ-

ʱʘʪʝʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʢʘʢ ʘʪʨʠʙʫʪʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ), ï ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ. ɸ ʚʳʚʦʜ ʦ ʚʨʘʱʘʪʝʣʴ-

ʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʩʪʨʦʠʪʩʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʘʢʪʘʭ ï ʚʳʩʦʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʥʝʦʙʳʯʥʦ 

ʤʘʣʦʤ ʚʨʝʤʝʥʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ [11]. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʴʜʘ ʚ ʪʦʯʢʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦ-

ʯʪʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʳ ʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʠʟʤʝʥʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʦ, ʙʝʟ ʭʘ-

ʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʦʣʷʨʥʳʭ ʞʠʜʢʦʩʪʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʢʘʯʢʦʚ [10, 11]. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʚʦʜʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫ ʥʝʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʣʷʨʠʟʘʮʠʠ, ʘ ʩ ʜʨʫʛʦʡ,  ʧʦ ʚʩʝʤ ʭʘʨʘʢʪʝʨʥʳʤ 

ʧʨʠʟʥʘʢʘʤ ʧʦʣʷʨʠʟʘʮʠʷ ʚʦʜʳ ʥʦʩʠʪ ʣʘʥʞʝʚʝʥʦʚʩʢʠʡ (ʧʦʚʦʨʦʪʥʳʡ) ʭʘʨʘʢʪʝʨ. ʊʘʢ ʯʪʦ ʚ ʚʦʜʝ ʩʦʯʝʪʘʶʪʩʷ, ʢʘʟʘʣʦʩʴ 

ʙʳ, ʥʝʩʦʚʤʝʩʪʠʤʳʝ ʩʚʦʡʩʪʚʘ ʧʦʜʚʠʞʥʦʩʪʠ ʤʦʣʝʢʫʣ ʠ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ.  

ʆʨʠʝʥʪʘʮʠʦʥʥʳʡ ʚʢʣʘʜ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ Ů, ʢʦʪʦʨʘʷ ʚʳʩʪʫʧʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦ-

ʣʷʨʠʟʘʮʠʠ [11]. 
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ʛʜʝ N ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʨ ï ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʳ, k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ. 

ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʣʷʨʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʧʨʘʚ-

ʣʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʤʦʣʝʢʫʣ ʚʦ ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ [10, 11]. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘ-

ʝʪʩʷ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʫʟʣʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʣʴʜʘ ʩʦʭʨʘʥʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʚʦʙʦʜʫ ʚʨʘʱʘʪʝʣʴʥʦ-

ʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ. ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʣʦʩʪʠ ʵʥʝʨʛʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʚʷʟʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ʪʘʢʞʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʜʲʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʳʡ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʣʴʜʘ 

ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ (150 ï 250) ʂ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʫʨʘʚʥʝʥʠʝ (8). ʇʦʜʩʪʘʥʦʚʢʘ ʚ ʥʝʛʦ ʯʠʩʣʝʥʥʳʭ ʚʝʣʠʯʠʥ 

N=3Ŀ10
22
1/ʤʦʣʴ; ʨ=1,85D, ʊ=250 ʂ ʜʘʝʪ =12,1. ʀʟʤʝʨʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʣʴʜʘ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʘ Ů å 90. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʨʦʤʝ ʣʘʥʞʝʚʝʥʦʚʩʢʦʛʦ ʚʢʣʘʜʘ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʫʯʪʝʥʥʳʡ ʚ ʫʨʘʚʥʝʥʠʠ (8) ʚʢʣʘʜ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʚʦʜʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝ-

ʞʠʪ ʛʠʧʦʪʝʟʘ ʦ ʥʘʣʠʯʠʠ ʫ ʚʦʜʳ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʧʝʨʝʩʢʦʢʦʚ ʧʨʦʪʦʥʦʚ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʜʦʣʴ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ [11, 15]. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʥʥʳʡ 

ʧʦʜʭʦʜ ʥʝ ʧʨʠʝʤʣʝʤ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʧʨʠʥʠʤʘʝʤʦʝ ʚ ʝʛʦ ʦʩʥʦʚʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ 

ʜʝʬʝʢʪʘʭ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʝʘʣʠʩʪʠʯʝʩʢʦʤʫ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʨʳʚʘ ʧʨʦʪʦʥʦʚ ʦʪ ʩʚʦʠʭ ʤʦʣʝʢʫʣ ʚʦʜʳ; ʧʨʠ 

ʵʪʦʤ ʧʨʦʪʦʥʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ, ʨʘʚʥʳʡ ʵʥʝʨʛʠʠ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ (ʧʦʨʷʜʢʘ 5 ʵɺ)!  

ʆʧʠʨʘʷʩʴ ʥʘ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʦʜʳ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʤʦʜʝʣʴ ʦʨʠʝʥ-

ʪʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʣʝʞʠʪ ʠʜʝʷ ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʧʨʳʞʢʦʚ, ʥʦ ʥʝ ʧʨʦʪʦʥʦʚ, ʘ ʵʣʝʢ-

ʪʨʦʥʦʚ. ʆʙʦʩʥʦʚʘʥʠʝʤ ʛʠʧʦʪʝʟʳ ʧʝʨʝʩʢʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʳ ʥʘ ʜʨʫʛʫʶ ʤʦʞʝʪ ʩʣʫ-

ʞʠʪʴ ʫʛʦʣʢʦʚʦʝ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʚʳʩʦʢʘʷ ʜʝʣʦʢʘʣʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ ʢʦʚʘ-

ʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʆ ʅ-ʛʨʫʧʧ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ ʆ ʅ-ʛʨʫʧʧ ʫ ʦʪʜʝʣʴʥʦʡ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʝʜʝʣʴʥʦ ʤʘʣʳʤ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʩʢʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨ-

ʙʠʪʳ ʥʘ ʜʨʫʛʫʶ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʦʡ. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʝʨʝʩʢʦʢʘ ʵʣʝʢʪʨʦʥʘ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʦʨʙʠʪʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ, ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 0,01 ʵɺ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʯʘʩʪʦʪʝ ʚʥʫʪ-

ʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʨʝʩʢʦʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʀʂ-ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘʣʴʥʘʷ ʣʠʥʠʷ ʧʦʛʣʦʱʝʥʠʷ 60 

ʩʤ
1
.  

ʇʨʦʮʝʩʩ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʨʝʩʢʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʳ-

ʰʝ ʤʝʭʘʥʠʟʤʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʛʠʧʦʪʝʟʝ ʧʝʨʝʩʢʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ; ʵʥʝʨ-

ʛʠʷ ʘʢʪʠʚʘʮʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʳʞʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʠ ʠʤʝʝʪ ʧʦʨʷʜʦʢ 1ʵɺ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʢʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʨʙʠʪʘʤʠ ʥʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʦʙʨʘʟʫʶʪʩʷ 

ʩʚʦʝʦʙʨʘʟʥʳʝ ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ çʜʝʬʝʢʪʳè ʚ ʚʠʜʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪ (ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʵʣʝʢʪʨʦʥʦʚ ʧʦʢʠʜʘʝʪ 

ʩʚʦʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʦʨʙʠʪʫ) ʠ ʚ ʚʠʜʝ ʪʨʝʭʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪ (ʢʦʛʜʘ ʦʨʙʠʪʘ ʧʨʠʦʙʨʝʪʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʪʨʝ-

ʪʠʡ ʵʣʝʢʪʨʦʥ). ʇʨʠʦʙʨʝʪʝʥʠʝ ʠʣʠ ʧʦʪʝʨʷ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦʡ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʡ ʤʦʣʝ-

ʢʫʣʷʨʥʦʡ ʦʨʙʠʪʝ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʠʟʤʝʥʝ-

ʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʜʘʥʥʦʡ ʤʦʣʝʢʫʣʳ. ʇʝʨʝʩʢʦʢ ʵʣʝʢʪʨʦʥʘ ʩ ʦʜʥʦʡ ʦʨʙʠʪʳ ʥʘ ʜʨʫʛʫʶ ʧʨʠ-

ʚʦʜʠʪ ʢ ʬʘʢʪʠʯʝʩʢʦʤʫ ʧʦʚʦʨʦʪʫ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʤʦʣʝʢʫʣʳ. ʇʨʦʮʝʩʩʳ ʧʝʨʝʙʨʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʦʨʙʠʪʘʤ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʵʬʬʝʢʪʘ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʤʦʣʝʢʫʣ.  
 

ʘ     ʙ    ʚ 

 
 

ʈʠʩ. 5. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʦʨʦʪʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪʘ ʧʝʨʝʩʢʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʦʨʙʠʪʘʤʠ ʥʘ ʆ-ʅ-ʩʚʷʟʷʭ. 

ɿʜʝʩʴ ʜʚʦʡʥʳʤʠ ʢʨʫʞʢʘʤʠ ʠʟʦʙʨʘʞʝʥʳ ʦʩʪʦʚʳ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʆ2+, ʯʝʨʥʳʤʠ ʢʨʫʞʢʘʤʠ ï ʧʨʦʪʦʥʳ ʅ+, ʪʦʯʢʘʤʠ ï 

ʵʣʝʢʪʨʦʥʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ (ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʦʤ) 
 

ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ, ʧʦʷʩʥʷʶʱʘʷ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʦʨʦʪʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ɺ ʠʩʭʦʜʥʦʤ 
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ʩʦʩʪʦʷʥʠʠ (5ʘ) ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʆ ʅ- ʛʨʫʧʧ ʩʦʟʜʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʜʠʥʘʢʦʚʳʭ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ ʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʦʨʙʠʪ. ʕʣʝʢʪʨʦʥʥʳʝ ʧʣʦʪʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʥʘ ʩʚʷʟʷʭ ʦʜʠʥʘʢʦʚʳ ʠ ʩʦʟʜʘʶʪ ʨʝ-

ʟʫʣʴʪʠʨʫʶʱʠʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʳ ʨ22. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʢʦʢʘ ʵʣʝʢʪʨʦʥʘ ʩ ʚʝʨʭʥʝʡ ʦʨʙʠʪʳ ʥʘ ʥʠʞ-

ʥʶʶ (5ʙ) ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʝʨʭʥʝʡ ʆ ʅ-ʛʨʫʧʧʳ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʥʠʞʥʝʡ ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʘʢ ʯʪʦ ʜʠ-

ʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʝʨʭʥʝʡ ʆ ʅ-ʛʨʫʧʧʳ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʥʠʞʥʝʡ ʆ ʅ-ʛʨʫʧʧʳ ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ 

ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʳ ʨʘʚʝʥ ʨ31. ʇʝʨʝʩʢʦʢ ʩ ʥʠʞʥʝʡ ʆ ʅ-ʛʨʫʧʧʳ ʥʘ ʚʝʨʭʥʶʶ (5ʚ), ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʘʝʪ 

ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʥʠʞʥʝʡ ʆ ʅ-ʛʨʫʧʧʳ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʝʨʭʥʝʡ ʆ ʅ-ʛʨʫʧʧʳ, ʪʘʢ ʯʪʦ ʨʝ-

ʟʫʣʴʪʠʨʫʶʱʠʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʳ ʨʘʚʝʥ ʨ13. ɺ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʝʨʝʩʢʦʢʠ 

ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʦʨʙʠʪʘʤʠ ʨʘʚʥʦʚʝʨʦʷʪʥʳ ʠ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʠʩʭʦʜʥʳʤ ʢʚʘʟʠ-

ʩʪʘʪʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ. ʈʠʩ.5 ʠʣʣʶʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʚʦʨʦʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠ-

ʟʘʮʠʠ. 

ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʬʦʨʤʠʨʫʶʪ ʦʨʠʝʥʪʘʮʠʦʥʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʤʫʶ ʫʨʘʚʥʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʥʘʧʦʜʦʙʠʝ (8), 
 

                                                                                (9) 

 
ʛʜʝ Nʜ ï ʯʠʩʣʦ ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʨɻʬ ï ʵʬʬʝʢʪʠʚʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ. 

ɺʝʣʠʯʠʥʘ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʨɻʬ ʟʜʝʩʴ ʥʝ ʦʧʨʝʜʝʣʝʥʘ. ɺ ʧʨʠʥʮʠʧʝ ʝʛʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʜʘʥʥʳʭ ʧʦ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʘʤ ʨʜ1 ʠ ʨʜ3 ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʡ ʩʚʷʟʠ ʦʜʥʦʡ ʠʟ ʆ ʅ-ʛʨʫʧʧ ʠ ʪʨʝʭʵʣʝʢʪʨʦʥʥʦʡ 

ʩʚʷʟʠ ʜʨʫʛʦʡ ʆ ʅ-ʛʨʫʧʧʳ ʜʘʥʥʦʡ ʤʦʣʝʢʫʣʳ. ʇʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥ ʦʥ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ (4 õ 5)D. 

ʄʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʜʳ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʠ ʦ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʨʠʨʦʜʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦ-ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʢʦʪʦʨʳʡ ʨʘʥʝʝ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʪʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ [11]. ʆʥ ʠʩʭʦʜʠʪ ʠʟ ʧʨʝʜʧʦʣʦʞʝ-

ʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʪʝʧʣʦʚʳʝ ʬʣʫʢʪʫʘʮʠʠ ʚʳʟʳʚʘʶʪ ʜʚʘ ʚʠʜʘ ʜʠʬʬʫʟʠʠ ï ʵʣʝʢʪʨʦʥʥʫʶ (ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ) ʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʫʶ (ʩʚʷʟʘʥʥʫʶ ʩ ʨʘʟʨʳʚʦʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ). ʀʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ±ʩʦʙʩʪʚʝʥ-

ʥʳʝ± ʯʘʩʪʦʪʳ ɜʨ ʠ ɜD, ʟʘʜʘʚʘʝʤʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ up ʠ uD. ʕʪʠ ʭʘʨʘʢʪʝʨʥʳʝ ʯʘʩʪʦʪʳ ʩ ʫʯʝʪʦʤ ʠʭ 

±ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ± ʫʰʠʨʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʣʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʢʦʪʦʨʳʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʦʙʣʘʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʇʦʣʠ ʠ ʜʝʙʘʝʚʩʢʘʷ ʦʙʣʘʩʪʴ ʨʝʣʘʢʩʘʮʠʠ ʧʦ (8) [11].  

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʦʜʭʦʜʫ ʚʳʩʦʢʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʝʝ ʩʪʨʫʢʪʫʨ-

ʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʛʜʘ çʚʦʜʦʨʦʜʥʳʝè ʩʚʷʟʠ ʫʜʝʨʞʠʚʘʶʪ ʚʳʜʝʣʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʠʧʦʣʷ ʤʦʣʝʢʫʣʳ ʚ ʪʝʯʝʥʠʝ 

ʚʨʝʤʝʥʠ ʠʭ ±ʞʠʟʥʠ± ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʥʦʛʦʢʨʘʪʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʘʢ-

ʪʠʚʘʮʠʦʥʥʦ-ʬʣʫʢʪʫʘʮʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʪʝʧʣʦʚʳʭ ʧʨʳʞʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʨʙʠʪʘʤʠ. ʃʝʞʘ-

ʱʠʝ ʚ ʦʩʥʦʚʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʮʝʩʩʳ ʧʝʨʝʩʢʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʮʝʩʩʳ ʨʘʟʨʳʚʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

çʚʦʜʦʨʦʜʥʳʭè ʩʚʷʟʝʡ ʧʦʜʯʠʥʷʶʪʩʷ ʙʦʣʴʮʤʘʥʦʚʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʢʦʪʦʨʦʝ ʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʦʜʥʦʨʝʣʘʢʩʘʮʠʦʥ-

ʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʜʳ. ɼʠʬʬʫʟʠʦʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʚʨʝʤʝʥ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʦʙʲʷʩʥʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤ ʢʦʥʪʫʨʝ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʚʝʨʰʝʥʥʦ 

ʥʝʩʚʦʡʩʪʚʝʥʥʦʝ ʩʠʣʴʥʦ ʘʩʩʦʮʠʠʨʫʶʱʠʤʩʷ ʞʠʜʢʦʩʪʷʤ, ʪ.ʝ. ʦʙʲʷʩʥʷʝʪ ʧʦʯʝʤʫ ʚʦʜʘ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʜʝʙʘʝʚʩʢʘʷ ʩʠʩʪʝʤʘ 

ʠʟ ʦʜʠʥʘʢʦʚʳʭ ʠ ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʤʠʢʨʦʯʘʩʪʠʮ, ʠʤʝʶʱʠʭ ʦʜʥʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ʨʝʣʘʢ-

ʩʘʮʠʠ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʤʝʥʠʤʦʩʪʴ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ɼʝʙʘʷ ʢ ʦʧʠʩʘʥʠʶ ʯʘʩʪʦʪʥʦʛʦ ʧʦ-

ʚʝʜʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʣʴʜʘ. ʊʘʢ ʯʪʦ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʣʴʜʘ ʠ ʚʦʜʳ ʙʣʠʟʢʠ ʢ ʜʝʙʘʝʚʩʢʦʤʫ 

ʧʦʚʝʜʝʥʠʶ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʦʯʝʥʴ ʤʘʣʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ [11].  

ʇʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ ʨʘʟʜʝʣʝʥʳ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʙʘʨʴʝʨʦʤ. ʇʦʵʪʦʤʫ ʵʣʝʢʪʨʦʥʳ ʥʝʧʨʝʨʳʚʥʦ ʩʦʚʝʨʰʘʶʪ ʧʨʳʞʢʠ ʤʝʞʜʫ ʤʦʣʝ-

ʢʫʣʷʨʥʳʤʠ ʦʨʙʠʪʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʀʜʝʷ ʘʢʪʠʚʘʮʠʦʥ-

ʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʣʷʨʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʝʧʣʦʚʳʝ ʬʣʫʢʪʫʘʮʠʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʳʥʦʩʷʪ ʵʣʝʢʪʨʦʥʳ ʥʘ 

ʚʝʨʰʠʥʫ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʤʦʣʝʢʫʣʝ ʚʦʜʳ ʧʝʨʝʭʦʜ ʚ ʛʘʟʦʧʦʜʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʘʚʦʤʝʨʥʦ ʣʘʥʞʝʚʝʥʦʚʩʢʦʝ ʦʧʠʩʘʥʠʝ.  

ɺʦ ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʫ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚʦʟʥʠʢʘʝʪ ʧʦʚʦʨʦʪʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʚʳʜʝ-

ʣʝʥʥʳʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʷ, ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʝʤʫ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤʫ ʧʨʦʷʚʣʝʥʠʶ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʨʠʝʥʪʘʮʠ-

ʦʥʥʦʛʦ (ʣʘʥʞʝʚʝʥʦʚʩʢʦʛʦ) ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʚ ±ʦʙʳʯʥʳʭ± ʞʠʜʢʦʩʪʷʭ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʵʣʝʢʪʨʦʥʥʦ-

ʧʨʳʞʢʦʚʳʡ ʤʝʭʘʥʠʟʤ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ ʠ ʦʙʲʷʩ-

ʥʝʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ 
 

 (10) 

 

ʛʜʝ Ůʧʦʚ ï ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʦʚʦʨʦʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʣʷʨʠʟʘ-

ʮʠʠ; Na ï ʯʠʩʣʦ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ, pʧʦʚï ʵʬʬʝʢʪʠʚʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʧʦʚʦʨʦʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʜʳ; k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, T ï ʪʝʤʧʝʨʘʪʫʨʘ. 

ɺʝʣʠʯʠʥʘ Ůʧʦʚ ʩʦʛʣʘʩʥʦ (10), ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ pʧʦʚ ʤʦʣʝʢʫʣ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʂʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʤʦʣʝʢʫʣ Na ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪ-
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ʩʪʚʠʠ ʩ ʙʦʣʴʮʤʘʥʦʚʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ (6) 
 

  (11) 

 

ʛʜʝ N ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʧʣʦʪʥʦʩʪʴ. 

ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʠʨ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʨʘʟʨʳʚʘ çʚʦʜʦʨʦʜʥʦʡè ʩʚʷʟʠ, ʧʦʵʪʦʤʫ ʟʘ ʚʨʝʤʷ ʝʝ 

ʞʠʟʥʠ tb  ʵʣʝʢʪʨʦʥ ʫʩʧʝʚʘʝʪ ʩʦʚʝʨʰʠʪʴ ʧʨ ʩʢʘʯʢʦʚ ʯʝʨʝʟ ʙʘʨʴʝʨ ʠʨ. ɿʘ ʵʪʦ ʚʨʝʤʷ tb  ʢʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ʚʥʦʩʠʪ ʧʨʦ-

ʝʢʮʠʶ ʩʚʦʝʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʷ ʧʨ ʨʘʟ. ʊʘʢʦʝ ʤʥʦʛʦʢʨʘʪʥʦʝ ʫʯʘʩʪʠʝ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʚʝʣʠʯʝʥʠʶ ʚ ʩʠʩʪʝʤʝ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʧʦʣʷʨʠʟʫʶʱʠʭʩʷ ʤʠʢʨʦʯʘʩʪʠʮ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʚ (10) ʚʚʝʜʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʦʛʣʦʱʘʝʤʦʡ ʚʦʜʦʡ ʵʥʝʨʛʠʠ 

ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ Ůb ʚ ʩʠʩʪʝʤʝ ʟʘ ʚʨʝʤʷ tb  ʢ ʵʥʝʨʛʠʠ Ůp, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʪʦʡ ʞʝ ʩʠʩʪʝʤʝ, ʥʦ ʟʘ 

ʚʨʝʤʷ tp, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʜʠʥʠʯʥʦʤʫ ʘʢʪʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʘ ʩ ʧʦʣʝʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʝʨʦʡ ʧʦ-

ʛʣʦʱʘʝʤʦʡ ʚʦʜʦʡ ʵʥʝʨʛʠʠ ʧʦʣʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ Ůᵒ, ʪʘʢ ʯʪʦ Ůb ~ Ůᵒ [11]. ʇʦ-

ʵʪʦʤʫ å 21, ʛʜʝ  ʠ  ï ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘ-

ʩʪʷʭ ʨʝʣʘʢʩʘʮʠʠ. ɿʜʝʩʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʚʨʝʤʝʥʘʤ tp ʠ tb ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʣʘʩʪʠ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ [11]. ʉ ʫʯʝʪʦʤ (11) ʫʨʘʚʥʝʥʠʝ (10) ʧʨʠʥʠʤʘʝʪ ʚʠʜ  
 

                                                                               (12) 

 

ɿʘ ʚʨʝʤʷ tb ʵʣʝʢʪʨʦʥ ʩʦʚʝʨʰʘʝʪ ʯʠʩʣʦ ʧʨʳʞʢʦʚ, ʨʘʚʥʦʝ ʧʨ= tb/tʨ = ŰD/Űp å 300, ʛʜʝ tp ï ʚʨʝʤʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʝʨʝʩʢʦʢʘʤʠ ʵʣʝʢʪʨʦʥʘ ʯʝʨʝʟ ʙʘʨʴʝʨ ʠʨ; Űʨ ï ʚʨʝʤʷ, ʠʤʝʶʱʝʝ ʩʤʳʩʣ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʘʢʪʠʚʘʮʠʠ ʵʣʝʢʪʨʦʥʘ. 

ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ ʧʝ ʠ ʧʨ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟ-

ʨʳʚʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ çʚʦʜʦʨʦʜʥʳʭè ʩʚʷʟʝʡ ʢʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ʥʝ ʦʩʪʘʝʪʩʷ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʘ ʚ ʪʝʯʝ-

ʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ çʚʦʜʦʨʦʜʥʦʡè ʩʚʷʟʠ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦ-ʚʨʘʱʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ. ʅʦ 

ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʧʨʦʝʢʮʠʶ ʝʝ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʷ ɽ 

ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʣʷʨʠʟʘʮʠʶ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ tb, ʘ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʠ Ůʧʦʚ ʚʦʜʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ŰD ʠ 

Űʨ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ ʚʨʘʱʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ Űr = ŰD/ ʧe å 510
-13

c.  

ʊʝʧʝʨʴ ʫʨʘʚʥʝʥʠʝ (12) ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ, ʠʩʢʣʶʯʠʚ ʠʟ ʥʝʛʦ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʷʝʤʫʶ ʚʝʣʠʯʠʥʫ Na. 

ɼʣʷ ʵʪʦʛʦ ʫʯʪʝʤ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʥʥʦʡ ʨʝʣʘʢʩʘʮʠʠ  
 

 
 

ʛʜʝ Ű0 ï ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ.  

ɿʜʝʩʴ ʧʘʨʘʤʝʪʨ Űʨ  ʩʚʷʟʘʥ ʩʦ ʩʨʝʜʥʠʤ ʚʨʝʤʝʥʝʤ ʧʨʝʙʳʚʘʥʠʷ ʵʣʝʢʪʨʦʥʘ ʚ ʦʜʥʦʤ ʠʟ ʢʚʘʟʠʫʩʪʦʡʯʠʚʳʭ ʧʦ-

ʣʦʞʝʥʠʡ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʝ. ʆʙʨʘʪʥʘʷ ʝʡ ʚʝʣʠʯʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʯʘʩʪʦʪʫ ɜp ʧʝʨʝʩʢʦʢʦʚ ʵʣʝʢʪʨʦʥʘ ʯʝʨʝʟ 

ʙʘʨʴʝʨ ʠʨ, ʪ.ʝ. ɜp = 1/2ˊŰʨ. ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʧʘʨʘʤʝʪʨʘ Ű0  ʠʤʝʝʤ Ű0 = 1/2ˊɜ0, ʛʜʝ ɜ0 ï ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʯʘʩʪʦʪʫ 

±ʩʚʦʙʦʜʥʳʭ± ʢʦʣʝʙʘʥʠʡ (ʣʠʙʨʘʮʠʡ) ʵʣʝʢʪʨʦʥʘ ʚʦ ʚʨʝʤʷ ʝʛʦ ±ʦʞʠʜʘʥʠʷ± ʩʢʘʯʢʘ ʯʝʨʝʟ ʙʘʨʴʝʨ ʠʨ. ʀʩʧʦʣʴʟʫʷ ʧʦʣʫ-

ʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʯʠʩʣʦ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ (ʵʣʝʢʪʨʦʥʦʚ) Na=N ɜp/ ɜ0 = N Ű0/ Űʨ.  ʊʝʧʝʨʴ ʫʨʘʚʥʝʥʠʝ (12) ʤʦ-

ʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʯʝʨʝʟ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʣʠ ʯʝʨʝʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ, ʪʘʢ ʯʪʦ 

 

                  (13) 

 

ʏʘʩʪʦʪʳ ɜ0 = 22ʊɻʮ ʠ ɜp = 5,7ʊɻʎ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʩʧʝʢʪʨʫ ʚʦʜʳ; ʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʧʝʢ-

ʪʨʘʣʴʥʳʝ ʣʠʥʠʠ ʀʂ-ʧʦʛʣʦʱʝʥʠʷ å 800 ʩʤ
1
 ʠ 200 ʩʤ

1
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʜʩʪʘʥʦʚʢʘ ʵʪʠʭ ʚʝʣʠʯʠʥ ʚ (13) ʜʘʝʪ 

ʚʝʣʠʯʠʥʫ  å 75, ʢʦʪʦʨʘʷ ʩ ʫʯʝʪʦʤ ʣʘʥʞʝʚʝʥʦʚʩʢʦʛʦ ʚʢʣʘʜʘ ʧʦ (8) ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʛʣʘʩʦʚʘʥʠʝ  ʩ ʠʟʤʝ-

ʨʝʥʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ.  

ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (10) ʠ (13) ʚ ʦʪʣʠʯʠʝ ʦʪ ʫʨʘʚʥʝʥʠʡ 

ʠʟʚʝʩʪʥʳʭ ʪʝʦʨʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʜʛʦʥʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʦʧʠʩʳʚʘʝʤʦʝ ʵʪʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʷʚʣʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʠʤʝʝʪ ʷʩʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ.     

ɺ ʩʚʝʪʝ ʥʦʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʵʣʝʢʪʨʦʥʥʦ-ʧʦʚʦʨʦʪʥʦʤ ʤʝʭʘʥʠʟʤʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʩʪʘ-

ʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ ʠ ʦʙʲʷʩʥʠʤʳʤ ʧʦʚʝʜʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ɼʇ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɽʝ ʩʚʦʝʦʙʨʘʟʠʝ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʜʳ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (13), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠʯʝʤ ʚ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʦʜʘ ï 

ʣʝʜ, ʛʜʝ ʜʣʷ ±ʦʙʳʯʥʳʭ± ʧʦʣʷʨʥʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʢʘʯʝʢ, ʧʦʚʝʜʝʥʠʝ ʚʦʜʳ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʜʚʠʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ ʷʚ-

ʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʢʦʪʦʨʘʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʢʘʢ ʚ ʪʚʝʨʜʦʤ, ʪʘʢ ʠ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ.  
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ɺʘʞʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʨʘʩʯʝʪʳ ʧʦ 

ʫʨʘʚʥʝʥʠʶ (13) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʦʜʘ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ 

ʩʠʩʪʝʤʫ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʦʥʦʤʝʨʥʳʭ ʤʦʣʝʢʫʣ ʠ ʘʩʩʦʮʠʘʪʦʚ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʤʦʣʝʢʫʣ. 

ʊʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ. ɺʘʞʥʳʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʠ ʢʠʧʝʥʠʷ. ɺ ʛʦʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ ʅ2ʍ (ʍ = ʆ, S, Se, Te, Po) ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʊʧʣ ʠ ʢʠʧʝʥʠʷ ʊʢʠʧ ʚʦʜʳ ʚʝ-

ʜʫʪ ʩʝʙʷ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ, ʘʥʦʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ. ʕʢʩʪʨʘʧʦʣʷʮʠʷ ʚʝʣʠʯʠʥ ʊʧʣ ʠ ʊʢʠʧ ʚ ʨʷʜʫ ʅ2ʍ ʥʘ ʚʦʜʫ ʜʘʝʪ ʧʨʝʜ-

ʧʦʣʘʛʘʝʤʳʝ ʚʝʣʠʯʠʥʳ ʊʧʣ= - 95 
0
ʉ ʠ ʊʢʠʧ = - 70 

0
ʉ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʝ ʚʝʣʠʯʠʥ 0 ʠ 100 
0
ʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʮʝʣʦʤ ʪʘʢʦʝ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʝ ʧʦʚʝʜʝʥʠʝ ʊʧʣ ʠ ʊʢʠʧ ʦʙʲʷʩʥʷʝʪʩʷ ʢʚʘ-

ʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʚʦʜʳ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʧʦʯʝʤʫ ʧʦʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʪʩʫʪʩʪʚʫʝʪ ʫ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ 

ʜʘʥʥʦʛʦ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ. ʇʨʠʯʠʥʳ ʪʘʢʦʛʦ ʨʘʟʠʪʝʣʴʥʦʛʦ ʨʘʟʣʠʯʠʷ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʵʣʝʢʪʨʦʥ-

ʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ. ʂʣʶʯʝʚʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʦʚʝʜʝʥʠʷ ʊʧʣ 

ʠ ʊʢʠʧ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʫʶ ʚ ʨʷʜʫ ʭʘʣʴʢʦʛʝʥʦʚ ʵʥʝʨʛʠʶ ʚʟʘʠʤʥʦʛʦ ʧʨʠʪʷʞʝ-

ʥʠʷ ʤʦʣʝʢʫʣ ʧʦ (5), ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʠʙʦʣʴʰʝʡ ʚ ʵʪʦʤ ʨʷʜʫ ʚʝʣʠʯʠʥʦʡ ʵʬʬʝʢʪʠʚʥʦʛʦ ʟʘʨʷʜʘ 

q = eů ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʟʘʜʘʚʘʝʤʦʛʦ ʢʦʥʩʪʘʥʪʦʡ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ů =1,1 [8, 9]. ʋ ʙʣʠʞʘʡʰʝʛʦ ʢ ʢʠʩʣʦʨʦʜʫ ʘʪʦʤʘ 

ʩʝʨʳ S ʢʦʥʩʪʘʥʪʘ ů = 0,72 ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ. ʋ ʦʩʪʘʣʴʥʳʭ ʘʪʦʤʦʚ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ ʦʥʘ ʝʱʝ 

ʤʝʥʴʰʝ. ɼʨʫʛʠʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʋ ʚʦʜʳ ʚʘ-

ʣʝʥʪʥʳʡ ʫʛʦʣ ʥʘʠʙʦʣʝʝ ʙʣʠʟʦʢ ʢ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤʫ ʠ ʨʘʚʝʥ 104,5
0
, ʘ ʫ ʨʦʜʩʪʚʝʥʥʳʭ ʚʦʜʝ ʤʦʣʝʢʫʣ ʅ2S ʠ H2Se ʦʥʠ 

ʨʘʚʥʳ 92,2
0
 ʠ 91

0
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪ.ʝ. ʦʥʠ ʙʣʠʞʝ ʢ 90

0
. ʇʨʠʯʠʥʦʡ ʫʤʝʥʴʰʝʥʠʷ ʚʘʣʝʥʪʥʦʛʦ ʫʛʣʘ ʫ ʤʦʣʝʢʫʣ ʅ2S ʠ 

H2Se ʷʚʣʷʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʵʣʝʢʪʨʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʆ ʅ-ʩʚʷʟʠ, ʩ ʤʘʪʝʨʠʥʩʢʠʤ ʦʩʪʦʚʦʤ-

ʢʘʪʠʦʥʦʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʦʚ ʠʦʥʠʟʘʮʠʠ ʫ ʦʩʪʦʚʘ-ʢʘʪʠʦʥʘ ʘʪʦʤʦʚ ʰʝʩʪʦʡ ʛʨʫʧʧʳ ʪʘʙʣʠʮʳ 

ʄʝʥʜʝʣʝʝʚʘ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʛʦ ʞʝʩʪʢʦʩʪʴ, ʘ ʪʘʢʞʝ ʩ ʤʝʥʴʰʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚʣʠʷʥʠʝʤ ʟʘʨʷʜʦʚ ʪʨʠ-

ʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ (ʢʘʢ ʯʘʩʪʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʦʙʦʣʦʯʝʢ) ʥʘ ʵʣʝʢʪʨʦʥʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨ-

ʙʠʪʳ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʫ ʤʦʣʝʢʫʣ ʚʦʜʳ ʵʣʝʢʪʨʦʥʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʝ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠ-

ʟʦʩʪʠ ʢ ʵʣʝʢʪʨʦʥʘʤ ʚʘʣʝʥʪʥʦʡ ʦʙʦʣʦʯʢʠ ʢʘʪʠʦʥʘ ʢʠʩʣʦʨʦʜʘ. ʋ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ ʵʪʦʛʦ ʢʣʘʩʩʘ ʵʣʝʢʪʨʦʥʳ ʥʘ ʤʦʣʝʢʫ-

ʣʷʨʥʦʡ ʦʨʙʠʪʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʢʘʪʠʦʥʦʚ ʍ
2+

 ʠ ʦʨʠʝʥʪʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʠʭ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʥʘ ʚʘʣʝʥʪʥʳʡ ʫʛʦʣ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʦʡ.  

ʊʝʧʣʦʝʤʢʦʩʪʴ ʩʨ ʣʴʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʜʝʪ ʩʝʙʷ ʚʧʦʣʥʝ ʟʘʢʦʥʦʤʝʨʥʦ, ʫʚʝʣʠʯʠʚʘʷʩʴ 

ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʦʪʨʘʞʘʷ ʧʨʦʮʝʩʩʳ ʥʘʢʦʧʣʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʤʝʞ-

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʷʭ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʨ ʩʢʘʯʢʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦ ʜʦ 18 ʢʘʣ/ʤʦʣʴĿʛʨʘʜ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʨʳʚʘ çʚʦʜʦʨʦʜʥʳʭè ʩʚʷʟʝʡ. ɸʥʦ-

ʤʘʣʴʥʦ ʚʳʩʦʢʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ ʦʙʷʟʘʥʘ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʚʦʜʳ, ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʠʜʝʪ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʜʚʦʜʠʤʦʡ ʢ ʚʝʱʝʩʪʚʫ ʵʥʝʨʛʠʠ. ʇʨʦʠʩʭʦʜʠʪ ʩʚʦʝʦʙʨʘʟʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʧʣʘʚʣʝʥʠʝ ʢʚʘ-

ʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʘʩʩʦʮʠʘʪʦʚ ʠ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ 

ʚʦʜʳ.  

ʅʝʚʳʩʦʢʘʷ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ ʯʠʩʣʘ ʧʝʨʝ-

ʥʦʩʯʠʢʦʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʚ ʩʚʷʟʠ ʩ ʚʝʩʴʤʘ ʙʦʣʴʰʠʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʥʘʙʣʶʜʘʝʤʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʥʘʭʦʜʷʪ ʩʚʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʦʙʲʷʩʥʝʥʠʝ ʚ 

ʨʘʤʢʘʭ ʵʣʝʢʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ. 

ɺʳʚʦʜʳ 

1. ʇʦʢʘʟʘʥʘ ʛʝʥʝʪʠʯʝʩʢʘʷ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʦʜʳ ʵʣʝʢʪʨʦʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʤʦ-

ʣʝʢʫʣ ʚʦʜʳ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʘʪʦʤʦʚ.  

2.  ʋʩʪʘʥʦʚʣʝʥʘ ʩʧʝʮʠʬʠʢʘ çʚʦʜʦʨʦʜʥʦʡè ʩʚʷʟʠ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʆ ʅ-ʩʚʷʟʠ, ʧʨʠʨʦʜʘ ʠ 

ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʨʘʩʢʨʳʚʘʶʪʩʷ ʚ ʢʦʣʴʮʝʚʦʡ ʤʦʜʝʣʠ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ.  

3. ʋʩʪʘʥʦʚʣʝʥ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʴʜʘ ʠ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 
ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ.  

4. ɺ ʨʘʤʢʘʭ ʜʚʫʭʩʪʨʫʢʪʫʨʥʦʡ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʟʘʣʦʞʝʥʳ ʦʩʥʦʚʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʬʠ-

ʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʳ.  

5. ʆʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʭʦʜʷʪ ʩʚʦʝ ʦʙʲʷʩʥʝʥʠʝ ʚ ʤʦʜʝʣʠ ʪʝʧʣʦʚʳʭ ʧʝʨʝʩʢʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ 
ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʨʙʠʪʘʤʠ.  
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ELECTRONIC STRUCTURE OF WATER  

 
A.A. Potapov, Doctor of Chemical Sciences, Candidate of Physical and Mathematical Sciences, Professor 

Irkutsk, Russia   

 

Abstract. The analysis of electronic structure of water in the chain of causality and effect is given: hydrogen 

atoms and oxygen Ÿ water molecule Ÿ ice, water. New approach to the description of the electronic structure of the 

water, based on new understanding of the nature of covalent link between hydrogen atoms and oxygen is offered. The 

model of "oxygen-hydrogen" link as a basis of creation of supramolecular structure of water is considered. Justification 

of the activation mechanism of intramolecular and intermolecular electron transfer is given. The main physical proper-

ties of water in the light of new ideas about the electronic structure of water are considered. 

Keywords: water, hygrogen bond, protons mobility, physical properties. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://butlerov.com/files/reports/2012/vol32/10/1/1-17.pdf


ISSN 2308-4804. Science and world . 2014. ˉ 5 (9). Vol. I. 

 

 

51 

 

 

 

 Biological sciences 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ 

 

 

ʋɼʂ 597.2/.5 

 

ʀɿʋʏɽʅʀɽ ʄʆʈʌʆʃʆɻʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɹɸʃʍɸʐʉʂʆɻʆ ʆʂʋʅʗ  

ʀɿ ʆɿɽʈ ɸʃɸʂʆʃʔʉʂʆɻʆ ɹɸʉʉɽʁʅɸ 

 
 
ɸ.ɹ. ʀʙʨʘʝʚʘ, ʤʘʛʠʩʪʨ, ʘʩʩʠʩʪʝʥʪ 

ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ʉʝʡʬʫʣʣʠʥʘ (ɸʩʪʘʥʘ), ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɸʣʘʢʦʣʴʩʢʠʡ ʙʘʩʩʝʡʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʩʣʝʜʥʠʭ ʨʝʟʝʨʚʘʪʦʚ ʙʘʣʭʘʰ-

ʩʢʦʛʦ ʦʢʫʥʷ, ʵʥʜʝʤʠʢʘ ʨʝʩʧʫʙʣʠʢʠ ʠ ʨʝʛʠʦʥʘ. ɺ ʩʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ ʩʪʨʫʢʪʫʨʘ ʧʦʧʫʣʷʮʠʡ, ʙʣʠʟʢʘʷ ʢ ʠʩʭʦʜʥʦʡ, 

ʩʦʭʨʘʥʠʣʘʩʴ ʪʦʣʴʢʦ ʚ ʦʟʝʨʘʭ ɸʣʘʢʦʣʴ ʠ ʚ ʦʟ. ɾʘʣʘʥʘʰʢʦʣʴ. ɺ ʦʟ. ɸʣʘʢʦʣʴ ʙʘʣʭʘʰʩʢʠʡ ʦʢʫʥʴ ʦʙʨʘʟʫʝʪ 2 ʬʦʨʤʳ: 

ʢʘʤʳʰʦʚʫʶ (ʯʝʨʥʳʡ) ʠ ʧʝʣʘʛʠʯʝʩʢʫʶ (çʙʝʣʳʡè ʦʢʫʥʴ). ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʦʨʬʦʦʙʣʠʢʘ ʦʢʫʥʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʟʝʨ ɸʣʘʢʦʣʴʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʚʳʜʝʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʠʟʥʘʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʘʞʜʫʶ ʛʨʫʧʧʠʨʦʚʢʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʜʝʤʠʢ, ʧʦʣʠʤʦʨʬʠʟʤ, ʧʨʠʟʥʘʢ, ʙʘʣʭʘʰʩʢʠʡ ʦʢʫʥʴ, ʚʳʙʦʨʢʘ. 

 

ɸʣʘʢʦʣʴʩʢʠʡ ʙʘʩʩʝʡʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʩʣʝʜʥʠʭ ʨʝʟʝʨʚʘʪʦʚ ʙʘʣʭʘʰʩʢʦʛʦ ʦʢʫʥʷ, ʵʥʜʝʤʠʢʘ ʨʝʩʧʫʙʣʠ-

ʢʠ ʠ ʨʝʛʠʦʥʘ. ɺ ʭʦʜʝ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʨʝʛʠʦʥʘ ʯʠʩʣʝʥʥʦʩʪʴ ʦʢʫʥʷ ʚ ʙʘʩʩʝʡʥʝ ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʘʩʴ, ʥʘʠʙʦ-

ʣʝʝ ʩʠʣʴʥʦ ï ʚ ʝʛʦ ʦʧʨʝʩʥʝʥʥʦʡ ʯʘʩʪʠ. ɺ ʩʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ ʩʪʨʫʢʪʫʨʘ ʧʦʧʫʣʷʮʠʡ, ʙʣʠʟʢʘʷ ʢ ʠʩʭʦʜʥʦʡ, ʩʦʭʨʘ-

ʥʠʣʘʩʴ ʪʦʣʴʢʦ ʚ ʦʟʝʨʘʭ ɸʣʘʢʦʣʴ ʠ ɾʘʣʘʥʘʰʢʦʣʴ. ʀʟʫʯʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʨʫʧʧʠʨʦʚʦʢ ʦʢʫʥʷ 

ʠʟ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʙʘʩʩʝʡʥʘ ʧʨʠʙʣʠʟʠʪ ʥʘʩ ʢ ʧʦʥʠʤʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʚʠʜʘ ʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪ-

ʢʝ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʝʛʦ ʯʠʩʣʝʥʥʦʩʪʠ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳ-

ʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʨʬʦʦʙʣʠʢʘ ʦʢʫʥʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʟʝʨ ʙʘʩʩʝʡʥʘ ʠ ʚʳʜʝʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 

ʧʨʠʟʥʘʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʘʞʜʫʶ ʛʨʫʧʧʠʨʦʚʢʫ. 

ʄʘʪʝʨʠʘʣ ʩʦʙʠʨʘʣʩʷ ʚ 2011-2012 ʛʛ. ɹʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʦ ʜʚʝ ʚʳʙʦʨʢʠ ʦʢʫʥʷ ʠʟ ʦʟʝʨ ʉʘʩʳʢʢʦʣʴ 

(ʟʘʧʘʜʥʘʷ ʠ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʠ ʜʝʣʴʪʳ ʨ. ʊʝʥʪʝʢ, ʚʳʙʦʨʢʠ SW ʠ SE) ʠ ʂʦʰʢʘʨʢʦʣʴ (ʶʞʥʘʷ ʠ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʠ ʦʟʝ-

ʨʘ, ʚʳʙʦʨʢʠ KS ʠ KE) ʠ ʦʜʥʘ ï ʠʟ ʦʟ. ɾʘʣʘʥʘʰʢʦʣʴ (ʚʳʙʦʨʢʘ J). ʆʙʲʝʤ ʚʳʙʦʨʦʢ ʩʦʩʪʘʚʠʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 50, 49, 

27, 31 ʠ 50 ʵʢʟ. (ʚʩʝʛʦ ï 207). ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʭʝʤʳ ʧʨʠʟʥʘʢʦʚ ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʘ ʩʭʝʤʘ [4], ʠʟ ʢʦʪʦʨʦʡ ʙʳʣʠ ʠʩ-

ʢʣʶʯʝʥʳ ʧʣʘʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ. ʇʦʩʣʝʜʥʝʝ ʧʦʟʚʦʣʠʣʦ ʩʨʘʚʥʠʚʘʪʴ ʨʘʟʥʦʨʘʟʤʝʨʥʳʭ ʨʳʙ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʨʘʟʤʝʨʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʯʠʪʳʚʘʣʩʷ ʨʷʜ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʘʥʘʣʠʟʝ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʙʘʣʭʘʰʩʢʦʛʦ ʦʢʫʥʷ ʚ ʘʨʝʘʣʝ: ʧʦʣʦʞʝʥʠʝ ʨʪʘ, ʥʘʣʠʯʠʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʯʝʰʫʠ ʥʘ ʞʘʙʝʨʥʦʡ ʢʨʳʰʢʝ; ʥʘʧʨʘʚʣʝʥʠʝ ʰʠʧʘ ʥʘ ʞʘʙʝʨʥʦʡ ʢʨʳʰʢʝ ʠ ʬʦʨʤʘ ʩʣʝʟʥʦʡ ʢʦʩʪʠ [3]. ɼʦʧʦʣʥʠʪʝʣʴ-

ʥʦ ʚ ʩʭʝʤʫ ʚʚʝʜʝʥ ʧʨʠʟʥʘʢ ʯʠʩʣʦ ʩʝʥʩʦʨʥʳʭ ʧʦʨ ʥʘ ʥʠʞʥʝʡ ʩʪʦʨʦʥʝ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ, ʢʦʪʦʨʳʡ, ʧʦ ʥʘʰʠʤ 

ʥʘʙʣʶʜʝʥʠʷʤ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʜʘʥʥʦʛʦ ʚʠʜʘ ʚ ɸʣʘʢʦʣʴʩʢʦʤ 

ʙʘʩʩʝʡʥʝ. ʍʦʪʷ ʚʩʝ ʙʠʣʘʪʝʨʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʝ ʧʨʠʟʥʘʢʠ ʫʯʠʪʳʚʘʣʠʩʴ ʥʘ ʦʙʝʠʭ ʩʪʦʨʦʥʘʭ ʪʝʣʘ, ʥʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʩʨʘʚʥʝʥʠʝ ʚʳʙʦʨʦʢ ʧʨʦʚʦʜʠʣʦʩʴ ʪʦʣʴʢʦ ʧʦ ʠʭ ʟʥʘʯʝʥʠʷʤ ʥʘ ʦʜʥʦʡ ʠʟ ʩʪʦʨʦʥ ʪʝʣʘ (ʣʝʚʦʡ). ʀʩ-

ʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣʠ ʧʨʠʟʥʘʢʠ ʥʘʣʠʯʠʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʝʰʫʠ ʥʘ ʞʘʙʝʨʥʦʡ ʢʨʳʰʢʝ ʠ ʯʠʩʣʦ ʩʝʥʩʦʨʥʳʭ ʧʦʨ ʥʘ 

ʥʠʞʥʝʡ ʩʪʦʨʦʥʝ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʚʘʨʠʘʥʪ ʤʳ ʩʚʝʣʠ ʢ ʜʚʫʤ ʢʘʪʝʛʦʨʠʷʤ: 

ʩʠʤʤʝʪʨʠʯʥʳʝ (1) ʠ ʘʩʠʤʤʝʪʨʠʯʥʳʝ (2), ʘ ʚʦ ʚʪʦʨʦʤ ï ʢ ʪʨʝʤ: ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʘ ʥʘ ʦʙʝʠʭ ʩʪʦʨʦʥʘʭ ʪʝʣʘ ʨʘʚʥʳ 

3-3 (1), 4-4 (2) ʠ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʚʘʨʠʘʥʪʳ (3). ʆʙʦʟʥʘʯʝʥʠʷ ʚʘʨʠʘʥʪ ʦʩʪʘʣʴʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʪʘʢʦʚʳʤ ʚ ʧʝʨʚʦʠʩʪʦʯʥʠʢʝ [3]. ʈʳʙ ʩ ʙʝʣʳʤ ʮʚʝʪʦʤ ʪʝʣʘ ʤʳ ʫʩʣʦʚʥʦ ʦʪʥʦʩʠʣʠ ʢ ʧʝʣʘʛʠʯʝʩʢʦʡ ʬʦʨʤʝ 

ʜʘʥʥʦʛʦ ʚʠʜʘ, ʘ ʩ ʯʝʨʥʳʤ ʠʣʠ ʟʝʣʝʥʳʤ ï ʢ ʢʘʤʳʰʦʚʦʡ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʫʯʠʪʳʚʘʣʦʩʴ 24 ʧʨʠʟʥʘʢʘ. ʉʪʘʪʠ-

ʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʘʤ [2]. ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʙʣʠʟʦ-

ʩʪʠ ʚʳʙʦʨʦʢ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʨʠʪʝʨʠʠ ʜʠʚʝʨʛʝʥʮʠʠ [1]. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʝʥʜʨʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʨʥʦ-

ʛʨʫʧʧʦʚʦʡ ʤʝʪʦʜ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʳʙʦʨʦʢ ʚ ɽʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʳʙʦʨʢʘ J ʩʦʩʪʘʚʣʝʥʘ ʠʟ ʦʢʫʥʝʡ ʧʝʣʘʛʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʪʦʛʜʘ ʢʘʢ ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ ʚʳʙʦʨʢʠ ï ʠʟ ʦʩʦʙʝʡ ʢʘʤʳʰʦʚʦʡ ʬʦʨʤʳ ʵʪʦʛʦ ʚʠʜʘ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʟ. ɾʘʣʘʥʘʰʢʦʣʴ ʪʘʢʞʝ 

ʦʪʤʝʯʘʶʪʩʷ ʦʩʦʙʠ ʩ ʪʝʤʥʦʡ ʦʢʨʘʩʢʦʡ ʪʝʣʘ, ʦʜʥʘʢʦ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʠʭ ʢʨʘʡʥʝ ʥʠʟʢʘ. ʄʦʥʦʤʦʨʬʠʟʤ ʚʦ ʚʩʝʭ ʚʳ-

ʙʦʨʢʘʭ ʥʘʙʣʶʜʘʣʩʷ ʧʦ 5 ʧʨʠʟʥʘʢʘʤ. ɺʩʝ ʨʳʙʳ ʠʤʝʣʠ ʧʦ 1 ʥʝʚʝʪʚʠʩʪʦʤʫ ʣʫʯʫ ʚ P ʠ V ʠ ʧʦ 2 ʥʝʚʝʪʚʠʩʪʳʭ ʣʫʯʘ ʚ 

A; ʫ ʚʩʝʭ ʰʠʧ ʥʘ ʢʨʳʰʝʯʥʦʡ ʢʦʩʪʠ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʧʘʨʘʣʣʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʪʝʣʘ, ʘ ʩʣʝʟʥʘʷ ʢʦʩʪʴ ʪʦʣʴʢʦ 

ʢʘʩʘʣʘʩʴ ʚʝʨʭʥʝʯʝʣʶʩʪʥʦʡ ʢʦʩʪʠ. ʈʷʜ ʧʨʠʟʥʘʢʦʚ ʚʘʨʴʠʨʦʚʘʣ ʩʣʘʙʦ ʠ ʥʝ ʚʦ ʚʩʝʭ ʚʳʙʦʨʢʘʭ ï ʯʠʩʣʦ ʚʝʪʚʠʩʪʳʭ 

ʣʫʯʝʡ ʚ V ʠ ʥʝʚʝʪʚʠʩʪʳʭ ʚ DII. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʨʳʙ ʠʤʝʣʦ ʧʦ 5 ʣʫʯʝʡ ʚ ʙʨʶʰʥʦʤ 
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ʧʣʘʚʥʠʢʝ ʠ ʪʦʣʴʢʦ ʚ ʚʳʙʦʨʢʝ SW ʫ 2% ʦʩʦʙʝʡ ʣʫʯʝʡ ʙʳʣʦ 6. ɺʦ ʚʪʦʨʦʤ ï ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʳʙ ʠʤʝʣʘ ʧʦ 2 ʣʫʯʘ ʠ 

ʪʦʣʴʢʦ ʚ ʚʳʙʦʨʢʘʭ SE ʠ SW ʙʳʣʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2% ʦʩʦʙʝʡ ʩ 3 ʣʫʯʘʤʠ ʠ 8% ʦʩʦʙʝʡ ʩ 1 ʣʫʯʦʤ.  

ʇʦ ʦʩʪʘʚʰʠʤʩʷ ʪʨʝʤ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʙʦʨʦʢ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʦʣʠʤʦʨʬʠʟʤ 

(ʪʘʙʣʠʮʘ). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʫʯʝʪ ʜʘʞʝ ʪʦʣʴʢʦ ʵʪʠʭ ʪʨʝʭ ʧʨʠʟʥʘʢʦʚ ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʦʣʝʡ ʜʦʩʪʦʚʝʨ-

ʥʦʩʪʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʩʝ ʚʳʙʦʨʢʠ. ʅʘʠʙʦʣʝʝ ʩʚʦʝʦʙʨʘʟʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪ ʚʘʨʠʘʥʪ ʥʘʙʣʶʜʘʣʦʩʴ ʚ 

ʚʳʙʦʨʢʘʭ ʠʟ ʦʟ. ʉʘʩʳʢʢʦʣʴ (SE ʠ SW) ʠ ʦʟ. ɾʘʣʘʥʘʰʢʦʣʴ (J). ʊʘʢ, ʚ ʚʳʙʦʨʢʝ SE ʦʪʤʝʯʝʥʘ ʧʦʚʳʰʝʥʥʘʷ ʜʦʣʷ ʨʳʙ 

ʩ ʢʦʥʝʯʥʳʤ ʨʪʦʤ, ʘ ʚ ʚʳʙʦʨʢʝ SW ï ʦʩʦʙʝʡ ʩ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʯʝʰʫʠ ʥʘ ʞʘʙʝʨʥʦʡ ʢʨʳʰʢʝ, ʧʨʠ-

ʯʝʤ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʫʢʘʟʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʟʥʘʢʘ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ. ɺ ʚʳʙʦʨʢʝ J ʙʘʟʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ (ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʚʳʙʦʨʦʢ) ʧʨʠʟʥʘʢʘ ʯʠʩʣʦ ʩʝʥʩʦʨʥʳʭ ʧʦʨ ʥʘ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ 1 

(ʧʦ 3 ʧʦʨʳ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ ʪʝʣʘ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʦʪʷ ʚ ʥʘʰʠʭ ʫʣʦʚʘʭ ʥʘ ʦʟ. ʂʦʰʢʘʨʢʦʣʴ ʠ ʧʨʠʩʫʪ-

ʩʪʚʦʚʘʣʠ ʦʢʫʥʠ ʩ ʢʦʥʝʯʥʳʤ ʨʪʦʤ, ʚ ʚʳʙʦʨʢʘʭ ʨʳʙ (KE ʠ KS), ʚʟʷʪʳʭ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʪʘʢʠʝ ʦʩʦʙʠ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʇʦʩʣʝʜʥʝʝ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʦ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʵʪʠʭ ʚʳʙʦʨʦʢ. ɺ ʮʝʣʦʤ, ʥʘʠʙʦ-

ʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ ʧʨʠʟʥʘʢ ʯʠʩʣʦ ʩʝʥʩʦʨʥʳʭ ʧʦʨ ʥʘ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠ-

ʮʠʨʦʚʘʪʴ ʧʦʯʪʠ ʚʩʝ ʚʳʙʦʨʢʠ ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʯʝʪʢʦ ʦʪʜʝʣʷʝʪ ʚʳʙʦʨʢʫ J, ʪ.ʝ. ʧʝʣʘʛʠʯʝʩʢʫʶ ʬʦʨʤʫ. 

 

ʊʘʙʣʠʮʘ 

 ʏʘʩʪʦʪʳ ʧʦʣʠʤʦʨʬʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʚʳʙʦʨʢʘʭ ʚ ʧʨʦʮʝʥʪʘʭ 

ʇʨʠʟʥʘʢ ʉʦʩʪʦʷʥʠʝ ʧʨʠʟʥʘʢʘ 
ɺʳʙʦʨʢʘ 

J KE KS SE SW 

ʅʘʣʠʯʠʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʝʰʫʠ ʥʘ ʞʘʙʝʨʥʦʡ ʢʨʳʰʢʝ 
1 88,0 80,6 70,4 77,6 32,0 

2  M  12,0 19,4 29,6 22,4 68,0 

ʇʦʣʦʞʝʥʠʝ ʨʪʘ 
1 98,0 100,0 100,0 81,6 94,0 

2 2,0 - - 18,4 6,0 

ʏʠʩʣʦ ʩʝʥʩʦʨʥʳʭ ʧʦʨ 

ʥʘ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ 

1 86,0 - - 28,6 24,0 

2 12,0 100,0 96,3 57,1 60,0 

3 2,0 - 3,7 14,3 16,0 

 

ʉʨʘʚʥʝʥʠʝ ʚʳʙʦʨʦʢ ʧʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʦʩʪʘʚʰʠʭʩʷ 13 ʤʝʨʠʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʘʟ-

ʣʠʯʠʷ ʚʳʙʦʨʦʢ ʯʘʱʝ ʧʨʦʷʚʣʷʣʠʩʴ ʧʦ ʧʨʠʟʥʘʢʘʤ ʯʠʩʣʦ ʯʝʰʫʡ ʥʠʞʝ ʙʦʢʦʚʦʡ ʣʠʥʠʠ (8 ʜʦʩʪʦʚʝʨʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ ʠʟ 10 ʧʘʨ ʩʨʘʚʥʝʥʠʡ), ʯʠʩʣʦ ʚʝʪʚʠʩʪʳʭ ʣʫʯʝʡ ʚ DII  (8) ʠ ʯʠʩʣʦ ʧʝʨʝʭʦʜʥʳʭ ʧʦʟʚʦʥʢʦʚ (7). 

ʉʣʝʜʫʝʪ ʦʛʦʚʦʨʠʪʴʩʷ, ʯʪʦ ʧʦ 4 ʠʟ ʵʪʠʭ ʧʨʠʟʥʘʢʦʚ (ʯʠʩʣʦ ʯʝʰʫʡ ʚʳʰʝ ʙʦʢʦʚʦʡ ʣʠʥʠʠ, ʯʠʩʣʦ ʥʝʚʝʪʚʠʩʪʳʭ ʣʫʯʝʡ 

ʚ DII, ʯʠʩʣʦ ʞʘʙʝʨʥʳʭ ʪʳʯʠʥʦʢ ʠ ʯʠʩʣʦ ʭʚʦʩʪʦʚʳʭ ʧʦʟʚʦʥʢʦʚ) ʥʘ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʨʳʙ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʜʦʩʪʦ-

ʚʝʨʥʳʝ ʧʦʣʦʚʳʝ ʨʘʟʣʠʯʠʷ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʙʳʣʠ ʙʦʣʴʰʝ ʫ ʩʘʤʦʢ. ʆʜʥʘʢʦ, ʧʦ-

ʩʢʦʣʴʢʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʳʙʦʨʦʢ ʠʟ ʢʦʥʢʨʝʪʥʳʭ ʫʯʘʩʪʢʦʚ ʙʘʩʩʝʡʥʘ ʵʪʠ ʨʘʟʣʠʯʠʷ ʥʝ ʧʦʜʪʚʝʨʜʠʣʠʩʴ, ʩʨʘʚʥʝʥʠʝ 

ʚʳʙʦʨʦʢ ʧʨʦʚʝʜʝʥʦ ʥʘʤʠ ʙʝʟ ʫʯʝʪʘ ʠʭ ʧʦʣʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʮʝʣʦʤ ʚʳʙʦʨʢʠ ʜʦʚʦʣʴʥʦ ʯʝʪʢʦ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ, ʚ ʧʝʨʚʫʶ ʠʟ ʢʦʪʦʨʳʭ ʧʦʧʘʜʘʶʪ ʦʢʫʥʠ ʠʟ ʦʟ. ʉʘʩʳʢʢʦʣʴ, ʘ ʚʦ ʚʪʦʨʫʶ ï ʚʩʝ ʦʩʪʘʣʴʥʳʝ. ʅʘʠʙʦʣʝʝ ʫʜʘ-

ʣʝʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʦʢʘʟʘʣʠʩʴ ʚʳʙʦʨʢʠ KE ʠ SE, ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʳʷʚʠʣʠʩʴ ʧʦ 11 

ʧʨʠʟʥʘʢʘʤ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ï ʚʳʙʦʨʢʠ KE ʠ J (ʨʘʟʣʠʯʠʷ ï ʧʦ 4 ʧʨʠʟʥʘʢʘʤ). 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʚʳʙʦʨʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʚʳʙʦʨʦʢ ʙʳʣʠ ʨʘʩʩʯʠʪʘ-

ʥʳ ʢʨʠʪʝʨʠʠ ʜʠʚʝʨʛʝʥʮʠʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʩʫʤʤʠʨʦʚʘʣʠʩʴ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʧʦ ʚʩʝʤ 13 ʧʨʠʟʥʘʢʘʤ. ʅʘʠʤʝʥʴʰʠʝ 

ʨʘʟʣʠʯʠʷ ʧʨʦʷʚʠʣʠʩʴ ʤʝʞʜʫ ʧʘʨʘʤʠ KE-J, KE-KS ʠ SE-SW (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 5,054; 5,975 ʠ 5,887), ʥʘʠʙʦʣʴʰʠʝ ï 

ʤʝʞʜʫ ʧʘʨʘʤʠ KS-SE ʠ KS-SW (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 17,561 ʠ 17,558). ʇʦʣʦʞʝʥʠʝ ʚʳʙʦʨʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʜʝʣʷʶʪʩʷ ʢʣʘʩʪʝʨʳ SE-SW ʠ KS-KE-J, ʟʘʪʝʤ ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʦʪʜʝʣʷʝʪ-

ʩʷ ʚʳʙʦʨʢʘ KS. ʂʣʘʩʪʝʨ SE-SW ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʪʝʨʦʤ KE-J, ʪ.ʝ. 

ʥʘʠʙʦʣʴʰʫʶ ʙʣʠʟʦʩʪʴ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʧʨʠʟʥʘʢʘʤ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʘʩʳʢʢʦʣʴʩʢʠʝ ʚʳʙʦʨʢʠ. ʉʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʨʘʟʜʝʣʝʥʠʝ ʩʘʩʳʢʢʦʣʴʩʢʠʭ ʚʳʙʦʨʦʢ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʫʨʦʚʥʝ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝʤ, ʯʝʤ ʢʦʰ-

ʢʘʨʢʦʣʴʩʢʠʭ. 
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ʈʠʩʫʥʦʢ. ɼʝʥʜʨʦʛʨʘʤʤʘ ʩʭʦʜʩʪʚʘ ʚʳʙʦʨʦʢ ʙʘʣʭʘʰʩʢʦʛʦ ʦʢʫʥʷ ʠʟ ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʟʝʨ ɸʣʘʢʦʣʴʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʦ 13 

ʤʝʨʠʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ 
 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʳʙʦʨʢʘʤʠ, ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ ʩʫʤʤʠʨʦ-

ʚʘʣʠʩʴ ʢʨʠʪʝʨʠʠ ʜʠʚʝʨʛʝʥʮʠʠ ʧʦ ʚʩʝʤ 10 ʧʘʨʘʤ ʩʨʘʚʥʝʥʠʡ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʝʝ 50% (56,33) ʨʘʟʣʠʯʠʡ 

ʤʝʞʜʫ ʚʳʙʦʨʢʘʤʠ ʦʧʨʝʜʝʣʷʶʪ ʪʦʣʴʢʦ 5 ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʚʢʣʘʜʦʤ ʚ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʵʪʠʭ ʨʘʟʣʠʯʠʡ: ʯʠʩʣʦ ʚʝʪʚʠʩʪʳʭ ʣʫʯʝʡ ʚ DII, ʯʠʩʣʦ ʯʝʰʫʡ ʥʠʞʝ ʙʦʢʦʚʦʡ ʣʠʥʠʠ, ʯʠʩʣʦ ʚʝʪʚʠʩʪʳʭ ʣʫʯʝʡ ʚ 

P, ʯʠʩʣʦ ʧʦʧʝʨʝʯʥʳʭ ʨʷʜʦʚ ʯʝʰʫʡ, ʯʠʩʣʦ ʧʝʨʝʭʦʜʥʳʭ ʧʦʟʚʦʥʢʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʘʷ ʠʟ ʚʳʙʦʨʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ ʤʦʨʬʦʦʙʣʠʢʦʤ. ɺʳʙʦʨʢʘ ʠʟ ʦʟ. ɾʘ-

ʣʘʥʘʰʢʦʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʣʘʛʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʜʘʥʥʦʛʦ ʚʠʜʘ, ʪʦʛʜʘ ʢʘʢ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ï ʢʘʤʳʰʦʚʦʡ ʬʦʨʤʦʡ. 

ʇʨʦʩʤʦʪʨʝʥʥʳʝ ʚʳʙʦʨʢʠ ʯʝʪʢʦ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, ʚ ʧʝʨʚʫʶ ʠʟ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʨʳʙʳ, ʦʪʣʦʚʣʝʥʥʳʝ ʚ 

ʦʟ. ʉʘʩʳʢʢʦʣʴ, ʘ ʚʦ ʚʪʦʨʫʶ ï ʚʩʝ ʦʩʪʘʣʴʥʳʝ. ʅʘʠʤʝʥʴʰʠʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʘʨʳ SE-SW ʠ 

KE-J. ʋʨʦʚʝʥʴ ʨʘʟʣʠʯʠʡ, ʦʮʝʥʝʥʥʳʡ ʧʦ 13 ʤʝʨʠʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ, ʤʝʞʜʫ ʩʘʩʳʢʢʦʣʴʩʢʠʤʠ ʚʳʙʦʨʢʘʤʠ ʙʳʣ 

ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʥʠʞʝ ʪʘʢʦʚʦʛʦ ʤʝʞʜʫ ʚʳʙʦʨʢʘʤʠ ʠʟ ʦʟ. ʂʦʰʢʘʨʢʦʣʴ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ ʛʨʫʧʧʠʨʦʚʦʢ ʦʢʫʥʷ ʠʟ ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʟʝʨ ʙʘʩʩʝʡʥʘ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʠʟʥʘʢʠ: ʧʦʣʦʞʝʥʠʝ ʨʪʘ, 

ʥʘʣʠʯʠʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʝʰʫʠ ʥʘ ʞʘʙʝʨʥʦʡ ʢʨʳʰʢʝ, ʯʠʩʣʦ ʩʝʥʩʦʨʥʳʭ ʧʦʨ ʥʘ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ, ʯʠʩʣʦ ʚʝʪʚʠ-

ʩʪʳʭ ʣʫʯʝʡ ʚ P ʠ DII, ʯʠʩʣʦ ʯʝʰʫʡ ʥʠʞʝ ʙʦʢʦʚʦʡ ʣʠʥʠʠ ʠ ʧʦʧʝʨʝʯʥʳʭ ʨʷʜʦʚ ʯʝʰʫʡ, ʯʠʩʣʦ ʧʝʨʝʭʦʜʥʳʭ ʧʦʟʚʦʥ-

ʢʦʚ. ʇʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚʦʟʤʦʞʥʘ ʜʘʞʝ ʧʨʠ ʫʯʝʪʝ ʪʦʣʴʢʦ ʧʝʨʚʳʭ ʪʨʝʭ ʧʨʠʟʥʘʢʦʚ. 

ɸʥʘʣʠʟ ʯʘʩʪʦʪ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʠʟʥʘʢʘ "ʯʠʩʣʦ ʩʝʥʩʦʨʥʳʭ ʧʦʨ ʥʘ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ" ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ 

ʚʳʙʦʨʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʳ ʠʟʫʯʘʝʤʦʛʦ ʚʠʜʘ. ʇʦʩʣʝʜʥʝʝ ʥʫʞʜʘʝʪʩʷ ʚ ʧʨʦʚʝʨʢʝ. 
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STUDYING OF MORPHOLOGICAL CHARACTERISTICS OF THE BALKHASH PERCH  

FROM LAKES OF THE ALAKOLSKY BASIN  
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Abstract. Nowadays the Alakolsky basin is one of the last reservations of Balkhash perch which is the endemic 

of the republic and the region. During the modern period the structure of the populations close to initial, remained only 

in Lakes Alakol and in the lake Zhalanashkol. In the Lake Alakol the Balkhash perch forms 2 forms: cane (black) and 

pelagic ("white" perch). The purpose of this work is studying of features morphological characteristics the perch from 

various lakes of the Alakolsky basin and allocation of the complex of the characters, allowing to identify each group. 

Keywords: endemic, polymorphism, character, Balkhash perch, selection. 




