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1 ɺʝʜʝʥʠʝ 

ɺ 1924 ʛ. ʃʫʠ ʜʝ ɹʨʦʡʣʴ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ ʜʚʠʞʫʱʝʡʩʷ 

ʯʘʩʪʠʮʝ ʩ ʤʘʩʩʦʡ m ʠ ʩʢʦʨʦʩʪʴʶ v ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʣʦʩʢʫ  ʁʚʦʣʥʫ                                             

                                                  y = exp{i(Et ï pr )/h},                                               (1.1)                            

ʛʜʝ ɽ ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ; ʨ = mv ï ʝʝ ʠʤʧʫʣʴʩ; h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ. 

ɼʣʠʥʘ ʪʘʢʦʡ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ ʜʝ ɹʨʦʡʣʷ 

                                                              ɚb = h/mv.                                                         (1.2)                            

ɼʘʥʥʘʷ ʠʜʝʷ ʧʦʩʣʫʞʠʣʘ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʜʫʘʣʠʟʤʘ 

ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʟʚʦʣʠʣʘ ʦʙʲʷʩʥʠʪʴ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ, 

ʥʝʡʪʨʦʥʦʚ ʠ ʘʪʦʤʦʚ ʥʘ ʢʨʠʩʪʘʣʣʘʭ ʠ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ [1, 2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʘʢʩʠʤʫʤʳ ʚ ɻʢʩʧʝʨʠʤʝʥʪʝ ɼʵʚʠʩʩʦʥʘ - ɼʞʝʨʤʝʨʘ ʧʦʷʚʣʷʶʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʦʪʚʝʯʘʶʱʠʭ ʫʩʣʦʚʠʶ ɹʨʵʛʛʘ - ɺʫʣʴʬʘ ebs nd lq=sin2 , ʠʣʠ ʩ ʫʯʝʪʦʤ 

ʧʨʝʣʦʤʣʝʥʠʷ çʵʣʝʢʪʨʦʥʥʳʭ ʚʦʣʥè ʚ ʢʨʠʩʪʘʣʣʝ [1]: 

                                                        ( ) ,cos2 2

1
22

ebse nnd lq =-                                          (1.3)  

ʛʜʝ d ï ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ɗs ï ʙʨʵʛʛʦʚʩʢʠʡ ʫʛʦʣ 

ʩʢʦʣʴʞʝʥʠʷ (ʨʠʩ. 1), n = 1, 2, 3éï ʧʦʨʷʜʦʢ ʠʥʪʝʨʬʝʨʝʥʮʠʠ (ʠʣʠ ʦʪʨʘʞʝʥʠʷ), ɚeb ï ʜʣʠʥʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʚʦʣʥʳ ʜʝ ɹʨʦʡʣʷ, ne ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʚʦʣʥʳ ʜʝ ɹʨʦʡʣʷ. 

                                           

ʈʠʩ. 1 ʋʩʣʦʚʠʝ ɹʨʵʛʛʘ - ɺʫʣʴʬʘ ʧʨʠ ʜʠʬʨʘʢʮʠʠ ʤʠʢʨʦʯʘʩʪʠʮ (ʚ ʯʘʩʪʥʦʩʪʠ, ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ 

ʬʦʪʦʥʦʚ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ.          ï ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʘʜʘʶʱʠʭ ʤʠʢʨʦʯʘʩʪʠʮ; 

        ï ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠ ̫ʦʪʨʘʞʝʥʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ 

 

ʇʨʦʙʣʝʤʘ, ʦʜʥʘʢʦ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘ ʧʨʦʰʝʜʰʠʝ 95 ʣʝʪ ʚʦʣʥʳ ʜʝ ɹʨʦʡʣʷ ʥʝ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʆʥʠ ʪʘʢ ʠ ʦʩʪʘʣʠʩʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʤʝʥʪʘʣʴʥʦʡ  

ʢʦʥʩʪʨʫʢʮʠʝʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʷʚʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠ, ʥʝ ʨʘʩʢʨʳʚʘʷ ʩʫʪʠ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʵʪʦʤ ʩʦʙʳʪʠʡ.   

ɺ ɻʪʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʬʨʘʢʮʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘ ʢʨʠʩʪʘʣʣʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ 

ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʠʜʝʠ ʜʝ ɹʨʦʡʣʷ ʦ ʚʦʣʥʦʚʳʭ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʠ. ʆʧʠʨʘʷʩʴ ʥʘ ʟʘʢʦʥʳ 

ʦʪʨʘʞʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ ʠ ʪʝʦʨʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʚ ʢʦʥʮʝ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʧʦʣʫʯʝʥʘ 



ʬʦʨʤʫʣʘ (3.9) [ʠʣʠ (3.10)] ʜʣʷ ʨʘʩʯʝʪʘ ʜʠʘʛʨʘʤʤ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ (ɼʋʈʄ) 

ʥʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ɻʪʦʡ ʬʦʨʤʫʣʝ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʘʤʠ (ʨʠʩ.1ʘ).   

 

 

 

 

 

 

 

 

                                           ʘ)                                                                          ʙ) 

 

ʈʠʩ. 1ʘ ʘ) ʆʙʲʝʤʥʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʩʩʝʷʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʫʣʝ (3.9); ʙ) ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʣʫʯʝʥʥʘʷ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʘ (ʬʦʪʦʛʨʘʬʠʷ ʠʟ https://www.sciencephoto.com/media/3883/view)           

        

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʳʭ ʜʠʘʛʨʘʤʤ ʨʘʩʩʝʯʝʥʠʷ 

ʤʠʢʨʦʯʘʩʪʠʮ ʥʘ ʥʝʨʦʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʘʪʠʩʪʠʢʘʤʠ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ.  

ʇʦʜ «ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ» ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʣʶʙʳʝ ʯʘʩʪʠʮʳ (ʬʝʨʤʠʦʥʳ 

ʠ ʙʦʟʦʥʳ), ʨʘʟʤʝʨʳ (ʠʣʠ ʜʣʠʥʘ ʚʦʣʥʳ) ʢʦʪʦʨʳʭ ʤʥʦʛʦ ʤʝʥʴʰʝ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʦʚ 

ʥʝʨʦʚʥʦʩʪʝʡ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʢʠʨʭʛʦʬʦʚʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ), ʠ ʦʪʨʘʞʝʥʠʝ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʟʘʢʦʥʘʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ. ʅʘʧʨʠʤʝʨ, «ʤʠʢʨʦʯʘʩʪʠʮʝʡ» 

ʤʦʞʝʪ ʥʘʟʳʚʘʪʴʩʷ ʵʣʝʢʪʨʦʥ ʩ ʵʬʬʝʢʪʠʚʥʳʤ ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ 10ï13 ʩʤ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪʩʷ 

ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʥʝʨʦʚʥʦʩʪʝʡ ʙʦʣʝʝ 10ï11 ʩʤ. ʊʘʢʞʝ 

«ʤʠʢʨʦʯʘʩʪʠʮʝʡ» ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʬʫʪʙʦʣʴʥʳʡ ʤʷʯ ʩ ʜʠʘʤʝʪʨʦʤ 22,3 ʩʤ, ʦʪʨʘʞʘʶʱʠʡʩʷ ʦʪ 

ʥʝʨʦʚʥʦʡ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʩʨʝʜʥʝʥʥʳʡ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʢʦʪʦʨʦʡ ʙʦʣʝʝ 20 ʤ. ʂ 

«ʤʠʢʨʦʯʘʩʪʠʮʘʤ» ʪʘʢʞʝ ʦʪʥʦʩʷʪʩʷ ʬʦʪʦʥʳ ʠ ʬʦʥʦʥʳ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ 

ʤʝʥʴʰʝʡ, ʯʝʤ ʨʘʜʠʫʩ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʇʨʠʣʦʞʝʥʠʝ 1).   

ʈʘʩʩʝʷʥʠʶ  ʯʘʩʪʠʮ ʠ ʚʦʣʥ ʥʘ ʥʝʨʦʚʥʦʡ ʛʨʘʥʠʮʝ ʜʚʫʭ ʩʨʝʜ ʧʦʩʚʷʱʝʥʘ ʦʙʰʠʨʥʘʷ 

ʣʠʪʝʨʘʪʫʨʘ, ʥʘʧʨʠʤʝʨ, [3 ï 27]. ʆʜʥʘʢʦ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʳʭ ʜʠʘʛʨʘʤʤ ʨʘʩʩʝʷʥʠʷ 

ʯʘʩʪʠʮ ʠʣʠ ʚʦʣʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʘʪʠʩʪʠʢʘʤʠ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ ʚ ʩʣʫʯʘʝ 

ʢʠʨʭʛʦʬʦʚʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʠ ʚ ʵʪʦʡ ʩʪʘʪʴʝ 

ʧʨʠʚʦʜʷʪʩʷ ʚʧʝʨʚʳʝ. 

ɺ ʩʪʘʪʴʝ ʧʦʣʫʯʝʥʳ ʦʙʲʝʤʥʳʝ ʜʠʘʛʨʘʤʤʳ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘ 

ʦʜʥʦʨʦʜʥʳʭ ʠ ʠʟʦʪʨʦʧʥʳʭ ʥʝʨʦʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩ ʛʘʫʩʩʦʚʳʤ, ʨʘʚʥʦʤʝʨʥʳʤ, 

https://www.sciencephoto.com/media/3883/view


ʣʘʧʣʘʩʦʚʳʤ, ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʠ ʜʨ. ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ. ɼʘʥʥʳʝ 

ʜʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ, ʦʪʥʦʩʷʪʩʷ ʢ ʣʶʙʳʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʤʠʢʨʦʯʘʩʪʠʮʘʤ 

(ʬʝʨʤʠʦʥʘʤ ʠ ʙʦʟʦʥʘʤ).  

 

2 Method 

ʎʝʣʴ ʁʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʳʭ ʜʠʘʛʨʘʤʤ 

ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ (ɼʋʈʄ) (ʚ ʯʘʩʪʥʦʩʪʠ, ʵʣʝʢʪʨʦʥʦʚ, ʬʦʪʦʥʦʚ ʠʣʠ ʬʦʥʦʥʦʚ) 

ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʨʦʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʢʠʨʭʛʦʬʦʚʩʢʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ (ʪ.ʝ. ʢʦʛʜʘ ʫʩʨʝʜʥʝʥʥʳʡ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʠʣʠ ʨʘʜʠʫʩ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ 

ʥʝʨʦʚʥʦʩʪʝʡ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʨʘʟʤʝʨʦʚ ʠʣʠ ʜʣʠʥʳ ʚʦʣʥʳ 

ʤʠʢʨʦʯʘʩʪʠʮ).  

 

2.1 ʆʪʨʘʞʝʥʠʝ ʫʧʨʫʛʠʭ ʤʠʢʨʦʯʘʩʪʠʮ ʦʪ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  

ʈʘʩʩʤʦʪʨʠʤ ʧʘʜʝʥʠʝ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʚʝʨʜʦʛʦ (ʠʣʠ ʞʠʜʢʦʛʦ) ʪʝʣʘ (ʨʠʩ. 2) ʧʦʜ 

ʫʛʣʘʤʠ  ᵻʠ ɔ (ʨʠʩ. 3), ʠ ʠʭ ʦʪʨʘʞʝʥʠʝ ʦʪ ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʫʛʣʘʤʠ ɜ ʠ ɤ. 

         

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2  ʈʘʩʩʝʷʥʠʝ  ʤʠʢʨʦʯʘʩʪʠʮ (ʚ ʯʘʩʪʥʦʩʪʠ, ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʬʦʪʦʥʦʚ, ʪ.ʝ. ʣʫʯʘ ʩʚʝʪʘ) ʥʘ 

ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ: 1 ï ʛʝʥʝʨʘʪʦʨ ʤʠʢʨʦʯʘʩʪʠʮ; 2 ï ʜʝʪʝʢʪʦʨ ʤʠʢʨʦʯʘʩʪʠʮ;          

3 ï ʪʚʝʨʜʦʝ ʠʣʠ ʞʠʜʢʦʝ ʪʝʣʦ (ʚ ʯʘʩʪʥʦʩʪʠ, ʢʨʠʩʪʘʣʣ ʤʝʪʘʣʣʘ ʠʣʠ ʦʙʲʝʤ ʚʦʜʳ) 

 

ʇʨʝʜʩʪʘʚʠʤ ʚʝʨʭʥʠʡ ʩʣʦʡ ʪʝʣʘ ʚ ʚʠʜʝ ʜʚʫʭʤʝʨʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʨʦʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ x(x,y), ʧʦʚʪʦʨʷʶʱʝʡ ʩʪʨʫʢʪʫʨʫ ʝʛʦ ʘʪʦʤʥʦʡ ʨʝʰʝʪʢʠ (ʨʠʩ. 3) ʠʣʠ ʚʦʣʥʝʥʠʷ 

ʞʠʜʢʦʩʪʠ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʧʨʫʛʠʝ ʯʘʩʪʠʮʳ (ʠʣʠ ʚʦʣʥʳ), ʜʚʠʞʫʱʠʝʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v, ʦʪʨʘʞʘʪʁʩʷ 

ʦʪ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ (ʠʣʠ ʞʠʜʢʦʛʦ) ʪʝʣʘ ʧʦ ʟʘʢʦʥʘʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ:   

1) ʧʘʜʘʶʱʘ ̫ʯʘʩʪʠʮʘ (ʠʣʠ ʣʫʯ ʩʚʝʪʘ), ʦʪʨʘʞʝʥʥʘ ̫ʯʘʩʪʠʮʘ (ʠʣʠ ʣʫʯ ʩʚʝʪʘ) ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨ 

(ʥʦʨʤʘʣʴ) ʢ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʪʦʯʢʝ ʧʘʜʝʥʠʷ ʯʘʩʪʠʮʳ (ʠʣʠ ʣʫʯʘ 



ʩʚʝʪʘ), ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ); 2) ʫʛʦʣ ʧʘʜʝʥʠʷ Q1 ʨʘʚʝʥ ʫʛʣʫ 

ʦʪʨʘʞʝʥʠʷ Q2. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ çʟʝʨʢʘʣʴʥʳʤ ʦʪʨʘʞʝʥʠʝʤè ʠʣʠ çʫʧʨʫʛʠʤ 

ʨʘʩʩʝʷʥʠʝʤ» ʤʠʢʨʦʯʘʩʪʠʮ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʚʫʤʝʨʥʘʷ ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ (ʌʇʈɺ) ɟ(ɜ,ɤ) ʪʦʛʦ, ʯʪʦ ʤʠʢʨʦʯʘʩʪʠʮʘ ʦʪʨʘʟʠʪʩʷ ʦʪ ʥʝʨʦʚʥʦʡ 

ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʫʛʣʘʤʠ ɜ, ɤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʌʇʈɺ ɟ(c,ű) ʪʦʛʦ, ʯʪʦ ʝʜʠʥʠʯʥʳʡ 

ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ n, ʚ ʤʝʩʪʝ ʧʘʜʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮʳ, ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥ ʧʦʜ 

ʫʛʣʘʤʠ c, ű (ʨʠʩ. 3, 4 ʠ 5).  

 

 
 

 

ʈʠʩ. 3  ʋʯʘʩʪʦʢ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʡ ʤʠʢʨʦʯʘʩʪʠʮʳ, ʛʜʝ:  

,ᵻ ɔ ï ʫʛʣʳ, ʟʘʜʘʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʘʜʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ rʥʘ ʦʪʨʘʞʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ;  

ɜ, ɤ ï ʫʛʣʳ, ʟʘʜʘʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʨʘʞʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ rʦʪ ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

af ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʛʝʥʝʨʘʪʦʨ ʤʠʢʨʦʯʘʩʪʠʮ; 

n ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʝʩʪʝ ʧʘʜʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮʳ; 

ar ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮʳ, ʧʦʩʣʝ 

ʫʧʨʫʛʦʛʦ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ   

 

 

 

  

                             



 

 

 

 

 

 

 

  

 

 

 

ʈʠʩ. 4  ɿʝʨʢʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝ ʤʠʢʨʦʯʘʩʪʠʮʳ ʦʪ ʫʯʘʩʪʢʘ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʟʘʢʦʥʘʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ: 1) ʫʧʨʫʛʦʝ ʦʪʨʘʞʝʥʠʝ ʯʘʩʪʠʮʳ (ʠʣʠ ʣʫʯʘ ʩʚʝʪʘ) ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʣʦʩʢʦʩʪʠ ʝʝ ʧʘʜʝʥʠʷ;  2) ʫʛʦʣ ʦʪʨʘʞʝʥʠʷ ʯʘʩʪʠʮʳ (ʠʣʠ ʣʫʯʘ ʩʚʝʪʘ) Q2 ʨʘʚʝʥ ʫʛʣʫ ʝʝ 

ʧʘʜʝʥʠʷ Q1 (ʪ.ʝ. ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ Q2 = Q1) 

 

                        
ʈʠʩ. 5  ʀʣʣʶʩʪʨʘʮʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʫʛʣʘʤʠ c, ű ʠ ʫʛʣʘʤʠ  

ɜ, ɤ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʛʣʘʭ ᶧ, ɔ, ʛʜʝ: Q1 ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮʳ ʠ Q2  ï ʫʛʦʣ ʝʝ ʦʪʨʘʞʝʥʠʷ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠ ʁQ2  = Q1; ʚʝʢʪʦʨ r naa rf

CCC
,, ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ɸʆɺ 

 

ʇʦʵʪʦʤʫ ʠʟ ʌʇʈɺ ɟ(c,ű) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʌʇʈɺ ɟ(ɜ,ɤ/ ,ᵻɔ) ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ: 

                             ɟ(c,ű) = ɟ{c=f1(ɜ,ɤ/ ,ᵻɔ);  ű=f2(ɜ,ɤ/ ,ᵻɔ)}  |Gɜɤ| = ɟ(ɜ,ɤ/ ,ᵻɔ)|Gɜɤ|,              (2.1) 

ʛʜʝ                                                        

                                                                c = f1(ɜ,ɤ/ ,ᵻɔ)                                                           (2.2) 

ï ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʛʣʦʤ c ʠ ʫʛʣʘʤʠ ɜ, ɤ, ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʛʣʘʭ ,ᵻ ɔ; 

                                                                 ű = f2(ɜ,ɤ/ ,ᵻɔ)                                                          (2.3)                                                                                                                                                           

ï ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʛʣʦʤ ű ʠ ʫʛʣʘʤʠ ɜ, ɤ, ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʛʣʘʭ ,ᵻ ɔ. 

ɟ{ɜ,ɤ/ ,ᵻɔ} |Gɜɤ| ï ʌʇʈɺ ʪʦʛʦ, ʯʪʦ ʤʠʢʨʦʯʘʩʪʠʮʘ ʦʪʨʘʟʠʪʩʷ ʦʪ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʟʘʜʘʥʥʦʤ ʫʛʣʘʤʠ ɜ, ɤ, ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʫʛʣʘʭ ,ᵻ ɔ;     



|Gɜɤ| ï ʷʢʦʙʠʘʥ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ c, ű ʚ ʧʝʨʝʤʝʥʥʳʝ ɜ, ɤ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʠʮʘ, ʠʩʭʦʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʢʦʪʦʨʦʡ ʟʘʜʘʥʦ ʫʛʣʘʤʠ  ᵻʠ ɔ, ʦʪʨʘʟʠʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʜʠʘʧʘʟʦʥʘʤʠ ʫʛʣʦʚ dɜ ʠ dɤ, ʨʘʚʥʘ 

                                           P(ɜ,ɤ) = ɟ(ɜ,ɤ/ᶧ,ɔ)|Gɜɤ|dɜdɤ.      

ʕʪʘ ʬʦʨʤʫʣʘ, ʧʦ ʩʫʪʠ, ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʘʷ ʯʘʩʪʴ ʦʪ ʧʦʣʥʦʛʦ ʯʠʩʣʘ ʤʠʢʨʦʯʘʩʪʠʮ (ʠʣʠ 

ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʚʦʣʥʳ), ʫʧʘʚʰʠʭ ʥʘ ʦʪʨʘʞʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʨʘʩʩʝʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʟʘʜʘʥʥʦʤ ʫʛʣʘʤʠ ɜ ʠ ɤ ʚ ʧʨʝʜʝʣʘʭ ʵʣʝʤʝʥʪʘ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ dɋ = dɜdɤ.  

ɽʩʣʠ ʛʝʥʝʨʘʪʦʨ ʠ ʜʝʪʝʢʪʦʨ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘʭʦʜʷʪʩʷ ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 2), ʪʦ ʌʇʈɺ ɟ(ɜ,ɤ/ ,ᵻɔ)|Gɜɤ| (2.1) 

ʦʧʨʝʜʝʣʷʝʪ ʦʙʲʝʤʥʫʶ ʜʠʘʛʨʘʤʤʫ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʘʥʥʳʭ ʯʘʩʪʠʮ ʥʘ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  

                                            D(ɜ,ɤ/ ,ᵻɔ) = ɟ(ɜ,ɤ/ ,ᵻɔ)|Gɜɤ|.                                             (2.4) 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʝʪʝʢʪʦʨ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘʭʦʜʠʪʩʷ ʥʘ ʤʘʣʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʙʲʝʤʥʦʡ ɼʋʈʄ 

D(ɜ,ɤ/ ,ᵻɔ) ʩʣʝʜʫʝʪ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʨʘʚʫʶ ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ (2.4) ʧʦ ʚʩʝʤ ʫʛʣʘʤ ɜ ʠ ɤ, ʧʦ 

ʢʦʪʦʨʳʤ ʦʪʨʘʞʝʥʥʳʝ ʤʠʢʨʦʯʘʩʪʠʮʳ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʘʧʝʨʪʫʨʫ ʜʝʪʝʢʪʦʨʘ (ʠʣʠ ʚ ʦʜʥʫ ʪʦʯʢʫ 

ʥʘ ʧʣʘʩʪʠʥʝ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʳ ʠʣʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ)    

                                 ( ) ( ) .,/,,/,
2

1

2

1

wngJwnrgJwn nw

n

n

w

w

ddGD ññ=                               (2.5) 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʜʘʥʥʳʡ ʩʣʫʯʘʡ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. ʊʦ ʝʩʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ 

ʧʦʣʘʛʘʪʴ, ʯʪʦ ʛʝʥʝʨʘʪʦʨ ʠ ʜʝʪʝʢʪʦʨ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘʭʦʜʷʪʩʷ ʥʘʩʪʦʣʴʢʦ ʜʘʣʝʢʦ ʦʪ ʫʯʘʩʪʢʘ 

ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʜʦʧʫʩʪʠʤʦʛʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʧʨʦʱʝʥʥʦʡ ʬʦʨʤʫʣʦʡ (2.4).     

 

2.2 ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʛʣʘʤʠ c,ű ʠ ɜ,ɤ/ ,ᵻɔ 

ʅʘʡʜʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʷʟʠ (2.2) ʠ (2.3). ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʳ ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʘ 

naa rf

CCC
,, , ʥʘʯʘʣʦ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʦʤ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ XYZ 

(ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʪʦʯʢʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ), ʘ ʠʭ ʢʦʥʮʳ ʟʘʜʘʥʳ 

ʩʣʝʜʫʶʱʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ:  

                               { }{ }JgJgJ sin,coscos,sincos,, == fzfyfxf aaaa
C

                                
(2.6) 

ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʛʝʥʝʨʘʪʦʨ ʤʠʢʨʦʯʘʩʪʠʮ (ʨʠʩ. 2 ʠ 3);   

                                 { }{ }cjcjc sin,coscos,sincos,, == rzryx nnnn
C

                                  

ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʝʩʪʝ ʧʘʜʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮʳ; 

                               { }{ }nwnwn sin,coscos,sincos,, == rzryrxr aaaa
C

                     
           (2.7) 



ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮʳ, ʧʦʩʣʝ ʫʧʨʫʛʦʛʦ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ.      

ʀʟ ʨʠʩ. 5 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʢʦʥʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ (ʪʦ ʝʩʪʴ ʧʨʠ          

Q2  = Q1), ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ n ʟʘʜʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʙʠʩʩʝʢʪʨʠʩʳ ʨʘʚʥʦʙʝʜʨʝʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ABO, ʩʪʦʨʦʥʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ af ʠ ar.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʘʜʘʚ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ N, ʨʘʟʜʝʣʷʶʱʝʡ ʦʪʨʝʟʦʢ AB ʧʦʧʦʣʘʤ, ʤʳ 

ʧʦʣʫʯʠʤ ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʮʘ ʚʝʢʪʦʨʘ b, ʩʦʚʧʘʜʘʶʱʝʛʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ n. ʀʩʧʦʣʴʟʫʷ ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʮʘ ʚʝʢʪʦʨʘ af (2.6) ʠ ʢʦʥʮʘ ʚʝʢʪʦʨʘ ar (2.6), ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ [29 ï 31], ʧʦʣʫʯʠʤ  
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ʀʟ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ b ʠ k ={0,0,1} (ʛʜʝ k ʟʘʜʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ 

OZ, ʨʠʩ. 5) ( ) ccp sin)2/cos( kbkbkb
CCCCCC
Ö=-Ö=Ö , ʦʧʨʝʜʝʣʠʤ ʫʛʦʣ c  
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                                                                                                                                                   (2.8) 

ʵʪʦ ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (2.2).          

ʅʘ  ʨʠʩ. 5 ʚʠʜʥʦ, ʯʪʦ ű ï ʵʪʦ ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ j  = {0,1,0}ʠ ʩ, ʛʜʝ j  ʟʘʜʘʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ OY, ʘ ʚʝʢʪʦʨ ʩ ï ʵʪʦ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ b ʥʘ ʧʣʦʩʢʦʩʪʴ XOY 
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(2.9) 

ʀʟ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ( ) jcosjcjc
CCCC
Ö=Ö
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                                                                                                                                                              (2.10)
 

ʵʪʦ ʚʪʦʨʘ ̫ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (2.3).    

 

2.3 ʗʢʦʙʠʘʥ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ c, ű ʚ ʧʝʨʝʤʝʥʥʳʝ ɜ, ɤ ʧʨʠ ʟʘʜʘʥʥʳʭ ,ᵻ ɔ 

ɺʚʝʜʝʤ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ  

a = cosɜ cosɤ + cosᵻ  cosɔ;      b = cosɜ sinɤ + cosᵻ  sinɔ;     d = sinɜ + sinᵻ ;    aɜ¡ = ï sinɜ cosɤ;   

bɜ¡ = ï sinɜ sinɤ;    cɜ¡ = cosɜ;     aɤ¡ = ï cosɜ sinɤ;     bɤ¡ = cosɜ cosɤ.                              (2.11) 

ʧʨʠ ʵʪʦʤ ʚʳʨʘʞʝʥʠʷ (2.8) ʠ (2.10), ʩ ʫʯʝʪʦʤ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʦʙʨʘʪʥʳʭ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ, ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ  
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     (2.13) 

ʛʜʝ m = 0, 1, 2, 3, é 

ʀʟ ʨʠʩ. 2, 3, 5 ʚʠʜʥʦ ʯʪʦ, ʫʛʣʳ c, ű ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ cÍ[0, /́2], űÍ[0, ]́. 

ʋʯʪʝʤ ʪʘʢʞʝ, ʯʪʦ ʠʥʪʝʨʚʘʣʳ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʦʙʨʘʪʥʳʭ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʟʘʢʣʶʯʝʥʳ ʚ ʧʨʠʜʝʣʘʭ: arcsin(x)Í[ï /́2, ́ /2], arccos(x)Í[0, ]́. ʇʦʵʪʦʤʫ ʚ ʚʳʨʘʞʝʥʠʷʭ (2.12) 

ʠ (2.13) ʧʦʣʦʞʠʤ m = 0 ʠ ʚʳʙʝʨʝʤ (+), ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʦʜʥʦʟʥʘʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 
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     (2.15) 

ʅʘʡʜʝʤ ʷʢʦʙʠʘʥ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ |Gɜɤ| ʧʝʨʝʤʝʥʥʳʭ c, ű ʚ ʧʝʨʝʤʝʥʥʳʝ ɜ, ɤ. ɼʣʷ ʵʪʦʛʦ 

ʚʳʯʠʩʣʠʤ ʜʝʪʝʨʤʠʥʘʥʪ ʤʘʪʨʠʮʳ [32, 33]   
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          (2.16) 

ʇʦʜʩʪʘʚʣʷʷ ʬʫʥʢʮʠʠ (2.14) ʠ (2.15) ʚ ʜʝʪʝʨʤʠʥʘʥʪ (2.16), ʩ ʫʯʝʪʦʤ ʦʙʦʟʥʘʯʝʥʠʡ (2.11), 

ʧʦʣʫʯʠʤ ʠʩʢʦʤʳʡ ʷʢʦʙʠʘʥ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  
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ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʪ.ʥ. ʂʦʩʪʠʥʳʤ ʉ.ɺ. 

         

2.4 ʆʧʨʝʜʝʣʝʥʠʝ ʌʇʈɺ ɟ(c,ű) 

ʇʦʣʫʯʠʤ ʌʇʈɺ ɟ(c,ű) (2.1). ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʩʪʘʚʠʤ ʦʜʥʦʨʦʜʥʫʶ ʠ ʠʟʦʪʨʦʧʥʫʶ ʥʝʨʦʚʥʫʶ 

ʦʪʨʘʞʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʚʠʜʝ ʜʚʫʭʤʝʨʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ x(x,y) (ʨʠʩ. 3). ʃʁ ʙʦʝ ʘʟʠʤʫʪʘʣʴʥʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

(ʥʘʧʨʠʤʝʨ, ʚʜʦʣʴ ʦʩʠ Y) ʧʨʦʮʝʩʩʘ x(x,y) ʚ̫ʣʷʝʪʩʷ ʦʜʥʦʤʝʨʥʳʤ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʣʫʯʘʡʥʳʤ 

ʧʨʦʮʝʩʩʦʤ x(y).  



ʇʫʩʪʴ ʥʘʤ ʠʟʚʝʩʪʥʘ ʌʇʈɺ ɟ[x(y)] ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ x(y). ʅʠʞʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʌʇʈɺ ɟ[x(y)] ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʌʇʈɺ ɟ[x¡ (y)] ʧʨʦʠʟʚʦʜʥʦʡ ʵʪʦʛʦ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ x¡ (y). 

ʋʯʠʪʳʚʘʷ, ʯʪʦ x¡ (y) = tgb (ʨʠʩ. 4), ʛʜʝ b ï ʫʛʦʣ ʤʝʞʜʫ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʨʦʮʝʩʩʫ x (y) ʠ 

ʦʩʴʶ y, ʩʜʝʣʘʝʤ ʚ  ɟ[x¡ (y)] ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ x¡ ʥʘ b. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʌʇʈɺ ʫʛʣʦʚ b  

ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʘʟʠʤʫʪʘʣʴʥʦʤ ʩʝʯʝʥʠʠ x (y) 

                                                            ɟ(b) = ɟ(tgb)
b2cos

1
,                                                 (2.18)         

ʛʜʝ 
b

b 2cos

1
=G

 

ï ʷʢʦʙʠʘʥ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.                                                                                          

ʀʟ ʨʠʩ. 4 ʚʠʜʥʦ, ʯʪʦ ʤʝʞʜʫ ʫʛʣʘʤʠ b  ʠ c ʠʤʝʝʪʩʷ ʦʜʥʦʟʥʘʯʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ b + c + ˊ/2 = ˊ, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ                                             

                                                                 b = ˊ/2 ï c.                                                              

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʩʜʝʣʘʝʤ ʚ ʌʇʈɺ ɟ(b) (2.18) ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ b ʥʘ c 

                                            ɟ(b) = ɟ[tg(ˊ/2 ï c)]
) /2(cos

1
2 cp -

,                                                                

ʩ ʷʢʦʙʠʘʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ

 

.1=cG  

ʋʯʪʝʤ, ʯʪʦ  tg(p/2 ï c) = ctgc,  cos(p/2ïc) = sinc. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʌʇʈɺ ʫʛʣʦʚ c 

                                                    () ( ) ,
sin

1
2c

crcr ctg=                                             (2.19) 

ɺ ʩʣʫʯʘʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʦʚ c ʠ ű (ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ʤʥʦʛʠʭ 

ʥʝʨʦʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ), ʩʦʚʤʝʩʪʥʘʷ ʌʇʈɺ ɟ(c,ű) (2.1) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ  

                              ( ) ()() ( ) ().
sin

1
,

2
jr

c
crjrcrjcr ctg==                                 (2.20) 

ɼʣʷ ʦʜʥʦʨʦʜʥʳʭ ʠ ʠʟʦʪʨʦʧʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʨʦʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʫʛʦʣ ű, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʘʟʠʤʫʪʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʮʠʠ ʥʦʨʤʘʣʠ ʥʘ ʧʣʦʩʢʦʩʪʴ XOY (ʨʠʩ. 5), 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 2ˊ, ʧʨʠ ʵʪʦʤ ʌʇʈɺ ɟ(ű) ʟʘʜʘʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ  

                                                     () .
2

1

p
jr =                                                        (2.21) 

ʇʦʜʩʪʘʚʣʷ ̫(2.21) ʚ (2.20), ʧʦʣʫʯʠʤ ʠʩʢʦʤʫʶ ʜʚʫʤʝʨʥʫʶ ʌʇʈɺ (2.1)  

                                               ( ) ( ).
sin

1

2

1
,

2
cr

cp
jcr ctg==                                          (2.22) 



ɽʩʣʠ ʦʪʨʘʞʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʠʟʦʪʨʦʧʥʘʷ, ʪʦ ʌʇʈɺ ɟ(ű) ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʜʨʫʛʦʡ 

ʬʫʥʢʮʠʝʡ, ʥʘʧʨʠʤʝʨ,  

                                                          () ,
sin2 2

p

j
jr =

                                                  
(2.23) 

                                        ʠʣʠ       () .
cossin4 22

p

jj
jr =

                                             
(2.23ʘ)

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʚʫʤʝʨʥʘʷ ʌʇʈɺ (2.1) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 
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ʠʣʠ  
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jcr ctgctg
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(2.24ʘ) 

ɽʱʝ ʨʘʟ ʦʪʤʝʪʠʤ, ʯʪʦ ʌʇʈɺ ɟ(c,ű) (2.22), (2.24) ʠ (2.24ʘ) ʧʦʣʫʯʝʥ rʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʥʝʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪ ɹʚ ʚʠʜʝ ʜʚʫʭʤʝʨʥʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ x(x,y), ʢʘʞʜʦʝ ʘʟʠʤʫʪʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ (ʉʉʇ) x(r) (ʨʠʩ. 3) ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʫʩʨʝʜʥʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʌʇʈɺ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ, ʜʠʩʧʝʨʩʠʝʡ ʠ 

ʜʨʫʛʠʤʠ ʥʘʯʘʣʴʥʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʤʦʤʝʥʪʘʤʠ.  

 

2.5  ʆʙʱʠʡ ʚʠʜ ʦʙʲʝʤʥʦʡ ʜʠʘʛʨʘʤʤʳ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ  

ʅʘʡʜʝʤ ʦʙʠɦʡ ʚʠʜ ʦʙʲʝʤʥʦʡ ɼʋʈʄ (2.4)  

          D(ɜ,ɤ/ ,ᵻɔ) = ɟ(ɜ,ɤ/ ,ᵻɔ)|Gɜɤ| =  ɟ{c=f1(ɜ,ɤ/ ,ᵻɔ); ű=f2(ɜ,ɤ/ ,ᵻɔ)} |Gɜɤ|.                 (2.25) 

ʉ ʫʯʝʪʦʤ (2.17) ʠ (2.22) ʚʳʨʘʞʝʥʠʝ (2.25) ʧʨʠʥʠʤʘʝʪ ʚʠʜ  
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( )
( ){ } ( ){ }

( ) ( )

( )
.1

,/,sin

1

,/,sin

1

2

1
,/,

22222
1

2

1

2
dbaba

baabcbabad

ff
D

+++

¡-¡¡+¡¡-¡¡

ö
ö

÷

õ

æ
æ

ç

å
-

==
= wwnnwwn

gJwnc
r

gJwncp
gJwn

                                                                                                                       

             

                                                                                                                                                (2.26) 

ʇʦʜʩʪʘʚʣʷʷ ʚ (2.26) ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (2.14)

 
,arcsin

222 ö
ö

÷

õ

æ
æ

ç

å

++
=

dba

d
c  ʧʦʣʫʯʠʤ  

 ( )
( ) ( )

( )
.

2

1
,/,

222222

22

2

222

dbaba

baabcbabad

d

ba

d

dba
D

+++

¡-¡¡+¡¡-¡¡

ö
ö

÷

õ

æ
æ

ç

å +++
= wwnnwwnr
p

gJwn       



ʋʧʨʦʱʘʷ ʜʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ, ʥʘʭʦʜʠʤ ʦʙʱʠʡ ʚʠʜ ɼʋʈʄ (2.25)  
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ʛʜʝ a, b, d, aɜ¡, bɜ¡, cɜ¡, aɤ¡, bɤ¡  ʟʘʜʘʥʳ ʚʳʨʘʞʝʥʠʷʤʠ (2.11). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʚ ʚʳʨʘʞʝʥʠʠ (2.27) ʧʨʦʠʟʦʰʣʘ ʟʘʤʝʥʘ ʧʨʦʠʟʚʦʜʥʦʡ x¡ ʥʘ 

ʚʝʣʠʯʠʥʫ 
2

22

d

ba +
ʩ ʷʢʦʙʠʘʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

( ) ( )
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baabcbabad
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¡-¡¡+¡¡-¡¡
= wwnnwwn

Jgnw . 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʌʇʈɺ ɟ(c,ű) ʠʤʝʝʪ ʚʠʜ (2.24) ʠʣʠ (2.24a) (ʪ.ʝ. ʢʦʛʜʘ ʦʪʨʘʞʘʶʱʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʠʟʦʪʦʧʥʘʷ), ʪʦ ʚʤʝʩʪʦ ʌʇʈɺ (2.27), ʩ ʫʯʝʪʦʤ (2.15), ʧʦʣʫʯʠʤ 
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(2.28a)   

 

ʌʦʨʤʫʣ r (2.27), (2.28) ʠ (2.28ʘ) ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ɼʋʈʄ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ (ʩʤʦʪʨʠʪʝ Ä2.1): 

- ʥʝʨʦʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʘ;  

- ʥʝʨʦʚʥʦʩʪʠ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʝ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʘʟʤʝʨʘʤʠ ʤʠʢʨʦʯʘʩʪʠʮʳ; ʧʨʠ ʵʪʦʤ ʦʪʨʘʞʝʥʠʝ ʤʠʢʨʦʯʘʩʪʠʮ ʦʪ ʚʩʝʭ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʟʘʢʦʥʘʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ (ʨʠʩ. 4 ʠ 5); 

- ʫʯʘʩʪʦʢ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʦʪʨʘʞʝʥʠʠ ʤʠʢʨʦʯʘʩʪʠʮ, ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʠ ʜʝʪʝʢʪʦʨʘ ʤʠʢʨʦʯʘʩʪʠʮ (ʨʠʩ. 2). 

 

2.6 ʌʇʈɺ ɟ[x¡ (r)] ʧʨʦʠʟʚʦʜʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ x(r) 

ɺ § 2.4 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ɼʋʈʄ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʨʦʚʥʦʡ ʦʪʨʘʞʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ x(x,y), ʣʶʙʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ 

ʩʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ x(r) (ʨʠʩ. 3), ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʌʇʈɺ ɟ[x¡ (r)] ʧʨʦʠʟʚʦʜʥʦʡ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ.  

ɼʣʷ ʧʦʠʩʢʘ ɟ[x¡ (r)] ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʚ [34, 35]. ɽʩʣʠ ʠʟʚʝʩʪʥʘ 

ʌʇʈɺ ɟ(x) ʦʜʥʦʤʝʨʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʉʉʇ) x(r) = x, ʪʦ ʌʇʈɺ ɟ(x¡ ) 

ʧʨʦʠʟʚʦʜʥʦʡ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʘʣʴʥʦʡ 

ʧʨʦʮʝʜʫʨʳ [34, 35]: 



ʘ) ɿʘʜʘʥʥʘʷ ʌʇʈɺ ɟ(ɝ) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʘʤʧʣʠʪʫʜ 

ʚʝʨʦʷʪʥʦʩʪʠ ɣ(ɝ):  

                                                        ()()xyxyxr =)( .                                                (2.29) 

ʙ) ʆʩʫʱʝʩʪʚʣʷʶʪʩʷ ʜʚʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ [34, 35] 

                                      ñ
¤

¤-

¡=¡ xhxxxy
p

xy di }/exp{)(
2

1
)( ,                                   (2.30) 

                                      ñ
¤

¤-

¡-=¡* xhxxxy
p

xy di }/exp{)(
2

1
)( .                                 (2.31) 

ʛʜʝ                                                                
corr

22 xsh= ,                                                         (2.32) 

sɝ   ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (ʉʂʆ) ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ɝ(r) = ɝ; 

rcor ï ʨʘʜʠʫʩ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʚ) ʀʩʢʦʤʘʷ ʌʇʈɺ ʧʨʦʠʟʚʦʜʥʦʡ ʉʉʇ ɝ(r) = ɝ  ʨʘʚʥʘ [34, 35]:  

                                           ()() ().)(
2* xjxjxjxr ¡=¡¡=¡                                        (2.33)         

ʇʨʠʤʝʥʠʤ ʧʨʦʮʝʜʫʨʫ (2.29) ï (2.33) ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʌʇʈɺ ɟ[x¡ (r)] ʧʨʦʠʟʚʦʜʥʦʡ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʘʪʠʩʪʠʢʘʤʠ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ.   

1] ʌʇʈɺ ʧʨʦʠʟʚʦʜʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʇʫʩʪʴ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ r ʉʉʇ ɝ(r) ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ɝ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚʳʩʦʪʘ 

ʥʝʨʦʚʥʦʩʪʠ) ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʛʘʫʩʩʦʚʦʤʫ ʟʘʢʦʥʫ  

                                    { }2

1

2

1
2

2/)(exp
2

1
)( xx

x

sx
ps

xr a--= ,                                    (2.34) 

ʛʜʝ sɝ12 ʠ  ʘɝ1  ï ʜʠʩʧʝʨʩʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ɝ(r). 

ʉʦʛʣʘʩʥʦ (2.29), ʧʨʝʜʩʪʘʚʠʤ ʌʇʈɺ (2.34) ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʘʤʧʣʠʪʫʜ 

ʚʝʨʦʷʪʥʦʩʪʠ   

                                                     ()(),)( xyxyxr =    

ʛʜʝ                                             { }.4/)(exp
2

1
)( 2

1

2

1
4 2

1

xx

x

sx
ps

xy a--=                               (2.35)                                                                                              

ʇʦʜʩʪʘʚʠʤ (2.35) ʚ (2.30) ʠ (2.31) 
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,                   (2.36) 
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.               (2.37) 

ɺʳʧʦʣʥʠʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 
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                             { } .}/exp{)]2/(2/[exp
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hxshx

sph
xy xx

x

¡-¡-=¡ ia              (2.39) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (2.33) ʧʝʨʝʤʥʦʞʠʤ (2.38) ʠ (2.39), ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ      

                                      { },2/exp
2

1
)( 22

2
x

x

sx
ps

xr ¡

¡

¡-=¡

                       

          (2.40) 

ʛʜʝ ʩʦʛʣʘʩʥʦ  (2.32)                                   xs¡= sɝ1 /rcor1                                                        (2.41) 

ï ʉʂʆ ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ x¡ (r) = x¡ ; 

rcor1 ï ʨʘʜʠʫʩ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʠʩʭʦʜʥʦʛʦ ʉʉʇ ɝ(r) = ɝ ʩ ʛʘʫʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ 

ʥʝʨʦʚʥʦʩʪʝʡ. 

2] ʌʇʈɺ ʧʨʦʠʟʚʦʜʥʦʡ ʉʉʇ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ  

ʇʫʩʪʴ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ r ʉʉʇ ɝ(r) = ɝ  ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ɝ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ 

ʨʘʚʥʦʤʝʨʥʦʤʫ ʟʘʢʦʥʫ ʚ ʠʥʪʝʨʚʘʣʝ ɝ1<ɝ <ɝ2 

                                                        
12

1
)(

xx
xr

-
= .                                                    (2.42) 

ʉʦʛʣʘʩʥʦ (2.29), ʧʨʝʜʩʪʘʚʠʤ ʌʇʈɺ (2.42) ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʘʤʧʣʠʪʫʜ 

ʚʝʨʦʷʪʥʦʩʪʠ  

                                                       ()(),)( xyxyxr =                                                (2.43) 

ʛʜʝ                                                            .
1

)(
12 xx

xy
-

=                                                (2.44)                                                                                              

ʇʦʜʩʪʘʚʠʤ (2.43) ʚ (2.30) ʠ (2.31) 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (2.45), ʧʦʣʫʯʠʤ 
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ʋʯʪʝʤ, ʯʪʦ (ɝ2 ï ɝ1)/2 = ʘɝ2 ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, ɝ1ï ɝ2 = l ï ʙʘʟʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʉʉʇ ɝ(r). ʊʝʧʝʨʴ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ɝ1= ʘɝ2 ï l/2 ʠ  ɝ2 = ʘɝ2 + l/2, ʧʨʠ ʵʪʦʤ 

ʚʳʨʘʞʝʥʠʝ (2.47) ʧʨʠʥʠʤʘʝʪ ʚʠʜ  
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ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ 
i
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2
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= , ʧʨʝʜʩʪʘʚʠʤ (2.48) ʚ ʚʠʜʝ
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         (2.49) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʦʛʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʬʦʨʤʫʣʝ (2.46), ʧʦʣʫʯʠʤ 
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                    (2.50) 

ʇʦʜʩʪʘʚʣʷʷ (2.49) ʠ (2.50) ʚ (2.33), ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʘʭʦʜʠʤ      
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ʛʜʝ                                                ,
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xxh -
=== corcor r
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                   (2.52) 

rcor2 ï ʨʘʜʠʫʩ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʠʩʭʦʜʥʦʛʦ ʉʉʇ ɝ(r) = ɝ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ 

ʥʝʨʦʚʥʦʩʪʝʡ.   

ɿʜʝʩʴ ʫʯʪʝʥʦ, ʯʪʦ ʩʦʛʣʘʩʥʦ (2.32)  
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ʛʜʝ 
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xx
sx
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l
ï ʜʠʩʧʝʨʩʠʷ ʉʉʇ ɝ(r) = ɝ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ 

ʥʝʨʦʚʥʦʩʪʝʡ (2.42).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʉʉʇ ɝ(r) = ɝ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ, 

ʌʇʈɺ ɟ(x¡ ) ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʡ x¡ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ sin2x¡ /x¡ 2 (2.51) ʩ ʧʘʨʘʤʝʪʨʦʤ 

ʤʘʩʰʪʘʙʘ k2 (2.52). 

3] ʌʇʈɺ ʧʨʦʠʟʚʦʜʥʦʡ ʉʉʇ ʩ ʣʘʧʣʘʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ  

ʇʫʩʪʴ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ r ʉʉʇ ɝ(r) = ɝ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ɝ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʟʘʢʦʥʫ 

ʃʘʧʣʘʩʘ 
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ʛʜʝ 1/ Lmï ʧʘʨʘʤʝʪʨ ʤʘʩʰʪʘʙʘ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ɝ(r) = ɝ; 

       ʘɝ3 ï ʧʘʨʘʤʝʪʨ ʩʜʚʠʛʘ (ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ). 



ʉʦʛʣʘʩʥʦ (2.29), ʧʨʝʜʩʪʘʚʠʤ ʌʇʈɺ (2.54) ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʘʤʧʣʠʪʫʜ 

ʚʝʨʦʷʪʥʦʩʪʠ  

                                                        ()(),)( xyxyxr =                                               (2.55) 
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ʇʦʜʩʪʘʚʠʤ (2.56) ʚ (2.30) ʠ (2.31) 
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ʇʝʨʝʧʠʰʝʤ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʚ ʚʠʜʝ    
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ɺʳʧʦʣʥʠʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ  
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ʇʦʜʩʪʘʚʣʷʷ (2.61) ʠ (2.62) ʚ (2.33), ʥʘʭʦʜʠʤ    
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ɼʠʩʧʝʨʩʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʃʘʧʣʘʩʘ (2.54) ʨʘʚʥʘ 22

3 2 Lmsx = , ʧʦʵʪʦʤʫ, ʩʦʛʣʘʩʥʦ (2.32), ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ                                            

                                                             ,
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h=                                                        (2.64) 

ʛʜʝ rcor3 ï ʨʘʜʠʫʩ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʠʩʭʦʜʥʦʛʦ ʉʉʇ ɝ(r) = ɝ ʩ ʣʘʧʣʘʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ.   

ʇʦʜʩʪʘʚʣʷʷ (2.64) ʚ (2.63), ʧʦʣʫʯʠʤ 
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ʛʜʝ 
3

3

2

cor

L

r
k

m
= ï ʧʘʨʘʤʝʪʨ ʤʘʩʰʪʘʙʘ.  



ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʣʘʧʣʘʩʦʚʩʢʦʛʦ ʉʉʇ ɝ(r) = ɝ  ʌʇʈɺ ɟ(x¡ ) ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʡ x¡  

ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʂʦʰʠ (2.65) ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ (ʪ.ʝ. ʧʘʨʘʤʝʪʨʦʤ ʩʜʚʠʛʘ) 

ʨʘʚʥʳʤ ʥʫʣʶ. 

4] ʌʇʈɺ ʧʨʦʠʟʚʦʜʥʦʡ ʉʉʇ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦ ʟʘʢʦʥʫ ʂʦʰʠ  

ʇʫʩʪʴ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ r ʉʉʇ ɝ(r) = ɝ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ɝ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʟʘʢʦʥʫ 

ʂʦʰʠ 
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ʛʜʝ mK ï ʧʘʨʘʤʝʪʨ ʤʘʩʰʪʘʙʘ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ɝ(r); ʘɝ4  ï ʧʘʨʘʤʝʪʨ ʩʜʚʠʛʘ. 

ɺʳʧʦʣʥʷʷ ʜʝʡʩʪʚʠʷ (2.29) ï (2.33) ʦʙʨʘʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ (2.57) ï (2.63), ʧʦʣʫʯʠʤ 
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ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʤʘʩʰʪʘʙʘ k4 ʦʪʤʝʪʠʤ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʦʰʠ, 

ʢʘʢ ʠʟʚʝʩʪʥʦ, ʥʝ ʦʧʨʝʜʝʣʝʥʘ ʠ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʥʦ ʚʳʩʦʪʳ ʥʝʨʦʚʥʦʩʪʝʡ ʨʝʘʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʨʝʜʝʣʝʥʳ ʪʦʣʴʢʦ ʧʦ ʫʩʝʯʝʥʥʦʤʫ ʟʘʢʦʥʫ ʂʦʰʠ ʩ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʠʩʧʝʨʩʠʝʡ sɝ42  25mK
2. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʦʛʣʘʩʥʦ (2.32) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 
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                                                      (2.68)        

ʛʜʝ rcor4 ï ʨʘʜʠʫʩ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʠʩʭʦʜʥʦʛʦ ʉʉʇ ɝ(r) = ɝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ 

ʥʝʨʦʚʥʦʩʪʝʡ ɝ ʧʦ ʟʘʢʦʥʫ ʂʦʰʠ (2.66).   

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʦʮʝʥʢʫ ʧʘʨʘʤʝʪʨʘ ʤʘʩʰʪʘʙʘ 

                                                             .
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʉʉʇ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ ɝ(r) = ɝ ʧʦ ʟʘʢʦʥʫ 

ʂʦʰʠ (2.66) ʌʇʈɺ ɟ(x¡ ) ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʡ x¡  ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʃʘʧʣʘʩʘ (2.67) ʩ 

ʧʘʨʘʤʝʪʨʦʤ ʤʘʩʰʪʘʙʘ (2.69) ʠ ʧʘʨʘʤʝʪʨʦʤ ʩʜʚʠʛʘ ʨʘʚʥʳʤ ʥʫʣʶ. 

5] ʌʇʈɺ ʧʨʦʠʟʚʦʜʥʦʡ ʉʉʇ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦ ʤʥʦʛʦʩʣʦʡʥʦʤʫ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ    

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʩʝʷʥʠʝ ʤʠʢʨʦʯʘʩʪʠʮ (ʚ ʯʘʩʪʥʦʩʪʠ, ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʬʦʪʦʥʦʚ) ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ. ʇʘʜʘʶʱʠʝ ʤʠʢʨʦʯʘʩʪʠʮʳ ʤʦʛʫʪ ʦʪʨʘʟʠʪʴʩʷ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʘʪʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 6 ʘ). ɼʘʥʥʳʡ ʩʣʫʯʘʡ ʵʢʚʠʚʘʣʝʥʪʝʥ ʨʘʩʩʝʷʥʠʶ 

ʤʠʢʨʦʯʘʩʪʠʮ ʥʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʞʜʳʡ ʩʣʦʡ ʢʦʪʦʨʦʡ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʜʘʥ ʜʚʫʤʝʨʥʳʤ ʦʜʥʦʨʦʜʥʳʤ ʠ ʠʟʦʪʨʦʧʥʳʤ ʉʉʇ x(x,y), ʚ ʩʨʝʜʥʝʤ ʧʦʚʪʦʨʷʶʱʠʤ 

ʩʪʨʫʢʪʫʨʫ ʧʣʦʩʢʦʡ ʘʪʦʤʥʦʡ ʨʝʰʝʪʢʠ (ʨʠʩ. 6 ʙ).  



ɽʩʣʠ ʚ ʨʘʩʩʝʷʥʠʠ ʤʠʢʨʦʯʘʩʪʠʮ ʫʯʘʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚʝʨʭʥʠʡ ʩʣʦʡ ʢʨʠʩʪʘʣʣʘ, ʪʦ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʘʟʠʤʫʪʘʣʴʥʦʤ ʩʝʯʝʥʠʝ r ʪʘʢʦʛʦ ʉʉʇ ɝ(r) = ɝ  ʩʣʫʯʘʡʥʘʷ 

ʚʝʣʠʯʠʥʘ ɝ (ʪ.ʝ. ʚʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ) ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ  
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 (2.70)

    

ʛʜʝ l1 ï ʪʦʣʱʠʥʘ ʦʜʥʦʛʦ (ʧʝʨʚʦʛʦ) ʦʪʨʘʞʘʶʱʝʛʦ ʩʣʦʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 6 ʚ). 

 

 

 

 

 

 

 

 

       

                             ʘ)                                                          ʙ)                            ʚ) 

ʈʠʩ. 6 ʘ) ʆʪʨʘʞʝʥʠʝ ʧʘʜʫʶʱʠʭ ʤʠʢʨʦʯʘʩʪʠʮ ʦʪ ʨʘʟʣʠʯʥʳʭ ʘʪʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ; ʙ) ʈʘʩʩʝʷʥʠʝ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʧʨʠ 

ʵʪʦʤ ʢʘʞʜʳʡ ʩʣʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʘʷ ʥʝʨʦʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʪʠʧʘ; ʚ)ʄʥʦʛʦʛʦʨʙʘʷ ʩʠʥʫʩʦʠʜʘʣʴʥʘʷ ʌʇʈɺ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ (2.71) 

      

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʨʘʩʩʝʷʥʠʠ ʤʠʢʨʦʯʘʩʪʠʮ ʵʬʬʝʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ 

ʦʜʠʥʘʢʦʚʳʭ ʩʣʦʝʚ ʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 6ʙ), ʪʦ ʩʣʝʜʫʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʥʦʛʦʛʦʨʙʦʡ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʌʇʈɺ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ (ʨʠʩ. 6ʚ). 
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 (2.71) 

    

ʛʜʝ n1 ï ʯʠʩʣʦ ʦʜʠʥʘʢʦʚʳʭ ʥʝʨʦʚʥʳʭ ʩʣʦʝʚ ʢʨʠʩʪʘʣʣʘ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʠʧʘ, 

ʫʢʣʘʜʳʚʘʶʱʠʭʩʷ ʚ ʠʥʪʝʨʚʘʣʝ [0, l2], ʟʜʝʩʴ l2 = n1l1 ï ʛʣʫʙʠʥʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʩʝʠʚʘʶʱʝʡ ʤʠʢʨʦʯʘʩʪʠʮ.r   

ʉʦʛʣʘʩʥʦ (2.29), ʧʨʝʜʩʪʘʚʠʤ ʌʇʈɺ (2.71) ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʘʤʧʣʠʪʫʜ 

ʚʝʨʦʷʪʥʦʩʪʠ  

                                                  ()(),)( xyxyxr =                                                         
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ʇʦʜʩʪʘʚʠʤ (2.72) ʚ (2.30) ʠ (2.31) 
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ɺʳʧʦʣʥʷʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ [ʩʤʦʪʨʠʪʝ ʇʨʠʣʦʞʝʥʠʝ 2, (ʇ.2.12) ʠ (ʇ.2.13)], ʧʦʣʫʯʠʤ  
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.
)//(

1

)//(

1

4

1
)(*

21

)/(

21

)/(

2

2121

ö
ö
÷

õ
æ
æ
ç

å

¡+

-
+

¡-

-
-=¡

¡+-¡-

hxphxpp
xy

hxphxp

ln

e

ln

e

l

lnilni

      

             (2.75) 

  

  

 

ʇʦʜʩʪʘʚʣʷʷ (2.74) ʠ (2.75) ʚ (2.33) [ʩʤʦʪʨʠʪʝ ʇʨʠʣʦʞʝʥʠʝ 3, (ʇ.3.12)], ʥʘʭʦʜʠʤ  
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ɼʠʩʧʝʨʩʠʷ ʤʥʦʛʦʛʦʨʙʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (2.71) ʨʘʚʥʘ 
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ʇʦʵʪʦʤʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʦʛʣʘʩʥʦ (2.32), ʠʤʝʝʤ ʤʘʩʰʪʘʙʥʳʡ ʧʘʨʘʤʝʪʨ                                                            
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ʛʜʝ rcor5 ï ʨʘʜʠʫʩ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʦʜʥʦʛʦ ʥʝʨʦʚʥʦʛʦ ʩʣʦʷ ʢʨʠʩʪʘʣʣʘ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʠʧʘ.  

ʌʇʈɺ (2.76) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ         
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(2.79)

                

ʉ ʫʯʝʪʦʤ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳö
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ʚʳʨʘʞʝʥʠʷ (2.79) ʧʦʣʫʯʠʤ ʝʱʝ ʦʜʠʥ ʚʠʜ ʠʩʢʦʤʦʡ ʌʇʈɺ 
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       (2.80)

        

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʉʉʇ ʩ ʤʥʦʛʦʛʦʨʙʦʡ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʌʇʈɺ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ 

(2.71) ʌʇʈɺ ɟ(x¡ ) ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʡ x¡ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (2.76) [ʠʣʠ ʚ ʠʥʦʤ ʚʠʜʝ 

(2.80)] ʩ ʤʘʩʰʪʘʙʥʳʤ ʧʘʨʘʤʝʪʨʦʤ (2.78). 

ʉ ʧʦʤʦʱʴʶ ʬʦʨʤʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʳ (2.29) ï (2.33) ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʌʇʈɺ ɟ(x¡ ) 

ʧʨʦʠʟʚʦʜʥʦʡ x¡ ʜʣʷ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʉʉʇ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʘʪʠʩʪʠʢʘʤʠ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ x.  

ʌʇʈɺ ɟ(x¡ ) (2.40), (2.51), (2.65), (2.67), (2.76) ʠ ʜʨʫʛʠʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʦ 

ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ ʩʪʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. 

 

3 ʈʝʟʫʣʴʪʘʪʳ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʝʪʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʘʟʜʝʣʝ 2, ʚ ʵʪʦʡ ʯʘʩʪʠ ʩʪʘʪʴʠ ʧʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ 

ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʳʭ ʜʠʘʛʨʘʤʤ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ (ɼʋʈʄ) ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʥʝʨʦʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʢʠʨʭʛʦʬʦʚʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ.  

 

3.1 ʆʙʲʝʤʥʳʝ ʜʠʘʛʨʘʤʤ rʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʥʝʨʦʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ  

1] ʆʙʲʝʤʥʘʷ ʜʠʘʛʨʘʤʤʘ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʛʘʫʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʜʫʨʫ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʤʥʦʡ ɼʋʈʄ D(ɜ,ɤ/ᶧ,ɔ) (2.27) 

ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʦʜʥʦʨʦʜʥʳʝ ʠ ʠʟʦʪʨʦʧʥʳʝ ʥʝʨʦʚʥʦʩʪʠ x(x,y) ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʨʠʩ. 3) ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩ ʢʦʨʜʠʪʘʤʠ x,y ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʟʘʢʦʥʫ ɻʘʫʩʩʘ (2.34).  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʌʇʈɺ ɟ(x¡ ) ʧʨʦʠʟʚʦʜʥʦʡ ʜʘʥʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʛʘʫʩʩʦʚʦʡ (2.40) 

                                   ( ),2/exp
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ʛʜʝ xs¡= sɝ1 /rcor1.      

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ, ʦʧʠʩʘʥʥʤr ʚ ʢʦʥʮʝ Ä 2.5, ʚʤʝʩʪʦ x¡ ʚ (3.1) ʧʦʜʩʪʘʚʠʤ  
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ʇʦʜʩʪʘʚʣʷʷ (3.2) ʚ (2.27), ʧʦʣʫʯʠʤ ʷʚʥʳʡ ʚʠʜ ʠʩʢʦʤʳʡ ɼʋʈʄ ʚ ʩʣʫʯʘʝ ʛʘʫʩʩʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ  
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(3.3) 

ʛʜʝ xs¡= sɝ1 /rcor1 , ʚʝʣʠʯʠʥʳ  a, b, d, aɜ¡, bɜ¡, cɜ¡, aɤ¡, bɤ¡  ʟʘʜʘʥʳ ʚʳʨʘʞʝʥʠʷʤʠ (2.11). 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ, ʫʢʘʟʘʥʥʳʭ ʚ ʢʦʥʮʝ Ä2.5, ʚʳʨʘʞʝʥʠʝ (3.3), ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʫʣʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʦʡ ɼʋʈʄ ʥʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʤʝʨʘʤʠ 

ʤʠʢʨʦʯʘʩʪʠʮ) ʥʝʨʦʚʥʦʡ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʛʘʫʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ 

ʥʝʨʦʚʥʦʩʪʝʡ x(x,y).  

ɼʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (3.3) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʦʚ ,ᵻ ɔ, sɝ1  ʠ rcor1, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 7 (ʩʤʦʪʨʠʪʝ ʇʨʠʣʦʞʝʥʠʝ 4).  

 

                
                

           ʘ) ʧʨʠ: ᶧ = 650, ɔ = 00, sɝ1 = 3,  rcor1= 5                  ʙ)  ʧʨʠ: ᶧ = 430,  ɔ = 00, sɝ1 = 3,   rcor1= 5 

 

                         
 

           ʚ) ʧʨʠ: ᶧ = 600, ɔ = 00, sɝ1 = 5,  rcor1= 5                 ʛ) ʧʨʠ: ᶧ = 230,  ɔ = 00, sɝ1 = 17,  rcor1= 5 
 

 

ʈʠʩ. 7 ʆʙʲʝʤʥʳʝ ɼʋʈʄ ʥʘ ʦʜʥʦʨʦʜʥʦʡ ʠ ʠʟʦʪʨʦʧʥʦʡ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʛʘʫʩʩʦʚʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʧʦ ʬʦʨʤʫʣʝ (3.3) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ,ᵻ ɔ, sɝ1 ʠ rcor1. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ɼʋʈʄ ʨʘʩʩʯʠʪʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ MathCad 
 

 

 

 



2] ʆʙʲʝʤʥʘʷ ɼʋʈʄ ʥʘ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ 

ʥʝʨʦʚʥʦʩʪʝʡ 

ʇʫʩʪʴ ʦʜʥʦʨʦʜʥʳʝ ʠ ʠʟʦʪʨʦʧʥʳʝ ʥʝʨʦʚʥʦʩʪʠ x(x,y) ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʢʘʞʜʦʡ 

ʪʦʯʢʝ ʩ ʢʦʨʜʠʪʘʤʠ x,y ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʨʘʚʥʦʤʝʨʥʦʤʫ ʟʘʢʦʥʫ (2.42). ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʠʩʧʦʣʴʟʫʝʤ ʌʇʈɺ ɟ(x¡ ) (2.51). ɺrʧʦʣʥʷʷ ʜʝʡʩʪʚʠʷ ʘʥʘʣʦʛʠʯʥʳʝ (3.1) ï (3.3), ʧʦʣʫʯʠʤ 

ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʳʭ ɼʋʈʄ ʥʘ ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
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      (3.4) 
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ï ʧʘʨʘʤʝʪʨ ʤʘʩʰʪʘʙʘ.

       

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʫʣʝ (3.4) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ,ᵻ ɔ, l   ʠ rcor2, ʧʦʢʘʟʘʥʳ 

ʥʘ ʨʠʩ. 8 (ʩʤʦʪʨʠʪʝ ʇʨʠʣʦʞʝʥʠʝ 5). 

 

              

           ʘ) ʧʨʠ: ᶧ = 650,   ɔ = 00,  l  = 3,   rcor2= 5                           ʙ)  ʧʨʠ: ᶧ = 430,  ɔ = 00,  l  = 3,   rcor2= 5 

 

                

                            

  

           ʚ) ʧʨʠ: ᶧ = 600,   ɔ = 00,  l  = 5,   rcor2 = 5                            ʛ) ʧʨʠ: ᶧ = 230,   ɔ = 00,  l  = 17,  rcor2 = 5 

 

 

ʈʠʩ. 8 ʆʙʲʝʤʥʳʝ ɼʋʈʄ ʥʘ ʦʜʥʦʨʦʜʥʦʡ ʠ ʠʟʦʪʨʦʧʥʦʡ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʧʦ ʬʦʨʤʫʣʝ (3.4)  

 

 

 

 



3] ʆʙʲʝʤʥʘʷ ɼʋʈʄ ʥʘ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʣʘʧʣʘʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ 

ʥʝʨʦʚʥʦʩʪʝʡ 

ʇʫʩʪʴ ʦʜʥʦʨʦʜʥʳʝ ʠ ʠʟʦʪʨʦʧʥʳʝ ʥʝʨʦʚʥʦʩʪʠ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʢʘʞʜʦʤ ʝʝ 

ʘʟʠʤʫʪʘʣʴʥʦʤ ʩʝʯʝʥʠʠ r, ʨʠʩ. 5, ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʟʘʢʦʥʫ ʃʘʧʣʘʩʘ (2.54). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʫʝʤ ʌʇʈɺ ɟ(x¡ ) (2.65). ɺrʧʦʣʥʷʷ ʜʝʡʩʪʚʠʷ ʘʥʘʣʦʛʠʯʥʳʝ (3.1) ï (3.3), ʧʦʣʫʯʠʤ 

ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʳʭ ɼʋʈʄ ʥʘ ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
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(3.5) 
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ï ʧʘʨʘʤʝʪʨ ʤʘʩʰʪʘʙʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʫʣʝ (3.5) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ,ᵻ ɔ, mL ʠ rcor3, 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 9 (ʩʤʦʪʨʠʪʝ ʇʨʠʣʦʞʝʥʠʝ 6). 

 

 

                    

                  ʘ) ʧʨʠ: ᶧ = 650,   ɔ = 00,  mL = 3,   rcor3 = 5                  ʙ)  ʧʨʠ: ᶧ = 430,  ɔ = 00,  mL = 3,   rcor3 = 5 

 

 

                        

 

                 ʚ) ʧʨʠ: ᶧ = 600,   ɔ = 00,  mL = 5,   rcor3 = 5                  ʛ) ʧʨʠ: ᶧ = 230,   ɔ = 00,  mL = 17,   rcor3 = 5 

 

 

ʈʠʩ. 9 ʆʙʲʝʤʥʳʝ ɼʋʈʄ ʥʘ ʦʜʥʦʨʦʜʥʦʡ ʠ ʠʟʦʪʨʦʧʥʦʡ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʣʘʧʣʘʩʦʚʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʧʦ ʬʦʨʤʫʣʝ (3.5).  

 

 



4] ʆʙʲʝʤʥʳʝ ɼʋʈʄ ʥʘ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦ 

ʟʘʢʦʥʫ ʂʦʰʠ 

ʇʫʩʪʴ ʦʜʥʦʨʦʜʥʳʝ ʠ ʠʟʦʪʨʦʧʥʳʝ ʥʝʨʦʚʥʦʩʪʠ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʢʘʞʜʦʤ ʝʝ 

ʘʟʠʤʫʪʘʣʴʥʦʤ ʩʝʯʝʥʠʠ r, ʨʠʩ. 3, ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʫʩʝʯʝʥʥʦʤʫ ʟʘʢʦʥʫ ʂʦʰʠ (2.66). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʤ ʌʇʈɺ ɟ(x¡ ) (2.67). ɺrʧʦʣʥʷʷ ʜʝʡʩʪʚʠʷ ʘʥʘʣʦʛʠʯʥʳʝ (3.1) ï (3.3), 

ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʲʝʤʥʳʭ ɼʋʈʄ ʥʘ ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ
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(3.6)  
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4
4º ï ʧʘʨʘʤʝʪʨ ʤʘʩʰʪʘʙʘ.                                                         

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʫʣʝ (3.6) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ,ᵻ ɔ, mK ʠ rcor4, 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 10 (ʩʤʦʪʨʠʪʝ ʇʨʠʣʦʞʝʥʠʝ 7). 

          

 

                ʘ) ʧʨʠ:  ᵻ= 750,   ɔ = 00,  mK = 3,   rcor4 = 8                      ʙ)  ʧʨʠ:  ᵻ= 380,  ɔ = 00,  mK = 9,   rcor4 = 8 

 

          

      

               ʚ) ʧʨʠ: ᶧ = 160,   ɔ = 00,  mK =12,   rcor4 = 8                       ʛ) ʧʨʠ: ᶧ = 870,   ɔ = 00,  mK = 5,   rcor4 = 6 

 

    

ʈʠʩ. 10 ʆʙʲʝʤʥʳʝ ɼʋʈʄ ʥʘ ʦʜʥʦʨʦʜʥʦʡ ʠ ʠʟʦʪʨʦʧʥʦʡ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦ ʫʩʝʯʝʥʥʦʤʫ ʟʘʢʦʥʫ ʂʦʰʠ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʧʦ 

ʬʦʨʤʫʣʝ (3.6)  

 

ɸʥʘʣʠʟ ʜʠʘʛʨʘʤʤ ʨʘʩʩʝʷʥʠʷ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 7 ï 10, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ɼʋʈʄ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʬʦʨʤʫʣʘʤ (3.3) ï (3.6), ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʧʨʫʛʦʝ ʨʘʩʩʝʷʥʠʝ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘ 



ʦʜʥʦʤ ʚʝʨʭʥʝʤ ʩʣʦʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʨʦʚʥʦʡ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ 

ʩʪʘʪʠʩʪʠʢʠ ʚʳʩʦʪ ʝʝ ʥʝʨʦʚʥʦʩʪʝʡ. ʆʜʥʦʩʣʦʡʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ 

ʥʝʨʦʚʥʦʩʪʝʡ ʧʦ ʟʘʢʦʥʫ ɻʘʫʩʩʘ, ʨʘʚʥʦʤʝʨʥʦʤʫ ʟʘʢʦʥʫ, ʟʘʢʦʥʫ ʃʘʧʣʘʩʘ ʠ ʟʘʢʦʥʫ ʂʦʰʠ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ ʨʘʩʩʝʠʚʘʶʪ ʤʠʢʨʦʯʘʩʪʠʮʳ. ʅʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ɼʋʈʄ, ʧʦʢʘʟʘʥʥʳʭ 

ʥʘ ʨʠʩ. 7 ï 10, ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʤʘʣʳʭ ʫʛʣʘʭ ʩʢʦʣʴʞʝʥʠʷ ʧʘʜʘʶʱʠʭ ʤʠʢʨʦʯʘʩʪʠʮ  ᵻʠ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʰʝʥʠʷ sɝm/rcor m.  

 

3.2 ʆʙʲʝʤʥʘʷ ʜʠʘʛʨʘʤʤʘ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩ ʤʥʦʛʦʛʦʨʙʳʤ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ 

ʥʝʨʦʚʥʦʩʪʝʡ  

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʩʝʷʥʠʝ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘ n1-ʩʣʦʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʢʘʞʜʳʡ ʩʣʦʡ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ ʠ ʠʟʦʪʨʦʧʥʦʡ ʜʚʫʭʤʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ x(x,y) ʩ 

ʥʝʨʦʚʥʦʩʪʷʤʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʠʧʘ (ʨʠʩ. 6ʙ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʥʦʛʦʛʦʨʙʳʤ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʩʦʪ ʥʝʨʦʚʥʦʩʪʝʡ ɝ(r) = ɝ (2.71), ʧʨʠ ʵʪʦʤ ʌʇʈɺ ɟ(x¡ ) 

ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʡ ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝ (2.76) ʩ ʤʘʩʰʪʘʙʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ɖ (2.78) 
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(3.7) 

  

   

ʠʣʠ ʪʘ ʞʝ ʬʫʥʢʮʠʷ ʚ ʚʠʜʝ (2.80)  
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(3.8) 

  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʤʥʦʡ ɼʋʈʄ ʥʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʠʩʧʦʣʴʟʫʝʤ 

ʤʝʪʦʜʠʢʫ, ʧʨʠʚʝʜʝʥʥʫʶ ʚ §2.5 [ʘʥʘʣʦʛʠʯʥʦ (3.1) ï (3.3)]. ɿʘʤʝʥʠʤ ʚ (3.7) [ʠʣʠ ʚ (3.8)] 

ʧʨʦʠʟʚʦʜʥʫ  ʁx¡ ʥʘ ʚʝʣʠʯʠʥʫ 
2
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, ʠ ʧʦʜʩʪʘʚʠʤ ʧʦʣʫʯʠʚʰʝʝʩʷ ʚʳʨʘʞʝʥʠʝ ʚ (2.27). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ɼʋʈʄ ʥʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ 
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                                                                                                                                                   (3.9)   

ʠʣʠ ʪʫ ʞʝ ʬʦʨʤʫʣʫ ʚ ʜʨʫʛʦʤ ʚʠʜʝ                                                                                           
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ʛʜʝ ʩʦʛʣʘʩʥʦ (2.11) 

     a = cosɜ cosɤ + cosᵻ  cosɔ;   b = cosɜ sinɤ + cosᵻ  sinɔ;   d = sinɜ + sinᵻ ;    aɜ¡ = ï sinɜ cosɤ;                             

    bɜ¡ = ï sinɜ sinɤ;     cɜ¡ = cosɜ;     aɤ¡ = ï cosɜ sinɤ;     bɤ¡ = cosɜ cosɤ ; 

ʩʦʛʣʘʩʥʦ (2.78)                                     ,
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ʟʜʝʩʴ  

l1 ï ʪʦʣʱʠʥʘ ʦʜʥʦʛʦ ʦʪʨʘʞʘʶʱʝʛʦ ʩʣʦʷ (ʪ.ʝ. ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʘʪʦʤʥʦʡ ʧʣʦʩʢʦʩʪʠ) ʢʨʠʩʪʘʣʣʘ 

(ʨʠʩ. 6ʙ); 

l2 = l1n1ï ʛʣʫʙʠʥʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʵʬʬʝʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʱʘʷ ʚ 

ʫʧʨʫʛʦʤ ʨʘʩʩʝʠʚʘʥʠʠ ʤʠʢʨʦʯʘʩʪʠʮ( )r;   

n1 ï ʯʠʩʣʦ ʥʝʨʦʚʥʳʭ ʩʣʦʝʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʠʧʘ), ʫʢʣʘʜʳʚʘʶʱʠʭʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ [0, l2]; 

rcor5 ï ʨʘʜʠʫʩ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʦʜʥʦʛʦ ʥʝʨʦʚʥʦʛʦ ʩʣʦʷ ʢʨʠʩʪʘʣʣʘ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʠʧʘ. 

ɼʘʥʥʳʡ ʨʘʜʠʫʩ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʧʨʠʤʝʨʥʦ ʨʘʚʝʥ ʫʩʨʝʜʥʝʥʥʦʤʫ ʨʘʜʠʫʩʫ ʢʨʠʚʠʟʥʳ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʥʝʨʦʚʥʦʩʪʝʡ ʦʜʥʦʛʦ ʩʣʦʷ ʢʨʠʩʪʘʣʣʘ;

                                                     

 

ᶧ, ɔ  ï ʫʛʣʳ, ʟʘʜʘʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ, ʧʘʜʘʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 2, 3, 5); 

ɜ, ɤ ï ʫʛʣʳ, ʟʘʜʘʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ, ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ ʚ ʩʪʦʨʦʥʫ ʜʝʪʝʢʪʦʨʘ (ʨʠʩ. 2, 3, 5). 

ɺr ʨʘʞʝʥʠʷ (3.9) ʠ (3.10) ʵʪʦ ʦʜʥʘ ʠ ʪʘ ʞʝ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ɼʋʈʄ ʥʘ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ (ɼʋʈʄ ʥʘ ʄʇʂ), ʪʦʣʴʢʦ ʟʘʧʠʩʘʥʥʘʷ ʚ ʨʘʟʥʳʭ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤʘʭ. ʌʦʨʤʫʣʫ (3.9) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʦʩʠʥʫʩ-ʚʝʨʩʠʝʡ ɼʋʈʄ ʥʘ 

ʄʇʂ, ʘ ʬʦʨʤʫʣʫ (3.10) ï ʩʠʥʫʩ-ʚʝʨʩʠʝʡ ɼʋʈʄ ʥʘ ʄʇʂ.    

ɼʋʈʄ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (3.9) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʷʪʠ ʧʘʨʘʤʝʪʨʦʚ ,ᵻ ɔ, 

l1, n1 ʠ rcor5, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 11 (ʩʤʦʪʨʠʪʝ ʇʨʠʣʦʞʝʥʠʝ 8).  

 



                    
                   ʘ) ʧʨʠ:  ᶧ = 450,   ɔ = 00,   n1 = 64,                                           ʙ) ʧʨʠ:  ᶧ = 450,  ɔ = 00,   n1 = 65, 

                       l1 =10ï11ʩʤ,   rcor5= 6 ·10ï9ʩʤ                                                l1 =10ï11ʩʤ,   rcor5= 6 ·10ï9ʩʤ 

 

 
              ʚ) ʧʨʠ:  ᶧ = 450,  ɔ = 00,   n1 = 126,                                             ʛ) ʧʨʠ:  ᶧ = 450,  ɔ = 00,   n1 = 127,   

                  l1 =10ï11ʩʤ,   rcor5= 6 ·10ï9ʩʤ                                                    l1 =10ï11ʩʤ,   rcor5= 6 ·10ï9ʩʤ 

 

            
             ʜ) ʧʨʠ:  ᶧ = 450,   ɔ = 00,   n1 = 46,                                              ʝ) ʧʨʠ:  ᶧ = 450,   ɔ = 00,   n1 = 47,   

              l1 =10ï11ʩʤ,   rcor5= 1,4·10ï9ʩʤ                                                       l1 =10ï11ʩʤ,   rcor5= 1,4 ·10ï9ʩʤ 

 

 

 

 

 

 

 

 

 

 

 
              ʞ) ʧʨʠ:  ᶧ = 450,  ɔ = 00,   n1 = 24,                                      ʟ) ʧʨʠ:  ᶧ = 450,  ɔ = 00,   n1 = 23,   

                     l1 =10ï11ʩʤ,   rcor5= 4·10ï9ʩʤ                                                   l1 =10ï11ʩʤ,   rcor5= 4·10ï9ʩʤ 

           

ʈʠʩ. 11 ʆʙʲʝʤʥʳʝ ʜʠʘʛʨʘʤʤ r ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (3.9) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʦʚ ,ᵻ l1, n1 ʠ rcor5  

 


