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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɤɚɮɟɞɪɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢ ɦɟɯɚɧɢɤɢ Ɏɚɤɭɥɶɬɟɬɚ ɮɢɡɢɤɨ-

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɢ ɟɫɬɟɫɬɜɟɧɧɵɯ ɧɚɭɤ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɚɜɬɨɧɨɦɧɨɝɨ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɭɱɪɟɠɞɟɧɢɹ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«Ɋɨɫɫɢɣɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɞɪɭɠɛɵ ɧɚɪɨɞɨɜ» (ɊɍȾɇ) 
 

 
ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ:                           Ɋɵɛɚɤɨɜ Юɪɢɣ ɉɟɬɪɨɜɢɱ 

ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ,                   Ɂɚɫɥɭɠɟɧɧɵɣ ɞɟɹɬɟɥɶ ɧɚɭɤɢ ɊɎ, 

ɩɪɨɮɟɫɫɨɪ                              ɡɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ ɬɟɨɪɟɬɢɱɟɫɤɨɣ 

                                                 ɮɢɡɢɤɢ  ɢ ɦɟɯɚɧɢɤɢ ɊɍȾɇ, 
 

Ɉɮɢɰɢɚɥɶɧɵɟ ɨɩɩɨɧɟɧɬɵ:                           ɋɚɯɚ Ȼɢɞɠɚɧ  

ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ                    ɜɟɞɭɳɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ Ʌɚɛɨɪɚɬɨɪɢɢ 

                           ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ  
                                                                                  Ɉɛɴɟɞɢɧɟɧɧɨɝɨ 

                           ɢɧɫɬɢɬɭɬɚ ɹɞɟɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

                           (ɅɂɌ Ɉɂəɂ, Ⱦɭɛɧɚ) 
 

ɤɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ                Ʉɚɦɚɥɨɜ Ɍɢɦɭɪ Ɏɹɧɨɜɢɱ 

                                                                                   ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ 

                                                                                  ɎȽȺɈɍ ȼɈ «Ɇɨɫɤɨɜɫɤɢɣ ɮɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɣ 

                                                                                   ɢɧɫɬɢɬɭɬ (ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ)» 

ȼɟɞɭɳɚɹ ɨɪɝɚɧɢɡɚɰɢɹ:                            Ɇɨɫɤɨɜɫɤɢɣ ɚɜɬɨɦɨɛɢɥɶɧɨ-ɞɨɪɨɠɧɵɣ  
                                                                                    ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

                                                                                    (ɆȺȾɂ) 
 

 

Ɂɚɳɢɬɚ ɫɨɫɬɨɢɬɫɹ “15” ɢɸɧɹ 2017 ɝ. ɜ 17:00 ɧɚ ɡɚɫɟɞɚɧɢɢ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɫɨɜɟɬɚ   
Ⱦ 212.203.34 ɜ ɎȽȺɈɍ  ȼɈ «Ɋɨɫɫɢɣɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ  ɞɪɭɠɛɵ  ɧɚɪɨɞɨɜ» (ɊɍȾɇ) ɩɨ ɚɞɪɟɫɭ: 
115419 ɝ. Ɇɨɫɤɜɚ, ɭɥ. Ɉɪɞɠɨɧɢɤɢɞɡɟ, ɞ. 3, ɚɭɞ.  110.  

 

ɋ ɞɢɫɫɟɪɬɚɰɢɟɣ ɦɨɠɧɨ ɨɡɧɚɤɨɦɢɬɶɫɹ ɜ ɧɚɭɱɧɨɣ ɛɢɛɥɢɨɬɟɤɟ ɎȽȺɈɍ ȼɈ «Ɋɨɫɫɢɣɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ  ɞɪɭɠɛɵ  ɧɚɪɨɞɨɜ» (ɊɍȾɇ) ɩɨ ɚɞɪɟɫɭ:  117198, ɝ. Ɇɨɫɤɜɚ, ɭɥ. Ɇɢɤɥɭɯɨ-Ɇɚɤɥɚɹ,  
ɞ. 6 ɢɥɢ ɧɚ ɨɮɢɰɢɚɥɶɧɨɦ ɫɚɣɬɟ ɞɢɫɫɟɪɬɚɰɢɨɧɧɵɯ ɫɨɜɟɬɨɜ ɊɍȾɇ ɩɨ ɚɞɪɟɫɭ: 
http://dissovet.rudn.ru  

 

Ⱥɜɬɨɪɟɮɟɪɚɬ ɪɚɡɨɫɥɚɧ “  __”  _____ 2017ɝ. 
 

                                                                                                                                      

ɍɱɟɧɵɣ ɫɟɤɪɟɬɚɪɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɫɨɜɟɬɚ 

Ⱦ 212.203.34,                         
ɤɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ,                                            
ɉɨɩɨɜɚ ȼɟɪɚ Ⱥɧɚɬɨɥɶɟɜɧɚ                                                                                                   
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Ɉɛɳɚɹ  ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɛɨɬɵ 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ 

 Ƚɪɚɮɟɧ, ɨɞɧɨɫɥɨɣɧɵɣ ɝɪɚɮɢɬ, ɩɪɟɞɨɫɬɚɜɢɥ ɦɧɨɝɨ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɥɹ ɮɢɡɢɤɢ ɢɡɭɱɢɬɶ 
ɢɧɬɟɪɟɫɧɵɟ ɚɧɚɥɨɝɢɢ c ɪɟɥɹɬɢɜɢɫɬɫɤɨɣ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɨɣ. Ƚɪɚɮɢɬ ɫɨɫɬɨɢɬ ɢɡ 
ɩɪɚɜɢɥɶɧɵɯ ɝɟɤɫɚɝɨɧɚɥɶɧɵɯ ɹɱɟɟɤ ɧɚ ɭɝɥɟɪɨɞɧɵɯ ɥɢɫɬɚɯ (ɝɪɚɮɟɧ),  ɧɚɥɨɠɟɧɧɵɯ ɞɪɭɝ 
ɧɚ ɞɪɭɝɚ, ɧɨ ɪɚɧɶɲɟ ɫɱɢɬɚɥɨɫɶ, ɱɬɨ ɨɞɢɧɨɱɧɵɣ ɥɢɫɬ ɧɟ ɦɨɝ ɛɵɬɶ ɩɨɥɭɱɟɧ ɜ 
ɢɡɨɥɢɪɨɜɚɧɧɨɦ ɜɢɞɟ, ɫ ɬɟɦ, ɱɬɨɛɵ ɫ ɧɢɦ ɦɨɝɥɢ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɷɥɟɤɬɪɢɱɟɫɤɢɟ 
ɢɡɦɟɪɟɧɢɹ. Ƚɪɚɮɟɧ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɢɡɜɟɫɬɧɵɯ ɢ ɨɛɫɭɠɞɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ 
ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ; ɜ 2010 ɝɨɞɭ ɇɨɛɟɥɟɜɫɤɭɸ ɩɪɟɦɢɸ ɩɨ ɮɢɡɢɤɟ ɩɨɥɭɱɢɥɢ ɞɜɚ ɭɱɟɧɵɯ, 
ɤɨɬɨɪɵɟ ɜɧɟɫɥɢ ɪɟɲɚɸɳɢɣ ɜɤɥɚɞ ɜ ɪɚɡɜɢɬɢɟ ɷɬɨɣ ɨɛɥɚɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɗɬɨ ɛɵɥɢ  

Ⱥɧɞɪɟ Ʉ. Ƚɟɣɦ ɢ Ʉ. ɋ. ɇɨɜɨɫɟɥɨɜ, ɪɚɛɨɬɚɜɲɢɟ  ɜ ɭɧɢɜɟɪɫɢɬɟɬɟ ɝ. Ɇɚɧɱɟɫɬɟɪ, ɜ 
ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ. Ɉɧɢ ɩɪɟɭɫɩɟɥɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɢɡɨɥɢɪɨɜɚɧɢɢ, ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ 
ɢɡɦɟɪɟɧɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɪɚɮɟɧɚ. Ɍɟɨɪɢɹ ɝɪɚɮɟɧɚ ɜɩɟɪɜɵɟ ɪɚɡɜɢɬɚ  ɉ. Ɋ. ɍɨɥɥɟɫɨɦ ɜ 
1947 ɝɨɞɭ.  ȼ ɤɚɱɟɫɬɜɟ ɨɬɩɪɚɜɧɨɣ ɬɨɱɤɢ ɞɥɹ ɩɨɧɢɦɚɧɢɹ  ɟɝɨ ɷɥɟɤɬɪɨɧɧɵɯ ɫɜɨɣɫɬɜ ɨɧ 
ɢɫɩɨɥɶɡɨɜɚɥ ɝɪɚɮɢɬ.  ɍɨɥɥɟɫ ɡɚɦɟɬɢɥ, ɱɬɨ ɬɟɨɪɟɬɢɱɟɫɤɢ ɝɪɚɮɟɧɨɜɵɟ ɞɢɫɩɟɪɫɢɨɧɧɵɟ 
ɤɪɢɜɵɟ ɫɨɞɟɪɠɚɬ ɩɚɪɭ ɛɟɡɦɚɫɫɨɜɵɯ ɞɢɪɚɤɨɜɫɤɢɯ Ʉ-ɤɨɧɭɫɨɜ. Ʉɨɧɭɫɵ Ⱦɢɪɚɤɚ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɛɥɸɞɚɸɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɦɟɬɨɞɚɦɢ ɮɨɬɨ-ɷɦɢɫɫɢɨɧɧɨɣ 
ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɫ ɯɨɪɨɲɢɦ ɭɝɥɨɜɵɦ ɪɚɡɪɟɲɟɧɢɟɦ. ɇɚ ɛɟɡɦɚɫɫɨɜɵɟ ɜɨɡɛɭɠɞɟɧɢɹ ɬɢɩɚ 
Ⱦɢɪɚɤɚ ɜɩɟɪɜɵɟ ɭɤɚɡɚɥ Ƚɨɪɞɨɧ ɍɨɥɬɟɪ ɋɟɦɟɧɨɜ, ɚ ɬɚɤɠɟ Ⱦɚɜɢɞɱɟɧɡɨ ɢ ȿɜɝɟɧɢɣ ɀ. 
Ɇɟɥɟ.     ɋɟɦɟɧɨɜ  ɨɬɦɟɬɢɥ ɩɨɹɜɥɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɥɢɧɢɣ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɧɚ 
ɷɥɟɤɬɪɨɧɧɨɦ ɭɪɨɜɧɟ Ʌɚɧɞɚɭ ɢɦɟɧɧɨ ɜ ɬɨɱɤɟ Ⱦɢɪɚɤɚ (ɒɚɪɚɩɨɜ, ɋ. 2005 ɝ.). 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɝɪɚɮɟɧɚ ɤɚɤ ɞɜɭɦɟɪɧɨɣ ɫɬɪɭɤɬɭɪɵ 
ɫɬɚɥɨ ɱɪɟɡɜɵɱɚɣɧɨ ɛɵɫɬɪɨ ɪɚɡɜɢɜɚɸɳɟɣɫɹ ɨɛɥɚɫɬɶɸ ɢ  ɩɪɢɜɥɟɤɚɟɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ 
ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɤɚɤ ɢɡ-ɡɚ ɧɟɨɛɵɱɧɵɯ ɦɚɝɧɢɬɧɵɯ  ɫɜɨɣɫɬɜ, ɬɚɤ ɢ ɜɵɫɨɤɨɣ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ.  

    Ƚɪɚɮɟɧ ɫɨɫɬɨɢɬ ɢɡ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚɩɨɞɨɛɢɟ ɩɱɟɥɢɧɵɯ ɫɨɬ, 
ɢɦɟɸɳɢɯ ɜɢɞ ɩɪɚɜɢɥɶɧɵɯ ɲɟɫɬɢɭɝɨɥɶɧɢɤɨɜ. ɗɬɭ ɲɟɫɬɢɭɝɨɥɶɧɭɸ ɹɱɟɣɤɭ  ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ  ɤɚɤ  ɛɟɧɡɨɥɶɧɨɟ  ɤɨɥɶɰɨ ɫ ɭɞɚɥɟɧɧɵɦɢ ɚɬɨɦɚɦɢ ɜɨɞɨɪɨɞɚ 
(ɉɨɥɢɧɝ,1972). ɇɟɫɦɨɬɪɹ ɧɚ ɭɝɥɟɪɨɞɧɵɣ, ɬ.ɟ. ɫɨɜɟɪɲɟɧɧɨ ɧɟɦɚɝɧɢɬɧɵɣ ɫɨɫɬɚɜ, ɷɬɨɬ 

ɦɚɬɟɪɢɚɥ ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɟ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ. ɉɨɞɤɥɸɱɟɧɢɟ ɦɚɝɧɟɬɢɡɦɚ ɤ ɞɥɢɧɧɨɦɭ 
ɫɩɢɫɤɭ ɧɟɨɛɵɱɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɝɪɚɮɟɧɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɦɨɦɟɧɬɚ ɟɝɨ ɩɟɪɜɨɝɨ 
ɩɨɥɭɱɟɧɢɹ ɜ 2004 ɝɨɞɭ Ƚɟɣɦɨɦ ɢ ɇɨɜɨɫɟɥɨɜɵɦ. Ɍɨ, ɱɬɨ ɞɟɥɚɟɬ ɭɧɢɤɚɥɶɧɵɦ ɝɪɚɮɟɧ, ɷɬɨ 
ɧɟ ɬɨɥɶɤɨ ɛɟɫɳɟɥɟɜɵɟ ɫɨɫɬɨɹɧɢɹ, ɧɨ ɢ ɨɫɨɛɵɟ, ɤɢɪɚɥɶɧɨɣ ɩɪɢɪɨɞɵ, ɫɨɫɬɨɹɧɢɹ 
ɷɥɟɤɬɪɨɧɚ. ɗɬɨɬ ɷɮɮɟɤɬ ɢɡɜɟɫɬɟɧ ɤɚɤ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɝɢɛɪɢɞɢɡɚɰɢɹ sp-ɫɨɫɬɨɹɧɢɣ. ɗɬɢ 
ɫɜɨɣɫɬɜɚ ɞɟɥɚɸɬ ɝɪɚɮɟɧ ɪɟɤɨɪɞɫɦɟɧɨɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɢ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ. Ⱦɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɦɟɥɨ ɰɟɥɶɸ  ɩɨɫɬɪɨɟɧɢɟ 
ɮɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɢɯ ɩɨɞɯɨɞɨɜ ɤ ɨɩɢɫɚɧɢɸ ɝɪɚɮɟɧɚ, ɢɧɢɰɢɢɪɨɜɚɧɧɵɯ ɪɚɛɨɬɚɦɢ 

 ɘ.ɉ. Ɋɵɛɚɤɨɜɚ. 
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ɐɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ   

1.ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɝɪɚɮɟɧ ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɟ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ, ɷɬɨ ɧɟɦɚɝɧɢɬɧɵɣ 
ɦɚɬɟɪɢɚɥ, ɱɬɨ ɫɨɡɞɚɟɬ ɩɪɨɛɥɟɦɵ ɜ ɬɟɨɪɢɢ ɝɪɚɮɟɧɚ. ɗɬɨ ɢ ɩɨɫɥɭɠɢɥɨ ɨɫɧɨɜɧɵɦ 
ɦɨɬɢɜɨɦ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɧɚɫɬɨɹɳɟɝɨ  ɢɫɫɥɟɞɨɜɚɧɢɹ. ɉɪɢɦɟɧɟɧɢɟ ɤɢɪɚɥɶɧɨɣ 
ɦɨɞɟɥɢ ɝɪɚɮɟɧɚ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ ɧɟɤɨɬɨɪɵɟ ɬɨɩɨɥɨɝɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɜ ɝɪɚɮɟɧɟ, 
ɢɡɭɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɫɤɪɭɱɢɜɚɧɢɹ ɢ ɢɡɝɢɛɚ ɝɪɚɮɟɧɚ ɜ ɪɚɦɤɚɯ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ. 

2.Ⱦɪɭɝɚɹ ɰɟɥɶ - ɩɪɨɜɟɪɤɚ ɩɪɢɦɟɧɢɦɨɫɬɢ “ɤɢɪɚɥɶɧɨɣ ɦɨɞɟɥɢ ɝɪɚɮɟɧɚ” ɞɥɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɩɢɧɨɜɵɯ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ  ɜ  ɝɪɚɮɟɧɟ. Ʉɨɧɤɪɟɬɧɨɣ 
ɰɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɩɨɜɟɞɟɧɢɹ  ɝɪɚɮɟɧɨɜɨɣ ɩɥɨɫɤɨɫɬɢ ɜɨ 
ɜɧɟɲɧɟɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦ ɥɢɛɨ  ɜɞɨɥɶ, ɥɢɛɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ  
ɩɥɨɫɤɨɫɬɢ ɝɪɚɮɟɧɚ, ɩɨɫɤɨɥɶɤɭ ɦɚɝɧɟɬɢɡɦ ɜ ɝɪɚɮɟɧɟ ɹɜɥɹɟɬɫɹ ɫɢɥɶɧɨ ɚɧɢɡɨɬɪɨɩɧɵɦ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ   

Ɇɨɞɟɥɶ, ɩɪɢɧɹɬɚɹ ɞɥɹ ɚɧɚɥɢɡɚ, ɚ ɢɦɟɧɧɨ,  “ɤɢɪɚɥɶɧɚɹ ɦɨɞɟɥɶ ɝɪɚɮɟɧɚ” - ɹɜɥɹɟɬɫɹ 
ɨɛɨɛɳɟɧɢɟɦ ɫɤɚɥɹɪɧɨɣ  ɤɢɪɚɥɶɧɨɣ ɦɨɞɟɥɢ ɝɪɚɮɟɧɚ  ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ  8-ɫɩɢɧɨɪɧɨɣ 
ɩɨɥɟɜɨɣ ɩɟɪɟɦɟɧɧɨɣ  ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɩɢɧɨɜɵɯ ɢ ɤɜɚɡɢ-ɫɩɢɧɨɜɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɜ 
ɝɪɚɮɟɧɟ. ɉɨɫɥɟɞɧɢɟ ɫɜɹɡɚɧɵ ɫ ɧɚɥɢɱɢɟɦ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɦɨɞ ɤɨɥɟɛɚɧɢɣ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɝɪɚɮɟɧɚ: ɤɨɥɟɛɚɧɢɣ ɞɜɭɯ ɬɪɟɭɝɨɥɶɧɵɯ ɩɨɞɪɟɲɟɬɨɤ. 
ɉɥɨɬɧɨɫɬɶ ɥɚɝɪɚɧɠɢɚɧɚ ɦɨɞɟɥɢ ɛɭɞɟɬ ɩɨɫɬɪɨɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɧɰɢɩɚ 
ɩɨɥɨɠɢɬɟɥɶɧɨɫɬɢ  ɷɧɟɪɝɢɢ. ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜɤɥɸɱɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ  
ɩɪɢɧɰɢɩɚ ɤɚɥɢɛɪɨɜɨɱɧɨɣ ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɩɪɹɦɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɉɚɭɥɢ ɞɥɹ ɭɱɟɬɚ ɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɷɥɟɤɬɪɨɧɚ. 
 

ɇɨɜɢɡɧɚ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ȼɩɟɪɜɵɟ ɜ ɪɚɦɤɚɯ 8-ɫɩɢɧɨɪɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɤɢɪɚɥɶɧɨɣ ɦɨɞɟɥɢ ɝɪɚɮɟɧɚ ɨɩɢɫɚɧɵ 
ɫɩɢɧɨɜɵɟ ɢ ɦɚɝɧɢɬɧɵɟ ɜɨɡɛɭɠɞɟɧɢɹ ɜ ɨɞɧɨɫɥɨɣɧɨɦ ɢ ɞɜɭɯɫɥɨɣɧɨɦ ɝɪɚɮɟɧɟ, ɫɬɪɭɤɬɭɪɚ 
ɤɨɬɨɪɵɯ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ.  

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɞɢɫɫɟɪɬɚɰɢɢ, ɦɨɝɭɬ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɜ ɮɢɡɢɤɟ 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɫɩɢɧɬɪɨɧɢɤɟ. 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɜɵɜɨɞɨɜ 

ɋɬɟɩɟɧɶ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɫɬɪɨɝɨɫɬɶɸ ɩɪɢɦɟɧɟɧɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶɸ ɫ 
ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ. 

 

Ⱥɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ 

 Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɚ 

ɫɥɟɞɭɸɳɢɯ ɤɨɧɮɟɪɟɧɰɢɹɯ:  

1.The International advanced materials and surface forum, GAMS Dubai 2015. International 

Conference Proceedings. 

2.LII Conference on Problems of Dynamics, Particle Physics, Plasma Physics and 

Optoelectronics, Moscow: RUDN. 

3.International sĐhool and ĐonferenĐe ͞Saint-Petersďurg OPEN ϮϬϭ7͟. 
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Пу̍л̛к̌ц̛̛ 

О̭̦ов̦ое ̭оде̛̬̙̦̌е д̛̭̭е̬т̶̛̛̌ ̛̚ло̙е̦о в 5 ̦̌уч̦ы̵ ̬̌̍от̵̌, Ϯ ̛̚ кото̬ы̵ 
опу̍л̛ков̦̌ы в ̬е̶е̛̦̬̚уе̥ы̵ ̙у̬̦̌л̵̌ ВАК ;̭п̛̭ок п̛̬вод̛т̭я ̛̦̙еͿ. 
 

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɪɚɛɨɬɵ 

Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɯ ɜɜɟɞɟɧɢɹ, ɩɹɬɢ ɝɥɚɜ, ɜɤɥɸɱɚɹ 10 ɪɢɫɭɧɤɨɜ ɢ  
3 ɬɚɛɥɢɰɵ, ɢ ɫɩɢɫɤɚ ɥɢɬɟɪɚɬɭɪɵ ɢɡ 100 ɧɚɢɦɟɧɨɜɚɧɢɣ. Ɉɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 
70 ɫɬɪɚɧɢɰ. 

ɋɨɞɟɪɠɚɧɢɟ ɪɚɛɨɬɵ 

Ƚɥɚɜɚ ɩɟɪɜɚɹ. Ʉɚɤ ɦɵ ɭɠɟ ɝɨɜɨɪɢɥɢ ɜ ɧɚɱɚɥɟ ɧɚɲɟɝɨ ɜɜɟɞɟɧɢɹ, ɚɬɨɦɵ ɭɝɥɟɪɨɞɚ ɜ 
ɝɪɚɮɟɧɟ ɫɜɹɡɵɜɚɸɬɫɹ  ɜ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɪɟɲɟɬɤɟ ɢɡ-ɡɚ  2

sp ɝɢɛɪɢɞɢɡɚɰɢɢ ɫɜɹɡɟɣ. 
Ɉɞɧɚɤɨ ɚɬɨɦ ɭɝɥɟɪɨɞɚ ɢɦɟɟɬ ɱɟɬɵɪɟ ɜɚɥɟɧɬɧɵɯ ɷɥɟɤɬɪɨɧɚ ɜ ɝɢɛɪɢɞɢɡɢɪɨɜɚɧɧɵɯ 
ɫɨɫɬɨɹɧɢɹɯ: ɨɞɢɧ ɢɡ ɧɢɯ ɨɤɚɡɵɜɚɟɬɫɹ “ɫɜɨɛɨɞɧɵɦ” ɜ ɝɪɚɮɟɧɨɜɨɣ ɪɟɲɟɬɤɟ, ɚ ɬɪɢ 
ɨɫɬɚɜɲɢɟɫɹ ɨɛɪɚɡɭɸɬ ɫɢɥɶɧɵɟ ɤɨɜɚɥɟɧɬɧɵɟ ɫɜɹɡɢ ɫ ɫɨɫɟɞɹɦɢ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɢ 
ɫɥɭɠɢɬ ɨɫɧɨɜɨɣ ɞɥɹ ɜɜɟɞɟɧɢɹ ɤɢɪɚɥɶɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɨɪɹɞɤɚ [1*, 2*]. 

Ɋɚɡɞɟɥ1.1. ȼ ɷɬɨɣ ɝɥɚɜɟ, ɫɨɫɬɨɹɳɟɣ ɢɡ 4 ɪɚɡɞɟɥɨɜ, ɨɩɢɫɵɜɚɟɬɫɹ  ɫɤɚɥɹɪɧɚɹ  ɤɢɪɚɥɶɧɚɹ 
ɦɨɞɟɥɶ  ɝɪɚɮɟɧɚ ɢ ɟɟ ɫɥɟɞɫɬɜɢɹ:  ɞɜɭɦɟɪɧɵɣ ɥɢɫɬ ɝɪɚɮɟɧɚ (ɤɢɧɤɨɜɨɟ ɪɟɲɟɧɢɟ), ɜɨɥɧɵ ɜ 
ɝɪɚɮɟɧɟ , ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɬɪɭɛɤɢ («ɟɠɨɜɨɟ» ɪɟɲɟɧɢɟ). 

ɉɨɞɪɚɡɞɟɥ 1.1.1. əɜɥɹɟɬɫɹ  ɟɫɬɟɫɬɜɟɧɧɵɦ  ɜɜɟɫɬɢ ɫɤɚɥɹɪɧɨɟ a0 ɢ ɜɟɤɬɨɪɧɨɟ a


 ɩɨɥɹ, 
ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ s- ɢ ɪ-ɨɪɛɢɬɚɥɶɧɵɦ ɫɨɫɬɨɹɧɢɹɦ “ɫɜɨɛɨɞɧɨɝɨ” ɷɥɟɤɬɪɨɧɚ. 
Ɉɛɴɟɞɢɧɟɧɢɟ ɞɜɭɯ ɩɨɥɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɭɧɢɬɚɪɧɨɣ ɦɚɬɪɢɰɵ U∈SU(2), 

ɤɨɬɨɪɚɹ  ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɩɚɪɚɦɟɬɪ ɩɨɪɹɞɤɚ ɦɨɞɟɥɢ ɜ ɞɥɢɧɧɨɜɨɥɧɨɜɨɦ 
ɩɪɢɛɥɢɠɟɧɢɢ: 𝑈 = ܽ𝜏 + ݅ a

 ∙   ,                                                (1) 

ɝɞɟ Ĳ0 ɹɜɥɹɟɬɫɹ ɟɞɢɧɢɱɧɨɣ ɦɚɬɪɢɰɟɣ 2ɯ2 ɢ 𝜏 ɹɜɥɹɸɬɫɹ ɦɚɬɪɢɰɚɦɢ ɉɚɭɥɢ, ɫ SU (2) 
ɭɫɥɨɜɢɟɦ ܽଶ + a

 ଶ = ͳ  .                                                 (2) 

ɍɞɨɛɧɨ ɩɨɫɬɪɨɢɬɶ ɩɭɬɟɦ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɤɢɪɚɥɶɧɨɝɨ ɩɨɥɹ (1) ɥɟɜɵɣ ɤɢɪɚɥɶɧɵɣ 
ɬɨɤ: ݈ఓ = 𝑈+ ∂ఓ𝑈  ,                                              (3) 

ɝɞɟ ȝ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ  0,1,2,3 ɢ ∂ఓ  ɨɛɨɡɧɚɱɚɟɬ ɩɪɨɢɡɜɨɞɧɵɟ ɩɨ ɜɪɟɦɟɧɢ x0 ɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ ݔ𝑖 , i=1, 2, 3.  

    Ʌɚɝɪɚɧɠɟɜɚ ɩɥɨɬɧɨɫɬɶ ɦɨɞɟɥɢ ɩɪɢɧɢɦɚɟɬ ɜɢɞ:                 𝐿 = − ଵସ 𝐼ܵ(݈ఓ݈ఓ) − ଵଶ ଶߣ a
ଶ          .                           (4) 

ɗɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɢɝɦɚ-ɦɨɞɟɥɶɧɨɦɭ ɩɨɞɯɨɞɭ ɜ ɬɟɨɪɢɢ ɜɟɤɬɨɪɧɨɝɨ ɩɨɥɹ, ɫ ɦɚɫɫɨɜɵɦ 
ɱɥɟɧɨɦ. 
ȼ ɩɨɞɪɚɡɞɟɥɟ 1.1.2. ɦɵ ɪɚɫɫɦɨɬɪɢɦ  ɫɥɭɱɚɣ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɢɞɟɚɥɶɧɨɣ ɝɪɚɮɟɧɨɜɨɣ ɩɥɨɫɤɨɫɬɢ ɫ ɧɨɪɦɚɥɶɸ  ɜɞɨɥɶ ɨɫɢ Z, ɤɨɝɞɚ ɩɚɪɚɦɟɬɪ ɩɨɪɹɞɤɚ 
ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ:                              𝑈 = 𝑒ݔሺ݅𝜓𝜏ଷሻ,   𝜓 = 𝜓ሺ𝑧ሻ .                                                                        (5) 
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Ʌɚɝɪɚɧɠɢɚɧ  ɩɪɢ ɷɬɨɦ ɩɪɢɧɢɦɚɟɬ ɜɢɞ:  𝐿 = − ଵଶ 𝐼𝜓′ଶ − ଵଶ ଶ݊݅ݏଶߣ                               (6) 

Ɇɵ ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɢɡ (6):                 ʹ𝐼𝜓′′ − 𝜓ʹ݊݅ݏଶߣ = Ͳ                               (7) 

Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (7), ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɟ ɟɫɬɟɫɬɜɟɧɧɵɦ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ 𝜓 = ሺ−∞ሻ = Ͳ , 𝜓ሺ+∞ሻ =  ߨ

ɢɦɟɟɬ ɤɢɧɤ- ɮɨɪɦɭ (ɞɨɦɟɧɧɚɹ ɫɬɟɧɤɚ):                                    𝜓ሺ𝑧ሻ = ʹ arctan 𝑒ݔሺ𝑧 ℓ⁄ ሻ                                         (8) 

ɫ ɯɚɪɚɤɬɟɪɧɨɣ ɬɨɥɳɢɧɨɣ (ɩɚɪɚɦɟɬɪ ɞɥɢɧɵ) ℓ = √𝐼 ⁄ߣ  

 

ɉɨɞɪɚɡɞɟɥ 1.1.3. Ɉɞɧɚɤɨ ɩɨɧɢɦɚɧɢɟ ɫɬɚɛɢɥɶɧɨɫɬɢ ɝɪɚɮɟɧɚ ɢɦɟɟɬ ɪɟɲɚɸɳɟɟ ɡɧɚɱɟɧɢɟ 
ɞɥɹ ɨɛɴɹɫɧɟɧɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɜ ɷɬɨɦ ɦɚɬɟɪɢɚɥɟ. ɇɚɱɧɟɦ ɫ ɪɚɫɫɦɨɬɪɟɧɢɹ 
ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɣ ɪɟɲɟɧɢɹ (8) ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɢɞɟɚɥɶɧɨɣ 
ɝɪɚɮɟɧɨɜɨɣ ɩɥɨɫɤɨɫɬɢ, ɬ. ɟ. ɩɪɢ ɦɚɥɵɯ z. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ   𝜓ሺͲሻ =  ɢ ɩɨɷɬɨɦɭ ɞɥɹ ʹ/ߨ
ɜɨɡɦɭɳɟɧɢɣ    𝜉 = ±ܽ ଷ ɢܽߜ = ܽଵ ± ݅ܽଶ  ɫɨɫɬɚɜɢɦ ɥɚɝɪɚɧɠɟɜɭ ɩɥɨɬɧɨɫɬɶ: 𝐿 = ଵଶ 𝐼(𝑧−ଶ𝜕ఓ𝜉𝜕ఓ𝜉 + 𝜕ఓܽ+𝜕ఓܽ−) − ଵଶ  ଶܽ+ܽ−                     (9)ߣ

ɂɡ (9) ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɫɬɚɬɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ ɢɦɟɟɬ ɜɢɞ: zଶ ∂ሺz−ଶ ∂ξሻ + ȟ⊥ξ = Ͳ,   ሺȟ − ℓ−ଶሻa+ = Ͳ                          (10) 

ɝɞɟ ȟ⊥ = ∂୶ଶ + ∂୷ଶ.  ȼ ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ x ,y ɧɚ  ɢɞɟɚɥɶɧɨɣ ɝɪɚɮɟɧɨɜɨɣ  ɩɥɨɫɤɨɫɬɢ 

Z=0 ɥɟɝɤɨ ɧɚɯɨɞɢɦ ɜɨɡɛɭɠɞɟɧɢɹ  ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɮɨɪɦɵ: ξ = ξexpሺ−kଶzଶ/ʹሻcoskx,  a+ = A+ek̅cosKx, Kଶ = k̅ଶ − ɉଶ/I,     (11) 

ɝɞɟ k̅ℓ > ͳ.    ɗɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɪɨɫɬ  ɩɨ Z ɪɟɲɟɧɢɹ (11) ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ 
ɢɞɟɚɥɶɧɨɣ ɝɪɚɮɟɧɨɜɨɣ ɩɥɨɫɤɨɫɬɢ,  ɜɩɟɪɜɵɟ ɭɩɨɦɹɧɭɬɨɣ  Ɇɟɪɦɢɧɵɦ ɢ  ȼɚɝɧɟɪɨɦ  ɜ 
1966 ɝɨɞɭ ɜ ɫɥɭɱɚɟ ɦɚɝɧɟɬɢɤɨɜ.  

    ɋɭɳɟɫɬɜɭɸɬ ɬɚɤɠɟ ɤɨɥɶɰɟɜɵɟ ɜɨɡɛɭɠɞɟɧɢɹ ɚɤɫɢɚɥɶɧɨ-ɫɢɦɦɟɬɪɢɱɧɨɣ ɮɨɪɦɵ: ξ = ξexpሺ−kଶzଶ/ʹሻJሺkρሻ,     a+ = A+eimφek̅JmሺKρሻ                    (12) 

ɝɞɟ Jm - ɮɭɧɤɰɢɢ Ȼɟɫɫɟɥɹ  m-ɝɨ ɩɨɪɹɞɤɚ, m = Ͳ,ͳ,ʹ, …, ɢ ρ, φ - ɩɨɥɹɪɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɜ 
ɩɥɨɫɤɨɫɬɢ ɝɪɚɮɟɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɝɪɚɮɟɧɨɜɵɟ ɩɥɨɫɤɨɫɬɢ 
ɢɦɟɸɬ ɬɟɧɞɟɧɰɢɸ ɤ ɢɡɝɢɛɚɧɢɸ. 

ɉɨɞɪɚɡɞɟɥ 1.1.4.  ȼ ɷɬɨɦ ɪɚɡɞɟɥɟ ɦɵ ɛɭɞɟɦ ɢɡɭɱɚɬɶ  ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɬɪɭɛɤɢ, 
ɫɞɟɥɚɧɧɵɟ ɢɡ ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɝɪɚɮɟɧɨɜɵɯ 
ɫɥɨɟɜ.  ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɚɪɚɦɟɬɪ ɩɨɪɹɞɤɚ ɢɦɟɟɬ ɜɢɞ: 𝑈 = exp ሺ݅𝜓𝜎ሻ, 𝜓 = 𝜓ሺߩሻ, 𝜎 = 𝜏ଵܿݏ𝜙 + 𝜏ଶߠ݊݅ݏ, 𝜙 = ݊𝜑, ݊ = ͳ,ʹ, ..     (13) 
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Ʉɨɧɮɢɝɭɪɚɰɢɹ (13) ɨɩɢɫɵɜɚɟɬ ɛɟɫɤɨɧɟɱɧɭɸ ɧɚɧɨɬɪɭɛɤɭ ɫɨ ɫɬɪɭɤɬɭɪɨɣ «ɟɠɚ» ɜ 
ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ. ɉɨɞɫɬɚɜɥɹɹ (13) ɜ ɥɚɝɪɚɧɠɢɚɧ ɜ (4),  ɩɨɥɭɱɢɦ                                   ℒ = − ଵଶ 𝐼 ቀ𝜓′ଶ + 2ఘ2 ଶ𝜓ቁ݊݅ݏ − ଵଶ  ଶ𝜓   .                            (14)݊݅ݏଶߣ

ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɞɥɹ ɤɢɪɚɥɶɧɨɝɨ ɭɝɥɚ ψ(ρ) ɛɭɞɭɬ ɫɥɟɞɭɸɳɢɦɢ:   ʹߩሺߩ𝜓′ሻ′ = ሺ݊ଶ +  ψ  .                           (15)ʹ݊݅ݏଶ/ℓଶሻߩ

Ɂɚɦɟɧɚ ɩɟɪɟɦɟɧɧɨɣ  ߟ = ߩ𝑔ሺ݈ ℓ⁄ ሻ ɩɪɢɜɨɞɢɬ ɜ ɩɪɟɞɟɥɟ  ݊ ب ߩ ℓ⁄  ɤ ɪɟɲɟɧɢɸ ɭɪɚɜɧɟɧɢɹ 
(15)  ɬɢɩɚ ɤɢɧɤɚ:              𝜓ሺߟሻ = ߟሺ݊ݔ𝑒]݊ܽݐܿݎܽʹ −  ሻ] ,                    (16)ߟ݊

ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɦɭ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ  𝜓ሺ+∞ሻ = Ͳ, 𝜓ሺ−∞ሻ = ܴ ɝɞɟ ,ߨ = ℓ𝑒ߟݔ 

ɢɝɪɚɟɬ ɪɨɥɶ ɪɚɞɢɭɫɚ ɬɪɭɛɤɢ. 

ȼɬɨɪɚɹ ɝɥɚɜɚ. ȼ ɤɚɠɞɨɣ K-ɞɨɥɢɧɟ ɜɨɡɛɭɠɞɟɧɢɟ ɢɦɟɟɬ ɜɨɥɧɨɜɭɸ ɮɭɧɤɰɢɸ ɢɡ ɞɜɭɯ 
ɤɨɦɩɨɧɟɧɬ  ψ 1, ψ2, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɞɜɭɦ ɩɨɞɪɟɲɟɬɤɚɦ ɜ ɞɜɭɦɟɪɧɨɣ ɫɨɬɨɜɨɣ ɪɟɲɟɬɤɟ 
ɝɪɚɮɟɧɚ. ɑɬɨɛɵ ɜɤɥɸɱɢɬɶ ɜ ɧɚɲɭ ɦɨɞɟɥɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ 
ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ, ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɩɪɢɧɰɢɩ 
ɤɚɥɢɛɪɨɜɨɱɧɨɣ ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ. 

Ɋɚɡɞɟɥ 2.1. Ⱦɥɹ  ɨɩɢɫɚɧɢɹ ɫɩɢɧɨɜɨɝɨ ɢ ɤɜɚɡɢɫɩɢɧɨɜɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɜ ɝɪɚɮɟɧɟ ɛɵɥɨ 
ɩɪɟɞɥɨɠɟɧɨ ɫɩɢɧɨɪɧɨɟ ɨɛɨɛɳɟɧɢɟ [2*] ɫɤɚɥɹɪɧɨɣ ɤɢɪɚɥɶɧɨɣ ɦɨɞɟɥɢ ɝɪɚɮɟɧɚ. ɋ ɷɬɨɣ 
ɰɟɥɶɸ  ɜɜɟɞɟɦ ɞɢɪɚɤɨɜɫɤɢɟ ɫɩɢɧɨɪɵ  𝜓ଵ, 𝜓ଶ, ɢ ɪɚɫɫɦɨɬɪɢɦ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɟ  
ɫɩɢɧɨɪɧɨɟ ɩɨɥɟ  ɜ ɤɚɱɟɫɬɜɟ ɧɨɜɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɨɪɹɞɤɚ, ψ = ȟ⊗ (ψ1 ⊗ ψ 2) ɝɞɟ ȟ 
ɨɛɨɡɧɚɱɚɟɬ ɩɟɪɜɵɣ ɫɬɨɥɛɟɰ ɭɧɢɬɚɪɧɨɣ ɦɚɬɪɢɰɵ (1).  

Ʌɚɝɪɚɧɠɟɜɚ ɩɥɨɬɧɨɫɬɶ L ɦɨɞɟɥɢ ɜɤɥɸɱɚɟɬ ɫɬɚɧɞɚɪɬɧɭɸ γ-5-ɢɧɜɚɪɢɚɧɬɧɭɸ 
ɤɨɧɫɬɪɭɤɰɢɸ, ɤɜɚɞɪɚɬɢɱɧɭɸ ɩɨ ɩɪɨɢɡɜɨɞɧɵɦ: 𝐿 = 𝐼ଶ 𝜕ఓ�̅�𝑃𝜕ఓ𝜓 − ఒ2ଶ ܽ⃗ଶ݆ఓ݆ఓ                                        (17) 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɦɨɠɟɬ ɛɵɬɶ ɜɤɥɸɱɟɧɨ ɱɟɪɟɡ ɤɨɜɚɪɢɚɧɬɧɨɟ 
ɩɪɨɞɨɥɠɟɧɢɟ ɩɪɨɢɡɜɨɞɧɨɣ: ܦఓ =  𝜕ఓ − ݅𝑒ܣఓȞ𝑒 , 
ɝɞɟ  ɟ0> 0  ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɚɧɬɨɣ ɫɜɹɡɢ ɢ Γe = (1-Ĳ0 / 2) ɹɜɥɹɟɬɫɹ ɨɩɟɪɚɬɨɪɨɦ ɡɚɪɹɞɚ, 
ɜɵɛɪɚɧɧɵɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɟɫɬɟɫɬɜɟɧɧɵɦ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɟɦ ɧɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ:  
a0 (∞) = 1. ɉɨɥɭɱɟɧɧɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɥɚɝɪɚɧɠɢɚɧ ɩɪɢɦɟɬ ɜɢɞ:            𝐿 = 𝐼ଶ ఓ𝜓ܦఓ�̅�𝑃ܦ − ఒ2ଶ ܽ⃗ଶ݆ఓ݆ఓ +  ఓఔ𝜓  ,                     (18)ܨ�̅�𝜎ఓఔߤ݅

ɝɞɟ ıȝȞ = [γȝ γȞ] / 4, ܨఓఔ = 𝜕ఓܣఔ − 𝜕ఔܣఓ ɢ ȝ0> 0 ɨɛɨɡɧɚɱɚɟɬ ɦɚɝɧɟɬɨɧ Ȼɨɪɚ, ɞɟɥɟɧɧɵɣ  ɧɚ 
ɩɨɫɬɨɹɧɧɭɸ ɪɟɲɟɬɤɢ ɜ ɤɭɛɟ. 



8 

 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɦɨɞɟɥɶ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɪɢɧɰɢɩɭ ɫɨɨɬɜɟɬɫɬɜɢɹ, ɬɚɤ ɤɚɤ ɜɫɟ 
ɩɪɟɞɵɞɭɳɢɟ ɪɟɡɭɥɶɬɚɬɵ  ɫɥɟɞɭɸɬ ɢɡ (18), ɟɫɥɢ ɩɨɥɨɠɢɬɶ j 2≡jȝ j

 ȝ
 = 1, Ψ1 = ܿݐݏ݊𝑖,  

Aȝ = 0. ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɬɨɤ ɜɵɝɥɹɞɢɬ ɬɚɤ: ݆ఓ = 𝑒𝐼Ȥ݉(�̅�𝑃Ȟ𝑒𝜕ఓ𝜓) − 𝑒ଶ𝐼݆ଶሺܽଵଶ + ܽଶଶሻܣఓ +  𝜕ఓሺ�̅�𝜎ఓఔ𝜓ሻ         (19)ߤ݅ʹ

ɢ ɫɨɞɟɪɠɢɬ ɩɨɦɢɦɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɬɨɤɚ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɞɢɚɦɚɝɧɢɬɧɵɣ ɬɨɤ ɢ ɬɨɤ  
ɩɨɥɹɪɢɡɚɰɢɢ ɉɚɭɥɢ. 

Ɋɚɡɞɟɥ 2.2.  ȼ ɤɚɱɟɫɬɜɟ ɢɥɥɸɫɬɪɚɰɢɢ ɪɚɫɫɦɨɬɪɢɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɝɪɚɮɟɧɨɜɨɝɨ 
ɦɨɧɨɚɬɨɦɧɨɝɨ ɫɥɨɹ z = 0 ɫɨ ɫɬɚɬɢɱɟɫɤɢɦ ɨɞɧɨɪɨɞɧɵɦ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ B0, 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦ ɜɞɨɥɶ ɨɫɢ x. ȼɜɨɞɹ ɜɟɤɬɨɪɧɵɣ ɩɨɬɟɧɰɢɚɥ Ay = A (z), ɧɚɣɞɟɦ, ɱɬɨ 
ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɪɚɜɧɚ                                                 ܤ𝑥 = ሺ𝑧ሻܤ =  ,ሺ𝑧ሻ′ܣ−

ɫ ɟɫɬɟɫɬɜɟɧɧɵɦ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɟɦ ɧɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ: A → -B0 z. 

       Ɇɨɞɟɥɶ, ɨ ɤɨɬɨɪɨɣ ɢɞɟɬ ɪɟɱɶ, ɞɨɩɭɫɤɚɟɬ ɨɱɟɜɢɞɧɭɸ ɫɢɦɦɟɬɪɢɸ: 𝜓ଵ  𝜓ଶ ,    ߛ: 𝜓 ⇒  𝜓ߛ

ɚ ɬɚɤɠɟ ɞɢɫɤɪɟɬɧɭɸ ɫɢɦɦɟɬɪɢɸ:                                                     𝜓ଵ ⇔ 𝜓𝑖∗;    ܽଶ,ଷ ⇒ −ܽଶଷ. 
ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɜɜɟɫɬɢ  ɜɟɳɟɫɬɜɟɧɧɵɣ 2-ɫɩɢɧɨɪ 𝜑ሺ𝑧ሻ = ,ݑሺ݈ܿ ,ሻݑ− 𝜓ଵ = 𝜓ଶ ,ሺ𝜑݈ܿ= 𝜑ሻ.  ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɥɨɬɧɨɫɬɶ ɥɚɝɪɚɧɠɢɚɧɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 𝐿 = −8𝐼|𝜑|ସ ቀθ′ଶ + 𝑒ଶܣଶ݊݅ݏଶߠ + |𝜑′|2|𝜑|2 ቁ − ߠଶ݊݅ݏଶ|𝜑|ସߣ8 + 𝜑+𝜏ଵ𝜑′ܣߤ − ଶ′ܣ ሺ8ߨሻ⁄       (20)     

ȼɢɞɧɨ, ɱɬɨ ɦɨɞɟɥɶ ɞɨɩɭɫɤɚɟɬ ɫɢɦɦɟɬɪɢɸ: 𝜑 ⇒ −𝜏ଵ𝜑, ɱɬɨ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢ ɫɩɢɧɚ ɷɥɟɤɬɪɨɧɚ.  ɗɬɨɬ ɮɚɤɬ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɨɠɢɬɶ φ1 = -φ2 = u. ȼɜɟɞɟɦ ɧɨɜɭɸ ɩɟɪɟɦɟɧɧɭɸ: 

                            𝑈 = |𝜑|ଶ = ,ଶݑʹ ˖чи˕ывая, ч˕о   ݆ଶ = ͳ6𝑈ଶ. 

ɇɚɲɚ ɥɚɝɪɚɧɠɟɜɚ ɩɥɨɬɧɨɫɬɶ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 𝐿 = −ʹ𝐼𝑈′ଶ − 8𝐼𝑈ଶሺθ′ଶ + 𝑒ଶܣଶ݊݅ݏଶߠሻ − 4𝑈݊݅ݏଶߠሺʹߣଶ𝑈 + ሻ′ܣߤ − ଶ′ܣ ሺ8ߨሻ⁄     (21) 

ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ ɧɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ:                                                     ݆ଶሺ∞ሻ = ͳ, θሺ∞ሻ = Ͳ, A′ሺ∞ሻ = −B. 

ɋɨɫɬɚɜɢɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ «ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ» ɢɧɬɟɝɪɚɥ: ܧ = 𝑃Θȣ′ + 𝑃𝑈𝑈′ + 𝑃ܣ′ − 𝐿 ܧ = −ʹIU′ଶ − 8IUଶሺθ′ଶ − eଶAଶsinଶθሻ − 4UsinଶθሺʹɉଶU + ɊA′ሻ − ′2ሺ8πሻ = − 02ሺ8πሻ          (22) 
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ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ Ƚɚɦɢɥɶɬɨɧɚ-əɤɨɛɢ ɞɥɹ «ɞɟɣɫɬɜɢɹ» S  ɢɦɟɟɬ ɜɢɞ: 

ଵ8𝐼 ቀ𝜕𝑆𝜕𝑈ቁଶ + ଵଷଶ𝐼𝑈2 ቀ𝜕𝑆𝜕𝜃ቁଶ + ߨʹ ቀ𝜕𝑆𝜕 + ቁଶߠଶ݊݅ݏ𝑈ߤ4 = 028గ + 8𝑈ଶ݊݅ݏଶߠሺߣଶ + 𝐼𝑒ଶܣଶሻ    (23) 

Ɂɞɟɫɶ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɨɩɪɟɞɟɥɟɧɢɹ ɢɦɩɭɥɶɫɨɜ əɤɨɛɢ: 𝜕𝑆𝜕𝑈 = −4𝐼𝑈′;  𝜕𝑆𝜕𝜃 = −ͳ6𝐼𝑈ଶߠ′; 𝜕𝑆𝜕 = 𝑈ߤ4− − ′ସగ                  (24) 

ɂɡɭɱɢɦ ɩɨɜɟɞɟɧɢɟ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (23) ɜ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ z → ∞:  ܵ ≈ ቀ0ସగ − 8𝑒𝐼𝑈ଶ݊݅ݏଶߠቁ  (25)                                      ܣ

ɉɪɢ ɷɬɨɦ ɦɨɠɧɨ ɧɚɣɬɢ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ  
z → ∞: ܤ = ′ܣ ≈ ܤ − ሺ𝑒𝐼ߨʹ −  𝑧ଶሻ .                (26)ܤሺ−𝑒ݔ𝑒ߠଶ݊ܽݐሻߤʹ

Ʉɚɤ ɜɢɞɧɨ ɢɡ (26), ɷɮɮɟɤɬ ɨɫɥɚɛɥɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ 
ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɡɧɚɱɟɧɢɢ ɤɨɧɫɬɚɧɬɵ e0 I-2ȝ0. ɗɬɨɬ ɷɮɮɟɤɬ ɚɧɚɥɨɝɢɱɟɧ ɷɮɮɟɤɬɭ 
ɥɨɧɞɨɧɨɜɫɤɨɝɨ «ɷɤɪɚɧɢɪɨɜɚɧɢɹ», ɜɵɡɜɚɧɧɨɝɨ ɜɬɨɪɵɦ ɱɥɟɧɨɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɬɨɤɚ ݆ఓ = 𝑒𝐼Im(�̅�𝑃Ȟ𝑒𝜕ఓ𝜓) − 𝑒ଶ𝐼݆ଶሺܽଵଶ + ܽଶଶሻܣఓ +  𝜕ఓሺ�̅�𝜎ఓఔ𝜓ሻ  .     (27)ߤ݅ʹ

Ɍɨɤ  (27) ɫɨɞɟɪɠɢɬ ɤɪɨɦɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɬɨɤɚ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɞɢɚɦɚɝɧɢɬɧɵɣ ɬɨɤ ɢ ɬɨɤ 
ɩɨɥɹɪɢɡɚɰɢɢ ɉɚɭɥɢ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɭɪɚɜɧɟɧɢɹ (26),  ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɨɦ ɡɧɚɱɟɧɢɢ 
ɩɨɫɬɨɹɧɧɨɣ e0 I-2ȝ0 ɢɦɟɟɬ ɦɟɫɬɨ ɩɚɪɚɦɚɝɧɢɬɧɨɟ ɩɨɜɟɞɟɧɢɟ ɦɚɬɟɪɢɚɥɚ. 

Ɍɪɟɬɶɹ ɝɥɚɜɚ. Ɉɞɧɚɤɨ ɦɚɝɧɟɬɢɡɦ ɨɛɵɱɧɨɝɨ ɦɟɬɚɥɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɜɭɦɹ ɪɚɡɥɢɱɧɵɦɢ 
ɩɪɢɱɢɧɚɦɢ: ɜɤɥɚɞɨɦ ɩɚɪɚɦɚɝɧɟɬɢɡɦɚ ɉɚɭɥɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɫɩɢɧɨɜɵɦ ɦɚɝɧɢɬɧɵɦ 
ɦɨɦɟɧɬɨɦ, ɢ ɞɢɚɦɚɝɧɟɬɢɡɦɚ Ʌɚɧɞɚɭ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɨɪɛɢɬɚɥɶɧɵɦ ɞɜɢɠɟɧɢɟɦ 
ɷɥɟɤɬɪɨɧɨɜ. 

Ɋɚɡɞɟɥ 3.1. ȼ ɷɬɨɦ ɫɥɭɱɚɟ  ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɢɪɚɥɶɧɭɸ ɦɨɞɟɥɶ ɝɪɚɮɟɧɚ ɜ ɫɩɢɧɨɪɧɨɣ 
ɪɟɚɥɢɡɚɰɢɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚɝɧɢɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɪɚɮɟɧɨɜɨɝɨ ɫɥɨɹ.  

ɉɨɞɫɟɤɰɢɹ 3.3.2. ɇɚɱɧɟɦ ɫɨ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɜɧɟɲɧɟɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ B 0  ɨɪɢɟɧɬɢɪɨɜɚɧɨ 
ɜɞɨɥɶ ɨɫɢ z. ɂɫɩɨɥɶɡɭɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɤɨɨɪɞɢɧɚɬɵ r,  , z, ɜɜɟɞɟɦ ɜɟɤɬɨɪɧɵɣ 
ɩɨɬɟɧɰɢɚɥ A   = A, ɩɪɢɱɟɦ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɪɚɜɧɚ                                                   ܤ𝑧 = 𝜕𝑟ሺܣݎሻ ⁄ݎ  , 𝑟ܤ = −𝜕𝑧ܣ. 

ɉɪɢ ɷɬɨɦ ɧɚɤɥɚɞɵɜɚɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɨɟ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ ɧɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ: ܣሺ𝑧 → ∞ሻ = ݎܤ ʹ⁄ . 
Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɦɨɞɟɥɶ ɞɨɩɭɫɤɚɟɬ ɨɱɟɜɢɞɧɭɸ ɫɢɦɦɟɬɪɢɸ ψ1ψ2 ɢ γ0- 

ɢɧɜɚɪɢɚɧɬɧɨɫɬɶ ψ⇒γ0 ψ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɜɜɟɫɬɢ 2-ɫɩɢɧɨɪ φ, ɩɨɥɚɝɚɹ 
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𝜓ଵ = 𝜓ଶ = ,ሺ𝜑݈ܿ 𝜑ሻ,    𝜑 = ,ݓሺ݈ܿ  .ሻݑ
Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɫɱɟɬɨɜ ɩɪɟɞɩɨɥɨɠɢɦ ɦɚɥɨɫɬɶ ɪɚɞɢɚɥɶɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ: ܤ𝑟 ا 𝑧ܤ . 
ȼ ɷɬɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɢɦɟɟɬ ɦɟɫɬɨ ɧɨɜɚɹ ɞɢɫɤɪɟɬɧɚɹ ɫɢɦɦɟɬɪɢɹ: 𝜑 ฺ −𝜎ଷ𝜑, ݓ ฺ ,ݓ− ݑ ฺ ,∗ݑ ܽଶ,ଷ ฺ −ܽଶ,ଷ, 

ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɜɜɟɫɬɢ ɤɢɪɚɥɶɧɵɣ ɭɝɨɥ: ܽ = ,ȣݏܿ      ܽଵ =  .ȣ݊݅ݏ

Ɋɚɫɫɦɨɬɪɢɦ ɚɤɫɢɚɥɶɧɨ-ɫɢɦɦɟɬɪɢɱɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ: ݑ = ,ݎሺݑ 𝑧ሻ, ȣ = ȣሺݎ, 𝑧ሻ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɨɜɚɹ ɩɥɨɬɧɨɫɬɶ ɥɚɝɪɚɧɠɢɚɧɚ  ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 𝐿 = −8𝐼 [ܴଶሺ𝜕⊥ȣሻଶ + ଵସ ሺ𝜕⊥ܴሻଶ + 𝑒ଶܴଶܣଶ݊݅ݏଶȣ] − ଶȣ݊݅ݏଶܴଶߣ8 + 8ɊRsinଶȣ ଵr ∂rሺrAሻ −ଵ8π [ ଵr2 (∂rሺrAሻ)ଶ + ሺ∂Aሻଶ]                                                                                               (28) 

ɍɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ (28), ɢɦɟɸɬ ɜɢɞ: 𝐼 [ଵ𝑟 𝜕𝑟ሺݎ𝜕𝑟ܴሻ + 𝜕𝑧ଶܴ − 4ܴሺ𝜕⊥ȣሻଶ − 4𝑒ଶܴܣଶ݊݅ݏଶȣ] = ଶȣ݊݅ݏʹ ଶܴߣʹ] − ߤ ଵ𝑟 𝜕𝑟ሺܣݎሻ]     (29) 

𝐼 [ଶ𝑟 𝜕𝑟ሺܴݎଶ𝜕𝑟ȣሻ + ʹ𝜕𝑧ሺܴଶ𝜕𝑧ȣሻ − 𝑒ଶܴଶܣଶ݊݅ݏʹȣ] = ȣʹ݊݅ݏܴ ଶܴߣ] − ߤ ଵ𝑟 𝜕𝑟ሺܣݎሻ]            (30) 

ଵସగ [ଵ𝑟 𝜕𝑟ሺݎ𝜕𝑟ܣሻ + 𝜕𝑧ଶ − 𝑟2] = ͳ6𝐼𝑒ଶܴଶ݊݅ݏܣଶȣ +  ଶȣሻ              (31)݊݅ݏ𝜕𝑟ሺܴߤ8

Ɍɟɩɟɪɶ ɛɭɞɟɦ ɢɫɤɚɬɶ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ (29), (30) ɢ (31) ɜ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ  
z → ∞, ɝɞɟ ȣ → Ͳ;   ܴ = ͳ 4⁄ + ,ߞ ߞ → Ͳ; ܣ = 𝛼 𝛼ʹ/ݎܤ → Ͳ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɪɚɜɧɟɧɢɟ ɞɥɹ   ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 

𝐼 [ͳݎ 𝜕𝑟ሺݎ𝜕𝑟ȣሻ + 𝜕𝑧ଶߠ − ͳ4 𝑒ଶܤଶݎଶȣ] = ȣሺߣଶ −  .ሻܤߤ4
ȿɝɨ ɪɟɲɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɨ ɩɭɬɟɦ ɪɚɡɞɟɥɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ: ȣ = ȣ𝑒ݔሺ−ݎݒଶ − ݇𝑧ሻ, ȣ =  (32)                                  ,ݐݏ݊ܿ

ɉɨɞɫɬɚɜɥɹɹ (32) ɜ (29) ɢ (31), ɩɨɥɭɱɢɦ ɧɟɨɞɧɨɪɨɞɧɵɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ  ߞ ɢ α: ଵ𝑟 𝜕𝑟ሺݎ𝜕𝑟ζሻ + 𝜕𝑧ଶߞ = (𝜕⊥ )ଶ + [ଵସ 𝑒ଶܤଶݎଶ + ଵI ሺɉଶ − ʹɊBሻ] ȣଶ           (33) 

ଵ𝑟 𝜕𝑟ሺݎ𝜕𝑟αሻ + 𝜕𝑧ଶ𝛼 − 𝛼𝑟2 = ሺ𝑒𝐼ܤ𝑒ߨʹ − ȣଶݎሻߤ4 ≡  ȣଶ                 (34)ݎߜ

ɇɚɣɞɟɦ ɬɟɩɟɪɶ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ: 
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𝑧ܤ                                            = ܤ + 𝑧ܤ , ܾ𝑧 = ଵ𝑟 𝜕𝑟ሺݎαሻ, 𝑟ܤ = ܾ𝑟 = −𝜕𝑧𝛼. 

Ɉɞɧɚɤɨ ɩɪɢ ɦɚɥɵɯ r → 0 ɢɡ (34) ɫɥɟɞɭɟɬ, ɱɬɨ     r 3  , ɩɨɷɬɨɦɭ ɧɚɩɪɹɠɟɧɧɨɫɬɶ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɪɚɜɧɚ: ܾ𝑧 = ሺ𝑒𝐼ܤ𝑒ߨ − ଶݎݒʹ−ሺݔଶ 𝑒ݎሻȣଶߤ4 − ʹ݇𝑧ሻ ,                (35) ܾ𝑟 = గ𝑘ଶ 𝑒ܤሺ𝑒𝐼 − ଶݎݒʹ−ሺݔଷ𝑒ݎሻȣଶߤ4 − ʹ݇𝑧ሻ.               (36) 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɭɪɚɜɧɟɧɢɣ (35), (36), ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɤɚ ɦɧɨɠɢɬɟɥɹ 𝑒𝐼 −  ߤ4

ɝɪɚɮɟɧɨɜɵɣ ɦɚɬɟɪɢɚɥ ɨɛɧɚɪɭɠɢɜɚɟɬ ɞɢɚɦɚɝɧɢɬɧɨɟ ɢɥɢ ɩɚɪɚɦɚɝɧɢɬɧɨɟ ɩɨɜɟɞɟɧɢɟ. 

ɉɨɷɬɨɦɭ ɛɵɥɨ ɛɵ ɢɧɬɟɪɟɫɧɨ ɩɨɥɭɱɢɬɶ ɱɢɫɥɟɧɧɵɟ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ. ȼ ɫɜɹɡɢ ɫ 
ɩɪɢɧɹɬɵɦ ɨɩɪɟɞɟɥɟɧɢɟɦ 

.
a

E
I ,  

2
 ,    exch

300 
cam

e

c

e
e

e




  

ȼ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɨɛɦɟɧɧɚɹ ɷɧɟɪɝɢɹ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ Eexch = 2.9 eV ɢ 
ɩɚɪɚɦɟɬɪ  ɪɟɲɟɬɤɢ  a = 3.56   10 

- 8 ɫɦ, ɝɞɟ e - ɚɛɫɨɥɸɬɧɚɹ ɜɟɥɢɱɢɧɚ ɡɚɪɹɞɚ ɷɥɟɤɬɪɨɧɚ, 
ɢɦɟɟɦ ɫɥɟɞɭɸɳɢɟ ɱɢɫɥɨɜɵɟ ɡɧɚɱɟɧɢɹ: 𝑒𝐼 = ʹ ͳͲଷݏݏݑܽܩ, ߤ    = ʹ ͳͲଶݏݏݑܽܩ. 
ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɚɪɚɦɟɬɪ 𝑒𝐼 −    ɩɨɥɨɠɢɬɟɥɟɧ ɢ ɩɪɟɞɫɤɚɡɵɜɚɟɬɫɹ ɭɫɢɥɟɧɢɟߤ4
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɢ ɦɚɥɵɯ r ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ( 35) ɢ (36). 

ɉɨɞɪɚɡɞɟɥ 3.3.3. ȼɜɢɞɭ ɜɚɠɧɨɫɬɢ ɩɨɫɥɟɞɧɟɝɨ ɜɵɜɨɞɚ ɛɵɥɨ ɛɵ ɠɟɥɚɬɟɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɶ 
ɩɨɜɟɞɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɝɪɚɮɟɧɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɬ. ɟ. ɩɪɢ 
ɦɚɥɵɯ r, ɧɨ ɩɪɨɢɡɜɨɥɶɧɵɯ z. ɋ ɷɬɨɣ ɰɟɥɶɸ ɦɵ ɪɚɫɫɦɨɬɪɢɦ ɷɤɫɬɪɚɩɨɥɹɰɢɸ 
ɤɨɧɮɢɝɭɪɚɰɢɢ (32) ɧɚ ɪɟɲɟɧɢɟ ɬɢɩɚ ɞɨɦɟɧɧɨɣ ɫɬɟɧɤɢ: 

)](arctan[exp2 2
kzvr                                                   (37) 

ɉɨɡɠɟ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɬɨ ɩɪɢɛɥɢɠɟɧɢɟ ɫɩɪɚɜɟɞɥɢɜɨ ɜ ɩɪɟɞɟɥɟ ɦɚɥɨɝɨ ɩɨɥɹ. Ⱦɥɹ 
ɧɚɱɚɥɚ ɜɜɟɞɟɦ  (37) ɜ ɭɪɚɜɧɟɧɢɟ (32), ɭɱɢɬɵɜɚɹ, ɱɬɨ  
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ɗɬɨ ɫɜɨɞɢɬɫɹ ɤ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɹɦ: 

  rjkzvrIeBre
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zr  2)tanh(4sin2)(
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002

2                (38) 
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Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (38), ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɟ ɝɪɚɧɢɱɧɨɦɭ ɭɫɥɨɜɢɸ  ,0)0(  ɦɨɠɧɨ 
ɧɚɣɬɢ ɦɟɬɨɞɨɦ ɮɭɧɤɰɢɣ Ƚɪɢɧɚ: 

     zzrr
r

G
GGr

r
zrr

  ,
1

2

2                                           (39) 

Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɚ ɪɟɲɟɧɢɹ:  
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                                                                                                                          (40)        

 ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ  ɩɨɜɟɞɟɧɢɟ ɮɭɧɤɰɢɣ Ȼɟɫɫɟɥɹ ɩɪɢ ɦɚɥɵɯ r: 
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ɱɬɨ ɩɪɢ ɦɚɥɵɯ r: 

 )tanh(4
)(cosh4
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                                    (42) 

ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɚɪɚɦɚɝɧɢɬɧɨɟ ɩɨɜɟɞɟɧɢɟ ɝɪɚɮɟɧɚ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɨɛɥɚɫɬɢ. 

ɉɨɞɫɬɚɜɢɜ  ɜ (29) (42) ɢ 
2

,
4

1 0rB
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ɩɨɥɭɱɚɟɦ:
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ɝɞɟ
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ɍɪɚɜɧɟɧɢɟ (43) ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 
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 (44) 

ɫɨ ɫɥɟɞɭɸɳɢɦ ɩɨɫɬɨɹɧɧɵɦ ɩɚɪɚɦɟɬɪɨɦ 

 oB
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Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (44) ɦɨɠɧɨ ɧɚɣɬɢ ɬɚɤɠɟ ɦɟɬɨɞɨɦ ɮɭɧɤɰɢɢ Ƚɪɢɧɚ: 
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      (45) 

ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɮɭɧɤɰɢɣ Ȼɟɫɫɟɥɹ, ɧɚɣɞɟɦ:  

]/2log[)(          ,1)( 00 xxKxxI   








 rs

nsrrs
sr

nrrd

r
2

)1()1(
2

0

  

 
4

1
4

1

6

12 2
23 r

srrsr
sr

n 





   

ɢɡ ɭɪɚɜɧɟɧɢɹ (3.33) ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɨɛɥɚɫɬɢ 
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ɂɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɟ (46), ɦɨɠɧɨ ɩɪɨɜɟɪɢɬɶ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɩɪɢɛɥɢɠɟɧɢɹ (37) ɞɥɹ 

ɰɟɧɬɪɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɜ ɩɪɟɞɟɥɟ ɦɚɥɨɝɨ ɩɨɥɹ, ɟɫɥɢ ɫɱɢɬɚɬɶ, ɱɬɨ 

ଶ/𝐼ߣ ب 𝑒ܤ, 𝑒ܤݎଶ ا ͳ,  ݇ଶݎଶ ا ͳ. 
ɉɨɞɪɚɡɞɟɥ 3.3.4. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɵ ɢɡɭɱɢɥɢ ɦɚɝɧɢɬɧɵɟ ɜɨɡɛɭɠɞɟɧɢɹ ɜ ɞɜɭɯɫɥɨɣɧɨɦ 

ɝɪɚɮɟɧɟ ɞɥɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɨɪɬɨɝɨɧɚɥɶɧɨɝɨ ɩɥɨɫɤɨɫɬɢ ɝɪɚɮɟɧɚ. Ȼɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ 

ɩɚɪɚɦɚɝɧɢɬɧɨɟ ɩɨɜɟɞɟɧɢɟ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɨɛɥɚɫɬɢ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɟɪɟɱɢɫɥɟɧɵ ɨɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ 

ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ. 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ: 

1. ȼ ɷɬɨɣ ɞɢɫɫɟɪɬɚɰɢɢ  ɦɵ ɩɪɢɦɟɧɢɥɢ ɮɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɤ ɨɩɢɫɚɧɢɸ 
ɨɞɧɨɫɥɨɣɧɨɝɨ ɢ ɞɜɭɯɫɥɨɣɧɨɝɨ ɝɪɚɮɟɧɚ, ɢɫɫɥɟɞɨɜɚɥɢ ɫɩɢɧɨɜɵɟ ɢ ɦɚɝɧɢɬɧɵɟ 
ɜɨɡɛɭɠɞɟɧɢɹ ɭɧɢɤɚɥɶɧɨɝɨ ɞɜɭɯɦɟɪɧɨɝɨ ɤɪɢɫɬɚɥɥɚ (ɝɪɚɮɟɧɚ), ɢɫɩɨɥɶɡɭɹ ɤɢɪɚɥɶɧɭɸ 
ɦɨɞɟɥɶ ɝɪɚɮɟɧɚ ɜ ɫɩɢɧɨɪɧɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

2. ȼ ɪɚɦɤɚɯ ɤɢɪɚɥɶɧɨɣ 8-ɫɩɢɧɨɪɧɨɣ ɦɨɞɟɥɢ ɝɪɚɮɟɧɚ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɦɚɝɧɟɬɢɡɦ 
ɜ ɝɪɚɮɟɧɟ ɹɜɥɹɟɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ ɚɧɢɡɨɬɪɨɩɧɵɦ. Ɍɚɤ, ɜ ɫɥɭɱɚɟ  ɜɧɟɲɧɟɝɨ ɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ, ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɥɨɫɤɨɫɬɢ ɝɪɚɮɟɧɚ ɜɵɹɜɥɹɟɬɫɹ ɹɜɧɨ ɞɢɚɦɚɝɧɢɬɧɵɣ ɷɮɮɟɤɬ: 
ɩɪɟɞɫɤɚɡɵɜɚɟɬɫɹ ɨɫɥɚɛɥɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɨɛɪɚɡɰɟ ɝɪɚɮɟɧɚ. ɇɚɤɨɧɟɰ, ɜ ɫɥɭɱɚɟ 
ɜɧɟɲɧɟɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɝɨ ɤ ɩɥɨɫɤɨɫɬɢ ɝɪɚɮɟɧɚ, ɨɛɧɚɪɭɠɢɥɨɫɶ 
ɩɚɪɚɦɚɝɧɢɬɧɨɟ ɩɨɜɟɞɟɧɢɟ ɝɪɚɮɟɧɚ, ɬ.ɟ. ɭɫɢɥɟɧɢɟ ɦɚɝɧɢɬɧɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɜɧɭɬɪɢ 
ɦɚɬɟɪɢɚɥɚ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɪɢ ɦɚɥɵɯ r. 

3. ȼ ɪɚɦɤɚɯ 8-ɫɩɢɧɨɪɧɨɣ ɤɢɪɚɥɶɧɨɣ ɦɨɞɟɥɢ ɪɚɫɫɦɨɬɪɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ ɫ ɞɜɭɯɫɥɨɣɧɵɦ ɝɪɚɮɟɧɨɦ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɩɨɥɹ, ɨɪɬɨɝɨɧɚɥɶɧɨɝɨ ɝɪɚɮɟɧɨɜɨɦɭ 
ɫɥɨɸ, ɬɚɤɠɟ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɩɚɪɚɦɚɝɧɢɬɧɨɟ ɩɨɜɟɞɟɧɢɟ, ɚɧɚɥɨɝɢɱɧɨɟ ɩɨɜɟɞɟɧɢɸ 
ɨɞɧɨɫɥɨɣɧɨɝɨ ɝɪɚɮɟɧɚ. 

ɐɢɬɢɪɭɟɦɵɟ ɫɬɚɬɶɢ: 

1*Rybakov Yu. P. On chiral model of graphene//Solid State Phenomena, v.190. 2012, P.59-

62. 

2* Rybakov Yu. P. Spin excitations in chiral model of graphene//Solid State Phenomena, 

v.233-234. 2015, P.16-19. 
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Ʌɢɱɧɵɣ ɜɤɥɚɞ ɚɜɬɨɪɚ: 

ȼɫɟ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɨɥɭɱɟɧɵ ɚɜɬɨɪɨɦ. ȼ ɫɨɜɦɟɫɬɧɵɯ ɪɚɛɨɬɚɯ ɫ  
ɘ. ɉ. Ɋɵɛɚɤɨɜɵɦ ɩɨɫɥɟɞɧɟɦɭ ɩɪɢɧɚɞɥɟɠɚɬ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɢ ɨɛɫɭɠɞɟɧɢɟ 
ɪɟɡɭɥɶɬɚɬɨɜ. ɂɫɩɨɥɶɡɨɜɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ ɨɬɦɟɱɟɧɵ ɫɫɵɥɤɚɦɢ. 

ɉɭɛɥɢɤɚɰɢɢ ɩɨ ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɢ: 

ȼ ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɚɯ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ȼȺɄ: 

1. Rybakov.Yu.P., M. Iskandar, A.B. Ahmed, Magnetic excitations of graphene in 8 spinor-

realization of chiral model // RUDN Journal of Mathematics, Information Physics 

[Bulletin of People’s Friendship University of Russia (RUDN University). Series 
“Mathematics. Information Sciences. Physics”], 2017, Vol. 25, No. 3. 

2. Ɋыɛɚкоɜ Ю.ɉ., Ⱥхмɟɞ Ⱥ.Ȼ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɜɭɯɫɥɨɣɧɨɝɨ ɝɪɚɮɟɧɚ ɫ ɜɧɟɲɧɢɦ 
ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ//Ɏɢɡɢɱɟɫɤɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɜ ɜɭɡɚɯ. Ɍ. 23, № 4. 

Ⱦɪɭɝɢɟ ɩɭɛɥɢɤɚɰɢɢ: 

1.Rybakov,Yu.P., M. Iskandar, A.B. Ahmed, Magnetic excitation in chiral model of graphene 

// GAMS Dubai 2015. International Conference Proceedings, No.1, pp. 56-66. 

2.Rybakov.Yu.P. M. Iskandar, A.B. Ahmed, Graphene interaction with an external magnetic 

field in the chiral model // LII Conference on Problems of  Dynamics, Particle Physics, 

Plasma Physics and Optoelectronics, Moscow: RUDN, 2016, pp. 90-91. 

3.A.B. Ahmed, The interaction of graphene with external magnetic field orthogonal to the 

plane//International school and conference “Saint-Petersburg OPEN 2017”. 
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Ⱥɧɧɨɬɚɰɢɹ 

Ⱥɯɦɟɞ Ⱥ.Ȼ. 

Сп̛̦о̏ые ̛ электро̛̥̦̌̐т̦ые ̏о̍̚у̙де̛̦я ̏ ̐р̌фе̦е 

    Ƚɪɚɮɟɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɭɦɟɪɧɭɸ ɫɨɜɨɤɭɩɧɨɫɬɶ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɫ ɬɨɥɳɢɧɨɣ 
ɜɫɟɝɨ ɜ ɨɞɢɧ ɚɬɨɦ, ɨɛɪɚɡɭɸɳɢɯ ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ ɪɟɲɟɬɤɭ. Ɋɚɧɟɟ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ  
ɫɤɚɥɹɪɧɚɹ ɤɢɪɚɥɶɧɚɹ ɦɨɞɟɥɶ  ɝɪɚɮɟɧɚ, ɢɫɩɨɥɶɡɭɸɳɚɹ ɜ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɚ ɩɨɪɹɞɤɚ 

ɭɧɢɬɚɪɧɭɸ ɦɚɬɪɢɰɭ, ɫɨɞɟɪɠɚɳɭɸ ɫɤɚɥɹɪɧɨɟ ɢ ɜɟɤɬɨɪɧɨɟ ɩɨɥɹ. ɉɪɢ ɷɬɨɦ ɢɞɟɚɥɶɧɚɹ 
ɩɥɨɫɤɨɫɬɶ ɝɪɚɮɟɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɢɧɤ-ɩɨɞɨɛɧɵɦ ɪɟɲɟɧɢɟɦ. Ƚɨɮɪɢɪɨɜɚɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɮɟɧɚ ɛɵɥɨ ɨɩɢɫɚɧɨ ɜ ɮɨɪɦɟ ɤɨɥɟɰ ɪɹɛɢ. Ȼɵɥɨ ɧɚɣɞɟɧɨ ɩɪɢɛɥɢɠɟɧɧɨɟ 
ɪɟɲɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɛɟɫɤɨɧɟɱɧɵɦ ɭɝɥɟɪɨɞɧɵɦ ɧɚɧɨɬɪɭɛɤɚɦ.   Ɋɚɫɫɦɨɬɪɟɧɨ 
ɨɛɨɛɳɟɧɢɟ ɫɤɚɥɹɪɧɨɣ ɤɢɪɚɥɶɧɨɣ ɦɨɞɟɥɢ ɝɪɚɮɟɧɚ, ɜɤɥɸɱɚɸɳɟɣ 8-ɫɩɢɧɨɪɧɨɟ ɩɨɥɟ ɞɥɹ 
ɨɩɢɫɚɧɢɹ ɫɩɢɧɨɜɵɯ ɢ ɤɜɚɡɢɫɩɢɧɨɜɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɜ ɝɪɚɮɟɧɟ. ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɛɵɥɨ ɜɤɥɸɱɟɧɨ ɱɟɪɟɡ ɪɚɫɲɢɪɟɧɢɟ ɩɪɨɢɡɜɨɞɧɨɣ ɢ ɞɨɛɚɜɥɟɧ ɱɥɟɧ 

ɩɪɹɦɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɉɚɭɥɢ. ɉɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɝɪɚɮɟɧɚ ɫ 
ɜɧɟɲɧɢɦ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ.   ȼ ɫɥɭɱɚɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɥɨɫɤɨɫɬɢ 
ɝɪɚɮɟɧɚ, ɩɪɟɞɫɤɚɡɚɧ ɞɢɚɦɚɝɧɢɬɧɵɣ ɷɮɮɟɤɬ, ɬ. ɟ. ɨɫɥɚɛɥɟɧɢɟ ɦɚɝɧɢɬɧɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 
ɜ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ. Ɉɞɧɚɤɨ ɞɥɹ ɫɥɭɱɚɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɨɪɬɨɝɨɧɚɥɶɧɨɝɨ ɤ ɩɥɨɫɤɨɫɬɢ 
ɝɪɚɮɟɧɚ, ɩɪɟɞɫɤɚɡɵɜɚɟɬɫɹ ɭɫɢɥɟɧɢɟ ɦɚɝɧɢɬɧɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ  ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɨɛɥɚɫɬɢ 
(ɩɪɢ ɦɚɥɵɯ r). Ⱦɜɭɯɫɥɨɣɧɵɣ ɝɪɚɮɟɧ ɬɚɤɠɟ ɨɛɧɚɪɭɠɢɜɚɟɬ ɩɚɪɚɦɚɝɧɢɬɧɨɟ ɩɨɜɟɞɟɧɢɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɝɪɚɮɟɧɚ ɨɤɚɡɵɜɚɸɬɫɹ ɫɢɥɶɧɨ ɚɧɢɡɨɬɪɨɩɧɵɦɢ. 

ABSTRACT 

Ahmed A.B 

Spin and electromagnetic excitations in graphene 

    Graphene is a two-dimensional collection of carbon atoms, with thickness of only one 

atom, forming the hexagonal lattice. The scalar chiral model of graphene based on the unitary 

matrix as an order parameter, was suggested in the long wave approximation and the ideal 

graphene plane was determined by the kink-like solution. Corrugation of the graphene 

surface was described in the form of ripple rings. The approximate solution corresponding to 

infinite carbon nanotubes was found. We considered the generalization of the scalar chiral 

model of graphene, the 8-spinor field being included for the description of spin and quasi-

spin excitations in graphene. The electromagnetic interaction was included through the 

extension of derivative and Pauli direct interaction term was added. We considered in detail 

an example of the interaction of the graphene plane with the external magnetic field.    We 

studied the case of the magnetic field parallel to the graphene plane, and the diamagnetic 

effect was predicted.  However, for the case of the magnetic field orthogonal to the graphene 

plane the strengthening of the magnetic intensity is revealed in the central domain (at small 

r). We studied magnetic excitations in bilayer grapheme which also reveals a paramagnetic 

behavior.  Thus, the magnetic properties of the graphene prove to be strongly anisotropic. 
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