
 
 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 

ɂɧɫɬɢɬɭɬ ɤɨɫɦɢɱɟɫɤɢɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
ɢɧɫɬɢɬɭɬ 

 

Ɇɟɠɢɧɫɬɢɬɭɬɫɤɚɹ ɛɚɡɨɜɚɹ ɤɚɮɟɞɪɚ  
«ɉɪɢɤɥɚɞɧɚɹ ɮɢɡɢɤɚ ɢ ɤɨɫɦɢɱɟɫɤɢɟ ɬɟɯɧɨɥɨɝɢɢ» 

ɤɚɮɟɞɪɚ 
 
 

 
 ɍɌȼȿɊɀȾȺɘ 

 Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
__________ȼ.ȿ. Ʉɨɫɟɧɤɨ 
ɩɨɞɩɢɫɶ            ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

«____ » ________ 2019 ɝ 

 
 

ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 
 

«Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɧɚ 
ɥɭɧɧɨɣ ɨɪɛɢɬɟ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɫɩɭɬɧɢɤɚ Ɂɟɦɥɢ» 

ɬɟɦɚ 

01.04.02 «ɉɪɢɤɥɚɞɧɚɹ ɦɚɬɟɦɚɬɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ» 
ɤɨɞ  ɢ  ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ  

01.04.02.04 «ɇɚɜɢɝɚɰɢɹ ɢ ɭɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɟɦ» 
ɤɨɞ  ɢ  ɧɚɢɦɟɧɨɜɚɧɢɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɩɪɨɝɪɚɦɦɵ 

 
ɇɚɭɱɧɵɣ 
ɪɭɤɨɜɨɞɢɬɟɥɶ    

ɉɪɨɮɟɫɫɨɪ ɆȻɄ ɉɎɢɄɌ, 
ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ  ȼ.ɂ. Ʉɭɞɵɦɨɜ 

  ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ȼɵɩɭɫɤɧɢɤ      ȼ.Ⱥ. ɒɚɛɭɥɤɢɧ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɋɟɰɟɧɡɟɧɬ    
ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ ȺɈ 
«ɂɋɋ», ɤɚɧɞ.ɬɟɯɧ.ɧɚɭɤ  ȿ.ȼ. ɂɫɥɟɧɬɶɟɜ 

  ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ      ȿ.ɋ. ɋɢɞɨɪɨɜɚ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 

Ʉɪɚɫɧɨɹɪɫɤ 2019 



 
 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɂɧɫɬɢɬɭɬ ɤɨɫɦɢɱɟɫɤɢɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɢɧɫɬɢɬɭɬ 
 

Ɇɟɠɢɧɫɬɢɬɭɬɫɤɚɹ ɛɚɡɨɜɚɹ ɤɚɮɟɞɪɚ  
«ɉɪɢɤɥɚɞɧɚɹ ɮɢɡɢɤɚ ɢ ɤɨɫɦɢɱɟɫɤɢɟ ɬɟɯɧɨɥɨɝɢɢ» 

ɤɚɮɟɞɪɚ 
 
 
 

 
 ɍɌȼȿɊɀȾȺɘ 

 Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
__________ȼ.ȿ. Ʉɨɫɟɧɤɨ 
ɩɨɞɩɢɫɶ            ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

«  05  »    ɨɤɬɹɛɪɹ    2017 ɝ 

 
 

ɁȺȾȺɇɂȿ 
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 
 

  



 
 

ɋɬɭɞɟɧɬɭ ɒɚɛɭɥɤɢɧ ȼɥɚɞɢɦɢɪ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ. 
                                          ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ  

Ƚɪɭɩɩɚ ɂɆ 17-08Ɇ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 01.04.02  
                              ɧɨɦɟɪ                                                                                         ɤɨɞ 

«ɉɪɢɤɥɚɞɧɚɹ ɦɚɬɟɦɚɬɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ». 
                                 ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: «Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ 

ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɧɚ ɥɭɧɧɨɣ ɨɪɛɢɬɟ ɩɪɢ 

ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɫɩɭɬɧɢɤɚ Ɂɟɦɥɢ». 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №   678/ɫ   ɨɬ  22.01.2018 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ: ȼ. ɂ. Ʉɭɞɵɦɨɜ, ɩɪɨɮɟɫɫɨɪ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, 
ɆȻɄ «ɉɪɢɤɥɚɞɧɚɹ ɮɢɡɢɤɚ ɢ ɤɨɫɦɢɱɟɫɤɢɟ ɬɟɯɧɨɥɨɝɢɢ».  
         ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: ɞɚɧɧɵɟ ɷɥɟɦɟɧɬɨɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɨɪɛɢɬɵ 

(ɪɚɞɢɭɫ Ʌɭɧɵ R = 1738 ɤɦ, cɟɥɟɧɨɰɟɧɬɪɢɱɟɫɤɚɹ ɩɚɪɚɛɨɥɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɧɚ 

ɪɚɫɫɬɨɹɧɢɢ r ɨɬ ɰɟɧɬɪɚ Ʌɭɧɵ ν=√ʹ ɤɦ/ɫɟɤ), ɢɫɬɨɱɧɢɤɢ ɨɩɢɫɚɧɢɹ 

ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɝɪɭɩɩɢɪɨɜɨɤ: ɥɢɬɟɪɚɬɭɪɚ ɩɨ ɧɟɛɟɫɧɨɣ ɦɟɯɚɧɢɤɟ, ɥɢɬɟɪɚɬɭɪɚ 

ɩɨ ɪɚɞɢɨɤɨɧɬɪɨɥɸ ɢ ɞɢɫɫɟɪɬɚɰɢɨɧɧɵɟ ɪɚɛɨɬɵ ɩɨ ɩɪɟɞɥɚɝɚɟɦɵɦ ɢɞɟɹɦ 

ɦɟɬɨɞɢɤ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: 

1) ɨɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɨɪɛɢɬɚɥɶɧɨɣ ɝɪɭɩɩɢɪɨɜɤɢ;  

2) ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ;  

3) ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: ɝɪɚɮɢɤɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɬɚɰɢɨɧɚɪɧɵɯ 

ɨɛɴɟɤɬɨɜ ɢ ɞɚɧɧɵɟ ɦɨɞɟɥɟɣ ɞɥɹ ɪɚɫɱɟɬɚ ɷɮɟɦɟɪɢɞ ɩɟɪɜɨɝɨ ɪɨɞɚ. 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ            _________________     ________________________ 
                                                                                   ɩɨɞɩɢɫɶ                                  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ  _________     ____________________________ 
                                                                                   ɩɨɞɩɢɫɶ                     ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

 

« ___ » __________ 20__ ɝ.  



 
 

ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ: «Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ 

ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɧɚ ɥɭɧɧɨɣ ɨɪɛɢɬɟ ɩɪɢ 

ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɫɩɭɬɧɢɤɚ Ɂɟɦɥɢ» ɫɨɞɟɪɠɢɬ 60 ɫɬɪɚɧɢɰ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 21 ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɢɫɬɨɱɧɢɤ. 

ɅɍɇȺ, ȽɊɍɉɉɈȼɈɃ ɁȺɉɍɋɄ, ȻȺɅɅɂɋɌɂɄȺ, ɇȺȼɂȽȺɐɂə, 

ɊȺȾɂɈɄɈɇɌɊɈɅɖ, ɑɂɋɅȿɇɇɕɃ ɆȿɌɈȾ, ȺɇȺɅɂɌɂɑȿɋɄɂɃ ɆȿɌɈȾ, 

ɄɈɋɆɂɑȿɋɄɂɃ ȺɉɉȺɊȺɌ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ: ɱɢɫɥɟɧɧɵɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɦɨɞɟɥɢ 

ɩɨɫɬɪɨɟɧɢɹ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ. 

ɉɪɟɫɥɟɞɭɟɦɵɟ ɰɟɥɢ: 

1) ɫɨɡɞɚɧɢɟ ɦɟɬɨɞɢɤɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ; 

2) ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɧɚ ɨɪɛɢɬɟ 

Ʌɭɧɵ; 

3) ɭɥɭɱɲɟɧɢɟ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ; 

4) ɩɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ ɡɚ ɫɱɟɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɞɥɹ ɝɪɭɩɩɨɜɵɯ ɡɚɩɭɫɤɨɜ ɢɫɤɭɫɫɬɜɟɧɧɵɯ 

ɫɩɭɬɧɢɤɨɜ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɚ ɫɨɡɞɚɧɚ ɦɟɬɨɞɢɤɚ, ɩɪɨɪɚɛɚɬɵɜɚɸɳɚɹ 

ɩɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɧɚ ɨɪɛɢɬɟ Ʌɭɧɵ ɩɪɢ 

ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ. ɉɨ ɢɬɨɝɭ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ 

ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ ɞɨɫɬɚɬɨɱɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚɜɢɝɚɰɢɨɧɧɵɟ ɧɚɪɚɛɨɬɤɢ 

ɩɟɪɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɝɥɨɛɚɥɶɧɨɣ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɩɭɬɧɢɤɨɜɨɣ ɫɢɫɬɟɦɵ ɫɜɹɡɢ. 

ȼɵɹɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟɬɨɞɢɤɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ 

ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɡɪɚɛɨɬɨɤ ɚɧɚɥɨɝɢɱɧɵɯ ɦɨɞɟɥɟɣ. ɉɪɨɪɚɛɨɬɚɧ ɜɨɩɪɨɫ 

ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɢɤɢ. ɉɪɟɞɥɨɠɟɧɵ ɞɚɥɶɧɟɣɲɢɟ ɜɨɡɦɨɠɧɵɟ 

ɩɭɬɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɦɟɬɨɞɢɤɢ ɩɨ ɭɥɭɱɲɟɧɢɸ ɪɚɞɢɨɤɨɧɬɪɨɥɹ. 
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ȼȼȿȾȿɇɂȿ 

 

Ⱥɤɬɢɜɧɨɟ ɨɫɜɨɟɧɢɟ Ʌɭɧɵ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ 

ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɢɥɢ ɥɭɧɧɨɣ ɫɩɭɬɧɢɤɨɜɨɣ 

ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ (Ʌɋɇɋ), ɤɨɬɨɪɚɹ ɛɵ ɛɚɡɢɪɨɜɚɥɚɫɶ ɧɚ ɨɫɧɨɜɟ ɪɚɧɟɟ 

ɩɪɨɪɚɛɨɬɚɧɧɨɣ ɝɥɨɛɚɥɶɧɨɣ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɩɭɬɧɢɤɨɜɨɣ ɫɢɫɬɟɦɟ (Ƚɇɋɋ), 

ɫɨɡɞɚɧɧɨɣ ɞɥɹ Ɂɟɦɥɢ [1, 2]. Ɉɫɧɨɜɧɵɦɢ ɩɨɬɪɟɛɢɬɟɥɹɦɢ Ʌɋɇɋ ɹɜɥɹɸɬɫɹ 

ɥɭɧɧɵɟ ɩɨɞɜɢɠɧɵɟ ɫɬɚɧɰɢɢ, ɞɥɹ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɩɟɪɜɨɝɨ ɩɨɤɨɥɟɧɢɹ. 

ɋɩɭɬɧɢɤɨɜɨɟ ɧɚɜɢɝɚɰɢɨɧɧɨɟ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɜɨɡɦɨɠɧɨ 

ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɫɨɡɞɚɧɚ ɨɩɨɪɧɚɹ ɫɟɥɟɧɨɰɟɧɬɪɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ, 

ɩɪɨɪɚɛɨɬɚɧɵ ɦɨɞɟɥɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ Ʌɭɧɵ (ȽɉɅ), ɪɚɡɪɚɛɨɬɚɧɚ ɬɨɱɧɚɹ 

ɦɟɬɨɞɢɤɚ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ, ɤɨɬɨɪɵɟ ɢ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɚɜɢɝɚɰɢɸ ɩɨɬɪɟɛɢɬɟɥɟɣ Ʌɋɇɋ, ɱɬɨ ɜɨɡɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ 

ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ [3, 4]. ɋ ɭɱɟɬɨɦ ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɫɩɭɬɧɢɤɨɜɵɯ ɫɢɫɬɟɦ ɩɟɪɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɚɧɚɥɨɝɢɱɧɵ ɫɢɫɬɟɦɚɦ 

«ɐɢɤɚɞɚ» ɢ «Ɍɪɚɧɡɢɬ», ɞɨɫɬɚɬɨɱɧɨ ɨɩɪɟɞɟɥɹɬɶ ɲɢɪɨɬɭ ɢ ɞɨɥɝɨɬɭ ɩɨ 

ɫɩɭɬɧɢɤɨɜɨɦɭ ɧɚɜɢɝɚɰɢɨɧɧɨɦɭ ɫɢɝɧɚɥɭ, ɚ ɬɪɟɬɶɸ ɤɨɨɪɞɢɧɚɬɭ ɩɪɨɫɱɢɬɵɜɚɬɶ 

ɢɡ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨɜɟɪɯɧɨɫɬɢ Ʌɭɧɵ. 

ɇɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɩɨɪɧɵɯ ɫɬɚɧɰɢɣ, ɤ ɤɨɬɨɪɵɦ ɜɨɡɦɨɠɧɨ 

«ɩɪɢɜɹɡɚɬɶ» ɩɨɥɨɠɟɧɢɟ ɨɤɪɭɠɚɸɳɢɯ ɨɛɴɟɤɬɨɜ ɢ ɧɚɥɭɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ, 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫ ɩɨɦɨɳɶɸ 4–6 ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ (ɄȺ). ɉɪɢ 

ɩɨɞɞɟɪɠɚɧɢɢ ɝɪɭɩɩɢɪɨɜɤɢ ɢɡ 4–6 ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ Ʌɭɧɵ (ɂɋɅ) 

ɧɟɨɛɯɨɞɢɦɚ ɩɪɢɜɹɡɤɚ ɥɭɧɧɵɯ ɫɬɚɧɰɢɣ, ɚ ɞɥɹ ɢɯ ɪɚɡɦɟɳɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 

ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɚ ɧɚ ɥɭɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɄȺ. ɍɞɨɛɧɵɦ 

ɜɚɪɢɚɧɬɨɦ ɨɪɝɚɧɢɡɚɰɢɢ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɟɬɢ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɫɥɭɠɢɬ 

ɝɪɭɩɩɨɜɨɣ ɡɚɩɭɫɤ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ [5]. Ɉɞɧɚɤɨ, ɬɚɤɨɣ ɡɚɩɭɫɤ ɄȺ 

ɬɪɟɛɭɟɬ ɬɨɱɧɨɝɨ ɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɪɚɫɱɟɬɚ ɩɨɥɨɠɟɧɢɹ ɤɚɠɞɨɝɨ ɢɡ ɫɩɭɬɧɢɤɨɜ, 

ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɜɵɫɨɤɨɬɨɱɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɞɢɨɤɨɧɬɪɨɥɹ. ȼ 
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ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɛɢɬ ɂɋɁ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɟɬɶ ɫɬɚɧɰɢɣ, 

ɤɨɬɨɪɵɟ ɪɚɡɦɟɳɟɧɵ ɩɨ ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɫɬɪɚɧɵ. ɋɬɚɧɰɢɢ, ɤɨɬɨɪɵɟ 

ɨɬɫɥɟɠɢɜɚɸɬ ɩɨɥɨɠɟɧɢɹ ɄȺ ɩɨ ɜɫɟɦ ɫɨɡɜɟɡɞɢɹɦ, ɡɚɝɪɭɠɟɧɵ ɢɡ-ɡɚ ɱɟɝɨ 

ɫɬɨɢɦɨɫɬɶ ɫɟɚɧɫɚ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚ. ɑɬɨɛɵ ɪɟɲɢɬɶ 

ɩɪɨɛɥɟɦɵ ɡɚɝɪɭɠɟɧɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɪɚɛɨɬɚɬɶ ɧɨɜɭɸ, ɷɮɮɟɤɬɢɜɧɭɸ 

ɫɯɟɦɭ ɪɚɞɢɨɤɨɧɬɪɨɥɹ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɫɥɟɠɟɧɢɟ 

ɡɚ ɝɪɭɩɩɢɪɨɜɤɚɦɢ ɄȺ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɣ ɫɬɚɧɰɢɢ.  

ɋɨɡɞɚɧɢɟ ɢ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɜɨɡɦɨɠɧɨ ɫ 

ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɤɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɬɨɱɧɨɣ ɦɟɬɨɞɢɤɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ 

ɞɜɢɠɟɧɢɹ ɄȺ ɧɚ ɥɭɧɧɨɣ ɨɪɛɢɬɟ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɝɪɭɩɩɨɜɨɝɨ ɡɚɩɭɫɤɚ [5], 

ɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɞɥɹ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɟɬɢ ɢɫɤɭɫɫɬɜɟɧɧɵɯ 

ɫɩɭɬɧɢɤɨɜ Ɂɟɦɥɢ (ɂɋɁ). Ɇɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɝɪɭɩɩɨɜɨɣ ɡɚɩɭɫɤ ɢ 

ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɜɨɡɦɨɠɧɨ ɩɪɢ ɞɟɬɚɥɶɧɨɣ ɩɪɨɪɚɛɨɬɤɟ 

ɦɟɬɨɞɢɤɢ ɬɨɱɧɨɝɨ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ ɄȺ. Ɂɚ ɨɫɧɨɜɭ ɩɨɞɨɛɧɨɣ ɫɟɬɢ 

ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɟɪɜɨɟ ɩɨɤɨɥɟɧɢɟ ɝɥɨɛɚɥɶɧɨɣ ɧɚɜɢɝɚɰɢɨɧɧɨɣ 

ɫɩɭɬɧɢɤɨɜɨɣ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɪɚɧɟɟ ɩɪɢɦɟɧɹɥɚɫɶ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɟɬɢ Ɂɟɦɥɢ [6-8]. ɇɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ 

ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɧɚ ɥɭɧɧɨɣ ɨɪɛɢɬɟ ɩɪɢ 

ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɫɩɭɬɧɢɤɚ Ɂɟɦɥɢ. ɋɨɡɞɚɧɢɟ ɦɟɬɨɞɢɤɢ 

ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ ɄȺ ɧɚ ɥɭɧɧɨɣ ɨɪɛɢɬɟ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ 

ɩɨɡɜɨɥɹɟɬ: 

1) ɭɥɭɱɲɢɬɶ ɪɚɞɢɨɤɨɧɬɪɨɥɶ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ; 

2) ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɄȺ ɧɚ ɨɪɛɢɬɟ Ʌɭɧɵ; 

3) ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɞɢɨɤɨɧɬɪɨɥɶ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ; 

4) ɩɨɜɵɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ, ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɱɢɫɥɟɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɞɥɹ ɝɪɭɩɩɨɜɵɯ ɡɚɩɭɫɤɨɜ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶɫɹ ɫ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɨɪɛɢɬɚɥɶɧɨɣ 

ɝɪɭɩɩɢɪɨɜɤɨɣ, ɩɪɨɪɚɛɨɬɚɬɶ ɞɟɬɚɥɶɧɨ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 

ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ, ɭɬɨɱɧɢɬɶ ɦɟɬɨɞ, ɩɪɢɦɟɧɹɟɦɵɣ ɜ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ 
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ɄȺ, ɤɨɬɨɪɭɸ ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ. Ɇɨɞɟɥɶ ɞɜɢɠɟɧɢɹ 

ɂɋɅ ɞɨɥɠɧɚ ɨɛɥɚɞɚɬɶ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ ɞɥɹ 

ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɢ ɫɤɨɪɨɫɬɟɣ ɜ ɨɩɪɟɞɟɥɟɧɧɵɣ ɦɨɦɟɧɬ 

ɜɪɟɦɟɧɢ ɧɚ ɨɪɛɢɬɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɫɚɦɨɦ ɄȺ [9, 10]. ɉɟɪɟɞɚɜɚɟɦɵɟ 

ɞɚɧɧɵɟ ɫ ɧɟɫɤɨɥɶɤɢɯ ɚɩɩɚɪɚɬɨɜ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɞɨɥɠɧɵ ɛɵɬɶ 

ɞɨɫɬɚɬɨɱɧɵ, ɡɚɧɢɦɚɬɶ ɤɚɤ ɦɨɠɧɨ ɦɟɧɶɲɟ ɩɨɥɨɫɭ ɫɜɹɡɢ, ɱɬɨɛɵ ɭɫɩɟɜɚɬɶ 

ɩɟɪɟɞɚɜɚɬɶ ɩɚɤɟɬɵ ɢɧɮɨɪɦɚɰɢɢ ɧɚ Ɂɟɦɥɸ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ 

ɢɧɮɨɪɦɚɰɢɢ. ɋɥɟɠɟɧɢɟ ɡɚ ɝɪɭɩɩɢɪɨɜɤɨɣ ɄȺ ɩɪɢ ɨɩɟɪɚɬɢɜɧɨɦ ɨɛɦɟɧɟ ɩɨ 

ɦɟɠɫɩɭɬɧɢɤɨɜɨɣ ɥɢɧɢɢ ɫɜɹɡɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɡɚɢɦɨɨɛɦɟɧɨɦ ɢɧɮɨɪɦɚɰɢɢ 

ɧɚ ɥɢɧɢɢ ɄȺ-ɄȺ. 

ɉɪɢ ɜɵɛɨɪɟ ɧɟɨɛɯɨɞɢɦɨɣ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɝɪɭɩɩɢɪɨɜɤɢ ɜɚɠɧɨ 

ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɩɚɪɚɦɟɬɪɵ ɜɨɡɦɭɳɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬ, ɤɨɬɨɪɵɟ 

ɜɧɨɫɹɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɢɫɤɚɠɟɧɢɣ, ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ ɦɨɞɟɥɶ ɪɚɫɱɟɬɚ 

ɨɪɛɢɬɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɄȺ [11]. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɨɩɟɪɚɬɢɜɧɨɫɬɢ ɪɚɫɱɟɬɚ, 

ɜɨɡɦɨɠɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɧɨɰɟɧɧɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɢ ɩɨɥɨɠɟɧɢɹ 

ɂɋɅ ɧɚ ɨɪɛɢɬɟ ɛɨɪɬɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɤɨɦɩɥɟɤɫɨɦ ɜɵɝɨɞɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɚɧɚɥɢɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɄȺ [12-15]. ȼ ɞɢɫɫɟɪɬɚɰɢɢ ɜɨɡɦɭɳɟɧɢɹ ɜ 

ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɧɚ ɥɭɧɧɨɣ 

ɨɪɛɢɬɟ. ɂɡ ɨɩɵɬɚ ɪɚɛɨɬ ɩɨ ɩɨɜɵɲɟɧɢɸ ɬɨɱɧɨɫɬɢ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 1-ɝɨ 

ɩɨɤɨɥɟɧɢɹ [5, 10, 15] ɢ ɧɚ ɨɫɧɨɜɟ ɩɪɨɢɡɜɨɞɢɦɵɯ ɨɩɟɪɚɰɢɣ ɪɚɫɱɟɬɚ ɢ 

ɭɬɨɱɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɫɥɟɞɭɟɬ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɫɩɭɬɧɢɤɨɜɵɯ 

ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ (ɋɇɋ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɱɧɨɫɬɶɸ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 

ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɩɭɬɧɢɤɚ ɜ ɩɨɥɧɨɦ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ 

ɩɨɥɟ [16, 17].  

ȼɫɟ ɜɵɲɟɢɡɥɨɠɟɧɧɵɟ ɰɟɥɢ ɢ ɡɚɞɚɱɢ ɜɨɡɦɨɠɧɨ ɪɟɲɢɬɶ, ɜɵɛɪɚɜ 

ɧɟɨɛɯɨɞɢɦɭɸ ɢ ɞɨɫɬɚɬɨɱɧɭɸ ɨɪɛɢɬɚɥɶɧɭɸ ɝɪɭɩɩɢɪɨɜɤɭ, ɨɩɪɟɞɟɥɢɜ ɦɟɬɨɞ 

ɪɚɫɱɟɬɚ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ, ɨɛɟɫɩɟɱɢɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫɟɬɢ ɧɚ ɨɫɧɨɜɟ 

ɱɢɫɥɟɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɩɪɢ ɭɱɟɬɟ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ 

ɜɨɡɦɭɳɟɧɢɣ Ʌɭɧɵ [18].  
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1 Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɫɟɥɟɧɨɞɟɡɢчɟɫɤɨɣ ɨɪɛɢɬɚɥɶɧɨɣ 

ɝɪɭɩɩɢɪɨɜɤɢ 

 

Ɇɟɬɨɞɢɤɚ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɫɬɪɨɢɬɫɹ ɧɚ ɬɨɱɧɨɦ ɧɚɜɢɝɚɰɢɨɧɧɨɦ 

ɨɩɪɟɞɟɥɟɧɢɢ ɂɋɅ ɧɚ ɨɪɛɢɬɟ. Ɍɨɱɧɨɫɬɶ ɧɚɜɢɝɚɰɢɢ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɡɟɦɧɵɦɢ ɧɚɜɢɝɚɰɢɨɧɧɵɦɢ ɫɟɬɹɦɢ 

ɩɨɝɪɟɲɧɨɫɬɹɦɢ, ɜɧɨɫɢɦɵɦɢ ɜ ɫɢɫɬɟɦɭ, ɡɚ ɫɱɟɬ ɧɟɬɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɷɮɟɦɟɪɢɞ 

ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɩɭɬɧɢɤɚ ɜ ɬɨɬ ɢɥɢ ɢɧɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɬɨɱɧɨɫɬɶ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɷɮɟɦɟɪɢɞɚɯ ɢ ɢɯ ɡɧɚɱɟɧɢɹɯ 

ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɩɨɝɪɟɲɧɨɫɬɹɦɢ, ɤɨɬɨɪɵɟ ɥɢɛɨ ɭɱɢɬɵɜɚɸɬɫɹ, ɥɢɛɨ ɧɟ 

ɭɱɢɬɵɜɚɸɬɫɹ ɦɨɞɟɥɶɸ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɩɨɥɨɠɟɧɢɟ ɢ ɞɜɢɠɟɧɢɟ ɄȺ ɧɚ ɨɪɛɢɬɟ 

Ʌɭɧɵ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ 

ɫɟɬɢ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɢɥɢ ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ ɜ 

ɛɥɢɠɚɣɲɟɣ ɩɟɪɫɩɟɤɬɢɜɟ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɢɯ ɩɪɢɜɹɡɨɤ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ, 

ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɡɚ ɫɱɟɬ ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɥɭɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɤɨɦɩɚɤɬɧɵɯ ɧɚɥɭɧɧɵɯ ɫɬɚɧɰɢɣ. ɉɨɦɢɦɨ ɨɩɢɫɚɧɧɵɯ ɩɪɨɛɥɟɦ ɫɭɳɟɫɬɜɭɸɬ 

ɟɳɟ ɩɨɝɪɟɲɧɨɫɬɢ ɬɪɚɟɤɬɨɪɧɵɯ ɢɡɦɟɪɟɧɢɣ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 

ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɟɣ ɞɜɢɠɟɧɢɟ ɢ ɩɨɥɨɠɟɧɢɟ ɂɋɅ ɧɚ 

ɨɪɛɢɬɟ, ɚ ɬɚɤɠɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɝɧɨɡɚ, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ ɬɨɱɧɨɫɬɢ 

ɢɫɩɨɥɶɡɭɟɦɨɣ ɦɨɞɟɥɢ ɞɥɹ ɩɪɟɞɫɤɚɡɚɧɢɹ ɞɜɢɠɟɧɢɹ ɢ ɩɨɥɨɠɟɧɢɹ ɄȺ ɧɚ ɨɪɛɢɬɟ 

ɜ ɡɚɞɚɧɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ.  

ɍɱɢɬɵɜɚɹ ɜɫɟ ɜɵɲɟɨɩɢɫɚɧɧɵɟ ɮɚɤɬɨɪɵ, ɜɨɡɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɬɨɱɧɨɫɬɶ ɷɮɟɦɟɪɢɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɤɚɡɵɜɚɟɬ 

ɫɯɟɦɚ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬɵ, ɩɪɢɜɥɟɤɚɟɦɚɹ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ 

ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ. ɉɨɞɨɛɧɵɣ ɬɢɩ ɦɨɞɟɥɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɨɫɬɚɜɨɦ ɩɪɢɜɥɟɤɚɟɦɵɯ ɫɪɟɞɫɬɜ, ɪɚɡɦɟɳɟɧɢɟɦ 

ɧɚɜɢɝɚɰɢɨɧɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɭɧɤɬɨɜ ɢ ɨɪɝɚɧɢɡɚɰɢɟɣ ɬɪɚɟɤɬɨɪɧɵɯ 

ɢɡɦɟɪɟɧɢɣ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɬɨɱɧɨɫɬɶ ɷɮɟɦɟɪɢɞ ɩɪɢ ɝɪɭɩɩɨɜɨɦ 

ɡɚɩɭɫɤɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɛɪɚɬɶ ɫɯɟɦɭ 
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ɩɨɫɬɪɨɟɧɢɹ, ɤɨɬɨɪɚɹ ɛɵ ɭɞɨɜɥɟɬɜɨɪɹɥɚ ɨɩɪɟɞɟɥɟɧɢɸ ɞɚɧɧɨɣ ɷɮɟɦɟɪɢɞɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɜ ɪɚɫɱɟɬɟ ɞɨ ɨɞɧɨɝɨ ɢɥɢ ɬɪɟɯ ɤɢɥɨɦɟɬɪɨɜ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɞɥɹ 

Ʌɭɧɵ ɜɥɢɹɧɢɟ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɚɧɨɦɚɥɢɣ ɦɧɨɝɨ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɫɥɭɱɚɟ ɫ 

Ɂɟɦɥɟɣ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ 

ɨɛɟɫɩɟɱɢɬɶ ɩɪɨɜɟɞɟɧɢɟ ɬɪɚɟɤɬɨɪɧɵɯ ɢɡɦɟɪɟɧɢɣ ɞɜɭɦɹ ɢɥɢ ɬɪɟɦɹ ɩɭɧɤɬɚɦɢ 

ɧɚ ɞɜɭɯ ɢɥɢ ɬɪɟɯ ɩɨɞɪɹɞ ɫɥɟɞɭɸɳɢɯ ɜɢɬɤɚɯ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ. ɋ ɭɱɟɬɨɦ ɛɨɥɟɟ 

ɬɨɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ Ʌɭɧɵ ɥɭɱɲɢɦɢ ɭɫɥɨɜɢɹɦɢ 

ɬɪɚɟɤɬɨɪɧɵɯ ɢɡɦɟɪɟɧɢɣ ɫɬɚɧɭɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ Ʌɭɧɵ ɢ ɟɟ 

ɩɨɜɟɪɯɧɨɫɬɢ. Ɋɹɞɨɦ ɚɜɬɨɪɨɜ [5, 10, 15] ɨɩɪɟɞɟɥɟɧɵ ɞɥɹ ɫɥɭɱɚɹ ɫ Ɂɟɦɥɟɣ 

ɬɪɟɛɨɜɚɧɢɹ ɤ ɝɟɨɦɟɬɪɢɢ ɩɪɨɜɟɞɟɧɢɹ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬɵ, ɱɬɨ ɜɨɡɦɨɠɧɨ 

ɩɪɢɦɟɧɢɬɶ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ, ɬɚɤ ɤɚɤ ɚɧɚɥɨɝɢɱɧɨɫɬɶ 

ɩɨɞɯɨɞɚ ɨɩɪɟɞɟɥɟɧɚ ɢ ɞɨɤɚɡɚɧɚ. Ⱦɥɹ Ʌɭɧɵ ɧɟɨɛɯɨɞɢɦɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ 

ɝɟɨɦɟɬɪɢɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɛɭɞɭɬ ɫɥɟɞɭɸɳɢɟ: ɩɪɨɜɟɞɟɧɢɟ ɢɡɦɟɪɟɧɢɣ 

ɫɢɦɦɟɬɪɢɱɧɨ ɧɚɩɪɚɜɥɟɧɢɸ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɟ ɩɨɥɟɬɭ ɄȺ ɢɥɢ ɟɝɨ 

ɞɢɚɦɟɬɪɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ ɢ ɧɚ ɜɨɫɯɨɞɹɳɢɯ ɢ 

ɫɨɩɪɹɠɟɧɧɵɯ ɜɢɬɤɚɯ. Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɢɯ ɤɪɢɬɟɪɢɟɜ ɜɵɛɨɪɚ 

ɩɥɚɧɚ ɬɪɚɟɤɬɨɪɧɵɯ ɢɡɦɟɪɟɧɢɣ ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 

ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɨɰɟɧɨɤ ɜɥɢɹɧɢɹ ɭɫɥɨɜɢɣ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɧɚ ɬɨɱɧɨɫɬɶ 

ɪɚɫɱɟɬɚ ɷɮɟɦɟɪɢɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɝɪɭɩɩɨɜɵɯ ɄȺ. 

Ⱥɧɚɥɢɡ ɬɨɱɧɨɫɬɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɥɭɱɲɟ ɩɪɨɜɨɞɢɬɶ ɜ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ, ɜ ɤɨɬɨɪɨɣ ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɫɢɦɦɟɬɪɢɱɧɵ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɜ 

ɬɚɤɨɦ ɫɥɭɱɚɟ ɢɫɫɥɟɞɭɟɦɵɣ ɩɪɨɰɟɫɫ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɧɚɝɥɹɞɧɵɦ, ɚ ɨɰɟɧɨɱɧɵɟ 

ɜɵɪɚɠɟɧɢɹ ɛɭɞɭɬ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɵ. ɉɨɞɨɛɧɨɣ ɫɢɫɬɟɦɨɣ ɹɜɥɹɟɬɫɹ 

ɨɪɛɢɬɚɥɶɧɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɞɥɹ ɪɚɞɢɨɤɨɧɬɪɨɥɹ 

ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ Ɂɟɦɥɢ ɩɪɨɮɟɫɫɨɪɨɦ, ɞɨɤɬɨɪɨɦ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ 

ȼ.ɂ. Ʉɭɞɵɦɨɜɵɦ [5]. 

ɋɜɹɡɶ ɨɪɛɢɬɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɫ ɝɪɢɧɜɢɱɫɤɨɣ ɜ ɬɚɤɨɣ ɫɢɫɬɟɦɟ 

ɨɩɢɫɵɜɚɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɨɪɛɢɬɚɥɶɧɨɣ ɫɢɫɬɟɦɟ Ɂɟɦɥɢ, ɝɞɟ ɛɥɚɝɨɞɚɪɹ ɞɜɭɦ 

ɩɨɜɨɪɨɬɚɦ: ɩɟɪɜɵɣ ɩɨɜɨɪɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɜɪɚɳɟɧɢɹ ɩɥɚɧɟɬɵ ɢɥɢ 



11 

ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɩɭɬɧɢɤɚ ɩɨ ɨɫɢ OZ ɧɚ ɭɝɨɥ, ɪɚɜɧɵɣ ɡɧɚɱɟɧɢɸ ɭɡɥɚ ɨɪɛɢɬɵ ɜ 

ɝɪɢɧɜɢɱɫɤɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ Lɝɪ, ɚ ɜɬɨɪɨɣ – ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɭɡɥɚ 

ɨɪɛɢɬɵ, ɬɨ ɟɫɬɶ ɩɨ ɨɫɢ ɩɥɨɫɤɨɫɬɢ OX ɧɚ ɭɝɨɥ (90˚ − i˚), ɫɬɪɨɢɬɫɹ ɦɨɞɟɥɶ, 

ɨɬɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 1: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1 – ɐɟɧɬɪɚɥɶɧɚɹ ɨɪɛɢɬɚɥɶɧɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ 

 

ɉɪɢ ɩɨɞɨɛɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɜɡɚɢɦɨɫɜɹɡɶ ɷɥɟɦɟɧɬɨɜ ɭɤɚɡɚɧɧɵɯ 

ɫɢɫɬɟɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɮɨɪɦɭɥɚɦɢ (1)–(3): 

  

{ ′ݔ = cos ݔ грܮ + ݕ sin ′ݕгрܮ = ݔ− sin грܮ + ݕ cos ′ݖгрܮ = ݖ , (1) 
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ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɭɝɥɨɜɵɟ ɤɨɨɪɞɢɧɚɬɵ ɩɨɬɪɟɛɢɬɟɥɟɣ ɜ ɨɪɛɢɬɚɥɶɧɨɣ 

ɫɢɫɬɟɦɟ ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ (4): 

  

{  
𝑖݊ݏ   𝛼 = ݏ݋ор𝑅ܿݕ ଴ݑ = ор𝑅ݔ ݏ݋ܿ 𝛼ݏ𝑖݊ ଴ݑ = ор𝑅ݖ ݏ݋ܿ 𝛼

, (4) 

  

Ɍɟɩɟɪɶ ɜɵɪɚɠɚɹ ɤɨɨɪɞɢɧɚɬɵ ɫɢɫɬɟɦɵ, ɩɨɞɫɬɚɜɢɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ 

ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɢɡ ɮɨɪɦɭɥɵ (3) ɩɨɥɭɱɢɦ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɟ ɤɨɨɪɞɢɧɚɬɵ, 

ɜɵɪɚɠɟɧɧɵɟ ɱɟɪɟɡ ɝɟɨɝɪɚɮɢɱɟɫɤɨɟ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ, ɮɨɪɦɭɥɚ (5):  

  

ݔ} = 𝑅 ݏ݋ܿ 𝜙 ݏ݋ܿ 𝜆ݕ = 𝑅 ݏ݋ܿ 𝜙 𝑖݊ݏ 𝜆ݖ = 𝑅 𝑖݊ݏ 𝜙 , (5) 

  

ɉɨɞɫɬɚɜɥɹɹ ɞɚɧɧɵɟ ɤɨɨɪɞɢɧɚɬ, ɜɵɪɚɠɟɧɧɵɟ ɫɢɫɬɟɦɨɣ ɭɪɚɜɧɟɧɢɣ ɜ 

ɮɨɪɦɭɥɟ (5) ɜ ɜɵɪɚɠɟɧɧɭɸ ɨɪɛɢɬɚɥɶɧɭɸ ɫɢɫɬɟɦɭ ɱɟɪɟɡ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ 

ɩɨ ɮɨɪɦɭɥɟ (4) ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɭɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, 

ɮɨɪɦɭɥɚ (6), ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

  

{ орݔ = орݕ′ݔ = ′ݕ cosሺͻͲ˚ − 𝑖ሻ − ′ݖ cos 𝑖ݖор = ′ݖ cosሺͻͲ˚ − 𝑖ሻ + ′ݕ cos 𝑖, (2) 

  

{ орݔ = cos ݔ грܮ + ݕ sin орݕгрܮ = ݔ− sin грܮ sin 𝑖 + ݕ cos грܮ sin 𝑖 − ʹ cos 𝑖ݖор = ݖ sin 𝑖 − ݔ sin грܮ cos 𝑖 + ݕ cos грܮ cos 𝑖 , (3) 
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{  
  sin𝛼 = cos𝜙 sin 𝑖 sinሺ𝜙 − грሻܮ − sin𝜙 cos 𝑖cos ଴ݑ = cos𝜙 cosሺ𝜆 − грሻcosܮ 𝛼sin ଴ݑ = sin𝜙 sin 𝑖 + cos𝜙 cos 𝑖 sinሺ𝜆 − грሻcos𝛼ܮ , (6) 

ɑɬɨɛɵ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɩɨɥɭɱɟɧɧɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, ɮɨɪɦɭɥɚ (6), 

ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɰɟɧɨɱɧɵɯ ɜɵɪɚɠɟɧɢɣ ɫ 

ɩɪɟɞɟɥɚɦɢ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɧɚɱɚɥɭ ɢ ɤɨɧɰɭ ɩɪɨɢɡɜɨɞɢɦɵɯ 

ɢɡɦɟɪɟɧɢɣ. Ⱦɥɹ ɷɬɨɝɨ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɨɪɦɭɥɨɣ (7) [5]: 

  [ቆ߲ܦሶ߲ݏ௜ [௝ቇݏሶ߲ܦ߲ = 𝛥ݏ∫ ௜ݏܦ߲ ௝ௌ𝑘ௌ𝑁ݏܦ߲  (7) ݏ߲

  

ɝɞɟ i = 1, 2 … m;  

       j = 1, 2 … m; 𝛥ݏ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɦɟɪɧɨɝɨ ɢɧɬɟɪɜɚɥɚ. 

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɨɝɪɟɲɧɨɫɬɟɣ 

ɜ ɩɨɥɨɠɟɧɢɢ ɄȺ ɜ ɤɨɨɪɞɢɧɚɬɵ ɩɨɬɪɟɛɢɬɟɥɹ ɩɪɢ ɞɨɩɭɳɟɧɢɢ, ɱɬɨ ɞɜɢɠɟɧɢɟ 

ɫɩɭɬɧɢɤɚ ɜ ɡɨɧɟ ɪɚɞɢɨɜɢɞɢɦɨɫɬɢ ɩɨɬɪɟɛɢɬɟɥɹ ɪɚɜɧɨɦɟɪɧɨɟ ɩɪɹɦɨɥɢɧɟɣɧɨɟ. 

ɉɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɜ ɜɵɪɚɠɟɧɢɹ ɜ ɮɨɪɦɭɥɚɯ (6) ɢ (7) ɩɨ ɧɚɤɥɨɧɟɧɢɸ 

ɨɪɛɢɬɵ, ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, ɮɨɪɦɭɥɚ (8): 

  

{  
  
   
𝑖ܦ߲߲  = ܦ𝑅ݎ [߲𝛼 sin 𝛼 cosሺݑ − ଴ሻ߲𝑖ݑ − ଴ݑ߲ cos 𝛼 sinሺݑ − ଴ሻ߲𝑖ݑ ]߲𝛼߲𝑖 = ͳ√ͳ + cotଶ ଴߲𝑖ݑ଴߲ݑ = tanሺ−𝛼ሻ ͳ − tanଶ 𝑢0ଶͳ + tanଶ 𝑢0ଶ߲߲ܦ𝑖 = ͳʹ 𝑅ሺcosሺ𝛼ݎ − ሻݑ − cosሺ𝛼 + ܦሻሻݑ

, (8) 
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Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɮɨɪɦɭɥɵ ɱɚɫɬɧɵɯ 

ɩɪɨɢɡɜɨɞɧɵɯ, ɜɡɹɬɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɤɥɨɧɟɧɢɹ, ɩɨ ɜɫɟɦ ɷɥɟɦɟɧɬɚɦ ɨɪɛɢɬɵ. 

Ɍɨɝɞɚ ɨɛɳɟɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɛɭɞɟɬ ɫɥɟɞɭɸɳɢɦ, ɮɨɪɦɭɥɚ (9): 

  

{  
   
   
𝑖ܦ߲߲   = 𝑅ݎ sin 𝛼 sin грሺ𝛺ሻܮ߲ܦ߲ܦݑ = 𝑅[cos𝛼ݎ cos 𝑖 sinሺݑ − ଴ሻݑ − sin 𝛼 sin 𝑖 cos 𝜆߲ܦ߲ܦ[ݑ = ͳʹ ݑ𝑅ሺsinሺݎ − ଴ݑ + 𝛼ሻ + sinሺݑ − ଴ݑ − 𝛼ሻሻݍ߲ܦ߲ܦ = ͳܦ [ሺݎଶ − ଴ଶሻܦ sinሺݑ − ଴ሻݑ sin ݑ − ሺݎଶ + ଶሻܦ cos ʹݑ ߲݇ܦ߲[ = ͳܦ [ሺܦ଴ଶ − ଶሻݎ sinሺݑ − ଴ሻݑ cos ݑ + ሺݎଶ + ଶሻܦ sin ʹݑ ]

, (9) 

  

ɝɞɟ 𝜆 = ܯ ݍ ,߱+ = ݁ cos߱, ݇ = ݁ sin߱, 𝛼 – ɛɨɥɶɲɚɹ ɩɨɥɭɨɫɶ ɨɪɛɢɬɵ, ݁ – ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ ɨɪɛɢɬɵ, 𝑖 – ɧɚɤɥɨɧɟɧɢɟ ɨɪɛɢɬɵ, 𝛺 – ɞɨɥɝɨɬɚ ɜɨɫɯɨɞɹɳɟɝɨ ɭɡɥɚ, ߱ – ɚɪɝɭɦɟɧɬ ɩɟɪɢɰɟɧɬɪɚ, ܯ – ɫɪɟɞɧɹɹ ɚɧɨɦɚɥɢɹ. 

ɉɪɢ ɜɵɪɚɠɟɧɢɢ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ: 𝜕𝐷𝜕௤ ɢ 𝜕𝐷𝜕௞ – ɛɵɥɢ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɭɪɚɜɧɟɧɢɹ ɮɨɪɦɭɥɵ (10): 

  

{𝛿ݑ = cos 𝑖 𝛿𝛺 − ʹ cos ݑ 𝛿݇ + ʹ cos ݑ 𝛿ݍ +𝛿𝜆𝛿ݎ = −𝛼 sin ݑ 𝛿݇ − 𝛼 cos ݑ 𝛿ݍ + 𝛿𝛼𝛿𝑎 = cos ݑ sin 𝑖  𝛿𝛺 − sin ݑ 𝛿𝑖 , (10) 



15 

  

ȼ ɜɵɛɪɚɧɧɨɣ ɧɚɦɢ ɨɪɛɢɬɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 

ɧɚɤɥɨɧɧɨɣ ɞɚɥɶɧɨɫɬɢ ɫɩɭɬɧɢɤɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞ ɮɨɪɦɭɥɵ (11): 

ܦ   = √ሺݎଶ − 𝑅ݎʹ cos 𝑎 cosሺݑ − ଴ሻݑ + 𝑅ଶሻ. (11) 

  

ȼ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɨɥɟɬɭ ɄȺ ɮɨɪɦɭɥɚ (11) ɩɪɢɦɟɬ ɜɢɞ 

ɮɨɪɦɭɥɵ (12): 

଴ܦ   = √ሺݎଶ − 𝑅ݎʹ cos 𝑎 + 𝑅ଶሻ. (12) 

  

ɉɪɢ ɪɚɡɥɨɠɟɧɢɢ ɩɨɥɭɱɢɦ ɮɨɪɦɭɥɭ (13): 

ܦ   = ଴ଶܦ)√ + 𝑅ݎ cos 𝑎 ሺݑ −  ଴ሻଶ). (13)ݑ

  

ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɦɵ ɩɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ ɜɵɪɚɠɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ 

ɮɨɪɦɭɥɚɦɢ (12) ɢ (13) ɩɨ ɬɨɦɭ ɠɟ ɧɚɤɥɨɧɟɧɢɸ ɨɪɛɢɬɵ, ɬɨ ɩɨɥɭɱɢɦ 

ɫɥɟɞɭɸɳɟɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜ ɜɢɞɟ ɫɢɫɬɟɦɵ, ɜɵɪɚɠɟɧɧɨɣ ɱɟɪɟɡ ɮɨɪɦɭɥɭ (14): 

 

{ 
𝑖ܦ߲߲  = ܦ଴ܦ ଴߲𝑖ܦ߲ − ܦ𝑅ݎ ሺݑ − ଴ሻݑ ଴߲𝑖ݑ߲ cos 𝑎 − ͳʹ ܦ𝑅ݎ ሺݑ − ଴ሻଶݑ ߲𝑎߲𝑖 sin 𝑎 ଴߲𝑖ܦ߲, = ଴ܦ𝑅ݎ ߲𝑎߲𝑖 sin 𝑎 .  (14) 

 

ȿɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɪɚɫɱɟɬɚɯ ɮɨɪɦɭɥɵ (14) ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɜɵɪɚɠɟɧɢɹ, 

ɜɵɜɟɞɟɧɧɵɟ ɜ ɮɨɪɦɭɥɟ (8), ɬɨ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ ɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɨ 

ɮɨɪɦɭɥɟ (15): 
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ሶ߲𝑖ܦ߲ = ଶܦ𝑅ݎ݊− 𝑖ܦ߲߲] cos 𝑎 ሺݑ − ܦ଴ሻݑ + ଴߲𝑖ݑ߲ cos 𝑎 + ݑሺܦ − ଴ሻݑ ߲𝑎߲𝑖 sin 𝑎]. (15) 

 

ȿɫɥɢ ɦɵ ɛɭɞɟɦ ɭɱɢɬɵɜɚɬɶ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɨɫɬɪɨɟɧɢɟ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ 

ɫɟɬɢ ɞɨɥɠɧɨ ɨɫɧɨɜɵɜɚɬɶɫɹ ɧɚ ɩɟɪɜɨɦ ɩɨɤɨɥɟɧɢɢ ɧɚɜɢɝɚɰɢɨɧɧɵɯ 

ɫɩɭɬɧɢɤɨɜɵɯ ɫɢɫɬɟɦ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɞɥɹ Ɂɟɦɥɢ, ɬɨ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɞɥɹ Ʌɭɧɵ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɦɢɧɢɦɚɥɶɧɵɣ ɭɝɨɥ ɦɟɫɬɚ ɧɚɞ 

ɝɨɪɢɡɨɧɬɨɦ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɥɹɟɬ 10˚, ɬɨɝɞɚ ɢ ɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɛɨɥɶɲɨɣ 

ɩɨɥɭɨɫɢ ɨɪɛɢɬɵ ɢ ɚɪɝɭɦɟɧɬɨɜ ɲɢɪɨɬɵ ɩɪɢɦɭɬ ɨɝɪɚɧɢɱɟɧɢɹ ɜ ɫɥɟɞɭɸɳɢɯ 

ɡɧɚɱɟɧɢɹɯ, ɮɨɪɦɭɥɚ (16): 

 { −Ͳ.Ͷ ≤ 𝛼 ≤ Ͳ.Ͷ,Ͳ.Ͷ ≤ ݑ − ଴ݑ ≤ Ͳ.Ͷ. (16) 

 

ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɜɨɡɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɛɨɥɟɟ ɩɪɨɫɬɭɸ ɮɨɪɦɭɥɭ, 

ɜɵɪɚɠɚɸɳɭɸ ɩɪɢɛɥɢɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɷɥɟɦɟɧɬɚ 
𝛿𝐷ሶ𝛿௜  ɩɨ ɮɨɪɦɭɥɟ (17): 

ሶ߲𝑖ܦ߲   ≈ ଴ଶܦ] 𝑅 𝑎ݎ݊ cos ଴ݑ − 𝑅ݎሺݑ − ଴ሻݑ sin ଷܦ[଴ݑ . (17) 

  

Ⱦɥɹ ɩɪɨɱɢɯ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ ɮɨɪɦɭɥɵ ɩɪɢɛɥɢɠɟɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ 

ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ. ɉɨɫɥɟ ɜɫɟɯ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɦɵ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, ɜɵɪɚɠɟɧɧɵɯ 

ɱɟɪɟɡ ɮɨɪɦɭɥɭ (18): 
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{  
   
  
   
ሶ߲𝑖ܦ߲   ≈ ଴ଶܦ] 𝑅 𝑎ݎ݊ cos ଴ݑ − 𝑅ݎሺݑ − ଴ሻݑ sin ଷܦ[଴ݑ ሶ߲𝛺ܦ߲, ≈ ଴ଶܦ]𝑅ݎ݊ ሺcos 𝑖 + 𝑎 sin 𝑖 sin ଴ሻݑ + 𝑅ݎ𝑎ሺݑ − ଴ሻݑ sin 𝑖 cos ଷܦ[଴ݑ ݍሶ߲ܦ߲, ≈ ଴ଶܦ𝑅[Ͷݎ݊ sin ଴ݑ + ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻሺݑ − ଴ሻݑ cos ଷܦʹ[଴ݑ ሶ߲݇ܦ߲, ≈ ଴ଶܦ𝑅[−Ͷݎ݊ cos ଴ݑ + ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻሺݑ − ଴ሻݑ sin ଷܦʹ[଴ݑ ሶ߲𝜆ܦ߲, ≈ ଷܦ଴ଶܦ𝑅ݎ݊ ሶ߲𝛼ܦ߲, ≈ −݊𝑅 ሺʹ𝑅𝐻 − ݑଶሻሺܦ − ଷܦʹ଴ሻݑ .

, (18) 

 

ɉɪɨɢɡɜɨɞɢɦɵɟ ɭɬɨɱɧɟɧɢɹ ɩɨ ɷɥɟɦɟɧɬɚɦ ɨɪɛɢɬɵ ɫɩɭɬɧɢɤɚ ɫɯɨɠɢ ɫ 

ɚɥɝɨɪɢɬɦɨɦ ɪɟɲɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ, ɩɪɢ ɭɬɨɱɧɟɧɢɢ 

ɩɚɪɚɦɟɬɪɨɜ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɢɡɛɵɬɨɱɧɨɟ ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ ɧɚ ɛɨɥɶɲɨɦ 

ɢɧɬɟɪɜɚɥɟ, ɪɚɜɧɨɦ ɧɟɫɤɨɥɶɤɨ ɫɭɬɨɤ. Ɍɨɝɞɚ ɪɚɫɫɱɢɬɵɜɚɟɦɚɹ ɢɡɦɟɪɢɬɟɥɶɧɚɹ 

ɫɢɫɬɟɦɚ ɩɨɡɜɨɥɹɟɬ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ: ɛɭɞɶ 

ɬɨ ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ (ɆɇɄ), ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɦɨɞɭɥɟɣ ɢɥɢ 

ɦɟɬɨɞ ɦɟɞɢɚɧɵ, ɭɬɨɱɧɹɬɶ ɩɚɪɚɦɟɬɪɵ, ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɸɳɢɯ ɧɚ ɞɜɢɠɟɧɢɟ 

ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɫɩɭɬɧɢɤɚ. Ɍɚɤ ɩɪɢɜɨɞɢɦɵɟ ɧɚɦɢ ɦɟɬɨɞɵ ɨɰɟɧɢɜɚɧɢɹ 

ɬɨɱɧɨɫɬɢ ɪɟɲɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɡɚɞɚɱ ɩɪɢɦɟɧɢɦɵ ɢ ɞɥɹ ɨɰɟɧɤɢ 

ɬɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ. 

ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɫɯɟɦɭ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɧɚɜɢɝɚɰɢɨɧɧɵɯ 

ɨɪɛɢɬ, ɨɛɪɚɡɭɸɳɢɯ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɭɸ ɫɟɬɶ, ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ 

ɫɢɫɬɟɦɵ ɧɨɪɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɤɨɬɨɪɚɹ ɭɱɢɬɵɜɚɟɬ ɞɨɩɥɟɪɨɜɫɤɢɟ 

ɬɪɚɟɤɬɨɪɧɵɟ ɢɡɦɟɪɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɭɬɨɱɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ. 

Ʌɸɛɚɹ ɫɯɟɦɚ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ 

ɧɚɯɨɠɞɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɟɦ ɫɥɟɞɭɸɳɢɟ, 

ɪɚɧɟɟ ɨɩɢɫɚɧɧɵɟ ɷɥɟɦɟɧɬɵ i, Ω, q, k, λ. 

Ȼɨɥɶɲɚɹ ɩɨɥɭɨɫɶ ɨɪɛɢɬɵ 𝑎 ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ ɫɪɟɞɧɟɟ ɞɜɢɠɟɧɢɟ ɄȺ ݊ 

ɩɨ ɨɪɛɢɬɟ ɧɚ ɧɟɨɛɯɨɞɢɦɨɦ ɢɧɬɟɪɜɚɥɟ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɬɨɱɧɟɧɢɟ ɫɪɟɞɧɟɝɨ 
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ɞɜɢɠɟɧɢɹ ɞɚɟɬ ɛɨɥɟɟ ɬɨɱɧɵɣ ɪɟɡɭɥɶɬɚɬ ɩɨ ɷɥɟɦɟɧɬɭ ɛɨɥɶɲɨɣ ɩɨɥɭɨɫɢ, ɩɪɢ 

ɷɬɨɦ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɝɨ ɞɜɢɠɟɧɢɹ ɧɟ ɬɪɟɛɭɟɬ ɤɚɤɨɝɨ-ɥɢɛɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɭɱɟɬɚ ɜ ɝɟɨɦɟɬɪɢɢ ɬɪɚɟɤɬɨɪɧɵɯ ɢɡɦɟɪɟɧɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɫɢɫɬɟɦɚ ɱɚɫɬɧɵɯ 

ɩɪɨɢɡɜɨɞɧɵɯ ɛɭɞɟɬ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɮɨɪɦɭɥɵ (19)–(23):  

   

 [∂Dሶ∂i ∂Dሶ∂i ] δi + [∂Dሶ∂i ∂Dሶ∂Ω
] δΩ+ [∂Dሶ∂i ∂Dሶ∂q] δq + [∂Dሶ∂i ∂Dሶ∂k] δk + 

+[∂Dሶ∂i ∂Dሶ∂λ
] δλ = [∂Dሶ∂i ΔDሶ ], (19) 

  

 
 

 

 [∂Dሶ∂Ω
∂Dሶ∂i ] δi + [∂Dሶ∂Ω

∂Dሶ∂Ω
] δΩ+ [∂Dሶ∂Ω

∂Dሶ∂q] δq + [∂Dሶ∂Ω
∂Dሶ∂k] δk + 

+[∂Dሶ∂Ω
∂Dሶ∂λ
] δλ = [∂Dሶ∂Ω

ΔDሶ ], (20) 

   

ݍሶ߲ܦ߲]  ሶ߲𝑖ܦ߲ ] 𝛿𝑖 + ݍሶ߲ܦ߲] [ሶ߲𝛺ܦ߲ 𝛿𝛺 + ݍሶ߲ܦ߲] [ݍሶ߲ܦ߲ 𝛿ݍ + ݍሶ߲ܦ߲] [ሶ߲݇ܦ߲ 𝛿݇ + 

ݍሶ߲ܦ߲]+ [ሶ߲𝜆ܦ߲ 𝛿𝜆 = ݍሶ߲ܦ߲] 𝛥ܦሶ ], (21) 

   

ሶ߲݇ܦ߲]  ሶ߲𝑖ܦ߲ ] 𝛿𝑖 + ሶ߲݇ܦ߲] [ሶ߲𝛺ܦ߲ 𝛿𝛺 + ሶ߲݇ܦ߲] [ݍሶ߲ܦ߲ 𝛿ݍ + ሶ߲݇ܦ߲] [ሶ߲݇ܦ߲ 𝛿݇ + 

ሶ߲݇ܦ߲]+ [ሶ߲𝜆ܦ߲ 𝛿𝜆 = ሶ߲݇ܦ߲] 𝛥ܦሶ ], (22) 

   

ሶ߲𝜆ܦ߲]  ሶ߲𝑖ܦ߲ ] 𝛿𝑖 + ሶ߲𝜆ܦ߲] [ሶ߲𝛺ܦ߲ 𝛿𝛺 + ሶ߲𝜆ܦ߲] [ݍሶ߲ܦ߲ 𝛿ݍ + ሶ߲𝜆ܦ߲] [ሶ߲݇ܦ߲ 𝛿݇ + (23) 
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+[ ሶ߲݇𝜆ܦ߲ [ሶ߲𝜆ܦ߲ 𝛿𝜆 = ሶ߲𝜆ܦ߲] 𝛥ܦሶ ]. 
   

ɋ ɭɱɟɬɨɦ ɮɨɪɦɭɥɵ (18) ɪɚɫɩɢɲɟɦ ɫɭɦɦɵ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨ 

ɷɥɟɦɟɧɬɚɦ ɜ ɜɢɞɟ ɫɥɟɞɭɸɳɢɯ ɮɨɪɦɭɥ (24)–(38):  

   

 [ቆ߲ܦሶ߲𝑖 ቇଶ] = [(݊𝑅ݎ𝛼ܦଷ )ଶ ଴ସܦ} ଶݏ݋ܿ ݑ − ݑ଴ଶሺܦ𝑅ݎʹ − ଴ሻݑ 𝑖݊ݏ ଴ݑ ݏ݋ܿ ଴ݑ ݑଶ𝑅ଶሺݎ+ + − ଴ሻଶݑ 𝑖݊ଶݏ  ଴}], (24)ݑ

  

 
 

ሶ߲𝑖ܦ߲]  [ሶ߲𝛺ܦ߲ = [(݊𝑅ܦݎଷ ) {𝛼ܦ଴ସ ݏ݋ܿ ଴ݑ ሺܿݏ݋ 𝑖 + 𝛼 𝑖݊ݏ 𝑖 𝑖݊ݏ ଴ሻݑ − −𝛼ଶ𝑅ݎሺݑ − ଴ሻଶݑ 𝑖݊ݏ ଴ݑ ݏ݋ܿ ଴ݑ 𝑖݊ݏ 𝑖 − 𝛼ܦ଴ଶ𝑅ݎሺݑ − ଴ሻݑ 𝑖݊ݏ ଴ݑ × × ሺܿݏ݋ 𝑖 + 𝛼 𝑖݊ݏ 𝑖 𝑖݊ݏ ଴ሻݑ − 𝛼ଶݎଶ𝑅ଶሺݑ − ଴ሻଶݑ 𝑖݊ݏ ଴ݑ ݏ݋ܿ ݑ 𝑖݊ݏ 𝑖}], (25) 

   

ሶ߲𝑖ܦ߲]  [ݍሶ߲ܦ߲ = [ͳʹ (݊𝑅ܦݎଷ )ଶ {Ͷ𝛼ܦ଴ସ 𝑖݊ݏ ଴ݑ ݏ݋ܿ ଴ݑ + 𝛼ܦ଴ଶሺݑ − ଴ሻݑ × × ଶݏ݋ܿ ଴ݑ ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ 𝑖݊ݏ 𝑖 − Ͷ𝛼ܦ଴ଶ𝑅ݎሺݑ − ଴ሻݑ 𝑖݊ଶݏ ଴ݑ − −𝛼ݎ𝑅ሺݑ − ଴ሻݑ 𝑖݊ݏ ଴ݑ ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሺݑ − ଴ሻݑ ݏ݋ܿ  ଴ሻ}], (26)ݑ

   

ሶ߲𝑖ܦ߲]  [ሶ߲݇ܦ߲ = [ͳʹ (݊𝑅ܦݎଷ )ଶ {−Ͷ𝛼ܦ଴ସ ଶݏ݋ܿ ଴ݑ − 𝛼𝑅ݎሺݑ − ଴ሻଶݑ 𝑖݊ଶݏ ଴ݑ × × ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ + 𝛼ܦ଴ଶ ݏ݋ܿ ଴ݑ ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ × × ሺݑ − ଴ሻݑ 𝑖݊ݏ ଴ݑ + Ͷ𝛼𝑅ܦݎ଴ଶ 𝑖݊ݏ ଴ݑ ݏ݋ܿ ଴ݑ ሺݑ −  ଴ሻ], (27)ݑ

   

ሶ߲𝑖ܦ߲]  [ሶ߲𝜆ܦ߲ = [𝛼 (݊𝑅ܦݎ଴ܦଷ ) ଴ଶܦ} ݏ݋ܿ ଴ݑ − 𝑅ݎሺݑ − ଴ሻݑ 𝑖݊ݏ  ଴}], (28)ݑ
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ሶ߲𝛺ܦ߲]  [ሶ߲𝛺ܦ߲ = [(݊𝑅ܦݎଷ )ଶ ݏ݋଴ଶሺܿܦ} 𝑖 + 𝛼 𝑖݊ݏ 𝑖 𝑖݊ݏ ଴ሻଶݑ + +𝛼ଶ𝑅ଶݎଶሺݑ − ଴ሻଶݑ 𝑖݊ଶݏ 𝑖 𝑖݊ଶݏ ଴ݑ ݑ଴ଶ𝛼𝑅ሺܦݎʹ+ + − ଴ሻݑ 𝑖݊ݏ 𝑖 ݏ݋ܿ ଴ݑ ሺܿݏ݋ 𝑖 + 𝛼 𝑖݊ݏ 𝑖 𝑖݊ݏ  ,[{଴ሻݑ
(29) 

   

ሶ߲𝛺ܦ߲]  [ݍሶ߲ܦ߲ = [ͳʹ (݊𝑅ܦݎଷ )ଶ {Ͷܦ଴ସ 𝑖݊ݏ ଴ݑ ሺܿݏ݋ 𝑖 + 𝛼 𝑖݊ݏ 𝑖 𝑖݊ݏ ଴ሻݑ + +𝛼𝑅ݎሺݑ − ଴ሻଶݑ 𝑖݊ݏ 𝑖 ଶݏ݋ܿ ଴ݑ ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ + +Ͷ𝛼ܦ଴ଶ𝑅ݎሺݑ − ଴ሻݑ 𝑖݊ݏ 𝑖 𝑖݊ݏ ଴ݑ ݏ݋ܿ ଴ݑ + ଴ଶሺʹ𝑅𝐻ܦ + ଶܦ͵ + Ͷܦ଴ଶሻ × × ሺݑ − ଴ሻݑ ݏ݋ܿ ଴ݑ ሺܿݏ݋ 𝑖 + 𝛼 𝑖݊ݏ 𝑖 𝑖݊ݏ  ,[{଴ሻݑ
(30) 

   

ሶ߲𝛺ܦ߲]  [ሶ߲݇ܦ߲ = [ͳʹ (݊𝑅ܦݎଷ )ଶ {−Ͷܦ଴ସ ݏ݋ܿ ଴ݑ ሺܿݏ݋ 𝑖 + 𝛼 𝑖݊ݏ 𝑖 𝑖݊ݏ ଴ሻݑ − −Ͷܦ଴ଶ𝛼𝑅ݎሺݑ − ଴ሻݑ 𝑖݊ݏ 𝑖 ଶݏ݋ܿ ଴ݑ + ଴ଶሺʹ𝑅𝐻ܦ + ଶܦ͵ + Ͷܦ଴ଶሻሺݑ − ଴ሻݑ × × ሺܿݏ݋ 𝑖 + 𝛼 𝑖݊ݏ 𝑖 𝑖݊ݏ ଴ሻݑ 𝑖݊ݏ ଴ݑ + 𝛼𝑅ݎሺݑ − ଴ሻଶݑ 𝑖݊ݏ 𝑖 × × 𝑖݊ݏ ଴ݑ ݏ݋ܿ ଴ݑ ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ}], 
(31) 

   

ሶ߲𝛺ܦ߲]  [ሶ߲𝜆ܦ߲ = [(݊𝑅ܦݎଷ )ଶ ݏ݋଴ଶሺܿܦ଴ଶܦ} 𝑖 + 𝛼 𝑖݊ݏ 𝑖 𝑖݊ݏ ଴ሻݑ + +𝑅ݎ𝛼ሺݑ − ଴ሻݑ 𝑖݊ݏ 𝑖 ݏ݋ܿ  ଴}], (32)ݑ

   

ݍሶ߲ܦ߲]  [ݍሶ߲ܦ߲ = [(݊𝑅ܦʹݎଷ)ଶ {ͳ͸ܦ଴ସ𝛼ଶ + ͺܦ଴ଶ𝛼ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ × × ሺݑ − ଴ሻݑ 𝑖݊ݏ ଴ݑ + ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻଶሺݑ − ଴ሻଶݑ 𝑖݊ଶݏ  ଴}], (33)ݑ

   

ݍሶ߲ܦ߲]  [ሶ߲݇ܦ߲ = [(݊𝑅ܦʹݎଷ)ଶ {−ͳ͸ܦ଴ଶ 𝑖݊ݏ ଴ݑ ݏ݋ܿ ଴ݑ − Ͷܦ଴ଶሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ × × ሺݑ − ଴ሻݑ ଶݏ݋ܿ ଴ݑ + Ͷܦ଴ଶሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻሺݑ − ଴ሻݑ 𝑖݊ଶݏ ଴ݑ + +ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻଶሺݑ − ଴ሻଶݑ 𝑖݊ݏ ଴ݑ ݏ݋ܿ  ଴}], (34)ݑ
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ݍሶ߲ܦ߲]  [ሶ߲𝜆ܦ߲ = [ͳʹ (݊𝑅ܦݎଷ )ଶܦ଴ଶ {Ͷܦ଴ଶ 𝑖݊ݏ ଴ݑ + +ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻሺݑ − ଴ሻݑ ݏ݋ܿ  ଴}], (35)ݑ

   

ሶ߲݇ܦ߲]  [ሶ߲݇ܦ߲ = [(݊𝑅ܦݎଷ )ଶ {ͳ͸ܦ଴ସ ଴ሻݑଶሺݏ݋ܿ − ͺܦ଴ଶ ݏ݋ܿ ଴ݑ 𝑖݊ݏ ଴ݑ × × ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ + ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻଶሺݑ − ଴ሻଶݑ 𝑖݊ଶݏ  ଴}], (36)ݑ

  

 
 

ሶ߲݇ܦ߲]  [ሶ߲𝜆ܦ߲ = [ͳʹ (݊𝑅ܦݎ଴ܦଷ )ଶ {−Ͷܦ଴ଶ ݏ݋ܿ ଴ݑ + +ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻሺݑ − ଴ሻݑ 𝑖݊ݏ  ଴}], (37)ݑ

   

ሶ߲𝜆ܦ߲]  [ሶ߲𝜆ܦ߲ = [ቆ݊𝑅ܦݎ଴ଶܦଷ ቇଶ]. (38) 

   

Ɂɚ ɜɫɟ ɜɪɟɦɹ ɧɚɛɥɸɞɟɧɢɹ ɬɪɚɟɤɬɨɪɧɵɟ ɢɡɦɟɪɟɧɢɹ ɩɪɢ ɩɪɢɧɹɬɵɯ 

ɞɨɩɭɳɟɧɢɹɯ ɛɭɞɭɬ ɫɢɦɦɟɬɪɢɱɧɵɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧɢɹ, 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɝɨ ɩɨɥɟɬɭ ɄȺ. ɉɪɢ ɞɚɧɧɨɦ ɭɫɥɨɜɢɢ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɜ 

ɮɨɪɦɭɥɚɯ (24)–(38) ɧɟ ɛɭɞɟɬ ɫɥɚɝɚɟɦɵɯ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɩɟɪɜɭɸ ɫɬɟɩɟɧɶ 

ɪɚɡɧɨɫɬɢ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ሺݑ −  ଴ሻ, ɡɚ ɫɱёɬ ɱɟɪɟɞɨɜɚɧɢɹ ɡɧɚɤɚ ɷɬɨɝɨݑ

ɜɵɪɚɠɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɨɥɝɨɬɵ ɧɚɩɪɚɜɥɟɧɢɹ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɝɨ ɩɨɥɟɬɭ 

ɫɩɭɬɧɢɤɚ,ݑ଴ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɥɟɞɭɸɳɢɦɢ ɮɨɪɦɭɥɚɦɢ (39)–(53): 

   

ሶ߲𝑖ܦ߲]  ሶ߲𝑖ܦ߲ ] = [(݊𝑅ݎ𝛼ܦଷ )ଶ ଴ଶܦ} ݏ݋ܿ ଴ݑ + 𝑅ଶݎଶሺݑ − ଴ሻଶݑ 𝑖݊ଶݏ  ଴}ଶ], (39)ݑ
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ሶ߲𝑖ܦ߲]  [ሶ߲𝛺ܦ߲ = [(݊𝑅ܦݎଷ ) {𝛼ܦ଴ସ ݏ݋ܿ ଴ݑ ሺܿݏ݋ 𝑖 + 𝛼 𝑖݊ݏ 𝑖 𝑖݊ݏ ଴ሻݑ − −𝛼ଶ𝑅ଶݎଶሺݑ − ଴ሻଶݑ 𝑖݊ݏ ଴ݑ ݏ݋ܿ ଴ݑ 𝑖݊ݏ 𝑖}], (40) 

   

ሶ߲𝑖ܦ߲]  [ݍሶ߲ܦ߲ = [ͳʹ (݊𝑅ܦݎଷ )ଶ {Ͷ𝛼ܦ଴ଶ 𝑖݊ݏ ଴ݑ ݏ݋ܿ ଴ݑ − 𝛼𝑅ݎሺݑ − ଴ሻଶݑ 𝑖݊ݏ ଴ݑ × × ݏ݋ܿ ଴ݑ ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ}], (41) 

   

ሶ߲𝑖ܦ߲]  [ሶ߲݇ܦ߲ = [ͳʹ (݊𝑅ܦݎଷ )ଶ {−Ͷ𝛼ܦ଴ଶ ଶݏ݋ܿ ଴ݑ − 𝛼𝑅ݎሺݑ − ଴ሻଶݑ 𝑖݊ଶݏ ଴ݑ × × ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ}], (42) 

   

ሶ߲𝑖ܦ߲]  [ሶ߲𝜆ܦ߲ = [𝛼 (݊𝑅ܦݎ଴ܦଷ )ଶ ଴ଶܦ} ݏ݋ܿ  ଴}], (43)ݑ

   

ሶ߲𝛺ܦ߲]  [ሶ߲𝛺ܦ߲ = [(݊𝑅ܦݎଷ )ଶ ݏ݋଴ସሺܿܦ} 𝑖 + 𝛼 𝑖݊ݏ 𝑖 𝑖݊ݏ ଴ሻଶݑ + +𝑅ݎ𝛼ଶሺݑ − ଴ሻݑ 𝑖݊ݏ 𝑖 ݏ݋ܿ  ଴}], (44)ݑ

   

ሶ߲𝛺ܦ߲]  [ݍሶ߲ܦ߲ = [ͳʹ (݊𝑅ܦݎଷ )ଶ {Ͷܦ଴ସ 𝑖݊ݏ ଴ݑ ሺܿݏ݋ 𝑖 + 𝛼 𝑖݊ݏ 𝑖 𝑖݊ݏ ଴ሻݑ + +𝛼𝑅ݎሺݑ − ଴ሻଶݑ 𝑖݊ݏ 𝑖 ଶݏ݋ܿ ଴ݑ ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ}], (45) 

   

ሶ߲𝛺ܦ߲]  [ݍሶ߲ܦ߲ = [ͳʹ (݊𝑅ܦݎଷ ) {−Ͷܦ଴ସ ݏ݋ܿ ଴ݑ ሺܿݏ݋ 𝑖 + 𝛼 𝑖݊ݏ 𝑖 𝑖݊ݏ ଴ሻݑ + +𝛼𝑅ሺݑ − ଴ሻଶݑ 𝑖݊ݏ 𝑖 𝑖݊ݏ ଴ݑ ݏ݋ܿ ଴ݑ ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ}], (46) 

   

ሶ߲𝛺ܦ߲]  [ሶ߲𝜆ܦ߲ = [(݊𝑅ܦݎ଴ܦଷ )ଶܦ଴ଶ{ሺܿݏ݋ 𝑖 + 𝛼 𝑖݊ݏ 𝑖 𝑖݊ݏ  ଴ሻ}], (47)ݑ
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ݍሶ߲ܦ߲]  [ݍሶ߲ܦ߲ = [(݊𝑅ܦݎଷ )ଶ {ͳ͸ܦ଴ସ 𝑖݊ݏ ଴ݑ + ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ × × ሺݑ − ଴ሻݑ ଶݏ݋ܿ  ଴}], (48)ݑ

   

ݍሶ߲ܦ߲]  [ሶ߲݇ܦ߲ = [(݊𝑅ܦݎଷ )ଶ {−ͳ͸ܦ଴ଶ 𝑖݊ݏ ଴ݑ ݏ݋ܿ ଴ݑ + ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ × × ሺݑ − ଴ሻଶݑ 𝑖݊ݏ ଴ݑ ݏ݋ܿ  ଴}], (49)ݑ

   

ݍሶ߲ܦ߲]  [ሶ߲𝜆ܦ߲ = [ʹ (݊𝑅ܦ଴ܦଷ )ଶܦ଴ 𝑖݊ݏ  ,[଴ݑ
 

(50) 

   

ሶ߲݇ܦ߲]  [ሶ߲݇ܦ߲ = [(݊𝑅ܦʹݎଷ)ଶ {ͳ͸ܦ଴ସ ଶݏ݋ܿ ଴ݑ + +ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻሺݑ − ଴ሻଶݑ 𝑖݊ଶݏ  ଴}], (51)ݑ

   

ሶ߲݇ܦ߲]  [ሶ߲𝜆ܦ߲ = [= ʹ (݊𝑅ܦݎ଴ܦଷ )ଶ ଶ଴ܦ ݏ݋ܿ  ଴], (52)ݑ

   

ሶ߲𝜆ܦ߲]  [ሶ߲𝜆ܦ߲ = [ቆ݊𝑅ܦݎଶ଴ܦଷ ቇଶ]. (53) 

   

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɥɚɧɟɬɵ ɢ ɟɫɬɟɫɬɜɟɧɧɵɟ ɢɯ ɫɩɭɬɧɢɤɢ ɜɪɚɳɚɸɬɫɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɨɢɯ ɨɫɟɣ, ɬɪɚɟɤɬɨɪɧɵɟ ɢɡɦɟɪɟɧɢɹ ɜɨɡɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ 

ɫɢɦɦɟɬɪɢɱɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ ɢ ɧɚ ɧɢɫɯɨɞɹɳɟɣ ɢ 

ɜɨɫɯɨɞɹɳɟɣ ɟɟ ɱɚɫɬɹɯ. 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ ɫɢɦɦɟɬɪɢɢ ɢɡɦɟɪɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ, ɡɚ ɫɱёɬ ɱɟɪɟɞɨɜɚɧɢɹ ɡɧɚɤɨɜ, ɡɧɚɱɟɧɢɹ ɭɝɥɚ 𝛼 ɨɛɪɚɬɹɬɫɹ ɜ 
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ɧɭɥɶ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɪɚɜɧɟɧɢɹ ɩɪɢɦɭɬ ɢɧɨɣ ɛɨɥɟɟ ɭɩɪɨɳɟɧɧɵɣ ɜɢɞ, 

ɨɬɨɛɪɚɠɟɧɧɵɣ ɜ ɮɨɪɦɭɥɚɯ (54)–(68): 

   

ሶ߲𝑖ܦ߲]  ሶ߲𝑖ܦ߲ ] = [(݊𝑅ݎ𝛼ܦଷ )ଶ ଴ସܦ} ଶݏ݋ܿ ଴ݑ + 𝑅ଶݎଶሺݑ − ଴ሻଶݑ 𝑖݊ݏ  ଴}], (54)ݑ

   

ሶ߲𝑖ܦ߲]  [ሶ߲𝛺ܦ߲ = [(݊𝑅ܦݎଷ ) ሺ−𝛼ଶ𝑅ଶݎଶሺݑ − ଴ሻݑ 𝑖݊ݏ ଴ݑ ݏ݋ܿ ଴ݑ 𝑖݊ݏ 𝑖ሻ], (55) 

   

ሶ߲𝑖ܦ߲]  [ݍሶ߲ܦ߲ = Ͳ, (56) 

   

ሶ߲𝑖ܦ߲]  [ሶ߲݇ܦ߲ = Ͳ, (57) 

   

ሶ߲𝑖ܦ߲]  [ሶ߲𝜆ܦ߲ = Ͳ, (58) 

   

ሶ߲𝛺ܦ߲]  [ሶ߲𝛺ܦ߲ = [(݊𝑅ܦݎଷ )ଶ ଶݏ݋଴ଶሺܿܦ} 𝑖 + 𝛼ଶ 𝑖݊ଶݏ 𝑖 𝑖݊ଶݏ ଴ሻݑ + +𝑅ଶݎଶ𝛼ଶሺݑ − ଴ሻଶݑ 𝑖݊ଶݏ 𝑖 ଶݏ݋ܿ  ଴}], (59)ݑ

   

ሶ߲𝛺ܦ߲]  [ݍሶ߲ܦ߲ = [ʹ (݊𝑅ܦݎଷ ସ଴ܦ( 𝑖݊ݏ ଴ݑ ݏ݋ܿ 𝑖], (60) 

   

ሶ߲𝛺ܦ߲]  [ݍሶ߲ܦ߲ = [−ʹ (݊𝑅ܦݎଷ ସ଴ܦ( ݏ݋ܿ ଴ݑ ݏ݋ܿ 𝑖], (61) 

   

ݍሶ߲ܦ߲]  [ሶ߲𝜆ܦ߲ = [(݊𝑅ܦݎ଴ܦଷ ଶ଴ܦ( ݏ݋ܿ 𝑖], (62) 
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ݍሶ߲ܦ߲]  [ݍሶ߲ܦ߲ = [(݊𝑅ܦʹݎଷ)ଶ {−ͳ͸ܦ଴ସ 𝑖݊ଶݏ ଴ݑ + +ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻሺݑ − ଴ሻଶݑ ଶݏ݋ܿ  ଴, (63)ݑ

   

ݍሶ߲ܦ߲]  [ሶ߲݇ܦ߲ = [(݊𝑅ܦʹݎଷ)ଶ {−ͳ͸ܦ଴ଶ 𝑖݊ݏ ଴ݑ ݏ݋ܿ ଴ݑ + ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ × × ሺݑ − ଴ሻଶݑ 𝑖݊ݏ ଴ݑ ݏ݋ܿ  ଴}], (64)ݑ

   

ݍሶ߲ܦ߲]  [ሶ߲𝜆ܦ߲ = [ʹ (݊𝑅ܦ଴ܦݎଷ )ଶܦଶ଴ 𝑖݊ݏ  ଴], (65)ݑ

   

ሶ߲݇ܦ߲]  [ሶ߲݇ܦ߲ = [(݊𝑅ܦʹݎଷ)ଶ {−ͳ͸ܦ଴ସ ଶݏ݋ܿ ଴ݑ + +ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻሺݑ − ଴ሻଶݑ 𝑖݊ଶݏ  ଴}], (66)ݑ

   

ሶ߲݇ܦ߲]  [ሶ߲𝜆ܦ߲ = [−ʹ (݊𝑅ܦݎ଴ܦଷ )ଶܦଶ଴ ݏ݋ܿ  ଴], (67)ݑ

   

ሶ߲𝜆ܦ߲]  [ሶ߲𝜆ܦ߲ = [ቆ݊𝑅ܦݎଶ଴ܦଷ ቇଶ]. (68) 

   

ɉɪɢ ɧɚɥɢɱɢɢ ɫɢɦɦɟɬɪɢɱɧɵɯ ɢɡɦɟɪɟɧɢɣ, ɧɨ ɭɠɟ ɧɚ ɜɨɫɯɨɞɹɳɟɣ ɢ 

ɧɢɫɯɨɞɹɳɟɣ ɱɚɫɬɟɣ ɜɢɬɤɚ, ɢɡ-ɡɚ ɱɟɪɟɞɭɸɳɢɯɫɹ ɡɧɚɤɨɜ ɜɫɟ ɱɥɟɧɵ ɭɪɚɜɧɟɧɢɣ 

ɩɪɢ ɩɚɪɚɦɟɬɪɟ ܿݏ݋  ଴ ɜ ɮɨɪɦɭɥɚɯ (54)–(68) ɨɛɪɚɳɚɸɬɫɹ ɜ ɧɭɥɶ, ɚ ɭɪɚɜɧɟɧɢɹݑ

ɩɪɢɧɢɦɚɸɬ ɜɢɞ ɮɨɪɦɭɥ (69)–(83): 

   

ሶ߲𝑖ܦ߲]  ሶ߲𝑖ܦ߲ ] = [(݊𝑅ݎ𝛼ܦଷ )ଶ ଴ସܦ} ଶݏ݋ܿ ଴ݑ + 𝑅ଶݎଶሺݑ − ଴ሻଶݑ 𝑖݊ݏ  ଴}], (69)ݑ
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ሶ߲𝑖ܦ߲]  [ሶ߲𝛺ܦ߲ = Ͳ, (70) 

   

ሶ߲𝑖ܦ߲]  [ݍሶ߲ܦ߲ = Ͳ, (71) 

   

ሶ߲𝑖ܦ߲]  [ሶ߲݇ܦ߲ = Ͳ, (72) 

   

ሶ߲𝑖ܦ߲]  [ሶ߲𝜆ܦ߲ = Ͳ, (73) 

   

ሶ߲𝛺ܦ߲]  [ሶ߲𝛺ܦ߲ = [(݊𝑅ܦݎଷ )ଶ ଶݏ݋଴ସሺܿܦ} 𝑖 + 𝛼ଶ 𝑖݊ଶݏ 𝑖 𝑖݊ଶݏ ଴ሻݑ + +𝑅ଶݎଶ𝛼ଶሺݑ − ଴ሻଶݑ 𝑖݊ଶݏ ଴ݑ ଶݏ݋ܿ  ଴}], (74)ݑ

   

ሶ߲𝛺ܦ߲]  [ݍሶ߲ܦ߲ = [ʹ (݊𝑅ܦݎଷ ସ଴ܦ( 𝑖݊ݏ ଴ݑ ݏ݋ܿ 𝑖], (75) 

   

ሶ߲𝛺ܦ߲]  [ሶ߲݇ܦ߲ = Ͳ, (76) 

   

ሶ߲𝛺ܦ߲]  [ሶ߲𝜆ܦ߲ = [ቆ݊𝑅ܦݎଶ଴ܦଷ ቇଶ ݏ݋ܿ 𝑖], (77) 

   

ݍሶ߲ܦ߲]  [ݍሶ߲ܦ߲ = [(݊𝑅ܦʹݎଷ)ଶ {ͳ͸ܦ଴ସ 𝑖݊ଶݏ ଴ݑ + ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ × × ሺݑ − ଴ሻଶݑ ଶݏ݋ܿ  ଴}], (78)ݑ
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ݍሶ߲ܦ߲]  [ሶ߲݇ܦ߲ = Ͳ, (79) 

   

ݍሶ߲ܦ߲]  [ሶ߲𝜆ܦ߲ = [ʹ (݊𝑅ܦ଴ܦݎଷ )ଶܦଶ଴ 𝑖݊ݏ  ଴], (80)ݑ

   

ሶ߲݇ܦ߲]  [ሶ߲݇ܦ߲ = [(݊𝑅ܦʹݎଷ)ଶ {−ͳ͸ܦ଴ସ 𝑖݊ଶݏ ଴ݑ + ሺʹ𝑅𝐻 + ଶܦ͵ − Ͷܦ଴ଶሻ × × ሺݑ − ଴ሻଶݑ 𝑖݊ଶݏ  ଴}], (81)ݑ

   

ሶ߲݇ܦ߲]  [ሶ߲𝜆ܦ߲ = Ͳ, (82) 

   

ሶ߲𝜆ܦ߲]  [ሶ߲𝜆ܦ߲ = [ቆ݊𝑅ܦݎଶ଴ܦଷ ቇଶ]. (83) 

   

ɉɨ ɚɧɚɥɨɝɢɢ ɫ Ɂɟɦɥɟɣ, ɤɨɝɞɚ ɢ ɜ Ʌɭɧɧɵɯ ɩɨɥɭɲɚɪɢɹɯ ɩɨɥɭɱɚɟɦ 

ɫɢɦɦɟɬɪɢɱɧɵɟ ɢɡɦɟɪɟɧɢɹ, ɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ 

ɷɥɟɦɟɧɬ ݏ𝑖݊  ଴, ɢɡ ɮɨɪɦɭɥ (69)–(83) ɨɛɧɭɥɹɸɬɫɹ, ɢ ɦɵ ɢɦɟɟɦ ɫɥɟɞɭɸɳɢɣ ɜɢɞݑ

ɭɪɚɜɧɟɧɢɣ ɩɨ ɮɨɪɦɭɥɚɦ (84)–(98): 

   

ሶ߲𝑖ܦ߲]  ሶ߲𝑖ܦ߲ ] = [(݊𝑅ݎ𝛼ܦଷ )ଶ ଴ସܦ} ଶݏ݋ܿ ଴ݑ + 𝑅ଶݎଶሺݑ − ଴ሻଶݑ 𝑖݊ଶݏ  ଴}], (84)ݑ

   

ሶ߲𝑖ܦ߲]  [ሶ߲𝛺ܦ߲ = Ͳ, (85) 

   

ሶ߲𝑖ܦ߲]  [ݍሶ߲ܦ߲ = Ͳ, (86) 
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ሶ߲𝑖ܦ߲]  [ሶ߲݇ܦ߲ = Ͳ, (87) 

   

ሶ߲𝑖ܦ߲]  [ሶ߲𝜆ܦ߲ = Ͳ, (88) 

   

ሶ߲𝛺ܦ߲]  [ሶ߲𝛺ܦ߲ = [(݊𝑅ܦݎଷ )ଶ ݏ݋଴ସሺܿܦ} 𝑖 + 𝛼ଶ 𝑖݊ଶݏ 𝑖 𝑖݊ଶݏ ଴ሻݑ + +𝑅ଶݎଶ𝛼ଶሺݑ − ଴ሻݑ 𝑖݊ଶݏ 𝑖 ଶݏ݋ܿ  ଴}], (89)ݑ

   

ሶ߲𝛺ܦ߲]  [ݍሶ߲ܦ߲ = Ͳ, (90) 

ሶ߲𝛺ܦ߲]  [ሶ߲݇ܦ߲ = Ͳ, (91) 

   

ሶ߲𝛺ܦ߲]  [ሶ߲𝜆ܦ߲ = [ቆ݊𝑅ܦݎଶ଴ܦଷ ቇଶ ݏ݋ܿ 𝑖], (92) 

   

ݍሶ߲ܦ߲]  [ݍሶ߲ܦ߲ = [(݊𝑅ܦʹݎଷ)ଶ {ͳ͸ܦ଴ସ 𝑖݊ଶݏ ଴ݑ + ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻ × × ሺݑ − ଴ሻݑ ଶݏ݋ܿ  ଴}], (93)ݑ

   

ݍሶ߲ܦ߲]  [ሶ߲݇ܦ߲ = Ͳ, (94) 

   

ݍሶ߲ܦ߲]  [ሶ߲𝜆ܦ߲ = Ͳ, (95) 

   

ሶ߲݇ܦ߲]  [ሶ߲݇ܦ߲ = [(݊𝑅ܦʹݎଷ)ଶ {−ͳ͸ܦ଴ସ ଶݏ݋ܿ ଴ݑ + ሺʹ𝑅𝐻 + ଶܦ͵ − Ͷܦ଴ଶሻ × (96) 
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× ሺݑ − ଴ሻଶݑ 𝑖݊ଶݏ  ,[{଴ݑ
   

ሶ߲݇ܦ߲]  [ሶ߲𝜆ܦ߲ = Ͳ, (97) 

   

ሶ߲𝜆ܦ߲]  [ሶ߲𝜆ܦ߲ = [ቆ݊𝑅ܦݎଶ଴ܦଷ ቇଶ]. (98) 

   

ȼ ɫɥɭɱɚɟ ɝɪɭɩɩɨɜɨɝɨ ɡɚɩɭɫɤɚ ɄȺ ɧɚ ɨɪɛɢɬɭ Ʌɭɧɵ, ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ 

ɫɭɦɦɚ ɱɥɟɧɚ [𝜕𝐷ሶ𝜕𝛺 𝜕𝐷ሶ𝜕𝜆] ɚɧɚɥɨɝɢɱɧɨ ɨɛɪɚɬɢɬɫɹ ɜ ɧɨɥɶ, ɤɚɤ ɜ ɫɥɭɱɚɟ ɡɚɩɭɫɤɚ ɭ 

Ɂɟɦɥɢ ɂɋɁ ɧɚ ɨɤɨɥɨɩɨɥɹɪɧɨɣ ɨɪɛɢɬɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜɫɹ ɫɢɫɬɟɦɚ ɩɪɢ 

ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɂɋɅ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ ɩɪɟɞɫɬɚɜɢɬɫɹ 

ɜ ɜɢɞɟ ɬɪɟɭɝɨɥɶɧɨɣ ɦɚɬɪɢɰɵ ɩɨ ɮɨɪɦɭɥɟ (99), ɝɥɚɜɧɚɹ ɞɢɚɝɨɧɚɥɶ ɤɨɬɨɪɨɣ 

ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶ ɜ ɫɟɛɟ ɨɬɤɥɨɧɟɧɢɹ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɷɥɟɦɟɧɬɨɜ, ɚ ɩɪɨɱɢɟ 

ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ ɛɭɞɭɬ ɪɚɜɧɵ ɧɭɥɸ: 

    

 [ቆ߲ܦሶ߲𝑖ቇଶ] 𝛿𝑖 Ͳ Ͳ Ͳ Ͳ
Ͳ [ቆ߲ܦሶ߲𝛺ቇଶ] 𝛿𝛺 Ͳ Ͳ Ͳ
Ͳ Ͳ [ቆ߲ܦሶ߲ݍቇଶ] 𝛿ݍ Ͳ Ͳ
Ͳ Ͳ Ͳ [ቆ߲ܦሶ߲݇ቇଶ] 𝛿݇ Ͳ
Ͳ Ͳ Ͳ Ͳ [ቆ߲ܦሶ߲𝜆ቇଶ] 𝛿𝜆

 

ሶ߲𝑖ܦ߲] 𝛥ܦሶ ሶ߲𝛺ܦ߲][ 𝛥ܦሶ ݍሶ߲ܦ߲][ 𝛥ܦሶ ሶ߲݇ܦ߲][ 𝛥ܦሶ ሶ߲𝜆ܦ߲][ 𝛥ܦሶ ]
 (99) 

    

ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜɵɲɟ ɬɪɟɭɝɨɥɶɧɨɣ ɦɚɬɪɢɰɵ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ 

ɦɟɠɞɭ ɩɨɝɪɟɲɧɨɫɬɹɦɢ ɷɥɟɦɟɧɬɨɜ ɞɚɧɧɨɣ ɦɚɬɪɢɰɵ ɛɭɞɭɬ ɨɬɫɭɬɫɬɜɨɜɚɬɶ 
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ɤɚɤɢɟ-ɥɢɛɨ ɜɡɚɢɦɨɡɚɜɢɫɢɦɨɫɬɢ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɦɵ ɦɨɠɟɦ ɩɪɟɞɫɬɚɜɢɬɶ ɩɨ 

ɤɚɠɞɨɦɭ ɟɟ ɷɥɟɦɟɧɬɭ, ɬɨ ɟɫɬɶ ɩɨ ɤɚɠɞɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɚ 

ɨɪɛɢɬɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɤɚɠɞɨɦɭ ɪɚɫɯɨɠɞɟɧɢɸ, ɤɚɠɞɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 

ɬɨɱɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɤɨɬɨɪɨɟ ɢ ɨɩɪɟɞɟɥɢɬ ɜɟɥɢɱɢɧɭ ɪɚɫɯɨɠɞɟɧɢɹ ɬɨɝɨ ɢɥɢ 

ɢɧɨɝɨ ɷɥɟɦɟɧɬɚ. Ɂɚɩɢɲɟɦ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɩɹɬɢ ɪɚɧɟɟ ɨɩɢɫɚɧɧɵɯ ɧɚɦɢ 

ɷɥɟɦɟɧɬɨɜ: i, Ω, q, k, λ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɮɨɪɦɭɥɵ (100)-(104), 

ɨɩɪɟɞɟɥɹɸɳɢɟ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɞɚɧɧɵɯ ɷɥɟɦɟɧɬɚɯ: 

   

 𝛿𝑖 = 𝛿ܦሶ√ቀ𝑛ோ௥𝛼𝐷య ቁଶ ሺܦ଴ସ ଶݏ݋ܿ ଴ݑ + 𝑅ଶݎଶሺݑ − ଴ሻଶݑ 𝑖݊ଶݏ  ଴ሻ, (100)ݑ

   

 𝛿𝛺 = 𝛿ܦሶ√ቀ𝑛ோ௥𝛼𝐷య ቁଶ ሺܦ଴ସ𝛼ଶ 𝑖݊ଶݏ ଴ݑ + 𝑅ଶݎଶ𝛼ሺݑ − ଴ሻݑ ଶݏ݋ܿ  ଴ሻ, (101)ݑ

   

 𝛿ݍ = 𝛿ܦሶ√ቀ𝑛ோ௥ଶ𝐷యቁଶ ሺͳ͸ܦ଴ସ 𝑖݊ଶݏ ଴ݑ + ሺʹ𝑅𝐻 + ଷܦ͵ + Ͷܦ଴ଶሻሺݑ − ଴ሻଶݑ ݏ݋ܿ  ଴ሻ, (102)ݑ

   

 𝛿݇ = 𝛿ܦሶ√ቀ𝑛ோ௥ଶ𝐷యቁଶ ሺ−ͳ͸ܦ଴ସ ଶݏ݋ܿ ଴ݑ + ሺʹ𝑅𝐻 + ଷܦ͵ + Ͷܦ଴ଶሻሺݑ − ଴ሻݑ 𝑖݊ଶݏ  ଴ሻ, (103)ݑ

   

 𝛿𝜆 = 𝛿ܦሶ√ቀ𝑛ோ௥𝐷0మ𝐷య ቁଶ . (104) 

   

Ɇɵ ɩɨɥɭɱɢɥɢ ɭɪɚɜɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ 

ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ. Ⱦɚɧɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɨɩɪɟɞɟɥɟɧɵ ɢɡ 

ɬɨɝɨ, ɱɬɨ ɦɵ ɨɛɟɫɩɟɱɢɜɚɟɦ ɧɚ Ʌɭɧɟ ɪɚɞɢɨɤɨɧɬɪɨɥɶ ɩɪɢ ɡɚɩɪɨɫɧɨɦ ɢɡɦɟɪɟɧɢɢ 

ɪɚɞɢɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɧɚɱɚɥɶɧɨɣ 

ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
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ɝɪɨɦɨɡɞɤɢɟ ɛɟɡɡɚɩɪɨɫɧɵɟ ɫɢɫɬɟɦɵ ɢɥɢ ɭɱɢɬɵɜɚɬɶ ɪɚɞɢɨɤɨɧɬɪɨɥɶ ɨɪɛɢɬɵ ɫ 

ɨɝɪɚɧɢɱɟɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɄȺ ɢ ɫ ɭɱɟɬɨɦ ɨɬɫɭɬɫɬɜɢɹ 

ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɯ ɪɚɡɪɵɜɨɜ, ɤɚɤ ɜ ɫɥɭɱɚɟ ɫ Ɂɟɦɥɟɣ. ɇɚ 

ɞɚɧɧɵɣ ɩɟɪɢɨɞ ɨɫɜɨɟɧɢɹ Ʌɭɧɵ ɛɟɡɡɚɩɪɨɫɧɵɟ ɢɡɦɟɪɟɧɢɹ ɧɟɜɨɡɦɨɠɧɨ ɜ 

ɩɨɥɧɨɦ ɨɛɴɟɦɟ ɩɟɪɟɞɚɜɚɬɶ ɧɚ Ɂɟɦɥɸ ɛɟɡ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɨɬɟɪɶ 

ɢɧɮɨɪɦɚɰɢɢ, ɚ ɫɚɦɢ ɂɋɅ ɧɟ ɫɦɨɝɭɬ ɯɪɚɧɢɬɶ ɢ ɨɛɪɚɛɚɬɵɜɚɬɶ ɛɨɥɶɲɢɟ 

ɦɚɫɫɢɜɵ ɞɚɧɧɵɯ, ɫɨɛɪɚɧɧɵɟ ɫ ɛɟɡɡɚɩɪɨɫɧɵɯ ɢɡɦɟɪɟɧɢɣ. 

Ɉɞɧɚɤɨ, ɜ ɞɚɥɶɧɟɣɲɟɦ ɧɚɜɢɝɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɫ ɛɟɡɡɚɩɪɨɫɧɵɦ 

ɢɡɦɟɪɟɧɢɟɦ ɪɚɞɢɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɡɜɨɥɹɬ ɭɠɟ ɫ ɭɱɟɬɨɦ ɩɪɢɜɹɡɨɤ ɤ 

ɫɬɚɰɢɨɧɚɪɧɵɦ Ʌɭɧɧɵɦ ɫɬɚɧɰɢɹɦ ɩɪɢ ɧɚɥɢɱɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɫɧɚɳɟɧɢɹ ɞɚɬɶ ɛɨɥɟɟ ɩɨɥɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɥɭɧɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ. ɉɨɷɬɨɦɭ ɩɨ ɚɧɚɥɨɝɢɢ ɫ 

ɩɪɨɞɟɥɚɧɧɨɣ ɜɵɲɟ ɪɚɛɨɬɨɣ ɩɪɢɜɟɞɟɦ ɨɫɧɨɜɧɵɟ ɮɨɪɦɭɥɵ ɩɪɢ ɛɟɡɡɚɩɪɨɫɧɵɯ 

ɢɡɦɟɪɟɧɢɹɯ ɪɚɞɢɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ. 

Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɜɜɟɞɟɦ ɫɥɟɞɭɸɳɭɸ ɡɚɦɟɧɭ ɩɨ ɮɨɪɦɭɥɟ (105): 

   

 𝑎 = ሶ߲𝑖ܦ߲ , 
в = ܿ ,ሶ߲𝛺ܦ߲ = ݍሶ߲ܦ߲ , ݀ = ሶ߲݇ܦ߲ , ݈ = ሶ߲𝜆ܦ߲ ሶܦሶ߲𝛿ܦ߲ , = ͳ 

(105) 

   

ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɩɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɛɟɡɡɚɩɪɨɫɧɨɝɨ ɫɩɨɫɨɛɚ ɢɡɦɟɪɟɧɢɣ 

ɫɢɫɬɟɦɚ ɧɨɪɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɬɤɥɨɧɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɢ 
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ɪɚɫɱɟɬɚ ɩɨɫɬɨɹɧɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɡɚ ɨɞɢɧ ɫɟɚɧɫ, 

ɩɪɟɞɫɬɚɜɢɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (106)-(111): 

   

 [𝑎𝑎]𝛿𝑖 + [𝑎в]𝛿𝛺 + [𝑎ܿ]𝛿ݍ + [𝑎݀]𝛿݇ + [𝑎݈]𝛿𝜆 + [𝑎]𝛿ܦሶ = [𝑎𝛥ܦሶ ], (106) 

   

 [в𝑎]𝛿𝑖 + [вв]𝛿𝛺 + [вܿ]𝛿ݍ + [в݀]𝛿݇ + [в݈]𝛿𝜆 + [в]𝛿ܦሶ = [в𝛥ܦሶ ], (107) 

   

 [с𝑎]𝛿𝑖 + [св]𝛿𝛺 + [сܿ]𝛿ݍ + [с݀]𝛿݇ + [с݈]𝛿𝜆 + [с]𝛿ܦሶ = [с𝛥ܦሶ ], (108) 

   

 [݀𝑎]𝛿𝑖 + [݀в]𝛿𝛺 + [݀ܿ]𝛿ݍ + [݀݀]𝛿݇ + [݈݀]𝛿𝜆 + [݀]𝛿ܦሶ = [݀𝛥ܦሶ ], (109) 

 [݈𝑎]𝛿𝑖 + [݈в]𝛿𝛺 + [݈ܿ]𝛿ݍ + [𝑎݀]𝛿݇ + [݈݈]𝛿𝜆 + [݈]𝛿ܦሶ = [݈𝛥ܦሶ ], (110) 

   

 [𝑎]𝛿𝑖 + [в]𝛿𝛺 + [ܿ]𝛿ݍ + [݀]𝛿݇ + [݈]𝛿𝜆 + ܰ𝛿ܦሶ = [𝛥ܦሶ ]. (111) 

   

ɉɪɢɦɟɧɢɜ ɩɨ ɚɧɚɥɨɝɢɢ ɨɩɟɪɚɰɢɢ ɧɚɞ ɭɪɚɜɧɟɧɢɹɦɢ ɫ ɪɚɧɟɟ 

ɢɡɥɨɠɟɧɧɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ, ɚ ɬɚɤɠɟ ɭɱɢɬɵɜɚɹ ɫɢɦɦɟɬɪɢɢ ɜ ɩɥɨɫɤɨɫɬɹɯ 

ɩɨ ɩɪɢɱɢɧɟ ɝɪɭɩɩɨɜɨɝɨ ɡɚɩɭɫɤɚ ɄȺ, ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ ɢɬɨɝɨɜɨɟ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɮɨɪɦɭɥ (106)–(111) ɜ ɜɢɞɟ ɬɢɩɨɜ ɭɪɚɜɧɟɧɢɣ ɩɨ ɮɨɪɦɭɥɚɦ 

(112)–(116): 

   

 [𝑎𝑎 ⋅ 𝛪]𝛿𝑖 + [𝑎в ⋅ 𝛪]𝛿𝛺 + [𝑎ܿ ⋅ 𝛪]𝛿ݍ + [𝑎݀ ⋅ 𝛪]𝛿݇ + [𝑎݈ ⋅ 𝛪]𝛿𝜆 = [𝑎𝛥ܦሶ ⋅ 𝛪], (112) 

   

 [в𝑎 ⋅ 𝛪]𝛿𝑖 + [вв ⋅ 𝛪]𝛿𝛺 + [вܿ ⋅ 𝛪]𝛿ݍ + [в݀ ⋅ 𝛪]𝛿݇ + [в݈ ⋅ 𝛪]𝛿𝜆 = [в𝛥ܦሶ ⋅ 𝛪], (113) 

   

 [с𝑎 ⋅ 𝛪]𝛿𝑖 + [св ⋅ 𝛪]𝛿𝛺 + [сܿ ⋅ 𝛪]𝛿ݍ + [с݀ ⋅ 𝛪]𝛿݇ + [с݈ ⋅ 𝛪]𝛿𝜆 = [с𝛥ܦሶ ⋅ 𝛪], (114) 

   

 [݀𝑎 ⋅ 𝛪]𝛿𝑖 + [݀в ⋅ 𝛪]𝛿𝛺 + [݀ܿ ⋅ 𝛪]𝛿ݍ + [݀݀ ⋅ 𝛪]𝛿݇ + [݈݀ ⋅ 𝛪]𝛿𝜆 = [݀𝛥ܦሶ ⋅ 𝛪], (115) 
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 [݈𝑎 ⋅ 𝛪]𝛿𝑖 + [݈в ⋅ 𝛪]𝛿𝛺 + [݈ܿ ⋅ 𝛪]𝛿ݍ + [𝑎݀ ⋅ 𝛪]𝛿݇ + [݈݈ ⋅ 𝛪]𝛿𝜆 = [݈𝛥ܦሶ ⋅ 𝛪]. (116) 

   

ɉɪɚɤɬɢɤɚ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ [5] ɩɨ ɜɫɟɦ ɢɦɟɸɳɢɦɫɹ ɢ ɞɨɫɬɭɩɧɵɦ 

ɧɚɜɢɝɚɰɢɨɧɧɵɦ ɄȺ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɧɚɜɢɝɚɰɢɢ ɧɚ Ɂɟɦɥɟ, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 

ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɨɡɞɟɣɫɬɜɢɟɦ 

ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɪɚɫɱёɬɚ ɧɟɜɹɡɨɤ ɦɟɠɞɭ ɢɡɦɟɪɟɧɧɵɦɢ ɢ 

ɜɵɱɢɫɥɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɨɩɪɟɞɟɥɹɟɦɨɣ ɜɟɥɢɱɢɧɵ. ȼ ɫɜɹɡɢ ɫ ɱɟɦ 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɚɡɞɟɥɟɧɢɹɯ ɢɡɦɟɪɹɟɦɵɯ ɢ ɜɵɱɢɫɥɹɟɦɵɯ 

ɷɥɟɦɟɧɬɨɜ, ɩɪɨɜɟɫɬɢ ɨɛɨɫɧɨɜɚɧɢɟ ɨɩɬɢɦɚɥɶɧɨɣ ɫɯɟɦɵ ɪɚɞɢɨɤɨɧɬɪɨɥɹ 

ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɧɚ ɥɭɧɧɨɣ ɨɪɛɢɬɟ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ 

ɂɋɁ, ɢɫɩɨɥɶɡɭɹ ɭɩɪɨɳёɧɧɭɸ ɦɟɬɨɞɢɤɭ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ 

ɞɨɩɥɟɪɨɜɫɤɢɦ ɢɡɦɟɪɟɧɢɹɦ. Ⱦɥɹ ɷɬɨɝɨ ɡɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ ɧɟɜɹɡɨɤ, 

ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ (117): 

   

 𝛥ܦሶ = ݊𝑅ܦ]ݎ଴ଶ cos ଴ݑ − ݑ𝑅ሺݎ − ଴ሻݑ sin ଷܦ଴]𝛿𝑖ݑ + 

+݊𝑅ܦݎଷ ଴ଶሺcosܦ] 𝑖 + 𝛼 sin 𝑖 sin ଴ሻݑ + ݑ𝑅𝛼ሺݎ − ଴ሻݑ sin 𝑖 cos ଴]𝛿Ωݑ + 

+݊𝑅ܦʹݎଷ [Ͷܦ଴ଶ sin ଴ݑ + ሺʹ𝑅𝐻 + ଶܦ͵ + Ͷܦ଴ଶሻሺݑ − ଴ሻݑ sin ଴]𝛿݇ݑ − 

−݊𝑅ܦݎ଴ଶܦଷ 𝛿𝜆 

(117) 

   

ȿɫɥɢ ɫɧɨɜɚ ɜɡɹɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɫɢɦɦɟɬɪɢɱɧɨɫɬɶ ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɩɥɨɫɤɨɫɬɟɣ, ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɤ ɛɚɡɢɪɨɜɚɧɢɸ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ Ʌɭɧɵ 

ɫɬɚɰɢɨɧɚɪɧɵɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɫɬɚɧɰɢɣ, ɬɚɤɠɟ ɫɢɦɦɟɬɪɢɱɧɨɟ ɢ ɪɚɜɧɨɦɟɪɧɨɟ 

ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɚɦɢɯ ɧɚɥɭɧɧɵɯ ɫɬɚɧɰɢɣ, ɬɨ ɩɨɥɭɱɢɦ ɪɚɫɩɚɞɚɸɳɢɟɫɹ 

ɜɵɪɚɠɟɧɢɹ ɧɟɜɹɡɨɤ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (118)–(122) ɢ 

ɭɱɢɬɵɜɚɬɶ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ ɡɚɤɨɧɵ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɧɟɜɹɡɨɤ: 
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|𝛿𝑖|ݎ  = {| ݑ𝛼ሺݎଶଶଵሶ݊𝑅ଶܦଷΔܦ − |଴ݑ ଴ሻsinݑ , | ଷܦଵଶଶሶ݊𝑅𝛼ሺܦଷΔܦ଴ܦʹ − ଴ଷሻܦ cos  ଴ሻ|}, (118)ݑ

   

|𝛿Ω|ݎ  sin 𝑖 = {| ݑ𝛼ሺݎଶଶଶሶ݊𝑅ଶܦଷΔܦ − ଴ሻݑ cos |଴ݑ , | ଷܦଵଶଵሶ݊𝑅𝛼ሺܦଷΔܦ଴ܦʹ − ଴ଷሻܦ sin  ଴|}, (119)ݑ

   

|ݍ𝛿|ݎ  = {| ଷܦଵଵଵଶሶ݊𝑅ሺܦଷΔܦ଴ܦ − |଴ݑ ଴ଷሻsinܦ , | ଶଵଶሶ݊𝑅𝛼ሺʹ𝑅𝐻ܦଷΔܦʹ + ଶܦ͵ + Ͷܦ଴ଶሻሺݑ − ଴ሻݑ cos  ଴|}, (120)ݑ

   

|𝛿݇|ݎ  = {| ଷܦଵଵଶሶ݊𝑅ሺܦଷΔܦ଴ܦ − |଴ݑ ଴ଷሻcosܦ , | ଶଵଵሶ݊𝑅ሺʹ𝑅𝐻ܦଷΔܦʹ + ଶܦ͵ + Ͷܦ଴ଶሻሺݑ − ଴ሻݑ sin  ଴|}, (121)ݑ

   

𝛿𝜆|ݎ  + 𝛿Ωcos 𝑖| = ଷܦଵଵଵଵሶ݊𝑅ሺܦଷΔܦ଴ܦʹ| −  ଴ଷሻ|, (122)ܦ

   

ɝɞɟ Δܦଶଶଵሶ  – ɩɨɝɪɟɲɧɨɫɬɢ, ɦɟɧɹɸɳɢɟ ɡɧɚɤɢ ɞɥɹ ɫɢɦɦɟɬɪɢɱɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ ɫɟɚɧɫɨɜ ɢɡɦɟɪɟɧɢɣ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɪɚɫɩɨɥɨɠɟɧɵ 

ɫɟɚɧɫɵ ɢɡɦɟɪɟɧɢɣ ɧɚ ɜɨɫɯɨɞɹɳɟɣ ɱɚɫɬɢ ɜɢɬɤɚ, ɢɥɢ ɧɚ ɧɢɫɯɨɞɹɳɟɣ ɱɚɫɬɢ 

ɜɢɬɤɚ, 

      Δܦଵଶଶሶ  – ɩɨɝɪɟɲɧɨɫɬɢ, ɦɟɧɹɸɳɢɟ ɡɧɚɤɢ ɞɥɹ ɫɢɦɦɟɬɪɢɱɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ ɫɟɚɧɫɨɜ ɢɡɦɟɪɟɧɢɣ, ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɜɨɫɯɨɞɹɳɟɣ ɱɚɫɬɢ 

ɜɢɬɤɚ ɤ ɧɢɫɯɨɞɹɳɟɣ, 

      Δܦଶଶଶሶ  – ɩɨɝɪɟɲɧɨɫɬɢ, ɦɟɧɹɸɳɢɟ ɡɧɚɤɢ ɞɥɹ ɫɢɦɦɟɬɪɢɱɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ ɫɟɚɧɫɨɜ ɢɡɦɟɪɟɧɢɣ, ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɜɨɫɯɨɞɹɳɟɣ ɱɚɫɬɢ 

ɜɢɬɤɚ ɤ ɧɢɫɯɨɞɹɳɟɣ, 

      Δܦଵଶଵሶ  – ɩɨɝɪɟɲɧɨɫɬɢ, ɦɟɧɹɸɳɢɟ ɡɧɚɤɢ ɞɥɹ ɫɢɦɦɟɬɪɢɱɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ ɫɟɚɧɫɨɜ ɢɡɦɟɪɟɧɢɣ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɪɚɫɩɨɥɨɠɟɧɵ 

ɫɟɚɧɫɵ ɢɡɦɟɪɟɧɢɣ ɧɚ ɜɨɫɯɨɞɹɳɟɣ ɱɚɫɬɢ ɜɢɬɤɚ, ɢɥɢ ɧɚ ɧɢɫɯɨɞɹɳɟɣ ɱɚɫɬɢ 

ɜɢɬɤɚ, 
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      Δܦଵଵଵଶሶ  – ɩɨɝɪɟɲɧɨɫɬɢ, ɢɦɟɸɳɢɟ ɨɞɧɢ ɢ ɬɟ ɠɟ ɡɧɚɤɢ ɜɧɭɬɪɢ ɬɪɚɟɤɬɨɪɧɨɝɨ 

ɫɟɚɧɫɚ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Δܦଵሶ  ɢ Δܦଶሶ ) ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɩɪɨɯɨɞɢɬ ɬɪɚɫɫɚ ɄȺ 

ɜɨɫɬɨɱɧɟɟ ɢɥɢ ɡɚɩɚɞɧɟɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɭɧɤɬɚ, ɢ ɦɟɧɹɸɳɢɟ ɡɧɚɤ ɩɪɢ 

ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɝɨ ɩɨɥɭɲɚɪɢɹ ɤ ɞɪɭɝɨɦɭ, 

      Δܦଶଵଶሶ  – ɩɨɝɪɟɲɧɨɫɬɢ, ɢɦɟɸɳɢɟ ɨɞɧɢ ɢ ɬɟ ɠɟ ɡɧɚɤɢ ɜɧɭɬɪɢ ɬɪɚɟɤɬɨɪɧɨɝɨ 

ɫɟɚɧɫɚ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Δܦଵሶ  ɢ Δܦଶሶ ) ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɩɪɨɯɨɞɢɬ ɬɪɚɫɫɚ ɄȺ 

ɜɨɫɬɨɱɧɟɟ ɢɥɢ ɡɚɩɚɞɧɟɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɭɧɤɬɚ, ɢ ɦɟɧɹɸɳɢɟ ɡɧɚɤ ɩɪɢ 

ɩɟɪɟɯɨɞɟ ɨɬ ɜɨɫɯɨɞɹɳɟɣ ɱɚɫɬɢ ɜɢɬɤɚ ɤ ɧɢɫɯɨɞɹɳɟɣ, 

      Δܦଵଵଶሶ  – ɩɨɝɪɟɲɧɨɫɬɢ, ɢɦɟɸɳɢɟ ɨɞɧɢ ɢ ɬɟ ɠɟ ɡɧɚɤɢ ɜɧɭɬɪɢ ɬɪɚɟɤɬɨɪɧɨɝɨ 

ɫɟɚɧɫɚ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Δܦଵሶ  ɢ Δܦଶሶ ) ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɩɪɨɯɨɞɢɬ ɬɪɚɫɫɚ ɄȺ 

ɜɨɫɬɨɱɧɟɟ ɢɥɢ ɡɚɩɚɞɧɟɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɭɧɤɬɚ, ɢ ɦɟɧɹɸɳɢɟ ɡɧɚɤ ɩɪɢ 

ɩɟɪɟɯɨɞɟ ɨɬ ɜɨɫɯɨɞɹɳɟɣ ɱɚɫɬɢ ɜɢɬɤɚ ɤ ɧɢɫɯɨɞɹɳɟɣ, 

      Δܦଶଵଵሶ  – ɩɨɝɪɟɲɧɨɫɬɢ, ɢɦɟɸɳɢɟ ɨɞɧɢ ɢ ɬɟ ɠɟ ɡɧɚɤɢ ɜɧɭɬɪɢ ɬɪɚɟɤɬɨɪɧɨɝɨ 

ɫɟɚɧɫɚ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Δܦଵሶ  ɢ Δܦଶሶ ) ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɩɪɨɯɨɞɢɬ ɬɪɚɫɫɚ ɄȺ 

ɜɨɫɬɨɱɧɟɟ ɢɥɢ ɡɚɩɚɞɧɟɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɭɧɤɬɚ, ɬɚɤɠɟ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, 

ɪɚɫɩɨɥɨɠɟɧɵ ɫɟɚɧɫɵ ɢɡɦɟɪɟɧɢɣ ɧɚ ɜɨɫɯɨɞɹɳɟɣ ɱɚɫɬɢ ɜɢɬɤɚ, ɢɥɢ ɧɚ 

ɧɢɫɯɨɞɹɳɟɣ ɱɚɫɬɢ ɜɢɬɤɚ, 

      Δܦଵଵଵଵሶ  – ɩɨɝɪɟɲɧɨɫɬɢ, ɢɦɟɸɳɢɟ ɨɞɧɢ ɢ ɬɟ ɠɟ ɡɧɚɤɢ ɜɧɭɬɪɢ ɬɪɚɟɤɬɨɪɧɨɝɨ 

ɫɟɚɧɫɚ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Δܦଵሶ  ɢ Δܦଶሶ ) ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɩɪɨɯɨɞɢɬ ɬɪɚɫɫɚ ɄȺ 

ɜɨɫɬɨɱɧɟɟ ɢɥɢ ɡɚɩɚɞɧɟɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɭɧɤɬɚ, ɢ ɫɢɦɦɟɬɪɢɱɧɵɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɷɥɥɢɩɫɨɢɞɚ ɩɥɚɧɟɬɵ/ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɩɭɬɧɢɤɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɨɩɢɪɚɹɫɶ ɧɚ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɡɟɦɧɵɯ ɚɧɚɥɨɝɨɜ ɝɟɨɞɟɡɢɱɟɫɤɢɯ ɫɟɬɟɣ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ 

ɦɟɪɧɨɝɨ ɭɱɚɫɬɤɚ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬɵ ɢ ɞɥɹ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ 

ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ ɫɟɦɶ ɫɭɬɨɤ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɨ ɭɬɨɱɧɟɧɢɸ ɨɪɛɢɬ 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɯɨɬɹ ɛɵ ɞɟɫɹɬɶ ɫɟɚɧɫɨɜ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɨɩɪɟɞɟɥɢɬɶ 

ɧɟɨɛɯɨɞɢɦɨɟ ɩɨɥɨɠɟɧɢɟ ɫɬɚɰɢɨɧɚɪɧɵɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɭɧɤɬɨɜ ɧɚ Ʌɭɧɟ ɢ 

ɨɛɟɫɩɟɱɢɬɶ ɫɜɹɡɶ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɧɚ ɨɩɵɬɟ 
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ɪɚɛɨɬɵ ɫ ɝɟɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɶɸ ɜ ɞɢɫɫɟɪɬɚɰɢɢ ɧɚ ɫɨɢɫɤɚɧɢɟ ɞɨɤɬɨɪɫɤɨɣ 

ɫɬɟɩɟɧɢ ɩɪɨɮɟɫɫɨɪɚ ȼ. ɂ. Ʉɭɞɵɦɨɜɚ [5]. 

Ⱦɨɫɬɨɜɟɪɧɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɄȺ ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɤ ɭɫɥɨɜɢɹɦ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬɵ ɢ 

ɥɸɛɨɟ ɨɬɤɥɨɧɟɧɢɟ ɜ ɭɫɥɨɜɢɹɯ ɩɪɨɜɟɞɟɧɢɹ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɨ 

ɨɩɪɟɞɟɥɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɨɬ ɨɩɬɢɦɚɥɶɧɵɯ ɩɪɢɜɨɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ 

ɬɨɱɧɨɫɬɢ ɩɪɨɝɧɨɡɚ ɧɚ 2–3 ɫɭɬɨɤ ɧɚ 100–300 ɦ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ 

ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɧɚ ɥɭɧɧɨɣ ɨɪɛɢɬɟ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɂɋɅ 

ɪɚɞɢɚɥɶɧɨ-ɫɤɨɪɨɫɬɧɵɦ ɢɥɢ ɞɚɥɶɧɨɦɟɪɧɵɦ ɫɩɨɫɨɛɨɦ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɫɥɟɞɭɸɳɭɸ ɫɯɟɦɭ ɢɡɦɟɪɟɧɢɣ: 

1) ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɬɶ ɧɚ ɜɨɫɯɨɞɹɳɢɯ ɢ ɧɢɫɯɨɞɹɳɢɯ ɜɢɬɤɚɯ, 

ɫɢɦɦɟɬɪɢɱɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧɢɹ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɝɨ ɩɨɥɟɬɭ ɄȺ ɢ 

ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ, ɪɚɜɧɨɦɟɪɧɨ ɜ ɬɟɱɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɜɪɟɦɟɧɢ; 

2) ɜɵɛɢɪɚɟɦɵɣ ɢɧɬɟɪɜɚɥ ɞɨɥɠɟɧ ɛɵɬɶ ɜɡɹɬ ɛɨɥɶɲɟ ɩɪɨɝɧɨɡɧɨɝɨ 

ɢɧɬɟɪɜɚɥɚ; 

3) ɪɚɞɢɨɤɨɧɬɪɨɥɶ ɨɪɛɢɬ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɄȺ ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɥɹɬɶ 

ɩɨ ɡɚɩɪɨɫɭ; 

4) ɫɟɚɧɫɵ ɬɪɚɟɤɬɨɪɧɵɯ ɢɡɦɟɪɟɧɢɣ ɧɭɠɧɨ ɩɪɨɜɨɞɢɬɶ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ 

ɄȺ ɜ ɡɨɧɟ ɜɢɞɢɦɨɫɬɢ, ɚ ɩɪɢ ɭɯɨɞɟ ɡɚ Ʌɭɧɭ, ɜ ɬɟɧɶ – ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɦɟɠɫɩɭɬɧɢɤɨɜɭɸ ɥɢɧɢɸ ɫɜɹɡɢ ɄȺ-ɄȺ. 

Ʉɚɤɨɟ-ɥɢɛɨ ɧɚɪɭɲɟɧɢɟ ɭɫɥɨɜɢɣ ɢɡɦɟɪɟɧɢɣ ɩɨɧɢɠɚɟɬ ɬɨɱɧɨɫɬɶ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɧɚ 2-3 ɫɭɬɨɤ ɧɚ 100-300 ɦ. 
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2 Ɇɟɬɨɞ ɪɚɫчɟɬɚ ɞɥя ɩɨɫɬɪɨɟɧɢя ɫɟɥɟɧɨɞɟɡɢчɟɫɤɨɣ ɫɟɬɢ 

 

ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɢɤɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ ɄȺ ɧɚ ɥɭɧɧɨɣ 

ɨɪɛɢɬɟ ɜɚɠɧɨ ɨɫɨɡɧɚɜɚɬɶ ɬɨ, ɤɚɤ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɪɚɞɢɨɤɨɧɬɪɨɥɶ. Ⱦɚɠɟ 

ɫ ɭɱɟɬɨɦ ɩɨɫɬɪɨɟɧɢɹ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɧɚɥɭɧɧɨɣ ɫɬɚɰɢɨɧɚɪɧɨɣ ɱɚɫɬɢ ɫɟɬɢ 

ɜɫɟ ɡɚɩɪɨɫɵ ɢ ɭɩɪɚɜɥɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɛɭɞɭɬ ɫ Ɂɟɦɥɢ. ɇɚɡɟɦɧɵɣ 

ɤɨɦɩɥɟɤɫ ɫ ɭɱɟɬɨɦ ɜɫё ɛɨɥɟɟ ɭɜɟɥɢɱɢɜɚɸɳɟɝɨɫɹ ɱɢɫɥɚ ɝɪɭɩɩɢɪɨɜɨɤ ɢ 

ɫɩɭɬɧɢɤɨɜɵɯ ɫɨɡɜɟɡɞɢɣ ɱɪɟɡɦɟɪɧɨ ɡɚɝɪɭɠɟɧ, ɞɚɠɟ ɢɫɩɨɥɶɡɭɹ ɫɨɜɪɟɦɟɧɧɵɟ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɤɨɦɩɶɸɬɟɪɧɵɟ ɫɢɫɬɟɦɵ. Ʉ ɬɨɦɭ ɠɟ ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɫ Ʌɭɧɵ 

ɜɨɡɦɨɠɧɚ ɧɟ ɜɫɟɝɞɚ. ɉɨɥɭɱɟɧɢɟ ɞɚɧɧɵɯ ɫ ɄȺ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɩɨ ɡɚɩɪɨɫɭ, 

ɬɨɥɶɤɨ ɧɚ ɫɬɪɨɝɨ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ, ɚ ɬɚɤ ɤɚɤ Ʌɭɧɚ ɩɨɫɬɨɹɧɧɨ 

ɧɚɩɪɚɜɥɟɧɚ ɤ Ɂɟɦɥɟ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɫɬɨɪɨɧɨɣ, ɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɥɸɛɵɦ 

ɂɋɅ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɨɩɨɫɪɟɞɨɜɚɧɧɨ: ɥɢɛɨ ɱɟɪɟɡ ɫɟɬɶ ɥɭɧɧɵɯ ɫɬɚɰɢɨɧɚɪɧɵɯ 

ɨɛɴɟɤɬɨɜ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɨɟɞɢɧɟɧɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɥɭɧɧɨɣ ɩɪɨɜɨɞɧɨɣ ɫɜɹɡɶɸ, 

ɥɢɛɨ ɬɨɥɶɤɨ ɱɟɪɟɡ ɢɫɤɭɫɫɬɜɟɧɧɵɟ ɫɩɭɬɧɢɤɢ Ʌɭɧɵ ɢɡ ɡɚɩɭɳɟɧɧɨɣ 

ɝɪɭɩɩɢɪɨɜɤɢ ɩɨ ɦɟɠɫɩɭɬɧɢɤɨɜɨɣ ɥɢɧɢɢ ɫɜɹɡɢ ɄȺ-ɄȺ. Ⱦɚɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɜ 

ɥɸɛɨɦ ɫɥɭɱɚɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɧɚɝɪɭɠɚɸɬ ɫɪɟɞɫɬɜɚ ɧɚɡɟɦɧɨɝɨ ɫɟɝɦɟɧɬɚ, 

ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɚɞɢɨɤɨɧɬɪɨɥɶ ɞɜɢɠɟɧɢɹ ɄȺ ɧɚ ɥɭɧɧɨɣ 

ɨɪɛɢɬɟ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ. 

ȼ ɷɬɨɣ ɫɜɹɡɢ ɜɚɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɪɟɡɟɪɜɵ 

ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɨɥɨɝɢɸ ɩɨ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɸ. 

Ⱦɥɹ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɜɚɠɧɨ ɩɨɥɭɱɚɬɶ ɞɨɫɬɨɜɟɪɧɭɸ ɢ 

ɦɚɤɫɢɦɚɥɶɧɨ ɬɨɱɧɭɸ ɷɮɟɦɟɪɢɞɧɭɸ ɢɧɮɨɪɦɚɰɢɸ (ɗɂ). ɋɛɨɪ ɢɧɮɨɪɦɚɰɢɢ 

ɜɨɡɦɨɠɟɧ ɧɚ Ʌɭɧɟ ɫ ɨɩɨɪɧɵɯ ɫɬɚɰɢɨɧɚɪɧɵɯ ɧɚɥɭɧɧɵɯ ɩɭɧɤɬɨɜ. Ɉɫɧɨɜɧɨɣ 

ɮɭɧɤɰɢɟɣ ɞɚɧɧɵɯ ɩɭɧɤɬɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɨɜɟɞɟɧɢɟ ɧɚɛɥɸɞɟɧɢɣ, 

ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɚ ɂɋɅ, ɜɵɞɚɱɚ ɩɨɞɪɨɛɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚ ɛɨɪɬ ɨɞɧɨɝɨ ɢɡ 

ɄȺ ɞɥɹ ɩɟɪɟɞɚɱɢ ɧɚ Ɂɟɦɥɸ ɢɥɢ ɡɚɝɪɭɡɤɢ ɷɮɟɦɟɪɢɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ 

ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɧɚɜɢɝɚɰɢɢ ɚɩɩɚɪɚɬɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ, ɨɩɢɫɚɧɧɨɣ ɜ ɪɚɛɨɬɟ ɞɚɥɟɟ. Ɋɟɡɭɥɶɬɚɬɵ ɧɚɜɢɝɚɰɢɨɧɧɵɯ 



38 

ɨɩɪɟɞɟɥɟɧɢɣ ɤɨɧɬɪɨɥɶɧɵɯ ɩɭɧɤɬɨɜ ɛɭɞɭɬ ɫɨɞɟɪɠɚɬɶ ɜ ɫɟɛɟ ɧɟɜɹɡɤɢ ɦɟɠɞɭ 

ɨɩɪɟɞɟɥёɧɧɵɦɢ ɢ ɢɡɜɟɫɬɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ: ɲɢɪɨɬɨɣ ሺ𝛿𝜑ሻ ɢ ɞɨɥɝɨɬɨɣ ሺ𝛿𝜆ሻɨɞɧɨɝɨ ɩɭɧɤɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɪɭɝɨɝɨ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɫɨɡɞɚɬɶ 

ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɩɨɜɟɪɯɧɨɫɬɢ Ʌɭɧɵ. ɉɨɥɭɱɟɧɧɵɟ ɧɟɜɹɡɤɢ ɬɚɤɠɟ 

ɧɟɫɭɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɨɝɪɟɲɧɨɫɬɹɯ ɷɮɟɦɟɪɢɞ ɄȺ ɢ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ 

ɭɬɨɱɧɟɧɢɹ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɞɜɢɠɟɧɢɹ ɂɋɅ. 

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɧɟɟ ɨɩɪɟɞɟɥɟɧɧɨɣ ɮɨɪɦɭɥɵ (6) ɧɟɜɹɡɤɢ ɜ 

ɤɨɨɪɞɢɧɚɬɚɯ ɜɨɡɦɨɠɧɨ ɩɟɪɟɜɟɫɬɢ ɜ ɩɨɝɪɟɲɧɨɫɬɢ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɄȺ ɜɞɨɥɶ 

ɨɪɛɢɬɵ 𝛿ݑ଴ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɣ 𝛿𝛼. 

ɉɪɢ ɢɡɦɟɪɟɧɢɢ ɪɚɞɢɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɄȺ ɧɟɜɹɡɤɢ ɦɟɠɞɭ ɢɡɦɟɪɟɧɧɵɦ ɢ 

ɪɚɫɱёɬɧɵɦ ɡɧɚɱɟɧɢɹɦɢ ɩɚɪɚɦɟɬɪɚ ɡɚ ɫɱёɬ ɩɨɝɪɟɲɧɨɫɬɟɣ ɷɮɟɦɟɪɢɞ ɛɭɞɭɬ 

ɨɩɪɟɞɟɥɹɬɶɫɹ ɮɨɪɦɭɥɨɣ (123): 

   

ሶܦ∆  = ݎሶ߲ܦ߲ 𝛿ݎ + ሶ߲𝛼ܦ߲ 𝛿𝛼 + ݑሶ߲ܦ߲ 𝛿ݑ + ሶܦ߲  (123) 

   

ȿɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɜ ɨɪɛɢɬɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɞɥɹ ɧɚɤɥɨɧɧɨɣ ɞɚɥɶɧɨɫɬɢ ɄȺ 

ɫɩɪɚɜɟɞɥɢɜɚ ɮɨɪɦɭɥɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹ (124), ɚ ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ 

ɪɚɞɢɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɩɨɬɪɟɛɢɬɟɥɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɚɦ (125)-(128): 

   

ሶܦ  = 𝑅݊ݎଵሺ−ܦ ݏ݋ܿ 𝛼 ݑ𝑖݊ሺݏ −  ଴ሻሻ, (124)ݑ

   

ሶ߲𝛼ܦ߲  = 𝑅݊ݎ 𝑖݊ݏ 𝛼𝜌ܦ଴ଶሺͳ + ଶሻଷݏ ଶ⁄ ቆܦ଴ଶሺͳ + ଶሻݏ + 𝑅ݎ ݏ݋ܿ 𝛼 − 𝑅ݎ ݏ݋ܿ 𝛼 ଶʹ𝜌ݏ ቇ, (125) 

   

଴ݑሶ߲ܦ߲  = − 𝑅݊ݎ ݏ݋ܿ 𝛼ܦ଴ଶሺͳ + ଶሻଷݏ ଶ⁄ ቆܦ଴ଶሺͳ + ଶሻݏ + 𝑅ݎ ݏ݋ܿ 𝛼 ଶ𝜌ଶݏ − ଴ଶሺͳܦ + ଶʹ𝜌ଶݏଶሻݏ ቇ, (126) 
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ሶ߲𝑅ܦ߲  = ݊ݎ ݏ݋ܿ 𝛼 ଴ଶሺͳܦ𝜌ݏ + ଶሻଷݏ ଶ⁄ ଴ଶሺͳܦ) + ଶሻݏ − 𝑅ሺ𝑅 − ݎ ݏ݋ܿ 𝛼ሻ), (127) 

   

ݎሶ߲ܦ߲  = 𝑅݊ ݏ݋ܿ 𝛼 ଴ଶሺͳܦ𝜌ݏ + ଶሻଷݏ ଶ⁄ ଴ଶሺͳܦ) + ଶሻݏ − ݎሺݎ − 𝑅 ݏ݋ܿ 𝛼ሻ), (128) 

   

ɬɨ ɦɨɠɧɨ ɜɵɜɟɫɬɢ ɢɡ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɬɟ ɠɟ ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɞɥɹ 

ɧɚɲɢɯ ɷɥɟɦɟɧɬɨɜ ݎ, 𝛼 ɢ ݑ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɜɵɪɚɠɚɬɶɫɹ ɱɟɪɟɡ 

ɮɨɪɦɭɥɵ (129)-(131): 

   

 

{  
ሶ߲𝛼ܦ߲   = ሶ߲𝛼଴ܦ߲ ݑሶ߲ܦ߲, = ଴ݑሶ߲ܦ߲ , (129) 

   

ሶ߲𝑅ܦ߲  = ͳܦ [𝛼 − 𝑅 ݏ݋ܿ 𝛼 ݑሺݏ݋ܿ −  ଴ሻ], (130)ݑ

   

𝑎߲ܦ߲  = ܦ݊ 𝑅 ݏ݋ܿ 𝛼 ݑ𝑖݊ሺݏ − ଴ሻݑ + + ଷܦ݊ [−𝛼ଶ𝑅 ݏ݋ܿ 𝛼 ݑ𝑖݊ሺݏ − ଴ሻݑ + +𝑎𝑅ଶ ଶݏ݋ܿ 𝛼 ݑ𝑖݊ሺݏ − ଴ሻݑ ݑሺݏ݋ܿ −  .[଴ሻݑ
(131) 

   

ɋ ɭɱɟɬɨɦ ɜɫɟɯ ɩɪɨɢɡɜɟɞɟɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɮɨɪɦɭɥɚ (123) ɩɪɢɦɟɬ 

ɫɥɟɞɭɸɳɢɣ ɜɢɞ, ɮɨɪɦɭɥɚ (132): 
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 𝛥ܦሶ = ܦ݊} 𝑅 ݏ݋ܿ 𝛼 ݑ𝑖݊ሺݏ − ଴ሻݑ + + ଷܦ݊ − 𝛼ଶ𝑅 ݏ݋ܿ 𝛼 ݑ𝑖݊ሺݏ − ଴ሻݑ + +𝑎𝑅ଶ ଶݏ݋ܿ 𝛼 ݑ𝑖݊ሺݏ − ଴ሻݑ ݑሺݏ݋ܿ − ଴ሻݑ 𝛿ݎ − − ଴ݑሶ߲ܦ߲ 𝛿ݑ + ሶ߲𝛼଴ܦ߲ 𝛿𝛼଴ + 𝛿ܦሶ . 
(132) 

   

Ɋɟɲɚɹ ɞɚɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɝɪɟɲɧɨɫɬɟɣ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬ 

ɢ ɩɨɩɪɚɜɨɤ ɤɨɧɬɪɨɥɶɧɨɝɨ ɩɭɧɤɬɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɨɲɢɛɤɟ 𝛿ܦሶ , ɩɨɥɭɱɢɦ 

ɫɥɟɞɭɸɳɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, ɜɵɪɚɠɟɧɧɭɸ ɱɟɪɟɡ ɮɨɪɦɭɥɭ (133): 

   

 

{ 
 𝛿ݑ଴ = 𝛿ݑ,𝛿𝛼଴ = 𝛿𝛼 + 𝐴ܿݐ𝑔𝛼𝛿ݎ,𝐴 = ଶܦ − 𝛼ଶ + 𝛼𝑅 ݏ݋ܿ 𝛼 ݑሺݏ݋ܿ − ଶܦ଴ሻ−𝛼ݑ − 𝛼ଶ𝑅 ݏ݋ܿ 𝛼 ݑሺݏ݋ܿ − ଴ሻݑ . (133) 

   

ȼɵɪɚɠɚɹ 𝛿ݑ, 𝛿ݎ, 𝛿𝛼 ɱɟɪɟɡ ɩɨɝɪɟɲɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ, ɩɨɥɭɱɚɟɦ 

ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɨɬ ɩɨɝɪɟɲɧɨɫɬɟɣ ɧɚɜɢɝɚɰɢɨɧɧɵɯ 

ɨɩɪɟɞɟɥɟɧɢɣ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɨɪɛɢɬ ɩɨ ɮɨɪɦɭɥɚɦ (134)-(141): 

    

 ߲𝛿ݑ଴߲𝜆଴ = −ͳ , ߲𝛿𝛼଴߲𝜆଴ = Ͳ , (134) 

    

 ߲𝛿ݑ଴߲𝜆ሶ = 𝛿𝛼଴߲𝜆ሶ߲ , ݐ∆− =  Ͳ, (135) 

    

 ߲𝛿ݑ଴߲𝜆ሷ = − ͳʹ ଶ , ߲𝛿𝛼଴߲𝜆ሷݐ∆ = Ͳ , (136) 

    

 ߲𝛿ݑ଴߲𝑖 = Ͳ , ߲𝛿𝛼଴߲𝑖 = 𝑖݊ݏ  ଴, (137)ݑ
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 ߲𝛿ݑ଴߲Ω = Ͳ , ߲𝛿𝛼଴߲𝛺 = ݏ݋ܿ−  ଴, (138)ݑ

    

 ߲𝛿ݑ଴߲݇ = ʹ ݏ݋ܿ ଴, ߲𝛿𝛼଴߲݇ݑ = 𝛼𝐴ܿݐ𝑔𝛼 𝑖݊ݏ  ଴, (139)ݑ

    

 ߲𝛿ݑ଴߲ݍ = −ʹ ݏ݋ܿ 𝛼଴, ߲𝛿𝛼଴߲ݍ = 𝛼𝐴ܿݐ𝑔𝛼 ݏ݋ܿ  ଴, (140)ݑ

    

 ߲𝛿ݑ଴߲Ωሶ = Ͳ , ߲𝛿𝛼଴߲𝛺 = ݏ݋ܿ− ଴ݑ 𝛥(141) .ݐ 

    

Ⱦɨɛɚɜɥɟɧɢɟ ɜ ɪɚɫɱɟɬɵ ɛɚɥɥɢɫɬɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɵɯ 

ɩɭɧɤɬɨɜ ɧɚ Ʌɭɧɟ ɧɟ ɦɟɧɹɟɬ ɫɯɟɦɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɢɫɬɟɦɵ ɜ ɰɟɥɨɦ, ɩɪɢ ɷɬɨɦ 

ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɞɥɹ ɰɟɥɟɣ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ 

ɫ ɦɟɧɶɲɢɦɢ ɩɨɬɟɪɹɦɢ ɩɪɢ ɩɟɪɟɞɚɱɟ ɢɧɮɨɪɦɚɰɢɢ ɫ ɥɭɧɧɵɯ ɫɬɚɰɢɨɧɚɪɧɵɯ 

ɫɬɚɧɰɢɣ ɧɚ Ɂɟɦɥɸ ɢɥɢ ɠɟ ɫ ɄȺ ɩɨ ɦɟɠɫɩɭɬɧɢɤɨɜɨɣ ɥɢɧɢɢ ɫɜɹɡɢ ɄȺ-ɄȺ 

ɬɚɤɠɟ ɫ ɦɟɧɶɲɢɦɢ ɩɨɬɟɪɹɦɢ ɢ ɡɚ ɦɟɧɶɲɟɟ ɜɪɟɦɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɛɨɥɟɟ ɱɚɫɬɵɣ ɪɚɞɢɨɤɨɧɬɪɨɥɶ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ. 

Ɉɞɧɚɤɨ, ɨɫɬɚɟɬɫɹ ɧɟɪɟɲɟɧɧɨɣ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɞɟɥɢ ɪɚɫɱɟɬɚ 

ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɞɜɢɠɟɧɢɹ ɢ ɩɨɥɨɠɟɧɢɹ ɄȺ ɧɚ ɨɪɛɢɬɟ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɨɹɧɧɨ ɩɪɨɢɡɜɨɞɢɬɶ 

ɨɩɟɪɚɰɢɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɱɬɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɨɩɟɪɚɬɢɜɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ ɧɟɜɨɡɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ 

ɩɨɥɧɨɰɟɧɧɭɸ ɩɨɫɬɨɹɧɧɭɸ ɢ ɨɩɟɪɚɬɢɜɧɭɸ ɩɟɪɟɞɚɱɭ ɗɂ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 

ɜɵɱɢɫɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɧɚ Ɂɟɦɥɟ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɩɨɹɜɥɹɟɬɫɹ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɫɱɟɬɚ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ 

ɛɨɪɬɭ ɄȺ. Ȼɨɪɬ ɂɋɅ ɧɟɜɨɡɦɨɠɧɨ ɨɫɧɚɫɬɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɦɨɳɧɨɣ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ, ɬɚɤ ɤɚɤ ɜɵɜɨɞ ɧɚ ɨɪɛɢɬɭ Ʌɭɧɵ ɩɨɞɨɛɧɨɝɨ 

ɝɪɭɡɚ ɛɭɞɟɬ ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟ ɜɵɝɨɞɟɧ, ɚ ɩɨɫɬɪɨɟɧɢɟ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ ɜ 
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ɩɪɢɧɰɢɩɟ ɫɬɚɧɟɬ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵɦ. ȼ ɫɜɹɡɢ ɫ ɱɟɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɪɚɛɨɬɚɬɶ 

ɜɨɩɪɨɫ ɫɨɡɞɚɧɢɹ ɬɚɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɞɥɹ ɨɤɨɥɨɥɭɧɧɵɯ ɨɪɛɢɬ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɪɚɞɢɨɤɨɧɬɪɨɥɶ ɞɜɢɠɟɧɢɹ ɫɩɭɬɧɢɤɨɜ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɧɟ 

ɬɨɥɶɤɨ ɛɭɞɟɬ ɦɧɨɝɨ ɥɟɝɱɟ ɢ ɡɚɣɦɟɬ ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 

ɜɵɱɢɫɥɟɧɢɹ, ɧɨ ɬɚɤɠɟ ɪɚɡɝɪɭɡɢɬ ɤɚɧɚɥ ɩɟɪɟɞɚɱɢ ɜ ɪɚɞɢɨɥɢɧɢɢ ɦɟɠɞɭ Ʌɭɧɨɣ 

ɢ Ɂɟɦɥɟɣ, ɢɫɩɨɥɶɡɭɹ ɬɨɥɶɤɨ ɞɚɧɧɵɟ ɷɮɟɦɟɪɢɞ. 

ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɨɱɟɜɢɞɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɜɵɲɟɧɢɹ ɨɩɟɪɚɬɢɜɧɨɫɬɢ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɄȺ ɹɜɥɹɟɬɫɹ ɭɫɬɪɚɧɟɧɢɟ 

ɢɡ ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɧɚ 

ɩɪɨɬɹɠɟɧɢɢ ɦɟɪɧɨɝɨ ɢɧɬɟɪɜɚɥɚ, ɤɨɬɨɪɵɣ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɦɧɨɝɨɤɪɚɬɧɨɝɨ 

ɜɵɱɢɫɥɟɧɢɹ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɨɬ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ 

ɩɚɪɚɦɟɬɪɚ ɩɨ ɧɚɱɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ ɞɜɢɠɟɧɢɹ ɢ ɪɚɫɱёɬɧɵɯ ɡɧɚɱɟɧɢɣ 

ɢɡɦɟɪɹɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɪɢ ɢɬɟɪɚɰɢɨɧɧɨɦ ɫɩɨɫɨɛɟ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɩɪɨɛɥɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɢ 

ɩɪɨɪɚɛɨɬɚɬɶ ɱɢɫɥɟɧɧɨ–ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ 

ɞɜɢɠɟɧɢɹ ɄȺ. 
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3 Ɇɨɞɟɥɶ ɞɜɢɠɟɧɢя ɤɨɫɦɢчɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ 

 

Ɉɫɨɛɟɧɧɨɫɬɶ ɝɪɭɩɩɨɜɨɝɨ ɜɵɜɟɞɟɧɢɹ ɄȺ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ 

ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɞɜɢɠɟɧɢɹ ɫɩɭɬɧɢɤɚ ɬɨɱɧɨ ɢɡɜɟɫɬɧɨ ɞɜɢɠɟɧɢɟ ɚɩɩɚɪɚɬɨɜ 

ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ. ȼ ɢɬɨɝɟ, ɢɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɚɩɪɢɨɪɧɵɟ ɡɧɚɱɟɧɢɹ 

ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɠɧɨ ɭɬɨɱɧɢɬɶ ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɝɨ ɄȺ ɩɚɪɚɦɟɬɪɵ 

ɞɜɢɠɟɧɢɹ ɜɫɟɯ ɫɩɭɬɧɢɤɨɜ. ɉɨɞɨɛɧɵɦ ɡɧɚɱɟɧɢɟɦ ɦɨɠɧɨ ɨɩɟɪɢɪɨɜɚɬɶ ɜ 

ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɧɟɞɟɥɶ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɬɨɱɧɹɹ ɩɚɪɚɦɟɬɪɵ ɜɫɟɯ 

ɨɫɬɚɜɲɢɯɫɹ ɄȺ ɝɪɭɩɩɨɜɨɝɨ ɡɚɩɭɫɤɚ. Ⱦɥɹ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ ɭɩɪɚɜɥɟɧɢɹ 

ɝɪɭɩɩɢɪɨɜɤɨɣ ɂɋɅ ɧɟɨɛɯɨɞɢɦɨ ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɢ ɬɨɱɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ 

ɪɚɞɢɨɤɨɧɬɪɨɥɹ.  

Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ ɪɚɧɟɟ, ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɪɚɞɢɨɤɨɧɬɪɨɥɹ 

ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɧɚ ɥɭɧɧɨɣ ɨɪɛɢɬɟ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ 

ɂɋɁ ɜɚɠɧɨ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɛɨɥɶɲɢɯ ɦɚɫɫɢɜɨɜ ɞɚɧɧɵɯ, ɱɬɨɛɵ ɧɟ ɩɟɪɟɝɪɭɠɚɬɶ 

ɤɚɧɚɥ ɫɜɹɡɢ ɦɟɠɞɭ Ʌɭɧɨɣ ɢ Ɂɟɦɥɟɣ, ɷɬɨ ɩɨɡɜɨɥɢɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ 

ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɞɢɧ ɰɟɧɬɪɚɥɶɧɵɣ ɩɭɧɤɬ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ. ɉɪɢ 

ɩɨɦɨɳɢ ɩɨɫɬɪɨɟɧɢɹ ɫɟɥɟɧɨɰɟɧɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɨɦɨɳɢ ɡɚɦɟɧɵ 

ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɫɩɭɬɧɢɤɚ, ɢɫɩɨɥɶɡɭɸɳɟɣ ɦɧɨɝɨɤɪɚɬɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ 

ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɦɟɪɧɨɝɨ ɢɧɬɟɪɜɚɥɚ, ɜɨɡɦɨɠɧɨ 

ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ ɪɚɞɢɨɤɨɧɬɪɨɥɹ, ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɞɜɢɠɟɧɢɹ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɫɬɪɨɟɧɢɟ 

ɫɟɥɟɧɨɰɟɧɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɬɪɟɛɭɟɬ ɜɵɜɨɞɚ ɫɨɝɥɚɫɭɸɳɟɣ 

ɦɨɞɟɥɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ Ʌɭɧɵ, ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɬɟɨɪɢɢ ɞɨ ɫɪɚɜɧɢɦɨɣ ɬɨɱɧɨɫɬɢ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ. 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɨɩɟɪɚɬɢɜɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ ɪɚɫɱёɬɧɵɯ ɡɧɚɱɟɧɢɣ 

ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɡɚɞɚɧɧɵɯ ɢɧɬɟɪɜɚɥɚɯ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɬɨɱɧɨɫɬɢ 

ɪɚɫɱёɬɚ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɝɥɚɫɭɸɳɭɸ ɦɨɞɟɥɶ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ 

ɩɨɥɹ Ʌɭɧɵ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ. 
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Ɋɚɫɫɦɨɬɪɢɦ ɜɨɡɦɭɳёɧɧɨɟ ɞɜɢɠɟɧɢɟ ɂɋɅ ɩɨ ɨɪɛɢɬɟ ɫ ɦɚɥɵɦ 

ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɨɦ ɜ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ Ʌɭɧɵ, ɨɝɪɚɧɢɱɟɧɧɨɦ ɨɫɧɨɜɧɵɦɢ 

ɝɚɪɦɨɧɢɤɚɦɢ ɫ ɢɧɞɟɤɫɨɦ «20», «22» ɢ «30» [19, 20], ɤɨɬɨɪɵɟ ɚɧɚɥɨɝɢɱɧɵ 

ɡɟɦɧɵɦ ɝɚɪɦɨɧɢɤɚɦ «20», «30» ɢ «40» ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɩɚɪɚɦɟɬɪɵ 

ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ ɜɨɡɶɦɟɦ ɪɚɜɧɵɦɢ ɂɋɅ «Ʌɭɧɚ-19». ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɜɵɫɨɬɚ 

ɩɟɪɢɰɟɧɬɪɚ ɩɪɟɞɩɨɥɚɝɚɟɦɨɣ ɥɭɧɧɨɣ ɝɪɭɩɩɢɪɨɜɤɢ ɫɨɫɬɚɜɢɬ 124 ɤɦ, 

ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ 0.004, ɩɟɪɢɨɞ ɨɛɪɚɳɟɧɢɹ 126 ɦɢɧɭɬ, ɧɚɤɥɨɧɟɧɢɟ 40.5˚, ɱɬɨ ɜ 

ɪɚɞɢɚɧɚɯ ɫɨɫɬɚɜɥɹɟɬ 0.7068583 ɪɚɞɢɚɧɚ ɢ ɭɝɥɨɜɨɟ ɪɚɫɫɬɨɹɧɢɟ ɩɟɪɢɰɟɧɬɪɚ ɨɬ 

ɭɡɥɚ ɫɨɫɬɚɜɢɬ 90.1˚, ɱɬɨ ɜ ɪɚɞɢɚɧɚɯ ɫɨɫɬɚɜɥɹɟɬ 1.572542 ɪɚɞɢɚɧɚ. 

Ⱦɜɢɠɟɧɢɟ ɫɩɭɬɧɢɤɨɜ ɩɨ ɨɪɛɢɬɚɦ ɫ ɦɚɥɵɦɢ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚɦɢ ɢɡ-ɡɚ 

ɦɚɥɵɯ ɞɟɥɢɬɟɥɟɣ ɜ ɜɵɪɚɠɟɧɢɹɯ ɞɥɹ ɜɨɡɦɭɳɟɧɢɣ ɜ ɷɥɟɦɟɧɬɚɯ ɪɚɫɫɦɨɬɪɢɦ, 

ɤɚɤ ɢ ɩɪɢɧɹɬɨ ɞɥɹ ɨɪɛɢɬ Ɂɟɦɥɢ, ɜ ɷɥɟɦɟɧɬɚɯ 𝑎, 𝑖, Ω, ,ݍ ݇, 𝜆. 

ɉɪɢɦɟɧɢɦ ɚɧɚɥɨɝɢɱɧɨ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɨɪɛɢɬ ɂɋɁ, 

ɭɪɚɜɧɟɧɢɹ Ʌɚɝɪɚɧɠɚ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɨ ɮɨɪɦɭɥɚɦ (142)–(147): 

   

 ݀𝑎݀ݐ = ʹ݊𝑎 ݀𝑅݀𝜆, (142) 

   

 ݀𝛺݀ݐ = ଵsin ௜݊𝑎ଶ ݀𝑅݀𝑖 , (143) 

   

 ݀𝑖݀ݐ = − ଵsin ௜݊𝑎ଶ ݀𝑅݀𝛺 + cot 𝑖݊𝑎ଶ ݍ) ݀𝑅݀݇ − ݇ ݀𝑅݀ݍ + ݀𝑅݀𝜆), (144) 

   

ݐ݀݇݀  = ͳ݊𝑎ଶ ݀𝑅݀ݍ − ݇ʹ݊𝑎ଶ ݀𝑅݀𝜆 − ݍ cot 𝑖݊𝑎ଶ ݀𝑅݀𝑖 , (145) 

   

ݐ݀ݍ݀  = − ͳ݊𝑎ଶ ݀𝑅݀݇ − 𝑎ଶ݊ʹݍ ݀𝑅݀𝜆 + ݇ cot 𝑖݊𝑎ଶ ݀𝑅݀𝑖 , (146) 
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 ݀𝜆݀ݐ = − ʹ݊𝑎 ݀𝑅݀𝑎 + ͳʹ݊𝑎 (݇ ݀𝑅݀݇ + ݍ ݀𝑅݀ݍ) − cot 𝑖݊𝑎ଶ ݀𝑅݀𝑖 . (147) 

   

ɉɪɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɜɵɪɚɠɟɧɢɣ, ɭɱɟɬɟ ɨɫɧɨɜɧɵɯ ɜɨɡɦɭɳɚɸɳɢɯ 

ɝɚɪɦɨɧɢɤ ɨɩɪɟɞɟɥɹɟɦ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɪɚɫɯɨɠɞɟɧɢɣ ɜ 

ɷɥɟɦɟɧɬɚɯ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ Ʌɭɧɵ ɝɚɪɦɨɧɢɤɢ «20», 

«22» ɢ «30». Ɍɚɤ ɞɥɹ ɝɚɪɦɨɧɢɤɢ «20» ɫɩɪɚɜɟɞɥɢɜɵ ɫɥɟɞɭɸɳɢɟ ɜɵɪɚɠɟɧɢɹ, 

ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɮɨɪɦɭɥɚɦ (148)–(153): 

   

 𝛿𝑎 = ͵ʹ ቀ𝑎𝑒𝑎 ቁଶ ଶ଴ܥ 𝑖݊ଶݏ 𝑖  ሺʹ𝜆ሻ, (148)ݏ݋ܿ

   

 𝛿݇ = − ͵ʹ ቀ𝑎𝑒𝑎 ቁଶ ଶ଴ܥ [(ʹ − ͷʹ 𝑖݊ଶݏ 𝑖) (ͳ + 𝜆ሶ)ݐ݊ݍ + 

+(ͳ − ͳͶ 𝑖݊ଶݏ 𝑖) 𝑖݊ݏ 𝜆 + ͳͳʹ 𝑖݊ଶݏ 𝑖  𝑖݊ሺ͵𝜆ሻ], (149)ݏ

   

 𝛿ݍ = − ͵ʹ ቀ𝑎𝑒𝑎 ቁଶ ଶ଴ܥ [(−ʹ − ͷʹ 𝑖݊ଶݏ 𝑖) ሺͳ + 𝜆ଶሻ݇݊ݐ + 

+(ͳ − ͷͶ 𝑖݊ଶݏ 𝑖) ݏ݋ܿ 𝜆 + ͳͳʹ 𝑖݊ଶݏ 𝑖  ሺ͵𝜆ሻ], (150)ݏ݋ܿ

   

 𝛿𝛺 = ͵ʹ ቀ𝑎𝑒𝑎 ቁଶ ଶ଴ܥ ݏ݋ܿ 𝑖 [(ͳ + 𝜆ሶ)݊ݐ − ͳʹ  𝑖݊ሺʹ𝜆ሻ], (151)ݏ

   

 𝛿𝑖 = − Ͷ͵ ቀ𝑎𝑒𝑎 ቁଶ ଶ଴ܥ 𝑖݊ݏ 𝑖 ݏ݋ܿ 𝑖  ሺʹ𝜆ሻ, (152)ݏ݋ܿ

   

 𝛿𝜆 = − ͵ʹ ቀ𝑎𝑒𝑎 ቁଶ ͵ଶ଴[ሺܥ − Ͷ 𝑖݊ଶݏ 𝑖ሻ(ͳ + 𝜆ሶ)݊ݐ + 

+ ͳʹ (−ͳ + ͷʹ 𝑖݊ଶݏ 𝑖)  𝑖݊ሺʹ𝜆ሻ]. (153)ݏ
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Ⱦɥɹ ɝɚɪɦɨɧɢɤ ɬɢɩɚ «22» ɭɪɚɜɧɟɧɢɹ ɩɪɢɦɭɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ ɩɨ 

ɮɨɪɦɭɥɚɦ (154)–(156): 

   

 𝛿ݍ = −ͳͶ ቀ𝑎𝑒𝑎 ቁଷ ଶଶܥ 𝑖݊ݏ 𝑖 (ͳͷʹ 𝑖݊ଶݏ 𝑖 − ͸)  (154) ,ݐ݊

   

 𝛿𝜆 = ͳͅ ቀ𝑎𝑒𝑎 ቁଷ ଶଶܥ ͳsin 𝑖 (ͳʹ − ͳͷͻ 𝑖݊ଶݏ 𝑖 + ͵Ͷͷʹ 𝑖݊ସݏ 𝑖)  (155) ,ݐ݊݇

   

 𝛿𝑎 ≈ 𝛿𝑖 ≈ 𝛿݇ ≈ 𝛿Ω ≈ Ͳ. (156) 

   

ȼɨɡɦɭɳɟɧɢɹ ɨɬ ɝɚɪɦɨɧɢɤ ɫ ɢɧɞɟɤɫɨɦ «30» ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɢɫɚɧɵ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ ɱɟɪɟɡ ɮɨɪɦɭɥɵ (157)–(159): 

   

 𝛿𝛺 = ͳͷͳ͸ ቀ𝑎𝑒𝑎 ቁସ ଷ଴ܥ ݏ݋ܿ 𝑖 ሺ͹ 𝑖݊ଶݏ 𝑖 − Ͷሻ݊(157) ݐ 

   

 𝛿𝜆 = ͳͷͳ͸ ቀ𝑎𝑒𝑎 ቁସ ଷ଴ܥ (ͳͶ͹ʹ 𝑖݊ସݏ 𝑖 − ͻ͵ 𝑖݊ଶݏ 𝑖 + ʹͶ), (158) 

   

 𝛿𝑎 ≈ 𝛿𝑖 ≈ 𝛿݇ ≈ 𝛿q ≈ Ͳ. (159) 

   

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɮɨɪɦɭɥ ɜɨɡɦɭɳɚɸɳɢɯ ɝɚɪɦɨɧɢɤ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, 

ɱɬɨ ɜɫɟ ɜɨɡɦɭɳɟɧɧɵɟ ɷɥɟɦɟɧɬɵ ɜ ɢɬɨɝɨɜɨɦ ɜɢɞɟ ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɢɫɚɧɵ ɜ 

ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɜ ɮɨɪɦɭɥɚɯ (160)–(165): 

  𝑎 = 𝑎଴ + 𝛿𝑎, (160) 

  𝑖 = 𝑖଴ + 𝛿𝑖, (161) 
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݇ = ݇଴ + ݇଴ݐ + 𝛿݇, (162) 

ݍ   = ଴ݍ + ݐ଴ݍ + 𝛿(163) ,ݍ 

  Ω = Ω଴ + Ωሶ ݐ + 𝛿Ω, (164) 

  λ = λ଴ + λሶ ݐ + 𝛿λ. (165) 

  

ɝɞɟ ሶ݇ , ሶݍ , Ωሶ , 𝜆ሶ – ɢɡɜɟɫɬɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢ ɜɟɤɨɜɵɯ 
ɜɨɡɦɭɳɟɧɢɹɯ;  

   𝛿𝑎, 𝛿𝑖, … , 𝛿𝜆 – ɜɨɡɦɭɳɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɬɨɥɶɤɨ ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɱɥɟɧɵ. 

ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɟ ɫɪɟɞɧɢɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɜɵɛɢɪɚɟɦɨɝɨ ɦɨɦɟɧɬɚ 

ɜɪɟɦɟɧɢ ɜ ɜɢɞɟ ɮɨɪɦɭɥ (166)–(171): 

  𝑎̅ = 𝑎଴, (166) 

  𝑖̅ = 𝑖଴, (167) 

  ݇̅ = ݇଴ + ሶ݇  (168) ,ݐ

ݍ̅   = ଴ݍ + ሶݍ  (169) ,ݐ

  Ω̅ = Ω଴ + Ωሶ  (170) ,ݐ

  𝜆̅ = 𝜆଴ + 𝜆ሶ(171) .ݐ 

  

ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɢɯ ɷɥɟɦɟɧɬɨɜ ɮɨɪɦɭɥɵ (160)–(165) 

ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɫɥɟɞɭɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɹ ɜɨɡɦɭɳɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ 

ɜɢɞɟ ɮɨɪɦɭɥ (172)–(177): 
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 𝑎 = 𝑎̅ + 𝛿𝑎, (172) 

   

 𝑖 = 𝑖̅ + 𝛿𝑖, (173) 

   

 ݇ = ݇̅ + 𝛿݇, (174) 

   

ݍ  = ݍ̅ + 𝛿(175) ,ݍ 

   

 Ω = Ω̅ + 𝛿Ω, (176) 

   

 λ = 𝜆̅ + 𝛿𝜆. (177) 

   

ɂɡ ɮɨɪɦɭɥ (172)–(177) ɫɥɟɞɭɟɬ, ɱɬɨ ɞɜɢɠɟɧɢɟ ɫɩɭɬɧɢɤɚ Ʌɭɧɵ ɦɨɠɟɬ ɩɨ 

ɚɧɚɥɨɝɢɢ ɫ ɡɟɦɧɵɦ ɫɩɭɬɧɢɤɨɦ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɪɟɞɧɟɝɨ 

ɷɥɥɢɩɫɚ, ɩɪɢ ɷɬɨɦ ɦɟɧɹɬɶ ɩɨɫɬɨɹɧɧɭɸ ɫɤɨɪɨɫɬɶ ɫɦɟɳɟɧɢɹ ɞɨɥɝɨɬɵ λ. Ɍɚɤ ɤɚɤ 

ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ ɜ ɩɨɞɨɛɧɨɦ ɫɥɭɱɚɟ ɛɭɞɭɬ ɫɥɚɛɨ ɡɚɜɢɫɟɬɶ ɨɬ 

ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ɫɪɟɞɧɢɯ ɷɥɟɦɟɧɬɨɜ, ɩɨ ɤɨɬɨɪɵɦ ɨɧɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ [5], 

ɬɨ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɨɪɛɢɬɵ ɢɡɦɟɧɟɧɢɟ ɜ ɟɟ ɷɥɟɦɟɧɬɚɯ ɧɚ ɦɨɦɟɧɬɵ 

ɢɡɦɟɪɟɧɢɣ ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɢɡɦɟɧɟɧɢɹɦɢ ɫɪɟɞɧɟɝɨ ɞɜɢɠɟɧɢɹ, ɱɬɨ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɮɨɪɦɭɥɚɯ (178)–(183): 

   

 𝛥𝑎 ≈ 𝛥𝑎଴, (178) 

   

 𝛥𝑖 ≈ 𝛥𝑖଴, (179) 

   

 𝛥݇ ≈ 𝛥݇଴ + 𝛥 ሶ݇ ሺݐ −  ଴ሻ, (180)ݐ

   

 𝛥ݍ ≈ 𝛥ݍ଴ + 𝛥ݍሶ ሺݐ −  ଴ሻ, (181)ݐ
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 𝛥Ω ≈ 𝛥Ω଴ + 𝛥Ωሶ ሺݐ −  ଴ሻ, (182)ݐ

   

 𝛥𝜆 ≈ 𝛥𝜆଴ + 𝛥𝜆ሶሺݐ −  ଴ሻ. (183)ݐ

   

Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ Ɂɟɦɥɟɣ, ɨɫɧɨɜɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɧɚ ɨɤɨɥɨɥɭɧɧɨɣ ɨɪɛɢɬɟ 

ɜɵɡɵɜɚɟɬ ɝɚɪɦɨɧɢɤɚ ɝɟɨɩɨɬɟɧɰɢɚɥɚ ɫ ɢɧɞɟɤɫɨɦ «20», ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ 

ɫɠɚɬɢɟ Ʌɭɧɵ, ɚ ɩɪɨɱɢɟ ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɝɚɪɦɨɧɢɤɢ ɜɧɨɫɹɬ ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ 

ɜɨɡɦɭɳɟɧɢɹ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɢ ɧɚɝɥɹɞɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɭɱɟɬɚ ɜɨɡɦɭɳɟɧɢɣ 

ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɫɢɥ ɧɚ Ʌɭɧɟ ɩɨɫɬɪɨɢɦ ɚɧɚɥɢɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɂɋɅ ɞɥɹ 

ɜɨɡɦɭɳɚɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɡɧɚɱɟɧɢɹɯ ɝɚɪɦɨɧɢɤ [21], 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1: 

Ɍɚɛɥɢɰɚ 1 – Ƚɚɪɦɨɧɢɤɢ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɜɨɡɦɭɳɟɧɢɣ Ʌɭɧɵ 

ɇɨɦɟɪ ɝɚɪɦɨɧɢɤɢ Ɂɧɚчɟɧɢɟ ɝɚɪɦɨɧɢɤɢ 

ɋ20 −ʹͲ͵.ͶͶͻͷ × ͳͲ−6 

ɋ22 ʹʹ.͵͹ʹʹ × ͳͲ−6 

ɋ30 −ͺ.Ͷ͵ʹͺ × ͳͲ−6 

 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɫɨɛɥɸɫɬɢ ɪɚɡɦɟɪɧɨɫɬɶ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ, ɦɵ 

ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɩɪɢ ɪɚɫɱɟɬɟ ɪɚɫɯɨɠɞɟɧɢɣ ɮɨɪɦɭɥɚɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, 

ɮɨɪɦɭɥɵ (184)–(189), ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɭɬ ɤ ɨɛɳɟɦɭ ɜɢɞɭ ɜɫɟ ɢɦɟɸɳɢɟɫɹ 

ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ɨɪɛɢɬɵ: 

   

 𝛿𝑎км = 𝛿𝑎, (184) 

   

 𝛿݇км ≈ 𝑎 𝛿݇, (185) 

   

 𝛿ݍкм ≈ 𝑎 𝛿(186) ,ݍ 
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 𝛿𝛺км ≈ 𝑎 𝛿𝛺, (187) 

   

 𝛿𝑖км ≈ 𝑎 𝛿𝑖, (188) 

   

 𝛿𝜆км ≈ 𝑎 𝛿𝜆 (189) 

   

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɡɧɚɱɟɧɢɹ ɜɨɡɦɭɳɟɧɢɣ ɜ ɷɥɟɦɟɧɬɚɯ ɨɪɛɢɬɵ ɞɥɹ 

ɝɚɪɦɨɧɢɤɢ ɫ ɢɧɞɟɤɫɨɦ «20» ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ, ɨɬɨɛɪɚɠɟɧɧɵɣ ɧɚ 

ɪɢɫɭɧɤɟ 2: 

 

 

Ɋɢɫɭɧɨɤ 2 – ȼɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ɨɪɛɢɬɵ, ɜɧɨɫɢɦɵɟ ɝɚɪɦɨɧɢɤɨɣ ɫ 

ɢɧɞɟɤɫɨɦ «20» ɧɚ ɨɞɧɨɦ ɜɢɬɤɟ ɪɚɜɧɨɦ 126 ɦɢɧɭɬ 

 

Ȼɨɥɶɲɟ ɜɫɟɝɨ ɜɨɡɦɭɳɟɧɢɣ ɜɧɨɫɢɬ ɷɥɟɦɟɧɬ 𝛿𝜆, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɧɚ 

ɨɞɧɨɦ ɜɢɬɤɟ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɹ ɜ 4 ɤɢɥɨɦɟɬɪɚ. ȼɨɡɦɭɳɟɧɢɟ ɠɟ ɨɬ ɷɥɟɦɟɧɬɚ 

ɛɨɥɶɲɨɣ ɩɨɥɭɨɫɢ ɤɪɚɣɧɟ ɦɚɥɨɟ, ɤɨɬɨɪɨɟ ɧɟ ɪɚɡɥɢɱɢɦɨ ɧɚ ɝɪɚɮɢɤɟ ɩɪɢ 
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ɩɨɞɨɛɧɨɦ ɦɚɫɲɬɚɛɟ. Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɛɨɥɶɲɨɣ ɩɨɥɭɨɫɢ 

ɫɨɫɬɚɜɥɹɟɬ 11 ɫɚɧɬɢɦɟɬɪɨɜ. 

Ɂɧɚɱɟɧɢɹ ɜɨɡɦɭɳɟɧɢɣ ɜ ɷɥɟɦɟɧɬɚɯ ɨɪɛɢɬɵ ɞɥɹ ɜɨɡɦɭɳɚɸɳɟɣ 

ɝɚɪɦɨɧɢɤɢ Ʌɭɧɵ ɫ ɢɧɞɟɤɫɨɦ «22» ɩɪɢɦɭɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ, ɨɬɨɛɪɚɠɟɧɧɵɣ ɧɚ 

ɪɢɫɭɧɤɟ 3: 

 

 

Ɋɢɫɭɧɨɤ 3 – ȼɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ɨɪɛɢɬɵ, ɜɧɨɫɢɦɵɟ ɝɚɪɦɨɧɢɤɨɣ ɫ 

ɢɧɞɟɤɫɨɦ «22» ɧɚ ɨɞɧɨɦ ɜɢɬɤɟ ɪɚɜɧɨɦ 126 ɦɢɧɭɬ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ, ɩɪɢɜɟɞɟɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ ɜɵɲɟ, ɪɚɫɯɨɠɞɟɧɢɟ ɜ 

ɷɥɟɦɟɧɬɚɯ ɫ ɭɱɟɬɨɦ ɝɚɪɦɨɧɢɤɢ ɫ ɢɧɞɟɤɫɨɦ «22» ɦɧɨɝɨ ɦɟɧɶɲɟ, ɜɧɨɫɢɦɨɣ 

ɝɚɪɦɨɧɢɤɨɣ ɫ ɢɧɞɟɤɫɨɦ «20» ɢ ɫɨɫɬɚɜɥɹɟɬ ɦɚɤɫɢɦɭɦ ɜ ɷɥɟɦɟɧɬɟ δq ɧɚ ɨɞɧɨɦ 

ɜɢɬɤɟ 0.1 ɤɢɥɨɦɟɬɪ ɢɥɢ ɱɭɬɶ ɛɨɥɟɟ 100 ɦɟɬɪɨɜ. 

Ɂɧɚɱɟɧɢɹ ɜɨɡɦɭɳɟɧɢɣ ɜ ɷɥɟɦɟɧɬɚɯ ɨɪɛɢɬɵ ɞɥɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ 

ɝɚɪɦɨɧɢɤɢ Ʌɭɧɵ ɫ ɢɧɞɟɤɫɨɦ «30» ɩɪɢɦɟɬ ɜɢɞ, ɨɬɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 4: 
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Ɋɢɫɭɧɨɤ 4 – ȼɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ɨɪɛɢɬɵ, ɜɧɨɫɢɦɵɟ ɝɚɪɦɨɧɢɤɨɣ ɫ 

ɢɧɞɟɤɫɨɦ «30» ɧɚ ɨɞɧɨɦ ɜɢɬɤɟ ɪɚɜɧɨɦ 126 ɦɢɧɭɬ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ, ɩɪɢɜɟɞɟɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ 4, ɪɚɫɯɨɠɞɟɧɢɟ ɜ 

ɷɥɟɦɟɧɬɚɯ ɫ ɭɱɟɬɨɦ ɝɚɪɦɨɧɢɤɢ ɫ ɢɧɞɟɤɫɨɦ «30» ɦɚɥɨ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɪɨɱɢɦɢ 

ɜɨɡɦɭɳɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ ɜɧɨɫɹɬ ɝɚɪɦɨɧɢɤɢ ɫ ɢɧɞɟɤɫɚɦɢ «20» ɢ «22». 

Ƚɚɪɦɨɧɢɤɚ ɫ ɢɧɞɟɤɫɨɦ «30» ɧɚɢɛɨɥɶɲɟɟ ɜɧɨɫɢɬ ɜɨɡɦɭɳɟɧɢɟ ɜ ɷɥɟɦɟɧɬ δΩ, 

ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɥɹɟɬ 60 ɦɟɬɪɨɜ. 

ɂɡ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɣ ɜɨɡɦɭɳɟɧɢɣ ɜ 

ɷɥɟɦɟɧɬɚɯ ɨɪɛɢɬɵ Ʌɭɧɵ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɭɱɟɬ ɨɫɧɨɜɧɵɯ ɜɨɡɦɭɳɟɧɢɣ 

ɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɛɥɚɝɨɞɚɪɹ ɭɱɟɬɭ ɜɨɡɞɟɣɫɬɜɢɹ ɩɟɪɜɨɣ ɜɨɡɦɭɳɚɸɳɟɣ 

ɝɚɪɦɨɧɢɤɢ, ɢɦɟɸɳɟɣ ɢɧɞɟɤɫ «20», ɤɨɬɨɪɚɹ ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɫɠɚɬɢɹ Ʌɭɧɵ, 

ɚɧɚɥɨɝɢɱɧɨɟ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɝɚɪɦɨɧɢɤɟ «20» ɞɥɹ Ɂɟɦɥɢ.  
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ɗɥɟɦɟɧɬɵ ɨɪɛɢɬɵ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɢɬɨɝɟ 

ɫɭɦɦɨɣ ɫɪɟɞɧɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ. ȼɵɱɢɫɥɟɧɢɟ 

ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ ɩɨɡɜɨɥɹɟɬ: 

1) ɨɰɟɧɢɬɶ ɜɨɡɞɟɣɫɬɜɢɟ ɜɨɡɦɭɳɟɧɢɣ ɜ ɷɥɟɦɟɧɬɚɯ; 

2) ɢɫɤɥɸɱɢɬɶ ɜɨɡɦɭɳɟɧɢɹ, ɨɤɚɡɵɜɚɸɳɢɟ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨɟ ɜɥɢɹɧɢɟ 

ɧɚ ɷɥɟɦɟɧɬɵ ɨɪɛɢɬɵ; 

3) ɩɨɜɵɫɢɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ ɚɦɩɥɢɬɭɞ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ ɤ 

ɧɟɛɨɥɶɲɢɦ ɤɨɥɟɛɚɧɢɹɦ ɡɧɚɱɟɧɢɣ ɞɚɧɧɵɯ ɜɨɡɦɭɳɟɧɢɣ; 

4) ɭɩɪɨɫɬɢɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɡɚ ɫɱɟɬ ɩɪɟɧɟɛɪɟɠɟɧɢɹ ɤ 

ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɤɨɥɟɛɚɧɢɹɦ ɜɨɡɦɭɳɟɧɢɣ, ɩɪɨɢɫɬɟɤɚɸɳɟɝɨ ɨɬ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɚɦɩɥɢɬɭɞ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɩɨɞɨɛɧɨɟ ɫɜɨɣɫɬɜɨ ɞɜɢɠɟɧɢɹ 

ɂɋɅ ɜ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ Ʌɭɧɵ ɧɭɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 

ɨɩɟɪɚɬɢɜɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɭɬɨɱɧɟɧɢɸ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɞɜɢɠɟɧɢɹ. 

Ⱦɥɹ ɷɬɨɝɨ ɩɪɢ ɫɨɡɞɚɧɢɢ ɫɢɫɬɟɦɵ ɧɨɪɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɢɦɟɧɹɬɶ ɱɢɫɥɟɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɪɚɫɱёɬɚ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɠɟɧɢɹ ɄȺ 

ɧɚ ɨɪɛɢɬɟ, ɝɞɟ ɨɩɨɪɧɨɟ ɞɜɢɠɟɧɢɟ ɛɭɞɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɨɦ 

ɩɨ ɧɚɱɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ, ɩɨɞɥɟɠɚɳɢɦ ɭɬɨɱɧɟɧɢɸ, ɚ ɜɫɟ ɩɨɩɪɚɜɤɢ ɤ ɧɟɦɭ ɢ 

ɜɨɡɦɭɳɟɧɢɹ ɩɨ ɷɥɟɦɟɧɬɚɦ ɛɭɞɭɬ ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɩɨ ɤɨɧɟɱɧɵɦ 

ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɮɨɪɦɭɥɚɦ ɢɡɦɟɧɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɜ ɩɨɥɟ, ɤɨɬɨɪɨɟ ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ ɭɱɢɬɵɜɚɟɬ ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɜɨɡɦɭɳɟɧɢɹ Ʌɭɧɵ ɡɚ ɫɱёɬ ɭɬɨɱɧɟɧɢɹ 

ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ.  

ɉɪɢɜɟɞɟɧɧɨɣ ɦɨɞɟɥɶɸ ɞɜɢɠɟɧɢɹ ɦɨɠɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɧɢ ɢɧɬɟɪɜɚɥɟ 

ɜɪɟɦɟɧɢ ɧɟ ɛɨɥɶɲɟ, ɱɟɦ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɞɨ 3 ɦɟɫɹɰɟɜ. ɉɪɢ ɞɥɢɬɟɥɶɧɨɦ 

ɪɚɫɱɟɬɧɨɦ ɩɟɪɢɨɞɟ ɫɜɵɲɟ 3 ɦɟɫɹɰɟɜ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 

ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɨ ɮɚɤɬɭ ɩɨɜɵɲɚɸɬ ɫɥɨɠɧɨɫɬɶ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ. Ⱦɚɧɧɵɟ ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ 

ɜɨɡɧɢɤɚɸɬ ɩɨ ɩɪɢɱɢɧɟ ɜɪɚɳɟɧɢɹ ɫɢɫɬɟɦɵ Ɂɟɦɥɹ-Ʌɭɧɚ ɜɨɤɪɭɝ ɋɨɥɧɰɚ. 

ȼɨɡɦɭɳɟɧɢɹɦɢ ɠɟ ɨɬ ɚɬɦɨɫɮɟɪɵ, ɤɨɬɨɪɵɟ ɩɪɢ ɩɨɞɨɛɧɨɣ ɫɢɫɬɟɦɟ ɩɨɫɬɪɨɟɧɢɹ 
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ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɟɬɢ ɭɱɢɬɵɜɚɸɬɫɹ ɞɥɹ ɂɋɁ, ɜ ɫɥɭɱɚɟ ɫ Ʌɭɧɧɨɣ ɦɨɠɧɨ 

ɩɪɟɧɟɛɪɟɱɶ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɭ Ʌɭɧɵ ɚɬɦɨɫɮɟɪɵ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɛɵ ɚɧɚɥɨɝɢɱɧɚ 

ɡɟɦɧɨɣ ɚɬɦɨɫɮɟɪɟ.  

Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɠɟɧɢɹ ɩɪɢ ɤɚɠɞɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ, ɤɨɬɨɪɨɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɨɞɧɢɦ ɢ ɬɟɦ 

ɠɟ ɧɚɱɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ. ȿɫɥɢ ɧɚ ɧɚɱɚɥɨ ɫɟɚɧɫɨɜ ɢɡɦɟɪɟɧɢɣ ɭɠɟ ɫɭɳɟɫɬɜɭɟɬ 

ɧɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɭɬɨɱɧɹɟɦɵɦ ɭɫɥɨɜɢɹɦ 

ɞɜɢɠɟɧɢɹ, ɬɨɝɞɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɣ ɜɨɡɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɬɨɥɶɤɨ ɧɚ 

ɫɟɚɧɫɚɯ ɢɡɦɟɪɟɧɢɣ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɪɚɞɢɨɤɨɧɬɪɨɥɶ ɡɚ ɝɪɭɩɩɢɪɨɜɤɨɣ 

ɤɨɫɦɢɱɟɫɤɢɦɢ ɚɩɩɚɪɚɬɚɦɢ, ɧɟ ɧɚɝɪɭɠɚɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɪɚɫɱɟɬɚɦɢ 

ɛɨɪɬɨɜɭɸ ɚɩɩɚɪɚɬɭɪɭ ɫɩɭɬɧɢɤɨɜ ɢɥɢ ɧɟ ɡɚɝɪɭɠɚɹ ɥɢɧɢɸ ɫɜɹɡɢ Ɂɟɦɥɹ-Ʌɭɧɚ.  

ɉɪɢ ɫɚɦɵɯ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɩɪɢ ɪɟɲɟɧɢɢ ɧɟɨɛɯɨɞɢɦɨ 

ɨɩɪɟɞɟɥɢɬɶ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɩɨ ɤɚɠɞɨɦɭ ɫɟɚɧɫɭ ɢɡɦɟɪɟɧɢɣ, ɡɚɞɚɱɚ 

ɩɪɟɞɥɚɝɚɟɦɵɦ ɦɟɬɨɞɨɦ ɛɭɞɟɬ ɪɟɲɟɧɚ ɛɵɫɬɪɟɟ, ɧɟɠɟɥɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɬɨɥɶɤɨ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ. Ȼɵɫɬɪɨɬɚ ɢ ɨɩɟɪɚɬɢɜɧɨɫɬɶ ɪɚɫɱɟɬɚ 

ɩɚɪɚɦɟɬɪɨɜ ɢ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ, ɚ ɬɚɤɠɟ ɩɨɥɨɠɟɧɢɹ ɄȺ ɢ ɩɪɨɟɤɰɢɣ 

ɫɤɨɪɨɫɬɟɣ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɢ ɨɩɪɟɞɟɥɹɬɶɫɹ ɜɨ ɫɬɨɥɶɤɨ ɪɚɡ ɛɵɫɬɪɟɟ, 

ɧɚɫɤɨɥɶɤɨ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɛɵɥɨ ɡɚɦɟɧɟɧɨ ɨɩɟɪɚɰɢɣ ɪɚɫɱɟɬɨɜ 

ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɢɫɩɨɥɶɡɭɸɳɟɣ ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɢɬɟɪɚɰɢɢ ɪɚɫɱɟɬɨɜ 

ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. 

ɇɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɢɡɦɟɪɟɧɢɣ ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɫɟɚɧɫɨɜ ɦɨɝɭɬ ɛɵɬɶ 

ɩɪɨɫɱɢɬɚɧɵ ɞɚɧɧɵɦ ɦɟɬɨɞɨɦ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɲɚɝɟ ɟɳɟ ɞɨ ɨɤɨɧɱɚɧɢɹ 

ɢɡɦɟɪɟɧɢɣ ɡɚ ɫɟɚɧɫ. Ⱦɥɹ ɬɚɤɨɝɨ ɪɚɫɱɟɬɚ ɜɚɠɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɹɜɥɹɟɬɫɹ ɗɂ ɢ 

ɟɟ ɨɩɟɪɚɬɢɜɧɨɟ ɨɛɧɨɜɥɟɧɢɟ ɧɚ ɛɨɪɬɭ ɄȺ. ȼ ɫɥɭɱɚɟ ɧɟɛɨɥɶɲɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ 

ɱɢɫɥɟɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɩɨɫɨɛɚ ɪɚɫɱёɬɚ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɠɟɧɢɹ, ɞɥɹ 

ɪɟɲɟɧɢɣ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɪɚɧɟɟ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚ ɧɚɱɚɥɨ 

ɫɟɚɧɫɨɜ ɢɡɦɟɪɟɧɢɣ. Ⱦɥɹ ɩɥɚɧɢɪɭɟɦɵɯ ɠɟ ɫɟɚɧɫɨɜ ɢɡɦɟɪɟɧɢɣ ɧɚɱɚɥɶɧɵɟ 

ɭɫɥɨɜɢɹ ɩɨɥɭɱɚɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɪɢ ɪɚɫɱёɬɟ ɗɂ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ 

ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɝɪɭɩɩɢɪɨɜɤɨɣ ɫɩɭɬɧɢɤɨɜ ɧɚ ɨɤɨɥɨɥɭɧɧɨɣ 
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ɨɪɛɢɬɟ ɫ Ɂɟɦɥɢ ɤɚɠɞɵɣ ɚɩɩɚɪɚɬ ɢɡ ɞɚɧɧɨɣ ɝɪɭɩɩɢɪɨɜɤɢ ɩɪɢ ɜɤɥɸɱɟɧɢɢ 

ɦɨɠɟɬ ɨɬɩɪɚɜɥɹɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɜɨɟɦ ɦɟɫɬɨɩɨɥɨɠɟɧɢɢ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ 

ɛɚɡɢɪɨɜɚɬɶɫɹ ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɩɨ ɡɚɪɚɧɟɟ ɩɨɞɝɨɬɨɜɥɟɧɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɩɨɫɥɟɞɧɟɝɨ ɞɨɫɬɭɩɧɨɝɨ ɫɟɚɧɫɚ ɢɡɦɟɪɟɧɢɣ. 

ɂɡ ɜɫɟɝɨ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɩɪɢɜɟɞɟɧɧɚɹ ɜ 

ɪɚɛɨɬɟ ɦɨɞɟɥɶ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɄȺ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɦɨɠɟɬ ɭɩɪɚɜɥɹɬɶɫɹ 

ɨɞɧɢɦ ɰɟɧɬɪɨɦ, ɬɨ ɟɫɬɶ ɢɦɟɬɶ ɨɞɧɭ ɢɡɦɟɪɢɬɟɥɶɧɭɸ ɫɬɚɧɰɢɸ. Ɂɚɝɪɭɡɤɚ 

ɫɬɚɧɰɢɢ ɧɚ ɨɞɢɧ ɫɟɚɧɫ ɡɚɣɦɟɬ ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɡɟɦɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɦɟɧɟɟ 15 

ɦɢɧɭɬ ɜ ɪɚɫɱɟɬɟ ɧɚ 20 ɫɭɬɨɤ ɢɡ-ɡɚ ɢɫɤɥɸɱɟɧɢɹ ɪɚɫɱɟɬɚ ɜɨɡɞɟɣɫɬɜɢɹ 

ɚɬɦɨɫɮɟɪɵ Ɂɟɦɥɢ ɧɚ ɂɋɅ ɢ ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɜɨɡɦɭɳɚɸɳɢɯ ɮɚɤɬɨɪɨɜ, 

ɷɥɟɦɟɧɬɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɦɨɠɟɬ 

ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɤɨɦɩɥɟɤɫ ɩɪɨɝɪɚɦɦ, ɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɞɥɹ ɡɟɦɧɵɯ 

ɫɬɚɧɰɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɪɚɞɢɨɤɨɧɬɪɨɥɶ ɝɪɭɩɩɨɜɨɝɨ ɡɚɩɭɫɤɚ ɂɋɁ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

Ɋɟɡɭɥɶɬɚɬɨɦ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɢɤɢ 

ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɧɚ ɥɭɧɧɨɣ ɨɪɛɢɬɟ ɩɪɢ 

ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɫɩɭɬɧɢɤɚ Ɂɟɦɥɢ ɹɜɢɥɨɫɶ ɡɚɤɥɸɱɟɧɢɟ ɨ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɱɢɫɥɟɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 

ɭɱɢɬɵɜɚɸɳɟɣ ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɜɨɡɦɭɳɟɧɢɹ Ʌɭɧɵ, ɩɪɨɫɱɢɬɚɧɵ ɜɨɡɦɭɳɟɧɢɹ ɫ 

ɢɧɞɟɤɫɚɦɢ «20», «22» ɢ «30». ɋɨɩɭɬɫɬɜɭɸɳɢɦ ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɫɬɚɥɨ 

ɬɨɱɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɢ ɩɪɟɞɥɨɠɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɚɩɪɨɫɧɨɝɨ ɦɟɬɨɞɚ 

ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ. Ɍɚɤɠɟ ɨɛɨɫɧɨɜɚɧ ɦɟɬɨɞ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɪɚɞɢɨɤɨɧɬɪɨɥɶ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɜɧɟɞɪɟɧɢɹ ɜ ɫɥɭɱɚɟ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɪɭɩɩɨɜɨɝɨ ɡɚɩɭɫɤɚ ɄȺ ɞɥɹ Ʌɭɧɵ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɥɭɧɧɵɯ 

ɩɨɬɪɟɛɢɬɟɥɟɣ. Ȼɥɚɝɨɞɚɪɹ ɬɨɱɧɨɦɭ ɭɱɟɬɭ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɜɨɡɦɭɳɟɧɢɣ ɦɵ 

ɨɩɪɟɞɟɥɢɥɢ ɜɥɢɹɧɢɟ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ, ɭɱɟɬ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɟɧ ɧɚ 

ɛɨɪɬɨɜɵɯ ɚɩɩɚɪɚɬɧɵɯ ɫɪɟɞɫɬɜɚɯ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɱɢɫɥɟɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɭɸ 

ɦɨɞɟɥɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɩɨɥɨɠɟɧɢɹ ɧɚ ɫɟɚɧɫɟ 

ɢɡɦɟɪɟɧɢɣ. Ɇɟɬɨɞ ɪɚɞɢɨɤɨɧɬɪɨɥɹ, ɩɪɨɪɚɛɚɬɵɜɚɟɦɵɣ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ 

ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɂɋɅ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɭɩɪɨɳɟɧɢɟ ɪɚɫɱɟɬɚ ɧɟɜɹɡɨɤ ɢ 

ɪɚɫɯɨɠɞɟɧɢɣ ɜ ɷɥɟɦɟɧɬɚɯ ɨɪɛɢɬɵ, ɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɜɟɞɟɧɧɵɦ 

ɩɨɜɵɲɟɧɢɟɦ ɬɨɱɧɨɫɬɢ ɷɮɟɦɟɪɢɞ, ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɩɨɜɵɲɟɧɢɢ ɧɚɞɟɠɧɨɫɬɢ 

ɫɢɫɬɟɦɵ ɪɚɞɢɨɤɨɧɬɪɨɥɹ, ɬɨɱɧɨɫɬɢ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɥɨɠɟɧɢɹ ɄȺ ɧɚ ɨɪɛɢɬɟ. 

Ɉɞɧɚɤɨ, ɩɪɟɞɥɚɝɚɟɦɨɟ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɱɢɫɥɟɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ 

ɩɨɞɯɨɞɚ ɧɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɨɥɧɨɝɨ ɩɟɪɟɯɨɞɚ ɤ ɪɚɫɱɟɬɭ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ ɜ 

ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ.  

Ɉɛɳɢɟ ɩɪɟɫɥɟɞɭɟɦɵɟ ɰɟɥɢ ɪɚɛɨɬɵ ɞɨɫɬɢɝɧɭɬɵ: 

1) ɫɨɡɞɚɧɚ ɦɟɬɨɞɢɤɚ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ; 

2) ɩɪɨɢɡɜɟɞɟɧɨ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ 

ɚɩɩɚɪɚɬɚ ɧɚ ɨɪɛɢɬɟ Ʌɭɧɵ ɡɚ ɫɱɟɬ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɱɢɫɥɟɧɧɨɝɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ 

ɦɟɬɨɞɚ ɢ ɭɬɨɱɧɟɧɢɢ ɷɮɟɦɟɪɢɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ; 
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3) ɩɪɟɞɥɨɠɟɧɨ ɭɥɭɱɲɟɧɢɟ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɡɚɩɭɫɤɟ ɡɚ 

ɫɱɟɬ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɡɚɩɪɨɫɧɨɝɨ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ ɄȺ; 

4) ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɩɪɨɢɡɜɟɞɟɧɧɵɯ ɨɩɟɪɚɰɢɣ ɩɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦ 

ɪɚɫɯɨɠɞɟɧɢɣ ɜ ɷɥɟɦɟɧɬɚɯ ɨɪɛɢɬɵ ɢ ɫ ɭɱɟɬɨɦ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɣ ɫɯɟɦɵ 

ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɭɞɚɥɨɫɶ ɩɨ ɢɬɨɝɭ ɩɨɜɵɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ 

ɫɟɬɢ ɩɪɢ ɝɪɭɩɩɨɜɵɯ ɡɚɩɭɫɤɚɯ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ. 

ɉɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɝɪɭɩɩɢɪɨɜɤɨɣ ɫɩɭɬɧɢɤɨɜ ɧɚ 

ɨɤɨɥɨɥɭɧɧɨɣ ɨɪɛɢɬɟ ɫ Ɂɟɦɥɢ ɤɚɠɞɵɣ ɚɩɩɚɪɚɬ ɢɡ ɞɚɧɧɨɣ ɝɪɭɩɩɢɪɨɜɤɢ ɩɪɢ 

ɜɤɥɸɱɟɧɢɢ ɦɨɠɟɬ ɨɬɩɪɚɜɥɹɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɜɨɟɦ ɦɟɫɬɨɩɨɥɨɠɟɧɢɢ, ɡɚɪɚɧɟɟ 

ɩɨɞɝɨɬɨɜɥɟɧɧɭɸ ɧɚ ɨɫɧɨɜɟ ɩɨɫɥɟɞɧɟɝɨ ɞɨɫɬɭɩɧɨɝɨ ɫɟɚɧɫɚ ɢɡɦɟɪɟɧɢɣ. Ʉɚɤ 

ɫɥɟɞɫɬɜɢɟ, ɧɚ Ɂɟɦɥɟ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɚɬɶ ɦɚɥɭɸ ɱɚɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɜ 

ɜɢɞɟ ɞɚɧɧɵɯ ɗɂ ɫ ɡɚɞɚɧɧɨɣ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ, ɱɬɨɛɵ ɨɩɟɪɚɬɢɜɧɨ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɚɞɢɨɤɨɧɬɪɨɥɶ ɞɜɢɠɟɧɢɹ ɡɚ ɄȺ. 

ɉɨ ɢɬɨɝɭ ɪɚɛɨɬɵ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ 

ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ ɞɨɫɬɚɬɨɱɧɨ ɛɚɡɢɪɨɜɚɬɶɫɹ ɧɚ ɧɚɜɢɝɚɰɢɨɧɧɵɯ 

ɧɚɪɚɛɨɬɤɚɯ ɫɩɭɬɧɢɤɨɜɵɯ ɫɢɫɬɟɦ ɩɟɪɜɨɝɨ ɩɨɤɨɥɟɧɢɹ. ɑɬɨ ɩɨɡɜɨɥɢɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɤɨɦɩɥɟɤɫɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 

ɉɪɢ ɷɬɨɦ ɡɚ ɨɫɧɨɜɭ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɝɪɭɩɩɨɜɨɝɨ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɧɟɨɛɯɨɞɢɦɨ 

ɛɪɚɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɜɵɱɢɫɥɟɧɢɹ ɜɨɡɦɭɳɟɧɢɣ 

ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ. 

Ⱦɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɄȺ ɩɪɢ ɝɪɭɩɩɨɜɵɯ ɡɚɩɭɫɤɚɯ ɞɥɹ 

ɨɤɨɥɨɥɭɧɧɵɯ ɨɪɛɢɬ ɜɨɡɦɨɠɧɨ ɜ ɱɚɫɬɢ ɛɟɡɡɚɩɪɨɫɧɵɯ ɫɢɫɬɟɦ, ɚ ɬɚɤɠɟ 

ɜɨɡɦɨɠɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɩɨɫɬɪɨɟɧɢɟ ɫɨɡɜɟɡɞɢɣ ɄȺ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ 

ɧɚɜɢɝɢɪɨɜɚɬɶɫɹ, ɢɫɩɨɥɶɡɭɹ ɬɨɥɶɤɨ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɩɨ 

ɨɪɛɢɬɟ. Ⱦɨɫɬɢɠɟɧɢɹ ɜ ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɡɜɨɥɹɬ ɩɨɜɵɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ 

ɫɢɫɬɟɦɵ ɢ ɭɜɟɥɢɱɚɬ ɩɟɪɢɨɞ ɜɨɡɦɨɠɧɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ 

ɄȺ ɧɚ ɨɪɛɢɬɟ. 

 

 



58 

ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

 

Ƚɇɋɋ – ɝɥɨɛɚɥɶɧɚɹ ɧɚɜɢɝɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɫɜɹɡɢ; 

ȽɉɅ – ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ ɩɨɥɟ Ʌɭɧɵ; 

ɂɋɁ – ɢɫɤɭɫɫɬɜɟɧɧɵɣ ɫɩɭɬɧɢɤ Ɂɟɦɥɢ; 

ɂɋɅ – ɢɫɤɭɫɫɬɜɟɧɧɵɣ ɫɩɭɬɧɢɤ Ʌɭɧɵ; 

ɄȺ – ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ; 

Ʌɋɇɋ – ɥɭɧɧɚɹ ɫɩɭɬɧɢɤɨɜɚɹ ɧɚɜɢɝɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ; 

ɆɇɄ – ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ; 

ɗɂ – ɷɮɟɦɟɪɢɞɧɚɹ ɢɧɮɨɪɦɚɰɢɹ. 
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