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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 

ɂɧɫɬɢɬɭɬ ɦɚɬɟɦɚɬɢɤɢ ɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɢɧɮɨɪɦɚɬɢɤɢ 
ɢɧɫɬɢɬɭɬ 

 

Ɇɟɠɢɧɫɬɢɬɭɬɫɤɚɹ ɛɚɡɨɜɚɹ ɤɚɮɟɞɪɚ  
«ɉɪɢɤɥɚɞɧɚɹ ɮɢɡɢɤɚ ɢ ɤɨɫɦɢɱɟɫɤɢɟ ɬɟɯɧɨɥɨɝɢɢ» 

ɤɚɮɟɞɪɚ 
 
 

 
 ɍɌȼȿɊɀȾȺɘ 

Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
                     ȼ.ȿ. Ʉɨɫɟɧɤɨ 
ɩɨɞɩɢɫɶ            ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

«       »               20           ɝ 

 

 
 

ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 
 

«ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ 
ɜ ɩɨɥɟ ɫɠɚɬɨɣ 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. Ƚɟɛɝɚɪɞɬ 
  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 ɦɚɬɟɦɚɬɢɤɢ ɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɢɧɮɨɪɦɚɬɢɤɢ 

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 Ƚɟɛɝɚɪɞɬ ȼɢɤɬɨɪɭ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱɭ. 
                                          ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ  
 
Ƚɪɭɩɩɚ ɂɆ 17-08Ɇ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 01.04.02  
                              ɧɨɦɟɪ                                                                                         ɤɨɞ 
«ɉɪɢɤɥɚɞɧɚɹ ɦɚɬɟɦɚɬɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ». 
                     ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: «ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɨɱɧɨɫɬɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 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».  

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: ɄȺ ɧɚɯɨɞɹɳɢɣɫɹ ɧɚ ɨɪɛɢɬɟ ɫɨ ɫɥɟɞɭɸɳɢɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ:I = 83°, Ω = 0, ω = 0, ɚ = 7371 ɤɦ, e = 0,001, M0 = 0, h = 1000 ɤɦ, 

t0 = 0. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: 

1) Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ ɂɋɁ ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɨɝɨ 

ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ ɩɨ ɡɚɞɚɧɧɵɦ ɷɥɟɦɟɧɬɚɦ ɨɪɛɢɬɵ. 

2) ɉɨɫɬɪɨɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ. 

3) ɂɫɫɥɟɞɨɜɚɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ. 

 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ            _________________              ȼ.ɂ. Ʉɭɞɵɦɨɜ      
                                                                                   ɩɨɞɩɢɫɶ                                  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ  _________                 ȼ.Ⱥ. Ƚɟɛɝɚɪɞɬ    
                                                                                      ɩɨɞɩɢɫɶ                     ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

 
« 22 » ɹɧɜɚɪɹ 2018 ɝ. 
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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ: «ɂɫɫɥɟɞɨɜɚɧɢɟ 

ɬɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ 

ɚɩɩɚɪɚɬɚ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ» ɫɨɞɟɪɠɢɬ 101 ɫɬɪɚɧɢɰɭ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 

15 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɄɈɋɆɂɑȿɋɄɂɃ ȺɉɉȺɊȺɌ, ȻȺɅɅɂɋɌɂɄȺ, ɇȺȼɂȽȺɐɂə, ɄȿɉɅȿɊ, 
ɆȿɌɈȾ ɊɍɇȽȿ-ɄɍɌɌȺ, ɆɈȾȿɅɖ ɄɈɁȺɂ, ɆɈȾȿɅɖ ɉɊɈɋɄɍɊɂɇȺ-
ȻȺɌɊȺɄɈȼȺ, ȼɈɁɆɍɓȿɇɂə, ɑɂɋɅȿɇɇȺə ɆɈȾȿɅɖ, ȺɇȺɅɂɌɂɑȿɋɄȺə 
ɆɈȾȿɅɖ, ɉɈɅȿ ɋɀȺɌɈɃ ɁȿɆɅɂ, ɐȿɇɌɊȺɅɖɇɈȿ ɉɈɅȿ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɸɬɫɹ: ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, 

ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɩɨɥɟɬɚ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɩɨɥɟ 

ɫɠɚɬɨɣ Ɂɟɦɥɢ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɢɫɫɥɟɞɨɜɚɬɶ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ 

ɚɩɩɚɪɚɬɚ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ. Ɉɩɪɟɞɟɥɢɬɶ ɜɢɞ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɢɛɥɢɠɟɧɧɨɣ ɤ ɪɟɚɥɶɧɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ 

ɚɩɩɚɪɚɬɚ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɬɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɬɟɨɪɢɢ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɚɧɚɥɢɡɟ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ, 

ɫɪɚɜɧɟɧɢɢ ɢɯ ɦɟɠɞɭ ɫɨɛɨɣ, ɢ ɜɵɹɜɥɟɧɢɢ ɧɚɢɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɨɣ ɦɨɞɟɥɢ ɞɥɹ 

ɧɢɡɤɨ ɤɪɭɝɨɜɨɣ ɨɪɛɢɬɵ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɫɩɭɬɧɢɤɚ Ɂɟɦɥɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɱɢɫɥɟɧɧɵɟ ɢ 

ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ. ɉɨ ɢɬɨɝɭ ɪɚɛɨɬɵ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ, ɧɚɢɛɨɥɟɟ ɩɪɢɛɥɢɠɟɧɧɨɣ ɤ ɪɟɚɥɶɧɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ 

ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, 

ɭɱɢɬɵɜɚɸɳɚɹ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. ȼɵɹɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɧɟɞɨɫɬɚɬɤɢ 

ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɨɞɟɥɢ ɢ ɩɪɨɪɚɛɨɬɚɧ ɜɨɩɪɨɫ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɟё ɩɪɢɦɟɧɟɧɢɹ. 

ɉɪɟɞɥɨɠɟɧɵ ɞɚɥɶɧɟɣɲɢɟ ɜɨɡɦɨɠɧɵɟ ɩɭɬɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ.
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ɋɈȾȿɊɀȺɇɂȿ 

 

ȼɜɟɞɟɧɢɟ ................................................................................................................... 6 
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ȼȼȿȾȿɇɂȿ 

 

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɫɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɛɚɥɥɢɫɬɢɱɟɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ 

ɤɨɫɦɢɱɟɫɤɢɦɢ ɚɩɩɚɪɚɬɚɦɢ (ɄȺ) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɱɢɫɥɟɧɧɵɯ 

ɦɟɬɨɞɨɜ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɧɚɤɚɩɥɢɜɚɸɬ ɛɨɥɶɲɢɟ 

ɩɨɝɪɟɲɧɨɫɬɢ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɨɧɢ ɨɤɪɭɝɥɹɸɬ ɪɟɡɭɥɶɬɚɬɵ 

ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ, ɱɟɦ ɦɟɧɶɲɟ ɲɚɝ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, 

ɬɟɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɟɡɭɥɶɬɚɬ ɨɩɪɟɞɟɥɟɧɢɹ ɄȺ ɧɚ ɨɪɛɢɬɟ ɛɭɞɟɬ ɬɨɱɧɟɟ, ɧɨ 

ɤɨɥɢɱɟɫɬɜɨ ɲɚɝɨɜ ɭɜɟɥɢɱɢɬɫɹ, ɱɬɨ ɩɨɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɛɨɥɶɲɨɟ ɧɚɤɨɩɥɟɧɢɟ 

ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ ɪɚɫɱɟɬɚɯ. Ɍɚɤɠɟ ɞɥɹ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɫ ɦɚɥɵɦ ɲɚɝɨɦ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɛɨɥɶɲɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɣ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɦɨɳɧɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɚɩɩɚɪɚɬɭɪɟ. ɇɚɩɪɨɬɢɜ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɩɨɡɜɨɥɢɬ 

ɜɵɱɢɫɥɹɬɶ ɩɚɪɚɦɟɬɪɵ ɩɨɥɨɠɟɧɢɹ ɄȺ ɧɚ ɛɨɥɶɲɢɟ ɢɧɬɟɪɜɚɥɵ ɜɪɟɦɟɧɢ ɢ ɛɨɥɟɟ 

ɨɩɟɪɚɬɢɜɧɨ, ɢɫɩɨɥɶɡɭɹ ɦɟɧɶɲɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɦɨɳɧɨɫɬɢ [1, 2]. 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɜɫɟɯ ɫɨɜɪɟɦɟɧɧɵɯ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ 

ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɢɣ ɩɨɪɹɞɨɤ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɯ ɮɨɪɦɭɥ, ɱɬɨ ɢ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ 

ɩɨɜɵɲɟɧɢɟ ɫɥɨɠɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ [2]. 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ: 

1) ɩɨɡɜɨɥɹɟɬ ɨɪɝɚɧɢɡɨɜɚɬɶ ɥɢɧɢɸ ɫɜɹɡɢ ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɫɩɭɬɧɢɤɚɦɢ ɩɨ ɥɢɧɢɢ ɄȺ-ɄȺ[3]; 

2) ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɨɩɟɪɚɬɢɜɧɨ ɭɩɪɚɜɥɹɬɶ ɄȺ ɩɪɢ ɝɪɭɩɩɨɜɵɯ 

ɡɚɩɭɫɤɚɯ[3, 4, 5]; 

3) ɩɨɦɨɝɚɟɬ ɪɚɡɝɪɭɡɢɬɶ ɤɚɧɚɥɵ ɭɩɪɚɜɥɟɧɢɹ ɄȺ; 

4) ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɫɟɥɟɧɨɞɟɡɢɱɟɫɤɨɣ ɫɟɬɢ [1, 

6, 7]; 

5) ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɩɪɢ ɡɚɩɭɫɤɚɯ ɄȺ. 
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ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɭɱɢɬɵɜɚɸɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɢɟ, 

ɜɟɤɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ ɜ ɞɜɢɠɟɧɢɢ ɄȺ. ȼɵɹɜɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɪɦɟ ɩɨɡɜɨɥɢɬ ɭɱɟɫɬɶ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɩɨ ɤɚɠɞɨɦɭ 

ɷɥɟɦɟɧɬɭ ɨɪɛɢɬɵ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ ɜɨɡɦɭɳɟɧɢɟ ɩɨɥɹ, 

ɭɱɢɬɵɜɚɸɳɟɟ ɫɠɚɬɢɟ Ɂɟɦɥɢ ɩɨ ɩɨɥɸɫɚɦ. Ⱦɚɧɧɨɟ ɜɨɡɦɭɳɟɧɢɟ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ 

ɛɨɥɶɲɢɦ ɫɪɟɞɢ ɜɫɟɝɨ ɫɟɦɟɣɫɬɜɚ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɜɨɡɦɭɳɟɧɢɣ ɢ ɨɛɨɡɧɚɱɚɟɬɫɹ 

ɢɧɞɟɤɫɨɦ «20»[1, 2]. 

Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɜ ɦɚɤɫɢɦɚɥɶɧɨ ɤɨɪɨɬɤɢɣ ɫɪɨɤ 

ɨɩɪɟɞɟɥɢɬɶ ɤɨɨɪɞɢɧɚɬɵ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɢ ɫɤɨɪɨɫɬɟɣ ɫ ɦɢɧɢɦɚɥɶɧɨ 

ɞɨɩɭɫɬɢɦɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɢ ɧɚ ɛɨɥɶɲɢɯ 

ɢɧɬɟɪɜɚɥɚɯ[1, 2, 6]. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɨɡɞɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɟɣ, 

ɤɨɬɨɪɵɟ ɪɟɲɚɸɬ ɡɚɞɚɱɭ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɄȺ ɧɚ ɨɪɛɢɬɟ ɡɚ ɫɱёɬ 

ɩɨɜɵɲɟɧɢɹ ɫɬɟɩɟɧɢ ɪɟɲɚɟɦɨɝɨ ɭɪɚɜɧɟɧɢɹ. Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, 

ɛɚɡɢɪɭɸɳɚɹɫɹ ɧɚ ɞɚɧɧɵɯ ɷɮɟɦɟɪɢɞ ɜɬɨɪɨɝɨ ɪɨɞɚ, ɞɨ ɫɢɯ ɩɨɪ ɧɟ 

ɪɟɚɥɢɡɨɜɚɧɚ [8]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɢ ɨɰɟɧɤɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɜ 

ɫɪɚɜɧɟɧɢɢ ɫ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɶɸ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ (ɱɢɫɥɟɧɧɨɟ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɦɟɬɨɞɨɦ Ɋɭɧɝɟ-Ʉɭɬɬɚ), ɩɪɟɞɥɨɠɟɧɚ ɤɨɧɰɟɩɰɢɹ 

ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɞɥɹ ɭɱɟɬɚ ɜɨɡɦɭɳɟɧɢɣ ɞɜɢɠɟɧɢɹ 

ɄȺ ɜ ɩɨɥɧɨɦ ɩɨɥɟ, ɭɱɢɬɵɜɚɸɳɢɦ ɜɫɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɨɤɚɡɵɜɚɟɦɵɟ ɧɚ 

ɢɫɤɭɫɫɬɜɟɧɧɵɣ ɫɩɭɬɧɢɤ Ɂɟɦɥɢ ɧɚ ɨɪɛɢɬɟ. 
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1 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɢ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɢ ɤɨɫɦɢɱɟɫɤɨɝɨ 

ɚɩɩɚɪɚɬɚ ɞɥя ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ 

 

1.1 Ɇɨɞɟɥɶ ɞɜɢɠɟɧɢя ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ 

 
Ⱦɥɹ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ 

ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɧɟɨɛɯɨɞɢɦɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɨɫɬɪɨɢɬɶ ɦɨɞɟɥɶ 

ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ [1]. 

ɐɟɧɬɪɚɥɶɧɨɟ ɩɨɥɟ ɷɬɨ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ, ɜ ɤɨɬɨɪɨɣ ɩɥɚɧɟɬɚ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ, ɤɚɤ ɦɚɬɟɪɢɚɥɶɧɚɹ ɬɨɱɤɚ, ɚ ɞɜɢɠɟɧɢɟ ɄȺ ɨɩɢɫɵɜɚɟɬɫɹ 

ɡɚɤɨɧɚɦɢ Ʉɟɩɥɟɪɚ [2]. 

Ⱥɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ ɹɜɥɹɟɬɫɹ 

ɦɨɞɟɥɶ Ʉɟɩɥɟɪɚ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ Ʉɟɩɥɟɪɨɜɨɣ ɦɨɞɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ 

ɩɚɪɚɦɟɬɪɵ ɨɪɛɢɬɵ ɢ ɧɚ ɢɯ ɨɫɧɨɜɟ ɨɩɪɟɞɟɥɢɬɶ ɤɨɨɪɞɢɧɚɬɵ ɢ ɩɪɨɟɤɰɢɢ 

ɫɤɨɪɨɫɬɟɣ. ȼ Ʉɟɩɥɟɪɨɜɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɨɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 

(Ʉɟɩɥɟɪɨɜɵ ɷɥɟɦɟɧɬɵ) ɹɜɥɹɸɬɫɹ I; Ω; ω; а;e; M0; h;t0.ɇɚ ɢɯ ɨɫɧɨɜɟ ɦɵ ɦɨɠɟɦ 

ɪɚɫɫɱɢɬɚɬɶ ɤɨɨɪɞɢɧɚɬɵ ɢ ɩɪɨɟɤɰɢɢ ɢɯ ɫɤɨɪɨɫɬɟɣ. 

 

1.2 ɉɨɫɬɪɨɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢя ɤɨɫɦɢɱɟɫɤɨɝɨ 

ɚɩɩɚɪɚɬɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ. Ɇɨɞɟɥɶ Ʉɟɩɥɟɪɚ 

 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ 

ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɨɞɟɥɶɸ Ʉɟɩɥɟɪɚ. ȼ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 

ɤɨɨɪɞɢɧɚɬɵ ɢ ɩɪɨɟɤɰɢɢ ɫɤɨɪɨɫɬɟɣ ɄȺ. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɞɚɧɧɨɣ ɦɨɞɟɥɢ 

ɧɟɨɛɯɨɞɢɦɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ. ȼ 

ɧɚɲɟɦ ɫɥɭɱɚɟ  ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɄȺ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 

ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 1.1. 
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Ɍɚɛɥɢɰɚ 1.1 – ɷɥɟɦɟɧɬɵ ɨɪɛɢɬɵ ɦɨɞɟɥɢ Ʉɟɩɥɟɪɚ 

ɗɥɟɦɟɧɬ ɨɪɛɢɬɵ ɇɚɢɦɟɧɨɜɚɧɢɟ 
I=83° ɧɚɤɥɨɧɟɧɢɟ ɨɪɛɢɬɵ 
Ω=0 ɞɨɥɝɨɬɚ ɜɨɫɯɨɞɹɳɟɝɨ ɭɡɥɚ 
ω=0 ɚɪɝɭɦɟɧɬ ɩɟɪɢɰɟɧɬɪɚ 
ɚ=7371 ɤɦ ɛɨɥɶɲɚɹ ɩɨɥɭɨɫɶ 
e=0,001 ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ 
M0=0 ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɪɟɞɧɟɣ ɚɧɨɦɚɥɢɢ 
h=1000 ɤɦ ɜɵɫɨɬɚ ɨɪɛɢɬɵ 
t0=0 ɷɩɨɯɚ 

 
ɉɪɢɦɟɧɹɟɦ ɦɟɬɨɞɢɤɭ ɪɚɫɱɟɬɚ ɤɨɨɪɞɢɧɚɬ x, y, z ɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ 

ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɤɨɨɪɞɢɧɚɬɚɦݔ,̇ ̇,ݕ  ɂɋɁ ɧɚ ɧɟɤɨɬɨɪɨɦ ɦɨɦɟɧɬɟ t ɩɨ ݖ̇

ɡɚɞɚɧɧɵɦ ɷɥɟɦɟɧɬɚɦ ɨɪɛɢɬɵ ɢ ɧɚɱɚɥɶɧɨɣ ɷɩɨɯɟ t0 (ɩɪɹɦɚɹ ɡɚɞɚɱɚ 

ɧɟɜɨɡɦɭɳɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ). ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɪɚɫɱёɬ ɞɥɹ ɩɟɪɜɵɯ ɡɧɚɱɟɧɢɣ 

ɩɚɪɚɦɟɬɪɚ ɧɚɯɨɠɞɟɧɢɹ ɄȺ ɩɨ ɦɨɞɟɥɢ Ʉɟɩɥɟɪɚ. 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɫɪɟɞɧɟɟ ɞɜɢɠɟɧɢɟ n ɂɋɁ ɩɨ ɮɨɪɦɭɥɟ (1.1): 

 ݊ = √𝜇𝑎యమ            (1.1) 

 

ɝɞɟ ߤ = ͵ͻͺ͸ͲͲ,ͷ × ͳͲଽ ɦ3/ɫ2 – ɝɟɨɰɟɧɬɪɢɱɟɫɤɚɹ ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɩɨɫɬɨɹɧɧɚɹ 

 

ȼɵɱɢɫɥɹɟɬɫɹ ɫɪɟɞɧɹɹ ɚɧɨɦɚɥɢɹ M ɧɚ ɦɨɦɟɧɬ t ɩɨ ɮɨɪɦɭɥɟ (1.2): 

 𝑀 = 𝑀଴ + ݊ሺݐ −  ଴ሻ         (1.2)ݐ

 

ȼɵɱɢɫɥɹɟɬɫɹ ɢɫɬɢɧɧɚɹ ɚɧɨɦɚɥɢɹ ϑ ɢ ɪɚɞɢɭɫ ɜɟɤɬɨɪ ɩɨ ɮɨɪɦɭɥɟ (1.3): 

 

ݎ} = 𝑎ሺͳ − ݁ cos𝐸ሻtan 𝜗ଶ = √ଵ+𝑒ଵ−𝑒 tan 𝐸ଶ          (1.3) 
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ɋ ɭɱёɬɨɦ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɮɨɪɦɭɥɚ (1.3) 
ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ 

 
ݎ}  = ͹͵͹ͳሺͳ − Ͳ,ͲͲͳ cos Ͳሻ𝜗 = ʹ tan−ଵ√ଵ+଴,଴଴ଵଵ−଴,଴଴ଵ tan ଴ଶ         (1.3ɚ) 

 

Ɉɩɪɟɞɟɥɹɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɂɋɁ ɧɚ ɨɪɛɢɬɟ  ɩɨ ɮɨɪɦɭɥɟ (1.4): 

 

ݔ} = ݑሺcosݎ cos𝛺 − sin sin𝛺 ݑ cos 𝑖ሻݕ = ሺcosݎ ݑ sin𝛺 − sin cos𝛺 ݑ cos 𝑖ሻݖ = ݎ sin ݑ  sin 𝑖       (1.4) 

 

ɋ ɭɱёɬɨɦ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɮɨɪɦɭɥɚ (1.4) 

ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

 

ݔ} = ͹͸͵͸,͸͵ሺcos ݑ cos𝛺 − sinݑ sin𝛺 cos ͳ.ͶͶͺ͸ሻݕ = ͹͸͵͸,͸͵ሺcosݑ sin𝛺 − sinݑ cos𝛺 cos ͳ.ͶͶͺ͸ሻݖ = ͹͸͵͸,͸͵ sinݑ  sin ͳ.ͶͶͺ͸     (1.5) 

 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɮɨɪɦɭɥɟ (1.5) ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɤɨɨɪɞɢɧɚɬ ɄȺ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨɥɨɠɟɧɢɹ ɂɋɁ ɜ ɪɚɡɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɧɚ 

ɩɪɨɬɹɠɟɧɢɢ 105 ɦɢɧɭɬ ɫ ɲɚɝɨɦ ɜ 1 ɫ,. Ⱦɚɧɧɵɣ ɩɟɪɢɨɞ ɨɩɪɟɞɟɥɹɟɬ ɜɢɬɨɤ ɨɪɛɢɬɵ 

ɄȺ. Ƚɪɚɮɢɤ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.1. 
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Ɋɢɫɭɧɨɤ 1.1 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɨɪɛɢɬɵ ɄȺ ɩɨ ɭɪɚɜɧɟɧɢɹɦ Ʉɟɩɥɟɪɚ 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɩɚɪɚɦɟɬɪɵ ɩɨ ɮɨɪɦɭɥɚɦ (1.6-1.8): 

ݎ  = 𝑎ሺଵ−𝑒మሻଵ+𝑒 c୭s𝜗           (1.6) 

ଶ𝜗ݎ  = 𝐶           (1.7) 

݌  = 𝐶మ𝜇 = 𝑎ሺͳ − ݁ଶሻ         (1.8) 

 

ɝɞɟ r - ɪɚɞɢɭɫ ɜɟɤɬɨɪ ɩɨɥɨɠɟɧɢɹ ɄȺ ɧɚ ɨɪɛɢɬɟ 
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ɋɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɱɟɪɟɡ ɪɚɞɢɭɫ-ɜɟɤɬɨɪ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (1.9): ݒ௥ = ݎ̇ = √𝜇௣ ݁ sin𝜗         (1.9) 

 

ɋɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɩɨ ɬɪɚɧɫɜɟɪɫɚɥɢ (ɩɟɪɩɟɧɞɢɤɭɥɹɪ ɤ ɪɚɞɢɭɫ-

ɜɟɤɬɨɪɭ ɜ ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ) ɩɨ ɮɨɪɦɭɥɟ (1.10): 

௡ݒ  = 𝜗̇ݎ = √𝜇௣ ሺͳ + ݁ cos 𝜗ሻ        (1.10) 

 

Ⱦɢɮɮɟɪɟɧɰɢɪɭɸ ɭɪɚɜɧɟɧɢɹ (1.4) ɩɨ ɜɪɟɦɟɧɢ, ɩɨɥɭɱɚɟɬɫɹ ɮɨɪɦɭɥɚ (1.11): 

 

{ 
ݔ̇  = ݎ̇ ௫௥ − ሺcosሺ𝜔ݎ + 𝜗ሻ cos𝛺 − sinሺ𝜔 + 𝜗ሻ sin𝛺 cos 𝑖ሻ𝜗̇̇ݕ = ݎ̇ ௬௥ − ሺcosሺ𝜔ݎ + 𝜗ሻ sin𝛺 − sinሺ𝜔 + 𝜗ሻ cos𝛺 cos 𝑖ሻ𝜗̇̇ݖ = ݎ cos ݑ sin 𝑖  𝜗 + ௭௥ ݎ̇    (1.11) 

 

Ɏɨɪɦɭɥɚ (1.11) ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɮɨɪɦɭɥɵ (1.12) ɜɵɪɚɠɟɧɧɚɹ ɱɟɪɟɡ 

ɷɥɟɦɟɧɬɵ̇ݎ ɢ 𝜗̇ ɨɩɪɟɞɟɥɹɟɦɵɟ ɮɨɪɦɭɥɚɦɢ (1.9-1.10) ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

 

{  
   
    
ݔ̇  = √𝜇௣ ݁ sin𝜗 ሺcosݑ cos𝛺 − sin ݑ sin𝛺 cos 𝑖ሻ −−√𝜇௣ ሺͳ + ݁ cos 𝜗ሻሺsin ݑ cos𝛺 − cos ݑ sin𝛺 cos 𝑖ሻ̇ݕ = √𝜇௣ ݁ sin𝜗 ሺcos ݑ sin𝛺 − sin ݑ cos𝛺 cos 𝑖ሻ −−√𝜇௣ ሺͳ + ݁ cos 𝜗ሻ ሺsin ݑ sin𝛺 − cos ݑ cos𝛺 cos 𝑖ሻ̇ݖ = √𝜇௣ ݁ sin𝜗 sin ݑ sin 𝑖 + √𝜇௣ ሺͳ + ݁ cos 𝜗ሻ cos ݑ sin 𝑖

   (1.12) 
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ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɮɨɪɦɭɥɚ (1.12) ɩɪɟɨɛɪɚɡɭɟɬɫɹ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 

{  
ݔ̇   = ͹,͵ͷ͵ ݁ sin𝜗 ሺcosݑ cos𝛺 − sin ݑ sin𝛺 cos ͳ,ͶͶͺሻ −−͹,͵ͷ͵ ሺͳ + ݁ cos 𝜗ሻሺsinݑ cos𝛺 − cos ݑ sin𝛺 cos ͳ,ͶͶͺሻ̇ݕ = ͹,͵ͷ͵ ݁ sin𝜗 ሺcosݑ sin𝛺 − sin ݑ cos𝛺 cos ͳ,ͶͶͺሻ −−͹,͵ͷ͵ ሺͳ + ݁ cos 𝜗ሻ ሺsin ݑ sin𝛺 − cos ݑ cos𝛺 cos ͳ,ͶͶͺሻ̇ݖ = ͹,͵ͷ͵ ݁ sin𝜗 sin ݑ sin ͳ,ͶͶͺ + ͹,͵ͷ͵ ሺͳ + ݁ cos 𝜗ሻ cos ݑ sin ͳ,ͶͶͺ (1.13) 

 

Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ݔ,̇ ̇,ݕ  ɂɋɁ ɩɨ ɭɪɚɜɧɟɧɢɹɦ Ʉɟɩɥɟɪɚ ɫ ݖ̇

ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.2. 

 

 
 

Ɋɢɫɭɧɨɤ 1.2 – Ƚɪɚɮɢɤ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɩɨ ɭɪɚɜɧɟɧɢɹɦ Ʉɟɩɥɟɪɚ 
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Ɋɚɞɢɭɫ-ɜɟɤɬɨɪ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1.14) 

 𝑅 = ଶݔ√ + ଶݕ +  ଶ         (1.14)ݖ
 

Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɂɋɁ ɩɨ ɭɪɚɜɧɟɧɢɹɦ Ʉɟɩɥɟɪɚ ɫ ɲɚɝɨɦ ɜ 1 

ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.3. 

 

 
 

Ɋɢɫɭɧɨɤ 1.3 – Ƚɪɚɮɢɤ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɩɨ ɭɪɚɜɧɟɧɢɹɦ Ʉɟɩɥɟɪɚ 
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1.3 ɑɢɫɥɟɧɧɚя ɦɨɞɟɥɶ ɞɜɢɠɟɧɢя ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜ 

ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ. Ɇɟɬɨɞ Ɋɭɧɝɟ-Ʉɭɬɬɚ 

 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɟɪɟɣɬɢ ɢɡ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɱɢɫɥɟɧɧɭɸ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ. 

ɉɨ ɩɪɢɱɢɧɟ ɬɨɝɨ ɱɬɨ ɦɨɠɧɨ ɩɟɪɟɜɟɫɬɢ ɢɡ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ (ɋ20) ɬɨɥɶɤɨ ɱɢɫɥɟɧɧɭɸ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɄȺ. 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɫɨɜɪɟɦɟɧɧɵɟ ɄȺ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɧɚɜɢɝɚɰɢɢ ɱɢɫɥɟɧɧɵɟ 

ɦɨɞɟɥɢ, ɧɟɨɛɯɨɞɢɦɨ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɫɪɚɜɧɢɬɶ ɫ ɱɢɫɥɟɧɧɨɣ. ɑɢɫɥɟɧɧɚɹ 

ɦɨɞɟɥɶ ɩɪɢɧɢɦɚɟɬɫɹ ɡɚ ɷɬɚɥɨɧ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɚ 

ɱɢɫɥɟɧɧɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɄȺ, ɜ ɤɨɬɨɪɨɣ ɱɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɟɬɨɞɨɦ Ɋɭɧɝɟ-Ʉɭɬɬɚ. 

Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ. 

ɉɪɢ ɱɢɫɥɟɧɧɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 

(1.15) ɮɨɪɦɭɥɵ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɱɟɬɜёɪɬɨɝɨ ɩɨɪɹɞɤɚ ɢɦɟɸɬ ɜɢɞ: 

 

{   
  
𝑖ݔ̇    = 𝑖−ଵݔ̇ + Ͳ,ͳ͸͸͹ሺ݇ଵ𝑖 + ʹ݇ଶ𝑖 + ʹ݇ଷ𝑖 + ݇ସ𝑖ሻ,̇ݕ𝑖 = 𝑖−ଵݕ̇ + Ͳ,ͳ͸͸͹ሺ݈ଵ𝑖 + ʹ݈ଶ𝑖 + ʹ݈ଷ𝑖 + ݈ସ𝑖ሻ,̇ݖ𝑖 = 𝑖−ଵݖ̇ + Ͳ,ͳ͸͸͹ሺ݉ଵ𝑖 + ʹ݉ଶ𝑖 + ʹ݉ଷ𝑖 +݉ସ𝑖ሻ,ݔ𝑖 = 𝑖−ଵݔ + Ͳ,ͳ͸͸͹ሺ݌ଵ𝑖 + ଶ𝑖݌ʹ + ଷ𝑖݌ʹ + 𝑖ݕ,ସ𝑖ሻ݌ = 𝑖−ଵݕ + Ͳ,ͳ͸͸͹ሺݍଵ𝑖 + ଶ𝑖ݍʹ + ଷ𝑖ݍʹ + 𝑖ݖ,ସ𝑖ሻݍ = 𝑖−ଵݖ + Ͳ,ͳ͸͸͹ሺݏଵ𝑖 + ଶ𝑖ݏʹ + ଷ𝑖ݏʹ + .ସ𝑖ሻݏ

   (1.15) 

ሺ𝑖 = ͳ,ʹ,… , ݊ሻ 
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{   
  
    
 ݇ଵ𝑖 = ͳቆ− ଷଽ଼଺଴଴,ହሺ௫𝑖−భሻሺሺ௫𝑖−భሻమ+ሺ௬𝑖−భሻమ+ሺ௭𝑖−భሻమሻయమቇ ,݈ଵ𝑖 = ͳቆ− ଷଽ଼଺଴଴,ହሺ௬𝑖−భሻሺሺ௫𝑖−భሻమ+ሺ௬𝑖−భሻమ+ሺ௭𝑖−భሻమሻయమቇ ,݉ଵ𝑖 = ͳቆ− ଷଽ଼଺଴଴,ହሺ௭𝑖−భሻሺሺ௫𝑖−భሻమ+ሺ௬𝑖−భሻమ+ሺ௭𝑖−భሻమሻయమቇ ଵ𝑖݌, = ͳ̇ݔ𝑖−ଵ,ݍଵ𝑖 = ͳ̇ݕ𝑖−ଵ,ݏଵ𝑖 = ͳ̇ݖ𝑖−ଵ

     (1.16) 

 

{  
   
   
   
   
  ݇ଶ𝑖 = ͳ൮− ଷଽ଼଺଴଴,ହቀ௫𝑖−భ+೛భ𝑖మ ቁ(ቀ௫𝑖−భ+೛భ𝑖మ ቁమ+ቀ௬𝑖−భ+೜భ𝑖మ ቁమ+ቀ௭𝑖−భ+𝑠భ𝑖మ ቁమ)యమ) ,
݈ଶ𝑖 = ͳ൮− ଷଽ଼଺଴଴,ହቀ௬𝑖−భ+೜భ𝑖మ ቁ(ቀ௫𝑖−భ+೛భ𝑖మ ቁమ+ቀ௬𝑖−భ+೜భ𝑖మ ቁమ+ቀ௭𝑖−భ+𝑠భ𝑖మ ቁమ)యమ) ,
݉ଶ𝑖 = ͳ൮− ଷଽ଼଺଴଴,ହቀ௭𝑖−భ+𝑠భ𝑖మ ቁ(ቀ௫𝑖−భ+೛భ𝑖మ ቁమ+ቀ௬𝑖−భ+೜భ𝑖మ ቁమ+ቀ௭𝑖−భ+𝑠భ𝑖మ ቁమ)యమ) ଶ𝑖݌, = ͳቀ̇ݔ𝑖−ଵ + ௞భ𝑖ଶ ቁ ଶ𝑖ݍ, = ͳቀ̇ݕ𝑖−ଵ + ௟భ𝑖ଶ ቁ ଶ𝑖ݏ, = ͳቀ̇ݖ𝑖−ଵ + ௠భ𝑖ଶ ቁ .

   (1.17) 
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{  
   
   
   
   
  ݇ଷ𝑖 = ͳ൮− ଷଽ଼଺଴଴,ହቀ௫𝑖−భ+೛మ𝑖మ ቁ(ቀ௫𝑖−భ+೛మ𝑖మ ቁమ+ቀ௬𝑖−భ+೜మ𝑖మ ቁమ+ቀ௭𝑖−భ+𝑠మ𝑖మ ቁమ)యమ) ,
݈ଷ𝑖 = ͳ൮− ଷଽ଼଺଴଴,ହቀ௬𝑖−భ+೜మ𝑖మ ቁ(ቀ௫𝑖−భ+೛మమ ቁమ+ቀ௬𝑖−భ+೜మ𝑖మ ቁమ+ቀ௭𝑖−భ+𝑠మ𝑖మ ቁమ)యమ) ,
݉ଷ𝑖 = ͳ൮− ଷଽ଼଺଴଴,ହቀ௭𝑖−భ+𝑠మ𝑖మ ቁ(ቀ௫𝑖−భ+೛మ𝑖మ ቁమ+ቀ௬𝑖−భ+೜మ𝑖మ ቁమ+ቀ௭𝑖−భ+𝑠మ𝑖మ ቁమ)యమ) ଷ𝑖݌, = ͳቀ̇ݔ𝑖−ଵ + ௞మ𝑖ଶ ቁ ଷ𝑖ݍ, = ͳቀ̇ݕ𝑖−ଵ + ௟మ𝑖ଶ ቁ ଷ𝑖ݏ, = ͳቀݖ𝑖−ଵ + ௠మ𝑖ଶ ቁ .

   (1.18) 

 

{   
  
    
 ݇ସ𝑖 = ͳቆ− ଷଽ଼଺଴଴,ହሺ௫𝑖−భ+௣య𝑖ሻሺሺ௫𝑖−భ+௣య𝑖ሻమ+ሺ௬𝑖−భ+௤య𝑖ሻమ+ሺ௭𝑖−భ+௦య𝑖ሻమሻయమቇ ,݈ସ𝑖 = ͳቆ− ଷଽ଼଺଴଴,ହሺ௬𝑖−భ+௤య𝑖ሻሺሺ௫𝑖−భ+௣య𝑖ሻమ+ሺ௬𝑖−భ+௤య𝑖ሻమ+ሺ௭𝑖−భ+௦య𝑖ሻమሻయమቇ ,݉ସ𝑖 = ͳቆ− ଷଽ଼଺଴଴,ହሺ௭𝑖−భ+௦య𝑖ሻሺሺ௫𝑖−భ+௣య𝑖ሻమ+ሺ௬𝑖−భ+௤య𝑖ሻమ+ሺ௭𝑖−భ+௦య𝑖ሻమሻయమቇ ସ𝑖݌, = ͳሺ̇ݔ𝑖−ଵ + ݇ଷ𝑖ሻ,ݍସ𝑖 = ͳሺ̇ݕ𝑖−ଵ + ݈ଷ𝑖ሻ,ݏସ𝑖 = ͳሺ̇ݖ𝑖−ଵ +݉ଷ𝑖ሻ.

   (1.19) 

 

ɝɞɟℎ𝑖 = 𝑖ݐ − 𝑖−ଵݐ − ɦɚɥɵɣ ɲɚɝ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ; ݊ − ɱɢɫɥɨ ɲɚɝɨɜ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. 
 
Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɮɨɪɦɭɥɚɯ (1.15-1.19) ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɤɨɨɪɞɢɧɚɬ ɄȺ  
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Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɤɨɨɪɞɢɧɚɬ x, y, z ɂɋɁ ɜ ɪɚɡɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɧɚ 

ɩɪɨɬɹɠɟɧɢɢ 105 ɦɢɧɭɬ ɫ ɲɚɝɨɦ ɜ 1 ɫ, ɦɟɬɨɞɨɦ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ 

Ɂɟɦɥɢ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.4. 

 

 
 

Ɋɢɫɭɧɨɤ 1.4 – Ƚɪɚɮɢɤ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ 
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Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ݔ,̇ ̇,ݕ  ɂɋɁ ɦɟɬɨɞɨɦ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɜ ݖ̇

ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ ɢ ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.5. 

 

 
 

Ɋɢɫɭɧɨɤ 1.5 – Ƚɪɚɮɢɤ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ 
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Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɂɋɁ ɩɨ ɭɪɚɜɧɟɧɢɹɦ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɢ ɲɚɝɨɦ 

ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.6. 

 

 
 

Ɋɢɫɭɧɨɤ 1.6 – Ƚɪɚɮɢɤ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ 
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1.4 Ɋɚɫɯɨɠɞɟɧɢɟ ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ 

ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɠɞɟɧɢɣ ɦɟɠɞɭ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɢ ɱɢɫɥɟɧɧɨɣ ɮɨɪɦɨɣ 

ɞɜɢɠɟɧɢɹ ɄȺ ɩɨɡɜɨɥɢɬ ɨɰɟɧɢɬɶ ɬɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɬɟɨɪɢɢ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ. Ⱦɚɧɧɵɟ ɪɚɫɯɨɠɞɟɧɢɹ ɦɵ ɭɱɬɟɦ ɜ 

ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ. 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɢ ɱɢɫɥɟɧɧɨɣ 

ɦɨɞɟɥɹɯ ɨɩɢɫɵɜɚɸɳɢɯ ɞɜɢɠɟɧɢɹ ɄȺ ɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɯɨɠɞɟɧɢɟ ɜ 

ɞɚɧɧɵɯ ɦɨɞɟɥɹɯ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɢ ɩɪɨɟɤɰɢɹɦ ɫɤɨɪɨɫɬɟɣ. 
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Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ x, y, z ɂɋɁ ɩɨ ɭɪɚɜɧɟɧɢɹɦ Ɋɭɧɝɟ-

Ʉɭɬɬɚ ɢ Ʉɟɩɥɟɪɚ, ɫ ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.7. 

 

 
 

Ɋɢɫɭɧɨɤ 1.7 – Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɩɨ ɭɪɚɜɧɟɧɢɹɦ Ɋɭɧɝɟ-Ʉɭɬɬɚ 

ɢ Ʉɟɩɥɟɪɚ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.2. 

Ɍɚɛɥɢɰɚ 1.2- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɵɫɨɬɵ 

ɉɚɪɚɦɟɬɪ Ɉɫɶ x Ɉɫɶ y Ɉɫɶ z 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ -14,74 -1,03 - 7,372 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 0,058 1,103 7,31 
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Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ݔ,̇ ̇,ݕ  ɂɋɁ ɩɨ ݖ̇

ɭɪɚɜɧɟɧɢɹɦ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɢ Ʉɟɩɥɟɪɚ, ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.8. 

 

 
 

Ɋɢɫɭɧɨɤ 1.8 – Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɩɨ ɭɪɚɜɧɟɧɢɹɦ 

Ɋɭɧɝɟ-Ʉɭɬɬɚ ɢ Ʉɟɩɥɟɪɚ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.3. 

Ɍɚɛɥɢɰɚ 1.3- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ 

ɉɚɪɚɦɟɬɪ Ɉɫɶ x Ɉɫɶ y Ɉɫɶ z 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ -0,007351 -0,001872 -0,014625 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ 0,00739 0,00023 0,00012 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɝɪɚɮɢɤɨɜ 1.1-1.3 ɨɬɨɛɪɚɠɚɸɳɢɯ Ʉɟɩɥɟɪɨɜɨ 

ɧɟɜɨɡɦɭɳɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɄȺ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ, ɝɪɚɮɢɤɨɜ 1.4 – 1.6 

ɨɬɨɛɪɚɠɚɸɳɢɯ ɞɜɢɠɟɧɢɟ ɄȺ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɚ 

ɬɚɤɠɟ ɝɪɚɮɢɤɨɜ 1.7 - 1.8 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɪɚɫɯɨɠɞɟɧɢɟ ɦɨɞɟɥɟɣ ɧɟ 

ɩɪɟɜɵɲɚɟɬ 0,2 %, ɧɚ ɨɫɧɨɜɚɧɢɢ ɱɟɝɨ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɜ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɚɯ 

ɱɢɫɥɟɧɧɭɸ ɦɨɞɟɥɶ ɢ ɩɪɢɧɹɬɶ ɟё ɡɚ ɷɬɚɥɨɧ. 
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1.5 ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ Ɋɭɧɝɟ-Ʉɭɬɬɚ 

 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ 

ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɜɟɫɬɢ ɱɢɫɥɟɧɧɭɸ ɦɨɞɟɥɶ ɢɡ 

ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ. Ⱦɥɹ ɷɬɨɝɨ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɨɣ (1.20) [6]: 

 

{   
  
    
 ݇ଵ𝑖 = ͳቆ− ଷଽ଼଺଴଴,ହሺ௫𝑖−భሻሺሺ௫𝑖−భሻమ+ሺ௬𝑖−భሻమ+ሺ௭𝑖−భሻమሻయమቇ + 𝛥 ଵ݂,݈ଵ𝑖 = ͳቆ− ଷଽ଼଺଴଴,ହሺ௬𝑖−భሻሺሺ௫𝑖−భሻమ+ሺ௬𝑖−భሻమ+ሺ௭𝑖−భሻమሻయమቇ + 𝛥 ଶ݂,݉ଵ𝑖 = ͳቆ− ଷଽ଼଺଴଴,ହሺ௭𝑖−భሻሺሺ௫𝑖−భሻమ+ሺ௬𝑖−భሻమ+ሺ௭𝑖−భሻమሻయమቇ + 𝛥 ଷ݂,݌ଵ𝑖 = ͳ̇ݔ𝑖−ଵ,ݍଵ𝑖 = ͳ̇ݕ𝑖−ଵ,ݏଵ𝑖 = ͳ̇ݖ𝑖−ଵ

    (1.20) 

 

ɝɞɟ  Δf୬ - ɷɬɨ ɩɪɨɢɡɜɨɞɧɚɹ ɷɤɜɚɬɨɪɢɚɥɶɧɨɝɨ ɪɚɞɢɭɫɚ ɩɨɥɹ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɩɨ 

ɨɞɧɨɣ ɢɡ ɨɫɟɣ: f1 ɩɨ ɨɫɢ X, f2 ɩɨ ɨɫɢ Y, f3 ɩɨ ɨɫɢ Z , ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ 

(1.26): 

 Δf୬′ݔ, ,ݕ ݖ = ቀ𝐽ʹ ∗  
𝜇∗ோэଶ  ∗  

ଷ∗ௌ𝐼𝑁ሺ𝜑ሻమ−ଵ௥బయ ቁ′      (1.21) 

 

Ⱦɥɹ ɩɟɪɟɯɨɞɚ ɢɡ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ ɜ ɩɨɥɟ Сଶ଴.ɧɟɨɛɯɨɞɢɦɨ 

ɩɟɪɟɫɱɢɬɚɬɶ ɮɨɪɦɭɥɭ (1.15) ɡɚɦɟɧɹɹ ɩɪɢ ɪɚɫɱɟɬɟ ɮɨɪɦɭɥɭ (1.16) ɧɚ ɮɨɪɦɭɥɭ 

(1.20), ɞɚɧɧɵɟ ɮɨɪɦɭɥɵ ɛɵɥɢ ɜɵɜɟɞɟɧɵ ɫɨɬɪɭɞɧɢɤɚɦɢ ɇɉɈ ɉɆ Ȼ.ɇ. ɋɭɯɢɯ ɢ 

ȼ.ɂ. Ʉɭɞɵɦɨɜɵɦ. 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɞɜɢɠɟɧɢɹ ɫɩɭɬɧɢɤɨɜ ɩɪɢɦɟɧɹɸɬ ɷɤɜɚɬɨɪɢɚɥɶɧɭɸ ɫɢɫɬɟɦɭ 

ɤɨɨɪɞɢɧɚɬ, ɝɞɟ ɨɫɧɨɜɧɚɹ ɩɥɨɫɤɨɫɬɶ- ɩɥɨɫɤɨɫɬɶ ɷɤɜɚɬɨɪɚ ɩɥɚɧɟɬɵ. ɉɨɥɨɠɟɧɢɟ 

ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ ɫɩɭɬɧɢɤɚ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɝɥɨɦ ɧɚɤɥɨɧɚ ɢ 
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ɞɨɥɝɨɬɨɣ ɜɨɫɯɨɞɹɳɟɝɨ ɭɡɥɚ. Ⱥ ɜ ɮɨɪɦɭɥɟ (1.21) sin𝜑 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

(1.22): 

 sin𝜑 = sin ݑ + sin 𝑖         (1.22) 
 

Ⱦɚɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɨɫɤɭɥɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɄȺ ɜ 

ɜɢɞɟ ɪɹɞɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨ ɫɬɟɩɟɧɹɦ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ 

ɫɠɚɬɢɹ Ɂɟɦɥɢ. 

ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɪɚɧɟɟ ɩɪɢɜɟɞɟɧɧɵɦɢ ɮɨɪɦɭɥɚɦɢ Ɋɭɧɝɟ-Ʉɭɬɬɚ, 

ɩɪɟɨɛɪɚɡɨɜɚɜ ɢɯ ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥ (1.19-1.21) ɩɨɥɭɱɚɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ.  

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɢ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɄȺ ɦɨɞɟɥɢ Ɋɭɧɝɟ-Ʉɭɬɬɚ. 

Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɤɨɨɪɞɢɧɚɬ x, y, z ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ ɢ ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.9. 

 

 
 
Ɋɢɫɭɧɨɤ 1.9 – Ƚɪɚɮɢɤ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɩɨ ɭɪɚɜɧɟɧɢɹɦ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɜ ɩɨɥɟ 

ɫɠɚɬɨɣ Ɂɟɦɥɢ 
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Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ݔ,̇ ̇,ݕ  ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɜ ݖ̇

ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɢ ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚɪɢɫɭɧɤɟ1.10. 

 

 
 

Ɋɢɫɭɧɨɤ 1.10 – Ƚɪɚɮɢɤ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɩɨ ɭɪɚɜɧɟɧɢɹɦ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɜ 

ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ɉɩɪɟɞɟɥɢɜ ɱɢɫɥɟɧɧɭɸ ɦɨɞɟɥɶ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɜɨɡɦɨɠɧɨ ɩɟɪɟɣɬɢ ɤ 

ɩɨɫɬɪɨɟɧɢɸ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɞɚɧɧɨɦ ɩɨɥɟ. 
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2 ɉɨɫɬɪɨɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

2.1 ȼɢɞɵ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɞɜɢɠɟɧɢя ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ 

 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɫɫɥɟɞɨɜɚɬɶ ɬɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 

ɦɨɞɟɥɟɣ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɞɚɧɧɵɟ 

ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɩɨ ɫɥɟɞɭɸɳɢɦ ɦɟɬɨɞɢɤɚɦ: 

ɚ) ɦɨɞɟɥɢ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ; 

ɛ) ɦɨɞɟɥɢ Ʉɨɡɚɢ; 

ɜ) ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɚɹ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. 

ɉɟɪɜɨɣ ɪɚɫɫɦɨɬɪɢɦ ɦɨɞɟɥɶ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ. 

 

2.2 ɉɨɫɬɪɨɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ 

 

Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ȼ.Ɏ. ɉɪɨɫɤɭɪɢɧɵɦ ɢ ɘ.ȼ. Ȼɚɬɪɚɤɨɜɵɦ, 

ɭɱɢɬɵɜɚɟɬ ɧɟɫɮɟɪɢɱɧɨɫɬɶ ɩɥɚɧɟɬɵ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ 

ɨɬɤɥɨɧɟɧɢɹ ɨɪɛɢɬɵ ɞɚɧɧɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

ɧɟɜɨɡɦɭɳɟɧɧɵɦ Ʉɟɩɥɟɪɨɜɵɦ ɞɜɢɠɟɧɢɟɦ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɢɫɩɨɥɶɡɭɟɬ ɦɟɬɨɞ 

ɜɚɪɢɚɰɢɢ ɩɪɨɢɡɜɨɥɶɧɵɯ ɩɨɫɬɨɹɧɧɵɯ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɩɪɨɫɬɢɬɶ ɩɟɪɟɯɨɞ ɨɬ 

ɧɟɜɨɡɦɭɳɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɤ ɪɟɚɥɶɧɨɦɭ. 

ɇɚɯɨɠɞɟɧɢɟ ɜɨɡɦɭɳɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɦɨɞɟɥɢ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ. 

ȼɨɡɦɭɳɟɧɢɟ ߜ𝑎 ɢɦɟɟɬ ɜɢɞ (2.1): 

 

𝑎ߜ = 𝑎 (ʹ𝐽 ቀ𝑎𝑎ቁଶ ቀͳ − ଷଶ sinଶ 𝑖ቁ ቀ݁ cos𝑀 + ଷଶ ݁ଶ cos ʹ𝑀ቁ ++𝐽 ቀ𝑎𝑎ቁଶ sinଶ 𝑖 ቀ− ଵଶ ݁ cosሺ𝑀 + ʹ𝜔ሻቁ ++ቀͳ − ହଶ ݁ଶቁ cosሺʹ𝑀 + ʹ𝜔ሻ ++ ଻ଶ ݁ cosሺ͵𝑀 + ʹ𝜔ሻ + ଵ଻ଶ ݁ଶ cosሺͶ𝑀 + ʹ𝜔ሻቁ ,
    (2.1) 

ɝɞɟ ɚ – ɛɨɥɶɲɚɹ ɩɨɥɭɨɫɶ; 
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      J – ɩɚɪɚɦɟɬɪ ɜɨɡɦɭɳɟɧɢɹ ɝɚɪɦɨɧɢɤɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ, ɭɱɢɬɵɜɚɸɳɟɣ 

ɫɠɚɬɨɫɬɶ ɡɟɦɥɢ; 

     ɟ – ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ; 

    ɚ` - ɫɪɟɞɧɢɣ ɪɚɞɢɭɫ Ɂɟɦɥɢ; 

    Ɇ – ɷɩɨɯɚ; 
     𝜔 – ɚɪɝɭɦɟɧɬ ɩɟɪɢɰɟɧɬɪɚ; 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɢ ɮɨɪɦɭɥɚ (2.1) ɩɪɢɦɟɬ 

ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

𝑎ߜ  = ͹͵͹ͳ ቀͲ.ͲͲʹͶʹ ቀͳ − ଷଶ sinଶ ͳ.ͶͶͺ͸ቁ ሺͲ.ͲͲͳ cos𝑀 + Ͳ.ͲͲͲͲͲͳͷ cos ʹ𝑀ሻ ++Ͳ.ͲͲͳʹͳ sinଶ ͳ.ͶͶͺ͸ ሺ−Ͳ.ͲͲͲͷ cosሺ𝑀ሻሻ + Ͳ.ͻͻͻͻͻ͹ͷ cosሺʹ𝑀ሻ ++Ͳ.ͲͲ͵ͷ cosሺ͵𝑀ሻ + Ͳ.ͲͲͲͲͲͺͷ cosሺͶ𝑀ሻሻ,  (2.2) 

 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.1. 
 

 
 

Ɋɢɫɭɧɨɤ 2.1 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜ𝑎 ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 

Ɍɚɛɥɢɰɚ 2.1- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜ𝑎 

ɉɚɪɚɦɟɬɪ ߜ𝑎 

ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɤɦ 0,000001504 

ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɤɦ -0,00000255 

ȼɨɡɦɭɳɟɧɢɟ ݁ߜ ɢɦɟɟɬ ɜɢɞ (2.3): 
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݁ߜ  = 𝐽 ቀ𝑎𝑎ቁଶ ቀͳ − ଷଶ sinଶ 𝑖ቁ [ቀͳ + ଵ଼ ݁ଶቁ cos𝑀 + ଷଶ ݁ cos ʹ𝑀 + ହଷଶସ ݁ଶ cos ͵𝑀] ++ ଵଶ 𝐽 ቀ𝑎𝑎ቁଶ sinଶ 𝑖 ቀଵଶ ቀͳ − ଵ଼ ݁ଶቁ cosሺʹ𝑀 + ʹ𝜔ሻቁ ++ ଵଵ଺ ݁ଶ cosሺ𝑀 − ʹ𝜔ሻ − ଵଶ ݁ cosሺʹ𝑀 + ʹ𝜔ሻ ++ ଻଺ ቀͳ − ଶଷହହ଺ ݁ଶቁ cosሺ͵𝑀 + ʹ𝜔ሻ ++ ଵ଻ସ ݁ cosሺͶ𝑀 + ʹ𝜔ሻ + ଵ଺ଽଵ଺ ݁ଶ cosሺͷ𝑀 + ʹ𝜔ሻ,
  (2.3) 

 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɢ ɮɨɪɦɭɥɚ (2.2) ɩɪɢɦɟɬ 

ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

݁ߜ  = Ͳ.ͲͲͳʹͳ͵ ቀͳ − ଷଶ sinଶ ͳ.ͶͶͺ͸ቁ [ቀͳ + ଵ଼ Ͳ.ͲͲͳଶቁ cos𝑀 +Ͳ.ͲͲͳͷ cos ʹ𝑀 ++Ͳ.ͲͲͲͲͲʹͷʹ cos ͵𝑀] + Ͳ.ͲͲͲ͸Ͳ͸ sinଶ ͳ.ͶͶͺ͸ ሺͲ.Ͷͻͻͻͻͻͻ͵ cosሺʹ𝑀ሻሻ ++Ͳ.ͲͲͲͲͲͲͲ͸ʹͷ cosሺ𝑀ሻ − Ͳ.ͲͲͲͷ cosሺʹ𝑀ሻ ++ͳ.ͳ͸͸͸ cosሺ͵𝑀ሻ + Ͳ.ͲͲͶʹͷ cosሺͶ𝑀ሻ + Ͳ.ͲͲͲͲͳͲͷ͸ cosሺͷ𝑀ሻ,   (2.4) 

 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.2. 

 

 
 

Ɋɢɫɭɧɨɤ 2.2 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ݁ߜ ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.2. 
Ɍɚɛɥɢɰɚ 2.2- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜе 

ɉɚɪɚɦɟɬɪ ߜе 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,000840827 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,000842991 

ȼɨɡɦɭɳɟɧɢɟ ߜ𝑖 ɢɦɟɟɬ ɜɢɞ (2.5): 
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𝑖ߜ}  = ͳʹ 𝐽 ቀ𝑎𝑎ቁʹ sinʹ 𝑖 cosʹ 𝑖 ሺ−݁ cosሺ𝑀 + ʹ𝜔ሻ + ሺͳ − ʹ݁ʹሻ cosሺʹ𝑀 + ʹ𝜔ሻ ++ ͹͵ ݁ cosሺ͵𝑀 − ʹ𝜔ሻ + ͳ͹Ͷ ݁ʹ cosሺͶ𝑀 + ʹ𝜔ሻ   (2.5) 

 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɢ ɮɨɪɦɭɥɚ (2.5) ɩɪɢɦɟɬ 

ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

𝑖ߜ}  = Ͳ.ͲͲͲ͸Ͳ͸ sinʹ ͳ.ͶͶͺ͸ cosʹ ͳ.ͶͶͺ͸ ሺ−Ͳ.ͲͲͳ cosሺ𝑀ሻ + Ͳ.ͻͻͻͻͻͺ cosሺʹ𝑀ሻ ++Ͳ.ͲͲʹ͵͵͵ cosሺ͵𝑀ሻ + Ͳ.ͲͲͲͲͲͶʹͷ cosሺͶ𝑀ሻ  (2.6) 

 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.3. 

 

 
 

Ɋɢɫɭɧɨɤ 2.3 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜ𝑖 ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.3. 

Ɍɚɛɥɢɰɚ 2.3- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜ𝑖 
ɉɚɪɚɦɟɬɪ ߜ𝑖 

ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,00007345 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,000073353 
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ȼɨɡɦɭɳɟɧɢɟ ߜ𝛺 ɢɦɟɟɬ ɜɢɞ (2.7): 
𝛺ߜ}  = 𝐽 ቀ𝑎𝑎ቁʹ cos 𝑖 [ሺͳ + ʹ݁ʹሻ݊ݐ + ͵݁ sin𝑀 + ͻͶ ݁ʹ sin ʹ𝑀 + ͳʹ ݁ sinሺ𝑀 + ʹ𝜔ሻ −− ͳʹ ሺͳ − ݁ʹሻ sinሺʹ𝑀 + ʹ𝜔ሻ − ͹͸ ݁ sinሺ͵𝑀 + ʹ𝜔ሻ − ͳ͹ͅ ݁ʹ sinሺͶ𝑀 + ʹ𝜔ሻ]  (2.7) 

 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɢ ɮɨɪɦɭɥɚ (2.7) ɩɪɢɦɟɬ 

ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

 { 𝛺ߜ = Ͳ.ͲͲͲ͸Ͳ͸ cos ͳ.ͶͶͺ͸ [Ͳ.ʹͻͻʹͺ + Ͳ.ͲͲ͵ sin𝑀 + Ͳ.ͲͲͲͲͲʹʹͷ sin ʹ𝑀 ++Ͳ.ͲͲͲͷ sinሺ𝑀ሻ−Ͳ.Ͷͻͻͻ sinሺʹ𝑀ሻ − Ͳ.ͲͲͳͳ͸ sinሺ͵𝑀ሻ − Ͳ.ͲͲͲͲͲʹͳʹͷ sinሺͶ𝑀ሻ] (2.8) 

 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.4. 
 

 
 

Ɋɢɫɭɧɨɤ 2.4 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜ𝛺 ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.4. 

Ɍɚɛɥɢɰɚ 2.4- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜ𝛺 

ɉɚɪɚɦɟɬɪ ߜ𝛺 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,000501285 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,000500356 
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ȼɨɡɦɭɳɟɧɢɟ ߜ𝜋 ɢɦɟɟɬ ɜɢɞ (2.9): 
 

{   
  
    
𝜋ߜ  = −𝐽 ቀ𝑎𝑎ቁʹ [ሺcos 𝑖 − cosʹ 𝑖ሻሺ݁݊ݐ + ͵݁ʹ sin𝑀 + ͳʹ ݁ʹ sinሺ𝑀 + ʹ𝜔ሻ −− ͳʹ ݁ sinሺʹ𝑀 + ʹ𝜔ሻ − ͹͸ ݁ʹ sinሺ͵𝑀 + ʹ𝜔ሻ] ++𝐽 ቀ𝑎𝑎ቁʹ ቀͳ − ͵ʹ sinʹ 𝑖ቁ ݐ݊݁] + ቀͳ + ʹ͵ͅ ݁ʹቁ sin𝑀 ++ ͵ʹ ݁ sin ʹ𝑀 + ͷ͵ʹͶ ݁ʹ sin ͵𝑀] − ͳͶ 𝐽 ቀ𝑎𝑎ቁʹ sinʹ 𝑖 [ቀͳ − ͹ͅ ݁ʹቁ sinሺ𝑀 + ʹ𝜔ሻ −− ͳͅ ݁ʹ sinሺ𝑀 − ʹ𝜔ሻ + ͷ݁ sinሺʹ𝑀 + ʹ𝜔ሻ − ͹͵ ቀͳ − ͵ͻ͹ͷ͸ ݁ʹቁ sinሺ͵𝑀 + ʹ𝜔ሻ −− ͳ͹ʹ ݁ sinሺͶ𝑀 + ʹ𝜔ሻ − ͳ͸ͻͺ ݁ʹ sinሺͷ𝑀 + ʹ𝜔ሻ]

  (2.9) 

 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɢ ɮɨɪɦɭɥɚ (2.9) ɩɪɢɦɟɬ 

ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

 

{   
𝜋ߜ    = −Ͳ.ͲͲͳʹͳ͵[ሺcos ͳ.ͶͶͺ͸ − cosʹ ͳ.ͶͶͺ͸ሻሺͲ.ͲͲͲʹͻͻ + Ͳ.ͲͲͲͲͲ͵ sin𝑀 ++Ͳ.ͲͲͲͲͲͲͷ sinሺ𝑀ሻ − Ͳ.ͲͲͲͷ sinሺʹ𝑀ሻ − Ͳ.ͲͲͲͲͲͳͳ͸͸ sinሺ͵𝑀ሻ] ++Ͳ.ͲͲͳʹͳ͵ ቀͳ − ͵ʹ ͳ.ͶͶͺ͸ቁ [Ͳ.ͲͲͲʹͻͻ + ͳ.ͲͲͲͲͲʹͺ͹ͷ sin𝑀 ++ Ͳ.ͲͲͳͷ sin ʹ𝑀 + Ͳ.ͲͲͲͲͲʹʹ sin ͵𝑀] − Ͳ.ͲͲͲ͵Ͳ͵ sinʹ ͳ.ͶͶͺ͸ [Ͳ.ͻͻͻͻͻ sinሺ𝑀ሻ −−Ͳ.ͲͲͲͲͲͲͳʹͷ sinሺ𝑀ሻ + Ͳ.ͲͲͷ sinሺʹ𝑀ሻ −ʹ.͵͵͵͵ͳ sinሺ͵𝑀ሻ −−Ͳ.ͲͲͺͷ sinሺͶ𝑀ሻ − Ͳ.ͲͲͲͲʹͳͳ sinሺͷ𝑀ሻ]

(2.10) 

 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.5. 

 

 
 

Ɋɢɫɭɧɨɤ 2.5 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜ𝜋 ɜɨ ɜɪɟɦɟɧɢ 
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Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.5. 

Ɍɚɛɥɢɰɚ 2.5- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜ𝜋 

ɉɚɪɚɦɟɬɪ ߜ𝜋 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,000001572 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,000001576 

 

ȼɨɡɦɭɳɟɧɢɟ ߝߜ ɢɦɟɟɬ ɜɢɞ (2.11): 

 

{   
  
    
ߝߜ  = ʹ𝐽 ቀ𝑎𝑎ቁʹ ቀͳ − ͵ʹ sinʹ 𝑖ቁ [ቀͳ + ͹Ͷ ݁ʹቁ ݐ݊ + ͳͶ͵ ݁ sin𝑀 + ʹͳͅ ݁ʹ sin ʹ𝑀] ++͵𝐽 ቀ𝑎𝑎ቁʹ sinʹ 𝑖 [− ͳ͵ʹͶ ݁ cosሺ𝑀 + ʹ𝜔ሻ + ͳʹ ቀͳ − ͵ͷͳʹ ݁ʹቁ sinሺ𝑀 + ʹ𝜔ሻ ++ ͻͳͺʹ ݁ sinሺ͵𝑀 + ʹ𝜔ሻ + ͳͳͻͶͺ ݁ʹ sinሺͶ𝑀 + ʹ𝜔ሻ] −−𝐽 ቀ𝑎𝑎ቁʹ ሺcos 𝑖 − cosʹ 𝑖ሻ [ሺͳ + ʹ݁ʹሻ݊ݐ + ͵݁ sin𝑀 + ͻͶ ݁ʹ sin ʹ𝑀 ++ ͳʹ ݁ sinሺ𝑀 + ʹ𝜔ሻ − ͳʹ ሺͳ − ݁ʹሻ sinሺʹ𝑀 + ʹ𝜔ሻ −− ͹͸ ݁ sinሺ͵𝑀 + ʹ𝜔ሻ − ͳ͹ͅ ݁ʹ sinሺͶ𝑀 + ʹ𝜔ሻ]

  (2.11) 

 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɢ ɮɨɪɦɭɥɚ (2.11) ɩɪɢɦɟɬ 

ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

 

{   
ߝߜ    = Ͳ.ͲͲʹͶʹ͸ ቀͳ − ͵ʹ sinʹ ͳ.ͶͶͺ͸ቁ [Ͳ.ʹͻͻʹ + Ͳ.ͲͲ͵ʹͷ sin 𝑀 ++Ͳ.ͲͲͲͲͲʹ͸ʹ sin ʹ𝑀] + Ͳ.ͲͲ͵͸͵ͺ sinʹ ͳ.ͶͶͺ͸ [−Ͳ.ͲͲͲͷͶͳ cosሺ𝑀ሻ ++Ͳ.Ͷͻͻͻ sinሺ𝑀ሻ + Ͳ.ͲͲͳͳ sinሺ͵𝑀ሻ + Ͳ.ͲͲͲͲͲʹͶ sinሺͶ𝑀ሻ] −−Ͳ.ͲͲͳʹͳ͵ሺcos ͳ.ͶͶͺ͸ − cosʹ ͳ.ͶͶͺ͸ሻ[Ͳ.ʹͻͻʹ ++Ͳ.ͲͲ͵ sin𝑀 + Ͳ.ͲͲͲͲͲʹʹͷ sin ʹ𝑀 + Ͳ.ͲͲͲͷ sinሺ𝑀ሻ − Ͳ.Ͷͻͻͻ sinሺʹ𝑀ሻ −−Ͳ.ͲͲͳͳ͸͸ sinሺ͵𝑀ሻ − Ͳ.ͲͲͲͲͲʹͳʹͷ sinሺͶ𝑀ሻ]

 (2.12) 
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Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.6. 

 

 
 

Ɋɢɫɭɧɨɤ 2.6 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߝߜ ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.6. 
Ɍɚɛɥɢɰɚ 2.6- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߝߜ 

ɉɚɪɚɦɟɬɪ ߝߜ 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,000010181 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,000010182 

 
ɇɚɯɨɠɞɟɧɢɟ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ. 

ȼɟɤɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɫɪɟɞɢ ɜɨɡɦɭɳɟɧɢɣ 

ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, ɜɜɢɞɭ ɬɨɝɨ ɱɬɨ ɨɧɢ ɜɨɡɪɚɫɬɚɸɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɜɪɟɦɟɧɢ. 

ȼɜɢɞɭ ɷɬɨɝɨ ɜɟɤɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ ɬɪɟɛɭɟɬɫɹ ɜɵɱɢɫɥɹɬɶ ɫ ɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɶɸ, 

ɱɟɦ ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ [1]. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɹ ɭɞɨɛɧɟɟ ɜɦɟɫɬɨ ɷɥɟɦɟɧɬɨɜ Ω ɢ ε 

ɜɜɟɫɬɢ ɷɥɟɦɟɧɬɵ ω ɢ М଴, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (2.13-2.14): 

 𝜔 = 𝜋 − 𝛺           (2.13) 
 
 𝑀଴ = ߝ − 𝜋           (2.14) 
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Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ߜ𝜔 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.7. 

 

 
 

Ɋɢɫɭɧɨɤ 2.7 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜ𝜔 ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.7. 

Ɍɚɛɥɢɰɚ 2.7- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜ𝜔 

ɉɚɪɚɦɟɬɪ δω 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,0005 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,0005 

 
Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ М଴ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.8. 
 

 
 

Ɋɢɫɭɧɨɤ 2.8 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ М଴ ɜɨ ɜɪɟɦɟɧɢ 
Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.8. 
Ɍɚɛɥɢɰɚ 2.8- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ М଴ 
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ɉɚɪɚɦɟɬɪ М଴ 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,000010477 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,000010474 

ɇɚɯɨɠɞɟɧɢɟ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ 𝛺`,𝜔`, 𝑀଴̀ ɩɨ ɮɨɪɦɭɥɟ (2.15): 
 

{  
𝛺векߜ   = −𝐽 ቀ𝑎𝑎ቁଶ c୭s 𝑖ሺଵ−𝑒మሻమ 𝜔векߜ, ݊ = ଵଶ 𝐽 ቀ𝑎𝑎ቁଶ ହ c୭sమ 𝑖−ଵሺଵ−𝑒మሻమ Мовекߜ, ݊ = ଵଶ 𝐽 ቀ𝑎𝑎ቁଶ ଷ c୭sమ 𝑖−ଵሺଵ−𝑒మሻమ ݊.

        (2.15) 

 
ȼɟɤɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ ɩɨɫɬɨɹɧɧɵɟ ɢ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.9. 

Ɍɚɛɥɢɰɚ 2.9 – ȼɟɤɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ ɦɨɞɟɥɢ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ 
ɗɥɟɦɟɧɬ Ɂɧɚɱɟɧɢɟ, ɪɚɞ 

Ω ɜɟɤɨɜɚɹ -0,0000001475 
ω ɜɟɤɨɜɚɹ -0,0000005600 М଴ɜɟɤɨɜɚɹ -0,0000005780 

 

ɇɚɯɨɠɞɟɧɢɟ ɩɨɥɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ. 

ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɢɬɨɝɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɨɩɢɫɵɜɚɟɬɫɹ 

ɮɨɪɦɭɥɨɣ (2.16): 

 

{  
  𝑎 = 𝑎଴ + 𝑎݁ߜ = ݁଴ + 𝑖݁ߜ = 𝑖଴ + 𝑖𝛺ߜ = 𝛺Ͳ + 𝛺ߜ + 𝛺век𝜔ߜ = 𝜔Ͳ + 𝜔ߜ + 𝜔век𝑀Ͳߜ = 𝑀Ͳ + 𝑀Ͳߜ + Мовекߜ

        (2.16) 

 
Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑎 ɜɨ ɜɪɟɦɟɧɢ ɢɡɨɛɪɚɠɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 2.9. 
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Ɋɢɫɭɧɨɤ 2.9 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑎 ɜɨ ɜɪɟɦɟɧɢ 
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.10. 
Ɍɚɛɥɢɰɚ 2.10- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 𝑎 

ɉɚɪɚɦɟɬɪ 𝑎 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɤɦ 7371,0000015 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɤɦ 7370,9999975 

 
Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ݁ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.10. 
 

 
 

Ɋɢɫɭɧɨɤ 2.10 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ݁ ɜɨ ɜɪɟɦɟɧɢ 
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.11. 
Ɍɚɛɥɢɰɚ 2.11- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ݁ 

ɉɚɪɚɦɟɬɪ ݁ 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,001841 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ 0,000157 
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Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑖 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.11. 
 

 
 

Ɋɢɫɭɧɨɤ 2.11 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑖 ɜɨ ɜɪɟɦɟɧɢ 
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.12. 
Ɍɚɛɥɢɰɚ 2.12- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 𝑖 

ɉɚɪɚɦɟɬɪ 𝑖 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 1,448693 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ 1,448547 

 
Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝛺 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.12. 
 

 
 

Ɋɢɫɭɧɨɤ 2.12 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝛺 ɜɨ ɜɪɟɦɟɧɢ 
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.13. 
Ɍɚɛɥɢɰɚ 2.13- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 𝛺 

ɉɚɪɚɦɟɬɪ 𝛺 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,000501 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,0005 
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Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝜔 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.13. 
 

 
 

Ɋɢɫɭɧɨɤ 2.13 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ𝜔ɜɨ ɜɪɟɦɟɧɢ 
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.14. 
Ɍɚɛɥɢɰɚ 2.14- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 𝜔 

ɉɚɪɚɦɟɬɪ 𝜔 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,000499669 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,000501723 

 
Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑀଴ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.14. 
 

 
 

Ɋɢɫɭɧɨɤ 2.14 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑀଴ ɜɨ ɜɪɟɦɟɧɢ 
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.15. 
Ɍɚɛɥɢɰɚ 2.15- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ М଴ 

ɉɚɪɚɦɟɬɪ М଴ 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 1,000009899 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -1,000011052 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɢ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɄȺ ɦɨɞɟɥɢ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ. Ɉɩɪɟɞɟɥɹɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɢ ɩɪɨɟɤɰɢɢ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɩɨ ɮɨɪɦɭɥɚɦ 

(1.1 - 1.12). 

Ƚɪɚɮɢɤɢ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɞɥɹ ɦɨɞɟɥɢ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ ɢɡɨɛɪɚɠɟɧɵ 

ɧɚ ɪɢɫɭɧɤɟ 2.15. 

 

 
 

Ɋɢɫɭɧɨɤ 2.15 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɜɨ ɜɪɟɦɟɧɢ ɞɥɹ ɦɨɞɟɥɢ 
ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.16. 
Ɍɚɛɥɢɰɚ 2.16- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɵɫɨɬɵ ɨɪɛɢɬɵ 

ɉɚɪɚɦɟɬɪ Ɉɫɶ x Ɉɫɶ y Ɉɫɶ z 
ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ 7360,55 898,859 7315,984 
ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ -7375,31 -898,859 -7315,98 
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Ƚɪɚɮɢɤɢ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɞɥɹ ɦɨɞɟɥɢ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ 

ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.16. 

 

 
 

Ɋɢɫɭɧɨɤ 2.16 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɜɨ ɜɪɟɦɟɧɢ 
ɞɥɹ ɦɨɞɟɥɢ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.17. 

Ɍɚɛɥɢɰɚ 2.17- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ 

ɉɚɪɚɦɟɬɪ Ɉɫɶ x Ɉɫɶ y Ɉɫɶ z 
ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ 7,3537 0,896948 7,309297 
ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ -7,3537 -0,89516 -7,29468 
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2.3 ɉɨɫɬɪɨɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢя Ʉɨɡɚɢ 
 
Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɧɟɛɟɫɧɵɯ ɬɟɥ ɫɨɡɞɚɧɧɚɹ ɚɫɬɪɨɧɨɦɨɦ 

Ʉɨɡɚɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɭɱɟɬ ɜɟɤɨɜɵɯ ɢ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ 

ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ ɜ ɝɚɪɦɨɧɢɤɟ ɫ ɢɧɞɟɤɫɨɦ «20» ɭɱɢɬɵɜɚɸɳɟɣ 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɜɥɢɹɧɢɟ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɫɠɚɬɢɹ Ɂɟɦɥɢ ɩɨ ɩɨɥɸɫɚɦ. Ⱦɥɹ 

ɩɨɫɬɪɨɟɧɢɹ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɢɠɟɢɡɥɨɠɟɧɧɵɟ 

ɜɵɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɡɚɦɤɧɭɬɵɦɢ ɜɵɪɚɠɟɧɢɹɦɢ ɤɚɤ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ (ɟ) ɬɚɤ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɤɥɨɧɚ ɨɪɛɢɬɵ (i) [1]. 

Ⱦɥɹ ɭɱɟɬɚ ɜɨɡɦɭɳɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɨɩɪɟɞɟɥɢɦ ɜɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ 

ɨɪɛɢɬɵ. ɉɪɢ ɧɚɯɨɠɞɟɧɢɢ ɜɨɡɦɭɳɟɧɢɣ ɩɪɢɧɢɦɚɟɬɫɹ ɫɥɟɞɭɸɳɟɟ: ݌ = 𝑎ሺͳ − ݁ଶሻ. 
ɇɚɯɨɠɞɟɧɢɟ ɜɨɡɦɭɳɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɦɨɞɟɥɢ Ʉɨɡɚɢ 

 

ȼɨɡɦɭɳɟɧɢɟ ߜଶ𝑎 ɢɦɟɟɬ ɜɢɞ (2.17): 

ଶ𝑎ߜ  = ቀ𝑎𝑎ቁଶ 𝐽 [ଶଷ ቀͳ − ଷଶ sinଶ 𝑖ቁ (ቀ𝑎௥ቁଷ − ሺͳ − ݁ଶሻ−యమ) + ቀ𝑎௥ቁଷ sinଶ 𝑖 cos ʹሺݒ + 𝜔ሻ]  (2.17) 

 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɢ ɮɨɪɦɭɥɚ (2.18) ɩɪɢɦɟɬ 

ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

ଶ𝑎ߜ  = Ͳ.ͲͲͳʹͳ͵ [ଶଷ ቀͳ − ଷଶ sinଶ ͳ.ͶͶͺ͸ቁ Ͳ.ͲͲ͵ + ͳ.ͲͲ͵ sinଶ 𝑖 cos ʹሺݒሻ]    (2.19) 
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Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.16. 
 

 
 

Ɋɢɫɭɧɨɤ 2.16 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ𝑎  ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.17. 
Ɍɚɛɥɢɰɚ 2.17- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ𝑎 

ɉɚɪɚɦɟɬɪ ߜଶ𝑎 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɤɦ 0,008825 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɤɦ -0,00881 

 
ȼɨɡɦɭɳɟɧɢɟ ߜଶ݁ ɢɦɟɟɬ ɜɢɞ (2.20): 

 

݁ʹߜ} = ͳ−݁ʹ݁ 𝑎`ʹ𝑎ʹ 𝐽 [ͳ͵ ቀͳ − ͵ʹ sinʹ 𝑖ቁ ቀቀ𝑎ݎቁ͵ − ሺͳ − ݁ʹሻ−͵ʹቁ + ͳʹ ቀ𝑎ݎቁ͵ sinʹ 𝑖 cos ʹሺݒ + 𝜔ሻ] −− sinʹ 𝑖ʹ݁ 𝑎`ʹ𝑎݌ 𝐽 ቀcos ʹሺݒ + 𝜔ሻ + ݁ cosሺݒ + ʹ𝜔ሻ + ͳ͵ ݁ cosሺ͵ݒ + ʹ𝜔ሻቁ  (2.20) 

 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɢ ɮɨɪɦɭɥɚ (2.21) ɩɪɢɦɟɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

݁ʹߜ}  = ͳ.ʹͳʹ [ͳ͵ ቀͳ − ͵ʹ sinʹ ͳ.ͶͶͺ͸ቁ Ͳ.ͲͲ͵ + Ͳ.ͷͲͳ sinʹ 𝑖 cosሺʹݒሻ] −−Ͳ.ͷͻ͹ሺcosሺʹݒሻ + Ͳ.ͲͲͳ cosሺݒሻ + Ͳ.ͲͲͲ͵͵͵ cosሺ͵ݒሻሻ    (2.21) 
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Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.17. 
 

 
 

Ɋɢɫɭɧɨɤ 2.17 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ݁ ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.18. 
Ɍɚɛɥɢɰɚ 2.18- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ݁ 

ɉɚɪɚɦɟɬɪ ߜଶ݁ 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,000802527 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ 0,000004011 

 
ȼɨɡɦɭɳɟɧɢɟ ߜଶ𝑖 ɢɦɟɟɬ ɜɢɞ (2.22): 

𝑖ʹߜ}  = ͳͶ 𝑎`ʹ𝑎  𝐽 sin ʹ𝑖 ቀcos ʹሺݒ + 𝜔ሻ + ݁ cosሺݒ + ʹ𝜔ሻ + ͳ͵ ݁ cosሺ͵ݒ + ʹ𝜔ሻቁ   (2.22) 

 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɢ ɮɨɪɦɭɥɚ (2.22) ɩɪɢɦɟɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

𝑖ʹߜ}  = Ͳ.ͲͲͲͲ͹͵͵ͷሺcosሺʹݒሻ + Ͳ.ͲͲͳ cosሺݒሻ + Ͳ.ͲͲͲ͵͵͵ cosሺ͵ݒሻሻ   (2.23) 
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Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.18. 

 

 
 

Ɋɢɫɭɧɨɤ 2.18 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ𝑖 ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.19. 
Ɍɚɛɥɢɰɚ 2.19- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ𝑖 

ɉɚɪɚɦɟɬɪ ߜଶ𝑖 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,00007345 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,000073353 

 
ȼɨɡɦɭɳɟɧɢɟ ߜଶ𝜔 ɢɦɟɟɬ ɜɢɞ (2.15): 

 

{   
  
𝜔ʹߜ    = ቀ𝑎̀݌ቁʹ 𝐽 [ቀʹ − ͷʹ sinʹ 𝑖ቁ ሺݒ − 𝑀 + ݁ sin ሻݒ + ቀͳ − ͵ʹ sinʹ 𝑖ቁ ቀͳ݁ ቀͳ − ͳͶ ݁ʹቁ sin ቁݒ ++ ͳʹ sin ݒʹ + ͳ݁ʹ sin ቁݒ͵ − ͳ݁ ቀͳͶ sinʹ 𝑖 + ቀͳʹ − ͳͷͳ͸ sinʹ 𝑖ቁ ݁ʹቁ sinሺ͵ݒ + ʹ𝜔ሻ ++ ͳ݁͸ sinʹ 𝑖 sinሺݒ − ʹ𝜔ሻ − ͳʹ ቀͳ − ͷʹ sinʹ 𝑖ቁ sin ʹሺݒ + 𝜔ሻ ++ ͳ݁ ቀ ͹ͳʹ sinʹ 𝑖 − ͳ͸ ቀͳ − ͳͻͅ sinʹ 𝑖ቁ ݁ʹቁ sinሺ͵ݒ + ʹ𝜔ሻ + ͵ͅ sinʹ 𝑖 sinሺͶݒ + ʹ𝜔ሻ ++ ͳ݁͸ sinʹ 𝑖 sinሺͷݒ + ʹ𝜔ሻ]

(2.24) 
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ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɢ ɮɨɪɦɭɥɚ (2.24) ɩɪɢɦɟɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

 

{  
  
   
𝜔ʹߜ  = Ͳ.ͲͲͳʹ [ቀʹ − ͷʹ sinʹ ͳ.ͶͶͺቁ ሺݒ + Ͳ.ͲͲͳ sin ሻݒ ++ ቀͳ − ͵ʹ sinʹ ͳ.ͶͶͺቁ ሺͻͻͻ.ͻͻͻ͹ͷ sin ሻݒ + + ͳʹ sin ݒʹ + Ͳ.ͲͲͲͲͺ͵ sin ቁݒ͵ −−ͳͲͲͲ ቀͳͶ sinʹ Ͳ.ͲͲͳ + ቀͳʹ − ͳͷͳ͸ sinʹ ͳ.ͶͶͺ͸ቁ Ͳ.ͲͲͲͲͲͳቁ sinሺ͵ݒሻ ++Ͳ.ͲͲͲͲ͸ʹͷ sinʹ ͳ.ͶͶͺ͸ sinሺݒሻ − ͳʹ ቀͳ − ͷʹ sinʹ ͳ.ͶͶͺ͸ቁ sin ʹሺݒሻ ++ͳͲͲͲ ቀ ͹ͳʹ sinʹ ͳ.ͶͶͺ͸ − ͳ͸ ቀͳ − ͳͻͅ sinʹ ͳ.ͶͶͺ͸ቁ ݁ʹቁ sinሺ͵ݒሻ ++ ͵ͅ sinʹ ͳ.ͶͶͺ͸ sinሺͶݒሻ + Ͳ.ͲͲͲͲ͸ʹͷ sinʹ ͳ.ͶͶͺ͸ sinሺͷݒሻ]

  (2.25) 

 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.19. 

 

 
 

Ɋɢɫɭɧɨɤ 2.19 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ𝜔 ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.20. 
Ɍɚɛɥɢɰɚ 2.20- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ𝜔 

ɉɚɪɚɦɟɬɪ ߜଶ𝜔 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,000501 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,0005 
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ȼɨɡɦɭɳɟɧɢɟ ߜଶ𝛺 ɢɦɟɟɬ ɜɢɞ (2.26): 

ଶ𝛺ߜ  = − 𝑎`మ𝑎  𝐽 cos 𝑖 ቀݒ − 𝑀 + ݁ sin ݒ − ଵଶ sin ʹሺݒ + 𝜔ሻ − 𝑒ଶ sinሺݒ + ʹ𝜔ሻ − 𝑒଺ sinሺ͵ݒ + ʹ𝜔ሻቁ (2.26) 

 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɢ ɮɨɪɦɭɥɚ (2.26) ɩɪɢɦɟɬ 

ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

ଶ𝛺ߜ  = −Ͳ.ͲͲͳʹͳ cos ͳ.ͶͶͺቀݒ + Ͳ.ͲͲͳ sin ݒ − ଵଶ sin ݒʹ − Ͳ.ͲͲͲͷ sinሺݒሻ − Ͳ.ͲͲͲͳ͸ sin  ቁ (2.27)ݒ͵
 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.20. 
 

 
 

Ɋɢɫɭɧɨɤ 2.20 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ𝛺 ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.21. 

Ɍɚɛɥɢɰɚ 2.21- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ𝛺 

ɉɚɪɚɦɟɬɪ ߜଶ𝛺 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,001003 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,001 
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ȼɨɡɦɭɳɟɧɢɟ ߜଶ𝑀 ɢɦɟɟɬ ɜɢɞ (2.28): 

 

{  
ଶ𝑀ߜ   = 𝑎`మ௣మ 𝐽√ͳ − ݁ଶ ቀ−ቀͳ − ଷଶ sinଶ 𝑖ቁ (ቀͳ − ଵସ ݁ଶቁ sin ݒ + 𝑒ଶ sin ݒʹ + ݁ଶ sin (ݒ͵ ++sinଶ 𝑖 ቀଵସ ቀͳ + ହସ ݁ଶቁ sinሺݒ + ʹ𝜔ሻ − 𝑒మଵ଺ sinሺݒ − ʹ𝜔ሻ − ଻ଵଶ ቀͳ − 𝑒మଶ଼ቁ sinሺ͵ݒ + ʹ𝜔ሻ −− ଷ଼ ݁ sinሺͶݒ + ʹ𝜔ሻ − 𝑒మଵ଺ sinሺͷݒ + ʹ𝜔ሻቁቇ   (2.28) 

 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɢ ɮɨɪɦɭɥɚ (2.28) ɩɪɢɦɟɬ 

ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

 

ଶ𝑀ߜ} = Ͳ.ͲͲͳʹͳ͵ ቀ−ቀͳ − ଷଶ sinଶ ͳ.ͶͶͺ͸ቁ ሺͲ.ͻͻ sin ݒ + Ͳ.ͲͲͲͷ sin ݒʹ + Ͳ.ͲͲͲͲͲͳ sin ሻݒ͵ ++Ͳ.ʹͶ͸ʹ sinሺݒ + ʹ𝜔ሻ − Ͳ.ͲͲͲͲͲͲͲ͸ʹͷ sinሺݒሻ − Ͳ.ͷͺ͵͵͵ sinሺ͵ݒሻ −−Ͳ.ͲͲͲ͵͹ͷ sinሺͶݒሻ −Ͳ.ͲͲͲͲͲͲͲ͸ʹͷ sinሺͷݒሻሻ൯ (2.29) 

 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.21. 
 

 
 

Ɋɢɫɭɧɨɤ 2.21 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ𝑀 ɜɨ ɜɪɟɦɟɧɢ 

 
Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.22. 
Ɍɚɛɥɢɰɚ 2.22- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ𝑀 

ɉɚɪɚɦɟɬɪ ߜଶ𝑀 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,002471 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,00247 
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ɇɚɯɨɠɞɟɧɢɟ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ ɦɨɞɟɥɢ Ʉɨɡɚɢ. Ɏɨɪɦɭɥɵ ɞɥɹ 

ɧɚɯɨɠɞɟɧɢɹ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣߜଵ𝛺, ,ଵ𝜔ߜ  :ଵ𝑀Ͳ ɢɦɟɸɬ ɜɢɞ (2.30)ߜ 

 

{  
ଵ𝛺ߜ   = − 𝑎`ʹ݌ʹ 𝐽݊ݐ cos 𝑖ߜଵ𝜔 = − 𝑎`ʹ݌ʹ 𝐽݊ݐ ቀʹ − ͷʹ sinʹ 𝑖ቁߜଵ𝑀Ͳ = − 𝑎`ʹ݌ʹ 𝐽݊ݐ ቀͳ − ͵ʹ sinʹ 𝑖ቁ√ͳ − ݁ʹ       (2.30) 

 
Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ ߜଵ𝛺 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.22. 
 

 
 

Ɋɢɫɭɧɨɤ 2.22 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ ߜଵ𝛺 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.23. 

Ɍɚɛɥɢɰɚ 2.23- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଵ𝛺 

ɉɚɪɚɦɟɬɪ ߜଵ𝛺 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,00093 
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Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ ߜଵ𝜔 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.23. 

 

 
 

Ɋɢɫɭɧɨɤ 2.23 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ ߜଵ𝜔 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.24. 
Ɍɚɛɥɢɰɚ 2.24- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଵ𝜔 

ɉɚɪɚɦɟɬɪ ߜଵ𝜔 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,00122 
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Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ  ߜଵ𝑀Ͳ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.24. 
 

 
 

Ɋɢɫɭɧɨɤ 2.24 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ  ߜଵ𝑀Ͳ 
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.25. 
Ɍɚɛɥɢɰɚ 2.25- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ  ߜଵ𝑀Ͳ 

ɉɚɪɚɦɟɬɪ  ߜଵ𝑀଴ 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,00226 
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ɇɚɯɨɠɞɟɧɢɟ ɩɨɥɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɦɨɞɟɥɢ Ʉɨɡɚɢ. ɉɪɟɞɫɬɚɜɥɟɧɢɟ 

ɢɬɨɝɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɨɩɢɫɵɜɚɟɬɫɹ ɮɨɪɦɭɥɨɣ (2.31): 

 

{  
  𝑎 = 𝑎଴ + ଶ𝑎݁ߜ = ݁଴ + ଶ݁𝑖ߜ = 𝑖଴ + ଶ𝑖𝛺ߜ = 𝛺Ͳ + ͳ𝛺ߜ + 𝛺𝜔ʹߜ = 𝜔Ͳ + ͳ𝜔ߜ + 𝜔𝑀Ͳʹߜ = 𝑀Ͳ + ͳ𝑀Ͳߜ + 𝑀Ͳʹߜ

        (2.31) 

 
Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑎 ɜɨ ɜɪɟɦɟɧɢ ɢɡɨɛɪɚɠɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 2.25. 
 

 
 

Ɋɢɫɭɧɨɤ 2.25 - ɂɡɦɟɧɟɧɢɟ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑎 ɜɨ ɜɪɟɦɟɧɢ 
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.26. 

Ɍɚɛɥɢɰɚ 2.26- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 𝑎 

ɉɚɪɚɦɟɬɪ 𝑎 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɤɦ 7371,0088 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɤɦ 7370,9912 
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Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ݁ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.26. 
 

 
 

Ɋɢɫɭɧɨɤ 2.26 - ɂɡɦɟɧɟɧɢɟ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ݁ ɜɨ ɜɪɟɦɟɧɢ 
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.27. 

Ɍɚɛɥɢɰɚ 2.27- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ݁ 
ɉɚɪɚɦɟɬɪ ݁ 

ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,001803 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ 0,001004 

 
Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑖 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.27. 
 

 
 

Ɋɢɫɭɧɨɤ 2.27 - ɂɡɦɟɧɟɧɢɟ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑖 ɜɨ ɜɪɟɦɟɧɢ 
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.28. 

Ɍɚɛɥɢɰɚ 2.28- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 𝑖 
ɉɚɪɚɦɟɬɪ 𝑖 

ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 1,44869345 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ 1,448546647 
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Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝛺 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.28. 
 

 
 

Ɋɢɫɭɧɨɤ 2.28 - ɂɡɦɟɧɟɧɢɟ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝛺 ɜɨ ɜɪɟɦɟɧɢ 
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.29. 

Ɍɚɛɥɢɰɚ 2.29- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 𝛺 

ɉɚɪɚɦɟɬɪ 𝛺 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,000654 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,00158 

 
Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝜔 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.29. 
 

 
 

Ɋɢɫɭɧɨɤ 2.29 - ɂɡɦɟɧɟɧɢɟ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝜔ɜɨ ɜɪɟɦɟɧɢ 
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Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.30. 
Ɍɚɛɥɢɰɚ 2.30- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 𝜔 

ɉɚɪɚɦɟɬɪ 𝜔 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,000053 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,00127 

 
Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑀଴ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.30. 
 

 
 

Ɋɢɫɭɧɨɤ 2.30 - ɂɡɦɟɧɟɧɢɟ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑀଴ ɜɨ ɜɪɟɦɟɧɢ 
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.31. 
Ɍɚɛɥɢɰɚ 2.31- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ М଴ 

ɉɚɪɚɦɟɬɪ М଴ 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 6,282954935 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ 0 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɢ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɄȺ ɦɨɞɟɥɢ Ʉɨɡɚɢ. 

Ɉɩɪɟɞɟɥɹɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɢ ɩɪɨɟɤɰɢɢ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɩɨ ɮɨɪɦɭɥɚɦ (1.1 - 1.12). 

Ƚɪɚɮɢɤɢ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɞɥɹ ɦɨɞɟɥɢ Ʉɨɡɚɢ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.31. 

 

 
 

Ɋɢɫɭɧɨɤ 2.31 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɜɨ ɜɪɟɦɟɧɢ ɞɥɹ ɦɨɞɟɥɢ 
Ʉɨɡɚɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.32. 
Ɍɚɛɥɢɰɚ 2.32- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɵɫɨɬɵ ɨɪɛɢɬɵ 

ɉɚɪɚɦɟɬɪ Ɉɫɶ x Ɉɫɶ y Ɉɫɶ z 
ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɢɧ. 
ɡɧɚɱɟɧɢɟ, ɤɦ 

7363,608254 900,4803 7329,167 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɚɤɫ. 
ɡɧɚɱɟɧɢɟ, ɤɦ 

-7363,57764 -900,492 -7329,17 
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Ƚɪɚɮɢɤɢ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɞɥɹ ɦɨɞɟɥɢ Ʉɨɡɚɢ ɢɡɨɛɪɚɠɟɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 2.32. 

 

 
 

Ɋɢɫɭɧɨɤ 2.32 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɜɨ ɜɪɟɦɟɧɢ 
ɞɥɹ ɦɨɞɟɥɢ Ʉɨɡɚɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.33. 
Ɍɚɛɥɢɰɚ 2.33- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ 

ɉɚɪɚɦɟɬɪ Ɉɫɶ x Ɉɫɶ y Ɉɫɶ z 
ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ 7,353711 0,896583 7,306278 
ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ -7,3537 -0,89478 -7,29159 
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2.4 ɉɨɫɬɪɨɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢя ɤɨɫɦɢɱɟɫɤɨɝɨ 

ɚɩɩɚɪɚɬɚ ɫ ɭɱɟɬɨɦ ɜɨɡɦɭɳɟɧɢя ɜɬɨɪɨɝɨ ɩɨɪяɞɤɚ 

 

ɋ ɩɨɦɨɳɶɸ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɦɟɬɨɞɚ ɪɚɫɱёɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɩɨ 

ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɡɚɜɢɫɢɦɨɫɬɹɦ, ɜɨɡɦɨɠɧɨ, ɨɩɪɟɞɟɥɢɬɶ ɩɨɝɪɟɲɧɨɫɬɶ ɦɨɞɟɥɢ 

ɨɪɛɢɬ ɄȺ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɧɢɡɤɢɯ ɤɪɭɝɨɜɵɯ ɨɪɛɢɬɚɯ (ɇɄɈ). 

Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ȼ.ɂ. Ʉɭɞɵɦɨɜɵɦ. 

ɗɬɚ ɦɨɞɟɥɶ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɪɚɡɥɢɱɢɟ ɜ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɹɯ, 

ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɦɢ ɢɥɢ ɫɭɬɨɱɧɵɦɢ, ɬɚɤ ɢ 

ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɦɢ ɢ ɪɟɡɨɧɚɧɫɧɵɦɢ. 

Ʉɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɢɡ-ɡɚ ɫɨɛɫɬɜɟɧɧɨɝɨ 

ɞɜɢɠɟɧɢɹ ɄȺ. ɋɭɬɨɱɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɩɪɨɹɜɥɹɸɬɫɹ ɡɚ ɫɱɟɬ ɜɪɚɳɟɧɢɹ Ɂɟɦɥɢ. 

Ⱦɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɡɚ ɫɱɟɬ ɩɪɟɰɟɫɫɢɢ ɩɟɪɢɝɟɹ. 

Ɉɫɧɨɜɧɵɟ ɪɟɡɨɧɚɧɫɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɩɨɹɜɥɹɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɜɪɚɳɟɧɢɹ Ɂɟɦɥɢ ɢ ɫɨɛɫɬɜɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɄȺ, ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɄȺ ɡɚ ɫɭɬɤɢ 

ɞɟɥɚɟɬ ɩɨɥɧɨɟ ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɜɨɡɦɭɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɨɪɛɢɬɵ 

ɜ ɞɚɧɧɨɣ ɦɨɞɟɥɢ. 

ɇɚɯɨɠɞɟɧɢɟ ɜɨɡɦɭɳɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ 

ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. 
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ȼɨɡɦɭɳɟɧɢɟ δଶa ɢɦɟɟɬ ɜɢɞ (2.32) [6]: 

 δଶa ≈ −ʹͷ cos ߣʹ + Ͷ cos Ͷ(2.32)        ߣ 

 

ɝɞɟ λ=ω+M 

 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.33. 

 

 
 

Ɋɢɫɭɧɨɤ 2.33 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ δଶa ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.34. 
Ɍɚɛɥɢɰɚ 2.34- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ𝑎 

ɉɚɪɚɦɟɬɪ ߜଶ𝑎 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɤɦ 0,029 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɤɦ -0,021 
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ȼɨɡɦɭɳɟɧɢɟ δଶa ɢɦɟɟɬ ɜɢɞ (2.33): 

 aδଶΩ ≈ Ͳ           (2.33) 

 

ȼɨɡɦɭɳɟɧɢɟ ݁ߜ ɢɦɟɟɬ ɜɢɞ (2.34): 

 aδଶe ≈ −͸ cosሺߣ + 𝜔ሻ + ͷ cosሺߣ − 𝜔ሻ − ͳʹ cosሺ͵ߣ − 𝜔ሻ   (2.34) 

 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.34. 

 

 
 

Ɋɢɫɭɧɨɤ 2.34 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ δଶe ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.35. 
Ɍɚɛɥɢɰɚ 2.35- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ݁ 

ɉɚɪɚɦɟɬɪ ߜଶ݁ 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,000001764 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,000001764 
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ȼɨɡɦɭɳɟɧɢɟ ߜ𝑖 ɢɦɟɟɬ ɜɢɞ (2.35): 

 aδଶi ≈ cos  (2.35)          ߣʹ
 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.35. 
 

 
 

Ɋɢɫɭɧɨɤ 2.35 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ δଶi ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.19. 

Ɍɚɛɥɢɰɚ 2.36- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ𝑖 
ɉɚɪɚɦɟɬɪ ߜଶ𝑖 

ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,000000136 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,00000014 

-1,5E-07

-1E-07

-5E-08

0

5E-08

0,0000001

1,5E-07

0
,0

0

0
,0

6

0
,1

2

0
,1

8

0
,2

3

0
,2

9

0
,3

5

0
,4

1

0
,4

7

0
,5

3

0
,5

9

0
,6

4

0
,7

0

0
,7

6

0
,8

2

0
,8

8

0
,9

4

1
,0

0

1
,0

6

1
,1

1

1
,1

7

1
,2

3

1
,2

9

1
,3

5

1
,4

1

1
,4

7

1
,5

2

1
,5

8

1
,6

4

1
,7

0

Во
̥̚

ущ
е̦

̛е
, ̬

ад
 

В̬е̥я, ч 



62 

ȼɨɡɦɭɳɟɧɢɟ δଶω ɢɦɟɟɬ ɜɢɞ (2.36): 

 aeδଶω ≈ ͸ sinሺߣ + 𝜔ሻ + ͷ sinሺߣ − 𝜔ሻ − ͳʹ sinሺ͵ߣ − 𝜔ሻ   (2.36) 

 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.36. 

 

 
 

Ɋɢɫɭɧɨɤ 2.36 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ δଶω ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.20. 

Ɍɚɛɥɢɰɚ 2.37- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ𝜔 

ɉɚɪɚɦɟɬɪ ߜଶ𝜔 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,00000312 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,00000312 
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ȼɨɡɦɭɳɟɧɢɟ δଶλ ɢɦɟɟɬ ɜɢɞ (2.37): 

 aδଶλ ≈ −ͷ sin ߣʹ − ͵ sinͶ(2.37)        ߣ 

 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.37. 

 

 
 

Ɋɢɫɭɧɨɤ 2.37 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ δଶλ  ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.21. 

Ɍɚɛɥɢɰɚ 2.38- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ δଶλ  
ɉɚɪɚɦɟɬɪ δଶλ  

ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,00000094 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,0000009 
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ȼɨɡɦɭɳɟɧɢɟ δଶ𝑀 ɢɦɟɟɬ ɜɢɞ (2.38): 

 δଶM ≈ δଶλ − δଶω         (2.38) 

 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɜɨɡɦɭɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.38. 

 

 
 

Ɋɢɫɭɧɨɤ 2.38 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ δଶλ  ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.22. 

Ɍɚɛɥɢɰɚ 2.39- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ߜଶ𝑀 

ɉɚɪɚɦɟɬɪ ߜଶ𝑀 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,000003123 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,000003123 
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ɇɚɯɨɠɞɟɧɢɟ ɩɨɥɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. 

ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɢɬɨɝɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɨɩɢɫɵɜɚɟɬɫɹ ɮɨɪɦɭɥɨɣ 

(2.39): 

 

{  
  𝑎 = 𝑎଴ + ଵ𝑎ߜ + ଶ𝑎ߜ + ⋯+ 𝑎݊ߜ + ⋯݁ = ݁଴ + ଵ݁ߜ + ଶ݁ߜ + ⋯+ ݁݊ߜ + ⋯𝑖 = 𝑖଴+ߜଵ𝑖 + ଶ𝑖ߜ + ⋯+ 𝑖݊ߜ + ⋯𝛺 = 𝛺Ͳ + ͳ𝛺ߜ + 𝛺ʹߜ + ⋯+ 𝛺݊ߜ + ⋯𝜔 = 𝜔Ͳ + ͳ𝜔ߜ + 𝜔ʹߜ + ⋯+ 𝜔݊ߜ + ⋯𝑀Ͳ = 𝑀Ͳ + ͳ𝑀Ͳߜ + 𝑀Ͳʹߜ + ⋯+ 𝑀Ͳ݊ߜ + ⋯

      (2.39) 

 
Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑎 ɜɨ ɜɪɟɦɟɧɢ ɢɡɨɛɪɚɠɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 2.39. 

 

 
 

Ɋɢɫɭɧɨɤ 2.39 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑎 ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.40. 

Ɍɚɛɥɢɰɚ 2.40- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 𝑎 

ɉɚɪɚɦɟɬɪ 𝑎 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɤɦ 7372,029 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɤɦ 7369,979 
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Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ݁ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.40. 

 

 
 

Ɋɢɫɭɧɨɤ 2.40 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ݁ ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.41. 

Ɍɚɛɥɢɰɚ 2.41- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ݁ 
ɉɚɪɚɦɟɬɪ ݁ 

ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,001001764 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ 0,000998236 

 
Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑖 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.41. 
 

 
 

Ɋɢɫɭɧɨɤ 2.41 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑖 ɜɨ ɜɪɟɦɟɧɢ 
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Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.42. 

Ɍɚɛɥɢɰɚ 2.42- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 𝑖 
ɉɚɪɚɦɟɬɪ 𝑖 

ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 1,448620136 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ 1,448619864 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝛺 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.42. 

 

 
 

Ɋɢɫɭɧɨɤ 2.42 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝛺 ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.43. 

Ɍɚɛɥɢɰɚ 2.43- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 𝛺 

ɉɚɪɚɦɟɬɪ 𝛺 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ 0 

 
Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝜔 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.43. 
 

 
 

Ɋɢɫɭɧɨɤ 2.43 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝜔 ɜɨ ɜɪɟɦɟɧɢ 
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Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.44. 

Ɍɚɛɥɢɰɚ 2.44 - ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 𝜔 

ɉɚɪɚɦɟɬɪ 𝜔 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 0,00000312 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ -0,00000312 

 

Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑀଴ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.44. 

 

 
 

Ɋɢɫɭɧɨɤ 2.44 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 𝑀଴ ɜɨ ɜɪɟɦɟɧɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.45. 

Ɍɚɛɥɢɰɚ 2.45 - ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ М଴ 
ɉɚɪɚɦɟɬɪ М଴ 

ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɤɫ., ɪɚɞ 6,285210861 
ȼɨɡɦɭɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɢɧ., ɪɚɞ 0 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɢ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɄȺ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ 

ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. Ɉɩɪɟɞɟɥɹɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɢ ɩɪɨɟɤɰɢɢ ɫɤɨɪɨɫɬɟɣ 

ɂɋɁ ɩɨ ɮɨɪɦɭɥɚɦ (1.1 - 1.12). 

Ƚɪɚɮɢɤɢ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɞɥɹ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ 

ɩɨɪɹɞɤɚ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.45. 

 

 
 

Ɋɢɫɭɧɨɤ 2.45 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɜɨ ɜɪɟɦɟɧɢ ɞɥɹ ɦɨɞɟɥɢ, 

ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.46. 

Ɍɚɛɥɢɰɚ 2.46- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɵɫɨɬɵ ɨɪɛɢɬɵ 

ɉɚɪɚɦɟɬɪ Ɉɫɶ x Ɉɫɶ y Ɉɫɶ z 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ 7363,621 898,3269 7316,079 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ -7378,362 -898,327 -7316,08 
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Ƚɪɚɮɢɤɢ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɞɥɹ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.46. 

 

 
 

Ɋɢɫɭɧɨɤ 2.46 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɜɨ ɜɪɟɦɟɧɢ 

ɞɥɹ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.47. 

Ɍɚɛɥɢɰɚ 2.47 - ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ 

ɉɚɪɚɦɟɬɪ Ɉɫɶ x Ɉɫɶ y Ɉɫɶ z 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ 7,3537 0,897108 7,30617 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ -7,3537 -0,89532 -7,29157 

 

ɋɨɝɥɚɫɧɨ ɫɢɫɬɟɦɟ ɭɪɚɜɧɟɧɢɣ ɧɟ ɭɱёɬ ɜɨɡɦɭɳɟɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɩɪɢ 

ɛɚɥɥɢɫɬɢɱɟɫɤɢɯ ɪɚɫɱёɬɚɯ ɩɪɢɜɟɞёɬ ɤ ɩɨɝɪɟɲɧɨɫɬɹɦ ɜɞɨɥɶ ɨɪɛɢɬɵ ɢ ɩɨ ɜɵɫɨɬɟ 

ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɦɟɬɪɨɜ. ȼ ɰɟɥɨɦ ɬɨɱɧɨɫɬɶ ɪɚɫɱёɬɚ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɠɟɧɢɹ ɩɨ 

ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɟɬɨɞɢɤɟ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɬɨɱɧɨɫɬɢ ɪɚɫɱёɬɚ 

ɚɦɩɥɢɬɭɞ ɢ ɩɨɥɧɨɬɵ ɭɱёɬɚ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ. 

-10

-8

-6

-4

-2

0

2

4

6

8

10
0

,0
0

0
,0

5

0
,1

1

0
,1

6

0
,2

1

0
,2

7

0
,3

2

0
,3

7

0
,4

2

0
,4

8

0
,5

3

0
,5

8

0
,6

4

0
,6

9

0
,7

4

0
,8

0

0
,8

5

0
,9

0

0
,9

6

1
,0

1

1
,0

6

1
,1

1

1
,1

7

1
,2

2

1
,2

7

1
,3

3

1
,3

8

1
,4

3

1
,4

9

1
,5

4

1
,5

9

1
,6

4

1
,7

0

З̦
ач

е̦
̛я

 ̭
ко

̬о
̭т

е̜
, к

̥
*̭

 

В̬е̥я, ч 

о̭̽ х о̭̽ у о̭̽ z 



71 

3 ɂɫɫɥɟɞɨɜɚɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

3.1 ɋɪɚɜɧɟɧɢɟ ɦɨɞɟɥɟɣ ɞɜɢɠɟɧɢя ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɢ ɲɚɝɟ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢя 1 ɫɟɤɭɧɞɚ 

 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ 

ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɫɪɚɜɧɢɬɶ ɢɯ ɪɚɫɯɨɠɞɟɧɢɹ ɫ ɷɬɚɥɨɧɨɦ ɦɟɠɞɭ ɫɨɛɨɣ.  

Ɂɚ ɷɬɚɥɨɧ ɩɪɢɦɟɦ ɱɢɫɥɟɧɧɭɸ ɦɨɞɟɥɶ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɢ ɫɪɚɜɧɢɜɚɟɦ ɫ 

ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɦɨɞɟɥɹɦɢ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ, Ʉɨɡɚɢ, ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

(Ʉɭɞɵɦɨɜɚ). ɉɪɨɢɡɜɨɞɢɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫ ɭɱɟɬɨɦ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ. 

ɋɪɚɜɧɟɧɢɟ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɫ ɦɨɞɟɥɶɸ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ. Ƚɪɚɮɢɤ 

ɪɚɫɱɟɬɚ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ x, y, z ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɢ ɦɨɞɟɥɢ 

ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ, ɫ ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.1. 
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Ɋɢɫɭɧɨɤ 3.1 – Ƚɪɚɮɢɤ  ɪɚɫɯɨɠɞɟɧɢɹ ɡɧɚɱɟɧɢɣ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ 

ɦɨɞɟɥɢ ɢ ɦɨɞɟɥɢ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. 

Ɍɚɛɥɢɰɚ 3.1- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɵɫɨɬɵ 

ɉɚɪɚɦɟɬɪ Ɉɫɶ x Ɉɫɶ y Ɉɫɶ z 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 30,21305 4,283855 13,63089 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ -6,88583 -4,33717 -13,5168 

 

Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ݔ,̇ ̇,ݕ  ɂɋɁ ɩɨ ݖ̇

ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɢ ɦɨɞɟɥɢ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ, ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 3.2. 
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Ɋɢɫɭɧɨɤ 3.2 – Ƚɪɚɮɢɤ  ɪɚɫɯɨɠɞɟɧɢɹ ɡɧɚɱɟɧɢɣ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɩɨ 

ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɢ ɦɨɞɟɥɢ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2. 

Ɍɚɛɥɢɰɚ 3.2- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ 

ɉɚɪɚɦɟɬɪ Ɉɫɶ x Ɉɫɶ y Ɉɫɶ z 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ 0,016668 0,005487 0,034541 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ -0,01683 -0,00264 -0,00323 
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Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɪɚɫɯɨɠɞɟɧɢɹ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɢ 

ɦɨɞɟɥɢ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ, ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.3. 

 

 
 

Ɋɢɫɭɧɨɤ 3.3 – Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ 

ɦɨɞɟɥɢ ɢ ɦɨɞɟɥɢ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɫɯɨɠɞɟɧɢɸ ɡɧɚɱɟɧɢɣ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 3.3. 

Ɍɚɛɥɢɰɚ 3.3- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɞɢɭɫ ɜɟɤɬɨɪɚ 

ɉɚɪɚɦɟɬɪ Ɋɚɞɢɭɫ ɜɟɤɬɨɪ 

Ɋɚɞɢɭɫ ɜɟɤɬɨɪ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 3,192522 

Ɋɚɞɢɭɫ ɜɟɤɬɨɪ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ -3,71981 
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ɋɪɚɜɧɟɧɢɟ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɫ ɦɨɞɟɥɶɸ Ʉɨɡɚɢ. 

Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ x, y, z ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ 

ɢ ɦɨɞɟɥɢ Ʉɨɡɚɢ, ɫ ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.4. 

 

 
 

Ɋɢɫɭɧɨɤ 3.4 – Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɢ 

ɦɨɞɟɥɢ Ʉɨɡɚɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.4. 

Ɍɚɛɥɢɰɚ 3.4- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɵɫɨɬɵ 

ɉɚɪɚɦɟɬɪ Ɉɫɶ x Ɉɫɶ y Ɉɫɶ z 
ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 42,81144 7,851452 21,36529 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ -17,2054 -12,3812 -27,4928 
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Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ݔ,̇ ̇,ݕ  ɂɋɁ ɩɨ ݖ̇

ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɢ ɦɨɞɟɥɢ Ʉɨɡɚɢ, ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.5. 

 

 
 

Ɋɢɫɭɧɨɤ 3.5 – Ƚɪɚɮɢɤ  ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ 

ɦɨɞɟɥɢ ɢ ɦɨɞɟɥɢ Ʉɨɡɚɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.5. 

Ɍɚɛɥɢɰɚ 3.5- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ 

ɉɚɪɚɦɟɬɪ Ɉɫɶ x Ɉɫɶ y Ɉɫɶ z 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ 0,025415 0,013426 0,044509 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ -0,01933 -0,00848 -0,00717 
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Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɪɚɫɯɨɠɞɟɧɢɹ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɢ 

ɦɨɞɟɥɢ Ʉɨɡɚɢ, ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.6. 

 

 
 

Ɋɢɫɭɧɨɤ 3.6 – Ƚɪɚɮɢɤ  ɪɚɫɯɨɠɞɟɧɢɹ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ 

ɢ ɦɨɞɟɥɢ Ʉɨɡɚɢ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɫɯɨɠɞɟɧɢɸ ɡɧɚɱɟɧɢɣ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 3.6. 

Ɍɚɛɥɢɰɚ 3.6- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɞɢɭɫ ɜɟɤɬɨɪɚ 

ɉɚɪɚɦɟɬɪ Ɋɚɞɢɭɫ ɜɟɤɬɨɪ 

Ɋɚɞɢɭɫ ɜɟɤɬɨɪ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 14,84957 

Ɋɚɞɢɭɫ ɜɟɤɬɨɪ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ -13,6847 
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ɋɪɚɜɧɟɧɢɟ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɫ ɦɨɞɟɥɶɸ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. 

Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ x, y, z ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ 

ɢ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɫ ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ 

ɧɚ ɪɢɫɭɧɤɟ 3.7. 

 

 
 

Ɋɢɫɭɧɨɤ 3.7 – Ƚɪɚɮɢɤ  ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɢ 

ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.7. 

Ɍɚɛɥɢɰɚ 3.7- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɵɫɨɬɵ 

ɉɚɪɚɦɟɬɪ Ɉɫɶ x Ɉɫɶ y Ɉɫɶ z 
ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 14,74817 1,029648 7,366389 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ -0,06571 -1,10178 -7,31624 
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Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ݔ,̇ ̇,ݕ  ɂɋɁ ɩɨ ݖ̇

ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɢ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, 

ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.8. 

 

 
 

Ɋɢɫɭɧɨɤ 3.8 – Ƚɪɚɮɢɤ  ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ 

ɦɨɞɟɥɢ ɢ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.8. 

Ɍɚɛɥɢɰɚ 3.8- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ 

ɉɚɪɚɦɟɬɪ Ɉɫɶ x Ɉɫɶ y Ɉɫɶ z 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ 0,007363 0,001873 0,021916 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ -0,00738 -0,00023 -0,0001 
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Ƚɪɚɮɢɤ ɪɚɫɱɟɬɚ ɪɚɫɯɨɠɞɟɧɢɹ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɢ 

ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 3.9. 

 

 
 

Ɋɢɫɭɧɨɤ 3.9 – Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɂɋɁ ɩɨ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɢ 

ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɫɯɨɠɞɟɧɢɸ ɡɧɚɱɟɧɢɣ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 3.9. 

Ɍɚɛɥɢɰɚ 3.9- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ 

ɉɚɪɚɦɟɬɪ Ɋɚɞɢɭɫ ɜɟɤɬɨɪ 

Ɋɚɞɢɭɫ ɜɟɤɬɨɪ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 0,022853 

Ɋɚɞɢɭɫ ɜɟɤɬɨɪ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ -0,12411 
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3.2 ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɧɚ ɩɪɨɦɟɠɭɬɤɟ 

ɨɞɧɨɝɨ ɜɢɬɤɚ 

 

Ɋɚɫɯɨɠɞɟɧɢɟ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ Ɂɟɦɥɢ 

Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɨɪɛɢɬɵ ɩɨ ɨɫɢ x ɦɨɞɟɥɟɣ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ, Ʉɨɡɚɢ ɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ 

ɷɬɚɥɨɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.19. 

 

 
 

Ɋɢɫɭɧɨɤ 3.19 – Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɩɨ ɨɫɢ x 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.19. 

Ɍɚɛɥɢɰɚ 3.19- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɵ ɨɪɛɢɬɵ ɩɨ ɨɫɢ ɯ 

ɉɚɪɚɦɟɬɪ 
ɉɪɨɫɤɭɪɢɧ-

Ȼɚɬɪɚɤɨɜ 
Ʉɨɡɚɢ 

Ɇɨɞɟɥɶ 
ɭɱɢɬɵɜɚɸɳɚɹ 
ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 30,21305 42,81144 14,74817 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ -6,88583 -17,2054 -0,06571 
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Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɨɪɛɢɬɵ ɩɨ ɨɫɢ ɭ ɦɨɞɟɥɟɣ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ, Ʉɨɡɚɢ ɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ 

ɷɬɚɥɨɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.20. 

 

 
 

Ɋɢɫɭɧɨɤ 3.20 – Ƚɪɚɮɢɤ  ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɩɨ ɨɫɢ ɭ  
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.20. 
Ɍɚɛɥɢɰɚ 3.20- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɵ ɨɪɛɢɬɵ ɩɨ ɨɫɢ ɭ 

ɉɚɪɚɦɟɬɪ 
ɉɪɨɫɤɭɪɢɧ-

Ȼɚɬɪɚɤɨɜ 
Ʉɨɡɚɢ 

Ɇɨɞɟɥɶ 
ɭɱɢɬɵɜɚɸɳɚɹ 
ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 4,283855 7,851452 1,029648 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ -4,33717 -12,3812 -1,10178 
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Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɨɪɛɢɬɵ ɩɨ ɨɫɢ z ɦɨɞɟɥɟɣ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ, Ʉɨɡɚɢ ɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɲɚɝɨɦ 

ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.21. 

 

 
 

Ɋɢɫɭɧɨɤ 3.21 – Ƚɪɚɮɢɤ  ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɩɨ ɨɫɢ z 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.21. 
Ɍɚɛɥɢɰɚ 3.21- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɵ ɨɪɛɢɬɵ ɩɨ ɨɫɢ z 

ɉɚɪɚɦɟɬɪ 
ɉɪɨɫɤɭɪɢɧ-

Ȼɚɬɪɚɤɨɜ 
Ʉɨɡɚɢ 

Ɇɨɞɟɥɶ 
ɭɱɢɬɵɜɚɸɳɚɹ 
ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 13,63089 21,36529 7,366389 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ -13,5168 -27,4928 -7,31624 
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Ɋɚɫɯɨɠɞɟɧɢɟ ɩɨ ɩɪɨɟɤɰɢɹɦ ɫɤɨɪɨɫɬɟɣ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ Ɂɟɦɥɢ. 

Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɩɨ ɨɫɢ x ɦɨɞɟɥɟɣ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ, Ʉɨɡɚɢ ɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ 

ɷɬɚɥɨɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.22. 

 

 
 

Ɋɢɫɭɧɨɤ 3.22 – Ƚɪɚɮɢɤ  ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɩɨ ɨɫɢ x 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.22. 

Ɍɚɛɥɢɰɚ 3.22- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɵ ɨɪɛɢɬɵ ɩɨ ɨɫɢ ɯ 

ɉɚɪɚɦɟɬɪ 
ɉɪɨɫɤɭɪɢɧ
-Ȼɚɬɪɚɤɨɜ 

Ʉɨɡɚɢ 

Ɇɨɞɟɥɶ 
ɭɱɢɬɵɜɚɸɳɚɹ 
ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ 0,016668 0,025415 0,007363 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ -0,01683 -0,01933 -0,00738 
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Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɩɨ ɨɫɢ ɭ ɦɨɞɟɥɟɣ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ, Ʉɨɡɚɢ ɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ 

ɷɬɚɥɨɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.23. 

 

 
 

Ɋɢɫɭɧɨɤ 3.23 – Ƚɪɚɮɢɤ  ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɩɨ ɨɫɢ ɭ  
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.23. 
Ɍɚɛɥɢɰɚ 3.23- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɵ ɨɪɛɢɬɵ ɩɨ ɨɫɢ ɭ 

ɉɚɪɚɦɟɬɪ 
ɉɪɨɫɤɭɪɢɧ
-Ȼɚɬɪɚɤɨɜ 

Ʉɨɡɚɢ 

Ɇɨɞɟɥɶ 
ɭɱɢɬɵɜɚɸɳɚɹ 
ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ 0,005487 0,013426 0,001873 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ -0,00264 -0,00848 -0,00023 
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В̬е̥я, ч 
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Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɩɨ ɨɫɢ z ɦɨɞɟɥɟɣ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ, Ʉɨɡɚɢ ɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ 

ɷɬɚɥɨɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.24. 

 

 
 

Ɋɢɫɭɧɨɤ 3.24 – Ƚɪɚɮɢɤ  ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɩɨ ɨɫɢ z 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.24. 

Ɍɚɛɥɢɰɚ 3.24- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɵ ɨɪɛɢɬɵ ɩɨ ɨɫɢ z 

ɉɚɪɚɦɟɬɪ 
ɉɪɨɫɤɭɪɢɧ
-Ȼɚɬɪɚɤɨɜ 

Ʉɨɡɚɢ 

Ɇɨɞɟɥɶ 
ɭɱɢɬɵɜɚɸɳɚɹ 
ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ 0,034541 0,044509 7,366389 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ -0,00323 -0,00717 -7,31624 
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Ɋɚɫɯɨɠɞɟɧɢɟ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɫɩɭɬɧɢɤɚ Ɂɟɦɥɢ. 

Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɦɨɞɟɥɟɣ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ, 

Ʉɨɡɚɢ ɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ ɷɬɚɥɨɧɧɨɣ 

ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɲɚɝɨɦ ɜ 1 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.25. 

 

 
 

Ɋɢɫɭɧɨɤ 3.25 – Ƚɪɚɮɢɤ  ɪɚɫɯɨɠɞɟɧɢɹ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ  
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.25. 
Ɍɚɛɥɢɰɚ 3.25- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɵ ɨɪɛɢɬɵ ɩɨ ɨɫɢ ɯ 

ɉɚɪɚɦɟɬɪ 
ɉɪɨɫɤɭɪɢɧ-

Ȼɚɬɪɚɤɨɜ 
Ʉɨɡɚɢ 

Ɇɨɞɟɥɶ 
ɭɱɢɬɵɜɚɸɳɚɹ 
ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

Ɋɚɞɢɭɫ ɜɟɤɬɨɪ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 3,192522 14,84957 0,022853 

Ɋɚɞɢɭɫ ɜɟɤɬɨɪ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ -3,71981 -13,6847 -0,12411 
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3.3 ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɧɚ ɩɪɨɦɟɠɭɬɤɟ 14 

ɜɢɬɤɨɜ 

 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɨɞɟɥɟɣ ɞɜɢɠɟɧɢɹ ɄȺ ɹɜɥɹɟɬɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɤɨɨɪɞɢɧɚɬɵ ɄȺ ɧɚ ɞɥɢɬɟɥɶɧɨɦ ɩɪɨɦɟɠɭɬɤɟ 

ɜɪɟɦɟɧɢ. Ⱦɥɹ ɛɨɥɟɟ ɩɪɨɪɚɛɨɬɚɧɧɨɣ ɨɰɟɧɤɢ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 

ɦɨɞɟɥɟɣ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɪɚɫɯɨɠɞɟɧɢɟ ɦɨɞɟɥɟɣ ɫ ɷɬɚɥɨɧɨɦ ɧɚ 

ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɵɯ ɩɪɨɦɟɠɭɬɤɚɯ ɜɪɟɦɟɧɢ. Ȼɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱёɬ ɞɥɹ 

ɩɪɨɦɟɠɭɬɤɚ 14 ɜɢɬɤɨɜ, ɱɬɨ ɪɚɜɧɨ ɧɚ ɞɚɧɧɨɣ ɨɪɛɢɬɟ ɢɧɬɟɪɜɚɥɭ ɜɪɟɦɟɧɢ ɜ 24,5 

ɱɚɫɚ. 

Ɋɚɫɯɨɠɞɟɧɢɟ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ Ɂɟɦɥɢ. 

Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɨɪɛɢɬɵ ɩɨ ɨɫɢ x ɦɨɞɟɥɟɣ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ, Ʉɨɡɚɢ ɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ 

ɷɬɚɥɨɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɲɚɝɨɦ ɜ 10 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.26. ɒɚɝ 

ɜɪɟɦɟɧɢ ɜ 10 ɫ ɨɛɨɫɧɨɜɚɧ ɛɨɥɶɲɢɦ ɨɛɴɟɦɨɦ ɜɵɱɢɫɥɟɧɢɣ, ɢ ɧɟɜɨɡɦɨɠɧɨɫɬɢ 

ɫɧɢɡɢɬɶ ɲɚɝ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 

ɫɪɟɞɫɬɜ. 
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Ɋɢɫɭɧɨɤ 3.26 – Ƚɪɚɮɢɤ  ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɩɨ ɨɫɢ x 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.26. 
Ɍɚɛɥɢɰɚ 3.26- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɨɪɛɢɬɵ ɩɨ ɨɫɢ ɯ 

ɉɚɪɚɦɟɬɪ 
ɉɪɨɫɤɭɪɢɧ-

Ȼɚɬɪɚɤɨɜ 
Ʉɨɡɚɢ 

Ɇɨɞɟɥɶ 
ɭɱɢɬɵɜɚɸɳɚɹ 
ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 1010,07 884,92 1003,861 
ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ -1059,4 -929,965 -1052,62 
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Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɨɪɛɢɬɵ ɩɨ ɨɫɢ ɭ ɦɨɞɟɥɟɣ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ, Ʉɨɡɚɢ ɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ 

ɷɬɚɥɨɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɲɚɝɨɦ ɜ 10 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.27. 

 

 
 

Ɋɢɫɭɧɨɤ 3.27 – Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɂɋɁ ɩɨ ɨɫɢ ɭ  
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.27. 

Ɍɚɛɥɢɰɚ 3.27- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɨɪɛɢɬɵ ɩɨ ɨɫɢ ɭ 

ɉɚɪɚɦɟɬɪ 
ɉɪɨɫɤɭɪɢɧ-

Ȼɚɬɪɚɤɨɜ 
Ʉɨɡɚɢ 

Ɇɨɞɟɥɶ 
ɭɱɢɬɵɜɚɸɳɚɹ 
ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 147,5188 68,11301 145,1232 
ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ -156,603 -70,9314 -154,405 

-200

-150

-100

-50

0

50

100

150

200

0
,0

0

0
,7

7

1
,5

3

2
,3

0

3
,0

7

3
,8

3

4
,6

0

5
,3

7

6
,1

3

6
,9

0

7
,6

7

8
,4

3

9
,2

0

9
,9

7

1
0

,7
3

1
1

,5
0

1
2

,2
7

1
3

,0
3

1
3

,8
0

1
4

,5
7

1
5

,3
3

1
6

,1
0

1
6

,8
7

1
7

,6
3

1
8

,4
0

1
9

,1
7

1
9

,9
3

2
0

,7
0

2
1

,4
7

2
2

,2
3

2
3

,0
0

2
3

,7
7

З̦
ач

е̦
̛я

 к
оо

̬д
̛̦

ат
, к

̥
 

В̬е̥я, ч 

П̬о̭ку̛̬̦-Бат̬ако̏ Ко̚а̛ Модел̽ уч̛т̼̏а̀ща́ ̏о̥̚уще̛̦́ ̏то̬о̐о по̬́дка 



91 

Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɨɪɛɢɬɵ ɩɨ ɨɫɢ z ɦɨɞɟɥɟɣ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ, Ʉɨɡɚɢ ɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ 

ɷɬɚɥɨɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɲɚɝɨɦ ɜ 10 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.28. 

 

 
 

Ɋɢɫɭɧɨɤ 3.28 – Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɨɪɛɢɬɵ ɩɨ ɨɫɢ z 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.28. 

Ɍɚɛɥɢɰɚ 3.28- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɨɪɛɢɬɵ ɩɨ ɨɫɢ z 

ɉɚɪɚɦɟɬɪ 
ɉɪɨɫɤɭɪɢɧ-

Ȼɚɬɪɚɤɨɜ 
Ʉɨɡɚɢ 

Ɇɨɞɟɥɶ 
ɭɱɢɬɵɜɚɸɳɚɹ 
ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ 

ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 1018,76 896,8741 1017,561 
ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ -1097,36 -972,633 -1097,15 
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Ɋɚɫɯɨɠɞɟɧɢɟ ɩɨ ɩɪɨɟɤɰɢɹɦ ɫɤɨɪɨɫɬɟɣ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ Ɂɟɦɥɢ. 

Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɩɨ ɨɫɢ x ɦɨɞɟɥɟɣ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ, Ʉɨɡɚɢ ɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ 

ɷɬɚɥɨɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɲɚɝɨɦ ɜ 10 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.29. 

 
 

 
 

Ɋɢɫɭɧɨɤ 3.29 – Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɩɨ ɨɫɢ x 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.29. 

Ɍɚɛɥɢɰɚ 3.29- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɵ ɨɪɛɢɬɵ ɩɨ ɨɫɢ ɯ 

ɉɚɪɚɦɟɬɪ 
ɉɪɨɫɤɭɪɢɧ-

Ȼɚɬɪɚɤɨɜ 
Ʉɨɡɚɢ 

Ɇɨɞɟɥɶ 
ɭɱɢɬɵɜɚɸɳɚɹ 
ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ 
1,101961 

0,9646

2 1,101702 
ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ -1,02261 -0,8895 -1,02098 
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Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɩɨ ɨɫɢ ɭ ɦɨɞɟɥɟɣ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ, Ʉɨɡɚɢ ɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ 

ɷɬɚɥɨɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɲɚɝɨɦ ɜ 10 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.30. 

 

 
 

Ɋɢɫɭɧɨɤ 3.30 – Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɩɨ ɨɫɢ ɭ  
 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.30. 

Ɍɚɛɥɢɰɚ 3.30- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɵ ɨɪɛɢɬɵ ɩɨ ɨɫɢ ɭ 

ɉɚɪɚɦɟɬɪ 
ɉɪɨɫɤɭɪɢɧ
-Ȼɚɬɪɚɤɨɜ 

Ʉɨɡɚɢ 

Ɇɨɞɟɥɶ 
ɭɱɢɬɵɜɚɸɳɚɹ 
ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 
ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ 0,136605 0,05778 0,140179 
ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ -0,1432 -0,0604 -0,14672 
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Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɩɨ ɨɫɢ z ɦɨɞɟɥɟɣ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ, Ʉɨɡɚɢ ɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ 

ɷɬɚɥɨɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɲɚɝɨɦ ɜ 10 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.31. 

 

 
 

Ɋɢɫɭɧɨɤ 3.31 – Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɩɨ ɨɫɢ z 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.31. 

Ɍɚɛɥɢɰɚ 3.31- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɵ ɨɪɛɢɬɵ ɩɨ ɨɫɢ z 

ɉɚɪɚɦɟɬɪ 
ɉɪɨɫɤɭɪɢɧ
-Ȼɚɬɪɚɤɨɜ 

Ʉɨɡɚɢ 

Ɇɨɞɟɥɶ 
ɭɱɢɬɵɜɚɸɳɚɹ 
ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 
ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ 1,007351 0,893236 0,999938 
ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ*ɫ -1,04219 -0,9245 -1,03383 
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Ɋɚɫɯɨɠɞɟɧɢɟ ɡɧɚɱɟɧɢɣ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɤɨɨɪɞɢɧɚɬ ɢɫɤɭɫɫɬɜɟɧɧɵɯ 

ɫɩɭɬɧɢɤɨɜ Ɂɟɦɥɢ. Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɦɨɞɟɥɟɣ ɉɪɨɫɤɭɪɢɧɚ-

Ȼɚɬɪɚɤɨɜɚ, Ʉɨɡɚɢ ɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ 

ɷɬɚɥɨɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɲɚɝɨɦ ɜ 10 ɫ, ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.32. 

 

 
 

Ɋɢɫɭɧɨɤ 3.32 – Ƚɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɩɨ ɨɫɢ x 

 

Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɚɯɭ ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.32. 

Ɍɚɛɥɢɰɚ 3.32- ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɞɢɭɫ ɜɟɤɬɨɪɨɜ 

ɉɚɪɚɦɟɬɪ 
ɉɪɨɫɤɭɪɢɧ-

Ȼɚɬɪɚɤɨɜ 
Ʉɨɡɚɢ 

Ɇɨɞɟɥɶ 
ɭɱɢɬɵɜɚɸɳɚɹ 
ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 
Ɋɚɞɢɭɫ ɜɟɤɬɨɪ ɦɚɤɫ. ɡɧɚɱɟɧɢɟ, ɤɦ 20,32317 31,36311 -4,63306 
Ɋɚɞɢɭɫ ɜɟɤɬɨɪ ɦɢɧ. ɡɧɚɱɟɧɢɟ, ɤɦ 0,915953 -8,90721 -18,0044 
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɢ ɫɪɚɜɧɟɧɢɣ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɫ ɦɨɞɟɥɶɸ 

Ɋɭɧɝɟ-Ʉɭɬɬɚ ɧɚɢɛɨɥɟɟ ɩɪɢɛɥɢɠɟɧɧɨɣ ɤ ɷɬɚɥɨɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ 

ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɹɜɥɹɟɬɫɹ ɦɨɞɟɥɶ, ɭɱɢɬɵɜɚɸɳɚɹ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ 

ɩɨɪɹɞɤɚ.  

Ɍɚɤɠɟ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɦɨɞɟɥɟɣ ɦɟɠɞɭ ɫɨɛɨɣ, ɧɚ ɭɱɚɫɬɤɟ 

ɨɞɧɨɝɨ ɜɢɬɤɚ ɫ ɲɚɝɨɦ ɜ 1 ɫ ɢ ɧɚ ɭɱɚɫɬɤɟ 14 ɜɢɬɤɨɜ ɫ ɲɚɝɨɦ ɜ 10 ɫ ɧɚ ɤɨɪɨɬɤɨɦ 

ɩɪɨɦɟɠɭɬɤɟ ɜɪɟɦɟɧɢ (ɞɨ 2 ɱɚɫɨɜ) ɧɚɢɛɨɥɟɟ ɬɨɱɧɨɣ ɹɜɥɹɟɬɫɹ ɦɨɞɟɥɶ, 

ɭɱɢɬɵɜɚɸɳɚɹ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ.  

Ƚɥɚɜɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɚɹ ɩɪɨɫɬɨɬɚ ɮɨɪɦɭɥ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ 

ɜɨɡɦɭɳɟɧɢɣ ɞɜɢɠɟɧɢɹ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɚɧɚɥɨɝɚɦɢ.  

ȿё ɬɨɱɧɨɫɬɶ ɫɨɩɨɫɬɚɜɢɦɚ ɫ ɚɧɚɥɨɝɚɦɢ, ɚ ɧɚɤɨɩɥɟɧɢɹ ɜɨɡɦɭɳɟɧɢɣ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɡɚɤɨɧɨɦ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɜɟɫɬɢ 

ɪɚɛɨɬɭ ɧɚɞ ɧɚɯɨɠɞɟɧɢɟɦ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜ ɧɚɤɚɩɥɢɜɚɟɦɵɯ ɜɨɡɦɭɳɟɧɢɹɯ, ɢ 

ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɄȺ ɦɨɞɟɥɢ 

ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɧɚ ɞɥɢɬɟɥɶɧɵɯ ɩɪɨɦɟɠɭɬɤɚɯ 

ɜɪɟɦɟɧɢ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ: 

1) ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ ɩɨ ɦɨɞɟɥɢ Ʉɟɩɥɟɪɚ;  

2) ɱɢɫɥɟɧɧɚɹ ɦɨɞɟɥɶ ɧɚ ɨɫɧɨɜɟ ɭɪɚɜɧɟɧɢɣ Ɋɭɧɝɟ-Ʉɭɬɬɚ 4ɝɨ ɩɨɪɹɞɤɚ ɜ 

ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ; 

3) ɱɢɫɥɟɧɧɚɹ ɦɨɞɟɥɶ ɧɚ ɨɫɧɨɜɟ ɭɪɚɜɧɟɧɢɣ Ɋɭɧɝɟ-Ʉɭɬɬɚ 4ɝɨ ɩɨɪɹɞɤɚ ɜ ɩɨɥɟ 

ɫɠɚɬɨɣ ɡɟɦɥɢ;  

4) ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɄȺ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ; 

5) ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɄȺ Ʉɨɡɚɢ; 

6) ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɄȺ, ɭɱɢɬɵɜɚɸɳɚɹ ɜɨɡɦɭɳɟɧɢɹ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. 

ȼ ɦɨɞɟɥɹɯ  ɪɚɫɫɱɢɬɚɧɵ ɡɧɚɱɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɩɨɥɨɠɟɧɢɹ ɄȺ ɧɚ ɨɪɛɢɬɟ, ɚ 

ɬɚɤɠɟ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɜ ɡɚɞɚɧɧɵɯ ɬɨɱɤɚɯ. 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢ ɚɧɚɥɢɡɟ ɢɯ ɬɨɱɧɨɫɬɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɧɟɜɹɡɤɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɫ ɷɬɚɥɨɧɧɨɣ 

ɦɨɞɟɥɶɸ, ɚ ɬɚɠɤɟ ɩɪɨɢɡɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɬɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɦɟɠɞɭ ɫɨɛɨɣ. 

Ɇɨɞɟɥɶ, ɭɱɢɬɵɜɚɸɳɚɹ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɩɪɟɜɨɫɯɨɞɢɬ 

ɚɧɚɥɨɝɢɱɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɜ ɱɚɫɬɢ 

ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɢ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɄȺ. ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟё ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɤɨɨɪɞɢɧɚɬ ɢ 

ɫɤɨɪɨɫɬɟɣ ɄȺ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɦ ɭɱɚɫɬɤɟ ɜɪɟɦɟɧɢ (ɞɨ 2 ɱɚɫɨɜ). 

Ɍɚɤɠɟ, ɜ ɫɜɹɡɢ ɫ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɡɚɤɨɧɨɦ ɧɚɤɨɩɥɟɧɢɹ ɜɨɡɦɭɳɟɧɢɣ, 

ɦɨɞɟɥɶ, ɭɱɢɬɵɜɚɸɳɚɹ ɜɨɡɦɭɳɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɦɨɠɟɬ ɛɵɬɶ ɭɬɨɱɧɟɧɚ ɞɥɹ 

ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɢɯ ɬɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚ ɞɥɢɬɟɥɶɧɵɯ ɢɧɬɟɪɜɚɥɚɯ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ. Ⱦɚɧɧɨɟ ɭɬɨɱɧɟɧɢɟ ɩɨɡɜɨɥɢɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɧɚɥɢɬɢɱɟɫɤɭɸ 

ɦɨɞɟɥɶ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɄȺ ɞɥɹ ɫɚɦɨɧɚɜɢɝɚɰɢɢ ɢ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɧɚ ɨɪɛɢɬɟ ɧɚ ɨɫɧɨɜɟ ɷɮɟɦɟɪɢɞ ɜɬɨɪɨɝɨ ɪɨɞɚ. 

Ɍɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɄȺ ɧɚ ɨɪɛɢɬɟ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ 
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ɛɭɞɟɬ ɫɨɩɨɫɬɚɜɢɦɚ ɫ ɬɨɱɧɨɫɬɶɸ ɫɨɜɪɟɦɟɧɧɵɯ ɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɟɣ ɩɪɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɢɯ ɬɪɟɛɭɟɦɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɚɯ. 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

 

ɂɋɁ – ɢɫɤɭɫɫɬɜɟɧɧɵɣ ɫɩɭɬɧɢɤ Ɂɟɦɥɢ; 

ɄȺ – ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ; 

ɇɄɈ – ɧɢɡɤɨ ɤɪɭɝɨɜɚɹ ɨɪɛɢɬɚ. 
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