
 
 

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  
«_____» _______2019 ɝ 

 
 

ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 
 

«ɉɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɢɡɦɟɪɟɧɢɣ ɩɨ ɥɢɧɢɢ ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ – ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ» 

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      ɋ.ȼ. ɋɟɦɟɧɸɤ 
  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     2018 ɝ 

 
 

ɁȺȾȺɇɂȿ 
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 
 



 

ɋɬɭɞɟɧɬɭ ɋɟɦɟɧɸɤɭ ɋɟɪɝɟɸ ȼɢɤɬɨɪɨɜɢɱɭ 
                                          ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ  
Ƚɪɭɩɩɚ ɂɆ 17-08Ɇ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 01.04.02  
                              ɧɨɦɟɪ                                                                                         ɤɨɞ 
«ɉɪɢɤɥɚɞɧɚɹ ɦɚɬɟɦɚɬɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ» 
   ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: ɉɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ 

ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɡɦɟɪɟɧɢɣ ɩɨ ɥɢɧɢɢ 

ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ – ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ  

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 678/ɫ ɨɬ 22.01.2017 
 
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: ɩɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ (ɪɚɞɢɭɫ Ɂɟɦɥɢ R = 

6371 ɤɦ, ɜɵɫɨɬɚ ɨɪɛɢɬɵ h = 19400 ɤɦ, ɧɚɤɥɨɧɟɧɢɟ i = 64,8°, ɝɪɚɜɢɬɚɰɢɨɧɧɵɣ 

ɩɚɪɚɦɟɬɪ 398600,4415=ߤ ɦ3/ɫ2, ɩɟɪɢɨɞ ɨɛɪɚɳɟɧɢɹ ɋɇɋ «ȽɅɈɇȺɋɋ» = 

11ɱ30ɦɢɧ, ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ e = 0,001, ɫɪɟɞɧɹɹ ɚɧɨɦɚɥɢɹ Ɇ0 = 0°, ɞɨɥɝɨɬɚ 

ɜɨɫɯɨɞɹɳɟɝɨ ɭɡɥɚ Ω = 0°, ɚɪɝɭɦɟɧɬ ɩɟɪɢɰɟɧɬɪɚ ω = 0°), ɢɫɬɨɱɧɢɤɢ 

ɩɚɪɚɦɟɬɪɨɜ ɋɇɋ «ȽɅɈɇȺɋɋ», ɥɢɬɟɪɚɬɭɪɚ ɩɨ ɪɚɞɢɨɤɨɧɬɪɨɥɸ, ɧɚɜɢɝɚɰɢɢ ɄȺ 

ɢ ɥɢɬɟɪɚɬɭɪɚ ɩɨ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɢ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɚɦ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: 

1)  ɧɟɜɨɡɦɭɳɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ Ɂɟɦɥɢ;  

2) ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ;  

3) ɫɨɡɞɚɧɢɟ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɮɨɪɦɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ. 

 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ    _______  ___________________________ 

     ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ  _______  ___________________________ 

 ɩɨɞɩɢɫɶ, ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

 
« ___ » __________ 20__ ɝ. 



 
 

ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ: «ɉɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ 

ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɡɦɟɪɟɧɢɣ ɩɨ ɥɢɧɢɢ 

ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ – ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ» ɫɨɞɟɪɠɢɬ 94 ɫɬɪɚɧɢɰɵ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 17 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɊȺȾɂɈɅɂɇɂə, ɆȿɀɋɉɍɌɇɂɄɈȼɕȿ ɂɁɆȿɊȿɇɂə, Ʌɂɇɂə 

ɄȺ-ɄȺ, ȺɇȺɅɂɌɂɑȿɋɄɂɃ ɆȿɌɈȾ, ȺɊȽɍɆȿɇɌ ɒɂɊɈɌɕ, 

ɇȺȼɂȽȺɐɂə, ȻȺɅɅɂɋɌɂɄȺ, ɄɈɋɆɂɑȿɋɄɂɃ ȺɉɉȺɊȺɌ, ɈɊȻɂɌȺ, 

ȽɅɈɇȺɋɋ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ, ɚ ɩɪɟɞɦɟɬɨɦ 

ɢɫɫɥɟɞɨɜɚɧɢɹ - ɜɨɡɦɭɳɟɧɢɹ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ.  

Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ, ɛɚɡɢɪɭɸɳɟɣɫɹ ɧɚ 

ɭɱɟɬɟ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ 

ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɡɦɟɪɟɧɢɣ ɩɨ 

ɥɢɧɢɢ ɄȺ-ɄȺ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɛɵɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1) ɨɩɪɟɞɟɥɟɧ ɩɚɪɚɦɟɬɪ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ 

ɄȺ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ; 

2) ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɪɚɫɯɨɠɞɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɢ 

ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɹɯ ɞɜɢɠɟɧɢɹ ɄȺ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ; 

3) ɨɩɪɟɞɟɥɟɧ ɩɚɪɚɦɟɬɪ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ 

ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ; 

4) ɨɰɟɧɟɧɵ ɪɚɫɯɨɠɞɟɧɢɹ ɢ ɜɨɡɦɭɳɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ 

ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɥɟɦɟɧɬɚ; 

5) ɧɚ ɨɫɧɨɜɟ ɨɰɟɧɤɢ ɜɨɡɦɭɳɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫɨɡɞɚɧɚ ɦɟɬɨɞɢɤɚ 

ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ 

ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ. 



 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɫɨɡɞɚɧɚ ɦɟɬɨɞɢɤɚ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɧɚ ɨɪɛɢɬɟ.  

ɉɨ ɢɬɨɝɭ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɞɚɧɧɨɣ ɦɟɬɨɞɢɤɢ 

ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɚ ɨɪɛɢɬɵ, ɱɬɨɛɵ 

ɜ ɞɚɥɶɧɟɣɲɟɦ ɪɚɡɪɚɛɨɬɚɬɶ ɩɨɥɧɨɰɟɧɧɭɸ ɚɧɚɥɢɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ 

ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɩɨɥɧɨɦ ɩɨɥɟ. ȼɵɹɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɩɪɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɯ ɜ ɫɨɡɞɚɜɚɟɦɨɣ ɦɨɞɟɥɢ. ɉɪɨɪɚɛɨɬɚɧ ɜɨɩɪɨɫ 

ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɢɤɢ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ 

ɪɟɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ. ɉɪɟɞɥɨɠɟɧɵ ɞɚɥɶɧɟɣɲɢɟ ɜɨɡɦɨɠɧɵɟ ɩɭɬɢ ɪɚɡɜɢɬɢɹ ɜ 

ɧɚɩɪɚɜɥɟɧɢɢ ɫɨɡɞɚɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ 

ɚɩɩɚɪɚɬɚ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ.  
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ȼȼȿȾȿɇɂȿ 

 

Ƚɥɨɛɚɥɶɧɚɹ ɧɚɜɢɝɚɰɢɨɧɧɚɹ ɫɩɭɬɧɢɤɨɜɚɹ ɫɢɫɬɟɦɚ (ȽɅɈɇȺɋɋ) 

ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ, ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ, 

ɬɨɱɧɨɝɨ ɜɪɟɦɟɧɢ ɦɨɪɫɤɢɯ, ɜɨɡɞɭɲɧɵɯ, ɫɭɯɨɩɭɬɧɵɯ ɢ ɤɨɫɦɢɱɟɫɤɢɯ 

ɩɨɬɪɟɛɢɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɮɭɧɤɰɢɣ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɟɪɟɞ ɭɱёɧɵɦɢ ɫɬɨɢɬ ɡɚɞɚɱɚ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢ 

ɧɚɞёɠɧɨɫɬɢ ɤɨɨɪɞɢɧɚɬɧɨ-ɜɪɟɦɟɧɧɵɯ ɨɩɪɟɞɟɥɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɫɩɭɬɧɢɤɨɜɨɣ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ (ɋɇɋ) «ȽɅɈɇȺɋɋ». ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 

ɩɪɨɜɨɞɢɬɫɹ ɪɚɛɨɬɚ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɜɨ ɜɫɟɯ ɟё ɫɟɝɦɟɧɬɚɯ. ȼ 

ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɬɪɟɛɭɟɬɫɹ 

ɝɥɭɛɨɤɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɷɮɟɦɟɪɢɞɧɨ-ɜɪɟɦɟɧɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

(ɗȼɈ) [1-3]. ɗȼɈ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɢɦ ɧɚɩɪɚɜɥɟɧɢɟɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ 

ɬɨɱɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɩɨɬɪɟɛɢɬɟɥɹ ɧɚ ɨɫɧɨɜɟ 

ɋɇɋ «ȽɅɈɇȺɋɋ». Ɉɞɧɨ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɦɨɞɟɪɧɢɡɚɰɢɢ ɗȼɈ ɫɜɹɡɚɧɨ ɫ 

ɩɟɪɟɯɨɞɨɦ ɨɫɧɨɜɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɨɫɬɨɹɧɢɢ ɨɪɛɢɬɚɥɶɧɨɣ 

ɝɪɭɩɩɢɪɨɜɤɢ ɋɇɋ «ȽɅɈɇȺɋɋ» ɧɚ ɫɨɜɟɪɲɟɧɧɨ ɧɨɜɭɸ ɬɟɯɧɨɥɨɝɢɸ 

ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɡɦɟɪɟɧɢɣ ɩɨ ɥɢɧɢɢ 

«ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ – ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ» (ɄȺ-ɄȺ). Ƚɥɚɜɧɨɣ ɡɚɞɚɱɟɣ 

ɗȼɈ, ɤɨɬɨɪɭɸ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɚɬɶ ɧɚ ɨɫɧɨɜɟ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɹɜɥɹɟɬɫɹ 

ɨɩɪɟɞɟɥɟɧɢɟ ɨɪɛɢɬ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɩɭɬɧɢɤɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɋɇɋ 

«ȽɅɈɇȺɋɋ», ɬɨ ɟɫɬɶ ɨɰɟɧɤɚ ɢɯ ɬɟɤɭɳɢɯ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɝɥɭɛɨɤɨɣ ɩɟɪɟɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ 

ɗȼɈ, ɩɨɥɭɱɟɧɢɢ ɧɨɜɵɯ ɦɟɬɨɞɨɜ, ɫɪɟɞɫɬɜ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢ 

ɚɜɬɨɧɨɦɧɨɫɬɢ ɛɚɥɥɢɫɬɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɫɩɭɬɧɢɤɨɜɵɯ ɧɚɜɢɝɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ [4]. 

ɋɭɳɟɫɬɜɭɟɬ ɦɟɬɨɞ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɷɮɟɦɟɪɢɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɡɚ 

ɫɱёɬ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɜɡɚɢɦɧɨɝɨ ɞɜɢɠɟɧɢɹ ɫɩɭɬɧɢɤɨɜ ɜ ɫɚɦɨɣ 

ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ ɩɨ ɥɢɧɢɢ ɄȺ-ɄȺ. ɉɨ ɩɪɢɧɰɢɩɭ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ, 
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ɋɇɋ «ȽɅɈɇȺɋɋ» ɪɚɫɩɪɟɞɟɥɟɧɚ ɜɨɤɪɭɝ Ɂɟɦɥɢ ɞɨɫɬɚɬɨɱɧɨ ɪɚɜɧɨɦɟɪɧɨ. 

Ɉɫɭɳɟɫɬɜɥɟɧɢɟ ɢɡɦɟɪɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɜɡɚɢɦɧɨɝɨ ɞɜɢɠɟɧɢɹ ɫɩɭɬɧɢɤɨɜ 

ɩɨɜɵɲɚɟɬ ɢɡɛɵɬɨɱɧɨɫɬɶ ɞɨɫɬɭɩɧɵɯ ɫɜɟɞɟɧɢɣ ɜ ɫɢɫɬɟɦɟ, ɱɬɨ ɞɚёɬ 

ɜɨɡɦɨɠɧɨɫɬɶ, ɜ ɤɨɧɟɱɧɨɦ ɫɱёɬɟ, ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɷɮɟɦɟɪɢɞɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɞɚɠɟ ɩɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɪɚɜɧɨɦɟɪɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɧɚɡɟɦɧɵɯ 

ɩɭɧɤɬɨɜ [5-6]. 

Ⱦɪɭɝɨɣ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ, ɤɨɬɨɪɭɸ ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɫɢɫɬɟɦɚ 

ɦɟɠɫɩɭɬɧɢɤɨɜɵɯ ɢɡɦɟɪɟɧɢɣ ɩɨ ɥɢɧɢɢ ɄȺ-ɄȺ, ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ 

ɧɚɞёɠɧɨɫɬɢ ɋɇɋ «ȽɅɈɇȺɋɋ». ȼ ɫɥɭɱɚɟ ɜɵɯɨɞɚ ɢɡ ɫɬɪɨɹ ɱɚɫɬɢ ɧɚɡɟɦɧɵɯ 

ɩɭɧɤɬɨɜ ɤɨɧɬɪɨɥɹ ɢɥɢ ɩɪɢ ɩɨɥɧɨɦ ɨɬɫɭɬɫɬɜɢɢ ɩɨɞɞɟɪɠɤɢ ɫɢɫɬɟɦɵ ɫ Ɂɟɦɥɢ, 

ɷɮɟɦɟɪɢɞɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɪɨɞɨɥɠɚɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ, ɧɨ ɫɨ ɜɪɟɦɟɧɟɦ 

ɬɨɱɧɨɫɬɶ ɢɦɟɸɳɢɯɫɹ ɞɚɧɧɵɯ ɫɧɢɠɚɟɬɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɫɩɨɫɨɛɧɨɫɬɢ 

ɫɢɫɬɟɦɵ ɪɟɲɚɬɶ ɩɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ [7-11]. Ɇɟɠɫɩɭɬɧɢɤɨɜɵɟ ɢɡɦɟɪɟɧɢɹ ɩɨ 

ɥɢɧɢɢ ɄȺ-ɄȺ ɧɟɡɚɜɢɫɢɦɵ ɨɬ ɧɚɡɟɦɧɨɣ ɩɨɞɞɟɪɠɤɢ, ɬɚɤ ɤɚɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 

ɚɩɩɚɪɚɬɭɪɚ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɋɇɋ «ȽɅɈɇȺɋɋ» ɢ ɪɚɛɨɬɚɟɬ ɚɜɬɨɧɨɦɧɨ. ɗɬɨ 

ɩɨɡɜɨɥɹɟɬ ɩɪɨɞɥɢɬɶ ɫɪɨɤ ɟё ɚɤɬɢɜɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ [12-13]. Ɉɫɧɨɜɧɨɣ 

ɰɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ, ɛɚɡɢɪɭɸɳɟɣɫɹ ɧɚ ɭɱɟɬɟ 

ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ 

ɬɨɱɧɨɫɬɶ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɡɦɟɪɟɧɢɣ ɩɨ ɥɢɧɢɢ 

ɄȺ-ɄȺ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɨɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ, ɚ 

ɩɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɜɨɡɦɭɳɟɧɢɹ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɦɨɞɟɥɢ 

ɞɜɢɠɟɧɢɹ ɄȺ.  

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɞɚɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1) ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ 

ɄȺ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ; 

2) ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɪɚɫɯɨɠɞɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɢ 

ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɹɯ ɞɜɢɠɟɧɢɹ ɄȺ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ; 

3) ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ 

ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ; 

4) ɩɪɨɜɟɫɬɢ ɨɰɟɧɤɭ ɪɚɫɯɨɠɞɟɧɢɣ ɢ ɜɨɡɦɭɳɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ 
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ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ; 

5) ɧɚ ɨɫɧɨɜɟ ɨɰɟɧɤɢ ɜɨɡɦɭɳɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɪɚɡɪɚɛɨɬɚɬɶ 

ɦɟɬɨɞɢɤɭ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɦ 

ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ 

ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɞɚɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɩɨ ɥɢɧɢɢ ɄȺ-ɄȺ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ 

ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɦɭɳɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɦɨɠɧɨ ɭɱɟɫɬɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ [14], ɩɨɡɜɨɥɹɸɳɟɝɨ ɭɱɢɬɵɜɚɬɶ 

n-ɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɦɭɳɚɸɳɢɯ ɝɚɪɦɨɧɢɤ [15-17]. ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ 

ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ 

ɜɨɡɦɭɳɟɧɢɣ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɩɨ ɥɢɧɢɢ ɄȺ-ɄȺ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɜɨɡɦɨɠɧɵɟ 

ɞɚɥɶɧɟɣɲɢɟ ɩɭɬɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 
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1 ɇɟɜɨɡɦɭɳɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ Ɂɟɦɥɢ 

 

ɇɟɜɨɡɦɭɳёɧɧɨɟ ɞɜɢɠɟɧɢɟ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ Ɂɟɦɥɢ (ɂɋɁ) 

ɧɚɡɵɜɚɸɬ ɬɚɤɠɟ Ʉɟɩɥɟɪɨɜɵɦ ɞɜɢɠɟɧɢɟɦ, ɬɚɤ ɤɚɤ ɨɧɨ ɩɨɞɱɢɧɹɟɬɫɹ ɬɪёɦ 

ɡɚɤɨɧɚɦ, ɨɬɤɪɵɬɵɦ ɜ 1609–1618 ɝɝ. ɧɟɦɟɰɤɢɦ ɚɫɬɪɨɧɨɦɨɦ ɂɨɝɚɧɧɨɦ 

Ʉɟɩɥɟɪɨɦ.  

ɉɨɥɨɠɟɧɢɟ ɂɋɁ ɧɚ ɨɪɛɢɬɟ ɨɬɧɨɫɢɬɟɥɶɧɨ Ɂɟɦɥɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɨ 

ɲɟɫɬɶɸ Ʉɟɩɥɟɪɨɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɞɜɚ ɢɡ ɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɪɚɡɦɟɪɵ ɢ 

ɮɨɪɦɭ ɨɪɛɢɬɵ, ɬɪɢ – ɨɪɢɟɧɬɚɰɢɸ ɨɪɛɢɬɵ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɂɋɁ, ɚ 

ɲɟɫɬɨɣ – ɩɨɥɨɠɟɧɢɟ ɫɩɭɬɧɢɤɚ ɧɚ ɨɪɛɢɬɟ. ɗɬɢɦɢ ɲɟɫɬɶɸ ɷɥɟɦɟɧɬɚɦɢ 

ɹɜɥɹɸɬɫɹ:  

1) ɛɨɥɶɲɚɹ ɩɨɥɭɨɫɶ 𝛼, ɤɨɬɨɪɚɹ ɪɚɜɧɚ ɫɪɟɞɧɟɦɭ ɪɚɫɫɬɨɹɧɢɸ ɂɋɁ ɨɬ 

ɰɟɧɬɪɚ Ɂɟɦɥɢ; 

2) ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ ݁ – ɦɟɪɚ ɫɩɥɸɫɧɨɬɨɫɬɢ ɷɥɥɢɩɫɚ. ɗɤɫɰɟɧɬɪɢɫɢɬɟɬ 

ɨɪɛɢɬ ɫɩɭɬɧɢɤɨɜ ɪɚɞɢɨɫɜɹɡɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɩɪɟɜɵɲɚɟɬ 0,5. ɉɪɢ ݁ = Ͳ 

ɨɪɛɢɬɚ ɹɜɥɹɟɬɫɹ ɤɪɭɝɨɜɨɣ, ɞɥɹ ɤɨɬɨɪɨɣ ɜɵɫɨɬɵ ɚɩɨɝɟɹ ɢ ɩɟɪɢɝɟɹ ɪɚɜɧɵ. ɉɨ 

ɤɪɭɝɨɜɨɣ ɨɪɛɢɬɟ ɂɋɁ ɞɜɢɠɟɬɫɹ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ. ɉɪɢ ɞɜɢɠɟɧɢɢ ɩɨ 

ɷɥɥɢɩɬɢɱɟɫɤɨɣ ɨɪɛɢɬɟ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɫɩɭɬɧɢɤɚ ɢɡɦɟɧɹɟɬɫɹ, ɞɨɫɬɢɝɚɹ 

ɦɚɤɫɢɦɭɦɚ ɜ ɨɛɥɚɫɬɢ ɩɟɪɢɝɟɹ ɢ ɦɢɧɢɦɭɦɚ – ɜ ɨɛɥɚɫɬɢ ɚɩɨɝɟɹ; 

3) ɧɚɤɥɨɧɟɧɢɟ ɨɪɛɢɬɵ 𝑖 ɤ ɷɤɜɚɬɨɪɢɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ Ɂɟɦɥɢ – ɭɝɨɥ 

ɩɟɪɟɫɟɱɟɧɢɹ ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ ɂɋɁ ɫ ɩɥɨɫɤɨɫɬɶɸ ɷɤɜɚɬɨɪɚ Ɂɟɦɥɢ. 

Ɉɬɫɱɢɬɵɜɚɟɬɫɹ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ, ɟɫɥɢ ɫɦɨɬɪɟɬɶ ɫɨ ɫɬɨɪɨɧɵ 

ɜɨɫɯɨɞɹɳɟɝɨ ɭɡɥɚ ɨɪɛɢɬɵ. ɂɡɦɟɪɹɟɬɫɹ ɨɬ 0° ɞɨ 180°. ȿɫɥɢ ɧɚɤɥɨɧɟɧɢɟ ɧɟ 

ɛɨɥɟɟ 90°, ɬɨ ɞɜɢɠɟɧɢɟ ɫɩɭɬɧɢɤɚ ɫɱɢɬɚɟɬɫɹ ɩɪɹɦɵɦ, ɟɫɥɢ ɛɨɥɟɟ 90° - ɬɨ 

ɨɛɪɚɬɧɵɦ; 

4) ɚɪɝɭɦɟɧɬ ɩɟɪɢɰɟɧɬɪɚ ߱ – ɭɝɨɥ, ɨɬɫɱɢɬɵɜɚɟɦɵɣ ɜ ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ 

ɂɋɁ ɨɬ ɜɨɫɯɨɞɹɳɟɝɨ ɭɡɥɚ ɨɪɛɢɬɵ ɞɨ ɬɨɱɤɢ ɩɟɪɢɝɟɹ (ɬɨɱɤɚ, ɝɞɟ ɪɚɫɫɬɨɹɧɢɟ 

ɦɟɠɞɭ ɂɋɁ ɢ ɰɟɧɬɪɨɦ Ɂɟɦɥɢ ɧɚɢɦɟɧɶɲɟɟ). ɍɝɨɥ ɨɬɫɱɢɬɵɜɚɟɬɫɹ ɩɪɨɬɢɜ 

ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ, ɟɫɥɢ ɫɦɨɬɪɟɬɶ ɫ ɫɟɜɟɪɧɨɝɨ ɩɨɥɸɫɚ ɦɢɪɚ. Ʌɢɧɢɹ, 

ɫɨɟɞɢɧɹɸɳɚɹ ɜɨɫɯɨɞɹɳɢɣ ɢ ɧɢɫɯɨɞɹɳɢɣ ɭɡɥɵ ɧɚɡɵɜɚɟɬɫɹ ɥɢɧɢɟɣ ɭɡɥɨɜ; 
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5) ɞɨɥɝɨɬɚ ɜɨɫɯɨɞɹɳɟɝɨ ɭɡɥɚ Ω – ɭɝɨɥ, ɨɬɫɱɢɬɵɜɚɟɦɵɣ ɜ ɩɥɨɫɤɨɫɬɢ 

ɡɟɦɧɨɝɨ ɷɤɜɚɬɨɪɚ ɨɬ ɜɨɫɯɨɞɹɳɟɝɨ ɭɡɥɚ ɞɨ ɬɨɱɤɢ ɜɟɫɟɧɧɟɝɨ ɪɚɜɧɨɞɟɧɫɬɜɢɹ. 

ɍɝɨɥ ɨɬɫɱɢɬɵɜɚɟɬɫɹ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ, ɟɫɥɢ ɫɦɨɬɪɟɬɶ ɫ ɫɟɜɟɪɧɨɝɨ 

ɩɨɥɸɫɚ ɦɢɪɚ, ɨɛɵɱɧɨ ɜɵɛɢɪɚɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 0°-360°; 

6) ɫɪɟɞɧɹɹ ɚɧɨɦɚɥɢɹ ܯ – ɭɝɨɥ, ɨɬɫɱɢɬɵɜɚɟɦɵɣ ɜ ɩɥɨɫɤɨɫɬɢ ɨɪɛɢɬɵ ɂɋɁ 

ɨɬ ɩɟɪɢɝɟɹ ɞɨ ɂɋɁ ɧɚ ɨɪɛɢɬɟ. ɍɝɨɥ ɨɬɫɱɢɬɵɜɚɟɬɫɹ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ, 

ɟɫɥɢ ɫɦɨɬɪɟɬɶ ɫ ɫɟɜɟɪɧɨɝɨ ɩɨɥɸɫɚ ɦɢɪɚ [6,10]. 

Ⱦɚɧɧɵɟ ɷɥɟɦɟɧɬɵ ɫɨɫɬɚɜɥɹɸɬ ɨɫɧɨɜɭ ɷɮɟɦɟɪɢɞɧɨ-ɜɪɟɦɟɧɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɋɇɋ «ȽɅɈɇȺɋɋ» ɢ ɹɜɥɹɸɬɫɹ ɷɮɟɦɟɪɢɞɚɦɢ ɜɬɨɪɨɝɨ ɪɨɞɚ. ɋ 

ɩɨɦɨɳɶɸ ɷɮɟɦɟɪɢɞ ɜɬɨɪɨɝɨ ɪɨɞɚ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɜɵɫɨɤɨɬɨɱɧɭɸ 

ɚɧɚɥɢɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɧɨɦ ɩɨɥɟ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 

ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɷɮɟɦɟɪɢɞ ɩɨɡɜɨɥɢɬ ɪɚɡɝɪɭɡɢɬɶ ɥɢɧɢɸ ɫɜɹɡɢ ɄȺ-ɄȺ, 

ɩɨɜɵɫɢɬ ɬɨɱɧɨɫɬɶ ɪɚɞɢɨɤɨɧɬɪɨɥɹ, ɨɛɟɫɩɟɱɢɬ ɜɵɫɨɤɨɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɄȺ 

ɧɚ ɨɪɛɢɬɟ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɨɜɵɲɟɧɢɹ ɚɜɬɨɧɨɦɧɨɝɨ 

ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɫɢɫɬɟɦɵ. Ⱦɚɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɛɨɬ ɩɨ ɩɨɜɵɲɟɧɢɸ ɬɨɱɧɨɫɬɢ 

ɷɮɟɦɟɪɢɞ ɜɬɨɪɨɝɨ ɪɨɞɚ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 

ɨɛɴɟɤɬɨɜ ɩɨɬɪɟɛɢɬɟɥɹ ɋɇɋ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜɫɟ ɄȺ ɪɚɛɨɬɚɸɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɚ 

ɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɹɯ, ɤɨɬɨɪɵɟ ɭɱɢɬɵɜɚɸɬ ɜɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ɨɪɛɢɬɵ, ɧɨ 

ɢɫɩɨɥɶɡɭɸɬ ɩɨɲɚɝɨɜɵɟ ɢɬɟɪɚɰɢɨɧɧɵɟ ɜɵɱɢɫɥɟɧɢɹ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɛɨɥɶɲɨɦɭ 

ɧɚɤɨɩɥɟɧɢɸ ɨɲɢɛɨɤ ɜ ɢɬɨɝɨɜɵɯ ɪɚɫɱɟɬɚɯ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜɨɡɧɢɤɚɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɝɭɥɹɪɧɨɣ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ. ɉɪɢ 

ɬɚɤɨɦ ɩɨɞɯɨɞɟ ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɧɚ ɥɢɧɢɢ ɄȺ-

ɄȺ ɜɨɡɦɨɠɧɨ ɡɚ ɫɱɟɬ: 

1) ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɩɚɪɚɦɟɬɪɚ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ; 

2) ɩɪɢɦɟɧɟɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɪɚɫɱɟɬɟ ɩɚɪɚɦɟɬɪɚ ɚɪɝɭɦɟɧɬɚ 

ɲɢɪɨɬɵ; 

3) ɭɱɟɬɚ ɜɨɡɦɭɳɚɸɳɢɯ ɮɚɤɬɨɪɨɜ ɜɨɡɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɞɜɢɠɟɧɢɟ ɄȺ ɩɨ 

ɨɪɛɢɬɟ. 



14 
 

Ⱥɪɝɭɦɟɧɬ ɲɢɪɨɬɵ (ɨɛɨɡɧɚɱɚɟɦɵɣ ݑ) – ɭɝɥɨɜɨɣ ɩɚɪɚɦɟɬɪ, ɤɨɬɨɪɵɣ 

ɨɩɪɟɞɟɥɹɟɬ ɩɨɥɨɠɟɧɢɟ ɬɟɥɚ, ɞɜɢɠɭɳɟɝɨɫɹ ɜɞɨɥɶ ɤɟɩɥɟɪɨɜɨɣ ɨɪɛɢɬɵ. ɗɬɨ 

ɫɭɦɦɚ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɢɧɧɨɣ ɚɧɨɦɚɥɢɢ ɢ ɚɪɝɭɦɟɧɬɚ ɩɟɪɢɰɟɧɬɪɚ, 

ɨɛɪɚɡɭɸɳɚɹ ɭɝɨɥ ɦɟɠɞɭ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɨɦ ɬɟɥɚ ɢ ɥɢɧɢɟɣ ɭɡɥɨɜ, ɤɨɬɨɪɚɹ 

ɨɬɫɱɢɬɵɜɚɟɬɫɹ ɨɬ ɜɨɫɯɨɞɹɳɟɝɨ ɭɡɥɚ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɄȺ ɩɨ 

ɮɨɪɦɭɥɟ (1.1): 

   

ݑ  = 𝜃 + ߱, (1.1) 

   

ɝɞɟ ݑ – ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ, 

      𝜃 – ɢɫɬɢɧɧɚɹ ɚɧɨɦɚɥɢɹ. 

Ⱥɪɝɭɦɟɧɬ ɲɢɪɨɬɵ ɢ ɭɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɦɟɠɫɩɭɬɧɢɤɨɜɨɣ 

ɪɚɞɢɨɥɢɧɢɢ ɄȺ-ɄȺ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1: 

 

Ɋɢɫɭɧɨɤ 1 – ɍɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɦɟɠɫɩɭɬɧɢɤɨɜɨɣ 

ɪɚɞɢɨɥɢɧɢɢ ɄȺ-ɄȺ 
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Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫɭɧɤɟ 1, ɭɝɨɥ ɦɟɠɞɭ ɥɢɧɢɟɣ ɭɡɥɨɜ ɢ ɪɚɞɢɭɫɨɦ-ɜɟɤɬɨɪɨɦ 

ɄȺ ɨɩɪɟɞɟɥɹɟɬ ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ. Ɍɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɨɝɨ ɭɝɥɚ 

ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɤɚɱɟɫɬɜɟ ɦɟɠɫɩɭɬɧɢɤɨɜɨɣ ɫɜɹɡɢ ɩɨ ɪɚɞɢɨɥɢɧɢɢ ɄȺ-ɄȺ. Ⱦɜɚ 

ɚɩɩɚɪɚɬɚ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɹ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨ ɪɚɞɢɨɥɢɧɢɢ ɄȺ-ɄȺ, ɨɛɪɚɡɭɸɬ 

ɫɜɨɟɝɨ ɪɨɞɚ «ɯɨɪɞɭ», ɬɨɱɧɨɟ ɜɵɱɢɫɥɟɧɢɟ ɤɨɬɨɪɨɣ ɩɨɡɜɨɥɢɬ ɨɪɝɚɧɢɡɨɜɚɬɶ 

ɥɭɱɲɟɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɫɩɭɬɧɢɤɚɦɢ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɜɵɫɢɬ 

ɬɨɱɧɨɫɬɶ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬɵ. Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɞɚɧɧɨɝɨ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɡɚ 

ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɡɦɟɪɟɧɢɣ ɩɨ ɥɢɧɢɢ ɄȺ-ɄȺ ɧɟɨɛɯɨɞɢɦɨ ɬɨɱɧɨ 

ɪɚɫɫɱɢɬɵɜɚɬɶ ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ ɩɨ ɤɚɠɞɨɦɭ ɂɋɁ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɨɝɨ ɚɪɝɭɦɟɧɬɚ ɤɚɤ ɨɫɤɭɥɢɪɭɸɳɟɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɨɪɛɢɬɵ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɱɢɫɥɟɧɧɭɸ ɦɨɞɟɥɶ ɫ ɩɟɪɢɨɞɢɱɟɫɤɢɦɢ ɢ 

ɜɟɤɨɜɵɦɢ ɜɨɡɦɭɳɟɧɢɹɦɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ. 

Ɉɫɤɭɥɢɪɭɸɳɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ – ɷɬɨ ɷɥɟɦɟɧɬɵ ɨɪɛɢɬɵ, 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɤɚɤ ɮɭɧɤɰɢɢ ɜɪɟɦɟɧɢ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɤɨɨɪɞɢɧɚɬɵ ɢ 

ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɢ ɜ ɜɨɡɦɭɳɟɧɧɨɦ ɞɜɢɠɟɧɢɢ ɜɵɪɚɠɚɸɬɫɹ ɬɟɦɢ ɠɟ 

ɮɨɪɦɭɥɚɦɢ, ɱɬɨ ɢ ɜ ɧɟɜɨɡɦɭɳɟɧɧɨɦ ɞɜɢɠɟɧɢɢ. 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɚɧɚɥɢɡɚ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ 

ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ (ɜ ɩɨɥɟ ɋ20), ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ Ʉɟɩɥɟɪɨɜɭ ɦɨɞɟɥɶ 

ɞɜɢɠɟɧɢɹ ɄȺ. 
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1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɨɞɟɥɶɸ Ʉɟɩɥɟɪɚ. Ʉɚɤ 

ɛɵɥɨ ɭɤɚɡɚɧɨ ɪɚɧɟɟ, ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ ɮɨɪɦɭɥɭ (1.1), 

ɜɤɥɸɱɚɸɳɭɸ ɜ ɫɟɛɹ ɚɪɝɭɦɟɧɬ ɩɟɪɢɰɟɧɬɪɚ  ɢ ɢɫɬɢɧɧɭɸ ɚɧɨɦɚɥɢɸ  . 

Ⱥɪɝɭɦɟɧɬ ɩɟɪɢɰɟɧɬɪɚ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ 

ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɡɧɚɱɟɧɢɟɦ. ɂɫɬɢɧɧɚɹ ɚɧɨɦɚɥɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ 

(1.2) [13]: 

   
 𝜃 = ʹ𝑎݃ݐ−ଵ ቌ√ͳ + ݁ͳ − ݁ ݃ݐ  ቍ, (1.2)ܧʹ

   
ɝɞɟ ܧ – ɷɤɫɰɟɧɬɪɢɱɟɫɤɚɹ ɚɧɨɦɚɥɢɹ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1.3): 

   
ሺ𝑛ሻܧ  = ሺ𝑛−ଵሻܧ − ሺ𝑛−ଵሻܧ − ሻሺ𝑛−ଵሻܧ𝑖݊ሺݏ݁ ͳܯ− − ሻሺ𝑛−ଵሻܧሺݏܿ݁ . (1.3) 

   
ɋɪɟɞɧɹɹ ɚɧɨɦɚɥɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1.4): 

   
ܯ  = ܯ + ݊ሺݐ −  ሻ, (1.4)ݐ

   
ɝɞɟ ܯ – ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɪɟɞɧɟɣ ɚɧɨɦɚɥɢɢ, ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɚɧɬɨɣ 

ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ, ݐ – ɧɟɤɨɬɨɪɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ݊ – ɫɪɟɞɧɟɟ ɞɜɢɠɟɧɢɟ ɂɋɁ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1.5): 

   

 ݊ =  𝑎ଷ/ଶ, (1.5)ߤ√
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ɝɞɟ ߤ – ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɢ, ɜ ɫɥɭɱɚɟ ɞɥɹ Ɂɟɦɥɢ, ɫɨɫɬɚɜɥɹɟɬ 

398600,44 ɤɦ3/ɫ2. 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɢ ɩɚɪɚɦɟɬɪɵ ɨɪɛɢɬɵ ɛɭɞɭɬ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɡɧɚɱɟɧɢɹɦ ɢɡ ɬɚɛɥɢɰɵ 1. 

Ɍɚɛɥɢɰɚ 1 – Ɂɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɢ ɩɚɪɚɦɟɬɪɵ ɨɪɛɢɬɵ 

ɗɥɟɦɟɧɬ / ɉɚɪɚɦɟɬɪ ɨɪɛɢɬɵ Ɂɧɚɱɟɧɢɟ 
Ȼɨɥɶɲɚɹ ɩɨɥɭɨɫɶ a, ɤɦ 25771 
ȼɵɫɨɬɚ ɨɪɛɢɬɵ h, ɤɦ 19400 
ɉɟɪɢɨɞ ɨɛɪɚɳɟɧɢɹ ɋɇɋ «ȽɅɈɇȺɋɋ», ɱ 11,5 ɱ 
ɗɤɫɰɟɧɬɪɢɫɢɬɟɬ e, ɟɞ. 0,001 
ɒɚɝ t, ɫ 15 
ɋɪɟɞɧɟɟ ɞɜɢɠɟɧɢɟ ɂɋɁ n 0,000152606 
ɇɚɤɥɨɧɟɧɢɟ i, ɪɚɞ. 1,130973  
ɋɪɟɞɧɹɹ ɚɧɨɦɚɥɢɹ M0, ɪɚɞ. 0  
Ⱥɪɝɭɦɟɧɬ ɩɟɪɢɰɟɧɬɪɚ ω, ɪɚɞ. 0  
Ⱦɨɥɝɨɬɚ ɜɨɫɯɨɞɹɳɟɝɨ ɭɡɥɚ Ω, ɪɚɞ. 0 

 

Ⱥɪɝɭɦɟɧɬ ɲɢɪɨɬɵ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ, 

ɪɚɫɫɱɢɬɚɧɧɵɣ ɩɨ ɦɨɞɟɥɢ Ʉɟɩɥɟɪɚ, ɨɬɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2: 
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Ɋɢɫɭɧɨɤ 2 – Ɂɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨ ɦɨɞɟɥɢ 

Ʉɟɩɥɟɪɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 2, ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ 

ɪɚɜɧɨ -2,987 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨ 3,022 ɪɚɞɢɚɧ.  

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɰɟɧɢɬɶ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɚɪɝɭɦɟɧɬɟ ɲɢɪɨɬɵ ɜ 

ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ, ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɟɝɨ ɫ ɩɨɦɨɳɶɸ ɱɢɫɥɟɧɧɨɣ 

ɦɨɞɟɥɢ. 

ɇɚ ɨɫɧɨɜɟ ɩɪɢɜɟɞɟɧɧɨɣ ɜɵɲɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ 

ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɱɢɫɥɟɧɧɭɸ ɦɨɞɟɥɶ. 

 

1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɧɚ ɨɫɧɨɜɟ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ 

ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ 

 

Ɂɚ ɱɢɫɥɟɧɧɭɸ ɦɨɞɟɥɶ ɞɥɹ ɪɚɫɱɟɬɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ ɜɨɡɶɦɟɦ ɦɟɬɨɞ 

Ɋɭɧɝɟ-Ʉɭɬɬɚ (ɊɄ) ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ.  
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Ɇɟɬɨɞɵ Ɋɭɧɝɟ-Ʉɭɬɬɚ – ɷɬɨ ɝɪɭɩɩɚ ɦɟɬɨɞɨɜ, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɯ ɧɚ 

ɩɪɚɤɬɢɤɟ ɞɥɹ ɪɟɲɟɧɢɹ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. ȼ ɷɬɢɯ 

ɦɟɬɨɞɚɯ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɡɧɚɱɟɧɢɹ ɢɫɤɨɦɨɣ ɮɭɧɤɰɢɢ ɜ ɨɱɟɪɟɞɧɨɣ ɬɨɱɤɟ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɩɪɟɞɵɞɭɳɟɣ ɮɭɧɤɰɢɢ. Ɇɟɬɨɞɵ ɪɚɡɥɢɱɚɸɬɫɹ 

ɨɛɴɟɦɨɦ ɜɵɱɢɫɥɟɧɢɣ ɢ ɬɨɱɧɨɫɬɶɸ ɢɬɨɝɨɜɨɝɨ ɪɟɡɭɥɶɬɚɬɚ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɫɩɭɬɧɢɤɢ ɥɟɬɚɸɬ ɧɚ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɚɯ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɜ 

ɫɜɨɟɣ ɨɫɧɨɜɟ ɩɪɢɧɰɢɩɵ ɢ ɦɟɬɨɞɵ Ɋɭɧɝɟ-Ʉɭɬɬɚ [10]. 

ɉɨɪɹɞɨɤ ɦɟɬɨɞɚ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɪɚɬɧɨɫɬɶɸ ɜɵɱɢɫɥɟɧɢɹ 

ɡɧɚɱɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɣ ɢɫɤɨɦɨɣ ɮɭɧɤɰɢɢ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ 

ɨɱɟɪɟɞɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢɫɤɨɦɨɣ ɮɭɧɤɰɢɢ ɜ ɬɨɱɤɟ ݊ + ͳ, ɡɧɚɱɟɧɢɟ ɩɪɚɜɨɣ ɱɚɫɬɢ 

ɭɪɚɜɧɟɧɢɹ ɜɵɱɢɫɥɹɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɪɚɡ, ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɢ ɨɩɪɟɞɟɥɹɟɬ 

ɩɨɪɹɞɨɤ ɦɟɬɨɞɚ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ 

Ɋɭɧɝɟ-Ʉɭɬɬɚ, ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɨɪɞɢɧɚɬɵ ɢ ɫɤɨɪɨɫɬɢ ɂɋɁ. ȼ ɫɜɹɡɢ ɫ 

ɷɬɢɦ, ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɧɚɱɚɥɶɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɢ ɩɪɨɟɤɰɢɢ ɫɤɨɪɨɫɬɟɣ 

ɩɨ ɦɟɬɨɞɭ Ʉɟɩɥɟɪɚ. ɇɚ ɪɚɫɫɱɢɬɚɧɧɵɯ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ Ʉɟɩɥɟɪɨɜɨɣ 

ɨɪɛɢɬɵ ɛɭɞɟɦ ɫɬɪɨɢɬɶ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɄȺ, ɢɫɩɨɥɶɡɭɹ ɱɢɫɥɟɧɧɵɣ ɦɟɬɨɞ 

Ɋɭɧɝɟ-Ʉɭɬɬɚ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɤɨɨɪɞɢɧɚɬ ɢ ɩɪɨɟɤɰɢɢ 

ɢɯ ɫɤɨɪɨɫɬɟɣ ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 2: 

Ɍɚɛɥɢɰɚ 2 – ɇɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɢ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ x y z ẋ ̇ݕ ż 
25 745,2 0 0 0 1,6 3,5 

 

ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɦɨɞɟɥɢ Ʉɟɩɥɟɪɚ, 

ɩɟɪɟɣɞɟɦ ɤ ɩɨɫɬɪɨɟɧɢɸ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ ɩɨ ɮɨɪɦɭɥɚɦ 

(1.6 – 1.7): 

   
𝑖ݔ  = 𝑖−ଵݔ + ሺଵ𝑖 + ଶ𝑖 + ଷ𝑖 + ସ𝑖ሻ , 

(1.6) 
𝑖ݕ  = 𝑖−ଵݕ + ሺݍଵ𝑖 + ଶ𝑖ݍ + ଷ𝑖ݍ + ସ𝑖ሻݍ , 
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𝑖ݖ  = 𝑖−ଵݖ + ሺݏଵ𝑖 + ଶ𝑖ݏ + ଷ𝑖ݏ + ସ𝑖ሻݏ , (1.6) 

   

𝑖ݔ̇  = 𝑖−ଵݔ̇ + ሺ݇ଵ𝑖 + ݇ଶ𝑖 + ݇ଷ𝑖 + ݇ସ𝑖ሻ ,  

𝑖ݕ̇  = 𝑖−ଵݕ̇ + ሺ݈ଵ𝑖 + ݈ଶ𝑖 + ݈ଷ𝑖 + ݈ସ𝑖ሻ , (1.7) 

𝑖ݖ̇  = 𝑖−ଵݖ̇ + ሺ݉ଵ𝑖 +݉ଶ𝑖 +݉ଷ𝑖 +݉ସ𝑖ሻ .  

   

ɂɫɯɨɞɹ ɢɡ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ ɮɨɪɦɭɥ, ɪɚɫɩɢɲɟɦ ɡɧɚɱɟɧɢɹ ɜɯɨɞɹɳɢɯ ɜ 

ɧɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɮɨɪɦɭɥɟ (1.8): 

   
 ݇ଵ𝑖 = ͳͺͲͲ ଵ݂ሺݎሻ݀ݔ, 

(1.8) 

 ݈ଵ𝑖 = ͳͺͲͲ ଶ݂ሺݎሻ݀ݕ, 
 ݉ଵ𝑖 = ͳͺͲͲ ଷ݂ሺݎሻ݀ݖ, 
ଵ𝑖  = ͳͺͲͲ̇ݔ𝑖−ଵ, 
ଵ𝑖ݍ  = ͳͺͲͲ̇ݕ𝑖−ଵ,  
ଵ𝑖ݏ  = ͳͺͲͲ̇ݖ𝑖−ଵ, 
 ݇ଶ𝑖 = ͳͺͲͲ ଵ݂ሺݎ + 𝛥ݎଵ௫ሻ݀ݔ, 
 ݈ଶ𝑖 = ͳͺͲͲ ଶ݂(ݎ + 𝛥ݎଵ௬)݀ݕ, 
 ݉ଶ𝑖 = ͳͺͲͲ ଷ݂ሺݎ + 𝛥ݎଵ௭ሻ݀ݖ, 
ଶ𝑖  = ͳͺͲͲ(̇ݔ𝑖−ଵ + ݇ଵ𝑖ʹ ), 
ଶ𝑖ݍ  = ͳͺͲͲ(̇ݕ𝑖−ଵ + ݈ଵ�ʹ�), 
ଶ𝑖ݏ  = ͳͺͲͲቀ̇ݖ𝑖−ଵ +݉ଵ𝑖ʹ ቁ , 
 ݇ଷ𝑖 = ͳͺͲͲ ଵ݂ሺݎ + 𝛥ݎଶ௫ሻ݀ݔ, 
 ݈ଷ𝑖 = ͳͺͲͲ ଶ݂(ݎ + 𝛥ݎଶ௬)݀ݕ, 
 ݉ଷ𝑖 = ͳͺͲͲ ଷ݂ሺݎ + 𝛥ݎଶ௭ሻ݀ݖ, 



21 
 

ଷ𝑖  = ͳͺͲͲ(̇ݔ𝑖−ଵ + ݇ଶ𝑖ʹ ), 

(1.8) 

ଷ𝑖ݍ  = ͳͺͲͲ(̇ݕ𝑖−ଵ + ݈ଶ�ʹ�), 
ଷ𝑖ݏ  = ͳͺͲͲቀ̇ݖ𝑖−ଵ +݉ଶ𝑖ʹ ቁ , 
 ݇ସ𝑖 = ͳͺͲͲ ଵ݂ሺݎ + 𝛥ݎଷ௫ሻ݀ݔ, 
 ݈ସ𝑖 = ͳͺͲͲ ଶ݂(ݎ + 𝛥ݎଷ௬)݀ݕ, 
 ݉ସ𝑖 = ͳͺͲͲ ଷ݂ሺݎ + 𝛥ݎଷ௭ሻ݀ݖ, 
ସ𝑖  = ͳͺͲͲሺ̇ݔ𝑖−ଵ + ݇ଷ𝑖ሻ, 
ସ𝑖ݍ  = ͳͺͲͲሺ̇ݕ𝑖−ଵ + ݈ଷ𝑖ሻ, 
ସ𝑖ݏ  = ͳͺͲͲሺ̇ݖ𝑖−ଵ +݉ଷ𝑖ሻ , 
   

ɝɞɟ 𝑖 = ͳ,ʹ,… , ݊, 

 ଵ݂ሺݎሻ݀ݔ =   ,ଵଷݎݔߤ

 ଶ݂ሺݎሻ݀ݕ =   ,ଵଷݎݕߤ

 ଷ݂ሺݎሻ݀ݖ =   ,ଵଷݎݖߤ

,ݔ݀      ,ݕ݀  .ݎ ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚ – ݖ݀

Ʉɚɤ ɦɵ ɜɢɞɢɦ, ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɢ ɩɪɨɟɤɰɢɣ ɫɤɨɪɨɫɬɟɣ ɨɫɧɨɜɚɧɵ 

ɧɟ ɧɚ ɷɥɟɦɟɧɬɚɯ ɨɪɛɢɬɵ, ɚ ɧɚ ɩɚɪɚɦɟɬɪɚɯ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ 

ɧɚɩɪɹɦɭɸ ɨɩɪɟɞɟɥɢɬɶ ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ. ɉɨɷɬɨɦɭ, ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ 

ɨɛɪɚɬɧɭɸ ɡɚɞɚɱɭ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɱɟɪɟɡ ɫɤɨɪɨɫɬɢ ɢ 

ɤɨɨɪɞɢɧɚɬɵ.  

ɇɚɣɞɟɦ ɢɧɬɟɝɪɚɥɵ ɩɥɨɳɚɞɟɣ ɩɨ ɮɨɪɦɭɥɚɦ (1.9 – 1.10): 

   

 { ʠଵ = ݖݕ − ʠଶݕݖ = ݔݖ − ʠଷݖݔ = ݕݔ −  , (1.9)ݔݕ
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 ʠ = √ʠଵଶ + ʠଶଶ + ʠଷଶ. (1.10) 

   

Ɉɩɪɟɞɟɥɢɦ ɞɨɥɝɨɬɭ ɜɨɫɯɨɞɹɳɟɝɨ ɭɡɥɚ ɢ ɧɚɤɥɨɧɟɧɢɟ ɨɪɛɢɬɵ ɩɨ 

ɮɨɪɦɭɥɚɦ (1.11 – 1.12): 

   
 𝑖 = tg−ଵ (√𝐶ଵଶ + 𝐶ଶଶ𝐶ଷ ) , (1.11) 

   
 Ω = −tg−ଵ (𝐶ଵ𝐶ଶ). (1.12) 

   
ɇɚɤɨɧɟɰ, ɪɚɫɫɱɢɬɚɟɦ ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ ɩɨ ɮɨɪɦɭɥɟ (1.13): 

   

ݑ  = tg−ଵ ( cos ሺΩሻݔሺ𝑖ሻܿ݁ݏܿݖ + (sin ሺΩሻݕ . (1.13) 

   

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɫɥɟɞɭɸɳɟɦ 

ɜɢɞɟ ɧɚ ɪɢɫɭɧɤɟ 3: 
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Ɋɢɫɭɧɨɤ 3 – Ɂɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨ ɱɢɫɥɟɧɧɨɣ 

ɦɨɞɟɥɢ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 3, ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ 

ɪɚɜɧɨ -1,4896 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨ 1,4048 ɪɚɞɢɚɧ.  

Ɍɟɩɟɪɶ ɨɩɪɟɞɟɥɢɦ ɪɚɫɯɨɠɞɟɧɢɟ ɜ ɚɪɝɭɦɟɧɬɟ ɲɢɪɨɬɵ ɦɟɠɞɭ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɢ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɹɦɢ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ. 

 

1.3 Ɋɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ ɱɢɫɥɟɧɧɵɦ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɦ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ 

 

Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɠɞɟɧɢɟ ɜ ɚɪɝɭɦɟɧɬɟ ɲɢɪɨɬɵ ɦɟɠɞɭ ɱɢɫɥɟɧɧɨɣ ɢ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɹɦɢ. Ⱦɥɹ ɷɬɨɝɨ ɧɚɣɞɟɦ ɪɚɡɧɢɰɭ ɜ ɚɪɝɭɦɟɧɬɟ ɲɢɪɨɬɵ 

ɦɟɠɞɭ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ Ʉɟɩɥɟɪɚ ɢ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɶɸ ɩɨ ɦɟɬɨɞɭ 

Ɋɭɧɝɟ-Ʉɭɬɬɚ ɩɨ ɮɨɪɦɭɥɟ (1.14) ɢ ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɧɚ ɪɢɫɭɧɤɟ 4: 
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 Δݑ = Кݑ  ʟК. (1.14)ݑ −

   

 

Ɋɢɫɭɧɨɤ 4 – Ɋɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɦɟɠɞɭ ɱɢɫɥɟɧɧɨɣ ɢ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 4, ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ ɦɨɞɟɥɹɦɢ ɜ 

ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ ɫɨɫɬɚɜɥɹɟɬ -3,08 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 3,19 ɪɚɞɢɚɧ.  

Ⱦɥɹ ɨɰɟɧɤɢ ɪɚɫɯɨɠɞɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɟɝɨ 

ɡɧɚɱɟɧɢɟ ɜ ɤɢɥɨɦɟɬɪɚɯ, ɢɫɩɨɥɶɡɭɹ ɫɥɟɞɭɸɳɭɸ ɩɪɢɛɥɢɠɟɧɧɭɸ ɮɨɪɦɭɥɭ 

ɪɚɫɱɟɬɚ (1.15): 

   
 𝐴𝑢 ≈  𝑎. (1.15)ݑ

   
ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɨɪɦɭɥɨɣ (1.15), ɩɨɥɭɱɢɦ, ɱɬɨ ɨɛɳɟɟ ɨɰɟɧɨɱɧɨɟ 

ɪɚɫɯɨɠɞɟɧɢɟ ɜ ɚɪɝɭɦɟɧɬɟ ɲɢɪɨɬɵ ɫɨɫɬɚɜɥɹɟɬ 161584 ɤɦ. 
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Ⱦɚɧɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ ɛɭɞɟɬ ɭɱɬɟɧɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ 

ɦɨɞɟɥɟɣ ɞɜɢɠɟɧɢɹ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ. 

Ⱦɥɹ ɩɟɪɟɯɨɞɚ ɤ ɦɨɞɟɥɢ ɩɨɥɹ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ 

ɦɟɬɨɞ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɫ ɩɨɦɨɳɶɸ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. 

 

1.4 ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ ɜ ɩɨɥɟ 

ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ⱦɥɹ ɭɱɟɬɚ ɢɫɤɚɠɟɧɢɣ ɜ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ, ɜɵɡɜɚɧɧɵɯ 

ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɝɚɪɦɨɧɢɤɨɣ ɋ20, ɭɱɢɬɵɜɚɸɳɟɣ ɫɠɚɬɨɫɬɶ ɡɟɦɧɨɝɨ ɩɨɥɭɲɚɪɢɹ, 

ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɭɱɢɬɵɜɚɸɳɢɟ ɜɨɡɦɭɳɟɧɧɨɟ ɞɜɢɠɟɧɢɟ. 

Ⱦɚɧɧɨɟ ɜɨɡɦɭɳɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɭɱɬɟɧɨ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 

ɭɪɚɜɧɟɧɢɹɯ ɜɨɡɦɭɳɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɨ ɤɚɠɞɨɣ ɤɨɨɪɞɢɧɚɬɟ ɜ ɜɢɞɟ 

ɮɨɪɦɭɥɵ (1.16): 

   
 ߲ ଵ݂ = ߲𝑅߲ݔ, 

(1.16) 
 ߲ ଶ݂ = ߲𝑅߲ݕ, 
 ߲ ଷ݂ = ߲𝑅߲ݖ, 
   

ɝɞɟ R – ɪɚɞɢɭɫ Ɂɟɦɥɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɠɚɬɢɟ Ɂɟɦɥɢ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ 

ɢɫɤɚɠɟɧɢɟ ɝɚɪɦɨɧɢɤɢ ɫ ɢɧɞɟɤɫɨɦ «20». 

Ɍɨɝɞɚ  ɢɬɨɝɨɜɵɣ ɜɢɞ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɪɢɦɟɬ ɜɢɞ 

ɫɢɫɬɟɦɵ ɩɨ ɮɨɪɦɭɥɟ (1.17): 

   
ଵܨ}  = ଵ݂ + ߲ ଵ݂,ܨଶ = ଵ݂ + ߲ ଶ݂,ܨଷ = ଵ݂ + ߲ ଷ݂. (1.17) 
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ɂɬɨɝɨɜɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɩɨ ɦɟɬɨɞɭ 

Ɋɭɧɝɟ-Ʉɭɬɬɚ ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ (1.18 – 1.19): 

   

𝑖ݔ  = 𝑖−ଵݔ + ሺଵ𝑖 + ଶ𝑖 + ଷ𝑖 + ସ𝑖ሻ ,  

𝑖ݕ  = 𝑖−ଵݕ + ሺݍଵ𝑖 + ଶ𝑖ݍ + ଷ𝑖ݍ + ସ𝑖ሻݍ , (1.18) 

𝑖ݖ  = 𝑖−ଵݖ + ሺݏଵ𝑖 + ଶ𝑖ݏ + ଷ𝑖ݏ + ସ𝑖ሻݏ ,  

   

𝑖ݔ̇  = 𝑖−ଵݔ̇ + ሺ݇ଵ𝑖 + ݇ଶ𝑖 + ݇ଷ𝑖 + ݇ସ𝑖ሻ ,  

𝑖ݕ̇  = 𝑖−ଵݕ̇ + ሺ݈ଵ𝑖 + ݈ଶ𝑖 + ݈ଷ𝑖 + ݈ସ𝑖ሻ , (1.19) 

𝑖ݖ̇  = 𝑖−ଵݖ̇ + ሺ݉ଵ𝑖 +݉ଶ𝑖 +݉ଷ𝑖 +݉ସ𝑖ሻ ,  

   

ɝɞɟ ɩɚɪɚɦɟɬɪɵ ɩɪɢɦɭɬ ɜɢɞ ɮɨɪɦɭɥɵ (1.20): 

   

 ݇ଵ𝑖 = ͳͺͲͲܨଵሺݎሻ݀ݔ, 

(1.20) 

 ݈ଵ𝑖 = ͳͺͲͲܨଶሺݎሻ݀ݕ, 
 ݉ଵ𝑖 = ͳͺͲͲܨଷሺݎሻ݀ݖ, 
ଵ𝑖  = ͳͺͲͲ̇ݔ𝑖−ଵ, 
ଵ𝑖ݍ  = ͳͺͲͲ̇ݕ𝑖−ଵ,  
ଵ𝑖ݏ  = ͳͺͲͲ̇ݖ𝑖−ଵ, 
 ݇ଶ𝑖 = ͳͺͲͲܨଵሺݎ + 𝛥ݎଵ௫ሻ݀ݔ, 
 ݈ଶ𝑖 = ͳͺͲͲܨଶ(ݎ + 𝛥ݎଵ௬)݀ݕ, 
 ݉ଶ𝑖 = ͳͺͲͲܨଷሺݎ + 𝛥ݎଵ௭ሻ݀ݖ, 
ଶ𝑖  = ͳͺͲͲ(̇ݔ𝑖−ଵ + ݇ଵ𝑖ʹ ), 
ଶ𝑖ݍ  = ͳͺͲͲ(̇ݕ𝑖−ଵ + ݈ଵ�ʹ�), 
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ଶ𝑖ݏ  = ͳͺͲͲቀ̇ݖ𝑖−ଵ +݉ଵ𝑖ʹ ቁ , 

(1.20) 

 ݇ଷ𝑖 = ͳͺͲͲܨଵሺݎ + 𝛥ݎଶ௫ሻ݀ݔ, 
 ݈ଷ𝑖 = ͳͺͲͲܨଶ(ݎ + 𝛥ݎଶ௬)݀ݕ, 
 ݉ଷ𝑖 = ͳͺͲͲܨଷሺݎ + 𝛥ݎଶ௭ሻ݀ݖ, 
ଷ𝑖  = ͳͺͲͲ(̇ݔ𝑖−ଵ + ݇ଶ𝑖ʹ ), 
ଷ𝑖ݍ  = ͳͺͲͲ(̇ݕ𝑖−ଵ + ݈ଶ�ʹ�), 
ଷ𝑖ݏ  = ͳͺͲͲቀ̇ݖ𝑖−ଵ +݉ଶ𝑖ʹ ቁ , 
 ݇ସ𝑖 = ͳͺͲͲܨଵሺݎ + 𝛥ݎଷ௫ሻ݀ݔ, 
 ݈ସ𝑖 = ͳͺͲͲܨଶ(ݎ + 𝛥ݎଷ௬)݀ݕ, 
 ݉ସ𝑖 = ͳͺͲͲܨଷሺݎ + 𝛥ݎଷ௭ሻ݀ݖ, 
ସ𝑖  = ͳͺͲͲሺ̇ݔ𝑖−ଵ + ݇ଷ𝑖ሻ, 
ସ𝑖ݍ  = ͳͺͲͲሺ̇ݕ𝑖−ଵ + ݈ଷ𝑖ሻ, 
ସ𝑖ݏ  = ͳͺͲͲሺ̇ݖ𝑖−ଵ +݉ଷ𝑖ሻ. 
   

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɮɨɪɦɭɥ (1.18 – 1.20), ɮɨɪɦɭɥɵ (1.18 – 1.19) ɨɫɬɚɧɭɬɫɹ 

ɩɪɟɠɧɢɦɢ, ɢɡɦɟɧɢɬɫɹ ɬɨɥɶɤɨ ɜɢɞ ɮɨɪɦɭɥɵ (1.20). Ɋɟɲɢɜ ɩɨ ɚɧɚɥɨɝɢɢ 

ɨɛɪɚɬɧɭɸ ɡɚɞɚɱɭ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ, ɦɵ ɦɨɠɟɦ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɨɰɟɧɤɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ 

ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ. 

Ƚɥɚɜɧɵɦɢ ɝɪɚɜɢɬɚɰɢɨɧɧɵɦɢ ɜɨɡɦɭɳɟɧɢɹɦɢ ɜ ɞɜɢɠɟɧɢɢ 

ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɫɩɭɬɧɢɤɚ Ɂɟɦɥɢ ɹɜɥɹɸɬɫɹ ɜɨɡɦɭɳɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ 

ɨɬɥɢɱɢɟɦ ɩɨɥɹ ɩɪɢɬɹɠɟɧɢɹ ɪɟɚɥɶɧɨɣ Ɂɟɦɥɢ ɨɬ ɩɨɥɹ ɩɪɢɬɹɠɟɧɢɹ ɬɨɱɟɱɧɨɣ 

ɦɚɫɫɵ, ɨɩɢɫɵɜɚɟɦɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ Ʉɟɩɥɟɪɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ. 

ɋɨɡɞɚɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɪɦɵ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɄȺ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ, ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɨɩɟɪɚɬɢɜɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɧɚɜɢɝɚɰɢɢ 

ɄȺ, ɨɩɢɪɚɹɫɶ ɧɚ ɜɵɲɟɢɡɥɨɠɟɧɧɵɣ ɱɢɫɥɟɧɧɵɣ ɦɟɬɨɞ. Ɂɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ 

ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɄȺ ɧɚ ɨɪɛɢɬɟ ɢ ɡɚ ɫɱɟɬ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɬɪɚɬɵ 
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ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ ɗȼɆ, ɤɚɤ ɧɚ Ɂɟɦɥɟ, ɬɚɤ ɢ ɧɚ ɛɨɪɬɭ ɄȺ, ɦɨɠɧɨ 

ɞɨɫɬɢɱɶ ɥɭɱɲɟɝɨ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɩɨ ɦɟɠɫɩɭɬɧɢɤɨɜɨɣ ɥɢɧɢɢ ɫɜɹɡɢ, ɱɬɨ 

ɩɨɜɥɢɹɟɬ ɧɚ ɬɨɱɧɨɫɬɶ ɫɢɫɬɟɦɵ ɢ ɟɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ. 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɩɨɡɜɨɥɢɬ ɪɚɡɝɪɭɡɢɬɶ ɥɢɧɢɸ 

ɫɜɹɡɢ ɄȺ-ɄȺ, ɱɬɨ ɩɨɜɥɢɹɟɬ ɧɚ ɛɵɫɬɪɨɬɭ ɪɚɫɱɟɬɨɜ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ, 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɧɚ ɛɨɥɶɲɨɦ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ 

ɚɜɬɨɧɨɦɧɨɟ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɫɢɫɬɟɦɵ. 

 

1.5 ȼɵɜɨɞ ɩɨ ɩɟɪɜɨɣ ɝɥɚɜɟ 

 

Ɉɩɪɟɞɟɥɢɜ ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ ɫ ɩɨɦɨɳɶɸ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɢ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɟɣ, ɚ ɬɚɤɠɟ ɩɟɪɟɜɟɞɹ ɱɢɫɥɟɧɧɭɸ ɦɨɞɟɥɶ ɜ 

ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ, ɦɵ ɦɨɠɟɦ ɩɪɢɫɬɭɩɢɬɶ ɤ ɩɨɫɬɪɨɟɧɢɸ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 

ɦɨɞɟɥɟɣ, ɭɱɢɬɵɜɚɸɳɢɯ ɫɠɚɬɢɟ Ɂɟɦɥɢ. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɢɡɦɟɧɟɧɧɨɣ ɮɨɪɦɵ 

ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɜ ɩɨɥɟ, ɭɱɢɬɵɜɚɸɳɟɦ ɫɠɚɬɢɟ Ɂɟɦɥɢ, ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 

ɦɨɞɟɥɟɣ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɧɚ ɟɝɨ ɨɫɧɨɜɟ, ɦɵ ɫɦɨɠɟɦ ɨɰɟɧɢɬɶ ɜɨɡɦɭɳɟɧɢɹ ɜ 

ɚɪɝɭɦɟɧɬɟ ɲɢɪɨɬɵ. ɍɱɟɬ ɞɚɧɧɵɯ ɜɨɡɦɭɳɟɧɢɣ ɜ ɚɪɝɭɦɟɧɬɟ ɲɢɪɨɬɵ ɜ ɩɨɥɟ ɋ20 

ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɩɨ ɥɢɧɢɢ ɄȺ-ɄȺ ɢ 

ɭɥɭɱɲɢɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨ ɦɟɠɫɩɭɬɧɢɤɨɜɨɣ ɥɢɧɢɢ ɫɜɹɡɢ. 
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2 ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɜ ɩɨɥɟ 

ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɪɚɧɟɟ, ɧɚ ɨɫɧɨɜɟ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɟɣ 

ɫɠɚɬɢɟ Ɂɟɦɥɢ, ɦɵ ɦɨɠɟɦ ɨɰɟɧɢɬɶ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɜ ɞɚɧɧɨɦ ɩɨɥɟ, ɜɡɹɜ 

ɱɢɫɥɟɧɧɭɸ ɦɨɞɟɥɶ ɡɚ ɷɬɚɥɨɧ. ɉɪɢ ɧɚɯɨɠɞɟɧɢɢ ɪɚɫɯɨɠɞɟɧɢɣ ɦɨɞɟɥɟɣ ɜɚɠɧɨ 

ɧɟ ɡɚɛɵɜɚɬɶ ɭɱɢɬɵɜɚɬɶ ɩɨɝɪɟɲɧɨɫɬɶ ɪɚɫɯɨɠɞɟɧɢɹ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ, 

ɨɩɢɫɚɧɧɨɝɨ ɜ ɮɨɪɦɭɥɟ (1.14). 

Ɋɚɫɯɨɠɞɟɧɢɟ ɦɨɞɟɥɟɣ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ ɢ ɩɨɥɹ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

ɜɨɡɧɢɤɚɸɬ ɡɚ ɫɱɟɬ ɜɨɡɞɟɣɫɬɜɢɹ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɜɨɡɦɭɳɟɧɢɣ, ɤɨɬɨɪɵɟ 

ɨɩɢɫɵɜɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɢɡɢɱɟɫɤɢɟ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɭɸɳɢɯ 

ɫɢɥ ɧɚ ɂɋɁ ɧɚ ɨɪɛɢɬɟ. Ⱦɚɧɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɟɳɟ ɧɚɡɵɜɚɸɬ ɡɨɧɚɥɶɧɵɦɢ 

ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ Ɂɟɦɥɢ ɢɡɜɟɫɬɧɨ ɫɜɵɲɟ 21-ɝɨ ɡɨɧɚɥɶɧɵɯ 

ɤɨɷɮɮɢɰɢɟɧɬɚ. ɋɪɟɞɢ ɞɚɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɭɳɟɫɬɜɭɟɬ ɝɚɪɦɨɧɢɤɚ, 

ɨɤɚɡɵɜɚɸɳɚɹ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ, ɤɨɬɨɪɨɟ ɜ 1000 ɪɚɡ ɩɪɟɜɵɲɚɟɬ 

ɜɨɡɞɟɣɫɬɜɢɟ ɥɸɛɨɝɨ ɞɪɭɝɨɝɨ ɡɨɧɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ. Ⱦɚɧɧɨɣ ɝɚɪɦɨɧɢɤɨɣ 

ɹɜɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ J2. ɂɦɟɧɧɨ ɷɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɩɨɫɥɭɠɢɥɨ ɩɪɢɱɢɧɨɣ 

ɬɨɝɨ, ɱɬɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɛɨɬ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɥɢɹɧɢɟ ɢɦɟɧɧɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ J2.  

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢ ɩɟɪɜɵɯ ɡɨɧɚɥɶɧɵɯ ɝɚɪɦɨɧɢɤɚɯ ɢɦɟɸɬ ɜɩɨɥɧɟ 

ɨɩɪɟɞɟɥɟɧɧɵɣ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ. Ɉɧɢ ɨɬɪɚɠɚɸɬ ɪɚɡɥɢɱɧɵɟ ɝɥɨɛɚɥɶɧɵɟ 

ɨɫɨɛɟɧɧɨɫɬɢ ɮɨɪɦɵ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɟɣ ɜɧɭɬɪɢ Ɂɟɦɥɢ. Ɍɚɤ, 

ɤɨɷɮɮɢɰɢɟɧɬ J2 ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɨɥɹɪɧɨɟ ɫɠɚɬɢɟ Ɂɟɦɥɢ, ɚ J3 – ɚɫɢɦɦɟɬɪɢɸ 

ɫɟɜɟɪɧɨɝɨ ɢ ɸɠɧɨɝɨ ɩɨɥɭɲɚɪɢɣ. 

 ȼ ɫɜɹɡɢ ɫɨ ɜɫɟɦ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɨɥɶɲɟɟ ɜɧɢɦɚɧɢɟ 

ɭɞɟɥɟɧɨ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɦɨɞɟɥɹɦ, ɭɱɢɬɵɜɚɸɳɢɦ ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ 

ɜɨɡɦɭɳɟɧɢɹ, ɨɩɢɫɵɜɚɟɦɵɟ ɝɚɪɦɨɧɢɤɨɣ ɫ ɢɧɞɟɤɫɨɦ «20». 
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2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɧɚ ɨɫɧɨɜɟ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ 

ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ɍɟɩɟɪɶ, ɩɪɢɦɟɧɢɜ ɮɨɪɦɭɥɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (1.18 – 1.20) ɢɡ ɝɥɚɜɵ 1.4, 

ɦɵ ɦɨɠɟɦ ɩɨɫɬɪɨɢɬɶ ɱɢɫɥɟɧɧɭɸ ɦɨɞɟɥɶ ɜ ɩɨɥɟ ɋ20. Ɉɬɨɛɪɚɡɢɦ ɩɨɥɭɱɟɧɧɨɟ 

ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɧɚ ɪɢɫɭɧɤɟ 5: 

 

 

Ɋɢɫɭɧɨɤ 5 – Ɂɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨ ɱɢɫɥɟɧɧɨɣ 

ɦɨɞɟɥɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 5, ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ 

ɪɚɜɧɨ -1,4896 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨ 1,4048 ɪɚɞɢɚɧ.  

ȼɫɟ ɱɢɫɥɟɧɧɵɟ ɦɨɞɟɥɢ ɨɫɧɨɜɚɧɵ ɧɚ ɦɟɬɨɞɟ Ɋɭɧɝɟ-Ʉɭɬɬɚ. ȼ ɫɜɹɡɢ ɫ 

ɷɬɢɦ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɭɸ ɱɢɫɥɟɧɧɭɸ ɦɨɞɟɥɶ ɦɵ ɜɨɡɶɦɟɦ ɡɚ ɷɬɚɥɨɧ ɜ ɩɨɥɟ ɋ20. 

Ɍɟɩɟɪɶ ɦɵ ɦɨɠɟɦ ɩɨɫɬɪɨɢɬɶ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɩɨɥɹ ɋ20 ɢ ɫɪɚɜɧɢɬɶ ɢɯ ɫ 

ɪɚɧɟɟ ɩɪɢɜɟɞɟɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɶɸ ɞɜɢɠɟɧɢɹ ɄȺ ɩɨ ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ. 
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2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɠɞɟɧɢɣ ɩɨ ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɧɚ ɨɫɧɨɜɟ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨ ɦɟɬɨɞɭ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ 

 

ɉɨɫɬɪɨɢɦ ɚɧɚɥɢɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɞɥɹ 

ɨɩɢɫɚɧɢɹ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɩɨ ɬɟɨɪɢɢ ɛɥɢɡɤɢɯ ɫɩɭɬɧɢɤɨɜ. Ɉɧɚ 

ɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɭɳɟɧɢɹ ɨɬ ɡɨɧɚɥɶɧɵɯ ɝɚɪɦɨɧɢɤ ɜ ɞɜɢɠɟɧɢɢ ɂɋɁ. Ȼɵɥɢ 

ɩɨɥɭɱɟɧɵ ɮɨɪɦɭɥɵ ɞɥɹ ɜɟɤɨɜɵɯ ɢ ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ ɨɬ 

ɝɚɪɦɨɧɢɤ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɨɪɹɞɤɚ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɵ ɢɦɟɟɦ ɞɨɜɨɥɶɧɨ ɩɨɥɧɭɸ ɢ 

ɞɨɫɬɚɬɨɱɧɨ ɫɨɜɟɪɲɟɧɧɭɸ ɬɟɨɪɢɸ ɜɨɡɦɭɳɟɧɢɣ ɨɬ ɡɨɧɚɥɶɧɵɯ ɝɚɪɦɨɧɢɤ 

ɝɟɨɩɨɬɟɧɰɢɚɥɚ. ɗɬɚ ɬɟɨɪɢɹ ɞɚɟɬ ɜɟɤɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɜɬɨɪɨɝɨ 

ɩɨɪɹɞɤɚ ɢ ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ 

ɜɤɥɸɱɢɬɟɥɶɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɚɪɦɨɧɢɤɢ ɜɨɡɦɭɳɟɧɢɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ 

Ɂɟɦɥɢ ɫ ɢɧɞɟɤɫɨɦ «20». ȿɣ ɦɨɠɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢ ɥɸɛɵɯ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚɯ 

ɢ ɧɚɤɥɨɧɟɧɢɹɯ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɦɚɥɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ 

ɧɚɤɥɨɧɟɧɢɹ 63°30'. 

 

2.2.1 Ɏɨɪɦɭɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨ ɦɟɬɨɞɭ 

ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ 

 

Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɩɨɫɬɪɨɟɧɧɚɹ ɩɨ ɦɟɬɨɞɭ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ, 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɨɩɢɫɵɜɚɟɬ ɬɨɥɶɤɨ ɜɨɡɦɭɳɟɧɢɹ ɞɜɢɠɟɧɢɹ 

ɄȺ, ɜɨɡɧɢɤɚɸɳɢɟ ɢɡ-ɡɚ ɫɠɚɬɢɹ Ɂɟɦɥɢ [15]. 

Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɫɨɞɟɪɠɢɬ ɜ ɷɥɟɦɟɧɬɚɯ ɫɥɟɞɭɸɳɢɟ ɩɟɪɢɨɞɢɱɟɫɤɢɟ 

ɜɨɡɦɭɳɟɧɢɹ, ɜɵɪɚɠɚɟɦɵɟ ɩɨ ɮɨɪɦɭɥɚɦ (2.1 – 2.5): 

 

𝑎ߜ  = ʹ𝑎 𝐽 ቆ𝑎′𝑎 ቇଶ (ͳ − ͵ʹ (𝑖݊ଶሺ𝑖ሻݏ × (2.1) 
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 × ሻܯሺݏܿ݁] + ͵ʹ ݁ଶ [ሻܯʹሺݏܿ + 𝑎𝐽 ቆ𝑎′𝑎 ቇଶ 𝑖݊ଶሺ𝑖ሻݏ × 

(2.1)  × [− ͳʹ ܯሺݏܿ݁ + ʹ߱ሻ + (ͳ − ͷʹ ݁ଶ) ܯʹሺݏܿ + ʹ߱ሻ + 

 + ʹ ܯ͵ሺݏܿ݁ + ʹ߱ሻ + ͳʹ ݁ଶ ܯሺͶݏܿ + ʹ߱ሻ], 
   

݁ߜ  =  𝐽 ቆ𝑎′𝑎 ቇଶ (ͳ − ͵ʹ (𝑖݊ଶሺ𝑖ሻݏ [(ͳ + ͳͅ ݁ଶ) ሻܯሺ ݏܿ + ͵ʹ ሻܯʹሺݏܿ݁ + 

(2.2))

 +ͷ͵ʹͶ݁ଶܿݏ ሺ͵ܯሻ]  + ͳʹ 𝐽 ቆ𝑎′𝑎 ቇଶ 𝑖݊ଶሺ𝑖ሻݏ ͳʹ [(ͳ − ͳͅ ݁ଶ) ܯሺݏܿ + ʹ߱ሻ + 

 + ͳͳ݁ଶ ܯሺݏܿ − ʹ߱ሻ − ͳʹ ܯʹሺݏܿ݁ + ʹ߱ሻ − 

 +(ͳ − ʹ͵ͷͷ ݁ଶ) ܯ͵ሺݏܿ + ʹ߱ሻ + ͳͶ ܯሺͶݏܿ݁ + ʹ߱ሻ 
 +ͳͻͳ ݁ଶ ܯሺͷݏܿ + ʹ߱ሻ], 
  

𝛺ߜ  = 𝐽 ቆ𝑎′𝑎 ቇଶ ሺ𝑖ሻ[ሺͳ ݏܿ + ʹ݁ଶሻ݊ݐ + ሻܯ𝑖݊ሺݏ݁͵ + ͻͶ ݁ଶݏ𝑖݊ ሺʹܯሻ + 

(2.3)  + ͳʹ ܯ𝑖݊ሺݏ݁ + ʹ߱ሻ − ͳʹ ሺͳ − ʹ݁ଶሻݏ𝑖݊ሺʹܯ + ʹ߱ሻ − 

 −݁ݏ𝑖݊ሺ͵ܯ + ʹ߱ሻ − ͳͅ ݁ଶ ܯ𝑖݊ሺͶݏ + ʹ߱ሻ], 
  

𝜋ߜ  = {−𝐽 ቆ𝑎′𝑎 ቇଶ ሺܿݏሺ𝑖ሻ − ݐ݊݁]ଶሺ𝑖ሻሻݏܿ + ͵݁ଶݏ𝑖݊ ሺܯሻ + 

(2.4) 

 + ͳʹ ݁ଶ ܯ𝑖݊ሺݏ + ʹ߱ሻ − ͳʹ ܯʹ𝑖݊ሺݏ݁ + ʹ߱ሻ −  ݁ଶݏ𝑖݊ሺ͵ܯ + ʹ߱ሻ] + 

 +𝐽 ቆ𝑎′𝑎 ቇଶ (ͳ − ͵ʹ (𝑖݊ଶሺ𝑖ሻݏ ݐ݊݁] + (ͳ + ʹ͵ͅ ݁ଶ) ሻܯ𝑖݊ ሺݏ + ͵ʹ ሻܯʹ𝑖݊ሺݏ݁ + 

 +ͷ͵ʹͶ݁ଶsin ሺ͵ܯሻ]  − ͳͶ 𝐽 ቆ𝑎′𝑎 ቇଶ 𝑖݊ଶሺ𝑖ሻݏ [(ͳ − ͅ ݁ଶ) ܯ𝑖݊ሺݏ + ʹ߱ሻ − 
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 − ͳͅ ݁ଶݏ𝑖݊ሺܯ − ʹ߱ሻ + ͷ݁ݏ𝑖݊ሺʹܯ + ʹ߱ሻ − ͵ (ͳ − ͵ͻͷ ݁ଶ) × 
(2.4) 

 × ܯ͵𝑖݊ሺݏ + ʹ߱ሻ − ͳʹ ܯ𝑖݊ሺͶݏ݁ + ʹ߱ሻ − ͳͻͺ ݁ଶݏ𝑖݊ሺͷܯ + ʹ߱ሻ]}/݁, 
  

ߝߜ  = ʹ𝐽 ቆ𝑎′𝑎 ቇଶ (ͳ − ͵ʹ (𝑖݊ଶሺ𝑖ሻݏ [(ͳ + Ͷ ݁ଶ)݊ݐ + ͳͶ͵ ሻܯ𝑖݊ሺݏ݁ + 

(2.5) 

 +ʹͳͅ ݁ଶsin ሺʹܯሻ] + ͵𝐽 ቆ𝑎′𝑎 ቇଶ 𝑖݊ଶሺ𝑖ሻݏ [−ͳ͵ʹͶ ܯ𝑖݊ሺݏ݁ + ʹ߱ሻ + 

 + ͳʹ (ͳ − ͵ͷͳʹ ݁ଶ) ܯʹ𝑖݊ሺݏ + ʹ߱ሻ + ͻͳʹ ܯ͵𝑖݊ሺݏ݁ + ʹ߱ሻ + 

 +ͳͳͻͶͺ ݁ଶݏ𝑖݊ሺͶܯ + ʹ߱ሻ] − 𝐽 ቆ𝑎′𝑎 ቇଶ ሺcos ሺ𝑖ሻ − ଶሺ𝑖ሻሻݏܿ × 

 × [ሺͳ + ʹ݁ଶሻ݊ݐ + ሻܯ𝑖݊ሺݏ݁͵ + ͻͶ ݁ଶ ሻܯʹ𝑖݊ሺݏ + ͳʹ ܯ𝑖݊ሺݏ݁ + ʹ߱ሻ − 

 − ͳʹ ሺͳ − ʹ݁ଶሻ × ܯʹ𝑖݊ሺݏ + ʹ߱ሻ −  ܯ͵𝑖݊ሺݏ݁ + ʹ߱ሻ − 

 −ͳͅ ݁ଶݏ𝑖݊ሺͶܯ + ʹ߱ሻ], 
  

ɝɞɟ 𝑎′ – ɫɪɟɞɧɢɣ ɪɚɞɢɭɫ ɡɟɦɥɢ, 

       𝐽 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢ ɜɬɨɪɨɣ ɡɨɧɚɥɶɧɨɣ ɝɚɪɦɨɧɢɤɟ, 

      𝜋 – ɞɨɥɝɨɬɚ ɩɟɪɢɰɟɧɬɪɚ ɨɪɛɢɬɵ, 

 .ɷɥɟɦɟɧɬ ɞɨɥɝɨɬɵ ɜ ɷɩɨɯɭ – ߝ      

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ ɢ ɩɨɫɬɨɹɧɧɵɯ 𝑎′ ɢ 𝐽 ɜ ɮɨɪɦɭɥɵ 

(2.1 – 2.5) ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɜɨɡɦɭɳɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, 

ɜɵɡɵɜɚɟɦɵɯ ɫɠɚɬɢɟɦ Ɂɟɦɥɢ (2.6 – 2.10): 

   

𝑎ߜ  ⋅ ͳͲ͵ = −ͳ,ͳܿݏሺܯሻ − Ͳ,ͲͲͳ  ሻܯʹሺݏܿ
(2.6)  −ͳ,Ͳͷܿݏሺܯ + ʹ߱ሻ + ͻͻͻ, ሺͻሻ ܯʹሺݏܿ + ʹ߱ሻ + 

 +ܿݏሺ͵ܯ + ʹ߱ሻ + Ͳ,Ͳͳ ܯሺͶݏܿ + ʹ߱ሻ], 
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݁ߜ  ⋅ ͳͲଷ = Ͳ,Ͳͻͻ ሻܯሺݏܿ + Ͳ,ͲͲͲʹܿݏ ሺʹܯሻ + ʹ,ʹ ⋅ ͳͲ−ܿݏ ሺ͵ܯሻ + 

(2.7) 
 +ͻͻͻ, ሺͻሻ ܯሺݏܿ + ʹ߱ሻ + Ͳ,Ͳͳ͵ ⋅ ͳͲ− ܯሺݏܿ − ʹ߱ሻ − 

 −ͳͲͳ,ͺ ⋅ ͳͲ−ܿݏሺʹܯ + ʹ߱ሻ + Ͳ,ͲʹͶ ܯ͵ሺݏܿ + ʹ߱ሻ + 

 +ͺͷ,Ͳͺ ⋅ ͳͲ−ܿݏሺͶܯ + ʹ߱ሻ + ʹ,ͳͷ ⋅ ͳͲ− ܯሺͷݏܿ + ʹ߱ሻ, 
   

𝛺ߜ  ⋅ ͳͲଷ = Ͷ, ⋅ ͳͲ−ݐ + Ͳ,ͲͲͲͳݏ𝑖݊ ሺܯሻ + Ͳ,ͻͷ ⋅ ͳͲ−ݏ𝑖݊ ሺʹܯሻ +  

 +Ͳ,ͲͲͲͲʹݏ𝑖݊ሺܯ + ʹ߱ሻ − Ͳ,Ͳʹͳݏ𝑖݊ሺʹܯ + ʹ߱ሻ − (2.8) 

 −Ͳ,ͲͲͲͲͷݏ𝑖݊ሺ͵ܯ + ʹ߱ሻ − Ͳ,ͻ ⋅ ͳͲ− ܯ𝑖݊ሺͶݏ + ʹ߱ሻ,  

   

𝜋ߜ  ⋅ ͳͲଷ = −Ͳ,ͲͲͲͲ͵ݐ − Ͳ,ͲͲͲͲʹݏ𝑖݊ሺܯሻ − 

(2.9) 

 −Ͳ,ͲͲͲͲʹݏ𝑖݊ሺܯ + ʹ߱ሻ − Ͳ,ͺͻ ⋅ ͳͲ−ݏ𝑖݊ሺʹܯ + ʹ߱ሻ + 

 +Ͳ,ͲͲͲ͵ ⋅ ͳͲ−ݏ𝑖݊ሺ͵ܯ + ʹ߱ሻ − Ͳ,͵Ͷ ⋅ ͳͲ−ݏ𝑖݊ሺʹܯሻ − 

 −Ͳ,ͲͲͲͷ ⋅ ͳͲ−ݏ𝑖݊ሺ͵ܯሻ + Ͳ,ͲͲͲͲ͵ ⋅ ͳͲ−ݏ𝑖݊ሺܯ − ʹ߱ሻ + 

 +Ͳ,ͲͲͲͲͷݏ𝑖݊ሺ͵ܯ + ʹ߱ሻ + ͳ, ⋅ ͳͲ−ݏ𝑖݊ሺͶܯ + ʹ߱ሻ + 

 +Ͳ,ͲͲͶ ⋅ ͳͲ−ݏ𝑖݊ሺͷܯ + ʹ߱ሻ, 
   

ߝߜ  ⋅ ͳͲଷ = −Ͳ,ͳͳ ⋅ ͳͲ−ݐ − ʹ,ʹ ⋅ ͳͲ− ሻܯ𝑖݊ሺݏ −  

 −Ͳ,ͲͲʹ ⋅ ͳͲ− ሻܯʹ𝑖݊ሺݏ − ͳ,Ͷͷ ⋅ ͳͲ−ݏ𝑖݊ሺܯ + ʹ߱ሻ + 
(2.10) 

 +Ͳ,ͲͲͲͳݏ𝑖݊ሺʹܯ + ʹ߱ሻ + ͵,͵ ⋅ ͳͲ−ݏ𝑖݊ ሺ͵ܯ + ʹ߱ሻ + 

 +Ͳ,ͲͲ ⋅ ͳͲ−ݏ𝑖݊ሺͶܯ + ʹ߱ሻ.  

   

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ߱ߜ ɢ ߜМ 

ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɨɪɦɭɥɚɦɢ (2.11 – 2.12): 

   

߱ߜ  = 𝜋ߜ −  Ω, (2.11)ߜ

   

Мߜ  = ߝߜ −  𝜋. (2.12)ߜ
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ȼɟɤɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ߜΩвˈк, ߜωвˈк, ܯߜвˈк ɪɚɫɫɱɢɬɚɟɦ ɩɨ 

ɮɨɪɦɭɥɚɦ (2.13 – 2.15): 

   

вˈк𝛺ߜ  = −𝐽 ቆ𝑎′𝑎 ቇଶ ሺ𝑖ሻሺͳ ݏܿ − ݁ଶሻଶ ݊, (2.13) 

   

вˈк߱ߜ  = ͳʹ 𝐽 ቆ𝑎′𝑎 ቇଶ ͷ ଶሺ𝑖ሻݏܿ − ͳሺͳ − ݁ଶሻଶ ݊, (2.14) 

   

ܯвˈкߜ  = ͳʹ 𝐽 ቆ𝑎′𝑎 ቇଶ ͵ ଶሺ𝑖ሻݏܿ − ͳሺͳ − ݁ଶሻଷଶ ݊. (2.15) 

   

ɂɬɚɤ, ɩɨɥɭɱɢɜ ɧɟɨɛɯɨɞɢɦɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɦɵ ɦɨɠɟɦ ɪɚɫɫɱɢɬɚɬɶ 

ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ ɢ ɟɝɨ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ. 

 

2.2.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɩɨ ɦɟɬɨɞɭ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ 

 
Ⱦɥɹ ɨɰɟɧɤɢ ɪɚɫɯɨɠɞɟɧɢɣ, ɨɩɪɟɞɟɥɢɦ ɪɚɡɦɚɯ ɧɟɜɹɡɤɢ ɩɨ ɞɚɧɧɨɦɭ 

ɷɥɟɦɟɧɬɭ.  

ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɡɧɚɱɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɩɟɪɢɨɞɢɱɟɫɤɢɯ 

ɜɨɡɦɭɳɟɧɢɣ ɧɚ ɪɢɫɭɧɤɟ 6: 
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Ɋɢɫɭɧɨɤ 6 – Ɂɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɩɟɪɢɨɞɢɱɟɫɤɢɯ 

ɜɨɡɦɭɳɟɧɢɣ ɩɨ ɦɟɬɨɞɭ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 6, ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ 

ɭɱɟɬɨɦ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ -2,988 ɪɚɞɢɚɧ, ɚ 

ɦɚɤɫɢɦɚɥɶɧɨɟ 3,022 ɪɚɞɢɚɧ. 

ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ 

ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ ɦɟɠɞɭ ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɹɦɢ ɧɚ 

ɪɢɫɭɧɤɟ 7: 
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Ɋɢɫɭɧɨɤ 7 – Ɋɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɩɟɪɢɨɞɢɱɟɫɤɢɯ 

ɜɨɡɦɭɳɟɧɢɣ ɦɟɠɞɭ ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɹɦɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 7, ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ 

ɫɨɫɬɚɜɥɹɟɬ -3,189 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 3,082 ɪɚɞɢɚɧ. ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ 

ɮɨɪɦɭɥɨɣ (1.15), ɩɨɥɭɱɢɦ, ɱɬɨ ɨɛɳɟɟ ɨɰɟɧɨɱɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 

161610 ɤɦ. 

ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ 

ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ ɢ ɧɟɜɹɡɤɢ ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɟɣ ɜ 

ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ ɧɚ ɪɢɫɭɧɤɟ 8:  
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Ɋɢɫɭɧɨɤ 8 – Ɋɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɩɟɪɢɨɞɢɱɟɫɤɢɯ 

ɜɨɡɦɭɳɟɧɢɣ ɢ ɧɟɜɹɡɤɢ ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɟɣ ɜ ɰɟɧɬɪɚɥɶɧɨɦ 

ɩɨɥɟ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 8, ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ 

ɫɨɫɬɚɜɥɹɟɬ -0,0009 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 0,0005 ɪɚɞɢɚɧ. ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ 

ɮɨɪɦɭɥɨɣ (1.15), ɩɨɥɭɱɢɦ, ɱɬɨ ɨɛɳɟɟ ɨɰɟɧɨɱɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 

34,7 ɤɦ. 

ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɡɧɚɱɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɜɟɤɨɜɵɯ 

ɜɨɡɦɭɳɟɧɢɣ ɧɚ ɪɢɫɭɧɤɟ 9: 
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Ɋɢɫɭɧɨɤ 9 – Ɂɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ 

ɩɨ ɦɟɬɨɞɭ ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 9, ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ 

ɭɱɟɬɨɦ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ -2,987 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 3,022 

ɪɚɞɢɚɧ. 

ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɜɟɤɨɜɵɯ 

ɜɨɡɦɭɳɟɧɢɣ ɦɟɠɞɭ ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɹɦɢ ɧɚ ɪɢɫɭɧɤɟ 10: 
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Ɋɢɫɭɧɨɤ 10 – Ɋɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɜɟɤɨɜɵɯ 

ɜɨɡɦɭɳɟɧɢɣ ɦɟɠɞɭ ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɹɦɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 10, ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ 

ɫɨɫɬɚɜɥɹɟɬ -3,189 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 3,082 ɪɚɞɢɚɧ. ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ 

ɮɨɪɦɭɥɨɣ (1.15), ɩɨɥɭɱɢɦ, ɱɬɨ ɨɛɳɟɟ ɨɰɟɧɨɱɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 

161613 ɤɦ. 

ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɜɟɤɨɜɵɯ 

ɜɨɡɦɭɳɟɧɢɣ ɢ ɧɟɜɹɡɤɢ ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɟɣ ɜ ɰɟɧɬɪɚɥɶɧɨɦ 

ɩɨɥɟ ɧɚ ɪɢɫɭɧɤɟ 11:  
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Ɋɢɫɭɧɨɤ 11 – Ɋɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɜɟɤɨɜɵɯ 

ɜɨɡɦɭɳɟɧɢɣ ɢ ɧɟɜɹɡɤɢ ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɟɣ ɜ ɰɟɧɬɪɚɥɶɧɨɦ 

ɩɨɥɟ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 11, ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ 

ɫɨɫɬɚɜɥɹɟɬ -3,4·10-9 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 4,2·10-9 ɪɚɞɢɚɧ. 

ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɨɪɦɭɥɨɣ (1.15), ɩɨɥɭɱɢɦ, ɱɬɨ ɨɛɳɟɟ ɨɰɟɧɨɱɧɨɟ 

ɪɚɫɯɨɠɞɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 11,1 ɫɦ. 

Ɉɩɪɟɞɟɥɢɦ ɢɬɨɝɨɜɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɦɟɠɞɭ 

ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɶɸ ɦɟɬɨɞɚ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɦɟɬɨɞɚ 

ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɧɚ ɪɢɫɭɧɤɟ 12: 
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Ɋɢɫɭɧɨɤ 12 – ɂɬɨɝɨɜɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɦɟɠɞɭ 

ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɹɦɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 12, ɢɬɨɝɨɜɨɟ ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ 

ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɫɨɫɬɚɜɥɹɟɬ -0,0009 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 0,0005 ɪɚɞɢɚɧ. 

ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɨɪɦɭɥɨɣ (1.15), ɩɨɥɭɱɢɦ, ɱɬɨ ɨɛɳɟɟ ɨɰɟɧɨɱɧɨɟ 

ɪɚɫɯɨɠɞɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 34,7 ɤɦ. 

ȼ ɞɚɥɶɧɟɣɲɟɦ, ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɪɚɫɯɨɠɞɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ 

ɦɟɠɞɭ ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɦɨɞɟɥɹɦɢ, ɛɭɞɟɦ ɭɱɢɬɵɜɚɬɶ 

ɩɨɝɪɟɲɧɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ. 
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2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɠɞɟɧɢɣ ɩɨ ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɧɚ ɨɫɧɨɜɟ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨ ɦɟɬɨɞɭ Ʉɨɡɚɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

ɉɨɫɬɪɨɢɦ ɚɧɚɥɢɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɞɥɹ ɨɩɢɫɚɧɢɹ ɦɨɞɟɥɢ 

ɞɜɢɠɟɧɢɹ ɄȺ ɩɨ ɬɟɨɪɢɢ ɛɥɢɡɤɢɯ ɫɩɭɬɧɢɤɨɜ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɢɡɭɱɟɧɢɹ ɞɜɢɠɟɧɢɹ ɥɸɛɵɯ ɟɫɬɟɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ ɜ 

ɫɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɟ [15]. 

 

2.3.1 Ɏɨɪɦɭɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨ ɦɟɬɨɞɭ 

Ʉɨɡɚɢ 

 

Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɫɨɞɟɪɠɢɬ ɜ ɷɥɟɦɟɧɬɚɯ ɫɥɟɞɭɸɳɢɟ ɩɟɪɢɨɞɢɱɟɫɤɢɟ 

ɜɨɡɦɭɳɟɧɢɹ, ɜɵɪɚɠɚɟɦɵɟ ɩɨ ɮɨɪɦɭɥɚɦ (2.16 – 2.19): 

   

аߜ  = 𝑎′ଶ𝑎 𝐽[ʹ͵ ሺͳ − ͵ʹ 𝑖݊ଶሺ𝑖ሻݏ {ቀ𝑎ݎቁଷ − ሺͳ − ݁ଶሻ−ଷଶ} + 
(2.16) 

 +ቀ𝑎ݎቁଷ 𝑖݊ଶሺݏ 𝑖ሻܿݏʹሺ𝜃 + ߱ሻ], 
   

݁ߜ  = ͳ − ݁ଶ ݁ 𝑎′ଶ𝑎ଶ 𝐽[ͳ͵ (ͳ − ͵ʹ (𝑖݊ଶሺ𝑖ሻݏ {ቀ𝑎ݎቁଷ − ሺͳ − ݁ଶሻ−ଷଶ} + 

 + ͳʹ ቀ𝑎ݎቁଷ ሺ𝜃ʹݏ𝑖݊ଶሺ𝑖ሻܿݏ + ߱ሻ] − 𝑖݊ଶሺݏ 𝑖ሻʹ݁ 𝑎′ଶ𝑎 𝐽{ܿݏʹሺ𝜃 + ߱ሻ + (2.17) 

ሺ𝜃ݏܿ݁+  + ʹ߱ሻ + ͳ͵ ሺ͵𝜃ݏܿ݁ + ʹ߱ሻ}, 
  

߱ߜ  = 𝑎′ଶଶ 𝐽[(ʹ − ͷʹ (𝑖݊ଶሺ𝑖ሻݏ ሺ𝜃 ܯ− + 𝑖݊ሺ𝜃ሻሻݏ݁ + 

(2.18)) +(ͳ − ͵ʹ (𝑖݊ ሺ𝑖ሻݏ {ͳ݁ (ͳ − ͳͶ ݁ଶ) 𝑖݊ ሺ𝜃ሻݏ + ͳʹ 𝑖݊ ሺʹ𝜃ሻݏ + ͳ݁ʹ {𝑖݊ ሺ͵𝜃ሻݏ − 

 − ͳ݁ {ͳͶ 𝑖݊ଶሺ𝑖ሻݏ + (ͳʹ − ͳͷͳ (𝑖݊ଶሺ𝑖ሻݏ ݁ଶ} 𝑖݊ሺ𝜃ݏ + ʹ߱ሻ + 
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 + ͳ݁ 𝑖݊ଶݏ 𝑖 𝑖݊ሺ𝜃ݏ − ʹ߱ሻ − ͳʹ (ͳ − ͷʹ 𝑖݊ଶݏ 𝑖) 𝑖݊ʹሺ𝜃ݏ + ߱ሻ + 

 + ͳ݁ { ͳʹ 𝑖݊ଶሺ𝑖ሻݏ − ͳ (ͳ − ͳͻͅ (𝑖݊ଶሺ𝑖ሻݏ ݁ଶ} 𝑖݊ሺ͵𝜃ݏ + ʹ߱ሻ + (2.18))

 + ͵ͅ 𝑖݊ଶሺ𝑖ሻݏ 𝑖݊ሺͶ𝜃ݏ + ʹ߱ሻ + ͳ݁ 𝑖݊ଶሺ𝑖ሻݏ 𝑖݊ሺͷ𝜃ݏ + ʹ߱ሻ], 
  

ܯߜ  = 𝑎′ଶଶ 𝐽√ͳ − ݁ଶ[−ሺͳ − ͵ʹ 𝑖݊ଶሺ𝑖ሻሻ{ቆͳݏ − ݁ଶͶ ቇݏ𝑖݊ ሺ𝜃ሻ + 

(2.19) 

 + ݁ʹ 𝑖݊ ሺʹ𝜃ሻݏ + ݁ଶͳʹ {𝑖݊ ሺ͵𝜃ሻݏ + 𝑖݊ଶሺ𝑖ሻݏ {ͳͶ (ͳ + ͷͶ ݁ଶ) 𝑖݊ሺ𝜃ݏ + ʹ߱ሻ − 

 − ݁ଶͳ 𝑖݊ሺ𝜃ݏ − ʹ߱ሻ − ͳʹቆͳ − ݁ଶʹͺቇ 𝑖݊ሺ͵𝜃ݏ + ʹ߱ሻ − 

 − ͵ͅ 𝑖݊ሺͶ𝜃ݏ݁ + ʹ߱ሻ − ݁ଶͳ 𝑖݊ሺͷ𝜃ݏ + ʹ߱ሻ}], 
  

ɝɞɟ ݎ – ɪɚɞɢɭɫ-ɜɟɤɬɨɪ ɩɨɥɨɠɟɧɢɹ ɄȺ, 

 .ɮɨɤɚɥɶɧɵɣ ɩɚɪɚɦɟɬɪ, ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ (2.20) –       

   

  = 𝑎ሺͳ − ݁ଶሻ. (2.20) 

   

Ⱦɚɧɧɵɟ ɜɵɪɚɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɧɟ ɪɚɡɥɨɠɟɧɢɹɦɢ ɩɨ ɫɬɟɩɟɧɹɦ 

ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ, ɚ ɡɚɦɤɧɭɬɵɦɢ ɜɵɪɚɠɟɧɢɹɦɢ ɤɚɤ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɤɥɨɧɚ 

ɨɪɛɢɬɵ sin ሺ𝑖ሻ, ɬɚɤ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ ݁. 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ ɢ ɩɨɫɬɨɹɧɧɵɯ ɜ ɮɨɪɦɭɥɵ 

(2.16-2.19) ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɜɨɡɦɭɳɟɧɢɣ ɩɟɪɜɨɝɨ 

ɩɨɪɹɞɤɚ, ɜɵɡɵɜɚɟɦɵɯ ɫɠɚɬɢɟɦ Ɂɟɦɥɢ (2.21 – 2.24): 

   

аߜ  = ʹ,ͳͲ͵Ͷ ܿݏʹሺ𝜃 + ߱ሻ, (2.21) 

   

݁ߜ  ⋅ ͳͲ͵ = Ͳ,ͳܿݏʹሺ𝜃 + ߱ሻ − Ͳ,Ͳͳܿݏሺ𝜃 + ʹ߱ሻ − (2.22) 
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 −Ͳ,Ͳͳ͵ܿݏሺ͵𝜃 + ʹ߱ሻ, (2.22) 

   

߱ߜ  ⋅ ͳͲ͵ = −Ͳ,ͲͲͶ(𝜃 ܯ− + (𝑖݊ሺ𝜃ሻݏ݁ − 

(2.23) 

 −͵ͷ,ͷ 𝑖݊ሺ𝜃ሻݏ − Ͳ,Ͳͳ 𝑖݊ሺʹ𝜃ሻݏ − Ͳ,ͲͲͲͲͲ͵ݏ𝑖݊ ሺ͵𝜃ሻ − 

 −ʹͲ 𝑖݊ሺ𝜃ݏ + ʹ߱ሻ + Ͳ,ͲͲͲͲͲͷݏ𝑖݊ሺ𝜃 − ʹ߱ሻ + 

 +Ͳ,ͳݏ𝑖݊ʹሺ𝜃 + ߱ሻ + Ͷ,ͷݏ𝑖݊ሺ͵𝜃 + ʹ߱ሻ + 

 +Ͳ,Ͳ͵ݏ𝑖݊ሺͶ𝜃 + ʹ߱ሻ + Ͳ,ͲͲͲͲͲͷݏ𝑖݊ሺͷ𝜃 + ʹ߱ሻ, 
   

ܯߜ  ⋅ ͳͲ͵ = Ͳ,Ͳʹ 𝑖݊ሺ𝜃ሻݏ + Ͳ,ͲͲͲͲͳ 𝑖݊ሺʹ𝜃ሻݏ + 

(2.24) 
 +Ͳ,ͲͲͲͲͲͲͲͲͳ 𝑖݊ሺ͵𝜃ሻݏ + Ͳ,Ͳʹݏ𝑖݊ሺ𝜃 + ʹ߱ሻ + 

 +Ͳ,ͲͲͲͲͲͲͲͲͷ 𝑖݊ሺ𝜃ݏ − ʹ߱ሻ − Ͳ,ͲͶ 𝑖݊ሺ͵𝜃ݏ + ʹ߱ሻ − 

 −Ͳ,ͲͲͲͲ͵ݏ𝑖݊ሺͶ𝜃 + ʹ߱ሻ + Ͳ,ͲͲͲͲͲͲͲͲͷݏ𝑖݊ሺͷ𝜃 + ʹ߱ሻ. 
   

ɉɨ ɮɨɪɦɭɥɚɦ (2.25 – 2.26) ɪɚɫɫɱɢɬɚɟɦ ɜɟɤɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ: 

   

вˈк߱ߜ  = 𝐽 𝑎′ଶଶ ݐ݊ (ʹ − ͷʹ  𝑖݊ଶሺ𝑖ሻ), (2.25)ݏ

   

ܯвˈкߜ  = 𝐽 𝑎′ଶଶ ݐ݊ (ͳ − ͵ʹ 𝑖݊ଶሺݏ 𝑖ሻ)√ͳ − ݁ଶ. (2.26) 

   

ȼ ɱɢɫɥɟɧɧɨɦ ɜɵɪɚɠɟɧɢɢ ɮɨɪɦɭɥɵ (2.25 – 2.26) ɩɪɢɦɭɬ ɜɢɞ ɜɵɪɚɠɟɧɢɣ 

(2.27 - 2.28): 

   

 δвˈкω ⋅ ͳͲଵ = −t, (2.27) 

   

 δвˈкM ⋅ ͳͲ9 = −͵t. (2.28) 

   

ɂɬɚɤ, ɩɨɥɭɱɢɜ ɧɟɨɛɯɨɞɢɦɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɦɵ ɦɨɠɟɦ ɪɚɫɫɱɢɬɚɬɶ 

ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ ɢ ɟɝɨ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ. 
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2.3.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɩɨ ɦɟɬɨɞɭ Ʉɨɡɚɢ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɪɚɫɯɨɠɞɟɧɢɣ, ɨɩɪɟɞɟɥɢɦ ɪɚɡɦɚɯ ɧɟɜɹɡɤɢ ɩɨ ɞɚɧɧɨɦɭ 

ɷɥɟɦɟɧɬɭ.  

ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɡɧɚɱɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɩɟɪɢɨɞɢɱɟɫɤɢɯ 

ɜɨɡɦɭɳɟɧɢɣ ɧɚ ɪɢɫɭɧɤɟ 13: 

 

 

Ɋɢɫɭɧɨɤ 13 – Ɂɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɩɟɪɢɨɞɢɱɟɫɤɢɯ 

ɜɨɡɦɭɳɟɧɢɣ ɩɨ ɦɟɬɨɞɭ Ʉɨɡɚɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 13, ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ 

ɭɱɟɬɨɦ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ -3,0 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 

3,032 ɪɚɞɢɚɧ. 

ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɡɧɚɱɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɜɟɤɨɜɵɯ 

ɜɨɡɦɭɳɟɧɢɣ ɧɚ ɪɢɫɭɧɤɟ 14: 
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Ɋɢɫɭɧɨɤ 14 – Ɂɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɜɟɤɨɜɵɯ 

ɜɨɡɦɭɳɟɧɢɣ ɩɨ ɦɟɬɨɞɭ Ʉɨɡɚɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 14, ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ 

ɭɱɟɬɨɦ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ -2,987 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 3,022 

ɪɚɞɢɚɧ. 

ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɡɧɚɱɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɫɭɦɦɚɪɧɵɯ 

ɜɨɡɦɭɳɟɧɢɣ ɧɚ ɪɢɫɭɧɤɟ 15: 
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Ɋɢɫɭɧɨɤ 15 – Ɂɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɫɭɦɦɚɪɧɵɯ 

ɜɨɡɦɭɳɟɧɢɣ ɩɨ ɦɟɬɨɞɭ Ʉɨɡɚɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 15, ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ 

ɭɱɟɬɨɦ ɫɭɦɦɚɪɧɵɯ ɜɨɡɦɭɳɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ -5,987 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 

6,054 ɪɚɞɢɚɧ.   

Ɉɩɪɟɞɟɥɢɦ ɢɬɨɝɨɜɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɦɟɠɞɭ 

ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɶɸ ɦɟɬɨɞɚ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɦɟɬɨɞɚ 

Ʉɨɡɚɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɧɚ ɪɢɫɭɧɤɟ 16: 
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Ɋɢɫɭɧɨɤ 16 – ɂɬɨɝɨɜɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɦɟɠɞɭ 

ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɹɦɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 16, ɢɬɨɝɨɜɨɟ ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ 

ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɫɨɫɬɚɜɥɹɟɬ 0,0 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 0,1029 ɪɚɞɢɚɧ. 

ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɨɪɦɭɥɨɣ (1.15), ɩɨɥɭɱɢɦ, ɱɬɨ ɨɛɳɟɟ ɨɰɟɧɨɱɧɨɟ 

ɪɚɫɯɨɠɞɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 2652 ɤɦ. 

 

2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɠɞɟɧɢɣ ɩɨ ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɧɚ ɨɫɧɨɜɟ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ 2-ɝɨ ɩɨɪɹɞɤɚ ɜ ɩɨɥɟ 

ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɦɟɬɨɞɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɬɟɨɪɢɢ ɞɨɫɬɚɬɨɱɧɨ ɧɚɣɬɢ 

ɜɨɡɦɭɳɟɧɢɹ 2-ɝɨ ɩɨɪɹɞɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɠɚɬɢɹ Ɂɟɦɥɢ, ɬɚɤ ɤɚɤ ɜɨɡɦɭɳɟɧɢɹ ɨɬ 

ɷɬɨɝɨ ɮɚɤɬɨɪɚ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ. 
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ɉɪɢ ɜɵɜɨɞɟ ɜɨɡɦɭɳɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɜ ɭɪɚɜɧɟɧɢɹɯ Ʌɚɝɪɚɧɠɚ 

ɷɥɟɦɟɧɬɵ ɨɪɛɢɬɵ ɫɱɢɬɚɸɬɫɹ ɜɟɥɢɱɢɧɚɦɢ ɩɨɫɬɨɹɧɧɵɦɢ. ɑɬɨɛɵ ɧɚɣɬɢ 

ɜɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɫɥɟɞɭɟɬ ɩɨɜɬɨɪɢɬɶ ɪɟɲɟɧɢɟ ɩɪɢ 

ɭɱɟɬɟ ɜɨɡɦɭɳɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ [9]. 

 

2.4.1 Ɏɨɪɦɭɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 

ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ 2-ɝɨ ɩɨɪɹɞɤɚ 

 

ɉɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɜɨɡɦɭɳɟɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɜ ɷɥɟɦɟɧɬɚɯ 

(2.29 – 2.32):  

   

ଶ𝑎ߜ  = {𝐽ଶ ቆ𝑎′𝑎 ቇସ [ሺͳͶ͵ 𝑖݊ଶሺ𝑖ሻݏ −  𝑖݊ସሺ𝑖ሻሻݏ ሻߣʹሺݏܿ + 
(2.29) 

 + ͳ͵ {[ሻߣሺͶݏ𝑖݊ସሺ𝑖ሻܿݏ × 𝑎, 
   

ߣଶߜ  = 𝐽ଶ ቆ𝑎′𝑎 ቇସ [(͵Ͷͺ 𝑖݊ସሺ𝑖ሻݏ − ʹ͵ͳʹ 𝑖݊ଶሺ𝑖ሻݏ + ͻ)݊ݐ + 

(2.30)  +(− ͷͅ 𝑖݊ସሺ𝑖ሻݏ + ͳͳ 𝑖݊ଶሺ𝑖ሻݏ − ͵ʹ) ሻߣʹ𝑖݊ሺݏ + 

 +( ͷͻͳͻʹ 𝑖݊ସሺ𝑖ሻݏ − ͳͶͺ 𝑖݊ଶሺ𝑖ሻݏ + ͳͅ)  ,[ሻߣ𝑖݊ ሺͶݏ
   

ଶ݁ߜ  = 𝐽ଶ ቆ𝑎′𝑎 ቇସ {( ͳʹͶ + ͳͳ 𝑖݊ଶሺ𝑖ሻݏ − ͵͵ʹ (𝑖݊ସሺ𝑖ሻݏ ߣ͵ሺݏܿ + ߱ሻ + 

(2.31) 

 +(ͳͶ + 𝑖݊ଶሺ𝑖ሻݏ − ͺͶͺ (𝑖݊ସሺ𝑖ሻݏ ߣሺݏܿ + ߱ሻ + 

 +(ͷ − ͳͷͷͳʹ 𝑖݊ଶሺ𝑖ሻݏ + ͳͲͳͳʹ (𝑖݊ଶሺ𝑖ሻݏ ߣሺݏܿ − ߱ሻ − 

 −( ͷʹͶ − ʹͻ 𝑖݊ଶሺ𝑖ሻݏ + ͷͶͳͶͶ (𝑖݊ସሺ𝑖ሻݏ ߣ͵ሺݏܿ − ߱ሻ − 
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 −( Ͷͺ 𝑖݊ଶሺ𝑖ሻݏ − ͳͻ (𝑖݊ସሺ𝑖ሻݏ ߣሺͷݏܿ − ߱ሻ}, (2.31) 

   

ଶ߱ߜ  = [𝐽ଶ ቆ𝑎′𝑎 ቇସ {(ͷ − ͳͷͷͳʹ 𝑖݊ଶሺ𝑖ݏ + ͳͲͳͳʹ (𝑖݊ସሺ𝑖ݏ ߣ𝑖݊ሺݏ − ߱ሻ −  

 −(ͳͶ + 𝑖݊ଶሺ𝑖ሻݏ − ͺͶͺ (𝑖݊ସሺ𝑖ሻݏ ߣ𝑖݊ሺݏ + ߱ሻ −  

 −( ͷʹͶ − ʹͻ 𝑖݊ଶሺ𝑖ሻݏ + ͷͶͳͶͶ (𝑖݊ସሺ𝑖ሻݏ ߣ͵𝑖݊ሺݏ − ߱ሻ − (2.32) 

 −( ͳʹͶ + ͳͳ 𝑖݊ଶሺ𝑖ሻݏ − ͵͵ʹ (𝑖݊ସሺ𝑖ሻݏ ߣ͵𝑖݊ሺݏ + ߱ሻ −  

 −( Ͷͺ 𝑖݊ଶሺ𝑖ሻݏ − ͳͻ (𝑖݊ସሺ𝑖ሻݏ ߣ𝑖݊ሺͷݏ − ߱ሻ}]/݁.  

   

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ (2.33) δଶM ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: 

   

ܯଶߜ  = ߣߜ +  (2.33) .߱ߜ

   

ȼ ɱɢɫɥɟɧɧɨɦ ɜɵɪɚɠɟɧɢɢ ɜɵɪɚɠɟɧɢɹ (2.29 – 2.32) ɩɪɢɦɭɬ ɜɢɞ ɮɨɪɦɭɥ 

(2.34 – 2.37): 

   

ଶ𝑎ߜ  = −Ͳ,ͲͲͲʹܿݏሺʹߣሻ + Ͳ,ͲͲͲͳሺͶߣሻ, (2.34) 

   

ߣଶߜ  = Ͳ,ͲͲͲͲͲͲͲͶݐ − Ͳ,ͲͲʹ ሻߣʹ𝑖݊ሺݏ + Ͳ,ͲͲͳͷݏ𝑖݊ ሺͶߣሻ, (2.35) 

   

ଶ݁ߜ  = Ͳ,ͲͲͲͳ ߣ͵ሺݏܿ + ߱ሻ − Ͳ,ͲͲͲ ߣሺݏܿ + ߱ሻ + 

(2.36)  +Ͳ,ͲͲ͵ ߣሺݏܿ − ߱ሻ − Ͳ,Ͳʹʹ ߣ͵ሺݏܿ − ߱ሻ − 

 −Ͳ,ͲͲͲͲͲ͵ ߣሺͷݏܿ − ߱ሻ, 
   

ଶ߱ߜ  = Ͳ,͵ ߣ𝑖݊ሺݏ − ߱ሻ − Ͳ, ߣ𝑖݊ሺݏ + ߱ሻ − (2.37) 
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 −ͳ,ͺ ߣ͵𝑖݊ሺݏ − ߱ሻ −Ͳ,ͳ ߣ͵𝑖݊ሺݏ + ߱ሻ − 
(2.37) 

 −Ͳ,ͲͲ͵ ߣ𝑖݊ሺͷݏ − ߱ሻ. 
   

ɂɬɚɤ, ɩɨɥɭɱɢɜ ɧɟɨɛɯɨɞɢɦɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɦɵ ɦɨɠɟɦ ɪɚɫɫɱɢɬɚɬɶ 

ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ ɢ ɟɝɨ ɪɚɫɯɨɠɞɟɧɢɹ ɩɨ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 

ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ 2-ɝɨ ɩɨɪɹɞɤɚ. 

 

2.4.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɩɨ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ 2-ɝɨ ɩɨɪɹɞɤɚ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɪɚɫɯɨɠɞɟɧɢɣ, ɨɩɪɟɞɟɥɢɦ ɪɚɡɦɚɯ ɧɟɜɹɡɤɢ ɩɨ ɞɚɧɧɨɦɭ 

ɷɥɟɦɟɧɬɭ.  

ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɩɨ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɟɣ 

ɜɨɡɦɭɳɟɧɢɹ 2-ɝɨ ɩɨɪɹɞɤɚ ɧɚ ɪɢɫɭɧɤɟ 17: 

 

 
Ɋɢɫɭɧɨɤ 17 – Ɂɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ, ɪɚɫɫɱɢɬɚɧɧɨɟ ɩɨ ɦɨɞɟɥɢ, 

ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ 2-ɝɨ ɩɨɪɹɞɤɚ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 17, ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ 

ɫɨɫɬɚɜɥɹɟɬ -3,8179 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 3,8506 ɪɚɞɢɚɧ. 

Ɉɩɪɟɞɟɥɢɦ ɢɬɨɝɨɜɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɦɟɠɞɭ 

ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɶɸ ɦɟɬɨɞɚ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ, 

ɭɱɢɬɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ 2-ɝɨ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɧɚ ɪɢɫɭɧɤɟ 18: 

 

 

Ɋɢɫɭɧɨɤ 18 – ɂɬɨɝɨɜɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ, ɦɟɠɞɭ 

ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɹɦɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 18, ɢɬɨɝɨɜɨɟ ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ 

ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɫɨɫɬɚɜɥɹɟɬ -0,1236 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 0,1714 ɪɚɞɢɚɧ. 

ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɨɪɦɭɥɨɣ (1.15), ɩɨɥɭɱɢɦ, ɱɬɨ ɨɛɳɟɟ ɨɰɟɧɨɱɧɨɟ 

ɪɚɫɯɨɠɞɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 7604 ɤɦ. 

  



54 
 

2.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɠɞɟɧɢɣ ɩɨ ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɧɚ ɨɫɧɨɜɟ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɫ ɭɱɟɬɨɦ 

ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɢ ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ 

 

ɉɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɜ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɦɨɠɧɨ ɪɚɡɛɢɬɶ ɧɚ ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɢ 

ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ. 

 

2.5.1 Ɏɨɪɦɭɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɫ ɭɱɟɬɨɦ 

ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɢ ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ 

 

Ʉɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɡɚ ɫɱɟɬ ɫɨɛɫɬɜɟɧɧɨɝɨ 

ɞɜɢɠɟɧɢɹ ɄȺ. Ʉɚɠɞɚɹ ɝɚɪɦɨɧɢɤɚ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ ɞɚɟɬ 

ɞɜɭɯɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɫɟɦɟɣɫɬɜɨ ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ. 

ɉɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ p ɢ ݍሺ݊ − ʹ + ݍ ≠ Ͳሻ. Ɉɫɧɨɜɧɵɟ ɜɨɡɦɭɳɟɧɢɹ, 

ɚɦɩɥɢɬɭɞɵ ɤɨɬɨɪɵɯ ɞɨɫɬɢɝɚɸɬ ɧɟɫɤɨɥɶɤɢɯ ɤɢɥɨɦɟɬɪɨɜ, ɜɵɡɜɚɧɵ ɩɨɥɹɪɧɵɦ 

ɫɠɚɬɢɟɦ Ɂɟɦɥɢ (n=2, m=0). Ⱥɦɩɥɢɬɭɞɵ ɝɪɭɲɟɜɢɞɧɨɫɬɢ Ɂɟɦɥɢ (n=3, m=0) 

ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ ɨɬ ɨɫɬɚɥɶɧɵɯ ɝɚɪɦɨɧɢɤ ɧɟ ɩɪɟɜɵɲɚɸɬ 

ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɦɟɬɪɨɜ [9]. 

Ⱦɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɡɚ ɫɱɟɬ ɩɪɟɰɟɫɫɢɢ 

ɩɟɪɢɝɟɹ. Ʉɚɠɞɚɹ ɧɟɱɟɬɧɚɹ ɡɨɧɚɥɶɧɚɹ ɝɚɪɦɨɧɢɤɚ ɜɵɡɵɜɚɟɬ ɜɨɡɦɭɳɟɧɢɹ ɜ 

ɨɫɧɨɜɧɨɦ ɜ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɟ ɢ ɩɟɪɢɝɟɟ ɨɪɛɢɬɵ. 

 

2.5.1.1 Ɏɨɪɦɭɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɫ ɭɱɟɬɨɦ 

ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ 

 

Ʉɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ, ɜɵɪɚɡɢɦ ɩɨ ɮɨɪɦɭɥɚɦ (2.37- 2.40): 

   

𝑎кпߜ  = ʹ݊𝑎 𝑅, (2.37) 
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кп݁ߜ  = ͳ − ݁ଶ݊𝑎ଶ݁ 𝑅 − √ͳ − ݁ଶ݊𝑎ଶ݁ 𝑅, (2.38) 

   

кп߱ߜ  = √ͳ − ݁ଶ݊𝑎ଶ݁ 𝑅 − ሺ𝑖ሻ݊𝑎ଶ√ͳ ݏܿ − ݁ଶݏ𝑖݊ ሺ𝑖ሻ 𝑅, (2.39) 

   

кпܯߜ  = ͳ − ݁ଶ݊𝑎ଶ݁ 𝑅 − ʹ݊𝑎 𝑅, (2.40) 

   

ɝɞɟ R – ɩɟɪɬɭɪɛɚɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɮɨɪɦɭɥɨɣ (2.41): 

   

 𝑅 = ߤ 𝑎′ଶ𝑎ଷ 𝐽 ቀ𝑎ݎቁଷ [ͳ͵ − ͳʹ 𝑖݊ଶሺ𝑖ሻݏ + ͳʹ 𝑖݊ଶሺ𝑖ሻݏ ሺ𝜃ʹݏܿ + ߱ሻ]. (2.41) 

   

Ⱦɚɧɧɚɹ ɩɟɪɬɭɪɛɚɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɫɨɞɟɪɠɢɬ ɩɟɪɢɨɞɢɱɟɫɤɭɸ ɢ ɜɟɤɨɜɭɸ 

ɱɚɫɬɢ. 

 

2.5.1.2 Ɏɨɪɦɭɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɫ ɭɱɟɬɨɦ 

ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ 

 

Ⱦɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ, ɜɵɪɚɡɢɦ ɩɨ ɮɨɪɦɭɥɚɦ (2.42 – 2.45): 

   

𝑎ˇпߜ  = Ͳ, (2.42) 

   

пˇ݁ߜ  = − ʠଷʹʠଶ 𝑎′𝑎  𝑖݊ ሺ߱ሻ, (2.43)ݏ𝑖݊ ሺ𝑖ሻݏ

   

пˇ߱ߜ  = − ʠଷ݁ʹʠଶ 𝑎′𝑎 𝑖݊ሺ𝑖ሻݏ  ሺ߱ሻ, (2.44) ݏܿ
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пˇܯߜ  = ʠଷͶʠଶ 𝑎′𝑎 − ͷ ଶሺ𝑖ሻݏܿ − 𝑖݊ሺ𝑖ሻݏ͵ ሺ߱ሻݏܿ݁ −  (2.45) ,߱ߜ

   

ɝɞɟ ʠଶ – ɝɪɚɜɢɬɚɰɢɨɧɧɵɣ ɩɚɪɚɦɟɬɪ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɥɟ ɫɠɚɬɢɹ Ɂɟɦɥɢ, 

      ʠଷ – ɡɨɧɚɥɶɧɚɹ ɫɮɟɪɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ, ɨɬɪɚɠɚɸɳɚɹ ɨɬɫɭɬɫɬɜɢɟ 

ɫɢɦɦɟɬɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɤɜɚɬɨɪɚ. 

Ƚɪɚɜɢɬɚɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ʠଶɢ ʠଷɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: 

 ʠଶ = −ͳͲͺʹ.͵ ⋅ ͳͲ−, ʠଷ = ʹ.͵ ⋅ ͳͲ−. 

 

2.5.2 Ɏɨɪɦɭɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɫ ɭɱɟɬɨɦ 

ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ 

 

ȼɟɤɨɜɵɟ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ߜωвˈк, ܯߜвˈк ɪɚɫɫɱɢɬɚɟɦ ɩɨ 

ɮɨɪɦɭɥɚɦ (2.46 – 2.47): 

   

вˈк߱ߜ  = Ͷ͵𝐶ଶ݊ ቆ𝑎′𝑎 ቇଶ ͳ − ͷ ଶሺ𝑖ሻሺͳݏܿ − ݁ଶሻଶ , (2.46) 

   

вˈкܯߜ  = ݊ + Ͷ͵ 𝐶ଶ݊ ቆ𝑎′𝑎 ቇଶ ͳ − ͵ ଶሺ𝑖ሻሺͳݏܿ − ݁ଶሻଷଶ , (2.47) 

   

2.5.3 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɩɨ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ, ɫ ɭɱɟɬɨɦ ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɢ ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɯ 

ɜɨɡɦɭɳɟɧɢɣ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɪɚɫɯɨɠɞɟɧɢɣ, ɨɩɪɟɞɟɥɢɦ ɪɚɡɦɚɯ ɧɟɜɹɡɤɢ ɩɨ ɞɚɧɧɨɦɭ 

ɷɥɟɦɟɧɬɭ.  
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ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɡɧɚɱɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ 

ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɢ ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ ɧɚ ɪɢɫɭɧɤɟ 19: 

 

 

Ɋɢɫɭɧɨɤ 19 – Ɂɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ 

ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɢ ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 19, ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ 

ɭɱɟɬɨɦ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ -2,7226 ɪɚɞɢɚɧ, ɚ 

ɦɚɤɫɢɦɚɥɶɧɨɟ 3,2803 ɪɚɞɢɚɧ. 

ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɡɧɚɱɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɜɟɤɨɜɵɯ 

ɜɨɡɦɭɳɟɧɢɣ ɧɚ ɪɢɫɭɧɤɟ 20: 

  



58 
 

 

Ɋɢɫɭɧɨɤ 20 – Ɂɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɜɟɤɨɜɵɯ 

ɜɨɡɦɭɳɟɧɢɣ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 20, ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ 

ɭɱɟɬɨɦ ɜɟɤɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ -2,987 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 3,022 

ɪɚɞɢɚɧ. 

ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɡɧɚɱɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɭɱɟɬɨɦ ɫɭɦɦɚɪɧɵɯ 

ɜɨɡɦɭɳɟɧɢɣ ɧɚ ɪɢɫɭɧɤɟ 21: 
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Ɋɢɫɭɧɨɤ 21 – Ɂɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɫɭɦɦɚɪɧɵɯ ɜɨɡɦɭɳɟɧɢɣ ɜ 

ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 21, ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ 

ɭɱɟɬɨɦ ɫɭɦɦɚɪɧɵɯ ɜɨɡɦɭɳɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ -5,4357 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 

6,0279 ɪɚɞɢɚɧ. 

Ɉɩɪɟɞɟɥɢɦ ɢɬɨɝɨɜɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɦɟɠɞɭ 

ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɶɸ ɦɟɬɨɞɚ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ, 

ɭɱɢɬɵɜɚɸɳɟɣ ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɢ ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ ɜ 

ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɧɚ ɪɢɫɭɧɤɟ 22:  
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Ɋɢɫɭɧɨɤ 22 – ɂɬɨɝɨɜɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɦɟɠɞɭ 

ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɹɦɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 22, ɢɬɨɝɨɜɨɟ ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ 

ɚɪɝɭɦɟɧɬɭ ɲɢɪɨɬɵ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɫɨɫɬɚɜɥɹɟɬ -0,0253 ɪɚɞɢɚɧ, ɚ 

ɦɚɤɫɢɦɚɥɶɧɨɟ 0,1031 ɪɚɞɢɚɧ. ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɨɪɦɭɥɨɣ (1.15), ɩɨɥɭɱɢɦ, 

ɱɬɨ ɨɛɳɟɟ ɨɰɟɧɨɱɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɜ ɚɪɝɭɦɟɧɬɟ ɲɢɪɨɬɵ ɫɨɫɬɚɜɥɹɟɬ 3308 ɤɦ. 

 

2.5.4 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 

ɫ ɭɱɟɬɨɦ ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɢ ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ, 

ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ Ʌɚɝɪɚɧɠɚ 

 

ȼ ɫɥɭɱɚɟ ɨɪɛɢɬ ɫ ɦɚɥɵɦɢ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚɦɢ ɞɥɹ ɭɞɨɛɫɬɜɚ ɜɵɱɢɫɥɟɧɢɹ 

ɩɪɟɨɛɪɚɡɭɟɦ ɭɪɚɜɧɟɧɢɹ Ʌɚɝɪɚɧɠɚ, ɜɜɟɞɹ ɧɨɜɵɟ ɷɥɟɦɟɧɬɵ ɩɨ ɮɨɪɦɭɥɚɦ 

(2.48 - 2.50): 

   
 ݈ =  ሺ߱ሻ, (2.48)ݏܿ݁
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 ℎ =  𝑖݊ሺ߱ሻ, (2.49)ݏ݁

   
ߣ  = ܯ + ߱. (2.50) 

   

ɉɪɢɦɟɧɢɜ ɞɚɧɧɵɟ ɮɨɪɦɭɥɵ ɤ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ, 

ɭɱɢɬɵɜɚɸɳɟɣ ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɢ ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ, 

ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ݈, ℎ,  ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ,ߣ

ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ, ɨɬɨɛɪɚɠɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ 23-25: 

 

 

Ɋɢɫɭɧɨɤ 23 – Ɋɚɫɯɨɠɞɟɧɢɟ ɜ ɷɥɟɦɟɧɬɟ ݈ 
 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɟɡɭɥɶɬɚɬɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɨɬɨɛɪɚɠɟɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ 

23, ɪɚɫɯɨɠɞɟɧɢɟ ɜ ɷɥɟɦɟɧɬɟ l ɫɨɫɬɚɜɥɹɟɬ 0,0004 ɦɦ. 
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Ɋɢɫɭɧɨɤ 24 – Ɋɚɫɯɨɠɞɟɧɢɟ ɜ ɷɥɟɦɟɧɬɟ ℎ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 24, ɪɚɫɯɨɠɞɟɧɢɟ ɜ ɷɥɟɦɟɧɬɟ ℎ ɫɨɫɬɚɜɥɹɟɬ 

0,000098 ɦɦ. 
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Ɋɢɫɭɧɨɤ 25 – Ɋɚɫɯɨɠɞɟɧɢɟ ɜ ɷɥɟɦɟɧɬɟ ߣ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 25, ɪɚɫɯɨɠɞɟɧɢɟ ɜ ɷɥɟɦɟɧɬɟ ߣ ɫɨɫɬɚɜɥɹɟɬ 

1109,19 ɦ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɯɨɠɞɟɧɢɟ ɭ ɧɚɫ ɫɨɞɟɪɠɢɬɫɹ ɜ 

ɷɥɟɦɟɧɬɚɯ ɚɪɝɭɦɟɧɬɚ ɩɟɪɢɰɟɧɬɪɚ ɢ ɫɪɟɞɧɟɣ ɚɧɨɦɚɥɢɢ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɞɨɤɬɨɪɚ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ 

Ȼ.ɂ. ɋɭɯɢɯ [11], ɩɪɢ ɜɵɜɨɞɟ ɮɨɪɦɭɥ ɞɥɹ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ 

ɨɬɤɥɨɧɟɧɢɹ ɜ ɨɫɤɭɥɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɚɯ ߱ ɢ ܯ ɞɥɹ ɩɨɱɬɢ ɤɪɭɝɨɜɵɯ ɨɪɛɢɬ 

ɤɪɚɣɧɟ ɦɚɫɫɢɜɧɵɟ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɫɨɡɞɚɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɱɢɬɚɟɬɫɹ ɧɟɜɨɡɦɨɠɧɵɦ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ 

ɪɟɡɭɥɶɬɚɬɚ ɩɪɨɜɟɞɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨ ɡɚɦɟɧɟ ɨɫɤɭɥɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ߱ ɢ ܯ ɧɚ ɷɥɟɦɟɧɬɵ ݈, ℎ,  ɨɫɤɭɥɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɩɪɨɞɨɥɠɚɸɬ ɨɤɚɡɵɜɚɬɶ ,ߣ

ɧɚɢɛɨɥɶɲɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɚɪɚɦɟɬɪ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɩɪɨɢɡɜɟɞɟɧɧɚɹ ɡɚɦɟɧɚ ɭɥɭɱɲɚɟɬ ɫɯɨɞɢɦɨɫɬɶ ɜ ɷɥɟɦɟɧɬɟ ɨɪɛɢɬɵ ɨɬɱɚɫɬɢ. 

 

  



64 
 

2.5.5 ȼɵɜɨɞ ɩɨ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ ɫ ɤɨɪɨɬɤɨ- ɢ ɞɨɥɝɨɩɟɪɢɨɞɢɱɟɫɤɢɦɢ ɜɨɡɦɭɳɟɧɢɹɦɢ ɫ ɭɱɟɬɨɦ 

ɢɡɦɟɧɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ Ʌɚɝɪɚɧɠɚ 

 

ȼɵɩɨɥɧɢɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚɞ ɨɫɤɭɥɢɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɨ ɦɟɬɨɞɭ 

Ʌɚɝɪɚɧɠɚ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɢɬɨɝɨɜɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɯɨɠɞɟɧɢɣ ɦɟɠɞɭ 

ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɹɦɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɭɤɚɡɵɜɚɸɬ ɧɚ 

ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ɉɞɧɚɤɨ, ɭɫɥɨɜɢɟ ɩɨ ɩɨɜɵɲɟɧɢɸ 

ɬɨɱɧɨɫɬɢ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ߱ ɢ ܯ ɩɪɢ ɩɨɱɬɢ ɤɪɭɝɨɜɵɯ ɨɪɛɢɬɚɯ, ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ Ȼ.ɂ. ɋɭɯɢɯ [11] ɨ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɫɨɡɞɚɧɢɹ ɭɞɨɛɧɵɯ 

ɮɨɪɦɭɥ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɪɚɫɱɟɬɟ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ 

ɷɥɟɦɟɧɬɨɜ ɩɨɞɬɜɟɪɞɢɥɨɫɶ. Ⱦɚɥɶɧɟɣɲɟɟ ɭɬɨɱɧɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ 

ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɩɨɫɬɪɨɟɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɷɥɟɦɟɧɬɨɜ.  

 

2.6 ȼɵɜɨɞ ɩɨ ɜɬɨɪɨɣ ɝɥɚɜɟ 

 

ɋɚɦɵɦ ɬɨɱɧɵɦ ɢɡ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɚɪɝɭɦɟɧɬ 

ɲɢɪɨɬɵ, ɢɡ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɩɨɫɬɪɨɟɧɢɹ ɨɪɛɢɬɵ 

ɉɪɨɫɤɭɪɢɧɚ-Ȼɚɬɪɚɤɨɜɚ. 

ɇɚɢɛɨɥɟɟ ɩɨɥɧɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɜ 

ɩɪɟɞɟɥɚɯ ɫɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɵ, ɚ ɧɟ ɬɨɥɶɤɨ ɞɥɹ Ɂɟɦɥɢ, ɹɜɥɹɟɬɫɹ ɦɨɞɟɥɶ ɩɨ 

ɦɟɬɨɞɭ Ʉɨɡɚɢ. 

ȼ ɫɥɭɱɚɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ Ʌɚɝɪɚɧɠɚ, ɞɨɫɬɢɱɶ ɢɬɨɝɨɜɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ, ɫɯɨɞɢɦɨɫɬɶ ɩɨ ɤɨɬɨɪɵɦ ɫ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɶɸ ɛɭɞɟɬ 

ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ, ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɱɢɬɚɟɬɫɹ ɧɟɜɨɡɦɨɠɧɵɦ. 
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3 ɋɨɡɞɚɧɢɟ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɪɦɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨ ɦɟɬɨɞɭ Ʉɨɡɚɢ ɩɪɢɦɟɧɢɦɚ ɜ 

ɫɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɟ, ɢ ɨɧɚ ɩɪɢɡɧɚɧɚ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨɣ, ɥɨɝɢɱɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɟɟ ɩɪɢ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɩɨɞɯɨɞɟ ɨɩɢɫɚɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ. 

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɭɸ ɚɧɚɥɢɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ ɞɥɹ ɜɵɪɚɠɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɩɢɫɚɬɶ ɫ ɩɨɦɨɳɶɸ 

ɝɚɪɦɨɧɢɤ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɦɟɬɨɞɟ Ʉɨɡɚɢ.  

ɉɪɢ ɭɱɟɬɟ ɜɨɡɦɭɳɚɸɳɢɯ ɝɚɪɦɨɧɢɤ ɫ ɢɧɞɟɤɫɨɦ «20» ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɜɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ɛɨɥɶɲɨɣ 

ɩɨɥɭɨɫɢ, ɷɥɟɦɟɧɬɟ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ, ɷɥɟɦɟɧɬɟ ɫɪɟɞɧɟɣ ɚɧɨɦɚɥɢɢ ɢ ɜ 

ɚɪɝɭɦɟɧɬɟ ɩɟɪɢɰɟɧɬɪɚ. 

 

3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɨɡɦɭɳɟɧɢɣ ɜ ɷɥɟɦɟɧɬɟ ɛɨɥɶɲɨɣ ɩɨɥɭɨɫɢ 

 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

ɫɨɫɬɚɜɢɦ ɫɢɫɬɟɦɭ ɭɫɥɨɜɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɨ ɮɨɪɦɭɥɟ (3.1): 

   

 

{  
  
   
ଶ𝑎ߜ  = 𝑎 + ଶଵ𝑎ߜ × ሻߣʹሺݏܿ ଶଶ�̇�ߜ+ × Δݐଶʹߜଶ݁ = ݁+ߜଶଵ݁ × ሻߣʹሺݏܿ + ଶଶ݁−ଵߜ × 𝑖݊ଶሺ𝑖ሻ𝑎′ଶʹ𝑎ݏ 𝐽ܿݏሺʹߣሻߜଶܯ = ×ܯଶଵߜ+ܯ 𝑖݊ ሺ𝜃ሻݏ + ଶଶ߱ߜ × 𝑖݊ ሺ𝜃ݏ + ʹ߱ሻ ଶଷ߱ߜ++ × 𝑖݊ ሺ͵𝜃ݏ + ʹ߱ሻߜଶ߱ = ଶଵ߱ߜ × 𝑖ݏ ݊ሺ𝜃 ሻܯ− + ଶଶ߱ߜ × 𝑖ݏ ݊ሺ𝜃ሻ+ߜଶଷ߱ × 𝑖ݏ ݊ሺʹ𝜃ሻ ଶସ߱ߜ++ × 𝑖݊ሺ𝜃ݏ + ʹ߱ሻ + ଶହ߱ߜ × 𝑖ݏ ݊ሺʹߣሻ ଶ߱ߜ++ × 𝑖݊ ሺ͵𝜃ݏ + ʹ߱ሻ + ଶ߱ߜ × 𝑖݊ ሺͶ𝜃ݏ + ʹ߱ሻ

. (3.1) 

   

Ɉɩɪɟɞɟɥɢɦ ɩɨ ɤɚɠɞɨɦɭ ɭɪɚɜɧɟɧɢɸ ɫɢɫɬɟɦɵ ɜɨɡɦɭɳɟɧɢɟ ɩɨ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɷɥɟɦɟɧɬɭ. 
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Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɹ ɜɨɡɦɭɳɟɧɢɣ ɞɥɹ ɷɥɟɦɟɧɬɚ ɛɨɥɶɲɨɣ ɩɨɥɭɨɫɢ ɩɨ 

ɮɨɪɦɭɥɟ (3.2): 

   

ଶ𝑎ߜ  = 𝑎 + ଶଵ𝑎ߜ ሻߣʹሺݏܿ ଶଶ�̇�ߜ+ × Δݐଶʹ . (3.2) 

   

Ɍɟɩɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɟ (3.2), ɫɨɫɬɚɜɢɦ ɫɢɫɬɟɦɭ ɧɨɪɦɚɥɶɧɵɯ 

ɭɪɚɜɧɟɧɢɣ. Ⱦɥɹ ɷɬɨɝɨ, ɫɧɚɱɚɥɚ, ɞɨɦɧɨɠɢɦ ɜɫɟ ɱɥɟɧɵ ɭɪɚɜɧɟɧɢɹ ɧɚ 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢ ɩɟɪɜɨɦ ɧɟɢɡɜɟɫɬɧɨɦ ɷɥɟɦɟɧɬɟ 𝑎, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ (3.3):  

   

ଶ𝑎ଵߜ]  × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛] = ܰ × 𝑎 + 

(3.3) 
ଵሻߣʹଵሺݏܿ]+  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × ଶଵ𝑎ߜ + 

 +[Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] ×  .ଶଶ�̇�ߜ
   

Ⱦɨɦɧɨɠɢɦ ɜɫɟ ɱɥɟɧɵ ɭɪɚɜɧɟɧɢɹ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢ ɜɬɨɪɨɦ 

ɧɟɢɡɜɟɫɬɧɨɦ ɷɥɟɦɟɧɬɟ δଶଵ𝑎, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ (3.4):  

   

ଶ𝑎ଵߜ]  × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛𝑎𝑛ߜ × [𝑛ሻߣʹ𝑛ሺݏܿ = 

(3.4) 

 = [ͳଵ × ଵሻߣʹଵሺݏܿ + ⋯+ ͳ𝑛 × [𝑛ሻߣʹ𝑛ሺݏܿ × 𝑎 + 

ଵሻߣʹଵሺݏܿ]+  × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ × ଶଵ𝑎ߜ + 

 +[Δtଵଶʹ × ଵሻߣʹଵሺݏܿ + ⋯+ Δt𝑛ଶʹ × [𝑛ሻߣʹ𝑛ሺݏܿ ×  .ଶଶ�̇�ߜ
   

Ⱦɨɦɧɨɠɢɦ ɜɫɟ ɱɥɟɧɵ ɭɪɚɜɧɟɧɢɹ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢ ɬɪɟɬɶɟɦ 

ɧɟɢɡɜɟɫɬɧɨɦ ɷɥɟɦɟɧɬɟ ߜଶଶ�̇�, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ (3.5):  
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ଶ𝑎ଵߜ]  × Δtଵଶʹ +⋯+ 𝑛𝑎𝑛ߜ × Δt𝑛ଶʹ ] = 

(3.5) 

 = [ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 𝑎 + 

ଵሻߣʹଵሺݏܿ]+  × Δtଵଶʹ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × Δt𝑛ଶʹ ] × ଶଵ𝑎ߜ + 

 +[Δtଵଶʹ × Δtଵଶʹ +⋯+ Δt𝑛ଶʹ × Δt𝑛ଶʹ ] ×  .ଶଶ�̇�ߜ
   

Ⱦɚɧɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɚɧɧɵɟ ɩɨ ɮɨɪɦɭɥɚɦ (3.3 – 3.5), ɫɨɜɦɟɫɬɧɨ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɧɨɪɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ 

ɫɢɫɬɟɦɵ ɧɨɪɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ 

ɤɜɚɞɪɚɬɨɜ (ɆɇɄ). 

ɑɬɨɛɵ ɪɟɲɢɬɶ ɫɢɫɬɟɦɭ ɧɨɪɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ 

ɆɇɄ, ɞɥɹ ɧɚɱɚɥɚ ɜɵɪɚɡɢɦ 𝑎 ɢɡ ɮɨɪɦɭɥɵ (3.3) ɩɨ ɮɨɪɦɭɥɚɦ (3.6 – 3.7): 

   

 ܰ × 𝑎 = ଶ𝑎ଵߜ] × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛] − 

(3.6) 
ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × ଶଵ𝑎ߜ − 

 −[Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] ×  .ଶଶ�̇�ߜ
   

 𝑎 = ଶ𝑎ଵߜ]} × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛] − 

(3.7) 
ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × ଶଵ𝑎ߜ − 

 −[Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] ×  .ܰ / {ଶଶ�̇�ߜ
   

Ɍɟɩɟɪɶ, ɜɵɪɚɡɢɦ δଶଵ𝑎 ɢɡ ɮɨɪɦɭɥɵ (3.4) ɩɨ ɮɨɪɦɭɥɟ (3.8): 

   

ଵሻߣʹଵሺݏܿ]  × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ × ଶଵ𝑎ߜ = 

(3.8)  = [δଶaଵ × cosଵሺʹߣଵሻ + ⋯+ δ𝑛a𝑛 × cos𝑛ሺʹߣ𝑛ሻ] − 

 −[cosଵሺʹߣଵሻ × ͳଵ +⋯+ cos𝑛ሺʹߣ𝑛ሻ × ͳ𝑛] × 𝑎 − 
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 −[Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] ×  ଶଶ�̇�. (3.8)ߜ

   

ɉɨɞɫɬɚɜɢɦ ɡɧɚɱɟɧɢɟ 𝑎 ɢɡ ɮɨɪɦɭɥɵ (3.7) ɜ ɮɨɪɦɭɥɭ (3.9): 

   

 [cosଵሺʹߣଵሻ × cosଵሺʹߣଵሻ + ⋯+ cos𝑛ሺʹߣ𝑛ሻ × cos𝑛ሺʹߣ𝑛ሻ] × ଶଵ𝑎ߜ = 

(3.9) 

 [δଶaଵ × cosଵሺʹߣଵሻ + ⋯+ δ𝑛a𝑛 × cos𝑛ሺʹߣ𝑛ሻ] − 

 −[cosଵሺʹߣଵሻ × ͳଵ +⋯+ cos𝑛ሺʹߣ𝑛ሻ × ͳ𝑛] × 

 × {[δଶaଵ × ͳଵ +⋯+ δ𝑛a𝑛 × ͳ𝑛] − 

 −[cosଵሺʹߣଵሻ × ͳଵ +⋯+ cos𝑛ሺʹߣ𝑛ሻ × ͳ𝑛] × ଶଵ𝑎ߜ − 

 −[Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] ×  .{ଶଶ�̇�ߜ
   

ɉɪɨɞɨɥɠɢɦ ɜɵɪɚɠɟɧɢɟ ߜଶଵ𝑎 ɩɨ ɮɨɪɦɭɥɚɦ (3.10 – 3.13): 

   

ଵሻߣʹଵሺݏܿ]  × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ × ଶଵ𝑎ߜ = 

(3.10) 

 = ଶ𝑎ଵߜ] × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛𝑎𝑛ߜ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଶ𝑎ଵߜ] × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛] + 

ଵሻߣʹଵሺݏܿ]+  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] ×  ଶଵ𝑎ߜ

ଵሻߣʹଵሺݏܿ]+  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × [Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] ×  .ଶଶ�̇�ߜ
   

ଵሻߣʹଵሺݏܿ]  × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ × ଶଵ𝑎ߜ − 

(3.11) 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × ଶଵ𝑎ߜ = 

 = ଶ𝑎ଵߜ] × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛𝑎𝑛ߜ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 
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 × ଶ𝑎ଵߜ] × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛] + 

(3.11) 
ଵሻߣʹଵሺݏܿ]+  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × [Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] ×  .ଶଶ�̇�ߜ
   

ଶଵ𝑎ߜ  × ଵሻߣʹଵሺݏܿ]} × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

(3.12) 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × [cosଵሺʹߣଵሻ × ͳଵ +⋯+ cos𝑛ሺʹߣ𝑛ሻ × ͳ𝑛]} = 

 = [δଶaଵ × cosଵሺʹߣଵሻ + ⋯+ δ𝑛a𝑛 × cos𝑛ሺʹߣ𝑛ሻ] − 

 −[cosଵሺʹߣଵሻ × ͳଵ +⋯+ cos𝑛ሺʹߣ𝑛ሻ × ͳ𝑛] × 

 × [δଶaଵ × ͳଵ +⋯+ δ𝑛a𝑛 × ͳ𝑛] + 

ଵሻߣʹଵሺݏܿ]+  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × [Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] ×  .ଶଶ�̇�ߜ
   

ଶଵ𝑎ߜ  = ଶ𝑎ଵߜ]} × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛𝑎𝑛ߜ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

(3.13) 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଶ𝑎ଵߜ] × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛+]  
ଵሻߣʹଵሺݏܿ]+  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × [Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] × {ଶଶ�̇�ߜ ÷ 

 ÷ ଵሻߣʹଵሺݏܿ]} × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛]}. 
   

Ɍɟɩɟɪɶ, ɜɵɪɚɡɢɦ ߜଶଶ�̇� ɢɡ ɮɨɪɦɭɥɵ (3.5) ɩɨ ɮɨɪɦɭɥɟ (3.14): 
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 [Δtଵଶʹ × Δtଵଶʹ +⋯+ Δt𝑛ଶʹ × Δt𝑛ଶʹ ] × ଶଶ�̇�ߜ = 

(3.14) 

 = ଶ𝑎ଵߜ] × Δtଵଶʹ +⋯+ 𝑛𝑎𝑛ߜ × Δt𝑛ଶʹ ] − 

 −[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 𝑎 − 

ଵሻߣʹଵሺݏܿ]−  × Δtଵଶʹ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × Δt𝑛ଶʹ ] ×  .ଶଵ𝑎ߜ
   

ɉɨɞɫɬɚɜɢɦ ɡɧɚɱɟɧɢɟ 𝑎 ɢɡ ɮɨɪɦɭɥɵ (3.7) ɢ ɡɧɚɱɟɧɢɟ ߜଶଵ𝑎 ɢɡ ɮɨɪɦɭɥɵ 

(3.13) ɜ ɮɨɪɦɭɥɭ (3.15): 

  

(3.15) 

 [Δtଵଶʹ × Δtଵଶʹ +⋯+ Δt𝑛ଶʹ × Δt𝑛ଶʹ ] × ଶଶ�̇�ߜ = 

 = ଶ𝑎ଵߜ] × Δtଵଶʹ +⋯+ 𝑛𝑎𝑛ߜ × Δt𝑛ଶʹ ] − 

 −[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 

ଶ𝑎ଵߜ]}  × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛] − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × ଶଵ𝑎ߜ − 

 −[Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] × {ଶଶ�̇�ߜ − 

ଵሻߣʹଵሺݏܿ]−  × Δtଵଶʹ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × Δt𝑛ଶʹ ] × 

 × ଶ𝑎ଵߜ]} × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛𝑎𝑛ߜ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଶ𝑎ଵߜ] × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛] +  
ଵሻߣʹଵሺݏܿ]+  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × [Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] × {ଶଶ�̇�ߜ ÷ 

 ÷ ଵሻߣʹଵሺݏܿ]} × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 
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 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛]} (3.15) 

   

ɉɪɨɞɨɥɠɢɦ ɜɵɪɚɠɟɧɢɟ ߜଶଶ�̇� ɩɨ ɮɨɪɦɭɥɟ (3.16): 

   

 [Δtଵଶʹ × Δtଵଶʹ +⋯+ Δt𝑛ଶʹ × Δt𝑛ଶʹ ] × ଶଶ�̇�ߜ = 

(3.16) 

 = ଶ𝑎ଵߜ] × Δtଵଶʹ +⋯+ 𝑛𝑎𝑛ߜ × Δt𝑛ଶʹ ] − 

 −[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × ଶ𝑎ଵߜ] × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛] + 

 +{[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଶ𝑎ଵߜ] × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛𝑎𝑛ߜ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

 −[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଶ𝑎ଵߜ] × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛+] +  
 +[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × [Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] × {ଶଶ�̇�ߜ ÷ 

 ÷ ଵሻߣʹଵሺݏܿ]} × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛]} + 

 +[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 

   



72 
 

 × [Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] × ଶଶ�̇�ߜ − 

(3.16) 

ଵሻߣʹଵሺݏܿ]}−  × Δtଵଶʹ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × Δt𝑛ଶʹ ] × 

ଶ𝑎ଵߜ]  × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛𝑎𝑛ߜ × [𝑛ሻߣʹ𝑛ሺݏܿ + 

ଵሻߣʹଵሺݏܿ]+  × Δtଵଶʹ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଶ𝑎ଵߜ] × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛] − 

ଵሻߣʹଵሺݏܿ]−  × Δtଵଶʹ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × [Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] × {ଶଶ�̇�ߜ ÷ 

 ÷ ଵሻߣʹଵሺݏܿ]} × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛]}. 
  

ɉɟɪɟɧɨɫɢɦ ɱɥɟɧɵ ɭɪɚɜɧɟɧɢɹ ɫ ߜଶଶ�̇� ɜ ɥɟɜɭɸ ɱɚɫɬɶ ɢ ɜɵɧɨɫɢɦ ɡɚ ɫɤɨɛɤɢ 

ɩɨ ɮɨɪɦɭɥɟ (3.17): 

  

(3.17) 

ଶଶ�̇�ߜ  × {[Δtଵଶʹ × Δtଵଶʹ +⋯+ Δt𝑛ଶʹ × Δt𝑛ଶʹ ] − 

 −[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × [Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] − 

 −[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 
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 × [Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛] − 

(3.17) 

ଵሻߣʹଵሺݏܿ]−  × Δtଵଶʹ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × [Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛]} = 

 = ଶ𝑎ଵߜ] × Δtଵଶʹ +⋯+ 𝑛𝑎𝑛ߜ × Δt𝑛ଶʹ ] − 

 −[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × ଶ𝑎ଵߜ] × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛] + 

 +{[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଶ𝑎ଵߜ] × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛𝑎𝑛ߜ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

 −[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଶ𝑎ଵߜ] × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛]} ÷  
 ÷ ଵሻߣʹଵሺݏܿ]} × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛]} − 

ଵሻߣʹଵሺݏܿ]}−  × Δtଵଶʹ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × Δt𝑛ଶʹ ] × 

ଶ𝑎ଵߜ]  × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛𝑎𝑛ߜ × [𝑛ሻߣʹ𝑛ሺݏܿ + 

ଵሻߣʹଵሺݏܿ]+  × Δtଵଶʹ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଶ𝑎ଵߜ] × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛]} ÷ 

 ÷ ଵሻߣʹଵሺݏܿ]} × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 
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 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛]}. (3.17) 

   

Ɉɤɨɧɱɚɬɟɥɶɧɨ ɜɵɪɚɡɢɦ ɷɥɟɦɟɧɬ ߜଶଶ�̇� ɩɨ ɮɨɪɦɭɥɟ (3.18): 

   

ଶଶ�̇�ߜ  = ଶ𝑎ଵߜ]} × Δtଵଶʹ +⋯+ 𝑛𝑎𝑛ߜ × Δt𝑛ଶʹ ] − 

(3.18) 

 −[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × ଶ𝑎ଵߜ] × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛] + 

 +{[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଶ𝑎ଵߜ] × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛𝑎𝑛ߜ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

 −[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଶ𝑎ଵߜ] × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛]} ÷  
 ÷ ଵሻߣʹଵሺݏܿ]} × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛]} − 

ଵሻߣʹଵሺݏܿ]}−  × Δtଵଶʹ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × Δt𝑛ଶʹ ] × 

ଶ𝑎ଵߜ]  × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛𝑎𝑛ߜ × [𝑛ሻߣʹ𝑛ሺݏܿ + 

ଵሻߣʹଵሺݏܿ]+  × Δtଵଶʹ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଶ𝑎ଵߜ] × ͳଵ +⋯+ 𝑛𝑎𝑛ߜ × ͳ𝑛]} ÷ 

 ÷ ଵሻߣʹଵሺݏܿ]} × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛]}} ÷ 
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 ÷ {[Δtଵଶʹ × Δtଵଶʹ +⋯+ Δt𝑛ଶʹ × Δt𝑛ଶʹ ] − 

(3.18) 

 −{[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × [Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛]} ÷ 

 ÷ ଵሻߣʹଵሺݏܿ]} × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛]} − 

 −{[ͳଵ × Δtଵଶʹ +⋯+ ͳ𝑛 × Δt𝑛ଶʹ ] × 

 × [Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛]} ÷ 

 ÷ ଵሻߣʹଵሺݏܿ]} × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛]} − 

ଵሻߣʹଵሺݏܿ]}−  × Δtଵଶʹ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × Δt𝑛ଶʹ ] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × [Δtଵଶʹ × ͳଵ +⋯+ Δt𝑛ଶʹ × ͳ𝑛]}  ÷ 

 ÷ ଵሻߣʹଵሺݏܿ]} × ଵሻߣʹଵሺݏܿ + ⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × [𝑛ሻߣʹ𝑛ሺݏܿ − 

ଵሻߣʹଵሺݏܿ]−  × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛] × 

 × ଵሻߣʹଵሺݏܿ] × ͳଵ +⋯+ 𝑛ሻߣʹ𝑛ሺݏܿ × ͳ𝑛]}}. 
   

ɉɨɞɫɬɚɜɢɜ ɷɥɟɦɟɧɬɵ ɨɪɛɢɬɵ ɜ ɜɵɪɚɠɟɧɢɹ (3.6, 3.12, 3.18), ɩɨɥɭɱɢɦ 

ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ: 
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 𝑎 = ͺͶ,ͺʹͻ ɦ.  

ଶଵ𝑎ߜ  = −ͳͻ,ͳͳ ˏ.  

ଶଶ𝑎ߜ  = Ͳ,ͲͲͲͲͲͲͲͲͳͺ ˏ.  

   

Ɉɩɪɟɞɟɥɢɜ ɩɨ ɮɨɪɦɭɥɟ (3.2) ɡɧɚɱɟɧɢɟ ߜଶ𝑎, ɨɬɨɛɪɚɡɢɦ ɧɚ ɪɢɫɭɧɤɟ 26 

ɝɪɚɮɢɤ ɟɝɨ ɢɡɦɟɧɟɧɢɹ: 

 

 

Ɋɢɫɭɧɨɤ 26 – ȼɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ɛɨɥɶɲɨɣ ɩɨɥɭɨɫɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 26, ɜɨɡɦɭɳɟɧɢɟ ɜ ɷɥɟɦɟɧɬɟ ɛɨɥɶɲɨɣ ɩɨɥɭɨɫɢ ɜ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɪɦɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɫɨɫɬɚɜɥɹɟɬ 38,13 ɦ.  

Ɍɟɩɟɪɶ, ɨɩɪɟɞɟɥɢɜ ɜɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ɛɨɥɶɲɨɣ ɩɨɥɭɨɫɢ, ɦɵ 

ɦɨɠɟɦ ɪɚɫɫɱɢɬɚɬɶ ɢɬɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɨ ɮɨɪɦɭɥɟ (3.19): 

   

 𝑎Аː = 𝑎К +  ଶ𝑎. (3.19)ߜ
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ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɭɸ ɮɨɪɦɭɥɭ (3.19), ɦɵ ɨɩɪɟɞɟɥɢɦ ɢɬɨɝɨɜɵɣ ɷɥɟɦɟɧɬ 

ɛɨɥɶɲɨɣ ɩɨɥɭɨɫɢ, ɩɪɨɫɱɢɬɵɜɚɟɦɵɣ ɜ ɩɪɟɞɥɚɝɚɟɦɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɋ 

ɩɨɦɨɳɶɸ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɚɪɝɭɦɟɧɬ 

ɲɢɪɨɬɵ ɜ ɫɨɡɞɚɜɚɟɦɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ. 

ɉɪɟɨɛɪɚɡɨɜɚɜ ɜɵɪɚɠɟɧɢɟ (3.2) ɢ ɜɵɪɚɡɢɜ ɧɟɢɡɜɟɫɬɧɵɟ ɷɥɟɦɟɧɬɵ, ɦɵ 

ɦɨɠɟɦ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ ɜɨɡɦɭɳɟɧɢɣ ɜ ɩɪɨɱɢɯ 

ɷɥɟɦɟɧɬɚɯ.  

 

3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɨɡɦɭɳɟɧɢɣ ɜ ɷɥɟɦɟɧɬɟ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ 

 

Ɉɩɪɟɞɟɥɢɦ ɢɡ ɮɨɪɦɭɥɵ (3.1) ɜɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ, 

ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɮɨɪɦɭɥɟ (3.20): 

   

ଶ݁ߜ  = ݁+ߜଶଵ݁ × ሻߣʹሺݏܿ + ଶଶ݁−ଵߜ × 𝑖݊ଶሺ𝑖ሻ𝑎′ଶʹ𝑎ݏ 𝐽ܿݏሺʹߣሻ. (3.20) 

   

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɟɧɢɸ ɜɨɡɦɭɳɟɧɢɣ ɷɥɟɦɟɧɬɚ ɛɨɥɶɲɨɣ ɩɨɥɭɨɫɢ, 

ɧɚɯɨɞɢɦ ɜɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ. 

ɉɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ: 

   

 ݁ = Ͳ,ͲʹʹͲͺ͵ͺ͵ͷͶͳͲͻ  

ଶଵ݁ߜ  = −Ͳ,ͲͲͳʹͻͻͷͲͳͻ͵ʹͺ  

ଶଶ݁ߜ  = Ͳ,Ͳ͵͵ͻͻʹͲͶʹͻͺͶͶͷͷ  

   

Ɉɩɪɟɞɟɥɢɜ ɩɨ ɮɨɪɦɭɥɟ (3.20) ɡɧɚɱɟɧɢɟ ߜଶ݁, ɨɬɨɛɪɚɡɢɦ ɧɚ ɪɢɫɭɧɤɟ 27 

ɝɪɚɮɢɤ ɟɝɨ ɢɡɦɟɧɟɧɢɹ:  
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Ɋɢɫɭɧɨɤ 27 – ȼɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ߜଶ݁ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 27, ɜɨɡɦɭɳɟɧɢɟ ɜ ɷɥɟɦɟɧɬɟ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ ɜ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɪɦɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɫɨɫɬɚɜɥɹɟɬ 

0,000005 ɟɞɢɧɢɰ.  

Ɍɟɩɟɪɶ, ɨɩɪɟɞɟɥɢɜ ɜɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ, ɦɵ ɦɨɠɟɦ 

ɪɚɫɫɱɢɬɚɬɶ ɢɬɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɨ ɮɨɪɦɭɥɟ (3.21): 

   

 ݁Аː = ݁К +  ଶ݁. (3.21)ߜ

   

ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɭɸ ɮɨɪɦɭɥɭ (3.21), ɦɵ ɨɩɪɟɞɟɥɢɦ ɢɬɨɝɨɜɵɣ ɷɥɟɦɟɧɬ 

ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ, ɩɪɨɫɱɢɬɵɜɚɟɦɵɣ ɜ ɩɪɟɞɥɚɝɚɟɦɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɋ 

ɩɨɦɨɳɶɸ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɚɪɝɭɦɟɧɬ 

ɲɢɪɨɬɵ ɜ ɫɨɡɞɚɜɚɟɦɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ. 

  



79 
 

3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɨɡɦɭɳɟɧɢɣ ɜ ɷɥɟɦɟɧɬɟ ɫɪɟɞɧɟɣ ɚɧɨɦɚɥɢɢ 

 

Ɉɩɪɟɞɟɥɢɦ ɢɡ ɮɨɪɦɭɥɵ (3.1) ɜɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ, 

ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɮɨɪɦɭɥɟ (3.22): 

   

ܯଶߜ  = ܯଶଵߜ+ܯ × 𝑖݊ ሺ𝜃ሻݏ + ଶଶ߱ߜ × 𝑖݊ ሺ𝜃ݏ + ʹ߱ሻ + 
(3.22) 

ଶଷ߱ߜ+  × 𝑖݊ ሺ͵𝜃ݏ + ʹ߱ሻ. 
   

Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɧɟɟ ɨɩɪɟɞɟɥɟɧɧɵɦ ɜɨɡɦɭɳɟɧɢɹɦ, ɧɚɯɨɞɢɦ ɜɨɡɦɭɳɟɧɢɹ ɜ 

ɷɥɟɦɟɧɬɟ ɫɪɟɞɧɟɣ ɚɧɨɦɚɥɢɢ. 

ɉɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ: 

   

ܯ  = ͳ,Ͷͻʹʹͷͳ͵ͺͲʹͲͺʹ  

 δଶଵM− Ͳ,ʹͳͲͳʹͶ͵ͲͶͲͻ  

 δଶଶM = −Ͳ,ͶͺͶ͵ͶͳͲͻͶͻʹ  

 δଶଷM = −Ͳ,͵ͳͺͲͶͻ͵ͷͲͶͶͷʹͶ  

   

Ɉɩɪɟɞɟɥɢɜ ɩɨ ɮɨɪɦɭɥɟ (3.22) ɡɧɚɱɟɧɢɟ ɜɨɡɦɭɳɟɧɢɣ ɜ ɷɥɟɦɟɧɬɟ ɫɪɟɞɧɟɣ 

ɚɧɨɦɚɥɢɢ, ɨɬɨɛɪɚɡɢɦ ɧɚ ɪɢɫɭɧɤɟ 28 ɝɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɞɚɧɧɵɯ ɜɨɡɦɭɳɟɧɢɣ: 
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Ɋɢɫɭɧɨɤ 28 – ȼɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ߜଶܯ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 28, ɦɢɧɢɦɚɥɶɧɨɟ ɜɨɡɦɭɳɟɧɢɟ ɜ ɷɥɟɦɟɧɬɟ ɫɪɟɞɧɟɣ 

ɚɧɨɦɚɥɢɢ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɪɦɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

ɫɨɫɬɚɜɥɹɟɬ -0,1126 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 0,1133 ɪɚɞɢɚɧ. ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ 

ɮɨɪɦɭɥɨɣ (1.15), ɩɨɥɭɱɢɦ, ɱɬɨ ɨɰɟɧɨɱɧɨɟ ɜɨɡɦɭɳɟɧɢɟ ɜ ɷɥɟɦɟɧɬɟ ɫɪɟɞɧɟɣ 

ɚɧɨɦɚɥɢɢ ɫɨɫɬɚɜɥɹɟɬ 5821,66 ɤɦ. 

Ɍɟɩɟɪɶ, ɨɩɪɟɞɟɥɢɜ ɜɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ɫɪɟɞɧɟɣ ɚɧɨɦɚɥɢɢ, ɦɵ 

ɦɨɠɟɦ ɪɚɫɫɱɢɬɚɬɶ ɢɬɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɨ ɮɨɪɦɭɥɟ (3.23): 

   

Аːܯ  = Кܯ +  (3.23) .ܯଶߜ

   

ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɭɸ ɮɨɪɦɭɥɭ (3.23) ɦɵ ɨɩɪɟɞɟɥɢɦ ɢɬɨɝɨɜɵɣ ɷɥɟɦɟɧɬ 

ɫɪɟɞɧɟɣ ɚɧɨɦɚɥɢɢ, ɩɪɨɫɱɢɬɵɜɚɟɦɵɣ ɜ ɩɪɟɞɥɚɝɚɟɦɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

ɋ ɩɨɦɨɳɶɸ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɚɪɝɭɦɟɧɬ 

ɲɢɪɨɬɵ ɜ ɫɨɡɞɚɜɚɟɦɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ. 
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3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɨɡɦɭɳɟɧɢɣ ɜ ɚɪɝɭɦɟɧɬɟ ɩɟɪɢɰɟɧɬɪɚ 

 

Ɉɩɪɟɞɟɥɢɦ ɢɡ ɮɨɪɦɭɥɵ (3.1) ɜɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ɚɪɝɭɦɟɧɬɚ 

ɩɟɪɢɰɟɧɬɪɚ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɮɨɪɦɭɥɟ (3.24): 

   

ଶ߱ߜ  = ଶଵ߱ߜ × 𝑖ݏ ݊ሺ𝜃 ሻܯ− + ଶଶ߱ߜ × 𝑖ݏ ݊ሺ𝜃ሻ+ߜଶଷ߱ × 𝑖ݏ ݊ሺʹ𝜃ሻ +  

ଶସ߱ߜ+  × 𝑖݊ሺ𝜃ݏ + ʹ߱ሻ + ଶହ߱ߜ × 𝑖ݏ ݊ሺʹߣሻ + (3.24) 

ଶ߱ߜ+  × 𝑖݊ ሺ͵𝜃ݏ + ʹ߱ሻ + ଶ߱ߜ × 𝑖݊ ሺͶ𝜃ݏ + ʹ߱ሻ.  

   

Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɧɟɟ ɨɩɪɟɞɟɥɟɧɧɵɦ ɜɨɡɦɭɳɟɧɢɹɦ, ɧɚɯɨɞɢɦ ɜɨɡɦɭɳɟɧɢɹ ɜ 

ɷɥɟɦɟɧɬɟ ɚɪɝɭɦɟɧɬɚ ɩɟɪɢɰɟɧɬɪɚ. 

ɉɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ: 

   

 δଶଵ߱ = −Ͳ,Ͷͷͻͺͳͺͳ͵ͻͻ  

 δଶଶ߱ = −ͳ,ͺͲͶͶͻʹͻͷ͵ͻͶͲͷ  

 δଶଷ߱ = Ͳ,ͳͲͺʹͲͷͳͺͺͶͷ͵͵ʹͻ  

 δଶସ߱ = ͳ,ͲͻͲͺͶͺͶͻ͵Ͳʹʹ  

 δଶହ߱ = −Ͳ,ͷͷͲͻͷͷͷͷͷͻͳͶ  

 δଶ߱ = ͳ,ͳͳͷʹͳʹͶͶ͵ͺ  

 δଶ߱ = −Ͳ,ͷͶͶͳͳͶͲͶͶͶͲͺʹ  

   

Ɉɩɪɟɞɟɥɢɜ ɩɨ ɮɨɪɦɭɥɟ (3.24) ɡɧɚɱɟɧɢɟ ɜɨɡɦɭɳɟɧɢɣ ɜ ɷɥɟɦɟɧɬɟ 

ɚɪɝɭɦɟɧɬɚ ɩɟɪɢɰɟɧɬɪɚ, ɨɬɨɛɪɚɡɢɦ ɧɚ ɪɢɫɭɧɤɟ 29 ɝɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɞɚɧɧɵɯ 

ɜɨɡɦɭɳɟɧɢɣ: 
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Ɋɢɫɭɧɨɤ 29 – ȼɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ߜଶ߱ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 29, ɦɢɧɢɦɚɥɶɧɨɟ ɜɨɡɦɭɳɟɧɢɟ ɜ ɷɥɟɦɟɧɬɟ 

ɚɪɝɭɦɟɧɬɚ ɩɟɪɢɰɟɧɬɪɚ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɪɦɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ ɫɨɫɬɚɜɥɹɟɬ -0,0019 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 0,0019 ɪɚɞɢɚɧ. 

ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɨɪɦɭɥɨɣ (1.15), ɩɨɥɭɱɢɦ, ɱɬɨ ɨɰɟɧɨɱɧɨɟ ɜɨɡɦɭɳɟɧɢɟ ɜ 

ɷɥɟɦɟɧɬɟ ɚɪɝɭɦɟɧɬɚ ɩɟɪɢɰɟɧɬɪɚ ɫɨɫɬɚɜɥɹɟɬ 97,92 ɤɦ. 

Ɍɟɩɟɪɶ, ɨɩɪɟɞɟɥɢɜ ɜɨɡɦɭɳɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ɚɪɝɭɦɟɧɬɚ ɩɟɪɢɰɟɧɬɪɚ, ɦɵ 

ɦɨɠɟɦ ɪɚɫɫɱɢɬɚɬɶ ɢɬɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɨ ɮɨɪɦɭɥɟ (3.25): 

   

 ߱Аː = ߱К +  ଶ߱. (3.25)ߜ

   

ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɭɸ ɮɨɪɦɭɥɭ (3.25), ɦɵ ɨɩɪɟɞɟɥɢɦ ɢɬɨɝɨɜɵɣ ɷɥɟɦɟɧɬ 

ɚɪɝɭɦɟɧɬɚ ɩɟɪɢɰɟɧɬɪɚ, ɩɪɨɫɱɢɬɵɜɚɟɦɵɣ ɜ ɩɪɟɞɥɚɝɚɟɦɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ. ɋ ɩɨɦɨɳɶɸ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 

ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ ɜ ɫɨɡɞɚɜɚɟɦɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ 

ɫɠɚɬɨɣ Ɂɟɦɥɢ. 



83 
 

3.5 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɩɨ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ 

ɦɟɬɨɞɢɤɟ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɪɦɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ  

 

ɇɚɣɞɹ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɢɬɨɝɨɜɵɟ 

ɷɥɟɦɟɧɬɵ ɨɪɛɢɬɵ 𝑎,ܯ, ݁, ߱, ɦɵ ɦɨɠɟɦ ɪɚɫɫɱɢɬɚɬɶ ɢɬɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ 

ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ. 

ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɵ (1.1 – 1.5), ɪɚɫɫɱɢɬɚɟɦ ɡɧɚɱɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

n-ɝɨ ɩɨɪɹɞɤɚ. Ɋɟɡɭɥɶɬɚɬɵ ɨɬɨɛɪɚɠɟɧɵ ɜ ɬɚɛɥɢɰɟ 3: 

Ɍɚɛɥɢɰɚ 3 – Ɂɧɚɱɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ 

ɂɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ, ɱ Ɂɧɚɱɟɧɢɟ u, ɪɚɞ 
0 0,0000 

0,5 0,2035 
1 0,4383 

1,5 0,7194 
2 1,0372 

2,5 1,3599 
3 1,6540 

3,5 1,9397 
4 2,2551 

4,5 2,5621 
5 2,8384 

5,5 3,0834 
6 -2,9604 

6,5 -2,6760 
7 -2,5050 

7,5 -2,2228 
8 -1,9170 

8,5 -1,6169 
9 -1,3370 

9,5 -1,0270 
10 -0,7056 

10,5 -0,4025 
11 -0,1363 

11,5 0,0952 
 

Ɉɩɪɟɞɟɥɢɜ ɡɧɚɱɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞɢɤɭ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢ ɱɢɫɥɟɧɧɨɝɨ ɦɟɬɨɞɚ, ɧɚɣɞɟɦ ɪɚɫɯɨɠɞɟɧɢɹ ɩɨ 

ɞɚɧɧɨɦɭ ɷɥɟɦɟɧɬɭ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ, ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɨɪɦɭɥɨɣ (3.26): 
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 Δݑ = ʟКݑ  Аː. (3.26)ݑ −

   

ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɮɨɪɦɭɥɟ (3.26), ɩɨɫɬɪɨɢɦ 

ɝɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɦɟɠɞɭ ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɹɦɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ. Ⱦɚɧɧɵɣ ɝɪɚɮɢɤ ɨɬɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 30:  

 

 

Ɋɢɫɭɧɨɤ 30 – Ɋɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɦɟɠɞɭ ɱɢɫɥɟɧɧɨɣ ɢ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɹɦɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 30, ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ 

ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɫɨɫɬɚɜɥɹɟɬ -0,00029 ɪɚɞɢɚɧ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 0,00003 

ɪɚɞɢɚɧ. ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɨɪɦɭɥɨɣ (1.15), ɩɨɥɭɱɢɦ, ɱɬɨ ɨɰɟɧɨɱɧɨɟ 

ɪɚɫɯɨɠɞɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 8,3 ɤɦ. 

3.6 Ɉɰɟɧɤɚ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɩɨ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɦɟɬɨɞɢɤɟ ɜ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɪɦɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ 

Ʌɚɝɪɚɧɠɚ 
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ɉɪɢɦɟɧɢɜ ɮɨɪɦɭɥɵ (2.48 – 2.50) ɤ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ, ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɜ 

ɷɥɟɦɟɧɬɚɯ ݈, ℎ,  :ɨɬɨɛɪɚɠɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ 31-43 ,ߣ

 

 

Ɋɢɫɭɧɨɤ 31 – Ɂɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɚ ݈ 
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Ɋɢɫɭɧɨɤ 32 – Ɂɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɚ ℎ 

 

 

Ɋɢɫɭɧɨɤ 33 – Ɂɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɚ ߣ  
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ɉɪɟɨɛɪɚɡɭɟɦ ɩɨɥɭɱɟɧɧɵɟ ɷɥɟɦɟɧɬɵ ݈, ℎ,  ɨɛɪɚɬɧɨ ɜ ɨɫɤɭɥɢɪɭɸɳɢɟ ߣ

ɷɥɟɦɟɧɬɵ ɨɪɛɢɬɵ ܯ, ߱ ɢ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɵ (1.1 – 1.5), ɩɨ ɚɧɚɥɨɝɢɢ 

ɪɚɫɫɱɢɬɚɟɦ ɡɧɚɱɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɢ ɧɚɣɞɟɦ ɪɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ 

ɱɢɫɥɟɧɧɨɣ ɢ ɩɨɥɭɱɟɧɧɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɹɦɢ. 

ɂɬɨɝɨɜɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɱɢɫɥɟɧɧɵɦ ɢ 

ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦɢ, ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ Ʌɚɝɪɚɧɠɚ 

ɨɬɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 34: 

 

 

Ɋɢɫɭɧɨɤ 34 – ɂɬɨɝɨɜɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 34, ɢɬɨɝɨɜɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ 

ɫɨɫɬɚɜɥɹɟɬ 0,0000062 ɪɚɞɢɚɧ. Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɟ ɜ ɪɚɞɢɚɧɚɯ ɤɪɚɣɧɟ ɦɚɥɵ, 

ɩɨɫɬɪɨɢɦ ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɝɪɚɮɢɤ ɪɚɫɯɨɠɞɟɧɢɹ, ɜɵɪɚɠɟɧɧɵɣ ɜ ɤɢɥɨɦɟɬɪɚɯ, 

ɧɚ ɪɢɫɭɧɤɟ 35: 
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Ɋɢɫɭɧɨɤ 35 – ɂɬɨɝɨɜɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ ɤɦ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɟɡɭɥɶɬɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɚɪɝɭɦɟɧɬɚ 

ɲɢɪɨɬɵ ɱɟɪɟɡ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɫɤɭɥɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɢ ɱɟɪɟɡ 

ɨɫɤɭɥɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨɫɥɟ ɜɜɨɞɚ ɡɚɦɟɧɵ ɩɟɪɟɦɟɧɧɵɯ, 

ɪɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ ɱɢɫɥɟɧɧɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɹɦɢ ɭɦɟɧɶɲɢɥɨɫɶ ɧɚ 2 

ɩɨɪɹɞɤɚ. 

ɋ ɩɨɦɨɳɶɸ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɭɞɚɥɨɫɶ ɞɨɛɢɬɶɫɹ ɦɢɧɢɦɚɥɶɧɨɝɨ 

ɪɚɫɯɨɠɞɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɨɝɨ 40 ɦɟɬɪɚɦ. 

ɉɨɥɧɭɸ ɨɰɟɧɤɭ ɞɟɣɫɬɜɟɧɧɨɫɬɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ 

ɦɟɬɨɞɚ ɦɨɠɧɨ ɞɚɬɶ ɜ ɫɥɭɱɚɟ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ ɩɨ ɜɫɟɦ ɷɥɟɦɟɧɬɚɦ ɨɪɛɢɬɵ. 

Ƚɥɚɜɧɚɹ ɰɟɥɶ ɩɨ ɩɨɜɵɲɟɧɢɸ ɬɨɱɧɨɫɬɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɩɨ ɥɢɧɢɢ 

ɄȺ-ɄȺ ɡɚ ɫɱɟɬ ɭɬɨɱɧɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɞɨɫɬɢɝɧɭɬɚ. 
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3.7 ȼɵɜɨɞ ɩɨ ɬɪɟɬɶɟɣ ɝɥɚɜɟ 

 

ɂɫɩɨɥɶɡɭɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ Ʌɚɝɪɚɧɠɚ ɞɥɹ ɜɵɪɚɠɟɧɢɹ 

ɨɫɤɭɥɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ߱ ɢ ܯ, ɦɨɠɧɨ ɩɨɜɵɫɢɬɶ ɫɯɨɞɢɦɨɫɬɶ ɷɥɟɦɟɧɬɚ 

ɨɪɛɢɬɵ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ) ɞɥɹ ɫɨɡɞɚɧɢɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ 

ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ. ɉɪɟɞɥɚɝɚɟɦɚɹ ɦɟɬɨɞɢɤɚ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɱɚɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɚ ɨɪɛɢɬɵ ɢɦɟɟɬ 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɛɥɢɠɟɧɢɟ ɩɨ ɡɧɚɱɟɧɢɸ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɱɢɫɥɟɧɧɵɦ 

ɦɟɬɨɞɨɦ. 

ɂɫɩɨɥɶɡɭɹ ɚɧɚɥɨɝɢɱɧɵɣ ɩɨɞɯɨɞ, ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɜɫɟ Ʉɟɩɥɟɪɨɜɵ 

ɷɥɟɦɟɧɬɵ ɨɪɛɢɬɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɛɳɟɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ 

Ɂɟɦɥɢ. 

ɉɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɩɨɦɨɳɶɸ 

ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɄȺ, 

ɢɫɩɨɥɶɡɭɸɳɢɯ ɦɟɠɫɩɭɬɧɢɤɨɜɭɸ ɥɢɧɢɸ ɫɜɹɡɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɪɨɱɢɦɢ, ɭɠɟ 

ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɦɨɞɟɥɹɦɢ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

Ɉɫɧɨɜɧɚɹ ɰɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɢɤɢ, ɛɚɡɢɪɭɸɳɟɣɫɹ 

ɧɚ ɭɱɟɬɟ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɷɥɟɦɟɧɬɟ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ 

ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɡɦɟɪɟɧɢɣ ɩɨ 

ɥɢɧɢɢ ɄȺ-ɄȺ, ɞɨɫɬɢɝɧɭɬɚ.  

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɨɱɧɨɫɬɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɛɵɥɢ ɪɟɲɟɧɵ 

ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1) ɨɩɪɟɞɟɥɟɧ ɩɚɪɚɦɟɬɪ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ 

ɄȺ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɩɨɥɟ; 

2) ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɪɚɫɯɨɠɞɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɢ 

ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɹɯ ɞɜɢɠɟɧɢɹ ɄȺ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɥɹ; 

3) ɨɩɪɟɞɟɥɟɧ ɩɚɪɚɦɟɬɪ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ 

ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ; 

4) ɨɰɟɧɟɧɵ ɪɚɫɯɨɠɞɟɧɢɹ ɢ ɜɨɡɦɭɳɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜ 

ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ ɞɜɢɠɟɧɢɹ ɄȺ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɥɟɦɟɧɬɚ; 

5) ɧɚ ɨɫɧɨɜɟ ɨɰɟɧɤɢ ɜɨɡɦɭɳɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɜɵɫɬɪɨɟɧɚ 

ɦɟɬɨɞɢɤɚ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɦ 

ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɄȺ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ 

ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɪɚɞɢɨɤɨɧɬɪɨɥɹ ɨɪɛɢɬ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɞɚɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɩɨ ɥɢɧɢɢ ɄȺ-ɄȺ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ 

ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɦɭɳɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɦɨɠɧɨ ɭɱɟɫɬɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɭɱɢɬɵɜɚɬɶ n-ɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɦɭɳɚɸɳɢɯ ɝɚɪɦɨɧɢɤ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɛɵɥɚ 

ɞɨɫɬɢɝɧɭɬɚ ɞɨɩɭɫɬɢɦɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɄȺ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ 

ɝɨɜɨɪɢɬɶ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɢɦɨɫɬɢ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɬɨɱɧɢɜ ɚɪɝɭɦɟɧɬ ɲɢɪɨɬɵ, ɦɵ ɩɨɜɵɲɚɟɦ ɬɨɱɧɨɫɬɶ 
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ɦɟɠɫɩɭɬɧɢɤɨɜɵɯ ɢɡɦɟɪɟɧɢɣ, ɤɨɬɨɪɵɟ ɬɟɩɟɪɶ ɦɨɠɧɨ ɨɛɪɚɛɚɬɵɜɚɬɶ ɧɚ ɛɨɪɬɭ 

ɄȺ ɨɩɟɪɚɬɢɜɧɨ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɬɪɚɮɢɤ ɩɨ ɥɢɧɢɢ 

ɄȺ-ɄȺ, ɱɬɨ ɫɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɩɪɨɜɟɞɟɧɢɟ ɛɨɥɟɟ ɱɚɫɬɵɯ ɫɟɚɧɫɨɜ ɫɜɹɡɢ ɩɨ 

ɦɟɠɫɩɭɬɧɢɤɨɜɨɣ ɦɟɠɞɭ ɂɋɁ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨ ɬɨɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɄȺ ɧɚ 

ɨɪɛɢɬɟ. Ɉɞɧɚɤɨ, ɬɨɱɧɨɫɬɶ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɩɨɡɜɨɥɹɟɬ ɭɣɬɢ ɨɬ ɱɚɫɬɧɵɯ 

ɢɡɦɟɪɟɧɢɣ ɩɨ ɦɟɠɫɩɭɬɧɢɤɨɜɨɣ ɥɢɧɢɢ ɢ ɜɨɡɥɨɠɢɬɶ ɨɩɪɟɞɟɥɟɧɢɟ 

ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɄȺ ɧɚ ɨɪɛɢɬɟ ɧɚ ɛɨɪɬɨɜɭɸ ɫɢɫɬɟɦɭ ɫɚɦɨɝɨ ɄȺ. 

ɉɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɚɪɝɭɦɟɧɬɚ ɲɢɪɨɬɵ ɫ ɩɨɦɨɳɶɸ 

ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɄȺ, 

ɢɫɩɨɥɶɡɭɸɳɢɯ ɦɟɠɫɩɭɬɧɢɤɨɜɭɸ ɥɢɧɢɸ ɫɜɹɡɢ. ɂɫɩɨɥɶɡɭɹ ɚɧɚɥɨɝɢɱɧɵɣ 

ɩɨɞɯɨɞ, ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɜɫɟ Ʉɟɩɥɟɪɨɜɵ ɷɥɟɦɟɧɬɵ ɨɪɛɢɬɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɛɳɟɣ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɜ ɩɨɥɟ ɫɠɚɬɨɣ Ɂɟɦɥɢ. 

ɉɪɢɦɟɧɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɩɪɢ ɪɚɫɱɟɬɟ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɜ 

ɩɨɥɧɨɦ ɩɨɥɟ ɜ ɩɟɪɫɩɟɤɬɢɜɟ ɩɨɡɜɨɥɢɬ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɨɲɢɛɨɤ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 

ɱɢɫɥɟɧɧɨɝɨ ɦɟɬɨɞɚ, ɩɨɜɵɫɢɬ ɧɚɞɟɠɧɨɫɬɶ ɛɚɥɥɢɫɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɩɨɡɜɨɥɢɬ 

ɨɩɪɟɞɟɥɹɬɶ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɄȺ ɧɚ ɨɪɛɢɬɟ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɱɧɨɫɬɶɸ ɢ 

ɨɩɟɪɚɬɢɜɧɨɫɬɶɸ. Ɍɚɤɠɟ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɩɨɡɜɨɥɹɟɬ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɫɚɦɨɧɚɜɢɝɚɰɢɸ ɄȺ, ɪɚɡɝɪɭɠɚɟɬ ɛɨɪɬɨɜɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

(Ȼɋɍ), ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɞɢɨɥɢɧɢɢ ɞɥɹ 

ɭɩɪɚɜɥɟɧɢɹ ɂɋɁ ɩɪɢ ɝɪɭɩɩɨɜɵɯ ɡɚɩɭɫɤɚɯ. 

Ⱦɚɥɶɧɟɣɲɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɞɜɢɠɟɧɢɹ ɄȺ ɜɨɡɦɨɠɧɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɟɣ ɧɟ ɬɨɥɶɤɨ 

ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɜɨɡɦɭɳɟɧɢɹ. Ɍɚɤɠɟ, ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ 

ɫɥɭɱɚɟ ɫɨɡɞɚɧɢɹ ɨɪɛɢɬɚɥɶɧɵɯ ɝɪɭɩɩɢɪɨɜɨɤ ɜɨɤɪɭɝ ɩɥɚɧɟɬ ɋɨɥɧɟɱɧɨɣ 

ɫɢɫɬɟɦɵ ɢ ɢɯ ɟɫɬɟɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ. 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

 

Ȼɋɍ - ɛɨɪɬɨɜɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ; 

ȽɅɈɇȺɋɋ - ɝɥɨɛɚɥɶɧɚɹ ɧɚɜɢɝɚɰɢɨɧɧɚɹ ɫɩɭɬɧɢɤɨɜɚɹ ɫɢɫɬɟɦɚ; 

ɂɋɁ - ɢɫɤɭɫɫɬɜɟɧɧɵɣ ɫɩɭɬɧɢɤ Ɂɟɦɥɢ; 

ɄȺ - ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ; 

ɄȺ-ɄȺ - ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ - ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ; 

ɆɇɄ - ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ; 

ɋɇɋ - ɫɩɭɬɧɢɤɨɜɚɹ ɧɚɜɢɝɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ; 

ɗȼɈ - ɷɮɟɦɟɪɢɞɧɨ-ɜɪɟɦɟɧɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ. 
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