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ȼɜɟɞɟɧɢɟ 
 
ȼɫɟɦɢɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ ɨɯɪɚɧɵ ɡɞɨɪɨɜɶɹ 
(ȼɈɈɁ) ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɨɞɧɨɣ ɢɡ ɜɚɠɧɵɯ 
ɩɪɢɱɢɧ ȾɌɉ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ 
ɡɞɨɪɨɜɶɹ ɜɨɞɢɬɟɥɹ, ɜɵɡɜɚɧɧɨɟ ɧɚɪɭɲɟɧɢɹɦɢ 
ɢ ɡɚɛɨɥɟɜɚɧɢɹɦɢ ɫɟɪɞɰɚ (ɪɢɫ.1) Д1Ж. ȼ ɍɤɪɚ-
ɢɧɟ, ɋɒȺ ɢ ɞɪɭɝɢɯ ɫɬɪɚɧɚɯ ɜ ɩɟɪɢɨɞ ɫ β012  
ɩɨ β015 ɝ. ɦɨɝɥɢ ɩɪɨɢɡɨɣɬɢ ɤɪɭɩɧɵɟ ɚɜɚɪɢɢ, 
ɩɪɢɱɢɧɨɣ ɤɨɬɨɪɵɯ ɛɵɥɚ ɜɧɟɡɚɩɧɚɹ ɫɟɪɞɟɱɧɚɹ 
ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ ɜɨɞɢɬɟɥɟɣ ɚɜɬɨɛɭɫɨɜ. Ȼɥɚ-
ɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɜ ɫɚɥɨɧɟ ɚɜɬɨɛɭɫɨɜ ɛɵɥɢ 
ɩɚɫɫɚɠɢɪɵ, ɤɨɬɨɪɵɟ ɫɦɨɝɥɢ ɨɰɟɧɢɬɶ ɫɢɬɭɚ-
ɰɢɸ ɢ ɨɫɬɚɧɨɜɢɬɶ ɦɚɲɢɧɭ, ɭɞɚɥɨɫɶ ɢɡɛɟɠɚɬɶ 
ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɱɟɥɨɜɟɱɟɫɤɢɯ ɠɟɪɬɜ.  

 
 

 ɏɪɨɧɢɱɟɫɤɢɟ ɡɚɛɨɥɟɜɚ-
ɧɢɹ ɫɟɪɞɰɚ  

ɂɲɟɦɢɱɟɫɤɚɹ ɛɨ-
ɥɟɡɧɶ ɫɟɪɞɰɚ 

 Ɂɚɛɨɥɟɜɚɧɢɹ ɰɟɪɟɛɪɨ-
ɜɚɫɤɭɥɹɪɧɨɣ ɫɢɫɬɟɦɵ  

Ⱦɪɭɝɢɟ ɩɪɢɱɢɧɵ 

 

Ɋɢɫ. 1. ɉɪɢɱɢɧɵ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ȾɌɉ, ɫɜɹ-
ɡɚɧɧɵɟ ɫ ɧɚɪɭɲɟɧɢɟɦ ɢ ɡɚɛɨɥɟɜɚɧɢɟɦ 
ɫɟɪɞɰɚ ɜɨɞɢɬɟɥɹ 
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ɂɡ-ɡɚ ɜɧɟɡɚɩɧɵɯ ɭɯɭɞɲɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɡɞɨ-
ɪɨɜɶɹ ɜɨɞɢɬɟɥɹ ɢ ɧɟɫɜɨɟɜɪɟɦɟɧɧɵɯ ɞɟɣɫɬɜɢɣ 
ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɟ ɞɜɢɠɟ-
ɧɢɟ ɚɜɬɨɦɨɛɢɥɹ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ȾɌɉ. ɍɱɢ-
ɬɵɜɚɹ ɜɵɲɟɢɡɥɨɠɟɧɧɨɟ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢɹ ɫɢɫɬɟɦ ɨɰɟɧɤɢ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɨ-
ɹɧɢɹ ɡɞɨɪɨɜɶɹ ɜɨɞɢɬɟɥɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɚɜɬɨ-
ɦɨɛɢɥɟɦ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 

Ɇɧɨɝɢɟ ɪɚɡɪɚɛɨɬɱɢɤɢ ɜɟɞɭɬ ɪɚɛɨɬɵ ɩɨ ɫɨ-
ɡɞɚɧɢɸ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɫɢɫɬɟɦ, ɡɚɞɚɱɟɣ ɤɨ-
ɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɧɟɫɱɚɫɬɧɵɯ 
ɫɥɭɱɚɟɜ. ɂɧɠɟɧɟɪɵ ɤɨɦɩɚɧɢɢ «Ford» [2] 
ɩɪɟɞɫɬɚɜɢɥɢ ɪɚɞɢɨɥɨɤɚɰɢɨɧɧɭɸ ɭɫɬɚɧɨɜɤɭ, 
ɪɚɛɨɬɚɸɳɭɸ ɩɨ ɩɪɢɧɰɢɩɭ ɚɞɚɩɬɢɜɧɨɝɨ ɤɪɭ-
ɢɡ-ɤɨɧɬɪɨɥɹ (AɄɄ). Ⱦɚɬɱɢɤɢ ɷɬɨɣ ɫɢɫɬɟɦɵ 
ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ ɩɟɪɟɞɧɟɣ ɪɟɲɟɬɤɟ ɚɜɬɨɦɨɛɢ-
ɥɹ ɢ ɜ ɩɪɨɰɟɫɫɟ ɞɜɢɠɟɧɢɹ ɚɧɚɥɢɡɢɪɭɸɬ ɞɢ-
ɫɬɚɧɰɢɸ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɪɚɧɟɟ ɜɵɛɪɚɧ-
ɧɨɝɨ ɪɟɠɢɦɚ ɜɨɞɢɬɟɥɟɦ, ɫɢɫɬɟɦɚ ɤɨɧɬɪɨɥɢ-
ɪɭɟɬ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɢ ɫɨɯɪɚ-
ɧɹɟɬ ɛɟɡɨɩɚɫɧɭɸ ɞɢɫɬɚɧɰɢɸ ɞɨ ɜɩɟɪɟɞɢ 
ɢɞɭɳɟɝɨ ɚɜɬɨɦɨɛɢɥɹ. 
 
ɉɪɢɜɟɞɟɧɧɚɹ ɜɵɲɟ ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɞɜɚ ɨɫɧɨɜ-
ɧɵɯ ɧɟɞɨɫɬɚɬɤɚ: ɪɚɞɢɨɥɨɤɚɰɢɨɧɧɚɹ ɬɟɯɧɢɤɚ 
ɪɚɛɨɬɚɟɬ ɧɟɤɨɪɪɟɤɬɧɨ ɩɪɢ ɞɜɢɠɟɧɢɢ ɧɟ ɩɨ 
ɩɪɹɦɨɣ ɞɨɪɨɝɟ; ɜ ɨɫɧɨɜɧɨɦ ɫɢɫɬɟɦɵ ɨɛɟɫɩɟ-
ɱɢɜɚɸɬ ɬɨɥɶɤɨ ɩɥɚɜɧɨɟ ɬɨɪɦɨɠɟɧɢɟ. Ⱦɥɹ ɪɚ-
ɛɨɬɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɪɚɞɢɨɥɨɤɚɬɨ-
ɪɨɜ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɫɬɨɢɦɨɫɬɶ ɭɫɬɪɨɣɫɬɜɚ ɢ 
ɚɜɬɨɦɨɛɢɥɹ. 
 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɞɭɳɢɟ ɚɜɬɨɩɪɨɢɡɜɨɞɢ-
ɬɟɥɢ ɦɧɨɝɨ ɜɧɢɦɚɧɢɹ ɭɞɟɥɹɸɬ ɜɨɩɪɨɫɭ ɨɪɝɚ-
ɧɢɡɚɰɢɢ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɡɞɨɪɨɜɶɹ ɜɨɞɢ-
ɬɟɥɹ. Ɍɚɤɢɟ ɤɨɦɩɚɧɢɢ ɤɚɤ «Volvo» ɢ 
«Mercedes-Benz» ɭɫɩɟɲɧɨ ɜɧɟɞɪɢɥɢ ɢ ɢɫ-
ɩɨɥɶɡɭɸɬ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɭɬɨɦɥɹɟɦɨɫɬɢ 
ɜɨɞɢɬɟɥɹ, ɚɧɚɥɢɡɢɪɭɹ ɬɚɤɢɟ ɤɨɫɜɟɧɧɵɟ ɩɚɪɚ-
ɦɟɬɪɵ ɤɚɤ: ɦɚɧɟɪɚ ɭɩɪɚɜɥɟɧɢɹ ɪɭɥɟɜɵɦ ɤɨ-
ɥɟɫɨɦ ɢ ɧɚɠɚɬɢɹ ɧɚ ɩɟɞɚɥɶ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ, 
ɞɜɢɠɟɧɢɟ ɚɜɬɨɦɨɛɢɥɹ ɜ ɩɪɟɞɟɥɚɯ ɞɨɪɨɠɧɨɣ 
ɪɚɡɦɟɬɤɢ, ɜɪɟɦɹ ɩɨɟɡɞɤɢ. ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧ-
ɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɩɪɹɦɨɝɨ 
ɤɨɧɬɪɨɥɹ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɡɞɨɪɨɜɶɹ ɜɨ-
ɞɢɬɟɥɹ ДγЖ, ɱɬɨ ɫɧɢɠɚɟɬ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɨɰɟɧ-
ɤɢ, ɫɤɨɪɨɫɬɶ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚ-
ɡɨɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɚɧɚɥɨɝɢ ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ 
ɡɚɪɚɧɟɟ ɜɵɹɜɢɬɶ ɨɩɚɫɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɜ ɫɨ-
ɫɬɨɹɧɢɢ ɜɨɞɢɬɟɥɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɬɚɬɶ ɩɪɢ-
ɱɢɧɚɦɢ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ ɢɥɢ ȾɌɉ.  
 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ 
ɫɨɡɞɚɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɫɟɝɨɞɧɹ 
ɹɜɥɹɸɬɫɹ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɵɦɢ ɜ ɧɚɩɪɚɜɥɟ-
ɧɢɢ ɫɨɡɞɚɧɢɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɬɪɚɧɫɩɨɪɬ-
ɧɵɯ ɫɢɫɬɟɦ (ɂɌɋ). ɉɨɫɥɟɞɧɢɟ ɞɟɥɹɬ ɧɚ ɞɜɟ 
ɩɨɞɝɪɭɩɩɵ: ɨɞɧɚ ɡɚɧɢɦɚɟɬɫɹ ɫɨɡɞɚɧɢɟɦ ɨɩ-
ɬɢɦɚɥɶɧɨɣ ɞɨɪɨɠɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɜɧɟɞ-
ɪɹɹ ɢɧɧɨɜɚɰɢɨɧɧɨ-ɤɨɦɦɭɧɢɤɚɬɢɜɧɵɟ ɬɟɯɧɨ-
ɥɨɝɢɢ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɩɪɨɰɟɞɭɪɵ ɜɨɠɞɟɧɢɹ; 
ɜɬɨɪɚɹ – ɚɜɬɨɦɚɬɢɡɚɰɢɟɣ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɫ ɰɟɥɶɸ ɭɫɬɪɚɧɟɧɢɹ ɨɩɚɫɧɵɯ ɩɨ-
ɫɥɟɞɫɬɜɢɣ, ɜɵɡɜɚɧɧɵɯ ɧɟɤɨɪɪɟɤɬɧɵɦ ɭɩɪɚɜ-
ɥɟɧɢɟɦ ɜɨɞɢɬɟɥɟɦ, ɢ ɜɵɹɜɥɟɧɢɟɦ ɨɩɚɫɧɵɯ 
ɮɚɤɬɨɪɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɜɨɞɢɬɟɥɹ ɜ ɩɪɨ-
ɰɟɫɫɟ ɞɜɢɠɟɧɢɹ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɜ ɷɬɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɞɩɚɞɚɸɬ ɩɨɞ ɜɵɩɨɥɧɟɧɢɟ Ɉɬ-
ɪɚɫɥɟɜɨɣ ɩɪɨɝɪɚɦɦɵ ɩɨɜɵɲɟɧɢɹ ɛɟɡɨɩɚɫɧɨ-
ɫɬɢ ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ ɍɤɪɚɢɧɵ ɧɚ ɩɟɪɢɨɞ 
ɞɨ β018 ɝɨɞɚ Д4Ж. 
  

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɩɪɨɜɟɞɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɢɫɬɟɦɵ ɨɰɟɧɤɢ 
ɫɨɫɬɨɹɧɢɹ ɡɞɨɪɨɜɶɹ ɜɨɞɢɬɟɥɹ ɫ ɬɨɪɦɨɡɧɨɣ 
ɫɢɫɬɟɦɨɣ ɚɜɬɨɦɨɛɢɥɹ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɫɨ-
ɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ 
ɧɨɪɦɚɬɢɜɚɦɢ.  
 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɫɢɫɬɟɦ ɨɰɟɧɤɢ ɡɞɨɪɨɜɶɹ ɜɨɞɢɬɟɥɹ 
 ɢ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɵ 

 
ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɢɫɬɟɦɵ ɨɰɟɧɤɢ ɫɨɫɬɨɹɧɢɹ ɫ 
ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɨɣ ɚɜɬɨɦɨɛɢɥɹ ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ 
(ɪɢɫ. 2). ȼ ɩɪɨɰɟɫɫɟ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɜɨɞɢɬɟɥɹ 
ɞɟɣɫɬɜɭɸɬ ɜɧɟɲɧɢɟ ɮɚɤɬɨɪɵ Ⱥ, ɤɨɬɨɪɵɟ 
ɜɥɢɹɸɬ ɧɚ ɟɝɨ ɫɨɫɬɨɹɧɢɟ ɡɞɨɪɨɜɶɹ ɢ ɭɬɨɦɥɹ-
ɟɦɨɫɬɶ ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɚɜɬɨɦɨɛɢɥɟɦ. ɋɢɫɬɟ-
ɦɚ ɨɰɟɧɤɢ ɫɨɫɬɨɹɧɢɹ ɜɨɞɢɬɟɥɹ (ɋɈɋȼ) ɩɨ-
ɫɬɨɹɧɧɨ ɚɧɚɥɢɡɢɪɭɟɬ ɟɝɨ ɩɚɪɚɦɟɬɪɵ. ȿɫɥɢ 
ɋɈɋȼ ɜɵɹɜɥɹɟɬ ɨɩɚɫɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɨɫɬɨɹ-
ɧɢɹ, ɬɨ ɫɢɝɧɚɥ ɩɨɫɬɭɩɚɟɬ  ɧɚ ɭɫɢɥɢɬɟɥɶ (ɍ), 
ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɢɫɩɨɥɧɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣ-
ɫɬɜɨ ɷɤɫɬɪɟɧɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ (ɂɍɗɌ) Д5Ж.   
 
Ⱦɚɥɟɟ ɜɤɥɸɱɚɟɬɫɹ  ɩɪɢɜɨɞ ɬɨɪɦɨɡɧɵɯ ɦɟɯɚ-
ɧɢɡɦɨɜ ɤɨɥɟɫ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵ-
ɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɞɜɢɠɟɧɢɹ ɢ ɞɨɪɨɠɧɵɟ ɭɫɥɨ-
ɜɢɹ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɬɨɪɦɨ-
ɠɟɧɢɹ ɫ ɭɱɟɬɨɦ ɩɨɜɟɞɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɢ ɡɚ-
ɞɚɜɚɟɦɵɯ ɩɪɢɜɨɞɚɦɢ ɭɫɢɥɢɣ ɜ ɬɨɪɦɨɡɧɵɯ 
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ɦɟɯɚɧɢɡɦɚɯ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɰɟɩɶ 
ɫɚɦɨɧɚɫɬɪɨɣɤɢ (ɐɋ) (Ⱥ.ɇ. Ɍɭɪɟɧɤɨ, ɋ.ɇ. ɒɭɤ-
ɥɢɧɨɜ Д6Ж). ȿɟ ɡɚɞɚɱɚ – ɨɛɟɫɩɟɱɢɬɶ ɷɮɮɟɤɬɢɜ-
ɧɨɟ ɬɨɪɦɨɠɟɧɢɟ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 
 

ɉɪɢɜɨɞ Ɍɨɪɦɨɡɧɨɣ 
ɦɟɯɚɧɢɡɦ

ɐɋ

ȼɨɞɢɬɟɥɶ

ɋɈɋȼ

Ⱥ

ɍɫɢɥ. ɂɍɗɌ
Ⱥɜɬɨɦɨ

ɛɢɥɶ

 
Ɋɢɫ. 2. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦ ɨɰɟɧɤɢ ɫɨ-

ɫɬɨɹɧɢɹ ɜɨɞɢɬɟɥɹ ɢ ɷɤɫɬɪɟɧɧɨɣ ɨɫɬɚɧɨɜ-
ɤɢ ɚɜɬɨɦɨɛɢɥɹ  

 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ 
ɋɈɋȼ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 3. ɋɈɋȼ ɫɩɨɫɨɛɧɚ 
ɨɩɪɟɞɟɥɢɬɶ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɜɨɞɢɬɟɥɹ, 
ɤɨɝɞɚ ɨɧ ɩɨɬɟɪɹɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɛɟɡɨɩɚɫɧɨ 
ɭɩɪɚɜɥɹɬɶ ɚɜɬɨɦɨɛɢɥɟɦ Д4Ж. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɩɨɞɚɟɬɫɹ ɭɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ ɫ ɦɢɤɪɨ-
ɤɨɧɬɪɨɥɥɟɪɚ ɧɚ ɨɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ ɤ 
ɂɍɗɌ – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦɭ ɤɥɚɩɚɧɭ ɫɢɫɬɟ-
ɦɵ ɷɤɫɬɪɟɧɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ. 
 

Ɏɢɥɶɬɪɚɰɢɹ 
ɫɢɝɧɚɥɚ

ɇɨɪɦɢɪɨɜɚɧɢɟ 
ɫɢɝɧɚɥɚ

Ɉɩɪɟɞɟɥɟɧɢɟ 
ɫɨɫɬɨɹɧɢɹ 
ɜɨɞɢɬɟɥɹ

ɉɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɜ ɛɥɨɤ 
ɭɩɪɚɜɥɟɧɢɹ

 
 

Ɋɢɫ. 3. ɉɨɪɹɞɨɤ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ ɋɈɋȼ 
 
ɉɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɡɨɥɨɬɧɢɤɚ ɂɍɗɌ ɩɨɥɨɫɬɶ 
ɜɚɤɭɭɦɧɨɝɨ ɭɫɢɥɢɬɟɥɹ ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɜɩɭɫɤ-
ɧɵɦ ɤɨɥɥɟɤɬɨɪɨɦ Ⱦȼɋ. Ɂɚ ɫɱɟɬ ɜɚɤɭɭɦɚ ɦɟɦ-
ɛɪɚɧɚ ɞɟɣɫɬɜɭɟɬ ɱɟɪɟɡ ɲɬɨɤ ɧɚ ɩɨɪɲɟɧɶ 
ɝɥɚɜɧɨɝɨ ɬɨɪɦɨɡɧɨɝɨ ɰɢɥɢɧɞɪɚ. Ɋɚɛɨɱɚɹ 
ɠɢɞɤɨɫɬɶ ɩɨɞɚɟɬɫɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɤ ɪɚɛɨɱɢɦ 
ɰɢɥɢɧɞɪɚɦ ɬɨɪɦɨɡɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. Ⱥɜɬɨɦɨ-
ɛɢɥɶ ɡɚɦɟɞɥɹɟɬɫɹ ɢ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ. 
 
ɋɢɫɬɟɦɚ ɨɰɟɧɤɢ ɫɨɫɬɨɹɧɢɹ ɜɨɞɢɬɟɥɹ ɞɟɣ-
ɫɬɜɭɟɬ ɩɨɫɪɟɞɫɬɜɨɦ ɮɚɤɬɨɪɨɜ Ɏi

.:   
 

1 2 3 ɌɈɊɆɎ Ɏ Ɏ ... Ɏ (ɦɚɤɫ).i M  
 
ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɨɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɮɚɤɬɨ-
ɪɨɜ Ɏi ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɢɧɢɦɚɸɬ ɡɧɚɱɟɧɢɟ 1, 
ɬɨ ɷɬɨ ɨɡɧɚɱɚɟɬ: ɜɨɞɢɬɟɥɶ ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ ɛɟɡ-
ɨɩɚɫɧɨ ɭɩɪɚɜɥɹɬɶ ɬɪɚɧɫɩɨɪɬɧɵɦ ɫɪɟɞɫɬɜɨɦ ɢ 
ɧɟɨɛɯɨɞɢɦɚ ɷɤɫɬɪɟɧɧɚɹ ɨɫɬɚɧɨɜɤɚ ɦɚɲɢɧɵ 
ɛɟɡ ɭɱɚɫɬɢɹ ɜɨɞɢɬɟɥɹ.  

ɉɪɨɰɟɫɫ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɧɟɨɛɯɨɞɢ-
ɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɧɟɫɬɚɰɢɨɧɚɪɧɵɣ ɩɪɨ-
ɰɟɫɫ; ɟɝɨ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟɦ ɫɢɥɨɜɨ-
ɝɨ ɛɚɥɚɧɫɚ Д1Ж 

 
Pj – Pɜ – Pȥ = PT ,      (1) 

 
ɝɞɟ Pj – ɫɢɥɚ ɢɧɟɪɰɢɢ ɚɜɬɨɦɨɛɢɥɹ, Pj = 
= mα·δɜɪ· (dVα / dt); Pɜ – ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɞɜɢɠɟɧɢɸ ɚɜɬɨɦɨɛɢɥɹ ɫɨ ɫɬɨɪɨɧɵ ɜɨɡɞɭɯɚ, 
Pɜ = kɜ·Fα·Vα

2; Pȥ – ɫɢɥɚ ɞɨɪɨɠɧɨɝɨ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɞɜɢɠɟɧɢɸ ɚɜɬɨɦɨɛɢɥɹ, Pȥ = = mα·g·ȥ; 
PT – ɬɨɪɦɨɡɧɚɹ ɫɢɥɚ, ɮɨɪɦɢɪɭɟɦɚɹ ɜ ɩɹɬɧɟ 
ɤɨɧɬɚɤɬɚ ɬɨɪɦɨɡɧɵɯ ɤɨɥɟɫ, PT = pKTK.  

 
ɍɱɢɬɵɜɚɹ ɜɵɲɟɩɪɢɜɟɞɟɧɧɨɟ, ɭɪɚɜɧɟɧɢɟ (1) 
ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɜɢɞɟ 

 
mα· δɜɪ·(dVα / dt) – kɜ·Fα·Vα

2 –  
 

– mα·g·ȥ = pKTK, 
 

 
  (2) 

ɝɞɟ mα – ɦɚɫɫɚ ɚɜɬɨɦɨɛɢɥɹ; δɜɪ – ɤɨɷɮɮɢɰɢ-
ɟɧɬ ɭɱɟɬɚ ɜɪɚɳɚɸɳɢɯɫɹ ɦɚɫɫ ɚɜɬɨɦɨɛɢɥɹ;  
Vα – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ; t – ɧɟɡɚ-
ɜɢɫɢɦɚɹ ɩɟɪɟɦɟɧɧɚɹ; t є [t0, tm] (t0 – ɜɪɟɦɹ 
ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ, tm – ɜɪɟɦɹ ɬɨɪɦɨɠɟɧɢɹ ɤɨ-
ɥɟɫɧɨɣ ɦɚɲɢɧɵ); kɜ, Fα – ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɬɟ-
ɤɚɟɦɨɫɬɢ ɢ ɥɨɛɨɜɚɹ ɩɥɨɳɚɞɶ ɦɚɲɢɧɵ; g – 
ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ; ȥ – ɤɨɷɮɮɢ-
ɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɨɪɨɝɢ; p(t) – ɭɩɪɚɜɥɹ-
ɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɬɨɪɦɨɡɧɨɝɨ ɩɪɢɜɨɞɚ, ɩɨɞ-
ɜɟɞɟɧɧɨɟ ɤ ɬɨɪɦɨɡɧɵɦ ɤɨɥɟɫɚɦ ɚɜɬɨɦɨɛɢɥɹ; 
KTK – ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɨɪɦɨɡ-
ɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɤɨɥɟɫ ɚɜɬɨɦɨɛɢɥɹ.  
 
Ⱦɥɹ ɭɪɚɜɧɟɧɢɹ (β) ɫɥɟɞɭɟɬ ɡɚɩɢɫɚɬɶ ɧɚɱɚɥɶ-
ɧɵɟ ɭɫɥɨɜɢɹ ɜ ɜɢɞɟ 

 
Vα (t0 ) = V0 , 

 
ɝɞɟ V0 – ɫɤɨɪɨɫɬɶ ɦɚɲɢɧɵ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨ-
ɦɟɧɬ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɨɪɦɨɡɧɨɣ ɫɢɥɵ ɧɚ ɤɨ-
ɥɟɫɚɯ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t0.  
 
Ɋɟɲɢɜ ɭɪɚɜɧɟɧɢɟ (β) ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɪɲɟɣ 
ɩɪɨɢɡɜɨɞɧɨɣ ɢ ɨɛɨɡɧɚɱɢɜ a = (kɜFα ) / (mαδɜɪ), 
c = (gȥ) / δɜɪ, b = KTK / (mαδɜɪ), u(t) = p(t),  
x(t0) = V0, ɩɨɥɭɱɢɦ 
 

x(t) = ax2 (t) + c + bu(t);  
x(t0 ) = V0, 

 
(3) 

 
ɝɞɟ x(t) = (dVα )/(dt) – ɡɚɦɟɞɥɟɧɢɟ ɤɨɥɟɫɧɨɣ 
ɦɚɲɢɧɵ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t; t є Дt0, t]. 
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ɉɪɨɰɟɫɫ ɬɨɪɦɨɠɟɧɢɹ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɟ ɡɚɦɟɞɥɟɧɢɟɦ x(t), ɚ ɬɚɤɠɟ 
ɜɟɥɢɱɢɧɨɣ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ u(t) ɢ 
ɬɟɦɩɨɦ ɟɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɩɚɪɚ-
ɦɟɬɪɚ ɨɰɟɧɤɢ ɫɨɫɬɨɹɧɢɹ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ 
ɩɪɢɦɟɦ ɟɟ ɡɚɦɟɞɥɟɧɢɟ x(t). ɋɢɫɬɟɦɚ ɭɪɚɜɧɟ-
ɧɢɣ ɫɨɫɬɨɹɧɢɹ ɨɛɴɟɤɬɚ ɫɨɫɬɨɢɬ ɢɡ ɭɪɚɜɧɟɧɢɹ, 
ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɩɚɪɚɦɟɬɪ ɨɰɟɧɤɢ ɫɨɫɬɨɹɧɢɹ 
(3), ɢ ɭɪɚɜɧɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɢɡɦɟɧɟɧɢɟ 
ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɜɨ ɜɪɟɦɟɧɢ. ɍɪɚɜɧɟɧɢɟ ɢɡ-
ɦɟɧɟɧɢɹ ɡɚɦɟɞɥɟɧɢɹ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ ɩɨɥɭ-
ɱɢɦ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟɦ (γ), ɢ, ɩɨɫɥɟ ɜɜɟ-
ɞɟɧɢɹ ɨɛɨɡɧɚɱɟɧɢɣ x = x1 ɢ u1(t) = (du(t))/(dt),  
ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɨɛɴɟɤɬɚ ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ:  

 

1

1 1 1 1,

x x

x a x bu
 

 
ɝɞɟ 1x – ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɡɚɦɟɞɥɟɧɢɹ ɤɨ-
ɥɟɫɧɨɣ ɦɚɲɢɧɵ; a1 = 2ax – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚ-
ɪɚɤɬɟɪɢɡɭɸɳɢɣ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɶ ɩɪɨɰɟɫɫɚ; 
u1(t) – ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢɹ u(t) ɧɚ ɜɯɨɞɟ ɜ ɬɨɪɦɨɡɹɳɢɟ ɤɨɥɟɫɚ.  

 
ɂɫɩɨɥɶɡɭɹ ɢɡɜɟɫɬɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸ-
ɳɢɟ ɞɢɧɚɦɢɤɭ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ, 
ɛɵɥɚ ɫɨɡɞɚɧɚ ɩɪɨɝɪɚɦɦɚ  ɦɨɞɟɥɢ ɬɨɪɦɨɡɧɨɣ 
ɞɢɧɚɦɢɤɢ ɚɜɬɨɦɨɛɢɥɹ  ɜ ɫɪɟɞɟ LКЛVТОа. ɂɫ-
ɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ ɚɜɬɨɦɨɛɢɥɹ ɜɵɛɪɚɧɵ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ Ɋ 51709-β001 ɢ ɩɪɟɞ-
ɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4.  
 

 
 
Ɋɢɫ. 4. ɂɫɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ ɚɜɬɨɦɨɛɢɥɹ β-ɝɨ 

ɤɥɚɫɫɚ 
 
ɋɢɦɭɥɹɰɢɹ ɬɨɪɦɨɠɟɧɢɹ (ɪɢɫ. 5) ɩɪɢ ɡɚɞɚɧ-
ɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɚɜɬɨɦɨɛɢɥɹ ɩɨɤɚɡɚɥɚ, ɱɬɨ 
ɟɝɨ ɩɚɪɚɦɟɬɪɵ ɡɚɦɟɞɥɟɧɢɹ ɢ ɬɨɪɦɨɡɧɨɝɨ ɩɭɬɢ 
ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɪɟɝɥɚɦɟɧɬɚ ȽɈɋɌ. 
 
ɂɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɢ ɬɨɪɦɨɡɧɨɝɨ ɩɭɬɢ ɜ 
ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɤɨɧɨɦ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɫɢɫɬɟ-
ɦɵ ɷɤɫɬɪɟɧɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɧɚ ɝɥɚɜɧɵɣ 
ɬɨɪɦɨɡɧɨɣ ɰɢɥɢɧɞɪ.  

 
 

Ɋɢɫ. 5. Ɋɟɡɭɥɶɬɚɬɵ ɫɢɦɭɥɹɰɢɢ ɩɪɨɰɟɫɫɚ ɷɤɫ-
ɬɪɟɧɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ 

 
ɇɚ ɡɧɚɱɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɠɟ-
ɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɛɭɞɭɬ ɜɥɢɹɬɶ ɭɫɥɨɜɢɹ ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢɹ ɤɨɥɟɫ ɫ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, 
ɫɨɫɬɨɹɧɢɟ ɲɢɧ ɢ ɞɪ. 
 

ȼɵɜɨɞɵ 
 
ɉɪɢ ɩɪɟɞɟɥɶɧɵɯ ɨɬɤɥɨɧɟɧɢɹɯ ɜ ɫɨɫɬɨɹɧɢɢ 
ɡɞɨɪɨɜɶɹ ɜɨɞɢɬɟɥɹ ɋɈɋȼ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ 
ɫɢɫɬɟɦɨɣ ɷɤɫɬɪɟɧɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨ-
ɛɢɥɹ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɫɬɚɧɨɜɤɭ ɚɜɬɨ-
ɦɨɛɢɥɹ. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɞɬɜɟɪ-
ɞɢɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢɫɬɟɦɵ. ȼɵɛɨɪ ɪɚɰɢɨ-
ɧɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɵɹɜɥɹɟɦɵɯ ɮɚɤɬɨɪɨɜ 
ɩɪɢ ɨɰɟɧɤɟ ɫɨɫɬɨɹɧɢɹ ɜɨɞɢɬɟɥɹ, ɚ ɬɚɤɠɟ ɨɩ-
ɬɢɦɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɨɫɬɚɧɨɜɤɢ ɹɜɥɹɟɬɫɹ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
ȼɧɟɞɪɟɧɢɟ ɤɨɦɩɥɟɤɫɧɨɣ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɢɬ 
ɩɨɜɵɫɢɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨ-
ɛɢɥɶɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. 
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