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Ⱥɧɧɨɬɚɰɢɹ. ɋɨɜɪɟɦɟɧɧɵɟ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ ɨɛɨɪɭɞɭɸɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɚɜ-
ɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɪɦɨɡɧɨɝɨ ɭɫɢɥɢɹ, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɵɯ ɡɚɱɚɫɬɭɸ ɢɦɟɸɬ  

ɧɟɪɚɰɢɨɧɚɥɶɧɨɟ ɪɟɲɟɧɢɟ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɬɚɤɢɯ ɫɢɫɬɟɦ ɧɟɨɛɯɨɞɢɦɨ 
ɢɦɟɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɜɥɢɹɧɢɢ ɪɚɡɥɢɱɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚ-
ɸɳɢɟ ɩɪɢ ɡɚɬɨɪɦɚɠɢɜɚɧɢɢ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɨɥɟɫɚ). Ɉɛɥɚɞɚɧɢɟ ɢɧ-
ɮɨɪɦɚɰɢɟɣ ɨ ɜɥɢɹɧɢɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚ-
ɪɚɦɟɬɪɵ ɚɩɩɚɪɚɬɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɦɨɞɭɥɹɬɨɪɨɜ) ɢ ɫɨɯɪɚɧɢɬɶ ɢɯ ɷɮɮɟɤɬɢɜɧɭɸ ɪɚɛɨɬɭ ɜ 
ɪɚɡɥɢɱɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɭɫɥɨɜɢɹɯ ɞɜɢɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ, ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɪ-
ɦɨɡɧɨɝɨ ɭɫɢɥɢɹ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɟɚɥɢɡɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɰɟɩɥɟɧɢɹ.  
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Ⱥɧɨɬɚɰɿɹ. ɋɭɱɚɫɧɿ ɬɪɚɧɫɩɨɪɬɧɿ ɡɚɫɨɛɢ ɨɛɥɚɞɧɭɸɬɶɫɹ ɪɿɡɧɢɦɢ ɫɢɫɬɟɦɚɦɢ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɪɟ-
ɝɭɥɸɜɚɧɧɹ ɝɚɥɶɦɿɜɧɨɝɨ ɡɭɫɢɥɥɹ, ɩɚɪɚɦɟɬɪɢ ɹɤɢɯ ɦɚɸɬɶ ɧɟɪɚɰɿɨɧɚɥɶɧɟ ɪɿɲɟɧɧɹ. Ⱦɥɹ ɩɿɞɜɢɳɟɧɧɹ 
ɟɮɟɤɬɢɜɧɨɫɬɿ ɪɨɛɨɬɢ ɬɚɤɢɯ ɫɢɫɬɟɦ ɧɟɨɛɯɿɞɧɨ ɦɚɬɢ ɿɧɮɨɪɦɚɰɿɸ ɩɪɨ ɜɩɥɢɜ ɪɿɡɧɢɯ ɟɤɫɩɥɭɚɬɚ-
ɰɿɣɧɢɯ ɮɚɤɬɨɪɿɜ ɧɚ ɩɪɨɰɟɫɢ, ɳɨ ɜɿɞɛɭɜɚɸɬɶɫɹ ɩɪɢ ɝɚɥɶɦɭɜɚɧɧɿ ɨɛ’ɽɤɬɚ ɪɟɝɭɥɸɜɚɧɧɹ (ɚɜɬɨɦɨ-
ɛɿɥɶɧɨɝɨ ɤɨɥɟɫɚ). ɇɚɹɜɧɿɫɬɶ ɬɚɤɨʀ ɿɧɮɨɪɦɚɰɿʀ ɞɨɡɜɨɥɹɽ ɡɦɟɧɲɢɬɢ ɝɟɨɦɟɬɪɢɱɧɿ ɩɚɪɚɦɟɬɪɢ ɚɩɚ-
ɪɚɬɿɜ ɪɟɝɭɥɸɜɚɧɧɹ (ɦɨɞɭɥɹɬɨɪɿɜ) ɬɚ ɡɛɟɪɟɝɬɢ ʀɯ ɟɮɟɤɬɢɜɧɭ ɪɨɛɨɬɭ ɜ ɪɿɡɧɢɯ ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɯ 
ɭɦɨɜɚɯ ɪɭɯɭ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ. 
 

Ʉɥɸɱɟɜɿ ɫɥɨɜɚ: ɟɤɫɩɥɭɚɬɚɰɿɣɧɿ ɮɚɤɬɨɪɢ, ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɪɟɝɭɥɸɜɚɧɧɹ ɝɚɥɶɦɿɜɧɨɝɨ 

ɡɭɫɢɥɥɹ, ɦɚɤɫɢɦɚɥɶɧɢɣ ɪɟɚɥɿɡɨɜɚɧɢɣ ɤɨɟɮɿɰɿɽɧɬ ɡɱɟɩɥɟɧɧɹ. 
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Abstract. Up-to-date vehicles are equipped by various systems of braking effort automatic control the 

parameters calculation of which do not as a rule have a rational solution. In order to increase the 

working efficiency of such systems it is necessary to have the data concerning the impact of various 

operational factors on processes occurring at braking of the object of adjustment (vehicle wheel). 

Data availability concerning the impact of operational factors allows to decrease geometrical  

parameters of adjustment devices (modulators) and maintain their efficient operation under various 

exploitation conditions of vehicle’s motion. 
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ȼɜɟɞɟɧɢɟ 
 

ɋɨɜɪɟɦɟɧɧɵɟ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ (Ɍɋ) 

ɨɛɨɪɭɞɭɸɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɚɜɬɨɦɚ-
ɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɋȺɊ) ɬɨɪɦɨɡɧɨɝɨ 
ɭɫɢɥɢɹ, ɤɨɬɨɪɵɟ ɩɨɜɵɲɚɸɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɬɚɤɨɣ ɚɤɬɢɜɧɨɣ ɫɢɫɬɟɦɵ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɍɋ 

ɤɚɤ ɬɨɪɦɨɡɧɨɟ ɭɩɪɚɜɥɟɧɢɟ. ɉɪɢ ɫɨɡɞɚɧɢɢ 

ɋȺɊ ɬɨɪɦɨɡɧɨɝɨ ɭɫɢɥɢɹ ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ 
ɜɵɛɨɪɚ ɟɟ ɩɚɪɚɦɟɬɪɨɜ ɢ ɩɪɢɧɰɢɩɨɜ ɪɚɛɨɬɵ. 

ɉɪɢɧɰɢɩɵ ɪɚɛɨɬɵ ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɵ ɜ ɧɚɭɱ-
ɧɨ-ɬɟɯɧɢɱɟɫɤɨɦ ɨɛɳɟɫɬɜɟ, ɚ ɜɨɬ ɩɚɪɚɦɟɬɪɵ 

ɹɜɥɹɸɬɫɹ ɢɧɮɨɪɦɚɰɢɟɣ ɞɥɹ ɫɥɭɠɟɛɧɨɝɨ 
ɩɨɥɶɡɨɜɚɧɢɹ ɢ ɧɟ ɪɚɡɝɥɚɲɚɸɬɫɹ ɩɪɨɢɡɜɨɞɢ-

ɬɟɥɹɦɢ ɫɟɪɢɣɧɵɯ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɚɤ-
ɬɢɜɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɚɪɚɦɟɬ-
ɪɵ ɋȺɊ ɬɨɪɦɨɡɧɨɝɨ ɭɫɢɥɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɞɟɣɫɬɜɭɸ-

ɳɢɦɢ ɧɚ ɨɛɴɟɤɬ ɪɟɝɭɥɢɪɨɜɚɧɢɹ – ɚɜɬɨɦɨɛɢ-

ɥɶɧɨɟ ɤɨɥɟɫɨ. Ɉɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ ɹɜɥɹɸ-

ɬɫɹ: ɧɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɬɨɪɦɨɠɟɧɢɹ ( HV ), 

ɧɚɝɪɭɡɤɚ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɤɨɥɟɫɨ ( N ), ɯɨɞ 

ɲɬɨɤɚ ɬɨɪɦɨɡɧɨɣ ɤɚɦɟɪɵ ( h ) ɢ ɩɪɨɯɨɞɧɨɟ 
ɫɟɱɟɧɢɟ ɧɚ ɜɩɭɫɤ ( D ) ɜ ɦɨɞɭɥɹɬɨɪɟ ɋȺɊ ɬɨɪ-
ɦɨɡɧɨɝɨ ɭɫɢɥɢɹ. Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ ɜɵɩɨɥɧɟɧ 

ɜ ɦɚɬɟɪɢɚɥɚɯ ɢ ɪɟɡɭɥɶɬɚɬɚɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɢ ɡɚɞɚɱɟɣ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɨɫɧɨɜɧɵɯ ɷɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɩɪɨɰɟɫɫ 
ɤɚɱɟɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɨɥɟɫɚ ɜ ɬɨɪɦɨɡɧɨɦ 

ɪɟɠɢɦɟ ɫ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ, ɛɥɢɡɤɨɣ ɤ ɦɚɤɫɢ-

ɦɚɥɶɧɨɣ. 

 

Ɇɚɬɟɪɢɚɥɵ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 

Ɏɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɚɜɬɨɦɨ-
ɛɢɥɶɧɨɝɨ ɤɨɥɟɫɚ ɤɚɤ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɹɜɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɣ ɨɤɪɭɠɧɨɣ 

ɫɢɥɵ xf  (ɪɟɚɥɢɡɭɟɦɨɝɨ ɫɰɟɩɥɟɧɢɹ) ɨɬ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ 
S  ɢ ɩɪɨɞɨɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɲɢɧɵ xC  
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ɝɞɟ Rϕ – ɫɢɥɚ ɩɨ ɫɰɟɩɥɟɧɢɸ ɲɢɧɵ ɫ ɨɩɨɪɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɶɸ, ɇ; zR – ɧɨɪɦɚɥɶɧɚɹ ɪɟɚɤɰɢɹ, 
ɜɨɡɧɢɤɚɸɳɚɹ ɜ ɩɹɬɧɟ ɤɨɧɬɚɤɬɚ ɤɨɥɟɫɚ, ɨɬ 
ɞɟɣɫɬɜɢɹ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ N , ɇ.  
 

Ɂɚɜɢɫɢɦɨɫɬɶ xf  ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɪɚɫɬɟɬ ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɥɢɧɟɣɧɨ, ɞɨɫɬɢɝɚɹ ɧɟɤɨɬɨɪɨɝɨ ɦɚɤ-

ɫɢɦɭɦɚ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɟɺ ɩɚɞɟɧɢɟ ɞɨ 

ɬɨɱɤɢ ɩɨɥɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɤɨɥɟɫɚ ( 1S = ), 

ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɟɝɨ ɛɥɨɤɢɪɨɜɚɧɢɸ ɢɥɢ ɛɭ-

ɤɫɨɜɚɧɢɸ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɪɦɨɡɧɨɝɨ ɢɥɢ 

ɬɹɝɨɜɨɝɨ ɪɟɠɢɦɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɂɡ ɷɬɨɝɨ 
ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɥɸɛɨɣ ɮɭɧɤ-
ɰɢɢ ɬɨɪɦɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ, 
ɱɬɨɛɵ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚ-
ɧɢɹ ɬɨɪɦɨɡɧɨɝɨ ɭɫɢɥɢɹ ɨɛɟɫɩɟɱɢɜɚɥɚ ɤɚɱɟɧɢɟ 
ɤɨɥɟɫɚ ɫ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ, ɛɥɢɡɤɨɣ ɤ ɦɚɤɫɢ-

ɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ, ɬɨ ɟɫɬɶ ɪɚɛɨɬɚɥɚ ɜɛɥɢɡɢ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɟɚɥɢɡɭɟɦɨɝɨ ɫɰɟɩɥɟɧɢɹ 
( max

xf ); ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɦɚɤ-
ɫɢɦɚɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɰɟɩɧɵɯ ɫɜɨɣɫɬɜ 
ɞɨɪɨɝɢ. 

 

ɉɪɢ ɚɧɚɥɢɡɟ ɯɚɪɚɤɬɟɪɚ ɢɡɦɟɧɟɧɢɹ ɪɟɚɥɢɡɭɟ-
ɦɨɝɨ ɫɰɟɩɥɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɧɚɪɚɫɬɚɧɢɹ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ 
ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ ɯɚɪɚɤɬɟɪɧɵɟ ɨɛɥɚɫɬɢ 

(ɪɢɫ. 1): ɞɨɷɤɫɬɪɟɦɚɥɶɧɚɹ, ɷɤɫɬɪɟɦɚɥɶɧɚɹ ɢ 

ɩɨɫɬɷɤɫɬɪɟɦɚɥɶɧɚɹ. 
 

 

 
 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɣ ɨɤɪɭɠɧɨɣ ɫɢɥɵ 

xf  (ɪɟɚɥɢɡɭɟɦɨɝɨ ɫɰɟɩɥɟɧɢɹ) ɨɬ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɪɨɫɤɚɥɶɡɵ-

ɜɚɧɢɹ S  ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɩɪɨɞɨɥɶɧɨɣ 

ɠɟɫɬɤɨɫɬɢ ɲɢɧɵ 
 

Ɂɚɜɢɫɢɦɨɫɬɶ ( )xf f S=  ɜ ɞɨɷɤɫɬɪɟɦɚɥɶɧɨɣ 

ɨɛɥɚɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɥɢɧɟɚɪɢɡɨɜɚɧɚ ɞɨ ɧɟɤɨ-
ɬɨɪɨɣ ɬɨɱɤɢ 1, ɫɨɝɥɚɫɧɨ ɪɢɫ. 1, ɟɫɥɢ ɭɱɟɫɬɶ, 
ɱɬɨ constxC = . 

 

 Sk=f xx ⋅ , (2) 

 

ɝɞɟ xk  – ɧɟɤɨɬɨɪɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢ-

ɨɧɚɥɶɧɨɫɬɢ ɧɚɪɚɫɬɚɧɢɹ xf . 

 

Ɋɚɡɥɢɱɧɵɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɭɫɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɜ ɞɨɷɤɫɬɪɟɦɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɞɢɚɩɚɡɨɧ  
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ɢɡɦɟɧɟɧɢɟ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 
150 ÷ % [1, 2]. 

 

ȼ ɷɤɫɬɪɟɦɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɢɦɟɟɬɫɹ ɞɨɜɨɥɶɧɨ 

ɭɡɤɢɣ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ, 
ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɬɨɪɨɝɨ ɜ ɩɪɨɰɟɫɫɟ 
ɤɚɱɟɧɢɹ ɤɨɥɟɫɚ ɡɚɜɢɫɢɬ ɨɬ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɪɨ-
ɜɧɹ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɢ ɧɚɜɵɤɨɜ 
ɢɫɫɥɟɞɨɜɚɬɟɥɹ. ȼ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɧɨɪɦɚɬɢɜ-
ɧɵɯ ɬɪɟɛɨɜɚɧɢɹɯ [3] ɞɥɹ ɷɤɫɬɪɟɦɚɥɶɧɨɣ ɨɛ-
ɥɚɫɬɢ ɩɪɢɜɟɞɟɧɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ 

max

xf  ɜ ɪɚɡɥɢɱɧɵɯ ɞɨɪɨɠɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ 

ɬɨɪɦɨɠɟɧɢɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɫ ɷɮɮɟ-
ɤɬɢɜɧɨɫɬɶɸ, ɛɥɢɡɤɨɣ ɤ ɦɚɤɫɢɦɚɥɶɧɨɣ. Ⱦɥɹ 
ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɷɤɫɬɪɟɦɚɥɶɧɨɣ ɨɛɥɚɫɬɢ 

ɧɟɨɛɯɨɞɢɦɨ ɨɬɫɥɟɞɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɹ 
 

0→
dS

df x .                  (3) 

 

ȼ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɦɚɤɫɢɦɭɦ 

ɬɨɪɦɨɡɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ (ɦɚɤɫɢɦɚɥɶɧɨɟ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɚ-
ɦɟɞɥɟɧɢɟ ɭɫɬj ɢ ɦɢɧɢɦɚɥɶɧɵɣ ɬɨɪɦɨɡɧɨɣ 

ɩɭɥɶ ɌS ). Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɬɨɱɤɨɣ 2 ɧɚ ɪɢɫ. 1. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɷɬɨɝɨ 
ɷɤɫɬɪɟɦɭɦɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧ ɧɚɯɨɞɢɬɫɹ ɜ 
ɩɪɟɞɟɥɚɯ 15–35 % ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ ɜɫɟɯ ɞɨ-
ɪɨɠɧɵɯ ɩɨɤɪɵɬɢɹɯ ɢ ɧɚ ɟɝɨ ɜɟɥɢɱɢɧɭ ɨɤɚɡɵ-

ɜɚɸɬ ɜɥɢɹɧɢɟ ɫɨɱɟɬɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɷɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ. 
 

ɂɡ ɩɪɨɜɟɞɟɧɧɨɝɨ ɜɵɲɟ ɚɧɚɥɢɡɚ ɫɥɟɞɭɟɬ, ɱɬɨ 
ɩɪɢ ɫɨɡɞɚɧɢɢ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭ-

ɥɢɪɨɜɚɧɢɹ ɬɨɪɦɨɡɧɨɝɨ ɭɫɢɥɢɹ ɜɫɟ ɬɪɢ ɨɛɥɚɫ-
ɬɢ ɢɦɟɸɬ ɡɧɚɱɟɧɢɟ, ɩɨɫɤɨɥɶɤɭ ɨɩɪɟɞɟɥɹɸɬ 
ɩɚɪɚɦɟɬɪɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. Ɉɛɥɚɫɬɶ 
II « f S− -ɞɢɚɝɪɚɦɦɵ» (ɪɢɫ. 1) ɢɦɟɟɬ ɜɚɠɧɨɟ 
ɡɧɚɱɟɧɢɟ, ɬɚɤ ɤɚɤ ɬɨɥɶɤɨ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɞɨɫ-
ɬɢɝɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɨɪɦɨ-
ɠɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɫɨɯɪɚɧɹɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶ 
ɢ ɭɩɪɚɜɥɹɟɦɨɫɬɶ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 
 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧ-

ɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɷɤɫɬɪɟɦɚɥɶɧɭɸ ɨɛɥɚɫɬɶ 
« f S− -ɞɢɚɝɪɚɦɦɵ» ɛɵɥ ɩɪɨɜɟɞɟɧ ɮɚɤɬɨɪ-
ɧɵɣ ɫɬɟɧɞɨɜɵɣ ɷɤɫɩɟɪɢɦɟɧɬ, ɤɨɬɨɪɵɣ ɩɨɡɜɨ-
ɥɢɥ ɢɫɫɥɟɞɨɜɚɬɶ ɤɚɱɟɧɢɟ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ 
ɤɨɥɟɫɚ, ɨɛɨɪɭɞɨɜɚɧɧɨɝɨ ɲɢɧɨɣ 11.00-R20, ɫ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɩɪɢɛɥɢɠɟɧɧɨɣ ɤ ɦɚɤɫɢɦɚ-
ɥɶɧɨɣ. ɉɚɪɚɦɟɬɪɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚ-
ɧɨɜɤɢ: ɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɞɢɭɫ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ 
ɤɨɥɟɫɚ 0,485≈dr ɦ, ɬɨɪɦɨɡɧɚɹ ɤɚɦɟɪɚ ɬɢɩ 20, 

ɞɢɚɦɟɬɪ ɛɟɝɨɜɨɝɨ ɛɚɪɚɛɚɧɚ 0,48≈br ɦ, ɦɨ-

ɦɟɧɬ ɢɧɟɪɰɢɢ ɦɚɫɫɵ ɫɬɟɧɞɚ 780bI ≈ ɤɝ·ɦ2, 

ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɤɨɥɟɫɚ 16kI ≈ ɤɝ·ɦ2. 

 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ ɢɡɦɟɧɹɥɢɫɶ ɜ 
ɫɥɟɞɭɸɳɢɯ ɞɢɚɩɚɡɨɧɚɯ: 
 

–  ɧɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɬɨɪɦɨɠɟɧɢɹ, 
(20 60)HV = − ɤɦ/ɱ; 

– ɧɚɝɪɭɡɤɚ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɤɨɥɟɫɨ, 
(8800 25500)N = −  ɇ; 

–  ɞɢɚɦɟɬɪ ɞɪɨɫɫɟɥɹ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɭɞɚ-
ɥɟɧɢɢ 0,4 ɦ ɨɬ ɬɨɪɦɨɡɧɨɣ ɤɚɦɟɪɵ, 

(1 8)D = − ɦɦ; 

–  ɯɨɞ ɲɬɨɤɚ ɬɨɪɦɨɡɧɨɣ ɤɚɦɟɪɵ ɬɢɩ 20 

(20 40)h= −  ɦɦ. 

 

Ⱦɥɹ ɰɟɥɨɫɬɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥ ɫɩɥɚɧɢɪɨ-
ɜɚɧ ɢ ɩɪɨɜɟɞɟɧ ɮɚɤɬɨɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ, ɨɫ-
ɧɨɜɚɧɧɵɣ ɧɚ ɩɥɚɧɚɯ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. Ɋɟ-
ɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

(ɬɚɛɥ. 1) ɩɨɡɜɨɥɢɥɢ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɹ ɪɟ-
ɝɪɟɫɫɢɢ (4–8), ɤɨɬɨɪɵɟ, ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨ-
ɫɬɶɸ, ɨɩɢɫɵɜɚɸɬ ɩɢɤ ɬɨɪɦɨɡɧɨɝɨ ɦɨɦɟɧɬɚ 
( M ), ɜɨɡɧɢɤɚɸɳɢɣ ɜ ɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ ɬɨɪ-
ɦɨɠɟɧɢɹ, ɩɪɢ ɤɚɱɟɧɢɢ ɤɨɥɟɫɚ ɫ ɷɮɮɟɤɬɢɜɧɨ-
ɫɬɶɸ, ɛɥɢɡɤɨɣ ɤ ɦɚɤɫɢɦɚɥɶɧɨɣ; ɜɪɟɦɹ ɩɪɨ-
ɰɟɫɫɚ ɬɨɪɦɨɠɟɧɢɹ ( t ) ɞɨ ɩɨɥɧɨɣ ɨɫɬɚɧɨɜɤɢ; 

ɞɚɜɥɟɧɢɟ ɜ ɬɨɪɦɨɡɧɨɣ ɤɚɦɟɪɟ ( P ), ɩɪɢ ɤɨɬɨ-
ɪɨɦ ɤɨɥɟɫɨ ɫɩɨɫɨɛɧɨ ɤɚɬɢɬɶɫɹ ɫ ɷɮɮɟɤɬɢɜɧɨ-
ɫɬɶɸ, ɛɥɢɡɤɨɣ ɤ ɦɚɤɫɢɦɚɥɶɧɨɣ; ɞɨɫɬɢɝɧɭɬɨɟ 
ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɚɦɟɞɥɟɧɢɟ ( ɭɫɬj ) ɩɪɢ ɪɚɡ-
ɥɢɱɧɨɦ ɫɨɱɟɬɚɧɢɢ ɮɚɤɬɨɪɨɜ; ɞɨɫɬɢɝɧɭɬɨɟ 
ɤɪɢɬɢɱɟɫɤɨɟ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɟ ( ɤɪS ) ɩɪɢ ɤɚ-
ɱɟɧɢɢ ɷɥɚɫɬɢɱɧɨɝɨ ɤɨɥɟɫɚ ɩɨ ɦɟɬɚɥɥɢɱɟɫɤɨ-
ɦɭ ɛɚɪɚɛɚɧɭ. 
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Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. 1, ɛɵɥɨ ɩɨɫ-
ɱɢɬɚɧɨ ɪɟɚɥɢɡɭɟɦɨɟ ɫɰɟɩɥɟɧɢɟ xf  ɩɨ ɢɡɜɟɫ-
ɬɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ (9) ɢ (10), ɤɨɬɨɪɵɟ 

ɩɨɥɭɱɟɧɵ ɢɫɯɨɞɹ ɢɡ ɫɯɟɦɵ ɫɬɟɧɞɚ, ɩɪɢɜɟɞɟɧ-

ɧɨɣ ɧɚ ɪɢɫ. 2. 

 

Ɇɨɦɟɧɬɚɦɢ ɬɪɟɧɢɹ ɜ ɩɨɞɲɢɩɧɢɤɚɯ, ɦɨɦɟɧ-

ɬɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ ɢ ɦɨɦɟɧɬɨɦ  

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɭɪɚ-
ɜɧɟɧɢɣ (9) ɢ (10), ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɨɧɢ ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɧɟ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɹ ɧɚ ɩɨɥɭɱɟɧ-

ɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɟɧɟɛɪɟɝɚɟɦ.  

 

ɍɪɚɜɧɟɧɢɟ ɦɨɦɟɧɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ 
ɤɨɥɟɫɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

 

0=−⋅− k

jd

CP

TOP MrRM ϕ .    (9) 

 

Ɍɚɛɥɢɰɚ 1 ɉɥɚɧ-ɦɚɬɪɢɰɚ ɢ ɪɟɡɭɥɶɬɚɬɵ ɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 
 

Ɏɚɤɬɨɪɵ Ɉɬɤɥɢɤɢ, ɢɯ ɨɛɨɡɧɚɱɟɧɢɹ ɢ ɪɚɡɦɟɪɧɨɫɬɶ 
ʋ  

ɩ/ɩ h , 

ɦɦ 
íV , 

ɤɦ/ɱ 
N , ɇ D , ɦɦ t , ɫɟɤ M , ɇ·ɦ max

xf  kpS , % ɭɫɬj , 

ɦ/ɫ2 P , ɤɉɚ 
CP
TOPM , 

ɇ·ɦ 

1 40 20 8800 8 1,45 6145 1,668 30 4,38 565 6192 

2 40 20 8800 1 2,15 6781 1,451 20 3,81 770 6781 

3 20 20 25500 8 1,24 7460 0,716 25 5,45 600 7360 

4 20 60 8800 4,5 4,4 5403 1,409 17 3,7 550 5403 

5 40 60 8800 8 4,5 4800 1,222 18 3,21 525 5309 

6 20 20 17150 1 1,7 7946 0,865 16 4,43 760 7950 

7 40 20 25500 8 1,32 7346 0,652 30 4,96 645 7350 

8 40 60 25500 1 4,5 6428 0,591 22 4,5 700 6860 

9 20 60 25500 1 4 6428 0,604 20 4,6 710 6780 

10 40 60 25500 8 4,17 5510 0,447 20 3,4 610 6170 

11 30 20 8800 4,5 1,7 5086 1,321 17 3,47 520 5180 

12 20 60 17150 8 3,8 6145 0,776 20 3,97 595 6400 

13 40 20 25500 1 2,2 7035 0,640 23 4,87 770 7035 

14 30 60 8800 1 4,9 5510 1,588 22 4,17 550 5910 

15 40 60 17150 1 4,85 5439 0,787 15 4,03 690 6216 

16 20 20 8800 8 1,68 5086 1,470 18 3,86 480 5160 

17 20 40 25500 4,5 2,25 7700 0,608 26 4,63 670 7675 

18 20 60 8800 1 4,7 5650 1,527 20 4,01 610 5815 

19 30 20 25500 1 1,85 8476 0,595 23 4,53 800 8476 

20 20 60 25500 8 3,55 6570 0,486 23 3,7 585 6663 

21 20 40 8800 8 2,8 6145 1,66 25 4,36 530 5860 

22 20 20 8800 1 1,65 8476 1,854 18 4,87 790 8476 

23 40 20 17150 4,5 1,5 6145 0,889 22 4,55 635 6216 

24 30 40 17150 8 2,5 6605 0,969 23 4,96 580 6557 

25 40 40 8800 1 3,45 6286 1,652 25 4,34 690 6898 
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ɍɪɚɜɧɟɧɢɟ ɦɨɦɟɧɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ 
ɜɪɚɳɟɧɢɹ ɛɟɝɨɜɨɝɨ ɛɚɪɚɛɚɧɚ ɫ ɢɧɟɪɰɢɨɧɧɵ-

ɦɢ ɦɚɫɫɚɦɢ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 
 

0=⋅− bT

b

j rPM .              (10) 

 

ȼ ɭɪɚɜɧɟɧɢɹɯ (9) ɢ (10) ɨɛɨɡɧɚɱɟɧɨ: 
CP
TOP T dM P r= ⋅  – ɫɪɟɞɧɢɣ ɬɨɪɦɨɡɧɨɣ ɦɨɦɟɧɬ 

ɩɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɡɚɦɟɞɥɟɧɢɢ ɨɫɬɚɧɚɜɥɢ-

ɜɚɟɦɨɣ ɢɧɟɪɰɢɨɧɧɨɣ ɦɚɫɫɵ, ɇ·ɦ; TP  – cɢɥɚ, 
ɤɨɬɨɪɚɹ ɡɚɬɨɪɦɚɠɢɜɚɟɬ ɢɧɟɪɰɢɨɧɧɵɟ ɦɚɫɫɵ 

ɛɚɪɚɛɚɧɚ, ɇ; k
jM  – ɢɧɟɪɰɢɨɧɧɵɣ ɦɨɦɟɧɬ ɤɨ-

ɥɟɫɚ, ɇ·ɦ; b
jM  – ɢɧɟɪɰɢɨɧɧɵɣ ɦɨɦɟɧɬ ɦɚɫɫɵ 

ɫɬɟɧɞɚ, ɇ·ɦ; kω  ɢ bω  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɝɥɨ-
ɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɤɨɥɟɫɚ ɢ ɛɚɪɚɛɚɧɚ, 
ɪɚɞ/ɫ. 
 

ɂɧɟɪɰɢɨɧɧɵɟ ɦɨɦɟɧɬɵ ɤɨɥɟɫɚ ɢ ɛɚɪɚɛɚɧɚ 
ɞɥɹ ɪɟɠɢɦɚ ɡɚɬɨɪɦɚɠɢɜɚɧɢɹ ɦɨɠɧɨ ɧɚɣɬɢ, 

ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɨɛɳɟɢɡɜɟɫɬɧɨɣ ɮɨɪɦɭɥɨɣ 

ɜɢɞɚ 
 

j

d
M I

dt

ω
= − ⋅ ,                    (11) 

 

ɝɞɟ I  – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɬɟɥɚ ɜɪɚɳɟɧɢɹ, ɤɝ·ɦ2; 

d

dt

ω
 – ɭɝɥɨɜɨɟ ɭɫɤɨɪɟɧɢɟ ɬɟɥɚ ɜɪɚɳɟɧɢɹ ɨɬ-

ɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɜɪɚɳɟɧɢɹ, ɪɚɞ/ɫɟɤ2. 

 

ȼ ɭɪɚɜɧɟɧɢɢ (11) ɡɧɚɤ «–» ɨɡɧɚɱɚɟɬ ɪɟɠɢɦ 

ɡɚɬɨɪɦɚɠɢɜɚɧɢɹ ɨɛɴɟɤɬɚ. 
 

ȿɫɥɢ ɜɵɪɚɡɢɬɶ ɪɟɚɥɢɡɭɟɦɨɟ ɫɰɟɩɥɟɧɢɟ ɢɡ 
ɭɪɚɜɧɟɧɢɣ (9) ɢ (10), ɩɨɥɭɱɢɦ 
 

– ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɜɪɚɳɟɧɢɹ ɤɨɥɟɫɚ 
 

CP k
TOP j

x

Z d

M M
f

R r

−
=

⋅
; (12) 

 

– ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɜɪɚɳɟɧɢɹ ɛɚɪɚɛɚɧɚ 
 

ɭɫɬ
b

b
b

x

Z d Z d b

d
I I jdtf
R r R r r

ω
⋅ ⋅

= ≈
⋅ ⋅ ⋅

. (13) 

 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɣ (12) ɢ (13) 

ɭɝɥɨɜɨɟ ɭɫɤɨɪɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɥɟɫɚ ɢ 

ɛɚɪɚɛɚɧɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɦ ɩɭɬɟɦ, ɩɪɢ ɩɨɦɨɳɢ ɢɡɦɟɪɢɬɟɥɶɧɨ-
ɪɟɝɢɫɬɪɢɪɭɸɳɟɝɨ ɤɨɦɩɥɟɤɫɚ, ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 
ɜ ɏɇȺȾɍ, ɤɨɬɨɪɵɣ ɬɚɪɢɪɨɜɚɥɫɹ ɧɚ ɨɛɪɚɡɰɨ-

ɜɵɯ ɭɫɬɚɧɨɜɤɚɯ ɜ ɥɚɛɨɪɚɬɨɪɢɹɯ ɤɚɮɟɞɪɵ ɚɜ-
ɬɨɦɨɛɢɥɟɣ ɏɇȺȾɍ ɢ ɤɚɮɟɞɪɵ ɦɨɫɬɨɜ, ɤɨɧɫ-
ɬɪɭɤɰɢɣ ɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ.  

 

 
 

Ɋɢɫ. 2. ɋɯɟɦɚ ɢɧɟɪɰɢɨɧɧɨɝɨ ɫɬɟɧɞɚ ɞɥɹ ɢɫɫ-
ɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨ-
ɦɨɛɢɥɶɧɨɝɨ ɤɨɥɟɫɚ 

 

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ, ɫɨɝɥɚɫɧɨ ɩɥɚɧɭ ɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚ, ɛɵɥ ɜɵɜɟɞɟɧ ɩɨɥɢɧɨɦ, ɩɨɡɜɨɥɹɸ-
ɳɢɣ ɨɩɢɫɚɬɶ ɢɡɦɟɧɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɟɚ-
ɥɢɡɭɟɦɨɝɨ ɫɰɟɩɥɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɨɱɟɬɚɧɢɹ ɨɫɧɨɜɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɮɚɤ-
ɬɨɪɨɜ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ ɜ 
ɫɪɟɞɧɟɦ 6 %. ɉɨɝɪɟɲɧɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 
ɭɦɟɧɶɲɟɧɢɟɦ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɬɨɪɦɨɠɟ-
ɧɢɹ. ɉɪɢ ɧɢɡɤɢɯ ɧɚɱɚɥɶɧɵɯ ɫɤɨɪɨɫɬɹɯ ɩɨɝ-
ɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɟɚɥɢ-
ɡɭɟɦɨɝɨ ɫɰɟɩɥɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 11 %. 
ɉɨɥɢɧɨɦ ɫɩɪɚɜɟɞɥɢɜ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 
ɲɢɧɵ ɫ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɤɨɷɮɮɢɰɢ-

ɟɧɬ ɬɪɟɧɢɹ ɤɨɬɨɪɨɣ ɪɚɜɟɧ 0,45 0,55φ = ÷ . 
 

ȼ ɹɜɧɨɦ ɜɢɞɟ ɩɨɥɢɧɨɦ, ɨɩɢɫɵɜɚɸɳɢɣ ɢɡɦɟ-
ɧɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɟɚɥɢɡɭɟɦɨɝɨ ɫɰɟɩɥɟ-
ɧɢɹ ɲɢɧɵ 11.00-R20 ɨɬ ɨɫɧɨɜɧɵɯ ɷɤɫɩɥɭɚɬɚ-
ɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɡɚɜɢɫɢɦɨɫɬɶ ɜɢɞɚ 
 

max

4

5 7

4 8

4 7

4 2 4 2

9 2 2

2,55 0,027 0,034

1,346 10 0,11175

9,8 10 2,85 10

5,6 10 4,85 10

6,2 10 8,36 10

3,4 10 4,1 10

2,1 10 0,0105

x H

H

H

H

H

f h V

N D

h V h N

h D V N

V D N D

h V

N D

−

− −

− −

− −

− −

−

= − ⋅ + ⋅ −

− ⋅ ⋅ − ⋅ −

− ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ +

+ ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ −

− ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ +

+ ⋅ ⋅ − ⋅ ⋅ +

+ ⋅ ⋅ + ⋅
 (14) 
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ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɪɟɚɥɢ-

ɡɭɟɦɨɟ ɫɰɟɩɥɟɧɢɟ max

xf  ɧɟ ɜɫɟɝɞɚ ɦɨɠɧɨ 

ɩɪɢɪɚɜɧɹɬɶ ɤ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɨɪɦɨɠɟɧɢɹ 
( maxz ) ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɤɚɱɟɧɢɹ ɤɨɥɟɫ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 
 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɫɨɛɥɸɞɚɟɬɫɹ ɧɟɪɚ-
ɜɟɧɫɬɜɨ 
 

max
ɭɫɬ max xj z g f g= ⋅ ≠ ⋅ . (15) 

 

ȼ ɭɪɚɜɧɟɧɢɢ (15) ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ 
max( )z  ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɪɟɚɥɢɡɭɟɦɨɝɨ ɫɰɟɩɥɟɧɢɹ 
 

max
max ( )xz f f= . (16) 

 

Ⱦɥɹ ɢɧɟɪɰɢɨɧɧɨɝɨ ɫɬɟɧɞɚ, ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ 
ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1, ɞɚɧɧɚɹ ɮɭɧɤɰɢɹ ɢɦɟɟɬ 
ɜɢɞ 

 
max

max
x Z d b

b

f R r r
z

I g

⋅ ⋅ ⋅
=

⋅
. (17) 

 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɪɟɚɥɢɡɭɟɦɨɟ ɫɰɟɩɥɟɧɢɟ (ɤɨɷ-
ɮɮɢɰɢɟɧɬ ɫɰɟɩɥɟɧɢɹ) max

xf  ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɬɪɟɧɢɟɦ ɪɟɡɢɧɵ ɨ ɩɨɜɟɪɯɧɨɫɬɶ, ɫ ɤɨɬɨɪɨɣ ɨɧɚ 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ, ɬɨ ɟɫɬɶ max

xf , ɜ ɫɜɨɸ ɨɱɟ-
ɪɟɞɶ, ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɪɟɧɢɹ φ , ɚ ɦɚɤɫɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɨ-
ɪɦɨɠɟɧɢɹ max( )z , ɩɨ ɫɜɨɟɣ ɮɢɡɢɱɟɫɤɨɣ ɫɭɳ-

ɧɨɫɬɢ, ɟɫɬɶ ɧɟ ɱɬɨ ɢɧɨɟ, ɤɚɤ ɧɟɤɚɹ ɫɪɟɞɧɹɹ 
ɜɟɥɢɱɢɧɚ ɦɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɬɪɟɧɢɹ ɩɨɞ 

ɜɫɟɦɢ ɤɨɥɟɫɚɦɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 
 

ȼɵɜɨɞɵ 
 

Ⱥɧɚɥɢɡ ɜɥɢɹɧɢɹ ɮɚɤɬɨɪɨɜ ɧɚ ɢɡɦɟɧɟɧɢɟ ɬɨɪ-
ɦɨɡɧɨɝɨ ɦɨɦɟɧɬɚ ɜɨ ɜɪɟɦɟɧɢ, ɩɪɢ ɤɚɱɟɧɢɢ 

ɤɨɥɟɫɚ ɫ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ, ɛɥɢɡɤɨɣ ɤ ɦɚɤɫɢ-

ɦɚɥɶɧɨɣ, ɩɨɤɚɡɚɥ, ɱɬɨ ɬɨɪɦɨɡɧɨɣ ɦɨɦɟɧɬ ɧɚ 
21 % ɡɚɜɢɫɢɬ ɨɬ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɬɨɪɦɨ-
ɠɟɧɢɹ Ɍɋ; ɧɚ 20 % ɡɚɜɢɫɢɬ ɨɬ ɧɚɝɪɭɡɤɢ, ɩɪɢ-

ɯɨɞɹɳɟɣɫɹ ɧɚ ɤɨɥɟɫɨ; ɧɚ 10 % ɡɚɜɢɫɢɬ ɨɬ ɯɨ-
ɞɚ ɲɬɨɤɚ ɬɨɪɦɨɡɧɨɣ ɤɚɦɟɪɵ; ɧɚ 7 % ɡɚɜɢɫɢɬ 
ɨɬ ɞɪɨɫɫɟɥɹ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɩɟɪɟɞ ɬɨɪɦɨɡ-
ɧɨɣ ɤɚɦɟɪɨɣ ɧɚ ɭɞɚɥɟɧɢɢ 0,4 ɦ. Ⱥɧɚɥɢɡ  
ɢɡɦɟɧɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɟɚɥɢɡɭɟɦɨɝɨ ɫɰɟ-
ɩɥɟɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɫɨɱɟɬɚɧɢɢ ɷɤɫɩɥɭɚɬɚ-
ɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɦɚɤɫɢɦɚɥɶ-
ɧɨɟ ɪɟɚɥɢɡɭɟɦɨɟ ɫɰɟɩɥɟɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 
ɭɦɟɧɶɲɟɧɢɟɦ ɧɚɝɪɭɡɤɢ ɧɚ ɤɨɥɟɫɨ ɢ ɭɦɟɧɶ-

ɲɟɧɢɟɦ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɬɨɪɦɨɠɟɧɢɹ. ɋ 

ɭɦɟɧɶɲɟɧɢɟɦ ɞɪɨɫɫɟɥɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɪɟɚɥɢ-

ɡɭɟɦɨɟ ɫɰɟɩɥɟɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 16 %, ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɱɟɬɚɧɢɹ ɮɚɤɬɨɪɨɜ. ɋ ɭɦɟ-
ɧɶɲɟɧɢɟɦ ɯɨɞɚ ɲɬɨɤɚ ɬɨɪɦɨɡɧɨɣ ɤɚɦɟɪɵ 

ɫɰɟɩɥɟɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 7 %. ɂɡ ɚɧɚɥɢɡɚ 
ɨɱɟɜɢɞɧɨ, ɱɬɨ ɭɦɟɧɶɲɟɧɢɟ ɩɪɨɯɨɞɧɵɯ ɫɟɱɟ-
ɧɢɣ ɪɟɝɭɥɢɪɭɸɳɢɯ ɚɩɩɚɪɚɬɨɜ ɞɨ 4 ɦɦ ɜ ɞɢɚ-
ɦɟɬɪɟ ɧɟ ɨɤɚɠɟɬ ɜɥɢɹɧɢɹ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɢ ɬɨɪɦɨɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ, ɧɨ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɤɚɱɟɫɬɜɭ 

ɩɪɨɰɟɫɫɚ ɬɨɪɦɨɠɟɧɢɹ ɤɨɥɟɫɚ 11.00-R20 ɫ ɬɨ-
ɪɦɨɡɧɨɣ ɤɚɦɟɪɨɣ (ɬɢɩ 20). 

 

Ʌɢɬɟɪɚɬɭɪɚ 
 

1. Ʌɨɦɚɤɚ ɋ.ɂ. Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɬɨɪ-
ɦɨɠɟɧɢɹ / ɋ.ɂ. Ʌɨɦɚɤɚ, ɇ.ɇ. Ⱥɥɟɤɫɚ,  
ȿ.Ɇ. Ƚɟɰɨɜɢɱ. – Ʉ.: ɍȾɄ ȼɈ, 1988. – 85 ɫ. 

2. Canudas-de-Wit Carlos Dynamic Friction 

Models for Road / TireLongitudinal Intera-

ction / Carlos Canudas-de-Wit, Panagiotis 

Tsiotras, Efstathios Velenis, Michel Basset 

and Gerard Gissinger // Vehicle System 

Dynamics. – 2002. - Vol. 39(3). – Ɋ. 189-226. 

3. Ɋɵɠɢɯ Ʌ.Ⱥ. Ɉɫɨɛɟɧɧɨɫɬɢ ɤɚɱɟɧɢɹ ɤɨɥɟɫɚ ɜ 
ɪɟɠɢɦɟ ɬɨɪɦɨɠɟɧɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟ-
ɦɩɚ ɧɚɩɨɥɧɟɧɢɹ ɬɨɪɦɨɡɧɨɣ ɤɚɦɟɪɵ / 

Ʌ.Ⱥ. Ɋɵɠɢɯ, Ⱦ.ɇ. Ʌɟɨɧɬɶɟɜ, Ⱥ.Ⱥ. ɑɟɛɚɧ 

// ȼiɫɬi ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɶɨɝɨ ɿɧɫɬɢ-

ɬɭɬɭ. – 2009. – ȼɢɩ. 1. – ɋ. 140–145. 

4. Denny Mark. The dynamics of antilock brake 

systems / Mark Denny // European Journal 

of Physics. – 2005. – Vol. 26, ʋ6. – 

P. 1007–1016. 

5. Ʌɨɦɚɤɚ ɋ.ɂ. ɋɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɪɟɚɥɢɡɚ-
ɰɢɹ ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟɧɢɹ ɢɯ ɢɫɩɨɥɧɢ-

ɬɟɥɶɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ / ɋ.ɂ. Ʌɨɦɚɤɚ, 
Ʌ.Ⱥ. Ɋɵɠɢɯ, Ⱦ.ɇ. Ʌɟɨɧɬɶɟɜ ɢ ɞɪ. // ȼɟɫ-
ɬɧɢɤ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢ-

ɜɟɪɫɢɬɟɬɚ «ɏɉɂ».– ɏɚɪɶɤɨɜ. – 2009. – 

ȼɵɩ. 47.  – ɋ. 9–18. 

6. ȼɚɯɥɚɦɨɜ ȼ.Ʉ. Ⱥɜɬɨɦɨɛɢɥɢ: ɷɤɫɩɥɭɚɬɚɰɢ-

ɨɧɧɵɟ ɫɜɨɣɫɬɜɚ: ɭɱɟɛɧɢɤ ɞɥɹ ɫɬɭɞ. 

ɜɵɫɲ. ɭɱɟɛ. ɡɚɜɟɞɟɧɢɣ / ȼ.Ʉ. ȼɚɯɥɚɦɨɜ. 
– 2-ɟ ɢɡɞ., ɫɬɟɪ. – Ɇ. : ɂɡɞɚɬɟɥɶɫɤɢɣ 

ɰɟɧɬɪ «Ⱥɤɚɞɟɦɢɹ», 2006. – 240 ɫ. 
 

 

Ɋɟɰɟɧɡɟɧɬ: Ⱥ.ȼ. Ȼɚɠɢɧɨɜ, ɩɪɨɮɟɫɫɨɪ, ɞ.ɬ.ɧ., 

ɏɇȺȾɍ. 

 

 

ɋɬɚɬɶɹ ɩɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 22 ɢɸɧɹ 
2011 ɝ. 


