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Аɧɧɨɬаɰиɹ. ɉɨɥɭɱɟɧɵ ɜɵɪɚɠɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɩɪɟɞɟɥɹɬɶ ɧɨɪɦɚɥɶɧɵɟ ɪɟɚɤɰɢɢ ɧɚ ɤɨɥɟɫɚɯ 
ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ ɧɚɟɡɞɟ ɢ ɫɴɟɡɞɟ ɫ ɧɟɪɨɜɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɟɝɨ ɜɟɫɨɜɵɯ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚ-
ɦɟɬɪɨɜ, ɚ ɬɚɤɠɟ ɩɪɨɮɢɥɹ ɢ ɫɰɟɩɧɵɯ ɫɜɨɣɫɬɜ ɩɨɤɪɵɬɢɹ. 
 

Клɸɱевые ɫлɨва: ɚɜɬɨɦɨɛɢɥɶ, ɤɨɥɟɫɨ, ɧɨɪɦɚɥɶɧɵɟ ɪɟɚɤɰɢɢ, ɧɟɪɨɜɧɚɹ ɞɨɪɨɝɚ. 
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Аɧɨɬаɰіɹ. Ɉɬɪɢɦɚɧɨ ɜɢɪɚɡɢ, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɜɢɡɧɚɱɚɬɢ ɧɨɪɦɚɥɶɧɿ ɪɟɚɤɰɿʀ ɧɚ ɤɨɥɟɫɚɯ ɚɜɬɨ-
ɦɨɛɿɥɹ ɩɪɢ ɧɚʀɡɞɿ ɬɚ ɡ’ʀɡɞɿ ɡ ɧɟɪɿɜɧɨɫɬɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɣɨɝɨ ɜɚɝɨɜɢɯ ɿ ɝɟɨɦɟɬɪɢɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ, 
ɚ ɬɚɤɨɠ ɩɪɨɮɿɥɸ ɬɚ ɡɱɿɩɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɩɨɤɪɢɬɬɹ. 

 
Клɸɱɨві ɫлɨва: ɚɜɬɨɦɨɛɿɥɶ, ɤɨɥɟɫɨ, ɧɨɪɦɚɥɶɧɿ ɪɟɚɤɰɿʀ, ɧɟɪɿɜɧɚ ɞɨɪɨɝɚ. 
 

DETERMINATION OF NORMAL REACTIONS AT FRONT  
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Abstract. The expressions for determining the normal reactions at vehicle’s wheels during driving 

over bumps taking into account its weight and geometric parameters, the profile and coupling proper-

ties of coating are obtained. 
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ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɚɜɬɨɦɨɛɢɥɶ ɞɜɢ-

ɠɟɬɫɹ ɩɨ ɞɨɪɨɠɧɨɦɭ ɩɨɤɪɵɬɢɸ, ɤɨɬɨɪɨɟ ɧɟ 
ɹɜɥɹɟɬɫɹ ɚɛɫɨɥɸɬɧɨ ɪɨɜɧɵɦ. ɇɨɜɵɟ ɰɟɦɟɧ-

ɬɨɛɟɬɨɧɧɵɟ ɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɟ ɩɨɤɪɵɬɢɹ 
ɢɦɟɸɬ ɧɟɪɨɜɧɨɫɬɢ ɜɵɫɨɬɨɣ ɞɨ 10 ɦɦ [4]. ɇɟ-
ɪɨɜɧɨɫɬɢ ɫɧɢɠɚɸɬ ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɨɪɨɠɧɨɝɨ 
ɞɜɢɠɟɧɢɹ, ɫɨɡɞɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɟ [4] ɢ ɜɨɡɦɭɳɟɧɢɹ, ɩɪɢɜɨɞɹɳɢɟ ɤ 
ɧɚɪɭɲɟɧɢɸ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɚɜɬɨɦɨɛɢɥɟɣ. 

ȼɟɥɢɱɢɧɵ ɧɨɪɦɚɥɶɧɵɯ ɪɟɚɤɰɢɣ ɞɨɪɨɝɢ ɧɚ 
ɤɨɥɟɫɚɯ ɚɜɬɨɦɨɛɢɥɟɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɤɚɡɵ-

ɜɚɸɬ ɨɩɪɟɞɟɥɹɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ ɢɯ ɬɹɝɨɜɨ-
ɫɤɨɪɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ, ɭɩɪɚɜɥɹɟɦɨɫɬɶ, ɭɫɬɨɣ-

ɱɢɜɨɫɬɶ ɢ ɩɪɨɯɨɞɢɦɨɫɬɶ [6]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɜɨɩɪɨɫ ɨɩɪɟɞɟɥɟɧɢɹ 

ɧɨɪɦɚɥɶɧɵɯ ɪɟɚɤɰɢɣ ɧɚ ɩɟɪɟɞɧɢɯ ɢ ɡɚɞɧɢɯ 
ɤɨɥɟɫɚɯ ɚɜɬɨɦɨɛɢɥɟɣ ɩɪɢ ɞɜɢɠɟɧɢɢ ɢɯ ɩɨ 
ɧɟɪɨɜɧɨɣ ɞɨɪɨɝɟ. 

 

  

 

ȼɨɩɪɨɫɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɜɢɠɟɧɢɹ ɤɨɥɟɫɧɵɯ 
ɦɚɲɢɧ ɩɨ ɧɟɪɨɜɧɨɣ ɞɨɪɨɝɟ ɩɨɫɜɹɳɟɧɵ ɪɚɛɨ-
ɬɵ [1–5, 7]. ȼ ɪɚɛɨɬɟ [7] ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɩɪɢ 

ɞɜɢɠɟɧɢɢ ɩɨ ɧɟɪɨɜɧɨɣ ɞɨɪɨɝɟ ɩɨɹɜɥɹɸɬɫɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɤɚɫɚɬɟɥɶɧɵɟ ɪɟɚɤɰɢɢ, ɧɚɩ-

ɪɚɜɥɟɧɢɟ ɤɨɬɨɪɵɯ ɛɭɞɟɬ ɦɟɧɹɬɶɫɹ ɩɪɢ ɧɚɟɡɞɟ 
ɧɚ ɧɟɪɨɜɧɨɫɬɶ ɢɥɢ ɫɴɟɡɞɟ ɫ ɧɟɟ. Ɇɢɤɪɨɩɪɨ-
ɮɢɥɶ ɞɨɪɨɝɢ ɦɨɠɧɨ ɨɰɟɧɢɬɶ [7]: 

– ɞɟɬɟɪɦɢɧɢɫɬɢɱɟɫɤɢ ɢ ɫɜɟɫɬɢ ɤ ɜɨɥɧɨɨɛɪɚɡ-
ɧɨɦɭ ɝɚɪɦɨɧɢɱɟɫɤɨɦɭ ɩɪɨɮɢɥɸ ɢɥɢ ɤ ɟɞɢ-

ɧɢɱɧɨɣ ɧɟɪɨɜɧɨɫɬɢ; 
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– ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɩɨ ɤɨɧɤɪɟɬɧɨɣ ɟɝɨ ɪɟɚɥɢɡɚ-
ɰɢɢ ɢɥɢ ɩɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ – 

ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɨɪɞɢɧɚɬ. ɉɨɫɥɟɞ-

ɧɸɸ ɨɩɪɟɞɟɥɹɸɬ ɱɟɪɟɡ ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ 

ɮɭɧɤɰɢɸ ɢɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ. ɉɪɢ ɞɟɬɟɪ-
ɦɢɧɢɫɬɢɱɟɫɤɨɣ ɨɰɟɧɤɟ ɦɢɤɪɨɩɪɨɮɢɥɶ ɞɨɪɨɝɢ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɚɤ ɫɨɱɟɬɚɧɢɟ ɨɬɞɟɥɶɧɵɯ ɧɟ-
ɪɨɜɧɨɫɬɟɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɞɥɢɧɨɣ, ɜɵ-

ɫɨɬɨɣ, ɮɨɪɦɨɣ ɢ ɱɟɪɟɞɨɜɚɧɢɟɦ. Ɋɚɞɢɭɫ ɚɜɬɨ-
ɦɨɛɢɥɶɧɨɝɨ ɤɨɥɟɫɚ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ 
ɜɵɫɨɬɵ ɧɟɪɨɜɧɨɫɬɢ, ɢ ɭɩɪɭɝɚɹ ɲɢɧɚ ɨɛɥɚɞɚɟɬ 
ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɝɥɚɠɢɜɚɬɶ ɪɟɡɤɢɟ ɨɱɟɪɬɚɧɢɹ 
ɧɟɪɨɜɧɨɫɬɟɣ. ɉɨɷɬɨɦɭ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɩɪɨ-
ɮɢɥɶ ɧɟɪɨɜɧɨɫɬɟɣ ɫɢɧɭɫɨɢɞɚɥɶɧɵɦ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɫɪɟɞɧɟɣ ɥɢɧɢɢ ɧɟɪɨɜɧɨɫɬɢ. Ɉɬɧɨɫɢ-

ɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɞɨɪɨɝɢ ɤɪɢɜɚɹ ɛɭɞɟɬ 
ɫɦɟɳɟɧɚ ɧɚ q0 (ɪɢɫ. 1). 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 1. ɇɟɪɨɜɧɨɫɬɶ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɩɪɨɮɢɥɹ  
 

Ⱦɥɹ ɬɟɤɭɳɟɝɨ ɡɧɚɱɟɧɢɹ ɯ ɭɪɚɜɧɟɧɢɟ ɩɪɨɮɢɥɹ 
ɧɟɪɨɜɧɨɫɬɢ ɢɦɟɟɬ ɜɢɞ 

  sxqq  2cos10 .  (1) 

 

ȼ ɪɚɛɨɬɟ [6] ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 
ɧɨɪɦɚɥɶɧɵɯ ɪɟɚɤɰɢɣ ɧɚ ɩɟɪɟɞɧɢɯ ɢ ɡɚɞɧɢɯ 
ɤɨɥɟɫɚɯ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ ɭɫɤɨɪɟɧɧɨɦ ɞɜɢɠɟ-
ɧɢɢ ɧɚ ɩɨɞɴɟɦɟ ɩɨ ɪɨɜɧɨɣ ɞɨɪɨɝɟ. Ɉɩɪɟɞɟɥɟ-
ɧɢɟ ɪɟɚɤɰɢɣ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɧɟɪɨɜɧɨɣ ɞɨ-
ɪɨɝɟ ɬɪɟɛɭɟɬ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 

    

 

ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 
ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɧɨɪɦɚɥɶɧɵɯ ɪɟɚɤɰɢɣ ɧɚ 
ɩɟɪɟɞɧɢɯ ɢ ɡɚɞɧɢɯ ɤɨɥɟɫɚɯ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ 

ɞɜɢɠɟɧɢɢ ɩɨ ɧɟɪɨɜɧɨɣ ɞɨɪɨɝɟ. Ⱦɥɹ ɞɨɫɬɢɠɟ-
ɧɢɹ ɭɤɚɡɚɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 
ɧɨɪɦɚɥɶɧɵɟ ɪɟɚɤɰɢɢ ɧɚ ɤɨɥɟɫɚɯ ɚɜɬɨɦɨɛɢɥɹ 
ɩɪɢ ɧɚɟɡɞɟ ɧɚ ɧɟɪɨɜɧɨɫɬɶ ɢ ɫɴɟɡɞɟ ɫ ɧɟё. 

 

    

 

ɉɨɫɬɪɨɢɦ ɫɯɟɦɭ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɜɟɞɭ-

ɳɟɟ ɚɜɬɨɦɨɛɢɥɶɧɨɟ ɤɨɥɟɫɨ ɩɪɢ ɧɚɟɡɞɟ ɧɚ ɧɟ-
ɪɨɜɧɨɫɬɶ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɩɪɨɮɢɥɹ (ɪɢɫ. 2). 

 

ɇɚ ɪɢɫ. 2 ɨɛɨɡɧɚɱɟɧɵ: ɜɟɪɬɢɤɚɥɶɧɚɹ ɪɟɚɤɰɢɹ 
RZ; ɧɨɪɦɚɥɶɧɚɹ ɪɟɚɤɰɢɹ RN; ɫɢɥɚ, ɫɨɡɞɚɸɳɚɹ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɱɟɧɢɸ ɤɨɥɟɫɚ ɧɚ ɧɟɪɨɜɧɨ-
ɫɬɢ PX; ɫɤɚɬɵɜɚɸɳɚɹ ɫɢɥɚ PĲ; ɫɨɫɬɚɜɥɹɸɳɚɹ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɪɟɚɤɰɢɢ RĲ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɚɹ 
ɫɤɚɬɵɜɚɸɳɟɣ ɫɢɥɟ; ɤɚɫɚɬɟɥɶɧɚɹ ɪɟɚɤɰɢɹ RX; 

ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɤɨɥɟɫɨ 

PZ; ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ Mk; ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɤɚɱɟɧɢɸ Mf; ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟ-
ɧɢɹ ɤɨɥɟɫɚ ωk. 

 

 
 

Ɋɢɫ. 2. ɋɯɟɦɚ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɜɟɞɭɳɟɟ 
ɚɜɬɨɦɨɛɢɥɶɧɨɟ ɤɨɥɟɫɨ ɩɪɢ ɧɚɟɡɞɟ ɧɚ ɧɟ-
ɪɨɜɧɨɫɬɶ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɫɯɟɦɭ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɨɥ-
ɧɨɩɪɢɜɨɞɧɵɣ ɚɜɬɨɦɨɛɢɥɶ ɩɪɢ ɧɚɟɡɞɟ ɟɝɨ ɧɚ 
ɧɟɪɨɜɧɨɫɬɶ ɩɟɪɟɞɧɢɦɢ ɤɨɥɟɫɚɦɢ (ɪɢɫ. 3). 

ɍɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɦɨɦɟɧɬɨɜ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɬɨɱɟɤ ȼ ɢ Ⱥ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ 
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ɝɞɟ G, L – ɨɛɳɢɣ ɜɟɫ ɢ ɩɪɨɞɨɥɶɧɚɹ ɤɨɥɟɫɧɚɹ 
ɛɚɡɚ ɚɜɬɨɦɨɛɢɥɹ; h  – ɜɵɫɨɬɚ ɰɟɧɬɪɚ ɦɚɫɫ ɚɜ-
ɬɨɦɨɛɢɥɹ. 
 

ɉɪɢ ɧɚɟɡɞɟ ɤɨɥɟɫɚ ɧɚ ɧɟɪɨɜɧɨɫɬɶ ɩɹɬɧɨ ɤɨɧ-

ɬɚɤɬɚ ɫɦɟɳɚɟɬɫɹ ɜ ɩɪɨɞɨɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɧɚ 
ɜɟɥɢɱɢɧɭ e ɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ – ɧɚ 
ɜɟɥɢɱɢɧɭ q (ɪɢɫ. 4) ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɨɜɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɞɨɪɨɝɢ.  

x 

q 

S 

x 

q 
2q0 
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Ɋɢɫ. 3. ɋɯɟɦɚ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɨɥɧɨɩɪɢɜɨɞɧɵɣ ɚɜɬɨɦɨɛɢɥɶ ɩɪɢ ɧɚɟɡɞɟ ɩɟɪɟɞɧɢɦɢ ɤɨɥɟ-
ɫɚɦɢ ɧɚ ɧɟɪɨɜɧɨɫɬɶ: jxP  – ɫɢɥɚ ɢɧɟɪɰɢɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ; ww hP ɢ  – 

ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɚ ɢ ɜɟɪɬɢɤɚɥɶɧɚɹ ɤɨɨɪɞɢɧɚɬɚ ɰɟɧɬɪɚ ɩɚɪɭɫɧɨɫɬɢ ɚɜɬɨɦɨɛɢɥɹ;  
ȕ – ɭɝɨɥ «ɚɬɚɤɢ» ɧɟɪɨɜɧɨɫɬɢ; a, b – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɪɨɟɤɰɢɢ ɰɟɧɬɪɚ ɦɚɫɫ ɚɜɬɨɦɨɛɢɥɹ ɧɚ 
ɨɩɨɪɧɭɸ ɩɥɨɫɤɨɫɬɶ ɞɨ ɨɫɟɣ ɤɨɥɟɫ; α – ɭɝɨɥ ɩɪɨɞɨɥɶɧɨɝɨ ɭɤɥɨɧɚ ɞɨɪɨɝɢ 

 

 

ɇɚ ɪɢɫ. 4 ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 
A ɢ B – ɬɨɱɤɢ ɤɨɧɬɚɤɬɚ ɩɟɪɟɞɧɟɝɨ ɢ ɡɚɞɧɟɝɨ 
ɤɨɥɟɫ ɫ ɞɨɪɨɝɨɣ ɫ ɭɱɟɬɨɦ ɧɟɪɨɜɧɨɫɬɢ; AD – 

ɜɵɫɨɬɚ ɧɟɪɨɜɧɨɫɬɢ; E – ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ 
ɥɢɧɢɢ ɞɟɣɫɬɜɢɹ ɫɢɥɵ ɢ ɩɥɨɫɤɨɫɬɢ ɞɨɪɨɝɢ; 

F – ɬɨɱɤɚ ɤɨɧɬɚɤɬɚ ɤɨɥɟɫɚ ɫ ɞɨɪɨɝɨɣ ɛɟɡ ɭɱɟ-
ɬɚ ɧɟɪɨɜɧɨɫɬɢ; BO – ɩɥɟɱɨ ɞɟɣɫɬɜɢɹ ɫɢɥɵ Rx1. 

 

 
 

Ɋɢɫ. 4. ɋɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɟɱɚ ɞɟɣɫɬɜɢɹ 
ɤɚɫɚɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ Rx1 

 

ɉɥɟɱɨ ɞɟɣɫɬɜɢɹ ɪɟɚɤɰɢɢ Rx1 ɩɪɢ ɧɚɟɡɞɟ ɧɚ 
ɧɟɪɨɜɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵ-

ɪɚɠɟɧɢɹ 
    cossin qeLBO ,  (4) 

 

ɝɞɟ e – ɜɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɩɹɬɧɚ ɤɨɧɬɚɤɬɚ ɜ 
ɩɪɨɞɨɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 

 

ɞ sine r   ,   (5) 

 

ɞr  – ɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɞɢɭɫ ɤɨɥɟɫ. 

ɉɨɞɫɬɚɜɥɹɹ ɡɚɜɢɫɢɦɨɫɬɢ (4) ɢ (5) ɜ ɜɵɪɚɠɟ-
ɧɢɹ (2) ɢ (3), ɩɨɥɭɱɢɦ, ɫ ɭɱɟɬɨɦ 

,cos,sin 111   zNxz RRRRRP

22 zx RR   

 

 
 

1

ɞ

ɞ

cosα sinα
sinȕ

,
sinȕ

z

jx w w k f

G b G h
R

L r

P h P h M M

L r

        
          

         (6) 

    
   

ɞ
2

ɞ

ɞ

sinȕ cosα sinα
sinȕ

,
sinȕ

z

jx w w k f

G a r G h q
R

L r q

P h q P h q M M

L r q

      
       

 (7) 

 

ɝɞɟ   ɞ sin sin cosL r q            

  sincos . 

 

ȼ ɭɪɚɜɧɟɧɢɹɯ (6) ɢ (7) [6] 

 

 
1 1 2 2

1 2

ɞ ɞ

ɞ ɞ1 ,

К КК

K
M M

P r P rM

L L

P
K r K r

L

 
      

 
 (8) 

 

1 1 2 2ɞ ɞ
;

z zf R r R rM
f

L L

  
 (9) 
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ɝɞɟ MK  – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɭɦ-

ɦɚɪɧɨɝɨ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɧɚ ɩɟɪɟɞɧɸɸ 

ɨɫɶ ɚɜɬɨɦɨɛɢɥɹ. 
 

ɋɭɦɦɚɪɧɚɹ ɬɹɝɨɜɚɹ ɫɢɥɚ ɚɜɬɨɦɨɛɢɥɹ ɦɨɠɟɬ 
ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɤɚɤ 

 

;sincos
dt

dV

g

G
PGGfP a

wK   (10) 

 

ɝɞɟ g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ,  
g = 9,81 ɦ/ɫ; f – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɤɚɱɟɧɢɸ. 

 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɜ ɭɪɚɜɧɟɧɢɹ (6) ɢ (7) ɡɚ-
ɜɢɫɢɦɨɫɬɟɣ (8) – (10) ɢ ɩɪɨɜɟɞɟɧɢɹ ɩɪɟɨɛɪɚ-
ɡɨɜɚɧɢɣ ɩɨɥɭɱɢɦ 

 

ɞ 2
1

ɞ
cos ;N

N

f r R
R

L e f r

          (11) 

 

    
2 2 2

ɞ
ɞ

ɞ

ɞ

ɞ
2 2

ɞ
ɞ

ɞ

sin cos

,

jx w

N

K ɞ

G P P h q G a e
R

f r
L e q f r

L e f r

f r
P r

L e f r

f r
L e q f r

L e f r

             
            

 (12) 

 

ɝɞɟ    ,cossincossin  qeL    ɞsin cosjx w KG P P h G b P r          . 

 

Ɋɚɫɫɦɨɬɪɢɦ ɫɯɟɦɭ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɨɥ-
ɧɨɩɪɢɜɨɞɧɵɣ ɚɜɬɨɦɨɛɢɥɶ ɩɪɢ ɫɴɟɡɞɟ ɟɝɨ ɫ 
ɧɟɪɨɜɧɨɫɬɢ ɩɟɪɟɞɧɢɦɢ ɤɨɥɟɫɚɦɢ (ɪɢɫ. 5).  

 

ɋɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɟɱɚ ɞɟɣɫɬɜɢɹ ɤɚɫɚɬɟɥɶ-
ɧɨɣ ɪɟɚɤɰɢɢ Rx1 ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢɜɟɞɟɧɚ 
ɧɚ ɪɢɫ. 6. 

 

 
 

Ɋɢɫ. 5. ɋɯɟɦɚ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɨɥɧɨɩɪɢɜɨɞɧɵɣ ɚɜɬɨɦɨɛɢɥɶ ɩɪɢ ɫɴɟɡɞɟ ɩɟɪɟɞɧɢɦɢ ɤɨɥɟ-
ɫɚɦɢ ɫ ɧɟɪɨɜɧɨɫɬɢ 

 

 
 

Ɋɢɫ. 6. ɋɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɟɱɚ ɞɟɣɫɬɜɢɹ 
ɤɚɫɚɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ Rx1 

 

ȼɵɩɨɥɧɹɹ ɚɧɚɥɨɝɢɱɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɨ-
ɥɭɱɢɦ ɩɪɢ ɫɴɟɡɞɟ ɫ ɧɟɪɨɜɧɨɫɬɢ ɩɟɪɟɞɧɢɦɢ 

ɤɨɥɟɫɚɦɢ ɫɥɟɞɭɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ 

ɞ 2
1

ɞ
cos ;N

N

f r R
R

L e f r

           (13) 

     
 

 

2 2 2
ɞ
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ɞ

ɞ
ɞ

ɞ
2 2

ɞ
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ɞ

sin cos

,

jx w

N

K

G P P h q G a e
R

f r
L e q f r

L e f r

f r
P r

L e f r

f r
L e q f r

L e f r

              
             

 (14) 

 

ɝɞɟ     cossincossin qeL . 
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ɉɪɢ ɧɚɟɡɞɟ ɧɚ ɧɟɪɨɜɧɨɫɬɶ ɡɚɞɧɢɦɢ ɤɨɥɟɫɚɦɢ 

ɫɭɦɦɚɪɧɵɟ ɧɨɪɦɚɥɶɧɵɟ ɪɟɚɤɰɢɢ ɧɚ ɤɨɥɟɫɚɯ 
ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɟɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɫɥɟ-
ɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ 

   
 

1

ɞ

ɞ ɞ 2

ɞ

sin

cos
;

jx w

N

K N

G P P h q
R

L e q f r

G b e P r f r R

L e q f r

       
       

     (15) 
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sin cos
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G P P h Ga
R

f r
L e fr

L e q fr

f r
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f r
L e f r

L e q f r

          
              

 (16) 

 

ɝɞɟ      ebGqhPPG wjxsin  

ɞcos KP r   ; 

   2
ɞ sin cos sin cosL r q          . 

 

ɉɪɢ ɫɴɟɡɞɟ ɫ ɧɟɪɨɜɧɨɫɬɢ ɡɚɞɧɢɦɢ ɤɨɥɟɫɚɦɢ 

ɫɭɦɦɚɪɧɵɟ ɧɨɪɦɚɥɶɧɵɟ ɪɟɚɤɰɢɢ ɧɚ ɤɨɥɟɫɚɯ 
ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɟɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟ-
ɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
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f r R
R

L e q f r

             (17) 
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            
             

 (18) 

 

ɝɞɟ      ebGqhPPG wjxsin  

ɞcos KP r   ; 

    2
ɞ sin cos sin cosL r q            . 

 

 

 

 

 

ɉɨɥɭɱɟɧɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɩɨɡ-
ɜɨɥɹɸɬ ɨɩɪɟɞɟɥɹɬɶ ɧɨɪɦɚɥɶɧɵɟ ɪɟɚɤɰɢɢ ɧɚ 
ɩɟɪɟɞɧɢɯ ɢ ɡɚɞɧɢɯ ɤɨɥɟɫɚɯ ɩɪɢ ɧɚɟɡɞɟ ɢ 

ɫɴɟɡɞɟ ɫ ɧɟɪɨɜɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɩɪɨɮɢɥɹ ɢ 

ɫɰɟɩɧɵɯ ɫɜɨɣɫɬɜ ɩɨɤɪɵɬɢɹ, ɚ ɬɚɤɠɟ ɜɟɫɨɜɵɯ 
ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɥɟɫɧɵɯ ɦɚ-
ɲɢɧ.  

 

Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɧɨɪɦɚɥɶɧɵɯ ɪɟɚɤɰɢɣ ɧɚ 
ɤɨɥɟɫɚɯ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɧɟɪɨɜ-
ɧɨɣ ɞɨɪɨɝɟ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɣɬɢ ɤ ɨɰɟɧɤɟ ɟɝɨ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɨɬɢɜ ɡɚɧɨɫɚ. 
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