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Abstract. The paper deals with development of the equivalent plane model of the tyre which geometri-
caly takes into account the basic design elements of the vehicle wheel. The analysis of deformation of 
the model of pneumatic tyre in its steady rolling on rigid surface is presented. The laws of formation of 
the dynamic tyre radius and rolling resistance has been investigated. 
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ȼɜɟɞɟɧɢɟ 
 

ɇɨɪɦɚɥɶɧɚɹ ɪɚɛɨɬɚ ɩɧɟɜɦɚɬɢɱɟɫɤɢɯ ɲɢɧ ɫɨ-
ɩɪɹɠɟɧɚ ɫ ɢɯ ɤɚɱɟɧɢɟɦ ɩɨ ɞɨɪɨɝɟ. ȼ ɷɬɨɣ ɫɜɹɡɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɤɚɬɹɳɟɣɫɹ ɲɢ-

ɧɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ, ɬɚɤ ɤɚɤ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɥɢɹɸɬ ɢ/ɢɥɢ ɮɨɪɦɢɪɭɸɬ 
ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ, ɧɚ ɤɨɬɨɪɨɦ ɨɧɢ ɭɫɬɚɧɨɜɥɟɧɵ.  
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɤɚɱɟɧɢɹ ɩɧɟɜɦɚ-
ɬɢɱɟɫɤɢɯ ɲɢɧ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɨɞɢɧ ɢɡ 
ɜɚɠɧɟɣɲɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɧɟɜɦɚɬɢɱɟɫɤɢɯ ɲɢɧ – 
ɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɱɟɧɢɸ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹ-
ɟɬ ɜɥɢɹɧɢɟ ɲɢɧɵ ɧɚ ɬɨɩɥɢɜɧɭɸ ɷɤɨɧɨɦɢɱ-
ɧɨɫɬɶ ɚɜɬɨɦɨɛɢɥɹ. ȼ ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɹɯ 
ɩɨɬɟɪɢ ɜ ɲɢɧɚɯ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜ ɫɪɟɞɧɟɦ ɞɨ-
ɫɬɢɝɚɸɬ 7 %, ɚ ɞɥɹ ɝɪɭɡɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɷɬɨɬ 
ɩɨɤɚɡɚɬɟɥɶ ɟɳɟ ɫɭɳɟɫɬɜɟɧɧɟɟ [1].  
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ  
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɱɟɧɢɸ ɲɢɧ – ɷɬɨ ɤɨɦɩɥɟɤɫ-
ɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ [1–3], ɜ ɤɨɬɨɪɭɸ ɜɯɨɞɹɬ 
ɩɨɬɟɪɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɪɟɧɢɹ ɲɢɧ ɨ ɞɨɪɨɝɭ, ɩɪɟ-
ɨɞɨɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɚ, ɝɢɫɬɟɪɟɡɢɫ-
ɧɵɟ ɩɨɬɟɪɢ ɜ ɦɚɬɟɪɢɚɥɚɯ ɩɪɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ 
ɲɢɧɵ, ɚ ɬɚɤɠɟ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɦɨɦɟɧɬɚ ɫɢɥ, 
ɩɪɟɩɹɬɫɬɜɭɸɳɟɝɨ ɞɜɢɠɟɧɢɸ. ɉɪɢ ɫɬɚɰɢɨɧɚɪ-
ɧɨɦ ɤɚɱɟɧɢɢ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ ɫɤɨ-
ɪɨɫɬɹɯ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɢ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɟ, ɜɵɡɜɚɧɧɨɟ ɫɢɥɚɦɢ ɬɪɟɧɢɹ ɜ ɤɨɧɬɚɤɬɟ ɫ 
ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɟɦ, ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɚɥɶɧɵɦɢ ɮɚɤɬɨɪɚɦɢ [1].  
 
ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɢɤɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ ɹɜɥɹɸɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɦɢ. ɗɬɨ ɦɟɬɨɞɢɤɢ, ɩɪɨɜɨɞɢɦɵɟ ɜ ɥɚɛɨɪɚ-
ɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚ ɢɫɩɵɬɚɬɟɥɶɧɵɯ ɫɬɟɧɞɚɯ 
[3], ɢ ɞɨɪɨɠɧɵɟ ɢɫɩɵɬɚɧɢɹ [1, 3, 4]. ɋɥɟɞɭɟɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɩɨɞɯɨɞɵ ɧɟ 
ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɞɟɥɢɬɶ ɨɬɞɟɥɶɧɨ ɮɚɤɬɨ-
ɪɵ, ɮɨɪɦɢɪɭɸɳɢɟ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚ-
ɱɟɧɢɸ, ɬɚɤ ɤɚɤ ɞɚɸɬ ɫɪɚɡɭ ɤɨɦɩɥɟɤɫɧɵɣ ɪɟ-
ɡɭɥɶɬɚɬ. 

 
ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ  

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɮɨɪ-
ɦɢɪɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɫɢɥ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ, ɤɨɬɨɪɵɣ ɮɨɪɦɢɪɭɟɬɫɹ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɬɟɪɢ ɫɢɦɦɟɬɪɢɢ ɞɟɮɨɪɦɚɰɢɢ 
ɜ ɩɪɨɰɟɫɫɟ ɤɚɱɟɧɢɹ ɤɨɥɟɫɚ. ȼ ɪɚɛɨɬɟ ɜɜɨɞɢɬ-
ɫɹ ɝɢɩɨɬɟɡɚ ɨ ɬɨɦ, ɱɬɨ ɞɚɧɧɚɹ ɚɫɢɦɦɟɬɪɢɹ 
ɜɵɡɜɚɧɚ ɩɪɨɞɨɥɶɧɵɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟɦ 
ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɲɢɧɵ (ɛɨɤɨɜɢɧɚ, 
ɛɪɟɤɟɪ, ɤɚɪɤɚɫ ɢ ɩɪɨɬɟɤɬɨɪ), ɤɨɬɨɪɨɟ ɹɜɥɹɟɬ-
ɫɹ ɫɥɟɞɫɬɜɢɟɦ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɲɢɧɭ ɢɧɟɪɰɢ-
ɨɧɧɵɯ ɫɢɥ. 
 

ɉɨɫɬɪɨɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ 

 
ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɨɝɪɨɦɧɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨ-
ɞɟɥɟɣ ɩɧɟɜɦɚɬɢɱɟɫɤɢɯ ɲɢɧ [3–5]. ɇɚɢɛɨɥɟɟ 

ɩɨɥɧɵɟ ɢɡ ɧɢɯ – ɷɬɨ ɬɪɟɯɦɟɪɧɵɟ ɤɨɧɟɱɧɨ-
ɷɥɟɦɟɧɬɧɵɟ ɦɨɞɟɥɢ, ɤɨɬɨɪɵɟ ɭɱɢɬɵɜɚɸɬ 
ɛɨɥɶɲɢɟ ɞɟɮɨɪɦɚɰɢɢ, ɜɹɡɤɨ-ɭɩɪɭɝɢɟ ɫɜɨɣ-
ɫɬɜɚ ɪɟɡɢɧɨɩɨɞɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɦɧɨɝɨ-
ɫɥɨɣɧɭɸ ɫɬɪɭɤɬɭɪɭ ɢ ɨɪɬɨɬɪɨɩɢɸ ɦɟɯɚɧɢɱɟ-
ɫɤɢɯ ɫɜɨɣɫɬɜ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɞɟɬɚɥɶɧɨɟ 
ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɬɚɰɢɨɧɚɪɧɨɝɨ 
ɤɚɱɟɧɢɹ ɩɧɟɜɦɚɬɢɱɟɫɤɨɣ ɲɢɧɵ ɧɚ ɨɫɧɨɜɟ 
ɬɚɤɢɯ ɦɨɞɟɥɟɣ ɫɨɩɪɹɠɟɧɨ ɫ ɛɨɥɶɲɢɦɢ ɜɵ-
ɱɢɫɥɢɬɟɥɶɧɵɦɢ ɢ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɦɢ ɬɪɭɞɧɨ-
ɫɬɹɦɢ.  
 
ȼ ɷɬɨɣ ɫɜɹɡɢ ɜ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɨɫɬɪɨɢɬɶ 
ɭɩɪɨɳɟɧɧɭɸ ɩɥɨɫɤɭɸ ɦɨɞɟɥɶ ɩɧɟɜɦɚɬɢɱɟɫɤɨ-
ɝɨ ɤɨɥɟɫɚ. ɉɪɢ ɷɬɨɦ ɫɨɯɪɚɧɹɸɬɫɹ ɨɫɧɨɜɧɵɟ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɢ ɫɬɪɭɤɬɭɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ 
(ɦɧɨɝɨɫɥɨɣɧɨɫɬɶ) ɤɨɧɫɬɪɭɤɰɢɢ, ɚ ɦɟɯɚɧɢɱɟ-
ɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɥɨɫɤɢɯ ɫɥɨɟɜ ɩɨɞɛɢɪɚɸɬɫɹ ɬɚɤ, 
ɱɬɨɛɵ ɫɨɯɪɚɧɢɬɶ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɬɚɬɢɱɟɫɤɨɣ 
ɞɟɮɨɪɦɚɰɢɢ ɲɢɧɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɤɨɧɬɚɤɬɟ ɫ 
ɞɨɪɨɝɨɣ, ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɲɢɧɵ ɜ 
ɩɨɥɟ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ, ɩɨɥɭɱɟɧɧɵɟ ɚɜɬɨɪɚɦɢ 
ɧɚ ɨɫɧɨɜɟ ɛɨɥɟɟ ɩɨɥɧɵɯ ɦɨɞɟɥɟɣ ɪɚɧɟɟ ɜ ɪɚɛɨ-
ɬɚɯ [5–7]. 
 
ɉɨɫɬɪɨɟɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɤɪɢɬɟɪɢɟɜ ɷɤɜɢɜɚ-
ɥɟɧɬɧɨɫɬɢ ɩɥɨɫɤɚɹ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ 
ɲɢɧɵ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1. ȼ ɦɨɞɟɥɢ ɩɪɢɫɭɬ-
ɫɬɜɭɸɬ ɩɥɨɫɤɢɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɫɥɨɢ ɛɨɤɨɜɢɧɵ, 
ɛɪɟɤɟɪɧɨɝɨ ɤɨɥɶɰɚ ɢ ɩɪɨɬɟɤɬɨɪɚ, ɚ ɬɚɤɠɟ ɷɥɟ-
ɦɟɧɬɵ, ɨɬɪɚɠɚɸɳɢɟ ɠɟɫɬɤɢɣ ɞɢɫɤ ɢ ɬɜɟɪɞɭɸ 
ɞɨɪɨɠɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. 
 

 
 

Ɋɢɫ. 1. ɉɥɨɫɤɚɹ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɦɨɞɟɥɶ ɤɨɥɟɫɚ 
ɚɜɬɨɦɨɛɢɥɹ 

 
ɇɚ ɨɫɧɨɜɟ ɷɬɨɣ ɦɨɞɟɥɢ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ 
ɪɚɫɱɟɬɨɜ ɫɬɚɬɢɱɟɫɤɨɝɨ ɨɛɠɚɬɢɹ ɲɢɧɵ ɨ ɬɜɟɪ-
ɞɨɟ ɞɨɪɨɠɧɨɟ ɩɥɨɬɧɨ. ɉɪɢ ɷɬɨɦ ɛɵɥɢ ɩɨɥɭ-
ɱɟɧɵ ɩɨɥɹ ɩɟɪɟɦɟɳɟɧɢɣ (ɪɢɫ. 2) ɞɥɹ ɲɢɧɵ, 
ɧɚɝɪɭɠɟɧɧɨɣ ɧɨɦɢɧɚɥɶɧɨɣ ɨɫɟɜɨɣ ɧɚɝɪɭɡɤɨɣ 
(F=3000 ɇ), ɚ ɬɚɤɠɟ ɷɩɸɪɵ ɤɨɧɬɚɤɬɧɨɝɨ ɞɚɜ-
ɥɟɧɢɹ (ɪɢɫ. 3). 
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Ɋɢɫ. 2. Ʉɨɧɬɚɤɬɢɪɨɜɚɧɢɟ ɲɢɧɵ ɫ ɞɨɪɨɝɨɣ ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɨɫɟɜɨɣ ɧɚɝɪɭɡɤɢ 

 

 
 

Ɋɢɫ. 3. ɗɩɸɪɚ ɤɨɧɬɚɤɬɧɵɯ ɫɢɥ  
 
ɇɚ ɪɢɫ. 4 ɫɯɟɦɚɬɢɱɟɫɤɢ ɩɪɢɜɟɞɟɧɵ ɞɟɮɨɪɦɚ-
ɰɢɢ ɲɢɧɵ ɩɪɢ ɨɛɠɚɬɢɢ ɨ ɞɨɪɨɠɧɨɟ ɩɨɥɨɬɧɨ. 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɭɱɚɫɬɤɟ 
ɩɭɬɢ S ɹɜɥɹɟɬɫɹ ɧɟ ɨɞɢɧɚɤɨɜɨɣ, ɬɚɤ ɤɚɤ ɩɪɢ 
ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɤɨɥɟɫɚ ɪɚ-
ɞɢɭɫɵ R1 ɢ R2 ɪɚɡɥɢɱɧɵ  (R2>R1). 

 

 
 

Ɋɢɫ. 4. ɋɯɟɦɚ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɵɯ ɫɢɥ ɢɧɟɪɰɢɢ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɤɨɧ-
ɬɚɤɬɚ ɷɥɟɦɟɧɬ ɲɢɧɵ ɢɫɩɵɬɵɜɚɟɬ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ (ɡɚɦɟɞɥɹɟɬɫɹ 
ɢɥɢ ɭɫɤɨɪɹɟɬɫɹ) – ɜɨɡɧɢɤɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɵɟ ɢɧɟɪɰɢɨɧɧɵɟ ɫɢɥɵ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɨɩɪɟɞɟɥɟɧɢɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɲɢɧɵ ɩɪɢ ɟɟ 
ɫɬɚɰɢɨɧɚɪɧɨɦ ɤɚɱɟɧɢɢ ɜɨɡɦɨɠɧɨ ɫ ɭɱɟɬɨɦ 
ɫɥɟɞɭɸɳɟɝɨ ɤɨɦɩɥɟɤɫɚ ɧɚɝɪɭɡɨɤ: ɜɟɪɬɢɤɚɥɶ-
ɧɚɹ ɧɚɝɪɭɡɤɚ ɨɬ ɜɟɫɚ ɚɜɬɨɦɨɛɢɥɹ, ɫɢɥɵ ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢɹ ɲɢɧɵ ɫ ɞɨɪɨɠɧɵɦ ɩɨɤɪɵɬɢɟɦ, 
ɰɟɧɬɪɨɛɟɠɧɵɟ ɫɢɥɵ ɢ ɫɢɥɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ, 
ɫɢɥɵ ɢɧɟɪɰɢɢ. ɉɪɢ ɷɬɨɦ ɱɟɬɤɨ ɡɚɞɚɧɧɨɣ ɹɜ-
ɥɹɟɬɫɹ ɬɨɥɶɤɨ ɜɟɪɬɢɤɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ. Ɋɚɫ-
ɩɪɟɞɟɥɟɧɢɟ ɠɟ ɢɧɟɪɰɢɨɧɧɵɯ ɫɢɥ ɢ ɫɢɥ ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢɹ ɲɢɧɵ ɫ ɞɨɪɨɝɨɣ ɡɚɜɢɫɢɬ ɨɬ 
ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ, ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɦɟɯɚɧɢɱɟ-
ɫɤɢɯ ɫɜɨɣɫɬɜ ɫɚɦɨɣ ɲɢɧɵ, ɚ ɩɨɷɬɨɦɭ ɦɨɝɭɬ 
ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɬɨɥɶɤɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟ-
ɧɢɹ ɡɚɞɚɱɢ ɟɟ ɤɨɧɬɚɤɬɚ ɫ ɞɨɪɨɝɨɣ.  
 

Ⱥɧɚɥɢɡ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɲɢɧɵ ɩɪɢ  
ɟɺ ɫɬɚɰɢɨɧɚɪɧɨɦ ɤɚɱɟɧɢɢ  

 
ɂɫɩɨɥɶɡɭɹ ɬɚɤɨɣ ɩɨɞɯɨɞ, ɜ ɪɚɛɨɬɟ ɛɵɥɚ ɩɪɨ-
ɜɟɞɟɧɚ ɫɟɪɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɜɵɹɜɥɟɧɢɸ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɚɰɢɨ-
ɧɚɪɧɨ ɤɚɬɹɳɟɣɫɹ ɲɢɧɵ ɢ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ 
ɜɨɡɧɢɤɚɸɳɟɝɨ ɜ ɧɟɣ ɦɨɦɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 
ɇɚ ɪɢɫ. 5 ɩɪɢɜɟɞɟɧɵ ɩɨɥɹ ɩɟɪɟɦɟɳɟɧɢɣ, ɜɨɡ-
ɧɢɤɚɸɳɢɟ ɜ ɲɢɧɟ, ɫɬɚɰɢɨɧɚɪɧɨ ɤɚɬɹɳɟɣɫɹ ɫ 
ɪɚɡɥɢɱɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɥɢɧɟɣɧɨɝɨ ɞɜɢɠɟ-
ɧɢɹ ɨɫɢ ɤɨɥɟɫɚ (ɨɫɟɜɚɹ ɫɢɥɚ F=3000 ɇ). 
 

 
(v=30 ɤɦ/ɱ) 

 
(v=90 ɤɦ/ɱ) 

 
Ɋɢɫ. 5. ɏɚɪɚɤɬɟɪ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɩɧɟɜɦɚɬɢ-

ɱɟɫɤɨɣ ɲɢɧɵ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɤɚɱɟɧɢɢ 
ɫ ɪɚɡɥɢɱɧɨɣ ɫɤɨɪɨɫɬɶɸ 
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ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜɢɞɧɨ ɮɨɪ-
ɦɢɪɨɜɚɧɢɟ ɚɫɢɦɦɟɬɪɢɢ ɜ ɤɚɪɬɢɧɟ ɞɟɮɨɪɦɢ-
ɪɨɜɚɧɢɹ ɲɢɧɵ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɤɚɱɟɧɢɢ, ɚ 
ɬɚɤɠɟ ɢɡɦɟɧɟɧɢɟ ɪɚɞɢɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ 
ɞɢɫɤɚ ɤɨɥɟɫɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɜɪɚ-
ɳɟɧɢɹ.  
 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɪɨɝɢɛ ɲɢɧɵ, ɤɨɬɨɪɵɣ ɨɩɪɟ-
ɞɟɥɹɥ ɟɟ ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɞɢɭɫ ɩɪɢ ɤɚɱɟɧɢɢ, 
ɦɟɧɹɟɬɫɹ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɜɟɥɢɱɢɧɚ ɧɚɡɵ-
ɜɚɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɢɦ ɪɚɞɢɭɫɨɦ ɢ ɯɚɪɚɤɬɟɪɢ-
ɡɭɟɬ ɮɨɪɦɭ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɩɪɢ ɤɚɱɟɧɢɢ 
ɤɨɥɟɫɚ. 
 
ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɩɨɞɯɨɞ ɤ ɪɚɫɱɟɬɭ ɫɬɚɰɢɨ-
ɧɚɪɧɨɝɨ ɤɚɱɟɧɢɹ ɲɢɧɵ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ 
ɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɞɢɭɫ ɢ ɜɵɹɜɢɬɶ ɡɚɤɨɧɨɦɟɪ-
ɧɨɫɬɶ ɟɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɤɨ-
ɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɨɥɟɫɚ (ɪɢɫ. 6).  
 

 
 
Ɋɢɫ. 6. Ɂɚɜɢɫɢɦɨɫɬɶ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɞɢɭɫɚ 

ɲɢɧɵ ɨɬ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɨɥɟɫɚ 
 
Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜɚɪɢɚɰɢɹ ɞɢɧɚ-
ɦɢɱɟɫɤɨɝɨ ɪɚɞɢɭɫɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɬɢɱɟɫɤɨ-
ɝɨ ɜ ɩɪɟɞɟɥɚɯ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ 
ɞɜɢɠɟɧɢɹ ɨɬ 0 ɞɨ 100 ɤɦ/ɱɚɫ ɧɟ ɩɪɟɜɵɲɚɟɬ 
3 %. 
 
ɉɨɥɭɱɟɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɡɜɨɥɹɸɬ ɬɚɤɠɟ ɩɪɨ-
ɜɟɫɬɢ ɚɧɚɥɢɡ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɧɬɚɤɬɧɵɯ ɫɢɥ 
ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɤɚɱɟɧɢɢ ɲɢɧɵ. ɗɩɸɪɵ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɬɚɤɬɧɵɯ ɞɚɜɥɟɧɢɣ ɢ ɤɚɫɚ-
ɬɟɥɶɧɵɯ ɤɨɧɬɚɤɬɧɵɯ ɫɢɥ ɩɪɢɜɟɞɟɧɵ ɧɚ 
ɪɢɫ. 7.  
 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɦɟɬɨ-
ɞɢɤɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɢɫɤɪɢɜɥɟɧɢɟ 
(ɚɫɢɦɦɟɬɪɢɸ) ɷɩɸɪɵ ɤɨɧɬɚɤɬɧɵɯ ɭɫɢɥɢɣ ɜ 
ɫɬɨɪɨɧɭ ɤɚɱɟɧɢɹ ɤɨɥɟɫɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡ-
ɧɢɤɧɨɜɟɧɢɸ ɦɨɦɟɧɬɚ ɫɢɥ, ɤɨɬɨɪɵɣ ɪɟɚɥɢɡɭɟɬ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɱɟɧɢɸ. 

 
v=30 ɤɦ/ɱ 

 

 
v=90 ɤɦ/ɱ 

 
Ɋɢɫ. 7. Ʉɨɧɬɚɤɬɧɵɟ ɞɚɜɥɟɧɢɹ ɩɧɟɜɦɚɬɢɱɟɫɤɨɣ 

ɲɢɧɵ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɤɚɱɟɧɢɢ ɫ ɪɚɡ-
ɥɢɱɧɨɣ ɫɤɨɪɨɫɬɶɸ 

 
ɇɚ ɪɢɫ. 8 ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɤɚɱɟɧɢɸ ɨɬ ɫɤɨɪɨɫɬɢ.  
 

 
 

Ɋɢɫ. 8 . Ɂɚɜɢɫɢɦɨɫɬɶ ɦɨɦɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɤɚɱɟɧɢɸ [ɇɦ] ɨɬ ɫɤɨɪɨɫɬɢ [ɤɦ/ɱ] 

 
Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɨɤɚ-
ɡɵɜɚɟɬ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɦɟɧɬɚ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɞɜɢɠɟɧɢɸ ɧɨɫɢɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ 
ɯɚɪɚɤɬɟɪ. Ɍɚɤɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɞɚɟɬ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ 
ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɩɨɥɭɱɢɬɶ ɚɧɚɥɢ-
ɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɦɨɦɟɧɬɚ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɤɚɱɟɧɢɸ ɢɦɟɟɬ ɜɢɞ 
 

exp( * )tM a v   ,            (1) 
 
ɝɞɟ a, Į – ɩɚɪɚɦɟɬɪɵ ɚɩɩɪɨɤɫɢɦɚɰɢɢ (ɨɩɪɟ-
ɞɟɥɹɸɬɫɹ ɢɡ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ),  
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v – ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɤɨɥɟɫɚ (ɡɚ-
ɞɚɧɧɚɹ ɜ ɤɦ/ɱɚɫ). Ɂɚɤɨɧ ɯɨɪɨɲɨ ɫɨɝɥɚɫɨɜɵɜɚ-
ɟɬɫɹ ɫ ɩɨɥɭɱɟɧɧɵɦ ɝɪɚɮɢɤɨɦ (ɪɢɫ. 8) ɩɪɢ 
ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɚɯ: a=3,96; Į=0,038. 
 
ɏɨɬɟɥɨɫɶ ɛɵ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɨɦɟɧɬ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ – ɨɱɟɧɶ ɤɨɦɩɥɟɤɫɧɚɹ ɜɟ-
ɥɢɱɢɧɚ, ɤɨɬɨɪɚɹ ɨɛɪɚɡɭɟɬɫɹ ɧɚ ɮɨɧɟ ɪɚɡɧɵɯ 
ɹɜɥɟɧɢɣ ɢ ɮɚɤɬɨɪɨɜ, ɩɪɢɱɟɦ ɧɚ ɪɚɡɧɵɯ ɫɤɨ-
ɪɨɫɬɹɯ ɞɜɢɠɟɧɢɹ ɷɬɢ ɮɚɤɬɨɪɵ ɜɥɢɹɸɬ ɧɟɨɞɢ-
ɧɚɤɨɜɨ [2]. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ 
ɬɨɥɶɤɨ ɨɞɧɚ ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɩɪɟɞɟɥɹɸɳɚɹ 
ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɤɚɱɟɧɢɹ. ɉɨɥɭɱɟɧ-
ɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɤɚɠɟɧɵ ɜ ɨɛɥɚɫɬɢ ɦɚɥɵɯ 
ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ, ɬ.ɤ. ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɟ ɤɚɱɟɧɢɸ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱɟɬ 
ɜɥɢɹɧɢɹ ɦɢɤɪɨɩɪɨɮɢɥɹ ɞɨɪɨɝɢ, ɬ.ɟ. ɮɚɤɬɢɱɟ-
ɫɤɢ ɨɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɪɟɧɢɟɦ ɲɢɧɵ ɩɨ ɞɨ-
ɪɨɠɧɨɦɭ ɩɨɤɪɵɬɢɸ ɢ ɪɚɞɢɭɫɨɦ ɤɚɱɟɧɢɹ  
ɤɨɥɟɫɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɜɥɢɹɧɢɟ 
ɜɹɡɤɨ-ɭɩɪɭɝɢɯ ɫɢɥ ɜ ɪɟɡɢɧɨ-ɩɨɞɨɛɧɵɯ ɦɚɬɟ-
ɪɢɚɥɚɯ ɲɢɧɵ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɪɚɫɫɟɢɜɚ-
ɧɢɸ ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨ (ɧɚɝɪɟɜ ɲɢɧɵ) ɢ ɬɚɤɠɟ 
ɮɨɪɦɢɪɭɸɬ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɧɚɢɛɨɥɟɟ 
ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɚ ɦɚɥɵɯ ɫɤɨɪɨɫɬɹɯ ɞɜɢɠɟ-
ɧɢɹ. 
 

ȼɵɜɨɞɵ 
 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɚ ɩɥɨɫɤɚɹ ɷɤɜɢɜɚɥɟɧɬɧɚɹ 
ɦɨɞɟɥɶ ɩɧɟɜɦɚɬɢɱɟɫɤɨɣ ɲɢɧɵ. Ɇɨɞɟɥɶ ɩɨ-
ɫɬɪɨɟɧɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢ 
ɨɩɢɫɵɜɚɟɬ ɨɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟ-
ɦɟɧɬɵ (ɩɪɨɬɟɤɬɨɪ, ɛɪɟɤɟɪ, ɛɨɤɨɜɢɧɭ ɢ ɞɢɫɤ). 
ɋɜɨɣɫɬɜɚ ɨɬɞɟɥɶɧɵɯ ɫɥɨɟɜ ɨɩɪɟɞɟɥɟɧɵ ɢɡ 
ɭɫɥɨɜɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ ɟɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ 
ɜ ɫɬɚɬɢɱɟɫɤɨɦ ɩɨɥɨɠɟɧɢɢ ɤ ɪɟɡɭɥɶɬɚɬɚɦ, ɩɨ-
ɥɭɱɟɧɧɵɦ ɪɚɧɟɟ ɧɚ ɨɫɧɨɜɟ ɞɟɬɚɥɶɧɵɯ ɬɪɟɯ-
ɦɟɪɧɵɯ ɦɨɞɟɥɟɣ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɪɚɫɱɟɬɨɜ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɩɥɨɫɤɨɣ ɦɨɞɟɥɢ ɩɧɟɜɦɚɬɢ-
ɱɟɫɤɨɣ  ɲɢɧɵ ɩɪɢ ɟɟ ɫɬɚɰɢɨɧɚɪɧɨɦ ɤɚɱɟɧɢɢ 
ɩɨ ɬɜɟɪɞɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ɉɩɪɟɞɟɥɟɧɵ ɡɚɤɨ-
ɧɨɦɟɪɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɪɚɞɢɭɫɚ ɲɢɧɵ. ɉɪɢ ɷɬɨɦ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɟɝɨ ɜɚɪɢɚɰɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɬɢɱɟɫɤɨɝɨ ɧɟ 
ɩɪɟɜɵɲɚɟɬ 3 %. Ɍɟɨɪɟɬɢɱɟɫɤɢ ɨɩɪɟɞɟɥɟɧɚ 
ɤɨɦɩɨɧɟɧɬɚ ɦɨɦɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟ-

ɧɢɸ, ɤɨɬɨɪɚɹ ɮɨɪɦɢɪɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ  
ɢɫɤɚɠɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɲɢɧɵ ɩɪɢ ɫɬɚɰɢɨ-
ɧɚɪɧɨɦ ɤɚɱɟɧɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɯ ɫɢɥ ɢɧɟɪɰɢɢ ɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɦ ɞɢɚɩɚ-
ɡɨɧɟ ɫɤɨɪɨɫɬɟɣ. 
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