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Abstract. The basic equations of vehicles motion have been analyzed and summarized; the solving al-

gorithm for the analysis of free movement under road conditions that are defined by the parameters of 

the roads technical level and its operational state was made up. The results of modeling are given. 
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ȼɜɟɞɟɧɢɟ 
 

Ɉɛɨɫɧɨɜɚɧɢɹ ɩɪɨɟɤɬɧɵɯ ɪɟɲɟɧɢɣ ɚɜɬɨɦɨ-
ɛɢɥɶɧɵɯ ɞɨɪɨɝ ɢɥɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɦɟɪɨ-
ɩɪɢɹɬɢɣ ɜ ɬɟɱɟɧɢɟ ɢɯ ɫɪɨɤɚ ɫɥɭɠɛɵ ɨɫɧɨɜɚ-
ɧɵ ɧɚ ɪɟɡɭɥɶɬɚɬɚɯ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɢɠɟɧɢɹ 
ɚɜɬɨɦɨɛɢɥɟɣ ɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨɬɨɤɨɜ ɫ ɪɚɫ-
ɱɟɬɨɦ ɫɤɨɪɨɫɬɢ ɤɚɤ ɩɪɢ ɫɜɨɛɨɞɧɨɦ ɞɜɢɠɟ-
ɧɢɢ, ɬɚɤ ɢ ɜ ɩɥɨɬɧɵɯ ɩɨɬɨɤɚɯ.  
 

ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵ ɜ ɬɟɨɪɢɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɚɜɬɨɦɨɛɢɥɟɣ [1] ɫɥɟɞɭɸɳɢɟ ɪɟɠɢɦɵ ɞɜɢɠɟ-
ɧɢɹ, ɤɨɬɨɪɵɟ ɱɚɳɟ ɜɫɟɝɨ ɚɧɚɥɢɡɢɪɭɸɬ ɜ ɪɟ-
ɲɟɧɢɢ ɞɨɪɨɠɧɵɯ ɡɚɞɚɱ [2]: ɬɹɝɨɜɵɣ, ɧɚɤɚɬ, 
ɬɨɪɦɨɡɧɨɣ, ɬɨɪɦɨɠɟɧɢɟ ɞɜɢɝɚɬɟɥɟɦ, ɤɨɦɛɢ-

ɧɢɪɨɜɚɧɧɨɟ ɬɨɪɦɨɠɟɧɢɟ. Ʉɚɠɞɵɣ ɪɟɠɢɦ ɯɚ-
ɪɚɤɬɟɪɢɡɭɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɞɜɢɠɟɧɢɹ, ɪɟɲɟ-
ɧɢɟ ɤɨɬɨɪɨɝɨ ɜ ɪɚɡɧɵɯ ɬɨɱɤɚɯ ɞɨɪɨɝɢ, ɩɪɢ 

ɜɫɟɯ ɢɡɜɟɫɬɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɩɨɡɜɨɥɹɟɬ 
ɧɚɣɬɢ ɭɫɤɨɪɟɧɢɟ (ɡɚɦɟɞɥɟɧɢɟ), ɫɤɨɪɨɫɬɶ ɞɜɢ-

ɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɢ ɬ. ɩ.  
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ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɨɛɨɛɳɟɧɢɟ ɭɪɚɜɧɟɧɢɣ 

ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢ-

ɦɚɯ ɢ ɫɨɫɬɚɜɥɟɧɢɟ ɚɥɝɨɪɢɬɦɚ ɢɯ ɪɟɲɟɧɢɹ ɞɥɹ 
ɚɧɚɥɢɡɚ ɫɜɨɛɨɞɧɨɝɨ ɞɜɢɠɟɧɢɹ ɜ ɞɨɪɨɠɧɵɯ 
ɭɫɥɨɜɢɹɯ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɩɨɤɚɡɚɬɟɥɹɦɢ ɬɟɯ-
ɧɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ (Ɍɍ) ɞɨɪɨɝɢ ɢ ɟё ɷɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɗɋ). 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɟ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ ɚɜɬɨɦɨɛɢɥɟɣ [2, 4, 5] ɞɥɹ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱ ɞɨɪɨɠɧɨɣ ɨɬɪɚɫɥɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɡɚɞɚɱ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ [1], ɤɚɩɢɬɚɥɶɧɨɝɨ ɪɟɦɨɧɬɚ ɢ 

ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ [3, 6]. 

 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɫɧɨɜɧɵɯ ɪɟɠɢɦɨɜ  

ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɟɣ 

 

Ʉɚɠɞɵɣ ɪɟɠɢɦ ɞɜɢɠɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɭɪɚɜɧɟɧɢɟɦ ɛɚɥɚɧɫɚ ɫɢɥ, ɢɥɢ, ɤɚɤ, ɟɳɟ ɟɝɨ 
ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ, ɫɢɥɨɜɵɦ ɛɚɥɚɧɫɨɦ. 

 

ȼ ɬɹɝɨɜɨɦ ɪɟɠɢɦɟ ɞɜɢɠɟɧɢɹ 
 

ɤ i f w jP = P + P + P + P ,                 (1) 

 

ɝɞɟ Pɤ – ɫɢɥɚ ɬɹɝɢ ɧɚ ɜɟɞɭɳɢɯ ɤɨɥɟɫɚɯ ɚɜɬɨ-
ɦɨɛɢɥɹ, ɇ; Pi – ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟ-
ɧɢɸ ɧɚ ɩɨɞɴɟɦ ɫ ɭɤɥɨɧɨɦ i, ɇ; Pf – ɫɢɥɚ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ, ɇ; Pw – ɫɢɥɚ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɟ, ɇ; Pj – ɫɢɥɚ 
ɢɧɟɪɰɢɢ, ɇ.  

 

Ⱦɥɹ ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ ɧɚɤɚɬɨɦ ɢɫɩɨɥɶɡɭɟɦ  

ɬɚɤɨɟ ɠɟ ɭɪɚɜɧɟɧɢɟ, ɤɚɤ (1), ɬɨɥɶɤɨ Pɤ=0. 

 

Ⱦɥɹ ɬɨɪɦɨɡɧɨɝɨ ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ ɢɫɩɨɥɶɡɭ-

ɟɦ ɬɚɤɨɟ ɠɟ ɭɪɚɜɧɟɧɢɟ, ɤɚɤ ɢ ɞɥɹ ɧɚɤɚɬɚ, 
ɬɨɥɶɤɨ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɞɨɛɚɜɥɹɟɬɫɹ ɬɨɪɦɨɡɧɚɹ 
ɫɢɥɚ Pɬɤ. 
 

Ɋɟɠɢɦ «ɬɨɪɦɨɠɟɧɢɟ ɞɜɢɝɚɬɟɥɟɦ» ɨɩɢɫɵɜɚɟɬ-
ɫɹ ɬɟɦ ɠɟ ɭɪɚɜɧɟɧɢɟɦ (ɤɚɤ ɢ ɞɥɹ ɧɚɤɚɬɚ), 
ɬɨɥɶɤɨ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɞɨɛɚɜɥɹɟɬɫɹ ɫɢɥɚ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɹ Pɬɞ, ɜɵɡɵɜɚɸɳɚɹ ɡɚ-
ɦɟɞɥɟɧɢɟ ɚɜɬɨɦɨɛɢɥɹ. 
 

ɉɪɢ «ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɬɨɪɦɨɠɟɧɢɢ» ɜ ɩɪɚ-
ɜɭɸ ɱɚɫɬɶ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜɵɲɟ ɭɪɚɜɧɟɧɢɹ 
(ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɬɚɤɠɟ ɢ ɞɥɹ ɨɩɢɫɚɧɢɹ ɪɟɠɢ-

ɦɚ ɧɚɤɚɬɚ) ɞɨɛɚɜɥɹɸɬɫɹ ɢ ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɞɜɢɝɚɬɟɥɹ, ɢ ɬɨɪɦɨɡɧɚɹ ɫɢɥɚ.  

ɋɢɥɚ ɬɹɝɢ ɢ ɬɨɪɦɨɡɧɚɹ ɫɢɥɚ ɪɟɝɭɥɢɪɭɸɬɫɹ ɜɨ-
ɞɢɬɟɥɟɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɪɨɠɧɨɣ ɨɛɫɬɚɧɨɜ-
ɤɢ, ɨɬ ɡɧɚɱɟɧɢɣ ɛɨɥɶɲɢɧɫɬɜɚ ɩɚɪɚɦɟɬɪɨɜ Ɍɍ 

ɞɨɪɨɝɢ, ɤɨɬɨɪɵɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɩɪɨɟɤɬɟ 
ɞɨɪɨɝɢ, ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɗɋ, ɦɟɧɹɸɳɢɯɫɹ (ɫɧɢ-

ɠɚɹɫɶ, ɢ ɜɨɡɪɚɫɬɚɹ) ɜ ɩɪɨɰɟɫɫɟ ɜɫɟɝɨ ɠɢɡɧɟɧɧɨ-
ɝɨ ɰɢɤɥɚ ɞɨɪɨɝɢ.  

 

ɋɭɦɦɚɪɧɭɸ ɡɚɦɟɞɥɹɸɳɭɸ ɫɢɥɭ ɩɪɢ ɤɨɦɛɢɧɢ-

ɪɨɜɚɧɧɨɦ ɬɨɪɦɨɠɟɧɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɞɨɪɨɠɧɵɯ 
ɭɫɥɨɜɢɹɯ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɦɨɠɧɨ ɜɵɪɚ-
ɡɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶɸ  

 

ɬɤ ɬɞ ɬɞTP P P zG P    ,        (2) 

 

ɝɞɟ z  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ. 
 

Ⱦɥɹ ɞɜɭɯɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɡɧɚɱɟɧɢɟ z  

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ 
 

 1 2

1 2

b f a f
z

L h f f

     ,                 (3) 

 

ɝɞɟ a  ɢ b – ɪɚɫɩɨɥɨɠɟɧɢɟ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧ-

ɬɪɚ ɦɚɫɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ 

ɨɫɟɣ ɚɜɬɨɦɨɛɢɥɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦ; h  – ɜɵ-

ɫɨɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚ ɦɚɫɫ ɧɚɞ ɩɨɜɟɪɯ-
ɧɨɫɬɶɸ ɞɨɪɨɝɢ, ɦ; L  – ɤɨɥɟɫɧɚɹ ɛɚɡɚ ɚɜɬɨɦɨ-
ɛɢɥɹ, ɦ; 1f  ɢ 2f  – ɪɟɚɥɢɡɭɟɦɵɟ ɫɰɟɩɥɟɧɢɹ 
ɤɨɥɟɫ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɫɢ ɚɜɬɨɦɨɛɢɥɹ. 
 

Ɋɟɚɥɢɡɭɟɦɵɟ ɫɰɟɩɥɟɧɢɹ ɤɨɥɟɫ ɧɚ ɞɚɧɧɨɣ ɨɫɢ 

ɡɚɜɢɫɹɬ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɟɣ ɲɢɧɵ ɨ ɞɨɪɨɠɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɢ 

ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɲɢɧɵ, ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɣ ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ ɲɢɧɵ. 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ 
ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0 ɞɨ 0,9 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ 
ɚɜɬɨɦɨɛɢɥɹ ɢ ɟɝɨ ɦɚɫɫɨ-ɝɚɛɚɪɢɬɧɵɯ ɩɚɪɚ-
ɦɟɬɪɨɜ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ ɬɨɪɦɨɠɟɧɢɹ ɤɚɠɞɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɫɰɟɩɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɲɢɧɚ-ɞɨɪɨɝɚ 
ɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚ ɦɚɫɫ. 
 

ɉɪɢ ɡɚɛɥɨɤɢɪɨɜɚɧɧɵɯ ɤɨɥɟɫɚɯ ɪɟɚɥɢɡɭɟɦɵɟ 
ɫɰɟɩɥɟɧɢɹ ɪɚɜɧɵ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɪɟɧɢɹ 
( 1 2f f   ). 

 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɜɬɨɪɚɦɢ 

ɩɪɢɧɹɬɨ, ɱɬɨ ɧɚ ɤɨɪɨɬɤɢɯ ɫɩɭɫɤɚɯ ɜɨɞɢɬɟɥɶ 
ɱɚɳɟ ɜɫɟɝɨ ɬɨɪɦɨɡɢɬ ɬɨɥɶɤɨ ɤɨɥɟɫɧɵɦɢ ɬɨɪ-
ɦɨɡɚɦɢ, ɚ ɧɚ ɡɚɬɹɠɧɵɯ ɫɩɭɫɤɚɯ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɨ ɢɫɩɨɥɶɡɭɟɬ ɬɨɪɦɨɠɟɧɢɟ ɞɜɢɝɚɬɟɥɟɦ. 
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ɑɚɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɞɨɪɨɝɢ, ɜɥɢɹɸɳɢɯ ɧɚ ɪɟ-
ɠɢɦɵ ɞɜɢɠɟɧɢɹ, ɩɨɫɬɨɹɧɧɵ – ɷɬɨ ɩɚɪɚɦɟɬɪɵ 

Ɍɍ, ɞɪɭɝɢɟ (ɩɚɪɚɦɟɬɪɵ ɗɋ, ɬɚɤɢɟ ɤɚɤ ɩɨɤɚɡɚ-
ɬɟɥɢ ɪɨɜɧɨɫɬɢ ɢ ɫɰɟɩɧɵɯ ɫɜɨɣɫɬɜ) – ɩɟɪɟ-
ɦɟɧɧɵɟ, ɢ ɢɯ ɨɛɨɫɧɨɜɵɜɚɸɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɪɚɫɱɟɬɧɵɦɢ ɩɟɪɢɨɞɚɦɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɨɪɨɝɢ. 

ȼ ɭɪɚɜɧɟɧɢɹɯ ɪɟɠɢɦɨɜ ɞɜɢɠɟɧɢɹ ɫɢɥɵ Pi, Pf  

ɢ PɌ ɡɚɜɢɫɹɬ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɨɬ ɩɚɪɚɦɟɬ-
ɪɨɜ ɞɨɪɨɝɢ: i – ɩɪɨɞɨɥɶɧɨɝɨ ɭɤɥɨɧɚ, f – ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ,  – ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ. ɋɭɦɦɚ ɫɢɥ Pi ɢ Pf  – ɷɬɨ 
ɞɨɪɨɠɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ: Pi = G·i, Pf = G·f. 

ȼɯɨɞɹɳɢɣ ɜ ɷɬɢ ɫɢɥɵ ɩɪɨɞɨɥɶɧɵɣ ɭɤɥɨɧ i 

(ɩɚɪɚɦɟɬɪ Ɍɍ) ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ ɫɨ 
ɜɪɟɦɟɧɟɦ (ɢɫɤɥɸɱɟɧɢɟ – ɫɦɹɝɱɟɧɢɟ ɭɤɥɨɧɚ 
ɩɪɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ), ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ f (ɩɚɪɚɦɟɬɪ ɗɋ ɩɪɨɟɡɠɟɣ 

ɱɚɫɬɢ) ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɚɜɬɨ-
ɦɨɛɢɥɹ, ɤɨɧɫɬɪɭɤɰɢɢ ɲɢɧɵ, ɬɢɩɚ ɩɨɤɪɵɬɢɹ, 
ɟɝɨ ɪɨɜɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɫɧɢɠɚɟɬɫɹ ɫɨ ɜɪɟɦɟ-
ɧɟɦ, ɧɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɪɢ ɬɟɤɭɳɟɦ ɢ 

ɤɚɩɢɬɚɥɶɧɨɦ ɪɟɦɨɧɬɟ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ. ɋɨ-
ɝɥɚɫɧɨ ɢɫɫɥɟɞɨɜɚɧɢɹɦ Ⱥ.Ʉ. Ȼɢɪɭɥɹ [3] 

 
2

c ,pf f S v                      (4) 

 

ɝɞɟ fɫ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ 

ɩɪɢ ɫɤɨɪɨɫɬɢ ɞɨ 20 ɤɦ/ɱ;  – ɤɨɷɮɮɢɰɢɟɧɬ 
ɠɟɫɬɤɨɫɬɢ ɩɨɞɜɟɫɤɢ ɚɜɬɨɦɨɛɢɥɹ; Sp – ɩɨɤɚɡɚ-
ɧɢɹ ɬɨɥɱɤɨɦɟɪɚ, ɫɦ/ɤɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ 
ɪɨɜɧɨɫɬɶ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ; v  – ɫɤɨɪɨɫɬɶ ɞɜɢ-

ɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ. 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ , ɫɨɝɥɚɫɧɨ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹɦ Ⱥ.ɉ. ȼɚɫɢɥɶɟɜɚ [2], 

 

φ = φ20 – βφ(V – 20),                   (5) 

 

ɝɞɟ φ20 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɩɪɢ ɬɨɪɦɨɠɟ-
ɧɢɢ ɫɨ ɫɤɨɪɨɫɬɢ 20 ɤɦ/ɱ; βφ – ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɢɡɦɟɧɟɧɢɹ ɫɰɟɩɥɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨ-
ɪɨɫɬɢ; V – ɫɤɨɪɨɫɬɶ, ɤɦ/ɱ. 
 

ɂ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ ɩɪɢ 

ɦɚɥɨɣ ɫɤɨɪɨɫɬɢ fɫ, ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ φ20 

ɜ ɮɨɪɦɭɥɚɯ (4) ɢ (5) ɧɚɡɧɚɱɚɸɬ ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɬɢɩɚ ɩɨɤɪɵɬɢɹ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɢ ɜɪɟ-
ɦɟɧɢ ɝɨɞɚ.  
 

ȼ ɥɸɛɨɦ ɪɟɠɢɦɟ ɞɜɢɠɟɧɢɹ ɟɫɬɶ ɭɫɤɨɪɟɧɢɟ 
ɢɥɢ ɡɚɦɟɞɥɟɧɢɟ j = dv/dt. ɉɨɷɬɨɦɭ ɭɪɚɜɧɟɧɢɟ 
ɤɚɠɞɨɝɨ ɪɟɠɢɦɚ – ɷɬɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ 
ɭɪɚɜɧɟɧɢɟ ɜɢɞɚ 
 

2/ ,dv dt a v b v c                 (6) 

ɝɞɟ c – ɤɨɷɮɮɢɰɢɟɧɬ, ɫɜɹɡɚɧɧɵɣ ɫ ɩɪɨɞɨɥɶ-
ɧɵɦ ɭɤɥɨɧɨɦ i ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɤɚɱɟɧɢɸ fɫ; b – ɤɨɷɮɮɢɰɢɟɧɬ, ɫɜɹɡɚɧ-

ɧɵɣ ɫ ɫɢɥɚɦɢ ɬɪɟɧɢɹ ɞɟɬɚɥɟɣ ɚɜɬɨɦɨɛɢɥɹ; a – 

ɤɨɷɮɮɢɰɢɟɧɬ, ɫɜɹɡɚɧɧɵɣ ɫ ɫɢɥɨɣ ɬɹɝɢ, ɨɛɬɟ-
ɤɚɟɦɨɫɬɶɸ ɚɜɬɨɦɨɛɢɥɹ ɢ ɩɨɬɟɪɟɣ ɷɧɟɪɝɢɢ ɧɚ 
ɧɟɪɨɜɧɨɫɬɹɯ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ. 

 

Ⱥɥɝɨɪɢɬɦ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɫɤɨɪɨɫɬɢ 

ɫɜɨɛɨɞɧɨɝɨ ɞɜɢɠɟɧɢɹ 

 

Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (6) ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɩɨ-
ɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɫɤɨɪɨɫɬɢ ɤɚɤ ɪɟɡɭɥɶɬɚɬɚ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɟɣ ɩɪɢ 

ɩɪɨɟɡɞɟ ɤɨɧɤɪɟɬɧɨɝɨ ɭɱɚɫɬɤɚ ɞɨɪɨɝɢ (ɩɪɨɟɤ-
ɬɢɪɭɟɦɨɝɨ ɢɥɢ ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɝɨ). ɇɟɫɥɨɠɧɨ 
ɩɪɨɢɧɬɟɝɪɢɪɨɜɚɬɶ ɭɪɚɜɧɟɧɢɟ (6), ɧɨ ɪɟɡɭɥɶ-
ɬɚɬ ɤɚɤ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ t 

ɦɚɥɨɩɪɢɝɨɞɟɧ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɫɤɨ-
ɪɨɫɬɢ – ɧɟɨɛɯɨɞɢɦɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɧɟ 
ɨɬ ɜɪɟɦɟɧɢ, ɚ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɜɞɨɥɶ ɞɨɪɨɝɢ. 

ɉɨɷɬɨɦɭ ɪɟɲɚɬɶ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɚɜɬɨ-
ɦɨɛɢɥɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɨ ɫɯɟɦɟ ɧɚ ɪɢɫ. 1. 

 

 
 

Ɋɢɫ. 1. Ƚɪɚɮɢɤ ɫɤɨɪɨɫɬɢ 

 

ɉɭɬɶ ɪɚɡɛɢɬ ɧɚ ɨɬɪɟɡɤɢ ɞɥɢɧɨɣ Δs. Ʉɪɢɜɨɥɢ-

ɧɟɣɧɵɟ ɨɬɪɟɡɤɢ ɡɚɦɟɧɟɧɵ ɩɪɹɦɨɥɢɧɟɣɧɵɦɢ 

ɯɨɪɞɚɦɢ, ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɵɯ ɭɫɤɨɪɟɧɢɹ (ɡɚ-
ɦɟɞɥɟɧɢɹ) dv/dt – ɩɨɫɬɨɹɧɧɵ. ɉɪɢ ɷɬɨɦ ɞɢɮ-

ɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ (6) ɩɪɟɨɛɪɚɡɭɟɬɫɹ 
ɜ ɚɥɝɟɛɪɚɢɱɟɫɤɨɟ 
 

2j a v b v c                         (7) 

 

ɫ ɪɟɲɟɧɢɟɦ 

 

2 1 2 ,v v j s                      (8) 

 

ɝɞɟ j – ɫɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɭɫɤɨɪɟɧɢɹ (ɡɚɦɟɞ-

ɥɟɧɢɹ) (dv/dt) ɧɚ ɭɱɚɫɬɤɟ Δs; v1 ɢ v2 – ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ ɫɤɨɪɨɫɬɶ ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɭɱɚɫɬɤɚ 
Δs. 

 

ɋɪɟɞɧɸɸ ɜɟɥɢɱɢɧɭ ɭɫɤɨɪɟɧɢɹ (ɡɚɦɟɞɥɟɧɢɹ)  
ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ (7), ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɚɪɚɦɟɬɪɨɜ ɞɨɪɨɝɢ ɢ ɜɵɛɪɚɧɧɨɝɨ ɜɨɞɢɬɟɥɟɦ 
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ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ ɧɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ Δs. ȼ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɚɥɝɨɪɢɬɦɨɦ ɪɚɫɱɟɬɚ, ɩɨɤɚɡɚ-
ɧɵ ɧɚ ɪɢɫ. 2, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧɚɯɨɞɹɬ ɡɧɚ-
ɱɟɧɢɹ v2 ɢ ɫɬɪɨɹɬ ɜɟɫɶ ɝɪɚɮɢɤ ɫɤɨɪɨɫɬɢ. 

 

Ɍɪɭɞɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɣ ɫɯɟɦɵ ɨɫɥɨɠ-

ɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɭɫɤɨɪɟɧɢɟ (ɡɚɦɟɞɥɟɧɢɟ) ɜ 
ɮɨɪɦɭɥɟ (7) ɡɚɜɢɫɢɬ ɨɬ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ v ɧɚ 
ɭɱɚɫɬɤɟ Δs, ɤɨɬɨɪɚɹ ɜ ɧɚɱɚɥɟ ɪɚɫɱɟɬɚ ɧɚ ɤɚɠ-

ɞɨɦ ɭɱɚɫɬɤɟ Δs ɧɟ ɢɡɜɟɫɬɧɚ; ɢɡɜɟɫɬɧɚ ɬɨɥɶɤɨ 

ɫɤɨɪɨɫɬɶ v1, a ɫɤɨɪɨɫɬɶ v2 ɧɭɠɧɨ ɧɚɣɬɢ. ɗɬɚ 
ɬɪɭɞɧɨɫɬɶ ɩɪɟɨɞɨɥɟɧɚ ɪɟɲɟɧɢɟɦ ɩɨ ɫɯɟɦɟ 
ɗɣɥɟɪɚ ɫ ɩɟɪɟɫɱɟɬɨɦ, ɜ ɤɨɬɨɪɨɣ ɧɚ ɩɟɪɜɨɣ 

ɢɬɟɪɚɰɢɢ ɩɪɢɧɢɦɚɸɬ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɤɨ-
ɪɨɫɬɢ ɧɚ ɭɱɚɫɬɤɟ ɢ ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɤɨ-

ɪɨɫɬɢ v2 ɪɚɜɧɵɦ v1, ɚ ɡɚɬɟɦ ɭɬɨɱɧɹɸɬ ɧɚ ɤɚɠ-

ɞɨɣ ɩɨɫɥɟɞɭɸɳɟɣ ɢɬɟɪɚɰɢɢ ɫɨɝɥɚɫɧɨ ɫɯɟɦɟ 
ɧɚ ɪɢɫ. 2. 

 

Ɋɚɫɫɱɢɬɚɧɧɚɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɟ ɞɢ-

ɧɚɦɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɚɜɬɨɦɨɛɢɥɹ, ɫɤɨ-
ɪɨɫɬɶ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɦɚɤɫɢɦɚɥɶɧɨ 
ɞɨɩɭɫɬɢɦɭɸ ɩɨ ɭɫɥɨɜɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ: vR – 

ɧɚ ɤɪɢɜɵɯ, vS – ɧɚ ɭɱɚɫɬɤɚɯ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ 

ɜɢɞɢɦɨɫɬɶɸ S; vɩɞɞ – ɫɤɨɪɨɫɬɶ, ɨɝɪɚɧɢɱɟɧɧɚɹ 
ɩɪɚɜɢɥɚɦɢ ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ.  
 

ɉɪɢɦɟɪ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɫɤɨɪɨɫɬɢ ɫɜɨ-
ɛɨɞɧɨɝɨ ɞɜɢɠɟɧɢɹ ɞɚɧ ɧɚ ɪɢɫ. 3.   
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Ɋɢɫ. 2. Ⱥɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨ ɫɯɟɦɟ ɗɣɥɟɪɚ ɫ ɩɟɪɟɫɱɟɬɨɦ 

 

 

 
 

ɇɚɱɚɥɨ 

ɉɪɢɫɜɨɟɧɢɟ ɧɚ ɧɭɥɟɜɨɣ ɢɬɟɪɚɰɢɢ: u = v
1
, v = v

1
 

ɍɫɬɚɧɨɜɥɟɧɢɟ ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ ɢ ɟɝɨ ɩɚɪɚɦɟɬɪɨɜ a, b, c  

ɧɚ ɭɱɚɫɬɤɟ Δs. ɍɫɬɚɧɨɜɥɟɧɢɟ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ v
1
 

Ɋɚɫɱɟɬ ɫɪɟɞɧɟɝɨ ɭɫɤɨɪɟɧɢɹ (ɡɚɦɟɞɥɟɧɢɹ) j ɩɨ  
ɮɨɪɦɭɥɟ (7) ɢ ɫɤɨɪɨɫɬɢ v

2
 ɩɨ ɮɨɪɦɭɥɟ (8)  

Ɋɚɫɱɟɬ ɨɬɤɥɨɧɟɧɢɹ ɟ ɫɤɨɪɨɫɬɢ v
2
 ɧɚ ɞɚɧɧɨɣ ɢɬɟɪɚɰɢɢ ɨɬ 

ɫɤɨɪɨɫɬɢ v
2
 (u) ɧɚ ɩɪɟɞɵɞɭɳɟɣ ɢɬɟɪɚɰɢɢ ɟ = ׀v

2
 - u׀ 

ɉɪɨɜɟɪɤɚ: ɟ < = ɟɞɨɩ 0,05?

1 

3 

4 

5 

7 

6 

ɞɚ 

ɧɟɬ

ɉɟɪɟɫɱɟɬ ɞɥɹ ɫɥɟɞɭɸɳɟɣ ɢɬɟɪɚɰɢɢ: u = v
2
, v = (v

1
+ v

2
)/2 

Ʉɨɧɟɰь8 
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Ɋɢɫ. 3. ɋɤɨɪɨɫɬɢ ɫɜɨɛɨɞɧɨɝɨ ɞɜɢɠɟɧɢɹ: 1 – 

ɝɪɭɡɨɜɵɟ; 2 – ɚɜɬɨɩɨɟɡɞɚ; 3 – ɚɜɬɨɛɭɫɵ;  

4 – ɥɟɝɤɨɜɵɟ; ɚ – ɩɪɹɦɨ; ɛ – ɨɛɪɚɬɧɨ; ɜ – 

ɩɪɨɞɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɞɨɪɨɝɢ 

 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ 

ɫɤɨɪɨɫɬɢ ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɫɧɢɠɟɧɵ ɢɡ-
ɡɚ ɦɚɥɨɣ ɜɢɞɢɦɨɫɬɢ ɧɚ ɩɢɤɟɬɚɯ 5 (ɩɪɹɦɨ) ɢ 7 

(ɨɛɪɚɬɧɨ), ɚ ɫɤɨɪɨɫɬɢ ɚɜɬɨɩɨɟɡɞɨɜ ɢ ɚɜɬɨɛɭ-

ɫɨɜ ɧɚ ɩɢɤɟɬɚɯ 27 (ɩɪɹɦɨ) ɢ 10, 22 (ɨɛɪɚɬɧɨ) 
ɫɧɢɠɟɧɵ ɢɡ-ɡɚ ɫɪɚɜɧɢɬɟɥɶɧɨ ɛɨɥɶɲɢɯ ɭɤɥɨ-
ɧɨɜ ɩɨɞɴɟɦɨɜ. 
 

ȼɵɜɨɞɵ 

 

Ɉɛɨɛɳɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɩɨɡɜɨɥɢɥɨ ɫɨɫɬɚɜɢɬɶ 
ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɫɜɨɛɨɞɧɨɣ ɫɤɨɪɨɫɬɢ 

ɞɜɢɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨɬɨɤɨɜ ɧɚ ɞɨɪɨɝɚɯ 
II–IV ɤɚɬɟɝɨɪɢɣ ɫ ɭɱɟɬɨɦ ɞɨɪɨɠɧɵɯ ɭɫɥɨɜɢɣ, 

ɨɩɪɟɞɟɥɹɟɦɵɯ ɩɨɤɚɡɚɬɟɥɹɦɢ ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɭɪɨɜɧɹ ɞɨɪɨɝɢ ɢ ɟɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɫɨ-
ɫɬɨɹɧɢɹ. 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɢɠɟɧɢɹ ɪɚɡ-
ɥɢɱɧɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɜ ɬɢɩɢɱɧɵɯ ɞɨɪɨɠɧɵɯ 
ɭɫɥɨɜɢɹɯ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɢ ɫɜɨɛɨɞ-
ɧɨɝɨ ɞɜɢɠɟɧɢɹ ɧɚ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɚɯ 
ɞɥɹ ɝɪɭɡɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ, ɚɜɬɨɩɨɟɡɞɨɜ ɢ 

ɚɜɬɨɛɭɫɨɜ ɧɟ ɞɨɥɠɧɵ ɩɪɟɜɵɲɚɬɶ 75 ɤɦ/ɱ, ɞɥɹ 
ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ – 120 ɤɦ/ɱ. ɇɚ ɫɩɭɫɤɟ: 

ɞɥɹ ɝɪɭɡɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ, ɚɜɬɨɩɨɟɡɞɨɜ ɢ 

ɚɜɬɨɛɭɫɨɜ – 82 ɤɦ/ɱ, ɞɥɹ ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢ-

ɥɟɣ – 110 ɤɦ/ɱ. ɇɚ ɩɨɞɴɟɦɟ: ɞɥɹ ɝɪɭɡɨɜɵɯ 
ɚɜɬɨɦɨɛɢɥɟɣ, ɚɜɬɨɩɨɟɡɞɨɜ ɢ ɚɜɬɨɛɭɫɨɜ –  

70 ɤɦ/ɱ, ɞɥɹ ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ – 110 ɤɦ/ɱ. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɫɜɨɛɨɞ-
ɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɨ ɩɪɟɞɥɨɠɟɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ 

ɫ ɩɟɪɟɫɱɟɬɨɦ ɩɨɡɜɨɥɹɸɬ ɫɦɨɞɟɥɢɪɨɜɚɬɶ ɞɜɢ-

ɠɟɧɢɟ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨɬɨɤɨɜ ɩɨ ɞɨɪɨɝɟ ɜ 
ɬɟɱɟɧɢɟ ɬɢɩɢɱɧɨɝɨ ɰɢɤɥɚ ɟɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦɢ ɬɟɤɭɳɢɦɢ ɢ ɤɚɩɢɬɚɥɶɧɵɦɢ 

ɪɟɦɨɧɬɚɦɢ ɞɨ ɦɨɦɟɧɬɚ ɟё ɪɟɤɨɧɫɬɪɭɤɰɢɢ. 
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