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Ⱥɧɧɨɬɚɰɢɹ. Ɋɚɫɫɦɨɬɪɟɧɚ ɦɟɬɨɞɢɤɚ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɢ ɜɚɤɭɭɦ-

ɧɵɯ ɭɫɢɥɢɬɟɥɟɣ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɨɪɦɨɡɧɨɝɨ ɩɪɢɜɨɞɚ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ. 
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Ⱥɧɨɬɚɰɿɹ. Ɋɨɡɝɥɹɧɭɬɨ ɦɟɬɨɞɢɤɭ ɬɟɨɪɟɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɝɿɞɪɚɜɥɿɱɧɢɯ ɿ ɜɚɤɭɭɦɧɢɯ 
ɩɿɞɫɢɥɸɜɚɱɿɜ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɝɚɥɶɦɿɜɧɨɝɨ ɩɪɢɜɨɞɭ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ. 
 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɝɿɞɪɨɩɿɞɫɢɥɸɜɚɱ, ɜɚɤɭɭɦɧɢɣ ɩɿɞɫɢɥɸɜɚɱ, ɦɨɞɟɥɸɜɚɧɧɹ. 
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Abstract. The method of theoretical design of hydraulic and vacuum strengtheners of hydraulic brake 

drive of vehicles is considered. 
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ȼɜɟɞɟɧɢɟ 
 

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɝɢɞɪɨɩɪɢɜɨ-

ɞɚɯ ɜ ɨɫɧɨɜɧɨɦ ɩɪɢɦɟɧɹɸɬɫɹ ɜɚɤɭɭɦɧɵɟ 
ɭɫɢɥɢɬɟɥɢ (ȼɍ). Ɋɟɠɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɝɢɞɪɚɜ-
ɥɢɱɟɫɤɢɟ ɭɫɢɥɢɬɟɥɢ (Ƚɍ). Ɉɛɭɫɥɨɜɥɟɧɨ ɷɬɨ 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɫɬɨɱɧɢɤɨɜ 
ɷɧɟɪɝɢɢ: ɩɟɪɟɩɚɞɚ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢ 

ɪɚɡɪɟɠɟɧɢɹ ɢɥɢ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ 
ɠɢɞɤɨɫɬɢ. ȼɨɡɦɨɠɧɨ, ɱɬɨ ɩɪɢ ɚɤɬɢɜɧɨɦ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɢ ɚɧɬɢɛɥɨɤɢɪɨɜɨɱɧɵɯ ɫɢɫɬɟɦ ɜ 
ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɬɨɪɦɨɡɧɵɯ ɝɢɞɪɨɩɪɢɜɨɞɚɯ ɢ 

ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ Ƚɍ ɛɭɞɭɬ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶɫɹ ɛɨɥɟɟ ɚɤɬɢɜɧɨ. 
 

Ⱦɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ ɢ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɭɫɢɥɢɬɟɥɟɣ ɧɟ-
ɨɛɯɨɞɢɦɚ ɦɟɬɨɞɢɤɚ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨ-
ɜɚɧɢɣ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɨɥɭɱɢɬɶ ɤɚɱɟɫɬɜɟɧɧɭɸ 

ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɜɡɚɢɦɨɫɜɹɡɢ 

ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɭɫɢɥɢɬɟɥɟɣ ɢ ɢɯ 

ɷɥɟɦɟɧɬɨɜ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ȼɨɩɪɨɫɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ȼɍ ɨɬɪɚɠɟɧɵ ɜ ɪɚɛɨ-
ɬɟ [1], ɚ ɨɛɨɛɳɟɧɧɵɟ ɞɚɧɧɵɟ ɨ ɪɚɡɪɚɛɨɬɤɟ Ƚɍ 

ɜ [2]. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɤɨɧɫɬɪɭɤɰɢɣ ɭɫɢɥɢ-

ɬɟɥɟɣ ɜɨɡɧɢɤɚɸɬ ɩɪɨɛɥɟɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɜɡɚ-
ɢɦɧɵɦ ɜɥɢɹɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɟɣ ɭɫɢɥɢɬɟ-
ɥɹ ɧɚ ɟɝɨ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ.  
 

ɉɨɷɬɨɦɭ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢ-

ɦɚ ɨɰɟɧɤɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɹɡɟɣ ɜ ɭɫɢɥɢ-

ɬɟɥɹɯ ɢ ɢɯ ɜɥɢɹɧɢɟ ɧɚ ɪɚɛɨɱɢɟ ɯɚɪɚɤɬɟɪɢɫ-
ɬɢɤɢ. 
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Ⱦɥɹ ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ: 
– ɨɩɪɟɞɟɥɢɬɶ ɨɛɳɭɸ ɫɬɪɭɤɬɭɪɭ ɭɫɢɥɢɬɟɥɟɣ; 

– ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɛɨɱɢɯ 
ɩɪɨɰɟɫɫɨɜ ɜ ɭɫɢɥɢɬɟɥɹɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ 
ɤɨɧɫɬɪɭɤɰɢɢ; 

– ɪɚɡɪɚɛɨɬɚɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬ-
ɜɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɭɫɢɥɢɬɟɥɟɣ; 

– ɫɨɡɞɚɬɶ ɫɯɟɦɵ ɢ ɦɟɬɨɞɢɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ; 
– ɜɵɩɨɥɧɢɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɨɰɟɧɢɬɶ ɬɟɨ-
ɪɟɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ ɧɚ ɨɫɧɨɜɟ ɚɞɟɤɜɚɬɧɨ-
ɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɭɳɟɫɬɜɭɸɳɢɦ ɤɨɧɫɬ-
ɪɭɤɰɢɹɦ; 

– ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɩɨɥɧɢɬɶ ɤɨɪɪɟɤɬɢ-

ɪɨɜɤɭ ɦɨɞɟɥɟɣ. 

 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɫɫɦɨɬɪɟɧɢɟ 
ɪɟɲɟɧɢɹ ɩɟɪɜɵɯ ɱɟɬɵɪɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ 

ɜɵɲɟ ɡɚɞɚɱ. 
 

Ⱥɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɭɫɢɥɢ-

ɬɟɥɟɣ ɜ ɝɢɞɪɨɩɪɢɜɨɞɟ ɬɨɪɦɨɡɨɜ ɩɨɡɜɨɥɢɥ 
ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɢɯ ɨɛɨɛɳɺɧɧɭɸ ɫɬɪɭɤɬɭɪɭ, 
ɪɢɫ. 1. 

 

 
 

Ɋɢɫ. 1. Ɉɛɨɛɳɺɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɭɫɢɥɢɬɟɥɟɣ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɨɪɦɨɡɧɨɝɨ ɩɪɢɜɨɞɚ 
 

Ʉɚɠɞɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɭɫɢɥɢɬɟ-
ɥɟɣ ɜɤɥɸɱɚɟɬ ɧɚɛɨɪ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɪɚɡɥɢɱɧɵɟ ɮɭɧɤɰɢɢ ɪɚɛɨ-
ɱɟɝɨ ɩɪɨɰɟɫɫɚ. 
 

ɋɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ ɜ ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɛɨɱɟɝɨ 

ɩɪɨɰɟɫɫɚ ɜɵɩɨɥɧɹɟɬ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬ-
ɪɨɣɫɬɜɨ: ɤɥɚɩɚɧɧɨɟ ɜ ȼɍ ɢ ɡɨɥɨɬɧɢɤɨɜɨɟ ɜ 
Ƚɍ. ȼ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɪɚɛɨɬɚ ɪɚɫɩɪɟ-
ɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɡɚɜɢɫɢɬ ɨɬ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɹ ɫ ɞɪɭɝɢɦɢ ɷɥɟɦɟɧɬɚɦɢ. 

 

ȼɚɪɢɚɧɬɵ ɬɢɩɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɭɫɢɥɢɬɟɥɟɣ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2. 

 

ɉɪɟɠɞɟ ɜɫɟɝɨ, ɷɬɨ ɨɬɧɨɫɢɬɫɹ ɤ ɫɥɟɞɹɳɟɦɭ 
ɞɟɣɫɬɜɢɸ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɦɭ ɩɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɨɫɬɶ ɦɟɠɞɭ ɜɯɨɞɨɦ ɢ ɜɵɯɨɞɨɦ. 

 
 

ɚ 

  
 

ɛ 

 

Ɋɢɫ. 2. Ɍɢɩɨɜɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɭɫɢɥɢɬɟɥɟɣ ɜ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɬɨɪɦɨɡɧɨɦ ɩɪɢɜɨɞɟ: 
ɚ – ɨɞɧɨɤɚɦɟɪɧɨɝɨ ɜɚɤɭɭɦɧɨɝɨ; ɛ – 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 

 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ, ɫɥɟɞɹ-
ɳɟɝɨ ɢ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜ ɢ ɢɯ ɷɥɟ-
ɦɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢɫɯɨɞɹ ɢɡ 
ɨɛɴɟɞɢɧɟɧɢɹ ɫɢɥɨɜɵɯ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɫɜɹ-
ɡɟɣ ɜ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ.  
 

Ⱦɥɹ ɜɚɤɭɭɦɧɨɝɨ ɭɫɢɥɢɬɟɥɹ ɷɬɨ ɫɨɫɬɨɹɧɢɟ ɫɨ-
ɨɬɜɟɬɫɬɜɭɟɬ ɫɥɟɞɭɸɳɢɦ ɡɚɜɢɫɢɦɨɫɬɹɦ: 

– ɞɥɹ ɬɨɥɤɚɬɟɥɹ 
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– ɞɥɹ ɩɨɪɲɧɹ 
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ȼɯɨɞ Ɋɚɫɩɪɟɞɟɥɢ-

ɬɟɥɶɧɨɟ ɭɫɬ-
ɪɨɣɫɬɜɨ 

ɂɫɩɨɥɧɢɬɟɥɶɧɨɟ 
ɭɫɬɪɨɣɫɬɜɨ 

ɋɥɟɞɹɳɟɟ 
ɭɫɬɪɨɣɫɬɜɨ 

ȼɵɯɨɞ 
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– ɞɥɹ ɲɬɨɤɚ 
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ɝɞɟ FT – ɭɫɢɥɢɟ ɧɚ ɬɨɥɤɚɬɟɥɟ; FKA – ɭɫɢɥɢɟ ɧɚ 
ɬɨɥɤɚɬɟɥɟ ɨɬ ɚɬɦɨɫɮɟɪɧɨɝɨ ɤɥɚɩɚɧɚ; FA – 

ɭɫɢɥɢɟ ɩɪɭɠɢɧɵ ɚɬɦɨɫɮɟɪɧɨɝɨ ɤɥɚɩɚɧɚ; Fȼ – 

ɭɫɢɥɢɟ ɩɪɭɠɢɧɵ ɜɚɤɭɭɦɧɨɝɨ ɤɥɚɩɚɧɚ; FR – 

ɪɟɚɤɰɢɹ ɫɥɟɞɹɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ; mT – ɦɚɫɫɚ 
ɬɨɥɤɚɬɟɥɹ; fT – ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ 
ɬɨɥɤɚɬɟɥɹ; ɯT – ɩɟɪɟɦɟɳɟɧɢɟ ɬɨɥɤɚɬɟɥɹ; Fɉ – 

ɭɫɢɥɢɟ ɧɚ ɩɨɪɲɧɟ ɨɬ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ; FɄȼ 
– ɭɫɢɥɢɟ ɨɬ ɜɚɤɭɭɦɧɨɝɨ ɤɥɚɩɚɧɚ; Fɋɉ – ɭɫɢ-

ɥɢɟ ɧɚ ɫɬɭɩɢɰɟ ɩɨɪɲɧɹ; Fɉɉ – ɭɫɢɥɢɟ ɜɨɡ-
ɜɪɚɬɧɨɣ ɩɪɭɠɢɧɵ ɩɨɪɲɧɹ; Fɇ – ɭɫɢɥɢɟ ɧɚ-
ɝɪɭɡɤɢ; mɉ – ɦɚɫɫɚ ɩɨɪɲɧɹ; fɉ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɩɨɪɲɧɹ; ɯɉ – ɩɟɪɟɦɟɳɟɧɢɟ 
ɩɨɪɲɧɹ; ȈFɉ, ȈFɌ – ɫɭɦɦɚ ɭɫɢɥɢɣ ɧɚ ɩɨɪɲɧɟ 
ɢ ɬɨɥɤɚɬɟɥɟ; ɋɇ – ɠɺɫɬɤɨɫɬɶ ɧɚɝɪɭɡɤɢ; mɒ – 

ɦɚɫɫɚ ɲɬɨɤɚ; fɒ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢɪɨɜɚ-
ɧɢɹ ɲɬɨɤɚ; ɯɒ – ɩɟɪɟɦɟɳɟɧɢɟ ɲɬɨɤɚ. 
 
ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɚɢɛɨɥɟɟ ɩɪɢɦɟɧɹɟɦɨɝɨ 

ɤɥɚɩɚɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ȼɍ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 3.  

 
Ɍɨɥɤɚɬɟɥɶ ɧɚɝɪɭɠɚɟɬɫɹ ɩɪɭɠɢɧɚɦɢ ɢ ɩɧɟɜ-
ɦɚɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɨɬ ɧɟɭɪɚɜɧɨɜɟ-
ɲɟɧɧɨɫɬɢ ɤɥɚɩɚɧɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫ. 3 ɢ 

ɪɢɫ. 4 ɩɧɟɜɦɚɬɢɱɟɫɤɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ 
 

)()(785,0 0

22

ɜɚɇɄKA ppddɪȺF −⋅−⋅=∆⋅= ,   (4) 

 

)()(785,0 0

22

ɜɜɄɄKȼ ppddɪȺF −⋅−⋅=∆⋅= ,   (5) 

 

ɝɞɟ ɪ0 – ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ; ɪɜ – ɪɚɡɪɟɠɟ-
ɧɢɟ; ȺɇɄ, ȺɄɄ – ɚɤɬɢɜɧɵɟ ɩɥɨɳɚɞɢ ɤɥɚɩɚɧɚ ɜ 
ɧɚɱɚɥɶɧɨɦ ɢ ɤɨɧɟɱɧɨɦ ɩɨɥɨɠɟɧɢɹɯ. 
 

ɉɟɪɟɦɟɳɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬ-
ɜɚ ɨɩɪɟɞɟɥɹɟɬ ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɜ ɚɬɦɨɫɮɟɪ-

ɧɭɸ ɩɨɥɨɫɬɶ ɭɫɢɥɢɬɟɥɹ. Ɉɛɴɺɦ ɢ ɞɚɜɥɟɧɢɟ ɜ 
ɚɬɦɨɫɮɟɪɧɨɣ ɩɨɥɨɫɬɢ ɢɡɦɟɧɹɸɬɫɹ ɜ ɡɚɜɢɫɢ-

ɦɨɫɬɢ ɨɬ ɟɺ ɧɚɩɨɥɧɟɧɢɹ ɢ ɞɜɢɠɟɧɢɹ ɩɨɪɲɧɹ. 
 

ɂɫɩɨɥɶɡɭɹ ɨɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ d
S

dt

⎛ ⎞=⎜ ⎟
⎝ ⎠

, ɢɡ 

ɭɪɚɜɧɟɧɢɣ 1, 2, 3 ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɟɪɟɦɟɳɟɧɢɹ 
ɬɨɥɤɚɬɟɥɹ, ɩɨɪɲɧɹ ɢ ɲɬɨɤɚ. 
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ɒ 2
ɒ ɒ
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ɇ
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.        (8) 

 

Ɂɚɜɢɫɢɦɨɫɬɢ 6, 7 ɢ 8 ɩɨɡɜɨɥɹɸɬ ɨɛɴɟɞɢɧɢɬɶ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ȼɍ ɢ ɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɨɛɳɭɸ ɛɥɨɤ-ɫɯɟɦɭ ɦɨ-
ɞɟɥɢ,  ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫ. 4. 

 

                                                              ɚ                                                                          ɛ 

 

Ɋɢɫ. 3. ɋɯɟɦɵ ɪɚɛɨɬɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ: ɚ – ɬɨɪɦɨɠɟɧɢɟ; ɛ – ɪɚɫɬɨɪɦɚɠɢɜɚɧɢɟ; 
Rɜ, Ra – ɪɟɚɤɰɢɹ ɜ ɤɨɧɬɚɤɬɟ ɜɚɤɭɭɦɧɨɝɨ ɢ ɚɬɦɨɫɮɟɪɧɨɝɨ ɤɥɚɩɚɧɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; F1 – ɫɭɦ-

ɦɚɪɧɚɹ ɪɟɚɤɰɢɹ ɩɪɭɠɢɧ; FɄȼ, FɄȺ – ɭɫɢɥɢɹ ɩɧɟɜɦɚɬɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɜɚɤɭɭɦɧɨɝɨ  

ɢ ɚɬɦɨɫɮɟɪɧɨɝɨ ɤɥɚɩɚɧɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; d – ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɦɚɧɠɟɬɵ ɤɥɚɩɚɧɨɜ; dɜ, da – 

ɞɢɚɦɟɬɪɵ ɤɥɚɩɚɧɨɜ ɜɚɤɭɭɦɧɨɝɨ ɢ ɚɬɦɨɫɮɟɪɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
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Ʉɪɨɦɟ ɩɪɢɜɟɞɟɧɧɵɯ ɪɚɧɟɟ ɩɚɪɚɦɟɬɪɨɜ, ɜ 
ɫɯɟɦɟ ɦɨɞɟɥɢ ɧɚ ɪɢɫ. 4 ɨɛɨɡɧɚɱɟɧɵ: Fɧɚ – 

ɭɫɢɥɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɫɠɚɬɢɹ ɩɪɭɠɢɧɵ 

ɚɬɦɨɫɮɟɪɧɨɝɨ ɤɥɚɩɚɧɚ; Fɇɉɉ – ɭɫɢɥɢɟ ɩɪɟɞ-

ɜɚɪɢɬɟɥɶɧɨɝɨ ɫɠɚɬɢɹ ɜɨɡɜɪɚɬɧɨɣ ɩɪɭɠɢɧɵ 

ɩɨɪɲɧɹ; ∑FɉɊ – ɫɭɦɦɚɪɧɨɟ ɭɫɢɥɢɟ ɩɪɭɠɢɧ 

ɤɥɚɩɚɧɨɜ; ∑Fɒ – ɫɭɦɦɚ ɫɢɥ ɧɚ ɲɬɨɤɟ; ɋȼ – 

ɠɺɫɬɤɨɫɬɶ ɩɪɭɠɢɧɵ ɜɚɤɭɭɦɧɨɝɨ ɤɥɚɩɚɧɚ; ɋȺ 
– ɠɺɫɬɤɨɫɬɶ ɩɪɭɠɢɧɵ ɚɬɦɨɫɮɟɪɧɨɝɨ ɤɥɚɩɚɧɚ; 
Ⱥɉ – ɚɤɬɢɜɧɚɹ ɩɥɨɳɚɞɶ ɩɨɪɲɧɹ; hB – ɩɟɪɟ-
ɦɟɳɟɧɢɟ ɜɚɤɭɭɦɧɨɝɨ ɤɥɚɩɚɧɚ ɞɨ ɟɝɨ ɡɚɤɪɵ-

ɬɢɹ; ɪȺ – ɞɚɜɥɟɧɢɟ ɜ ɚɬɦɨɫɮɟɪɧɨɣ ɩɨɥɨɫɬɢ 

ɭɫɢɥɢɬɟɥɹ; 
dx

dQ
 – ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ 

ɱɟɪɟɡ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 
dQ

dp
 – 

ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɚɬɦɨɫɮɟɪɧɵɯ ɩɨɥɨɫɬɹɯ 

ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɚɫɯɨɞɚ; 
dV

dQ
 – ɢɡɦɟɧɟɧɢɟ 

ɪɚɫɯɨɞɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɨɛɴɺɦɚ; 
dp

dQ
 – ɢɡɦɟ-

ɧɟɧɢɟ ɪɚɫɯɨɞɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɞɚɜɥɟɧɢɹ; Ʉɍ – 

ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ (ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɥɟ-
ɞɹɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ). 
 

Ɏɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ (ɫɯɟɦɚ) ɝɢɞɪɨɭɫɢɥɢɬɟɥɹ 
(ɪɢɫ. 2, ɛ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 5. 

 

ɇɚ ɞɚɧɧɨɦ ɪɢɫɭɧɤɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɢɧɰɢɩɢ-

ɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ ɝɢɞɪɨɭɫɢɥɢɬɟɥɹ ɬɨɪɦɨ-
ɡɨɜ. ɇɚ ɤɨɬɨɪɨɣ ɨɛɨɡɧɚɱɟɧɵ: ɋɡ – ɠɺɫɬɤɨɫɬɶ 
ɩɪɭɠɢɧɵ ɡɨɥɨɬɧɢɤɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ; ɋɩ – 

ɠɺɫɬɤɨɫɬɶ ɜɨɡɜɪɚɬɧɨɣ ɩɪɭɠɢɧɵ ɩɨɪɲɧɹ; fɩ – 

ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɩɨɪɲɧɹ; fɡ – 

ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɡɨɥɨɬɧɢɤɨɜɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ. 
 

ɂɫɯɨɞɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɛɥɨɤ-ɫɯɟɦɚ ɦɨɞɟɥɢ 

ɝɢɞɪɨɭɫɢɥɢɬɟɥɹ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 6. 

 

ȼ ɫɯɟɦɟ ɪɢɫ. 6 ɨɛɨɡɧɚɱɟɧɵ: ɏ – ɩɟɪɟɦɟɳɟɧɢɟ 
ɬɨɥɤɚɬɟɥɹ (ɡɨɥɨɬɧɢɤɚ); Y – ɩɟɪɟɦɟɳɟɧɢɟ ɩɨ-
ɪɲɧɹ (ɲɬɨɤɚ); Z – ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɩɟɪɟɦɟɳɟ-
ɧɢɟ ɩɨɪɲɧɹ (ɝɢɥɶɡɵ) ɢ ɡɨɥɨɬɧɢɤɚ; FY – ɭɫɢ-

ɥɢɟ ɧɚ ɩɨɪɲɧɟ; mɉ – ɦɚɫɫɚ ɩɨɪɲɧɹ; Ⱥɉ – 

ɩɥɨɳɚɞɶ ɩɨɪɲɧɹ; fɉ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢ-

ɪɨɜɚɧɢɹ ɩɨɪɲɧɹ; ɋɉ – ɠɺɫɬɤɨɫɬɶ ɜɨɡɜɪɚɬɧɨɣ 

ɩɪɭɠɢɧɵ ɩɨɪɲɧɹ; Ʉȿ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɟɬɚ 
ɫɠɢɦɚɟɦɨɫɬɢ ɠɢɞɤɨɫɬɢ; ɄQz – ɤɨɷɮɮɢɰɢɟɧɬ 
ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɨ ɪɚɫɯɨɞɭ; ɄQp – ɤɨɷɮɮɢ-

ɰɢɟɧɬ ɫɤɨɥɶɠɟɧɢɹ ɩɨ ɪɚɫɯɨɞɭ; 
d

S
dt

=  – ɨɩɟ-

ɪɚɬɨɪ Ʌɚɩɥɚɫɚ. 
 

Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɝɢɞɪɨɭɫɢɥɢɬɟɥɹ 
ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɭɪɚɜɧɟɧɢɣ: 

 
2
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, (9) 

 

ɢɥɢ 

 
2 0

0

Y ɉ ɉ ɉ
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F m S f S C Y

dp
K X K p A S K

dt
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⎬
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.   (10) 

 

ɉɥɨɳɚɞɢ ɪɚɛɨɱɢɯ ɨɤɨɧ ɡɨɥɨɬɧɢɤɨɜɨɝɨ ɪɚɫ-
ɩɪɟɞɟɥɢɬɟɥɹ ɜɥɢɹɸɬ ɧɚ ɭɪɨɜɟɧɶ ɧɚɫɵɳɟɧɢɹ 
ɩɨ ɪɚɫɯɨɞɭ ɢ ɞɚɜɥɟɧɢɸ, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟ-
ɪɟɞɶ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɞɢɧɚɦɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɭɫɢɥɢɬɟɥɹ. 
 

ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɡɚɢɦɨ-
ɫɜɹɡɢ ɦɟɠɞɭ ɭɫɢɥɢɟɦ ɧɚ ɜɯɨɞɟ ɢ ɩɟɪɟɦɟɳɟ-
ɧɢɟɦ ɧɚ ɜɵɯɨɞɟ ɝɢɞɪɨɭɫɢɥɢɬɟɥɹ ɜ ɛɥɨɤ-
ɫɯɟɦɭ ɪɢɫ. 6 ɜɜɨɞɢɬɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɢɧɚ-
ɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɨɥɨɬɧɢɤɚ. 

 
 

Ɋɢɫ. 5. ɋɯɟɦɚ ɝɢɞɪɨɭɫɢɥɢɬɟɥɹ 
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Ɋɢɫ. 6. ɂɫɯɨɞɧɚɹ ɛɥɨɤ-ɫɯɟɦɚ ɦɨɞɟɥɢ ɝɢɞɪɨɭɫɢɥɢɬɟɥɹ 

 

 

ȼɵɜɨɞɵ 

 

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɦɟɬɨɞɢɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɢɞ-
ɪɚɜɥɢɱɟɫɤɨɝɨ ɬɨɪɦɨɡɧɨɝɨ ɩɪɢɜɨɞɚ ɩɨɡɜɨɥɹɸɬ 
ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɢ ɢɫɫɥɟ-
ɞɨɜɚɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɨɫɬɚɜɥɹɸɳɢɯ ɢ ɜɥɢɹ-
ɧɢɟ ɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɪɚɛɨɬɭ ɭɫɢɥɢɬɟɥɟɣ. 
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