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Аɧɧɨɬаɰиɹ. Ɉɩɢɫɚɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɬɨɪɦɨɠɟɧɢɹ ɪɟɤɨɪɞɧɨ-ɝɨɧɨɱɧɨɝɨ ɚɜɬɨ-
ɦɨɛɢɥɹ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɨɣ. ɍɩɪɚɜɥɟɧɢɟ ɬɨɪɦɨɡɧɵɦ ɩɚɪɚɲɸɬɨɦ ɢ ɮɪɢɤ-
ɰɢɨɧɧɵɦɢ ɬɨɪɦɨɡɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɫ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɪɢɜɨɞɨɦ ɜɵɩɨɥɧɹɟɬɫɹ ɚɞɚɩ-
ɬɢɜɧɨɣ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ. Эɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɣɫɬɜɢɹ ɮɪɢɤɰɢɨɧɧɵɯ ɬɨɪɦɨɡɧɵɯ ɦɟɯɚɧɢɡɦɨɜ 
ɢɡɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɨɪɦɨɡɧɨɝɨ ɩɚɪɚɲɸɬɚ. 
 
Клɸɱевые ɫлɨва: ɚɜɬɨɦɨɛɢɥɶ, ɫɢɫɬɟɦɚ, ɚɞɚɩɬɢɜɧɨɟ ɬɨɪɦɨɡɧɨɟ ɭɩɪɚɜɥɟɧɢɟ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ, 
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Аɧɨɬаɰіɹ. Ɉɩɢɫɚɧɨ ɿɦɿɬɚɰɿɣɧɭ ɦɨɞɟɥɶ ɩɪɨɰɟɫɭ ɝɚɥɶɦɭɜɚɧɧɹ ɪɟɤɨɪɞɧɨ-ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɿɥɹ ɡ 
ɤɨɦɛɿɧɨɜɚɧɨɸ ɝɚɥɶɦɿɜɧɨɸ ɫɢɫɬɟɦɨɸ. Ʉɟɪɭɜɚɧɧɹ ɝɚɥɶɦɿɜɧɢɦ ɩɚɪɚɲɭɬɨɦ ɬɚ ɮɪɢɤɰɿɣɧɢɦɢ ɝɚɥɶ-
ɦɿɜɧɢɦɢ ɦɟɯɚɧɿɡɦɚɦɢ ɡ ɟɥɟɤɬɪɨɝɿɞɪɚɜɥɿɱɧɢɦ ɩɪɢɜɨɞɨɦ ɜɢɤɨɧɭєɬɶɫɹ ɚɞɚɩɬɢɜɧɨɸ ɫɢɫɬɟɦɨɸ ɤɟ-
ɪɭɜɚɧɧɹ. ȿɮɟɤɬɢɜɧɿɫɬɶ ɞɿʀ ɮɪɢɤɰɿɣɧɢɯ ɝɚɥɶɦɿɜɧɢɯ ɦɟɯɚɧɿɡɦɿɜ ɡɦɿɧɸєɬɶɫɹ ɡɚɥɟɠɧɨ ɜɿɞ ɟɮɟɤ-
ɬɢɜɧɨɫɬɿ ɝɚɥɶɦɿɜɧɨɝɨ ɩɚɪɚɲɭɬɚ. 
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BRAKING PROCESS MODELING RECORD-RACING CAR WITH A COMBINED BRAKE 
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Abstract. A simulation model of the brake process of the record-race car with a combined brake sys-
tem is described in the given article. Control of the brake parachute as well as friction brake mecha-
nisms with electrohydraulic drive is performed by an adaptive control system. The effectiveness of the 
friction brake mechanisms operation varies, depending on the efficiency of the brake parachute.  
 
Key words: car, system, adaptive brake control, efficiency, electro-hydraulic brake drive, brake  
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ȼɜɟɞɟɧɢɟ 
 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɚɜɬɨɦɨɛɢɥɹ, ɞɨɫɬɢɝ-
ɧɭɬɚɹ ɧɚ ɬɪɚɫɫɟ, ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɛɚɥɚɧɫɚ 

ɦɨɳɧɨɫɬɢ, ɩɨɞɜɨɞɢɦɨɣ ɤ ɜɟɞɭɳɢɦ ɤɨɥɟɫɚɦ, 
ɦɨɳɧɨɫɬɢ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ ɢ 
ɫɢɥ ɫɰɟɩɥɟɧɢɹ ɜɟɞɭɳɢɯ ɤɨɥɟɫ ɫ ɨɩɨɪɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɶɸ, ɧɨ ɢ ɨɬ ɬɨɪɦɨɡɧɵɯ ɫɜɨɣɫɬɜ. ɉɢ-
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ɥɨɬ ɪɟɤɨɪɞɧɨ-ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɧɟ ɜɫɟ-
ɝɞɚ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚ ɡɚɞɚɧɧɨɣ ɬɪɚɫɫɟ 
ɞɨɫɬɢɝɧɭɬɶ ɬɟɯɧɢɱɟɫɤɢ ɜɨɡɦɨɠɧɭɸ ɦɚɤɫɢ-
ɦɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɚɜɬɨɦɨɛɢɥɹ, ɩɨɫɤɨɥɶɤɭ 
ɬɪɟɛɭɟɬɫɹ ɟɳɟ ɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɧɚ 
ɨɫɬɚɧɨɜɤɭ ɚɜɬɨɦɨɛɢɥɹ. Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨ-
ɫɜɹɳɟɧɚ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɩɪɨɰɟɫɫɚ ɬɨɪɦɨɠɟ-
ɧɢɹ ɪɟɤɨɪɞɧɨ-ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɫ ɤɨɦ-
ɛɢɧɢɪɨɜɚɧɧɨɣ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɨɣ ɢ ɬɟɨɪɟ-
ɬɢɱɟɫɤɨɣ ɨɰɟɧɤɟ ɬɨɪɦɨɡɧɵɯ ɫɜɨɣɫɬɜ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 

ȼ ɪɚɛɨɬɟ Д1Ж ɚɜɬɨɪ ɪɚɫɤɪɵɜɚɟɬ ɨɫɨɛɟɧɧɨɫɬɢ 
ɤɨɧɫɬɪɭɤɰɢɢ ɬɨɪɦɨɡɧɵɯ ɭɫɬɪɨɣɫɬɜ ɝɨɧɨɱɧɵɯ 
ɚɜɬɨɦɨɛɢɥɟɣ. ȼ ɪɟɤɨɪɞɧɨ-ɝɨɧɨɱɧɵɯ ɚɜɬɨɦɨ-
ɛɢɥɹɯ ɫ ɪɟɚɤɬɢɜɧɨɣ ɬɹɝɨɣ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɨɪɦɨɠɟɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ 
ɪɟɜɟɪɫ ɬɹɝɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɢ ɬɨɪɦɨɡɧɨɣ ɩɚ-
ɪɚɲɸɬ. ɇɚ ɚɜɬɨɦɨɛɢɥɹɯ ɫ ɩɪɢɜɨɞɨɦ ɧɚ ɜɟ-
ɞɭɳɢɟ ɤɨɥɟɫɚ ɬɚɤɠɟ ɩɪɢɦɟɧɹɟɬɫɹ ɩɧɟɜɦɚɬɢ-
ɱɟɫɤɢɣ ɬɨɪɦɨɡ – ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɳɢɬɤɢ ɢɥɢ 
ɬɨɪɦɨɡɧɨɣ ɩɚɪɚɲɸɬ. 
 
ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɬɨɪɦɨɡɧɭɸ ɫɢɫɬɟɦɭ 
ɪɟɤɨɪɞɧɨ-ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɰɟɥɟɫɨɨɛ-
ɪɚɡɧɨ ɜɵɩɨɥɧɹɬɶ ɜ ɜɢɞɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 
ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɵ, ɜɤɥɸɱɚɸɳɟɣ ɤɚɤ ɮɪɢɤ-
ɰɢɨɧɧɵɟ ɬɨɪɦɨɡɚ, ɬɚɤ ɢ ɩɧɟɜɦɚɬɢɱɟɫɤɢɟ (ɬɨɪ-
ɦɨɡɧɨɣ ɩɚɪɚɲɸɬ). Ɉɛɳɟɢɡɜɟɫɬɧɨ, ɱɬɨ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɶ ɬɨɪɦɨɠɟɧɢɹ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɫɰɟɩɧɵɯ ɫɜɨɣɫɬɜ ɤɨɥɟɫ ɫ ɨɩɨɪ-
ɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ 
ɫɧɢɠɚɟɬɫɹ. ɉɨɷɬɨɦɭ ɩɪɢɜɨɞ ɮɪɢɤɰɢɨɧɧɵɯ 
ɬɨɪɦɨɡɨɜ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɢɬɶ ɷɥɟɤɬɪɨɝɢɞɪɚɜ-
ɥɢɱɟɫɤɢɦ ɫ ɚɞɚɩɬɢɜɧɨɣ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ 
ɢɯ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ. 
 
ɉɪɟɞɥɨɠɟɧɧɵɣ ɚɜɬɨɪɚɦɢ ДβЖ ɡɚɤɨɧ ɮɨɪɦɢɪɨ-
ɜɚɧɢɹ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɞɥɹ ɚɞɚɩ-
ɬɢɜɧɨɝɨ ɬɨɪɦɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɤɨɥɟɫɧɨɣ 
ɦɚɲɢɧɵ ɩɨɫɬɪɨɟɧ ɧɚ ɫɪɚɜɧɟɧɢɢ ɨɰɟɧɤɢ ɜɨɡ-
ɦɭɳɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ ɫ 
ɫɨɫɬɨɹɧɢɟɦ ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɚ-
ɪɚɦɟɬɪɚ ɞɥɹ ɨɰɟɧɤɢ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɚɞɚɩ-
ɬɢɜɧɨɝɨ ɬɨɪɦɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɥɨɠɟɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɚɦɟɞɥɟɧɢɟ ɚɜɬɨɦɨɛɢɥɹ ДγЖ. ȼ 
ɪɚɛɨɬɚɯ Д4, 5Ж ɨɩɢɫɚɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫ-
ɫɚ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɟɣ ɫ ɚɞɚɩɬɢɜɧɵɦ 
ɱɚɫɬɢɱɧɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɦ ɝɢɞɪɚɜɥɢɱɟ-
ɫɤɢɦ ɬɨɪɦɨɡɧɵɦ ɩɪɢɜɨɞɨɦ ɢ ɚɞɚɩɬɢɜɧɵɦ 
ɷɥɟɤɬɪɨɩɧɟɜɦɚɬɢɱɟɫɤɢɦ ɩɪɢɜɨɞɨɦ ɬɨɪɦɨɡɨɜ. 
 
ɂɡ ɚɧɚɥɢɡɚ ɩɭɛɥɢɤɚɰɢɣ ɫɥɟɞɭɟɬ, ɱɬɨ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ ɚɞɚɩɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɬɨɪɦɨɠɟ-
ɧɢɟɦ ɚɤɬɭɚɥɶɧɵ, ɬɚɤ ɤɚɤ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɮɨɪ-

ɦɢɪɨɜɚɧɢɟ ɡɚɞɚɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɨɪɦɨɡ-
ɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɜɵɩɨɥɧɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟ ɨɬɪɚɠɚɸɬ 
ɨɫɨɛɟɧɧɨɫɬɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɬɨɪɦɨ-
ɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɬɨɪ-
ɦɨɡɧɨɣ ɫɢɫɬɟɦɨɣ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɷɥɟɤɬɪɨɝɢɞ-
ɪɚɜɥɢɱɟɫɤɨɝɨ ɬɨɪɦɨɡɧɨɝɨ ɩɪɢɜɨɞɚ ɬɨɪɦɨɡɧɵɯ 
ɦɟɯɚɧɢɡɦɨɜ ɤɨɥɟɫ ɢ ɬɨɪɦɨɡɧɨɝɨ ɩɚɪɚɲɸɬɚ. 
 

ɐɟɥɶ  ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɨɰɟɧ-
ɤɚ ɬɨɪɦɨɡɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɤɨɪɞɧɨ-
ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 
ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɨɣ ɧɚ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟ-
ɥɢ ɩɪɨɰɟɫɫɚ ɬɨɪɦɨɠɟɧɢɹ. 
 
ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɞɨɥɠɧɚ ɨɬɪɚɠɚɬɶ ɪɟ-
ɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ 
ɬɨɪɦɨɠɟɧɢɢ, ɪɚɛɨɱɢɟ ɩɪɨɰɟɫɫɵ ɤɨɦɛɢɧɢɪɨ-
ɜɚɧɧɨɣ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɵ ɢ ɚɥɝɨɪɢɬɦ 
ɭɩɪɚɜɥɟɧɢɹ ɬɨɪɦɨɠɟɧɢɟɦ. Ʉɨɦɛɢɧɢɪɨɜɚɧɧɚɹ 
ɬɨɪɦɨɡɧɚɹ ɫɢɫɬɟɦɚ ɞɨɥɠɧɚ ɫɨɫɬɨɹɬɶ ɢɡ ɷɥɟɤ-
ɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɨɪɦɨɡɧɨɝɨ ɩɪɢɜɨɞɚ 
ɬɨɪɦɨɡɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɤɨɥɟɫ ɢ ɬɨɪɦɨɡɧɨɝɨ 
ɩɚɪɚɲɸɬɚ. ɍɩɪɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɨɦ ɬɨɪɦɨɠɟ-
ɧɢɹ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧ-
ɧɨɣ ɫɢɫɬɟɦɨɣ ɫ ɚɞɚɩɬɢɜɧɵɦ ɪɟɝɭɥɹɬɨɪɨɦ. 
 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɬɨɪɦɨɠɟɧɢɹ 
 

ɇɚ ɤɚɮɟɞɪɟ ɚɜɬɨɦɨɛɢɥɟɣ ɏɇȺȾɍ ɪɚɡɪɚɛɨɬɚ-
ɧɚ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ. 
ɍɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ ɬɨɪ-
ɦɨɠɟɧɢɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ 
 

ɚ
ɚ ɩ ɬ1 ɬβ 0

f w

dV
m P P P P P

dt
,     (1) 

 
ɝɞɟ am  – ɦɚɫɫɚ ɚɜɬɨɦɨɛɢɥɹ; aV  – ɫɤɨɪɨɫɬɶ 
ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ; t  – ɧɟɡɚɜɢɫɢɦɚɹ ɩɟɪɟ-
ɦɟɧɧɚɹ; 0 ɬ[ , ]t t t  ( 0t  – ɜɪɟɦɹ ɧɚɱɚɥɚ ɩɪɨɰɟɫ-
ɫɚ, ɬt  – ɜɪɟɦɹ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ); 

ɩ ɬ1 ɬβ, , , ,
f w

P P P P P  – ɬɨɪɦɨɡɧɵɟ ɫɢɥɵ ɩɚɪɚ-
ɲɸɬɚ, ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɟɣ, ɫɢɥɵ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ ɤɨɥɟɫ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɜɨɡɞɭɯɚ. 
 
Ɍɨɪɦɨɡɧɚɹ ɫɢɥɚ ɩɚɪɚɲɸɬɚ ɢ ɫɢɥɚ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɜɨɡɞɭɯɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɩɨ ɮɨɪɦɭɥɚɦ 
 

2

ɩ ɜɩ ɩ КP ɤ F V ;                   (2) 
 

2

ɜ К Кw
Ɋ ɤ F V ,                   (3) 
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ɝɞɟ ɜɩ ɩ,ɤ F  – ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɬɟɤɚɟɦɨɫɬɢ ɢ 
ɥɨɛɨɜɚɹ ɩɥɨɳɚɞɶ ɩɚɪɚɲɸɬɚ [6]; ɜ К,ɤ F  – ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɨɛɬɟɤɚɟɦɨɫɬɢ ɢ ɥɨɛɨɜɚɹ ɩɥɨɳɚɞɶ 
ɚɜɬɨɦɨɛɢɥɹ. 
 
Ɍɨɪɦɨɡɧɵɟ ɫɢɥɵ ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɟɣ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɧɫɬɪɭɤɰɢɟɣ ɬɨɪɦɨɡɧɵɯ ɦɟ-
ɯɚɧɢɡɦɨɜ ɢ ɜɟɥɢɱɢɧɨɣ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢɹ 
 

ɬ1,ɬβ 0 ɬɤ1,ɬɤβɊ p t p Ʉ ,        (4) 

 
ɝɞɟ tp  – ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɬɨɪɦɨɡ-
ɧɨɝɨ ɩɪɢɜɨɞɚ, ɩɨɞɜɟɞɟɧɧɨɟ ɤ ɬɨɪɦɨɡɧɵɦ ɤɨ-
ɥɟɫɚɦ ɚɜɬɨɦɨɛɢɥɹ; 0p  – ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 
ɬɨɪɦɨɡɧɵɯ ɦɟɯɚɧɢɡɦɨɜ; ɬɤ1, ɬɤβɄ Ʉ  – ɤɨɷɮɮɢ-
ɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɨɪɦɨɡɧɵɯ ɤɨɥɟɫ ɩɟ-
ɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɟɣ ɚɜɬɨɦɨɛɢɥɹ. 
 
ɋɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ ɤɨɥɟɫ 
 

af
Ɋ m Р П ,                  (5) 

 
ɝɞɟ g  – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ; f  – 

ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ. 
 
Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (1) ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ 
ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ 
 

ɩ ɬ1 ɬβɚ

ɚ

f w
P P P P PdV

dt m
,    (6) 

 
ɫ ɧɚɱɚɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɜ ɜɢɞɟ 
 

a 0 0( )V t V , 

 
ɝɞɟ 0V  – ɫɤɨɪɨɫɬɶ ɚɜɬɨɦɨɛɢɥɹ ɜ ɧɚɱɚɥɶɧɵɣ 
ɦɨɦɟɧɬ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɨɪɦɨɡɧɨɣ ɫɢɥɵ ɧɚ 
ɤɨɥɟɫɚɯ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 0t . 

 
ɋɬɪɭɤɬɭɪɧɨ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ 
ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ ɜ 
ɫɥɭɱɚɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɷɥɟɤɬɪɨɝɢɞɪɚɜ-
ɥɢɱɟɫɤɨɝɨ ɬɨɪɦɨɡɧɨɝɨ ɩɪɢɜɨɞɚ, ɪɟɚɥɢɡɨɜɚɧ-
ɧɚɹ ɜ ɩɪɢɥɨɠɟɧɢɢ Simulink ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɩɪɨɞɭɤɬɚ MATLAB, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɛɥɨɤɢ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 
ɫɜɹɡɹɦɢ (ɪɢɫ. 1). ȼ ɛɥɨɤɟ Subsystem2 ɜɵɱɢɫ-
ɥɹɸɬɫɹ ɬɨɪɦɨɡɧɵɟ ɫɢɥɵ ɩɚɪɚɲɸɬɚ ɢ ɬɨɪɦɨɡ-
ɧɵɟ ɫɢɥɵ ɧɚ ɤɨɥɟɫɚɯ ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɟɣ. 
ɋɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ ɢ ɜɨɡɞɭɯɚ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɛɥɨɤɚɯ Pf ɢ 
Pw. ɇɚ ɜɵɯɨɞɟ ɢɧɬɟɝɪɚɬɨɪɚ Skorost ɮɨɪɦɢɪɭ-
ɟɬɫɹ ɜɟɥɢɱɢɧɚ ɫɧɢɠɟɧɢɹ ɫɤɨɪɨɫɬɢ ɚɜɬɨɦɨɛɢ-
ɥɹ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ. ɋ ɭɱɟɬɨɦ ɧɚɱɚɥɶɧɨɣ 
ɫɤɨɪɨɫɬɢ ɬɨɪɦɨɠɟɧɢɹ 

0V  ɜ ɫɭɦɦɚɬɨɪɟ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟ-
ɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ. Ɋɟɡɭɥɶɬɚɬ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɜ ɛɥɨɤɟ Puti – ɬɨɪɦɨɡɧɨɣ 
ɩɭɬɶ ɚɜɬɨɦɨɛɢɥɹ. Ȼɥɨɤ Subsystem ɢɦɩɨɪɬɢ-
ɪɭɟɬ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɬɚɛɥɢɰɵ 
Excel. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɬɨɪɦɨɠɟɧɢɹ 
ɩɪɨɢɫɯɨɞɢɬ ɞɨ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢ-
ɥɹ 0,005 ɦ/ɫ; ɩɨɫɥɟ ɷɬɨɝɨ ɛɥɨɤ STOP ɚɜɬɨɦɚ-
ɬɢɱɟɫɤɢ ɩɪɟɤɪɚɳɚɟɬ ɩɪɨɰɟɫɫ ɢɦɢɬɚɰɢɢ. 
 
Ɍɨɪɦɨɡɧɵɟ ɫɢɥɵ ɧɚ ɨɫɹɯ ɚɜɬɨɦɨɛɢɥɹ Ɋɬ1 ɢ Ɋɬβ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɢɥɢɹ ɧɚ 
ɩɟɞɚɥɢ Ɋɩ ɢ ɞɨɫɬɢɝɧɭɬɨɝɨ ɡɚɦɟɞɥɟɧɢɹ (ɨɬɪɢ-
ɰɚɬɟɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ) ɚɜɬɨɦɨɛɢɥɹ (ɪɢɫ. 2). 
ȿɫɥɢ ɬɨɪɦɨɠɟɧɢɟ ɧɚɱɢɧɚɟɬɫɹ ɫɨ ɫɤɨɪɨɫɬɢ, 
ɩɪɟɜɵɲɚɸɳɟɣ β00 ɤɦ/ɱ, ɬɨ ɩɪɢ ɧɚɠɚɬɢɢ ɧɚ 
ɩɟɞɚɥɶ ɬɨɪɦɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɢɬɫɹ ɜ 
ɞɟɣɫɬɜɢɟ ɩɧɟɜɦɚɬɢɱɟɫɤɢɣ ɬɨɪɦɨɡ – ɩɚɪɚɲɸɬ. 
ɉɪɢ ɷɬɨɦ ɞɚɜɥɟɧɢɟ ɜ ɬɨɪɦɨɡɧɵɯ ɤɨɧɬɭɪɚɯ 
ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ ɮɨɪɦɢɪɭɟɬ 
ɚɞɚɩɬɢɜɧɵɣ ɪɟɝɭɥɹɬɨɪ (ɛɥɨɤ Brake-Assist ɧɚ 
ɪɢɫ. β). ȼɫɥɟɞɫɬɜɢɟ ɫɧɢɠɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɜɢ-
ɠɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɨɪɦɨ-
ɠɟɧɢɹ ɩɚɪɚɲɸɬɨɦ. 
 
ɉɪɢ ɭɫɤɨɪɟɧɢɢ ɚɜɬɨɦɨɛɢɥɹ 10 ɦ/ɫ2 ɛɥɨɤ 
Brake-Assist ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɭɜɟɥɢɱɢɜɚɟɬ ɡɚ-
ɞɚɧɧɨɟ ɞɚɜɥɟɧɢɟ ɭɩɪɚɜɥɟɧɢɹ ɪА ɞɥɹ ɩɨɞɞɟɪ-
ɠɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɨɪɦɨɠɟɧɢɹ ɧɚ ɷɬɨɦ 
ɭɪɨɜɧɟ. ȼɵɱɢɫɥɟɧɢɟ ɡɚɞɚɧɧɨɝɨ ɞɚɜɥɟɧɢɹ  
ɪА ɜ ɛɥɨɤɟ Brake-Assist ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɡɚɜɢ-
ɫɢɦɨɫɬɢ 
 

ɦ 1
,  

bɪА q
b b

                (7) 

 
ɝɞɟ ɦ,b b  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɬɨɪɦɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɢ ɷɬɚ-
ɥɨɧɧɨɣ ɦɨɞɟɥɢ [2, 3]; q  – ɡɚɞɚɸɳɟɟ ɜɨɡɞɟɣ-
ɫɬɜɢɟ (ɞɥɹ ɷɥɟɤɬɪɨɝɢɞɪɨɩɪɢɜɨɞɚ – ɞɚɜɥɟɧɢɟ 
ɠɢɞɤɨɫɬɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ ɭɫɢɥɢɸ ɧɚ ɩɟ-
ɞɚɥɢ ɬɨɪɦɨɡɚ);  – ɨɲɢɛɤɚ ɭɩɪɚɜɥɟɧɢɹ;  – 
ɩɨɫɬɨɹɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ [7]. 
 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɦ,b b  ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɜ ɛɥɨ-
ɤɟ ψrКФО-Assist (ɪɢɫ. γ). ɂɧɞɟɤɫɨɦ «ɦ» ɨɬɦɟ-
ɱɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢ ɩɚɪɚɦɟɬɪɵ ɷɬɚɥɨɧɧɨɣ 
ɦɨɞɟɥɢ. 
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Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ 
 

 
 
Ɋɢɫ. β. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɚɞɚɩɬɢɜɧɨɝɨ ɬɨɪɦɨɡɧɨɝɨ ɩɪɢɜɨɞɚ ɚɜɬɨɦɨɛɢɥɹ 
 
ɉɪɢ ɢɦɢɬɚɰɢɨɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɢɧɚɦɢ-
ɤɢ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɜ ɤɚɱɟɫɬɜɟ ɷɬɚ-
ɥɨɧɧɨɣ ɦɨɞɟɥɢ ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɚɜɬɨ-
ɦɨɛɢɥɹ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ ɛɟɡ ɩɚɪɚɲɸɬɚ. ɉɟ-
ɪɟɞ ɧɚɱɚɥɨɦ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɹ (7) 
ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɭɫɥɨɜɢɹ 

 

ɬ.ɰ ɬ.ɰp p ,                     (8) 

 
ɝɞɟ ɬ.ɰp  – ɞɚɜɥɟɧɢɟ ɜ ɬɨɪɦɨɡɧɵɯ ɤɚɦɟɪɚɯ; 

ɬ.ɰp  – ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɬɨɪɦɨɡɧɵɯ ɦɟɯɚ-
ɧɢɡɦɨɜ. 
 
ȿɫɥɢ ɭɫɥɨɜɢɟ (8) ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɬɨ ɜ ɭɪɚɜ-
ɧɟɧɢɢ (7) ɩɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ ɦb b  (ɪɢɫ. γ – 

ɛɥɨɤ sаТЭМС). 
 
Ɍɨɪɦɨɡɧɵɟ ɫɢɥɵ ɧɚ ɨɫɹɯ ɚɜɬɨɦɨɛɢɥɹ ɜɵɱɢɫ-
ɥɹɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɜɢɫɢɦɨɫɬɶɸ (4) ɜ 

ɛɥɨɤɚɯ SЮЛsвsЭОЦ ɢ SЮЛsвsЭОЦ1 (ɪɢɫ. β). ȿɫɥɢ 
ɬɨɪɦɨɡɧɵɟ ɫɢɥɵ ɞɨɫɬɢɝɚɸɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɩɨ ɫɰɟɩɥɟɧɢɸ ɤɨɥɟɫ ɫ ɨɩɨɪɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɶɸ, ɬɨ ɢɦ ɩɪɢɫɜɚɢɜɚɸɬɫɹ ɡɧɚɱɟɧɢɹ 

1 2,
x x

R R , ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹɦ ɩɪɢ 
ɢɞɟɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɨɪɦɨɡɧɵɯ ɫɢɥ. 
ɉɪɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɦɟɧɶɲɟ 0,001 ɦ/ɫ 
ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɬɨɪɦɨɡɧɵɯ ɫɢɥ ɨɛɧɭ-
ɥɹɸɬɫɹ. 
 
Ⱦɚɜɥɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 
ɤɨɧɬɭɪɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɛɚɥɚɧɫɚ 
ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɜɩɭɫɤɧɨɣ ɢ ɜɵɩɭɫɤ-
ɧɨɣ ɷɥɟɤɬɪɨɤɥɚɩɚɧɵ ɜ ɛɥɨɤɟ Davlenie1  
(ɪɢɫ. 4). Ɇɨɞɟɥɶ ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɥɨɤɚ ɭɩɪɚɜ-
ɥɟɧɢɹ ɤɥɚɩɚɧɚɦɢ ɧɚ ɨɫɧɨɜɟ ɫɪɚɜɧɟɧɢɹ ɡɧɚɱɟ-
ɧɢɣ ɡɚɞɚɧɧɨɝɨ ɛɥɨɤɨɦ Brake-Assist ɢ ɢɡɦɟ-
ɪɟɧɧɨɝɨ ɜ ɤɨɧɬɭɪɟ ɮɨɪɦɢɪɭɟɬ ɭɩɪɚɜɥɹɸɳɢɟ 
ɫɢɝɧɚɥɵ ɧɚ ɷɥɟɤɬɪɨɤɥɚɩɚɧɵ.  
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Ɋɢɫ. γ. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɛɥɨɤɚ Brake-Assist 
 

 
 
Ɋɢɫ. 4. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɤɨɧɬɭɪɚ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɨɪɦɨɡɧɨɝɨ 

ɩɪɢɜɨɞɚ ɚɜɬɨɦɨɛɢɥɹ 
 
ȼ ɦɨɞɟɥɢ ɤɨɧɬɭɪɚ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 
ɬɨɪɦɨɡɧɨɝɨ ɩɪɢɜɨɞɚ ɩɪɢɧɹɬɵ ɞɨɩɭɳɟɧɢɹ: 
– ɞɚɜɥɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɟ ɧɟ 
ɢɡɦɟɧɹɟɬɫɹ;  
– ɡɚɬɜɨɪ ɤɥɚɩɚɧɚ ɩɟɪɟɦɟɳɚɟɬɫɹ ɦɝɧɨɜɟɧɧɨ, 
ɧɨ ɫ ɡɚɞɟɪɠɤɨɣ ɩɨ ɜɪɟɦɟɧɢ, ɮɨɪɦɢɪɭɟɦɨɣ 
ɛɥɨɤɚɦɢ Transport Delay1 ɢ Transport Delay2. 

 
Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ           

ɢ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɨɰɟɧɤɚ                           
ɬɨɪɦɨɡɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

 
ɇɚ ɤɚɮɟɞɪɟ ɚɜɬɨɦɨɛɢɥɟɣ ɏɇȺȾɍ ɛɵɥɨ ɜɵ-
ɩɨɥɧɟɧɨ ɢɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɢ-

ɧɚɦɢɤɢ ɬɨɪɦɨɠɟɧɢɹ ɪɟɤɨɪɞɧɨ-ɝɨɧɨɱɧɨɝɨ ɚɜ-
ɬɨɦɨɛɢɥɹ ɫ ɚɞɚɩɬɢɜɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɤɨɦɛɢ-
ɧɢɪɨɜɚɧɧɨɣ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɨɣ. Ɇɚɫɫɨ-
ɝɚɛɚɪɢɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɚɜɬɨɦɨɛɢɥɹ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɬ ɩɚɪɚɦɟɬɪɚɦ ɪɟɤɨɪɞɧɨ-ɝɨɧɨɱɧɨɝɨ ɚɜ-
ɬɨɦɨɛɢɥɹ ɏȺȾɂ-7. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɭɩɪɚɜɥɹ-
ɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɜ ɛɥɨɤɟ ɚɞɚɩɬɢɜɧɨɝɨ ɪɟ-
ɝɭɥɹɬɨɪɚ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɨɫɧɨɜɟ ɫɪɚɜɧɟɧɢɹ 
ɪɟɚɥɢɡɭɟɦɨɝɨ ɡɚɦɟɞɥɟɧɢɹ ɢ ɠɟɥɚɟɦɨɝɨ. Ȼɥɨɤ 
ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ ɬɨɪɦɨɡɨɜ 
ɭɩɪɚɜɥɹɟɬ ɪɚɛɨɬɨɣ ɤɥɚɩɚɧɨɜ ɢ ɨɬɪɚɛɚɬɵɜɚɟɬ 
ɧɚɩɨɥɧɟɧɢɟ ɢ ɨɩɨɪɚɠɧɢɜɚɧɢɟ ɬɨɪɦɨɡɧɵɯ ɰɢ-
ɥɢɧɞɪɨɜ. Ɇɨɞɟɥɢɪɨɜɚɥɢɫɶ ɷɤɫɬɪɟɧɧɨɟ ɬɨɪ-
ɦɨɠɟɧɢɟ ɫ ɨɞɢɧɚɤɨɜɵɦ ɡɧɚɱɟɧɢɟɦ ɭɫɢɥɢɹ ɧɚ 



ВеȟȠник ХНАДУ, вып. 75, 2016 

 
23 

ɩɟɞɚɥɢ ɢ ɬɟɦɩɨɦ ɟɝɨ ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɪɚɡ-
ɥɢɱɧɵɯ ɧɚɱɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ. 
 
Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɬɟɨɪɟ-
ɬɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɬɨɪɦɨɡɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɪɟɤɨɪɞɧɨ-ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɫ ɤɨɦɛɢɧɢ-
ɪɨɜɚɧɧɨɣ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɨɣ ɜɵɩɨɥɧɹɥɢɫɶ 
ɩɨ ɬɨɪɦɨɡɧɵɦ ɞɢɚɝɪɚɦɦɚɦ. Ɍɨɪɦɨɠɟɧɢɟ ɫɨ 
ɫɤɨɪɨɫɬɢ ɦɟɧɟɟ β00 ɤɦ/ɱ ɜɵɩɨɥɧɹɟɬɫɹ ɮɪɢɤ-
ɰɢɨɧɧɵɦɢ ɬɨɪɦɨɡɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɫ ɷɥɟɤ-

ɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɪɢɜɨɞɨɦ. ȿɫɥɢ ɫɤɨɪɨɫɬɶ 
ɚɜɬɨɦɨɛɢɥɹ ɩɟɪɟɞ ɬɨɪɦɨɠɟɧɢɟɦ ɛɨɥɶɲɟ 
200 ɤɦ/ɱ, ɬɨ ɩɪɢ ɧɚɠɚɬɢɢ ɧɚ ɩɟɞɚɥɶ ɬɨɪɦɨɡɚ 
ɩɨɞɚɟɬɫɹ ɤɨɦɚɧɞɚ ɧɚ ɪɚɫɤɪɵɬɢɟ ɬɨɪɦɨɡɧɨɝɨ 
ɩɚɪɚɲɸɬɚ. Ⱦɚɜɥɟɧɢɟ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɬɨɪ-
ɦɨɡɧɵɯ ɤɨɧɬɭɪɚɯ ɩɪɢ ɷɬɨɦ ɡɚɜɢɫɢɬ ɨɬ ɡɚɦɟɞ-
ɥɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ. Ɉɞɧɚ ɢɡ ɬɨɪɦɨɡɧɵɯ ɞɢɚ-
ɝɪɚɦɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɬɨɪɦɨɠɟɧɢɸ ɫɨ 
ɫɤɨɪɨɫɬɢ γ88 ɤɦ/ɱ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 5. 
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Ɋɢɫ. 5. Ɍɨɪɦɨɡɧɚɹ ɞɢɚɝɪɚɦɦɚ ɪɟɤɨɪɞɧɨ-ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ: Ɋɩ – ɭɫɢɥɢɟ ɧɚ ɩɟɞɚɥɢ ɬɨɪɦɨɡɚ; 
Sɬ – ɬɨɪɦɨɡɧɨɣ ɩɭɬɶ ɚɜɬɨɦɨɛɢɥɹ; Vɚ – ɫɤɨɪɨɫɬɶ ɚɜɬɨɦɨɛɢɥɹ; t – ɜɪɟɦɹ ɬɨɪɦɨɠɟɧɢɹ; jɚ  – 
ɭɫɤɨɪɟɧɢɟ ɚɜɬɨɦɨɛɢɥɹ; Ⱥ – ɧɚɱɚɥɨ ɤɨɪɪɟɤɰɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɨɪɦɨɠɟɧɢɹ; Ȼ – ɨɬɫɨɟɞɢɧɟ-
ɧɢɟ ɩɚɪɚɲɸɬɚ; ȼ – ɨɫɬɚɧɨɜɤɚ ɚɜɬɨɦɨɛɢɥɹ 

 
ɉɨɫɥɟ ɧɚɠɚɬɢɹ ɧɚ ɩɟɞɚɥɶ ɬɨɪɦɨɡɚ ɪɚɫɤɪɵɜɚ-
ɟɬɫɹ ɬɨɪɦɨɡɧɨɣ ɩɚɪɚɲɸɬ. ȼɪɟɦɹ ɟɝɨ ɩɨɥɧɨɝɨ 
ɪɚɫɤɪɵɬɢɹ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɢɧɹɬɨ 1,5 ɫ, 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɚɧɧɵɦɢ ɪɚɛɨɬɵ Д6Ж. ɋɧɢɠɟ-
ɧɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɭɦɟɧɶɲɚɟɬ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɶ ɬɨɪɦɨɡɧɨɝɨ ɩɚɪɚɲɸɬɚ, ɢ ɩɪɢ ɮɨɪɦɢɪɨ-
ɜɚɧɢɢ ɡɚɦɟɞɥɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɦɟɧɶɲɟ 10 ɦ/ɫ2 
ɚɞɚɩɬɢɜɧɵɣ ɪɟɝɭɥɹɬɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɭɜɟɥɢ-
ɱɢɜɚɟɬ ɞɚɜɥɟɧɢɟ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɬɨɪɦɨɡɧɵɯ 
ɤɨɧɬɭɪɚɯ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 
ɭɜɟɥɢɱɟɧɢɟ ɬɨɪɦɨɡɧɵɯ ɫɢɥ ɧɚ ɨɫɹɯ ɚɜɬɨɦɨɛɢ-
ɥɹ (ɪɢɫ. 6). ɉɨɫɥɟ ɷɬɨɝɨ ɡɚɦɟɞɥɟɧɢɟ ɚɜɬɨɦɨɛɢ-
ɥɹ ɫɨɡɞɚɟɬɫɹ ɬɨɪɦɨɡɧɵɦ ɩɚɪɚɲɸɬɨɦ ɢ ɤɨɥɟɫ-
ɧɵɦɢ ɮɪɢɤɰɢɨɧɧɵɦɢ ɬɨɪɦɨɡɧɵɦɢ ɦɟɯɚɧɢɡ-
ɦɚɦɢ. ɉɪɢ ɫɧɢɠɟɧɢɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɚɜ-
ɬɨɦɨɛɢɥɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɨɪɦɨɡɧɨɝɨ ɩɚɪɚ-
ɲɸɬɚ ɪɟɡɤɨ ɩɚɞɚɟɬ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɹɜɥɹɟɬɫɹ 
ɜɟɪɨɹɬɧɨɫɬɶ ɟɝɨ ɫɤɥɚɞɵɜɚɧɢɹ ɢ ɜɨɡɦɨɠɧɨɫɬɶ 
ɧɚɦɚɬɵɜɚɧɢɹ ɫɬɪɨɩ ɧɚ ɨɫɢ ɤɨɥɟɫ ɚɜɬɨɦɨɛɢɥɹ. 
ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ 
ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 

ɬɨɪɦɨɡɧɨɣ ɩɚɪɚɲɸɬ ɨɬɫɨɟɞɢɧɢɬɶ, ɚ ɩɨɫɥɟɞɭ-
ɸɳɟɟ ɡɚɦɟɞɥɟɧɢɟ ɚɜɬɨɦɨɛɢɥɹ ɨɛɟɫɩɟɱɢɬɶ ɤɨ-
ɥɟɫɧɵɦɢ ɮɪɢɤɰɢɨɧɧɵɦɢ ɬɨɪɦɨɡɧɵɦɢ ɦɟɯɚ-
ɧɢɡɦɚɦɢ. Ɉɬɫɨɟɞɢɧɟɧɢɟ ɩɚɪɚɲɸɬɚ ɩɪɢ ɦɨɞɟ-
ɥɢɪɨɜɚɧɢɢ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɜɵɩɨɥɧɹ-
ɟɬɫɹ ɜ ɫɥɭɱɚɟ ɫɧɢɠɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɞɨ 
γ0 ɦ/ɫ (108 ɤɦ/ɱ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɬɫɨɟɞɢɧɟɧɢɹ 
ɬɨɪɦɨɡɧɨɝɨ ɩɚɪɚɲɸɬɚ ɪɟɡɤɨ ɫɧɢɠɚɟɬɫɹ ɡɚɦɟɞ-
ɥɟɧɢɟ ɚɜɬɨɦɨɛɢɥɹ ɢ ɚɞɚɩɬɢɜɧɵɣ ɪɟɝɭɥɹɬɨɪ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɭɜɟɥɢɱɢɜɚɟɬ ɞɚɜɥɟɧɢɟ ɜ ɝɢɞ-
ɪɚɜɥɢɱɟɫɤɢɯ ɬɨɪɦɨɡɧɵɯ ɤɨɧɬɭɪɚɯ ɤɨɥɟɫɧɵɯ 
ɦɟɯɚɧɢɡɦɨɜ. Ɍɨɪɦɨɡɧɵɟ ɫɢɥɵ ɧɚ ɨɫɹɯ ɚɜɬɨɦɨ-
ɛɢɥɹ ɜɨɡɪɚɫɬɚɸɬ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɯ 
ɩɨ ɫɰɟɩɥɟɧɢɸ ɡɧɚɱɟɧɢɣ ɡɚ 0,07 ɫ. ɉɪɢ ɡɚɞɚɧ-
ɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɬɨɪɦɨɡɧɨɣ ɩɭɬɶ ɚɜ-
ɬɨɦɨɛɢɥɹ ɫɨɫɬɚɜɥɹɟɬ 405 ɦ, ɚ ɜɪɟɦɹ ɬɨɪɦɨɠɟ-
ɧɢɹ – 8,6 ɫ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɚɦɟɞɥɟɧɢɟ ɚɜɬɨ-
ɦɨɛɢɥɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɪɦɨɡɧɨɣ ɩɚɪɚɲɸɬ. 
ɉɪɢ ɩɥɨɳɚɞɢ ɬɨɪɦɨɡɧɨɝɨ ɩɚɪɚɲɸɬɚ β ɦ2 ɢ 
ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɬɨɪɦɨɠɟɧɢɹ γ88 ɤɦ/ɱ ɷɬɨ 
ɡɧɚɱɟɧɢɟ ɪɚɜɧɨ β4,15 ɦ/ɫ2. 
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Ɋɢɫ. 6. ɉɚɪɚɦɟɬɪɵ ɬɨɪɦɨɠɟɧɢɹ ɪɟɤɨɪɞɧɨ-ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ: Ɋɬ1, Ɋɬβ, Ɋɩɚɪ – ɬɨɪɦɨɡɧɚɹ ɫɢɥɚ 
ɧɚ ɩɟɪɟɞɧɟɣ, ɡɚɞɧɟɣ ɨɫɹɯ ɢ ɩɚɪɚɲɸɬɚ; ɨɫɬɚɥɶɧɨɟ (ɪɢɫ. 5) 

 
Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɪɦɨɡɧɨɣ ɞɢɧɚɦɢɤɢ ɩɥɨ-
ɳɚɞɶ ɩɚɪɚɲɸɬɚ ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ, ɧɨ ɩɪɢ 
ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɚɦɟɞɥɟɧɢɟ ɧɟ ɞɨɥɠɧɨ 
ɜɵɡɵɜɚɬɶ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɟɪɟɝɪɭɡɤɢ ɭ ɩɢɥɨɬɚ. 

 
ȼɵɜɨɞɵ 

 
Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɨɬɪɚɠɚ-
ɟɬ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ 
ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ, ɪɚɛɨɱɢɟ ɩɪɨɰɟɫɫɵ ɤɨɦɛɢ-
ɧɢɪɨɜɚɧɧɨɣ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɵ ɢ ɚɥɝɨɪɢɬɦ 
ɭɩɪɚɜɥɟɧɢɹ ɬɨɪɦɨɠɟɧɢɟɦ. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟ-
ɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɬɨɪɦɨɠɟɧɢɹ ɩɨɡɜɨɥɹɸɬ:  
– ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨ-
ɦɨɛɢɥɹ ɫ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɬɨɪɦɨɡɧɵɦ 
ɩɪɢɜɨɞɨɦ ɬɨɪɦɨɡɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɤɨɥɟɫ ɢ 
ɬɨɪɦɨɡɧɨɝɨ ɩɚɪɚɲɸɬɚ; 
– ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚɫɬɪɨɣɤɢ ɚɞɚɩ-
ɬɢɜɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ; 
– ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɨɪɦɨɠɟ-
ɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɬɨɪɦɨɡɧɨɣ 
ɫɢɫɬɟɦɵ; 
– ɨɩɪɟɞɟɥɢɬɶ ɪɚɰɢɨɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɨɪ-
ɦɨɡɧɨɝɨ ɩɚɪɚɲɸɬɚ. 
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