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3    ɏɚɪɶɤɨɜɫɤɨɟ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɟ  ɛɸɪɨ ɩɨ  ɦɚɲɢɧɨɫɬɪɨɟɧɢɸ ɢɦ. Ⱥ.Ⱥ. Ɇɨɪɨɡɨɜɚ 

 
Аɧɧɨɬɚɰɢɹ. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɨɛɴɟɦɧɨɝɨ ɝɢɞɪɨɩɪɢɜɨɞɚ ɬɨɥɤɚɬɟɥɹ ɜɩɭɫɤ-
ɧɨɝɨ ɤɥɚɩɚɧɚ ɩɧɟɜɦɨɦɨɬɨɪɚ ɝɢɛɪɢɞɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɚɜɬɨɦɨɛɢɥɹ. ȼ ɤɚɱɟɫɬɜɟ  ɩɪɢɜɨɞɚ ɬɨɥɤɚɬɟ-
ɥɹ ɢɫɩɨɥɶɡɨɜɚɧ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ ɫ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ.  

ɋ ɩɨɦɨɳɶɸ ɩɚɤɟɬɚ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ VisSim  ɪɟɲɟɧɵ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɨɦ ɞɢɮɮɟɪɟɧɰɢɚ-

ɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɞɢɧɚɦɢɤɢ ɝɢɞɪɨɩɪɢɜɨɞɚ ɢ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ, ɪɚɡɜɢɜɚɟɦɨɝɨ ɧɚɫɨ-

ɫɨɦ, ɫɤɨɪɨɫɬɢ ɢ ɩɟɪɟɦɟɳɟɧɢɹ ɬɨɥɤɚɬɟɥɹ ɩɪɢ ɟɝɨ ɪɚɡɝɨɧɟ. ɉɨɥɭɱɟɧɧɵɟ  ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 
ɞɚɜɥɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɨɰɟɧɢɬɶ ɚɞɟɤɜɚɬɧɨɫɬɶ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɨɫɧɨɣ ɭɫɬɚɧɨɜɤɢ ɝɢɞɪɨɩ-

ɪɢɜɨɞɚ.   

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɞɢɧɚɦɢɤɚ ɨɛɴɟɦɧɨɝɨ ɝɢɞɪɨɩɪɢɜɨɞɚ, ɜɩɭɫɤɧɨɣ ɤɥɚɩɚɧ  ɩɧɟɜɦɨɦɨɬɨɪɚ, ɝɢɞɪɨ-

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ ɫ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ  ɭɩɪɚɜɥɟɧɢɟɦ. 

 
ȼɜɟɞɟɧɢɟ 

Ɉɞɧɢɦ ɢɡ ɩɭɬɟɣ ɪɟɚɥɢɡɚɰɢɢ ɫɨɜɪɟɦɟɧɧɵɯ 

ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɷɤɨɥɨɝɢɢ ɹɜɥɹɟɬɫɹ  ɫɨɡɞɚɧɢɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ, ɜ ɨɫɧɨɜɭ ɤɨɬɨɪɵɯ 

ɩɨɥɨɠɟɧɵ ɧɨɜɵɟ ɩɪɢɧɰɢɩɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɷɧɟɪɝɢɢ.  ɍɦɟɧɶɲɟɧɢɟ ɡɚɩɚɫɨɜ ɬɨɩɥɢɜɚ ɦɢ-

ɧɟɪɚɥɶɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɬɚɤɠɟ ɬɪɟɛɭɟɬ 
ɩɨɢɫɤɚ ɧɨɜɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɢ ɬɟɯɧɨɥɨ-

ɝɢɢ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ [1]. ɉɪɢ ɷɬɨɦ ɪɚɫɫɦɚɬ-
ɪɢɜɚɸɬɫɹ  ɜɚɪɢɚɧɬɵ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ  

ɩɭɬɟɦ ɩɟɪɟɯɨɞɚ ɧɚ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɞɜɢɝɚɬɟɥɢ 

ɢ ɜɢɞɵ ɬɨɩɥɢɜɚ, ɜɤɥɸɱɚɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 

ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ.  ɉɨ-

ɷɬɨɦɭ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɨɡɪɨɫɥɨ ɤɨɥɢɱɟɫɬ-
ɜɨ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 

ɩɧɟɦɨɞɜɢɝɚɬɟɥɟɣ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 

(ɩɧɟɜɦɨɦɨɬɨɪɨɜ [2]) ɧɚ ɚɜɬɨɬɪɚɧɫɩɨɪɬɟ [3].  

ɋɨɡɞɚɧɢɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɭɫɬɚɧɨɜɨɤ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɩɧɟɜɦɨɦɨɬɨɪɵ   ɢ 

Ⱦȼɋ,  ɧɟ ɬɨɥɶɤɨ ɭɞɨɜɥɟɬɜɨɪɹɸɬ  ɫɨɜɪɟɦɟɧ-

ɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɷɤɨɥɨɝɢɢ, ɧɨ ɢ ɫɭɳɟɫɬ-
ɜɟɧɧɨ ɩɨɜɵɲɚɸɬ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɬɪɚɧɫɩɨɪɬ-
ɧɨɣ ɭɫɬɚɧɨɜɤɢ.  ȼ ɏɇȺȾɍ ɧɚ ɤɚɮɟɞɪɟ Ⱦȼɋ  

ɫɨɡɞɚɧ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɨɛɪɚɡɟɰ ɨɞɧɨɰɢ-

ɥɢɧɞɪɨɜɨɝɨ  ɩɧɟɜɦɨɦɨɬɨɪɚ ɧɚ ɛɚɡɟ Ⱦȼɋ ɦɨ-

ɞɟɥɢ ɁɆɁ-402.  ȼ ɤɚɱɟɫɬɜɟ ɦɟɯɚɧɢɡɦɚ ɭɩɪɚɜ-

ɥɟɧɢɹ ɜɩɭɫɤɧɵɦ  ɤɥɚɩɚɧɨɦ  ɩɪɢɧɹɬ ɨɛɶɟɦ-

ɧɵɣ ɝɢɞɪɨɩɪɢɜɨɞ  (ɈȽɉ) ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬ-
ɧɵɦ  ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ.   

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

ɂɡɜɟɫɬɧɵ ɫɢɫɬɟɦɵ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢ-

ɪɨɜɚɧɢɹ ɡɚɤɨɧɚ ɞɜɢɠɟɧɢɹ ɤɥɚɩɚɧɨɜ, ɨɛɟɫɩɟ-
ɱɢɜɚɸɳɢɟ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ [4]:  

- VANOS – ɛɟɫɫɬɭɩɟɧɱɚɬɨɟ  ɪɟɝɭɥɢɪɨ-

ɜɚɧɢɟ ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ-
ɧɨɝɨ ɜɚɥɚ;  

- VTEC –  ɫɬɭɩɟɧɱɚɬɨɟ  ɪɟɝɭɥɢɪɨɜɚɧɢɟ 
ɮɚɡ ɢ ɜɵɫɨɬɵ ɩɨɞɴɟɦɚ ɤɥɚɩɚɧɚ ɡɚ ɫɱɟɬ ɩɨɩɟ-
ɪɟɦɟɧɧɨɣ ɪɚɛɨɬɵ ɤɭɥɚɱɤɨɜ ɫ ɪɚɡɥɢɱɧɵɦ 

ɩɪɨɮɢɥɟɦ; 

- VALVETRONIC – ɩɥɚɜɧɨɟ ɪɟɝɭɥɢɪɨ-

ɜɚɧɢɟ ɜɵɫɨɬɵ ɩɨɞɴɟɦɚ ɤɥɚɩɚɧɚ ɫ ɨɞɧɨɜɪɟ-
ɦɟɧɧɵɦ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟɦ ɮɚɡ. 

ȼɨɡɪɨɫɲɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɝɢɛɤɨɫɬɢ ɢ ɤɢ-

ɧɟɦɚɬɢɤɟ ɭɩɪɚɜɥɟɧɢɹ ɨɪɝɚɧɚɦɢ ɝɚɡɨɪɚɫɩɪɟ-
ɞɟɥɟɧɢɹ ɩɨɪɨɠɞɚɸɬ ɢɧɬɟɪɟɫ ɤ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɸ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɯ ɜɢɞɨɜ ɩɪɢɜɨɞɚ, ɜ 

ɱɢɫɥɟ ɤɨɬɨɪɵɯ ɧɚɢɛɨɥɟɟ ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ 

ɹɜɥɹɸɬɫɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ, ɷɥɟɤɬɪɨɦɚɝɧɢɬ-
ɧɵɣ ɢ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ [4]. 

ȼ ɪɚɛɨɬɟ [5] ɞɚɧ ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɬ-
ɪɨɣɫɬɜ ɷɥɟɤɬɪɨɝɢɞɪɨɚɜɬɨɦɚɬɢɤɢ [6–9], ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɩɪɨɜɟɞɟɧ ɜɵɛɨɪ ɢ ɩɪɟɞ-

ɜɚɪɢɬɟɥɶɧɵɣ ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɡɨɥɨɬɧɢɤɨ-

ɜɨɝɨ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɫ ɩɪɨɩɨɪɰɢɨɧɚɥɶ-

ɧɵɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɫ ɚɞɚɩ-

ɬɚɰɢɟɣ ɤ ɤɨɧɤɪɟɬɧɨɦɭ ɩɨ ɜɵɯɨɞɧɵɦ ɩɚɪɚɦɟ-
ɬɪɚɦ ɜɩɭɫɤɧɨɦɭ ɤɥɚɩɚɧɭ ɩɧɟɜɦɨɦɨɬɨɪɚ.   
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Ɉɛɳɢɦ ɞɥɹ ɜɫɟɯ ɈȽɉ  ɭɩɪɚɜɥɟɧɢɹ  ɹɜɥɹɟɬɫɹ 

ɞɪɨɫɫɟɥɶɧɵɣ ɜɢɞ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɶɸ 

ɩɟɪɟɦɟɳɟɧɢɹ ɤɥɚɩɚɧɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɵɣ 

ɢɡɛɵɬɤɨɦ ɩɨɞɚɱɢ ɧɚɫɨɫɚ ɧɚɞ ɩɨɬɪɟɛɧɵɦ ɪɚɫ-
ɯɨɞɨɦ, ɢ ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɸɳɟɣ ɡɚɞɚɱɟɣ 

ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɜ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ.      

ȼ ɰɟɥɨɦ ɨɛɡɨɪ ɩɭɛɥɢɤɚɰɢɣ, ɩɨɫɜɹɳɟɧɧɵɯ  

ɈȽɉ ɫ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɦɢ  ɷɥɟɤɬɪɨɝɢɞɪɨ-

ɭɫɬɪɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɢɫɩɨɥɶɡɨ-

ɜɚɬɶɫɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɜɚɧɢɹ  

ɫɢɫɬɟɦ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɧɟɜɦɨɦɨɬɨ-

ɪɨɜ, ɩɨɤɚɡɚɥ: 

– ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɈȽɉ ɫ 
ɩɪɹɦɨɥɢɧɟɣɧɵɦ ɞɜɢɠɟɧɢɟɦ  ɞɨɥɠɧɨɟ ɜɧɢ-

ɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɫɬɚɬɢɱɟɫɤɨɦɭ ɪɚɫɱɟɬɭ ɞɥɹ 

ɜɵɛɨɪɚ ɧɨɦɟɧɤɥɚɬɭɪɵ ɝɢɞɪɨɭɫɬɪɨɣɫɬɜ, 

ɜɤɥɸɱɚɹ ɧɚɫɨɫ, ɝɢɞɪɨɤɥɚɩɚɧɵ ɭɩɪɚɜɥɟɧɢɹ 

ɪɚɫɯɨɞɨɦ Ɋɀ ɢ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɨɤ; 

– ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ ɩɭɛɥɢɤɚɰɢɢ 

ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɪɚɡ-
ɝɨɧɚ ɢ ɜɵɯɨɞɚ ɧɚ ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ ɪɟɠɢɦ 

ɈȽɉ ɜɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɚ ɩɧɟɜɦɨɦɨɬɨɪɚ, ɢɫ-
ɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɝɢɛɪɢɞɧɵɯ ɞɜɢɝɚɬɟɥɟɣ  ɚɜ-

ɬɨɦɨɛɢɥɟɣ; 

– ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɝɢɞɪɨɩɧɟɜɦɨɭɫɬɪɨɣɫɬɜ, ɜ ɬɨɦ 

ɱɢɫɥɟ   ɩɧɟɜɦɨɦɨɬɨɪɨɜ,  ɨɩɟɪɟɠɚɟɬ ɢɫɫɥɟɞɨ-

ɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɈȽɉ 

ɞɚɧɧɨɝɨ ɬɢɩɚ. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ɐɟɥɶɸ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɚɬɟ-
ɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ (ɆɆ) ɈȽɉ ɬɨɥɤɚɬɟɥɹ 

ɜɩɭɫɤɨɝɨ ɤɥɚɩɚɧɚ  ɩɧɟɜɦɨɦɨɬɨɪɚ, ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɣ ɪɟɠɢɦɭ ɪɚɡɝɨɧɚ ɬɨɥɤɚɬɟɥɹ ɞɥɹ ɩɪɨ-

ɜɟɞɟɧɢɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚ-
ɥɢɡɚ.  Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ  ɩɪɟɞɭɫɦɚɬɪɢɜɚ-
ɟɬ ɢɫɫɥɟɞɨɜɚɧɢɟ  ɤɨɥɟɛɚɧɢɣ ɞɚɜɥɟɧɢɹ Ɋɀ ɜ 

ɈȽɉ, ɫɤɨɪɨɫɬɢ ɢ ɩɟɪɟɦɟɳɟɧɢɹ  ɬɨɥɤɚɬɟɥɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɞɚɜɚɟɦɨɝɨ  ɝɢɞɪɨɪɚɫɩɪɟɞɟ-
ɥɢɬɟɥɟɦ  ɪɚɫɯɨɞɚ Ɋɀ  ɤ ɬɨɥɤɚɬɟɥɸ ɩɪɢɜɨɞɚ 
ɜɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɚ ɫ ɭɱɟɬɨɦ ɯɚɪɚɤɬɟɪɚ ɢɡɦɟ-
ɧɟɧɢɹ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ, ɫɢɥ ɢɧɟɪɰɢɢ ɢ ɬɪɟ-
ɧɢɹ,  ɢ ɭɱɟɬɚ ɫɠɢɦɚɟɦɨɫɬɢ Ɋɀ (ɦɨɞɭɥɹ ɭɩɪɭ-

ɝɨɫɬɢ).  

 

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ 

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ 
ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɈȽɉ ɬɨɥɤɚɬɟɥɹ ɜɩɭɫ-
ɤɧɨɝɨ ɤɥɚɩɚɧɚ ɄɈɜɩ ɩɧɟɜɦɨɦɨɬɨɪɚ Ɇ – ɨɛɴ-
ɟɦɧɨɝɨ ɩɧɟɦɨɦɨɬɨɪɚ ɫ ɧɟɨɝɪɚɧɢɱɟɧɧɵɦ ɜɪɚ-
ɳɚɬɟɥɶɧɵɦ  ɞɜɢɠɟɧɢɟɦ ɜɵɯɨɞɧɨɝɨ ɡɜɟɧɚ [2]. 
Ƚɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ Ɋ ɫ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ   ɪɟɝɭɥɢɪɭɟɬ 
ɜɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɬɨɥɤɚɬɟɥɹ ɞɢɚɦɟɬɪɨɦ  
D  ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɐ. Ƚɢɞɪɨɰɢɥɢɧɞɪ ɐ ɨɬɧɨ-

ɫɢɬɫɹ ɤ ɝɢɞɪɨɭɫɬɪɨɣɫɬɜɭ ɨɞɧɨɫɬɨɪɨɧɧɟɝɨ 
(ɩɥɭɧɠɟɪɧɨɝɨ) ɞɟɣɫɬɜɢɹ, ɜ ɤɨɬɨɪɨɦ ɬɨɥɤɚ-
ɬɟɥɶ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɞɜɢ-
ɠɟɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɪɭɠɢɧɵ. ɇɚɫɨɫɧɚɹ 
ɭɫɬɚɧɨɜɤɚ ɜɤɥɸɱɚɟɬ ɧɚɫɨɫ ɇ ɫ ɩɪɢɜɨɞɧɵɦ 
ɷɞɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ Э, ɝɢɞɪɨɛɚɤ Ȼ, ɩɪɟɞɨɯɪɚ-
ɧɢɬɟɥɶɧɨ-ɩɟɪɟɥɢɜɧɨɣ ɤɥɚɩɚɧ Ʉɉ ɢ ɦɚɧɨɦɟɬɪ 
Ɇɇ. Ȼɥɨɤ Ⱥ ɜɤɥɸɱɚɟɬ ɝɢɞɪɨɰɢɥɢɧɞɪ ɐ ɬɨɥ-
ɤɚɬɟɥɹ, ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ Ɋ ɢ ɩɪɟɨɛɪɚɡɨ-
ɜɚɬɟɥɶ ɞɚɜɥɟɧɢɹ ɉȾ1. ɋ ɩɨɦɨɳɶɸ ɩɪɨɩɨɪɨ-
ɰɢɨɧɚɥɶɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɚ (ɍɡɚɞ – ɡɚɞɚɧɢɟ 
ɫɢɝɧɚɥɚ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ) ɢ ɷɥɟɤɬɪɨɧɧɨɝɨ 
ɛɥɨɤɚ Ȼɍ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɰɢɤɥɨɦ 
ɪɚɛɨɬɵ ɜɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɚ ɄɈɜɩ ɩɧɟɜɦɨɦɨ-
ɬɨɪɚ Ɇ. Ⱦɥɹ  ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɤɨɧɬɪɨɥɹ 
ɩɚɪɚɦɟɬɪɨɜ  ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɩɧɟɜɦɨɦɨɬɨ-
ɪɚ  ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɵɩɭɫɤɧɨɣ ɤɥɚɩɚɧ ɄɈɜɵɩ ɫ 
ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɪɢɜɨɞɨɦ ɨɬ ɩɧɟɜɦɨɦɨɬɨɪɚ Ɇ 
ɢ ɞɚɬɱɢɤɢ (ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ) ɱɚɫɬɨɬɵ ɜɪɚɳɟ-
ɧɢɹ Ⱦɑȼ  ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ, ɞɚɜɥɟɧɢɹ ɜɨɡɞɭ-
ɯɚ ɉȾ2 ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɢ ɩɨɥɨɠɟɧɢɹ ɩɨɪɲ-
ɧɹ ɜ «ɦɟɪɬɜɵɯ» ɬɨɱɤɚɯ Ⱦɉɜɦɬ ɢ Ⱦɉɧɦɬ.  

Эɥɟɤɬɪɨɧɧɵɣ  ɛɥɨɤ Ȼɍ  ɨɛɟɫɩɟɱɢɜɚɟɬ  ɡɚ-
ɞɚɧɢɟ  ɧɟɨɛɯɨɞɢɦɵɯ ɪɟɠɢɦɨɜ  ɪɚɛɨɬɵ ɜɩɭɫ-
ɤɧɨɝɨ ɤɥɚɩɚɧɚ ɄɈɜɩ ɩɨ ɚɦɩɥɢɬɭɞɟ, ɜɪɟɦɟɧɢ 
ɢ ɮɚɡɟ ɟɝɨ ɨɬɤɪɵɬɢɹ ɢ ɡɚɤɪɵɬɢɹ ɫ ɰɟɥɶɸ  ɨɩ-
ɬɢɦɢɡɚɰɢɢ ɢɧɞɢɤɚɬɨɪɧɨɣ ɞɢɚɝɪɚɦɦɵ ɩɧɟɜ-
ɦɨɦɨɬɨɪɚ Ɇ. Ƚɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ Ɋ ɢɦɟɟɬ 
ɬɪɟɯɥɢɧɟɣɧɭɸ ɫɯɟɦɭ ɫ ɥɢɧɢɹɦɢ ɧɪ  (ɞɚɜɥɟ-
ɧɢɟ  ɧɚɫɨɫɚ),  ȼ (ɫɨɨɛɳɟɧɢɟ ɫ ɩɨɬɪɟɛɢɬɟɥɟɦ – 
ɩɨɞɩɥɭɧɠɟɪɧɨɣ ɩɨɥɨɫɬɶɸ ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɐ) 
ɢ Ɍ (ɫɥɢɜ ɜ ɝɢɞɪɨɛɚɤ Ȼ).  ɉɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɶ 
ɩɟɪɟɦɟɳɟɧɢɹ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɨɛɟɫɩɟɱɢ-
ɜɚɟɬɫɹ ɛɟɫɫɬɭɩɟɧɱɚɬɵɦ ɩɟɪɟɦɟɳɟɧɢɟɦ ɟɝɨ 
ɡɨɥɨɬɧɢɤɚ. 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɆɆ ɈȽɉ ɤɥɚɩɚɧɚ ɩɪɢ-
ɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɞɨɩɭɳɟɧɢɹ [10, 11]: ɩɥɨ-

ɬɧɨɫɬɶ ɊɊ  (ρ )  ɩɪɢɧɢɦɚɟɦ ɩɨɫɬɨɹɧɧɨɣ; ɩɪɟ-
ɧɟɛɪɟɝɚɟɦ ɭɬɟɱɤɚɦɢ ɩɨ ɬɨɥɤɚɬɟɥɸ ɝɢɞɪɨɰɢ-
ɥɢɧɞɪɚ; ɧɟ  ɭɱɢɬɵɜɚɟɦ ɜɨɥɧɨɜɵɟ ɩɪɨɰɟɫɫɵ ɜ 
ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɜ ɫɜɹɡɢ ɫ ɢɯ ɧɟɛɨɥɶɲɨɣ ɞɥɢ-
ɧɨɣ; ɞɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɚɫɨɫɚ ɩɪɢɧɢɦɚ-
ɟɦ ɩɨɫɬɨɹɧɧɵɦ. 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɚɛɨɬɵ ɈȽɉ ɜɩɭɫɤ-
ɧɨɝɨ ɜɤɥɚɩɚɧɚ Ⱦȼɋ ɩɪɨɜɨɞɢɦ ɧɚ ɪɟɠɢɦɟ ɟɝɨ 
ɨɬɤɪɵɬɢɹ, ɬɨ ɟɫɬɶ ɩɪɢ ɩɨɞɚɱɟ ɪɚɫɯɨɞɚ ɜ ɩɨ-
ɥɨɫɬɶ ɬɨɥɤɚɬɟɥɹ. ɐɟɥɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɭɫ-
ɤɨɜɨɝɨ ɪɟɠɢɦɚ  ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ ɤɨɥɟɛɚɧɢɣ 
ɞɚɜɥɟɧɢɹ ɜ ɈȽɉ ɢ ɫɤɨɪɨɫɬɢ ɬɨɥɤɚɬɟɥɹ ɜ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɧɢ ɨɬɤɪɵɬɢɹ ɨɤɧɚ ɡɨɥɨɬ-
ɧɢɤɚ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ. Ɍɚɤɨɟ ɦɨɞɟɥɢɪɨ-
ɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɞɨɫɬɚɬɨɱɧɨ-
ɫɬɢ ɜɵɛɨɪɚ ɧɚɫɨɫɚ ɩɨ ɪɚɛɨɱɟɦɭ ɞɚɜɥɟɧɢɸ ɢ 
ɨɰɟɧɢɬɶ ɟɝɨ ɞɨɥɝɨɜɟɱɧɨɫɬɶ, ɬɚɤ ɤɚɤ ɪɚɛɨɬɚ ɧɚ 
ɞɚɜɥɟɧɢɢ, ɩɪɟɜɵɲɚɸɳɟɦ ɧɨɦɢɧɚɥɶɧɵɟ ɩɨ 
ɬɟɯɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɧɚɫɨɫɚ, ɫɭɳɟɫɬ-
ɜɟɧɧɨ  ɜɥɢɹɟɬ ɧɚ ɟɝɨ ɢɡɧɨɫ.  
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Ɋɢɫ. 1.  Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɈȽɉ ɬɨɥɤɚɬɟɥɹ ɜɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɚ ɄɈɜɩ ɩɧɟɜ-

ɦɨɦɨɬɨɪɚ Ɇ 

 

ɆɆ ɈȽɉ  ɫ ɭɱɟɬɨɦ ɩɪɢɧɹɬɵɯ ɞɨɩɭɳɟɧɢɣ 

ɞɥɹ ɪɚɫɯɨɞɚ Ɋɀ ( ɪQ ) ɜ  ɩɨɥɨɫɬɢ ɬɨɥɤɚɬɟɥɹ 

ɢɦɟɟɬ ɮɨɪɦɭ ɡɚɩɢɫɢ 

 

ɪ
0 ,

dp

dt

V y S
Q S

E
 

 
              (1) 

 

ɝɞɟ 2 / 4DS     –  ɩɥɨɳɚɞɶ ɬɨɥɤɚɬɟɥɹ ɞɢɚ-
ɦɟɬɪɨɦ D ; y   ɢ  – ɩɟɪɟɦɟɳɟɧɢɟ ɢ ɫɤɨɪɨɫɬɶ 

ɬɨɥɤɚɬɟɥɹ ɫɨɨɬɜɟɬɫɜɟɧɧɨ; p  – ɞɚɜɥɟɧɢɟ ɜ ɩɨ-

ɥɨɫɬɢ ɧɚɝɧɟɬɚɧɢɹ ɬɨɥɤɚɬɟɥɹ; 0V  – ɧɚɱɚɥɶɧɵɣ 

ɨɛɴɟɦ Ɋɀ ɜ ɩɨɥɨɫɬɢ ɬɨɥɤɚɬɟɥɹ («ɦɟɪɬɜɵɣ» 

ɨɛɴɟɦ, ɜɤɥɸɱɚɹ ɨɛ’єɦ ɦɚɝɢɫɬɪɚɥɢ ɤ ɝɢɞɪɨɪɚ-
ɫɩɪɟɞɟɥɢɬɟɥɸ); ȿ – ɦɨɞɭɥɶ  ɭɩɪɭɝɨɫɬɢ  Ɋɀ. 

Ɉɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɢɡɜɨɞɧɨɣ  /dp dt  ɩɨ-

ɥɭɱɢɦ 

 

ɪ

ɨ

Sdp
E

dt V yS

Q  



,                 (2) 

 

ɢ ɩɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ  ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ 

ɈȽɉ ɨɬ ɜɪɟɦɟɧɢ 

 

ɪ

ɨ0

t S
p E dt

V yS

Q  


 .                  (3) 

 

ɍɪɚɜɧɟɧɢɟ ɬɨɥɤɚɬɟɥɹ, ɧɚɝɪɭɠɟɧɧɨɝɨ ɜɧɟ-
ɲɧɢɦ ɭɫɢɥɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɩɪɭɠɢɧɵ ɫF , 

ɢɦɟɟɬ ɜɢɞ   

 

2

ɫ ɠ.ɬɪ ɬɪ2
( )

1d
S p F F F

dt m


     ,    (4) 

 

ɝɞɟ m  – ɩɟɪɟɦɟɳɚɟɦɚɹ ɦɚɫɫɚ (ɬɨɥɤɚɬɟɥɹ ɢ 

ɜɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɚ); ɠ.ɬɪF  ɢ ɬɪF  –  ɠɢɞɤɨɫɬ-
ɧɨɟ ɢ ɩɭɥɭɫɭɯɨɟ ɬɪɟɧɢɟ ɜ ɝɢɞɪɨɰɢɥɢɧɞɪɟ ɬɨ-

ɥɤɚɬɟɥɹ, ɫɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɨɫɥɟ ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɢɧɬɟɝɪɢɪɨ-

ɜɚɧɢɣ ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɫɤɨɪɨɫɬɢ    ɢ 

ɩɟɪɟɦɟɳɟɧɢɹ y   ɬɨɥɤɚɬɟɥɹ 

 

ɫ ɠ.ɬɪ ɬɪ
0 0

( ) ;
1t t

S p F F F dt dty
m
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Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ  ɪɚɫɱɟɬɨɜ ɩɪɢɧɢɦɚɟɦ ɫɥɟ-
ɞɭɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɧɚɝɪɭɡɨɤ ɩɨɥɭɫɭɯɨ-

ɝɨ ɢ  ɠɢɞɤɨɫɬɧɨɝɨ ɬɪɟɧɢɹ: 

 

ɬɬɪ ɬɪ0 signF F v  ;  ɬɠ.ɬɪ βF v  ,    (6) 

 

ɝɞɟ ɬɪ0F  ɢ  β – ɦɨɞɭɥɶ ɬɪɟɧɢɹ ɢ ɤɨɷɮɮɢɰɢ-

ɟɧɬ ɠɢɞɤɨɫɬɧɨɝɨ ɬɪɟɧɢɹ ɫɨɨɬɜɟɬɫɜɟɧɧɨ, ɚ 
ɬɚɤɠɟ ɩɪɢɧɢɦɚɟɦ ɥɢɧɟɣɧɵɣ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ  

ɫɢɥɵ ɫF   ɫɨɩɪɨɬɢɜɥɟɧɢɹ  ɧɚ ɲɬɨɤɟ ɝɢɞɪɨɰɢ-

ɥɢɧɞɪɚ ɫ ɨɝɪɚɧɢɱɟɧɢɟɦ  
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ɝɞɟ ɫ 0/ɫ F tk   – ɫɤɨɪɨɫɬɶ ɧɚɪɚɫɬɚɧɢɹ  ɧɚɝɪɭɡ-
ɤɢ ɧɚ ɥɢɧɟɣɧɨɦ  ɭɱɚɫɬɤɟ; 0t   –  ɜɪɟɦɹ ɥɢɧɟɣ-

ɧɨɝɨ ɧɚɪɚɫɬɚɧɢɹ ɧɚɝɪɭɡɤɢ.  

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɨɰɟɫɫɚ ɪɚɡɝɨɧɚ  ɜ 

ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɜɟɥɢɱɢɧɚ 
ɠ.ɬɪ ɬɪ( )S p F F     ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɦɟɧɶɲɟ 

ɫɢɥɵ ɫF , ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɮɨɪɦɭɥɨɣ (7). Ɍɨɝɞɚ 
ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɹɦ  (5) ɢ (6)  ɲɬɨɤ ɰɢɥɢɧɞɪɚ 
ɛɭɞɟɬ ɞɜɢɝɚɬɶɫɹ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɫɬɨɪɨɧɭ, 

ɱɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ ɮɢɡɢɱɟɫɤɨɣ ɤɚɪɬɢɧɟ ɩɪɨ-

ɰɟɫɫɚ, ɟɫɥɢ ɫɢɥɚ ɫF  ɹɜɥɹɟɬɫɹ ɩɚɫɫɢɜɧɨɣ, ɨɤɚ-
ɡɵɜɚɸɳɟɣ ɬɨɥɶɤɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɜɢɠɟɧɢɸ. 

Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɥɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ ɲɬɨɤɚ ɜ  

ɦɨɞɟɥɶ ɫɥɟɞɭɟɬ ɜɜɟɫɬɢ ɧɟɪɚɜɟɧɫɬɜɨ 

 

 ɠ.ɬɪ ɬɪ ɫ
0

1
0 ɩɪɢ * 0,

0;

* ɩɪɢ * 0, (8)

ɤt

S p F F F dt y
y y m

y y


       

 

 
 

 

 

ɝɞɟ *y  – ɭɫɥɨɜɧɵɣ ɢɧɞɢɤɚɬɨɪ ɡɧɚɤɚ ɫɤɨɪɨɫ-
ɬɢ, ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɨɦ ɡɧɚɱɟɧɢɢ ɤɨɬɨɪɨɝɨ 

( * 0y  ), ɫɨɝɥɚɫɧɨ ɡɚɩɢɫɢ ɜ ɜɟɪɯɧɟɣ ɫɬɪɨɤɟ 
ɫɤɨɪɨɫɬɶ ɪɚɜɧɚ ɧɭɥɸ.  

ɋ ɭɱɟɬɨɦ ɩɪɢɧɹɬɵɯ ɞɨɩɭɳɟɧɢɣ ɪɚɫɯɨɞ ɪQ  

ɜ ɩɨɪɲɧɟɜɨɣ ɩɨɥɨɫɬɢ ɬɨɥɤɚɬɟɥɹ ɪɚɜɟɧ ɪɚɫɯɨɞɭ 

ɧɚ ɜɵɯɨɞɟ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ,  ɤɨɬɨɪɵɣ ɜ 

ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ  ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ 
ɢɦɢɬɚɰɢɨɧɧɵɦ ɦɨɞɭɥɟɦ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 

ɆɆ, ɤɨɬɨɪɭɸ ɜɦɟɫɬɨ ɭɪɚɜɧɟɧɢɣ ɧɚɝɥɹɞɧɟɟ 
ɩɪɟɞɫɬɚɜɢɬɶ ɞɢɚɝɪɚɦɦɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 

ɛɥɨɤɨɜ ɩɪɨɝɪɚɦɦɵ VisSim (ɪɢɫ. 2).   
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Ɋɢɫ. 2.  ɂɦɢɬɚɰɢɨɧɧɵɣ ɦɨɞɭɥɶ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɫ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɨɦ 

 

ȿɫɥɢ ɪɚɡɪɟɲɢɬɶ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɨɬɧɨ-

ɫɢɬɟɥɶɧɨ ɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ( p ,   ɢɥɢ y ), ɬɨ 

ɩɨɥɭɱɢɦ ɧɟɥɢɧɟɣɧɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚ-
ɜɧɟɧɢɟ 3-ɝɨ ɩɨɪɹɞɤɚ. Ⱦɥɹ ɨɞɧɨɡɧɚɱɧɨɝɨ ɪɟɲɟ-
ɧɢɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɈȽɉ ɢɡ  ɧɟɩɨɞɜɢɠɧɨɝɨ ɫɨɫ-
ɬɨɹɧɢɹ ɞɨ ɧɚɱɚɥɚ ɞɜɢɠɟɧɢɹ ɬɨɥɤɚɬɟɥɹ ɩɨɥɭɱɚ-
ɟɦ ɬɪɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹ 5(0) 10 ɉɚp  , 

(0) 0   ɢ  (0) 0y  . 

ɉɟɪɟɣɞɟɦ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɯ ɜ ɪɟɠɢɦɟ ɩɭɫɤɚ, ɤɨɝɞɚ ɜ ɆɆ ɧɟ 
ɭɱɢɬɵɜɚɸɬɫɹ ɫɢɥɵ ɜɹɡɤɨɝɨ ɢ ɩɨɥɭɫɭɯɨɝɨ ɬɪɟ-

ɧɢɹ ɜɜɢɞɭ ɢɯ ɦɚɥɨɫɬɢ ɩɨ  ɫɪɚɜɧɟɧɢɸ  ɫ ɜɧɟɲ-

ɧɟɣ ɧɚɝɪɭɡɤɨɣ.   

ɉɪɢ ɡɚɩɭɫɤɟ ɈȽɉ ɫɨ ɫɬɭɩɟɧɱɚɬɨɣ ɦɚɤɫɢ-

ɦɚɥɶɧɨɣ ɩɨɞɚɱɟɣ 5 3

ɪ 7,5 10 ɦ / ɫQ    ɢ ɧɚɝɪɭ-

ɡɤɨɣ ɞɨ ɫ 600 ɇF   ɜ ɫɢɫɬɟɦɟ ɜɨɡɧɢɤɚɸɬ ɧɟ-
ɡɚɬɭɯɚɸɳɢɟ ɧɟɝɚɪɦɨɧɢɱɟɫɤɢɟ ɤɨɥɟɛɚɧɢɹ ɬɪɟɯ 

ɩɟɪɟɦɟɧɧɵɯ (ɪɢɫ. 3).  

ɋ ɮɢɡɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɧɢ ɜɵɡɜɚɧɵ 

ɧɚɥɢɱɢɟɦ ɢɧɟɪɰɢɨɧɧɨɫɬɢ (ɦɚɫɫɨɣ 2 ɤɝm  ) 

ɢ ɫɠɢɦɚɟɦɨɫɬɶɸ Ɋɀ 91,5 10 ɉɚȿ    ɩɪɢ ɨɬ-
ɫɭɬɫɬɜɢɢ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ.  
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Ɋɢɫ. 3. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɧɟɝɚɪɦɨɧɢɱɟɫɤɢɯ ɧɟɡɚɬɭɯɚɸɳɢɯ ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜ ɆɆ ɫɢɥ  

ɬɪɟɧɢɹ ɢ ɡɚɩɭɫɤɟ ɫɨ ɫɬɭɩɟɧɱɚɬɵɦɢ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɨɞɚɱɢ Ɋɀ ɢ ɧɚɝɪɭɡɤɢ 
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ɉɪɨɢɫɯɨɞɢɬ ɢɞɟɚɥɶɧɵɣ ɩɪɨɰɟɫɫ ɩɪɟɨɛɪɚ-
ɡɨɜɚɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɩɨɬɟɧɰɢɚɥɶ-
ɧɭɸ ɢ ɧɚɨɛɨɪɨɬ ɛɟɡ ɩɨɬɟɪɶ. ɑɚɫɬɨɬɚ ɤɨɥɟɛɚ-
ɧɢɣ ɜɫɟɯ ɩɟɪɟɦɟɧɧɵɯ ɨɞɢɧɚɤɨɜɚ  

3ɤɨɥ / 0,075 ɫ 40,8 Ƚɰɤf   . Ɉɫɰɢɥɥɨɝɪɚɦ-

ɦɵ ɩɨɥɭɱɟɧɵ ɩɪɢ ɞɢɫɤɪɟɬɧɨɫɬɢ ɢɧɬɟɝɪɢɪɨɜɚ-
ɧɢɹ  410 c

. ɉɪɢ ɪɚɫɱɟɬɟ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ 

ɩɨ ɢɡɜɟɫɬɧɵɦ ɮɨɪɦɭɥɚɦ [12] ɩɪɢɦɟɧɢɬɟɥɶɧɨ 

ɞɥɹ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 2-ɝɨ ɩɨɪɹɞɤɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɤɨɪɨɫɬɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɪɚɫɫ-

ɦɚɬɪɢɜɚɟɦɨɣ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ, ɩɨɥɭɱɢɦ 

ɱɚɫɬɨɬɭ ɤɨɥɟɛɚɧɢɣ 80,8 Ƚɰɤf  , ɬɨ ɟɫɬɶ  ɜ 

ɞɜɚ ɪɚɡɚ ɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ. 
ɉɪɢ ɜɜɨɞɟ ɜ ɦɨɞɟɥɶ ɥɢɧɟɣɧɨ-ɧɚɪɚɫɬɚɸɳɢɯ 

ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɡɧɚɱɟɧɢɣ ɧɚɝɪɭɡɤɢ ɢ ɪɚɫɯɨ-

ɞɚ, ɚ ɬɚɤɠɟ ɫɨɯɪɚɧɟɧɢɢ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɩɚɪɚ-
ɦɟɬɪɨɜ, ɩɨɥɭɱɚɟɦ ɤɪɢɜɵɟ ɫ ɧɚɱɚɥɶɧɵɦ ɭɱɚɫɬ-
ɤɨɦ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɜɵɯɨɞɨɦ ɧɚ ɧɟɡɚ-
ɬɭɯɚɸɳɢɟ ɤɨɥɟɛɚɧɢɹ (ɪɢɫ. 4).   
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Ɋɢɫ. 4.  ɏɚɪɚɤɬɟɪ ɧɟɡɚɬɭɯɚɸɳɢɯ ɤɨɥɟɛɚɧɢɣ ɜ ɈȽɉ ɫ ɥɢɧɟɣɧɨ-ɧɚɪɚɫɬɚɸɳɢɦɢ ɪɚɫɯɨɞɨɦ ɢ ɧɚɝɪɭɡ-
ɤɨɣ ɫ ɧɚɱɚɥɶɧɵɦɢ ɭɱɚɫɬɤɚɦɢ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ 

 

Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɧɚ ɪɢɫ. 4 ɩɨɥɭɱɟɧɵ ɩɪɢ 

0 0,05 ɫt   ɞɥɹ ɫF   ɢ 0 0,1 ɫt   ɞɥɹ ɪQ   ɫ 

ɞɢɫɤɪɟɬɧɨɫɬɶɸ 410 c   ɢ ɜɪɟɦɟɧɟɦ ɢɧɬɟɝɪɢ-

ɪɨɜɚɧɢɹ 0,15 ctɤ  . ȼ ɬɨ ɜɪɟɦɹ, ɤɨɝɞɚ ɪɚɫɬɟɬ 
ɞɚɜɥɟɧɢɟ p  ɩɪɢ ɩɭɫɤɟ, ɬɨɥɤɚɬɟɥɶ ɧɟɩɨɞɜɢɠɟɧ 

ɢ ɞɜɢɠɟɧɢɟ ɧɚɱɢɧɚɟɬɫɹ (ɤɪɢɜɵɟ   ɢ  y ) ɫ 
ɦɨɦɟɧɬɚ, ɤɨɝɞɚ  ɫɢɥɚ ɞɚɜɥɟɧɢɹ Ɋɀ  ɩɪɟɜɵɫɢɬ 
ɫɢɥɭ ɫF . ɉɪɢ ɷɬɨɦ ɞɚɜɥɟɧɢɟ p  ɜ ɧɚɝɧɟɬɚɬɟ-
ɥɶɧɨɣ ɦɚɝɢɫɬɪɚɥɢ ( 0,05 ɫt  ) ɧɚɱɢɧɚɟɬ ɤɨɥɟ-

ɛɚɬɶɫɹ ɫ ɩɨɫɬɨɹɧɧɨɣ ɱɚɫɬɨɬɨɣ ɢ ɚɦɩɥɢɬɭɞɨɣ 

(ɧɟɡɚɬɭɯɚɸɳɢɟ ɤɨɥɟɛɚɧɢɹ). Ʉɪɢɜɚɹ ɫɤɨɪɨɫɬɢ 

ɨɬɪɚɠɚɟɬ ɩɟɪɟɯɨɞɧɵɣ  ɩɪɨɰɟɫɫ (ɭɜɟɥɢɱɢɜɚɟɬ-
ɫɹ ɚɦɩɥɢɬɭɞɚ) ɢ ɩɪɢ 0,1 ɫt   ɭɫɬɚɧɚɜɥɢɜɚɸɬ-
ɫɹ ɧɟɡɚɬɭɯɚɸɳɢɟ ɤɨɥɟɛɚɧɢɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɯɚɪɚɤɬɟɪ ɤɪɢɜɵɯ ɩɪɢ ɜɜɨɞɟ ɜ 

ɦɨɞɟɥɶ ɫɢɥ ɜɹɡɤɨɝɨ ɢ ɩɨɥɭɫɭɯɨɝɨ ɬɪɟɧɢɹ ɩɪɢ 

ɫɨɯɪɚɧɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɢ ɩɟɪɟɦɟɧɧɵɯ ɧɚɝɪɭɡ-
ɤɢ ɢ ɪɚɫɯɨɞɚ (ɪɢɫ. 5). 
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Ɋɢɫ. 5. Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɪɟɦɟɧɧɵɯ p ,   ɢ  y  ɩɪɢ ɜɜɨɞɟ ɜ ɆɆ ɫɢɥ ɠɢɞɤɨɫɬɧɨɝɨ 

ɢ ɩɨɥɭɫɭɯɨɝɨ ɬɪɟɧɢɹ 
 

Ⱦɚɠɟ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ ɫɢɥ ɠɢɞ-

ɤɨɫɬɧɨɝɨ ( ɠ.ɬɪ 16 ɇF  ) ɢ ɩɨɥɭɫɭɯɨɝɨ 

( ɬɪ 15 ɇF  ) ɬɪɟɧɢɹ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ ɜ ɫɭɦɦɟ 

5,2 % ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɫ 600 ɇF  , ɤɨɥɟɛɚɧɢɹ ɫɬɚɧɨɜɹɬɫɹ ɡɚɬɭɯɚɸ-

ɳɢɦɢ ɜ ɬɟɱɟɧɢɢ 0,3 ɫ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɩɟɪɟ-
ɦɟɳɟɧɢɹ  ɭ ɬɨɥɤɚɬɟɥɹ. ɉɪɢ ɷɬɨɦ ɩɟɪɟɦɟɳɟɧɢɟ 
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ɬɨɥɤɚɬɟɥɹ, ɤɚɤ ɢ ɜɫɟ ɤɪɢɜɵɟ   ɢ ɭ  (ɪɢɫ. 3–5), 

ɧɚɱɢɧɚɸɬɫɹ ɧɟ ɫ ɦɨɦɟɧɬɚ ɜɤɥɸɱɟɧɢɹ ɫɢɫɬɟɦɵ, 
ɚ ɤɨɝɞɚ ɫɢɥɚ ɞɚɜɥɟɧɢɹ Ɋɀ ɩɪɟɜɵɫɢɬ ɫɭɦɦɭ 
ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɨɝɥɚɫɧɨ ɧɟɪɚɜɟɧɫɬɜɭ (8). 

Ⱥɧɚɥɢɡ ɤɪɢɜɵɯ ɧɚ ɪɢɫ. 5 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɭɱɟɬ ɫɢɥ ɬɪɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɡɚɬɭɯɚɸɳɢɦ ɤɨ-
ɥɟɛɚɧɢɹɦ ɩɪɢ ɪɚɡɝɨɧɟ, ɧɨ ɜ ɰɟɥɨɦ ɪɚɡɝɨɧ ɞɨ 
ɜɵɯɨɞɚ ɧɚ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɞɜɢɠɟɧɢɟ ɩɪɟɞɫɬɚ-
ɜɥɹɟɬ ɫɨɛɨɸ ɤɨɥɟɛɚɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ. 

ɉɟɪɟɣɞɟɦ ɤ ɩɨɫɬɪɨɟɧɢɸ ɡɚɦɤɧɭɬɨɣ ɝɢɞɪɨ-
ɫɢɫɬɟɦɵ ɫ ɫɢɥɨɣ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɨɬɨɪɚɹ  ɫɨɡ-
ɞɚɟɬɫɹ ɩɪɭɠɢɧɨɣ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ ɥɢɧɟɣ-
ɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɝɪɭɡɤɢ ɨɬ ɩɟɪɟɦɟɳɟɧɢɹ 

 

c ɠ .ɩɪF C y  ,                        (9) 

 

ɝɞɟ ɠ .ɩɪC  – ɠɟɫɬɤɨɫɬɶ ɩɪɭɠɢɧɵ.  

ȼɜɟɞɟɦ ɢɦɢɬɚɰɢɨɧɧɵɣ ɭɡɟɥ ɩɪɨɩɨɪɰɢɨɧɚ-
ɥɶɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɚ ɜ ɫɨɫɬɚɜ ɦɨɞɭɥɹ ɝɢɞ-
ɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ (ɪɢɫ. 2), ɮɨɪɦɢɪɭɸɳɟɝɨ ɥɢ-

ɧɟɣɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɪX  ɡɨɥɨɬɧɢɤɚ (ɪɢɫ. 6). 

Ɉɫɰɢɥɥɨɝɪɚɦɦɵ  ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɩɟɪɟɦɟɧɧɵɯ ɪ,  , ɭ , ɫF , ɪQ  ɢ ɪX  ɜ ɡɚɦɤɧɭ-

ɬɨɦ  ɈȽɉ ɫ ɞɢɚɝɪɚɦɦɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɛɥɨ-
ɤɨɜ ɩɚɤɟɬɚ VisSim ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 7 ɢ 8. 
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Ɋɢɫ. 6. ɂɦɢɬɚɰɢɨɧɧɵɣ ɭɡɟɥ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɦɚɝɧɢɬɚ ɤɚɤ ɭɫɬɪɨɣɫɬɜɚ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɫɨɝɥɚɫɨ-

ɜɚɧɢɹ ɦɟɠɞɭ ɡɚɞɚɧɧɵɦ ɩɟɪɟɦɟɳɟɧɢɟɦ ɡɚɞy  (0,0106 ɦ) ɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ ɨɫy ;  Ʉɭ –  ɤɨɷɮɮɢ-

ɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɜ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ 
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Ɋɢɫ. 7. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɩɭɫɤɚ ɬɨɥɤɚɬɟɥɹ ɈȽɉ ɢ ɜɵɯɨɞɚ ɧɚ ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ ɪɟɠɢɦ (ɨɫɬɚ-
ɧɨɜ): 2,098 ɉɚp  , 0  , ɦ0,0106y  , ɫ 603,7 ɇF  , ɪ 0Q   ɢ ɪ 0X   
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Ɋɢɫ. 8. Ⱦɢɚɝɪɚɦɦɚ ɛɥɨɤɨɜ ɩɚɤɟɬɚ VisSim, ɨɩɪɟɞɟɥɹɸɳɚɹ ɫɢɥɭ ɫɠɚɬɢɹ ɩɪɭɠɢɧɵ ɩɨ ɭɪɚɜɧɟɧɢɸ (9) 

ɜ ɩɪɨɰɟɫɫɟ ɨɬɪɚɛɨɬɤɢ ɡɚɞɚɧɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɬɨɥɤɚɬɟɥɹ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɦɢɬɚɰɢɨɧɧɵɣ ɦɨɞɭɥɶ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɜ 

ɫɨɫɬɚɜɟ ɆɆ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɭɥɭɱɲɚɟɬ 
ɞɢɧɚɦɢɱɟɫɤɢɟ  ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ ɱɚɫɬɢ ɫɧɢ-

ɠɟɧɢɹ ɱɢɫɥɚ ɤɨɥɟɛɚɧɢɣ ɢ ɚɦɩɥɢɬɭɞ (ɜ ɫɪɚɜɧɟ-
ɧɢɢ ɫ ɤɪɢɜɵɦɢ ɧɚ ɪɢɫ. 5), ɫɨɡɞɚɜɚɹ ɜɨɡɦɨɠ-

ɧɨɫɬɶ  ɜɜɟɞɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝ-
ɧɚɥɨɜ ɢ ɩɨɜɵɲɚɹ ɚɞɟɤɜɚɬɧɨɫɬɶ ɦɨɞɟɥɢ ɧɚɬɭɪ-

ɧɨɦɭ ɨɛɴɟɤɬɭ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɜ ɭɫɬɪɨɣɫɬɜɨ 

ɭɩɪɚɜɥɟɧɢɹ (ɪɢɫ. 6) ɜɦɟɫɬɨ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ 

ɡɜɟɧɚ, ɮɨɪɦɢɪɭɸɳɟɝɨ ɡɚɤɨɧ ɷɜɨɥɶɜɟɧɬɵ, ɜɜɟ-
ɫɬɢ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ, ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɜ-

ɲɢɣ ɫɟɛɹ ɜ ɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦɚɯ, ɦɵ ɭɯɭɞɲɢɦ 

ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɯɨɞɚ ɢ ɩɟ-
ɪɟɦɟɳɟɧɢɹ ɬɨɥɤɚɬɟɥɹ, ɬɨ ɟɫɬɶ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ 

ɜ ɞɚɧɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɟ  ɧɟ ɪɚɛɨɬɚɟɬ.  
ɍɱɢɬɵɜɚɹ ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɩɧɟɜɦɨɦɨɬɨɪɭ  

ɫɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɧɚ-
ɞɟɠɧɨɫɬɢ, ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɈȽɉ ɫɥɟɞɭɟɬ ɭɞɟ-
ɥɢɬɶ ɜɧɢɦɚɧɢɟ ɩɚɪɚɦɟɬɪɚɦ ɩɪɭɠɢɧɵ ɢ ɧɟɛɨ-

ɥɶɲɢɦ ɡɚɡɨɪɚɦ ɜ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɰɟɩɢ  ɩɪɢ 

ɚɧɚɥɢɡɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ  p ,  ɢ 

ɭ ɜ ɱɚɫɬɢ ɱɢɫɥɚ ɤɨɥɟɛɚɧɢɣ ɢ ɜɪɟɦɟɧɢ ɨɬɪɚɛɨɬ-
ɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɰɢɤɥɚ, ɩɪɟɞ-

ɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫ. 7. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɬɪɚ-
ɞɢɰɢɨɧɧɨɦɭ ɈȽɉ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɫ 
ɝɢɞɪɨɦɨɬɨɪɨɦ ɷɬɚ ɡɚɞɚɱɚ ɛɵɥɚ ɪɟɲɟɧɚ ɫ ɩɨ-

ɦɨɳɶɸ  ɷɜɪɢɫɬɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ ɤ ɫɬɚɞɢɣɧɨ-

ɦɭ ɧɚɝɪɭɠɟɧɢɸ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɫɢɥ ɬɪɟɧɢɹ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ ɢ ɩɟɪɟɦɟɧɧɨɣ 

ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɧɚɝɪɭɡɤɢ [13].  

ɇɚ ɪɢɫ. 9 ɩɨɤɚɡɚɧ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɷɜɪɢɫɬɢ-

ɱɟɫɤɢɣ ɦɨɞɭɥɶ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɞɢɚɝɪɚɦɦɨɣ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɛɥɨɤɨɜ ɩɚɤɟɬɚ VisSim. ɉɪɨ-

ɢɫɯɨɞɢɬ ɜɵɛɨɪ ɥɸɮɬɚ, ɢ  ɜɧɟɲɧɹɹ ɫɢɥɚ ɪɚɜɧɚ 
ɧɭɥɸ (ɯɨɥɨɫɬɨɣ ɯɨɞ). ɉɨɫɥɟ ɜɪɟɦɟɧɢ 

0,011 ɫt   ɜɤɥɸɱɚɸɬɫɹ ɛɥɨɤɢ, ɮɨɪɦɢɪɭɸ-

ɳɢɟ  ɭɜɟɥɢɱɟɧɢɟ ɜɧɟɲɧɟɣ  ɧɚɝɪɭɡɤɢ ɩɨ ɥɢ-

ɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ (9)  ɞɨ 600 ɇ. 
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Ɋɢɫ. 9. ɋɯɟɦɚ ɷɜɪɢɫɬɢɱɟɫɤɨɝɨ ɦɨɞɭɥɹ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɫɬɚɞɢɣɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɜ ɈȽɉ ɬɨɥɤɚɬɟ-
ɥɹ  ɩɪɢ  0,01 ɫt  , ɜ ɤɨɬɨɪɨɦ  ɜɨ ɜɧɟɲɧɟɟ  ɫɨɩɪɨɬɢɜɥɟɧɢɟ  ɜɯɨɞɢɬ ɫɢɥɚ ɬɪɟɧɢɹ    

 

ɉɪɢ ɜɜɨɞɟ ɜ ɦɨɞɟɥɶ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ 

ɷɜɪɢɫɬɢɱɟɫɤɨɝɨ ɦɨɞɭɥɹ ɦɨɠɧɨ  ɭɱɟɫɬɶ ɥɸɮ-

ɬɵ,  ɩɚɪɚɦɟɬɪɵ ɪɟɚɥɶɧɨɣ ɩɪɭɠɢɧɵ, ɡɚɜɢɫɢ-

ɦɨɫɬɶ ɫɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫ ( )tF  ɨɬ ɜɪɟɦɟɧɢ 

ɢ ɩɨɥɭɱɢɬɶ ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɞɚɜɥɟɧɢɹ, ɫɤɨɪɨɫɬɢ ɢ ɩɟɪɟɦɟɳɟɧɢɹ, ɨɬɪɚɠɚ-
ɸɳɢɟ ɪɟɚɥɶɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ  

(ɪɢɫ. 10).   
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Ɋɢɫ. 10. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɡɚɦɤɧɭɬɨɝɨ ɈȽɉ ɬɨɥɤɚɬɟɥɹ ɫ ɷɜɪɢɫɬɢɱɟɫɤɢɦ 

ɦɨɞɭɥɟɦ ɧɚɝɪɭɠɟɧɢɹ ɢ ɜɵɯɨɞɨɦ ɧɚ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ ɪɟɠɢɦ (ɨɫɬɚɧɨɜ) ɩɪɢ 2,2 Ɇɉɚp  , 

0  , ɦ0,0106y , ɫ 600 ɇF  ,  ɪ 0Q   ɢ ɪ 0X   (ɤɪɢɜɵɟ ɩɨɥɭɱɟɧɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɸɮɬɚ) 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɩɨɤɚɡɚɥɢ: 

– ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɜɜɟɞɟɧɢɹ 

ɧɟɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ ɠɢɞɤɨɫɬɧɨɝɨ ɬɪɟɧɢɹ 

ɩɪɢ ɩɭɫɤɟ ɝɢɞɪɨɩɪɢɜɨɞɚ  ɧɚ ɩɪɨɰɟɫɫ ɡɚɬɭɯɚ-
ɧɢɹ ɤɨɥɟɛɚɧɢɣ, ɱɬɨ ɤɨɪɪɟɫɩɨɧɞɢɪɭɟɬɫɹ  ɫ ɪɟ-
ɚɥɢɡɚɰɢɟɣ ɬɚɤɨɝɨ ɪɟɲɟɧɢɹ ɜ  ɤɨɧɫɬɪɭɤɰɢɹɯ 

ɫɥɟɞɹɳɢɯ ɝɢɞɪɨɩɪɢɜɨɞɨɜ; 

– ɜ ɦɨɞɟɥɢ ɫ ɢɦɢɬɚɰɢɨɧɧɵɦ ɦɨɞɭɥɟɦ  ɝɢ-

ɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ  ɫ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɨɦ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɭɥɭɱɲɟɧɢɹ ɩɪɨɰɟɫɫɚ ɩɭɫɤɚ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɭɩɪɚɜɥɹɸɳɢɯ  ɤɨɦɚɧɞ ɞɥɹ ɩɨɫɬ-
ɪɨɟɧɢɹ  ɨɩɬɢɦɚɥɶɧɵɯ ɰɢɤɥɨɜ ɪɚɛɨɬɵ ɬɨɥɤɚ-
ɬɟɥɹ ɩɧɟɜɦɨɦɨɬɨɪɚ; 

– ɩɨɫɬɪɨɟɧɢɟ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɫ ɨɛɪɚɬ-
ɧɨɣ ɫɜɹɡɶɸ ɩɨɡɜɨɥɢɥɨ ɩɪɢ ɩɭɫɤɟ ɝɢɞɪɨɩɪɢ-

ɜɨɞɚ  ɜɜɨɞɢɬɶ ɡɚɞɚɧɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɬɨɥɤɚ-
ɬɟɥɹ ɢ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɟɝɨ ɨɬɪɚɛɨɬɤɢ; 

– ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ 
ɷɜɪɢɫɬɢɱɟɫɤɨɝɨ ɦɨɞɭɥɹ  ɫ ɩɨɫɬɨɹɧɧɨɣ ɢ ɩɟ-
ɪɟɦɟɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɢɦɢ ɧɚɝɪɭɡɤɢ  ɦɨɠɧɨ 

ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɢɬɶ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ 
ɪɚɡɝɨɧɚ ɬɨɥɤɚɬɟɥɹ ɜɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɚ ɩɧɟɜ-

ɦɨɦɨɬɨɪɚ; 
– ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɆɆ, ɫɨɞɟɪɠɚɳɚɹ ɢɦɢɬɚ-

ɰɢɨɧɧɵɟ ɦɨɞɭɥɢ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɫ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɨɦ ɢ ɷɜɪɢ-

ɫɬɢɱɟɫɤɨɝɨ ɫɨ ɫɬɚɞɢɣɧɨɫɬɶɸ ɧɚɝɪɭɡɤɢ ɢ ɜɨɡ-
ɦɨɠɧɨɫɬɶɸ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɭɩɟɧɱɚɬɨɣ ɢ 

ɥɢɧɟɣɧɨ-ɧɚɪɚɫɬɚɸɳɢɯ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɧɚ-
ɝɪɭɡɨɤ, ɨɬɤɪɵɜɚɟɬ ɞɨɫɬɭɩ ɤ ɲɢɪɨɤɨɦɭ ɤɨɦ-

ɩɥɟɤɫɭ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɶ-
ɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

 

ȼɵɜɨɞɵ 

1. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɧɟɥɢɧɟɣɧɚɹ ɦɚɬɟɦɚɬɢɱɟ-
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Ⱦɢɧɚɦіɤɚ ɨɛ’єɦɧɨɝɨ ɝіɞɪɨɩɪɢɜɨɞɚ ɜɩɭɫɤɧɨɝɨ 

ɤɥɚɩɚɧɚ ɩɧɟɜɦɨɦɨɬɨɪɚ 

Вɫɬɭɩ. ɋɬɜɨɪɟɧɧɹ ɤɨɦɛɿɧɨɜɚɧɢɯ ɟɧɟɪɝɟɬɢɱɧɢɯ 
ɭɫɬɚɧɨɜɨɤ ɡ ɩɧɟɜɦɨɦɨɬɨɪɿɜ ɿ ȾȼЗ ɧɟ ɥɢɲɟ ɡɚɞɨ-

ɜɨɥɶɧɹɸɬɶ ɫɭɱɚɫɧɿ ɜɢɦɨɝɢ ɡ ɟɤɨɥɨɝɿʀ, ɚɥɟ ɣ ɿɫɬɨɬ-

ɧɨ ɩɿɞɜɢɳɭɸɬɶ ɟɤɨɧɨɦɿɱɧɿɫɬɶ ɚɜɬɨɦɨɛɿɥɹ. ɍ 

ХɇАȾɍ ɫɬɜɨɪɟɧɢɣ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɣ ɡɪɚɡɨɤ 
ɨɞɧɨɰɢɥɿɧɞɪɨɜɨɝɨ ɩɧɟɜɦɨɦɨɬɨɪɚ, ɭ ɹɤɨɦɭ ɞɥɹ 
ɭɩɪɚɜɥɿɧɧɹ ɜɩɭɫɤɧɢɦ ɤɥɚɩɚɧɨɦ ɜɢɤɨɪɢɫɬɚɧɢɣ 

ɨɛ’єɦɧɢɣ ɝɿɞɪɨɩɪɢɜɨɞ ɡ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɦ ɩɪɨ-

ɩɨɪɰɿɣɧɢɦ ɭɩɪɚɜɥɿɧɧɹɦ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɞɢɧɚɦɿɤɢ 

ɝɿɞɪɨɩɪɢɜɨɞɚ ɞɚє ɡɦɨɝɭ ɨɰɿɧɢɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɧɚɜɚɧɬɚɠɟɧɶ ɧɚɫɨɫɧɨʀ ɭɫɬɚɧɨɜɤɢ ɬɚ ɪɨɡɪɨɛɢɬɢ 

ɦɟɬɨɞɢɤɭ ɡɚɜɞɚɧɧɹ ɪɟɠɢɦɿɜ ɩɟɪɟɦɿɳɟɧɧɹ ɤɥɚɩɚ-

ɧɚ ɜ ɩɭɫɤɨɜɨɦɭ ɪɟɠɢɦɿ. Пɪɨɛɥɟɦɚ. Ɉɝɥɹɞ ɩɭɛɥɿ-
ɤɚɰɿɣ ɩɨɤɚɡɚɜ ɜɿɞɫɭɬɧɿɫɬɶ ɞɨɫɥɿɞɠɟɧɶ ɩɟɪɟɯɿɞɧɢɯ 
ɩɪɨɰɟɫɿɜ ɪɨɡɝɨɧɭ ɬɚ ɜɢɯɨɞɭ ɧɚ ɪɟɠɢɦ ɝɿɞɪɨɩɪɢɜɨ-

ɞɚ, ɳɨ ɜɫɬɚɧɨɜɢɜɫɹ, ɜɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɚ ɩɧɟɜɦɨ-

ɦɨɬɨɪɚ, ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨɝɨ ɞɥɹ ɝɿɛɪɢɞɧɢɯ ɞɜɢɝɭ-
ɧɿɜ ɚɜɬɨɦɨɛɿɥɿɜ. Мɟɬɨɞ. Ɋɨɡɪɨɛɤɚ ɧɟɥɿɧɿɣɧɨʀ ɦɚ-

ɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɨɛ’єɦɧɨɝɨ ɝɿɞɪɨɩɪɢɜɨɞɚ ɲɬɨ-

ɜɯɚɱɚ ɜɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɚ ɩɧɟɜɦɨɦɨɬɨɪɚ, ɳɨ ɜɿɞ-

ɩɨɜɿɞɚє ɪɟɠɢɦɭ ɪɨɡɝɨɧɭ ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ ɩɨɞɚɥɶ-
ɲɨɝɨ ɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ. ɉɪɨɜɟɞɟɧɧɹ ɡɚ ɞɨɩɨɦɨ-

ɝɨɸ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦ VisSim ɚɧɚɥɿɡɭ ɤɨɥɢɜɚɧɶ ɬɢɫ-
ɤɭ ɪɨɛɨɱɨʀ ɪɿɞɢɧɢ ɜ ɥɿɧɿʀ ɧɚɝɧɿɬɚɧɧɹ ɧɚɫɨɫɚ, ɲɜɢɞ-

ɤɨɫɬɿ ɬɚ ɩɟɪɟɦɿɳɟɧɧɹ ɲɬɨɜɯɚɱɚ ɡɚɥɟɠɧɨ ɜɿɞ 

ɜɢɬɪɚɬɢ ɪɨɛɨɱɨʀ ɪɿɞɢɧɢ, ɳɨ ɩɨɞɚєɬɶɫɹ, ɡ ɭɪɚɯɭ-
ɜɚɧɧɹɦ ɯɚɪɚɤɬɟɪɭ ɡɦɿɧɢ ɡɨɜɧɿɲɧɶɨɝɨ ɧɚɜɚɧɬɚ-

ɠɟɧɧɹ, ɫɢɥ ɿɧɟɪɰɿʀ ɬɚ ɬɟɪɬɹ, ɿ ɫɬɢɫɥɢɜɨɫɬɿ ɪɨɛɨ-

ɱɨʀ ɪɿɞɢɧɢ. Ɇɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɦɿɫɬɢɬɶ ɿɦɿɬɚ-

ɰɿɣɧɢɣ ɦɨɞɭɥɶ ɝɿɞɪɨɪɨɡɩɨɞɿɥɶɧɢɤɚ ɡ ɩɪɨɩɨɪɰɿɣɧɢɦ 

ɟɥɟɤɬɪɨɦɚɝɧɿɬɨɦ ɿ ɟɜɪɢɫɬɢɱɧɢɣ ɦɨɞɭɥɶ ɫɬɚɞɿɣ-

ɧɨɫɬɿ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɪɟɠɢɦɚɯ ɜɿɞ ɯɨɥɨɫɬɨɝɨ 

ɯɨɞɭ ɞɨ ɧɨɦɿɧɚɥɶɧɨɝɨ, ɹɤɿ ɜɿɞɤɪɢɜɚɸɬɶ ɦɨɠɥɢɜɨ-

ɫɬɿ ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɨɦɩɥɟɤɫɭ ɞɨɫɥɿɞɠɟɧɶ ɞɢɧɚɦɿɱ-
ɧɢɯ ɡɚɜɞɚɧɶ. ɇɚɫɚɦɩɟɪɟɞ ɰɟ ɫɬɨɫɭєɬɶɫɹ ɩɭɫɤɭ 
ɝɿɞɪɨɩɪɢɜɨɞɚ, ɤɨɥɢ ɩɿɞ ɧɚɜɚɧɬɚɠɟɧɧɹɦ ɜɢɧɢɤɚ-

ɸɬɶ ɧɟɝɚɪɦɨɧɿɣɧɿ, ɡɚɬɭɯɚɸɱɿ ɤɨɥɢɜɚɧɧɹ ɬɢɫɤɭ ɜ 
ɧɚɝɧɿɬɚɥɶɧɿɣ ɦɚɝɿɫɬɪɚɥɿ ɧɚɫɨɫɚ ɡɿ ɡɧɚɱɧɢɦɢ ɩɨ-

ɱɚɬɤɨɜɢɦɢ ɚɦɩɥɿɬɭɞɚɦɢ.  Пɪɚɤɬɢɱɧі ɪɟɡɭɥɶɬɚ-

ɬɢ. ɍ ɫɬɜɨɪɟɧɿɣ ɦɚɬɟɦɚɬɢɱɧɿɣ ɦɨɞɟɥɿ ɝɿɞɪɨɩɪɢ-

ɜɨɞɚ ɡ ɿɦɿɬɚɰɿɣɧɢɦ ɦɨɞɭɥɟɦ ɝɿɞɪɨɪɨɡɩɨɞɿɥɶɧɢɤɚ ɡ 
ɩɪɨɩɨɪɰɿɣɧɢɦ ɟɥɟɤɬɪɨɦɚɝɧɿɬɨɦ ɡ’ɹɜɥɹєɬɶɫɹ ɦɨ-

ɠɥɢɜɿɫɬɶ ɩɨɥɿɩɲɟɧɧɹ ɩɪɨɰɟɫɭ ɩɭɫɤɭ ɬɚ ɮɨɪɦɭ-
ɜɚɧɧɹ ɪɿɡɧɢɯ ɤɨɦɚɧɞ, ɳɨ ɭɩɪɚɜɥɹɸɬɶ, ɞɥɹ ɩɨɛɭɞɨ-

ɜɢ ɨɩɬɢɦɚɥɶɧɢɯ ɰɢɤɥɿɜ ɪɨɛɨɬɢ ɤɥɚɩɚɧɚ. Ɋɟɚɥɿɡɭ-
єɬɶɫɹ ɬɚɤɨɠ ɨɰɿɧɤɚ ɚɞɟɤɜɚɬɧɨɫɬɿ ɜɢɛɨɪɭ ɧɚɫɨɫ-
ɧɨʀ ɭɫɬɚɧɨɜɤɢ, ɜɢɯɨɞɹɱɢ ɡ ɜɢɡɧɚɱɟɧɧɹ ɪɨɡɪɚɯɭɧɤɨ-

ɜɨɝɨ ɟɤɫɬɪɟɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ ɬɢɫɤɭ ɩɿɞ ɱɚɫ ɩɭɫ-
ɤɭ ɿ ɣɨɝɨ ɡɿɫɬɚɜɥɟɧɧɿ ɡɿ ɡɧɚɱɟɧɧɹɦ, ɳɨ ɜɫɬɚɧɨɜɢ-

ɥɨɫɹ  ɧɚ ɪɨɛɨɱɨɦɭ ɪɟɠɢɦɿ.  
Кɥɸɱɨɜі ɫɥɨɜɚ: ɞɢɧɚɦɿɤɚ ɨɛ’єɦɧɨɝɨ ɝɿɞɪɨɩɪɢɜɨɞɚ, 

ɜɩɭɫɤɧɢɣ ɤɥɚɩɚɧ ɩɧɟɜɦɨɦɨɬɨɪɚ, ɝɿɞɪɨɪɨɡɩɨɞɿɥɶ-
ɧɢɤ ɡ ɩɪɨɩɨɪɰɿɣɧɢɦ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɦ ɭɩɪɚɜɥɿɧ-

ɧɹɦ. 
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The dynamics of the fluid power drive inlet valve 

of the pneumatic motor 

Introduction. Designing combined power plants 

from pneumatic motors and internal combustion 

engines not only satisfy modern environmental 

requirements, but also significantly increase the 

efficiency of the car. An experimental model of a 

single-cylinder pneumatic motor, in which a fluid  

power  drive with electromagnetic proportional 

control was used to control the intake valve, was 

created at KhNAHU. The study of the dynamics of 

the hydraulic drive allows you to evaluate the load 

characteristics of the pump unit and to develop a 
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methodology for setting the modes of the valve 

movement in the starting mode. Problem. A review of 

publications showed a lack of studies of transient 

acceleration and steady-state operation of a 

pneumatic motor inlet valve used for hybrid 

propulsion vehicles. Method.  The method is the 

development of a non-linear mathematical model of a  

fluid  power  drive of a pneumatic motor inlet valve 

pusher, corresponding to the acceleration mode for 

subsequent dynamic analysis. The VisSim software 

package was used, analysis of fluctuations in the 

pressure of the working fluid in the pump discharge 

line, the speed and movement of the pusher, 

depending on the flow rate of the working fluid, 

taking into account the nature of the change in 

external load, inertia and friction forces, and the 

compressibility of the working fluid. The 

mathematical model includes a simulation valve 

module with a proportional electromagnet, and a 

heuristic module for loading stages in idle to nominal 

modes, which open up opportunities for a wide range 

of studies of dynamic problems. First of all, this 

refers to the start-up of the fluid power drive, in 

which non-harmonic, damped pressure fluctuations 

in the pump discharge line with significant initial 

amplitudes occur under load. The practical results. 

In the created mathematical model of a fluid power 

drive with a simulation valve module with a 

proportional electromagnet, it becomes possible to 

improve the start-up process and generate various 

control commands to build optimal valve operation 

cycles. An assessment of the adequacy of choosing 

the pumping unit is also being implemented based on 

the determination of the calculated extreme pressure 

value at start-up and its comparison with the steady-

state value in the operating mode. 

Key words: Dynamics of a fluid  power drive, inlet 

valve of a pneumatic motor, hydraulic control valve 

with proportional electromagnetic control. 
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