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  ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 

ɫɢɫɬɟɦɵ ɡɚɳɢɬɵ ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ ɦɚɲɢɧ ɞɥɹ ɭɫɥɨɜɢɣ ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ» 

ɫɨɞɟɪɠɢɬ 79 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 24 ɢɥɥɸɫɬɪɚɰɢɣ, 33 ɮɨɪɦɭɥ, 50 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

Ɉɛɴɟɤɬɨɦ ɪɚɡɪɚɛɨɬɤɢ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɡɚɳɢɬɵ ɨɬ ɨɩɪɨɤɢɞɵɜɚɧɢɹ 

ɝɪɭɡɨɩɨɞɴёɦɧɨɝɨ ɤɪɚɧɚ ɜ ɭɫɥɨɜɢɹɯ ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɩɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɤɪɚɧɨɜ, 

ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɢɫɬɟɦɟ 

ɝɢɞɪɨɩɪɢɜɨɞɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

1) ɉɪɟɞɥɨɠɢɬɶ ɫɯɟɦɭ ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɝɢɞɪɨɩɪɢɜɨɞɚ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ 

(ɞɨ – 600ɋ). 

2) ɍɫɬɚɧɨɜɢɬɶ ɜ ɯɨɞɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɥɚɛɨɪɚɬɨɪɧɵɯ ɢ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɨɰɟɫɫɨɜ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɩɪɢɜɨɞɚ ɤɪɚɧɚ; 

3)  Ɉɛɨɫɧɨɜɚɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

ɞɪɨɫɫɟɥɶɧɨɝɨ ɝɢɞɪɨɩɪɢɜɨɞɚ ɡɚɦɤɧɭɬɨɝɨ ɬɢɩɚ ɫ ɫɢɫɬɟɦɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ ɧɚ ɞɪɨɫɫɟɥɟ ɢ ɭɬɟɱɟɤ ɬɟɩɥɚ; 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɜ ɫɪɟɞɟ Mathcad ɛɵɥ ɩɪɨɢɡɜɟɞёɧ ɪɚɫɱёɬ ɩɚɪɚɦɟɬɪɨɜ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɧɟɨɛɯɨɞɢɦɵɯ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɜ ɫɪɟɞɟ MATLAB ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɨɜ ɪɚɫɲɢɪɟɧɢɣ 

Simulink, SimHudraulics, SimMechanics ɪɟɚɥɢɡɨɜɚɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ 

ɝɢɞɪɨɩɪɢɜɨɞɚ ɤɪɚɧɚ.  

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶɸ ɢ ɩɨɥɭɱɟɧɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɦɢɬɚɰɢɨɧɧɵɯ ɦɨɞɟɥɟɣ, 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɫɪɟɞɟ MATLAB&Simulink. 
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ȼȼȿȾȿɇɂȿ 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ. ɋɨɰɢɚɥɶɧɨ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ ɫɬɪɚɧɵ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɧɚɰɢɨɧɚɥɶɧɵɦɢ ɩɪɨɟɤɬɚɦɢ ɫɨɡɞɚɟɬ ɭɫɥɨɜɢɹ ɞɥɹ ɛɨɥɶɲɢɯ 

ɢɧɜɟɫɬɢɰɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɫɬɪɨɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ. Ɋɟɚɥɢɡɚɰɢɹ ɧɚɰɢɨɧɚɥɶɧɵɯ 

ɩɪɨɟɤɬɨɜ ɜ ɨɛɥɚɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɪɢɜɥɟɱɟɧɢɟ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ 

ɝɢɞɪɨɮɢɰɢɪɨɜɚɧɧɵɯ ɦɚɲɢɧ, ɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɨɪɵɯ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶ ɫɭɪɨɜɵɟ 

ɭɫɥɨɜɢɹ ɤɥɢɦɚɬɚ ɫɟɜɟɪɧɵɯ ɬɟɪɪɢɬɨɪɢɣ. 

ɋɬɪɨɢɬɟɥɶɧɵɟ ɤɪɚɧɵ ɩɨɞɜɟɪɠɟɧɵ ɫɢɥɶɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɜɧɟɲɧɢɯ 

ɮɚɤɬɨɪɨɜ ɠɟɫɬɤɨɝɨ ɤɥɢɦɚɬɚ (ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɜɟɬɪɨɜɨɣ ɨɛɞɭɜ), 

ɜɵɡɵɜɚɸɳɢɯ ɞɢɫɤɨɦɮɨɪɬɧɵɟ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɦɚɲɢɧɢɫɬɚ ɤɪɚɧɚ. ȼ 

ɝɢɞɪɨɩɪɢɜɨɞɟ, ɢɦɟɸɳɟɦ ɡɧɚɱɢɬɟɥɶɧɭɸ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɝɢɞɪɨɥɢɧɢɣ,  

ɩɨɜɵɲɚɟɬɫɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɢɞɟɬ ɪɨɫɬ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ, 

ɭɯɭɞɲɚɸɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɝɢɞɪɨɫɢɫɬɟɦɵ. ɍɜɟɥɢɱɟɧɢɟ ɜɹɡɤɨɫɬɢ (ɜ ɩɪɟɞɟɥɚɯ ɩɪɨɤɚɱɢɜɚɟɦɨɫɬɢ ɠɢɞɤɨɫɬɢ) 

ɫɨɡɞɚɟɬ ɛɨɥɶɲɢɟ ɩɨɬɟɪɢ ɩɪɢ ɞɜɢɠɟɧɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɨ ɤɚɧɚɥɚɦ 

ɝɢɞɪɨɚɩɩɚɪɚɬɨɜ, ɚ ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɪɚɡɪɹɠɟɧɢɸ ɜɨ ɜɫɚɫɵɜɚɸɳɟɣ 

ɝɢɞɪɨɥɢɢ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɱɢɧɨɣ ɤɚɜɢɬɚɰɢɢ ɧɚɫɨɫɚ. ȼ ɩɭɫɤɨɜɵɯ ɪɟɠɢɦɚɯ 

ɪɚɛɨɬɵ ɝɢɞɪɨɩɪɢɜɨɞɚ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɞɪɨɫɫɟɥɶ, 

ɜɨɡɧɢɤɚɟɬ ɩɢɤ ɞɚɜɥɟɧɢɹ, ɩɪɟɜɵɲɚɸɳɢɣ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɢ 

ɫɨɩɪɨɜɨɠɞɚɸɳɢɣɫɹ ɲɭɦɨɦ ɢ ɤɚɜɢɬɚɰɢɟɣ. ȼɵɫɨɤɨɟ ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

ɜɟɞɟɬ ɤ ɪɚɡɪɵɜɚɦ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɲɥɚɧɝɨɜ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɪɚɫɬɟɬ ɩɪɨɰɟɧɬ 

ɨɬɤɚɡɨɜ ɝɢɞɪɨɫɢɫɬɟɦɵ (30 - 50% ɨɬ ɨɬɤɚɡɨɜ ɩɨ ɦɚɲɢɧɟ). Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɭɫɬɨɣɱɢɜɨɣ ɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɢɤ ɞɚɜɥɟɧɢɹ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 

15 – 20%. 

 ȼɫɟ ɷɬɨ ɨɩɪɟɞɟɥɢɥɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɢɫɬɟɦ ɡɚɳɢɬɵ 

ɝɢɞɪɨɮɢɰɢɪɨɜɚɧɧɵɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɤɪɚɧɨɜ ɩɭɬɟɦ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦɵ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ.  

ɐɟɥɶ ɪɚɛɨɬɵ – ɩɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɫɢɫɬɟɦɵ ɡɚɳɢɬɵ 

ɝɢɞɪɨɮɢɰɢɪɨɜɚɧɧɵɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɤɪɚɧɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ 



5 
 

ɬɟɦɩɟɪɚɬɭɪ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɫɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢя: 

1) ɩɪɟɞɥɨɠɢɬɶ ɫɢɫɬɟɦɭ ɡɚɳɢɬɵ ɝɢɞɪɨɮɢɰɢɪɨɜɚɧɧɵɯ 

ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɤɪɚɧɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ (ɞɨ – 

600ɋ). 

2) ɭɫɬɚɧɨɜɢɬɶ ɜ ɯɨɞɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɥɚɛɨɪɚɬɨɪɧɵɯ ɢ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɡɚɜɢɫɢɦɨɫɬɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ ɡɚɳɢɬɵ 

ɝɢɞɪɨɮɢɰɢɪɨɜɚɧɧɵɯ ɤɪɚɧɚɨɜ; 

3)  ɨɛɨɫɧɨɜɚɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɛɨɱɟɣ 

ɠɢɞɤɨɫɬɢ ɞɪɨɫɫɟɥɶɧɨɝɨ ɝɢɞɪɨɩɪɢɜɨɞɚ ɡɚɦɤɧɭɬɨɝɨ ɬɢɩɚ ɫ ɫɢɫɬɟɦɨɣ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ ɧɚ ɞɪɨɫɫɟɥɟ ɢ ɭɬɟɱɟɤ ɬɟɩɥɚ. 
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1 ɋɈɋɌɈəɇɂȿ ȼɈɉɊɈɋȺ 

 

1.1 Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɟɲɟɧɢя ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɪɚɧɨɜ 

 

ɋɬɪɨɢɬɟɥɶɧɵɟ ɛɚɲɟɧɧɵɟ ɤɪɚɧɵ ɹɜɥɹɸɬɫɹ ɜɟɞɭɳɢɦɢ ɝɪɭɡɨɩɨɞɴɟɦɧɵɦɢ 

ɦɚɲɢɧɚɦɢ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɦɟɯɚɧɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɧɨ-

ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ ɩɪɢ ɜɨɡɜɟɞɟɧɢɢ ɠɢɥɵɯ, ɝɪɚɠɞɚɧɫɤɢɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɨɝɪɭɡɨɱɧɨ-

ɪɚɡɝɪɭɡɨɱɧɵɯ ɪɚɛɨɬ ɧɚ ɫɤɥɚɞɚɯ, ɩɨɥɢɝɨɧɚɯ ɢ ɩɟɪɟɝɪɭɡɨɱɧɵɯ ɩɥɨɳɚɞɤɚɯ. Ɉɧɢ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɟɪɬɢɤɚɥɶɧɨɟ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɟ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɷɥɟɦɟɧɬɨɜ ɡɞɚɧɢɣ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɪɚɛɨɱɟɦɭ ɦɟɫɬɭ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɫɬɪɨɹɳɟɝɨɫɹ ɨɛɴɟɤɬɚ. Ɍɟɦɩ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɛɚɲɟɧɧɨɝɨ ɤɪɚɧɚ, 

ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɹɳɟɣ ɨɬ ɫɤɨɪɨɫɬɟɣ ɪɚɛɨɱɢɯ ɞɜɢɠɟɧɢɣ. 

Ⱦɥɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɝɪɭɡɚ ɩɪɢɦɟɧɹɸɬɫɹ ɥɟɛɟɞɤɢ. ɇɚ 

ɥɟɛɟɞɤɚɯ ɛɚɪɚɛɚɧɧɨɝɨ ɬɢɩɚ ɤɚɧɚɬ ɭɞɟɪɠɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɫɢɥ ɬɪɟɧɢɹ ɦɟɠɞɭ 

ɤɚɧɚɬɨɦ ɢ ɩɪɢɠɢɦɧɵɦɢ ɩɥɚɧɤɚɦɢ, ɩɪɢɫɨɟɞɢɧɟɧɧɵɦɢ ɛɨɥɬɚɦɢ ɤ ɛɚɪɚɛɚɧɭ, ɚ 

ɬɚɤɠɟ ɦɟɠɞɭ ɤɚɧɚɬɨɦ ɢ ɛɚɪɚɛɚɧɨɦ, ɬɚɤ ɤɚɤ ɤɚɧɚɬ ɢɦɟɟɬ ɡɚɩɚɫ 1,5 – 2 ɜɢɬɤɚ 

ɜɨɤɪɭɝ ɛɚɪɚɛɚɧɚ [13, 28]. ɇɚ ɥɟɛɟɞɤɚɯ ɫ ɤɚɧɚɬɨɜɟɞɭɳɢɦ ɲɤɢɜɨɦ (Ʉȼɒ) ɢ ɫ 

ɮɪɢɤɰɢɨɧɧɵɦɢ ɤɨɧɨɢɞɚɥɶɧɵɦɢ ɛɚɪɚɛɚɧɚɦɢ ɫɰɟɩɥɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɥɶɤɨ 

ɡɚ ɫɱɟɬ ɫɢɥɵ ɬɪɟɧɢɹ ɦɟɠɞɭ ɤɚɧɚɬɨɦ ɢ ɲɤɢɜɨɦ (ɛɚɪɚɛɚɧɨɦ). Ʌɟɛɟɞɤɢ ɬɚɤɠɟ 

ɤɥɚɫɫɢɮɢɰɢɪɭɸɬ ɩɨ ɱɢɫɥɭ ɛɚɪɚɛɚɧɨɜ ɢ ɬɢɩɭ ɨɩɨɪɧɨɣ ɛɚɡɵ [4, 16]. 

ɇɟɫɦɨɬɪɹ ɧɚ ɲɢɪɨɤɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ 

ɥɟɛɟɞɨɤ, ɢɯ ɨɫɧɨɜɧɨɟ ɨɬɥɢɱɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɪɝɚɧɟ (ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ 

ɛɚɪɚɛɚɧɨɦ ɢɥɢ ɲɤɢɜɨɦ ɬɪɟɧɢɹ), ɢɡɦɟɧɹɸɳɟɦ ɜɪɚɳɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɜɚɥɚ 

ɩɪɢɜɨɞɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜ ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɝɪɭɡɚ (ɪɢɫɭɧɨɤ 1.1). 
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Ɋɢɫɭɧɨɤ 1.1 - Ƚɪɭɡɨɜɚɹ ɥɟɛɟɞɤɚ ɤɪɚɧɚ Ʉɋ-5363: 1 - ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ; 1 ɢ 7 - 

ɡɭɛɱɚɬɵɟ ɦɭɮɬɵ; 3 - ɬɨɪɦɨɡ; 4 -ɷɥɟɤɬɪɨɦɚɝɧɢɬ; 5 - ɪɟɞɭɤɬɨɪ; S - ɜɯɨɞɧɨɣ ɜɚɥ; 8 -

ɤɚɧɚɬɧɵɣ ɛɚɪɚɛɚɧ; 9 - ɨɩɨɪɚ ɛɚɪɚɛɚɧɚ 

 

    Ⱦɥɹ ɡɚɳɢɬɵ ɤɪɚɧɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ (ɨɬ ɦɚɫɫɵ ɝɪɭɡɚ) ɢ ɪɟɝɢɫɬɪɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ 

ɜɨ ɜɪɟɦɹ ɟɝɨ ɪɚɛɨɬɵ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɫɪɨɤɚ ɫɥɭɠɛɵ ɩɪɢɦɟɧɹɸɬɫɹ ɨɝɪɚɧɢɱɢɬɟɥɢ 

ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ [10]. Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɤɪɚɧɨɜ ɦɨɫɬɨɜɨɝɨ 

ɬɢɩɚ «ɆɈɋɌ-1» ɜɵɩɨɥɧɹɟɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ: 

- ɜɤɥɸɱɟɧɢɟ ɫɜɟɬɨɜɨɣ ɢ ɡɜɭɤɨɜɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ 

ɩɨɪɨɝɨɜɵɯ ɡɧɚɱɟɧɢɣ ɦɚɫɫɵ ɩɨɞɧɢɦɚɟɦɨɝɨ ɝɪɭɡɚ; 

- ɨɬɤɥɸɱɟɧɢɟ ɦɟɯɚɧɢɡɦɚ ɩɨɞɴɟɦɚ ɝɪɭɡɚ    ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɩɨɪɨɝɨɜɵɯ 

ɡɧɚɱɟɧɢɣ ɦɚɫɫɵ ɩɨɞɧɢɦɚɟɦɨɝɨ ɝɪɭɡɚ; 

- ɧɟɩɪɟɪɵɜɧɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɦɚɫɫɵ ɩɨɞɧɢɦɚɟɦɨɝɨ ɝɪɭɡɚ; 

- ɪɟɝɢɫɬɪɚɰɢɹ ɢ ɧɚɤɨɩɥɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɚɛɨɬɟ ɤɪɚɧɚ; 

- ɨɫɭɳɟɫɬɜɥɟɧɢɟ   ɤɨɧɬɪɨɥɹ   ɧɚɞ   ɥɟɛɟɞɤɚɦɢ   ɨɫɧɨɜɧɨɝɨ   ɢ   

ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɩɨɞɴɟɦɚ ɝɪɭɡɚ. 
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Ɉɝɪɚɧɢɱɢɬɟɥɶ   ɫɨɫɬɨɢɬ   ɢɡ   ɞɚɬɱɢɤɚ   ɭɫɢɥɢɹ   ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɝɨ   ɬɢɩɚ, 

ɛɥɨɤɚ ɫɢɝɧɚɥɢɡɚɰɢɢ, ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɛɥɨɤɚ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɮɭɧɤɰɢɟɣ 

ɪɟɝɢɫɬɪɚɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ (ɪɢɫɭɧɨɤ 1.2). 

 Ɋɟɝɢɫɬɪɚɬɨɪ ɩɚɪɚɦɟɬɪɨɜ ɨɩɪɟɞɟɥɹɟɬ ɢ  ɯɪɚɧɢɬ  ɫɥɟɞɭɸɳɭɸ  ɢɧɮɨɪɦɚɰɢɸ 

[10]: 

- ɨɛɳɚɹ ɧɚɪɚɛɨɬɤɚ ȽɉɆ ɢɥɢ ɟɟ ɦɟɯɚɧɢɡɦɨɜ (ɥɟɛɟɞɤɚ) ɜ ɦɨɬɨɱɚɫɚɯ; 

- ɫɭɦɦɚɪɧɨɟ ɱɢɫɥɨ ɪɚɛɨɱɢɯ ɰɢɤɥɨɜ; 

- ɦɚɫɫɵ ɩɨɞɧɹɬɵɯ ɝɪɭɡɨɜ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɝɢɫɬɪɚɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 

ɢɧɮɨɪɦɚɰɢɸ ɨ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ȽɉɆ, ɟɟ ɧɚɪɚɛɨɬɤɢ ɢ ɞɚɧɧɵɟ ɞɥɹ ɚɧɚɥɢɡɚ 

ɩɪɢɱɢɧ ɨɬɤɚɡɨɜ ɭɡɥɨɜ ɢ ɦɟɯɚɧɢɡɦɨɜ; ɩɪɨɞɥɟɜɚɬɶ ɫɪɨɤ ɫɥɭɠɛɵ ȽɉɆ ɢ ɫɧɢɠɚɬɶ 

ɪɚɫɯɨɞɵ ɧɚ ɢɯ ɨɛɫɥɭɠɢɜɚɧɢɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɰɟɧɤɢ ɜɵɪɚɛɨɬɚɧɧɨɝɨ ɪɟɫɭɪɫɚ; 

ɩɪɨɜɨɞɢɬɶ ɪɚɛɨɬɵ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ ɢ ɪɟɦɨɧɬɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ   ɨɬ   

ɮɚɤɬɢɱɟɫɤɨɣ   ɧɚɪɚɛɨɬɤɢ   ɤɪɚɧɚ   [53]. 

 

Ɋɢɫɭɧɨɤ 1.2 – Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫ ɮɭɧɤɰɢɟɣ ɪɟɝɢɫɬɪɚɬɨɪɚ 

ɩɚɪɚɦɟɬɪɨɜ «ɆɈɋɌ-1» 
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Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɈȽɒ-2 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ 

ɦɚɫɫɵ ɩɨɞɧɢɦɚɟɦɨɝɨ ɝɪɭɡɚ ɤɪɚɧɨɜ ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ. ɈȽɒ-2 (ɪɢɫɭɧɨɤ 1.3) 

ɤɨɦɩɥɟɤɬɭɸɬɫɹ ɞɚɬɱɢɤɚɦɢ, ɪɟɝɢɫɬɪɢɪɭɸɳɢɦɢ ɧɚɝɪɭɡɤɭ ɧɚ ɤɚɧɚɬɵ, ɫɢɥɭ ɫɠɚɬɢɹ, 

ɞɚɬɱɢɤɚɦɢ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɣ ɨɫɢ ɢ ɞɚɬɱɢɤɚɦɢ ɜɟɫɚ ɛɚɥɨɱɧɨɝɨ ɬɢɩɚ. 

Ɉɝɪɚɧɢɱɢɬɟɥɶ ɢɦɟɟɬ ɪɟɝɢɫɬɪɚɬɨɪ ɩɚɪɚɦɟɬɪɨɜ, ɨɬɜɟɱɚɸɳɢɯ      ɬɪɟɛɨɜɚɧɢɹɦ      ɊȾ      

10-399-01,    399-5ɂɌɌ, ɊȾɋɆȺ-001-03 [107, 108]. 

 Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɈȽɒ-2 ɜɵɩɨɥɧɹɟɬ ɫɥɟɞɭɸɳɢɟ 

ɮɭɧɤɰɢɢ: 

- ɜɤɥɸɱɟɧɢɟ ɫɜɟɬɨɜɨɣ ɢ ɡɜɭɤɨɜɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ 

ɩɨɪɨɝɨɜɵɯ ɡɧɚɱɟɧɢɣ ɦɚɫɫɵ ɩɨɞɧɢɦɚɟɦɨɝɨ ɝɪɭɡɚ; 

- ɨɬɤɥɸɱɟɧɢɟ ɦɟɯɚɧɢɡɦɚ ɩɨɞɴɟɦɚ ɝɪɭɡɚ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɩɨɪɨɝɨɜɵɯ 

ɡɧɚɱɟɧɢɣ ɦɚɫɫɵ ɩɨɞɧɢɦɚɟɦɨɝɨ ɝɪɭɡɚ; 

- ɪɟɝɢɫɬɪɚɰɢɹ ɢ ɧɚɤɨɩɥɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɚɛɨɬɟ ɤɪɚɧɚ ɜ ɪɟɚɥɶɧɨɦ 

ɜɪɟɦɟɧɢ. 

Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫɨɫɬɨɢɬ ɢɡ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ  ɛɥɨɤɚ, 

ɛɥɨɤɚ 

ɫɢɝɧɚɥɢɡɚɰɢɢ ɢ ɜɜɨɞɚ ɢɧɮɨɪɦɚɰɢɢ, ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɞɚɬɱɢɤɚ ɭɫɢɥɢɹ, 

ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɞɚɬɱɢɤɚ ɛɚɥɨɱɧɨɝɨ ɬɢɩɚ [56, 48]. 

 

Ɋɢɫɭɧɨɤ 1.3 – Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɈȽɒ-2 
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Ɉɝɪɚɧɢɱɢɬɟɥɶ ɧɚɝɪɭɡɤɢ ɤɪɚɧɚ ɈɇɄ-140-40(-59) ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 

ɭɫɬɚɧɨɜɤɢ ɧɚ ɤɪɚɧɵ ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ ɫ ɨɞɧɨɣ ɝɪɭɡɨɜɨɣ ɥɟɛɟɞɤɨɣ, ɨɝɪɚɧɢɱɢɬɟɥɶ 

ɧɚɝɪɭɡɤɢ ɤɪɚɧɚ ɈɇɄ-140-50(-60) ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɧɚ ɤɪɚɧɵ 

ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ ɫ ɞɜɭɦɹ ɝɪɭɡɨɜɵɦɢ ɥɟɛɟɞɤɚɦɢ. Ɉɝɪɚɧɢɱɢɬɟɥɢ ɫɥɭɠɚɬ ɞɥɹ 

ɡɚɳɢɬɵ ɤɪɚɧɚ ɨɬ ɩɟɪɟɝɪɭɡɨɤ ɢ ɪɚɡɪɭɲɟɧɢɹ ɟɝɨ ɭɡɥɨɜ. Ɉɝɪɚɧɢɱɢɬɟɥɶ ɈɇɄ-140-

40 (-50, -59, -60) ɜɵɩɨɥɧɹɟɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ: 

- ɜɤɥɸɱɟɧɢɟ ɫɜɟɬɨɜɨɣ ɢ ɡɜɭɤɨɜɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɦɚɫɫɵ 

ɩɨɞɧɢɦɚɟɦɨɝɨ ɝɪɭɡɚ ɧɨɦɢɧɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ; 

- ɪɟɝɢɫɬɪɚɰɢɹ ɢ ɧɚɤɨɩɥɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɚɛɨɬɟ ɤɪɚɧɚ; 

- ɢɧɞɢɤɚɰɢɹ ɜɟɫɚ ɩɨɞɧɢɦɚɟɦɨɝɨ ɝɪɭɡɚ ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ 

ɤɪɚɧɚ; 

- ɫɨɡɞɚɧɢɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɫɢɝɧɚɥɚ ɧɚ ɛɥɨɤɢɪɨɜɚɧɢɟ ɩɨɞɴɟɦɚ ɝɪɭɡɚ ɩɪɢ 

ɧɚɝɪɭɡɤɟ ɜɵɲɟ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɤɪɚɧɚ; 

- ɜɜɨɞ ɩɚɪɚɦɟɬɪɨɜ ɧɨɦɢɧɚɥɶɧɨɣ ɢ ɩɪɟɞɟɥɶɧɨɣ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɤɪɚɧɚ, 

ɤɪɚɬɧɨɫɬɢ ɩɨɥɢɫɩɚɫɬɚ. 

Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫɨɫɬɨɢɬ ɢɡ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɛɥɨɤɚ, 

ɛɥɨɤɚ ɫɢɝɧɚɥɢɡɚɰɢɢ ɢ ɜɜɨɞɚ ɢɧɮɨɪɦɚɰɢɢ, ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɞɚɬɱɢɤɚ ɭɫɢɥɢɹ 

[45]. 

Ɍɚɤ ɤɚɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɠɢɦɚ ɪɚɛɨɬɚ ɦɟɯɚɧɢɡɦɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 

ɦɚɫɫɵ ɩɨɞɧɢɦɚɟɦɵɯ ɝɪɭɡɨɜ, ɬɨ ɪɚɫɫɦɨɬɪɢɦ ɢɡɜɟɫɬɧɵɟ ɩɚɬɟɧɬɵ ɧɚ ɢɡɨɛɪɟɬɟɧɢɹ. 

 

1.2 ɉɚɬɟɧɬɧɵɣ ɨɛɡɨɪ 

 

Мɟхаɧɢɡɦ ɩɨɞɴɟɦа ɫɬɪɟɥɵ ɦаɧɢɩɭɥяɬɨɪа 

Ɇɟɯɚɧɢɡɦ ɩɨɞɴɟɦɚ ɫɬɪɟɥɵ (ɪɢɫɭɧɨɤ 1.4), ɫɨɞɟɪɠɚɳɢɣ ɝɢɞɪɨɰɢɥɢɧɞɪ, 

ɲɬɚɧɝɭ, ɩɨɥɡɭɧɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨ 

ɧɚɩɪɚɜɥɹɸɳɢɦ ɫ ɤɪɢɜɨɥɢɧɟɣɧɵɦ ɩɪɨɮɢɥɟɦ, ɨɬɥɢɱɚɸɳɢɣɫɹ ɬɟɦ, ɱɬɨ 

ɝɢɞɪɨɰɢɥɢɧɞɪ ɩɨɞɴɟɦɚ ɲɚɪɧɢɪɧɨ ɩɪɢɫɨɟɞɢɧɟɧ ɤ ɤɨɥɨɧɧɟ ɢ ɫɬɪɟɥɟ ɱɟɪɟɡ 

ɪɨɥɢɤɢ, ɢɦɟɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɶ ɤɚɱɟɧɢɹ ɜ ɧɚɩɪɚɜɥɹɸɳɢɯ ɤɨɥɨɧɧɵ ɢ 
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ɫɬɪɟɥɵ, ɢ ɠɟɫɬɤɨ ɫɨɟɞɢɧɟɧ ɩɨɞ ɩɪɹɦɵɦ ɭɝɥɨɦ ɫɨ ɲɬɚɧɝɨɣ, 

ɢɦɟɸɳɟɣɨɫɶɩɨɜɨɪɨɬɚ, ɫɨɜɩɚɞɚɸɳɭɸ ɫ ɨɫɶɸ ɲɚɪɧɢɪɚ, ɫɨɟɞɢɧɹɸɳɟɝɨ 

ɤɨɥɨɧɧɭ ɢ ɫɬɪɟɥɭ, ɩɪɢ ɷɬɨɦ ɞɥɢɧɚ ɲɬɚɧɝɢ ɪɚɜɧɚ ɞɥɢɧɟ ɩɥɟɱɚ ɭɫɢɥɢɹ ɧɚ 

ɲɬɨɤɟ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɝɢɞɪɨɰɢɥɢɧɞɪɚ [37]. 

 

Ɋɢɫɭɧɨɤ 1.4 − Ɇɟɯɚɧɢɡɦ ɩɨɞɴɟɦɚ ɫɬɪɟɥɵ ɦɚɧɢɩɭɥɹɬɨɪɚ 

 

Мɟɯɚɧɢɡɦ ɩɨɜɨɪɨɬɚ ɤɨɥɨɧɧɵ ɫɬɪɟɥɨɜɨɝɨ ɦɚɧɢɩɭɥяɬɨɪɚ 

Ɇɟɯɚɧɢɡɦ ɩɨɜɨɪɨɬɚ ɤɨɥɨɧɧɵ ɫɬɪɟɥɨɜɨɝɨ ɦɚɧɢɩɭɥɹɬɨɪɚ, (ɪɢɫɭɧɨɤ 1.5) 

ɫɨɞɟɪɠɚɳɢɣ ɩɨɜɨɪɨɬɧɭɸ ɤɨɥɨɧɧɭ ɫ ɡɚɤɪɟɩɥɟɧɧɨɣ ɧɚ ɧɟɣ ɲɟɫɬɟɪɧɟɣ, 

ɡɭɛɱɚɬɭɸ ɪɟɣɤɭ, ɪɚɡɦɟɳɟɧɧɭɸ ɜɧɭɬɪɢ ɝɢɞɪɨɰɢɥɢɧɞɪɨɜ, ɜ ɩɨɪɲɧɢ ɤɨɬɨɪɵɯ 

ɜɫɬɪɨɟɧɵ ɞɟɦɩɮɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɚ ɜ ɤɪɵɲɤɚɯ ɝɢɞɪɨɰɢɥɢɧɞɪɨɜ 

ɜɵɩɨɥɧɟɧɵ ɤɚɧɚɥɵ, ɫɨɨɛɳɚɸɳɢɟɫɹ ɫ ɪɚɫɩɪɟɞɟɥɢɬɟɥɟɦ ɝɢɞɪɨɫɢɫɬɟɦɵ 

ɛɚɡɨɜɨɣ ɦɚɲɢɧɵ, ɨɬɥɢɱɚɸɳɢɣɫɹ ɬɟɦ, ɱɬɨ ɩɨɪɲɧɟɜɵɟ ɩɨɥɨɫɬɢ 

ɝɢɞɪɨɰɢɥɢɧɞɪɨɜ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɜ ɧɢɯ ɞɚɜɥɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜɵɲɟ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɡɚɪɹɞɤɢ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɚ ɫɨɟɞɢɧɟɧɵ ɫ ɧɢɦ ɱɟɪɟɡ 

ɨɛɪɚɬɧɵɟ ɤɥɚɩɚɧɵ ɢ ɧɚɩɨɪɧɭɸ ɝɢɞɪɨɥɢɧɢɸ, ɚ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɜ ɧɢɯ 

ɞɚɜɥɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɢɠɟ ɚɬɦɨɫɮɟɪɧɨɝɨ ɫɨɟɞɢɧɟɧɵ ɱɟɪɟɡ ɨɛɪɚɬɧɵɟ 

ɤɥɚɩɚɧɵ ɢ ɫɥɢɜɧɭɸ ɝɢɞɪɨɥɢɧɢɸ ɫ ɝɢɞɪɨɛɚɤɨɦ. [38] 
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Ɋɢɫɭɧɨɤ 1.5 − Ɇɟɯɚɧɢɡɦ ɩɨɜɨɪɨɬɚ ɤɨɥɨɧɧɵ ɫɬɪɟɥɨɜɨɝɨ ɦɚɧɢɩɭɥɹɬɨɪɚ 

 

 

Сɬɪɟɥɨɜɨɣ ɤɪаɧ  

1) ɋɬɪɟɥɨɜɨɣ ɤɪɚɧ, ɫɨɞɟɪɠɚɳɢɣ ɫɬɪɟɥɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɧɢɠɧɟɣ ɢ ɜɟɪɯɧɟɣ 

ɱɚɫɬɟɣ, ɦɟɯɚɧɢɡɦ ɩɨɞɴɟɦɚ ɫɬɪɟɥɵ ɢ ɩɪɨɬɢɜɨɜɟɫ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɩɨɜɨɪɨɬɧɨɣ 

ɩɥɚɬɮɨɪɦɟ, ɧɚ ɤɨɬɨɪɨɣ ɩɨɫɪɟɞɫɬɜɨɦ ɲɚɪɧɢɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɡɚɤɪɟɩɥɟɧ ɧɢɠɧɢɣ 

ɤɨɧɟɰ ɧɢɠɧɟɣ ɱɚɫɬɢ ɫɬɪɟɥɵ, ɧɚ ɜɟɪɯɧɟɦ ɤɨɧɰɟ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɤɨɬɨɪɨɣ 

ɪɚɫɩɨɥɨɠɟɧ ɷɥɟɦɟɧɬ ɡɚɯɜɚɬɚ ɝɪɭɡɚ, ɬɹɝɚ, ɫɜɹɡɚɧɧɚɹ ɫ ɦɟɯɚɧɢɡɦɨɦ ɩɨɞɴɟɦɚ 

ɫɬɪɟɥɵ ɢ ɷɥɟɦɟɧɬɨɦ ɡɚɯɜɚɬɚ ɝɪɭɡɚ, ɨɬɥɢɱɚɸɳɢɣɫɹ ɬɟɦ, ɱɬɨ ɨɧ ɫɨɞɟɪɠɢɬ 

ɨɩɨɪɧɭɸ ɪɚɦɭ, ɨɛɪɚɡɨɜɚɧɧɭɸ ɤɪɟɫɬɨɨɛɪɚɡɧɨ ɫɤɪɟɩɥɟɧɧɵɦɢ ɦɟɠɞɭ ɫɨɛɨɣ 

ɜɟɪɯɧɢɦɢ ɢ ɧɢɠɧɢɦɢ ɩɚɪɚɦɢ ɲɜɟɥɥɟɪɨɜ, ɢ ɨɩɨɪɧɭɸ ɜɬɭɥɤɭ ɫ ɨɬɜɟɪɫɬɢɟɦ, 
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ɡɚɤɪɟɩɥɟɧɧɭɸ ɧɚ ɭɩɨɦɹɧɭɬɨɣ ɜɟɪɯɧɟɣ ɩɚɪɟ ɲɜɟɥɥɟɪɨɜ, ɩɪɢ ɷɬɨɦ ɩɨɜɨɪɨɬɧɚɹ 

ɩɥɚɬɮɨɪɦɚ ɫɨɞɟɪɠɢɬ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɥɨɳɚɞɤɭ ɢ ɩɨɜɨɪɨɬɧɭɸ ɨɫɶ, 

ɜɵɩɨɥɧɟɧɧɭɸ ɜ ɜɢɞɟ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɚɥɶɰɚ, ɩɪɢɜɚɪɟɧɧɨɝɨ 

ɫɧɢɡɭ ɜ ɰɟɧɬɪɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɢ, ɩɪɢɱɟɦ ɧɢɠɧɹɹ ɢ ɜɟɪɯɧɹɹ ɱɚɫɬɢ 

ɫɬɪɟɥɵ ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨɫɪɟɞɫɬɜɨɦ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɮɥɚɧɰɟɜ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɠɟɫɬɤɨɣ ɩɨɞɴɟɦɧɨɣ ɲɬɚɧɝɢ, ɚ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɜɟɪɬɢɤɚɥɶɧɵɣ 

ɩɚɥɟɰ ɜɫɬɚɜɥɟɧ ɜ ɨɬɜɟɪɫɬɢɟ ɨɩɨɪɧɨɣ ɜɬɭɥɤɢ ɫ ɨɛɟɫɩɟɱɟɧɢɟɦ ɜɨɡɦɨɠɧɨɫɬɢ 

ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɨɜɨɪɨɬɧɨɣ ɩɥɚɬɮɨɪɦɵ ɜɨɤɪɭɝ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ. 

2) ɋɬɪɟɥɨɜɨɣ ɤɪɚɧ ɩɨ ɩ.1, ɨɬɥɢɱɚɸɳɢɣɫɹ ɬɟɦ, ɱɬɨ ɦɟɯɚɧɢɡɦ ɩɨɞɴɟɦɚ ɫɬɪɟɥɵ 

ɜɵɩɨɥɧɟɧ ɜ ɜɢɞɟ ɥɟɛɟɞɤɢ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɢ ɩɭɥɶɬɨɦ ɭɩɪɚɜɥɟɧɢɹ. [40] 

(ɪɢɫɭɧɨɤ 1.6). 

 

Ɋɢɫɭɧɨɤ 1.6 − ɋɬɪɟɥɨɜɨɣ ɤɪɚɧ ɜ ɫɨɛɪɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ 

 

Оɝɪаɧɢчɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫɬɪɟɥɨɜɨɝɨ ɤɪаɧа 

1) Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫɬɪɟɥɨɜɨɝɨ ɤɪɚɧɚ, (ɪɢɫɭɧɨɤ 1.7-1.8) 

ɫɨɞɟɪɠɚɳɢɣ ɬɪɨɫɨɜɵɣ ɞɚɬɱɢɤ ɭɫɢɥɢɹ, ɜɵɯɨɞɧɨɣ ɛɥɨɤ, ɫɜɹɡɚɧɧɵɣ ɧɚ ɜɯɨɞɟ ɫ 
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ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ, ɨɬɥɢɱɚɸɳɢɣɫɹ ɬɟɦ, ɱɬɨ ɨɧ ɫɧɚɛɠɟɧ ɜɬɨɪɵɦ 

ɬɪɨɫɨɜɵɦ ɞɚɬɱɢɤɨɦ ɭɫɢɥɢɹ, ɛɥɨɤɨɦ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ, ɨɛɚ ɬɪɨɫɨɜɵɯ 

ɞɚɬɱɢɤɚ ɭɫɢɥɢɹ ɫɜɹɡɚɧɵ ɫ ɛɥɨɤɨɦ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ, ɤɨɬɨɪɵɣ ɧɚ ɜɵɯɨɞɟ 

ɫɜɹɡɚɧ ɫ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ, ɩɪɢ ɷɬɨɦ ɩɟɪɜɵɣ ɬɪɨɫɨɜɵɣ ɞɚɬɱɢɤ 

ɭɫɢɥɢɹ ɫɨɟɞɢɧɟɧ ɫ ɧɟɩɨɞɜɢɠɧɨɣ ɜɟɬɜɶɸ ɝɪɭɡɨɜɨɝɨ ɤɚɧɚɬɚ, ɜɬɨɪɨɣ ɬɪɨɫɨɜɵɣ 

ɞɚɬɱɢɤ ɭɫɢɥɢɹ ɫɨɟɞɢɧɟɧ ɫ ɩɨɞɜɢɠɧɨɣ ɜɟɬɜɶɸ ɝɪɭɡɨɜɨɝɨ ɤɚɧɚɬɚ. 

2) Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫɬɪɟɥɨɜɨɝɨ ɤɪɚɧɚ ɩɨ ɩ. 1, 

ɨɬɥɢɱɚɸɳɢɣɫɹ ɬɟɦ, ɱɬɨ ɩɟɪɜɵɣ ɬɪɨɫɨɜɵɣ ɞɚɬɱɢɤ ɭɫɢɥɢɹ ɭɫɬɚɧɨɜɥɟɧ 

ɲɚɪɧɢɪɧɨ ɧɚ ɨɝɨɥɨɜɤɟ ɫɬɪɟɥɵ ɤɪɚɧɚ. 

3) Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫɬɪɟɥɨɜɨɝɨ ɤɪɚɧɚ ɩɨ ɩ. 1, 

ɨɬɥɢɱɚɸɳɢɣɫɹ ɬɟɦ, ɱɬɨ ɩɟɪɜɵɣ ɬɪɨɫɨɜɵɣ ɞɚɬɱɢɤ ɭɫɢɥɢɹ ɜɵɩɨɥɧɟɧ ɜ ɮɨɪɦɟ 

S-ɨɛɪɚɡɧɨɝɨ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɞɚɬɱɢɤɚ ɬɢɩɚ ɪɚɫɬɹɠɟɧɢɹ-ɫɠɚɬɢɹ ɢɡ 

ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɢɥɢ ɫɬɚɥɢ ɩɨɜɵɲɟɧɧɨɣ ɬɜɟɪɞɨɫɬɢ. 

4) Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫɬɪɟɥɨɜɨɝɨ ɤɪɚɧɚ ɩɨ ɩ. 1, 

ɨɬɥɢɱɚɸɳɢɣɫɹ ɬɟɦ, ɱɬɨ ɜɬɨɪɨɣ ɬɪɨɫɨɜɵɣ ɞɚɬɱɢɤ ɭɫɢɥɢɹ ɭɫɬɚɧɨɜɥɟɧ ɧɚ 

ɤɨɪɧɟɜɨɣ ɫɟɤɰɢɢ ɫɬɪɟɥɵ ɤɪɚɧɚ. 

5) Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫɬɪɟɥɨɜɨɝɨ ɤɪɚɧɚ ɩɨ ɩ. 1, 

ɨɬɥɢɱɚɸɳɢɣɫɹ ɬɟɦ, ɱɬɨ ɜɬɨɪɨɣ ɬɪɨɫɨɜɵɣ ɞɚɬɱɢɤ ɭɫɢɥɢɹ ɜɵɩɨɥɧɟɧ ɜ ɜɢɞɟ 

ɭɫɬɪɨɣɫɬɜɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɞɜɭɯ ɨɩɨɪɧɵɯ ɪɨɥɢɤɨɜ ɢ ɛɥɨɤɚ ɬɟɧɡɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ ɜɵɫɨɤɢɦ ɤɥɚɫɫɨɦ ɬɨɱɧɨɫɬɢ. 

6) Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫɬɪɟɥɨɜɨɝɨ ɤɪɚɧɚ ɩɨ ɩ. 1, 

ɨɬɥɢɱɚɸɳɢɣɫɹ ɬɟɦ, ɱɬɨ ɛɥɨɤ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɜɵɩɨɥɧɟɧ ɜ ɜɢɞɟ 

ɷɥɟɤɬɪɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ ɫ ɞɜɭɯ ɬɪɨɫɨɜɵɯ 

ɞɚɬɱɢɤɨɜ ɜ ɫɢɝɧɚɥ, ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɫɭɦɦɟ ɷɬɢɯ ɫɢɝɧɚɥɨɜ ɛɟɡ ɜɥɢɹɧɢɹ ɬɪɟɧɢɹ 

ɜ ɩɨɥɢɫɩɚɫɬɟ. 

7) Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫɬɪɟɥɨɜɨɝɨ ɤɪɚɧɚ ɩɨ ɩ. 1, 

ɨɬɥɢɱɚɸɳɢɣɫɹ ɬɟɦ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɢɫɩɨɥɶɡɨɜɚɧ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ. 

8) Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫɬɪɟɥɨɜɨɝɨ ɤɪɚɧɚ ɩɨ ɩ. 1, 

ɨɬɥɢɱɚɸɳɢɣɫɹ ɬɟɦ, ɱɬɨ ɜɵɯɨɞɧɨɣ ɛɥɨɤ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɢɥɨɜɵɟ ɤɥɸɱɢ, 
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ɜɵɩɨɥɧɟɧɧɵɟ ɜ ɜɢɞɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɪɟɥɟ ɢɥɢ ɫɢɥɨɜɵɯ ɢɧɬɟɝɪɚɥɶɧɵɯ 

ɦɢɤɪɨɫɯɟɦ. [41] 

 

Ɋɢɫɭɧɨɤ 1.7 − Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫɬɪɟɥɨɜɨɝɨ ɤɪɚɧɚ 

 

Ɋɢɫɭɧɨɤ 1.8 − Ɉɝɪɚɧɢɱɢɬɟɥɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫɬɪɟɥɨɜɨɝɨ ɤɪɚɧɚ  

 

Кɪаɧ-ɦаɧɢɩɭɥяɬɨɪ ɫ ɷɥɟɤɬɪɨɝɢɞɪаɜɥɢчɟɫɤɢɣ ɩɨɞɜɟɫɧɨɣ 

Ʉɪɚɧ-ɦɚɧɢɩɭɥɹɬɨɪ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɨɞɜɟɫɧɨɣ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ ɬɟɦ, ɱɬɨ ɫɨɞɟɪɠɢɬ ɞɜɭɯɛɚɥɨɱɧɵɣ ɩɨɞɜɟɫɧɨɣ ɫ 

ɩɪɢɜɨɞɨɦ ɦɨɫɬ, ɧɚ ɤɨɬɨɪɨɦ ɪɚɡɦɟɳɟɧɚ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɟɪɟɦɟɳɟɧɢɹ 

ɩɨɞɜɟɲɟɧɧɚɹ ɧɚ ɤɚɪɟɬɤɚɯ ɤ ɞɜɭɬɚɜɪɨɜɵɦ ɛɚɥɤɚɦ ɦɨɫɬɚ ɝɪɭɡɨɜɚɹ ɬɟɥɟɠɤɚ ɫ 

ɩɪɢɜɨɞɨɦ, ɧɟɫɭɳɚɹ ɬɟɥɟɫɤɨɩɢɱɟɫɤɭɸ ɪɚɡɞɜɢɠɧɭɸ, ɫ ɩɨɦɨɳɶɸ ɰɟɩɢ, 
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ɝɪɭɡɨɩɨɞɴɟɦɧɭɸ ɫ ɫɟɤɰɢɹɦɢ ɲɬɚɧɝɭ, ɧɚ ɩɨɫɥɟɞɧɟɣ, ɜɧɟɲɧɟɣ ɢɡ ɧɢɯ, 

ɫɦɨɧɬɢɪɨɜɚɧɚ ɩɨɜɨɪɨɬɧɚɹ ɩɥɚɬɮɨɪɦɚ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɧɚ ɧɟɣ ɞɜɭɦɹ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɦɢ ɦɚɧɢɩɭɥɹɬɨɪɚɦɢ, ɭɩɪɚɜɥɹɟɦɵɦɢ ɩɨ ɢɧɬɟɪɮɟɣɫɭ, 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɦɟɫɬɨɦ ɞɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɡɨɡɚɯɜɚɬɧɵɯ 

ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ ɫ ɩɪɢɜɨɞɨɦ ɢ ɭɩɪɚɜɥɟɧɢɟɦ ɨɬ ɩɨɜɨɪɨɬɧɨɣ ɩɥɚɬɮɨɪɦɵ, 

ɛɥɨɤɚɦɢ ɩɨɞɜɢɠɧɵɯ ɢ ɧɟɩɨɞɜɢɠɧɵɯ ɭɩɪɚɜɥɹɟɦɵɯ ɜɢɞɟɨɤɚɦɟɪ, 

ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ ɪɚɛɨɬɭ ɝɢɞɪɨɦɚɧɢɩɭɥɹɬɨɪɨɜ ɢ ɩɨɡɜɨɥɹɸɳɢɯ 

ɨɪɢɟɧɬɢɪɨɜɚɬɶ ɩɨɜɨɪɨɬɧɭɸ ɩɥɚɬɮɨɪɦɭ ɧɚ ɧɭɠɧɵɣ ɭɝɨɥ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ, ɩɪɢɱɟɦ ɫ ɛɨɤɨɜ ɬɟɥɟɫɤɨɩɢɱɟɫɤɨɣ ɲɬɚɧɝɢ ɧɚ 

ɬɟɥɟɠɤɟ ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɟ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɧɚɫɨɫɧɵɟ ɫɬɚɧɰɢɢ ɫ 

ɩɨɞɞɨɧɚɦɢ ɞɥɹ ɫɛɨɪɚ ɩɪɨɬɟɱɟɤ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɠɢɞɤɨɫɬɢ, ɚ ɞɥɹ ɤɨɦɩɚɤɬɧɨɣ 

ɭɤɥɚɞɤɢ ɰɟɩɢ, ɬɟɥɟɫɤɨɩɢɱɟɫɤɚɹ ɲɬɚɧɝɚ ɫɧɚɛɠɟɧɚ ɤɨɧɬɟɣɧɟɪɨɦ, ɧɚ ɝɨɪɥɨɜɢɧɟ 

ɤɨɬɨɪɨɝɨ ɢ ɧɚ ɮɥɚɧɰɟ ɜɧɟɲɧɟɣ ɫɟɤɰɢɢ ɭɫɬɚɧɨɜɥɟɧɵ. [42] 
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2 ɌȿɈɊȿɌɂɑȿɋɄɂȿ ɂɋɋɅȿȾɈȼȺɇɂə ɋɂɋɌȿɆɕ ɁȺɓɂɌɕ 

ȽɂȾɊɈɎɂɐɂɊɈȼȺɇɇɈȽɈ ɄɊȺɇȺ ȼ ɍɋɅɈȼɂəɏ ɇɂɁɄɂɏ 

ɌȿɆɉȿɊȺɌɍɊ 

 

2.1 Ɉɛɨɫɧɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɝɢɞɪɨɩɪɢɜɨɞɚ ɤɪɚɧɚ 

 

ɉɪɢ ɪɚɛɨɬɟ ɝɢɞɪɨɮɢɰɢɪɨɜɚɧɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɪɚɧɨɜ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɨ ɜɪɟɦɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɫɬɨɟɜ ɭɯɭɞɲɚɸɬɫɹ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ 

ɜɹɡɤɨɫɬɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɵ 

ɩɪɟɞɥɨɠɟɧɨ ɧɨɜɨɟ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɝɢɞɪɨɩɪɢɜɨɞɚ ɫ ɫɢɫɬɟɦɨɣ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ.  

 ɋɯɟɦɚ ɝɢɞɪɨɩɪɢɜɨɞɚ ɫ ɫɢɫɬɟɦɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ     ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.1. 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 2.1− ɋɯɟɦɚ ɝɢɞɪɨɩɪɢɜɨɞɚ ɫ ɫɢɫɬɟɦɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ 

ɠɢɞɤɨɫɬɢ 
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           Ɉɧɚ ɫɨɞɟɪɠɢɬ ɬɪɢ ɤɨɧɬɭɪɚ ɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. ɉɟɪɜɵɣ 

ɤɨɧɬɭɪ ɜɵɩɨɥɧɟɧ ɜ ɜɢɞɟ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ.   Ɉɧ ɫɨɞɟɪɠɢɬ ɛɚɤ 1, ɪɚɛɨɱɚɹ 

ɠɢɞɤɨɫɬɶ ɢɡ ɤɨɬɨɪɨɝɨ ɩɨɫɬɭɩɚɟɬ ɜ ɝɢɞɪɨɧɚɫɨɫ 3 ɱɟɪɟɡ ɜɫɚɫɵɜɚɸɳɢɣ ɩɚɬɪɭɛɨɤ 2. 

ɂɡ ɧɚɫɨɫɚ 3 ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ɩɨɞɚɟɬɫɹ ɩɨ ɝɢɞɪɨɥɢɧɢɢ 12 ɜ ɨɫɧɨɜɧɨɣ ɡɨɥɨɬɧɢɤ 

9, ɢɡ ɤɨɬɨɪɨɝɨ ɨɧɚ ɩɨɫɬɭɩɚɟɬ ɱɟɪɟɡ ɞɪɨɫɫɟɥɶ 8 ɢ ɱɟɪɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɡɨɥɨɬɧɢɤ 

6 ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ 7. ɂɡ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ 7  ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ɱɟɪɟɡ   

ɡɨɥɨɬɧɢɤ 9, ɮɢɥɶɬɪ 10 ɩɨɫɬɭɩɚɟɬ ɜɨ ɜɫɚɫɵɜɚɸɳɢɣ ɩɚɬɪɭɛɨɤ 2. Ⱦɥɹ ɪɟɝɢɫɬɪɚɰɢɢ 

ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɫɥɭɠɢɬ ɦɚɧɨɦɟɬɪ 13. Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɨɤ ɜ ɫɢɫɬɟɦɟ 

ɭɫɬɚɧɨɜɥɟɧ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɤɥɚɩɚɧ. Ɍɟɩɥɨɨɛɦɟɧɧɢɤɢ 7 ɪɚɡɦɟɳɟɧɵ ɜ ɤɚɛɢɧɟ 

ɦɚɲɢɧɢɫɬɚ ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɭɥɭɱɲɟɧɢɟ ɷɪɝɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. 

ȼɬɨɪɨɣ ɤɨɧɬɭɪ ɜɵɩɨɥɧɟɧ ɜ ɜɢɞɟ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ.  Ɉɧ ɨɛɪɚɡɭɟɬɫɹ 

ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɨɫɧɨɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ 9.  ɉɨɞɚɱɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤ ɢɫɩɨɥɧɢɬɟɥɶɧɵɦ ɦɟɯɚɧɢɡɦɚɦ 15, ɱɟɪɟɡ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ 14 ɢ 

ɞɚɥɶɲɟ ɧɚ ɫɥɢɜ ɩɨ ɫɥɢɜɧɨɣ ɦɚɝɢɫɬɪɚɥɢ 5, ɱɟɪɟɡ ɮɢɥɶɬɪ 4 ɜ ɛɚɤ 1.  

 Ⱦɥɹ ɧɚɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɛɚɤɟ ɫɥɭɠɢɬ ɬɪɟɬɢɣ ɤɨɧɬɭɪ. Ɉɧ ɪɚɛɨɬɚɟɬ 

ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɣ ɪɚɛɨɬɵ ɝɢɞɪɨɩɪɢɜɨɞɚ. Ʉɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ 7 ɩɪɟɜɵɫɢɬ ɞɨɩɭɫɬɢɦɭɸ ɜɟɥɢɱɢɧɭ ɩɟɪɟɤɥɸɱɟɧɢɟɦ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɡɨɥɨɬɧɢɤɚ 6 ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ɩɨɞɚɟɬɫɹ ɜ ɫɥɢɜɧɭɸ ɦɚɝɢɫɬɪɚɥɶ 

5 ɢ ɱɟɪɟɡ ɮɢɥɶɬɪ 4 ɧɚ ɫɥɢɜ ɜ ɛɚɤ 1.  

ȼɵɩɨɥɧɟɧɢɟ ɝɢɞɪɨɩɪɢɜɨɞɚ ɫ ɫɢɫɬɟɦɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɬɪɟɛɭɟɬ ɩɪɨɜɟɞɟɧɢɹ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɟɟ ɪɚɛɨɬɵ ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɜɨɝɨ 

ɫɨɫɬɨɹɧɢɹ   ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɩɪɨɰɟɫɫɟ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ ɦɚɫɥɚ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɡɪɚɛɨɬɚɧɚ ɦɨɞɟɥɶ 

ɝɢɞɪɨɩɪɢɜɨɞɚ ɫ ɫɢɫɬɟɦɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ.   ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɦɨɞɟɥɢ 

ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɝɢɞɪɨɩɪɢɜɨɞɚ ɛɵɥɢ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ 

ɞɨɩɭɳɟɧɢɹ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɯɨɞɨɜ ɞɪɨɫɫɟɥɟɣ ɢ ɪɚɛɨɱɢɯ ɨɤɨɧ ɡɨɥɨɬɧɢɤɚ 

ɹɜɥɹɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ; ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɡɨɥɨɬɧɢɤɢ 

ɦɚɥɵ; ɩɟɪɟɬɟɱɤɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɪɚɞɢɚɥɶɧɵɟ ɡɚɡɨɪɵ ɡɨɥɨɬɧɢɤɨɜ ɢ 

ɝɢɞɪɨɰɢɥɢɧɞɪɨɜ ɦɚɥɵ; ɞɚɜɥɟɧɢɟ ɫɥɢɜɚ ɩɨɫɬɨɹɧɧɨ; ɜɟɥɢɱɢɧɵ ɜɹɡɤɨɫɬɢ ɢ ɦɨɞɭɥɹ 

ɨɛɴɟɦɧɨɣ ɭɩɪɭɝɨɫɬɢ ɧɟ ɢɡɦɟɧɹɸɬɫɹ. 
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ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɵɦɢ ɞɨɩɭɳɟɧɢɹɦɢ ɜ ɞɢɫɫɟɪɬɚɰɢɢ ɞɚɧɨ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɨɫɬɚɜɥɹɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ: 

1) ɇɚɫɨɫ ɫ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɦ ɤɥɚɩɚɧɨɦ, 

2) Ɉɫɧɨɜɧɨɣ ɡɨɥɨɬɧɢɤ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ. 

3) Ɋɟɝɭɥɢɪɭɟɦɵɣ ɞɪɨɫɫɟɥɶ. 

4) Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ ɭɩɪɚɜɥɹɟɦɵɣ ɡɨɥɨɬɧɢɤ.  

5) Ɍɟɩɥɨɨɛɦɟɧɧɢɤɢ. 

6) ȼɫɚɫɵɜɚɸɳɢɣ ɩɚɬɪɭɛɨɤ.  

ɇɚɞɟɠɧɨɫɬɶ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɫɢɫɬɟɦɵ ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

ɝɢɞɪɨɩɪɢɜɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɩɟɪɟɞɚɱɢ ɫɜɨɣɫɬɜ ɜɯɨɞɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɤ ɜɵɯɨɞɧɵɦ:  

 

),,,(),,,( TpVFTpVF ɜɵɯɜɯ                      (2.1) 

 

ɝɞɟ    v – ɫɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ;  

         p – ɞɚɜɥɟɧɢɟ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ;  

         T – ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

         ρ – ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

 

2.2. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɡɚɳɢɬɵ ɝɢɞɪɨɮɢɰɢɪɨɜɚɧɧɨɝɨ ɤɪɚɧɚ 

 

Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɋȽɄ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɩɟɪɜɢɱɧɵɣ ɢɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɵɦ ɹɜɥɹɸɬɫɹ Ⱦȼɋ ɲɚɫɫɢ, ɧɟɪɟɝɭɥɢɪɭɟɦɵɣ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɧɚɫɨɫ, ɫɟɤɰɢɨɧɧɵɣ ɡɨɥɨɬɧɢɤɨɜɵɣ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ, 

ɝɢɞɪɨɰɢɥɢɧɞɪɵ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɦɨɬɨɪɵ, ɨɛɪɚɬɧɵɟ ɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɟ 

ɤɥɚɩɚɧɵ. 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɪɚɧɚ 

ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.2. 
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Ɋɢɫɭɧɨɤ 2.2 − ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɛɨɱɟɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɋȽɄ:  ɇ – ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɧɚɫɨɫ; II, III, V, VI – ɪɚɛɨɱɢɟ ɫɟɤɰɢɢ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ; ɄɈ1, ɄɈ2, ɄɈ3, ɄɈ4, ɄɈ5 – ɨɛɪɚɬɧɵɟ 

ɤɥɚɩɚɧɵ; ɄɈɍ1, ɄɈɍ2, ɄɈɍ3 – ɨɛɪɚɬɧɵɟ ɭɩɪɚɜɥɹɟɦɵɟ ɤɥɚɩɚɧɵ; Ʉɉ1, Ʉɉ2, 

Ʉɉ3, Ʉɉ4 – ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɟ ɤɥɚɩɚɧɵ; Ɏ – ɮɢɥɶɬɪ; ɐ1, ɐ2 – ɝɢɞɪɨɰɢɥɢɧɞɪɵ 

ɜɵɞɜɢɠɟɧɢɹ ɢ ɧɚɤɥɨɧɚ ɫɬɪɟɥɵ; Ɇ1, Ɇ2 – ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɦɨɬɨɪɵ ɩɨɜɨɪɨɬɚ 

ɩɥɚɬɮɨɪɦɵ ɢ ɝɪɭɡɨɜɨɣ ɥɟɛɟɞɤɢ; Ȼ – ɝɢɞɪɨɛɚɤ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.3 ɩɪɢɜɟɞɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɬɪɭɛɨɩɪɨɜɨɞɚ ɜ 

Simulink, ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɜɭɯ ɫɬɚɧɞɚɪɬɧɵɯ ɛɥɨɤɨɜ «Hydraulic Resistive Tube» ɢ 

«Constant Volume Hydraulic Chamber», ɦɨɞɟɥɢɪɭɸɳɢɯ ɩɭɬɟɜɵɟ ɩɨɬɟɪɢ 

ɞɚɜɥɟɧɢɹ ɢ ɫɠɢɦɚɟɦɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

 

Ɋɢɫɭɧɨɤ 2.3 − ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɬɪɭɛɨɩɪɨɜɨɞɚ ɜ Simulink 
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Ɉɫɧɨɜɧɵɦɢ ɜɜɨɞɢɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɛɥɨɤɚ, ɦɨɞɟɥɢɪɭɸɳɟɝɨ 

ɬɪɭɛɨɩɪɨɜɨɞ, ɹɜɥɹɸɬɫɹ: 

1) ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɚ. 

2) Ⱦɥɢɧɚ ɬɪɭɛɨɩɪɨɜɨɞɚ. 

3) Ɉɛɳɚɹ ɞɥɢɧɚ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ. 

4) ȼɵɫɨɬɚ ɲɟɪɨɯɨɜɚɬɨɫɬɟɣ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɵ. 

5) Ɇɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɪɟɠɢɦɟ. 

6) Ɇɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ. 

Ɍɪɭɛɨɩɪɨɜɨɞ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɪɚɫɯɨɞɨɜ ɫ ɭɱɟɬɨɦ ɫɠɢɦɚɟɦɨɫɬɢ ɪɚɛɨɱɟɣ 

ɠɢɞɤɨɫɬɢ ɢ ɭɪɚɜɧɟɧɢɟɦ ɩɭɬɟɜɵɯ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ: 

 ௗ௣ಲௗ௧ = ௤ಲ−௤ಳ௄у˒˓ ; ஻݌  = ஺݌ − 𝑖݌ ,                                                                      (2.1) 

 

ɝɞɟ   qA ɢ qB – ɪɚɫɯɨɞɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ ɜ ɬɪɭɛɨɩɪɨɜɨɞ ɢ ɧɚ ɜɵɯɨɞɟ 

ɢɡ ɬɪɭɛɨɩɪɨɜɨɞɚ; 

pA ɢ pB – ɞɚɜɥɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ ɜ ɬɪɭɛɨɩɪɨɜɨɞ ɢ ɧɚ ɜɵɯɨɞɟ 

ɢɡ ɬɪɭɛɨɩɪɨɜɨɞɚ; 

pl – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɩɨ ɞɥɢɧɟ ɬɪɭɛɨɩɪɨɜɨɞɚ; ɩɪɨɜɨɞɚ, 

kɭɩɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɫɬɢ ɬɪɭɛɨɩɪɨɜɨɞɚ: 𝑘у˒˓ = 𝜋·஽೛𝑖೛𝑒2 ·௅4Е ,                                                                                         (2.2) 

ɝɞɟ    Dpipe – ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɚ;  

           L – ɞɥɢɧɚ ɬɪɭɛɨɩɪɨɜɨɞɚ; 

           E – ɨɛɴɟɦɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɩɨ ɞɥɢɧɟ ɬɪɭɛɨɩɪɨɜɨɞɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Ⱦɚɪɫɢ 

– ȼɟɣɫɛɚɯɚ [27, 32]: ݌ଵ = ݌ · 𝑔 · ƒ (௅+௅𝑒𝑔஽೛𝑖೛𝑒 ) (௩ƒ2ଶ𝑔),                                                              (2.3) 

ɝɞɟ   p – ɩɥɨɬɧɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ;   
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        Leq - ɨɛɳɚɹ ɞɥɢɧɚ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ; 

        vf – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ;  

        f – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ. 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ ɩɨ ɞɥɢɧɟ ɬɪɭɛɨɩɪɨɜɨɞɚ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ 

ɭɪɚɜɧɟɧɢɟɦ ɏɚɚɥɚɧɞɚ [31]: 

 

 

 

ɝɞɟ      fL – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɩɨɬɨɤɟ;  

            fT – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ;  

           ReL – ɦɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɩɨɬɨɤɟ;  

 ReT – ɦɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ;  

  r – ɜɵɫɨɬɚ ɲɟɪɨɯɨɜɚɬɨɫɬɟɣ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɨɩɪɨɜɨɞɚ;   

           Re – ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ: 

 

            ܴ𝑒 = ଶሺ௤ಲ+௤ಳሻ𝜋·஽೛𝑖೛𝑒·௩ ,                                                                                         (2.5) 

 

ɝɞɟ    v – ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

 

Ɇɨɞɟɥɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɨɬɨɪɚ. Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɦɨɬɨɪ ɩɪɟɞɧɚɡɧɚɱɟɧ 

ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨɬɨɤɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ 

ɦɟɯɚɧɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ. Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɦɨɬɨɪɵ ɩɪɢɦɟɧɹɸɬɫɹ ɧɚ ɋȽɄ ɞɥɹ 

ɩɪɢɜɨɞɚ ɩɨɜɨɪɨɬɧɨɣ ɩɥɚɬɮɨɪɦɵ ɢ ɝɪɭɡɨɜɨɣ ɥɟɛɟɞɤɢ. Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɦɨɬɨɪ 

ɦɨɞɟɥɢɪɨɜɚɥɫɹ ɫ ɩɨɦɨɳɶɸ ɛɥɨɤɚ«Hydraulic Motor» ɢɡ ɛɢɛɥɢɨɬɟɤɢ 
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SimHydraulics. ɗɬɨɬ ɛɥɨɤ ɢɦɟɟɬ ɞɜɚ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɪɬɚ A ɢ B, ɫɜɹɡɚɧɧɵɯ ɫ 

ɧɚɩɨɪɧɵɦ ɢ ɫɥɢɜɧɵɦ ɬɪɭɛɨɩɪɨɜɨɞɚɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɬɚɤɠɟ ɦɟɯɚɧɢɱɟɫɤɢɣ 

ɩɨɪɬ S, ɨɩɪɟɞɟɥɹɸɳɢɣ ɧɚɩɪɚɜɥɟɧɢɟ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɦɨɬɨɪɚ. 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɛɥɨɤɚ ɹɜɥɹɸɬɫɹ: 

1) Ɋɚɛɨɱɢɣ ɨɛɴɟɦ ɦɨɬɨɪɚ. 

2) Ɉɛɴɟɦɧɵɣ ɢ ɩɨɥɧɵɣ ɄɉȾ. 

3) ɇɨɦɢɧɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɦɨɬɨɪ. 

4) ɇɨɦɢɧɚɥɶɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɚɥɚ ɦɨɬɨɪɚ. 

5) ɇɨɦɢɧɚɥɶɧɚɹ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɦɨɬɨɪ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ 

[27, 32]: 

ݍ  = ݓ · 𝜔௦ + 𝑘௟௘𝑎௞ · ሺ݌஺ −  ஻ሻ;                                                                (2.6)݌

 𝑀௦ = ܹ · ሺ݌஺ − ஻ሻ݌ · Ƞ௠ − 𝐽௠ ௗ𝜔ೞௗ௧ ;                                                          (2.7) 

 𝑘௟௘𝑎௞ = ௞𝐻𝑃௩·௣ ;                                                                                                (2.8) 

 𝑘𝐻௉ = ௐ·𝜔೙೚೘ሺଵ−Ƞೡሻ·௏೙೚೘·௉௣೙೚೘ ,                                                            (2.9) 

 

ɝɞɟ   q – ɪɚɫɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɦɨɬɨɪɚ;  

         pA ɢ pB – ɞɚɜɥɟɧɢɹ ɜ ɧɚɩɨɪɧɨɦ ɢ ɫɥɢɜɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 

ɦɨɬɨɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;  

          kleak – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɬɟɱɤɢ;  

         W – ɪɚɛɨɱɢɣ ɨɛɴɟɦ ɦɨɬɨɪɚ; 

      𝜔௦– ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɚɥɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɨɬɨɪɚ;  

          MS − ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɦɨɬɨɪɚ;  
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       Jm – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɦɨɬɨɪɚ ɫ ɭɱɟɬɨɦ ɜɪɚɳɚɸɳɢɯɫɹ ɦɚɫɫ;  

        kHP  – ɤɨɷɮɮɢɰɢɟɧɬ ɏɚɝɟɧɚ –  ɉɭɚɡɟɣɥɹ;  

          𝝶v – ɨɛɴɟɦɧɵɣ ɄɉȾ ɦɨɬɨɪɚ; 

           ɚɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ;  

            p – ɩɥɨɬɧɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ;  

            pnom – ɧɨɦɢɧɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɦɨɬɨɪɚ; 

            nom - ɧɨɦɢɧɚɥɶɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɚɥɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɨɬɨɪɚ;  

            nom – ɧɨɦɢɧɚɥɶɧɚɹ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

            m - ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɨɬɨɪɚ: 

 

 Ƞ௠ = ȠȠೡ,                                                                                                 (2.10)   

 

ɝɞɟ     h – ɩɨɥɧɵɣ ɄɉȾ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɨɬɨɪɚ. 

 

Мɨɞɟɥɶ ɝɢɞɪаɜɥɢчɟɫɤɨɝɨ ɧаɫɨɫа. Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɧɚɫɨɫ ɩɪɟɞɧɚɡɧɚɱɟɧ 

ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɜɢɝɚɬɟɥɹ ɲɚɫɫɢ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɭɸ 

ɷɧɟɪɝɢɸ ɩɨɬɨɤɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. ɇɚ ɜɫɟɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɤɪɚɧɚɯ 

ɩɪɢɦɟɧɹɸɬɫɹ ɚɤɫɢɚɥɶɧɨ-ɩɨɪɲɧɟɜɵɟ ɝɢɞɪɨɧɚɫɨɫɵ. 

Ƚɢɞɪɨɩɪɢɜɨɞ ɤɪɚɧɨɜ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧ ɫ ɨɞɧɢɦ ɢɥɢ ɞɜɭɦɹ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɦɢ ɧɚɫɨɫɚɦɢ [13]. 

ɇɚɫɨɫ ɦɨɞɟɥɢɪɨɜɚɥɫɹ ɫ ɩɨɦɨɳɶɸ ɛɥɨɤɚ «Fixed-Displacement Pump» ɢɡ 

ɛɢɛɥɢɨɬɟɤɢ SimHydraulics. ɗɬɨɬ ɛɥɨɤ ɢɦɟɟɬ ɞɜɚ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɪɬɚ T ɢ P, 

ɫɜɹɡɚɧɧɵɯ ɫ ɜɫɚɫɵɜɚɸɳɢɦ ɢ ɧɚɝɧɟɬɚɸɳɢɦ ɬɪɭɛɨɩɪɨɜɨɞɚɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ 

ɦɟɯɚɧɢɱɟɫɤɢɣ ɩɨɪɬ S, ɨɩɪɟɞɟɥɹɸɳɢɣ ɧɚɩɪɚɜɥɟɧɢɟ ɜɪɚɳɟɧɢɹ ɩɪɢɜɨɞɧɨɝɨ ɜɚɥɚ 

ɧɚɫɨɫɚ. 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɛɥɨɤɚ ɹɜɥɹɸɬɫɹ: 

1) Ɋɚɛɨɱɢɣ ɨɛɴɟɦ ɧɚɫɨɫɚ. 
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2) Ɉɛɴɟɦɧɵɣ ɢ ɩɨɥɧɵɣ ɄɉȾ. 

3) ɇɨɦɢɧɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ. 

4) ɇɨɦɢɧɚɥɶɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɩɪɢɜɨɞɧɨɝɨ ɜɚɥɚ ɧɚɫɨɫɚ.. 

5) ɇɨɦɢɧɚɥɶɧɚɹ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɧɚɫɨɫ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ [27, 32]: 

ݍ  = ௣ܹ௨௠௣ · 𝜔 − 𝑘௟௘𝑎௞ ·   ௣௨௠௣;                         (2.11)݌

 𝑀 = ௐ೛ೠ೘೛·௣೛ೠ೘೛Ƞ೘ ;                             (2.12) 

 𝑘௟௘𝑎௞ = ௞𝐻𝑃௩·௣ ;                            (2.13) 

 

ɝɞɟ     q – ɩɨɞɚɱɚ ɧɚɫɨɫɚ;  

         ppump – ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ ɧɚɫɨɫɟ;  

 pT ɢ pP – ɞɚɜɥɟɧɢɹ ɜɨ ɜɫɚɫɵɜɚɸɳɟɦ ɢ ɧɚɝɧɟɬɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɚɯ 

ɧɚɫɨɫɚ;  

M – ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɧɚɫɨɫɚ;  

Wpump – ɪɚɛɨɱɢɣ ɨɛɴɟɦ ɧɚɫɨɫɚ;  

w– ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɩɪɢɜɨɞɧɨɝɨ ɜɚɥɚ ɧɚɫɨɫɚ;  

kleak – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɬɟɱɤɢ;  

kHP – ɤɨɷɮɮɢɰɢɟɧɬ ɏɚɝɟɧɚ – ɉɭɚɡɟɣɥɹ;  

hV – ɨɛɴɟɦɧɵɣ ɄɉȾ ɧɚɫɨɫɚ;  

hm – ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɧɚɫɨɫɚ;  

n – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ;  

r – ɩɥɨɬɧɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

Pnom – ɧɨɦɢɧɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ;  

wnom – ɧɨɦɢɧɚɥɶɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɩɪɢɜɨɞɧɨɝɨ ɜɚɥɚ ɧɚɫɨɫɚ; 

 nnom – ɧɨɦɢɧɚɥɶɧɚɹ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 
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Ɇɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɧɚɫɨɫɚ ɧɚɯɨɞɢɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɩɨɥɧɨɝɨ ɢ 

ɨɛɴɟɦɧɨɝɨ ɄɉȾ: Ƞ௠ = ȠȠೡ,                                                                                                 (2.14) 

 

ɝɞɟ     h – ɩɨɥɧɵɣ ɄɉȾ ɧɚɫɨɫɚ. 

 

 ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 

2.4. 

 

 

 

Ɋɢɫɭɧɨɤ 2.4 − ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ 

 

Мɨɞɟɥɶ ɝɢɞɪаɜɥɢчɟɫɤɨɝɨ ɪаɫɩɪɟɞɟɥɢɬɟɥя. Ƚɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ 

ɬɪɟɯɩɨɡɢɰɢɨɧɧɵɣ ɡɨɥɨɬɧɢɤɨɜɵɣ, ɫɟɤɰɢɨɧɧɵɣ ɫ ɪɭɱɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɫɥɭɠɢɬ 

ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɝɢɞɪɨɦɨɬɨɪɚɦɢ ɦɟɯɚɧɢɡɦɨɜ ɩɨɞɴɟɦɚ ɢ ɩɨɜɨɪɨɬɚ, ɚ ɬɚɤɠɟ 

ɝɢɞɪɨɰɢɥɢɧɞɪɚɦɢ ɦɟɯɚɧɢɡɦɨɜ ɢɡɦɟɧɟɧɢɹ ɜɵɥɟɬɚ ɢ ɜɵɞɜɢɠɟɧɢɹ ɫɬɪɟɥɵ. 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɨɫɧɨɜɚɧ ɧɚ ɢɡɦɟɧɟɧɢɢ ɧɚɩɪɚɜɥɟɧɢɹ 

ɩɨɬɨɤɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɟɝɨ ɡɨɥɨɬɧɢɤɨɜ. ȼɨɡɦɨɠɧɵ ɬɪɢ 

ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɨɥɨɠɟɧɢɹɯ ɡɨɥɨɬɧɢɤɨɜ 

(ɪɢɫɭɧɨɤ 2.3) [13]: 

1) ɇɟɣɬɪɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ. Ɋɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ɨɬ ɧɚɫɨɫɚ ɩɨɞɜɨɞɢɬɫɹ ɜ ɩɨɥɨɫɬɶ P 

ɧɚɩɨɪɧɨɣ ɫɟɤɰɢɢ. Ɂɚɬɟɦ ɱɟɪɟɡ ɩɨɥɨɫɬɶ P-T ɪɚɛɨɱɢɯ ɫɟɤɰɢɣ (ɪɢɫɭɧɨɤ 2.4) 
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ɩɨɩɚɞɚɟɬ ɜ ɩɨɥɨɫɬɶ T ɫɥɢɜɧɨɣ ɫɟɤɰɢɢ ɢ ɞɚɥɟɟ ɢɞɟɬ ɧɚ ɫɥɢɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɚɡɝɪɭɡɤɚ ɧɚɫɨɫɚ ɩɪɢ ɧɟɣɬɪɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɡɨɥɨɬɧɢɤɨɜ. 

2) Ɂɨɥɨɬɧɢɤ, ɧɚɩɪɢɦɟɪ, ɪɚɛɨɱɟɣ ɫɟɤɰɢɢ V (ɫɦ. ɪɢɫɭɧɨɤ 2.5) ɫɞɜɢɧɭɬ ɨɬ 

ɧɟɣɬɪɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜɧɢɡ. ɉɪɢ ɷɬɨɦ ɩɨɥɨɠɟɧɢɢ ɩɨɥɨɫɬɶ P-T ɩɟɪɟɤɪɵɜɚɟɬɫɹ 

ɡɨɥɨɬɧɢɤɨɦ, ɢ ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ɢɡ ɩɨɥɨɫɬɢ P ɱɟɪɟɡ ɨɛɪɚɬɧɵɣ ɤɥɚɩɚɧ ɧɚɩɨɪɧɨɣ 

ɫɟɤɰɢɢ I ɩɨɫɬɭɩɚɟɬ ɜ ɩɨɥɨɫɬɶ P-T ɫɟɤɰɢɣ II ɢ III. Ⱦɚɥɟɟ ɱɟɪɟɡ ɩɪɨɦɟɠɭɬɨɱɧɭɸ 

ɫɟɤɰɢɸ IV ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ɩɨɫɬɭɩɚɟɬ ɜ ɩɨɥɨɫɬɶ P1 ɫɟɤɰɢɣ V ɢVI. ɂɡ ɩɨɥɨɫɬɢ 

P1 ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɪɚɛɨɱɭɸ ɩɨɥɨɫɬɶ A, ɫɨɟɞɢɧɟɧɧɭɸ ɫ 

ɢɫɩɨɥɧɢɬɟɥɶɧɵɦ ɨɪɝɚɧɨɦ. Ɉɬ ɩɨɫɥɟɞɧɟɝɨ ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ɩɨɫɬɭɩɚɟɬ ɜ 

ɫɥɢɜɧɨɣ ɤɚɧɚɥ T .  

 

 

 

 

 

 

   

 

Ɋɢɫɭɧɨɤ 2.5 − ɋɢɦɜɨɥɶɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɪɚɛɨɱɟɣ ɫɟɤɰɢɢ 

 

3) Ɂɨɥɨɬɧɢɤ ɪɚɛɨɱɟɣ ɫɟɤɰɢɢ V ɫɞɜɢɧɭɬ ɨɬ ɧɟɣɬɪɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜɜɟɪɯ. 

ɉɨɬɨɤɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ ɜɚɪɢɚɧɬɭ, 

ɬɨɥɶɤɨ ɢɡ ɩɨɥɨɫɬɢ P1 ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ɩɨɫɬɭɩɚɟɬ ɜ ɞɪɭɝɭɸ ɩɨɥɨɫɬɶ B 

ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

Ɋɚɛɨɬɚ ɫɟɤɰɢɣ II, III, VI ɚɧɚɥɨɝɢɱɧɚ ɪɚɛɨɬɟ ɜɵɲɟɨɩɢɫɚɧɧɨɣ ɫɟɤɰɢɢ. 

Ʉɚɠɞɚɹ ɪɚɛɨɱɚɹ ɫɟɤɰɢɹ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɦɨɞɟɥɢɪɨɜɚɥɚɫɶ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɨɣ 

ɩɨɞɫɢɫɬɟɦɵ Simulink.  

ɉɨɞɫɢɫɬɟɦɵ ɪɚɛɨɱɢɯ ɫɟɤɰɢɣ ɫɨɫɬɨɹɬ ɢɡ ɲɟɫɬɢ ɞɪɨɫɫɟɥɟɣ, ɫɨɟɞɢɧɟɧɧɵɯ 

ɦɟɠɞɭ ɫɨɛɨɣ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2.6. 
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Ɋɢɫɭɧɨɤ 2.6 − ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɪɚɛɨɱɟɣ ɫɟɤɰɢɢ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɜ 

Simulink 

 

Ⱦɪɨɫɫɟɥɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɳɟɥɢ ɦɟɠɞɭ ɤɪɨɦɤɚɦɢ ɪɚɫɬɨɱɟɤ ɤɨɪɩɭɫɚ 

ɫɟɤɰɢɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɢ ɤɪɨɦɤɚɦɢ ɩɨɹɫɤɨɜ ɡɨɥɨɬɧɢɤɚ. Ⱦɪɨɫɫɟɥɶ «Orifice with 

Variable Area Round Holes» – ɫɬɚɧɞɚɪɬɧɵɣ ɛɥɨɤ ɛɢɛɥɢɨɬɟɤɢ SimHydraulics. Ɉɧ 

ɢɦɟɟɬ ɞɜɚ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɪɬɚ A ɢ B , ɫɜɹɡɚɧɧɵɯ ɫ ɜɯɨɞɧɵɦ ɢ ɜɵɯɨɞɧɵɦ 

ɨɬɜɟɪɫɬɢɹɦɢ ɞɪɨɫɫɟɥɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɬɚɤɠɟ ɦɟɯɚɧɢɱɟɫɤɢɣ ɩɨɪɬ S , ɤɨɬɨɪɵɣ 

ɭɜɟɥɢɱɢɜɚɟɬ ɢɥɢ ɭɦɟɧɶɲɚɟɬ ɨɬɤɪɵɬɢɟ ɞɪɨɫɫɟɥɹ. 

Ʉɚɠɞɵɣ ɢɡ ɲɟɫɬɢ ɛɥɨɤɨɜ ɞɪɨɫɫɟɥɟɣ ɢɦɟɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɢɧɞɟɤɫ: A-

T1, P1-B , P-T_1, P-T_2, P1- A, B-T 2 . ɍɩɪɚɜɥɟɧɢɟ ɞɪɨɫɫɟɥɹɦɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɩɚɪɚɥɥɟɥɶɧɨ ɱɟɪɟɡ ɮɢɡɢɱɟɫɤɢɣ ɩɨɪɬ ɭɩɪɚɜɥɟɧɢɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɩɪɢ ɩɨɞɚɱɟ 

ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɩɨɪɬ S ɨɬɤɪɵɜɚɸɬɫɹ ɨɬɜɟɪɫɬɢɹ ɞɪɨɫɫɟɥɟɣ ɫ 

ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɟɣ A-T1, P1-B , P-T_1 ɢ ɡɚɤɪɵɜɚɸɬɫɹ ɨɬɜɟɪɫɬɢɹ 

ɞɪɨɫɫɟɥɟɣ ɫ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɟɣ P-T_2, P1- A, B-T 2 . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɦɝɧɨɜɟɧɧɵɟ ɩɨɥɨɠɟɧɢɹ ɡɚɩɨɪɧɨ-ɪɟɝɭɥɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɤɚɠɞɨɝɨ 

ɞɪɨɫɫɟɥɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

            ℎ஺−்ଵ = ℎ஺−்ଵ଴ + ;ݔ ℎ௉ଵ−஻ = ℎ௉ଵ−஻଴ +  ;ݔ
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ℎ௣−்_ଵ = ℎ௉−்_ଵ଴ + ℎ௉−்_ଶ ;ݔ = ℎ௉−்_ଶ଴ −  (2.15)                                 ;ݔ

 

 ℎ௣ଵ−஺ = ℎ௉ଵ−஺ை − ;ݔ ℎ஻−்ଶ = ℎ஻−்ଶ଴ −  ;ݔ
 

ɝɞɟ    hA-T1, hP1-B , hP-T_1 , hP-T_2 , hP1-A , hB-T 2 – ɦɝɧɨɜɟɧɧɵɟ ɩɨɥɨɠɟɧɢɹ ɡɚɩɨɪɧɨ-

ɪɟɝɭɥɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɛɥɨɤɨɜ A-T1, P1-B , P -T_1, P -T_2, P1- A, B -T 2 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;  

           hA-T10 , hP1-B 0 , hP-T_10 , hP-T_2 0 ,hP1-A 0 , hB-T 2 0 – ɧɚɱɚɥɶɧɵɟ ɩɨɥɨɠɟɧɢɹ 

ɡɚɩɨɪɧɨ-ɪɟɝɭɥɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɛɥɨɤɨɜ A-T1, P1-B , P -T_1, P -T_2, P1- A, 

B -T 2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;  

          x – ɬɟɤɭɳɟɟ ɩɨɥɨɠɟɧɢɟ ɡɨɥɨɬɧɢɤɚ. 

 

Ɇɨɞɟɥɶ ɭɱɢɬɵɜɚɟɬ ɥɚɦɢɧɚɪɧɵɣ ɢ ɬɭɪɛɭɥɟɧɬɧɵɣ ɪɟɠɢɦɵ ɩɨɬɨɤɚ, 

ɜɵɱɢɫɥɹɹ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ Re ɢ ɫɪɚɜɧɢɜɚɹ ɟɝɨ ɡɧɚɱɟɧɢɟ ɫ ɤɪɢɬɢɱɟɫɤɢɦ ɱɢɫɥɨɦ 

Ɋɟɣɧɨɥɶɞɫɚ Recr : 

 ܴ𝑒𝑖 = ௤𝑖·஽𝑖𝐻஺𝑖ሺℎ𝑖ሻ·௩                                                                                   (2.16) 

 

ɋɬɚɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɪɨɫɫɟɥɟɣ ɨɩɢɫɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɍɪɚɜɧɟɧɢɟɦ 

 

 

ɝɞɟ       d0 – ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɣ;  

             z – ɤɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ; 
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  Amax – ɩɥɨɳɚɞɶ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɵɯ ɨɬɜɟɪɫɬɢɣ. 

 

Ƚɪɚɮɢɱɟɫɤɢɣ ɜɢɞ ɧɟɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.7. 

Ɋɢɫɭɧɨɤ 2.7 − Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɳɚɞɢ ɩɪɨɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ ɞɪɨɫɫɟɥɹ ɨɬ 

ɩɨɥɨɠɟɧɢɹ ɡɨɥɨɬɧɢɤɚ 

 

Ɋɚɫɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɥɹ ɤɚɠɞɨɝɨ ɞɪɨɫɫɟɥɹ ɧɚɯɨɞɢɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ 

ɭɪɚɜɧɟɧɢɣ [27, 32]: 

 

 

      

           𝑃𝑖 = 𝑖஺݌ − 𝑃𝑖஻;                                                                                           (2.19) 

           𝑐஽௅ = ( ஼𝐷√ோ௘𝑐ೝ) ;                                                                                           (2.20) 

𝑖𝐻ܦ             = √4஺𝑖ሺℎ𝑖ሻ𝜋                                                                                             (2.21) 

ɝɞɟ       i – ɢɧɞɟɤɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɛɥɨɤɚ A-T1, P1-B , P -T_1, P -T_2, P1- A, B-

T 2 ;   
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            qi – ɪɚɫɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɞɪɨɫɫɟɥɶ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 

ɢɧɞɟɤɫɨɦ;   

            pi A , pi B – ɦɚɧɨɦɟɬɪɢɱɟɫɤɢɟ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨɞɚɯ ɢ ɜɵɯɨɞɚɯ ɜ ɞɪɨɫɫɟɥɹɯ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;  

           CD – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ; 

           Ai (hi ) – ɦɝɧɨɜɟɧɧɵɟ ɩɥɨɳɚɞɢ ɩɪɨɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ ɞɪɨɫɫɟɥɟɣ;  

            r – ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ;  

            n – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɢ;  

            Di H – ɦɝɧɨɜɟɧɧɵɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɞɢɚɦɟɬɪɵ ɨɬɜɟɪɫɬɢɣ ɞɪɨɫɫɟɥɟɣ;  

           Aleak – ɩɥɨɳɚɞɶ ɭɬɟɱɟɤ. 

 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɩɨɞɫɢɫɬɟɦɵ, ɦɨɞɟɥɢɪɭɸɳɟɣ 

ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ, ɹɜɥɹɸɬɫɹ: 

1) Ⱦɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɣ. 

2) Ʉɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ. 

3) Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ. 

4) ɇɚɱɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɡɚɩɨɪɧɨ-ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ. 

5) Ʉɪɢɬɢɱɟɫɤɨɟ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ. 

6) ɉɥɨɳɚɞɶ ɜɧɭɬɪɟɧɧɢɯ ɭɬɟɱɟɤ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɨɥɧɨɦ ɩɟɪɟɤɪɵɬɢɢ 

ɨɬɜɟɪɫɬɢɣ. 

Мɨɞɟɥɶ ɝɢɞɪɨɰɢɥɢɧɞɪɚ. Ƚɢɞɪɨɰɢɥɢɧɞɪ – ɷɥɟɦɟɧɬ ɝɢɞɪɨɩɪɢɜɨɞɚ, 

ɩɪɟɨɛɪɚɡɭɸɳɢɣ ɷɧɟɪɝɢɸ ɩɨɬɨɤɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ 

ɜɵɯɨɞɧɨɝɨ ɡɜɟɧɚ (ɝɢɥɶɡɚ ɢɥɢ ɲɬɨɤ). 

Ⱦɢɧɚɦɢɤɚ ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ ɞɚɜɥɟɧɢɣ, 

ɫɨɫɬɚɜɥɟɧɧɵɯ ɞɥɹ ɪɚɛɨɱɢɯ ɩɨɥɨɫɬɟɣ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɨɛɴɟɦɨɦ ɢ ɭɪɚɜɧɟɧɢɟɦ 

ɞɜɢɠɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɡɜɟɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ ɞɚɜɥɟɧɢɹ: 

 ௗ௣ಲௗ௧ = ௤ಲ−௦ಲ·௩𝑅௞у˒˓А ; ௗ௣ಳௗ௧ = ௌಳ·௩𝑅−௤ಳ௞у˒˓ಳ ;                                                               (2.22) ௗ௣ಲௗ௧ = ଵ௠ ஺݌) · ஺ܵ − ஻݌ · ܵ஻ − ௠௣ܨ −  ௥),                                                  (2.23)ܨ
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ɝɞɟ     vR – ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɲɬɨɤɚ ɝɢɞɪɨɰɢɥɢɧɞɪɚ;  

qA , qB – ɪɚɫɯɨɞɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɜ ɝɢɞɪɨɰɢɥɢɧɞɪ;  

pA , pB – ɞɚɜɥɟɧɢɟ ɜ ɪɚɛɨɱɟɣ ɩɨɥɨɫɬɢ ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɢ ɞɚɜɥɟɧɢɟ ɧɚ ɫɥɢɜɟ;  

SA , SB – ɩɥɨɳɚɞɢ ɩɨɪɲɧɟɜɨɣ ɢ ɲɬɨɤɨɜɨɣ ɩɨɥɨɫɬɟɣ;  

kɭɩɪА, kɭɩɪВ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɩɪɭɝɨɫɬɢ ɩɨɪɲɧɟɜɨɣ ɢ ɲɬɨɤɨɜɨɣ ɩɨɥɨɫɬɟɣ ɫ 

ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɶɸ;  

m – ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɲɬɨɤɭ ɦɚɫɫɚ ɩɨɞɜɢɠɧɵɯ ɱɚɫɬɟɣ;  

Fɬɪ – ɫɢɥɚ ɬɪɟɧɢɹ; 

 FR – ɫɢɥɚ ɧɚ ɲɬɨɤɟ ɝɢɞɪɨɰɢɥɢɧɞɪɚ. 

 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɩɪɭɝɨɫɬɢ ɩɨɪɲɧɟɜɨɣ ɢ ɲɬɨɤɨɜɨɣ ɩɨɥɨɫɬɟɣ ɫ ɪɚɛɨɱɟɣ 

ɠɢɞɤɨɫɬɶɸ: 

 𝑘у˒˓А = ∆ ஺ܸ + ோݔ · ஺ܵܧ  

 𝑘у˒˓В = ∆௏В+ሺ௅ц−𝑥𝑅ሻ·ௌಳா                                                                            (2.24) 

 

ɝɞɟ    Lɰ – ɯɨɞ ɩɨɪɲɧɹ ɝɢɞɪɨɰɢɥɢɧɞɪɚ;  

∆VA , ∆VB – ɦɟɪɬɜɵɟ ɨɛɴɟɦɵ ɩɨɪɲɧɟɜɨɣ ɢ ɲɬɨɤɨɜɨɣ ɩɨɥɨɫɬɟɣ 

ɝɢɞɪɨɰɢɥɢɧɞɪɚ;  

E – ɨɛɴɟɦɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

 

Ƚɢɞɪɨɰɢɥɢɧɞɪ ɦɨɞɟɥɢɪɨɜɚɥɫɹ ɫ ɩɨɦɨɳɶɸ ɛɥɨɤɚ «Double-Acting Hydraulic 

Cylinder» ɢɡ ɛɢɛɥɢɨɬɟɤɢ SimHydraulics. Ȼɥɨɤ ɢɦɟɟɬ ɞɜɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɪɬɚ R ɢ 

C , ɫɜɹɡɚɧɧɵɯ ɫɨ ɲɬɨɤɨɦ ɢ ɝɢɥɶɡɨɣ ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ ɞɜɚ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɪɬɚ A ɢ B , ɫɜɹɡɚɧɧɵɯ ɫ ɩɨɪɲɧɟɜɨɣ ɢ ɲɬɨɤɨɜɨɣ ɩɨɥɨɫɬɹɦɢ 

[32]. Ɇɨɞɟɥɶ ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɜ Simulink ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.8. 
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Ɋɢɫɭɧɨɤ 2.8 − ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɜ Simulink 

 

Ɉɫɧɨɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɦɨɞɟɥɢ ɹɜɥɹɸɬɫɹ ɞɜɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ ɜ ɮɨɪɦɟ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ 

ɞɜɢɠɟɧɢɹ(«TranslationalHydro-MechanicalConverter»), ɫɨɟɞɢɧɟɧɧɵɟ ɨɞɧɨɣ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɜɹɡɶɸ. ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɫɬɭɩɚɸɳɟɝɨɜ ɧɢɯ 

(ɢɥɢ ɜɵɯɨɞɹɳɟɝɨ ɢɡ ɧɢɯ) ɪɚɫɯɨɞɚ, ɞɚɜɥɟɧɢɹ ɢ ɡɚɞɚɜɚɟɦɨɣ ɩɥɨɳɚɞɢɜɵɱɢɫɥɹɸɬ ɢ 

ɜɵɞɚɸɬ ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɢ ɪɚɡɜɢɜɚɟɦɭɸ ɫɢɥɭ ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɫɜɹɡɶ [27, 

32].  

Ʉ ɩɨɥɨɫɬɹɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɩɪɢɫɨɟɞɢɧɟɧɵ ɛɥɨɤɢ ɢɡɦɟɧɹɟɦɵɯ ɨɛɴɟɦɨɜ 

«HydraulicPistonChamber». Ȼɥɨɤɢ «HydraulicPistonChamber» ɩɨɡɜɨɥɹɸɬ 

ɦɨɞɟɥɢɪɨɜɚɬɶ ɫɠɢɦɚɟɦɨɫɬɶ ɠɢɞɤɨɫɬɢ ɜ ɩɨɥɨɫɬɹɯ ɝɢɞɪɨɰɢɥɢɧɞɪɚ. 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɛɥɨɤɚ, ɦɨɞɟɥɢɪɭɸɳɟɝɨ ɝɢɞɪɨɰɢɥɢɧɞɪ, 

ɹɜɥɹɸɬɫɹ: 

1) ɉɥɨɳɚɞɢ ɩɨɪɲɧɹ ɜ ɩɨɪɲɧɟɜɨɣ ɢ ɲɬɨɤɨɜɨɣ ɩɨɥɨɫɬɹɯ. 

2) ɏɨɞ ɲɬɨɤɚ. 

3) ɇɚɱɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɲɬɨɤɚ. 

4) Ɇɟɪɬɜɵɟ ɨɛɴɟɦɵ ɩɨɪɲɧɟɜɨɣ ɢ ɲɬɨɤɨɜɨɣ ɩɨɥɨɫɬɟɣ. 
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5) ɇɚɱɚɥɶɧɵɟ ɞɚɜɥɟɧɢɹ ɜ ɩɨɪɲɧɟɜɨɣ ɢ ɲɬɨɤɨɜɨɣ ɩɨɥɨɫɬɹɯ. 

Мɨɞɟɥɢ ɨɛɪɚɬɧɨɝɨ ɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨɝɨ ɤɥɚɩɚɧɨɜ. ȼ ɝɢɞɪɨɩɪɢɜɨɞɟ 

ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɪɚɧɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɬɢɩɚ ɤɥɚɩɚɧɨɜ: ɨɛɪɚɬɧɵɟ ɢ 

ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɟ. 

Ɉɛɪɚɬɧɵɣ ɤɥɚɩɚɧ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɨɩɭɫɤɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

ɬɨɥɶɤɨ ɜ ɨɞɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɚ ɨɛɪɚɬɧɵɣ 

ɤɥɚɩɚɧ ɡɚɤɪɵɜɚɟɬɫɹ ɢ ɩɪɨɩɭɫɤ ɠɢɞɤɨɫɬɢ ɩɪɟɤɪɚɳɚɟɬɫɹ. 

ɉɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɤɥɚɩɚɧ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɟɞɨɯɪɚɧɟɧɢɢ ɷɥɟɦɟɧɬɨɜ 

ɝɢɞɪɨɫɢɫɬɟɦɵ ɨɬ ɞɚɜɥɟɧɢɹ, ɩɪɟɜɵɲɚɸɳɟɝɨ ɞɨɩɭɫɬɢɦɨɟ. 

Ɉɛɪɚɬɧɵɟ ɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɟ ɤɥɚɩɚɧɵ ɦɨɞɟɥɢɪɨɜɚɥɢɫɶ ɫ ɩɨɦɨɳɶɸ 

ɫɬɚɧɞɚɪɬɧɵɯ ɛɥɨɤɨɜ «Check Valve» ɢ «Pressure Relie fValve» ɢɡ ɛɢɛɥɢɨɬɟɤɢ Sim 

Hydraulics. 

ɗɬɢ ɛɥɨɤɢ ɢɦɟɸɬ ɩɨ ɞɜɚ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɪɬɚ A ɢ B , ɫɜɹɡɚɧɧɵɯ ɫ 

ɜɯɨɞɧɵɦɢ ɢ ɜɵɯɨɞɧɵɦɢ ɨɬɜɟɪɫɬɢɹɦɢ ɤɥɚɩɚɧɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɪɢ ɩɟɪɟɩɚɞɟ ɞɚɜɥɟɧɢɹ ɧɚ ɤɥɚɩɚɧɟ, ɦɟɧɶɲɟɦ ɡɧɚɱɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 

ɧɚɥɢɱɢɟɦ ɩɪɭɠɢɧɵ ( p<pcrack ), ɤɥɚɩɚɧ ɨɫɬɚɟɬɫɹ ɡɚɤɪɵɬɵɦ: A0. Ɉɞɧɚɤɨ ɞɚɠɟ ɩɪɢ 

ɩɨɥɧɨɫɬɶɸ ɩɟɪɟɤɪɵɬɨɦ ɨɬɜɟɪɫɬɢɢ ɨɫɬɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ ɩɥɨɳɚɞɶ, ɱɟɪɟɡ 

ɤɨɬɨɪɭɸ ɩɪɨɢɫɯɨɞɹɬ ɭɬɟɱɤɢ ɠɢɞɤɨɫɬɢ. 

ȼ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ ɤɥɚɩɚɧɟ p ɧɚɱɢɧɚɟɬ ɩɪɟɜɵɲɚɬɶ 

ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ pcrack , ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɤɥɚɩɚɧɚ ɧɚɱɢɧɚɟɬ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɭɜɟɥɢɱɢɜɚɬɶɫɹ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ p= pmax 

ɤɥɚɩɚɧ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɜɚɟɬɫɹ: A= Amax[32]. 

Ɇɨɞɟɥɶ ɭɱɢɬɵɜɚɟɬ ɥɚɦɢɧɚɪɧɵɣ ɢ ɬɭɪɛɭɥɟɧɬɧɵɣ ɪɟɠɢɦɵ ɩɨɬɨɤɚ. 

ȼɵɱɢɫɥɹɟɬɫɹ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ Re ɢ ɟɝɨ ɡɧɚɱɟɧɢɟ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ 

ɤɪɢɬɢɱɟɫɤɢɦ ɱɢɫɥɨɦ Ɋɟɣɧɨɥɶɞɫɚ Recr . 

Ɋɚɫɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚɯɨɞɢɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣ [27, 32]: 
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 𝑘 = ஺೘𝑎𝑥−஺೗𝑒𝑎ೖ௣೘𝑎𝑥−௣𝑐ೝ𝑎𝑐ೖ ;                                                                                         (2.27) 

 p = p୅ − p୆;                                                                                               (2.28) 

 Re = ୯·ୈH୅ሺ୮ሻ·v ;                                                                                                (2.29) 

 cୈL = ( େD√Recr) 2;                                                                                          (2.30) 

 DiH = √4Аሺ୮ሻπ                                                                                                 (2.31) 

 

ɝɞɟ     q – ɪɚɫɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

           p – ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ ɤɥɚɩɚɧɟ; 

           pA ɢ pB – ɦɚɧɨɦɟɬɪɢɱɟɫɤɢɟ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɜ ɤɥɚɩɚɧ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;  

            pcrack – ɞɚɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɤɥɚɩɚɧɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɧɚɥɢɱɢɟɦ 

ɩɪɭɠɢɧɵ;  

pmax – ɞɚɜɥɟɧɢɟ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɨɥɧɨɝɨ ɨɬɤɪɵɬɢɹ ɤɥɚɩɚɧɚ; 

 A( p) – ɦɝɧɨɜɟɧɧɚɹ ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɤɥɚɩɚɧɚ;  
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Amax – ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɤɥɚɩɚɧɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɩɨɥɧɨɫɬɶɸ 

ɨɬɤɪɵɬɨɦɭ ɨɬɜɟɪɫɬɢɸ;  

Aleak – ɩɥɨɳɚɞɶ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɩɪɨɢɫɯɨɞɹɬ ɜɧɭɬɪɟɧɧɢɟ ɭɬɟɱɤɢ ɠɢɞɤɨɫɬɢ 

ɩɪɢ ɩɨɥɧɨɦ ɩɟɪɟɤɪɵɬɢɢ ɨɬɜɟɪɫɬɢɹ;  

CD – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ;  

r – ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ; 

n – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɢ;  

DH – ɦɝɧɨɜɟɧɧɵɣ ɞɢɚɦɟɬɪ ɩɪɨɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɤɥɚɩɚɧɚ. 

 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɛɥɨɤɨɜ ɹɜɥɹɸɬɫɹ: 

1) Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ. 

2) Ɂɧɚɱɟɧɢɟ ɞɚɜɥɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɥɚɩɚɧ ɧɚɱɢɧɚɟɬ ɨɬɤɪɵɜɚɬɶɫɹ. 

3) ɉɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ ɤɥɚɩɚɧɟ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɟɝɨ ɩɨɥɧɨɝɨɨɬɤɪɵɬɢɹ. 

4) Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ (ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɡɚɜɢɫɢɬ ɨɬ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬɜɟɪɫɬɢɹ). 

5) Ʉɪɢɬɢɱɟɫɤɨɟ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ. 

6) ɉɥɨɳɚɞɶ ɜɧɭɬɪɟɧɧɢɯ ɭɬɟɱɟɤ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɨɥɧɨɦ ɩɟɪɟɤɪɵɬɢɢ 

ɤɥɚɩɚɧɚ. 

Мɨɞɟɥɶ ɭɩɪɚɜɥяɟɦɨɝɨ ɨɛɪɚɬɧɨɝɨ ɤɥɚɩɚɧɚ. ɍɩɪɚɜɥɹɟɦɵɣ ɨɛɪɚɬɧɵɣ ɤɥɚɩɚɧ 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɩɭɫɤɚɧɢɹ ɫɬɪɟɥɵ ɢ 

ɜɬɹɝɢɜɚɧɢɹ ɫɟɤɰɢɣ ɩɨɞɧɹɬɨɣ ɫɬɪɟɥɵ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɜɟɥɢɱɢɧɵ ɧɚɝɪɭɡɤɢ, ɤɨɬɨɪɚɹ 

ɜɵɡɵɜɚɟɬ ɩɪɟɜɵɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɢ ɞɜɢɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɧɚɫɨɫɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɡɚɩɢɪɚɧɢɹ ɩɨɪɲɧɟɜɵɯ ɩɨɥɨɫɬɟɣ 

ɝɢɞɪɨɰɢɥɢɧɞɪɨɜ ɩɨɞɴɟɦɚ ɫɬɪɟɥɵ ɢ ɜɵɞɜɢɠɟɧɢɹ (ɜɬɹɝɢɜɚɧɢɹ) ɫɟɤɰɢɣ ɫɬɪɟɥɵ. 

ɉɨɞ ɞɚɜɥɟɧɢɟɦ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɩɨɞɜɨɞɢɦɨɣ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ A 

(ɪɢɫɭɧɨɤ 2.9) ɩɨɞ ɨɛɪɚɬɧɵɣ ɤɥɚɩɚɧ 3, ɩɨɫɥɟɞɧɢɣ, ɩɪɟɨɞɨɥɟɜɚɹ ɫɢɥɭ ɫɠɚɬɢɹ 

ɩɪɭɠɢɧɵ 4, ɨɬɤɪɵɜɚɟɬ ɩɪɨɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɤ ɨɬɜɟɪɫɬɢɸ B.  

ɉɪɨɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɫɬɚɧɨɜɢɬɫɹ 

ɜɨɡɦɨɠɧɵɦ ɬɨɥɶɤɨ ɩɨɫɥɟ ɩɨɞɚɱɢ ɞɚɜɥɟɧɢɹ ɭɩɪɚɜɥɟɧɢɹ ɩɨɞ ɩɨɪɲɟɧɶ 1ɱɟɪɟɡ 

ɨɬɜɟɪɫɬɢɟ X . ɉɪɢ ɷɬɨɦ ɩɨɪɲɟɧɶ ɱɟɪɟɡ ɬɨɥɤɚɬɟɥɶ 2 ɩɨɞɧɢɦɚɟɬ ɡɚɩɨɪɧɨ-



37 
 

ɪɟɝɭɥɢɪɭɸɳɢɣ ɷɥɟɦɟɧɬ 3, ɫɠɢɦɚɹ ɩɪɭɠɢɧɭ 4. ɑɟɪɟɡ ɳɟɥɶ ɦɟɠɞɭ ɡɚɩɨɪɧɨ-

ɪɟɝɭɥɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɨɦ 3 ɢ ɤɨɪɩɭɫɨɦ ɤɥɚɩɚɧɚ ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ɢɡ 

ɨɬɜɟɪɫɬɢɹ B ɩɨɫɬɭɩɚɟɬ ɜ ɨɬɜɟɪɫɬɢɟ A. 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 2.9− Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɹɟɦɨɝɨ ɨɛɪɚɬɧɨɝɨ ɤɥɚɩɚɧɚ 

 

ɍɩɪɚɜɥɹɟɦɵɣ ɨɛɪɚɬɧɵɣ ɤɥɚɩɚɧ ɦɨɞɟɥɢɪɨɜɚɥɫɹ ɫ ɩɨɦɨɳɶɸ ɛɥɨɤɚ «Pilot-

Operated Check Valve» ɢɡ ɛɢɛɥɢɨɬɟɤɢ SimHydraulics.  ɗɬɨɬ ɛɥɨɤ ɢɦɟɟɬ ɬɪɢ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɪɬɚ: A ɢ B, ɫɜɹɡɚɧɧɵɯ ɫ ɜɯɨɞɧɵɦ ɢ ɜɵɯɨɞɧɵɦ ɨɬɜɟɪɫɬɢɹɦɢ 

ɤɥɚɩɚɧɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ ɩɨɪɬ X, ɫɜɹɡɚɧɧɵɣ ɫ ɨɬɜɟɪɫɬɢɟɦ ɭɩɪɚɜɥɟɧɢɹ. 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɛɥɨɤɚ ɹɜɥɹɸɬɫɹ: 

1) Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ. 

2) Ɂɧɚɱɟɧɢɟ ɞɚɜɥɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɥɚɩɚɧ ɧɚɱɢɧɚɟɬ ɨɬɤɪɵɜɚɬɶɫɹ. 

3) ɉɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ ɤɥɚɩɚɧɟ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɟɝɨ ɩɨɥɧɨɝɨ ɨɬɤɪɵɬɢɹ. 

4) Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ (ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɡɚɜɢɫɢɬ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɨɬɜɟɪɫɬɢɹ). 

5) Ʉɪɢɬɢɱɟɫɤɨɟ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ. 

6) ɉɥɨɳɚɞɶ ɜɧɭɬɪɟɧɧɢɯ ɭɬɟɱɟɤ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɨɥɧɨɦ ɩɟɪɟɤɪɵɬɢɢ ɨɬɜɟɪɫɬɢɹ. 

7) Ʉɨɷɮɮɢɰɢɟɧɬ ɭɩɪɚɜɥɟɧɢɹ. 

ɋɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɡɚɩɨɪɧɨ-ɪɟɝɭɥɢɪɭɸɳɢɣ ɷɥɟɦɟɧɬ ɭɩɪɚɜɥɹɟɦɨɝɨ 

ɨɛɪɚɬɧɨɝɨ ɤɥɚɩɚɧɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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f = p୅ · A୅ + px · Ax − p୆ · A୆,                                                              (2.32) 

 

ɝɞɟ  pA ɢ pB – ɦɚɧɨɦɟɬɪɢɱɟɫɤɢɟ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɜ ɤɥɚɩɚɧ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;  

           pX – ɞɚɜɥɟɧɢɟ ɜ ɤɚɧɚɥɟ ɭɩɪɚɜɥɟɧɢɹ; 

           AA – ɩɥɨɳɚɞɶ ɡɨɥɨɬɧɢɤɚ ɜ ɩɨɥɨɫɬɢ A; 

           AB – ɩɥɨɳɚɞɶ ɡɨɥɨɬɧɢɤɚ ɜ ɩɨɥɨɫɬɢ B;  

          AX – ɩɥɨɳɚɞɶ ɩɨɪɲɧɹ ɜ ɩɨɥɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ X . 

 

ɉɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ ɭɩɪɚɜɥɹɟɦɨɦ ɨɛɪɚɬɧɨɦ ɤɥɚɩɚɧɟ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɭɪɚɜɧɟɧɢɟɦ pe = p୅ + px · kx − p୆,                                                                            (2.33) 

ɝɞɟ    kp – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɚɜɥɟɧɢɹ, 

 k୮ = ୅x୅A                                                                                                        (2.34) 

 

Ɇɨɞɟɥɶ ɭɱɢɬɵɜɚɟɬ ɥɚɦɢɧɚɪɧɵɣ ɢ ɬɭɪɛɭɥɟɧɬɧɵɣ ɪɟɠɢɦɵ ɩɨɬɨɤɚ, 

ɜɵɱɢɫɥɹɹ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ Re ɢ ɫɪɚɜɧɢɜɚɹ ɟɝɨ ɡɧɚɱɟɧɢɟ ɫ ɤɪɢɬɢɱɟɫɤɢɦ ɱɢɫɥɨɦ 

Ɋɟɣɧɨɥɶɞɫɚ Recr. 

Ɋɚɫɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚɯɨɞɢɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣ [27, 32]: 

 

 k = ୅ౣax−୅ౢeaౡ୮ౣax−୮cracౡ ;                                                                                     … (2.37) 
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p = p୅ − p୆;                                                                                          … (2.38) 

 Re = ୯·ୈH୅ሺ୮eሻ·v ;                                                                                            . .(2.39) 

 cୈL = ( େD√Recr) 2;                                                                                        ..(2.40) 

 DH = √4Аሺ୮eሻπ ,                                                                                       ..(2.41)  

  

ɝɞɟ      q – ɪɚɫɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

 p – ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ ɤɥɚɩɚɧɟ;  

 pcrack – ɞɚɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɤɥɚɩɚɧɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɧɚɥɢɱɢɟɦ 

ɩɪɭɠɢɧɵ; 

 pmax – ɞɚɜɥɟɧɢɟ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɨɥɧɨɝɨ ɨɬɤɪɵɬɢɹ ɤɥɚɩɚɧɚ;  

A(pe) – ɦɝɧɨɜɟɧɧɚɹ ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɤɥɚɩɚɧɚ;  

Amax– ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɤɥɚɩɚɧɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɩɨɥɧɨɫɬɶɸ 

ɨɬɤɪɵɬɨɦɭ ɨɬɜɟɪɫɬɢɸ;  

Aleak – ɩɥɨɳɚɞɶ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɩɪɨɢɫɯɨɞɹɬɜɧɭɬɪɟɧɧɢɟ ɭɬɟɱɤɢ ɠɢɞɤɨɫɬɢ 

ɩɪɢ ɩɨɥɧɨɦ ɩɟɪɟɤɪɵɬɢɢ ɨɬɜɟɪɫɬɢɹ;  

CD – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ;  

r – ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ;  

n – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɢ;  

DH – ɦɝɧɨɜɟɧɧɵɣ ɞɢɚɦɟɬɪ ɩɪɨɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɤɥɚɩɚɧɚ. 

 

Simulink-ɦɨɞɟɥɶ ɩɨɞɫɢɫɬɟɦɵ ɝɢɞɪɨɩɪɢɜɨɞɚ ɋȽɄ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ 

ɦɨɞɟɥɢ ɝɢɞɪɨɷɥɟɦɟɧɬɨɜ, ɨɩɢɫɚɧɧɵɯ ɜ ɧɚɫɬɨɹɳɟɣ ɝɥɚɜɟ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 2.10.  

Ɇɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɭɱɢɬɵɜɚɬɶ: ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ 

ɜɚɥɚ ɝɢɞɪɨɧɚɫɨɫɚ; ɧɚɝɪɭɡɤɢ ɧɚ ɜɵɯɨɞɧɵɯ ɡɜɟɧɶɹɯ ɝɢɞɪɨɞɜɢɝɚɬɟɥɟɣ ɫɨ ɫɬɨɪɨɧɵ 
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ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; ɧɚɝɪɭɡɤɭ ɧɚ Ⱦȼɋ ɫɨ ɫɬɨɪɨɧɵ ɝɢɞɪɨɧɚɫɨɫɚ. Ɋɚɛɨɱɢɟ 

ɫɟɤɰɢɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɦɨɞɟɥɢɪɨɜɚɥɢɫɶ ɜ ɜɢɞɟ ɩɨɞɫɢɫɬɟɦ 

Simulink ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɫɬɚɧɞɚɪɬɧɵɣ ɧɚɛɨɪ ɛɥɨɤɨɜ ɛɢɛɥɢɨɬɟɤɢ 

SimHydraulics ɧɟ ɫɨɞɟɪɠɢɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ ɫ ɧɟɨɛɯɨɞɢɦɨɣ 

ɫɯɟɦɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɬɨɤɨɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. ȼɯɨɞɧɵɦɢ ɫɢɝɧɚɥɚɦɢ ɞɥɹ 

ɩɨɞɫɢɫɬɟɦɵ ɝɢɞɪɨɩɪɢɜɨɞɚ ɹɜɥɹɸɬɫɹ ɫɢɝɧɚɥɵ ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹɦɢ 

ɡɚɩɨɪɧɨ-ɪɟɝɭɥɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ. 

 

 

 

Ɋɢɫɭɧɨɤ 2.10 − ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɨɞɫɢɫɬɟɦɵ ɝɢɞɪɨɩɪɢɜɨɞɚ ɤɪɚɧɚ ɜ 

Simulink 

 

ɉɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. Ɋɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɹɞɨɦ 

ɩɚɪɚɦɟɬɪɨɜ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ: ɩɥɨɬɧɨɫɬɶ, ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɦɨɞɭɥɶ 

ɭɩɪɭɝɨɫɬɢ. Ɂɧɚɱɟɧɢɹ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 

ɜɫɟɝɨ ɜɪɟɦɟɧɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
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Ⱦɥɹ ɱɢɫɥɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ Simulink-ɦɨɞɟɥɢ 

ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɛɥɨɤ «Custom Hydraulic Fluid» ɢɡ ɛɢɛɥɢɨɬɟɤɢ SimHydraulics. 

ȼɜɨɞɢɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɛɥɨɤɚ ɹɜɥɹɸɬɫɹ: 

1) ɩɥɨɬɧɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

2) ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

3) ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

4) ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɠɢɞɤɨɫɬɢ ɝɚɡɚ 

(ɨɬɧɨɲɟɧɢɟ ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɧɟɪɚɫɬɜɨɪɟɧɧɨɝɨ ɝɚɡɚ ɤ ɨɛɴɟɦɭ ɠɢɞɤɨɫɬɢ ɩɪɢ 

ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ). 

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɛɥɨɤɚ «Custom Hydraulic Fluid» ɜ Simulink- ɦɨɞɟɥɶ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɟɞɢɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɥɹ ɜɫɟɯ 

ɛɥɨɤɨɜ ɢɡ ɛɢɛɥɢɨɬɟɤɢ SimHydraulics, ɢɫɩɨɥɶɡɭɸɳɢɯɫɹ ɜ ɦɨɞɟɥɢ. 

ɂɡɦɟɧɟɧɢɟ ɨɛɴɟɦɧɨɝɨ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɢɡ-ɡɚ ɡɚɯɜɚɱɟɧɧɨɝɨ ɜɨɡɞɭɯɚ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɜɧɭɬɪɢ ɛɥɨɤɨɜ SimHydraulics ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ [27, 32]: 

 

 

 

ɝɞɟ      pa – ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ;  

            a – ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɝɚɡɚ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ;  

            n – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ. 

Мɨɞɟɥɢɪɨɜɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɩɟɪɟɞɚɱɢ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɨɫɧɨɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: ɩɟɪɟɞɚɬɨɱɧɵɦ 

ɱɢɫɥɨɦ u ; ɄɉȾ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ h . 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɩɟɪɟɞɚɱɢ ɦɨɞɟɥɢɪɨɜɚɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ ɛɥɨɤɨɜ«Simple 

Gear». ȼ ɩɚɪɚɦɟɬɪɚɯ ɛɥɨɤɚ ɧɟɨɛɯɨɞɢɦɨ ɭɤɚɡɚɬɶ ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɢ ɄɉȾ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ. Ȼɥɨɤ ɪɚɛɨɬɚɟɬ ɫɨɝɥɚɫɧɨ ɫɥɟɞɭɸɳɢɦɢ ɭɪɚɜɧɟɧɢɹɦ: 
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ɝɞɟ   w1 ɢ M1 – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɢ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɜɟɞɭɳɟɝɨ ɜɚɥɚ;  

         w2 ɢ M2 – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɢ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɜɟɞɨɦɨɝɨ ɜɚɥɚ. 

 

ɗɧɟɪɝɢɹ ɞɜɢɝɚɬɟɥɹ ɛɚɡɨɜɨɝɨ ɲɚɫɫɢ ɋȽɄ ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ 

ɧɚɫɨɫ ɱɟɪɟɡ ɦɟɯɚɧɢɱɟɫɤɭɸ ɩɟɪɟɞɚɱɭ. ɇɚɩɪɢɦɟɪ, ɧɚ ɤɪɚɧɟ Ʉɋ-45717 (ɪɢɫɭɧɨɤ 

2.11) ɝɢɞɪɨɧɚɫɨɫ 8 ɩɪɢɜɨɞɢɬɫɹ ɜɨ ɜɪɚɳɟɧɢɟ ɨɬ ɤɨɪɨɛɤɢ ɨɬɛɨɪɚ ɦɨɳɧɨɫɬɢ 6 

ɱɟɪɟɡ ɤɚɪɞɚɧɧɵɣ ɜɚɥ 7. Ⱦɜɢɠɟɧɢɟ ɤɨɪɨɛɤɟ 6 ɩɟɪɟɞɚɟɬɫɹ ɨɬ Ⱦȼɋ ɛɚɡɨɜɨɝɨ ɲɚɫɫɢ 

1 ɱɟɪɟɡ ɟɝɨ ɫɰɟɩɥɟɧɢɟ 2, ɤɨɪɨɛɤɭ ɩɟɪɟɞɚɱ 3, ɤɚɪɞɚɧɧɵɣ ɜɚɥ 4 ɢ ɪɚɡɞɚɬɨɱɧɭɸ 

ɤɨɪɨɛɤɭ 5. Ʉɨɪɨɛɤɚ ɨɬɛɨɪɚ ɦɨɳɧɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɚ ɧɚ ɤɨɪɩɭɫɟ ɪɚɡɞɚɬɨɱɧɨɣ 

ɤɨɪɨɛɤɢ. 

 

Ɋɢɫɭɧɨɤ 2.11 − ɋɯɟɦɚ ɩɪɢɜɨɞɚ ɝɢɞɪɨɧɚɫɨɫɚ ɫɬɪɟɥɨɜɨɝɨ ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ 

ɤɪɚɧɚ (ɧɚ ɩɪɢɦɟɪɟ Ʉɋ-45717) 

 

ɋɨɝɥɚɫɧɨ ɫɯɟɦɟ ɩɪɢɜɨɞɚ ɝɢɞɪɨɧɚɫɨɫɚ ɨɛɳɟɟ ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɢ ɨɛɳɢɣ 

ɄɉȾ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 

ɝɞɟ   uɤɩ ɢ hɤɩ – ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɢ ɄɉȾ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ;  

         uɪɤ ɢ hɪɤ– ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɢ ɄɉȾ ɪɚɡɞɚɬɨɱɧɨɣ ɤɨɪɨɛɤɢ;  

         uɤɨ ɢ hɤɨ – ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɢ ɄɉȾ ɤɨɪɨɛɤɢ ɨɬɛɨɪɚ ɦɨɳɧɨɫɬɢ; 
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         hɫɰ – ɄɉȾ ɫɰɟɩɥɟɧɢɹ;  

         ηɤɜ1 ɢ ηɤɜ2 – ɄɉȾ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɤɚɪɞɚɧɧɵɯ ɩɟɪɟɞɚɱ. 

 

ȼ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɪɢɜɨɞɚɯ ɦɟɯɚɧɢɡɦ ɩɨɜɨɪɨɬɚ ɩɥɚɬɮɨɪɦɵ ɜɤɥɸɱɚɟɬ ɜ 

ɫɟɛɹ ɱɟɪɜɹɱɧɵɣ, ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɢɥɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɤɨɧɢɱɟɫɤɨ-

ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɪɟɞɭɤɬɨɪ. ɇɚɩɪɢɦɟɪ, ɜ ɦɟɯɚɧɢɡɦɟ ɩɨɜɨɪɨɬɚ ɩɥɚɬɮɨɪɦɵ ɤɪɚɧɚ 

Ʉɋ-45717 ɩɪɢɦɟɧɹɟɬɫɹ ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɣ ɫɨɨɫɧɵɣ ɪɟɞɭɤɬɨɪ ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ 

ɤɨɫɨɡɭɛɵɦɢ ɤɨɥɟɫɚɦɢ. ɄɉȾ ɷɬɨɝɨ ɪɟɞɭɤɬɨɪɚ ɪɚɜɟɧ 0,97; ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ 

ɪɚɜɧɨ 48,67; ɜɵɯɨɞɧɚɹ ɲɟɫɬɟɪɧɹ ɢɦɟɟɬ 14 ɡɭɛɶɟɜ. ȼɪɚɳɟɧɢɟ ɨɬ ɝɢɞɪɨɦɨɬɨɪɚ 

ɱɟɪɟɡ ɪɟɞɭɤɬɨɪ ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɩɨɜɨɪɨɬɧɭɸ ɨɩɨɪɭ ɫ ɧɚɪɭɠɧɵɦ ɡɭɛɱɚɬɵɦ 

ɡɚɰɟɩɥɟɧɢɟɦ (ɱɢɫɥɨ ɡɭɛɶɟɜ 180). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɳɟɟ ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɢ 

ɨɛɳɢɣ ɄɉȾ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ ɨɩɪɟɞɟɥɹɸɬ ɫɨɝɥɚɫɧɨ 

ɜɵɪɚɠɟɧɢɸ: 

 

 

 

ɝɞɟ     uɪɩ ɢ hɪɩ – ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɢ ɄɉȾ ɪɟɞɭɤɬɨɪɚ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ;  

          z2 – ɱɢɫɥɨ ɡɭɛɶɟɜ ɧɚ ɡɭɛɱɚɬɨɦ ɜɟɧɰɟ ɩɨɜɨɪɨɬɧɨɣ ɨɩɨɪɵ;  

z1 – ɱɢɫɥɨ ɡɭɛɶɟɜ ɧɚ ɜɵɯɨɞɧɨɣ ɲɟɫɬɟɪɧɟ ɪɟɞɭɤɬɨɪɚ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ; 

hɩɨ – ɄɉȾ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ. 

 

Ⱦɥɹ ɩɟɪɟɞɚɱɢ ɞɜɢɠɟɧɢɹ ɛɚɪɚɛɚɧɚɦ ɝɪɭɡɨɜɵɯ ɥɟɛɟɞɨɤ ɢɫɩɨɥɶɡɭɸɬ 

ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ, ɱɟɪɜɹɱɧɵɟ, ɱɟɪɜɹɱɧɨ-ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ (ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ) 

ɢɥɢ ɩɥɚɧɟɬɚɪɧɵɟ ɪɟɞɭɤɬɨɪɵ. ɇɚɩɪɢɦɟɪ, ɧɚ ɝɪɭɡɨɜɨɣ ɥɟɛɟɞɤɟ ɤɪɚɧɚ Ʉɋ-45717 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɣ ɪɟɞɭɤɬɨɪ. ɄɉȾ hɦɝɥ ɷɬɨɝɨ 

ɪɟɞɭɤɬɨɪɚ ɪɚɜɟɧ 0,97; ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ uɦɝɥ =31,5. 
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Ȼɚɪɚɛɚɧ ɝɪɭɡɨɜɨɣ ɥɟɛɟɞɤɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɜɚɥɚ ɝɢɞɪɨɦɨɬɨɪɚ ɜ ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ 

ɝɪɭɡɨɜɨɝɨ ɤɚɧɚɬɚ. Ȼɚɪɚɛɚɧ ɦɨɞɟɥɢɪɨɜɚɥɫɹ ɩɪɢ ɩɨɦɨɳɢ ɛɥɨɤɚ«Wheeland Axle» 

ɢɡ ɛɢɛɥɢɨɬɟɤɢ Simscape. Ȼɥɨɤ ɢɦɟɟɬ ɨɞɢɧ ɜɜɨɞɢɦɵɣ ɩɚɪɚɦɟɬɪ – ɪɚɞɢɭɫ 

ɛɚɪɚɛɚɧɚ. Ȼɥɨɤ ɪɚɛɨɬɚɟɬ ɫɨɝɥɚɫɧɨ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɹɦ: 

 

 

 

ɝɞɟ     rɛ – ɪɚɞɢɭɫ ɛɚɪɚɛɚɧɚ;  

wɛ ɢ Mɛ – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɢ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɛɚɪɚɛɚɧɟ;  

Fɤ ɢ vɤ – ɫɢɥɚ ɧɚɬɹɠɟɧɢɹ ɢ ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɤɚɧɚɬɚ. 

 

ɇɚ ɋȽɄ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɫɢɥɭ, ɪɚɡɜɢɜɚɟɦɭɸ ɥɟɛɟɞɤɨɣ, 

ɢɡɦɟɧɢɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɢɥɚɝɚɟɦɨɣ ɤ ɝɪɭɡɭ ɫɢɥɵ ɢ ɭɦɟɧɶɲɢɬɶ ɫɤɨɪɨɫɬɶ 

ɩɨɞɴɟɦɚ ɝɪɭɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɤɨɪɨɫɬɶɸ ɤɚɧɚɬɚ, ɧɚɦɚɬɵɜɚɟɦɨɝɨ ɧɚ ɛɚɪɚɛɚɧ 

ɝɪɭɡɨɜɨɣ ɥɟɛɟɞɤɢ, ɢɫɩɨɥɶɡɭɸɬ ɩɨɥɢɫɩɚɫɬɵ. ɉɨɥɢɫɩɚɫɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɝɪɭɡɨɩɨɞɴɟɦɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɫɨɫɬɨɹɳɟɟ ɢɡ ɩɨɞɜɢɠɧɵɯ ɢ ɧɟɩɨɞɜɢɠɧɵɯ ɛɥɨɤɨɜ, 

ɨɝɢɛɚɟɦɵɯ ɤɚɧɚɬɨɦ. ɉɨɥɢɫɩɚɫɬɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɤɪɚɬɧɨɫɬɶɸ uɩ (ɩɟɪɟɞɚɬɨɱɧɨɟ 

ɱɢɫɥɨ).  

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɨɥɢɫɩɚɫɬɚ ɤɪɚɬɧɨɫɬɶɸ n ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɜɵɪɚɠɟɧɢɟɦ [1]: 

 

 

 

ɝɞɟ     hɛ – ɄɉȾ ɛɥɨɤɚ. ɉɪɢ ɫɬɚɥɶɧɨɦ ɤɚɧɚɬɟ ɢ ɭɫɬɚɧɨɜɤɟ ɛɥɨɤɚ ɧɚ ɩɨɞɲɢɩɧɢɤɚɯ 

ɤɚɱɟɧɢɹ ɄɉȾ ɛɥɨɤɚ ɩɪɢɧɢɦɚɟɬɫɹ 0,98. 

 



45 
 

Ⱦɥɹ ɩɨɞɴɟɦɚ ɝɪɭɡɚ ɧɚ ɋȽɄ ɩɪɢɦɟɧɹɸɬɫɹ ɩɨɥɢɫɩɚɫɬɵ ɫ ɤɪɚɬɧɨɫɬɶɸ 2, 3, 4, 

5, 8. ɇɚ ɪɢɫɭɧɤɟ 2.12 ɢɡɨɛɪɚɠɟɧɵ ɫɯɟɦɵ ɡɚɩɚɫɨɜɤɢ ɤɚɧɚɬɚ ɫ ɤɪɚɬɧɨɫɬɶɸ 

ɩɨɥɢɫɩɚɫɬɚ 5 ɢ 8.  

 

      

Ɋɢɫɭɧɨɤ 2.12 − ɋɯɟɦɵ ɡɚɩɚɫɨɜɤɢ ɤɚɧɚɬɚ ɫ ɤɪɚɬɧɨɫɬɶɸ ɩɨɥɢɫɩɚɫɬɚ 5 ɢ 8: 

1 – ɛɚɪɚɛɚɧ ɝɪɭɡɨɜɨɣ ɥɟɛɟɞɤɢ; 2 – ɧɚɩɪɚɜɥɹɸɳɢɣ ɛɥɨɤ; 3– ɛɥɨɤɢ ɧɚ 

ɨɝɨɥɨɜɤɟ ɫɬɪɟɥɵ; 4 – ɛɥɨɤɢ ɧɚ ɤɪɸɤɨɜɨɣ ɩɨɞɜɟɫɤɟ 

 

ɇɚ Ʉɋ-45717 ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɩɨɥɢɫɩɚɫɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɩɹɬɢɤɪɚɬɧɵɣ. ȼɨɫɶɦɢɤɪɚɬɧɵɣ ɩɨɥɢɫɩɚɫɬ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɪɚɛɨɬɟ ɫ ɝɪɭɡɚɦɢ 

ɦɚɫɫɨɣ ɛɨɥɟɟ 15 ɬ. 

ɉɨɥɢɫɩɚɫɬ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɦɟɯɚɧɢɡɦɟ ɬɟɥɟɫɤɨɩɢɪɨɜɚɧɢɹ ɫɬɪɟɥɵ. 

ɇɚɩɪɢɦɟɪ, ɧɚ ɤɪɚɧɟ Ʉɋ-45717 ɩɟɪɟɦɟɳɟɧɢɟ ɫɪɟɞɧɟɣ ɜɵɞɜɢɠɧɨɣ ɫɟɤɰɢɢ ɫɬɪɟɥɵ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɝɢɞɪɨɰɢɥɢɧɞɪɨɦ, ɚ ɩɟɪɟɦɟɳɟɧɢɟ ɜɟɪɯɧɟɣ ɜɵɞɜɢɠɧɨɣ ɫɟɤɰɢɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɪɟɞɧɟɣ (ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɩɟɪɟɦɟɳɟɧɢɟɦ ɫɪɟɞɧɟɣ) – ɫ ɩɨɦɨɳɶɸ 

ɩɨɥɢɫɩɚɫɬɚ. 

ɇɚ ɪɢɫɭɧɤɟ 2.13 ɩɪɢɜɟɞɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɨɞɫɢɫɬɟɦɵ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɩɟɪɟɞɚɱɢ ɜ Simulink. ɉɨɥɢɫɩɚɫɬ ɦɨɞɟɥɢɪɭɟɬɫɹ ɤɨɦɛɢɧɚɰɢɟɣ ɛɥɨɤɨɜ «Simple 

Gear» ɢ «Wheel and Axle».  

ȼɜɨɞɢɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɩɨɞɫɢɫɬɟɦɵ ɹɜɥɹɸɬɫɹ ɤɪɚɬɧɨɫɬɶ ɢ ɨɛɳɢɣ 

ɄɉȾ ɩɨɥɢɫɩɚɫɬɚ. 
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Ɋɢɫɭɧɨɤ 2.13 − ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɨɞɫɢɫɬɟɦɵ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ ɜ 

Simulink 

 

ȼɵɜɨɞɵ  

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɨɞɫɢɫɬɟɦ 

ɫɥɨɠɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɋȽɄ: ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɨɞɫɢɫɬɟɦɵ, ɩɨɞɫɢɫɬɟɦɵ 

ɝɢɞɪɨɩɪɢɜɨɞɚ ɢ Ⱦȼɋ. 

Ɉɛɨɫɧɨɜɚɧɚ ɨɛɨɛɳɟɧɧɚɹ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɋȽɄ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ 

ɫɢɫɬɟɦɭ ɫ ɩɹɬɶɸ ɦɚɫɫɚɦɢ. Ⱦɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɩɨɞɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɲɟɫɬɶ ɩɪɚɜɵɯ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ, 

ɫɜɹɡɚɧɧɵɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫ ɝɪɭɧɬɨɦ, ɛɚɡɨɜɵɦ ɲɚɫɫɢ, ɩɨɜɨɪɨɬɧɨɣ ɩɥɚɬɮɨɪɦɨɣ, 

ɫɬɪɟɥɨɣ, ɬɟɥɟɫɤɨɩɢɱɟɫɤɢɦ ɡɜɟɧɨɦ, ɝɪɭɡɨɦ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɩɨɥɨɠɟɧɢɹ ɥɸɛɨɣ 

ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɨɞɫɢɫɬɟɦɵ ɋȽɄ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɢɧɹɬɨ 13 

ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ. ɍɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɨɞɫɢɫɬɟɦɵ ɋȽɄ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɬɪɢɧɚɞɰɚɬɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. 

ɋɨɫɬɚɜɥɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɨɞɫɢɫɬɟɦɵ ɋȽɄ ɜ Simulink. 

Ɋɚɡɪɚɛɨɬɚɧɚ ɬɪɟɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ɋȽɄ ɜ CAD-ɫɢɫɬɟɦɟ ɄɈɆɉȺɋ-3D, ɤɨɬɨɪɚɹ 

ɩɨɡɜɨɥɢɥɚ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɢ ɦɨɦɟɧɬɨɜ 

ɢɧɟɪɰɢɢ ɡɜɟɧɶɟɜ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɨɞɫɢɫɬɟɦɵ. 

Ȼɥɨɤ-ɫɯɟɦɚ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɋȽɄ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɛɨɱɟɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɰɢɩɨɦ ɤɨɦɩɨɡɢɰɢɢ ɨɬ- ɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɝɢɞɪɨɩɪɢɜɨɞɚ, ɨɩɢɫɚɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ, ɩɨɡɜɨɥɢɥɢ 

ɫɨɫɬɚɜɢɬɶ ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ ɩɨɞɫɢɫɬɟɦɵ ɝɢɞɪɨɩɪɢɜɨɞɚ ɋȽɄ ɜ Simulink. 
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Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɥɨɠɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

ɋȽɄ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɉɄ ɜ ɫɪɟɞɟ 

ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ Simulink ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ MATLAB. 

Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɡɚɤɥɚɞɵɜɚɥɢɫɶ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɋȽɄ Ʉɋ-45717, ɨɞɧɚɤɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɦɨɞɟɥɶ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɥɸɛɨɝɨ ɋȽɄ ɩɭɬɟɦ 

ɩɨɞɫɬɚɧɨɜɤɢ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɜ ɛɥɨɤɢ Simulink, SimHydraulics, 

SimMechanics. 
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3   ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɕȿ ɂɋɋɅȿȾɈȼȺɇɂə  

    

3.1 Ɂɚɞɚɱɢ, ɦɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢя ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ   ɝɢɞɪɨɩɪɢɜɨɞɚ ɤɪɚɧɚ   ɜ ɭɫɥɨɜɢɹɯ 

ɷɤɫɩɥɭɚɬɚɰɢɢ, ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɫɬɟɧɞɟ ɝɢɞɪɨɩɪɢɜɨɞɚ ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɤɚɦɟɪɟ 

ɯɨɥɨɞɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɦɢɧɭɫ 60ɨɋ. ɂɡɦɟɪɹɟɦɵɟ ɩɚɪɚɦɟɬɪɵ 

ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɜɟɥɢɱɢɧ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ.  

ɂɫɫɥɟɞɨɜɚɥɢɫɶ ɬɪɢ ɤɨɧɬɭɪɚ ɝɢɞɪɨɫɢɫɬɟɦɵ: 

1) ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɛɚɤɟ; 

2) ɪɟɰɢɪɤɭɥɹɰɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɨɛɨɝɪɟɜɚɬɟɥɢ ɤɚɛɢɧɵ; 

3) ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɱɢɯ ɨɩɟɪɚɰɢɣ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ 

ɨɛɨɝɪɟɜɚɬɟɥɢ ɤɚɛɢɧɵ ɜɵɩɨɥɧɹɥɨɫɶ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɫɬɟɧɞɟ ɢ ɫɟɪɢɣɧɵɯ 

ɨɛɪɚɡɰɚɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɪɚɧɨɜ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɬɢɩɚ. Ɉɛɳɢɣ ɜɢɞ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.1. 

 

 

 

Ɋɢɫɭɧɨɤ 3.1 − ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɬɟɧɞ 

                       Ⱦɪɨɫɫɟɥɶ 

Ƚɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ 
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ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɬɟɧɞ ɫɨɞɟɪɠɢɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 

ɉ92 ɫ ɬɢɪɢɫɬɨɪɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ȺɌɊɄ 350/4650, ɫɨɟɞɢɧɢɬɟɥɶɧɭɸ ɦɭɮɬɭ, 

ɝɢɞɪɨɧɚɫɨɫ (310.25), ɱɟɬɵɪɟɯɫɟɤɰɢɨɧɧɵɣ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ, ɝɢɞɪɨɦɨɬɨɪ  

(310.12), ɪɟɝɭɥɢɪɭɟɦɵɟ ɞɪɨɫɫɟɥɢ  91Ƚ55-2, ɛɚɤ ɦɚɫɥɹɧɵɣ, ɪɚɡɦɵɤɚɬɟɥɶ ɬɨɪɦɨɡɚ.  

Ɂɚɞɚɱɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ:  

1) ɜɵɹɜɢɬɶ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɨɬ +60ɨ ɞɨ 

60ɨɋ ɧɚ ɝɢɞɪɨɫɜɨɣɫɬɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

2) ɨɩɪɟɞɟɥɢɬɶ ɫɨɨɬɜɟɬɫɬɜɢɟ ɜɵɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ 

ɫɬɚɧɞɚɪɬɧɵɦ ɧɨɪɦɚɦ. 

ɂɫɩɵɬɚɧɢɸ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɚɝɪɟɝɚɬɵ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 

ɝɢɞɪɨɩɪɢɜɨɞɚ. ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɪɟɞɟɥɹɥɢɫɶ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ, 

ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 3.1.  

 

Ɍɚɛɥɢɰɚ 3.1-ɉɚɪɚɦɟɬɪɵ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ɉɚɪɚɦɟɬɪɵ Ⱥɩɩɚɪɚɬɭɪɚ Ɉɛɴɟɤɬ ɨɩɪɟɞɟɥɟɧɢɹ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜ 

ɤɚɦɟɪɟ ɯɨɥɨɞɚ 

Ɍɟɪɦɨɩɚɪɵ ɗɉɉ-09      ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɬɟɧɞ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜ 

ɝɢɞɪɨɫɢɫɬɟɦɟ  
Ɍɟɪɦɨɩɚɪɵ ɗɉɉ-09      ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɬɟɧɞ 

Ⱦɚɜɥɟɧɢɟ ɜ 

ɝɢɞɪɨɫɢɫɬɟɦɟ 

Ɇɚɧɨɦɟɬɪɵ, 

ɬɟɧɡɨɞɚɬɱɢɤɢ 

    ɋɢɥɨɜɨɟ ɨɬɞɟɥɟɧɢɟ ɦɚɲɢɧɵ 

Ɉɛɨɪɨɬɵ ɜɚɥɚ 

ɝɢɞɪɨɧɚɫɨɫɚ 

Ɍɚɯɨɦɟɬɪ ɋɄ ɋɢɥɨɜɨɟ ɨɬɞɟɥɟɧɢɟ ɦɚɲɢɧɵ 

ɒɭɦ ɢ ɜɢɛɪɚɰɢɹ PSI – 202 Ʉɚɛɢɧɚ ɦɚɲɢɧɵ 

 

ɉɨɪɹɞɨɤ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ: 

1) Ɍɚɪɢɪɨɜɤɚ ɞɚɬɱɢɤɨɜ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ; 

2) Ʉɨɧɬɪɨɥɶɧɚɹ ɡɚɩɢɫɶ ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ; 
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3) Ɉɯɥɚɠɞɟɧɢɟ ɝɢɞɪɨɩɪɢɜɨɞɚ ɞɨ 60ɨɋ ɫ ɢɧɬɟɪɜɚɥɨɦ 10ɨɋ  ɢ ɜɵɞɟɪɠɤɨɣ ɧɚ 

ɤɚɠɞɨɦ ɢɧɬɟɪɜɚɥɟ 2 ɱɚɫɚ; 

4) ɋɧɹɬɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 60ɨɋ ; 

5) ȼɵɞɟɪɠɤɚ ɝɢɞɪɨɩɪɢɜɨɞɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 60ɨɋ ɜ ɬɟɱɟɧɢɟ 48 ɱɚɫɨɜ; 

6) Ɇɢɤɪɨɦɟɬɪɚɠ ɤɚɱɚɸɳɟɝɨ ɡɜɟɧɚ ɝɢɞɪɨɧɚɫɨɫɚ. 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɝɢɞɪɨɧɚɫɨɫɚ ɡɚɦɟɪɹɥɚɫɶ ɬɚɯɨɦɟɬɪɨɦ ɱɚɫɨɜɨɝɨ ɬɢɩɚ 

ɋɄ ɧɚ ɲɤɢɜɟ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɦɭɮɬɵ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɛɨɬɵ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ 

ɬɚɪɢɪɨɜɤɚ ɨɛɨɪɨɬɨɜ ɝɢɞɪɨɧɚɫɨɫɚ ɱɟɪɟɡ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɫɢɥɨɜɨɦ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟ.  

Ɂɚɜɢɫɢɦɨɫɬɶ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɝɢɞɪɨɧɚɫɨɫɚ ɨɬ ɧɚɩɪɹɠɟɧɢɹ 

ɜɵɪɚɡɢɥɚɫɶ ɩɪɹɦɨɣ ɥɢɧɢɟɣ, ɨɩɢɫɵɜɚɟɦɨɣ ɭɪɚɜɧɟɧɢɟɦ 

 

         Un 85,2                                                                      (3.1) 

 

ɝɞɟ     n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɝɢɞɪɨɧɚɫɨɫɚ;  

U – ɧɚɩɪɹɠɟɧɢɟ ɜ ɫɟɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ. 

 

Ⱦɚɜɥɟɧɢɟ ɜ ɦɚɝɢɫɬɪɚɥɢ ɢɡɦɟɪɹɥɨɫɶ ɦɚɧɨɦɟɬɪɚɦɢ ɈȻɆ1 – 160. ɩɨɤɚɡɚɧɢɹ 

ɦɚɧɨɦɟɬɪɨɜ ɡɚɧɨɫɢɥɢɫɶ ɜ ɬɚɛɥɢɰɵ. Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ 

ɦɚɝɢɫɬɪɚɥɹɯ ɢɡɦɟɪɹɥɚɫɶ ɬɟɪɦɨɩɚɪɚɦɢ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɤɚɛɢɧɟ ɢɡɦɟɪɹɥɚɫɶ ɬɟɪɦɨɩɚɪɨɣ ɩɪɢɛɨɪɚ ɉɂɌ ɢ 

ɫɩɢɪɬɨɜɵɦɢ ɬɟɪɦɨɦɟɬɪɚɦɢ. 

ɒɭɦ ɢ ɜɢɛɪɚɰɢɹ ɜ ɤɚɛɢɧɟ ɦɚɲɢɧɢɫɬɚ ɢɡɦɟɪɹɥɢɫɶ ɩɪɢɛɨɪɨɦ PSI – 202 ɫ 

ɡɚɩɢɫɶɸ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɬɚɛɥɢɰɵ.  

Ɉɛɨɪɨɬɵ ɫɢɥɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜɚɪɶɢɪɨɜɚɥɢɫɶ ɜ ɩɪɟɞɟɥɚɯ 600; 800; 1000; 

1200; 1400 ɨɛ/ɦɢɧ. 

ɉɪɨɝɪɚɦɦɚ ɢɫɩɵɬɚɧɢɣ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɝɢɞɪɨɩɪɢɜɨɞɚ 

ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 3.2. 
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Ɍɚɛɥɢɰɚ 3.2- ɉɪɨɝɪɚɦɦɚ ɢɫɩɵɬɚɧɢɣ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɝɢɞɪɨɩɪɢɜɨɞɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ  Ʉɨɧɬɭɪ 

ɫɯɟɦɵ 1 

Ʉɨɧɬɭɪ 

ɫɯɟɦɵ 2 

Ʉɨɧɬɭɪ 

ɫɯɟɦɵ 3 

ɉɪɟɞɟɥ 

ɢɡɦɟɪɟɧɢɹ 

Ⱦɚɜɥɟɧɢɟ ɦɟɠɞɭ ɧɚɫɨɫɨɦ ɢ 

ɞɪɨɫɫɟɥɟɦ 

1 1  25 Ɇɉɚ 

Ⱦɚɜɥɟɧɢɟ ɩɨɫɥɟ ɞɪɨɫɫɟɥɹ 1 1  1 Ɇɉɚ 

Ⱦɚɜɥɟɧɢɟ ɩɟɪɟɞ ɮɢɥɶɬɪɨɦ 1 1 1 1 Ɇɉɚ 

Ⱦɚɜɥɟɧɢɟ ɜɨ ɜɫɚɫɵɜɚɸɳɟɦ ɩɚɬɪɭɛɤɟ 1 1 1 1 Ɇɉɚ 

Ɋɚɡɪɹɠɟɧɢɟ ɜɨ ɜɫɚɫɵɜɚɸɳɟɦ 

ɩɚɬɪɭɛɤɟ 

1 1 1 0,1 Ɇɉɚ 

Ⱦɚɜɥɟɧɢɟ ɦɟɠɞɭ ɪɚɫɩɪɟɞɟɥɢɬɟɥɟɦ ɢ 

ɦɨɬɨɪɨɦ 

  2 25 Ɇɉɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ ɜ ɛɚɤɟ 1 1 1 (-60)-(+60)ɨɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ ɩɨɫɥɟ ɞɪɨɫɫɟɥɹ 1 1  (-60) (+60)ɨɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨ ɜɫɚɫɵɜɚɸɳɟɦ 

ɩɚɬɪɭɛɤɟ 

1 1 1 (-60)-(+60)ɨɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɞ ɮɢɥɶɬɪɨɦ 1 1 1 (-60)-(+60)ɨɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɪɚɞɢɚɬɨɪɚ 

2   (-60)-(+60)ɨɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɤɚɛɢɧɟ ɦɚɲɢɧɢɫɬɚ 1   (-60)-(+18)ɨɋ 

ɒɭɦ ɢ ɜɢɛɪɚɰɢɹ 2 2 2 98 ɞɛ 

 

ȼ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚɝɪɭɠɟɧɢɟ ɝɢɞɪɨɦɨɬɨɪɨɜ ɢ ɝɢɞɪɨɰɢɥɢɧɞɪɨɜ 

ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɩɟɪɟɦɟɳɟɧɢɟɦ ɤɪɚɧɚ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ (ɞɥɹ 

ɦɟɯɚɧɢɡɦɚ ɩɟɪɟɞɜɢɠɟɧɢɹ), ɜɪɚɳɟɧɢɟɦ ɩɨɜɨɪɨɬɧɨɣ ɩɥɚɬɮɨɪɦɵ (ɞɥɹ ɦɟɯɚɧɢɡɦɚ 

ɩɨɜɨɪɨɬɚ), ɜɵɞɜɢɠɟɧɢɟɦ ɢ ɜɬɹɝɢɜɚɧɢɟɦ ɲɬɨɤɨɜ ɝɢɞɪɨɰɢɥɢɧɞɪɨɜ ɩɪɢ ɡɚɞɚɧɧɨɦ 

ɩɨɥɨɠɟɧɢɢ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɞɥɹ ɝɢɞɪɨɰɢɥɢɧɞɪɨɜ ɫɬɪɟɥɵ). ȼ ɩɨɫɥɟɞɧɟɦ 

ɫɥɭɱɚɟ ɪɚɛɨɱɟɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ ɩɪɢɞɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɵɥɟɬ.  

Ⱦɚɬɱɢɤɢ ɪɚɫɯɨɞɚ, ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɚɦɩɥɢɬɭɞɚ 

ɩɭɥɶɫɚɰɢɣ ɞɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɧɚɝɪɭɠɚɸɳɢɣ ɞɪɨɫɫɟɥɶ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɨɞɢɧ ɛɥɨɤ 

ɞɚɬɱɢɤɨɜ. Ȼɥɨɤ ɞɚɬɱɢɤɨɜ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɝɢɞɪɨɥɢɧɢɸ ɜ ɜɢɞɟ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɚɬɪɭɛɤɚ.  
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 ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɫɪɟɞɫɬɜɚ ɞɥɹ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɩɪɢɦɟɧɹɥɢɫɶ 

ɫɥɟɞɭɸɳɢɟ: ɫɟɤɭɧɞɨɦɟɪ, ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ Ⱦɍ-4, ɞɚɬɱɢɤ 

ɨɩɪɟɞɟɥɟɧɢɹ ɭɬɟɱɟɤ, ɦɚɧɨɦɟɬɪ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ ɤɚɛɢɧɟ ɦɚɲɢɧɢɫɬɚ ɢ 

ɦɚɧɨɦɟɬɪ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɩɟɪɟɞ ɮɢɥɶɬɪɨɦ ɜ ɫɥɢɜɧɨɣ ɦɚɝɢɫɬɪɚɥɢ.  

ɉɪɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɱɢɫɥɚ ɨɩɵɬɨɜ 

ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɚɛɫɨɥɸɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɪɟɞɧɟɣ ɏ ɩɪɢ ni -ɬɨɦ ɢɡɦɟɪɟɧɢɣ 

ɜɟɥɢɱɢɧɵ ɏ ɧɟ ɩɪɟɜɡɨɣɞёɬ ɞɨɥɢ ɬɨɝɨ ɫɬɚɧɞɚɪɬɚ (ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɣ ɤɜɚɞɪɚɬɢɱɧɨɣ ɨɲɢɛɤɢ ), ɤɨɬɨɪɵɟ ɞɚɸɬ ɧɚɦ 

ɢɡɦɟɪɟɧɢɹ, ɬ. ɟ.:  

 

           q =ta /n .                                                                                                      (3.2) 

 

ɉɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ q = 1, ɬɨ ɟɫɬɶ ɩɪɟɞɟɥɶɧɨɟ ɚɛɫɨɥɸɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɚɜɧɨ 

ɫɬɚɧɞɚɪɬɭ ɩɪɨɜɨɞɢɦɵɯ ɢɡɦɟɪɟɧɢɣ, ɚ ɜɟɪɨɹɬɧɨɫɬɶ ɨɠɢɞɚɧɢɹ  = 0,95, 

ɨɩɪɟɞɟɥɹɟɦ ɦɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 

ɡɧɚɱɟɧɢɹ ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫ ɡɚɞɚɧɧɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ. ȼ ɧɚɲɟɦ 

ɫɥɭɱɚɟ ɞɥɹ  = 0,95 ɢ q = 1,00 ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ ni = 7 [18]. ɉɨɬɨɦɭ ɩɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɫɟ ɢɡɦɟɪɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɨɞɧɨɦɭ ɨɩɵɬɭ, ɩɨɜɬɨɪɹɥɢɫɶ ɧɟ ɦɟɧɟɟ 7-ɦɢ ɪɚɡ. Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɜɨɞɢɥɚɫɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ [37]. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɜ 

ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɨɩɪɟɞɟɥɢɥɨɫɶ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ 

ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚ 600 –700ɋ. ȼ ɷɬɨɦ ɪɟɠɢɦɟ 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɫɨɫɬɚɜɢɥ ɩɪɢ ɪɚɫɯɨɞɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 110 ɥ/ɦɢɧ 

– 70 ɜɬ/ɦ2 ɝɪɚɞ, ɩɪɢ 60 ɥ/ɦɢɧ – 40 ɜɬ/ɦ2. ɝɪɚɞ.ɩɨɬɪɟɛɧɚɹ ɜɟɥɢɱɢɧɚ ɦɨɳɧɨɫɬɢ ɩɪɢ 

ɷɬɨɦ ɫɨɫɬɚɜɢɥɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 7–10 ɤɜɬ  ɢ  4–5,5 ɤɜɬ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɞɪɨɫɫɟɥɶɧɨɝɨ ɫɩɨɫɨɛɚ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɢɥɢ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢ 
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ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ ɦɢɧɭɫ 60 ɝɪɚɞɭɫɨɜ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɡɪɚɛɨɬɚɬɶ 

ɪɟɤɨɦɟɧɞɚɰɢɢ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɦɚɲɢɧ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ. 

 

3.2 Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ 

ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ 

 

ȼɚɠɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ, ɤɨɬɨɪɨɟ ɩɪɟɞɴɹɜɥɹɟɬɫɹ ɤ ɦɨɞɟɥɢ, ɹɜɥɹɟɬɫɹ 

ɬɪɟɛɨɜɚɧɢɟ ɟɟ ɚɞɟɤɜɚɬɧɨɫɬɢ. Ⱥɞɟɤɜɚɬɧɨɫɬɶ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɩɨɞɬɜɟɪɠɞɟɧɢɣ ɩɪɚɜɨɦɟɪɧɨɫɬɢ ɜɵɜɨɞɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɉɨɞɬɜɟɪɠɞɟɧɢɟ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɨɞɟɥɢ ɫɬɪɟɥɨɜɨɝɨ 

ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ ɤɪɚɧɚ ɩɪɨɜɨɞɢɥɨɫɶ ɫɪɚɜɧɢɬɟɥɶɧɵɦ ɚɧɚɥɢɡɨɦ ɪɟɡɭɥɶɬɚɬɨɜ, 

ɩɨɥɭɱɟɧɧɵɯ ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ, ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɜɜɨɞɢɦɵɯ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, 

ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɤ ɫɬɪɟɥɨɜɨɦɭ ɝɪɭɡɨɩɨɞɴɟɦɧɨɦɭ 

ɤɪɚɧɭ KC-45717. 

ɉɪɢɦɟɪ ɫɪɚɜɧɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɟɣ 

ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɩɨɥɨɫɬɢ A1 ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɧɚɤɥɨɧɚ ɫɬɪɟɥɵ ɩɪɟɞɫɬɚɜɥɟɧ 

ɧɚ ɪɢɫɭɧɤɟ 3.2. ɇɚ ɪɢɫɭɧɤɟ 3.2 ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɢɦɟɪ ɫɪɚɜɧɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɟɣ ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ ɧɚɤɥɨɧɚ ɫɬɪɟɥɵ q8. 

 

Ɋɢɫɭɧɨɤ 3.2 − Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɢ 

ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɩɨɥɨɫɬɢ 
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ɍɝɨɥ ɧɚɤɥɨɧɚ ɫɬɪɟɥɵ ɢɡɦɟɧɹɥɫɹ ɨɬ 60 ɞɨ 70○, ɦɚɫɫɚ ɩɨɞɧɢɦɚɟɦɨɝɨ ɝɪɭɡɚ 

20000 ɤɝ, ɞɥɢɧɚ ɫɬɪɟɥɵ 9 ɦ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚ ɹɩɨɝɪɟɲɧɨɫɬɶ ɞɥɹ 

ɞɚɜɥɟɧɢɹ ɜ ɧɚɩɨɪɧɨɣ ɩɨɥɨɫɬɢ ɝɢɞɪɨɰɢɥɢɧɞɪɚ Ɋmax, ɧɟ ɩɪɟɜɵɲɚɟɬ 12%; ɞɥɹ 

ɭɝɥɚ ɧɚɤɥɨɧɚ ɫɬɪɟɥɵ Qmax <5%. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ 

ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɧɟ ɩɪɟɜɵɲɚɸɬ ɡɧɚɱɟɧɢɟ ɞɨɩɭɫɬɢɦɨɣ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 15%. 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ ɧɚɤɥɨɧɚ 

ɫɬɪɟɥɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.3. 

 

Ɋɢɫɭɧɨɤ 3.3 − Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɢ 

ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ ɧɚɤɥɨɧɚ ɫɬɪɟɥɵ 

ɉɪɢɱɢɧɵ ɪɚɫɯɨɠɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ 

ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɩɪɢɧɹɬɵɯ ɞɨɩɭɳɟɧɢɹɯ, ɜ ɧɟɬɨɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ, 

ɡɚɤɥɚɞɵɜɚɟɦɵɯ ɜ ɦɨɞɟɥɶ, ɚ ɬɚɤɠɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɢɫɩɵɬɭɟɦɨɝɨ ɤɪɚɧɚ. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɠɞɟɧɢɣ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɪɢɟɦɥɟɦɵ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ 

ɡɚɞɚɱ. 
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ȼɵɜɨɞɵ 

Ⱥɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ 

ɜɵɜɨɞɵ:   

1) Ⱦɪɨɫɫɟɥɢɪɨɜɚɧɢɟɦ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɦɨɠɧɨ ɭɥɭɱɲɢɬɶ ɭɫɥɨɜɢɹ 

ɜɫɚɫɵɜɚɧɢɹ ɧɚɫɨɫɚ ɢ ɩɨɜɵɫɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɛɚɤɟ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɞɨ – 480ɋ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɝɪɟɜɚ ɦɚɫɥɚ ɩɪɢ ɪɚɛɨɬɟ ɩɨ 

ɡɚɦɤɧɭɬɨɦɭ ɤɪɭɝɭ ɰɢɪɤɭɥɹɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 2 ɝɪɚɞ/ɦɢɧ. Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɭɫɬɚɧɨɜɤɢ: ɦɚɤɫɢɦɚɥɶɧɵɣ       70 ɜɬ/ɦ2 ɝɪɚɞ, ɧɨɦɢɧɚɥɶɧɵɣ – 40 

ɜɬ/ɦ2ɝɪɚɞ. 

2) ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɫɥɟɞɭɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ 

ɨɩɬɢɦɚɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɝɢɞɪɨɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ ɞɥɹ ɦɚɫɥɚ 

ɆȽ-15ȼ (ȼɆȽɁ) ɦɢɧɭɫ 5 ɩɥɸɫ 10°ɋ ɢ ɞɥɹ ɦɚɫɥɚ ɆȽ-46Ȼ (ɆȽ-30, ɂɋ-30) ɩɥɸɫ 

27 ɩɥɸɫ 42 °ɋ. ɋɥɟɞɢɬɶ ɡɚ ɱɢɫɬɨɬɨɣ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɛɵɬɶ ɧɚ 

ɭɪɨɜɧɟ 11-13 ɤɥɚɫɫɚ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



56 
 

4 ɊȿȺɅɂɁȺɐɂə ɊȿɁɍɅɖɌȺɌɈȼ ɂɋɋɅȿȾɈȼȺɇɂɃ 

 

4.1 Ɇɟɬɨɞ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥя ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ 

ɬɭɩɢɤɨɜɨɣ ɫɢɫɬɟɦɟ ɝɢɞɪɨɩɪɢɜɨɞɚ 

 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɢɫɬɟɦɵ «ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ 

ɬɭɩɢɤɨɜɨɣ ɫɢɫɬɟɦɟ ɝɢɞɪɨɩɪɢɜɨɞɚ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɟɱɚɬɧɚɹ ɩɥɚɬɚ Arduino 

Uno. Arduino – ɷɬɨ ɦɚɪɤɚ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ, ɤɨɬɨɪɚɹ 

ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɜɵɫɬɪɚɢɜɚɧɢɹ ɧɟɡɚɦɵɫɥɨɜɚɬɵɯ ɫɢɫɬɟɦ ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɢ 

ɚɜɬɨɦɚɬɢɤɢ, ɞɥɹ ɜɫɟɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ. Ɍɚɤ ɠɟ Arduino ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ 

ɷɥɟɤɬɪɨɧɧɵɣ ɤɨɧɫɬɪɭɤɬɨɪ ɞɥɹ ɛɵɫɬɪɨɣ ɢ ɭɞɨɛɧɨɣ ɪɚɡɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɧɧɵɯ 

ɭɫɬɪɨɣɫɬɜ, ɛɥɚɝɨɞɚɪɹ ɬɚɤɢɦ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɩɥɚɬɮɨɪɦɚ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ 

ɩɨɩɭɥɹɪɧɨɣ ɜɨ ɜɫɟɦ ɦɢɪɟ.  

ɉɪɢɦɟɧɟɧɢɟ Arduino ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨɨɛɪɚɡɧɨ, ɫɮɟɪɚ ɩɪɢɦɟɧɟɧɢɹ 

ɧɚɱɢɧɚɟɬɫɹ ɨɬ ɩɪɨɫɬɟɣɲɢɯ ɞɨ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ 

ɪɨɛɨɬɵ ɢɥɢ ɩɪɨɦɵɲɥɟɧɧɵɟ ɬɟɯɧɢɤɚ. Ɇɧɨɝɢɦ ɦɚɫɬɟɪɚɦ ɭɞɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɬɚɤɢɯ 

ɫɢɫɬɟɦ ɫɨɡɞɚɜɚɬɶ ɬɟɥɟɮɨɧɵ, ɩɥɚɧɲɟɬɵ, ɤɨɦɩɶɸɬɟɪ, ɚɥɤɨɬɟɫɬɟɪɵ, ɧɚɛɨɪɵ ɞɥɹ 

ɚɧɚɥɢɡɚ ȾɇɄ, ɚ ɬɚɤ ɠɟ ɫɢɫɬɟɦɵ ɜɢɪɬɭɚɥɶɧɨɣ ɪɟɚɥɶɧɨɫɬɢ. ȼ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 

ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɢɫɬɟɦɚɯ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɢɡɞɟɥɢɣ. 

Arduino ɫɨɫɬɨɢɬ ɢɡ ɦɚɤɟɬɧɨɣ ɩɥɚɬɵ ɢ ɩɪɨɝɪɚɦɦɧɨɣ ɱɚɫɬɢ. ɉɪɨɝɪɚɦɦɧɚɹ 

ɱɚɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɛɟɫɩɥɚɬɧɨɣ ɩɪɨɝɪɚɦɦɧɨɣ ɨɛɨɥɨɱɤɢ (IDE), ɤɨɬɨɪɚɹ 

ɢɦɟɟɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ ɧɚ ɨɮɢɰɢɚɥɶɧɨɦ ɫɚɣɬɟ Arduino [11].  

ȼ ɩɪɨɝɪɚɦɦɟ ɫɨɞɟɪɠɢɬɫɹ ɬɟɤɫɬɨɜɵɣ ɪɟɞɚɤɬɨɪ, ɤɨɦɩɢɥɹɬɨɪ, ɢɧɫɬɪɭɦɟɧɬɵ 

ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɡɚɝɪɭɡɢɬɶ ɩɪɨɝɪɚɦɦɭ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ, ɦɟɧɟɞɠɟɪ 

ɩɪɨɟɤɬɨɜ, ɩɪɟɩɪɨɰɟɫɫɨɪ. Ɉɛɨɥɨɱɤɚ ɹɡɵɤɚ ɧɚɩɢɫɚɧɚ ɧɚ ɹɡɵɤɟ Java ɢ ɪɚɛɨɬɚɟɬ ɧɚ 

ɪɚɡɥɢɱɧɵɯ Ɉɉ, ɬɚɤɢɯ ɤɚɤ: Windows, Mac OS X ɢ Linux. ɇɚɩɢɫɚɧɢɟ ɩɪɨɝɪɚɦɦɵ 

Arduino ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɹɡɵɤɟ ɋ++, ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɨɛɥɟɝɱɚɸɳɢɦɢ 

ɨɫɨɛɟɧɧɨɫɬɹɦɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɧɨɜɢɱɤɚɦ ɫɨɡɞɚɧɢɟ ɩɟɪɜɨɣ ɪɚɛɨɬɚɸɳɟɣ 

ɩɪɨɝɪɚɦɦɵ ɛɟɡ ɨɫɨɛɵɯ ɡɚɬɪɭɞɧɟɧɢɣ.  
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ɉɪɨɝɪɚɦɦɵ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɧɚɩɢɫɚɧɵ ɧɚ Arduino ɧɚɡɵɜɚɸɬ ɫɤɟɬɱɢ ɢ 

ɫɨɯɪɚɧɹɸɬɫɹ ɜ ɮɚɣɥɚɯ ɫ ɪɚɫɲɢɪɟɧɢɟɦ .ino. Ɏɚɣɥɵ ɩɟɪɟɞ ɤɨɦɩɢɥɹɰɢɟɣ 

(ɡɚɝɪɭɡɤɨɣ) ɨɛɪɚɛɚɬɵɜɚɟɬ ɩɪɟɩɪɨɰɟɫɫɨɪ Arduino.  

ɉɪɨɝɪɚɦɦɚ Arduino, ɤɚɤ ɢ ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɫɨɫɬɨɢɬ ɢɡ ɨɬɞɟɥɶɧɵɯ ɛɥɨɤɨɜ. 

ɇɚɱɚɥɨ ɛɥɨɤɚ ɜɵɪɚɠɚɟɬɫɹ ɥɟɜɨɣ ɮɢɝɭɪɧɨɣ ɫɤɨɛɤɨɣ «{», ɚ ɟɝɨ ɤɨɧɟɰ – ɩɪɚɜɨɣ 

ɮɢɝɭɪɧɨɣ ɫɤɨɛɤɨɣ «}».  

Structure: ɤɨɦɚɧɞɵ, ɤɨɬɨɪɵɟ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɧɚɩɢɫɚɧɢɹ ɫɬɪɭɤɬɭɪɵ 

ɩɪɨɝɪɚɦɦɵ:  

‒ ɐɢɤɥɵ;  

‒ ȼɟɬɜɥɟɧɢɹ;  

‒ ɋɢɧɬɚɤɫɢɫ;  

‒ Ⱥɪɢɮɦɟɬɢɱɟɫɤɢɟ ɢ ɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɬɨɪɵ;  

‒ Ɉɩɟɪɚɬɨɪɵ ɫɪɚɜɧɟɧɢɹ;  

‒ Ɋɚɛɨɬɚ ɫ ɛɢɬɚɦɢ;  

Variables: ɷɬɨ ɪɚɡɥɢɱɧɵɟ ɩɟɪɟɦɟɧɧɵɟ, ɤɨɬɨɪɵɟ ɩɨ ɚɧɚɥɨɝɢɢ ɢɫɩɨɥɶɡɭɸɬ ɜ 

ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɋɢ, ɧɨ ɞɥɹ Arduino ɯɚɪɚɤɬɟɪɧɵ ɬɨɥɶɤɨ ɧɟɫɤɨɥɶɤɨ:  

‒ HIGH – ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ, ɥɨɝɢɱɟɫɤɚɹ 1, ɷɬɨ +5 ȼɨɥɶɬ ɧɚ ɤɨɧɬɚɤɬɟ 

Arduino;  

‒ LOW – ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ, ɥɨɝɢɱɟɫɤɢɣ 0, ɩɨɞɪɚɡɭɦɟɜɚɟɬ 0 ȼɨɥɶɬ ɧɚ 

ɤɨɧɬɚɤɬɟ Arduino;  

‒ INPUT – ɨɛɨɡɧɚɱɟɧɢɟ ɤɨɧɬɚɤɬɚ Arduino ɤɚɤ ɜɯɨɞɧɨɝɨ (ɩɪɢɟɦ 

ɢɧɮɨɪɦɚɰɢɢ ɫ ɜɧɟɲɧɢɯ ɭɫɬɪɨɣɫɬɜ);  

‒ OUTPUT – ɩɪɨɩɢɫɵɜɚɧɢɟ ɤɨɧɬɚɤɬɚ Arduino ɤɚɤ ɜɵɯɨɞɧɨɝɨ (ɩɟɪɟɞɚɱɚ 

ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɜɧɟɲɧɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɭɩɪɚɜɥɟɧɢɟ ɫɢɥɨɜɵɦɢ ɛɥɨɤɚɦɢ);  

Ɉɩɢɫɚɧɢɹ ɤɨɦɚɧɞ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɟ, ɱɬɨ ɦɨɠɟɬ 

ɩɪɟɞɫɬɚɜɥɹɬɶ ɡɚɬɪɭɞɧɟɧɢɹ. ɉɟɪɟɜɨɞ ɨɩɢɫɚɧɢɣ ɧɚ ɪɭɫɫɤɢɣ ɹɡɵɤ, ɚ ɬɚɤɠɟ 

ɩɨɞɪɨɛɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɢɦɟɟɬɫɹ ɧɚ ɨɮɢɰɢɚɥɶɧɨɦ ɫɚɣɬɟ Arduino [11]. ȼ 

ɞɨɩɨɥɧɟɧɢɟ, ɨɩɢɫɚɧɢɟ ɜɫɟɯ ɤɨɦɚɧɞ ɦɨɠɧɨ ɢɡɭɱɢɬɶ ɜ ɫɚɦɨɣ ɫɪɟɞɟ ɪɚɡɪɚɛɨɬɤɢ 

Arduino, ɜɵɩɨɥɧɢɜ ɋɩɪɚɜɤɚ – ɇɚɣɬɢ ɜ ɫɩɪɚɜɤɟ.  
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ɋɢɧɬɚɤɫɢɫ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɨɱɟɧɶ ɫɯɨɠ ɫ ɹɡɵɤɨɦ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɋ++.  

ȼ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɯɨɞɹɬ:  

‒ Ɉɩɟɪɚɬɨɪɵ ;  

‒ ɍɩɪɚɜɥɹɸɳɢɟ ɨɩɟɪɚɬɨɪɵ (ɨɩɟɪɚɬɨɪɵ ɭɫɥɨɜɢɹ «if» «if…else», ɰɢɤɥɨɜ 

«for», «while», «do…while» ɢ ɞɪɭɝɢɟ);  

‒ ɋɢɧɬɚɤɫɢɫ (ɡɧɚɤɢ ɩɪɟɩɢɧɚɧɢɹ «{}», ɨɛɴɹɜɥɟɧɢɟ ɤɨɦɦɟɧɬɚɪɢɟɜ «//» «/* 

*/», ɨɩɟɪɚɬɨɪɵ ɜɤɥɸɱɟɧɢɹ ɛɢɛɥɢɨɬɟɤ «#include»);  

‒ Ⱥɪɢɮɦɟɬɢɱɟɫɤɢɟ ɨɩɟɪɚɬɨɪɵ;  

‒ Ɉɩɟɪɚɬɨɪɵ ɫɪɚɜɧɟɧɢɹ («==» - ɪɚɜɧɨ, «!=» - ɧɟ ɪɚɜɧɨ ɢ ɞɪɭɝɢɟ);  

‒ Ʌɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɬɨɪɵ («&&» - ɂ, «||» - ɂɅɂ, «!» - ɇȿ);  

‒ ɍɤɚɡɚɬɟɥɢ ɞɨɫɬɭɩɚ (ɭɤɚɡɚɬɟɥɢ - «*», ɫɫɵɥɤɢ - «&»);  

‒ Ȼɢɬɨɜɵɟ ɨɩɟɪɚɬɨɪɵ («&» - ɩɨɛɢɬɨɜɨɟ ɂ, «~» - ɩɨɛɢɬɨɜɨɟ ɇȿ, «<<»);  

‒ ɋɨɫɬɚɜɧɵɟ ɨɩɟɪɚɬɨɪɵ («++» - ɢɧɤɪɟɦɟɧɬ, «--» - ɞɟɤɪɟɦɟɧɬ, «+=» - 

ɫɨɫɬɚɜɧɨɟ ɫɥɨɠɟɧɢɟ ɢ ɞɪɭɝɢɟ).  

Ⱦɚɧɧɵɟ:  

‒ Ʉɨɧɫɬɚɧɬɵ (ɰɟɥɨɱɢɫɥɟɧɧɵɟ, ɫ ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ, ɡɚɪɟɡɟɪɜɢɪɨɜɚɧɧɵɟ - 

«HIGH», «INPUT», «true»);  

‒ Ɍɢɩɵ ɞɚɧɧɵɯ (ɥɨɝɢɱɟɫɤɢɟ «boolean», ɫɢɦɜɨɥɶɧɵɟ «char», 

ɰɟɥɨɱɢɫɥɟɧɧɵɟ «int», «long», «short», ɜɟɳɟɫɬɜɟɧɧɵɟ «float», ɦɚɫɫɢɜɵ ɢ ɞɪɭɝɢɟ);  

‒ ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɬɢɩɨɜ ɞɚɧɧɵɯ («char()», «byte()», «float()» ɢ ɞɪɭɝɢɟ);  

Ɏɭɧɤɰɢɢ  

‒ ɐɢɮɪɨɜɨɣ ɜɜɨɞ/ɜɵɜɨɞ («pinMode()», «digitalWrite()», «digitalRead()»);  

‒ Ⱥɧɚɥɨɝɨɜɵɣ ɜɜɨɞ/ɜɵɜɨɞ («analogRead()», «analogWrite()»);  

‒ Ɋɚɫɲɢɪɟɧɧɵɣ ɜɜɨɞ/ɜɵɜɨɞ («tone()», «shiftIn()» ɢ ɞɪɭɝɢɟ);  

‒ ȼɪɟɦɹ (ɜɨɡɜɪɚɳɟɧɢɟ ɩɪɨɲɟɞɲɟɝɨ ɜɪɟɦɟɧɢ ɫɨ ɫɬɚɪɬɚ ɩɪɨɝɪɚɦɦɵ 

«millis()», «micros()», ɩɪɢɨɫɬɚɧɨɜɤɚ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ «delay()»);  

‒ Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵɱɢɫɥɟɧɢɹ («min()», «abs()», «sqrt()» ɢ ɞɪɭɝɢɟ);  

‒ Ɍɪɢɝɨɧɨɦɟɬɪɢɹ(«sin()», «cos()», «tan()»);  

‒ ɋɥɭɱɚɣɧɵɟ ɱɢɫɥɚ («random()»);  
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‒ Ȼɢɬɵ ɢ ɛɚɣɬɵ (ɢɡɜɥɟɱɟɧɢɟ ɦɥɚɞɲɟɝɨ/ɫɬɚɪɲɟɝɨ ɛɚɣɬɚ ɩɟɪɟɦɟɧɧɨɣ 

«lowByte()», «highByte()», ɭɫɬɚɧɨɜɤɚ ɡɧɚɱɟɧɢɹ ɛɢɬɚ «bitSet()», ɨɱɢɫɬɤɚ ɛɢɬɚ 

«bitClear()» ɢ ɞɪɭɝɢɟ);  

‒ ȼɧɟɲɧɢɟ ɩɪɟɪɵɜɚɧɢɹ («attachInterrupt()»);  

‒ Ȼɢɛɥɢɨɬɟɤɢ (EEPROM, SD, SPI, SoftwareSerial, ɛɢɛɥɢɨɬɟɤɢ ɞɥɹ 

ɩɨɞɤɥɸɱɚɟɦɵɯ ɦɨɞɭɥɟɣ ɢ ɞɪɭɝɢɟ). ȼ Arduino IDE ɟɫɬɶ ɧɚɛɨɪ ɫɬɚɧɞɚɪɬɧɵɯ 

ɛɢɛɥɢɨɬɟɤ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɱɟɧɶ ɱɚɫɬɨ. ɗɬɢ ɛɢɛɥɢɨɬɟɤɢ ɩɨɞɞɟɪɠɢɜɚɸɬ 

ɜɫɟ ɩɪɢɦɟɪɵ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɟɧɵ ɜ Arduino IDE. ɋɬɚɧɞɚɪɬɧɵɟ ɛɢɛɥɢɨɬɟɤɢ 

ɩɨɞɞɟɪɠɢɜɚɸɬ ɮɭɧɤɰɢɢ ɞɥɹ ɪɚɛɨɬɵ ɫ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ 

ɩɟɪɢɮɟɪɢɣɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ. ɋɬɚɧɞɚɪɬɧɵɟ ɛɢɛɥɢɨɬɟɤɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ 

ɩɚɩɤɭ "Libraries" ɩɪɢ ɭɫɬɚɧɨɜɤɟ Arduino IDE. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɛɢɛɥɢɨɬɟɤɢ 

ɦɨɠɧɨ ɧɚɣɬɢ ɧɚ ɢɧɬɟɪɧɟɬ ɪɟɫɭɪɫɚɯ, ɬɚɤ ɤɚɤ ɨɧɢ ɧɚɯɨɞɹɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ, 

ɫ ɭɞɨɛɧɵɦ ɮɭɧɤɰɢɨɧɚɥɨɦ ɢ ɞɪɚɣɜɟɪɚɦɢ ɞɥɹ ɪɚɡɥɢɱɧɨɝɨ ɩɟɪɢɮɟɪɢɣɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱥɩɩɚɪɚɬɧɚɹ ɱɚɫɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ ɫɦɨɧɬɢɪɨɜɚɧɧɵɯ 

ɩɟɱɚɬɧɵɯ ɩɥɚɬ. ɇɚ ɪɵɧɤɟ ɩɥɚɬɵ ɩɪɨɞɚɸɬɫɹ ɤɚɤ ɫɚɦɢɦ ɨɮɢɰɢɚɥɶɧɵɦ 

ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ, ɬɚɤ ɢ ɢɧɵɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ. ɉɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɚɹ 

ɚɪɯɢɬɟɤɬɭɪɚ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɹɟɬ ɫɜɨɛɨɞɧɨ ɤɨɩɢɪɨɜɚɬɶ ɢɥɢ ɞɨɩɨɥɧɹɬɶ ɥɢɧɟɣɤɭ 

ɩɪɨɞɭɤɰɢɢ Arduino. Arduino ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɚɜɬɨɧɨɦɧɵɯ ɨɛɴɟɤɬɨɜ ɚɜɬɨɦɚɬɢɤɢ, ɬɚɤ ɢ ɩɨɞɤɥɸɱɚɬɶɫɹ ɤ ɩɪɨɝɪɚɦɦɧɨɦɭ 

ɨɛɟɫɩɟɱɟɧɢɸ ɧɚ ɤɨɦɩɶɸɬɟɪɟ ɱɟɪɟɡ ɫɬɚɧɞɚɪɬɧɵɟ ɩɪɨɜɨɞɧɵɟ ɢ ɛɟɫɩɪɨɜɨɞɧɵɟ 

ɢɧɬɟɪɮɟɣɫɵ.  

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ Arduino Uno ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.1. 

ɋɚɦɵɦ ɝɥɚɜɧɵɦ ɩɥɸɫɨɦ ɷɬɨɣ ɩɥɚɬɵ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɧɚ «ɛɨɪɬɭ» ɩɥɚɬɵ ɭɠɟ 

ɧɚɯɨɞɢɬɫɹ ɪɟɝɭɥɹɬɨɪ ɩɢɬɚɧɢɹ, ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ, ɩɪɨɝɪɚɦɦɚɬɨɪ, ɢɧɬɟɪɮɟɣɫ ɞɥɹ 

ɩɨɞɤɥɸɱɟɧɢɹ ɭɫɬɪɨɣɫɬɜ ɢ ɩɪɨɝɪɚɦɦɧɚɹ ɛɢɛɥɢɨɬɟɤɚ. ɇɟɬ ɧɢɤɚɤɨɣ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɡɚɞɭɦɵɜɚɬɶɫɹ ɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢɥɢ 

ɫɩɨɫɨɛɚɯ ɩɨɞɤɥɸɱɟɧɢɹ. Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ Atmel AVR ATmega328 ɫ ɱɚɫɬɨɬɨɣ 

ɬɚɤɬɢɪɨɜɚɧɢɹ 16 ɢɥɢ 8 ɆȽɰ ɭɠɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɲɢɬ ɡɚɝɪɭɡɱɢɤɨɦ 

(bootloader). AVR – ɥɭɱɲɢɣ ɢɡ ɫɜɨɛɨɞɧɨ-ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɵɯ ɤɨɦɩɢɥɹɬɨɪɨɜ ɞɥɹ 

ɤɨɧɬɪɨɥɥɟɪɨɜ AVR, ɩɨɫɬɪɨɟɧɧɵɣ ɧɚ ɛɚɡɟ GCC – ɨɞɧɨɝɨ ɢɡ ɧɚɢɛɨɥɟɟ 
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ɫɨɜɟɪɲɟɧɧɵɯ ɋ-ɤɨɦɩɢɥɹɬɨɪɨɜ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɢ ɩɨɫɬɨɹɧɧɨ 

ɭɥɭɱɲɚɟɦɨɝɨ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɭɠɟ ɞɜɚɞɰɚɬɢ ɥɟɬ. ɋ ɩɨɦɨɳɶɸ ɡɚɝɪɭɡɱɢɤɚ 

ɩɪɨɝɪɚɦɦɚ ɡɚɝɪɭɠɚɟɬɫɹ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɩɪɨɝɪɚɦɦɚɬɨɪɨɜ. 

ɑɟɪɟɡ ɢɧɬɟɪɮɟɣɫ USB ɡɚɝɪɭɡɱɢɤ ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɤɨɦɩɶɸɬɟɪɨɦ.  

ɇɚ ɩɥɚɬɮɨɪɦɟ Arduino Uno (ɪɢɫɭɧɨɤ 4.1; ɬɚɛɥɢɰɚ 4.1), ɢɦɟɟɬɫɹ 14 

ɰɢɮɪɨɜɵɯ ɜɯɨɞ/ɜɵɯɨɞɨɜ (6 ɢɡ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɜɵɯɨɞɵ 

ɒɂɆ), 6 ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɨɜ, ɤɜɚɪɰɟɜɵɣ ɝɟɧɟɪɚɬɨɪ 16 ɆȽɰ, ɪɚɡɴɟɦ USB, 

ɫɢɥɨɜɨɣ ɪɚɡɴɟɦ, ɪɚɡɴɟɦ ICSP ɢ ɤɧɨɩɤɭ ɩɟɪɟɡɚɝɪɭɡɤɢ.  

Ⱦɥɹ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɤɥɸɱɢɬɶ ɩɥɚɬɮɨɪɦɭ ɤ ɤɨɦɩɶɸɬɟɪɭ 

ɩɨɫɪɟɞɫɬɜɨɦ ɤɚɛɟɥɹ USB, ɥɢɛɨ ɩɨɞɚɬɶ ɩɢɬɚɧɢɟ ɩɪɢ ɩɨɦɨɳɢ ɚɞɚɩɬɟɪɚ AC/DC 

ɢɥɢ ɛɚɬɚɪɟɢ.  

 

 

Ɋɢɫɭɧɨɤ 4.1 – ɉɥɚɬɮɨɪɦɚ Arduino Uno 

 

Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɪɚɡɶɟɦɚ USB. ȼ Arduino Uno ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɫɬɪɨɟɧɧɵɦ 

ɫɚɦɨɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɦɫɹ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɦ (ɚɜɬɨɦɚɬ), ɡɚɳɢɳɚɸɳɢɦ ɩɨɪɬ 

USB ɤɨɦɩɶɸɬɟɪɚ ɨɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ ɫɜɟɪɯɬɨɤɨɜ. Ⱦɚɧɧɵɣ 

ɩɪɟɞɨɯɪɚɧɢɬɟɥɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɛɚɪɶɟɪɨɦ.  
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Ɍɚɛɥɢɰɚ 4.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɬɵ Arduino Uno 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega 328 

Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ  5 ȼ 

ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɪɟɤɨɦɟɧɞɭɟɦɨɟ)  7-12 ȼ 

ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɩɪɟɞɟɥɶɧɨɟ)  6-20 ȼ 

ɐɢɮɪɨɜɵɟ ɜɯɨɞɵ/ɜɵɯɨɞɵ  14 (6 ɢɡ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ 

ɜɵɯɨɞɵ ɒɂɆ) 

Ⱥɧɚɥɨɝɨɜɵɟ ɜɵɯɨɞɵ  6 

ɉɨɫɬɨɹɧɧɵɣ ɬɨɤ ɱɟɪɟɡ ɜɯɨɞ/ɜɵɯɨɞ  40 ɦȺ 

ɉɨɫɬɨɹɧɧɵɣ ɬɨɤ ɞɥɹ ɜɵɜɨɞɚ 3.3ȼ  50 ɦȺ 

Ɏɥɷɲ-ɩɚɦɹɬɶ  32 Ʉɛ (ATmega328) ɢɡ ɤɨɬɨɪɵɯ 0,5 Ʉɛ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɡɚɝɪɭɡɱɢɤɚ 

ɈɁɍ  2Ʉɛ (ATmega328) 

EEPROM  1 Ʉɛ (ATmega328) 

Ɍɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ  16 ɆȽɰ 

 

ɉɪɟɞɨɯɪɚɧɢɬɟɥɶ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɬɨɤɚ ɛɨɥɟɟ 500 ɦȺ ɱɟɪɟɡ 

USB ɩɨɪɬ ɢ ɪɚɡɦɵɤɚɟɬ ɰɟɩɶ ɞɨ ɬɟɯ ɩɨɤɚ ɧɨɪɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ ɧɟ ɛɭɞɭɬ 

ɜɨɫɫɬɚɧɨɜɥɟɧɵ.  

ɉɪɢ ɫɨɡɞɚɧɢɢ ɦɨɞɟɥɢ ɛɵɥɢ ɩɨɞɤɥɸɱɟɧɵ ɤ ɩɥɚɬɟ Arduino Uno ɞɚɬɱɢɤɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɥɚɠɧɨɫɬɢ DHT11 (ɪɢɫɭɧɨɤ 4.2). Ⱦɚɬɱɢɤ DHT11 ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 

ɱɚɫɬɟɣ: ёɦɤɨɫɬɧɵɣ ɞɚɬɱɢɤ ɜɥɚɠɧɨɫɬɢ ɢ ɬɟɪɦɢɫɬɨɪ. ȿɳɟ ɜ ɤɨɪɩɭɫɟ ɭɫɬɚɧɨɜɢɥɢ 

ɩɪɨɫɬɨɣ ɱɢɩ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ ɜ ɰɢɮɪɨɜɨɣ. ɉɨɥɭɱɚɬɶ 

ɰɢɮɪɨɜɨɣ ɫɢɝɧɚɥ ɧɚ ɜɵɯɨɞɟ ɧɟ ɬɚɤ ɭɠ ɢ ɫɥɨɠɧɨ, ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɸɛɨɣ 

ɤɨɧɬɪɨɥɥɟɪ, ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ Arduino.  

Ⱦɚɬɱɢɤ ɢɦɟɟɬ ɬɨɥɶɤɨ ɨɞɢɧ ɰɢɮɪɨɜɨɣ ɜɵɯɨɞ. Ɂɚɩɪɨɫɵ ɤ ɞɚɬɱɢɤɭ ɦɨɠɧɨ 

ɨɬɩɪɚɜɥɹɬɶ ɧɟ ɱɚɳɟ ɱɟɦ ɨɞɢɧ ɪɚɡ ɜ ɫɟɤɭɧɞɭ. ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɜɢɞɚ ɞɚɬɱɢɤɚ ɷɬɨ 

DHT11 ɢ DHT22, ɜɧɟɲɧɟ ɨɧɢ ɜɵɝɥɹɞɹɬ ɨɞɢɧɚɤɨɜɨ, ɨɫɧɨɜɧɨɟ ɨɬɥɢɱɢɟ – ɷɬɨ ɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.  
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Ɋɢɫɭɧɨɤ 4.2 – Ⱦɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɥɚɠɧɨɫɬɢ DHT11 

 

Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɨɞɟɥɢ ɛɵɥ ɜɵɛɪɚɧ DHT11, ɬɚɤ ɤɚɤ ɨɧ ɨɛɥɚɞɚɟɬ 

ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ:  

‒ ɇɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɪɚɛɨɬɵ ɩɢɬɚɧɢɟ ɨɬ 3–5ȼ;  

‒ ɉɪɢ ɡɚɩɪɨɫɟ ɞɚɧɧɵɯ ɦɚɤɫɢɦɚɥɶɧɨ ɩɨɬɪɟɛɥɹɟɦɵɣ ɬɨɤ – 2.5 ɦȺ;  

‒ ɂɡɦɟɪɟɧɢɟ ɭɪɨɜɧɹ ɜɥɚɠɧɨɫɬɢ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 20 – 80 %, ɩɪɢ ɷɬɨɦ 

ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 5%;  

‒ ɂɡɦɟɪɹɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0 ɞɨ 50 ɝɪɚɞɭɫɨɜ ɐɟɥɶɫɢɹ ɫ 

ɬɨɱɧɨɫɬɶɸ ɩɥɸɫ-ɦɢɧɭɫ 2%.  

‒ ɑɚɫɬɨɬɚ ɢɡɦɟɪɟɧɢɣ ɧɟ ɛɨɥɟɟ 1 Ƚɰ (ɨɞɧɨ ɢɡɦɟɪɟɧɢɟ ɜ ɫɟɤɭɧɞɭ).  

Ⱦɚɬɱɢɤ ɢɦɟɟɬ 4 ɤɨɧɬɚɤɬɚ:  

‒ ɉɢɬɚɧɢɟ (VCɋ) – ɨɬ 3 ɞɨ 5ȼ;  

‒ Ʉɨɧɬɚɤɬ ɞɥɹ ɜɵɜɨɞɚ ɞɚɧɧɵɯ;  

‒ ɇɟ ɩɨɞɤɥɸɱɚɟɬɫɹ;  

‒ Ɂɟɦɥɹ GND;  

ɋɥɟɞɭɟɬ ɡɧɚɬɶ, ɱɬɨ ɬɪɟɬɢɣ ɤɨɧɬɚɤɬ ɧɟ ɩɨɞɤɥɸɱɚɟɬɫɹ. 
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ɉɪɢ ɧɚɩɢɫɚɧɢɢ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɞɚɬɱɢɤɚ DHT11 ɧɟ ɩɪɢɤɪɟɩɥɟɧɚ 

ɛɢɛɥɢɨɬɟɤɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɩɪɨɝɪɚɦɦɚ ɛɭɞɟɬ ɩɪɚɜɢɥɶɧɨ ɫɱɢɬɵɜɚɬɶ 

ɢɧɮɨɪɦɚɰɢɸ ɫ ɞɚɬɱɢɤɚ. Ȼɢɛɥɢɨɬɟɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ ɧɚ 

ɢɧɬɟɪɧɟɬ – ɪɟɫɭɪɫɚɯ [11], ɨɬɤɭɞɚ ɟɟ ɦɨɠɧɨ ɫɤɚɱɚɬɶ. ɍɫɬɚɧɨɜɤɚ ɛɢɛɥɢɨɬɟɤɢ 

ɨɱɟɧɶ ɩɪɨɫɬɚ ɜ ɭɫɬɚɧɨɜɤɟ. ɉɨɫɥɟ ɫɤɚɱɢɜɚɧɢɹ ɮɚɣɥɚ, ɧɭɠɧɨ ɩɟɪɟɣɬɢ ɜ ɩɚɩɤɭ ɝɞɟ 

ɭɫɬɚɧɨɜɥɟɧɚ ɩɪɨɝɪɚɦɦɚ, ɢ ɧɚɣɬɢ ɩɚɩɤɭ /libraries/ - ɢɦɟɧɧɨ ɜ ɧɟɟ ɧɭɠɧɨ 

ɩɨɦɟɫɬɢɬɶ ɫɤɚɱɚɧɧɵɣ ɮɚɣɥ ɛɢɛɥɢɨɬɟɤɢ. ɉɨɫɥɟ ɱɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɡɚɝɪɭɡɢɬɶ 

ɩɪɨɝɪɚɦɦɭ, ɢ ɜɫɟ ɢɡɦɟɧɟɧɢɹ ɛɭɞɭɬ ɫɨɯɪɚɧɟɧɵ. 

ȼɫɟ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɥɚɠɧɨɫɬɢ ɜɵɜɨɞɹɬɫɹ ɧɚ LCD 1602А 

ɞɢɫɩɥɟɣ (ɪɢɫɭɧɨɤ 4.3).  

 

Ɋɢɫɭɧɨɤ 4.3 – Ⱦɢɫɩɥɟɣ LCD 1602A 

 

Ȼɢɛɥɢɨɬɟɤɚ Liquid Crystal.h ɞɥɹ ɪɚɛɨɬɵ ɫ ɞɢɫɩɥɟɟɦ ɭɠɟ ɜɫɬɪɨɟɧɚ ɜ 

Arduino IDE. LCD 1602А ɞɢɫɩɥɟɣ ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ 16x02, ɧɚ ɛɚɡɟ ɤɨɧɬɪɨɥɥɟɪɚ 

HD44780, ɨɧ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɩɪɨɫɬɵɯ, ɞɨɫɬɭɩɧɵɯ ɢ ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ 

ɞɢɫɩɥɟɟɜ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɪɚɡɥɢɱɧɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ. Ⱦɚɧɧɵɣ ɞɢɫɩɥɟɣ 
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ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ 16x02, ɬɨ ɟɫɬɶ ɩɨ 16 ɫɢɦɜɨɥɨɜ ɜ ɞɜɭɯ ɫɬɪɨɤɚɯ, ɢ ɪɚɡɦɟɪɧɨɫɬɶ 

ɫɢɦɜɨɥɨɜ – 5x8 ɬɨɱɟɤ. Ɍɚɤ ɠɟ ɧɚ ɞɢɫɩɥɟɟ ɨɬɨɛɪɚɠɚɟɬɫɹ ɫɢɧɹɹ ɩɨɞɫɜɟɬɤɚ ɢ ɛɟɥɵɟ 

ɛɭɤɜɵ. ɉɪɢ ɩɨɞɤɥɸɱɟɧɢɢ ɞɢɫɩɥɟɹ ɧɭɠɧɨ ɨɛɹɡɚɬɟɥɶɧɨ ɩɨɞɫɨɟɞɢɧɢɬɶ 

ɩɨɬɟɧɰɢɨɦɟɬɪ, ɞɥɹ ɪɟɝɭɥɢɪɨɜɤɢ ɤɨɧɬɪɚɫɬɧɨɫɬɶ ɞɢɫɩɥɟɹ. Ʉ ɫɨɠɚɥɟɧɢɸ ɞɢɫɩɥɟɣ 

ɧɟ ɩɨɞɞɟɪɠɢɜɚɟɬ ɤɢɪɢɥɥɢɰɭ, ɧɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɪɭɫɫɤɢɟ ɛɭɤɜɵ ɢ ɧɟ ɬɨɥɶɤɨ ɫ 

ɩɨɦɨɳɶɸ ɩɨɫɬɪɨɟɧɢɹ ɩɨ ɩɢɤɫɟɥɹɦ. əɱɟɣɤɚ, ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɧɚɦɢ ɞɢɫɩɥɟɹɯ, 

ɢɦɟɟɬ ɪɚɡɪɟɲɟɧɢɟ 5ɯ8 ɬɨɱɟɤ. Ɂɚɞɚɱɚ ɫɨɡɞɚɧɢɹ ɫɢɦɜɨɥɚ ɫɜɨɞɢɬɫɹ ɤ ɧɚɩɢɫɚɧɢɸ 

ɛɢɬɨɜɨɣ ɦɚɫɤɢ ɫ ɪɚɫɫɬɚɧɨɜɤɨɣ ɜ ɧɟɣ ɥɨɝɢɱɟɫɤɨɣ ɟɞɢɧɢɱɤɢ ɜ ɦɟɫɬɚɯ ɝɞɟ ɞɨɥɠɧɵ 

ɝɨɪɟɬɶ ɩɢɤɫɟɥɢ ɢ ɧɨɥɢɤɢ ɝɞɟ ɨɧɢ ɝɨɪɟɬɶ ɧɟ ɞɨɥɠɧɵ. ɇɚ ɪɢɫɭɧɤɟ 4.4 ɩɪɟɞɫɬɚɜɥɟɧ 

ɮɪɚɝɦɟɧɬ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɛɭɤɜɵ «ɉ». Ⱥɧɚɥɨɝɢɱɧɵɦ 

ɨɛɪɚɡɨɦ ɜ ɛɚɡɭ ɡɧɚɤɨɜ ɛɵɥ ɞɨɛɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɧɚɤɢ: ɍ, Ʌ, ɀ, ɖ.  

Ɋɢɫɭɧɨɤ 4.4 – ɉɨɫɬɪɨɟɧɢɟ ɫɢɦɜɨɥɚ ɫ ɩɨɦɨɳɶɸ ɛɢɬɨɜɨɣ ɦɚɫɤɢ 
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ɈɋɇɈȼɇɕȿ ɊȿɁɍɅɖɌȺɌɕ ɂ ȼɕȼɈȾɕ 

 

Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɡɚɤɨɧɱɟɧɧɨɣ 

ɧɚɭɱɧɨɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɨɣ, ɫɨɞɟɪɠɚɳɟɣ ɧɚɭɱɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ, 

ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɪɚɡɪɚɛɨɬɤɢ ɢ ɜɧɟɞɪɟɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɪɟɲɟɧɢɟ ɜɚɠɧɨɣ ɩɪɨɛɥɟɦɵ.  Ɉɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ 

ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. 

1) Ɋɟɲɟɧɚ ɩɪɨɛɥɟɦɚ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɪɚɧɨɜ ɡɚ 

ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɮɮɟɤɬɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

ɝɢɞɪɨɩɪɢɜɨɞɚ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

2) ɍɫɬɨɣɱɢɜɨɫɬɶ ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 

ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ ɧɚ ɞɪɨɫɫɟɥɟ ɢ ɪɚɫɯɨɞɚ ɪɚɛɨɱɟɣ 

ɠɢɞɤɨɫɬɢ. ȼɵɹɜɥɟɧɨ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɳɟɥɟɜɨɝɨ ɞɪɨɫɫɟɥɹ ɧɚ ɩɪɨɰɟɫɫ 

ɧɚɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ.  

3) Ɉɩɪɟɞɟɥɟɧɵ ɦɧɨɝɨɮɚɤɬɨɪɧɵɟ ɪɟɝɪɟɫɫɢɨɧɧɵɟ ɦɨɞɟɥɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨ 

ɭɩɪɨɳɟɧɧɨɣ ɦɟɬɨɞɢɤɟ ɨɩɪɟɞɟɥɹɬɶ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɢɞɪɨɩɪɢɜɨɞɚ.  

4) Ɋɟɡɭɥɶɬɚɬɵ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɦɨɞɭɥɹ ɩɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 

ɨɰɟɧɤɟ ɫɨɫɬɨɹɧɢɹ ɝɢɞɪɨɩɪɢɜɨɞɚ ɫ ɫɢɫɬɟɦɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ 

ɠɢɞɤɨɫɬɢ. 

5) Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɞɪɨɫɫɟɥɶɧɨɝɨ ɝɢɞɪɨɩɪɢɜɨɞɚ ɫ ɫɢɫɬɟɦɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɞɨ ɦɢɧɭɫ 60 0ɋ.  
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 

 

1  Ⱥɞɥɟɪ, ɘ.ɉ. ɉɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢ ɩɨɢɫɤɟ ɨɩɬɢɦɚɥɶɧɵɯ 

ɭɫɥɨɜɢɣ / ɘ.ɉ. Ⱥɞɥɟɪ, ȿ.ȼ. Ɇɚɪɤɨɜɚ, ɘ.ȼ. Ƚɪɚɯɨɜɫɤɢɣ.- Ɇ.: ɇɚɭɤɚ, 1979. 

282 ɫ. 

2  Ⱥɥɢɟɜ, Ɍ.Ʌ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɚɧɚɥɢɡ /Ɍ.Ʌ. Ⱥɥɢɟɜ.- Ɇ.: 

Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1991. 217 ɫ. 

3  Ƚɢɞɪɨ- ɩɧɟɜɦɨɚɜɬɨɦɚɬɢɤɚ ɢ ɝɢɞɪɨɩɪɢɜɨɞ ɦɨɛɢɥɶɧɵɯ ɦɚɲɢɧ. Ɉɛɴɟɦɧɵɟ 

ɝɢɞɪɨ- ɢ ɩɧɟɜɦɨɦɚɲɢɧɵ ɢ ɩɟɪɟɞɚɱɢ/Ⱥ.Ɏ. Ⱥɧɞɪɟɟɜ, Ʌ.ȼ. Ȼɚɪɬɚɲɟɜɢɱ, ɇ.ȼ. 

Ȼɨɝɥɚɧ. - Ɇɢɧɫɤ: ȼɵɫɲɚɹ ɲɤɨɥɚ, 1987. 310 ɫ.  

4  Ⱥɧɭɪɶɟɜ, ȼ.ɂ. ɋɩɪɚɜɨɱɧɢɤ ɤɨɧɫɬɪɭɤɬɨɪɚ-ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɹ. ȼ 3ɬ - 5-ɟ 

ɢɡɞ., ɩɟɪɟɪɚɛ. ɢ ɞɨɩ. Ɍ. 3/ȼ.ɂ. Ⱥɧɭɪɶɟɜ. - Ɇ.: Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1980. 559 

ɫ.  

5  Ȼɚɭ, Ɇ.Ɇ. ɗɥɟɤɬɪɨɧɧɵɟ ɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɫɢɫɬɟɦɵ ɫɬɪɨɢɬɟɥɶɧɵɯ, 

ɞɨɪɨɠɧɵɯ ɦɚɲɢɧ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ / Ɇ.Ɇ.Ȼɚɭ, ȼ.Ɇ. Ƚɪɟɜɰɨɜ, Ɇ.Ȼ. 

Ⱦɚɜɢɞɨɜɢɱ. – Ɇ.: ɐɇɂɂɌɷɫɬɪɨɣɦɚɲ, 1988.  

6  Ȼɚɲɬɚ, Ɍ.Ɇ. Ƚɢɞɪɨɩɪɢɜɨɞ ɢ ɝɢɞɪɨɩɧɟɜɦɨɚɜɬɨɦɚɬɢɤɚ/ Ɍ.Ɇ. Ȼɚɲɬɚ. - Ɇ.: 

Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1972. 320 ɫ.  

7  Ȼɚɲɬɚ, Ɍ.Ɇ. Ƚɢɞɪɚɜɥɢɤɚ, ɝɢɞɪɨɦɚɲɢɧɵ ɢ ɝɢɞɪɨɩɪɢɜɨɞɵ /Ɍ.Ɇ. Ȼɚɲɬɚ,   

ɋ.ɋ. Ɋɭɞɧɟɜ, Ȼ.Ȼ. ɇɟɤɪɚɫɨɜ. - Ɇ.: Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1982. 423 ɫ. 

8  Ȼɟɥɨɜ, ɋ.ȼ. ɋɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ /ɋ.ȼ. Ȼɟɥɨɜ,                 

Ⱥ.Ɏ. Ʉɨɡɶɹɤɨɜ, ȼ.ɉ. ɋɢɜɤɨɜ. - Ɇ.: Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1989. 35 ɫ. 

9  Ȼɟɫɟɤɟɪɫɤɢɣ, ȼ.Ⱥ. Ɍɟɨɪɢɹ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ/ ȼ.Ⱥ. 

Ȼɟɫɟɤɟɪɫɤɢɣ, ȿ.ɉ. ɉɨɩɨɜ. – Ɇ.: ɇɚɭɤɚ, 1966. 

10  Ȼɟɥɹɧɢɤ, ɉ.ɇ. Ɋɨɛɨɬɨɬɟɯɧɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɞɥɹ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ            

/ɉ.ɇ. Ȼɟɥɹɧɢɤ. - Ɇ.: Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1986. 157 ɫ. 

11  ɋɥɟɞɹɳɢɟ ɩɪɢɜɨɞɵ ɜ 2 ɤɧ./ȿ.ɋ. Ȼɥɟɣɡ, ɘ.Ⱥ. Ⱦɚɧɢɥɨɜ, ȼ.Ɏ. Ʉɚɡɦɢɪɟɧɤɨ; 

ɩɨɞ ɪɟɞ. Ȼ.Ʉ.ɑɟɦɨɞɚɧɨɜɚ;- Ɇ.: ɗɧɟɪɝɢɹ, 1976.  
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12  Ȼɥɟɤɛɨɪɧ, Ⱦ. Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɢ ɩɧɟɜɦɚɬɢɱɟɫɤɢɟ ɫɢɥɨɜɵɟ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ /Ⱦ. Ȼɥɟɤɛɨɪɧ, Ƚ. Ɋɢɝɤɨɜ, Ʌ. ɒɟɮɮɟɪ. - Ɇ.: ɂɡɞ-ɜɨ 

ɢɧɨɫɬɪɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ, 1962. 614 ɫ. 

13  Ȼɨɝɞɚɧɨɜɢɱ, Ʌ.Ȼ. Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɦɟɯɚɧɢɡɦɵ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ. 

ɋɯɟɦɵ ɢ ɤɨɧɫɬɪɭɤɰɢɢ /Ʌ.Ȼ. Ȼɨɝɞɚɧɨɜɢɱ. - Ɇ.: Ʉɢɟɜ: ɆȺɒȽɂɁ, 1958. 181 

ɫ.  

14  Ȼɨɝɨɦɨɥɨɜ, Ⱥ.ɂ. Ƚɢɞɪɚɜɥɢɤɚ: ɭɱɟɛɧɢɤ.ɢɡɞ. 2-ɟ, ɩɟɪɟɪɚɛ. ɢ ɞɨɩ. /Ⱥ.ɂ. 

Ȼɨɝɨɦɨɥɨɜ, Ⱥ.ɂ. Ɇɢɯɚɣɥɨɜ - Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1972.  648 ɫ.  
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49  Ʉɥɢɧɚɱёɜ, ɇ. ȼ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɜ ɩɪɨɝɪɚɦɦɟ /ɇ.ȼ. 

ɄɥɢɧɚɱёɜVisSim ɋɩɪɚɜɨɱɧɚɹ ɫɢɫɬɟɦɚ. 2001. (877 ɄȻ) ɧɚ ɪɭɫɫɤɨɦ ɹɡɵɤɟ.  
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

 

ɉɟɪɟɱɟɧɶ ɭɫɥɨɜɧɵɯ ɨɛɨɡɧɚɱɟɧɢɣ 

 

Ɍ0 – ɩɟɪɟɩɚɞ ɦɟɠɞɭ ɧɚɱɚɥɶɧɨɣ (ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ) ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɛɨɱɟɣ 

ɠɢɞɤɨɫɬɢ ɢ ɨɤɪɭɠɚɸɳɢɦ ɜɨɡɞɭɯɨɦ,ɨɋ;  

Ɍ – ɩɟɪɟɩɚɞ ɦɟɠɞɭ ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ (ɨɩɪɟɞɟɥɹɟɬ 

ɩɪɟɞɟɥ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɝɢɞɪɨɫɢɫɬɟɦɵ) ɢ ɨɤɪɭɠɚɸɳɢɦ ɜɨɡɞɭɯɨɦ,ɨɋ; 

ɋi – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɠɢɞɤɨɫɬɢ ɢ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɤȾɠ/ɤɝɨɋ; 

Gi – ɦɚɫɫɚ ɠɢɞɤɨɫɬɢ ɢ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɤɝ;  

Fɬ – ɩɥɨɳɚɞɶ ɬɪɭɛɨɩɪɨɜɨɞɚ;  

ɤɬ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ;  

Qɬ – ɜɵɞɟɥɹɟɦɨɟ ɬɟɩɥɨ. 

 ɤɨɷɮɮɢɰɢɟɧɬ ɜɪɟɦɟɧɢ, ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɜɪɟɦɟɧɢ ɩɪɨɤɚɱɤɢ ɜɫɟɝɨ ɨɛɴɟɦɚ 

ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɞɪɨɫɫɟɥɶ;  

k  ɩɨɤɚɡɚɬɟɥɶ ɨɞɧɨɬɚɤɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Pdp–ɞɚɜɥɟɧɢɟɜ ɧɚɩɨɪɧɨɣ ɦɚɝɢɫɬɪɚɥɢ ɝɢɞɪɨɩɪɢɜɨɞɚ;  

Pɜɵɯ– ɞɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɪɨɫɫɟɥɹ; 

V  – ɫɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ; 

вхp - ɞɚɜɥɟɧɢɟɜɯɨɞɚ; 

кавp - ɞɚɜɥɟɧɢɟ ɩɨɪɨɝɚ ɤɚɜɢɬɚɰɢɢ: 

l  – ɞɥɢɧɚɞɪɨɫɫɟɥɹ;  

D – ɞɢɚɦɟɬɪ ɤɚɧɚɥɚ, ɜ ɤɨɬɨɪɨɦ ɭɫɬɚɧɨɜɥɟɧ ɞɪɨɫɫɟɥɶ;  

– ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɫɬɟɧɨɤ ɞɪɨɫɫɟɥɹ;  

 – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɫɪɟɞɵ; 

ɩɪc – ɠɟɫɬɤɨɫɬɶ ɩɪɭɠɢɧɵ ɪɟɝɭɥɹɬɨɪɚ ɩɨɞɚɱɢ ɧɚɫɨɫɚ;  

eK – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ 

ɫɦɟɳɟɧɢɹ ɫɬɚɬɨɪɧɨɝɨ ɤɨɥɶɰɚ e  ɩɪɢ ɞɚɜɥɟɧɢɢ ɧɚɫɨɫɚ ɧp const ;  
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m – ɩɪɢɜɟɞɟɧɧɚɹ ɦɚɫɫɚ ɪɟɝɭɥɹɬɨɪɚ;  

ɩs – ɩɥɨɳɚɞɶ ɩɨɪɲɧɹ ɰɢɥɢɧɞɪɚ ɪɟɝɭɥɹɬɨɪɚ;  

ɦl ɢ ɦs – ɞɥɢɧɚ ɢ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɦɚɝɢɫɬɪɚɥɟɣ ɭɩɪɚɜɥɟɧɢɹ;  

 – ɩɥɨɬɧɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

v – ɫɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ;  

p – ɞɚɜɥɟɧɢɟ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ;  

T – ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ;  

ρ – ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

Rɭ – ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɚ;  

I – ɫɢɥɚ ɬɨɤɚ;  

Lɭ – ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɨɛɦɨɬɤɢ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɚ;  

Cɩ –ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɬɢɜɨ-ɗȾɋ;  

xɹ – ɫɦɟɳɟɧɢɟ ɹɤɨɪɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɡɨɥɨɬɧɢɤɚ; 

Ly–ɤɨɷɮɮɢɰɢɟɧɬ ɭɬɟɱɟɤ ɜ ɞɪɟɧɚɠ;    

Lp–ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɬɟɱɟɤ ɦɟɠɞɭ ɩɨɥɨɫɬɹɦɢ; 

ȿɠ –ɦɨɞɭɥɶ ɨɛɴɟɦɧɨɣ ɭɩɪɭɝɨɫɬɢ ɠɢɞɤɨɫɬɢ; 

V –ɨɛɴɟɦ ɩɨɥɨɫɬɢ1; 

V –ɨɛɴɟɦ ɩɨɥɨɫɬɢ2; 

V –ɨɛɴɟɦ ɩɨɥɨɫɬɢ3; 

Jgd–ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ;  

fgd–ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; 

pmax–ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɩɨɥɨɫɬɹɯ 1,2; 

pmax–ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɩɨɥɨɫɬɢ 3; 

pmin–ɦɢɧɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɩɨɥɨɫɬɢ 3; 

Psl–ɞɚɜɥɟɧɢɟ ɫɥɢɜɚ; 

po–ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ; 

D –ɞɢɚɦɟɬɪ ɡɨɥɨɬɧɢɤɚ; 

kp–ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɟɪɢɦɟɬɪɚ; 

dz–ɪɚɞɢɚɥɶɧɵɟ ɡɚɡɨɪ, ɦ; 
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u –ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ; 

21, ȾȾ QQ – ɪɚɫɯɨɞɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ;  

4,3.2,1Q – ɪɚɫɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɤɧɚ ɞɪɨɫɫɟɥɹ; 

)(xS –ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɨɤɧɚ;  

v– ɫɤɨɪɨɫɬɶ ɪɟɜɟɪɫɢɜɧɨɝɨ ɬɟɱɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɞɪɨɫɫɟɥɶ; 

 – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ;  

 – ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ;  

ip – ɞɚɜɥɟɧɢɟ ɜ ɝɢɞɪɨɥɢɧɢɹɯ;  

Ïp – ɞɚɜɥɟɧɢɟ ɩɢɬɚɧɢɹ;  

ñëp – ɞɚɜɥɟɧɢɟ ɫɥɢɜɚ; 

x – ɫɦɟɳɟɧɢɟ ɜɯɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɨɬ ɧɟɣɬɪɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ;  

xl – ɞɥɢɧɚ ɞɪɨɫɫɟɥɢɪɭɸɳɟɣ ɳɟɥɢ ɨɬɤɪɵɬɨɝɨ ɪɚɛɨɱɟɝɨ ɨɤɧɚ;  

l – ɞɥɢɧɚ ɤɨɥɶɰɟɜɨɣ ɳɟɥɢ, ɨɛɪɚɡɨɜɚɧɧɨɣ ɜ ɪɚɞɢɚɥɶɧɨɦ ɡɚɡɨɪɟ;  

 – ɪɚɞɢɚɥɶɧɵɣ ɡɚɡɨɪ; 

ip – ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɥɢɧɢɢ;  

iQ – ɪɚɫɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ;  

ɩɨɥɭɩɪk . – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɫɬɢ ɩɨɥɨɫɬɢ; 

ɬɭɩV – ɨɛɴɟɦ ɩɨɥɨɫɬɢ;  

ɩɪE – ɩɪɢɜɟɞɟɧɧɵɣ ɨɛɴɟɦɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɨɥɨɫɬɢ ɫ ɠɢɞɤɨɫɬɶɸ; 

fdpɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɵɯ ɫɟɱɟɧɢɣ ɞɪɨɫɫɟɥɹ;  

dp ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɞɪɨɫɫɟɥɶ;  

 ɭɞɟɥɶɧɵɣ ɜɟɫ ɠɢɞɤɨɫɬɢ; g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ;  

ɪɞɪ – ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ ɞɪɨɫɫɟɥɹ;  

ɪɜɵɯ – ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɞɪɨɫɫɟɥɹ; 

dɌ ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɚ; 

ξ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ;  
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lɳ – ɞɥɢɧɚ ɧɚɢɛɨɥɟɟ ɭɡɤɨɝɨ ɦɟɫɬɚ ɳɟɥɢ;  

b – ɲɢɪɢɧɚ ɳɟɥɢ; 

t – ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɫɬɢ; 

t0 – ɢɫɤɨɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɠɢɞɤɨɫɬɢ;  

t0
ɜ – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɠɢɞɤɨɫɬɢ;  

Ɋ – ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɜ ɳɟɥɢ;  

 – ɨɛɴɟɦɧɵɣ ɜɟɫ ɠɢɞɤɨɫɬɢ;  

ɋɬ– ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɠɢɞɤɨɫɬɢ; 

R – ɦɟɯɚɧɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɬɟɩɥɚ; 

T – ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ;  

A ɢ ɋ – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

ɤɫɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɬ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɷɥɟɦɟɧɬɵ 

ɝɢɞɪɨɩɪɢɜɨɞɚ ɤ ɨɤɪɭɠɚɸɳɟɦɭ ɜɨɡɞɭɯɭ;  

Fi – ɩɥɨɳɚɞɶ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ; 

ɫi – ɫɪɟɞɧɹɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɢɞɪɨɩɪɢɜɨɞɚ;  

Ji – ɦɚɫɫɚ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ;  

Ɍ – ɩɪɢɪɚɳɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɛɚɤɟ; 

Ɋ – ɪɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ ɦɟɠɞɭ ɫɥɢɜɧɨɣ ɢ ɧɚɩɨɪɧɨɣ ɦɚɝɢɫɬɪɚɥɹɦɢ;  

ɞɧ – ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚɫɨɫɚ;  

ɨɛ – ɨɛɳɢɣ ɤ.ɩ.ɞ.;  

R – ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ; 

   dQQ dpzn ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɟ ɜ ɝɢɞɪɨɩɪɢɜɨɞɟ ɡɚ ɜɪɟɦɹ d ; 

dTmс znzn ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɧɚɝɪɟɜ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 

ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ dT ;  

 d)TT(Fk 0znzn  ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɫɟɢɜɚɟɦɨɟ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɡɚ 

ɜɪɟɦɹ d; 

  dpzn QQ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɟ ɜ ɝɢɞɪɨɩɪɢɜɨɞɟ ɡɚ ɜɪɟɦɹ d ; 

ɫɝɩ – ɫɪɟɞɧɹɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɢɞɪɨɩɪɢɜɨɞɚ;  
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Ʉɝɧ– ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ;  

Fɝɩ – ɩɥɨɳɚɞɶ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ;  

mɝɧ – ɦɚɫɫɚ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ;  

Ɍ0 – ɬɟɤɭɳɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

n – ɱɢɫɥɨ ɰɢɤɥɨɜ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ  ɜɚɥɚ ɝɢɞɪɨɧɚɫɨɫɚ;  

U – ɧɚɩɪɹɠɟɧɢɟ ɜ ɫɟɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ: 

К – ɢɡɦɟɧɟɧɢɟ ɜɪɟɦɟɧɢ ɤɨɩɚɧɢɹ ɜ %;  

О – ɫɧɢɠɟɧɢɟ ɨɛɴɟɦɧɨɝɨ ɄɉȾ ɧɚɫɨɫɚ ɜ % (ɢɡɦɟɧɟɧɢɟ ɨɬ 0 ɞɨ 50%); 

Ɍ – ɧɚɪɚɛɨɬɤɚ ɝɢɞɪɨɧɚɫɨɫɚ; 

 – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɦ2/ɫ. 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 

 

ɉɍȻɅɂɄȺɐɂɂ 

ɍȾɄ 472. 69 

 

Ⱦ.Ɉ. ɋɚɦɫɨɧɨɜ ɋɬɭɞɟɧɬ, ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɋɨɫɫɢя, 

Кɪɚɫɧɨяɪɫɤ 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ – ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ Ɋ.Ɍ. ȿɦɟɥɶяɧɨɜ  

ɉɈȼɕɒȿɇɂȿ ɊȺȻɈɌɈɋɉɈɋɈȻɇɈɋɌɂ ȽɂȾɊɈɎɂɐɂɊɈȼȺɇɇɕɏ 

ɆȺɒɂɇ  

Ⱥɧɧɨɬɚɰɢɹ. ɍɫɥɨɜɢɟɦ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞɪɨɩɪɢɜɨɞɚ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ ɜ ɭɫɥɨɜɢɹɯ ɠɟɫɬɤɨɝɨ ɤɥɢɦɚɬɚ ɹɜɥɹɟɬɫɹ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɜɹɡɤɨɫɬɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. Ⱥɜɬɨɪɨɦ ɩɪɢɜɟɞɟɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɪɢɦɟɧɟɧɢɸ 

ɦɚɪɨɤ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. 

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɧɢɠɟ (1.6–1.8)*10 -

5 ɦ2/ɫ ɞɥɹ ɲɟɫɬɟɪɟɧɱɚɬɵɯ ɧɚɫɨɫɨɜ, (1.0–1.2)*10 -5 ɦ2/ɫ ɞɥɹ ɩɥɚɫɬɢɧɱɚɬɵɯ ɧɚɫɨɫɨɜ 

ɢ (6–8)*10 -5 ɦ2/ɫ,  ɞɥɹ ɚɤɫɢɚɥɶɧɵɯ ɪɨɬɨɪɧɨ-ɩɨɪɲɧɟɜɵɯ ɧɚɫɨɫɨɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ. Ƚɢɞɪɨɫɢɫɬɟɦɚ, ɤɪɚɧ, ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ 

ɜɹɡɤɨɫɬɶ, ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ 

ȼɜɟɞɟɧɢɟ. ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ ɩɪɢ ɧɢɡɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨɜɵɲɚɟɬɫɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ 

ɭɩɪɚɜɥɟɧɢɟ ɧɚɝɪɭɡɤɨɣ   ɩɪɢ ɩɨɦɨɳɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨɝɨ ɤɥɚɩɚɧɚ 

(ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ) ɜɤɥɸɱɟɧɧɨɝɨ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ 

ɢ ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ, ɤɪɨɦɟ ɟё ɪɚɡɝɪɭɡɤɢ, ɩɪɟɞɨɯɪɚɧɟɧɢɟ ɝɢɞɪɨɩɪɢɜɨɞɚ 

ɨɬ ɩɪɟɜɵɲɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɨɝɪɚɧɢɱɟɧɢɟ 

ɫɤɨɪɨɫɬɢ ɟɝɨ ɧɚɪɚɫɬɚɧɢɹ. ɍɱɢɬɵɜɚɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɫɬɨɢ 

ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɤɪɚɧɨɜ, ɝɢɞɪɨɫɢɫɬɟɦɵ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ ɩɨɞɜɟɪɠɟɧɵ 

ɢɧɬɟɧɫɢɜɧɨɦɭ ɨɯɥɚɠɞɟɧɢɸ ɢ ɩɨɬɟɪɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ 
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ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɦɢɧɢɦɚɥɶɧɭɸ 

ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɫɨɤɪɚɬɢɬɶ ɱɢɫɥɨ ɢɡɝɢɛɨɜ, ɫɨɟɞɢɧɟɧɢɣ, 

ɩɟɪɟɯɨɞɨɜ ɢ ɬ.ɩ [1].  

ɇɢɠɧɟɟ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ, ɪɟɝɥɚɦɟɧɬɢɪɭɟɦɨɟ 

ȽɈɋɌɨɦ ɞɥɹ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ 

ɪɚɣɨɧɚɯ ɫ ɯɨɥɨɞɧɵɦ ɤɥɢɦɚɬɨɦ ɫɨɫɬɚɜɥɹɟɬ -60 ɋ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ 

ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɪɢɧɭɞɢɬɟɥɶɧɭɸ ɩɨɞɩɢɬɤɭ ɧɚɫɨɫɚ ɢɥɢ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɟɝɨ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɝɢɞɪɨɛɚɤɟ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɬɚɤɠɟ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɧɚɫɨɫɵ ɬɚɤ, 

ɱɬɨɛɵ ɜɫɚɫɵɜɚɸɳɟɟ ɨɬɜɟɪɫɬɢɟ ɧɚɫɨɫɚ ɛɵɥɨ ɪɚɫɩɨɥɨɠɟɧɨ ɧɢɠɟ ɧɚɢɦɟɧɶɲɟɝɨ 

ɭɪɨɜɧɹ ɦɚɫɥɚ ɜ ɝɢɞɪɨɛɚɤɟ ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ 500 ɦɦ. ɉɪɢ ɪɚɛɨɬɟ ɜ ɪɟɠɢɦɟ 

ɫɚɦɨɜɫɚɫɵɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜɫɚɫɵɜɚɸɳɭɸ ɝɢɞɪɨɥɢɧɢɸ ɫɥɟɞɭɟɬ ɞɟɥɚɬɶ 

ɤɚɤ ɦɨɠɧɨ ɤɨɪɨɱɟ; ɡɚɩɪɟɳɚɟɬɫɹ ɩɨɦɟɳɚɬɶ ɜ ɧɟɣ ɮɢɥɶɬɪɵ ɢ ɞɪɭɝɢɟ ɷɥɟɦɟɧɬɵ, 

ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ ɭɜɟɥɢɱɟɧɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɯɨɞɭ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

ɇɟɨɛɯɨɞɢɦɨ ɬɳɚɬɟɥɶɧɨ ɫɥɟɞɢɬɶ ɡɚ ɝɟɪɦɟɬɢɱɧɨɫɬɶɸ ɜɫɚɫɵɜɚɸɳɟɝɨ 

ɬɪɭɛɨɩɪɨɜɨɞɚ [2].  

ɗɬɢ ɧɟɞɨɫɬɚɬɤɢ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɜ ɫɢɫɬɟɦɚɯ ɡɚɦɤɧɭɬɨɝɨ ɬɢɩɚ, ɬɚɤ 

ɤɚɤ ɨɛɴɟɦ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɛɨɱɢɦɢ ɨɛɴɟɦɚɦɢ 

ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɚ ɪɚɡɦɟɪɵ ɛɚɤɚ ɜɵɛɢɪɚɸɬ ɢɫɯɨɞɹ ɢɡ ɩɨɞɚɱɢ 

ɧɚɫɨɫɚ ɫɢɫɬɟɦɵ ɩɨɞɩɢɬɤɢ, ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ ɨɛɴɟɦɧɵɟ ɩɨɬɟɪɢ ɧɚɫɨɫɚ ɢ 

ɝɢɞɪɨɦɨɬɨɪɚ. ȼɨɡɧɢɤɚɸɳɢɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɩɪɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ   ɢɞɭɬ ɧɚ 

ɧɚɝɪɟɜɚɧɢɟ ɝɢɞɪɨɩɪɢɜɨɞɚ. Ɉɬɫɭɬɫɬɜɭɟɬ ɤɨɧɬɚɤɬ Ɋɀ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ, ɱɬɨ 

ɢɫɤɥɸɱɚɟɬ ɡɚɝɪɹɡɧɟɧɢɟ ɝɢɞɪɨɫɢɫɬɟɦɵ, ɭɜɟɥɢɱɢɜɚɟɬ ɪɟɫɭɪɫ ɝɢɞɪɨɩɪɢɜɨɞɚ ɢ 

ɩɟɪɢɨɞɢɱɧɨɫɬɶ ɡɚɦɟɧɵ Ɋɀ. ɂɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ ɜ ɧɚɫɨɫ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɝɨ ɪɚɛɨɬɭ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɩɪɢɦɟɧɢɬɶ ɧɚɫɨɫ ɦɟɧɶɲɟɝɨ ɪɚɛɨɱɟɝɨ ɨɛɴɟɦɚ (ɬ. ɟ. ɦɟɧɶɲɢɯ ɬɢɩɨɪɚɡɦɟɪɚ, 

ɦɚɫɫɵ ɢ ɫɬɨɢɦɨɫɬɢ). ɋɢɫɬɟɦɵ ɡɚɦɤɧɭɬɨɝɨ ɬɢɩɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ   ɜ 

ɭɫɥɨɜɢɹɯ ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ ɧɚ ɦɚɫɥɟ ɆȽ-15ȼ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɡɛɵɬɨɱɧɨɟ 

ɞɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ ɜ ɨɫɧɨɜɧɨɣ ɧɚɫɨɫ ɩɨɡɜɨɥɹɟɬ ɡɚɩɭɫɤɚɬɶ ɜ ɪɚɛɨɬɭ ɦɚɲɢɧɭ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɦɚɫɥɚ ɆȽ-15ȼ ɧɢɠɟ –40 °ɋ ɛɟɡ ɪɚɡɨɝɪɟɜɚ Ɋɀ [3]. 
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Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ 

ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ ɤɪɚɧɚ.  

 

 

Ɋɢɫɭɧɨɤ 1 - ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɛɨɱɟɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ ɤɪɚɧɚ 

Ɋɟɡɭɥɶɬɚɬɵ. ɍɫɥɨɜɢɟɦ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞɪɨɩɪɢɜɨɞɚ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ ɜ ɭɫɥɨɜɢɹɯ ɠɟɫɬɤɨɝɨ ɤɥɢɦɚɬɚ ɹɜɥɹɟɬɫɹ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɜɹɡɤɨɫɬɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. Ⱦɥɹ ɪɚɫɱɟɬɚ ɜɪɟɦɟɧɢ ɩɨɧɢɠɟɧɢɹ   ɪɚɛɨɱɟɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɝɢɞɪɨɠɢɞɤɨɫɬɢ t, ɱɚɫ ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 















 
TɌT

TɌT

ɌT

ii

QTFk

QTFk

Fk

Gɋ
t 0ln                            

ɝɞɟ Ɍ0 – ɩɟɪɟɩɚɞ ɦɟɠɞɭ ɧɚɱɚɥɶɧɨɣ (ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ) ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɛɨɱɟɣ 

ɠɢɞɤɨɫɬɢ ɢ ɨɤɪɭɠɚɸɳɢɦ ɜɨɡɞɭɯɨɦ,ɨɋ; Ɍ – ɩɟɪɟɩɚɞ ɦɟɠɞɭ ɤɨɧɟɱɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ (ɨɩɪɟɞɟɥɹɟɬ ɩɪɟɞɟɥ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɝɢɞɪɨɫɢɫɬɟɦɵ) ɢ ɨɤɪɭɠɚɸɳɢɦ ɜɨɡɞɭɯɨɦ,ɨɋ; ɋi – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ 

ɠɢɞɤɨɫɬɢ ɢ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɤȾɠ/ɤɝɨɋ; Gi – ɦɚɫɫɚ ɠɢɞɤɨɫɬɢ ɢ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɤɝ; 
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Fɬ – ɩɥɨɳɚɞɶ ɬɪɭɛɨɩɪɨɜɨɞɚ; ɤɬ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ; 

Qɬ – ɜɵɞɟɥɹɟɦɨɟ ɬɟɩɥɨ.   

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɧɢɠɟ (1.6–

1.8)*10 -5 ɦ2/ɫ ɞɥɹ ɲɟɫɬɟɪɟɧɱɚɬɵɯ ɧɚɫɨɫɨɜ, (1.0–1.2)*10 -5 ɦ2/ɫ ɞɥɹ ɩɥɚɫɬɢɧɱɚɬɵɯ 

ɧɚɫɨɫɨɜ ɢ (6–8)*10 -5 ɦ2/ɫ,  ɞɥɹ ɚɤɫɢɚɥɶɧɵɯ ɪɨɬɨɪɧɨ-ɩɨɪɲɧɟɜɵɯ ɧɚɫɨɫɨɜ. ȼ 

ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɥɹ ɫɢɫɬɟɦ ɝɢɞɪɨɩɪɢɜɨɞɚ ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬ 

ɦɢɧɟɪɚɥɶɧɵɟ ɠɢɞɤɨɫɬɢ ɧɚ ɧɟɮɬɹɧɨɣ ɨɫɧɨɜɟ ɫ ɩɪɢɫɚɞɤɚɦɢ. Ɉɫɧɨɜɧɵɟ 

ɩɚɪɚɦɟɬɪɵ   ɪɚɛɨɱɢɯ ɠɢɞɤɨɫɬɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 -  Ɋɚɛɨɱɢɟ ɠɢɞɤɨɫɬɢ, ɪɟɤɨɦɟɧɞɭɟɦɵɟ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ 

Ɇɚɪɤɚ ɦɚɫɥɚ Ɉɛɨɡɧɚɱɟɧɢɟ 

ɩɨ ȽɈɋɌ 

17479.3-85 

17479.4-87 

 

Ɏɢɪɦɚ ISO ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ 

VG 22                                    VG46 

Ƚɪɭɩɩɚ ɩɨ DIN 51524 

HLP HVLP HLP 

Ɂɢɦɧɢɣ ɫɨɪɬ 

 

ȼɆȽɁ 

Ɍɍ 38 101479-86 

ɆȽȿ – 104 

Ɍɍ 38 101572 – 75 

 

Ɂɚɦɟɧɢɬɟɥɶ  

ȺɆȽ – 10 

ȽɈɋɌ 6794 – 75 

Ⱥɍɉ 

Ɍɍ 38 101 1258-89 

 

 

ɆȽ-15-ȼ(ɫ) 

 

ɆȽ- 15-ȼ 

 

 

 

ɆȽ – 15 Ȼ 

 

ɆȽ- 22 - Ȼ 

SHELL Shell 

Tellus 

Oil 22 

  

MOBIL Mobil 

DTE 22 

  

  

BP Enerqol 

HLP-HM22 

  

  

ESSO NUTO 

ɇ 22 

  

  

CASTPOL HYSTIN 

AWS 22 

  

  

SAF 

MOTOR 

OILS 

SAF 5W   

 

Ⱦɥɹ ɭɫɥɨɜɢɣ ɋɢɛɢɪɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ȺɆȽ-10. ɉɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ȼɆȽɁ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɬɪɟɛɭɸɬɫɹ 

ɫɩɟɰɢɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɩɬɢɦɚɥɶɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ 
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ɝɢɞɪɨɩɪɢɜɨɞɚ.  ɆȽ-15ȼ (ɚɧɚɥɨɝ ȼɆȽɁ) ɞɥɹ ɫɟɜɟɪɧɵɯ ɪɟɝɢɨɧɨɜ ɫɬɪɚɧɵ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɤɚɤ ɜɫɟɫɟɡɨɧɧɨɟ, ɚ ɞɥɹ ɫɪɟɞɧɟɣ ɩɨɥɨɫɵ Ɋɨɫɫɢɢ – ɤɚɤ ɡɢɦɧɟɟ. Ɉɧɨ 

ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ ɧɚ ɡɚɝɭɳɟɧɧɨɣ ɨɫɧɨɜɟ ɫ ɤɨɦɩɨɡɢɰɢɟɣ ɩɪɢɫɚɞɨɤ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɧɟɨɛɯɨɞɢɦɵɟ ɜɹɡɤɨɫɬɧɵɟ, ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢ ɚɧɬɢɩɟɧɧɵɟ 

ɫɜɨɣɫɬɜɚ. ɗɬɨ ɦɚɫɥɨ ɩɨɡɜɨɥɹɟɬ ɪɚɛɨɬɚɬɶ ɫ ɝɢɞɪɨɩɪɢɜɨɞɚɦɢ ɛɟɡ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɡɨɝɪɟɜɚ ɢ ɤɪɭɝɥɨɝɨɞɢɱɧɨ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶ ɝɢɞɪɨɩɪɢɜɨɞɧɵɟ 

ɦɚɲɢɧɵ ɛɟɡ ɫɟɡɨɧɧɨɣ ɫɦɟɧɵ ɦɚɫɥɚ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ –53...+53 °ɋ. 

ȼɵɜɨɞɵ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɛɨɱɢɟ ɠɢɞɤɨɫɬɢ, 

ɪɟɤɨɦɟɧɞɭɟɦɵɟ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɝɢɞɪɨɩɪɢɜɨɞɟ ɦɚɲɢɧ, ɪɚɛɨɬɚɸɳɢɟ ɜ 

ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. 
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