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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɜɢɛɪɨɩɥɢɬɵ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɝɪɭɧɬɚ» ɫɨɞɟɪɠɢɬ 81 ɫɬɪɚɧɢɰɭ 
ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 4 ɬɚɛɥɢɰɵ, 42 ɢɥɥɸɫɬɪɚɰɢɢ, 2 ɩɪɢɥɨɠɟɧɢɹ ɢ 76 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ȼɂȻɊȺɐɂɈɇɇɕȿ ɉɅɂɌɕ, ȾɂɇȺɆɂɄȺ, ɊȺȻɈɑɂɃ ɉɊɈɐȿɋɋ, 
ɆɈȾȿɅɂɊɈȼȺɇɂȿ, ɋɂɇɌȿɁ ɊȿȽɍɅəɌɈɊȺ, MATLAB/Simulink. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɩɪɨɰɟɫɫ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɜɢɛɪɚɰɢɨɧɧɵɦɢ 
ɩɥɢɬɚɦɢ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨ-
ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ 
ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɩɥɢɬɚɦɢ ɡɚ ɫɱɟɬ ɜɵɛɨɪɚ 
ɪɚɰɢɨɧɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  
– ɢɡɭɱɢɬɶ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ, ɭɫɬɪɨɣɫɬɜɨ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɢɛɪɚɰɢɨɧɧɵɯ 

ɩɥɢɬ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ. Ɉɛɨɫɧɨɜɚɬɶ ɩɭɬɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ. 
– ɪɚɡɪɚɛɨɬɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ ɩɪɨɰɟɫɫɚ 

ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɨɣ ɢ ɢɫɫɥɟɞɨɜɚɬɶ ɜ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ 
MATLAB/Simulink. 

– ɜɵɩɨɥɧɢɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɫɢɫɬɟɦɵ ɫ ɨɛɴɟɤɬɨɦ 
ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ. 

– ɩɪɨɜɟɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ 
ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɨɣ. Ɋɚɡɪɚɛɨɬɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɞɯɨɞɚɯ ɤ ɢɡɭɱɟɧɢɸ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɚɤɬɭɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɢ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. 
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ȼɜɟɞɟɧɢɟ           4 

1 ɋɨɫɬɨɹɧɢɟ ɜɨɩɪɨɫɚ         6 
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1.2 ɍɫɬɪɨɣɫɬɜɨ ɜɢɛɪɚɰɢɨɧɧɵɯ ɩɥɢɬ      10 
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ɭɩɥɨɬɧɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ        20                      
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MATLAB/Simulink         31                      

3 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ      37 
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ȼȼȿȾȿɇɂȿ 

 

ɋɨɜɪɟɦɟɧɧɵɟ ɭɩɥɨɬɧɹɸɳɚɹ ɬɟɯɧɢɤɚ ɪɨɫɫɢɣɫɤɨɝɨ ɢ ɡɚɪɭɛɟɠɧɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɦɟɸɬ ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨɫɬɨɹɧɧɨ 

ɫɨɜɟɪɲɟɧɫɬɜɭɸɬɫɹ. Ⱦɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɹɯ ɞɨɪɨɠɧɨɝɨ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɦɨɠɧɨ ɩɨɞɨɛɪɚɬɶ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɣ ɜɚɪɢɚɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɇɚɫɬɪɨɣɤɚ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɝɪɭɧɬɚ ɢ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɢɱɟɫɤɢɯ 

ɪɟɤɨɦɟɧɞɚɰɢɣ, ɧɨ ɭɱɢɬɵɜɚɹ ɪɚɡɧɨɨɛɪɚɡɢɟ ɤɨɧɤɪɟɬɧɵɯ ɩɥɨɳɚɞɨɤ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, 

ɬɪɟɛɭɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɪɟɝɭɥɢɪɨɜɤɚ ɪɚɛɨɱɢɯ ɪɟɠɢɦɨɜ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜɫɟɦɢ ɜɟɞɭɳɢɦɢ ɤɨɦɩɚɧɢɹɦɢ, ɜɵɩɭɫɤɚɸɳɢɦɢ 

ɜɢɛɪɚɰɢɨɧɧɵɟ ɤɚɬɤɢ, ɩɪɟɞɥɚɝɚɸɬɫɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

(Ⱥɋɍ) ɞɥɹ ɫɜɨɢɯ ɦɨɞɟɥɟɣ, ɝɪɭɧɬɨɜɵɯ ɢ ɚɫɮɚɥɶɬɨɜɵɯ. Ⱥɋɍ ɜɢɛɪɚɰɢɨɧɧɵɯ 

ɤɚɬɤɨɜ ɪɟɚɥɢɡɭɸɬ ɬɟɯɧɨɥɨɝɢɸ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ (intelligent 

compaction – IC) ɩɨɫɪɟɞɫɬɜɨɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɫɤɨɪɨɫɬɢ ɤɚɬɤɚ, 

ɱɚɫɬɨɬɵ ɢ ɚɦɩɥɢɬɭɞɵ ɜɚɥɶɰɨɜ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɨɩɬɢɦɚɥɶɧɨɫɬɶ 

ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɂɦɟɸɬɫɹ ɩɪɟɞɥɨɠɟɧɢɹ Ⱥɋɍ 

ɞɥɹ ɜɢɛɪɚɰɢɨɧɧɵɯ ɩɥɢɬ ɡɚɪɭɛɟɠɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ (ɧɚɩɪ. AMMANN ). 

ɉɪɢɦɟɧɟɧɢɟ Ⱥɋɍ ɜ ɨɛɨɪɭɞɨɜɚɧɢɢ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɨɜ ɢ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ ɪɚɛɨɬɭ ɦɚɲɢɧɢɫɬɚ ɢ 

ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɡɚɞɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɚɱɟɫɬɜɚ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɢ ɦɢɧɢɦɚɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ. 

Ⱦɥɹ ɪɨɫɫɢɣɫɤɨɣ ɞɨɪɨɠɧɨɣ ɨɬɪɚɫɥɢ ɧɚɥɢɱɢɟ ɩɪɟɞɥɨɠɟɧɢɣ Ⱥɋɍ 

ɡɚɪɭɛɟɠɧɵɯ ɤɨɦɩɚɧɢɣ ɧɟ ɹɜɥɹɟɬɫɹ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɢɡ-ɡɚ ɛɨɥɶɲɨɣ ɫɬɨɢɦɨɫɬɢ 

ɬɟɯɧɢɤɢ ɫ Ⱥɋɍ. Ɋɚɡɪɚɛɨɬɤɢ Ⱥɋɍ ɞɥɹ ɞɨɪɨɠɧɵɯ ɤɚɬɤɨɜ ɪɨɫɫɢɣɫɤɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɤɚ ɧɟ ɞɚɥɢ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. ɉɨɷɬɨɦɭ ɪɚɡɪɚɛɨɬɤɚ 

Ⱥɋɍ ɞɥɹ ɞɨɪɨɠɧɵɯ ɤɚɬɤɨɜ ɢ ɞɪɭɝɢɯ ɭɩɥɨɬɧɢɬɟɥɟɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɨɪɨɝɢɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ 

ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 
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ɉɪɨɰɟɫɫɵ ɭɩɥɨɬɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɦɧɨɝɢɦɢ ɭɱɟɧɵɦɢ. ɂɦɟɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɣ ɨɛɴɟɦ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɧɨ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɤɨɧɤɪɟɬɧɵɦ ɜɢɞɚɦ 

ɭɩɥɨɬɧɹɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɬɪɟɛɭɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼ ɋɢɛɢɪɫɤɨɦ ɮɟɞɟɪɚɥɶɧɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ ɜ 

ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ ɜ ɢɧɢɰɢɚɬɢɜɧɨɦ ɩɨɪɹɞɤɟ ɩɪɨɜɨɞɢɬɫɹ ɪɚɛɨɬɚ ɩɨ 

ɧɚɭɱɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ «Ʉɨɦɩɥɟɤɫɧɚɹ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ».  

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɩɪɨɰɟɫɫ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɜɢɛɪɚɰɢɨɧɧɵɦɢ 

ɩɥɢɬɚɦɢ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨ-

ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ 

ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɩɥɢɬɚɦɢ ɡɚ ɫɱɟɬ ɜɵɛɨɪɚ 

ɪɚɰɢɨɧɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɪɟɚɥɢɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

– ɂɡɭɱɢɬɶ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ, ɭɫɬɪɨɣɫɬɜɨ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɢɛɪɚɰɢɨɧɧɵɯ 

ɩɥɢɬ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ. Ɉɛɨɫɧɨɜɚɬɶ ɩɭɬɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ. 

– Ɋɚɡɪɚɛɨɬɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ 

ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɨɣ ɢ ɢɫɫɥɟɞɨɜɚɬɶ ɜ 

ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ MATLAB/Simulink. 

– ȼɵɩɨɥɧɢɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɫɢɫɬɟɦɵ ɫ ɨɛɴɟɤɬɨɦ 

ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ. 

– ɉɪɨɜɟɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ 

ɝɪɭɧɬɚ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɨɣ. Ɋɚɡɪɚɛɨɬɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɞɯɨɞɚɯ ɤ ɢɡɭɱɟɧɢɸ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɚɤɬɭɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɢ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. 
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1 ɋɨɫɬɨяɧɢɟ ɜɨɩɪɨɫɚ 

 

1.1 Ɍɟɯɧɨɥɨɝɢя ɭɩɥɨɬɧɟɧɢя ɦɚɬɟɪɢɚɥɨɜ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɩɥɢɬɚɦɢ 

 

ȼɢɛɪɨɭɩɥɨɬɧɟɧɢɟ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɞɥɹ 

ɭɩɥɨɬɧɟɧɢɹ ɧɟɫɜɹɡɧɵɯ ɦɚɬɟɪɢɚɥɨɜ [60]. ȼ ɯɨɞɟ ɜɢɛɪɢɪɨɜɚɧɢɹ, ɱɚɫɬɢɰɵ 

ɦɚɬɟɪɢɚɥɚ ɪɚɡɴɟɞɢɧɹɸɬɫɹ ɜɜɢɞɭ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 

ɦɟɠɞɭ ɧɢɦɢ ɭɦɟɧɶɲɚɸɬɫɹ ɫɢɥɵ ɫɰɟɩɥɟɧɢɹ ɢ ɬɪɟɧɢɹ, ɨɛɥɟɝɱɚɟɬɫɹ ɩɪɨɰɟɫɫ 

ɭɩɥɨɬɧɟɧɢɹ. ȼ ɫɥɭɱɚɟ ɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɢɧɬɟɧɫɢɜɧɵɯ ɫɢɥ ɫɰɟɩɥɟɧɢɹ, 

ɩɪɢ ɜɢɛɪɢɪɨɜɚɧɢɢ ɨɧɢ ɧɟ ɪɚɡɴɟɞɢɧɹɸɬɫɹ, ɢ ɧɟ ɪɟɚɥɢɡɭɟɬɫɹ ɤɥɸɱɟɜɨɟ 

ɩɪɟɢɦɭɳɟɫɬɜɨ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɫɜɹɡɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞ ɜɢɛɪɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɦ.  

ɋɪɟɞɢ ɜɢɛɪɚɰɢɨɧɧɵɯ ɦɚɲɢɧ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɜɵɞɟɥɹɸɬ 

ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɜɢɛɪɚɰɢɨɧɧɵɟ ɩɥɢɬɵ ɢ ɤɚɬɤɢ (ɩɪɢɰɟɩɧɵɟ ɢ ɫɚɦɨɯɨɞɧɵɟ). 

ɉɪɢɫɭɬɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɫ 

ɪɟɲɟɬɱɚɬɵɦɢ, ɤɭɥɚɱɤɨɜɵɦɢ ɢ ɝɥɚɞɤɢɦɢ ɜɚɥɶɰɚɦɢ. ȼɢɛɪɚɰɢɨɧɧɵɟ ɤɚɬɤɢ ɫ 

ɪɟɲɟɬɱɚɬɵɦɢ ɜɚɥɶɰɚɦɢ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɦɟɪɡɥɵɯ ɝɪɭɧɬɨɜ, ɫɜɹɡɧɵɯ 

ɝɪɭɧɬɨɜ (ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɟɪɟɭɜɥɚɠɧɟɧɧɵɯ) ɢ ɬɟɯɧɨɝɟɧɧɵɯ ɨɬɯɨɞɨɜ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɫ ɝɥɚɞɤɢɦɢ ɜɚɥɶɰɚɦɢ ɷɮɮɟɤɬɢɜɧɨ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚ ɧɟɫɜɹɡɧɵɯ ɢ ɫɥɚɛɨɫɜɹɡɧɵɯ ɝɪɭɧɬɚɯ ɫ ɧɟɛɨɥɶɲɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ. ȼɨɡɦɨɠɧɨ ɭɦɟɧɶɲɟɧɢɟ ɦɚɫɫɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɤɚɬɤɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɚɬɢɱɟɫɤɢɦ ɤɚɬɤɨɦ ɩɪɢɦɟɪɧɨ ɜ ɩɹɬɶ ɪɚɡ ɩɪɢ 

ɭɩɥɨɬɧɟɧɢɢ ɩɟɫɤɨɜ, ɜ ɞɜɚ ɪɚɡɚ – ɩɪɢ ɫɭɩɟɫɹɯ, ɢ ɜɫɟɝɨ ɧɚ 10-30% – ɫɭɝɥɢɧɤɨɜ. 

ȼɢɛɪɚɰɢɨɧɧɵɟ ɩɥɢɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɭɩɥɨɬɧɹɸɳɢɟ 

ɦɚɲɢɧɵ ɜ ɜɢɞɟ ɠɟɫɬɤɨɝɨ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɩɨɞɞɨɧɚ (ɩɥɢɬɵ), ɧɚ ɤɨɬɨɪɨɦ 

ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɰɟɧɬɪɨɛɟɠɧɵɣ ɜɨɡɛɭɞɢɬɟɥɶ ɤɨɥɟɛɚɧɢɣ. ȼɪɚɳɟɧɢɟ ɷɤɫɰɟɧɬɪɢɤɚ 

ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɪɚɡɜɢɬɢɟ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ, ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɤɨɬɨɪɨɣ 

ɩɪɨɢɡɜɨɞɹɬɫɹ ɤɨɥɟɛɚɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ. 

ɉɨɫɤɨɥɶɤɭ ɢɡɦɟɧɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɫɢɥɵ ɜɨ ɜɪɟɦɟɧɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 

ɫɢɧɭɫɨɢɞɚɥɶɧɨɦɭ ɡɚɤɨɧɭ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
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ɜɢɛɪɨɦɚɲɢɧɵ ɬɚɤɠɟ ɞɨɥɠɧɵ ɫɨɜɟɪɲɚɬɶɫɹ ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɤɨɥɟɛɚɧɢɹ (ɪɢɫɭɧɨɤ 

1). Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɷɬɢ ɤɨɥɟɛɚɧɢɹ ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ ɩɨɜɟɪɯɧɨɫɬɶɸ ɝɪɭɧɬɚ, ɤɨɬɨɪɚɹ 

ɢɡɦɟɧɹɟɬ ɢɯ ɯɚɪɚɤɬɟɪ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɭɩɥɨɬɧɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɝɪɭɧɬɟ ɝɥɢɧɢɫɬɵɯ 

ɱɚɫɬɢɰ (ɪɢɫɭɧɨɤ 2). 

 

 

Ɋɢɫɭɧɨɤ 1 – ɗɩɸɪɚ ɧɚɩɪɹɠɟɧɢɹ ɜ ɝɪɭɧɬɟ ɩɪɢ ɟɝɨ ɜɢɛɪɚɰɢɨɧɧɨɦ ɭɩɥɨɬɧɟɧɢɢ 

 

 

Ɋɢɫɭɧɨɤ 2 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɜ ɝɪɭɧɬɟ 

ɝɥɢɧɢɫɬɵɯ ɱɚɫɬɢɰ 

 

ɉɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɚɤɬɚ ɦɟɠɞɭ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɩɥɢɬɚɦɢ ɢ ɝɪɭɧɬɨɦ – ɷɬɨ 

ɩɥɨɫɤɨɫɬɶ. ɉɪɢɦɟɧɟɧɢɟ ɜɢɛɪɚɰɢɨɧɧɵɯ ɩɥɢɬ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɩɪɢ 

ɭɩɥɨɬɧɟɧɢɢ ɤɚɤ ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɢ ɦɟɥɤɨɡɟɪɧɢɫɬɵɯ ɧɟɫɜɹɡɧɵɯ. ȼ 

ɫɥɭɱɚɟ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɨɜ ɜ ɫɬɟɫɧɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɪɢ 

ɧɟɛɨɥɶɲɢɯ ɨɛɴɟɦɚɯ ɪɚɛɨɬ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɥɟɝɤɢɟ ɜɢɛɪɚɰɢɨɧɧɵɟ ɩɥɢɬɵ (ɪɢɫɭɧɨɤ 

3). 

 

http://industrial-wood.ru/uploads/posts/2018-11/1543309947_r8.jpeg
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Ɋɢɫɭɧɨɤ 3 – ɗɩɸɪɚ ɧɚɩɪɹɠɟɧɢɣ ɜ ɝɪɭɧɬɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɢɛɪɚɰɢɨɧɧɵɯ 

ɩɥɢɬ 

 

ȼ ɯɨɞɟ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɨɜ ɩɨɫɪɟɞɫɬɜɨɦ ɜɢɛɪɢɪɨɜɚɧɢɹ, ɦɚɫɫɚ ɜɚɥɶɰɚ 

(ɩɥɢɬɵ) ɩɪɢɜɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɟ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɞɜɢɠɟɧɢɣ ɡɚ ɫɱɟɬ ɜɫɬɪɨɟɧɧɨɝɨ ɜ 

ɧɟɝɨ ɜɨɡɛɭɞɢɬɟɥɹ ɤɨɥɟɛɚɧɢɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ, ɡɚ ɫɱɟɬ ɟɝɨ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 

ɩɨɫɥɟɞɧɟɝɨ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ ɱɚɫɬɢɰɵ ɝɪɭɧɬɚ ɜɜɨɞɹɬɫɹ ɜ 

ɫɨɫɬɨɹɧɢɟ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɞɜɢɠɟɧɢɣ. Ⱦɚɧɧɵɟ ɱɚɫɬɢɰɵ ɨɤɚɡɵɜɚɸɬɫɹ ɩɨɞ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɢɧɟɪɰɢɨɧɧɵɯ ɫɢɥ, ɤɨɬɨɪɵɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɢɯ ɦɚɫɫɚɦ. 

Ɋɚɡɧɨɫɬɶ ɜ ɫɢɥɚɯ ɢɧɟɪɰɢɢ ɜ ɦɟɫɬɚɯ ɤɨɧɬɚɤɬɨɜ ɱɚɫɬɢɰ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 

ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɫɞɜɢɝɚ, ɤɨɬɨɪɵɟ ɭɪɚɜɧɨɜɟɲɢɜɚɸɬɫɹ ɫɢɥɚɦɢ 

ɫɰɟɩɥɟɧɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɞɨ ɢɡɜɟɫɬɧɨɝɨ ɩɪɟɞɟɥɚ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɷɬɢ 

ɩɪɟɞɟɥɵ ɩɪɟɜɵɲɚɸɬɫɹ, ɜɨɡɧɢɤɚɸɬ ɜɡɚɢɦɨɩɟɪɟɦɟɳɟɧɢɹ ɞɚɧɧɵɯ ɱɚɫɬɢɰ. 

ɇɚɩɪɹɠɟɧɢɹ ɫɞɜɢɝɚ ɹɜɥɹɸɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦɢ ɢɧɟɪɰɢɨɧɧɵɦ ɫɢɥɚɦ, 

ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɦɚɫɫɚɦɢ ɢ ɭɫɤɨɪɟɧɢɹɦɢ, ɪɚɡɜɢɜɚɸɳɢɦɢɫɹ ɜ ɯɨɞɟ 

ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɞɜɢɠɟɧɢɣ ɜɚɥɶɰɨɜ. 

ɋɤɨɪɨɫɬɶ ɧɚɫɬɭɩɥɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɱɚɫɬɢɰ ɬɟɦ ɛɵɫɬɪɟɟ, 

ɱɟɦ ɛɨɥɶɲɟ ɪɚɡɥɢɱɚɸɬɫɹ ɦɚɫɫɵ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɢɰ, ɤɨɬɨɪɵɟ ɫɨɫɬɚɜɥɹɸɬ ɝɪɭɧɬ, ɢ 

ɱɟɦ ɫɥɚɛɟɟ ɦɟɠɞɭ ɧɢɦɢ ɫɢɥɵ ɫɜɹɡɟɣ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɫɪɟɞɫɬɜɨɦ 

ɜɢɛɪɢɪɨɜɚɧɢɹ ɯɨɪɨɲɨ ɭɩɥɨɬɧɹɸɬɫɹ ɫɥɚɛɨɫɜɹɡɧɵɟ ɢ ɧɟɫɜɹɡɧɵɟ ɝɪɭɧɬɵ. 

ɑɚɫɬɢɰɵ, ɤɨɬɨɪɵɟ ɫɨɜɟɪɲɚɸɬ ɤɨɥɟɛɚɬɟɥɶɧɵɟ ɞɜɢɠɟɧɢɹ ɢ ɧɚɯɨɞɹɬɫɹ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɫɢɥ ɬɹɠɟɫɬɢ, ɫɬɪɟɦɹɬɫɹ ɤ ɡɚɧɹɬɢɸ ɩɨɥɨɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɢɯ 

ɧɚɢɦɟɧɶɲɟɦɭ ɩɨɬɟɧɰɢɚɥɭ, ɬ.ɟ. ɩɟɪɟɦɟɲɚɸɬɫɹ ɜɧɢɡ. ɉɪɢ ɢɧɬɟɧɫɢɜɧɨɦ 

http://industrial-wood.ru/uploads/posts/2018-11/1543309979_r9.jpeg
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ɜɢɛɪɢɪɨɜɚɧɢɢ ɜ ɫɨɫɬɨɹɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɧɚɯɨɞɢɬɫɹ ɨɫɧɨɜɧɚɹ 

ɦɚɫɫɚ ɱɚɫɬɢɰ ɝɪɭɧɬɚ. Ȼɨɥɟɟ ɤɪɭɩɧɵɟ ɱɚɫɬɢɰɵ ɩɟɪɟɦɟɳɚɸɬɫɹ ɧɚ ɛɨɥɶɲɟɟ 

ɪɚɫɫɬɨɹɧɢɟ, ɱɟɦ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɡɚɩɨɥɧɟɧɢɟ ɦɟɠɡɟɪɧɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɦɟɥɤɢɦɢ ɱɚɫɬɢɰɚɦɢ ɢ ɭɩɥɨɬɧɟɧɢɟ ɝɪɭɧɬɚ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɫɜɹɡɧɵɯ ɝɪɭɧɬɚɯ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 

ɝɪɭɧɬɨɜɵɯ ɱɚɫɬɢɰ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɜɜɢɞɭ ɱɟɝɨ ɪɟɡɤɨ ɭɦɟɧɶɲɚɟɬɫɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɧɢɯ ɜɢɛɪɚɰɢɨɧɧɵɯ ɦɚɲɢɧ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɚ ɤɨɥɟɛɚɧɢɣ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɜɢɛɪɚɰɢɨɧɧɨɣ 

ɦɚɲɢɧɵ ɩɪɢɦɟɧɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ ɢ ɟɝɨ ɦɚɫɫɵ, ɚ ɬɚɤɠɟ 

ɱɚɫɬɨɬɵ ɢ ɫɜɨɣɫɬɜ ɭɩɥɨɬɧɹɟɦɨɝɨ ɝɪɭɧɬɚ. Ʉɨɝɞɚ ɡɧɚɱɟɧɢɟ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ P 

ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɦɚɫɫɵ ɜɢɛɪɚɬɨɪɚ Q, ɞɥɹ ɟɝɨ ɤɨɥɟɛɚɧɢɣ ɫɜɨɣɫɬɜɟɧɟɧ 

ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ. ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɨɬɧɨɲɟɧɢɹ P/Q ɩɪɨɢɫɯɨɞɢɬ 

ɜɨɡɪɚɫɬɚɧɢɟ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɬɨɪɚ. ɏɚɪɚɤɬɟɪ ɟɝɨ ɤɨɥɟɛɚɧɢɣ ɩɨɤɚ 

ɛɥɢɡɨɤ ɤ ɝɚɪɦɨɧɢɱɟɫɤɨɦɭ, ɨɞɧɚɤɨ ɭɠɟ ɧɚɛɥɸɞɚɟɬɫɹ ɨɬɪɵɜ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɨɬ 

ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɭɧɬɚ. ȼ ɫɥɭɱɚɟ ɨɱɟɧɶ ɛɨɥɶɲɢɯ ɫɨɨɬɧɨɲɟɧɢɣ P/Q, ɧɚɪɭɲɚɟɬɫɹ 

ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɤɨɥɟɛɚɧɢɣ ɦɚɲɢɧɵ. Ⱦɥɹ ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɷɬɨɦ 

ɯɚɪɚɤɬɟɪɧɵ ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɭɞɚɪɵ ɨ ɩɨɜɟɪɯɧɨɫɬɶ ɝɪɭɧɬɚ. ɍɞɚɪ ɨ ɝɪɭɧɬ ɦɨɠɟɬ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɞɜɭɦ, ɬɪɟɦ ɢ ɛɨɥɟɟ ɨɛɨɪɨɬɚɦ ɞɟɛɚɥɚɧɫɧɨɝɨ ɜɚɥɚ. ɗɬɢ ɤɨɥɟɛɚɧɢɹ 

ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɭɞɚɪɧɵɦɢ, ɚ ɪɟɠɢɦ ɤɨɥɟɛɚɧɢɣ — ɜɢɛɪɨɭɞɚɪɧɵɦ. ȼ ɷɬɨɦ ɪɟɠɢɦɟ 

ɦɚɬɟɪɢɚɥɨɦ ɧɚɪɹɞɭ ɫ ɜɢɛɪɚɰɢɨɧɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɨɫɩɪɢɧɢɦɚɟɬɫɹ ɬɚɤɠɟ 

ɭɞɚɪɧɵɣ ɢɦɩɭɥɶɫ. Ȼɥɚɝɨɞɚɪɹ ɜɢɛɪɨɭɞɚɪɧɨɦɭ ɪɟɠɢɦɭ ɪɚɛɨɬɵ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɢɛɪɚɰɢɨɧɧɵɯ ɦɚɲɢɧ ɬɚɤɠɟ ɞɥɹ ɝɪɭɧɬɨɜ ɫɪɟɞɧɟɣ 

ɜɹɡɤɨɫɬɢ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɩɟɪɟɯɨɞ ɧɚ ɭɞɚɪɧɵɟ ɤɨɥɟɛɚɧɢɹ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 

ɫɧɢɠɟɧɢɹ ɱɢɫɥɚ ɭɞɚɪɨɜ ɜɢɛɪɚɬɨɪɚ ɨ ɝɪɭɧɬ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, ɩɪɢ ɷɬɨɦ 

ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬɫɹ ɪɚɡɦɚɯ ɟɝɨ ɤɨɥɟɛɚɧɢɣ ɜ ɦɨɦɟɧɬ ɭɞɚɪɚ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɜɨɡɞɟɣɫɬɜɢɹ ɜɢɛɪɚɬɨɪɚ ɧɚ ɝɪɭɧɬɵ (ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɦɨɠɟɬ ɫɧɢɠɚɬɶɫɹ). Ɍɚɤɚɹ ɩɟɪɟɦɟɧɧɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ ɜɢɛɪɨɦɚɲɢɧɵ ɧɚ ɝɪɭɧɬ ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶɫɹ 
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ɡɚɜɢɫɢɦɨɫɬɶɸ ɦɟɠɞɭ ɯɚɪɚɤɬɟɪɨɦ ɤɨɥɟɛɚɧɢɣ ɢ ɜɟɥɢɱɢɧɨɣ ɫɨɨɬɧɨɲɟɧɢɹ P/Q 

(ɪɢɫɭɧɨɤ 4). 

 

Ɋɢɫɭɧɨɤ 4 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɝɪɭɧɬɚ ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɜɨɡɦɭɳɚɸɳɟɣ ɫɢɥɵ 

 

ɍɱɚɫɬɨɤ OA ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɝɚɪɦɨɧɢɱɟɫɤɢɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɜɢɛɪɚɬɨɪɚ; 

ɛɥɚɝɨɞɚɪɹ ɪɨɫɬɭ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨɥɭɱɚɟɦɚɹ ɜ ɢɬɨɝɟ 

ɩɥɨɬɧɨɫɬɶ ɝɪɭɧɬɚ. ȼ ɤɚɱɟɫɬɜɟ ɫɥɟɞɫɬɜɢɹ ɜɨɡɪɚɫɬɚɧɢɹ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ 

ɝɪɭɧɬɚ ɢ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɩɪɢ ɷɬɨɦ ɢɧɟɪɰɢɨɧɧɵɯ ɫɢɥ ɜɵɫɬɭɩɚɟɬ ɪɨɫɬ ɟɝɨ 

ɩɥɨɬɧɨɫɬɢ. ɇɚ ɭɱɚɫɬɤɟ AB ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɬɨɪɚ 

(ɩɥɢɬɵ, ɜɚɥɶɰɚ) ɧɚɪɭɲɚɟɬɫɹ. Ʉɨɥɟɛɚɧɢɹ ɫɬɚɧɨɜɹɬɫɹ ɭɞɚɪɧɵɦɢ, ɨɞɧɚɤɨ 

ɢɦɩɭɥɶɫɵ ɭɞɚɪɨɜ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɷɬɨɦ, ɟɳɟ ɦɚɥɵ ɢ ɧɟ ɫɩɨɫɨɛɧɵ 

ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɩɨɬɟɪɢ ɷɮɮɟɤɬɚ, ɫɜɹɡɚɧɧɵɟ ɫɨ ɫɧɢɠɟɧɢɟɦ ɢɧɟɪɰɢɨɧɧɵɯ ɫɢɥ 

ɝɪɭɧɬɚ, ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɩɪɢ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɹɯ. ɇɚ ɭɱɚɫɬɤɟ BC ɜ ɯɨɞɟ 

ɩɨɫɥɟɞɭɸɳɟɝɨ ɭɜɟɥɢɱɟɧɢɹ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ, ɧɚɛɥɸɞɚɟɬɫɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɹ 

ɭɞɚɪɚ, ɜɨɡɪɚɫɬɚɸɬ ɤɨɧɬɚɤɬɧɵɟ ɞɚɜɥɟɧɢɹ ɢ ɪɚɡɜɢɜɚɸɳɢɟɫɹ ɧɚɩɪɹɠɟɧɢɹ ɜ 

ɝɪɭɧɬɚɯ. ȼɫɟ ɷɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɨɫɬɟɩɟɧɧɵɣ ɪɨɫɬ ɷɮɮɟɤɬɚ ɭɩɥɨɬɧɟɧɢɹ. 

 

1.2 ɍɫɬɪɨɣɫɬɜɨ ɜɢɛɪɚɰɢɨɧɧɵɯ ɩɥɢɬ 

 

ȼ 21 ɜɟɤɟ ɩɪɨɝɪɟɫɫ ɧɟ ɫɬɨɢɬ ɧɚ ɦɟɫɬɟ ɢ ɢɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜɯɨɞɹɬ 

ɜɨ ɜɫɟ ɫɮɟɪɵ. ɍɧɢɜɟɪɫɚɥɶɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɹɜɥɹɟɬɫɹ 
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ɜɢɛɪɨɩɥɢɬɚ. ɉɪɢɦɟɧɟɧɢɟ ɬɚɤɨɝɨ ɪɨɞɚ ɬɟɯɧɢɤɢ ɨɛɥɟɝɱɚɟɬ ɩɪɨɰɟɫɫ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɞɨɪɨɝ ɢ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ, ɫɨɤɪɚɳɚɟɬ ɜɪɟɦɹ ɪɚɛɨɬɵ, ɷɤɨɧɨɦɢɬ ɫɪɟɞɫɬɜɚ [61]. 

Ɇɚɲɢɧɵ ɡɚɱɚɫɬɭɸ ɢɫɩɨɥɶɡɭɸɬ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɨɛɴɟɦɚɯ ɪɚɛɨɬɵ ɢɥɢ 

ɧɟɛɨɥɶɲɢɯ ɩɥɨɳɚɞɤɚɯ. ȼɵɫɨɤɢɣ ɷɮɮɟɤɬ ɢ ɤɚɱɟɫɬɜɨ ɪɚɛɨɬɵ ɨɛɟɫɩɟɱɟɧɨ ɬɟɦ, ɱɬɨ 

ɧɚ ɝɪɭɧɬ ɢɥɢ ɚɫɮɚɥɶɬ ɨɤɚɡɵɜɚɟɬɫɹ ɜɨɡɞɟɣɫɬɜɢɟ ɦɚɫɫɨɣ ɫɚɦɨɣ ɦɚɲɢɧɵ, ɚ ɬɚɤɠɟ 

ɜɢɛɪɚɰɢɹɦɢ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɞɨɫɬɢɝɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ. 

 

 

Ɋɢɫɭɧɨɤ 5 – ȼɢɛɪɚɰɢɨɧɧɚɹ ɩɥɢɬɚ 

 

ɋɭɳɟɫɬɜɭɸɬ ɧɟɫɤɨɥɶɤɨ ɤɪɢɬɟɪɢɟɜ, ɩɨ ɤɨɬɨɪɵɦ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ 

ɜɢɛɪɨɩɥɢɬɵ ɧɚ ɤɚɬɟɝɨɪɢɢ. ɉɟɪɜɵɣ ɢɡ ɧɢɯ, ɷɬɨ ɫɩɨɫɨɛ ɩɢɬɚɧɢɹ. ȼɵɞɟɥɹɸɬ: 

 ɛɟɧɡɢɧɨɜɵɟ; 

 ɞɢɡɟɥɶɧɵɟ; 

 ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɜɢɛɪɨɩɥɢɬɵ. 

Ʉɨɧɟɱɧɨ, ɤɚɠɞɵɣ ɬɢɩ ɢɦɟɟɬ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ, ɩɨɷɬɨɦɭ 

ɜɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɜɵɩɨɥɧɹɟɦɨɣ ɪɚɛɨɬɵ. 

Ȼɟɧɡɢɧɨɜɚɹ ɜɢɛɪɨɩɥɢɬɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ. 

ɒɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɭɱɢɥɚ ɡɚ ɫɱёɬ ɪɹɞɚ ɩɪɟɢɦɭɳɟɫɬɜ: ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ, 

ɤɨɦɩɚɤɬɧɚɹ ɢ ɦɨɛɢɥɶɧɚɹ ɦɚɲɢɧɚ, ɧɟ ɬɪɟɛɭɟɬ ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ. 

ɑɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɩɨɞɨɛɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɚɪɤɨɜɨɤ, ɞɨɪɨɠɟɤ, 

ɞɜɨɪɨɜɵɯ ɬɟɪɪɢɬɨɪɢɣ. Ɂɚɩɪɚɜɥɹɟɬɫɹ ɚɝɪɟɝɚɬ ɫɚɦɵɦ ɨɛɵɱɧɵɦ ɛɟɧɡɢɧɨɦ Ⱥɂ-92 
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ɢɥɢ 95. ȼɨɡɞɭɲɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɢɡɛɚɜɥɹɟɬ ɨɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɞɨɛɚɜɥɟɧɢɹ ɦɚɫɟɥ 

ɜ ɬɨɩɥɢɜɨ. 

Ⱦɢɡɟɥɶɧɵɟ ɜɢɛɪɨɩɥɢɬɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɞɨɪɨɠɟ ɛɟɧɡɢɧɨɜɵɯ, 

ɧɨ ɫɬɨɢɬ ɭɱɢɬɵɜɚɬɶ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɞɢɡɟɥɶ ɞɟɲɟɜɥɟ, ɱɟɦ ɛɟɧɡɢɧ, ɩɨɷɬɨɦɭ ɷɬɚ 

ɪɚɡɧɢɰɚ ɜ ɰɟɧɟ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ. Ɍɚɤɠɟ ɫɬɨɢɬ ɩɟɪɟɩɥɚɬɢɬɶ ɡɚ ɦɨɳɧɨɫɬɶ ɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɤɨɬɨɪɵɟ ɜ ɞɢɡɟɥɶɧɵɯ ɚɩɩɚɪɚɬɚɯ ɜɵɲɟ. 

ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɜɢɛɪɨɩɥɢɬɵ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɚ ɝɨɪɚɡɞɨ 

ɩɪɨɳɟ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ, ɪɟɦɨɧɬ ɬɚɤɨɣ ɦɚɲɢɧɵ ɨɛɨɣɞɟɬɫɹ ɝɨɪɚɡɞɨ ɞɟɲɟɜɥɟ. ɇɨ ɢ 

ɝɥɚɜɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɜɟɫɨɦɵɣ: ɩɨɫɬɨɹɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɷɥɟɤɬɪɢɱɟɫɬɜɚ. ȼɨ-

ɩɟɪɜɵɯ, ɷɬɨ ɩɪɢɜɹɡɚɧɧɨɫɬɶ ɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ. ȼɨ-ɜɬɨɪɵɯ, ɧɟɜɵɫɨɤɢɣ 

ɭɪɨɜɟɧɶ ɛɟɡɨɩɚɫɧɨɫɬɢ. Ɍɚɤɠɟ ɧɟɞɨɫɬɚɬɤɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɥɢɬɵ ɹɜɥɹɟɬɫɹ 

ɮɢɤɫɢɪɨɜɚɧɧɚɹ ɱɚɫɬɨɬɚ ɜɢɛɪɚɰɢɣ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɜ 

ɠɢɞɤɨɬɨɩɥɢɜɧɵɯ ɚɝɪɟɝɚɬɚɯ. 

ȼɢɛɪɨɩɥɢɬɵ ɩɨ ɩɪɢɧɰɢɩɭ ɪɚɛɨɬɵ 

 

Ɋɢɫɭɧɨɤ 6 – ȼɢɛɪɚɰɢɨɧɧɚɹ ɩɥɢɬɚ ɢ ɜɢɛɪɚɰɢɨɧɧɚɹ ɬɪɚɦɛɨɜɤɚ 

 
 

ɉɨ ɩɪɢɧɰɢɩɭ ɪɚɛɨɬɵ ɩɥɢɬɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɤɚɬɟɝɨɪɢɢ: 

 ɪɟɜɟɪɫɢɜɧɵɟ; 

 ɩɪɹɦɨɯɨɞɧɵɟ. 

Ɋɟɜɟɪɫɢɜɧɵɟ ɜɢɛɪɨɩɥɢɬɵ ɨɬɥɢɱɚɸɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶɸ ɞɜɢɝɚɬɶɫɹ ɨɞɢɧɚɤɨɜɨ 

ɤɚɤ ɧɚɡɚɞ, ɬɚɤ ɢ ɜɩɟɪɟɞ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɭɬɪɚɦɛɨɜɵɜɚɬɶ ɝɪɭɧɬ ɞɚɠɟ ɧɚ ɫɚɦɵɯ 

ɧɟɛɨɥɶɲɢɯ ɬɟɪɪɢɬɨɪɢɹɯ. ɉɪɹɦɨɯɨɞɧɵɦ ɠɟ ɧɟɨɛɯɨɞɢɦɨ ɦɟɫɬɨ ɞɥɹ ɪɚɡɜɨɪɨɬɚ. 
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Ɍɚɤ ɤɚɤ ɩɪɢ ɥɸɛɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɭɤɥɚɞɤɚ ɞɨɪɨɠɟɤ, ɚɫɮɚɥɶɬɚ ɢɥɢ 

ɩɨɞɝɨɬɨɜɤɚ ɩɥɨɳɚɞɤɢ ɜɟɞёɬɫɹ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ, ɜɢɛɪɨɬɪɚɦɛɨɜɤɢ ɩɪɢɦɟɧɹɸɬ 

ɩɨɫɥɟ ɧɚɫɵɩɚɧɢɹ ɤɚɠɞɨɝɨ ɫɥɨɹ. ȼɢɛɪɚɰɢɢ ɦɚɤɫɢɦɚɥɶɧɨ ɧɚɞёɠɧɨ 

ɭɬɪɚɦɛɨɜɵɜɚɸɬ ɝɪɭɧɬ ɢ ɚɫɮɚɥɶɬ, ɩɨɜɵɲɚɹ ɩɥɨɬɧɨɫɬɶ. ɇɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɨ 

ɩɪɢɦɟɧɟɧɢɟ ɜɢɛɪɨɩɥɢɬɵ ɩɪɢ ɜɵɪɚɜɧɢɜɚɧɢɢ ɬɟɪɪɢɬɨɪɢɢ, ɜɟɞɶ ɩɥɨɳɚɞɤɭ 

ɡɚɫɵɩɚɸɬ ɝɪɭɧɬɨɦ, ɤɚɦɧɹɦɢ, ɳɟɛɧɟɦ, ɬ.ɟ. «ɩɨɪɢɫɬɵɦ» ɫɨɫɬɚɜɨɦ, ɤɨɬɨɪɨɣ 

ɨɛɹɡɚɬɟɥɶɧɨ ɧɚɞɨ ɭɬɪɚɦɛɨɜɚɬɶ ɞɥɹ ɢɡɛɟɠɚɧɢɹ ɩɪɨɫɟɞɚɧɢɹ ɫɨɨɪɭɠɟɧɢɹ ɜ 

ɛɭɞɭɳɟɦ. 

Ⱦɚɠɟ ɩɪɢ ɛɨɥɶɲɢɯ ɨɛɴёɦɚɯ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢɫɩɨɥɶɡɭɸɬ ɜɢɛɪɨɬɪɚɦɛɨɜɤɢ 

ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɦɟɫɬ, ɝɞɟ ɤɚɬɨɤ ɧɟ ɦɨɠɟɬ ɜɵɩɨɥɧɢɬɶ ɪɚɛɨɬɭ 

ɞɨɫɬɚɬɨɱɧɨ ɤɚɱɟɫɬɜɟɧɧɨ. Ⱦɥɹ ɩɨɞɝɨɬɨɜɤɢ ɩɥɨɳɚɞɤɢ ɡɚɱɚɫɬɭɸ ɢɫɩɨɥɶɡɭɸɬ 

ɨɬɛɨɣɧɵɟ ɦɨɥɨɬɤɢ. 

ȼɟɫ ɜɢɛɪɨɩɥɢɬɵ 

 

 

Ɋɢɫɭɧɨɤ 7 – ȼɢɛɪɚɰɢɨɧɧɚɹ ɩɥɢɬɚ  

 
ɉɨ ɬɚɤɨɦɭ ɤɪɢɬɟɪɢɸ ɤɚɤ ɦɚɫɫɚ ɬɚɤɠɟ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɩɥɢɬɵ ɧɚ 

ɤɚɬɟɝɨɪɢɢ: 

 ɞɨ 90 ɤɝ. ɉɪɢɦɟɧɟɧɢɟ ɜɢɛɪɨɩɥɢɬ ɦɚɥɨɝɨ ɜɟɫɚ ɚɤɬɭɚɥɶɧɨ ɜ ɞɨɦɚɲɧɟɦ 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɨɛɭɫɬɪɨɣɫɬɜɟ ɩɪɢɞɜɨɪɨɜɨɣ ɬɟɪɪɢɬɨɪɢɢ, ɜ ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ; 

 ɥёɝɤɢɟ ɩɥɢɬɵ ɞɨ 200 ɤɢɥɨɝɪɚɦɦ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɭɤɥɚɞɤɢ ɚɫɮɚɥɶɬɚ, 

ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɨɜ ɫ ɤɪɭɩɧɵɦɢ ɤɚɦɧɹɦɢ, ɳɟɛɧɟɦ; 

https://ac.tools/rabota-s-otbojnym-molotkom-vidy-instrumenta-i-instrukciya-po-rabote/
https://ac.tools/rabota-s-otbojnym-molotkom-vidy-instrumenta-i-instrukciya-po-rabote/
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 ɤ ɫɪɟɞɧɢɦ ɨɬɧɨɫɹɬ ɚɩɩɚɪɚɬɵ ɜɟɫɨɦ ɞɨ 500 ɤɝ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ 

ɩɨɜɵɲɚɬɶ ɩɥɨɬɧɨɫɬɶ ɝɪɭɧɬɚ ɢ ɚɫɮɚɥɶɬɚ ɛɨɥɶɲɢɯ ɫɥɨёɜ; 

 ɬɹɠёɥɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢɫɩɨɥɶɡɭɸɬ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɢɥɶɧɨɝɨ 

ɭɩɥɨɬɧɟɧɢɹ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɛɨɬɵ ɜɵɛɢɪɚɸɬ ɬɭ ɢɥɢ ɢɧɭɸ ɜɢɛɪɨɩɥɢɬɭ. Ɍɚɤ, 

ɧɚɩɪɢɦɟɪ, ɦɚɲɢɧɵ ɞɨ 200 ɤɝ ɩɨɞɨɣɞɭɬ ɞɥɹ ɫɥɨɹ ɝɪɭɧɬɚ ɧɟ ɛɨɥɟɟ 15 

ɫɚɧɬɢɦɟɬɪɨɜ. ɋɪɟɞɧɢɟ ɢ ɥёɝɤɢɟ ɦɚɲɢɧɵ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɫɥɨɹ ɞɨ 25 

ɫɚɧɬɢɦɟɬɪɨɜ ɢ ɭɬɪɚɦɛɨɜɤɢ ɬɪɨɬɭɚɪɧɨɣ ɩɥɢɬɤɢ. Ȼɨɥɟɟ ɬɹɠёɥɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɪɟɦɨɧɬɚ ɢ ɭɤɥɚɞɤɢ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɡɚɫɵɩɤɢ ɬɪɚɧɲɟɣ, 

ɝɥɭɛɨɤɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ. 

ɇɚ ɜɵɛɨɪ ɜɥɢɹɟɬ ɧɟ ɬɨɥɶɤɨ ɜɟɫ ɦɚɲɢɧɵ, ɧɨ ɢ ɜɢɛɪɚɰɢɨɧɧɨɟ ɭɫɢɥɟɧɢɟ ɢɥɢ 

ɰɟɧɬɪɨɛɟɠɧɚɹ ɫɢɥɚ. ɗɬɨɬ ɩɨɤɚɡɚɬɟɥɶ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɜɚɠɧɵɦ, ɬɚɤ ɤɚɤ ɦɚɲɢɧɵ ɫ 

ɫɢɥɨɣ ɦɟɧɟɟ 10 ɤɇ, ɧɚɩɪɢɦɟɪ, ɧɟ ɩɨɞɨɣɞɭɬ ɞɥɹ ɚɫɮɚɥɶɬɚ. ɉɪɢɦɟɧɟɧɢɟ 

ɜɢɛɪɨɩɥɢɬɵ ɫ ɦɟɧɶɲɟɣ ɩɥɨɳɚɞɶɸ ɨɫɧɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɱɚɫɬɵɦ, ɬɚɤ ɤɚɤ 

ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɫɢɥɚ ɭɞɚɪɚ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɢɛɪɨɩɥɢɬɵ 

 

 

Ɋɢɫɭɧɨɤ 8 – ȼɢɛɪɚɰɢɨɧɧɚɹ ɩɥɢɬɚ ɫɨ ɫɧɹɬɵɦ ɤɨɠɭɯɨɦ 

 
 ɦɚɫɫɚ (ɜ ɤɢɥɨɝɪɚɦɦɚɯ); 

 ɜɢɞ ɞɜɢɝɚɬɟɥɹ; 

 ɦɨɳɧɨɫɬɶ (ɤȼɬ); 
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 ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɢɥɢ ɷɧɟɪɝɢɢ (ɥɢɬɪɨɜ ɢɥɢ ɤȼɬ ɜ ɱɚɫ); 

 ɪɚɡɦɟɪɵ ɨɩɨɪɧɨɣ ɩɥɢɬɵ (ɭɤɚɡɵɜɚɟɬɫɹ ɲɢɪɢɧɚ ɢ ɞɥɢɧɚ ɜ 

ɦɢɥɥɢɦɟɬɪɚɯ); 

 ɪɚɡɦɟɪɵ ɜɫɟɣ ɦɚɲɢɧɵ (ɜ ɦɦ); 

 ɱɚɫɬɨɬɚ ɜɢɛɪɚɰɢɣ (ɜ Ƚɰ, ɦɨɠɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶɫɹ ɜɨ ɦɧɨɝɢɯ ɦɚɲɢɧɚɯ); 

 ɚɦɩɥɢɬɭɞɚ ɜɢɛɪɚɰɢɣ (ɜ ɦɦ); 

 ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ (ɦ/ɦɢɧ). 

Ɍɚɤɠɟ ɜ ɨɩɢɫɚɧɢɢ ɢɥɢ ɢɧɫɬɪɭɤɰɢɢ ɩɪɢɦɟɧɟɧɢɹ ɜɢɛɪɨɩɥɢɬɵ ɦɨɠɧɨ ɧɚɣɬɢ 

ɨɛɴёɦ ɬɨɩɥɢɜɧɨɝɨ ɛɚɤɚ, ɭɪɨɜɟɧɶ ɜɢɛɪɚɰɢɢ ɧɚ ɪɭɤɢ ɨɩɟɪɚɬɨɪɚ, ɦɨɞɟɥɶ ɞɜɢɝɚɬɟɥɹ 

ɢ ɬɚɤ ɞɚɥɟɟ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɩɥɢɬɵ ɧɟɦɧɨɝɨ ɨɬɥɢɱɚɟɬɫɹ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ. 

ȿɫɥɢ ɚɝɪɟɝɚɬ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɬɪɚɦɛɨɜɤɢ ɚɫɮɚɥɶɬɚ, ɜ ɦɚɲɢɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧɚ 

ɫɢɫɬɟɦɚ ɩɨɞɚɱɢ ɜɨɞɵ, ɱɬɨɛɵ ɨɩɨɪɧɚɹ ɩɥɢɬɚ (ɪɨɜɧɚɹ ɫ ɡɚɤɪɭɝɥɟɧɧɵɦɢ ɤɪɚɹɦɢ) 

ɧɟ ɩɪɢɥɢɩɚɥɚ ɤ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɥɹ ɭɩɥɨɬɧɟɧɢɹ ɝɪɚɜɢɹ ɢɫɩɨɥɶɡɭɸɬ ɛɨɥɟɟ 

ɬɹɠёɥɵɟ ɦɚɲɢɧɵ ɫ ɪɟɥɶɟɮɧɨɣ ɩɥɢɬɨɣ. 

Ʉɨɧɫɬɪɭɤɰɢɹ ɜɢɛɪɨɩɥɢɬ 

 

 

Ɋɢɫɭɧɨɤ 9 – Ʉɨɧɫɬɪɭɤɰɢɹ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ 

 

Ɉɫɧɨɜɧɨɣ ɱɚɫɬɶɸ ɢ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɫɚɦɚ ɨɫɧɨɜɧɚɹ ɩɥɢɬɚ. 

Ⱦɚɥɶɧɟɣɲɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɜɵɫɬɪɚɢɜɚɟɬɫɹ ɢɦɟɧɧɨ ɩɨ ɪɚɛɨɱɟɣ ɩɥɢɬɟ. 
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ȼɢɛɪɨɜɨɡɛɭɞɢɬɟɥɶ ɩɪɢɜɨɞɢɬ ɩɥɢɬɭ ɜ ɞɟɣɫɬɜɢɟ. ɋɨɫɬɨɢɬ ɨɧ ɢɡ ɨɞɧɨɝɨ ɢɥɢ 

ɧɟɫɤɨɥɶɤɢɯ ɜɚɥɨɜ ɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɤɨɪɩɭɫɚ. ȼ ɨɞɧɨɜɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ 

ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɞɜɢɠɟɧɢɟ ɦɚɲɢɧɵ ɬɨɥɶɤɨ ɜ ɨɞɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Ⱦɜɭɯɜɚɥɶɧɵɟ 

ɹɜɥɹɸɬɫɹ ɪɟɜɟɪɫɢɜɧɵɦɢ. Ɍɚɤɠɟ ɤ ɩɥɢɬɟ ɤɪɟɩɢɬɫɹ ɦɨɬɨɪɧɚɹ ɪɚɦɚ, ɧɚ ɤɨɬɨɪɭɸ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɜɢɝɚɬɟɥɶ. ȿɫɥɢ ɦɚɲɢɧɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɬɪɚɦɛɨɜɤɢ 

ɚɫɮɚɥɶɬɚ, ɬɨ ɤɨɧɫɬɪɭɤɰɢɹ ɛɭɞɟɬ ɞɨɩɨɥɧɟɧɚ ɛɚɤɨɦ ɫ ɜɨɞɨɣ. 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɦɨɞɟɥɟɣ ɭɩɪɚɜɥɟɧɢɟ ɜɵɩɨɥɧɹɸɬɫɹ ɜɪɭɱɧɭɸ, ɬɨ ɟɫɬɶ 

ɤɨɧɫɬɪɭɤɰɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɚɥɢɱɢɟ ɪɭɱɤɢ. ɑɬɨɛɵ ɪɚɛɨɬɚ ɛɵɥɚ ɛɟɡɨɩɚɫɧɨɣ, ɚ 

ɜɢɛɪɚɰɢɹ ɜ ɪɭɤɢ ɨɩɟɪɚɬɨɪɚ — ɛɟɡɨɩɚɫɧɨɣ, ɧɚ ɪɭɱɤɟ ɨɛɹɡɚɬɟɥɶɧɚ ɞɨɥɠɧɚ ɛɵɬɶ 

ɜɢɛɪɨɡɚɳɢɬɧɚɹ ɧɚɤɥɚɞɤɚ. Ɇɚɲɢɧɵ ɛɟɡ ɪɭɱɤɢ ɭɩɪɚɜɥɹɸɬɫɹ ɞɢɫɬɚɧɰɢɨɧɧɨ. 

ȼɢɛɪɨɩɥɢɬɚ ɭɫɬɪɨɟɧɚ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɨɫɬɨ ɢ ɬɪɟɛɭɟɬ ɞɨɥɠɧɨ ɭɯɨɞɚ, 

ɩɨɬɨɦɭ ɱɬɨ ɪɚɛɨɬɚ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɢ ɫɥɨɠɧɵɯ ɭɫɥɨɜɢɹɯ ɦɨɠɟɬ ɛɵɫɬɪɨ ɜɵɜɟɫɬɢ 

ɚɝɪɟɝɚɬ ɢɡ ɫɬɪɨɹ. 

 

1.3 ɇɚɜɟɫɧɵɟ ɷɤɫɤɚɜɚɬɨɪɧɵɟ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ 

 

ɉɪɢ ɭɩɥɨɬɧɟɧɢɢ ɝɪɭɧɬɨɜ ɨɛɪɚɬɧɵɯ ɡɚɫɵɩɨɤ ɜ ɬɪɚɧɲɟɹɯ, ɩɚɡɭɯɚɯ 

ɮɭɧɞɚɦɟɧɬɨɜ, ɜɨɤɪɭɝ ɤɨɥɨɞɰɟɜ, ɧɚɞ ɬɪɭɛɨɩɪɨɜɨɞɚɦɢ ɢ ɜ ɞɪɭɝɢɯ «ɭɡɤɢɯ ɦɟɫɬɚɯ» 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚɜɟɫɧɵɟ ɷɤɫɤɚɜɚɬɨɪɧɵɟ ɜɢɛɪɨɩɥɢɬɵ (ɇȼɉ), ɤɪɟɩɹɳɢɟɫɹ ɧɚ 

ɫɬɪɟɥɭ ɷɤɫɤɚɜɚɬɨɪɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɨɜ ɤɚɤ 

ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ, ɬɚɤ ɢ ɧɚ ɧɚɤɥɨɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ (ɨɬɤɨɫɚɯ ɜɵɟɦɨɤ ɢ 

ɧɚɫɵɩɟɣ) [51]. Ⱦɚɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢɦɟɟɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɢɜɨɞ ɨɬ 

ɝɢɞɪɨɫɢɫɬɟɦɵ ɷɤɫɤɚɜɚɬɨɪɚ ɢ ɪɟɚɥɢɡɭɟɬ ɤɪɭɝɨɜɵɟ ɤɨɥɟɛɚɧɢɹ ɫ ɨɞɧɢɦ ɢɥɢ ɞɜɭɦɹ 

ɡɧɚɱɟɧɢɹɦɢ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ. 

ɂɡɜɟɫɬɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɚɫɫɵ ɞɥɹ ɷɤɫɤɚɜɚɬɨɪɧɵɯ ɜɢɛɪɚɰɢɨɧɧɵɯ ɩɥɢɬ. 

ɂɫɩɨɥɶɡɨɜɚɧɵ ɨɛɨɡɧɚɱɟɧɢɹ: P – ɜɵɧɭɠɞɚɸɳɟɟ (ɰɟɧɬɪɨɛɟɠɧɨɟ) ɭɫɢɥɢɟ, ɤɇ; B – 

ɲɢɪɢɧɚ ɨɫɧɨɜɚɧɢɹ ɇȼɉ, ɦ; L – ɞɥɢɧɚ ɨɫɧɨɜɚɧɢɹ ɇȼɉ, ɦɦ; F – ɱɚɫɬɨɬɚ 

ɤɨɥɟɛɚɧɢɣ, Ƚɰ; M – ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɦɚɫɫɚ ɇȼɉ, ɤɝ; Msr – ɭɫɪɟɞɧɟɧɧɚɹ ɦɚɫɫɚ 

ɷɤɫɤɚɜɚɬɨɪɚ, ɬ; Q – ɪɚɫɯɨɞ ɦɚɫɥɚ, ɥ/ɦɢɧ. 
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Ɍɚɛɥɢɰɚ 1 – ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɞɥɹ ɷɤɫɤɚɜɚɬɨɪɧɵɯ ɜɢɛɪɚɰɢɨɧɧɵɯ ɩɥɢɬ 

 
 

Ⱥɧɚɥɢɡ ɡɧɚɱɟɧɢɣ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ ɇȼɉ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɦɚɫɫɵ 

(ɪɢɫɭɧɨɤ 10) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɵɧɭɠɞɚɸɳɟɟ ɭɫɢɥɢɟ P ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ ɇȼɉ 

ɩɪɢɦɟɪɧɨ ɜ 10 ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɟё ɜɟɫ Q.  

ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɨɫɧɨɜɚɧɢɟ ɜɢɛɪɨɩɥɢɬɵ 

ɩɟɪɢɨɞɢɱɟɫɤɢ ɞɨɥɠɧɨ ɬɟɪɹɬɶ ɤɨɧɬɚɤɬ ɫ ɝɪɭɧɬɨɦ, ɚ ɡɚɬɟɦ ɫɧɨɜɚ ɟɝɨ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ, ɩɪɢɱɟɦ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɢɨɞɚ ɩɨɬɟɪɢ ɤɨɧɬɚɤɬɚ ɫ ɝɪɭɧɬɨɦ, 

ɫɤɨɪɨɫɬɶ ɇȼɉ ɜ ɦɨɦɟɧɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɤɨɧɬɚɤɬɚ ɢ ɤɨɥɢɱɟɫɬɜɨ ɨɛɨɪɨɬɨɜ, 

ɫɨɜɟɪɲɚɟɦɵɯ ɜɚɥɨɦ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ ɜ ɩɪɨɰɟɫɫɟ ɩɨɬɟɪɢ ɤɨɧɬɚɤɬɚ (ɤɪɚɬɧɨɫɬɶ 

ɤɨɥɟɛɚɧɢɣ) ɛɭɞɭɬ ɡɚɜɢɫɟɬɶ ɨɬ ɦɚɫɫɵ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɱɚɫɬɟɣ ɇȼɉ, ɤɨɥɢɱɟɫɬɜɚ 

ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɜɹɡɵɜɚɸɳɢɯ ɢɯ ɚɦɨɪɬɢɡɚɬɨɪɨɜ, ɱɚɫɬɨɬɵ ɢ ɜɵɧɭɠɞɚɸɳɟɝɨ 

ɭɫɢɥɢɹ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ, ɩɪɢɠɢɦɧɨɝɨ ɭɫɢɥɢɹ ɫɬɪɟɥɵ ɷɤɫɤɚɜɚɬɨɪɚ ɢ ɫɜɨɣɫɬɜ 

ɝɪɭɧɬɚ. 

 

 

Ɋɢɫɭɧɨɤ 10 – Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɡɧɚɱɟɧɢɣ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ ɦɚɫɫ ɇȼɉ 
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ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɧɟ ɚɛɫɨɥɸɬɧɨɟ, ɚ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɜɵɧɭɠɞɚɸɳɟɟ 

ɭɫɢɥɢɟ, ɪɚɫɫɱɢɬɵɜɚɟɦɨɟ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ ɤ ɜɟɫɭ ɇȼɉ, ɬɨ 

ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ ɞɥɹ ɇȼɉ ɫɨɫɬɚɜɥɹɟɬ 

ɜ ɨɫɧɨɜɧɨɦ P/Q = 6…18 (ɪɢɫɭɧɨɤ 2) (P/Q = 4…23 ɩɨ ɝɪɚɧɢɱɧɵɦ ɬɨɱɤɚɦ 

ɞɢɚɩɚɡɨɧɚ), ɱɬɨ ɜ ɫɪɟɞɧɟɦ ɧɟɫɤɨɥɶɤɨ ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ 

ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ ɞɥɹ ɫɚɦɨɯɨɞɧɵɯ ɜɢɛɪɨɩɥɢɬ P/Q = 10…20 [50] (P/Q = 

10…22 ɩɨ ɞɚɧɧɵɦ [38] ɢ P/Q = 16…24 ɩɨ ɞɚɧɧɵɦ [20]), ɧɨ ɛɨɥɶɲɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɣ ɞɥɹ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ P/Q = 2…5,5 [49].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɠɢɦ ɪɚɛɨɬɵ ɇȼɉ ɛɥɢɠɟ ɤ ɪɟɠɢɦɭ ɪɚɛɨɬɵ ɫɚɦɨɯɨɞɧɵɯ 

ɜɢɛɪɨɩɥɢɬ, ɱɟɦ ɤ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɚɦ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɢɝɪɭɡɚ ɇȼɉ ɫɬɪɟɥɨɣ ɷɤɫɤɚɜɚɬɨɪɚ ɫɨɡɞɚɟɬ ɭɫɥɨɜɢɹ, 

ɩɪɟɩɹɬɫɬɜɭɸɳɢɟ ɨɬɪɵɜɭ ɨɫɧɨɜɚɧɢɹ ɇȼɉ ɨɬ ɝɪɭɧɬɚ. ɗɬɨ ɫɨɡɞɚɟɬ ɩɪɟɞɩɨɫɵɥɤɢ 

ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɢɡɜɟɫɬɧɨɣ [48; 62] ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɪɟɠɢɦɨɜ 

ɪɚɛɨɬɵ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ [ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɬɚɤɬ (ɞɜɨɣɧɨɣ ɩɪɵɠɨɤ (double 

jump), ɱɚɫɬɢɱɧɵɣ ɨɬɪɵɜ (partial uplift), continuous contact) ɢ ɞɪ.] ɢ ɞɥɹ ɇȼɉ.  

Ɉɞɧɚɤɨ ɭɫɥɨɜɢɹ ɩɟɪɟɯɨɞɚ ɇȼɉ ɜ ɪɚɡɥɢɱɧɵɟ ɪɟɠɢɦɵ ɤɨɥɟɛɚɧɢɣ ɬɪɟɛɭɸɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ȼɵɲɟɭɤɚɡɚɧɧɵɟ ɫɨɨɛɪɚɠɟɧɢɹ ɩɨɡɜɨɥɹɸɬ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɱɟɬɚ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɛɨɬɵ ɇȼɉ ɜ ɨɬɪɵɜɧɵɯ 

ɪɟɠɢɦɚɯ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɇȼɉ ɫ 

ɭɩɥɨɬɧɹɟɦɵɦ ɝɪɭɧɬɨɦ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɧɨɝɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬ 

ɛɟɡɨɬɪɵɜɧɵɣ ɪɟɠɢɦ [20; 26; 37; 47; 41].  

Ⱥɧɚɥɢɡ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɨɩɥɢɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɦɚɫɫɵ 

(ɪɢɫɭɧɨɤ 3) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɱɟɧɶ ɧɢɡɤɢɦ ɡɧɚɱɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɞɟɬɟɪɦɢɧɚɰɢɢ R2 = 0,136 (ɬɚɛɥɢɰɚ 1). 
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Ɋɢɫɭɧɨɤ 11 – Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɡɧɚɱɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɜɵɧɭɠɞɚɸɳɟɝɨ 

ɭɫɢɥɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɚɫɫ ɇȼɉ 

 

 

Ɋɢɫɭɧɨɤ 12 – Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ ɇȼɉ ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ ɦɚɫɫ ɇȼɉ 

 

ɑɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ, ɤɚɤ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɜɵɧɭɠɞɚɸɳɟɟ ɭɫɢɥɢɟ, ɹɜɥɹɟɬɫɹ 

ɨɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɇȼɉ. Ɉɞɧɚɤɨ ɨɬɫɭɬɫɬɜɢɟ ɤɚɤ ɭ 

ɨɬɟɱɟɫɬɜɟɧɧɵɯ, ɬɚɤ ɢ ɭ ɡɚɪɭɛɟɠɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɦɟɬɨɞɢɤɢ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ 

ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɇȼɉ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɜ 

ɤɨɧɤɪɟɬɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɛɨɫɧɨɜɚɬɶ ɪɚɰɢɨɧɚɥɶɧɵɟ 

ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɱɬɨ ɨɬɪɚɠɚɟɬɫɹ ɜ ɧɢɡɤɨɦ ɡɧɚɱɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɞɟɬɟɪɦɢɧɚɰɢɢ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ ɦɚɫɫɵ ɇȼɉ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɧɚɛɥɸɞɚɟɬɫɹ 

ɧɟɤɨɬɨɪɨɟ ɩɪɟɞɩɨɱɬɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɇȼɉ ɞɢɚɩɚɡɨɧɭ ɱɚɫɬɨɬ 30…40 Ƚɰ. 

ɉɪɢ ɷɬɨɦ ɞɢɚɩɚɡɨɧ ɱɚɫɬɨɬ ɤɨɥɟɛɚɧɢɣ ɇȼɉ ɧɚɯɨɞɢɬɫɹ ɧɟɫɤɨɥɶɤɨ ɧɢɠɟ 
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ɞɢɚɩɚɡɨɧɚ ɱɚɫɬɨɬ ɤɨɥɟɛɚɧɢɣ ɫɚɦɨɯɨɞɧɵɯ ɜɢɛɪɨɩɥɢɬ (50…100 Ƚɰ) [50], ɧɨ 

ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ ɞɢɚɩɚɡɨɧɚ ɱɚɫɬɨɬ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ (25…40 Ƚɰ) 

[38]. Ⱦɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɚɸɬ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɇȼɉ ɩɨ 

ɪɟɠɢɦɚɦ ɪɚɛɨɬɵ ɦɟɠɞɭ ɫɚɦɨɯɨɞɧɵɦɢ ɜɢɛɪɨɩɥɢɬɚɦɢ ɢ ɜɢɛɪɚɰɢɨɧɧɵɦɢ 

ɤɚɬɤɚɦɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɩɪɢ ɩɨɦɨɳɢ ɇȼɉ ɩɨɞɯɨɞɵ, ɩɪɢɦɟɧɹɟɦɵɟ ɤɚɤ ɞɥɹ 

ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ [52], ɬɚɤ ɢ ɞɥɹ ɫɚɦɨɯɨɞɧɵɯ ɜɢɛɪɨɩɥɢɬ [53]. 

ɂɦɟɸɳɢɟɫɹ ɪɟɝɪɟɫɫɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ ɢ 

ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ ɇȼɉ, ɚ ɬɚɤɠɟ ɪɚɡɦɟɪɨɜ ɨɫɧɨɜɚɧɢɹ ɇȼɉ, ɦɚɫɫɵ ɷɤɫɤɚɜɚɬɨɪɚ 

ɢ ɬɪɟɛɭɟɦɨɝɨ ɪɚɫɯɨɞɚ ɦɚɫɥɚ ɞɥɹ ɪɚɛɨɬɵ ɇȼɉ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ ɩɪɢ 

ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɭɩɥɨɬɧɟɧɢɹ ɇȼɉ ɝɪɭɧɬɚ ɜ 

ɤɨɧɤɪɟɬɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɚ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɤɨɧɫɬɪɭɤɰɢɣ ɇȼɉ. 

 

1.4 Ⱥɧɚɥɢɡ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɭɩɥɨɬɧɟɧɢя ɦɚɬɟɪɢɚɥɨɜ 

 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɜɢɛɪɨɩɥɢɬ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɨɫɧɨɜɧɵɦ 

ɩɚɪɚɦɟɬɪɚɦ: ɨɛɳɟɣ ɦɚɫɫɟ, ɜɟɥɢɱɢɧɟ ɜɨɡɦɭɳɚɸɳɟɣ ɫɢɥɵ ɜɢɛɪɚɬɨɪɚ, ɬɢɩɭ 

ɩɪɢɜɨɞɚ, ɧɚɥɢɱɢɸ ɪɟɜɟɪɫɢɜɧɨɝɨ ɩɟɪɟɞɜɢɠɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɫɥɟɞɭɟɬ ɜɵɞɟɥɢɬɶ ɛɟɧɡɢɧɨɜɵɟ ɧɟɪɟɜɟɪɫɢɪɭɟɦɵɟ 

ɜɢɛɪɨɩɥɢɬɵ, ɤɨɬɨɪɵɟ ɩɟɪɟɦɟɳɚɸɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜɩɟɪёɞ. ɋɭɳɟɫɬɜɭɸɬ 

ɜɢɛɪɨɩɥɢɬɵ ɢ ɫ ɞɢɡɟɥɶɧɵɦ ɞɜɢɝɚɬɟɥɟɦ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɨɬɟɱɟɫɬɜɟɧɧɨɦ ɪɵɧɤɟ ɩɪɟɞɫɬɚɜɥɟɧ ɞɨɫɬɚɬɨɱɧɨ 

ɲɢɪɨɤɢɣ ɚɫɫɨɪɬɢɦɟɧɬ ɛɟɧɡɢɧɨɜɵɯ ɧɟɪɟɜɟɪɫɢɪɭɟɦɵɯ ɜɢɛɪɚɰɢɨɧɧɵɯ ɩɥɢɬ: Ɍȿɋ 

(ɑɟɯɢɹ), Wacker Neuson (Ƚɟɪɦɚɧɢɹ), Weber (Ƚɟɪɦɚɧɢɹ), BOMAG (Ƚɟɪɦɚɧɢɹ), 

ɉȼ (Ɋɨɫɫɢɹ), Dynapac (ɒɜɟɰɢɹ), Plato (Ʉɢɬɚɣ), Splitstone (Ɋɨɫɫɢɹ), Top Machine 

(Ʉɢɬɚɣ), Champion (Ʉɢɬɚɣ), GROST (Ɋɨɫɫɢɹ), ɋɈ (Ȼɟɥɚɪɭɫɶ). 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɋɋɋɊ ɦɧɨɝɢɟ ɭɱёɧɵɟ ɢɫɫɥɟɞɨɜɚɥɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ, 
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ɜɨɩɪɨɫɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 

ɞɨɪɨɠɧɨɣ ɜɢɛɪɚɰɢɨɧɧɨɣ ɭɩɥɨɬɧɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ.  

Ɉɝɪɨɦɧɵɣ ɜɤɥɚɞ ɜ ɨɛɥɚɫɬɶ ɨɫɧɨɜ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢ 

ɜɢɛɪɚɰɢɨɧɧɨɣ ɭɩɥɨɬɧɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɛɵɥ ɜɧɟɫɟɧ ɛɥɚɝɨɞɚɪɹ ɢɫɫɥɟɞɨɜɚɧɢɹɦ 

ɫɥɟɞɭɸɳɢɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɭɱёɧɵɯ: Ⱥ.Ⱥ. ɒɟɫɬɨɩɚɥɨɜ, ɇ.ə. ɏɚɪɤɭɬɚ, Ɇ.ɉ. 

Ɂɭɛɚɧɨɜ, ɂ.ɂ. Ȼɥɟɯɦɚɧ, Ⱥ.ə. Ȼɚɲɤɚɪёɜ, Ⱦ.Ⱦ. Ȼɚɪɤɚɧ ɢ ɩɪ. [59; 57; 56; 5; 3]. 

ɋɪɟɞɢ ɡɚɪɭɛɟɠɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɫɥɟɞɭɟɬ ɜɵɞɟɥɢɬɶ ɬɪɭɞɵ ɩɨ ɜɢɛɪɚɰɢɨɧɧɨɦɭ 

ɭɩɥɨɬɧɟɧɢɸ ɝɪɭɧɬɨɜ S. Xu, S. Ryan, A. Jonsson ɢ C. Adam [73; 72; 68; 63;]. 

Ʉɨɥɨɫɫɚɥɶɧɚɹ ɪɚɛɨɬɚ ɜ ɢɡɭɱɟɧɢɢ ɜɢɛɪɚɰɢɢ ɢ ɜɨɩɪɨɫɨɜ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɛɵɥɚ ɩɪɨɞɟɥɚɧɚ ɛɪɢɬɚɧɫɤɢɦ ɭɱёɧɵɦ C. F. Beards [67].  

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɟ ɭɤɚɡɚɧɧɵɦɢ 

ɚɜɬɨɪɚɦɢ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɯɨɪɨɲɢɣ ɮɭɧɞɚɦɟɧɬ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ 

ɭɫɩɟɲɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɬɨɣ ɨɬɪɚɫɥɢ. ȼ ɪɚɛɨɬɟ ɤɢɬɚɣɫɤɢɯ ɭɱёɧɵɯ Zhongxu 

Feng ɢ Yunshi Yao [74] ɧɚɲёɥ ɨɬɪɚɠɟɧɢɟ ɧɨɜɵɣ ɩɪɢɧɰɢɩ ɪɚɡɪɚɛɨɬɤɢ ɜɚɥɶɰɚ 

ɤɚɬɤɚ ɧɚ ɨɫɧɨɜɟ ɞɜɨɣɧɨɣ ɱɚɫɬɨɬɵ. ɍɫɬɚɧɚɜɥɢɜɚɟɦɵɦ ɧɚ ɜɚɥɟɰ ɞɜɭɯɱɚɫɬɨɬɧɵɦ 

ɜɢɛɪɚɬɨɪɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɤɨɦɩɨɧɟɧɬ ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɵ ɜ 

ɩɪɨɰɟɫɫɟ ɭɩɥɨɬɧɟɧɢɹ.  

ɍɱёɧɵɦɢ K. Kaufmann ɢ R. Anderegg [65; 64] ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɜɢɛɪɚɰɢɣ ɜɨ ɜɪɟɦɹ ɭɩɥɨɬɧɟɧɢɹ. ɂɦɢ ɫɨɡɞɚɧɵ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɭɩɥɨɬɧɟɧɢɢ ɢ ɤɨɧɬɪɨɥɟ 

ɭɩɥɨɬɧɟɧɢɟɦ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɫɥɟɞɭɟɬ ɜɵɞɟɥɢɬɶ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ 

ɡɚɧɢɦɚɸɬɫɹ ɩɪɟɞɥɨɠɟɧɢɟɦ ɢ ɪɚɡɪɚɛɨɬɤɨɣ ɧɨɜɵɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ. ȼ 

ɱɚɫɬɧɨɫɬɢ, ȿ.Ⱥ. Ȼɟɡɛɨɪɨɞɨɜ, ȿ.ɂ. Ʉɪɨɦɫɤɢɣ ɢ Ɉ.Ⱥ. ȿɮɢɦɨɜ [28] ɩɪɟɞɥɨɠɢɥɢ 

ɭɩɥɨɬɧɹɸɳɭɸ ɦɚɲɢɧɭ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɩɪɨɰɟɫɫɚ, ɩɪɢɦɟɧɹɸɳɟɝɨ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɞɜɢɝɨɜɵɟ ɞɟɮɨɪɦɚɰɢɢ 

ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɦɚɥɵɯ ɭɫɢɥɢɹɯ ɫɠɚɬɢɹ.  

ȿ.ɂ. Ʉɪɨɦɫɤɢɣ ɢ ȿ.Ɋ. Ɇɚɧɶɤɨɜ [28] ɪɚɡɪɚɛɨɬɚɥɢ ɬɟɯɧɢɱɟɫɤɢɟ 

ɩɪɟɞɥɨɠɟɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɪɚɫɲɢɪɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɫɜɨɣɫɬɜ 

ɦɚɥɨɝɚɛɚɪɢɬɧɵɯ ɩɨɝɪɭɡɱɢɤɨɜ ɩɨɫɪɟɞɫɬɜɨɦ ɧɨɜɨɝɨ ɧɚɜɟɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
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(ɫɟɤɰɢɨɧɧɚɹ ɜɢɛɪɨɩɥɢɬɚ), ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɪɚɡɧɵɯ 

ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  

ȼ ɩɪɨɜɟɞɟɧɧɵɯ Ʌ.ɂ. Ƚɟɧɞɥɢɧɨɣ, ɋ.ə. Ʌɟɜɟɧɫɨɧɨɦ ɢ ɘ.ɂ. ȿɪɟɦɟɧɤɨ [16] 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɧɚɝɪɭɠɟɧɢɹ ɞɢɫɩɟɪɫɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ, ɩɪɟɞɨɫɬɚɜɥɹɸɳɢɣ ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 

ɜɵɫɨɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɭɩɥɨɬɧɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɨɞɧɨɝɨ ɡɚɯɨɞɚ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱥ.Ɏ. 

ɂɬɤɢɧ ɢ Ⱥ.Ƚ. Ɇɚɫɥɨɜ [36] ɜ ɫɜɨɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɩɨɫɩɨɫɨɛɫɬɜɨɜɚɥɢ ɪɚɡɜɢɬɢɸ 

ɬɟɨɪɢɢ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɰɟɦɟɧɬɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ, ɱɬɨ ɩɨɫɥɭɠɢɥɨ 

ɨɫɧɨɜɨɣ ɤ ɫɨɡɞɚɧɢɸ ɰɟɥɨɝɨ ɪɹɞɚ ɞɜɭɯɱɚɫɬɨɬɧɵɯ ɜɢɛɪɨɩɥɨɳɚɞɨɤ ɫ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ.  

ɍɱёɧɵɦɢ Ȼ.ȼ. Ʌɭɲɧɢɤɨɜɵɦ, Ⱥ.ɋ. Ɏɟɞɨɪɟɧɤɨ ɢ ɂ.ə. Ɏɟɞɨɪɟɧɤɨ [32; 54] 

ɜɧɟɫɟɧ ɫɜɨɣ ɜɤɥɚɞ ɜ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɜɢɠɟɧɢɹ ɜ ɫɢɫɬɟɦɚɯ ɫ ɫɭɯɢɦ 

ɜɢɛɪɨɩɪɟɨɛɪɚɡɨɜɚɧɧɵɦ ɬɪɟɧɢɟɦ. Ɍɚɤɢɟ ɭɱёɧɵɟ ɤɚɤ ɇ.Ƚ. Ɇɚɥɢɱ ɢ ȼ.ɋ. Ȼɥɨɯɢɧ 

ɡɚɧɢɦɚɥɢɫɶ ɢɡɭɱɟɧɢɟɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɭɩɥɨɬɧɟɧɢɹ ɫɪɟɞɵ ɜɚɥɶɰɚɦɢ ɤɚɬɤɨɜ [35]. ȼ 

ɤɚɱɟɫɬɜɟ ɪɟɡɭɥɶɬɚɬɚ ɩɪɨɜɟɞɟɧɧɵɯ ɢɦɢ ɪɚɛɨɬ ɜɵɫɬɭɩɢɥɨ ɜɵɞɟɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ 

ɦɟɠɞɭ ɬɨɥɳɢɧɨɣ ɭɩɥɨɬɧɹɟɦɨɝɨ ɫɥɨɹ ɢ ɪɚɡɦɟɪɚɦɢ ɩɥɨɳɚɞɤɢ ɤɨɧɬɚɤɬɚ. ȼ 

ɪɚɛɨɬɚɯ ȼ.ȼ. Ⱦɭɛɤɨɜɚ, ȼ.ɋ. ɋɟɪɟɛɪɟɧɧɢɤɨɜɚ ɢ ȼ.ȼ. ɉɟɪɦɹɤɨɜɚ [44; 43; 42] 

ɩɪɢɜɟɞɟɧɨ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ.  

Ƚ.Ƚ. Ȼɭɪɵɣ ɢ ɋ.ȼ. ɋɚɜɟɥɶɟɜ [7; 8; 9; 10; 11; 12] ɪɚɫɫɦɨɬɪɟɥɢ ɩɪɨɛɥɟɦɵ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨ ɬɨɥɳɢɧɟ ɝɪɭɧɬɨɜɨɝɨ ɫɥɨɹ ɜɨɥɧ ɨɬ ɜɚɥɶɰɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɤɚɬɤɚ, ɚ ɬɚɤɠɟ ɢɧɧɨɜɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɤɨɧɬɪɨɥɹ ɡɚ ɤɚɱɟɫɬɜɨɦ ɭɩɥɨɬɧɟɧɢɹ 

ɝɪɭɧɬɚ ɩɨɫɪɟɞɫɬɜɨɦ ɞɨɪɨɠɧɵɯ ɤɚɬɤɨɜ. ȼ.ɇ. Ȼɨɝɨɦɚɡ ɢ Ʉ.ɐ. Ƚɥɚɜɢɰɤɢɣ [17] 

ɪɚɫɫɦɚɬɪɢɜɚɥɢ ɦɨɞɟɪɧɢɡɚɰɢɸ ɤɚɬɤɨɜ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɢ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ. 

ɍɤɚɡɚɧɧɵɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɤɨɧɫɬɪɭɤɰɢɹ ɜɢɛɪɨɤɨɧɬɭɪɚ ɞɥɹ 

ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɪɚɛɨɬɵ ɭɩɥɨɬɧɹɸɳɢɯ ɦɚɲɢɧ ɤɚɬɤɨɜɨɝɨ ɬɢɩɚ. ȼ.ɉ. Ʌɨɠɟɱɤɨ ɢ 

Ⱥ.Ⱥ. ɒɟɫɬɨɩɚɥɨɜ ɩɪɟɞɥɨɠɢɥɢ ɬɟɯɧɨɥɨɝɢɸ ɭɩɥɨɬɧɟɧɢɹ ɝɨɪɹɱɢɯ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ ɭɤɚɬɤɨɣ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɜɚɤɭɭɦɢɪɨɜɚɧɢɟɦ. Ⱦɚɧɧɚɹ 

ɬɟɯɧɨɥɨɝɢɹ ɜɵɫɬɭɩɢɥɚ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɪɚɛɨɱɢɯ 
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ɨɪɝɚɧɨɜ ɤ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɭ, ɞɨɪɨɠɧɵɦ ɤɚɬɤɚɦ, ɢɧɵɦ ɦɚɲɢɧɚɦ, ɚ ɬɚɤɠɟ 

ɫɪɟɞɫɬɜɚ ɤɨɧɬɪɨɥɹ ɡɚ ɤɚɱɟɫɬɜɨɦ ɨɫɭɳɟɫɬɜɥɹɟɦɵɯ ɪɚɛɨɬ [29; 30; 58].  

ɉɪɨɮɟɫɫɨɪɫɤɨ-ɩɪɟɩɨɞɚɜɚɬɟɥɶɫɤɢɣ ɫɨɫɬɚɜ ȻȽɌɍ, ɆȺȾɂ, ȼȽȺɋɍ, 

ɋɉɛȽȺɋɍ, ɋɢɛȺȾɂ, ɋɎɍ, ɋɉɛɉɍ, əȽɌɍ ɢ ɫɩɟɰɢɚɥɢɫɬɵ ɁȺɈ «ɉɈ «ɂɪɦɚɲ» 

(ɝ. Ȼɪɹɧɫɤ), ɁȺɈ ɋɨɸɡȾɨɪɇɂɂ (ɝ. Ɇɨɫɤɜɚ), ɈȺɈ «Ɋɚɫɤɚɬ» (ɝ. Ɋɵɛɢɧɫɤ), ɈɈɈ 

«Ɂɚɜɨɞ ȾɆ» (ɝ. Ɇɨɫɤɜɚ), ɈɈɈ «Ɂɚɜɨɞ Ⱦɨɪɨɠɧɵɯ ɦɚɲɢɧ» (ɝ. Ɋɵɛɢɧɫɤ), 

ɡɚɧɢɦɚɸɬɫɹ ɢɡɭɱɟɧɢɟɦ ɩɪɨɰɟɫɫɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɚɥɶɰɨɜ ɞɨɪɨɠɧɵɯ ɦɚɲɢɧ ɫ 

ɭɩɥɨɬɧɹɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ, ɚ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɤɨɣ ɧɨɜɵɯ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɦɚɥɨɝɚɛɚɪɢɬɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɢɛɪɚɰɢɨɧɧɵɯ 

ɭɩɥɨɬɧɢɬɟɥɟɣ. ɉɪɢ ɷɬɨɦ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɢɡɭɱɟɧɧɨɫɬɶɸ 

ɩɪɨɰɟɫɫɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɯ ɧɨɜɵɯ ɦɚɥɵɯ ɫɪɟɞɫɬɜ ɦɟɯɚɧɢɡɚɰɢɢ.  

ɇɟɫɦɨɬɪɹ ɧɚ ɜɫɸ ɤɚɠɭɳɭɸɫɹ ɩɪɨɫɬɨɬɭ ɩɪɢɧɰɢɩɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɩɟɪɟɞɜɢɠɟɧɢɹ, ɟɝɨ ɨɩɢɫɚɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɭɸ 

ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɡɚɞɚɱɭ ɢɡ ɨɛɥɚɫɬɢ ɧɟɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɱɬɨ 

ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɧɚɥɢɱɢɟɦ ɫɢɥ ɫɭɯɨɝɨ ɬɪɟɧɢɹ.  

ȼ ɬɟɱɟɧɢɟ ɦɧɨɝɢɯ ɥɟɬ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɧɚ ɨɫɧɨɜɟ 

ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɚɧɚɥɨɝɢɱɧɵɯ 

ɦɚɲɢɧ ɡɚɪɭɛɟɠɧɨɝɨ ɢ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ [5]. ɂɡɭɱɟɧɢɟ ɞɚɧɧɨɝɨ 

ɜɨɩɪɨɫɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɨ, ɱɬɨ ɜɨɩɪɨɫ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ 

ɞɜɢɠɟɧɢɹ ɜɢɛɪɨɩɥɢɬ ɢɫɫɥɟɞɨɜɚɥɫɹ ɥɢɲɶ ɧɟɦɧɨɝɢɦɢ ɭɱёɧɵɦɢ. ɋɥɟɞɭɟɬ 

ɨɬɞɟɥɶɧɨ ɜɵɞɟɥɢɬɶ ɪɚɛɨɬɵ Ⱥ.ɂ. ɇɨɜɨɠɢɥɨɜɚ [39; 40], ɜ ɤɨɬɨɪɵɯ 

ɢɫɫɥɟɞɨɜɚɬɟɥɟɦ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɜɢɛɪɨɩɥɢɬɵ – 

ɜɢɛɪɨɬɪɚɦɛɨɜɚɧɢɟ ɢ ɜɢɛɪɢɪɨɜɚɧɢɟ. Ɉɫɧɨɜɚɬɟɥɶɧɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ 

ɩɪɨɜɟɪɤɚ ɩɪɨɜɟɞёɧɧɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɚ, ɱɬɨ 

ɜɢɛɪɨɩɥɢɬɚ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨ ɪɚɛɨɬɚɟɬ ɜ ɪɟɠɢɦɟ ɜɢɛɪɢɪɨɜɚɧɢɹ, ɤɨɝɞɚ ɟё 

ɜɨɡɦɭɳɚɸɳɚɹ ɫɢɥɚ ɦɟɧɶɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɟɫɨɦ. Ⱦ.Ⱦ. Ȼɚɪɤɚɧɨɦ 

ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɜɨɩɪɨɫ ɩɟɪɟɞɜɢɠɟɧɢɹ ɫɚɦɨɯɨɞɧɵɯ ɜɢɛɪɚɰɢɨɧɧɵɯ ɩɥɢɬ. Ⱦɥɹ 

ɪɚɫɱёɬɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ ɜ ɫɜɨɟɣ ɪɚɛɨɬɟ [4] ɨɧ ɢɫɩɨɥɶɡɨɜɚɥ ɦɟɬɨɞɢɤɭ 
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ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɢɛɪɨɦɨɥɨɬɨɜ ɢ ɩɪɢɧɢɦɚɥ ɜɨ ɜɧɢɦɚɧɢɟ ɜɥɢɹɧɢɟ ɛɟɡɢɧɟɪɰɢɨɧɧɨɣ 

ɩɪɢɝɪɭɡɤɢ.  

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ, ɱɬɨ 

ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɜɢɠɟɧɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɢɧɟɬɢɱɟɫɤɨɦɭ ɦɨɦɟɧɬɭ 

ɷɤɫɰɟɧɬɪɢɤɨɜ, ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɟ ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɜɟɫɭ ɜɢɛɪɨɩɥɢɬɵ. 

Ⱥɜɬɨɪɨɦ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɡɛɟɝɚɬɶ ɫɨɡɞɚɧɢɹ ɜɢɛɪɨɩɥɢɬ ɫ ɛɨɥɶɲɢɦɢ ɫɤɨɪɨɫɬɹɦɢ 

ɩɟɪɟɞɜɢɠɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɱɢɫɥɚ ɩɪɨɯɨɞɨɜ ɩɨ ɨɞɧɨɦɭ 

ɦɟɫɬɭ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ. Ⱥɧɚɥɨɝɢɱɧɨɣ ɬɟɦɟ 

ɩɨɫɜɹɳɚɥɚɫɶ ɪɚɛɨɬɚ ɂ.ɂ. Ȼɥɟɯɦɚɧɚ ɢ Ƚ.ɘ. Ⱦɠɚɧɟɥɢɞɡɟ [6], ɜ ɤɨɬɨɪɨɣ ɚɜɬɨɪɚɦɢ 

ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɧɚɥɨɝɢɢ ɦɟɠɞɭ ɡɚɞɚɱɚɦɢ ɨ ɞɜɢɠɟɧɢɢ 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɭɩɥɨɬɧɢɬɟɥɹ ɢ ɞɜɢɠɟɧɢɹ ɬɜёɪɞɨɣ ɱɚɫɬɢɰɵ ɩɨ ɜɢɛɪɢɪɭɸɳɟɣ 

ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɬɨ ɩɪɟɞɨɫɬɚɜɢɥɨ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɫɚɦɨɯɨɞɧɨɣ ɜɢɛɪɨɩɥɢɬɵ. 
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2 Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢя 

 

Ɋɚɫɫɦɨɬɪɟɧ ɩɨɞɯɨɞ ɤ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɩɪɨɰɟɫɫɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɨɣ ɫɦɟɫɢ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦ 

ɭɩɪɚɜɥɟɧɢɹ ɨɛɴɟɤɬɚɦɢ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ. Ⱦɥɹ ɭɱɟɬɚ ɞɢɧɚɦɢɤɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɨɛɴɟɤɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɫɨɫɬɨɹɧɢɣ. Ɉɩɪɟɞɟɥɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɧɚ ɩɪɢɦɟɪɟ ɬɪɟɯɦɚɫɫɨɜɨɣ 

ɫɢɫɬɟɦɵ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ. 

ɉɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɪɚɛɨɱɟɝɨ 

ɩɪɨɰɟɫɫɚ ɜɢɛɪɚɰɢɨɧɧɚɹ ɩɥɢɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɭɸ ɞɢɧɚɦɢɱɟɫɤɭɸ 

ɫɢɫɬɟɦɭ, ɧɚ ɤɨɬɨɪɭɸ ɞɟɣɫɬɜɭɸɬ ɭɩɪɚɜɥɹɸɳɢɟ ɢ ɜɨɡɦɭɳɚɸɳɢɟ ɜɧɟɲɧɢɟ 

ɜɨɡɞɟɣɫɬɜɢɹ, ɢɦɟɸɳɢɟ ɫɬɨɯɚɫɬɢɱɟɫɤɭɸ ɩɪɢɪɨɞɭ.  

 

2.1 Ɇɚɬɟɦɚɬɢɱɟɫɤɚя ɦɨɞɟɥɶ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨяɧɢɣ ɩɪɨɰɟɫɫɚ 

ɭɩɥɨɬɧɟɧɢя ɦɚɬɟɪɢɚɥɚ ɜɢɛɪɨɩɥɢɬɨɣ 

 

ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɨɹɧɢɣ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɢɬɶ 

ɱɟɬɤɭɸ ɮɨɪɦɚɥɢɡɚɰɢɸ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɞɭɪ [27].  

ȼɢɛɪɚɰɢɨɧɧɚɹ ɩɥɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɥɭɱɲɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɞɨɪɨɠɧɨɝɨ 

ɩɨɤɪɵɬɢɹ ɢ ɮɢɤɫɚɰɢɸ ɞɨɫɬɢɝɧɭɬɨɣ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ ɩɨɤɪɵɬɢɹ. ɉɪɨɰɟɫɫ 

ɭɩɥɨɬɧɟɧɢɹ ɫɦɟɫɢ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɨɫɬɨɹɧɧɵɦ ɤɨɧɬɚɤɬɨɦ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ 

ɫɨ ɫɦɟɫɶɸ. 

Ɉɫɧɨɜɧɵɦɢ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɤɨɥɟɛɚɧɢɣ ɩɥɢɬɵ ɢ ɱɚɫɬɢɰ 

ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ ɹɜɥɹɸɬɫɹ ɱɚɫɬɨɬɚ, ɚɦɩɥɢɬɭɞɚ, ɫɤɨɪɨɫɬɶ, ɭɫɤɨɪɟɧɢɟ. 

Ⱥɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɥɸɛɨɝɨ ɭɩɥɨɬɧɢɬɟɥɹ ɡɚɜɢɫɢɬ ɨɬ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ 

ɭɩɥɨɬɧɟɧɢɹ. ɉɨɷɬɨɦɭ ɩɪɟɞɥɚɝɚɟɦɵɟ ɡɧɚɱɟɧɢɹ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ ɜ 

ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɭɩɥɨɬɧɹɸɳɢɯ ɦɚɲɢɧ ɫɥɟɞɭɟɬ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɫ 

ɭɱɟɬɨɦ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ [55]. 
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ɉɪɨɰɟɫɫ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɩɪɨɮ. ɇ.ə. ɏɚɪɯɭɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɤɨɩɥɟɧɢɢ ɦɚɬɟɪɢɚɥɨɦ 

ɨɫɬɚɬɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ. Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ 

ɭɫɥɨɜɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɨɧɬɚɤɬɧɵɟ ɞɚɜɥɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɨɞ ɪɚɛɨɱɢɦ 

ɨɪɝɚɧɨɦ – ɜɚɥɶɰɨɦ ɧɟ ɞɨɥɠɧɵ ɩɪɟɜɵɲɚɬɶ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ [57], 

ɬ.ɟ. 

 

ɬ < к  [ɩɪ] , (2.1) 

 

ɝɞɟ ɬ – ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ;  

       ɩɪ – ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ;  

        ɤ – ɜɟɥɢɱɢɧɚ ɤɨɧɬɚɤɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɬɟɱɟɧɢɟ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ;  

        к = (0,95–0,98) ɩɪ. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɩɪɢɧɹɬɵ 

ɫɥɟɞɭɸɳɢɟ ɞɨɩɭɳɟɧɢɹ:  

– ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɲɢɧɵ ɢɦɟɸɬ ɚɛɫɨɥɸɬɧɭɸ ɠɟɫɬɤɨɫɬɶ;  

– ɭɩɥɨɬɧɹɸɳɢɣ ɜɢɛɪɚɰɢɨɧɧɵɣ ɚɝɪɟɝɚɬ ɭɤɥɚɞɱɢɤɚ ɪɚɛɨɬɚɟɬ ɜ ɛɟɡɭɞɚɪɧɨɦ 

ɪɟɠɢɦɟ ɫ ɤɨɥɟɛɚɧɢɹɦɢ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ;  

– ɭɩɥɨɬɧɹɟɦɵɣ ɫɥɨɣ ɨɛɥɚɞɚɟɬ ɭɩɪɭɝɨ-ɜɹɡɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ;  

– ɭɩɪɭɝɨ-ɜɹɡɤɢɟ ɫɜɨɣɫɬɜɚ ɚɦɨɪɬɢɡɚɬɨɪɨɜ ɥɢɧɟɣɧɵ;  

– ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɢɛɪɚɰɢɢ;  

– ɭɱɢɬɵɜɚɸɬɫɹ ɢɧɟɪɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ. 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ ɫɨ ɫɦɟɫɶɸ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 13. ɉɨɥɭɱɟɧɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɜɵɣɬɢ ɧɚ 

ɨɩɪɟɞɟɥɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɜɚɥɶɰɚ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɭɩɥɨɬɧɟɧɢɹ ɫɪɟɞɵ. 

ɇɚ ɪɢɫɭɧɤɟ 13 ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ:  

mp – ɦɚɫɫɚ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ, кɝ;  

mf – ɦɚɫɫɚ ɪɚɦɵ, кɝ;  

Fe – ɜɵɧɭɠɞɚɸɳɚɹ ɫɢɥɚ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ, Н;  
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ms – ɦɚɫɫɚ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ ɩɨɞ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɨɣ, кɝ;  

sk  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ ɩɨɞ 

ɩɥɢɬɨɣ, Н/ɦ;  

sc  – ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ ɩɨɞ ɩɥɢɬɨɣ, Н ɫ/ɦ;  

fk  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɚɦɨɪɬɢɡɚɬɨɪɨɜ, Н/ɦ;  

fc  – ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɚɦɨɪɬɢɡɚɬɨɪɨɜ ɜɢɛɪɚɬɨɪɚ, Н ɫ/ɦ;  

zs, zp, zf – ɩɟɪɟɦɟɳɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦ. 

Ⱦɥɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɩɪɭɝɨ-

ɜɹɡɤɚɹ ɦɨɞɟɥɶ Ʉɟɥɶɜɢɧɚ-Ɏɨɣɝɬɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɫɦɟɫɢ ɜɢɛɪɚɰɢɨɧɧɵɦ ɪɚɛɨɱɢɦ 

ɨɪɝɚɧɨɦ ɭɤɥɚɞɱɢɤɚ (ɪɢɫɭɧɨɤ 14) ɫɨɫɬɚɜɥɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ 

ɨɬɪɚɠɚɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɤɚɤ ɞɢɧɚɦɢɤɭ ɤɨɥɟɛɚɧɢɣ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ, ɬɚɤ ɢ 

ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ.  

 

 

Ɋɢɫɭɧɨɤ 13 – Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ ɫ 

ɝɪɭɧɬɨɦ 
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Ɋɢɫɭɧɨɤ 14 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ 

 

ɉɨɥɭɱɟɧɚ ɫɢɫɬɟɦɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɨɩɢɫɵɜɚɸɳɚɹ 

ɞɜɢɠɟɧɢɟ ɭɩɥɨɬɧɹɸɳɢɯ ɚɝɪɟɝɚɬɨɜ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ «ɜɢɛɪɚɰɢɨɧɧɚɹ 

ɩɥɢɬɚ – ɫɦɟɫɶ»: 

 

     
 

   
2ω sin(ω ),

,

; ,

s p p s p s p p pf f f f

s p e e e e

p pf f f f f f f

p s p s

m m z c z k z c z z k z z

m m g m r t

m z c z z k z z m g

z z z z











            

       

        

 

         
(2.2) 

 

ɝɞɟ em  – ɦɚɫɫɚ ɞɟɛɚɥɚɧɫɧɨɝɨ ɜɚɥɚ, кɝ;  

er  – ɪɚɞɢɭɫ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ ɞɟɛɚɥɚɧɫɧɨɝɨ ɜɚɥɚ, ɦ;  

e  – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɞɟɛɚɥɚɧɫɧɨɝɨ ɜɚɥɚ ɜɢɛɪɚɬɨɪɚ, ɪаɞ/ɫ, 

=2e f   ;  

f  – ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɞɟɛɚɥɚɧɫɧɨɝɨ ɜɚɥɚ, Ƚц;  

t  – ɜɪɟɦɹ, ɫ. 

ɇɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ: 
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0, 0, 0.p s p sɟ z z z z                                                                              (2.3) 

 

Ɇɟɬɨɞ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɨɹɧɢɣ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɢɫɬɟɦɭ 

ɭɩɪɚɜɥɟɧɢɹ ɜ ɜɢɞɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ [27; 69]: 

 

 

ɝɞɟ ( )x t  – ɜɟɤɬɨɪ ɫɨɫɬɨɹɧɢɹ, ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɩɟɪɟɦɟɧɧɵɟ 

ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ n-ɝɨ ɩɨɪɹɞɤɚ;  

( )y t  – ɜɟɤɬɨɪ ɜɵɯɨɞɚ, ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɜɵɯɨɞɧɵɟ 

ɩɟɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ; 

( )A t  – ɦɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɢɫɬɟɦɵ (n × n);  

        ( )B t  – ɦɚɬɪɢɰɚ ɜɯɨɞɚ (r × n),  

 r – ɱɢɫɥɨ ɜɨɡɞɟɣɫɬɜɢɣ; 

( )u t  – ɜɟɤɬɨɪ ɜɯɨɞɚ, ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɜɯɨɞɧɵɟ 

ɩɟɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ; 

( )C t  – ɦɚɬɪɢɰɚ ɜɵɯɨɞɚ (n × p), p – ɱɢɫɥɨ ɜɵɯɨɞɧɵɯ ɜɟɥɢɱɢɧ;  

( )D t  – ɦɚɬɪɢɰɚ ɨɛɯɨɞɚ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɩɪɹɦɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ ɨɬ 

ɜɯɨɞɚ. 

ɉɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ (ɩɟɪɟɦɟɧɧɵɟ ɫɨɫɬɨɹɧɢɣ) 

ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 1x  – ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ 

ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ, 1 px z ; 2x  – ɫɤɨɪɨɫɬɶ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 

ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ, 2 px z ; 3x  – ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɪɚɦɵ, 3 fx z ; 4x  

– ɫɤɨɪɨɫɬɶ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɪɚɦɵ, 4 fx z . 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (2.5) ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɫ ɭɱɟɬɨɦ ɩɪɢɧɹɬɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ ɜ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɟ Ʉɨɲɢ: 

 

( ) ( ) ( ) ( ) ( ),x t A t x t B t u t                                                                       
 

( ) ( ) ( ) ( ) ( ),y t C t x t D t u t     
 (2.4)   
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   
 

    

1 2

2 1 2 4 1 3

2 2

3 4

4 2 4 1 3

,

1 ,
ω sin(ω )

,

1 .

s s f f

s p s p e e e e

f f f
f

x x

c x k x c x x k x x
x

m m m m g m r t

x x

x c x x k x x m g
m

 
 
 
  



          
 

        



        

 (2.5) 

 

ɉɟɪɟɦɟɳɟɧɢɟ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɟɤɬɨɪɵ ɢ ɦɚɬɪɢɰɵ 

ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɫɥɟɞɭɸɳɢɟ ɱɚɫɬɢ ɦɨɞɟɥɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ: 

 

1 2 3 4 1 2 3 4, ,
T T

X x x x x X x x x x                                                     (2.6) 

 

0 1 0 0 0 0
1 0

, ,
0 0 0 1 0 0

10

s sf f f f

p s p s p s p s f

f f f f

p sf f f f

k k c c k c

m m m m m m m m m
A B

k c k c
m mm m m m

   
   
   
   
   
   
   
   
      

 
 

   
 

  

      (2.7) 

 

1 0 0 0 0 0
0 1 0 0 0 0

, ,
0 0 1 0 0 0
0 0 0 1 0 0

C D

   
   
   
   
   
      

                                                                       (2.8) 

 
ɜɟɤɬɨɪ ɜɯɨɞɚ (U) 

 

 2ω sin(ω )
.e e e e p s

f

m r t m m g
U

m g

 
 
 
 

      



                                                                           (2.9) 
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2.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ 

MATLAB/Simulink 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ⱦɥɹ ɨɰɟɧɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɜɵɩɨɥɧɟɧɵ ɜɵɱɢɫɥɟɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ 

MATLAB . Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

 
6 6 3 3

3 3
2

60 10 / ; 3.2 10 / ; 2026 10 / ; 96 10 / ;

  

16 10 ; 32 10 ; 0.4 ; 32 ; 2 / ; 27 .

s f s f

p f s p e

k Н ɦ k Н ɦ c Н c ɦ c Н c ɦ

m кɝ m кɝ m m кɝ m кɝ ɦ f ɪаɞ ɫ f Ƚц 

         

           

 

 

ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 15. 

 

 

Ɋɢɫɭɧɨɤ 15 – ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɹɡɵɤɟ 

MATLAB/Simulink 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ ɜɪɟɦɟɧɧɵɟ 

ɡɚɜɢɫɢɦɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɨɣ, 

ɪɢɫɭɧɨɤ 16, ɪɢɫɭɧɨɤ 17, ɪɢɫɭɧɨɤ 18, ɪɢɫɭɧɨɤ 19. 
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Ɋɢɫɭɧɨɤ 16 – ȼɪɟɦɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ 

 

 

Ɋɢɫɭɧɨɤ 17 – ȼɪɟɦɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɪɚɦɵ 

 

 

Ɋɢɫɭɧɨɤ 18 – ȼɪɟɦɟɧɧɚɹɟ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɬɚɤɬɧɨɝɨ ɭɫɢɥɢɹ 
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Ɋɢɫɭɧɨɤ 19 – ȼɪɟɦɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ ɢ ɪɚɦɵ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ ɯɨɪɨɲɭɸ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ 

ɩɪɨɰɟɫɫɚ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɟɪɟɦɟɳɟɧɢɹ, 

ɫɤɨɪɨɫɬɢ, ɭɫɤɨɪɟɧɢɹ ɩɥɢɬɵ ɢ ɪɚɦɵ, ɤɨɧɬɚɤɬɧɨɝɨ ɭɫɢɥɢɹ ɩɥɢɬɵ ɫ ɭɱɟɬɨɦ ɦɚɫɫɵ 

ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ. 

ɉɨɥɭɱɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ 

ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ. ɂɦɢɬɚɰɢɨɧɧɚɹ 

ɦɨɞɟɥɶ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɵ MATLAB/Simulink ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ 

ɩɟɪɟɦɟɧɧɵɯ ɮɚɤɬɨɪɨɜ ɫɢɫɬɟɦɵ «ɜɢɛɪɚɰɢɨɧɧɚɹ ɩɥɢɬɚ - ɫɪɟɞɚ» ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ, 

ɫɤɨɪɨɫɬɶ, ɭɫɤɨɪɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɫɦɟɫɢ. ɂɦɟɟɬɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɬɚɤɬɧɨɝɨ ɭɫɢɥɢɹ ɧɚ ɭɩɥɨɬɧɹɟɦɭɸ ɫɪɟɞɭ ɩɪɢ 

ɤɨɥɟɛɚɧɢɹɯ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ. Ⱦɚɧɧɵɟ ɨ ɭɫɤɨɪɟɧɢɢ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ 

ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɚɧɚɥɢɡɚ ɭɩɥɨɬɧɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɢ 

ɧɟɩɪɟɪɵɜɧɨɦ ɤɨɧɬɪɨɥɟ ɢ ɭɩɪɚɜɥɟɧɢɢ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ 

ɹɜɥɹɸɬɫɹ ɷɬɚɩɨɦ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ 

ɭɩɥɨɬɧɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɩɥɢɬɚɦɢ. 

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫɜɹɡɚɧɚ ɫɨ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɢɫɬɟɦɵ ɤ 

ɜɨɡɜɪɚɳɟɧɢɸ ɜ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɩɨɫɥɟ ɢɫɱɟɡɧɨɜɟɧɢɹ ɜɧɟɲɧɢɯ ɫɢɥ, 

ɜɵɜɟɞɲɢɯ ɟё ɢɡ ɬɚɤɨɝɨ ɫɨɫɬɨɹɧɢɹ.  

ɋɬɪɨɝɨ ɥɢɧɟɣɧɨɣ ɧɟ ɹɜɥɹɟɬɫɹ ɧɢ ɨɞɧɚ ɢɡ ɪɟɚɥɶɧɵɯ ɫɢɫɬɟɦ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɋȺɍ 
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ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɩɟɰɢɚɥɶɧɚɹ ɩɪɨɰɟɞɭɪɚ  ɥɢɧɟɚɪɢɡɚɰɢɹ. ȼ ɬɟɨɪɟɦɚɯ Ⱥ.Ɇ. 

Ʌɹɩɭɧɨɜɚ [34; 46, ɫ. 7-8] ɫɨɞɟɪɠɢɬɫɹ ɨɛɨɫɧɨɜɚɧɢɟ ɡɚɤɨɧɧɨɫɬɢ ɩɨɞɨɛɧɨɣ 

ɥɢɧɟɚɪɢɡɚɰɢɢ: 

 ɜ ɫɥɭɱɚɟ ɧɚɥɢɱɢɹ ɜ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɦ ɭɪɚɜɧɟɧɢɢ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ 

ɫɢɫɬɟɦɵ ɜɫɟɯ ɤɨɪɧɟɣ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɜɟɳɟɫɬɜɟɧɧɵɦɢ ɱɚɫɬɹɦɢ, ɷɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɟɚɥɶɧɨɣ ɫɢɫɬɟɦɵ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɜ ɷɬɨɦ 

ɫɥɭɱɚɟ ɦɚɥɵɟ ɧɟɥɢɧɟɣɧɵɟ ɱɥɟɧɵ ɧɟ ɫɩɨɫɨɛɧɵ ɤ ɧɚɪɭɲɟɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɫɢɫɬɟɦɵ;  

 ɜ ɫɥɭɱɚɟ ɧɚɥɢɱɢɹ ɜ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɦ ɭɪɚɜɧɟɧɢɢ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ 

ɫɢɫɬɟɦɵ ɯɨɬɹ ɛɵ ɨɞɧɨɝɨ ɤɨɪɧɹ ɫ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɶɸ, ɷɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɪɟɚɥɶɧɨɣ ɫɢɫɬɟɦɵ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɦɚɥɵɟ 

ɧɟɥɢɧɟɣɧɵɟ ɱɥɟɧɵ ɧɟ ɫɩɨɫɨɛɧɵ ɫɞɟɥɚɬɶ ɟё ɭɫɬɨɣɱɢɜɨɣ;  

 ɜ ɫɥɭɱɚɟ ɧɚɥɢɱɢɹ ɧɭɥɟɜɵɯ ɢ ɱɢɫɬɨ ɦɧɢɦɵɯ ɤɨɪɧɟɣ, ɷɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 

ɨ ɧɚɯɨɠɞɟɧɢɢ ɫɢɫɬɟɦɵ ɧɚ ɝɪɚɧɢɰɟ ɭɫɬɨɣɱɢɜɨɫɬɢ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɩɨɜɟɞɟɧɢɟ 

ɪɟɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɧɟ ɜɫɟɝɞɚ ɞɚɠɟ ɤɚɱɟɫɬɜɟɧɧɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɟё 

ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ. ɉɪɢ ɷɬɨɦ ɞɚɠɟ ɭ ɦɚɥɵɯ ɧɟɥɢɧɟɣɧɵɯ ɱɥɟɧɨɜ 

ɩɪɢɫɭɬɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɤɚɪɞɢɧɚɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɜɢɞɚ ɩɟɪɟɯɨɞɧɨɝɨ 

ɩɪɨɰɟɫɫɚ, ɫɞɟɥɚɜ ɫɢɫɬɟɦɭ ɧɟɭɫɬɨɣɱɢɜɨɣ ɢɥɢ ɭɫɬɨɣɱɢɜɨɣ.  

ȼ ɤɚɱɟɫɬɜɟ ɧɟɨɛɯɨɞɢɦɨɝɨ, ɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨɝɨ ɭɫɥɨɜɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɫɢɫɬɟɦɵ ɜɵɫɬɭɩɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɫɬɶ ɜɫɟɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ 

ɭɪɚɜɧɟɧɢɹ. Ɉɧɨ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɞɥɹ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɢ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɨɜ. 

ȿɫɥɢ ɪɚɡɨɦɤɧɭɬɚɹ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɭɫɬɨɣɱɢɜɚɹ, k = 0, 

ɬɨ ɞɥɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ 

ɚɦɩɥɢɬɭɞɧɨ-ɮɚɡɨɜɚɹ ɱɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ  ɨɬ 0 ɞɨ +∞ ɧɟ ɨɯɜɚɬɵɜɚɥɚ ɬɨɱɤɭ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ [-1; j0]  

ɉɨɧɹɬɢɟ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɚɠɧɨɣ ɤɚɬɟɝɨɪɢɟɣ ɜ 

ɬɟɨɪɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ 

ɹɜɥɹɟɬɫɹ ɫɜɨɟɝɨ ɪɨɞɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɋȺɊ, ɬ.ɤ. ɩɨɥɧɨɫɬɶɸ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦɵ.  
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ɉɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ ɧɚɡɵɜɚɟɬɫɹ ɨɬɧɨɲɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨ Ʌɚɩɥɚɫɭ 

ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ Х(s) ɤ ɢɡɨɛɪɚɠɟɧɢɸ ɩɨ Ʌɚɩɥɚɫɭ ɜɯɨɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ F(s) 

ɩɪɢ ɧɭɥɟɜɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɪɢ ɷɬɨɦ ɨɩɟɪɚɬɨɪ s ɪɚɜɟɧ ɨɩɟɪɚɬɨɪɭ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɪ, ɬɨɝɞɚ:  

 

( )
( ) ,

( )

X s
W s

F s
  (2.10) 

 

ɝɞɟ s – ɤɨɦɩɥɟɤɫɧɵɣ ɚɪɝɭɦɟɧɬ.  

ɉɪɟɨɛɪɚɡɭɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɢ ɧɭɥɟɜɵɯ ɧɚɱɚɥɶɧɵɯ 

ɭɫɥɨɜɢɹɯ, ɡɚɦɟɧɹɹ dtd/  ɧɚ ,s  ɩɨɥɭɱɢɦ ɚɥɝɟɛɪɚɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ 

ɢɡɨɛɪɚɠɟɧɢɣ: 

 

).()()()( sFsBsXsA   (2.11) 

 

Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɥɟɝɤɨ ɡɚɩɢɫɵɜɚɟɬɫɹ ɩɨ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦɭ ɭɪɚɜɧɟɧɢɸ:  

 

( )
( ) ,

( )

B s
W s

A s
  (2.12) 

 

ɂ, ɧɚɨɛɨɪɨɬ, ɩɨ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ 

ɭɪɚɜɧɟɧɢɟ.  

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɹɜɥɹɟɬɫɹ ɞɪɨɛɧɨ-ɪɚɰɢɨɧɚɥɶɧɨɣ ɮɭɧɤɰɢɟɣ 

ɤɨɦɩɥɟɤɫɧɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɮɨɪɦɭɥɚ (2.13): 
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ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɢɦɟɟɬ ɩɨɪɹɞɨɤ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɪɹɞɤɨɦ 

ɩɨɥɢɧɨɦɚ ɡɧɚɦɟɧɚɬɟɥɹ n. ɂɡ ɭɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɢɡɨɛɪɚɠɟɧɢɟ ɜɵɯɨɞɧɨɝɨ 

ɫɢɝɧɚɥɚ ɦɨɠɧɨ ɧɚɣɬɢ ɤɚɤ Х(s) = W(s)∙F(s).  

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɞɟɥɢ ɫ ɭɱɟɬɨɦ ɚɥɝɨɪɢɬɦɚ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɋȺɍ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɛɥɨɱɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɜɵɩɨɥɧɟɧɚ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɵ ɤɨɦɚɧɞɵ ɩɪɨɝɪɚɦɦɵ ɆȺɌLȺȼ 

sɭs=ss(Ⱥ,ȼ,ɋ,D) 

sɭs1=tf(sɭs) 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɚɧɞ ɆȺɌLȺȼ ɩɨɥɭɱɟɧɵ ɩɟɪɟɞɚɬɨɱɧɵɟ 

ɮɭɧɤɰɢɢ ɩɨ ɜɯɨɞɭ ɫ ɪɟɝɭɥɢɪɭɟɦɨɣ ɩɟɪɟɦɟɧɧɨɣ – ɭɝɥɨɜɨɣ ɱɚɫɬɨɬɨɣ ɜɢɛɪɚɰɢɢ: 

ɉɎ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ – ɩɟɪɟɦɟɳɟɧɢɟ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ, 

ɮɨɪɦɭɥɚ (2.14): 

 

5 2 5

4 3 4 2 4 6

3,125 10 9,375 10 0,003125
( ) ,

97,73 1,391 10 4,922 10 1,339 10

s s
W s

s s s s

      


         
 (2.14) 

 

ɉɎ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ – ɫɤɨɪɨɫɬɶ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ, ɮɨɪɦɭɥɚ 

(2.15): 

 

5 3 5 2

4 3 4 2 4 6

3,125 10 9,375 10 0,003125
( ) .

97,73 1,391 10 4,922 10 1,339 10

s s s
W s

s s s s

       


         
 (2.15) 

 

ɉɨɥɭɱɟɧɧɵɟ ɉɎ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɬɪɨɝɨ ɩɪɚɜɢɥɶɧɨɦɭ ɜɢɞɭ, ɬɚɤ ɤɚɤ ɫɬɟɩɟɧɶ 

ɱɢɫɥɢɬɟɥɹ ɦɟɧɶɲɟ ɫɬɟɩɟɧɢ ɡɧɚɦɟɧɚɬɟɥɹ.  
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3 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢя 

 

3.1 Ɍɢɩɨɜɵɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɪɟɝɭɥяɬɨɪɵ 

 

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɬɨɱɧɢɤɢ ɬɟɯɧɢɱɟɫɤɨɣ ɢ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɵ 

ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɉɂȾ-

ɪɟɝɭɥɹɬɨɪɨɜ: ɷɦɩɢɪɢɱɟɫɤɚɹ ɧɚɫɬɪɨɣɤɚ; ɩɪɨɢɡɜɨɞɧɵɟ ɦɟɬɨɞɵ [18]; ɦɟɬɨɞɵ 

Ɂɢɝɥɟɪɚ-ɇɢɤɨɥɶɫɚ [36]; ɦɟɬɨɞɵ ɦɨɞɚɥɶɧɨɝɨ ɫɢɧɬɟɡɚ; ɚɥɝɟɛɪɚɢɱɟɫɤɢɟ ɦɟɬɨɞɵ; 

ɦɟɬɨɞɵ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɢɧɬɟɡɚ; ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ; ɦɟɬɨɞ 

ɨɩɬɢɦɚɥɶɧɨɣ ɉɎ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ (ɫɢɦɦɟɬɪɢɱɧɵɣ ɢ ɬɟɯɧɢɱɟɫɤɢɣ 

ɨɩɬɢɦɭɦɵ). Ʉɥɸɱɟɜɵɟ ɬɟɧɞɟɧɰɢɢ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɪɚɡɜɢɬɢɹ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ 

ɉɂ- ɢ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɜ ɨɩɢɫɚɧɵ ɜ ɤɧɢɝɟ Aidan O’Dwyer, 2006 [70] (443 ɦɟɬɨɞɚ 

ɫɢɧɬɟɡɚ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɜ) ɢ Aidan O’Dwyer, 2009 [71] (1731 ɦɟɬɨɞ ɫɢɧɬɟɡɚ 

ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɜ). 

Ɇɨɞɚɥɶɧɵɣ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɟɦɵɯ ɭɱɟɧɵɦɢ 

ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɜ [13]. ȼ ɩɨɫɜɹɳɟɧɧɵɯ ɫɢɧɬɟɡɭ ɪɟɝɭɥɹɬɨɪɨɜ 

ɧɚɭɱɧɵɯ ɪɚɛɨɬɚɯ ɨɬɫɭɬɫɬɜɭɸɬ ɫɨɨɬɧɨɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɫɜɹɡɵɜɚɸɬ ɡɧɚɱɟɧɢɹ 

ɩɟɪɟɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɫ ɭɱɟɬɨɦ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɩɨɥɸɫɨɜ. 

ɉɪɢ ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɨɩɢɫɚɧɢɢ ɦɨɛɢɥɶɧɵɯ, ɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɞɨɪɨɠɧɵɯ, 

ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ ɤɚɤ ɨɛɴɟɤɬɨɜ ɭɩɪɚɜɥɟɧɢɹ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɜɬɨɪɨɝɨ ɢ ɛɨɥɟɟ 

ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ [13; 15; 31; 55; 70]. 

ɇɚɪɹɞɭ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɨɰɟɫɫɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɞɥɹ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ (CAP) 

ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢ 

ɨɛɟɫɩɟɱɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ. 

ȼ ɫɥɭɱɚɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɣ ɋȺɊ, ɩɨɹɜɥɹɟɬɫɹ ɜɨɩɪɨɫ ɨ ɬɨɦ, 

ɧɚɫɤɨɥɶɤɨ ɤɚɱɟɫɬɜɟɧɧɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɢ ɨɧɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. 

http://automation-system.ru/main/item/40-klassifikacziya-texnologicheskix-proczessov-asu-tp.html
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Ɉɞɧɨɣ ɢɡ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɟɝɨ 

ɩɟɪɟɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ - ɪɟɚɤɰɢɹ ɨɛɴɟɤɬɚ ɧɚ ɟɞɢɧɢɱɧɨɟ ɫɬɭɩɟɧɱɚɬɨɟ 

ɜɨɡɞɟɣɫɬɜɢɟ (ɪɢɫɭɧɨɤ 6). 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɹɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ, 

ɨɩɪɟɞɟɥɹɟɦɵɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ ɩɟɪɟɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ, ɜɵɫɬɭɩɚɸɬ: 

 ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɧɨɣ ɜɟɥɢɱɢɧɵ Yɭɫɬ; 

 ɫɬɟɩɟɧɶ ɡɚɬɭɯɚɧɢɹ; 

 ɜɪɟɦɹ ɞɨɫɬɢɠɟɧɢɹ ɩɟɪɜɨɝɨ ɦɚɤɫɢɦɭɦɚ Tp; 

 ɜɪɟɦɹ ɭɫɬɚɧɨɜɥɟɧɢɹ (ɪɟɝɭɥɢɪɨɜɚɧɢɹ) Ta; 

 ɨɲɢɛɤɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Еɫɬ (ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɢɥɢ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ 

ɫɨɫɬɚɜɥɹɸɳɢɟ); 

 ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɭ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɫɧɹɬɚɹ ɧɚ ɨɛɴɟɤɬɟ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ ɨɬɪɚɛɨɬɤɟ ɫɬɭɩɟɧɱɚɬɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ ɩɟɪɟɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɦɟɟɬ ɤɨɥɟɛɚɬɟɥɶɧɵɣ ɜɢɞ (ɪɢɫɭɧɨɤ 20). 

 

 

Ɋɢɫɭɧɨɤ 20 – Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɢ, ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɫɬɚɬɢɱɟɫɤɨɣ 

ɨɲɢɛɤɢ 

 

http://automation-system.ru/main/item/70-opredelenie-parametrov-perexodnyx-xarakteristik.html
http://automation-system.ru/main/item/70-opredelenie-parametrov-perexodnyx-xarakteristik.html
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ɇɟɨɛɯɨɞɢɦɨ ɜɵɛɢɪɚɬɶ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ 

ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɡɧɚɱɟɧɢɟ ɨɛɳɟɝɨ ɜɪɟɦɟɧɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢɥɢ 

ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɜɨɣ ɩɨɥɭɜɨɥɧɵ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

ȼ ɧɟɩɪɟɪɵɜɧɵɯ ɫɢɫɬɟɦɚɯ ɫ ɬɢɩɨɜɵɦɢ ɪɟɝɭɥɹɬɨɪɚɦɢ ɷɬɨ ɜɪɟɦɹ ɛɵɜɚɟɬ 

ɦɢɧɢɦɚɥɶɧɵɦ ɩɪɢ ɬ. ɧ. ɨɩɬɢɦɚɥɶɧɵɯ ɚɩɟɪɢɨɞɢɱɟɫɤɢɯ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɚɯ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɭɦɟɧɶɲɟɧɢɹ ɜɪɟɦɟɧɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɨ 

ɚɛɫɨɥɸɬɧɨɝɨ ɦɢɧɢɦɭɦɚ ɩɪɢɦɟɧɹɸɬ ɫɩɟɰɢɚɥɶɧɵɟ ɨɩɬɢɦɚɥɶɧɵɟ ɩɨ 

ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

ɚ) Ɉɲɢɛɤɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Еɫɬ (ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɢɥɢ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ 

ɫɨɫɬɚɜɥɹɸɳɢɟ ). 

ɋɬɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Еɫɬ=Уɜ – Уɭɫɬ, ɝɞɟ Yɜ – ɜɯɨɞɧɚɹ 

ɜɟɥɢɱɢɧɚ. ȼ ɧɟɤɨɬɨɪɵɯ ɋȺɊ ɧɚɛɥɸɞɚɟɬɫɹ ɨɲɢɛɤɚ, ɧɟ ɢɫɱɟɡɚɸɳɚɹ ɞɚɠɟ ɩɨɫɥɟ 

ɢɫɬɟɱɟɧɢɹ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ. Ɋɟɱɶ ɢɞɟɬ ɨ ɫɬɚɬɢɱɟɫɤɨɣ ɨɲɢɛɤɟ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ Еɫɬ. Ⱦɚɧɧɚɹ ɨɲɢɛɤɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɧɟɤɨɬɨɪɨɣ ɧɚɩɟɪɟɞ 

ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ. ɍ ɪɟɝɭɥɹɬɨɪɨɜ ɫ ɢɧɬɟɝɪɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɨɲɢɛɤɢ ɜ 

ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɫɨɫɬɨɹɧɢɢ ɬɟɨɪɟɬɢɱɟɫɤɢ ɪɚɜɧɵ ɧɭɥɸ, ɨɞɧɚɤɨ ɜɨɡɦɨɠɧɨ 

ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ ɨɲɢɛɨɤ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɧɚɥɢɱɢɟɦ 

ɜ ɷɥɟɦɟɧɬɚɯ ɫɢɫɬɟɦɵ ɡɨɧ ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 

ɛ) ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɭ. 

ȼɟɥɢɱɢɧɚ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ y ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɜɢɞɨɦ ɨɬɪɚɛɚɬɵɜɚɟɦɨɝɨ 

ɫɢɝɧɚɥɚ. ɉɪɢ ɨɬɪɚɛɨɬɤɟ ɫɬɭɩɟɧɱɚɬɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɜɟɥɢɱɢɧɚ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

%.100max

ɭɫɬ

ɭɫɬ

y

yy
y




                                                                                         (3.1) 
 

ɜ) ɋɬɟɩɟɧɶ ɡɚɬɭɯɚɧɢɹ – ɟɫɬɶ ɜɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɡɚɬɭɯɚɧɢɟ 

ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɪɚɜɧɚɹ ɨɬɧɨɲɟɧɢɸ ɪɚɡɧɨɫɬɢ ɞɜɭɯ 

ɫɨɫɟɞɧɢɯ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɹ (ɧɚɩɪɚɜɥɟɧɧɵɯ ɜ ɨɞɧɭ ɫɬɨɪɨɧɭ) ɤ ɩɟɪɜɨɣ ɢɡ ɧɢɯ. 

http://automation-system.ru/main/item/24-oshibka-kalibrovki.html
http://automation-system.ru/main/item/54-sostav-asup.html
http://automation-system.ru/main/item/74-pokazateli-kachestva-proczessa-upravleniya.html
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɚɤɰɢɸ ɫɢɫɬɟɦɵ ɧɚ ɫɬɭɩɟɧɱɚɬɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɦɨɠɧɨ 

ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɞɜɭɦɹ ɮɚɤɬɨɪɚɦɢ: 

– ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɪɟɦɟɧɟɦ ɧɚɪɚɫɬɚɧɢɹ ɢ 

ɜɪɟɦɟɧɟɦ ɦɚɤɫɢɦɭɦɚ; 

– ɛɥɢɡɨɫɬɶɸ ɤ ɠɟɥɚɟɦɨɦɭ ɜɢɞɭ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɢ ɜɪɟɦɟɧɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

ɉɨ ɫɜɨɟɣ ɫɭɬɢ ɷɬɢ ɮɚɤɬɨɪɵ ɹɜɥɹɸɬɫɹ ɩɪɨɬɢɜɨɪɟɱɚɳɢɦɢ ɞɪɭɝ ɞɪɭɝɭ, ɱɬɨ 

ɡɚɫɬɚɜɥɹɟɬ ɢɫɤɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɣ ɤɨɦɩɪɨɦɢɫɫ. 

 

3.2 Ɇɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɉɂȾ-ɪɟɝɭɥяɬɨɪɚ ɫɢɫɬɟɦɵ ɜɵɫɨɤɨɝɨ ɩɨɪяɞɤɚ 

 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ, ɫ 

ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ Ɉɍ ɜɵɲɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ (ɪɢɫɭɧɨɤ 21). 

 

 

Ɋɢɫɭɧɨɤ 21 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

 

Ƚɞɟ Wy(s) – ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ; Wp(s) – 

ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɪɟɝɭɥɹɬɨɪɚ; g(s) – ɡɚɞɚɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ; ε(s) – ɨɲɢɛɤɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ; u(s) – ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ; y(s) – ɜɵɯɨɞɧɚɹ ɪɟɝɭɥɢɪɭɟɦɚɹ 

ɩɟɪɟɦɟɧɧɚɹ.  

ɂɡɜɟɫɬɧɚ ɦɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɩɚɪɚɦɟɬɪɨɜ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ (Kp, Ki, Kd) ɞɥɹ 

ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫ ɨɛɴɟɤɬɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ [75]. 

 

0
0 2

0 1 2

( ) ,
b

W s
a s a s a


   

 (3.2) 

 

ɢ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ 

Wp(s) Wy(s) 

– 

Ɋɟɝɭɥɹɬɨɪ Ɉɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ 
g(s) ε(s) u(s) y(s) 
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.)(
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ipd
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
  (3.3) 

 

Ⱦɥɹ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɪɚɡɨɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɫ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ 

ɯɚɪɚɤɬɟɪɟɧ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
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  (3.4) 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɪɟɝɭɥɹɬɨɪɚ ɩɨ ɩɨɥɸɫɚɦ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ 

ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ. 

ɉɨɥɸɫɵ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫ ɉɂȾ -ɪɟɝɭɥɹɬɨɪɨɦ 

ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɸɬ ɯɚɪɚɤɬɟɪ ɟɟ ɩɟɪɟɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɉɟɪɟɞɚɬɨɱɧɚɹ 

ɮɭɧɤɰɢɹ (ɉɎ) ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ ɜ ɥɢɧɟɣɧɨɦ ɜɚɪɢɚɧɬɟ ɢ 

ɟɞɢɧɢɱɧɨɣ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ (3.2) 

ɛɭɞɟɬ:  
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  (3.5) 

 

ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫɥɟɞɭɟɬ ɢɡ ɜɵɪɚɠɟɧɢɹ 

(3.5):
  
 

.)()()( 01012
2

011
3

0 bKsbKasbKasasD ipd   (3.6) 
 

ɉɨɥɸɫɵ ɉɎ ɨɩɪɟɞɟɥɹɸɬ ɱɢɫɥɟɧɧɨ ɩɨ (3.6) ɩɪɢ ɤɨɧɤɪɟɬɧɵɯ ɡɧɚɱɟɧɢɹɯ Ki, 

Kp, Kd ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɭɥɹɬɨɪɚ. Ⱦɥɹ ɫɢɫɬɟɦɵ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ ɜɨɡɦɨɠɧɵ ɞɜɚ 

ɜɚɪɢɚɧɬɚ ɩɨɥɸɫɨɜ:  

ɚ) Ʉɨɦɩɥɟɤɫɧɵɟ ɩɨɥɸɫɵ.  

ɉɭɫɬɶ ɤɨɪɧɢ ɭɪɚɜɧɟɧɢɹ D(s) = 0 ɢɦɟɸɬ ɜɢɞ: 
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1 1 2 2 3 2, , ,s s j s j                                                                    (3.7) 
 

ɝɞɟ η1 – ɫɬɟɩɟɧɶ ɭɫɬɨɣɱɢɜɨɫɬɢ; 

η2 – ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɩɨɥɸɫɚ; 

β – ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɩɨɥɸɫɚɦɢ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɩɟɪɟɯɨɞɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢɟɦ 

ɩɪɢɧɢɦɚɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
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ɛ) ȼɟɳɟɫɬɜɟɧɧɵɟ ɩɨɥɸɫɵ. 

ɉɭɫɬɶ ɤɨɪɧɢ ɭɪɚɜɧɟɧɢɹ D(s) = 0 ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

 

.,, 332211   sss                                                                               (3.9)
  

ɂ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɢɦɟɬ ɜɢɞ: 
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1   ssssD   (3.10) 

 

 
ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɜɵɪɚɠɟɧɢɣ (3.6), (3.8) ɢ (3.6), (3.10), ɩɨɥɭɱɚɟɦ: 
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Ɉɬɫɸɞɚ ɧɚɯɨɞɢɦ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɭɥɹɬɨɪɚ, ɤɨɬɨɪɵɟ 

ɜɵɪɚɠɟɧɵ ɱɟɪɟɡ ɡɧɚɱɟɧɢɹ ɩɨɥɸɫɨɜ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ 

ɫ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ. 

ȼ ɫɥɭɱɚɟ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɥɸɫɨɜ: 
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 (3.12) 

 

ȼ ɫɥɭɱɚɟ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ (ɜɟɳɟɫɬɜɟɧɧɵɯ) ɩɨɥɸɫɨɜ: 
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 (3.13) 

 

ȼɵɪɚɠɟɧɢɹ (3.12) ɢ (3.13) ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ 

ɨɱɟɜɢɞɧɵɣ ɜɵɜɨɞ ɨɛ ɨɩɪɟɞɟɥɟɧɢɢ ɢɫɤɨɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ 
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ɤɚɤ ɩɚɪɚɦɟɬɪɚɦɢ ɤɨɪɪɟɤɬɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɸ (3.2), ɬɚɤ ɢ 

ɩɨɥɸɫɚɦɢ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɞɢɬɫɹ ɤ ɡɚɦɟɧɟ ɨɛɴɟɤɬɚ ɜɵɫɨɤɨɝɨ 

ɩɨɪɹɞɤɚ (3.14) ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɨɛɴɟɤɬɨɦ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ (3.2). 
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ɋ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɢɫɬɟɦɚɦ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ, ɫɱɢɬɚɟɦ, ɱɬɨ ɭɫɬɚɧɨɜɢɜɲɢɟɫɹ 

ɡɧɚɱɟɧɢɹ ɢɯ ɩɟɪɟɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɜɩɚɞɚɸɬ, ɚ ɩɨɥɸɫɚ ɉɎ ɫɢɫɬɟɦɵ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɟɤɨɬɨɪɵɦɢ ɫɪɟɞɧɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɨɥɸɫɨɜ ɉɎ 

ɫɢɫɬɟɦɵ ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ. Ⱦɥɹ ɷɬɨɝɨ ɜɵɩɨɥɧɢɦ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ. 

ɋɨɫɬɚɜɢɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ: 

 

1
0 1( ) ... .n n

nȼ s a s a s a       (3.15) 

 

ɇɚɣɬɢ ɩɨɥɸɫɵ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ (3.15). ȼɫɟ ɩɨɥɸɫɚ 

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɜɥɢɹɸɬ ɧɚ ɯɚɪɚɤɬɟɪ ɟɟ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɢɱɟɦ ɜɥɢɹɧɢɟ ɩɨɥɸɫɨɜ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɛɥɢɠɟ ɤ 

ɦɧɢɦɨɣ ɨɫɢ ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɵɦ, ɱɟɦ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɞɚɥɟɟ ɨɬ 

ɦɧɢɦɨɣ ɨɫɢ. ɉɨɷɬɨɦɭ ɷɬɨɬ ɮɚɤɬ ɧɭɠɧɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɜɵɛɨɪɟ ɞɜɭɯ ɩɨɥɸɫɨɜ 

ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ.  

ɋɥɟɞɭɸɳɢɣ ɲɚɝ – ɧɚɣɬɢ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɩɨɥɸɫɨɜ. ȼ 

ɫɥɭɱɚɟ ɟɫɥɢ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ - ɤɨɦɩɥɟɤɫɧɨɟ ɱɢɫɥɨ, ɬɨ 

ɩɨɞɛɢɪɚɟɬɫɹ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɟɧɧɨɟ ɟɦɭ ɱɢɫɥɨ ɢ ɩɨ ɧɢɦ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ. ȿɫɥɢ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ 

ɜɟɳɟɫɬɜɟɧɧɨɟ ɱɢɫɥɨ, ɬɨ ɨɧɨ ɞɭɛɥɢɪɭɟɬɫɹ. 

ɍɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɉɎ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɟ: 
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.
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
na

k
b                                                                                                         

(3.16)    
 

ɗɤɜɢɜɚɥɟɧɬɢɪɨɜɚɧɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚɱɚɥɶɧɵɟ ɢ ɤɨɧɟɱɧɵɟ 

ɩɨɤɚɡɚɬɟɥɢ ɷɬɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɜɩɚɞɚɸɬ. ɇɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ 

ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ɷɬɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶɸ ɢɯ ɢɡɦɟɧɟɧɢɹ. Ⱥ 

ɤɨɧɟɱɧɵɦ – ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ. 

Ɏɨɪɦɭɥɚ ɩɪɟɞɟɥɶɧɨɝɨ ɩɟɪɟɯɨɞɚ ɢɡ ɨɛɥɚɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨ Ʌɚɩɥɚɫɭ ɜ 

ɨɛɥɚɫɬɶ ɜɪɟɦɟɧɢ: 

 

.)(lim)( 0
0

bphph
p




                                                                                    (3.17) 

 

ɋɢɧɬɟɡɢɪɨɜɚɬɶ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɩɨ ɩɨɥɭɱɟɧɧɨɦɭ ɷɤɜɢɜɚɥɟɧɬɧɨɦɭ 

ɭɪɚɜɧɟɧɢɸ ɉɎ.  

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɫɢɧɬɟɡɚ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɫɢɫɬɟɦ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɲɚɝɢ: 

ɚ) ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɦɭ ɭɪɚɜɧɟɧɢɸ ɉɎ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɣɬɢ 

ɩɨɥɸɫɚ; 

ɛ) ɧɚɣɬɢ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɩɨɥɸɫɨɜ. ȿɫɥɢ ɧɟɤɨɬɨɪɵɟ ɩɨɥɸɫɵ ɧɚɯɨɞɹɬɫɹ 

ɡɧɚɱɢɬɟɥɶɧɨ ɞɚɥɶɲɟ ɨɬ ɦɧɢɦɨɣ ɨɫɢ, ɱɟɦ ɞɪɭɝɢɟ, ɢɦɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ; 

ɜ) ɩɨ ɩɨɥɭɱɟɧɧɨɦɭ ɫɪɟɞɧɟɦɭ ɡɧɚɱɟɧɢɸ ɜɨɫɫɬɚɧɨɜɢɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ 

ɭɪɚɜɧɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ 

ɡɧɚɦɟɧɚɬɟɥɟɦ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɉɎ; 

ɝ) ɧɚɣɬɢ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɝɨ 

ɩɨɪɹɞɤɚ, ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɫɜɨɛɨɞɧɵɯ ɱɥɟɧɨɜ ɱɢɫɥɢɬɟɥɹ ɢ ɡɧɚɦɟɧɚɬɟɥɹ. 

 

3.3 ɋɢɧɬɟɡ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢя ɨɛɴɟɤɬɨɦ ɱɟɬɜɟɪɬɨɝɨ ɩɨɪяɞɤɚ 

 

ɉɨɥɭɱɢɬɶ ɨɛɴɟɤɬ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 4 ɩɨɪɹɞɤɚ ɦɨɠɧɨ ɫɥɟɞɭɸɳɢɦɢ 

ɫɩɨɫɨɛɚɦɢ: 
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– ɫɨɟɞɢɧɢɜ ɩɚɪɚɥɥɟɥɶɧɨ ɢɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɜɚ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɡɜɟɧɚ; 

– ɫɨɟɞɢɧɢɜ ɩɚɪɚɥɥɟɥɶɧɨ ɢɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɨɞɧɨ ɤɨɥɟɛɚɬɟɥɶɧɨɟ ɢ ɞɜɚ 

ɚɩɟɪɢɨɞɢɱɟɫɤɢɯ ɡɜɟɧɚ; 

– ɫɨɟɞɢɧɢɜ ɩɚɪɚɥɥɟɥɶɧɨ ɢɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɱɟɬɵɪɟ ɚɩɟɪɢɨɞɢɱɟɫɤɢɯ 

ɡɜɟɧɶɟɜ.  

Ɋɚɫɫɦɨɬɪɢɦ ɜɬɨɪɨɣ ɫɥɭɱɚɣ, ɫɨɟɞɢɧɢɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɜɚ ɤɨɥɟɛɚɬɟɥɶɧɵɯ 

ɡɜɟɧɚ. 

ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɹɜɥɹɸɬɫɹ: 

 

2 3 2 3 2 20.1; 3; 0.2; 0.15; 0.3; 0.6,K K T T         

2
2 2 2 2

2 2 2

0.1
( ) ,

2 1 0.04 0.12 1

K
W s

T s T s s s
 

         
 

 
3

3 2 2 2
3 3 3

3
( ) .

2 1 0.0225 0.18 1

K
W s

T s T s s s
 

           
 

ȼɵɞɟɥɢɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ: 

 

23 2 3 2 2

4 3 2

0.1 3
( ) ( ) ( )

0.04 0.12 1 0.0225 0.18 1
3000

.
9 99 841 3000 10000

W s W s W s
s s s s

s s s s

    
       


         

 

ȼɵɞɟɥɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ: 

 

4 3 2( ) 9 99 841 3000 10000.D s s s s s          
 

ɉɟɪɟɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɨɛɴɟɤɬɚ ɩɨɤɚɡɚɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 22. 
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Ɋɢɫɭɧɨɤ 22 – ɉɟɪɟɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

 

ɇɚɣɞɟɦ ɤɨɪɧɢ ɭɪɚɜɧɟɧɢɹ: 

 

























9

99

841

3000

10000

v

. 
 

Ɉɩɪɟɞɟɥɢɦ ɩɨɥɸɫɚ ɉɎ ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɤɨɪɧɹɦ: 

 

1 2 3 44 5.333; 4 5.333; 1.5 4.77; 1.5 4.77.s i s i s j s j                 
 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɜɫɟɯ ɩɨɥɸɫɨɜ ɜ 

ɥɟɜɨɣ ɩɨɥɭɩɥɨɫɤɨɫɬɢ. 

Ɉɩɪɟɞɟɥɢɦ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ: 

 

ɫɬɟɩɟɧɶ ɭɫɬɨɣɱɢɜɨɫɬɢ: 23 1 2 3 4min( Re( ), Re( ), Re( ), Re( )) 1.5,s s s s        
 

ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɶ: 1 2 3 4
23

1 2 3 4

Im( ) Im( ) Im( ) Im( )
max , , , 3.18,

Re( ) Re( ) Re( ) Re( )

s s s s

s s s s


 
  

 
 

 

ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ: 23
23 100 37.235,e





    

0 0.5 1 1.5 2 2.5 3 3.5 4

0

0.1

0.2

0.3

0.4

ȼɪɟɦɹ, ɫ

Ⱥɦ
ɩɥ

ɢɬ
ɭɞ

ɚ
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ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ: 

 

.
1

3
23

23 
pt                                                                                                     (3.18) 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɤɨɬɨɪɚɹ 

ɷɤɜɢɜɚɥɟɧɬɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɟ ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ, ɫɱɢɬɚɟɦ, ɱɬɨ 

ɭɫɬɚɧɨɜɢɜɲɢɟɫɹ ɡɧɚɱɟɧɢɹ ɢɯ ɩɟɪɟɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɜɩɚɞɚɸɬ, ɚ ɩɨɥɸɫɚ 

ɉɎ ɫɢɫɬɟɦɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɟɤɨɬɨɪɵɦɢ ɫɪɟɞɧɢɦɢ ɡɧɚɱɟɧɢɹɦɢ 

ɩɨɥɸɫɨɜ ɉɎ ɫɢɫɬɟɦɵ ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ. Ⱦɥɹ ɷɬɨɝɨ ɜɵɩɨɥɧɢɦ ɫɥɟɞɭɸɳɢɟ 

ɨɩɟɪɚɰɢɢ. 

1 ȼɵɱɢɫɥɟɧɢɟ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɩɨɥɸɫɨɜ ɫɢɫɬɟɦɵ ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ: 

 

11

4 5.333 ( 1.5 4.77)
2.75 5.051.

2

i i
s i

      
    

 
 

ȼɵɛɢɪɚɟɦ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɩɨɫɤɨɥɶɤɭ ɩɨ ɭɫɥɨɜɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɩɨɥɸɫɨɜ ɞɨɥɠɧɚ ɹɜɥɹɬɶɫɹ ɨɬɪɢɰɚɬɟɥɶɧɨɣ.  

2 ȼɵɱɢɫɥɹɟɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɞɥɹ 

ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɩɨɥɸɫɨɜ ɩɨɫɪɟɞɫɬɜɨɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɚɤɟɬɚ Mathcad: 

 

2[ ( 2.75 5.051)] [ ( 2.75 5.051)] , 5.5 33.075101.s j s j collect s s s              
 

3 ɉɪɢɜɨɞɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɤ 

ɜɢɞɭ, ɱɬɨɛɵ ɫɜɨɛɨɞɧɵɣ ɱɥɟɧ ɛɵɥ ɪɚɜɟɧ ɟɞɢɧɢɰɟ 

 

2
2 25.5 33.075101

0.03023 0.166288 1.
33.0751101

s s
s s

  
    

 
 

ɉɨɥɭɱɚɟɦ, ɱɬɨ ɢɫɤɨɦɚɹ ɉɎ ɢɦɟɟɬ ɜɢɞ: 
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,
1166.003.0
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
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sWэ  

 

ɝɞɟ b0 – ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ 

(b0=0.3). 

ɉɪɨɜɟɪɹɟɦ ɤɨɪɪɟɤɬɧɨɫɬɶ ɩɨɥɭɱɟɧɧɨɣ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɉɎ ɩɨɫɪɟɞɫɬɜɨɦ 

ɩɚɤɟɬɚ MATLAB ( ɪɢɫɭɧɨɤ 23). 

 

 

Ɋɢɫɭɧɨɤ 23 – ɉɟɪɟɯɨɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɉɎ W23 ɢ Wɷ 

 

ɉɨ ɩɟɪɟɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɜɢɞɧɨ, ɱɬɨ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɉɎ ɧɚɣɞɟɧɚ 

ɜɟɪɧɨ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɬɨɱɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɦɨɠɧɨ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ. ɍɪɚɜɧɟɧɢɟ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɢɦɟɟɬ 

ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

 
2

.d p i
y

K s K s K
W

s

   


                                                                                  (3.19)  
 

ɉɚɪɚɦɟɬɪɵ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɩɨɥɸɫɚ ɨɛɴɟɤɬɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɥɭɱɢɥɢɫɶ ɤɨɦɩɥɟɤɫɧɵɟ, ɧɚɯɨɞɹɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 
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ɝɞɟ а0, а1, а2 – ɤɨɷɮɮɢɰɢɟɧɬɵ ɉɎ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. 

ɉɪɢɧɢɦɚɟɦ ɤɨɦɩɥɟɤɫɧɵɟ ɩɨɥɸɫɚ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫ 

ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ η1=1, η2=5, β=0.5, ɩɨɥɭɱɢɦ, ɱɬɨ: 
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ɇɚ ɪɢɫɭɧɤɟ 24 ɩɪɢɜɟɞɟɧɵ ɩɟɪɟɯɨɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɫ ɉɂȾ-

ɪɟɝɭɥɹɬɨɪɨɦ. 

 

 

Ɋɢɫɭɧɨɤ 24 – ɉɟɪɟɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ 

 

ȼɵɩɨɥɧɟɧɚ ɩɪɨɜɟɪɤɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɦɟɬɨɞɢɤɢ ɧɚ ɩɟɪɟɞɚɬɨɱɧɨɣ 

ɮɭɧɤɰɢɢ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ 
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4 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 

 

4.1 Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 

 

ɐɟɥɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɛɨɪɟ ɞɚɧɧɵɯ ɨ 

ɞɢɧɚɦɢɤɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɭɩɥɨɬɧɢɬɟɥɹ, ɜ ɩɪɨɜɟɞɟɧɢɢ ɚɧɚɥɢɡɚ ɢɡɦɟɧɟɧɢɣ ɭɫɤɨɪɟɧɢɹ ɭɩɥɨɬɧɢɬɟɥɹ ɨɬ 

ɠɟɫɬɤɨɫɬɢ ɫɪɟɞɵ, ɜ ɨɛɨɫɧɨɜɚɧɢɢ ɩɪɟɞɩɨɫɵɥɨɤ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɪɚɛɨɱɟɝɨ 

ɩɪɨɰɟɫɫɚ. Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɜɢɛɪɨɩɥɢɬɚ ȼɍ-05-45. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ:  

 ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɢɬɟɥɹ;  

 ɩɨɞɝɨɬɨɜɤɚ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢ ɭɫɬɚɧɨɜɤɚ ɩɪɢɛɨɪɨɜ ɧɚ 

ɜɢɛɪɚɰɢɨɧɧɵɣ ɭɩɥɨɬɧɢɬɟɥɶ;  

 ɩɪɨɜɟɞɟɧɢɟ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɝɪɭɧɬɨɜɨɦ ɤɚɧɚɥɟ;  

 ɨɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

 

Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɭɩɥɨɬɧɢɬɟɥɹ ɩɪɟɞɩɨɥɚɝɚɸɬ ɢɡɦɟɪɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɜ ɞɢɧɚɦɢɤɟ. ȼɚɠɧɨɟ 

ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɩɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ 

ɫɪɟɞɫɬɜ. ɉɪɢ ɩɨɞɝɨɬɨɜɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɜɟɞɟɧɵ ɪɚɛɨɬɵ 

ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɥɚɛɨɪɚɬɨɪɢɢ «Ƚɪɭɧɬɨɜɵɣ 

ɤɚɧɚɥ» ɤɚɮɟɞɪɵ «ɋɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ» ɋɎɍ 

ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɶɸɬɟɪɢɡɚɰɢɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

ȼɢɛɪɨɩɥɢɬɚ ȼɍ-05-45 (ɪɢɫɭɧɨɤ 25) ɩɪɟɞɧɚɡɧɚɱɚɟɬɫɹ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ 

ɪɚɡɧɵɯ ɜɢɞɨɜ ɫɜɹɡɧɵɯ ɢ ɫɵɩɭɱɢɯ ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ (ɝɪɚɜɢɹ, ɩɟɫɤɚ, ɩɟɫɱɚɧɨ-

ɝɪɚɜɢɣɧɨɣ ɫɦɟɫɢ, ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ) ɩɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɪɟɦɨɧɬɧɵɯ, ɞɨɪɨɠɧɨ-
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ɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɢɧɵɯ ɪɚɛɨɬ, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫ ɭɩɥɨɬɧɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ 

ɨɝɪɚɧɢɱɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ.  

ȼɢɛɪɨɩɥɢɬɚ ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɟɣ ɢɡ ɩɥɢɬɵ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɟɟ ɪɚɛɨɱɭɸ ɱɚɫɬɶ. ȼ ɰɟɧɬɪɟ ɩɥɢɬɵ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ 

ɜɢɛɪɚɬɨɪ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɫ ɤɪɭɝɨɜɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɂȼ-99Ȼ, 

ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɬɪɟɯɮɚɡɧɵɣ ɚɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɫ 

ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ, ɧɚ ɤɨɧɰɚɯ ɜɚɥɚ ɪɨɬɨɪɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 

ɞɟɛɚɥɚɧɫɵ. ȼɪɚɳɚɸɳɢɟɫɹ ɫ ɜɚɥɨɦ ɪɨɬɨɪɚ ɞɟɛɚɥɚɧɫɵ ɫɨɡɞɚɸɬ ɜɵɧɭɠɞɚɸɳɭɸ 

ɫɢɥɭ. ɑɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɜɢɛɪɨɢɡɨɥɹɬɨɪɵ ɤ ɩɥɢɬɟ ɩɪɢɤɪɟɩɥɟɧɚ ɪɚɦɚ ɫ 

ɪɭɤɨɹɬɤɨɣ ɭɩɪɚɜɥɟɧɢɹ, ɧɚ ɤɨɬɨɪɨɣ ɭɫɬɚɧɨɜɥɟɧ ɜɵɤɥɸɱɚɬɟɥɶ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ 

ɜɢɛɪɚɬɨɪɚ. ɍɩɥɨɬɧɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɜɨɡɧɢɤɚɸɳɟɣ ɜ ɜɢɛɪɚɬɨɪɟ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ. ɉɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ 

ɜɢɛɪɨɭɩɥɨɬɧɢɬɟɥɹ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ. 

 

 

Ɋɢɫɭɧɨɤ 25 – Ɉɛɳɢɣ ɜɢɞ ɜɢɛɪɨɩɥɢɬɵ ȼɍ-05-45 [76] 
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Ɍɚɛɥɢɰɚ 2 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɢɛɪɨɩɥɢɬɵ ȼɍ-05-45 

ɉɨɤɚɡɚɬɟɥɶ ȼɟɥɢɱɢɧɚ 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ 0,25 

ɑɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɫɢɧɯɪɨɧɧɚɹ, 1/ɦɢɧ  3000 

ȼɵɧɭɠɞɚɸɳɚɹ ɫɢɥɚ, ɤɇ 2,55....5,1 

ɋɬɚɬɢɱɟɫɤɢɣ ɦɨɦɟɧɬ ɞɟɛɚɥɚɧɫɚ, ɤɝ ɯ ɫɦ 2,5...5,0 

Ɍɢɩ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɬɪɟɯɮɚɡɧɵɣ, ɚɫɢɧɯɪɨɧɧɵɣ 

ɇɚɩɪɹɠɟɧɢɟ, ȼ 42, 220 

ɑɚɫɬɨɬɚ ɬɨɤɚ, Ƚɰ 50 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ (Ⱦ ɯ ɒ ɯ ȼ), ɦɦ 825 ɯ 388 ɯ 1000 

Ƚɚɛɚɪɢɬɵ ɪɚɛɨɱɟɣ ɩɥɢɬɵ, ɦɦ 388 ɯ 388 

Ƚɥɭɛɢɧɚ ɭɩɥɨɬɧɟɧɢɹ, ɦɦ 200 

Ɋɚɛɨɱɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɦɢɧ 10 

Ɇɚɫɫɚ, ɤɝ 45 

 

ȼɢɛɪɚɬɨɪ ɂȼ-99Ȼ (ɪɢɫɭɧɨɤ 26) ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɨɡɛɭɠɞɟɧɢɹ ɜɢɛɪɚɰɢɢ 

ɜ ɭɫɬɚɧɨɜɤɚɯ ɩɨ ɭɩɥɨɬɧɟɧɢɸ ɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ ɢ ɝɪɭɧɬɨɜ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɸ, 

ɜɵɝɪɭɡɤɟ ɢ ɩɪɨɫɟɢɜɚɧɢɸ ɫɵɩɭɱɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɜɨɞɚ ɜɢɛɪɨɩɢɬɚɬɟɥɟɣ, 

ɜɢɛɪɨɩɥɨɳɚɞɨɤ ɢ ɞɪɭɝɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɛɨɬ. 

 

 
Ɋɢɫɭɧɨɤ 26 – Ɉɛɳɢɣ ɜɢɞ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɜɢɛɪɚɬɨɪɚ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɫ 

ɤɪɭɝɨɜɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɂȼ-99Ȼ 

 

Ⱦɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɟɥɢɱɢɧɵ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ ɜɢɛɪɚɬɨɪɚ ɞɟɛɚɥɚɧɫɵ 

ɧɚ ɨɛɨɢɯ ɤɨɧɰɚɯ ɜɚɥɚ ɜɵɩɨɥɧɟɧɵ ɞɜɨɣɧɵɦɢ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
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ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ ɦɟɠɞɭ ɩɨɞɜɢɠɧɵɦ ɢ ɧɟɩɨɞɜɢɠɧɵɦ ɞɟɛɚɥɚɧɫɚɦɢ ɧɚ 

ɨɛɨɢɯ ɤɨɧɰɚɯ ɜɚɥɚ, ɪɢɫɭɧɨɤ 27. 

 

 

 
1 – ɤɨɪɨɛɤɚ ɜɵɜɨɞɨɜ; 2 – ɤɚɛɟɥɶ ɬɨɤɨɩɨɞɜɨɞɹɳɢɣ; 3 – ɫɬɚɧɢɧɚ; 4 – ɫɬɚɬɨɪ; 5 – ɪɨɬɨɪ; 6 – 

ɩɨɞɲɢɩɧɢɤ; 7 – ɳɢɬ ɩɨɞɲɢɩɧɢɤɨɜɵɣ; 8 – ɞɟɛɚɥɚɧɫ; 9 – ɤɪɵɲɤɚ 
 

Ɋɢɫɭɧɨɤ 27 – Ɉɛɳɢɣ ɜɢɞ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɜɢɛɪɚɬɨɪɚ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɫ 

ɤɪɭɝɨɜɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɂȼ-99Ȼ  

 

Ⱦɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɟɥɢɱɢɧɵ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ ɜɢɛɪɚɬɨɪɚ ɞɟɛɚɥɚɧɫɵ 

ɧɚ ɨɛɨɢɯ ɤɨɧɰɚɯ ɜɚɥɚ ɜɵɩɨɥɧɟɧɵ ɞɜɨɣɧɵɦɢ. Ⱦɟɛɚɥɚɧɫɵ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɛɥɢɠɟ 

ɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɸ, ɢɦɟɸɬ ɲɩɨɧɨɱɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɫ ɜɚɥɨɦ ɪɨɬɨɪɚ. Ⱦɟɛɚɥɚɧɫɵ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɛɥɢɠɟ ɤ ɤɨɧɰɭ ɜɚɥɚ, ɹɜɥɹɸɬɫɹ ɩɨɜɨɪɨɬɧɵɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɚɥɚ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬёɦ ɢɡɦɟɧɟɧɢɹ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɤɪɚɣɧɢɯ ɞɟɛɚɥɚɧɫɨɜ ɧɚ ɨɛɨɢɯ ɤɨɧɰɚɯ ɜɚɥɚ (ɫɦ. ɪɢɫɭɧɨɤ 28). 

ɉɪɢ ɜɤɥɸɱɟɧɢɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɜɪɚɳɚɸɳɢɟɫɹ ɞɟɛɚɥɚɧɫɵ ɜɵɡɵɜɚɸɬ 

ɤɪɭɝɨɜɵɟ ɤɨɥɟɛɚɧɢɹ ɜɢɛɪɚɬɨɪɚ, ɩɟɪɟɞɚɸɳɢɟɫɹ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɚ ɤɨɬɨɪɨɣ ɨɧ 

ɭɫɬɚɧɨɜɥɟɧ. 
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Ɋɢɫɭɧɨɤ 28 – ɋɯɟɦɚ ɪɟɝɭɥɢɪɨɜɤɢ ɫɬɚɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɞɟɛɚɥɚɧɫɨɜ ɜɢɛɪɚɬɨɪɚ 

ɂȼ–99Ȼ 

 

Ɍɚɛɥɢɰɚ 3 – Ⱦɚɧɧɵɟ ɩɨ ɧɚɫɬɪɨɣɤɟ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ ɜɢɛɪɨɩɥɢɬɵ ȼɍ-05-45 

ɉɨɥɨɠɟɧɢɟ 
ɞɟɛɚɥɚɧɫɨɜ 

ɫɨɝɥɚɫɧɨ 
ɪɢɫɭɧɨɤ 4.4 

ɑɚɫɬɨɬɚ 
ɜɪɚɳɟɧɢɹ 
ɞɟɛɚɥɚɧɫɚ 
n, 1/ɦиɧ 

Ɇɚɫɫɚ 
ɞɟɛɚɥɚɧɫɚ, 

me, кɝ 

Ʉɨɥɢɱɟɫɬɜɨ 
ɞɟɛɚɥɚɧɫɨɜ, 

ɲɬ 

ɋɬɚɬ.ɦɨɦɟɧɬ, 
кɝ ɫɦ 

(ɩɚɫɩɨɪɬɧɵɟ 
ɞɚɧɧɵɟ) 

ȼɵɧɭɠɞɚɸɳɚɹ 
ɫɢɥɚ, Ɋɜɵɧ, кН 

I 3000 0,595 4 2,55 2,5 
II  3000 0,595 4 3,45 3,4 
III  3000 0,595 4 4,20 4,1 
IV  3000 0,595 4 4,60 4,5 
V 3000 0,595 4 4,90 4,8 
VI  3000 0,595 4 5,10 5,0 

 
 

 

Ɋɢɫɭɧɨɤ 29 – Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɜɢɛɪɨɩɥɢɬɚ ȼɍ-05-45  
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Ɋɢɫɭɧɨɤ 30 – Ⱦɟɛɚɥɚɧɫɵ ɜɢɛɪɚɬɨɪɚ ɂȼ-99Ȼ 

 

ɉɪɢɛɨɪɵ. 

ɉɪɢɛɨɪɵ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ: 

 ɚɤɫɟɥɟɪɨɦɟɬɪ USB; 

 ɩɥɨɬɧɨɦɟɪ Ⱦɉɍ; 

 ɪɭɥɟɬɤɚ; 

 ɫɟɤɭɧɞɨɦɟɪ. 

Ⱥɤɫɟɥɟɪɨɦɟɬɪ USB. 

Ⱥɤɫɟɥɟɪɨɦɟɬɪ USB – 3 ɨɫɢ, USB-ɢɧɬɟɪɮɟɣɫ, ±2g/±4g/±8g/±16g, ɩɢɬɚɧɢɟ 

ɚɜɬɨɧɨɦɧɨɟ ɢɥɢ ɨɬ USB, ɷɧɟɪɝɨɧɟɡɚɜɢɫɢɦɚɹ ɩɚɦɹɬɶ 256 Ʉɛɚɣɬ 

(http://accelerometer.narod.ru/accusb.html) ɜɵɩɨɥɧɟɧ ɧɚ ɛɚɡɟ ɦɢɤɪɨɫɯɟɦɵ 

ɰɢɮɪɨɜɨɝɨ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ Analog Devices ɢ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɤɚɤ ɩɪɢ 

ɧɚɥɢɱɢɢ ɦɢɤɪɨɫɯɟɦɵ ɷɧɟɪɝɨɧɟɡɚɜɢɫɢɦɨɣ ɩɚɦɹɬɢ ɧɚ ɩɥɚɬɟ, ɬɚɤ ɢ ɛɟɡ ɧɟɟ. 

Ⱥɤɫɟɥɟɪɨɦɟɬɪ – ɩɪɢɛɨɪ, ɢɡɦɟɪɹɸɳɢɣ ɩɪɨɟɤɰɢɸ ɞɟɣɫɬɜɭɸɳɟɝɨ 

ɭɫɤɨɪɟɧɢɹ. ɋɨɜɪɟɦɟɧɧɵɟ ɚɤɫɟɥɟɪɨɦɟɬɪɵ ɩɨɡɜɨɥɹɸɬ ɢɡɦɟɪɹɬɶ ɭɫɤɨɪɟɧɢɟ ɫɪɚɡɭ ɜ 

ɬɪɟɯ ɩɥɨɫɤɨɫɬɹɯ. ɇɟɤɨɬɨɪɵɟ ɚɤɫɟɥɟɪɨɦɟɬɪɵ ɬɚɤɠɟ ɢɦɟɸɬ ɜɫɬɪɨɟɧɧɵɟ ɫɢɫɬɟɦɵ 

ɫɛɨɪɚ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. ɒɢɪɨɤɨɦɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɢ ɩɪɢɦɟɧɟɧɢɸ 

ɚɤɫɟɥɟɪɨɦɟɬɪɨɜ ɜɨ ɦɧɨɝɨɦ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ ɨɬɤɪɵɬɢɟ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ MEMS 

(Micro Electro Mechanical Systems) ɢɥɢ ɆɗɆɋ-ɬɟɯɧɨɥɨɝɢɢ. ɆɗɆɋ – ɷɬɨ 

ɬɟɯɧɨɥɨɝɢɢ ɢ ɭɫɬɪɨɣɫɬɜɚ, ɨɛɴɟɞɢɧɹɸɳɢɟ ɜ ɫɟɛɟ ɦɢɤɪɨɷɥɟɤɬɪɨɧɧɵɟ ɢ 

ɦɢɤɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɤɨɦɩɨɧɟɧɬɵ. ɉɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɚɤɫɟɥɟɪɨɦɟɬɪɵ ɹɜɥɹɸɬɫɹ 
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ɨɞɧɢɦ ɢɡ ɜɢɞɨɜ ɆɗɆɋ-ɬɟɯɧɨɥɨɝɢɢ. ȼɵɩɨɥɧɹɸɬɫɹ ɧɚ ɨɫɧɨɜɟ 

ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɨɥɢɦɟɪɧɨɣ ɩɥɟɧɤɢ. 

ɇɚ ɪɢɫɭɧɤɟ 31 ɩɨɤɚɡɚɧ ɨɫɧɨɜɧɨɣ ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɛɥɨɤ ɷɥɟɦɟɧɬɚɪɧɨɣ 

ɹɱɟɣɤɢ ɆɗɆɋ-ɚɤɫɟɥɟɪɨɦɟɬɪɚ [14]. ȼɟɫɶ ɤɪɢɫɬɚɥɥ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɡɚɧɹɬ ɝɥɚɜɧɵɦ 

ɨɛɪɚɡɨɦ ɫɯɟɦɚɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ, ɤɨɬɨɪɵɟ ɨɤɪɭɠɚɸɬ 

ɦɢɧɢɚɬɸɪɧɵɣ ɞɚɬɱɢɤ ɭɫɤɨɪɟɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ ɟɝɨ ɰɟɧɬɪɟ. Ⱦɚɬɱɢɤ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɭɸ ɤɨɧɞɟɧɫɚɬɨɪɧɭɸ ɫɬɪɭɤɬɭɪɭ ɫ 

ɜɨɡɞɭɲɧɵɦ ɞɢɷɥɟɤɬɪɢɤɨɦ, ɨɛɤɥɚɞɤɢ ɤɨɬɨɪɨɝɨ ɜɵɪɟɡɚɧɵ (ɜɵɬɪɚɜɥɟɧɵ) ɢɡ 

ɩɨɥɢɤɪɟɦɧɢɟɜɨɣ ɩɥɟɧɤɢ ɬɨɥɳɢɧɨɣ 2 ɦɤɦ. ɇɟɩɨɞɜɢɠɧɵɟ ɨɛɤɥɚɞɤɢ ɷɬɨɝɨ 

ɤɨɧɞɟɧɫɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɪɨɫɬɵɟ ɤɨɧɫɨɥɶɧɵɟ ɫɬɟɪɠɧɢ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɜɵɫɨɬɟ 1 ɦɤɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɢɫɬɚɥɥɚ ɧɚ ɩɨɥɢɤɪɟɦɧɢɟɜɵɯ 

ɫɬɨɥɛɢɤɚɯ-ɚɧɤɟɪɚɯ, ɩɪɢɜɚɪɟɧɧɵɯ ɤ ɤɪɢɫɬɚɥɥɭ [14]. 

 

 

Ɋɢɫɭɧɨɤ 31 – ɑɭɜɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ [14] 

 

ɂɧɟɪɰɢɨɧɧɚɹ ɦɚɫɫɚ ɞɚɬɱɢɤɚ ɭɫɤɨɪɟɧɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ 

ɩɟɪɟɦɟɳɟɧɢɹ ɤɪɢɫɬɚɥɥɚ ɫɦɟɳɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɬɚɥɶɧɨɣ ɱɚɫɬɢ ɤɪɢɫɬɚɥɥɚ. 

ȿɟ ɩɚɥɶɰɟɨɛɪɚɡɧɵɟ ɜɵɫɬɭɩɵ ɨɛɪɚɡɭɸɬ ɩɨɞɜɢɠɧɭɸ ɨɛɤɥɚɞɤɭ ɤɨɧɞɟɧɫɚɬɨɪɚ 

ɩɟɪɟɦɟɧɧɨɣ ɟɦɤɨɫɬɢ. ɋ ɤɚɠɞɨɝɨ ɤɨɧɰɚ ɷɬɚ ɫɬɪɭɤɬɭɪɚ ɨɩɢɪɚɟɬɫɹ ɧɚ ɫɬɨɥɛɢɤɢ 

ɚɧɤɟɪɵ, ɚɧɚɥɨɝɢɱɧɵɟ ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɞɟɪɠɚɬɟɥɹɦ ɧɟɩɨɞɜɢɠɧɵɯ ɨɛɤɥɚɞɨɤ. 

Ɋɚɫɬɹɠɤɢ ɩɨ ɤɨɧɰɚɦ ɢɧɟɪɰɢɨɧɧɨɣ ɦɚɫɫɵ, ɭɞɟɪɠɢɜɚɸɳɢɟ ɟɟ ɧɚ ɜɟɫɭ, ɹɜɥɹɸɬɫɹ 

ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɩɪɭɠɢɧɚɦɢ ɩɨɫɬɨɹɧɧɨɣ ɭɩɪɭɝɨɫɬɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ 
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ɩɟɪɟɦɟɳɟɧɢɟ ɢɧɟɪɰɢɨɧɧɨɣ ɦɚɫɫɵ ɩɪɨɛɧɢɤɚ ɢ ɟɟ ɜɨɡɜɪɚɬ ɜ ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ 

[14]. 

ȼ ɫɩɨɤɨɣɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɞɜɢɠɟɧɢɟ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ) ɜɫɟ 

«ɩɚɥɶɰɵ» ɩɨɞɜɢɠɧɨɣ ɨɛɤɥɚɞɤɢ ɏ ɛɥɚɝɨɞɚɪɹ ɪɚɫɬɹɠɤɚɦ ɧɚɯɨɞɹɬɫɹ ɧɚ 

ɨɞɢɧɚɤɨɜɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɩɚɪ ɩɚɥɶɰɟɜ ɧɟɩɨɞɜɢɠɧɵɯ ɨɛɤɥɚɞɨɤ. ɉɪɢ ɤɚɤɨɦ-

ɥɢɛɨ ɭɫɤɨɪɟɧɢɢ ɞɚɬɱɢɤɚ ɩɨɞɜɢɠɧɵɟ ɩɚɥɶɰɵ ɩɪɢɛɥɢɠɚɸɬɫɹ ɤ ɨɞɧɨɦɭ ɢɡ 

ɧɚɛɨɪɨɜ ɧɟɩɨɞɜɢɠɧɵɯ ɩɚɥɶɰɟɜ ɢ ɭɞɚɥɹɸɬɫɹ ɨɬ ɞɪɭɝɨɝɨ ɧɚɛɨɪɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɷɬɨɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɚɫɫɬɨɹɧɢɹ ɫɬɚɧɨɜɹɬɫɹ 

ɧɟɨɞɢɧɚɤɨɜɵɦɢ ɢ ɟɦɤɨɫɬɢ ɦɟɠɞɭ ɩɨɞɜɢɠɧɨɣ ɨɛɤɥɚɞɤɨɣ ɢ ɤɚɠɞɨɣ ɢɡ 

ɧɟɩɨɞɜɢɠɧɵɯ ɨɛɤɥɚɞɨɤ ɤɨɧɞɟɧɫɚɬɨɪɚ ɢɡɦɟɧɹɸɬɫɹ.  

ɉɪɢ ɷɬɨɦ ɢɡɦɟɧɟɧɢɟ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɚɬɱɢɤɚ ɛɭɞɟɬ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɭɫɤɨɪɟɧɢɸ ɜɞɨɥɶ ɨɫɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɚɬɱɢɤɚ [14].  

ɋɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 31 ɢ ɩɪɢɧɰɢɩɭ ɪɚɛɨɬɵ ɞɚɬɱɢɤɚ ɪɚɫɫɦɨɬɪɢɦ 

ɦɟɯɚɧɢɱɟɫɤɭɸ ɫɯɟɦɭ. Ɉɧɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 32 ɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɫɥɟɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ: ɢɧɟɪɰɢɚɥɶɧɚɹ ɦɚɫɫɚ (m), ɷɥɟɦɟɧɬ ɠɟɫɬɤɨɫɬɢ (k), 

ɞɟɦɩɮɢɪɭɸɳɢɣ ɷɥɟɦɟɧɬ (b). ȼ ɤɚɱɟɫɬɜɟ ɞɟɦɩɮɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɪɢɫɭɧɤɟ 

32 ɫɥɭɠɢɬ ɜɨɡɞɭɯ ɜɧɭɬɪɢ ɹɱɟɣɤɢ, ɨɤɚɡɵɜɚɸɳɢɣ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɜɢɠɟɧɢɸ 

ɢɧɟɪɰɢɨɧɧɨɣ ɦɚɫɫɵ. 

 

 

Ɋɢɫɭɧɨɤ 32 – Ɇɟɯɚɧɢɱɟɫɤɚɹ ɫɯɟɦɚ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ 

 

Ɍɚɤɠɟ ɧɚ ɪɢɫɭɧɤɟ 32 ɩɨɤɚɡɚɧ ɜɟɤɬɨɪ ɭɫɤɨɪɟɧɢɹ ɚ ɜɞɨɥɶ ɨɫɢ ɯ ɜ ɫɢɫɬɟɦɟ 

ɨɬɫɱɟɬɚ ɫɜɹɡɚɧɧɨɣ ɫ Ɂɟɦɥɟɣ. ȼɞɨɥɶ ɷɬɨɣ ɨɫɢ ɧɚɩɪɚɜɥɟɧɚ ɨɫɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɞɚɬɱɢɤɚ. ɇɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɫɦɟɳɟɧɢɟɦ ɢɧɟɪɰɢɚɥɶɧɨɣ 



59 

ɦɚɫɫɵ ɜɧɭɬɪɢ ɞɚɬɱɢɤɚ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 0-ɯ', ɫɜɹɡɚɧɧɨɣ ɫ ɧɢɦ ɨɬ ɜɟɥɢɱɢɧɵ 

ɭɫɤɨɪɟɧɢɹ ɞɜɢɠɟɧɢɹ ɨɛɴɟɤɬɚ ɚ ɜɞɨɥɶ ɨɫɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɚɬɱɢɤɚ. 

ȼ ɫɨɫɬɚɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɧɚ ɪɢɫɭɧɤɟ 33 

ɜɯɨɞɹɬ: MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪ, ɛɥɨɤ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ, ɛɥɨɤ ɚɧɚɥɨɝɨɜɨ-

ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (Ⱥɐɉ), ɰɢɮɪɨɜɨɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ 

(ɐȼɍ). MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢɡɦɟɪɹɟɦɨɝɨ 

ɩɚɪɚɦɟɬɪɚ ɨɛɴɟɤɬɚ (ɭɫɤɨɪɟɧɢɟ) ɜ ɫɢɝɧɚɥ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, 

ɫɧɢɦɚɟɦɨɝɨ ɧɚ ɜɵɯɨɞɟ. ȼɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɫɢ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɚɬɱɢɤɚ ɛɭɞɟɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɡɧɚɱɟɧɢɸ ɭɫɤɨɪɟɧɢɹ ɜɞɨɥɶ 

ɷɬɨɣ ɨɫɢ. Ⱦɚɥɟɟ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɩɨɫɬɭɩɚɟɬ ɧɚ ɛɥɨɤ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ, 

ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɫɢɥɢɬɟɥɶ ɫ ɢɡɦɟɧɹɟɦɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɭɫɢɥɟɧɢɹ. Ⱦɚɧɧɵɣ ɛɥɨɤ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɪɢɜɟɞɟɧɢɹ ɭɪɨɜɧɹ ɫɢɝɧɚɥɨɜ, 

ɩɨɫɬɭɩɚɸɳɢɯ ɧɚ ɜɯɨɞ Ⱥɐɉ ɤ ɜɟɥɢɱɢɧɟ ɨɩɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɚ ɬɚɤɠɟ 

ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɤɚɥɢɛɪɨɜɤɢ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ. 

 

 

Ɋɢɫɭɧɨɤ 33 – Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ 

 

Ȼɥɨɤ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (Ⱥɐɉ) ɩɪɨɢɡɜɨɞɢɬ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɯɨɞɧɨɝɨ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ ɜ ɰɢɮɪɨɜɨɣ ɞɥɹ ɟɝɨ ɞɚɥɶɧɟɣɲɟɣ 

ɨɛɪɚɛɨɬɤɢ ɰɢɮɪɨɜɵɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ. ɐȼɍ ɛɥɚɝɨɞɚɪɹ 

ɡɚɥɨɠɟɧɧɨɦɭ ɜ ɧɟɝɨ ɚɥɝɨɪɢɬɦɭ ɩɪɨɢɡɜɨɞɢɬ ɨɛɪɚɛɨɬɤɭ ɫɢɝɧɚɥɨɜ ɩɟɪɜɢɱɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɢ ɜɵɱɢɫɥɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɨɛɴɟɤɬɚ V ɢ ɩɟɪɟɦɟɳɟɧɢɹ S. 

Ⱥɤɫɟɥɟɪɨɦɟɬɪ USB ɛɟɡ ɦɢɤɪɨɫɯɟɦɵ ɩɚɦɹɬɢ. 
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Ⱥɤɫɟɥɟɪɨɦɟɬɪ USB, ɪɢɫɭɧɨɤ 34, ɪɢɫɭɧɨɤ 35, ɛɟɡ ɦɢɤɪɨɫɯɟɦɵ ɩɚɦɹɬɢ 

ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ ɛɭɞɭɱɢ ɩɨɞɤɥɸɱɟɧɧɵɦ ɤ USB ɤɨɦɩɶɸɬɟɪɚ, ɩɨɞɚɱɚ ɩɢɬɚɧɢɹ 

ɬɚɤɠɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ USB. ɉɨɫɥɟ ɤɚɠɞɨɝɨ ɢɡ ɢɡɦɟɪɟɧɢɣ, ɚɤɫɟɥɟɪɨɦɟɬɪ 

ɩɟɪɟɞɚɟɬ ɪɟɡɭɥɶɬɚɬɵ ɜ ɤɨɦɩɶɸɬɟɪ. 

 

 

Ɋɢɫɭɧɨɤ 34 – Ⱥɤɫɟɥɟɪɨɦɟɬɪ ɛɟɡ ɂɋ ɩɚɦɹɬɢ (ɜɢɞ ɫɜɟɪɯɭ, ɩɨɞɤɥɸɱɟɧ ɤɚɛɟɥɶ 

USB) 

 

 

Ɋɢɫɭɧɨɤ 35 – Ⱥɤɫɟɥɟɪɨɦɟɬɪ ɛɟɡ ɂɋ ɩɚɦɹɬɢ (ɜɢɞ ɫɧɢɡɭ) 

 

ɇɚ ɪɢɫɭɧɤɟ 34 (ɜɢɞ ɫɜɟɪɯɭ) ɦɟɠɞɭ ɪɚɡɴɟɦɨɦ USB (ɫɥɟɜɚ) ɢ ɦɢɤɪɨɫɯɟɦɨɣ 

MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ (ɫɩɪɚɜɚ) ɦɟɫɬɨ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɦɢɤɪɨɫɯɟɦɵ ɩɚɦɹɬɢ – ɜ 

ɷɬɨɦ ɜɚɪɢɚɧɬɟ ɨɧɚ ɨɬɫɭɬɫɬɜɭɟɬ. 

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ. 

ɉɪɢɥɚɝɚɟɦɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɜɵɛɪɚɬɶ: 

 ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɹɟɦɵɯ ɭɫɤɨɪɟɧɢɣ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ±2g, ±4g, ±8g ɢɥɢ ±16g; 
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 ɱɢɫɥɨ ɨɫɟɣ ɚɤɫɟɥɟɪɨɦɟɬɪɚ, ɩɨ ɤɨɬɨɪɵɦ ɜɵɩɨɥɧɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ 

(ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟ ɜɫɟɯ ɨɫɟɣ ɚɤɬɭɚɥɶɧɨ ɩɪɢ ɡɚɩɢɫɢ ɞɚɧɧɵɯ ɜ 

ɷɧɟɪɝɨɧɟɡɚɜɢɫɢɦɭɸ ɩɚɦɹɬɶ ɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɝɪɚɮɢɤɚ ɩɪɢ ɨɬɤɪɵɬɢɢ ɮɚɣɥɚ; 

 ɩɪɢ ɦɟɝɚɛɚɣɬɧɵɯ ɮɚɣɥɚɯ ɧɚ ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɚ ɬɪɟɛɭɟɬɫɹ ɨɳɭɬɢɦɨɟ 

ɜɪɟɦɹ); 

 ɱɚɫɬɨɬɭ ɜɵɛɨɪɤɢ ɚɤɫɟɥɟɪɨɦɟɬɪɚ 3200 Ƚɰ, 1600 Ƚɰ, 800 Ƚɰ, 400 Ƚɰ, 200 

Ƚɰ, 100 Ƚɰ, 50 Ƚɰ, 25 Ƚɰ, 12,5 Ƚɰ ɢɥɢ 6,25 Ƚɰ; 

 ɜɪɟɦɹ ɢɡɦɟɪɟɧɢɹ / ɱɢɫɥɨ ɜɵɛɨɪɨɤ, ɨɝɪɚɧɢɱɟɧɧɵɟ ɬɨɥɶɤɨ ɨɛɴɟɦɨɦ 

ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ ɜɚɲɟɝɨ ɤɨɦɩɶɸɬɟɪɚ. 

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɭɩɪɚɜɥɹɬɶ ɚɤɫɟɥɟɪɨɦɟɬɪɨɦ, 

ɫɱɢɬɵɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ, ɨɬɨɛɪɚɠɚɬɶ ɢɯ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɭɫɤɨɪɟɧɢɹ ɢ 

ɫɨɯɪɚɧɹɬɶ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɜ ɜɢɞɟ ɮɚɣɥɨɜ. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɩɪɢɥɨɠɟɧɢɟ, 

ɪɚɛɨɬɚɸɳɟɟ ɫ ɚɤɫɟɥɟɪɨɦɟɬɪɨɦ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɞɨɛɧɵɟ ɮɭɧɤɰɢɢ: 

– ɩɪɨɫɦɨɬɪ ɝɪɚɮɢɤɨɜ;  

– ɨɛɪɚɛɨɬɤɭ ɫɢɝɧɚɥɨɜ (ɫɝɥɚɠɢɜɚɧɢɟ, ɜɵɱɢɫɥɟɧɢɟ ɫɩɟɤɬɪɚ, ɬɪɟɧɞɚ); 

– ɩɨɢɫɤ ɮɚɣɥɨɜ ɩɨ ɤɨɦɦɟɧɬɚɪɢɹɦ ɤ ɧɢɦ; 

– ɞɨɤɭɦɟɧɬɢɪɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ: 

ɚ) ɫɨɯɪɚɧɟɧɢɟ ɞɚɧɧɵɯ ɝɪɚɮɢɤɚ ɢɥɢ ɟɝɨ ɮɪɚɝɦɟɧɬɨɜ ɜ ɬɟɤɫɬɨɜɨɦ ɮɨɪɦɚɬɟ 

txt ɢɥɢ ɜ ɮɨɪɦɚɬɟ csv (ɞɥɹ ɢɦɩɨɪɬɚ ɜ MS Excel);  

ɛ) ɤɨɩɢɪɨɜɚɧɢɟ ɜ ɛɭɮɟɪ ɨɛɦɟɧɚ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɜɫɬɚɜɤɢ ɜ ɞɨɤɭɦɟɧɬɵ, 

ɧɚɩɪɢɦɟɪ, MS Word, PowerPoint: 

– ɝɪɚɮɢɤɨɜ (ɜ wmf-ɮɨɪɦɚɬ, ɤɚɱɟɫɬɜɨ ɤɚɪɬɢɧɤɢ ɧɟ ɬɟɪɹɟɬɫɹ ɩɪɢ 

ɫɠɚɬɢɢ/ɪɚɫɬɹɝɢɜɚɧɢɢ); 

– ɤɨɦɦɟɧɬɚɪɢɟɜ ɤ ɮɚɣɥɚɦ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɞɨɛɚɜɥɟɧɢɟɦ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɮɚɣɥɟ (ɢɦɹ, ɜɪɟɦɹ ɡɚɩɢɫɢ); 

– ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɹ ɫɩɟɤɬɪɚ (ɡɧɚɱɟɧɢɟ ɢ ɱɚɫɬɨɬɚ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɫɩɟɤɬɪɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɜɫɟ ɫɩɟɤɬɪɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɜ ɬɟɤɫɬɨɜɨɦ 

ɮɨɪɦɚɬɟ) ɢ ɬɪɟɧɞɚ (ɮɨɪɦɭɥɚ, ɨɩɢɫɵɜɚɸɳɚɹ ɥɢɧɢɸ ɬɪɟɧɞɚ). 

ɉɪɢɛɨɪ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ Ⱦɉɍ. 
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ɉɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɩɟɫɱɚɧɵɯ, ɫɭɩɟɫɱɚɧɵɯ ɢ 

ɫɭɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɧɟ ɛɨɥɟɟ 25% ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɤɪɭɩɧɟɟ 2 ɦɦ, 

ɚ ɬɚɤɠɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɜ ɩɨɤɪɵɬɢɹɯ ɞɨɪɨɝ, ɫɥɨɹɯ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ, ɢɧɵɯ 

ɢɧɠɟɧɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ. ɉɪɢɛɨɪ ɩɪɢɝɨɞɟɧ ɞɥɹ ɷɤɫɩɪɟɫɫ ɤɨɧɬɪɨɥɹ ɩɥɨɬɧɨɫɬɢ 

ɩɟɫɱɚɧɵɯ ɢ ɦɟɥɤɨɡɟɪɧɢɫɬɵɯ ɚɫɮɚɥɶɬɨɛɟɬɨɧɨɜ ɤɚɤ ɜ ɩɪɨɰɟɫɫɟ ɭɤɥɚɞɤɢ ɢ 

ɭɩɥɨɬɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɬɚɤ ɢ ɱɟɪɟɡ 1-3 ɫɭɬɨɤ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɇɚɫɫɚ ɝɪɭɡɚ, ɤɝ: 2,5. 

ȼɵɫɨɬɚ ɩɚɞɟɧɢɹ ɝɪɭɡɚ, ɦɦ: 300. 

ɉɚɪɚɦɟɬɪɵ ɛɨɥɶɲɨɝɨ ɤɨɧɭɫɚ (ɞɥɹ ɚ/ɛɟɬɨɧɚ): ɚ=30, h=30 ɦɦ. 

Ƚɥɭɛɢɧɚ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɫɥɨɹ ɝɪɭɧɬɚ: 100...300 ɦɦ. 

ɉɪɟɞɟɥɵ ɢɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ: 

Ⱥɫɮɚɥɶɬɨɛɟɬɨɧɚ: (0,92...1,00) Ʉɭ. 

Ƚɪɭɧɬɚ: (0,84...1,02) Ʉɭ. 

ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ: +0,01 Ʉɭ. 

Ⱦɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɣ ɦɚɬɟɪɢɚɥ. 

Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɦɟɫɶ ɳɟɛɟɧɨɱɧɨ-

ɝɪɚɜɢɣɧɨ-ɩɟɫɱɚɧɚɹ ɞɥɹ ɨɫɧɨɜɚɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ – ɧɨɦɟɪ ɫɦɟɫɢ ɋ11 

(ȽɈɋɌ 25607-2009) [1; 2], ɬɚɛɥɢɰɚ 4. 

 

Ɍɚɛɥɢɰɚ 4 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɦɟɫɢ ɳɟɛɟɧɨɱɧɨ-ɝɪɚɜɢɣɧɨ-ɩɟɫɱɚɧɨɣ 

ɇɨɦɟɪ 
ɫɦɟɫɢ 

ɇɚɢɛɨɥɶɲɢɣ 
ɪɚɡɦɟɪ ɡɟɪɟɧ 

Ⱦ, ɦɦ 

ɉɨɥɧɵɣ ɨɫɬɚɬɨɤ, % ɩɨ ɦɚɫɫɟ, ɧɚ ɫɢɬɚɯ ɫ ɪɚɡɦɟɪɚɦɢ ɨɬɜɟɪɫɬɢɣ, ɦɦ 

    120 80 40 20 10 5 2,5 0,63 0,16 0,05 
ɋɦɟɫɢ ɞɥɹ ɨɫɧɨɜɚɧɢɣ (ɩɪɟɪɵɜɢɫɬɚɹ ɝɪɚɧɭɥɨɦɟɬɪɢɹ)  
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ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ: 

http://standartgost.ru/%D0%93%D0%9E%D0%A1%D0%A2%2025607-2009
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– ɜ ɤɚɧɚɥ ɫɨ ɫɦɟɫɶɸ ɩɨɦɟɳɚɥɫɹ ɜɢɛɪɨɭɩɥɨɬɧɢɬɟɥɶ; 

– ɭɫɬɚɧɚɜɥɢɜɚɥɚɫɶ ɬɨɱɤɚ ɧɚɱɚɥɚ ɞɜɢɠɟɧɢɹ ɜɢɛɪɨɭɩɥɨɬɧɢɬɟɥɹ ɢ ɬɨɱɤɚ 

ɤɨɧɰɚ (ɜ ɜɢɞɟ ɪɢɫɨɤ ɧɚ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɧɚɥɚ);  

– ɦɟɯɚɧɢɱɟɫɤɢ ɭɫɬɚɧɚɜɥɢɜɚɥɨɫɶ ɨɞɧɨ ɢɡ ɲɟɫɬɢ ɩɨɥɨɠɟɧɢɣ ɞɟɛɚɥɚɧɫɨɜ 

ɜɢɛɪɨɩɥɢɬɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɪɚɡɥɢɱɧɵɟ ɜɵɧɭɠɞɚɸɳɢɟ ɫɢɥɵ. 

– ɜ ɤɨɧɰɟ ɩɨɞɝɨɬɨɜɤɢ ɡɚɞɚɜɚɥɚɫɶ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ, (ɜɪɟɦɹ ɩɪɨɯɨɠɞɟɧɢɹ 

ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɱɚɫɬɤɚ). 

ȼɵɧɭɠɞɚɸɳɚɹ ɫɢɥɚ ɢɡɦɟɧɹɥɚɫɶ ɨɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɞɨ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ ɞɟɛɚɥɚɧɫɧɨɝɨ ɞɢɫɤɚ, 

ɧɚ ɤɚɠɞɨɦ ɩɨɥɨɠɟɧɢɢ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ ɞɨɛɢɜɚɥɢɫɶ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɩɥɨɬɧɨɫɬɢ (ɠɟɫɬɤɨɫɬɢ) ɨɫɧɨɜɚɧɢɹ. 

 

4.2 Ɋɟɡɭɥɶɬɚɬɵ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ 

 

Ɉɛɳɢɣ ɜɢɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɫ ɝɪɭɧɬɨɜɵɦ ɤɚɧɚɥɨɦ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 36. 

 

 

Ɋɢɫɭɧɨɤ 36 – Ɉɛɳɢɣ ɜɢɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɫ ɝɪɭɧɬɨɜɵɦ ɤɚɧɚɥɨɦ 

 

ɉɪɢɦɟɧɟɧɢɟ ɩɥɨɬɧɨɦɟɪɚ Ⱦɉɍ ɜɨ ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɫ 

ɝɪɭɧɬɨɜɵɦ ɤɚɧɚɥɨɦ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 37. 
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Ɋɢɫɭɧɨɤ 37 – ɉɪɨɜɟɪɤɚ ɩɥɨɬɧɨɫɬɢ ɝɪɭɧɬɚ ɫ ɩɨɦɨɳɶɸ ɩɥɨɬɧɨɦɟɪɚ Ⱦɉɍ 

 

 

Ɋɢɫɭɧɨɤ 38 – ȼɢɛɪɚɰɢɨɧɧɚɹ ɩɥɢɬɚ ɫɨ ɫɧɹɬɨɣ ɡɚɳɢɬɨɣ ɞɟɛɚɥɚɧɫɨɜ ɜɢɛɪɚɬɨɪɚ 

 

ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɫɤɨɪɟɧɢɹ ɩɥɢɬɵ ɜɨ ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɨɤ 39.  

 

 

Ɋɢɫɭɧɨɤ 39 – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɫɤɨɪɟɧɢɹ ɩɥɢɬɵ ɜɨ ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 
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Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ ɜ ɩɪɨɰɟɫɫɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ ɩɟɪɜɨɦ ɢ ɲɟɫɬɨɦ ɩɪɨɯɨɞɚɯ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 40 – 41. 

 

 

Ɋɢɫɭɧɨɤ 40 – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɨɩɥɢɬɵ ɩɪɢ ɩɟɪɜɨɦ 

ɩɪɨɯɨɞɟ 

 

 

Ɋɢɫɭɧɨɤ 41 – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɨɩɥɢɬɵ ɩɪɢ ɲɟɫɬɨɦ 

ɩɪɨɯɨɞɟ 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨɛɪɚɛɨɬɚɧɵ ɫɪɟɞɫɬɜɚɦɢ ɷɥɟɤɬɪɨɧɧɨɣ 

ɬɚɛɥɢɰɵ EXCEL. ɉɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɚɦɩɥɢɬɭɞ ɭɫɤɨɪɟɧɢɹ ɧɚ 

ɤɚɠɞɨɦ ɢɡ ɩɪɨɯɨɞɨɜ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ. Ƚɪɚɮɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɚɦɩɥɢɬɭɞɵ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ ɨɬ ɧɨɦɟɪɚ ɩɪɨɯɨɞɚ 

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 42. 
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Ɋɢɫɭɧɨɤ 42 – Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɣ ɚɦɩɥɢɬɭɞɵ ɭɫɤɨɪɟɧɢɹ ɨɬ ɱɢɫɥɚ 

ɩɪɨɯɨɞɨɜ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ ȼɍ-05-45 

 

ɉɨɥɭɱɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɪɢɫɭɧɨɤ 42, ɧɟɥɢɧɟɣɧɚɹ, ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɟɬɫɹ 

ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ (ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ ɪɚɜɟɧ 0,97). ɉɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɱɢɫɥɚ ɩɪɨɯɨɞɨɜ ɨɬ ɨɞɧɨɝɨ ɞɨ ɲɟɫɬɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɚɦɩɥɢɬɭɞɚ 

ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɟɥɢɧɟɣɧɨ ɨɬ 50 ɦ/ɫ2 ɞɨ 115 

ɦ/ɫ2. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ. 

ɉɨɥɭɱɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɨɞɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɨɹɧɢɣ. Ɋɚɡɪɚɛɨɬɚɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɧɚ ɹɡɵɤɟ 

ɩɪɨɝɪɚɦɦɵ MATLAB/Simulink. 

Ɉɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɫɢɫɬɟɦɵ ɫ ɨɛɴɟɤɬɨɦ ɱɟɬɜɟɪɬɨɝɨ 

ɩɨɪɹɞɤɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɥɢɡɚɰɢɢ ɩɨɞɯɨɞɚ ɤ ɫɢɧɬɟɡɭ.  

ȼɵɩɨɥɧɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨ ɭɩɥɨɬɧɟɧɢɸ ɉɓɋ 

ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɨɣ. ɉɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɩɚɪɚɦɟɬɪɨɜ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɭɩɥɨɬɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɢ 

ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ. 
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Ⱥɋɍ – ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 

ȾɋɆ – ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɲɢɧɵ 

ɂɋɍ – ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɋȺɍ – ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɇɌɉ – ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɩɪɨɝɪɟɫɫ 

ɈɈɋ – ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ 

Ɉɍ – ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ 

ɉɎ – ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ 

ɉɂȾ-ɪɟɝɭɥɹɬɨɪ – ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɨ-ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɢɣ 

ɪɟɝɭɥɹɬɨɪ  

ɉ-ɪɟɝɭɥɹɬɨɪ – ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɪɟɝɭɥɹɬɨɪ 

ɉɂ-ɪɟɝɭɥɹɬɨɪ – ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɵɣ ɪɟɝɭɥɹɬɨɪ 

ɉȾ-ɪɟɝɭɥɹɬɨɪ – ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɢɣ ɪɟɝɭɥɹɬɨɪ 

ɋȺɊ – ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

 

Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ ɧɚ ɹɡɵɤɟ MATLAB 

 
kf=3.2*10^6; 
ks=300*10^6; 
cf=96*10^3; 
cs=2.026*10^6; 
mf=32000; 
mp=16000; 
ms=0.4*mp; 
f=27; 
g=9.81; 
omega=2*pi*f; 
Fe=32*omega^2;  
%% State Space Equation 
%Coefficient A 
A=[0    1   0   0;  -(kf+ks)/(mp+ms) -(cf+cs)/(mp+ms) kf/(mp+ms) cf/(mp+ms); 0  0 0 1;  

kf/mf   cf/mf -kf/mf    -cf/mf]; 
%%Coeiffcient B 
B=[0 0; 1/mf 0; 0 0; 0 1/(mp+ms)]; 
%%Coeiffcient C 
C=[eye(4,4)]; 
%%Coeiffcient D 
D=[zeros(4,2)]; 
sys=ss(A,B,C,D) 
sys1=tf(sys) 
step(sys) 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜ ɫɪɟɞɟ ɩɪɨɝɪɚɦɦɵ MATLAB 
 
>> VibroPLITA20062020 
 
sys = 
  
  A =  
               x1          x2          x3          x4 
   x1           0           1           0           0 
   x2  -1.354e+04      -94.73       142.9       4.286 
   x3           0           0           0           1 
   x4         100           3        -100          -3 
  
  B =  
              u1         u2 
   x1          0          0 
   x2  3.125e-05          0 
   x3          0          0 
   x4          0  4.464e-05 



79 

  
  C =  
       x1  x2  x3  x4 
   y1   1   0   0   0 
   y2   0   1   0   0 
   y3   0   0   1   0 
   y4   0   0   0   1 
  
  D =  
       u1  u2 
   y1   0   0 
   y2   0   0 
   y3   0   0 
   y4   0   0 
  
Continuous-time state-space model. 
 
 
sys1 = 
  
  From input 1 to output... 
               3.125e-05 s^2 + 9.375e-05 s + 0.003125 
   1:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
  
             3.125e-05 s^3 + 9.375e-05 s^2 + 0.003125 s 
   2:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
  
                       9.375e-05 s + 0.003125 
   3:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
  
                     9.375e-05 s^2 + 0.003125 s 
   4:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
  
  From input 2 to output... 
                       0.0001913 s + 0.006378 
   1:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
  
                     0.0001913 s^2 + 0.006378 s 
   2:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
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                4.464e-05 s^2 + 0.004229 s + 0.6043 
   3:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
  
              4.464e-05 s^3 + 0.004229 s^2 + 0.6043 s 
   4:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
  
Continuous-time transfer function. 
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