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Ⱥɧɧɨɬɚɰɢɹ  
ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧ ɜɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɰɚɩɮɵ ɦɟɥɶɧɢɰɵ ɧɚ 
ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɚɧɚɥɢɡɚ ɢɟɪɚɪɯɢɣ. ɋɢɧɬɟɡɢɪɨɜɚɧɵ ɤɪɢɬɟɪɢɢ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 
ɢ ɨɩɢɫɚɧɚ ɢɯ ɜɡɚɢɦɨɫɜɹɡɶ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɨɛɪɚɛɨɬɤɢ. ɉɨɫɬɪɨɟɧɨ ɦɧɨɠɟɫɬɜɨ ɚɥɶɬɟɪɧɚɬɢɜ 
ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ, ɩɪɟɞɥɨɠɟɧɵ ɫɩɨɫɨɛɵ ɨɛɪɚɛɨɬɤɢ ɫ 
ɜɚɪɶɢɪɭɟɦɵɦɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɛɪɚɧɧɵɯ ɤɪɢɬɟɪɢɟɜ ɧɚɣɞɟɧɨ ɩɨɞɦɧɨɠɟɫɬɜɨ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɰɚɩɮɵ. ɉɨɞɬɜɟɪɠɞɟɧ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɣ ɦɟɬɨɞ ɩɪɢɧɹɬɢɹ 
ɪɟɲɟɧɢɹ – ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɢɟɪɚɪɯɢɣ, ɩɪɢɦɟɧɟɧ ɚɥɝɨɪɢɬɦ ɨɰɟɧɤɢ ɢ ɩɨɜɵɲɟɧɢɹ ɫɬɟɩɟɧɢ 
ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɦɚɬɪɢɰ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɷɤɫɩɟɪɬɧɨɣ ɨɰɟɧɤɢ 
ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɜɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ, ɩɨɧɢɡɢɬɶ ɬɪɭɞɨɟɦɤɨɫɬɶ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɤɚɱɟɫɬɜɟ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɰɚɩɮɵ 
ɦɟɥɶɧɢɰɵ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɚɹ ɨɩɬɢɦɢɡɚɰɢɹ; ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɰɚɩɮɵ ɦɟɥɶɧɢɰɵ; 
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Abstract 
This article presents a range of recovery options axle of the mill based on the method of analysis 

of hierarchies. Synthesized criteria for optimal solutions and described their relationship to 

treatment parameters. Built many alternatives to solve multicriterial optimization problems, the 

proposed methods of processing with varying geometric parameters of the cutting tool and 

rotational speed. Based on the selected criteria found in the subset of Pareto-optimal recovery 

options axle. Confirmed method of multi-criteria decision-making method of hierarchy analysis, 

apply the algorithm to assess and improve the coherence matrix of pairwise comparisons. The 

proposed method of expert evaluation allows selection of processing parameters, to reduce the 

complexity of rehabilitation works, at a constant quality of the reconstructed surface of the 

trunnion of the mill. 

Keywords: multicriterial optimization; the restoration of the axle of the mill; the method of 

analysis of hierarchies. 
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ȼȼȿȾȿɇɂȿ 
ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɫɵɪɶɹ ɩɪɢɦɟɧɹɸɬ ɲɚɪɨɜɵɟ 

ɬɪɭɛɧɵɟ ɦɟɥɶɧɢɰɵ, ɬɟɯɧɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɤɨɬɨɪɵɯ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɧɨɫɨɦ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɨɩɨɪɧɵɯ 

ɜɪɚɳɚɸɳɢɯɫɹ ɞɟɬɚɥɟɣ – ɰɚɩɮ. ɇɚ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɰɚɩɮɵ ɜɨɡɧɢɤɚɸɬ ɪɚɡɥɢɱɧɵɟ ɞɟɮɟɤɬɵ, ɱɬɨ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɞɥɢɬɟɥɶɧɵɦ ɩɪɨɫɬɨɹɦ ɜ ɪɟɦɨɧɬɟ. 

ɉɪɢɫɬɚɜɧɨɣ ɫɬɚɧɨɤ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɨɛɪɚɛɨɬɤɭ ɰɚɩɮ ɩɨɦɨɥɶɧɵɯ ɦɟɥɶɧɢɰ ɧɚ ɦɟɫɬɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɫɬɨɣɤɨɫɬɢ ɪɟɡɰɚ, ɭɫɥɨɜɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ, ɩɪɢ 
ɷɬɨɦ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɬɨɱɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɵɛɪɚɧ 
ɢɧɫɬɪɭɦɟɧɬ – ɪɨɬɚɰɢɨɧɧɵɣ ɪɟɡɟɰ. Ɉɩɪɟɞɟɥɹɸɳɢɦ ɩɚɪɚɦɟɬɪɨɦ ɪɟɠɢɦɚ ɪɟɡɚɧɢɹ ɩɪɢ ɪɨɬɚɰɢɨɧɧɨɣ 
ɨɛɪɚɛɨɬɤɟ ɹɜɥɹɟɬɫɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɰɚɩɮɵ, ɨɬ ɤɨɬɨɪɨɣ ɡɚɜɢɫɢɬ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɡɚɝɨɬɨɜɤɢ, 
ɱɬɨ ɩɨɜɥɢɹɟɬ ɢ ɧɚ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɰɚɩɮɵ ɢ ɧɚ ɫɬɨɣɤɨɫɬɶ ɢɧɫɬɪɭɦɟɧɬɚ. ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɨɫɬɶ 
ɜɚɪɶɢɪɨɜɚɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɟɡɰɚ: ɩɟɪɟɞɧɢɣ ɭɝɨɥ, ɭɝɥɵ ɭɫɬɚɧɨɜɤɢ ɢ ɩɨɜɨɪɨɬɚ ɪɟɡɰɚ, 
ɪɚɞɢɭɫ ɪɟɠɭɳɟɣ ɱɚɲɢ ɪɟɡɰɚ – ɩɨɡɜɨɥɹɟɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɭɫɥɨɜɢɹ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ 
ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɵɯ ɬɨɱɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɢ 
ɩɨɞɞɟɪɠɚɧɢɹ ɜɵɫɨɤɨɣ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ. 

 

ɈɋɇɈȼɇȺə ɑȺɋɌɖ 
Ɂɚɞɚɱɚ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɫɨɫɬɨɢɬ ɜ ɜɵɛɨɪɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɤɪɢɬɟɪɢɹɦ ɢɡ ɦɧɨɠɟɫɬɜɚ ɚɥɶɬɟɪɧɚɬɢɜ – ɜɚɪɢɚɧɬɨɜ ɫɨɱɟɬɚɧɢɣ 
ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɡɚɞɚɱɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɰɟɧɤɢ ɚɥɶɬɟɪɧɚɬɢɜ 
ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɤɪɢɬɟɪɢɢ: ɬɪɭɞɨɟɦɤɨɫɬɶ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ, ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɰɚɩɮɵ, 
ɢɡɧɨɫ ɢɧɫɬɪɭɦɟɧɬɚ, ɬɨɱɧɨɫɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɰɚɩɮɵ. 

ɇɟɤɨɬɨɪɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɤɪɢɬɟɪɢɢ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ, ɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɜɡɚɢɦɨɫɜɹɡɶ ɜɫɟɯ ɮɚɤɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɧɟ ɜɵɩɨɥɧɢɦɨɣ ɡɚɞɚɱɟɣ, ɜɜɢɞɭ ɧɟɞɨɫɬɚɬɨɱɧɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɞɚɧɧɵɯ ɢ ɨɬɫɭɬɫɬɜɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɧɚɛɥɸɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɪɟɡɚɧɢɹ. 
ɉɪɨɢɡɜɟɞɟɦ ɚɧɚɥɢɡ ɡɚɜɢɫɢɦɨɫɬɢ ɤɪɢɬɟɪɢɟɜ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ. 

Ʉɚɠɞɵɣ ɤɪɢɬɟɪɢɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɚɪɚɦɟɬɪɨɦ: ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ – ɫɤɨɪɨɫɬɶɸ 
ɪɟɡɚɧɢɹ, ɡɚɜɢɫɹɳɟɣ ɨɬ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɢɡɧɨɫ ɢɧɫɬɪɭɦɟɧɬɚ – ɫɬɨɣɤɨɫɬɶɸ ɪɨɬɚɰɢɨɧɧɨɝɨ ɪɟɡɰɚ, 
ɬɪɭɞɨɟɦɤɨɫɬɶ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɨɜɦɟɫɬɧɨ ɞɜɭɦɹ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɵɦɢ 
ɮɚɤɬɨɪɚɦɢ, ɬɨɱɧɨɫɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ – ɩɥɨɳɚɞɶɸ ɫɪɟɡɚɟɦɨɝɨ ɫɥɨɹ, ɤɚɱɟɫɬɜɨ 
ɩɨɜɟɪɯɧɨɫɬɢ – ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ. 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɰɚɩɮɵ ɜɨ ɜɪɟɦɹ ɪɟɦɨɧɬɚ, ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɭɦɟɧɶɲɚɟɬɫɹ, 
ɧɨ ɫɬɨɣɤɨɫɬɶ ɢɧɫɬɪɭɦɟɧɬɚ ɩɚɞɚɟɬ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɵɫɬɪɨɦɭ ɢɡɧɨɫɭ ɪɨɬɚɰɢɨɧɧɨɝɨ ɪɟɡɰɚ ɢ ɩɥɨɯɨɦɭ 
ɤɚɱɟɫɬɜɭ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɭɦɟɧɶɲɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɩɪɢɜɟɞɟɬ 
ɤ ɩɨɜɵɲɟɧɢɸ ɬɪɭɞɨɟɦɤɨɫɬɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɢɡ-ɡɚ ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ. 

ɍɜɟɥɢɱɟɧɢɟ ɩɟɪɟɞɧɟɝɨ ɭɝɥɚ, ɭɝɥɚ ɭɫɬɚɧɨɜɤɢ ɢ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɜɨɤɪɭɝ ɨɫɢ ɩɪɢɜɨɞɢɬ ɤ 
ɩɨɜɵɲɟɧɢɸ ɬɨɱɧɨɫɬɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɬɪɚɞɚɟɬ ɤɚɱɟɫɬɜɨ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɰɚɩɮɵ. ɉɪɢ ɷɬɨɦ ɪɚɞɢɭɫ ɪɟɠɭɳɟɣ ɱɚɲɢ ɢɧɫɬɪɭɦɟɧɬɚ ɩɨɥɨɠɢɬɟɥɶɧɨ 
ɜɥɢɹɟɬ ɧɚ ɤɚɱɟɫɬɜɨ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ, ɧɨ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɚɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɧɢɠɚɟɬɫɹ. 

ɉɟɪɜɨɧɚɱɚɥɶɧɵɦ ɷɬɚɩɨɦ ɞɥɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ 
ɧɟɤɨɬɨɪɨɝɨ ɩɨɞɦɧɨɠɟɫɬɜɚ ɧɟɞɨɦɢɧɢɪɭɟɦɵɯ, ɬɨ ɟɫɬɶ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ ɚɥɶɬɟɪɧɚɬɢɜ. 
ɉɪɟɞɫɬɚɜɥɟɧɨ ɦɧɨɠɟɫɬɜɨ ɫɩɨɫɨɛɨɜ ɨɛɪɚɛɨɬɤɢ ɰɚɩɮɵ, ɜɚɪɶɢɪɭɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 
ɪɨɬɚɰɢɨɧɧɨɝɨ ɪɟɡɰɚ ɢ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ (ɬɚɛɥɢɰɚ 1). ɉɨ ɫɪɟɞɫɬɜɚɦ ɷɤɫɩɟɪɬɧɨɣ ɨɰɟɧɤɢ 
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ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɭɠɟɧɢɟ ɚɥɶɬɟɪɧɚɬɢɜ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɤɪɢɬɟɪɢɟɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɡ 25 ɫɩɨɫɨɛɨɜ 
ɨɛɪɚɛɨɬɤɢ ɜɵɞɟɥɟɧɨ ɩɨɞɦɧɨɠɟɫɬɜɨ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ, ɤɨɬɨɪɨɟ ɜɤɥɸɱɚɟɬ 14 ɫɩɨɫɨɛɨɜ.  

 

Ɍɚɛɥɢɰɚ 1 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɰɚɩɮɵ 

Table 1 

Characteristics of the processing options when you repair the axle 

№
 ɫ

ɩɨ
ɫɨ

ɛɚ
 Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɪɟɡɰɚ 

ɑɚɫɬɨɬɚ 
ɜɪɚɳɟɧɢɹ, 

ɨɛ/ɦɢɧ 

ɉɚɪɟɬɨ-

ɨɩɬɢɦɚɥɶɧɵɟ 
ɜɚɪɢɚɧɬɵ (+) 

ɉɟɪɟɞɧɢɣ 
ɭɝɨɥ 

γ, º 

ɍɝɨɥ 
ɭɫɬɚɧɨɜɤ

ɢ ω, º 

ɍɝɨɥ ɩɨɜɨɪɨɬɚ ɪɟɡɰɚ 
ɜɨɤɪɭɝ ɨɫɢ 

φ, º 

Ɋɚɞɢɭɫ 
ɪɟɠɭɳɟɣ 

ɱɚɲɢ  
R, ɦɦ 

1 10 – 30 0 – 10 10 – 30 0 – 10 0 – 1 - 

2 10 – 30 20 – 30 10 – 30 0 – 10 1 – 2 + 

3 10 – 30 0 – 10 50 – 70 0 – 10 2 – 3 + 

4 10 – 30 20 – 30 50 – 70 0 – 10 0 – 1 - 

5 10 – 30 10 – 20 30 – 50 10 – 20 1 – 2 - 

6 10 – 30 0 – 10 10 – 30 20 – 30 2 – 3 + 

7 10 – 30 0 – 10 10 – 30 20 – 30 2 – 3 + 

8 10 – 30 20 – 30 10 – 30 20 – 30 0 – 1 - 

9 10 – 30 0 – 10 50 – 70 20 – 30 0 – 1 + 

10 10 – 30 20 – 30 50 – 70 20 – 30 2 – 3 + 

11 30 – 50 10 – 20 30 – 50 0 – 10 2 – 3 + 

12 30 – 50 10 – 20 10 – 30 10 – 20 0 – 1 - 

13 30 – 50 0 – 10 30 – 50 10 – 20 2 – 3 - 

14 30 – 50 10 – 20 30 – 50 10 – 20 2 – 3 + 

15 30 – 50 20 – 30 30 – 50 10 – 20 2 – 3 + 

16 30 – 50 10 – 20 50 – 70 10 – 20 0 – 1 - 

17 30 – 50 10 – 20 30 – 50 20 – 30 1 – 2 + 

18 30 – 50 0 – 10 10 – 30 0 – 10 0 – 1 + 

19 50 – 70 20 – 30 10 – 30 0 – 10 2 – 3 + 

20 50 – 70 0 – 10 50 – 70 0 – 10 0 – 1 - 

21 50 – 70 20 – 30 50 – 70 0 – 10 1 – 2 + 

22 50 – 70 10 – 20 30 – 50 10 – 20 0 – 1 - 

23 50 – 70 20 – 30 10 – 30 20 – 30 0 – 1 - 

24 50 – 70 0 – 10 50 – 70 20 – 30 2 – 3 + 

25 50 – 70 20 – 30 50 – 70 20 – 30 0 – 1 - 

 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɡɚɞɚɱɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɨɦ ɚɧɚɥɢɡɚ 
ɢɟɪɚɪɯɢɣ. Ɇɟɬɨɞɨɥɨɝɢɹ ɟɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɛɨɪɟ ɟɞɢɧɫɬɜɟɧɧɨɣ ɚɥɶɬɟɪɧɚɬɢɜɵ, ɢɫɩɨɥɶɡɭɹ 
ɫɭɠɞɟɧɢɹ ɷɤɫɩɟɪɬɚ. Ɋɟɡɭɥɶɬɚɬ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɨɬɨɛɪɚɠɚɟɬ ɩɪɢɨɪɢɬɟɬɧɨɫɬɶ ɫɪɚɜɧɢɜɚɟɦɵɯ 
ɫɩɨɫɨɛɨɜ ɨɛɪɚɛɨɬɤɢ. ɉɪɨɰɟɫɫ ɩɨɲɚɝɨɜɨɝɨ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ ɩɪɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɰɚɩɮɵ ɷɤɫɩɟɪɬɨɦ ɩɪɨɢɡɜɟɞɟɧ ɜ ɫɢɫɬɟɦɟ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ – ɋɉɉɊ 
«Ɋɟɲɟɧɢɟ». 

ȼɵɛɨɪ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɫɩɨɫɨɛɚ ɨɛɪɚɛɨɬɤɢ ɰɚɩɮɵ ɢɡ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɨɞɦɧɨɠɟɫɬɜɚ, ɧɚ 
ɩɟɪɜɨɦ ɷɬɚɩɟ ɪɟɚɥɢɡɭɟɬɫɹ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɟɦ ɩɪɨɛɥɟɦɵ ɜ ɜɢɞɟ ɢɟɪɚɪɯɢɢ, ɜɤɥɸɱɚɸɳɚɹ ɬɪɢ 
ɭɪɨɜɧɹ: 1 ɭɪɨɜɟɧɶ – ɰɟɥɶ ɜɵɛɨɪɚ (ɩɪɨɛɥɟɦɚ), 2 ɭɪɨɜɟɧɶ – ɭɪɨɜɟɧɶ ɩɨɞɰɟɥɟɣ (ɤɪɢɬɟɪɢɢ),  
3 ɭɪɨɜɟɧɶ – ɫɩɨɫɨɛɵ ɨɛɪɚɛɨɬɤɢ (ɚɥɶɬɟɪɧɚɬɢɜɵ). ɂɟɪɚɪɯɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 
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Ɋɢɫ. 1. ɂɟɪɚɪɯɢɹ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɰɚɩɮɵ 

Fig. 1. Hierarchy of the choice of treatment parameters of restoring the axle 

 

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɨɞɨɦ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ, ɢɫɩɨɥɶɡɭɹ ɲɤɚɥɭ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɚɠɧɨɫɬɢ, ɪɟɚɥɢɡɭɟɬɫɹ ɨɰɟɧɤɚ ɚɥɶɬɟɪɧɚɬɢɜ ɷɤɫɩɟɪɬɨɦ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɤɪɢɬɟɪɢɟɜ: 
ɬɪɭɞɨɟɦɤɨɫɬɶ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ, ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɰɚɩɮɵ, ɢɡɧɨɫ ɢɧɫɬɪɭɦɟɧɬɚ, ɬɨɱɧɨɫɬɶ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɰɚɩɮɵ. Ɇɚɬɪɢɰɚ ɫɪɚɜɧɟɧɢɣ 
ɚɥɶɬɟɪɧɚɬɢɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɪɢɬɟɪɢɸ «Ɍɪɭɞɨɟɦɤɨɫɬɶ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ», ɩɨɥɭɱɟɧɧɚɹ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɬɧɵɯ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.  

ɉɪɢ ɷɬɨɦ ɋɉɉɊ «Ɋɟɲɟɧɢɟ» ɜɵɱɢɫɥɹɟɬ ɡɧɚɱɟɧɢɹ ɩɪɢɨɪɢɬɟɬɨɜ, ɫɬɟɩɟɧɶ ɡɚɛɥɭɠɞɟɧɢɹ, ɢɧɞɟɤɫ 
ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɢ ɡɧɚɱɟɧɢɟ ɨɬɧɨɲɟɧɢɹ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ. ɉɨ ɡɧɚɱɟɧɢɸ ɩɪɢɨɪɢɬɟɬɚ ɜ 18,3 
ɚɥɶɬɟɪɧɚɬɢɜɚ «ɋɩɨɫɨɛ № 2» ɩɪɟɜɨɫɯɨɞɢɬ ɨɫɬɚɥɶɧɵɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɪɭɞɨɟɦɤɨɫɬɢ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ.  

ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɟ ɨɬɧɨɲɟɧɢɹ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɦɚɬɪɢɰɵ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ ɪɚɜɧɨ 5,5%, ɱɬɨ 
ɧɟ ɩɪɟɜɵɲɚɟɬ ɪɟɤɨɦɟɧɞɭɟɦɨɟ ɡɧɚɱɟɧɢɟ ɜ 10 %. Ⱥɧɚɥɢɡɢɪɭɹ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɞɚɧɧɵɟ, ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɫɭɠɞɟɧɢɣ ɷɤɫɩɟɪɬɚ ɢ ɤɨɪɪɟɤɬɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɫɪɚɜɧɟɧɢɹ 
ɫɩɨɫɨɛɨɜ. 

Ⱥɧɚɥɨɝɢɱɧɨ ɩɨɫɬɪɨɟɧɵ ɦɚɬɪɢɰɵ ɫɪɚɜɧɟɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜ ɩɨ ɨɫɬɚɥɶɧɵɦ ɤɪɢɬɟɪɢɹɦ (ɪɢɫ. 3-6), 

ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɢ ɞɚɸɬ ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɭɸ 
ɢɧɮɨɪɦɚɰɢɸ.  
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Ɋɢɫ. 2. Ɇɚɬɪɢɰɚ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɪɢɬɟɪɢɸ 

«Ɍɪɭɞɨɟɦɤɨɫɬɶ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ» 

Fig. 2. Matrix of pair comparisons of treatment parameters in relation to the criterion 

"The complexity of recovery work" 

 

 

 
Ɋɢɫ. 3. Ɇɚɬɪɢɰɚ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ ɩɨ ɨɬɧɨɲɟɧɢɸ  

ɤ ɤɪɢɬɟɪɢɸ «ȼɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɰɚɩɮɵ» 

Fig. 3. Matrix of pairwise comparisons of treatment parameters in relation to the criterion  

of "Time of process axle" 
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Ɋɢɫ. 4. Ɇɚɬɪɢɰɚ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɪɢɬɟɪɢɸ  

«ɂɡɧɨɫ ɢɧɫɬɪɭɦɟɧɬɚ» 

Fig. 4. Matrix of paired comparisons of treatment parameters in relation to the criterion of "Tool wear" 

 

 
 

Ɋɢɫ. 5. Ɇɚɬɪɢɰɚ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɪɢɬɟɪɢɸ  
«Ɍɨɱɧɨɫɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɰɚɩɮɵ» 

Fig. 5. Matrix of pairwise comparisons of treatment parameters in relation to the criterion  

"Accuracy of the geometric parameters of the restored axle" 
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Ɋɢɫ. 6. Ɇɚɬɪɢɰɚ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɪɢɬɟɪɢɸ  

«Ʉɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɰɚɩɮɵ» 

Fig. 6. Matrix of pairwise comparisons of treatment parameters in relation to the criterion  

"Quality of the restored surface of the axle" 

 

Ⱦɚɥɟɟ ɬɟɦ ɠɟ ɦɟɬɨɞɨɦ ɫɬɪɨɢɬɫɹ ɦɚɬɪɢɰɚ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ ɤɪɢɬɟɪɢɟɜ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, 
ɷɤɫɩɟɪɬ ɩɪɢɧɢɦɚɟɬ ɪɟɲɟɧɢɟ ɩɪɢɨɪɢɬɟɬɧɨɫɬɢ ɜ ɩɨɥɶɡɭ ɬɪɭɞɨɟɦɤɨɫɬɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ, ɧɟ 
ɩɪɟɧɟɛɪɟɝɚɹ ɩɪɢ ɷɬɨɦ ɤɚɱɟɫɬɜɨɦ ɩɨɜɟɪɯɧɨɫɬɢ ɰɚɩɮɵ (ɪɢɫɭɧɨɤ 7). 

 

 
Ɋɢɫ. 7. Ɇɚɬɪɢɰɚ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ ɤɪɢɬɟɪɢɟɜ 

Fig. 7. Matrix of pairwise comparisons of criteria 

 

ɊȿɁɍɅɖɌȺɌɕ ɂɋɋɅȿȾɈȼȺɇɂə 
Ɋɟɡɭɥɶɬɚɬɨɦ ɩɪɨɜɟɞɟɧɧɵɯ ɨɰɟɧɨɤ ɚɥɶɬɟɪɧɚɬɢɜ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɫɩɨɫɨɛɚ 

ɨɛɪɚɛɨɬɤɢ (ɪɢɫɭɧɨɤ 8). ɋɨɝɥɚɫɧɨ ɦɟɬɨɞɭ ɚɧɚɥɢɡɚ ɢɟɪɚɪɯɢɣ, ɨɩɬɢɦɚɥɶɧɵɦ ɫɩɨɫɨɛɨɦ ɨɛɪɚɛɨɬɤɢ ɩɪɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɰɚɩɮ ɹɜɥɹɟɬɫɹ «ɋɩɨɫɨɛ № 2», ɡɧɚɱɟɧɢɟ ɩɪɢɨɪɢɬɟɬɚ 15,6 %. ɉɚɪɚɦɟɬɪɵ ɨɛɪɚɛɨɬɤɢ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɡɧɚɱɟɧɢɹɦɢ: ɩɟɪɟɞɧɢɣ ɭɝɨɥ ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 10-30°, ɭɝɨɥ 
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ɭɫɬɚɧɨɜɤɢ – ɜ ɩɪɟɞɟɥɚɯ 20-30°, ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɜɨɤɪɭɝ ɨɫɢ ɪɟɡɰɚ – 10-30°, ɪɚɞɢɭɫ ɪɟɠɭɳɟɣ ɱɚɲɢ – 

0-10 ɦɦ, ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – ɨɬ 1 ɞɨ 2 ɨɛɨɪɨɬɨɜ ɜ ɦɢɧɭɬɭ.  
 

 
Ɋɢɫ. 8. Ⱦɢɚɝɪɚɦɦɚ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɩɪɢɨɪɢɬɟɬɨɜ ɫɩɨɫɨɛɨɜ ɨɛɪɚɛɨɬɤɢ  

ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɰɚɩɮɵ 

Fig. 8. Diagram of calculation results of the priorities, methods of processing of restoring the axle 

 

ɁȺɄɅɘɑȿɇɂȿ 

ɉɨɞɬɜɟɪɠɞɟɧ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɣ ɦɟɬɨɞ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ – ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɢɟɪɚɪɯɢɣ, 
ɩɪɢɦɟɧɟɧ ɚɥɝɨɪɢɬɦ ɨɰɟɧɤɢ ɢ ɩɨɜɵɲɟɧɢɹ ɫɬɟɩɟɧɢ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɦɚɬɪɢɰ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ. 
ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɷɤɫɩɟɪɬɧɨɣ ɨɰɟɧɤɢ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɜɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ, 
ɩɨɧɢɡɢɬɶ ɬɪɭɞɨɟɦɤɨɫɬɶ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɤɚɱɟɫɬɜɟ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɰɚɩɮɵ ɦɟɥɶɧɢɰɵ. 
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