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ɍȾɄ  621  

ȻȻɄ  34ɜ06  
ɂ66 

 

ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɩɪɨɟɤɬɵ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ: 
Ɇɚɬɟɪɢɚɥɵ ɬɪɟɬɶɟɣ ɜɫɟɪɨɫɫɢɣɫɤɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ / Ɉɦɫɤɢɣ ɝɨɫ. ɭɧ-ɬ 
ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ. Ɉɦɫɤ, 2019. 110 ɫ. 

 

ȼ ɨɤɬɹɛɪɟ 2019 ɝɨɞɚ ɜ Ɉɦɫɤɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ 
ɩɪɨɲɥɚ ɬɪɟɬɶɹ ɜɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «ɂɧɧɨɜɚɰɢɨɧɧɵɟ 
ɩɪɨɟɤɬɵ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ». 

ȼ ɤɨɧɮɟɪɟɧɰɢɢ ɩɪɢɧɹɥɢ ɭɱɚɫɬɢɟ ɨɛɭɱɚɸɳɢɟɫɹ ɢ ɫɨɬɪɭɞɧɢɤɢ ɈɦȽɍɉɋɚ ɢ ɞɪɭɝɢɯ 
ɜɭɡɨɜ Ɋɨɫɫɢɢ, Ɋɟɫɩɭɛɥɢɤɢ ɍɡɛɟɤɢɫɬɚɧ, Ɋɟɫɩɭɛɥɢɤɢ Ʉɚɡɚɯɫɬɚɧ. 

ȼ ɫɛɨɪɧɢɤ ɜɨɲɥɢ ɫɬɚɬɶɢ, ɜ ɤɨɬɨɪɵɯ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 
ɬɟɯɧɨɥɨɝɢɣ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɜɤɥɸɱɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɩɨɥɭɱɟɧɢɟ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ, 
ɭɩɪɚɜɥɟɧɢɟ ɫɢɫɬɟɦɚɦɢ ɢ ɩɪɨɰɟɫɫɚɦɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

Ɇɚɬɟɪɢɚɥɵ ɤɨɧɮɟɪɟɰɧɢɢ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɟɡɧɵ ɞɥɹ ɫɬɭɞɟɧɬɨɜ, ɦɚɝɢɫɬɪɚɧɬɨɜ, 
ɚɫɩɢɪɚɧɬɨɜ, ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, ɧɚɭɱɧɵɯ ɫɨɬɪɭɞɧɢɤɨɜ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ 
ɨɛɥɚɫɬɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ. 

 

Ɇɚɬɟɪɢɚɥɵ ɩɭɛɥɢɤɭɸɬɫɹ ɜ ɚɜɬɨɪɫɤɨɣ ɪɟɞɚɤɰɢɢ. 
 

Ȼɢɛɥɢɨɝɪ.: 68 ɧɚɡɜ. Ɍɚɛɥ. 8. Ɋɢɫ. 63.  

 

Ɋɟɞɚɤɰɢɨɧɧɚɹ ɤɨɥɥɟɝɢɹ:  
ɞɨɤɬɨɪ ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ ɋ. Ƚ. ɒɚɧɬɚɪɟɧɤɨ (ɨɬɜ. ɪɟɞɚɤɬɨɪ);  
ɞɨɤɬɨɪ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ ȼ. ȼ. ɏɚɪɥɚɦɨɜ;  
ɞɨɤɬɨɪ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ Ⱥ. ɘ. ɉɨɩɨɜ;  
ɤɚɧɞɢɞɚɬ ɬɟɯɧ. ɧɚɭɤ ȿ. ȼ. ɉɨɧɨɦɚɪɟɜ.  
 

Ɋɟɰɟɧɡɟɧɬɵ: ɞɨɤɬɨɪ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ Ⱥ. ɉ. Ɇɨɪɝɭɧɨɜ;  
 ɞɨɤɬɨɪ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ, ɡɚɫɥɭɠɟɧɧɵɣ ɞɟɹɬɟɥɶ ɧɚɭɤɢ ɊɎ 
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Аɧɧɨɬаɰиɹ. В ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɩɬɢɦɢɡɚɰɢɟɣ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɩɪɨɮɢɥɹ ɤɚɬɚɧɢɹ ɜɚɝɨɧɧɵɯ 
ɤɨɥɟɫ ɩɪɢ ɭɫɬɪɚɧɟɧɢɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɞɟɮɟɤɬɨɜ. Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɩɪɨɝɪɚɦɦɵ ɞɥɹ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɜɜɨɞɚ ɞɚɧɧɵɯ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɤɚɪɬɵ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜɚɝɨɧɧɵɯ ɤɨɥɟɫ ɜ ɭɫɥɨɜɢɹɯ ɪɟɦɨɧɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
ɉɪɟɞɥɨɠɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, ɩɨɡɜɨɥɹɬ ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ 
ɪɟɦɨɧɬɚ ɜɚɝɨɧɧɵɯ ɤɨɥɟɫ ɢ ɩɪɨɞɥɢɬɶ ɢɯ ɫɪɨɤ ɫɥɭɠɛɵ. 

 

Клɸɱевые ɫлɨва: ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɤɚɪɬɚ, ɦɟɯɚɧɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ, 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɞɟɮɟɤɬɵ, ɪɟɠɢɦɵ ɪɟɡɚɧɢɹ, ɜɚɝɨɧɧɨɟ ɤɨɥɟɫɨ. 
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Abstract. The article deals with the issues related to the optimization of technological 

documentation for machining profile riding wagon wheels in the elimination of operational defects. 

The algorithm of the program for the automated data entry and design of the technological map of 

mechanical processing of wagon wheels in the conditions of repair production is developed. The 

proposed technological and technical solutions will improve the quality of repair of wagon wheels 

and extend their service life. 

 

Keywords: technological map, machining, operational defects, cutting modes, wagon wheel. 

 

Ʉɚɱɟɫɬɜɨ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɪɟɦɨɧɬɚ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ, ɧɨ ɨɞɧɢɦ ɢɡ ɧɢɯ ɛɟɡ 
ɫɨɦɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɭɪɨɜɟɧɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɪɟɦɨɧɬɚ, 
ɨɩɪɟɞɟɥɹɸɳɢɣ ɫɬɟɩɟɧɶ ɫɨɨɬɜɟɬɫɬɜɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɦɟɧɹɟɦɵɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɥɭɱɲɢɦ ɦɢɪɨɜɵɦ ɢ ɨɬɟɱɟɫɬɜɟɧɧɵɦ ɞɨɫɬɢɠɟɧɢɹɦ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ, ɩɪɢɦɟɧɹɟɦɚɹ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟ, ɢ ɫɨɛɥɸɞɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɞɢɫɰɢɩɥɢɧɵ ɹɜɥɹɟɬɫɹ ɝɚɪɚɧɬɨɦ 
ɨɛɟɫɩɟɱɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɪɟɦɨɧɬɚ ɞɟɬɚɥɟɣ ɦɚɲɢɧ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɭɫɥɨɜɢɹɯ ɪɟɦɨɧɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɫɭɬɫɬɜɭɟɬ 
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ɱɟɬɤɨ ɜɵɪɚɛɨɬɚɧɧɚɹ ɢ ɫɬɚɛɢɥɶɧɚɹ ɦɟɬɨɞɢɤɚ ɧɚɡɧɚɱɟɧɢɹ ɩɪɢɩɭɫɤɨɜ ɧɚ 
ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɜɚɝɨɧɧɵɯ ɤɨɥɟɫ. ȼ ɤɚɱɟɫɬɜɟ ɧɨɪɦɚɬɢɜɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ 
ɞɨɤɭɦɟɧɬɚɰɢɢ ɜ ɪɟɦɨɧɬɧɵɯ ɜɚɝɨɧɧɵɯ ɞɟɩɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɟɦɨɧɬɚ ɤɨɥɟɫɧɵɯ 
ɩɚɪ ɢɫɩɨɥɶɡɭɸɬ ɬɢɩɨɜɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢ ɪɟɦɨɧɬɧɭɸ ɤɚɪɬɨɱɤɭ, 
ɡɚɩɨɥɧɹɟɦɭɸ ɧɚ ɤɚɠɞɭɸ ɤɨɥɟɫɧɭɸ ɩɚɪɭ Д1Ж. 

Ɍɢɩɨɜɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɧɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɭɤɚɡɚɧɢɹ ɪɟɠɢɦɨɜ 
ɨɛɪɚɛɨɬɤɢ, ɬɚɤɢɯ ɤɚɤ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ, ɩɨɞɚɱɚ ɢɧɫɬɪɭɦɟɧɬɚ, ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ ɢ 
ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɯɨɞɨɜ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɬɚɤ ɤɚɤ ɤɨɥɟɫɧɵɟ ɩɚɪɵ ɩɨɫɬɭɩɚɸɬ 
ɫ ɪɚɡɧɵɦɢ ɞɟɮɟɤɬɚɦɢ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɡɦɟɪɚɦɢ. ȼ ɪɟɦɨɧɬɧɨɣ ɤɚɪɬɨɱɤɟ 
ɞɚɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɬɨɠɟ ɧɟ ɨɬɪɚɠɟɧɚ, ɜ ɧɟɣ ɭɤɚɡɵɜɚɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɜ 
ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɧɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ, ɚ ɭɱɟɬɧɨɝɨ ɯɚɪɚɤɬɟɪɚ Д1Ж. 

ɉɪɢɩɭɫɤ ɧɚ ɨɛɪɚɛɨɬɤɭ ɧɚɡɧɚɱɚɟɬ ɬɨɤɚɪɶ, ɢɫɯɨɞɹ ɢɡ ɫɜɨɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 
ɨɩɵɬɚ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɹɞɭ ɧɟɝɚɬɢɜɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɧɚɡɧɚɱɢɬɶ 
ɱɪɟɡɦɟɪɧɨ ɛɨɥɶɲɨɣ ɩɪɢɩɭɫɤ ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ, ɬɨ ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɡɬɢ ɤ 
ɩɨɬɟɪɹɦ ɩɨɥɟɡɧɨɝɨ ɫɥɨɹ ɦɟɬɚɥɥɚ ɪɚɫɯɨɞɭɟɦɨɝɨ ɜ ɫɬɪɭɠɤɭ, ɚ ɷɬɨ ɡɧɚɱɢɬɟɥɶɧɨ 
ɫɨɤɪɚɳɚɟɬ ɫɪɨɤ ɫɥɭɠɛɵ ɜɚɝɨɧɧɨɝɨ ɤɨɥɟɫɚ; ɤ ɩɨɜɵɲɟɧɢɸ ɪɚɫɯɨɞɚ ɪɟɠɭɳɟɝɨ 
ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ; ɤ ɭɜɟɥɢɱɟɧɢɸ ɬɪɭɞɨɟɦɤɨɫɬɢ ɢ 
ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. ȿɫɥɢ ɠɟ ɧɚɡɧɚɱɢɬɶ ɧɟɞɨɫɬɚɬɨɱɧɵɣ ɪɚɡɦɟɪ 
ɩɪɢɩɭɫɤɚ, ɬɨ ɧɟ ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɭɞɚɥɟɧɢɟ ɞɟɮɟɤɬɧɵɯ ɫɥɨɟɜ ɦɚɬɟɪɢɚɥɚ, ɚ ɷɬɨ ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɟɬ ɩɨɫɥɭɠɢɬɶ ɩɪɢɱɢɧɨɣ ɡɚɪɨɠɞɟɧɢɹ ɢ ɪɚɡɜɢɬɢɹ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɞɟɮɟɤɬɨɜ ɭɫɬɚɥɨɫɬɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ (ɜɵɳɟɪɛɢɧ 2-ɝɨ ɪɨɞɚ), 
ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɦɟɧɶɲɟɧɢɟ ɩɪɨɛɟɝɚ ɤɨɥɟɫɧɨɣ ɩɚɪɵ ɦɟɠɞɭ ɨɛɬɨɱɤɚɦɢ ɢ ɫɪɨɤɚ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɰɟɥɨɦ Д2Ж. 

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟ ɢɡɥɨɠɟɧɧɨɝɨ, ɫɬɚɜɢɬɫɹ ɩɪɨɛɥɟɦɚ ɩɨ ɦɢɧɢɦɢɡɚɰɢɢ ɜɥɢɹɧɢɹ 
ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɭɫɥɨɜɢɹɯ 
ɪɟɦɨɧɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɭɬɟɦ ɪɚɡɪɚɛɨɬɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɟɪɨɩɪɢɹɬɢɣ. 

ɋɧɢɠɟɧɢɟ ɜɥɢɹɧɢɟ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɧɚ ɤɚɱɟɫɬɜɨ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɜɚɝɨɧɧɵɯ ɤɨɥɟɫ ɜɨɡɦɨɠɧɨ ɩɭɬɟɦ ɪɚɡɪɚɛɨɬɤɢ ɱɟɬɤɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɪɟɲɟɧɢɣ (ɜɢɞ ɨɛɪɚɛɨɬɤɢ, ɪɟɠɢɦɵ ɪɟɡɚɧɢɹ, ɱɢɫɥɨ ɩɪɨɯɨɞɨɜ). Ⱦɚɧɧɵɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɧɨɫɢɬɶ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɤɚɪɬɭ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɤɨɥɟɫɧɨɣ ɩɚɪɵ, ɩɪɢɜɟɞɟɧɧɭɸ ɧɚ ɪɢɫ. 1, ɩɨ ɤɨɬɨɪɨɣ 
ɪɚɛɨɬɧɢɤ (ɬɨɤɚɪɶ) ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶ ɪɚɛɨɬɵ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɭɤɚɡɚɧɧɵɯ ɜ ɤɚɪɬɟ 
ɬɪɟɛɨɜɚɧɢɣ. 

ȼɧɟɞɪɟɧɢɟ ɬɚɤɨɝɨ ɪɨɞɚ ɞɨɤɭɦɟɧɬɚ ɜ ɪɟɦɨɧɬɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɡɚɬɪɭɞɧɟɧɨ 
ɥɢɲɶ ɬɟɦ, ɱɬɨ ɩɪɨɰɟɫɫ ɡɚɩɨɥɧɟɧɢɹ ɬɟɯɧɨɥɨɝɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɤɚɪɬɵ ɧɚ 
ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɞɥɹ ɤɚɠɞɨɣ ɩɨɫɬɭɩɚɸɳɟɣ ɜ ɪɟɦɨɧɬ ɤɨɥɟɫɧɨɣ ɩɚɪɵ 
ɜɟɫɶɦɚ ɬɪɭɞɨɟɦɨɤ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɩɪɟɞɥɚɝɚɟɬɫɹ ɱɚɫɬɢɱɧɨ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɤɚɪɬɵ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɤɨɥɟɫɧɨɣ ɩɚɪɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 
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ɨɛɟɫɩɟɱɟɧɢɹ. Ɏɪɚɝɦɟɧɬ ɛɥɨɤ-ɫɯɟɦɵ ɚɥɝɨɪɢɬɦɚ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɩɪɨɝɪɚɦɦɵ 
«ȺɊɆ-ɬɟɯɧɨɥɨɝɚ ȼɄɆ» ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 2. 

 

Ɋɢɫ. 1. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɤɚɪɬɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɤɨɥɟɫɧɨɣ ɩɚɪɵ 

 

 

Ɋɢɫ. 2. Ɏɪɚɝɦɟɧɬ ɛɥɨɤ-ɫɯɟɦɵ ɚɥɝɨɪɢɬɦɚ ɩɪɨɝɪɚɦɦɵ «ȺɊɆ-ɬɟɯɧɨɥɨɝɚ ȼɄɆ» 
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ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɬɟɯɧɨɥɨɝɨɦ ɜɚɝɨɧɧɵɯ ɤɨɥɟɫɧɵɯ ɦɚɫɬɟɪɫɤɢɯ 
ɜɜɨɞɢɬɫɹ ɫɥɟɞɭɸɳɚɹ ɢɧɮɨɪɦɚɰɢɹ (ɨɤɧɨ ɜɜɨɞɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɟ 
«ȺɊɆ-ɬɟɯɧɨɥɨɝɚ ȼɄɆ» ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫ. 3): ɨɛɳɢɟ ɫɜɟɞɟɧɢɹ (ɩɪɟɞɩɪɢɹɬɢɟ 
ɢɡɝɨɬɨɜɢɬɟɥɶ, ɫɨɛɫɬɜɟɧɧɢɤ, ɫɜɟɞɟɧɢɹ ɢɞɟɧɬɢɮɢɰɢɪɭɸɳɢɟ ɞɚɧɧɭɸ ɤɨɥɟɫɧɭɸ 
ɩɚɪɭ (ɬɢɩ ɨɫɢ, ɧɨɦɟɪ ɨɫɢ, ɧɨɦɟɪ ɤɨɥɟɫɚ ɢ ɬ.ɩ.), ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɤɨɥɟɫɧɨɣ ɩɚɪɵ ɢ 
ɟɟ ɤɨɞ, ɪɚɡɦɟɪɵ ɞɟɮɟɤɬɚ, ɪɚɡɦɟɪɵ ɤɨɥɟɫɧɨɣ ɩɚɪɵ ɩɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɜ ɪɟɦɨɧɬ (ɞɨ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ). 

ɉɨɫɥɟ ɜɜɨɞɚ ɞɚɧɧɵɯ ɩɪɢ ɧɚɠɚɬɢɢ ɤɧɨɩɤɢ «Ɉɤ» ɩɪɨɝɪɚɦɦɚ ɩɨ ɩɪɢɜɟɞɟɧɧɨɦɭ 
ɚɥɝɨɪɢɬɦɭ ɢɡ ɛɚɡɵ ɜɵɛɢɪɚɟɬ ɪɟɤɨɦɟɧɞɭɟɦɵɟ ɜɢɞɵ ɨɛɪɚɛɨɬɤɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ. ɉɨɫɥɟ ɱɟɝɨ ɬɟɯɧɨɥɨɝ ɩɪɨɢɡɜɨɞɢɬ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ) 
ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɜɢɞɨɜ ɨɛɪɚɛɨɬɤɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɥɢɛɨ ɩɪɢɧɢɦɚɟɬ 
ɪɟɤɨɦɟɧɞɭɟɦɵɟ ɩɪɨɝɪɚɦɦɨɣ ɢ ɪɚɫɩɟɱɚɬɵɜɚɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɤɚɪɬɭ, ɩɨɞɩɢɫɵɜɚɟɬ 
ɢ ɩɟɪɟɞɚɟɬ ɦɚɫɬɟɪɭ ɰɟɯɚ. 

 

Ɋɢɫ. 3. Ɉɤɧɨ ɜɜɨɞɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɟ «ȺɊɆ-ɬɟɯɧɨɥɨɝɚ ȼɄɆ» 

 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɝɪɚɦɦɵ ɬɚɤɨɝɨ ɩɥɚɧɚ ɩɨɡɜɨɥɹɟɬ ɩɨɞɛɢɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɟ 
ɪɟɠɢɦɵ ɨɛɪɚɛɨɬɤɢ ɤɨɥɟɫɚ, ɧɚɡɧɚɱɚɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɢ ɞɨɫɬɚɬɨɱɧɭɸ ɜɟɥɢɱɢɧɭ 
ɩɪɢɩɭɫɤɚ ɧɚ ɨɛɬɨɱɤɭ ɜɚɝɨɧɧɵɯ ɤɨɥɟɫ, ɜɟɫɬɢ ɭɱɟɬ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɤɨɥɟɫɧɨɣ ɩɚɪɵ. 

ɉɪɢɦɟɧɟɧɢɟ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ 
ɜ ɜɚɝɨɧɧɵɯ ɤɨɥɟɫɧɵɯ ɦɚɫɬɟɪɫɤɢɯ ɢ ɜɚɝɨɧɧɵɯ ɪɟɦɨɧɬɧɵɯ ɞɟɩɨ ɩɨɡɜɨɥɢɬɶ ɡɚ ɫɱɟɬ 
ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜɚɝɨɧɧɵɯ ɤɨɥɟɫ ɩɪɨɞɥɢɬɶ ɫɪɨɤ 
ɢɯ ɫɥɭɠɛɵ. 
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ɍȾɄ 621.9 
 

Ⱥ. ɘ. ɒɟɜɱɟɧɤɨ1, Ⱥ. ɘ. ɉɨɩɨɜ2 

1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «Ɏɟɞɟɪɚɥɶɧɵɣ ɇɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ 
ɐɟɧɬɪ «ɉɪɨɝɪɟɫɫ» (ɎȽɍɉ «Ɏɇɉɐ «ɉɪɨɝɪɟɫɫ»), ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 

2Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (ɈɦȽɌɍ), ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ȺɇȺɅɂɁ ɄɈɇɋɌɊɍɄɐɂɂ ɂɇɋɌɊɍɆȿɇɌɈȼ ȾɅə ɂɁȽɈɌɈȼɅȿɇɂə 
ȽȺɁɈɈɌȼɈȾəɓɂɏ ɄȺɇȺȼɈɄ ɍȽɅɈȼɈɃ ɎɈɊɆɕ 

 ȼ ɉɊȿɋɋ-ɎɈɊɆȺɏ ȾɅə ɊɌɂ 
 

Аɧɧɨɬаɰиɹ. В ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɬɨɞ ɨɛɪɚɛɨɬɤɢ ɝɚɡɨɨɬɜɨɞɹɳɢɯ 
ɤɚɧɚɜɨɤ ɧɚ ɩɪɟɫɫ-ɮɨɪɦɚɯ ɞɥɹ ɊɌɂ ɫɬɪɨɝɚɧɢɟɦ ɩɨ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

 

Клɸɱевые ɫлɨва: ɫɬɪɨɝɚɧɢɟ, ɝɚɡɨɨɬɜɨɞɹɳɢɟ ɤɚɧɚɜɤɢ, ɩɪɟɫɫ-ɮɨɪɦɚ. 
 

Aleksandr Y
1
. Shevchenko, Andrey Y. Popov
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1FОНОЫКХ ЬЭКЭО ЮЧТЭКЫв ОЧЭОЫЩЫТЬО «FОНОЫКХ ЫОЬОКЫМС КЧН ЩЫШНЮМЭТШЧ МОЧЭОЫ «PЫШРЫОЬЬ» 

(FSUE «FRPC «PЫШРЫОЬЬ»), OЦЬФ, ЭСО RЮЬЬТКЧ FОНОЫКЭТШЧ. 
2
Omsk State Technical University (OmSTU), Omsk, the Russian Federation 

 

ANALISYS OF THE DESIGN OF TOOLS  FOR MANUFACTURING 

GAS EXHAUST GROOVES OF ANGULAR SHAPE IN MOLDS RTP 
 

Abstract. This article discusses the method of processing gas exhaust grooves on molds for 

rubber goods planing on a curved surface. 

 

Keywords: planing, venting grooves, mold. 

 

Ƚɚɡɨɨɬɜɨɞɹɳɢɟ ɤɚɧɚɜɤɢ ɭɝɥɨɜɨɣ ɮɨɪɦɵ (ɪɢɫ. 1) ɜ ɩɪɟɫɫ-ɮɨɪɦɚɯ 
ɪɟɡɢɧɨɬɟɯɧɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ (ɊɌɂ) ɫɥɭɠɚɬ ɞɥɹ ɨɬɜɟɞɟɧɢɹ ɝɚɡɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ 
ɩɪɨɰɟɫɫɟ ɜɭɥɤɚɧɢɡɚɰɢɢ ɪɟɡɢɧɨɜɨɣ ɫɦɟɫɢ, ɤɨɬɨɪɵɟ ɢɫɤɥɸɱɚɸɬ ɡɚɩɢɪɚɧɢɟ ɝɚɡɚ ɜ 
ɩɪɟɫɫ-ɮɨɪɦɟ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɢɫɤɥɸɱɚɸɬ ɧɟɞɨɩɪɟɫɫɨɜɤɢ. 

 
Ɋɢɫ. 1. ɉɪɨɮɢɥɶ ɝɚɡɨɨɬɜɨɞɹɳɟɣ ɤɚɧɚɜɤɢ 
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ɇɚ ɎȽɍɉ «Ɏɇɉɐ «ɉɪɨɝɪɟɫɫ» ɩɪɢɲɥɢ ɤ ɪɟɲɟɧɢɸ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɝɚɡɨɨɬɜɨɞɹɳɢɯ ɤɚɧɚɜɨɤ ɭɝɥɨɜɨɣ ɮɨɪɦɵ ɜ ɩɪɟɫɫ-ɮɨɪɦɚɯ ɞɥɹ ɊɌɂ ɦɟɬɨɞɨɦ 
ɫɬɪɨɝɚɧɢɹ. Ɉɛɪɚɛɨɬɤɚ ɤɚɧɚɜɨɤ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: 

1 ɫɩɨɫɨɛ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ 3-ɯ ɨɫɟɜɨɝɨ ɮɪɟɡɟɪɧɨɝɨ ɫɬɚɧɤɚ ɫ ɑɉɍ ɢ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɢɧɫɬɪɭɦɟɧɬɚ ɩɨ ɬɢɩɭ ɤɪɟɩɥɟɧɢɹ 
ɤɪɭɝɥɵɯ ɮɚɫɨɧɧɵɯ ɪɟɡɰɨɜ (ɪɢɫ. 2) [1]. Ɍɪɟɯɨɫɟɜɨɣ ɮɪɟɡɟɪɧɵɣ ɫɬɚɧɨɤ ɫ ɑɉɍ 
ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɩɪɢ ɫɬɪɨɝɚɧɢɢ ɫ ɪɚɞɢɭɫɧɨɣ 
ɬɪɚɟɤɬɨɪɢɟɣ ɞɜɢɠɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ, ɚ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɧɚɫɬɪɨɢɬɶ 
ɧɟɨɛɯɨɞɢɦɵɣ ɭɝɨɥ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɢɧɫɬɪɭɦɟɧɬɚ ɩɪɢ ɫɬɪɨɝɚɧɢɢ (ɫɦ. ɪɢɫ. 3). 

 
Ɋɢɫ. 2. ɉɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɢɧɫɬɪɭɦɟɧɬɚ 

 

 
Ɋɢɫ. 3. Ɍɪɚɟɤɬɨɪɢɹ ɨɛɪɚɛɨɬɤɢ ɧɚ 3-ɯ ɨɫɟɜɨɦ ɮɪɟɡɟɪɧɨɦ ɫɬɚɧɤɟ ɫ ɑɉɍ 

 

2 ɫɩɨɫɨɛ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ 5-ɬɢ ɨɫɟɜɨɝɨ ɮɪɟɡɟɪɧɨɝɨ ɫɬɚɧɤɚ ɫ ɑɉɍ (ɢɥɢ ɫ 
ɞɢɫɤɪɟɬɧɵɦ ɩɨɜɨɪɨɬɨɦ 4-ɨɣ ɢ 5-ɨɣ ɨɫɟɣ ɫɬɚɧɤɚ). Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɩɨɡɜɨɥɹɟɬ 
ɨɛɪɚɛɚɬɵɜɚɬɶ ɤɨɧɬɭɪ ɨɞɧɢɦ ɢɧɫɬɪɭɦɟɧɬɨɦ, ɚ ɞɢɫɤɪɟɬɧɚɹ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ 
ɩɨɞɚɱɚ 4-ɨɣ ɢ 5-ɨɣ ɨɫɟɣ ɫɬɚɧɤɚ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɫɬɢɬɶ ɧɚɥɚɞɤɭ 
ɫɬɚɧɤɚ ɢ ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ (ɫɦ. ɪɢɫ. 4). 
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Ɋɢɫ. 4. Ɍɪɚɟɤɬɨɪɢɹ ɨɛɪɚɛɨɬɤɢ ɧɚ 5-ɬɢ ɨɫɟɜɨɦ ɮɪɟɡɟɪɧɨɦ ɫɬɚɧɤɟ ɫ ɑɉɍ 

 

ɋɩɨɫɨɛ ɨɛɪɚɛɨɬɤɢ ɧɚ 5-ɬɢ ɨɫɟɜɨɦ ɮɪɟɡɟɪɧɨɦ ɫɬɚɧɤɚ ɫ ɑɉɍ ɨɤɚɡɚɥɫɹ 
ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɛɨɬɤɨɣ ɧɚ 3-ɯ ɨɫɟɜɨɦ ɮɪɟɡɟɪɧɨɦ 
ɫɬɚɧɤɟ ɫ ɑɉɍ, ɡɚ ɫɱɟɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɩɪɨɳɟɧɢɹ ɧɚɥɚɞɤɢ ɫɬɚɧɤɚ ɢ ɛɨɥɟɟ 
ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. Ɍɚɤɠɟ ɧɚ 5-ɬɢ ɨɫɟɜɨɦ ɫɬɚɧɤɟ ɫ ɑɉɍ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɛɨɥɟɟ ɠɟɫɬɤɚɹ ɨɩɪɚɜɤɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 3-ɯ ɨɫɟɜɵɦ ɫɬɚɧɤɨɦ ɫ 
ɑɉɍ, ɝɞɟ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɪɟɝɭɥɢɪɨɜɤɢ ɭɝɥɚ ɩɨɜɨɪɨɬɚ 
ɢɧɫɬɪɭɦɟɧɬɚ, ɫ ɜɹɡɢ ɫ ɱɟɦ ɢɡ-ɡɚ ɭɫɥɨɠɧɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɨɩɪɚɜɤɢ ɬɟɪɹɟɬɫɹ 
ɠɟɫɬɤɨɫɬɶ, ɱɬɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɤɚɱɟɫɬɜɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɤɚɧɚɜɨɤ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɋɟɦɟɧɱɟɧɤɨ, ɂ. ɂ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ ɢɧɫɬɪɭɦɟɧɬɨɜ. /  
ɂ. ɂ. ɋɟɦɟɧɱɟɧɤɨ, ȼ. Ɇ.Ɇɚɬɸɲɢɧ, Ƚ. ɇ. ɋɚɯɚɪɨɜ. – Ɇ.: Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɨɟ ɢɡɞɚɬɟɥɶɫɬɜɨ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɣ ɥɢɬɟɪɚɬɭɪɵ, 1962. – 952 ɫ.: ɢɥ. 
 

ɂɇɎɈɊɆȺɐɂə ɈȻ ȺȼɌɈɊȺɏ 
 

ɒɟɜɱɟɧɤɨ Ⱥɥɟɤɫɚɧɞɪ ɘɪɶɟɜɢɱ  
Ɏɟɞɟɪɚɥɶɧɨɟ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɍɧɢɬɚɪɧɨɟ 
ɉɪɟɞɩɪɢɹɬɢɟ «Ɏɟɞɟɪɚɥɶɧɵɣ ɇɚɭɱɧɨ-
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɐɟɧɬɪ «ɉɪɨɝɪɟɫɫ» 
(ɎȽɍɉ «Ɏɇɉɐ «ɉɪɨɝɪɟɫɫ»). 
5-ɹ Ʉɨɪɞɧɚɹ ɭɥ. ɞ. 4, ɝ. Ɉɦɫɤ, 644018, 
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
Ɍɟɥ.: +7 (3812)56-14-72 
E-mail: info@progress-omsk.ru 
 

ɉɨɩɨɜ Ⱥɧɞɪɟɣ ɘɪɶɟɜɢɱ 
Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ (ɈɦȽɌɍ).  
644050, ɝ. Ɉɦɫɤ, ɩɪ. Ɇɢɪɚ, 11, 
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
Ⱦɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ 
ɤɚɮɟɞɪɵ «Ɇɟɬɚɥɥɨɪɟɠɭɳɢɟ ɫɬɚɧɤɢ ɢ 
ɢɧɫɬɪɭɦɟɧɬɵ» ɈɦȽɌɍ. 
E-mail: popov_a_u@list.ru. 
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Ɇ. Ɏ. Ʉɚɩɭɫɬɶɹɧ, Ⱦ. ȼ. ɍɪɚɤɨɜɚ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ), ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɉɊɈȽɇɈɁɂɊɈȼȺɇɂȿ ɆȿɏȺɇɂɑȿɋɄɂɏ ɋȼɈɃɋɌȼ ɋȼȺɊɇɕɏ 
ɋɈȿȾɂɇȿɇɂɃ, ȼɕɉɈɅɇȿɇɇɕɏ ɂ ɗɄɋɉɅɍȺɌɂɊɍȿɆɕɏ 

ɉɊɂ ɇɂɁɄɂɏ ɌȿɆɉȿɊȺɌɍɊȺɏ 

 

Аɧɧɨɬаɰиɹ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɚɜɥɟɧɵ  ɧɚ ɨɰɟɧɤɭ ɨɫɬɚɬɨɱɧɵɯ ɫɜɚɪɨɱɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɫɜɚɪɤɟ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪ.  ɉɪɢ 
ɫɜɚɪɤɟ ɜ ɭɫɥɨɜɢɹɯ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɦɨɝɭɬ ɫɨɡɞɚɬɶ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ ɜ ɡɨɧɚɯ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɂɫɫɥɟɞɨɜɚɧɚ 
ɫɬɟɩɟɧɶ ɜɨɡɦɨɠɧɵɯ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ ɢ ɭɪɨɜɧɹ ɜɨɡɧɢɤɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ,  ɚ 
ɬɚɤɠɟ ɞɚɧɵ ɤɨɧɤɪɟɬɧɵɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɫɧɢɠɟɧɢɸ ɜɥɢɹɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɧɚ 
ɯɥɚɞɨɫɬɨɣɤɨɫɬɶ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ ɩɪɨɱɧɨɫɬɶ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

 

Клɸɱевые ɫлɨва: ɫɜɚɪɤɚ, ɨɫɬɚɬɨɱɧɵɟ ɫɜɚɪɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ 
ɩɪɨɱɧɨɫɬɶ.  

 

Mikhail F. Kapustyan, Darya V. Urakova 

Omsk State Transport University (OSTU), Omsk, the Russian Federation 

 

PREDICTION OF THE MECHANICAL PROPERTIES OF WELDED 

JOINTS MADE AND OPERATED AT LOW TEMPERATURES 

 

Abstract. Studies are aimed at assessing residual welding stresses during welding of structures in low 

climatic temperatures. When welding at low temperatures, residual stresses can create additional plastic 

deformations in the welded joint areas. The degree of possible plastic deformations and the level of 

stresses are studied, and specific recommendations are given on reducing the influence of residual 

stresses on the cold resistance and operational strength of welded joints. 

 

Keywords: welding, residual welding stresses, operational strength. 

ȼ ɢɧɬɟɪɜɚɥɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɭ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɫɜɚɪɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɹɯ ɫɬɚɥɟɣ ɭɦɟɧɶɲɟɧɢɟ ɜɹɡɤɨɫɬɢ ɜ ɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ 
ɩɪɨɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɫɢɥɶɧɨ ɢ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɯɪɭɩɤɨɦɭ ɪɚɡɪɭɲɟɧɢɸ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɤɨɩɥɟɧ ɨɛɲɢɪɧɵɣ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɦɚɬɟɪɢɚɥ, ɨɬɧɨɫɹɳɢɣɫɹ ɤ ɩɪɢɪɨɞɟ, ɦɟɬɨɞɚɦ ɢɡɦɟɪɟɧɢɹ, 
ɫɧɢɠɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɢɯ ɜɥɢɹɧɢɸ ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ 
ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɇɚɭɱɧɨɟ ɢ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ 
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ɨɫɬɚɬɨɱɧɵɯ ɫɜɚɪɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɫɥɭɠɟɛɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɧɫɬɪɭɤɰɢɣ ɢɦɟɟɬ 
ɦɧɨɝɨ ɚɫɩɟɤɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɫɜɹɡɢ, ɧɚɩɪɢɦɟɪ, ɫ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɩɪɨɬɢɜ 
ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ Д1Ж, ɩɪɨɱɧɨɫɬɶɸ ɩɪɢ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɩɟɪɟɦɟɧɧɵɯ 
ɧɚɝɪɭɡɤɚɯ Д2Ж, ɚ ɬɚɤɠɟ ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶɸ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɯɪɭɩɤɢɦ 
ɪɚɡɪɭɲɟɧɢɹɦ Д3Ж. Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɵ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɩɚɫɧɨɫɬɶ ɯɪɭɩɤɢɯ 
ɪɚɡɪɭɲɟɧɢɣ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɫɨɛɟɧɧɨ ɫɢɥɶɧɨ 
ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɧɚɥɢɱɢɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɨɫɬɚɬɨɱɧɵɯ ɫɜɚɪɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. 
ɉɪɢ ɷɬɨɦ, ɧɚɢɛɨɥɟɟ ɧɢɡɤɭɸ ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶ ɤ ɯɪɭɩɤɢɦ ɪɚɡɪɭɲɟɧɢɹɦ ɛɭɞɭɬ 
ɢɦɟɬɶ ɫɜɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɜɚɪɟɧɧɵɟ ɜ ɭɫɥɨɜɢɹɯ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ Д4Ж. ɉɪɢ ɜɫɟɯ ɢɦɟɸɳɢɯɫɹ ɞɨɫɬɢɠɟɧɢɹɯ ɜɫɟ-ɬɚɤɢ, ɧɟ ɞɨ 
ɤɨɧɰɚ ɪɚɫɤɪɵɬɵ ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɫɬɚɬɨɱɧɵɦɢ ɫɜɚɪɨɱɧɵɦɢ 
ɧɚɩɪɹɠɟɧɢɹɦɢ, ɩɪɢ ɫɜɚɪɤɟ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɫɜɚɪɤɢ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɧɢɠɟ - 40 °ɋ) 
ɧɚɛɥɸɞɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ: ɢɡɦɟɧɹɸɬɫɹ ɭɫɥɨɜɢɹ ɝɨɪɟɧɢɹ ɞɭɝɢ, 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɬɟɩɥɨɨɬɞɚɱɚ ɨɬ ɢɡɞɟɥɢɹ ɜ ɜɨɡɞɭɯ, ɜ ɞɟɫɹɬɤɢ ɪɚɡ ɭɦɟɧɶɲɚɟɬɫɹ 
ɞɢɮɮɭɡɢɹ ɜɨɞɨɪɨɞɚ. ȼ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 600...500 °ɋ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ 
ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɧɚ 25...40 %, ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɟɛɵɜɚɧɢɹ 
ɦɟɬɚɥɥɚ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 300... 100 °ɋ ɫɨɤɪɚɳɚɟɬɫɹ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ Д4Ж. 

ɇɚɢɛɨɥɟɟ ɞɟɬɚɥɶɧɨ ɜɨɩɪɨɫɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɫɜɚɪɨɱɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ (Ɉɋɇ) ɩɪɢ ɫɜɚɪɤɟ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪ 
ɢɡɭɱɟɧɨ ɜ ɪɚɛɨɬɟ Д5Ж, ɝɞɟ ɩɨɤɚɡɚɧɨ ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜ 
ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɧɚɢɦɟɧɶɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɭɫɬɟɧɢɬɚ (600...500 °ɋ) ɩɪɢɜɨɞɢɬ 
ɤ ɜɨɡɪɚɫɬɚɧɢɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɱɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ ɨɬ  
15 ɞɨ 46 % ɩɪɢ -50 °ɋ, ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ 
ɛɟɣɧɢɬɚ ɢ ɦɚɪɬɟɧɫɢɬɚ. Ɋɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɛɵɥɨ ɨɰɟɧɟɧɨ, ɱɬɨ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɦɚɪɬɟɧɫɢɬɚ ɞɨ 50 % ɩɪɨɢɫɯɨɞɢɬ ɪɨɫɬ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɩɪɨɞɨɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɨ 
66 % ɤ ɦɨɦɟɧɬɭ ɧɚɱɚɥɚ ɩɪɟɜɪɚɳɟɧɢɣ ɛɟɡɞɢɮɮɭɡɢɨɧɧɨɝɨ ɬɢɩɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɬɚɤɢɦɢ ɠɟ ɧɚɩɪɹɠɟɧɢɹɦɢ ɩɪɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɜɪɚɳɟɧɢɹɯ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɬɢɩɚ, 
ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɢ ɦɚɥɵɯ ɫɤɨɪɨɫɬɹɯ ɨɯɥɚɠɞɟɧɢɹ. Ɏɪɚɤɬɨɝɪɚɮɢɱɟɫɤɢɦɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɡɚɤɚɥɨɱɧɵɟ ɬɪɟɳɢɧɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ 
ɨɩɪɟɞɟɥɟɧɧɨɦ ɩɪɨɰɟɧɬɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɦɚɪɬɟɧɫɢɬɚ ɢ ɭɪɨɜɧɟ Ɉɋɇ. 

ɉɪɢ ɜɫɟɯ ɢɦɟɸɳɢɯɫɹ ɞɨɫɬɢɠɟɧɢɹɯ ɜɫɟ-ɬɚɤɢ, ɧɟ ɞɨ ɤɨɧɰɚ ɪɚɫɤɪɵɬɵ 
ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ Ɉɋɇ (ɞɚɥɟɟ ɩɨ ɬɟɤɫɬɭ ɩɨɞ Ɉɋɇ ɩɪɢɧɢɦɚɸɬɫɹ 
ɦɚɤɪɨɧɚɩɪɹɠɟɧɢɹ ɢɥɢ ɧɚɩɪɹɠɟɧɢɹ ɩɟɪɜɨɝɨ ɪɨɞɚ ɭɪɚɜɧɨɜɟɲɟɧɧɵɟ ɜ ɪɚɡɦɟɪɟ 
ɞɟɬɚɥɢ ɢɥɢ ɤɨɧɫɬɪɭɤɰɢɢ), ɩɪɢ ɫɜɚɪɤɟ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɬɫɭɬɫɬɜɭɸɬ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɟɣ Ɉɋɇ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɩɨɞɯɨɞɨɜ ɞɥɹ ɨɰɟɧɤɢ ɦɟɯɚɧɢɡɦɨɜ ɢɯ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɣ, ɱɬɨ ɫɨɡɞɚɟɬ ɧɟɤɢɣ ɜɚɤɭɭɦ ɞɥɹ ɨɫɨɡɧɚɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɢ 
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ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ 
ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɫɜɚɪɤɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ – 40 °ɋ. 

ɍɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɢ ɦɟɬɚɥɥɚ ɲɜɚ ɢ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 
ɨɬɥɢɱɚɬɶɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɫɜɚɪɨɱɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɢɥɢ ɩɨɧɢɠɟɧɧɵɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ 
ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɡɚɤɚɥɨɱɧɵɯ ɫɬɪɭɤɬɭɪ, ɢɡ-ɡɚ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɢ 
ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɫɜɚɪɤɟ ɜ ɭɫɥɨɜɢɹɯ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɫɜɚɪɤɨɣ ɜ 
ɭɫɥɨɜɢɹɯ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɦɨɠɟɬ ɢɦɟɬɶ ɫɭɳɟɫɬɜɟɧɧɭɸ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɩɨ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ. ɇɨ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɨɥɟɣ 
Ɉɋɇ ɢɯ ɭɪɨɜɟɧɶ ɩɨɫɥɟ ɩɨɥɧɨɝɨ ɨɫɬɵɜɚɧɢɹ ɲɜɚ ɞɨɥɠɟɧ ɧɟ ɩɪɟɜɵɲɚɬɶ ɩɪɟɞɟɥɚ 
ɬɟɤɭɱɟɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ, ɡɚ ɫɱɟɬ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ. ɇɨ ɢɡ-ɡɚ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɚ ɭɪɨɜɟɧɶ 
Ɉɋɇ ɞɨɫɬɢɝɚɸɳɢɣ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɛɭɞɟɬ ɜɵɲɟ ɱɟɦ ɩɪɢ ɩɨɥɨɠɢɬɟɥɶɧɵɯ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɞɟɥɢɹ (ɞɨ +20...50 °ɋ, ɧɚɩɪɢɦɟɪ, ɜ ɥɟɬɧɢɣ ɩɟɪɢɨɞ) ɩɪɟɞɟɥ 
ɬɟɤɭɱɟɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɫɧɢɡɢɬɫɹ ɢ ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɢɡ-ɡɚ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ Д6Ж. 

ɂɡɦɟɧɟɧɢɟ Ɉɋɇ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɧɨ ɫɪɚɜɧɢɬɶ ɫ 
ɩɪɨɰɟɫɫɚɦɢ, ɩɪɨɢɫɯɨɞɹɳɢɦɢ ɩɪɢ ɨɬɩɭɫɤɟ ɢɡɞɟɥɢɣ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɫɱɟɬɨɜ 
ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɪɟɦɹ At ɧɚɯɨɞɢɬɫɹ 
ɩɨ ɤɪɢɜɵɦ ɩɪɨɫɬɨɣ ɪɟɥɚɤɫɚɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɤɭɳɟɝɨ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɢ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ Э Д7Ж. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɜ ɨɛɥɚɫɬɢ ɫɜɚɪɤɢ ɪɚɫɩɨɥɚɝɚɸɬ ɛɨɥɶɲɢɦ 
ɪɚɡɧɨɨɛɪɚɡɢɟɦ ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɢɡɭɱɟɧɢɹ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɦɟɬɚɥɥɨɜ 
ɜ ɭɫɥɨɜɢɹɯ ɥɢɛɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɥɢɛɨ ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɨ ɜɨɫɩɪɨɢɡɜɨɞɹɳɢɯ 
ɫɜɚɪɨɱɧɵɣ ɩɪɨɰɟɫɫ. ȼɫɟ ɷɬɢ ɦɟɬɨɞɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ: 

– ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɢɧɟɬɢɤɢ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ  ɢ ɫɜɹɡɚɧɧɵɯ ɫ 
ɧɢɦɢ ɢɡɦɟɧɟɧɢɣ ɫɬɪɭɤɬɭɪɵ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɜ 
ɪɚɡɥɢɱɧɵɯ ɡɨɧɚɯ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ ɜ ɭɫɥɨɜɢɹɯ, ɜɨɫɩɪɨɢɡɜɨɞɹɳɢɯ 
ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɧɭɬɪɟɧɧɢɯ ɞɟɮɨɪɦɚɰɢɣ ɢ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɫɜɚɪɤɟ 
(ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɣ ɞɢɥɚɬɨɦɟɬɪ); 

– ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɟɚɥɶɧɵɯ 

ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɢɯ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ (ɜɚɥɢɤɨɜɚɹ ɩɪɨɛɚ); 
– ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ  ɜ ɫɜɚɪɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ ɡɚɦɟɞɥɟɧɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɯɨɥɨɞɧɵɯ ɬɪɟɳɢɧ ɩɪɢ 
ɫɜɚɪɤɟ (ɂɆȿɌ-4). 
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ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɚɸɬ ɞɢɚɝɪɚɦɦɵ 
ɚɧɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ «ɬɟɦɩɟɪɚɬɭɪɚ – ɜɪɟɦɹ» 
ɩɨ ɤɨɬɨɪɨɣ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɞɢɚɝɪɚɦɦɚ ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥɥɚ ɨɤɨɥɨɲɨɜɧɨɣ 
ɡɨɧɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ (ɪɢɫ. 1).  

 
Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɫɬɚɥɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ 

 

Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜɤɥɸɱɚɟɬ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɢ ɢɡɦɟɪɟɧɢɟ ɬɜɟɪɞɨɫɬɢ. 

ɂɫɯɨɞɹ ɢɡ ɜɨɡɧɢɤɚɸɳɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ɉɋɇ ɩɨɥɭɱɟɧɧɵɯ 
ɩɪɢ ɫɜɚɪɤɟ ɜ ɭɫɥɨɜɢɹɯ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ (ɧɢɠɟ 
-40 °ɋ) ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɢɚɝɪɚɦɦ ɦɨɠɧɨ ɛɭɞɟɬ ɪɟɤɨɦɟɧɞɨɜɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɩɭɬɢ ɫɧɢɠɟɧɢɹ ɢɯ ɜɥɢɹɧɢɹ ɧɚ ɯɨɥɨɞɨɫɬɨɣɤɨɫɬɶ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ ɩɪɨɱɧɨɫɬɶ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɭɠɟ ɫ ɤɨɧɤɪɟɬɧɵɦɢ 
ɡɧɚɱɟɧɢɹɦɢ ɪɟɤɨɦɟɧɞɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

ȼ ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ ɜ ɭɫɥɨɜɢɹɯ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɢ ɫɨɩɭɬɫɬɜɭɸɳɢɦ ɩɨɞɨɝɪɟɜɨɦ ɞɥɹ ɫɧɢɠɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜɚ ɡɚɤɚɥɨɱɧɵɯ ɫɬɪɭɤɬɭɪ, ɞɨɫɬɢɝɚɹ ɬɟɦ ɫɚɦɵɦ ɦɢɧɢɦɚɥɶɧɨɣ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɡɨɧ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɦɟɬɚɥɥɚ ɲɜɚ 
ɞɨɥɠɟɧ ɛɵɬɶ ɫɨɢɡɦɟɪɢɦ ɫ ɩɪɟɞɟɥɨɦ ɬɟɤɭɱɟɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ, ɤɨɬɨɪɭɸ 
ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɩɨɞɛɨɪɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɜɚɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
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ȺɇȺɅɂɁ ȼɈɁɆɈɀɇɕɏ ɋɏȿɆ ɂ ɊȺɁɊȺȻɈɌɄȺ ɍɋɌɊɈɃɋɌȼȺ ȾɅə 
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ɉɈȼȿɊɏɇɈɋɌəɏ ɉɊȿɋɋ-ɎɈɊɆ ɊɌɂ 

 

Аɧɧɨɬаɰиɹ. В ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ  ɫɥɨɠɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɦɟɥɤɨɪɚɡɦɟɪɧɵɯ 
ɤɚɧɚɜɨɤ ɢ ɤɚɤ ɜɚɪɢɚɧɬ ɧɚɧɟɫɟɧɢɹ ɝɪɚɜɢɪɨɜɨɤ ɧɚ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɞɟɬɚɥɟɣ ɝɞɟ 
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ANALISYS OF POSSIBLE PATTERNS AND DEVELOPMENT OF A 

DEVICE FOR MACHINING RADIUS GROOVES ON SHAPED SURFACES 
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Abstract. This article discusses the complexity of machining small grooves and as an option 

for engraving on hard-to-reach surfaces of parts where it is necessary to use extensions for a 

cutting tool.  The aim of the work is to increase the efficiency of milling small-sized shaped grooves 

on molds for rubber products using a special conductor sleeve, which allows to reduce runout on 

the long overhang of the cutting tool and to obtain the necessary geometry and surface cleanliness 

of the venting grooves. 
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ɎȽɍɉ «Ɏɇɉɐ «ɉɪɨɝɪɟɫɫ» ɫɬɚɥ ɨɞɧɢɦ ɢɡ ɥɢɞɟɪɨɜ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɪɟɡɢɧɨ-

ɬɟɯɧɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɞɥɹ ɫɩɟɰ. ɬɟɯɧɢɤɢ. Ʉɚɱɟɫɬɜɨ ɢɡɞɟɥɢɣ ɢ ɢɯ ɜɧɟɲɧɢɣ ɜɢɞ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɱɟɫɬɜɨɦ ɨɛɪɚɛɨɬɤɢ ɢ ɤɨɧɫɬɪɭɤɰɢɟɣ ɩɪɟɫɫ-ɮɨɪɦ. Ɉɞɧɢɦ ɢɡ 
ɧɚɢɛɨɥɟɟ ɬɪɭɞɨɟɦɤɢɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɹɜɥɹɸɬɫɹ ɝɚɡɨɨɬɜɨɞɹɳɢɟ ɤɚɧɚɜɤɢ. Ʉ 
ɧɢɦ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɬɨɱɧɨɫɬɢ ɮɨɪɦɵ ɢ ɤɚɱɟɫɬɜɭ 
ɩɨɜɟɪɯɧɨɫɬɢ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɩɨɜɟɞɟɧɢɟɦ ɪɟɡɢɧɨɜɨɣ ɫɦɟɫɢ ɩɪɢ ɮɨɪɦɨɜɚɧɢɢ, ɢ ɟё 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɪɟɫɫ-ɮɨɪɦɵ.  Ɏɨɪɦɵ ɤɚɧɚɜɨɤ ɡɚɤɥɚɞɵɜɚɸɬɫɹ 
ɤɨɧɫɬɪɭɤɬɨɪɨɦ  ɢ ɡɚɞɚɱɚ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ – ɷɬɨ ɨɛɟɫɩɟɱɟɧɢɟ  
ɬɪɟɛɨɜɚɧɢɣ ɱɟɪɬɟɠɚ. Ɏɨɪɦɚ ɩɪɟɫɫ-ɮɨɪɦ ɨɛɵɱɧɨ ɜɨɝɧɭɬɚɹ ɬɨɪɨɨɛɪɚɡɧɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ,  ɮɨɪɦɚ ɢ ɪɚɡɦɟɪ ɤɚɧɚɜɨɤ ɪɚɞɢɭɫ 0,5 – 075 ɦɦ.  

ɉɪɨɜɟɞɹ ɚɧɚɥɢɡ ɝɟɨɦɟɬɪɢɢ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɮɨɪɦɨɨɛɪɚɡɭɸɳɢɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ ɩɪɟɫɫ-ɮɨɪɦ, ɜ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ 
ɜɨɡɞɭɯɨɨɬɜɨɞɹɳɢɟ ɤɚɧɚɜɤɢ, ɦɵ ɩɪɢɯɨɞɢɦ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ ɭɞɥɢɧɢɬɟɥɟɣ ɫ ɰɚɧɝɨɜɵɦ ɡɚɠɢɦɨɦ. Ⱦɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɜɨɡɞɭɯɨɨɬɜɨɞɹɳɢɯ ɤɚɧɚɜɨɤ: ɫ ɬɪɟɛɭɟɦɨɣ 
ɬɨɱɧɨɫɬɶɸ ɢ ɱɢɫɬɨɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɛɢɟɧɢɟ ɢɧɫɬɪɭɦɟɧɬɚ ɜ 
ɩɪɟɞɟɥɚɯ 1 – 2 ɦɤɦ. ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɤɚɧɚɜɨɤ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɞɥɢɧɢɬɟɥɹ ɞɥɢɧɧɨɣ 
ɩɨɪɹɞɤɚ 200 ɦɦ, ɤɚɱɟɫɬɜɨ ɨɛɪɚɛɨɬɤɢ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ 
ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɬ.ɤ. ɨɬɫɭɬɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɚɹ ɱɢɫɬɨɬɚ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɬɚɤ ɠɟ ɢɡ-ɡɚ ɛɨɥɶɲɨɝɨ ɛɢɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɨɦɤɚ ɢɧɫɬɪɭɦɟɧɬɚ, ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɜɪɟɦɟɧɢ ɧɚ ɟɝɨ ɡɚɦɟɧɭ. 

 

Ɋɢɫ. 1. ɋɯɟɦɚ ɨɛɪɚɛɨɬɤɢ ɤɚɧɚɜɨɤ ɪɚɞɢɭɫɧɨɣ ɮɨɪɦɵ 

 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɢɬɶ ɬɟɯɧɢɱɟɫɤɨɟ 
ɪɟɲɟɧɢɟ, ɤɨɬɨɪɨɟ ɫɩɨɫɨɛɧɨ ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɭɫɥɨɜɢɟ ɞɥɹ ɪɚɛɨɬɵ 
ɦɟɥɤɨɪɚɡɦɟɪɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɚ ɢɦɟɧɧɨ ɭɫɬɚɧɨɜɢɬɶ ɤɨɧɞɭɤɬɨɪɧɭɸ ɜɬɭɥɤɭ ɧɚ 
ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɞɥɢɧɟ ɭɞɥɢɧɢɬɟɥɹ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɰɟɧɬɪɨɜɚɬɶ 
ɭɞɥɢɧɢɬɟɥɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɲɩɢɧɞɟɥɹ ɢ ɨɩɪɚɜɤɢ.  
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Ɋɢɫ. 2. ɋɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɭɞɥɢɧɢɬɟɥɹ ɫ ɤɨɧɞɭɤɬɨɪɧɨɣ ɜɬɭɥɤɨɣ 

 

Ɍɨɝɞɚ ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ, ɧɟ ɩɨɦɟɲɚɟɬ ɥɢ ɞɚɧɧɚɹ ɤɨɧɞɭɤɬɨɪɧɚɹ ɜɬɭɥɤɚ 
ɨɛɪɚɛɨɬɤɟ ɤɚɧɚɜɨɤ ɧɚ ɬɨɪɨɨɛɪɚɡɧɨɣ ɜɨɝɧɭɬɨɣ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɪɟɫɫ-ɮɨɪɦɵ?  

Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɟɫɫ-ɮɨɪɦ. ȼɵɜɨɞ: 
ɡɧɚɹ ɝɥɭɛɢɧɭ ɢ ɲɢɪɢɧɭ ɡɚɧɢɠɟɧɢɹ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɤɨɧɭɫ ɜ ɤɨɬɨɪɵɣ ɜɨɡɦɨɠɧɨ ɜɩɢɫɚɬɶ ɝɚɛɚɪɢɬɵ ɩɪɟɞɥɚɝɚɟɦɨɣ 
ɨɫɧɚɫɬɤɢ ɢ ɜɜɨɞɢɦ ɩɨɧɹɬɢɟ – ɝɚɛɚɪɢɬɧɵɣ ɤɨɧɭɫ. 

 
Ɋɢɫ. 3. ɋɯɟɦɚ ɨɛɪɚɛɨɬɤɢ ɤɚɧɚɜɤɢ ɪɚɞɢɭɫɧɨɣ ɮɨɪɦɵ ɮɪɟɡɨɣ ɫ ɭɞɥɢɧɢɬɟɥɶɧɨɣ 

ɨɩɪɚɜɤɨɣ ɢ ɤɨɧɞɭɤɬɨɪɧɵɦ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟɦ 
 

Ƚɚɛɚɪɢɬɧɵɣ ɤɨɧɭɫ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɩɪɟɞɟɥɶɧɵɟ ɝɚɛɚɪɢɬɵ ɨɫɧɚɫɬɤɢ ɢ 
ɢɧɫɬɪɭɦɟɧɬɚ. ɂɞɟɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ 
ɠɟɫɬɤɨɫɬɢ. ȼɟɥɢɱɢɧɚ ɠɟɫɬɤɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɝɥɨɦ ɤɨɧɭɫɚ ɢ ɨɫɟɜɵɦ ɪɚɡɦɟɪɨɦ.  
ɂɦɟɧɧɨ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɫɫɱɢɬɵɜɚɬɶ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ 
ɧɟɨɛɯɨɞɢɦɵɯ ɝɚɛɚɪɢɬɨɜ ɤɨɧɭɫɚ. 
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ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɩɨɫɨɛɨɜ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. 
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ANALYSIS OF THE METHODS OF CHEMICAL AND THERMAL 

PROCESSING WHEN STRENGTHENING GEAR WHEELS 

 

Abstract. The paper presents the results of a comparative analysis of the quality of the 

surface layer of the gear rim after cementation with subsequent hardening and ion-plasma 

nitriding. Detailed descriptions of the microstructure of the metal and data on the microhardness of 

the hardened layers of the control samples after chemical-thermal treatment are given, which allow 

us to evaluate the mechanical properties and depth of the layer after hardening in various ways. 

Conclusions are formulated on the appropriateness of the use of the considered methods of 

chemical-thermal treatment. 

 

Keywords: gear wheel, hardening, wear resistance, resource, cementation, nitriding, 

hardness, microstructure, steel. 

 

ɇɚɞɟɠɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɞɟɬɚɥɟɣ ɦɚɲɢɧ ɢ ɦɟɯɚɧɢɡɦɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɩɪɨɱɧɨɫɬɶɸ ɦɚɬɟɪɢɚɥɨɜ, ɢɡ ɤɨɬɨɪɵɯ ɨɧɢ ɢɡɝɨɬɨɜɥɟɧɵ, ɬɨɝɞɚ 
ɤɚɤ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɧɨɝɢɯ ɢɡɞɟɥɢɣ – ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ, 
ɤɨɪɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ, ɨɬɪɚɠɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɬɟɩɥɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ 
ɞɪɭɝɢɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɜɨɣɫɬɜɚɦɢ ɢ ɤɚɱɟɫɬɜɨɦ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɞɟɬɚɥɟɣ ɦɚɲɢɧ ɪɚɛɨɬɚɸɬ ɜ ɭɫɥɨɜɢɹɯ ɬɪɟɧɢɹ ɢ ɩɨɞɜɟɪɝɚɸɬɫɹ 
ɜɨɡɞɟɣɫɬɜɢɸ ɭɞɚɪɧɵɯ ɢ ɢɡɝɢɛɚɸɳɢɯ ɧɚɝɪɭɡɨɤ, ɩɨɷɬɨɦɭ ɨɧɢ ɞɨɥɠɧɵ ɢɦɟɬɶ 
ɬɜɟɪɞɭɸ, ɢɡɧɨɫɨɫɬɨɣɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɩɪɨɱɧɭɸ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɹɡɤɭɸ ɢ 
ɩɥɚɫɬɢɱɧɭɸ ɫɟɪɞɰɟɜɢɧɭ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ. 

ɍ ɞɟɬɚɥɟɣ ɦɚɲɢɧ, ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɰɢɤɥɢɱɟɫɤɢɯ 
ɧɚɝɪɭɡɤɚɯ, ɬɪɟɳɢɧɵ ɭɫɬɚɥɨɫɬɢ ɩɨɹɜɥɹɸɬɫɹ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ ɩɨɞ 
ɜɥɢɹɧɢɟɦ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ. ȿɫɥɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɡɞɚɬɶ 
ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɫɠɚɬɢɹ, ɬɨ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɧɚɝɪɭɡɨɤ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɛɭɞɭɬ ɦɟɧɶɲɟ ɢ ɭɜɟɥɢɱɢɬɫɹ ɩɪɟɞɟɥ ɜɵɧɨɫɥɢɜɨɫɬɢ (ɭɫɬɚɥɨɫɬɢ). 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɢɟ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ ɞɟɬɚɥɟɣ ɧɚɩɪɹɠɟɧɢɣ ɫɠɚɬɢɹ 
– ɜɬɨɪɨɟ ɧɚɡɧɚɱɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ. 

Ɍɟɯɧɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɞɟɬɚɥɢ ɡɚɞɚɸɬ ɬɜɟɪɞɨɫɬɶ ɢ 
ɝɥɭɛɢɧɭ ɭɩɪɨɱɧɟɧɧɨɝɨ ɫɥɨɹ, ɚ ɬɚɤɠɟ ɩɪɨɱɧɨɫɬɶ ɢ ɜɹɡɤɨɫɬɶ ɫɟɪɞɰɟɜɢɧɵ. 

Ɇɟɬɨɞɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɝɪɭɩɩɵ: 
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 ɦɟɯɚɧɢɱɟɫɤɢɟ ɦɟɬɨɞɵ – ɩɥɚɫɬɢɱɟɫɤɨɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯ-

ɧɨɫɬɧɵɯ ɫɥɨɟɜ, ɫɨɡɞɚɧɢɟ ɧɚɤɥɟɩɚ (ɧɚɝɚɪɬɨɜɤɢ); 
 ɬɟɪɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ – ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɡɚɤɚɥɤɚ; 
 ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ (ɰɟɦɟɧɬɚɰɢɹ, ɚɡɨɬɢɪɨɜɚɧɢɟ, 

ɯɪɨɦɢɪɨɜɚɧɢɟ ɢ ɞɪɭɝɢɟ). 
Ɂɭɛɱɚɬɵɟ ɤɨɥɟɫɚ ɪɚɡɧɵɯ ɦɨɞɭɥɟɣ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ 

ɪɚɡɥɢɱɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɪɚɛɨɬɚɸɬ ɜ ɚɝɪɟɫɫɢɜɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɜɵɲɟɧɧɨɝɨ ɬɪɟɧɢɹ 
ɢ ɜɨɡɞɟɣɫɬɜɢɹ ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɯ ɧɚɝɪɭɡɨɤ, ɩɨɷɬɨɦɭ ɩɨɜɟɪɯɧɨɫɬɢ ɡɭɛɶɟɜ ɞɨɥɠɧɵ 
ɨɛɥɚɞɚɬɶ ɩɨɜɵɲɟɧɧɨɣ ɬɜɟɪɞɨɫɬɶɸ ɢ ɩɪɨɱɧɨɫɬɶɸ. Ⱦɨɛɢɬɶɫɹ ɷɬɨɝɨ ɩɨɡɜɨɥɹɟɬ 
ɩɪɢɦɟɧɟɧɢɟ ɢɦɟɧɧɨ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɩɨɫɤɨɥɶɤɭ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɞɥɹ ɭɩɪɨɱɧɟɧɢɹ ɨɫɬɚɥɶɧɵɟ ɦɟɬɨɞɵ ɧɟ ɩɨɡɜɨɥɹɟɬ ɷɜɨɥɶɜɟɧɬɧɵɣ ɩɪɨɮɢɥɶ 
ɭɩɪɨɱɧɹɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɪɢ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɜ ɫɬɚɥɢ 
ɩɪɨɢɫɯɨɞɹɬ ɮɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɚɝɪɟɜɨɦ ɢ ɨɯɥɚɠɞɟɧɢɟɦ, 
ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɫɬɜɭɸɬ ɢɡɦɟɧɟɧɢɸ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ ɡɚ ɫɱɟɬ ɞɢɮɮɭɡɢɢ ɜɧɟɞɪɹɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɢɡ ɜɧɟɲɧɟɣ 
ɫɪɟɞɵ, ɱɬɨ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɢɡɦɟɧɹɟɬ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ. 

Ɉɛɴɟɤɬɨɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɬɚɥɢ ɦɟɥɤɨɦɨɞɭɥɶɧɵɟ ɡɭɛɱɚɬɵɟ 
ɤɨɥɟɫɚ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɟ ɢ ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ 
ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɨɣ ɫɪɟɞɧɟɥɟɝɢɪɨɜɚɧɧɨɣ ɰɟɦɟɧɬɭɟɦɨɣ ɫɬɚɥɢ 20ɏ3ɆȼɎ (ɪɢɫ. 1). 

 

Ɋɢɫ. 1. Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ  ɦɟɬɚɥɥɚ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɫɬɟɧɨɤ ɡɭɛɶɟɜ ɡɭɛɱɚɬɵɯ ɤɨɥɟɫ, ɭɩɪɨɱɧɟɧɧɵɯ ɰɟɦɟɧɬɚɰɢɟɣ 
ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɡɚɤɚɥɤɨɣ ɢ ɚɡɨɬɢɪɨɜɚɧɢɟɦ. ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɢɥɚɫɶ ɨɰɟɧɤɚ 
ɤɚɱɟɫɬɜɚ ɭɩɪɨɱɧɟɧɢɹ ɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɬɜɟɪɞɨɫɬɢ 
ɦɟɬɚɥɥɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɡɭɛɶɟɜ ɩɨɫɥɟ ɰɟɦɟɧɬɚɰɢɢ ɢ ɚɡɨɬɢɪɨɜɚɧɢɹ. 

ɐɟɦɟɧɬɚɰɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɬɜɟɪɞɨɦ ɤɚɪɛɸɪɢɡɚɬɨɪɟ, ɫɨɫɬɨɹɳɟɦ ɢɡ 80 % 

ɭɝɥɹ, 17 % ɫɨɞɵ ɢ 3 % ɤɚɥɶɰɢɹ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 850 – 900 
0ɋ ɜ ɬɟɱɟɧɢɟ 3 ɱɚɫɨɜ 

ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɰɟɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɝɥɭɛɢɧɨɣ 0,25 – 0,3 ɦɦ. ɉɨɫɥɟ 
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ɰɟɦɟɧɬɚɰɢɢ ɜɵɩɨɥɧɹɥɚɫɶ ɧɟɩɨɥɧɚɹ ɡɚɤɚɥɤɚ ɰɟɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɨɛɪɚɡɰɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 760 – 780 

0ɋ ɢ ɧɢɡɤɢɣ ɨɬɩɭɫɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 120 – 160 
0ɋ. Ʉɪɨɦɟ 

ɬɨɝɨ, ɜɬɨɪɨɣ ɤɨɧɬɪɨɥɶɧɵɣ ɨɛɪɚɡɟɰ ɩɨɞɜɟɪɝɚɥɫɹ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɦɭ 
ɚɡɨɬɢɪɨɜɚɧɢɸ ɜ ɚɡɨɬɫɨɞɟɪɠɚɳɟɦ ɜɚɤɭɭɦɟ, ɜ ɤɨɬɨɪɨɦ ɜɨɡɛɭɠɞɚɟɬɫɹ ɬɥɟɸɳɢɣ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɪɚɡɪɹɞ, ɧɚ ɝɥɭɛɢɧɭ 0,25 – 0,4 ɦɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 600 0ɋ. Ⱦɚɥɟɟ, 
ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɢ ɨɰɟɧɤɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɭɩɪɨɱɧɟɧɧɨɝɨ ɫɥɨɹ ɲɥɢɮɨɜɚɧɧɚɹ ɢ 
ɩɨɥɢɪɨɜɚɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɩɨɞɜɟɪɝɚɥɚɫɶ ɬɪɚɜɥɟɧɢɸ ɜ 5-% ɫɩɢɪɬɨɜɨɦ 
ɪɚɫɬɜɨɪɟ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ. Ⱥɧɚɥɢɡ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜɵɩɨɥɧɹɥɫɹ ɧɚ ɚɧɚɥɢɡɚɬɨɪɟ 
ɮɪɚɝɦɟɧɬɨɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɬɜɟɪɞɵɯ ɬɟɥ SIAMS800 ɫ ɩɪɨɝɪɚɦɦɧɵɦ 
ɨɛɟɫɩɟɱɟɧɢɟɦ ɞɥɹ ɩɚɧɨɪɚɦɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɚɧɚɥɢɡɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɰɟɦɟɧɬɚɰɢɢ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɫɧɨɜɭ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɬɚɥɢ 20ɏ3ɆȼɎ ɫɨɫɬɚɜɥɹɟɬ ɮɟɪɪɢɬ ɫ 
ɪɚɫɬɜɨɪɟɧɧɵɦɢ ɜ ɧɟɦ ɥɟɝɢɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ (ɫɦ. ɪɢɫ. 2), ɩɨɫɤɨɥɶɤɭ ɜ 
ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ ɜɯɨɞɹɬ ɯɪɨɦ, ɦɨɥɢɛɞɟɧ, ɜɨɥɶɮɪɚɦ ɢ ɜɚɧɚɞɢɣ, ɤɨɬɨɪɵɟ 
ɪɚɫɲɢɪɹɸɬ ɨɛɥɚɫɬɶ ɫɭɳɟɫɬɜɨɜɚɧɢɹ α-ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɢ ɹɜɥɹɸɬɫɹ 
ɮɟɪɪɢɬɨɨɛɪɚɡɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ. ɉɨɞɨɛɧɚɹ ɫɬɪɭɤɬɭɪɚ ɧɚɛɥɸɞɚɟɬɫɹ ɜ 
ɧɟɰɟɦɟɧɬɢɪɨɜɚɧɧɨɣ ɫɟɪɞɰɟɜɢɧɟ, ɤɨɬɨɪɚɹ ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ 
ɢ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɶɸ. ȼ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɨɦ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɩɨɫɥɟ 
ɰɟɦɟɧɬɚɰɢɢ ɨɛɪɚɡɭɸɬɫɹ ɫɤɨɩɥɟɧɢɹ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɤɚɪɛɢɞɨɜ ɯɪɨɦɚ, 
ɦɨɥɢɛɞɟɧɚ, ɜɨɥɶɮɪɚɦɚ ɢ ɜɚɧɚɞɢɹ ɜɜɢɞɭ ɩɨɧɢɠɟɧɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɭɝɥɟɪɨɞɚ ɜ 
ɮɟɪɪɢɬɟ ɢ ɜɵɫɜɨɛɨɠɞɟɧɢɹ ɢɡɛɵɬɨɱɧɨɝɨ ɭɝɥɟɪɨɞɚ, ɚ ɬɚɤɠɟ ɧɢɡɤɨɣ ɫɤɥɨɧɧɨɫɬɢ 
ɚɭɫɬɟɧɢɬɧɨɝɨ ɡɟɪɧɚ ɤ ɪɨɫɬɭ ɢɡ-ɡɚ ɩɪɢɫɭɬɫɬɜɢɹ ɤɚɪɛɢɞɨɨɛɪɚɡɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. 
ɉɪɢ ɷɬɨɦ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɛɪɚɡɭɸɬɫɹ ɤɚɪɛɢɞɵ ɜɚɧɚɞɢɹ (VC), ɜɨɥɶɮɪɚɦɚ 
(WC), ɦɨɥɢɛɞɟɧɚ (Mo2C) ɢ ɯɪɨɦɚ (Cr7C3, Cr23C6) ɜ ɩɨɪɹɞɤɟ ɫɤɥɨɧɧɨɫɬɢ ɤ 
ɤɚɪɛɢɞɨɨɛɪɚɡɨɜɚɧɢɸ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2 ɡɟɪɧɚɦɢ ɛɟɥɨɝɨ ɰɜɟɬɚ ɧɚ 
ɫɜɟɬɥɨ-ɫɟɪɨɦ ɮɨɧɟ ɮɟɪɪɢɬɧɨɣ ɨɫɧɨɜɵ ɫɩɥɚɜɚ. 

    

                            ɚ)                                                          ɛ)    
Ɋɢɫ. 2. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɰɟɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ: 

ɚ – ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 50ɯ; ɛ – ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 1000ɯ 
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Ʉɚɪɛɢɞɵ ɜɨɥɶɮɪɚɦɚ (WC) ɢ ɦɨɥɢɛɞɟɧɚ (Mo2C) ɢɦɟɸɬ ɩɪɨɫɬɵɟ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɪɟɲɟɬɤɢ ɢ ɨɛɥɚɞɚɸɬ ɛɨ̀ɥɶɲɟɣ ɩɪɨɱɧɨɫɬɶɸ ɩɪɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɚɪɛɢɞɚɦɢ ɯɪɨɦɚ (Cr7C3, Cr23C6), ɤɨɬɨɪɵɟ ɩɪɢ 
ɧɚɝɪɟɜɟ ɨɛɪɚɡɭɸɬ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɯɪɨɦɚ ɜ ɚɭɫɬɟɧɢɬɟ. ȼ ɩɪɨɰɟɫɫɟ ɡɚɤɚɥɤɢ 
ɪɚɫɬɜɨɪɟɧɧɵɣ ɜ ɚɭɫɬɟɧɢɬɟ ɯɪɨɦ ɩɟɪɟɯɨɞɢɬ ɜ ɦɚɪɬɟɧɫɢɬ, ɚ ɤɚɪɛɢɞɵ ɜɨɥɶɮɪɚɦɚ 
(WC) ɢ ɦɨɥɢɛɞɟɧɚ (Mo2C) ɨɫɬɚɸɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟɧɢ ɜ ɫɬɪɭɤɬɭɪɟ ɫɬɚɥɢ, 
ɩɨɫɤɨɥɶɤɭ ɫɩɨɫɨɛɧɵ ɜɵɞɟɪɠɢɜɚɬɶ ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɧɟ ɪɚɫɬɜɨɪɹɹɫɶ ɜ 
ɚɭɫɬɟɧɢɬɟ. ɉɪɢ ɷɬɨɦ ɤɚɪɛɢɞɨɨɛɪɚɡɭɸɳɢɟ ɷɥɟɦɟɧɬɵ W, Mo, V, ɋr ɫɩɨɫɨɛɫɬɜɭɸɬ 
ɨɛɪɚɡɨɜɚɧɢɸ ɤɪɚɫɧɨɫɬɨɣɤɨɝɨ ɦɚɪɬɟɧɫɢɬɚ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɜɵɫɨɤɚɹ ɬɜɟɪɞɨɫɬɶ 
ɫɬɚɥɢ ɫɨɯɪɚɧɹɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪ 560 – 600 

0ɋ, ɧɟ ɩɨɞɜɟɪɝɚɹɫɶ ɨɬɩɭɫɤɭ ɢ 
ɫɨɯɪɚɧɹɹ ɜɵɫɨɤɭɸ ɠɚɪɨɩɪɨɱɧɨɫɬɶ ɫɬɚɥɢ 20ɏ3ɆȼɎ. ɉɨɷɬɨɦɭ ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ 
ɰɟɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɧɚɛɥɸɞɚɸɬɫɹ ɧɟɪɚɫɬɜɨɪɟɧɧɵɟ ɨɫɬɚɬɤɢ 
ɝɥɨɛɭɥɹɪɧɵɯ ɡɟɪɟɧ ɤɚɪɛɢɞɨɜ ɜɨɥɶɮɪɚɦɚ ɢ ɦɨɥɢɛɞɟɧɚ (ɫɦ. ɪɢɫ. 3). 

    

                             ɚ)                                                           ɛ) 
Ɋɢɫ. 3. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɰɟɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɢ ɨɬɩɭɫɤɚ: 

ɚ – ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 50ɯ; ɛ – ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 1000ɯ 

 

Ʌɟɝɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɯɪɨɦ ɢ ɦɨɥɢɛɞɟɧ ɩɨɜɵɲɚɸɬ ɬɜɟɪɞɨɫɬɶ 
ɚɡɨɬɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ. ɉɨɫɥɟ ɚɡɨɬɢɪɨɜɚɧɢɹ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɧɟ ɬɪɟɛɭɟɬɫɹ, 
ɬɚɤ ɤɚɤ ɜɵɫɨɤɚɹ ɬɜɟɪɞɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɭɩɪɨɱɧɟɧɢɹ ɢ ɞɟɬɚɥɢ ɧɟ 
ɢɦɟɸɬ ɤɨɪɨɛɥɟɧɢɹ ɢ ɞɟɮɨɪɦɚɰɢɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɚɡɨɬɢɪɨɜɚɧɢɟ ɜ 
ɬɨɱɧɨɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɚɡɨɬɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ (ɫɦ. ɪɢɫ. 4), 
ɫɨɫɬɨɢɬ ɢɡ ,  ɢ  ɮɚɡ, ɝɞɟ -ɮɚɡɚ – ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɧɚ ɛɚɡɟ ɧɢɬɪɢɞɚ Fe2-3N 

(4,55-11% N);  -ɮɚɡɚ – ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɧɚ ɛɚɡɟ ɧɢɬɪɢɞɚ Fe4N (5,3-5,7% N);  

-ɮɚɡɚ – ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɚɡɨɬɚ ɜ -ɠɟɥɟɡɟ ɩɪɢ 20ɨɋ – 0,004% N, ɩɪɢ 590ɨɋ – 

0,11% N. ɉɪɢ ɚɡɨɬɢɪɨɜɚɧɢɢ ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɦɟɞɥɟɧɧɨɦ ɨɯɥɚɠɞɟɧɢɢ 
ɨɛɪɚɡɭɸɬɫɹ ɡɚɪɨɞɵɲɢ ɧɢɬɪɢɞɨɜ, ɤɨɝɟɪɟɧɬɧɵɟ ɫ ɨɤɪɭɠɚɸɳɟɣ -ɮɚɡɨɣ. 
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                             ɚ)                                                          ɛ) 
Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɚɡɨɬɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ: 

ɚ – ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 50ɯ; ɛ – ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 1000ɯ 

 

Ƚɥɭɛɢɧɚ ɭɩɪɨɱɧɟɧɧɨɝɨ ɫɥɨɹ ɩɨɫɥɟ ɰɟɦɟɧɬɚɰɢɢ ɢ ɚɡɨɬɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɥɚɫɶ 

ɩɭɬɟɦ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɛɨɤɨɜɨɣ ɫɬɟɧɤɢ ɡɭɛɚ 
ɜ ɝɥɭɛɢɧɭ ɫ ɲɚɝɨɦ 0,05 ɦɦ ɩɪɢ ɩɨɦɨɳɢ ɦɢɤɪɨɬɜɟɪɞɨɦɟɪɚ ɉɆɌ-3Ɇ1 (ɫɦ. ɪɢɫ. 5). 
ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ, ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɝɥɭɛɢɧɚ 
ɰɟɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 0,2 – 0,25 ɦɦ, ɚ ɝɥɭɛɢɧɚ 
ɚɡɨɬɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ – 0,25 – 0,3 ɦɦ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ 
ɭɩɪɨɱɧɟɧɧɨɝɨ ɫɥɨɹ ɤɨɧɬɪɨɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɭɩɪɨɱɧɟɧɧɨɝɨ ɫɥɨɹ 

№ ɢɡ-

ɦɟɪɟ-

ɧɢɹ 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ 
ɛɨɤɨɜɨɣ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɡɭɛɚ, ɦɦ 

Ɍɜɟɪɞɨɫɬɶ 
ɰɟɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ 

Ɍɜɟɪɞɨɫɬɶ 
ɚɡɨɬɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ 

Δi 

HV HRC HV HRC 

1 0,05 810,2 64,7 882,2 66,7 2 

2 0,1 746,7 62,3 964,2 68,4 6,1 

3 0,15 690,3 59,8 921,8 67,6 7,8 

4 0,2 664,5 58,5 845,1 65,7 7,2 

5 0,25 392,1 39,9 777,5 63,5 23,6 

6 0,3 340,1 34,6 403,7 41,1 6,5 

7 0,35 323,2 32,7 392,1 39,9 7,2 

8 0,4 306,8 30,8 370,3 37,3 6,5 

9 0,45 258,4 24,1 370,3 37,7 13,6 

10 0,5 277,6 26,9 380,9 38,8 11,9 
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ɇɚ ɪɢɫ. 5 ɱɟɬɤɨ ɜɢɞɧɚ ɝɪɚɧɢɰɚ ɩɟɪɟɯɨɞɚ ɭɩɪɨɱɧɟɧɧɨɝɨ ɫɥɨɹ ɤ ɨɫɧɨɜɧɨɦɭ 
ɦɟɬɚɥɥɭ ɞɟɬɚɥɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɫɬɪɨɟɧɧɵɣ ɝɪɚɮɢɤ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɩɨ 
ɝɥɭɛɢɧɟ (ɫɦ. ɪɢɫ. 6)  ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɬɜɟɪɞɨɫɬɶ ɚɡɨɬɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɜ 
ɤɨɧɬɪɨɥɶɧɵɯ ɬɨɱɤɚɯ ɩɪɟɜɵɲɚɟɬ ɬɜɟɪɞɨɫɬɶ ɰɟɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɧɚ 8 – 10 %. 

 
Ɋɢɫ. 5. Ɇɟɫɬɚ ɡɚɦɟɪɨɜ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɩɨ ɝɥɭɛɢɧɟ ɭɩɪɨɱɧɟɧɧɨɝɨ ɫɥɨɹ 

 

 
Ɋɢɫ. 6. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɬɜɟɪɞɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ ɰɟɦɟɧɬɢɪɨɜɚɧɧɨɝɨ 

ɢ ɚɡɨɬɢɪɨɜɚɧɧɨɝɨ ɨɛɪɚɡɰɨɜ 
 

Ⱥɡɨɬɢɪɨɜɚɧɢɟ ɫɬɚɥɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɰɟɦɟɧɬɚɰɢɟɣ, ɨɬɥɢɱɚɟɬɫɹ ɪɹɞɨɦ 
ɜɟɫɨɦɵɯ ɩɪɟɢɦɭɳɟɫɬɜ. ȼ ɩɪɨɰɟɫɫɟ ɚɡɨɬɢɪɨɜɚɧɢɹ ɞɟɬɚɥɶ ɧɟ ɩɨɞɜɟɪɝɚɟɬɫɹ 
ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɬɟɪɦɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ, ɩɪɢ ɷɬɨɦ ɬɜɟɪɞɨɫɬɶ ɟɝɨ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ȼɚɠɧɨ, ɱɬɨ ɪɚɡɦɟɪɵ ɚɡɨɬɢɪɭɟɦɵɯ ɞɟɬɚɥɟɣ 
ɧɟ ɢɡɦɟɧɹɸɬɫɹ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɞɚɧɧɵɣ ɦɟɬɨɞ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɞɟɬɚɥɟɣ, 
ɩɪɨɲɟɞɲɢɯ ɡɚɤɚɥɤɭ ɫ ɜɵɫɨɤɢɦ ɨɬɩɭɫɤɨɦ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɲɥɢɮɨɜɚɧɢɟ.  
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Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɟɜɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɢ ɌɗɊ, ɤɨɬɨɪɵɟ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɮɟɞɟɪɚɥɶɧɵɦɢ ɨɪɝɚɧɚɦɢ ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɜɥɚɫɬɢ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɣ, 
ɨɫɭɳɟɫɬɜɥɹɸɳɢɯ ɪɟɝɭɥɢɪɭɟɦɵɟ ɜɢɞɵ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɜ ɈȺɈ «ɊɀȾ» ɫɮɨɪɦɢɪɨɜɚɧɚ 
ɢ ɪɟɚɥɢɡɭɟɬɫɹ ɉɪɨɝɪɚɦɦɚ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɢ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ. Ɉɫɧɨɜɨɣ ɞɥɹ ɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ 
ɨɛɹɡɚɬɟɥɶɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ, ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ, 
ɪɟɚɥɢɡɭɟɦɵɟ ɡɚ ɫɱɟɬ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ «ȼɧɟɞɪɟɧɢɟ ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɯ 
ɬɟɯɧɨɥɨɝɢɣ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ, ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɮɢɥɢɚɥɨɜ, 
ɚ ɬɚɤɠɟ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɟ ɢ ɦɚɥɨɡɚɬɪɚɬɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ, ɪɟɚɥɢɡɭɟɦɵɟ ɡɚ ɫɱɟɬ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ ɮɢɥɢɚɥɨɜ. 

ȿɠɟɤɜɚɪɬɚɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɢɣ ɩɨ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɧɨ-

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɢ ɬɟɯɧɨɥɨɝɢɣ, 
ɜɧɟɞɪɟɧɧɵɯ ɜ ɪɚɦɤɚɯ ɉɪɨɝɪɚɦɦɵ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɟɤɨɦɩɨɡɢɰɢɹ 
ɰɟɥɟɜɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɮɢɥɢɚɥɨɜ ɈȺɈ «ɊɀȾ» ɢ 
ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɩɪɨɝɪɚɦɦ ɷɬɢɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɩɪɨɜɨɞɹɬɫɹ ɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ (Ⱥɂɋ) «ɗɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶ», ɜ ɤɨɬɨɪɨɣ ɪɚɛɨɬɚɸɬ 
ɛɨɥɟɟ 6200 ɩɨɥɶɡɨɜɚɬɟɥɟɣ – ɫɨɬɪɭɞɧɢɤɨɜ ɥɢɧɟɣɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɚɩɩɚɪɚɬɚ 
ɭɩɪɚɜɥɟɧɢɹ ɈȺɈ «ɊɀȾ». Ⱦɨ ɩɨɫɥɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɨɬɫɭɬɫɬɜɨɜɚɥɚ ɧɨɪɦɚɬɢɜɧɚɹ ɛɚɡɚ 
ɞɥɹ ɨɛɴɟɤɬɢɜɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɮɚɤɬɢɱɟɫɤɢ ɞɨɫɬɢɝɧɭɬɨɝɨ ɷɮɮɟɤɬɚ ɨɬ ɜɧɟɞɪɟɧɢɹ 
ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɦɟɪɨɩɪɢɹɬɢɣ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɥɨ ɨɛɴɟɤɬɢɜɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 
ɜɵɩɨɥɧɟɧɢɟ ɡɚɞɚɧɢɣ ɩɨ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ. 

ɗɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɟ ɦɟɪɨɩɪɢɹɬɢɹ, ɜɧɟɞɪɹɟɦɵɟ ɜ ɈȺɈ «ɊɀȾ», ɦɨɝɭɬ 
ɛɵɬɶ ɪɚɡɞɟɥɟɧɵ ɧɚ ɱɟɬɵɪɟ ɝɪɭɩɩɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɬɨɞɚ ɨɰɟɧɤɢ 
ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ.  

Ʉ ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɦɨɝɭɬ ɛɵɬɶ ɨɬɧɟɫɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ, ɞɥɹ ɤɨɬɨɪɵɯ 
ɫɧɢɠɟɧɢɟ ɪɚɫɯɨɞɚ ɌɗɊ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɪɚɫɯɨɞɨɦ ɞɨ ɜɧɟɞɪɟɧɢɹ 
ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ (ɛɚɡɨɜɵɣ ɩɟɪɢɨɞ) ɢ ɩɨɫɥɟ ɟɝɨ ɜɧɟɞɪɟɧɢɹ 
(ɨɬɱɟɬɧɵɣ ɩɟɪɢɨɞ). ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɨ ɩɪɢɜɟɞɟɧɢɟ ɪɚɫɯɨɞɚ ɌɗɊ ɜ ɛɚɡɨɜɨɦ 
ɩɟɪɢɨɞɟ ɤ ɨɬɱɟɬɧɨɦɭ ɧɚ ɨɫɧɨɜɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ. ɇɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɟ, 
ɟɫɥɢ ɛɚɡɨɜɵɣ ɢ ɨɬɱɟɬɧɵɣ ɩɟɪɢɨɞ ɧɟ ɫɨɜɩɚɞɚɸɬ ɩɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ, 
ɫɬɚɧɞɚɪɬɧɚɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɜɨɡɦɨɠɧɚ ɱɟɪɟɡ ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɞɧɟɣ ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɟɪɢɨɞɚɯ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɤɨɪɪɟɫɩɨɧɞɢɪɭɟɬɫɹ ɫ Ɇɟɬɨɞɨɦ Ⱥ 
«ɂɡɨɥɹɰɢɹ ɡɨɧɵ ɦɨɞɟɪɧɢɡɚɰɢɢ: ɢɡɦɟɪɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɩɚɪɚɦɟɬɪɚ», ɢɡɥɨɠɟɧɧɨɦ 
ɜ ȽɈɋɌ Ɋ 56743-2015. 

Ʉɨ ɜɬɨɪɨɣ ɝɪɭɩɩɟ ɦɨɝɭɬ ɛɵɬɶ ɨɬɧɟɫɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ, ɞɥɹ ɤɨɬɨɪɵɯ ɩɪɢ 
ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɭɫɥɨɜɢɣ ɛɚɡɨɜɨɝɨ ɢ ɨɬɱɟɬɧɨɝɨ ɩɟɪɢɨɞɨɜ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɞɜɚ 
ɢ ɛɨɥɟɟ ɜɥɢɹɸɳɢɯ ɮɚɤɬɨɪɚ, ɱɚɫɬɶ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɭɬɟɦ ɢɡɦɟɪɟɧɢɣ. Ⱦɚɧɧɵɣ 
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ɩɨɞɯɨɞ ɤɨɪɪɟɫɩɨɧɞɢɪɭɟɬɫɹ ɫ Ɇɟɬɨɞɨɦ ȼ «ɂɡɨɥɹɰɢɹ ɡɨɧɵ ɦɨɞɟɪɧɢɡɚɰɢɢ: ɢɡɦɟɪɟɧɢɟ 
ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ», ɢɡɥɨɠɟɧɧɨɦ ɜ ȽɈɋɌ Ɋ 56743-2015. 

Ʉ ɬɪɟɬɶɟɣ ɝɪɭɩɩɟ ɨɬɧɨɫɹɬɫɹ ɦɟɪɨɩɪɢɹɬɢɹ, ɞɥɹ ɤɨɬɨɪɵɯ ɩɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ 
ɭɫɥɨɜɢɣ ɛɚɡɨɜɨɝɨ ɢ ɨɬɱɟɬɧɨɝɨ ɩɟɪɢɨɞɨɜ ɧɟɨɛɯɨɞɢɦɨ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ.  Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɤɨɪɪɟɫɩɨɧɞɢɪɭɟɬɫɹ ɫ 
Ɇɟɬɨɞɨɦ ɋ «ȼɟɫɶ ɨɛɴɟɤɬ», ɢɡɥɨɠɟɧɧɨɦ ɜ ȽɈɋɌ Ɋ 56743-2015. 

Ʉ ɱɟɬɜɟɪɬɨɣ ɝɪɭɩɩɟ ɨɬɧɨɫɹɬɫɹ ɦɟɪɨɩɪɢɹɬɢɹ, ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɨɬɨɪɵɯ 
ɨɫɧɨɜɚɧɚ ɧɟ ɧɚ ɮɚɤɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɧɢɹɯ ɩɪɢɛɨɪɚ ɭɱɟɬɚ, ɚ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɪɚɫɱɟɬɧɵɯ 
ɮɨɪɦɭɥ ɢɫɯɨɞɹ ɢɡ ɮɢɡɢɱɟɫɤɨɝɨ ɩɪɢɧɰɢɩɚ ɪɚɛɨɬɵ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ. 
Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɤɨɪɪɟɫɩɨɧɞɢɪɭɟɬɫɹ ɫ Ɇɟɬɨɞɨɦ D «Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ», 
ɢɡɥɨɠɟɧɧɨɦ ɜ ȽɈɋɌ Ɋ 56743-2015. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɜɟɞɟɧɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ 
ɨɰɟɧɤɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɢɱɟɫɤɢɯ 
ɫɪɟɞɫɬɜ ɢ ɬɟɯɧɨɥɨɝɢɣ, ɜɧɟɞɪɹɟɦɵɯ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ, ɤɨɬɨɪɵɣ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1. 

Ɉɰɟɧɤɚ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɝɪɭɩɩɵ ɧɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɨɣ ɡɚɞɚɱɢ, ɬɚɤ ɤɚɤ ɪɚɫɯɨɞ ɌɗɊ ɞɥɹ ɜɧɟɞɪɹɟɦɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬɧɨɫɢɬɫɹ ɤ ɭɫɥɨɜɧɨ-ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɥɢɛɨ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ 
ɨɬ ɨɛɴɟɦɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɫɬɚɧɞɚɪɬɧɚɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɞɥɹ ɩɪɢɜɟɞɟɧɢɹ ɭɫɥɨɜɢɣ ɛɚɡɨɜɨɝɨ ɩɟɪɢɨɞɚ ɤ ɨɬɱɟɬɧɨɦɭ. 
Ɇɟɪɨɩɪɢɹɬɢɹ ɱɟɬɜɟɪɬɨɣ ɝɪɭɩɩɵ ɨɰɟɧɢɜɚɸɬɫɹ ɪɚɫɱɟɬɧɵɦ ɫɩɨɫɨɛɨɦ ɧɚ ɨɫɧɨɜɟ 
ɦɟɬɨɞɨɜ, ɢɡɥɨɠɟɧɧɵɯ ɜ ɌɗɈ ɞɚɧɧɨɝɨ ɦɟɪɨɩɪɢɹɬɢɹ. 

Ɉɞɧɚɤɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɪɚɫɯɨɞ ɌɗɊ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɚɯ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɤɚɤ ɭɫɥɨɜɧɨ-ɩɨɫɬɨɹɧɧɭɸ, ɬɚɤ ɢ ɩɟɪɟɦɟɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɢɟ, 
ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɪɢɜɟɞɟɧɢɢ ɪɚɫɯɨɞɚ ɌɗɊ ɜ 
ɛɚɡɨɜɨɦ ɩɟɪɢɨɞɟ ɤ ɨɬɱɟɬɧɨɦɭ ɩɭɬɟɦ ɧɟɫɬɚɧɞɚɪɬɧɵɯ ɤɨɪɪɟɤɬɢɪɨɜɨɤ ɢ ɫɪɚɜɧɟɧɢɸ 
ɜɵɛɨɪɨɤ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɝɨ ɢ ɮɚɤɬɢɱɟɫɤɨɝɨ ɪɚɫɯɨɞɚ ɌɗɊ ɧɚ ɨɫɧɨɜɟ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɤɪɢɬɟɪɢɟɜ.  

ȼ ɯɨɞɟ ɪɟɚɥɢɡɚɰɢɢ ɭɤɚɡɚɧɧɨɝɨ ɦɟɬɨɞɚ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ: 
1) ɫɛɨɪ ɞɚɧɧɵɯ ɨ ɪɚɫɯɨɞɟ ɌɗɊ ɢ ɜɥɢɹɸɳɢɯ ɮɚɤɬɨɪɚɯ ɡɚ ɩɪɟɞɲɟɫɬɜɭɸɳɢɟ 

ɨɬɱɟɬɧɨɦɭ ɩɟɪɢɨɞɵ, ɜɵɩɨɥɧɹɟɬɫɹ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɩɪɢɧɹɬɵɯ ɤ ɪɚɫɫɦɨɬɪɟɧɢɸ 
ɮɚɤɬɨɪɨɜ ɧɚ ɨɛɴɟɦ ɩɨɬɪɟɛɥɟɧɢɹ ɌɗɊ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
ɩɪɨɰɟɫɫɚ ɩɨɬɪɟɛɥɟɧɢɹ ɌɗɊ Д1, 2Ж; 

2) ɩɪɢɜɟɞɟɧɢɟ ɞɚɧɧɵɯ ɨ ɪɚɫɯɨɞɟ ɌɗɊ ɡɚ ɨɬɱɟɬɧɵɣ ɩɟɪɢɨɞ ɤ ɫɨɩɨɫɬɚɜɢɦɵɦ 
ɭɫɥɨɜɢɹɦ ɛɚɡɨɜɨɝɨ ɩɟɪɢɨɞɚ ɡɚ ɫɱɟɬ ɫɬɚɧɞɚɪɬɧɨɣ ɢɥɢ ɧɟɫɬɚɧɞɚɪɬɧɨɣ ɤɨɪɪɟɤɬɢɪɨɜɤɢ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ; 
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Н̸̌̌ло

ˀ̸̭̌ет ̾ко̦о̛̛̥ ТЭˀ
∆B=B̍̌̚n

от̸
/n

̍̌̚
 - Вот̸

1

Ко̦е̶

В̦е̭е̛̦е ̏ Аʰˁ «Э̦е̬̐о̴̴̾ект̛̦̏о̭т̽» 
от̸ето̏ по ̾ко̦о̛̛̥ ТЭˀ

К к̌ко̜ ̬̐уппе от̦о̛̭т̭́ 
̥е̬оп̛̬́т̛е?

2 3

В̏од д̵̦̦̼̌ о 
̵̬̭̌оде ТЭˀ ̛ 

п̬одол̛̙тел̦̽о̭т
̛  ̍̌̚о̏о̐о (В̍̌̚

, 

n
̍̌̚

) ̛ от̸ет̦о̐о 
(Вот̸

, n
от̸

) пе̛̬одо̏

В̏од д̵̦̦̼̌ о ̵̬̭̌оде 
ТЭˀ ̛ о̻̍е̥е 

п̬о̛̏̚од̭т̏е̦̦о̜ 
де́тел̦̽о̭т̛ ̌̚ ̍̌̚о̼̜̏ 

(В̍̌̚
,V

̍̌̚
) ̛ от̸ет̦̼̜ 

(Вот̸
,V

от̸
) пе̛̬од̼

ˀ̸̭̌ет удел̦̽о̐о ̵̬̭̌од̌ ТЭˀ ̌̚ 
̍̌̚о̼̜̏ ̛ от̸ет̦̼̜ пе̛̬од

b =B/V

ˀ̸̭̌ет ̾ко̦о̛̛̥ ТЭˀ
∆B=(b

̍̌̚
 - b

от̸
)V

от̸

Фо̛̬̥̬о̛̦̏̌е 
̼̏̍о̬к̛ д̵̦̦̼̌ о 

̵̬̭̌оде ТЭˀ, 

п̬о̛̏̚од̭т̏е̵̦̦̼ ̛ 
кл̛̥̌т̸̛е̭к̵̛ 

̴̌кто̵̬̌ ̌̚ 
п̬ед̹е̭т̏у̛̺̀е 

от̸ет̦о̥у пе̛̬од̼

Оп̬еделе̛̦е ̦ео̵̍од̛̥о̐о 
о̻̍е̥̌ ̼̏̍о̬к̛ д̵̦̦̼̌ ̌̚ 

п̬ед̹е̭т̏у̛̺̀е от̸ет̦о̥у 
пе̛̬од̼

Фо̛̬̥̬о̛̦̏̌е ̥̌те̥̌т̸̛е̭ко̜ 
̥одел̛ п̬о̶е̭̭̌ пот̬е̍ле̛̦́ 

ТЭˀ ̌̚ п̬ед̹е̭т̏у̛̺̀е 
от̸ет̦о̥у пе̛̬од̼

Фо̛̬̥̬о̛̦̏̌е 
̼̏̍о̬к̛ д̵̦̦̼̌ о 

̵̬̭̌оде ТЭˀ, 

п̬о̛̏̚од̭т̏е̵̦̦̼ ̛ 
кл̛̥̌т̸̛е̭к̵̛ 

̴̌кто̵̬̌ ̌̚  
от̸ет̦̼̜ пе̛̬од

Оп̬еделе̛̦е ̼̏̍о̬к̛ ̸̦̌̚е̛̦̜ 
̭ко̬̬ект̛̬о̦̦̏̌о̐о ̵̬̭̌од̌ 

ТЭˀ ̏ ̍̌̚о̏о̥ пе̛̬оде, 
п̛̬̏еде̦̦о̐о к ̭опо̭т̛̥̼̥̌̏ 
у̭ло̛̥̏́ от̸ет̦о̐о пе̛̬од̌ ̦̌ 
о̭̦о̏е ̥̌те̥̌т̸̛е̭ко̜ ̥одел̛

ˁ̬̦̌̏е̛̦е ̼̏̍о̬ок ̸̦̌̚е̛̦̜ 
̭ко̬̬ект̛̬о̦̦̏̌о̐о ̍̌̚о̏о̐о ̛ 
̴̌кт̸̛е̭ко̐о от̸ет̦о̐о ̵̬̭̌од̌ 
ТЭˀ  ̦̌ о̭̦о̏е п̬̥̌̌ет̸̛̬е̭к̵̛ 

к̛̬те̛̬е̏

ʯ̌ко̦ ̬̭̌п̬еделе̛̦́ 
̼̏̍о̬ок ̦о̬̥̌л̦̼̜̽?

ˁ̬̦̌̏е̛̦е ̼̏̍о̬ок ̸̦̌̚е̛̦̜ 
̭ко̬̬ект̛̬о̦̦̏̌о̐о ̍̌̚о̏о̐о 

̛ ̴̌кт̸̛е̭ко̐о от̸ет̦о̐о 
̵̬̭̌од̌ ТЭˀ ̦̌ о̭̦о̏е 

̦еп̬̥̌̌ет̸̛̬е̭к̵̛ к̛̬те̛̬е̏

НетД̌

Н̌̍л̀д̌ет̭́ л̛ ̸̛̦̥̌̚ое 
отл̸̛̛е ̼̏̍о̬ок?

Э̴̴ект от ̬е̌л̶̛̛̛̌̚ 
̥е̬оп̛̬́т̛́ 

̭т̌т̛̭т̸̛е̭к̛ ̦е 
̸̛̦̥̌̚

Нет

ˀ̸̭̌ет ̾ко̦о̛̛̥ ТЭˀ
∆B=B

от̸ ̭ко̬̬
  - B

от̸ ̴̌кт

Д̌

В̏од д̵̦̦̼̌, 

̦ео̵̍од̵̛̥̼ дл́ о̶е̦к̛ 
̦̾е̬̐о̴̴̾ект̛̦̏о̭т̛ 
̸̬̭̌ет̦̼̥ ̭по̭о̍о̥ 

̭о̐л̭̦̌о ТЭО

Оп̬еделе̛̦е ̾ко̦о̛̛̥ ТЭˀ 
̸̬̭̌ет̦̼̥ ̭по̭о̍о̥ ̭о̐л̭̦̌о 

ТЭО

4

 
Ɋɢɫ. 1. Ⱥɥɝɨɪɢɬɦ ɨɰɟɧɤɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɢ ɬɟɯɧɨɥɨɝɢɣ, ɜɧɟɞɪɹɟɦɵɯ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ 
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3) ɫɪɚɜɧɟɧɢɟ ɜɵɛɨɪɨɤ ɡɧɚɱɟɧɢɣ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɝɨ ɢ ɮɚɤɬɢɱɟɫɤɨɝɨ ɪɚɫɯɨɞɚ 
ɌɗɊ ɜ ɨɬɱɟɬɧɨɦ ɩɟɪɢɨɞɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɤɨɧɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɵɛɨɪɨɤ. 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɬɫɹ ɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɵɛɨɪɨɤ 
ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɩɪɢɦɟɧɹɬɶ ɤɪɢɬɟɪɢɣ ɋɬɶɸɞɟɧɬɚ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɜɵɛɨɪɨɱɧɵɯ ɫɪɟɞɧɢɯ, 
ɧɚɛɥɸɞɚɟɦɨɟ ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 
1 2

22
/

yx
SS

t x y
m n


 

    
 

,                         (1) 

ɢ ɤɪɢɬɟɪɢɣ Ɏɢɲɟɪɚ: 
2

1

2

2

S
F

S
 ,                (2) 

ɝɞɟ m, n – ɨɛɴɟɦ ɜɵɛɨɪɨɤ ɡɧɚɱɟɧɢɣ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɝɨ ɢ ɮɚɤɬɢɱɟɫɤɨɝɨ 
ɪɚɫɯɨɞɚ ɌɗɊ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; x , y  – ɢɯ ɜɵɛɨɪɨɱɧɵɟ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ; 

2

x
S ,

2

y
S  – ɢɯ ɜɵɛɨɪɨɱɧɵɟ ɞɢɫɩɟɪɫɢɢ, 2 2

1 2S ,S – ɧɚɢɛɨɥɶɲɟɟ ɢ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ 

ɢɡ ɞɢɫɩɟɪɫɢɣ 2

x
S ,

2

y
S . 

ȿɫɥɢ ɧɚɛɥɸɞɚɟɦɵɟ ɡɧɚɱɟɧɢɹ ɨɤɚɡɵɜɚɸɬɫɹ ɛɨɥɶɲɟ ɤɪɢɬɢɱɟɫɤɢɯ, ɬɨ 
ɩɪɢɧɢɦɚɟɬɫɹ ɝɢɩɨɬɟɡɚ ɨ ɪɚɡɥɢɱɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜɵɛɨɪɨɤ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɜɧɟɞɪɟɧɢɟ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɟɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɪɟɞɫɬɜɚ ɢɥɢ ɬɟɯɧɨɥɨɝɢɢ ɩɪɢɜɟɥɨ 
ɤ ɢɡɦɟɧɟɧɢɸ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ. ȼ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ 
ɫɥɭɱɚɟ ɷɮɮɟɤɬ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɦɟɪɨɩɪɢɹɬɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɧɟ ɡɧɚɱɢɦ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɜ Ⱥɂɋ «ɗɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶ» ɮɨɪɦɢɪɭɟɬɫɹ 
ɨɛɨɫɧɨɜɚɧɧɵɣ ɨɬɱɟɬ ɨɛ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ, ɱɬɨ  
ɩɨɡɜɨɥɹɟɬ ɨɛɴɟɤɬɢɜɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɜɵɩɨɥɧɟɧɢɟ ɡɚɞɚɧɢɣ ɩɨ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɧɨ-

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. 
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ENERGY ASPECTS OF MAGNETO-INDUCING SENSORS OF RAILWAY 

ROLLING STOCK AXLES 

 

Abstract.  Widespread introduction of automation of the diagnosis of the technical condition of 

cars in the course of the train requires improved reliability and reduced electricity consumption of the 

entire system, which can be implemented only through the use of modern digital technologies, 

microprocessor technology and higher-precision and energy independent sensors passing wheel pairs. 

 

Keywords: automation, microprocessor system, diagnosis, digital technology, energy-

independent sensor, reliability, wheeled pair, axle, wagon. 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɫɢɫɬɟɦ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɚɝɨɧɨɜ ɜ ɩɪɨɰɟɫɫɟ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɚ ɬɪɟɛɭɟɬ 
ɩɪɢɦɟɧɟɧɢɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɛɨɥɟɟ ɜɵɫɨɤɨɬɨɱɧɵɯ ɞɚɬɱɢɤɨɜ ɩɪɨɯɨɠɞɟɧɢɹ ɨɫɟɣ 
ɤɨɥɟɫɧɵɯ ɩɚɪ, ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɬɟɯɧɢɤɢ ɢ 
ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ. ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɢɫɫɥɟɞɨɜɚɧɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɦɚɝɧɢɬɨɢɧɞɭɤɰɢɨɧɧɵɯ ɞɚɬɱɢɤɨɜ 
ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɣ ɷɧɟɪɝɨɧɟɡɚɜɢɫɢɦɨɣ ɚɜɬɨɧɨɦɧɨɣ ɪɚɛɨɬɵ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɩɚɪɚɦɟɬɪɨɜ ɜɚɝɨɧɧɵɯ 
ɬɟɥɟɠɟɤ ɧɚ ɨɫɧɨɜɟ ȻɉɆ. 

ɏɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɚ ɫɟɛɹ  ɞɢɚɝɧɨɫɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ «Ʉɨɦɩɥɟɤɫ» Д1Ж, 
ɤɨɬɨɪɚɹ ɪɟɚɥɢɡɨɜɚɧɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɥɚɡɟɪɧɵɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ. Ɉɧɚ ɨɫɭɳɟɫɬɜɥɹɟɬ ɤɨɧɬɪɨɥɶ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɥɟɫɧɵɯ 
ɩɚɪ: ɬɨɥɳɢɧɵ  ɨɛɨɞɚ, ɬɨɥɳɢɧɵ ɝɪɟɛɧɹ, ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɩɪɨɤɚɬɚ ɩɨ ɤɪɭɝɭ ɤɚɬɚɧɢɹ, 
ɞɢɚɦɟɬɪɚ ɤɨɥɟɫɚ ɩɨ ɤɪɭɝɭ ɤɚɬɚɧɢɹ, ɭɝɥɚ  ɧɚɛɟɝɚɧɢɹ ɤɨɥɟɫɧɨɣ ɩɚɪɵ ɢ ɞɪ.  

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ «Ʉɨɦɩɥɟɤɫ»: 
– ɦɚɤɫɢɦɚɥɶɧɨ-ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɚ ɞɨ 60 ɤɦ/ɱ; 
– ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɞɨ 0,5 ɦɦ; 
– ɪɚɛɨɱɢɣ ɢɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ ɨɬ –50 ɞɨ +50 °C; 
– ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɨɤɨɥɨ 3 ɤȼɬ ɨɬ ɫɟɬɢ з 220 ȼ. 
Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɬɚɤɨɝɨ ɬɢɩɚ ɤɨɦɩɥɟɤɫɨɜ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɛɨɥɶɲɭɸ 

ɩɨɬɪɟɛɥɹɟɦɭɸ ɦɨɳɧɨɫɬɶ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɨɧɢ ɬɪɟɛɭɸɬ 
ɫɥɨɠɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɢ ɞόɪɨɝɢ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɦɟɸɬɫɹ ɩɪɟɞɥɨɠɟɧɢɹ ɢ ɦɟɧɟɟ ɡɚɬɪɚɬɧɵɯ ɜɚɪɢɚɧɬɨɜ 
ɪɟɲɟɧɢɹ ɷɬɨɣ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɢ Д2, 3Ж, ɧɚɩɪɢɦɟɪ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɫɨɜɦɟɫɬɧɨɦ 
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ɩɪɢɦɟɧɟɧɢɢ ɫɨɜɪɟɦɟɧɧɨɣ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɬɟɯɧɢɤɢ, ɪɟɫɭɪɫɨɜ ɢ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɄɌɋɆ (ɤɨɦɩɥɟɤɫ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ 
ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ) Д4Ж  ɞɥɹ ɤɨɧɬɪɨɥɹ ɩɪɨɯɨɠɞɟɧɢɹ ɨɫɟɣ ɤɨɥɟɫɧɵɯ ɩɚɪ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ. ɍɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ ɪɚɡɦɟɳɟɧɢɹ ɧɚɩɨɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɄɌɋɆ ɫ ɞɚɬɱɢɤɚɦɢ ɨɫɟɣ ɤɨɥɟɫɧɵɯ ɩɚɪ Ⱦ1 – Ⱦ4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. 

 

Ɋɢɫ. 1. Ⱦɚɬɱɢɤɢ ɨɫɟɣ ɤɨɥɟɫɧɵɯ ɩɚɪ Ⱦ1 – Ⱦ4 ɜ ɫɨɫɬɚɜɟ ɫɢɫɬɟɦɵ ɄɌɋɆ  
 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɢ ɪɟɚɥɢɡɚɰɢɢ ɩɨɥɧɨɫɬɶɸ 
ɷɧɟɪɝɨɧɟɡɚɜɢɫɢɦɵɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɛɨɥɶɲɢɟ ɩɟɪɫɩɟɤɬɢɜɵ ɢɦɟɟɬ 
ɦɚɝɧɢɬɨɢɧɞɭɤɰɢɨɧɧɵɣ ɬɢɩ ɞɚɬɱɢɤɚ (ɧɚɩɪɢɦɟɪ, ɉȻɆ – ɩɟɞɚɥɶ ɛɟɫɤɨɧɬɚɤɬɧɚɹ 
ɦɚɝɧɢɬɧɚɹ), ɤɨɬɨɪɚɹ ɮɨɪɦɢɪɭɟɬ ɜɵɯɨɞɧɨɣ  ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɫɢɝɧɚɥ ɛɥɚɝɨɞɚɪɹ 
ɹɜɥɟɧɢɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ, ɨɩɢɫɵɜɚɟɦɨɦɭ ɜɵɪɚɠɟɧɢɟɦ: ε =  −ω �Ф�௧  ,       (1) 

ɝɞɟ  ε – ɢɧɞɭɤɬɢɪɭɟɦɚɹ ɜ ɤɚɬɭɲɤɟ ɷɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ (ɗȾɋ), ȼ; ω – ɱɢɫɥɨ 
ɜɢɬɤɨɜ ɤɚɬɭɲɤɢ; Ɏ – ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ, ɩɟɪɟɫɟɤɚɸɳɢɣ ɜɢɬɤɢ ɤɚɬɭɲɤɢ, ȼɛ. 

ɋɢɝɧɚɥ ɜ ɜɢɞɟ ɛɢɩɨɥɹɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɧɢɤɚɟɬ ɩɪɢ 
ɩɪɨɯɨɠɞɟɧɢɢ ɤɨɥɟɫɚ ɧɚɞ ɞɚɬɱɢɤɨɦ (ɪɢɫ. 2). ɂɦɩɭɥɶɫ uɢ (ɫɦ. ɪɢɫ. 2, ɚ) ɩɨɫɬɭɩɚɟɬ 
ɧɚ ɜɯɨɞ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɝɨ  ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɵɣ ɧɚ ɨɫɧɨɜɟ ɰɢɮɪɨɜɵɯ 
ɬɟɯɧɨɥɨɝɢɣ  ɬɨɱɧɨ ɜɵɱɢɫɥɹɟɬ ɦɨɦɟɧɬ ɩɪɨɯɨɠɞɟɧɢɹ ɤɨɥɟɫɚ ɧɚɞ ɞɚɬɱɢɤɨɦ. ɉɪɢ 
ɷɬɨɦ, ɞɥɹ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜɚɠɟɧ ɬɨɥɶɤɨ ɦɨɦɟɧɬ ɩɟɪɟɯɨɞɚ 
ɫɢɝɧɚɥɚ ɱɟɪɟɡ ɧɨɥɶ (ɬ. ɟ. ɜɪɟɦɟɧɧɨɣ ɩɚɪɚɦɟɬɪ),  ɚ ɚɦɩɥɢɬɭɞɚ ɢɦɩɭɥɶɫɨɜ  
ɩɪɟɞɫɬɚɜɥɹɟɬ  ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɨɞɧɨɩɨɥɹɪɧɵɣ ɫɢɝɧɚɥ ɢ ɩɨɫɥɟɞɭɸɳɟɣ 
ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɞɥɹ ɩɢɬɚɧɢɹ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ uɩ (ɫɦ. ɪɢɫ. 2, ɛ).  
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ɚ                                                            ɛ 

Ɋɢɫ. 2. ȼɢɞ ɢɦɩɭɥɶɫɚ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ  ɩɪɨɯɨɠɞɟɧɢɢ ɤɨɥɟɫɚ ɧɚɞ ɞɚɬɱɢɤɨɦ 

 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɞɚɬɱɢɤɚ ɦɚɝɧɢɬɨɢɧɞɭɤɰɢɨɧɧɨɝɨ ɬɢɩɚ  ɨɫɧɨɜɚɧ ɧɚ 
ɧɚɜɟɞɟɧɢɢ ɷɥɟɤɬɪɨɞɜɢɠɭɳɟɣ ɫɢɥɵ ሺεሻ ɢɧɞɭɤɰɢɢ ɜ ɤɚɬɭɲɤɟ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ 
ɜɟɥɢɱɢɧɵ ɜɨɡɞɭɲɧɨɝɨ  ɡɚɡɨɪɚ,  ɜɥɢɹɸɳɟɝɨ ɧɚ ɢɡɦɟɧɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ (Ɏ) 
ɩɪɢ ɩɪɨɯɨɞɟ ɤɨɥɟɫɚ ɧɚɞ ɞɚɬɱɢɤɨɦ. Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɞɚɬɱɢɤɚ ɢ 
ɢɯ ɚɦɩɥɢɬɭɞɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɤɨɪɨɫɬɶɸ ɢɡɦɟɧɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ, ɤɨɬɨɪɚɹ, 
ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɚ. 

ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɦɚɝɧɢɬɨɢɧɞɭɤɰɢɨɧɧɨɝɨ ɞɚɬɱɢɤɚ ɩɪɨɯɨɞɚ ɤɨɥɟɫ ɬɢɩɚ 
ɉȻɆ-56 ɧɚ ɨɫɧɨɜɟ ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɪɟɥɟ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 3. Ɉɫɧɨɜɧɨɣ 
ɧɟɞɨɫɬɚɬɨɤ ɬɚɤɨɣ ɭɫɬɚɪɟɜɲɟɣ ɫɯɟɦɵ ɜɤɥɸɱɟɧɢɹ – ɧɢɡɤɚɹ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɨɦɟɧɬɚ ɩɪɨɯɨɠɞɟɧɢɹ ɨɫɟɣ ɧɚɞ ɞɚɬɱɢɤɨɦ, ɬ. ɤ. ɧɚɥɢɱɢɟ ɝɢɫɬɟɪɟɡɢɫɚ ɢ 
ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɞɟɬɚɥɟɣ ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɪɟɥɟ ɩɪɢɜɨɞɹɬ ɤ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɡɚɞɟɪɠɤɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. 

 

Ɋɢɫ. 3. ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɞɚɬɱɢɤɚ ɉȻɆ-56 ɧɚ ɨɫɧɨɜɟ ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɪɟɥɟ 
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ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ, ɪɟɚɥɢɡɭɸɳɟɝɨ 
ɰɢɮɪɨɜɭɸ ɨɛɪɚɛɨɬɤɭ ɫɢɝɧɚɥɨɜ ɧɚ ɜɵɯɨɞɟ ɞɚɬɱɢɤɨɜ, ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 4. 

 

Ɋɢɫ. 4.  ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ 

 

Ȼɥɚɝɨɞɚɪɹ ɩɪɢɦɟɧɟɧɢɸ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ ɢ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ 
ɚɧɚɥɨɝɨɜɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɜɵɯɨɞɚɯ ɞɚɬɱɢɤɨɜ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɭɳɟɫɬɜɟɧɧɨ 
ɩɨɜɵɫɢɬɶ  ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɦɨɦɟɧɬɨɜ ɩɪɨɯɨɠɞɟɧɢɹ ɨɫɟɣ ɧɚɞ ɞɚɬɱɢɤɚɦɢ. 
ɋɢɫɬɟɦɚ  ɧɚɞɟɠɧɨ ɪɚɛɨɬɚɟɬ ɩɪɢ ɫɤɨɪɨɫɬɹɯ ɫɥɟɞɨɜɚɧɢɹ ɨɫɟɣ ɨɬ  5 ɞɨ 60 ɤɦ/ɱ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɟɝɢɫɬɪɚɰɢɢ  ɫɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ ɉȻɆ ɜ ɝɪɚɮɢɱɟɫɤɨɦ 
ɢ ɱɢɫɥɟɧɧɨɦ ɜɢɞɟ ɢɫɩɨɥɶɡɨɜɚɧ ɨɫɰɢɥɥɨɝɪɚɮ ɤɨɦɩɚɧɢɢ RIGOL Д5Ж. ɋɯɟɦɚ 
ɩɨɞɤɥɸɱɟɧɢɹ ɰɢɮɪɨɜɨɝɨ ɨɫɰɢɥɥɨɝɪɚɮɚ ɤ ɦɚɝɧɢɬɨɢɧɞɭɤɰɢɨɧɧɨɦɭ ɞɚɬɱɢɤɭ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 5. ɇɚ ɩɟɪɟɞɧɟɣ ɩɚɧɟɥɢ ɨɫɰɢɥɥɨɝɪɚɮɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɷɤɪɚɧ, 
ɩɨ ɩɟɪɢɦɟɬɪɭ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɹɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɤɥɚɜɢɲɢ, ɪɚɡɴɟɦɵ, ɩɨɪɬɵ. 

 

Ɋɢɫ. 5. ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɰɢɮɪɨɜɨɝɨ ɨɫɰɢɥɥɨɝɪɚɮɚ ɤ ɤɚɬɭɲɤɟ ɉȻɆ 

 

ȼɫɟ ɷɥɟɦɟɧɬɵ ɭɩɪɚɜɥɟɧɢɹ ɨɫɰɢɥɥɨɝɪɚɮɨɦ ɞɟɥɹɬɫɹ ɧɚ ɝɪɭɩɩɵ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ 
ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɜɵɞɟɥɹɸɬ ɤɥɚɜɢɲɢ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ, ɭɩɪɚɜɥɟɧɢɹ ɦɟɧɸ ɢ 
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ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɧɚɫɬɪɨɟɤ,  ɪɚɡɴɟɦ USB HOST, ɩɨɪɬ ɜɯɨɞɚ ɚɧɚɥɨɝɨɜɨɝɨ ɤɚɧɚɥɚ. ȼ 
ɯɨɞɟ ɪɚɛɨɬɵ ɫ ɨɫɰɢɥɥɨɝɪɚɮɨɦ ɢɫɩɨɥɶɡɨɜɚɧɵ ɮɭɧɤɰɢɢ ɡɚɩɢɫɢ ɫɢɝɧɚɥɚ ɜ ɮɚɣɥɵ ɫ 
ɮɨɪɦɚɬɚɦɢ «.txt» ɢ  «.csv», ɤɪɨɦɟ ɬɨɝɨ, ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɯɪɚɧɟɧɢɹ ɤɨɩɢɢ 
ɷɤɪɚɧɚ ɜ ɮɨɪɦɚɬɟ «.tiff». ɉɪɢɦɟɪɧɵɣ ɜɢɞ ɫɩɢɫɤɚ ɮɚɣɥɨɜ ɭɤɚɡɚɧɧɵɯ ɮɨɪɦɚɬɨɜ, 
ɤɨɬɨɪɵɟ ɫɨɡɞɚɟɬ ɰɢɮɪɨɜɨɣ ɨɫɰɢɥɥɨɝɪɚɮ,  ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 6.  

 

Ɋɢɫ. 6. ɉɪɢɦɟɪ ɫɩɢɫɤɚ ɮɚɣɥɨɜ ɪɟɡɭɥɶɬɚɬɚ ɪɟɝɢɫɬɪɚɰɢɢ ɢɡɦɟɪɟɧɢɣ 

 

ɉɨɫɥɟ ɪɟɝɢɫɬɪɚɰɢɢ ɦɚɫɫɢɜɚ ɢɡɦɟɪɟɧɧɵɯ ɞɚɧɧɵɯ  ɦɨɠɧɨ ɩɪɨɫɦɨɬɪɟɬɶ ɢɯ 
ɫɨɞɟɪɠɢɦɨɟ ɜ ɰɢɮɪɨɜɨɦ ɢɥɢ ɝɪɚɮɢɱɟɫɤɨɦ ɮɨɪɦɚɬɚɯ ɩɟɪɟɞ ɩɨɫɥɟɞɭɸɳɟɣ 
ɨɛɪɚɛɨɬɤɨɣ ɞɚɧɧɵɯ. Ɏɚɣɥ ɜ ɮɨɪɦɚɬɟ «.csv» ɫɨɞɟɪɠɢɬ ɧɟɫɤɨɥɶɤɨ ɬɵɫɹɱ ɡɧɚɱɟɧɢɣ 
ɞɢɫɤɪɟɬɧɵɯ ɨɬɫɱɟɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɍɚɤɨɟ 
ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɬɨɱɟɤ ɹɜɥɹɟɬɫɹ ɜɩɨɥɧɟ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɚɞɟɤɜɚɬɧɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. ȼɢɞ 
ɢ ɫɨɞɟɪɠɢɦɨɟ ɩɨɥɭɱɟɧɧɵɯ   ɜ   ɪɟɡɭɥɶɬɚɬɟ   ɪɟɝɢɫɬɪɚɰɢɢ   ɢɡɦɟɪɟɧɧɵɯ  ɞɚɧɧɵɯ   
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 7. ȼɵɱɢɫɥɟɧɢɟ ɦɨɳɧɨɫɬɢ ɫɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ ɉȻɆ, 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɤɥɚɫɫɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ � =  ௨п2� .      (2) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɫɪɟɞɧɟɦ ɧɚɩɪɹɠɟɧɢɢ uɩ = 2 B ɧɚ  ɪɟɡɢɫɬɨɪɟ ɧɚɝɪɭɡɤɢ 
R = 500 Ɉɦ,  ɦɨɳɧɨɫɬɶ ɫɢɝɧɚɥɚ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ  8 ɦȼɬ. 

 

ɚ 

X,CH1,Start,Increment, 

Sequence,Volt,-9.140000e-01,2.000000e-03 

0,1.20e+00, 

1,1.28e+00, 

2,1.20e+00, 

3,1.28e+00, 

4,1.20e+00, 

5,1.24e+00, 

6,1.20e+00, 

7,1.24e+00, 

ɛ 

Ɋɢɫ. 7. ɉɪɢɦɟɪ ɫɨɞɟɪɠɢɦɨɝɨ ɮɚɣɥɚ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɟɝɢɫɬɪɚɰɢɢ ɢɡɦɟɪɟɧɢɣ: 
ɚ – ɜɢɞ ɮɚɣɥɚ ɜ ɮɨɪɦɚɬɟ «.tiff»; ɛ – ɮɪɚɝɦɟɧɬ ɮɚɣɥɚ «.csv» ɜ ɩɪɢɥɨɠɟɧɢɢ MS Excel 

 

Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɢ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɚ ɪɟɝɢɫɬɪɚɰɢɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ 
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ɟɝɨ ɫɥɟɞɭɟɬ ɩɟɪɟɧɟɫɬɢ ɜ ɫɪɟɞɭ Matlab, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɫɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ ɉȻɆ (ɫɦ. ɪɢɫ. 8, ɚ) ɢ 
ɦɝɧɨɜɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɷɬɨɝɨ ɫɢɝɧɚɥɚ (ɫɦ. ɪɢɫ. 8, ɛ). 

 

ɚ 

 

ɛ 

Ɋɢɫ. 8. ɉɪɢɦɟɪ ɪɟɡɭɥɶɬɚɬɚ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɫɪɟɞɟ Matlab: 

ɚ – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɉȻɆ;  ɛ – ɦɝɧɨɜɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɝɧɚɥɚ 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ: 
1. ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ  ɫɢɝɧɚɥɚ ɉȻɆ, ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɧɚɞ ɧɢɦ 

ɨɫɢ ɤɨɥɟɫɧɨɣ ɩɚɪɵ,  ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ 5 ɦȼɬ/ɨɫɶ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ 
ɩɢɬɚɧɢɟ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ ɨɬ ɷɬɨɝɨ ɫɢɝɧɚɥɚ. 

2. ɉɪɢɦɟɧɟɧɢɟ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ, ɪɟɚɥɢɡɭɸɳɟɝɨ 
ɰɢɮɪɨɜɭɸ ɨɛɪɚɛɨɬɤɭ ɫɢɝɧɚɥɨɜ ɧɚ ɜɵɯɨɞɟ ɞɚɬɱɢɤɨɜ, ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 
ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɦɟɠɨɫɟɜɵɯ ɪɚɫɫɬɨɹɧɢɣ ɤɨɥɟɫɧɵɯ ɩɚɪ 
ɞɜɢɠɭɳɢɯɫɹ ɜɚɝɨɧɨɜ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɞɢɚɝɧɨɫɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɩɚɪɚɦɟɬɪɨɜ 
ɤɨɥɟɫɧɵɯ ɩɚɪ ɜɚɝɨɧɨɜ «ɄɈɆɉɅȿɄɋ» Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
http://www.sibai.ru/avtomatizirovannaya-diagnosticheskaya-sistema-kontrolya-

parametrov-kolesnyix-par-vagonov-kompleks.html. 

2. ɉɟɬɪɨɜ, ȼ. ȼ. ɂɧɬɟɝɪɚɥɶɧɚɹ ɨɰɟɧɤɚ ɞɥɹ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɨɬɤɥɨɧɟɧɢɣ 
ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ  ɩɚɪɚɦɟɬɪɨɜ  ɜɚɝɨɧɧɨɣ ɬɟɥɟɠɤɢ ɢ ɤɨɥɟɫɧɵɯ ɩɚɪ ɞɜɢɠɭɳɟɝɨɫɹ 
ɫɨɫɬɚɜɚ ДɌɟɤɫɬЖ / ȼ. ȼ. ɉɟɬɪɨɜ, Ʉ. ɋ. ɉɟɬɪɨɜ, ɋ. Ⱥ. ɋɬɭɩɚɤɨɜ // Ɍɟɯɧɨɥɨɝɢɱɟɫɤɨɟ  
ɨɛɟɫɩɟɱɟɧɢɟ ɪɟɦɨɧɬɚ ɢ ɩɨɜɵɲɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɤɚɱɟɫɬɜ  ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ  

http://www.sibai.ru/avtomatizirovannaya-diagnosticheskaya-sistema-kontrolya-parametrov-kolesnyix-par-vagonov-kompleks.html
http://www.sibai.ru/avtomatizirovannaya-diagnosticheskaya-sistema-kontrolya-parametrov-kolesnyix-par-vagonov-kompleks.html
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ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ: Ɇɚɬɟɪɢɚɥɵ IV ɜɫɟɪɨɫ. ɧɚɭɱ.-ɬɟɯɧ. ɤɨɧɮ. ɫ  ɦɟɠɞɭɧɚɪ. 
ɭɱɚɫɬɢɟɦ / Ɉɦɫɤɢɣ ɝɨɫ. ɭɧ-ɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ. – Ɉɦɫɤ, 2017. – ɋ. 113 – 123. 

3. Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɫɨɩɪɨɜɨɠɞɟɧɢɹ ɬɪɚɧɡɢɬɧɵɯ ɩɨɟɡɞɨɜ. 
Ⱥɜɬɨɦɚɬɢɤɚ, ɫɜɹɡɶ, ɢɧɮɨɪɦɚɬɢɤɚ ДɌɟɤɫɬЖ / ȼ. Ⱥ. Ʉɚɧɞɚɟɜ, ȼ. ȼ. ɉɟɬɪɨɜ ɢ ɞɪ. – 1999. 

– №7. – ɋ. 11 – 13. 

4. Ɇɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɤɨɦɩɥɟɤɫ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ 
ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
https://nkass.ru/ktsm-kompleks-tehnicheskih-sredstv-mnogofunktsionalnyi.html. 

5. Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨɥɶɡɨɜɚɬɟɥɹ. ɐɢɮɪɨɜɨɣ ɨɫɰɢɥɥɨɝɪɚɮ RIGOL ɫɟɪɢɢ 
DS1000Г Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://micromir-

nn.ru/Oscil/Rigol/rigol_mso_ds1000z_userguide_rus.pdf. 

 

ɂɇɎɈɊɆȺɐɂə ɈȻ ȺȼɌɈɊȺɏ 

 

ɉɟɬɪɨɜ ȼɥɚɞɢɦɢɪ ȼɥɚɞɢɦɢɪɨɜɢɱ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ 
ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ). 
Ɇɚɪɤɫɚ ɩɪ., ɞ. 35, ɝ. Ɉɦɫɤ, 644046, 
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
Ʉɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɫɬɚɪɲɢɣ ɧɚɭɱɧɵɣ 
ɫɨɬɪɭɞɧɢɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ «Ⱥɜɬɨɦɚɬɢɤɚ ɢ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ» ɈɦȽɍɉɋ. 
Ɍɟɥ.: +7 (3812) 31-05-89. 

E-mail: PetrovVV@omgups.ru 

 

Ɉɤɢɲɟɜ Ⱥɧɞɪɟɣ ɋɟɪɝɟɟɜɢɱ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ 
ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ). 
Ɇɚɪɤɫɚ ɩɪ., ɞ. 35, ɝ. Ɉɦɫɤ, 644046, 
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
Ʉɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ 
«Ⱥɜɬɨɦɚɬɢɤɚ ɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ» 

ɈɦȽɍɉɋ. 
Ɍɟɥ.: +7 (3812) 31-05-89. 

E-mail: OkishevAS@omgups.ru 

 

ɉɟɬɪɨɜ  Ʉɨɧɫɬɚɧɬɢɧ  ɋɟɪɝɟɟɜɢɱ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ 
ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ).  
644046, ɝ. Ɉɦɫɤ, ɩɪ. Ɇɚɪɤɫɚ, 35. 
ɋɬɭɞɟɧɬ ɈɦȽɍɉɋ. 
Ɍɟɥ.: (3812) 31-04-09. 
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Ⱦ. ɘ. Ȼɟɥɚɧ, Ɉ. ɉ. ɋɭɩɱɢɧɫɤɢɣ, Ⱦ. Ⱥ. Ȼɟɣɫɟɦɛɚɟɜ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ), ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɌȿɏɇɈɅɈȽɂə ɂɁȽɈɌɈȼɅȿɇɂə ȾȿɌȺɅȿɃ ɂɁ ɀȺɊɈɉɊɈɑɇɕɏ 
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Аɧɧɨɬаɰиɹ. В ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ ɩɪɢɦɟɧɟɧɢɹ ɦɨɞɟɥɶɧɨɝɨ 
ɫɨɫɬɚɜɚ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɬɨɧɤɨɫɬɟɧɧɵɯ ɞɟɬɚɥɟɣ ɧɚ ɫɬɚɧɤɟ ɫ ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ 
ɭɩɪɚɜɥɟɧɢɟɦ, ɚɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɞɢɫɤɚ 
ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɚɧɚɥɢɡ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢ ɫɜɨɣɫɬɜ ɦɨɞɟɥɶɧɵɯ 
ɤɨɦɩɨɡɢɰɢɣ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɥɢɬɵɯ ɞɟɬɚɥɟɣ, ɚɧɚɥɢɡ ɞɟɮɨɪɦɚɰɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɥɨɩɚɬɨɤ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ. 

 

Клɸɱевые ɫлɨва: ɝɚɡɨɬɭɪɛɢɧɧɵɣ ɞɜɢɝɚɬɟɥɶ, ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, 
ɦɨɞɟɥɶɧɵɣ ɫɨɫɬɚɜ, ɮɪɟɡɟɪɨɜɚɧɢɟ, ɚɧɚɥɢɡ ɞɟɮɨɪɦɚɰɢɣ.  

 

Dmitry Y. Belan, Oleg P. Supchinsky, Damir A. Beisembaev  

Omsk State Transport University (OSTU), Omsk, the Russian Federation 

 

TECHNOLOGY OF PRODUCTION OF PARTS FROM HEAT-RESISTANT 

ALLOYS USING MODEL COMPOSITIONS 

 

Abstract. This article discusses the application of the model composition in the processing 

of thin-walled parts on a numerically controlled machine, the analysis of the manufacturing process 

of the auxiliary disk of a gas turbine engine, the analysis of the physical and mechanical properties 

and properties of model compositions in the manufacture of cast parts, the analysis of deformations 

occurring on the surface of blades with the use of model composition. 

 

Keywords: gas turbine engine, physical and mechanical indicators, model composition, 

milling, strain analysis. 

 

Ƚɚɡɨɬɭɪɛɢɧɧɵɟ ɞɜɢɝɚɬɟɥɢ (ȽɌȾ) ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 
ɫɢɥɨɜɵɯ ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ. ɋɥɟɞɭɹ ɫɨɜɪɟɦɟɧɧɵɦ 
ɬɟɧɞɟɧɰɢɹɦ, ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ 
ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɞɟɥɶɧɨɣ ɬɹɝɢ, 
ɩɨɜɵɲɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɢ ɪɟɫɭɪɫɚ. ɋɪɟɞɢ ɫɩɨɫɨɛɨɜ 
ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɞɜɚ ɧɚɩɪɚɜɥɟɧɢɹ 
– ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɝɨ ɝɚɡɚ ɢ ɫɧɢɠɟɧɢɟ ɦɚɫɫɵ ɩɨɞɜɢɠɧɵɯ ɱɚɫɬɟɣ 
ɞɜɢɝɚɬɟɥɹ. ɇɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɦ ɦɟɫɬɨɦ ɤɨɥɟɫɚ ɬɭɪɛɢɧɵ ɹɜɥɹɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ 
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ɞɢɫɤɚ ɫ ɥɨɩɚɬɤɚɦɢ, ɤɨɬɨɪɨɟ ɪɚɛɨɬɚɟɬ ɩɪɢ ɧɚɢɛɨɥɟɟ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ. 
ɎȽɍɉ «ȼɂȺɆ» ɫɨɜɦɟɫɬɧɨ ɫ ȺɈ «ɈȾɄ-Ʉɥɢɦɨɜ» ɩɪɨɜɟɞɟɧ ɤɨɦɩɥɟɤɫ ɪɚɛɨɬ ɩɨ 
ɢɡɝɨɬɨɜɥɟɧɢɸ ɢ ɨɩɪɨɛɨɜɚɧɢɸ ɪɨɬɨɪɚ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ (ȽɌȾ) 
ɤɨɧɫɬɪɭɤɰɢɢ ɬɢɩɚ «Ȼɥɢɫɤ», ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɚɣɤɢ ɢɡ 
ɫɩɥɚɜɨɜ ɗɉ975 ɢ ȼɄɇȺ-25, ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɜɟɪɬɨɥɟɬɧɨɦɭ ɞɜɢɝɚɬɟɥɸ. 

ɋɩɟɰɢɚɥɢɫɬɚɦɢ ȺɈ «ɈȾɄ-Ʉɥɢɦɨɜ» ɩɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɡɚɦɤɨɜɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɧɟɦ ɧɚɩɪɹɠɟɧɢɣ ɢ ɩɨɫɥɟɞɭɸɳɟɣ 
ɨɩɬɢɦɢɡɚɰɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɜɚɪɢɚɧɬɨɜ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɬɢɩɚ 
«Ȼɥɢɫɤ» ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɜɚɪɢɚɧɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 1. 

ɉɪɨɱɧɨɫɬɧɨɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɢɬɟɥɶɧɨ 
ɤ ɜɵɛɪɚɧɧɨɦɭ ɫɨɱɟɬɚɧɢɸ ɦɚɬɟɪɢɚɥɨɜ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɡɚɦɤɨɜɚɹ ɱɚɫɬɶ ɬɢɩɚ 
«ɟɥɨɱɧɵɣ ɩɪɨɮɢɥɶ», ɨɞɧɚɤɨ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɩɨ 
ɢɡɝɨɬɨɜɥɟɧɢɸ ɢɡɞɟɥɢɹ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨɛ ɨɩɬɢɦɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɦɚɫɫɵ ɢɡɞɟɥɢɹ (ɤɝ) ɞɨ 
ɢ ɩɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɋɢɫ. 1. ȼɚɪɢɚɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɬɢɩɚ «Ȼɥɢɫɤ»: 

ɚ) ɫ ɩɚɡɨɦ «ɪɚɜɧɨɛɟɞɪɟɧɧɚɹ ɬɪɚɩɟɰɢɹ»;  ɛ) ɫ ɩɚɡɨɦ «ɥɚɫɬɨɱɤɢɧ ɯɜɨɫɬ»; 
ɜ) ɫ ɩɚɡɨɦ «ɟɥɨɱɧɵɣ ɩɪɨɮɢɥɶ»; ɝ) ɛɟɡ ɩɚɡɚ 

 

Ɍɚɛɥɢɰɚ 1  
Ⱥɧɚɥɢɡ ɦɚɫɫɵ ɞɟɬɚɥɢ 

ɋɩɨɫɨɛ ɭɥɭɱɲɟɧɢɹ Ⱦɨ ɉɨɫɥɟ 

Ʌɨɩɚɬɤɚ 0,7227 0,6044 

ɉɪɢɩɨɣ 0,0178 0,0111 

Ⱦɢɫɤ 4,3738 4,1503 

«Ȼɥɢɫɤ» 5,1143 4,7658 

 

ɇɚɢɛɨɥɟɟ ɦɚɤɫɢɦɚɥɶɧɵɣ ɫɭɦɦɚɪɧɵɣ ɜɵɢɝɪɵɲ ɜ ɦɚɫɫɟ ɫɨɫɬɚɜɢɥ 0,3485 ɤɝ. 



42 
 

ɋɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɫɨɫɬɚɜ ɩɪɢɩɨɹ ɢ ɨɬɪɚɛɨɬɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ 
ɩɚɣɤɢ ɨɛɟɫɩɟɱɢɥɢ ɭɪɨɜɟɧɶ ɞɥɢɬɟɥɶɧɨɣ (100-ɱɚɫɨɜɨɣ) ɩɪɨɱɧɨɫɬɢ ɩɚɹɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 850 °ɋ ɧɚ ɭɪɨɜɧɟ 0,8 – 0,85 ɨɬ ɩɪɨɱɧɨɫɬɢ ɫɩɥɚɜɚ 
ɗɉ975 Д1Ж. 

ȼ ɪɚɦɤɚɯ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɢɡɝɨɬɨɜɥɟɧ ɨɩɵɬɧɵɣ ɨɛɪɚɡɟɰ-ɞɟɦɨɧɫɬɪɚɬɨɪ 
(ɪɢɫ. 2) – ɪɨɬɨɪ ȽɌȾ, ɜ ɤɨɬɨɪɨɦ ɩɪɢɦɟɧɟɧɨ ɧɟɪɚɡɴɟɦɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, 
ɜɵɩɨɥɧɟɧɧɨɟ ɦɟɬɨɞɨɦ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɚɣɤɢ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ: 

– ɫɧɢɡɢɬɶ ɦɚɫɫɭ ɨɛɨɞɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ 7%; 
– ɫɧɢɡɢɬɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɬɭɩɢɰɟ ɞɢɫɤɚ ɧɚ 14%; 
– ɢɫɤɥɸɱɢɬɶ ɤɪɟɩɟɠɧɵɟ ɮɢɤɫɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɥɨɩɚɬɨɤ. 
ɂɫɩɵɬɚɧɢɹ ɧɚ ɞɢɧɚɦɢɱɟɫɤɨɦ ɫɬɟɧɞɟ ɪɨɬɨɪɚ ȽɌȾ ɩɨ ɩɪɨɝɪɚɦɦɟ ɫɟɪɢɣɧɵɯ 

ɫɞɚɬɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ ɩɨɤɚɡɚɥɢ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢ ɱɚɫɬɨɬɚɯ ɜɪɚɳɟɧɢɹ 
ɪɨɬɨɪɚ ɧɚ ɭɪɨɜɧɟ 105% ɨɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɧɚɱɟɧɢɣ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɨɬɨɪɚ ȽɌȾ ɤɨɧɫɬɪɭɤɰɢɢ ɬɢɩɚ «Ȼɥɢɫɤ» ɢɡ ɪɚɡɧɨɢɦɟɧɧɵɯ 
ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɞɢɫɤɚ ɢ 
ɥɨɩɚɬɨɤ. ɉɪɨɜɟɞɟɧɧɵɟ ɧɚ ɞɢɧɚɦɢɱɟɫɤɨɦ ɫɬɟɧɞɟ ɢɫɩɵɬɚɧɢɹ ɪɨɬɨɪɚ ȽɌȾ ɩɨ 
ɩɪɨɝɪɚɦɦɟ ɫɟɪɢɣɧɵɯ ɫɞɚɬɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ ɩɨɤɚɡɚɥɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɧɨɜɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɬɭɪɛɢɧɵ ɜɟɪɬɨɥɟɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. ɋɥɟɞɭɟɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɠɟ ɧɟɛɨɥɶɲɚɹ ɨɩɬɢɦɢɡɚɰɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɦɤɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 
ɞɢɫɤɚ ɫ ɥɨɩɚɬɤɚɦɢ ɩɨɡɜɨɥɢɥɚ ɫɧɢɡɢɬɶ ɦɚɫɫɭ ɨɛɨɞɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ 7%, 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɬɭɩɢɰɟ ɞɢɫɤɚ – ɧɚ 14%, ɢɫɤɥɸɱɢɬɶ ɤɪɟɩɟɠɧɵɟ ɮɢɤɫɢɪɭɸɳɢɟ 
ɷɥɟɦɟɧɬɵ ɥɨɩɚɬɨɤ. Ɉɩɬɢɦɢɡɚɰɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɜ ɰɟɥɨɦ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɢɫɤɚ ɫ ɥɨɩɚɬɤɚɦɢ ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɦɚɫɫɭ 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɬɭɪɛɢɧɵ ɜɩɥɨɬɶ ɞɨ ɬɟɨɪɟɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɵɯ 30%. 

 

Ɋɢɫ. 2. Ɉɩɵɬɧɵɣ ɨɛɪɚɡɟɰ-ɞɟɦɨɧɫɬɪɚɬɨɪ ɤɨɧɫɬɪɭɤɰɢɢ ɬɢɩɚ «Ȼɥɢɫɤ» 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɹ ɢɡ ɞɨɫɬɨɢɧɫɬɜ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɤ ɢ ɞɢɫɤɚ 
ɰɟɥɢɤɨɦ, ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɢɫɤɚ ȽɌȾ.  

ɂɫɯɨɞɹ ɢɡ ɨɫɨɛɟɧɧɨɫɬɢ ɞɟɬɚɥɢ, ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɞɢɫɤ ɢ 
ɥɨɩɚɬɤɢ ɰɟɥɶɧɨɣ ɞɟɬɚɥɶɸ, ɞɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɢɬɶ ɪɹɞ ɨɩɟɪɚɰɢɣ ɩɨ 
ɨɛɪɚɛɨɬɤɟ ɥɨɩɚɬɨɤ, ɧɨ ɢ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɦɧɨɠɟɫɬɜɚ ɬɪɭɞɨɟɦɤɢɯ 
ɨɩɟɪɚɰɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɩɚɡɨɜ ɞɢɫɤɚ, ɩɨɨɱɟɪɟɞɧɨɦɭ 
ɲɥɢɮɨɜɚɧɢɸ ɥɨɩɚɬɨɤ ɢ ɨɛɪɚɛɨɬɤɨɣ ɧɨɠɤɢ ɥɨɩɚɬɨɤ, ɬɚɤ ɠɟ ɩɨ ɢɡɦɟɧɟɧɢɸ 
ɞɢɚɦɟɬɪɚ ɡɚɝɨɬɨɜɤɢ, ɜɵɛɨɪɚ ɡɚɝɨɬɨɜɤɢ ɢ ɟɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɉɪɢɦɟɧɟɧɢɟ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɨɩɟɪɚɰɢɸ ɮɪɟɡɟɪɨɜɚɧɢɟ, ɜɡɹɬɭɸ ɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɢ ɬɢɩɚ «Ⱦɢɫɤ» (ɪɢɫ. 3) ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɞɢɫɤɚ 
ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. Ⱦɚɧɧɚɹ ɨɩɟɪɚɰɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɫɬɚɧɤɟ ɫ ɱɢɫɥɨɜɵɦ 
ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ (ɑɉɍ) BОЭЭК 8000, ɜ ɫɨɫɬɚɜ ɨɩɟɪɚɰɢɢ ɜɯɨɞɢɬ 
ɨɛɪɚɛɨɬɤɚ ɤɨɧɰɟɜɨɣ ɮɪɟɡɨɣ ɥɨɩɚɬɨɤ ɞɢɫɤɚ. ɇɟɞɨɫɬɚɬɤɚɦɢ ɫɭɳɟɫɬɜɭɸɳɟɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ (Ɍɉ) ɢɡɝɨɬɨɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɬɤɥɨɧɟɧɢɟ ɥɨɩɚɬɨɤ 
ɩɪɢ ɢɯ ɮɪɟɡɟɪɨɜɚɧɢɢ, ɱɬɨ ɜɩɨɫɥɟɞɫɬɜɢɢ ɩɪɢɜɨɞɢɬ ɤ ɛɪɚɤɭ. 

 

Ɋɢɫ. 3. Ⱦɟɬɚɥɶ ɬɢɩɚ ɞɢɫɤ 
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ɉɪɟɞɥɚɝɚɟɬɫɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɛɚɡɨɜɵɣ Ɍɉ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɤ, ɚ 
ɢɦɟɧɧɨ ɞɨɛɚɜɢɬɶ ɜ Ɍɉ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɤ ȽɌȾ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɨɩɟɪɚɰɢɸ – 

ɡɚɩɨɥɧɟɧɢɟ ɦɨɞɟɥɶɧɵɦ ɫɨɫɬɚɜɨɦ ɨɛɥɚɫɬɢ ɜɨɤɪɭɝ ɞɟɬɚɥɢ, ɩɨɞɜɟɪɝɚɟɦɨɣ ɨɛɪɚɛɨɬɤɟ. 
ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ Ɍɉ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɢɫɤɚ ȽɌȾ ɡɚ ɫɱɟɬ, ɞɨɛɚɜɥɟɧɢɟ 

ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɨɬɞɟɥɨɱɧɵɯ ɨɩɟɪɚɰɢɣ. 
ɋɯɟɦɚ ɮɪɟɡɟɪɨɜɚɧɢɹ ɥɨɩɚɬɨɤ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 4. 

Ɍɟɯɧɨɥɨɝɢɹ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ, ɤɚɤ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɥɢɬɵɯ 
ɞɟɬɚɥɟɣ, ɡɚɧɢɦɚɟɬ ɨɫɨɛɨɟ ɦɟɫɬɨ ɛɥɚɝɨɞɚɪɹ ɬɨɱɧɨɫɬɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɞɟɬɚɥɢ, ɬɚɤ ɤɚɤ ɨɬɥɢɜɤɚ ɩɨɥɧɨɫɬɶɸ ɩɨɜɬɨɪɹɟɬ 
ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɮɨɪɦɭ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɥɨɠɧɢɥɚɫɶ 
ɤɨɧɮɢɝɭɪɚɰɢɹ ɨɬɥɢɜɨɤ, ɭɜɟɥɢɱɢɥɢɫɶ ɢɯ ɝɚɛɚɪɢɬɵ, ɩɪɢ ɷɬɨɦ ɩɨɜɵɫɢɥɢɫɶ ɬɪɟɛɨɜɚɧɢɹ 
ɤ ɪɚɡɦɟɪɧɨɣ ɬɨɱɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɭ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɤɢ, ɩɨɷɬɨɦɭ ɬɟɯɧɨɥɨɝɢɹ ɥɢɬɶɹ, 
ɤɚɤ ɩɪɨɰɟɫɫɚ, ɩɪɨɞɨɥɠɚɟɬ ɪɚɡɜɢɜɚɬɶɫɹ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶɫɹ. ɉɨɥɭɱɟɧɢɟ ɥɢɬɵɯ 
ɞɟɬɚɥɟɣ ɫ ɜɵɫɨɤɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɨɱɧɨɫɬɶɸ ɦɟɬɨɞɨɦ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ 
ɦɨɞɟɥɹɦ ɜɨɡɦɨɠɧɨ ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɦ ɦɨɞɟɥɶɧɵɦ ɤɨɦɩɨɡɢɰɢɹɦ 
(ɆɄ), ɩɨɡɜɨɥɹɸɳɢɦ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɞɟɬɚɥɢ ɫɚɦɨɣ ɜɵɫɨɤɨɣ ɫɥɨɠɧɨɫɬɢ ɢ ɛɨɥɶɲɢɯ 
ɝɚɛɚɪɢɬɨɜ. Ɉɫɨɛɟɧɧɨ ɷɬɨ ɜɚɠɧɨ ɩɪɢ ɥɢɬɶɟ ɞɟɬɚɥɟɣ ɪɚɛɨɱɢɯ ɫɨɩɥɨɜɵɯ ɥɨɩɚɬɨɤ ȽɌȾ 
ɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ. ɋ ɪɚɡɪɚɛɨɬɤɨɣ ɢ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɩɨɞɨɛɧɵɯ 
ɠɚɪɨɩɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧɨ ɪɚɡɜɢɬɢɟ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ 
ɚɜɢɚɰɢɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɹ Д2Ж. 

 

Ɋɢɫ. 4. ɉɨɜɟɪɯɧɨɫɬɶ ɮɪɟɡɟɪɨɜɚɧɢɹ ɥɨɩɚɬɨɤ 

 

ɋ 1999 ɝ. ɜɨɡɨɛɧɨɜɢɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɆɄ. Ɉɞɧɚɤɨ ɬɟɩɟɪɶ 
ɫɬɚɥɢ ɩɪɢɦɟɧɹɬɶɫɹ ɧɟ ɩɪɢɪɨɞɧɵɟ ɤɨɦɩɨɧɟɧɬɵ, ɤɚɤ ɜ ɆɄ ɦɚɪɨɤ ȼɂȺɆ-102, 

ɁȽȼ-101, Ɇȼɋ-3Ⱥ, ɚ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
Ɍɚɤ, ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɆɄ ɦɚɪɨɤ ɋɚɥɸɬ-1, ɋɚɥɸɬ-3, ɋɚɥɸɬ-4, ɋɚɥɸɬ-7. 
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ȼɨɡɪɨɫɲɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɚɱɟɫɬɜɭ ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɯ ɞɟɬɚɥɟɣ ɡɚɫɬɚɜɥɹɸɬ 
ɩɪɨɞɨɥɠɢɬɶ ɩɨɢɫɤ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɪɚɡɪɚɛɨɬɤɭ ɆɄ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɫ 
ɭɥɭɱɲɟɧɧɵɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, 
ɫɩɨɫɨɛɧɵɯ ɡɚɦɟɧɢɬɶ ɬɚɤɢɟ ɢɦɩɨɪɬɧɵɟ ɦɨɞɟɥɶɧɵɟ ɫɨɫɬɚɜɵ, ɤɚɤ Ⱥ7-FR/70 

ɮɢɪɦɵ BХКвЬШЧ, Kɋ3898NRR ɮɢɪɦɵ PКЫКЦОХЭ, RОЦОЭ GTА ɮɢɪɦɵ RОЦОЭ, 
ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɪɹɞɚ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ 
ɩɪɨɛɥɟɦɵ «Ɍɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɤ ȽɌȾ ɫ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɦ 
ɨɯɥɚɠɞɟɧɢɟɦ, ɜɤɥɸɱɚɹ ɤɟɪɚɦɢɱɟɫɤɢɟ ɮɨɪɦɵ ɢ ɫɬɟɪɠɧɢ ɞɥɹ ɥɨɩɚɬɨɤ ɢɡ ɧɨɜɵɯ 
ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɩɥɚɜɨɜ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ»). 

ȼɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɞɨɫɬɨɢɧɫɬɜɚ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɆɄ ɰɟɥɢɤɨɦ ɢ 
ɩɨɥɧɨɫɬɶɸ ɡɚɜɢɫɹɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɆɄ ɜɤɥɸɱɚɟɬ ɱɟɬɵɪɟ ɨɫɧɨɜɧɵɟ 
ɫɬɚɞɢɢ: 

1 – ɜɯɨɞɧɨɣ ɤɨɧɬɪɨɥɶ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ; 
2 – ɩɨɞɝɨɬɨɜɤɚ ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ ɧɚ ɨɫɧɨɜɟ ɩɚɪɚɮɢɧɚ ɫ ɪɚɡɥɢɱɧɵɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɫɨɩɨɥɢɦɟɪɚ ɷɬɢɥɟɧɚ ɫ ɜɢɧɢɥɚɰɟɬɚɬɨɦ; 
3 – ɢɡɝɨɬɨɜɥɟɧɢɟ ɆɄ, ɬ. ɟ. ɫɦɟɲɢɜɚɧɢɟ ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ ɫ ɨɫɬɚɥɶɧɵɦɢ 

ɤɨɦɩɨɧɟɧɬɚɦɢ ɜ ɬɪɟɛɭɟɦɨɦ ɫɨɨɬɧɨɲɟɧɢɢ; 
4 – ɜɯɨɞɧɨɣ ɤɨɧɬɪɨɥɶ ɢɡɝɨɬɨɜɥɟɧɧɨɣ ɆɄ. 
Ɍɚɤɨɣ ɩɨɪɹɞɨɤ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɆɄ ɨɫɧɨɜɚɧ ɧɚ ɬɨɦ, ɱɬɨ ɩɪɢ ɪɚɫɩɥɚɜɥɟɧɢɢ 

ɫɨɩɨɥɢɦɟɪ ɷɬɢɥɟɧɚ ɫ ɜɢɧɢɥɚɰɟɬɚɬɨɦ ɨɛɪɚɡɭɟɬ ɧɟɩɪɟɪɵɜɧɵɣ ɪɹɞ ɬɜɟɪɞɵɯ 
ɪɚɫɬɜɨɪɨɜ ɫ ɩɚɪɚɮɢɧɨɦ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɫɦɟɲɢɜɚɸɬɫɹ ɫ ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɫɦɨɥɨɣ ɢ 
ɨɫɬɚɥɶɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨɫɬɢɝɚɟɬɫɹ ɜɵɫɨɤɚɹ ɨɞɧɨɪɨɞɧɨɫɬɶ 
ɫɬɪɭɤɬɭɪɵ ɆɄ. Ɋɚɡɪɚɛɨɬɚɧ ɬɚɤɠɟ ɰɟɥɵɣ ɪɹɞ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɢɟɦɨɜ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɜɵɫɨɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ: 

– ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ (75 – 97 °ɋ); 
– ɯɨɪɨɲɭɸ ɬɟɤɭɱɟɫɬɶ; 
– ɦɢɧɢɦɚɥɶɧɭɸ ɭɫɚɞɤɭ (0,7ޒ%); 
– ɢɧɟɪɬɧɨɫɬɶ ɤ ɦɚɬɟɪɢɚɥɚɦ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ; 
– ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢɡɝɢɛɟ  

(ɧɟ ɦɟɧɟɟ 7,5  Ɇɉɚ) ɢ ɬɟɩɥɨɭɫɬɨɣɱɢɜɨɫɬɶ (ɧɟ ɦɟɧɟɟ 40 °ɋ); 
– ɦɢɧɢɦɚɥɶɧɭɸ ɡɨɥɶɧɨɫɬɶ; 
– ɬɪɟɳɢɧɨɭɫɬɨɣɱɢɜɨɫɬɶ; 
– ɜɵɫɨɤɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɭɡɤɢɣ ɢɧɬɟɪɜɚɥ ɡɚɬɜɟɪɞɟɜɚɧɢɹ; 
– ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɥɹ ɥɸɞɟɣ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 
Ɇɧɨɝɨɥɟɬɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɆɄ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɫɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ 
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ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɆɄ – ɷɬɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɬɟɫɧɨ ɫɜɹɡɚɧɧɵɯ ɦɟɠɞɭ 
ɫɨɛɨɣ ɩɚɪɚɦɟɬɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɧɟɨɛɯɨɞɢɦɵɣ ɭɪɨɜɟɧɶ ɤɚɱɟɫɬɜɚ ɆɄ. ɉɪɢ 
ɷɬɨɦ ɤɚɠɞɵɣ ɢɡɦɟɪɹɟɦɵɣ ɩɚɪɚɦɟɬɪ – ɷɬɨ ɧɨɫɢɬɟɥɶ ɨɩɪɟɞɟɥɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɦɨɞɟɥɶɧɨɦ ɫɨɫɬɚɜɟ. Ɍɪɚɞɢɰɢɨɧɧɨ ɜ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɧɚ ɆɄ ɤɚɤ 
ɢɦɩɨɪɬɧɨɝɨ, ɬɚɤ ɢ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɭɤɚɡɵɜɚɸɬ ɬɚɤɢɟ ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɤɚɤ: 
– ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢɡɝɢɛɟ ɩɪɢ 20 °ɋ; 
– ɬɟɦɩɟɪɚɬɭɪɚ ɤɚɩɥɟɩɚɞɟɧɢɹ ɢɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɡɦɹɝɱɟɧɢɹ; 
– ɬɟɩɥɨɭɫɬɨɣɱɢɜɨɫɬɶ; 
– ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɡɨɥɵ. 
Ⱦɚɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ, ɛɟɡɭɫɥɨɜɧɨ, ɞɨɫɬɚɬɨɱɧɨ ɢɧɮɨɪɦɚɬɢɜɧɵɟ: ɩɨɤɚɡɚɬɟɥɶ 

ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɆɄ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɪɚɡɰɚ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɪɚɡɦɟɪɚ ɫɨɩɪɨɬɢɜɥɹɬɶɫɹ ɩɪɢɥɚɝɚɟɦɨɣ ɧɚɝɪɭɡɤɟ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɦɨɞɟɥɶɧɵɟ 
ɫɨɫɬɚɜɵ, ɨɛɥɚɞɚɸɳɢɟ ɩɪɟɞɟɥɨɦ ɩɪɨɱɧɨɫɬɢ 3ޒ Ɇɉɚ, ɫɥɢɲɤɨɦ ɯɪɭɩɤɢɟ, ɦɨɞɟɥɢ 
ɢɡ ɬɚɤɨɣ ɆɄ ɫɥɨɦɚɸɬɫɹ, ɧɟ ɜɵɞɟɪɠɚɜ ɞɚɥɶɧɟɣɲɢɯ ɨɩɟɪɚɰɢɣ ɩɨ ɡɚɱɢɫɬɤɟ ɢ 
ɫɛɨɪɤɟ ɦɨɞɟɥɶɧɵɯ ɛɥɨɤɨɜ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ 10ޓ Ɇɉɚ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɆɄ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɜɹɡɤɢɟ 
ɬɭɝɨɩɥɚɜɤɢɟ ɦɚɬɟɪɢɚɥɵ, ɤɨɬɨɪɵɟ ɢ ɨɛɟɫɩɟɱɢɥɢ ɟɣ ɫɬɨɥɶ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ, ɧɨ 
ɩɪɢ ɷɬɨɦ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɤɚɩɥɟɩɚɞɟɧɢɹ ɛɭɞɟɬ ɬɨɠɟ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɆɄ ɜ 
ɢɧɬɟɪɜɚɥɟ ɨɬ 7,0 ɞɨ 9,5  Ɇɉɚ ɫɱɢɬɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦ. 

ɋɥɟɞɭɸɳɢɣ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ ɩɨɤɚɡɚɬɟɥɶ – ɬɟɦɩɟɪɚɬɭɪɚ ɤɚɩɥɟɩɚɞɟɧɢɹ. 
ɗɬɨ ɩɨɤɚɡɚɬɟɥɶ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɩɚɞɟɧɢɟ ɩɟɪɜɨɣ ɤɚɩɥɢ 
ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɆɄ, ɞɚɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɦɨɠɧɨ ɬɚɤɠɟ ɧɚɡɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɩɥɚɜɥɟɧɢɹ. Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɩɥɟɩɚɞɟɧɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 6793. ɂɧɨɫɬɪɚɧɧɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɦɨɞɟɥɶɧɵɯ ɫɨɫɬɚɜɨɜ ɜ 
ɩɚɫɩɨɪɬɚɯ ɤɚɱɟɫɬɜɚ ɧɚ ɫɜɨɸ ɩɪɨɞɭɤɰɢɸ ɭɤɚɡɵɜɚɸɬ ɧɟ ɬɟɦɩɟɪɚɬɭɪɭ ɤɚɩɥɟɩɚɞɟɧɢɹ, 
ɚ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɡɦɹɝɱɟɧɢɹ ɆɄ. Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɡɦɹɝɱɟɧɢɹ 
ɩɪɨɢɡɜɨɞɹɬ ɩɨ ɤɨɥɶɰɭ ɢ ɲɚɪɭ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 32054. Ɂɚ ɬɟɦɩɟɪɚɬɭɪɭ 
ɪɚɡɦɹɝɱɟɧɢɹ ɩɪɢɧɢɦɚɸɬ ɬɨ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢ ɤɨɬɨɪɨɣ ɫɬɚɥɶɧɨɣ ɲɚɪɢɤ 
ɩɟɪɟɦɟɳɚɟɬɫɹ ɜɧɢɡ ɧɚ 25 ɦɦ ɫɤɜɨɡɶ ɫɥɨɣ ɪɚɡɦɹɝɱɟɧɧɨɣ ɆɄ. ȼ ɱɢɫɥɨɜɨɦ 
ɜɵɪɚɠɟɧɢɢ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɩɥɟɩɚɞɟɧɢɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ 10 – 15 °ɋ 
ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɡɦɹɝɱɟɧɢɹ. Ɉɛɚ ɩɨɤɚɡɚɬɟɥɹ ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ, ɩɪɢ 
ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɩɥɚɜɥɟɧɢɟ ɆɄ, ɚ ɷɬɨ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ 
ɪɚɫɩɥɚɜɥɟɧɢɢ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɜ ɩɪɟɫɫ. 

Ɍɟɩɥɨɭɫɬɨɣɱɢɜɨɫɬɶ – ɫɥɟɞɭɸɳɢɣ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ ɩɨɤɚɡɚɬɟɥɶ, 
ɢɡɦɟɪɹɟɦɵɣ ɜ ɝɪɚɞɭɫɚɯ ɐɟɥɶɫɢɹ ɢ ɭɤɚɡɵɜɚɸɳɢɣ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ, ɩɪɢ ɤɨɬɨɪɨɣ 
ɨɛɪɚɡɟɰ ɆɄ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɪɚɡɦɟɪɚ ɧɟ ɩɪɨɝɢɛɚɟɬɫɹ ɩɨɞ ɫɨɛɫɬɜɟɧɧɨɣ ɦɚɫɫɨɣ 
ɧɢɠɟ 2 ɦɦ ɢ ɧɟ ɦɟɧɹɟɬ ɮɨɪɦɭ. Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɭɫɬɨɣɱɢɜɨɫɬɢ ɆɄ 
ɪɚɡɪɚɛɨɬɚɧɚ ɜ ɈȺɈ «ɇɂɂɌɚɜɬɨɩɪɨɦ». Ɍɟɩɥɨɭɫɬɨɣɱɢɜɨɫɬɶ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ 
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ɨɞɧɨɦɭ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɆɄ ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɞɚɥɟɤɨ ɧɟ ɧɚ 
ɜɫɟɯ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɜɨɡɦɨɠɧɨ ɪɚɡɦɟɫɬɢɬɶ ɤɥɢɦɚɬɢɱɟɫɤɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɜ ɥɢɬɟɣɧɵɯ ɰɟɯɚɯ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɟɦ ɜɵɲɟ ɩɨɤɚɡɚɬɟɥɶ 
ɬɟɩɥɨɭɫɬɨɣɱɢɜɨɫɬɢ, ɬɟɦ ɦɟɧɶɲɟ ɜɟɪɨɹɬɧɨɫɬɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 48 °ɋ. 

ȿɫɬɶ ɬɚɤɠɟ ɬɚɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɆɄ, ɤɨɬɨɪɵɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɭɤɚɡɵɜɚɸɬɫɹ 
ɜ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɧɨ ɢɦɟɸɬ ɧɟɦɚɥɨɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ 
ɆɄ. ɗɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɨɫɹɬ ɫɩɪɚɜɨɱɧɵɣ ɯɚɪɚɤɬɟɪ. Ʉ ɬɚɤɢɦ ɫɜɨɣɫɬɜɚɦ 
ɦɨɞɟɥɶɧɵɯ ɫɨɫɬɚɜɨɜ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɥɢɧɟɣɧɭɸ ɭɫɚɞɤɭ ɢ ɩɟɧɟɬɪɚɰɢɸ. ɍɫɚɞɤɚ 
ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɜɵɪɚɠɚɟɬɫɹ ɜ ɩɪɨɰɟɧɬɚɯ. Ɉɛɪɚɡɟɰ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɚɞɤɢ ɆɄ 
ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɩɪɟɫɫɨɜɚɧɢɟɦ ɜ ɩɪɟɫɫ-ɮɨɪɦɟ, ɩɨɫɥɟ ɡɚɩɪɟɫɫɨɜɤɢ ɨɛɪɚɡɟɰ ɢɡɜɥɟɤɚɸɬ 
ɢɡ ɩɪɟɫɫ-ɮɨɪɦɵ ɢ ɨɯɥɚɠɞɚɸɬ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ  18 – 20 °ɋ ɜ ɬɟɱɟɧɢɟ  
2 – 3 ɱ ɧɚ ɪɨɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɫɥɟ ɱɟɝɨ ɨɛɪɚɡɟɰ ɢɡɦɟɪɹɸɬ ɲɬɚɧɝɟɧɰɢɪɤɭɥɟɦ. 
ȼɟɥɢɱɢɧɭ ɥɢɧɟɣɧɨɣ ɭɫɚɞɤɢ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ 

ɍɥɢɧ = (lɩ/ɮ ˗ lɨɛɪ/lɩ/ɮ)100%,     (1) 

ɝɞɟ ɍɥɢɧ – ɫɜɨɛɨɞɧɚɹ ɥɢɧɟɣɧɚɹ ɭɫɚɞɤɚ, %;  
       lɩ/ɮ – ɞɥɢɧɚ ɪɚɛɨɱɟɣ ɩɨɥɨɫɬɢ ɩɪɟɫɫ-ɮɨɪɦɵ, ɦɦ;  
       lɨɛɪ – ɞɥɢɧɚ ɨɛɪɚɡɰɚ, ɦɦ. 

ȼ ɬɚɛɥɢɰɟ 2 ɩɪɢɜɟɞɟɧɵ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɆɄ. 
Ɍɚɛɥɢɰɚ 2 

Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɰɢɣ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ 

Ɇɨɞɟɥɶɧɚɹ 

ɤɨɦɩɨɡɢɰɢɹ 

Ɍɟɦɩɟɪɚɬ
ɭɪɚ 

ɤɚɩɥɟɩɚɞɟ
ɧɢɹ, °ɋ 

ɉɪɟɞɟɥ 
ɩɪɨɱɧɨɫɬɢ 

ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ 

ɢɡɝɢɛɟ, Ɇɉɚ 

Ɇɚɫɫɨɜɚɹ 

ɞɨɥɹ ɡɨɥɵ, 
% 

Ɍɟɩɥɨɭɫ
ɬɨɣɱɢɜɨ
ɫɬɶ, °ɋ 

ɋɜɨɛɨɞɧɚɹ 

ɥɢɧɟɣɧɚɹ 

ɭɫɚɞɤɚ, % 

ȼɂȺɆ-102 77–85 4,8 0,15 40 0,8 

Ɇȼɋ-3Ⱥ 75–80 5,0 0,03 20 1,0 

Ɋ-3 77–80 3,5 0,03 34 1,0 

ɁȽȼ-101 85–95 5,5 0,1 38 1,0 

ɋɚɥɸɬ-3 80–90 7,0 0,02 40 0,65 

ɋɚɥɸɬ-7 80–90 7,5 0,02 44 0,6 

Remet GTW 

(ɮɢɪɦɚ RОЦОЭ) 
89 5,9 0,05 40 0,65 

Ⱥ7-FR/70 

(ɮɢɪɦɚ BХКвЬШЧ) 
77 4,5 0,03 48 0,64 

ȼɂȺɆ ɆɄ-1 80–90 7,0 0,02 42 0,68 

ȼɂȺɆ ɆɄ-2 85–95 8,0 0,02 48 0,65 

Kɋ2683 

(ɮɢɪɦɚ PКЫКЦОХЭ) 
82 9,7 0,01 46 0,57 
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ɉɨɦɢɦɨ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɆɄ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɨɤɚɡɵɜɚɸɳɢɯ ɪɟɲɚɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ ɤɚɱɟɫɬɜɨ 
ɢɡɝɨɬɨɜɥɟɧɧɨɣ ɦɨɞɟɥɢ. Ʉ ɬɚɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɩɨɤɚɡɚɬɟɥɶ 
ɬɟɤɭɱɟɫɬɢ ɪɚɫɩɥɚɜɚ (ɉɌɊ), ɜɹɡɤɨɫɬɶ ɢ ɬɪɟɳɢɧɨɭɫɬɨɣɱɢɜɨɫɬɶ. 

ɉɪɢ ɨɬɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɟɫɫɨɜɚɧɢɹ ɦɨɞɟɥɟɣ 
ɨɪɢɟɧɬɢɪɭɸɬɫɹ ɧɚ ɉɌɊ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɢɥɢ ɧɚ ɜɹɡɤɨɫɬɶ ɆɄ – ɜɟɥɢɱɢɧɭ, 
ɨɛɪɚɬɧɭɸ ɩɨɤɚɡɚɬɟɥɸ ɬɟɤɭɱɟɫɬɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɤɭɱɟɫɬɢ ɆɄ ɩɪɨɜɨɞɢɥɢ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 11645, ɤɨɬɨɪɵɣ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɉɌɊ ɬɟɪɦɨɩɥɚɫɬɨɜ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɹɡɤɨɫɬɢ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ ɪɟɨɦɟɬɪɟ 
AR2000Об ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ASTM D 4473-03. 

ɇɚ ɪɢɫ. 5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɉɌɊ ɢ ɜɹɡɤɨɫɬɢ 
ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɆɄ (Kɋ2683 – 1, Ⱥ7-FR/70 – 2, Kɋ3898NRR – 3, ȼɂȺɆ ɆɄ-2 – 4 

ɢ ɋɚɥɸɬ-7 – 5). 

 

ɚ)       ɛ) 
Ɋɢɫ. 5. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɤɚɡɚɬɟɥɹ ɬɟɤɭɱɟɫɬɢ ɪɚɫɩɥɚɜɚ: 

ɚ) ɜɹɡɤɨɫɬɢ; ɛ) ɦɨɞɟɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɦɚɪɨɤ 

 

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɬɟɤɭɱɟɫɬɶ ɢɥɢ ɜɹɡɤɨɫɬɶ ɆɄ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ 
ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ 
ɤɚɱɟɫɬɜɨ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɨɞɟɥɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɬɨɧɤɨɫɬɟɧɧɵɯ, ɚ ɬɚɤɠɟ ɤɚɱɟɫɬɜɨ 
ɭɞɚɥɟɧɢɹ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɢɡ ɩɨɥɨɫɬɢ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɩɪɢɜɟɞɟɧɧɵɟ 
ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɩɪɟɫɫɨɜɚɧɢɹ 
ɦɨɞɟɥɟɣ ɪɚɡɥɢɱɧɨɣ ɧɨɦɟɧɤɥɚɬɭɪɵ, ɚ ɬɚɤɠɟ ɩɨɥɧɨɬɭ ɭɞɚɥɟɧɢɹ ɦɨɞɟɥɶɧɨɝɨ 
ɫɨɫɬɚɜɚ – ɱɟɦ ɛɵɫɬɪɟɟ ɩɥɚɜɢɬɫɹ ɆɄ, ɚ ɡɧɚɱɢɬ, ɜɵɲɟ ɬɟɤɭɱɟɫɬɶ ɢ ɧɢɠɟ ɜɹɡɤɨɫɬɶ, 
ɬɟɦ ɥɭɱɲɟ ɡɚɩɨɥɧɹɟɬɫɹ ɩɪɟɫɫ-ɮɨɪɦɚ ɢ ɥɟɝɱɟ ɩɪɨɢɫɯɨɞɢɬ ɭɞɚɥɟɧɢɟ ɦɨɞɟɥɶɧɨɝɨ 
ɫɨɫɬɚɜɚ ɢɡ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ. 

Ɍɪɟɳɢɧɨɭɫɬɨɣɱɢɜɨɫɬɶ – ɷɬɨ ɧɟ ɢɡɦɟɪɹɟɦɚɹ ɜ ɱɢɫɥɨɜɨɦ ɜɵɪɚɠɟɧɢɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɦɨɞɟɥɶɧɵɯ ɫɨɫɬɚɜɨɜ. ɋɤɥɨɧɧɨɫɬɶ ɤ ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɸ ɆɄ 
ɢɫɫɥɟɞɭɸɬ ɧɚ ɦɨɞɟɥɹɯ ɞɟɬɚɥɟɣ, ɢɦɟɸɳɢɯ ɫɥɨɠɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ, ɱɚɳɟ ɜɫɟɝɨ 
ɷɬɨ ɫɥɨɠɧɵɟ ɬɨɧɤɨɫɬɟɧɧɵɟ ɦɨɞɟɥɢ.  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɆɄ. ɉɨɤɚɡɚɧɵ ɜɨɡɦɨɠɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɝɟɧɟɪɚɰɢɢ ɆɄ. ɉɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɬɟɤɭɱɟɫɬɢ ɢ ɜɹɡɤɨɫɬɢ 
ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɆɄ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɩɨɤɚɡɚɥɢ (ɪɢɫ. 5) ɢɞɟɧɬɢɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢɧɬɟɪɜɚɥɵ, ɤɨɬɨɪɵɟ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɨɛɥɚɫɬɶ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɡɚɩɪɟɫɫɨɜɤɢ. Ɇɟɬɨɞɢɤɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɤɭɱɟɫɬɢ ɢ ɜɹɡɤɨɫɬɢ ɆɄ ɩɨɞɬɜɟɪɞɢɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ 
ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɞɚɧɧɵɯ ɞɥɹ ɩɨɞɛɨɪɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɦɨɞɟɥɟɣ ɪɚɡɥɢɱɧɨɣ ɧɨɦɟɧɤɥɚɬɭɪɵ ɞɟɬɚɥɟɣ. 

ȼ ɩɪɟɞɥɚɝɚɟɦɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɢɫɤɚ ȽɌȾ ɩɪɢ 
ɱɢɫɬɨɜɨɦ ɮɪɟɡɟɪɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɨɞɟɥɶɧɵɣ ɫɨɫɬɚɜ. 

Ɇɨɞɟɥɶɧɵɣ ɫɨɫɬɚɜ ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɛɪɚɛɨɬɤɟ ɬɨɧɤɨɫɬɟɧɧɵɯ ɞɟɬɚɥɟɣ ɧɚ ɫɬɚɧɤɟ ɫ 
ɑɉɍ, ɧɟ ɞɟɮɨɪɦɢɪɭɹ ɮɨɪɦɭ ɞɟɬɚɥɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɧɚɢɛɨɥɶɲɭɸ ɬɨɱɧɨɫɬɶ 
ɩɪɢ ɨɛɪɚɛɨɬɤɟ. ɋɭɬɶ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜɨɤɪɭɝ ɫɬɟɧɨɤ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚɧɨɫɢɬɫɹ ɦɨɞɟɥɶɧɵɣ ɫɨɫɬɚɜ, ɡɚɩɨɥɧɹɹ ɜɟɫɶ ɨɛɴёɦ. Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ 
ɦɟɯɚɧɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɢ ɦɨɞɟɥɶɧɵɣ ɫɨɫɬɚɜ ɭɞɚɥɹɟɬɫɹ ɜɦɟɫɬɟ ɫ ɦɟɬɚɥɥɢɱɟɫɤɨɣ 
ɫɬɪɭɠɤɨɣ. Ɇɨɞɟɥɶɧɵɣ ɫɨɫɬɚɜ ɩɨɡɜɨɥɹɟɬ ɬɨɧɤɢɦ ɫɬɟɧɤɚɦ ɢ ɩɨɜɟɪɯɧɨɫɬɹɦ ɧɟ 
ɞɟɮɨɪɦɢɪɨɜɚɬɶɫɹ ɜɨ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ. 

Ɇɨɞɟɥɶɧɨ-ɜɨɫɤɨɜɨɣ ɫɨɫɬɚɜ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɜɵɫɨɤɨɣ 
ɬɨɱɧɨɫɬɢ ɦɟɬɨɞɨɦ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ.  

Ɇɨɞɟɥɶɧɨ-ɜɨɫɤɨɜɨɣ ɫɨɫɬɚɜ ɫɨɫɬɨɢɬ ɢɡ ɩɚɪɚɮɢɧɚ 67 %, ɰɟɪɟɡɢɧɚ 26 %, 
ɩɨɥɢɷɬɢɥɟɧɨɜɵɣ ɜɨɫɤɚ 7 %, ɧɟ ɫɨɞɟɪɠɢɬ ɤɢɫɥɨɬ ɢ ɫɦɨɥ, ɯɢɦɢɱɟɫɤɢ ɧɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɦɨɞɟɥɶɧɨɣ ɨɫɧɚɫɬɤɨɣ. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɩɪɢɦɟɫɢ ɨɬɫɭɬɫɬɜɭɸɬ. 
ɉɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɥɨɩɚɬɤɚɦɢ ɜ ɞɟɬɚɥɢ ɡɚɩɨɥɧɹɸɬ ɦɨɞɟɥɶɧɵɦ ɫɨɫɬɚɜɨɦ, ɤɚɤ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 6. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɧɚɝɪɭɡɤɢ, ɩɟɪɟɞɚɸɳɢɟɫɹ ɨɬ ɢɧɫɬɪɭɦɟɧɬɚ 
– ɤɨɧɰɟɜɨɣ ɮɪɟɡɵ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ Д3Ж. 

 

Ɋɢɫ.6. Ⱦɟɬɚɥɶ ɜ ɦɨɞɟɥɶɧɨɦ ɫɨɫɬɚɜɟ 
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Ɍɟɯɧɨɥɨɝɢɹ ɧɚɧɟɫɟɧɢɹ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ. 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɡɨɝɪɟɬɶ ɦɚɫɫɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ – 40 ºC, ɜɪɟɦɹ 

ɜɵɞɟɪɠɤɢ 2 ɦɢɧɭɬɵ. ɉɥɨɬɧɨ ɡɚɩɨɥɧɢɬɶ ɦɟɠɥɨɩɚɬɨɱɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ 
ɜɨɫɤɨɨɛɪɚɡɧɨɣ ɦɨɞɟɥɶɧɨɣ ɦɚɫɫɨɣ (ɦɨɞɟɥɶɧɵɦ ɫɨɫɬɚɜɨɦ), ɬɚɤ, ɱɬɨɛɵ ɨɧɚ 
ɜɵɫɬɭɩɚɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɯɨɞɧɨɣ ɢ ɜɵɯɨɞɧɨɣ ɤɪɨɦɨɤ, ɚ ɬɚɤ ɠɟ ɬɨɪɰɚ ɥɨɩɚɬɨɤ 
ɩɪɢ ɮɪɟɡɟɪɨɜɚɧɢɢ. Ⱦɚɥɟɟ ɩɟɪɟɦɟɫɬɢɬɶ ɞɟɬɚɥɶ ɜ ɬɚɪɭ ɢ ɧɚɩɪɚɜɢɬɶ ɧɚ ɮɪɟɡɟɪɨɜɤɭ 
ɥɨɩɚɬɨɤ, ɩɨ ɡɚɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ ɧɚ ɫɬɚɧɤɟ ɫ ɑɉɍ. 

Ɉɩɢɫɚɧɧɚɹ ɜɵɲɟ ɬɟɯɧɨɥɨɝɢɹ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ, ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɬɨɧɤɨɫɬɟɧɧɵɯ ɞɟɬɚɥɟɣ, ɫ ɩɨɜɵɲɟɧɧɨɣ 
ɬɨɱɧɨɫɬɶɸ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ ɢ ɨɫɧɚɫɬɤɢ.  

ɉɪɢ ɨɩɟɪɚɰɢɢ ɱɢɫɬɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ ɧɚ ɫɬɚɧɤɟ ɫ ɑɉɍ ɛɭɞɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɦɚɡɨɱɧɨ-ɨɯɥɚɠɞɚɸɳɚɹ ɠɢɞɤɨɫɬɶ (ɋɈɀ), ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɩɥɚɜɥɟɧɢɹ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ, ɨɬ ɧɚɝɪɟɬɨɝɨ ɩɪɢ ɪɚɛɨɬɟ ɢɧɫɬɪɭɦɟɧɬɚ – ɮɪɟɡɵ. 

Ⱦɟɮɨɪɦɚɰɢɹ ɧɚ ɥɨɩɚɬɤɟ, ɩɨɥɭɱɚɟɦɚɹ ɩɭɬɟɦ ɮɪɟɡɟɪɨɜɚɧɢɹ, ɨɬ 
ɢɧɫɬɪɭɦɟɧɬɚ, ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 7. 

 
Ɋɢɫ. 7. Ⱦɟɮɨɪɦɚɰɢɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɥɨɩɚɬɨɤ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ 

ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ 
 

ɉɪɢɦɟɧɟɧɢɟ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɱɢɫɬɨɜɨɝɨ 
ɮɪɟɡɟɪɨɜɚɧɢɹ, ɩɨɤɚɡɵɜɚɟɬ ɩɨɥɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɞɟɮɨɪɦɚɰɢɢ (ɪɢɫ. 8). 
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Ɋɢɫ. 8. Ɉɬɫɭɬɫɬɜɢɟ ɞɟɮɨɪɦɚɰɢɣ, ɜɨɡɧɢɤɚɸɳɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɥɨɩɚɬɨɤ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɡɜɨɥɹɟɬ 
ɫɧɢɡɢɬɶ ɧɚɝɪɭɡɤɢ ɧɚ ɬɨɧɤɨɫɬɟɧɧɵɟ ɞɟɬɚɥɢ, ɩɨɜɵɫɢɬɶ ɟɟ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ, 
ɭɜɟɥɢɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɨɬɞɟɥɨɱɧɵɟ ɨɩɟɪɚɰɢɢ, 
ɫɧɢɡɢɬɶ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɡɚ ɫɱɟɬ ɫɨɤɪɚɳɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɨɩɟɪɚɰɢɣ ɜ 
Ɍɉ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɪɚɫɲɢɪɢɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɒɥɹɦɧɟɜ, Ⱥ. ɉ. Ʉɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ, ɠɚɪɨɫɬɨɣɤɢɟ ɢ ɜɵɫɨɤɨɩɪɨɱɧɵɟ 
ɫɬɚɥɢ ɢ ɫɩɥɚɜɵ / Ⱥ. ɉ. ɒɥɹɦɧɟɜ. – Ɇ.:ɂɧɬɟɪɦɟɬ ɂɧɠɢɧɢɪɢɧɝ, 2000. – 246 ɫ. 

2.  ɇɟɱɚɟɜ, ȼ. Ɇ. Ⱥɜɢɚɰɢɨɧɧɵɟ ɝɚɡɨɬɭɪɛɢɧɧɵɟ ɞɜɢɝɚɬɟɥɢ /  ȼ. Ɇ. ɇɟɱɚɟɜ, 
Ɏ. ɂ. Ɍɤɚɱɟɜ, ȼ. Ʉ. Ɏɪɚɧɰɟɜ. – Ɇ.: Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1973. – 86 ɫ. 

3. Ʌɨɜɵɝɢɧ, Ⱥ. Ⱥ. ɋɨɜɪɟɦɟɧɧɵɣ ɫɬɚɧɨɤ ɫ ɑɉɍ ɢ CAD/CAM ɫɢɫɬɟɦɚ / 
Ⱥ. Ⱥ. Ʌɨɜɵɝɢɧ, Ⱥ. ȼ. ȼɚɫɢɥɶɟɜ, ɋ. ɘ. Ʉɪɢɜɰɨɜ. – Ɇ.: ɗɥɶɮ ɂɉɊ, 2006. – 286 ɫ. 
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ɇ. ɘ. Ʉɚɩɚɥɢɧ1, ɋ. ȼ. ɉɟɬɪɨɱɟɧɤɨ2, Ɇ. ɂ. Ȼɢɫɟɪɢɤɚɧ2 

1Ɏɢɥɢɚɥ ɉȺɈ «ɈȾɄ – ɋɚɬɭɪɧ» – ɈɆɄȻ, ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
2Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ), ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɈɉɊȿȾȿɅȿɇɂȿ ɈɉɌɂɆȺɅɖɇɕɏ ɊȿɀɂɆɈȼ ɊȿɁȺɇɂə ɉɊɂ 
ɈȻɊȺȻɈɌɄȿ ɋɎȿɊɂɑȿɋɄɂɏ ɉɈȼȿɊɏɇɈɋɌȿɃ ȾȿɌȺɅȿɃ 

ɌɍɊȻɈɊȿȺɄɌɂȼɇɕɏ ȾȼɂȽȺɌȿɅȿɃ 
 

Аɧɧɨɬаɰиɹ. В ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ ɨɩɪɟɞɟɥɟɧɢɹ ɮɚɤɬɨɪɨɜ, 
ɜɥɢɹɸɳɢɯ ɧɚ ɞɨɫɬɢɠɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ 

mailto:nich.omgups@mail.ru
mailto:nich.omgups@mail.ru
mailto:nich.omgups@mail.ru
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ɬɭɪɛɨɪɟɚɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɧɚ ɩɪɢɦɟɪɟ ɞɟɬɚɥɢ «Ɉɩɨɪɚ ɩɟɪɟɞɧɹɹ», ɨɩɪɟɞɟɥɟɧɵ ɪɟɠɢɦɵ 
ɪɟɡɚɧɢɹ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɵɯ ɡɧɚɱɟɧɢɣ ɦɢɤɪɨɝɟɨɦɟɬɪɢɢ ɫɮɟɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɞɟɬɚɥɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɢɦɩɥɟɤɫ-ɪɟɲɟɬɱɚɬɵɯ ɩɥɚɧɨɜ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. 

 

Клɸɱевые ɫлɨва: ɬɭɪɛɨɪɟɚɤɬɢɜɧɵɣ ɞɜɢɝɚɬɟɥɶ, ɞɨɡɜɭɤɨɜɵɟ ɥɟɬɚɬɟɥɶɧɵɟ ɚɩɩɚɪɚɬɵ, 
ɲɟɪɨɯɨɜɚɬɨɫɬɶ, ɨɛɪɚɛɨɬɤɚ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɦɟɯɚɧɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ, ɚɩɪɢɨɪɧɨɟ 
ɪɚɧɠɢɪɨɜɚɧɢɟ, ɫɢɦɩɥɟɤɫ-ɪɟɲɟɬɱɚɬɵɟ ɩɥɚɧɵ. 

 

Nikolay Yu. Kapalin
1
, Sergey V. Petrochenko

2
, Mikhail I. Biserikan

2 

1
Branch of PJSC UEC - Saturn - OMKB, Omsk, the Russian Federation. 

2
Omsk State Transport University (OSTU), Omsk, the Russian Federation 

 

DEFINITION OF OPTIMAL CUTTING MODES DURING PROCESSING 

OF SPHERICAL SURFACES OF DETAILS OF TURBOREACTIVE ENGINES 

 

Abstract. This article discusses the issues of determining factors affecting the achievement of 

optТmКl rouРСnОss oП tСО spСОrТМКl surПКМОs oП turЛoУОt ОnРТnО pКrts usТnР tСО ОбКmplО oП tСО “Front 
Support” pКrt, МuttТnР МonНТtТons КrО НОtОrmТnОН to КМСТОvО the required microgeometry values of the 

spherical surface of the part using simplex-lattice plans of the second order. 

 

Keywords: turbojet engine, subsonic aircraft, roughness, processing of spherical surfaces, 

machining, a priori ranking, simplex-lattice plans. 

 

ȼ ɬɟɯɧɢɤɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɞɟɬɚɥɢ ɫ ɧɟɩɨɥɧɵɦɢ ɫɮɟɪɢɱɟɫɤɢɦɢ 
ɩɨɜɟɪɯɧɨɫɬɹɦɢ, ɨɬɥɢɱɚɸɳɢɦɢɫɹ ɝɚɛɚɪɢɬɚɦɢ, ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɢɯ ɬɨɱɧɨɫɬɢ, 
ɤɚɱɟɫɬɜɭ ɢ ɧɚɞёɠɧɨɫɬɢ. Ⱦɥɹ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɥɢɬɶɟ ɢ ɦɟɬɨɞɵ 
ɨɛɪɚɛɨɬɤɢ ɞɚɜɥɟɧɢɟɦ, ɪɟɡɚɧɢɟɦ Д1 – 4]. ɋɭɳɟɫɬɜɭɟɬ ɩɪɨɛɥɟɦɚ ɜɵɛɨɪɚ ɦɟɬɨɞɚ, ɜ 
ɩɨɥɧɨɣ ɦɟɪɟ ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɝɨ ɷɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɢ 
ɬɨɱɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɱɚɳɟ ɜɫɟɝɨ ɩɪɢɦɟɧɹɸɬ ɦɟɬɨɞɵ 
ɪɟɡɚɧɢɹ, ɧɚɩɪɢɦɟɪ, ɥɟɡɜɢɣɧɵɟ, ɚɛɪɚɡɢɜɧɵɟ, ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɢ ɞɪ. 

Ⱦɟɬɚɥɶ «Ɉɩɨɪɚ ɩɟɪɟɞɧɹɹ» (ɪɢɫ. 1) ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɞɜɢɝɚɬɟɥɹ  ɌɊȾȾ-50 – 

ɦɚɥɨɝɚɛɚɪɢɬɧɨɝɨ ɞɜɭɯɤɨɧɬɭɪɧɨɝɨ ɞɜɢɝɚɬɟɥɹ (ȾɌɊȾ) ɨɞɧɨɪɚɡɨɜɨɝɨ ɩɪɢɦɟɧɟɧɢɹ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɧɚ ɞɨɡɜɭɤɨɜɵɯ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɚɯ.  

Ⱦɟɬɚɥɶ ɤɪɟɩɢɬɫɹ ɤ ɞɜɢɝɚɬɟɥɸ ɞɜɭɦɹ ɨɬɜɟɪɫɬɢɹɦɢ ɞɢɚɦɟɬɪɨɦ 10 ɦɦ. Ⱥ ɫɚɦ 
ɞɜɢɝɚɬɟɥɶ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɨɛɴɟɤɬ ɫ ɩɨɦɨɳɶɸ ɩɨɞɲɢɩɧɢɤɚ ɒɋ12ɘɌȼɄ-ȿɌɍ 
100/5 (ɪɢɫ. 2). 

https://ru.wikipedia.org/wiki/%D0%A2%D1%83%D1%80%D0%B1%D0%BE%D0%B2%D0%B5%D0%BD%D1%82%D0%B8%D0%BB%D1%8F%D1%82%D0%BE%D1%80%D0%BD%D1%8B%D0%B9_%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7%D0%BE%D1%82%D1%83%D1%80%D0%B1%D0%B8%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
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Ɋɢɫ. 1. Ⱦɟɬɚɥɶ «Ɉɩɨɪɚ ɩɟɪɟɞɧɹɹ» 

 

 

Ɋɢɫ. 2. ɗɫɤɢɡ ɫɨɟɞɢɧɟɧɢɹ ɞɟɬɚɥɢ ɫ ɩɨɞɲɢɩɧɢɤɨɦ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɨɛɪɚɛɨɬɤɢ ɫɮɟɪɢɱɟɫɤɨɣ  

ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ «Ɉɩɨɪɚ ɩɟɪɟɞɧɹɹ» (ɫɦ. ɪɢɫ. 1) ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 
ɡɧɚɱɢɦɵɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɞɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɩɪɢɨɪɧɨɝɨ 
ɪɚɧɠɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ Д5Ж, ɜɥɢɹɸɳɢɯ ɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɫɮɟɪɢɱɟɫɤɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɩɪɢɨɪɧɨɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ ɛɵɥɢ ɜɵɞɟɥɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ: 
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‒ ɪɟɠɢɦ ɪɟɡɚɧɢɹ: ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ V (x1),   

‒ ɩɨɞɚɱɚ ɢɧɫɬɪɭɦɟɧɬɚ s (x2); 

‒ ɬɜɟɪɞɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ HB (x3); 

‒ ɝɟɨɦɟɬɪɢɹ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ (x4);  

‒ ɠɟɫɬɤɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ (x5); 

‒ ɢɡɧɨɫ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ ɢɧɫɬɪɭɦɟɧɬɚ (x6); 

‒ ɩɨɞɚɱɚ ɋɈɀ x7; 

‒ ɦɚɬɟɪɢɚɥ ɪɟɡɰɚ x9; 

‒ ɦɚɬɟɪɢɚɥ ɞɟɬɚɥɢ x8. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɯ ɮɚɤɬɨɪɨɜ, ɩɨɫɥɟ ɚɩɪɢɨɪɧɨɝɨ 
ɪɚɧɠɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɞɢɚɝɪɚɦɦɚ ɪɚɧɝɨɜ, ɩɪɢɜɟɞёɧɧɚɹ ɧɚ ɪɢɫ. 3. 

ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɞɢɚɝɪɚɦɦɵ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɦɢ ɮɚɤɬɨɪɚɦɢ ɩɪɢɡɧɚɧɵ 
ɫɥɟɞɭɸɳɢɟ: ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ V (x1),  ɩɨɞɚɱɚ ɢɧɫɬɪɭɦɟɧɬɚ s (x2), ɬɜɟɪɞɨɫɬɶ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ HB (x3). 

 

Ɋɢɫ. 3. Ⱦɢɚɝɪɚɦɦɚ ɪɚɧɝɨɜ 

 

ɋ ɰɟɥɶɸ ɨɩɢɫɚɧɢɹ ɜɥɢɹɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɨɜ ɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ 
ɫɮɟɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɫɢɦɩɥɟɤɫ-ɪɟɲɟɬɱɚɬɵɣ ɩɥɚɧ 2-ɝɨ ɩɨɪɹɞɤɚ Д6Ж. 

ȼ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɢɫɤɨɦɨɝɨ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ 
ɜɵɛɪɚɧɵ: ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ (x1), ɩɨɞɚɱɚ ɢɧɫɬɪɭɦɟɧɬɚ (x2), ɬɜɟɪɞɨɫɬɶ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ HB (x3). 

ɋɢɦɩɥɟɤɫ-ɪɟɲɟɬɱɚɬɵɣ ɩɥɚɧ 3-ɝɨ ɩɨɪɹɞɤɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɬɚɛɥɢɰɟ 1, 

ɩɨɥɭɱɟɧɧɚɹ ɦɚɬɪɢɰɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɨɬɪɚɠɟɧɚ ɜ ɜɢɞɟ ɬɚɛɥɢɰɟ 2. 
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Ɍɚɛɥɢɰɚ 1 

ɋɢɦɩɥɟɤɫ-ɪɟɲɟɬɱɚɬɵɣ ɩɥɚɧ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ 

ɇɨɦɟɪ ɨɩɵɬɚ x1 x2 x3 y 

1 1 0 0 y1 

2 0 1 0 y2 

3 0 0 1 y3 

4 1/2 1/2 0 y12 

5 1/2 0 1/2 y13 

6 0 1/2 1/2 y23 

 

Ɍɚɛɥɢɰɚ 2 

Ɇɚɬɪɢɰɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɇɨɦɟɪ 
ɨɩɵɬɚ 

ɋɤɨɪɨɫɬɶ 
ɪɟɡɚɧɢɹ V, 

ɦ/ɦɢɧ 

ɉɨɞɚɱɚ 
ɪɟɠɭɳɟɝɨ 

ɢɧɫɬɪɭɦɟɧɬɚ 
s, ɦɦ/ɨɛ 

Ɍɜɟɪɞɨɫɬɶ 
ɞɟɬɚɥɢ HB, 

ɤɝɫ/ɦɦ2 

ɒɟɪɨɯɨɜɚɬɨɫɬɶ 
ɩɨɜɟɪɯɧɨɫɬɢ Ra, 

ɦɦ 

1 84,78 0,005 248 0,4 

2 56,52 0,02 248 0,8 

3 56,52 0,005 302 0,63 

4 70,65 0,0125 248 0,55 

5 70,65 0,005 275 0,4 

6 56,52 0,0125 275 0,75 

ɉɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ, ɨɩɢɫɵɜɚɸɳɢɟ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 
ɪɟɠɢɦɨɜ ɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɫɮɟɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ: 

1 2 3 1 2 1 3 2 30,4 0,8 0,63 0,2 0,46 0,14y x x x x x x x x x      , (1) 

Ⱦɥɹ ɩɟɪɟɯɨɞɚ ɢɡ ɫɢɦɩɥɟɤɫɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɤ ɧɚɬɭɪɚɥɶɧɵɦ 
ɡɧɚɱɟɧɢɹɦ ɮɚɤɬɨɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɜɵɪɚɠɟɧɢɹ: 

 

156,52 (84,78 56,52)V x   , (2) 

20,005 (0,2 0,005)s x   , (3) 

3248 (302 248)ɇВ б   . (4) 

ɉɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Statistica 6.0 ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ 
ɤɨɧɬɭɪɧɵɟ ɤɪɢɜɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɜɧɨɝɨ ɨɬɤɥɢɤɚ (ɪɢɫ. 4).  
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Ɋɢɫ. 4. Ʉɨɧɬɭɪɧɵɟ ɤɪɢɜɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɜɧɨɝɨ ɨɬɤɥɢɤɚ  
 

ɂɫɩɨɥɶɡɭɹ ɩɨɥɭɱɟɧɧɵɟ ɤɪɢɜɵɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɚɜɧɨɝɨ ɨɬɤɥɢɤɚ ɞɥɹ 
ɬɪɟɛɭɟɦɵɯ ɡɧɚɱɟɧɢɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨ ɮɨɪɦɭɥɚɦ (2 – 4) ɨɩɪɟɞɟɥɹɟɦ ɪɟɠɢɦɵ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ. Ⱦɥɹ 
ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɲɟɪɨɯɨɜɚɬɨɫɬɢ Ra = 0,4 ɦɤɦ 
ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɠɢɦɵ: ɫɤɨɪɨɫɬɶ ɨɛɪɚɛɨɬɤɢ V = 70,65 ɦ/ɦɢɧ; ɩɨɞɚɱɚ s 

= 0,005 ɦɦ/ɨɛ; ɬɜɟɪɞɨɫɬɶ ɦɚɬɟɪɢɚɥɚ = 275 ɇȼ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɹ ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ 

ɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɬɪɟɛɭɟɦɵɯ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɞɥɹ ɥɸɛɵɯ ɡɚɞɚɧɧɵɯ 
ɡɧɚɱɟɧɢɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɟɬɚɥɟɣ ɢɡ ɦɚɬɟɪɢɚɥɨɜ ɫ ɪɚɡɥɢɱɧɨɣ 
ɢɫɯɨɞɧɨɣ ɬɜɟɪɞɨɫɬɶɸ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɩɪɨɰɟɧɬ 
ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɩɪɨɞɭɤɰɢɢ ɩɨ ɤɚɱɟɫɬɜɭ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɉɨɩɨɤ, ɇ. ɇ. Ⱥɧɚɥɢɡ ɫɩɨɫɨɛɨɜ ɨɛɪɚɛɨɬɤɢ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɞɟɬɚɥɟɣ / ɇ. ɇ. ɉɨɩɨɤ // ȼɟɫɬɧ. ɉɨɥɨɰ. ɝɨɫ. ɭɧ-ɬɚ. – 2006. – № 12. – ɋ. 42 – 45. 

2. ɏɦɟɥɶɧɢɰɤɢɣ, Ɋ. ɋ. ɋɩɨɫɨɛɵ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚɪɭɠɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɵ / Ɋ. ɋ.  ɏɦɟɥɶɧɢɰɤɢɣ // Ɍɪ. ɦɨɥɨɞɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ ɉɨɥɨɰ. 
ɝɨɫ. ɭɧ-ɬɚ. – ɇɨɜɨɩɨɥɨɰɤ: ɉȽɍ, 2008. – ȼɵɩ. 31. – ɋ. 134 – 137. 
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3. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɦɟɯɚɧɢɱɟɫɤɨɣ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ: ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȼ. Ɏ. Ȼɟɡɴɹɡɵɱɧɵɣ, ȼ. ɇ. Ʉɪɵɥɨɜ [ɢ ɞɪ.].  – 

ɋɉɛ.: Ʌɚɧɶ, 2017. – 432 c. 

4. Ȼɨɫɢɧɡɨɧ, Ɇ. Ⱥ. ɋɨɜɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ ɑɉɍ ɢ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɹ /  

Ɇ. Ⱥ. Ȼɨɫɢɧɡɨɧ. – Ɇ. Ⱥɤɚɞɟɦɢɹ, 2012. – 192 c. 

5. ɓɟɤɢɧ, Ⱥ. ȼ. Ⱥɩɪɢɨɪɧɨɟ ɪɚɧɠɢɪɨɜɚɧɢɟ ɮɚɤɬɨɪɨɜ / Ⱥ. ȼ. ɓɟɤɢɧ. – 

ɏɚɛɚɪɨɜɫɤ: ɂɡɞ-ɜɨ ɏȽɌɍ, 2004. – 12 ɫ. 
6. Ɂɟɞɝɢɧɢɞɡɟ, ɂ. Ƚ. ɉɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ / ɂ. Ƚ. Ɂɟɞɝɢɧɢɞɡɟ. – Ɇ.: ɇɚɭɤɚ, 1976. – 390 ɫ. 
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ɍȾɄ 004.942 

 

Ʉ. ȼ. Ⱥɜɟɪɤɨɜ, Ʉ. ȼ. ȼɥɚɫɨɜɚ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ), ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɂɋɉɈɅɖɁɈȼȺɇɂȿ ɋɊȿȾCɌȼ ɉɊɈȽɊȺɆɆɂɊɈȼȺɇɂə AUTODESK 

INVENTOR ȼ ɄɈɇɋɌɊɍɄɌɈɊɋɄɈɃ ȾɈɄɍɆȿɇɌȺɐɂɂ 
 

Аɧɧɨɬаɰиɹ. ɋɬɪɟɦɢɬɟɥɶɧɵɣ ɪɨɫɬ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɬɪɟɛɭɟɬ ɧɨɜɵɯ, ɛɨɥɟɟ ɛɵɫɬɪɵɯ 
ɪɟɲɟɧɢɣ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ. Ɍɚɤ, ɫɢɫɬɟɦɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɸɬ ɢ ɜ ɬɨ 
ɠɟ ɜɪɟɦɹ ɫɨɜɟɪɲɟɧɫɬɜɭɸɬ ɩɪɨɰɟɫɫɵ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. 

 

Клɸɱевые ɫлɨва: Autodesk Inventor, ɬɟɯɧɨɥɨɝɢɹ ТLoРТМ, ɩɪɚɜɢɥɨ, ɡɜɟɧɨ 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ ɦɟɯɚɧɢɡɦɚ, ɩɚɪɚɦɟɬɪ. 

 

Konstantin V. Averkov, Ksenia V. Vlasova 

Omsk State Transport University (OSTU), Omsk, the Russian Federation 

 

USE OF AUTODESK INVENTOR PROGRAMMING MEANS IN DESIGN 

DOCUMENTATION 

 

Abstract.  The rapid growth of industry requires new, faster solutions to the tasks. So, design 

systems greatly simplify and at the same time improve the processes of design and technological 

preparation of production. 

 

Keywords: Autodesk Inventor, iLogic technology, rule, link lifting mechanism, parameter. 

 

Autodesk Inventor – ɫɢɫɬɟɦɚ ɬɪɟɯɦɟɪɧɨɝɨ ɬɜɟɪɞɨɬɟɥɶɧɨɝɨ ɢ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɰɢɮɪɨɜɵɯ ɩɪɨɬɨɬɢɩɨɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɢɡɞɟɥɢɣ. Inventor ɨɛɥɚɞɚɟɬ 
ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɨɥɧɨɝɨ 
ɰɢɤɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɨɡɞɚɧɢɹ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ʉɪɨɦɟ 
ɭɫɤɨɪɟɧɧɨɝɨ ɢ ɦɚɤɫɢɦɚɥɶɧɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɨɡɞɚɧɢɹ ɞɜɭɦɟɪɧɵɯ 
ɱɟɪɬɟɠɟɣ ɢ ɬɪɟɯɦɟɪɧɵɯ ɦɨɞɟɥɟɣ ɫɥɨɠɧɵɯ ɮɨɪɦ, Inventor ɫɨɞɟɪɠɢɬ ɛɢɛɥɢɨɬɟɤɢ 
ɤɨɦɩɨɧɟɧɬɨɜ, ɝɟɧɟɪɚɬɨɪ ɪɚɦ, ɦɨɞɭɥɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɟɬɚɥɟɣ ɢɡ ɥɢɫɬɨɜɨɝɨ 
ɦɚɬɟɪɢɚɥɚ, ɫɪɟɞɭ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɜɚɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɬ.ɞ. ȼɞɨɛɚɜɨɤ, 
ɬɟɯɧɨɥɨɝɢɹ iLogic ɜ Autodesk Inventor ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɟɚɥɢɡɚɰɢɸ ɩɪɨɟɤɬɨɜ, 
ɫɨɡɞɚɜɚɟɦɵɯ, ɦɨɞɢɮɢɰɢɪɭɟɦɵɯ, ɭɩɪɚɜɥɹɟɦɵɯ ɢ/ɢɥɢ ɤɨɧɮɢɝɭɪɢɪɭɟɦɵɯ ɫ 

https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D1%91%D1%85%D0%BC%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
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ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɚɜɢɥ ɢɥɢ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɜɜɨɞɚ. iLogic ɫɩɨɫɨɛɟɧ 
ɜɧɟɞɪɹɬɶ ɩɪɚɜɢɥɚ ɧɚɩɪɹɦɭɸ ɜ ɞɨɤɭɦɟɧɬɵ ɞɟɬɚɥɢ, ɫɛɨɪɤɢ ɢɥɢ ɱɟɪɬɟɠɚ. ɗɬɢ 
ɩɪɚɜɢɥɚ ɦɨɝɭɬ ɭɩɪɚɜɥɹɬɶ ɢɡɦɟɧɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɢɥɢ ɚɬɪɢɛɭɬɨɜ ɞɨɤɭɦɟɧɬɚ ɩɪɢ 
ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɫɨɛɵɬɢɣ (ɩɪɨɝɪɚɦɦɧɵɯ ɢɥɢ ɜɵɡɜɚɧɧɵɯ 
ɩɨɥɶɡɨɜɚɬɟɥɟɦ), ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɝɭɬ ɭɩɪɚɜɥɹɬɶ ɥɸɛɵɦ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɢɥɢ ɚɬɪɢɛɭɬɢɜɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɞɨɤɭɦɟɧɬɚ. ɉɪɚɜɢɥɨ – ɷɬɨ 
ɧɟɛɨɥɶɲɚɹ ɩɪɨɝɪɚɦɦɚ ɧɚ Visual Basic, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ 
ɤɨɧɬɪɨɥɹ ɢ ɢɡɦɟɧɟɧɢɹ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɷɥɟɦɟɧɬɨɜ ɢɥɢ ɤɨɦɩɨɧɟɧɬɨɜ Inventor.  

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɨ ɩɪɢɦɟɧɟɧɢɟ iLogic ɧɚ ɩɪɢɦɟɪɟ ɡɜɟɧɚ 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɬɢɩɚ Ɉ (ɪɢɫ. 1).  

 

Ɋɢɫ. 1. Ɂɜɟɧɨ ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɬɢɩɚ Ɉ 

 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɡɜɟɧɚ ɦɟɧɹɸɬɫɹ ɪɚɡɦɟɪɵ ɟɝɨ 
ɷɥɟɦɟɧɬɨɜ. ɗɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1  
Ɋɚɡɦɟɪɵ ɡɜɟɧɚ ɬɢɩɚ Ɉ 

Ɉɛɨɡɧɚ
ɱɟɧɢɟ 
ɡɜɟɧɚ 

Ƚɪɭɡɨɩɨɞɴɟ
ɦɧɨɫɬɶ, ɬ 

Ɋɚɡɦɟɪɵ, ɦɦ 

Ɇɚɫɫɚ, ɤɝ 
d t r r1 

ɞɥɢɧɚ 
ɪɚɡɜɟɪɬɤɢ 

Ɉ-0,4 0,40 9 50 13 7 152 0,075 

Ɉ-0,5 0,50 10 55 14 8 167 0,105 

Ɉ-0,63 0,63 11 60 16 9 185 0,134 

Ɉ-0,8 0,80 12 70 18 10 211 0,186 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥ. 1 

Ɉɛɨɡɧɚ
ɱɟɧɢɟ 
ɡɜɟɧɚ 

Ƚɪɭɡɨɩɨɞɴɟ
ɦɧɨɫɬɶ, ɬ 

Ɋɚɡɦɟɪɵ, ɦɦ 

Ɇɚɫɫɚ, ɤɝ 
d t r r1 

ɞɥɢɧɚ 
ɪɚɡɜɟɪɬɤɢ 

Ɉ-1,25 1,25 16 90 22 13 272 0,426 

Ɉ-1,6 1,60 18 100 25 14 302 0,599 

Ɉ-2,0 2,00 20 110 28 16 334 0,814 

Ɉ-2,5 2,50 22 120 30 19 367 1,104 

Ɉ-3,2 3,20 25 130 35 20 405 1,541 

Ɉ-4,0 4,00 28 150 40 22 463 2,224 

Ɉ-5,0 5,00 32 170 45 25 524 3,283 

Ɉ-6,3 6,30 36 190 50 27 586 4,714 

Ɉ-8,0 8,00 40 210 55 28 646 6,412 

 

ɉɨɫɥɟ ɡɚɩɭɫɤɚ ɩɪɨɝɪɚɦɦɵ Autodesk Invertor ɜɨ ɜɤɥɚɞɤɟ «ɍɩɪɚɜɥɟɧɢɟ» 
ɨɬɤɪɨɟɦ «ɉɚɪɚɦɟɬɪɵ» ɢ ɞɨɛɚɜɢɦ ɧɟɨɛɯɨɞɢɦɵɟ ɩɚɪɚɦɟɬɪɵ ɡɜɟɧɚ (ɪɢɫ. 2). 

ɐɢɮɪɨɜɵɟ ɩɚɪɚɦɟɬɪɵ d, t, r, r1 ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ, ɪɚɜɧɨɣ 1ɬ, ɜ 
ɬɨ ɜɪɟɦɹ ɤɚɤ ɬɟɤɫɬɨɜɵɣ ɩɚɪɚɦɟɬɪ «Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ» ɪɚɜɟɧ ɧɟɫɤɨɥɶɤɢɦ 
ɡɧɚɱɟɧɢɹɦ: 1ɬ, 1,6ɬ ɢ 2ɬ.  

 

Ɋɢɫ. 2. ɉɚɪɚɦɟɬɪɵ ɡɜɟɧɚ 

 

Ɂɚɬɟɦ, ɤɚɤ ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɡɜɟɧɚ, ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɷɫɤɢɡ 
ɞɟɬɚɥɢ. Ⱦɥɹ ɷɬɨɝɨ ɜɨ ɜɤɥɚɞɤɟ «3D-ɦɨɞɟɥɶ» ɜɵɛɢɪɚɟɦ «ɋɨɡɞɚɬɶ ɷɫɤɢɡ». ɉɪɢ ɷɬɨɦ 
ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɡɚɞɚɜɚɬɶ ɤɨɧɤɪɟɬɧɨɟ ɱɢɫɥɨ, 
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ɚ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɚɪɚɦɟɬɪɚɦɢ, ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɪɚɧɟɟ (ɪɢɫ.3). 

 

Ɋɢɫ. 3. ɇɚɡɧɚɱɟɧɢɟ ɪɚɡɦɟɪɨɜ ɡɜɟɧɚ 

 

ɉɨɫɥɟ ɜɫɟɯ ɩɨɫɬɪɨɟɧɢɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɡɦɟɪɚɦɢ ɞɥɹ 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ 1ɬ ɩɨɥɭɱɚɟɬɫɹ ɷɫɤɢɡ, ɩɪɢɜɟɞɟɧɧɵɣ ɧɚ ɪɢɫ. 4.ɚ. Autodesk 

Inventor ɩɨɡɜɨɥɹɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɨɡɞɚɬɶ ɱɟɪɬɟɠ ɷɬɨɣ ɞɟɬɚɥɢ ɧɚ ɨɫɧɨɜɟ 3D-

ɦɨɞɟɥɢ (ɪɢɫ 4.ɛ). ɉɪɢ ɷɬɨɦ ɜɫɟ ɢɡɦɟɧɟɧɢɹ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɧɚ ɷɫɤɢɡɟ, ɬɚɤɠɟ 
ɛɭɞɭɬ ɨɬɨɛɪɚɠɚɬɶɫɹ ɧɚ ɱɟɪɬɟɠɟ. 

 

         ɚ                                                            ɛ 

Ɋɢɫ. 4. ɗɫɤɢɡ ɡɜɟɧɚ ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ ɦɟɯɚɧɢɡɦɚ (ɚ), ɱɟɪɬɟɠ ɡɜɟɧɚ 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ ɦɟɯɚɧɢɡɦɚ (ɛ) 

 

Ⱦɚɥɟɟ ɫɨɡɞɚɟɦ ɩɪɚɜɢɥɚ ɫ ɩɨɦɨɳɶɸ iLogic. Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɜɤɥɚɞɤɟ 
«ɍɩɪɚɜɥɟɧɢɟ» ɜɵɛɢɪɚɟɦ «Ⱦɨɛɚɜɢɬɶ ɩɪɚɜɢɥɨ». ȼ ɩɨɹɜɢɜɲɟɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ 
ɧɚɡɧɚɱɚɟɦ ɢɦɹ ɩɪɚɜɢɥɚ, ɩɨɫɥɟ ɱɟɝɨ ɧɚɱɢɧɚɟɬɫɹ ɜɜɨɞ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɚɦɨɝɨ 
ɩɪɚɜɢɥɚ (ɪɢɫ. 5). 
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Ɋɢɫ. 5. Ʉɨɞ ɩɪɚɜɢɥɚ 

 

Ⱦɥɹ ɤɨɞɚ ɜɵɛɢɪɚɟɦ ɨɩɟɪɚɬɨɪ «If…Then…End If» ɢ ɡɚɩɢɲɟɦ: ȿɫɥɢ 
ɩɚɪɚɦɟɬɪ «Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ» ɪɚɜɟɧ 1ɬ, ɬɨ ɩɚɪɚɦɟɬɪ d ɪɚɜɟɧ 14 ɦɦ, ɩɚɪɚɦɟɬɪ  
t ɪɚɜɟɧ 80 ɦɦ, ɩɚɪɚɦɟɬɪ r ɪɚɜɟɧ 20 ɦɦ, ɩɚɪɚɦɟɬɪ r1 ɪɚɜɟɧ 12 ɦɦ, ɟɫɥɢ ɩɚɪɚɦɟɬɪ 
«Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ» ɪɚɜɟɧ 1,6ɬ, ɬɨ ɩɚɪɚɦɟɬɪ d ɪɚɜɟɧ 18 ɦɦ, ɩɚɪɚɦɟɬɪ t ɪɚɜɟɧ 
100 ɦɦ, ɩɚɪɚɦɟɬɪ r ɪɚɜɟɧ 25 ɦɦ, ɩɚɪɚɦɟɬɪ r1 ɪɚɜɟɧ 14 ɦɦ, ɟɫɥɢ ɩɚɪɚɦɟɬɪ 
«Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ» ɪɚɜɟɧ 2ɬ, ɬɨ ɩɚɪɚɦɟɬɪ d ɪɚɜɟɧ 20 ɦɦ, ɩɚɪɚɦɟɬɪ t ɪɚɜɟɧ 110 
ɦɦ, ɩɚɪɚɦɟɬɪ r ɪɚɜɟɧ 28 ɦɦ, ɩɚɪɚɦɟɬɪ r1 ɪɚɜɟɧ 16 ɦɦ. 

Ɋɚɡɦɟɪɵ ɡɜɟɧɚ ɜɡɹɬɵ ɢɡ ɬɚɛɥɢɰɵ 1. 
ɋɥɟɞɫɬɜɟɧɧɨ, ɬɟɩɟɪɶ ɦɨɠɧɨ ɦɟɧɹɬɶ ɪɚɡɦɟɪɵ ɡɜɟɧɚ ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ 

ɦɟɯɚɧɢɡɦɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ.  
Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɛɨɥɟɟ ɧɚɝɥɹɞɧɨ ɢɡɦɟɧɹɬɶ ɪɚɡɦɟɪɵ ɞɟɬɚɥɢ ɞɨɛɚɜɢɦ ɮɨɪɦɭ 

ɜ iLogic. Ⱦɥɹ ɷɬɨɝɨ, ɜɨ ɜɤɥɚɞɤɟ «ɍɩɪɚɜɥɟɧɢɟ» ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ «Ⱦɨɛɚɜɥɟɧɢɟ 
ɮɨɪɦɵ». Ɍɟɩɟɪɶ ɪɚɡɦɟɪɵ ɞɟɬɚɥɢ ɦɨɠɧɨ ɦɟɧɹɬɶ ɫ ɩɨɦɨɳɶɸ ɞɢɚɥɨɝɨɜɨɝɨ ɨɤɧɚ, 
ɩɪɢ ɜɵɛɨɪɟ ɨɩɪɟɞɟɥɟɧɧɨɣ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ (ɪɢɫ. 6). 

Ɍɚɤ, ɧɚ ɩɪɢɦɟɪɟ ɡɜɟɧɚ ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɜɢɞɧɨ, ɱɬɨ, iLogic 

ɩɨɡɜɨɥɹɟɬ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɱɟɪɬɟɠɢ ɞɟɬɚɥɟɣ ɫɟɪɢɣɧɨɝɨ ɢ ɦɚɫɫɨɜɨɝɨ ɬɢɩɨɜ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɬɚɤ ɤɚɤ ɤɨɧɮɢɝɭɪɚɰɢɹ ɬɚɤɢɯ ɞɟɬɚɥɟɣ ɨɞɢɧɚɤɨɜɚ, ɧɨ ɩɪɢ ɷɬɨɦ 
ɢɡɦɟɧɹɸɬɫɹ ɬɢɩɨɪɚɡɦɟɪɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɯɧɨɥɨɝɢɹ iLogic ɜ Autodesk Inventor 

ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɨɛɥɟɝɱɢɬɶ ɪɚɛɨɬɭ ɤɨɧɫɬɪɭɤɬɨɪɚ ɢ ɬɟɯɧɨɥɨɝɚ. ȿɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɢ ɢ ɜ ɫɬɚɬɶɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɥɢɲɶ ɧɟɦɧɨɝɢɟ 
ɟɟ ɱɚɫɬɢ. 
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ɚ                                                               ɛ 

 

ɜ 

Ɋɢɫ. 6. ɑɟɪɬɟɠ ɡɜɟɧɚ ɩɪɢ ɟɝɨ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ, ɪɚɜɧɨɣ 1ɬ (ɚ), 1,6ɬ (ɛ) ɢ 2ɬ (ɜ) 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
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APPLICATION OF TEMPORARY SUPPORTS FOR BASING 

OF COMBINED BILLETS 

 

Abstract. The article discusses the basing of complex billets during plasma surfacing.  

Attention is paid to the features of basing combined billets using temporary supports. 

 

Keywords: basing, temporary support, plasma surfacing, wedge. 

 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɤɚɤɢɯ-ɥɢɛɨ ɡɚɝɨɬɨɜɨɤ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɟ ɩɪɢɞɚɧɢɟ ɡɚɝɨɬɨɜɤɟ ɨɩɪɟɞɟɥёɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɫɬɚɧɤɚ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɨɪɢɢ ɛɚɡɢɪɨɜɚɧɢɟ 
ɡɚɝɨɬɨɜɤɢ ɫɜɹɡɚɧɨ ɫ ɥɢɲɟɧɢɟɦ ɟё ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ. 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɪɚɜɧɨ ɲɟɫɬɢ, ɧɨ ɥɢɲɚɬɶ ɡɚɝɨɬɨɜɤɭ ɜɫɟɯ 
ɲɟɫɬɢ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɧɟ ɜɫɟɝɞɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ. ȼ ɭɫɥɨɜɢɹɯ ɩɪɨɜɟɞɟɧɢɹ 
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ɫɜɚɪɨɱɧɨ-ɧɚɩɥɚɜɨɱɧɵɯ ɪɚɛɨɬ ɛɚɡɢɪɨɜɚɧɢɟ ɡɚɝɨɬɨɜɨɤ ɬɚɤɠɟ ɚɤɬɭɚɥɶɧɨ, ɧɨ 
ɬɨɱɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɝɨɪɚɡɞɨ ɧɢɠɟ, ɱɟɦ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. 

ɉɪɢɞɚɧɢɟ ɡɚɝɨɬɨɜɤɟ ɧɭɠɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɟё ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ ɞɟɬɚɥɹɦɢ 
(ɨɩɨɪɚɦɢ) ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ. Ɏɢɤɫɢɪɨɜɚɧɢɟ ɡɚɝɨɬɨɜɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɫɢɥɨɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɢɥɢ ɫɢɥɨɣ ɬɪɟɧɢɹ, 
ɤɨɬɨɪɚɹ ɪɟɚɥɢɡɭɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɜɟɫɭ ɡɚɝɨɬɨɜɤɢ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɰɟɫɫ ɩɥɚɡɦɟɧɧɨɣ ɧɚɩɥɚɜɤɢ 
ɤɥɢɧɶɟɜ (ɪɢɫ. 1). Ⱦɚɧɧɵɟ ɞɟɬɚɥɢ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɡɚɞɜɢɠɤɚɯ ɜ 
ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɚ ɩɟɪɟɤɪɵɜɚɸɳɟɝɨ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ. Ɋɚɛɨɱɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɤɥɢɧɶɟɜ (ɧɚ ɪɢɫ. 1 ɨɛɨɡɧɚɱɟɧɵ ɛɭɤɜɨɣ «Ⱥ») ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɩɨɜɵɲɟɧɧɨɣ 
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɫɜɨɣɫɬɜɚ ɪɚɛɨɱɢɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɚɧɧɵɟ ɞɟɬɚɥɢ ɩɨɞɜɟɪɝɚɸɬ ɧɚɩɥɚɜɤɟ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ 
ɫɩɨɫɨɛɨɦ ɩɨɜɵɲɟɧɢɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɹɜɥɹɟɬɫɹ ɩɥɚɡɦɟɧɧɚɹ ɧɚɩɥɚɜɤɚ.  

 

Ɋɢɫ. 1. Ʉɥɢɧ 

 

ɇɚɩɥɚɜɥɹɟɦɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɥɶɰɟɜɨɣ ɩɥɨɫɤɢɣ ɬɨɪɟɰ, 
ɢɦɟɸɳɢɣ ɧɚɪɭɠɧɵɣ ɢ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪɵ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥёɧɧɵɣ ɭɤɥɨɧ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɫɢɦɦɟɬɪɢɢ ɜɫɟɝɨ ɤɥɢɧɚ. ɋɚɦ ɬɨɪɟɰ ɜɨɡɜɵɲɚɟɬɫɹ ɜɫɟɝɨ 
ɧɚ ɧɟɫɤɨɥɶɤɨ ɦɢɥɥɢɦɟɬɪɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɪɩɭɫɚ ɤɥɢɧɚ (ɪɚɡɦɟɪ «Ȼ» ɧɚ ɪɢɫ. 1). 

ɋɩɨɫɨɛ ɩɥɚɡɦɟɧɧɨɣ ɧɚɩɥɚɜɤɢ ɩɥɨɫɤɨɝɨ ɬɨɪɰɚ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ ɩɨ 
ɫɯɟɦɟ, ɩɪɢɜɟɞёɧɧɨɣ ɧɚ ɪɢɫ. 2. Ɂɞɟɫɶ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɞɜɚ ɨɫɧɨɜɧɵɯ ɞɜɢɠɟɧɢɹ: 
ɜɪɚɳɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɡɚɝɨɬɨɜɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɩɨɞɜɢɠɧɨɣ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɨɫɢ (ɝɥɚɜɧɨɟ ɞɜɢɠɟɧɢɟ) ɢ ɪɚɞɢɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɩɥɚɡɦɨɬɪɨɧɚ (ɩɨɞɚɱɚ). 
Ɍɚɤɚɹ ɫɯɟɦɚ ɧɚɩɥɚɜɤɢ ɞɟɬɚɥɟɣ ɹɜɥɹɟɬɫɹ ɫɚɦɨɣ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɨɣ ɜ 
ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɢɡ-ɡɚ ɩɪɨɫɬɚɬɵ ɟё ɪɟɚɥɢɡɚɰɢɢ. 
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Ɋɢɫ. 2. ɋɯɟɦɚ ɩɥɚɡɦɟɧɧɨɣ ɧɚɩɥɚɜɤɢ ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 

 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɞɟɬɚɥɶ (ɪɢɫ. 1) ɧɟ ɢɦɟɟɬ ɱёɬɤɢɯ ɛɚɡɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, 
ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɡɚɞɟɣɫɬɜɨɜɚɬɶ ɩɪɢ ɛɚɡɢɪɨɜɚɧɢɢ ɧɚ ɧɚɩɥɚɜɨɱɧɨɦ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ. Ⱦɟɥɨ ɭɫɭɝɭɛɥɹɟɬɫɹ ɟɳё ɢ ɬɟɦ, ɱɬɨ ɧɚɩɥɚɜɥɹɬɶ ɧɟɨɛɯɨɞɢɦɨ ɨɛɚ 
ɬɨɪɰɚ ɤɥɢɧɚ. ɉɨɫɥɟ ɧɚɩɥɚɜɤɢ ɨɞɧɨɝɨ ɬɨɪɰɚ, ɡɚɝɨɬɨɜɤɭ ɫɥɟɞɭɟɬ ɩɟɪɟɜɟɪɧɭɬɶ ɢ 
ɧɚɩɥɚɜɢɬɶ ɜɬɨɪɨɣ ɬɨɪɟɰ. 

Ɍɚɤ ɤɚɤ ɫɯɟɦɚ ɧɚɩɥɚɜɤɢ ɬɪɟɛɭɟɬ ɨɪɢɟɧɬɢɪɨɜɚɧɢɹ ɬɨɪɰɚ ɡɚɝɨɬɨɜɤɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ, ɬɨ ɧɚɩɪɚɲɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢɡɦ ɜ 
ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɨɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ. Ɉɞɧɚɤɨ, ɩɪɢɡɦɵ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵ 
ɩɪɢ ɛɚɡɢɪɨɜɚɧɢɢ ɞɥɢɧɧɵɯ ɜɚɥɨɜ, ɨɬɧɢɦɚɹ ɭ ɡɚɝɨɬɨɜɤɢ ɱɟɬɵɪɟ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ. 
ɉɪɢɡɦɵ, ɩɪɢɫɬɚɜɥɟɧɧɵɟ ɤ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɥɨɣ ɩɪɨɬɹɠёɧɧɨɫɬɢ 
(ɩɨɜɟɪɯɧɨɫɬɶ «ȼ» ɧɚ ɪɢɫ. 1) ɫɩɨɫɨɛɧɵ ɥɢɲɶ ɨɛɟɫɩɟɱɢɬɶ ɫɨɜɦɟɳɟɧɢɟ ɰɟɧɬɪɚ 
ɬɨɪɰɚ ɢ ɨɫɢ ɜɪɚɳɟɧɢɹ, ɚ ɨɛɟɫɩɟɱɢɬɶ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɶ ɬɨɪɰɚ ɫ ɨɫɶɸ 
ɜɪɚɳɟɧɢɹ ɨɧɢ ɧɟ ɦɨɝɭɬ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɬɨɤɨɩɨɞɜɨɞ ɢ 
ɧɚɞёɠɧɨɟ ɡɚɤɪɟɩɥɟɧɢɟ ɧɚɩɥɚɜɥɹɟɦɵɯ ɤɥɢɧɶɟɜ. 

Ⱥɜɬɨɪɚɦɢ ɫɬɚɬɶɢ ɩɪɟɞɥɨɠɟɧɚ ɫɯɟɦɚ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɤɨɬɨɪɚɹ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 3. Ⱦɚɧɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɢɧɯɪɨɧɧɨ-

ɫɜɨɞɢɦɵɯ ɝɭɛɨɤ 1, ɤɨɦɩɥɟɤɬɚ ɩɨɞɜɨɞɢɦɵɯ ɩɪɢɡɦ 2 ɫ ɨɩɨɪɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ 3. 
ȼɫё ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɩɥɚɧɲɚɣɛɟ ɫɜɚɪɨɱɧɨɝɨ ɜɪɚɳɚɬɟɥɹ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɫɶ ɫɢɦɦɟɬɪɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɫɨɜɩɚɞɚɥɚ ɫ ɨɫɶɸ ɜɪɚɳɟɧɢɹ.  

Ƚɭɛɤɢ 1 ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬ ɥɢɲɟɧɢɟ ɡɚɝɨɬɨɜɤɢ ɞɜɭɯ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ – ɩɟɪɟɦɟɳɟɧɢɟ ɜɞɨɥɶ ɨɫɢ ɏ ɢ ɜɪɚɳɟɧɢɟ ɜɨɤɪɭɝ ɨɫɢ Z (ɬɨɱɤɢ 4 ɢ 5). 
ɉɨɞɜɨɞɢɦɵɟ ɧɚ ɜɪɟɦɹ ɛɚɡɢɪɨɜɚɧɢɹ ɩɪɢɡɦɵ 2 ɥɢɲɚɸɬ ɡɚɝɨɬɨɜɤɭ ɨɞɧɨɣ ɫɬɟɩɟɧɢ 
ɫɜɨɛɨɞɵ – ɩɟɪɟɦɟɳɟɧɢɟ ɜɞɨɥɶ ɨɫɢ Y (ɬɨɱɤɚ 6). ɉɨɞɜɨɞɢɦɵɟ ɨɩɨɪɧɵɟ ɷɥɟɦɟɧɬɵ 
3 ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɛɚɡɢɪɭɸɬ ɤɥɢɧ ɩɨ ɩɥɨɫɤɨɫɬɢ ɬɨɪɰɚ ɢ ɥɢɲɚɸɬ ɡɚɝɨɬɨɜɤɭ ɬɪёɯ 
ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ – ɩɟɪɟɦɟɳɟɧɢɟ ɜɞɨɥɶ ɨɫɢ Z ɢ ɜɪɚɳɟɧɢɟ ɜɨɤɪɭɝ ɨɫɟɣ X ɢ Y 

(ɬɨɱɤɢ 1, 2 ɢ 3). 
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Ɋɢɫ. 3. Ȼɚɡɢɪɨɜɚɧɢɟ ɤɥɢɧɚ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ: 

ɚ – ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ; ɛ – ɫɯɟɦɚ ɛɚɡɢɪɨɜɚɧɢɹ 

 

ɉɪɢɫɩɨɫɨɛɥɟɧɢɟ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɟɪɟɞ ɛɚɡɢɪɨɜɚɧɢɟɦ 
ɤɥɢɧɚ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ ɩɪɢɡɦɵ 2 ɫ ɨɩɨɪɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ 3 ɜɵɞɜɢɝɚɸɬɫɹ 
ɧɚɜɫɬɪɟɱɭ ɞɪɭɝ ɤ ɞɪɭɝɭ. Ɂɚɬɟɦ ɤɥɢɧ ɡɚɜɨɞɹɬ ɦɟɠɞɭ ɝɭɛɨɤ 1 ɬɚɤ, ɱɬɨɛɵ 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɩɨɹɫɨɤ ɬɨɪɰɚ ɨɤɚɡɚɥɫɹ ɜ ɩɪɢɡɦɚɯ, ɚ ɫɚɦ ɬɨɪɟɰ ɩɥɨɬɧɨ ɤɚɫɚɥɫɹ 
ɨɩɨɪɧɵɯ ɷɥɟɦɟɧɬɨɜ 3. ɉɨɫɥɟ ɷɬɨɝɨ ɝɭɛɤɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɫɦɵɤɚɸɬ (ɫɢɧɯɪɨɧɧɨɟ 
ɫɦɵɤɚɧɢɟ ɝɭɛɨɤ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɢɧɬɚ ɫ ɩɪɚɜɨɣ ɢ ɥɟɜɨɣ ɪɟɡɶɛɨɣ). 
Ɂɚɬɟɦ ɩɪɢɡɦɵ ɫ ɨɩɨɪɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɫɦɟɳɚɸɬ ɜ ɫɬɨɪɨɧɵ ɢ ɮɢɤɫɢɪɭɸɬ ɢɯ, 
ɨɫɜɨɛɨɠɞɚɹ ɬɨɪɟɰ ɞɥɹ ɧɚɩɥɚɜɤɢ. ɉɨɫɥɟ ɧɚɩɥɚɜɤɢ ɨɞɧɨɝɨ ɬɨɪɰɚ ɞɟɬɚɥɶ 
ɩɟɪɟɜɨɪɚɱɢɜɚɸɬ ɢ ɧɚɩɥɚɜɥɹɸɬ ɜɬɨɪɨɣ ɬɨɪɟɰ (ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɩɟɪɜɵɦ). 

ɋɬɨɢɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɡɦɟɧɧɨɣ ɧɚɩɥɚɜɤɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ 
ɩɨɹɫɨɤ ɬɨɪɰɚ ɤɥɢɧɚ ɢ ɫɚɦ ɬɨɪɟɰ ɛɭɞɭɬ ɡɚɜɚɪɟɧɵ, ɢ ɩɨɜɬɨɪɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ 
ɞɥɹ ɛɚɡɢɪɨɜɚɧɢɹ ɧɟ ɭɞɚɫɬɫɹ. ɂɦɟɧɧɨ ɷɬɚ ɨɫɨɛɟɧɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɧɚɩɥɚɜɤɢ 
ɹɜɢɥɚɫɶ ɩɪɢɱɢɧɨɣ ɩɪɢɦɟɧɟɧɢɹ ɜɪɟɦɟɧɧɵɯ ɨɩɨɪ ɩɪɢ ɛɚɡɢɪɨɜɚɧɢɢ ɞɟɬɚɥɢ. 
Ⱥɜɬɨɪɵ ɫɱɢɬɚɸɬ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɜɪɟɦɟɧɧɵɯ ɨɩɨɪ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɚɜɞɚɧɨ ɩɪɢ 
ɛɚɡɢɪɨɜɚɧɢɢ ɞɪɭɝɢɯ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɧɚɩɥɚɜɤɢ, ɧɨ ɢ 
ɞɥɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ.  
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Аɧɧɨɬаɰиɹ. Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɫɜɚɪɤɢ ɪɟɥɶɫɨɜ ɜɫɬɵɤ 
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ɷɤɫɤɚɜɚɬɨɪɨɜ.  

 

Клɸɱевые ɫлɨва: ɜɚɧɧɨ-ɲɥɚɤɨɜɚɹ ɫɜɚɪɤɚ, ɫɜɚɪɤɚ ɪɟɥɶɫɨɜ, ɦɧɨɝɨɷɥɟɤɬɪɨɞɧɚɹ 
ɧɚɩɥɚɜɤɚ, ɡɭɛ ɤɨɜɲɚ ɷɤɫɤɚɜɚɬɨɪɚ.  
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ABOUT SOME PROBLEMS SOLVED AT CONSTRUCTION OF 

RAILWAYS USING WELDED TECHNOLOGIES 

 

Abstract. An article is devoted to the development of rails butt welding technology by 

electro-slag method, as well as wear-resistant surfacing of teeth of excavator buckets. 

 

Keywords: bath-slag welding, rail welding, multi-electrode surfacing, excavator bucket tooth. 

 

ȼ ɪɚɦɤɚɯ «Ʉɨɧɰɟɩɰɢɢ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ 
ɬɪɚɧɫɩɨɪɬɚ ɝɨɫɭɞɚɪɫɬɜ – ɭɱɚɫɬɧɢɤɨɜ ɋɇȽ ɞɨ 2020 ɝɨɞɚ» ɨɬ 10.10.2011 ɝ,  
ȺɈ «ɍɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ ɣɭɥɥɚɪɢ» ɜɟɞɟɬ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɭɸ ɪɚɛɨɬɭ ɩɨ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɧɨɜɵɯ ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɵɯ 
ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ, ɢ ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ 
ɩɚɫɫɚɠɢɪɫɤɢɯ ɩɨɟɡɞɨɜ. Ɉɪɝɚɧɢɡɚɰɢɹ ɫɤɨɪɨɫɬɧɨɝɨ ɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ 
ɞɜɢɠɟɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɭɬɢ 
ɜ ɦɟɫɬɚɯ ɫɨɟɞɢɧɟɧɢɹ ɪɟɥɶɫɨɜ ɜ ɫɬɵɤɚɯ. ɇɚɢɛɨɥɟɟ ɩɨɥɧɨ ɨɬɜɟɱɚɸɳɢɦ ɷɬɢɦ 
ɬɪɟɛɨɜɚɧɢɹɦ ɹɜɥɹɟɬɫɹ ɛɟɫɫɬɵɤɨɜɨɣ ɪɟɥɶɫɨɜɵɣ ɩɭɬɶ. 

ȼ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɢ «Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɫɜɚɪɤɚ» 
ɌɚɲɂɂɌ, ɧɚɱɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɫɜɚɪɤɟ ɪɟɥɶɫɨɜ ɜɫɬɵɤ 
ɷɥɟɤɬɪɨɲɥɚɤɨɜɵɦ ɫɩɨɫɨɛɨɦ Д1Ж. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɥɚɧɨɦ ɪɚɛɨɬ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɪɟɲɟɧɚ ɩɪɨɛɥɟɦɚ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɫɜɚɪɤɢ. ɂɡɝɨɬɨɜɥɟɧɵ: ɫɜɚɪɨɱɧɚɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɧɚ ɛɚɡɟ ɬɨɤɚɪɧɨ-ɜɢɧɬɨɪɟɡɧɨɝɨ ɫɬɚɧɤɚ; 
ɩɭɫɬɨɬɟɥɵɣ ɩɥɚɜɹɳɢɣɫɹ ɦɭɧɞɲɬɭɤ ɫ ɱɟɬɵɪɶɦɹ ɤɚɧɚɥɚɦɢ ɞɥɹ ɩɪɨɯɨɠɞɟɧɢɹ 
ɷɥɟɤɬɪɨɞɧɵɯ ɩɪɨɜɨɥɨɤ; ɜɨɞɨɨɯɥɚɠɞɚɟɦɚɹ ɮɨɪɦɚ ɞɥɹ ɧɟɨɛɯɨɞɢɦɨɣ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɠɢɞɤɨɣ ɜɚɧɧɵ.  

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɫɜɚɪɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚɝɪɟɜɚ ɢ 
ɩɥɚɜɥɟɧɢɹ ɦɭɧɞɲɬɭɤɚ ɫ ɩɪɨɜɨɥɨɤɚɦɢ ɢ ɦɟɬɚɥɥɚ ɪɟɥɶɫɚ. Ɉɫɧɨɜɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ, 
ɨɩɪɟɞɟɥɹɸɳɢɟ ɯɨɞ ɩɪɨɰɟɫɫɚ ɢ ɟɝɨ ɪɟɡɭɥɶɬɚɬ ɹɜɥɹɥɢɫɶ: ɧɚɩɪɹɠɟɧɢɟ ɫɜɚɪɤɢ, 
ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɷɥɟɤɬɪɨɞɧɵɯ ɩɪɨɜɨɥɨɤ, ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, ɤɨɥɢɱɟɫɬɜɨ 
ɷɥɟɤɬɪɨɞɧɵɯ ɩɪɨɜɨɥɨɤ, ɜɟɥɢɱɢɧɚ ɡɚɡɨɪɚ ɦɟɠɞɭ ɤɪɨɦɤɚɦɢ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɩɨɞɨɛɪɚɧ ɪɟɠɢɦ ɫɜɚɪɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɬɪɟɛɭɟɦɨɟ ɪɚɫɩɥɚɜɥɟɧɢɟ ɢ ɡɚɩɨɥɧɟɧɢɟ 
ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ ɡɚɡɨɪɚ ɦɟɠɞɭ ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ 
ɪɟɥɶɫɚɦɢ. ɉɨɢɫɤɨɜɵɦɢ ɪɚɛɨɬɚɦɢ ɞɨɫɬɢɝɧɭɬɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɜɚɪɤɢ ɪɟɥɶɫɨɜ ɜɫɬɵɤ ɫ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɫɜɚɪɧɨɝɨ ɲɜɚ (ɪɢɫ. 1).  
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Ɋɢɫ. 1. Ɋɟɥɶɫɵ, ɫɜɚɪɟɧɧɵɟ ɷɥɟɤɬɪɨɲɥɚɤɨɜɵɦ ɫɩɨɫɨɛɨɦ 

 

Ɍɪɟɬɢɣ ɷɬɚɩ ɫɨɜɦɟɫɬɧɵɯ ɪɚɛɨɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɩɨɞɝɨɬɨɜɤɭ ɢ ɩɪɨɜɟɞɟɧɢɟ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɫɜɚɪɟɧɧɵɯ ɪɟɥɶɫɨɜ ɧɚ ɩɪɟɫɫɟ ɉɆɋ – 320. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɪɟɥɶɫɨɜ ɧɚ ɫɬɚɬɢɱɟɫɤɢɣ ɩɨɩɟɪɟɱɧɵɣ ɢɡɝɢɛ ɛɭɞɭɬ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɫɥɟɞɭɸɳɢɯ ɩɭɛɥɢɤɚɰɢɹɯ.  

Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɟɤɬɨɜ ɜ ɨɛɥɚɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɨɜɵɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɧɟ 
ɜɨɡɦɨɠɧɚ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɟɦɥɟɪɨɣɧɵɯ ɦɚɲɢɧ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ 
ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɷɬɢɯ ɦɚɲɢɧ.  

ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɨɣ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ Ⱥɧɝɪɟɧ – ɉɚɩ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɷɤɫɤɚɜɚɬɨɪɵ ɬɢɩɚ ɏCMG ɏȿ ɨɛɴɟɦɨɦ ɤɨɜɲɚ 1,6 ɦ3. ɇɚ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢɯ ɪɚɛɨɬɵ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɥɢ ɡɭɛɶɹ, 
ɹɜɥɹɸɳɢɟɫɹ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɤɨɜɲɚ. ȼɡɚɢɦɨɞɟɣɫɬɜɭɹ ɫɨ ɫɤɚɥɶɧɵɦ ɝɪɭɧɬɨɦ, ɨɧɢ 
ɩɨɞɜɟɪɝɚɥɢɫɶ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɦɭ ɚɛɪɚɡɢɜɧɨɦɭ ɢɡɧɚɲɢɜɚɧɢɸ. Ɋɚɛɨɬɚ ɫ 
ɡɚɬɭɩɥɟɧɧɵɦɢ ɡɭɛɶɹɦɢ ɩɪɢɜɨɞɢɥɨ ɤ ɛɨɥɶɲɢɦ ɡɚɬɪɚɬɚɦ ɷɧɟɪɝɢɢ, ɧɟɨɛɯɨɞɢɦɵɦ ɞɥɹ 
ɩɪɟɨɞɨɥɟɧɢɹ ɜɨɡɪɚɫɬɚɸɳɢɯ ɫɢɥ ɬɪɟɧɢɹ ɩɪɢ ɱɟɪɩɚɧɢɢ. ɍɫɬɪɚɧɟɧɢɟ ɜɪɟɞɧɨɝɨ 
ɜɥɢɹɧɢɹ ɢɡɧɨɲɟɧɧɵɯ ɡɭɛɶɟɜ ɧɚ ɦɟɯɚɧɢɡɦɵ ɷɤɫɤɚɜɚɬɨɪɚ ɬɪɟɛɨɜɚɥɨ ɱɚɫɬɨɣ ɢɯ 
ɡɚɦɟɧɵ ɢɥɢ ɭɩɪɨɱɧɟɧɢɹ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ.  

ȼ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɢ «Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɫɜɚɪɤɚ» 
ɛɵɥɢ ɭɩɪɨɱɧɟɧɵ ɞɟɫɹɬɶ ɡɭɛɶɟɜ ɦɟɬɨɞɨɦ ɢɡɧɨɫɨɫɬɨɣɤɨɣ ɧɚɩɥɚɜɤɢ ɩɨ ɫɥɨɸ 
ɥɟɝɢɪɭɸɳɟɣ ɲɢɯɬɵ (ɪɢɫ. 2) ɢ ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢɯ ɪɚɛɨɬɵ Д2Ж. ɉɪɢ ɢɫɩɵɬɚɧɢɢ ɧɚ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ  
ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɞɢɧ ɤɨɦɩɥɟɤɬ ɡɭɛɶɟɜ (4 ɲɬ.), ɤɨɬɨɪɵɣ ɭɫɬɚɧɨɜɢɥɢ ɧɚ ɤɨɜɲ ɨɩɵɬɧɨɝɨ 
ɷɤɫɤɚɜɚɬɨɪɚ. Ⱦɥɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɞɝɨɬɨɜɢɥɢ ɜɬɨɪɨɣ ɷɤɫɤɚɜɚɬɨɪ ɫ 
ɨɛɵɱɧɵɦɢ ɡɭɛɶɹɦɢ. ɂɫɩɵɬɚɧɢɹ ɜɟɥɢɫɶ ɧɚ ɭɱɚɫɬɤɟ «ɑɨɞɚɤ» ɜ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ 
ɷɤɫɤɚɜɚɰɢɢ ɝɪɭɧɬɚ ɫɨ ɫɤɚɥɶɧɵɦɢ ɜɤɥɸɱɟɧɢɹɦɢ. 
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Ɂɚ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚɩɥɚɜɥɟɧɧɵɟ ɡɭɛɶɹ ɩɨɤɚɡɚɥɢ ɯɨɪɨɲɭɸ 
ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶ ɢɡɧɨɫɭ. Ɍɪɟɳɢɧ ɢ ɨɬɤɨɥɨɜ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ, ɜɥɢɹɸɳɢɯ ɧɚ 
ɧɚɞɟɠɧɨɫɬɶ ɡɭɛɶɟɜ, ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ. Ȼɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɤ ɭɞɚɪɧɵɦ ɧɚɝɪɭɡɤɚɦ 
ɨɤɚɡɚɥɚɫɶ ɡɚɞɧɹɹ ɝɪɚɧɶ ɡɭɛɚ, ɪɚɛɨɬɚɸɳɚɹ ɛɨɥɶɲɟɣ ɱɚɫɬɶɸ ɜ ɠɟɫɬɤɢɯ ɭɫɥɨɜɢɹɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɫɪɟɞɨɣ. ɇɚ ɪɢɫ. 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɭɛɶɹ ɫ 
ɜɵɤɪɚɲɢɜɚɧɢɹɦɢ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɫɥɨɹ ɧɚ ɡɚɞɧɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ. ɂɫɩɵɬɚɧɢɹ 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɵɤɪɚɳɢɜɚɧɢɹ ɧɟ ɨɤɚɡɵɜɚɸɬ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɨɛɳɭɸ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɡɭɛɶɟɜ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɭɩɪɨɱɧɟɧɧɵɯ ɡɭɛɶɟɜ ɞɨ 
ɩɨɥɧɨɝɨ ɜɵɯɨɞɚ ɢɯ ɢɡ ɫɬɪɨɹ ɫɨɫɬɚɜɢɥɨ ɫɜɵɲɟ 200 ɱɚɫɨɜ, ɱɬɨ ɜ 2 ɪɚɡɚ ɛɨɥɶɲɟ 
ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɛɵɱɧɵɯ ɡɭɛɶɟɜ.  

 

Ɋɢɫ. 2. ɇɚɩɥɚɜɥɟɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɡɭɛɶɟɜ ɤɨɜɲɚ ɷɤɫɤɚɜɚɬɨɪɚ  
 

             

Ɋɢɫ. 3. Ɂɚɞɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɡɭɛɶɟɜ ɫ ɜɵɤɪɚɲɢɜɚɧɢɹɦɢ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɤɫɩɥɭɚɬɚɰɢɹ ɧɚɩɥɚɜɥɟɧɧɵɯ ɡɭɛɶɟɜ ɩɨɞɬɜɟɪɞɢɥɚ ɢɯ 
ɞɨɫɬɚɬɨɱɧɭɸ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ, ɱɬɨɛɵ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɭɩɪɨɱɧɹɸɳɭɸ 
ɬɟɯɧɨɥɨɝɢɸ ɤ ɜɧɟɞɪɟɧɢɸ ɧɚ Ⱦɉ «Ⱥɧɞɢɠɚɧɫɤɢɣ ɦɟɯɚɧɢɱɟɫɤɢɣ ɡɚɜɨɞ». ȼɵɫɨɤɚɹ 
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɨɡɜɨɥɢɬ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɢ ɡɚɬɪɚɬɵ 
ɫɜɹɡɚɧɧɵɟ ɫ ɡɚɦɟɧɚɦɢ ɡɭɛɶɟɜ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɢɬɶ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɢ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɤɫɤɚɜɚɬɨɪɨɜ. 
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Аɧɧɨɬаɰиɹ. Ɇɟɬɚɥɥɭɪɝɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɞɜɟɪɠɟɧɨ ɜɨɡɞɟɣɫɬɜɢɸ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ, ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞ, ɤɨɧɬɚɤɬɧɵɯ ɢ ɭɞɚɪɧɨ-ɚɛɪɚɡɢɜɧɵɯ ɧɚɝɪɭɡɨɤ. B ɞɚɧɧɨɣ ɫɬɚɬɶɟ 
ɩɪɟɞɥɨɠɟɧɚ ɦɨɞɟɪɧɢɡɚɰɢɹ ɫɬɨɣɤɢ ɜɵɪɚɜɧɢɜɚɧɢɹ ɪɨɥɢɤɨɜɨɣ ɆɇɅɁ ɩɭɬɟɦ ɜɧɟɫɟɧɢɹ ɱɚɫɬɢɱɧɵɯ 
ɢɡɦɟɧɟɧɢɣ ɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɣ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

 

Клɸɱевые ɫлɨва: ɧɟɩɪɟɪɵɜɧɚɹ ɪɚɡɥɢɜɤɚ ɫɬɚɥɢ, ɦɚɲɢɧɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ, 
ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ, ɨɛɨɪɭɞɨɜɚɧɢɟ, ɢɧɫɬɪɭɦɟɧɬ, ɫɬɨɣɤɚ ɜɵɪɚɜɧɢɜɚɧɢɹ, ɡɨɧɚ ɜɬɨɪɢɱɧɨɝɨ 
ɨɯɥɚɠɞɟɧɢɹ, ɧɟɩɪɟɪɵɜɧɵɣ ɫɥɢɬɨɤ. 
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MODERNIZATION OF THE ROLLER ALIGNMENT RACK MNLZ 

 

Abstract. Metallurgical parts are exposed to elevated temperatures, aggres-sive 

environments, contact and shock-abrasive loads. So their repair is an actual task. In this article, the 

upgrade of the alignment stand of the Roller Continuous Casting Machine is proposed by making 

partial changes and improvements to the design in order to increase efficiency. 

 

Keywords: continuous casting of steel, Roller Continuous Casting Machine, crystallizer, 

equipment, tools, leveling stand, secondary cooling zone, continuous ingot. 

 

Bɜɟɞɟɧɢɟ  
B ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɫɩɨɫɨɛɚ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ ɩɪɢɧɢɦɚɸɬ ɧɟɩɪɟɪɵɜɧɭɸ 

ɪɚɡɥɢɜɤɭ. ɉɨɷɬɨɦɭ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɆɇɅɁ - ɦɚɲɢɧɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ 
(ɢɥɢ ɍɇɊɋ – ɭɫɬɚɧɨɜɤɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ).  

Hɟɩɪɟɪɵɜɧɨɟ ɥɢɬɶɟ ɡɚɝɨɬɨɜɨɤ (ɇɅɁ) ɹɜɥɹɟɬɫɹ ɩɪɨɝɪɟɫɫɢɜɧɵɦ ɢ 
ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɦ ɩɪɨɰɟɫɫɨɦ. ɉɪɟɢɦɭɳɟɫɬɜɚ ɇɅɁ ɫɨɫɬɨɢɬ ɧɟ ɬɨɥɶɤɨ ɜ 
ɡɧɚɱɢɬɟɥɶɧɨɦ ɫɨɤɪɚɳɟɧɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɰɢɤɥɚ ɩɨɥɭɱɟɧɢɹ ɝɨɬɨɜɨɝɨ ɦɟɬɚɥɥɚ ɢ 
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ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɧɨ ɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɦ ɩɨɜɵɲɟɧɢɢ ɤɚɱɟɫɬɜɚ ɡɚɝɨɬɨɜɨɤ ɡɚ ɫɱɟɬ 
ɨɞɧɨɪɨɞɧɨɫɬɢ ɢɯ ɫɬɪɨɟɧɢɹ ɢ ɫɧɢɠɟɧɢɹ ɪɚɫɯɨɞɚ ɦɟɬɚɥɥɚ Д1Ж. 

Ⱦɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɫɬɚɥɶɧɵɯ ɡɚɝɨɬɨɜɨɤ ɩɪɢɦɟɧɹɸɬ ɜ ɨɫɧɨɜɧɨɦ ɦɚɲɢɧɵ 
ɬɪɟɯ ɬɢɩɨɜ: ɜɟɪɬɢɤɚɥɶɧɵɟ, ɜɟɪɬɢɤɚɥɶɧɵɟ ɫ ɢɡɝɢɛɨɦ ɫɥɢɬɤɚ ɢ ɪɚɞɢɚɥɶɧɵɟ Д2Ж.  

Pɚɫɩɥɚɜ ɦɟɬɚɥɥɚ ɢɡ ɪɚɡɥɢɜɨɱɧɨɝɨ ɤɨɜɲɚ ɩɨɫɬɭɩɚɟɬ ɜ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɤɨɜɲ, 
ɧɚɝɪɟɬɵɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ (0,7 – 0,8) Tɩɥ. ɂɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɤɨɜɲɚ 
ɪɚɫɩɥɚɜ ɦɟɬɚɥɥɚ ɫ ɩɟɪɟɝɪɟɜɨɦ ɜ 30 – 70°ɋ ɩɨɫɬɭɩɚɟɬ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ.  
ȼ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɫ ɦɟɞɧɵɦɢ ɫɬɟɧɤɚɦɢ ɩɪɨɢɫɯɨɞɢɬ ɛɵɫɬɪɨɟ ɨɯɥɚɠɞɟɧɢɟ ɠɢɞɤɨɝɨ 
ɦɟɬɚɥɥɚ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɬɜɟɪɞɨɣ ɤɨɪɤɢ. Ʉɪɢɫɬɚɥɥɢɡɚɬɨɪ ɩɨɫɬɨɹɧɧɨ ɨɯɥɚɠɞɚɟɬɫɹ 
ɰɢɪɤɭɥɢɪɭɸɳɟɣ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɜɨɞɨɣ, ɩɪɢ ɷɬɨɦ ɨɧ ɫɨɜɟɪɲɚɟɬ ɜɨɡɜɪɚɬɧɨ-

ɩɨɫɬɭɩɚɬɟɥɶɧɵɟ ɞɜɢɠɟɧɢɹ ɜɞɨɥɶ ɨɫɢ ɥɢɬɶɹ ɫ ɚɦɩɥɢɬɭɞɨɣ 15 – 30 ɦɦ, ɱɬɨɛɵ ɦɟɬɚɥɥ 

ɧɟ ɩɪɢɜɚɪɢɜɚɥɫɹ ɤ ɫɬɟɧɤɚɦ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ Д1Ж.  
ɉɪɢ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡɥɢɜɤɟ ɦɨɠɧɨ ɫɨɤɪɚɬɢɬɶ ɧɟ ɬɨɥɶɤɨ ɜɪɟɦɹ ɡɚ ɫɱɟɬ 

ɢɫɤɥɸɱɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɨɩɟɪɚɰɢɣ, ɧɨ ɢ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ (ɧɚɩɪɢɦɟɪ, ɧɚ 
ɫɨɨɪɭɠɟɧɢɟ ɨɛɠɢɦɧɵɯ ɫɬɚɧɨɜ). ɇɟɩɪɟɪɵɜɧɚɹ ɪɚɡɥɢɜɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ 

ɷɤɨɧɨɦɢɸ ɦɟɬɚɥɥɚ ɜɫɥɟɞɫɬɜɢɟ ɭɦɟɧɶɲɟɧɢɹ ɨɛɪɟɡɢ ɢ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɚɹ ɬɪɚɬɢɥɚɫɶ ɧɚ 
ɩɨɞɨɝɪɟɜ ɫɥɢɬɤɚ ɜ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɤɨɥɨɞɰɚɯ. ɂɫɤɥɸɱɟɧɢɟ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɤɨɥɨɞɰɟɜ 
ɩɨɡɜɨɥɢɥɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ. ɉɨ ɪɹɞɭ 
ɞɪɭɝɢɯ ɩɨɤɚɡɚɬɟɥɟɣ: ɤɚɱɟɫɬɜɭ ɦɟɬɚɥɥɨɩɪɨɞɭɤɰɢɢ, ɜɨɡɦɨɠɧɨɫɬɢ ɦɟɯɚɧɢɡɚɰɢɢ ɢ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɭɥɭɱɲɟɧɢɸ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɧɟɩɪɟɪɵɜɧɚɹ ɪɚɡɥɢɜɤɚ ɬɚɤɠɟ 
ɷɮɮɟɤɬɢɜɧɟɟ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɩɨɫɨɛɨɜ. ɇɨ ɧɟɩɪɟɪɵɜɧɚɹ ɪɚɡɥɢɜɤɚ ɢɦɟɟɬ ɢ 
ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɫɬɨɪɨɧɵ. ɋɬɚɥɢ ɧɟɤɨɬɨɪɵɯ ɦɚɪɨɤ, ɧɚɩɪɢɦɟɪ, ɤɢɩɹɳɢɟ, ɧɟɥɶɡɹ 

ɪɚɡɥɢɜɚɬɶ ɩɨ ɷɬɨɦɭ ɦɟɬɨɞɭ, ɦɚɥɵɟ ɨɛɴɟɦɵ ɪɚɡɥɢɜɤɢ ɫɬɚɥɟɣ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ 
ɩɨɜɵɲɚɸɬ ɢɯ ɫɟɛɟɫɬɨɢɦɨɫɬɶ, ɧɟɨɠɢɞɚɧɧɵɟ ɩɨɥɨɦɤɢ ɨɤɚɡɵɜɚɸɬ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ 
ɧɚ ɫɧɢɠɟɧɢɟ ɨɛɳɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

B ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɟɪɚ ɫɥɢɬɤɚ ɆɇɅɁ ɞɟɥɹɬɫɹ ɧɚ ɫɥɹɛɨɜɵɟ, ɛɥɸɦɨɜɵɟ ɢ 
ɡɚɝɨɬɨɜɨɱɧɵɟ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɪɚɡɦɟɪɵ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɤɨɜɲɟɣ, 
ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ, ɚ ɬɚɤɠɟ ɫɨɫɬɚɜ ɨɝɧɟɭɩɨɪɨɜ ɩɪɢ ɷɬɨɦ ɪɚɡɧɵɟ.  

MɇɅɁ ɫɨɫɬɨɢɬ ɢɡ ɫɬɚɥɟɪɚɡɥɢɜɨɱɧɨɝɨ ɢ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɤɨɜɲɟɣ, 
ɜɨɞɨɨɯɥɚɠɞɚɟɦɨɝɨ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɫɢɫɬɟɦɵ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɭɫɬɪɨɣɫɬɜɚ 
ɞɥɹ ɜɵɬɹɝɢɜɚɧɢɹ, ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɟɡɤɢ ɢ ɩɟɪɟɦɟɳɟɧɢɹ ɫɥɢɬɤɚ. 

ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɤɨɜɲ, ɹɜɥɹɸɳɢɣɫɹ ɩɨɫɥɟɞɧɟɣ ɟɦɤɨɫɬɶɸ ɧɚ ɩɭɬɢ ɫɬɚɥɢ ɤ 
ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɭ, ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɢɟɦɚ ɦɟɬɚɥɥɚ ɢɡ ɫɬɚɥɟɪɚɡɥɢɜɨɱɧɨɝɨ ɤɨɜɲɚ ɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɟɝɨ ɩɨ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚɦ. ɉɨɞɚɱɭ ɦɟɬɚɥɥɚ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ 
ɩɪɨɢɡɜɨɞɹɬ ɱɟɪɟɡ ɪɚɡɥɢɜɨɱɧɵɟ ɫɬɚɤɚɧɵ ɫ ɩɨɦɨɳɶɸ ɪɟɝɭɥɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ 
ɫɬɨɩɨɪɚ ɢɥɢ ɲɢɛɟɪɧɨɝɨ ɡɚɬɜɨɪɚ. 

C ɰɟɥɶɸ ɩɟɪɟɤɪɵɬɢɹ ɫɬɪɭɢ ɦɟɬɚɥɥɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɢɡ 



76 
 

ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɤɨɜɲɚ, ɩɪɢɦɟɧɹɸɬ ɨɝɧɟɭɩɨɪɵ. Д3Ж 
ɉɨɫɥɟ ɜɵɩɭɫɤɚ ɦɟɬɚɥɥɚ ɢɡ ɫɬɚɥɟɩɥɚɜɢɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ, ɞɨɜɨɞɤɢ ɩɨ 

ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ ȺɄɉ, ɤɨɜɲ ɩɨɞɧɢɦɚɟɬɫɹ ɥɢɬɟɣɧɵɦ ɤɪɚɧɨɦ 
ɧɚ ɩɨɜɨɪɨɬɧɵɣ ɫɬɟɧɞ ɆɇɅɁ. ɉɨɜɨɪɨɬɧɵɣ ɫɬɟɧɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɪɚɳɚɸɳɭɸɫɹ 
ɤɨɧɫɬɪɭɤɰɢɸ ɫ ɞɜɭɦɹ ɩɨɡɢɰɢɹɦɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɤɨɜɲɟɣ. ɉɨɫɥɟ ɨɩɭɫɬɨɲɟɧɢɹ ɤɨɜɲɚ 
ɜ ɩɨɡɢɰɢɢ ɪɚɡɥɢɜɤɢ, ɫɬɟɧɞ ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚ 180° ɢ ɭɠɟ ɩɨɥɧɵɣ ɤɨɜɲ ɧɚɯɨɞɢɬɫɹ ɜ 
ɩɨɡɢɰɢɢ ɪɚɡɥɢɜɤɢ. ɉɨɫɥɟ ɨɬɤɪɵɬɢɹ ɲɢɛɟɪɚ ɤɨɜɲɚ, ɠɢɞɤɢɣ ɦɟɬɚɥɥ ɧɚɱɢɧɚɟɬ 
ɩɨɫɬɭɩɚɬɶ ɜ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɤɨɜɲ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɫɜɨɟɝɨ ɪɨɞɚ ɛɭɮɟɪɨɦ ɦɟɠɞɭ 
ɫɬɚɥɶ-ɤɨɜɲɨɦ ɢ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɦ. ɉɨɫɥɟ ɨɬɤɪɵɬɢɹ ɲɢɛɟɪɚ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɤɨɜɲɚ 
ɦɟɬɚɥɥ ɩɨɫɬɭɩɚɟɬ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ. Ʉɪɢɫɬɚɥɥɢɡɚɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɜɨɞɨɨɯɥɚɠɞɚɟɦɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɤɨɬɨɪɚɹ ɫɨɜɟɪɲɚɟɬ ɜɟɪɬɢɤɚɥɶɧɵɟ ɢɥɢ 
ɨɤɨɥɨɜɟɪɬɢɤɚɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ, ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɡɚɫɬɵɜɚɧɢɹ ɦɟɬɚɥɥɚ ɧɚ ɫɬɟɧɤɚɯ 
ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɆɇɅɁ ɪɚɡɦɟɪɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 
ɦɨɝɭɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ. ȼ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚɫɬɵɜɚɧɢɟ ɫɬɟɧɨɤ ɫɥɹɛɚ. 
Ⱦɚɥɟɟ, ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɬɹɧɭɳɢɯ ɪɨɥɢɤɨɜ ɫɥɹɛ ɩɨɩɚɞɚɟɬ ɜ ɡɨɧɭ ɜɬɨɪɢɱɧɨɝɨ 
ɨɯɥɚɠɞɟɧɢɹ (ɞɭɝɨɜɨɣ ɭɱɚɫɬɨɤ ɪɭɱɶɹ), ɝɞɟ ɧɚ ɦɟɬɚɥɥ ɱɟɪɟɡ ɮɨɪɫɭɧɤɢ 
ɪɚɡɛɪɵɡɝɢɜɚɟɬɫɹ ɜɨɞɚ. ɉɨɫɥɟ ɜɵɯɨɞɚ ɦɟɬɚɥɥɚ ɧɚ ɩɪɹɦɨɥɢɧɟɣɧɵɣ ɭɱɚɫɬɨɤ ɪɭɱɶɹ, 
ɩɪɨɢɫɯɨɞɢɬ ɨɬɪɟɡɚɧɢɟ ɫɥɹɛɨɜ (ɝɚɡɨɜɚɹ ɪɟɡɤɚ ɢɥɢ ɧɨɠɧɢɰɵ). 

Mɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

Cɬɪɟɦɥɟɧɢɟ ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɨ ɢ ɩɨɜɵɫɢɬɶ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɧɚɪɚɳɢɜɚɧɢɹ 
ɫɥɢɬɤɚ ɩɟɪɟɞ ɩɪɨɤɚɬɤɨɣ ɹɜɥɹɸɬɫɹ ɩɪɢɱɢɧɚɦɢ ɪɚɡɪɚɛɨɬɤɢ ɆɇɅɁ 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɵɯ ɬɢɩɨɜ. 

ɉɨɧɹɬɢɟ ɆɇɅɁ ɪɚɞɢɚɥɶɧɨɝɨ ɬɢɩɚ ɨɯɜɚɬɵɜɚɟɬ ɧɟɫɤɨɥɶɤɨ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ 
ɤɨɧɫɬɪɭɤɰɢɢ ɭɫɬɚɧɨɜɨɤ, ɢɦɟɸɳɢɯ ɨɛɳɭɸ ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɭɸ 
ɫɭɳɧɨɫɬɶ. Ɋɚɞɢɚɥɶɧɵɦɢ ɧɚɡɵɜɚɸɬɫɹ ɜɫɟ ɍɇɊɋ, ɧɚ ɤɨɬɨɪɵɯ ɨɬɥɢɜɚɟɦɚɹ ɡɚɝɨɬɨɜɤɚ ɜ 
ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ (ɢɥɢ ɱɚɫɬɢ ɟɝɨ) ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɤɪɢɜɨɥɢɧɟɣɧɨɦ 
ɩɨɥɨɠɟɧɢɢ. ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɍɇɊɋ, ɧɚ ɤɨɬɨɪɵɯ ɡɚɝɨɬɨɜɤɟ ɩɪɢɞɚɟɬɫɹ 
ɤɪɢɜɨɥɢɧɟɣɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɨɫɥɟ ɟɟ ɩɨɥɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ, ɧɟ ɨɬɧɨɫɹɬɫɹ ɤ ɬɢɩɭ 
ɪɚɞɢɚɥɶɧɵɯ Д4Ж. 

Oɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ ɪɚɞɢɚɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɹɜɥɹɟɬɫɹ, ɤɚɤ ɭɠɟ ɭɤɚɡɵɜɚɥɨɫɶ, 
ɬɨ, ɱɬɨ ɡɚɬɜɟɪɞɟɜɚɧɢɟ ɧɟɩɪɟɪɵɜɧɨɣ ɡɚɝɨɬɨɜɤɢ ɜ ɧɟɣ ɩɪɨɢɫɯɨɞɢɬ ɜ ɤɪɢɜɨɥɢɧɟɣɧɨɦ 
ɩɨɥɨɠɟɧɢɢ.  

Hɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɍɇɊɋ, ɧɚ ɤɨɬɨɪɵɯ ɡɚɝɨɬɨɜɤɚ ɡɚɬɜɟɪɞɟɜɚɟɬ ɨɬ 
ɧɚɱɚɥɚ ɢ ɞɨ ɤɨɧɰɚ ɜ ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɩɨɥɨɠɟɧɢɢ ɫ ɩɨɫɬɨɹɧɧɵɦ ɪɚɞɢɭɫɨɦ ɤɪɢɜɢɡɧɵ ɢ 
ɜɵɩɪɹɦɥɹɟɬɫɹ ɨɞɧɨɫɬɚɞɢɣɧɨ ɩɨɫɥɟ ɩɨɥɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ 
ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1, 

ɨɫɧɨɜɭ ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɢɫɯɨɞɧɵɟ ɩɨɥɨɠɟɧɢɹ: 

http://ru.wikipedia.org/wiki/%D0%90%D0%9A%D0%9F_%28%D0%90%D0%B3%D1%80%D0%B5%D0%B3%D0%B0%D1%82_%D0%9A%D0%BE%D0%B2%D1%88-%D0%9F%D0%B5%D1%87%D1%8C%29
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– ɤɪɢɜɚɹ, ɨɩɢɫɵɜɚɸɳɚɹ ɩɪɨɮɢɥɶ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɡɚɬɜɟɪɞɟɜɚɸɳɟɝɨ ɫɥɢɬɤɚ, 
ɢɦɟɟɬ ɩɨɫɬɨɹɧɧɭɸ ɤɪɢɜɢɡɧɭ, ɬ.ɟ. ɹɜɥɹɟɬɫɹ ɞɭɝɨɣ ɨɤɪɭɠɧɨɫɬɢ; 

– ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɞɭɝɟ ɨɤɪɭɠɧɨɫɬɢ ɜ ɦɟɫɬɟ ɩɟɪɟɫɟɱɟɧɢɹ ɟɟ ɫ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɥɢɧɢɟɣ ɢɡ ɰɟɧɬɪɚ ɤɪɢɜɢɡɧɵ; 

– ɜɵɩɪɹɦɥɟɧɢɟ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 
ɤɚɫɚɬɟɥɶɧɨɣ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɨɤɪɭɠɧɨɫɬɢ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɶɸ ɢɡ ɰɟɧɬɪɚ 
ɤɪɢɜɢɡɧɵ; 

– ɜ ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɞɟɮɨɪɦɚɰɢɢ ɢɡɝɢɛɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɢɬɤɚ 
ɩɨɥɧɨɫɬɶɸ ɡɚɤɚɧɱɢɜɚɟɬɫɹ. 

 

Pɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ MɇɅɁ ɞɥɹ ɨɬɥɢɜɤɢ ɫɥɢɬɤɨɜ ɫ ɩɨɫɬɨɹɧɧɵɦ 
ɪɚɞɢɭɫɨɦ ɤɪɢɜɢɡɧɵ ɢ ɜɵɩɪɹɦɥɟɧɢɟɦ ɩɨɫɥɟ ɩɨɥɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ: 

1 – ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ, 2 – ɪɨɥɢɤɢ ɜɬɨɪɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, 
 3 – ɜɚɥɤɢ ɩɪɚɜɢɥɶɧɨ-ɬɹɧɭɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ 

 

B ɞɚɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɧɢɤɚɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɡɚɝɨɬɨɜɤɢ ɞɨ 
ɩɨɥɧɨɝɨ ɟɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ, ɬɚɤ ɤɚɤ ɡɚɝɨɬɨɜɤɚ ɩɟɪɟɦɟɳɚɟɬɫɹ ɩɨ ɞɭɝɟ ɨɤɪɭɠɧɨɫɬɢ. 
Ⱦɟɮɨɪɦɚɰɢɹ (ɪɚɫɩɪɹɦɥɟɧɢɟ) ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɟ ɩɨɥɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɡɚɝɨɬɨɜɤɢ. 

B ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɫɪɚɡɭ ɩɨɫɥɟ ɜɵɯɨɞɚ ɫɥɢɬɤɚ ɢɡ 
ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɪɚɫɩɨɥɨɠɟɧɚ ɫɬɨɣɤɚ ɜɵɪɚɜɧɢɜɚɧɢɹ ɡɚɝɨɬɨɜɤɢ. 

Cɭɳɟɫɬɜɭɸɳɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɫɬɨɣɤɢ ɬɪɟɛɭɟɬ ɡɚɦɟɧɵ ɧɚ ɞɪɭɝɭɸ, ɤɨɝɞɚ 
ɬɪɟɛɭɟɬɫɹ ɜɵɩɭɫɤ ɫɥɢɬɤɚ ɛɨɥɶɲɟɝɨ ɢɥɢ ɦɟɧɶɲɟɝɨ ɞɢɚɦɟɬɪɚ ɫɨɝɥɚɫɧɨ ɡɚɤɚɡɭ. Ɍ.ɟ., 
ɫɭɳɟɫɬɜɭɸɳɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɫɬɨɣɤɢ ɜɵɪɚɜɧɢɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɞɢɚɦɟɬɪɚ ɫɥɢɬɤɚ.  

Ⱦɚɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ, ɬ.ɤ. ɩɪɢ ɡɚɦɟɧɟ ɫɬɨɣɤɢ 
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ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɟɦɨɧɬɢɪɨɜɚɬɶ ɩɚɬɪɭɛɤɢ ɨɯɥɚɠɞɟɧɢɹ (ɫɩɪɟɣɟɪ) 
ɫɥɢɬɤɚ, ɬɨɥɶɤɨ ɩɨɫɥɟ ɷɬɨɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɨɫɬɭɩ ɤ ɡɚɦɟɧɟ ɫɬɨɣɤɢ. ɉɨɦɢɦɨ ɷɬɨɝɨ, 
ɩɪɢ ɢɡɧɨɫɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɨɥɢɤɨɜ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɡɚɡɨɪ ɩɪɨɯɨɠɞɟɧɢɹ ɫɥɢɬɤɚ, ɱɬɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɧɟɞɨɩɭɫɬɢɦɨ, ɚ ɞɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɧɟ ɩɨɡɜɨɥɹɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶ 
ɡɚɡɨɪ ɢ ɬɪɟɛɭɟɬ ɡɚɦɟɧɵ ɪɨɥɢɤɨɜ.  

Ɍɚɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɹɜɥɹɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɬɪɭɞɨɡɚɬɪɚɬɧɵɦɢ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɜɪɟɦɹ ɩɪɨɫɬɨɹ MɇɅɁ, ɡɚɞɟɣɫɬɜɭɟɬɫɹ ɝɪɭɡɨɩɨɞɴɟɦɧɚɹ ɬɟɯɧɢɤɚ (ɦɨɫɬɨɜɨɣ ɤɪɚɧ). 

Pɢɫ. 2. Cɬɨɣɤɚ ɜɵɪɚɜɧɢɜɚɧɢɹ ɪɨɥɢɤɨɜɚɹ ɞɨ ɦɨɞɟɪɧɢɡɚɰɢɢ 

 

Pɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

B ɫɜɹɡɢ ɫ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɬɪɟɛɭɟɬɫɹ ɦɨɞɟɪɧɢɡɚɰɢɹ 
ɫɬɨɣɤɢ ɜɵɪɚɜɧɢɜɚɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɟɟ: 

– ɜ ɞɟɬɚɥɹɯ «ɍɯɨ» ɜɵɩɨɥɧɢɬɶ ɩɨ 2 ɩɚɡɚ 20ɯ180 ɦɦ; 
– ɜ ɞɟɬɚɥɢ «Ʉɨɪɩɭɫ» ɜɵɩɨɥɧɢɬɶ ɨɬɜɟɪɫɬɢɹ ɩɨɞ ɛɨɥɬɵ ɞɥɹ ɤɪɟɩɥɟɧɢɹ 

ɞɟɬɚɥɟɣ «ɍɯɨ». 
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Pɢɫ. 3. Cɬɨɣɤɚ ɜɵɪɚɜɧɢɜɚɧɢɹ ɪɨɥɢɤɨɜɚɹ ɩɨɫɥɟ ɦɨɞɟɪɧɢɡɚɰɢɢ 

 

ɉɪɢɧɹɬɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɢɡɦɟɧɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɛɟɡ ɞɟɦɨɧɬɚɠɚ ɫɬɨɣɤɢ 
ɜɵɪɚɜɧɢɜɚɧɢɹ, ɩɪɹɦɨ ɧɚ ɦɟɫɬɟ, ɜ ɡɨɧɟ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɜɵɩɨɥɧɢɬɶ 
ɧɚɫɬɪɨɣɤɭ ɡɚɡɨɪɚ ɩɨɞ ɫɥɢɬɨɤ, ɤɚɤ ɩɪɢ ɫɦɟɧɟ ɞɢɚɦɟɬɪɚ ɝɢɥɶɡɵ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɬɚɤ ɢ 
ɩɪɢ ɢɡɧɨɫɟ ɪɨɥɢɤɨɜ ɫɬɨɣɤɢ. 

Mɨɞɟɪɧɢɡɚɰɢɹ ɫɬɨɣɤɢ ɩɨɡɜɨɥɢɥɚ ɫɧɢɡɢɬɶ ɬɪɭɞɨɜɵɟ ɢ ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɧɚ 
ɞɟɦɨɧɬɚɠ-ɦɨɧɬɚɠ, ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɭɦɟɧɶɲɢɬɶ ɩɪɨɫɬɨɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. 

Bɵɜɨɞ: Ɇɟɬɚɥɥɭɪɝɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢɧɬɟɧɫɢɜɧɨ ɢɡɧɚɲɢɜɚɟɬɫɹ ɩɨɞ 
ɜɨɡɞɟɣɫɬ-ɜɢɟɦ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞ, ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. 

ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ MHɅɁ c ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ ɫɬɨɣɤɨɣ ɜɵɪɚɜɧɢɜɚɧɢɹ 
ɪɨɥɢɤɨɜɨɣ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ: ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɤɭɳɢɯ ɪɟɦɨɧɬɨɜ ɜ 
ɦɟɠɪɟɦɨɧɬɧɨɦ ɩɟɪɢɨɞɟ, ɚ ɬɚɤɠɟ ɧɟɛɨɥɶɲɢɟ ɡɚɬɪɚɬɵ ɧɚ ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ; 
ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɚɹ ɧɚɪɚɛɨɬɤɚ ɧɚ ɨɞɢɧ ɨɬɤɚɡ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɬɟɤɭɳɢɟ 
ɢɡɞɟɪɠɤɢ ɩɨɬɪɟɛɢɬɟɥɹ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ MHɅɁ ɫ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ ɫɬɨɣɤɨɣ 

ɜɵɪɚɜɧɢɜɚɧɢɹ ɪɨɥɢɤɨɜɨɣ. 
ɉɨɞ ɦɨɞɟɪɧɢɡɚɰɢɟɣ ɫɬɨɣɤɢ ɜɵɪɚɜɧɢɜɚɧɢɹ ɪɨɥɢɤɨɜɨɣ MHɅɁ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ 

ɷɤɫɩɥɭɚɬɚɰɢɢ, ɩɨɧɢɦɚɟɬɫɹ ɩɪɢɜɟɞɟɧɢɟ ɟɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɫɨɜɪɟɦɟɧɧɵɦɢ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɩɭɬɟɦ ɜɧɟɫɟɧɢɹ ɱɚɫɬɢɱɧɵɯ ɢɡɦɟɧɟɧɢɣ ɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɣ ɜ 
ɤɨɧɫɬɪɭɤɰɢɸ ɦɚɲɢɧ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɢɯ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɨɞɟɪɧɢɡɚɰɢɢ ɭɡɥɚ ɦɨɠɟɬ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɨ 
ɩɨɜɵɲɟɧɚ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɬɢɩɨɜɵɯ ɭɡɥɨɜ ɢ ɦɟɯɚɧɢɡɦɨɜ ɩɪɢ ɢɯ 
ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɦ ɢɡɝɨɬɨɜɥɟɧɢɢ. 

K ɱɢɫɥɭ ɨɛɳɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɨɬ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ 
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ɫɬɨɣɤɢ ɜɵɪɚɜɧɢɜɚɧɢɹ ɪɨɥɢɤɨɜɨɣ ɆɇɅɁ ɨɬɧɨɫɹɬɫɹ: ɷɤɨɧɨɦɢɹ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ (ɷɤɫɩɥɭɚɬɚɰɢɢ) ɩɪɨɞɭɤɰɢɢ; ɷɤɨɧɨɦɢɹ ɧɚ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɹɯ, 
ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɨɦ (ɷɤɫɩɥɭɚɬɚɰɢɟɣ) ɩɪɨɞɭɤɰɢɢ; ɷɤɨɧɨɦɢɹ ɧɚ 
ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬɚɯ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɨɦ (ɷɤɫɩɥɭɚɬɚɰɢɟɣ) ɩɪɨɞɭɤɰɢɢ. 

B ɤɚɱɟɫɬɜɟ ɨɛɳɟɝɨ ɩɨɤɚɡɚɬɟɥɹ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɨɬ ɩɪɟɞɥɚɝɚɟɦɨɣ 
ɦɨɞɟɪɧɢɡɚɰɢɢ ɬɚɤɠɟ ɦɨɠɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɷɤɨɧɨɦɢɹ ɧɚ ɡɚɬɪɚɬɚɯ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜɨɦ (ɷɤɫɩɥɭɚɬɚɰɢɟɣ) ɩɪɨɞɭɤɰɢɢ. Eɫɥɢ ɜɧɟɞɪɟɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɚɡɨɜɵɦ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɢ ɩɪɢ 
ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɤɨɧɨɦɢɸ ɩɨ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɞɭɤɰɢɢ, ɧɚɪɹɞɭ ɫ ɩɨɤɚɡɚɬɟɥɟɦ 
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɞɨɥɠɟɧ ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɩɨɤɚɡɚɬɟɥɶ ɫɪɚɜɧɢɬɟɥɶɧɨɣ 
ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ. Ɍɚɤɢɦɢ 
ɹɜɥɹɸɬɫɹ ɩɨɤɚɡɚɬɟɥɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɥɢɛɨ 
ɨɛɪɚɬɧɨɣ ɟɦɭ ɩɨ ɜɟɥɢɱɢɧɟ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ 
ɷɤɨɧɨɦɢɟɣ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɞɭɤɰɢɢ. 

Hɚɥɢɱɢɟ ɪɹɞɚ ɨɛɳɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ ɧɟ ɨɡɧɚɱɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɫɱɟɬɚ ɜɫɟɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɫɪɚɜɧɟɧɢɹ ɜɚɪɢɚɧɬɨɜ ɬɟɯɧɢɤɢ. 
ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɫɨɨɬɧɨɲɟɧɢɸ ɩɨ ɜɚɪɢɚɧɬɚɦ ɬɪɭɞɨɟɦɤɨɫɬɢ ɩɪɨɞɭɤɰɢɢ ɢ ɟɟ 
ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɨɬɪɟɛɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɢ ɞɟɮɢɰɢɬɧɵɯ ɫɪɟɞɫɬɜ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɨɥɠɟɧ ɛɵɬɶ ɜɵɛɪɚɧ ɨɞɢɧ ɩɨɤɚɡɚɬɟɥɶ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɨɫɨɛɟɧɧɨɫɬɹɦ ɞɚɧɧɨɝɨ ɫɥɭɱɚɹ ɪɚɫɱɟɬɚ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɷɤɨɧɨɦɢɱɟɫɤɢ ɪɚɰɢɨɧɚɥɶɧɵɣ ɜɚɪɢɚɧɬ. 

ɉɪɢɜɟɞɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɜ ɪɚɦɤɚɯ ɷɤɨɧɨɦɢɤɢ ɩɪɟɞɩɪɢɹɬɢɹ. 
ɇɚɪɹɞɭ ɫ ɷɬɢɦ ɜ ɭɫɥɨɜɢɹɯ ɞɟɣɫɬɜɢɹ ɧɨɜɵɯ ɮɨɪɦ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɫɬɢɦɭɥɢɪɨɜɚɧɢɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɪɚɫɲɢɪɟɧɢɹ ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ 
ɩɨɥɭɱɚɬ ɩɪɢɦɟɧɟɧɢɟ ɯɨɡɪɚɫɱɟɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɧɨɜɨɣ ɬɟɯɧɢɤɢ, 
ɨɩɪɟɞɟɥɹɟɦɵɟ ɢɫɯɨɞɹ ɢɡ ɞɨɫɬɢɠɟɧɢɹ ɦɢɧɢɦɭɦɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ 
ɪɟɚɥɢɡɚɰɢɸ ɜɫɟɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɪɨɞɭɤɰɢɢ ɩɪɟɞɩɪɢɹɬɢɹ. 

Ɂɚɤɥɸɱɟɧɢɟ 

B ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɚ ɫɭɳɟɫɬɜɭɸɳɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɭɡɥɚ, ɩɪɨɜɟɞёɧ ɚɧɚɥɢɡ 
ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɧɚ ɆɇɅɁ. 

Hɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɥɢɬɟɪɚɬɭɪɧɨɝɨ ɨɛɡɨɪɚ ɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɪɚɫɱɟɬɚ 
ɩɪɟɞɥɨɠɟɧɚ ɦɨɞɟɪɧɢɡɚɰɢɹ ɫɬɨɣɤɢ ɜɵɪɚɜɧɢɜɚɧɢɹ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ 
ɬɟɤɭɳɢɯ ɪɟɦɨɧɬɨɜ ɜ ɦɟɠɪɟɦɨɧɬɧɨɦ ɩɟɪɢɨɞɟ ɢ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

ɉɨɫɥɟ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɬɨɣɤɢ ɭɦɟɧɶɲɢɥɨɫɶ ɜɪɟɦɹ ɧɚ ɧɚɥɚɞɤɭ ɥɢɧɢɢ ɆɇɅɁ, 
ɭɦɟɧɶɲɢɥɚɫɶ ɬɪɭɞɨɟɦɤɨɫɬɶ ɪɟɦɨɧɬɨɜ. 
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Abstract. The article discusses the installation for the implementation of the process of deep 

hardening of the rolling surfaces along the rail of wheelsets of diesel locomotives. 
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ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɥɟɫɚ ɢ ɪɟɥɶɫɚ ɹɜɥɹɟɬɫɹ ɮɢɡɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ ɞɜɢɠɟɧɢɹ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨ ɠɟɥɟɡɧɵɦ ɞɨɪɨɝɚɦ. Ȼɟɡɨɩɚɫɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɢ ɨɫɧɨɜɧɵɟ 
ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɯɨɡɹɣɫɬɜ ɩɭɬɢ ɢ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɜɨ ɦɧɨɝɨɦ 
ɡɚɜɢɫɹɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɷɬɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. Ȼɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɭɫɥɨɜɢɟ ɪɚɛɨɬɵ 
ɤɨɥɟɫɧɵɯ ɩɚɪ ɨɤɚɡɵɜɚɸɬ ɜɨɡɪɚɫɬɚɸɳɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ. ɍɜɟɥɢɱɟɧɢɟ 
ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɩɨɹɜɥɟɧɢɸ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɤɨɥɟɛɚɧɢɣ ɧɚ ɭɱɚɫɬɤɚɯ ɫ ɛɨɥɶɲɨɣ ɠɟɫɬɤɨɫɬɶɸ ɩɭɬɢ. ȼɨɡɪɚɫɬɚɧɢɟ 
ɧɚɝɪɭɡɨɤ, ɦɚɤɫɢɦɚɥɶɧɨ ɪɟɚɥɢɡɭɟɦɨɣ ɫɢɥɵ ɬɹɝɢ ɢ ɫɤɨɪɨɫɬɢ ɩɪɢɜɨɞɢɥɨ ɤ ɩɨɜɵɲɟɧɢɸ 
ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɟɥɶɫɨɜ ɢ ɤɨɥɟɫ, ɱɬɨ ɟɳɟ ɛɨɥɶɲɟ ɭɜɟɥɢɱɢɥɨ ɢɯ ɢɡɧɨɫ Д1Ж. 

Ɍɟɯɧɨɥɨɝɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɮɢɥɹ ɤɚɬɚɧɢɹ ɞɚɥɟɤɨ ɧɟ ɫɨɜɟɪɲɟɧɧɚ.  
Ɉɛɬɚɱɢɜɚɧɢɹ ɩɨ ɢɡɧɨɫɭ ɝɪɟɛɧɹ ɩɪɢ ɪɟɦɨɧɬɟ ɫɜɹɡɚɧɵ ɫ ɭɞɚɥɟɧɢɟɦ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɝɨ ɦɟɬɚɥɥɚ, ɬɨ ɟɫɬɶ ɫ ɫɭɳɟɫɬɜɟɧɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 
ɢɡɧɚɲɢɜɚɧɢɟɦ. Ƚɥɚɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɦɟɬɨɞɨɜ ɢ ɫɪɟɞɫɬɜ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɨɫɭɳɟɫɬɜɢɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɩɪɨɰɟɫɫ ɪɟɡɚɧɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɚɜɟɞɨɦɨ 
ɢɡɥɢɲɧɟɦɭ ɫɧɹɬɢɸ ɦɟɬɚɥɥɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɤɨɧɮɢɝɭɪɚɰɢɢ 
ɩɪɨɮɢɥɹ ɛɚɧɞɚɠɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɭɞɚɥɹɟɬɫɹ ɭɩɪɨɱɧɟɧɧɵɣ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɧɨɫɨɫɬɨɣɤɢɣ ɫɥɨɣ ɦɟɬɚɥɥɚ. ȼɟɞɶ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɧɚɱɚɥɟ ɩɪɢɪɚɛɨɬɤɢ 
ɞɟɬɚɥɟɣ, ɚ ɢɦɟɧɧɨ ɜ ɫɢɫɬɟɦɟ «ɤɨɥɟɫɨ-ɪɟɥɶɫ» ɩɨɫɥɟ ɨɛɬɨɱɤɢ ɢɡɧɨɫ ɛɵɫɬɪɨ ɪɚɫɬɟɬ. 
Ɂɚɬɟɦ ɧɚɫɬɭɩɚɟɬ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɢɡɧɨɫ ɩɪɨɬɟɤɚɟɬ ɩɥɚɜɧɨ. ɉɨɷɬɨɦɭ ɬɪɟɛɨɜɚɥɨɫɶ ɧɚɣɬɢ 
ɢ ɭɫɬɪɚɧɢɬɶ ɩɟɪɜɨɩɪɢɱɢɧɵ, ɜɵɡɵɜɚɸɳɢɟ ɭɫɢɥɟɧɧɵɣ ɢɡɧɨɫ ɛɚɧɞɚɠɟɣ ɤɨɥɟɫɧɵɯ ɩɚɪ 
ɥɨɤɨɦɨɬɢɜɨɜ ɢ ɪɟɥɶɫɨɜ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞ, ɩɨɡɜɨɥɹɸɳɢɣ 
ɜɵɩɨɥɧɹɬɶ ɭɩɪɨɱɧɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɛɚɧɞɚɠɟɣ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɣ ɭɜɟɥɢɱɟɧɢɸ ɢɯ 
ɫɪɨɤɚ ɫɥɭɠɛɵ. 

ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɭɬɢ ɩɨɜɵɲɟɧɢɹ ɪɟɫɭɪɫɚ 
ɤɨɥɟɫ ɩɪɢ ɪɟɦɨɧɬɟ: 

– ɡɚ ɫɱɟɬ ɷɤɨɧɨɦɢɢ ɦɟɬɚɥɥɚ ɨɛɨɞɚ, ɧɟɪɚɰɢɨɧɚɥɶɧɨ ɫɪɟɡɚɟɦɨɝɨ ɩɪɢ ɪɟɦɨɧɬɟ, 
ɬ.ɟ. ɫɧɢɠɟɧɢɹ ɧɟɢɫɩɨɥɶɡɭɟɦɨɣ ɱɚɫɬɢ ɧɚɡɧɚɱɟɧɧɨɝɨ ɪɟɫɭɪɫɚ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 
ɝɟɨɦɟɬɪɢɢ ɩɪɨɮɢɥɹ ɤɨɥɟɫɚ Д2Ж; 

– ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɨɫɬɚɜɲɟɣɫɹ ɱɚɫɬɢ ɪɚɛɨɱɟɣ ɬɨɥɳɢɧɵ 
ɦɟɬɚɥɥɚ ɨɛɨɞɚ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɜɵɲɟɧɢɹ ɜɟɥɢɱɢɧɵ ɢɫɩɨɥɶɡɭɟɦɨɣ ɱɚɫɬɢ 
ɧɚɡɧɚɱɟɧɧɨɝɨ ɪɟɫɭɪɫɚ Д3]. 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞ, ɩɨɡɜɨɥɹɸɳɢɣ ɜɵɩɨɥɧɹɬɶ ɭɩɪɨɱɧɟɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɛɚɧɞɚɠɟɣ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɣ ɭɜɟɥɢɱɟɧɢɸ ɫɪɨɤɚ ɫɥɭɠɛɵ ɤɨɥɟɫɧɵɯ ɩɚɪ, 
ɚ ɢɦɟɧɧɨ ɭɫɬɚɧɨɜɤɚ ɝɥɭɛɢɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ. 

ɍɫɬɚɧɨɜɤɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɝɥɭɛɢɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɚɬɚɧɢɹ ɬɟɩɥɨɜɨɡɨɜ ɬɢɩɚ Ɍɗ10Ɇ ɩɨɫɥɟ 
ɩɥɚɧɨɜɵɯ ɜɢɞɨɜ ɡɚɜɨɞɫɤɨɝɨ ɢ ɞɟɩɨɜɫɤɨɝɨ ɪɟɦɨɧɬɚ ɤɨɥɟɫɧɨ-ɦɨɬɨɪɧɨɝɨ ɛɥɨɤɚ (ɄɆȻ). 
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Ɋɟɚɥɢɡɚɰɢɹ ɷɬɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɫɨɝɥɚɫɧɨ ɪɚɫɱɟɬɧɵɯ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɛɟɝɨɜ ɬɟɩɥɨɜɨɡɨɜ ɜ 
2 – 2,5 ɪɚɡɚ ɦɟɠɞɭ ɨɱɟɪɟɞɧɵɦɢ ɨɛɬɨɱɤɚɦɢ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɞɨɫɬɢɝɧɭɬɵɦɢ ɧɚ  
ȺɈ «ЎɌɃ» ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ Д2Ж. 

Ⱦɥɹ ɝɥɭɛɢɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɚɬɚɧɢɹ ɤɨɥɟɫɧɵɯ ɩɚɪ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɄɆȻ ɬɟɩɥɨɜɨɡɨɜ ɬɢɩɚ Ɍɗ10Ɇ, ɩɨɞɝɨɬɨɜɥɟɧɧɵɟ ɤ ɦɨɧɬɚɠɭ ɧɚ 
ɬɟɥɟɠɤɢ ɬɟɩɥɨɜɨɡɨɜ ɜ ɩɪɨɰɟɫɫɟ ɡɚɜɨɞɫɤɢɯ ɜɢɞɨɜ ɪɟɦɨɧɬɚ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ 
«ɍɡɠɟɥɞɨɪɪɟɦɦɚɲ» ɢɥɢ ɞɟɩɨɜɫɤɨɝɨ ɜɢɞɚ ɪɟɦɨɧɬɚ (ɌɊ-3) ɜ ɥɨɤɨɦɨɬɢɜɧɨɦ ɞɟɩɨ 
«ɍɡɛɟɤɢɫɬɚɧ». Ʉɚɠɞɵɣ ɄɆȻ ɦɨɧɬɢɪɭɟɬɫɹ ɧɚ ɪɚɦɟ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɝɥɭɛɢɧɧɨɝɨ 
ɭɩɪɨɱɧɟɧɢɹ (ɍȽɍ) ɫ ɩɨɞɤɥɸɱɟɧɢɟɦ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɤ ɢɫɬɨɱɧɢɤɭ 
ɩɢɬɚɧɢɹ (ɝɟɧɟɪɚɬɨɪɭ), ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɡɚɞɚɟɬɫɹ ɪɚɫɱɟɬɧɵɣ ɪɟɠɢɦ ɭɩɪɨɱɧɟɧɢɹ. 
ɇɚ ɤɚɠɞɨɦ ɄɆȻ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɤɨɥɟɫɧɵɟ ɩɚɪɵ, ɩɪɨɮɢɥɶ ɨɛɬɨɱɟɧɧɵɯ ɛɚɧɞɚɠɟɣ 
ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɢɫ. 1, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɦɭ ɌɚɲɂɂɌɨɦ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɪɚɫɱɟɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 

Ɋɢɫ. 1. Ɋɟɤɨɦɟɧɞɭɟɦɵɯ ɩɪɨɮɢɥɶ ɛɚɧɞɚɠɟɣ ɤɨɥɟɫɧɵɯ ɩɚɪ ɢ  
ɫɯɟɦɚ ɪɚɫɱɟɬɚ ɩɥɨɳɚɞɢ ɢɡɧɨɫɚ ɡɨɧɵ ɝɪɟɛɧɹ 

 

Ɋɟɚɥɢɡɭɟɦɵɣ ɪɟɠɢɦ ɝɥɭɛɢɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɧɚ ɭɫɬɚɧɨɜɤɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ: 
– ɞɥɹ ɡɨɧɵ 221ȺȺ1

 ɝɥɭɛɢɧɨɣ Δ=7ɦɦ ɩɟɪɟɤɚɬɵɜɚɧɢɹ ɩɨ ɪɟɥɶɫɚɦ ɤɨɥɟɫɧɵɯ ɩɚɪ 
ɧɚ ɩɪɹɦɵɯ ɭɱɚɫɬɤɚɯ ɩɭɬɢ; 

– ɡɨɧɵ ɝɪɟɛɧɹ ȺȺ1Ȼ1Ȼ, ɧɚɝɪɭɠɚɟɦɨɣ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜ ɤɪɢɜɵɯ ɭɱɚɫɬɤɚɯ 
ɪɟɥɶɫɨɜɨɝɨ ɩɭɬɢ.  

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɝɥɭɛɢɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ 
ɛɚɧɞɚɠɟɣ ɤɨɥɟɫɧɵɯ ɩɚɪ ɬɟɩɥɨɜɨɡɨɜ ɪɟɚɥɢɡɭɟɬɫɹ ɡɚ ɫɱɟɬ ɥɨɤɚɥɶɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ 



84 
 

ɢɦɩɭɥɶɫɧɵɯ ɤɨɧɬɚɤɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɩɪɟɜɵɲɚɸɳɢɯ ɜ 2 – 3 ɪɚɡɚ ɩɪɟɞɟɥɵ 
ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɚɧɞɚɠɟɣ. 

Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɪɟɫɭɪɫɚ ɷɤɫɩɥɭɚɬɢɪɭɸɳɢɯɫɹ ɤɨɥɟɫ ɢ ɫɨɤɪɚɳɟɧɢɹ 
ɩɨɬɪɟɛɧɨɫɬɟɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɜ ɧɨɜɵɯ ɤɨɥɟɫɚɯ ɜ ɩɪɨɰɟɫɫɟ ɪɟɦɨɧɬɚ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɷɤɨɧɨɦɢɱɧɵɟ ɫɩɨɫɨɛɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɞɚ (ɬɨɱɟɧɢɟ ɫ ɢɧɞɭɤɰɢɨɧɧɵɦ ɨɬɠɢɝɨɦ, ɜɪɟɡɧɨɟ 
ɩɪɨɮɢɥɶɧɨɟ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɟ ɲɥɢɮɨɜɚɧɢɟ, ɩɥɚɡɦɟɧɧɨ-ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ), 
ɧɨ ɬɚɤ ɠɟ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɚ ɩɪɨɮɢɥɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɨɞɚ ɤɨɥɟɫɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɝɥɭɛɢɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɤɚɬɚɧɢɹ ɛɚɧɞɚɠɟɣ ɤɨɥɟɫɧɵɯ ɩɚɪ ɡɚ ɫɱɟɬ ɥɨɤɚɥɶɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢɦɩɭɥɶɫɧɵɯ 
ɤɨɧɬɚɤɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. 

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɢɡɝɨɬɨɜɥɟɧɵ ɢ ɢɫɩɵɬɚɧɵ ɤɨɥɟɫɧɵɟ 
ɩɚɪɵ ɬɟɩɥɨɜɨɡɨɜ Ɍɗ10Ɇ, ɢɦɟɸɳɢɟ ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɩɪɨɮɢɥɶ ɛɚɧɞɚɠɚ. 
Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɩɪɨɮɢɥɶ ɧɨɜɨɝɨ ɛɚɧɞɚɠɚ ɩɨ ɪɢɫ. 1 ɩɨɡɜɨɥɢɥ ɭɜɟɥɢɱɢɬɶ ɪɚɫɱɟɬɧɵɣ 
ɩɪɨɛɟɝ ɜ ɫɪɟɞɧɟɦ ɜ 1,7 ɪɚɡɚ. 

ȼɧɟɞɪɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɧɚɭɱɧɵɯ ɪɚɡɪɚɛɨɬɨɤ, ɜ ɱɚɫɬɧɨɫɬɢ ɜ 
ɨɛɥɚɫɬɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ, ɨɛɟɫɩɟɱɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɥɭɱɲɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ, ɷɤɨɧɨɦɢɸ ɜɚɥɸɬɧɵɯ ɫɪɟɞɫɬɜ. 
ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɜɵɯ ɩɪɨɮɢɥɟɣ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ 
ɛɨɥɶɲɨɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ. 
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ȺȼɌɈɆȺɌɂɁɂɊɈȼȺɇɇȺə ɋɂɋɌȿɆȺ ɄɈɇɌɊɈɅə 
ɉɊɈɂɁȼɈȾɋɌȼȿɇɇɈȽɈ ɉɈȾɊȺɁȾȿɅȿɇɂə 

 

Аɧɧɨɬаɰиɹ. ɍɪɨɜɟɧɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬɵ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɨɰɟɧɢɜɚɟɬɫɹ 
ɫɪɨɤɨɦ ɞɨɫɬɚɜɤɢ ɞɨ ɩɭɧɤɬɚ ɧɚɡɧɚɱɟɧɢɹ ɩɟɪɟɜɨɡɢɦɨɝɨ ɝɪɭɡɚ, ɫ ɪɨɫɬɨɦ ɤɨɬɨɪɨɝɨ ɜɨɡɪɚɫɬɚɟɬ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɧɨɫɚ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɱɬɨ ɧɟɢɡɛɟɠɧɨ ɜɟɞɟɬ ɤ 
ɭɜɟɥɢɱɟɧɢɸ ɜɪɟɦɟɧɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ. ɋ ɭɱɟɬɨɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɡɚɤɭɩɨɱɧɨɣ 
ɫɬɨɢɦɨɫɬɢ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɢɡɧɨɫɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɹɝɨɜɵɯ ɪɟɫɭɪɫɨɜ ɢ 
ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ ɈАɈ «ɊɀȾ» ɜɨɩɪɨɫ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɩɨɫɬɪɨɣɤɢ ɥɨɤɨɦɨɬɢɜɨɜ ɢ ɜɚɝɨɧɨɜ ɹɜɥɹɟɬɫɹ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɵɦ. 
ɉɟɪɟɯɨɞ ɧɚ ɩɨɥɢɝɨɧɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɩɨɟɡɞɨɜ ɩɨɡɜɨɥɹɟɬ ɈАɈ «ɊɀȾ» 
ɨɪɝɚɧɢɡɨɜɚɬɶ ɪɢɬɦɢɱɧɨɟ ɩɪɨɞɜɢɠɟɧɢɟ ɜɚɝɨɧɨɩɨɬɨɤɚ, ɨɛɫɥɭɠɢɜɚɧɢɟ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɢ 
ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ «ɨɤɨɧ» ɜ ɟɞɢɧɨɦ ɫɬɜɨɪɟ ɞɥɹ ɜɫɟɝɨ ɩɨɥɢɝɨɧɚ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɪɨɰɟɞɭɪ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɪɟɚɥɢɡɨɜɚɧɨ ɜ 
«Аɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ ɤɨɧɬɪɨɥɹ ɩɨɝɪɭɡɤɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɨɞɪɚɡɞɟɥɟɧɢɹ». 
ɉɨɥɭɱɚɟɦɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɧɬɟɝɪɢɪɨɜɚɧɵ ɜ «Аɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɨɣ ɟɞɢɧɨɝɨ ɰɟɧɬɪɚ ɭɩɪɚɜɥɟɧɢɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ» ɢ ɧɚɫɬɪɨɟɧɵ ɧɚ 
ɬɪɚɧɫɮɨɪɦɚɰɢɸ, ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɩɪɟɞɩɪɢɹɬɢɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ 
ɬɪɚɧɫɩɨɪɬɚ. 

 

Клɸɱевые ɫлɨва: ɩɨɞɜɢɠɧɨɣ ɫɨɫɬɚɜ, ɢɧɮɪɚɫɬɪɭɤɬɭɪɚ, ɩɨɥɢɝɨɧ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ, 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ ɩɨɞɪɚɡɞɟɥɟɧɢɟ, ɦɟɯɚɧɢɡɦ ɚɞɚɩɬɚɰɢɢ ɨɬɤɥɨɧɟɧɢɣ ɡɚɬɪɚɬ. 
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AUTOMATED CONTROL SYSTEM OF THE PRODUCTION UNIT 

 

Abstract. The level of efficiency and quality of work of the Railways is estimated by the time of 

delivery to the destination of the transported cargo, with the growth of which the intensity of deterioration 

of infrastructure and rolling stock increases, which inevitably leads to an increase in transportation time. 

Taking into account the continuous increase in the purchase price of rolling stock, the high degree of 

depreciation of existing traction resources and limited investment of JSC "Russian Railways", the issue of 

improving the efficiency of use, maintenance and construction of locomotives and cars is particularly 

relevant. The transition to the landfill technology of train traffic control allows JSC "Russian Railways" to 

organize the rhythmic promotion of car traffic, maintenance of rolling stock and the provision of 

"Windows" in a single alignment for the entire landfill. 

Mathematical support of procedures of formation of Prime cost is realized in the 

"Automated system of control of loading of production division". The obtained results are 

integrated into the "Automated control system of operational work of the unified infrastructure 

management center" and are set for transformation, effective use of the potential of railway 

transport enterprises. 

 

Keywords: rolling stock, infrastructure, railway landfill, production unit, cost deviation 

adaptation mechanism. 

 

ȼ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɞɥɢɧɟ ɞɨɥɹ ɨɬɟɱɟɫɬɜɟɧɧɵɯ 
ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 7 % (ɛɨɥɟɟ 85 ɬɵɫ. ɤɦ), ɩɨ ɫɬɨɢɦɨɫɬɢ 
ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ – 14 %, ȼȼɉ – 4,9 %, ɦɢɪɨɜɨɦɭ 
ɩɚɫɫɚɠɢɪɨ- ɢ ɝɪɭɡɨɨɛɨɪɨɬɭ – 15 ɢ 24 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɷɬɨɦ ɢɡɧɨɫ 
ɩɭɬɟɜɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɞɨɫɬɢɝɚɟɬ 55 %, ɫɢɫɬɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɧɬɪɚɥɢɡɚɰɢɢ 
– 76 %, ɚɜɬɨɛɥɨɤɢɪɨɜɤɢ ‒ 55 %, ɬɹɝɨɜɵɯ ɩɨɞɫɬɚɧɰɢɣ ɢ ɤɨɧɬɚɤɬɧɨɣ ɫɟɬɢ ‒ 54 %, 
ɥɨɤɨɦɨɬɢɜɧɨɝɨ ɩɚɪɤɚ ‒ ɛɨɥɟɟ 20 %. Ʉ 2025 ɝ. ɨɠɢɞɚɟɬɫɹ ɩɪɢɪɨɫɬ ɝɪɭɡɨɨɛɨɪɨɬɚ 

ɧɚ 21 % ɨɬ ɭɪɨɜɧɹ 2018 ɝ. Д1Ж, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɬɨɪɨɝɨ ɤ ɡɧɚɱɟɧɢɹɦ 2017 ɝ. 
ɩɨɝɪɭɡɤɚ ɜɵɪɨɫɥɚ ɧɚ 2,2 % ɞɨ 1289,6 ɦɥɧ. ɬ (3533,2 ɬɵɫ. ɬ ɜ ɫɪɟɞɧɟɦ ɜ ɫɭɬɤɢ) 
(ɪɢɫ.1ɚ), ɫɪɟɞɧɹɹ ɞɚɥɶɧɨɫɬɶ ɩɟɪɟɜɨɡɨɤ ɝɪɭɡɨɜ ɭɜɟɥɢɱɢɥɚɫɶ ɧɚ 35 ɤɦ (+1,9 %), ɞɨ 
1835 ɤɦ, ɚ ɝɪɭɠɟɧɵɣ ɝɪɭɡɨɨɛɨɪɨɬ ɞɨɫɬɢɝ ɢɫɬɨɪɢɱɟɫɤɨɝɨ ɦɚɤɫɢɦɭɦɚ – 2596,9 

ɦɥɪɞ. ɬɤɦ (+4,2 %) (ɪɢɫ.1b).  

ɉɪɢ ɷɬɨɦ ɜ ɝɪɭɡɨɨɛɨɪɨɬɟ ɬɪɚɧɫɩɨɪɬɧɨɣ ɫɢɫɬɟɦɵ ɫɬɪɚɧɵ ɞɨɥɹ ɠɟɥɟɡɧɵɯ 
ɞɨɪɨɝ ɫɨɫɬɚɜɢɥɚ ɫɜɵɲɟ 87 % ɫ ɚɛɫɨɥɸɬɧɵɦ ɪɟɤɨɪɞɨɦ ɩɨ ɨɛɴɟɦɚɦ ɩɟɪɟɜɨɡɨɤ ɤ 
ɩɢɤɨɜɨɦɭ ɡɧɚɱɟɧɢɸ ɫɨɜɟɬɫɤɨɝɨ ɩɟɪɢɨɞɚ ɜ 1988 ɝ. – ɝɪɭɡɨɨɛɨɪɨɬ ɭɜɟɥɢɱɢɥɫɹ ɧɚ 
2,5 %. ȼ ɫɮɟɪɟ ɩɚɫɫɚɠɢɪɫɤɢɯ ɩɟɪɟɜɨɡɨɤ ɨɬɩɪɚɜɥɟɧɨ ɛɨɥɟɟ 1,157 ɦɥɪɞ. ɱɟɥ. Д2Ж.  
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ɚ) b) 

Ɋɢɫ.1. ɚ) Ⱦɢɧɚɦɢɤɚ ɨɛɴɟɦɨɜ ɩɨɝɪɭɡɤɢ, ɦɥɧ. ɬ; b) Ⱦɢɧɚɦɢɤɚ ɝɪɭɡɨɨɛɨɪɨɬɚ Д2Ж 

 

Ɉɛɟɫɩɟɱɟɧɢɟ ɬɟɦɩɨɜ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɨɫɬɚ ɜɵɲɟ ɦɢɪɨɜɵɯ ɡɧɚɱɟɧɢɣ, 
ɫɨɯɪɚɧɟɧɢɟ ɦɚɤɪɨɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɢ ɜɧɟɞɪɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ ɫɥɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɛɟɡ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɨ ɭɫɤɨɪɟɧɧɨɣ 
ɦɨɞɟɪɧɢɡɚɰɢɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɨɛɧɨɜɥɟɧɢɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɩɟɪɟɜɨɡɨɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. ɉɪɢɨɪɢɬɟɬɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 
ɪɚɡɜɢɬɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɛɥɨɤɚ ɈȺɈ «ɊɀȾ» – ɡɚɦɟɧɚ ɪɟɝɢɨɧɚɥɶɧɵɯ 
ɩɪɢɧɰɢɩɨɜ ɭɩɪɚɜɥɟɧɢɹ ɩɟɪɟɜɨɡɨɱɧɵɦ ɩɪɨɰɟɫɫɨɦ ɧɚ ɩɥɚɧɢɪɨɜɚɧɢɟ ɢ 
ɨɪɝɚɧɢɡɚɰɢɸ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ ɧɚ ɩɨɥɢɝɨɧɚɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ (ɞɚɥɟɟ – 

ɩɨɥɢɝɨɧ), ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ, ɱɟɬɤɨ 
ɪɚɡɝɪɚɧɢɱɢɬɶ ɮɭɧɤɰɢɨɧɚɥ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ.  

Ɍɚɤ, ɧɚ ɨɞɧɨɦ ɢɡ ɧɚɢɛɨɥɟɟ ɝɪɭɡɨɧɚɩɪɹɠɟɧɧɵɯ ɯɨɞɚɯ – ȼɨɫɬɨɱɧɨɦ 
ɩɨɥɢɝɨɧɟ – ɩɪɢ ɪɨɫɬɟ ɨɛɴɟɦɨɜ ɩɟɪɟɜɨɡɨɤ ɤ ɭɪɨɜɧɸ ɩɪɨɲɥɨɝɨ ɝɨɞɚ ɧɚ 5 % ɜ 2018 
ɝ. ɨɛɴɟɦ ɪɟɦɨɧɬɨɜ ɭɜɟɥɢɱɢɥɫɹ ɧɚ 13,8 %, ɚ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɭɬɢ – ɧɚ 23,6 %. 
ȼɵɩɨɥɧɟɧɨ ɛɨɥɟɟ ɱɟɬɜɟɪɬɢ ɪɚɛɨɬ (28 %) ɩɨ ɨɡɞɨɪɨɜɥɟɧɢɸ ɩɭɬɢ, ɩɪɨɜɟɞɟɧɚ 
ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɤɨɧɬɚɤɬɧɨɣ ɫɟɬɢ ɨɛɳɟɣ ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 111,7 ɤɦ, 
ɨɬɪɟɦɨɧɬɢɪɨɜɚɧɨ 334 ɨɛɴɟɤɬɚ ɩɨ ɤɚɩɢɬɚɥɶɧɨɦɭ ɪɟɦɨɧɬɭ Д2Ж. ȼɧɟɞɪɹɸɬɫɹ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɤɨɦɩɥɟɤɫɵ ɡɚɞɚɱ ɞɢɫɩɟɬɱɟɪɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɤɨɧɬɪɨɥɹ 
ɢ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɩɨɟɡɞɨɜ, ɚ ɬɚɤɠɟ ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɜ ɪɚɦɤɚɯ ɫɢɫɬɟɦ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɚɪɤɚ ɥɨɤɨɦɨɬɢɜɨɜ (ɜɚɝɨɧɨɜ) ɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɫɬɚɧɰɢɢ. 

ɉɪɢ ɷɬɨɦ ɬɪɟɛɭɟɬɫɹ ɞɚɥɶɧɟɣɲɟɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɩɨɥɢɝɨɧɧɵɯ 
ɩɪɢɧɰɢɩɨɜ ɭɩɪɚɜɥɟɧɢɹ ɩɟɪɟɜɨɡɨɱɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɨɣ ɢ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ ɈȺɈ «ɊɀȾ». ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɛɢɡɧɟɫ-ɛɥɨɤ 
«ɀɟɥɟɡɧɨɞɨɪɨɠɧɵɟ ɩɟɪɟɜɨɡɤɢ ɢ ɢɧɮɪɚɫɬɪɭɤɬɭɪɚ» (ɞɚɥɟɟ – ɐɀȾ) ɨɛɴɟɞɢɧɹɟɬ 
ɨɫɧɨɜɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɛɢɡɧɟɫ-ɟɞɢɧɢɰɵ, ɡɚɧɢɦɚɸɳɢɟɫɹ ɨɪɝɚɧɢɡɚɰɢɟɣ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɟɪɟɜɨɡɨɤ, ɫɨɞɟɪɠɚɧɢɟɦ ɢ ɪɚɡɜɢɬɢɟɦ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ 
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ɥɨɤɨɦɨɬɢɜɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. Ɉɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɯ ɞɟɹɬɟɥɶɧɨɫɬɢ ɢ ɭɪɨɜɧɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɡɚɜɢɫɢɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɮɢɧɚɧɫɨɜɵɣ 
ɪɟɡɭɥɶɬɚɬ ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

ɉɨɥɢɝɨɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɮɨɪɦɢɪɭɟɬɫɹ ɧɚ ɬɪɟɯɭɪɨɜɧɟɜɨɦ ɭɩɪɚɜɥɟɧɢɢ 
ɩɟɪɟɜɨɡɨɱɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɜ ɤɨɬɨɪɨɦ ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ ɩɨ ɪɟɝɭɥɢɪɨɜɚɧɢɸ 
ɥɨɤɨɦɨɬɢɜɧɵɦ ɩɚɪɤɨɦ, ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɨɝɪɭɡɨɱɧɵɯ ɪɟɫɭɪɫɨɜ, ɩɪɟɞɨɫɬɚɜɥɟɧɢɸ 
«ɨɤɨɧ» ɧɚ ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɠɟɫɬɤɨɣ ɢɟɪɚɪɯɢɢ ɨɬ ɰɟɧɬɪɚɥɶɧɨɝɨ 
ɞɨ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɭɪɨɜɧɟɣ. ɉɪɢ ɷɬɨɦ ɪɟɝɢɨɧɚɥɶɧɵɟ ɰɟɧɬɪɵ ɤɨɪɩɨɪɚɬɢɜɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ (ɞɚɥɟɟ – ɊɐɄɍ) ɨɫɭɳɟɫɬɜɥɹɸɬ ɤɨɨɪɞɢɧɚɰɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ 
ɪɚɛɨɬɵ ɜ ɝɪɚɧɢɰɚɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ, ɧɚ ɤɨɬɨɪɨɣ ɫɢɫɬɟɦɚ 
ɭɩɪɚɜɥɟɧɢɹ ɢ ɬɟɤɭɳɟɝɨ ɫɨɞɟɪɠɚɧɢɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɨɫɬɚɥɚɫɶ ɛɟɡ ɢɡɦɟɧɟɧɢɣ ‒ 
ɰɟɧɬɪɚɥɶɧɨɣ ɢ ɪɟɝɢɨɧɚɥɶɧɵɦɢ ɞɢɪɟɤɰɢɹɦɢ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ (ɞɚɥɟɟ ‒ ɐȾɂ ɢ 
Ⱦɂ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ‒ ɹɜɥɹɹɫɶ ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧɧɵɦ ɡɜɟɧɨɦ. 

Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɜɨɡɦɨɠɧɨɣ ɧɟɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɜ ɞɟɣɫɬɜɢɹɯ ɧɚ ɪɚɡɧɵɯ 
ɭɪɨɜɧɹɯ ɜ ɩɨɥɢɝɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɟɨɛɯɨɞɢɦɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɫɢɫɬɟɦɭ 
ɭɩɪɚɜɥɟɧɢɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ, ɬɹɝɨɜɵɦɢ ɪɟɫɭɪɫɚɦɢ ɢ ɜɚɝɨɧɧɵɦ ɩɚɪɤɨɦ. Ⱦɥɹ 
ɷɬɨɝɨ ɩɪɟɞɥɚɝɚɟɦ ɫɮɨɪɦɢɪɨɜɚɬɶ ȿɞɢɧɵɣ ɰɟɧɬɪ ɭɩɪɚɜɥɟɧɢɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ 
ɩɨɥɢɝɨɧɚ (ɞɚɥɟɟ – ȿɐɍɂ), ɤɨɬɨɪɵɣ ɜ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɥɢɦɢɬɚɯ ɨɪɝɚɧɢɡɭɟɬ 
ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ ɫɨɞɟɪɠɚɧɢɟ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɫɬɪɭɤɬɭɪɧɵɦɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ 
ɈȺɈ «ɊɀȾ» (ɉɑ, ɒɑ, Ɍɑɗ, ȺɎɌɈ, Ⱦɋ ɢ ɞɪ.) (ɪɢɫ.2).  

 

Ɋɢɫ. 2. Ɇɨɞɟɥɶ ɢɧɬɟɝɪɚɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ ɢ ɬɹɝɨɜɵɦɢ 
ɪɟɫɭɪɫɚɦɢ ɧɚ ɩɨɥɢɝɨɧɟ 
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ȼ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɩɨɥɢɝɨɧɚ ȿɐɍɂ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɐɍɌɊ, 
ȿȾɐɍɉ, ɞɢɪɟɤɰɢɹɦɢ: ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ (Ⱦ), ɬɹɝɢ (Ɍ), ɷɧɟɪɝɨɨɛɟɫɩɟɱɟɧɢɹ 
(ɇɌɗ), ɬɟɪɪɢɬɨɪɢɚɥɶɧɵɦɢ ɰɟɧɬɪɚɦɢ ɮɢɪɦɟɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ 
(ɌɐɎɌɈ), ɢɯ ɫɬɪɭɤɬɭɪɧɵɦɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ (Ɍɑɗ, Ⱦɋ, ɂɑ, ȼɑȾɗ ɢ ɞɪ.) ɢ ɧɚ 
ɨɫɧɨɜɟ ɬɟɨɪɢɢ ɚɤɬɢɜɧɵɯ ɫɢɫɬɟɦ ɫ ɩɨɦɨɳɶɸ ɢɧɬɟɝɪɚɥɶɧɨɣ ɨɰɟɧɤɢ ɚɧɚɥɢɡɢɪɭɟɬ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ ɥɨɤɨɦɨɬɢɜɨɜ. 

ɂɧɬɟɝɪɚɥɶɧɚɹ ɨɰɟɧɤɚ ɫɨɫɬɨɢɬ ɢɡ ɛɥɨɤɨɜ ɨɰɟɧɤɢ ɢ ɪɚɧɠɢɪɨɜɚɧɢɹ (ɞɚɥɟɟ – 

ȻɈɊ), ɜ ɤɨɬɨɪɵɯ ɱɟɪɟɡ ɦɚɬɪɢɰɵ ɫɜɟɪɬɤɢ (ɞɚɥɟɟ – Ɇɋ) ɨɛɴɟɞɢɧɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ 
ɨɰɟɧɨɤ ɪɚɡɧɨɪɨɞɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ – ɧɚ 
ɩɟɪɟɫɟɱɟɧɢɢ ɫɬɪɨɤɢ ɢ ɫɬɨɥɛɰɚ ɮɨɪɦɢɪɭɟɬɫɹ ɪɚɧɝ ɞɟɹɬɟɥɶɧɨɫɬɢ Д3Ж (ɪɢɫ. 3). ɗɬɨɬ 
ɦɟɯɚɧɢɡɦ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɨɰɟɧɤɢ ɢɥɢ ɪɚɧɝɚ ɩɨɤɚɡɚɬɟɥɹ: 
ɫɧɚɱɚɥɚ ɞɨɩɭɫɬɢɦɵɟ ɢɧɬɟɪɜɚɥɵ ɨɰɟɧɨɤ ɪɚɧɠɢɪɭɸɬ ɷɤɫɩɟɪɬɵ — ɫɩɟɰɢɚɥɢɫɬɵ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɛɥɨɤɚ, ɚ ɡɚɬɟɦ ɷɤɫɩɟɪɬɵ — ɤɨɦɩɟɬɟɧɬɧɵɟ 
ɫɩɟɰɢɚɥɢɫɬɵ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ.  

 

Ɋɢɫ. 3. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɪɚɧɝɚ ɩɨɤɚɡɚɬɟɥɹ 

 

Ɋɚɡɥɢɱɚɸɬ ɩɨɤɚɡɚɬɟɥɢ: ɜɟɞɭɳɢɟ (ɨɬ 1 ɞɨ 4), ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ 
ɜɵɩɨɥɧɟɧɢɟ ɩɥɚɧɨɜɵɯ ɡɚɞɚɧɢɣ, ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ (ɨɬ А ɞɨ D), ɨɩɪɟɞɟɥɹɸɳɢɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ. Ɋɚɧɝ ɨɫɧɨɜɧɨɝɨ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ  
(ɨɬ I ɞɨ V) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɨɜɟɪɢɬɟɥɶɧɵɦ ɢɧɬɟɪɜɚɥɨɦ ɢ ɨɬɪɚɠɚɟɬ ɤɚɱɟɫɬɜɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ ɬɹɝɢ: ɩɟɪɜɨɦɭ – ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɟɜɵɩɨɥɧɟɧɢɟ 
ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɩɥɚɧɚ ɢ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚ ɩɨɥɢɝɨɧɟ, ɚ ɩɹɬɨɦɭ 
– ɪɟɚɥɢɡɚɰɢɹ ɩɥɚɧɨɜɵɯ ɡɚɞɚɧɢɣ ɧɚ ɥɢɧɟɣɧɨɦ ɭɪɨɜɧɟ ɭɩɪɚɜɥɟɧɢɹ.  

ɉɪɨɛɥɟɦɚ ɡɚɛɥɚɝɨɜɪɟɦɟɧɧɨɝɨ ɩɪɟɞɫɤɚɡɚɧɢɹ ɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ 
ɜɨɡɦɨɠɧɵɯ «ɩɟɪɟɥɨɦɨɜ» ɬɟɧɞɟɧɰɢɣ ɢɡɦɟɧɟɧɢɹ ɤɥɸɱɟɜɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ, ɡɚɬɪɭɞɧɹɸɳɚɹ ɞɨɥɝɨɫɪɨɱɧɨɟ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ, 
ɨɫɨɛɟɧɧɨ ɜ ɬɚɤɨɣ ɤɚɩɢɬɚɥɨɟɦɤɨɣ ɨɬɪɚɫɥɢ, ɤɚɤ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɬɪɚɧɫɩɨɪɬ, 
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ɹɜɥɹɟɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ ɫɟɪɶɟɡɧɨɣ Д4Ж. ȿɟ ɭɫɬɪɚɧɟɧɢɟ ɬɪɟɛɭɟɬ ɪɚɡɪɚɛɨɬɤɢ 
ɦɟɯɚɧɢɡɦɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɛɟɫɩɟɪɟɛɨɣɧɭɸ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɯɨɡɹɣɫɬɜɟɧɧɭɸ 
ɞɟɹɬɟɥɶɧɨɫɬɶ ɩɨɥɢɝɨɧɨɜ. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɪɢɛɵɥɶɧɨɫɬɢ ɩɟɪɟɜɨɡɨɱɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɜɚɠɧɨ, ɧɚɪɹɞɭ ɫ ɷɮɮɟɤɬɢɜɧɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ 
ɪɚɛɨɬɵ, ɩɨɜɵɲɚɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, 
ɨɫɭɳɟɫɬɜɥɹɹ ɧɟɩɪɟɪɵɜɧɵɣ ɤɨɧɬɪɨɥɶ ɩɪɹɦɵɯ ɡɚɬɪɚɬ (ɪɢɫ. 4). 

 

Ɋɢɫ. 4. Ɇɟɯɚɧɢɡɦ ɚɞɚɩɬɚɰɢɢ ɨɬɤɥɨɧɟɧɢɣ ɡɚɬɪɚɬ ɤɨɧɫɨɥɢɞɢɪɨɜɚɧɧɨɣ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɭɱɚɫɬɧɢɤɨɜ ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ 

 

ȼ ɨɫɧɨɜɭ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɚɞɚɩɬɚɰɢɢ ɨɬɤɥɨɧɟɧɢɣ ɡɚɬɪɚɬ 
ɤɨɧɫɨɥɢɞɢɪɨɜɚɧɧɨɣ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɭɱɚɫɬɧɢɤɨɜ ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɤ 
ɨɛɴɟɦɚɦ ɝɪɭɡɨɨɛɨɪɨɬɚ (ɞɚɥɟɟ – ɆɄɁ) ɡɚɥɨɠɟɧɵ ɪɚɡɜɢɬɵɟ ɜ ɪɚɛɨɬɟ Д5Ж 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɩɨɞɯɨɞɵ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ ɩɨ ɫɢɧɬɟɡɭ ɩɪɚɜɢɥɶɧɵɯ 
ɚɞɚɩɬɢɜɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɫ ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɨɫɭɳɟɫɬɜɥɹɬɶ 
ɤɨɧɬɪɨɥɶ ɩɟɪɜɢɱɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɫɢɧɯɪɨɧɧɨ ɫ ɜɵɩɨɥɧɟɧɢɟɦ ɪɚɛɨɬ ɧɚ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɨɣ.  

ɉɟɪɜɢɱɧɚɹ ɭɱɟɬɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɤɨɥɢɱɟɫɬɜɟ ɢ ɫɬɨɢɦɨɫɬɢ ɨɬɤɥɨɧɟɧɢɣ 
ɮɢɤɫɢɪɭɟɬɫɹ ɩɟɪɜɢɱɧɵɦ ɆɄɁ (ɞɚɥɟɟ – ɉɆɄɁ), ɞɚɧɧɵɟ ɜ ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɸɬ ɫ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɭɱɚɫɬɤɨɜ ɢ 
ɪɚɛɨɱɢɯ ɦɟɫɬ. ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɮɢɧɚɧɫɨɜɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ ɫɬɪɭɤɬɭɪɧɵɯ 
ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɐɀȾ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɦɟɯɚɧɢɡɦɨɦ ɤɨɧɬɪɨɥɹ ɡɚɬɪɚɬ ɩɪɟɞɩɪɢɹɬɢɹ 
(ɞɚɥɟɟ – ɆɄɁɉ). ȼ ɤɚɠɞɨɦ ɆɄɁɉ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɡɚɬɪɚɬɵ, ɚ ɜ 
ɉɆɊɁ ɧɨɪɦɚɬɢɜɨɜ – ɩɨɥɭɱɚɟɦɵɟ ɧɨɪɦɚɬɢɜɵ, ɫɨɩɨɫɬɚɜɥɟɧɢɟɦ ɤɨɬɨɪɵɯ 
ɮɨɪɦɢɪɭɸɬɫɹ ɨɰɟɧɤɢ ɢɡɦɟɧɟɧɢɹ ɧɨɪɦɚɬɢɜɨɜ. Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɨɰɟɧɤɢ ɢ 
ɪɚɧɠɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟ ɭɪɨɜɧɹ ɜɥɢɹɧɢɹ ɤɚɠɞɨɣ ɫɬɚɬɶɢ ɡɚɬɪɚɬ ɧɚ 
ɚɞɚɩɬɚɰɢɸ ɧɨɪɦ ɢ ɧɨɪɦɚɬɢɜɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɚɟɦɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɨɪɹɞɤɟ ɢ ɨɬɤɥɨɧɟɧɢɹɯ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɢɨɪɢɬɟɬɧɵɟ ɮɚɤɬɨɪɵ, 
ɤɥɸɱɟɜɵɟ ɩɪɢɱɢɧɵ ɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹ, ɧɚɢɛɨɥɟɟ ɜɥɢɹɸɳɢɟ ɡɚɬɪɚɬɵ. Ⱦɚɥɟɟ 
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ɜɵɪɚɛɚɬɵɜɚɸɬɫɹ ɭɩɪɚɜɥɟɧɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɤɨɪɪɟɤɬɢɪɨɜɤɟ ɧɨɪɦɚɬɢɜɚ ɢ 
ɜɧɨɫɹɬɫɹ ɢɡɦɟɧɟɧɢɹ ɜ ɧɨɪɦɚɬɢɜɧɭɸ ɛɚɡɭ ɩɨ ɜɢɞɚɦ ɞɟɹɬɟɥɶɧɨɫɬɢ ɢ 
ɢɫɩɨɥɧɢɬɟɥɹɦ. ɉɨɥɭɱɢɜɲɢɟɫɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɧɠɢɪɨɜɚɧɢɹ ɨɬɤɥɨɧɟɧɢɣ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɢ ɭɩɪɚɜɥɟɧɱɟɫɤɢɦɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ ɈȺɈ 
«ɊɀȾ» ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɣ ɥɢɤɜɢɞɚɰɢɢ ɩɟɪɟɪɚɫɯɨɞɚ (ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɛɸɞɠɟɬɚ, 
ɪɚɡɪɚɛɨɬɤɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɢ ɬ.ɞ.). ɉɟɪɢɨɞɢɱɧɨɫɬɶ ɤɨɧɬɪɨɥɹ 
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɨɬɪɟɛɧɨɫɬɹɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɦɨɠɟɬ ɛɵɬɶ 
ɧɟɩɪɟɪɵɜɧɨɣ. ɒɬɚɬɧɵɟ ɨɬɤɥɨɧɟɧɢɹ III, IV ɪɚɧɝɨɜ ɩɟɪɟɞɚɸɬɫɹ ɩɨ ɤɚɧɚɥɚɦ ɫɜɹɡɢ 
ɧɚ ɪɚɛɨɱɢɟ ɦɟɫɬɚ ɜ ɞɢɪɟɤɰɢɢ ɢ ɰɟɧɬɪɵ ɈȺɈ «ɊɀȾ», ɚ ɩɟɪɜɢɱɧɵɟ – 

ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɫɢɧɯɪɨɧɧɨ ɫ ɩɟɪɟɜɨɡɨɱɧɵɦ ɩɪɨɰɟɫɫɨɦ ɢ ɩɨɫɬɭɩɚɸɬ ɜ ȿɐɍɂ ɫ 
ɦɟɫɬ ɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ – ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ Ⱦɂ, Ɍ, ɇɌɗ, Ⱦ ɢ ɬ.ɞ. – ɢ 
ɮɢɤɫɢɪɭɟɬɫɹ ɆɄɁɉ. Ɉɬɤɥɨɧɟɧɢɹ ɩɨ ɪɢɬɦɢɱɧɨɫɬɢ ɩɨɝɪɭɡɤɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ 
ɫɬɚɧɰɢɣ ɩɨɫɬɭɩɚɸɬ ɜ «Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ ɤɨɧɬɪɨɥɹ ɩɨɝɪɭɡɤɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɨɞɪɚɡɞɟɥɟɧɢɹ» (ɞɚɥɟɟ – Ⱥɋ Ʉɉ) Д25Ж (ɪɢɫ. 5) [6]. 

 
Ɋɢɫ. 5. Ɋɚɛɨɱɢɣ ɢɧɬɟɪɮɟɣɫ Ⱥɋ Ʉɉ  

 

ɉɪɨɝɪɚɦɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɧɨɪɦɚɬɢɜɚ 
ɩɨɝɪɭɡɤɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɡɚ ɨɬɱɟɬɧɵɟ ɫɭɬɤɢ, ɧɚɪɚɫɬɚɸɳɢɦ 
ɢɬɨɝɨɦ ɡɚ ɦɟɫɹɰ ɢ ɤɨɧɬɪɨɥɹ ɜɵɩɨɥɧɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɩɥɚɧɚ. ɉɪɨɝɪɚɦɦɚ 
ɩɨɡɜɨɥɹɟɬ ɜɵɞɚɜɚɬɶ ɭɩɪɚɜɥɟɧɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɪɢɬɦɢɱɧɨɫɬɢ ɩɨɝɪɭɡɤɢ ɫ 
ɭɱɟɬɨɦ ɛɥɢɠɧɟɝɨ ɢ ɞɚɥɶɧɟɝɨ ɩɨɞɯɨɞɚ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɩɨɤɚɡɚɬɟɥɟɣ ɜ ɫɥɭɱɚɹɯ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɨɬɱɟɬɧɨɣ ɧɨɪɦɵ ɩɨɝɪɭɡɤɢ. 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶɸ ɢ ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɶɸ ɩɨɫɬɭɩɚɸɳɢɯ 
ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɩɨɪɨɠɞɚɟɦɵɯ ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ ɪɟɲɟɧɢɣ. ɉɪɢ ɷɬɨɦ, ɱɟɦ 
ɛɨɥɶɲɟ ɩɨɥɢɝɨɧ, ɬɟɦ ɡɧɚɱɢɦɟɟ ɩɨɫɥɟɞɫɬɜɢɹ ɭɩɪɚɜɥɟɧɱɟɫɤɨɣ ɨɲɢɛɤɢ. ɉɨɷɬɨɦɭ 

ɨɫɧɨɜɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɦɟɪɨɩɪɢɹɬɢɟɦ ɩɨ ɫɧɢɠɟɧɢɸ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɪɚɫɯɨɞɨɜ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɞɚɩɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɶɸ 
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ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. 
ɉɪɨɝɪɚɦɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɧɨɪɦɚɬɢɜɚ 

ɩɨɝɪɭɡɤɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɡɚ ɨɬɱɟɬɧɵɟ ɫɭɬɤɢ, ɧɚɪɚɫɬɚɸɳɢɦ 
ɢɬɨɝɨɦ ɡɚ ɦɟɫɹɰ ɢ ɤɨɧɬɪɨɥɹ ɜɵɩɨɥɧɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɩɥɚɧɚ ɢ ɝɪɚɮɢɤɚ 
«ɨɤɨɧ». Ⱥɋ Ʉɉ ɩɨɡɜɨɥɹɟɬ ɜɵɞɚɜɚɬɶ ɭɩɪɚɜɥɟɧɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ 
ɪɢɬɦɢɱɧɨɫɬɢ ɩɨɝɪɭɡɤɢ ɫ ɭɱɟɬɨɦ ɛɥɢɠɧɟɝɨ ɢ ɞɚɥɶɧɟɝɨ ɩɨɞɯɨɞɚ ɩɨɞɜɢɠɧɨɝɨ 
ɫɨɫɬɚɜɚ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɫɬɚɧɰɢɣ ɜ 
ɫɥɭɱɚɹɯ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɨɬɱɟɬɧɨɣ ɧɨɪɦɵ ɩɨɝɪɭɡɤɢ. ɉɨɥɭɱɚɟɦɵɟ ɜ Ⱥɋ Ʉɉ 
ɪɟɡɭɥɶɬɚɬɵ ɤɚɤ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɜɵɛɨɪɚ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ 
ɩɪɢɧɹɬɢɸ ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɩɨɫɬɭɩɚɸɳɢɟ ɢɡ Ⱥɋɍ ȿɐɍɂ Д7Ж. Ɉɧɚ 
ɪɚɡɪɚɛɨɬɚɧɚ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Lazarus ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɨɪɞɢɧɢɪɨɜɚɧɢɹ ɢ ɨɰɟɧɢɜɚɧɢɹ ɞɟɣɫɬɜɢɣ ɩɨ ɭɩɪɚɜɥɟɧɢɸ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ ɢ ɞɜɢɠɟɧɢɸ ɬɹɝɨɜɵɯ ɪɟɫɭɪɫɨɜ ɡɚ ɫɱɟɬ 
ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɫɨ ɫɦɟɠɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɚɪɚɦɟɬɪɨɜ ɫɨɞɟɪɠɚɧɢɹ ɨɛɭɫɬɪɨɣɫɬɜ ɢ 
ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɩɭɬɢ (ɪɢɫ. 6).  

 

Ɋɢɫ. 6. Ɋɚɛɨɱɢɣ ɢɧɬɟɪɮɟɣɫ Ⱥɋɍ ȿɐɍɂ  
 

Ⱥɋɍ ȿɐɍɂ ɫ ɩɨɦɨɳɶɸ Ɇɋ ɪɚɧɝɨɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɢ 
ɭɩɪɚɜɥɟɧɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɟɪɟɜɨɡɱɢɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɧɬɟɝɪɚɥɶɧɚɹ ɨɰɟɧɤɚ 
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ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ ɩɪɨɰɟɫɫɚ ɨɤɚɡɚɧɢɹ ɭɫɥɭɝɢ ɩɨ ɞɨɫɬɚɜɤɟ ɝɪɭɡɚ ɜ 
ɰɟɥɨɦ. Ⱦɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɩɨɡɜɨɥɹɟɬ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ (ɜ ɬɨɦ ɱɢɫɥɟ ɫ 
ɭɱɟɬɨɦ ɪɟɬɪɨɫɩɟɤɬɢɜɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ) ɤɨɧɫɨɥɢɞɢɪɨɜɚɬɶ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɩɨɥɢɝɨɧɟ ɩɨɫɪɟɞɫɬɜɨɦ ɢɧɬɟɝɪɚɰɢɢ 
ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ (ɬɚɛɥɢɱɧɵɯ ɮɨɪɦ) ɢɡ ɨɛɳɟɤɨɪɩɨɪɚɬɢɜɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 
ɫɪɟɞɵ – ɨɬɪɚɫɥɟɜɵɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɈȺɈ «ɊɀȾ» 
(ȺɋɈɍɉ-2, ȿɄ Ⱥɋɍ ɎɊ, Ⱥɋɍ Ɇɋ, Ⱥɋɍ ɆɊ, ɋɂɊɂɍɋ ɢ ɞɪ.), – ɢ ɜɢɡɭɚɥɶɧɨɝɨ 
ɨɬɨɛɪɚɠɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɹɬɢɣ, ɨɛɫɥɭɠɢɜɚɸɳɢɯ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɥɢɧɢɣ.  

ɉɪɨɰɟɫɫ ɪɚɛɨɬɵ ɩɨɥɢɝɨɧɚ ɜ ɫɢɫɬɟɦɟ ɜɵɫɬɪɨɟɧ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  
1. ɉɨɥɭɱɟɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɨ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɫɟɬɢ, ɦɚɪɲɪɭɬɚɯ 

ɫɥɟɞɨɜɚɧɢɹ ɩɨɟɡɞɨɜ, ɩɚɪɚɦɟɬɪɨɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɢ ɫɨɫɬɨɹɧɢɹ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ.  

2. ɍɫɬɚɧɨɜɤɚ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ: ɨɱɟɪɟɞɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɚ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɫ ɭɱɟɬɨɦ ɜɵɩɨɥɧɟɧɢɹ ɝɪɚɮɢɤɚ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ. 

3. Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ. 
4. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. 
5. ɉɨɫɬɪɨɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɜɚɪɢɚɧɬɨɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. 
6. Ɉɩɪɟɞɟɥɟɧɢɟ «ɛɚɪɶɟɪɧɵɯ ɦɟɫɬ» ɢ ɪɟɚɥɢɡɚɰɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɩɥɚɧɚ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɟɡɞɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɩɪɢɨɪɢɬɟɡɚɰɢɟɣ ɦɚɪɲɪɭɬɨɜ. 
ȼ ɛɨɥɶɲɢɧɫɬɜɟ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɧɚ 

ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ ɧɟ ɨɛɟɫɩɟɱɟɧɵ ɧɟɨɛɯɨɞɢɦɵɦɢ ɞɢɧɚɦɢɱɟɫɤɢɦɢ 
ɦɨɞɟɥɹɦɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɪɟɚɝɢɪɨɜɚɧɢɹ ɧɚ ɤɨɥɟɛɚɧɢɹ ɪɵɧɤɚ ɢ ɨɪɢɟɧɬɢɪɨɜɚɧɵ, 
ɩɪɟɠɞɟ ɜɫɟɝɨ, ɧɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɩɟɪɚɬɢɜɧɵɯ ɪɚɛɨɬɧɢɤɨɜ 
ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɪɟɝɢɨɧɚɥɶɧɵɯ ɞɢɪɟɤɰɢɣ, ɫɥɭɠɛ ɢ ɪɭɤɨɜɨɞɹɳɟɝɨ 
ɫɨɫɬɚɜɚ. ɉɪɨɞɭɤɬɢɜɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ, 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɯ ɪɟɦɨɧɬ, ɦɨɞɟɪɧɢɡɚɰɢɸ ɦɨɳɧɨɫɬɟɣ, ɨɛɴɟɤɬɨɜ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ 
ɢ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɭɩɪɚɜɥɟɧɢɹ, ɱɟɦ ɨɬ ɡɚɝɪɭɠɟɧɧɨɫɬɢ ɫɟɬɢ. Ɇɨɞɟɥɶ ɢɧɬɟɝɪɚɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɟ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ ɢ ɬɹɝɨɜɵɦɢ ɪɟɫɭɪɫɚɦɢ ɧɚ ɩɨɥɢɝɨɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɤ 
ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɢɦɟɟɬ ɩɪɢɤɥɚɞɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ. Ⱥɋɍ ȿɐɍɂ 
ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɥɢɧɢɣ ɢ ɩɨɞɜɢɠɧɵɦ ɫɨɫɬɚɜɨɦ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 
ɜɧɟɞɪɹɟɦɚɹ ɈȺɈ «ɊɀȾ» ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨɞɜɢɠɧɵɦ ɫɨɫɬɚɜɨɦ ɜ ɫɨɱɟɬɚɧɢɢ ɫ 
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ɬɟɯɧɢɱɟɫɤɨɣ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɝɨɬɨɜɧɨɫɬɶɸ ɟɞɢɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɫ ɭɱɟɬɨɦ 
ɩɪɟɞɥɚɝɚɟɦɵɯ ɜ ɫɬɚɬɶɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɣ, ɨɛɟɫɩɟɱɢɬ ɛɥɚɝɨɩɪɢɹɬɧɭɸ ɪɟɚɥɢɡɚɰɢɸ 
ɩɨɥɢɝɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɧɚ ɫɟɬɢ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ. 
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Аɧɧɨɬаɰиɹ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɚɧɚɥɢɡɭ ɢ ɨɛɨɫɧɨɜɚɧɢɸ 

ɩɚɪɚɦɟɬɪɨɜ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɟɪɟɜɨɡɨɱɧɨɣ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɜɨɡɨɜ 3ВɅ80ɋ
 ɧɚ ɭɱɚɫɬɤɟ 

Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ ɭɡɛɟɤɫɤɢɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɩɪɢ ɞɜɢɠɟɧɢɢ ɝɪɭɡɨɜɵɯ ɩɨɟɡɞɨɜ ɛɟɡ 
ɨɫɬɚɧɨɜɨɤ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɚɧɰɢɹɯ, ɪɚɡɴɟɡɞɚɯ ɢ ɪɚɡɞɟɥɶɧɵɯ ɩɭɧɤɬɚɯ. ɉɚɪɚɦɟɬɪɵ 
ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ 
ɷɥɟɤɬɪɨɜɨɡɨɜ 3ВɅ80ɋ

 ɨɛɨɡɧɚɱɟɧɵ ɜ ɜɢɞɟ ɬɚɛɥɢɱɧɵɯ ɞɚɧɧɵɯ ɢ ɝɪɚɮɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɚ 
ɩɪɟɞɥɨɠɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ, ɤɨɬɨɪɵɟ ɨɬɨɛɪɚɠɚɸɬ ɪɟɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɨɪɝɚɧɢɡɚɰɢɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɡɚɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɭɩɨɦɹɧɭɬɵɯ ɜɵɲɟ ɩɨɤɚɡɚɬɟɥɟɣ ɜ ɩɪɢɧɹɬɨɦ ɞɢɚɩɚɡɨɧɟ 
ɢɡɦɟɧɟɧɢɹ ɦɚɫɫɵ ɫɨɫɬɚɜɚ ɝɪɭɡɨɜɵɯ ɩɨɟɡɞɨɜ. 
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TO EXPLOITATION OF THE 3VL80
S
 ELECTRIC LOCOMOTIVES ON 

KATTAKURGAN – NAVOI SECTION OF «UГBEKISTAN RAILАAВS» JSC 

 

Abstract. The article includes research results of analyzing 3VL80
S
 electric locomotive`s 

movement work on Kattakurgan – Navoi road section of uzbek railways while hauling freight trains 

without stopping on through stations, passing place and division points. The main parameter values  

of 3VL80
S 

researching electric locomotives` efficiency are shown in tables and graphs, and all 

proposed equations, which as the matter of the fact, reflect all condition terms of organizing 

movement on a particular direction, are destined for realizing calculations above for the freight 

trains  masses changing value in accepted range. 
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢ ɩɭɬɟɣ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɧɚɞёɠɧɨɫɬɢ ɥɨɤɨɦɨɬɢɜɧɨɝɨ ɩɚɪɤɚ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɞɜɢɠɟɧɢɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ ɭɡɛɟɤɫɤɢɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɢ 
ɫɜɨɟɜɪɟɦɟɧɧɨɣ ɩɪɨɛɥɟɦɨɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɨɬɪɚɫɥɢ ɍɡɛɟɤɢɫɬɚɧɚ. 

Ɋɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ, ɧɚɩɪɢɦɟɪ, ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɭɬёɦ ɭɥɭɱɲɟɧɢɹ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɪɟɦɨɧɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ Д1,2Ж ɢɥɢ ɡɚ ɫɱёɬ ɜɧɟɞɪɟɧɢɹ ɥɨɤɨɦɨɬɢɜɨɜ ɝɢɛɪɢɞɧɨɣ ɬɹɝɢ Д3Ж. 

ɋɤɚɡɚɧɧɨɟ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɨɬɧɨɫɢɬɫɹ ɤ ɥɨɤɨɦɨɬɢɜɧɨɦɭ ɩɚɪɤɭ, ɬɹɝɨɜɵɣ 
ɩɨɞɜɢɠɧɨɣ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɷɤɫɩɥɭɚɬɢɪɭɟɬɫɹ ɜ ȺɈ «Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ ɣўɥɥɚɪɢ» ɢ 
ɪɚɡɥɢɱɚɟɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɧɟ ɬɨɥɶɤɨ ɩɨ ɬɢɩɭ, ɫɟɪɢɢ, ɧɨ ɢ ɩɨ ɬɹɝɨɜɨ - ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ.  

Ⱦɢɧɚɦɢɤɚ ɨɠɢɞɚɟɦɨɝɨ ɪɨɫɬɚ ɝɪɭɡɨɨɛɨɪɨɬɚ ɜ ɦɥɪɞ. ɬɨɧɧɨ-ɤɢɥɨɦɟɬɪɨɜ ɛɪɭɬɬɨ 
ɡɚ ɩɹɬɶ ɥɟɬ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1 Д4Ж, ɪɟɚɥɢɡɚɰɢɹ ɤɨɬɨɪɨɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɦɚɝɢɫɬɪɚɥɶɧɵɦɢ (ɩɨɟɡɞɧɵɦɢ) ɝɪɭɡɨɜɵɦɢ ɥɨɤɨɦɨɬɢɜɚɦɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɬɹɝɢ. 
ȼɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɟɠɟɝɨɞɧɨɝɨ ɜɨɡɪɚɫɬɚɧɢɹ ɨɛɴёɦɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ 
ɩɟɪɟɜɨɡɨɤ ɝɪɭɡɨɜ ɪɚɡɧɵɯ ɩɨ ɫɬɪɭɤɬɭɪɟ ɢ ɫɨɞɟɪɠɚɧɢɸ ɤɨɥɟɛɥɟɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 
3,73 ɞɨ 2,40 ɩɪɨɰɟɧɬɚ, ɩɪɢ ɷɬɨɦ ɢɯ ɭɫɪɟɞɧёɧɧɵɣ ɨɠɢɞɚɟɦɵɣ ɪɨɫɬ ɫɨɫɬɚɜɥɹɟɬ  
3,05 ɩɪɨɰɟɧɬɚ. 

Ƚɪɭɡɨɜɨɣ ɨɛɨɪɨɬ, ɦɥɪɞ. ɬɨɧɧɨ-ɤɢɥɨɦɟɬɪɨɜ ɛɪɭɬɬɨ 

 

Ɋɢɫ. 1. Ⱦɢɚɝɪɚɦɦɚ ɨɛɴёɦɚ ɜɵɩɨɥɧɟɧɢɹ ɝɪɭɡɨɜɵɯ ɩɟɪɟɜɨɡɨɤ 

ɧɚ ɭɡɛɟɤɫɤɢɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝɚɯ 

 

ɇɚ ɜɵɲɟɭɩɨɦɹɧɭɬɵɣ ɬɹɝɨɜɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɩɨɞɜɢɠɧɨɣ ɫɨɫɬɚɜ ɩɪɢɯɨɞɢɬɫɹ 
ɨɤɨɥɨ ɜɨɫɟɦɧɚɞɰɚɬɢ ɩɪɨɰɟɧɬɨɜ ɜɫɟɯ ɫɟɤɰɢɣ ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɝɨ ɩɚɪɤɚ ɥɨɤɨɦɨɬɢɜɨɜ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɨɬɪɚɫɥɢ ɍɡɛɟɤɢɫɬɚɧɚ Д5Ж, ɫɟɦɶɞɟɫɹɬ ɩɪɨɰɟɧɬɨɜ ɦɚɝɢɫɬɪɚɥɶɧɵɯ 
ɷɥɟɤɬɪɨɜɨɡɨɜ ɤɨɬɨɪɵɯ – ɷɬɨ ɷɥɟɤɬɪɨɜɨɡɵ ɫɟɪɢɢ ȼɅ80ɋ

 ɜ ɪɚɡɧɨɦ ɫɟɤɰɢɨɧɧɨɦ 
ɫɨɱɟɬɚɧɢɢ. 
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ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɦɚɝɢɫɬɪɚɥɶɧɵɦ 
(ɩɨɟɡɞɧɵɦ) ɝɪɭɡɨɜɵɦ ɷɥɟɤɬɪɨɜɨɡɧɵɦ ɩɚɪɤɨɦ, ɧɟɫɨɦɧɟɧɧɨ, ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ 
ɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɵɣ ɩɨɞɯɨɞ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɢ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɚ ɪɚɡɧɵɯ ɩɨ 
ɫɬɪɭɤɬɭɪɟ ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɟɞɥɨɠɟɧɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɨɰɟɧɤɭ ɬɹɝɨɜɵɯ ɢ ɷɧɟɪɝɨ - 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɥɨɤɨɦɨɬɢɜɨɜ ɷɬɨɝɨ ɩɚɪɤɚ ɫ ɭɱёɬɨɦ ɷɤɨɧɨɦɧɨɝɨ 
ɪɚɫɯɨɞɨɜɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ ɩɨɟɡɞɨɜ. 

ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ ɝɥɭɛɨɤɨɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨ ɨɰɟɧɤɟ ɢ ɨɛɨɫɧɨɜɚɧɢɸ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɞɜɢɠɟɧɢɹ ɝɪɭɡɨɜɵɯ ɩɨɟɡɞɨɜ ɢ ɩɚɪɚɦɟɬɪɨɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɟɪɟɜɨɡɨɱɧɨɣ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɜɨɡɨɜ, ɪɟɚɥɢɡɚɰɢɹ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱёɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɪɟɠɢɦɨɜ ɭɩɪɚɜɥɟɧɢɹ ɬɹɝɨɜɨ - ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ 
ɭɫɬɚɧɨɜɤɚɦɢ ɜ ɪɚɡɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ. 

ɋɨɬɪɭɞɧɢɤɢ ɤɚɮɟɞɪɵ «Ʌɨɤɨɦɨɬɢɜɵ ɢ ɥɨɤɨɦɨɬɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ» ɌɚɲɂɂɌɚ ɢ 
ɫɩɟɰɢɚɥɢɫɬɵ ɍɩɪɚɜɥɟɧɢɹ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɥɨɤɨɦɨɬɢɜɨɜ ȺɈ «Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ 
ɣўɥɥɚɪɢ» ɢɦɟɸɬ ɨɩɪɟɞɟɥёɧɧɵɣ ɢ ɧɟɦɚɥɵɣ ɧɚɭɱɧɵɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢɣ ɨɩɵɬ ɜ ɷɬɨɣ 
ɫɮɟɪɟ ɞɟɹɬɟɥɶɧɨɫɬɢ. ȼ ɷɬɨɣ ɫɜɹɡɢ, ɨɧɢ ɩɨɫɬɨɹɧɧɨ ɩɪɨɜɨɞɹɬ ɬɟɨɪɟɬɢɱɟɫɤɢɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɨɛɨɫɧɨɜɚɧɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ 
(ɩɨɟɡɞɧɨɝɨ) ɝɪɭɡɨɜɨɝɨ ɷɥɟɤɬɪɨɜɨɡɧɨɝɨ ɩɚɪɤɚ ɥɨɤɨɦɨɬɢɜɨɜ ɧɚ ɪɚɡɧɵɯ ɩɨ ɤɚɬɟɝɨɪɢɢ 
ɫɥɨɠɧɨɫɬɢ ɭɱɚɫɬɤɚɯ ɭɡɛɟɤɫɤɢɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ. 

ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɩɪɨɞɨɥɠɚɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ Д4,5Ж ɢ ɨɬɧɨɫɢɬɫɹ ɤ 
ɥɨɤɨɦɨɬɢɜɚɦ ɷɥɟɤɬɪɨɜɨɡɧɨɣ ɱɚɫɬɢ ɥɨɤɨɦɨɬɢɜɧɨɝɨ ɩɚɪɤɚ ȺɈ «Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ 
ɣўɥɥɚɪɢ», ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɨɪɝɚɧɢɡɭɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɟɪɟɜɨɡɨɤ ɝɪɭɡɨɜ ɧɚ ɨɞɧɨɦ ɢɡ ɯɨɥɦɢɫɬɨ – ɝɨɪɧɵɯ ɭɱɚɫɬɤɨɜ 
ɭɡɛɟɤɫɤɢɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ.  

ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɢɟ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɩɟɪɟɜɨɡɨɱɧɨɣ ɪɚɛɨɬɵ ɢ ɩɚɪɚɦɟɬɪɨɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɥɨɤɨɦɨɬɢɜɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɬɹɝɢ, ɨɩɢɪɚɹɫɶ ɧɚ ɪɟɚɥɶɧɵɟ ɭɫɥɨɜɢɹ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ (ɩɨɟɡɞɧɨɝɨ) ɝɪɭɡɨɜɨɝɨ 
ɷɥɟɤɬɪɨɜɨɡɧɨɝɨ ɩɚɪɤɚ ɥɨɤɨɦɨɬɢɜɨɜ ɫɟɪɢɢ ȼɅ80ɋ

 ɧɚ ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɨɦ, 
ɞɟɣɫɬɜɭɸɳɟɦ ɭɱɚɫɬɤɟ ɍɡɛɟɤɫɤɨɣ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ. 

Ⱦɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɹɥɢɫɶ ɞɥɹ ɬɪёɯɫɟɤɰɢɨɧɧɨɝɨ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ 
(ɩɨɟɡɞɧɨɝɨ) ɝɪɭɡɨɜɨɝɨ ɷɥɟɤɬɪɨɜɨɡɚ ɫɟɪɢɢ 3ȼɅ80ɋ

 ɜ ɩɪɨɰɟɫɫɟ ɪɟɚɥɢɡɚɰɢɢ ɜɨɠɞɟɧɢɹ 
ɝɪɭɡɨɜɨɝɨ ɩɨɟɡɞɚ ɛɟɡ ɨɫɬɚɧɨɜɨɤ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɚɡɞɟɥɶɧɵɯ ɩɭɧɤɬɚɯ (ɫɬɚɧɰɢɢ, 
ɪɚɡɴɟɡɞɵ ɢ ɬ.ɞ.) ɫ ɭɱёɬɨɦ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɨɪɝɚɧɢɡɚɰɢɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ 
ɯɨɥɦɢɫɬɨ – ɝɨɪɧɨɦ ɭɱɚɫɬɤɟ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ. 

Ȼɚɡɨɜɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɚɜɢɥɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ 
ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ Д6,7Ж ɩɨ ɨɫɧɨɜɚɦ ɥɨɤɨɦɨɬɢɜɧɨɣ ɬɹɝɢ ɢ ɩɪɟɞɥɨɠɟɧɧɵɣ 
ɚɜɬɨɪɨɦ ɚɥɝɨɪɢɬɦ ɪɟɚɥɢɡɚɰɢɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɨɣ ɜɵɲɟ ɡɚɞɚɱɢ, ɨɩɢɪɚɹɫɶ ɧɚ 
ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ Д5Ж: ɦɚɬɟɪɢɚɥɶɧɨ – ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɩɟɪɟɜɨɡɨɱɧɨɣ 
ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɜɨɡɚ, ɫɩɪɹɦɥёɧɧɵɣ ɩɪɨɮɢɥɶ ɩɭɬɢ ɯɨɥɦɢɫɬɨ-ɝɨɪɧɨɝɨ ɭɱɚɫɬɤɚ, ɨɛɴɟɤɬ 
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ɢ ɩɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
Ⱦɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɟɪɟɜɨɡɨɱɧɨɣ ɪɚɛɨɬɵ 

ɷɥɟɤɬɪɨɜɨɡɚ 3ȼɅ80ɋ ɜɧɚɱɚɥɟ ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨ ɜɨɠɞɟɧɢɸ 
ɝɪɭɡɨɜɨɝɨ ɩɨɟɡɞɚ ɩɨɫɥɟɞɧɢɦ, ɢɫɩɨɥɶɡɭɹ ɫ ɰɟɥɶɸ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɪɚɫɫɱɢɬɚɧɧɵɟ ɢ ɩɨɫɬɪɨɟɧɧɵɟ ɭɞɟɥɶɧɵɟ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɟ ɫɢɥɵ ɩɨɟɡɞɚ, ɚ ɡɚɬɟɦ 
ɜɵɩɨɥɧɟɧɵ ɝɪɚɮɢɱɟɫɤɢɟ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɵɯ ɬɨɤɚ, ɬɪɚɟɤɬɨɪɢɢ ɫɤɨɪɨɫɬɢ ɢ ɜɪɟɦɟɧɢ 
ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɚ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɭɱɚɫɬɤɟ ɫɱёɬɚ.  

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɚɜɢɥ ɬɪёɯɫɟɤɰɢɨɧɧɵɣ ɦɚɝɢɫɬɪɚɥɶɧɵɣ (ɩɨɟɡɞɧɨɣ) 
ɝɪɭɡɨɜɨɣ ɷɥɟɤɬɪɨɜɨɡ ɫɟɪɢɢ 3ȼɅ80ɋ

 ɢ ɫɩɪɹɦɥёɧɧɵɣ ɩɪɨɮɢɥɶ ɩɭɬɢ ɯɨɥɦɢɫɬɨ - 

ɝɨɪɧɨɝɨ ɭɱɚɫɬɤɚ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ ȺɈ «Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ ɣўɥɥɚɪɢ».  
ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɞɜɢɠɟɧɢɹ 

ɝɪɭɡɨɜɵɯ ɩɨɟɡɞɨɜ ɢ ɬɹɝɨɜɨ – ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɲɟɭɩɨɦɹɧɭɬɨɝɨ ɷɥɟɤɬɪɨɜɨɡɚ 3ȼɅ80ɋ

 ɧɚ ɯɨɥɦɢɫɬɨ – ɝɨɪɧɨɦ 
ɭɱɚɫɬɤɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɥɢɧɢɢ (ɦɚɝɢɫɬɪɚɥɢ) Ɇɚɪɨɤɚɧɞ – ɇɚɜɨɢ ɍɡɛɟɤɫɤɨɣ 
ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ. 

ɋɥɟɞɭɟɬ ɫɤɚɡɚɬɶ, ɱɬɨ ɬɪёɯɫɟɤɰɢɨɧɧɵɣ ɦɚɝɢɫɬɪɚɥɶɧɵɣ (ɩɨɟɡɞɧɨɣ) ɝɪɭɡɨɜɨɣ 
ɷɥɟɤɬɪɨɜɨɡ 3ȼɅ80ɋ ɢɦɟɟɬ ɫɢɫɬɟɦɵ Д8Ж, ɨɫɧɨɜɧɨɟ ɢ ɝɥɚɜɧɨɟ ɩɪɟɞɧɚɡɧɚɱɟɧɢɟ ɤɨɬɨɪɵɯ 
ɫɨɫɬɨɢɬ ɜ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɦ ɢ ɫɜɨɟɜɪɟɦɟɧɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ ɫɬɭɩɟɧɱɚɬɨɝɨ 
ɤɨɧɬɚɤɬɨɪɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɷɥɟɤɬɪɢɱɟɫɤɨɦ 
ɪɟɨɫɬɚɬɧɨɦ ɬɨɪɦɨɠɟɧɢɢ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɟɤɰɢɹɦɢ ɩɨ 
ɫɢɫɬɟɦɟ ɦɧɨɝɢɯ ɟɞɢɧɢɰ.  

Ⱦɥɢɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɭɱɚɫɬɤɚ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ ɫɨɫɬɚɜɥɹɟɬ 78,75 
ɤɢɥɨɦɟɬɪɨɜ ɢ ɫɨɫɬɨɢɬ ɢɡ ɞɜɚɞɰɚɬɢ ɲɟɫɬɢ ɢ ɬɪɢɞɰɚɬɢ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ Д5Ж, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɩɨɞɴёɦɚɦɢ ɤɪɭɬɢɡɧɨɣ ɨɬ +0,14 ɞɨ +5,77 ɬɵɫɹɱɧɵɯ, ɚ ɬɚɤɠɟ 
ɫɩɭɫɤɚɦɢ ɨɬ -0,12 ɞɨ -5,37 ɬɵɫɹɱɧɵɯ ɢ ɬɪɟɦɹ «ɩɥɨɳɚɞɤɢ» - ɫɬɚɧɰɢɢ Ɂɢёɜɭɞɞɢɧ ɢ 
ɇɚɜɨɢ, Ɋɚɡɴɟɡɞ № 33. 

ɏɨɥɦɢɫɬɨ - ɝɨɪɧɵɣ ɭɱɚɫɬɨɤ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ ɢɦɟɟɬ ɩɪɨɦɟɠɭɬɨɱɧɵɟ 
ɫɬɚɧɰɢɢ Ɂɢɪɚɛɭɥɚɤ ɢ Ɂɢёɜɭɞɞɢɧ, ɚ ɬɚɤɠɟ ɪɚɡɞɟɥɶɧɵɟ ɩɭɧɤɬɵ - Ɋɚɡɴɟɡɞɵ № 28, № 
29, № 30-33, ɝɞɟ ɩɨ ɫɬɚɧɰɢɹɦ Ʉɚɬɬɚɤɭɪɝɚɧ, Ɂɢɪɚɛɭɥɚɤ ɢ ɪɚɡɴɟɡɞɚɦ № 28, 29 
ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɨɝɪɚɧɢɱɟɧɚ ɜ Vɨɝ

 = 60 ɤɦ/ɱ, ɚ ɩɨ ɫɬɚɧɰɢɢ Ɂɢёɜɭɞɞɢɧ ɨɧɚ ɢɦɟɟɬ 
ɨɝɪɚɧɢɱɟɧɢɟ ɜ Vɨɝ

 = 40 ɤɦ/ɱ. 
ɇɚ ɩɟɪɟɝɨɧɟ Ʉɚɬɬɚɤɭɪɝɚɧ – Ɋɚɡɴɟɡɞ № 28 ɢɦɟɟɬɫɹ ɞɜɚ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɜ Vɨɝ
 = 80 ɤɦ/ɱ. ɉɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ 

ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɝɪɭɡɨɜɨɝɨ ɩɨɟɡɞɚ ɧɚ ɡɚɞɚɧɧɨɦ ɯɨɥɦɢɫɬɨ – ɝɨɪɧɨɦ ɭɱɚɫɬɤɟ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ Vmax

 = 90 ɤɦ/ɱ. 
Ɋɟɡɭɥɶɬɚɬ ɨɛɨɫɧɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɟɪɟɜɨɡɨɱɧɨɣ 

ɪɚɛɨɬɵ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ (ɩɨɟɡɞɧɨɝɨ) ɝɪɭɡɨɜɨɝɨ ɷɥɟɤɬɪɨɜɨɡɚ 3ȼɅ80ɋ
 ɩɨɤɚɡɚɧ ɜ 

ɬɚɛɥɢɰɟ 1. ɂɧɞɟɤɫɨɦ ɡɜёɡɞɨɱɤɚ * ɨɛɨɡɧɚɱɟɧɵ ɞɚɧɧɵɟ, ɜ ɤɨɬɨɪɵɯ ɭɱɢɬɵɜɚɟɬɫɹ ɧɚɥɨɝ 
ɧɚ ɞɨɛɚɜɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ. 
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Ɍɚɛɥɢɰɚ 1 

ɉɨɤɚɡɚɬɟɥɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɜɨɡɨɜ 3ȼɅ80ɋ ɧɚ ɭɱɚɫɬɤɟ  
Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ, ɞɜɢɠɟɧɢɟ ɛɟɡ ɨɫɬɚɧɨɜɨɤ 
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1 2 3 4 5 6 7 8 9 10 11 

ɉɟɪɟɝɨɧ Ʉɚɬɬɚɤɭɪɝɚɧ – Ɋɚɡɴɟɡɞ. № 28, L= 11,25 ɤɦ (11,269 ɤɦ) 

1 2500 200 72,79 9,00 1,80 7,20 401,98 14,72 
34,988 

41,967* 

3,204 

3,843* 

2 3000 200 71,21 9,20 2,00 7,20 409,03 12,49 
35,602 

42,703* 

3,260 

3,911* 

3 3500 200 70,07 9,35 2,20 7,15 414,45 10,84 
36,074 

43,268* 

3,304 

3,963* 

ɉɟɪɟɝɨɧ Ɋɚɡɴɟɡɞ. № 28 – Ɂɢɪɚɛɭɥɚɤ, L = 16,85 ɤɦ (17,641 ɤɦ) 

1 2500 200 61,77 13,80 5,20 8,60 794,95 22,38 
69,192 

82,990* 

4,870 

5,847* 

2 3000 200 60,89 14,00 5,90 8,10 895,50 21,01 
77,944 

93,490* 

5,486 

6,580* 

3 3500 200 60,03 14,20 6,30 7,90 998,18 20,07 
86,881 

104,210* 

6,115 

7,334* 

ɉɟɪɟɝɨɧ Ɂɢɪɚɛɭɥɚɤ – Ɂɢёɜɭɞɞɢɧ, L = 27,15 ɤɦ (26,729 ɤɦ) 

1 2500 200 87,51 18,60 3,90 14,70 623,35 9,19 
54,256 

65,077* 

2,000 

2,399* 

2 3000 200 86,58 18,80 4,20 14,60 698,40 8,58 
60,790 

72,913* 

2,241 

2,688* 

3 3500 200 85,67 19,00 4,40 14,60 773,46 8,14 
67,322 

80,749* 

2,481 

2,977* 

ɉɟɪɟɝɨɧ Ɂɢёɜɭɞɞɢɧ – ɇɚɜɨɢ, L = 23,50 ɤɦ (23,693 ɤɦ) 

1 2500 200 88,57 16,05 3,50 12,55 637,45 10,76 
55,483 

66,549* 

2,342 

2,809* 

2 3000 200 86,68 16,40 3,90 12,50 657,61 9,25 
57,238 

68,654* 

2,416 

2,898* 

3 3500 200 85,12 16,70 4,30 12,40 675,74 8,15 
58,816 

70,547* 

2,482 

2,977* 

ɍɱɚɫɬɨɤ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ, L= 78,75 ɤɦ (76,224 ɤɦ) 

1 2500 200 79,61 57,45 14,40 43,05 2457,73 12,90 
213,921 

256,587* 

2,806 

3,366* 

2 3000 200 78,31 58,40 16,00 42,40 2660,54 11,63 
231,573 

277,760* 

3,038 

3,644* 

3 3500 200 77,19 59,25 17,20 42,05 2861,83 10,73 
249,094 

298,775* 

3,268 

3,920* 
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ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ, ɨɩɢɫɵɜɚɸɳɢɟ ɞɢɧɚɦɢɤɭ ɢɡɦɟɧɟɧɢɹ 
ɧɟɤɨɬɨɪɵɯ ɞɚɧɧɵɯ ɬɹɝɨɜɨɝɨ ɪɚɫɱёɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɧɵɯ ɭɫɥɨɜɢɣ 
ɨɪɝɚɧɢɡɚɰɢɢ ɩɟɪɟɜɨɡɨɱɧɨɣ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɜɨɡɨɜ 3ȼɅ80ɋ

 ɛɟɡ ɨɫɬɚɧɨɜɨɤ ɧɚ 
ɢɫɫɥɟɞɭɟɦɨɦ ɭɱɚɫɬɤɟ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ. 

ɂɡ ɚɧɚɥɢɡɚ ɩɪɢɜɟɞёɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ ɫɨɫɬɚɜɚ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɜɪɟɦɟɧɢ ɯɨɞɚ ɩɨɟɡɞɚ ɢ ɭɦɟɧɶɲɟɧɢɸ ɬɟɯɧɢɱɟɫɤɨɣ 
ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɢ ɫɧɢɠɟɧɢɟ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɥɧɨɝɨ ɢ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ ɬɹɝɭ 
ɩɨɟɡɞɨɜ. ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɦɚɫɫɵ ɫɨɫɬɚɜɚ, ɧɚɨɛɨɪɨɬ, ɜɪɟɦɹ ɯɨɞɚ ɩɨɟɡɞɚ ɢ 
ɬɟɯɧɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, 
ɚ ɭɩɨɦɹɧɭɬɵɟ ɜɵɲɟ ɪɚɫɯɨɞɵ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɡɚ ɩɨɟɡɞɤɭ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɧɢɠɚɸɬɫɹ ɢ ɩɨɜɵɲɚɸɬɫɹ. 

 
Ɋɢɫ. 2. ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɜɨɡɨɜ 3ȼɅ80ɋ 

ɧɚ ɭɱɚɫɬɤɟ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ, ɞɜɢɠɟɧɢɟ ɛɟɡ ɨɫɬɚɧɨɜɨɤ 
 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɟɪɟɜɨɡɨɱɧɨɣ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɜɨɡɚ ɫɟɪɢɢ 3ȼɅ80ɋ

 ɢ 
ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɠɟɧɢɹ ɝɪɭɡɨɜɵɯ ɩɨɟɡɞɨɜ ɛɟɡ ɨɪɝɚɧɢɡɚɰɢɢ 
ɨɫɬɚɧɨɜɨɤ ɧɚ ɩɟɪɟɝɨɧɚɯ ɭɱɚɫɬɤɚ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɚɜɬɨɪɨɦ ɚɧɚɥɨɝɢɱɧɨ Д5,8Ж. Ɂɞɟɫɶ ɜɟɥɢɱɢɧɚ Qi = 1,2,3 ɨɡɧɚɱɚɟɬ ɜɚɪɢɚɧɬɵ ɬɹɝɨɜɵɯ 
ɪɚɫɱёɬɨɜ. 

ȼɪɟɦɹ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɚ ɩɨ ɭɱɚɫɬɤɭ tɯ, ɦɢɧ: 
tɯ= -0,05Qi

2
+1,1Qi+56,40                                            (1) 

ȼɪɟɦɹ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɚ ɜ ɪɟɠɢɦɟ ɬɹɝɢ tɬ, ɦɢɧ: 
tɬ= -0,2Qi

2
+2,2Qi+12,4           (2) 

ȼɪɟɦɹ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɚ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢ ɬɨɪɦɨɠɟɧɢɹ tɯɯ,ɬ, ɦɢɧ: 
tɯɯ,ɬ= 0,15Qi

2
 - 1,1Qi+44,00        (3) 
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ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɚ ɬɟɯɧɢɱɟɫɤɚɹ VT, ɤɦ/ɱ: 
Vɬ = 0,09Qi

2
 – 1,57Qi + 81,09     (4) 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɡɚ ɩɨɟɡɞɤɭ ɨɛɳɢɣ Ⱥ, ɤȼɬ - ɱ: 
А=-0,76Qi

2
+205,09Qi+2253,4     (5) 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɡɚ ɩɨɟɡɞɤɭ ɭɞɟɥɶɧɵɣ ɚ, ȼɬ-ɱ/ɬ ɤɦ ɛɪɭɬɬɨ: 
ɚ=0,185Qi

2–1,825Qi+14,54     (6) 

Ⱦɟɧɟɠɧɵɟ ɡɚɬɪɚɬɵ ɩɨɥɧɵɟ (ɛɟɡ ɇȾɋ), ɬɵɫ. ɫўɦ: 

ɋɷ= -0,0655Qi
2
+17,849Qi,+196,14    (7) 

Ⱦɟɧɟɠɧɵɟ ɡɚɬɪɚɬɵ ɩɪɢɜɟɞёɧɧɵɟ (ɛɟɡ ɇȾɋ), ɬɵɫ. ɫўɦ/ɤɦ: 
ɫɷ= -0,001Qi

2
+0,235Qi,+2,572     (8) 

ɂɡ ɩɪɢɜɟɞёɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɪɟɝɪɟɫɫɢɣ ɜɵɬɟɤɚɟɬ, ɱɬɨ ɞɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɜɵɲɟɭɩɨɦɹɧɭɬɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫ ɭɱёɬɨɦ ɦɚɫɫɵ ɫɨɫɬɚɜɚ ɝɪɭɡɨɜɨɝɨ 
ɩɨɟɡɞɚ ɨɛɨɡɧɚɱɟɧɚ ɩɨɥɢɧɨɦɨɦ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ ɫɨ ɫɬɨɩɪɨɰɟɧɬɧɨɣ ɬɨɱɧɨɫɬɶɸ ɢɯ 
ɜɵɱɢɫɥɟɧɢɹ. 

Ɇɨɞɟɥɢ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɞɜɢɠɟɧɢɹ ɝɪɭɡɨɜɨɝɨ ɩɨɟɡɞɚ ɫ ɭɱёɬɨɦ 
ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɫɢɥɨɜɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɚ ɬɚɤɠɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɬɪёɯɫɟɤɰɢɨɧɧɨɝɨ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ (ɩɨɟɡɞɧɨɝɨ) ɝɪɭɡɨɜɨɝɨ ɷɥɟɤɬɪɨɜɨɡɚ 3ȼɅ80ɋ

 ɦɨɝɭɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɥɨɤɨɦɨɬɢɜɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢ ɪɟɤɨɦɟɧɞɭɸɬɫɹ ɞɥɹ 
ɜɧɟɞɪɟɧɢɹ ɜ ɩɪɚɤɬɢɤɭ ɪɚɛɨɬɵ ɥɨɤɨɦɨɬɢɜɧɵɯ ɞɟɩɨ ɍɡɛɟɤɫɤɨɣ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ. 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨ ɨɛɨɫɧɨɜɚɧɢɸ ɨɫɧɨɜɧɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɩɟɪɟɜɨɡɨɱɧɨɣ ɪɚɛɨɬɵ ɢ ɩɚɪɚɦɟɬɪɨɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɥɨɤɨɦɨɬɢɜɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɬɹɝɢ ɩɨɡɜɨɥɹɬ ɢɧɠɟɧɟɪɧɨ – ɬɟɯɧɢɱɟɫɤɨɦɭ ɩɟɪɫɨɧɚɥɭ 
ɥɨɤɨɦɨɬɢɜɧɨɝɨ ɞɟɩɨ Ȼɭɯɚɪɚ ɧɚɦɟɬɢɬɶ ɞɚɥɶɧɟɣɲɢɟ ɩɭɬɢ ɢ ɩɪɢɧɹɬɶ ɨɩɬɢɦɚɥɶɧɨɟ 
ɪɟɲɟɧɢɟ ɩɨ ɪɟɚɥɢɡɚɰɢɢ ɦɟɪɨɩɪɢɹɬɢɣ ɷɤɨɧɨɦɧɨɝɨ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
ɧɚ ɯɨɥɦɢɫɬɨ – ɝɨɪɧɨɦ ɭɱɚɫɬɤɟ ɫɜɨɟɝɨ ɞɟɩɨ. 
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Ȼɟɡɭɫɥɨɜɧɨ, ɜɧɟɞɪɟɧɢɟ ɜ ɪɟɦɨɧɬɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ 

ɞɟɹɬɟɥɶɧɨɫɬɶ ɥɢɧɟɣɧɵɯ ɥɨɤɨɦɨɬɢɜɨɪɟɦɨɧɬɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢɡɦɟɧɟɧɢɣ, ɧɚɭɤɨёɦɤɢɯ ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ 
ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɨɜɵɲɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ, 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɧɚɞёɠɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɜɨɡɨɱɧɨɣ ɪɚɛɨɬɵ 
ɥɨɤɨɦɨɬɢɜɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɫɨɬɪɭɞɧɢɤɢ ɤɚɮɟɞɪɵ «Ʌɨɤɨɦɨɬɢɜɵ ɢ ɥɨɤɨɦɨɬɢɜɧɨɟ 
ɯɨɡɹɣɫɬɜɨ» ɌɚɲɂɂɌɚ ɢ ɫɩɟɰɢɚɥɢɫɬɵ ɥɨɤɨɦɨɬɢɜɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɍɡɛɟɤɫɤɨɣ 
ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ ɩɪɢɧɢɦɚɸɬ ɚɤɬɢɜɧɨɟ ɭɱɚɫɬɢɟ ɜ ɷɬɨɣ ɫɮɟɪɟ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ɋɤɚɡɚɧɧɨɟ ɨɬɧɨɫɢɬɫɹ ɤ ɞɟɣɫɬɜɭɸɳɢɦ ɢ ɧɨɜɵɦ ɭɱɚɫɬɤɚɦ ɭɡɛɟɤɢɫɬɚɧɫɤɢɯ 
ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɥɨɤɨɦɨɬɢɜɨɜ ɬɟɩɥɨɜɨɡɧɨɣ ɬɹɝɢ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ 
ɝɪɭɡɨɜɨɝɨ ɢ ɩɚɫɫɚɠɢɪɫɤɨɝɨ ɞɜɢɠɟɧɢɹ ɧɚ ɪɚɡɧɵɯ ɩɨ ɫɬɟɩɟɧɢ ɫɥɨɠɧɨɫɬɢ ɢ 
ɩɪɨɬɹɠёɧɧɨɫɬɢ ɭɱɚɫɬɤɚɯ ɭɡɛɟɤɢɫɬɚɧɫɤɢɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚ 
ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɵɯ, ɜɫё ɟɳё ɨɫɬɚёɬɫɹ ɜɨɫɬɪɟɛɨɜɚɧɧɵɦ. 

ɉɨɞɬɜɟɪɠɞɟɧɢɟɦ ɫɤɚɡɚɧɧɨɦɭ ɫɥɭɠɢɬ ɝɢɫɬɨɝɪɚɦɦɚ [1], ɧɚ ɤɨɬɨɪɨɣ ɩɪɢɜɟɞɟɧɚ 
ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɥɨɤɨɦɨɬɢɜɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɞɢɡɟɥɶɧɨɣ ɬɹɝɢ ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɝɨ 
ɥɨɤɨɦɨɬɢɜɧɨɝɨ ɩɚɪɤɚ ȺɈ «Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ ɣўɥɥɚɪɢ» ɫ ɭɱёɬɨɦ ɨɫɭɳɟɫɬɜɥɹɟɦɨɣ 
ɢɦɢ ɪɚɛɨɬɵ. ɗɬɚ ɝɢɫɬɨɝɪɚɦɦɚ, ɬɚɤɠɟ,  ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ 

ɜɫɟɝɨ ɨɛɴёɦɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɟɪɟɜɨɡɨɤ ɝɪɭɡɨɜ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɩɨ ɫɬɪɭɤɬɭɪɟ ɢ 

ɫɨɞɟɪɠɚɧɢɸ, ɨɪɝɚɧɢɡɨɜɚɧɧɚɹ ɩɨɫɪɟɞɫɬɜɨɦ ɝɪɭɡɨɜɵɯ ɩɨɟɡɞɨɜ, ɪɟɚɥɢɡɭɟɬɫɹ 

ɦɚɝɢɫɬɪɚɥɶɧɵɦ (ɩɨɟɡɞɧɵɦ) ɝɪɭɡɨɜɵɦ ɬɹɝɨɜɵɦ ɞɢɡɟɥɶɧɵɦ ɩɨɞɜɢɠɧɵɦ ɫɨɫɬɚɜɨɦ – 

ɷɬɨ ɞɜɭɯ, ɬɪёɯ, ɢɥɢ ɱɟɬɵɪёɯɫɟɤɰɢɨɧɧɵɟ ɬɟɩɥɨɜɨɡɵ ɫɟɪɢɢ Ɍɗ10Ɇ ɢ UzɌȿ16Ɇ. 

ɍɩɨɦɹɧɭɬɵɟ ɬɟɩɥɨɜɨɡɵ ɫɨɫɬɚɜɥɹɸɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 53,12 ɩɪɨɰɟɧɬɚ ɜɫɟɝɨ 

ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɝɨ ɥɨɤɨɦɨɬɢɜɧɨɝɨ ɩɚɪɤɚ ȺɈ «Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ ɣўɥɥɚɪɢ», ɬɹɝɨɜɵɣ 
ɩɨɞɜɢɠɧɨɣ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɭɱɚɫɬɜɭɟɬ ɜ ɦɚɝɢɫɬɪɚɥɶɧɨɦ, ɦɚɧɟɜɪɨɜɨɦ ɢ 
ɩɪɢɝɨɪɨɞɧɨɦ (ɢɦɟɟɬɫɹ ɜɜɢɞɭ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɟɤɰɢɢ) ɜɢɞɚɯ ɞɜɢɠɟɧɢɹ. 

Ɉɩɢɪɚɹɫɶ ɧɚ ɫɤɚɡɚɧɧɨɟ ɜɵɲɟ, ɢɡɵɫɤɚɧɢɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɩɭɬɟɣ ɷɤɨɧɨɦɧɨɝɨ 
ɪɚɫɯɨɞɨɜɚɧɢɹ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɩɭɬɢ ɫɥɟɞɨɜɚɧɢɹ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɫ ɭɱёɬɨɦ 
ɫɨɤɪɚɳɟɧɢɹ ɞɟɧɟɠɧɵɯ ɪɟɫɭɪɫɨɜ ɧɚ ɟɝɨ ɩɨɬɪɟɛɥɟɧɢɟ ɢ ɩɪɢɨɛɪɟɬɟɧɢɟ ɩɪɨɞɨɥɠɚɟɬ 

ɨɫɬɚɜɚɬɶɫɹ ɜɚɠɧɨɣ ɩɪɨɛɥɟɦɨɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɜɨɨɛɳɟ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɭɡɛɟɤɫɤɨɝɨ ɜ ɱɚɫɬɧɨɫɬɢ. 

ȼ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɹɯ ȺɈ «Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ ɣўɥɥɚɪɢ» ɜɟɫɶɦɚ 

ɭɫɩɟɲɧɨ ɫɤɚɡɚɧɧɨɟ ɪɟɚɥɢɡɭɟɬɫɹ ɡɚ ɫɱёɬ ɜɧɟɞɪɟɧɢɹ ɜ ɩɪɚɤɬɢɤɭ ɪɚɛɨɬɵ 
ɥɨɤɨɦɨɬɢɜɧɵɯ ɞɟɩɨ ɧɨɜɨɝɨ ɬɪёɯɫɟɤɰɢɨɧɧɨɝɨ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ (ɩɨɟɡɞɧɨɝɨ) ɝɪɭɡɨɜɨɝɨ 
ɬɟɩɥɨɜɨɡɚ UzɌȿ16Ɇ3, ɩɪɨɲɟɞɲɟɝɨ ɦɨɞɟɪɧɢɡɚɰɢɸ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ 
ɬɟɩɥɨɜɨɡɟ 3Ɍɗ10Ɇ ɞɢɡɟɥɹ 1Ⱥ-5Ⱦ49 ɜɡɚɦɟɧ ɭɫɬɚɪɟɜɲɟɝɨ ɞɢɡɟɥɹ 10Ⱦ100 [2]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɫɬɨɹɳɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɨɹɬ ɜ ɪɟɲɟɧɢɢ 
ɥɨɤɚɥɶɧɨɣ ɡɚɞɚɱɢ ɬɪɚɧɫɩɨɪɬɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɩɨ ɨɛɨɫɧɨɜɚɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɩɨɦɹɧɭɬɵɯ ɬɟɩɥɨɜɨɡɨɜ UгɌȿ16Ɇ3 ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɝɪɭɡɨɜɵɯ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɟɪɟɜɨɡɨɤ ɧɚ ɯɨɥɦɢɫɬɨ – ɝɨɪɧɨɦ ɭɱɚɫɬɤɟ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ 
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ȺɈ «Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ ɣўɥɥɚɪɢ». 
Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɬɟɩɥɨɜɨɡɨɜ UгɌȿ16Ɇ3 ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

ɩɪɨɮɢɥɹ ɩɭɬɢ ɫ ɭɱёɬɨɦ ɩɪɢɧɹɬɨɝɨ ɨɝɪɚɧɢɱɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɝɪɭɡɨɜɵɯ 
ɩɨɟɡɞɨɜ ɨɛɨɡɧɚɱɟɧɵ ɜ Д1]. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɟɚɥɢɡɨɜɵɜɚɥɚɫɶ ɩɨɫɪɟɞɫɬɜɨɦ ɞɚɧɧɵɯ Д2Ж ɢ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɟɨɪɢɢ ɬɹɝɢ ɩɨɟɡɞɨɜ [3,4Ж, ɤɨɬɨɪɚɹ ɡɚɮɢɤɫɢɪɨɜɚɧɚ 
ɜ ɩɪɚɜɢɥɚɯ ɬɹɝɨɜɵɯ ɪɚɫɱёɬɨɜ ɞɥɹ ɩɨɟɡɞɧɨɣ ɪɚɛɨɬɵ Д5] – ɩɪɢɧɰɢɩ ɧɚɢɛɨɥɶɲɟɝɨ 

(ɩɨɥɧɨɝɨ) ɨɛɟɫɩɟɱɟɧɢɹ ɦɨɳɧɨɫɬɧɵɯ ɢ ɬɹɝɨɜɵɯ ɤɚɱɟɫɬɜ ɥɨɤɨɦɨɬɢɜɨɜ ɞɢɡɟɥɶɧɨɣ ɬɹɝɢ 
ɫ ɭɱёɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨɣ ɜɟɥɢɱɢɧɵ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨɟɡɞɚ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ 

ɢɦ ɤɚɠɞɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ ɷɥɟɦɟɧɬɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɩɪɨɮɢɥɹ ɩɭɬɢ. 

ȼɟɞɟɧɢɟ ɝɪɭɡɨɜɨɝɨ ɩɨɟɡɞɚ, ɦɚɫɫɚ ɫɨɫɬɚɜɨɜ ɤɨɬɨɪɨɝɨ ɜɚɪɶɢɪɨɜɚɥɚɫɶ  ɜ 
ɞɢɚɩɚɡɨɧɟ 2500 ɬ – 3500 ɬ ɫ ɭɱёɬɨɦ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɟё ɱɟɪɟɡ 
ɤɚɠɞɵɟ 500 ɬ ɢ ɨɞɢɧɚɤɨɜɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɫɟɣ ɪɚɜɧɵɦ ɞɜɟɫɬɢ, ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ 

ɭɩɨɦɹɧɭɬɵɦɢ ɬɟɩɥɨɜɨɡɚɦɢ UгɌȿ16Ɇ3 ɧɚ ɩɪɢɧɹɬɨɦ ɯɨɥɦɢɫɬɨ – ɝɨɪɧɨɦ ɭɱɚɫɬɤɟ ɫ 
ɨɫɬɚɧɨɜɤɚɦɢ. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɠɟɧɢɹ 
ɝɪɭɡɨɜɨɝɨ ɩɨɟɡɞɚ ɞɥɹ ɪɚɡɧɵɯ ɜɚɪɢɚɧɬɨɜ ɜɟɞɟɧɢɹ ɬɟɩɥɨɜɨɡɨɦ UгɌȿ16Ɇ3 ɢ ɟɝɨ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɜ ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɢ ɞɟɧɟɠɧɨɦ ɢɫɱɢɫɥɟɧɢɢ.  

Ⱥɧɚɥɢɡ ɢ ɨɰɟɧɤɚ ɷɬɨɝɨ ɷɬɚɩɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɦɭ ɝɪɭɡɨɜɨɦɭ ɩɨɟɡɞɭ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ:  

– ɭɦɟɧɶɲɟɧɢɟ ɪɚɫɯɨɞɚ ɧɚɬɭɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɡɚ ɩɨɟɡɞɤɭ, ɜ ɩɟɪɜɭɸ 
ɨɱɟɪɟɞɶ, ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɯɨɞɚ ɝɪɭɡɨɜɨɝɨ ɩɨɟɡɞɚ ɧɚ ɪɟɠɢɦɚɯ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ɬɨɪɦɨɠɟɧɢɹ ɢ ɭɦɟɧɶɲɟɧɢɟɦ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɫɢɥɨɜɨɣ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɬɟɩɥɨɜɨɡɨɜ ɩɨɞ ɧɚɝɪɭɡɤɨɣ ɢ, ɚ ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɷɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɸ ɦɟɯɚɧɢɱɟɫɤɨɣ ɪɚɛɨɬɵ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ 
ɧɚ ɭɩɨɦɹɧɭɬɵɣ ɩɨɟɡɞ ɜ ɪɟɠɢɦɟ ɬɹɝɢ; 

– ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ ɫɨɫɬɚɜɚ ɢ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɫɢɥɨɜɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɭɫɬɚɧɨɜɨɤ ɝɪɭɡɨɜɨɝɨ ɬɟɩɥɨɜɨɡɚ ɧɚ ɪɟɠɢɦɚɯ ɬɹɝɢ ɨɛɟɫɩɟɱɢɜɚɟɬ, ɬɚɤɠɟ, ɢ ɭɜɟɥɢɱɟɧɢɟ 
ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɝɨ ɢɦ ɤɨɥɢɱɟɫɬɜɚ ɧɚɬɭɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɬɹɝɭ ɩɨɟɡɞɨɜ; 

– ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɣ ɫɟɪɢɢ ɬɟɩɥɨɜɨɡɚ ɤɚɠɞɨɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ 
ɦɚɫɫɵ ɫɨɫɬɚɜɚ ɝɪɭɡɨɜɨɝɨ ɩɨɟɡɞɚ ɧɚ ɜɟɥɢɱɢɧɭ ∆Q = 500ɬ ɩɪɢɜɨɞɢɬ ɧɟ ɬɨɥɶɤɨ ɤ 
ɫɧɢɠɟɧɢɸ ɩɨɥɧɨɣ ɢ ɭɞɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɟɪɟɜɨɡɨɤ ɜ ɝɪɭɡɨɜɨɦ 
ɞɜɢɠɟɧɢɢ, ɧɨ ɢ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɨɜɵɲɟɧɢɸ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɧɚɬɭɪɧɨɝɨ 
ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɬɹɝɭ ɩɨɟɡɞɨɜ; 

– ɩɨɜɵɲɟɧɢɟ ɬɨɩɥɢɜɧɨ – ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɢɫɫɥɟɞɭɟɦɨɣ ɫɟɪɢɢ ɬɟɩɥɨɜɨɡɚ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɭɜɟɥɢɱɟɧɢɹ ɨɛɴёɦɚ 
ɩɟɪɟɜɨɡɨɱɧɨɣ ɪɚɛɨɬɵ ɢ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɧɚ ɪɟɠɢɦɚɯ ɬɹɝɢ 
«ɷɧɟɪɝɨɨɩɬɢɦɚɥɶɧɵɯ» ɩɨɡɢɰɢɣ ɤɨɧɬɪɨɥɥɟɪɚ ɦɚɲɢɧɢɫɬɚ ɫ ɭɱёɬɨɦ ɫɚɦɵɯ ɜɵɫɨɤɢɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɢɥɨɜɨɣ ɰɟɩɢ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɪɟɠɢɦɨɦ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢ ɬɨɪɦɨɠɟɧɢɹ. 
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Ɍɚɛɥɢɰɚ 1 

ɉɨɤɚɡɚɬɟɥɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɜɨɡɨɜ UzɌȿ16Ɇ3 ɧɚ ɯɨɥɦɢɫɬɨ – ɝɨɪɧɨɦ 
ɭɱɚɫɬɤɟ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ, ɞɜɢɠɟɧɢɟ ɫ ɨɫɬɚɧɨɜɤɚɦɢ 

 

ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɬɟɩɥɨɜɨɡɨɜ UгɌȿ16Ɇ3 ɜ 
ɩɪɨɰɟɫɫɟ ɞɜɢɠɟɧɢɹ ɫ ɨɫɬɚɧɨɜɤɚɦɢ. 

ɉɪɢɜɟɞёɧɧɵɟ ɧɢɠɟ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɩɨɥɭɱɟɧɵ ɚɧɚɥɨɝɢɱɧɨ Д1,3Ж, ɜ 
ɤɨɬɨɪɵɯ ɢɧɞɟɤɫ i ɨɛɨɡɧɚɱɚɟɬ ɜɚɪɢɚɧɬ ɬɹɝɨɜɨɝɨ ɪɚɫɱёɬɚ. 
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Ɋɚɫɯɨɞɵ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ 

ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɞɟɧɟɠɧɵɟ 
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1 2 3 4 5 6 7 8 9 10 11 12 

ɉɟɪɟɝɨɧ Ʉɚɬɬɚɤɭɪɝɚɧ – Ɋɚɡɴɟɡɞ. № 28, L = 11,25 ɤɦ (11,269 ɤɦ) 
1 2500 200 58,29 11,60 4,80 6,80 113,41 40,26 57,57 200,79 17,818 

2 3000 200 56,82 11,90 4,90 7,00 115,82 34,26 48,99 205,05 18,196 

3 3500 200 58,04 11,65 5,70 5,95 133,21 33,77 48,29 235,84 20,928 

ɉɟɪɟɝɨɧ Ɋɚɡɴɟɡɞ. № 28 – Ɂɢɪɚɛɭɥɚɤ, L = 16,85 ɤɦ (17,641 ɤɦ) 
1 2500 200 68,99 24,80 7,50 17,30 189,40 42,95 61,42 335,32 19,008 

2 3000 200 66,83 25,60 8,15 17,45 215,41 40,70 58,20 381,37 21,618 

3 3500 200 65,93 25,95 8,35 17,60 223,66 37,84 54,11 395,98 22,446 

ɉɟɪɟɝɨɧ Ɂɢɪɚɛɭɥɚɤ – Ɂɢёɜɭɞɞɢɧ, L = 27,15 ɤɦ (26,729 ɤɦ) 
1 2500 200 72,57 22,10 6,40 15,70 155,79 23,31 33,34 275,82 10,319 

2 3000 200 70,34 22,80 6,80 16,00 165,06 20,58 29,43 292,23 10,933 

3 3500 200 69,72 23,00 7,40 15,60 178,37 19,06 27,25 315,80 11,815 

ɉɟɪɟɝɨɧ Ɂɢёɜɭɞɞɢɧ – ɇɚɜɨɢ, L = 23,50 ɤɦ (23,693 ɤɦ) 
1 2500 200 74,44 19,10 7,50 11,60 177,88 30,03 42,94 314,93 13,292 

2 3000 200 69,68 20,40 8,55 11,85 201,83 28,39 40,60 357,33 15,082 

3 3500 200 66,74 21,30 9,50 11,80 223,32 26,92 38,50 395,38 16,687 

ɍɱɚɫɬɨɤ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ, L = 78,75 ɤɦ (76,224 ɤɦ) 
1 2500 200 68,49 69,50 26,80 42,70 636,48 32,09 45,89 1126,9 14,204 

2 3000 200 65,29 72,90 29,50 43,40 698,12 29,33 41,95 1236,0 15,580 

3 3500 200 65,07 73,15 32,70 40,45 768,56 27,68 39,58 1360,7 17,152 
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Ɋɢɫ. 1. Ⱦɢɧɚɦɢɤɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ ɬɟɩɥɨɜɨɡɨɜ UzɌȿ16Ɇ3 

ɧɚ ɯɨɥɦɢɫɬɨ – ɝɨɪɧɨɦ ɭɱɚɫɬɤɟ Ʉɚɬɬɚɤɭɪɝɚɧ - ɇɚɜɨɢ, ɞɜɢɠɟɧɢɟ ɫ ɨɫɬɚɧɨɜɤɚɦɢ 
 

Ɉɛɳɟɟ ɜɪɟɦɹ ɯɨɞɚ ɩɨɟɡɞɚ tɯ, ɦɢɧ: 
tɯ= -1,575Qi

2
+8,125Qi+62,95    (1) 

ȼɪɟɦɹ ɯɨɞɚ ɩɨɟɡɞɚ ɧɚ ɪɟɠɢɦɟ ɬɹɝɢ tɬ, ɦɢɧ: 
tɬ= 0,25Qi

2
+1,95Qi+24,60    (2) 

ȼɪɟɦɹ ɯɨɞɚ ɩɨɟɡɞɚ ɧɚ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢ ɬɨɪɦɨɠɟɧɢɹ tɯɯ,ɬ, ɦɢɧ: 
tɯɯ,ɬ=-1,825Qi

2
 + 6,175Qi+38,35    (3) 

Ɍɟɯɧɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ VT, ɤɦ/ɱ: 
Vɬ = 1,49Qi

2
 – 7,67Qi + 74,67     (4) 

Ɉɛɳɢɣ ɪɚɫɯɨɞ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɡɚ ɩɨɟɡɞɤɭ ȿ, ɤɝ: 
ȿ=4,4Qi

2
+48,44Qi+583,64     (5) 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚɬɭɪɧɨɝɨ ɬɨɩɥɢɜɚ ɟ, ɤɝ/104ɬɤɦ ɛɪɭɬɬɨ: 
e=0,555Qi

2–4,425Qi+35,96     (6) 

ɉɨɥɧɵɟ ɞɟɧɟɠɧɵɟ ɡɚɬɪɚɬɵ ɋɬ, ɬɵɫ. ɫўɦ: 

ɋɬ = 7,8Qi
2
+85,7Qi,+1033,4     (7) 

ɉɪɢɜɟɞёɧɧɵɟ ɞɟɧɟɠɧɵɟ ɡɚɬɪɚɬɵ ɫɬ, ɬɵɫ. ɫўɦ/ɤɦ: 
ɫɬ= 0,098Qi

2
+1,082Qi,+13,024     (8) 

ɍɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɦɚɫɫɚ ɫɨɫɬɚɜɚ ɝɪɭɡɨɜɨɝɨ ɩɨɟɡɞɚ 
ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɞɢɧɚɦɢɤɭ ɢɡɦɟɧɟɧɢɹ ɭɩɨɦɹɧɭɬɵɯ ɜɵɲɟ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɚɹ 

ɨɩɢɫɵɜɚɟɬɫɹ ɩɨɥɢɧɨɦɨɦ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ ɫɨ ɫɬɨɩɪɨɰɟɧɬɧɨɣ ɬɨɱɧɨɫɬɶɸ ɢɯ 

ɜɵɱɢɫɥɟɧɢɹ. 

ɂɫɫɥɟɞɨɜɚɧɢɹɦɢ Д7 – 10 ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟЖ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɨɫɬɨɜɟɪɧɨɫɬɶ 

ɦɨɞɟɥɟɣ ɜɨɠɞɟɧɢɹ ɝɪɭɡɨɜɵɯ ɩɨɟɡɞɨɜ ɦɚɝɢɫɬɪɚɥɶɧɵɦɢ (ɩɨɟɡɞɧɵɦɢ) 
ɝɪɭɡɨɜɵɦɢ ɬɟɩɥɨɜɨɡɚɦɢ UzTE16M3, ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɩɟɪɟɜɨɡɨɱɧɨɣ ɪɚɛɨɬɵ ɢɯ ɢ ɭɪɚɜɧɟɧɢɣ ɪɟɝɪɟɫɫɢɢ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɜɵɲɟɭɩɨɦɹɧɭɬɵɯ 
ɩɚɪɚɦɟɬɪɨɜ. ȼ ɷɬɨɣ ɫɜɹɡɢ, ɨɧɢ, ɜɩɨɥɧɟ ɤɨɧɤɪɟɬɧɨ, ɦɨɝɭɬ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ 
ɩɟɪɟɜɨɡɨɱɧɵɣ ɩɪɨɰɟɫɫ ɧɚ ɯɨɥɦɢɫɬɨ – ɝɨɪɧɨɦ ɭɱɚɫɬɤɟ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ ɜ 
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ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɨɪɝɚɧɢɡɚɰɢɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɟɪɟɜɨɡɨɤ ɝɪɭɡɨɜ.  
Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɭɞɭɬ ɩɨɥɟɡɧɵ ɫɩɟɰɢɚɥɢɫɬɚɦ 

ɥɨɤɨɦɨɬɢɜɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɤɨɦɟɧɞɚɰɢɣ ɢ 
ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɩɨɜɵɲɟɧɢɸ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɤɨɬɨɪɵɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚ ɞɪɭɝɢɯ, 
ɢɞɟɧɬɢɱɧɵɯ ɢɫɫɥɟɞɭɟɦɨɦɭ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦɭ ɭɱɚɫɬɤɭ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ  
ȺɈ «Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ ɣўɥɥɚɪɢ», ɪɟɚɥɶɧɵɯ ɢ ɜɢɪɬɭɚɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɠɟɥɟɡɧɵɯ 
ɞɨɪɨɝ. 

ȼɧɟɞɪɟɧɢɟ ɢɯ ɜ ɩɪɚɤɬɢɤɭ ɪɚɛɨɬɵ ɩɨɡɜɨɥɢɬ ɥɨɤɨɦɨɬɢɜɧɵɦ ɛɪɢɝɚɞɚɦ ɜɫɟɝɞɚ 
ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɷɤɨɧɨɦɢɸ ɧɚɬɭɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɪɚɫɯɨɞɭɟɦɨɝɨ 
ɦɚɝɢɫɬɪɚɥɶɧɵɦɢ (ɩɨɟɡɞɧɵɦɢ) ɬɪёɯɫɟɤɰɢɨɧɧɵɦɢ ɝɪɭɡɨɜɵɦɢ ɬɟɩɥɨɜɨɡɚɦɢ 
UzTE16Ɇ3 ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɨɪɝɚɧɢɡɚɰɢɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɭɱɚɫɬɤɚ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ ɯɨɥɦɢɫɬɨ – ɝɨɪɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɋɚɦɚɪɤɚɧɞ – ɇɚɜɨɢ 
– Ȼɭɯɚɪɚ ɍɡɛɟɤɫɤɨɣ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ ɫ ɭɱёɬɨɦ ɫɬɨɢɦɨɫɬɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ 
ɩɟɪɟɜɨɡɨɤ ɝɪɭɡɨɜ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɢ ɫɬɪɭɤɬɭɪɟ. 
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