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ɭɧɢɜɟɪɫɢɬɟɬ 
 
Аɧɧɨɬаɰиɹ. ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ, ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɪɨ-
ɢɬɟɥɶɧɨɣ ɦɚɲɢɧɵ, ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɢ, ɨɛɪɚɡɨɜɚɧɧɨɣ ɉАȼ ɢɡ ɫɨɫɬɚɜɚ ɪɚ-
ɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɨɛɴɟɦɧɨɝɨ ɝɢɞɪɨɩɪɢɜɨɞɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɬɪɢɛɨɫɨɩɪɹɠɟɧɢɣ, ɩɭɬɟɦ ɢɡɦɟɪɟ-
ɧɢɹ ɟɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ. 
 

Клɸɱевые ɫлɨва: ɨɛɴɟɦɧɵɣ ɝɢɞɪɨɩɪɢɜɨɞ, ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ, ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɦɚɡɨɱɧɨɣ 
ɩɥɟɧɤɢ. 
 

ȾɈɋɅȱȾɀȿɇɇə ȼɉɅɂȼɍ ɇȺɊɈȻɄɍ ɊɈȻɈɑɈȲ ɊȱȾɂɇɂ ȽȱȾɊɈɉɊɂȼɈȾɍ 

ȻɍȾȱȼȿɅɖɇɈȲ ɆȺɒɂɇɂ ɇȺ ȾȱȿɅȿɄɌɊɂɑɇɍ ɉɊɈɇɂɄɇȱɋɌɖ 

ɆȺɋɌɂɅɖɇɈȲ ɉɅȱȼɄɂ ɍ ɌɊɂȻɈɋɉɈɅɍɑȿɇɇəɏ 

 

ȼ.Ȼ. Ʉɨɫɨɥɚɩɨɜ, ɞɨɰ., ɤ.ɬ.ɧ., ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ 

ɭɧɿɜɟɪɫɢɬɟɬ 
 
Аɧɨɬаɰіɹ. ɇɚɜɟɞɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɧɹ ɡɦɿɧɢ, ɭ ɩɪɨɰɟɫɿ ɟɤɫɩɥɭɚɬɚɰɿʀ ɛɭɞɿɜɟɥɶɧɨʀ ɦɚɲɢ-
ɧɢ, ɧɟɫɭɱɨʀ ɡɞɚɬɧɨɫɬɿ ɦɚɫɬɢɥɶɧɨʀ ɩɥɿɜɤɢ, ɭɬɜɨɪɟɧɨʀ ɉАɊ ɿɡ ɫɤɥɚɞɭ ɪɨɛɨɱɨʀ ɪɿɞɢɧɢ ɨɛ’єɦɧɨɝɨ 

ɝɿɞɪɨɩɪɢɜɨɞɭ ɧɚ ɩɨɜɟɪɯɧɹɯ ɬɪɢɛɨɫɩɨɥɭɱɟɧɶ, ɲɥɹɯɨɦ ɜɢɦɿɪɭ ʀʀ ɞɿɟɥɟɤɬɪɢɱɧɨʀ ɩɪɨɧɢɤɧɨɫɬɿ. 
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INVESTIGATING THE INFLUENCE OF OPERATING TIME OF HYDRAULIC 

DRIVE FLUID OF CONSTRUCTION MACHINES ON DIELECTRIC  

PERMITTIVITY OF A LUBRICANT FILM IN THE TRIBOUNITS 
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Abstract. The results of investigating the changes, which load-carrying capacity of the lubricant film 
formed by SAA from hydraulic drive fluid on the surfaces of the tribounits undergoes under the opera-
tion of construction machines, have been presented in the article by measuring the dielectric permit-
tivity.  
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ȼɜɟɞɟɧɢɟ 
 
Ɋɟɫɭɪɫ ɚɤɫɢɚɥɶɧɨ-ɩɨɪɲɧɟɜɵɯ ɧɚɫɨɫɨɜ ɝɢɞɪɨ-
ɩɪɢɜɨɞɨɜ ɦɚɲɢɧ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɢɡɧɚɲɢɜɚɧɢɹ ɢɯ ɭɡɥɨɜ ɬɪɟ-
ɧɢɹ. ɇɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ ɩɪɨɰɟɫɫ ɢɡɧɨɫɚ 
ɬɪɢɛɨɫɨɩɪɹɠɟɧɢɣ ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɝɪɚɧɢɱɧɨɦ 
ɪɟɠɢɦɟ ɫɦɚɡɤɢ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜɨɡɦɨɠɧɨ-
ɫɬɶɸ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɪɢ ɬɚɤɨɦ ɪɟɠɢɦɟ ɫɦɚɡ-

ɤɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɬɪɟɧɢɹ. Ɋɚɛɨɱɢɟ ɠɢɞɤɨɫɬɢ (Ɋɀ) ɨɛɴёɦɧɵɯ 
ɝɢɞɪɨɩɪɢɜɨɞɨɜ ɫɩɨɫɨɛɧɵ ɩɪɟɞɨɬɜɪɚɳɚɬɶ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɣ ɤɨɧɬɚɤɬ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɬɪɟɧɢɹ ɩɭɬёɦ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɧɢɯ ɚɞɫɨɪɛɰɢ-
ɨɧɧɨɣ ɩɥёɧɤɢ, ɫɩɨɫɨɛɧɨɣ ɜɵɞɟɪɠɢɜɚɬɶ ɜɨɡ-
ɧɢɤɚɸɳɢɟ ɤɨɧɬɚɤɬɧɵɟ ɞɚɜɥɟɧɢɹ ɜ ɩɨɞɜɢɠ-
ɧɵɯ ɫɨɩɪɹɠɟɧɢɹɯ. 
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Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ɋɩɨɫɨɛɧɨɫɬɶ ɪɚɛɨɱɢɯ ɠɢɞɤɨɫɬɟɣ ɨɛɪɚɡɨɜɵ-

ɜɚɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɬɪɟɧɢɹ ɩɪɨɱɧɭɸ ɚɞ-
ɫɨɪɛɰɢɨɧɧɭɸ ɩɥёɧɤɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɜɨɣ-

ɫɬɜɚɦɢ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ 
(ɉȺȼ), ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ Ɋɀ, ɬɚɤ ɢ ɫɜɨɣ-

ɫɬɜɚɦɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɢɛɨɫɨɩɪɹɠɟɧɢɹ [1, 2]. 

Ɍɨɥɳɢɧɚ ɢ ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɚɞɫɨɪɛɰɢ-

ɨɧɧɨɣ ɩɥёɧɤɢ ɨɩɪɟɞɟɥɹɸɬ ɟɟ ɫɩɨɫɨɛɧɨɫɬɶ 
ɪɚɡɞɟɥɹɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɧɢɹ ɢ ɫɧɢɠɚɬɶ 
ɭɞɟɥɶɧɵɟ ɤɨɧɬɚɤɬɧɵɟ ɧɚɝɪɭɡɤɢ. Ɇɧɨɝɢɟ ɢɫ-
ɫɥɟɞɨɜɚɬɟɥɢ ɨɬɦɟɱɚɸɬ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɩɪɢɜɨɞɨɜ ɦɨɛɢɥɶɧɵɯ ɦɚɲɢɧ 

ɩɪɨɢɫɯɨɞɢɬ ɫɪɚɛɚɬɵɜɚɧɢɟ ɩɪɢɫɚɞɨɤ ɢ ɜɵɞɟ-
ɥɟɧɢɟ ɢɯ ɢɡ ɫɨɫɬɚɜɚ Ɋɀ. ɋɧɢɠɟɧɢɟ ɤɨɧɰɟɧ-

ɬɪɚɰɢɢ ɉȺȼ ɜ ɨɛɴɟɦɟ Ɋɀ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɭɦɟɧɶɲɟɧɢɟ ɬɨɥɳɢɧɵ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɩɥɟɧ-

ɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɬɪɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜ-
ɧɨɣ ɩɪɢɱɢɧɨɣ ɩɨɜɵɲɟɧɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɢɡɧɨɫɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɢɛɨɫɨɩɪɹɠɟɧɢɣ ɝɢɞ-
ɪɨɩɪɢɜɨɞɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɝɪɚɧɢɱɧɨɦ ɪɟɠɢ-

ɦɟ ɫɦɚɡɤɢ [1, 3]. 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɚɞɫɨɪɛɢɪɨɜɚɧɧɚɹ ɧɚ ɩɨɜɟɪɯɧɨ-
ɫɬɹɯ ɬɪɢɛɨɫɨɩɪɹɠɟɧɢɣ ɩɥɟɧɤɚ ɉȺȼ ɩɪɟɞ-

ɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɟ, ɤɜɚɡɢ-

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɨɛɪɚɡɨɜɚɧɢɟ, ɨɛɥɚɞɚɸɳɟɟ 
ɫɜɨɣɫɬɜɚɦɢ ɞɢɷɥɟɤɬɪɢɤɚ [2, 4]. ɉɨɷɬɨɦɭ ɢɡ-
ɦɟɧɟɧɢɟ ɬɨɥɳɢɧɵ ɢ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 

ɩɥɟɧɤɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɟɟ ɷɥɟɤ-
ɬɪɨɮɢɡɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɬɚɤɢɯ ɤɚɤ: ɬɚɧ-

ɝɟɧɫ ɭɝɥɚ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɬɟɪɶ (tgį), 
ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ (R) ɢ 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ (İ) [4, 5]. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 
ɨɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ ɧɚɪɚɛɨɬɤɢ Ɋɀ ɨɛɴɟɦ-

ɧɨɝɨ ɝɢɞɪɨɩɪɢɜɨɞɚ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɚɲɢɧɵ ɧɚ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɦɚɡɨɱɧɨɣ 

ɩɥɟɧɤɢ, ɨɛɪɚɡɨɜɚɧɧɨɣ ɉȺȼ ɢɡ ɫɨɫɬɚɜɚ Ɋɀ, ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɹɯ ɬɪɢɛɨɫɨɩɪɹɠɟɧɢɣ. 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɦɚ-
ɡɨɱɧɨɣ ɩɥɟɧɤɢ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɥɚɛɨɪɚɬɨɪɧɨɟ 
ɭɫɬɪɨɣɫɬɜɨ ɤɨɧɬɪɨɥɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 

ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɢ (ɪɢɫ. 1.) 

 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɫɥɟɞɭɟɦɨɣ ɫɦɚɡɵɜɚɸɳɟɣ ɠɢɞ-
ɤɨɫɬɢ ɩɪɢɦɟɧɹɥɨɫɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɦɚɫɥɨ 
ɆȽȿ-46ȼ ɫ ɪɚɡɥɢɱɧɨɣ ɧɚɪɚɛɨɬɤɨɣ.  

 
 

Ɋɢɫ. 1. ɋɯɟɦɚ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɟɦɤɨɫɬɢ ɫɦɚ-
ɡɨɱɧɨɣ ɩɥɟɧɤɢ: 1 – ɢɡɦɟɪɢɬɟɥɶ ɟɦɤɨɫɬɢ; 

2 – ɫɬɚɤɚɧ; 3 – ɩɥɚɫɬɢɧɱɚɬɵɣ ɷɥɟɤɬɪɨɞ;  
4 – ɲɚɪɢɤ; 5 – ɧɟɩɨɞɜɢɠɧɚɹ ɤɨɥɨɧɧɚ 

 

Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɜɥɢɹɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɮɚɤɬɨɪɨɜ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɩɪɨɢɡɜɨ-
ɞɢɥɫɹ ɤɨɧɬɪɨɥɶ ɡɚɝɪɹɡɧɟɧɧɨɫɬɢ, ɫɨɞɟɪɠɚɧɢɹ 
ɜɨɞɵ, ɤɢɫɥɨɬɧɨɝɨ ɱɢɫɥɚ ɜ ɨɛɪɚɡɰɚɯ ɢɫɫɥɟɞɭ-
ɟɦɨɣ Ɋɀ. Ɂɚɝɪɹɡɧёɧɧɨɫɬɶ Ɋɀ ɩɪɢ ɩɪɨɜɟɞɟ-
ɧɢɢ ɡɚɦɟɪɨɜ ɧɟ ɞɨɥɠɧɚ ɛɵɥɚ ɩɪɟɜɵɲɚɬɶ ɞɟ-
ɫɹɬɵɣ ɤɥɚɫɫ ɱɢɫɬɨɬɵ ɩɨ ȽɈɋɌ 17216-2001. 

ɍɞɚɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɡɚɝɪɹɡɧɟɧɢɣ ɢɡ ɫɨ-
ɫɬɚɜɚ Ɋɀ ɩɪɨɢɡɜɨɞɢɥɢ ɩɭɬɟɦ ɟɟ ɨɱɢɫɬɤɢ ɜ 
ɰɟɧɬɪɨɛɟɠɧɨɦ ɨɱɢɫɬɢɬɟɥɟ ɜ ɬɟɱɟɧɢɟ 60 ɦɢ-

ɧɭɬ ɩɪɢ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɰɟɧɬɪɢɮɭ-
ɝɢ 8000 ɦɢɧ-1. Ɂɚɦɟɪɵ ɤɢɫɥɨɬɧɨɝɨ ɱɢɫɥɚ ɨɬɨ-
ɛɪɚɧɧɵɯ ɩɪɨɛ Ɋɀ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɟɝɨ ɜɟɥɢɱɢɧɚ 
ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ Ɋɀ ɧɟ ɩɪɟɜɵɲɚɥɚ 
ɡɧɚɱɟɧɢɹ 0,01 ɦɝ ɄɈɇ/ɝ ɦɚɫɥɚ (ɩɪɢ ɩɪɟɞɟɥɶ-
ɧɨɦ ɡɧɚɱɟɧɢɢ 0,05 ɦɝ ɄɈɇ/ɝ ɦɚɫɥɚ ɜ ɭɫɥɨɜɢ-

ɹɯ ɯɪɚɧɟɧɢɹ). ɋɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɧɟ ɩɪɟɜɵɲɚ-
ɥɨ 0,01 %. ɉɨɷɬɨɦɭ ɫɱɢɬɚɟɦ ɜɟɥɢɱɢɧɭ 
ɤɢɫɥɨɬɧɨɝɨ ɱɢɫɥɚ ɢ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɵ ɤɨɧ-

ɫɬɚɧɬɨɣ ɜ ɩɪɟɞɟɥɚɯ ɛɪɚɤɨɜɨɱɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ. 

 

ȼ ɢɫɫɥɟɞɭɟɦɨɣ ɩɚɪɟ «ɲɚɪɢɤ–ɩɥɨɫɤɨɫɬɶ» 

ɧɚɝɪɭɠɟɧɢɟ ɡɨɧɵ ɤɨɧɬɚɤɬɚ ɩɪɨɢɡɜɨɞɢɥɨɫɶ 
ɩɨɲɚɝɨɜɨ ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ 
ɫɥɨɹ ɦɨɥɟɤɭɥ ɉȺȼ. Ɋɚɡɪɭɲɟɧɢɟ ɫɦɚɡɨɱɧɨɝɨ 

ɫɥɨɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɦɟɧɬɭ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɟ-
ɧɢɹ. ɉɨɹɜɥɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɚ ɫɨ-
ɩɪɨɜɨɠɞɚɟɬɫɹ ɨɛɧɭɥɟɧɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɟɦɤɨɫɬɢ ɜ ɫɨɩɪɹɠɟɧɢɢ. 

 

ȼ ɦɟɫɬɟ ɤɨɧɬɚɤɬɚ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɫ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɨɣ ɧɚ ɧɟɣ ɨɛɪɚɡɭɟɬɫɹ 
ɨɤɫɢɞɧɵɣ ɫɥɨɣ, ɤɨɬɨɪɵɣ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟ-
ɪɟ ɷɤɪɚɧɢɪɭɟɬ ɫɢɥɨɜɨɟ ɩɨɥɟ ɩɨɜɟɪɯɧɨɫɬɢ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɧɚɛɥɸɞɟɧɢɹ ɪɚɡɜɢɬɢɹ ɩɪɨɰɟɫɫɚ 
ɚɞɫɨɪɛɰɢɢ ɢ ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɚɞɫɨɪɛ-
ɰɢɨɧɧɨɝɨ ɫɥɨɹ ɧɟɨɛɯɨɞɢɦɨ ɭɞɚɥɢɬɶ ɨɤɫɢɞ-
ɧɵɣ ɫɥɨɣ. Ⱦɥɹ ɷɬɨɝɨ ɤɨɧɬɚɤɬ «ɩɥɨɫɤɨɫɬɶ–
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ɲɚɪɢɤ» ɩɨɦɟɳɚɥɢ ɜ ɫɪɟɞɭ ɦɚɫɥɚ ɢ ɧɚɝɪɭɠɚɥɢ 

ɞɨ ɦɨɦɟɧɬɚ ɪɚɡɞɚɜɥɢɜɚɧɢɹ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ.  
 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨɣ 

ɩɨɜɬɨɪɧɨɫɬɢ ɨɩɵɬɨɜ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɩɪɟɞ-

ɜɚɪɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱦɟɫɹɬɢɤɪɚɬɧɨ 
ɢɡɦɟɪɹɥɚɫɶ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɟɦɤɨɫɬɶ Ɋɀ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ Ɋɀ t = 293 Ʉ (ɬɚɛɥ. 1). 

 

ɉɪɢ ɷɬɨɦ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱ-
ɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɢɡɦɟɪɟɧɢɣ σ = 1,15 ɦɤɎ ɢ 

ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɢɡɦɟɪɟɧɢɣ mɫɪ = 35,7  ɦɤɎ. 

 

Ɇɢɧɢɦɚɥɶɧɨ ɧɟɨɛɯɨɞɢɦɚɹ ɩɨɜɬɨɪɧɨɫɬɶ ɢɡ-
ɦɟɪɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ  [6]  

 
2 2

ɤɪ
min 2 2

ɫɪ

t
n

m

    .                      (1) 

 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɋɬɶɸɞɟɧɬɚ, ɩɪɢ ɧɚ-
ɞɟɠɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ Ɋ = 0,95, ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɵɦ tɤɪ = 2,26 [6], ɞɨɩɭɫɬɢɦɚɹ ɨɬɧɨɫɢɬɟɥɶ-
ɧɚɹ ɨɲɢɛɤɚ ɢɡɦɟɪɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ Δ = 0,03 [6]. 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ, ɦɢɧɢɦɚɥɶɧɨ ɧɟɨɛ-
ɯɨɞɢɦɚɹ ɩɨɜɬɨɪɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɫɨɫɬɚɜɢɥɚ 

min 2,76n  . ɉɪɢɧɢɦɚɟɦ ɬɪɟɯɤɪɚɬɧɭɸ ɩɨɜɬɨɪ-
ɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ. 

 

ɂɡɦɟɪɟɧɢɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ 

(İ) ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɢ ɦɨɥɟɤɭɥ ɉȺȼ ɢɡ ɫɨɫɬɚ-
ɜɚ Ɋɀ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɧɚɪɚɛɨɬɤɟ ɨɫɭɳɟɫɬɜɥɹ-
ɥɨɫɶ ɩɭɬɟɦ ɪɟɚɥɢɡɚɰɢɢ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ ɟɝɨ 
ɩɪɨɜɟɞɟɧɢɹ: 
– ɬɟɦɩɟɪɚɬɭɪɚ Ɋɀ ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ 323 Ʉ; 

– Ɋɀ ɫ ɧɚɪɚɛɨɬɤɚɦɢ 0, 1000 ɢ 2000 ɦɨɬɨ-ɱ;  
– ɡɚɝɪɹɡɧɟɧɢɟ Ɋɀ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɧɢɠɟ ɞɟ-
ɫɹɬɨɝɨ ɤɥɚɫɫɚ ɱɢɫɬɨɬɵ ɩɨ ȽɈɋɌ 17216-2001. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫ-
ɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɝɪɚɮɢɤɟ ɪɢɫ. 2. 

ȼɟɥɢɱɢɧɚ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ  
 

0

1 dɋ
S

   ,                            (2) 

 

ɝɞɟ İ – ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɟ-
ɳɟɫɬɜɚ ɦɟɠɞɭ ɨɛɤɥɚɞɤɚɦɢ; İ0 – ɷɥɟɤɬɪɢɱɟ-
ɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ; S – ɩɥɨɳɚɞɶ ɨɛɤɥɚɞɨɤ ɤɨɧ-

ɞɟɧɫɚɬɨɪɚ; d – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɛɤɥɚɞɤɚɦɢ. 

 

ɉɥɨɳɚɞɶ ɨɛɤɥɚɞɨɤ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ S 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɨɦɢɧɚɥɶɧɭɸ ɩɥɨɳɚɞɶ 
ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɩɨ ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɟ, ɤɨɬɨ-
ɪɭɸ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ 

ɫɯɟɦɨɣ ɧɚ ɪɢɫ. 3. 

 
Ɍɚɛɥɢɰɚ 1 Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɟɦɤɨɫɬɢ ɹɱɟɣɤɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɧɚɝɪɭɡɤɢ ɜ ɤɨɧɬɚɤɬɟ, ɦɤɎ 

Ɂɚɦɟɪ 1 2 3 4 5 6 7 8 9 10 

ȿɦɤɨɫɬɶ ɋ, 

ɦɤɎ 
36 34 37 37 35 34 36 36 35 37 
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1000 ɦɨɬɨ/ɱɚɫ 2000 ɦɨɬɨ/ɱɚɫ 0 ɦɨɬɨ/ɱɚɫ

 
Ɋɢɫ. 2. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɟɦɤɨɫɬɢ ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɢ ɨɬ ɧɚɝɪɭɡɤɢ ɜ ɤɨɧɬɚɤɬɟ 

ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɧɚɪɚɛɨɬɤɟ Ɋɀ 
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Ɋɢɫ. 3. ɋɯɟɦɚ ɤɨɧɬɚɤɬɚ ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɟ «ɲɚɪɢɤ–ɩɥɨɫɤɨɫɬɶ» ɩɪɢ ɧɚɥɢɱɢɢ ɫɦɚɡɨɱɧɨɣ 

ɩɥɟɧɤɢ: 1 – ɲɚɪɢɤ; 2 – ɢɫɫɥɟɞɭɟɦɚɹ ɚɞɫɨɪɛɰɢɨɧɧɚɹ ɩɥɟɧɤɚ ɉȺȼ; 3 – ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɨɫɤɨɝɨ 
ɷɥɟɤɬɪɨɞɚ 

 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ ɜ ɢɡɦɟɪɢ-

ɬɟɥɶɧɨɣ ɹɱɟɣɤɟ «ɲɚɪɢɤ–ɩɥɨɫɤɨɫɬɶ» ɨɩɪɟɞɟ-
ɥɹɥɚɫɶ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ 

 

    2 2

ɲ ɲ ,i iS R h R d               (3) 

 

ɝɞɟ Rɲ – ɪɚɞɢɭɫ ɲɚɪɢɤɚ, ɦ; h – ɬɨɥɳɢɧɚ ɚɞ-

ɫɨɪɛɰɢɨɧɧɨɣ ɩɥɟɧɤɢ, ɦ. 

 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɛɤɥɚɞɤɚɦɢ (di) ɨɩɪɟɞɟɥɹ-
ɥɨɫɶ ɩɭɬɟɦ ɢɡɦɟɪɟɧɢɹ ɬɨɥɳɢɧɵ ɫɦɚɡɨɱɧɨɣ 

ɩɥɟɧɤɢ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɚɝɪɭɡɤɟ ɤɨɧ-

ɬɚɤɬɚ ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɟ. 
 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɹ ɬɨɥɳɢɧɵ ɫɦɚɡɨɱ-
ɧɨɣ ɩɥɟɧɤɢ ɨɬ ɧɚɝɪɭɡɤɢ ɜ ɤɨɧɬɚɤɬɟ ɩɪɢ ɪɚɡ-
ɥɢɱɧɨɣ ɧɚɪɚɛɨɬɤɟ Ɋɀ ɜ ɨɛɴɟɦɧɨɣ ɝɢɞɪɨɩɪɢ-

ɜɨɞɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɩɪɢɛɨɪɵ: 

ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɨɥɳɢɧɵ ɫɦɚɡɨɱ-
ɧɨɣ ɩɥɟɧɤɢ (ɪɢɫ 2); ɢɧɞɢɤɚɬɨɪ 1ɂȽ  

ȽɈɋɌ 18883-73; ɫɟɤɭɧɞɨɦɟɪ ɋȾɋɩɪ 1.2.000; 

ɬɟɪɦɨɪɟɝɭɥɹɬɨɪ ɍɌ-1. 

 

ɂɡɦɟɪɟɧɢɟ ɬɨɥɳɢɧɵ ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɢ Ɋɀ 

ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɩɪɢ ɩɨɦɨɳɢ ɭɫɬɪɨɣɫɬɜɚ, ɫɯɟ-
ɦɚ ɤɨɬɨɪɨɝɨ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 4. Ɂɚ ɨɫɧɨɜɭ 
ɛɵɥ ɜɡɹɬ ɦɟɬɨɞ ɫɬɨɩɵ Ⱥ.ɋ. Ⱥɯɦɚɬɨɜɚ [1], ɧɨ 
ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɫɜɟɫɬɢ ɤ ɦɢɧɢɦɭɦɭ ɤɨɧɬɚɤɬ-
ɧɨ-ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ, ɜɦɟɫɬɨ ɩɥɚ-
ɫɬɢɧ ɛɵɥɢ ɩɪɢɦɟɧɟɧɵ ɲɚɪɢɤɢ. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫ-
ɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɝɪɚɮɢɤɟ  
(ɪɢɫ. 5). ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɡɧɚɱɟɧɢɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ 

ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɢ ɩɪɢ ɧɚɪɚɛɨɬɤɚɯ Ɋɀ 0, 

1000, 2000 ɦɨɬɨ-ɱ. 
 

ȼɟɥɢɱɢɧɚ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ (2). Ɋɟɡɭɥɶɬɚɬɵ 

ɩɪɨɜɟɞɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɝɪɚɮɢɤɟ ɪɢɫ. 6. 
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Ɋɢɫ. 4. ɋɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɨɥɳɢɧɵ ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɢ: 1 – ɲɬɚɬɢɜ; 2 – ɦɟɯɚɧɢɡɦ 

ɧɚɝɪɭɡɤɢ; 3 – ɬɨɥɤɚɬɟɥɶ; 4 – ɟɦɤɨɫɬɶ ɫ Ɋɀ; 5 – ɨɩɨɪɧɚɹ ɩɥɢɬɚ; 6 – ɢɧɞɢɤɚɬɨɪ; 7 – ɨɦɦɟɬɪ;  
8 – ɲɚɪɢɤɢ; 9 – ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ; 10 – ɬɟɪɦɨɪɟɝɭɥɹɬɨɪ 
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Ɋɢɫ. 5. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɥɳɢɧɵ ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɢ ɨɬ ɧɚɝɪɭɡɤɢ ɜ ɤɨɧɬɚɤɬɟ ɩɪɢ ɪɚɡɥɢɱɧɨɣ 

ɧɚɪɚɛɨɬɤɟ Ɋɀ 
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Ɋɢɫ. 6. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɢ ɨɬ ɧɚɝɪɭɡɤɢ ɜ 

ɤɨɧɬɚɤɬɟ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɧɚɪɚɛɨɬɤɟ Ɋɀ 

 

ȼɵɜɨɞɵ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ  

(ɪɢɫ. 6) ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ 

ɧɚɪɚɛɨɬɤɢ Ɋɀ ɜ ɝɢɞɪɨɩɪɢɜɨɞɟ ɦɚɲɢɧɵ ɩɪɨ-
ɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɞɢɷɥɟɤ-
ɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɢ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɬɪɢɛɨɫɨɩɪɹɠɟɧɢɣ. Ⱦɢɷɥɟɤ-
ɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɢ, 

ɡɚ ɜɪɟɦɹ ɧɚɪɚɛɨɬɤɢ Ɋɀ ɜ ɝɢɞɪɨɩɪɢɜɨɞɟ 2000 

ɦɨɬɨ/ɱ, ɭɜɟɥɢɱɢɥɚɫɶ ɛɨɥɟɟ ɱɟɦ ɜ 2 ɪɚɡɚ. ɍɜɟ-
ɥɢɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨ-
ɧɢɰɚɟɦɨɫɬɢ ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɢ ɫɨɩɪɨɜɨɠɞɚ-
ɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɫɧɢɠɟɧɢɟɦ ɟɟ ɩɪɟɞɟɥɶɧɨɣ 

ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɯɚɪɚɤɬɟɪ 

ɢɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧɵ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨ-
ɧɢɰɚɟɦɨɫɬɢ ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɢ ɫ ɢɡɦɟɧɟɧɢɟɦ 

ɧɚɝɪɭɡɤɢ ɹɜɥɹɟɬɫɹ ɧɟɥɢɧɟɣɧɵɦ. Ɍɚɤ ɤɚɤ ɞɢ-

ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɹɜɥɹɟɬɫɹ 
ɮɭɧɤɰɢɟɣ ɫɬɪɭɤɬɭɪɵ ɫɦɚɡɨɱɧɨɣ ɩɥɟɧɤɢ ɤɚɤ 
ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ, ɬɨ ɝɪɚ-
ɮɢɤ ɧɚ ɪɢɫ. 6 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨ ɦɟɪɟ ɧɚɪɚ-
ɛɨɬɤɢ Ɋɀ ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɞɢɚɩɚɡɨɧɚ 
ɧɚɝɪɭɠɟɧɢɹ ɩɪɢ ɫɬɚɛɢɥɶɧɨɣ ɫɬɪɭɤɬɭɪɟ ɩɥɟɧ-

ɤɢ, ɚ ɡɧɚɱɢɬ, ɭɦɟɧɶɲɟɧɢɟ ɟɟ ɧɟɫɭɳɟɣ ɫɩɨ-
ɫɨɛɧɨɫɬɢ.  
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