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Аɧɧɨɬаɰиɹ. ɍɫɬɚɧɨɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ, ɫɜɹɡɵɜɚɸɳɢɟ ɜɪɟɦɹ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɫ 
ɨɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɝɢɞɪɨɩɪɢɜɨɞɚ, ɩɪɢ ɭɫɥɨɜɢɢ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨ-
ɞɟ ɧɚɫɨɫɚ ɧɚ ɜɫёɦ ɩɪɨɬɹɠɟɧɢɢ ɪɚɡɨɝɪɟɜɚ.  
 

Клɸɱевые ɫлɨва: ɝɢɞɪɨɩɪɢɜɨɞ, ɜɪɟɦɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɝɢɞɪɨɩɪɢɜɨɞɚ, ɨɛɟɫɩɟɱɟɧɢɟ 
ɩɨɫɬɨɹɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨɞɟ ɧɚɫɨɫɚ. 
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Аɧɨɬаɰіɹ. ȼɢɡɧɚɱɟɧɨ ɡɚɥɟɠɧɨɫɬɿ, ɳɨ ɩɨɜ’ɹɡɭɸɬɶ ɱɚɫ ɪɨɡɿɝɪɿɜɚɧɧɹ ɪɨɛɨɱɨʀ ɪɿɞɢɧɢ ɡ ɨɫɧɨɜɧɢɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ ɝɿɞɪɨɩɪɢɜɨɞɭ, ɡɚ ɭɦɨɜɢ ɡɚɛɟɡɩɟɱɟɧɧɹ ɩɨɫɬɿɣɧɨɝɨ ɬɢɫɤɭ ɧɚ ɜɯɨɞɿ ɧɚɫɨɫɚ ɩɪɨɬɹɝɨɦ 

ɜɫɶɨɝɨ ɪɨɡɿɝɪɿɜɚɧɧɹ.  
 

Клɸɱɨві ɫлɨва: ɝɿɞɪɨɩɪɢɜɿɞ, ɱɚɫ ɬɟɦɩɟɪɚɬɭɪɧɨʀ ɩɿɞɝɨɬɨɜɤɢ ɝɿɞɪɨɩɪɢɜɨɞɭ, ɡɚɛɟɡɩɟɱɟɧɧɹ ɩɨɫ-
ɬɿɣɧɨɝɨ ɬɢɫɤɭ ɧɚ ɜɯɨɞɿ ɧɚɫɨɫɚ. 
 

THE MODE OF TEMPERATURE PREPARATION OF 

MOBILE MACHINES HYDRAULIC DRIVES 
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Abstract: The problem of increasing efficiency of construction machines hydraulic drives performance 

by establishing the dependence that links the time of the working liquid warming-up for the necessary 

range of temperatures with the basic parameters of hydraulic drive and that determines the condition 

of providing permanent pressure on the entrance of the pump during the whole warming-up period 

has been solved.  
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Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɢɜɨɞ ɧɚɲɟɥ ɲɢɪɨɤɨɟ ɪɚɫ-
ɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɞɨɪɨɠɧɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ, 
ɥɟɫɧɨɦ ɤɨɦɩɥɟɤɫɟ, ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ ɢ ɞɪɭ-
ɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ ɝɢɞɪɨɮɢɰɢɪɨ-
ɜɚɧɧɵɯ ɦɚɲɢɧɚɯ ɞɨ 100 % ɦɨɳɧɨɫɬɢ ɩɪɢ-

ɜɨɞɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɨɬɪɟɛɥɹɟɬɫɹ ɝɢɞɪɨɩɪɢ-

ɜɨɞɨɦ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɝɢɞɪɨɩɪɢɜɨɞɚ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɵɦɢ ɩɪɨɟɤɬɢɪɨ-

ɜɚɧɢɟɦ, ɢɡɝɨɬɨɜɥɟɧɢɟɦ ɢ ɷɤɫɩɥɭɚɬɚɰɢɟɣ, ɤɨ-
ɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɧɟɨɛɯɨɞɢɦɵɣ ɭɪɨɜɟɧɶ 
ɌɈ ɢ Ɋ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ 
ɢ ɫɪɟɞɫɬɜ ɬɟɯɧɢɱɟɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɢ, ɨɱɢɫɬɤɭ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɨɬ ɡɚɝɪɹɡɧɟɧɢɣ, ɚ ɬɚɤɠɟ 
ɪɚɰɢɨɧɚɥɶɧɵɣ ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ ɝɢɞɪɨɩɪɢɜɨɞɚ.  
 

Ɍɟɩɥɨɜɨɣ ɪɟɠɢɦ ɝɢɞɪɨɩɪɢɜɨɞɚ ɜɥɢɹɟɬ ɧɚ ɩɨ-
ɬɟɪɢ ɦɨɳɧɨɫɬɢ, ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɟɝɨ ɚɝɪɟɝɚɬɨɜ 
ɢ ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɫɨɯɪɚɧɹɬɶ 
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ɧɟɨɛɯɨɞɢɦɵɟ ɩɚɪɚɦɟɬɪɵ. Ɉɬ ɬɟɦɩɟɪɚɬɭɪɵ 

(ɜɹɡɤɨɫɬɢ), ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɪɟɞɟɥɭ ɩɪɨɤɚ-
ɱɢɜɚɟɦɨɫɬɢ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɜɨɡɦɨɠɧɨɫɬɶ 
ɡɢɦɧɟɝɨ ɩɭɫɤɚ ɝɢɞɪɨɩɪɢɜɨɞɚ [1–4], ɪɚɡɨɝɪɟɜ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɪɨɯɨɞɢɬ ɷɬɚɩ ɜɨɡɦɨɠɧɵɯ 

ɤɚɜɢɬɚɰɢɨɧɧɵɯ ɹɜɥɟɧɢɣ. 

 

ɂɫɫɥɟɞɨɜɚɧɢɸ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɬɟɩɥɨɜɨɝɨ ɪɟ-
ɠɢɦɚ ɝɢɞɪɨɩɪɢɜɨɞɨɜ ɩɨɫɜɹɳɟɧɨ ɦɧɨɝɨ ɪɚɛɨɬ 
[1–6], ɨɞɧɚɤɨ ɨɧɢ ɧɟ ɧɚɲɥɢ ɫɜɨɟɝɨ ɪɚɡɜɢɬɢɹ ɜ 
ɭɫɬɚɧɨɜɥɟɧɢɢ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɬɟɦɩɟ-
ɪɚɬɭɪɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚ 
ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɟɣ ɩɪɟɞɟɥɭ ɩɪɨɤɚɱɢɜɚɟɦɨɫɬɢ, ɞɨ ɬɟɦ-

ɩɟɪɚɬɭɪɵ, ɩɨɡɜɨɥɹɸɳɟɣ ɞɥɢɬɟɥɶɧɭɸ ɪɚɛɨɬɭ.  
 

  

 

Ɂɧɚɱɟɧɢɟ ɜɹɡɤɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɪɟɞɟ-
ɥɭ ɩɪɨɤɚɱɢɜɚɟɦɨɫɬɢ ɞɥɹ ɚɤɫɢɚɥɶɧɨ-ɩɨɪɲɧɟ-
ɜɵɯ ɧɚɫɨɫɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɦɚɫɥɟ  
ɆȽȿ-46ȼ, ɩɪɟɜɵɲɚɟɬ 2000 ɫɋɬ, ɱɬɨ ɫɨɨɬɜɟɬ-
ɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɟ ɧɢɠɟ – 10 ɋ (263 Ʉ)  

[3, 4]. ɇɢɠɟ ɷɬɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɧɚɫɬɭɩɚɟɬ ɪɚɡɪɵɜ ɫɩɥɨɲɧɨɫɬɢ ɩɨɬɨɤɚ, ɧɚɱɢ-

ɧɚɟɬ ɧɚɪɭɲɚɬɶɫɹ ɢɥɢ ɩɪɟɤɪɚɳɚɬɶɫɹ ɩɨɞɚɱɚ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɱɬɨ ɜɟɞёɬ ɤ ɩɨɬɟɪɟ ɪɚɛɨ-
ɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞɪɨɩɪɢɜɨɞɚ [3, 4].  

 

ɉɨɫɥɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɟɳё ɢɦɟɸɬ 
ɦɟɫɬɨ ɛɨɥɶɲɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɜɨ ɜɫɚɫɵɜɚɸɳɟɣ ɝɢɞɪɨɥɢɧɢɢ ɧɚɫɨɫɚ ɢ ɜ 
ɫɚɦɨɦ ɧɚɫɨɫɟ [1, 2]. ɗɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɨ-
ɡɞɚɸɬ ɧɟɞɨɫɬɚɬɨɱɧɨɟ ɡɚɩɨɥɧɟɧɢɟ ɪɚɛɨɱɟɝɨ 

ɨɛɴɟɦɚ ɧɚɫɨɫɚ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɟɝɨ ɤɚɜɢɬɚɰɢɸ, 

ɫɨɩɪɨɜɨɠɞɚɟɦɭɸ ɩɭɥɶɫɚɰɢɟɣ ɞɚɜɥɟɧɢɹ ɢ 

ɲɭɦɨɦ.  

 

ɉɭɥɶɫɚɰɢɹ ɞɚɜɥɟɧɢɹ ɨɛɭɫɥɨɜɥɟɧɚ ɝɢɞɪɚɜɥɢ-

ɱɟɫɤɢɦɢ ɭɞɚɪɚɦɢ, ɜɵɡɜɚɧɧɵɦɢ ɧɚɪɭɲɟɧɢɟɦ 

ɩɨɞɚɱɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜɨ ɜɫɚɫɵɜɚɸɳɭɸ 

ɩɨɥɨɫɬɶ ɧɚɫɨɫɚ. Ⱥɦɩɥɢɬɭɞɚ ɷɬɢɯ ɩɭɥɶɫɚɰɢɣ 

ɦɨɠɟɬ ɞɨɫɬɢɱɶ ɜɟɥɢɱɢɧ, ɫɧɢɠɚɸɳɢɯ ɞɨɥɝɨ-
ɜɟɱɧɨɫɬɶ ɧɚɫɨɫɨɜ ɢɥɢ ɜɵɡɵɜɚɸɳɢɯ ɢɯ ɪɚɡ-
ɪɭɲɟɧɢɟ [1, 2]. ɉɨɷɬɨɦɭ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɩɨɞɝɨɬɨɜɤɢ ɝɢɞɪɨɩɪɢɜɨɞɚ ɤ ɪɚɛɨɬɟ ɨɬ ɩɪɟɞɟ-
ɥɚ ɩɪɨɤɚɱɢɜɚɟɦɨɫɬɢ ɧɟɨɛɯɨɞɢɦɵ ɫɩɟɰɢɚɥɶ-
ɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ, ɜɵɬɟɤɚɸɳɢɟ ɢɡ ɫɥɟɞɭɸ-

ɳɟɝɨ. 
 

Ɋɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɝɢɞɪɨɩɪɢɜɨɞɚ ɩɪɢ ɧɢɡɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɛɫɨɥɸɬɧɵɦ 

ɞɚɜɥɟɧɢɟɦ ɜɨ ɜɫɚɫɵɜɚɸɳɟɣ ɤɚɦɟɪɟ ɧɚɫɨɫɚ. 
Ɇɢɧɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ ɜ ɲɟɫɬɟɪɟɧ-

ɧɵɟ ɧɚɫɨɫɵ ɫ ɜɧɟɲɧɢɦ ɡɚɰɟɩɥɟɧɢɟɦ  

ɪɜ = 0,07 Ɇɉɚ, ɚ ɞɥɹ ɧɚɫɨɫɨɜ ɫ ɜɧɭɬɪɟɧɧɢɦ 

ɡɚɰɟɩɥɟɧɢɟɦ ɢ ɚɤɫɢɚɥɶɧɨ-ɩɨɪɲɧɟɜɵɯ 

ɪɜ=0,08 Ɇɉɚ [1, 2].  

 

ɋɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ Ȼɟɪɧɭɥɥɢ, ɚɛɫɨɥɸɬɧɨɟ 
ɞɚɜɥɟɧɢɟ ɜɨ ɜɫɚɫɵɜɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɧɚ-
ɫɨɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ  
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  (1) 

 

ɝɞɟ 0p  – ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ, ɉɚ; 0 1p   – 

ɞɨɩɭɫɬɢɦɵɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜɨ ɜɫɚɫɵɜɚɸ-

ɳɟɣ ɦɚɝɢɫɬɪɚɥɢ ɧɚɫɨɫɚ, ɉɚ; 1 2 3, ,p p p  – ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ ɫɨɫɬɚɜɥɹɸɳɢɟ ɞɨɩɭɫɬɢɦɵɯ ɩɨ-
ɬɟɪɶ ɧɚ ɜɯɨɞɟ ɜɨ ɜɫɚɫɵɜɚɸɳɭɸ ɦɚɝɢɫɬɪɚɥɶ, 
ɧɚ ɥɢɧɟɣɧɨɦ ɭɱɚɫɬɤɟ ɜɫɚɫɵɜɚɸɳɟɝɨ ɬɪɭɛɨ-
ɩɪɨɜɨɞɚ ɢ ɧɚ ɜɯɨɞɟ ɜ ɧɚɫɨɫ, ɉɚ;   – ɭɞɟɥɶɧɵɣ 

ɜɟɫ ɠɢɞɤɨɫɬɢ, ɇ/ɦ3; h  – ɜɵɫɨɬɚ ɛɚɤɚ ɧɚɞ 

ɧɚɫɨɫɨɦ, ɦ3;   – ɩɥɨɬɧɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨ-
ɫɬɢ, ɤɝ/ɦ3; u  – ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟ-
ɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜɨ ɜɫɚɫɵɜɚɸɳɟɣ  

ɦɚɝɢɫɬɪɚɥɢ, ɦ/ɫ; 1  – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɧɚ ɜɯɨɞɟ ɜɫɚɫɵɜɚɸɳɟɝɨ ɬɪɭɛɨɩɪɨ-
ɜɨɞɚ ɧɚɫɨɫɚ; 2  – ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɵɯ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɜɯɨɞɟ ɜ ɧɚɫɨɫ ɢ ɜ ɫɚɦɨɦ 

ɧɚɫɨɫɟ; L  – ɞɥɢɧɚ ɜɫɚɫɵɜɚɸɳɟɝɨ ɩɚɬɪɭɛɤɚ, 
ɦ; d  – ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɚ ɝɢɞɪɨɩɪɢɜɨɞɚ, 
ɦ; 0q  – ɪɚɛɨɱɢɣ ɨɛɴёɦ ɧɚɫɨɫɚ, 3ɦ ; n  – ɱɚɫɬɨ-
ɬɚ ɜɪɚɳɟɧɢɹ ɜɚɥɚ, ɨɛ./ɫ; f  – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ 
ɜɫɚɫɵɜɚɸɳɟɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ, 2ɦ ;   – ɜɹɡ-
ɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɦ2/ɫ; g  – ɭɫɤɨɪɟɧɢɟ 
ɫɢɥɵ ɬɹɠɟɫɬɢ, ɦ/ɫ2; b(Re) – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨ-
ɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟ-
ɧɢɣ ɦɟɫɬɧɵɯ ɩɨɬɟɪɶ ɨɬ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ. 
 

ɉɪɢ ɱɢɫɥɚɯ Re ≥ 2300 b=1 ɩɪɢ Re<2300 

ɤɨɷɮɮɢɰɢɟɧɬ b ɧɚɯɨɞɹɬ ɩɨ ɝɪɚɮɢɤɚɦ [2]. ɇɚ 
ɨɫɧɨɜɚɧɢɢ ɡɚɜɢɫɢɦɨɫɬɢ (1) ɜɨɡɦɨɠɧɵ 

ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, 
ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ ɫɧɢɠɟɧɢɸ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ 
ɜɨ ɜɫɚɫɵɜɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ ɧɚɫɨɫɚ ɧɚ ɷɬɚɩɟ 
ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɨ ɡɧɚɱɟɧɢɣ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɢɬɟɥɶɧɨɣ 

ɪɚɛɨɬɵ ɝɢɞɪɨɩɪɢɜɨɞɚ (+5 ɋ, 500 ɫɋɬ): 
ɭɜɟɥɢɱɟɧɢɟ ɜɵɫɨɬɵ ɜɫɚɫɵɜɚɧɢɹ (h) ɢɥɢ 

ɩɪɢɦɟɧɟɧɢɟ ɧɚɞɞɭɜɚ ɧɚɞ ɠɢɞɤɨɫɬɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɶɸ ɝɢɞɪɨɛɚɤɚ ɢɧɟɪɬɧɵɦ ɝɚɡɨɦ ɢɥɢ 
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ɜɨɡɞɭɯɨɦ; ɭɦɟɧɶɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ 
ɠɢɞɤɨɫɬɢ ɜɨ ɜɫɚɫɵɜɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ u  ɡɚ 
ɫɱёɬ ɭɜɟɥɢɱɟɧɢɹ ɞɢɚɦɟɬɪɚ d ɜɫɚɫɵɜɚɸɳɟɝɨ 

ɬɪɭɛɨɩɪɨɜɨɞɚ; ɭɦɟɧɶɲɟɧɢɟ ɞɥɢɧɵ ɜɫɚɫɵɜɚ-
ɸɳɟɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ L; ɫɧɢɠɟɧɢɟ ɦɟɫɬɧɵɯ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɜ   ɧɚ ɭɱɚɫɬɤɟ ɜɫɚɫɵɜɚɧɢɹ.  
 

Ⱦɨɫɬɢɠɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡ-
ɦɨɠɧɨ ɬɚɤɠɟ ɡɚ ɫɱɟɬ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɹ-
ɰɢɢ, ɚ ɞɨɫɬɢɠɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɣ ɜɹɡɤɨɫɬɢ, –

ɡɚ ɫɱёɬ ɡɚɦɟɧɵ ɫɨɪɬɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. ɇɚ 
ɷɬɨɦ ɷɬɚɩɟ ɪɚɡɨɝɪɟɜ ɜɨɡɦɨɠɟɧ ɬɚɤɠɟ: ɩɪɢɦɟ-
ɧɟɧɢɟɦ ɫɩɟɰɢɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɦɟɠɞɭɫɦɟɧɧɨ-
ɝɨ ɯɪɚɧɟɧɢɹ ɦɚɲɢɧ, ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɫɬɨɱ-
ɧɢɤɚ ɬɟɩɥɚ ɢɥɢ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ 

ɷɧɟɪɝɢɢ; ɫɩɟɰɢɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɧɚɫɨ-
ɫɚ ɛɟɡ ɧɚɝɪɭɡɤɢ ɫ ɭɦɟɧɶɲɟɧɧɨɣ ɱɚɫɬɨɬɨɣ ɟɝɨ 

ɜɪɚɳɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɨɜɵɫɢɬɶ ɬɟɦɩɟɪɚ-
ɬɭɪɭ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɛɟɡɤɚɜɢɬɚɰɢɨɧɧɨɦ 

ɪɟɠɢɦɟ. 
 

ȼɫɥɟɞɫɬɜɢɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɫɬɢ ɷɬɨɝɨ ɷɬɚɩɚ 
ɢɫɫɥɟɞɨɜɚɬɟɥɢ [3] ɞɨɩɭɫɤɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɟɝɨ ɩɪɨɯɨɠɞɟɧɢɹ ɩɪɢ ɧɨɦɢɧɚɥɶɧɵɯ ɱɚɫɬɨɬɟ 
ɜɪɚɳɟɧɢɹ ɧɚɫɨɫɚ ɢ ɞɚɜɥɟɧɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨ-
ɫɬɢ. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɨɬɦɟɱɚɟɬɫɹ ɧɟɠɟɥɚ-
ɬɟɥɶɧɨɫɬɶ ɞɪɨɫɫɟɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɡɨɝɪɟɜɚ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɜ ɫɥɟɞɫɬɜɢɢ ɪɚɛɨɬɵ ɧɚɫɨ-
ɫɚ ɜ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɢ ɞɚɠɟ ɚɜɚɪɢɣɧɵɯ 
ɭɫɥɨɜɢɹɯ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɩɪɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨɞɟ ɢ 

ɜɵɯɨɞɟ ɧɚɫɨɫɚ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ 
ɧɟɝɚɬɢɜɧɵɯ ɜɥɢɹɧɢɣ ɤɚɜɢɬɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫ-
ɫɨɜ ɧɚ ɝɢɞɪɨɩɪɢɜɨɞ. 

 

    

 

ɋɨɞɟɪɠɚɧɢɟ ɫɬɚɬɶɢ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɢɫɫɥɟɞɨ-
ɜɚɧɢɟ ɫɜɹɡɢ ɦɟɠɞɭ ɜɪɟɦɟɧɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɩɨɞɝɨɬɨɜɤɢ ɝɢɞɪɨɩɪɢɜɨɞɚ ɢ ɨɫɧɨɜɧɵɦɢ ɟɝɨ 

ɩɚɪɚɦɟɬɪɚɦɢ, ɚ ɬɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɢɟɦ ɪɟɠɢɦɚ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨ-
ɫɬɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɦɢɧɢɦɭɦ ɷɧɟɪɝɨɡɚ-
ɬɪɚɬ ɧɚ ɫɜɨё ɨɫɭɳɟɫɬɜɥɟɧɢɟ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɷɬɨɣ ɰɟɥɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜɥɢɹɧɢɟ ɨɫɧɨɜɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ ɧɚ ɜɪɟɦɹ ɪɚɡɨɝɪɟɜɚ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɩɨɞɚɱɟ. 
Ɂɚɬɟɦ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 
ɜɚɥɚ ɧɚɫɨɫɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɟɝɨ ɛɟɫɤɚɜɢɬɚ-
ɰɢɨɧɧɭɸ ɪɚɛɨɬɭ ɧɚ ɷɬɚɩɟ ɪɚɡɨɝɪɟɜɚ ɨɬ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɩɪɨɞɚɜɥɢɜɚɧɢɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɩɨɡɜɨɥɹɸɳɟɣ ɞɥɢɬɟɥɶɧɭɸ ɟɝɨ ɪɚɛɨɬɭ. ɉɨ-
ɫɥɟɞɧɹɹ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨɫɬɢ: 

– ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɚɜɥɟɧɢɹ ɜɨ 

ɜɫɚɫɵɜɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ ɧɚɫɨɫɚ ɨɬ ɩɚɪɚɦɟɬ-
ɪɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ; 
– ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɱɚɫɬɨɬ ɜɪɚ-
ɳɟɧɢɹ ɧɚɫɨɫɚ (ɩɨɞɚɱɢ) ɨɬ ɜɹɡɤɨɫɬɢ ɪɚɛɨɱɟɣ 

ɠɢɞɤɨɫɬɢ, ɡɚɬɟɦ ɜɹɡɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ, 

ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɧɚɫɨɫɚ 
ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɨɛɟɫɩɟ-
ɱɢɜɚɸɳɢɯ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ ɧɚɫɨɫɚ. 
 

ɂɫɩɨɥɶɡɭɹ ɩɨɫɥɟɞɧɸɸ ɡɚɜɢɫɢɦɨɫɬɶ, ɭɫɬɚɧɚɜ-
ɥɢɜɚɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɫɜɹɡɶ ɜɪɟɦɟɧɢ 

ɧɚɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɫ ɨɫɧɨɜɧɵɦɢ ɩɚ-
ɪɚɦɟɬɪɚɦɢ ɝɢɞɪɨɩɪɢɜɨɞɚ ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ 

ɩɨɫɬɨɹɧɧɨɝɨ ɢ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɣ ɞɚɜɥɟ-
ɧɢɹ ɜɨ ɜɫɚɫɵɜɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ ɧɚɫɨɫɚ. 
 

ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɞɝɨ-
ɬɨɜɤɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɪɟɞɟɥɭ ɩɪɨɤɚɱɢɜɚɟɦɨɫɬɢ, 

ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɨɡɜɨɥɹɸɳɟɣ ɞɥɢɬɟɥɶɧɭɸ 

ɪɚɛɨɬɭ, ɝɢɞɪɨɮɢɰɢɪɨɜɚɧɧɚɹ ɦɚɲɢɧɚ ɬɨɥɶɤɨ 
ɝɨɬɨɜɢɬɫɹ ɤ ɜɵɩɨɥɧɟɧɢɸ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 

ɨɩɟɪɚɰɢɣ. ɉɨɷɬɨɦɭ ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɧɚ ɷɬɨɦ 

ɷɬɚɩɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɟɝɨ ɩɪɨɞɨɥ-
ɠɢɬɟɥɶɧɨɫɬɶɸ. 

 

   

    

  

 

ɇɚɯɨɞɢɦ ɜɪɟɦɹ ɧɚɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɧɚɫɨ-
ɫɚ [3, 4] 

 

 
  

ɝɩ ɝɩ ɝɩ

ɝɩ ɝɩ ɝɩ ɝɩ 0 ɝɩ

0 ɨɛɝɩ ɝɩ

ɝɩ ɝɩ ɝɩ ɝɩ 0 ɝɩ

ln

1
ln ,

m c Q

K F K F T T Q

n q pm c

K F K F T T Q

         
            


 (2) 

 

ɝɞɟ   – ɜɪɟɦɹ ɧɚɝɪɟɜɚ, ɫ; n – ɱɚɫɬɨɬɚ ɜɪɚɳɟ-
ɧɢɹ ɜɚɥɚ ɧɚɫɨɫɚ, ɨɛ./ɫ; 0q  – ɪɚɛɨɱɢɣ ɨɛɴɟɦ 

ɧɚɫɨɫɚ, 3ɦ ; ɨɛ  – ɨɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨ-
ɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɝɢɞɪɨɩɪɢɜɨɞɚ; p  – ɞɚɜɥɟ-
ɧɢɟ ɝɢɞɪɨɫɢɫɬɟɦɵ, ɉɚ; T  – ɬɟɦɩɟɪɚɬɭɪɚ ɪɚ-
ɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, Ʉ ; 0T  – ɧɚɱɚɥɶɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, Ʉ ; ɝɩk  – 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, 
2

ȼɬ
ɦ Ʉ ; ɝɩF  – 

ɩɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ, 2ɦ ; ɝɩm  – ɦɚɫɫɚ ɝɢɞ-

ɪɨɩɪɢɜɨɞɚ, ɤɝ  
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ɝɨ ɪɠȽɉm m m  ,  (3) 

 

ɝɞɟ ɝɨm  – ɦɚɫɫɚ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɝ ; 

ɪɠm – ɦɚɫɫɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɤɝ; ɝɩc  – ɬɟɩ-

ɥɨɟɦɤɨɫɬɶ ɝɢɞɪɨɩɪɢɜɨɞɚ, Ⱦɠ
ɤɝ Ʉ ; 

 

ɠ ɪɠ ɝɨ ɝɨ
ɝɩ

ɪɠ ɝɨ

ɫ m ɫ m
c

m m

    ,      (4) 

 

ɝɞɟ ɠɫ  – ɬɟɩɥɨɟɦɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, 

Ⱦɠ
ɤɝ Ʉ ; ɝɨɫ  – ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚ-

ɧɢɹ, Ⱦɠ
ɤɝ Ʉ . 

 

ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ (2), ɨɩɪɟɞɟɥɹɟɦ ɜɥɢɹɧɢɟ 
ɧɚ ɜɪɟɦɹ ɧɚɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɨɫɧɨɜ-
ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ ɩɪɢ ɢɯ ɨɞɢɧɚ-
ɤɨɜɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɢɡɦɟɧɟɧɢɢ.  

 

ɋɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ 
ɧɚ ɜɪɟɦɹ ɧɚɝɪɟɜɚ ɨɰɟɧɢɜɚɥɚɫɶ ɩɨ ɮɨɪɦɭɥɟ (5) 

 

max

min

.

    (5) 

 

ȼɪɟɦɹ ɧɚɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɩɪɢ-

ɜɨɞɚ ɷɤɫɤɚɜɚɬɨɪɚ ɗɈ-4325 ɧɚ ɡɚɞɚɧɧɵɟ ɢɧɬɟ-
ɪɜɚɥɵ ɬɟɦɩɟɪɚɬɭɪ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭ-
ɥɟ (2) ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɜɚɥɚ 
ɧɚɫɨɫɚ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɢ-

ɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1. 

 , с

Т, К260 265 270 275 280

2х10
3

1.5х10 3

1х10 3

500

0

, с

Т, К260 265 270 275 280

2х10
3

1.5х10 3

1х10 3

500

0

 
 

Ɋɢɫ. 1. ȼɪɟɦɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɪɚ-
ɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɩɨɞɚɱɟ  

 

Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɫɪɚɜɧɟɧɢɹ ɫɬɟɩɟɧɢ 

ɜɥɢɹɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ ɧɚ ɜɪɟɦɹ 
ɪɚɡɨɝɪɟɜɚ ɩɨ ɮɨɪɦɭɥɚɦ (2), (5) ɩɪɢɜɟɞɟɧɵ ɧɚ 
ɪɢɫ. 2.  

ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ 

ɨɞɢɧɚɤɨɜɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɢɡɦɟɧɟɧɢɢ ɩɚɪɚ-
ɦɟɬɪɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ 
ɜɪɟɦɹ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɨɤɚɡɵɜɚ-
ɸɬ ɨɛɳɢɣ ɄɉȾ ɝɢɞɪɨɩɪɢɜɨɞɚ ɢ ɞɚɜɥɟɧɢɟ (ɜ 
ɬɪɢ – ɱɟɬɵɪɟ ɪɚɡɚ ɛɨɥɶɲɟɟ, ɱɟɦ ɩɥɨɳɚɞɶ 
ɬɟɩɥɨɨɬɞɚɱɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ).  

 

ɉɚɪɚɦɟɬɪɵ ɧɚ ɪɢɫɭɧɤɟ ɪɚɫɫɬɚɜɥɟɧɵ ɩɨ ɭɛɵ-

ɜɚɧɢɸ ɫɬɟɩɟɧɢ ɢɯ ɜɥɢɹɧɢɹ ɧɚ ɜɪɟɦɹ ɪɚɡɨɝɪɟ-
ɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

 

 
 

Ɋɢɫ. 2. ȼɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ ɧɚ 
ɜɪɟɦɹ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɣ ɩɨɞɚɱɟ 
 

   , 

   

 

 

ɉɨ ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ ɜɹɡɤɨɫɬɢ ɪɚɛɨɱɟɣ ɠɢɞ-

ɤɨɫɬɢ ɩɪɢ ɟё ɪɚɡɨɝɪɟɜɟ ɭɦɟɧɶɲɚɸɬɫɹ ɩɨɬɟɪɢ 

ɞɚɜɥɟɧɢɹ ɜɨ ɜɫɚɫɵɜɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ 
ɧɚɫɨɫɚ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɜɚɬɶ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɧɚɫɨɫɚ ɬɚɤ, ɱɬɨɛɵ ɩɨɬɟɪɢ ɨɫɬɚɜɚ-
ɥɢɫɶ ɩɨɫɬɨɹɧɧɵɦɢ ɧɚ ɭɪɨɜɧɟ, ɨɛɟɫɩɟɱɢɜɚɸ-

ɳɟɦ ɛɟɡɤɚɜɢɬɚɰɢɨɧɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɧɚɫɨ-
ɫɚ, ɧɨ ɭɫɤɨɪɹɥɢ, ɡɚ ɫɱёɬ ɭɜɟɥɢɱɟɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɧɚɫɨɫɚ (ɩɨɞɚɱɢ), ɪɚɡɨɝɪɟɜ ɪɚɛɨɱɟɣ 

ɠɢɞɤɨɫɬɢ.  
 

ɉɨ ɞɚɧɧɵɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɪɚɛɨɬɟ [1], ɛɟɡ-
ɤɚɜɢɬɚɰɢɨɧɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɚɤɫɢɚɥɶɧɨ-
ɩɨɪɲɧɟɜɵɯ ɧɚɫɨɫɨɜ ɩɪɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟ-
ɪɚɬɭɪɟ ɩɪɨɞɚɜɥɢɜɚɧɢɹ (–10 ɋ, 2000 ɫɋɬ) ɦɨ-
ɠɟɬ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧ ɩɨɞɚɱɟɣ ɧɚɫɨɫɚ, ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɟɣ ɱɚɫɬɨɬɟ ɟɝɨ ɜɪɚɳɟɧɢɹ ɨɤɨɥɨ 600– 

700 ɨɛ./ɦɢɧ (10–11,6 ɨɛ./ɫ).  
 

Ɂɚɜɟɪɲɟɧɢɟɦ ɷɬɚɩɚ ɹɜɥɹɟɬɫɹ ɞɨɫɬɢɠɟɧɢɟ ɪɚ-
ɛɨɱɟɣ ɠɢɞɤɨɫɬɶɸ ɬɟɦɩɟɪɚɬɭɪɵ, ɨɛɟɫɩɟɱɢɜɚ-
ɸɳɟɣ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɧɚɫɨ-
ɫɚ (+5 ɋ, 500 ɫɋɬ). ɉɪɢ ɷɬɨɦ ɞɨɥɠɧɨ ɛɵɬɶ 
ɨɛɟɫɩɟɱɟɧɨ ɧɟɨɛɯɨɞɢɦɨɟ ɞɚɜɥɟɧɢɟ ɜɨ ɜɫɚɫɵ-

ɜɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ ɧɚɫɨɫɚ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟ-
ɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶɸ (1).  

t, c 
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ȼ ɪɚɛɨɬɟ [1] ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɨɩɪɚɜɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ b ɦɟɫɬɧɵɯ ɩɨ-
ɬɟɪɶ ɨɬ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ Re   Reb f  ɩɪɢ 

ɥɚɦɢɧɚɪɧɨɦ ɪɟɠɢɦɟ ɬɟɱɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨ-
ɫɬɢ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɩɨɞɝɨɬɨɜɤɟ.  
 

Ⱥɩɩɪɨɤɫɢɦɢɪɭɟɦ ɩɪɢɜɟɞɟɧɧɭɸ ɜ ɪɚɛɨɬɟ ɝɪɚ-
ɮɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɡɚɜɢ-

ɫɢɦɨɫɬɶɸ ɜɢɞɚ  
 

  1

1 1

1

Re
c

b
a b

   .  (6) 

 

ɉɪɟɞɫɬɚɜɢɜ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɜ ɪɚɡɜɟɪɧɭɬɨɦ 

ɜɢɞɟ, ɩɨɥɭɱɚɟɦ 

 

1

0
1 1

1
c

b
d n q

a b
f

        
, (7) 

 

ɝɞɟ 4
1 6,9921 10a   , 4

1 9,6474 10b   , 

1 1,085897c   – ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɮɨɪɦɭɥɵ. 

 

ɉɨɞɫɬɚɜɢɜ ɡɚɜɢɫɢɦɨɫɬɶ (7) ɜ ɮɨɪɦɭɥɭ (2), 

ɩɨɥɭɱɢɦ 

 

1 1

6 2
0

0 2

1 2

0 0
1 1 1 1

6 6
0

2

( 10 )

2

1

75 10 10
.

2

c c

n q
p p h

g f

d n q d n q
a b a b

f f

L n q

d g f



 

         
                             

           
 

ɂɫɩɨɥɶɡɭɹ ɩɨɥɭɱɟɧɧɭɸ ɮɨɪɦɭɥɭ (8), ɫɬɪɨɢɦ  

ɤɪɢɜɵɟ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜɨ ɜɫɚɫɵɜɚɸɳɟɣ 

ɩɨɥɨɫɬɢ ɧɚɫɨɫɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɹɡɤɨɫɬɢ 

(ɬɟɦɩɟɪɚɬɭɪɵ) ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɥɹ ɱɚɫɬɨɬ 
ɜɪɚɳɟɧɢɹ, ɢɡɦɟɧɹɸɳɢɯɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 
5ɨɛ./ɫ (ɩɪɹɦɚɹ 1) ɞɨ 40 ɨɛ./ɫ (ɩɪɹɦɚɹ 8,  

ɪɢɫ. 3). 

 

ɂɫɩɨɥɶɡɭɹ ɝɪɚɮɢɤɢ ɧɚ ɪɢɫɭɧɤɟ ɢ ɮɨɪɦɭɥɭ 
(8), ɨɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜɹɡɤɨɫɬɢ, ɨɛɟɫɩɟ-
ɱɢɜɚɸɳɢɟ ɞɨɩɭɫɬɢɦɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ 
ɧɚɫɨɫɚ ɞɥɹ ɜɫɟɯ ɱɚɫɬɨɬ ɟɝɨ ɜɪɚɳɟɧɢɹ ɜ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɨɦ ɞɢɚɩɚɡɨɧɟ ( 48 10 ɉɚ, ɩɪɹɦɚɹ 
Ⱥ, ɪɢɫ. 3). 

 

1–5 
ɨɛ
ɫ

; 2–10 
ɨɛ
ɫ

; 3–15 
ɨɛ
ɫ

; 4–20 
ɨɛ
ɫ

; 

5–25 
ɨɛ
ɫ

; 6–30 
ɨɛ
ɫ

; 7–35 
ɨɛ
ɫ

; 8–40 
ɨɛ
ɫ

 

 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨɞɟ ɜ 
ɧɚɫɨɫ ɨɬ ɜɹɡɤɨɫɬɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɥɹ 
ɪɚɡɧɵɯ ɱɚɫɬɨɬ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɧɚɫɨɫɚ 

 

ɂɫɩɨɥɶɡɭɹ ɝɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɪɢɜɟ-
ɞɟɧɧɵɟ ɜ ɪɚɛɨɬɟ [1], ɚɩɩɪɨɤɫɢɦɢɪɭɟɦ ɮɭɧɤ-
ɰɢɢ ( )T f   ɡɚɜɢɫɢɦɨɫɬɶɸ ɜɢɞɚ 
 

2
2 2( )   c

T a b ,  (9) 

 

ɝɞɟ 2 374,787a  , 2 244,545 b , 

2 0,04608 c  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɮɨɪɦɭɥɵ;  

T  – ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, Ʉ. 

 

ɂɫɩɨɥɶɡɭɹ ɡɚɜɢɫɢɦɨɫɬɢ (8) ɢ (9), ɧɚɯɨɞɢɦ 

ɮɭɧɤɰɢɸ ( )n f T , ɚɩɩɪɨɤɫɢɦɢɪɭɹ ɟё ɡɚɜɢ-

ɫɢɦɨɫɬɶɸ ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ 
 

2
3 3 3    n a b T c T ,  (10) 

 

ɝɞɟ 3 10438,473a  , 3 79,91246 b , 

3 0,153087c  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɮɨɪɦɭɥɵ. 

 

    

     

 

 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɜɵɞɟɥɹɟɦɨɟ ɜ ɝɢɞɪɨɩɪɢ-

ɜɨɞɟ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɬɟ-
ɪɹɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɨ 

ɩɨ ɮɨɪɦɭɥɟ 
 

H(1 )Q N   ,  (11) 

(8)
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ɝɞɟ   – ɨɛɳɢɣ ɄɉȾ ɝɢɞɪɨɩɪɢɜɨɞɚ; HN  – 

ɦɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ ɧɚɫɨɫɚ, ȼɬ.  
 

ɉɪɢ ɪɚɫɱɟɬɟ ɨɛɳɢɣ ɄɉȾ ɦɨɠɟɬ ɛɵɬɶ ɜɵɛɪɚɧ 

ɜ ɩɪɟɞɟɥɚɯ 0,7–0,8. Ɇɨɳɧɨɫɬɶ ɧɚɫɨɫɚ ɜɵɱɢɫ-
ɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 
 

H H H ,N Q P    (12) 

 

ɝɞɟ HQ  – ɩɨɞɚɱɚ ɧɚɫɨɫɚ, ɦ3/ɫ; HP  – ɞɚɜɥɟɧɢɟ 
ɧɚɫɨɫɚ, ɉɚ. 
 

Ɇɨɳɧɨɫɬɶ ɩɨɬɟɪɶ ɫɨɡɞɚёɬ ɷɧɟɪɝɢɸ ɩɨɬɟɪɶ, 
ɤɨɬɨɪɚɹ ɢɞɟɬ ɧɚ ɧɚɝɪɟɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɢ 

ɪɚɫɫɟɢɜɚɟɬɫɹ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ 
 

n t pA A A  ,  (13) 

 

ɝɞɟ nA  – ɷɧɟɪɝɢɹ ɩɨɬɟɪɶ ɜ ɝɢɞɪɨɩɪɢɜɨɞɟ; tA  – 

ɷɧɟɪɝɢɹ ɩɨɬɟɪɶ ɧɚ ɧɚɝɪɟɜ ɝɢɞɪɨɩɪɢɜɨɞɚ; pA  – 

ɷɧɟɪɝɢɹ ɩɨɬɟɪɶ, ɪɚɫɫɟɢɜɚɟɦɚɹ ɜ ɨɤɪɭɠɚɸɳɭɸ 

ɫɪɟɞɭ. 

 

ȼɪɟɦɹ ɧɚɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚɯɨɞɢɦ ɢɡ 
ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ 
  0 ɨɛ

ɝɩ ɝɩ ɝɩ o

1

( ) ,

n q p d

m c dT k F T T d

       
          (14) 

 

ɝɞɟ   – ɜɪɟɦɹ ɪɚɡɨɝɪɟɜɚ ɝɢɞɪɨɩɪɢɜɨɞɚ, ɫ; p  –

ɞɚɜɥɟɧɢɟ ɫɢɫɬɟɦɵ, ɉɚ; T  – ɬɟɦɩɟɪɚɬɭɪɚ ɪɚ-
ɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, Ʉ; m – ɩɪɢɜɟɞɟɧɧɚɹ ɦɚɫɫɚ 
ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɤɝ; 
c  – ɫɪɟɞɧɹɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɢɞɪɨ-

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, 
Ⱦɠ
ɤɝ Ʉ ;  

k  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, 
2

ȼɬ
ɦ Ʉ ; 

F – ɩɥɨɳɚɞɶ ɬɟɩɥɨɨɬɞɚɸɳɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, 

ɦ2; 0T – ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, Ʉ. 

 

ɝɨ ɪɠm m m  ,         (15) 

 

ɝɞɟ ɝɨm  – ɦɚɫɫɚ ɝɢɞɪɨɩɪɢɜɨɞɚ; ɪɠm  – ɦɚɫɫɚ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

 

 

ȼɜɟɞёɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 
 

ɡ 0 ɨɛ(1 )A q p     ; ɡ ɝɩ ɝɩC m c  ; 

ɡ ɝɩ ɝɩD k F  . 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɩɪɢɧɹɬɵɯ ɨɛɨɡɧɚɱɟɧɢɣ ɜ 
ɮɨɪɦɭɥɭ (10) ɩɨɫɥɟɞɧɹɹ ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ 

 

ɡ ɡ ɡ ɠ 0( )A n d C dT D T T d          .   (16) 

 

ɉɨɫɥɟ ɪɚɡɞɟɥɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɩɨɥɭɱɚɟɦ ɫɥɟ-
ɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ 
 

ɡ

ɡ ɡ ɠ ɡ 0

C
d dT

A n D T D T
       . (17) 

 

ȼɜɟɞɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ  
 

ɡ ɡ 3;K A c    ɡ ɡ 3 ɡ;P A b D    

ɡ ɡ 3 ɡ 0Q A a D T    ; 
2

ɡ ɡ
ɡ 2

ɡ ɡ

.
4

Q P
M

K K
    

 

ɋ ɭɱёɬɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɛɨɡɧɚɱɟɧɢɣ ɩɨ-
ɥɭɱɚɟɦ ɫɥɟɞɭɸɳɭɸ ɮɨɪɦɭɥɭ ɞɥɹ ɨɩɪɟɞɟɥɟ-
ɧɢɹ ɜɪɟɦɟɧɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɝɢɞ-

ɪɨɩɪɢɜɨɞɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɫɧɨɜɧɵɯ ɟɝɨ 

ɩɚɪɚɦɟɬɪɨɜ 
 

ɠ

0

ɡ
ɠ

2 2ɡɡ
ɠ ɡ

ɡ

ɡ
ɠ

ɡ ɡ

ɡ ɡ ɡ

ɡ
0

ɡ ɡ

ɡ ɡ ɡ

1

( )
2

2
arctg

2
arctg .

T

T

ɋ
dT

PK
T M

K

P
T

ɋ K

K M M

P
T

ɋ K

K M M

    
         
        



(18) 

 

 
 

Ɋɢɫ. 4. ȼɪɟɦɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɪɚ-
ɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟ-
ɧɢɢ ɜɨ ɜɫɚɫɵɜɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ ɧɚɫɨɫɚ 
ɢ ɩɟɪɟɦɟɧɧɨɣ ɩɨɞɚɱɟ 
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ɇɚ ɨɫɧɨɜɟ ɡɚɜɢɫɢɦɨɫɬɢ  (18) ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɜɪɟɦɹ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɨɬ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɩɪɨɞɚɜɥɢɜɚɧɢɹ (263 Ʉ) ɞɨ ɬɟɦɩɟɪɚɬɭ-
ɪɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɢɬɟɥɶ-
ɧɨɣ ɪɚɛɨɬɵ ɝɢɞɪɨɩɪɢɜɨɞɚ (278 Ʉ), ɚ ɬɚɤɠɟ 
ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɥɸɛɨɝɨ 

ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɜ ɷɬɨɦ 

ɢɧɬɟɪɜɚɥɟ.  
 

 

 

ɉɨɥɭɱɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɫɜɹɡɵ-

ɜɚɸɳɚɹ ɜɪɟɦɹ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɫ 
ɨɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɝɢɞɪɨɩɪɢɜɨɞɚ, ɩɪɢ 

ɭɫɥɨɜɢɢ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 
ɧɚ ɜɯɨɞɟ ɧɚɫɨɫɚ ɧɚ ɜɫёɦ ɩɪɨɬɹɠɟɧɢɢ ɪɚɡɨɝɪɟɜɚ. 
 

Ɉɫɭɳɟɫɬɜɥɟɧɢɟ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

ɫ ɩɨɫɬɨɹɧɧɵɦ ɞɨɩɭɫɬɢɦɵɦ ɞɚɜɥɟɧɢɟɦ ɧɚ 
ɜɯɨɞɟ ɧɚɫɨɫɚ, ɞɨɫɬɢɝɚɟɦɨɝɨ ɡɚ ɫɱёɬ ɭɜɟɥɢɱɟ-
ɧɢɹ ɩɨɞɚɱɢ ɩɨ ɦɟɪɟ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞ-

ɤɨɫɬɢ, ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɬɟɦɩɟɪɚ-
ɬɭɪɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɝɢɞɪɨɩɪɢɜɨɞɚ ɤ ɪɚɛɨɬɟ ɧɚ 
40–60 % ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɨɤɪɚɬɢɬɶ ɷɧɟɪ-
ɝɨɡɚɬɪɚɬɵ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ. 
 

ɋɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞ-

ɪɨɩɪɢɜɨɞɚ ɧɚ ɜɪɟɦɹ ɟɝɨ ɪɚɡɨɝɪɟɜɚ ɩɪɢ ɩɨɫɬɨ-
ɹɧɧɨɣ ɩɨɞɚɱɟ ɭɛɵɜɚɟɬ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨ-
ɜɚɬɟɥɶɧɨɫɬɢ: ɨɛɳɢɣ ɄɉȾ, ɞɚɜɥɟɧɢɟ, ɦɚɫɫɵ 

ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɢ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨ-
ɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɢ ɩɥɨɳɚɞɶ ɬɟɩ-

ɥɨɨɬɞɚɱɢ. 
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