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ɤɭɦɭɥɹɬɨɪ ɧɚ ɦɨɳɧɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɞɢɡɟɥɹ. Ɍɟɨɪɟɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɚ ɧɟɨɛɯɨɞɢ-
ɦɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɩɥɢɜɧɨɝɨ ɧɚɫɨɫɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɬɨɩɥɢɜɧɨɣ 
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Abstract. The results  of the research of impact of the process of fuel injection into the accumulator on 

the power of mechanical losses of the diesel engine are presented. The need to regulate the high pres-

sure fuel pump for battery-driven fuel system is theoretically grounded. 
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ȼɜɟɞɟɧɢɟ 
 

ɂɡ ɬɟɨɪɢɢ Ⱦȼɋ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ 
ɨɤɚɡɵɜɚɸɬ ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɬɟɪɢ [1]. ɗɬɢ ɩɨ-

ɬɟɪɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɫɨɫɬɚɜɥɹɸɳɢɟ 
[2]. ɉɟɪɜɚɹ ɫɜɹɡɚɧɚ ɫ ɡɚɬɪɚɬɨɣ ɷɧɟɪɝɢɢ (ɱɚɫɬɢ 

ɢɧɞɢɤɚɬɨɪɧɨɣ ɪɚɛɨɬɵ) ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɜɫɟɯ 

ɜɢɞɨɜ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ ɞɟɬɚɥɟɣ 

ɞɜɢɝɚɬɟɥɹ. ȼɬɨɪɚɹ ɨɛɭɫɥɨɜɥɟɧɚ ɧɟɨɛɯɨɞɢɦɨ-
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ɫɬɶɸ ɡɚɬɪɚɬ ɱɚɫɬɢ ɷɧɟɪɝɢɢ ɞɜɢɝɚɬɟɥɹ ɧɚ ɜɵ-

ɩɨɥɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɨɣ ɪɚɛɨɬɵ ɩɨ ɩɟɪɟɦɟɳɟ-
ɧɢɸ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ. ɋɸɞɚ ɨɬɧɨ-
ɫɹɬɫɹ ɪɚɛɨɬɵ, ɜɵɩɨɥɧɹɟɦɵɟ ɩɨɪɲɧɟɦ ɧɚ 
ɭɱɚɫɬɤɟ ɜɵɩɭɫɤɚ – ɧɚɩɨɥɧɟɧɢɹ, ɡɚɬɪɚɬɵ ɧɚ 
ɩɪɢɜɨɞ ɜɟɧɬɢɥɹɬɨɪɚ, ɜɨɞɹɧɨɝɨ, ɦɚɫɥɹɧɨɝɨ, 
ɬɨɩɥɢɜɨɩɨɞɤɚɱɢɜɚɸɳɟɝɨ ɧɚɫɨɫɨɜ ɢ, ɧɚɤɨɧɟɰ, 

ɌɇȼȾ. 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ  

 

Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɪɚɡɥɢɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ  
[2, 3], ɞɨɥɹ ɜɬɨɪɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɬɟɪɶ 
ɧɚɯɨɞɢɬɫɹ ɧɚ ɭɪɨɜɧɟ 20–30 % ɨɬ ɨɛɳɟɝɨ ɡɧɚ-
ɱɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɞɜɢɝɚɬɟɥɹ. 
 

ɇɸɚɧɫ ɠɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɟɪɜɭɸ 

ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɟɨɛɯɨɞɢɦɨ ɫɬɪɟɦɢɬɶɫɹ ɫɜɟ-
ɫɬɢ ɤ ɧɭɥɸ – ɜ ɢɞɟɚɥɟ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɢɬɶ 
ɜɫɟ ɜɢɞɵ ɬɪɟɧɢɹ ɜ ɩɨɞɜɢɠɧɵɯ ɞɟɬɚɥɹɯ ɞɜɢɝɚ-
ɬɟɥɹ. ɂɫɤɥɸɱɢɬɶ ɜɬɨɪɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ  

ɧɟɜɨɡɦɨɠɧɨ ɜ ɩɪɢɧɰɢɩɟ. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ 
ɫɬɪɟɦɢɬɶɫɹ ɤ ɟɟ ɦɢɧɢɦɢɡɚɰɢɢ, ɱɬɨ ɢ ɨɛɭ-

ɫɥɚɜɥɢɜɚɟɬ ɩɪɢɦɟɧɟɧɢɟ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ ɞɜɢ-

ɝɚɬɟɥɹɯ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ ɦɧɨɝɨɤɥɚɩɚɧ-

ɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɢ ɪɟɝɭɥɢɪɭɟɦɵɯ ɮɚɡ 
ɝɚɡɨɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɧɚɞɞɭɜɚ, 
ɭɩɪɚɜɥɹɟɦɨɝɨ ɩɪɢɜɨɞɚ ɜɟɧɬɢɥɹɬɨɪɚ, ɜɨɞɹɧɨɝɨ 
ɧɚɫɨɫɚ ɢ ɞɪɭɝɢɯ ɦɟɪɨɩɪɢɹɬɢɣ [3, 4]. 

 

ȼ ɨɬɧɨɲɟɧɢɢ ɪɚɛɨɬɵ, ɜɵɩɨɥɧɹɟɦɨɣ ɌɇȼȾ, – 

ɩɨɞɚɱɢ ɜ ɰɢɥɢɧɞɪɵ ɬɨɩɥɢɜɚ ɩɨɞ ɜɵɫɨɤɢɦ 

ɞɚɜɥɟɧɢɟɦ, – ɞɚɧɧɚɹ ɩɪɨɛɥɟɦɚ ɧɟ ɫɬɨɢɬ ɞɥɹ 
ɞɢɡɟɥɟɣ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ, ɝɢɞɪɨ-ɦɟɯɚɧɢ-

ɱɟɫɤɨɣ ɬɨɩɥɢɜɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ (ɌȺ), ɤɚɤ ɛɭ-

ɞɟɬ ɩɨɤɚɡɚɧɨ ɧɢɠɟ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ 
ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɧɚ ɩɪɢɜɨɞ ɌɇȼȾ ɬɪɚɬɢɬɫɹ 
ɫɬɨɥɶɤɨ ɷɧɟɪɝɢɢ, ɫɤɨɥɶɤɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ 
ɜɩɪɵɫɤɢɜɚɧɢɹ ɬɪɟɛɭɟɦɵɯ ɰɢɤɥɨɜɵɯ ɩɨɞɚɱ 

ɩɪɢ ɨɛɟɫɩɟɱɟɧɧɨɦ ɧɚɫɨɫɨɦ ɞɚɜɥɟɧɢɢ (ɤɨɧɟɱ-
ɧɨ, ɫ ɭɱɟɬɨɦ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɄɉȾ ɫɚɦɨɝɨ 

ɧɚɫɨɫɚ). Ⱥ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɩɨɜɵɲɟɧɢɟ ɞɚɜɥɟ-
ɧɢɹ ɜɩɪɵɫɤɢɜɚɧɢɹ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɩɪɢɜɨ-
ɞɢɬ ɤ ɭɥɭɱɲɟɧɢɸ ɢɧɞɢɤɚɬɨɪɧɵɯ ɩɨɤɚɡɚɬɟ-
ɥɟɣ, ɱɟɦ ɤ ɭɜɟɥɢɱɟɧɢɸ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ 
[1, 5, 6]. 

 

ɋɢɬɭɚɰɢɹ ɤɨɪɟɧɧɵɦ ɨɛɪɚɡɨɦ ɦɟɧɹɟɬɫɹ ɩɪɢ 

ɨɫɧɚɳɟɧɢɢ ɞɢɡɟɥɹ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɌȺ ɫ 
ɷɥɟɤɬɪɨɧɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɌɇȼȾ ɧɟ ɩɨɞɚɟɬ ɬɨɩɥɢɜɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ 
ɰɢɥɢɧɞɪ, ɚ ɧɚɝɧɟɬɚɟɬ ɟɝɨ ɜ ɚɤɤɭɦɭɥɹɬɨɪ [6]. ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɧɚɛɥɸɞɚɟɬɫɹ ɢɡɛɵɬɨɱɧɚɹ ɩɨɞɚɱɚ 
ɬɨɩɥɢɜɚ ɜ ɚɤɤɭɦɭɥɹɬɨɪ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ 

ɢɡɛɵɬɨɱɧɚɹ ɪɚɛɨɬɚ ɧɚ ɟɝɨ ɫɠɚɬɢɟ [7]. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɢɥɢ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɦɢ-

ɧɢɦɢɡɚɰɢɢ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɷɮɮɟɤɬɚ ɨɬ ɷɬɨɝɨ 
ɹɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ ɪɟɝɭɥɢɪɨɜɚ-
ɧɢɟ ɩɨɞɚɱɢ ɌɇȼȾ. ɂɦɟɧɧɨ ɨɛɨɫɧɨɜɚɧɢɸ 

ɷɬɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɦɟɪɨɩɪɢɹɬɢɹ ɢ ɩɨɫɜɹɳɟ-
ɧɚ ɧɚɫɬɨɹɳɚɹ ɫɬɚɬɶɹ. 
 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ  
ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɌɇȼȾ 

 

ȼ ɏɄȻȾ (ɝ. ɏɚɪɶɤɨɜ) ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ 
ɨɩɵɬɧɨɝɨ ɨɞɧɨɰɢɥɢɧɞɪɨɜɨɝɨ ɨɬɫɟɤɚ ɞɢɡɟɥɹ 
ɑ 8,8/8,2, ɨɫɧɚɳɺɧɧɨɝɨ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɫɢ-

ɫɬɟɦɨɣ ɬɨɩɥɢɜɨɩɨɞɚɱɢ. ȼ ɤɚɱɟɫɬɜɟ ɌɇȼȾ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɲɬɚɬɧɵɣ ɧɚɫɨɫ ɫɢɫɬɟɦɵ ɧɟɩɨ-
ɫɪɟɞɫɬɜɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ 

ɢɡɦɟɧɟɧɢɹɦɢ [7]. Ɋɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɞɚɱɢ 

ɧɚɫɨɫ ɧɟ ɢɦɟɥ. 
 

ɇɟɤɨɬɨɪɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɜ ɱɚɫɬɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɞɚɜɥɟɧɢɹ ɜɩɪɵɫɤɢɜɚ-
ɧɢɹ ɪȼɉ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1.  

 
Ɍɚɛɥɢɰɚ 1 ȼɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ ɜɩɪɵɫɤɢɜɚɧɢɹ ɧɚ 

ɩɨɤɚɡɚɬɟɥɢ ɞɢɡɟɥɹ 
 

Ne,

ɤȼɬ
pe, 

Ɇɉɚ
pɜɩ, 

Ɇɉɚ 
GɌ,

ɤɝ/ɱ
pi, 

Ɇɉɚ Șe Și Șɦ 

3,6 0,35
50 1,32 0,65 0,230 0,432 0,532

70 1,31 0,67 0,232 0,443 0,524

5,4 0,52
50 1,85 0,81 0,247 0,384 0,643

70 1,79 0,82 0,255 0,402 0,634

 

Ɋɚɫɫɦɨɬɪɟɧɵ ɞɜɚ ɪɟɠɢɦɚ ɧɚɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɩɪɢ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ 

ɜɚɥɚ n = 2500 ɦɢɧ–1. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ, 
ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. 1, ɭɜɟɥɢɱɟɧɢɟ ɪȼɉ ɨɬ  
50 ɞɨ 70 Ɇɉɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɥɭɱɲɟɧɢɟɦ 

ɷɮɮɟɤɬɢɜɧɵɯ ɢ ɢɧɞɢɤɚɬɨɪɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɞɜɢɝɚɬɟɥɹ. Ɇɟɯɚɧɢɱɟɫɤɢɣ ɠɟ ɄɉȾ ɩɪɢ ɷɬɨɦ 

ɩɚɞɚɟɬ. 
 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧ ɄɉȾ, 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɩɨ ɮɨɪɦɭɥɟ 
 

 70 50 50/     ,  (1)  

 

ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥ. 2 ɢ ɧɚ ɪɢɫ. 1. Ⱥɧɚɥɢɡ ɞɚɧ-

ɧɵɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɪȼɉ ɧɚ 
20 Ɇɉɚ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ Și ɩɪɢɦɟɪɧɨ ɧɚ 2,5–

4,5 %, ɚ ɭɜɟɥɢɱɟɧɢɟ Șɟ ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ  

1–3 %, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɩɚɞɟɧɢɟɦ ɦɟɯɚɧɢɱɟ-
ɫɤɨɝɨ ɄɉȾ ɞɜɢɝɚɬɟɥɹ ɧɚ 1,5 %. 
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Ɍɚɛɥɢɰɚ 2 ȼɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ ɜɩɪɵɫɤɢɜɚɧɢɹ  
ɧɚ ɄɉȾ 

 

ʋ įȘe, % įȘi, % įȘɦ, % 

1 0,9 2,5 –1,5 

2 3,2 4,7 –1,4 

 

 
 

Ɋɢɫ. 1. ȼɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ ɜɩɪɵɫɤɢɜɚɧɢɹ ɧɚ 
ɄɉȾ ɞɜɢɝɚɬɟɥɹ 

 

Ȼɨɥɶɲɢɣ ɩɪɢɪɨɫɬ Șɟ ɧɚ ɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɦ 

ɪɟɠɢɦɟ ʋ 2 ɬɚɤɠɟ ɢɦɟɟɬ ɩɪɨɫɬɨɟ ɨɛɴɹɫɧɟɧɢɟ 
– ɰɢɤɥɨɜɚɹ ɩɨɞɚɱɚ (ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɱɟɪɟɡ 
ɞɜɢɝɚɬɟɥɶ) ɜɵɲɟ, ɚ ɡɧɚɱɢɬ, ɛɨɥɶɲɚɹ ɞɨɥɹ ɩɨ-
ɞɚɱɢ ɧɚɫɨɫɚ ɢɞɺɬ ɧɚ ɜɩɪɵɫɤɢɜɚɧɢɟ ɜ ɰɢɥɢɧɞɪ 

ɢ ɩɨɜɵɲɟɧɢɟ ɦɨɳɧɨɫɬɢ ɧɢɜɟɥɢɪɭɟɬɫɹ. 
 

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɞɨɫɬɚɬɨɱɧɨ ɥɟɝɤɨ ɨɩɪɟɞɟɥɢɬɶ ɭɜɟɥɢɱɟɧɢɟ 
ɦɨɳɧɨɫɬɢ ɧɚ ɩɪɢɜɨɞ ɌɇȼȾ, ɜɵɡɜɚɧɧɨɟ ɩɨ-
ɜɵɲɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɜɩɪɵɫɤɢɜɚɧɢɹ. ɂɡɜɟɫɬ-
ɧɨ, ɱɬɨ 

Ɇɉ
ɦ 1 ,

i

N

N
               (2) 

 

ɝɞɟ NɆɉ – ɦɨɳɧɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɜ 
ɞɜɢɝɚɬɟɥɟ; Ni – ɢɧɞɢɤɚɬɨɪɧɚɹ ɦɨɳɧɨɫɬɶ. 
 

NɆɉ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɨɫɬɨɢɬ ɢɡ ɦɨɳɧɨɫɬɢ 

ɩɪɢɜɨɞɚ ɦɟɯɚɧɢɡɦɨɜ ɞɜɢɝɚɬɟɥɹ  NɆȾ ɢ  ɦɨɳ-

ɧɨɫɬɢ ɧɚɫɨɫɧɵɯ ɯɨɞɨɜ Nɇɏ 

 

Ɇɉ ɆȾ ɇɏN N N  .  (3) 

 

ɂɡ ɜɟɥɢɱɢɧɵ NɆȾ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɦɨɳɧɨɫɬɶ 
ɧɚ ɩɪɢɜɨɞ ɌɇȼȾ 

 
*

ɆȾ ɆȾ ɌɇȼȾN N N  ,  (4) 

ɝɞɟ *
ɆȾN  – ɦɨɳɧɨɫɬɶ ɧɚ ɩɪɢɜɨɞ ɨɫɬɚɥɶɧɵɯ 

ɦɟɯɚɧɢɡɦɨɜ. 
 

ɍɱɢɬɵɜɚɹ ɜɵɲɟɢɡɥɨɠɟɧɧɨɟ, ɡɚɩɢɲɟɦ 

*
ɆȾ ɌɇȼȾ ɇɏ

ɦ

*
ɆȾ ɇɏ ɌɇȼȾ

1

1 .

i

i i

N N N

N

N N N

N N

 
   


  

 (5) 

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɨ ɧɚɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢ-

ɤɟ ɞɥɹ ɞɜɢɝɚɬɟɥɹ ɛɟɡ ɧɚɞɞɭɜɚ 
*
ɆȾ ɇɏ constN N  . 

Ɉɛɨɡɧɚɱɢɦ *
ɆȾ ɇɏN N C  . 

 

Ɍɨɝɞɚ ɜɵɪɚɠɟɧɢɟ (2) ɩɨɫɥɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɩɨɞɫɬɚɧɨɜɨɤ ɦɨɠɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɤ ɜɢɞɭ 
 

M ɌɇȼȾi iN N C N    , (6) 

 

ɚ ɬɚɤ ɤɚɤ 
ɦ

e
i

N
N 


, ɬɨ ɢɡ ɜɵɪɚɠɟɧɢɹ (6) ɫɥɟ-

ɞɭɟɬ 

ɌɇȼȾ
ɦ

e
e

N
N C N  


.  (7) 

 

ɉɨɥɶɡɭɹɫɶ ɩɨɥɭɱɟɧɧɵɦ ɭɪɚɜɧɟɧɢɟɦ, ɦɨɠɧɨ 
ɪɚɫɫɱɢɬɚɬɶ ɩɪɢɪɨɫɬ ɦɨɳɧɨɫɬɢ ɧɚ ɩɪɢɜɨɞ 

ɧɚɫɨɫɚ NɌɇȼȾ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɪȼɉ = 50 Ɇɉɚ ɤ 
ɪȼɉ = 70 Ɇɉɚ 
 

ɌɇȼȾ
ɦ70 ɦ50

ɦ70 ɦ50

1 1
.

e e
e

e e

N N
N N C

N C N

     
 

 
       

 (8) 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɺɬɨɜ ɩɨ ɮɨɪɦɭɥɟ (8) ɩɪɟɞ-

ɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 3. 

 
Ɍɚɛɥɢɰɚ 3 ȼɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ ɜɩɪɵɫɤɢɜɚɧɢɹ ɧɚ 

ɦɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ ɌɇȼȾ 

 

ʋ Ne, 

ɤȼɬ Șɦ50 Șɦ70 
ǻNɌɇȼȾ, 

ȼɬ 
ǻNɌɇȼȾ/Ne,

% 

1 3,6 0,532 0,524 103 2,9 

2 5,4 0,643 0,634 119 2,2 

 

ɂɡ ɬɚɛɥ. 3 ɜɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ 

ɧɚ ɩɪɢɜɨɞ ɌɇȼȾ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ 
ɜɩɪɵɫɤɢɜɚɧɢɹ ɧɚ 20 Ɇɉɚ ɫɨɫɬɚɜɥɹɟɬ  
100–120 ȼɬ, ɢɥɢ 2–3 % ɷɮɮɟɤɬɢɜɧɨɣ ɦɨɳɧɨ-
ɫɬɢ ɞɜɢɝɚɬɟɥɹ. 
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Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɌɇȼȾ 

ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ Ɍɋ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɜ ɫɪɚɜɧɟɧɢɢ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɚɹ 
ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɧɚ ɩɪɢɜɨɞ ɌɇȼȾ ɬɨɩɥɢɜɧɨɣ 

ɚɩɩɚɪɚɬɭɪɵ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɬɢɩɚ ɢ ɚɤɤɭɦɭɥɹ-
ɬɨɪɧɨɣ. 

 

Ⱦɢɚɝɪɚɦɦɚ ɞɚɜɥɟɧɢɹ ɜ ɧɚɞɩɥɭɧɠɟɪɧɨɣ ɩɨɥɨ-
ɫɬɢ ɌɇȼȾ ɬɪɚɞɢɰɢɨɧɧɨɣ ɌȺ ɜ ɤɨɨɪɞɢɧɚɬɚɯ 
p–V (ɞɚɜɥɟɧɢɟ ɬɨɩɥɢɜɚ – ɬɟɤɭɳɢɣ ɨɛɴɟɦ 

ɧɚɞɩɥɭɧɠɟɪɧɨɣ ɩɨɥɨɫɬɢ) ɢɦɟɟɬ ɯɚɪɚɤɬɟɪɧɵɣ 

ɜɢɞ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 2.  

 

 
 

Ɋɢɫ. 2. Ⱦɢɚɝɪɚɦɦɚ ɞɚɜɥɟɧɢɹ ɜ ɌɇȼȾ ɫɢɫɬɟɦɵ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ 
 

ɉɥɨɳɚɞɶ, ɨɩɢɫɚɧɧɚɹ ɤɪɢɜɵɦɢ ɞɚɜɥɟɧɢɹ ɩɪɢ 

ɞɜɢɠɟɧɢɢ ɩɥɭɧɠɟɪɚ ɜɜɟɪɯ ɢ ɜɧɢɡ, ɩɨ ɮɢɡɢɱɟ-
ɫɤɨɦɭ ɫɦɵɫɥɭ ɹɜɥɹɟɬɫɹ ɪɚɛɨɬɨɣ L, ɡɚɬɪɚɱɟɧ-

ɧɨɣ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɨɞɧɨɝɨ ɰɢɤɥɚ ɧɚɝɧɟɬɚɧɢɹ 
ɬɨɩɥɢɜɚ ɨɞɧɨɣ ɫɟɤɰɢɟɣ ɌɇȼȾ 

 

V

L pdV  .  (9) 

 

ɋ ɞɨɫɬɚɬɨɱɧɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ ɦɨɠɧɨ 
ɫɱɢɬɚɬɶ, ɱɬɨ L – ɷɬɨ ɩɥɨɳɚɞɶ ɬɪɟɭɝɨɥɶɧɢɤɚ 
ɜɵɫɨɬɨɣ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɨɣ ɦɚɤɫɢɦɚɥɶ-
ɧɨɦɭ ɞɚɜɥɟɧɢɸ ɜɩɪɵɫɤɢɜɚɧɢɹ pmax, ɢ ɨɫɧɨɜɚ-
ɧɢɟɦ – ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɩɨɞɚɱɟ VȺȽ. 
 

ɉɪɢɱɺɦ ȺȽ AȽ ɉV S F  , ɝɞɟ SȺȽ – ɚɤɬɢɜɧɵɣ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɯɨɞ ɩɥɭɧɠɟɪɚ, ɚ Fɉ – ɟɝɨ 
ɩɥɨɳɚɞɶ. Ɍɨɝɞɚ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ ɞɥɹ 
ɩɥɨɳɚɞɢ ɬɪɟɭɝɨɥɶɧɢɤɚ, ɡɚɩɢɲɟɦ 

 

max
AȽ ɉ

2

p
L S F   .  (10) 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɛɴɟɦɧɚɹ ɰɢɤɥɨɜɚɹ ɩɨɞɚɱɚ  
Vɐ ɢ SAȽ ɬɪɚɞɢɰɢɨɧɧɨɣ ɌȺ ɫɜɹɡɚɧɵ ɜɵɪɚɠɟ-
ɧɢɟɦ [8] 

 

ɐ
AȽ

ɉ

V
S

F



,                   (11) 

 

ɝɞɟ Ș – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɚɱɢ. 

 

ɍɱɢɬɵɜɚɹ ɷɬɨ ɢ ɩɟɪɟɣɞɹ ɤ ɦɚɫɫɨɜɨɣ ɰɢɤɥɨɜɨɣ 

ɩɨɞɚɱɟ ɐ ɐB V   (ȡ – ɩɥɨɬɧɨɫɬɶ ɬɨɩɥɢɜɚ), 
ɢɡ ɜɵɪɚɠɟɧɢɹ (11) ɩɨɥɭɱɢɦ 

 

ɐ max

2

B p
L  


.         (12) 

 

Ⱦɥɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɌȺ ɭɝɥɵ ɧɚɤɥɨɧɚ Į ɢ ȕ 
ɫɬɨɪɨɧ ɬɪɟɭɝɨɥɶɧɢɤɚ (ɫɦ. ɪɢɫ. 2) ɫɨɯɪɚɧɹɸɬ-
ɫɹ ɩɪɢɦɟɪɧɨ ɩɨɫɬɨɹɧɧɵɦɢ ɜɨ ɜɫɺɦ ɞɢɚɩɚɡɨɧɟ 
ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ, ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ: 
 

1. ɍɝɨɥ Į ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɮɢɥɟɦ 

ɤɭɥɚɱɤɚ ɢ ɞɢɚɦɟɬɪɨɦ ɪɚɫɩɵɥɢɜɚɸɳɢɯ ɨɬɜɟɪ-
ɫɬɢɣ. 

2. ɍɝɨɥ ȕ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɟɣ ɨɬɫɟɱ-
ɧɵɯ ɨɬɜɟɪɫɬɢɣ ɢ ɬɟɦ ɠɟ ɩɪɨɮɢɥɟɦ ɤɭɥɚɱɤɚ. 
 

Ɍɨɝɞɚ, ɢɫɯɨɞɹ ɢɡ ɬɪɢɝɨɧɨɦɟɬɪɢɢ ɬɪɟɭɝɨɥɶɧɢ-

ɤɚ, ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ pmax ɱɟɪɟɡ ɰɢɤɥɨɜɭɸ ɩɨ-
ɞɚɱɭ ɬɚɤɢɦ ɨɛɪɚɡɨɦ 

 

ȺȽ
max

ctg ctg

V
p 

  
,  (13) 

 

ɝɞɟ ɨɛɨɡɧɚɱɢɦ ctg ctg constA     . 

 

ȼɵɩɨɥɧɢɜ ɧɟɨɛɯɨɞɢɦɵɟ ɩɨɞɫɬɚɧɨɜɤɢ ɜ ɜɵ-

ɪɚɠɟɧɢɟ (13), ɩɨɥɭɱɢɦ 

 

ɐ ɐȺȽ AȽ ɉ
max

B

A A Ⱥ A

VV S F
p


   

 
.    (14) 

 

ȼɵɪɚɠɟɧɢɟ ɞɥɹ pmax (14) ɩɨɞɫɬɚɜɢɦ ɜ ɜɵɪɚ-
ɠɟɧɢɟ (12) 
 

2
ɐ ɐ ɐ

2 2

B B B

ȡȘ 2ȡȘA 2ȡ Ș A
L     . (15) 

 

Ɉɬ ɪɚɛɨɬɵ ɡɚ ɰɢɤɥ ɧɚɝɧɟɬɚɧɢɹ ɩɟɪɟɣɞɺɦ ɤ 
ɦɨɳɧɨɫɬɢ ɧɚ ɩɪɢɜɨɞ ɌɇȼȾ (ɪɚɛɨɬɚ ɡɚ 1 ɫ) 
 

2
ɐ

ɌɇȼȾ 2 2
ɦ ɦ

B2 2

60 602

L nz nz
N

i iA
     
   

.   (16) 
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Ɂɞɟɫɶ n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ 
ɞɢɡɟɥɹ, z – ɱɢɫɥɨ ɰɢɥɢɧɞɪɨɜ, i – ɬɚɤɬɧɨɫɬɶ 
ɞɜɢɝɚɬɟɥɹ, Șɦ – ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɧɚɫɨɫɚ 
ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. 
 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ (16) ɩɨɤɚɡɵ-

ɜɚɟɬ, ɱɬɨ ɦɨɳɧɨɫɬɶ, ɬɪɟɛɭɟɦɚɹ ɧɚ ɩɪɢɜɨɞ 
ɌɇȼȾ ɬɪɚɞɢɰɢɨɧɧɨɣ ɌȺ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 
ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɞɢɡɟɥɹ ɢ 

ɤɜɚɞɪɚɬɭ ɰɢɤɥɨɜɨɣ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ. ɂ ɩɨ-
ɫɤɨɥɶɤɭ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɰɢɩɨɦ ɪɚɛɨɬɵ 

ɬɚɤɨɣ ɌȺ, ɜɫɺ ɬɨɩɥɢɜɨ, ɩɨɞɚɜɚɟɦɨɟ ɧɚɫɨɫɨɦ, 

ɜɩɪɵɫɤɢɜɚɟɬɫɹ ɜ ɰɢɥɢɧɞɪ (ɚ ɭɬɟɱɤɢ ɢ ɫɠɢɦɚ-
ɟɦɨɫɬɶ ɭɱɬɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɨɦ Ș), ɬɨ ɢɦɟɟɬ 
ɦɟɫɬɨ «ɫɚɦɨɪɟɝɭɥɹɰɢɹ» ɩɨɬɪɟɛɥɹɟɦɨɣ ɌɇȼȾ 

ɦɨɳɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɟɝɨ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɄɉȾ: 

ɌɇȼȾ ɦ ȼɉN N  , ɝɞɟ Nȼɉ – ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚ-
ɱɢɜɚɟɦɚɹ ɧɚ ɜɩɪɵɫɤɢɜɚɧɢɟ ɬɨɩɥɢɜɚ. 
 

Ⱦɢɚɝɪɚɦɦɚ ɞɚɜɥɟɧɢɹ ɜ ɫɟɤɰɢɢ ɌɇȼȾ ɚɤɤɭɦɭ-
ɥɹɬɨɪɧɨɣ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 3. 

 

 
 

Ɋɢɫ. 3. Ⱦɢɚɝɪɚɦɦɚ ɞɚɜɥɟɧɢɹ ɜ ɌɇȼȾ ɚɤɤɭɦɭ-
ɥɹɬɨɪɧɨɣ ɌȺ 

 

Ɋɚɛɨɬɚ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɨɞɧɨɝɨ ɰɢɤɥɚ ɧɚɝɧɟɬɚ-
ɧɢɹ ɧɚ ɨɞɧɭ ɫɟɤɰɢɸ ɦɨɠɟɬ ɛɵɬɶ ɚɩɩɪɨɤɫɢ-

ɦɢɪɨɜɚɧɚ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɦ 

 

ȺȽ maxL V p  . (17) 

 

ɉɟɪɟɣɞɺɦ ɤ ɦɨɳɧɨɫɬɢ ɧɚ ɩɪɢɜɨɞ ɌɇȼȾ (ɪɚ-
ɛɨɬɚ ɡɚ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ) 

 

ȺȽ
ɌɇȼȾ max

ɦ ɦ

' ' ' '

60 60

L n z V n z
N p


  
 

,  (18) 

 

ɝɞɟ n' – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɧɚɫɨɫɚ; z' – 

ɱɢɫɥɨ ɫɟɤɰɢɣ ɧɚɫɨɫɚ. 
 

Ɇɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɜɩɪɵɫɤɢɜɚɧɢɟ 
ɬɨɩɥɢɜɚ ɞɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 
 

ɐ
ȼɉ max

2

60

B nz
N p

i
 


.  (19) 

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɨɫɩɨ-
ɫɨɛɧɨɫɬɢ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ 
ɭɫɥɨɜɢɹ: Nȼɉ/NɌɇȼȾ ≤ 1. ɂɞɟɚɥɶɧɵɦ ɫɥɭɱɚɟɦ 

ɹɜɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ ɷɬɨɝɨ ɨɬɧɨɲɟɧɢɹ 1, ɬɚɤ 
ɤɚɤ ɩɪɢ ɷɬɨɦ ɧɟ ɩɨɬɪɟɛɥɹɟɬɫɹ ɢɡɛɵɬɨɱɧɚɹ 
ɦɨɳɧɨɫɬɶ ɧɚ ɩɪɢɜɨɞ ɧɚɫɨɫɚ. Ɉɬɫɸɞɚ 
 

ɐ
max ɐ ɦ

ȼɉ

ȺȽɌɇȼȾ ȺȽ
max

ɦ

B 2 2
B

60
1

' ' ' '

60

nz
p nz

N i i
V n zN V n z

p

   
  


 (20) 

 

ɢɥɢ  

ɐ
ȺȽ ɦ

B 2
' 'V n z nz

i
  


.  (21) 

 

ȼɵɪɚɠɟɧɢɟ (21) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɜɟɧ-

ɫɬɜɨ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɫɨɯɪɚɧɹɬɶɫɹ ɩɪɢ ɢɡɦɟ-
ɧɟɧɢɢ Bɐ (ɧɚɝɪɭɡɤɢ) ɢɥɢ n (ɫɤɨɪɨɫɬɧɨɝɨ ɪɟ-
ɠɢɦɚ ɞɜɢɝɚɬɟɥɹ). 
 

Ɉɛɟɫɩɟɱɟɧɢɟ ɷɬɨɝɨ ɪɚɜɟɧɫɬɜɚ ɜɨɡɦɨɠɧɨ ɥɢɲɶ 
ɩɭɬɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɞɚ-
ɱɢ ɧɚɫɨɫɚ. ɉɪɢɱɺɦ ɢɡ ɜɵɪɚɠɟɧɢɹ (21) ɜɢɞɧɵ 

ɫɩɨɫɨɛɵ ɷɬɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ: Ș – ɤɨɷɮɮɢɰɢ-

ɟɧɬɨɦ ɩɨɞɚɱɢ; VȺȽ – ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɩɨɞɚɱɟɣ 

ɨɞɧɨɣ ɫɟɤɰɢɢ; n' – ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɜɚɥɚ 
ɧɚɫɨɫɚ; z' – ɤɨɥɢɱɟɫɬɜɨɦ ɪɚɛɨɱɢɯ ɫɟɤɰɢɣ. 

 

ɂɡɦɟɧɟɧɢɟ ɩɨɞɚɱɢ ɧɚɫɨɫɚ ɜɫɥɟɞɫɬɜɢɟ  
ɫɠɢɦɚɟɦɨɫɬɢ ɬɨɩɥɢɜɚ 

 

ɉɪɢ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ ɞɚɜɥɟɧɢɹ ɬɨɩɥɢɜɚ, 
ɞɟɣɫɬɜɭɸɳɢɯ ɜ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɌȺ, ɧɚ ɩɪɨ-
ɰɟɫɫ ɪɚɛɨɬɵ ɌɇȼȾ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ 
ɨɤɚɡɵɜɚɟɬ ɫɠɢɦɚɟɦɨɫɬɶ ɬɨɩɥɢɜɚ, ɬɚɤ ɤɚɤ 
ɱɚɫɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɯɨɞɚ ɩɥɭɧɠɟɪɚ ɬɪɚ-
ɬɢɬɫɹ ɧɚ ɩɨɞɠɚɬɢɟ ɬɨɩɥɢɜɚ ɜ ɨɛɴɺɦɟ 
ɧɚɞɩɥɭɧɠɟɪɧɨɣ ɩɨɥɨɫɬɢ VȺȽ ɞɨ ɜɟɥɢɱɢɧɵ 

pmax. Ɇɨɠɧɨ ɡɚɩɢɫɚɬɶ, ɱɬɨ ɩɨɞɚɱɚ ɨɞɧɨɣ ɫɟɤ-
ɰɢɟɣ ɧɚɫɨɫɚ ɡɚ ɨɞɢɧ ɯɨɞ ɩɥɭɧɠɟɪɚ ɫɨɫɬɚɜɢɬ 
 

ɇ ȺȽ ɉ ȺȽ ɉ ɫɠ maxV S F S F p      ,    (22) 

 

ɝɞɟ Įɫɠ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɠɢɦɚɟɦɨɫɬɢ ɬɨɩɥɢɜɚ. 
 

ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ, ɦɚɫɫɨɜɚɹ ɩɨɞɚɱɚ ɡɚ ɟɞɢɧɢɰɭ 

ɜɪɟɦɟɧɢ (ɡɚ 1 ɦɢɧ) 
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ɇ ɐ

ȺȽ ɉ max

B ' '

(1 ) ' '.

V n z

S F p n z

   

      
 (23) 

 

Ⱥɧɚɥɢɡ ɜɵɪɚɠɟɧɢɹ (23) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ 

ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜ ɚɤɤɭɦɭɥɹɬɨɪɟ pmax 

ɩɨɞɚɱɚ ɧɚɫɨɫɚ ɩɚɞɚɟɬ. ɇɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɭɫɬɨɣɱɢɜɨɣ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɩɪɢ ɡɚɞɚɧɧɨɦ 

ɡɧɚɱɟɧɢɢ pmax ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɩɨɞɚɱɚ 
ɧɚɫɨɫɚ ɛɵɥɚ ɛɨɥɶɲɟ, ɱɟɦ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 
ɞɜɢɝɚɬɟɥɟɦ BȾ (ɤɝ/ɦɢɧ), ɬɨ ɟɫɬɶ ɜɵɩɨɥɧɹɥɨɫɶ 
ɧɟɪɚɜɟɧɫɬɜɨ: ȼȾ/ȼɇ ≤ 1. 

 

ɂɥɢ, ɞɥɹ ɢɞɟɚɥɶɧɨɝɨ ɫɥɭɱɚɹ, 
 

Ⱦ

ȺȽ ɉ max

B
1

(1 ) ' 'S F p n z


   
,  (24) 

 

ɨɬɤɭɞɚ 
 

ȺȽ ɉ max Ⱦ(1 ) ' ' BS F p n z     .     (25) 

 

ɂɡ ɷɬɨɝɨ ɜɵɪɚɠɟɧɢɹ ɫɥɟɞɭɟɬ ɡɧɚɱɟɧɢɟ ɩɪɟ-
ɞɟɥɶɧɨ ɞɨɫɬɢɠɢɦɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɚɤɤɭɦɭɥɹɬɨ-
ɪɟ pmax 

Ⱦ

ȺȽ ɉ
max

B
1

' 'S F n z
p


  




.   (26) 

 

Ɍɨ ɟɫɬɶ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɰɢɤɥɨɜɨɣ ɩɨɞɚɱɢ, 

ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ, ɞɚɜɥɟɧɢɟ ɜ ɚɤ-
ɤɭɦɭɥɹɬɨɪɟ (ɞɚɜɥɟɧɢɟ ɜɩɪɵɫɤɢɜɚɧɢɹ) ɛɭɞɟɬ 
ɫɧɢɠɚɬɶɫɹ. Ʉɨɦɩɟɧɫɢɪɨɜɚɬɶ ɩɨɬɟɪɢ pmax 

ɦɨɠɧɨ ɩɪɢɧɭɞɢɬɟɥɶɧɵɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɫ 
ɩɨɦɨɳɶɸ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɩɚɪɚɦɟɬɪɨɜ  
SȺȽ, n', z'. 

 

ȼɵɜɨɞɵ 
 

1. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚ-
ɥɢ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜɩɪɵɫɤɢɜɚɧɢɹ ɜ 
ɞɢɡɟɥɟ ɫ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɌȺ ɧɚ 20 Ɇɉɚ ɩɪɢ-

ɜɨɞɢɬ ɤ ɭɥɭɱɲɟɧɢɸ ɟɝɨ ɢɧɞɢɤɚɬɨɪɧɵɯ ɩɨɤɚ-
ɡɚɬɟɥɟɣ. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ 

ɞɢɡɟɥɹ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ 1,5 %, ɱɬɨ ɜɵɡɜɚɧɨ 

ɭɜɟɥɢɱɟɧɢɟɦ ɡɚɬɪɚɬ ɦɨɳɧɨɫɬɢ ɧɚ ɩɪɢɜɨɞ ɧɟ-
ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɧɚɫɨɫɚ. 
 

2. Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɢɡɥɢɲɧɢɯ ɡɚɬɪɚɬ ɦɨɳɧɨ-
ɫɬɢ ɧɚ ɩɪɢɜɨɞ ɌɇȼȾ ɧɟɨɛɯɨɞɢɦɨ ɜɜɨɞɢɬɶ 
ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɟɝɨ ɩɨɞɚɱɢ ɩɨ ɚɤɬɢɜɧɨɦɭ ɝɟɨ-
ɦɟɬɪɢɱɟɫɤɨɦɭ ɯɨɞɭ, ɥɢɛɨ ɩɨ ɱɚɫɬɨɬɟ ɜɪɚɳɟ-
ɧɢɹ ɩɪɢɜɨɞɧɨɝɨ ɜɚɥɚ, ɥɢɛɨ ɩɨ ɱɢɫɥɭ ɪɚɛɨɬɚ-
ɸɳɢɯ ɧɚɝɧɟɬɚɬɟɥɶɧɵɯ ɫɟɤɰɢɣ. 

 

3. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɰɢɤɥɨɜɨɣ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ 
ɜ ɞɢɡɟɥɟ ɫ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɌȺ ɢɦɟɟɬ ɦɟɫɬɨ 

ɭɦɟɧɶɲɟɧɢɟ ɩɪɟɞɟɥɶɧɨ ɞɨɫɬɢɠɢɦɨɝɨ ɡɧɚɱɟ-
ɧɢɹ ɞɚɜɥɟɧɢɹ ɬɨɩɥɢɜɚ ɜ ɚɤɤɭɦɭɥɹɬɨɪɟ. ɂɫ-
ɤɥɸɱɢɬɶ ɷɬɨ ɹɜɥɟɧɢɟ ɜɨɡɦɨɠɧɨ ɜɜɟɞɟɧɢɟɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɞɚɱɢ ɌɇȼȾ. 
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