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ɋɤɨɪɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɧɟɜɦɨɞɜɢɝɚɬɟ-
ɥя – ɷɬɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɵɟ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ɨɫɧɨɜɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɷɤɨɧɨ-
ɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɟɝɨ ɪɚɛɨɬɵ ɨɬ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢя ɜɚɥɚ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɧɟɢɡɦɟɧɧɵɦɢ 

ɞɚɜɥɟɧɢя ɪɜɯ ɢ ɬɟɦɩɟɪɚɬɭɪɵ tɜɯ  ɩɨɫɬɭɩɚɸɳɟ-
ɝɨ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ. Ɉɛɳɢɣ ɯɚɪɚɤ-
ɬɟɪ (ɮɨɪɦɚ) ɷɬɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɥя ɫɩɟɰɢɚ-
ɥɢɫɬɨɜ ɨɛɳɟɢɡɜɟɫɬɧɵ. Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚɫɩɨɪɬɚ 
ɫɟɪɢɣɧɨ ɜɵɩɭɫɤɚɟɦɵɯ ɢ ɧɚɯɨɞяɳɢɯɫя ɜ ɩɪɨ-
ɞɚɠɚɯ ɩɧɟɜɦɨɞɜɢɝɚɬɟɥɟɣ ɨɛяɡɚɬɟɥɶɧɨ ɫɨɞɟɪ-

ɠɚɬ ɫɤɨɪɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɧɨɦɢ-

ɧɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ ɪɜɯ. ɉɨ ɩɚɫɩɨɪɬɧɨɣ 

ɫɤɨɪɨɫɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɩɨɬɪɟɛɢɬɟɥя ɢɧ-

ɬɟɪɟɫɭɸɬ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɜɟɥɢɱɢɧɵ ɬɪɟ-
ɛɭɟɦɨɝɨ ɞɚɜɥɟɧɢя ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɪɜɯ, ɱɚɫɬɨ-
ɬɚ ɜɪɚɳɟɧɢя ɜɚɥɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɦɨɳɧɨɫɬɢ ɩɧɨɦ ɢ ɡɧɚɱɟɧɢɟ ɷɬɨɣ ɦɨɳɧɨɫɬɢ 

Ne ɧɨɦ, ɫɤɨɪɨɫɬɧɨɣ ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɪɟɠɢɦɨɜ 
(ɩɪɢɦɟɪɧɨ ɨɬ 0,6 ɞɨ 1,0 Ne ɧɨɦ), ɱɚɫɨɜɨɣ ɢ 

ɭɞɟɥɶɧɵɣ, ɤɝ/(ɤȼɬɱ), ɪɚɫɯɨɞɵ ɜɨɡɞɭɯɚ, ɩɭɫ-
ɤɨɜɨɣ ɤɪɭɬяɳɢɣ ɦɨɦɟɧɬ (ɩɪɢ ɩ=0). 

Нɚ ɷɬɚɩɚɯ ɫɨɡɞɚɧɢя ɢ ɞɨɜɨɞɤɢ ɩɧɟɜɦɨɞɜɢɝɚ-
ɬɟɥя ɫ ɰɟɥɶɸ ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɜɵɛɨɪɚ ɩɚɪɚ-
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ɦɟɬɪɨɜ ɟɝɨ ɪɚɛɨɬɵ ɜɵɩɨɥɧяɸɬɫя ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢя, ɩɪɢ ɤɨɬɨɪɵɯ ɫɧɢ-

ɦɚɸɬɫя ɫɤɨɪɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɪɚɡ-
ɥɢɱɧɵɯ ɭɪɨɜɧяɯ ɞɚɜɥɟɧɢя ɪɜɯ ɢ ɬɟɦɩɟɪɚɬɭɪ 
tɜɯ. 

 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 

ɫɬɟɧɞɨɜɵɯ ɢɫɩɵɬɚɧɢɣ ɫɨɡɞɚɧɧɨɝɨ ɧɚ ɤɚɮɟɞɪɟ  
Дȼɋ ɏНАДУ ɩɨɪɲɧɟɜɨɝɨ ɩɧɟɜɦɨɞɜɢɝɚɬɟɥя 
ɩɨ ɫɧяɬɢɸ ɫɤɨɪɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ  

ɞɜɭɯ ɭɪɨɜɧяɯ ɞɚɜɥɟɧɢɣ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ 
ɪɜɯ1=0,7 Ɇɉɚ=idem ɢ ɪɜɯ2=0,9 Ɇɉɚ=idem ɜ 
ɭɫɥɨɜɢяɯ ɪɚɛɨɬɵ ɛɟɡ ɩɨɞɨɝɪɟɜɚ ɢ ɫ ɩɨɞɨɝɪɟ-
ɜɨɦ ɷɬɨɝɨ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɟɝɨ ɩɨɫɬɭɩɥɟɧɢɟɦ ɜ 
ɡɨɥɨɬɧɢɤɨɜɭɸ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɭɸ 

ɫɢɫɬɟɦɭ tɜɯ =90–130 ɋ. 

 

Аɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ ɩɨɤɚɡɚɥ [1–10], ɱɬɨ ɦɧɨɝɢɟ 
ɡɚɪɭɛɟɠɧɵɟ ɮɢɪɦɵ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɩɪɟɢɦɭ-
ɳɟɫɬɜɚ ɩɧɟɜɦɨɞɜɢɝɚɬɟɥя, ɜɟɞɭɬ ɪɚɛɨɬɵ, ɩɨ-
ɜɵɲɚɸɳɢɟ ɟɝɨ ɷɮɮɟɤɬɢɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ. 

Нɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ 
ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢя ɤɥɚɩɚɧ-

ɧɨɣ ɫɢɫɬɟɦɵ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɟɧɢя ɫ ɢɡɦɟ-
ɧяɟɦɵɦɢ ɮɚɡɚɦɢ ɢ ɩɨɞɨɝɪɟɜɨɦ ɫɠɚɬɨɝɨ ɜɨɡ-
ɞɭɯɚ ɧɚ ɜɩɭɫɤɟ. 

 

Ɉɛɴɟɤɬ ɢɫɫɥɟдɨɜɚɧɢя 

 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢя яɜɥяɟɬɫя ɩɨɪɲɧɟɜɨɣ 

ɩɧɟɜɦɨɞɜɢɝɚɬɟɥɶ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɧɚ ɤɚɮɟɞɪɟ 
Дȼɋ ɏНАДУ ɧɚ ɛɚɡɟ ɞɜɢɝɚɬɟɥя 4ɑ 7,6ɯ6,6 

ɜɨɡɞɭɲɧɨɝɨ ɨɯɥɚɠɞɟɧɢя. ɗɬɨ V-ɨɛɪɚɡɧɵɣ 

ɱɟɬɵɪɟɯɰɢɥɢɧɞɪɨɜɵɣ ɩɧɟɜɦɨɞɜɢɝɚɬɟɥɶ ɫ ɡɨ-
ɥɨɬɧɢɤɨɜɨɣ ɫɢɫɬɟɦɨɣ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɟɧɢя. 
Нɚɥɢɱɢɟ ɱɟɬɵɪɟɯ ɰɢɥɢɧɞɪɨɜ ɩɨɡɜɨɥяɟɬ ɩɨɥɭ-

ɱɢɬɶ ɪɚɜɧɨɦɟɪɧɵɣ ɤɪɭɬяɳɢɣ ɦɨɦɟɧɬ. ȼɨɡ-
ɦɨɠɧɨɫɬɶ ɩɭɫɤɚ ɢɡ ɥɸɛɨɝɨ ɩɨɥɨɠɟɧɢя ɨɛɟɫ-
ɩɟɱɢɜɚɟɬɫя ɤɨɧɫɬɪɭɤɰɢɟɣ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ. 
Дɥя ɷɬɨɝɨ ɫɟɪɢɣɧɵɣ ɤɨɥɟɧɱɚɬɵɣ ɜɚɥ ɫ ɤɪɟ-
ɫɬɨɨɛɪɚɡɧɨɣ ɮɨɪɦɨɣ ɪɚɫɩɨɥɨɠɟɧɢя ɤɪɢɜɨ-
ɲɢɩɨɜ ɡɚɦɟɧɢɥɢ ɫɩɟɰɢɚɥɶɧɨ ɢɡɝɨɬɨɜɥɟɧɧɵɦ 

ɤɨɥɟɧɱɚɬɵɦ ɜɚɥɨɦ ɫ ɞɜɭɦя ɤɪɢɜɨɲɢɩɚɦɢ ɩɨɞ 

ɭɝɥɨɦ 180 . К ɤɚɠɞɨɦɭ ɤɪɢɜɨɲɢɩɭ ɩɪɢɫɨɟ-
ɞɢɧɟɧ ɲɚɬɭɧ ɨɬ ɥɟɜɨɝɨ ɢ ɩɪɚɜɨɝɨ ɰɢɥɢɧɞɪɨɜ. 
 

Иɫɩɵɬɚɬɟɥɶɧɵɣ ɫɬɟɧд ɢ ɦɟɬɨдɢɤɚ  
ɢɫɩɵɬɚɧɢɣ 

 

ɉɧɟɜɦɨɞɜɢɝɚɬɟɥɶ ɭɫɬɚɧɨɜɥɟɧ ɜ ɥɚɛɨɪɚɬɨɪɢɢ  

ɤɚɮɟɞɪɵ Дȼɋ ɏНАДУ ɧɚ ɫɩɟɰɢɚɥɶɧɨ  

ɫɨɡɞɚɧɧɨɦ ɫɬɟɧɞɟ [4], ɩɨɡɜɨɥяɸɳɟɦ ɩɪɨɢɡ-
ɜɨɞɢɬɶ ɢɡɦɟɪɟɧɢя ɛɵɫɬɪɨɦɟɧяɸɳɢɯɫя ɩɪɨ-
ɰɟɫɫɨɜ, ɨɛɨɪɭɞɨɜɚɧɧɨɦ ɚɜɬɨɧɨɦɧɵɦɢ ɫɢɫɬɟ-

ɦɚɦɢ ɪɟɝɭɥɢɪɨɜɚɧɢя ɬɟɦɩɟɪɚɬɭɪ ɦɚɫɥɚ ɢ  

ɜɨɡɞɭɯɚ.  
 

ɋɬɟɧɞ ɜɯɨɞɢɬ ɜ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ, 
ɨɫɧɚɳɟɧɧɵɣ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩ-

ɩɚɪɚɬɭɪɨɣ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 14846-81, ɩɨɡɜɨ-
ɥяɸɳɟɣ ɩɪɨɢɡɜɨɞɢɬɶ ɢɡɦɟɪɟɧɢɟ ɫ ɞɨɩɭɫɬɢ-

ɦɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ: 
 

– ɧɢɡɤɢɯ ɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɣ ɜɨɡɞɭɯɚ ɧɚ 
ɜɩɭɫɤɟ ɜ ɩɧɟɜɦɨɞɜɢɝɚɬɟɥɶ ɢ ɜ ɰɢɥɢɧɞɪɟ 
ɩɧɟɜɦɨɞɜɢɝɚɬɟɥя – c ɩɨɦɨɳɶɸ ɬɟɧɡɨɞɚɬɱɢ-

ɤɨɜ ɞɚɜɥɟɧɢɣ; 

 

– ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ; 
 

– ɩɨɥɨɠɟɧɢя ɩɨɪɲɧя ɜ ɜɟɪɯɧɟɣ ɦɟɪɬɜɨɣ  

ɬɨɱɤɟ; 
 

– ɬɟɦɩɟɪɚɬɭɪ ɜɨɡɞɭɯɚ ɞɨ ɢ ɩɨɫɥɟ ɧɚɝɪɟɜɚɬɟɥя, 
ɧɚ ɜɩɭɫɤɟ ɜ ɩɧɟɜɦɨɞɜɢɝɚɬɟɥɶ ɢ ɧɚ ɜɵɩɭɫɤɟ – 

c ɩɨɦɨɳɶɸ ɯɪɨɦɟɥɶ-ɤɨɩɟɥɟɜɵɯ ɬɟɪɦɨɩɚɪ; 
 

– ɪɚɫɯɨɞɚ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɩɧɟɜɦɨɞɜɢ-

ɝɚɬɟɥɶ – c ɩɨɦɨɳɶɸ ɪɨɬɚɰɢɨɧɧɨɝɨ ɪɚɫɯɨɞɨ-
ɦɟɪɚ G160 GMS DУ-80. 

 

ɗɮɮɟɤɬɢɜɧɵɣ ɤɪɭɬяɳɢɣ ɦɨɦɟɧɬ ɩɧɟɜɦɨɞɜɢ-

ɝɚɬɟɥя ɨɩɪɟɞɟɥяɟɬɫя ɩɨ ɮɨɪɦɭɥɟ 
 

e ɧM 9,81 ,Н ɦ,P l     

 

ɝɞɟ ɧP – ɫɢɥɚ ɧɚɝɪɭɡɤɢ, ɤȽ; l  = 0,5 ɦ – ɩɥɟɱɨ 
ɛɚɥɚɧɫɢɪɧɨɣ ɦɚɲɢɧɵ. 

 

ɗɮɮɟɤɬɢɜɧɚя ɦɨɳɧɨɫɬɶ ɩɧɟɜɦɨɞɜɢɝɚɬɟɥя 
ɨɩɪɟɞɟɥяɟɬɫя ɫɢɥɨɣ ɧɚɝɪɭɡɤɢ Ɋɧ ɢ ɱɚɫɬɨɬɨɣ 

ɜɪɚɳɟɧɢя ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɩ  
 

ɧ , ɤȼɬ,eN A P n    
 

ɝɞɟ 
4 4

9,81 0,5 9,81
0,0005137.

3 10 3 10

lА           

 

Дɥя ɨɩɪɟɞɟɥɟɧɢя ɫɢɥɵ ɧɚɝɪɭɡɤɢ Ɋɧ ɧɚ ɫɬɟɧɞɟ 
ɢɫɩɨɥɶɡɨɜɚɥɫя ɜɟɫɨɜɨɣ ɬɟɪɦɢɧɚɥ КɈДА 2, 

ɤɨɬɨɪɵɣ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥя ɢɡɦɟɪɟɧɢя ɫɢɝ-
ɧɚɥɚ ɬɟɧɡɨɞɚɬɱɢɤɨɜ ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟ-
ɦɟɧɬɚ. 
 

Дɥя ɢɡɦɟɪɟɧɢя ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ G (ɤɝ/ɱ) ɢɫ-
ɩɨɥɶɡɨɜɚɥɫя ɪɨɬɚɰɢɨɧɧɵɣ ɪɚɫɯɨɞɨɦɟɪ G160 

GMS DУ80.  

 

Уɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥяɥɫя ɩɨ 

ɡɚɜɢɫɢɦɨɫɬɢ 
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e

ɤɝ
,
ɤȼɬ ɱвe

G
g

N
  . 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɜɩɭɫɤɟ ɩɪɢ 

ɪɚɛɨɬɟ ɛɟɡ ɩɨɞɨɝɪɟɜɚ ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ ɜ ɩɪɟ-
ɞɟɥɚɯ 18–22 ɋ. ɉɪɢ ɪɚɛɨɬɟ ɫ ɩɨɞɨɝɪɟɜɨɦ 

ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɧɚɝɪɟɜɚɬɟɥɶ ɧɚ ɜɫɟɯ ɪɟɠɢɦɚɯ 
ɢɫɩɵɬɚɧɢɣ ɜɤɥɸɱɚɥɫя ɧɚ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ ɢ 

ɩɨɷɬɨɦɭ, ɜ ɫɜяɡɢ ɫ ɪɚɡɥɢɱɧɵɦ ɭɪɨɜɧɟɦ ɪɚɫ-
ɯɨɞɚ ɜɨɡɞɭɯɚ, ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɯɨɞɟ ɢɡ-
ɦɟɧяɥɚɫɶ ɜ ɩɪɟɞɟɥɚɯ tɜɯ = 90–130 ɋ. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ 

 

Кɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 1, ɩɪɢ ɞɚɜɥɟɧɢɢ ɫɠɚɬɨɝɨ 
ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɪɜɯ = 0,7 Ɇɉɚ ɟɝɨ ɪɚɫɯɨɞ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɨɛɨɪɨɬɨɜ ɥɢɧɟɣɧɨ ɜɨɡ-
ɪɚɫɬɚɟɬ ɨɬ G = 200 ɤɝ/ɱ ɩɪɢ n = 200 ɦɢɧ–1 ɞɨ 
G = 330 ɤɝ/ɱ ɩɪɢ n = 1000 ɦɢɧ–1.  

 

Кɪɭɬяɳɢɣ ɦɨɦɟɧɬ ɢɦɟɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚ-
ɱɟɧɢɟ Ɇɟ = 70 Н·ɦ ɩɪɢ ɦɢɧɢɦɚɥɶɧɵɯ ɨɛɨɪɨ-
ɬɚɯ n = 200 ɦɢɧ-1, ɥɢɧɟɣɧɨ ɫɧɢɠɚяɫɶ ɞɨ  
Ɇɟ = 12 Н·ɦ ɩɪɢ n = 1000 ɦɢɧ-1. Ɇɨɳɧɨɫɬɶ 
ɩɧɟɜɦɨɞɜɢɝɚɬɟɥя ɜɨɡɪɚɫɬɚɟɬ ɫɨ ɡɧɚɱɟɧɢя  
Nɟ = 1,5 ɤȼɬ ɩɪɢ n = 200 ɦɢɧ–1 ɞɨ Nɟ = 2,8 ɤȼɬ 
ɩɪɢ n = 600 ɦɢɧ–1, ɚ ɡɚɬɟɦ ɫɧɢɠɚɟɬɫя ɞɨ  
Nɟ = 1,8 ɤȼɬ ɩɪɢ n = 1000 ɦɢɧ–1 ɢɡ-ɡɚ ɛɨɥɶ-
ɲɢɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɬɟɪɶ. Уɞɟɥɶɧɵɣ ɪɚɫ-
ɯɨɞ ɜɨɡɞɭɯɚ ɢɡɦɟɧяɟɬɫя ɨɬ gɜe = 135 ɤɝ/ɤȼɬ·ɱ 
ɩɪɢ n = 200 ɦɢɧ–1 ɞɨ gɜe = 190 ɤɝ/ɤȼɬ·ɱ ɩɪɢ  

n = 1000 ɦɢɧ–1 ɢ ɢɦɟɟɬ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟ-
ɧɢɟ gɜe = 90 ɤɝ/ɤȼɬ·ɱ ɩɪɢ n = 550 ɦɢɧ-1. 

 

ɉɪɢɦɟɧɟɧɢɟ ɩɨɞɨɝɪɟɜɚ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɧɚ 
ɜɩɭɫɤɟ ɩɨɡɜɨɥяɟɬ ɧɟɫɤɨɥɶɤɨ ɭɥɭɱɲɢɬɶ ɩɨɤɚ-
ɡɚɬɟɥɢ. Ɍɚɤ, ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɫɧɢɠɚ-
ɟɬɫя ɧɚ 50 ɤɝ/ɱ (ɧɚ 25 %) ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ 
ɨɛɨɪɨɬɨɜ; ɤɪɭɬяɳɢɣ ɦɨɦɟɧɬ ɜɨɡɪɚɫɬɚɟɬ ɧɚ  
8 Н·ɦ (ɧɚ 20 %) ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɨɛɨɪɨɬɨɜ; 
ɦɨɳɧɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫя ɨɬ 0,2 ɤȼɬ (ɢɥɢ ɧɚ  
7 %) ɩɪɢ n = 200 ɦɢɧ–1 ɢ ɩɪɢ n = 1000 ɦɢɧ–1  

ɞɨ 0,5 ɤȼɬ (ɧɚ 17 %) ɩɪɢ n = 600 ɦɢɧ-1; 

ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɫɧɢɠɚɟɬɫя 
ɨɬ 25 ɤɝ/ɤȼɬ·ɱ (ɧɚ 30 %) ɩɪɢ n = 200–600 ɦɢɧ-1 

ɞɨ 55 ɤɝ/ɤȼɬ·ɱ (ɧɚ 30 %) ɩɪɢ n = 1000 ɦɢɧ-1 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɫɯɨɞɨɦ ɛɟɡ ɩɨɞɨɝɪɟɜɚ. Нɚ 
ɪɢɫ. 1 ɜɢɞɧɨ, ɱɬɨ ɜɫɟ ɤɪɢɜɵɟ ɫ ɩɨɞɨɝɪɟɜɨɦ 

ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɢ ɛɟɡ ɩɨɞɨɝɪɟɜɚ ɩɪɨɯɨɞяɬ 
ɩɪɚɤɬɢɱɟɫɤɢ ɷɤɜɢɞɢɫɬɚɧɬɧɨ. Дɥя ɞɚɧɧɨɝɨ 
ɞɚɜɥɟɧɢя ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɧɚɢɛɨɥɟɟ ɨɩɬɢ-

ɦɚɥɶɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɧɚɯɨɞɢɬɫя ɜ ɞɢɚɩɚ-
ɡɨɧɟ ɨɛɨɪɨɬɨɜ n = 500–650 ɦɢɧ–1. 

 
 

Ɋɢɫ. 1. ɋɤɨɪɨɫɬɧɚя ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɧɟɜɦɨ-
ɞɜɢɝɚɬɟɥя ɩɪɢ ɪɜɯ = 0,7 ɦɉɚ 

 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢя ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ 
ɧɚ ɜɩɭɫɤɟ ɜ ɩɧɟɜɦɨɞɜɢɝɚɬɟɥɶ ɞɨ ɪɜɯ = 0,9 Ɇɉɚ 
(ɪɢɫ. 2) ɜɨɡɪɚɫɬɚɟɬ ɤɪɭɬяɳɢɣ ɦɨɦɟɧɬ ɞɨ  
110 Н·ɦ ɩɪɢ n = 200 ɦɢɧ–1, ɤɨɬɨɪɵɣ ɡɚɬɟɦ 

ɩɪɚɤɬɢɱɟɫɤɢ ɥɢɧɟɣɧɨ ɫɧɢɠɚɟɬɫя ɞɨ 30 Н·ɦ 

ɩɪɢ n = 1000 ɦɢɧ–1. Ɇɨɳɧɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ ɨɬ 
2,2 ɤȼɬ ɩɪɢ n = 200 ɦɢɧ–1 ɞɨ 3,9 ɤȼɬ ɩɪɢ  

n = 750 ɦɢɧ–1, ɚ ɡɚɬɟɦ ɫɧɢɠɚɟɬɫя ɞɨ 3,7 ɤȼɬ 
ɩɪɢ ɩɪɢ n = 1000 ɦɢɧ–1. ɂɡ ɝɪɚɮɢɤɚ ɜɢɞɧɨ, 
ɱɬɨ ɦɚɤɫɢɦɭɦ ɦɨɳɧɨɫɬɢ ɫɦɟɫɬɢɥɫя ɜ ɫɬɨɪɨɧɭ 
ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɨɛɨɪɨɬɨɜ. 
 

Уɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ gɜe =  

=120 ɤɝ/ɤȼɬ·ɱ ɩɪɢ n = 200 ɦɢɧ–1 ɢ gɜe =  

=125 ɤɝ/ɤȼɬ·ɱ ɩɪɢ n = 1000 ɦɢɧ–1, ɚ ɟɝɨ ɦɢ-

ɧɢɦɭɦ gɜe = 87 ɤɝ/ɤȼɬ·ɱ – ɩɪɢ n = 500 ɦɢɧ–1. 
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Ɋɢɫ. 2. ɋɤɨɪɨɫɬɧɚя ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɧɟɜɦɨ-
ɞɜɢɝɚɬɟɥя ɩɪɢ ɪɜɯ =  0,9 ɦɉɚ 

 

ɉɪɢɦɟɧɟɧɢɟ ɩɨɞɨɝɪɟɜɚ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɨɤɚ-
ɡɵɜɚɟɬ ɬɚɤɨɟ ɠɟ ɜɥɢяɧɢɟ ɧɚ ɩɨɤɚɡɚɬɟɥɢ, ɤɚɤ ɢ 

ɩɪɢ ɞɚɜɥɟɧɢɢ ɪɜɯ = 0,7 Ɇɉɚ: ɫɧɢɠɚɟɬɫя ɪɚɫ-
ɯɨɞ ɷɧɟɪɝɨɧɨɫɢɬɟɥя – ɱɚɫɨɜɨɣ ɧɚ 25 ɤɝ/ɱ ɢɥɢ 

ɧɚ 9 % ɩɪɢ n = 200–1000 ɦɢɧ–1; ɭɞɟɥɶɧɵɣ – 

ɧɚ 10 ɤɝ/ɤȼɬ·ɱ (ɧɚ 10 %) ɩɪɢ n = 200 ɦɢɧ–1, ɧɚ 
20 ɤɝ/ɤȼɬ·ɱ (ɧɚ 22 %) ɩɪɢ n = 600 ɦɢɧ–1, ɧɚ  
20 ɤɝ/ɤȼɬ·ɱ (ɧɚ 22 %) ɩɪɢ n = 1000 ɦɢɧ–1. ɉɪɢ 

ɷɬɨɦ ɦɢɧɢɦɭɦ gɜe ɫɦɟɳɚɟɬɫя ɜ ɫɬɨɪɨɧɭ ɛɨɥɟɟ 
ɜɵɫɨɤɢɯ ɨɛɨɪɨɬɨɜ (n = 600–650 ɦɢɧ–1). ɉɨ-
ɜɵɲɚɟɬɫя ɦɨɳɧɨɫɬɶ ɨɬ 0,5 ɤȼɬ (ɧɚ 23 %) ɩɪɢ 

n = 200 ɦɢɧ–1 ɞɨ 1 ɤȼɬ (ɧɚ 25 %) – ɩɪɢ  

n = 700–750 ɦɢɧ–1 ɢ 0,7 ɤȼɬ (ɧɚ 22 %) – ɩɪɢ  

n = 1000 ɦɢɧ-1; ɜɨɡɪɚɫɬɚɟɬ ɤɪɭɬяɳɢɣ ɦɨɦɟɧɬ 
ɨɬ 5 Н·ɦ (ɧɚ 17 %) ɩɪɢ n = 200 ɦɢɧ–1 ɞɨ  
10 Н·ɦ (ɧɚ 17 %) ɩɪɢ n = 600–800 ɦɢɧ–1 ɢ  

7 Н·ɦ (23 %) – ɩɪɢ n = 1000 ɦɢɧ–1. 

 

Дɥя ɞɚɜɥɟɧɢя ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɪɜɯ = 0,9 Ɇɉɚ 
ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɣ ɪɟɠɢɦ ɫ ɦɚɤɫɢɦɚɥɶ-
ɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɦɢɧɢɦɚɥɶɧɵɦ ɪɚɫɯɨɞɨɦ 

ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɧɚɯɨɞɢɬɫя ɜ ɛɨɥɟɟ ɲɢɪɨɤɨɦ 

ɞɢɚɩɚɡɨɧɟ ɨɛɨɪɨɬɨɜ – 500–800 ɦɢɧ–1. 

 

ȼɵɜɨдɵ 

 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ, ɦɨɠ-

ɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɤɥɸɱɟɧɢя. 
 

1. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧ-

ɬɨɜ ɛɨɥɟɟ ɜɵɝɨɞɧɵɦ яɜɥяɟɬɫя ɪɟɠɢɦ ɫ ɞɚɜɥɟ-
ɧɢɟɦ ɪɜɯ = 0,9 Ɇɉɚ ɢ ɩɨɞɨɝɪɟɜɨɦ ɫɠɚɬɨɝɨ 
ɜɨɡɞɭɯɚ ɧɚ ɜɩɭɫɤɟ. Нɚ ɷɬɨɦ ɪɟɠɢɦɟ ɦɨɳ-

ɧɨɫɬɶ ɢ ɤɪɭɬяɳɢɣ ɦɨɦɟɧɬ ɬɚɤɠɟ ɢɦɟɸɬ ɛɨɥɟɟ 
ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢя (ɧɚ 1,5 ɤȼɬ ɢ ɧɚ 15 Н·ɦ ɫɨ-
ɨɬɜɟɬɫɬɜɟɧɧɨ), ɚ ɦɢɧɢɦɭɦ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ 
ɷɧɟɪɝɨɧɨɫɢɬɟɥя gɜe = 70 ɤɝ/ɤȼɬ·ɱ ɜ ɛɨɥɟɟ ɲɢ-

ɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɨɛɨɪɨɬɨɜ ɢ ɩɪɚɤɬɢɱɟɫɤɢ 

ɪɚɜɟɧ ɪɚɫɯɨɞɭ gɜe = 67 ɤɝ/ɤȼɬ·ɱ ɩɪɢ  

ɪɜɯ = 0,7 Ɇɉɚ. Нɨ ɩɪɢ ɷɬɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫя 
ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ G ɩɪɢɦɟɪɧɨ 
ɧɚ 70 %. 

 

2. ȼ ɪɚɛɨɬɟ ɩɨɥɭɱɟɧɵ ɫɤɨɪɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤɢ ɩɨɪɲɧɟɜɨɝɨ ɩɧɟɜɦɨɞɜɢɝɚɬɟɥя ɫ ɡɨɥɨɬ-
ɧɢɤɨɜɵɦ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɟɧɢɟɦ, ɤɨɬɨɪɵɟ 
ɩɨɡɜɨɥɢɥɢ ɨɰɟɧɢɬɶ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɢ ɷɮɮɟɤ-
ɬɢɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɛɨɬɵ ɩɧɟɜɦɨɞɜɢɝɚɬɟɥя 
ɧɚ ɪɟɠɢɦɚɯ ɪɜɯ = 0,7 Ɇɉɚ ɢ ɪɜɯ = 0,9 Ɇɉɚ  
ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɜɪɚɳɟɧɢя n = 200– 

1000 ɦɢɧ–1. 
 

3 ɉɨɞɨɝɪɟɜ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɜɩɭɫɤɟ (ɧɚ 
75–100 ɋ) ɭɜɟɥɢɱɢɜɚɟɬ ɷɮɮɟɤɬɢɜɧɭɸ ɦɨɳ-

ɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɵɣ ɤɪɭɬяɳɢɣ ɦɨɦɟɧɬ ɧɚ 
14–17 %; ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɫɧɢɠɚɟɬ-
ɫя ɧɚ 20–25 %. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢя ɷɤɫ-
ɬɪɟɦɭɦ ge ɫɦɟɳɚɟɬɫя ɜ ɫɬɨɪɨɧɭ ɛóɥɶɲɢɯ 
ɨɛɨɪɨɬɨɜ. 
 

4. Нɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɦ яɜɥяɟɬɫя ɪɟɠɢɦ 

ɩɪɢ ɪɜɯ = 0,9 Ɇɉɚ ɫ ɩɨɞɨɝɪɟɜɨɦ ɫɠɚɬɨɝɨ ɜɨɡ-
ɞɭɯɚ ɧɚ ɜɩɭɫɤɟ. ɉɪɢ ɷɬɨɦ ɩɪɢɯɨɞɢɬɫя ɠɟɪɬ-
ɜɨɜɚɬɶ ɜɪɟɦɟɧɟɦ ɚɜɬɨɧɨɦɧɨɣ ɪɚɛɨɬɵ ɷɧɟɪɝɨ-
ɭɫɬɚɧɨɜɤɢ, ɱɬɨ, ɜɩɪɨɱɟɦ, ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɟɟ 
ɧɚ ɝɨɪɨɞɫɤɨɦ ɬɪɚɧɫɩɨɪɬɟ ɧɟ ɢɦɟɟɬ ɪɟɲɚɸɳɟ-
ɝɨ ɡɧɚɱɟɧɢя. 
 

Ʌɢɬɟɪɚɬɭɪɚ 
 

1. Potenziale hybridisierter nutzfafahzeugɜe / 

Christian Beidl, Magnus Schmitt, Matthias 

Kluin, Bernd Lenzen // MTZ. – 2011. – 

№6. – P. 432–437. 



АȐȠȜȚȜȏȖșȪțȩȗ ȠȞȎțȟȝȜȞȠ, Ȑȩȝ. 31, 2012 

 
66 

2. High-pɟrformance pneumatic hybrid en-

gine with  costeffectise valvetrain / Mi-

chael Bütikofer. – MTZ. – 2011. – №2. – 

P. 54–58. 

3. Кɨɦɦɟɪɱɟɫɤɢɟ ɤɨɧɰɟɩɬɭɚɥɶɧɵɟ ɚɜɬɨɦɨ-
ɛɢɥɢ ɢɡ əɩɨɧɢɢ // Аɜɬɨɫɬɪɨɟɧɢɟ ɡɚ ɪɭ-
ɛɟɠɨɦ. – 2004. – №3. – ɋ. 2–3. 

4. Аɛɪɚɦɱɭɤ Ɏ.І. ɋɬɟɧɞ ɞɥя ɜɢɩɪɨɛɭɜɚɧɧя і 
ɞɨɫɥіɞɠɟɧɧя ɩɧɟɜɦɨɞɜɢɝɭɧіɜ / Ɏ.І. Аɛ-
ɪɚɦɱɭɤ, Ɉ.І. ȼɨɪɨɧɤɨɜ, А.І. ɏɚɪɱɟɧɤɨ ɬɚ 
іɧ. // Дɜɢɝɭɧɢ ɜɧɭɬɪіɲɧɶɨɝɨ ɡɝɨɪяɧɧя. – 

2011. – №2. – ɋ. 110–117. 

5. Ȼɨɪɢɫɟɧɤɨ К.ɋ. ɉɧɟɜɦɚɬɢɱɟɫɤɢɟ ɞɜɢɝɚ-
ɬɟɥɢ ɝɨɪɧɵɯ ɦɚɲɢɧ / К.ɋ Ȼɨɪɢɫɟɧɤɨ. – 

Ɇ.: Уɝɥɟɬɟɯɢɡɞɚɬ, 1958. – 202 ɫ. 
6. Ɂɢɧɟɜɢɱ ȼ.Д. ɉɧɟɜɦɚɬɢɱɟɫɤɢɟ ɞɜɢɝɚɬɟɥɢ 

ɝɨɪɧɵɯ ɦɚɲɢɧ / ȼ.Д. Ɂɢɧɟɜɢɱ, Ƚ.Ɂ. əɪ-
ɦɨɥɟɧɤɨ, ȿ.Ƚ. Кɚɥɢɬɚ. – Ɇ.: Нɟɞɪɚ, 1975. 

– 372 ɫ. 
7. Ɂɟɥɟɧɟɰɤɢɣ ɋ.Ȼ. Ɋɨɬɚɰɢɨɧɧɵɟ ɩɧɟɜɦɚ-

ɬɢɱɟɫɤɢɟ ɞɜɢɝɚɬɟɥɢ / ɋ.Ȼ. Ɂɟɥɟɧɟɰɤɢɣ, 

ȿ.Д. Ɋяɛɨɜ, А.Ƚ. Ɇɢɤɟɪɨɜ. – Ʌ.: Ɇɚɲɢ-

ɧɨɫɬɪɨɟɧɢɟ, 1976. – 127 ɫ. 

8. Кɭɯɚɪɟɧɤɨ ȼ.ɉ. ɂɧɠɟɧɟɪɧɵɣ ɦɟɬɨɞ ɩɟ-
ɪɟɫɱɟɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɪɲɧɟɜɨɝɨ 

ɩɧɟɜɦɨɞɜɢɝɚɬɟɥя ɞɥя ɪɚɡɥɢɱɧɵɯ ɞɚɜɥɟ-
ɧɢɣ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɜ ɫɟɬɢ / ȼ.ɉ. Кɭɯɚ-
ɪɟɧɤɨ, ȼ.ȼ. ɘɲɢɧ, ȼ.Ɏ. Ƚɚɣɞɭɤ. ȼɨɩɪɨ-
ɫɵ ɪɭɞɧɢɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. ȼɵɩ. 9, 

1965. – ɋ. 259–262. 

9. Guzzella L. The pneumatic hybridization 

concept for downsizing and supercharging 

gasoline engines / L. Guzzella, C. Onder, 

C. Donitz, C. Voser, I. Vasile // MTZ #71. 

01/2010. – P. 38–44. 

10. Butikofer M. High performance pneumatic 

hybrid engine with cost-effective valvetrain 

/ M. Butikofer // MTZ #72. 02/2011. –  

P. 54–58. 

 
 

Ɋɟɰɟɧɡɟɧɬ: Ɏ.ɂ. Аɛɪɚɦɱɭɤ, ɩɪɨɮɟɫɫɨɪ, ɞ.ɬ.ɧ., 

ɏНАДУ. 

 

ɋɬɚɬɶя ɩɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 3 ɫɟɧɬяɛɪя 
2012 ɝ. 

 

 

 

 

 

 

 

 


