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Abstract. The method of compression ratio choosing in spark ignition gas ICE has been described. 

The results of calculation to choose the compression ratio in the gas engine 4ȽЧɇ8,8/8,2 have been 

shown. 
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ȼɜɟɞɟɧɢɟ 
 

Ⱦɨɜɨɞɤɚ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɜɵɫɨɤɨɨɛɨɪɨɬ-
ɧɵɯ ɞɢɡɟɥɟɣ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɬɢ-

ɦɢɡɚɰɢɢ: ɩɪɨɰɟɫɫɨɜ ɬɨɩɥɢɜɨɩɨɞɚɱɢ, ɮɨɪɦɵ 

ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, ɩɪɨɰɟɫɫɨɜ ɝɚɡɨɨɛɦɟɧɚ,  
ɫɢɫɬɟɦɵ ɧɚɞɞɭɜɚ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɨɯɥɚ-
ɠɞɟɧɢɟɦ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɨɛɟɫɩɟɱɢɜɚ-
ɟɬ ɭɪɨɜɟɧɶ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɣ ɧɨɪɦɚɦ EURO-3 1. 

Ⱦɚɥɶɧɟɣɲɟɟ ɭɦɟɧɶɲɟɧɢɟ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ 

ɜɟɳɟɫɬɜ ɫ ɨɬɪɚɛɨɬɚɜɲɢɦɢ ɝɚɡɚɦɢ ɬɪɟɛɭɟɬ 
ɩɪɢɦɟɧɟɧɢɹ: ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɬɨɩɥɢɜɧɨɣ ɚɩ-

ɩɚɪɚɬɭɪɵ ɢɥɢ ɧɚɫɨɫ-ɮɨɪɫɭɧɨɤ, ɪɟɰɢɪɤɭɥɹɰɢɢ 

ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɢ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɯ 

ɬɨɩɥɢɜ. 
 

Ⱥɥɶɬɟɪɧɚɬɢɜɨɣ ɭɫɥɨɠɧɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɢ 

ɭɜɟɥɢɱɟɧɢɹ ɫɬɨɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ ɞɢɡɟɥɹ ɹɜɥɹɟɬɫɹ ɤɨɧɜɟɪɬɢɪɨɜɚɧɢɟ 
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ɟɝɨ ɜ ɝɚɡɨɜɵɣ Ⱦȼɋ. ɉɪɢɪɨɞɧɵɣ ɝɚɡ ɤɚɤ ɦɨ-
ɬɨɪɧɨɟ ɬɨɩɥɢɜɨ ɢɦɟɟɬ ɪɹɞ ɫɭɳɟɫɬɜɟɧɧɵɯ 

ɩɪɟɢɦɭɳɟɫɬɜ 2: 
 

1) ɛɨɥɟɟ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɜɵɛɪɨɫɨɜ ɭɝɥɟɪɨɞ-
ɫɨɞɟɪɠɚɳɢɯ ɬɨɤɫɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ ɫɚɦɨɝɨ ɧɢɡɤɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɦɨ-
ɥɟɤɭɥ ɭɝɥɟɪɨɞɚ ɢ ɜɨɞɨɪɨɞɚ ɫɪɟɞɢ ɭɝɥɟɜɨɞɨ-
ɪɨɞɧɵɯ ɬɨɩɥɢɜ;  
 

2) ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɛɨɬɵ ɧɚ ɛɟɞɧɵɯ ɫɦɟɫɹɯ 
ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɢɬɶ ɜɵɛɪɨɫɵ 

NOx;  

 

3) ɯɪɚɧɟɧɢɟ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɩɪɢɪɨɞɧɨɝɨ 
ɝɚɡɚ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɨɥɨɝɢɢ, ɧɚɦɧɨɝɨ ɛɟɡ-
ɨɩɚɫɧɟɟ, ɱɟɦ ɠɢɞɤɢɯ ɬɨɩɥɢɜ; 
 

4) ɧɟ ɡɚɝɪɹɡɧɹɟɬ ɝɪɭɧɬɵ, ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ 

ɝɪɭɧɬɨɜɵɟ ɜɨɞɵ; 

 

5) ɪɟɲɚɸɬɫɹ ɩɪɨɛɥɟɦɵ ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɬɨɩ-

ɥɢɜɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢ ɪɚɡɠɢɠɟɧɢɹ ɦɨɬɨɪ-
ɧɨɝɨ ɦɚɫɥɚ.  
 

Ɂɚ ɫɱёɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɧɰɟɩɰɢɢ «ɛɟɞɧɨɝɨ 
ɝɨɪɟɧɢɹ» ɝɚɡɨɜɵɣ ɞɜɢɝɚɬɟɥɶ ɦɨɠɟɬ ɫɨɨɬɜɟɬ-
ɫɬɜɨɜɚɬɶ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɧɨɪɦɚɦ EURO-4, ɚ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɬɪёɯɤɨɦɩɨɧɟɧɬɧɨɝɨ ɤɚɬɚɥɢɬɢ-

ɱɟɫɤɨɝɨ ɧɟɣɬɪɚɥɢɡɚɬɨɪɚ – EURO-5 3. 
 

ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɩɭɬɶ ɤɨɧɜɟɪɬɢɪɨɜɚ-
ɧɢɹ ɞɢɡɟɥɹ ɜ ɝɚɡɨɜɵɣ Ⱦȼɋ ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɥɟ-
ɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɨɩɟɪɚɰɢɢ: 

 

– ɞɟɦɨɧɬɚɠ ɞɢɡɟɥɶɧɨɣ ɬɨɩɥɢɜɧɨɣ ɚɩɩɚɪɚɬɭ-

ɪɵ, ɭɫɬɚɧɨɜɤɚ ɝɚɡɨɜɨɣ ɫɢɫɬɟɦɵ ɩɢɬɚɧɢɹ; 
 

– ɭɫɬɚɧɨɜɤɚ ɫɢɫɬɟɦɵ ɡɚɠɢɝɚɧɢɹ, ɦɨɧɬɚɠ ɫɜɟ-
ɱɟɣ ɡɚɠɢɝɚɧɢɹ ɜ ɩɨɫɚɞɨɱɧɵɟ ɦɟɫɬɚ ɞɢɡɟɥɶ-
ɧɵɯ ɮɨɪɫɭɧɨɤ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɵɯ ɩɟ-
ɪɟɯɨɞɧɢɤɨɜ; 
 

– ɫɧɢɠɟɧɢɟ ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ ɡɚ ɫɱёɬ ɢɡɦɟɧɟ-
ɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɪɲɧɹ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ  

 

ɉɪɨɛɥɟɦɚ ɜɵɛɨɪɚ ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ ɩɪɢ ɤɨɧ-

ɜɟɪɬɢɪɨɜɚɧɢɢ ɞɢɡɟɥɹ ɜ ɝɚɡɨɜɵɣ ɞɜɢɝɚɬɟɥɶ 
ɭɩɨɦɢɧɚɟɬɫɹ ɜ ɪɹɞɟ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ 2, 

4 ɢ ɞɪ.. ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɞɚɧɧɚɹ ɜɟɥɢɱɢɧɚ 
ɜɵɛɢɪɚɥɚɫɶ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɥɢɬɟɪɚ-
ɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 4, ɨɞɧɚɤɨ ɬɚɤɨɣ ɩɨɞɯɨɞ 
ɤ ɜɵɛɨɪɭ ɡɧɚɱɟɧɢɹ  ɹɜɥɹɟɬɫɹ ɧɟɷɮɮɟɤɬɢɜ-
ɧɵɦ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɪɚɡɪɚɛɨɬɚɧ ɪɹɞ ɦɟɬɨ-
ɞɢɤ, ɩɨɡɜɨɥɹɸɳɢɯ ɪɚɫɱёɬɧɵɦ ɩɭɬёɦ ɫɩɪɨ-
ɝɧɨɡɢɪɨɜɚɬɶ ɩɨɹɜɥɟɧɢɟ ɞɟɬɨɧɚɰɢɢ ɩɪɢ ɡɚɞɚɧ-

ɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ 
ɩɚɪɚɦɟɬɪɚɯ Ⱦȼɋ 6–11.  
 

Ɍɚɤ, ɜ ɪɚɛɨɬɟ 6 ɩɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɶ ɞɟɬɨɧɚɰɢɢ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɹɦɨɣ ɡɚɜɢɫɢ-

ɦɨɫɬɢ ɨɬ ɩɟɪɢɨɞɚ ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ 
ɧɟɫɝɨɪɟɜɲɟɣ ɬɨɩɥɢɜɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɜ 
ɰɢɥɢɧɞɪɟ ɞɜɢɝɚɬɟɥɹ. Ⱦɚɧɧɨɟ ɧɚɭɱɧɨɟ ɧɚ-
ɩɪɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɫɜɨɞɢɬ ɡɚɞɚɱɭ ɩɪɟɞɫɤɚɡɚ-
ɧɢɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɞɟɬɨɧɚɰɢɢ ɤ ɪɚɫɱёɬɭ 

ɭɩɨɦɹɧɭɬɨɝɨ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ, ɪɚɡɜɢɜɚɟɬɫɹ ɜ 
ɪɚɛɨɬɚɯ 7–9.  
 

ȼ ɪɚɛɨɬɟ 10 ɩɪɟɞɥɨɠɟɧ ɩɨɞɯɨɞ, ɭɱɢɬɵɜɚɸ-

ɳɢɣ ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɭ ɧɟɫɝɨɪɟɜɲɟɣ 

ɫɦɟɫɢ ɜ ɩɪɨɰɟɫɫɟ ɫɝɨɪɚɧɢɹ, ɨɞɧɚɤɨ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟ ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɞɚɧɧɨɣ ɩɭɛɥɢɤɚɰɢɢ ɦɟ-
ɬɨɞɢɤɢ ɨɫɥɨɠɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɜ ɧɟɣ ɷɦɩɢɪɢ-

ɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɥɢɲёɧɧɵɯ ɤɚɤɨɝɨ-
ɥɢɛɨ ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ. 
 

Ⱦɚɧɧɨɝɨ ɧɟɞɨɫɬɚɬɤɚ ɥɢɲɟɧɚ ɦɟɬɨɞɢɤɚ, ɨɩɢ-

ɫɚɧɧɚɹ ɜ ɪɚɛɨɬɟ 11. ȼ ɞɚɧɧɨɣ ɩɭɛɥɢɤɚɰɢɢ 

ɭɱёɧɵɦɢ ɭɧɢɜɟɪɫɢɬɟɬɚ Ʉɚɥɝɚɪɢ (Ʉɚɧɚɞɚ) 
ɩɪɟɞɥɨɠɟɧ ɤɪɢɬɟɪɢɣ ɞɟɬɨɧɚɰɢɢ, ɭɱɢɬɵɜɚɸ-

ɳɢɣ ɧɚɤɨɩɥɟɧɢɟ ɷɧɟɪɝɢɢ ɜ ɧɟɫɝɨɪɟɜɲɟɣ ɡɨɧɟ 
ɜ ɩɪɨɰɟɫɫɟ ɚɞɢɚɛɚɬɧɨɝɨ ɫɠɚɬɢɹ ɫɦɟɫɢ ɜ ɧɟɣ. 

ȼ ɪɚɛɨɬɟ 12 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɷɮɮɟɤɬɢɜɧɨ-
ɝɨ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɩɪɢ ɜɵɛɨɪɟ 
ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ ɝɚɡɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɫɨɡɞɚɧ-

ɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɦɚɥɨɥɢɬɪɚɠɧɨɝɨ ɛɟɧɡɢɧɨɜɨɝɨ 

Ⱦȼɋ. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ  

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɫɬɚɥ 
ɜɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ ɝɚɡɨɜɨ-
ɝɨ ɞɜɢɝɚɬɟɥɹ 4Ƚɑɇ8,8/8,2 ɫ ɢɫɤɪɨɜɵɦ ɡɚɠɢ-

ɝɚɧɢɟɦ ɩɭɬёɦ ɪɚɫɱёɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɚ ɞɟɬɨɧɚɰɢɢ ɫ ɩɨɦɨɳɶɸ ɤɪɢɬɟɪɢɹ, 
ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ ɪɚɛɨɬɟ 11. 
 

 

Ɇɟɬɨɞɢɤɚ ɪɚɫɱёɬɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɨɰɟɫɫɚ 
ɞɟɬɨɧɚɰɢɢ 

 

Ɂɧɚɱɟɧɢɟ ɞɚɧɧɨɝɨ ɤɪɢɬɟɪɢɹ ɞɟɬɨɧɚɰɢɢ ɜ 
ɩɪɨɰɟɫɫɟ ɫɝɨɪɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɫɥɟɞɭɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɢ 

      1 ε 1
c

d

u

h h
K x

H

     ,      (1) 
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ɝɞɟ ch   – ɭɞɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ ɧɟɫɝɨɪɟɜɲɟɣ 

ɫɦɟɫɢ ɜ ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɤɝ; h – 

ɭɞɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ ɧɟɫɝɨɪɟɜɲɟɣ ɫɦɟɫɢ ɜ 
ɩɪɨɢɡɜɨɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɤȾɠ/ɤɝ; Hu – 

ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ 

ɫɦɟɫɢ, ɤȾɠ/ɤɝ; x – ɞɨɥɹ ɜɵɝɨɪɟɜɲɟɝɨ 

ɬɨɩɥɢɜɚ; ε – ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ. 
 

Ɋɚɫɱёɬɵ ɭɞɟɥɶɧɵɯ ɷɧɬɚɥɶɩɢɣ ɧɟɫɝɨɪɟɜɲɟɣ 

ɫɦɟɫɢ ɜɵɩɨɥɧɹɸɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɩɨɥɭɱɟɧ-

ɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ ɢɡ 13. 
 

ɋɨɝɥɚɫɧɨ 11, ɞɟɬɨɧɚɰɢɹ ɜ ɝɚɡɨɜɨɦ Ⱦȼɋ 

ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɦɚɤɫɢɦɚɥɶ-
ɧɨɟ ɡɧɚɱɟɧɢɟ ɭɩɨɦɹɧɭɬɨɝɨ ɤɪɢɬɟɪɢɹ ɜ ɩɪɨ-
ɰɟɫɫɟ ɫɝɨɪɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ Kdmax > 1,5. 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɡɚɜɢɫɢɦɨɫɬɢ (1), ɞɥɹ ɪɚɫɱёɬɚ 
ɤɪɢɬɟɪɢɹ ɞɟɬɨɧɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɞɟɥɶɧɚɹ 
ɷɧɬɚɥɶɩɢɹ ɧɟɫɝɨɪɟɜɲɟɣ ɫɦɟɫɢ, ɤɨɬɨɪɚɹ ɹɜɥɹ-
ɟɬɫɹ ɮɭɧɤɰɢɟɣ ɬɟɦɩɟɪɚɬɭɪɵ. Ɋɚɫɱёɬɧɨɟ 
ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɫɥɟɞɧɟɝɨ ɩɚɪɚɦɟɬɪɚ ɩɪɨɢɫɯɨ-
ɞɢɬ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯɡɨɧɧɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ 
ɫɝɨɪɚɧɢɹ. 
 

ɉɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ ɜ ɧɟɫɝɨɪɟɜɲɟɣ ɡɨɧɟ ɬɟɦɩɟ-
ɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɫɦɟɫɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢɫɤɥɸ-

ɱɢɬɟɥɶɧɨ ɡɚ ɫɱёɬ ɚɞɢɚɛɚɬɧɨɝɨ ɫɠɚɬɢɹ 
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
      ,            (2) 

 

ɝɞɟ Tu – ɬɟɦɩɟɪɚɬɭɪɚ ɧɟɫɝɨɪɟɜɲɟɣ ɫɦɟɫɢ, Ʉ;  

p – ɞɚɜɥɟɧɢɟ ɜ ɰɢɥɢɧɞɪɟ, ɉɚ; nu – ɩɨɤɚɡɚɬɟɥɶ 
ɩɨɥɢɬɪɨɩɵ ɫɠɚɬɢɹ ɧɟɫɝɨɪɟɜɲɟɣ ɫɦɟɫɢ 

 

1 u
u

vu

R
n

C
  ,  (3) 

 

ɝɞɟ Ru – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ ɧɟɫɝɨɪɟɜɲɟɣ 

ɫɦɟɫɢ, Ⱦɠ/(ɤɝɄ); Cvu – ɢɡɨɯɨɪɧɚɹ ɬɟɩɥɨёɦ-

ɤɨɫɬɶ ɧɟɫɝɨɪɟɜɲɟɣ ɫɦɟɫɢ. 

 

Ⱦɥɹ ɪɚɫɱёɬɚ ɞɨɥɢ ɜɵɝɨɪɟɜɲɟɝɨ ɬɨɩɥɢɜɚ x ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ (1) ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɪɚɜɧɟɧɢɟ  
ɂ.ɂ. ȼɢɛɟ 

 

var
01 exp 6,908

1

x

m

z

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

,   (4) 

 

ɝɞɟ φ0 – ɭɝɨɥ ɧɚɱɚɥɚ ɫɝɨɪɚɧɢɹ, ɝɪɚɞ ɩ.ɤ.ɜ. ɞɨ 
ȼɆɌ; φ – ɬɟɤɭɳɢɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɤɨɥɟɧ-

ɱɚɬɨɝɨ ɜɚɥɚ, ɝɪɚɞ ɩ.ɤ.ɜ. ɞɨ ȼɆɌ; φz – 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɝɨɪɚɧɢɹ, ɝɪɚɞ ɩ.ɤ.ɜ.;  
mvar – ɩɟɪɟɦɟɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɫɝɨɪɚɧɢɹ  
ɂ.ɂ. ȼɢɛɟ. 
 

Ⱦɥɹ ɪɚɫɱёɬɚ ɡɧɚɱɟɧɢɣ mvar ɢ φz ɢɫɩɨɥɶ-
ɡɨɜɚɥɢɫɶ ɷɦɩɢɪɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ, ɩɨɥɭɱɟɧ-

ɧɵɟ ɜ 12 
 

 var

18
10,639 0,00025 ...

40
ii

m
       

 

0,25 1 500
... ...

0,8 11 5000

v n         

     (5) 
2 3... 28,025 98,045 ...i i      

 
4 5... 156,86 86,88 ,i i     

 

ɝɞɟ  – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ; ș – 

ɭɝɨɥ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ, ɝɪɚɞ ɩ.ɤ.ɜ. ɞɨ 
ȼɆɌ; v – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɥɧɟɧɢɹ; ε – 

ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ; n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 
ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ, ɦɢɧ-1; i  – ɨɬɧɨɫɢɬɟɥɶɧɵɣ 

ɭɝɨɥ ɫɝɨɪɚɧɢɹ (ɧɚɱɚɥɭ ɫɝɨɪɚɧɢɹ ɫɨɨɬɜɟɬ-
ɫɬɜɭɟɬ i  = 0, ɨɤɨɧɱɚɧɢɸ ɫɝɨɪɚɧɢɹ – i  = 1); 

 31 0,812 0,045 +...z       

(6) -4...+4,223 10 0,1258 0,107vn     . 

 

ȼɵɛɨɪ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ ɞɥɹ  

ɪɚɫɱɟɬɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

Ⱦɟɬɨɧɚɰɢɹ ɛɭɞɟɬ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɣ ɧɚ 
ɪɟɠɢɦɟ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ v ɩɪɢ 

ɜɟɥɢɱɢɧɟ , ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɧɚɢɛɨɥɶɲɭɸ 

ɫɤɨɪɨɫɬɶ ɩɥɚɦɟɧɢ ɜ ɩɪɨɰɟɫɫɟ ɫɝɨɪɚɧɢɹ. ɇɚ 
ɨɫɬɚɥɶɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ ɢɧɬɟɧ-

ɫɢɜɧɨɫɬɶ ɞɟɬɨɧɚɰɢɢ ɛɭɞɟɬ ɡɚɜɟɞɨɦɨ ɦɟɧɶɲɟ. 
 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɬɚɤɢɦ ɪɟɠɢɦɨɦ ɹɜɥɹɟɬɫɹ ɪɟɠɢɦ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ. Ⱦɥɹ ɞɜɢ-

ɝɚɬɟɥɹ 4Ƚɑɇ8,8/8,2 ɞɚɧɧɵɣ ɪɟɠɢɦ ɨɛɟɫɩɟɱɢ-

ɜɚɟɬɫɹ ɩɪɢ n = 2600 ɦɢɧ-1 ɢ ɩɪɢ ɩɨɥɧɨɫɬɶɸ 

ɨɬɤɪɵɬɨɣ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɟ, ɱɬɨ ɫɜɨɞɢɬ 
ɡɚɞɚɱɭ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ  ɤ 
ɜɵɛɨɪɭ ɡɧɚɱɟɧɢɹ ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ ɬɨɥɶɤɨ ɞɥɹ 
ɷɬɨɝɨ ɪɟɠɢɦɚ.  
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ȼɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 

ɋɬɟɩɟɧɶ ɫɠɚɬɢɹ ɞɢɡɟɥɹ 4ȾɌɇȺ1 ɫɨɫɬɚɜɥɹɟɬ   = 18,5, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɪɢ ɩɟɪɟɜɨɞɟ ɟɝɨ ɧɚ 
ɝɚɡɨɜɨɟ ɬɨɩɥɢɜɨ ɡɧɚɱɟɧɢɟ  ɧɟɨɛɯɨɞɢɦɨ ɫɧɢ-

ɠɚɬɶ.  
 

Ɇɢɧɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ɜ ɞɚɧɧɨɦ ɪɚɫ-
ɱёɬɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ –  = 9. ɋɨɝɥɚɫɧɨ 12, 
ɬɚɤɚɹ ɜɟɥɢɱɢɧɚ  ɨɛɟɫɩɟɱɢɬ ɡɚɜɟɞɨɦɨ ɛɟɡɞɟ-
ɬɨɧɚɰɢɨɧɧɨɟ ɫɝɨɪɚɧɢɟ ɬɨɩɥɢɜɚ ɧɚ ɜɵɛɪɚɧɧɨɦ 

ɪɟɠɢɦɟ ɪɚɛɨɬɵ. ɒɚɝ ɪɚɫɱёɬɚ ɜ ɫɬɨɪɨɧɭ ɭɜɟ-
ɥɢɱɟɧɢɹ  ɩɪɢɧɢɦɚɟɬɫɹ  = 1. 

 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɧɚ 
ɪɟɠɢɦɟ ɩɪɢɧɢɦɚɟɬɫɹ  = 1 – ɩɪɢ ɬɚɤɨɦ ɡɧɚ-
ɱɟɧɢɢ  ɫɤɨɪɨɫɬɶ ɩɥɚɦɟɧɢ ɜ ɦɟɬɚɧɨɜɨɡɞɭɲ-

ɧɨɣ ɫɦɟɫɢ ɦɚɤɫɢɦɚɥɶɧɚ.  
 

Ɂɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɫɝɨɪɚɧɢɹ ɂ.ɂ. ȼɢɛɟ ɢ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɝɨɪɚɧɢɹ ɞɥɹ ɡɚɜɢɫɢɦɨ-
ɫɬɢ (4) ɜɵɛɢɪɚɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ, 
ɩɨɥɭɱɟɧɧɵɯ ɜ 12.  
 

Ɂɧɚɱɟɧɢɟ ɭɝɥɚ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ , ɝɪɚɞ. 

ɩɤɜ ɞɨ ȼɆɌ, ɜ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɚɪɶɢ-

ɪɭɟɬɫɹ ɞɥɹ ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ. 
Ɉɩɬɢɦɚɥɶɧɵɦ ɩɪɢɧɢɦɚɟɬɫɹ ɡɧɚɱɟɧɢɟ , 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ Ɇɟ 

ɩɪɢ ɡɚɞɚɧɧɨɦ .  
 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ɋɨɝɥɚɫɧɨ 11 ɢ 12, ɜ ɝɚɡɨɜɨɦ Ⱦȼɋ ɫ ɢɫɤɪɨ-
ɜɵɦ ɡɚɠɢɝɚɧɢɟɦ ɪɚɛɨɬɚ ɧɚ ɩɪɟɞɟɥɟ ɞɟɬɨɧɚ-
ɰɢɨɧɧɨɝɨ ɫɝɨɪɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɚɤɫɢ-

ɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɤɪɢɬɟɪɢɹ ɞɟɬɨɧɚɰɢɢ, 

ɪɚɜɧɨɦɭ Kdmax  1,5. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ ɨɩɬɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ɨɩɬ  
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɩɨɦɹɧɭɬɨɦɭ ɡɧɚɱɟɧɢɸ ɤɪɢɬɟ-
ɪɢɹ ɞɟɬɨɧɚɰɢɢ ɧɚ ɜɵɛɪɚɧɧɨɦ ɜɵɲɟ ɪɟɠɢɦɟ. 
 

ɇɚ ɪɢɫ. 1. ɩɪɢɜɟɞɟɧɨ ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ Kd 

ɜ ɩɪɨɰɟɫɫɟ ɫɝɨɪɚɧɢɹ ɞɥɹ ɪɚɡɧɵɯ ɪɚɫɱёɬɧɵɯ 
ɡɧɚɱɟɧɢɣ .  
 

ȼ ɤɚɱɟɫɬɜɟ ɚɪɝɭɦɟɧɬɚ ɧɚ ɪɢɫ. 1 ɢɫɩɨɥɶɡɨɜɚɧ 

ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɭɝɨɥ ɫɝɨɪɚɧɢɹ 
 

0 .
z

          (7) 

 

Ɍɚɤ ɤɚɤ ɨɫɧɨɜɧɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ 
ɢɦɟɸɬ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤɪɢɬɟɪɢɹ ɞɟ-
ɬɨɧɚɰɢɢ, ɬɨ ɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɨɣ ɛɭɞɟɬ ɡɚ-

ɜɢɫɢɦɨɫɬɶ ɞɚɧɧɵɯ ɜɟɥɢɱɢɧ (ɨɛɨɡɧɚɱɟɧɧɵɯ 
ɤɚɤ Kdmax) ɨɬ  (ɪɢɫ. 2).  

 

 
 

Ɋɢɫ. 1. ɂɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ Kd ( ) ɜɨ ɜɪɟɦɹ 
ɩɪɨɰɟɫɫɚ ɫɝɨɪɚɧɢɹ ɩɪɢ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢ-

ɹɯ :   – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɭɝɨɥ ɫɝɨɪɚɧɢɹ, 
  = 0–1 

 

 
 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ Kdmax ɨɬ  (k = 2) 

 

Ɋɚɫɱёɬɵ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ, ɱɬɨ ɩɪɢ ɫɬɟ-
ɩɟɧɢ ɫɠɚɬɢɹ, ɪɚɜɧɨɣ  = 11, Kdmax = 1,48. ɉɨ-
ɷɬɨɦɭ ɜ ɞɢɚɩɚɡɨɧɟ  = 11…11,5 ɛɵɥɨ ɜɵɩɨɥ-
ɧɟɧɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɪɚɫɱёɬɧɨɟ ɢɫɫɥɟɞɨ-
ɜɚɧɢɟ ɫ ɲɚɝɨɦ  = 0,1. Ⱦɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɫɢɫɬɟɦɵ ɧɚɞ-
ɞɭɜɚ ɛɚɡɨɜɨɝɨ ɞɢɡɟɥɹ (k = 2) ɨɩɬɢɦɚɥɶɧɨɣ 

ɫɬɟɩɟɧɶɸ ɫɠɚɬɢɹ ɞɥɹ ɝɚɡɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ 
4Ƚɑɇ8,8/8,2 ɧɚ ɩɪɢɪɨɞɧɨɦ ɝɚɡɟ ɛɭɞɟɬ ɨɩɬ = 

= 11,2 (ɪɢɫ. 1, 2). 

 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬ ɩɨ ɩɟɪɟɜɨɞɭ ɞɜɢɝɚɬɟ-
ɥɹ 4ȾɌɇȺ1 ɧɚ ɝɚɡɨɜɨɟ ɬɨɩɥɢɜɨ ɜɨɡɦɨɠɧɚ 
ɡɚɦɟɧɚ ɚɝɪɟɝɚɬɚ ɧɚɞɞɭɜɚ ɥɢɛɨ ɩɨɥɧɵɣ ɨɬɤɚɡ 
ɨɬ ɧɟɝɨ. ɗɬɨ ɩɪɢɜɟɞёɬ ɤ ɢɡɦɟɧɟɧɢɸ ɡɧɚɱɟɧɢɹ k, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɪɚ-
ɡɢɬɫɹ ɧɚ ɡɧɚɱɟɧɢɢ ɨɩɬ.  
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Ⱦɥɹ ɭɱёɬɚ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ 
ɪɚɫɱёɬɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨ ɜɥɢɹɧɢɸ ɫɬɟɩɟɧɢ 

ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚ ɜɟɥɢɱɢɧɭ ɨɩɬɢɦɚɥɶ-
ɧɨɣ ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ. ɇɚ ɪɢɫ. 3 ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɪɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
 

 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ 

ɫɠɚɬɢɹ ɨɬ k (Kdmax  1,5) 

 

ɂɡ ɪɢɫ. 3 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɫɧɢɠɟɧɢɢ ɫɬɟɩɟɧɢ 

ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚɞɞɭɜɚ ɫ k = 2 (ɧɚɞ-
ɞɭɜ ɛɚɡɨɜɨɝɨ ɞɢɡɟɥɹ) ɞɨ k = 1 (ɛɟɡɧɚɞɞɭɜɧɵɣ 

ɜɚɪɢɚɧɬ) ɨɩɬɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ɭɜɟɥɢ-

ɱɢɜɚɟɬɫɹ ɫ ɨɩɬ = 11,2 ɞɨ ɨɩɬ = 12,5. 

 

Ɍɟɯɧɢɱɟɫɤɚɹ ɪɟɚɥɢɡɚɰɢɹ ɤɨɧɜɟɪɬɢɪɨɜɚɧɢɹ 

ɞɢɡɟɥɹ 4ȾɌɇȺ1 ɜ ɝɚɡɨɜɵɣ Ⱦȼɋ 

 

ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱёɬ-
ɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɨɧɜɟɪɬɢɪɨɜɚɧɢɟ ɞɢɡɟɥɹ 
4ȾɌɇȺ1 ɜ ɝɚɡɨɜɵɣ Ⱦȼɋ 4Ƚɑɇ8,8/8,2 ɩɪɟɞɥɚ-
ɝɚɟɬɫɹ ɨɫɭɳɟɫɬɜɥɹɬɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɥɟ-
ɞɭɸɳɢɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ. 

 

Ⱦɢɡɟɥɶɧɚɹ ɫɢɫɬɟɦɚ ɩɢɬɚɧɢɹ ɞɟɦɨɧɬɢɪɭɟɬɫɹ. 
ɍɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɝɚɡɨɜɚɹ ɫɢɫɬɟɦɚ ɩɢɬɚɧɢɹ ɫ 
ɷɥɟɤɬɪɨɧɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ, ɤɨɬɨɪɚɹ ɩɪɟɞɩɨ-
ɥɚɝɚɟɬ ɧɚɥɢɱɢɟ ɪɚɫɩɪɟɞɟɥёɧɧɨɝɨ ɜɩɪɵɫɤɚ 
ɬɨɩɥɢɜɚ ɜɨ ɜɩɭɫɤɧɨɣ ɤɨɥɥɟɤɬɨɪ. Ⱦɚɧɧɚɹ ɫɢ-

ɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɬɚɤɠɟ ɡɚɞɚёɬ ɩɚɪɚɦɟɬɪɵ 

ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɡɚɠɢɝɚɧɢɹ, ɤɨɬɨɪɚɹ ɬɚɤɠɟ 
ɦɨɧɬɢɪɭɟɬɫɹ ɧɚ ɞɜɢɝɚɬɟɥɟ. 
 

ɋɬɚɧɞɚɪɬɧɚɹ ɫɜɟɱɚ ɡɚɠɢɝɚɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ-
ɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɣ ɚɞɚɩɬɟɪ, ɩɨɤɚɡɚɧɧɵɣ ɧɚ 
ɪɢɫ. 4. 

 

ɋɧɢɠɟɧɢɟ ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ ɫ 18,5 ɞɨ 11,2 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɞɨɨɛɪɚɛɨɬɤɢ 

ɩɨɪɲɧɹ ɞɢɡɟɥɹ 4ȾɌɇȺ1 ɫɨɝɥɚɫɧɨ ɫɯɟɦɟ, ɩɨ-
ɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫ. 5.  

 

 
 

Ɋɢɫ. 4. ɋɜɟɱɧɨɣ ɭɡɟɥ: 1 – ɫɜɟɱɚ ɡɚɠɢɝɚɧɢɹ;  
2 – ɚɞɚɩɬɟɪ; 3 – ɝɨɥɨɜɤɚ ɰɢɥɢɧɞɪɨɜ; 4 – 

ɭɩɥɨɬɧɢɬɟɥɶɧɨɟ ɤɨɥɶɰɨ 
 

 
 

Ɋɢɫ. 5. ɋɯɟɦɚ ɞɨɨɛɪɚɛɨɬɤɢ ɩɨɪɲɧɹ ɞɢɡɟɥɹ 
4ȾɌɇȺ1 ɩɪɢ ɤɨɧɜɟɪɬɢɪɨɜɚɧɢɢ ɟɝɨ ɜ ɝɚ-
ɡɨɜɵɣ Ⱦȼɋ 

 

ȼɵɜɨɞɵ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡ-
ɜɨɥɹɸɬ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

– ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɫɢɫɬɟɦɵ ɧɚɞɞɭɜɚ ɛɚɡɨɜɨɝɨ 
ɞɢɡɟɥɹ (k = 2) ɨɩɬɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ 
ɞɥɹ ɝɚɡɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ 4Ƚɑɇ8,8/8,2 ɫɨɫɬɚɜ-
ɥɹɟɬ ɨɩɬ = 11,2; 

– ɞɥɹ ɛɟɡɧɚɞɞɭɜɧɨɝɨ ɜɚɪɢɚɧɬɚ ɞɚɧɧɨɝɨ Ⱦȼɋ 

ɨɩɬɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ɩɨɜɵɲɚɟɬɫɹ ɞɨ ɨɩɬ = 12,5; 

– ɬɟɯɧɢɱɟɫɤɚɹ ɪɟɚɥɢɡɚɰɢɹ ɩɨɥɭɱɟɧɧɨɝɨ ɡɧɚ-
ɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ ɨɫɭ-
ɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱёɬ ɢɡɦɟɧɟɧɢɹ ɮɨɪɦɵ ɤɚɦɟ-
ɪɵ ɫɝɨɪɚɧɢɹ ɜ ɫɬɚɧɞɚɪɬɧɨɦ ɩɨɪɲɧɟ ɞɢɡɟɥɹ 
4ȾɌɇȺ1. 
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