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Ⱥɧɧɨɬɚɰɢɹ. ɉɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɚɧɚɥɢɡɚ ɢ ɜɵɛɨɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɪɦɨɡɧɵɯ ɫɢɥ ɦɟɠɞɭ 
ɨɫɹɦɢ ɚɜɬɨɦɨɛɢɥɟɣ ɤɚɬɟɝɨɪɢɢ Ɇ1, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɨɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨ ɞɨ-
ɩɭɫɬɢɦɚɹ ɢ ɧɨɪɦɚɬɢɜɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɯ ɬɨɪɦɨɠɟɧɢɹ ɫɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ ɉɪɚɜɢɥ ʋ13 

ȿɗɄ ɈɈɇ. 

 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɨɪɦɨɡɧɵɯ ɫɢɥ; ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ; ɪɟɚɥɢɡɭɟɦɨɟ ɫɰɟ-
ɩɥɟɧɢɟ; ɤɨɷɮɮɢɰɢɟɧɬ ɫɰɟɩɥɟɧɢɹ; ɤɪɢɜɵɟ ɪɟɚɥɢɡɭɟɦɨɝɨ ɫɰɟɩɥɟɧɢɹ; ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɬɨɪɦɨɡɧɵɯ ɫɢɥ; ɤɚɬɟɝɨɪɢɹ ɚɜɬɨɦɨɛɢɥɹ; ɬɪɟɛɨɜɚɧɢɹ ɉɪɚɜɢɥ ʋ13 ȿɗɄ ɈɈɇ; ɦɢɧɢɦɚɥɶɧɚɹ ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɶ ɬɨɪɦɨɠɟɧɢɹ; ɧɨɪɦɚɬɢɜɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɨɪɦɨɠɟɧɢɹ. 
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Ⱥɧɨɬɚɰɿɹ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɦɟɬɨɞɢɤɭ ɚɧɚɥɿɡɭ ɬɚ ɜɢɛɨɪɭ ɪɨɡɩɨɞɿɥɭ ɝɚɥɶɦɿɜɧɢɯ ɫɢɥ ɦɿɠ ɨɫɹɦɢ ɚɜ-
ɬɨɦɨɛɿɥɿɜ ɤɚɬɟɝɨɪɿʀ Ɇ1, ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɹɤɨɝɨ ɡɚɛɟɡɩɟɱɭɽɬɶɫɹ ɦɿɧɿɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚ ɿ ɧɨɪɦɚɬɢɜ-
ɧɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ʀɯ ɝɚɥɶɦɭɜɚɧɧɹ ɡɝɿɞɧɨ ɜɢɦɨɝ ɉɪɚɜɢɥ ʋ13 ȯȿɄ ɈɈɇ. 

 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɪɟɝɭɥɸɜɚɧɧɹ ɝɚɥɶɦɿɜɧɢɯ ɫɢɥ; ɤɨɟɮɿɰɿɽɧɬ ɝɚɥɶɦɭɜɚɧɧɹ; ɡɱɟɩɥɟɧɧɹ, ɳɨ ɪɟɚɥɿɡɭ-
ɽɬɶɫɹ; ɤɨɟɮɿɰɿɽɧɬ ɡɱɟɩɥɟɧɧɹ; ɤɪɢɜɿ ɡɱɟɩɥɟɧɧɹ, ɳɨ ɪɟɚɥɿɡɭɸɬɶɫɹ; ɤɨɟɮɿɰɿɽɧɬ ɪɨɡɩɨɞɿɥɭ ɝɚɥɶɦɿɜ-
ɧɢɯ ɫɢɥ; ɤɚɬɟɝɨɪɿɹ ɚɜɬɨɦɨɛɿɥɹ; ɜɢɦɨɝɢ ɉɪɚɜɢɥ ʋ13 ȯȿɄ ɈɈɇ; ɦɿɧɿɦɚɥɶɧɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɝɚ-
ɥɶɦɭɜɚɧɧɹ; ɧɨɪɦɚɬɢɜɧɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɝɚɥɶɦɭɜɚɧɧɹ.  
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Abstract. The method of analysis and choice of braking forces distribution between the axels of cate-

gory M1 vehicles in accordance with which the minimum permissible braking intensity is provided ac-

cording to regulations requirements ʋ13 of EEC of UNO is offered. 
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ȼɜɟɞɟɧɢɟ 
 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɬɨɪɦɨ-
ɡɧɵɯ ɫɢɫɬɟɦ ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ 

ɚɜɬɨɦɨɛɢɥɟɣ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɞɨɥɠɧɵ ɪɭɤɨɜɨɞ-
ɫɬɜɨɜɚɬɶɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɧɚɰɢɨɧɚɥɶ-
ɧɵɦɢ ɫɬɚɧɞɚɪɬɚɦɢ, ɚ ɬɚɤɠɟ ɬɚɤɢɦ ɦɟɠɞɭɧɚ-
ɪɨɞɧɵɦ ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɦ ɞɨɤɭɦɟɧɬɨɦ, 
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ɤɚɤɢɦ ɹɜɥɹɸɬɫɹ ɉɪɚɜɢɥɚ ʋ13 ȿɗɄ ɈɈɇ [1], 
ɩɪɢɧɹɬɵɟ ɜ ɍɤɪɚɢɧɟ ɜ ɤɚɱɟɫɬɜɟ Ƚɨɫɭɞɚɪɫɬ-
ɜɟɧɧɨɝɨ ɫɬɚɧɞɚɪɬɚ [2]. ȼ ɉɪɢɥɨɠɟɧɢɢ 10 ɤ 
ɷɬɢɦ ɉɪɚɜɢɥɚɦ ɢɡɥɨɠɟɧɵ ɬɪɟɛɨɜɚɧɢɹ, ɤɚɫɚ-
ɸɳɢɟɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɪɦɨɡɧɵɯ ɫɢɥ ɦɟɠ-
ɞɭ ɨɫɹɦɢ ɚɜɬɨɦɨɛɢɥɹ. Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
ɩɪɢɜɟɞɟɧ ɜ ɪɚɡɞɟɥɟ ɦɚɬɟɪɢɚɥɵ ɢ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 

Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɩɪɨɜɟɪɤɢ ɩɪɟɞɫɬɚɜɥɹɟ-
ɦɨɝɨ ɧɚ ɫɟɪɬɢɮɢɤɚɰɢɸ ɜ ȿɗɄ ɈɈɇ ɬɪɚɧɫɩɨ-
ɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɤɚɬɟɝɨɪɢɢ 1M  ɜ ɨɬɧɨɲɟɧɢɢ 

ɞɨɩɭɫɬɢɦɨɣ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɧɨɪɦɚɬɢɜɧɨɣ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɨɪɦɨɠɟɧɢɹ ɢ ɜɵɛɨɪɚ ɤɨɷɮ-
ɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɪɦɨɡɧɵɯ ɫɢɥ ɦɟ-
ɠɞɭ ɨɫɹɦɢ ɚɜɬɨɦɨɛɢɥɟɣ ɷɬɨɣ ɤɚɬɟɝɨɪɢɢ. 

 

Ɇɚɬɟɪɢɚɥɵ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɜ 
ɉɪɚɜɢɥɚɯ ɞɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɬɨɪɦɨɡɧɵɯ ɫɢɥ, ɫɥɭɠɚɬ: 
– ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ( )z ; 

– ɪɟɚɥɢɡɭɟɦɨɟ ɫɰɟɩɥɟɧɢɟ ɩɟɪɟɞɧɟɣ ɨɫɢ 1( )f ; 

– ɪɟɚɥɢɡɭɟɦɨɟ ɫɰɟɩɥɟɧɢɟ ɡɚɞɧɟɣ ɨɫɢ 2( )f . 

 

ȼɟɥɢɱɢɧɵ z , 1f  ɢ 2f  ɟɫɬɶ ɧɢ ɱɬɨ ɢɧɨɟ, ɤɚɤ 
ɭɞɟɥɶɧɵɟ ɬɨɪɦɨɡɧɵɟ ɫɢɥɵ [3], ɞɟɣɫɬɜɭɸɳɢɟ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɚɜɬɨɦɨɛɢɥɶ ɜ ɰɟɥɨɦ, ɧɚ 
ɩɟɪɟɞɧɸɸ ɢ ɡɚɞɧɸɸ ɟɝɨ ɨɫɢ. 
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ȼ ɷɬɢɯ ɭɪɚɜɧɟɧɢɹɯ: T  – ɨɛɳɚɹ ɬɨɪɦɨɡɧɚɹ 
ɫɢɥɚ, ɩɪɢɥɨɠɟɧɧɚɹ ɤ ɚɜɬɨɦɨɛɢɥɸ, ɇ; G  – ɜɟɫ 
ɚɜɬɨɦɨɛɢɥɹ, ɇ; 1T  ɢ 2T  – ɬɨɪɦɨɡɧɵɟ ɫɢɥɵ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɢ, ɇ; 

1N  ɢ 2N  – ɧɨɪɦɚɥɶɧɵɟ ɪɟɚɤɰɢɢ ɞɨɪɨɝɢ ɧɚ 
ɤɨɥɟɫɚ ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɢ, ɞɟɣɫɬɜɭɸɳɢɟ 
ɧɚ ɧɢɯ ɜɨ ɜɪɟɦɹ ɬɨɪɦɨɠɟɧɢɹ, ɇ. 

 

ɂɡɜɟɫɬɧɨ [4], ɱɬɨ ɟɫɥɢ ɩɪɟɧɟɛɪɟɱɶ ɫɢɥɚɦɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɜɨɡɞɭɯɚ, ɬɨ ɫɢɥɚ T  ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ ɧɚ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɨɣ ɞɨɪɨɝɟ ɛɭɞɟɬ ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɫɢ-

ɥɟ ɢɧɟɪɰɢɢ ɚɜɬɨɦɨɛɢɥɹ jTP  (ɛɟɡ ɭɱɟɬɚ ɢɧɟɪ-
ɰɢɢ ɜɪɚɳɚɸɳɢɯɫɹ ɦɚɫɫ), ɬɨ ɟɫɬɶ 

,jT TT P m j= = ⋅  (4) 

 

ɝɞɟ m  – ɦɚɫɫɚ ɚɜɬɨɦɨɛɢɥɹ, ɤɝ; Tj  – ɡɚɦɟɞɥɟ-
ɧɢɟ ɚɜɬɨɦɨɛɢɥɹ, ɦ/ɫ2. 

 

Ɋɟɲɢɜ ɫɨɜɦɟɫɬɧɨ ɭɪɚɜɧɟɧɢɹ (1) ɢ (4) ɫ ɭɱɟ-
ɬɨɦ ɬɨɝɨ, ɱɬɨ ɦɚɫɫɚ ɚɜɬɨɦɨɛɢɥɹ m  ɪɚɜɧɚ ɨɬ-

ɧɨɲɟɧɢɸ 
G

g
 (ɝɞɟ g  – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ 

ɩɚɞɟɧɢɹ, ɦ/ɫ2), ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩ-

ɪɟɞɟɥɟɧɢɹ z , ɩɪɢɜɟɞɟɧɧɨɟ ɜ ɉɪɚɜɢɥɚɯ ʋ13 
 

Tjz
g

= .                              (5) 

 

ɂɡ ɷɬɨɣ ɮɨɪɦɭɥɵ ɜɢɞɧɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ z , ɹɜɥɹɹɫɶ ɛɟɡɪɚɡɦɟɪɧɨɣ ɜɟɥɢ-

ɱɢɧɨɣ, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɡɚɬɨɪ-
ɦɚɠɢɜɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ. 

 

Ɉɫɧɨɜɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɬɨɪɦɨɡɧɵɯ ɫɢɥ ɦɟɠɞɭ ɨɫɹɦɢ ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ 
[3] ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɪɦɨɡɧɵɯ 
ɫɢɥ β , ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɨɬɧɨɲɟɧɢɟ 
ɬɨɪɦɨɡɧɨɣ ɫɢɥɵ ɧɚ ɩɟɪɟɞɧɟɣ ɨɫɢ 1( )T  ɤ ɨɛ-
ɳɟɣ ɬɨɪɦɨɡɧɨɣ ɫɢɥɟ (Ɍ) 
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T
β = .                            (6) 

 

ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜ ɩɪɢɜɨɞɟ ɬɨɪɦɨɡɨɜ ɪɟɝɭɥɢ-

ɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ (ɪɟɝɭɥɹɬɨɪɚ ɬɨɪɦɨɡɧɵɯ 
ɫɢɥ ɢɥɢ ɚɧɬɢɛɥɨɤɢɪɨɜɨɱɧɨɣ ɫɢɫɬɟɦɵ) ɤɨɷɮ-

ɮɢɰɢɟɧɬ β  – ɜɟɥɢɱɢɧɚ ɩɨɫɬɨɹɧɧɚɹ. ȼɵɛɨɪ ɟɟ 
ɡɧɚɱɟɧɢɹ – ɨɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ, ɪɟɲɚɟ-
ɦɵɯ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɬɨɪɦɨɡɧɵɯ ɫɢɫɬɟɦ 

ɚɜɬɨɦɨɛɢɥɟɣ, ɬɚɤ ɤɚɤ ɢɦɟɧɧɨ ɨɧɚ ɨɩɪɟɞɟɥɹɟɬ, 
ɛɭɞɟɬ ɥɢ ɞɚɧɧɵɣ ɚɜɬɨɦɨɛɢɥɶ ɭɞɨɜɥɟɬɜɨɪɹɬɶ 
(ɢɥɢ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɬɶ) ɬɪɟɛɨɜɚɧɢɹɦ ɉɪɚɜɢɥ 
ʋ13 ȿɗɄ ɈɈɇ ɜ ɱɚɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɪ-
ɦɨɡɧɵɯ ɫɢɥ ɦɟɠɞɭ ɟɝɨ ɨɫɹɦɢ. ɋɨɨɬɧɨɲɟɧɢɹ 
ɦɟɠɞɭ ɫɢɥɚɦɢ T , 1T  ɢ 2T  ɫ ɭɱɟɬɨɦ ɭɪɚɜɧɟ-
ɧɢɹ (6) ɢɦɟɸɬ ɜɢɞ 

 

1T T= ⋅β ;                           (7) 
 

( )2 1 ,T T= ⋅ −β                         (8) 

 

ɢɥɢ                   
( )1

2

1T
T

⋅ −β
=

β
.                       (9) 

 

ɇɨɪɦɚɥɶɧɵɟ ɪɟɚɤɰɢɢ 1N  ɢ 2N  ɱɟɪɟɡ ɤɨɷɮ-

ɮɢɰɢɟɧɬ z  ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɵɪɚɠɟɧɢɹɦɢ [1] 
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1 1

h
N G z G

L
= + ⋅ ⋅ ; (10) 

 

2 2

h
N G z G

L
= − ⋅ ⋅ , (11) 

 

ɝɞɟ 1G  ɢ 2G  – ɧɨɪɦɚɥɶɧɵɟ ɧɚɝɪɭɡɤɢ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ ɧɚ ɩɟɪɟɞɧɸɸ ɢ ɡɚɞɧɸɸ ɨɫɢ ɩɪɢ ɧɟ-
ɩɨɞɜɢɠɧɨɦ ɚɜɬɨɦɨɛɢɥɟ, ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɧɚ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɇ; L  – ɛɚɡɚ 
ɚɜɬɨɦɨɛɢɥɹ, ɦ; h  – ɜɵɫɨɬɚ ɰɟɧɬɪɚ ɦɚɫɫ ɚɜɬɨ-
ɦɨɛɢɥɹ ɧɚɞ ɭɪɨɜɧɟɦ ɩɨɥɚ, ɦ. 

 

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ 1

b
G G

L
= ⋅ , ɚ 2

a
G G

L
= ⋅  

[4], ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 1N  ɢ 2N  

ɩɪɢɧɢɦɚɸɬ ɜɢɞ 
 

1

b z h
N G

L

+ ⋅
= ⋅ ; (12) 

 

2

a z h
N G

L

− ⋅
= ⋅ . (13) 

 

ȼ ɷɬɢɯ ɭɪɚɜɧɟɧɢɹɯ ɜɟɥɢɱɢɧɵ a  ɢ b  – ɪɚɫɫ-
ɬɨɹɧɢɹ ɜ ɦɟɬɪɚɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɨ ɩɟɪɟɞɧɟɣ 

ɢ ɡɚɞɧɟɣ ɨɫɢ ɚɜɬɨɦɨɛɢɥɹ ɨɬ ɩɪɨɟɤɰɢɢ ɟɝɨ 
ɰɟɧɬɪɚ ɦɚɫɫ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ, 
ɩɪɨɯɨɞɹɳɭɸ ɱɟɪɟɡ ɷɬɢ ɨɫɢ. ɂɯ ɱɚɫɬɨ ɧɚɡɵ-

ɜɚɸɬ ɩɪɨɫɬɨ ɪɚɫɫɬɨɹɧɢɹɦɢ ɨɬ ɰɟɧɬɪɚ ɦɚɫɫ ɞɨ 

ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɢ. 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɨɜɦɟɫɬɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟ-
ɧɢɣ (1)–(3), (7), (8), (12) ɢ (13) ɩɨɥɭɱɟɧɵ ɜɵ-

ɪɚɠɟɧɢɹ [5], ɫɜɹɡɵɜɚɸɳɢɟ ɪɟɚɥɢɡɭɟɦɵɟ ɫɰɟ-
ɩɥɟɧɢɹ ɧɚ ɨɫɹɯ 1f  ɢ 2f  ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɬɨɪɦɨɠɟɧɢɹ z  ɭɩɨɦɹɧɭɬɵɦɢ ɝɟɨɦɟɬɪɢɱɟɫ-
ɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɚɜɬɨɦɨɛɢɥɹ ɢ ɤɨɷɮɮɢɰɢɟ-
ɧɬɨɦ β  
 

1

L z
f

b z h

⋅ ⋅β
=

+ ⋅
; (14) 

 

( )
2

1L z
f

a z h

⋅ ⋅ −β
=

− ⋅
. (15) 

 

əɫɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ z  ɨɩɪɟɞɟ-
ɥɹɟɬɫɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɪɟɚɥɢɡɭɟɦɵɦɢ ɫɰɟɩɥɟ-
ɧɢɹɦɢ 1f  ɢ 2f . ɋɜɹɡɶ ɦɟɠɞɭ ɧɢɦɢ ɦɨɠɧɨ 
ɭɫɬɚɧɨɜɢɬɶ, ɪɟɲɢɜ ɫɨɜɦɟɫɬɧɨ ɭɪɚɜɧɟɧɢɹ (14) 

ɢ (15). 

 

( )
1 2

1 2

f b f a
z

L h f f

⋅ + ⋅
=

− ⋅ −
. (16) 

 

ɋɨɝɥɚɫɧɨ ɩɪɟɞɩɢɫɚɧɢɹɦ ɉɪɚɜɢɥ ʋ13, ɩɪɟɞ-

ɫɬɚɜɥɹɟɦɨɟ ɧɚ ɨɮɢɰɢɚɥɶɧɨɟ ɭɬɜɟɪɠɞɟɧɢɟ ɚɜ-
ɬɨɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ (ȺɌɋ) ɥɸɛɨɣ ɤɚɬɟ-
ɝɨɪɢɢ ɜ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɫɰɟɩɥɟɧɢɹ ( )k  ɨɬ 0,2 ɞɨ 0,8 ɞɨɥɠɧɨ ɭɞɨɜɥɟɬ-
ɜɨɪɹɬɶ ɫɨɨɬɧɨɲɟɧɢɸ 
 

( )0,1 0,85 0,2z k≥ + ⋅ − . (17) 

 

ȿɫɥɢ ɭɪɚɜɧɟɧɢɟ (5) ɪɚɡɪɟɲɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɡɚɦɟɞɥɟɧɢɹ Tj , ɬɨ ɩɪɟɞɩɢɫɚɧɢɟ (17) ɦɨɠɟɬ 
ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɤɨɦ ɜɢɞɟ 
 

( )0,1 0,85 0,2Tj g k≥ ⋅ ⎡ + ⋅ − ⎤⎣ ⎦ . (18) 

 

Ɋɚɜɟɧɫɬɜɚ 
 

( )0,1 0,85 0,2z k= + ⋅ −  (19) 

 

ɢɥɢ 
 

( )0,1 0,85 0,2Tj g k= ⋅ ⎡ + ⋅ − ⎤⎣ ⎦  (20) 

 

ɨɩɪɟɞɟɥɹɸɬ ɞɨɩɭɫɬɢɦɭɸ ɦɢɧɢɦɚɥɶɧɭɸ ɢɧ-

ɬɟɧɫɢɜɧɨɫɬɶ ɬɨɪɦɨɠɟɧɢɹ ɩɪɨɜɟɪɹɟɦɨɝɨ ȺɌɋ 

ɜ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɫɰɟɩɥɟɧɢɹ ɤɨɥɟɫ ɫ ɞɨɪɨ-
ɝɨɣ. Ɉɬɫɸɞɚ ɮɨɪɦɭɥɢɪɨɜɤɚ ɨɫɧɨɜɧɨɝɨ ɬɪɟɛɨ-
ɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɨɝɨ ɉɪɚɜɢɥɚɦɢ ʋ13 ɤ 
ɥɸɛɨɦɭ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɨɦɭ ɫɪɟɞɫɬɜɭ ɜ ɱɚɫɬɢ 

ɬɨɪɦɨɠɟɧɢɹ, ɡɜɭɱɢɬ ɬɚɤ: ɟɫɥɢ ɬɨɪɦɨɠɟɧɢɟ 
ɚɜɬɨɦɨɛɢɥɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɞɨɪɨɝɟ ɫ ɤɨɷ-
ɮɮɢɰɢɟɧɬɨɦ ɫɰɟɩɥɟɧɢɹ k , ɬɨ ɨɧɨ ɞɨɥɠɧɨ 

ɩɪɨɢɫɯɨɞɢɬɶ ɫ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɧɟ ɧɢɠɟ ɬɨɣ, 

ɱɬɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ z  ɢɥɢ ɡɚ-
ɦɟɞɥɟɧɢɟɦ Tj , ɩɨɞɫɱɢɬɚɧɧɵɦɢ, ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ, ɩɨ ɭɪɚɜɧɟɧɢɸ (19) ɢɥɢ (20). 

 

ȼ ɧɟɪɚɜɟɧɫɬɜɚɯ (17) ɢ (18) ɭɤɚɡɚɧɨ, ɱɬɨ ɜ 
ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɫɰɟɩɥɟɧɢɹ ɜɨɡɦɨɠɧɵ ɢ ɛɨ-
ɥɟɟ ɜɵɫɨɤɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɨɪɦɨɠɟɧɢɹ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɞɨɩɭɫɬɢɦɵɦɢ ɦɢɧɢɦɚɥɶɧɵɦɢ, 

ɨɩɪɟɞɟɥɹɟɦɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ (19) ɢɥɢ (20). 

ɇɨ ɩɪɢ ɷɬɨɦ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɜ ɪɚɫɫɦɨɬɪɟɧɧɨɦ 

ɜɵɲɟ ɫɥɭɱɚɟ, ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɢ ɞɪɭɝɨɟ 
ɬɪɟɛɨɜɚɧɢɟ ɉɪɚɜɢɥ ʋ13, ɤɨɬɨɪɵɦ ɭɫɬɚɧɚɜ-
ɥɢɜɚɸɬɫɹ ɞɥɹ ɪɚɡɧɵɯ ɤɚɬɟɝɨɪɢɣ ɬɪɚɧɫɩɨɪɬ-
ɧɵɯ ɫɪɟɞɫɬɜ ɨɩɪɟɞɟɥɟɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟ-
ɠɞɭ ɪɟɚɥɢɡɭɟɦɵɦɢ ɫɰɟɩɥɟɧɢɹɦɢ ɧɚ ɨɫɹɯ 

ɚɜɬɨɦɨɛɢɥɹ ɜ ɮɭɧɤɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɨɪ-
ɦɨɠɟɧɢɹ z . Ɍɚɤ, ɪɟɚɥɢɡɭɟɦɨɟ ɫɰɟɩɥɟɧɢɟ  
ɩɟɪɟɞɧɟɣ ɨɫɢ 1( )f  ɜɨ ɜɪɟɦɹ ɬɨɪɦɨɠɟɧɢɹ ɞɨ-
ɥɠɧɨ ɨɫɬɚɜɚɬɶɫɹ ɛɨɥɶɲɟ ɪɟɚɥɢɡɭɟɦɨɝɨ ɫɰɟɩ-

ɥɟɧɢɹ ɡɚɞɧɟɣ ɨɫɢ 2( )f  ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ z ɜ ɞɢɚɩɚɡɨɧɟ:  
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– 0,15 0,8÷  – ɚɜɬɨɦɨɛɢɥɢ ɤɚɬɟɝɨɪɢɢ 1M  (ɷɬɨ 
ɬɪɟɛɨɜɚɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɬɚɤɠɟ ɧɚ ɚɜɬɨ-
ɦɨɛɢɥɢ ɤɚɬɟɝɨɪɢɣ 1N , ɭ ɤɨɬɨɪɵɯ ɤɨɷɮɮɢɰɢ-

ɟɧɬ ɧɚɝɪɭɡɤɢ ɧɚ ɡɚɞɧɸɸ ɨɫɶ ɜ ɝɪɭɠɟ-
ɧɨɦ/ɩɨɪɨɠɧɟɦ ɫɨɫɬɨɹɧɢɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 1,5 

ɢɥɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɚɫɫɚ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ 
ɦɟɧɟɟ 2 ɬ);  
– 0,15 0,5÷  – ɚɜɬɨɦɨɛɢɥɢ ɤɚɬɟɝɨɪɢɢ 1N ;  

– 0,15 0,3÷  – ɚɜɬɨɦɨɛɢɥɢ ɜɫɟɯ ɞɪɭɝɢɯ ɤɚɬɟ-
ɝɨɪɢɣ. 

 

ȼ ɭɤɚɡɚɧɧɵɯ ɞɢɚɩɚɡɨɧɚɯ ɧɢɠɧɟɟ ɩɪɟɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɨɪɦɨɠɟɧɢɹ ( )H

ɉɊz  

ɞɥɹ ɜɫɟɯ ɤɚɬɟɝɨɪɢɣ ɚɜɬɨɦɨɛɢɥɟɣ ɩɪɢɧɹɬɨ 
ɨɞɢɧɚɤɨɜɵɦ, ɪɚɜɧɵɦ 0,15 . ɑɬɨ ɤɚɫɚɟɬɫɹ ɜɟɪ-
ɯɧɟɝɨ ɩɪɟɞɟɥɚ ( )B

ɉɊz , ɬɨ ɨɧ ɞɥɹ ɪɚɡɧɵɯ ɤɚɬɟ-
ɝɨɪɢɣ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɭɫɬɚɧɨɜɥɟɧ 

ɪɚɡɧɵɦ, ɱɬɨ ɞɨɥɠɧɨ ɭɱɢɬɵɜɚɬɶɫɹ ɩɪɢ ɚɧɚɥɢɡɟ 
ɢ ɜɵɛɨɪɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɪɦɨɡɧɵɯ ɫɢɥ ɦɟ-
ɠɞɭ ɨɫɹɦɢ ɢɧɬɟɪɟɫɭɸɳɟɝɨ ɧɚɫ ɚɜɬɨɦɨɛɢɥɹ. 
 

Ⱦɥɹ ɞɚɱɢ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɡɚɤɥɸɱɟɧɢɹ ɨ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɞɚɧɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɬɪɟɛɨɜɚɧɢɹɦ 

ɉɪɚɜɢɥ ʋ13 ɧɟɨɛɯɨɞɢɦɨ ɟɳɟ ɭɱɢɬɵɜɚɬɶ ɬɨ, 
ɱɬɨ ɞɥɹ ɤɚɠɞɨɝɨ ȺɌɋ ɫɭɳɟɫɬɜɭɟɬ ɧɨɪɦɚɬɢɜ 
ɩɨ ɡɚɦɟɞɥɟɧɢɸ ( )THj , ɤɨɬɨɪɵɣ ɞɥɹ ɚɜɬɨɦɨ-
ɛɢɥɟɣ ɤɚɬɟɝɨɪɢɢ 1M  ɫɨɫɬɚɜɥɹɟɬ 5,8ɦ/ɫ2 [1]. 

Ⱦɥɹ ɚɜɬɨɦɨɛɢɥɟɣ ɜɫɟɯ ɞɪɭɝɢɯ ɤɚɬɟɝɨɪɢɣ 

5,0THj = ɦ/ɫ2. ɉɪɨɜɟɪɤɭ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ ɧɚ ɫɨɨɬɜɟɬɫɬɜɢɟ ɢɯ ɷɬɢɦ ɧɨɪɦɚɬɢɜɚɦ 

ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɭɬɟɦ ɩɪɨɜɟɞɟɧɢɹ ɬɨɪɦɨɡɧɵɯ 
ɢɫɩɵɬɚɧɢɣ «Ɍɢɩ 0» [1]. 

 

Ʉɚɤ ɧɚɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ, ɧɟɪɚɜɟɧɫɬɜɨ (17), 

ɤɚɤ ɢ ɪɚɜɟɧɫɬɜɨ (19), ɡɚɩɢɫɚɧɵ ɜ ɫɬɪɨɝɨɦ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ɮɢɡɢɱɟɫɤɢɦ ɫɦɵɫɥɨɦ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɦɨɝɨ ɹɜɥɟɧɢɹ. Ɍɚɤ ɤɚɤ ɬɨɪɦɨɠɟɧɢɟ ɚɜ-
ɬɨɦɨɛɢɥɹ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɜ ɪɚɡɧɵɯ 

ɫɰɟɩɧɵɯ ɭɫɥɨɜɢɹɯ, ɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɫɰɟɩɥɟ-
ɧɢɹ k  ɜ ɜɵɪɚɠɟɧɢɹɯ (17) ɢ (19) ɜɵɫɬɭɩɚɟɬ 
ɤɚɤ ɧɟɡɚɜɢɫɢɦɚɹ ɩɟɪɟɦɟɧɧɚɹ. Ʉɨɷɮɮɢɰɢɟɧɬ 
ɠɟ z  (ɤɚɤ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɪɟɛɭɟɦɨɣ ɢɧɬɟɧ-

ɫɢɜɧɨɫɬɢ ɬɨɪɦɨɠɟɧɢɹ) ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ, ɬɨ 

ɟɫɬɶ ɡɚɜɢɫɢɦɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɨɩɪɟɞɟɥɹɟɦɨɣ 

ɜɟɥɢɱɢɧɨɣ k. ȼ ɉɪɚɜɢɥɚɯ ʋ13 (ɉɪɢɥɨɠɟɧɢɟ 
ʋ10 ɤ ɉɪɚɜɢɥɚɦ) ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɩɪɟɞɫɬɚɜɥɟ-
ɧɢɢ ɜɵɪɚɠɟɧɢɹ (17) ɩɨɤɚɡɚɧɚ ɨɛɪɚɬɧɚɹ ɮɭɧɤ-
ɰɢɹ (ɪɢɫ. 1), ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ ɜ ɤɚɱɟɫɬɜɟ ɧɟ-
ɡɚɜɢɫɢɦɨɣ ɩɟɪɟɦɟɧɧɨɣ ɩɪɢɧɹɬɚ ɠɟɥɚɟɦɚɹ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɨɪɦɨɠɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɚɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ z, ɚ ɮɭɧɤɰɢɟɣ ɫɬɚɥ ɬɪɟɛɭɟ-
ɦɵɣ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɫɰɟɩɥɟɧɢɹ k, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ 

ɛɵɬɶ ɧɟ ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ 

ɜɵɪɚɠɟɧɢɟɦ 
 

0,07

0,85

z
k

+
= .                     (21) 

 

ɗɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɥɭɱɟɧɚ ɢɡ ɭɪɚɜɧɟɧɢɹ (19) 

ɩɭɬɟɦ ɪɚɡɪɟɲɟɧɢɹ ɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨ .k  

 

0   0,1    0,2    0,3    0,4     0,5      0,6      0,7     0,8

0,8 
 

 

0,7 
 

 

0,6 
 

 

0,5 
 

 

0,4 
 

 

0,3 
 
 

0,2 
 

 

0,1 

85,0

07,0+= z
k

 zk =

z  
 

Ɋɢɫ. 1. Ƚɪɚɧɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧ-

ɬɚ ɫɰɟɩɥɟɧɢɹ k  ɜ ɮɭɧɤɰɢɢ ɤɨɷɮɮɢɰɢɟɧ-

ɬɚ z , ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɉɪɚɜɢɥɚɦ ʋ13 

ȿɗɄ ɈɈɇ (ɉɪɢɥɨɠɟɧɢɟ 10) 

 

ɉɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɝɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜ-
ɥɟɧɢɟ ɧɟɪɚɜɟɧɫɬɜɚ (17) ɨɛɪɚɬɧɨɣ ɮɭɧɤɰɢɟɣ 

ɡɚɬɪɭɞɧɹɟɬ ɩɨɧɢɦɚɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɪɨ-
ɰɟɫɫɨɜ. ɉɨɷɬɨɦɭ ɫɱɢɬɚɟɦ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ 

ɫɨɨɬɧɨɲɟɧɢɟ (17) ɝɪɚɮɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɹɬɶ 
ɬɚɤ, ɤɚɤ ɨɧɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɚɧɚɥɢɬɢɱɟɫɤɢ  

(ɪɢɫ. 2). 
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Ɋɢɫ. 2. ɉɪɟɞɥɚɝɚɟɦɨɟ ɚɜɬɨɪɚɦɢ ɩɪɟɞɫɬɚɜɥɟ-
ɧɢɟ ɝɪɚɧɢɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ ɬɨɪɦɨɠɟɧɢɹ z  ɜ ɮɭɧɤɰɢɢ ɤɨɷɮɮɢ-

ɰɢɟɧɬɚ ɫɰɟɩɥɟɧɢɹ k  
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ɇɚ ɪɢɫ. 2 ɥɢɧɢɟɣ 1 ɨɛɨɡɧɚɱɟɧɚ ɧɢɠɧɹɹ ɝɪɚ-
ɧɢɰɚ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ z  

ɜ ɮɭɧɤɰɢɢ k , ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɭɪɚɜɧɟɧɢɸ 

(19). Ʌɢɧɢɹ 2 ɹɜɥɹɟɬɫɹ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟɣ ɜɨ-
ɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ z  ɢ ɪɟɚɥɢ-

ɡɭɟɦɵɯ ɫɰɟɩɥɟɧɢɣ 1f  ɢ 2f . ɇɚ ɥɢɧɢɢ 2 ɦɨ-
ɠɟɬ ɧɚɛɥɸɞɚɬɶɫɹ ɪɚɜɟɧɫɬɜɨ 1 2 ,f f z k= = =  

ɤɨɬɨɪɨɟ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɬɚɤ ɧɚɡɵɜɚɟɦɨɦ «ɢɞɟ-
ɚɥɶɧɨɦ» ɬɨɪɦɨɠɟɧɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚ-
ɲɬɪɢɯɨɜɚɧɧɨɣ ɧɚ ɝɪɚɮɢɤɟ ɨɛɥɚɫɬɶɸ efmn  

ɨɝɪɚɧɢɱɟɧɵ ɜɫɟ ɜɨɡɦɨɠɧɵɟ (ɞɨɩɭɫɬɢɦɵɟ) 
ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ z  ɜ ɮɭɧɤɰɢɢ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ k  – ɫɨɝɥɚɫɧɨ ɧɟɪɚɜɟɧɫɬɜɭ (17) ɢ 

ɩɪɢɧɹɬɨɦɭ ɞɢɚɩɚɡɨɧɭ ɢɡɦɟɧɟɧɢɹ k . Ʉɪɢɜɵɟ 
ɪɟɚɥɢɡɭɟɦɵɯ ɫɰɟɩɥɟɧɢɣ 1f  ɢ 2f , ɧɚɧɨɫɢɦɵɟ 
ɧɚ ɭɤɚɡɚɧɧɵɟ ɝɪɚɮɢɤɢ, ɦɨɝɭɬ ɪɚɫɩɨɥɚɝɚɬɶɫɹ 
ɧɢɠɟ ɩɪɹɦɨɣ k z=  (ɪɢɫ. 1) ɢ ɩɪɹɦɨɣ 1 

(ɪɢɫ. 2), ɱɬɨ ɟɫɬɟɫɬɜɟɧɧɨ. 
 

Ɇɟɬɨɞɢɤɚ ɚɧɚɥɢɡɚ ɢ ɜɵɛɨɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɬɨɪɦɨɡɧɵɯ ɫɢɥ ɦɟɠɞɭ ɨɫɹɦɢ ȺɌɋ, ɫ ɭɱɟɬɨɦ 

ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɜ ɧɚɫɬɨɹ-
ɳɟɣ ɫɬɚɬɶɟ ɢɡɥɨɠɟɧɚ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɚɜɬɨ-
ɦɨɛɢɥɸ ɤɚɬɟɝɨɪɢɢ 1M , ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɝɨ 
ɜɵɛɪɚɧ ɚɜɬɨɦɨɛɢɥɶ ȽȺɁ-3102 «ȼɨɥɝɚ». ɇɟɨ-
ɛɯɨɞɢɦɵɟ ɞɥɹ ɷɬɨɝɨ ɟɝɨ ɩɚɪɚɦɟɬɪɵ ɩɪɢɜɟɞɟ-
ɧɵ ɜ ɬɚɛɥ. 1.  

 

Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɩɨɞɝɨɬɚɜɥɢɜɚɟɦɨɟ 
ɤ ɫɟɪɬɢɮɢɤɚɰɢɢ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ 

ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɨɜɟɪɟɧɨ ɧɚ ɫɨɨɬɜɟɬɫɬɜɢɟ ɟɝɨ 

ɬɪɟɛɨɜɚɧɢɹɦ ɉɪɚɜɢɥ ʋ13 ɩɨ ɧɨɪɦɚɬɢɜɧɨɦɭ 
ɡɚɦɟɞɥɟɧɢɸ ( )THj , ɚ ɬɚɤɠɟ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɉɪɚɜɢɥɚɦɢ ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɢɧɬɟɧ-

ɫɢɜɧɨɫɬɢ ɬɨɪɦɨɠɟɧɢɹ ɜ ɡɚɞɚɧɧɵɯ ɫɰɟɩɧɵɯ 

ɭɫɥɨɜɢɹɯ. ɉɨɫɥɟɞɧɢɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɢɚɩɚɡɨ-
ɧɨɦ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ k  ɜ ɩɪɟɞɟɥɚɯ 

8,02,0 ÷ . Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɚɜɬɨɦɨɛɢɥɟɣ ɤɚɬɟ-
ɝɨɪɢɢ 1M  ɞɨɥɠɧɨ ɛɵɬɶ ɬɚɤɠɟ ɫɨɛɥɸɞɟɧɨ 

ɭɤɚɡɚɧɧɨɟ ɜ ɉɪɚɜɢɥɚɯ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ 
ɪɟɚɥɢɡɭɟɦɵɦɢ ɫɰɟɩɥɟɧɢɹɦɢ ɧɚ ɨɫɹɯ ( )21 ff >  

ɜ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɨɪ-
ɦɨɠɟɧɢɹ 8,015,0 ÷=z .  

 

ȼɟɥɢɱɢɧɵ z , 1f  ɢ 2f , ɭɜɟɥɢɱɢɜɚɹɫɶ ɜ ɩɪɨ-
ɰɟɫɫɟ ɡɚɬɨɪɦɚɠɢɜɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ, ɩɪɢ ɨɩ-

ɪɟɞɟɥɟɧɧɵɯ ɩɪɢɜɨɞɧɵɯ ɭɫɢɥɢɹɯ ɩɟɪɟɞɧɢɯ ɢ 

ɡɚɞɧɢɯ ɬɨɪɦɨɡɨɜ ɫɬɚɧɨɜɹɬɫɹ ɪɚɜɧɵɦɢ ɞɪɭɝ 
ɞɪɭɝɭ. ɋ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥ (14) ɢ (15) ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɟ z  (ɨɛɨɡɧɚɱɢɦ ɟɝɨ fz ), 

ɩɪɢ ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɪɚɜɟɧɫɬɜɨ 

fzff == 21 . 

ȼɵɪɚɠɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ fz  ɢɦɟɸɬ ɜɢɞ 
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Ɉɛɨɡɧɚɱɢɦ r
fz  ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ fz , 

ɨɬɧɨɫɹɳɟɟɫɹ ɤ ɝɪɭɠɟɧɨɦɭ ɚɜɬɨɦɨɛɢɥɸ, ɢ p
fz  

– ɤ ɩɨɪɨɠɧɟɦɭ ɚɜɬɨɦɨɛɢɥɸ. Ⱦɥɹ ɚɜɬɨɦɨɛɢɥɹ 
ȽȺɁ – 3102 «ȼɨɥɝɚ» 
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ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ k  

(ɨɛɨɡɧɚɱɢɦ ɢɯ: ɞɥɹ ɝɪɭɠɟɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 
r
fk ; ɞɥɹ ɩɨɪɨɠɧɟɝɨ – p

fk ) ɩɪɢ ɡɚɜɢɫɢɦɨɫɬɢ 

( )z f k= , ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɭɪɚɜɧɟɧɢɟɦ (19), 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 
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ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɹ (19) ɩɪɢ ɩɨɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨɦ ɢɡɦɟɧɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ k  ɜ 
ɞɢɚɩɚɡɨɧɟ ɨɬ 0,2  ɞɨ 1,2  ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɨɪɦɨɠɟɧɢɹ z . Ɂɚɬɟɦ, ɩɪɢ ɢɡɜɟɫɬɧɵɯ z , ɫ 
ɩɨɦɨɳɶɸ ɮɨɪɦɭɥ (14) ɢ (15) ɧɚɣɞɟɧɵ ɡɧɚɱɟ-
ɧɢɹ ɪɟɚɥɢɡɭɟɦɵɯ ɫɰɟɩɥɟɧɢɣ 1f  ɢ 2f  ɞɥɹ 
ɝɪɭɠɟɧɨɝɨ ( 1

rf  ɢ 2
rf ) ɢ ɩɨɪɨɠɧɟɝɨ ( 1

pf  ɢ 

2
pf ) ɚɜɬɨɦɨɛɢɥɹ.  

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. ɉɨ 
ɞɚɧɧɵɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɬɚɛɥ. 2, ɧɚ ɪɢɫ. 3 

ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ( )z f k= , 

1 ( )f f k=  ɢ 2 ( )f f k=  ɞɥɹ ɝɪɭɠɟɧɨɝɨ (3ɚ) ɢ 

ɩɨɪɨɠɧɟɝɨ (3ɛ) ɚɜɬɨɦɨɛɢɥɹ. 
 

ɇɚ ɧɢɯ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɢ 

z k= , ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ, ɤɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵ-

ɲɟ, ɦɚɤɫɢɦɚɥɶɧɵɟ ɜɨɡɦɨɠɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ z  ɢ ɪɟɚɥɢɡɭɟɦɵɯ ɫɰɟɩɥɟɧɢɣ 1f  ɢ 2f . 



ǮȐȠȜȚȜȏȖșȪțȩȗ ȠȞȎțȟȝȜȞȠ, Ȑȩȝ. 29, 2011 

 
34 

Ɍɚɛɥɢɰɚ 1 ɉɚɪɚɦɟɬɪɵ ɚɜɬɨɦɨɛɢɥɹ ȽȺɁ-3102 «ȼɨɥɝɚ» 
 

ɋɨɫɬɨɹɧɢɟ ɚɜɬɨɦɨɛɢɥɹ ʋ  

ɩ/ɩ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ 

ɝɪɭɠɟɧɵɣ ɩɨɪɨɠɧɢɣ 

1 Ɇɚɫɫɚ ɚɜɬɨɦɨɛɢɥɹ m , ɤɝ 1870 1470 

2 ȼɟɫ ɚɜɬɨɦɨɛɢɥɹ G , ɇ 18345 14421 

3 Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɦɚɫɫ ɞɨ ɩɟɪɟɞɧɟɣ ɨɫɢ ɚɜɬɨɦɨɛɢɥɹ a , ɦ 1,467 1,314 

4 Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɦɚɫɫ ɞɨ ɡɚɞɧɟɣ ɨɫɢ ɚɜɬɨɦɨɛɢɥɹ b , ɦ 1,333 1,486 

5 ȼɵɫɨɬɚ ɰɟɧɬɪɚ ɦɚɫɫ ɚɜɬɨɦɨɛɢɥɹ ɧɚɞ ɭɪɨɜɧɟɦ ɩɨɥɚ h , ɦ 0,535 0,5 

6 Ȼɚɡɚ ɚɜɬɨɦɨɛɢɥɹ L , ɦ 2,8 

7 Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɪɦɨɡɧɵɯ ɫɢɥ ɚɜɬɨɦɨɛɢɥɹ β  0,6437 

 

Ȼɭɤɜɚɦɢ a  ɢ a′  ɧɚ ɪɢɫ. 3, ɚ ɢ ɪɢɫ. 3, ɛ ɨɛɨɡ-
ɧɚɱɟɧɵ ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɝɪɚɮɢɤɨɜ ɜɵɲɟɭ-

ɤɚɡɚɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ z , 1f  ɢ 2f  ɨɬ k . Ɉɪ-
ɞɢɧɚɬɵ ɷɬɢɯ ɬɨɱɟɤ ɨɩɪɟɞɟɥɹɸɬ ɜɟɥɢɱɢɧɵ  

ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, r
fz  ɢ p

fz , 

ɭɬɨɱɧɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɧɚɣɬɢ 

ɩɨ ɮɨɪɦɭɥɚɦ (24) ɢ (25). Ʉɨɷɮɮɢɰɢɟɧɬɵ ɫɰɟ-
ɩɥɟɧɢɹ r

fk  ɢ p
fk , ɤɚɤ ɚɛɫɰɢɫɫɵ ɬɨɱɟɤ a  ɢ a′ , 

ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɝɪɚɮɢɱɟɫɤɢ ɢɥɢ ɫ 
ɩɨɦɨɳɶɸ ɮɨɪɦɭɥ (26) ɢ (27). Ɂɚɜɢɫɢɦɨɫɬɢ 

(22) ɢ (23) ɬɨɱɶ-ɜ-ɬɨɱɶ ɩɨɜɬɨɪɹɸɬ ɢɡɜɟɫɬɧɭɸ 

ɮɨɪɦɭɥɭ [3], ɩɨ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɸɬ ɨɩɬɢ-

ɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɰɟɩɥɟɧɢɹ ( ɨɩɬk ) ɞɥɹ 
ɚɜɬɨɦɨɛɢɥɹ ɫ ɡɚɞɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ.  

 

Ƚɨɪɢɡɨɧɬɚɥɶɧɵɟ ɩɪɹɦɵɟ, ɩɪɨɜɟɞɟɧɧɵɟ ɱɟɪɟɡ 
ɬɨɱɤɢ a  ɢ a′ , ɩɟɪɟɫɟɤɚɸɬ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɣ 

z k=  ɜ ɬɨɱɤɚɯ b  ɢ b′ . Ɉɪɞɢɧɚɬɵ ɬɨɱɟɤ b  ɢ 

b′  (ɪɚɜɧɵɟ ɨɪɞɢɧɚɬɚɦ ɬɨɱɟɤ a  ɢ a′ ) ɪɚɜɧɵ 

ɬɚɤɠɟ ɚɛɫɰɢɫɫɚɦ ɷɬɢɯ ɬɨɱɟɤ, ɤɨɬɨɪɵɟ ɨɩɪɟ-
ɞɟɥɹɸɬ ɡɧɚɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧ-

ɬɨɜ ɫɰɟɩɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɝɪɭɠɟɧɨɝɨ 
ɢ ɩɨɪɨɠɧɟɝɨ ɚɜɬɨɦɨɛɢɥɹ ( ɨɩɬ

rk  ɢ ɨɩɬ
pk ). Ⱥɛɫ-

ɰɢɫɫɵ ɠɟ ɬɨɱɟɤ a  ɢ a′  ɧɟ ɪɚɜɧɵ ɚɛɫɰɢɫɫɚɦ 

ɬɨɱɟɤ b  ɢ b′ , ɚ ɡɚɦɟɬɧɨ ɢɯ ɩɪɟɜɵɲɚɸɬ  
(ɫɦ. ɪɚɫɱɟɬɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɩɨ ɮɨɪɦɭɥɚɦ 

(24)–(27).  
 

Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɫɟɪɬɢɮɢɰɢɪɭɟɦɵɣ 

ɚɜɬɨɦɨɛɢɥɶ ɞɨɥɠɟɧ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɬɶ ɞɨɫ-
ɬɢɠɟɧɢɟ ɩɪɟɞɩɢɫɵɜɚɟɦɨɝɨ ɟɦɭ ɧɨɪɦɚɬɢɜɧɨɝɨ 

ɡɚɦɟɞɥɟɧɢɹ ( THj ) ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ ɛɟɡ ɛɥɨ-
ɤɢɪɨɜɚɧɢɹ ɡɚɬɨɪɦɚɠɢɜɚɟɦɵɯ ɤɨɥɟɫ. Ⱦɥɹ ɚɜ-
ɬɨɦɨɛɢɥɹ ȽȺɁ-3102 «ȼɨɥɝɚ» 5,8THj = ɦ/ɫ2. 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ 
(ɨɛɨɡɧɚɱɢɦ ɟɝɨ Hz ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

5,8
0,591.

9,81

TH
H

j
z

g
= = =  (28) 

 

Ƚɨɪɢɡɨɧɬɚɥɶɧɵɟ ɥɢɧɢɢ, ɩɪɨɜɟɞɟɧɧɵɟ ɱɟɪɟɡ 
ɨɬɦɟɱɟɧɧɵɟ ɧɚ ɨɫɹɯ ɨɪɞɢɧɚɬ ɡɧɚɱɟɧɢɹ 

0,591Hz z= = , ɩɟɪɟɫɟɤɚɸɬ ɩɪɹɦɵɟ (ɪɢɫ. 3) 

( )0,1 0,85 0,2z k= + ⋅ −  ɜ ɬɨɱɤɚɯ c  ɢ c′ . Ⱥɛɫ-
ɰɢɫɫɵ ɷɬɢɯ ɬɨɱɟɤ ɨɩɪɟɞɟɥɹɸɬ ɡɧɚɱɟɧɢɟ ɤɨɷ-
ɮɮɢɰɢɟɧɬɚ ɫɰɟɩɥɟɧɢɹ (ɨɛɨɡɧɚɱɢɦ ɟɝɨ Hk ), 

ɩɪɢ ɤɨɬɨɪɨɦ  ɛɭɞɟɬ  ɞɨɫɬɢɝɚɬɶɫɹ  ɧɨɪɦɚɬɢɜ-
ɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ Hz  ɜ ɫɥɭɱɚɟ ɬɨɪɦɨɠɟɧɢɹ ɫ 
ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ. 

Ⱦɥɹ ɚɜɬɨɦɨɛɢɥɟɣ ɤɚɬɟɝɨɪɢɢ 1M  ɤɨɷɮɮɢɰɢ-

ɟɧɬ ɫɰɟɩɥɟɧɢɹ 0,78Hk = . ɇɚ ɪɢɫ. 3, ɚ ɢ  

ɪɢɫ. 3, ɛ ɨɛɨɡɧɚɱɟɧɵ ɬɚɤɠɟ ɩɪɟɞɩɢɫɵɜɚɟɦɵɟ 
ɉɪɚɜɢɥɚɦɢ ʋ13 ɧɨɪɦɚɬɢɜɧɵɟ ɞɢɚɩɚɡɨɧɵ 

ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɰɟɩɥɟɧɢɹ 
0,2 0,8Hɞk = ÷  ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɨɪɦɨɠɟɧɢɹ 
0,15 0,8Hɞz = ÷ . Ȼɭɤɜɚɦɢ d  ɢ d ′  ɧɚ ɩɪɹɦɵɯ 

( )0,1 0,85 0,2z k= + ⋅ −  ɨɛɨɡɧɚɱɟɧɵ ɬɨɱɤɢ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɟɪɯɧɟɦɭ ɩɪɟɞɟɥɭ 
0,8Hɞz = .  

 

Ɍɚɛɥɢɰɚ 2 Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ  
ȽȺɁ-3102 «ȼɨɥɝɚ» ɜ ɮɭɧɤɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɰɟɩɥɟɧɢɹ k 

 

k  0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,827 0,9 1,0 1,1 1,2 

z  0,1 0,185 0,27 0,355 0,44 0,525 0,61 0,633 0,695 0,78 0,877 0,95 

1
rf  0,13 0,233 0,329 0,42 0,506 0,586 0,663 0,683 0,735 0,803 0,877 0,93 

1
pf  0,117 0,21 0,3 0,385 0,465 0,54 0,614 0,633 0,683 0,75 0,82 0,873 

2
rf  0,07 0,135 0,204 0,277 0,356 0,442 0,533 0,56 0,636 0,734 0,877 0,988 

2
pf  0,08 0,15 0,228 0,312 0,4 0,498 0,603 0,633 0,717 0,842 0,999 1,13 
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Ɋɢɫ. 3. Ʉɪɢɜɵɟ ɪɟɚɥɢɡɭɟɦɨɝɨ ɫɰɟɩɥɟɧɢɹ 1f  ɢ 2f  ɜ ɮɭɧɤɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ k  ɚɜɬɨɦɨɛɢɥɹ  
ȽȺɁ-3102 «ȼɨɥɝɚ», ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɨɪɦɨɠɟ-
ɧɢɹ, ɢ ɝɪɚɧɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ( )z f k= : ɚ – ɝɪɭɠɟɧɵɣ ɚɜɬɨɦɨɛɢɥɶ; ɛ – ɩɨɪɨɠɧɢɣ ɚɜɬɨɦɨ-
ɛɢɥɶ 

 

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɪɦɨɡ-
ɧɵɯ ɫɢɥ ɦɟɠɞɭ ɨɫɹɦɢ ɭ ɚɜɬɨɦɨɛɢɥɹ ȽȺɁ-
3102 «ȼɨɥɝɚ» ɩɨɤɚɡɚɥ, ɱɬɨ ɜɵɛɪɚɧɧɵɣ ɞɥɹ 
ɧɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬ 0,6437β =  ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɜɵɩɨɥɧɟɧɢɟ ɜɫɟɯ ɩɪɟɞɩɢɫɵɜɚɟɦɵɯ ɉɪɚɜɢɥɚ-
ɦɢ ʋ13 ɩɨ ɷɬɨɣ ɱɚɫɬɢ ɬɪɟɛɨɜɚɧɢɣ – ɜ ɫɥɭɱɚɟ 
ɝɪɭɠɟɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ. Ƚɪɚɮɢɤɢ, ɩɪɟɞɫɬɚɜ-
ɥɟɧɧɵɟ ɧɚ ɪɢɫ. 3, ɚ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɜ 
ɧɨɪɦɚɬɢɜɧɵɯ ɞɢɚɩɚɡɨɧɚɯ ɢɡɦɟɧɟɧɢɹ ɤɚɤ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ ɫɰɟɩɥɟɧɢɹ ( )Hɞk , ɬɚɤ ɢ ɤɨɷɮɮɢ-

ɰɢɟɧɬɚ ɬɨɪɦɨɠɟɧɢɹ ( )Hɞz  ɩɪɢ ɡɚɬɨɪɦɚɠɢɜɚ-
ɧɢɢ ɝɪɭɠɟɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɫ ɦɢɧɢɦɚɥɶɧɨ 
ɞɨɩɭɫɬɢɦɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɫɨɛɥɸɞɚɟɬɫɹ 
ɬɪɟɛɨɜɚɧɢɟ ɉɪɚɜɢɥ ʋ13 ɜ ɨɬɧɨɲɟɧɢɢ ɜɡɚɢɦ-

ɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɤɪɢɜɵɯ ɪɟɚɥɢɡɭɟɦɨɝɨ 
ɫɰɟɩɥɟɧɢɹ ɧɚ ɨɫɹɯ 1 2( )f f> . ɗɬɨ ɬɪɟɛɨɜɚɧɢɟ 
ɬɚɤɠɟ ɫɨɛɥɸɞɚɟɬɫɹ (ɫɦɨɬɪɢ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɬɨɱɟɤ c  ɢ c′ ) ɜ ɫɥɭɱɚɟ ɬɨɪɦɨɠɟɧɢɹ ɫ ɧɨɪɦɚ-
ɬɢɜɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ( 0,591)Hz = . ɑɬɨ 

ɤɚɫɚɟɬɫɹ ɩɨɪɨɠɧɟɝɨ ɚɜɬɨɦɨɛɢɥɹ (ɪɢɫ. 3, ɛ), ɬɨ 
ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢ 0,6437β =  ɨɛɟɫɩɟɱɢɜɚɟ-
ɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɜɫɟɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɟɞ-

ɩɢɫɚɧɢɣ ɉɪɚɜɢɥ ʋ13, ɤɪɨɦɟ ɨɞɧɨɝɨ. Ⱥ 

ɢɦɟɧɧɨ: ɜ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ z  ɨɬ 0,633  

ɞɨ 0,8  (ɬɨɱɤɢ a′  ɢ d ′ ) ɪɟɚɥɢɡɭɟɦɨɟ ɫɰɟɩɥɟ-
ɧɢɟ 2f  ɩɪɟɜɵɲɚɟɬ 1f , ɱɬɨ ɧɟɞɨɩɭɫɬɢɦɨ ɞɥɹ 
ɚɜɬɨɦɨɛɢɥɹ ɤɚɬɟɝɨɪɢɢ 1M . 

 

ɑɬɨɛɵ ɞɥɹ ɚɜɬɨɦɨɛɢɥɟɣ ɷɬɨɣ ɤɚɬɟɝɨɪɢɢ ɜɵ-

ɩɨɥɧɹɥɨɫɶ ɭɫɥɨɜɢɟ 1 2f f>  ɜɨ ɜɫɟɦ ɩɪɟɞɩɢ-

ɫɵɜɚɟɦɨɦ ɉɪɚɜɢɥɚɦɢ ʋ13 ɞɢɚɩɚɡɨɧɟ ɢɡɦɟ-
ɧɟɧɢɹ z , ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɪɢ 0,8z = , 

ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɩɪɢ ɥɸɛɨɣ ɡɚɝɪɭɠɟɧɧɨɫ-
ɬɢ ɬɚɤɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɤɨɷɮɮɢɰɢ-

ɟɧɬ ɬɨɪɦɨɠɟɧɢɹ fz  ɛɵɥ ɛɨɥɶɲɟ ɱɢɫɥɚ 0,8. 

 

Ɉɛɨɡɧɚɱɢɦ ɪɚɫ
p
fz  – ɧɨɜɨɟ (ɪɚɫɱɟɬɧɨɟ) ɡɧɚɱɟ-

ɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ fz  ɞɥɹ ɩɨɪɨɠɧɟɝɨ ɚɜɬɨ-
ɦɨɛɢɥɹ ȽȺɁ-3102 «ȼɨɥɝɚ» ɢ ɩɪɢɦɟɦ ɟɝɨ ɪɚɜ-
ɧɵɦ 0,81, ɬɨ ɟɫɬɶ ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɟ 
ɜɟɪɯɧɟɝɨ ɩɪɟɞɟɥɚ ɧɨɪɦɚɬɢɜɧɨɝɨ ɞɢɚɩɚɡɨɧɚ 
ɢɡɦɟɧɟɧɢɹ z . ɋ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ (22) 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɨɩɪɟɞɟɥɢɬɶ ɠɟ-
ɥɚɟɦɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ ɬɨɪɦɨɡɧɵɯ ɫɢɥ ɦɟɠɞɭ ɨɫɹɦɢ ɞɚɧɧɨɝɨ 

ɚɜɬɨɦɨɛɢɥɹ (ɨɛɨɡɧɚɱɢɦ ɟɝɨ pβ ) 

 

ɪɚɫ

0,81 0,5 1,486
0,6754

2,8

p
f p p

p

z h b

L

⋅ +
β = =

⋅ +
= =

. (29) 

 

ɉɪɢ ɜɟɥɢɱɢɧɟ 0,6754pβ = β =  ɧɨɜɨɟ ɡɧɚɱɟ-

ɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ r
fz  (ɨɛɨɡɧɚɱɢɦ ɟɝɨ ɪɚɫ

r
fz ) 

ɛɭɞɟɬ ɪɚɜɧɨ 
 

ɪɚɫ

2,8 0,6754 1,333
1,04

0,535

p rr
f

r

L b
z

h

⋅β −
= =

⋅ −
= =

. (30) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɚɜɬɨɦɨɛɢɥɶ ȽȺɁ-3102 

«ȼɨɥɝɚ» ɩɪɢ ɥɸɛɨɣ ɟɝɨ ɡɚɝɪɭɠɟɧɧɨɫɬɢ ɭɞɨɜ-



ǮȐȠȜȚȜȏȖșȪțȩȗ ȠȞȎțȟȝȜȞȠ, Ȑȩȝ. 29, 2011 

 
36 

ɥɟɬɜɨɪɹɥ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ ɉɪɚɜɢɥ ʋ13, ɤɚ-
ɫɚɸɳɢɦɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɪɦɨɡɧɵɯ ɫɢɥ 
ɦɟɠɞɭ ɨɫɹɦɢ, ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɜɵɛ-

ɪɚɧɧɵɣ ɞɥɹ ɧɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬ 0,6437β =  ɞɨ 
ɡɧɚɱɟɧɢɹ 0,6754pβ = . ɗɬɨ ɦɨɠɧɨ ɨɫɭɳɟɫɬ-
ɜɢɬɶ, ɜ ɱɚɫɬɧɨɫɬɢ, ɡɚ ɫɱɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɭɫɢɥɟɧɢɹ ɬɨɪɦɨɡɨɜ ɩɟɪɟɞɧɢɯ ɤɨɥɟɫ, ɫɨɯɪɚɧɢɜ 
ɩɪɢ ɷɬɨɦ ɬɨɪɦɨɡɚ ɡɚɞɧɢɯ ɤɨɥɟɫ ɧɟɢɡɦɟɧɧɵɦɢ. 
 

ȼ ɯɨɞɟ ɚɧɚɥɢɡɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɪɦɨɡɧɵɯ 
ɫɢɥ ɭ ɚɜɬɨɦɨɛɢɥɹ «ȼɨɥɝɚ» ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɫ ɪɨɫɬɨɦ ɡɚɝɪɭɠɟɧɧɨɫɬɢ ɚɜɬɨɦɨɛɢɥɹ ɤɨɷ-
ɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ fz  ɭɜɟɥɢɱɢɜɚɟɬɫɹ – 

ɨɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɟɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢ ɩɨɪɨɠɧɟɦ 

ɚɜɬɨɦɨɛɢɥɟ ( 0,633)p
fz =  ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɩɪɢ ɩɨɥɧɨɫɬɶɸ ɝɪɭɠɟɧɨɦ ɚɜɬɨɦɨ-
ɛɢɥɟ ( 0,877)r

fz = . ɉɪɢɦɟɧɟɧɧɚɹ ɤɨɪɪɟɤɰɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ β  ɞɥɹ ɞɚɧɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɩɨ 

ɫɭɳɟɫɬɜɭ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɚ ɤɚɤ ɦɟɬɨɞ ɜɵ-

ɛɨɪɚ ɷɬɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢ-

ɪɨɜɚɧɢɹ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɥɸɛɨɝɨ ɚɜ-
ɬɨɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɤɚɬɟɝɨɪɢɢ 1M . 

Ɂɚɞɚɜ ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɨ-
ɪɦɨɠɟɧɢɹ ɞɥɹ ɩɨɪɨɠɧɟɝɨ ɚɜɬɨɦɨɛɢɥɹ ɪɚɫ( )p

fz  

ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɢɦ ɱɢɫɥɚ 0,8,  ɩɨ ɮɨɪɦɭɥɟ 
(29) ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɨɩɪɟɞɟɥɢɬɶ 
ɧɟɨɛɯɨɞɢɦɭɸ ɜɟɥɢɱɢɧɭ ɤɨɷɮɮɢɰɢɟɧɬɚ 

pβ = β . ɉɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɬɚɤɠɟ ɬɪɟ-
ɛɭɟɦɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɪɟɚɥɢɡɭɟɦɵɯ ɫɰɟɩɥɟɧɢɣ 

ɧɚ ɨɫɹɯ 1 2( )f f>  ɢ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ ɫ ɧɨɪɦɚ-
ɬɢɜɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ, ɬɚɤ ɤɚɤ ɤɨɷɮɮɢɰɢ-

ɟɧɬ 0,591Hz =  ɦɟɧɶɲɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫ
p
fz . 

 

ȼɵɜɨɞɵ 
 

ɂɡɥɨɠɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɚɧɚɥɢɡɚ ɢ ɜɨɡɦɨɠɧɨɣ 

ɤɨɪɪɟɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɪɦɨɡɧɵɯ ɫɢɥ 
ɦɟɠɞɭ ɨɫɹɦɢ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ, 
ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɧɚ ɩɪɢɦɟɪɟ ɚɜɬɨɦɨɛɢɥɹ  
ȽȺɁ-3102 «ȼɨɥɝɚ», ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɡɚɞɚɱɭ 

ɜɵɛɨɪɚ ɤɨɷɮɮɢɰɢɟɧɬɚ β  ɧɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢ-

ɪɨɜɚɧɢɹ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɵ ɥɸɛɨɝɨ ɚɜɬɨɦɨ-
ɛɢɥɹ ɤɚɬɟɝɨɪɢɢ 1M . Ⱦɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɦɨɠɟɬ 
ɛɵɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ ɬɚɤɠɟ ɧɚ ɚɜɬɨɦɨɛɢɥɢ 

ɤɚɬɟɝɨɪɢɢ 1N  ɢ ɜɫɟɯ ɞɪɭɝɢɯ ɤɚɬɟɝɨɪɢɣ ɫ ɭɱɟ-
ɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɟɞɭɫɦɨɬ-

ɪɟɧɧɵɦ ɉɪɚɜɢɥɚɦɢ ʋ13 ɭɦɟɧɶɲɟɧɢɟɦ ɞɥɹ 
ɷɬɢɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɚɜɬɨɦɨɛɢɥɹɦɢ ɤɚɬɟɝɨɪɢɢ 1M ) ɜɟɪɯɧɢɯ ɩɪɟ-
ɞɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɨɪɦɨɠɟ-
ɧɢɹ ( )B

ɉɊz  ɞɢɚɩɚɡɨɧɨɜ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ z , ɜ ɤɨɬɨɪɵɯ ɪɟɚɥɢɡɭɟɦɨɟ ɫɰɟɩɥɟɧɢɟ 
ɩɟɪɟɞɧɟɣ ɨɫɢ ɚɜɬɨɦɨɛɢɥɹ ( 1f ) ɞɨɥɠɧɨ ɨɫɬɚ-
ɜɚɬɶɫɹ ɛɨɥɶɲɢɦ ɪɟɚɥɢɡɭɟɦɨɝɨ ɫɰɟɩɥɟɧɢɹ ɡɚ-
ɞɧɟɣ ɨɫɢ ( 2f ). 

 

Ʌɢɬɟɪɚɬɭɪɚ 
 

1. Regulation No 13 of the Economic Commis-

sion for Europe of the United Nations 

(UN/ECE) – Uniform provisions concern-

ing the approval of vehicles of categories 

M, N and O with regard to braking: on 

condition 30.09.2010 – Official Journal of 

the European Union – UN/ECE, 2010. – 

257 p. 

2. ȯɞɢɧɿ ɬɟɯɧɿɱɧɿ ɩɪɢɩɢɫɢ ɳɨɞɨ ɨɮɿɰɿɣɧɨɝɨ 
ɡɚɬɜɟɪɞɠɟɧɧɹ ɞɨɪɨɠɧɿɯ ɬɪɚɧɫɩɨɪɬɧɢɯ 

ɡɚɫɨɛɿɜ ɤɚɬɟɝɨɪɿʀ Ɇ, N ɿ Ɉ ɫɬɨɫɨɜɧɨ ɝɚ-
ɥɶɦɭɜɚɧɧɹ (ɉɪɚɜɢɥɚ ȿɗɄ ɈɈɇ  

ʋ 13-09:2000, IDT): ȾɋɌɍ UN/ECE R 

13-09:2002 – [ɑɢɧɧɢɣ ɜɿɞ 25.12.2002]. – 

Ʉ.: Ⱦɟɪɠɚɜɬɨɬɪɚɧɫ ɇȾȱɩɪɨɟɤɬ, 2002. – 

324 ɫ. – (ɇɚɰɿɨɧɚɥɶɧɢɣ ɫɬɚɧɞɚɪɬ ɍɤɪɚʀ-
ɧɢ). 

3. ɑɭɞɚɤɨɜ ȿ.Ⱥ. ɂɡɛɪɚɧɧɵɟ ɬɪɭɞɵ: Ɍɨɦ I. Ɍɟ-
ɨɪɢɹ ɚɜɬɨɦɨɛɢɥɹ / ȿ.Ⱥ. ɑɭɞɚɤɨɜ. – Ɇ. : 

ɂɡɞ-ɜɨ Ⱥɇ ɋɋɋɊ, 1961. – 343 ɫ. 
4. Ɏɚɥɶɤɟɜɢɱ Ȼ.ɋ. Ɍɟɨɪɢɹ ɚɜɬɨɦɨɛɢɥɹ. –  

/ Ȼ.ɋ. Ɏɚɥɶɤɟɜɢɱ. – 2-ɟ ɢɡɞ. – Ɇ. : Ɇɚɲ-

ɝɢɡ, 1963. – 240 ɫ. 
5. Ɏɭɧɤɰɿɨɧɚɥɶɧɢɣ ɪɨɡɪɚɯɭɧɨɤ ɝɚɥɶɦɿɜɧɨʀ 

ɫɢɫɬɟɦɢ ɚɜɬɨɦɨɛɿɥɹ ɡ ɛɚɪɚɛɚɧɧɢɦɢ ɝɚ-
ɥɶɦɚɦɢ ɬɚ ɪɟɝɭɥɹɬɨɪɨɦ ɝɚɥɶɦɿɜɧɢɯ ɫɢɥ / 
Ⱥ.Ɇ. Ɍɭɪɟɧɤɨ, ɋ.ə. ɏɨɞɢɪɽɜ, ȼ.ȱ. Ʉɥɢ-

ɦɟɧɤɨ, ȼ.Ɉ. Ȼɨɝɨɦɨɥɨɜ ɬɚ ɿɧ. – ɏɚɪɤɿɜ: 
ɏɇȺȾɍ, – 2003. – 120 ɫ. 

 

Ɋɟɰɟɧɡɟɧɬ: Ɇ.Ⱥ. ɉɨɞɪɢɝɚɥɨ, ɩɪɨɮɟɫɫɨɪ, ɞ.ɬ.ɧ., 

ɏɇȺȾɍ. 

 

 

ɋɬɚɬɶɹ ɩɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 4 ɚɜɝɭɫɬɚ  
2011 ɝ. 

 

 

 

 


