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ɘ. ȼ. Ʉɪɚɫɧɨɳɟɤɨɜ, Ɇ. ɘ. Ɂɚɩɨɥɟɜɚ  
1ɎȽȻɈɍ ȼɉɈ «ɋɢɛȺȾɂ» Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ; 

2ɈȺɈ ɋɆɍ №175 «Ɋɚɞɢɨɫɬɪɨɣ». 
 

Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɦɨɞɟɥɢ ɫɬɚɬɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸщɟɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɢ ɫɪɚɜɧɢɜɚɸɬɫɹ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ 
ɩɨ ɤɚɠɞɨɣ ɢɡ ɦɨɞɟɥɟɣ ɫ ɪɚɡɧɨɣ «ɫɪɨɱɧɨɣ» ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ. Ⱥɜɬɨɪɵ ɩɪɢɯɨɞɹɬ ɤ 
ɜɵɜɨɞɭ, ɱɬɨ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ ɧɨɪɦɚɬɢɜɧɵɯ ɡɧɚɱɟɧɢɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɦɟɬɨɞɚ 
ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 5 – ɥɟɬɧɟɦɭ ɩɟɪɢɨɞɭ, ɚ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ 
50 - ɥɟɬɧɟɦɭ. ɉɪɢɜɨɞɹɬɫɹ ɬɚɛɥɢɰɵ ɫ ɪɚɫɱɟɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ 
ɜɫɟɯ ɜɟɬɪɨɜɵɯ ɪɚɣɨɧɨɜ, ɭɞɨɛɧɵɟ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɜɵɫɨɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ.  

   
Кɥɸɱеɜые ɫɥɨɜɚ: ɧɚɞɟɠɧɨɫɬɶ, ɜɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ, ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɦɨɞɟɥɢ, 

ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ.  
 

ȼɜɟɞɟɧɢɟ 
ɇɚɞɟɠɧɨɫɬɶ ɫɨɨɪɭɠɟɧɢɣ ɡɚɜɢɫɢɬ ɨɬ 

ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɫɜɨɣɫɬɜɚ ɤɨɧɫɬɪɭɤɰɢɣ ɢ 
ɜɧɟɲɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ. ɇɟɞɨɫɬɚɬɨɱɧɨɫɬɶ 
ɡɧɚɧɢɣ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɧɟɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ 
ɜɵɧɭɠɞɚɸɬ ɩɨɜɵɲɚɬɶ ɡɚɩɚɫɵ, ɨɫɨɛɟɧɧɨ ɩɪɢ 
ɨɰɟɧɤɟ ɜɪɟɦɟɧɧɵɯ ɧɚɝɪɭɡɨɤ. ɋɧɢɡɢɬɶ 
ɧɟɨɛɨɫɧɨɜɚɧɧɵɟ ɡɚɩɚɫɵ ɢ ɬɟɦ ɫɚɦɵɦ 
ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɣ ɦɨɠɧɨ 
ɩɭɬɟɦ ɧɨɪɦɢɪɨɜɚɧɢɹ ɧɚɝɪɭɡɨɤ ɫ ɭɱɟɬɨɦ 
ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɫɪɨɤɚ ɫɥɭɠɛɵ ɫɨɨɪɭɠɟɧɢɹ Д1]. 
ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ 
ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɦɨɞɟɥɟɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɫ 
ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɧɚ 
ɡɚɞɚɧɧɵɣ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ.      

Ɉɫɨɛɟɧɧɨɫɬɢ ɧɨɪɦɢɪɨɜɚɧɢɹ ɜɟɬɪɨɜɨɣ 
ɧɚɝɪɭɡɤɢ  

Ɉɫɧɨɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜɟɬɪɨɜɨɣ 
ɧɚɝɪɭɡɤɢ ɹɜɥɹɟɬɫɹ ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ γ ɢ 
ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ v. ɗɬɨ ɫɥɟɞɭɟɬ ɢɡ ɭɪɚɜɧɟɧɢɹ 
Ȼɟɪɧɭɥɥɢ, ɤɨɬɨɪɨɟ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɞɚɜɥɟɧɢɹ ɜɟɬɪɚ Д2]: 

2

2vw 
 ,                           (1) 

ɝɞɟ v – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ (ɦ/ɫɟɤ). 
Ɉɛɴɟɞɢɧɟɧɧɵɣ ɤɨɦɢɬɟɬ ɩɨ ɧɚɞɟɠɧɨɫɬɢ 

ɤɨɧɫɬɪɭɤɰɢɣ (JCSS) ɪɟɤɨɦɟɧɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ 
ɫɪɟɞɧɟɟ ɞɚɜɥɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɩɨ 
ɮɨɪɦɭɥɟ (1) ɩɪɢ γ = 1.25 ɤɝ/ɦ3 Д3].     

ȼ ɩɨɞɨɛɧɨɦ ɜɢɞɟ ɩɪɢ γ = 1.22 ɤɝ/ɦ3 

ɨɩɪɟɞɟɥɹɥɨɫɶ ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɬɪɨɜɨɝɨ 
ɞɚɜɥɟɧɢɹ а0 ɜ ɉɚ ɩɨ ɋɇɢɉ 2.01-07-85: 

а0 = 0,61 2
0v  .                         (2) 

ɉɪɢ ɷɬɨɦ v0 – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 10 – ɦɢɧɭɬɧɨɦɭ ɢɧɬɟɪɜɚɥɭ 
ɨɫɪɟɞɧɟɧɢɹ ɢ ɩɪɟɜɵɲɚɟɦɚɹ ɜ ɫɪɟɞɧɟɦ ɨɞɢɧ 
ɪɚɡ ɜ 5 ɥɟɬ. Ɍɚɤ ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬ 0,61 ɧɟ 
ɡɚɜɢɫɢɬ ɨɬ ɢɡɦɟɧɱɢɜɨɫɬɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɬɨ 
ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 
ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɢ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɜ 
ɮɨɪɦɭɥɟ (2) ɢɞɟɧɬɢɱɧɵ.    

ɇɚɩɪɢɦɟɪ, ɞɥɹ Ɇɨɫɤɜɵ ɡɧɚɱɟɧɢɟ 
ɫɤɨɪɨɫɬɢ, ɩɪɟɜɵɲɚɟɦɨɟ (ɜ ɫɪɟɞɧɟɦ) ɨɞɢɧ ɪɚɡ 
ɡɚ 5 ɥɟɬ, v5 = 19,75 ɦ/ɫɟɤ Д4]. ɉɨ ɮɨɪɦɭɥɟ (2) 
ɩɨɥɭɱɚɟɦ а = 0.61·19.752 = 238 ɉɚ ɢ ɩɨɷɬɨɦɭ 
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Ɇɨɫɤɜɚ ɨɬɧɟɫɟɧɚ ɤ 1 ɜɟɬɪɨɜɨɦɭ ɪɚɣɨɧɭ ɩɪɢ 
ɧɨɪɦɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ а0 = 230 ɉɚ.  

ȼ ɋɇɢɉ 2.01-07-85*(ɋɉ 20.13330.2011) 
ɞɥɹ ɧɨɪɦɚɬɢɜɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɝɨ 
ɞɚɜɥɟɧɢɹ ɩɪɢɧɹɬɚ ɮɨɪɦɭɥɚ  

а0 = 0,43 2
0v .                            (3)  

Ɂɞɟɫɶ v0 – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 10 – ɦɢɧɭɬɧɨɦɭ ɢɧɬɟɪɜɚɥɭ 
ɨɫɪɟɞɧɟɧɢɹ ɢ ɩɪɟɜɵɲɚɟɦɚɹ ɜ ɫɪɟɞɧɟɦ ɨɞɢɧ 
ɪɚɡ ɜ 50 ɥɟɬ. Ʉɨɷɮɮɢɰɢɟɧɬ 0,43 ɭɱɢɬɵɜɚɟɬ 
ɪɚɡɧɭɸ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɢ 
ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ.  

Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɦɧɨɠɟɧɢɟɦ ɧɨɪɦɚɬɢɜɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ γП = 
1,4. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɣ ɨɩɟɪɚɰɢɢ ɜɵɪɚɠɟɧɢɟ 
(3) ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ  

а = 0,61 2v ,                           (4) 
ɜ ɤɨɬɨɪɨɦ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ 

ɧɚɝɪɭɡɤɢ ɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɢɦɟɸɬ 50 – ɥɟɬɧɸɸ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɨɪɦɚɬɢɜɧɵɟ ɢ 
ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ 
ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
ɧɚɞɟɠɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨ ɦɟɬɨɞɭ 
ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ Д5,6]. Ⱦɟɣɫɬɜɭɸɳɢɦɢ 
ɧɨɪɦɚɦɢ ɞɨɩɭɫɤɚɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɶ ɬɚɤɠɟ 
ɪɚɫɱɟɬ ɩɨ ɡɚɞɚɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɧɚɞɟɠɧɨɫɬɢ 
ɜɟɪɨɹɬɧɨɫɬɧɵɦɢ ɦɟɬɨɞɚɦɢ ɩɪɢ ɧɚɥɢɱɢɢ 
ɞɨɫɬɚɬɨɱɧɵɯ ɞɚɧɧɵɯ ɨɛ ɢɡɦɟɧɱɢɜɨɫɬɢ 
ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɪɚɫɱɟɬɧɵɟ 
ɡɚɜɢɫɢɦɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ, ɜ 
ɱɚɫɬɧɨɫɬɢ, ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ 
ɧɚɝɪɭɡɤɢ ɫ ɩɪɨɢɡɜɨɥɶɧɨɣ «ɫɪɨɱɧɨɣ» 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ.       

ȼɟɪɨɹɬɧɨɫɬɧыɟ ɦɨɞɟɥɢ ɜɟɬɪɨɜɨɣ 
ɧɚɝɪɭɡɤɢ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɪɚɫɱёɬɧɵɯ ɦɟɬɨɞɨɜ ɬɪɟɛɭɟɬ ɲɢɪɨɤɨɝɨ 
ɩɪɢɜɥɟɱɟɧɢɹ ɦɟɬɨɞɨɜ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ɢ 
ɧɚɞёɠɧɨɫɬɢ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɭɱёɬɚ ɮɚɤɬɨɪɚ ɜɪɟɦɟɧɢ. 

ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ – ɷɬɨ ɫɥɭɱɚɣɧɚɹ 
ɜɟɥɢɱɢɧɚ, ɨɫɧɨɜɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɤɨɬɨɪɨɣ 
ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɭɞɨɛɧɚɹ 
ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ. Ɇɟɫɹɱɧɵɣ ɦɚɤɫɢɦɭɦ 
ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 
ɧɚɢɛɨɥɶɲɢɣ ɷɥɟɦɟɧɬ ɜɵɛɨɪɤɢ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɜɫɟ «ɫɪɨɱɧɵɟ» ɧɚɛɥɸɞɟɧɢɹ 
ɡɚ ɷɬɨɬ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ. Ʌɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ 
ɩɨɥɭɱɟɧɵ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɞɜɨɣɧɨɣ 
ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ (ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
Ƚɭɦɛɟɥɹ) Д7]: 

  





 


г
vЮvF ОбpОбp .                 (5) 

ɉɚɪɚɦɟɬɪɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (5) 
ɨɩɪɟɞɟɥɹɸɬ ɢɡ ɨɛɪɚɛɨɬɚɧɧɵɯ ɜɵɛɨɪɨɤ 
ɦɚɤɫɢɦɭɦɨɜ ɩɨ ɮɨɪɦɭɥɚɦ: 

s = 6πг  = 1,28255г;                  (6)  
v = Ю + 0,57722г, 

ɝɞɟ nvv
n

Т
Т /

1



 ; 2/12

1

))1/()((  


nvvs
n

i
i  – 

ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɢ 
ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɭɦɨɜ; 
0,57722 – ɩɨɫɬɨɹɧɧɚɹ ɗɣɥɟɪɚ-Ɇɚɲɟɪɨɧɢ; Ю – 
ɦɨɞɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɬ.ɟ. ɧɚɢɛɨɥɟɟ 
ɜɟɪɨɹɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ.  

Ⱦɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɦɟɫɹɱɧɵɯ 
ɦɚɤɫɢɦɭɦɨɜ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɩɪɢɦɟɧɹɟɬɫɹ 
ɮɨɪɦɭɥɚ 

г
T

TЮvT 


















1
lnln ,                 (7) 

ɝɞɟ Ɍ – ɤɨɥɢɱɟɫɬɜɨ ɦɟɫɹɰɟɜ, ɧɚ ɤɨɬɨɪɨɟ 
ɫɨɫɬɚɜɥɹɟɬɫɹ ɩɪɨɝɧɨɡ. 

ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɢɥɢ ɧɟɞɨɫɬɚɬɤɟ ɨɩɵɬɧɵɯ 
ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɵ Ю ɢ г ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ 
ɫɢɫɬɟɦɵ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ (7), 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɟɪɢɨɞɚɦ ɩɨɜɬɨɪɹɟɦɨɫɬɢ 
ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ T = 60 (5 ɥɟɬ) ɢ T = 600 
(50 ɥɟɬ).  

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɭɫɥɨɜɢɣ Ɇɨɫɤɜɵ (1 
ɜɟɬɪɨɜɨɣ ɪɚɣɨɧ) ɢɡ ɮɨɪɦɭɥɵ (2) ɫɥɟɞɭɟɬ 

61,0/23060 v = 19,42 ɦ/ɫ, ɚ ɢɡ (3)
43,0/230600 v  = 23,13 ɦ/ɫ. Ⱦɥɹ ɷɬɢɯ 

ɡɧɚɱɟɧɢɣ vT ɩɨɥɭɱɟɧɨ Ю = 12,85 ɦ/ɫ, г = 1,608 
ɦ/ɫ, v  = 13,78 ɦ/ɫ ɢ s = 2,062 ɦ/ɫ. ɉɪɢ T = 12 
ɩɨɥɭɱɟɧ ɫɪɟɞɧɢɣ ɝɨɞɨɜɨɣ ɦɚɤɫɢɦɭɦ 1v = v12 = 
16,78 ɦ/ɫ. ɇɟɤɨɬɨɪɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ 
ɜɟɬɪɚ ɧɚ ɡɚɞɚɧɧɵɣ ɫɪɨɤ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 
1. Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɫ 
ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ ɨɩɪɟɞɟɥɟɧɵ ɩɨ 
ɮɨɪɦɭɥɟ (4).    

ȼ ɧɨɪɦɚɯ ɦɧɨɝɢɯ ɫɬɪɚɧ ɨɬɞɚёɬɫɹ 
ɩɪɟɞɩɨɱɬɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɧɵɦ ɦɨɞɟɥɹɦ 
ɟɠɟɝɨɞɧɵɯ ɦɚɤɫɢɦɭɦɨɜ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ. ȼ 
ɜɢɞɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (5) ɨɧɢ ɪɟɤɨɦɟɧɞɭɸɬɫɹ 
JCSS Д3].  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ (5) ɩɪɢɦɟɧɢɦɨ ɬɚɤɠɟ ɤ N – 
ɥɟɬɧɢɦ ɦɚɤɫɢɦɭɦɚɦ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ. ɉɟɪɟɯɨɞ 
ɤ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɦɚɤɫɢɦɭɦɨɜ ɡɚ N ɥɟɬ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ Ю ɧɚ г lnN ɜ 
ɮɨɪɦɭɥɟ (5) ɢ ɩɪɢɜɨɞɢɬ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ 
ɫɦɟɳɟɧɢɸ ɤɪɢɜɨɣ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɞɨɥɶ ɨɫɢ ɚɛɫɰɢɫɫ (ɪɢɫ. 1).  

  





 


г
NгvЮvF N

lnОбpОбp .         (8) 
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ɉɪɢ ɷɬɨɦ ɩɚɪɚɦɟɬɪɵ г ɢ s ɨɫɬɚɸɬɫɹ 
ɧɟɢɡɦɟɧɧɵɦɢ, ɚ ɫɪɟɞɧɢɣ ɦɚɤɫɢɦɭɦ ɡɚ N ɥɟɬ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ г lnN = 0,78s lnN, ɬ.ɟ. 

 

 
Nv = 1v  + 0,78s lnN.                  (9) 

                                    F(v) 

 
                                                                                   
 
   
                         
 
 
                                    0                               г lnN                                                               v 

 
 

Ɋɢɫ. 1. ɋɨɨɬɧɨɲɟɧɢɟ ɮɭɧɤɰɢɣ F(v1) ɢ F(vN) 
 

ɉɪɢɧɢɦɚɹ Nv  ɩɨ ɮɨɪɦɭɥɚɦ (2) ɢ (3), 
ɡɧɚɱɟɧɢɹ 1v  ɢ г ɦɨɠɧɨ ɩɪɨɜɟɪɢɬɶ ɪɟɲɟɧɢɟɦ 
ɫɢɫɬɟɦɵ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ (9), 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɟɪɢɨɞɚɦ N = 5 ɢ N = 50 
ɥɟɬ. Ⱦɥɹ 1 ɜɟɬɪɨɜɨɝɨ ɪɚɣɨɧɚ ɩɨɥɭɱɟɧɨ 1v  = 
16,83 ɦ/ɫɟɤ ɢ s = 2,066 ɦ/ɫɟɤ. Ɋɚɫɯɨɠɞɟɧɢɟ ɫ 
ɩɪɟɞɵɞɭɳɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɜ ɩɪɟɞɟɥɚɯ 
ɬɨɱɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 

Nv ɩɪɢ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɹɯ N ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɫ 
ɩɪɨɝɧɨɡɢɪɭɟɦɵɦɢ ɧɚ ɡɚɞɚɧɧɵɣ ɫɪɨɤ T 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɟ 1.   

ȼ. Ɋɚɣɡɟɪ ɪɟɤɨɦɟɧɞɭɟɬ ɩɪɢɦɟɧɹɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ Ƚɭɦɛɟɥɹ ɢ ɞɥɹ ɨɰɟɧɤɢ 
ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ Д8].    

Nа = 1а + 0,78 s ln N .                  (10) 

 
Ɍɚɛɥɢɰɚ 1 – ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ v (ɦ/ɫ) ɢ ɜɟɬɪɨɜɨɝɨ 

ɞɚɜɥɟɧɢɹ а (ɉɚ) ɞɥɹ 1 ɜɟɬɪɨɜɨɝɨ ɪɚɣɨɧɚ ɫ ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ  
Ɋɚɫɱɟɬɧɵɟ   
ɩɚɪɚɦɟɬɪɵ    

Ɂɚɞɚɜɚɟɦɵɣ ɫɪɨɤ N, ɥɟɬ 
1 2 5 10 20 30 40 50 

v  ɩɨ (7) 
а ɩɨ (4) 

16,78 
172 

17,93 
196 

19,42 
230 

20,54 
257 

21,66 
286 

22,31 
304 

22,77 
316 

23,13 
326 

v  ɩɨ (9) 
а ɩɨ (4) 

16,83 
173 

17,95 
197 

19,42 
230 

20,54 
257 

21,66 
286 

22,31 
304 

22,77 
316 

23,13 
326 

а ɩɨ (10) 166 193 230 258 285 302 313 322 
 

Ɋɚɫɯɨɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɜɨ ɜɫɟɯ 
ɜɚɪɢɚɧɬɚɯ ɩɪɢ N = 1 ɧɟ ɩɪɟɜɵɲɚɟɬ 4%, ɞɥɹ 
ɨɫɬɚɥɶɧɵɯ ɩɟɪɢɨɞɨɜ ɧɟ ɛɨɥɟɟ 1,5%. 

Ɋɚɫчɟɬɧыɟ ɡɧɚчɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ  
ȼ ɬɚɛɥɢɰɟ 2 ɩɪɢɜɟɞɟɧɵ ɪɚɫɱɟɬɧɵɟ 

ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɜ ɪɚɡɧɵɯ 

ɜɟɬɪɨɜɵɯ ɪɚɣɨɧɚɯ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɟɜ 
ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ 
ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɩɨ 
ɭɩɪɨɳɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

Nа = а0(0,72 + 0,174 lnN) .              (11) 

 
Ɍɚɛɥɢɰɚ 2 – Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ а (ɉɚ) ɫ ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ  
ȼɟɬɪɨɜɨɣ    

ɪɚɣɨɧ    
Ɂɚɞɚɜɚɟɦɵɣ ɫɪɨɤ N, ɥɟɬ 

1 2 5 10 20 30 50 75 
IA 122 143 170 190 211 223 238 250 
I 166 193 230 258 285 302 322 338 
II 216 252 300 336 372 393 420 441 
III 274 320 380 426 472 498 532 559 
IV 346 404 480 538 596 629 672 706 
V 432 505 600 672 745 787 840 882 
VI 526 614 730 818 906 957 1022 1073 
VII 612 715 850 952 1055 1115 1190 1250 

     
  

F(vN) 

F(v1) 
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ɉɪɢ ɜɟɪɨɹɬɧɨɫɬɧɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 
ɤɪɨɦɟ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɚɪɢɚɰɢɢ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ 
vА. Ⱦɥɹ ɝɨɞɨɜɵɯ ɦɚɤɫɢɦɭɦɨɜ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɩɪɢɧɢɦɚɬɶ vА1 = 0,25, ɞɥɹ N – ɥɟɬɧɢɯ 
ɦɚɤɫɢɦɭɦɨɜ Д8]  

vАN = vА1/(1 + 0,78 vА1 ln N).            (12) 
Ɂɚɤɥɸчɟɧɢɟ 
Ɉɫɧɨɜɨɣ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɪɚɫɱɟɬɧɵɯ 

ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɢ ɜɟɬɪɨɜɨɝɨ 
ɞɚɜɥɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɧɟ ɬɨɥɶɤɨ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ, ɧɨ ɢ 
ɩɨɥɨɠɟɧɢɹ ɧɨɪɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Ɋɚɫɱɟɬɧɵɟ 
ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɪɚɡɧɨɣ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɩɨ 
ɮɨɪɦɭɥɟ (11).  

ɉɪɢɜɟɞɟɧɧɵɟ ɜ ɫɬɚɬɶɟ ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ 
ɨɫɧɨɜɨɣ ɧɨɪɦɢɪɨɜɚɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ 
ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɨɨɪɭɠɟɧɢɣ. 

 
Ȼɢɛɥɢɨɝɪɚɮɢчɟɫɤɢɣ ɫɩɢɫɨɤ 
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THE CALCULATED VALUES OF АIND LOAD АITH 

A GIVEN PROBABILITВ 
 

В. V. KrКsnosМСОФov, M. В. ГКpolОvК 
 

AЛЬtЫКМt. TСО КЮЭСors КnКlвгО proЛКЛТlТsЭТМ 
moНОls oП К sЭКЭТМ МomponОnЭ oП аТnН loКН КnН 
МompКrО ЭСО МКlМЮlКЭОН vКlЮОs oЛЭКТnОН Пor ОКМС oП 
ЭСО moНОls аТЭС НТППОrОnЭ "ЮrРОnЭ" proЛКЛТlТЭв. TСО 
КЮЭСors МonМlЮНО ЭСКЭ ЭСО proЛКЛТlТЭв oП аТnН loКН’s 
normКЭТvО vКlЮОs oП ЭСО lТmТЭТnР sЭКЭО’s mОЭСoН 
МorrОsponНs Эo 5 - вОКr pОrТoН, КnН ЭСО МКlМЮlКЭОН 

vКlЮОs - Эo 50 - вОКr olН. TСОrО КrО prОsОnЭОН ЭКЛlОs 
аТЭС ЭСО МКlМЮlКЭОН vКlЮОs oП аТnН loКН Пor Кll аТnН 
КrОКs ЭСКЭ КrО СКnНв Тn НОsТРnТnР СТРС ЛЮТlНТnРs. 

 
KОваoЫНЬ: rОlТКЛТlТЭв; аТnН loКН; proЛКЛТlТsЭТМ 

moНОls; proЛКЛТlТЭв oП МКlМЮlКЭОН vКlЮОs. 
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