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Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɦɧɨɝɨɷɬɚɠɧɨɝɨ ɡɞɚɧɢɹ ɫɨ ɫɜɹɡɟɜɵɦ ɤɚɪɤɚɫɨɦ ɩɪɢ ɚɜɚɪɢɣɧɨɦ ɨɬɤɚɡɟ ɨɞɧɨɣ ɢɡ ɤɨɥɨɧɧ. 
Ɋɚɫɫɦɨɬɪɟɧɵ ɞɜɚ ɜɚɪɢɚɧɬɚ ɭɫɢɥɟɧɢɹ ɫɛɨɪɧɵɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɩɟɪɟɤɪɵɬɢɣ ɫ ɰɟɥɶɸ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɝɨ ɨɛɪɭɲɟɧɢɹ. Ⱦɥɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɪɚɫɱɟɬɚ ɭɫɢɥɟɧɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɩɪɢɦɟɧɟɧɚ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɝɢɛɤɨɣ ɧɢɬɢ. ɉɪɢɜɟɞɟɧɵ 
ɩɪɢɦɟɪɵ ɪɚɫɱɟɬɚ ɡɞɚɧɢɹ ɧɚ ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɟ ɨɛɪɭɲɟɧɢɟ.      

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɚɜɚɪɢɣɧɚɹ ɫɢɬɭɚɰɢɹ, ɨɬɤɚɡ ɤɨɥɨɧɧɵ, ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɟ 
ɨɛɪɭɲɟɧɢɟ, ɝɢɛɤɚɹ ɧɢɬɶ, ɞɢɧɚɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ.   
 

ȼɜɟɞɟɧɢɟ 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ 

ɤɥɚɫɫɨɜ Ʉɋ-3 ɢ Ʉɋ-2 ɫ ɦɚɫɫɨɜɵɦ ɧɚɯɨɠɞɟɧɢɟɦ 
ɥɸɞɟɣ ɧɨɪɦɵ ɪɟɤɨɦɟɧɞɭɸɬ ɜɵɩɨɥɧɹɬɶ ɪɚɫɱɟɬ 
ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɟ 
(ɥɚɜɢɧɨɨɛɪɚɡɧɨɟ) ɨɛɪɭɲɟɧɢɟ Д1Ж. ɉɪɢɱɢɧɚɦɢ 
ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɝɨ ɨɛɪɭɲɟɧɢɹ ɨɛɴɟɤɬɨɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɦɨɝɭɬ ɛɵɬɶ ɚɜɚɪɢɣɧɵɟ ɨɬɤɚɡɵ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɜɡɪɵɜɧɵɯ, 
ɭɞɚɪɧɵɯ ɢɥɢ ɫɟɣɫɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɹɯ.  

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤɚɪɤɚɫɧɵɯ ɡɞɚɧɢɣ ɜ 
ɤɚɱɟɫɬɜɟ ɚɜɚɪɢɣɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɨɛɵɱɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɨɬɤɚɡ ɨɞɧɨɣ ɢɡ ɤɨɥɨɧɧ. 
Ɉɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɭɞɟɥɹɸɬ 
ɪɚɫɱɟɬɭ ɷɥɟɦɟɧɬɨɜ ɩɟɪɟɤɪɵɬɢɣ, ɩɪɨɥɟɬɵ 
ɤɨɬɨɪɵɯ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ. ȼ 
ɡɞɚɧɢɹɯ ɫɨ ɫɜɹɡɟɜɨɣ ɫɯɟɦɨɣ ɨɛɟɫɩɟɱɟɧɢɹ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɠɟɫɬɤɨɫɬɢ ɛɚɥɨɱɧɵɟ 
ɷɥɟɦɟɧɬɵ ɩɟɪɟɤɪɵɬɢɣ ɩɪɚɤɬɢɱɟɫɤɢ ɬɟɪɹɸɬ 
ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɛɨɬɚɬɶ ɧɚ ɢɡɝɢɛ. ɉɨɷɬɨɦɭ 
ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɟɪɟɤɪɵɬɢɹ ɧɚɞ ɭɞɚɥɟɧɧɨɣ 
ɤɨɥɨɧɧɨɣ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɜɢɞɟ ɦɟɦɛɪɚɧɵ 
ɢɥɢ ɝɢɛɤɨɣ ɧɢɬɢ (ɫɬɪɭɧɵ).  

ȼ ɪɚɛɨɬɟ Д2Ж ɪɚɫɫɦɨɬɪɟɧ ɩɪɢɦɟɪ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɞɨɛɧɨɣ ɦɨɞɟɥɢ ɞɥɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɠɢɜɭɱɟɫɬɢ ɡɞɚɧɢɹ ɫɨ ɫɜɹɡɟɜɵɦ 
ɤɚɪɤɚɫɨɦ, ɩɟɪɟɤɪɵɬɢɹ ɤɨɬɨɪɨɝɨ ɭɫɢɥɟɧɵ 
ɤɚɧɚɬɧɵɦɢ ɡɚɬɹɠɤɚɦɢ. Ɋɟɡɭɥɶɬɚɬɵ 
ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɭɫɢɥɢɣ ɜ ɡɚɬɹɠɤɟ ɢ 
ɩɟɪɟɦɟɳɟɧɢɣ ɨɤɚɡɚɥɢɫɶ ɜɟɫɶɦɚ 
ɩɪɨɬɢɜɨɪɟɱɢɜɵɦɢ. Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ, 
ɜɵɡɜɚɧɧɵɣ ɜɧɟɡɚɩɧɵɦ ɭɞɚɥɟɧɢɟɦ ɢɡ 
ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɤɨɥɨɧɧɵ, ɧɟ ɭɱɢɬɵɜɚɥɫɹ.  

ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɢɥɨɫɶ 
ɭɬɨɱɧɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɦɟɬɨɞɢɤɢ ɩɟɪɟɤɪɵɬɢɣ ɩɨ 
ɫɯɟɦɟ ɝɢɛɤɨɣ ɧɢɬɢ ɫ ɭɱɟɬɨɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɷɮɮɟɤɬɚ ɩɪɢ ɚɜɚɪɢɣɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ, 
ɫɜɹɡɚɧɧɵɦ ɫ ɨɬɤɚɡɨɦ ɤɨɥɨɧɧɵ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɢɥɢɹ ɪɚɫɬɹɠɟɧɢɹ ɢ 
ɩɟɪɟɦɟɳɟɧɢɹ ɤɚɧɚɬɧɨɣ ɡɚɬɹɠɤɢ 

Ⱦɥɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɡɚɬɹɠɤɢ 
ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ ɨ ɧɚɬɹɠɟɧɢɢ 
ɫɬɪɭɧɵ Д3Ж. Ɂɚɤɪɟɩɥɟɧɧɚɹ ɜ ɞɜɭɯ ɬɨɱɤɚɯ ɫɬɪɭɧɚ 
ɩɪɨɥɟɬɨɦ 2l ɦɨɠɟɬ ɢɦɟɬɶ ɧɚɱɚɥɶɧɨɟ 
ɧɚɬɹɠɟɧɢɟ N0. ɉɪɢ ɩɪɢɥɨɠɟɧɢɢ ɫɢɥɵ F ɜ 
ɫɟɪɟɞɢɧɟ ɩɪɨɥɟɬɚ ɨɧɚ ɩɨɥɭɱɚɟɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɧɚɬɹɠɟɧɢɟ N ɢ ɩɟɪɟɦɟɳɚɟɬɫɹ 
ɩɨɞ ɫɢɥɨɣ ɧɚ ɜɟɥɢɱɢɧɭ f (ɪɢɫ. 1).  

 

 

Ɋɢɫ.1. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɝɢɛɤɨɣ ɧɢɬɢ  
 

ɋɨɫɬɚɜɢɜ ɫɭɦɦɭ ɩɪɨɟɤɰɢɣ ɫɢɥ ɧɚ ɨɫɶ γ, 
ɩɨɥɭɱɢɦ ɫ ɭɱɟɬɨɦ sin α ≈ tg α = f/l 
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ɍɞɥɢɧɟɧɢɟ ɤɚɠɞɨɣ ɜɟɬɜɢ ɫɬɪɭɧɵ ɫ 
ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ ȿ ɢ ɩɥɨɳɚɞɶɸ ɫɟɱɟɧɢɹ A  
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           (2) 

ɂɡ ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ ɪɚɛɨɬ ɜɧɟɲɧɟɣ 
ɫɢɥɵ ɧɚ ɩɟɪɟɦɟɳɟɧɢɢ f ɢ ɜɧɭɬɪɟɧɧɢɯ ɫɢɥ ɧɚ 
ɩɟɪɟɦɟɳɟɧɢɢ Δl ɩɨɥɭɱɟɧɨ ɭɪɚɜɧɟɧɢɟ 

.                       (3) 

Ɋɟɲɚɹ ɫɨɜɦɟɫɬɧɨ ɭɪɚɜɧɟɧɢɹ (1) ɢ (3), 
ɧɚɯɨɞɢɦ ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ (ɩɪɨɜɟɫ) 
ɫɬɪɭɧɵ 

.                     (4) 

ɍɫɢɥɢɟ ɧɚɬɹɠɟɧɢɹ ɫɬɪɭɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɢɡ ɤɭɛɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ 

(5) 

ɝɞɟ X = N
2
. 

ɂɡ ɭɪɚɜɧɟɧɢɹ (5) ɩɨɥɭɱɟɧɨ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɥɨɜɧɨɝɨ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ 
ɝɢɛɤɨɣ ɧɢɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɪɟɞɟɥɶɧɨɦɭ 
ɡɧɚɱɟɧɢɸ  
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(6) 

ɉɨ ɩɨɥɭɱɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ȿu ɩɨ ɮɨɪɦɭɥɟ 
(4) ɦɨɠɧɨ ɭɬɨɱɧɢɬɶ ɩɟɪɟɦɟɳɟɧɢɟ ɝɢɛɤɨɣ ɧɢɬɢ 
ɩɨɞ ɫɢɥɨɣ F. 

ɂɫɩɨɥɶɡɭɟɦ ɞɥɹ ɩɪɢɦɟɪɚ ɪɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱɟɬɚ ɤɚɧɚɬɧɨɣ ɡɚɬɹɠɤɢ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ 
ɪɚɛɨɬɟ Д1Ж. ɉɪɢ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ Ⱥ = 7,05 ɫɦ2 

ɢ ɧɨɪɦɚɬɢɜɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɤɚɧɚɬɚ           
Rsn = 1300 Ɇɉɚ ɩɪɟɞɟɥɶɧɨɟ ɭɫɢɥɢɟ ɜ ɤɚɧɚɬɟ 
Nu = 916,5 ɤɇ. ɋ ɭɱɟɬɨɦ N0 = 0 ɢ F = 222 ɤɇ ɩɨ 
ɮɨɪɦɭɥɟ (6) ɩɨɥɭɱɟɧɨ ȿu = 44600 Ɇɉɚ. ɗɬɨ 
ɡɧɚɱɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɷɮɮɢɰɢɟɧɬɭ 
ɩɥɚɫɬɢɱɧɨɫɬɢ (ɨɬɧɨɲɟɧɢɟ ɩɨɥɧɨɝɨ ɩɪɨɝɢɛɚ ɤ 
ɭɩɪɭɝɨɦɭ) Kpl = 180000/44600 ≈ 4 < plK  (ɩɪɢ 
ɦɨɞɭɥɟ ɭɩɪɭɝɨɫɬɢ ȿ = 180000 Ɇɉɚ). 
ɉɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɩɥɚɫɬɢɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɨ ɩɨ ɉɨɫɨɛɢɸ Д4]  

 EREK sdspl 002,0/2    ≈ 4,7,        (7) 

ɝɞɟ 
2s = 0,05 – ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ 

ɪɚɜɧɨɦɟɪɧɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ;         
Rsd = 1,2∙1300 = 1560 Ɇɉɚ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɤɚɧɚɬɚ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ. 

ɉɨ ɮɨɪɦɭɥɟ (4) ɩɪɢ ȿ = ȿu ɨɩɪɟɞɟɥɟɧɚ 
ɫɬɪɟɥɚ ɩɪɨɜɟɫɚ ɡɚɬɹɠɤɢ f = 72 ɫɦ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɧɚɱɚɥɶɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ N0 ɤɚɧɚɬɚ ɛɟɡ ɭɜɟɥɢɱɟɧɢɹ ɩɥɨɳɚɞɢ 
ɫɟɱɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɜɟɥɢɱɢɧɭ 
ɫɬɪɟɥɵ ɩɪɨɜɟɫɚ ɢɡ-ɡɚ ɫɧɢɠɟɧɢɹ ɭɫɥɨɜɧɨɝɨ 
ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ. ɇɚɩɪɢɦɟɪ, ɩɪɢ N0 = 300 ɤɇ 
ɩɨɥɭɱɟɧɨ ȿu = 40000 Ɇɉɚ, Kpl = 4,5 ɢ f = 72 ɫɦ. 
ɍɜɟɥɢɱɟɧɢɟ ɧɚɱɚɥɶɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɞɨ              

N0 = 500 ɤɇ ɧɟɞɨɩɭɫɬɢɦɨ, ɬɚɤ ɤɚɤ ȿu = 31800 
Ɇɉɚ ɢ Kpl = 5,7 > 4,7. 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɝɢɛɤɨɣ ɧɢɬɢ  
ɇɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɟɬɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɷɮɮɟɤɬɚ ɩɪɢ ɜɧɟɡɚɩɧɨɦ ɨɬɤɚɡɟ ɷɥɟɦɟɧɬɨɜ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɢɫɬɟɦ ɨɛɪɚɳɚɸɬ ɨɫɨɛɨɟ 
ɜɧɢɦɚɧɢɟ, ɜɜɢɞɭ ɫɥɨɠɧɨɫɬɢ ɪɟɲɟɧɢɹ ɷɬɨɣ 
ɡɚɞɚɱɢ Д5,6].  

Ⱦɥɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɝɢɛɤɨɣ ɧɢɬɢ 
ɩɪɢɦɟɧɟɧɚ ɦɨɞɟɥɶ, ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɬɨɪɨɣ 
ɨɩɢɫɚɧɵ ɜ Д3Ж. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɡɚɬɹɠɤɢ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɜɢɞɟ ɧɢɬɢ, ɨɞɢɧ ɤɨɧɟɰ 
ɤɨɬɨɪɨɣ ɡɚɤɪɟɩɥɟɧ, ɚ ɞɪɭɝɨɣ ɧɚɬɹɧɭɬ 
ɭɫɥɨɜɧɵɦ ɩɪɨɬɢɜɨɜɟɫɨɦ ɱɟɪɟɡ ɛɥɨɤ 
(ɜɟɪɬɢɤɚɥɶɧɵɣ ɭɱɚɫɬɨɤ ɧɢɬɢ ɫɱɢɬɚɟɬɫɹ 
ɧɟɪɚɫɬɹɠɢɦɵɦ) (ɪɢɫ. 2). ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚɝɪɭɡɤɢ 
F ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɟɣ ɦɚɫɫɚ Ɇ 
ɩɟɪɟɦɟɳɚɟɬɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɟ f0, ɚ ɜ ɡɚɬɹɠɤɟ 
ɜɨɡɧɢɤɚɟɬ ɭɫɢɥɢɟ N0. ȼɫɥɟɞɫɬɜɢɟ ɦɝɧɨɜɟɧɧɨɝɨ 
ɩɪɢɥɨɠɟɧɢɹ ɦɚɫɫɵ Ɇ ɩɪɨɢɫɯɨɞɢɬ ɤɨɥɟɛɚɧɢɟ 
ɧɢɬɢ ɫ ɩɟɪɟɦɟɳɟɧɢɹɦɢ u, ɚ ɦɚɫɫɚ 
ɩɪɨɬɢɜɨɜɟɫɚ Ɇ0, ɤɨɬɨɪɚɹ ɫɨɡɞɚɟɬ ɧɚɬɹɠɟɧɢɟ 
N ɩɪɢ ɤɨɥɟɛɚɧɢɹɯ ɧɢɬɢ, ɩɟɪɟɦɟɳɚɟɬɫɹ ɧɚ 
ɜɟɥɢɱɢɧɭ z.      

 
Ɋɢɫ. 2. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɧɢɬɢ  

ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ 
 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ 
ɞɜɢɠɟɧɢɹ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ ɜ ɮɨɪɦɟ 

iYyM  ,                           (8) 

ɝɞɟ y  – ɭɫɤɨɪɟɧɢɟ ɬɨɱɤɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 
ɨɫɢ γ; iY – ɩɪɨɟɤɰɢɢ ɫɢɥ, ɩɪɢɥɨɠɟɧɧɵɯ ɤ 
ɬɨɱɤɟ, ɧɚ ɨɫɶ γ. 

Ɇɚɫɫɵ Ɇ0 ɢ Ɇ ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ ɞɟɥɟɧɢɹ 
ɫɢɥ N ɢ F ɧɚ ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ g.  

ȼɜɢɞɭ ɦɚɥɨɫɬɢ ɭɝɥɚ α ɩɪɢɧɢɦɚɟɦ sin α ≈   
tg α = 2f/l ɢ ɭɪɚɜɧɟɧɢɹ 8 ɢɦɟɸɬ ɜɢɞ 

;00 NzMN   

NflfMF  4/)( ,                   (9) 

ɝɞɟ f = f0 + u – ɫɬɪɟɥɚ ɩɪɨɜɟɫɚ ɩɪɢ 
ɤɨɥɟɛɚɧɢɹɯ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɩɟɪɟɦɟɧɧɵɯ z ɢ f 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ 

    cZflflz /2/2/2
2

0

222






  ,   (10)

  ./0

22
EANNlllfl 
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  EAFNNlf /
2

0

2 

      ,02284
2224

0

222

0

2

0
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0

3  AEFNFXFNNXFNX

ARN snu 
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ɝɞɟ Z = N – N0 – ɢɡɦɟɧɱɢɜɚɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɚɬɹɠɟɧɢɹ ɧɢɬɢ ɩɪɢ 
ɤɨɥɟɛɚɧɢɹɯ; ɫ = EA/l – ɟɞɢɧɢɱɧɚɹ ɫɢɥɚ 
ɭɩɪɭɝɨɝɨ ɪɚɫɬɹɠɟɧɢɹ; Z/c – ɢɡɦɟɧɱɢɜɚɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ ɞɟɮɨɪɦɚɰɢɢ ɧɢɬɢ.         

ȼ ɮɨɪɦɭɥɟ (10) ɜɵɪɚɠɟɧɢɟ ɜ ɫɤɨɛɤɚɯ 
ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɤ 
ɩɨɞɤɨɪɟɧɧɵɦ ɫɭɦɦɚɦ ɫɥɚɝɚɟɦɵɯ f

4
/l

2 ɢ f0
4
/l

2
. 

Ⱦɨɩɭɫɤɚɟɦɨɟ ɪɚɜɟɧɫɬɜɨ ɞɨɛɚɜɨɱɧɵɯ 
ɫɥɚɝɚɟɦɵɯ ɨɩɪɟɞɟɥɹɟɬ ɫɬɟɩɟɧɶ ɩɪɢɛɥɢɠɟɧɢɹ 
ɮɨɪɦɭɥɵ (10) ɩɪɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɜ ɛɨɥɟɟ 
ɭɞɨɛɧɵɣ ɜɢɞ    

  cZlffz //2
2

0

2  .             (11) 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜ ɜɵɪɚɠɟɧɢɢ f 
ɫɨɫɬɚɜɥɹɸɳɚɹ f0 ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ 
ɜɟɥɢɱɢɧɨɣ, ɩɨɥɭɱɢɦ f  = u  . Ɍɨɝɞɚ ɜɬɨɪɨɟ 
ɭɪɚɜɧɟɧɢɟ (9) ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 

  uNZufNZfufNZluMFl 000000 )(4/4/  . 

ɍɱɢɬɵɜɚɹ, ɱɬɨ Fl/4 = N0f0 (ɪɢɫ. 2), ɢ 
ɩɪɟɧɟɛɪɟɝɚɹ ɩɪɨɢɡɜɟɞɟɧɢɟɦ Zu, 

ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɢɦ 

000 /4/ fuNfuMlZ  .         (12) 

ɉɟɪɟɦɟɳɟɧɢɟ z ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ 

.)4()4(

4)

000

"

0

0

2

ucIfNIIfucfMI

cZuIIfZIcIIuu2(2fz
0




   (13) 

ɉɨɞɫɬɚɜɥɹɹ (12) ɢ (13) ɜ ɩɟɪɜɨɟ 
ɭɪɚɜɧɟɧɢɟ (9), ɩɨɥɭɱɢɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ 
ɭɪɚɜɧɟɧɢɟ 

,0
21

4  ububu                     (14) 

ɝɞɟ  
0

2

001
//4/4 McMllcfNb  ; 

lMMcNb 002 /4 . 

ɂɡ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (14) ɜ Д3Ж ɩɨɥɭɱɟɧɵ 
ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɥɟɛɚɧɢɣ: 
ɱɚɫɬɨɬ 

2

2

112,1
42 bbb  ,             (15) 

ɚɦɩɥɢɬɭɞɵ 

   2
1

2

20

2

21
//4   MlNkA ;     (16) 

ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

cfMlh 01 4 ; cfNlfh 0002 4  ,    (17) 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ  

 
2

2

111

2

1max
2 hhAz            (18) 

ɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɧɢɬɢ  

max0max zMZ  .                   (19) 

ȼɵɩɨɥɧɢɦ ɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɨ 
ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜɵɲɟ (ɩɪɢ 
ɩɪɨɥɟɬɟ l = 12 ɦ ɢ k = f0 = 0,72 ɦ). 

Ɋɚɫɱɟɬɧɵɟ ɦɚɫɫɵ M = 222/9,8 =                        
= 22,6 ɤɇ∙ɫɟɤ2/ɦ ɢ M0 = 916,5/9,81 =                  
= 93,4 ɤɇ∙ɫɟɤ2/ɦ. 

ȿɞɢɧɢɱɧɚɹ ɫɢɥɚ ɫ = 44600∙7,05/12∙10 =            
= 2620 ɤɇ/ɦ. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (14):                  
b1 = 4(916,5 + 4∙0,72∙2620/12)/22,6∙12 + 
2620/93,4 = 50,84 ɫɟɤ2

; b2 = 
4∙916,5∙2620/22,6∙93,4∙12 = 379,12 ɫɟɤ-4

. 
ɑɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɹ: ω1 =                            

= 12,3794/84,502/84,50
2   = 3,01 ɫɟɤ-1

; 

ω1 = 12,3794/84,502/84,50
2   = 6,46 ɫɟɤ-1

. 

Ⱥɦɩɥɢɬɭɞɚ Ⱥ1 = 0,72(6,46
2
 –                           

–4∙916,5/22,6∙12)/(6,462
 – 3,01

2) = 0,62 ɦ. 
Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ h1 =                           

= 22,6∙12/4∙0,72∙2620 = 0,036 ɫɟɤ2
;                      

h2 = 4∙0,72/12 + 916,5/0,72∙2620 = 0,726. 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ 

maxz  =                  

= ± 2∙3,012∙0,62(0,036∙3,012
 – 0,726) =                

= 4,49 ɦ/ɫɟɤ2
. 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɩɪɢɪɚɳɟɧɢɟ ɧɚɬɹɠɟɧɢɹ 
ɧɢɬɢ ɩɪɢ ɤɨɥɟɛɚɧɢɹɯ Zmax = 4,49∙93,4 = 420 ɤɇ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ kd = 1 +                    
+ 420/916,5 = 1,46. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɧɟɨɛɯɨɞɢɦɨ ɭɫɢɥɟɧɢɟ ɤɚɧɚɬɧɵɯ ɡɚɬɹɠɟɤ 
ɩɨɱɬɢ ɜ 1,5 ɪɚɡɚ. 

ȼɚɪɢɚɧɬ ɭɫɢɥɟɧɢɹ ɩɟɪɟɤɪɵɬɢɣ ɡɞɚɧɢɹ 
ɫɨ ɫɜɹɡɟɜɵɦ ɤɚɪɤɚɫɨɦ 

Ɋɟɚɥɢɡɚɰɢɹ ɩɪɢɧɰɢɩɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢ 
ɫɢɫɬɟɦɧɨɦ ɩɨɞɯɨɞɟ ɫɜɹɡɚɧɚ ɫɨ 
ɦɧɨɠɟɫɬɜɟɧɧɨɫɬɶɸ ɦɨɞɟɥɟɣ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 
ɫɢɫɬɟɦ Д7Ж. Ⱦɥɹ ɩɨɢɫɤɚ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɪɟɲɟɧɢɹ ɩɟɪɟɤɪɵɬɢɣ ɡɞɚɧɢɹ ɫɨ ɫɜɹɡɟɜɵɦ 
ɤɚɪɤɚɫɨɦ ɪɚɡɪɚɛɨɬɚɧ ɜɚɪɢɚɧɬ ɭɫɢɥɟɧɢɹ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɚɪɦɚɬɭɪɵ ɤɥɚɫɫɚ Ⱥ 500. ɇɚ 
ɪɢɫɭɧɤɟ 3 ɩɨɤɚɡɚɧɚ ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ 
ɫɛɨɪɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɫ 
ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. Ⱥɪɦɢɪɨɜɚɧɢɟ 
ɪɢɝɟɥɟɣ ɪɚɫɫɱɢɬɚɧɨ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ 
ɧɚɝɪɭɡɤɭ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɪɚɡɪɟɡɧɨɫɬɢ 
ɪɢɝɟɥɟɣ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɭɫɢɥɟɧɢɟ ɭɱɚɫɬɤɨɜ 
ɫɨɩɪɹɠɟɧɢɹ ɢɯ ɫ ɤɨɥɨɧɧɚɦɢ ɚɪɦɚɬɭɪɨɣ, 
ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɩɨ ɩɪɨɱɧɨɫɬɢ ɢ ɠɟɫɬɤɨɫɬɢ 
ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɟ ɪɢɝɟɥɟɣ. ɉɨɥɨɠɟɧɢɟ 
ɚɪɦɚɬɭɪɵ ɭɫɢɥɟɧɢɹ ɩɨ ɜɵɫɨɬɟ ɪɢɝɟɥɟɣ ɧɟ 
ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɨɫɧɨɜɧɚɹ ɰɟɥɶ 
ɭɫɢɥɟɧɢɹ – ɨɛɟɫɩɟɱɟɧɢɟ ɨɫɟɜɨɣ ɠɟɫɬɤɨɫɬɢ ɢ 
ɩɪɨɱɧɨɫɬɢ ɪɢɝɟɥɶɧɵɯ ɩɨɹɫɨɜ ɞɥɹ ɪɚɛɨɬɵ ɧɚ 
ɪɚɫɬɹɠɟɧɢɟ ɩɨ ɫɯɟɦɟ ɝɢɛɤɨɣ ɧɢɬɢ. Ⱦɥɹ 
ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɭɫɢɥɟɧɢɹ 
ɚɧɚɥɨɝɢɱɧɚɹ ɚɪɦɚɬɭɪɚ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɢ ɩɨ 
ɨɫɹɦ ɦɟɠɤɨɥɨɧɧɵɯ ɩɥɢɬ. 
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Ɋɢɫ. 3. Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɭɫɢɥɟɧɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɡɞɚɧɢɹ ɫɨ ɫɜɹɡɟɜɵɦ ɤɚɪɤɚɫɨɦ 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɤɨɧɫɬɪɭɤɰɢɸ 
ɩɟɪɟɤɪɵɬɢɹ ɫ ɫɟɬɤɨɣ ɤɨɥɨɧɧ 6×6 ɦ, ɡɚɝɪɭɠɟɧɧɨɝɨ 
ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɪɚɫɱɟɬɧɨɣ 
ɧɚɝɪɭɡɤɨɣ q = 12 ɤɇ/ɦ2 (ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ 
ɞɥɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɧɚɝɪɭɡɤɢ g = 7,5 ɤɇ/ɦ2). ȼ 
ɫɬɚɞɢɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɢɝɟɥɢ ɪɚɛɨɬɚɸɬ ɩɨ 
ɪɚɡɪɟɡɧɨɣ ɛɚɥɨɱɧɨɣ ɫɯɟɦɟ. ɉɪɨɞɨɥɶɧɚɹ ɪɚɛɨɱɚɹ 
ɚɪɦɚɬɭɪɚ ɪɢɝɟɥɟɣ 4Ø25 Ⱥ 500 ɢɦɟɟɬ ɩɥɨɳɚɞɶ 
ɫɟɱɟɧɢɹ Ⱥ = 19,625 ɫɦ2. Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
ɚɪɦɚɬɭɪɵ ȿ = 200000 Ɇɉɚ, ɧɨɪɦɚɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɪɦɚɬɭɪɵ Rsn = 500 Ɇɉɚ.  

ɉɪɢ ɭɞɚɥɟɧɢɢ ɫɪɟɞɧɟɣ ɤɨɥɨɧɧɵ ɜɨɡɧɢɤɚɟɬ 
ɚɜɚɪɢɣɧɚɹ ɫɢɬɭɚɰɢɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɥɟɬɚ 
ɤɨɧɫɬɪɭɤɰɢɣ ɞɨ l = 12 ɦ. ɗɥɟɦɟɧɬɵ 
ɩɟɪɟɤɪɵɬɢɣ ɞɚɠɟ ɧɚ ɞɟɣɫɬɜɢɟ ɬɨɥɶɤɨ 
ɞɥɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɧɚɝɪɭɡɤɢ ɬɟɪɹɸɬ 
ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɛɨɬɚɬɶ ɧɚ ɢɡɝɢɛ, ɩɨɷɬɨɦɭ 
ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɟɪɟɤɪɵɬɢɹ ɧɚɞ ɭɞɚɥɟɧɧɨɣ 
ɤɨɥɨɧɧɨɣ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɜɢɞɟ ɝɢɛɤɨɣ 
ɧɢɬɢ (ɫɬɪɭɧɵ). ɍɫɢɥɢɟ ɧɚɬɹɠɟɧɢɹ ɧɢɬɢ            
Nu = 500∙19,625∙1,1 = 1079,4 ɤɇ ɨɩɪɟɞɟɥɟɧɨ ɫ 
ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɧɚɦɢɱɧɨɫɬɢ kd = 1,1. 
ɇɢɬɶ ɞɥɢɧɨɣ l = 12 ɦ ɜ ɤɚɠɞɨɦ ɢɡ 
ɧɚɩɪɚɜɥɟɧɢɣ ɡɚɝɪɭɠɟɧɚ ɩɨɫɪɟɞɢɧɟ ɩɪɨɥɟɬɚ 
ɫɢɥɨɣ F = 7,5∙6∙6/2 = 135 ɤɇ. 

ɋ ɭɱɟɬɨɦ N0 = 0 ɩɨ ɮɨɪɦɭɥɟ (6) ɭɬɨɱɧɢɥɢ 
ɡɧɚɱɟɧɢɟ ɭɫɥɨɜɧɨɝɨ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ             
ȿu = 70460 Ɇɉɚ. ɗɬɨ ɡɧɚɱɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɤɨɷɮɮɢɰɢɟɧɬɭ ɩɥɚɫɬɢɱɧɨɫɬɢ                                
Kpl = 200000/704600 ≈ 2,84 < plK = 10 [3].  

ɉɨ ɮɨɪɦɭɥɟ (4) ɩɪɢ ȿ = ȿu ɨɩɪɟɞɟɥɟɧɚ 
ɫɬɪɟɥɚ ɩɪɨɜɟɫɚ ɡɚɬɹɠɤɢ f0 =                                   
= 6∙1079,42/70460∙19,625∙135∙10 = 0,375 ɦ 
(ɡɞɟɫɶ ɫɨɝɥɚɫɧɨ ɪɢɫ.1. ɩɪɢɧɹɬɨ l = 6 ɦ). 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɜɵɩɨɥɧɢɦ 
ɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɪɢ N0 = 1079,4 ɤɇ,             
f0 = 0,375 ɦ. 

Ɋɚɫɱɟɬɧɵɟ ɦɚɫɫɵ M = 135/9,81 =                 
= 13,8 ɤɇ∙ɫɟɤ2/ɦ ɢ M0 = 1079,4/9,81 =                     
= 110 ɤɇ∙ɫɟɤ2/ɦ. 

ȿɞɢɧɢɱɧɚɹ ɫɢɥɚ ɫ = 70460∙19,625/12∙10 = 
11520 ɤɇ/ɦ. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (14): b1 =          
= 4(1079,4 + 4∙0,375∙11520/12)/13,8∙12 + 
11520/110 = 165,58 ɫɟɤ2

;                           
b2 = 4∙1079,4∙11520/13,8∙110∙12 = 2730,5 ɫɟɤ4

. 
ɑɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɹ: ω1 =                            

= 5,27304/58,1652/58,165
2   = 4,31 ɫɟɤ1

; 

ω1 = 5,27304/58,1652/58,165
2   =             

= 12,12 ɫɟɤ-1
. 

Ⱥɦɩɥɢɬɭɞɚ Ⱥ1 = 0,375(12,12
2
 – 

4∙1079,4/13,8∙12)/(12,122
 – 4,31

2) = 0,35 ɦ. 
Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ h1 = 

13,8∙12/4∙0,375∙11520 = 0,0096 ɫɟɤ2
;                   

h2 = 4∙0,375/12 + 1079,4/0,375∙11520 = 0,375. 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ 

maxz   =                    

= ± 2∙4,312∙0,35(0,0096∙4,312
 –0,375) = 0,59 ɦ/ɫɟɤ2

. 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɩɪɢɪɚɳɟɧɢɟ ɧɚɬɹɠɟɧɢɹ ɧɢɬɢ 

ɩɪɢ ɤɨɥɟɛɚɧɢɹɯ Zmax = 0,59∙110 = 65,3 ɤɇ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ kd = 1 +  3/1079,4 = 
= 1,06 < 1,1. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɭɫɢɥɟɧɢɢ ɚɪɦɚɬɭɪɵ ɧɟɬ. 

Ɂɚɤɥɸɱɟɧɢɟ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɨɬɤɚɡɟ ɤɨɥɨɧɧ ɜ 

ɡɞɚɧɢɹɯ ɫɨ ɫɜɹɡɟɜɵɦ ɤɚɪɤɚɫɨɦ ɬɪɟɛɭɟɬɫɹ 
ɭɫɢɥɟɧɢɟ ɩɟɪɟɤɪɵɬɢɣ ɢ ɨɛɟɫɩɟɱɟɧɢɟ ɢɯ 
ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɩɨ 
ɫɯɟɦɟ ɝɢɛɤɨɣ ɧɢɬɢ. Ɇɝɧɨɜɟɧɧɵɣ ɨɬɤɚɡ 
ɤɨɥɨɧɧɵ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɤɨɥɟɛɚɧɢɟɦ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɭɜɟɥɢɱɟɧɢɟɦ 
ɭɫɢɥɢɣ ɜ ɧɢɯ. ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɭɫɢɥɢɣ ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɜɜɟɞɟɧɢɟɦ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ. Ɋɚɡɪɚɛɨɬɚɧ ɢ 
ɚɩɪɨɛɢɪɨɜɚɧ ɫɩɨɫɨɛ ɪɚɫɱɟɬɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
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ɤɨɷɮɮɢɰɢɟɧɬɚ ɫ ɭɱɟɬɨɦ ɧɟɭɩɪɭɝɢɯ 
ɞɟɮɨɪɦɚɰɢɣ ɚɪɦɚɬɭɪɵ. 
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APPLICATION SCHEME FOR CALCULATION 
FLEXIBLE STRING OVERLAP FOR CRASH 

COLUMNS 
 

Yu.V. Krasnoshchekov, S.O. Melnikova 
 

Abstract. The results of the study of multi-storey 
buildings with a carrying capacity of Svjaseva frame 
with a crash of one of the columns. Two variants of 
strengthening of precast concrete slabs in order to 
prevent progressive collapse. For static and dynamic 
analysis of reinforced slab design scheme of flexible 
filaments used. Examples of calculation of the building 
on the progressive collapse. 
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