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ɉɪɨɜɟɞɟɧɢɸ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɣ ɩɪɟɞɲɟɫɬɜɭɟɬ ɥɟɤɰɢɨɧɧɵɣ 

ɤɭɪɫ, ɨɫɜɟɳɚɸɳɢɣ ɢɫɬɨɪɢɸ ɪɚɡɜɢɬɢɹ ɠɟɥɟɡɨɛɟɬɨɧɚ, ɢɫɯɨɞɧɵɟ 
ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ, ɬɟɨɪɢɸ ɫɢɥɨ-
ɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɨɫɧɨɜɧɵɟ ɧɟɫɭɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɡɞɚɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɝɚɪɚɧɬɢɢ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ 

ɩɪɢɝɨɞɧɨɫɬɢ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɤɨɦɩɥɟɤɫ ɪɚɫɱɟɬɨɜ ɢ ɝɪɚɮɢɱɟɫɤɢɯ ɪɚɛɨɬ, ɜɤɥɸɱɚɸɳɢɯ ɫɬɚ-
ɞɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɗɤɨɧɨɦɢɱ-
ɧɨɫɬɶ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɧɚɞɟɠɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ 

ɡɞɚɧɢɹ ɜ ɰɟɥɨɦ ɜɨ ɦɧɨɝɨɦ ɨɛɭɫɥɨɜɥɟɧɵ ɩɪɢɧɹɬɵɦɢ ɩɪɨɟɤɬɧɵɦɢ 

ɪɟɲɟɧɢɹɦɢ. ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɨɛɭɱɟɧɢɟ ɛɭɞɭɳɢɯ ɢɧɠɟɧɟɪ-
ɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬɧɢɤɨɜ ɥɸɛɨɝɨ ɭɪɨɜɧɹ ɩɨɞɝɨɬɨɜɤɢ ɫɢɫɬɟɦɧɨɦɭ 
ɩɨɞɯɨɞɭ ɤ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɟɤɬɧɵɯ ɪɟɲɟɧɢɣ, ɚ ɬɚɤɠɟ ɫɨɜɪɟɦɟɧɧɵɦ 

ɩɪɢɟɦɚɦ ɩɪɨɟɤɬɧɨɝɨ ɞɟɥɚ. 
ȼɨɩɪɨɫɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢ ɤɚɦɟɧɧɵɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɵ Ɍɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ ɨ ɛɟɡɨɩɚɫ-
ɧɨɫɬɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ [5], ɋɉ 15.13330.2011 [6], ɋɉ 

20.13330.2011 [7], ɋɉ 63.13330.2011 [9] ɢ ɪɚɡɜɢɬɵ ɜ ɪɭɤɨɜɨɞɫɬɜɚɯ ɢ 

ɫɩɪɚɜɨɱɧɵɯ ɩɨɫɨɛɢɹɯ [10−13], ɚ ɬɚɤɠɟ ɜ ɭɱɟɛɧɢɤɚɯ ɢ ɦɨɧɨɝɪɚɮɢɹɯ. 
Ɉɩɵɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɬɫɭɬɫɬɜɢɟ ɞɨɫɬɚɬɨɱɧɨ ɩɨɞɪɨɛɧɨɣ ɦɟ-

ɬɨɞɢɤɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɜ ɰɟɥɨɦ, ɨɬ-
ɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɭɱɟɛɧɨɦ ɩɪɨɰɟɫɫɟ, ɤɭɪɫɨɜɨɦ ɢ ɞɢɩɥɨɦ-

ɧɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ. 

Ⱦɚɧɧɨɟ ɩɨɫɨɛɢɟ ɞɨɥɠɧɨ ɩɨɦɨɱɶ ɫɬɭɞɟɧɬɭ ɩɨɡɧɚɤɨɦɢɬɶɫɹ ɫ 
ɩɪɨɰɟɫɫɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɨɬɞɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɡɞɚɧɢɣ ɢɡ 
ɠɟɥɟɡɨɛɟɬɨɧɚ, ɚ ɬɚɤɠɟ ɭɫɩɟɲɧɨ ɜɵɩɨɥɧɢɬɶ ɤɭɪɫɨɜɵɟ ɢ ɞɢɩɥɨɦɧɵɟ 
ɩɪɨɟɤɬɵ. 
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Ɋɚɛɨɱɟɣ ɩɪɨɝɪɚɦɦɨɣ ɤɭɪɫɚ «ɀɟɥɟɡɨɛɟɬɨɧɧɵɟ ɢ ɤɚɦɟɧɧɵɟ 
ɤɨɧɫɬɪɭɤɰɢɢ» ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɩɪɨɜɟɞɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ (ɫɟɦɢɧɚɪ-
ɫɤɢɯ) ɡɚɧɹɬɢɣ, ɧɚ ɤɨɬɨɪɵɯ ɫɬɭɞɟɧɬ ɞɨɥɠɟɧ ɩɨɥɭɱɢɬɶ ɩɟɪɜɵɟ ɧɚɜɵ-

ɤɢ ɪɚɫɱɟɬɚ, ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɪɚɛɨɱɢɯ ɱɟɪɬɟɠɟɣ ɠɟɥɟ-
ɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ. 

ɂɡ ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ (ɨɬ ɩɪɨɫɬɨɝɨ ɤ ɫɥɨɠɧɨɦɭ) 
ɞɚɧɧɨɟ ɩɨɫɨɛɢɟ ɪɚɡɞɟɥɟɧɨ ɧɚ ɬɪɢ ɱɚɫɬɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɢɣ ɩɟɪɜɨɣ ɱɚɫɬɢ ɫɬɭɞɟɧɬ ɞɨɥ-
ɠɟɧ : 

– ɩɪɢɧɰɢɩɵ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɫɯɟɦ ɞɥɹ ɩɪɨɫɬɟɣɲɢɯ ɷɥɟ-
ɦɟɧɬɨɜ; ɩɪɟɞɩɨɫɵɥɤɢ ɞɥɹ ɪɚɫɱɟɬɚ ɫɟɱɟɧɢɣ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ; ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɨɱɧɨɫɬɢ ɧɨɪɦɚɥɶɧɵɯ 
ɢ ɧɚɤɥɨɧɧɵɯ ɫɟɱɟɧɢɣ; 

: 

– ɡɚɩɪɨɟɤɬɢɪɨɜɚɬɶ ɠɟɥɟɡɨɛɟɬɨɧɧɭɸ ɛɚɥɤɭ (ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɜɵɩɨɥɧɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɛɨɬ № 3, 5, 6 ɢ 7), ɬ. ɟ. ɪɚɫɫɱɢɬɚɬɶ, 
ɫɤɨɧɫɬɪɭɢɪɨɜɚɬɶ ɢ ɜɵɩɨɥɧɢɬɶ ɪɚɛɨɱɢɣ ɱɟɪɬɟɠ. 

ȼɨ ɜɬɨɪɨɣ ɱɚɫɬɢ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɜɵɩɨɥɧɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɡɚɧɹɬɢɣ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɨɞɧɨɝɨ ɢɡ ɜɢɞɨɜ ɩɟɪɟɤɪɵɬɢɣ – ɦɨɧɨ-
ɥɢɬɧɵɯ ɪɟɛɪɢɫɬɵɯ ɩɟɪɟɤɪɵɬɢɣ ɫ ɛɚɥɨɱɧɵɦɢ ɩɥɢɬɚɦɢ. Ɉɫɨɛɨɟ ɜɧɢ-

ɦɚɧɢɟ ɭɞɟɥɟɧɨ ɫɬɚɬɢɱɟɫɤɨɦɭ ɪɚɫɱɟɬɭ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɛɚɥɨɤ ɩɨ ɦɟ-
ɬɨɞɭ ɩɪɟɞɟɥɶɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɢɣ ɜɬɨɪɨɣ ɱɚɫɬɢ ɫɬɭɞɟɧɬ ɞɨɥ-
ɠɟɧ :  

− ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ ɩɟɪɟɤɪɵɬɢɣ ɦɧɨɝɨ-
ɷɬɚɠɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ; 

− ɨɫɨɛɟɧɧɨɫɬɢ ɫɨɩɪɹɠɟɧɢɹ ɫɛɨɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɚɪɤɚɫɚ ɡɞɚɧɢɣ 

ɫ ɧɟɫɭɳɢɦɢ ɧɚɪɭɠɧɵɦɢ ɤɢɪɩɢɱɧɵɦɢ ɫɬɟɧɚɦɢ (ɡɞɚɧɢɣ ɫ ɧɟɩɨɥɧɵɦ 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɦ ɤɚɪɤɚɫɨɦ); 

− ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɩɟɪɟɤɪɵɬɢɣ ɫ ɭɱɟɬɨɦ ɩɟɪɟ-
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɭɫɢɥɢɣ (ɩɨ ɦɟɬɨɞɭ ɩɪɟɞɟɥɶɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ); 

− ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɛɨɪɧɵɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɩɟɪɟɤɪɵɬɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧ-

ɧɵɯ; 
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– ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɰɟɧɬɪɚɥɶɧɨ ɧɚɝɪɭɠɟɧɧɵɯ ɤɨ-
ɥɨɧɧ ɢ ɮɭɧɞɚɦɟɧɬɨɜ ɫɬɚɤɚɧɧɨɝɨ ɬɢɩɚ ɩɨɞ ɫɛɨɪɧɵɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ 
ɤɨɥɨɧɧɵ; 

− ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɟɲɟɧɢɹ ɤɚɦɟɧɧɵɯ ɢ ɚɪɦɨɤɚɦɟɧɧɵɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ, ɜɢɞɵ ɢ ɫɩɨɫɨɛɵ ɭɫɢɥɟɧɢɹ ɤɚɦɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ;  

: 

− ɪɚɡɪɚɛɨɬɚɬɶ ɤɨɧɫɬɪɭɤɬɢɜɧɭɸ ɫɯɟɦɭ ɦɨɧɨɥɢɬɧɨɝɨ ɪɟɛɪɢɫɬɨ-
ɝɨ ɩɟɪɟɤɪɵɬɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɡɞɚɧɢɹ; 

− ɪɚɡɪɚɛɨɬɚɬɶ ɤɨɧɫɬɪɭɤɬɢɜɧɭɸ ɫɯɟɦɭ ɫɛɨɪɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧ-

ɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ (ɪɚɡɪɚɛɨɬɚɬɶ ɫɯɟɦɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɛɨɪɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ, ɭɡɥɵ ɫɨɩɪɹɠɟɧɢɣ ɷɥɟɦɟɧɬɨɜ); 

− ɪɚɡɪɚɛɨɬɚɬɶ ɪɚɛɨɱɢɟ ɱɟɪɬɟɠɢ ɦɨɧɨɥɢɬɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ, 
ɷɥɟɦɟɧɬɨɜ ɫɛɨɪɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ; 

− ɡɚɩɪɨɟɤɬɢɪɨɜɚɬɶ ɫɛɨɪɧɭɸ ɠɟɥɟɡɨɛɟɬɨɧɧɭɸ ɤɨɥɨɧɧɭ ɢ ɦɨɧɨ-
ɥɢɬɧɵɣ ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɮɭɧɞɚɦɟɧɬ ɫɬɚɤɚɧɧɨɝɨ ɬɢɩɚ ɩɨɞ ɫɛɨɪɧɭɸ 

ɠɟɥɟɡɨɛɟɬɨɧɧɭɸ ɤɨɥɨɧɧɭ; 
− ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɰɟɧɬɪɚɥɶɧɨ ɧɚɝɪɭɠɟɧɧɨɣ ɤɚɦɟɧɧɨɣ (ɤɢɪ-

ɩɢɱɧɨɣ) ɢ ɚɪɦɨɤɚɦɟɧɧɨɣ ɤɨɥɨɧɧɵ (ɫɬɨɥɛɚ). 
ȼ ɬɪɟɬɶɟɣ ɱɚɫɬɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɡɚɧɹɬɢɹ ɩɨɫɜɹɳɟɧɵ ɩɪɨɟɤɬɢɪɨ-

ɜɚɧɢɸ ɤɨɧɫɬɪɭɤɰɢɣ ɨɞɧɨɷɬɚɠɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ. Ɋɚɫ-
ɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ ɤɨɦɩɨɧɨɜɤɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɫɯɟɦɵ 

ɩɪɨɦɡɞɚɧɢɹ; ɩɨɞɝɨɬɨɜɤɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟ-
ɬɚ ɩɨɩɟɪɟɱɧɨɣ ɪɚɦɵ ɧɚ ɉɄ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɱɟɛɧɨɣ ɩɪɨɝɪɚɦɦɵ 

«ɊȺɆɉɈ», ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɭɫɢɥɢɣ ɜ ɤɨɥɨɧɧɟ ɨɬ ɧɚɢɛɨɥɟɟ 
ɧɟɛɥɚɝɨɩɪɹɬɧɵɯ ɫɨɱɟɬɚɧɢɣ ɧɚɝɪɭɡɨɤ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɢɣ ɬɪɟɬɶɟɣ ɱɚɫɬɢ ɫɬɭɞɟɧɬ ɞɨɥ-
ɠɟɧ :  

− ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɯɟɦ ɢ ɨɛɴɟɦɧɨ-ɩɥɚɧɢɪɨɜɨɱ-
ɧɵɯ ɪɟɲɟɧɢɣ ɨɞɧɨɷɬɚɠɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ; 

− ɫɨɩɪɹɠɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɨɫɧɨɜɧɵɯ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 

(ɩɪɨɞɨɥɶɧɵɯ ɢ ɩɨɩɟɪɟɱɧɵɯ ɪɚɦ); 

− ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɨɩɟɪɟɱɧɵɯ ɪɚɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɭɱɟɛɧɵɯ (ɊȺɆɉɈ) ɢ ɫɬɚɧɞɚɪɬɧɵɯ (SCAD ɢ ɞɪ.) ɜɵɱɢɫ-
ɥɢɬɟɥɶɧɵɯ ɤɨɦɩɥɟɤɫɨɜ; 

− ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧɧɵɯ 
ɞɥɢɧɧɨɦɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɣ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ; 
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− ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜɧɟɰɟɧɬɪɟɧɧɨ ɧɚɝɪɭɠɟɧɧɵɯ 
ɮɭɧɞɚɦɟɧɬɨɜ ɫɬɚɤɚɧɧɨɝɨ ɬɢɩɚ ɩɨɞ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɥɨɧɧɵ; 

: 

− ɪɚɡɪɚɛɨɬɚɬɶ ɤɨɧɫɬɪɭɤɬɢɜɧɭɸ ɫɯɟɦɭ ɨɞɧɨɷɬɚɠɧɨɝɨ ɩɪɨɦɵɲ-

ɥɟɧɧɨɝɨ ɡɞɚɧɢɹ; 
− ɩɨɞɝɨɬɨɜɢɬɶ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɨ-

ɩɟɪɟɱɧɨɣ ɪɚɦɵ ɡɞɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ 

«ɊȺɆɉɈ», ɩɨɥɭɱɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɢ ɜɵ-

ɩɢɫɚɬɶ ɪɚɫɱɟɬɧɵɟ ɫɨɱɟɬɚɧɢɹ ɭɫɢɥɢɣ ɞɥɹ ɪɚɫɱɟɬɚ ɫɬɨɣɤɢ (ɤɨɥɨɧɧɵ) 

ɪɚɦɵ; 

− ɡɚɩɪɨɟɤɬɢɪɨɜɚɬɶ ɤɨɥɨɧɧɭ, ɬ. ɟ. ɪɚɫɫɱɢɬɚɬɶ, ɫɤɨɧɫɬɪɭɢɪɨɜɚɬɶ 
ɢ ɜɵɩɨɥɧɢɬɶ ɪɚɛɨɱɢɟ ɱɟɪɬɟɠɢ; 

− ɡɚɩɪɨɟɤɬɢɪɨɜɚɬɶ ɦɨɧɨɥɢɬɧɵɣ ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɮɭɧɞɚɦɟɧɬ 
ɩɨɞ ɤɨɥɨɧɧɭ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɡɚɞɚɧɢɣ ɧɚ ɩɪɚɤ-
ɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɹɯ ɫɬɭɞɟɧɬ, ɩɨɦɢɦɨ ɩɨɥɭɱɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɧɚɜɵɤɨɜ ɪɚɫɱɟɬɨɜ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ, 
ɩɨɥɭɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɤɭɪɫɨɜɵɯ ɢ ɞɢɩɥɨɦɧɵɯ ɩɪɨɟɤ-
ɬɨɜ, ɟɫɥɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɡɚɞɚɧɢɹ ɩɨ ɜɬɨɪɨɣ ɢ ɬɪɟɬɶɟɣ ɱɚɫɬɢ ɩɨɫɨ-
ɛɢɹ ɛɭɞɭɬ ɭɜɹɡɚɧɵ ɫ ɬɟɦɚɦɢ ɤɭɪɫɨɜɵɯ ɢ ɞɢɩɥɨɦɧɵɯ ɩɪɨɟɤɬɨɜ.  



ʦ˃˔˕˟	1	
ʞʟʝʔʙʡʗʟʝʑʏʜʗʔ	ʕʔʚʔʖʝʐʔʡʝʜʜЫʤ	Эʚʔʛʔʜʡʝʑ		

Ɋɚɛɨɱɟɣ ɩɪɨɝɪɚɦɦɨɣ ɤɭɪɫɚ «ɀɟɥɟɡɨɛɟɬɨɧɧɵɟ ɢ ɤɚɦɟɧɧɵɟ 
ɤɨɧɫɬɪɭɤɰɢɢ» ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɩɪɨɜɟɞɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ (ɫɟɦɢɧɚɪ-
ɫɤɢɯ) ɡɚɧɹɬɢɣ, ɧɚ ɤɨɬɨɪɵɯ ɫɬɭɞɟɧɬ ɞɨɥɠɟɧ ɩɨɥɭɱɢɬɶ ɩɟɪɜɵɟ ɧɚɜɵ-

ɤɢ ɪɚɫɱɟɬɚ, ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɪɚɛɨɱɢɯ ɱɟɪɬɟɠɟɣ ɩɪɨ-
ɫɬɟɣɲɢɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

ɇɚ ɜɵɩɨɥɧɟɧɢɟ ɷɬɢɯ ɪɚɛɨɬ ɜ ɩɟɪɜɨɣ ɱɚɫɬɢ ɩɪɟɞɭɫɦɨɬɪɟɧɨ 18 

ɚɭɞɢɬɨɪɧɵɯ ɱɚɫɨɜ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɵɯ ɫɬɭɞɟɧɬ ɞɨɥɠɟɧ ɫɚɦɨɫɬɨɹ-
ɬɟɥɶɧɨ ɜɵɩɨɥɧɢɬɶ ɧɟ ɦɟɧɟɟ 70% ɡɚɞɚɧɢɣ, ɨɫɬɚɥɶɧɵɟ 30% – ɜɨ ɜɪɟ-
ɦɹ ɜɧɟɚɭɞɢɬɨɪɧɨɣ (ɞɨɦɚɲɧɟɣ) ɪɚɛɨɬɵ. 

Ɂɚɞɚɧɢɹ ɫɨɫɬɚɜɥɟɧɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɬɥɢɱɧɨ ɭɫɩɟɜɚɸ-

ɳɢɣ ɫɬɭɞɟɧɬ ɦɨɝ ɜɵɩɨɥɧɢɬɶ ɩɨɥɧɵɣ ɨɛɴɟɦ ɡɚɞɚɧɢɣ ɜɨ ɜɪɟɦɹ ɚɭɞɢ-

ɬɨɪɧɵɯ ɡɚɧɹɬɢɣ. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɨ ɫɨɞɟɪɠɚɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɛɨɬ. 
 

ɋɨɞɟɪɠɚɧɢɟ Ʉɨɥɢɱɟɫɬɜɨ 
ɱɚɫɨɜ 

1. Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ ɢ ɚɪɦɚɬɭɪɟ ɫɠɚɬɨɝɨ ɠɟ-
ɥɟɡɨɛɟɬɨɧɧɨɝɨ ɷɥɟɦɟɧɬɚ 

2 

2. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɢɜɟɞɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɟɱɟɧɢɹ ɠɟɥɟɡɨ-
ɛɟɬɨɧɧɨɝɨ ɷɥɟɦɟɧɬɚ 

2 

3. Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɧɨɪɦɚɥɶɧɵɯ ɫɟɱɟɧɢɣ ɢɡɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧ-

ɬɨɜ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɫ ɨɞɢɧɨɱɧɨɣ ɚɪɦɚɬɭɪɨɣ 

4 

4. Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɧɨɪɦɚɥɶɧɵɯ ɫɟɱɟɧɢɣ ɢɡɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧ-

ɬɨɜ ɬɚɜɪɨɜɨɝɨ ɩɪɨɮɢɥɹ 
2 

5. Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɧɚɤɥɨɧɧɨɝɨ ɫɟɱɟɧɢɹ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɛɚɥ-
ɤɢ 

2 

6. Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ (ɚɪɦɢɪɨɜɚɧɢɟ) ɨɞɧɨɩɪɨɥɟɬɧɨɣ ɠɟɥɟɡɨɛɟ-
ɬɨɧɧɨɣ ɛɚɥɤɢ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ 

2 

7. Ɋɚɡɪɚɛɨɬɤɚ ɪɚɛɨɱɟɝɨ ɱɟɪɬɟɠɚ ɛɚɥɤɢ 4 

ɂɬɨɝɨ 18 



ʞʟʏʙʡʗʦʔʠʙʝʔ	ʖʏʜЯʡʗʔ	№	1	
ʝ˒˓ˈˇˈˎˈːˋˈ	ː˃˒˓ˢˉˈːˋˌ	˅	˄ˈ˕ˑːˈ	ˋ	˃˓ˏ˃˕˖˓ˈ		

ˉˈˎˈˊˑ˄ˈ˕ˑːːˑˆˑ	ˠˎˈˏˈː˕˃	

ɋɟɱɟɧɢɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɨɫɬɨɹɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɡ 
ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ ɫɨɫɬɚɜɥɹɸɳɢɯ – ɛɟɬɨɧɚ ɢ ɚɪɦɚɬɭɪɵ.  

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɫɱɟɬɨɜ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜɨɡ-
ɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜɨ ɜɫɟɯ ɫɨɫɬɚɜɥɹ-
ɸɳɢɯ ɫɟɱɟɧɢɹ. 

Ɇɟɬɨɞɢɤɭ ɩɨɥɭɱɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɮɨɪɦɭɥ ɩɪɨɫɥɟɞɢɦ ɧɚ ɩɪɢɦɟ-
ɪɟ ɰɟɧɬɪɚɥɶɧɨ ɫɠɚɬɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɧɨɝɨ ɫɬɨɥɛɚ (ɪɢɫ. 1.1), ɧɚɝɪɭ-
ɠɟɧɧɨɝɨ ɫɢɥɨɣ N, ɫ ɪɚɡɦɟɪɚɦɢ ɫɟɱɟɧɢɹ bh (Ab) ɢ ɚɪɦɚɬɭɪɨɣ 4ø, 

ɩɥɨɳɚɞɶɸ As. 

 

Ɋɢɫ. 1.1. ɐɟɧɬɪɚɥɶɧɨ ɫɠɚɬɵɣ ɷɥɟɦɟɧɬ 

ɋɨɫɬɚɜɢɦ ɭɫɥɨɜɢɟ ɪɚɜɧɨɜɟɫɢɹ – ɫɭɦɦɚ ɩɪɨɟɤɰɢɣ ɜɫɟɯ ɫɢɥ ɧɚ 
ɜɟɪɬɢɤɚɥɶɧɭɸ ɨɫɶ ɪɚɜɧɚ ɧɭɥɸ: ∑y = 0. 

N = Nb + Ns = σb Ab + σs As                        (1.1) 

ɝɞɟ Nb ɢ σb – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɫɢɥɢɟ ɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɛɟɬɨɧɟ;  
Ns ɢ σs – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɫɢɥɢɟ ɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɚɪɦɚɬɭɪɟ. 
ɍɪɚɜɧɟɧɢɟ (ɭɫɥɨɜɢɟ) ɨɞɧɨ, ɚ ɧɟɢɡɜɟɫɬɧɵɯ – ɞɜɚ: σb ɢ σs. ɇɟɨɛ-

ɯɨɞɢɦɨ ɟɳɟ ɨɞɧɨ ɭɫɥɨɜɢɟ. 
ɂɫɩɨɥɶɡɭɟɦ ɭɪɚɜɧɟɧɢɟ ɪɚɜɟɧɫɬɜɚ ɞɟɮɨɪɦɚɰɢɣ ɛɟɬɨɧɚ ɢ ɚɪɦɚ-

ɬɭɪɵ 

İb = ∆l/l = İs = ∆l/l. 

ɉɨ ɡɚɤɨɧɭ Ƚɭɤɚ  



12 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 

σb = İb Eb; σs = İs Es, 

ɢɥɢ 

İb = σb /Eb; İs = σs /Es, 

ɝɞɟ Es – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɚɪɦɚɬɭɪɵ (≈ 200000 Ɇɉɚ); 
Eb – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɛɟɬɨɧɚ (20000…40000 Ɇɉɚ).  
ɍɫɥɨɜɢɟ ɪɚɜɟɧɫɬɜɚ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɦɨɠɧɨ ɡɚɩɢ-

ɫɚɬɶ ɜ ɜɢɞɟ  
σs/Es = σb /Eb. 

ɍɦɧɨɠɢɜ ɜɫɟ ɧɚ ȿs , ɩɨɥɭɱɢɦ σs = σb Es/Eb.  

Ɉɛɨɡɧɚɱɢɦ Es/Eb = α – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ, ɬɨɝɞɚ ɦɨɠɧɨ 
ɡɚɩɢɫɚɬɶ: σs = σb α. 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɢɫɯɨɞɧɨɟ ɭɪɚɜɧɟɧɢɟ ɜɦɟɫɬɨ σs  ɢ  σb α, ɩɨɥɭɱɢɦ 

N = σb Ab + σb α As = σb (Ab + α As). 

Ɉɛɨɡɧɚɱɢɦ (Ab + α As) = Ared – ɩɥɨɳɚɞɶ ɩɪɢɜɟɞɟɧɧɨɝɨ ɫɟɱɟɧɢɹ. 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ 

N = σb Ared .                                   (1.2) 

Ɉɬɫɸɞɚ ɧɚɩɪɹɠɟɧɢɹ ɜ ɛɟɬɨɧɟ σb = N /Ared , ɧɚɩɪɹɠɟɧɢɹ ɜ ɚɪɦɚ-
ɬɭɪɟ σs = α N /Ared. 

Ʉɚɤ ɜɢɞɢɦ, σs ɜ 6–8 ɪɚɡ ɛɨɥɶɲɟ σb.  

Ⱥɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɮɨɪɦɭɥɵ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ ɢ ɚɪɦɚɬɭɪɟ: 

– ɞɥɹ ɢɡɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ: 
σb = M /Wred = M·yi /Ired ;                         (1.3) 

σs = α M /Wred = α M·ys /Ired;                      (1.4) 

– ɞɥɹ ɜɧɟɰɟɧɬɪɟɧɧɨ ɫɠɚɬɵɯ ɜ ɬɨɱɤɟ yi: 

σb = N/Ared + M·yi /Ired ;                           (1.5) 

σs = α(N/Ared + M·yi /Ired).                         (1.6)  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɪɚɫɱɟɬɨɜ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɭɦɟɬɶ ɜɵɱɢɫɥɢɬɶ ɩɪɢɜɟɞɟɧɧɵɟ ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɟɱɟɧɢɣ. 
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Ɉɩɪɟɞɟɥɢɬɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɛɟɬɨɧɟ ɢ ɚɪɦɚɬɭɪɟ ɰɟɧɬɪɚɥɶɧɨ ɫɠɚ-
ɬɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɧɨɝɨ ɷɥɟɦɟɧɬɚ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɢɧɹɬɶ ɩɨ ɬɚɛ-
ɥɢɰɟ 1.1. 

Ɍɚɛɥɢɰɚ 1.1 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ȼ ɬɚɛɥɢɰɟ ɉ1.1 ɩɪɢɜɟɞɟɧ ɫɨɪɬɚɦɟɧɬ ɚɪɦɚɬɭɪɵ: ɩɥɨɳɚɞɢ ɩɨ-
ɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ. 

 

ɇɨɦɟɪ 
ɩɨ  

ɫɩɢɫɤɭ 
ɝɪɭɩɩɵ  

Ɋɚɡɦɟɪɵ 
ɫɟɱɟɧɢɹ 
ɤɨɥɨɧɧɵ,
b × h, ɦɦ

Ʉɥɚɫɫ 
ɛɟɬɨɧɚ 

Ʉɨɥɢɱɟɫɬɜɨ
ɩɪɨɞɨɥɶɧɨɣ 
ɪɚɛɨɱɟɣ  
ɚɪɦɚɬɭɪɵ

ɇɚɝɪɭɡ-
ɤɚ ɧɚ 
ɷɥɟɦɟɧɬ 

N, ɤɇ

Ɇɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ 
ɛɟɬɨɧɚ 
ȿb, Ɇɉɚ 

Ɇɨɞɭɥɶ
ɭɩɪɭɝɨɫɬɢ 
ɚɪɦɚɬɭɪɵ 
ȿs, Ɇɉɚ

1 300 × 300 ȼ20 4∅ 18 A400 1200 24000  
 
 
 
 
 
 
 
 
 
 
 

200000 

2 300 × 300 ȼ25 4∅ 18 A400 1200 27000 

3 300 × 300 ȼ30 4∅ 18 A400 1500 29000 

4 300 × 300 ȼ20 4∅ 20 A400 1000 24000 

5 300 × 300 ȼ25 4∅ 20 A400 1500 27000 

6 300 × 300 ȼ30 4∅ 20 A400 1400 29000 

7 300 × 300 ȼ20 4∅ 22A400 1350 27000 

8 300 × 300 ȼ25 4∅ 22 A400 1340 30000 

9 300 × 300 ȼ30 4∅ 22 A400 1700 32500 

10 400 × 400 ȼ20 8∅ 16 A500 1900 24000 

11 400 × 400 ȼ25 8∅ 16 A500 2600 27000 

12 400 × 400 ȼ30 8∅ 16 A500 2500 29000 

13 400 × 400 ȼ20 8∅ 18 A500 2250 27000 

14 400 × 400 ȼ25 8∅ 18 A500 2400 30000 

15 400 × 400 ȼ30 8∅ 18 Ⱥ500 2900 32500 

16 350 × 350 ȼ20 4∅ 25 Ⱥ500 1680 27000 

17 350 × 350 ȼ25 4∅ 25 Ⱥ500 2140 30000 

18 350 × 350 ȼ30 4∅ 25 Ⱥ500 2200 32500 

19 350 × 350 ȼ20 4∅ 28 Ⱥ500 1840 24000 

20 350 × 350 ȼ25 4∅ 28 Ⱥ500 1900 27000 

21 350 × 350 ȼ30 4∅ 28 A500 2420 29000 

22 350 × 350 ȼ20 4∅ 32 A500 2100 24000 

23 350 × 350 ȼ25 4∅ 32 A500 2600 27000 

24 350 × 350 ȼ30 4∅ 32 A500 2500 29000 

25 400 × 400 ȼ20 4∅ 36 A500 2680 24000 



14 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɡɚɞɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ: 
– ɜɵɱɟɪɬɢɬɶ ɷɫɤɢɡ ɫɟɱɟɧɢɹ; 
– ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ; 
– ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɜɵɜɨɞ. 

ʞʟʏʙʡʗʦʔʠʙʝʔ	ʖʏʜЯʡʗʔ	№	2	
ʝ˒˓ˈˇˈˎˈːˋˈ	˒˓ˋ˅ˈˇˈːː˞˘	˘˃˓˃ˍ˕ˈ˓ˋ˔˕ˋˍ	˔ˈ˚ˈːˋˌ		

ˉˈˎˈˊˑ˄ˈ˕ˑːːˑˆˑ	ˠˎˈˏˈː˕˃	

ȼ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɚɯ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɫɟɱɟɧɢɹ, ɤɚɤ ɩɪɚ-
ɜɢɥɨ, ɧɟ ɫɨɜɩɚɞɚɟɬ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɰɟɧɬɪɨɦ ɛɟɬɨɧɧɨɝɨ ɫɟɱɟɧɢɹ. 
ȼ ɪɚɫɱɟɬɚɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɟɱɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɫɨɫɬɚɜɧɨɝɨ (ɫɨɞɟɪɠɚɳɟɝɨ ɞɜɚ ɢ ɛɨɥɟɟ ɤɨɦɩɨɧɟɧɬɨɜ) 
ɫɟɱɟɧɢɹ.  

ɋ ɜɵɜɨɞɨɦ ɮɨɪɦɭɥ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɟɱɟɧɢɣ 

ɷɥɟɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ, ɩɚɪɚɥɥɟɥɶɧɨ ɩɟɪɟɧɟɫɟɧɧɨɣ, ɫɬɭɞɟɧɬ 
ɩɨɡɧɚɤɨɦɢɥɫɹ, ɢɡɭɱɚɹ ɤɭɪɫ «ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ». 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɮɨɪɦɭɥɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɫɟɱɟɧɢɣ ɷɥɟɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ, ɩɪɨɯɨɞɹɳɟɣ 

ɱɟɪɟɡ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɫɨɫɬɚɜɧɨɝɨ ɫɟɱɟɧɢɹ ɫ ɭɱɟɬɨɦ ɩɪɢɜɟɞɟɧɢɹ ɪɚɡ-
ɥɢɱɧɵɯ ɦɚɬɟɪɢɥɨɜ ɤ ɨɞɧɨɦɭ, ɤɚɤ ɩɪɚɜɢɥɨ – ɛɟɬɨɧɭ, ɬ. ɟ. ɢɫɩɨɥɶɡɭɹ 
ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ α, ɪɚɜɧɵɣ ɨɬɧɨɲɟɧɢɸ ɦɨɞɭɥɟɣ ɭɩɪɭɝɨ-

ɫɬɢ α = Es/Eb.  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɢɫɩɨɥɶɡɨɜɚɧɨ ɫɟɱɟɧɢɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ 
ɪɢɫɭɧɤɟ 2.1. 

 

Ɋɢɫ. 2.1. ɋɟɱɟɧɢɟ ɢɡɝɢɛɚɟɦɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɧɨɝɨ ɷɥɟɦɟɧɬɚ 

ɉɥɨɳɚɞɶ ɩɪɢɜɟɞɟɧɧɨɝɨ ɫɟɱɟɧɢɹ ɠɟɥɟɡɨɛɟɬɨɧɧɨɝɨ ɷɥɟɦɟɧɬɚ 
Ared = Ab + ∑α Asi. 
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ɋɬɚɬɢɱɟɫɤɢɣ ɦɨɦɟɧɬ ɩɪɢɜɟɞɟɧɧɨɝɨ ɫɟɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɢɠɧɟɣ ɝɪɚɧɢ 

Sred = Abyb + ∑α Asi ysi. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɢɠɧɟɣ ɝɪɚɧɢ ɫɟɱɟɧɢɹ ɞɨ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɩɪɢ-
ɜɟɞɟɧɧɨɝɨ ɫɟɱɟɧɢɹ 

yɰ.ɬ = Sred / Ared. 

Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɪɢɜɟɞɟɧɧɨɝɨ ɟɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɟɝɨ ɰɟɧ-
ɬɪɚ ɬɹɠɟɫɬɢ  

Ired = Ib + Ab (yb – yɰ.ɬ)
2
 + ∑α Asi (ysi – yɰ.ɬ)

2
. 

Ɇɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢɜɟɞɟɧɧɨɝɨ ɫɟɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɢɠɧɟɣ ɝɪɚɧɢ 

Wred = Ired / yɰ.ɬ .. 

Ɇɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢɜɟɞɟɧɧɨɝɨ ɫɟɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɜɟɪɯɧɟɣ ɝɪɚɧɢ 

W
/
red = Ired / (h – yɰ.ɬ). 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɩɪɢɜɟɞɟɧɧɨɝɨ ɫɟɱɟɧɢɹ ɞɨ ɜɟɪɯ-
ɧɟɣ ɹɞɪɨɜɨɣ ɬɨɱɤɢ 

r = Wred / Ared. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɩɪɢɜɟɞɟɧɧɨɝɨ ɫɟɱɟɧɢɹ ɞɨ ɧɢɠ-
ɧɟɣ ɹɞɪɨɜɨɣ ɬɨɱɤɢ 

r
/
 = W

/
red / Ared. 

ʖ˃ˇ˃ːˋˢ	ˇˎˢ	˔˃ˏˑ˔˕ˑˢ˕ˈˎ˟ːˑˌ	˓˃˄ˑ˕˞	

ȼɵɱɢɫɥɢɬɶ ɩɪɢɜɟɞɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɠɟɥɟɡɨɛɟɬɨɧɧɨɝɨ 
ɷɥɟɦɟɧɬɚ (ɪɢɫ. 2.2). 

 

Ɋɢɫ. 2.2. ɋɟɱɟɧɢɟ ɢɡɝɢɛɚɟɦɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɧɨɝɨ ɷɥɟɦɟɧɬɚ 



16 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɢɧɹɬɶ ɩɨ ɬɚɛɥɢɰɟ 2.1. 

ɉɪɢ ɪɟɲɟɧɢɢ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ:  
– ɜɵɱɟɪɬɢɬɶ ɫɟɱɟɧɢɟ; 
– ɩɪɨɫɬɚɜɢɬɶ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɡɦɟɪɵ, ɤɨɬɨɪɵɟ ɞɚɧɵ ɜ ɡɚɞɚ-

ɧɢɢ; 

– ɩɪɨɫɬɚɜɢɬɶ ɜɫɟ ɪɚɡɦɟɪɵ, ɤɨɬɨɪɵɟ ɩɨɹɜɢɥɢɫɶ ɜ ɩɪɨɰɟɫɫɟ ɜɵ-

ɱɢɫɥɟɧɢɣ; 

– ɜɵɱɢɫɥɢɬɶ ɩɪɢɜɟɞɟɧɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɟ-
ɱɟɧɢɹ. 

Ɍɚɛɥɢɰɚ 2.1 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
ɇɨɦɟɪ 
ɩɨ  

ɫɩɢɫɤɭ 
ɝɪɭɩɩɵ 

Ɋɚɡɦɟɪɵ 

ɫɟɱɟɧɢɹ 
ɤɨɥɨɧɧɵ 

b × h, ɦɦ 

Ʉɨɥɢɱɟɫɬɜɨ  
ɚɪɦɚɬɭɪɵ 

Ɋɚɫɩɨɥɨɠɟɧɢɟ 
ɚɪɦɚɬɭɪɵ 

Ɇɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ 

ɛɟɬɨɧɚ 
ȿb, Ɇɉɚ 

Ɇɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ 

ɚɪɦɚɬɭɪɵ
ȿs, Ɇɉɚ 

As1
* 

As2
* 

y s1 ys2 

1 300 × 600 3∅32  2∅ 28 50 115 24000  

 

 

 

 

 

 

 

 

 

 

 

200000 

2 300 × 600 3∅36 2∅25 50 125 27000 

3 300 × 600 3∅28 2∅25 45 110 29000 

4 300 × 600 3∅25 2∅25 40 90 24000 

5 300 × 600 3∅28 2∅22 45 110 27000 

6 300 × 600 3∅32 2∅28 50 115 29000 

7 300 × 600 3∅28 2∅25 45 110 27000 

8 300 × 600 3∅22 2∅20 40 85 30000 

9 300 × 600 3∅28 2∅25 45 115 32500 

10 400 × 800 4∅32 2∅28 50 115 24000 

11 400 × 800 4∅32 2∅25 45 110 27000 

12 400 × 800 4∅36 2∅28 50 125 29000 

13 400 × 800 4∅32 2∅32 45 110 27000 

14 400 × 800 4∅36 2∅32 50 125 30000 

15 400 × 800 4∅40 2∅28 60 130 32500 

16 350 × 750 3∅32  2∅28 45 110 27000 

17 350 × 750 3∅32 2∅25 45 110 30000 

18 350 × 750 3∅28 2∅28 45 105 32500 

19 350 × 750 3∅25 2∅25 40 90 24000 

20 350 × 750 3∅28 2∅25 45 105 27000 



 

ɇɨɦɟɪ 
ɩɨ  

ɫɩɢɫɤɭ
ɝɪɭɩɩɵ

21 

22 

23 

24 

* ɉ
 

ˋ

ɇɚ
ɬɨɧɧɵɯ

ɱɢɬɟɥɶɧ

ɱɢɬɟɥɶɧ
ɂɡ

ɰɢɢ, ɱɚ
ɦɨɧɨɥɢ

ɀ
ɚ), ɬɚɜɪ
ɜɢɞɧɨɝɨ

ɉɪ
ɱɟɫɤɢɟ 

Ɉɩɪɟ

ɭ 
ɵ 

Ɋɚɡɦɟɪ
ɫɟɱɟɧɢ
ɤɨɥɨɧɧ
b × h, ɦ
350 × 8

350 × 8

350 × 8

350 × 8

ɉɥɨɳɚɞɢ

ʟ˃
ˋˊˆˋ˄˃ˈ

ɚɢɛɨɥɟɟ 
ɯ ɤɨɧɫɬɪɭ

ɧɨ ɦɟɧɶɲ
 

ɧɨ ɛɨɥɶɲ
ɡ ɩɥɢɬ ɢ
ɚɳɟ ɞɪɭ
ɢɬɧɵɟ, ɚ 
ɀɟɥɟɡɨɛɟ
ɪɨɜɨɝɨ (ɪ
ɨ ɫɟɱɟɧɢ
ɪɢ ɪɚɫɱɟ
(ɤɨɧɫɬɪɭ

ɟɞɟɥɟɧɢɟ 

ɪɵ 

ɢɹ 
ɧɵ
ɦɦ

Ʉɨ
ɚɪ

As1

800 3∅ 

800 3∅2

800 3∅2

800 3∅3

 ɚɪɦɚɬɭɪɵ

ʞʟ
˔˚ˈ˕	˒˓
ˈˏ˞˘	ˠˎ

˔	ˑ

ɪɚɫɩɪɨɫ
ɭɤɰɢɣ – 

 ɧɚɡɵɜɚɸ
ɲɟ ɞɥɢɧ
ɧɚɡɵɜɚɸ
ɲɟ ɩɨɩɟɪ
ɢ ɛɚɥɨɤ ɨ
ɭɝɢɯ – ɩ
ɬɚɤɠɟ ɫ
ɬɨɧɧɵɟ 
ɪɢɫ. 3.1,

ɢɹ ɢ ɞɪ.  
ɟɬɟ ɪɚɡɥɢ
ɭɤɬɢɜɧɵ

Ɋɢɫ. 3.1

ɩɪɢɜɟɞɟɧ

ɨɥɢɱɟɫɬɜɨ
ɪɦɚɬɭɪɵ

1
* 

As2

32  2∅
28 2∅
25 2∅
32 2∅
ɵ ɩɪɢɜɟɞɟ

ʏʙʡʗʦʔʠ
˓ˑ˚ːˑ˔˕ˋ
ˎˈˏˈː˕ˑ
ˑˇˋːˑ˚

ɫɬɪɚɧɟɧɧ
ɩɥɢɬɵ ɢ
ɸɬ ɩɥɨɫ
ɧɵ ɢ ɲɢɪ
ɸɬ ɥɢɧɟ
ɪɟɱɧɵɯ ɪ
ɨɛɪɚɡɭɸ
ɩɥɨɫɤɢɟ 
ɛɨɪɧɨ-ɦ
ɛɚɥɤɢ ɦ
, ɛ ɢ ɜ), 

ɢɱɧɵɯ ɤ
ɵɟ) ɫɟɱɟɧ

. ɋɟɱɟɧɢɹ

ɧɧɵɯ ɯɚɪɚ

ɨ  Ɋɚɫɩ
ɚɪ

2
* 

y s

28 45

22 45

25 40

28 50

ɟɧɵ ɜ ɩɪɢ

ʠʙʝʔ	ʖʏʜ
ˋ	ːˑ˓ˏ˃
ˑ˅	˒˓ˢˏ
ːˑˌ	˃˓ˏ

ɧɵɟ ɢɡɝɢ
ɢ ɛɚɥɤɢ.

ɤɢɟ ɷɥɟɦ
ɪɢɧɵ. 

ɟɣɧɵɟ ɷɥ
ɪɚɡɦɟɪɨ
ɸɬ ɦɧɨɝɢ
ɩɨɤɪɵɬɢ
ɦɨɧɨɥɢɬɧ
ɦɨɝɭɬ ɛɵ
ɞɜɭɬɚɜɪ

ɤɨɧɫɬɪɭɤ
ɧɢɹ ɩɪɢɜ

ɹ ɢɡɝɢɛɚɟ

ɤɬɟɪɢɫɬɢ

ɩɨɥɨɠɟɧɢ
ɪɦɚɬɭɪɵ

1 ys2

5 110

5 110

0 90

0 115

ɢɥɨɠɟɧɢɢ

ʜЯʡʗʔ	№	
˃ˎ˟ː˞˘	
ˑ˖ˆˑˎ˟ː
ˏ˃˕˖˓ˑˌ

ɢɛɚɟɦɵɟ

ɦɟɧɬɵ, ɬ

ɥɟɦɟɧɬɵ
ɜ ɫɟɱɟɧɢ
ɢɟ ɠɟɥɟɡ
ɢɹ ɢ ɩɟɪ
ɧɵɟ. 
ɵɬɶ ɩɪɹɦ
ɪɨɜɨɝɨ (ɪ

ɤɬɢɜɧɵɯ 
ɜɨɞɹɬ ɤ ɷ

ɟɦɵɯ ɷɥɟɦ

ɢɤ ɫɟɱɟɧɢ

Ɉɤɨɧɱ
ɢɟ Ɇɨɞ

ɭɩɪɭɝ
ɛɟɬɨ
ȿb, Ɇ

0 290

0 240

270

5 290

ɢ 1. 

3	
˔ˈ˚ˈːˋ
ːˑˆˑ	˒˓ˑ
ˌ	

ɟ ɷɥɟɦɟɧ

ɬɨɥɳɢɧɚ

ɵ, ɞɥɢɧɚ 
ɢɹ. 
ɡɨɛɟɬɨɧɧ
ɪɟɤɪɵɬɢ

ɦɨɭɝɨɥɶɧ
ɪɢɫ. 3.1,

ɷɥɟɦɟɧɬ
ɷɤɜɢɜɚɥɟ

ɦɟɧɬɨɜ 

ɢɣ             

ɱɚɧɢɟ ɬɚɛ
ɞɭɥɶ 
ɝɨɫɬɢ 

ɨɧɚ 
Ɇɉɚ 

Ɇ
ɭɩɪ
ɚɪɦ
ȿs

000 

 

000 

000 

000 

ˋˌ		
ˑ˗ˋˎˢ		

ɧɬɵ ɠɟɥɟ

ɚ ɤɨɬɨɪɵ

ɤɨɬɨɪɵɯ

ɧɵɟ ɤɨɧɫ
ɢɹ, ɫɛɨɪɧ

ɧɨɝɨ (ɪɢ
, ɝ), ɬɪɚɩ

ɬɨɜ ɢɯ ɮ
ɟɧɬɧɵɦ. 

       17 

ɛɥ. 1.2 

Ɇɨɞɭɥɶ 
ɪɭɝɨɫɬɢ 

ɦɚɬɭɪɵ
s, Ɇɉɚ 

ɟɡɨɛɟ-

ɵɯ ɡɧɚ-

ɯ ɡɧɚ-

ɫɬɪɭɤ-
ɧɵɟ ɢ 

ɫ. 3.1, 

ɩɟɰɢɟ-

ɮɚɤɬɢ-
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ɇɚ
ɧɵɟ ɫɟɱ

Ɋɢɫ. 

ɚ –

ɉɪ

ɚ ɪɢɫɭɧɤ
ɱɟɧɢɹ ɪɟɛ

3.2. Ɏɚɤɬ

Ɋɢɫ
– ɩɥɢɬ ɫ ɤ

ɉɪɨɟɤɬɢɪɨ

ɤɚɯ 3.2 ɢ
ɛɪɢɫɬɵɯ

ɬɢɱɟɫɤɨɟ (

ɫ. 3.3. Ɏɚ
ɤɪɭɝɥɵɦɢ

ɨɜɚɧɢɟ ɠ

ɢ 3.3 ɩɪ
ɯ ɢ ɩɭɫɬɨ

(ɚ) ɢ ɷɤɜɢ
ɩɟɪɟɤɪɵɬ

ɤɬɢɱɟɫɤɢ
 ɩɭɫɬɨɬɚɦ

ɠɟɥɟɡɨɛɟɬ

ɪɢɜɟɞɟɧɵ
ɨɬɧɵɯ ɠ

ɢɜɚɥɟɧɬɧɨ
ɬɢɣ ɢ ɩɨɤ

 

ɢɟ ɢ ɷɤɜɢɜ
ɦɢ; ɛ – ɩɥ

ɬɨɧɧɵɯ ɷɥɟ

ɵ ɮɚɤɬɢɱ
ɟɥɟɡɨɛɟɬ

ɨɟ (ɛ) ɫɟɱɟ
ɤɪɵɬɢɣ 

ɜɚɥɟɧɬɧɵɟ
ɥɢɬ ɫ ɨɜɚɥ

ɟɦɟɧɬɨɜ 

ɱɟɫɤɢɟ ɢ
ɬɨɧɧɵɯ ɩ

ɟɧɢɹ ɪɟɛɪ

ɟ ɫɟɱɟɧɢɹ
ɥɶɧɵɦɢ ɩɭ

ɢ ɷɤɜɢɜɚ
ɩɥɢɬ. 

 

ɪɢɫɬɵɯ ɩɥ

:  

ɭɫɬɨɬɚɦɢ

ɚɥɟɧɬ-

ɥɢɬ  

 



Ɋɚɫ

 

ȼɨ
ɷɥɟɦɟɧɬ
ɚɪɦɢɪɨ
ɤɭɪɫɟ. ɉ
ɦɟ (ɪɢɫ
ɩɪɢɧɹɬ
ɩɨɥɭɱɟ

ɛ –

ɉɪ
ɫɬɢ: 1) 

ɠɟɣ. 

ɫɱɟɬ ɩɪɨɱ

3.1.	ʝ˔ˑ

ɨɩɪɨɫɵ 

ɬɨɜ, ɚ ɬ
ɨɜɚɧɢɹ ɩ
ɉɨɷɬɨɦɭ
ɫ. 3.4 ɢ
ɬɵɟ ɜ ɜɨɩ
ɧɢɹ ɪɚɫɱ

Ɋɢɫ

Ɋɢɫ. 
ɚ 

– ɩɨɩɟɪɟɱ
1 –

ɪɨɰɟɫɫ ɩ
ɪɚɫɱɟɬ; 

ɱɧɨɫɬɢ ɧɨ

ˑ˄ˈːːˑ˔

ɪɚɛɨɬɵ 

ɬɚɤɠɟ ɩɨ
ɩɨɞɪɨɛɧɨ
ɭ ɜ ɞɚɧɧ
ɢ 3.5) ɩɨ
ɩɪɨɫɚɯ ɨ
ɱɟɬɧɵɯ ɮ

. 3.4. ɋɯɟ
(ɚɪ

3.5. ɋɯɟɦ
– ɨɬɝɢɛɚɦ
ɱɧɵɦɢ ɫɬɟ
– ɧɨɪɦɚɥ

ɩɪɨɟɤɬɢɪ
2) ɤɨɧɫ

ɨɪɦɚɥɶɧɵ

˔˕ˋ	˓˃˄ˑ
˒ˑˇ	

ɢ ɪɚɡɪɭ
ɨɥɭɱɟɧɢ
ɨ ɨɫɜɟɳ
ɧɨɦ ɩɨɫɨ
ɨɤɚɡɚɧɵ 

ɨɫɦɵɫɥɟ
ɮɨɪɦɭɥ.

ɦɚ ɪɚɡɪɭɲ
ɦɚɬɭɪɚ ɭɫ

ɦɵ ɚɪɦɢɪɨ
ɦɢ ɩɪɨɞɨɥ
ɟɪɠɧɹɦɢ (

ɶɧɨɟ ɫɟɱɟ

ɪɨɜɚɧɢɹ
ɬɪɭɢɪɨɜ

ɵɯ ɫɟɱɟɧɢɣ

ˑ˕˞	ˉˈˎ
ː˃ˆ˓˖ˊˍ

ɭɲɟɧɢɹ 
ɢɟ ɪɚɫɱɟ
ɳɟɧɵ ɜ ɥ
ɨɛɢɢ ɜ ɤɪ
 ɨɫɧɨɜɧ
ɟɧɢɹ ɪɚɛ

ɲɟɧɢɹ ɠɟ
ɫɥɨɜɧɨ ɧɟ

ɨɜɚɧɢɹ ɠɟ
ɥɶɧɨɣ ɚɪɦ
(ɯɨɦɭɬɚɦ
ɟɧɢɟ; 2 – ɧ

ɹ ɜɤɥɸɱɚ
ɜɚɧɢɟ ɢ 3

ɣ ɢɡɝɢɛɚɟɦ

ˎˈˊˑ˄ˈ˕
ˍˑˌ	

ɠɟɥɟɡɨɛ
ɬɧɨɝɨ ɚ
ɥɟɤɰɢɨɧ
ɪɚɬɤɨɣ ɢ
ɧɵɟ ɯɚɪɚ
ɨɬɵ ɠɟɥ

ɟɥɟɡɨɛɟɬɨ
ɟ ɩɨɤɚɡɚɧ

ɟɥɟɡɨɛɟɬɨ
ɦɚɬɭɪɵ ɧ
ɦɢ) ɧɚ ɩɪɢ
ɧɚɤɥɨɧɧɨ

ɚɟɬ ɜ ɫɟɛ
3) ɪɚɡɪɚ

ɦɵɯ ɷɥɟɦ

˕ˑːː˞˘	˄

ɛɟɬɨɧɧɵɯ
ɩɩɚɪɚɬɚ 
ɧɧɨɦ (ɬɟ
ɢɥɥɸɫɬɪ
ɚɤɬɟɪɧɵ
ɥɟɡɨɛɟɬɨ

 

ɧɧɨɣ ɛɚɥɤ
ɚ) 

ɨɧɧɵɯ ɛɚɥ
ɚ ɨɩɨɪɚɯ;
ɢɨɩɨɪɧɵɯ
ɟ ɫɟɱɟɧɢɟ

ɛɹ ɬɪɢ ɫ
ɚɛɨɬɤɚ ɪɚ

ɦɟɧɬɨɜ     

˄˃ˎˑˍ		

ɯ ɢɡɝɢɛɚ
ɢ ɩɪɢɧ

ɟɨɪɟɬɢɱɟ
ɪɚɬɢɜɧɨɣ
ɟ ɩɨɥɨɠ
ɨɧɧɵɯ ɛɚ

ɤɢ 

 

ɥɨɤ:  
; 

ɯ ɭɱɚɫɬɤɚɯ
ɟ 

ɫɨɫɬɚɜɧɵ
ɚɛɨɱɢɯ ɱ
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ɚɟɦɵɯ 
ɧɰɢɩɵ 

ɟɫɤɨɦ) 

ɣ ɮɨɪ-
ɠɟɧɢɹ, 
ɚɥɨɤ ɢ 

ɯ; 

ɵɟ ɱɚ-
ɱɟɪɬɟ-
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Ⱦɥ
ɫɵɥɤɢ: 

– 

ɧɢɹ (ɫɟ
(ɪɢɫ. 3.6

– ɧ
ɛɟɬɨɧɟ σ

– ɛ

Ɇu – ɭ
N

ɇɚ
ɜɚɧɧɵɟ 
ɮɨɪɦɭɥ
ɬɭɪɨɣ (

(ɪɢɫ. 3.8

ɉɪ

3.2.	ʝ

ɥɹ ɜɵɜɨɞ

ɧɚɩɪɹɠɟ
ɟɱɟɧɢɹ ɫ
6); 

ɧɚɩɪɹɠɟσ b = R b

ɛɟɬɨɧ ɪɚ

Ɋɢɫ.
Ɇ 

ɭɪɚɜɧɨɜɟɲ
Nb – ɪɚɜɧɨ

Ns – ɪɚ
1

2, 3 – ɧɨ

ɚ ɪɢɫɭɧ
ɫɨɫɬɨɹ

ɥ ɞɥɹ ɫɟɱ
(ɪɢɫ. 3.7

8), ɬɚɜɪɨ

ɉɪɨɟɤɬɢɪɨ

ʝ˔ːˑ˅˞	

ɞɚ ɪɚɫɱɟ

ɟɧɧɨ-ɞɟɮ
ɫ ɬɪɟɳɢ

ɟɧɢɹ ɜ ɦɚ
; ɜ ɚɪɦɚɬ
ɚɫɬɹɧɭɬɨ

 3.6. ɗɩɸ
– ɢɡɝɢɛɚɸ
ɲɢɜɚɸɳɢ
ɨɞɟɣɫɬɜɭɸ
ɚɜɧɨɞɟɣɫɬ
 – ɪɚɫɱɟɬ
ɨɪɦɚɥɶɧɵ

5 – ɪ

ɧɤɚɯ 3.

ɹɧɢɹ, ɪɚ
ɱɟɧɢɣ ɩ
7), ɩɪɹɦ
ɨɜɨɝɨ ɩɪ

ɨɜɚɧɢɟ ɠ

˓˃˔˚ˈ˕˃

ɟɬɧɵɯ ɮ

ɮɨɪɦɢɪɨ
ɢɧɨɣ) ɪɚ

ɚɬɟɪɢɚɥɚ
ɬɭɪɟσ s =

ɣ ɡɨɧɵ ɜ

ɸɪɵ ɧɚɩɪɹ
ɸɳɢɣ ɦɨ
ɢɣ ɦɨɦɟɧɬ
ɸɳɚɹ ɭɫɢɥ
ɬɜɭɸɳɚɹ 
ɬɧɨɟ ɧɨɪɦ
ɵɟ ɬɪɟɳɢɧ
ɪɚɫɬɹɧɭɬɚ

7–3.11 

ɚɫɫɦɚɬɪɢ
ɪɹɦɨɭɝɨ
ɦɨɭɝɨɥɶɧ
ɨɮɢɥɹ (ɪ

ɠɟɥɟɡɨɛɟɬ

˃	ˋˊˆˋ˄˃

ɨɪɦɭɥ ɩ

ɨɜɚɧɧɨɟ 
ɚɫɫɦɚɬɪɢ

ɚɯ ɩɪɢɧɢ
= R s; 

ɜ ɪɚɛɨɬɟ 

ɹɠɟɧɢɣ ɜ 
ɦɟɧɬ ɨɬ ɜ
ɬ ɜɧɭɬɪɟɧ
ɥɢɣ ɜ ɛɟɬ
ɭɫɢɥɢɣ ɜ 
ɦɚɥɶɧɨɟ ɫɟ
ɧɵ; 4 – ɫɠ
ɚɹ ɡɨɧɚ ɫɟ

ɩɨɤɚɡɚɧ
ɢɜɚɟɦɵɟ 
ɨɥɶɧɨɝɨ 
ɧɨɝɨ ɩɪɨ
ɪɢɫ. 3.9–

ɬɨɧɧɵɯ ɷɥɟ

˃ˈˏ˞˘	ˠ

ɩɪɢɧɹɬɵ

ɫɨɫɬɨɹɧ
ɢɜɚɸɬ ɜ 

ɢɦɚɸɬ ɪɚ

ɧɟ ɭɱɢɬ

ɪɚɫɱɟɬɧɨ
ɜɧɟɲɧɟɣ ɧ
ɧɧɢɯ ɭɫɢɥ
ɬɨɧɟ ɫɠɚɬɨ
ɪɚɫɬɹɧɭɬ
ɟɱɟɧɢɟ ɷɥ
ɠɚɬɚɹ ɡɨɧɚ
ɟɱɟɧɢɹ (A

ɧɵ ɧɚɩɪ
ɞɥɹ ɩɨ
ɩɪɨɮɢɥɹ
ɨɮɢɥɹ ɫ 
–3.11).  

ɟɦɟɧɬɨɜ 

ˠˎˈˏˈː˕

ɫɥɟɞɭɸ

ɧɢɟ ɪɚɫɱ
ɫɬɚɞɢɢ

ɚɜɧɵɦɢ 

ɬɵɜɚɸɬ.  

ɦ ɫɟɱɟɧɢɢ
ɧɚɝɪɭɡɤɢ;

ɥɢɣ (ɦɨɦɟ
ɨɣ ɡɨɧɵ ɫ
ɬɨɣ ɚɪɦɚɬɭ
ɥɟɦɟɧɬɚ;  
ɚ ɫɟɱɟɧɢɹ
t) 

ɪɹɠɟɧɧɨ
ɨɥɭɱɟɧɢ
ɹ ɫ ɨɞɢɧ
ɞɜɨɣɧɨ

˕ˑ˅	

ɸɳɢɟ ɩɪ

ɱɟɬɧɨɝɨ 
ɢ ɪɚɡɪɭɲ

ɪɚɫɱɟɬɧ

 

ɢ: 

 

ɟɧɬ ɫɟɱɟɧɢ
ɫɟɱɟɧɢɹ; 
ɬɭɪɟ; 

ɹ (Ab);  

ɨ-ɞɟɮɨɪɦ
ɢɹ ɪɚɫɱɟ
ɧɨɱɧɨɣ 

ɨɣ ɚɪɦɚɬ

ɪɟɞɩɨ-

ɫɟɱɟ-
ɲɟɧɢɹ  

ɧɵɦ: ɜ 

 

ɢɹ); 

ɦɢɪɨ-
ɟɬɧɵɯ 
ɚɪɦɚ-
ɬɭɪɨɣ 



Ɋɚɫ

 

ɚ –
ɩɪɹɦɨ

Ɋɢɫ. 3

ɚ – ɨɛɳ
ɢ ɱɚɫɬɶ

ɫɱɟɬ ɩɪɨɱ

– ɫɯɟɦɚ ɧ
ɨɭɝɨɥɶɧɵɯ

ɩɨ ɧ
2, 3 – ɫɨ

3.8. ɋɯɟɦ
ɩɪɹ

ɳɚɹ ɫɯɟɦɚ
ɶɸ ɪɚɫɬɹɧ

ɚɪɦ

ɱɧɨɫɬɢ ɧɨ

Ɋɢɫ. 3.7. 

ɧɚɩɪɹɠɟɧɢ
ɯ ɷɥɟɦɟɧɬ
ɧɨɪɦɚɥɶɧ
ɨɨɬɜɟɬɫɬɜ

4 – ɩ

ɦɚ ɭɫɢɥɢɣ 

ɹɦɨɭɝɨɥɶ
ɚ; ɛ – ɫɯɟɦ
ɧɭɬɨɣ ɚɪɦ
ɦɚɬɭɪɨɣ ɢ

ɨɪɦɚɥɶɧɵ

Ʉ ɪɚɫɱɟɬ
ɢɣ ɢ ɭɫɢɥ
ɬɨɜ ɫ ɨɞɢɧ
ɧɨɦɭ ɫɟɱɟɧ
ɜɟɧɧɨ ɧɨɪ
ɩɪɨɞɨɥɶɧ

ɢ ɧɚɩɪɹɠ
ɧɵɯ ɷɥɟɦ
ɦɚ ɭɫɢɥɢɣ
ɦɚɬɭɪɵ; ɜ
ɢ ɞɪɭɝɨɣ ɱ

ɵɯ ɫɟɱɟɧɢɣ

ɬɭ ɢɡɝɢɛɚɟ
ɥɢɣ ɜ ɧɨɪɦ
ɧɨɱɧɨɣ ɚɪ
ɧɢɸ; 1– ɧ
ɪɦɚɥɶɧɵɟ
ɧɚɹ ɪɚɛɨɱɚ

ɠɟɧɢɣ ɜ ɧ
ɦɟɧɬɨɜ ɫ ɞ
ɣ, ɜɨɫɩɪɢ
– ɫɯɟɦɚ ɭ
ɱɚɫɬɶɸ ɪɚ

ɣ ɢɡɝɢɛɚɟɦ

ɟɦɵɯ ɷɥɟɦ
ɦɚɥɶɧɨɦ ɪ
ɪɦɚɬɭɪɨɣ;

ɧɨɪɦɚɥɶɧ
ɟ ɢ ɧɚɤɥɨɧ
ɚɹ ɚɪɦɚɬɭ

ɧɨɪɦɚɥɶɧɨ
ɞɜɨɣɧɨɣ ɚ
ɧɢɦɚɟɦɵ
ɭɫɢɥɢɣ, ɜɨ
ɚɫɬɹɧɭɬɨɣ

ɦɵɯ ɷɥɟɦ

ɦɟɧɬɨɜ:  
ɪɚɫɱɟɬɧɨɦ
; ɛ – ɫɯɟɦ
ɨɟ ɫɟɱɟɧɢ
ɧɧɵɟ ɬɪɟɳ
ɭɪɚ 

ɨɦ ɪɚɫɱɟɬ
ɚɪɦɚɬɭɪɨɣ
ɯ ɛɟɬɨɧɨɦ
ɨɫɩɪɢɧɢɦ
ɣ ɚɪɦɚɬɭɪ

ɦɟɧɬɨɜ     

ɦ ɫɟɱɟɧɢɢ
ɦɚ ɪɚɡɪɭɲ
ɢɟ; 
ɳɢɧɵ; 

ɬɧɨɦ ɫɟɱɟ
ɣ: 

ɦ ɫɠɚɬɨɣ 

ɦɚɟɦɵɯ ɫɠ
ɪɵ 
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ɢ  

ɲɟɧɢɹ  

ɧɢɢ  

ɡɨɧɵ  

ɠɚɬɨɣ 

 



22 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɉɪɢ ɪɚɫɱɟɬɟ ɢɡɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɩɪɨɱɧɨɫɬɶ ɞɨɥɠɧɨ 
ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɭɫɥɨɜɢɟ 

M ≤ Mu (Mɫɟɱ),                                (3.1) 

ɝɞɟ M – ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɜ ɪɚɫɱɟɬɧɨɦ ɫɟɱɟɧɢɢ ɨɬ ɜɧɟɲɧɟɣ 

ɧɚɝɪɭɡɤɢ (ɨɩɪɟɞɟɥɹɟɦɵɣ ɦɟɬɨɞɚɦɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɜ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ɨɬ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɷɥɟɦɟɧɬɚ ɢɥɢ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɰɟɥɨɦ); 

Mu(Mɫɟɱ) – ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ, ɜɨɫɩɪɢɧɢɦɚɟɦɵɣ ɫɟɱɟɧɢɟɦ 

ɩɪɢ σ b = R b ɢ σ s = R s. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɦɟɧɬɚ ɜɧɭɬɪɟɧɧɢɯ ɭɫɢɥɢɣ Mu(Mɫɟɱ) ɢɫ-
ɩɨɥɶɡɭɸɬ ɭɫɥɨɜɢɹ ɪɚɜɧɨɜɟɫɢɹ: 

Σ Ɇ = 0;    Σ X = 0. 

ȼɵɜɨɞ ɪɚɫɱɟɬɧɵɯ ɮɨɪɦɭɥ ɜɵɩɨɥɧɢɦ ɞɥɹ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟ-
ɱɟɧɢɹ ɫ ɨɞɢɧɨɱɧɨɣ ɚɪɦɚɬɭɪɨɣ.  

ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ, ɩɪɢɧɢɦɚɟɦɵɟ ɜ ɪɚɫɱɟɬɧɵɯ ɮɨɪɦɭɥɚɯ: 
– ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɟɱɟɧɢɣ: 

b – ɲɢɪɢɧɚ ɫɟɱɟɧɢɹ; 
h – ɜɵɫɨɬɚ ɫɟɱɟɧɢɹ, 
h

f  – ɜɵɫɨɬɚ ɧɢɠɧɟɣ (ɪɚɫɬɹɧɭɬɨɣ) ɩɨɥɤɢ ɬɚɜɪɨɜɨɝɨ ɫɟɱɟɧɢɹ; 

fh′  – ɜɵɫɨɬɚ ɜɟɪɯɧɟɣ (ɫɠɚɬɨɣ) ɩɨɥɤɢ ɬɚɜɪɨɜɨɝɨ ɫɟɱɟɧɢɹ;  

fb  – ɲɢɪɢɧɚ ɧɢɠɧɟɣ (ɪɚɫɬɹɧɭɬɨɣ) ɩɨɥɤɢ ɬɚɜɪɨɜɨɝɨ ɫɟɱɟɧɢɹ; 

fb ′  – ɲɢɪɢɧɚ ɜɟɪɯɧɟɣ (ɫɠɚɬɨɣ) ɩɨɥɤɢ ɬɚɜɪɨɜɨɝɨ ɫɟɱɟɧɢɹ; 

0h  – ɪɚɛɨɱɚɹ ɜɵɫɨɬɚ ɫɟɱɟɧɢɹ (ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ 

ɪɚɫɬɹɧɭɬɨɣ ɚɪɦɚɬɭɪɵ ɞɨ ɜɟɪɯɧɟɣ ɫɠɚɬɨɣ ɝɪɚɧɢ ɫɟɱɟɧɢɹ); 
As – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɩɪɨɞɨɥɶɧɨɣ ɪɚɫɬɹɧɭɬɨɣ ɚɪɦɚɬɭɪɵ; 

– ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ: 
Rb – ɪɚɫɱɟɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ, Ɇɉɚ; 
Rs – ɪɚɫɱɟɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɨɱɧɨɫɬɢ ɚɪɦɚɬɭɪɧɨɣ ɫɬɚɥɢ, 

Ɇɉɚ. 
ɋɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 3.7 ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɫɠɢɦɚɸɳɢɯ ɧɚɩɪɹ-

ɠɟɧɢɣ ɜ ɫɠɚɬɨɣ ɡɨɧɟ ɛɟɬɨɧɚ  
Nb = Rb b x; 

ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɭɫɢɥɢɣ ɜ ɪɚɫɬɹɧɭɬɨɣ ɚɪɦɚɬɭɪɟ 
Ns = Rs As; 



Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɧɨɪɦɚɥɶɧɵɯ ɫɟɱɟɧɢɣ ɢɡɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ            23 

 

ɫɭɦɦɚ ɩɪɨɟɤɰɢɣ ɜɧɭɬɪɟɧɧɢɯ ɭɫɢɥɢɣ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɨɫɶ 
Rb b x = Rs As;                                   (3.2) 

ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɭɫɢɥɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɪɚɫɬɹ-
ɧɭɬɨɣ ɚɪɦɚɬɭɪɵ  

M – Rb b x (h0 – 0,5x) = 0. 

ɍɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 
M ≤ Mu = Rb b x (h0 – 0,5x),                       (3.3) 

ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɜɧɭɬɪɟɧɧɢɯ ɭɫɢɥɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɬɹ-
ɠɟɫɬɢ ɫɠɚɬɨɣ ɡɨɧɵ ɛɟɬɨɧɚ 

M – Rs As (h0 – 0,5x) = 0.                         (3.4) 

Ɏɨɪɦɭɥɵ (3.1)–(3.4) ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɪɚɫɱɟɬɚ ɢɡ-
ɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɫ ɨɞɢɧɨɱɧɨɣ ɚɪɦɚ-
ɬɭɪɨɣ ɩɪɢ  

x ≤ xR,                                        (3.5) 

ɝɞɟ xR – ɝɪɚɧɢɱɧɨɟ (ɩɪɟɞɟɥɶɧɨɟ) ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɫɠɚɬɨɣ ɡɨɧɵ. 

ȼ ɩɪɚɤɬɢɤɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɲɚɬɶ 
ɡɚɞɚɱɢ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢɡ-
ɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɮɨɪɦɭɥɵ (3.1)–(3.4). Ɉɞɧɚɤɨ ɩɪɢ ɪɟɲɟɧɢɢ ɞɪɭɝɨɣ ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɚ-
ɞɚɱɢ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢɡɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ, 
ɬ. ɟ. ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɬɪɟɛɭɟɦɨɝɨ ɚɪɦɢɪɨɜɚɧɢɹ, ɷɬɢ ɮɨɪɦɭɥɵ ɧɟ-
ɭɞɨɛɧɵ, ɢ ɩɨɷɬɨɦɭ ɢɯ ɩɪɟɨɛɪɚɡɭɸɬ, ɜɜɟɞɹ ɡɧɚɱɟɧɢɹ: ξ = x/h0 − ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɵɫɨɬɵ ɫɠɚɬɨɣ ɡɨɧɵ ɛɟɬɨɧɚ; 

Ș = 1–0,5ξ − ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɥɟɱɚ ɩɚɪɵ ɜɧɭɬɪɟɧɧɢɯ ɭɫɢɥɢɣ; 

А0 = ξ (1 – 0,5ξ) – ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɫɬɚɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɩɥɨ-
ɳɚɞɢ ɫɠɚɬɨɣ ɡɨɧɵ ɛɟɬɨɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɪɚɫɬɹɧɭɬɨɣ 

ɚɪɦɚɬɭɪɵ. 

ɉɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɭɱɢɦ ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫ-
ɱɟɬɚ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɫɟɱɟɧɢɣ ɫ ɨɞɢɧɨɱɧɨɣ ɚɪɦɚɬɭɪɨɣ: 

M ≤ A0 Rb b h 2

0  ;                                 (3.6) 

M ≤ Rs As η h0 ;                                                    (3.7) 

Rs As = Rb b ξ h0.                                 (3.8) 



24 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɉɪɟɨɛɪɚɡɨɜɚɧɧɵɟ ɮɨɪɦɭɥɵ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɪɟɲɟɧɢɢ 

ɥɸɛɵɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, ɱɬɨ ɨɛɹɡɚ-
ɬɟɥɶɧɨ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɭɫɥɨɜɢɹ 

ξ ≤ ξR; A0 ≤ AR.                                     (3.9) 

Ɂɧɚɱɟɧɢɟ ξR ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɨ ɩɨ ɮɨɪɦɭɥɚ (8.1) [9];  

ɩɪɢɧɢɦɚɹ İs.el = Rs /Es; İb2 = 0,0035 (ɞɥɹ ɛɟɬɨɧɨɜ ȼ60 ɢ ɧɢɠɟ – ɫɦ. [9, 

ɩ. 6.1.20]), ɩɨɥɭɱɢɦ: 

ξR = 

2

1

80

b

el.s

,

ε
ε+  = 

sR,

,

00142901

80

+ ;                  (3.10) 

АR = ξ R(1 – 0,5 ξR).                         (3.11) 

ȼ ɩɪɚɤɬɢɤɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɫ-
ɩɨɥɶɡɭɸɬ ɬɚɛɭɥɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ξR, AR, ξ, η ɢ А0 (ɬɚɛɥ. 3.1 ɢ 3.2). 

Ɍɚɛɥɢɰɚ 3.1 

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ξR ɢ AR  

Ʉɨɷɮɮɢɰɢɟɧɬ Ʉɥɚɫɫ ɚɪɦɚɬɭɪɵ 

A400 (Ⱥ-III ) 

Rs = 350 Ɇɉɚ 
A240(Ⱥ-I) 

Rs = 210 Ɇɉɚ 
B500 (Bp-I) 

Rs = 415 Ɇɉɚ 
ξR 0,531 0,612 0,502 

AR  0,390 0,425 0,376 

Ɍɚɛɥɢɰɚ 3.2 

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ξ, η, A0 

ξ η(ȗ) A0 (αm) ξ η(ȗ) A0 (αm) 

0,01 0,995 0,01 0,12 0,94 0,113 

0,02 0,99 0,02 0,13 0,935 0,121 

0,03 0,985 0,03 0,14 0,93 0,13 

0,04 0,98 0,039 0,15 0,925 0,139 

0,05 0,975 0,048 0,16 0,92 0,147 

0,06 0,97 0,058 0,17 0,915 0,155 

0,07 0,965 0,067 0,18 0,91 0,164 

0,08 0,96 0,077 0,19 0,905 0,172 

0,09 0,955 0,085 0,2 0,9 0,18 

0,1 0,95 0,095 0,21 0,895 0,188 

0,11 0,945 0,104 0,22 0,89 0,196 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥ. 3.2 

ξ η(ȗ) A0 (αm) ξ η(ȗ) A0 (αm) 

0,23 0,885 0,203 0,47 0,765 0,359 

0,24 0,88 0,211 0,48 0,76 0,365 

0,25 0,875 0,219 0,49 0,755 0,37 

0,26 0,87 0,226 0,5 0,75 0,375 

0,27 0,865 0,236 0,51 0,745 0,38 

0,28 0,86 0,241 0,52 0,74 0,385 

0,29 0,855 0,248 0,53 0,735 0,39 

0,3 0,85 0,255 0,54 0,73 0,394 

0,31 0,845 0,262 0,55 0,725 0,399 

0,32 0,84 0,269 0,56 0,72 0,403 

0,33 0,835 0,275 0,57 0,715 0,408 

0,34 0,83 0,282 0,58 0,71 0,412 

0,35 0,825 0,289 0,59 0,705 0,416 

0,36 0,82 0,295 0,6 0,7 0,42 

0,37 0,815 0,301 0,61 0,695 0,424 

0,38 0,81 0,309 0,62 0,69 0,428 

0,39 0,805 0,314 0,63 0,685 0,432 

0,4 0,8 0,32 0,64 0,68 0,435 

0,41 0,795 0,326 0,65 0,675 0,439 

0,42 0,79 0,332 0,66 0,67 0,442 

0,43 0,785 0,337 0,67 0,665 0,446 

0,44 0,78 0,343 0,68 0,66 0,449 

0,45 0,775 0,349 0,69 0,655 0,452 

0,46 0,77 0,354 0,7 0,65 0,455 

ɉɪɢɦɟɱɚɧɢɟ. ȼ ɭɱɟɛɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɨ ɪɚɫɱɟɬɭ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶɫɹ ɪɚɡɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ: ɤɨɷɮɮɢ-

ɰɢɟɧɬ η ɦɨɠɟɬ ɨɛɨɡɧɚɱɚɬɶɫɹ ɛɭɤɜɨɣ ȗ; ɤɨɷɮɮɢɰɢɟɧɬ A0 ɨɛɨɡɧɚɱɚɟɬɫɹ αm. 

ȼ ɩɪɚɤɬɢɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɞɜɟ ɩɪɚɤɬɢɱɟɫɤɢɟ 
ɡɚɞɚɱɢ:  

1) ɡɚɞɚɱɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɨɬɨɜɵɯ ɛɚɥɨɤ (ɢɥɢ ɞɪɭɝɢɯ ɷɥɟɦɟɧ-

ɬɨɜ) ɜ ɡɞɚɧɢɹɯ ɢɥɢ ɫɨɨɪɭɠɟɧɢɹɯ; 
2) ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢɡɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ, ɬ. ɟ. ɩɨɞɛɨɪ ɫɟɱɟ-

ɧɢɹ ɷɥɟɦɟɧɬɚ ɢ ɟɝɨ ɚɪɦɢɪɨɜɚɧɢɹ. 
ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɧɟɫɭɳɭɸ ɫɩɨɫɨɛ-

ɧɨɫɬɶ ɛɚɥɤɢ, ɬ. ɟ. ɦɚɤɫɢɦɚɥɶɧɵɣ ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ, ɤɨɬɨɪɵɣ ɦɨ-
ɝɭɬ ɜɨɫɩɪɢɧɢɦɚɬɶ ɧɨɪɦɚɥɶɧɵɟ (ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɟ ɩɪɨɞɨɥɶɧɨɣ 

ɨɫɢ) ɫɟɱɟɧɢɹ ɛɚɥɤɢ ɫ ɮɚɤɬɢɱɟɫɤɢɦɢ ɪɚɡɦɟɪɚɦɢ ɢ ɚɪɦɢɪɨɜɚɧɢɟɦ. 



26 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɬɚɤɨɣ ɡɚɞɚɱɢ ɨ ɛɚɥɤɟ ɞɨɥɠɧɨ ɛɵɬɶ ɢɡɜɟɫɬɧɨ ɜɫё! 
ɂɧɮɨɪɦɚɰɢɸ ɨ ɛɚɥɤɟ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɡ ɪɚɛɨɱɢɯ ɱɟɪɬɟɠɟɣ, ɩɨ ɤɨ-
ɬɨɪɵɦ ɷɬɚ ɛɚɥɤɚ ɛɵɥɚ ɢɡɝɨɬɨɜɥɟɧɚ: ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ, ɤɥɚɫɫ ɛɟɬɨɧɚ, 
ɤɨɥɢɱɟɫɬɜɨ ɫɬɟɪɠɧɟɣ, ɢɯ ɞɢɚɦɟɬɪ ɢ ɤɥɚɫɫ ɚɪɦɚɬɭɪɧɨɣ ɫɬɚɥɢ; ɪɚɡ-
ɦɟɳɟɧɢɟ ɪɚɛɨɱɟɣ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ. 

ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɪɚɛɨɱɢɯ ɱɟɪɬɟɠɟɣ ɜɫɸ ɷɬɭ ɢɧɮɨɪɦɚɰɢɸ 

ɩɨɥɭɱɚɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ: ɢɡɦɟɪɹɸɬ, ɨɩɪɟɞɟɥɹɸɬ 

ɤɥɚɫɫ ɛɟɬɨɧɚ ɢ ɚɪɦɚɬɭɪɵ ɢ ɬ. ɞ. 
Ɉɩɪɟɞɟɥɹɸɬ ɧɟɫɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɛɚɥɤɢ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɵ 

(3.2)–(3.5) ɥɢɛɨ ɮɨɪɦɭɥɵ (3.6)–(3.9). 

ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ, ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ ɢɥɢ ɢɯ ɷɥɟɦɟɧɬɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɡɧɚɱɢɬɶ ɪɚɡɦɟɪɵ ɩɨɩɟ-
ɪɟɱɧɵɯ ɫɟɱɟɧɢɣ ɢɡɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɪɚɫɫɱɢɬɚɬɶ ɬɪɟɛɭɟɦɨɟ ɤɨ-
ɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ. 

ɉɪɢ ɪɟɲɟɧɢɢ ɬɚɤɨɝɨ ɪɨɞɚ ɡɚɞɚɱ ɦɨɠɟɬ ɛɵɬɶ ɢɡɜɟɫɬɟɧ ɬɨɥɶɤɨ 
ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɨɬ ɜɧɟɲɧɢɯ ɧɚɝɪɭɡɨɤ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɣ ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɨɪɦɭɥɵ (3.6). 

ɉɪɢɧɢɦɚɹ b = (0,4...0,5)h0 ɢ А0 = 0,35...0,4 ≤ AR , ɚ ɬɚɤɠɟ ɜɵ-

ɛɪɚɜ ɜɢɞɵ ɢ ɤɥɚɫɫɵ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɥɭɱɢɦ  

h0 = 1,8 3

bR

M
.                                        (3.12) 

Ɋɚɡɦɟɪɵ ɫɟɱɟɧɢɣ ɛɚɥɨɤ ɩɪɢɧɢɦɚɸɬ ɤɪɚɬɧɵɦɢ 50 ɦɦ (150×300, 

200×400, 250×500, 300×600 ɢ ɬ. ɞ.)  

ȼ ɪɟɚɥɶɧɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɭɱɢɬɵɜɚɸɬ ɬɚɤɠɟ ɚɪɯɢɬɟɤɬɭɪɧɨ-
ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɟɲɟɧɢɹ ɭɡɥɨɜ ɢ ɫɨɟɞɢɧɟɧɢɣ ɫ ɞɪɭɝɢɦɢ ɷɥɟɦɟɧɬɚ-
ɦɢ. 

Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɹɬ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɵ (3.6)–(3.9). 

3.3.	ʞ˓ˑ˅ˈ˓ˍ˃	˒˓ˑ˚ːˑ˔˕ˋ	ˋˊˆˋ˄˃ˈˏ˞˘	ˠˎˈˏˈː˕ˑ˅		
˒˓ˢˏˑ˖ˆˑˎ˟ːˑˆˑ	˒˓ˑ˗ˋˎˢ	˔	ˑˇˋːˑ˚ːˑˌ	˃˓ˏ˃˕˖˓ˑˌ	

  

Ɉɩɪɟɞɟɥɢɬɶ ɧɟɫɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɛɚɥɤɢ Mu (Mɫɟɱ) (ɫɦ. ɪɢɫ. 
3.7, ɚ). 
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 : ɫɟɱɟɧɢɟ ɛɚɥɤɢ 300×600 ɦɦ; ɪɚɛɨɱɚɹ ɜɵɫɨ-
ɬɚ h0 = 0,55 ɦ; ɛɟɬɨɧ ɤɥɚɫɫɚ ȼ20; ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ – 

Rb = 11,5 Ɇɉɚ (ɬɚɛɥ. ɉ1.2), ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ 

ɛɟɬɨɧɚ  γb1 = 0,9 [9, ɩ. 6.1.12]; Rb = 11,5 × 0,9 = 10,35 Ɇɉɚ; ɪɚɛɨɱɚɹ 
(ɩɪɨɞɨɥɶɧɚɹ) ɚɪɦɚɬɭɪɚ – 5∅25Ⱥ400; ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ As = 24,54 ɫɦ2 

(ɬɚɛɥ. ɉ1.1).  

Рɟшɟɧиɟ 
ɂɡ ɭɪɚɜɧɟɧɢɹ (3.8) ɧɚɯɨɞɢɦ ɜɵɫɨɬɭ ɫɠɚɬɨɣ ɡɨɧɵ ɛɟɬɨɧɚ: 

ɯ = 
bR

AR

b

ss  = 
303510

105424350 4

,,

,

⋅
⋅⋅ −

 = 0,277 ɦ. 

ɉɪɨɜɟɪɹɟɦ ɭɫɥɨɜɢɟ (3.5)  ɯ ≤ xR, ɝɞɟ xR = ξR h0. 

ɉɨ ɬɚɛɥɢɰɟ 3.2 ɧɚɯɨɞɢɦ ξR = 0,531.  

ɯ = 0,277 ɦ ≤ xR = ξR h0 = 0,531 ⋅ 0,55 = 0,293 ɦ, ɭɫɥɨɜɢɟ (3.5) 

ɜɵɩɨɥɧɟɧɨ. 
ɇɟɫɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɛɚɥɤɢ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (3.3): 

Mu = Rb b ɯ (h0 – 0,5x) = 

= 10,35 ⋅ 0,3 ⋅ 0,277 (0,55 − 0,5 ⋅ 0,277) = 0,354 Ɇɇ⋅ɦ. 

ʖ˃ˇ˃ːˋˢ	ˇˎˢ	˔˃ˏˑ˔˕ˑˢ˕ˈˎ˟ːˑˌ	˓˃˄ˑ˕˞	

 3.1. Ɉɩɪɟɞɟɥɢɬɶ ɧɟɫɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ Mu (Mɫɟɱ) ɠɟɥɟ-
ɡɨɛɟɬɨɧɧɨɣ ɛɚɥɤɢ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɢɧɹɬɶ ɩɨ ɬɚɛɥɢɰɟ 3.3. ȼɨ 
ɜɫɟɯ ɩɪɢɦɟɪɚɯ ɩɪɢɧɹɬɶ γb1 = 0,9. 

Ɍɚɛɥɢɰɚ 3.3 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɤ ɡɚɞɚɱɟ 3.1 

ɇɨɦɟɪ  
ɩɨ ɫɩɢɫɤɭ  
ɝɪɭɩɩɵ 

Ɋɚɡɦɟɪɵ ɫɟɱɟɧɢɹ Ɋɚɛɨɱɚɹ  
ɩɪɨɞɨɥɶɧɚɹ 
ɚɪɦɚɬɭɪɚ 

Ʉɥɚɫɫ 
ɛɟɬɨɧɚ ɲɢɪɢɧɚ 

b, ɦɦ 

ɜɵɫɨɬɚ (ɪɚɛɨɱɚɹ ɜɵɫɨɬɚ) 
h (h0), ɦɦ 

1 

200 400 (350) 

4∅16 Ⱥ400 ȼ15 

2 4∅18 Ⱥ500 ȼ20 

3 4∅20 Ⱥ400 ȼ25 

4 4∅25 Ⱥ500 ȼ 15 

5 

250 500 (450) 

4∅20 Ⱥ500 ȼ20 

6 4∅25 Ⱥ400 ȼ25 

7 4∅28 Ⱥ400 ȼ15 

8 4∅25 Ⱥ400 ȼ20 



28 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥ. 3.3 

ɇɨɦɟɪ  
ɩɨ ɫɩɢɫɤɭ  
ɝɪɭɩɩɵ 

Ɋɚɡɦɟɪɵ ɫɟɱɟɧɢɹ Ɋɚɛɨɱɚɹ  
ɩɪɨɞɨɥɶɧɚɹ 
ɚɪɦɚɬɭɪɚ 

Ʉɥɚɫɫ 
ɛɟɬɨɧɚ ɲɢɪɢɧɚ 

b, ɦɦ 

ɜɵɫɨɬɚ (ɪɚɛɨɱɚɹ ɜɵɫɨɬɚ) 
h (h0), ɦɦ 

9 

300 600 (530) 

4∅22 Ⱥ500 ȼ25 

10 5∅28 Ⱥ500 ȼ15 

11 6∅20 Ⱥ400 ȼ20 

12 6∅32 Ⱥ500 ȼ25 

13 6∅28 Ⱥ400 ȼ15 

14 5∅32 Ⱥ500 ȼ20 

15 

200 500 (450) 

4∅16 Ⱥ400 ȼ25 

16 4∅16 Ⱥ500 ȼ15 

17 4∅16 Ⱥ400 ȼ20 

18 4∅16 Ⱥ500 ȼ25 

19 

400 800 (730) 

6∅25 Ⱥ500 ȼ15 

20 8∅32 Ⱥ600 ȼ20 

21 6∅28 Ⱥ600 ȼ25 

22 

400 700 (630) 

6∅36 Ⱥ500 ȼ15 

23 8∅32 Ⱥ600 ȼ20 

24 6∅32 Ⱥ500 ȼ25 

25 350 600 (530) 5∅28 Ⱥ500 ȼ15 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɡɚɞɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ: 
1) ɜɵɱɟɪɬɢɬɶ ɷɫɤɢɡ ɫɟɱɟɧɢɹ; 
2) ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɫɠɚɬɨɣ ɡɨɧɵ ɢ ɜɵɞɟɥɢɬɶ ɫɠɚ-

ɬɭɸ ɡɨɧɭ ɧɚ ɷɫɤɢɡɟ; 
3) ɩɪɨɜɟɪɢɬɶ ɭɫɥɨɜɢɟ (3.9), ɧɟ ɩɟɪɟɚɪɦɢɪɨɜɚɧɚ ɥɢ ɛɚɥɤɚ; 
4) ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬɵ; 

5) ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɜɵɜɨɞ.  

3.4.	ʟ˃˔˚ˈ˕	ˋˊˆˋ˄˃ˈˏ˞˘	ˠˎˈˏˈː˕ˑ˅	˒˓ˢˏˑ˖ˆˑˎ˟ːˑˆˑ		
˒˓ˑ˗ˋˎˢ	˔	ˑˇˋːˑ˚ːˑˌ	˃˓ˏ˃˕˖˓ˑˌ	

(˒˓ˑˈˍ˕ˋ˓ˑ˅˃ːˋˈ	˄˃ˎˍˋ:	ː˃ˊː˃˚ˈːˋˈ	˓˃ˊˏˈ˓ˑ˅	˔ˈ˚ˈːˋˢ,		
˓˃˔˚ˈ˕	˕˓ˈ˄˖ˈˏˑˆˑ	ˍˑˎˋ˚ˈ˔˕˅˃	˃˓ˏ˃˕˖˓˞)	

  

Ɉɩɪɟɞɟɥɢɬɶ ɪɚɡɦɟɪɵ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɢɡɝɢɛɚɟɦɨɝɨ ɷɥɟ-
ɦɟɧɬɚ ɢ ɪɚɫɫɱɢɬɚɬɶ ɬɪɟɛɭɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ. 
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Исхɨɞɧыɟ ɞаɧɧыɟ: ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ Ɇ = 120 ɤɇ⋅ɦ; ɪɚɛɨ-
ɱɚɹ (ɩɪɨɞɨɥɶɧɚɹ) ɚɪɦɚɬɭɪɚ ɤɥɚɫɫɚ Ⱥ400, ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɚɪɦɚɬɭɪɵ Rs = 350 Ɇɉɚ (ɫɦ. ɬɚɛɥ. ɉ1.1); ɛɟɬɨɧ ɤɥɚɫɫɚ ȼ20,  

ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ Rb = 11,5 Ɇɉɚ (ɫɦ. ɬɚɛɥ. ɉ1.2),  

ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɛɟɬɨɧɚ γb1 [9, ɩ.6.1.12]  

Rb = 11,5 × 0,9 = 10,35 Ɇɉɚ. 
Рɟшɟɧиɟ  
Ɉɩɪɟɞɟɥɢɦ ɪɚɡɦɟɪɵ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɷɥɟɦɟɧɬɚ, ɩɪɟɞɜɚ-

ɪɢɬɟɥɶɧɨ ɜɵɱɢɫɥɢɜ  

h0 = 1,8 3

bR

M
 = 1,8 3

3510

120

,

,
 = 0,4074 ɦ. 

ɇɚɡɧɚɱɚɟɦ ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ 200×500 ɦɦ.  

h0 = h – a = 500 – 50 = 450 ɦɦ. 

ɋ ɭɱɟɬɨɦ ɩɪɢɧɹɬɵɯ ɪɚɡɦɟɪɨɜ ɫɟɱɟɧɢɹ ɜɵɱɢɫɥɹɟɦ 

А0 = Ɇ/(Rb b 2

0h ) = 0,12/(10,35 ⋅ 0,2 ⋅ 0,45
2
) = 0,286. 

ɉɪɨɜɟɪɢɦ ɭɫɥɨɜɢɟ: A0 = 0,286 ≤ AR = 0,390. ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟ-
ɧɨ.  

ɉɨ ɬɚɛɥɢɰɟ 3.2 ɩɪɢ A0 = 0,286 ɧɚɯɨɞɢɦ (ɩɨ ɢɧɬɟɪɩɨɥɹɰɢɢ)  ξ = 0,345.  

Ɂɧɚɱɟɧɢɟ ξ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ ξ = 1 – 
021 А− =  

= 1 – 286021 ,⋅−  = 0,345. 

Ɍɪɟɛɭɟɦɭɸ ɩɥɨɳɚɞɶ ɚɪɦɚɬɭɪɵ ɜɵɱɢɫɥɢɦ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ 
(3.7): 

As = Rb bξ h0 /Rs = 10,35 ⋅ 0,2 ⋅ 0,345⋅ 0,45/350 = 

= 9,18 ⋅ 10
-4

 ɦ2
 = 9,18 ɫɦ2

. 

ɉɨ ɫɨɪɬɚɦɟɧɬɭ ɩɪɢɧɢɦɚɟɦ 2∅25 Ⱥ400 ɫ As, ɮɚɤɬ = 9,82 ɫɦ2
, ɢɥɢ 

3∅20 Ⱥ400 ɫ As, ɮɚɤɬ = 9,41 ɫɦ2
, ɢɥɢ 4∅18 Ⱥ400 ɫ As, ɮɚɤɬ = 10,18 ɫɦ2

. 

Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɜɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɢ ɞɢɚɦɟɬɪɚ ɫɬɟɪɠɧɟɣ ɩɪɨ-
ɢɡɜɨɞɹɬ ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɷɥɟɦɟɧɬɚ. 

ʖ˃ˇ˃ːˋˢ	ˇˎˢ	˔˃ˏˑ˔˕ˑˢ˕ˈˎ˟ːˑˌ	˓˃˄ˑ˕˞			

 3.2. ɇɚɡɧɚɱɢɬɶ ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ ɛɚɥɤɢ, ɪɚɫɫɱɢɬɚɬɶ 
ɬɪɟɛɭɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ. 



30 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɢɧɹɬɶ ɩɨ ɬɚɛɥɢɰɟ 3.4. ȼɨ ɜɫɟɯ ɩɪɢɦɟɪɚɯ 
ɩɪɢɧɹɬɶ γb1 = 0,9. 

Ɍɚɛɥɢɰɚ 3.4 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɤ ɡɚɞɚɱɟ 3.2 

ɇɨɦɟɪ ɩɨ 
ɫɩɢɫɤɭ 
ɝɪɭɩɩɵ 

Ʉɥɚɫɫ 
ɛɟɬɨɧɚ 

Ʉɥɚɫɫ  
ɚɪɦɚɬɭɪɵ 

M, 
ɤɇɦ 

ɇɨɦɟɪ ɩɨ
ɫɩɢɫɤɭ 
ɝɪɭɩɩɵ 

Ʉɥɚɫɫ 
ɛɟɬɨɧɚ 

Ʉɥɚɫɫ  
ɚɪɦɚɬɭɪɵ 

M, 
ɤɇɦ 

1 ȼ15 Ⱥ400 170 13 ȼ15 Ⱥ500 161 

2 ȼ20 Ⱥ500 180 14 ȼ20 Ⱥ400 187 

3 ȼ25 Ⱥ400 182 15 ȼ25 Ⱥ500 196 

4 ȼ15 Ⱥ500 175 16 ȼ15 Ⱥ400 166 

5 ȼ20 Ⱥ400 185 17 ȼ20 Ⱥ500 196 

6 ȼ25 Ⱥ500 193 18 ȼ25 Ⱥ400 180 

7 ȼ15 Ⱥ400 151 19 ȼ15 Ⱥ500 180 

8 ȼ20 Ⱥ500 165 20 ȼ20 Ⱥ400 190 

9 ȼ25 Ⱥ400 175 21 ȼ25 Ⱥ500 215 

10 ȼ15 Ⱥ500 172 22 ȼ15 Ⱥ400 190 

11 ȼ20 Ⱥ400 182 23 ȼ20 Ⱥ500 195 

12 ȼ25 Ⱥ500 180 24 ȼ25 Ⱥ500 201

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɡɚɞɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ: 
1) ɨɩɪɟɞɟɥɢɬɶ (ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ) ɪɚɡɦɟɪɵ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 

ɛɚɥɤɢ; 
2) ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬɵ; 
3) ɜɵɱɟɪɬɢɬɶ ɷɫɤɢɡ ɫɟɱɟɧɢɹ; 
4) ɭɬɨɱɧɢɬɶ ɪɚɡɦɟɪ ɪɚɛɨɱɟɣ ɜɵɫɨɬɵ ɫɟɱɟɧɢɹ; 
5) ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɩɨɥɧɢɬɶ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ. 

ʞʟʏʙʡʗʦʔʠʙʝʔ	ʖʏʜЯʡʗʔ	№	4	
ʟ˃˔˚ˈ˕	˒˓ˑ˚ːˑ˔˕ˋ	ːˑ˓ˏ˃ˎ˟ː˞˘	˔ˈ˚ˈːˋˌ		

ˋˊˆˋ˄˃ˈˏ˞˘	ˠˎˈˏˈː˕ˑ˅	˕˃˅˓ˑ˅ˑˆˑ	˒˓ˑ˗ˋˎˢ		

Ⱥɧɚɥɨɝɢɱɧɨ ɩɨɥɭɱɚɸɬ ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɞɪɭɝɢɯ ɜɢɞɨɜ 
ɫɟɱɟɧɢɣ ɤɚɤ ɫ ɨɞɢɧɨɱɧɵɦ, ɬɚɤ ɢ ɫ ɞɜɨɣɧɵɦ ɚɪɦɢɪɨɜɚɧɢɟɦ  
(ɪɢɫ. 4.1–4.3). ɉɪɢ ɷɬɨɦ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ ɬɚɜɪɨɜɵɯ ɫɟɱɟɧɢɣ 
ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɭɧɢɜɟɪɫɚɥɶɧɵɟ; ɩɪɢɧɢɦɚɹ bb f =′ , ɩɨ-
ɥɭɱɢɦ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɫɟɱɟɧɢɣ ɫ ɞɜɨɣɧɨɣ ɚɪ-
ɦɚɬɭɪɨɣ, ɩɪɢɧɢɦɚɹ bb f =′  0=′sA , ɩɨɥɭɱɢɦ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ 
ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɫɟɱɟɧɢɣ ɫ ɨɞɢɧɨɱɧɨɣ ɚɪɦɚɬɭɪɨɣ. 



 

1-ɣ ɫɥɭ
ɩ

2-

ɧɚɩɪɹɠɟ

Ɋɢɫ. 4

Ɋɚɫɱɟɬ ɩ

Ɋɢɫ.
ɭɱɚɣ (ɫɠɚɬ
ɩɪɨɯɨɞɢɬ

Ɋɢɫ.
-ɣ ɫɥɭɱɚɣ 

ɟɧɢɣ ɢ ɭɫɢ

4.3. ɋɯɟɦ

ɩɪɨɱɧɨɫɬ

. 4.1. Ɍɚɜɪ
ɬɚɹ ɡɨɧɚ ɫ
ɬ ɜ ɩɪɟɞɟɥ

. 4.2. Ɍɚɜɪ
(ɧɭɥɟɜɚɹ
ɢɥɢɣ ɜ ɪɟ
ɩɨɥɨɤ ɛɚɥ

ɦɚ ɭɫɢɥɢɣ 

ɬɚɜɪɨɜɨ

ɬɢ ɢɡɝɢɛɚɟ

ɪɨɜɨɟ ɫɟɱ
ɫɟɱɟɧɢɹ ɧ
ɥɚɯ ɩɨɥɤɢ

ɪɨɜɨɟ ɫɟɱ
ɹ ɥɢɧɢɹ ɩɪ
ɟɛɪɟ ɛɚɥɤɢ
ɥɤɢ; ɜ – ɧ

ɢ ɧɚɩɪɹɠ
ɨɝɨ ɩɪɨɮɢ

ɟɦɵɯ ɷɥɟɦ

ɱɟɧɢɟ ɫ ɨɞ
ɧɚɯɨɞɢɬɫɹ
ɢ): 4 – ɪɟɛ

ɱɟɧɢɟ ɫ ɨɞ
ɪɨɯɨɞɢɬ ɜ
ɢ; ɛ – ɫɯɟ
ɧɨɪɦɚɥɶɧɨ

ɠɟɧɢɣ ɜ ɧ
ɢɥɹ ɫ ɞɜɨɣ

ɦɟɧɬɨɜ ɬ

ɞɢɧɨɱɧɨɣ 

ɹ ɜɵɲɟ ɪɟ
ɛɪɨ ɛɚɥɤɢ

ɞɢɧɨɱɧɨɣ 

ɜ ɩɪɟɞɟɥɚɯ
ɟɦɚ ɧɚɩɪɹ
ɨɟ ɫɟɱɟɧɢ

ɧɨɪɦɚɥɶɧɨ
ɣɧɨɣ ɚɪɦɚ

ɚɜɪɨɜɨɝɨ 

ɚɪɦɚɬɭɪɨ
ɟɛɪɚ, ɬ. ɟ. 
; 5 – ɩɨɥɤ

ɚɪɦɚɬɭɪɨ
ɯ ɪɟɛɪɚ): 
ɠɟɧɢɣ ɢ ɭ
ɢɟ ɛɚɥɤɢ  

ɨɦ ɪɚɫɱɟɬ
ɚɬɭɪɨɣ 

 ɩɪɨɮɢɥɹ

 

ɨɣ. 

ɧɭɥɟɜɚɹ ɥ
ɤɚ ɛɚɥɤɢ 

ɨɣ. 

ɚ – ɫɯɟɦɚ
ɭɫɢɥɢɣ ɜ 

ɬɧɨɦ ɫɟɱɟ
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ɥɢɧɢɹ 

ɚ  
ɫɜɟɫɚɯ 

ɧɢɢ  

 

 



32 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɉɪɢ ɪɚɫɱɟɬɟ ɢɡɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɬɚɜɪɨɜɨɝɨ ɩɪɨɮɢɥɹ ɜɨɡ-
ɦɨɠɧɵ ɞɜɚ ɫɥɭɱɚɹ ɩɨɥɨɠɟɧɢɹ ɧɭɥɟɜɨɣ ɥɢɧɢɢ (ɝɪɚɧɢɰɵ ɦɟɠɞɭ ɫɠɚ-
ɬɨɣ ɢ ɪɚɫɬɹɧɭɬɨɣ ɡɨɧɚɦɢ): 

1) ɧɭɥɟɜɚɹ ɥɢɧɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɥɤɟ (ɫɦ. ɪɢɫ. 3.9); 

2) ɧɭɥɟɜɚɹ ɥɢɧɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɪɟɛɪɟ (ɫɦ. ɪɢɫ. 3.10). 

ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɪɚɫɱɟɬ ɬɚɜɪɨɜɵɯ ɫɟɱɟɧɢɣ ɜɵɩɨɥɧɹɸɬ ɩɨ 
ɮɨɪɦɭɥɚɦ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɫɟɱɟɧɢɣ, ɩɪɢɧɢɦɚɹ ɜ ɧɢɯ  
b =

fb′ . 

ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɪɚɫɱɟɬ ɜɟɞɭɬ ɩɨ ɮɨɪɦɭɥɚɦ 

M ≤ A0 Rb b 2

0 h  + Rb( fb ′  − b) 
fh ′  (h0 − 0,5 

fh ′ ) + As
/
 Rs

/
(h0 – a

/
);   (4.1) 

Rs As = Rb bξ h0 + Rb( fb ′  − b) 
fh ′  + As

/
Rs

/
.              (4.2) 

Ɏɨɪɦɭɥɵ (4.1) ɢ (4.2) ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɪɟɲɟɧɢɢ ɥɸ-

ɛɵɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɥɹ ɫɥɭɱɚɹ ɩɨɥɨɠɟɧɢɹ ɧɭɥɟ-
ɜɨɣ ɥɢɧɢɢ ɜ ɩɨɥɤɟ, ɩɪɢɧɢɦɚɹ ɜ ɧɢɯ b = 

fb ′ ; ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɟɪɯɧɟɣ 

ɚɪɦɚɬɭɪɵ ɩɪɢɧɢɦɚɸɬ As
/ 
= 0. 

ɋɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, ɱɬɨ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɨɛɹɡɚɬɟɥɶɧɨ ɞɨɥɠɧɵ 

ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɭɫɥɨɜɢɹ (3.9). 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɹ ɪɚɫɱɟɬɚ (ɩɨɥɨɠɟɧɢɹ ɧɭɥɟɜɨɣ ɥɢɧɢɢ) 

ɦɨɠɧɨ ɢɡ ɮɨɪɦɭɥɵ (4.2) ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɵɫɨ-
ɬɵ ɫɠɚɬɨɣ ɡɨɧɵ ξ, ɩɪɢɧɢɦɚɹ b = 

fb ′ .
.  

ȿɫɥɢ x = ξ h0 ≤ 
fh ′ , ɧɭɥɟɜɚɹ ɥɢɧɢɹ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɩɨɥɤɟ (1 

ɫɥɭɱɚɣ); ɟɫɥɢ x = ξ h0 > 
fh ′ , ɧɭɥɟɜɚɹ ɥɢɧɢɹ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɪɟɛɪɟ (2 

ɫɥɭɱɚɣ). 

4.1.	ʞ˓ˑ˅ˈ˓ˍ˃	˒˓ˑ˚ːˑ˔˕ˋ	ˉˈˎˈˊˑ˄ˈ˕ˑːː˞˘	˄˃ˎˑˍ	˕˃˅˓ˑ˅ˑˆˑ	
˒˓ˑ˗ˋˎˢ	(ˑ˒˓ˈˇˈˎˈːˋˈ	ːˈ˔˖˜ˈˌ	˔˒ˑ˔ˑ˄ːˑ˔˕ˋ	Mu)	

ɍɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ Ɇ ≤ Mu, ɝɞɟ Ɇ – ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɨɬ 
ɜɧɟɲɧɢɯ ɭɫɢɥɢɣ. 

ɉɪɨɜɟɪɤɭ ɩɪɨɱɧɨɫɬɢ ɧɨɪɦɚɥɶɧɵɯ ɫɟɱɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɬɚɜɪɨɜɨ-
ɝɨ ɩɪɨɮɢɥɹ (ɢɡɜɟɫɬɧɵ ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ, ɤɥɚɫɫ ɛɟɬɨɧɚ, ɤɨɥɢɱɟɫɬɜɨ 
ɫɬɟɪɠɧɟɣ, ɢɯ ɞɢɚɦɟɬɪ ɢ ɤɥɚɫɫ ɚɪɦɚɬɭɪɧɨɣ ɫɬɚɥɢ; ɪɚɡɦɟɳɟɧɢɟ ɪɚɛɨ-



Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɢɡɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɬɚɜɪɨɜɨɝɨ ɩɪɨɮɢɥɹ       33 

 

ɱɟɣ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ) ɜɵɩɨɥɧɹɸɬ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɢ: 

1) ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɫɥɭɱɚɣ ɪɚɫɱɟɬɚ, ɬ. ɟ. ɨɩɪɟɞɟɥɹɸɬ ɩɨɥɨɠɟɧɢɟ 
ɝɪɚɧɢɰɵ ɫɠɚɬɨɣ ɡɨɧɵ ɛɟɬɨɧɚ (ɧɭɥɟɜɨɣ ɥɢɧɢɢ); 

2) ɜɵɱɢɫɥɹɸɬ ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɟɥɢɱɢɧɵ ɫɠɚɬɨɣ ɡɨɧɵ 

ξ ɩɨ ɮɨɪɦɭɥɟ (4.1) ɞɥɹ 1-ɝɨ ɫɥɭɱɚɹ ɪɚɫɱɟɬɚ (ɩɪɢ b = fb′ .
), ɩɨ ɮɨɪɦɭ-

ɥɟ (4.2) – ɞɥɹ 2-ɝɨ ɫɥɭɱɚɹ ɪɚɫɱɟɬɚ; 
3) ɨɩɪɟɞɟɥɹɸɬ ɡɧɚɱɟɧɢɟ А0 ɩɨ ɬɚɛɥɢɰɟ 3.2 ɢɥɢ ɩɨ ɮɨɪɦɭɥɟ  

А0 = ξ (1 – 0,5ξ);                            (4.3) 

4) ɨɩɪɟɞɟɥɹɸɬ ɧɟɫɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ Mu (Mɫɟɱ) ɩɨ ɮɨɪɦɭɥɟ 
(3.1); 

Mu = A0 Rb b h 2

0
 + Rb( fb′  − b) 

fh ′  (h0 − 0,5 h
|
f )+ As

/
 Rs

/
(h0 – a

/
);   

5) ɩɪɢ A0 > AR (ξ > ξR) ɨɩɪɟɞɟɥɹɸɬ ɩɪɟɞɟɥɶɧɭɸ ɧɟɫɭɳɭɸ ɫɩɨ-
ɫɨɛɧɨɫɬɶ ɩɨ ɮɨɪɦɭɥɟ 

Mu.lim = AR Rb b h 2

0
 + Rb( fb′  − b) 

fh ′  (h0 − 0,5 
fh ′ )+ As

/
 Rs

/
(h0 – a

/
). (4.4) 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɡɚɞɚɧɢɣ ɫɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, 
ɱɬɨ ɜɜɨɞɢɦɚɹ ɜ ɪɚɫɱɟɬ ɲɢɪɢɧɚ ɩɨɥɤɢ fb′

 
ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ  

fh ′  ɢ h. 

ɒɢɪɢɧɭ ɫɜɟɫɨɜ ɩɨɥɤɢ ɜ ɤɚɠɞɭɸ ɫɬɨɪɨɧɭ ɨɬ ɪɟɛɪɚ ɩɪɢɧɢɦɚɸɬ 
ɧɟ ɛɨɥɟɟ 1/6 ɩɪɨɥɟɬɚ ɛɚɥɤɢ ɢ ɧɟ ɛɨɥɟɟ ɫɥɟɞɭɸɳɢɯ ɜɟɥɢɱɢɧ: 

– ɩɪɢ 
fh ′ > 0,1 h – 6

fh ′ , ɬ. ɟ. fb′ = b + 2·6
fh ′ ; 

– ɩɪɢ 0,05h ≤ 
fh ′ < 0,1h – 3

fh ′ , ɬ. ɟ. fb′
 
= b + 2·3

fh ′ ; 

– ɩɪɢ 
fh ′ < 0,05h – ɫɜɟɫɵ ɧɟ ɭɱɢɬɵɜɚɸɬ. 

Ȼɨɥɟɟ ɩɨɞɪɨɛɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɩɨ ɭɱɟɬɭ ɫɜɟɫɨɜ ɩɨɥɨɤ ɜ ɷɥɟ-
ɦɟɧɬɚɯ ɬɚɜɪɨɜɨɝɨ ɩɪɨɮɢɥɹ ɦɨɠɧɨ ɧɚɣɬɢ ɜ 

[1, ɫ. 251]. 

ʖ˃ˇ˃ːˋˢ	ˇˎˢ	˔˃ˏˑ˔˕ˑˢ˕ˈˎ˟ːˑˌ	˓˃˄ˑ˕˞	

 4.1. ɉɪɨɜɟɪɢɬɶ ɧɟɫɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ (M ≤ Mu (Mɫɟɱ)) 

ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɛɚɥɤɢ ɬɚɜɪɨɜɨɝɨ ɩɪɨɮɢɥɹ. 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɢɧɹɬɶ ɩɨ ɬɚɛɥɢɰɟ 4.1. ȼɨ ɜɫɟɯ ɩɪɢɦɟɪɚɯ 

ɩɪɢɧɹɬɶ γb1 = 0,9. 
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Ɍɚɛɥɢɰɚ 4.1 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɤ ɡɚɞɚɱɟ 4.1 

ɇɨɦɟɪ ɩɨ 
ɫɩɢɫɤɭ 
ɝɪɭɩɩɵ 

Ɇ,  

ɤɇɦ 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɟɱɟɧɢɹ, ɦɦ 

Ʉɥɚɫɫ 
ɛɟɬɨɧɚ 

As 

b h h0 bf
/

hf
/

1 230 250 500 450 400 70 B15 4∅ 18 A400 

2 200 250 500 450 400 70 B20 4∅ 18 A400 

3 250 250 500 450 400 70 B25 4∅ 18 A400 

4 200 250 500 450 500 60 B15 4∅ 20 A400 

5 320 250 500 450 500 100 B20 4∅ 20 A400 

6 380 250 500 450 500 120 B25 4∅ 20 A400 

7 120 200 500 450 400 100 B15 4∅ 22A400 

8 100 200 500 450 400 100 B20 4∅ 22 A400 

9 210 200 500 465 500 90 B25 4∅ 22 A400 

10 115 200 500 430 500 70 B15 6∅ 16 A500 

11 230 200 500 430 500 140 B20 6∅ 16 A500 

12 270 200 500 430 400 160 B25 6∅ 16 A500 

13 125 200 500 430 400 90 B15 6∅ 18 A500 

14 225 200 500 430 400 70 B20 6∅ 18 A500 

15 240 200 500 430 400 80 B25 6∅ 18 A500 

16 120 200 400 330 500 80 B15 4∅ 25 A500 

17 310 200 400 330 500 120 B20 4∅ 25 A500 

18 420 200 400 350 500 150 B25 4∅ 25 A400 

19 215 250 500 450 500 60 B15 4∅ 28 A400 

20 280 250 500 450 500 60 B20 4∅ 28 A500 

21 315 250 500 450 400 60 B25 4∅ 28 A400 

22 200 250 500 450 400 70 B15 4∅ 32 A400 

23 280 250 500 450 400 60 B20 4∅ 32 A500 

24 250 250 500 425 400 60 B25 4∅ 32 A500 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɡɚɞɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ: 
1) ɜɵɱɟɪɬɢɬɶ ɷɫɤɢɡ ɫɟɱɟɧɢɹ; 
2) ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɫɠɚɬɨɣ ɡɨɧɵ ɢ ɜɵɞɟɥɢɬɶ ɫɠɚ-

ɬɭɸ ɡɨɧɭ ɧɚ ɷɫɤɢɡɟ; 
3) ɩɪɨɜɟɪɢɬɶ ɭɫɥɨɜɢɟ (3.9), ɧɟ ɩɟɪɟɚɪɦɢɪɨɜɚɧɚ ɥɢ ɛɚɥɤɚ? 

4) ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬɵ; 
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4) ɩɪɨɜɟɪɢɬɶ ɭɫɥɨɜɢɟ M ≤ Mu (Mɫɟɱ); 

5) ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɜɵɜɨɞ. 

4.2.	ʞ˓ˑˈˍ˕ˋ˓ˑ˅˃ːˋˈ	ˋˊˆˋ˄˃ˈˏ˞˘	ˠˎˈˏˈː˕ˑ˅		
˕˃˅˓ˑ˅ˑˆˑ	˒˓ˑ˗ˋˎˢ	˔	ˑˇˋːˑ˚ːˑˌ	˃˓ˏ˃˕˖˓ˑˌ		
(˓˃˔˚ˈ˕	˓˃˄ˑ˚ˈˌ	˒˓ˑˇˑˎ˟ːˑˌ	˃˓ˏ˃˕˖˓˞)	

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢɡɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɝɞɚ ɢɡɜɟɫɬɟɧ 

ɪɚɫɱɟɬɧɵɣ ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ, ɚ ɬɚɤɠɟ ɡɚɞɚɧɵ (ɢɥɢ ɢɡɜɟɫɬɧɵ) 

ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ, ɩɨɥɨɠɟɧɢɟ ɧɭɥɟɜɨɣ ɥɢɧɢɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

ȼɵɱɢɫɥɢɦ ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ 
fM ′  («ɩɨɥɨɱɧɵɣ ɦɨɦɟɧɬ»), 

ɜɨɫɩɪɢɧɢɦɚɟɦɵɣ ɫɟɱɟɧɢɟɦ ɩɪɢ x = fh′ : 
fM ′ = Rb⋅ fb ′ ⋅ fh′  (h0 − 0,5 fh′ ).                        (4.5) 

ȿɫɥɢ Ɇ ≤ 
fM ′ , ɧɭɥɟɜɚɹ ɥɢɧɢɹ ɩɪɨɯɨɞɢɬ ɜ ɩɨɥɤɟ (1 ɫɥɭɱɚɣ); ɟɫ-

ɥɢ Ɇ > 
fM ′ , ɧɭɥɟɜɚɹ ɥɢɧɢɹ ɩɨɯɨɞɢɬ ɜ ɪɟɛɪɟ (2 ɫɥɭɱɚɣ). 

Ɂɚɬɟɦ ɜɵɱɢɫɥɹɸɬ ɡɧɚɱɟɧɢɟ А0 ɩɨ ɮɨɪɦɭɥɟ (4.1). Ⱦɥɹ ɩɟɪɜɨɝɨ 
ɫɥɭɱɚɹ ɩɪɢɧɢɦɚɟɦ fb′ = b. 

ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɩɪɨɜɟɪɹɸɬ ɭɫɥɨɜɢɟ (3.9). 

Ɍɪɟɛɭɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɞɨɥɶɧɨɣ ɪɚɛɨɱɟɣ ɚɪɦɚɬɭɪɵ ɨɩɪɟɞɟ-
ɥɹɸɬ: 

– ɞɥɹ 1-ɝɨ ɫɥɭɱɚɹ ɩɨ ɮɨɪɦɭɥɟ  
As = Rb bξ h0/Rs;                                     (4.6) 

– ɞɥɹ 2-ɝɨ ɫɥɭɱɚɹ ɩɨ ɮɨɪɦɭɥɟ 
As = (Rb bξ h0 + Rb( fb′  − b) fh′ ))/ Rs.                 (4.7) 

ʖ˃ˇ˃ːˋˢ	ˇˎˢ	˔˃ˏˑ˔˕ˑˢ˕ˈˎ˟ːˑˌ	˓˃˄ˑ˕˞	

 4.2. Ɋɚɫɫɱɢɬɚɬɶ ɬɪɟɛɭɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɞɨɥɶɧɨɣ ɪɚ-
ɛɨɱɟɣ ɚɪɦɚɬɭɪɵ ɢ ɩɨɞɨɛɪɚɬɶ ɩɨ ɫɨɪɬɚɦɟɧɬɭ ɞɢɚɦɟɬɪ ɢ ɤɨɥɢɱɟɫɬɜɨ 
ɫɬɟɪɠɧɟɣ ɜ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɛɚɥɤɟ ɬɚɜɪɨɜɨɝɨ ɩɪɨɮɢɥɹ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɢɧɹɬɶ ɩɨ ɬɚɛɥɢɰɟ 4.2.  
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Ɍɚɛɥɢɰɚ 4.2 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɤ ɡɚɞɚɱɟ 4.2 

ɇɨɦɟɪ ɩɨ 
ɫɩɢɫɤɭ 
ɝɪɭɩɩɵ 

Ɇ,  

ɤɇɦ 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  

ɫɟɱɟɧɢɹ, ɦɦ 

Ʉɥɚɫɫ 
ɛɟɬɨɧɚ 

Ʉɥɚɫɫ 
ɚɪɦɚɬɭɪɵ

b h h0 bf
/

hf
/

1 125 250 500 450 400 70 B15 A400 

2 225 250 500 450 400 70 B20 A500 

3 240 250 500 450 400 70 B25 A400 

4 120 250 500 450 500 60 B15 A500 

5 310 250 500 450 500 100 B20 A400 

6 420 250 500 450 500 120 B25 A500 

7 215 200 500 425 400 100 B15 A400

8 280 200 500 330 400 100 B20 A500 

9 315 200 500 330 500 90 B25 A400 

10 200 200 500 330 500 70 B15 A500 

11 280 200 500 325 500 140 B20 A400 

12 250 200 500 325 400 160 B25 A500 

13 230 200 500 330 400 90 B15 A400 

14 200 200 500 430 400 70 B20 A500 

15 250 200 500 430 400 80 B25 A400 

16 200 200 400 330 500 80 B15 A500 

17 320 200 400 430 500 120 B20 A400 

18 380 200 400 425 500 150 B25 A500 

19 120 250 500 450 500 60 B15 A400 

20 100 250 500 450 500 60 B20 A500 

21 210 250 500 450 400 60 B25 A400 

22 115 250 500 450 400 70 B15 A500 

23 230 250 500 450 400 60 B20 A400 

24 270 250 500 425 400 60 B25 A500 

ȼɨ ɜɫɟɯ ɩɪɢɦɟɪɚɯ ɩɪɢɧɹɬɶ γb1 = 0,9. 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɡɚɞɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ: 
1) ɜɵɱɟɪɬɢɬɶ ɷɫɤɢɡ ɫɟɱɟɧɢɹ; 
2) ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɟ M

/
f («ɩɨɥɨɱɧɨɝɨ ɦɨɦɟɧɬɚ») – ɭɫɬɚɧɨ-

ɜɢɬɶ ɫɥɭɱɚɣ ɪɚɫɱɟɬɚ; 
3) ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɟ А0;  

4) ɩɪɨɜɟɪɢɬɶ ɭɫɥɨɜɢɟ (3.9); 

5) ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɬɪɟɛɭɟɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɪɦɚɬɭɪɵ; 
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6) ɩɨ ɫɨɪɬɚɦɟɧɬɭ ɩɨɞɨɛɪɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɢ ɞɢɚɦɟɬɪ ɚɪɦɚɬɭɪɵ; 

7) ɧɚ ɷɫɤɢɡɟ ɩɨɤɚɡɚɬɶ ɪɚɡɦɟɳɟɧɢɟ ɩɨɞɨɛɪɚɧɧɵɯ ɫɬɟɪɠɧɟɣ, 

ɭɬɨɱɧɢɬɶ ɡɧɚɱɟɧɢɟ ɪɚɛɨɱɟɣ ɜɵɫɨɬɵ ɫɟɱɟɧɢɹ h0 ; 

8) ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɩɨɥɧɢɬɶ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ (ɩɪɢ h0 

ɦɟɧɟɟ ɩɪɢɧɹɬɨɝɨ ɜ ɪɚɫɱɟɬɟ). 

ʞʟʏʙʡʗʦʔʠʙʝʔ	ʖʏʜЯʡʗʔ	№	5	
ʟ˃˔˚ˈ˕	˒˓ˑ˚ːˑ˔˕ˋ	ː˃ˍˎˑːː˞˘	˔ˈ˚ˈːˋˌ	

ȼ ɢɡɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧɬɚɯ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚɝɪɭɡɨɤ ɜɨɡɧɢɤɚɸɬ 
ɢɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ ɢ ɩɨɩɟɪɟɱɧɵɟ ɫɢɥɵ. ɇɚ ɪɢɫɭɧɤɟ 5.1 ɩɨɤɚɡɚ-
ɧɵ ɷɩɸɪɵ ɦɨɦɟɧɬɨɜ ɢ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ ɩɪɢ ɬɪɟɯ ɜɚɪɢɚɧɬɚɯ ɫɯɟɦ 

ɧɚɝɪɭɠɟɧɢɹ. 

 

      ɚ                                            ɛ                                                ɜ 
Ɋɢɫ. 5.1. ɗɩɸɪɵ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ ɢ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɞɥɹ ɪɚɥɢɱɧɵɯ 

ɫɯɟɦ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɨɤ 

ɉɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɞɟɣɫɬɜɢɢ ɦɨɦɟɧɬɨɜ (Ɇ) ɢ ɩɨɩɟɪɟɱɧɵɯ 
ɫɢɥ (Q) ɧɚ ɩɪɢɨɩɨɪɧɵɯ ɭɱɚɫɬɤɚɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ 

ɪɚɡɪɭɲɟɧɢɟ. ɏɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢɣ ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ Ɇ ɢ Q. 

ɇɚ ɪɢɫɭɧɤɟ 5.2 ɩɨɤɚɡɚɧ ɯɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢɹ ɢɡɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧ-

ɬɨɜ ɩɨ ɧɚɤɥɨɧɧɨɦɭ ɫɟɱɟɧɢɸ.  

ɉɪɨɱɧɨɫɬɶ ɫɬɟɧɤɢ ɷɥɟɦɟɧɬɨɜ ɦɟɠɞɭ ɧɚɤɥɨɧɧɵɦɢ ɬɪɟɳɢɧɚɦɢ 

(ɫɦ. ɪɢɫ. 5.1, ɜ) ɨɛɟɫɩɟɱɟɧɚ, ɟɫɥɢ ɫɨɛɥɸɞɟɧɨ ɭɫɥɨɜɢɟ (ɭɫɥɨɜɢɟ ɞɨ-
ɫɬɚɬɨɱɧɨɫɬɢ ɪɚɡɦɟɪɨɜ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ) 

Q ≤ 0,3 Rb b h0.                                  (5.1) 

ȿɫɥɢ ɭɫɥɨɜɢɟ (5.1) ɧɟ ɜɵɩɨɥɧɟɧɨ, ɫɥɟɞɭɟɬ ɭɜɟɥɢɱɢɬɶ ɪɚɡɦɟɪɵ 

ɫɟɱɟɧɢɹ (ɢɥɢ ɩɨɜɵɫɢɬɶ ɤɥɚɫɫ ɛɟɬɨɧɚ).  
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Ⱦɥɹ ɜɨɫɩɪɢɹɬɢɹ ɭɫɢɥɢɣ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɞɜɭɯ ɞɪɭɝɢɯ ɫɥɭɱɚ-
ɟɜ ɪɚɡɪɭɲɟɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɸɬ, ɩɨɦɢɦɨ ɩɪɨɞɨɥɶɧɨɣ, ɩɨɩɟɪɟɱɧɭɸ 

ɚɪɦɚɬɭɪɭ. ɉɨ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ ɬɪɚɞɢɰɢɢ ɫ ɞɚɜɧɢɯ ɥɟɬ ɨɱɟɧɶ ɱɚɫɬɨ 
ɟɟ ɧɚɡɵɜɚɸɬ . 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɨɩɟɪɟɱɧɨɣ ɚɪɦɚɬɭɪɵ ɩɨ ɪɚɫɱɟɬɭ 
ɩɪɨɜɟɪɹɸɬ ɢɡ ɭɫɥɨɜɢɹ 

Q ≤ 2,5 Rbt b h0.                                 (5.2) 

 

 

Ɋɢɫ. 5.2. ɋɯɟɦɵ ɪɚɡɪɭɲɟɧɢɹ ɢɡɝɢɛɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɧɚɤɥɨɧɧɨɦɭ ɫɟɱɟɧɢɸ: 

ɚ – ɨɬ ɞɨɦɢɧɢɪɭɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ; 
ɛ – ɨɬ ɞɨɦɢɧɢɪɭɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ɩɨɩɟɪɟɱɧɨɣ ɫɢɥɵ; 

ɜ – ɩɨ ɫɠɚɬɨɣ ɩɨɥɨɫɟ ɦɟɠɞɭ ɧɚɤɥɨɧɧɵɦɢ ɬɪɟɳɢɧɚɦɢ; 

1 – ɧɭɥɟɜɚɹ ɥɢɧɢɹ; 2 – ɧɚɤɥɨɧɧɚɹ ɬɪɟɳɢɧɚ; 3 – ɯɨɦɭɬɵ; 

4 – ɪɚɡɞɪɨɛɥɟɧɢɟ ɫɠɚɬɨɣ ɩɨɥɨɫɵ ɫɬɟɧɤɢ ɦɟɠɞɭ ɬɪɟɳɢɧɚɦɢ 

ȿɫɥɢ ɭɫɥɨɜɢɟ (5.1) ɜɵɩɨɥɧɟɧɨ, ɩɨɩɟɪɟɱɧɭɸ ɫɢɥɭ ɜɨɫɩɪɢɧɢɦɚ-
ɟɬ ɛɟɬɨɧ, ɩɨɩɟɪɟɱɧɚɹ ɚɪɦɚɬɭɪɚ ɩɨ ɪɚɫɱɟɬɭ ɧɟ ɧɭɠɧɚ ɢ ɟё ɭɫɬɚɧɚɜɥɢ-

ɜɚɸɬ ɩɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ.  

5.1.	ʙˑː˔˕˓˖ˍ˕ˋ˅ː˞ˈ	˕˓ˈ˄ˑ˅˃ːˋˢ	

ȼ ɛɚɥɨɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɜɵɫɨɬɨɣ h > 150 ɦɦ ɞɨɥɠɧɚ ɭɫɬɚ-
ɧɚɜɥɢɜɚɬɶɫɹ ɩɨɩɟɪɟɱɧɚɹ ɚɪɦɚɬɭɪɚ. 
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ɉɨɩɟɪɟɱɧɭɸ ɚɪɦɚɬɭɪɭ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɩɪɢɨɩɨɪɧɵɯ ɭɱɚɫɬ-
ɤɚɯ: 

1) ɩɪɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚ 1/4 ɩɪɨɥɟɬɚ; 
2) ɩɪɢ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɧɚɝɪɭɡɤɚɯ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɨɩɨɪɵ ɞɨ 

ɝɪɭɡɚ, ɧɨ ɧɟ ɦɟɧɟɟ 1/4 ɩɪɨɥɟɬɚ, ɫ ɲɚɝɨɦ: 

– ɩɪɢ h ≤ 450 ɦɦ ɧɟ ɛɨɥɟɟ h/2 ɢ ɧɟ ɛɨɥɟɟ 150 ɦɦ; 

– ɩɪɢ h > 450 ɦɦ ɧɟ ɛɨɥɟɟ h/3 ɢ ɧɟ ɛɨɥɟɟ 500 ɦɦ; 

ɧɚ ɨɫɬɚɥɶɧɨɣ ɱɚɫɬɢ ɩɪɨɥɟɬɚ: 
– ɩɪɢ h > 300 ɦɦ ɧɟ ɛɨɥɟɟ 3/4 h ɢ ɧɟ ɛɨɥɟɟ 500 ɦɦ. 

Ⱦɢɚɦɟɬɪ ɩɨɩɟɪɟɱɧɵɯ ɫɬɟɪɠɧɟɣ (ɜ ɫɜɚɪɧɵɯ ɫɟɬɤɚɯ ɢ ɤɚɪɤɚɫɚɯ) 
ɧɚɡɧɚɱɚɸɬ ɧɟ ɦɟɧɟɟ ɞɨɩɭɫɬɢɦɨɝɨ ɩɨ ɭɫɥɨɜɢɹɦ ɫɜɚɪɤɢ (ɬɚɛɥ. 5.2).  

Ɍɚɛɥɢɰɚ 5.1 

ɋɨɨɬɧɨɲɟɧɢɹ ɞɢɚɦɟɬɪɨɜ ɫɬɟɪɠɧɟɣ ɩɨ ɭɫɥɨɜɢɹɦ ɫɜɚɪɤɢ 

Ⱦɢɚɦɟɬɪ ɩɪɨɞɨɥɶɧɵɯ ɫɬɟɪɠɧɟɣ, ɦɦ 3–12 14, 16 18, 20 22 25–32 36, 40 

ɇɚɢɦɟɧɶɲɢɣ ɞɨɩɭɫɬɢɦɵɣ ɞɢɚɦɟɬɪ 
ɩɨɩɟɪɟɱɧɵɯ ɫɬɟɪɠɧɟɣ, ɦɦ 

 

3 

 

4 

 

5 

 

6 

 

8 

 

10 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɭɫɢɥɢɣ ɜ ɧɚɤɥɨɧɧɨɦ ɫɟɱɟɧɢɢ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ 

ɛɚɥɤɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.3. 

 

Ɋɢɫ. 5.3. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɭɫɢɥɢɣ ɜ ɧɚɤɥɨɧɧɨɦ ɫɟɱɟɧɢɢ: ɚ – ɫɯɟɦɚ ɭɫɢɥɢɣ  

ɜ ɫɟɱɟɧɢɢ ɫ ɨɬɝɢɛɚɦɢ; ɛ – ɫɯɟɦɚ ɭɫɢɥɢɣ ɜ ɫɟɱɟɧɢɢ ɛɟɡ ɨɬɝɢɛɨɜ 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ (ɫɦ. ɪɢɫ. 5.3, ɚ) ɞɨɥɠɧɨ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ 
ɭɫɥɨɜɢɟ 

Q ≤ Qb + Qsw + Qs,inc,                                  (5.3) 

ɚ) ɛ) 



40 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɝɞɟ Qb – ɩɨɩɟɪɟɱɧɚɹ ɫɢɥɚ, ɜɨɫɩɪɢɧɢɦɚɟɦɚɹ ɛɟɬɨɧɨɦ ɫɠɚɬɨɣ ɡɨɧɵ; 
Qsw – ɩɨɩɟɪɟɱɧɚɹ ɫɢɥɚ, ɜɨɫɩɪɢɧɢɦɚɟɦɚɹ ɯɨɦɭɬɚɦɢ (ɩɨɩɟɪɟɱ-

ɧɵɦɢ ɫɬɟɪɠɧɹɦɢ); 
Qs,inc – ɩɨɩɟɪɟɱɧɚɹ ɫɢɥɚ, ɜɨɫɩɪɢɧɢɦɚɟɦɚɹ ɨɬɝɢɛɚɦɢ (ɟɫɥɢ ɬɚɤɨ-

ɜɵɟ ɭɫɬɚɧɨɜɥɟɧɵ). 
Ɋɚɫɫɦɨɬɪɢɦ ɧɚɤɥɨɧɧɨɟ ɫɟɱɟɧɢɟ ɷɥɟɦɟɧɬɚ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ 

ɩɪɨɮɢɥɹ, ɜ ɤɨɬɨɪɨɦ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɨɩɟɪɟɱɧɵɟ ɫɬɟɪɠɧɢ (ɯɨɦɭɬɵ), 
ɚ ɨɬɝɢɛɵ ɨɬɫɭɬɫɬɜɭɸɬ (ɫɦ. ɪɢɫ. 5.3, ɛ).   

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɨɥɠɧɨ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɭɫɥɨɜɢɟ 
Q ≤ Qb + Qsw.                                 (5.4) 

ɉɨɩɟɪɟɱɧɭɸ ɫɢɥɭ, ɜɨɫɩɪɢɧɢɦɚɟɦɭɸ ɛɟɬɨɧɨɦ, ɨɩɪɟɞɟɥɹɸɬ ɩɨ 
ɮɨɪɦɭɥɟ 

Qb = ϕb2 Rbtb h0
2
 / c < 2,5 Rbtb h0, 

ɧɨ ɧɟ ɦɟɧɟɟ   0,5 Rbtb h0,                                                                    (5.5) 

ɝɞɟ с – ɞɥɢɧɚ ɩɪɨɟɤɰɢɢ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɨɝɨ ɧɚɤɥɨɧɧɨɝɨ ɫɟɱɟɧɢɹ (ɫɦ. 

ɪɢɫ. 5.3, ɛ); ϕb2 = 1,5 (ɞɥɹ ɬɹɠɟɥɨɝɨ ɛɟɬɨɧɚ)   
Ⱥɧɚɥɢɡ ɮɨɪɦɭɥɵ (5.5) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɥɢɧɚ ɩɪɨɟɤɰɢɢ ɨɩɚɫ-

ɧɨɝɨ ɧɚɤɥɨɧɧɨɝɨ ɫɟɱɟɧɢɹ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɢɥɵ, ɜɨɫɩɪɢɧɢɦɚ- 
ɟɦɨɣ ɛɟɬɨɧɨɦ ɫɠɚɬɨɣ ɡɨɧɵ, ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɟɟ 0,6h0  ɢ ɦɟɧɟɟ  
3h0 (0,6 h0 < ɫ ≤ 3 h0). 

Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɹɬ ɞɥɹ ɪɹɞɚ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨ ɞɥɢɧɟ ɷɥɟɦɟɧ-
ɬɚ ɧɚɤɥɨɧɧɵɯ ɫɟɱɟɧɢɣ ɩɪɢ  ɫ  ɧɟ ɦɟɧɟɟ  h0  ɢ ɧɟ ɛɨɥɟɟ  2h0.  

ɍɫɢɥɢɟ Qsw ɞɥɹ ɩɨɩɟɪɟɱɧɨɣ ɚɪɦɚɬɭɪɵ, ɧɨɪɦɚɥɶɧɨɣ ɤ ɩɪɨ-
ɞɨɥɶɧɨɣ ɨɫɢ ɷɥɟɦɟɧɬɚ, ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

Qsw = 0,75 qsw·c0,                                (5.6) 

ɝɞɟ qsw – ɭɫɢɥɢɟ ɜ ɩɨɩɟɪɟɱɧɵɯ ɫɬɟɪɠɧɹɯ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɷɥɟɦɟɧ-
ɬɚ (ɢɧɚɱɟ – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɩɟɪɟɱɧɨɝɨ ɚɪɦɢɪɨɜɚɧɢɹ).  

Ɂɧɚɱɟɧɢɟ qsw ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

qsw = 
s

AR swsw ,                                   (5.7)  

ɝɞɟ Asw – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɩɨɩɟɪɟɱɧɵɯ ɫɬɟɪɠɧɟɣ; 
s – ɲɚɝ ɩɨɩɟɪɟɱɧɵɯ ɫɬɟɪɠɧɟɣ. 

ɉɪɢ ɧɚɡɧɚɱɟɧɢɢ ɲɚɝɚ ɫɬɟɪɠɧɟɣ ɫɥɟɞɭɟɬ ɫɨɛɥɸɞɚɬɶ ɭɫɥɨɜɢɟ  
s ≤ smax = Rbtbh0

2
/Q.                                   (5.8) 
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5.2.	ʞˑ˓ˢˇˑˍ	˓ˈ˛ˈːˋˢ	˒˓˃ˍ˕ˋ˚ˈ˔ˍˋ˘	ˊ˃ˇ˃˚	

ȼ ɩɪɚɤɬɢɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɞɜɟ ɩɪɚɤɬɢɱɟɫɤɢɟ ɡɚɞɚɱɢ:  

– ɡɚɞɚɱɚ ɩɪɨɜɟɪɤɢ ɩɪɨɱɧɨɫɬɢ ɧɚɤɥɨɧɧɵɯ ɫɟɱɟɧɢɣ ɩɪɢ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɹ ɝɨɬɨɜɵɯ ɛɚɥɨɤ (ɢɥɢ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ) ɜ ɡɞɚɧɢɹɯ ɢɥɢ ɫɨ-
ɨɪɭɠɟɧɢɹɯ, ɚ ɬɚɤɠɟ ɩɪɢ ɨɰɟɧɤɟ ɩɪɨɱɧɨɫɬɢ ɧɚɤɥɨɧɧɵɯ ɫɟɱɟɧɢɣ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɫɯɟɦɵ ɧɚɝɪɭɠɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɧɫɬɪɭɤ-
ɰɢɣ; 

– ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢɡɝɢɛɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ, ɬ. ɟ. ɩɨɞɛɨɪ ɪɚɡɦɟ-
ɪɨɜ ɢ ɚɪɦɢɪɨɜɚɧɢɹ ɟɝɨ ɧɚɤɥɨɧɧɨɝɨ ɫɟɱɟɧɢɹ. 

ɉɨɪɹɞɨɤ ɪɟɲɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɪɚɫɫɦɨɬɪɢɦ ɧɚ ɤɨɧ-

ɤɪɟɬɧɵɯ ɩɪɢɦɟɪɚɯ. 
 5.1. ɉɪɨɜɟɪɢɬɶ ɩɪɨɱɧɨɫɬɶ ɧɚɤɥɨɧɧɨɝɨ ɫɟɱɟɧɢɹ. 

Исхɨɞɧыɟ ɞаɧɧыɟ: ɷɩɸɪɚ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ ɜ ɛɚɥɤɟ (ɪɢɫ. 5.4) 

Qmax = 162 ɤɇ; q = 54 ɤɇ/ɦ; ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ: b = 200 ɦɦ;  

h = 400 ɦɦ; h0=350 ɦɦ; ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɩɨɩɟɪɟɱɧɨɣ ɚɪɦɚɬɭɪɵ 

(2∅8A240) Asw = 1,01 ɫɦ2
; ɲɚɝ ɩɨɩɟɪɟɱɧɵɯ ɫɬɟɪɠɧɟɣ  s = 150 ɦɦ; 

ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ: Rb= 8,5 Ɇɉɚ; 
 Rbt = 0,75 Ɇɉɚ, Rsw = 175 Ɇɉɚ. 

 

Ɋɢɫ. 5.4. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɛɚɥɤɢ, ɷɩɸɪɚ Q ɢ ɫɯɟɦɚ ɚɪɦɢɪɨɜɚɧɢɹ 

Рɟшɟɧиɟ 



42 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 

1. ɉɪɨɜɟɪɢɦ ɭɫɥɨɜɢɟ ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɪɚɡɦɟɪɨɜ ɩɨɩɟɪɟɱɧɨɝɨ 
ɫɟɱɟɧɢɹ ɩɪɢ Q ɜ ɤɨɧɰɟ ɩɪɨɟɤɰɢɢ ɧɚɤɥɨɧɧɨɝɨ ɫɟɱɟɧɢɹ: 

Q = Qmax – qh = 162 – 54⋅ 0,4 = 140,4 ɤɇ; 

Q =140,4 ɤɇ ≤ 0,3 Rb b h0 = 

= 0,3 ⋅ 8,5 ⋅ 0,2 ⋅ 0,35 = 0,1785 Ɇɇ = 178,5 ɤɇ. 

ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ ɞɨɫɬɚɬɨɱɧɵ! 

ɉɪɢɧɢɦɚɟɦ ɩɪɨɟɤɰɢɸ ɧɚɤɥɨɧɧɨɝɨ ɫɟɱɟɧɢɹ ɪɚɜɧɨɣ  

ɋ = 2h0 = 2·0,35 = 0,7 ɦ. 

ȼɵɱɢɫɥɢɦ ɩɨɩɟɪɟɱɧɭɸ ɫɢɥɭ, ɜɨɫɩɪɢɧɢɦɚɟɦɭɸ ɛɟɬɨɧɨɦ: 

Qb = ϕb2 Rbtb h0
2
/c = 

= 1,5 ⋅ 0,75 ⋅ 0,2 ⋅ 0,35
2
/0,7 = 0,039375 Ɇɇ = 39,375 ɤɇ. 

Ɉɩɪɟɞɟɥɢɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɚɪɦɢɪɨɜɚ-
ɧɢɹ ɩɨ ɮɨɪɦɭɥɟ (5.7): 

qsw = 
s

AR swsw  = 
150

10011175 4

,

, −⋅⋅
 = 0,11736 Ɇɇ/ɦ = 117,36 ɤɇ/ɦ. 

Ɉɩɪɟɞɟɥɢɦ ɩɨɩɟɪɟɱɧɭɸ ɫɢɥɭ, ɜɨɫɩɪɢɧɢɦɚɟɦɭɸ ɩɨɩɟɪɟɱɧɵɦɢ 

ɫɬɟɪɠɧɹɦɢ ɩɨ ɮɨɪɦɭɥɟ (5.6): 

Qsw = 0,75 qsw c = 0,75·117,36 ⋅ 0,7 = 61,61 ɤɇ. 

ɉɪɨɜɟɪɢɦ ɭɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ ɧɚɤɥɨɧɧɨɝɨ ɫɟɱɟɧɢɹ: 
Q = 140,4 ɤɇ ≤ Qb + Qsw = 39,375 + 61,61 = 100,99 ɤɇ. 

ɍɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɟɧɨ. ɉɪɨɱɧɨɫɬɶ ɧɚɤɥɨɧɧɨɝɨ ɫɟɱɟɧɢɹ ɧɟ 
ɨɛɟɫɩɟɱɟɧɚ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɛɚɥɤɢ ɫɥɟɞɭɟɬ ɭɜɟɥɢɱɢɬɶ ɥɢɛɨ ɞɢɚɦɟɬɪ 
ɫɬɟɪɠɧɟɣ, ɥɢɛɨ ɩɪɢɧɹɬɶ ɛɨɥɟɟ ɩɪɨɱɧɭɸ ɫɬɚɥɶ, ɥɢɛɨ ɭɦɟɧɶɲɢɬɶ ɲɚɝ 
ɩɨɩɟɪɟɱɧɵɯ ɫɬɟɪɠɧɟɣ. 

ɍɜɟɥɢɱɢɦ ɤɥɚɫɫ ɩɨɩɟɪɟɱɧɨɣ ɚɪɦɚɬɭɪɵ, ɩɪɢɦɟɦ ɫɬɚɥɶ ɤɥɚɫɫɚ 
Ⱥ400 (2∅8A400) Rsw = 280 Ɇɉɚ.   

Ɍɨɝɞɚ  

qsw = 
s

AR swsw  = 
150

10011280 4

,

, −⋅⋅
 = 0,18853 Ɇɇ/ɦ = 188,53 ɤɇ/ɦ. 

ɉɨɩɟɪɟɱɧɚɹ ɫɢɥɚ, ɜɨɫɩɪɢɧɢɦɚɟɦɚɹ ɩɨɩɟɪɟɱɧɵɦɢ ɫɬɟɪɠɧɹɦɢ 

ɢɡ ɫɬɚɥɢ ɤɥɚɫɫɚ A400: 
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Qsw = 0,75 qsw c = 0,75·188,53 ⋅ 0,7 = 98,98 ɤɇ. 

ɉɪɨɜɟɪɢɦ ɭɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ ɧɚɤɥɨɧɧɨɝɨ ɫɟɱɟɧɢɹ: 
Q = 140,4 ɤɇ ≤ Qb + Qsw = 54,85 + 98,98 = 153,83 ɤɇ. 

ɉɪɨɱɧɨɫɬɶ ɧɚɤɥɨɧɧɨɝɨ ɫɟɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɚ. Ɉɤɨɧɱɚɬɟɥɶɧɨ 
ɫɥɟɞɭɟɬ ɩɪɢɧɹɬɶ ɩɨɩɟɪɟɱɧɨɟ ɚɪɦɢɪɨɜɚɧɢɟ ɧɚ ɩɪɢɨɩɨɪɧɵɯ ɭɱɚɫɬɤɚɯ 
2∅8A400 ɫ ɲɚɝɨɦ 150 ɦɦ. 

 

 5.2.    ( -

 ) 

Исхɨɞɧыɟ ɞаɧɧыɟ: ɷɩɸɪɚ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ ɜ ɛɚɥɤɟ (ɪɢɫ. 5.5) 

Qmax = 241 ɤɇ; q = 41,4 ɤɇ/ɦ; ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ: b = 250 ɦɦ,  

h = 500 ɦɦ, h0 = 450 ɦɦ; ɩɪɨɞɨɥɶɧɚɹ ɪɚɛɨɱɚɹ ɚɪɦɚɬɭɪɚ ∅28A600; 

ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ: ɛɟɬɨɧ ɤɥɚɫɫɚ ȼ15  

Rb = 8,5 Ɇɉɚ; Rbt  = 0,75 Ɇɉɚ; ɚɪɦɚɬɭɪɚ ɤɥɚɫɫɚ Ⱥ240 Rsw = 170 Ɇɉɚ. 

 

Ɋɢɫ. 5.5. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɛɚɥɤɢ, ɷɩɸɪɚ Q ɢ ɫɯɟɦɚ ɚɪɦɢɪɨɜɚɧɢɹ 

Рɟшɟɧиɟ 
1. ɉɪɨɜɟɪɢɦ ɭɫɥɨɜɢɟ ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɪɚɡɦɟɪɨɜ ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɟɱɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ (5.1): 

Q = Qmax – q⋅h = 241 – 41,4⋅ 0,5 = 220,3 ɤɇ. 

Q = 220,3 ɤɇ ≤ 0,3 Rb b h0 = 0,3 ⋅ 8,5 ⋅ 0,25 ⋅ 0,45 = 
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= 0,287 Ɇɇ = 287 ɤɇ. 

ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ ɞɨɫɬɚɬɨɱɧɵ! 

2. ɉɪɨɜɟɪɢɦ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɨɩɟɪɟɱɧɨɣ ɚɪɦɚɬɭɪɵ 

ɩɨ ɪɚɫɱɟɬɭ ɩɨ ɮɨɪɦɭɥɟ 

Q = 220 ɤɇ ≤ 2,5 Rbt b h0 = 2,5 ⋅ 0,75 ⋅ 0,25 ⋅ 0,45 =  

= 0,21094 Ɇɇ ≅ 211 ɤɇ. 

ɍɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɟɧɨ, ɩɨɩɟɪɟɱɧɚɹ ɚɪɦɚɬɭɪɚ ɬɪɟɛɭɟɬɫɹ ɩɨ 
ɪɚɫɱɟɬɭ! 

3. Ɉɩɪɟɞɟɥɢɦ ɩɨɩɟɪɟɱɧɭɸ ɫɢɥɭ, ɜɨɫɩɪɢɧɢɦɚɟɦɭɸ ɛɟɬɨɧɨɦ, 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ  ɩɪɢɧɢɦɚɹ  ɫ = 2ho = 2 ⋅ 0,45 = 0,9 ɦ: 

Qb = ϕb2 Rbtb h0
2
/c = 1,5 ⋅ 0,75 ⋅ 0,25 ⋅ 0,45

2
/0,9 =  

= 0,06328 Ɇɇ = 63,28 ɤɇ. 

5. Ɉɩɪɟɞɟɥɢɦ ɩɨɩɟɪɟɱɧɭɸ ɫɢɥɭ, ɜɨɫɩɪɢɧɢɦɚɟɦɭɸ ɩɨɩɟɪɟɱ-
ɧɵɦɢ ɫɬɟɪɠɧɹɦɢ: 

Qsw = Q – Qb = 220 − 63,28 = 156,72 ɤɇ. 

6. Ɉɩɪɟɞɟɥɢɦ ɬɪɟɛɭɟɦɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɩɟɪɟɱɧɨɝɨ ɚɪɦɢɪɨ-
ɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ (5.5): 

qsw=
c,

Qsw

750
 = 

90750

72156

,,

,

⋅  = 232,18 ɤɇ/ɦ. 

ɍɱɢɬɵɜɚɹ ɞɢɚɦɟɬɪ ɩɪɨɞɨɥɶɧɵɯ ɫɬɟɪɠɧɟɣ (∅28A600), ɢɡ ɭɫɥɨ-
ɜɢɣ ɫɜɚɪɤɢ ɧɚɡɧɚɱɚɟɦ ɩɨɩɟɪɟɱɧɵɟ ɫɬɟɪɠɧɢ ∅10 ɦɦ, Asw = 1,57 ɫɦ2

 

(2∅10A240). 

ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ (5.7), ɨɩɪɟɞɟɥɢɦ ɬɪɟɛɭɟɦɵɣ ɲɚɝ ɩɨɩɟ-
ɪɟɱɧɵɯ ɫɬɟɪɠɧɟɣ: 

sw

swsw

q

AR
s =  = 

232180

0001570170

,

,⋅
= 0,115 ɦ = 115 ɦɦ. 

ɉɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɢ ɜɵɫɨɬɟ ɛɚɥɤɢ  

h = 500 ɦɦ > 450 ɦɦ ɲɚɝ ɩɨɩɟɪɟɱɧɵɯ ɫɬɟɪɠɧɟɣ ɞɨɥɠɟɧ ɛɵɬɶ  
s ≤ h/3 = 500/3 = 166,7 ɦɦ ɢ ≤ 500 ɦɦ. 

ɉɪɢɧɢɦɚɟɦ s = 100 ɦɦ (ɫ ɭɱɟɬɨɦ ɪɚɫɱɟɬɧɨɝɨ s = 115 ɦɦ). 
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ʖ˃ˇ˃ːˋˢ	ˇˎˢ	˔˃ˏˑ˔˕ˑˢ˕ˈˎ˟ːˑˌ	˓˃˄ˑ˕˞	

 5.1. Ɋɚɫɫɱɢɬɚɬɶ ɬɪɟɛɭɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɩɟɪɟɱɧɨɣ ɚɪ-
ɦɚɬɭɪɵ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɢɧɹɬɶ ɩɨ ɬɚɛɥɢɰɟ 5.1. ȼɨ ɜɫɟɯ ɩɪɢɦɟɪɚɯ 
ɩɪɢɧɹɬɶ γb2 = 1. 

Ɍɚɛɥɢɰɚ 5.1  

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
ɇɨɦɟɪ 
ɩɨ 

ɫɩɢɫɤɭ 
ɝɪɭɩɩɵ 

Ɇmax, 
ɤɇɦ 

L0, 

ɦ 

q, 

ɤɇ/ɦ 

Ʉɥɚɫɫ  
ɩɨɩɟɪɟɱɧɨɣ 

ɚɪɦɚɬɭɪɵ 

Ɋɚɡɦɟɪɵ 

ɫɟɱɟɧɢɹ 
Ʉɨɥ., ɤɥɚɫɫ  
ɢ ɞɢɚɦɟɬɪ  
ɩɪɨɞɨɥɶɧɨɣ  

ɚɪɦɚɬɭɪɵ 

Ʉɥɚɫɫ
ɛɟɬɨɧɚ

b h h0 

1 170 4  

 

 

 

 

 

 

 

 

 

 

8M/l
2 

Bp500  

 

 

 

 

 

 

 

 

 

Ⱦɚɧɧɵɟ ɜɵɩɢɫɚɬɶ ɢɡ ɪɟɲɟɧɢɹ  
ɡɚɞɚɱɢ 3.2 

2 180 4,8 A240 

3 182 4,4 A400 

4 175 4 Bp500 

5 185 5 A240 

6 193 5,4 A400 

7 151 4,8 Bp500 

8 165 4,8 A240 

9 175 5 A400 

10 172 5,4 B500 

11 182 6 A240 

12 180 4,8 A400 

13 161 5 Bp500 

14 187 4 A240 

15 196 6 A400 

16 166 5,3 Bp500 

17 196 4,9 A240 

18 180 4,1 A400 

19 180 4,7 Bp500 

20 190 5,1 A240 

21 215 6,4 A400 

22 190 4,8 B500 

23 195 5,6 A240 

24 201 6 A400 

ȼɵɩɨɥɧɢɬɶ ɷɫɤɢɡ ɩɨɩɟɪɟɱɧɨɝɨ ɚɪɦɢɪɨɜɚɧɢɹ ɛɚɥɤɢ! 
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ʞʟʏʙʡʗʦʔʠʙʝʔ	ʖʏʜЯʡʗʔ	№	6	
ʙˑː˔˕˓˖ˋ˓ˑ˅˃ːˋˈ	(˃˓ˏˋ˓ˑ˅˃ːˋˈ)	ˑˇːˑ˒˓ˑˎˈ˕ːˑˌ		
ˉˈˎˈˊˑ˄ˈ˕ˑːːˑˌ	˄˃ˎˍˋ	˒˓ˢˏˑ˖ˆˑˎ˟ːˑˆˑ	˔ˈ˚ˈːˋˢ	

Ⱦɥɹ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɛɚɥɤɢ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɹɜɥɹɸɬɫɹ 
ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨ ɩɪɨɱɧɨɫɬɢ ɧɨɪɦɚɥɶɧɵɯ ɢ ɧɚɤɥɨɧɧɵɯ ɫɟɱɟ-
ɧɢɣ: 

– ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɣ, ɪɚɛɨɱɚɹ ɜɵɫɨɬɚ ɫɟɱɟɧɢɹ (h0); 

– ɤɨɥɢɱɟɫɬɜɨ, ɞɢɚɦɟɬɪ ɢ ɤɥɚɫɫ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ; 

– ɞɢɚɦɟɬɪ, ɤɨɥɢɱɟɫɬɜɨ, ɤɥɚɫɫ ɢ ɲɚɝ ɩɨɩɟɪɟɱɧɨɣ ɚɪɦɚɬɭɪɵ; 

– ɤɥɚɫɫ ɛɟɬɨɧɚ.  
ɉɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɨɥɠɧɵ 

ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɬɪɟɛɨɜɚɧɢɹ ɋɉ 63.13330.2012 «Ȼɟɬɨɧɧɵɟ ɢ ɠɟɥɟ-
ɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ», ɢɡɥɨɠɟɧɧɵɟ ɜ ɩ. 10.  

ɉɪɨɞɨɥɶɧɭɸ ɢ ɩɨɩɟɪɟɱɧɭɸ ɚɪɦɚɬɭɪɭ ɨɛɴɟɞɢɧɹɸɬ ɜ ɤɚɪɤɚɫɵ ɢ 

ɡɚɬɟɦ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɜ ɨɩɚɥɭɛɤɭ (ɮɨɪɦɭ), ɜ ɤɨɬɨɪɨɣ ɮɨɪɦɭɟɬɫɹ ɢɡ-
ɞɟɥɢɟ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɜɨɛɨɞɧɨɣ ɭɤɥɚɞɤɢ ɤɚɪɤɚɫɚ ɜ ɮɨɪɦɭ ɟɝɨ 
ɪɚɡɦɟɪɵ ɞɨɥɠɧɵ ɛɵɬɶ ɦɟɧɶɲɟ ɪɚɡɦɟɪɚ ɛɚɥɤɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚ  
10 ɦɦ (ɪɢɫ. 6.1). 

 

Ɋɢɫ. 6.1. Ɋɚɡɦɟɪɵ ɤɚɪɤɚɫɚ 

Ʉɚɪɤɚɫ ɫɨɫɬɨɢɬ ɢɡ ɩɥɨɫɤɢɯ ɫɟɬɨɤ ɢ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɫɬɟɪɠɧɟɣ. 

ɉɪɢ ɲɢɪɢɧɟ ɛɚɥɤɢ ɞɨ 150 ɦɦ ɦɨɠɧɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɨɞɧɭ ɫɟɬɤɭ, ɩɪɢ 

ɛɨɥɶɲɟɣ ɲɢɪɢɧɟ ɛɚɥɤɢ ɤɨɥɢɱɟɫɬɜɨ ɫɟɬɨɤ ɜ ɤɚɪɤɚɫɟ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ 
ɦɟɧɟɟ ɞɜɭɯ (ɪɢɫ. 6.2). 

ɉɪɢ ɪɚɡɦɟɳɟɧɢɢ ɪɚɛɨɱɟɣ ɚɪɦɚɬɭɪɵ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧ 

ɡɚɳɢɬɧɵɣ ɫɥɨɣ ɛɟɬɨɧɚ ɚb.  
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Ɋɢɫ. 6.2. ɉɨɫɬɚɧɨɜɤɚ ɤɚɪɤɚɫɨɜ ɜ ɛɚɥɤɟ: ɚ, ɛ – ɫɜɚɪɧɵɟ ɤɚɪɤɚɫɵ;   

ɜ – ɜɹɡɚɧɵɟ ɤɚɪɤɚɫɵ 

Ɍɨɥɳɢɧɭ ɡɚɳɢɬɧɨɝɨ ɫɥɨɹ ɛɟɬɨɧɚ ɞɥɹ ɫɛɨɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɥɟ-
ɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɫ ɭɱɟɬɨɦ ɪɨɥɢ ɚɪɦɚɬɭɪɵ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ (ɪɚɛɨɱɚɹ 
ɢɥɢ ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ), ɬɢɩɚ ɤɨɧɫɬɪɭɤɰɢɢ (ɩɥɢɬɵ, ɛɚɥɤɢ, ɤɨɥɨɧɧɵ ɢ 

ɬ. ɩ.), ɞɢɚɦɟɬɪɚ ɢ ɜɢɞɚ ɚɪɦɚɬɭɪɵ, ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. ȼ ɡɚɤɪɵ-

ɬɵɯ ɩɨɦɟɳɟɧɢɹɯ ɩɪɢ ɧɨɪɦɚɥɶɧɨɣ ɢ ɩɨɧɢɠɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭ-
ɯɚ ɞɥɹ ɫɛɨɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɥɳɢɧɵ ɡɚɳɢɬ-
ɧɨɝɨ ɫɥɨɹ ɛɟɬɨɧɚ ɞɥɹ ɪɚɛɨɱɟɣ ɚɪɦɚɬɭɪɵ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ  
15 ɦɦ, ɚ ɬɚɤɠɟ ɧɟ ɦɟɧɟɟ ɞɢɚɦɟɬɪɚ ɫɬɟɪɠɧɹ, ɞɥɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ 

ɚɪɦɚɬɭɪɵ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɥɳɢɧɵ ɡɚɳɢɬɧɨɝɨ ɫɥɨɹ ɛɟɬɨɧɚ 
ɩɪɢɧɢɦɚɸɬ ɧɚ 5 ɦɦ ɦɟɧɶɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɟɛɭɟɦɵɦ ɞɥɹ ɪɚɛɨ-
ɱɟɣ ɚɪɦɚɬɭɪɵ. 

ɋɬɟɪɠɧɢ ɩɪɨɞɨɥɶɧɨɣ ɪɚɛɨɱɟɣ ɚɪɦɚɬɭɪɵ ɞɨɥɠɧɵ ɪɚɡɦɟɳɚɬɶɫɹ 
ɪɚɜɧɨɦɟɪɧɨ ɩɨ ɲɢɪɢɧɟ ɫɟɱɟɧɢɹ ɛɚɥɤɢ ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɛɨɥɟɟ ɱɟɦ 

ɜ ɬɪɢ ɪɹɞɚ, ɩɪɢ ɷɬɨɦ ɜ ɬɪɟɬɶɟɦ ɪɹɞɭ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ ɞɜɭɯ 
ɫɬɟɪɠɧɟɣ. Ɋɚɡɦɟɳɟɧɢɟ ɫɬɟɪɠɧɟɣ ɩɨɫɥɟɞɭɸɳɢɯ ɪɹɞɨɜ ɧɚɞ ɩɪɨɫɜɟ-
ɬɚɦɢ (ɜ ɩɪɨɥɟɬɚɯ) ɢɥɢ ɩɨɞ ɩɪɨɫɜɟɬɚɦɢ (ɧɚ ɨɩɨɪɚɯ) ɩɪɟɞɵɞɭɳɢɯ ɪɹ-
ɞɨɜ ɡɚɩɪɟɳɚɟɬɫɹ. Ɋɚɡɦɟɳɟɧɢɟ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 6.3. 

Ⱦɢɚɦɟɬɪ ɢ ɤɨɥɢɱɟɫɬɜɨ ɩɨɩɟɪɟɱɧɵɯ ɫɬɟɪɠɧɟɣ ɜ ɩɨɩɟɪɟɱɧɨɦ 

ɫɟɱɟɧɢɢ ɛɚɥɤɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɪɚɫɱɟɬɨɦ, ɩɪɢ ɷɬɨɦ ɦɨɝɭɬ ɛɵɬɶ ɢɫ-
ɩɨɥɶɡɨɜɚɧɵ ɨɞɧɨ-, ɞɜɭɯ-, ɬɪɟɯ- ɢ ɱɟɬɵɪɟɯɫɪɟɡɧɵɟ ɯɨɦɭɬɵ (ɩɨɩɟ-
ɪɟɱɧɵɟ ɫɬɟɪɠɧɢ). ɋɯɟɦɵ ɚɪɦɢɪɨɜɚɧɢɹ ɩɨɩɟɪɟɱɧɨɣ ɚɪɦɚɬɭɪɨɣ ɩɨ-
ɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 6.4.  

Ʉɨɥɢɱɟɫɬɜɨ ɫɬɟɪɠɧɟɣ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɨɩɪɟɞɟɥɹɸɬ ɪɚɫ-
ɱɟɬɨɦ ɜ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɨɦ ɧɨɪɦɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɪɢ ɞɟɣɫɬɜɢɢ ɦɚɤ-
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ɫɢɦɚɥɶɧɨɝɨ ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ. Ɉɞɧɚɤɨ ɦɚɤɫɢɦɚɥɶɧɵɣ ɢɡɝɢɛɚ-
ɸɳɢɣ ɦɨɦɟɧɬ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɨɥɟɬɟ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɤ ɨɩɨɪɚɦ.  

 

 

Ɋɢɫ. 6.3. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɩɪɨɞɨɥɶɧɨɣ ɪɚɛɨɱɟɣ ɚɪɦɚɬɭɪɵ:  

ɚ – ɫɜɚɪɧɚɹ ɚɪɦɚɬɭɪɚ; ɛ – ɜɹɡɚɧɚɹ ɚɪɦɚɬɭɪɚ 

Ⱦɥɹ ɷɤɨɧɨɦɢɱɧɨɝɨ ɚɪɦɢɪɨɜɚɧɢɹ ɛɚɥɨɤ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɫɬɪɨɟ-
ɧɢɟ ɷɩɸɪɵ ɦɚɬɟɪɢɚɥɨɜ. 

  – ɷɬɨ ɷɩɸɪɚ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ, ɜɨɫ-
ɩɪɢɧɢɦɚɟɦɵɯ ɧɨɪɦɚɥɶɧɵɦɢ ɫɟɱɟɧɢɹɦɢ ɛɚɥɤɢ ɫ ɮɚɤɬɢɱɟɫɤɢ ɩɨ-
ɫɬɚɜɥɟɧɧɨɣ ɜ ɧɢɯ ɚɪɦɚɬɭɪɨɣ. 
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Ɋɢɫ. 6.4. ɋɯɟɦɵ ɚɪɦɢɪɨɜɚɧɢɹ ɫɟɱɟɧɢɣ ɛɚɥɨɤ: ɚ – ɜɹɡɚɧɨɣ ɚɪɦɚɬɭɪɨɣ,  

ɞɜɭɯɫɪɟɡɧɵɦɢ ɯɨɦɭɬɚɦɢ; ɛ – ɬɨ ɠɟ, ɱɟɬɵɪɟɯɫɪɟɡɧɵɦɢ ɯɨɦɭɬɚɦɢ; 

ɜ – ɫɜɚɪɧɨɣ ɚɪɦɚɬɭɪɨɣ 

ȼɢɞ ɷɩɸɪɵ ɦɚɬɟɪɢɚɥɨɜ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 6.5. 

Ɍɪɟɛɭɟɦɭɸ ɪɚɫɱɟɬɧɭɸ ɞɥɢɧɭ ɚɧɤɟɪɨɜɤɢ ɚɪɦɚɬɭɪɵ lan ɦɨɠɧɨ 
ɜɵɱɢɫɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ (ɫ ɭɱɟɬɨɦ ɮɨɪɦɭɥ (10.1)–(10.3) ɋɉ 

63.13330.2012)  

lan =
 dR

AR

bt

ss

8
 ,                                          (6.1) 

ɝɞɟ As – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɫɬɟɪɠɧɹ; 
Rs – ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɪɦɚɬɭɪɵ ɪɚɫɬɹɠɟɧɢɸ; 

Rbt – ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɧɚ ɪɚɫɬɹɠɟɧɢɟ; 
d – ɞɢɚɦɟɬɪ ɨɛɪɵɜɚɟɦɨɣ ɚɪɦɚɬɭɪɵ. 
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Ɋɢɫ. 6.5. Ʉ ɩɨɫɬɪɨɟɧɢɸ ɷɩɸɪɵ ɦɚɬɟɪɢɚɥɨɜ: ɚ – ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɛɚɥɤɢ; 

ɛ – ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɛɚɥɤɢ; ɜ – ɷɩɸɪɚ ɦɚɬɟɪɢɚɥɨɜ; 1 – ɬɨɱɤɚ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ 
ɨɛɪɵɜɚ; Mu(4) – ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ, ɜɨɫɩɪɢɧɢɦɚɟɦɵɣ ɫɟɱɟɧɢɟɦ ɫ ɚɪɦɚɬɭ-
ɪɨɣ, ɩɨɫɬɚɜɥɟɧɧɨɣ ɩɨ ɪɚɫɱɟɬɭ; Mu(2) – ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ, ɜɨɫɩɪɢɧɢɦɚɟɦɵɣ  

ɫɟɱɟɧɢɟɦ ɫ ɭɱɟɬɨɦ ɨɛɪɵɜɚɟɦɵɯ ɫɬɟɪɠɧɟɣ; 

lan – ɞɥɢɧɚ ɡɨɧɵ ɚɧɤɟɪɨɜɤɢ ɨɛɪɵɜɚɟɦɨɣ ɚɪɦɚɬɭɪɵ 

Ȼɨɥɟɟ ɬɨɱɧɨ ɬɪɟɛɭɟɦɭɸ ɜɟɥɢɱɢɧɭ ɚɧɤɟɪɨɜɤɢ ɚɪɦɚɬɭɪɵ ɨɩɪɟ-
ɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ (10.1)–(10.3) ɋɉ 63.13330.2012: 

lan = αl0.an ,
ɮɚɤɬ 

ɪɚɫɱ

s

s

A

A
 

ɝɞɟ α = 1 ɞɥɹ ɪɚɫɬɹɧɭɬɵɯ ɫɬɟɪɠɧɟɣ; α = 0,75 ɞɥɹ ɫɠɚɬɵɯ ɫɬɟɪɠɧɟɣ; 

l0.an – ɛɚɡɨɜɚɹ ɞɥɢɧɚ ɚɧɤɟɪɨɜɤɢ;  

l0. an = 
sbond

ss

uR

AR
;
 

Rbond  – ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɰɟɩɥɟɧɢɹ ɚɪɦɚɬɭɪɵ ɫ ɛɟɬɨ-
ɧɨɦ; 

Rbond = Ș1 Ș2Rbt; 

Ș1 = 2,5 – ɞɥɹ ɝɨɪɹɱɟɤɚɬɚɧɨɣ ɢ ɬɟɪɦɢɱɟɫɤɢ ɚɪɦɚɬɭɪɵ; 
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Ș2 = 1 ɩɪɢ ɞɢɚɦɟɬɪɟ ds ≤ 32 ɦɦ;  Ș2 = 0,9 – ɩɪɢ ɞɢɚɦɟɬɪɟ 36 ɢ 40 

ɦɦ; 

As – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɫɬɟɪɠɧɹ, 
us – ɩɟɪɢɦɟɬɪ ɫɬɟɪɠɧɹ. 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɪɚɡɪɚɛɚɬɵɜɚɸɬ 

ɪɚɛɨɱɢɟ ɱɟɪɬɟɠɢ.  

ȼ ɫɨɫɬɚɜ ɪɚɛɨɱɢɯ ɱɟɪɬɟɠɟɣ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 

ɜɯɨɞɹɬ: 
– ɨɩɚɥɭɛɨɱɧɵɟ ɱɟɪɬɟɠɢ; 

– ɱɟɪɬɟɠ ɚɪɦɢɪɨɜɚɧɢɹ* (ɫɛɨɪɨɱɧɵɣ ɱɟɪɬɟɠ); 

– ɱɟɪɬɟɠɢ ɚɪɦɚɬɭɪɧɵɯ ɢ ɡɚɤɥɚɞɧɵɯ ɢɡɞɟɥɢɣ. 

ɉɪɢɦɟɱɚɧɢɟ. ȼ ɭɱɟɛɧɨɣ ɪɚɛɨɬɟ ɱɟɪɬɟɠ ɚɪɦɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɫɨɜɦɟɫɬɢɬɶ 
ɫ ɨɩɚɥɭɛɨɱɧɵɦ ɱɟɪɬɟɠɨɦ, ɬ. ɟ. ɧɚ ɱɟɪɬɟɠɟ ɚɪɦɢɪɨɜɚɧɢɹ (ɫɛɨɪɨɱɧɨɦ ɱɟɪɬɟɠɟ) 
ɩɪɨɫɬɚɜɢɬɶ ɢ ɨɩɚɥɭɛɨɱɧɵɟ ɪɚɡɦɟɪɵ. 

Ɋɚɛɨɱɢɟ ɱɟɪɬɟɠɢ ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶ: 
– ɫɩɟɰɢɮɢɤɚɰɢɢ ɢɡɞɟɥɢɣ (ɜ ɬɨɦ ɱɢɫɥɟ ɫɩɟɰɢɮɢɤɚɰɢɸ ɛɚɥɤɢ, 

ɫɩɟɰɢɮɢɤɚɰɢɸ ɚɪɦɚɬɭɪɧɵɯ ɢ ɡɚɤɥɚɞɧɵɯ ɢɡɞɟɥɢɣ);  

– ɜɟɞɨɦɨɫɬɶ ɪɚɫɯɨɞɚ ɫɬɚɥɢ. 

Ɉɫɧɨɜɧɭɸ ɧɚɞɩɢɫɶ (ɲɬɚɦɩ) ɧɚ ɪɚɛɨɱɢɯ ɱɟɪɬɟɠɚɯ ɤɨɧɫɬɪɭɤɰɢɣ 

ɜɵɩɨɥɧɹɸɬ ɩɨ ɮɨɪɦɟ 4. 

ʞʟʏʙʡʗʦʔʠʙʝʔ	ʖʏʜЯʡʗʔ	№	7	
ʟ˃ˊ˓˃˄ˑ˕ˍ˃	˓˃˄ˑ˚ˈˆˑ	˚ˈ˓˕ˈˉ˃	˄˃ˎˍˋ	

   . 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɪɚɛɨɱɢɯ ɱɟɪɬɟɠɟɣ: 

– ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ ɛɚɥɤɢ b = 200 ɦɦ, h = 400 ɦɦ, lɤɨɧɫɬɪ=  

= 5980 ɦɦ; 

– ɪɚɛɨɱɚɹ ɜɵɫɨɬɚ ɫɟɱɟɧɢɹ  h0 = 350 ɦɦ; 

– ɪɚɛɨɱɚɹ ɩɪɨɞɨɥɶɧɚɹ ɚɪɦɚɬɭɪɚ 2∅ 25 A400; 

– ɩɨɩɟɪɟɱɧɚɹ ɚɪɦɚɬɭɪɚ 2∅8 A400 (ɫ ɲɚɝɨɦ 150 ɦɦ ɧɚ ɪɚɫɫɬɨ-
ɹɧɢɢ 1,5 ɦ ɨɬ ɬɨɪɰɨɜ ɛɚɥɤɢ, ɫ ɲɚɝɨɦ 300 ɦɦ ɜ ɫɟɪɟɞɢɧɟ ɩɪɨɥɟɬɚ); 

– ɛɟɬɨɧ ɤɥɚɫɫɚ ȼ15; 

– ɦɨɧɬɚɠɧɵɟ ɩɟɬɥɢ ∅10 A240. 

Ɉɛɪɚɡɟɰ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɱɟɝɨ ɱɟɪɬɟɠɚ ɫɛɨɪɧɨɣ ɠɟɥɟɡɨɛɟɬɨɧ-

ɧɨɣ ɛɚɥɤɢ ɩɪɢɜɟɞɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ 2. 
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ʖ˃ˇ˃ːˋˈ	ˇˎˢ	˔˃ˏˑ˔˕ˑˢ˕ˈˎ˟ːˑˌ	˓˃˄ˑ˕˞	

 7.1. Ɋɚɡɪɚɛɨɬɚɬɶ ɪɚɛɨɱɢɟ ɱɟɪɬɟɠɢ ɛɚɥɤɢ ɩɨ ɪɟɡɭɥɶɬɚ-
ɬɚɦ ɪɚɫɱɟɬɨɜ, ɜɵɩɨɥɧɟɧɧɵɯ ɧɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɹɯ № 3, 5 ɢ 6. 

Ɋɚɛɨɬɭ ɜɵɩɨɥɧɹɬɶ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ:  

1. ȼɧɟɫɬɢ ɢɡɦɟɧɟɧɢɹ ɜ ɨɛɪɚɡɰɵ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ. 
2. ȼɵɱɟɪɬɢɬɶ ɪɚɛɨɱɢɣ ɱɟɪɬɟɠ ɛɚɥɤɢ (ɥɢɛɨ ɧɚ ɤɨɦɩɶɸɬɟɪɟ, ɥɢ-

ɛɨ ɨɬ ɪɭɤɢ). 

Ɇɨɧɬɚɠɧɵɟ ɩɟɬɥɢ ɩɪɢɧɹɬɶ ɢɡ ɚɪɦɚɬɭɪɵ ɤɥɚɫɫɚ A240, ɨɩɪɟɞɟ-
ɥɢɜ ɬɪɟɛɭɟɦɭɸ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɢɯ ɩɨ ɮɨɪɦɭɥɟ  

As = 
210

2

Q /
, 

ɝɞɟ G – ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɛɚɥɤɢ ɫ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɞɢɧɚɦɢɱɧɨɫɬɢ ɢ 

ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ, ɤɇ; 

G = bhl⋅ 25γd γf ; 

γd = 1,5 – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ; 

γf = 1,1 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ. 
Ⱦɢɚɦɟɬɪ ɫɬɟɪɠɧɟɣ ɩɨɞɨɛɪɚɬɶ ɩɨ ɫɨɪɬɚɦɟɧɬɭ. 



ʦ˃˔˕˟	2	
ʞʟʝʔʙʡʗʟʝʑʏʜʗʔ	ʙʝʜʠʡʟʢʙʥʗʘ	ʛʜʝʒʝЭʡʏʕʜЫʤ	

ʞʟʝʗʖʑʝʓʠʡʑʔʜʜЫʤ	ʖʓʏʜʗʘ	

Ɍɟɦɵ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɣ ɦɨɝɭɬ ɛɵɬɶ ɭɜɹɡɚɧɵ ɫ ɫɨɞɟɪɠɚɧɢ-

ɟɦ ɢ ɡɚɞɚɧɢɟɦ ɧɚ ɤɭɪɫɨɜɨɣ ɩɪɨɟɤɬ. (Ⱦɨ ɧɚɱɚɥɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹ-
ɬɢɣ ɫɬɭɞɟɧɬ ɞɨɥɠɟɧ ɩɨɥɭɱɢɬɶ ɡɚɞɚɧɢɟ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɤɭɪɫɨɜɨɝɨ 
ɩɪɨɟɤɬɚ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɮɨɪɦɟ). 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɨ ɫɨɞɟɪɠɚɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɛɨɬ. 
ɋɨɞɟɪɠɚɧɢɟ Ʉɨɥ-ɜɨ 

ɱɚɫɨɜ 
8. Ʉɨɦɩɨɧɨɜɤɚ ɦɨɧɨɥɢɬɧɨɝɨ ɪɟɛɪɢɫɬɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɧɚɞ ɩɨɞɜɚɥɨɦ 

ɫ ɛɚɥɨɱɧɵɦɢ ɩɥɢɬɚɦɢ, ɩɨɞɫɱɟɬ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɢɬɭ, ɫɬɚɬɢɱɟɫɤɢɣ 

ɪɚɫɱɟɬ ɦɨɧɨɥɢɬɧɨɣ ɛɚɥɨɱɧɨɣ ɩɥɢɬɵ. Ⱥɪɦɢɪɨɜɚɧɢɟ ɩɥɢɬɵ ɜɹɡɚɧɨɣ 

ɚɪɦɚɬɭɪɨɣ 

4 

9. ɇɚɡɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɝɥɚɜɧɨɣ ɛɚɥɤɢ ɦɨɧɨɥɢɬɧɨɝɨ ɪɟɛ-

ɪɢɫɬɨɝɨ ɩɟɪɟɤɪɵɬɢɹ. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɫɬɨɹɧɧɵɯ ɢ ɜɪɟɦɟɧɧɵɯ 
ɧɚɝɪɭɡɨɤ ɧɚ ɛɚɥɤɭ. ɋɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɛɚɥɤɢ ɩɨ ɦɟɬɨɞɭ ɩɪɟɞɟɥɶ-
ɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɧɨɪɦɚɥɶɧɵɯ ɢ ɧɚɤɥɨɧɧɵɯ ɫɟ-
ɱɟɧɢɣ ɛɚɥɤɢ 

4 

10. Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɝɥɚɜɧɨɣ ɛɚɥɤɢ. ɉɨɫɬɪɨɟɧɢɟ ɷɩɸɪɵ ɦɚɬɟɪɢɚ-
ɥɨɜ 2 

11. Ʉɨɦɩɨɧɨɜɤɚ ɫɛɨɪɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɧɚɞ ɩɨɞɜɚɥɨɦ. ɍɡɥɵ ɫɨɩɪɹ-
ɠɟɧɢɹ ɪɢɝɟɥɹ ɫ ɤɨɥɨɧɧɨɣ, ɤɨɥɨɧɧɵ ɫ ɮɭɧɞɚɦɟɧɬɨɦ; ɫɬɵɤ ɤɨɥɨɧɧ. 

Ɋɚɫɱɟɬ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚ ɫɛɨɪɧɨɝɨ ɪɢɝɟɥɹ 
2 

2 

12. Ɋɚɫɱɟɬ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɤɨɥɨɧɧɵ ɩɨɞɜɚɥɶ-
ɧɨɝɨ ɷɬɚɠɚ ɦɧɨɝɨɷɬɚɠɧɨɝɨ ɡɞɚɧɢɹ 2 

ɂɬɨɝɨ 16 
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ʞ˓ˑˈˍ˕ˋ˓ˑ˅˃ːˋˈ	ˏˑːˑˎˋ˕ːˑˆˑ	˓ˈ˄˓ˋ˔˕ˑˆˑ	˒ˈ˓ˈˍ˓˞˕ˋˢ	

ȼ ɬɟɱɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɣ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ: 
1) ɤɨɦɩɨɧɨɜɤɭ ɦɨɧɨɥɢɬɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɫ ɛɚɥɨɱɧɵɦɢ ɩɥɢɬɚ-

ɦɢ; 

2) ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɩɪɨɥɟɬɨɜ ɢ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɢɬɭ; 
3) ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɦɨɧɨɥɢɬɧɨɣ ɛɚɥɨɱɧɨɣ ɩɥɢɬɵ; 

4) ɚɪɦɢɪɨɜɚɧɢɟ ɩɥɢɬɵ ɜɹɡɚɧɨɣ ɚɪɦɚɬɭɪɨɣ. 

ɂɡ ɜɫɟɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ ɩɟɪɟɤɪɵɬɢɣ 

ɧɚ ɩɪɚɤɬɢɱɟɫɤɨɦ ɡɚɧɹɬɢɢ ɫɬɭɞɟɧɬ ɞɨɥɠɟɧ ɩɨɥɭɱɢɬɶ ɧɚɜɵɤɢ ɩɪɨɟɤ-
ɬɢɪɨɜɚɧɢɹ ɦɨɧɨɥɢɬɧɨɝɨ ɪɟɛɪɢɫɬɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɫ ɛɚɥɨɱɧɵɦɢ ɩɥɢ-

ɬɚɦɢ ɜ ɡɞɚɧɢɢ ɫ ɧɟɫɭɳɢɦɢ ɤɢɪɩɢɱɧɵɦɢ ɫɬɟɧɚɦɢ, ɬ. ɟ. ɫ ɧɟɩɨɥɧɵɦ 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɦ ɤɚɪɤɚɫɨɦ.  

Ⱦɥɹ ɢɧɬɟɪɟɫɭɸɳɢɯɫɹ ɜɨɩɪɨɫɚɦɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɪɭɝɢɯ ɜɢɞɨɜ ɩɟɪɟ-
ɤɪɵɬɢɣ ɦɨɠɧɨ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɭɸ ɪɚɛɨɬɭ ɫ ɬɟɯɧɢɱɟɫɤɨɣ 
ɥɢɬɟɪɚɬɭɪɨɣ [1, 2, 3, 12 ɢ ɞɪ.]. 

8.1.	ʙˑˏ˒ˑːˑ˅ˍ˃	˒ˈ˓ˈˍ˓˞˕ˋˢ	

ɐɟɥɶ ɤɨɦɩɨɧɨɜɤɢ ɩɟɪɟɤɪɵɬɢɹ ɫɨɫɬɨɢɬ ɜ ɧɚɡɧɚɱɟɧɢɢ ɫɟɬɤɢ ɤɨ-
ɥɨɧɧ, ɜɵɛɨɪɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɫɧɨɜɧɵɯ ɧɟɫɭɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɨɩɪɟɞɟ-
ɥɟɧɢɢ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɢ ɪɚɡɦɟɪɨɜ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ ɷɬɢɯ 
ɷɥɟɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɜ ɪɚɡɪɚɛɨɬɤɟ ɭɡɥɨɜ ɫɨɩɪɹɠɟɧɢɣ ɷɥɟɦɟɧɬɨɜ. 

ɉɪɢ ɤɨɦɩɨɧɨɜɤɟ ɦɨɧɨɥɢɬɧɵɯ ɪɟɛɪɢɫɬɵɯ ɩɟɪɟɤɪɵɬɢɣ ɜɵɛɨɪ 
ɫɟɬɤɢ ɤɨɥɨɧɧ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɝɥɚɜɧɵɯ ɢ ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɛɚɥɨɤ ɡɚ-
ɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ (ɧɚɡɧɚɱɟɧɢɹ ɡɞɚɧɢɹ, ɤɨɧɮɢɝɭɪɚɰɢɢ ɢ 

ɪɚɡɦɟɪɨɜ ɩɨɦɟɳɟɧɢɣ ɜ ɩɥɚɧɟ, ɪɚɡɦɟɳɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨ-
ɪɭɞɨɜɚɧɢɹ ɢ ɞɪ.). Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɯɚɪɚɤɬɟɪɢɡɭɸ-

ɳɢɯ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɩɟɪɟɤɪɵɬɢɣ, ɹɜɥɹɟɬɫɹ ɪɚɫɯɨɞ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɢɯ 
ɜɨɡɜɟɞɟɧɢɟ. 

Ɉ ɪɚɫɯɨɞɟ ɠɟɥɟɡɨɛɟɬɨɧɚ ɫɭɞɹɬ ɩɨ ɩɪɢɜɟɞɟɧɧɨɣ ɬɨɥɳɢɧɟ ɩɟɪɟ-
ɤɪɵɬɢɹ, ɩɪɢɧɢɦɚɹ ɩɨɞ ɧɟɣ ɬɨɥɳɢɧɭ ɫɥɨɹ ɠɟɥɟɡɨɛɟɬɨɧɚ, ɧɟɨɛɯɨɞɢ-

ɦɨɝɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɥɨɧɧ, ɩɥɢɬɵ, ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɢ ɝɥɚɜɧɵɯ 
ɛɚɥɨɤ, ɪɚɫɩɪɟɞɟɥɟɧɧɨɝɨ ɩɨ ɜɫɟɣ ɩɥɨɳɚɞɢ ɩɟɪɟɤɪɵɬɢɹ.  

Ɇɟɬɨɞɢɤɚ ɫɪɚɜɧɟɧɢɹ ɜɚɪɢɚɧɬɨɜ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ ɩɨ 
ɩɪɢɜɟɞɟɧɧɨɣ ɬɨɥɳɢɧɟ ɩɟɪɟɤɪɵɬɢɣ ɩɪɢɜɟɞɟɧɚ ɜ ɭɱɟɛɧɵɯ ɩɨɫɨɛɢɹɯ 
[21; 25]. 
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ȼ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɡɚɞɚɧɢɢ ɧɚ ɤɭɪɫɨɜɨɣ ɩɪɨɟɤɬ ɡɚɞɚɧɵ ɪɚɡɦɟ-
ɪɵ ɡɞɚɧɢɹ ɜ ɩɥɚɧɟ (B×L). 

ɇɚ ɩɪɚɤɬɢɱɟɫɤɨɦ ɡɚɧɹɬɢɢ ɫɬɭɞɟɧɬ ɞɨɥɠɟɧ, ɢɫɩɨɥɶɡɭɹ ɪɟɤɨ-
ɦɟɧɞɭɟɦɵɟ ɨɩɬɢɦɚɥɶɧɵɟ ɩɪɨɥɟɬɵ ɝɥɚɜɧɵɯ (lmb = 6…9 ɦ) ɢ ɜɬɨɪɨ-
ɫɬɟɩɟɧɧɵɯ (lsb = 5…8 ɦ) ɛɚɥɨɤ, ɧɚɡɧɚɱɢɬɶ ɜ ɷɬɨɦ ɡɞɚɧɢɢ ɫɟɬɤɭ ɤɨ-
ɥɨɧɧ, ɜɵɛɪɚɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɝɥɚɜɧɵɯ ɛɚɥɨɤ, ɩɪɢɧɹɬɶ ɲɚɝ ɜɬɨɪɨɫɬɟ-
ɩɟɧɧɵɯ ɛɚɥɨɤ. 

ɒɚɝ ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɛɚɥɨɤ (ls) ɞɨɥɠɟɧ ɛɵɬɶ ɧɚɡɧɚɱɟɧ ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ls≤ lsb /2 (ɬɨɥɶɤɨ ɩɪɢ ɨɬɧɨɲɟɧɢɢ lsb/ls ≥ 2 ɩɥɢɬɚ ɜ 
ɦɨɧɨɥɢɬɧɨɦ ɩɟɪɟɤɪɵɬɢɢ ɪɚɛɨɬɚɟɬ ɩɨ ɛɚɥɨɱɧɨɣ ɫɯɟɦɟ [21, ɫ. 5–6]).  

ɉɪɢɦɟɪ ɤɨɦɩɨɧɨɜɤɢ ɩɟɪɟɤɪɵɬɢɹ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 8.1. 

 
Ɋɢɫ. 8.1. ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɚɥɨɤ ɦɨɧɨɥɢɬɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ 

Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɩɟɪɟɤɪɵɬɢɹ ɪɚɡɦɟɪɵ ɩɨɩɟɪɟɱɧɵɯ 
ɫɟɱɟɧɢɣ ɩɥɢɬɵ, ɛɚɥɨɤ ɢ ɤɨɥɨɧɧ (ɫɦ) ɦɨɠɧɨ ɜɵɱɢɫɥɹɬɶ ɩɨ ɫɥɟɞɭɸ-

ɳɢɦ ɮɨɪɦɭɥɚɦ: 

– ɬɨɥɳɢɧɚ ɩɥɢɬɵ 

;)(8,2 bnsss R/qllh +=                              (8.1) 

– ɜɵɫɨɬɚ ɜɬɨɪɨɫɬɟɩɟɧɧɨɣ ɛɚɥɤɢ 
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bnsbssb R/qllh )45,0(54,5 += ;                     (8.2) 

– ɜɵɫɨɬɚ ɝɥɚɜɧɨɣ ɛɚɥɤɢ 

bmbsbnmbmb R/llqlh )4,0(78,7 2 += ;                     (8.3) 

– ɫɬɨɪɨɧɚ ɤɜɚɞɪɚɬɧɨɝɨ ɫɟɱɟɧɢɹ ɤɨɥɨɧɧɵ 

bflnsscc R/nqllbh )7,1(9 +== .                  (8.4) 

ȼɟɥɢɱɢɧɭ Rb ɩɨɞɫɬɚɜɥɹɸɬ ɜ ɦɟɝɚɩɚɫɤɚɥɹɯ, ɩɪɨɥɟɬɵ ɩɥɢɬɵ ɢ 

ɛɚɥɨɤ – ɜ ɦɟɬɪɚɯ, ɧɚɝɪɭɡɤɭ qn – ɜ ɤɢɥɨɩɚɫɤɚɥɹɯ. 
ɒɢɪɢɧɭ ɫɟɱɟɧɢɣ ɛɚɥɨɤ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɪɚɜɧɨɣ 0,4h...0,5h 

ɜɵɫɨɬɵ.  

Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɷɥɟɦɟɧɬɨɜ ɦɨɧɨɥɢɬɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ 
ɢ ɤɨɥɨɧɧ ɧɟɨɛɯɨɞɢɦɨ ɧɚɡɧɚɱɚɬɶ ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ɩɟɪɟɱɢɫɥɟɧɧɵɦɢ ɧɢɠɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ. 

Ɍɨɥɳɢɧɚ ɩɥɢɬ ɦɨɧɨɥɢɬɧɵɯ ɪɟɛɪɢɫɬɵɯ ɩɟɪɟɤɪɵɬɢɣ ɞɨɥɠɧɚ 
ɛɵɬɶ ɧɟ ɦɟɧɟɟ 50 ɦɦ ɜ ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɹɯ ɢ ɧɟ ɦɟɧɟɟ 
60 ɦɦ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɹɯ. Ɋɟɤɨɦɟɧɞɭɟɦɵɟ ɜɟɥɢɱɢɧɵ 

ɬɨɥɳɢɧɵ ɩɥɢɬ, ɦɦ: 50, 60, 70, 80, 100, 120, 140, 160, 180, 200, 250, 

300, ɞɚɥɟɟ ɤɪɚɬɧɨ 100 ɦɦ. 

Ȼɚɥɤɢ ɦɨɧɨɥɢɬɧɵɯ ɩɟɪɟɤɪɵɬɢɣ (ɝɥɚɜɧɵɟ ɢ ɜɬɨɪɨɫɬɟɩɟɧɧɵɟ) 
ɫɥɟɞɭɟɬ ɤɨɧɫɬɪɭɢɪɨɜɚɬɶ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ. 

Ɋɟɤɨɦɟɧɞɭɟɦɵɟ ɪɚɡɦɟɪɵ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɫɟɱɟɧɢɣ ɛɚɥɨɤ, ɦɦ: 

150×300, 150×400, 200×400, 200×500, 200×600, 300×600, 300×700, 

300×800, 400×800, 400×1000, 400×1200, 500×1000, 500×1200, 

600×1200. Ⱦɚɥɟɟ ɲɢɪɢɧɭ ɫɟɱɟɧɢɹ ɛɚɥɨɤ ɫɥɟɞɭɟɬ ɧɚɡɧɚɱɚɬɶ ɤɪɚɬɧɨɣ 

100 ɦɦ, ɜɵɫɨɬɭ – ɤɪɚɬɧɨɣ 300 ɦɦ. 

8.2.	ʞ˓ˑˈˍ˕ˋ˓ˑ˅˃ːˋˈ	˄˃ˎˑ˚ːˑˌ	˒ˎˋ˕˞	

8.2.1.	ʟ˃˔˚ˈ˕ː˃ˢ	˔˘ˈˏ˃	ˋ	ː˃ˆ˓˖ˊˍˋ	

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɜɨɩɪɨɫɨɜ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɹɜɥɹɟɬɫɹ ɧɚɡɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ, ɧɚɢɛɨɥɟɟ ɛɥɢɡɤɨ ɨɬɜɟɱɚɸ-

ɳɟɣ ɩɪɢɧɹɬɨɦɭ ɤɨɧɫɬɪɭɤɬɢɜɧɨɦɭ ɪɟɲɟɧɢɸ. 

Ⱦɥɹ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɢɬɶ ɩɪɨɥɟɬɵ ɩɥɢɬɵ. ȼ 

ɤɪɚɣɧɢɯ ɹɱɟɣɤɚɯ ɩɥɢɬɵ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɧɨɝɨ ɩɪɨɥɟɬɚ ɩɪɢɧɢɦɚɸɬ 
ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɝɪɚɧɢ ɤɪɚɣɧɟɣ ɛɚɥɤɢ ɞɨ ɨɫɢ ɨɩɨɪɵ ɧɚ ɫɬɟɧɟ  
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(ɪɢɫ. 8.2); ɜ ɫɪɟɞɧɢɯ ɹɱɟɣɤɚɯ ɩɥɢɬɵ ɡɚ ɪɚɫɱɟɬɧɵɣ ɩɪɨɥɟɬ ɩɪɢɧɢɦɚ-
ɸɬ ɪɚɫɫɬɨɹɧɢɟ ɜ ɫɜɟɬɭ ɦɟɠɞɭ ɛɚɥɤɚɦɢ.  

Ɋɚɫɱɟɬɧɭɸ ɫɯɟɦɭ ɩɪɢɧɢɦɚɸɬ ɜ ɜɢɞɟ ɦɧɨɝɨɩɪɨɥɟɬɧɨɣ ɧɟɪɚɡ-
ɪɟɡɧɨɣ ɛɚɥɤɢ ɫ ɪɚɫɱɟɬɧɨɣ ɲɢɪɢɧɨɣ 1 ɦ, ɧɚ ɤɨɬɨɪɭɸ ɞɟɣɫɬɜɭɟɬ ɪɚɜ-
ɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ q = p + v (ɬɚɛɥ. 8.1). ɇɚ ɤɪɚɣɧɢɯ 
ɨɩɨɪɚɯ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɲɚɪɧɢɪɧɨɟ ɡɚɤɪɟɩɥɟɧɢɟ, ɚ ɜɨɡɦɨɠɧɨɟ ɱɚ-
ɫɬɢɱɧɨɟ ɡɚɳɟɦɥɟɧɢɟ ɩɥɢɬɵ ɜ ɫɬɟɧɟ ɫɥɟɞɭɟɬ ɭɱɟɫɬɶ ɩɪɢ ɤɨɧɫɬɪɭɢɪɨ-
ɜɚɧɢɢ. 

 

 

Ɋɢɫ. 8.2. Ʉ ɧɚɡɧɚɱɟɧɢɸ ɪɚɫɱɟɬɧɵɯ ɩɪɨɥɟɬɨɜ ɩɥɢɬɵ 

Ɍɚɛɥɢɰɚ 8.1 

ɇɚɝɪɭɡɤɢ ɧɚ ɩɥɢɬɭ 

ȼɢɞ ɧɚɝɪɭɡɤɢ ɇɨɪɦɚɬɢɜɧɚɹ 
ɧɚɝɪɭɡɤɚ, ɤɉɚ

Ɋɚɫɱɟɬɧɚɹ 
ɧɚɝɪɭɡɤɚ  

ɩɪɢ γf = 1, ɤɉɚ

γf  > 1 Ɋɚɫɱɟɬɧɚɹ 
ɧɚɝɪɭɡɤɚ  

ɩɪɢ γf  > 1, ɤɉɚ
1. ɉɨɫɬɨɹɧɧɚɹ: 
ɉɥɢɬɨɱɧɵɣ ɩɨɥ 

 

0,3 

 

0,3 

 

1,1 

 

0,330 

ɐɟɦɟɧɬɧɵɣ ɪɚɫ-
ɬɜɨɪ  
(γ = 22 ɤɇ/ɦ3

,  

t = 20 ɦɦ) 

 

 

 

0,44 

 

 

 

0,44 

 

 

 

1,3 

 

 

 

0,572 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥ. 8.1 

ȼɢɞ ɧɚɝɪɭɡɤɢ ɇɨɪɦɚɬɢɜɧɚɹ 
ɧɚɝɪɭɡɤɚ, ɤɉɚ

Ɋɚɫɱɟɬɧɚɹ 
ɧɚɝɪɭɡɤɚ  

ɩɪɢ γf = 1, ɤɉɚ

γf  > 1 Ɋɚɫɱɟɬɧɚɹ 
ɧɚɝɪɭɡɤɚ  

ɩɪɢ γf  > 1, ɤɉɚ
ɋɨɛɫɬɜɟɧɧɵɣ ɜɟɫ 
ɩɥɢɬɵ  

(γ = 25ɤɇ/ɦ3
,  

t = 70 ɦɦ) 

 

 

 

1,75 

 

 

 

1,75 

 

 

 

1,1 

 

 

 

1,925 

ɂɬɨɝɨ  
ɩɨɫɬɨɹɧɧɚɹ p 

 

2,49 

 

2,49 

 

− 

 

2,827 

2. ȼɪɟɦɟɧɧɚɹ v 

ȼ ɬɨɦ ɱɢɫɥɟ ɞɥɢ-

ɬɟɥɶɧɚɹ vl 

7,5 

 

5,0 

7,5 

 

5,0 

1,2 

 

1,2 

8,550 

 

5,700 

3. ɉɨɥɧɚɹ  
q = p+v 

ȼ ɬɨɦ ɱɢɫɥɟ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨ 
ɞɟɣɫɬɜɭɸɳɚɹ  
ql= p+vl 

 

9,99 

 

 

 

7,49 

 

9,99 

 

 

 

7,49 

 

− 

 

 

 

− 

 

11,377 

 

 

 

8,527 

Ɂɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɢɬɭ ɨɩɪɟɞɟɥɢɬɶ ɫ ɭɱɟɬɨɦ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɡɞɚɧɢɹ [5, ɩ. 7,  

ɫɬ. 16].  

ɉɪɢɦɟɪ ɪɚɫɱɟɬɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɢɬɭ ɞɥɹ ɡɞɚɧɢɹ 
ɧɨɪɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ γn = 1. 

ɉɨɝɨɧɧɚɹ ɧɚɝɪɭɡɤɚ q ɧɚ ɛɚɥɨɱɧɭɸ ɩɥɢɬɭ ɲɢɪɢɧɨɣ 1 ɦ ɱɢɫɥɟɧ-

ɧɨ ɪɚɜɧɚ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɩɨ ɩɥɨɳɚɞɢ. 

8.2.2.	ʠ˕˃˕ˋ˚ˈ˔ˍˋˌ	˓˃˔˚ˈ˕	ˏˑːˑˎˋ˕ːˑˌ	˒ˎˋ˕˞	

ɂɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ ɨɩɪɟɞɟɥɹɸɬ ɜ ɧɚɢɛɨɥɟɟ ɧɚɩɪɹɠɟɧɧɵɯ 
ɫɟɱɟɧɢɹɯ ɩɥɢɬɵ ɫ ɭɱɟɬɨɦ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɭɫɢɥɢɣ [23] ɩɨ ɮɨɪ-
ɦɭɥɚɦ:  

− ɜ ɤɪɚɣɧɢɯ ɩɪɨɥɟɬɚɯ 
M = ql

2
/11;                                    (8.5) 

− ɧɚ ɩɟɪɜɵɯ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɨɩɨɪɚɯ, ɭɱɢɬɵɜɚɹ ɞɥɢɧɭ ɛɨɥɶɲɟ-
ɝɨ ɫɦɟɠɧɨɝɨ ɩɪɨɥɟɬɚ 
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M = ql
2
/11;                                    (8.6) 

− ɜ ɫɪɟɞɧɢɯ ɩɪɨɥɟɬɚɯ ɢ ɧɚ ɫɪɟɞɧɢɯ ɨɩɨɪɚɯ 
M = ql

2
/16.                                    (8.7) 

ɉɪɢ ls < 30hs ɜ ɫɪɟɞɧɢɯ ɩɪɨɥɟɬɚɯ ɢ ɧɚ ɫɪɟɞɧɢɯ ɨɩɨɪɚɯ ɩɥɢɬ, 
ɨɤɚɣɦɥɟɧɧɵɯ ɩɨ ɜɫɟɦɭ ɤɨɧɬɨɪɭ ɛɚɥɤɚɦɢ, ɦɨɠɧɨ ɭɱɟɫɬɶ ɜɥɢɹɧɢɟ 
ɪɚɫɩɨɪɚ, ɭɦɟɧɶɲɚɹ ɦɨɦɟɧɬɵ ɧɚ 20%. 

8.2.3.	ʟ˃˔˚ˈ˕	˒˓ˑ˚ːˑ˔˕ˋ	˔ˈ˚ˈːˋˌ	˒ˎˋ˕˞	
(˓˃˔˚ˈ˕	˒˓ˑˇˑˎ˟ːˑˌ	˓˃˄ˑ˚ˈˌ	˃˓ˏ˃˕˖˓˞)	

ɉɪɢ ɪɟɲɟɧɢɢ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɢɡ ɪɚɫɱɟɬɚ ɩɪɨɱɧɨɫɬɢ ɧɨɪɦɚɥɶ-
ɧɵɯ ɫɟɱɟɧɢɣ ɩɥɢɬɵ ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɟɣ ɚɪ-
ɦɚɬɭɪɵ As.  

Ɋɚɫɱɟɬɧɵɟ ɫɟɱɟɧɢɹ ɩɥɢɬɵ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 8.3. 

 

Ɋɢɫ. 8.3. Ɋɚɫɱɟɬɧɵɟ ɫɟɱɟɧɢɹ ɩɥɢɬɵ: ɚ – ɜ ɩɪɨɥɟɬɟ; ɛ – ɧɚ ɨɩɨɪɟ 

ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɧɚɝɪɭɡɨɤ ɦɚɥɨɣ ɫɭɦɦɚɪɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨ-
ɫɬɢ ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɢɬɶ ɫ ɤɨɷɮɮɢ-

ɰɢɟɧɬɨɦ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɛɟɬɨɧɚ γb1 = 0,9. 

Ɋɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɩɥɢɬɵ ɩɪɢɧɹɬɶ ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ɡɚɞɚɧɢɟɦ ɧɚ ɤɭɪɫɨɜɨɣ ɩɪɨɟɤɬ. 

ȼ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ ɚɪɦɚɬɭɪɵ ɩɪɢɧɢɦɚɸɬ ɫɬɟɪɠɧɢ ɢɡ ɫɬɚɥɢ 

ɤɥɚɫɫɚ Ⱥ400 ɢɥɢ ȼɪ500 (ɩɨ ɡɚɞɚɧɢɸ ɧɚ Ʉɉ).  

Ⱥɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ, ɮɨɪɦɭɥɵ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ 

ɫɦ. ɡɚɞɚɱɭ 3.2.  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɢɬɶ ɬɚɛɥɢɰɭ ɩɨ ɧɢɠɟɩɪɢɜɟɞɟɧ-

ɧɨɣ ɮɨɪɦɟ (ɬɚɛɥ. 8.2) 

 



60   ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɦɧɨɝɨɷɬɚɠɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ 

Ɍɚɛɥɢɰɚ 8.2 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɟɱɟɧɢɣ ɩɥɢɬɵ  

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɟɱɟɧɢɹ ɩɥɢɬɵ Ɇ, Ɇɇ·ɦ α0 v As,ɫɦ2

ȼ ɤɪɚɣɧɢɯ ɩɪɨɥɟɬɚɯ      

ɍ ɩɟɪɜɵɯ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɨɩɨɪ     

ȼ ɫɪɟɞɧɢɯ ɩɪɨɥɟɬɚɯ ɢ ɭ ɫɪɟɞɧɢɯ 
ɨɩɨɪ ɧɟoɤɚɣɦɥɟɧɧɵɯ ɩɥɢɬ 

    

ȼ ɫɪɟɞɧɢɯ ɩɪɨɥɟɬɚɯ ɢ ɭ ɫɪɟɞɧɢɯ 
ɨɩɨɪ ɨɤɚɣɦɥɟɧɧɵɯ ɩɥɢɬ 

    

8.2.4.	ʙˑː˔˕˓˖ˋ˓ˑ˅˃ːˋˈ	˒ˎˋ˕˞	

ɉɟɪɟɞ ɜɵɩɨɥɧɟɧɢɟɦ ɞɚɧɧɨɣ ɱɚɫɬɢ ɪɚɛɨɬɵ ɚɜɬɨɪɵ ɧɚɫɬɨɹɬɟɥɶ-
ɧɨ ɪɟɤɨɦɟɧɞɭɸɬ ɩɨɡɧɚɤɨɦɢɬɶɫɹ ɫ ɨɫɧɨɜɧɵɦɢ ɩɪɚɜɢɥɚɦɢ ɤɨɧɫɬɪɭɢ-

ɪɨɜɚɧɢɹ, ɢɡɥɨɠɟɧɧɵɦɢ ɜ ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ [21, ɩ. 1.5]. 

Ⱥɪɦɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɦɨɠɟɬ ɜɵɩɨɥ-
ɧɹɬɶɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɞɭɫɬɪɢɚɥɶɧɵɯ ɢɡɞɟɥɢɣ (ɫɜɚɪɧɵɟ ɫɟɬɤɢ 

ɢ ɤɚɪɤɚɫɵ, ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɟ ɧɚ ɡɚɜɨɞɚɯ ɫɬɪɨɣɢɧɞɭɫɬɪɢɢ), ɚ ɬɚɤɠɟ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɞɟɥɶɧɵɯ ɫɬɟɪɠɧɟɣ, ɫɜɚɪɢɜɚɟɦɵɯ ɢɥɢ ɫɜɹɡɵɜɚɟ-
ɦɵɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɟ. 

Ⱥɜɬɨɪɵ ɫɱɢɬɚɸɬ, ɱɬɨ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɦɨɧɨɥɢɬɧɵɯ ɪɟɛɪɢ-

ɫɬɵɯ ɩɟɪɟɤɪɵɬɢɣ ɫ ɜɹɡɚɧɨɣ ɚɪɦɚɬɭɪɨɣ (ɜɨɡɜɨɞɢɦɵɯ ɧɚ ɪɚɧɧɟɣ ɫɬɚ-
ɞɢɢ ɜɨɡɜɟɞɟɧɢɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɩɟɪɟɤɪɵɬɢɣ ɢ ɞɪɭɝɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 

ɜ ɤɨɧɰɟ XIX ɢ ɜ ɧɚɱɚɥɟ XX ɜɟɤɚ) ɩɨɡɜɨɥɹɟɬ ɭɫɜɨɢɬɶ ɨɫɧɨɜɧɵɟ ɩɪɚ-
ɜɢɥɚ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ – ɧɚɡɧɚɱɟɧɢɟ ɡɚɳɢɬɧɨɝɨ ɫɥɨɹ ɛɟɬɨɧɚ, ɪɚɫɩɨ-
ɥɨɠɟɧɢɟ ɫɬɟɪɠɧɟɣ ɪɚɛɨɱɟɣ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɚɪɦɚɬɭɪɵ ɜ ɫɟɱɟɧɢɢ 

ɷɥɟɦɟɧɬɚ ɢ ɞɪ. 
ɇɚ ɞɚɧɧɨɦ ɩɪɚɤɬɢɱɟɫɤɨɦ ɡɚɧɹɬɢɢ ɚɪɦɢɪɨɜɚɧɢɟ ɩɥɢɬɵ ɜɵɩɨɥ-

ɧɢɬɶ ɜ ɜɢɞɟ ɜɹɡɚɧɵɯ ɚɪɦɚɬɭɪɧɵɯ ɫɟɬɨɤ ɢɡ ɨɬɞɟɥɶɧɵɯ ɫɬɟɪɠɧɟɣ. 

ɉɪɢ ɬɨɥɳɢɧɟ ɩɥɢɬɵ ɦɟɧɟɟ 120 ɦɦ ɩɪɢɦɟɧɹɸɬ ɪɚɡɞɟɥɶɧɨɟ ɚɪ-
ɦɢɪɨɜɚɧɢɟ, ɬ. ɟ. ɜɫɟ ɫɬɟɪɠɧɢ ɩɪɨɥɟɬɧɨɣ ɚɪɦɚɬɭɪɵ ɞɨɜɨɞɹɬ ɞɨ ɨɩɨɪ, 
ɚ ɧɚɞ ɨɩɨɪɚɦɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɫɜɨɸ, ɧɟɡɚɜɢɫɢɦɭɸ ɚɪɦɚɬɭɪɭ. ɉɪɢ 

ɷɬɨɦ ɧɢɠɧɢɟ ɩɪɨɥɟɬɧɵɟ ɪɚɛɨɱɢɟ ɫɬɟɪɠɧɢ ɤɨɧɫɬɪɭɢɪɭɸɬ ɫɤɜɨɡɧɵ-

ɦɢ, ɩɪɨɩɭɫɤɚɹ ɢɯ ɱɟɪɟɡ ɧɟɫɤɨɥɶɤɨ ɨɩɨɪ, ɚ ɜ ɤɪɚɣɧɢɯ ɩɪɨɥɟɬɚɯ, ɝɞɟ 
ɩɨ ɪɚɫɱɟɬɭ ɬɪɟɛɭɟɬɫɹ ɛɨɥɶɲɟ ɚɪɦɚɬɭɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɵɟ ɫɬɟɪɠɧɢ. ɉɨɷɬɨɦɭ ɫɧɚɱɚɥɚ ɩɨɞɛɢɪɚɸɬ ɚɪɦɚɬɭɪɭ ɞɥɹ ɫɪɟɞ-
ɧɢɯ ɩɪɨɥɟɬɨɜ ɩɥɢɬɵ, ɡɚɬɟɦ – ɞɥɹ ɤɪɚɣɧɢɯ. 
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ɉɨɞɛɨɪ ɚɪɦɚɬɭɪɵ ɩɪɨɢɡɜɨɞɹɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɱɟɬɨɦ, ɢɫ-
ɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɬɚɛɥɢɰɵ 8.3.  

Ɍɚɛɥɢɰɚ 8.3 

Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɞɛɨɪɚ ɪɚɛɨɱɟɣ ɚɪɦɚɬɭɪɵ ɩɥɢɬ 
ɒɚɝ 
ɫɬɟɪɠ-

ɧɟɣ, ɦɦ 

ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɚɪɦɚɬɭɪɵ ɧɚ 1 ɦ ɲɢɪɢɧɵ ɩɥɢɬɵ, 

ɫɦ2
, ɩɪɢ ɞɢɚɦɟɬɪɟ ɫɬɟɪɠɧɟɣ, ɦɦ 

3 4 5 6 8 10 12 14 16 

100 0,71 1,26 1,96 2,83 5,03 7,85 11,21 15,39 20,11 

125 0,57 1,01 1,57 2,26 4,02 6,28 9,05 12,31 16,08 

150 0,47 0,84 1,31 1,89 3,35 5,23 7,54 10,26 13,40 

200 0,35 0,63 0,98 1,41 2,51 3,93 5,65 7,69 10,05 

250 0,28 0,50 0,79 1,13 2,01 3,14 4,52 6,16 8,04 

300 0,23 0,42 0,35 0,94 1,68 2,61 3,77 5,13 6,70 

350 0,20 0,36 0,56 0,81 1,44 2,24 3,23 4,44 5,74 

400 0,18 0,32 0,49 0,71 1,25 1,96 2,2 3,50 5,02 

500 0,14 0,25 0,39 0,57 1,01 1,57 2,26 3,08 4,02 

Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶɧɭɸ ɚɪɦɚɬɭɪɭ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɩɨ ɬɚɛɥɢɰɟ 8.4 ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɧɹɬɨɣ ɪɚɛɨɱɟɣ ɚɪɦɚɬɭɪɵ.  

Ɍɚɛɥɢɰɚ 8.4 

Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɞɛɨɪɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɚɪɦɚɬɭɪɵ  

Ⱦɢɚɦɟɬɪ 
ɫɬɟɪɠɧɟɣ  

ɪɚɛɨɱɟɣ  

ɚɪɦɚɬɭɪɵ, ɦɦ 

Ⱦɢɚɦɟɬɪ (ɱɢɫɥɢɬɟɥɶ) ɢ ɲɚɝ (ɡɧɚɦɟɧɚɬɟɥɶ), ɦɦ,  

ɫɬɟɪɠɧɟɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɩɪɢ ɲɚɝɟ ɫɬɟɪɠɧɟɣ 

ɪɚɛɨɱɟɣ ɚɪɦɚɬɭɪɵ, ɦɦ 

100 125 150 200 

3-4 3/400 3/400 3/400 3/400 

5 3/350 3/350 3/350 3/350 

6 4/350 4/350 3/350 3/350 

8 5/350 5/350 4/350 4/350 

10 6/350 6/350 5/350 5/350 

12 6/250 6/300 6/350 6/350 

14 8/300 8/350 8/350 6/300 

16 8/250 8/300 8/350 8/350 

Ʉɪɨɦɟ ɨɫɧɨɜɧɨɣ ɪɚɛɨɱɟɣ ɚɪɦɚɬɭɪɵ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɧɚɞ-

ɨɩɨɪɧɭɸ ɚɪɦɚɬɭɪɭ ɜ ɧɟɪɚɛɨɱɟɦ ɧɚɩɪɚɜɥɟɧɢɢ: ɧɚɞ ɝɥɚɜɧɵɦɢ ɛɚɥɤɚ-
ɦɢ ɢ ɭ ɫɬɟɧ ɞɥɹ ɜɨɫɩɪɢɹɬɢɹ ɦɨɦɟɧɬɨɜ ɱɚɫɬɢɱɧɨɝɨ ɡɚɳɟɦɥɟɧɢɹ. Ʉɨ-



62   ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɦɧɨɝɨɷɬɚɠɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ 

ɥɢɱɟɫɬɜɨ ɷɬɨɣ ɚɪɦɚɬɭɪɵ ɩɪɢɧɢɦɚɸɬ ɧɟ ɦɟɧɟɟ 1/3 ɚɪɦɚɬɭɪɵ ɜ ɤɪɚɣ-

ɧɢɯ ɩɪɨɥɟɬɚɯ ɩɥɢɬɵ. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɨɞɛɨɪɚ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ  
(ɬɚɛɥ. 8.5).  

Ɍɚɛɥɢɰɚ 8.5 

ɉɨɞɛɨɪ ɚɪɦɚɬɭɪɵ ɩɥɢɬɵ 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ  
ɫɟɱɟɧɢɹ ɩɥɢɬɵ 

As, ɫɦ2
, 

ɩɨ  
ɪɚɫɱɟɬɭ 

ɉɪɢɧɹɬɨɟ ɚɪɦɢɪɨɜɚɧɢɟ 
Ɋɚɛɨɱɢɟ ɫɬɟɪɠɧɢ Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶ-

ɧɵɟ ɫɬɟɪɠɧɢ 

ɞɢɚɦɟɬɪ, 
ɦɦ, ɢ ɤɥɚɫɫ

ɲɚɝ, 
ɦɦ 

As, 

ɫɦ2
 

ɞɢɚɦɟɬɪ, 
ɦɦ, ɢ ɤɥɚɫɫ 

ɲɚɝ, 
ɦɦ 

ɍ ɩɟɪɜɵɯ ɩɪɨɦɟɠɭ-
ɬɨɱɧɵɯ ɨɩɨɪ 2,44 ∅6A400 100 2,83 ∅3Bp500 350 

ȼ ɫɪɟɞɧɢɯ ɩɪɨɥɟɬɚɯ ɢ 

ɭ ɫɪɟɞɧɢɯ ɨɩɨɪ ɧɟ-
ɨɤɚɣɦɥɟɧɧɵɯ ɩɥɢɬ 1,62 ∅6A400 150 1,89 ∅3Bp500 350 

ȼ ɤɪɚɣɧɢɯ ɩɪɨɥɟɬɚɯ 
ɧɟɨɤɚɣɦɥɟɧɧɵɯ ɩɥɢɬ 2,21 ∅6A400 

150 

500 2,43 ∅4Bp500 350 

ȼ ɫɪɟɞɧɢɯ ɩɪɨɥɟɬɚɯ ɢ 

ɭ ɫɪɟɞɧɢɯ ɨɩɨɪ ɨɤɚɣɦ-

ɥɟɧɧɵɯ ɩɥɢɬ 1,27 ∅6A400 200 1,41 ∅3Bp500 350 

ȼ ɤɪɚɣɧɢɯ ɩɪɨɥɟɬɚɯ 
ɨɤɚɣɦɥɟɧɧɵɯ ɩɥɢɬ 2,21 ∅6A400 

200 

350 2,22 ∅4Bp500 350 

ȼ ɧɟɪɚɛɨɱɟɦ ɧɚɩɪɚɜ-
ɥɟɧɢɢ ɭ ɨɩɨɪ ɜɨɡɥɟ 
ɫɬɟɧ ɢ ɧɚɞ ɝɥɚɜɧɵɦɢ 

ɛɚɥɤɚɦɢ 

2,21:3= 

=0,74 ∅5Bp500 200 0,98 ∅3Bp500 350 

Ⱦɥɢɧɭ ɧɚɞɨɩɨɪɧɵɯ ɫɬɟɪɠɧɟɣ ɨɩɪɟɞɟɥɹɸɬ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɢɯ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɭɱɚɫɬɤɢ ɜ ɤɚɠɞɭɸ ɫɬɨɪɨɧɭ ɨɬ ɝɪɚɧɢ ɛɚɥɤɢ ɪɚɜɧɵ 

ɱɟɬɜɟɪɬɢ ɩɪɨɥɟɬɚ ɩɥɢɬɵ (ɪɢɫ. 8.4). Ⱦɥɹ ɧɚɞɨɩɨɪɧɵɯ ɫɬɟɪɠɧɟɣ ɭ 
ɫɬɟɧ ɞɥɢɧɭ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɨɬ ɫɬɟɧ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɨɣ 

1/10 ɩɪɨɥɟɬɚ ɩɥɢɬɵ. 



 

Ɋɢɫ. 8.4

ɫ

 

ɉɪɨ

4. Ɋɚɡɞɟɥɶ
ɫɬɟɪɠɧɹɦ

3, 4 

ɨɟɤɬɢɪɨɜɚ

ɶɧɨɟ ɚɪɦɢ
ɦɢ: 1, 2 – ɩ

– ɧɚɞɨɩɨɪ
5, 6 – ɚɪ

ɚɧɢɟ ɦɨɧɨ

ɢɪɨɜɚɧɢɟ 
ɩɪɨɥёɬɧɚɹ
ɪɧɚɹ ɚɪɦɚ
ɪɦɚɬɭɪɚ ɜ 

ɨɥɢɬɧɨɝɨ

ɦɨɧɨɥɢɬ
ɹ ɚɪɦɚɬɭɪ
ɚɬɭɪɚ ɜ ɪɚ
ɧɟɪɚɛɨɱɟ

ɨ ɪɟɛɪɢɫɬ

ɬɧɵɯ ɛɚɥɨ
ɪɚ ɜ ɪɚɛɨɱ
ɚɛɨɱɟɦ ɧɚ
ɟɦ ɧɚɩɪɚɜ

ɬɨɝɨ ɩɟɪɟɤ

ɨɱɧɵɯ ɩɥɢ
ɱɟɦ ɧɚɩɪɚ
ɚɩɪɚɜɥɟɧɢ
ɜɥɟɧɢɢ

ɤɪɵɬɢɹ   

 

 

ɢɬ ɨɬɞɟɥɶ
ɚɜɥɟɧɢɢ; 

ɢɢ; 

       63 

 

ɧɵɦɢ 
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ʞʟʏʙʡʗʦʔʠʙʝʔ	ʖʏʜЯʡʗʔ	№	9	
ʞ˓ˑˈˍ˕ˋ˓ˑ˅˃ːˋˈ	ˆˎ˃˅ːˑˌ	˄˃ˎˍˋ	

ȼ ɬɟɱɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɣ ɧɟɨɛɯɨɞɢɦɨ: 
– ɧɚɡɧɚɱɢɬɶ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ ɝɥɚɜɧɨɣ ɛɚɥɤɢ ɦɨɧɨɥɢɬɧɨɝɨ 

ɪɟɛɪɢɫɬɨɝɨ ɩɟɪɟɤɪɵɬɢɹ;  
– ɨɩɪɟɞɟɥɢɬɶ ɩɨɫɬɨɹɧɧɵɟ ɢ ɜɪɟɦɟɧɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɛɚɥɤɭ; 
– ɜɵɩɨɥɧɢɬɶ ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɛɚɥɤɢ ɩɨ ɦɟɬɨɞɭ ɩɪɟɞɟɥɶɧɨɝɨ 

ɪɚɜɧɨɜɟɫɢɹ; 
– ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɧɨɪɦɚɥɶɧɵɯ ɢ ɧɚɤɥɨɧɧɵɯ ɫɟ-

ɱɟɧɢɣ ɛɚɥɤɢ. 

9.1.	ʟ˃˔˚ˈ˕ː˃ˢ	˔˘ˈˏ˃	ˋ	ː˃ˆ˓˖ˊˍˋ	

ɇɚɝɪɭɡɤɭ ɧɚ ɝɥɚɜɧɭɸ ɛɚɥɤɭ ɩɟɪɟɞɚɸɬ ɜɬɨɪɨɫɬɟɩɟɧɧɵɟ ɛɚɥɤɢ ɜ 
ɜɢɞɟ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɫɢɥ Ɋ (ɩɨɫɬɨɹɧɧɚɹ) ɢ V (ɜɪɟɦɟɧɧɚɹ) ɫ ɝɪɭɡɨ-
ɜɨɣ ɩɥɨɳɚɞɢ, ɪɚɜɧɨɣ ɩɪɨɢɡɜɟɞɟɧɢɸ ɲɚɝɚ ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɛɚɥɨɤ ɧɚ 
ɢɯ ɩɪɨɥɟɬ ɫ ɭɱɟɬɨɦ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɭɱɚɫɬɤɚ ɝɥɚɜɧɵɯ ɛɚɥɨɤ, ɪɚɜ-
ɧɨɝɨ ɲɚɝɭ ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɛɚɥɨɤ, ɬ. ɟ.  

Ɋ = plslsb + Gmb 1;                                   (9.1) 

V = vlslsb ,                                       (9.2) 

ɝɞɟ Gmb 1 − ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɭɱɚɫɬɤɚ ɛɚɥɤɢ. 

Gmb.1 = bmbhmbls·25γf.                              (9.3) 

Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ p ɢ v ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.1. 

Ɋɚɫɱɟɬɧɵɟ ɩɪɨɥɟɬɵ ɝɥɚɜɧɨɣ ɛɚɥɤɢ ɩɪɢɧɢɦɚɸɬ: 
− ɜ ɫɪɟɞɧɢɯ ɩɪɨɥɟɬɚɯ ɪɚɜɧɵɦɢ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɨɫɹɦɢ ɨɩɨɪ 

(ɤɨɥɨɧɧ); 

− ɜ ɤɪɚɣɧɢɯ ɩɪɨɥɟɬɚɯ ɪɚɜɧɵɦɢ ɪɚɫɫɬɨɹɧɢɸ ɨɬ ɨɫɢ ɤɨɥɨɧɧɵ ɞɨ 
ɫɟɪɟɞɢɧɵ ɨɩɨɪɵ ɧɚ ɫɬɟɧɟ. 

ɍɦɟɫɬɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɪɚɫɱɟɬɧɵɣ ɩɪɨɥɟɬ ɪɚɜɟɧ ɪɚɫɫɬɨɹɧɢɸ 

ɦɟɠɞɭ ɬɨɱɤɚɦɢ ɩɪɢɥɨɠɟɧɢɹ ɨɩɨɪɧɵɯ ɪɟɚɤɰɢɣ. 

ɉɪɢɦɟɪ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 9.1. 
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Ɋɢɫ. 9.1. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɝɥɚɜɧɨɣ ɛɚɥɤɢ 

9.2.	ʠ˕˃˕ˋ˚ˈ˔ˍˋˌ	˓˃˔˚ˈ˕	˄˃ˎˍˋ		
˒ˑ	ˏˈ˕ˑˇ˖	˒˓ˈˇˈˎ˟ːˑˆˑ	˓˃˅ːˑ˅ˈ˔ˋˢ	

Ɋɚɫɱɟɬ ɝɥɚɜɧɨɣ ɛɚɥɤɢ ɫ ɭɱɟɬɨɦ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɭɫɢɥɢɣ 

ɩɪɨɢɡɜɨɞɹɬ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 

ɋɧɚɱɚɥɚ ɪɚɫɫɱɢɬɵɜɚɸɬ ɛɚɥɤɭ ɤɚɤ ɭɩɪɭɝɭɸ ɫɢɫɬɟɦɭ, ɜ ɪɟɡɭɥɶ-
ɬɚɬɟ ɱɟɝɨ ɨɩɪɟɞɟɥɹɸɬ ɢɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ ɜ ɫɟɱɟɧɢɹɯ ɛɚɥɤɢ ɩɨɞ 

ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɫɢɥɚɦɢ ɢ ɧɚ ɨɩɨɪɚɯ. ɉɪɢ ɷɬɨɦ ɪɚɫɫɦɚɬɪɢɜɚɸɬ 
ɤɚɤ ɞɟɣɫɬɜɢɟ ɩɨɫɬɨɹɧɧɨɣ ɧɚɝɪɭɡɤɢ, ɩɪɢɥɨɠɟɧɧɨɣ ɜɨ ɜɫɟɯ ɩɪɨɥɟɬɚɯ, 
ɬɚɤ ɢ ɞɟɣɫɬɜɢɟ ɜɪɟɦɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɟɟ ɩɨɥɨɠɟɧɢɹɯ. 
ɉɨɥɨɠɟɧɢɟ ɜɪɟɦɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɩɪɢɧɢɦɚɸɬ ɬɚɤɢɦ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ 
ɧɚɢɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɤɚɤ ɩɪɨɥɟɬɧɵɯ, ɬɚɤ ɢ ɨɩɨɪɧɵɯ ɦɨɦɟɧɬɨɜ. 

Ⱦɥɹ ɬɪɟɯɩɪɨɥɟɬɧɨɣ ɝɥɚɜɧɨɣ ɛɚɥɤɢ ɦɨɠɧɨ ɨɝɪɚɧɢɱɢɬɶɫɹ ɫɥɟ-
ɞɭɸɳɢɦɢ ɜɚɪɢɚɧɬɚɦɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɪɟɦɟɧɧɨɣ ɧɚɝɪɭɡɤɢ: 

V1 – ɧɚɝɪɭɠɟɧɵ 1-ɣ ɢ 3-ɣ ɩɪɨɥɟɬɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ max

1M  ɢ 
min

1M ; 

V2 − ɧɚɝɪɭɠɟɧ 2-ɣ ɩɪɨɥɟɬ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ max

2M ; 

V3 – ɧɚɝɪɭɠɟɧɵ 1-ɣ ɢ 2-ɣ ɩɪɨɥɟɬɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ min

BM ; 

V4 – ɧɚɝɪɭɠɟɧɵ 2-ɣ ɢ 3-ɣ ɩɪɨɥɟɬɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ min

CM . 

ɇɟɬɪɭɞɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɨɫɥɟɞɧɢɟ ɞɜɚ ɜɚɪɢɚɧɬɚ ɡɟɪɤɚɥɶɧɨ 
ɫɢɦɦɟɬɪɢɱɧɵ, ɩɨɷɬɨɦɭ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɥɢɲɶ ɨɞɢɧ ɢɡ ɧɢɯ. 

Ⱦɥɹ ɱɟɬɵɪɟɯɩɪɨɥɟɬɧɨɣ ɛɚɥɤɢ ɞɨɫɬɚɬɨɱɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɫɥɟɞɭ-
ɸɳɢɟ ɜɚɪɢɚɧɬɵ ɩɨɥɨɠɟɧɢɹ ɜɪɟɦɟɧɧɨɣ ɧɚɝɪɭɡɤɢ: 

V1 – ɧɚɝɪɭɠɟɧɵ 1-ɣ ɢ 3-ɣ ɩɪɨɥɟɬɵ ( max

1M  ɢ max

3M ); 

V2 − ɧɚɝɪɭɠɟɧɵ 2-ɣ ɢ 4-ɣ ɩɪɨɥɟɬɵ ( max

2M ɢ max

4M ); 

V3 – ɧɚɝɪɭɠɟɧɵ 1, 2 ɢ 4-ɣ ɩɪɨɥɟɬɵ ( min

BM ); 

V4 – ɧɚɝɪɭɠɟɧɵ 2-ɣ ɢ 3-ɣ ɩɪɨɥɟɬɵ ( min

CM ); 
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V5 – ɧɚɝɪɭɠɟɧɵ 1, 3 ɢ 4-ɣ ɩɪɨɥɟɬɵ ( min

DM ). 

Ɂɞɟɫɶ ɜɚɪɢɚɧɬɵ V3  ɢ V5 ɬɚɤɠɟ ɡɟɪɤɚɥɶɧɨ ɫɢɦɦɟɬɪɢɱɧɵ. 

Ⱦɥɹ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɦɵɯ ɫɯɟɦ ɩɨɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ 

ɢɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɩɨ [23, ɩɪɢɥ. 1]. 

Ⱦɚɥɟɟ ɫɨɫɬɚɜɥɹɸɬ ɬɚɛɥɢɰɭ ɫɨɱɟɬɚɧɢɣ ɧɚɝɪɭɠɟɧɢɣ ɝɥɚɜɧɨɣ 

ɛɚɥɤɢ ɜ ɜɢɞɟ ɫɭɦɦ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɨɬ ɩɨɫɬɨɹɧɧɨɣ ɧɚɝɪɭɡɤɢ 

ɢ ɤɚɠɞɨɝɨ ɢɡ ɜɚɪɢɚɧɬɨɜ ɩɨɥɨɠɟɧɢɹ ɜɪɟɦɟɧɧɨɣ ɧɚɝɪɭɡɤɢ (ɬɚɛɥ. 9.1). 

ɉɨ ɷɬɨɣ ɬɚɛɥɢɰɟ ɧɚɯɨɞɹɬ ɨɪɞɢɧɚɬɵ ɨɝɢɛɚɸɳɟɣ ɷɩɸɪɵ ɦɨɦɟɧɬɨɜ 
ɝɥɚɜɧɨɣ ɛɚɥɤɢ ɩɨ ɭɩɪɭɝɨɣ ɫɬɚɞɢɢ. 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɭɫɢɥɢɣ ɧɟɨɛɯɨɞɢɦɨ 
ɭɹɫɧɢɬɶ ɰɟɥɶ ɷɬɨɝɨ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɜ ɝɥɚɜɧɵɯ 
ɛɚɥɤɚɯ ɦɨɧɨɥɢɬɧɵɯ ɪɟɛɪɢɫɬɵɯ ɩɟɪɟɤɪɵɬɢɣ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɭɫɢɥɢɣ ɩɪɨɢɡɜɨɞɹɬ ɫ ɰɟɥɶɸ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɝɨ ɭɦɟɧɶɲɟɧɢɹ 
ɨɩɨɪɧɵɯ ɦɨɦɟɧɬɨɜ, ɱɬɨɛɵ ɞɨɫɬɢɱɶ ɤɚɤ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ 
(ɫɧɢɠɟɧɢɟ ɨɛɳɟɝɨ ɪɚɫɯɨɞɚ ɚɪɦɚɬɭɪɵ), ɬɚɤ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 

(ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɧɚɞɨɩɨɪɧɨɣ ɚɪɦɚɬɭɪɵ, ɱɬɨ ɨɛɥɟɝɱɚɟɬ 
ɭɤɥɚɞɤɭ ɛɟɬɨɧɚ). 

ɉɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɭɫɢɥɢɣ ɜɵɩɨɥɧɹɸɬ ɨɛɵɱɧɨ ɞɥɹ ɤɚɠɞɨɝɨ 
ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ. ɂɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ ɩɟɪɟɪɚɫɩɪɟɞɟɥɹɸɬ, 
ɩɪɢɛɚɜɥɹɹ ɤ ɷɩɸɪɚɦ ɦɨɦɟɧɬɨɜ, ɩɨɥɭɱɟɧɧɵɦ ɢɡ ɪɚɫɱɟɬɚ ɛɚɥɤɢ ɤɚɤ 
ɭɩɪɭɝɨɣ ɫɢɫɬɟɦɵ, ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɪɟɭɝɨɥɶɧɵɟ ɷɩɸɪɵ ɫ ɩɪɨɢɡ-
ɜɨɥɶɧɵɦɢ ɩɨ ɜɟɥɢɱɢɧɟ ɢ ɡɧɚɤɭ ɧɚɞɨɩɨɪɧɵɦɢ ɨɪɞɢɧɚɬɚɦɢ. Ɉɞɧɚɤɨ 
ɜɨ ɢɡɛɟɠɚɧɢɟ ɱɪɟɡɦɟɪɧɨɝɨ ɪɚɫɤɪɵɬɢɹ ɬɪɟɳɢɧ ɜ ɛɟɬɨɧɟ ɢ, ɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɩɟɪɟɤɪɵɬɢɹ ɢɡɝɢɛɚɸɳɢɟ 
ɦɨɦɟɧɬɵ ɦɨɠɧɨ ɭɦɟɧɶɲɚɬɶ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 30% ɨɬ ɜɟɥɢɱɢɧ, ɩɨɥɭ-
ɱɟɧɧɵɯ ɢɡ ɪɚɫɱɟɬɚ ɛɚɥɤɢ ɤɚɤ ɭɩɪɭɝɨɣ ɫɢɫɬɟɦɵ. 

ȼɟɥɢɱɢɧɭ ɜɨɡɦɨɠɧɨɝɨ ɫɧɢɠɟɧɧɨɝɨ ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ M ′
ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɛɨɥɟɟ ɬɨɱɧɨ ɩɨ ɮɨɪɦɭɥɟ MM χ=′ . Ɂɧɚɱɟɧɢɟ χ 

ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 
χ = (ϕ1ϕ2ϕ3ψsRs)ls/(acrcEs),                                 (9.4) 

ɝɞɟ ɡɧɚɱɟɧɢɹ ɛɭɤɜɟɧɧɵɯ ɨɛɨɡɧɚɱɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɋɉ 

63.13330.2012 [9]. 

ɉɪɢɦɟɪ ɪɚɫɱɟɬɚ M ′ɩɪɢɜɟɞɟɧ ɜ [21, ɫ. 57]. 

ȼɫɟ ɪɚɫɱɟɬɵ ɜɵɩɨɥɧɢɬɶ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ. ɉɪɢɦɟɪ ɨɮɨɪɦ-

ɥɟɧɢɹ ɩɨɤɚɡɚɧ ɜ ɬɚɛɥɢɰɟ 9.2. 



Ɍɚɛɥɢɰɚ 9.1 

ɂɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ ɜ ɝɥɚɜɧɨɣ ɛɚɥɤɟ ɩɨ ɭɩɪɭɝɨɣ ɫɬɚɞɢɢ 

(P = 84 ɤɇ; V = 252 ɤɇ; l = 6 ɦ; Ɇɧɨɠɢɬɟɥɢ Pl = 84⋅6 = 504 ɤɇ·ɦ; Vl = 252⋅6 = 1512 ɤɇ·ɦ) 

ȼɢɞ ɧɚɝɪɭɡɤɢ 

ɢ ɟɟ ɩɨɥɨɠɟɧɢɟ 
ɂɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ, ɤɇ·ɦ, ɜ ɫɟɱɟɧɢɹɯ 

11 12 ȼ 21 22 ɋ 31 32 D 41 42 

P 

(ɜɫɟ ɩɪɨɥɟɬɵ) 

β 0,23870 0,14286 –0,28571 0,07937 0,11111 –019048 0,11111 9,07937 –0,28571 0,14286 0,23810 

Ɇ 120 72 −144 40 56 −96 56 40 −144 72 120 

V1 

(1-ɣ ɢ 3-ɣ ɩɪɨɥɟɬɵ)

β 0,28571 0,23810 –0,14286 –0,12698 –0,11111 –0,09524 0,22222 0,20635 –0,14286 –0,09524 –0,04762 

Ɇ 432 360 −216 −192 –168 −144 336 312 −216 ɱ144 –72 

V2 

(2-ɣ ɢ 4-ɣ  

ɩɪɨɥɟɬɵ) 

β –0,04762 –0,09524 –0,14286 0,20635 0,22222 –0,09524 –0,11111 –0,12698 –0,14286 0,23810 0,28571 

Ɇ −72 −144 −216 312 336 −144 –168 –192 −216 360 432 

V3 

(1, 2 ɢ 4-ɣ ɩɪɨɥɟɬɵ)

β 0,22619 0,11905 –0,32143 0,10317 0,19444 –0,04762 –0,08333 –0,11905 –0,15476 0,23016 0,28175 

Ɇ 342 180 −486 156 294 −72 –126 –180 −234 348 426 

V4 

(2-ɣ ɢ 3-ɣ ɩɪɨɥɟɬɵ)

β –0,03175 –0,06349 –0,09524 0,17460 0,11111 –0,28571 0,11111 0,17460 –0,09524 –0,06349 –0,03175 

Ɇ −48 −96 −144 264 168 −432 168 264 −144 –96 –48 

V5 

(1, 3 ɢ 4-ɣ ɩɪɨɥɟɬɵ)

β 0,28175 0,23016 –0,15476 –0,11905 –0,08333 –0,04762 0,19444 0,10317 –0,32143 0,11905 0,22619 

Ɇ 426 348 −234 −180 –126 −72 294 156 −486 180 342 

P + V1 

Ɇ 

552 432 −360 −152 –112 −240 392 352 −360 –72 48 

P + V2 48 −72 −360 352 392 −240 –112 –152 −360 432 552 

P + V3 462 252 −630 196 350 −168 –70 –140 −378 420 546 

P + V4 72 −24 −288 304 224 −528 224 304 −288 –24 72 

P + V5 546 420 −378 −140 -70 −168 350 196 −630 252 462 

Ɉɪɞɢɧɚɬɵ  

ɨɝɢɛɚɸɳɟɣ 

Ɇmin – −72 −630 −152 -112 −528 –112 –152 −630 –72 – 

Mmax 552 432 – 352 392 – 392 352 – 432 552 
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Ɍɚɛɥɢɰɚ 9.2 

ɉɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɨɦɟɧɬɨɜ ɜ ɝɥɚɜɧɨɣ ɛɚɥɤɟ 
ɋɨɱɟɬɚɧɢɟ
ɧɚɝɪɭɡɨɤ 

ɏɚɪɚɤɬɟɪ ɷɩɸɪɵ  

ɦɨɦɟɧɬɨɜ 
ɂɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ, ɤɇ·ɦ, ɜ ɫɟɱɟɧɢɹɯ ɪɢɝɟɥɹ 

1 2 B 3 4 C 5 6 D 7 8 

P+V1 

ɉɨ ɭɩɪɭɝɨɣ ɫɬɚɞɢɢ 552 432 –360 –152 –112 –240 392 352 –360 –72 48 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ –27 –54 –81 –97,2 –113,4 –129,6 –113,4 –97,2 –81 –54 –27 

ɉɟɪɟɪɚɫɩɪɟɞɟɥɟɧɧɚɹ 525 378 –441 –249,2 –225,4 –369,6 278,6 254,8 –441 –126 21 

P+V2 

ɉɨ ɭɩɪɭɝɨɣ ɫɬɚɞɢɢ 48 –72 –360 352 392 –240 –112 –152 –360 432 552 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ –27 –54 –81 –97,2 –113,4 –129,6 –113,4 –97,2 –81 –54 –27 

ɉɟɪɟɪɚɫɩɪɟɞɟɥɟɧɧɚɹ 21 –126 –441 254,8 278,6 –369,6 –225,4 –249,2 –441 378 525 

P+V3 

ɉɨ ɭɩɪɭɝɨɣ ɫɬɚɞɢɢ 462 252 –630 196 350 –168 –70 –140 –378 420 546 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ 63 126 189 58,8 –71,4 –201,6 –115,4 –109,2 –63 –42 –21 

ɉɟɪɟɪɚɫɩɪɟɞɟɥɟɧɧɚɹ 525 378 –441 254,8 278,6 –369,6 –225,4 –249,2 –441 378 525 

P+V4 

ɉɨ ɭɩɪɭɝɨɣ ɫɬɚɞɢɢ 72 –24 –288 304 224 –528 224 304 –288 –24 72 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ –51 –102 –153 –49,2 54,6 158,4 54,6 –42 –153 –102 –51 

ɉɟɪɟɪɚɫɩɪɟɞɟɥɟɧɧɚɹ 21 –126 –441 254,8 278,6 –369,6 278,6 254,8 –441 –126 21 

P+V5 

ɉɨ ɭɩɪɭɝɨɣ ɫɬɚɞɢɢ 546 420 –378 –140 –70 –168 350 196 –630 252 462 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ –21 –42 –63 –109,2 –155,4 –201,6 –71,4 58,8 189 126 63 

ɉɟɪɟɪɚɫɩɪɟɞɟɥɟɧɧɚɹ 525 378 –441 –249,2 –225.4 –369,6 278,6 254,8 –441 378 525 

Ɉɪɞɢɧɚɬɵ ɨɝɢɛɚɸɳɟɣ 

ɩɨɫɥɟ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ 
M

min
– –126 –441 –249,2 –225,4 –369,6 –225,4 –249,2 –441 –126 – 

M
max

525 378 – 254,8 278,6 – 278,6 254,8 – 378 525 
 

 

 



 

 

 

 

 

 

 

 

Ɋɢɫ. 9.3. Ɉɝɢɛɚɸɳɚɹ ɷɷɩɸɪɚ ɦɨɦɟɧ

ɉ

ɧɬɨɜ, ɤɇ·ɦ, ɩɨ

ɉɪɨɟɤɬɢɪɨɜɚɧ

ɨɫɥɟ ɩɟɪɟɪɚɫɩ

ɧɢɟ ɝɥɚɜɧɨɣ ɛ

ɩɪɟɞɟɥɟɧɢɹ ɭ

ɛɚɥɤɢ              

ɫɢɥɢɣ 
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Ɍɚɛɥɢɰɚ 9.3 

ɉɨɩɟɪɟɱɧɵɟ ɫɢɥɵ ɜ ɝɥɚɜɧɨɣ ɛɚɥɤɟ 

ɋɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ ɉɨɩɟɪɟɱɧɵɟ ɫɢɥɵ, ɤɇ, ɧɚ ɭɱɚɫɬɤɚɯ 

A-1 I-2 2-B B-3 3-4 4-C C-5 5-6 6-D D-7 7-8 8-E 

G+P1 262,5 –73,5 –409,5 95,9 11,9 –72,1 324,1 –11,9 –347,9 157,5 73,5 –10,5 

G+P2 10,5 –73,5 –157,5 347,9 11,9 –324,1 72,1 –11,9 –95,9 409,5 73,5 –262,5 

G+P3 262,5 –73,5 –409,5 347,9 11,9 –324,1 72,1 –11,9 –95,9 409,5 73,5 –262,5 

G+P4 10,5 –73,5 –157,5 347,9 11,9 –324,1 324,1 –11,9 –347,9 157,5 73,5 –10,5 

G+P5 262,5 –73,5 –409,5 95,9 11,9 –72,1 324,1 –11,9 –347,9 409,5 73,5 –262,5 

ȼɟɥɢɱɢɧɵ Q ɞɥɹ 
ɪɚɫɱёɬɚ ɧɚɤɥɨɧɧɵɯ 
ɫɟɱɟɧɢɣ ɛɚɥɤɢ 

262,5 73,5 409,5 347,9 11,9 324,1 324,1 –11,9 347,9 409,5 73,5 262,5 

 

 



ɉɪɚɤɬɢɱɟɫɤɢ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɹɬɶ ɬɚɤ. 
ɂɫɩɨɥɶɡɭɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɞɨɩɨɪɧɨɝɨ ɦɨɦɟɧɬɚ, 

ɧɚɣɬɢ ɜɟɥɢɱɢɧɭ ɞɨɩɭɫɬɢɦɨɝɨ ɫɧɢɠɟɧɢɹ ɷɬɨɝɨ ɦɨɦɟɧɬɚ (30%). Ɂɚɬɟɦ 

ɜɵɱɢɫɥɢɬɶ ɨɪɞɢɧɚɬɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɬɪɟɭɝɨɥɶɧɨɣ ɷɩɸɪɵ. ɉɪɨɢɡ-
ɜɟɫɬɢ ɫɥɨɠɟɧɢɟ ɨɪɞɢɧɚɬ ɷɩɸɪɵ ɦɨɦɟɧɬɨɜ ɞɥɹ ɷɬɨɝɨ ɫɨɱɟɬɚɧɢɹ, ɜɵ-

ɱɢɫɥɟɧɧɵɯ ɩɨ ɭɩɪɭɝɨɣ ɫɬɚɞɢɢ ɫ ɜɟɥɢɱɢɧɚɦɢ ɦɨɦɟɧɬɨɜ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɨɣ ɷɩɸɪɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɭɞɟɬ ɩɨɥɭɱɟɧɚ ɷɩɸɪɚ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɦɨɦɟɧɬɨɜ ɞɥɹ ɷɬɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ. 

Ⱦɥɹ ɞɪɭɝɢɯ ɫɨɱɟɬɚɧɢɣ ɧɚɝɪɭɡɨɤ ɰɟɥɟɫɨɨɛɪɚɡɧɨ «ɩɨɞɬɹɧɭɬɶ» 

ɜɟɥɢɱɢɧɵ ɨɩɨɪɧɵɯ ɦɨɦɟɧɬɨɜ ɞɨ ɪɚɧɟɟ ɜɵɱɢɫɥɟɧɧɨɝɨ ɦɨɦɟɧɬɚ, ɫɨ-
ɫɬɚɜɥɹɸɳɟɝɨ 70% ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ. ȼɵɱɢɫɥɢɬɶ ɨɪɞɢɧɚɬɵ ɷɩɸɪ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɨɦɟɧɬɨɜ. ɉɪɨɢɡɜɟɫɬɢ ɫɥɨɠɟɧɢɟ ɷɩɸɪ ɢ ɩɨɥɭɱɢɬɶ 
ɷɩɸɪɵ ɢɡɝɢɛɚɸɳɢɯ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɦɨɦɟɧɬɨɜ ɞɥɹ ɜɫɟɯ ɫɨɱɟ-
ɬɚɧɢɣ ɧɚɝɪɭɡɨɤ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.2. Ɉɝɢɛɚɸɳɚɹ 
ɷɩɸɪɚ ɦɨɦɟɧɬɨɜ ɩɨɫɥɟ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɭɫɢɥɢɣ (ɨɛɪɚɡɟɰ) ɩɨɤɚ-
ɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 9.3. 

Ɂɧɚɱɟɧɢɹ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ ɧɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ 
ɬɚɧɝɟɧɫ ɭɝɥɚ ɧɚɤɥɨɧɚ ɷɩɸɪɵ ɦɨɦɟɧɬɨɜ ɩɨɫɥɟ ɢɯ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɩɨ ɮɨɪɦɭɥɟ  

Q = 
l

MɆ lr − ,                                 (9.5) 

ɝɞɟ Mr ɢ Ml − ɜɟɥɢɱɢɧɵ ɦɨɦɟɧɬɨɜ ɧɚ ɝɪɚɧɢɰɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 
ɫɟɱɟɧɢɹ ɫɩɪɚɜɚ (right) ɢ ɫɥɟɜɚ (left); 

l – ɞɥɢɧɚ ɭɱɚɫɬɤɚ, ɧɚ ɤɨɬɨɪɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ  ɡɧɚɱɟɧɢɟ Q. 

ȼɵɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ ɩɨ ɭɱɚɫɬɤɚɦ ɩɪɟɞɫɬɚ-
ɜɢɬɶ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ (ɬɚɛɥ. 9.3). 

9.3.	ʟ˃˔˚ˈ˕	˒˓ˑ˚ːˑ˔˕ˋ	ːˑ˓ˏ˃ˎ˟ː˞˘		
ˋ	ː˃ˍˎˑːː˞˘	˔ˈ˚ˈːˋˌ	˄˃ˎˍˋ	

9.3.1.	ʟ˃˔˚ˈ˕	˒˓ˑ˚ːˑ˔˕ˋ	ːˑ˓ˏ˃ˎ˟ː˞˘	˔ˈ˚ˈːˋˌ	

Ɋɚɡɦɟɪɵ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɚɥɤɢ ɧɚɡɧɚɱɟɧɵ ɩɪɢ ɤɨɦɩɨ-
ɧɨɜɤɟ. ɉɨɫɤɨɥɶɤɭ ɩɥɢɬɚ ɦɨɧɨɥɢɬɧɨ ɫɜɹɡɚɧɚ ɫ ɛɚɥɤɨɣ, ɧɚ ɞɟɣɫɬɜɢɟ 
ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɩɪɢɧɢɦɚɟɦ ɬɚɜɪɨɜɨɟ ɫɟɱɟɧɢɟ ɜ ɫɠɚɬɨɣ 
ɡɨɧɟ. ȼɜɨɞɢɦɚɹ ɜ ɪɚɫɱɟɬ ɲɢɪɢɧɚ ɩɨɥɤɢ  
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fb′  = 2lmb/6 + bmb; fh′  = hs .                                   .(9.6) 

Ɋɚɛɨɱɭɸ ɜɵɫɨɬɭ ɫɟɱɟɧɢɹ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɪɚɜɧɨɣ 0,9hmb. 

Ⱦɥɹ ɷɥɟɦɟɧɬɨɜ ɦɨɧɨɥɢɬɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɢɡ 
ɨɛɵɱɧɨɝɨ ɬɹɠɟɥɨɝɨ ɛɟɬɨɧɚ ɢɫɩɨɥɶɡɭɸɬ ɛɟɬɨɧɵ ɤɥɚɫɫɨɜ ȼ12,5, ȼ15, 

ȼ20 ɢ ȼ25 ɢ ɚɪɦɚɬɭɪɭ ɤɥɚɫɫɨɜ A240, A400 ɢ ȼɪ500. 

Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ 
ɦɨɧɨɥɢɬɧɵɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɩɟɪɟɤɪɵɬɢɣ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 
9.4 ɢ 9.5. Ȼɨɥɟɟ ɩɨɥɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɛɟɬɨɧɚ ɢ 

ɚɪɦɚɬɭɪɵ ɩɪɢɜɟɞɟɧɚ ɜ ɋɉ 63.13330.2012 [9]. 

Ɍɚɛɥɢɰɚ 9.4 

Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɹɠɟɥɵɯ ɛɟɬɨɧɨɜ 
ȼɢɞ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
Ɋɚɫɱɟɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɛɟɬɨɧɚ, Ɇɉɚ,  
ɞɥɹ ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɟɪɜɨɣ ɝɪɭɩɩɵ 

ɩɪɢ ɤɥɚɫɫɟ ɛɟɬɨɧɚ ɩɨ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ 
ȼ 12,5 ȼ15 ȼ20 ȼ25 

ɋɠɚɬɢɟ ɨɫɟɜɨɟ Rb  

(ɩɪɢɡɦɟɧɧɚɹ ɩɪɨɱɧɨɫɬɶ)  
 

7,5 

 

8,5 

 

11,5 

 

14,5 

Ɋɚɫɬɹɠɟɧɢɟ ɨɫɟɜɨɟ Rbt 0,66 0,75 0,90 1,05 

Ɍɚɛɥɢɰɚ 9.5 

Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɪɦɚɬɭɪɵ  

Ʉɥɚɫɫ 
ɚɪɦɚɬɭɪɵ* 

Ɋɚɫɱɟɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɚɪɦɚɬɭɪɵ, Ɇɉɚ, ɞɥɹ ɩɪɟɞɟɥɶɧɵɯ  
ɫɨɫɬɨɹɧɢɣ ɩɟɪɜɨɣ ɝɪɭɩɩɵ 

ɪɚɫɬɹɠɟɧɢɸ ɫɠɚɬɢɸ 

Rsc 
ɩɪɨɞɨɥɶɧɨɣ 

Rs

ɩɨɩɟɪɟɱɧɨɣ (ɯɨɦɭɬɨɜ ɢ ɨɬɨɝɧɭɬɵɯ 
ɫɬɟɪɠɧɟɣ) Rsw 

Ⱥ240 210 170 210 

Ⱥ400 350 280 350 

B500 435 300 415 

Bp500 415 – 390 

Ɋɚɫɱɟɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɛɟɬɨɧɚ ɢɫɩɨɥɶɡɭɸɬ ɫ ɤɨɷɮɮɢɰɢɟɧ-

ɬɨɦ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ  γb1  ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɞɟɣɫɬɜɢɹ 
ɧɚɝɪɭɡɨɤ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɧɚɝɪɭɡɨɤ ɦɚɥɨɣ ɫɭɦɦɚɪɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ  

γb1 = 0,9. 

ɉɪɢɫɬɭɩɚɹ ɤ ɪɚɫɱɟɬɭ ɩɪɨɱɧɨɫɬɢ ɫɟɱɟɧɢɣ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɧɟɨɛ-

ɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɩɪɢɧɹɬɵɯ ɪɚɡɦɟɪɨɜ ɢɡ ɭɫɥɨɜɢɹ 
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ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɪɟɛɪɚ ɩɨ ɫɠɚɬɨɣ ɩɨɥɨɫɟ ɦɟɠɞɭ ɧɚɤɥɨɧɧɵɦɢ 

ɬɪɟɳɢɧɚɦɢ. ɉɪɨɜɟɪɹɸɬ ɫɟɱɟɧɢɟ ɭ ɨɩɨɪɵ, ɝɞɟ ɞɟɣɫɬɜɭɟɬ ɧɚɢɛɨɥɶ-
ɲɚɹ ɩɨɩɟɪɟɱɧɚɹ ɫɢɥɚ ɩɨ ɭɫɥɨɜɢɸ 

Q ≤ 0,3 Rb b h0.                                    (9.7)  

ȿɫɥɢ ɭɫɥɨɜɢɟ (9.7) ɧɟ ɜɵɩɨɥɧɟɧɨ, ɫɥɟɞɭɟɬ ɭɜɟɥɢɱɢɬɶ ɪɚɡɦɟɪɵ 

ɫɟɱɟɧɢɹ. 
ɉɨɫɥɟ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɪɚɡɦɟɪɨɜ ɫɟɱɟɧɢɹ ɬɚɜɪɨɜɨ-

ɝɨ ɩɪɨɮɢɥɹ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɬɪɟɛɭɟɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨ-
ɞɨɥɶɧɨɣ ɪɚɛɨɱɟɣ ɚɪɦɚɬɭɪɵ ɜ ɫɟɱɟɧɢɹɯ ɛɚɥɤɢ ɜ ɩɪɨɥɟɬɚɯ ɢ ɧɚɞ ɨɩɨ-
ɪɚɦɢ (ɫɦ. ɪɢɫ. 9.4). 

 

Ɋɢɫ. 9.4. Ʉ ɪɚɫɱɟɬɭ ɫɟɱɟɧɢɣ: ɚ – ɩɪɨɥɟɬɧɨɝɨ; ɛ – ɨɩɨɪɧɨɝɨ 

ɋ ɚɥɝɨɪɢɬɦɨɦ ɢ ɮɨɪɦɭɥɚɦɢ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ 

ɢɡ ɭɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɬɚɜɪɨɜɨɝɨ ɩɪɨɮɢɥɹ ɫɬɭɞɟɧɬ ɩɨ-
ɡɧɚɤɨɦɢɥɫɹ ɢ ɩɨɥɭɱɢɥ ɩɟɪɜɨɧɚɱɚɥɶɧɵɟ ɧɚɜɵɤɢ, ɜɵɩɨɥɧɹɹ ɡɚɞɚɧɢɹ 
ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɧɚ ɩɪɚɤɬɢɱɟɫɤɨɦ ɡɚɧɹɬɢɢ № 4.  

Ɉɫɨɛɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɨɩɨɪɧɵɯ ɫɟɱɟɧɢɹɯ ɢɫɩɨɥɶɡɭɸɬ 
ɛɨɥɶɲɢɟ ɢɡ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɩɨ ɝɪɚɧɹɦ ɤɨ-
ɥɨɧɧ ɢ ɨɩɪɟɞɟɥɹɟɦɵɯ ɩɨ ɮɨɪɦɭɥɚɦ: 

MB,e = MB + 0,5Qhc;                              (9.8) 

MC,e = MC + 0,5Qhc                              (9.9) 

(MB  ɢ MC  ɫɨ ɡɧɚɤɨɦ «ɦɢɧɭɫ»). 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ (ɬɚɛɥ. 9.6). 

Ɍɚɛɥɢɰɚ 9.6 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɧɨɪɦɚɥɶɧɵɯ ɫɟɱɟɧɢɣ ɛɚɥɤɢ  

ɇɨɦɟɪ ɪɚɫɱɟɬɧɨɝɨ 
ɫɟɱɟɧɢɹ 

Ɇ, 

Ɇɇ·ɦ 

b, 

ɦ 

h0, 

ɦ 
α0 Ș 

As, 

ɫɦ2 

ȼ 1-ɦ ɩɪɨɥɟɬɟ       

ɇɚ ɨɩɨɪɟ B       

ȼɨ 2-ɦ ɩɪɨɥɟɬɟ       
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ɇɚ ɨɩɨɪɟ ɋ       

9.3.2.	ʟ˃˔˚ˈ˕	˒˓ˑ˚ːˑ˔˕ˋ	ː˃ˍˎˑːː˞˘	˔ˈ˚ˈːˋˌ	

ɉɟɪɜɨɧɚɱɚɥɶɧɵɟ ɧɚɜɵɤɢ ɪɚɫɱɟɬɚ ɩɪɨɱɧɨɫɬɢ ɧɚɤɥɨɧɧɵɯ ɫɟɱɟ-
ɧɢɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɬɭɞɟɧɬɨɦ ɧɚ ɩɪɚɤɬɢɱɟɫɤɨɦ ɡɚɧɹɬɢɢ № 5. ȼ 

ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɡɚɧɹɬɢɹ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ 
ɩɪɨɱɧɨɫɬɢ ɧɚɤɥɨɧɧɵɯ ɫɟɱɟɧɢɣ ɧɚ ɩɪɢɨɩɨɪɧɵɯ ɭɱɚɫɬɤɚɯ ɭ ɨɩɨɪ Ⱥ, 

ȼ ɢ ɋ.  

Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ ɩɪɢɧɹɬɶ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɝɥɚɜɧɨɣ ɛɚɥɤɢ ɫ ɭɱɟɬɨɦ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɭɫɢɥɢɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɞɚɧɢɟɦ ɧɚ ɤɭɪɫɨɜɨɣ ɩɪɨɟɤɬ. 

Ɍɪɟɛɭɟɦɭɸ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɯɨɦɭɬɨɜ (ɩɨɩɟɪɟɱɧɵɯ ɫɬɟɪɠɧɟɣ) 

ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ 
Asw = qswSsw /Rsw,                              (9.10) 

ɩɪɢɧɹɜ ɲɚɝ Ssw ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ.  

ȿɫɥɢ ɢɡɜɟɫɬɧɨ ɢɥɢ ɩɪɢɧɹɬɨ ɤɨɥɢɱɟɫɬɜɨ ɢ ɞɢɚɦɟɬɪ ɩɨɩɟɪɟɱɧɵɯ 
ɫɬɟɪɠɧɟɣ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ (ɜ ɫɟɱɟɧɢɢ), ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɲɚɝ 
ɩɨɩɟɪɟɱɧɵɯ ɫɬɟɪɠɧɟɣ (ɯɨɦɭɬɨɜ) ɩɨ ɮɨɪɦɭɥɟ 

Ssw = AswRsw /qsw .                             (9.11) 

ɇɚ ɩɪɨɥɟɬɧɵɯ ɭɱɚɫɬɤɚɯ ɛɚɥɤɢ ɩɨɩɟɪɟɱɧɨɟ ɚɪɦɢɪɨɜɚɧɢɟ 
ɧɚɡɧɚɱɢɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ. Ɋɟ-
ɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ (ɬɚɛɥ. 9.7). 

Ɍɚɛɥɢɰɚ 9.7 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɧɚɤɥɨɧɧɵɯ ɫɟɱɟɧɢɣ ɛɚɥɤɢ  

Ɉɩɪɟɞɟ-
ɥɹɟɦɚɹ  
ɜɟɥɢɱɢɧɚ 

ȿɞ. 

ɢɡɦ. 

ɉɨɥɨɠɟɧɢɟ ɧɚɤɥɨɧɧɨɝɨ ɫɟɱɟɧɢɹ ɛɚɥɤɢ 

ɭ ɨɩɨɪɵ A 
ɭ ɨɩɨɪɵ B 

ɫɥɟɜɚ 
ɭ ɨɩɨɪɵ B 

ɫɩɪɚɜɚ ɭ ɨɩɨɪɵ C 

Q Ɇɇ     

φf –     

cb ɦ     

Qb Ɇɇ     

cd ɦ     

csw ɦ     

qsw Ɇɇ/ɦ     

Smax ɦ     



ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɝɥɚɜɧɨɣ ɛɚɥɤɢ                              75 

 

Ssw ɦ     

9.3.3.	ʟ˃˔˚ˈ˕	ː˃	ˑ˕˓˞˅	

ȼ ɦɟɫɬɚɯ ɩɪɢɦɵɤɚɧɢɹ ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɛɚɥɨɤ ɫɨɫɪɟɞɨɬɨɱɟɧ-

ɧɵɟ ɧɚɝɪɭɡɤɢ ɩɪɢɥɨɠɟɧɵ ɜ ɩɪɟɞɟɥɚɯ ɜɵɫɨɬɵ ɝɥɚɜɧɨɣ ɛɚɥɤɢ. ɑɬɨɛɵ 

ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɨɬɪɵɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɝɥɚɜɧɨɣ ɛɚɥɤɢ ɨɬ ɜɟɪɯɧɟɣ, 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɩɨɫɬɚɧɨɜɤɭ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ (ɫɜɟɪɯ ɬɪɟɛɭɟɦɵɯ 
ɩɨ ɪɚɫɱɟɬɭ ɧɚɤɥɨɧɧɨɝɨ ɫɟɱɟɧɢɹ) ɯɨɦɭɬɨɜ ɧɚ ɞɥɢɧɟ ɨɬɪɵɜɚ l1  

(ɪɢɫ. 9.5). 

ɉɪɢ ɪɚɫɱɟɬɟ ɜɬɨɪɨɫɬɟɩɟɧɧɨɣ ɛɚɥɤɢ ɜɵɱɢɫɥɟɧɨ ɡɧɚɱɟɧɢɟ ɜɵɫɨ-
ɬɵ ɫɠɚɬɨɣ ɡɨɧɵ ɯ (ɜ ɤɭɪɫɨɜɨɦ ɩɪɨɟɤɬɟ ɩɪɢɧɹɬɶ ɯ = 0,3 hsb). ɋɥɟɞɨ-
ɜɚɬɟɥɶɧɨ, 

hs = ho mb – hsb + 0,5 ɯ. 
Ɉɬɪɵɜɚɸɳɟɟ ɭɫɢɥɢɟ ɪɚɜɧɨ ɜɟɥɢɱɢɧɟ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ 

ɧɚɝɪɭɡɤɢ ɧɚ ɝɥɚɜɧɭɸ ɛɚɥɤɭ: 
F = P + V.                                    (9.12) 

Ɍɪɟɛɭɟɦɭɸ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɯɨɦɭɬɨɜ ɧɚɯɨ-
ɞɢɦ ɩɨ ɮɨɪɦɭɥɟ 

∑Asw = F(1 – hs/h0)/Rsw.                         (9.13) 

 

Ɋɢɫ. 9.5. ɋɯɟɦɚ ɨɬɪɵɜɚ ɜ ɝɥɚɜɧɨɣ ɛɚɥɤɟ 

ȿɫɥɢ ɨɫɧɨɜɚɧɢɟ ɩɢɪɚɦɢɞɵ ɨɬɪɵɜɚ (l1) ɧɟ ɩɨɡɜɨɥɹɟɬ ɪɚɡɦɟ-
ɫɬɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɯɨɦɭɬɵ, ɜɨɡɦɨɠɟɧ ɞɪɭɝɨɣ ɫɩɨɫɨɛ ɩɪɟɞɨɬ-
ɜɪɚɳɟɧɢɹ ɨɬɪɵɜɚ ɫ ɩɨɦɨɳɶɸ ɜɭɬɨɜ (ɩɨɞɜɟɫɨɤ − ɝɧɭɬɵɯ ɫɬɟɪɠɧɟɣ). 

Ɍɪɟɛɭɟɦɭɸ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ  (ɩɨɞɜɟɫɨɤ) ɨɩɪɟɞɟɥɹɸɬ ɩɨ 
ɮɨɪɦɭɥɟ (ɩɪɢ Rsw = 290 Ɇɉɚ – A400)  
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Asinc = F/(2sin α·Rsw),                       (9.14) 

ɝɞɟ α – ɭɝɨɥ ɧɚɤɥɨɧɚ ɝɧɭɬɵɯ ɫɬɟɪɠɧɟɣ 45–60°.
 

ɋɯɟɦɚ ɨɬɪɵɜɚ ɢ ɭɫɬɚɧɨɜɤɢ ɝɧɭɬɵɯ ɩɨɞɜɟɫɨɤ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢ-

ɫɭɧɤɟ 9.6.  

 

Ɋɢɫ. 9.6. ɋɯɟɦɚ ɨɬɪɵɜɚ ɜ ɝɥɚɜɧɨɣ ɛɚɥɤɟ 

ʞʟʏʙʡʗʦʔʠʙʝʔ	ʖʏʜЯʡʗʔ	№	10	
ʙˑː˔˕˓˖ˋ˓ˑ˅˃ːˋˈ	ˆˎ˃˅ːˑˌ	˄˃ˎˍˋ.	ʞˑ˔˕˓ˑˈːˋˈ		

ˠ˒ˡ˓˞	ˏ˃˕ˈ˓ˋ˃ˎˑ˅	

   – ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɩɨɥɧɟɧɢɹ 
ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ № 9 ɩɨɫɬɪɨɢɬɶ ɷɩɸɪɭ ɦɚɬɟɪɢɚɥɨɜ, ɪɚɡɪɚɛɨ-
ɬɚɬɶ ɷɫɤɢɡɵ ɫɟɱɟɧɢɣ ɛɚɥɤɢ (ɧɟ ɦɟɧɟɟ 3-ɯ).  

ɗɩɸɪɚ ɦɚɬɟɪɢɚɥɨɜ – ɷɬɨ ɷɩɸɪɚ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ, ɜɨɫ-
ɩɪɢɧɢɦɚɟɦɵɯ ɫɟɱɟɧɢɹɦɢ ɛɚɥɤɢ ɫ ɮɚɤɬɢɱɟɫɤɢ ɩɨɫɬɚɜɥɟɧɧɨɣ ɜ ɧɢɯ 
ɚɪɦɚɬɭɪɨɣ. 

ɋ ɩɨɦɨɳɶɸ ɷɩɸɪɵ ɦɚɬɟɪɢɚɥɨɜ ɞɨɫɬɢɝɚɟɬɫɹ ɷɤɨɧɨɦɢɱɧɨɟ ɚɪ-
ɦɢɪɨɜɚɧɢɟ ɛɚɥɤɢ ɫ ɧɚɝɥɹɞɧɵɦ ɨɬɨɛɪɚɠɟɧɢɟɦ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɫɭɳɟɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɛɚɥɤɢ ɜɨ ɜɫɟɯ ɟɟ ɫɟɱɟɧɢɹɯ. 
 ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɭɦɟɫɬɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɷɩɸɪɵ 

ɦɚɬɟɪɢɚɥɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɨɛɹɡɚɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ: ɷɩɸɪɚ 
ɦɚɬɟɪɢɚɥɨɜ ɧɢɝɞɟ ɧɟ ɞɨɥɠɧɚ ɜɪɟɡɚɬɶɫɹ ɜ ɷɩɸɪɭ ɢɡɝɢɛɚɸɳɢɯ ɦɨ-
ɦɟɧɬɨɜ ɨɬ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ. 



Кɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɝɥɚɜɧɨɣ ɛɚɥɤɢ. ɉɨɫɬɪɨɟɧɢɟ ɷɩɸɪɵ ɦɚɬɟɪɢɚɥɨɜ       77 

 

ʞˑ˓ˢˇˑˍ	˅˞˒ˑˎːˈːˋˢ	˓˃˄ˑ˕˞	
1. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɩɸɪɵ ɦɚɬɟɪɢɚɥɨɜ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ 

ɪɚɫɱɟɬɵ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɟɱɟɧɢɣ (Mu) ɫ ɩɨɞɨɛɪɚɧɧɵɦ ɩɨ ɫɨɪ-
ɬɚɦɟɧɬɭ ɤɨɥɢɱɟɫɬɜɨɦ ɚɪɦɚɬɭɪɵ, ɚ ɬɚɤɠɟ ɫ ɭɦɟɧɶɲɟɧɧɵɦ ɤɨɥɢɱɟ-
ɫɬɜɨɦ. Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɩɸɪɵ ɦɚɬɟɪɢɚɥɨɜ ɜɵɩɨɥɧɢɬɶ ɜ 
ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ (ɬɚɛɥ. 10.1). 

2. ɇɚ ɦɢɥɥɢɦɟɬɪɨɜɨɣ ɛɭɦɚɝɟ ɜɵɱɟɪɬɢɬɶ ɫɬɪɨɝɨ ɜ ɦɚɫɲɬɚɛɟ 
ɷɩɸɪɭ (ɨɝɢɛɚɸɳɭɸ) ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɜ ɛɚɥɤɟ, ɜɵɱɢɫɥɟɧɧɵɯ 
ɫ ɭɱɟɬɨɦ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɭɫɢɥɢɣ, ɬ. ɟ. ɩɨ ɦɟɬɨɞɭ ɩɪɟɞɟɥɶɧɨɝɨ 

ɪɚɜɧɨɜɟɫɢɹ (ɬɚɛɥ. 9.2).  

Ɋɟɤɨɦɟɧɞɭɟɦɵɟ ɦɚɫɲɬɚɛɵ: ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ (ɥɢɧɟɣɧɵɣ) – 

1:50, ɜɟɪɬɢɤɚɥɶɧɵɣ (ɫɢɥɨɜɨɣ) – ɜ 1 ɦɦ 20 ɤɇ·ɦ. 

3. ɇɚ ɷɬɨɦ ɠɟ ɱɟɪɬɟɠɟ ɩɪɨɜɟɫɬɢ ɥɢɧɢɢ ɦɨɦɟɧɬɨɜ, ɜɨɫɩɪɢɧɢ-

ɦɚɟɦɵɯ ɫɟɱɟɧɢɹɦɢ ɛɚɥɤɢ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɢ ɫ ɭɦɟɧɶɲɟɧɧɵɦ ɤɨɥɢ-

ɱɟɫɬɜɨɦ ɚɪɦɚɬɭɪɵ (ɫɥɟɞɭɟɬ ɭɱɟɫɬɶ, ɱɬɨ ɞɨ ɨɩɨɪɵ ɜ ɪɚɫɬɹɧɭɬɨɣ ɡɨɧɟ 
ɞɨɥɠɧɨ ɛɵɬɶ ɞɨɜɟɞɟɧɨ ɧɟ ɦɟɧɟɟ ɩɨɥɨɜɢɧɵ ɫɬɟɪɠɧɟɣ ɨɬ ɦɚɤɫɢɦɚɥɶ-
ɧɨɝɨ ɢɯ ɤɨɥɢɱɟɫɬɜɚ ɢ, ɤɪɨɦɟ ɬɨɝɨ, ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɵɜɚɬɶ ɫɬɟɪɠɧɢ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɧɟ ɧɚɪɭɲɢɬɶ ɫɢɦɦɟɬɪɢɸ ɫɟɱɟɧɢɹ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɢɡɝɢɛɚ). Ɍɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɷɬɢɯ ɥɢɧɢɣ ɫ ɥɢɧɢɹ-
ɦɢ ɷɩɸɪɵ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɧɚɡɵɜɚɸɬɫɹ ɬɨɱɤɚɦɢ ɬɟɨɪɟɬɢɱɟ-
ɫɤɨɝɨ ɨɛɪɵɜɚ ɫɬɟɪɠɧɟɣ. 

Ɉɛɪɵɜɚɟɦɵɟ ɫɬɟɪɠɧɢ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɜɟɞɟɧɵ ɡɚ ɬɨɱɤɢ ɬɟɨɪɟ-
ɬɢɱɟɫɤɨɝɨ ɨɛɪɵɜɚ ɧɚ ɜɟɥɢɱɢɧɭ ɡɨɧɵ ɚɧɤɟɪɨɜɤɢ, ɜɵɱɢɫɥɟɧɧɨɣ ɩɨ 
ɮɨɪɦɭɥɟ (ɫ ɭɱɟɬɨɦ ɮɨɪɦɭɥ (10.1)−(10.3) ɋɉ 63.13330.2012)  

lan =
 dR

AR

bt

ss

8
,                                      (10.1) 

ɝɞɟ As – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɫɬɟɪɠɧɹ; 
Rs – ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɪɦɚɬɭɪɵ ɪɚɫɬɹɠɟɧɢɸ; 

Rbt – ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɧɚ ɪɚɫɬɹɠɟɧɢɟ; 
d – ɞɢɚɦɟɬɪ ɨɛɪɵɜɚɟɦɨɣ ɚɪɦɚɬɭɪɵ. 

4. ȼɵɱɢɫɥɢɬɶ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɨɫɟɣ ɞɨ ɬɨɱɟɤ 
ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɪɵɜɚ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɬɪɭɞɚ. ȼ ɪɚɦɤɚɯ ɜɵɩɨɥɧɟ-
ɧɢɹ ɪɚɛɨɬɵ ɧɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɹɯ ɞɨɩɭɫɤɚɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɷɬɢ 

ɜɟɥɢɱɢɧɵ ɩɨ ɦɚɫɲɬɚɛɭ. 



78   ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɦɧɨɝɨɷɬɚɠɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ 

5. ȼɵɩɨɥɧɢɬɶ ɜɵɧɨɫɤɭ ɚɪɦɚɬɭɪɧɵɯ ɫɬɟɪɠɧɟɣ, ɭɤɚɡɚɜ ɧɨɦɟɪɚ 
ɩɨɡɢɰɢɣ ɢ ɢɯ ɞɥɢɧɭ. ɉɚɪɚɥɥɟɥɶɧɨ ɜɵɱɟɪɬɢɬɶ ɷɫɤɢɡɵ ɚɪɦɢɪɨɜɚɧɢɹ 
ɫɟɱɟɧɢɣ ɛɚɥɤɢ. 

Ɉɛɪɚɡɟɰ ɩɨɫɬɪɨɟɧɢɹ ɷɩɸɪɵ ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɧɨɫɤɨɣ ɚɪɦɚɬɭɪ-
ɧɵɯ ɫɬɟɪɠɧɟɣ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 10.1.



 

 

 

Ɋɢɫ. 10.1. ɗɩɸɪɚ ɦɚɬɬɟɪɢɚɥɨɜ ɫ ɜɵɵɧɨɫɤɨɣ ɚɪɦɚɚɬɭɪɵ 

 



80    ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɦɧɨɝɨɷɬɚɠɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ 
 

 

      Ɍɚɛɥɢɰɚ 10.1 

Ⱦɚɧɧɵɟ ɤ ɩɨɫɬɪɨɟɧɢɸ ɷɩɸɪɵ ɦɚɬɟɪɢɚɥɨɜ (ɨɛɪɚɡɟɰ) 

Ʉɨɥɢɱɟɫɬɜɨ  
ɢ ɞɢɚɦɟɬɪ  
ɫɬɟɪɠɧɟɣ 

As 

ɫɦ2
 

ɚ, 
ɦ 

h0, 

ɦ 
v 

Mu, 
ɤɇ·ɦ 

Ɋɚɫɫɬɨɹɧɢɟ, ɦ, ɨɬ ɬɨɱɟɤ  
ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɪɵɜɚ ɞɨ ɨɩɨɪɵ* 

Ʉɨɥɢɱɟɫɬɜɨ  
ɨɛɪɵɜɚɟɦɵɯ ɢɥɢ  

ɨɬɝɢɛɚɟɦɵɯ  
ɫɬɟɪɠɧɟɣ 

ɫɥɟɜɚ ɫɩɪɚɜɚ 

Ʉɪɚɣɧɢɣ ɩɪɨɥɟɬ, b = 2,3 ɦ 

6∅25 A400 29,45 0,057 0,543 0,966 563,8 − − − 

4∅25 A400 19,63 0,04 0,56 0,969 384,2 − − 2∅25 A400 

2∅25 A400 9,82 0,04 0,56 0,989 193,5 − − 2∅25 A400 

ɋɪɟɞɧɢɣ ɩɪɨɥɟɬ, b = 2,3 ɦ  

2∅25 A400 

2∅20 A400 

 

15,20 

 

0,04 

 

0,56 

 

0,985 

 

306,0 

 

− 

 

− 

 

− 

2∅20A400 7,60 0,04 0,56 0,991 153,9 − − 2∅20A400 

ɉɟɪɜɚɹ ɩɪɨɦɟɠɭɬɨɱɧɚɹ ɨɩɨɪɚ, b = 0,3 ɦ  

6∅25 A400 29,45 0,057 0,543 0,738 444,3 − − − 

4∅25 A400 19,63 0,04 0,56 
0,830 

 
333,0 − − 2∅25 A400 

2∅25 A400 9,82 0,04 0,56 0,915 183,7 − − 2∅25 A400 

* Ɋɚɫɫɬɨɹɧɢɟ (ɦ) ɨɬ ɬɨɱɟɤ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɪɵɜɚ ɞɨ ɨɩɨɪɵ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɨ ɜɪɭɱɧɭɸ ɢɥɢ ɩɨɥɭɱɟɧɨ 
ɜ ɩɪɨɰɟɫɫɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦɵ AutoCAD. 



ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɷɬɨɝɨ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɡɚɧɹɬɢɹ ɞɨɥɠɟɧ ɛɵɬɶ 
ɪɚɡɪɚɛɨɬɚɧ ɪɚɛɨɱɢɣ ɱɟɪɬɟɠ ɝɥɚɜɧɨɣ ɛɚɥɤɢ (ɫ ɭɱɟɬɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɨɩɵɬɚ ɜɵɩɨɥɧɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɡɚɧɹɬɢɹ № 7).  

Ɋɚɛɨɱɢɣ ɱɟɪɬɟɠ ɝɥɚɜɧɨɣ ɛɚɥɤɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 2.8 [21], 2.27 

[25]. 

ɉɪɢɦɟɱɚɧɢɟ. ɉɪɢ ɧɚɥɢɱɢɢ ɷɩɸɪɵ ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɧɨɫɤɨɣ ɚɪɦɚɬɭɪɵ, 

ɜɵɩɨɥɧɟɧɧɨɣ ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 10.1, ɧɚ ɪɚɛɨɱɟɦ ɱɟɪɬɟɠɟ ɝɥɚɜɧɨɣ 

ɛɚɥɤɢ ɷɩɸɪɭ ɢ ɜɵɧɨɫɤɭ ɚɪɦɚɬɭɪɧɵɯ ɫɬɟɪɠɧɟɣ ɦɨɠɧɨ ɧɟ ɩɨɤɚɡɵɜɚɬɶ, ɨɞɧɚɤɨ 
ɩɪɢɜɹɡɤɚ ɤɨɧɰɨɜ ɨɛɪɵɜɚɟɦɵɯ ɫɬɟɪɠɧɟɣ ɤ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦ ɨɫɹɦ ɨɛɹɡɚ- 
ɬɟɥɶɧɚ.

ʞʟʏʙʡʗʦʔʠʙʝʔ	ʖʏʜЯʡʗʔ	№	11	
ʞ˓ˑˈˍ˕ˋ˓ˑ˅˃ːˋˈ	˔˄ˑ˓ːˑˆˑ	˒ˈ˓ˈˍ˓˞˕ˋˢ	

ȼ ɯɨɞɟ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɡɚɧɹɬɢɹ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ:  
1) ɤɨɦɩɨɧɨɜɤɭ ɫɛɨɪɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɧɚɞ ɩɨɞɜɚɥɨɦ; 

2) ɪɚɡɪɚɛɨɬɚɬɶ ɭɡɥɵ ɫɨɩɪɹɠɟɧɢɹ ɪɢɝɟɥɹ ɫ ɤɨɥɨɧɧɨɣ, ɤɨɥɨɧɧɵ 

ɫ ɮɭɧɞɚɦɟɧɬɨɦ, ɫɬɵɤ ɤɨɥɨɧɧ; 

3) ɪɚɫɱɟɬ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚ ɫɛɨɪɧɨɝɨ ɪɢɝɟɥɹ. 

11.1.	ʙˑˏ˒ˑːˑ˅ˍ˃	˔˄ˑ˓ːˑˆˑ	˒ˈ˓ˈˍ˓˞˕ˋˢ	ː˃ˇ	˒ˑˇ˅˃ˎˑˏ	

Ʉɨɦɩɨɧɨɜɤɭ ɫɛɨɪɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɧɚɞ ɩɨɞɜɚɥɨɦ ɜɵɩɨɥɧɢɬɶ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

− ɩɪɢɧɹɬɶ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɛɨɪɧɵɯ ɪɢɝɟɥɟɣ ɬɚɤɢɦ ɠɟ,  ɤɚɤ ɢ 

ɝɥɚɜɧɵɯ ɛɚɥɨɤ (ɬ. ɟ. ɡɚɦɟɧɢɬɶ ɦɨɧɨɥɢɬɧɵɣ ɪɢɝɟɥɶ ɧɚ ɫɛɨɪɧɵɣ); 

− ɪɚɡɥɨɠɢɬɶ ɪɟɛɪɢɫɬɵɟ ɫɛɨɪɧɵɟ ɩɥɢɬɵ; ɪɚɫɤɥɚɞɤɭ ɧɚɱɚɬɶ ɫ 
ɭɤɥɚɞɤɢ ɫɜɹɡɟɜɵɯ ɩɥɢɬ, ɬ. ɟ. ɩɥɢɬ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨ ɤɨɨɪɞɢɧɚɰɢ-

ɨɧɧɵɦ ɨɫɹɦ, ɡɚɬɟɦ ɧɚɡɧɚɱɢɬɶ ɪɚɡɦɟɪɵ (ɲɢɪɢɧɭ) ɪɹɞɨɜɵɯ ɩɥɢɬ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɦɟɠɞɭ ɫɜɹɡɟɜɵɦɢ ɩɥɢɬɚɦɢ. ɒɢɪɢɧɭ ɩɥɢɬ ɩɪɢɧɹɬɶ 
ɜ ɩɪɟɞɟɥɚɯ 1−1,5 ɦ. Ⱦɥɢɧɭ ɩɥɢɬ ɧɚɡɧɚɱɢɬɶ ɫ ɭɱɟɬɨɦ ɦɨɧɬɚɠɧɵɯ ɡɚ-
ɡɨɪɨɜ. 

Ɋɟɛɪɢɫɬɵɟ ɩɥɢɬɵ ɩɟɪɟɤɪɵɬɢɹ ɨɩɢɪɚɸɬ ɧɚ ɩɨɥɤɢ ɪɢɝɟɥɟɣ. ȼɵ-

ɫɨɬɭ ɫɟɱɟɧɢɹ ɩɥɢɬ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ  

bnss R/qlh ⋅= 075,0 ,                             (11.1) 



82   ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɦɧɨɝɨɷɬɚɠɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ 

ɝɞɟ ls – ɞɥɢɧɚ ɩɥɢɬɵ, ɦ; 

qn − ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɜɪɟɦɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɩɟɪɟɤɪɵɬɢɟ, 
ɤɉɚ; 

Rb – ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɨɫɟɜɨɦɭ ɫɠɚɬɢɸ, Ɇɉɚ. 
ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɬɢɩɵ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ ɫɛɨɪ-

ɧɵɯ ɪɢɝɟɥɟɣ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 11.1.  

ɉɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɪɢɝɟɥɹ ɩɪɢɧɹɬɶ ɬɚɜɪɨɜɵɦ ɫ ɩɨɥɤɨɣ ɜɧɢɡɭ. 
ɗɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɭɸ ɜɵɫɨɬɭ ɫɟɱɟɧɢɣ ɪɢɝɟɥɹ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ 

3 211,0 bn R/slqh = ,                           (11.2) 

ɝɞɟ qn − ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɜɪɟɦɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɩɟɪɟɤɪɵɬɢɢ, 

ɤɉɚ; 
s – ɲɚɝ ɪɢɝɟɥɟɣ, ɦ; 

l – ɩɪɨɥɟɬ ɪɢɝɟɥɹ, ɦ; 

Rb − ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɨɫɟɜɨɦɭ ɫɠɚɬɢɸ, Ɇɉɚ. 

 

Ɋɢɫ. 11.1. Ʉ ɧɚɡɧɚɱɟɧɢɸ ɪɚɡɦɟɪɨɜ ɫɟɱɟɧɢɣ ɪɢɝɟɥɟɣ 

ȼɵɫɨɬɭ ɫɟɱɟɧɢɹ ɪɢɝɟɥɹ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ 

3 2
11,0 bstbnmb R/slqh = ,                            (11.3) 

ɝɞɟ s – ɲɚɝ ɪɢɝɟɥɟɣ, ɦ; 

lstb – ɩɪɨɥɟɬ ɪɢɝɟɥɹ, ɦ (ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɤɨ-
ɨɪɞɢɧɚɰɢɨɧɧɵɦɢ ɨɫɹɦɢ). 



 

Ɋɢɫ. 11.2. Ʉɨɨɧɫɬɪɭɤɬɢɜɧɚɚɹ ɫɯɟɦɚ ɫɛɨɪɪɧɨɝɨ ɩɟɪɟɤɪɵɵɬɢɹ. ɍɡɥɵ ɫɨɩɪɹɠɟɧɢɹ ɷɥ
 

ɥɟɦɟɧɬɨɜ 



ɋɨɟɞɢɧɟɧɢɟ ɩɥɢɬ ɫ ɪɢɝɟɥɹɦɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɩɭɬɟɦ ɩɪɢɜɚɪ-
ɤɢ ɡɚɤɥɚɞɧɵɯ ɞɟɬɚɥɟɣ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɩɨɥɤɟ ɪɢɝɟɥɹ ɫ ɲɚɝɨɦ  

1−1,5 ɦ (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɲɢɪɢɧɨɣ ɩɪɢɧɹɬɵɯ ɪɟɛɪɢɫɬɵɯ ɩɥɢɬ) ɢ ɜ 
ɪɟɛɪɚɯ ɩɥɢɬ ɩɟɪɟɤɪɵɬɢɹ (ɫɧɢɡɭ). 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɪɚɡɪɟɡɧɨɫɬɢ ɪɢɝɟɥɹ ɩɪɢɧɹɬɶ ɨɛɟɬɨɧɢɪɨ-
ɜɚɧɧɵɣ ɫɬɵɤ ɪɢɝɟɥɹ ɫ ɤɨɥɨɧɧɨɣ ɫ ɧɚɞɨɩɨɪɧɵɦɢ (ɫɨɟɞɢɧɢɬɟɥɶɧɵɦɢ) 

ɫɬɟɪɠɧɹɦɢ. 

Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɩɟɪɟɤɪɵɬɢɹ ɢ ɭɡɥɵ ɫɨɩɪɹɠɟɧɢɹ ɫɛɨɪ-
ɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 11.2. 

Ⱦɥɹ ɧɚɡɧɚɱɟɧɢɹ ɞɥɢɧɵ ɷɥɟɦɟɧɬɨɜ ɪɢɝɟɥɹ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟ-
ɥɢɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ ɤɨɥɨɧɧ. ɉɥɨɳɚɞɶ ɩɪɹɦɨ-
ɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɤɨɥɨɧɧɵ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ 

A = 0,002 nfl qn s l/(Rb + 0,01 Rsc),                      (11.4) 

ɝɞɟ qn − ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɜɪɟɦɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɩɟɪɟɤɪɵɬɢɟ, 
Rb – ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɨɫɟɜɨɦɭ ɫɠɚɬɢɸ, Ɇɉɚ; 
Rsc – ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɪɦɚɬɭɪɵ ɨɫɟɜɨɦɭ ɫɠɚɬɢɸ, 

Ɇɉɚ. 
Ɋɚɡɦɟɪɵ ɫɟɱɟɧɢɹ ɤɨɥɨɧɧ ɞɨɥɠɧɵ ɛɵɬɶ ɬɚɤɢɦɢ, ɱɬɨɛɵ ɢɯ ɝɢɛ-

ɤɨɫɬɢ ɜ ɥɸɛɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɭɞɨɜɥɟɬɜɨɪɹɥɢ ɭɫɥɨɜɢɸ l0 /i ≤ 120 (ɞɥɹ 
ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɫɟɱɟɧɢɣ l0 /h ≤ 35). Ɋɚɡɦɟɪɵ ɫɟɱɟɧɢɣ ɫɥɟɞɭɟɬ ɩɪɢ-

ɧɢɦɚɬɶ ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɦɢ, ɞɥɹ ɤɨɥɨɧɧ ɦɧɨɝɨɷɬɚɠɧɵɯ ɡɞɚɧɢɣ ɨɧɢ 

ɪɚɜɧɵ, ɦɦ: 300×300, 400×400, 400×600, 500×500, 500×700, 600×600, 

600×800, 800×800, 1000×1000. 

11.2.	ʟ˃˔˚ˈ˕	ˋ	ˍˑː˔˕˓˖ˋ˓ˑ˅˃ːˋˈ	ˠˎˈˏˈː˕˃	˔˄ˑ˓ːˑˆˑ	˓ˋˆˈˎˢ	

ɉɨɫɤɨɥɶɤɭ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ ɨɝɪɚɧɢ-

ɱɟɧɨ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɪɚɫɱɟɬ (ɪɚɫɱɟɬ ɩɪɨɞɨɥɶɧɨɣ ɢ ɩɨɩɟɪɟɱɧɨɣ 

ɚɪɦɚɬɭɪɵ ɜ ɫɟɱɟɧɢɹɯ ɪɢɝɟɥɹ) ɜɵɩɨɥɧɢɦ, ɢɫɩɨɥɶɡɭɹ ɪɟɡɭɥɶɬɚɬɵ ɫɬɚ-
ɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɝɥɚɜɧɨɣ ɛɚɥɤɢ.  

ɉɪɢɦɟɱɚɧɢɟ. Ʉɨɧɟɱɧɨ, ɟɫɥɢ ɩɨɞɯɨɞɢɬɶ ɫɬɪɨɝɨ, ɬɨ ɢ ɧɚɝɪɭɡɤɢ, ɢ ɪɚɫɱɟɬ-
ɧɚɹ ɫɯɟɦɚ ɪɢɝɟɥɹ ɛɭɞɭɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɭɤɚɡɚɧɧɵɯ ɞɥɹ ɝɥɚɜɧɨɣ ɛɚɥɤɢ ɦɨɧɨ-
ɥɢɬɧɨɝɨ ɪɟɛɪɢɫɬɨɝɨ ɩɟɪɟɤɪɵɬɢɹ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɤɭɪɫɨɜɨɝɨ ɩɪɨɟɤɬɚ ɫɬɭɞɟɧɬ 
ɦɨɠɟɬ ɜɵɩɨɥɧɢɬɶ ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɪɢɝɟɥɹ, ɪɭɤɨɜɨɞɫɬɜɭɹɫɶ [21; 23], ɚ ɬɚɤ-
ɠɟ ɢɫɩɨɥɶɡɭɹ ɫɩɟɰɢɚɥɶɧɵɟ ɩɪɨɝɪɚɦɦɵ ɪɚɫɱɟɬɚ ɧɚ ɗȼɆ. 



 

Ⱥɥ
ɚɪɦɚɬɭɪ
ɩɪɚɤɬɢɱ

ɉɨ
ɨɩɢɪɚɸ
ɩɪɢɧɢɦ
ɩɨɥɤɭ 
ɫɛɨɪɧɭ

 

Ɋɚ
ɗɤ

ɂɡ
Ɉɛ

ɤɟ 11.4

ɥɝɨɪɢɬɦ
ɪɵ ɜ ɫɟ
ɱɟɫɤɨɟ ɡ

ɨɥɤɢ ɪɢ
ɸɳɢɯɫɹ 
ɦɚɟɦ ɜ ɜ
ɪɢɝɟɥɹ 
ɸ ɩɥɢɬɭ

ɚɫɱɟɬɧɭɸ
ɤɫɰɟɧɬɪɢ

ɡɝɢɛɚɸɳ
ɛɳɢɣ ɜɢ
. 

ɉɪɨɟɤɬ

ɦ ɢ ɮɨɪɦ
ɟɱɟɧɢɹɯ 
ɡɚɧɹɬɢɟ №

11.

ɢɝɟɥɹ ɢɫɩ
ɧɚ ɧɢɯ 
ɜɢɞɟ ɡɚɳ
ɫɨɫɬɚɜɥ
ɭ. 

Ɋɢɫ. 11.3

ɸ ɲɢɪɢɧ
ɢɫɢɬɟɬ ɩ

ɟ
ɳɢɣ ɦɨɦ
ɢɞ ɢ ɫɯɟɦ

ɬɢɪɨɜɚɧɢɟ

ɦɭɥɵ ɞɥ
ɪɢɝɟɥɹ
№ 4) ɫɬɭ

.3.	ʟ˃˔˚ˈ

ɩɵɬɵɜɚɸ
ɫɛɨɪɧɵ
ɳɟɦɥɟɧɧ
ɹɟɬ ɩɨɥ

3. ɋɯɟɦɚ ɧ

ɧɭ ɩɨɥɤɢ
ɩɪɢɥɨɠɟɧ
ɟ = 0,055

ɦɟɧɬ ɜ ɡɚɞ
ɦɚ ɚɪɦɢ

ɟ ɫɛɨɪɧɨɝɨ

ɥɹ ɪɚɫɱɟɬ
(ɷɥɟɦɟɧ
ɭɞɟɧɬɭ ɭɠ

ˈ˕	˒ˑˎˍ

ɸɬ ɢɡɝɢɛ
ɵɯ ɩɚɧɟɥ
ɧɨɣ ɤɨɧɫ
ɥɨɜɢɧɭ ɪ

ɧɚɝɪɭɠɟɧ

ɢ ɩɪɢɧɢɦ
ɧɢɹ ɧɚɝɪ
5 + 0,1·2

ɞɟɥɤɟ Ɇ
ɢɪɨɜɚɧɢɹ

ɨ ɩɟɪɟɤɪɵ

ɬɚ ɩɪɨɞɨ
ɧɬɚ ɬɚɜɪɨ
ɠɟ ɢɡɜɟɫ

ˍˋ	˓ˋˆˈˎ

ɛ ɩɨɞ ɞɟ
ɥɟɣ. Ɋɚɫ
ɫɨɥɢ (ɪɢ
ɪɚɫɩɪɟɞɟ

ɢɹ ɩɨɥɤɢ 

ɦɚɸɬ ɪɚɜ
ɪɭɡɤɢ  

:3 = 0,12

Ɇ = Ɋɟ (ɤɇ
ɹ ɪɢɝɟɥɹ 

ɵɬɢɹ        

ɨɥɶɧɨɣ ɢ
ɨɜɨɝɨ ɩɪ
ɫɬɟɧ. 

ˎˢ	

ɟɣɫɬɜɢɟɦ
ɱɟɬɧɭɸ 

ɢɫ. 11.3).

ɟɥɟɧɧɨɣ 

 

ɪɢɝɟɥɹ 

ɜɧɨɣ 1 ɦ

22 ɦ. 

ɇ·ɦ). 

ɩɪɢɜɟɞɟ

               

ɢ ɩɨɩɟɪ
ɪɨɮɢɥɹ 

ɦ ɧɚɝɪɭɡ
ɫɯɟɦɭ 

. ɇɚɝɪɭɡ
 ɧɚɝɪɭɡ

ɦ.  

ɟɧɵ ɧɚ ɪ

       85 

ɟɱɧɨɣ 

– ɫɦ. 

ɡɨɤ ɨɬ 
ɩɨɥɤɢ 

ɡɤɚ ɧɚ 
ɤɢ ɧɚ 

ɪɢɫɭɧ-



86   ɉɪɨɟɟɤɬɢɪɨɜɚɚɧɢɟ ɤɨɧɫɬ

 

ɬɪɭɤɰɢɣ ɦɦɧɨɝɨɷɬɚɚɠɧɵɯ ɩɪɪɨɢɡɜɨɞɫɬɬɜɟɧɧɵɯ ɡɡɞɚɧɢɣ 

Ɋɢ
ɫ.

 1
1

.4
. 
ɋ
ɛɨ
ɪɧ
ɵ
ɣ 
ɷɥ
ɟɦ
ɟɧ
ɬ 
ɪɢ
ɝɟ
ɥɹ

 Ɋ
1

 



ʞʟʏʙʡʗʦʔʠʙʝʔ	ʖʏʜЯʡʗʔ	№	12	
ʟ˃˔˚ˈ˕	ˋ	ˍˑː˔˕˓˖ˋ˓ˑ˅˃ːˋˈ	ˉˈˎˈˊˑ˄ˈ˕ˑːːˑˌ	ˍˑˎˑːː˞		

˒ˑˇ˅˃ˎ˟ːˑˆˑ	ˠ˕˃ˉ˃	ˏːˑˆˑˠ˕˃ˉːˑˆˑ	ˊˇ˃ːˋˢ	

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɡɚɧɹɬɢɹ ɧɟɨɛɯɨɞɢɦɨ:  
1) ɧɚɡɧɚɱɢɬɶ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ ɦɧɨɝɨɷɬɚɠɧɨɣ ɫɛɨɪɧɨɣ ɤɨɥɨɧɧɵ; 

2) ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɱɟɬɧɵɟ ɧɚɝɪɭɡɤɢ (ɩɨɥɧɭɸ ɢ ɞɥɢɬɟɥɶɧɨ ɞɟɣ-

ɫɬɜɭɸɳɭɸ); 

3) ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɪɚɛɨɱɟɣ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɤɨɥɨɧɧɵ; 

4) ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɪɚɛɨɱɟɣ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɢ ɚɪɦɢɪɨ-
ɜɚɧɢɹ ɤɨɧɫɨɥɢ. 

12.1.	ʟ˃˔˚ˈ˕ː˃ˢ	˔˘ˈˏ˃	ˍˑˎˑːː˞	˒ˑˇ˅˃ˎ˟ːˑˆˑ	ˠ˕˃ˉ˃	

Ɋɚɫɱɟɬɧɭɸ ɫɯɟɦɭ ɤɨɥɨɧɧɵ ɜ ɡɞɚɧɢɢ ɫ ɧɟɩɨɥɧɵɦ ɤɚɪɤɚɫɨɦ (ɫ 
ɧɟɫɭɳɢɦɢ ɤɢɪɩɢɱɧɵɦɢ ɫɬɟɧɚɦɢ) ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɩɪɨɥɟɬɚɯ ɪɢɝɟɥɹ 
ɩɪɢɧɢɦɚɸɬ ɜ ɜɢɞɟ ɫɬɟɪɠɧɹ ɜɵɫɨɬɨɣ ɨɬ ɨɛɪɟɡɚ ɮɭɧɞɚɦɟɧɬɚ ɞɨ ɱɟɪ-
ɞɚɱɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ. Ʉɨɥɨɧɧɚ ɠɟɫɬɤɨ ɡɚɳɟɦɥɟɧɚ ɜ ɫɬɚɤɚɧɟ ɮɭɧɞɚ-
ɦɟɧɬɚ ɢ ɢɦɟɟɬ ɲɚɪɧɢɪɧɨ-ɧɟɩɨɞɜɢɠɧɵɟ ɨɩɨɪɵ ɜ ɭɪɨɜɧɟ ɜɫɟɯ ɦɟɠ-

ɞɭɷɬɚɠɧɵɯ ɩɟɪɟɤɪɵɬɢɣ. Ɋɚɫɱɟɬɧɭɸ ɞɥɢɧɭ ɭɱɚɫɬɤɚ ɤɨɥɨɧɧɵ ɩɨɞ-

ɜɚɥɶɧɨɝɨ ɷɬɚɠɚ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɨɣ  

l0 = μ(Hɩ + a),                                   (12.1) 

ɝɞɟ Hɩ – ɜɵɫɨɬɚ ɩɨɞɜɚɥɚ; 
ɚ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɥɚ ɩɨɞɜɚɥɚ ɞɨ ɨɛɪɟɡɚ ɮɭɧɞɚɦɟɧɬɚ; 
μ = 0,7 (ɩɪɢ ɠɟɫɬɤɨɦ ɡɚɳɟɦɥɟɧɢɢ ɤɨɥɨɧɧɵ ɜ ɮɭɧɞɚɦɟɧɬɟ ɢ 

ɲɚɪɧɢɪɧɨ-ɧɟɩɨɞɜɢɠɧɨɣ ɨɩɨɪɟ ɜ ɭɪɨɜɧɟ ɩɟɪɟɤɪɵɬɢɹ ɧɚɞ ɩɨɞɜɚɥɨɦ). 

ɇɚɝɪɭɡɤɢ ɧɚ ɤɨɥɨɧɧɭ ɫɨɛɢɪɚɸɬ ɫ ɝɪɭɡɨɜɨɣ ɩɥɨɳɚɞɢ, ɪɚɜɧɨɣ 

ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɨɫɹɦɢ ɤɨɥɨɧɧ ɜ ɨɛɨɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ (ɪɢɫ. 12.1), 

ɬ. ɟ. Aω = l1l2. 

ɇɚ ɤɨɥɨɧɧɭ ɞɟɣɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɧɚɝɪɭɡɤɢ: 

1) ɩɨɫɬɨɹɧɧɵɟ ɨɬ ɜɟɫɚ ɩɟɪɟɤɪɵɬɢɣ ɩɨ ɜɫɟɦ ɷɬɚɠɚɦ ɢ ɩɨɤɪɵɬɢɹ 
ɩɪɢ γf  > 1 − ∑Ɋi; 

2) ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɤɨɥɨɧɧɵ ɩɪɢ γf > 1 − ∑Gi; 

3) ɫɧɟɝɨɜɚɹ ɧɚɝɪɭɡɤɚ ɩɪɢ γf > 1 − Ps; 

4) ɜɪɟɦɟɧɧɚɹ ɧɚɝɪɭɡɤɚ ɩɨ ɜɫɟɦ ɷɬɚɠɚɦ ɩɪɢ γf > 1 − ∑Vi, ɜ ɬɨɦ 

ɱɢɫɥɟ ɟɟ ɞɥɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ∑Vli. 
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Ɋɢɫ. 12.1.Ʉ ɨɩɪɟɞɟɥɟɧɢɸ ɝɪɭɡɨɜɨɣ ɩɥɨɳɚɞɢ ɤɨɥɨɧɧɵ 

ɉɨɥɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɤɨɥɨɧɧɭ: 
N = ∑Ɋ + ∑G i+ Ps + ∑Vi;                   (12.2) 

Nl = ∑Ɋ + ∑G i+ Ps + ∑Vli .                 (12.3) 

Ɋɚɫɱɟɬɧɵɟ ɧɚɝɪɭɡɤɢ ɩɪɢɥɨɠɟɧɵ ɫ ɧɚɱɚɥɶɧɵɦ ɷɤɫɰɟɧɬɪɢɫɢɬɟ-
ɬɨɦ ɟ0  ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɷɥɟɦɟɧɬɚ. Ⱦɚɠɟ ɩɪɢ ɨɬ-
ɫɭɬɫɬɜɢɢ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɪɚɫɱɟɬ ɤɨɥɨɧɧɵ ɞɨɥɠɟɧ ɛɵɬɶ ɜɵ-

ɩɨɥɧɟɧ ɤɚɤ ɜɧɟɰɟɧɬɪɟɧɧɨ ɫɠɚɬɨɣ ɫ ɦɚɥɵɦ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɨɦ.  

ɋ ɭɱɟɬɨɦ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɜɪɟɦɟɧɢ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɤɚɤ ɩɪɚɤɬɢ-

ɱɟɫɤɢɯ ɚɭɞɢɬɨɪɧɵɯ ɪɚɛɨɬ, ɬɚɤ ɢ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɤɭɪɫɨɜɨɝɨ ɩɪɨɟɤɬɚ 
ɜɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɤɨɥɨɧɧɵ ɤɚɤ ɭɫɥɨɜɧɨ ɰɟɧɬɪɚɥɶɧɨ ɫɠɚɬɨɣ (ɩɪɢ 

ɫɢɦɦɟɬɪɢɱɧɨɦ ɚɪɦɢɪɨɜɚɧɢɢ ɫɬɟɪɠɧɹɦɢ ɢɡ ɫɬɚɥɢ ɤɥɚɫɫɨɜ A240, 

A400 ɩɪɢ l0 ≤ 20hc). 

12.2.	ʟ˃˔˚ˈ˕	˒˓ˑˇˑˎ˟ːˑˌ	˃˓ˏ˃˕˖˓˞	ˍˑˎˑːː˞	

Ɋɚɫɱɟɬ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɜɵɩɨɥɧɢɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ  
ɩ. 8.1.16 [9] ɢɡ ɭɫɥɨɜɢɹ 

N = φ(RbAb + RscAs,tot ).                      (12.4) 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ φ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɝɢɛɤɨɫɬɶ ɷɥɟɦɟɧɬɚ 
ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɹ ɧɚɝɪɭɡɨɤ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ 
ɬɚɛɥɢɰɟ 8.1 [9]. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɞɥɹ ɤɥɚɫɫɨɜ ɛɟɬɨɧɚ ȼ20-ȼ55:  

– ɩɪɢ l0/hc = 6 ɡɧɚɱɟɧɢɟ φ = 0,92; 
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ɋɬ
ɜɵɩɨɥɧ

Ɋɚɫ

ɩɪɢ h >

ɵɦɢ ɩɨɩɟ
ɩɪɢ h >

ɜɥɢɜɚɬɶ 
ɒɚɝ ɝɨɪɢ
ɨɥɠɟɧ ɛ
ɵɯ ɫɬɟɪɠ
ɟɧɟɟ 25 ɦ

1

ɬɵɤ ɷɥɟɦ
ɚɛɨɬ ɪɚɫ

Ɋ
ɩɨɥɨɠɟɧɢɟ
ɱɢɯ ɩɪɨɞɨ

1 – ɪɚɛ

ɬɵɤɢ ɤɨɥ
ɧɹɬɶɫɹ ɜ 

ɱɟɬ ɠɟɥɟ

> 2,5ɚ 
ɟɪɟɱɧɵɦ
> 3,5ɚ ɢ
(ɪɢɫ. 12

ɢɡɨɧɬɚɥɶ
ɛɵɬɶ ɧɟ 
ɠɧɟɣ ɞɨɥ
ɦɦ (ɫɦ. ɪ

12.4.	ʞ˓ˑ

ɦɟɧɬɨɜ ɤ
ɫɩɨɥɚɝɚɸ

Ɋɢɫ. 12.4.

ɟ ɚɪɦɚɬɭɪ
ɨɥɶɧɵɯ ɫɬ
ɛɨɱɚɹ ɚɪɦ

4 –

ɥɨɧɧ ɦɧ
ɜɢɞɟ (ɪɢ

ɟɡɨɛɟɬɨɧ

ɤɨɧɫɨɥɶ
ɦɢ ɫɬɟɪɠɧ
ɢ Q < R

.3, ɜ). 
ɧɵɯ ɩɨɩ
ɛɨɥɟɟ h

ɥɠɟɧ ɛɵɬ
ɪɢɫ. 12.3

ˑˈˍ˕ˋ˓ˑ

ɤɨɥɨɧɧɵ
ɸɬ ɧɚ 70

. Ʉɨɧɫɬɪɭ
ɪɵ ɜ ɬɨɪɰ
ɬɟɪɠɧɹɯ ɤ
ɚɬɭɪɚ; 2 –

– ɰɟɧɬɪɢɪ

ɨɝɨɷɬɚɠ
ɢɫ. 12.4)

ɧɧɨɣ ɤɨɥɨɧ

ɶ ɚɪɦɢɪɭ
ɧɹɦɢ ɩɨ
Rbtbh0 ɧɚ

ɩɟɪɟɱɧɵ
h/A ɢ ɧɟ
ɬɶ ɧɟ ɛɨɥ
3). 

ˑ˅˃ːˋˈ	

ɵ ɢɡ ɭɞɨ
00−1000

ɭɢɪɨɜɚɧɢɟ
ɟ; ɛ – ɪɚɫ
ɤɨɥɨɧɧɵ; 

– ɫɟɬɤɢ; 3

ɪɭɸɳɚɹ ɩ

ɠɧɵɯ ɩɪɨ
: 

ɧɧɵ ɩɨɞɜɚ

ɭɸɬ ɧɚɤ
ɨ ɜɫɟɣ ɜɵ
ɚɤɥɨɧɧɵ

ɵɯ ɫɬɟɪɠ
ɟ ɛɨɥɟɟ 
ɥɟɟ 1/15 

˔˕˞ˍ˃	ˍ

ɨɛɫɬɜɚ ɩ
0 ɦɦ ɜɵ

ɟ ɬɨɪɰɚ ɤɨ
ɩɨɥɨɠɟɧɢ
ɜ – ɬɨ ɠɟ
 – ɦɨɧɬɚɠ
ɩɪɨɤɥɚɞɤɚ

ɨɢɡɜɨɞɫɬ

ɚɥɶɧɨɝɨ ɷɬ

ɤɥɨɧɧɵɦ
ɵɫɨɬɟ (ɪɢ
ɟ ɫɬɟɪɠ

ɠɧɟɣ ɜ ɩ
150 ɦɦ.

ɞɥɢɧɵ ɷ

ˍˑˎˑːː	

ɩɪɨɢɡɜɨɞ
ɵɲɟ ɨɬɦ

ɨɥɨɧɧɵ: 

ɢɟ ɩɨɞɪɟɡ
, ɩɪɢ ɲɟɫ
ɠɧɵɟ ɫɬɟɪ
ɚ 

ɬɜɟɧɧɵɯ 

ɬɚɠɚ     

ɦɢ ɢ ɝɨɪ
ɢɫ. 12.3, 

ɠɧɢ ɦɨɠ

ɩɪɟɞɟɥɚɯ
. Ⱦɢɚɦɟɬ
ɷɬɨɝɨ ɫɬɟ

ɞɫɬɜɚ ɦɨ
ɦɟɬɤɢ ɱɢ

 

ɡɨɤ ɩɪɢ ɱɟ
ɫɬɢ ɫɬɟɪɠ
ɪɠɧɢ; 

ɡɞɚɧɢɣ 

       91 

ɪɢɡɨɧ-

ɛ); 
ɠɧɨ ɧɟ 

ɯ ɤɨɧ-

ɬɪ ɧɚ-
ɟɪɠɧɹ 

ɨɧɬɚɠ-

ɢɫɬɨɝɨ  

ɟɬɵɪɟɯ 
ɧɹɯ; 

ɦɨɝɭɬ 



92   ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɦɧɨɝɨɷɬɚɠɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ 

− ɫɜɚɪɧɨɝɨ ɫɬɵɤɚ ɫ ɬɨɪɰɨɜɵɦɢ ɫɬɚɥɶɧɵɦɢ ɨɝɨɥɨɜɤɚɦɢ, ɩɪɢɜɚ-
ɪɟɧɧɵɦɢ ɤ ɧɢɦ ɫɬɵɤɨɜɵɦɢ ɫɬɟɪɠɧɹɦɢ, ɢ ɰɟɧɬɪɢɪɭɸɳɟɣ ɩɪɨɤɥɚɞ-

ɤɨɣ (ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɫɬɟɪɠɧɟɣ); 

− ɫɬɵɤɚ, ɜɵɩɨɥɧɹɟɦɨɝɨ ɜɚɧɧɨɣ ɫɜɚɪɤɨɣ ɜɵɩɭɫɤɨɜ ɩɪɨɞɨɥɶɧɨɣ 

ɚɪɦɚɬɭɪɵ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɩɨɞɪɟɡɤɚɯ ɤɨɥɨɧɧ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɡɚ-
ɦɨɧɨɥɢɱɢɜɚɧɢɟɦ ɩɨɞɪɟɡɨɤ ɛɟɬɨɧɨɦ. 

ɉɨɫɥɟɞɧɢɣ ɫɬɵɤ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɟɧ ɩɨ ɪɚɫɯɨɞɭ ɫɬɚɥɢ ɢ 

ɬɪɭɞɨɟɦɤɨɫɬɢ, ɩɨɷɬɨɦɭ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɟɝɨ ɢɫɩɨɥɶɡɭɸɬ ɩɪɢ ɦɨɧɬɚ-
ɠɟ ɤɨɧɫɬɪɭɤɰɢɣ. 

Ɋɚɡɦɟɪɵ ɜ ɩɥɚɧɟ ɰɟɧɬɪɢɪɭɸɳɟɣ ɩɪɨɤɥɚɞɤɢ (ɛɟɬɨɧɧɨɝɨ ɜɵɫɬɭ-
ɩɚ) ɩɪɢɧɢɦɚɸɬ ɧɟ ɛɨɥɟɟ 1/4 ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɡɦɟɪɚ ɫɟɱɟɧɢɹ ɤɨ-
ɥɨɧɧɵ ɢ ɬɨɥɳɢɧɨɣ 20−25 ɦɦ. Ɋɚɡɦɟɪɵ ɩɪɨɤɥɚɞɤɢ ɜ ɜɢɞɟ ɫɬɚɥɶɧɨɣ 

ɩɥɚɫɬɢɧɵ ɧɚɡɧɚɱɚɸɬ ɚɧɚɥɨɝɢɱɧɨ. 



ʦ˃˔˕˟	3	
ʞʟʝʔʙʡʗʟʝʑʏʜʗʔ	ʙʝʜʠʡʟʢʙʥʗʘ	ʝʓʜʝЭʡʏʕʜЫʤ	

ʞʟʝʛЫʧʚʔʜʜЫʤ	ʖʓʏʜʗʘ	

Ɍɟɦɵ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɣ ɩɨ ɬɪɟɬɶɟɣ ɱɚɫɬɢ ɩɨɫɨɛɢɹ ɦɨɝɭɬ 
ɛɵɬɶ ɭɜɹɡɚɧɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɢ ɡɚɞɚɧɢɟɦ ɧɚ ɤɭɪɫɨɜɨɣ ɩɪɨɟɤɬ. (Ⱦɨ 
ɧɚɱɚɥɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɣ ɫɬɭɞɟɧɬ ɞɨɥɠɟɧ ɩɨɥɭɱɢɬɶ ɡɚɞɚɧɢɟ ɧɚ 
ɜɵɩɨɥɧɟɧɢɟ ɤɭɪɫɨɜɨɝɨ ɩɪɨɟɤɬɚ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɮɨɪɦɟ). 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɨ ɫɨɞɟɪɠɚɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɛɨɬ. 
ɋɨɞɟɪɠɚɧɢɟ Ʉɨɥ-ɜɨ 

ɱɚɫɨɜ 
13. Ʉɨɦɩɨɧɨɜɤɚ ɩɨɩɟɪɟɱɧɨɣ ɪɚɦɵ ɨɞɧɨɷɬɚɠɧɨɝɨ ɩɪɨɦɵɲɥɟɧɧɨ-
ɝɨ ɡɞɚɧɢɹ 

 

2 

14. ɋɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɨɩɟɪɟɱɧɨɣ ɪɚɦɵ 4 

15. Ɋɚɫɱɟɬ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɤɨɥɨɧɧɵ ɩɪɨɦɡɞɚɧɢɹ 6 

16. Ɋɚɫɱɟɬ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɜɧɟɰɟɧɬɪɟɧɧɨ 
ɧɚɝɪɭɠɟɧɧɨɝɨ ɮɭɧɞɚɦɟɧɬɚ ɫɬɚɤɚɧɧɨɝɨ ɬɢɩɚ 

 

6 

ɂɬɨɝɨ 18 

ʞʟʏʙʡʗʦʔʠʙʝʔ	ʖʏʜЯʡʗʔ	№	13	
ʙˑˏ˒ˑːˑ˅ˍ˃	˒ˑ˒ˈ˓ˈ˚ːˑˌ	˓˃ˏ˞	ˑˇːˑˠ˕˃ˉːˑˆˑ		

˒˓ˑˏ˞˛ˎˈːːˑˆˑ	ˊˇ˃ːˋˢ	

   – ɜɵɩɨɥɧɢɬɶ ɤɨɦɩɨɧɨɜɤɭ ɩɨ-
ɩɟɪɟɱɧɨɣ ɪɚɦɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɡɚɞɚɧɢɟɦ ɧɚ ɤɭɪ-
ɫɨɜɨɣ ɩɪɨɟɤɬ.  

Ʉɨɦɩɨɧɨɜɤɚ ɩɨɩɟɪɟɱɧɨɣ ɪɚɦɵ ɨɞɧɨɷɬɚɠɧɨɝɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɡɞɚɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɷɬɚɩɨɜ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɪɟɲɚɸɬ ɜɨɩɪɨɫɵ ɨɛɴɟɦɧɨ-ɩɥɚɧɢɪɨɜɨɱɧɨɝɨ 
ɪɟɲɟɧɢɹ, ɬ. ɟ. ɜɵɛɢɪɚɸɬ ɫɟɬɤɭ ɤɨɥɨɧɧ, ɨɬɦɟɬɤɭ ɤɨɧɫɨɥɢ ɤɨɥɨɧɧɵ, 

ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɤɪɚɧɚ ɢ ɬ. ɞ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɷɬɢ ɜɨɩɪɨɫɵ ɪɟɲɚɸɬ 
ɚɪɯɢɬɟɤɬɨɪɵ ɫɨɜɦɟɫɬɧɨ ɫ ɬɟɯɧɨɥɨɝɚɦɢ. (ȼ ɤɭɪɫɨɜɨɦ ɩɪɨɟɤɬɟ ɷɬɢ 

ɩɚɪɚɦɟɬɪɵ ɡɚɞɚɧɵ.) 

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɜɵɱɢɫɥɹɸɬ ɨɬɦɟɬɤɭ ɧɢɡɚ ɫɬɪɨɩɢɥɶɧɨɣ ɤɨɧ-

ɫɬɪɭɤɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɚɛɚɪɢɬɨɜ ɤɪɚɧɚ, ɜɵɛɢɪɚɸɬ ɩɪɟɞɜɚɪɢ-



94     ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɨɞɧɨɷɬɚɠɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ 

ɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɣ ɤɨɥɨɧɧ, ɩɪɢɜɹɡɤɭ ɧɚɪɭɠɧɵɯ ɝɪɚɧɟɣ 

ɤɪɚɣɧɢɯ ɤɨɥɨɧɧ ɤ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦ ɨɫɹɦ ɡɞɚɧɢɹ; ɪɟɲɚɸɬ ɜɨɩɪɨɫɵ 

ɫɨɩɪɹɠɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɦɟɠɞɭ ɫɨɛɨɣ: ɤɨɥɨɧɧɵ ɫ ɮɭɧɞɚɦɟɧɬɨɦ, 

ɩɨɞɤɪɚɧɨɜɨɣ ɛɚɥɤɢ, ɫɬɪɨɩɢɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ (ɭɤɚɡɚɧɧɨɣ ɜ ɡɚɞɚ-
ɧɢɢ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ) ɢ ɫɬɟɧɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɤɨɥɨɧɧɨɣ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɹɸɬ ɪɚɡɪɟɡ ɩɨɩɟɪɟɱɧɨɣ ɪɚɦɵ, ɮɪɚɝɦɟɧɬ 
ɩɥɚɧɚ ɢ ɭɡɥɵ ɫɨɩɪɹɠɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ (ɩɪɢɦɟɪ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 
13.1 ɢ 13.2). 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɤɨɦɩɨɧɨɜɤɢ ɩɪɢɧɹɬɶ ɫɥɟɞɭɸɳɢɣ ɩɨɪɹɞɨɤ 
ɪɚɛɨɬɵ: 

1. ȼɵɱɟɪɬɢɬɶ ɮɪɚɝɦɟɧɬ (ɷɫɤɢɡ) ɪɚɡɪɟɡɚ ɡɞɚɧɢɹ (ɫɦ. ɪɢɫ. 13.2). 

2. ȼɵɩɢɫɚɬɶ ɢɡ ɬɚɛɥɢɰɵ ɉ3.1 ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɪɚɧɚ. ɉɪɟɞɥɚ-
ɝɚɟɦɚɹ ɮɨɪɦɚ ɬɚɛɥɢɰɵ ɩɪɢɜɟɞɟɧɚ ɧɢɠɟ (ɬɚɛɥ. 13.1). 

Ɍɚɛɥɢɰɚ 13.1 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɪɚɧɚ 
Ƚɪɭɡɨ-
ɩɨɞɴɟɦ-

ɧɨɫɬɶ 

ɉɪɨɥɟɬ 
ɤɪɚɧɚ 

Ƚɚɛɚɪɢɬɵ, ɦɦ Ɇɚɤɫɢ-

ɦɚɥɶɧɨɟ 
ɞɚɜɥɟɧɢɟ 
ɤɨɥɟɫɚ 

Ɇɚɫɫɚ 
ɬɟɥɟɠɤɢ 

Ɇɚɫɫɚ 
ɤɪɚɧɚ ɫ 
ɬɟɥɟɠɤɨɣ

ɲɢɪɢɧɚ ɛɚɡɚ ɜɵɫɨɬɚ 

Q, ɬ Lcr, ɦ ȼ А H ɪmax, ɤɇ Gb, ɬ Gcr, ɬ 
        

Ɍɚɤ ɤɚɤ ɜ ɡɚɞɚɧɢɢ ɧɚ ɤɭɪɫɨɜɨɣ ɩɪɨɟɤɬ ɭɤɚɡɚɧɚ ɨɬɦɟɬɤɚ ɧɢɡɚ 
ɫɬɪɨɩɢɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɨɬɦɟɬɤɭ ɩɨɞ-

ɤɪɚɧɨɜɨɣ ɤɨɧɫɨɥɢ, ɩɪɢɧɹɜ ɜɵɫɨɬɭ ɩɨɞɤɪɚɧɨɜɨɣ ɛɚɥɤɢ 1000 ɦɦ ɩɪɢ 

ɲɚɝɟ ɪɚɦ s = 6 ɦ ɢ 1400 ɦɦ ɩɪɢ ɲɚɝɟ ɪɚɦ s =12 ɦ, ɜɵɫɨɬɭ ɩɨɞɤɪɚ-
ɧɨɜɨɝɨ ɪɟɥɶɫɚ 150 ɦɦ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɜɟɪɯɧɟɣ ɬɨɱɤɢ ɤɪɚɧɚ ɞɨ ɧɢɡɚ 
ɫɬɪɨɩɢɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɧɹɬɶ ɧɟ ɦɟɧɟɟ 100 ɦɦ. 

3. ɇɚɡɧɚɱɢɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɣ ɧɚɞɤɪɚɧɨɜɨɣ 

ɢ ɩɨɞɤɪɚɧɨɜɨɣ ɱɚɫɬɟɣ ɤɨɥɨɧɧɵ (ɪɢɫ. 13.3). 

4. ȼɵɱɟɪɬɢɬɶ ɭɡɥɵ ɫɨɩɪɹɠɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ (ɪɢɫ. 13.4). 

ȼ ɫɨɫɬɚɜ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɧɚɪɹɞɭ ɫ ɤɪɚɧɨɜɵɦɢ ɧɚɝɪɭɡɤɚɦɢ 

ɜɯɨɞɹɬ ɜɟɥɢɱɢɧɵ ɧɚɝɪɭɡɨɤ ɨɬ ɫɧɟɝɚ ɢ ɜɟɬɪɚ, ɤɨɬɨɪɵɟ ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɡɚɞɚɧɢɟɦ ɧɚ ɤɭɪɫɨɜɨɣ ɩɪɨɟɤɬ ɫɥɟɞɭɟɬ 
ɩɪɢɧɹɬɶ ɩɨ ɩɪɢɥɨɠɟɧɢɸ 4 (ɬɚɛɥ. ɉ4.4 ɢ ɉ4.5).  



Кɨɦɩɨ

 

Ɋ

ɨɧɨɜɤɚ ɩɨ

Ɋɢɫ. 13.1.

ɩɟɪɟɱɧɨɣ

 ɉɨɩɟɪɟɱ

ɪɚɦɵ ɨɞɧ

ɱɧɵɣ ɪɚɡɪ
ɩɪɨɦɵɲ

ɧɨɷɬɚɠɧ

ɪɟɡ ɢ ɮɪɚɝ
ɲɥɟɧɧɨɝɨ 

ɧɨɝɨ ɩɪɨɦ

ɝɦɟɧɬ ɩɥɚ
ɡɞɚɧɢɹ 

ɦɵɲɥɟɧɧɨ

ɚɧɚ ɨɞɧɨɷɬ

ɨɝɨ ɡɞɚɧɢɹ

ɬɚɠɧɨɝɨ  

ɹ      95 

 



96     ɉɪ

 

 

 

ɪɨɟɤɬɢɪɨɜɜɚɧɢɟ ɤɨɧ

Ɋɢ

ɧɫɬɪɭɤɰɢɣ

ɢɫ. 13.2. Ɏ

ɣ ɨɞɧɨɷɬɚ

Ɏɪɚɝɦɟɧɬ

ɚɠɧɵɯ ɩɪ

ɬ ɪɚɡɪɟɡɚ

ɪɨɦɵɲɥɟɧɧɧɵɯ ɡɞɚɧɧɢɣ 

  



Кɨɦɩɨ

 

 

ɨɧɨɜɤɚ ɩɨ

Ɋɢɫ. 13

ɩɟɪɟɱɧɨɣ

3.3. ɍɡɥɵ 

ɪɚɦɵ ɨɞɧ

ɫɨɩɪɹɠɟɧ

ɧɨɷɬɚɠɧ

ɧɢɹ ɷɥɟɦɟ

ɧɨɝɨ ɩɪɨɦ

ɟɧɬɨɜ ɩɨɩ

ɦɵɲɥɟɧɧɨ

ɩɟɪɟɱɧɨɣ 

ɨɝɨ ɡɞɚɧɢɹ

ɪɚɦɵ 

ɹ      97 

 



9
8

     ɉ
ɪɪɨɟɤɬ

ɢɪɨɜɜɚɧɢɟ ɤɨɧɧɫɬ
ɪɭɤɰɢɣɣ

 ɨɞɧɨɷɬ
ɚɚɠ
ɧɵ
ɯ ɩɪɪɨɦɵ

ɲ
ɥɟɧɧɧɵ

ɯ ɡɞɚɧ

 

ɧɢɣ Ɋɢɫ. 13.4. Ʉ ɧɚɡɧɚɱɟɧɢɸ ɪɚɡɦɟɪɨɜ ɫɟɱɟɧɢɣ ɤɨɥɨɧɧɵ ɢ ɩɪɢɜɹɡɤɢ ɧɚɪɭɠɧɨɣ ɝɪɚɧɢ ɤɪɚɣɧɟɣ ɤɨɥɨɧɧɵ  

ɤ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɨɫɢ ɡɞɚɧɢɹ 



Кɨɦɩɨɧɨɜɤɚ ɩɨɩɟɪɟɱɧɨɣ ɪɚɦɵ ɨɞɧɨɷɬɚɠɧɨɝɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɡɞɚɧɢɹ      99 

 

ɇɚɝɪɭɡɤɢ ɨɬ ɜɟɫɚ ɩɨɞɤɪɚɧɨɜɨɣ ɛɚɥɤɢ, ɩɨɤɪɵɬɢɹ, ɫɬɟɧɨɜɵɯ ɩɚ-
ɧɟɥɟɣ ɦɨɠɧɨ ɩɪɢɧɹɬɶ, ɢɫɩɨɥɶɡɭɹ ɧɢɠɟɩɪɢɜɟɞɟɧɧɵɟ ɪɟɤɨɦɟɧɞɚɰɢɢ: 

1) ɜɟɫ ɩɨɞɤɪɚɧɨɜɨɣ ɛɚɥɤɢ:  

ɩɪɢ l = 6 ɦ  60 ɤɇ; ɩɪɢ l =12 ɦ  110 ɤɇ; 

2) ɜɟɫ ɫɬɪɨɩɢɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ: 

– ɮɟɪɦ ɫɟɝɦɟɧɬɧɵɯ (Ɏɋ):  

ɩɪɢ l = 18 ɦ  80 ɤɇ; ɩɪɢ l = 24 ɦ  110 ɤɇ; 

ɩɪɢ l = 27 ɦ  120 ɤɇ; ɩɪɢ l = 30 ɦ  130 ɤɇ; 

– ɮɟɪɦ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɩɨɹɫɚɦɢ (Ɏɉɉ): 

ɩɪɢ l = 24 ɦ  135 ɤɇ; ɩɪɢ l = 30 ɦ  150 ɤɇ; 

– ɫɬɪɨɩɢɥɶɧɵɯ ɛɚɥɨɤ:  
ɩɪɢ l = 18 ɦ  90 ɤɇ; ɩɪɢ l = 24 ɦ  120 ɤɇ; ɩɪɢ l = 27 ɦ  135 ɤɇ. 

Ɍɨɥɳɢɧɭ ɫɬɟɧɨɜɵɯ ɩɚɧɟɥɟɣ ɩɪɢɧɹɬɶ ɪɚɜɧɨɣ 0,2–0,4 ɦ ɜ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ɨɬ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 
ɇɚɝɪɭɡɤɭ ɨɬ ɜɟɫɚ ɩɨɤɪɵɬɢɹ ɩɪɢɧɹɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɣɨɧɚ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɩɪɢɧɹɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ. ɉɪɢɦɟɪ ɪɚɫɱɟɬɚ 
ɧɚɝɪɭɡɤɢ ɨɬ ɩɨɤɪɵɬɢɹ (ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɝ. Ʉɭɪɫɤɟ) ɩɪɢɜɟɞɟɧ ɜ 
ɬɚɛɥɢɰɟ 13.2. 

Ɍɚɛɥɢɰɚ 13.2 

ɉɨɫɬɨɹɧɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɨɤɪɵɬɢɟ 

ɗɥɟɦɟɧɬɵ ɩɨɤɪɵɬɢɹ ɇɨɪɦɚɬɢɜɧɚɹ 
ɧɚɝɪɭɡɤɚ, ɉɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɧɚɞɟɠɧɨɫɬɢ  

ɩɨ ɧɚɝɪɭɡɤɟ  γf 

Ɋɚɫɱɟɬɧɚɹ 
ɧɚɝɪɭɡɤɚ  

ɩɪɢ γf  >1, ɉɚ 
ȼɨɞɨɢɡɨɥɹɰɢɨɧɧɵɣ ɤɨɜɟɪ 85 1,3 110,5 

Ⱥɫɮɚɥɶɬɨɜɚɹ ɫɬɹɠɤɚ  
(γ = 16,6 ɤɇ/ɦ3

; t = 20 ɦɦ) 
332 1,3 431,6 

Ɇɢɧɟɪɚɥɨɜɚɬɧɵɣ  

ɩɥɢɬɧɵɣ ɭɬɟɩɥɢɬɟɥɶ  
(γ = 3,7 ɤɇ/ɦ3

; t = 100 ɦɦ) 

370 1,3 481 

ɉɚɪɨɢɡɨɥɹɰɢɹ 47 1,3 61,1 

ɉɥɢɬɚ ɩɨɤɪɵɬɢɹ 3×12 ɦ 2220 1,1 2442 

ɂɬɨɝɨ 3054 - 3526,4 

 



100    ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɨɞɧɨɷɬɚɠɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ 

ʞʟʏʙʡʗʦʔʠʙʝʔ	ʖʏʜЯʡʗʔ	№	14	
ʠ˕˃˕ˋ˚ˈ˔ˍˋˌ	˓˃˔˚ˈ˕	˒ˑ˒ˈ˓ˈ˚ːˑˌ	˓˃ˏ˞	

ɐɟɥɶɸ ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɢɥɢɣ M, 

N ɢ Q ɜ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɢ ɨɬ ɞɟɣɫɬɜɢɹ ɜɧɟɲɧɢɯ ɧɚɝɪɭɡɨɤ. 
ɉɪɢ ɪɚɫɱɟɬɟ ɩɨɩɟɪɟɱɧɨɣ ɪɚɦɵ (ɤɚɤ ɢ ɩɪɢ ɪɚɫɱɟɬɟ ɞɪɭɝɢɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ) ɪɟɚɥɶɧɵɣ ɨɛɴɟɤɬ ɡɚɦɟɧɹɸɬ ɟɝɨ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɨɣ ɦɨɞɟ-
ɥɶɸ ɢɥɢ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɨɣ.  

Ⱦɥɹ ɩɨɩɟɪɟɱɧɨɣ ɪɚɦɵ ɨɞɧɨɷɬɚɠɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɡɞɚ-
ɧɢɹ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ ɜ ɜɢɞɟ ɫɬɨɟɤ (ɤɨɥɨɧɧ), 

ɡɚɳɟɦɥɟɧɧɵɯ ɜɧɢɡɭ (ɭ ɨɛɪɟɡɚ ɮɭɧɞɚɦɟɧɬɚ) ɢ ɲɚɪɧɢɪɧɨ ɫɜɹɡɚɧɧɵɯ 
ɩɨ ɜɟɪɯɭ ɪɢɝɟɥɹɦɢ ɩɨɤɪɵɬɢɹ.  

ɉɪɢɦɟɪ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 14.1. 

Ɍɚɤɢɟ ɪɚɦɵ ɪɚɫɫɱɢɬɵɜɚɸɬ ɦɟɬɨɞɚɦɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ. 

ɉɪɨɳɟ ɜɫɟɝɨ ɪɚɫɫɱɢɬɵɜɚɬɶ ɩɨ ɦɟɬɨɞɭ ɫɢɥ, ɞɨɩɭɫɤɚɹ ɧɟɤɨɬɨɪɨɟ 
ɭɩɪɨɳɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ (ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ) ɪɚɛɨɬɵ ɤɚɪɤɚɫɚ. 

 

Ɋɢɫ. 14.1. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɨɩɟɪɟɱɧɨɣ ɪɚɦɵ ɢ ɫɯɟɦɚ ɧɚɝɪɭɡɨɤ 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɨɩɟɪɟɱɧɨɣ ɪɚɦɵ ɧɚ ɉɗȼɆ ɪɚɡɪɚɛɨɬɚɧɚ ɩɪɨ-
ɝɪɚɦɦɚ ɊȺɆɉɈ (ȼ.ɉ. ɉɨɥɢɳɭɤ, Ⱥ.Ɇ. Ʉɪɵɝɢɧɚ), ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ 



ɋɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɨɩɟɪɟɱɧɨɣ ɪɚɦɵ                     101 

 

ɫɬɭɞɟɧɬɭ ɫ ɦɟɧɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ ɜɪɟɦɟɧɢ ɢ ɬɪɭɞɚ ɨɩɪɟɞɟɥɢɬɶ ɭɫɢ-

ɥɢɹ ɜ ɫɬɨɣɤɚɯ ɪɚɦɵ ɨɬ ɪɚɡɥɢɱɧɨɝɨ ɜɢɞɚ ɧɚɝɪɭɡɨɤ, ɩɨɥɭɱɢɬɶ ɧɚɜɵɤɢ 

ɩɨɞɝɨɬɨɜɤɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɩɨɥɶɡɨɜɚɧɢɹ ɫɬɚɧɞɚɪɬɧɵɦɢ ɩɪɨ-
ɝɪɚɦɦɚɦɢ. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɚ ɫɬɭɞɟɧɬ ɞɨɥɠɟɧ ɩɨɞɝɨɬɨɜɢɬɶ ɢɫɯɨɞ-

ɧɵɟ ɞɚɧɧɵɟ ɩɨ ɮɨɪɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɢɠɟ. 
Ɂɚɬɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɧɫɬɪɭɤɰɢɟɣ ɜɵɩɨɥɧɢɬɶ ɨɩɪɟɞɟɥɟɧɧɵɣ 

ɩɨɪɹɞɨɤ ɪɚɛɨɬɵ ɢ ɩɨɥɭɱɢɬɶ ɪɚɫɩɟɱɚɬɤɭ ɬɚɛɥɢɰɵ ɭɫɢɥɢɣ ɨɬ ɪɚɡɥɢɱ-
ɧɨɝɨ ɜɢɞɚ ɧɚɝɪɭɡɨɤ ɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɫɨɫɬɚɜɢɬɶ ɬɚɛɥɢɰɭ ɧɚɢɛɨɥɶ-
ɲɢɯ ɜɨɡɦɨɠɧɵɯ ɭɫɢɥɢɣ ɜ ɪɚɫɱɟɬɧɵɯ ɫɟɱɟɧɢɹɯ [22, ɪɢɫ. 2.5] ɤɨɥɨɧ-

ɧɵ ɞɥɹ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɫɨɱɟɬɚɧɢɣ ɧɚɝɪɭɡɨɤ. 
(Ɇɟɬɨɞɢɱɟɫɤɭɸ ɩɨɦɨɳɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɛɨɥɶɲɢɯ ɜɨɡ-

ɦɨɠɧɵɯ ɭɫɢɥɢɣ ɜ ɤɨɥɨɧɧɟ ɫɦ. ɩɪɢɥ. 4). 

ȼ 1-ɟ ɫɨɱɟɬɚɧɢɟ ɜɤɥɸɱɢɬɶ ɩɨɫɬɨɹɧɧɵɟ ɧɚɝɪɭɡɤɢ ɢ ɨɞɧɭ ɤɪɚɬ-
ɤɨɜɪɟɦɟɧɧɭɸ ɧɚɝɪɭɡɤɭ (ɫɧɟɝɨɜɭɸ, ɤɪɚɧɨɜɭɸ ɢɥɢ ɜɟɬɪɨɜɭɸ) ɫ ɤɨ-
ɷɮɮɢɰɢɟɧɬɨɦ ɫɨɱɟɬɚɧɢɣ Ψ = 1, ɜɨ 2-ɟ ɫɨɱɟɬɚɧɢɟ – ɩɨɫɬɨɹɧɧɵɟ ɢ 

ɞɜɟ ɢɥɢ ɛɨɥɟɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɟ ɧɚɝɪɭɡɤɢ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫɨɱɟ-
ɬɚɧɢɹ Ψi (ɫɦ. ɩɪɢɥ. 4).  

ȼɟɪɬɢɤɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɤɪɚɧɚ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɬɨɪɦɨɠɟɧɢɟ 
ɬɟɥɟɠɤɢ ɫɱɢɬɚɸɬ ɨɞɧɨɣ ɧɚɝɪɭɡɤɨɣ. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɪɚɫɫɦɨɬɪɟɬɶ ɫɥɟɞɭɸɳɢɟ 
ɤɨɦɛɢɧɚɰɢɢ ɭɫɢɥɢɣ: 

− ɧɚɢɛɨɥɶɲɢɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɦɨɦɟɧɬ Ɇmax ɢ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɚɹ ɟɦɭ ɩɪɨɞɨɥɶɧɚɹ ɫɢɥɚ; 
− ɧɚɢɛɨɥɶɲɢɣ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɦɨɦɟɧɬ Mmin ɢ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɚɹ ɟɦɭ ɩɪɨɞɨɥɶɧɚɹ ɫɢɥɚ; 
− ɧɚɢɛɨɥɶɲɚɹ ɩɪɨɞɨɥɶɧɚɹ ɫɢɥɚ Nmax ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɣ 

ɦɨɦɟɧɬ. 
ȼ ɫɟɱɟɧɢɢ IV–IV ɜɵɱɢɫɥɢɬɶ ɜɟɥɢɱɢɧɭ ɩɨɩɟɪɟɱɧɨɣ ɫɢɥɵ Q, ɧɟ-

ɨɛɯɨɞɢɦɭɸ ɞɥɹ ɪɚɫɱɟɬɚ ɮɭɧɞɚɦɟɧɬɚ. Ⱦɥɹ ɪɚɫɱɟɬɚ ɨɫɧɨɜɚɧɢɣ ɩɨɞ 
ɮɭɧɞɚɦɟɧɬɚɦɢ ɤɨɥɨɧɧ ɩɨ ɞɟɮɨɪɦɚɰɢɹɦ ɨɩɪɟɞɟɥɟɧɵ ɪɚɫɱɟɬɧɵɟ ɭɫɢ-

ɥɢɹ ɜ ɫɟɱɟɧɢɢ IV–IV ɩɪɢ ɡɧɚɱɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚɞɟɠɧɨɫɬɢ ɩɨ 
ɧɚɝɪɭɡɤɟ γf  = 1. 

Ⱦɥɹ ɩɨɫɬɨɹɧɧɵɯ ɧɚɝɪɭɡɨɤ ɩɪɢɧɢɦɚɟɦ γf ≥ l,l, ɞɥɹ ɜɟɬɪɨɜɨɣ ɢ 

ɤɪɚɧɨɜɵɯ ɧɚɝɪɭɡɨɤ – γf = 1,4, ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɫɧɟɝɨɜɨɣ ɧɚ-
ɝɪɭɡɤɢ ɩɨɥɭɱɢɦ ɭɦɧɨɠɟɧɢɟɦ ɪɚɫɱɟɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚ 0,7. 
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1. Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɥɟɬɨɜ − ______ 

2. ɉɪɢɡɧɚɤ ɩɨɥɨɠɟɧɢɹ ɤɨɥɨɧɧɵ – 1 (1− ɤɪɚɣɧɹɹ, 2 − ɫɪɟɞɧɹɹ) 
3. Ʉɨɥɢɱɟɫɬɜɨ ɩɚɧɟɥɟɣ ɩɨɞɤɪɚɧɨɜɨɣ ɱɚɫɬɢ ɤɨɥɨɧɧɵ − 1 

4. Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɛɟɬɨɧɚ − ______Ɇɉɚ.  
5. Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɤɪɚɧɚ − ______ɤɇ  

6. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɤɨɥɟɫɚ ɤɪɚɧɚ − ______ ɤɇ 

7. Ɇɚɫɫɚ ɤɪɚɧɚ − ______ ɬ 
8. Ɇɚɫɫɚ ɬɟɥɟɠɤɢ − ______ ɬ. 
9. ȼɟɫ ɩɨɞɤɪɚɧɨɜɨɣ ɛɚɥɤɢ − ______. ɤɇ 

10. ɒɢɪɢɧɚ ɫɟɱɟɧɢɹ ɤɨɥɨɧɧɵ − ______ɦ 

11. ȼɵɫɨɬɚ ɫɟɱɟɧɢɹ ɩɨɞɤɪɚɧɨɜɨɣ ɱɚɫɬɢ ɤɨɥɨɧɧɵ − ______ɦ 

12. ȼɵɫɨɬɚ ɫɟɱɟɧɢɹ ɧɚɞɤɪɚɧɨɜɨɣ ɱɚɫɬɢ ɤɨɥɨɧɧɵ − ______ɦ 

13. ȼɵɫɨɬɚ ɜɟɬɜɢ- 0. ɦ (ɫɩɥɨɲɧɵɟ ɤɨɥɨɧɧɵ – 0) 

14. ɗɤɫɰɟɧɬɪɢɫɢɬɟɬ ɧɚɝɪɭɡɤɢ ɨɬ ɜɟɫɚ ɩɨɤɪɵɬɢɹ − ______ɦ 

15. ɗɤɫɰɟɧɬɪɢɫɢɬɟɬ ɧɚɝɪɭɡɤɢ ɨɬ ɜɟɫɚ ɩɨɞɤɪɚɧɨɜɨɣ ɛɚɥɤɢ − _____ ɦ 

15. Ɍɨɥɳɢɧɚ ɫɬɟɧɨɜɵɯ ɩɚɧɟɥɟɣ – ______ɦ 

16. Ⱦɥɢɧɚ ɩɪɨɥɟɬɚ − ______ɦ 

17. ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɤɨɥɨɧɧ − ______ɦ 

18. ɒɢɪɢɧɚ ɤɪɚɧɚ− ______ɦ 

19. Ȼɚɡɚ ɤɪɚɧɚ − ______ɦ 

20. Ɉɬɦɟɬɤɚ ɜɟɪɯɚ ɤɨɥɨɧɧɵ − ______ ɦ 

21. Ɉɬɦɟɬɤɚ ɩɨɞɤɪɚɧɨɜɨɣ ɤɨɧɫɨɥɢ − ______ ɦ 

22. Ɉɬɦɟɬɤɚ ɜɟɪɯɚ ɩɨɞɤɪɚɧɨɜɨɣ ɛɚɥɤɢ − ɦ 

23. Ɉɬɦɟɬɤɚ ɧɢɡɚ ɩɟɪɜɨɝɨ ɫɧɢɡɭ ɹɪɭɫɚ ɫɬɟɧɨɜɵɯ ɩɚɧɟɥɟɣ − ______ ɦ 

24. Ɉɬɦɟɬɤɚ ɧɢɡɚ ɜɬɨɪɨɝɨ ɫɧɢɡɭ ɹɪɭɫɚ ɫɬɟɧɨɜɵɯ ɩɚɧɟɥɟɣ − ______ ɦ 

25. Ɉɬɦɟɬɤɚ ɧɢɡɚ ɥɟɧɬɨɱɧɨɝɨ ɨɫɬɟɤɥɟɧɢɹ − ______ ɦ 

26. Ɉɬɦɟɬɤɚ ɜɟɪɯɚ ɫɬɟɧɨɜɨɝɨ ɨɝɪɚɠɞɟɧɢɹ − ______ ɦ 

27. ɇɚɢɛɨɥɶɲɚɹ ɨɬɦɟɬɤɚ ɡɞɚɧɢɹ − ______ ɦ 

28. ɇɚɝɪɭɡɤɚ ɨɬ ɜɟɫɚ ɩɨɤɪɵɬɢɹ − ______ ɤɉɚ 
29. ȼɟɫ ɫɧɟɝɨɜɨɝɨ ɩɨɤɪɨɜɚ− ______ ɤɉɚ 
30. ȼɟɫ ɫɬɪɨɩɢɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ − ______ ɤɇ 

31. ȼɟɫ ɮɨɧɚɪɹ −ɤɇ (0) 

32. ȼɟɫ ɩɨɞɤɪɚɧɨɜɨɝɨ ɩɭɬɢ − 1,5 ɤɇ/ɦ 

33. ɍɞɟɥɶɧɵɣ ɜɟɫ ɫɬɟɧɨɜɵɯ ɩɚɧɟɥɟɣ 
– ______ ɤɇ/ɦ3

 

34. ɇɚɝɪɭɡɤɚ ɨɬɜɟɫɚ ɨɤɨɧɧɵɯ ɩɟɪɟɩɥɟɬɨɜ ɫ ɨɫɬɟɤɥɟɧɢɟɦ − ____ 0,5 ɤɉɚ 
35. ɋɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ ɜɟɬɪɚ − ______ ɤɉɚ 
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ȼɫɟ ɧɚɝɪɭɡɤɢ ɜɜɨɞɹɬɫɹ ɧɨɪɦɚɬɢɜɧɵɦɢ! 

1. ɋɤɨɩɢɪɨɜɚɬɶ ɧɚ ɪɚɛɨɱɢɣ ɫɬɨɥ ɩɪɨɝɪɚɦɦɭ. 
2. Ɂɚɩɭɫɬɢɬɶ ɩɪɨɝɪɚɦɦɭ (ɩɨɞɜɟɫɬɢ ɦɵɲɶ ɢ ɞɜɚɠɞɵ ɳɟɥɤɧɭɬɶ 

ɩɨ ɧɟɣ). 

3. ɇɚ ɷɤɪɚɧɟ ɜɵɫɜɟɬɢɬɫɹ ɧɚɞɩɢɫɶ «ɒɢɮɪ ɫɬɭɞɟɧɬɚ». ȼɜɟɫɬɢ 

ɥɸɛɵɟ 4 ɰɢɮɪɵ. ɇɚɠɚɬɶ Enter. 

4. ɇɚ ɷɤɪɚɧɟ ɩɨɹɜɢɬɫɹ ɩɟɪɜɵɣ ɜɨɩɪɨɫ: «Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɥɟ-
ɬɨɜ», ɜɜɟɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɰɢɮɪɭ ɢ ɧɚɠɚɬɶ Enter. 

5. Ⱦɚɥɟɟ ɩɨɫɥɟ ɜɜɨɞɚ ɞɚɧɧɵɯ ɤɚɠɞɨɣ ɫɬɪɨɤɢ ɧɚɠɢɦɚɬɶ Enter ɢ 

ɜɜɨɞɢɬɶ ɱɢɫɥɚ ɧɚ ɤɚɠɞɵɣ ɩɨɫɥɟɞɭɸɳɢɣ ɡɚɩɪɨɫ.  
ɉɨɫɥɟ ɜɜɟɞɟɧɢɹ ɜɫɟɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɧɚ ɷɤɪɚɧɟ ɜɵɫɜɟɬɢɬɫɹ 

UNIT 28? ɋɪɚɡɭ ɩɨɫɥɟ ɷɬɨɝɨ ɡɚɩɪɨɫɚ ɜɜɟɫɬɢ ɥɚɬɢɧɫɤɢɦɢ ɛɭɤɜɚɦɢ 

ɢɦɹ ɮɚɣɥɚ (ɥɭɱɲɟ ɮɚɦɢɥɢɸ ɫɬɭɞɟɧɬɚ) ɢ ɧɚɠɚɬɶ Enter. ɉɨɫɥɟ ɷɬɨɝɨ 
ɮɚɣɥ ɛɭɞɟɬ ɫɨɡɞɚɧ ɧɚ ɪɚɛɨɱɟɦ ɫɬɨɥɟ. 

Ɉɬɤɪɵɜɚɬɶ ɮɚɣɥ ɱɟɪɟɡ ɛɥɨɤɧɨɬ (WordPad). 

ȼɧɢɦɚɧɢɟ! ɇɚɱɢɧɚɹ ɫ 7 ɩɭɧɤɬɚ ɜɫɟ ɱɢɫɥɚ ɜɜɨɞɹɬɫɹ ɤɚɤ ɜ Ɏɨɪɬ-
ɪɚɧɟ, ɬ. ɟ. ɞɚɠɟ ɰɟɥɨɟ ɱɢɫɥɨ ɜɜɨɞɢɬɫɹ ɫ ɬɨɱɤɨɣ ɜ ɤɨɧɰɟ (20500.). 

Ⱦɪɨɛɧɵɟ ɜɜɨɞɹɬɫɹ ɤɚɤ ɨɛɵɱɧɨ (19.5). 

ȼ ɪɟɡɭɥɶɬɚɬɟ 13-ɝɨ ɢ14-ɝɨ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɣ ɫɬɭɞɟɧɬ ɞɨɥ-
ɠɟɧ ɜɵɩɨɥɧɢɬɶ ɷɫɤɢɡɵ ɤɨɦɩɨɧɨɜɤɢ ɨɞɧɨɷɬɚɠɧɨɝɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɡɞɚɧɢɹ ɢ ɩɨɥɭɱɢɬɶ ɬɚɛɥɢɰɭ ɪɚɫɱɟɬɧɵɯ ɭɫɢɥɢɣ ɜ 4-ɯ ɫɟɱɟɧɢɹɯ ɤɨ-
ɥɨɧɧɵ [22, ɪɢɫ. 2.5], ɚ ɬɚɤɠɟ ɭɫɢɥɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɮɭɧɞɚɦɟɧɬ. 

ʞʟʏʙʡʗʦʔʠʙʝʔ	ʖʏʜЯʡʗʔ	№	15	
ʟ˃˔˚ˈ˕	ˋ	ˍˑː˔˕˓˖ˋ˓ˑ˅˃ːˋˈ	ˍˑˎˑːː˞	˒˓ˑˏˊˇ˃ːˋˢ	

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɞɚɧɢɟɦ ɧɚ ɤɭɪɫɨɜɨɣ ɩɪɨɟɤɬ ɜɵɩɨɥɧɢɬɶ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɪɚɫɱɟɬ ɤɨɥɨɧɧɵ. 

Ɋɚɧɟɟ (ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɣ №13 ɢ 14) ɜɵ-

ɛɪɚɧ ɬɢɩ ɤɨɥɨɧɧɵ ɢ ɧɚɡɧɚɱɟɧɵ ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɣ ɜɟɪɯɧɟɣ (ɧɚɞɤɪɚ-
ɧɨɜɨɣ) ɢ ɧɢɠɧɟɣ (ɩɨɞɤɪɚɧɨɜɨɣ) ɱɚɫɬɟɣ ɤɨɥɨɧɧɵ; ɜɵɩɨɥɧɟɧ ɫɬɚɬɢ-

ɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɨɩɟɪɟɱɧɨɣ ɪɚɦɵ, ɬ. ɟ. ɨɩɪɟɞɟɥɟɧɵ ɭɫɢɥɢɹ ɜ ɱɟɬɵɪɟɯ 
ɫɟɱɟɧɢɹɯ ɤɨɥɨɧɧɵ ɨɬ ɧɚɢɛɨɥɶɲɢɯ ɜɨɡɦɨɠɧɵɯ ɭɫɢɥɢɣ ɞɥɹ ɞɜɭɯ ɨɫ-
ɧɨɜɧɵɯ ɫɨɱɟɬɚɧɢɣ ɧɚɝɪɭɡɨɤ. 
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ɇɚ ɩɪɚɤɬɢɱɟɫɤɨɦ ɡɚɧɹɬɢɢ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɚɪɦɢɪɨ-
ɜɚɧɢɹ ɤɨɥɨɧɧɵ. 

ɉɪɢɦɟɪ ɪɚɫɱɟɬɚ ɤɪɚɣɧɟɣ ɤɨɥɨɧɧɵ ɫɩɥɨɲɧɨɝɨ ɫɟɱɟɧɢɹ ɩɨɩɟ-
ɪɟɱɧɨɣ ɪɚɦɵ ɨɞɧɨɷɬɚɠɧɨɝɨ ɩɪɨɦɡɞɚɧɢɹ ɩɪɢɜɟɞɟɧ ɜ ɭɱɟɛɧɨɦ ɩɨɫɨ-
ɛɢɢ [22], ɬɚɦ ɠɟ ɩɪɢɜɟɞɟɧ ɪɚɫɱɟɬ ɞɜɭɯɜɟɬɜɟɜɨɣ ɤɨɥɨɧɧɵ. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɪɚɫɱɟɬɚ ɤɨɥɨɧɧɵ ɢɡ ɭɱɟɛɧɨɝɨ ɩɨɫɨɛɢɹ 
[22]. ȼɫɟ ɫɫɵɥɤɢ ɧɚ ɮɨɪɦɭɥɵ, ɬɚɛɥɢɰɵ ɢ ɪɢɫɭɧɤɢ ɫɦɨɬɪɟɬɶ ɜ ɭɱɟɛ-

ɧɨɦ ɩɨɫɨɛɢɢ [22]. 

ɉɨ ɯɚɪɚɤɬɟɪɭ ɞɟɣɫɬɜɭɸɳɢɯ ɭɫɢɥɢɣ ɤɨɥɨɧɧɵ ɩɨɩɟɪɟɱɧɨɣ ɪɚ-
ɦɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɧɟɰɟɧɬɪɟɧɧɨ ɫɠɚɬɵɟ ɷɥɟɦɟɧɬɵ. Ƚɢɛɤɨɫɬɶ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɤɨɥɨɧɧɵ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 
l0 /hc = 12,7 : 20,5. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹ-
ɦɢ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɤɚɠɞɨɣ ɢɡ ɚɪɦɚɬɭɪ S ɢ S´ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ 
ɧɟ ɦɟɧɟɟ, ɱɟɦ 0,2% ɨɬ ɩɥɨɳɚɞɢ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ ɛɟɬɨɧɚ. 

Ʉɨɥɨɧɧɚ ɩɨ ɨɫɢ Ⱥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɨɣɤɭ ɫ ɧɟɫɦɟɳɚɟɦɵ-

ɦɢ ɨɩɨɪɚɦɢ, ɩɨɷɬɨɦɭ ɜ ɫɟɱɟɧɢɹɯ I−I ɢ IV−IV ɨɬɫɭɬɫɬɜɭɟɬ ɜɥɢɹɧɢɟ 
ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ ɩɪɨɞɨɥɶɧɨɣ 

ɫɢɥɵ. ɋɟɱɟɧɢɹ II−II ɢ III−III ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɫɪɟɞɧɟɣ ɬɪɟɬɢ ɜɵɫɨɬɵ 

ɤɨɥɨɧɧɵ, ɬ. ɤ. H2 = 4,2 ɦ > H/3 = 10,95:3 = 3,65 ɦ, ɩɨɷɬɨɦɭ ɭɱɟɬ ɷɬɨ-
ɝɨ ɜɥɢɹɧɢɹ ɧɟɨɛɯɨɞɢɦ.  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɫɟɱɟɧɢɣ I−I ɢ IV−IV ɩɪɢɧɢɦɚɟɦ Ș = 1, ɞɥɹ 
ɫɟɱɟɧɢɣ II−II ɢ III−III ɜɟɥɢɱɢɧɭ η ɜɵɱɢɫɥɹɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟ-
ɛɨɜɚɧɢɹɦɢ ɧɨɪɦ [9]. 

Ʉɨɥɨɧɧɚ ɩɨ ɨɫɢ Ⱥ ɢɦɟɟɬ ɧɟɫɢɦɦɟɬɪɢɱɧɭɸ ɮɨɪɦɭ. ȼ ɧɚɞɤɪɚ-
ɧɨɜɨɣ ɱɚɫɬɢ ɤɨɥɨɧɧɵ ɞɟɣɫɬɜɭɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɳɢɟɫɹ ɩɨ ɜɟ-
ɥɢɱɢɧɟ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɦɨɦɟɧɬɵ [22, ɬɚɛɥ. 2.3]. 

ɉɨɞɤɪɚɧɨɜɚɹ ɱɚɫɬɶ ɢɫɩɵɬɵɜɚɟɬ ɞɟɣɫɬɜɢɟ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ, 
ɪɚɡɥɢɱɧɵɯ ɩɨ ɡɧɚɤɭ, ɧɨ ɛɥɢɡɤɢɯ ɩɨ ɜɟɥɢɱɢɧɟ. ɉɨɷɬɨɦɭ ɞɥɹ ɧɚɞɤɪɚ-
ɧɨɜɨɣ ɱɚɫɬɢ ɩɪɢɧɢɦɚɟɦ ɧɟɫɢɦɦɟɬɪɢɱɧɨɟ ɚɪɦɢɪɨɜɚɧɢɟ, ɞɥɹ ɩɨɞ-
ɤɪɚɧɨɜɨɣ – ɫɢɦɦɟɬɪɢɱɧɨɟ. 

15.1.	ʜ˃ˇˍ˓˃ːˑ˅˃ˢ	˚˃˔˕˟	

Ɋɚɡɦɟɪɵ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɧɚɞɤɪɚɧɨɜɨɣ ɱɚɫɬɢ: bc = 0,5 ɦ; 

hc = 0,6 ɦ. Ⱦɥɹ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɩɪɢɧɢɦɚɟɦ ɚ = ɚ´ = 0,04 ɦ, 

ɬɨɝɞɚ ɪɚɛɨɱɚɹ ɜɵɫɨɬɚ ɫɟɱɟɧɢɹ h0 = 0,6 – 0,04 = 0,56 ɦ. 
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   . ɉɨɞɛɨɪ ɚɪɦɚɬɭɪɵ ɩɪɨɢɡɜɨɞɢɦ ɩɨ 
ɭɫɢɥɢɹɦ ɜ ɫɟɱɟɧɢɢ II–II. 

Ɋɚɫɱɟɬɧɚɹ ɞɥɢɧɚ ɧɚɞɤɪɚɧɨɜɨɣ ɱɚɫɬɢ ɤɨɥɨɧɧɵ ɜ ɩɥɨɫɤɨɫɬɢ ɢɡ-
ɝɢɛɚ: ɩɪɢ ɭɱɟɬɟ ɤɪɚɧɨɜɵɯ ɧɚɝɪɭɡɨɤ l0 = 2H2 = 2·4,2 = 8,4 ɦ; ɛɟɡ ɭɱɟ-
ɬɚ ɤɪɚɧɨɜɵɯ ɧɚɝɪɭɡɨɤ l0 = 2,5H2 = 2,5·4,2 = 10,5 ɦ.  

Ɍɚɤ ɤɚɤ l0 /hc = 8,4:0,6 = 14 > 10, ɧɟɨɛɯɨɞɢɦ ɭɱɟɬ ɜɥɢɹɧɢɹ ɩɪɨ-
ɝɢɛɚ ɧɚ ɜɟɥɢɱɢɧɭ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ ɩɪɨɞɨɥɶɧɨɣ ɫɢɥɵ. 

ɂɡ ɬɚɛɥɢɰɵ 2.3 [22] ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɫɟɱɟɧɢɢ II-II ɜɟɥɢɱɢɧɚ ɩɪɨ-
ɞɨɥɶɧɨɣ ɫɢɥɵ N ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɚ ɩɪɢ ɥɸɛɨɣ ɤɨɦɛɢɧɚɰɢɢ, ɜ ɬɨ 
ɜɪɟɦɹ ɤɚɤ ɧɚɢɛɨɥɶɲɢɣ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ ɢɡɝɢɛɚɸɳɢɣ ɦɨ-
ɦɟɧɬ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ ɷɬɨɣ ɫɢɥɵ, ɦɨɠɟɬ ɞɟɣɫɬɜɨ-
ɜɚɬɶ ɩɪɢ ɤɨɦɛɢɧɚɰɢɢ ɭɫɢɥɢɣ II (ɜɬɨɪɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ). ɉɨ-
ɷɬɨɦɭ ɩɨɞɛɨɪ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɩɪɨɢɡɜɨɞɢɦ ɞɥɹ ɷɬɨɣ ɤɨɦɛɢ-

ɧɚɰɢɢ ɭɫɢɥɢɣ. 

ȼɵɩɢɫɵɜɚɟɦ ɢɡ ɬɚɛɥɢɰ 2.2 ɢ 2.3 [22] ɭɫɢɥɢɹ: 
– ɨɬ ɜɫɟɯ ɧɚɝɪɭɡɨɤ Ɇ = – 257,92 ɤɇ·ɦ; N = 570,29 ɤɇ; 

– ɨɬ ɜɫɟɯ ɧɚɝɪɭɡɨɤ, ɧɨ ɛɟɡ ɭɱɟɬɚ ɤɪɚɧɨɜɨɣ ɢ ɜɟɬɪɨɜɨɣ  

Ɇ´ = –16,81 ɤɇ·ɦ; N´ = 570,29 ɤɇ; 

– ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚɝɪɭɡɨɤ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 
ɩɨɫɬɨɹɧɧɨɣ) Ɇl = –16,81 ɤɇɦ; Nl = 570,29 ɤɇ. 

ɉɨɫɤɨɥɶɤɭ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɤɨɦɛɢɧɚɰɢɢ ɭɫɢɥɢɣ ɭɱɬɟɧɵ 

ɧɚɝɪɭɡɤɢ, ɫɭɦɦɚɪɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɹ ɤɨɬɨɪɵɯ ɦɚɥɚ 
(ɤɪɚɧɨɜɚɹ ɢ ɜɟɬɪɨɜɚɹ), ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɥɨɜɢɣ ɪɚ-
ɛɨɬɵ ɛɟɬɨɧɚ  γb1  ɩɪɨɜɟɪɹɟɦ ɭɫɥɨɜɢɟ (1.12) [22]: 

MII = M + N(0,5hc –a) = 257,92 + 570,29(0,5·0,6–0,04) = 406,2 ɤɇ·ɦ; 

MI = M´+N´(0,5hc –a) = 16,81+570,29 (0,5·0,6–0,04) = 

=165,08 ɤɇ·ɦ <0,77MII = 0,77·406,2 = 302,77 ɤɇ·ɦ. 

ɍɫɥɨɜɢɟ (1.12) [22] ɜɵɩɨɥɧɟɧɨ, ɩɪɢɧɢɦɚɟɦ γb1 = 1,1. Ɋɚɫɱɟɬɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ Rb = 1,1·11,5 = 12,65 Ɇɉɚ. 

ɗɤɫɰɟɧɬɪɢɫɢɬɟɬ ɩɪɨɞɨɥɶɧɨɣ ɫɢɥɵ  

e0 = M/N = 257,92: 570,29 = 0,452 ɦ > ɟɚ = hɫ/30 = 0,6:30 = 0,02 ɦ. 

ɉɟɪɟɯɨɞɢɦ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɜɟɥɢɱɢɧɵ ɭɫɥɨɜɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ 

ɫɢɥɵ Ncr ɢ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ Ș. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɋɉ 63.13330.2012 (ɫɦ. ɩ. 8.1.15) 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ,  
ɟ = ɟ0Ș + 0,5hc – a = 0,452·1,03 + 0,5·0,6–0,04 = 0,726 ɦ. 

ȼɵɱɢɫɥɹɟɦ ɬɪɟɛɭɟɦɭɸ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɚɪɦɚɬɭɪɵ ɤɥɚɫɫɚ 
Ⱥ400 ɜ ɫɠɚɬɨɣ ɡɨɧɟ: 
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ȼ ɫɠɚɬɨɣ ɡɨɧɟ ɚɪɦɚɬɭɪɚ ɩɨ ɪɚɫɱɟɬɭ ɧɟ ɧɭɠɧɚ, ɩɨɷɬɨɦɭ ɟɟ ɫɟ-
ɱɟɧɢɟ ɧɚɡɧɚɱɚɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ: 

А´s = 0,002bch0 = 0,002·0,5·0,56 = 0,00056 ɦ2 
= 5,6 ɫɦ2

. 

ɉɪɢɧɢɦɚɟɦ 3Ø16 Ⱥ400, А´s = 6,03 ɫɦ2
.  
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Ɉɩɪɟɞɟɥɹɟɦ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɜɵɫɨɬɭ ɫɠɚɬɨɣ ɡɨɧɵ ɫ ɭɱɟɬɨɦ 

ɩɪɢɧɹɬɨɣ ɜɟɥɢɱɢɧɵ А´s, ɚ ɡɚɬɟɦ ɧɚɯɨɞɢɦ ɬɪɟɛɭɟɦɭɸ ɩɥɨɳɚɞɶ ɫɟɱɟ-
ɧɢɹ ɚɪɦɚɬɭɪɵ ɪɚɫɬɹɧɭɬɨɣ ɡɨɧɵ: 
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ȼ ɪɚɫɬɹɧɭɬɨɣ ɡɨɧɟ ɬɚɤɠɟ ɩɪɢɧɢɦɚɟɦ 3Ø18 Ⱥ400, Аs = 7,63 ɫɦ2
. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɚɪɦɢɪɨɜɚɧɢɹ ɫɟɱɟɧɢɹ 
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ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɹɬɨɝɨ μs = 0,005. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɬɨɱɧɟɧɢɟ ɪɚɫɱɟɬɚ ɦɨɠɧɨ ɧɟ ɩɪɨɢɡɜɨɞɢɬɶ. 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ɫ ɤɚɠɞɨɣ ɫɬɨɪɨɧɵ ɤɨɥɨɧɧɵ 3Ø18 

Ⱥ400; Аs = А´s = 7,63 ɫɦ2
. 

   . Ɂɚ ɜɵɫɨɬɭ ɫɟɱɟɧɢɹ ɩɪɢɧɢɦɚɟɦ 

ɟɝɨ ɪɚɡɦɟɪɵ ɢɡ ɩɥɨɫɤɨɫɬɢ ɢɡɝɢɛɚ, ɬ. ɟ. hc = 0,5 ɦ. Ɋɚɫɱɟɬɧɚɹ ɞɥɢɧɚ 
ɧɚɞɤɪɚɧɨɜɨɣ ɱɚɫɬɢ ɤɨɥɨɧɧɵ ɢɡ ɩɥɨɫɤɨɫɬɢ ɢɡɝɢɛɚ:  

l0 = 1,5H2 = 1,5·4,2 = 6,3 ɦ. 

Ɍɚɤ ɤɚɤ ɨɬɧɨɲɟɧɢɟ l0/hc = 6,3:0,5 = 12,6 ɩɪɟɜɵɲɚɟɬ ɬɭ ɠɟ ɜɟ-
ɥɢɱɢɧɭ ɜ ɩɥɨɫɤɨɫɬɢ ɢɡɝɢɛɚ (l0/hc = 10,5), ɧɟɨɛɯɨɞɢɦ ɪɚɫɱɟɬ ɤɨɥɨɧɧɵ 

ɢɡ ɩɥɨɫɤɨɫɬɢ ɢɡɝɢɛɚ, ɩɪɢɧɢɦɚɹ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ ɩɪɨɞɨɥɶɧɨɣ ɫɢɥɵ 

ɪɚɜɧɵɦ ɫɥɭɱɚɣɧɨɦɭ. ɉɨɫɤɨɥɶɤɭ l0 = 6,3 ɦ < 20hc = 20·0,5 = 10 ɦ, ɧɟ-
ɫɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɧɚɞɤɪɚɧɨɜɨɣ ɱɚɫɬɢ ɤɨɥɨɧɧɵ ɩɪɨɜɟɪɹɟɦ ɤɚɤ 
ɭɫɥɨɜɧɨ ɰɟɧɬɪɚɥɶɧɨ ɫɠɚɬɨɝɨ ɷɥɟɦɟɧɬɚ. 

ȼ ɩɪɟɞɟɥɚɯ ɜɵɫɨɬɵ ɧɚɞɤɪɚɧɨɜɨɣ ɱɚɫɬɢ ɤɨɥɨɧɧɵ ɞɟɣɫɬɜɭɸɬ 
ɜɟɪɬɢɤɚɥɶɧɵɟ ɧɚɝɪɭɡɤɢ: ɨɬ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɹ 422,88 ɤɇ; ɨɬ 
ɦɚɫɫɵ ɫɬɟɧ ɢ ɨɤɨɧɧɵɯ ɩɟɪɟɩɥɟɬɨɜ 43,08 ɤɇ ɢ 70,33 ɤɇ; ɨɬ ɫɧɟɝɨɜɨ-
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ɝɨ ɩɨɤɪɨɜɚ 190,51 ɤɇ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɥɢɱɢɧɚ ɩɪɨɞɨɥɶɧɨɣ ɫɢɥɵ 

ɨɬ ɜɫɟɯ ɧɚɝɪɭɡɨɤ ɫɨɫɬɚɜɥɹɟɬ 
N = 422,88 +43,08 +70,33 + 190,51= 726,8 ɤɇ, 

ɜ ɬɨɦ ɱɢɫɥɟ ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɧɚɝɪɭɡɨɤ (ɞɥɢɬɟɥɶɧɭɸ ɫɧɟɝɨɜɭɸ ɧɟ ɭɱɢ-

ɬɵɜɚɟɦ, ɨɧɚ ɭɱɬɟɧɚ ɤɚɤ ɤɪɚɬɤɨɜɪɟɦɟɧɧɚɹ)  
Nl = 422,88 +43,08 +70,33 = 536,29 ɤɇ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩ. 8.1.16 ɢ ɬɚɛɥɢɰɟɣ 8.1 [9] ɩɪɢ Nl /N =  

= 536,29: 726,8 = 0,738; l0 /hc = 12,6 ɧɚɯɨɞɢɦ φb = 0,86.  

ɉɪɨɜɟɪɹɟɦ ɭɫɥɨɜɢɟ (ɫɦ. ɮɨɪɦɭɥɭ (8.17) [9]): 

N = 0, 7268 Ɇɇ < φ[RbAb+Rsc(As + A´s)] = 

= 0,86[12,65·0,5·0,6 + 350(0,000603 + 0,000603)] = 3,627 Ɇɇ. 

ɉɪɨɱɧɨɫɬɶ ɫɟɱɟɧɢɹ ɢɡ ɩɥɨɫɤɨɫɬɢ ɢɡɝɢɛɚ ɨɛɟɫɩɟɱɟɧɚ. 

15.2.	ʞˑˇˍ˓˃ːˑ˅˃ˢ	˚˃˔˕˟	

Ɋɚɡɦɟɪɵ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɩɨɞɤɪɚɧɨɜɨɣ ɱɚɫɬɢ: bc = 0,5 ɦ; 

hc = 0,8 ɦ. Ⱦɥɹ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɩɪɢɧɢɦɚɟɦ ɚ = ɚ´= 0,04 ɦ, ɬɨ-
ɝɞɚ ɪɚɛɨɱɚɹ ɜɵɫɨɬɚ ɫɟɱɟɧɢɹ h0 = 0,8–0,04 = 0,76 ɦ. 

ɉɨɞɛɨɪ ɫɟɱɟɧɢɹ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɩɪɨɢɡɜɟɞɟɦ ɩɨ ɭɫɢɥɢ-

ɹɦ, ɞɟɣɫɬɜɭɸɳɢɦ ɜ ɫɟɱɟɧɢɢ IV–IV (ɫɦ. ɬɚɛɥ. 2.3 [22]) ɤɨɦɛɢɧɚɰɢɣ 

ɭɫɢɥɢɣ I ɢ II ɜ ɩɟɪɜɨɦ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ. 
(ȼ ɷɬɢɯ ɤɨɦɛɢɧɚɰɢɹɯ ɭɫɢɥɢɣ ɢɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ ɩɪɢ ɩɪɢ-

ɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɵɯ ɚɛɫɨɥɸɬɧɵɯ ɡɧɚɱɟɧɢɹɯ ɢɦɟɸɬ ɪɚɡɧɵɟ ɡɧɚɤɢ ɢ, 
ɤɪɨɦɟ ɬɨɝɨ, ɜ ɷɬɢɯ ɤɨɦɛɢɧɚɰɢɹɯ ɭɫɢɥɢɣ ɛɨɥɶɲɢɣ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ 

(ɟ = M/N), ɱɟɦ ɜ ɞɪɭɝɢɯ). 
Ɋɚɫɫɦɨɬɪɢɦ ɫɧɚɱɚɥɚ ɤɨɦɛɢɧɚɰɢɸ ɭɫɢɥɢɣ I. ȼɵɩɢɫɵɜɚɟɦ ɞɟɣ-

ɫɬɜɭɸɳɢɟ ɭɫɢɥɢɹ: 
− ɨɬ ɜɫɟɯ ɧɚɝɪɭɡɨɤ Ɇ = 272,33 ɤɇɦ; N = 797,87 ɤɇ; 

− ɨɬ ɜɫɟɯ ɧɚɝɪɭɡɨɤ, ɧɨ ɛɟɡ ɭɱɟɬɚ ɜɟɬɪɨɜɨɣ Ɇ´ = –8,31 ɤɇ·ɦ; 

N´ = 797,87 ɤɇ. 

Ɇɨɦɟɧɬɵ ɜɧɟɲɧɢɯ ɭɫɢɥɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɫɟ-
ɱɟɧɢɹ ɪɚɫɬɹɧɭɬɨɣ ɚɪɦɚɬɭɪɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫ ɭɱɟɬɨɦ ɢ ɛɟɡ ɭɱɟɬɚ 
ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ: 

MII = M + N(0,5hc  – a) = 272,33 + 797,87 (0,5·0,8 – 0,04) = 559,56 ɤɇ·ɦ; 

MI = M´+N´(0,5hc – a) = 8,31 + 797,87 (0,5·0,8 – 0,04) = 
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= 295,54 ɤɇ·ɦ < 0,77MII = 0,77·559,56 = 430,86 ɤɇ·ɦ. 

ɍɫɥɨɜɢɟ (1.12) [22] ɜɵɩɨɥɧɟɧɨ, ɩɨɷɬɨɦɭ γb1 = 1,1 ɢ ɪɚɫɱɟɬɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ Rb = 12,65 Ɇɉɚ. 

ɉɨɫɤɨɥɶɤɭ ɫɟɱɟɧɢɟ IV-IV ɪɚɫɩɨɥɨɠɟɧɨ ɭ ɡɚɞɟɥɤɢ ɤɨɥɨɧɧɵ, 

ɩɪɢɧɢɦɚɟɦ Ș = 1. ɗɤɫɰɟɧɬɪɢɫɢɬɟɬ ɩɪɨɞɨɥɶɧɨɣ ɫɢɥɵ e0 = M/N =  

= 272,33 : 797,87 = 0,34 ɦ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɭɫɢ-

ɥɢɣ ɜ ɚɪɦɚɬɭɪɟ ɪɚɫɬɹɧɭɬɨɣ ɡɨɧɵ ɞɨ ɩɪɨɞɨɥɶɧɨɣ ɫɢɥɵ N: 

e = e0Ș + 0,5hc − a = 0,34·1 + 0,5·0,8 – 0,04 = 0,7 ɦ. 

ɇɚɯɨɞɢɦ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɜɟɥɢɱɢɧɭ ɩɪɨɞɨɥɶɧɨɣ ɫɢɥɵ, ɩɪɟɞɩɨ-

ɥɚɝɚɹ ɫɢɦɦɟɬɪɢɱɧɨɟ ɚɪɦɢɪɨɜɚɧɢɟ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɩɨɞɤɪɚ-
ɧɨɜɨɣ ɱɚɫɬɢ ɤɨɥɨɧɧɵ: 
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Ɇɢɧɢɦɚɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨɟ ɚɪɦɢɪɨɜɚɧɢɟ ɤɨɥɨɧɧɵ ɩɨ ɤɨɧ-

ɫɬɪɭɤɬɢɜɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɯɨɞɢɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɢɛɤɨɫɬɢ 

ɩɨɞɤɪɚɧɨɜɨɣ ɱɚɫɬɢ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɤɨɦɛɢɧɚɰɢɢ ɭɫɢɥɢɣ ɤɪɚɧɨ-
ɜɵɟ ɧɚɝɪɭɡɤɢ ɨɬɫɭɬɫɬɜɭɸɬ, ɩɨɷɬɨɦɭ l0 = 1,2 H = 1,2·10,95 = 13,14 ɦ. 



110    ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɨɞɧɨɷɬɚɠɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ 

ɉɪɢ l0/hc = 13,14 : 0,8 = 16,43 < 24 ɧɚɯɨɞɢɦ ɦɢɧɢɦɚɥɶɧɭɸ ɩɥɨɳɚɞɶ 
ɫɟɱɟɧɢɹ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ: 

А´s = 0,002bch0 = 0,002·0,5·0,76 = 0,00076 ɦ2 
= 7,6 ɫɦ2

. 

ɉɪɢɧɢɦɚɟɦ 4Ø16 Ⱥ400 ɤɚɤ ɫ ɧɚɪɭɠɧɨɣ, ɬɚɤ ɢ ɫ ɜɧɭɬɪɟɧɧɟɣ 

ɫɬɨɪɨɧɵ ɤɨɥɨɧɧɵ (Аs = А´s = 8,04 ɫɦ2
). 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɩɪɨɢɡɜɨɞɢɦ ɩɨɞɛɨɪ ɚɪɦɚɬɭɪɵ ɢ ɩɨ 
ɤɨɦɛɢɧɚɰɢɢ ɭɫɢɥɢɣ II ɜɨ ɜɬɨɪɨɦ ɫɨɱɟɬɚɧɢɢ:  

− ɨɬ ɜɫɟɯ ɧɚɝɪɭɡɨɤ Ɇ = –281,44 ɤɇ·ɦ; N = 931,23 ɤɇ; 

− ɨɬ ɜɫɟɯ ɧɚɝɪɭɡɨɤ, ɧɨ ɛɟɡ ɭɱɟɬɚ ɜɟɬɪɨɜɨɣ ɢ ɫɧɟɝɨɜɨɣ: 

Ɇ´ = –8,31 ɤɇ·ɦ; N´ = 797,87 ɤɇ; MII= 616,7 ɤɇ·ɦ; 

MI =295,54 ɤɇ·ɦ < 0,77MII = 474,8 ɤɇ·ɦ. 

γb1 = 1,1, Ș = 1; e0 = 0,302 ɦ; e = 0,662 ɦ; an = 0,194 < ξR = 0,533; 

;07701 ,am =  Аs = А´s = – 0,0014 ɦ2 
< 0; ɩɪɨɞɨɥɶɧɚɹ ɚɪɦɚɬɭɪɚ ɩɨ 

ɪɚɫɱɟɬɭ ɧɟ ɧɭɠɧɚ. 
Ɉɫɬɚɜɥɹɟɦ ɚɪɦɢɪɨɜɚɧɢɟ, ɩɪɢɧɹɬɨɟ ɩɨ ɤɨɦɛɢɧɚɰɢɢ ɭɫɢɥɢɣ I. 

ɉɪɨɜɟɪɹɟɦ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɫɱɟɬɚ ɢɡ ɩɥɨɫɤɨɫɬɢ ɢɡɝɢɛɚ.  
Ɋɚɫɱɟɬɧɚɹ ɞɥɢɧɚ ɤɨɥɨɧɧɵ ɢɡ ɩɥɨɫɤɨɫɬɢ ɢɡɝɢɛɚ ɞɥɹ ɡɞɚɧɢɹ ɫ ɦɨɫɬɨ-
ɜɵɦɢ ɤɪɚɧɚɦɢ l0 = 0,8H1 = 0,8·6,75 = 5,4 ɦ. Ɍɚɤ ɤɚɤ ɝɢɛɤɨɫɬɶ  
l0/hc = 5,4:0,5 = 10,8 ɦɟɧɶɲɟ ɦɢɧɢɦɚɥɶɧɨɣ ɝɢɛɤɨɫɬɢ ɜ ɩɥɨɫɤɨɫɬɢ ɢɡ-
ɝɢɛɚ (10,8 < 12,66), ɪɚɫɱɟɬ ɢɡ ɩɥɨɫɤɨɫɬɢ ɢɡɝɢɛɚ ɧɟ ɩɪɨɢɡɜɨɞɢɦ. 

15.3.	ʟ˃˔˚ˈ˕	˒ˑˇˍ˓˃ːˑ˅ˑˌ	ˍˑː˔ˑˎˋ	

ɇɚ ɩɨɞɤɪɚɧɨɜɭɸ ɤɨɧɫɨɥɶ ɤɨɥɨɧɧɵ ɩɨ ɨɫɢ Ⱥ ɞɟɣɫɬɜɭɟɬ ɫɨɫɪɟ-
ɞɨɬɨɱɟɧɧɚɹ ɫɢɥɚ Qc (ɪɢɫ. 15.1), ɜɵɡɜɚɧɧɚɹ ɜɟɫɨɦ ɩɨɞɤɪɚɧɨɜɨɣ ɛɚɥ-
ɤɢ ɢ ɜɟɪɬɢɤɚɥɶɧɨɣ ɤɪɚɧɨɜɨɣ ɧɚɝɪɭɡɤɨɣ:  

Qc = 146 + 547,7 = 693,7 ɤɇ. 
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Ɋɢɫ. 15.1. ɉɨɞɤɪɚɧɨɜɚɹ ɤɨɧɫɨɥɶ 

ɉɪɢɧɢɦɚɟɦ ɪɚɡɦɟɪɵ ɤɨɧɫɨɥɢ: b = 0,5 ɦ; h = 1,45 ɦ; ɚ = ɚ´=  

= 0,04 ɦ; h0 = 1,41 ɦ; l1 = 0,55 ɦ; ɚɫ = 0,2 ɦ. 

ɉɨɞɤɪɚɧɨɜɵɟ ɛɚɥɤɢ ɲɢɪɢɧɨɣ 0,34 ɦ ɭɫɬɚɧɨɜɥɟɧɵ ɩɨɩɟɪɟɤ 
ɤɨɧɫɨɥɢ, ɩɨɷɬɨɦɭ lsup  = 0,34 ɦ. Ɍɚɤ ɤɚɤ ɧɚ ɤɨɧɫɨɥɶ ɜ ɱɢɫɥɟ ɩɪɨɱɢɯ 
ɞɟɣɫɬɜɭɸɬ ɧɚɝɪɭɡɤɢ ɦɚɥɨɣ ɫɭɦɦɚɪɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ (ɤɪɚɧɨ-
ɜɚɹ), ɩɪɢɧɢɦɚɟɦ γb1 = 1,1; Rb  = 12,65 Ɇɉɚ; Rbt  = 0,99 Ɇɉɚ. 

ɉɪɨɜɟɪɹɟɦ ɩɪɨɱɧɨɫɬɶ ɤɨɧɫɨɥɢ ɩɨ ɧɚɤɥɨɧɧɨɣ ɫɠɚɬɨɣ ɩɨɥɨɫɟ 
ɦɟɠɞɭ ɝɪɭɡɨɦ ɢ ɨɩɨɪɨɣ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɩɨɩɟɪɟɱɧɚɹ ɚɪɦɚɬɭɪɚ 
ɨɬɫɭɬɫɬɜɭɟɬ, ɬ. ɟ. Aw = 0 ɢ μw = 0. Ɍɨɝɞɚ 

Qc = 0,6937 Ɇɇ < 0,75(1 + 10αwμw)(1 − αc/h0)Rbblsup  = 

= 0,75(1+0)(1 – 0,2:1,41) · 12,65·0,5·0,34 = 1,384 Ɇɇ. 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ,  

Qc = 0,6937Ɇɇ < 2,5Rbtbh0  = 2,5·0,99·0,5·1,41 = 1,74 Ɇɇ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɱɧɨɫɬɶ ɤɨɧɫɨɥɢ ɩɨ ɧɚɤɥɨɧɧɨɦɭ ɫɟɱɟɧɢɸ 

ɨɛɟɫɩɟɱɟɧɚ. ɉɨɩɟɪɟɱɧɨɟ ɚɪɦɢɪɨɜɚɧɢɟ ɧɚɡɧɚɱɚɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ. 

ɉɪɨɜɟɪɹɟɦ ɩɪɨɱɧɨɫɬɶ ɛɟɬɨɧɚ ɧɚ ɫɦɹɬɢɟ: 
σloc = Qc/(blsup) = 0,6937:(0,5·0,34) = 4,08 Ɇɉɚ < Rb = 12,65 Ɇɉɚ. 
ɉɪɨɱɧɨɫɬɶ ɛɟɬɨɧɚ ɧɚ ɫɦɹɬɢɟ ɨɛɟɫɩɟɱɟɧɚ. 
ɂɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɧɚ ɝɪɚɧɢ ɩɪɢɦɵɤɚɧɢɹ ɤɨɧɫɨɥɢ ɤ ɤɨɥɨɧɧɟ 

Mc = Qcαc = 0,6937·0,2 = 0,139 Ɇɇ·ɦ. ɉɪɢɧɢɦɚɟɦ ɨɞɢɧɚɤɨɜɨɟ ɫɨ-
ɞɟɪɠɚɧɢɟ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɜ ɪɚɫɬɹɧɭɬɨɣ ɢ ɫɠɚɬɨɣ ɡɨɧɚɯ ɤɨɧ-

ɫɨɥɢ. ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɷɬɨɣ ɚɪɦɚɬɭɪɵ 

.,,
,

ahR

M,
AA

s

c
ss

22

0

ɫɦ 623ɦ0003620
0,04)350(1,41

·0,139251

)(

251 ==−=′−=′=  

ɉɪɢɧɢɦɚɟɦ 3Ø12 Ⱥ400; Аs = А´s = 3,39 ɫɦ2
. 

ʞʟʏʙʡʗʦʔʠʙʝʔ	ʖʏʜЯʡʗʔ	№	16	
ʟ˃˔˚ˈ˕	ˋ	ˍˑː˔˕˓˖ˋ˓ˑ˅˃ːˋˈ	˅ːˈ˙ˈː˕˓ˈːːˑ	ː˃ˆ˓˖ˉˈːːˑˆˑ		

˗˖ːˇ˃ˏˈː˕˃	˔˕˃ˍ˃ːːˑˆˑ	˕ˋ˒˃	

ɇɚ ɞɚɧɧɨɦ ɩɪɚɤɬɢɱɟɫɤɨɦ ɡɚɧɹɬɢɢ, ɢɫɩɨɥɶɡɭɹ ɪɟɡɭɥɶɬɚɬɵ ɫɬɚ-
ɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɨɩɟɪɟɱɧɨɣ ɪɚɦɵ ɢ ɪɚɧɟɟ ɩɪɢɧɹɬɨɟ ɤɨɧɫɬɪɭɤ-



112    ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɨɞɧɨɷɬɚɠɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ 

ɬɢɜɧɨɟ ɪɟɲɟɧɢɟ ɭɡɥɚ ɫɨɩɪɹɠɟɧɢɹ ɤɨɥɨɧɧɵ ɫ ɮɭɧɞɚɦɟɧɬɨɦ, ɫɥɟɞɭɟɬ 
ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɦɟɪɵ ɩɨɞɨɲɜɵ ɮɭɧɞɚɦɟɧɬɚ, ɜɵɫɨɬɭ ɮɭɧɞɚɦɟɧɬɚ ɢ 

ɟɝɨ ɫɬɭɩɟɧɟɣ, ɚɪɦɢɪɨɜɚɧɢɟ ɩɨɞɨɲɜɵ ɢ ɩɨɞɤɨɥɨɧɧɢɤɚ. ɉɪɢ ɧɟɨɛɯɨ-
ɞɢɦɨɫɬɢ ɜɧɟɫɬɢ ɢɡɦɟɧɟɧɢɹ ɜ ɪɚɧɟɟ ɩɪɢɧɹɬɵɟ ɪɚɡɦɟɪɵ. 

ɍɫɢɥɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɮɭɧɞɚɦɟɧɬ, ɜɵɩɢɫɚɬɶ ɢɡ ɬɚɛɥɢɰɵ 

ɪɚɫɱɟɬɧɵɯ ɭɫɢɥɢɣ ɞɥɹ ɫɟɱɟɧɢɹ IV–IV. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɟɫɬɶ ɧɚɝɪɭɡɤɭ ɧɚ ɮɭɧɞɚɦɟɧɬ, ɩɟɪɟɞɚɜɚɟɦɭɸ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɱɟ-
ɪɟɡ ɮɭɧɞɚɦɟɧɬɧɭɸ ɛɚɥɤɭ.  

ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɪɚɫɱɟɬɚ ɮɭɧɞɚɦɟɧɬɚ ɢɡ ɭɱɟɛɧɨɝɨ ɩɨ-
ɫɨɛɢɹ [22]. ȼɫɟ ɫɫɵɥɤɢ ɧɚ ɮɨɪɦɭɥɵ, ɬɚɛɥɢɰɵ ɢ ɪɢɫɭɧɤɢ ɫɦɨɬɪɟɬɶ ɜ 
ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ [22]. 

16.1.	ʝ˒˓ˈˇˈˎˈːˋˈ	˖˔ˋˎˋˌ	

ȼɫɥɟɞɫɬɜɢɟ ɫɢɦɦɟɬɪɢɢ ɮɭɧɞɚɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɨɣ ɨɫɢ ɩɨɞɤɪɚɧɨɜɨɣ ɱɚɫɬɢ ɤɨɥɨɧɧɵ ɜ ɪɚɫɱɟɬɟ ɞɨɫɬɚɬɨɱɧɨ ɭɱɟɫɬɶ 
ɬɨɥɶɤɨ ɞɜɟ ɜɨɡɦɨɠɧɵɟ ɤɨɦɛɢɧɚɰɢɢ ɭɫɢɥɢɣ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɮɭɧ-

ɞɚɦɟɧɬ:  
1) ɤɨɦɛɢɧɚɰɢɸ ɫ ɧɚɢɛɨɥɶɲɢɦ (ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ) ɢɡ-

ɝɢɛɚɸɳɢɦ ɦɨɦɟɧɬɨɦ Mmax (Mmin) ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ, ɩɪɨɯɨɞɹɳɟɣ 

ɱɟɪɟɡ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɮɭɧɞɚɦɟɧɬɚ, ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɟɦɭ ɩɪɨ-
ɞɨɥɶɧɨɣ ɫɢɥɨɣ  Ncorr  ɢ ɩɨɩɟɪɟɱɧɨɣ ɫɢɥɨɣ Qcorr; 

2) ɤɨɦɛɢɧɚɰɢɸ ɫ ɧɚɢɛɨɥɶɲɟɣ ɩɪɨɞɨɥɶɧɨɣ ɫɢɥɨɣ Nmax ɢ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɦɢ ɟɣ ɢɡɝɢɛɚɸɳɢɦ ɦɨɦɟɧɬɨɦ  Mcoor  ɢ ɩɨɩɟɪɟɱɧɨɣ ɫɢ-

ɥɨɣ  Qcoor. 

Ƚɪɭɧɬ ɨɫɧɨɜɚɧɢɹ – ɫɭɝɥɢɧɨɤ, ɭɫɥɨɜɧɨɟ ɪɚɫɱɟɬɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ 
ɝɪɭɧɬ R0 = 230 ɤɉɚ. ɋɪɟɞɧɢɣ ɭɞɟɥɶɧɵɣ ɜɟɫ ɮɭɧɞɚɦɟɧɬɚ ɫ ɡɚɫɵɩɤɨɣ 

ɝɪɭɧɬɚ ɧɚ ɟɝɨ ɭɫɬɭɩɚɯ γm = 20 ɤɇ/ɦ3
. 

ɉɪɢɧɢɦɚɟɦ ɝɥɭɛɢɧɭ ɡɚɥɨɠɟɧɢɹ ɮɭɧɞɚɦɟɧɬɚ h = 1,8 ɦ. ɉɨɞ 
ɮɭɧɞɚɦɟɧɬɨɦ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɛɟɬɨɧɧɚɹ ɩɨɞɝɨɬɨɜɤɚ. 

ɇɚ ɭɪɨɜɧɟ ɜɟɪɯɚ ɮɭɧɞɚɦɟɧɬɚ ɜ ɫɟɱɟɧɢɢ ɤɨɥɨɧɧɵ IV-IV ɞɟɣ-

ɫɬɜɭɸɬ ɭɫɢɥɢɹ (ɫɦ. ɬɚɛɥ. 2.3 [22]): 

− ɪɚɫɱɟɬɧɵɟ ɭɫɢɥɢɹ ɩɪɢ γf  > 1: 

Mmin = –374,5 ɤɇ·ɦ; Ncorr = 1468,8 ɤɇ; Qcorr = –84,06 ɤɇ; 

− ɪɚɫɱɟɬɧɵɟ ɭɫɢɥɢɹ ɩɪɢ γf  = 1: 

Mmin = –280,17 ɤɇ·ɦ; Ncorr = 1268,71 ɤɇ; Qcorr = –65,79 ɤɇ. 
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ɇɚɝɪɭɡɤɚ ɧɚ ɮɭɧɞɚɦɟɧɬ ɨɬ ɜɟɫɚ ɫɬɟɧɵ Gw ɞɨ ɨɬɦɟɬɤɢ 7.800 

ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 16.1. 

Ɍɚɛɥɢɰɚ 16.1 

ɇɚɝɪɭɡɤɚ ɧɚ ɮɭɧɞɚɦɟɧɬ Gw [22] 

ɗɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɇɨɪɦɚ-
ɬɢɜɧɚɹ 
ɧɚɝɪɭɡɤɚ, 
ɤɇ 

Ɋɚɫɱɟɬɧɚɹ 
ɧɚɝɪɭɡɤɚ 
ɩɪɢ γf  = 1, 

ɤɇ 

Ʉɨɷɮ-

ɮɢɰɢɟɧɬ 
ɧɚɞɟɠɧɨɫɬɢ 

ɩɨ ɧɚɝɪɭɡɤɟ, 
γf 

Ɋɚɫɱɟɬ-
ɧɚɹ 

ɧɚɝɪɭɡɤɚ 
ɩɪɢ  

γf >1, ɤɇ
Ɏɭɧɞɚɦɟɧɬɧɵɟ ɛɚɥɤɢ  

0,5(0,24 + 0,30)0,4·10,7·25 = 28,9

 

28,9 

 

28,9 

 

1,1 

 

31,79 

ɋɬɟɧɨɜɵɟ ɩɚɧɟɥɢ ɩɨɞɨɤɨɧɧɨɣ 

ɱɚɫɬɢ (2,22 ɤɉɚ) 
1,20·12,0·2,22 = 32,0 32,0 32,0 1,1 35,2 

Ɂɚɩɨɥɧɟɧɢɟ ɨɤɨɧɧɵɯ ɩɪɨɟɦɨɜ 
(0,5 ɤɉɚ) 6,60·12,0·0,5 = 39,6 39,6 39,6 1,1 43,56 

ɂɬɨɝɨ 100,5 100,5 – 110,55 

ɇɚɝɪɭɡɤɚ ɨɬ ɜɟɫɚ ɫɬɟɧɵ ɜɵɲɟ ɨɬɦɟɬɤɢ 7.800 ɭɱɬɟɧɚ ɪɚɧɟɟ ɩɪɢ 

ɪɚɫɱɟɬɟ ɩɨɩɟɪɟɱɧɨɣ ɪɚɦɵ. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɥɢɧɢɢ ɞɟɣɫɬɜɢɹ ɧɚɝɪɭɡɤɢ ɨɬ ɜɟɫɚ ɫɬɟɧɵ ɞɨ ɨɫɢ 

ɮɭɧɞɚɦɟɧɬɚ (ɫɨɜɩɚɞɚɸɳɟɣ ɫ ɨɫɶɸ ɤɨɥɨɧɧɵ)  

ew = –0,5(0,2 + 0,8) = –0,5 ɦ. 

Ɇɨɦɟɧɬɵ ɨɬ ɜɟɫɚ ɫɬɟɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɮɭɧɞɚɦɟɧɬɚ: 
− ɩɪɢ γf > 1 Mw = –110,55·0,5 = –55,28 ɤɇ·ɦ; 

− ɩɪɢ γf = 1 Mw = –100,5·0,5 = –50,25 ɤɇ·ɦ. 

ȼɵɫɨɬɚ ɮɭɧɞɚɦɟɧɬɚ Hf = 1,80 – 0,15 = 1,65 ɦ. Ɋɚɫɱɟɬɧɵɟ ɭɫɢ-

ɥɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɫɢɦɦɟɬɪɢɢ ɜ ɭɪɨɜɧɟ ɩɨɞɨɲɜɵ 

ɮɭɧɞɚɦɟɧɬɚ (ɛɟɡ ɭɱɟɬɚ ɜɟɫɚ ɮɭɧɞɚɦɟɧɬɚ ɢ ɝɪɭɧɬɚ ɧɚ ɧɟɦ): 

− ɩɪɢ γf > 1  

Mf  = Mmin + QcorrHf + Mw =  

= –374,5 – 84,06·1,65 – 55,28 = –568,48 ɤɇ·ɦ; 

Nf  = Ncorr + Gw = 1468,8 + 110,55 = 1579,35 ɤɇ·ɦ; 

− ɩɪɢ γf  = 1 

Mf  = –280,27 – 65,79·1,65 – 50,25 = –438,97 ɤɇ·ɦ;  

Nf  = 1268,71 + 100,5 = 1369,2 ɤɇ. 
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16.2.	ʝ˒˓ˈˇˈˎˈːˋˈ	˓˃ˊˏˈ˓ˑ˅	˗˖ːˇ˃ˏˈː˕˃	

ɋɧɚɱɚɥɚ ɨɩɪɟɞɟɥɢɦ ɪɚɡɦɟɪɵ ɩɨɞɨɲɜɵ ɮɭɧɞɚɦɟɧɬɚ, ɢɫɩɨɥɶɡɭɹ 
ɭɫɢɥɢɹ ɩɪɢ γf  = 1. ɇɚɡɧɚɱɚɟɦ ɫɨɨɬɧɨɲɟɧɢɟ ɫɬɨɪɨɧ ɩɨɞɨɲɜɵ ɮɭɧ-

ɞɚɦɟɧɬɚ m = b/l = 2/3. ɗɤɫɰɟɧɬɪɢɫɢɬɟɬ ɩɪɨɞɨɥɶɧɨɣ ɫɢɥɵ 

e0 = Mf /Nf= 438,97:1369,2 = 0,32 ɦ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ γR ɩɨ ɮɨɪɦɭɥɚɦ (1.20)−(1.23) [22] 

ɜɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ φi, ɩɨɥɚɝɚɹ R = R0 = 230 ɤɉɚ: 
φ1 = 36e0

2
mR/Nf  = 36·0,32

2
(2/3)230:1369,2 = 0,413; 

φ2 = 1+3φ1γmh/R = 1 + 3·0,413·20·1,8:230 = 1,194; 

φ3 = 2,4+3φ1(γmh/R)
2 
= 2,4 + 3·0,413(20·1,8:230)

2 
= 2,43; 

φ4=1,44+φ1(γmh/R)
3 
= 1,44 + 0,413(20·1,8:230)

3 
= 1,4402. 

ɍɪɚɜɧɟɧɢɟ (1.19) [22] ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 

0,413γR
3 
– 1,194γR

2 
+ 2,43γR – 1,4402 = 0, ɨɬɤɭɞɚ γR = 0,811. 

Ⱦɥɢɧɭ ɩɨɞɨɲɜɵ ɮɭɧɞɚɦɟɧɬɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ (1.18) 

[22]: 

.,
hRm

N
l

mR

f ɦ693753
20·1,8)02(0,811·23

·1369,23

)(
=−=γ−γ=  

ɒɢɪɢɧɚ ɩɨɞɨɲɜɵ b = ml = 2/3·3,69375 = 2,46 ɦ. ɉɪɢɧɢɦɚɟɦ 

ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɟ (ɤɪɚɬɧɵɟ 300 ɦɦ) ɪɚɡɦɟɪɵ ɩɨɞɨɲɜɵ ɮɭɧɞɚɦɟɧ-

ɬɚ: b = 2,7 ɦ; l = 3,6 ɦ. Ɍɨɝɞɚ  
Af = bl = 2,7·3,6 = 9,72 ɦ2

;   Wf = bl
2
/6 = 2,7·3,6

2
:6 = 5,832 ɦ3

. 

ɉɪɨɜɟɪɹɟɦ ɧɚɩɪɹɠɟɧɢɹ ɜ ɝɪɭɧɬɟ ɨɫɧɨɜɚɧɢɹ (ɫɦ. ɭɫɥɨɜɢɹ 
(1.15)–(1.17) [22]): 

pmax = Nf/Af + γmh + Mf/Wf = 1369,2:9,72 + 20·1,8 + 438,97:5,832 = 

= 215,62 ɤɉɚ < 1,2R = 1,2·230 = 276,0 ɤɉɚ. 
p = Nf/Af + γmh = 1369,2:9,72 + 20·1,8 = 176,9 ɤɉɚ < R = 230 ɤɉɚ. 
pmax = Nf/Af + γmh −Mf/Wf  = 1369,2:9,72 + 20·1,8 – 438,97:5,832 =  

= 101,6 ɤɉɚ > 0. 

ɍɫɥɨɜɢɹ ɜɵɩɨɥɧɟɧɵ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢɧɹɬɵɟ ɪɚɡɦɟɪɵ ɩɨ-
ɞɨɲɜɵ ɮɭɧɞɚɦɟɧɬɚ ɞɨɫɬɚɬɨɱɧɵ. 
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ɍɱɢɬɵɜɚɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɡɚɝɥɭɛɥɟɧɢɟ ɮɭɧɞɚɦɟɧɬɚ, ɩɪɢɧɢɦɚɟɦ 

ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɸ ɫɬɭɩɟɧɱɚɬɨɝɨ ɬɢɩɚ ɫ ɩɨɞɤɨɥɨɧɧɢɤɨɦ ɩɨɞ ɫɛɨɪɧɭɸ 

ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɤɨɥɨɧɧɭ. ȼɵɫɨɬɭ ɫɬɭɩɟɧɟɣ ɧɚɡɧɚɱɚɟɦ h1 = h2 =  

= 300 ɦɦ = 0,3 ɦ. ȼɵɫɨɬɚ ɩɥɢɬɧɨɣ ɱɚɫɬɢ H = h1 + h2 = 0,6 ɦ. ȼɵɫɨɬɚ 
ɩɨɞɤɨɥɨɧɧɢɤɚ hcf = 1,65 – 0,3 – 0,3 = 1,05 ɦ. Ɋɚɡɦɟɪɵ ɫɬɭɩɟɧɟɣ ɜ 
ɩɥɚɧɟ: l1 = l = 3,6 ɦ; b1 = b = 2,7 ɦ; l2 = 2,7 ɦ; b2 = 1,8 ɦ (ɪɢɫ. 16.1) 

[22].  

Ɍɨɥɳɢɧɭ ɚɪɦɢɪɨɜɚɧɧɵɯ ɫɬɟɧɨɤ ɫɬɚɤɚɧɚ ɩɨɜɟɪɯɭ ɧɚɡɧɚɱɚɟɦ 

ɪɚɜɧɨɣ 250 ɦɦ, ɚ ɡɚɡɨɪ ɦɟɠɞɭ ɤɨɥɨɧɧɨɣ ɢ ɫɬɚɤɚɧɨɦ – 100 ɦɦ. ɍɱɢ-

ɬɵɜɚɹ ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ ɤɨɥɨɧɧɵ (bc = 500 ɦɦ; hc = 800 ɦɦ), ɧɚɯɨ-
ɞɢɦ ɪɚɡɦɟɪɵ ɩɨɞɤɨɥɨɧɧɢɤɚ ɜ ɩɥɚɧɟ:  

bcf  = 500 + 2·250 + 2·100 = 1200 ɦɦ = 1,2 ɦ; 

lcf  = 800 + 2·250 + 2·100 = 1500 ɦɦ = 1,5 ɦ. 

 

Ɋɢɫ. 16.1. Ʉ ɪɚɫɱɟɬɭ ɮɭɧɞɚɦɟɧɬɚ 



116    ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɨɞɧɨɷɬɚɠɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ 

Ƚɥɭɛɢɧɭ ɫɬɚɤɚɧɚ ɧɚɡɧɚɱɚɟɦ ɢɡ ɭɫɥɨɜɢɣ ɧɚɞɟɠɧɨɣ ɚɧɤɟɪɨɜɤɢ 

ɤɨɥɨɧɧɵ ɢ ɟɟ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɜ ɫɬɚɤɚɧɟ. 
ɉɨɫɤɨɥɶɤɭ  

e0 = M/N = 374,5:1468,8 = 0,255 ɦ < 2hc = 2·0,8 = 1,6 ɦ,  

ɩɨ ɭɫɥɨɜɢɸ (1.43) [22] ɧɚɯɨɞɢɦ hf = hc = 0,8 ɦ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢɧɢɦɚɹ ɞɥɹ ɮɭɧɞɚɦɟɧɬɚ ɛɟɬɨɧ ɤɥɚɫɫɚ ȼ15 ɢ 

ɭɱɢɬɵɜɚɹ, ɱɬɨ ɞɥɹ ɤɨɥɨɧɧ ɩɪɢɦɟɧɟɧɚ ɩɪɨɞɨɥɶɧɚɹ ɚɪɦɚɬɭɪɚ 
Ø16Ⱥ400, ɩɨ ɬɚɛɥɢɰɟ 1.5 [22] ɨɩɪɟɞɟɥɹɟɦ hf = 30d = 30·16 = 480 ɦɦ = 

= 0,48 ɦ. ɇɚɡɧɚɱɚɟɦ ɝɥɭɛɢɧɭ ɡɚɞɟɥɤɢ ɤɨɥɨɧɧɵ hf = 0,85 ɦ ɢ ɨɩɪɟɞɟ-
ɥɹɟɦ ɝɥɭɛɢɧɭ ɫɬɚɤɚɧɚ:  

hh = 0,85+0,05 = 0,9 ɦ.  

Ɋɚɡɦɟɪɵ ɫɬɚɤɚɧɚ ɜ ɩɥɚɧɟ bh = 0,6 ɦ; lh = 0,9 ɦ. Ɍɨɥɳɢɧɚ ɮɭɧ-

ɞɚɦɟɧɬɚ ɨɬ ɩɨɞɨɲɜɵ ɞɨ ɞɧɚ ɫɬɚɤɚɧɚ hb = Hf  – hh = 1,65 – 0,9 = 0,75 ɦ. 

Ɋɚɡɦɟɪɵ ɮɭɧɞɚɦɟɧɬɚ, ɩɪɢɧɹɬɵɟ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱɟɬɚ, ɩɨ-
ɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 16.1. 

16.3.	ʟ˃˔˚ˈ˕	ː˃	˒˓ˑˇ˃˅ˎˋ˅˃ːˋˈ	

ɉɪɢ ɪɚɫɱɟɬɟ ɬɟɥɚ ɮɭɧɞɚɦɟɧɬɚ ɩɨ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢɫ-
ɩɨɥɶɡɭɟɦ ɭɫɢɥɢɟ ɩɪɢ γf > 1, ɚ ɪɚɫɱɟɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɛɟɬɨɧɚ ɫ 
ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ γb1 = 1,1 : Rb = 9,35 Ɇɉɚ ɢ  

Rbt = 0,825 Ɇɉɚ. 
Ɍɨɥɳɢɧɚ ɡɚɳɢɬɧɨɝɨ ɫɥɨɹ ɛɟɬɨɧɚ ɞɥɹ ɪɚɛɨɱɟɣ ɚɪɦɚɬɭɪɵ ɩɨ-

ɞɨɲɜɵ ɮɭɧɞɚɦɟɧɬɚ ɩɪɢ ɧɚɥɢɱɢɢ ɛɟɬɨɧɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɞɨɥɠɧɚ 
ɛɵɬɶ ɧɟ ɦɟɧɟɟ 35 ɦɦ. Ɍɚɤ ɤɚɤ ɞɢɚɦɟɬɪ ɫɬɟɪɠɧɟɣ ɭɤɚɡɚɧɧɨɣ ɚɪɦɚɬɭ-
ɪɵ ɩɨɤɚ ɧɟɢɡɜɟɫɬɟɧ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ɚ = 80 ɦɦ = 0,08 ɦ; 

ɬɨɝɞɚ ɪɚɛɨɱɚɹ ɜɵɫɨɬɚ ɞɧɚ ɫɬɚɤɚɧɚ h0b = 0,75 – 0,08 = 0,67 ɦ. 

ɉɪɨɜɟɪɹɟɦ ɭɫɥɨɜɢɟ (1.24) [22]: 

hb = 0,75 ɦ > H + 0,5(bcf  – bc) = 0,6 + 0,5(1,2 – 0,5) = 0,95 ɦ; 

hb = 0,75 ɦ > H + 0,5(lcf  – hc) = 0,6 + 0,5(1,5 – 0,8) = 0,95 ɦ. 

Ɍɚɤ ɤɚɤ ɷɬɢ ɭɫɥɨɜɢɹ ɧɟ ɜɵɩɨɥɧɟɧɵ, ɩɪɨɢɡɜɨɞɢɦ ɪɚɫɱɟɬ ɧɚ 
ɩɪɨɞɚɜɥɢɜɚɧɢɟ ɮɭɧɞɚɦɟɧɬɚ ɤɨɥɨɧɧɨɣ ɨɬ ɞɧɚ ɫɬɚɤɚɧɚ, ɚ ɬɚɤɠɟ ɪɚɫ-
ɱɟɬ ɧɚ ɪɚɫɤɚɥɵɜɚɧɢɟ ɮɭɧɞɚɦɟɧɬɚ ɤɨɥɨɧɧɨɣ. ɉɪɢ ɷɬɨɦ ɭɱɢɬɵɜɚɟɦ 

ɬɨɥɶɤɨ ɧɨɪɦɚɥɶɧɭɸ ɫɢɥɭ N = 1,469 Ɇɇ, ɞɟɣɫɬɜɭɸɳɭɸ ɜ ɫɟɱɟɧɢɢ 

ɤɨɥɨɧɧɵ ɭ ɨɛɪɟɡɚ ɮɭɧɞɚɦɟɧɬɚ (ɫɦ. ɬɚɛɥ. 2.3) [22]. 

ɉɨ ɮɨɪɦɭɥɟ (1.33) [22] ɜɵɱɢɫɥɹɟɦ ɩɥɨɳɚɞɶ Af0: 
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Af0 = 0,5b(l – hh – 2h0b) – 0,25(b – bh – 2h0b)
2
= 

= 0,5·2,4(3,6 – 0,9 – 2·0,67) – 0,25(2,4 – 0,6 – 2·0,67)
2 
= 1,58 ɦ2

. 

ɉɪɨɜɟɪɹɟɦ ɭɫɥɨɜɢɟ (1.32) [22]: 

N = 1,469 Ɇɇ < Rbt(bh + h0b)h0bbl/Af0 = 

= 0,825(0,6 + 0,67)0,67·2,4·3,6:1,58 = 3,84 Ɇɇ. 

ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɱɧɨɫɬɶ ɞɧɚ ɫɬɚɤɚɧɚ ɧɚ 
ɩɪɨɞɚɜɥɢɜɚɧɢɟ ɨɛɟɫɩɟɱɟɧɚ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɧɚ ɪɚɫɤɚɥɵɜɚɧɢɟ ɮɭɧɞɚɦɟɧɬɚ ɤɨɥɨɧɧɨɣ ɜɵɱɢɫɥɹ-
ɟɦ ɩɥɨɳɚɞɶ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɟɱɟɧɢɣ ɮɭɧɞɚɦɟɧɬɚ ɜ ɩɥɨɫɤɨɫɬɹɯ, ɩɪɨ-
ɯɨɞɹɳɢɯ ɩɨ ɨɫɹɦ ɫɟɱɟɧɢɹ ɤɨɥɨɧɧɵ (ɪɢɫ. 2.20) [22]: 

Afb = 1,05·1,2 + 0,3·1,8 + 0,3·2,7 – 0,9·0,5(0,7 + 0,6) = 2,025 ɦ2
; 

Afl = 1,05·1,5 + 0,3·2,7 + 0,3·3,6 – 0,9·0,5(1,0 – 0,9) = 2,61 ɦ2
. 

Ɍɚɤ ɤɚɤ Afb/Afl= 2,025:2,61 = 0,776 > bc/hc = 0,5:0,8 = 0,625, ɩɪɨ-
ɜɟɪɤɭ ɮɭɧɞɚɦɟɧɬɚ ɩɨ ɩɪɨɱɧɨɫɬɢ ɧɚ ɪɚɫɤɚɥɵɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɦ ɢɡ 
ɭɫɥɨɜɢɹ (1.34) [22]: 

N = 1,469 Ɇɇ ≤ 0,975AflRbt(1 + bc/hc) = 

= 0,975·2,61·0,825(1 + 0,625)=3,41 Ɇɇ. 

ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɩɪɨɱɧɨɫɬɶ ɮɭɧɞɚɦɟɧɬɚ ɧɚ ɪɚɫɤɚɥɵɜɚɧɢɟ 
ɨɛɟɫɩɟɱɟɧɚ. 

ɉɨɫɤɨɥɶɤɭ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɚɪɦɢɪɨɜɚɧɢɟ ɫɬɚɤɚɧɚ, ɪɚɫɱɟɬ ɧɚ 
ɩɪɨɞɚɜɥɢɜɚɧɢɟ ɨɬ ɜɟɪɯɚ ɫɬɚɤɚɧɚ ɧɟ ɩɪɨɢɡɜɨɞɢɦ. 

16.4.	ʞˑˇ˄ˑ˓	˃˓ˏ˃˕˖˓˞	˒ˑˇˑ˛˅˞	˗˖ːˇ˃ˏˈː˕˃	

Ɉɩɪɟɞɟɥɹɟɦ ɞɚɜɥɟɧɢɟ ɧɚ ɝɪɭɧɬ ɜ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɣ ɬɨɱɤɟ 
(ɭ ɤɪɚɹ ɮɭɧɞɚɦɟɧɬɚ), ɚ ɬɚɤɠɟ ɜ ɫɟɱɟɧɢɹɯ 1-1, 2-2 ɢ 3-3 (ɫɦ. ɪɢɫ. 
2.20) [22], ɢɫɩɨɥɶɡɭɹ ɭɫɢɥɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɜ ɭɪɨɜɧɟ ɩɨɞɨɲɜɵ Nf  

ɢ Mf  ɩɪɢ γf > 1: 

pmax = Nf /Af + Mf /Wf = 1579,35:9,72 + 568,48:5,832 = 

= 162,48 + 97,48 = 260,0 ɤɉɚ; 
p1-1 = 162,48 + 97,48·1,35:1,8 = 235,6 ɤɉɚ; 
p2-2 = 162,48 + 97,48·0,75:1,8 = 203,1 ɤɉɚ; 
p3-3 = 162,48 + 97,48·0,4:1,8 = 184,1 ɤɉɚ. 



118    ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɨɞɧɨɷɬɚɠɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ 

ɂɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ ɧɚ 1 ɦ ɲɢɪɢɧɵ ɮɭɧɞɚɦɟɧɬɚ ɜ ɬɟɯ ɠɟ 
ɫɟɱɟɧɢɹɯ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (1.36): 

M1-1 = (l – l2)
2
(p1-1 + 2pmax)/24 = 

= (3,6 – 2,7)
2
(235,6 + 2·260,0):24 = 25,5 ɤɇ·ɦ/ɦ; 

M2-2 = (l – lcf)
2
(p2-2 + 2pmax)/24 = 

= (3,6 – 1,5)
2
(203,1 + 2·260,0):24 = 132,87 ɤɇ·ɦ/ɦ; 

M3-3 = (l – hc)
2
(p3-3 + 2pmax)/24 = 

= (3,6 – 0,8)
2
(184,1 + 2·260,0):24 = 230,0 ɤɇ·ɦ/ɦ. 

ɉɪɢɧɢɦɚɹ ɚ = 0,08 ɦ, ɨɩɪɟɞɟɥɹɟɦ ɪɚɛɨɱɭɸ ɜɵɫɨɬɭ ɫɟɱɟɧɢɹ 
ɮɭɧɞɚɦɟɧɬɚ: ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ h01 = 0,30 – 0,08 = 0,22 ɦ; ɜɬɨɪɨɣ ɫɬɭ-
ɩɟɧɢ h02 = 0,60 – 0,08 = 0,52 ɦ; ɩɨɞɤɨɥɨɧɧɢɤɚ h03 = 1,65 – 0,08 =  

= 1,57 ɦ. ȼɵɱɢɫɥɹɟɦ ɬɪɟɛɭɟɦɭɸ ɩɥɨɳɚɞɶ ɚɪɦɚɬɭɪɵ ɤɥɚɫɫɚ Ⱥ400 

ɜɞɨɥɶ ɞɥɢɧɧɨɣ ɫɬɨɪɨɧɵ ɮɭɧɞɚɦɟɧɬɚ: 

2 21-1
1

01

0 0255
0 000368 ɦ /ɦ 3 68 ɫɦ /ɦɦ;

0,9 0 9·0,22·350
s

s

M ,
A , ,

h R ,
= = = =  

2 22-2
2

02

0 13287
0 000811 ɦ /ɦ 8 11 ɫɦ /ɦ;

0,9 0 9·0,52·350
s

s

M ,
A , ,

h R ,
= = = =  

2 23-3
3

03

0 23
0 000465 ɦ /ɦ 4 65 ɫɦ /ɦɦ.

0,9 0 9·1,57·350
s

s

M ,
A , ,

h R ,
= = = =  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɞɨɥɶ ɞɥɢɧɧɨɣ ɫɬɨɪɨɧɵ ɧɚ 1 ɦ ɲɢɪɢɧɵ ɮɭɧ-

ɞɚɦɟɧɬɚ ɩɪɢɧɢɦɚɟɦ 5Ø16 Ⱥ400, As = 10,05 ɫɦ2
/ɦ; ɫɬɟɪɠɧɢ ɚɪɦɚɬɭ-

ɪɵ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫ ɲɚɝɨɦ 200 ɦɦ. 

ȼ ɧɚɩɪɚɜɥɟɧɢɢ ɦɟɧɶɲɟɣ ɫɬɨɪɨɧɵ ɮɭɧɞɚɦɟɧɬɚ ɚɪɦɢɪɨɜɚɧɢɟ 
ɩɨɞɨɲɜɵ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɫɪɟɞɧɟɦɭ ɞɚɜɥɟɧɢɸ ɧɚ ɝɪɭɧɬ  
ɪ = 162,48 ɤɉɚ, ɩɪɢɧɢɦɚɹ ɜ ɮɨɪɦɭɥɟ (1.36) [22] px = pmax = p. ɂɡɝɢ-

ɛɚɸɳɢɟ ɦɨɦɟɧɬɵ ɧɚ 1 ɦ ɞɥɢɧɵ ɮɭɧɞɚɦɟɧɬɚ ɞɥɹ ɫɟɱɟɧɢɣ ɧɚ ɝɪɚɧɢ 

ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ, ɧɚ ɝɪɚɧɢ ɩɨɞɤɨɥɨɧɧɢɤɚ ɢ ɧɚ ɝɪɚɧɢ ɤɨɥɨɧɧɵ: 

M´1-1 = (b – b2)
2
p/8 = (2,7 – 1,8)

2 
·162,48:8 = 16,45 ɤɇ·ɦ/ɦ; 

M´2-2 = (b – bcf)
2
p/8 = (2,7 – 1,2)

2 
·162,48:8 = 45,7 ɤɇ·ɦ /ɦ; 

M´3-3 = (b – bc)
2
p/8 = (2,7 – 0,5)

2 
·162,48:8 = 98,3 ɤɇ·ɦ /ɦ. 

Ɍɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɚɪɦɚɬɭɪɵ ɜɞɨɥɶ ɤɨɪɨɬɤɨɣ ɫɬɨɪɨ-
ɧɵ ɮɭɧɞɚɦɟɧɬɚ: 
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ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɧɚ 1 ɦ ɞɥɢ-

ɧɵ ɮɭɧɞɚɦɟɧɬɚ (ɜɞɨɥɶ ɤɨɪɨɬɤɨɣ ɫɬɨɪɨɧɵ) ɩɪɢɧɢɦɚɟɦ 5Ø10 Ⱥ400, 

A´s = 3,93 ɫɦ2
/ɦ, ɲɚɝ ɫɬɟɪɠɧɟɣ 200 ɦɦ. 

ɉɨ ɭɫɥɨɜɢɸ (1.37) [22] ɩɪɨɜɟɪɢɦ ɚɧɤɟɪɨɜɤɭ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚ-
ɬɭɪɵ ɜɞɨɥɶ ɞɥɢɧɧɨɣ ɫɬɨɪɨɧɵ ɮɭɧɞɚɦɟɧɬɚ: 

– ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɰɟɩɥɟɧɢɹ ɚɪɦɚɬɭɪɵ ɤɥɚɫɫɚ Ⱥ400 

ɫ ɛɟɬɨɧɨɦ 

Rbond = 2,5·1·0,75 = 1,875 Ɇɉɚ; 
– ɛɚɡɨɜɚɹ ɞɥɢɧɚ ɚɧɤɟɪɨɜɤɢ 

l0. an = ɦ;  7460
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ɮɚɤɬ

ɪɚɫɱ =⋅=
 

Ɉɩɪɟɞɟɥɢɦ ɞɥɢɧɭ ɭɱɚɫɬɤɚ lb, ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɱɧɨɫɬɶ ɧɚɤɥɨɧ-

ɧɵɯ ɫɟɱɟɧɢɣ ɨɛɟɫɩɟɱɟɧɚ ɛɟɬɨɧɨɦ: 

ɦ,  40102356,075,03,075,075,0 1 ,/p/Rhl sbtb =⋅==  

ɝɞɟ h1 – ɜɵɫɨɬɚ ɧɢɠɧɟɣ ɫɬɭɩɟɧɢ ɮɭɧɞɚɦɟɧɬɚ; 
ps – ɤɪɚɟɜɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɝɪɭɧɬ, ɨɩɪɟɞɟɥɟɧɧɨɟ ɩɨ ɮɨɪɦɭɥɟ 

(1.29) [22]. 

Ɍɚɤ ɤɚɤ lan = 0,602 ɦ > lb = 0,401 ɦ, ɫɥɟɞɭɟɬ ɥɢɛɨ ɩɪɟɞɭɫɦɨɬ-
ɪɟɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɩɟɪɟɱɧɵɟ ɫɬɟɪɠɧɢ ɧɚ ɭɱɚɫɬɤɟ ɪɚɜɧɨɦ lb, 

ɥɢɛɨ ɩɪɨɜɟɪɢɬɶ ɩɪɨɱɧɨɫɬɶ ɧɚɤɥɨɧɧɵɯ ɫɟɱɟɧɢɣ ɜ ɩɥɢɬɧɨɣ ɱɚɫɬɢ 

ɮɭɧɞɚɦɟɧɬɚ, ɥɢɛɨ ɭɜɟɥɢɱɢɬɶ ɜɵɫɨɬɭ ɧɢɠɧɟɣ ɫɬɭɩɟɧɢ. 



120    ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɨɞɧɨɷɬɚɠɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ 

ɍɜɟɥɢɱɢɦ ɜɵɫɨɬɭ ɧɢɠɧɟɣ ɫɬɭɩɟɧɢ, ɩɪɢɧɹɜ h1 = 0,45 ɦ, ɢ ɩɪɨ-
ɜɟɪɢɦ ɭɫɥɨɜɢɟ lan < lb: 

60202356075045,075,0ɦ 602,0 ,,/,ll ban =⋅=≤= .
 

ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɧɤɟɪɨɜɤɚ ɫɬɟɪɠɧɟɣ 

ɜɞɨɥɶ ɞɥɢɧɧɨɣ ɫɬɨɪɨɧɵ ɮɭɧɞɚɦɟɧɬɚ ɛɭɞɟɬ ɨɛɟɫɩɟɱɟɧɚ ɩɪɢ ɜɵɫɨɬɟ 
ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 450 ɦɦ. 

ȼɞɨɥɶ ɤɨɪɨɬɤɨɣ ɫɬɨɪɨɧɵ ɮɭɧɞɚɦɟɧɬɚ: Rbond = 1,875 Ɇɉɚ, 

ɦ; 4670
0,03141,875

·0,0000785350
0 ,=l an. =⋅     ɦ. 331,0

0,000393

0,000279
467,0 ==lan

 

Ɉɩɪɟɞɟɥɢɦ ɞɥɢɧɭ ɭɱɚɫɬɤɚ lb, ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɱɧɨɫɬɶ ɧɚɤɥɨɧɧɵɯ 
ɫɟɱɟɧɢɣ ɨɛɟɫɩɟɱɟɧɚ ɛɟɬɨɧɨɦ: 

.,/p/Rhl sbtb ɦ 725016248,075,045,075,075,0 1 =⋅==  

Ɍɚɤ ɤɚɤ lan < lb  ɚɧɤɟɪɨɜɤɚ ɚɪɦɚɬɭɪɵ ɬɚɤɠɟ ɨɛɟɫɩɟɱɟɧɚ.  

16.5.	ʟ˃˔˚ˈ˕	˒ˑˇˍˑˎˑːːˋˍ˃	ˋ	ˈˆˑ	˔˕˃ˍ˃ːːˑˌ	˚˃˔˕ˋ	

Ⱥɪɦɢɪɨɜɚɧɢɟ ɩɨɞɤɨɥɨɧɧɢɤɚ ɨɩɪɟɞɟɥɹɟɦ ɢɡ ɪɚɫɱɟɬɚ ɧɚ ɜɧɟ-
ɰɟɧɬɪɟɧɧɨɟ ɫɠɚɬɢɟ ɞɜɭɯ ɫɟɱɟɧɢɣ: ɤɨɪɨɛɱɚɬɨɝɨ ɫɟɱɟɧɢɹ ɫɬɚɤɚɧɧɨɣ 

ɱɚɫɬɢ ɜ ɩɥɨɫɤɨɫɬɢ ɡɚɞɟɥɚɧɧɨɝɨ ɬɨɪɰɚ ɤɨɥɨɧɧɵ (ɫɟɱɟɧɢɟ 4-4 ɧɚ  
ɪɢɫ. 2.20 [22]) ɢ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɩɨɞɤɨɥɨɧɧɢɤɚ ɜ ɦɟɫɬɟ 
ɩɪɢɦɵɤɚɧɢɹ ɟɝɨ ɤ ɩɥɢɬɧɨɣ ɱɚɫɬɢ ɮɭɧɞɚɦɟɧɬɚ (ɫɟɱɟɧɢɟ 5-5). 

Ɋɚɡɦɟɪɵ ɤɨɪɨɛɱɚɬɨɝɨ ɫɟɱɟɧɢɹ ɫɬɚɤɚɧɧɨɣ ɱɚɫɬɢ, ɩɪɟɨɛɪɚɡɨɜɚɧ-

ɧɨɝɨ ɜ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɞɜɭɬɚɜɪɨɜɨɟ:  
b = 0,6 ɦ; h = 1,5 ɦ; bf  = b´f = 1,2 ɦ; hf  = h´f  = 0,3 ɦ;  

ɚ = ɚ´ = 0,04 ɦ; h0 = 1,46 ɦ; į = ɚ´/h0 = 0,027. 

Ɋɚɫɱɟɬɧɵɟ ɭɫɢɥɢɹ ɜ ɫɟɱɟɧɢɢ 4–4 ɩɪɢ γf > 1: 

M = Mmin + Qcorrhh + Mw = –374,5 – 84,06·0,9 – 55,28 = –505,43 ɤɇ·ɦ; 

N = Ncorr + Gw + Gcf = 1468,8 + 110,55 + 1,5·1,2·0,9·25·1,1 = 1623,9 ɤɇ. 

ɗɤɫɰɟɧɬɪɢɫɢɬɟɬ ɩɪɨɞɨɥɶɧɨɣ ɫɢɥɵ  

ɟ0 = |M|/N = 505,43:1623,9 = 0,311 ɦ > ea = h/30 = 1,5:30 = 0,05;  

ɫɥɭɱɚɣɧɵɣ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ ɧɟ ɭɱɢɬɵɜɚɟɦ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ 
ɬɹɠɟɫɬɢ ɫɟɱɟɧɢɹ ɪɚɫɬɹɧɭɬɨɣ ɚɪɦɚɬɭɪɵ ɞɨ ɫɢɥɵ N 

ɟ = 0,311 + 0,5·1,5 – 0,04 = 1,02 ɦ. 



Ɋɚɫɱɟɬ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɜɧɟɰɟɧɬɪɟɧɧɨ ɧɚɝɪɭɠɟɧɧɨɝɨ ɮɭɧɞɚɦɟɧɬɚ    121 

 

ɉɪɨɜɟɪɹɟɦ ɩɨɥɨɠɟɧɢɟ ɧɭɥɟɜɨɣ ɥɢɧɢɢ. Ɍɚɤ ɤɚɤ  
Rbbfh´f = 9,35·1,2·0,3 = 3,366 Ɇɇ > N = 1,624 Ɇɇ, ɝɪɚɧɢɰɚ ɫɠɚɬɨɣ 

ɡɨɧɵ ɩɪɨɯɨɞɢɬ ɜ ɩɨɥɤɟ ɢ ɪɚɫɱɟɬ ɫɟɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɦ ɤɚɤ ɞɥɹ ɩɪɹ-
ɦɨɭɝɨɥɶɧɨɝɨ ɲɢɪɢɧɨɣ b´f. 

ɉɪɢɧɢɦɚɟɦ ɫɢɦɦɟɬɪɢɱɧɨɟ ɚɪɦɢɪɨɜɚɧɢɟ. Ɍɨɝɞɚ 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɞɨɥɶɧɚɹ ɚɪɦɚɬɭɪɚ ɩɨ ɪɚɫɱɟɬɭ ɧɟ ɧɭɠɧɚ. 
Ⱥɪɦɢɪɨɜɚɧɢɟ ɧɚɡɧɚɱɚɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɬɪɟɛɨ-
ɜɚɧɢɹɦɢ: 

Аs = А´s = 0,0005b´fh0 = 0,0005·1,2·1,46 = 0,000876 ɦ2 
= 8,76 ɫɦ2

. 

ɋ ɤɚɠɞɨɣ ɫɬɨɪɨɧɵ ɩɨɞɤɨɥɨɧɧɢɤɚ ɩɪɢɧɢɦɚɟɦ 5Ø16 Ⱥ400,  

Аs = А´s = 10,05 ɫɦ2
. ɍ ɞɥɢɧɧɵɯ ɫɬɨɪɨɧ ɩɨɞɤɨɥɨɧɧɢɤɚ ɧɚɡɧɚɱɚɟɦ 

ɩɪɨɞɨɥɶɧɵɟ ɫɬɟɪɠɧɢ 5Ø12 Ⱥ400. 

ɉɪɨɱɧɨɫɬɶ ɫɟɱɟɧɢɹ 5-5 ɧɟ ɩɪɨɜɟɪɹɟɦ, ɬ. ɤ. ɭɫɢɥɢɹ ɨɬ ɩɨɥɭɱɟɧ-

ɧɵɯ ɜɵɲɟ ɨɬɥɢɱɚɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 
ɉɨɩɟɪɟɱɧɨɟ ɚɪɦɢɪɨɜɚɧɢɟ ɩɨɞɤɨɥɨɧɧɢɤɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɪɚɫɱɟ-

ɬɭ ɧɚ ɦɨɦɟɧɬ ɞɟɣɫɬɜɭɸɳɢɯ ɭɫɢɥɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ, ɩɪɨɯɨɞɹɳɟɣ 

ɱɟɪɟɡ ɬɨɱɤɭ ɩɨɜɨɪɨɬɚ ɤɨɥɨɧɧɵ.  

Ɍɚɤ ɤɚɤ 0,5hc = 0,5·0,8 = 0,4 > ɟ0 = 0,264 ɦ > hc/6 = 0,8:6 =  

= 0,133 ɦ, ɩɨɩɟɪɟɱɧɨɟ ɚɪɦɢɪɨɜɚɧɢɟ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɚɦ (1.39) 

ɢ (1.42) [22]. ɉɨ ɜɵɫɨɬɟ ɫɬɚɤɚɧɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɦ 6 ɫɟɬɨɤ ɫ ɲɚɝɨɦ 

150 ɦɦ; ɜɟɪɯɧɸɸ ɫɟɬɤɭ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 50 ɦɦ ɨɬ ɜɟɪ-
ɯɚ ɫɬɚɤɚɧɚ, ɬ. ɟ. ɞɨ ɬɨɱɤɢ ɟɟ ɩɨɜɨɪɨɬɚ:  

yt = 0,85 + 0,15 = 1,0 ɦ. 



122    ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɨɞɧɨɷɬɚɠɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ 

Ɇɨɦɟɧɬ ɜɫɟɯ ɭɫɢɥɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɩɨɜɨɪɨɬɚ ɤɨɥɨɧɧɵ: 

Mk2 = Mmin + Qcorryt – 0,7Ncorre0 = 

= 374,5 + 84,06·1,0 – 0,7·1468,8· 0,311 = 138,8 ɤɇɦ. 

ɋɭɦɦɚ ɪɚɫɫɬɨɹɧɢɣ ɨɬ ɬɨɱɤɢ ɩɨɜɨɪɨɬɚ ɤɨɥɨɧɧɵ ɞɨ ɫɟɬɨɤ ɩɨɩɟ-
ɪɟɱɧɨɝɨ ɚɪɦɢɪɨɜɚɧɢɹ ɩɨɞɤɨɥɨɧɧɢɤɚ: 

Σzi = 0,80 + 0,65 + 0,50 + 0,35 + 0,20 + 0,05 = 2,55 ɦ. 

ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɚɪɦɚɬɭɪɵ ɤɥɚɫɫɚ Ⱥ-240, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ 
ɨɞɧɨɦ ɭɪɨɜɧɟ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ (1.42) [22]: 
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·2,55210
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ɇɟɨɛɯɨɞɢɦɚɹ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɨɞɧɨɝɨ ɪɚɛɨɱɟɝɨ ɫɬɟɪɠɧɹ (ɩɪɢ 

4 ɫɬɟɪɠɧɹɯ ɜ ɤɚɠɞɨɣ ɫɟɬɤɟ): Aw = 2,59:4 = 0,65 ɫɦ2
.  

ɉɪɢɧɢɦɚɟɦ Ø10 Ⱥ240, Aw = 0,785 ɫɦ2
. 
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Ɇ – ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ (moment) 

Ɇ0 – ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɜ ɫɜɨɛɨɞɧɨ ɥɟɠɚɳɟɣ ɛɚɥɤɟ 
Ɇɩɪ − ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɜ ɩɪɨɥɟɬɟ 
Ɇadd 

– ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ (ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ – addi-

tional) 

Q – ɩɨɩɟɪɟɱɧɚɹ ɫɢɥɚ 
Q

l
– ɩɨɩɟɪɟɱɧɚɹ ɫɢɥɚ ɫɥɟɜɚ ɨɬ … (ɫɥɟɜɚ – left) 

Q
 r
 – ɩɨɩɟɪɟɱɧɚɹ ɫɢɥɚ ɫɩɪɚɜɚ ɨɬ … (ɫɩɪɚɜɚ – right) 

P – ɫɢɥɚ ɢɥɢ ɧɚɝɪɭɡɤɚ ɨɬ ... (Poids – ɜɟɫ)  
q − ɩɨɥɧɚɹ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ 
g − ɩɨɫɬɨɹɧɧɚɹ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ 
ɪ − ɜɪɟɦɟɧɧɚɹ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ (ɜɪɟɦɟɧɧɵɣ – 

provisional) 
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ȿs – ɧɚɱɚɥɶɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɫɬɚɥɶɧɨɣ ɚɪɦɚɬɭɪɵ 

σs – ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɫɬɚɥɶɧɨɣ ɚɪɦɚɬɭɪɵ (ɬɟɤɭɱɟɫɬɶ – yield) 
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lsb − ɩɪɨɥɟɬ ɜɬɨɪɨɫɬɟɩɟɧɧɨɣ ɛɚɥɤɢ (length, secondary beam) 

lmb – ɩɪɨɥɟɬ ɝɥɚɜɧɨɣ ɛɚɥɤɢ (length, main beam) 

zb – ɩɥɟɱɨ ɜɧɭɬɪɟɧɧɟɣ ɩɚɪɵ ɫɢɥ 
Аs – ɩɥɨɳɚɞɶ ɫɬɚɥɶɧɨɣ ɚɪɦɚɬɭɪɵ (area, steel) 

b – ɲɢɪɢɧɚ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɢɥɢ ɪɟɛɪɚ ɬɚɜɪɨɜɨɝɨ ɢ  ɞɜɭ-
ɬɚɜɪɨɜɨɝɨ ɫɟɱɟɧɢɣ 

h0, 0h′  – ɪɚɛɨɱɚɹ ɜɵɫɨɬɚ ɧɨɪɦɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ, ɪɚɜɧɚɹ  
h0 = h – ɚ,   

0h′= h – a′ 
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μ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɪɦɢɪɨɜɚɧɢɹ (μ = Аs / Аb) 

d – ɞɢɚɦɟɬɪ ɚɪɦɚɬɭɪɧɵɯ ɫɬɟɪɠɧɟɣ 

acrc – ɲɢɪɢɧɚ ɪɚɫɤɪɵɬɢɹ ɬɪɟɳɢɧ 

ϕl – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɥɢɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɹ ɧɚɝɪɭɡɤɢ 

lstb – ɩɪɨɥɟɬ ɪɢɝɟɥɹ (stb – straining beam – ɪɢɝɟɥɶ) 



ʞʟʗʚʝʕʔʜʗʔ	1	

ʤ˃˓˃ˍ˕ˈ˓ˋ˔˕ˋˍˋ	ˏ˃˕ˈ˓ˋ˃ˎˑ˅	
Ɍɚɛɥɢɰɚ ɉ1.1 

Ɋɚɫɱɟɬɧɵɟ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ ɚɪɦɚɬɭɪɵ 

(ɫɨɪɬɚɦɟɧɬ ɝɨɪɹɱɟɤɚɬɚɧɨɣ ɫɬɟɪɠɧɟɜɨɣ ɚɪɦɚɬɭɪɵ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ, ɨɛɵɤɧɨɜɟɧɧɨɣ  

ɢ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɚɪɦɚɬɭɪɧɨɣ ɩɪɨɜɨɥɨɤɢ) 

Ⱦɢɚ-
ɦɟɬɪ, 
ɦɦ 

Ɋɚɫɱɟɬɧɵɟ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ, ɫɦ2
,  

ɩɪɢ ɱɢɫɥɟ ɫɬɟɪɠɧɟɣ 

Ɇɚɫ-
ɫɚ, 
ɤɝ/ɦ 

ɋɨɪɬɚɦɟɧɬ ɝɨɪɹɱɟɤɚɬɚɧɨɣ ɚɪɦɚɬɭ-

ɪɵ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ  
ɢɡ ɫɬɚɥɢ ɤɥɚɫɫɨɜ 

ɋɨɪɬɚɦɟɧɬ 
ɚɪɦɚɬɭɪɧɨɣ 

ɩɪɨɜɨɥɨɤɢ 

1 2 3 4 5 6 7 8 9 10 Ⱥ240

Ⱥ-I 

Ⱥ400

(A-III)

Ⱥ500

(A-IV)

Ⱥ600

(A-V)

Ⱥ800

(A-VI)

Ⱥ1000

(Aɬ-VI)

ȼɪ500

(Bp-I)

ȼɪ1200
*
 

(Bp-II) 

3 0,071 0,14 0,21 0,28 0,35 0,42 0,49 0,57 0,64 0,71 0,052 - - - - - - ɏ ɏ 

4 0,126 0,25 0,38 0,50 0,63 0,76 0,88 1,01 1,13 1,26 0,092 - - - - - - ɏ ɏ 

                    

5 0,196 0,39 0,59 0,79 0,98 1,18 1,37 1,57 1,77 1,96 0,144 - - - - - - ɏ ɏ 

6 0,283 0,57 0,85 1,13 1,42 1,70 1,98 2,26 2,55 2,83 0,222 ɏ ɏ - - - - - ɏ 

                    

7 0,385 0,77 1,15 1,54 1,92 2,31 2,69 3,08 3,46 3,85 0,302 - - - - - - - ɏ 

8 0,503 1,01 1,51 2,01 2,51 3,02 3,52 4,02 4,53 5,03 0,395 ɏ ɏ - - - - - ɏ 

                    

10 0,785 1,57 2,36 3,14 3,93 4,71 5,50 6,28 7,07 7,85 0,617 ɏ ɏ ɏ ɏ ɏ ɏ - - 

12 1,131 2,26 3,39 4,52 5,65 6,79 7,92 9,05 10,18 11,3 0,888 ɏ ɏ ɏ ɏ ɏ ɏ - - 

                    

14 1,539 3,08 4,62 6,16 7,69 9,23 10,77 12,31 13,85 15,4 1,208 ɏ ɏ ɏ ɏ ɏ ɏ - - 

16 2,011 4,02 6,03 8,04 10,05 12,06 24,07 16,08 18,10 20,1 1,578 ɏ ɏ ɏ ɏ - - - - 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥ. ɉ1.1 

Ⱦɢɚ-
ɦɟɬɪ, 
ɦɦ 

Ɋɚɫɱɟɬɧɵɟ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ, ɫɦ2
,  

ɩɪɢ ɱɢɫɥɟ ɫɬɟɪɠɧɟɣ 

Ɇɚɫ-
ɫɚ, 
ɤɝ/ɦ 

ɋɨɪɬɚɦɟɧɬ ɝɨɪɹɱɟɤɚɬɚɧɨɣ ɚɪɦɚɬɭ-

ɪɵ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ  
ɢɡ ɫɬɚɥɢ ɤɥɚɫɫɨɜ 

ɋɨɪɬɚɦɟɧɬ 
ɚɪɦɚɬɭɪɧɨɣ 

ɩɪɨɜɨɥɨɤɢ 

1 2 3 4 5 6 7 8 9 10 Ⱥ240

Ⱥ-I 

Ⱥ400

(A-III)

Ⱥ500

(A-IV)

Ⱥ600

(A-V)

Ⱥ800

(A-VI)

Ⱥ1000

(Aɬ-VI)

ȼɪ500

(Bp-I)

ȼɪ1200
*
 

(Bp-II) 

18 2,545 5,09 7,63 10,18 12,72 15,27 17,81 20,36 22,90 25,4 1,998 ɏ ɏ ɏ ɏ - - - - 

20 3,142 6,28 9,41 12,56 15,71 18,85 21,99 25,14 28,28 31,4 2,466 ɏ ɏ - ɏ - - - - 

                    

22 3,801 7,60 11,4 15,20 19,00 22,81 26,61 30,41 34,21 38,0 2,984 ɏ ɏ - ɏ - - - - 

25 4,909 9,82 14,73 19,63 24,54 29,45 34,36 39,27 44,13 49,1 3,853 ɏ ɏ - - - - - - 

                    

28 6,158 12,32 18,47 24,63 30,79 36,95 43,10 49,26 55,42 61,6 4,834 ɏ ɏ - - - - - - 

32 8,042 16,08 24,13 32,17 40,21 48,25 56,30 64,34 72,38 80,4 6,313 ɏ ɏ - - - - - - 

                    

36 10,18 20,36 30,54 40,72 50,90 61,08 71,26 81,44 91,62 101,8 7,990 ɏ ɏ - - - - - - 

40 12,56 25,12 37,68 50,24 62,8 75,36 87,92 100,5 113,04 125,6 9,870 ɏ ɏ - -   - - 
 

* Ⱦɥɹ ɚɪɦɚɬɭɪɵ ȼɪ1400 – ∅ 4, 5, 6 ɦɦ; ȼɪ1500 – ∅ 3ɦɦ; ȼɪ1600 – ∅ 3–5 ɦɦ. 
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    Ɍɚɛɥɢɰɚ ɉ1.2 

Ⱦɚɧɧɵɟ ɩɨ ɚɪɦɚɬɭɪɟ 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɚɪɦɚɬɭɪɵ,
ȽɈɋɌ ɧɚ ɫɨɪɬɚɦɟɧɬ 

Ʉɥɚɫɫ
ɚɪɦɚɬɭɪɵ 

ɇɨɦɢɧɚɥɶɧɵɟ ɞɢɚɦɟɬɪɵ, ɦɦ, ɫɬɟɪɠɧɟɣ 
ɚɪɦɚɬɭɪɵ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ, ɜɵɩɭɫɤɚɟɦɵɟ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ

ɉɪɢɦɟɪ 
ɭɫɥɨɜɧɨɝɨ 
ɨɛɨɡɧɚɱɟɧɢɹ 

ɋɬɟɪɠɧɟɜɚɹ ɝɨɪɹɱɟɤɚɬɚɧɚɹ ɚɪɦɚɬɭɪɚ,
ɝɥɚɞɤɚɹ, ȽɈɋɌ 5781-82* Ⱥ240 6,8,10,12,14,16,18,20,22,25,28,32,36,40 3Ø12A240 
ɋɬɟɪɠɧɟɜɚɹ ɝɨɪɹɱɟɤɚɬɚɧɚɹ ɚɪɦɚɬɭɪɚ 
ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ, 
ȽɈɋɌ 5781-82* 

Ⱥ400
Ⱥ500 
Ⱥ600 
Ⱥ800 
Ⱥ1000

6,8,10,12,14,16,18,20,22,25,28,32,36,40
10,12,14,16,18,20,22,25,28,32 
10,12,14,16,18,20,22,25,28,32,36,40 
10,12,14,16,18,20,22,25,28,32 
10,12,14,16,18,20,22,25,28,32

4Ø20A400 
3Ø28A500 
5Ø22A600 
6Ø25A800 
4Ø32A1000 

ɋɬɟɪɠɧɟɜɚɹ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢ ɢ ɬɟɪɦɢ-
ɱɟɫɤɢ ɭɩɪɨɱɧɟɧɧɚɹ ɚɪɦɚɬɭɪɚ ɩɟɪɢɨɞɢɱɟ-
ɫɤɨɝɨ ɩɪɨɮɢɥɹ, 
ȽɈɋɌ 10884-94 

Ⱥɬ400
Ⱥɬ500 
Ⱥɬ600 
Ⱥɬ800 
Ⱥɬ1000

6,8,10,12,14,16,18,20,22,25,28,32,36,40
10,12,14,16,18,20,22,25,28,32 
10,12,14,16,18,20,22,25,28,32,36,40 
10,12,14,16,18,20,22,25,28,32 
10,12,14,16,18,20,22,25,28,32

4Ø20Aɬ400 
3Ø28Aɬ500 
5Ø22Aɬ600 
6Ø25Aɬ800 
4Ø32Aɬ1000 

ɉɪɨɜɨɥɨɤɚ ɨɛɵɤɧɨ-
ɜɟɧɧɚɹ ɯɨɥɨɞɧɨɬɹɧɭɬɚɹ,  
ȽɈɋɌ 6727-80

Ƚɥɚɞɤɚɹ
ɉɟɪɢɨɞɢɱɟɫɤɨɝɨ 
ɩɪɨɮɢɥɹ

ȼ500
 

ȼɪ500

3,4,5
 
3,4,5

10Ø4 ȼ500 
 

8Ø5 ȼɪ500 
ɉɪɨɜɨɥɨɤɚ ɜɵɫɨɤɨ-
ɩɪɨɱɧɚɹ 
ɯɨɥɨɞɧɨɬɹɧɭɬɚɹ,  
ȽɈɋɌ 7348-81

ɉɟɪɢɨɞɢɱɟɫɤɨɝɨ 
ɩɪɨɮɢɥɹ 

ȼɪ1200
ȼɪ1400 
ȼɪ1500 
ȼɪ1600

8
4,5,6 
3 
3,4,5

12Ø8 ȼɪ1200 
18Ø5 ȼɪ1400 
16Ø3 ȼɪ1500 
24Ø5 ȼɪ1600 

Ʉɚɧɚɬɵ ɚɪɦɚɬɭɪɧɵɟ (Ʉ7), ȽɈɋɌ 13840 Ʉ1500
Ʉ1400

6,9,12
15

8Ø9 Ʉ1500 
6Ø15 Ʉ1400 

Ʉɚɧɚɬɵ ɚɪɦɚɬɭɪɧɵɟ (Ʉ19), Ɍɍ 14-4-22-71 Ʉ1400 14 4Ø14 Ʉ1400 

 



Ɍɚɛɥɢɰɚ ɉ1.3 

Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɟɬɨɧɚ 
(ɢɡɜɥɟɱɟɧɢɹ ɢɡ ɬɚɛɥɢɰ 6.7, 6.8 ɢ 6.11 [9]) 

Ʉɥɚɫɫ 
ɛɟɬɨɧɚ 

ɇɨɪɦɚɬɢɜɧɵɟ  
ɫɨɩɪɨɬɢɜɥɟɧɢɹ  

ɬɹɠɟɥɨɝɨ ɛɟɬɨɧɚ, Ɇɉɚ 

Ɋɚɫɱɟɬɧɵɟ  
ɫɨɩɪɨɬɢɜɥɟɧɢɹ  

ɬɹɠɟɥɨɝɨ ɛɟɬɨɧɚ, Ɇɉɚ

ɇɚɱɚɥɶɧɵɣ  

ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ, 

Ɇɉɚ 
Rb.n , Rb.ser Rbt.n , Rbt.ser Rb Rbt Eb 

ȼ12,5 9,5 1,00 7,5 0,66 21500 

ȼ15 11 1,10 8,5 0,75 24000 

ȼ20 15 1,35 11,5 0,90 27500 

ȼ25 18,5 1,55 14,5 1,05 30000 

ȼ30 22 1,75 17,0 1,15 32500 

ȼ35 25,5 1,95 19,5 1,30 34500 

ȼ40 29 2,10 22 1,40 36000 

ȼ45 32 2,25 25 1,50 37000 

ȼ50 36 2,45 27,5 1,60 38000 

ȼ55 39,5 2,60 30 1,70 39000 

ȼ60 43 2,75 33 1,80 39500 

 

Ɍɚɛɥɢɰɚ ɉ1.4 

Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɪɦɚɬɭɪɵ 

(ɢɡɜɥɟɱɟɧɢɹ ɢɡ ɬɚɛɥɢɰ 6.13, 6.14 ɢ ɩ. 6.2.12 [9]) 

Ʉɥɚɫɫ 
ɚɪɦɚɬɭɪɵ 

ɇɨɦɢɧɚɥɶ-
ɧɵɣ  

ɞɢɚɦɟɬɪ  
ɚɪɦɚɬɭɪɵ, 

ɦɦ 

ɇɨɪɦɚɬɢɜɧɨɟ
ɫɨɩɪɨɬɢɜɥɟɧɢɟ
ɪɚɫɬɹɠɟɧɢɸ 

ɚɪɦɚɬɭɪɵ, 

Ɇɉɚ 

Ɋɚɫɱɟɬɧɨɟ 
ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɟ 

ɪɚɫɬɹɠɟɧɢɸ
ɚɪɦɚɬɭɪɵ, 

Ɇɉɚ 

Ɋɚɫɱɟɬɧɨɟ 
ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɟ 

ɩɨɩɟɪɟɱɧɨɣ 

ɚɪɦɚɬɭɪɵ, 

Ɇɉɚ 

Ɇɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ
ɚɪɦɚɬɭɪɵ,

Ɇɉɚ 

Rs.n , Rs.ser Rs Rsc Rsw Es

Ⱥ240 6–40 240 210 210 170  

 

 

 

200000 

Ⱥ400 6–40 400 350 350 280 

Ⱥ500 10–40 500 435 435 300 

Ⱥ600 10–40 600 520 470 – 

Ⱥ800 10–32 800 695 500 – 

Ⱥ1000 10–32 1000 870 500 – 

ȼ500 3–16 500 435 415 300 

ȼɪ500 3–5 500 415 390 – 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥ. ɉ1.4 

Ʉɥɚɫɫ 
ɚɪɦɚɬɭɪɵ 

ɇɨɦɢɧɚɥɶ-
ɧɵɣ  

ɞɢɚɦɟɬɪ 
ɚɪɦɚɬɭɪɵ, 

ɦɦ 

ɇɨɪɦɚɬɢɜɧɨɟ
ɫɨɩɪɨɬɢɜɥɟɧɢɟ
ɪɚɫɬɹɠɟɧɢɸ 

ɚɪɦɚɬɭɪɵ, 

Ɇɉɚ 

Ɋɚɫɱɟɬɧɨɟ 
ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɟ 

ɪɚɫɬɹɠɟɧɢɸ
ɚɪɦɚɬɭɪɵ, 

Ɇɉɚ 

Ɋɚɫɱɟɬɧɨɟ 
ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɟ 

ɩɨɩɟɪɟɱɧɨɣ 

ɚɪɦɚɬɭɪɵ, 

Ɇɉɚ 

Ɇɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ
ɚɪɦɚɬɭɪɵ,

Ɇɉɚ 

Rs.n , Rs.ser Rs Rsc Rsw Es

ȼɪ1200 8 1200 1050  

 

 

500 

–  

ȼɪ1400 4,5,6 1400 1215 – 

ȼɪ1500 3 1500 1300 – 

ȼɪ1600 3–5 1600 1390 – 

Ʉ1400 15 1400 1215 – 

195000 
Ʉ1500 6–18 1500 1300 – 

Ʉ1600 6, 9, 12, 15 1600 1390 – 

Ʉ1700 6–9 1700 1475 – 



ʝ˄˓˃
˔
˃ˊˈ˙	˅˞
˔˄ˑ˓ːˑ

˞˒ˑˎːˈ
ˑˌ	ˉˈˎˈ

ˈːˋˢ	˓˃
ˈˊˑ˄ˈ˕ˑ

˃˄ˑ˚ˈˆ
ˑːːˑˌ	

ʞʟʗʚ

ˑ	˚ˈ˓˕ˈ
˄˃ˎˍˋ	

ʚʝʕʔʜ

ˈˉ˃	

ʜʗʔ	2	
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Ʉɪ
ɧɨɜ ɫɪɟ
ɫɭɧɤɟ ɉ

Ʉɨ
ɝɪɭɡɤɢ) 

[3, ɩ. 9.

ɇɨ
ɤɢ ɪɚɜɧ
ɞɚɟɬɫɹ 
ɦɟɠɞɭ ɜ

ɉɨ
ɤɪɚɬɤɨɜ
ɤɪɚɧɚ, ɭ

ȼɟ
ɧɚɢɛɨɥɟ
ɧɚ ɤɨɷɮ
ɧɨɦ ɫɬɜ
ɝɨɩɪɢɹɬ
ɫɨɱɟɬɚɧ

Ƚɨ
ɛɥɚɝɨɩɪ
ɤɪɚɧɨɜɨ
ɷɮɮɢɰɢ

 

ʤ˃
ˇ

ɪɚɧɨɜɵɟ 
ɟɞɧɟɝɨ ɪ
ɉ3.1. 

ɨɷɮɮɢɰɢ
ɞɥɹ ɤɪɚ

8]. 

ɨɪɦɚɬɢɜɧ
ɧɚ 0,05 ɫɭ
ɧɚ ɨɞɧɭ
ɜɫɟɦɢ ɨɩ
ɨɥɧɚɹ ɜɟ
ɜɪɟɦɟɧɧɵ
ɭɦɧɨɠɟɧ
ɟɪɬɢɤɚɥɶ
ɟɟ ɧɟɛɥɚ
ɮɮɢɰɢɟɧ
ɜɨɪɟ ɤɪɚ
ɬɧɵɯ ɩɨ 
ɧɢɣ γɫ = 

ɨɪɢɡɨɧɬɚ
ɪɢɹɬɧɵɯ
ɨɦ ɩɭɬɢ 

ɢɟɧɬ ɫɨɱɟ

Ɋɢɫ. ɉ

˃˓˃ˍ˕ˈ˓
ˇˎˢ	˓ˈˉ

ɧɚɝɪɭɡɤ
ɪɟɠɢɦɚ ɪ

ɢɟɧɬ ɧɚɞ
ɚɧɨɜɵɯ ɧ

ɧɚɹ ɝɨɪɢ
ɭɦɦɵ ɝɪ
ɭ ɛɚɥɤɭ 
ɩɢɪɚɸɳɢ
ɟɥɢɱɢɧɚ 
ɵɯ; ɤ ɞ
ɧɧɵɟ ɧɚ 
ɶɧɚɹ ɧɚɝɪ
ɚɝɨɩɪɢɹɬ
ɧɬ ɫɨɱɟɬɚ
ɚɧɨɜ ɪɚɡɧ
ɜɨɡɞɟɣɫ
0,7. 

ɚɥɶɧɚɹ ɧ
 ɩɨ ɜɨɡɞ
ɢɥɢ ɧɚ 
ɟɬɚɧɢɣ γ

ɉ3.1. Ƚɚɛ

˓ˋ˔˕ˋˍ
ˉˋˏˑ˅	

ɤɢ ɢ ɝɚɛɚ
ɪɚɛɨɬɵ ɩ

ɞɟɠɧɨɫɬɢ
ɧɚɝɪɭɡɨɤ

ɢɡɨɧɬɚɥɶ
ɪɭɡɨɩɨɞɴ
ɤɪɚɧɨɜɨ
ɢɦɢɫɹ ɧɚ
ɤɪɚɧɨɜ
ɞɥɢɬɟɥɶɧ
ɤɨɷɮɮɢɰ
ɪɭɡɤɚ ɩɪ
ɬɧɵɯ ɩɨ 
ɚɧɢɣ γɫ =
ɧɵɯ ɩɪɨ
ɫɬɜɢɸ ɤɪ

ɧɚɝɪɭɡɤɚ 
ɞɟɣɫɬɜɢɸ
ɪɚɡɧɵɯ 
γɫ = 0,85

ɚɪɢɬɵ ɦɨ

ˍˋ	ˏˑ˔˕
	˓˃˄ˑ˕˞

ɚɪɢɬɵ ɦ
ɩɪɢɜɟɞɟ

ɢ ɩɨ ɧɚɝ
ɤ ɪɚɜɟɧ 1

ɶɧɚɹ ɧɚɝ
ɴɟɦɧɨɫɬɢ
ɨɝɨ ɩɭɬɢ
ɚ ɧɟɟ ɤɨɥ
ɨɣ ɧɚɝɪ
ɧɵɦ ɨɬɧ
ɰɢɟɧɬ 0,

ɪɢɧɢɦɚɟ
ɜɨɡɞɟɣɫ

= 0,85, ɚ
ɨɥɟɬɨɜ –
ɪɚɧɨɜ ɫ ɭ

ɩɪɢɧɢɦ
ɸ ɤɪɚɧɨ
ɩɭɬɹɯ ɜ
. 

ɨɫɬɨɜɵɯ ɷɥ

˕ˑ˅˞˘	ˍ
˞	4ʙ,	5

ɦɨɫɬɨɜɵɯ
ɟɧɵ ɜ ɬɚ

ɝɪɭɡɤɟ γf

1,2 ɞɥɹ ɜ

ɝɪɭɡɤɚ ɨɬ
ɢ ɤɪɚɧɚ ɢ
ɢ ɢ ɪɚɫɩ
ɥɟɫɚɦɢ ɤ
ɭɡɤɢ ɨɬ
ɧɨɫɹɬɫɹ 
5 (ɫɪɟɞɧ
ɬɫɹ ɧɚ ɤ
ɫɬɜɢɸ ɤɪ
ɚ ɩɪɢ ɭɱɟ
ɨɬ ɱɟɬɵ
ɭɦɧɨɠɟɧ

ɦɚɟɬɫɹ ɨ
ɨɜ, ɪɚɫɩɨ
ɜ ɨɞɧɨɦ 

ɥɟɤɬɪɢɱɟ

ʞʟʗʚ

ˍ˓˃ːˑ˅
5ʙ,	6ʙ

ɯ ɷɥɟɤɬɪ
ɚɛɥɢɰɟ ɉ

f (ɤɨɷɮɮ
ɜɫɟɯ ɪɟɠ

ɬ ɬɨɪɦɨɠ
ɢ ɜɟɫɚ ɬɟ
ɩɪɟɞɟɥɹɟ
ɤɪɚɧɚ. 
ɧɨɫɢɬɫɹ 
ɧɚɝɪɭɡɤ
ɧɢɣ ɪɟɠɢ
ɤɚɠɞɨɦ ɩ
ɪɚɧɨɜ ɫ 
ɟɬɟ ɫɨɜɦ
ɵɪɟɯ ɧɚɢ
ɧɢɟɦ ɧɚ ɤ

ɨɬ ɞɜɭɯ 
ɨɥɨɠɟɧɧ
ɫɬɜɨɪɟ, 

ɫɤɢɯ ɤɪɚɧ

ʚʝʕʔʜ

˅	

ɪɢɱɟɫɤɢɯ
ɉ3.1 ɢ ɧ

ɮɢɰɢɟɧɬ 
ɠɢɦɨɜ ɪɚ

ɠɟɧɢɹ ɬ
ɟɥɟɠɤɢ, 

ɟɬɫɹ ɩɨɪ

 ɤ ɤɚɬɟɝ
ɤɢ ɨɬ ɨɞ
ɢɦ ɪɚɛɨɬ
ɩɭɬɢ ɨɬ 
ɭɦɧɨɠɟ
ɦɟɳɟɧɢɹ 
ɢɛɨɥɟɟ ɧ
ɤɨɷɮɮɢɰ

ɧɚɢɛɨɥɟ
ɧɵɯ ɧɚ ɨ
ɩɪɢ ɷɬɨ

 

ɧɨɜ

ʜʗʔ	3	

ɯ ɤɪɚ-
ɧɚ ɪɢ-

ɩɟɪɟ-
ɚɛɨɬɵ 

ɟɥɟɠ-

ɩɟɪɟ- 
ɪɨɜɧɭ 

ɝɨɪɢɢ 

ɞɧɨɝɨ 

ɬɵ). 

ɞɜɭɯ-
ɟɧɢɟɦ 

ɜ ɨɞ-
ɧɟɛɥɚ-
ɰɢɟɧɬ 

ɟɟ ɧɟ-
ɨɞɧɨɦ 

ɨɦ ɤɨ-



 

     Ɍɚɛɥɢɰɚ ɉ3.1 

ɇɚɝɪɭɡɤɢ ɢ ɝɚɛɚɪɢɬɵ ɦɨɫɬɨɜɵɯ ɤɪɚɧɨɜ ɫɪɟɞɧɟɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 

Ƚɪɭɡɨ-
ɩɨɞɴɟɦɧɨɫɬɶ 
ɤɪɚɧɚ Q, 

ɬ (ɤɇ) 

ɉɪɨɥɟɬ 
ɡɞɚɧɢɹ 

L, ɦ 

ɉɪɨɥɟɬ 
ɤɪɚɧɚ 
Lɫ , ɦ 

Ɉɫɧɨɜɧɵɟ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, 

ɦɦ 

ɇɨɪɦɚɬɢɜɧɨɟ 
ɞɚɜɥɟɧɢɟ ɤɨɥɟɫɚ 
ɧɚ ɩɨɞɤɪɚɧɨɜɵɣ 

ɪɟɥɶɫ ɪɤ, ɤɇ 

Ɇɚɫɫɚ, ɬ 

ɲɢɪɢɧɚ 
ɤɪɚɧɚ Bc 

ɛɚɡɚ  
ɤɪɚɧɚ Аɫ 

ɜɵɫɨɬɚ 
ɤɪɚɧɚ ɇɫ 

ɬɟɥɟɠɤɢ
Gct 

ɤɪɚɧɚ  
ɫ ɬɟɥɟɠɤɨɣ Gc 

15/3 

(147/29) 

12 

15 

18 

24 

30 

11 

14 

17 

23 

29 

5600 

5600 

5600 

5600 

6200 

4400 

4400 

4400 

4400 

5000 

2300 

2300 

2300 

2300 

2300 

152 

162 

172 

186 

216 

7,0 

7,0 

7,0 

7,0 

7,0 

22,5 

24,5 

26,5 

34,0 

43,5 

16/3,2 

(157/31) 

ɦɨɞɟɪɧɢɡɢ-

ɪɨɜɚɧɧɵɟ 

12 

15 

18 

24 

30 

10,5 

13,5 

16,5 

22,5 

28,5 

5600 

5600 

5600 

5600 

6200 

4400 

4400 

4400 

4400 

5000 

2300 

2300 

2300 

2300 

2300 

141 

144 

154 

161 

181 

6,0 

6,0 

6,0 

6,0 

6,0 

18,2 

19,5 

21,5 

26,0 

34,2 

20/5 

(196/49) 

12 

15 

18 

24 

30 

10,5 

13,5 

16,5 

22,5 

28,5 

5600 

5600 

5600 

5600 

6200 

4400 

4400 

4400 

4400 

5000 

2400 

2400 

2400 

2400 

2400 

172 

181 

191 

216 

250 

8,5 

8,5 

8,5 

8,5 

8,5 

23,5 

25,5 

28,5 

36,0 

46,5 

20/5 

(196/49) 

ɦɨɞɟɪɧɢɡɢ-

ɪɨɜɚɧɧɵɟ 

12 

15 

18 

24 

30 

10,5 

13,5 

16,5 

22,5 

28,5 

5600 

5600 

5600 

5600 

6200 

4400 

4400 

4400 

4400 

5000 

2400 

2400 

2400 

2400 

2400 

168 

175 

184 

191 

230 

7,0 

7,0 

7,0 

7,0 

7,0 

19,1 

20,5 

22,5 

27,5 

38,5 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥ. ɉ3.1 

Ƚɪɭɡɨ-
ɩɨɞɴɟɦɧɨɫɬɶ 
ɤɪɚɧɚ Q, 

ɬ (ɤɇ) 

ɉɪɨɥɟɬ 
ɡɞɚɧɢɹ 

L, ɦ 

ɉɪɨɥɟɬ 
ɤɪɚɧɚ 
Lɫ , ɦ 

Ɉɫɧɨɜɧɵɟ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, 

ɦɦ 

ɇɨɪɦɚɬɢɜɧɨɟ 
ɞɚɜɥɟɧɢɟ ɤɨɥɟɫɚ 
ɧɚ ɩɨɞɤɪɚɧɨɜɵɣ 

ɪɟɥɶɫ ɪɤ, ɤɇ 

Ɇɚɫɫɚ, ɬ 

ɲɢɪɢɧɚ 
ɤɪɚɧɚ, Bc

ɛɚɡɚ  
ɤɪɚɧɚ, Аɫ

ɜɵɫɨɬɚ 
ɤɪɚɧɚ, ɇɫ

ɬɟɥɟɠɤɢ
Gct

ɤɪɚɧɚ  
ɫ ɬɟɥɟɠɤɨɣ Gc 

30/5 

(294/49) 

12 

15 

18 

24 

30 

10,5 

13,5 

16,5 

22,5 

28,5 

6300 

6300 

6300 

6300 

6300 

5100 

5100 

5100 

5100 

5100 

2750 

2750 

2750 

2750 

2750 

250 

265 

275 

309 

338 

12,0 

12,0 

12,0 

12,0 

12,0 

35,0 

39,0 

42,5 

52,0 

62,0 

32/5 

(314/49) 

ɦɨɞɟɪɧɢɡɢ-

ɪɨɜɚɧɧɵɟ 

12 

15 

18 

24 

30 

10,5 

13,5 

16,5 

22,5 

28,5 

6300 

6300 

6300 

6300 

6300 

6100 

6100 

6100 

6100 

6100 

2750 

2750 

2750 

2750 

2750 

221 

230 

255 

270 

299 

9,6 

9,6 

9,6 

9,6 

9.6 

27,2 

28,8 

30,5 

35,5 

45,2 
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ʙ	ˑ˒˓ˈˇˈˎˈːˋˡ	˓˃˔˚ˈ˕ː˞˘	˖˔ˋˎˋˌ	˅	ˠˎˈˏˈː˕˃˘	
˓˃ˏ˞	(˔˕ˑˌˍ˃˘)	ˑˇːˑˠ˕˃ˉːˑˆˑ	˒˓ˑˏ˞˛ˎˈːːˑˆˑ	ˊˇ˃ːˋˢ	

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɋɉ 20.13330.2011 [7] ɪɚɫɱɟɬ ɤɨɧɫɬɪɭɤɰɢɣ ɢ 

ɨɫɧɨɜɚɧɢɣ ɩɨ ɩɪɟɞɟɥɶɧɵɦ ɫɨɫɬɨɹɧɢɹɦ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɝɪɭɩɩ ɫɥɟ-
ɞɭɟɬ ɜɵɩɨɥɧɹɬɶ ɫ ɭɱɟɬɨɦ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɫɨɱɟɬɚɧɢɣ ɧɚɝɪɭɡɨɤ ɢɥɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɦ ɭɫɢɥɢɣ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩ. 6.2 [7] ɨɫɧɨɜɧɵɟ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɫɨ-
ɫɬɨɹɳɢɟ ɢɡ ɩɨɫɬɨɹɧɧɵɯ, ɞɥɢɬɟɥɶɧɵɯ ɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ: 

ɋm = Pd + (Ψl1Pl1 + Ψl2Pl2 + Ψl3 Pl3 + …) + 

         +(Ψt1Pt1 + Ψt2Pt2 + Ψt3Pt3+ …), 

ɝɞɟ ɋm – ɧɚɝɪɭɡɤɚ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ; 
Pd – ɩɨɫɬɨɹɧɧɵɟ ɧɚɝɪɭɡɤɢ; 

Pl – ɞɥɢɬɟɥɶɧɵɟ ɧɚɝɪɭɡɤɢ; 

Pt – ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɟ ɧɚɝɪɭɡɤɢ; 

Ψli (l =1, 2, 3, …) – ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɨɱɟɬɚɧɢɣ ɞɥɹ ɞɥɢɬɟɥɶɧɵɯ 
ɧɚɝɪɭɡɨɤ; 

Ψti(l = 1, 2, 3, …) – ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɨɱɟɬɚɧɢɣ ɞɥɹ ɤɪɚɬɤɨɜɪɟ-
ɦɟɧɧɵɯ ɧɚɝɪɭɡɨɤ. 

Ⱦɥɹ ɨɫɧɨɜɧɵɯ ɫɨɱɟɬɚɧɢɣ ɧɚɝɪɭɡɨɤ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɣ 

ɞɥɢɬɟɥɶɧɵɯ ɧɚɝɪɭɡɨɤ  Ψli  ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

Ψl1 = 1;   Ψl2 =  Ψl3 = … = 0,95; 

ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɣ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ ɧɚɝɪɭɡɨɤ –  

Ψt1 = 1;   Ψt2 = 0,9;  Ψt3 = Ψt4 = … = 0,7. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɢɥɢɣ ɜɵɩɨɥɧɢɦ ɞɥɹ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɫɨɱɟɬɚɧɢɣ 

ɧɚɝɪɭɡɨɤ: 1) ɩɪɢ ɭɱɟɬɟ ɩɨɫɬɨɹɧɧɵɯ, ɨɞɧɨɣ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ 

ɧɚɝɪɭɡɤɢ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫɨɱɟɬɚɧɢɣ Ψt1 = 1, ɨɞɧɨɣ ɞɥɢɬɟɥɶɧɨɣ ɫ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫɨɱɟɬɚɧɢɣ Ψl1 = 1; 2) ɩɪɢ ɭɱɟɬɟ ɩɨɫɬɨɹɧɧɵɯ, ɞɜɭɯ 



140 ɉɪɢɥɨɠɟɧɢɟ 4 

ɢɥɢ ɛɨɥɟɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ ɧɚɝɪɭɡɨɤ ɫ  Ψt1 = 1; Ψt2 = 0,9; Ψt3 = 0,7 ɢ 

ɞɥɢɬɟɥɶɧɵɯ ɫ  Ψl1 = 1; Ψl2 = 0,95. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɫɫɦɨɬɪɟɧɵ 

ɫɥɟɞɭɸɳɢɟ ɤɨɦɛɢɧɚɰɢɢ ɭɫɢɥɢɣ: 

I – ɧɚɢɛɨɥɶɲɢɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɦɨɦɟɧɬ Mmax ɢ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɚɹ ɟɦɭ ɩɪɨɞɨɥɶɧɚɹ ɫɢɥɚ Ncorr;  

II – ɧɚɢɛɨɥɶɲɢɣ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɦɨɦɟɧɬ Mmin ɢ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɚɹ ɟɦɭ ɩɪɨɞɨɥɶɧɚɹ ɫɢɥɚ Ncorr;  

III – ɧɚɢɛɨɥɶɲɚɹ ɩɪɨɞɨɥɶɧɚɹ ɫɢɥɚ Nmax ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɣ 

ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ Mcorr.  

ɍɫɢɥɢɹ ɜ ɫɟɱɟɧɢɹɯ ɤɨɥɨɧɧɵ (ɫɬɨɣɤɢ ɪɚɦɵ) ɦɨɝɭɬ ɛɵɬɶ ɜɵ-

ɩɨɥɧɟɧɵ ɜɪɭɱɧɭɸ ɥɸɛɵɦ ɢɡ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɨɜ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟ-
ɯɚɧɢɤɢ ɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦ ɪɚɫɱɟɬɚ ɧɚ ɗȼɆ. ȼ ɤɭɪɫɨ-
ɜɨɦ ɢɥɢ ɞɢɩɥɨɦɧɨɦ ɩɪɨɟɤɬɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ  ɭɱɟɛɧɚɹ 
ɩɪɨɝɪɚɦɦɚ ɊȺɆɉɈ. 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɭɫɢɥɢɣ ɜ ɫɟɱɟɧɢɹɯ ɤɨɥɨɧɧɵ (ɫɬɨɣɤɚɯ 
ɪɚɦɵ) ɫɥɟɞɭɟɬ ɡɚɩɢɫɚɬɶ ɜ ɬɚɛɥɢɰɭ (ɬɚɛɥ. ɉ4.1), ɝɞɟ ɩɪɢɜɟɞɟɧɵ ɡɧɚ-
ɱɟɧɢɹ ɭɫɢɥɢɣ ɨɬ ɤɚɠɞɨɝɨ ɜɢɞɚ ɧɚɝɪɭɠɟɧɢɹ. Ⱦɥɹ ɫɟɱɟɧɢɹ IV-IV ɭɫɢ-

ɥɢɹ ɩɪɢɜɟɞɟɧɵ ɤɚɤ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚɞɟɠɧɨɫɬɢ ɩɨ 
ɧɚɝɪɭɡɤɟ γf > 1, ɬɚɤ ɢ ɩɪɢ γf  = 1. ɉɨɫɥɟɞɧɢɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ 

ɩɭɬɟɦ ɞɟɥɟɧɢɹ ɜɵɱɢɫɥɟɧɧɵɯ ɪɚɧɟɟ ɭɫɢɥɢɣ (ɩɪɢ γf > 1) ɧɚ ɜɟɥɢɱɢɧɵ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ γf. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɭɫɢɥɢɣ ɜ ɷɥɟɦɟɧɬɚɯ ɪɚɦɵ ɨɬ ɜɨɡɦɨɠ-

ɧɵɯ ɫɨɱɟɬɚɧɢɣ ɧɚɝɪɭɡɨɤ ɬɪɟɛɭɟɬ ɛɨɥɶɲɨɝɨ ɜɧɢɦɚɧɢɹ ɩɪɨɟɤɬɢɪɨɜ-
ɳɢɤɚ, ɹɜɥɹɟɬɫɹ ɞɥɢɬɟɥɶɧɵɦ ɢ ɤɪɨɩɨɬɥɢɜɵɦ ɞɟɥɨɦ, ɧɟ ɢɫɤɥɸɱɚɸ-

ɳɢɦ ɜɨɡɦɨɠɧɨɫɬɶ ɨɲɢɛɤɢ. 

ɋ ɰɟɥɶɸ ɫɢɫɬɟɦɚɬɢɡɚɰɢɢ ɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɜɵɱɢɫɥɟɧɢɣ 

ɩɪɟɞɥɨɠɟɧɨ ɫɨɫɬɚɜɢɬɶ ɜɫɩɨɦɨɝɚɬɟɥɶɧɭɸ ɬɚɛɥɢɰɭ ɉ4.2. Ɍɚɛɥɢɰɭ 
ɫɨɫɬɚɜɢɬɶ ɤɚɤ ɞɥɹ ɩɟɪɜɨɝɨ, ɬɚɤ ɢ ɞɥɹ ɜɬɨɪɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ. 

Ɂɚɩɢɫɶ ɡɧɚɱɟɧɢɣ ɭɫɢɥɢɣ ɜɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɭɸ ɬɚɛɥɢɰɭ ɩɪɨɢɡ-
ɜɨɞɢɬɶ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 

– ɜ ɝɪɚɮɭ 1 ɡɚɩɢɫɚɬɶ ɧɨɦɟɪ ɫɨɱɟɬɚɧɢɹ (ɩɟɪɜɨɟ ɢɥɢ ɜɬɨɪɨɟ ɫɨ-
ɱɟɬɚɧɢɟ); 
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– ɜ ɝɪɚɮɭ 2 ɡɚɩɢɫɚɬɶ ɧɨɦɟɪ ɫeɱɟɧɢɹ ɜ ɫɬɨɣɤɟ (I-I, II-II, III-III, 
IV–IV ɩɪɢ γf = 1 ɢ  IV-IV ɩɪɢ γf = 1); 

– ɜ ɝɪɚɮɭ 3 ɡɚɩɢɫɚɬɶ ɧɨɦɟɪ ɤɨɦɛɢɧɚɰɢɢ ɧɚɝɪɭɡɨɤ (I, II, III); 
– ɜ ɝɪɚɮɭ 5 ɡɚɩɢɫɚɬɶ ɭɫɢɥɢɹ ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɧɚɝɪɭɡɨɤ; 
– ɜ ɫɬɪɨɤɭ «№» ɡɚɩɢɫɚɬɶ ɧɨɦɟɪɚ ɭɱɢɬɵɜɚɟɦɵɯ ɧɚɝɪɭɡɨɤ, ɬɳɚ-

ɬɟɥɶɧɨ ɪɚɧɠɢɪɭɹ ɢɯ ɩɨ ɡɧɚɱɢɦɨɫɬɢ ɜɥɢɹɧɢɹ ɧɚ ɨɩɪɟɞɟɥɹɟɦɭɸ ɜɟ-
ɥɢɱɢɧɭ (t1 ɢ l1-ɧɚɢɛɨɥɟɟ ɜɥɢɹɬɟɥɶɧɵɟ ɢ ɬ. ɞ.). ɇɚɩɪɢɦɟɪ 
1+2ɛ+4ɛ+8ɛ  (ɞɥɹ ɩɟɪɜɨɝɨ ɫɨɱɟɬɚɧɢɹ), 1+12+4ɛ+8ɛ (ɞɥɹ ɜɬɨɪɨɝɨ ɫɨ-
ɱɟɬɚɧɢɹ); 

! ɍɫɢɥɢɹ ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɧɚɝɪɭɡɨɤ ɭɱɢɬɵɜɚɸɬ ɜɨ 
ɜɫɟɯ ɫɨɱɟɬɚɧɢɹɯ ɢ ɜɨ ɜɫɟɯ ɤɨɦɛɢɧɚɰɢɹɯ. 

– ɜ ɝɪɚɮɵ 6–11 ɡɚɩɢɫɚɬɶ ɭɫɢɥɢɹ ɨɬ ɜɪɟɦɟɧɧɵɯ ɧɚɝɪɭɡɨɤ (ɤɪɚɬ-
ɤɨɜɪɟɦɟɧɧɵɯ ɢ ɞɥɢɬɟɥɶɧɵɯ), ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɦɟɪɨɦ, ɭɤɡɚɧɧɵɦ 
ɜ ɫɬɪɨɤɟ «№» (ɜ ɬɨɣ ɠɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ); 

– ɜɵɱɢɫɥɢɬɶ ɫɭɦɦɚɪɧɵɟ ɡɧɚɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɦɵɯ ɜɟɥɢɱɢɧ,  ɧɟ 
ɡɚɛɵɜ ɭɦɧɨɠɚɬɶ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɡɧɚɱɢɦɨɫɬɢ ɤɨɧɤɪɟɬɧɨɣ ɜɪɟɦɟɧɧɨɣ ɧɚɝɪɭɡɤɢ – Ψti  ɢɥɢ Ψli , ɡɧɚɱɟɧɢɹ 
ɤɨɬɨɪɵɯ ɭɤɚɡɚɧɵ ɜɜɟɪɯɭ ɬɚɛɥɢɰɵ. 

Ⱦɥɹ ɤɨɦɩɚɤɬɧɨɫɬɢ ɢ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ (ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 
ɚɧɚɥɢɡɚ) ɩɨɫɥɟ ɜɵɱɢɫɥɟɧɢɹ ɫɭɦɦɚɪɧɵɯ ɜɟɥɢɱɢɧ ɭɫɢɥɢɣ ɨɬ ɧɟɜɵ-
ɝɨɞɧɟɣɲɢɯ ɫɨɱɟɬɚɧɢɣ ɧɚɝɪɭɡɨɤ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɫɨɫɬɚɜɢɬɶ ɫɜɨɞɧɭɸ 
ɬɚɛɥɢɰɭ ɩɨ ɮɨɪɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɢɠɟ (ɬɚɛɥ. ɉ4.3). 

Ɍɚɛɥɢɰɚ ɉ4.1 

Ʉ ɨɩɪɟɞɟɥɟɧɢɸ ɭɫɢɥɢɣ ɨɬ ɧɟɜɵɝɨɞɧɟɣɲɢɯ ɫɨɱɟɬɚɧɢɣ ɧɚɝɪɭɡɨɤ  
ɋm = Pd + (Ψt1Pt1 + Ψt2Pt2 + Ψt3Pt3+ …) + (Ψl1Pl1 + Ψl2Pl2 + Ψl3 Pl3 + …)  

 ɉɨɫɬ. Ʉɪɚɬɤɨɜɪɟɦɟɧɧɵɟ Ⱦɥɢɬɟɥɶɧɵɟ  
ɂɬɨɝɨPd Ψt1Pt1 Ψl1Pl1 Ψl1Pl1 Ψl1Pl1 Ψt2Pt2 Ψt3Pt3 

Ψ 1 1 0,9 0,7 1 0,95 0,95 

1 2 3 4 5 6 7 8 9 10 11 12 

   №  

Ɇmax  * * * * * *  

Ncoor         

 № 

Ɇmin  * * * * * * 

Ncoor     

 № 

Ɇcoor  * * * * * * 

Nmax     
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥ. ɉ4.1 

 ɉɨɫɬ. Ʉɪɚɬɤɨɜɪɟɦɟɧɧɵɟ Ⱦɥɢɬɟɥɶɧɵɟ  

Pd Ψt1Pt1 Ψl1Pl1 Ψl1Pl1 Ψl1Pl1 Ψt2Pt2 Ψt3Pt3 Pd 

Ψ 1 1 0,9 0,7 1 0,95 0,95 

1 2 3 4 5 6 7 8 9 10 11 12 

   №  

Ɇmax  * * * * * *  

Ncoor         

 №  

Ɇmin  * * * * * *  

Ncoor         

 №  

Ɇcoor  * * * * * *  

Nmax         

  №  

Ɇmax  * * * * * *  

Ncoor         

 №  

Ɇmin  * * * * * *  

Ncoor         

 №  

Ɇcoor  * * * * * *  

Nmax         

  №  

Ɇmax  * * * * * *  

Ncoor         

Q         

 №  

Ɇmin  * * * * * *  

Ncoor         

Q         

 №  

Ɇcoor         

Nmax  * * * * * *  

Q         

  №  

Ɇmax  * * * * * *  

Ncoor         

Q         
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥ. ɉ3.1 

 ɉɨɫɬ. Ʉɪɚɬɤɨɜɪɟɦɟɧɧɵɟ Ⱦɥɢɬɟɥɶɧɵɟ  

ɂɬɨɝɨPd Ψt1Pt1 Ψl1Pl1 Ψl1Pl1 Ψl1Pl1 Ψt2Pt2 Ψt3Pt3 

Ψ 1 1 0,9 0,7 1 0,95 0,95 

1 2 3 4 5 6 7 8 9 10 11 12 

   №  

Ɇmin  * * * * * *  

Ncoor         

Q         

 №  

Ɇcoor         

Nmax  * * * * * *  

Q         

ȼɢɞɵ ɧɚɝɪɭɠɟɧɢɣ, ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɤɨɦɛɢ-

ɧɚɰɢɣ, ɭɤɚɡɚɬɶ ɜ ɥɨɝɢɱɟɫɤɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɟɣ 

ɡɧɚɱɢɦɨɫɬɶ ɞɚɧɧɨɣ ɧɚɝɪɭɡɤɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚɞ ɭɫɢɥɢɹɦɢ. 



Ɍɚɛɥɢɰɚ ɉ4.2 

ɉɪɢɦɟɪ ɡɚɩɢɫɢ ɜɵɱɢɫɥɟɧɧɵɯ ɜɟɥɢɱɢɧ ɭɫɢɥɢɣ ɩɪɢ ɞɟɣɫɬɜɢɢ 

ɧɚɝɪɭɡɨɤ 
ɋɟɱɟ-
ɧɢɟ ɤɨ-
ɥɨɧ-ɧɵ 

ȼɢɞ 

ɭɫɢ-

ɥɢɹ 

ȿɞɢ-

ɧɢɰɚ 
ɢɡɦɟ-
ɪɟɧɢɹ 

ȼɟɥɢɱɢɧɵ ɭɫɢɥɢɣ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚɝɪɭɡɨɤ
ɉɨɫɬɨɹɧɧɵɯ ɋɧɟɝɨɜɨɣ Ʉɪɚɧɨɜɵɯ 

G Psn Psn,l D Dl Pbr P

1 2ɚ 2ɛ 4ɚ 4ɛ 8ɚ 8

I–I 
M 

N 

ɤɇ·ɦ 

ɤɇ 

+42,3 

422,88 

+19,05

190,51

+13,34 

133,36 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0

0

II–II 
M 

N 

ɤɇ·ɦ 

ɤɇ 

–16,81 

570,29 

+15,48

190,51

+10,84 

133,36 

–149,56 

0,0 

–48,76 

0,0 

±21,49 

0,0 

±6

0

III–III 
M 

N 

ɤɇ·ɦ 

ɤɇ 

+17,16 

716,29 

-3,57 

190,51

–2,50 

133,36 

+179,04 

547,67 

+54,19 

171,58 

±21,49 

0,0 

±6

0

IV–IV 

ɩɪɢ  

γf >1 

M 

N 

Q 

ɤɇ·ɦ 

ɤɇ 

ɤɇ 

-8,31 

797,87 

–3,27 

–9,31 

190,51

–0,85 

–6,52 

133,36 

–0,60 

–61,32 

547,67 

–35,61 

–24,18 

171,58 

ɱ11,61 

±33,66 

0,0 

±8,17 

±10

0

±2

γf 1,1 1,4 1,4 1,1 1,1 1,1 1

IV–IV 

ɩɪɢ 

γf=1 

M 

N 

Q 

ɤɇ·ɦ 

ɤɇ 

ɤɇ 

–7,55 

725,34 

ɱ2,97 

–6,65 

136,08

–0,61 

–4,66 

95,26 

–0,43 

–55,75 

497,9 

ɱ32,37 

–21,98 

156,0 

–10,55 

±30,60 

0,0 

±7,43 

±8

0

±2
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Ɍɚɛɥɢɰɚ ɉ4.3 

ɉɪɢɦɟɪ ɡɚɩɢɫɢ ɜɵɱɢɫɥɟɧɧɵɯ ɜɟɥɢɱɢɧ ɭɫɢɥɢɣ ɨɬ ɫɨɱɟɬɚɧɢɹ 
ɧɚɝɪɭɡɨɤ 

ɋɟɱɟɧɢɟ 
ɤɨɥɨɧɧɵ 

ȼɢɞ 

ɭɫɢɥɢɹ 
ȿɞɢɧɢɰɚ 
ɢɡɦɟ-
ɪɟɧɢɹ 

ɉɟɪɜɨɟ ɫɨɱɟɬɚɧɢɟ  ȼɬɨɪɨɟ
Ʉɨɦɛɢɧɚɰɢɢ ɭɫɢɥɢɣ 

I (Mmax) II (Mmin) III (Nmax) I (Mmax) II (

I–I 

 

M 

N 

 

ɤɇ·ɦ 

ɤɇ 

1+2ɚ – 1+2ɚ – 

61,35 

613,39 

– 

– 

61,35 

613,39 
– 

II–II 

 

M 

N 

 

ɤɇ·ɦ 

ɤɇ 

1+11+2ɛ 1+4ɚ+8ɚ 1+2ɚ+4ɛ+8ɛ 1+2ɚ+11 1+4ɚ
32,94 

703,65 

–173,21 

570,29 

–56,22 

760,8 

36,03 

741,75 

–2

57

III–III 

 

M 

N 

 

ɤɇ·ɦ 

ɤɇ 

1+4ɚ+8ɚ 1+12+2ɛ 1+4ɚ+8ɚ+2ɛ 1+4ɚ+8ɚ+11 1+

217,69 

1263,96 

–53,57 

849,65 

215,19 

1397,32 

252,71 

1263,96 

–3

83

IV–IV 

ɩɪɢ  

γf >1 

 

M 

N 

Q 

 

ɤɇ·ɦ 

ɤɇ 

ɤɇ 

1+11 1+12+2ɛ 1+4ɚ+8ɚ+2ɛ 1+11 1+12+

207,33 

797,87 

33,34 

–211,29 

931,23 

–32,38 

–109,81 

1478,9 

–47,65 

207,33 

797,87 

33,34 

–2

14

-3

IV–IV 

ɩɪɢ  

γf =1 

 

M 

N 

Q 

 

ɤɇ·ɦ 

ɤɇ 

ɤɇ 

1+11 1+12+2ɛ 1+2ɛ +4ɚ+8ɚ 1+11 1+12+

146,48 

725,34 

23,18 

–147,88 

725,34 

–23,33 

–93,39 

1232,24 

–42,77 

146,48 

725,34 

23,21 

–1

72

–2
 
 

Ɍɚɛɥɢɰɚ ɉ4.4 

ȼɟɫ ɫɧɟɝɨɜɨɝɨ ɩɨɤɪɨɜɚ Sg ɧɚ 1 ɦ2  ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ  

ɡɟɦɥɢ [7, ɩɩ. 10.2; 10.4.3; 10.11] 

ɋɧɟɝɨɜɵɟ ɪɚɣɨɧɵ I II III IV V VI VII VIII 

Sg, ɤɉɚ 0,8 1,2 1,8 2,4 3,2 4,0 4,8 5,6 

ɇɨɪɦɚɬɢɜɧɵɟ  
ɡɧɚɱɟɧɢɹ, ɤɉɚ 

Sgn 0,56 0,84 1,26 1,68 2,24 2,80 3,36 3,92 

Sgl 0,39 0,59 0,88 1,18 1,57 1,96 2,35 2,74 

ɉɪɢɦɟɱɚɧɢɟ. Sgl – ɡɧɚɱɟɧɢɹ ɞɥɢɬɟɥɶɧɨɣ ɧɨɪɦɚɬɢɜɧɨɣ ɧɚɝɪɭɡɤɢ ɩɪɢɜɟ-
ɞɟɧɵ ɞɥɹ ɪɚɣɨɧɨɜ ɫɨ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɹɧɜɚɪɹ –5

0ɋ ɢ ɧɢɠɟ. 
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ɉɨɥɨɠɟɧɢɟ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨ ɤɚɪɬɟ 1. 

«Ɋɚɣɨɧɢɪɨɜɚɧɢɟ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɨ ɜɟɫɭ ɫɧɟɝɨ-
ɜɨɝɨ ɩɨɤɪɨɜɚ» [7, ɩɪɢɥ. ɀ]. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɩɨ ɪɚɡɦɟɳɟɧɢɸ ɧɟɤɨɬɨɪɵɯ ɝɨɪɨɞɨɜ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɨ ɪɚɣɨɧɚɦ: 

I ɪɚɣɨɧ: Ȼɥɚɝɨɜɟɳɟɧɫɤ, ɑɢɬɚ. 
II ɪɚɣɨɧ: Ⱥɛɚɤɚɧ, ȼɨɥɝɨɝɪɚɞ, ɂɪɤɭɬɫɤ, Ʉɵɡɵɥ, Ɇɚɯɚɱɤɚɥɚ, 

ɇɨɜɨɪɨɫɫɢɣɫɤ, ɉɹɬɢɝɨɪɫɤ. 
III ɪɚɣɨɧ: Ȼɟɥɝɨɪɨɞ, Ȼɪɚɬɫɤ, Ȼɪɹɧɫɤ, ȼɨɪɨɧɟɠ, ȿɤɚɬɟɪɢɧɛɭɪɝ, 

ɀɟɥɟɡɧɨɝɨɪɫɤ, Ʉɚɥɭɝɚ, Ʉɪɚɫɧɨɹɪɫɤ, Ʉɭɪɝɚɧ, Ʉɭɪɫɤ, Ʌɢɩɟɰɤ, 
Ɇɨɫɤɜɚ, Ɉɦɫɤ, Ɉɪɟɥ, ɉɟɧɡɚ, ɉɫɤɨɜ, Ɋɹɡɚɧɶ, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, ɋɚ-
ɪɚɧɫɤ, ɋɚɪɚɬɨɜ, ɋɦɨɥɟɧɫɤ, ɋɵɡɪɚɧɶ, Ɍɚɦɛɨɜ, Ɍɭɥɚ, Ɍɸɦɟɧɶ, ɑɟɥɹ-
ɛɢɧɫɤ; 

IV ɪɚɣɨɧ: Ⱥɪɯɚɧɝɟɥɶɫɤ, Ȼɚɪɧɚɭɥ, ȼɨɥɨɝɞɚ, ɂɜɚɧɨɜɨ, Ʉɚɡɚɧɶ, 
Ʉɟɦɟɪɨɜɨ, Ʉɨɫɬɪɨɦɚ, Ɇɚɝɧɢɬɨɝɨɪɫɤ, ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, ɇɨɜɨ-
ɫɢɛɢɪɫɤ, Ɉɪɟɧɛɭɪɝ, ɋɚɦɚɪɚ, Ɍɜɟɪɶ, Ɍɨɥɶɹɬɬɢ, Ɍɨɦɫɤ, ɍɥɶɹɧɨɜɫɤ, 
əɪɨɫɥɚɜɥɶ. 

V ɪɚɣɨɧ: ɂɠɟɜɫɤ, Ʉɢɪɨɜ, ɉɟɪɦɶ, ɋɚɥɟɯɚɪɞ, ɋɵɤɬɵɜɤɚɪ. 
VI ɪɚɣɨɧ: Ⱦɭɞɢɧɤɚ, ɂɝɚɪɤɚ. 
VII ɪɚɣɨɧ: ɉɟɬɪɨɩɚɜɥɨɜɫɤ-Ʉɚɦɱɚɬɫɤɢɣ. 

VIII ɪɚɣɨɧ: Ȼɟɥɨɝɨɪɫɤ, ɇɨɪɢɥɶɫɤ. 
Ɍɚɛɥɢɰɚ ɉ4.5 

ɇɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ W0 

[7, ɩɩ. 10.2; 10.4.3; 10.11]  

ȼɟɬɪɨɜɵɟ ɪɚɣɨɧɵ Ia I II III IV V VI VII 

W0, ɤɉɚ 0,17 0,23 0,30 0,38 0,48 0,60 0,73 0,85 

ɉɨɥɨɠɟɧɢɟ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨ ɤɚɪɬɟ 3 

«Ɋɚɣɨɧɢɪɨɜɚɧɢɟ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɨ ɞɚɜɥɟɧɢɸ 

ɜɟɬɪɚ» [7, ɩɪɢɥ. ɀ]. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɩɨ ɪɚɡɦɟɳɟɧɢɸ ɧɟɤɨɬɨɪɵɯ ɝɨɪɨɞɨɜ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɨ ɪɚɣɨɧɚɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɚɜɥɟɧɢɟ  
ɜɟɬɪɚ: 

Iɚ ɪɚɣɨɧ: Ȼɨɞɚɣɛɨ, Ʉɪɨɩɨɬɤɢɧ. 

I ɪɚɣɨɧ: Ȼɪɹɧɫɤ, ȼɨɥɨɝɞɚ, ȿɤɚɬɟɪɢɧɛɭɪɝ, ɂɜɚɧɨɜɨ, ɂɠɟɜɫɤ, 
Ʉɚɥɭɝɚ, Ʉɢɪɨɜ, Ʉɨɫɬɪɨɦɚ, Ɇɨɫɤɜɚ, ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, ɉɟɪɦɶ, 
ɉɫɤɨɜ, Ɋɹɡɚɧɶ, ɋɦɨɥɟɧɫɤ, Ɍɜɟɪɶ, Ɍɭɥɚ, Ɍɸɦɟɧɶ, əɪɨɫɥɚɜɥɶ. 
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II ɪɚɣɨɧ: Ⱥɪɯɚɧɝɟɥɶɫɤ, Ȼɥɚɝɨɜɟɳɟɧɫɤ, Ȼɪɚɬɫɤ, ȼɨɥɝɨɝɪɚɞ, ȼɨ-
ɪɨɧɟɠ, ɀɟɥɟɡɧɨɝɨɪɫɤ, ɂɝɚɪɤɚ, Ʉɚɡɚɧɶ, Ʉɭɪɝɚɧ, Ʉɭɪɫɤ, Ʌɢɩɟɰɤ, 
Ɇɚɝɧɢɬɨɝɨɪɫɤ, Ɉɦɫɤ, Ɉɪɟɥ, ɉɟɧɡɚ, ɋɚɪɚɧɫɤ, ɋɵɤɬɵɜɤɚɪ, Ɍɚɦɛɨɜ, 
ɍɥɶɹɧɨɜɫɤ, ɍɮɚ, ɑɟɥɹɛɢɧɫɤ, ɑɢɬɚ. 

III ɪɚɣɨɧ: Ⱥɛɚɤɚɧ, Ȼɚɪɧɚɭɥ, Ȼɟɥɝɨɪɨɞ, ɂɪɤɭɬɫɤ, Ʉɟɦɟɪɨɜɨ, 
Ʉɪɚɫɧɨɹɪɫɤ, Ʉɵɡɵɥ, ɇɨɜɨɫɢɛɢɪɫɤ, Ɉɪɟɧɛɭɪɝ, ɋɚɦɚɪɚ, ɋɵɡɪɚɧɶ, 
ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, ɋɚɪɚɬɨɜ, Ɍɨɥɶɹɬɬɢ, Ɍɨɦɫɤ. 

IV ɪɚɣɨɧ: Ⱦɭɞɢɧɤɚ, ɋɚɥɟɯɚɪɞ. 

VI ɪɚɣɨɧ: Ɇɚɝɚɞɚɧ. 

VII ɪɚɣɨɧ: ɑɭɤɨɬɫɤɢɣ ɩɨɥɭɨɫɬɪɨɜ. 
ɇɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɫɪɟɞɧɟɣ ɫɨɫɬɚɜɥɹɸɳɟɣ Wm ɜ ɡɚɜɢɫɢ-

ɦɨɫɬɢ ɨɬ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɜɵɫɨɬɵ ɡɞɚɧɢɹ Zɜ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɟɦɥɢ 

ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɩɨ ɮɨɪɦɭɥɟ 
Wm = W0 K(Zɜ)C, 

ɝɞɟ W0 – ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ; 

K(Zɜ) – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɜɟɬɪɨɜɨɝɨ ɞɚɜ-
ɥɟɧɢɹ ɢ ɡɚɜɢɫɹɳɢɣ ɨɬ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɜɵɫɨɬɵ ɡɞɚɧɢɹ Zɜ (ɬɚɛɥ. 
ɉ4.6). 

C – ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ [7, 

ɩɪɢɥ. Ⱦ]. 

ɗɤɜɢɜɚɥɟɧɬɧɚɹ ɜɵɫɨɬɚ Zɜ ɞɥɹ ɡɞɚɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸ-

ɳɢɦ ɨɛɪɚɡɨɦ: 

ɚ) ɩɪɢ  h ≤ d →  Zɜ =h; 

ɛ) ɩɪɢ  h <= 2d: 

ɞɥɹ z  ≥ h – d →  Zɜ =h; 

ɞɥɹ 0  <  z  ≥  h – d →  Zɜ = d; 

ɜ) ɩɪɢ  h > 2d: 

ɞɥɹ z  ≥ h – d →  Zɜ =h; 

ɞɥɹ d  <  z  < h – d →  Zɜ = Z; 

ɞɥɹ 0  <  z  ≤  d →  Zɜ = d, 

ɝɞɟ  z – ɜɵɫɨɬɚ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ; 
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d – ɪɚɡɦɟɪ ɡɞɚɧɢɹ (ɛɟɡ ɭɱɟɬɚ ɫɬɢɥɨɛɚɬɧɨɣ ɱɚɫɬɢ) ɜ ɧɚɩɪɚɜɥɟ-
ɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɪɚɫɱɟɬɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɜɟɬɪɚ (ɩɨɩɟɪɟɱ-
ɧɵɣ ɪɚɡɦɟɪ); 

h – ɜɵɫɨɬɚ ɡɞɚɧɢɹ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [7, ɩ. 11.1.12] ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ 

ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɟ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɪɚɜɧɵɦ 1,4. 

Ɍɚɛɥɢɰɚ ɉ4.6 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ K(Zɜ), ɭɱɢɬɵɜɚɸɳɟɝɨ ɢɡɦɟɧɟɧɢɟ ɜɟɬɪɨɜɨɝɨ 
ɞɚɜɥɟɧɢɹ ɞɥɹ ɜɵɫɨɬɵ Zɜ (ɢɡɜɥɟɱɟɧɢɟ ɢɡ ɬɚɛɥ. 11.2 [7])  

Ɍɢɩ ɦɟɫɬɧɨɫɬɢ ȼɵɫɨɬɚ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɟɦɥɢ Zɜ, ɦ 

≤ 5 10 20 40 60 80 100 

Ⱥ. Ɉɬɤɪɵɬɵɟ ɩɨɛɟɪɟɠɶɹ ɦɨ-
ɪɟɣ, ɨɡɟɪ ɢ ɜɨɞɨɯɪɚɧɢɥɢɳ, 

ɫɟɥɶɫɤɢɟ ɦɟɫɬɧɨɫɬɢ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɫ ɩɨɫɬɪɨɣɤɚɦɢ ɜɵɫɨɬɨɣ 

ɦɟɧɟɟ 10 ɦ, ɩɭɫɬɵɧɢ, ɫɬɟɩɢ, 

ɥɟɫɨɫɬɟɩɢ, ɬɭɧɞɪɚ 
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ȼ. Ƚɨɪɨɞɫɤɢɟ ɬɟɪɪɢɬɨɪɢɢ, 

ɥɟɫɧɵɟ ɦɚɫɫɢɜɵ ɢ ɞɪɭɝɢɟ 
ɦɟɫɬɧɨɫɬɢ, ɪɚɜɧɨɦɟɪɧɨ ɩɨ-
ɤɪɵɬɵɟ ɩɪɟɩɹɬɫɬɜɢɹɦɢ ɜɵɫɨ-
ɬɨɣ ɛɨɥɟɟ 10 ɦ 
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ɋ. Ƚɨɪɨɞɫɤɢɟ ɪɚɣɨɧɵ ɫ ɩɥɨɬ-
ɧɨɣ ɡɚɫɬɪɨɣɤɨɣ ɡɞɚɧɢɹɦɢ ɜɵ-

ɫɨɬɨɣ ɛɨɥɟɟ 25 ɦ 
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ɇɚɭɱɧɨɟ ɢɡɞɚɧɢɟ 
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