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6. РАСЧЕТ ПАРАМЕТРОВ ВЫГРУЗНЫХ ЭЛЕМЕНТОВ   

ɄɈɊɆɈРАЗДАТЧИКОВ ДЛЯ КРС 

ȼ ɤɚɱɟɫɬɜɟ ɩɢɬɚɬɟɥɟɣ ɞɨɡɚɬɨɪɨɜ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ ɢ ɞɨɡɢɪɨɜɚɧɧɨɣ
ɩɨɞɚɱɢ ɫɬɟɛɟɥɶɧɵɯ ɤɨɪɦɨɜ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɰɟɩɨɱɧɨ-ɩɥɚɧɱɚɬɵɟ 
ɩɢɬɚɬɟɥɢ ɫ ɛɢɬɟɪɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɚɡɥɢɱɧɨɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɢɫ-
ɩɨɥɧɟɧɢɹ. Ɉɧɢ ɪɚɡɥɢɱɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɪɚɛɨɱɢɦɢ ɨɪɝɚɧɚɦɢ ɩɨɞɚɸ-

ɳɢɯ ɤɨɧɜɟɣɟɪɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɤɨɧɫɬɪɭɤɰɢɟɣ ɛɢɬɟɪɨɜ, ɢɯ ɤɨɥɢɱɟɫɬɜɨɦ ɢ
ɪɚɫɩɨɥɨɠɟɧɢɟɦ, ɭɝɥɨɦ ɧɚɤɥɨɧɚ ɩɢɬɚɬɟɥɟɣ ɤ ɝɨɪɢɡɨɧɬɭ ɢ ɩɪɢёɦɧɨɣ  

ɱɚɫɬɶɸ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɞɨɡɢɪɨɜɚɧɧɨɣ ɩɨɞɚɱɢ ɫɬɟɛɟɥɶɧɵɯ ɢ
ɞɪɭɝɢɯ ɫɜɹɡɧɵɯ ɤɨɪɦɨɜ ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɇɚɯɨɞɹɳɢɣ-

ɫɹ ɜ ɛɭɧɤɟɪɟ ɩɢɬɚɬɟɥɟ-ɞɨɡɚɬɨɪɟ ɦɨɧɨɥɢɬ ɤɨɪɦɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɪɢɫ. 18) 

ɩɨɞɚёɬɫɹ ɰɟɩɨɱɧɨ-ɩɥɚɧɱɚɬɵɦ ɤɨɧɜɟɣɟɪɨɦ 1 ɤ ɫɱёɫɵɜɚɸɳɟɦɭ ɭɫɬɪɨɣ-

ɫɬɜɭ, ɫɨɫɬɨɹɳɟɦɭ ɢɡ ɛɢɬɟɪɨɜ 3. ɒɬɢɮɬɵ ɜɪɚɳɚɸɳɢɯɫɹ ɛɢɬɟɪɨɜ ɫɱёɫɵ-

ɜɚɸɬ ɫɨɩɪɢɤɚɫɚɸɳɢɣɫɹ ɫ ɧɢɦɢ ɦɚɬɟɪɢɚɥ ɢ ɜɵɝɪɭɠɚɸɬ ɧɚ ɩɨɩɟɪɟɱɧɵɣ
ɤɨɧɜɟɣɟɪ 2 ɢɥɢ ɩɨɞɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɥɢɧɢɸ
ɫɛɨɪɚ ɢ ɫɦɟɲɢɜɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢɝɨɬɚɜɥɢɜɚɟɦɨɝɨ ɤɨɪɦɚ. 

ȼ ɥɸɛɨɦ ɫɥɭɱɚɟ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɩɟɪɟɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ 
ɞɨɥɠɧɚ ɧɟɫɤɨɥɶɤɨ ɩɪɟɜɵɲɚɬɶ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɛɢɬɟɪɧɨɣ ɫɢɫ-
ɬɟɦɵ, ɚ ɩɨɫɥɟɞɧɹɹ – ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɞɚɸɳɟɝɨ ɤɨɧɜɟɣɟɪɚ: 

ɩɛɩɤ QQQ ≥≥ ,                                     (74) 

ɝɞɟ ɩɛɩɤ ,, QQQ  – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɩɟɪɟɱɧɨɝɨ 
ɤɨɧɜɟɣɟɪɚ, ɛɢɬɟɪɧɨɣ ɫɢɫɬɟɦɵ, ɩɨɞɚɸɳɟɝɨ ɤɨɧɜɟɣɟɪɚ, ɤɝ/ɫ. 

Ɋɢɫ. 18. ɋɯɟɦɚ ɞɨɡɚɬɨɪɚ ɫɬɟɛɟɥɶɧɵɯ ɤɨɪɦɨɜ 
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Ɋɚɫɤɪɨɟɦ ɩɪɢɜɟɞёɧɧɨɟ ɜɵɲɟ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ ɩɨɞɚɱɢ ɢ ɩɨɥɭɱɢɦ: 
 

ɨɩɧɩɩɛ
1
ɛɩ11ɤ vv kBHkkShbkkbh

n

i
m ≥ρω∑≥ρ = ,                (75) 

 

ɝɞɟ b, hɤ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɲɢɪɢɧɚ ɩɨɩɟɪɟɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɢ ɜɵɫɨɬɚ 
ɤɨɪɦɨɜɨɣ ɦɚɫɫɵ ɧɚ ɧɟɦ, ɦ; ɩ1 v,v  – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɩɨɩɟɪɟɱɧɨɝɨ ɢ ɩɨɞɚɸɳɟɝɨ ɤɨɧɜɟɣɟɪɨɜ, ɦ/ɫ; ρ1, ρ – ɧɚɫɵɩɧɚɹ ɨɛɴёɦɧɚɹ 
ɦɚɫɫɚ ɦɚɬɟɪɢɚɥɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɩɨɩɟɪɟɱɧɨɦ ɤɨɧɜɟɣɟɪɟ ɢ ɜ ɛɭɧɤɟɪɟ, 
ɤɝ/ɦ3; k  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɧɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ ɤɨɪɦɚ ɡɚ 
ɫɱёɬ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ (kɩ = 0,5…0,9); k  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ 

ɩɨɬɟɪɢ ɩɨɥɟɡɧɨɝɨ ɨɛɴёɦɚ ɠɟɥɨɛɚ ɡɚ ɫɱёɬ ɜɵɫɬɭɩɨɜ ɧɚ ɩɨɩɟɪɟɱɧɵɯ 
ɬɪɚɧɫɩɨɪɬёɪɚɯ (k  = 0,95…0,98); b  – ɲɢɪɢɧɚ ɡɚɯɜɚɬɚ ɛɢɬɟɪɨɜ, ɦ; Sɩ – 

ɲɚɝ ɭɫɬɚɧɨɜɤɢ ɩɚɥɶɰɟɜ ɧɚ ɛɢɬɟɪɟ, ɦ; ω – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɛɢɬɟɪɚ, c–1; 

kɧ = 0,5…0,9 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɩɨɫɬɭɩ-

ɥɟɧɢɹ ɤɨɪɦɨɜɨɣ ɦɚɫɫɵ ɤ ɩɚɥɶɰɭ ɛɢɬɟɪɚ;  ɢ  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɲɢɪɢ-

ɧɚ ɛɭɧɤɟɪɚ ɢ ɜɵɫɨɬɚ ɤɨɪɦɨɜɨɝɨ ɛɭɪɬɚ ɜ ɧёɦ, ɦ; kɨ = 0,94…0,96 – ɤɨɷɮ-

ɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɨɬɫɬɚɜɚɧɢɟ ɤɨɪɦɚ ɜ ɛɭɧɤɟɪɟ ɨɬ ɩɪɨɞɨɥɶɧɨɝɨ 
ɤɨɧɜɟɣɟɪɚ; hɛ – ɜɵɫɨɬɚ ɩɚɥɶɰɟɜ ɛɢɬɟɪɚ, ɦ. 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɞɨɡɢɪɨɜɚɧɢɹ ɫɬɟɛɟɥɶɧɵɯ ɤɨɪɦɨɜ ɧɟɪɟɞ-

ɤɨ ɩɪɢɦɟɧɹɸɬ ɞɜɭɯɫɬɚɞɢɣɧɭɸ ɫɢɫɬɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɩɢɬɚɬɟɥɟɣ-

ɞɨɡɚɬɨɪɨɜ ɛɢɬɟɪɧɨɝɨ ɬɢɩɚ ɢ ɜɵɪɚɜɧɢɜɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɨɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɝɥɚɠɢɜɚɧɢɟ ɩɨɫɬɭɩɚɸɳɟɝɨ ɨɬ ɩɢɬɚɬɟɥɹ ɤɨɪɦɨɜɨɝɨ ɩɨɬɨ-
ɤɚ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɟɝɨ ɪɚɛɨɬɨɣ. 

ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɤɨɧɜɟɣɟɪɚ 1 (ɫɦ. ɪɢɫ. 18) ɪɟɝɭɥɢɪɭɸɬ ɯɪɚɩɨ-
ɜɵɦ ɦɟɯɚɧɢɡɦɨɦ ɢɥɢ ɜɚɪɢɚɬɨɪɨɦ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ 
ɭɫɬɪɨɣɫɬɜ ɹɜɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɞɚɱɢ ɞɨɡɢɪɭɟɦɨɝɨ ɤɨɪɦɚ ɨɬ ɡɚɩɨɥ-
ɧɟɧɢɹ ɛɭɧɤɟɪɚ-ɧɚɤɨɩɢɬɟɥɹ. ȼ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɪɚɛɨɬɵ, ɤɨɝɞɚ ɤɨɪɦɨ-
ɜɚɹ ɦɚɫɫɚ ɟɳё ɧɟ ɫɮɨɪɦɢɪɨɜɚɥɚɫɶ ɭ ɛɢɬɟɪɨɜ ɢ ɪɟɠɢɦ ɢɯ ɪɚɛɨɬɵ ɧɟ ɫɬɚ-
ɛɢɥɢɡɢɪɨɜɚɥɫɹ, ɬɟɦɩ ɩɨɞɚɱɢ ɦɚɬɟɪɢɚɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɫɬɚёɬ ɨɬ ɧɨɪɦɵ. 

ɉɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɤɨɥɢɱɟɫɬɜɨ ɜɵɞɚɜɚɟɦɨɝɨ ɤɨɪɦɚ ɜ ɟɞɢɧɢ-

ɰɭ ɜɪɟɦɟɧɢ ɢ ɬɨɱɧɨɫɬɶ ɞɨɡɢɪɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɫɱёɬɧɵɦ ɩɨɤɚɡɚ-
ɬɟɥɹɦ. ɉɨ ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ ɨɛɴёɦɚ ɤɨɪɦɨɜɨɣ ɦɚɫɫɵ ɜ ɛɭɧɤɟɪɟ ɧɚɱɢ-

ɧɚɟɬɫɹ ɫɞɜɢɝ, ɚ ɡɚɬɟɦ ɨɛɪɭɲɟɧɢɟ ɜɟɪɯɧɢɯ ɫɥɨёɜ ɦɚɫɫɵ. Ʉɨɥɢɱɟɫɬɜɨ 
ɜɵɞɚɜɚɟɦɨɝɨ ɤɨɪɦɚ ɩɪɢ ɷɬɨɦ ɪɟɡɤɨ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɫɨɫɬɚɜɥɹɟɬ 60…70% 

ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɨɪɦɵ ɜɵɞɚɱɢ. 

Ⱦɥɹ ɢɡɛɟɠɚɧɢɹ ɧɚɪɭɲɟɧɢɹ ɧɨɪɦɵ ɜɵɞɚɱɢ ɞɨɡɢɪɭɟɦɵɯ ɤɨɪɦɨɜ, 
ɨɫɨɛɟɧɧɨ ɜ ɭɫɥɨɜɢɹɯ ɢɯ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɨɡɢɪɨɜɚɧɢɹ ɢ ɫɦɟɲɢɜɚɧɢɹ, 
ɩɨɫɬɨɹɧɧɨ ɫɥɟɞɹɬ ɡɚ ɭɪɨɜɧɟɦ ɤɨɪɦɨɜ ɜ ɛɭɧɤɟɪɟ ɢ ɞɨɩɨɥɧɹɸɬ ɟɝɨ ɩɨ 
ɦɟɪɟ ɨɩɨɪɨɠɧɟɧɢɹ ɢɥɢ ɨɫɧɚɳɚɸɬ ɩɢɬɚɬɟɥɢ-ɞɨɡɚɬɨɪɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵ-

ɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 

ɮɨɪɦɵ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɛɢɬɟɪɚɦɢ ɦɨɧɨɥɢɬɚ ɤɨɪɦɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
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Ɋɚɜɧɨɦɟɪɧɨɫɬɶ ɜɵɞɚɱɢ ɫɜɹɡɚɧɚ ɫ ɛɢɬɟɪɚɦɢ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɢ ɤɢ-

ɧɟɦɚɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɵɯ ɜɥɢɹɸɬ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɡɚɯɜɚɬɵɜɚɟ-
ɦɨɝɨ ɤɚɠɞɨɣ ɝɪɟɛёɧɤɨɣ ɤɨɪɦɚ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɜɵɝɪɭɠɚɟɦɨɝɨ ɜɚɥɤɚ 
ɦɚɫɫɵ ɧɚ ɫɛɨɪɧɨɦ ɢɥɢ ɜɵɝɪɭɡɧɨɦ ɤɨɧɜɟɣɟɪɟ. 

Ȼɢɬɟɪ, ɹɜɥɹɸɳɢɣɫɹ ɪɨɬɚɰɢɨɧɧɵɦ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ, ɪɚɡɪɵɯɥɹɟɬ 
ɨɩɪɟɞɟɥёɧɧɵɣ ɫɥɨɣ ɦɚɫɫɵ, ɨɬɞɟɥɹɟɬ ɟɝɨ ɨɬ ɦɨɧɨɥɢɬɚ ɢ ɩɟɪɟɛɪɚɫɵɜɚɟɬ 
ɫɨɡɞɚɜɚɟɦɨɣ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɨɣ ɧɚ ɩɨɩɟɪɟɱɧɵɣ ɤɨɧɜɟɣɟɪ. ɉɪɢ ɷɬɨɦ 

ɝɪɟɛёɧɤɢ ɛɢɬɟɪɚ ɨɬɛɢɪɚɸɬ ɢɡ ɦɚɫɫɵ ɤɨɪɦɚ ɫɥɨɣ, ɤɨɬɨɪɨɣ ɪɚɜɟɧ ɩɨ ɜɵ-

ɫɨɬɟ ɯɨɪɞɟ m ɰɟɧɬɪɚɥɶɧɨɝɨ ɭɝɥɚ α1 ɦɟɠɞɭ ɞɜɭɦɹ ɪɚɞɢɭɫɚɦɢ, ɨɩɭɳɟɧ-

ɧɵɦɢ ɜ ɬɨɱɤɭ ɜɯɨɠɞɟɧɢɹ ɝɪɟɛёɧɤɢ ɜ ɦɚɫɫɭ ɢ ɬɨɱɤɭ ɜɵɯɨɞɚ ɟё ɢɡ ɦɚɫɫɵ. 

Ɇɢɧɢɦɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɢɫɯɨɞɹɬ ɜ ɦɨɦɟɧɬ, 
ɤɨɝɞɚ ɫ ɦɚɫɫɨɣ ɫɨɩɪɢɤɚɫɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɚ ɝɪɟɛёɧɤɚ. ɉɪɢ ɷɬɨɦ ( )ɛ1 arcsin2 Dm=α , ɚ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɝɪɟɛёɧɨɤ ɛɢɬɟɪɚ ɫɨɫɬɚɜɢɬ 
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ɝɞɟ α1 – ɰɟɧɬɪɚɥɶɧɵɣ ɭɝɨɥ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɜɟɥɢɱɢɧɭ ɫɥɨɹ, ɨɬɛɢɪɚɟɦɨ-
ɝɨ ɝɪɟɛёɧɤɨɣ, ɝɪɚɞ; m – ɜɵɫɨɬɚ ɨɬɛɢɪɚɟɦɨɝɨ ɫɥɨɹ, ɦ; Dɛ – ɞɢɚɦɟɬɪ ɛɢ-

ɬɟɪɚ, ɦ; z – ɱɢɫɥɨ ɝɪɟɛёɧɨɤ ɛɢɬɟɪɚ.  
Ʉɪɢɬɟɪɢɟɦ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɛɢɬɟɪɚ ɫɥɭɠɚɬ 

ɞɜɚ ɮɚɤɬɨɪɚ: ɧɟɨɛɯɨɞɢɦɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɞɚɥɶɧɨɫɬɶ ɨɬɛɪɚ-
ɫɵɜɚɧɢɹ ɨɬɞɟɥɹɟɦɨɣ ɦɚɫɫɵ ɤɨɪɦɚ. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɲɬɢɮɬɨɜ ɛɢɬɟɪɚ, ɨɛɪɚɡɭɸɳɢɯ ɝɪɟɛёɧɤɭ, ɫ ɤɨɪɦɨ-
ɜɨɣ ɦɚɫɫɨɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɪɭɲɟɧɢɟ ɫɜɹɡɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɭɫ-
ɥɨɜɢɹɯ ɨɝɪɚɧɢɱɟɧɢɹ ɛɨɤɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ.. ɉɨɫɤɨɥɶɤɭ ɷɬɨ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɞɭɝɟ, ɞɥɢɧɚ ɤɨɬɨɪɨɣ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɨɛɳɟɣ ɜɵɫɨ-
ɬɨɣ ɤɨɪɦɚ ɜ ɛɭɧɤɟɪɟ ɧɟɡɧɚɱɢɬɟɥɶɧɚ, ɬɨ ɞɥɹ ɪɚɫɱёɬɨɜ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɦɟ-
ɪɨɣ ɬɨɱɧɨɫɬɢ ɭɱɚɫɬɨɤ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɲɬɢɮɬɨɜ ɛɢɬɟɪɚ ɫ ɦɚɫɫɨɣ ɦɨɠɧɨ 
ɩɪɢɧɹɬɶ ɡɚ ɩɪɹɦɨɥɢɧɟɣɧɵɣ. ɉɟɪɟɦɟɳɟɧɢɟ ɦɚɫɫɵ ɜ ɛɭɧɤɟɪɟ ɡɚ ɜɪɟɦɹ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɲɪɢɮɬɨɜ ɛɢɬɟɪɚ ɫ ɤɨɪɦɨɦ ɧɟɜɟɥɢɤɨ. ɉɨɷɬɨɦɭ ɦɨɠɧɨ 
ɭɫɥɨɜɧɨ ɩɪɢɧɹɬɶ, ɱɬɨ ɲɬɢɮɬɵ ɛɢɬɟɪɚ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɧɟɩɨɞɜɢɠ-

ɧɵɦ ɫɜɹɡɧɵɦ ɦɚɬɟɪɢɚɥɨɦ. 

ɋ ɭɱёɬɨɦ ɢɡɥɨɠɟɧɧɨɝɨ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɛɢɬɟɪɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ 
ɮɨɪɦɭɥɟ 
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ɝɞɟ kp – ɫɬɟɩɟɧɶ ɪɚɡɪɵɯɥɟɧɢɹ ɤɨɪɦɚ (kp = 0,6…0,7); kɡ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɡɚɩɨɥɧɟɧɢɹ ɛɭɧɤɟɪɚ (kɡ = 0,8…0,9); ϕ – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɤɨɪɦɚ, 
ɝɪɚɞ. 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ ɛɢɬɟɪɚ Nɛ (ɤȼɬ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɜɵɪɚɠɟɧɢɸ 

2,10

v785,0 ɛɭɞɛɛ
ɛ

PDb
N = ,                               (78) 

 

ɝɞɟ Pɭɞ – ɭɞɟɥɶɧɨɟ ɭɫɢɥɢɟ ɫɱёɫɵɜɚɧɢɹ ɛɢɬɟɪɚɦɢ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɨ, ɇ/ɦ2 (ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱёɬɨɜ ɩɪɢ ɞɨɡɢɪɨɜɚɧɢɢ 

ɫɢɥɨɫɚ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɡɧɚɱɟɧɢɟ Pɭɞ = 450…480 ɇ/ɦ2); vɛ – ɨɤɪɭɠɧɚɹ 
ɫɤɨɪɨɫɬɶ ɲɬɢɮɬɨɜ ɛɢɬɟɪɚ, ɦ/ɫ. 

Ɇɨɳɧɨɫɬɶ ɧɚ ɩɪɢɜɨɞ ɩɨɞɚɸɳɟɝɨ ɤɨɧɜɟɣɟɪɚ Nɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 
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ɝɞɟ k1 = 1,1 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɧɚ ɩɪɢɜɨɞɧɨɣ ɡɜёɡ-
ɞɨɱɤɟ; P – ɭɫɢɥɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɩɪɢɜɨɞɧɨɣ ɡɜёɡɞɨɱɤɟ, ɇ; η – ɄɉȾ 

ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɦɟɯɚɧɢɡɦɚ. 
ɍɫɢɥɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɩɪɢɜɨɞɧɨɣ ɡɜёɡɞɨɱɤɟ ɦɨɠɧɨ ɨɩɪɟɞɟ-

ɥɢɬɶ ɩɨ ɜɵɪɚɠɟɧɢɸ 
 

54321 PPPPPP ++++= ,                              (80) 
 

ɝɞɟ P1 – ɭɫɢɥɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɸ ɤɨɪɦɚ ɨ ɞɧɢɳɟ ɛɭɧɤɟɪɚ, ɇ, 

αρ= cos11 gfBHLP ; P2 – ɭɫɢɥɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɸ ɤɨɪɦɚ ɨ ɛɨɤɨ-

ɜɵɟ ɫɬɟɧɤɢ ɛɭɧɤɟɪɚ, ɇ, αρε= cos1
2

2 LgfHP ; P3 – ɭɫɢɥɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɩɨɞɴёɦɭ ɤɨɪɦɚ, ɇ, αρ= sin3 BHLgP ; P4 – ɭɫɢɥɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɟ-
ɦɟɳɟɧɢɸ ɰɟɩɢ, ɇ, α= cos2 ɰ1ɰ4 kLgP ; P5 – ɭɫɢɥɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ-
ɬɹɠɧɨɣ ɡɜёɡɞɨɱɤɢ, ɇ, P5 ≈ 0,25·P4; L – ɞɥɢɧɚ ɛɭɧɤɟɪɚ, ɦ; f1 – ɤɨɷɮɮɢɰɢ-

ɟɧɬ ɬɪɟɧɢɹ ɤɨɪɦɚ ɨ ɞɧɨ ɛɭɧɤɟɪɚ; α – ɭɝɨɥ ɧɚɤɥɨɧɚ ɩɨɞɚɸɳɟɝɨ ɬɪɚɧɫ-
ɩɨɪɬёɪɚ, ɝɪɚɞ; ε – ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ; H1 – ɜɵɫɨɬɚ ɩɨɞɴ-

ёɦɚ ɤɨɪɦɚ, ɦ; gɰ – ɜɟɫ ɟɞɢɧɢɰɵ ɞɥɢɧɵ ɰɟɩɢ ɫ ɩɥɚɧɤɚɦɢ, ɇ/ɦ; L1 – ɪɚɫ-
ɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɡɜёɡɞɨɱɟɤ, ɦ; kɰ = 0,25…0,3 – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ ɰɟɩɢ ɩɨ ɞɧɭ ɛɭɧɤɟɪɚ. 

Ⱦɥɹ ɞɨɡɢɪɨɜɚɧɧɨɣ ɩɨɞɚɱɢ ɝɪɭɛɵɯ ɢ ɫɨɱɧɵɯ ɤɨɪɦɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɩɢɬɚɬɟɥɢ-ɞɨɡɚɬɨɪɵ ɬɢɩɚ ȻȾɄ-Ɏ-70-20, ɉȾɄ-Ɏ-12, ɉɁɆ-1,5 ɢ ɞɪɭɝɢɟ. 

Ȼɭɧɤɟɪ-ɞɨɡɚɬɨɪ ɫɬɟɛɟɥɶɧɵɯ ɤɨɪɦɨɜ ȻȾɄ-Ɏ-70-20 (ɪɢɫ. 19) ɦɨɠɟɬ 
ɩɪɨɢɡɜɨɞɢɬɶ ɥɟɜɨɫɬɨɪɨɧɧɸɸ ɢ ɩɪɚɜɨɫɬɨɪɨɧɧɸɸ ɜɵɝɪɭɡɤɭ ɤɨɪɦɨɜ 
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(ɦɨɞɢɮɢɤɚɰɢɢ ɢɫɩɨɥɧɟɧɢɹ 1-ɹ ɢ 2-ɹ). ɋɨɫɬɨɢɬ ɢɡ ɛɭɧɤɟɪɚ, ɧɚ ɞɧɟ ɤɨɬɨ-
ɪɨɝɨ ɭɫɬɚɧɨɜɥɟɧ ɰɟɩɨɱɧɨ-ɩɥɚɧɱɚɬɵɣ ɤɨɧɜɟɣɟɪ 3, ɩɪɢɜɨɞɧɨɣ ɫɬɚɧɰɢɢ, 

ɛɥɨɤɚ ɫɱёɫɵɜɚɸɳɢɯ ɛɢɬɟɪɨɜ 6, ɜɵɪɚɜɧɢɜɚɸɳɟɝɨ ɛɢɬɟɪɚ 8 ɢ ɞɨɡɢɪɭɸ-

ɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɢɡ ɩɨɩɟɪɟɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬёɪɚ 5, ɫɱё-
ɫɵɜɚɸɳɟɝɨ ɛɢɬɟɪɚ 6 ɢ ɮɥɚɠɤɚ 7. 

Ȼɭɧɤɟɪ-ɞɨɡɚɬɨɪ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɍɪɚɧɫɩɨɪɬɧɨɟ 
ɫɪɟɞɫɬɜɨ ɜɵɝɪɭɠɚɟɬ ɤɨɪɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɛɭɧɤɟɪ ɢ ɞɚɥɟɟ ɤɨɧɜɟɣɟ-
ɪɨɦ 3, ɪɚɛɨɬɚɸɳɢɦ ɜ ɩɨɜɬɨɪɧɨ-ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɪɟɠɢɦɟ, ɤɨɪɦ ɩɨɞɚ-
ёɬɫɹ ɤ ɛɥɨɤɭ ɛɢɬɟɪɨɜ 4, ɝɞɟ ɟɝɨ ɡɚɯɜɚɬɵɜɚɸɬ ɚɤɬɢɜɧɵɟ ɝɪɚɛɥɢɧɵ ɛɢɬɟ-
ɪɨɜ ɢ ɫɛɪɚɫɵɜɚɸɬ ɜ ɩɪɢёɦɧɭɸ ɤɚɦɟɪɭ ɞɨɡɚɬɨɪɚ – ɧɚ ɥɟɧɬɭ ɩɨɩɟɪɟɱɧɨɝɨ 
ɬɪɚɧɫɩɨɪɬёɪɚ 5. Ɉɬɛɨɣɧɵɣ ɛɢɬɟɪ 6 ɨɬɛɪɚɫɵɜɚɟɬ ɱɚɫɬɶ ɞɜɢɠɭɳɟɝɨɫɹ 
ɤɨɪɦɚ ɨɛɪɚɬɧɨ ɧɚ ɥɟɧɬɭ ɩɨɩɟɪɟɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬёɪɚ. ɉɨɫɬɟɩɟɧɧɨ ɩɟɪɟɞ 
ɛɚɪɚɛɚɧɨɦ 6 ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɜɚɥɨɤ ɤɨɪɦɚ, ɤɨɬɨɪɵɣ ɩɨɞɧɢɦɚɟɬ ɮɥɚɠɨɤ 7, 

ɩɨɜɨɪɚɱɢɜɚɟɬ ɨɫɶ ɫ ɡɚɤɪɟɩɥɟɧɧɵɦɢ ɧɚ ɧɟɣ ɞɜɭɦɹ ɫɟɤɬɨɪɚɦɢ, ɤɨɬɨɪɵɟ 
ɩɟɪɟɦɟɳɚɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ, ɢ ɩɪɢ ɨɬɤɥɨɧɟɧɢɢ 

ɮɥɚɠɤɚ ɧɚ ɭɝɨɥ ɛɨɥɟɟ 25° ɨɬ ɜɟɪɬɢɤɚɥɢ ɜɵɯɨɞɹɬ ɢɡ ɩɚɡɨɜ ɩɟɪɟɤɥɸɱɚɬɟ-
ɥɟɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɞɚɸɳɢɣ ɤɨɧɜɟɣɟɪ 3 ɨɬɤɥɸɱɚɟɬɫɹ, ɩɨɞɚɱɚ ɤɨɪɦɚ 
ɛɥɨɤɨɦ ɛɢɬɟɪɨɜ 4 ɩɪɟɤɪɚɳɚɟɬɫɹ, ɢ ɜɵɫɨɬɚ ɜɚɥɤɚ ɭɦɟɧɶɲɚɟɬɫɹ. ɉɪɢ 

ɷɬɨɦ ɮɥɚɠɨɤ 7 ɧɚɱɢɧɚɟɬ ɨɩɭɫɤɚɬɶɫɹ, ɩɨɜɨɪɚɱɢɜɚɹ ɨɫɶ ɢ ɫɟɤɬɨɪ. ɋɟɤɬɨɪ 
ɜɯɨɞɢɬ ɜ ɩɚɡɵ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ, ɢ ɩɨɞɚɸɳɢɣ ɤɨɧɜɟɣɟɪ ɜɧɨɜɶ ɜɤɥɸɱɚɟɬ-
ɫɹ. ɐɢɤɥ ɪɚɛɨɬɵ ɩɨɜɬɨɪɹɟɬɫɹ. 

Ⱦɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɜɵɫɨɬɵ ɫɥɨɹ ɤɨɪɦɚ ɜ ɛɭɧɤɟɪɟ ɫɥɭɠɢɬ ɪɚɡɪɚɜ-
ɧɢɜɚɸɳɢɣ ɛɢɬɟɪ 8. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɨɡɚɬɨɪɚ ɪɟɝɭɥɢɪɭɸɬ ɢɡɦɟɧɟ-
ɧɢɟɦ ɜɵɫɨɬɵ ɭɫɬɚɧɨɜɤɢ ɨɬɛɨɣɧɨɝɨ ɛɢɬɟɪɚ 6 ɢ ɮɥɚɠɤɚ 7 ɫ ɫɟɤɬɨɪɚɦɢ. 

 

 
 

Ɋɢɫ. 19. Ɉɛɳɚя ɫɯɟɦɚ ɛɭɧɤɟɪɚ-ɞɨɡɚɬɨɪɚ ȻȾɄ-Ɏ-70-20: 

1, 2 – ɛɨɤɨɜɢɧɵ ɛɭɧɤɟɪɚ: 3 – ɤɨɧɜɟɣɟɪ; 4 – ɛɥɨɤ ɛɢɬɟɪɚ;  
5 – ɥɟɧɬɨɱɧɵɣ ɤɨɧɜɟɣɟɪ ɜɵɪɚɜɧɢɜɚɬɟɥɹ; 6 – ɫɱёɫɵɜɚɸɳɢɣ ɛɢɬɟɪ;  

7 – ɮɥɚɠɨɤ; 8 – ɪɚɡɪɚɜɧɢɜɚɸɳɢɣ ɛɢɬɟɪ 
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ɒɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ ɧɚɤɨɩɥɟɧɢɟ ɢ ɞɨɡɢɪɨɜɚɧɧɭɸ ɩɨɞɚɱɭ 
ɡɟɥёɧɨɣ ɦɚɫɫɵ, ɝɪɭɛɵɯ ɤɨɪɦɨɜ, ɫɢɥɨɫɚ, ɠɨɦɚ ɧɚɲɟɥ ɩɢɬɚɬɟɥɶ-
ɡɚɝɪɭɡɱɢɤ ɉɁɆ-1,5 (ɪɢɫ. 20). Ɉɫɧɨɜɧɵɟ ɫɛɨɪɨɱɧɵɟ ɟɞɢɧɢɰɵ: ɩɪɢёɦ-

ɧɵɣ ɥɨɬɨɤ 1, ɤɨɬɨɪɵɣ ɩɨɞɧɢɦɚɟɬɫɹ ɝɢɞɪɨɰɢɥɢɧɞɪɚɦɢ 2, ɧɚɤɥɨɧɧɵɣ 

ɤɨɧɜɟɣɟɪ 7, ɜɵɪɚɜɧɢɜɚɸɳɢɣ (ɫɱɟɫɵɜɚɸɳɢɣ) ɜɟɪɯɧɢɣ ɛɢɬɟɪ 6 ɢ ɪɚɫ-
ɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɧɢɠɧɢɣ, ɤɭɥɢɫɧɵɣ ɦɟɯɚɧɢɡɦ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ 

ɞɜɢɠɟɧɢɹ ɰɟɩɨɱɧɨ-ɩɥɚɧɱɚɬɨɝɨ ɤɨɧɜɟɣɟɪɚ ɢ ɜɵɝɪɭɡɧɨɣ ɜɢɧɬɨɜɨɣ ɤɨɧ-

ɜɟɣɟɪ. ɉɪɢɜɨɞ ɤɨɧɜɟɣɟɪɨɜ ɢ ɛɢɬɟɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟ-
ɥɟɦ 5. ɇɚɫɨɫ ɝɢɞɪɨɫɢɫɬɟɦɵ 3 ɢɦɟɟɬ ɚɜɬɨɧɨɦɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ. 
Ʌɨɬɨɤ ɩɨɞɧɢɦɚɟɬɫɹ ɩɨ ɦɟɪɟ ɡɚɛɨɪɚ ɫ ɧɟɝɨ ɦɚɫɫɵ ɤɨɪɦɚ ɰɟɩɨɱɧɨ-
ɩɥɚɧɱɚɬɵɦ ɤɨɧɜɟɣɟɪɨɦ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɭɝɨɥ ɩɨɞɴёɦɚ ɥɨɬɤɚ 70°. 

ɉɨɬɨɤ ɤɨɪɦɚ ɬɪɟɛɭɟɦɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɮɨɪɦɢɪɭɟɬɫɹ ɧɚ ɰɟ-
ɩɨɱɧɨ-ɩɥɚɧɱɚɬɨɦ ɤɨɧɜɟɣɟɪɟ ɩɨ ɜɵɫɨɬɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɭɫɬɚɧɨɜɤɟ 
ɜɵɪɚɜɧɢɜɚɸɳɟɝɨ ɛɢɬɟɪɚ 8 ɢ ɫɤɨɪɨɫɬɢ ɰɟɩɢ ɤɨɧɜɟɣɟɪɚ. ɉɨ ɦɟɪɟ ɞɜɢɠɟ-
ɧɢɹ ɦɚɫɫɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ (ɧɢɠɧɢɣ) ɛɢɬɟɪ «ɮɪɟɡɟɪɭɟɬ» ɟё, ɧɚ-
ɩɪɚɜɥɹɹ ɜ ɜɵɝɪɭɡɧɨɣ ɤɨɧɜɟɣɟɪ ɥɢɛɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɫɛɨɪɧɵɣ ɤɨɧ-

ɜɟɣɟɪ (ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɤɨɠɭɯɚ ɜɢɧɬɨɜɨɝɨ ɤɨɧɜɟɣɟɪɚ). 
Ʉɨɥɢɱɟɫɬɜɨ ɩɨɞɚɜɚɟɦɨɣ ɢɡɦɟɥɶɱёɧɧɨɣ ɫɨɥɨɦɵ, ɫɢɥɨɫɚ, ɫɟɧɚɠɚ ɢ 

ɠɨɦɚ ɉɁɆ-1,5 ɪɟɝɭɥɢɪɭɟɬɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɢ ɦɨɠɟɬ ɭɫɬɚɧɚɜɥɢ-

ɜɚɬɶɫɹ ɩɭɬёɦ ɡɚɦɟɧɵ ɡɜɟɡɞɨɱɤɢ ɩɪɢɜɨɞɚ ɤɨɧɜɟɣɟɪɚ ɫ ɱɢɫɥɨɦ ɡɭɛɶɟɜ 11, 

20, 30. ɇɚɥɢɱɢɟ ɥɨɬɤɚ ɩɨɡɜɨɥɹɟɬ ɩɪɢɧɢɦɚɬɶ ɤɨɪɦ ɫ ɚɜɬɨɫɚɦɨɫɜɚɥɨɜ ɢ 

ɧɟ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɡɚɱɢɫɬɤɢ ɩɥɨɳɚɞɤɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɞ-
ɩɨɪ ɦɚɫɫɵ, ɫɨɡɞɚɜɚɟɦɵɣ ɥɨɬɤɨɦ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɥɭɱɲɟɧɢɸ ɪɚɜɧɨɦɟɪ-
ɧɨɫɬɢ ɟё ɩɨɞɚɱɢ. 

 

 
 

Ɋɢɫ. 20. ɉɢɬɚɬɟɥɶ-ɡɚɝɪɭɡɱɢɤ ɤɨɪɦɨɜ ɉɁɆ-1,5: 

1 – ɩɪɢɟɦɧɵɣ ɥɨɬɨɤ; 2 – ɝɢɞɪɨɰɢɥɢɧɞɪ; 3 – ɝɢɞɪɨɩɪɢɜɨɞ;  
4 – ɤɭɥɢɫɧɵɣ ɦɟɯɚɧɢɡɦ ɩɪɢɜɨɞɚ ɤɨɧɜɟɣɟɪɚ; 5 – ɷɥɟɤɬɪɨɩɪɢɜɨɞ  
ɦɟɯɚɧɢɡɦɨɜ ɜɵɝɪɭɡɤɢ; 6 – ɛɢɬɟɪ ɜɵɪɚɜɧɢɜɚɸɳɢɣ; 7 – ɤɨɧɜɟɣɟɪ 
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Ɋɢɫ. 21. ɇɚɤɨɩɢɬɟɥɶ-ɩɢɬɚɬɟɥɶ ɤɨɪɦɨɜ ɉȾɄ-10: 

1 – ɤɨɪɩɭɫ; 2 – ɜɵɝɪɭɡɧɨɣ ɲɧɟɤ; 3 – ɞɨɡɢɪɭɸɳɚɹ ɝɨɥɨɜɤɚ;  
4 – ɧɚɤɥɨɧɧɵɣ ɬɪɚɧɫɩɨɪɬёɪ 

 

ɇɚɤɨɩɢɬɟɥɶ-ɩɢɬɚɬɟɥɶ ɤɨɪɦɨɜ ɉȾɄ-10 (ɪɢɫ. 21) ɪɚɡɪɚɛɨɬɚɧ ɧɚ ɛɚɡɟ  
ɉɁɆ-1,5 ɢ ɭɧɢɮɢɰɢɪɨɜɚɧ ɧɚ 80 %. ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɢɬɚɬɟɥɹ ɉɁɆ-1,5 ɨɧ 

ɧɟ ɢɦɟɟɬ ɩɪɢёɦɧɨɝɨ ɥɨɬɤɚ ɫ ɝɢɞɪɨɩɪɢɜɨɞɨɦ. ɉȾɄ-10 ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭ-
ɫɚ 1, ɜɵɝɪɭɡɧɨɝɨ ɲɧɟɤɚ 2, ɞɨɡɢɪɭɸɳɟɣ ɝɨɥɨɜɤɢ 3 ɢ ɧɚɤɥɨɧɧɨɝɨ ɭɞɥɢ-

ɧёɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬёɪɚ 4. Ɇɨɧɬɚɠ ɉȾɄ-10 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɡɚɝɥɭɛɥɟ-
ɧɢɟɦ ɤɨɪɩɭɫɚ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɪɢёɦɚ ɢ ɩɨɞɚɱɢ ɤɨɪɦɚ ɩɪɨɢɫɯɨɞɢɬ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɍɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɫ ɡɚɞɧɟɣ ɪɚɡɝɪɭɡɤɨɣ 

ɩɨɞɴɟɡɠɚɟɬ ɤ ɡɚɞɧɟɦɭ ɛɨɪɬɭ ɧɚɤɨɩɢɬɟɥɹ-ɩɢɬɚɬɟɥɹ ɢ ɜɵɝɪɭɠɚɟɬ ɤɨɪɦ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɬɪɚɧɫɩɨɪɬёɪ 4. Ɂɚɬɟɦ ɤɨɪɦ ɤɨɧɜɟɣɟɪɨɦ ɩɟɪɟɦɟɳɚ-
ɟɬɫɹ ɤ ɨɬɛɨɣɧɵɦ ɛɢɬɟɪɚɦ ɞɨɡɢɪɭɸɳɟɣ ɝɨɥɨɜɤɢ 3. ȼɟɪɯɧɢɣ ɛɢɬɟɪ ɞɨɡɢ-

ɪɭɸɳɟɣ ɝɨɥɨɜɤɢ ɨɬɛɪɚɫɵɜɚɟɬ ɧɟɤɨɬɨɪɵɣ ɫɥɨɣ ɤɨɪɦɚ ɧɚɡɚɞ, ɩɪɨɩɭɫɤɚɹ 
ɨɩɪɟɞɟɥёɧɧɵɣ ɫɥɨɣ ɤɨɪɦɚ ɧɚɞ ɤɨɧɜɟɣɟɪɨɦ. ɇɚɥɢɱɢɟ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶ-
ɲɨɝɨ ɭɝɥɚ ɧɚɤɥɨɧɚ ɬɪɚɧɫɩɨɪɬёɪɚ (25°) ɩɨɡɜɨɥɹɟɬ ɨɬɛɪɨɲɟɧɧɨɣ ɦɚɫɫɟ 
ɤɨɪɦɚ ɫɤɚɬɵɜɚɬɶɫɹ ɧɚɡɚɞ, ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɢɫɤɥɸɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɟɪɟɛɪɚɫɵɜɚɧɢɹ ɤɨɪɦɚ ɱɟɪɟɡ ɜɟɪɯɧɢɣ ɛɢɬɟɪ. Ⱦɚɥɟɟ ɜɵɪɨɜɧɟɧɧɵɣ ɬɚ-
ɤɢɦ ɨɛɪɚɡɨɦ ɫɥɨɣ ɤɨɪɦɚ ɫɱɟɫɵɜɚɟɬɫɹ ɩɚɥɶɰɚɦɢ ɧɢɠɧɟɝɨ ɛɢɬɟɪɚ ɝɨɥɨɜ-
ɤɢ 3 ɢ ɩɚɞɚёɬ ɜ ɲɧɟɤɨɜɵɣ ɬɪɚɧɫɩɨɪɬёɪ 2, ɨɬɤɭɞɚ ɪɚɜɧɨɦɟɪɧɵɦ ɫɥɨɟɦ 

ɩɨɞɚɟɬɫɹ ɧɚ ɫɛɨɪɧɵɣ ɬɪɚɧɫɩɨɪɬёɪ ɤɨɪɦɨɰɟɯɚ. 
ɉɢɬɚɬɟɥɶ-ɞɨɡɚɬɨɪ ɫɬɟɛɟɥɶɧɵɯ ɤɨɪɦɨɜ ɉȾɄ-Ɏ-12 ɹɜɥɹɟɬɫɹ ɦɨɞɢ-

ɮɢɰɢɪɨɜɚɧɧɵɦ ɜɚɪɢɚɧɬɨɦ ɩɢɬɚɬɟɥɹ-ɞɨɡɚɬɨɪɚ ɉɁɆ-1,5. ɇɚɤɨɩɢɬɟɥɶ-
ɩɢɬɚɬɟɥɶ ɢɡɦɟɥɶɱёɧɧɵɯ ɫɬɟɛɟɥɶɧɵɯ ɤɨɪɦɨɜ ɉȾɄ-Ɏ-12 (ɪɢɫ. 22) ɫɨɫɬɨ-
ɢɬ ɢɡ ɩɪɢёɦɧɨɝɨ ɥɨɬɤɚ 1, ɝɢɞɪɨɩɪɢɜɨɞɚ 2, ɤɨɪɩɭɫɚ ɫ ɧɚɤɥɨɧɧɵɦ ɬɪɚɧɫ-
ɩɨɪɬёɪɨɦ 3, ɞɨɡɢɪɭɸɳɟɣ ɝɨɥɨɜɤɢ 4 ɢ ɜɵɝɪɭɡɧɨɝɨ ɬɪɚɧɫɩɨɪɬёɪɚ 6. Ɂɚ 
ɫɱёɬ ɩɪɢɦɟɧɟɧɢɹ ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ ɢ ɦɚɬɟɪɢɚɥɨɜ ɦɚɫɫɚ 
ɟɝɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɉɁɆ-1,5 ɫɧɢɠɟɧɚ ɧɚ 10%, ɜɦɟɫɬɢɦɨɫɬɶ ɭɜɟɥɢɱɟɧɚ 
ɧɚ 5 ɦ3. 
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Ɋɢɫ. 22. ɇɚɤɨɩɢɬɟɥɶ-ɩɢɬɚɬɟɥɶ ɤɨɪɦɨɜ ɉȾɄ-Ɏ-12: 

1 – ɩɪɢёɦɧɵɣ ɥɨɬɨɤ: 2 – ɝɢɞɪɨɩɪɢɜɨɞ; 3 – ɰɟɩɨɱɧɨ-ɩɥɚɧɱɚɬɵɣ ɬɪɚɧɫɩɨɪɬёɪ;  
4 – ɞɨɡɢɪɭɸɳɚɹ ɝɨɥɨɜɤɚ; 5 – ɜɢɧɬɨɜɨɣ ɬɪɚɧɫɩɨɪɬёɪ 

 

Ƚɢɞɪɨɩɪɢɜɨɞ 2 ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɞɴёɦ ɥɨɬɤɚ 1 ɧɚ ɭɝɨɥ ɨɬ 0° ɞɨ 60° ɫ 
ɮɢɤɫɚɰɢɟɣ ɜ ɥɸɛɨɦ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɩɨɥɨɠɟɧɢɢ. ɉɨɞɚɱɚ ɤɨɪɦɚ ɜ ɧɚɤɨ-
ɩɢɬɟɥɶ-ɩɢɬɚɬɟɥɶ ɉȾɄ-Ɏ-12 ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡ ɦɨɛɢɥɶɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɫ 
ɡɚɞɧɟɣ ɜɵɝɪɭɡɤɨɣ. 

ɉɢɬɚɬɟɥɶ-ɞɨɡɚɬɨɪ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɂɫɯɨɞɧɨɟ ɫɵɪɶё 
ɡɚɝɪɭɠɚɟɬɫɹ ɜ ɥɨɬɨɤ 1 ɢɡ ɫɚɦɨɪɚɡɝɪɭɠɚɸɳɟɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 
ɋɜɨɛɨɞɧɵɣ ɤɨɧɟɰ ɥɨɬɤɚ ɩɨɞɧɢɦɚɟɬɫɹ ɜɜɟɪɯ ɩɪɢ ɩɨɦɨɳɢ ɞɜɭɯ ɝɢɞɪɨ-
ɰɢɥɢɧɞɪɨɜ. Ʉɨɪɦ ɩɨɞ ɫɨɛɫɬɜɟɧɧɵɦ ɜɟɫɨɦ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɰɟɩɨɱɧɨ-
ɩɥɚɧɱɚɬɵɣ ɬɪɚɧɫɩɨɪɬёɪ 3. Ⱦɜɢɠɭɳɟɟɫɹ ɫ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɩɨɥɨɬɧɨ 
ɰɟɩɨɱɧɨ-ɩɥɚɧɱɚɬɨɝɨ ɬɪɚɧɫɩɨɪɬёɪɚ 3 ɩɨɞɬɹɝɢɜɚɟɬ ɤɨɪɦɚ ɤ ɨɬɛɨɣɧɨɦɭ 
ɛɢɬɟɪɭ, ɤɨɬɨɪɵɣ ɨɬɛɪɚɫɵɜɚɟɬ ɢɡɥɢɲɤɢ ɤɨɪɦɨɜ. ɋɥɨɣ ɤɨɪɦɚ ɩɨɫɬɨɹɧɧɨ-
ɝɨ ɫɟɱɟɧɢɹ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɛɢɬɟɪɨɦ, ɫɱёɫɵɜɚɟɬɫɹ ɛɢɬɟɪɨɦ ɢ ɩɨɞɚёɬɫɹ 
ɧɚ ɜɢɧɬɨɜɨɣ ɤɨɧɜɟɣɟɪ 5. Ⱦɚɥɟɟ ɤɨɪɦ ɱɟɪɟɡ ɜɵɝɪɭɡɧɨɟ ɨɤɧɨ ɲɧɟɤɚ ɩɨ-
ɩɚɞɚɟɬ ɜ ɩɨɫɥɟɞɭɸɳɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɥɢɧɢɸ. 

ɉɨɞɚɱɭ ɤɨɪɦɨɜ ɩɢɬɚɬɟɥɟɦ-ɞɨɡɚɬɨɪɨɦ ɪɟɝɭɥɢɪɭɸɬ ɢɡɦɟɧɟɧɢɟɦ 

ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɬɪɚɧɫɩɨɪɬёɪɚ 3 ɢ ɜɵɫɨɬɨɣ ɭɫɬɚɧɨɜɤɢ ɨɬɛɨɣɧɨɝɨ 

ɛɢɬɟɪɚ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ ɬɪɚɧɫɩɨɪɬёɪɚ 3 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡɦɟ-
ɧɟɧɢɟɦ ɜɟɥɢɱɢɧɵ ɪɚɛɨɱɟɝɨ ɫɟɤɬɨɪɚ ɧɚ ɯɪɚɩɨɜɨɦ ɤɨɥɟɫɟ (ɱɢɫɥɚ ɡɭɛɶɟɜ 
ɧɚ ɤɨɥɟɫɟ, ɜɯɨɞɹɳɢɯ ɜ ɡɚɰɟɩɥɟɧɢɟ ɫ ɩɪɢɜɨɞɧɨɣ ɫɨɛɚɱɤɨɣ ɧɚ ɤɭɥɢɫɟ) ɢ 

ɡɚɦɟɧɨɣ ɡɜёɡɞɨɱɟɤ ɩɪɢɜɨɞɚ ɤɪɢɜɨɲɢɩɧɨɝɨ ɦɟɯɚɧɢɡɦɚ. 
ɉɢɬɚɬɟɥɶ-ɞɨɡɚɬɨɪ ɤɨɪɦɨɜ ɉȾɄ-Ɏ-40 (ɪɢɫ. 23) ɫɨɫɬɨɢɬ ɢɡ ɩɪɢёɦ-

ɧɨɝɨ ɥɨɬɤɚ 1, ɝɢɞɪɨɩɪɢɜɨɞɚ 6, ɞɨɡɢɪɭɸɳɟɣ ɝɨɥɨɜɤɢ 3, ɜɵɝɪɭɡɧɨɝɨ ɥɟɧ-

ɬɨɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬёɪɚ 4, ɲɤɚɮɚ ɭɩɪɚɜɥɟɧɢɹ 5 ɢ ɤɨɪɩɭɫɚ 2. 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɩɢɬɚɬɟɥɹ-ɞɨɡɚɬɨɪɚ ɉȾɄ-Ɏ-40 ɪɟɝɭɥɢɪɭɸɬ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɜɵɞɚɱɟ ɤɨɪɦɚ (ɢɡɦɟɧɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟ-
ɳɟɧɢɹ ɩɨɥɨɬɧɚ ɬɪɚɧɫɩɨɪɬёɪɚ) ɢ ɭɝɨɥ ɩɨɞɴёɦɚ ɩɥɚɬɮɨɪɦɵ. 

ɉɨɞɴёɦ ɢ ɨɩɭɫɤɚɧɢɟ ɩɥɚɬɮɨɪɦɵ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɩɟɪɟɤɥɸɱɟɧɢɟɦ 

ɪɭɤɨɹɬɤɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɝɢɞɪɨɩɪɢɜɨɞɚ 6. 
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Ɋɢɫ. 23. ɉɢɬɚɬɟɥɶ-ɞɨɡɚɬɨɪ ɤɨɪɦɨɜ ɉȾɄ-Ɏ-40: 

1 – ɩɪɢёɦɧɵɣ ɥɨɬɨɤ; 2 – ɤɨɪɩɭɫ ɫ ɧɚɤɥɨɧɧɵɦ ɬɪɚɧɫɩɨɪɬёɪɨɦ;  

3 – ɞɨɡɢɪɭɸɳɚɹ ɝɨɥɨɜɤɚ; 4 – ɜɵɝɪɭɡɧɨɣ ɥɟɧɬɨɱɧɵɣ ɬɪɚɧɫɩɨɪɬёɪ;  
5 – ɲɤɚɮ ɭɩɪɚɜɥɟɧɢɹ; 6 – ɝɢɞɪɨɩɪɢɜɨɞ 

 

 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɤɨɩɢɬɟɥɟɣ-ɩɢɬɚɬɟɥɟɣ 

ɫɬɟɛɟɥɶɧɵɯ ɤɨɪɦɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. 

 

 
1. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɤɨɩɢɬɟɥɟɣ-ɩɢɬɚɬɟɥɟɣ  

ɫɬɟɛɟɥɶɧɵɯ ɤɨɪɦɨɜ 
 

ɉɨɤɚɡɚɬɟɥɶ ɉɁɆ-15 ɉȾɄ-10 ɉȾɄ-Ɏ-12 ɉȾɄ-Ɏ-40 
 

ȼɦɟɫɬɢɦɨɫɬɶ, ɦ3 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɧɚ ɫɢɥɨɫɟ, ɡɟɥёɧɨɣ 

ɦɚɫɫɟ, ɬ/ɱ 
ɋɤɨɪɨɫɬɶ ɩɨɥɨɬɧɚ 
ɬɪɚɧɫɩɨɪɬёɪɚ, ɦ/ɦɢɧ 
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