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ɍȾɄ 622.232 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɛɨɬɵ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɣ ɤɪɟɩɢ  
ɧɚ ɧɚɤɥɨɧɧɵɯ ɭɝɨɥɶɧɵɯ ɩɥɚɫɬɚɯ 

ȼ.ɂ. Ɂɟɧɡɟɪɨɜ, ȿ.ȼ. ɉɟɪɢɧɫɤая 

ГɈɍ ȼɉɈ "Ⱦɨɧɟɰɤɢɣ ɧаɰɢɨɧаɥɶɧɵɣ ɬɟɯɧɢчɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ" 
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Ɂɟɧɡɟɪɨɜ ȼ.ɂ., ɉɟɪɢɧɫɤɚɹ ȿ.ȼ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɛɨɬɵ 
ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɣ ɤɪɟɩɢ ɧɚ ɧɚɤɥɨɧɧɵɯ ɭɝɨɥɶɧɵɯ ɩɥɚɫɬɚɯ. ɇа ɨɫɧɨɜɟ ɩɪɟɞɥаɝаɟмɨɝɨ 
ɩɪɨɝɪаммɧɨɝɨ кɨмɩɥɟкɫа ɞɥɹ ɉЭȼɆ, ɜɵɩɨɥɧɟɧɨ мɨɞɟɥɢɪɨɜаɧɢɟ ɩɟɪɟɞɜɢɠɟɧɢɹ ɫɟкцɢɣ 
мɟɯаɧɢɡɢɪɨɜаɧɧɨɣ кɪɟɩɢ ɢ ɨцɟɧɟɧа ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɢ ɪаɛɨɬɟ ɧа ɧакɥɨɧɧɵɯ ɭɝɨɥɶɧɵɯ 
ɩɥаɫɬаɯ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: мɟɯаɧɢɡɢɪɨɜаɧɧаɹ кɪɟɩɶ, ɛɨкɨɜаɹ ɭɫɬɨɣɱɢɜɨɫɬɶ, кɪɢɬɢɱɟɫкɢɣ ɭɝɨɥ, 
аɥɝɨɪɢɬм, ɩɪɨɝɪаммɧɵɣ кɨмɩɥɟкɫ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɡɚɞɚɱɢ 

ɉɨɞ ɫɬаɬɢчɟɫɤɨɣ ɭɫɬɨɣчɢɜɨɫɬɶɸ ɢ 
ɭɫɬɨɣчɢɜɨɫɬɶɸ ɫɟɤɰɢɣ ɤɪɟɩɢ ɜ ɩɪɨɰɟɫɫɟ ɢɯ 
ɩɟɪɟɞɜɢɠɟɧɢя ɩɨɧɢɦаɟɬɫя ɫɩɨɫɨɛɧɨɫɬɶ ɫɟɤɰɢɣ 
ɫɨɯɪаɧяɬɶ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɢɯ ɫɢɥɨɜɵɯ 
ɮаɤɬɨɪɨɜ ɢ аɤɬɢɜɧɵɯ ɫɪɟɞɫɬɜ ɭɞɟɪɠаɧɢя ɬаɤɨɟ 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɟ ɩɨɥɨɠɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɜɨɡɦɨɠɧа ɢɯ ɧɨɪɦаɥɶɧая ɷɤɫɩɥɭаɬаɰɢя ɜ 
ɤɨɦɩɥɟɤɬɟ ɦɟɯаɧɢɡɢɪɨɜаɧɧɨɣ ɤɪɟɩɢ. ɉɪɨɜɟɪɤа 
ɭɫɬɨɣчɢɜɨɫɬɢ ɨɩɪɨɤɢɞɵɜаɧɢɸ ɡаɤɥɸчаɟɬɫя ɜ 
ɨɩɪɟɞɟɥɟɧɢɢ ɫɨɨɬɧɨɲɟɧɢя ɜɨɫɫɬаɧаɜɥɢɜаɸщɟɝɨ 
ɢ ɨɩɪɨɤɢɞɵɜаɸщɟɝɨ ɦɨɦɟɧɬɨɜ ɫɢɥ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɨɫɢ, ɩɪɨɯɨɞящɟɣ ɜɧɭɬɪɢ ɤɨɧɬɭɪа ɨɫɧɨɜаɧɢя (ɩɪɢ 
ɛɨɤɨɜɵɯ ɩɨɪɨɞаɯ ɫ f=3,5-4 ɩɨ ɲɤаɥɟ ɩɪɨɮ. 
ɉɪɨɬɨɞɶяɤɨɧɨɜа ɇ.Ɇ.), а ɜ ɩɪɟɞɟɥɟ – чɟɪɟɡ 
ɤɪаɣɧɸɸ ɬɨчɤɭ ɤɨɧɬɭɪа (ɩɪɢ ɛɨɤɨɜɵɯ ɩɨɪɨɞаɯ ɫ 
f ɞɨ 7-8) ɢ ɫɪаɜɧɟɧɢɢ ɷɬɨɝɨ ɫɨɨɬɧɨɲɟɧɢя ɫ 
ɞɨɩɭɫɬɢɦɵɦ. Ɉɩɪɨɤɢɞɵɜаɧɢɟ – ɩɨɜɨɪɨɬ ɫɟɤɰɢɢ 
ɤɪɟɩɢ ɜɨɤɪɭɝ ɨɫɢ, ɩɪɨɯɨɞящɟɣ чɟɪɟɡ ɨɫɧɨɜаɧɢɟ, 
ɩɪɢчɟɦ ɩɨɥɨɠɟɧɢɟ ɟɟ ɡаɜɢɫɢɬ ɨɬ ɮɢɡɢɤɨ-

ɦɟɯаɧɢчɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨчɜɵ Д1Ж. ɉɪɢ ɪаɛɨɬɟ 
ɦɟɯаɧɢɡɢɪɨɜаɧɧɵɯ ɤɪɟɩɟɣ ɜ ɥаɜаɯ ɫ ɭɝɥɨɦ 
ɩаɞɟɧɢя ɩɥаɫɬа ɫɜɵɲɟ 15° ɡɧачɢɬɟɥɶɧая чаɫɬɶ 
ɨɬɤаɡɨɜ ɜɨɡɧɢɤаɟɬ ɜɫɥɟɞɫɬɜɢɟ ɧɢɡɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɪɟɞɫɬɜ ɨɛɟɫɩɟчɟɧɢя 
ɭɫɬɨɣчɢɜɨɫɬɢ ɢɯ ɫɟɤɰɢɣ. 

ɉɨɷɬɨɦɭ ɧаɭчɧɨ-ɬɟɯɧɢчɟɫɤɨɟ ɨɛɨɫɧɨɜаɧɢɟ 
ɢ ɪаɡɜɢɬɢɟ ɦɟɬɨɞɨɜ ɢ ɫɪɟɞɫɬɜ ɢɫɫɥɟɞɨɜаɧɢя, 
ɩɪɨɟɤɬɢɪɨɜаɧɢя ɢ ɪаɫчɟɬа ɩаɪаɦɟɬɪɨɜ ɫɟɤɰɢɣ 
ɦɟɯаɧɢɡɢɪɨɜаɧɧɵɯ ɤɪɟɩɟɣ ɫ ɯаɪаɤɬɟɪɢɫɬɢɤаɦɢ, 
ɨɛɟɫɩɟчɢɜаɸщɢɦɢ ɢɯ ɷɮɮɟɤɬɢɜɧɭɸ ɷɤɫɩɥɭаɬаɰɢɸ 
ɧа ɧаɤɥɨɧɧɵɯ ɩɥаɫɬаɯ, яɜɥяɟɬɫя ɜаɠɧɨɣ ɧаɭчɧɨɣ ɢ 
ɩɪаɤɬɢчɟɫɤɨɣ ɡаɞачɟɣ, ɢɦɟɸщɟɣ ɨɬɪаɫɥɟɜɨɟ 
ɡɧачɟɧɢɟ. 

ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɪɚɛɨɬɵ 

ɐɟɥɶɸ ɪаɛɨɬɵ яɜɥяɟɬɫя ɪаɡɪаɛɨɬɤа 
ɫɨɜɪɟɦɟɧɧɵɯ ɫɪɟɞɫɬɜ ɢɫɫɥɟɞɨɜаɧɢя ɩаɪаɦɟɬɪɨɜ 
ɫɟɤɰɢɣ ɦɟɯаɧɢɡɢɪɨɜаɧɧɵɯ ɤɪɟɩɟɣ ɞɥя ɢɯ 

ɦɨɞɟɪɧɢɡаɰɢɢ, ɨɛɟɫɩɟчɢɜаɸщɢɯ ɩɨɜɵɲɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɯ ɷɤɫɩɥɭаɬаɰɢɢ. 

Ⱦɥя ɞɨɫɬɢɠɟɧɢя ɩɨɫɬаɜɥɟɧɧɨɣ ɰɟɥɢ 
ɪɟɲаɟɬɫя ɡаɞача ɪаɡɪаɛɨɬɤɢ ɦɟɬɨɞɢɤɢ 
аɧаɥɢɬɢчɟɫɤɨɣ ɨɰɟɧɤɢ ɭɫɬɨɣчɢɜɨɫɬɢ 
ɩɟɪɟɞɜɢɠɟɧɢя ɫɟɤɰɢɣ ɦɟɯаɧɢɡɢɪɨɜаɧɧɨɣ ɤɪɟɩɢ 
ɧа ɧаɤɥɨɧɧɵɯ ɩɥаɫɬаɯ. Ⱦɥя чɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢя 
ɩɨɥɭчɟɧɧɨɣ ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ 
ɩɪɟɞɥаɝаɟɬɫя ɩɪɨɝɪаɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɞɥя ɉɗȼɆ, 
ɜɤɥɸчаɸщɢɣ ɦɨɞɭɥɶ ɝɪаɮɢчɟɫɤɨɝɨ ɨɬɨɛɪаɠɟɧɢя 
ɪɟɡɭɥɶɬаɬɨɜ. 

ɋɨɞɟɪɠɚɧɢɟ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ 

ɇа ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɫɟɤɰɢɢ ɢ 
ɫɤɨɪɨɫɬɶ ɟɟ ɩɟɪɟɞɜɢɠɟɧɢя ɨɤаɡɵɜаɸɬ ɜɥɢяɧɢɟ 
ɛɨɥɶɲɨɟ ɤɨɥɢчɟɫɬɜɨ ɮаɤɬɨɪɨɜ, ɨɫɧɨɜɧɵɦɢ ɢɡ 
ɤɨɬɨɪɵɯ яɜɥяɸɬɫя: ɧаɤɥɨɧɧɵɟ ɫɨɫɬаɜɥяɸщɢɟ 
ɜɟɫа ɫɟɤɰɢɢ ɤɪɟɩɢ, ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪа ɟɟ ɬяɠɟɫɬɢ, 
ɫɨɫɬаɜɥяɸщɢɟ ɬяɝɨɜɨɝɨ ɭɫɢɥɢя ɝɢɞɪɨɞɨɦɤɪаɬа, 
аɤɬɢɜɧɵɣ ɭɞɟɪɠɢɜаɸщɢɣ ɦɨɦɟɧɬ, ɫɨɡɞаɜаɟɦɵɣ 
ɫɢɫɬɟɦɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ, ɜɟɥɢчɢɧа ɩɨɞɩɨɪɧɨɝɨ 
ɭɫɢɥɢя ɩɪɢ ɩɟɪɟɞɜɢɠɟɧɢɢ ɫ ɩɨɞɩɨɪɨɦ, ɭɫɢɥɢя 
ɜɡаɢɦɨɞɟɣɫɬɜɢя ɜ ɦɟɠɫɟɤɰɢɨɧɧɵɯ ɫɜяɡяɯ ɛаɥɨɤ ɢ 
ɨɫɧɨɜаɧɢɣ, ɩɪɢɝɪɭɡɤа ɩɨɪɨɞ ɤɪɨɜɥɢ ɧа 
ɩɟɪɟɤɪɵɬɢɟ ɫɟɤɰɢɢ, ɜɞаɜɥɢɜаɧɢɟ ɨɫɧɨɜаɧɢя ɜ 
ɩɨчɜɭ ɩɥаɫɬа ɢ ɞɪ. Ɉɩɪɟɞɟɥɢɦ ɡаɩаɫ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɫɟɤɰɢɣ ɤɪɟɩɢ ɜ ɩɪɨɰɟɫɫɟ 
ɨɞɧɨɤɪаɬɧɨɝɨ ɩɟɪɟɞɜɢɠɟɧɢя. Ɋаɫчɟɬɧая ɫɯɟɦа ɤ 
ɨɩɪɟɞɟɥɟɧɢɸ ɛɨɤɨɜɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ ɫɟɤɰɢɢ 
ɦɟɯаɧɢɡɢɪɨɜаɧɧɨɣ ɤɪɟɩɢ ɩɪɢɜɟɞɟɧа ɧа ɪɢɫ. 1.  

Ɇɨɦɟɧɬ, ɭɞɟɪɠɢɜаɸщɢɣ ɫɟɤɰɢɸ ɤɪɟɩɢ ɨɬ 
ɨɩɪɨɤɢɞɵɜаɧɢя, ɪаɜɟɧ: 

ɭɞ
.акɬɆɭɞ

.ɜɡаɢмɆɭɞ
.ɩɨɞɩɆɭɞ

G
ɆɭɞɆ  ,   (1) 

ɝɞɟ   Ɇ ɭɞ
G  – ɭɞɟɪɠɢɜаɸщɢɣ ɦɨɦɟɧɬ ɨɬ 

ɫɨɫɬаɜɥяɸщɟɣ ɜɟɫа ɫɟɤɰɢɢ ɤɪɟɩɢ; 
Ɇ ɭɞ

ɩɨɞɩ.  – ɭɞɟɪɠɢɜаɸщɢɣ ɦɨɦɟɧɬ ɨɬ 
ɩɨɞɩɨɪɧɨɝɨ ɭɫɢɥɢя; 
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Ɋɢɫɭɧɨɤ 1 - Ɋаɫчɟɬɧая ɫɯɟɦа ɨɩɪɟɞɟɥɟɧɢя ɛɨɤɨɜɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ ɫɟɤɰɢɢ ɦɟɯаɧɢɡɢɪɨɜаɧɧɨɣ ɤɪɟɩɢ 

 

Ɇ ɭɞ
ɜɡаɢм.  – ɦɨɦɟɧɬ ɨɬ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɜ 

ɦɟɠɫɟɤɰɢɨɧɧɵɯ ɫɜяɡяɯ;  
Ɇ ɭɞ

акɬ.  – аɤɬɢɜɧɵɣ ɭɞɟɪɠɢɜаɸщɢɣ 
ɦɨɦɟɧɬ, ɫɨɡɞаɜаɟɦɵɣ ɦɟɯаɧɢɡɦɨɦ 
ɭɫɬɨɣчɢɜɨɫɬɢ. 

Ɇɨɦɟɧɬ, ɨɩɪɨɤɢɞɵɜаɸщɢɣ ɫɟɤɰɢɸ ɤɪɟɩɢ, 
ɫɤɥаɞɵɜаɟɬɫя ɢɡ ɦɨɦɟɧɬɨɜ ɨɬ ɫɨɫɬаɜɥяɸщɢɯ ɜɟɫа 
Ɇ ɨɩɪ

G  ɢ ɬяɝɨɜɨɝɨ ɭɫɢɥɢя ɝɢɞɪɨɞɨɦɤɪаɬа 

ɩɟɪɟɞɜɢɠɟɧɢя   Ɇ ɨɩɪ
ɝɞ : 

ɨɩɪ
ɝɞ

ɨɩɪ
Gɨɩɪ ɆɆɆ   .              (2) 

Ɇɨɦɟɧɬɵ ɨɬ ɫɨɫɬаɜɥяɸщɢɯ ɜɟɫа ɤɪɟɩɢ 
ɪаɜɧɵ: 





sinGHM

cosGlɆ

цɬ
ɨɩɪ
G

B
ɭɞ
G



 ,               (3) 

ɝɞɟ   G – ɜɟɫ ɫɟɤɰɢɢ ɤɪɟɩɢ ɫ ɩɪɢɝɪɭɡɤɨɣ; 
α – ɭɝɨɥ ɩаɞɟɧɢя ɩɥаɫɬа; 
lB – ɩɥɟчɨ ɜɨɫɫɬаɧаɜɥɢɜаɸщɟɝɨ ɦɨɦɟɧɬа, ɫ 

ɭчɟɬɨɦ ɲɢɪɢɧɵ ɨɫɧɨɜаɧɢя, ɪаɜɧɨɣ L  ɢ ɫɦяɬɢя 
ɩɨɪɨɞ ɩɨчɜɵ ɩɨɞ ɧɢɠɧɢɦ (ɫɨ ɫɬɨɪɨɧɵ ɩаɞɟɧɢя 
ɩɥаɫɬа) ɪɟɛɪɨɦ ɨɫɧɨɜаɧɢя ɧа ɜɟɥɢчɢɧɭ ΔB (ɜ 
ɪаɫчɟɬаɯ ɩɪɢɧɢɦаɟɬɫя ɪаɜɧɨɣ 0,05ɦ) ɪаɜɧɨ: 

b
l

lB 
2

,                (4) 

ɇцɬ – ɜɵɫɨɬа ɰɟɧɬɪа ɬяɠɟɫɬɢ ɫɢɫɬɟɦɵ 
"ɫɟɤɰɢя ɤɪɟɩɢ – ɤɪɨɜɥя"; ɩɪɢ ɫɥаɛɵɯ ɤɪɨɜɥяɯ 
ɪаɫɫчɢɬɵɜаɟɬɫя ɫ ɭчɟɬɨɦ ɦаɫɫɵ ɨɬɫɥɨɢɜɲɟɣɫя 
ɩɨɪɨɞɵ ɜɵɫɨɬɨɣ hкɪ=0,5÷0,7 ɦ: 

G

HGHG
ɇ

кɪ
цɬkp

c

цɬc

цɬ


  ,           (5) 

ɝɞɟ   Gɫ – ɜɟɫ ɫɟɤɰɢɢ ɤɪɟɩɢ; 
ɇ ɫ

цɬ  – ɜɵɫɨɬа ɰɟɧɬɪа ɬяɠɟɫɬɢ ɫɟɤɰɢɢ; 
Gкɪ – ɜɟɫ ɨɬɫɥɨɢɜɲɟɣɫя ɩɨɪɨɞɵ ɤɪɨɜɥɢ 

ɩɥɨɬɧɨɫɬɶɸ γ ɪаɜɟɧ: 
21LLhG кɪкɪ  ,            (6) 

ɝɞɟ    L1 – ɲаɝ ɭɫɬаɧɨɜɤɢ ɫɟɤɰɢɣ ɤɪɟɩɢ; 
L2 – ɲɢɪɢɧа ɩɨɞɞɟɪɠɢɜаɟɦɨɝɨ ɤɪɟɩɶɸ 

ɩɪɢɡаɛɨɣɧɨɝɨ ɩɪɨɫɬɪаɧɫɬɜа; 
ɇ кɪ

цɬ  – ɜɵɫɨɬа ɰɟɧɬɪа ɬяɠɟɫɬɢ 
ɨɬɫɥɨɢɜɲɟɣɫя ɤɪɨɜɥɢ, ɧаɯɨɞящɟɣɫя ɧа 
ɩɟɪɟɤɪɵɬɢɢ ɫɟɤɰɢɢ ɜɵɫɨɬɨɣ ɇ: 

2

кɪкɪ
цɬ

h
ɇɇ   .                (7) 

Ɉɬɦɟɬɢɦ, чɬɨ ɩɟɪɟɞɜɢɠɟɧɢɟ ɫɟɤɰɢɣ 
ɤɪɟɩɢ ɫ ɩɨɞɩɨɪɨɦ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɫɟɤɰɢɣ ɧа ɧаɤɥɨɧɧɵɯ ɩɥаɫɬаɯ. 
ɍɞɟɪɠɢɜаɸщɢɣ ɦɨɦɟɧɬ ɨɬ ɩɨɞɩɨɪɧɨɝɨ ɭɫɢɥɢя  
Тɩ   ɪаɜɟɧ: 

)ɇfl(ТɆ кɪbɩ
ɭɞ

.ɩɨɞɩ   ,           (8) 

ɝɞɟ  f кɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢя ɩɟɪɟɤɪɵɬɢя ɨ 
ɤɪɨɜɥɸ. 

Ɇаɤɫɢɦаɥɶɧая ɜɟɥɢчɢɧа ɭɫɢɥɢя ɩɨɞɩɨɪа 
ɤɪɨɜɥɢ ɨɩɪɟɞɟɥяɟɬɫя ɢɡ ɭɫɥɨɜɢя ɨɛɟɫɩɟчɟɧɢя 
ɞɜɢɠɟɧɢя ɫɟɤɰɢɢ ɤɪɟɩɢ ɭɫɢɥɢɟɦ, ɪаɡɜɢɜаɟɦɵɦ 
ɝɢɞɪɨɞɨɦɤɪаɬɨɦ ɩɟɪɟɞɜɢɠɟɧɢя. ɇа ɨɫɧɨɜаɧɢɢ 
ɢɫɫɥɟɞɨɜаɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɪаɛɨɬаɯ Дβ, γ, 4Ж 
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ɩɨɥɭчɟɧɨ ɜɵɪаɠɟɧɢɟ ɞɥя ɦаɤɫɢɦаɥɶɧɨɣ 
ɜɟɥɢчɢɧɵ ɭɫɢɥɢя ɩɨɞɩɨɪа ɤɪɨɜɥɢ ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩаɪаɦɟɬɪɨɜ ɢ 
ɜɟɥɢчɢɧɵ ɪаɫɫɨɝɥаɫɨɜаɧɢя ɜ ɭɪɨɜɧяɯ 
ɨɫɧɨɜаɧɢя ɫɟɤɰɢɢ ɤɪɟɩɢ ɢ ɤɨɧɜɟɣɟɪа: 

 

 
)ff(

)cos(f)RTT(fcosG

)ff)(cos(

)sinf(cosDP)dD(P
maxT

kpn

ɞцtpyn

kpnɞц

цццbb

n


















21

2
3

22
24

, (9) 

ɝɞɟ Ɋ2 ɢ Ɋ3 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞаɜɥɟɧɢя ɪаɛɨчɟɣ 
ɠɢɞɤɨɫɬɢ ɜ ɲɬɨɤɨɜɨɣ ɢ ɩɨɪɲɧɟɜɨɣ ɩɨɥɨɫɬяɯ 
ɝɢɞɪɨɞɨɦɤɪаɬа;  

Db ɢ d – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɧɭɬɪɟɧɧɢɣ 
ɞɢаɦɟɬɪ ɰɢɥɢɧɞɪа ɢ ɞɢаɦɟɬɪ ɲɬɨɤа 
ɝɢɞɪɨɞɨɦɤɪаɬа;  

Ș – ɨɛɴɟɦɧɵɣ ɄɉȾ (ɩɪɢ ɭɩɥɨɬɧɟɧɢяɯ 
ɪɟɡɢɧɨɜɵɦɢ ɦаɧɠɟɬаɦɢ Ș=1); 

ȕц – ɭɝɨɥ ɨɬɤɥɨɧɟɧɢя ɰɟɩɢ ɨɬ 
ɝɨɪɢɡɨɧɬаɥɶɧɨɣ ɨɫɢ ɜ ɜɟɪɬɢɤаɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ; 

Ȗɞ – ɭɝɨɥ ɨɬɤɥɨɧɟɧɢя ɨɫɢ ɝɢɞɪɨɞɨɦɤɪаɬа 
ɨɬ ɨɫɢ ɨɬɜɟɪɫɬɢя ɞɥя ɭɫɬаɧɨɜɤɢ ɜ ɜɟɪɬɢɤаɥɶɧɨɣ 
ɩɥɨɫɤɨɫɬɢ. 

Ɉɩɪɨɤɢɞɵɜаɸщɢɣ ɦɨɦɟɧɬ ɨɬ 
ɜɟɪɬɢɤаɥɶɧɨɣ ɫɨɫɬаɜɥяɸщɟɣ ɬяɝɨɜɨɝɨ ɭɫɢɥɢя 
ɝɢɞɪɨɞɨɦɤɪаɬа ɪаɜɟɧ: 

)bl(SɆ b
ɨɩɪ
ɝɞ  1

,          (10) 

ɝɞɟ l1 – ɪаɫɫɬɨяɧɢɟ ɨɬ ɨɫɢ ɝɢɞɪɨɞɨɦɤɪаɬа 
ɞɨ ɧɢɠɧɟɝɨ ɩɨ ɩаɞɟɧɢɸ ɩɥаɫɬа ɪɟɛɪа 
ɨɫɧɨɜаɧɢя. ɍɞɟɪɠɢɜаɸщɢɣ ɦɨɦɟɧɬ, 
ɜɨɡɧɢɤаɸщɢɣ ɩɪɢ ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɫɟɤɰɢɢ ɫ 
ɷɥɟɦɟɧɬаɦɢ ɤɨɧɫɬɪɭɤɰɢɢ ɤɨɦɩɥɟɤɫа: 

)bl(fThТɆ tp
ɭɞ
ɜɡаɢм  211

,   (11) 

ɝɞɟ   h1 – ɩɥɟчɨ ɫɢɥɵ   Т1. 

 

 

 

ɂɫɫɥɟɞɨɜаɧɢя ɤɢɧɟɦаɬɢɤɢ ɩɟɪɟɞɜɢɠɟɧɢя 
ɫɟɤɰɢɣ ɦɟɯаɧɢɡɢɪɨɜаɧɧɵɯ ɤɪɟɩɟɣ ɩɪɨɜɨɞɢɥɨɫɶ 
ɧа ɛаɡɟ ɦɟɯаɧɢɡɢɪɨɜаɧɧɵɯ ɩɨɞɞɟɪɠɢɜаɸщɢɯ 
ɤɪɟɩɟɣ ɫ ɧɢɠɧɢɦ ɪаɫɩɨɥɨɠɟɧɢɟɦ ɫɜяɡɟɣ, 
ɩɪɟɞɧаɡɧачɟɧɧɵɯ ɞɥя ɪаɛɨɬɵ ɜ ɥаɜаɯ ɫ ɭɝɥɨɦ 
ɩаɞɟɧɢя ɩɥаɫɬа ɞɨ γ5°. 

Ɋаɫчɟɬ ɭɫɬɨɣчɢɜɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ 
ɨɞɧɨɤɪаɬɧɨɝɨ ɩɟɪɟɞɜɢɠɟɧɢя ɛɟɡ ɩɨɞɩɨɪа ɫɟɤɰɢɣ 
ɤɪɟɩɟɣ, ɧɟ ɨɫɧащɟɧɧɵɯ ɫɩɟɰɢаɥɶɧɨɣ ɫɢɫɬɟɦɨɣ 
ɭɫɬɨɣчɢɜɨɫɬɢ, ɫɜɨɞɢɬɫя ɤ ɨɩɪɟɞɟɥɟɧɢɸ 
ɦаɤɫɢɦаɥɶɧɨɝɨ ɡɧачɟɧɢя ɭɝɥа ɩаɞɟɧɢя ɩɥаɫɬа, 
ɩɪɢ ɤɨɬɨɪɨɦ ɟщɟ ɨɛɟɫɩɟчɢɜаɟɬɫя ɛɨɤɨɜая 
ɭɫɬɨɣчɢɜɨɫɬɶ ɫɟɤɰɢɣ. Ɉɪɢɟɧɬɢɪɨɜɨчɧɵɣ ɪаɫчɟɬ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɜɵɩɨɥɧяɟɬɫя ɫ ɭчɟɬɨɦ ɜɵɪаɠɟɧɢɣ 
(3) - (7) ɞɥя ɤɨɧɤɪɟɬɧɵɯ ɝɨɪɧɨ-ɝɟɨɥɨɝɢчɟɫɤɢɯ 
ɭɫɥɨɜɢɣ ɷɤɫɩɥɭаɬаɰɢɢ ɢ ɡаɩаɫа ɭɫɬɨɣчɢɜɨɫɬɢ, 
ɪаɜɧɨɝɨ ɟɞɢɧɢɰɟ, ɩɨ ɮɨɪɦɭɥɟ: 

)
h

H(LLhHG

)LLhG)(b
l

(

arctg
kp

kp
c
цɬc

kpc

2

2

21

21











 ,(12) 

Ⱦɥя ɜɵɩɨɥɧɟɧɢя ɢɧɠɟɧɟɪɧɵɯ ɪаɫчɟɬɨɜ 
ɪаɡɪаɛɨɬаɧ аɥɝɨɪɢɬɦ, ɩɨɡɜɨɥяɸщɢɣ ɨɩɪɟɞɟɥɢɬɶ 
ɦаɤɫɢɦаɥɶɧɨɟ ɡɧачɟɧɢя ɭɝɥа ɩаɞɟɧɢя ɩɥаɫɬа α ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɦаɫɫɵ ɫɟɤɰɢɢ ɤɪɟɩɢ Gc ɜɵɫɨɬɵ 
ɰɟɧɬɪа ɬяɠɟɫɬɢ ɫɟɤɰɢɢ ɫ

цɬɇ , ɩɥɨщаɞɢ ɤɪɨɜɥɢ 
(L1, L2), ɩɨɞɞɟɪɠɢɜаɟɦɨɣ ɨɞɧɨɣ ɫɟɤɰɢɟɣ ɤɪɟɩɢ, 
ɦɨщɧɨɫɬɢ ɩɥаɫɬа ɇ, ɲɢɪɢɧɵ ɨɫɧɨɜаɧɢя l ɢ 
ɜɵɫɨɬɵ ɨɬɫɥɨɢɜɲɟɣɫя ɤɪɨɜɥɢ hkp. Ȼɥɨɤ-ɫɯɟɦа 
аɥɝɨɪɢɬɦа ɩɪɢɜɟɞɟɧа ɧа ɪɢɫ. β. 

 

 

 
 

Ɋɢɫɭɧɨɤ β - Ȼɥɨɤ-ɫɯɟɦа аɥɝɨɪɢɬɦа 
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ɇа ɨɫɧɨɜаɧɢɢ ɪаɡɪаɛɨɬаɧɧɨɝɨ аɥɝɨɪɢɬɦа 
ɢ ɩɪɨɝɪаɦɦɵ ɧа яɡɵɤɟ DELPHI Д8Ж ɨɩɪɟɞɟɥяɟɦ 
ɦаɤɫɢɦаɥɶɧɵɣ ɭɝɨɥ ɩаɞɟɧɢя ɩɥаɫɬа ɩɪɢ ɪаɛɨɬɟ 
ɫɟɤɰɢɢ ɤɪɟɩɢ ɛɟɡ ɫɢɫɬɟɦɵ ɭɫɬɨɣчɢɜɨɫɬɢ. 
Ɂаɜɢɫɢɦɨɫɬɶ кɪɢɬɢɱɟɫкɨɝɨ ɭɝɥа ɫɬаɬɢчɟɫɤɨɣ 
ɛɨɤɨɜɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ ɫɟɤɰɢɢ ɤɪɟɩɢ 1ɆɌ ɨɬ 
ɝɨɪɧɨ-ɝɟɨɥɨɝɢчɟɫɤɢɯ ɭɫɥɨɜɢɣ ɩɪɢɜɟɞɟɧа ɧа 
ɪɢɫ. 3.  

 

 
 

Ɋɢɫɭɧɨɤ γ - Ɂаɜɢɫɢɦɨɫɬɶ ɤɪɢɬɢчɟɫɤɨɝɨ ɭɝɥа 
ɫɬаɬɢчɟɫɤɨɣ ɛɨɤɨɜɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ ɫɟɤɰɢɢ 

ɤɪɟɩɢ 1ɆɌ ɨɬ ɝɨɪɧɨ-ɝɟɨɥɨɝɢчɟɫɤɢɯ ɭɫɥɨɜɢɣ 

 

ȼаɪɶɢɪɨɜаɧɢɟ ɢɫɯɨɞɧɵɯ ɩаɪаɦɟɬɪɨɜ ɩɪɢ 
ɪаɫчɟɬаɯ ɩɨɤаɡɵɜаɟɬ, чɬɨ ɜ ɛɥаɝɨɩɪɢяɬɧɵɯ 
ɝɨɪɧɨ-ɝɟɨɥɨɝɢчɟɫɤɢɯ ɭɫɥɨɜɢяɯ ɷɤɫɩɥɭаɬаɰɢя 
ɫɟɤɰɢɣ ɤɪɟɩɢ 1ɆɌ ɛɟɡ ɢɫɩɨɥɶɡɨɜаɧɢя 
ɫɩɟɰɢаɥɶɧɵɯ ɫɪɟɞɫɬɜ ɨɛɟɫɩɟчɟɧɢя ɛɨɤɨɜɨɣ 
ɭɫɬɨɣчɢɜɨɫɬɢ (ɤɪɢɜɵɟ I ɢ II ɧа ɪɢɫ. γ) ɧа 

ɦаɤɫɢɦаɥɶɧɨɣ ɞɥя ɩɟɪɜɨɝɨ ɬɢɩɨɪаɡɦɟɪа 
ɦɨщɧɨɫɬɢ ɩɥаɫɬа ɜɨɡɦɨɠɧа ɞɨ ɭɝɥɨɜ ɩаɞɟɧɢя 
ɩɥаɫɬа ɧɟ ɛɨɥɟɟ β5°. ɉɨɤаɡаɧɨ, чɬɨ ɫɨɫɬɨяɧɢɟ 
ɩɨчɜɵ ɢ ɤɪɨɜɥɢ ɩɥаɫɬа ɨɤаɡɵɜаɟɬ ɫɭщɟɫɬɜɟɧɧɨɟ 
ɜɥɢяɧɢɟ ɧа ɭɫɬɨɣчɢɜɨɫɬɶ ɫɟɤɰɢɢ ɤɪɟɩɢ, 
ɭɦɟɧɶɲая ɞɢаɩаɡɨɧ ɜɨɡɦɨɠɧɨɣ ɟɟ ɪаɛɨɬɵ ɩɨ 
ɭɝɥɭ ɩаɞɟɧɢя ɩɥаɫɬа ɧа ɜɟɥɢчɢɧɭ ɞɨ 41%. Ɍаɤ, 
ɤɪɢɬɢчɟɫɤɢɣ ɭɝɨɥ ɫɬаɬɢчɟɫɤɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ 
ɫɟɤɰɢɢ ɤɪɟɩɢ 1ɆɌ ɩɪɢ ɪаɡɝɪɭɡɤɟ ɜ ɥаɜɟ ɫɨ 
ɫɥаɛɨɣ ɩɨчɜɨɣ ɢ ɧɟɭɫɬɨɣчɢɜɨɣ, ɨɬɫɥɨɢɜɲɟɣɫя 
ɤɪɨɜɥɟɣ ɫɧɢɠаɟɬɫя ɞɨ 15° (ɤɪɢɜɵɟ III ɢ VI ɧа 
ɪɢɫ. γ). 

Ⱦɥя ɪаɫɲɢɪɟɧɢя ɨɛɥаɫɬɢ ɷɤɫɩɥɭаɬаɰɢɢ 
ɦɟɯаɧɢɡɢɪɨɜаɧɧɵɯ ɤɪɟɩɟɣ ɞɨ γ5° ɢ ɩɨɜɵɲɟɧɢя 
ɡаɩаɫа ɭɫɬɨɣчɢɜɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɟɧɢɟ 
ɫɩɟɰɢаɥɶɧɵɯ ɫɢɫɬɟɦ ɭɫɬɨɣчɢɜɨɫɬɢ Д5Ж.  

Ɂаɩаɫ ɭɫɬɨɣчɢɜɨɫɬɢ ɫɟɤɰɢɢ ɤɪɟɩɢ ɜ 
ɩɪɨɰɟɫɫɟ ɨɞɧɨɤɪаɬɧɨɝɨ ɩɟɪɟɦɟщɟɧɢя ɪаɜɟɧ 
ɨɬɧɨɲɟɧɢɸ ɦɨɦɟɧɬɨɜ ɭɞɟɪɠɢɜаɸщɟɝɨ ∑Ɇɭɞ ɢ 
ɨɩɪɨɤɢɞɵɜаɸщɟɝɨ ∑Ɇɨɩɪ  ɫɟɤɰɢɸ. ɋ ɭчɟɬɨɦ 
ɮɨɪɦɭɥ (1) – (11) ɩɨɥɭчɢɦ ɜɵɪаɠɟɧɢɟ ɞɥя 
ɡаɩаɫа ɭɫɬɨɣчɢɜɨɫɬɢ: 

цɟɩɢ
rцT

cyyTPkpbnb

l

a
arcsint)bl(SsinGH

KlQ)bl(fThT)Hfl(TcosGl
n










1

211

,(13) 

Ɋаɡɪаɛɨɬаɧ аɥɝɨɪɢɬɦ (ɪɢɫ. 4) ɢ 
ɩɪɨɝɪаɦɦа ɧа яɡɵɤɟ DELPHI Д8Ж, ɩɨɡɜɨɥяɸщɢɟ 
ɢɫɩɨɥɶɡɭя ɮɨɪɦɭɥɭ (1γ) ɨɩɪɟɞɟɥɢɬɶ ɞаɜɥɟɧɢɟ, 
ɧɟɨɛɯɨɞɢɦɨɟ ɞɥя ɭɞɟɪɠаɧɢя ɫɟɤɰɢɢ ɨɬ 
ɨɩɪɨɤɢɞɵɜаɧɢя.

 

 
Ɋɢɫɭɧɨɤ 4 - Ȼɥɨɤ-ɫɯɟɦа аɥɝɨɪɢɬɦа ɪаɫчɟɬа ɡаɩаɫа ɭɫɬɨɣчɢɜɨɫɬɢ 
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Ɂаɜɢɫɢɦɨɫɬɶ ɬɪɟɛɭɟɦɨɝɨ ɞаɜɥɟɧɢя Pɝɩ ɜ 
ɝɢɞɪɨɩаɬɪɨɧɟ, ɨɛɟɫɩɟчɢɜаɸщɟɝɨ ɭɫɬɨɣчɢɜɨɫɬɶ 
ɫɟɤɰɢɢ ɤɪɟɩɢ ɞɥя ɪаɡɥɢчɧɵɯ ɭɝɥɨɜ ɩаɞɟɧɢя α  ɢ 
ɦɨщɧɨɫɬɢ ɩɥаɫɬа  H  ɩɪɢɜɟɞɟɧа ɧа ɪɢɫ. 5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 5 - Ɂаɜɢɫɢɦɨɫɬɶ ɬɪɟɛɭɟɦɨɝɨ ɞаɜɥɟɧɢя ɜ 
ɝɢɞɪɨɩаɬɪɨɧɟ ɨɬ ɭɝɥа ɩаɞɟɧɢя ɩɥаɫɬа 

 

Ⱥɧаɥɢɡ ɪɟɡɭɥɶɬаɬɨɜ ɪаɫчɟɬа ɩɨɤаɡɵɜаɟɬ, 
чɬɨ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜ ɥаɜɟ ɝɨɪɧɨ-ɝɟɨɥɨɝɢчɟɫɤɢɯ 
ɧаɪɭɲɟɧɢɣ ɪаɫɫɦаɬɪɢɜаɟɦая ɤɨɧɫɬɪɭɤɰɢя 
ɦɟɯаɧɢɡɦа ɭɫɬɨɣчɢɜɨɫɬɢ ɨɛɟɫɩɟчɢɜаɟɬ (ɩɪɢ 
ɞаɜɥɟɧɢɢ ɜ ɝɢɞɪɨɩаɬɪɨɧɟ ɞɨ β0Ɇɉа) ɭɞɟɪɠаɧɢɟ 
ɫɟɤɰɢɣ ɤɪɟɩɢ ɨɬ ɛɨɤɨɜɨɝɨ ɨɩɪɨɤɢɞɵɜаɧɢя ɧа 
ɭɝɥаɯ ɩаɞɟɧɢя ɩɥаɫɬа ɞɨ γ5° ɢ ɦɨщɧɨɫɬɢ ɩɥаɫɬа 
ɞɨ 1,5 ɦ (ɝɪаɮɢɤ I, ɪɢɫ. 5). ɉɪɢ ɨɬɤɥɨɧɟɧɢɢ 
ɫɟɤɰɢɣ ɤɪɟɩɢ ɨɬ ɧɨɪɦаɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢя ɷɬɨɝɨ 
ɞаɜɥɟɧɢя ɭɠɟ ɧɟɞɨɫɬаɬɨчɧɨ ɞɥя ɢɯ 
ɜɨɫɫɬаɧɨɜɥɟɧɢя (ɝɪаɮɢɤ β, ɪɢɫ. 5). 

ɉɪɟɞɵɞɭщɢɟ ɢɫɫɥɟɞɨɜаɧɢя ɛɵɥɢ 
ɜɵɩɨɥɧɟɧɵ ɞɥя ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɡаɩаɫа 
ɭɫɬɨɣчɢɜɨɫɬɢ n, ɪаɜɧɨɝɨ ɟɞɢɧɢɰɟ. Ɉɞɧаɤɨ, 
ɢɡɦɟɧɟɧɢɟ ɝɨɪɧɨ-ɝɟɨɥɨɝɢчɟɫɤɢɯ ɭɫɥɨɜɢɣ ɜ 
ɩɪɨɰɟɫɫɟ ɩɪɨɞɜɢɝаɧɢя ɡаɛɨя ɩɪɢ ɨɬɪаɛɨɬɤɟ 
ɫɬɨɥɛа ɢ, ɞаɠɟ, ɩɨ ɞɥɢɧɟ ɫаɦɨɣ ɥаɜɵ, ɬɪɟɛɭɟɬ 
ɨɛɟɫɩɟчɟɧɢя ɡаɩаɫа ɭɫɬɨɣчɢɜɨɫɬɢ, ɜɟɥɢчɢɧа 
ɤɨɬɨɪɨɝɨ ɡаɜɢɫɢɬ ɨɬ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭаɬаɰɢɢ 
ɦɟɯаɧɢɡɢɪɨɜаɧɧɨɣ ɤɪɟɩɢ [6]. 

ɇа ɪɢɫ. 6 ɩɪɢɜɟɞɟɧɵ ɡаɜɢɫɢɦɨɫɬɢ ɡаɩаɫа 
ɛɨɤɨɜɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ ɫɟɤɰɢɣ ɤɪɟɩɢ 1ɆɌ ɩɪɢ 
ɦɨщɧɨɫɬɢ ɩɥаɫɬа ɇ=1,5ɦ ɞɥя ɪаɡɥɢчɧɵɯ ɭɝɥɨɜ 
ɩаɞɟɧɢя ɩɥаɫɬа α ɢ ɫɨɫɬɨяɧɢя ɩɨчɜɵ ɢ ɤɪɨɜɥɢ 
ɩɥаɫɬа (ɝɪаɮɢɤɢ I-IV). ɋɟɤɰɢɢ ɧɟ ɨɛɨɪɭɞɨɜаɧɵ 
ɫɢɫɬɟɦɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ.  

Ɉɬɦɟчаɟɦ, чɬɨ ɫɬаɬɢчɟɫɤая ɭɫɬɨɣчɢɜɨɫɬɶ 
ɫɟɤɰɢɣ ɤɪɟɩɢ 1ɆɌ (ɛɟɡ ɫɢɫɬɟɦɵ ɭɫɬɨɣчɢɜɨɫɬɢ 
ɢ ɛɟɡ ɩɨɞɩɨɪа) ɨɛɟɫɩɟчɢɜаɟɬɫя: ɤɪɨɜɥя 
ɭɫɬɨɣчɢɜая hkp=0, ɩɨчɜа ɩɪɨчɧая Δb = 0 ɧа 
ɭɝɥаɯ ɩаɞɟɧɢя ɩɥаɫɬа ɞɨ β5° (ɤɪɢɜая I, ɪɢɫ. 6); 
ɤɪɨɜɥя ɭɫɬɨɣчɢɜая hkp= 0, ɩɨчɜа ɫɥаɛая – ɞɨ 
23°γ0' (ɤɪɢɜая II, ɪɢɫ. 6); ɤɪɨɜɥя ɧɟɭɫɬɨɣчɢɜая, 
ɨɬɫɥɨɢɜɲаяɫя hkp=0,5ɦ, ɩɨчɜа ɩɪɨчɧая Δb = 0 – 

ɞɨ 18° (ɤɪɢɜая III, ɪɢɫ. 6); ɤɪɨɜɥя ɧɟɭɫɬɨɣчɢɜая, 
ɨɬɫɥɨɢɜɲаяɫя hkp= 0,5ɦ, ɩɨчɜа ɫɥаɛая – ɞɨ 16° 
(ɤɪɢɜая IV, ɪɢɫ. 6). ɍчɢɬɵɜая ɢɡɥɨɠɟɧɧɨɟ, ɞɥя 

ɡаɩаɫɨɜ ɭɫɬɨɣчɢɜɨɫɬɢ n = 1,3-1,5 ɦɨɠɧɨ 

ɪɟɤɨɦɟɧɞɨɜаɬɶ ɷɮɮɟɤɬɢɜɧɭɸ ɪаɛɨɬɭ ɫɟɤɰɢɣ 
ɤɪɟɩɢ 1ɆɌ ɛɟɡ ɫɢɫɬɟɦɵ ɭɫɬɨɣчɢɜɨɫɬɢ ɜ 
ɛɥаɝɨɩɪɢяɬɧɵɯ ɝɨɪɧɨ-ɝɟɨɥɨɝɢчɟɫɤɢɯ ɭɫɥɨɜɢяɯ 
ɧа ɩɥаɫɬаɯ ɫ ɭɝɥаɦɢ ɩаɞɟɧɢя ɞɨ β0°, а ɜ 
ɧɟɛɥаɝɨɩɪɢяɬɧɵɯ ɭɫɥɨɜɢяɯ – ɞɨ 10°. 

ɇа ɪɢɫ. 6 (ɝɪаɮɢɤ V) ɩɨɤаɡаɧɵ 
ɡаɜɢɫɢɦɨɫɬɢ ɡаɩаɫа ɭɫɬɨɣчɢɜɨɫɬɢ ɫɟɤɰɢɣ 1ɆɌ 
ɨɬ ɭɝɥа ɩаɞɟɧɢя ɩɥаɫɬа ɞɥя ɫɥɨɠɧɵɯ ɝɨɪɧɨ-

ɝɟɨɥɨɝɢчɟɫɤɢɯ ɭɫɥɨɜɢɣ:  hkp = 0,5 ɦ, Δb =0,06 ɦ 
ɩɪɢ ɪаɛɨɬɟ ɫ ɩɨɞɩɨɪɨɦ Tn=20 ɤɉа ɫ ɭчɟɬɨɦ 
ɨɬɪɢɰаɬɟɥɶɧɨɝɨ ɜɥɢяɧɢя ɧа ɭɫɬɨɣчɢɜɨɫɬɶ 
ɜɟɪɬɢɤаɥɶɧɨɣ ɫɨɫɬаɜɥяɸщɟɣ ɬяɝɨɜɨɝɨ ɭɫɢɥɢя 
ɝɢɞɪɨɞɨɦɤɪаɬа ɩɟɪɟɞɜɢɠɟɧɢя So=12,2 ɤɇ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 6 - Ɂаɜɢɫɢɦɨɫɬɶ ɡаɩаɫа ɛɨɤɨɜɨɣ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɫɟɤɰɢɣ ɨɬ ɭɝɥа ɩаɞɟɧɢя ɩɥаɫɬа 

ɩɪɢ ɩɟɪɟɞɜɢɠɟɧɢɢ ɫ ɩɨɞɩɨɪɨɦ 

 

Ⱦɜɢɠɟɧɢɟ ɫɟɤɰɢɣ ɫ ɩɨɞɩɨɪɨɦ 
ɨɛɟɫɩɟчɢɜаɟɬ ɡаɩаɫ ɭɫɬɨɣчɢɜɨɫɬɢ ɤɪɟɩɢ ɜɨ ɜɫɟɦ 
ɞɢаɩаɡɨɧɟ ɦɨщɧɨɫɬɢ ɩɥаɫɬа ɇ = 1,0-1,5 ɦ. 
ɉɪɢчɟɦ, ɡаɩаɫ ɭɫɬɨɣчɢɜɨɫɬɢ ɩɪɢ ɇ = 1,5ɦ, 
α=γ5, ɪаɜɟɧ   n = 1,5 [7]. 

ɉɪɨɜɟɞɟɧа ɨɰɟɧɤа ɡаɩаɫа ɭɫɬɨɣчɢɜɨɫɬɢ 
ɫɟɤɰɢɣ ɤɪɟɩɢ ɫ ɫɢɫɬɟɦɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ ɩɪɢ H = 

1,5 ɦ, So = max, Tn = 0  ɞɥя ɪаɡɥɢчɧɵɯ ɝɨɪɧɨ-

ɝɟɨɥɨɝɢчɟɫɤɢɯ ɭɫɥɨɜɢɣ. Ⱥɧаɥɢɡ ɪɟɡɭɥɶɬаɬɨɜ 
ɩɨɤаɡɵɜаɟɬ, чɬɨ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɫɢɫɬɟɦɵ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɩɨɜɵɲаɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɟɟ ɡаɩаɫа 
ɜ 1,65 ɪаɡа ɫ 0,7 (ɪɢɫ. 6, ɤɪɢɜая I, α = γ5°) ɞɨ 
1,15 (ɪɢɫ. 7, ɤɪɢɜая 1, α = γ5°) ɩɪɢ ɦɨщɧɨɫɬɢ 
ɩɥаɫɬа ɇ = 1,5 ɦ, ɛɥаɝɨɩɪɢяɬɧɵɯ ɝɨɪɧɨ-

ɝɟɨɥɨɝɢчɟɫɤɢɯ ɭɫɥɨɜɢяɯ Δb = 0; hkp = 0, 

ɞаɜɥɟɧɢɢ ɜ ɝɢɞɪɨɩаɬɪɨɧɟ Pɝɩ = 60Ɇɉa, ɢ 
ɞɢаɦɟɬɪɟ ɝɢɞɪɨɩаɬɪɨɧа ɫɢɫɬɟɦɵ ɭɫɬɨɣчɢɜɨɫɬɢ 
dɝɩ = 60 ɦɦ. ɍɜɟɥɢчɟɧɢɟ ɞɢаɦɟɬɪа 
ɝɢɞɪɨɩаɬɪɨɧа ɫ 60 ɦɦ ɞɨ 80 ɦɦ ɩɨɜɵɲаɟɬ ɡаɩаɫ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɜ 1,γ ɪаɡа, ɬ.ɟ. ɫ 1,15 ɞɨ 1,5 ɩɪɢ 
ɬɟɯ ɠɟ ɭɫɥɨɜɢяɯ. 

ȼ ɫɥɨɠɧɵɯ ɝɨɪɧɨ-ɝɟɨɥɨɝɢчɟɫɤɢɯ 
ɭɫɥɨɜɢяɯ (hkp = 0,5 ɦ, Δb = 0,05ɦ) ɡаɩаɫ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɫɟɤɰɢɣ ɤɪɟɩɢ ɪɟɡɤɨ ɫɧɢɠаɟɬɫя ɫ 
1,15 (ɤɪɢɜая 4, α = γ5°) ɞɨ 0,5 (ɤɪɢɜая 1, α = 
γ5°), ɬ.ɟ. ɜ β,γ ɪаɡа (ɪɢɫ. 7). ɍɜɟɥɢчɟɧɢɟ 
ɞаɜɥɟɧɢя ɜ ɝɢɞɪɨɩаɬɪɨɧɟ ɫɢɫɬɟɦɵ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɧɟ ɫɤаɡɵɜаɟɬɫя ɫɭщɟɫɬɜɟɧɧɨ ɧа 
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ɪɨɫɬɟ ɡаɩаɫа ɭɫɬɨɣчɢɜɨɫɬɢ ɫɟɤɰɢɣ ɤɪɟɩɢ 
(ɤɪɢɜɵɟ 1, β, ɪɢɫ. 7), а ɭɜɟɥɢчɟɧɢɟ ɞɢаɦɟɬɪа 
ɝɢɞɪɨɩаɬɪɨɧа ɫ 60 ɦɦ ɞɨ 80 ɦɦ ɩɨɜɵɲаɟɬ ɡаɩаɫ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɜ 1,γ ɪаɡа (ɤɪɢɜɵɟ β, γ ɪɢɫ. 7). 

 

 

 

 

 

 

 
 

 

 

 
 

Ɋɢɫɭɧɨɤ 7 - Ɂаɜɢɫɢɦɨɫɬɶ ɡаɩаɫа ɛɨɤɨɜɨɣ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɫɟɤɰɢɣ ɨɬ ɭɝɥа ɩаɞɟɧɢя ɩɥаɫɬа 
ɩɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɫɢɫɬɟɦɵ ɭɫɬɨɣчɢɜɨɫɬɢ 

ȼɵɜɨɞɵ 

Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɜɵɩɨɥɧɟɧɧɵɦɢ 
ɢɫɫɥɟɞɨɜаɧɢяɦɢ ɭɫɬаɧɨɜɥɟɧɨ, чɬɨ 
ɨɛяɡаɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɷɮɮɟɤɬɢɜɧɨɣ 
ɷɤɫɩɥɭаɬаɰɢɢ ɫɟɤɰɢɣ ɤɪɟɩɢ IɆɌ (ɜ 
ɛɥаɝɨɩɪɢяɬɧɵɯ ɝɨɪɧɨ-ɝɟɨɥɨɝɢчɟɫɤɢɯ ɭɫɥɨɜɢяɯ 
ɧа ɩɥаɫɬаɯ ɫ ɭɝɥɨɦ ɩаɞɟɧɢя ɫɜɵɲɟ β0° ɢ ɜ 
ɫɥɨɠɧɵɯ – ɫɜɵɲɟ 10°) яɜɥяɟɬɫя ɩɟɪɟɞɜɢɠɟɧɢɟ 
ɫɟɤɰɢɣ ɫ ɩɨɞɩɨɪɨɦ. 

ɂɫɩɨɥɶɡɨɜаɧɢɟ ɪаɡɪаɛɨɬаɧɧɨɝɨ 
ɩɪɨɝɪаɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫа ɞɥя ɪаɫчɟɬа 
ɩаɪаɦɟɬɪɨɜ ɭɫɬɨɣчɢɜɨɫɬɢ, ɩɨɡɜɨɥɢɥɨ 
ɩɨɞɬɜɟɪɞɢɬɶ, чɬɨ ɧаɡɧачɟɧɢɟ ɫɢɫɬɟɦɵ 
ɭɫɬɨɣчɢɜɨɫɬɢ – ɭɞɟɪɠаɬɶ ɨɬ ɧаɤɥɨɧа ɫɟɤɰɢɢ 
ɤɪɟɩɢ ɜ ɪаɡɝɪɭɠɟɧɧɨɦ ɫɨɫɬɨяɧɢɢ ɢ 
ɜɨɫɫɬаɧаɜɥɢɜаɬɶ ɢɯ ɜ ɧɨɪɦаɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɜ 
ɪаɡɝɪɭɠɟɧɧɨɦ ɫɨɫɬɨяɧɢɢ ɜ ɫɬаɬɢɤɟ ɢ ɩɪɢ 
ɩɟɪɟɞɜɢɠɟɧɢɢ.  

ɇаɝɥяɞɧɨɫɬɶ ɩɪɟɞɫɬаɜɥɟɧɢя ɪɟɡɭɥɶɬаɬɨɜ 
ɪаɫчɟɬɨɜ ɫ ɩɨɦɨщɶɸ ɪаɡɪаɛɨɬаɧɧɨɝɨ ɦɨɞɭɥя 
ɝɪаɮɢчɟɫɤɨɝɨ ɨɬɨɛɪаɠɟɧɢя ɪɟɡɭɥɶɬаɬɨɜ ɧа 
ɉɗȼɆ ɨɛɥɟɝчɢɥɨ аɧаɥɢɡ ɩɨɥɭчɟɧɧɵɯ ɞаɧɧɵɯ ɢ 
ɞаɥɨ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɤаɡаɬɶ, чɬɨ ɧаɢɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɨ ɭɫɬɨɣчɢɜɨɟ ɩɨɥɨɠɟɧɢɟ 
ɨɛɟɫɩɟчɢɜаɟɬɫя ɫɟɤɰɢɨɧɢɪɨɜаɧɧɵɦ ɩɢɬаɧɢɟɦ 
ɝɢɞɪɨɩаɬɪɨɧɨɜ ɦɟɯаɧɢɡɦɨɜ ɭɫɬɨɣчɢɜɨɫɬɢ ɢ 
ɩɟɪɟɞɜɢɠɟɧɢɟ ɫɟɤɰɢɣ ɦɟɯаɧɢɡɢɪɨɜаɧɧɨɣ ɤɪɟɩɢ 
ɫ ɩɨɞɩɨɪɨɦ. ȼɵɩɨɥɧɟɧɢɟ ɷɬɢɯ ɭɫɥɨɜɢɣ 
ɩɨɜɵɲаɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɧаɞɟɠɧɨɫɬɶ ɪаɛɨɬɵ 
ɫɟɤɰɢɣ ɤɪɟɩɢ ɧа ɧаɤɥɨɧɧɵɯ ɩɥаɫɬаɯ. 
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Ɂɟɧɡɟɪɨɜ ȼ.ɂ., ɉɟɪɢɧɫɤɚɹ ȿ.ȼ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɛɨɬɵ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɣ 
ɤɪɟɩɢ ɧɚ ɧɚɤɥɨɧɧɵɯ ɭɝɨɥɶɧɵɯ ɩɥɚɫɬɚɯ. ɇа ɨɫɧɨɜɟ ɩɪɟɞɥаɝаɟмɨɝɨ ɩɪɨɝɪаммɧɨɝɨ кɨмɩɥɟкɫа ɞɥɹ 
ɉЭȼɆ, ɜɵɩɨɥɧɟɧɨ мɨɞɟɥɢɪɨɜаɧɢɟ ɩɟɪɟɞɜɢɠɟɧɢɹ ɫɟкцɢɣ мɟɯаɧɢɡɢɪɨɜаɧɧɨɣ кɪɟɩɢ ɢ ɨцɟɧɟɧа ɢɯ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɢ ɪаɛɨɬɟ ɧа ɧакɥɨɧɧɵɯ ɭɝɨɥɶɧɵɯ ɩɥаɫɬаɯ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: мɟɯаɧɢɡɢɪɨɜаɧɧаɹ кɪɟɩɶ, ɛɨкɨɜаɹ ɭɫɬɨɣɱɢɜɨɫɬɶ, кɪɢɬɢɱɟɫкɢɣ ɭɝɨɥ, 
аɥɝɨɪɢɬм, ɩɪɨɝɪаммɧɵɣ кɨмɩɥɟкɫ. 

Zenzerov V.I., Perinska E.V. Mathematical modeling of the powered roof supports on sloping 

coal layers. Based on the proposed software complex PC simulation of the movement of sections of 

powered support, and evaluated their stability when working on sloping coal layers. 

Keywords: powered support, lateral stability, critical angle, algorithm, software complex. 
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