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ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɨ ɞɜɢɠɟɧɢɟ ɞɜɭɯɝɭɫɟɧɢɱɧɨɣ ɥɟɫɧɨɣ ɦɚɲɢɧɵ  ɩɪɢ ɧɚɟɡɞɟ ɢ ɩɟɪɟɟɡɞɟ 

ɱɟɪɟɡ ɩɪɟɩɹɬɫɬɜɢɟ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɢ. ɉɨɥɭɱɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɢ ɭɫɥɨ-
ɜɢɹ ɩɪɟɨɞɨɥɟɧɢɹ ɩɪɟɩɹɬɫɬɜɢɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɥɟɫɧɚɹ ɦɚɲɢɧɚ, ɝɭɫɟɧɢɰɵ, ɩɨɪɨɝɨɜɨɟ ɩɪɟɩɹɬɫɬɜɢɟ, ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɬɟɧ-
ɤɚ, ɭɝɨɥ ɧɚɤɥɨɧɚ, ɧɚɬɹɠɧɨɟ ɤɨɥɟɫɨ, ɫɰɟɩɥɟɧɢɟ, ɩɚɪɚɦɟɬɪɵ ɭɪɚɜɧɟɧɢɹ. 

 
V.N. Kholopov, V.A. Labzin 

 
INTERACTION PARAMETERS OF THE CATERPILLAR VEHICLE WITH THE OBSTACLE 

 
The movement of the two-caterpillar forest vehicle at thetripping-overand moving throughthe obsta-

cle in the form of the vertical wall is considered in the article. The analytical dependences and conditions of 
the obstacleovercoming are received. 

Key words: forest vehicle, caterpillars, threshold obstacle, vertical wall, tilt angle, tightening wheel, 
coupling, equation parameters. 

 
 
Ƚɝɠɟɠɨɣɠ. Ʌɟɫɧɵɟ ɝɭɫɟɧɢɱɧɵɟ ɦɚɲɢɧɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɪɚɜɧɢɧɧɨ-ɝɨɪɧɵɯ ɭɫɥɨɜɢ-

ɹɯ ɫ ɪɚɡɥɢɱɧɨɣ ɡɚɯɥɚɦɥɟɧɧɨɣ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɩɪɟɩɹɬɫɬɜɢɹɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜɵɫɬɭɩɚɸɳɢɦɢ 
ɩɪɟɩɹɬɫɬɜɢɹɦɢ Д1, 2]. Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɥɟɫɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɪɚɛɨɬ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɨɞɢɮɢɤɚɰɢɢ ɥɟɫ-
ɧɵɯ ɦɚɲɢɧ, ɫɩɨɫɨɛɧɵɯ ɜɵɩɨɥɧɹɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɫ ɩɪɟɨɞɨɥɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɥɟɫɧɵɯ 
ɩɪɟɩɹɬɫɬɜɢɣ Д2]. ɉɪɟɨɞɨɥɟɧɢɟ ɩɨɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɧɚ 
ɫɤɥɨɧɟ ɢ ɟɺ ɞɜɢɠɟɧɢɢ ɜɜɟɪɯ ɢɥɢ ɜɧɢɡ ɩɨ ɫɤɥɨɧɭ ɢɦɟɟɬ ɫɜɨɢ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɜ ɧɚɫɬɨɹɳɟɦ ɢɫɫɥɟɞɨɜɚ-
ɧɢɢ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ. 

ɑɠɦɷ ɣɬɬɦɠɟɩɝɛɨɣɤ. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ  ɞɜɭɯɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɫ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɨɣ. 
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ɂɛɟɛчɣ ɣɬɬɦɠɟɩɝɛɨɣɤ. Ɋɚɡɪɚɛɨɬɚɬɶ ɪɚɫɱɟɬɧɵɟ ɫɯɟɦɵ ɩɪɟɨɞɨɥɟɧɢɹ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɨɣ 
ɩɨɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ; ɫɨɡɞɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɭɫɟɧɢɰ ɬɪɚɤɬɨɪɚ ɫ ɩɪɟ-
ɩɹɬɫɬɜɢɟɦ; ɨɩɪɟɞɟɥɢɬɶ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɨɞɨɥɟɧɢɹ ɩɪɟ-
ɩɹɬɫɬɜɢɹ. 

ɇɠɭɩɟɣɥɛ ɣ ɫɠɢɮɦɷɭɛɭɶ ɣɬɬɦɠɟɩɝɛɨɣɤ. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɦɟɬɨɞɵ ɦɚɬɟ-
ɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɭɫɟɧɢɰ ɬɪɚɤɬɨɪɚ 
ɫ ɩɨɪɨɝɨɜɵɦ ɩɪɟɩɹɬɫɬɜɢɟɦ.  

ɇɚɢɛɨɥɟɟ ɫɥɨɠɧɵɦ ɢɡ ɩɪɟɨɞɨɥɟɜɚɟɦɵɯ ɩɪɟɩɹɬɫɬɜɢɣ ɹɜɥɹɟɬɫɹ  ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɬɟɧɤɚ. ɋ ɩɨɞɴ-
ɺɦɨɦ ɩɟɪɟɞɧɟɣ ɱɚɫɬɢ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɫɬɟɧɤɭ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɭɝɨɥ ɧɚɤɥɨɧɚ ɦɚ-
ɲɢɧɵ ɢ ɭɦɟɧɶɲɚɸɬɫɹ ɩɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɷɬɨɝɨ ɩɨɞɴɺɦɚ ɬɹɝɨɜɵɟ ɭɫɢɥɢɹ ɝɭɫɟɧɢɰɵ. 

Ɉɩɪɟɞɟɥɢɦ ɫɨɨɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɨɫɢ ɜɟɞɭɳɟɣ ɡɜɺɡɞɨɱɤɢ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɢ ɨɫɢ ɧɚɬɹɠɧɨɝɨ ɤɨɥɟɫɚ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɟ. Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɬɚɤɨɟ ɞɜɢɠɟɧɢɟ ɝɭ-
ɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɹɜɥɹɟɬɫɹ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɵɦ. 

ɂɡ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɨɦ ɞɜɢɠɟɧɢɢ ɩɪɨɟɤɰɢɢ ɫɤɨɪɨ-
ɫɬɟɣ ɞɜɭɯ ɬɨɱɟɤ ɮɢɝɭɪɵ ɧɚ ɩɪɹɦɭɸ, ɫɨɟɞɢɧɹɸɳɭɸ ɷɬɢ ɬɨɱɤɢ, ɪɚɜɧɵ ɦɟɠɞɭ ɫɨɛɨɣ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɩɪɨɟɤɰɢɢ ɫɤɨɪɨɫɬɟɣ ɧɚɬɹɠɧɨɝɨ ɤɚɬɤɚ ɢ ɜɟɞɭɳɟɣ ɡɜɺɡɞɨɱɤɢ ɧɚ ɝɭɫɟɧɢɰɭ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɜɧɵ. 

ɂɡ ɪɢɫ. 1 ɜɢɞɧɨ, ɱɬɨ 
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ɝɞɟ     Vɡɜ – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɟɞɭɳɟɣ ɡɜɟɡɞɨɱɤɢ ɝɭɫɟɧɢɰɵ; 

Vɧɤ – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɧɚɬɹɠɧɨɝɨ ɤɚɬɤɚ ɝɭɫɟɧɢɰɵ; 

– ɭɝɨɥ ɧɚɤɥɨɧɚ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ. 
 

 
 

Ɋɢɫ. 1. ɋɯɟɦɚ ɞɜɢɠɟɧɢɹ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɫɬɟɧɤɭ 
 
ɍɪɚɜɧɟɧɢɟ  (2) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɧɚɱɚɥɟ ɩɨɞɴɺɦɚ ɧɚɬɹɠɧɨɝɨ ɤɚɬɤɚ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɫɬɟɧɤɭ 

ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɨɫɢ ɜɟɞɭɳɟɣ ɡɜɺɡɞɨɱɤɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɫɤɨɪɨɫɬɶ ɨɫɢ ɧɚɬɹɠɧɨɝɨ ɤɨɥɟɫɚ. 
ɋɤɨɪɨɫɬɶ ɠɟ ɝɭɫɟɧɢɰɵ ɨɞɢɧɚɤɨɜɚ ɤɚɤ ɭ ɜɟɞɭɳɟɣ ɡɜɺɡɞɨɱɤɢ, ɬɚɤ ɢ ɭ ɧɚɬɹɠɧɨɝɨ ɤɨɥɟɫɚ. ɗɬɨ ɨɡɧɚɱɚɟɬ, 
ɱɬɨ, ɩɨɫɤɨɥɶɤɭ ɝɭɫɟɧɢɰɚ ɭ ɧɚɬɹɠɧɨɝɨ ɤɨɥɟɫɚ ɧɟ ɦɨɠɟɬ ɩɪɨɫɤɚɥɶɡɵɜɚɬɶ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɟ ɢ 
ɞɨɥɠɧɚ ɪɚɡɜɢɜɚɬɶ ɬɹɝɨɜɨɟ ɭɫɢɥɢɟ, ɝɭɫɟɧɢɰɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨɥɠɧɚ ɢɧ-
ɬɟɧɫɢɜɧɨ ɩɪɨɛɭɤɫɨɜɵɜɚɬɶ, ɩɨɥɧɨɫɬɶɸ ɪɟɚɥɢɡɭɹ ɫɜɨɢ ɫɰɟɩɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ. ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ 
ɭɝɥɚ ɧɚɤɥɨɧɚ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɩɪɢ ɩɨɞɴɺɦɟ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɫɬɟɧɤɭ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɛɭɤɫɨɜɚɧɢɹ 
ɝɭɫɟɧɢɰɵ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ. ɉɪɢ ɭɝɥɟ ɧɚɤɥɨɧɚ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢ-
ɧɵ, ɪɚɜɧɨɦ 450, 1ctg . ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɝɭɫɟɧɢɰɚ ɞɜɢɠɟɬɫɹ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɹɦ ɥɢɛɨ ɛɟɡ ɛɭɤɫɨɜɚɧɢɹ, ɥɢɛɨ ɫ ɩɪɨɛɭɤɫɨɜɤɨɣ ɨɞɢɧɚɤɨɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ. ȿɫɥɢ ɭɝɨɥ 
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ɧɚɤɥɨɧɚ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɩɪɟɜɵɫɢɬ 450, ɬɨ ɫ ɩɪɨɛɭɤɫɨɜɤɨɣ ɛɭɞɟɬ ɩɟɪɟɦɟɳɚɬɶɫɹ ɝɭɫɟɧɢɰɚ ɩɨ ɜɟɪ-
ɬɢɤɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɠɟ ɩɨɜɟɪɯɧɨɫɬɢ ɝɭɫɟɧɢɰɚ ɛɭɞɟɬ ɩɟɪɟɦɟɳɚɬɶɫɹ ɛɟɡ ɛɭɤ-
ɫɨɜɚɧɢɹ. ɉɨɫɥɟɞɧɟɟ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɭɝɥɚ ɧɚɤɥɨɧɚ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɭɜɟɥɢ-
ɱɢɜɚɟɬɫɹ ɜɟɫɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɜɟɞɭɳɭɸ ɡɜɺɡɞɨɱɤɭ, ɚ ɧɟɨɛɯɨɞɢɦɚɹ ɫɭɦɦɚɪɧɚɹ ɫɢɥɚ ɬɹɝɢ ɩɨ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɨɣ ɢ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɹɦ ɭɦɟɧɶɲɚɟɬɫɹ. 

Ɉɩɪɟɞɟɥɢɦ ɩɪɟɞɟɥɶɧɭɸ ɜɵɫɨɬɭ ɩɨɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɩɪɟɨɞɨɥɟɬɶ ɝɭɫɟɧɢɱ-
ɧɚɹ ɦɚɲɢɧɚ. ɉɪɢɦɟɦ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ ɝɭɫɟɧɢɰɚ ɧɟ ɩɪɨɝɢɛɚɟɬɫɹ ɜɧɭɬɪɶ ɤɨɧɬɭɪɚ ɝɭɫɟɧɢɰɵ. ɋɯɟɦɚ 
ɩɪɟɨɞɨɥɟɧɢɹ ɩɨɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 2.  

 

 
 

Ɋɢɫ. 2. ɋɯɟɦɚ ɩɪɟɨɞɨɥɟɧɢɹ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɨɣ ɩɨɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ: G ɜɟɫ ɦɚɲɢɧɵ;  
ɝɜ l;l ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɟɪɬɢɤɚɥɶɧɚɹ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ (ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɬɜɟɣ   ɝɭɫɟɧɢɰɵ) 

 ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ; ɋ  ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ; 
ɩɪh ɜɵɫɨɬɚ ɩɨɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ;   ɭɝɨɥ ɧɚɤɥɨɧɚ ɝɭɫɟɧɢɱɧɨɣ ɜɟɬɜɢ ɤ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨ-

ɜɟɪɯɧɨɫɬɢ 
 

ɂɡ ɞɚɧɧɵɯ ɪɢɫ. 2 ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɟɨɞɨɥɟɧɢɟ ɬɚɤɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ ɜɨɡɦɨɠɧɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɥɢɧɢɹ 
ɞɟɣɫɬɜɢɹ ɫɢɥɵ ɬɹɠɟɫɬɢ ɦɚɲɢɧɵ ɩɪɨɣɞɺɬ ɱɟɪɟɡ ɩɨɥɤɭ ɩɨɪɨɝɚ. 

ɋ ɰɟɥɶɸ ɭɩɪɨɳɟɧɢɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɛɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɪɚɞɢɭɫ ɜɟɞɭɳɟɣ ɡɜɺɡ-
ɞɨɱɤɢ (ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɝɭɫɟɧɢɱɧɭɸ ɦɚɲɢɧɭ ɫ ɡɚɞɧɢɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɜɟɞɭɳɟɣ ɡɜɺɡɞɨɱɤɢ) ɪɚɜɟɧ ɧɭ-
ɥɸ. Ɍɨɝɞɚ ɫɯɟɦɭ ɩɪɟɨɞɨɥɟɧɢɹ ɦɚɲɢɧɨɣ ɩɨɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ (ɪɢɫ. 3). 

 
 

Ɋɢɫ. 3. ɍɩɪɨɳɺɧɧɚɹ ɫɯɟɦɚ ɩɪɟɨɞɨɥɟɧɢɹ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɨɣ ɩɨɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ  
ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɪɚɞɢɭɫ ɜɟɞɭɳɟɣ ɡɜɺɡɞɨɱɤɢ ɪɚɜɟɧ ɧɭɥɸ 
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ɂɡ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɺɧɧɵɯ ɧɚ ɪɢɫ. 1–3, ɫɬɚɧɨɜɢɬɫɹ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɝɭɫɟɧɢɱɧɚɹ ɦɚɲɢɧɚ ɧɟ ɩɪɟ-
ɨɞɨɥɟɟɬ ɩɨɪɨɝɨɜɨɟ ɩɪɟɩɹɬɫɬɜɢɟ, ɟɫɥɢ  

 

.laOdOab ɝ                                                                       (3) 

 
ɉɨɥɨɠɟɧɢɟ ɦɚɲɢɧɵ, ɩɪɢ ɤɨɬɨɪɨɦ ɥɢɧɢɹ ɞɟɣɫɬɜɢɹ ɫɢɥɵ ɬɹɠɟɫɬɢ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɤɪɚɣ ɩɨɪɨɝɨ-

ɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨɦ 
 

.laOdOab ɝ                                                                     (4) 

 
Ɇɚɲɢɧɚ ɩɪɟɨɞɨɥɟɜɚɟɬ ɩɨɪɨɝɨɜɨɟ ɩɪɟɩɹɬɫɬɜɢɟ, ɟɫɥɢ 
 

.laOdOab ɝ                                                                      (5) 

 
Ɉɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ, ɜɯɨɞɹɳɢɯ ɜ ɜɵɲɟɩɪɢɜɟɞɺɧɧɵɟ ɜɵɪɚɠɟɧɢɹ. Ɍɪɟɭɝɨɥɶɧɢɤ аɋb   

ɩɨɞɨɛɟɧ ɬɪɟɭɝɨɥɶɧɢɤɭ dOe, ɩɨɫɤɨɥɶɤɭ ɷɬɢ ɬɪɟɭɝɨɥɶɧɢɤɢ ɩɪɹɦɨɭɝɨɥɶɧɵɟ ɢ ɢɦɟɸɬ ɭɝɥɵ ɫ ɜɡɚɢɦɧɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦɢ ɫɬɨɪɨɧɚɦɢ (ɭɝɥɵ  ). ɂɡ ɷɬɢɯ ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɩɨɥɭɱɢɦ: 

 

;tglab,
l

ab

aC

ab
tg ɜ

ɜ

                                                              (6) 

.
sin

h
dO,

dO

h

dO

de
sin

ɩɪɩɪ


                                                         (7) 

 
Ɉɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɟ ɫɭɦɦɵ ɷɬɢɯ ɨɬɪɟɡɤɨɜ, ɩɪɢ ɤɨɬɨɪɨɣ ɥɢɧɢɹ ɞɟɣɫɬɜɢɹ ɫɢɥɵ ɜɟɫɚ ɝɭɫɟɧɢɱ-

ɧɨɣ ɦɚɲɢɧɵ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɤɪɚɣ ɩɨɪɨɝɚ. 
.l

sin

h
tgldOab ɝ

ɩɪ
ɜ 


                                                              (8) 

Ɉɬɫɸɞɚ ɧɚɣɞɺɦ 
 

).tgll(sinh ɜɝɩɪ                                                                    (9) 

 

Ɋɚɡɞɟɥɢɜ ɩɪɚɜɭɸ ɢ ɥɟɜɭɸ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ (9) ɧɚ ɝl , ɩɨɥɭɱɢɦ: 
 

).tgl(sinh ɜɩɪ   1                                                              (10) 

 

ȼ ɷɬɨɦ ɭɪɚɜɧɟɧɢɢ  .
l

l
l;

l

h
h

ɝ

ɜ
ɜ

ɝ

ɩɪ
ɩɪ 

 

Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ.  4. 

ɉɨɫɥɟ ɧɚɟɡɞɚ ɧɚ ɩɨɪɨɝɨɜɨɟ ɩɪɟɩɹɬɫɬɜɢɟ ɭɝɨɥ   ɧɚɤɥɨɧɚ ɦɚɲɢɧɵ ɩɪɢ ɟɺ ɞɚɥɶɧɟɣɲɟɦ ɞɜɢɠɟ-
ɧɢɢ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɢ ɪɚɫɫɬɨɹɧɢɟ ɩɪh  ɨɬ ɬɨɱɤɢ ɝɭɫɟɧɢ-
ɰɵ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɩɪɨɯɨɞɢɬ ɥɢɧɢɹ ɞɟɣɫɬɜɢɹ ɫɢɥɵ ɜɟɫɚ. ȿɫɥɢ ɷɬɨ ɪɚɫɫɬɨɹɧɢɟ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɧɟ ɛɭ-
ɞɟɬ, ɩɨɪɨɝɨɜɨɟ ɩɪɟɩɹɬɫɬɜɢɟ ɞɥɹ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ  ɧɟ ɛɭɞɟɬ ɩɪɟɨɞɨɥɢɦɵɦ. ɉɪɟɞɟɥɶɧɵɣ ɭɝɨɥ 
ɧɚɤɥɨɧɚ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɧɚɫɬɭɩɥɟɧɢɟɦ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɦɚɲɢɧɵ. ɗɬɨɬ ɭɝɨɥ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɯɨɠɞɟɧɢɟɦ ɥɢɧɢɢ  ɞɟɣɫɬɜɢɹ ɫɢɥɵ ɜɟɫɚ ɦɚɲɢɧɵ ɱɟɪɟɡ ɨɫɶ ɜɟɞɭɳɟɣ ɡɜɺɡɞɨɱɤɢ. 
ɉɪɢ ɷɬɨɦ 

 

.
l

l
arctg

ɝ

ɜ
ɩɪɟɞ  00

9090                                                        (11) 
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɣ  ɜɵɫɨɬɵ ɩɨɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ ɨɬ ɭɝɥɚ ɩɪɨɞɨɥɶɧɨɝɨ  
ɧɚɤɥɨɧɚ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɩɨ ɭɪɚɜɧɟɧɢɸ (10) 

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɟɥɶɧɨɣ ɞɨɩɭɫɬɢɦɨɣ ɜɵɫɨɬɵ ɩɨɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ (ɷɤɫɬɪɟɦɭɦɚ ɮɭɧɤ-

ɰɢɢ ɩɨ ɭɪɚɜɧɟɧɢɸ (10)) ɩɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ ɭɪɚɜɧɟɧɢɟ (10) ɢ ɩɨɥɭɱɟɧɧɭɸ ɩɪɨɢɡɜɨɞɧɭɸ ɩɪɢɪɚɜɧɹ-
ɟɦ ɤ ɧɭɥɸ. 

).tg(sinl)tgl(cos
d

hd
ɜɜ 


2

11                                                (12) 

 

.)tg(sinl)tgl(cos ɜɜ 011
2                                                 (13) 

ɉɪɟɨɛɪɚɡɭɟɦ ɭɪɚɜɧɟɧɢɟ (13). 
 

.tgsinlsinlcos ɜɜ 02
2                                                  (14) 

 

.tgll
tg

ɜɜ 02
1 2  


                                                           (15) 

.
l

tgtg
ɜ

0
1

2
3                                                              (16) 

 
ɉɨɥɭɱɟɧɧɨɟ ɤɭɛɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɢɦɟɟɬ ɫɥɟɞɭɸɳɟɟ ɪɟɲɟɧɢɟ. 
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1
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1
.

llll
tg
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                                          (17) 

 
ɂɡ ɭɪɚɜɧɟɧɢɹ  (17) ɨɩɪɟɞɟɥɹɟɬɫɹ ɢ ɩɪɟɞɟɥɶɧɵɣ ɭɝɨɥ ɧɚɤɥɨɧɚ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɩɪɢ ɩɪɟ-

ɨɞɨɥɟɧɢɢ ɩɨɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ.  
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arctg
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 3
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1

27

8

2

1

4

1
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2

1                                        (18) 

 
ɉɨɞɫɬɚɜɢɜ ɡɧɚɱɟɧɢɹ tg  ɢ ɩɪɟɞɟɥɶɧɨɝɨ ɭɝɥɚ ɧɚɤɥɨɧɚ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɜ ɭɪɚɜɧɟɧɢɟ (10), 

ɧɚɣɞɺɦ ɩɪɟɞɟɥɶɧɭɸ ɜɟɥɢɱɢɧɭ ɩɪɟɨɞɨɥɟɜɚɟɦɨɝɨ ɩɨɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ, ɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɤɨɬɨ-
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ɪɨɣ ɝɭɫɟɧɢɱɧɚɹ ɦɚɲɢɧɚ ɦɨɠɟɬ ɩɪɟɨɞɨɥɟɬɶ, ɚ ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɵ ɩɨɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ 
ɞɥɹ ɧɟɺ ɧɟɩɪɟɨɞɨɥɢɦɵ. 
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ɍɪɚɜɧɟɧɢɟ (19) ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɩɪɟɞɟɥɶɧɭɸ ɜɵɫɨɬɭ ɩɨɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ, ɩɪɟɨɞɨ-

ɥɟɜɚɟɦɨɝɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɜɭɦɹ ɝɭɫɟɧɢɰɚɦɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɭɯɝɭ-
ɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɝɭɫɟɧɢɰ ɫ ɧɟɫɤɚɥɶɧɵɦ ɩɨɪɨɝɨɜɵɦ ɩɪɟɩɹɬɫɬɜɢɟɦ, 
ɤɨɬɨɪɨɟ ɢɦɟɸɬ ɫɦɢɧɚɟɦɵɟ ɤɪɨɦɤɢ, ɩɨɡɜɨɥɹɟɬ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɟ ɭɦɟɧɶɲɢɬɶ ɭɝɨɥ ɧɚɤɥɨɧɚ ɤ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɬɟɦ ɫɚɦɵɦ ɭɜɟɥɢɱɢɬɶ ɜɵɫɨɬɭ ɩɪɟɨɞɨɥɟɜɚɟɦɨɝɨ ɩɨɪɨɝɚ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɨɱɥɟɧɺɧɧɚɹ ɝɭɫɟɧɢɱɧɚɹ ɦɚɲɢɧɚ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ ɞɜɟ ɫɨɟɞɢɧɺɧ-
ɧɵɟ ɫɰɟɩɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɝɭɫɟɧɢɱɧɵɟ ɬɟɥɟɠɤɢ, ɫɩɨɫɨɛɧɚ ɩɪɟɨɞɨɥɟɜɚɬɶ ɩɨɪɨɝɨɜɵɟ ɩɪɟɩɹɬɫɬɜɢɹ, 
ɩɪɟɜɵɲɚɸɳɢɟ ɨɩɪɟɞɟɥɺɧɧɵɟ ɜɵɲɟ ɡɧɚɱɟɧɢɹ Д3, 4, 5]. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɜ ɫɰɟɩɧɨɦ 
ɭɫɬɪɨɣɫɬɜɟ ɦɟɯɚɧɢɡɦɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɢɡɦɟɧɹɬɶ ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɵɦɢ ɨɫɹɦɢ ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ 
ɬɟɥɟɠɟɤ. ɍɤɚɡɚɧɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɹɬɶ ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɨɣ 
ɨɫɶɸ ɩɟɪɟɞɧɟɣ ɬɟɥɟɠɤɢ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɩɪɢɩɨɞɧɢɦɚɬɶ ɬɟɦ ɫɚɦɵɦ ɧɚɬɹɠɧɨɟ ɤɨ-
ɥɟɫɨ ɩɟɪɟɞɧɟɣ ɬɟɥɟɠɤɢ ɧɚɞ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. 

ɂɛɥɦɹчɠɨɣɠ. Ɋɚɡɪɚɛɨɬɚɧɵ ɪɚɫɱɟɬɧɵɟ ɫɯɟɦɵ ɩɪɟɨɞɨɥɟɧɢɹ ɝɭɫɟɧɢɱɧɵɦ ɬɪɚɤɬɨɪɨɦ ɩɨɪɨɝɨɜɨɝɨ 
ɩɪɟɩɹɬɫɬɜɢɹ. ɋɨɡɞɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɫ ɩɨɪɨɝɨɜɵɦ 
ɩɪɟɩɹɬɫɬɜɢɟɦ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɩɪɢ ɢɡɜɟɫɬɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɚɲɢɧɵ ɨɩɪɟɞɟɥɢɬɶ 
ɩɪɟɞɟɥɶɧɨ ɜɨɡɦɨɠɧɭɸ ɜɵɫɨɬɭ ɩɪɟɨɞɨɥɟɜɚɟɦɨɝɨ ɩɨɪɨɝɚ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɪɟɨɞɨɥɟɧɢɹ ɩɨ-
ɪɨɝɨɜɨɝɨ ɩɪɟɩɹɬɫɬɜɢɹ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɜɵɫɨɬɚ ɩɪɟɨɞɨɥɟɜɚɟɦɨɝɨ ɩɨɪɨɝɚ ɡɚɜɢɫɢɬ ɨɬ ɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚ 
ɬɹɠɟɫɬɢ ɝɭɫɟɧɢɱɧɨɝɨ ɬɪɚɤɬɨɪɚ. 
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