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ȼɜɟɞɟɧɢɟ 
 

 ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɦɨɛɢɥɶɧɨɣ ɬɟɯɧɢɤɟ ɲɢɪɨɤɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ, ɩɧɟ-
ɜɦɚɬɢɱɟɫɤɢɟ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ. ɗɬɨ ɬɨɪɦɨɡɧɵɟ ɫɢɫɬɟɦɵ, ɫɢɫɬɟ-
ɦɵ ɪɭɥɟɜɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨ-
ɜɚɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɲɢɧɚɯ ɢ ɩɨɞɜɟɫɤɟ, ɚɧɬɢɛ-

ɥɨɤɢɪɨɜɨɱɧɵɟ ɫɢɫɬɟɦɵ ɢ ɪɹɞ ɞɪɭɝɢɯ. Ⱦɥɹ 
ɩɨɜɵɲɟɧɢɹ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɢ ɡɚɩɚɫɚ ɭɫɬɨɣ-

ɱɢɜɨɫɬɢ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜ ɢɫ-
ɯɨɞɧɭɸ ɭɩɪɚɜɥɹɸɳɭɸ ɰɟɩɶ ɜɜɨɞɢɬɶ ɤɨɪɪɟɤ-
ɬɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ: 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ, ɩɚɪɚɥɥɟɥɶɧɵɟ ɢ ɜ ɜɢɞɟ 
ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ [1]. Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɪɟ-
ɝɭɥɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɬɚɤɢɯ ɭɫɬɪɨɣɫɬɜ ɹɜ-
ɥɹɟɬɫɹ Ⱦȿ-ɡɜɟɧɨ, ɫɨɫɬɨɹɳɟɟ ɢɡ ɫɨɫɪɟɞɨɬɨ-
ɱɟɧɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɞɪɨɫɫɟɥɹ) ɢ 

ɩɨɞɤɥɸɱɟɧɧɨɣ ɤ ɧɟɦɭ ɟɦɤɨɫɬɢ. Ɉɱɟɜɢɞɧɨ, 
ɱɬɨ ɪɚɛɨɱɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɮɭɧɤɰɢɨɧɚɥɶ-
ɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜ Ⱦȿ-ɡɜɟɧɟ 
ɞɪɨɫɫɟɥɹ ɛɭɞɭɬ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɨɩɪɟɞɟ-
ɥɹɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɟɤɬɢɪɭ-

ɟɦɨɝɨ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ, ɜ ɤɨ-
ɧɟɱɧɨɦ ɫɱɟɬɟ, ɤɚɱɟɫɬɜɨ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɜ ɰɟɥɨɦ. 
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Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

Ƚɢɞɪɨ- ɢ ɩɧɟɜɦɨɫɢɫɬɟɦɵ ɨɫɧɚɳɟɧɵ ɰɟɥɨɣ 

ɝɚɦɦɨɣ ɞɪɨɫɫɟɥɟɣ ɪɚɡɥɢɱɧɨɝɨ ɤɨɧɫɬɪɭɤɬɢɜ-
ɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ, ɩɪɢɧɰɢɩɚ ɪɚɛɨɬɵ ɢ ɮɭɧɤ-
ɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ. ɇɚɪɹɞɭ ɫ ɫɚɦɵɦɢ 

ɩɪɨɫɬɵɦɢ ɩɨɫɬɨɹɧɧɵɦɢ ɞɪɨɫɫɟɥɹɦɢ ɬɢɩɚ 
«ɠɢɤɥɺɪ» ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢ-

ɥɢ ɩɟɪɟɦɟɧɧɵɟ ɞɪɨɫɫɟɥɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɢɫɩɨ-
ɥɧɟɧɢɹɦɢ ɡɚɩɨɪɧɨɝɨ ɭɡɥɚ: ɫɨɩɥɨ-ɩɥɨɫɤɚɹ ɡɚ-
ɫɥɨɧɤɚ, ɫɨɩɥɨ-ɲɚɪɢɤ, ɤɨɧɢɱɟɫɤɢɣ ɡɚɬɜɨɪ-
ɩɥɨɫɤɨɟ ɫɟɞɥɨ, ɤɨɧɢɱɟɫɤɢɣ ɡɚɬɜɨɪ – ɤɨɧɢɱɟɫ-
ɤɨɟ ɫɟɞɥɨ [2–4]. ɉɟɪɟɦɟɧɧɵɟ ɞɪɨɫɫɟɥɢ ɜ ɫɢɫ-
ɬɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɵ 

ɥɢɛɨ ɤɚɤ ɪɟɝɭɥɢɪɭɟɦɵɟ, ɫ ɧɟɨɛɯɨɞɢɦɨɣ ɧɚ-
ɫɬɪɨɣɤɨɣ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɷɤɫɩ-

ɥɭɚɬɚɰɢɢ, ɥɢɛɨ ɤɚɤ ɭɩɪɚɜɥɹɟɦɵɟ, ɝɢɞɪɚɜɥɢɱɟ-
ɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɬɨɪɵɯ ɢɡɦɟɧɹɟɬɫɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɤɭɳɢɯ ɩɚ-
ɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ. Ɍɚɤɢɟ ɞɪɨɫɫɟɥɢ ɨɛɵɱɧɨ 

ɪɚɛɨɬɚɸɬ ɧɚ ɬɭɪɛɭɥɟɧɬɧɵɯ ɪɟɠɢɦɚɯ ɢɫɬɟɱɟ-
ɧɢɹ ɪɚɛɨɱɟɣ ɫɪɟɞɵ, ɨɞɧɚɤɨ ɩɪɢ ɨɩɪɟɞɟɥɺɧɧɵɯ 

ɧɚɫɬɪɨɣɤɚɯ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɢ ɜ ɥɚɦɢɧɚɪɧɨɣ 

ɡɨɧɟ [5]. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨ-
ɰɟɫɫɨɜ ɩɪɢ ɪɚɛɨɬɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɢ ɩɧɟɜɦɚ-
ɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɯ 

Ⱦȿ-ɡɜɟɧɶɹ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ 
ɩɨɫɥɟɞɧɢɯ ɩɟɪɟɦɟɧɧɵɣ ɞɪɨɫɫɟɥɶ ɫ ɡɚɩɨɪɧɵɦ 

ɭɡɥɨɦ ɬɢɩɚ ɤɨɧɢɱɟɫɤɢɣ ɡɚɬɜɨɪ-ɤɨɧɢɱɟɫɤɨɟ 
ɫɟɞɥɨ. Ɉɧ ɦɨɠɟɬ ɢɦɟɬɶ ɤɚɤ ɪɟɝɭɥɢɪɭɟɦɨɟ, ɬɚɤ 
ɢ ɭɩɪɚɜɥɹɟɦɨɟ ɢɫɩɨɥɧɟɧɢɟ ɢ ɪɚɛɨɬɚɬɶ ɜ ɪɚɡ-
ɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɢɫɬɟɱɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɝɪɚɦɨ-
ɬɧɵɣ ɜɵɛɨɪ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɧɚɫɬɪɨɟɱɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɬɚɤɨɝɨ ɞɪɨɫɫɟɥɹ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤ-
ɬɢɪɨɜɚɧɢɹ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶ ɟɝɨ ɮɭɧɤɰɢɨɧɚ-
ɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɟɪɫ-
ɩɟɤɬɢɜɵ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

 

Ⱦɜɚ ɚɫɩɟɤɬɚ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ 

ɪɚɛɨɱɟɣ ɫɪɟɞɵ 

 

 ɉɪɨɰɟɫɫɵ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɜ 
ɩɪɨɬɨɱɧɵɯ ɷɥɟɦɟɧɬɚɯ ɝɢɞɪɨ- ɢ ɩɧɟɜɦɨɫɢɫɬɟɦ 

ɧɟɢɡɛɟɠɧɵ, ɧɨ ɩɪɢ ɷɬɨɦ ɨɧɢ ɦɨɝɭɬ ɢɦɟɬɶ ɪɚ-
ɡɥɢɱɧɵɣ ɫɦɵɫɥ. ȼ ɨɞɧɢɯ ɫɥɭɱɚɹɯ ɭɫɬɪɨɣɫɬɜɚ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɢɡɦɟɧɟɧɢɹ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɰɟɩɢ, ɧɚ-
ɩɪɢɦɟɪ, ɞɪɨɫɫɟɥɢ, ɤɥɚɩɚɧɵ ɢɥɢ ɫɥɟɞɹɳɢɟ 
ɡɨɥɨɬɧɢɤɢ, ɢ ɬɨɝɞɚ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟ ɜ ɧɢɯ 

ɢɦɟɟɬ ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ. ȼ ɞɪɭɝɢɯ 
ɫɥɭɱɚɹɯ ɨɬɞɟɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɢɥɢ ɭɡɥɵ 

ɚɩɩɚɪɚɬɨɜ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɨɛɪɚɡɭɸɬ ɞɪɨɫɫɟ-

ɥɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ, ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɟ ɤɨɬɨɪɵɯ ɫɥɟɞɨɜɚɥɨ ɛɵ ɦɢɧɢɦɢɡɢ-

ɪɨɜɚɬɶ. ɗɬɨ, ɧɚɩɪɢɦɟɪ, ɩɪɨɬɨɱɧɚɹ ɱɚɫɬɶ 
ɤɨɥɶɰɟɜɨɝɨ ɤɨɧɮɭɡɨɪɧɨɝɨ ɤɚɧɚɥɚ ɩɢɬɚɧɢɹ 
ɷɠɟɤɬɨɪɚ ɞɥɹ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɚ ɦɚɥɨɝɚɛɚɪɢ-

ɬɧɵɯ ɞɟɬɚɥɟɣ [6]. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɪɚɰɢɨɧɚɥɶ-
ɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɜɨɞɢɬɫɹ ɤ ɜɵɛɨɪɭ ɬɚɤɢɯ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɢɯ ɫɨɨɬɧɨɲɟ-
ɧɢɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɜ 
ɤɚɧɚɥɟ ɩɢɬɚɧɢɹ ɚɩɩɚɪɚɬɚ ɦɢɧɢɦɚɥɶɧɵ. 

 

Ʉɨɧɫɬɪɭɤɰɢɹ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɛɨɬɵ  

ɞɪɨɫɫɟɥɹ 

 

ɉɟɪɟɦɟɧɧɵɣ ɞɪɨɫɫɟɥɶ ɬɢɩɚ ɤɨɧɭɫ-ɤɨɧɭɫ ɢɦɟ-
ɟɬ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɭɸ ɤɨɧɫɬɪɭɤɰɢɸ (ɪɢɫ. 1).  

 

 
 

Ɋɢɫ. 1. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɟɪɟɦɟɧɧɨɝɨ ɞɪɨɫɫɟ-
ɥɹ ɬɢɩɚ ɤɨɧɭɫ-ɤɨɧɭɫ 

 

Ⱦɪɨɫɫɟɥɶ ɫɨɫɬɨɢɬ ɢɡ ɡɚɬɜɨɪɚ 1 ɫ ɭɝɥɨɦ ɤɨɧɭ-

ɫɧɨɫɬɢ ȕ  ɢ ɜɵɩɨɥɧɟɧɧɨɝɨ ɢɥɢ ɭɫɬɚɧɨɜɥɟɧɧɨ-
ɝɨ ɜ ɤɨɪɩɭɫɟ ɫɟɞɥɚ 2 ɫ ɭɝɥɨɦ ɤɨɧɭɫɧɨɫɬɢ α , 

ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɸɬ ɤɨɧɮɭɡɨɪ-
ɧɵɣ ɤɨɥɶɰɟɜɨɣ ɤɚɧɚɥ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ 

ɷɬɨɦ β<α  ɢɥɢ, ɜ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ, β = α , ɜɵ-

ɛɨɪ ɬɟɯ ɢɥɢ ɢɧɵɯ ɡɧɚɱɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬ ɝɚɛɚ-
ɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɞɪɨɫɫɟɥɹ. Ɂɚɬ- 
ɜɨɪ 1 ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɟɜɨɝɨ ɩɟɪɟɦɟɳɟ-
ɧɢɹ h  ɨɬ ɩɨɥɧɨɫɬɶɸ ɡɚɤɪɵɬɨɝɨ ( 0h = ) ɞɨ 
ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɝɨ ɩɨɥɨɠɟɧɢɹ ( maxh h= ). 

ɉɪɢ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɟ ɩɨɞɚɱɢ ɪɚɛɨɱɟɣ ɫɪɟɞɵ 

«ɩɨɞ ɡɚɬɜɨɪ» ɩɪɨɢɫɯɨɞɢɬ ɩɥɚɜɧɨɟ ɞɪɨɫɫɟɥɢ-

ɪɨɜɚɧɢɟ ɩɨɬɨɤɚ ɫ ɦɚɤɫɢɦɭɦɨɦ ɜ ɭɫɬɶɟ ɤɚɧɚɥɚ. 
ȼ ɫɥɭɱɚɟ ɨɛɪɚɬɧɨɝɨ ɩɨɞɤɥɸɱɟɧɢɹ ɞɪɨɫɫɟɥɹ 
ɩɨ ɫɯɟɦɟ ɬɟɱɟɧɢɹ ɪɚɛɨɱɟɣ ɫɪɟɞɵ «ɧɚ ɡɚɬɜɨɪ» 

ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟ ɩɨɬɨɤɚ, 
ɚɧɚɥɨɝɢɱɧɨɟ ɩɪɨɰɟɫɫɭ ɜ ɠɢɤɥɺɪɟ, ɱɬɨ ɧɟ ɰɟ-
ɥɟɫɨɨɛɪɚɡɧɨ. Ɉɫɧɨɜɧɨɣ ɫɥɨɠɧɨɫɬɶɸ ɩɪɢ ɤɨɧ-

ɫɬɪɭɢɪɨɜɚɧɢɢ ɩɨɞɨɛɧɵɯ ɞɪɨɫɫɟɥɟɣ ɹɜɥɹɟɬɫɹ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɢ ɤɚ-
ɱɟɫɬɜɟɧɧɨɝɨ ɰɟɧɬɪɢɪɨɜɚɧɢɹ ɡɚɬɜɨɪɚ ɨɬɧɨɫɢ-
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ɬɟɥɶɧɨ ɤɨɪɩɭɫɚ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɪɟɝɭɥɢɪɨ-
ɜɚɧɢɹ max0 h h≤ ≤ , ɨɫɨɛɟɧɧɨ ɞɥɹ ɞɨɫɬɚɬɨɱɧɨ 

ɛɥɢɡɤɢɯ ɭɝɥɨɜ α ≈β . Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɧɨɫɢɤɟ 
ɡɚɬɜɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɰɟɧɬɪɢɪɭɸɳɢɣ ɯɜɨɫɬɢɤ. 
 

Ɋɚɫɱɟɬ ɩɪɨɯɨɞɧɵɯ ɫɟɱɟɧɢɣ 

 

ɉɪɨɜɟɞɟɧɢɟ ɪɹɞɚ ɧɟɨɛɯɨɞɢɦɵɯ ɝɟɨɦɟɬɪɢɱɟɫ-
ɤɢɯ ɩɨɫɬɪɨɟɧɢɣ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɡɚɜɢɫɢ-

ɦɨɫɬɶ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɣ ɩɥɨɳɚ-
ɞɢ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɞɪɨɫɫɟɥɹ, ɤɨɬɨɪɚɹ 
ɡɚɜɢɫɢɬ ɨɬ ɞɢɚɦɟɬɪɚ ɜɵɯɨɞɧɨɝɨ ɤɚɧɚɥɚ ɞɪɨɫ-
ɫɟɥɹ D , ɭɝɥɚ ɤɨɧɭɫɧɨɫɬɢ ɫɟɞɥɚ α , ɫɬɟɩɟɧɢ 

ɨɬɤɪɵɬɢɹ ɞɪɨɫɫɟɥɹ h  ɢ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟ-
ɧɚ ɩɨ ɮɨɪɦɭɥɟ 
 

( ) 2
min

1
2 sin(2 ) sin( )

2
S D h h= ⋅π ⋅ + ⋅ α ⋅ ⋅ α .  (1) 

 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɬɟɤɭɳɟɝɨ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟ-
ɧɢɹ ɤɨɧɮɭɡɨɪɧɨɝɨ ɤɚɧɚɥɚ ɜ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨ-
ɱɤɟ ɫ ɤɨɨɪɞɢɧɚɬɨɣ x  ɩɨ ɨɛɪɚɡɭɸɳɟɣ ɡɚɬɜɨɪɚ 
ɩɨɥɭɱɟɧɚ ɫɥɟɞɭɸɳɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
 

( )( )( ) sin( ) sin( ) sin( )
2

(2 4 sin( ) 2( sin( )

sin( )) cos( ))

S x h x

D x h

x

π
= ⋅ ⋅ α + ⋅ α −β ⋅ α ⋅

⋅ + ⋅ ⋅ β + ⋅ α +
+ ⋅ α −β ⋅ α

(2) 

 

ȼɵɛɨɪ ɨɫɧɨɜɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ  

ɩɚɪɚɦɟɬɪɨɜ 

 

Ɂɚɜɢɫɢɦɨɫɬɢ (1), (2) ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɟɫɬɢ ɚɧɚ-
ɥɢɡ ɜɥɢɹɧɢɹ ɨɫɧɨɜɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɧɚ ɢɡɦɟɧɟɧɢɟ ɩɪɨɯɨɞɧɵɯ ɫɟɱɟɧɢɣ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɪɨɫɫɟɥɢɪɭɸɳɭɸ ɫɩɨɫɨɛ-

ɧɨɫɬɶ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɹɥɢɫɶ ɜ ɩɚɤɟɬɟ 
ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ Mathcad ɢ ɜɵɹɜɢɥɢ 

ɪɹɞ ɞɨɫɬɚɬɨɱɧɨ ɢɧɬɟɪɟɫɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ.  

  

1. ȼɵɩɨɥɧɟɧɢɟ ɫɟɞɥɚ ɫ ɭɝɥɨɦ ɜ ɞɢɚɩɚɡɨɧɟ 
20 70° ≤ α ≤ °  ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɥɢ-

ɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɩɪɨɯɨɞ-

ɧɨɝɨ ɫɟɱɟɧɢɹ ɞɪɨɫɫɟɥɹ ɨɬ ɭɝɥɚ ɤɨɧɭɫɧɨɫɬɢ α   

(ɪɢɫ. 2). 

 

2. ɉɪɨɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɤɨɧɮɭɡɨɪɧɨɝɨ ɤɚɧɚɥɚ 
ɩɨ ɩɪɨɢɡɜɨɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɟ x ɢɦɟɟɬ ɧɟɥɢ-

ɧɟɣɧɵɣ ɯɚɪɚɤɬɟɪ (ɪɢɫ. 3). ȼɵɱɢɫɥɢɦ ɞɢɚɦɟɬɪ 

ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɟɦɭ ɤɚɧɚɥɚ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ 
ɩɨ ɮɨɪɦɭɥɟ 
 

4 ( )
ekv

S x
D

⋅
=

π
.  (3) 

 
 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɢɧɢɦɚɥɶɧɨɝɨ ɩɪɨɯɨɞ-

ɧɨɝɨ ɫɟɱɟɧɢɹ ɞɪɨɫɫɟɥɹ ɨɬ ɭɝɥɚ ɤɨɧɭɫɧɨ-
ɫɬɢ ɫɟɞɥɚ 

 

0 2 4 6 8 10
0

50

100

150

S x( )

x  
 

Ɋɢɫ. 3. ɂɡɦɟɧɟɧɢɟ ɩɥɨɳɚɞɢ ɩɪɨɯɨɞɧɨɝɨ ɫɟ-
ɱɟɧɢɹ ɤɨɧɮɭɡɨɪɧɨɝɨ ɤɚɧɚɥɚ ɩɨ ɩɪɨɢɡɜɨ-
ɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɟ ɯ 

 

Ʉɚɤ ɜɢɞɧɨ (ɪɢɫ. 4), ɩɨɥɭɱɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
Dekv(x) ɩɪɚɤɬɢɱɟɫɤɢ ɥɢɧɟɣɧɚ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨ-
ɧɟ, ɤɪɨɦɟ ɡɨɧɵ, ɛɥɢɡɤɨɣ ɤ ɦɢɧɢɦɚɥɶɧɨɦɭ ɫɟ-
ɱɟɧɢɸ ɞɪɨɫɫɟɥɹ. 
 

 
 

Ɋɢɫ. 4. ɂɡɦɟɧɟɧɢɟ Dekv  ɩɨ ɩɪɨɢɡɜɨɥɶɧɨɣ ɤɨ-
ɨɪɞɢɧɚɬɟ ɯ 
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3. ɉɪɨɜɟɪɟɧɚ ɝɢɩɨɬɟɡɚ ɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɨɱɟɬɚɧɢɣ ɡɧɚɱɟɧɢɣ 

( )∆ = α −β  ɦɢɧɢɦɚɥɶɧɨɣ ɜɟɥɢɱɢɧɵ ɤɪɢɬɢɱɟ-
ɫɤɨɝɨ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɞɪɨɫɫɟɥɹ. Ⱦɥɹ ɷɬɨ-
ɝɨ ɜɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɜɟɥɢɱɢɧɵ fmin ɩɪɢ 

20 70° ≤ α ≤ °  ɢ ∆ = 5° ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɚɩɩ-

ɪɨɤɫɢɦɚɰɢɟɣ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɩɨ-
ɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ Curve Expert, Version 

1.34. Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫ. 5,  ɩɨɥɭɱɟɧɧɚɹ ɤɪɢɜɚɹ 
ɢɦɟɟɬ ɱɟɬɤɨ ɜɵɪɚɠɟɧɧɵɣ ɦɢɧɢɦɭɦ ɞɥɹ ɭɝ-
ɥɨɜα  = 40°, ȕ  = 35°. 
 

 
 

Ɋɢɫ. 5. Ɉɩɪɟɞɟɥɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɤɪɢɬɢɱɟ-
ɫɤɨɝɨ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɞɪɨɫɫɟɥɹ  

 

ȼɵɜɨɞɵ 

 

 ɉɟɪɟɦɟɧɧɵɣ ɞɪɨɫɫɟɥɶ ɬɢɩɚ ɤɨɧɭɫ-ɤɨɧɭɫ 
ɢɦɟɟɬ ɩɪɨɫɬɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɞɨɫɬɚɬɨɱɧɨ 
ɤɚɱɟɫɬɜɟɧɧɵɟ ɪɚɛɨɱɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɇɟ-
ɤɨɬɨɪɵɟ ɩɚɪɚɦɟɬɪɵ ɞɪɨɫɫɟɥɹ ɫɜɹɡɚɧɵ ɥɢɧɟɣ-

ɧɵɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɥɚɜɧɨ ɢ 

ɩɪɟɞɫɤɚɡɭɟɦɨ ɩɪɨɜɨɞɢɬɶ ɟɝɨ ɧɚɫɬɪɨɣɤɭ ɢɥɢ 

ɭɩɪɚɜɥɟɧɢɟ. Ɋɚɰɢɨɧɚɥɶɧɵɣ ɜɵɛɨɪ ɭɝɥɨɜ ɤɨ-

ɧɭɫɧɨɫɬɢ ɞɪɨɫɫɟɥɢɪɭɸɳɟɣ ɩɚɪɵ, ɨɛɭɫɥɨɜ-
ɥɟɧɧɵɣ ɬɚɤɠɟ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɧɚ ɨɫɟɜɨɣ ɢ 

ɪɚɞɢɚɥɶɧɵɣ ɝɚɛɚɪɢɬɵ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨɡɜɨɥɢɬ 
ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɪɨɫɫɟɥɢ ɩɨɞɨɛɧɨ-
ɝɨ ɬɢɩɚ ɜ ɩɧɟɜɦɚɬɢɱɟɫɤɢɯ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 

ɰɟɩɹɯ ɭɩɪɚɜɥɟɧɢɹ. 
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