
 
 

 96 ȼɟɫɬɧɢɤ ɘɍɪȽɍ. ɋɟɪɢɹ «ɗɧɟɪɝɟɬɢɤɚ»

1. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
ɉɪɢ ɜɵɛɨɪɟ ɬɢɩɚ ɢ ɩɪɢɧɰɢɩɚ ɩɨɫɬɪɨɟɧɢɹ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɱɚɳɟ ɜɫɟɝɨ ɪɭɤɨɜɨɞɫɬɜɭɸɬɫɹ ɫɨ-
ɨɛɪɚɠɟɧɢɹɦɢ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ 
ɪɚɛɨɱɢɯ ɫɤɨɪɨɫɬɟɣ, ɦɨɦɟɧɬɨɜ, ɦɢɧɢɦɢɡɚɰɢɢ ɷɧɟɪ-
ɝɨɩɨɬɪɟɛɥɟɧɢɹ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɥɭɱ-
ɲɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɢɛɨɥɟɟ ɩɟɪ-
ɫɩɟɤɬɢɜɧɵɦɢ ɩɪɢɡɧɚɧɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɫ ɜɟɧ-
ɬɢɥɶɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ (ȼȾ). ɋɭɳɟɫɬɜɭɸɬ 
ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɤɨɦɦɭɬɚɰɢɢ ɨɛɦɨɬɨɤ ȼȾ. ɇɚ-
ɩɪɢɦɟɪ, ɞɢɫɤɪɟɬɧɚɹ ɤɨɦɦɭɬɚɰɢɹ – ɤɨɝɞɚ ɜɟɤɬɨɪ 
ɩɨɥɹ ɫɬɚɬɨɪɚ ɩɨ ɫɢɝɧɚɥɚɦ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ ɪɨ-
ɬɨɪɚ (ȾɉɊ) ɞɢɫɤɪɟɬɧɨ ɩɟɪɟɦɟɳɚɟɬɫɹ ɩɨ ɨɤɪɭɠɧɨ-
ɫɬɢ ɪɚɫɬɨɱɤɢ ɫɬɚɬɨɪɚ. ɂɥɢ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ – 
ɤɨɝɞɚ ɜɟɤɬɨɪ ɩɨɥɹ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɥɚɜɧɨɟ ɜɪɚɳɟ-
ɧɢɟ. ɍɩɨɦɹɧɭɬɵɟ ɫɩɨɫɨɛɵ ɩɢɬɚɧɢɹ ȼȾ ɞɨɩɭɫɤɚɸɬ 
ɢɡɦɟɧɟɧɢɟ ɦɨɞɭɥɹ ɜɟɤɬɨɪɚ ɩɨɥɹ ɫɬɚɬɨɪɚ ɢ ɟɝɨ ɭɝ-
ɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɤɬɨɪɚ ɩɨɥɹ ɪɨ-
ɬɨɪɚ. Ⱦɚɧɧɵɣ ɮɚɤɬ ɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɤɚɤ ɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, 
ɬɚɤ ɢ ɧɚ ɪɟɝɭɥɢɪɨɜɨɱɧɵɟ ɫɜɨɣɫɬɜɚ ɞɜɢɝɚɬɟɥɹ. 

Ⱦɢɫɤɪɟɬɧɚɹ ɤɨɦɦɭɬɚɰɢɹ ɨɛɦɨɬɨɤ ȼȾ ɧɟ ɢɫ-
ɤɥɸɱɚɟɬ ɞɟɲёɜɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ. ȼɟɤɬɨɪ-

ɧɨɟ ɭɩɪɚɜɥɟɧɢɟ – ɞɨɪɨɠɟ. Аɥɝɨɪɢɬɦɵ ɮɨɪɦɢɪɨɜɚ-
ɧɢɹ ɩɨɥɹ ɫɬɚɬɨɪɚ – ɪɟɫɭɪɫɨɟɦɤɢɟ (ɪɟɚɥɢɡɭɸɬɫɹ 
ɥɢɲɶ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ-
ɦɢ). ɉɨɷɬɨɦɭ ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɫɪɚɜɧɢɬɟɥɶɧɨɣ 
ɨɰɟɧɤɢ ɫɩɨɫɨɛɨɜ ɤɨɦɦɭɬɚɰɢɢ ɨɛɦɨɬɨɤ ȼȾ ɫ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɜɨɡɦɨɠɧɨ-
ɫɬɢ ɪɚɫɲɢɪɟɧɢɹ ɞɢɚɩɚɡɨɧɨɜ ɪɚɛɨɱɢɯ ɫɤɨɪɨɫɬɟɣ ɢ 
ɦɨɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɭɥɭɱɲɟɧɢɹ ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ 
ɫɜɨɣɫɬɜ. ȼ ɫɬɚɬɶɟ ɨɩɢɫɚɧɨ ɪɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ. 
Ⱦɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɪɚɰɢɨɧɚɥɶɧɨ 
ɜɵɛɢɪɚɬɶ ɫɩɨɫɨɛ ɩɢɬɚɧɢɹ ȼȾ ɜ ɤɨɧɤɪɟɬɧɨɦ ɷɥɟɤ-
ɬɪɨɩɪɢɜɨɞɟ. 

 
2. Мɟɬɨɞɵ ɨɩɢɫɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ȼȾ 
 ɜ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɚɯ 
ɉɪɢ ɜɟɤɬɨɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ ȼȾ ɦɨɠɧɨ ɪɚɫ-

ɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ, ɩɢɬɚɸɳɢɣ-
ɫɹ ɨɬ ɢɫɬɨɱɧɢɤɚ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫ 
ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɭɝɥɚ ɧɚɝɪɭɡɤɢ (ș) Д1, 2], 
ɤɨɬɨɪɵɣ ɜ ɬɟɨɪɢɢ ȼȾ ɧɚɡɵɜɚɸɬ ɭɝɥɨɦ ɤɨɦɦɭɬɚ-
ɰɢɢ. Ɍɨɝɞɚ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɞɥɹ ɨɩɪɟɞɟ-
ɥɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨ-
ɫɬɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜɵɪɚɠɟɧɢɹ, ɩɪɢɧɹ-
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ɋɊȺȼɇɂɌȿɅɖɇȺə ɈɐȿɇɄȺ ɊȺɁɅɂɑɇɕɏ ɋɉɈɋɈȻɈȼ 
ɍɉɊȺȼɅȿɇɂə ɄɈɆɆɍɌȺɐɂȿɃ ȼȿɇɌɂɅɖɇɕɏ ȾȼɂȽȺɌȿɅȿɃ 
ɉɈ ɗɇȿɊȽȿɌɂɑȿɋɄɂɆ ɉɈɄȺɁȺɌȿɅəɆ 
ɂ ɊȿȽɍɅɂɊɈȼɈɑɇɕɆ ɋȼɈɃɋɌȼȺɆ* 
С.Ƚ. ȼɨɪɨɧɢɧ, Ⱦ.А. Кɭɪɧɨɫɨɜ, А.С. Кɭɥɶɦɭɯɚɦɟɬɨɜɚ  
 
 

Ɋɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɫɩɨɫɨɛɚ ɤɨɦɦɭɬɚɰɢɢ ɨɛɦɨɬɤɢ ȼȾ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɧɟɪɝɟɬɢ-
ɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɲɢɪɟɧɢɹ ɞɢɚɩɚɡɨɧɨɜ ɪɚɛɨɱɢɯ ɫɤɨɪɨɫɬɟɣ ɢ ɦɨɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ 
ɭɥɭɱɲɟɧɢɹ ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ ɫɜɨɣɫɬɜ ɫ ɰɟɥɶɸ ɩɪɢɦɟɧɟɧɢɹ ɟɝɨ ɜ ɤɨɧɤɪɟɬɧɨɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ.  

ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɡɧɚɱɟɧɢɹɯ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɢ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨɣ ɢɧɞɭɤɬɢɜɧɨɫɬɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɞɜɢɝɚɬɟɥɹɯ, ɢɦɟɸɳɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɢɧ-
ɞɭɤɬɢɜɧɨɫɬɢ ɨɛɦɨɬɤɢ ɹɤɨɪɹ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɢɫɤɪɟɬɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɄɉȾ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 120-ɝɪɚɞɭɫɧɨɣ ɤɨɦɦɭ-
ɬɚɰɢɢ, ɩɪɢ ɷɬɨɦ ɭɤɚɡɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟ ɯɭɠɟ, ɱɟɦ ɩɪɢ ɜɟɤɬɨɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ. ȼ ɫɥɭɱɚɟ 
ɛɨɥɶɲɨɝɨ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɢɧɞɭɤɬɢɜɧɨɫɬɢ 120-ɝɪɚɞɭɫɧɚɹ ɤɨɦɦɭɬɚɰɢɹ ɩɟɪɟɪɨɠɞɚɟɬɫɹ ɜ 180-
ɝɪɚɞɭɫɧɭɸ, ɩɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɫɪɚɡɭ ɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɞɜɢɝɚɬɟɥɹ ɧɚ ɷɬɭ ɤɨɦɦɭɬɚɰɢɸ. ɉɪɟɞ-
ɫɬɚɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɜɟɤɬɨɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ ɡɚ ɫɱɟɬ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɝɥɚ ɤɨɦɦɭɬɚɰɢɢ ɜɟɧɬɢɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 
ɜ ɮɭɧɤɰɢɢ ɨɬ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɧɟ ɬɨɥɶɤɨ ɪɟɲɚɬɶ ɜɨɩɪɨɫɵ ɦɢɧɢɦɢɡɚ-
ɰɢɢ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɞɜɢɝɚɬɟɥɹ, ɧɨ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɬɶ ɟɝɨ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɬ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ, ɩɪɢɫɭɳɢɯ ɞɜɢɝɚɬɟɥɸ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɧɟɡɚɜɢɫɢɦɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ, ɞɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɚɧɚ-
ɥɨɝɢɱɧɵɯ ɞɜɢɝɚɬɟɥɹɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɜɟɧɬɢɥɶɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ, ɫɩɨɫɨɛɵ ɤɨɦɦɭɬɚɰɢɢ ɨɛɦɨɬɨɤ, ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟ-
ɧɢɟ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɄɉȾ 

 
 

______________ 
* Ɋɚɛɨɬɚ ɜɵɩɨɥɧɹɥɚɫɶ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ 

ɪɚɦɤɚɯ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɪɨɟɤɬɚ «ɋɨɡɞɚɧɢɟ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɨɞɟɥɶɧɨɝɨ ɪɹɞɚ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ 
ɧɢɡɤɨɩɨɥɶɧɵɯ ɬɪɚɦɜɚɣɧɵɯ ɜɚɝɨɧɨɜ ɦɨɞɭɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ» ɩɨ ɞɨɝɨɜɨɪɭ № 02.G3θ.31.0002 ɦɟɠɞɭ Ɇɢɧɢɫɬɟɪɫɬɜɨɦ 
ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɢ Ɏɟɞɟɪɚɥɶɧɵɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɭɧɢɬɚɪɧɵɦ ɩɪɟɞɩɪɢɹɬɢɟɦ «Ƚɨɫɭɞɚɪɫɬ-
ɜɟɧɧɵɣ ɤɨɫɦɢɱɟɫɤɢɣ ɧɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɰɟɧɬɪ ɢɦɟɧɢ Ɇ.ȼ. ɏɪɭɧɢɱɟɜɚ» ɜ ɤɨɨɩɟɪɚɰɢɢ ɫ ɝɨɥɨɜɧɵɦ ɢɫɩɨɥɧɢɬɟ-
ɥɟɦ ɇɂɈɄɌɊ – Ɏɟɞɟɪɚɥɶɧɵɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɛɸɞɠɟɬɧɵɦ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɦ ɭɱɪɟɠɞɟɧɢɟɦ ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶ-
ɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ «ɘɠɧɨ-ɍɪɚɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ» (ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ). 
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ɬɵɟ ɜ ɬɟɨɪɢɢ ɫɢɧɯɪɨɧɧɵɯ ɦɚɲɢɧ. ȼ ɱɚɫɬɧɨɫɬɢ, 
ɟɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɪɨɬɨɪ ȼȾ ɢɦɟɟɬ ɜɨɡɛɭɠ-
ɞɟɧɢɟ ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ ɢ ɪɚɡɧɨɫɬɶɸ ɢɧ-
ɞɭɤɬɢɜɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɩɨ ɨɫɹɦ Н ɢ q ɦɨɠɧɨ 
ɩɪɟɧɟɛɪɟɱɶ, ɭɪɚɜɧɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ (Pɷ) ɢ ɩɨɬɪɟɛɥɹɟɦɨɣ (Pɩ) ɦɨɳ-
ɧɨɫɬɟɣ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ Д3]: эܲ = ஝∙ሺୡ୭ୱሺ஘ሻାఔ∙ஞ∙ୱ୧୬ሺ஘ሻିఔሻଵାకమ  ,                  (1) 

пܲ = ஝∙ሺక∙ୱ୧୬ሺ஘ሻିୡ୭ୱሺ஘ሻሻାଵଵାஞమ  ,                    (2) 
ɝɞɟ ɋ = -Φω/ܷ – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɝɚܭ
ɬɟɥɹ,  – ɦɝɧɨɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 
ɹɤɨɪɹ, Ɏ – ɦɝɧɨɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɬɨɤɚ, ܭ –ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɬɨɪɵɣ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ K=pN/2К, ɝɞɟ ɪ – ɱɢɫɥɨ 
ɩɚɪ ɩɨɥɸɫɨɜ, N, К – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɱɢɫɥɨ ɚɤɬɢɜ-
ɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ ɢ ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɟɬɜɟɣ 
ɹɤɨɪɧɨɣ ɨɛɦɨɬɤɢν ߦ = ωܮ/ܴ – ɩɚɪɚɦɟɬɪ, ɨɩɪɟɞɟ-
ɥɟɧɧɵɣ ɤɨɧɫɬɪɭɤɰɢɟɣ ȼȾ, ɝɞɟ L, R – ɢɧɞɭɤɬɢɜɧɨɟ 
ɢ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ.  

ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɄɉȾ (Ʉ) ɛɭɞɟɬ ɨɩɪɟɞɟ-
ɥɹɬɶɫɹ ɨɬɧɨɲɟɧɢɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɦɨɳɧɨɫɬɢ ɤ 
ɩɨɬɪɟɛɥɹɟɦɨɣ ߟ = ௉э௉п .                               (3) 

ɉɪɢ ɞɢɫɤɪɟɬɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɬɪёɯɮɚɡɧɨɝɨ ȼȾ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɞɜɚ ɫɩɨɫɨɛɚ ɤɨɦɦɭɬɚɰɢɢ: 180-
ɝɪɚɞɭɫɧɚɹ ɢ 120-ɝɪɚɞɭɫɧɚɹ Д4, η]. ɉɪɢ ɩɟɪɜɨɦ ɫɩɨ-
ɫɨɛɟ ɧɚ ɤɚɠɞɨɦ ɦɟɠɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɢɧɬɟɪɜɚɥɟ 
(ɆɄɂ) ɤ ɲɢɧɚɦ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɩɨɞɤɥɸɱɚɸɬɫɹ 
ɬɪɢ ɮɚɡɧɵɟ ɨɛɦɨɬɤɢ, ɚ ɩɪɢ ɜɬɨɪɨɦ – ɞɜɟ. ɗɥɟɤɬɪɨ-

ɦɚɝɧɢɬɧɵɟ ɩɪɨɰɟɫɫɵ, ɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɫɩɨɫɨɛɚɯ ɤɨɦɦɭɬɚɰɢɢ ɨɛɦɨɬɨɤ ɨɬɥɢɱɚɸɬɫɹ. Ɇɚɬɟ-
ɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɢɟ ɷɬɢ ɩɪɨɰɟɫɫɵ, ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɯɨɪɨɲɨ ɨɬɪɚɛɨɬɚɧɵ Д4, θ–8]. Ⱦɥɹ 
ɪɚɫɱɟɬɚ ɪɚɛɨɱɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɣ ɢ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɟɣ, ɚ ɬɚɤɠɟ 
ɄɉȾ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɥɸɛɭɸ ɢɡ ɧɢɯ. ɂɫɩɨɥɶɡɨɜɚ-
ɥɢɫɶ ɦɨɞɟɥɢ, ɨɩɢɫɚɧɧɵɟ ɜ ɪɚɛɨɬɟ Дθ]. 

 
3. ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ  
ɫɩɨɫɨɛɨɜ ɤɨɦɦɭɬɚɰɢɢ ȼȾ  
ɩɨ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ 
ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɜɫɟɯ ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ 

ɫɩɨɫɨɛɨɜ ɤɨɦɦɭɬɚɰɢɢ ȼȾ ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɢ ɨɞɢɧɚ-
ɤɨɜɨɦ ɡɧɚɱɟɧɢɢ ɩɚɪɚɦɟɬɪɚ ȟ ɢ Ȟ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɩɨɫɨɛɚ ɤɨɦɦɭɬɚɰɢɢ, ɥɢɛɨ ɩɨ ɜɵɪɚɠɟɧɢɹɦ (1)–(3), 
ɥɢɛɨ ɩɨ ɦɨɞɟɥɹɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ Д4, θ–8], ɛɵɥɢ 
ɪɚɫɫɱɢɬɚɧɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɦɨɳɧɨɫɬɶ ɢ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɵɣ ɄɉȾ ɞɜɢɝɚɬɟɥɹ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɪɚɫɱɟɬɚ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɷɬɢɯ ɜɟɥɢ-
ɱɢɧ ɨɬ ɭɝɥɚ ɤɨɦɦɭɬɚɰɢɢ ș ɩɪɢ ȟ = Д0,ην 0,0η] ɢ 
Ȟ = Д0,ην 0,8], ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 1–4. 

ɂɡ ɫɪɚɜɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɨɠ-
ɧɨ ɡɚɤɥɸɱɢɬɶ: 

1. Ⱦɥɹ ɞɜɢɝɚɬɟɥɟɣ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɨɣ ɢɧ-
ɞɭɤɬɢɜɧɨɫɬɶɸ ɨɛɦɨɬɤɢ (ȟ ξ 1) ɧɚɢɛɨɥɶɲɢɣ ɄɉȾ 
ɩɨɥɭɱɚɟɦ ɩɪɢ 120-ɝɪɚɞɭɫɧɨɣ ɤɨɦɦɭɬɚɰɢɢ. ɇɟɦɧɨ-
ɝɨ ɭɫɬɭɩɚɟɬ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ. ɂ ɯɭɞɲɢɣ ɜɚ-
ɪɢɚɧɬ – 180-ɝɪɚɞɭɫɧɚɹ ɤɨɦɦɭɬɚɰɢɹ. 

2. ɉɪɢ ȟ > 1 ɭ ȼȾ ɫ ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ  

 
 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɦɨщɧɨɫɬɢ Pɷ ɨɬ ɭɝɥɚ ɤɨɦɦɭɬɚɰɢɢ θ ɩɪɢ Ȟ = 0,5 ɞɥɹ ȟ= Д0,5ν 0,05],  
ɝɞɟ 1ɚ – Pɷ ɩɪɢ ɜɟɤɬɨɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ ɞɥɹ ȟ= 0,5ν 1ɛ – ɞɥɹ ȟ= 0,05ν 2ɚ – Pɷ ɩɪɢ 180-ɝɪɚɞɭɫɧɨɣ ɤɨɦɦɭɬɚɰɢɢ 

 ɞɥɹ ȟ= 0,5ν 2ɛ – ɞɥɹ ȟ= 0,05ν 3ɚ – Pɷ ɩɪɢ 120-ɝɪɚɞɭɫɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɞɥɹ ȟ= 0,5ν 3ɛ – ɞɥɹ ȟ= 0,05 
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ɢ ɫɨ 180-ɝɪɚɞɭɫɧɨɣ ɤɨɦɦɭɬɚɰɢɟɣ ɡɚɜɢɫɢɦɨɫɬɢ Ș(ș) 
ɢ Pɷ(ș) ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ ɢ ɢɦɟɸɬ ɦɚɤɫɢɦɭɦ 
ɩɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɄɉȾ 

3. ɉɪɢ 120-ɝɪɚɞɭɫɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɞɥɹ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɦɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɝɥɚ 
ɤɨɦɦɭɬɚɰɢɢ ɨɬ 0 ɞɨ π/2 ɜɟɥɢɱɢɧɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ 

ɦɨɳɧɨɫɬɢ ɢ ɄɉȾ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ș ɩɚɞɚɟɬ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɞɥɹ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɤɨɦɦɭɬɚɰɢɢ, ɤɚɤ ɩɨ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɣ ɦɨɳɧɨɫɬɢ, ɬɚɤ ɢ ɩɨ ɄɉȾ ɨɩɬɢɦɚɥɶ-
ɧɵɦ ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ș = 0. 

Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɨɩɪɟɞɟɥёɧɧɵɯ ɡɧɚ-
ɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɬɨɤ ɜ ɨɬ-

 
 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɄɉȾ ɨɬ ɭɝɥɚ ɤɨɦɦɭɬɚɰɢɢ θ ɩɪɢ Ȟ = 0,5 ɞɥɹ ȟ= Д0,5ν 0,05], 
ɝɞɟ 1ɚ – ɄɉȾ ɩɪɢ ɜɟɤɬɨɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ ɞɥɹ ȟ= 0,5ν 1ɛ – ɞɥɹ ȟ= 0,05ν 2ɚ – ɄɉȾ ɩɪɢ 180-ɝɪɚɞɭɫɧɨɣ 

 ɤɨɦɦɭɬɚɰɢɢ ɞɥɹ ȟ= 0,5ν 2ɛ – ɞɥɹ ȟ= 0,05ν 3ɚ – ɄɉȾ ɩɪɢ 120-ɝɪɚɞɭɫɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɞɥɹ ȟ= 0,5ν 3ɛ – ɞɥɹ ȟ= 0,05 
 

 
Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɦɨщɧɨɫɬɢ Pɷ ɨɬ ɭɝɥɚ ɤɨɦɦɭɬɚɰɢɢ θ ɩɪɢ Ȟ = 0,8 ɞɥɹ ȟ= Д0,5ν 0,05],  

ɝɞɟ 1ɚ – Pɷ ɩɪɢ ɜɟɤɬɨɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ ɞɥɹ ȟ= 0,5ν 1ɛ – ɞɥɹ ȟ= 0,05ν 2ɚ – Pɷ ɩɪɢ 180-ɝɪɚɞɭɫɧɨɣ ɤɨɦɦɭɬɚɰɢɢ 
ɞɥɹ ȟ= 0,5ν 2ɛ – ɞɥɹ ȟ= 0,05ν 3ɚ – Pɷ ɩɪɢ 120-ɝɪɚɞɭɫɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɞɥɹ ȟ= 0,5ν 3ɛ – ɞɥɹ ȟ= 0,05 
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ɤɥɸɱёɧɧɨɣ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɫɟɤɰɢɢ ɡɚ ɨɞɢɧ 
ɆɄɂ ɧɟ ɭɫɩɟɜɚɟɬ ɡɚɬɭɯɧɭɬɶ ɞɨ ɧɭɥɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɩɨ ɯɚɪɚɤɬɟɪɭ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɪɨɰɟɫɫɨɜ 120-
ɝɪɚɞɭɫɧɚɹ ɤɨɦɦɭɬɚɰɢɹ ɩɟɪɟɫɬɚɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ 
180-ɝɪɚɞɭɫɧɨɣ ɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɬɟɦɢ ɠɟ ɡɚ-
ɜɢɫɢɦɨɫɬɹɦɢ. ɍɪɚɜɧɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɥɨɜɢɣ 
ɩɟɪɟɯɨɞɚ 120-ɝɪɚɞɭɫɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɜ 180-
ɝɪɚɞɭɫɧɭɸ ɩɨɥɭɱɟɧɨ ɜ ɪɚɛɨɬɟ Дη] ɢ ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ 
ɩɪɢɧɹɬɨɣ ɧɚɦɢ ɫɢɫɬɟɦɟ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰ 
ɢɦɟɟɬ ɜɢɞ ܥଵ ∙ ሺͳ − ܾሻ − ଶܥ ∙ ܾ = Ͳ , 
ɝɞɟ Сଵ = ሺͳ − ܾሻ + ൫ఔᇲ൯మ∙ஞଵାሺఔᇲ∙ஞሻమ ∙ ሺ[ ଵఔᇲ∙ஞ ∙ cosɅ − sinɅ] ∙ ܾ −[ ଵ஝ᇱ∙ஞ ∙ cos ቀ஠ଷ − Ʌቁ − sin ቀ஠ଷ − Ʌቁ]ሻν Сଶ = ሺͳ − ܾሻ + ሺɋ′ሻଶ ∙ Ɍͳ + ሺɋᇱ ∙ Ɍሻଶ × × ሺ[ ଵ஝ᇱ∙ஞ ∙ cos ቀଶ஠ଷ + Ʌቁ − sin ቀଶ஠ଷ + Ʌቁ] ∙ ܾ − [ ଵ஝ᇱ∙ஞ ∙cos ቀ஠ଷ + Ʌቁ − sin ቀ஠ଷ + Ʌቁ]ሻν ܾ = ݁ି ಘయ∙ಖ∙ಕν   ߥ′ = ଺஠ ∙ ɋ . 

 
4. Ɉɩɪɟɞɟɥɟɧɢɟ ɭɝɥɚ ɤɨɦɦɭɬɚɰɢɢ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ 
ɡɧɚɱɟɧɢɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ 
ɢɥɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ КɉȾ  
ȿɫɥɢ ɩɪɢɦɟɧɹɟɬɫɹ 180-ɝɪɚɞɭɫɧɚɹ ɤɨɦɦɭɬɚɰɢɹ 

ɢɥɢ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ, ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɤɨɦɦɭ-
ɬɚɰɢɢ (Ʌ୫ୟ୶), ɩɪɢ ɤɨɬɨɪɨɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɦɨɳ-

ɧɨɫɬɶ ɢɦɟɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɢɡɜɟɫɬɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ Д9] Ʌ୫ୟ୶ = arctgሺɌሻ .                      (4) 

ɂɦ ɦɨɠɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɡɚɞɚɧɢɹ ɭɫɬɚɜɤɢ 
ɭɝɥɚ ɤɨɦɦɭɬɚɰɢɢ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ, ɤɨɝɞɚ 
ɚɤɬɭɚɥɶɧɨ ɨɛɟɫɩɟɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ 
ɞɜɢɝɚɬɟɥɹ ɞɥɹ ɫɤɨɪɟɣɲɟɝɨ ɡɚɜɟɪɲɟɧɢɹ ɩɟɪɟɯɨɞɧɨ-
ɝɨ ɩɪɨɰɟɫɫɚ. 

Аɧɚɥɢɬɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɭɝɥɚ ɤɨɦɦɭ-
ɬɚɰɢɢ ɨɬ ɫɤɨɪɨɫɬɢ ɜɚɥɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɞɨɫɬɢɝɚɟɬɫɹ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɄɉȾ ɡɚɞɚɧɧɨɝɨ 
ȼȾ, ɜ ɷɥɟɦɟɧɬɚɪɧɵɯ ɮɭɧɤɰɢɹɯ ɧɟ ɜɵɪɚɠɚɟɬɫɹ. ɉɨ-
ɷɬɨɦɭ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢɛɥɢɠɟɧɧɵɦɢ 
ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ. Ⱦɥɹ ɢɯ ɜɵ-
ɜɨɞɚ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɭɝɥɨɜ 
ɤɨɦɦɭɬɚɰɢɢ șɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɨɦɭ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦɭ ɄɉȾ ɢ ɫɚɦɢ ɡɧɚɱɟɧɢɹ ɄɉȾ ɜ 
ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ Ȟ = (0,1, .., 0,9) ɢ 
ȟ = (0,1, .., 1,η). ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɬɨɝɨ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɫɜɹɡɵɜɚɸɳɢɟ 
șɦ, Ȟ ɢ ȟ. Ɂɚ ɛɚɡɨɜɵɟ ɮɭɧɤɰɢɢ ɞɥɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 
ɛɵɥɢ ɩɪɢɧɹɬɵ ɩɨɥɢɧɨɦɵ ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɩɨ-
ɪɹɞɤɚ Д10]  ߠሺߥ, ሻߦ = ଵܥ + ଶܥ ∙ ߥ + ଷܥ ∙ ߦ + ସܥ ∙ ߥ ∙ ߦ + ହܥ ∙ ଶߥ ଺ܥ+ + ∙ ଶߦ + ଻ܥ ∙ ଶߥ ∙ ߦ + ଼ܥ ∙ ߥ ∙ ଶߦ + ଽܥ ∙ ଷߥ + ଵ଴ܥ ∙  .ଷߦ

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱёɬɚ ɩɨɥɢɧɨɦ ɜɬɨɪɨɝɨ ɩɨ-
ɪɹɞɤɚ ɭɞɚɥɨɫɶ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ߠሺߥ, ሻߦ = ͹,ͳͷ − ʹͺ,ͳͳ ∙ ߥ + ͶͲ,ͳͻ ∙ ߦ − – ͵Ͷ,ͷͶ ∙ ߥ ∙ ߦ + ʹͳ,͸͹ ∙ ଶߥ − ͷ,ͶͲ ∙  ଶ.        (η)ߦ

 
Ɋɢɫ. 4 – Ɂɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɄɉȾ ɨɬ ɭɝɥɚ ɤɨɦɦɭɬɚɰɢɢ θ ɩɪɢ Ȟ = 0.8 ɞɥɹ ȟ= Д0,5ν 0,05], ɝɞɟ  

1ɚ – ɄɉȾ ɩɪɢ ɜɟɤɬɨɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ ɞɥɹ ȟ= 0,5ν 1ɛ – ɞɥɹ ȟ= 0,05ν 2ɚ – ɄɉȾ ɩɪɢ 180-ɝɪɚɞɭɫɧɨɣ ɤɨɦɦɭɬɚɰɢɢ  
ɞɥɹ ȟ= 0,5ν 2ɛ – ɞɥɹ ȟ= 0,05ν 3ɚ – ɄɉȾ ɩɪɢ 120-ɝɪɚɞɭɫɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɞɥɹ ȟ= 0,.5ν 3ɛ – ɞɥɹ ȟ= 0,05 

 
 

-0,θ

-0,4

-0,2

0,0

0,2

0,4

0,θ

0,8

1,0

0 10 20 30 40 η0 θ0 70 80 90

3ɚ 3ɛ

1ɚ

1ɛ

2ɚ

2ɛ

ș

Ș



ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ 

  100 ȼɟɫɬɧɢɤ ɘɍɪȽɍ. ɋɟɪɢɹ «ɗɧɟɪɝɟɬɢɤɚ»

Ɂɞɟɫɶ ɫɭɦɦɚ ɤɜɚɞɪɚɬɨɜ ɨɲɢɛɤɢ, ɪɚɫɫɱɢɬɚɧɧɚɹ 
ɩɨ ɦɟɬɨɞɢɤɟ Д11], ɫɨɫɬɚɜɥɹɟɬ Δ = ͳͲ͵,ʹͳ, ɨɬɧɨɫɢ-
ɬɟɥɶɧɚɹ ɨɲɢɛɤɚ δ= 0,η4%. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɩɨɥɢɧɨɦɚ ɬɪɟɬɶɟɣ ɫɬɟɩɟ-
ɧɢ ɩɨɥɭɱɢɦ Ʌ = ͳ,ͺͷ − ͳͷ,ͳ͵ ∙ ݔ + ͷ͸,ͶͶ ∙ ݕ − ͹ͷ,͸ͻ ∙ ݔ ∙ ݕ + 

+ʹ͸,ͷͷ ∙ ଶݔ − ͳͶ,ͺ͸ ∙ ଶݕ + ͳͺ,ͺͶ ∙ ଶݔ ∙ ݕ + +ͳ͵,ͻͷ ∙ ݔ ∙ ଶݕ − ͳ͵,͵ ∙ ଷݔ − ͳ,Ͳ͵ ∙  ଷ .         (θ)ݕ
Ɂɞɟɫɶ ɢɦɟɟɦ Δ=20,1η4, δ= 0,24 %. 
Ⱦɥɹ ɨɰɟɧɤɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɫɨɨɬɧɨɲɟɧɢɣ (η) ɢ 

(θ) ɜɨ ɜɫёɦ ɪɚɛɨɱɟɦ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɧɢɦ 
ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɢ ɩɨɫɬɪɨɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ Ʌм = ݂ሺɌሻ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ Ȟ, ɩɪɟɞɫɬɚɜ-
ɥɟɧɧɵɟ ɧɚ ɪɢɫ. η (ɩɭɧɤɬɢɪɧɵɟ – ɪɚɫɫɱɢɬɚɧɵ ɩɨ 
ɜɵɪɚɠɟɧɢɸ (η), ɚ ɲɬɪɢɯɩɭɧɤɬɢɪɧɵɟ – ɩɨ ɜɵɪɚɠɟ-
ɧɢɸ (θ)). ɇɚ ɬɨɦ ɠɟ ɪɢɫɭɧɤɟ ɫɩɥɨɲɧɵɦɢ ɥɢɧɢɹɦɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɚɧɚɥɨɝɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɧɨ ɩɨɥɭ-
ɱɟɧɧɵɟ ɩɭɬёɦ ɩɨɢɫɤɚ șɦ ɩɪɢ ɢɡɜɟɫɬɧɵɯ ɱɢɫɥɟɧɧɵɯ 
ɡɧɚɱɟɧɢɹɯ Ȟ ɢ ȟ ɩɨ ɜɵɪɚɠɟɧɢɹɦ (1)–(3). ɋɪɚɜɧɟɧɢɟ 
ɷɬɢɯ ɤɪɢɜɵɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨ ɜɵɪɚɠɟɧɢɹɦ (η) 
ɢɥɢ (θ) ɦɨɠɧɨ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɩɪɚɤɬɢɤɢ ɬɨɱɧɨ-
ɫɬɶɸ ɧɚɯɨɞɢɬɶ șɦ ɩɪɢ ɪɟɲɟɧɢɢ ɜɨɩɪɨɫɨɜ ɨɩɬɢɦɢ-
ɡɚɰɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɢɜɨɞɚ.  

 
5. Ɋɟɝɭɥɢɪɨɜɨɱɧɵɟ ɫɜɨɣɫɬɜɚ ȼȾ  
ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɩɭɬёɦ ɢɡɦɟɧɟɧɢɹ 
 ɭɝɥɚ ɤɨɦɦɭɬɚɰɢɢ 
Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ, ɩɪɢ ɜɟɤɬɨɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ 

ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɟ ɬɨɥɶɤɨ 

ɦɨɞɭɥɹ ɜɟɤɬɨɪɚ ɩɨɥɹ ɫɬɚɬɨɪɚ ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɟɝɨ 
ɩɥɚɜɧɨɦ ɜɪɚɳɟɧɢɢ, ɧɨ ɢ ɟɝɨ ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɤɬɨɪɚ ɩɨɥɹ ɪɨɬɨɪɚ. Ɍɚɤɚɹ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɬɶ ɜɢɞ ɦɟɯɚ-
ɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɹ ɢ ɟɝɨ ɪɚɛɨɱɢɣ 
ɞɢɚɩɚɡɨɧ ɫɤɨɪɨɫɬɟɣ ɜɪɚɳɟɧɢɹ. 

ɇɚ ɪɢɫ. θ ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ȼȾ ɩɪɢ ɩɟɪɟɦɟɧɧɨɦ ș, ɨɩɪɟɞɟɥɹɟɦɨɦ 
ɫɨɨɬɧɨɲɟɧɢɟɦ (3) ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ȟ. 
Ʉɪɢɜɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɭɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɭɝɥɚ ɤɨɦɦɭɬɚɰɢɢ ɦɨɠɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɬɶ 
ɜɢɞ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɬ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɯ ɞɜɢɝɚɬɟɥɸ ɧɟɡɚɜɢɫɢɦɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɞɨ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɜɢɝɚɬɟɥɸ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɨɜɚɧɢɣ ɤ ɷɥɟɤɬɪɨɩɪɢɜɨɞɭ ɜɨɡ-
ɦɨɠɧɨ ɧɟɡɚɜɢɫɢɦɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɭɝɥɚ ș ɩɨ ɥɸ-
ɛɨɦɭ ɩɪɨɢɡɜɨɥɶɧɨɦɭ ɡɚɤɨɧɭ, ɤɨɬɨɪɵɣ ɜɵɛɢɪɚɟɬɫɹ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ.  

 
6. Зɚɤɥɸɱɟɧɢɟ 

1. ȼ ɞɜɢɝɚɬɟɥɹɯ, ɢɦɟɸɳɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟ-
ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɨɛɦɨɬɤɢ ɹɤɨɪɹ, 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɢɫɤɪɟɬɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɫ ɬɨɱ-
ɤɢ ɡɪɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɰɟɥɟɫɨɨɛ-
ɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 120-ɝɪɚɞɭɫɧɨɣ ɤɨɦɦɭɬɚɰɢɢ, 
ɩɪɢ ɤɨɬɨɪɨɦ ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟ ɯɭɠɟ, 
ɱɟɦ ɩɪɢ ɜɟɤɬɨɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ. ɉɪɢ ɷɬɨɦ ɧɚɢɛɨ-
ɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɣɬɪɚɥɶɧɚɹ ɤɨɦɦɭ-
ɬɚɰɢɹ (ș=0), ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɦɚɤɫɢɦɚɥɶɧɵɣ ɞɥɹ 

Ɋɢɫ. 5. ɋɟɦɟɣɫɬɜɨ ɚɩɩɪɨɤɫɢɦɢɪɭɸщɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɩɨɡɜɨɥɹɸщɟɟ ɜɵɛɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɭɝɨɥ ɤɨɦɦɭɬɚɰɢɢ ࣂɦ  
ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɫɤɨɪɨɫɬɟɣ ɜɪɚщɟɧɢɹ ɪɨɬɨɪɚ (Ȟ) ȼȾ ɡɚɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ (ɩɚɪɚɦɟɬɪ  ࣈ =  ɩɨ ɤɪɢɬɟɪɢɸ (ࡾ/ࡸ࣓

ɦɚɤɫɢɦɭɦɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɄɉȾ, ɜ ɫɥɭɱɚɹɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 180-ɝɪɚɞɭɫɧɨɣ ɤɨɦɦɭɬɚɰɢɢ 
ɢɥɢ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
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ɢɦɟɸɳɟɣɫɹ ɫɤɨɪɨɫɬɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɄɉȾ ɢ 
ɛɥɢɡɤɨɟ ɤ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ. 

2. ȼ ɫɥɭɱɚɟ ɛɨɥɶɲɨɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɢɧɞɭɤɬɢɜɧɨɫɬɢ 120-ɝɪɚɞɭɫɧɚɹ ɤɨɦɦɭɬɚɰɢɹ ɩɟɪɟɪɨɠ-
ɞɚɟɬɫɹ ɜ 180-ɝɪɚɞɭɫɧɭɸ, ɩɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɫɪɚ-
ɡɭ ɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɞɜɢɝɚɬɟɥɹ ɧɚ ɷɬɭ ɤɨɦɦɭ-
ɬɚɰɢɸ. ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɹ ɭɝɥɚ ș, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɄɉȾ ɢ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɦɨɦɟɧɬɭ, 
ɛɭɞɭɬ ɪɚɡɥɢɱɧɵɦɢ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɟɪɜɨɝɨ ɢɡ ɧɢɯ 
ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɜɵɪɚɠɟɧɢɟ (4), ɞɥɹ ɜɬɨɪɨ-
ɝɨ – ɜɵɪɚɠɟɧɢɹ (η) ɢɥɢ (θ). ɗɬɢ ɠɟ ɫɨɨɬɧɨɲɟɧɢɹ ɦɨ-
ɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɜɟɤɬɨɪɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ. 

3. ɉɪɢ ɜɟɤɬɨɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ ɡɚ ɫɱɟɬ ɪɟɝɭɥɢ-
ɪɨɜɚɧɢɹ ɭɝɥɚ ɤɨɦɦɭɬɚɰɢɢ ȼȾ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨ-
ɫɬɢ ɜɪɚɳɟɧɢɹ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɧɟ ɬɨɥɶɤɨ 
ɪɟɲɚɬɶ ɜɨɩɪɨɫɵ ɦɢɧɢɦɢɡɚɰɢɢ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ 
ɞɜɢɝɚɬɟɥɹ, ɧɨ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɬɶ ɟɝɨ ɦɟɯɚɧɢ-
ɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɪɢɫɭɳɢɯ 
ɞɜɢɝɚɬɟɥɸ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɧɟɡɚɜɢɫɢɦɨɝɨ ɜɨɡɛɭɠ-
ɞɟɧɢɹ, ɞɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɚɧɚɥɨɝɢɱɧɵɯ ɞɜɢɝɚɬɟɥɹɦ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ. 
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TСОrО КrО vКrТoЮs аКвs oП sаТЭМСТnР ЭСО аТnНТnРs SMPM. TСТs rКТsОs ЭСО proЛХОm oП ЭСО МompКrКЭТvО ОvКХЮК-
ЭТon oП mОЭСoНs oП sаТЭМСТnР аТnНТnРs SMPM Тn ЭОrms oП ОnОrРв ОППТМТОnМв, ЭСО possТЛТХТЭв oП ОбpКnНТnР ЭСО rКnРО 
oП opОrКЭТnР spООНs КnН ЭorqЮОs Кs аОХХ Кs ТmprovТnР ЭСО КНУЮsЭmОnЭ propОrЭТОs. TСТs КrЭТМХО НОsМrТЛОs К soХЮЭТon Эo 
ЭСТs proЛХОm. TСО rОМommОnНКЭТons oП mКФТnР rКЭТonКХ Эo МСoosО К аКв oП ОКЭТnР Тn К pКrЭТМЮХКr SMPM НrТvО. 

CompКrКЭТvО ОvКХЮКЭТon oП ЭСО mОЭСoНs НОsМrТЛОН КЛovО sаТЭМСТnР SMPM СОХН КЭ ЭСО sКmО vКХЮО oП ЭСО pКrК-
mОЭОr ȟ КnН Ȟ. As К rОsЮХЭ, ЭСО ОnРТnО СКvТnР К rОХКЭТvОХв smКХХ vКХЮО oП ТnНЮМЭКnМО oП КrmКЭЮrО аТnНТnР, ЮsТnР К 
НТsМrОЭО sаТЭМСТnР Тn ЭОrms oП ОnОrРв pОrПormКnМО oП КpproprТКЭО ЮsО oП 120-НОРrОО sаТЭМС, Тn аСТМС ЭСО rКЭО Тs no 
аorsО ЭСКn Тn vОМЭor МonЭroХ. TСО mosЭ ОППОМЭТvО Тs К nОЮЭrКХ sаТЭМСТnР (ș = 0), аСТМС provТНОs Пor ЭСО mКбТmЮm 
КvКТХКЛХО spООН oП ОХОМЭromКРnОЭТМ ОППТМТОnМв КnН МХosО Эo ЭСО mКбТmЮm vКХЮО oП ЭСО ОХОМЭromКРnОЭТМ ЭorqЮО. VОМ-
Эor МonЭroХ Лв КНУЮsЭТnР ЭСО КnРХО oП SMPM аСОn ЭСО sаТЭМСТnР spООН oП ЭСО opporЭЮnТЭв noЭ onХв Эo soХvО ЭСО 
proЛХОms oП mТnТmТгТnР ОnОrРв МonsЮmpЭТon moЭor, ЛЮЭ КХso sТРnТПТМКnЭХв МСКnРО ЭСО mОМСКnТМКХ МСКrКМЭОrТsЭТМs oП 
ЭСО МСКrКМЭОrТsЭТМs sСКrОН Лв ЭСО DC moЭor аТЭС sОpКrКЭО ОбМТЭКЭТon, Юp ПОКЭЮrОs ЭСО sКmО ОnРТnО sОrТОs ОбМТЭКЭТon. 

KОваorНs: sвnМСronoЮs moЭor аТЭС pОrmКnОnЭ mКРnОЭ, mОКns sаТЭМСТnР аТnНТnРs, vОМЭor МonЭrol, ОlОМЭro-
mКРnОЭТМ ОППТМТОnМв. 
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