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Вɜɟɞɟɧɢɟ 
ɋɧɢɠɟɧɢɟ ɩɨɬɟɪɶ ɢ ɩɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ 

ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɩɪɢ ɪɟɲɟɧɢɢ 

ɩɪɨɛɥɟɦɵ ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɷɧɟɪ-

ɝɨɫɛɟɪɟɠɟɧɢɹ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦɚɯ ɢ ɤɨɦɩɥɟɤɫɚɯ [1–2]. Ɉɞɧɢɦ ɢɡ ɜɨɡɦɨɠ-

ɧɵɯ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹ-
ɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɨɛɪɚɬɢɦɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 

ɧɚɩɪɹɠɟɧɢɹ (Ɉɉɇ). 

Ɉɛɪɚɬɢɦɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɧɚɩɪɹɠɟɧɢɹ (ɚɤ-
ɬɢɜɧɵɟ ɜɵɩɪɹɦɢɬɟɥɢ) ɡɚ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɩɨɥɭɱɢ-

ɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɬɚɤɢɯ ɨɛɥɚɫɬɹɯ ɤɚɤ ɪɟ-
ɝɭɥɢɪɭɟɦɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɩɨɫɬɨɹɧɧɨɝɨ ɢ ɩɟɪɟ-
ɦɟɧɧɨɝɨ ɬɨɤɚ [3–6], ɚɤɬɢɜɧɵɟ ɮɢɥɶɬɪɵ ɢ 

ɤɨɦɩɟɧɫɚɬɨɪɵ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ [7], ɤɨɦɛɢ-

ɧɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ [1]. Ɉɉɇ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɪɟɠɢɦ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɡɚ ɫɱɟɬ 
ɪɟɤɭɩɟɪɚɰɢɢ ɷɧɟɪɝɢɢ ɜ ɫɟɬɶ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ ɢɫ-
ɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ, ɭɥɭɱɲɚɸɬ ɝɚɪɦɨɧɢɱɟ-
ɫɤɢɣ ɫɨɫɬɚɜ ɬɨɤɚ, ɩɨɬɪɟɛɥɹɟɦɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ 

ɢɡ ɫɟɬɢ ɢɥɢ ɜɨɡɜɪɚɳɚɟɦɨɝɨ ɜ ɫɟɬɶ, ɚ ɬɚɤɠɟ ɞɚɸɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɠɟɥɚɟɦɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ*. 

ɇɢɠɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɨɞɧɨɮɚɡ-
ɧɵɯ ɨɛɪɚɬɢɦɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɧɚɩɪɹɠɟɧɢɹ ɜ 
ɢɫɩɵɬɚɬɟɥɶɧɵɯ ɫɬɟɧɞɚɯ. 

Фɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɨɛɪɚɬɢɦɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ 

(ɮɢɥɶɬɪ-ɤɨɦɩɟɧɫɚɬɨɪ) 

Ɉɛɪɚɬɢɦɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɧɚɩɪɹɠɟɧɢɹ, ɪɚ-
ɛɨɬɚɸɳɢɣ ɜ ɪɟɠɢɦɚɯ ɚɤɬɢɜɧɨɝɨ ɮɢɥɶɬɪɚ ɜɵɫɲɢɯ 
ɝɚɪɦɨɧɢɤ ɢ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, 

ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ ɮɢɥɶɬɪɨɦ-ɤɨɦɩɟɧɫɚɬɨɪɨɦ [8]. ȼ 

ɟɝɨ ɨɫɧɨɜɟ (ɪɢɫ. 1) ɥɟɠɢɬ Ɉɉɇ [9], ɩɨɞɤɥɸɱɚɟɦɵɣ 

ɩɚɪɚɥɥɟɥɶɧɨ ɢɫɬɨɱɧɢɤɭ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ. ɋɢɥɨɜɨɣ 

ɛɥɨɤ (ɋȻ) Ɉɉɇ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɧɨɮɚɡɧɵɣ 

ɬɪɚɧɡɢɫɬɨɪɧɵɣ ɦɨɫɬ T1 – T4, ɲɭɧɬɢɪɨɜɚɧɧɵɣ ɨɛ-

ɪɚɬɧɵɦɢ ɞɢɨɞɚɦɢ D1 – D4, ɫ ɞɪɨɫɫɟɥɟɦ L1 ɧɚ ɜɯɨ-
ɞɟ ɢ ɟɦɤɨɫɬɧɵɦ ɧɚɤɨɩɢɬɟɥɟɦ ɋd ɧɚ ɜɵɯɨɞɟ. Ɇɟɬɨ-
ɞɚɦɢ ɦɨɞɭɥɹɰɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɲɢɪɨɬɧɨ-
ɢɦɩɭɥɶɫɧɨɣ (ɒɂɆ), ɧɚ ɡɚɠɢɦɚɯ ɦɨɫɬɚ ɚ, b ɫ ɩɨ-
ɦɨɳɶɸ ɤɥɸɱɟɣ T1 – T4 ɮɨɪɦɢɪɭɸɬɫɹ ɢɦɩɭɥɶɫɵ 

ɧɚɩɪɹɠɟɧɢɹ uab ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɭɟɦɵɦ ɡɚɤɨ-
ɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɉɨɫɥɟ ɮɢɥɶɬɪɚɰɢɢ ɷɬɨɝɨ ɧɚ-
ɩɪɹɠɟɧɢɹ ɞɪɨɫɫɟɥɟɦ L1 ɜ ɫɟɬɶ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚ-
ɩɪɹɠɟɧɢɹ u1 ɩɨɫɬɭɩɚɟɬ ɤɨɦɩɟɧɫɢɪɭɸɳɢɣ ɬɨɤ iɤ, 

ɦɝɧɨɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɢɡɦɟɧɹɟɬɫɹ ɜ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ ɮɭɧɤɰɢɟɣ ɦɨɞɭɥɹɰɢɢ ɧɚɩɪɹɠɟɧɢɹ Ud, 

ɤɨɬɨɪɨɟ ɧɚ ɜɵɯɨɞɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɨɞɞɟɪɠɢɜɚ-
ɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɡɚ ɫɱɟɬ ɟɝɨ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 
ɂɡɦɟɧɹɹ ɮɭɧɤɰɢɸ ɦɨɞɭɥɹɰɢɢ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɤɨɦɩɟɧɫɢɪɭɸɳɢɣ ɬɨɤ ɫ ɪɚɡɥɢɱɧɵɦɢ ɦɝɧɨɜɟɧɧɵɦɢ 

ɡɧɚɱɟɧɢɹɦɢ ɜɨ ɜɪɟɦɟɧɢ. 

Ɉɛɡɨɪɧɵɟ ɫɬɚɬɶɢ 
 

ɍȾɄ 621.314 + 681.51.01 

ɗɇȿɊȽɈɋȻȿɊȿȽȺɘЩɂȿ ɌȿɏɇɈɅɈȽɂɂ 
ȼ ɂɋɉɕɌȺɌȿɅɖɇɕɏ ɋɌȿɇȾȺɏ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ 
ɈȾɇɈɎȺɁɇɕɏ ɈȻɊȺɌɂɆɕɏ ɉɊȿɈȻɊȺɁɈȼȺɌȿɅȿɃ 
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ɋɧɢɠɟɧɢɟ ɩɨɬɟɪɶ ɢ ɩɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ ɹɜɥɹɟɬɫɹ ɨɞ-
ɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɩɪɢ ɪɟɲɟɧɢɢ ɩɪɨɛɥɟɦɵ ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɜ
ɩɪɨɦɵɲɥɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɢ ɤɨɦɩɥɟɤɫɚɯ. Ɉɞɧɢɦ ɢɡ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɹ ɞɚɧ-

ɧɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɨɛɪɚɬɢɦɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɧɚɩɪɹɠɟɧɢɹ (Ɉɉɇ).  

ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɞɧɨɮɚɡɧɨɝɨ Ɉɉɇ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ
ɪɟɠɢɦɚɯ ɚɤɬɢɜɧɨɝɨ ɮɢɥɶɬɪɚ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɢ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɜɩɟɪɜɵɟ
ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɨɞɧɨɮɚɡɧɨɝɨ ɧɚɝɪɭɡɨɱɧɨ-ɩɢɬɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɢɫɩɵɬɚɧɢɹ ɢ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɞɪɭɝɨɝɨ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɚɤ ɧɚ
ɩɨɫɬɨɹɧɧɨɦ, ɬɚɤ ɢ ɩɟɪɟɦɟɧɧɨɦ ɬɨɤɟ. Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɧɢɠɟɧɢɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟ-
ɧɢɹ ɢ ɭɥɭɱɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. ȼɵɫɨɤɚɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɧɚɞɟɠɧɨɫɬɶ ɢ ɩɨɦɟɯɨɭɫɬɨɣ-

ɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɭɥɭɱɲɟɧɢɟ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ Ɉɉɇ ɞɨɫɬɢɝɚɸɬɫɹ ɡɚ ɫɱɟɬ
ɩɪɢɦɟɧɟɧɢɹ ɢɧɬɟɝɪɢɪɭɸɳɢɯ ɪɚɡɜɟɪɬɵɜɚɸɳɢɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɢ ɨɞɧɨɩɨɥɹɪɧɨɣ ɦɨɞɭɥɹɰɢɢ ɩɪɢ ɩɟɪɟ-
ɤɥɸɱɟɧɢɢ ɫɢɥɨɜɵɯ ɜɟɧɬɢɥɟɣ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɥɚɛɨɪɚɬɨɪɧɨɦ ɤɨɦ-

ɩɥɟɤɫɟ «ɗɧɟɪɝɨɫɛɟɪɟɝɚɸɳɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɷɥɟɤɬɪɨɧɢɤɚ». 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɛɪɚɬɢɦɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɧɚɩɪɹɠɟɧɢɹ, ɚɤɬɢɜɧɵɣ ɮɢɥɶɬɪ, ɤɨɦɩɟɧɫɚɬɨɪ ɪɟɚɤ-
ɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɧɚɝɪɭɡɨɱɧɨ-ɩɢɬɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ, ɢɧɬɟɝɪɢɪɭɸɳɢɣ ɪɚɡɜɟɪɬɵɜɚɸɳɢɣ ɩɪɟɨɛɪɚɡɨɜɚ-
ɬɟɥɶ, ɬɢɪɢɫɬɨɪɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ. 
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ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɢ ɫɢɥɨɜɵɯ ɜɟɧɬɢɥɶɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ
ɤɨɦɩɥɟɤɫɨɜ, ɨɛɴɟɤɬɨɜ ɀɄɏ ɢ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ. 
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  6 ȼɟɫɬɧɢɤ ɘɍɪȽɍ. ɋɟɪɢɹ «ɗɧɟɪɝɟɬɢɤɚ»

ɇɚ ɜɯɨɞɟ Ɉɉɇ ɭɫɬɚɧɨɜɥɟɧ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ 

(ɫɟɬɟɜɨɣ) ɮɢɥɶɬɪ (ɗɆɎ), ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ ɫɟɬɶ ɜɵɫɨɤɨɱɚɫ-
ɬɨɬɧɵɯ ɝɚɪɦɨɧɢɤ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɱɚɫɬɨɬɧɨɦɭ 
ɫɩɟɤɬɪɭ ɒɂɆ. 

Ⱦɥɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ ɫɟɬɶɸ ɜ 
ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɚɬɱɢɤ ɧɚɩɪɹ-
ɠɟɧɢɹ Ⱦɇ1 ɢ ɭɫɬɪɨɣɫɬɜɨ ɫɢɧɯɪɨɧɢɡɚɰɢɢ (ɍɋ), ɧɚ 
ɜɵɯɨɞɟ ɤɨɬɨɪɨɝɨ ɮɨɪɦɢɪɭɟɬɫɹ ɨɩɨɪɧɵɣ ɟɞɢɧɢɱ-
ɧɵɣ ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ ɫɢɝɧɚɥ sin(t). ȼ ɹɱɟɣɤɟ əɋ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɮɚɡɨɜɵɣ ɫɞɜɢɝ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɡɚɞɚɧɧɵɣ ɭɝɨɥ ɡɚɞ, ɱɬɨ ɨɛɟɫɩɟɱɢ-

ɜɚɟɬ ɬɪɟɛɭɟɦɵɣ cos ɧɚ ɜɯɨɞɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. ɋ 

ɰɟɥɶɸ ɞɨɫɬɢɠɟɧɢɹ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɯ ɷɧɟɪɝɟɬɢɱɟ-
ɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɜ ɫɢɫɬɟɦɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɡɚɞɚ-
ɜɚɬɶ ɡɚɞ = 0. 

Ⱦɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɧɚɩɪɹɠɟ-
ɧɢɹ Ud ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɟ ɋd ɢ ɪɚɫɱɟɬɚ ɚɦɩɥɢɬɭɞɵ 

ɡɚɞɚɧɧɨɝɨ ɬɨɤɚ I1m.ɡɚɞ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɜɜɟɞɟɧ 

ɜɧɟɲɧɢɣ ɤɨɧɬɭɪ ɧɚɩɪɹɠɟɧɢɹ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɚɬɱɢ-

ɤɚ ɧɚɩɪɹɠɟɧɢɹ Ⱦɇ2, ɫɝɥɚɠɢɜɚɸɳɟɝɨ ɮɢɥɶɬɪɚ Ɏ, 

ɢɫɬɨɱɧɢɤɚ ɫɢɝɧɚɥɚ ɡɚɞɚɧɢɹ Ud.ɡɚɞ ɢ ɉɂ-ɪɟɝɭɥɹɬɨɪɚ 
ɧɚɩɪɹɠɟɧɢɹ Ɋɇ ɫ ɛɥɨɤɨɦ ɨɝɪɚɧɢɱɟɧɢɹ ȻɈ, ɨɝɪɚɧɢ-

ɱɢɜɚɸɳɢɦ ɚɦɩɥɢɬɭɞɭ ɩɨɬɪɟɛɥɹɟɦɨɝɨ ɬɨɤɚ I1m.ɡɚɞ. 

ɉɪɢ ɩɨɦɨɳɢ ɭɦɧɨɠɢɬɟɥɹ ɮɨɪɦɢɪɭɟɬɫɹ ɦɝɧɨɜɟɧ-

ɧɨɟ ɡɧɚɱɟɧɢɟ ɡɚɞɚɧɧɨɝɨ ɬɨɤɚ i1ɡɚɞ = I1m.ɡɚɞ sin(t +  

+ɡɚɞ). Ɂɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɤɨɦɩɟɧɫɢɪɭɸɳɟɝɨ ɬɨɤɚ iɤ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɧɭɬɪɟɧɧɢɦ ɤɨɧɬɭɪɨɦ ɪɟɝɭɥɢɪɨɜɚ-

ɧɢɹ, ɫɨɫɬɨɹɳɢɦ ɢɡ ɞɪɨɫɫɟɥɹ L1, ɞɚɬɱɢɤɚ ɬɨɤɚ ȾɌ2 

ɢ ɉɂ-ɪɟɝɭɥɹɬɨɪɚ ɬɨɤɚ ɊɌ. 

Ȼɥɨɤ ɦɨɞɭɥɹɰɢɢ (ȻɆ) ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɟɪɟɤɥɸ-

ɱɟɧɢɟ ɫɢɥɨɜɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ Ɍ1 – Ɍ4 (ɪɢɫ. 1) ɜ ɪɟ-
ɠɢɦɟ ɒɂɆ ɩɨ ɧɟɫɢɦɦɟɬɪɢɱɧɨɦɭ ɡɚɤɨɧɭ ɭɩɪɚɜɥɟ-
ɧɢɹ (ɨɞɧɨɩɨɥɹɪɧɚɹ ɦɨɞɭɥɹɰɢɹ) ɫ ɭɞɜɨɟɧɢɟɦ ɱɚɫɬɨ-
ɬɵ ɢɦɩɭɥɶɫɨɜ ɧɚ ɜɵɯɨɞɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ [8, 10]. 

Ⱦɪɚɣɜɟɪɵ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɪɚɡɜɹɡɤɭ ɢ ɭɫɢɥɟɧɢɟ ɭɩɪɚɜɥɹɸɳɢɯ 
ɢɦɩɭɥɶɫɨɜ. 

Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɢɫɤɚɠɟɧɢɣ ɬɨɤɨɜ, ɫɨɡɞɚɜɚɟ-
ɦɵɯ ɧɟɥɢɧɟɣɧɨɣ ɧɚɝɪɭɡɤɨɣ, ɜ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ 
Ɉɉɇ ɜɜɟɞɟɧ ɞɚɬɱɢɤ ɬɨɤɚ ȾɌ1 (ɪɢɫ. 1), ɜɵɯɨɞɧɚɹ 
ɤɨɨɪɞɢɧɚɬɚ ɤɨɬɨɪɨɝɨ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɫɱɟɬɚ 
ɤɨɦɩɟɧɫɢɪɭɸɳɟɝɨ ɬɨɤɚ iɄ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ iɄ = i1 – iɇ, ɝɞɟ i1 – ɦɝɧɨ-
ɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɬɨɤɚ, ɩɨɬɪɟɛ-
ɥɹɟɦɨɝɨ ɢɡ ɫɟɬɢ; iɇ – ɬɨɤ, ɩɨɬɪɟɛɥɹɟɦɵɣ ɧɟɥɢɧɟɣ-

ɧɵɦɢ ɧɚɝɪɭɡɤɚɦɢ. 

ȻɆ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɢɧɬɟɝɪɢɪɭɸɳɢɯ ɪɚɡɜɟɪɬɵ-

ɜɚɸɳɢɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ Ɋɉ1 ɢ Ɋɉ2 ɫ ɲɢɪɨɬɧɨ-
ɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭɥɹɰɢɟɣ ɜɬɨɪɨɝɨ ɪɨɞɚ (ɒɂɆ-2) 

[10–11], ɝɟɧɟɪɚɬɨɪɚ ɩɢɥɨɨɛɪɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
(Ƚɉɇ), ɨɛɳɟɝɨ ɞɥɹ Ɋɉ1 ɢ Ɋɉ2, ɢɧɜɟɪɬɨɪɚ ɂɧ., 

ɮɨɪɦɢɪɭɸɳɟɝɨ ɜɡɚɢɦɧɨ ɢɧɜɟɪɫɧɵɟ ɫɢɝɧɚɥɵ 

ɭɩɪɚɜɥɟɧɢɹ Xȼɏ ɢ –Xȼɏ, ɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɢɦɩɭɥɶ-
ɫɨɜ Ɋɂ (ɪɢɫ. 2, ɚ). 
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Ɋɢɫ. 1. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɨɞɧɨɮɚɡɧɨɝɨ ɨɛɪɚɬɢɦɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ,  
ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɚɤɬɢɜɧɨɝɨ ɮɢɥɶɬɪɚ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɢ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
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Ɋɉ1 ɢ Ɋɉ2 ɫ ɒɂɆ-2 ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɡɚɦɤɧɭɬɵɟ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɫɭɦɦɚɬɨɪɨɜ 1 – 4, ɢɧɬɟɝɪɚɬɨɪɨɜ ɂ1, ɂ2 ɫ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟ-
ɧɢ ɂ2Ɍ  ɢ  ɪɟɥɟɣɧɵɯ ɷɥɟɦɟɧɬɨɜ Ɋɗ1, Ɋɗ2 ɫ ɛɟɡɝɢɫ-
ɬɟɪɟɡɢɫɧɨɣ ɢ ɫɢɦɦɟɬɪɢɱɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɭɥɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ (ɪɢɫ. 2, ɚ). 

ɉɟɪɟɜɨɞ Ɋɉ1 ɢ Ɋɉ2 ɜ ɪɟɠɢɦ ɜɵɧɭɠɞɟɧɧɵɯ 
ɩɟɪɟɤɥɸɱɟɧɢɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɬ ɝɟɧɟɪɚɬɨɪɚ ɩɢɥɨ-
ɨɛɪɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Ƚɉɇ, ɮɨɪɦɢɪɭɸɳɟɝɨ ɫɢɝ-
ɧɚɥ ɜɟɞɭɳɟɣ ɪɚɡɜɟɪɬɵɜɚɸɳɟɣ ɮɭɧɤɰɢɢ Yɂ(t) ɫ ɥɢ-

ɧɟɣɧɨ ɧɚɪɚɫɬɚɸɳɢɦ ɢ ɫɩɚɞɚɸɳɢɦ ɮɪɨɧɬɚɦɢ 

(ɪɢɫ. 2, ɜ). Ƚɉɇ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɦɤɧɭɬɭɸ 

ɚɜɬɨɤɨɥɟɛɚɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɢɧɬɟ-
ɝɪɚɬɨɪɚ ɂ ɢ ɪɟɥɟɣɧɨɝɨ ɷɥɟɦɟɧɬɚ Ɋɗ ɫ ɫɢɦɦɟɬɪɢɱ-
ɧɵɦɢ ɩɨɪɨɝɚɦɢ ɩɟɪɟɤɥɸɱɟɧɢɹ b (ɪɢɫ. 2, ɚ). ɇɟ-
ɫɭɳɚɹ ɱɚɫɬɨɬɚ Ƚɉɇ 0 ɂ11 (4 )f bɌ , ɝɞɟ b b A  – 

ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɪɨɝɨɜ ɩɟɪɟɤɥɸɱɟɧɢɹ 
Ɋɗ; Ɍɂ1 – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɢɧ-

ɬɟɝɪɚɬɨɪɚ ɜ Ƚɉɇ, ɩɪɢɱɟɦ Ɍɂ1 2Ɍɂ2. 

ȼɟɞɨɦɵɟ ɪɚɡɜɟɪɬɤɢ Yɂ1(t), Yɂ2(t) ɜ Ɋɉ1 ɢ Ɋɉ2 

ɮɨɪɦɢɪɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɫɭɦɦɵ 

ɢɥɢ ɪɚɡɧɨɫɬɢ ɜɵɯɨɞɧɵɯ ɢɦɩɭɥɶɫɨɜ Y1(t), Y2(t) ɪɟɥɟɣ-

ɧɵɯ ɷɥɟɦɟɧɬɨɜ Ɋɗ1, Ɋɗ2 ɢ ɜɯɨɞɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɏȼɏ (ɪɢɫ. 2, ɛ – ɞ). ɉɟɪɟɤɥɸɱɟɧɢɟ ɤɥɸɱɟɣ T1 – T4 ɜ 
ɫɬɨɣɤɚɯ ɦɨɫɬɚ Ɉɉɇ ɩɪɨɢɫɯɨɞɢɬ ɜ ɦɨɦɟɧɬɵ ɪɚɜɟɧɫɬ-
ɜɚ ɜɟɞɨɦɵɯ Yɂ1(t), Yɂ2(t) ɢ ɜɟɞɭɳɟɣ Yɂ(t) ɪɚɡɜɟɪɬɨɤ 
(ɪɢɫ. 2, ɜ). ɋɬɚɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɋɉ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ 
2 0 ȼɏ0,5 (1 )nt Ɍ X     , ɝɞɟ  – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚ-

ɩɨɥɧɟɧɢɹ ɢɦɩɭɥɶɫɨɜ ɫɢɥɨɜɵɯ ɤɥɸɱɟɣ; t2n – ɢɧɬɟɪɜɚɥ 
ɜɪɟɦɟɧɢ ɜɤɥɸɱɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɥɸɱɟɣ Ɍ2, Ɍ4 (ɪɢɫ. 
2, ɝ, ɞ); Ɍ0 = 1 / f0 – ɩɟɪɢɨɞ ɒɂɆ; f0 – ɧɟɫɭɳɚɹ ɱɚɫɬɨ-
ɬɚ Ƚɉɇ; ȼɏ ȼɏ /ɏ ɏ Ⱥ  – ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ 
ɫɢɝɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ, ±Ⱥ – ɚɦɩɥɢɬɭɞɚ ɢɦɩɭɥɶɫɨɜ ɧɚ 
ɜɵɯɨɞɟ Ɋɗ1, Ɋɗ2 (ɪɢɫ. 2, ɝ, ɞ). 

ȼɵɯɨɞɧɵɟ ɢɧɜɟɪɬɨɪɵ ɂɧ.1, ɂɧ.2 (ɪɢɫ. 2, ɚ) 
ɫɥɭɠɚɬ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɛɢɩɨɥɹɪɧɵɯ ɜɵɯɨɞɧɵɯ 
ɢɦɩɭɥɶɫɨɜ Y1(t), Y2(t) ɪɟɥɟɣɧɵɯ ɷɥɟɦɟɧɬɨɜ Ɋɗ1, Ɋɗ2 
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Ɋɢɫ. 2. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɛɥɨɤɚ ɦɨɞɭɥɹɰɢɢ Ɉɉɇ (ɚ) ɢ ɜɪɟɦɟɧɧɵɟ ɞɢɚɝɪɚɦɦɵ ɟɝɨ ɫɢɝɧɚɥɨɜ (ɛ – ɢ) 

 



Ɉɛɡɨɪɧɵɟ ɫɬɚɬɶɢ 
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(ɪɢɫ. 2 ɝ, ɞ) ɜ ɨɞɧɨɩɨɥɹɪɧɵɟ ɫɢɝɧɚɥɵ Q1, Q2 (ɪɢɫ. 2, 

ɟ, ɠ), ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɪɚɫɩɪɟɞɟ-
ɥɢɬɟɥɸ ɢɦɩɭɥɶɫɨɜ ɭɩɪɚɜɥɟɧɢɹ Ɋɂ (ɪɢɫ. 2, ɚ).  

ɂɦɩɭɥɶɫɚɦɢ Q1 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ 
ɤɥɸɱɚɦɢ Ɍ1, Ɍ4 ɩɟɪɜɨɣ ɫɬɨɣɤɢ ɦɨɫɬɚ, ɚ ɢɦɩɭɥɶɫɚɦɢ 

Q2 – ɤɥɸɱɚɦɢ Ɍ2, Ɍ3 ɜɬɨɪɨɣ ɫɬɨɣɤɢ ɦɨɫɬɚ (ɪɢɫ. 1, 2, 

ɟ, ɠ). Ʌɨɝɢɱɟɫɤɢɟ ɢɧɜɟɪɬɨɪɵ Ʌ1 ɢ Ʌ2 ɜ Ɋɂ (ɪɢɫ. 2, 

ɚ) ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɪɨɬɢɜɨɮɚɡɧɨɟ ɩɟɪɟɤɥɸɱɟɧɢɟ 
ɫɢɥɨɜɵɯ ɤɥɸɱɟɣ ɜ ɫɬɨɣɤɚɯ ɦɨɫɬɚ.  

ɉɪɢ Xȼɏ = 0 Ɋɉ1 ɢ Ɋɉ2 ɮɨɪɦɢɪɭɸɬ ɞɜɚ 
ɨɞɢɧɚɤɨɜɵɯ ɫɢɝɧɚɥɚ Q1 ɢ Q2 (ɪɢɫ. 2 ɟ, ɠ), ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜ ɩɪɨɜɨɞɹɳɟɦ ɫɨɫɬɨɹɧɢɢ ɨɞɧɨɜɪɟ-
ɦɟɧɧɨ ɧɚɯɨɞɹɬɫɹ ɥɢɛɨ ɤɥɸɱɢ Ɍ1, Ɍ3, ɥɢɛɨ – Ɍ2, Ɍ4 

(ɪɢɫ. 2, ɢ). ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɡɚɠɢɦɚɯ ɫɬɨɣɤɢ ɦɨɫɬɚ 
uab = 0 (ɪɢɫ. 2 ɡ). 

ɉɪɢ Xȼɏ > 0 ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɞɨɥ-
ɠɢɬɟɥɶɧɨɫɬɢ ɜɤɥɸɱɟɧɢɹ ɤɥɸɱɚ Ɍ4 ɩɪɢ ɨɞɧɨɜɪɟ-
ɦɟɧɧɨɦ ɫɨɤɪɚɳɟɧɢɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɨɬɤɪɵɬɨɝɨ ɫɨ-
ɫɬɨɹɧɢɹ T2 (ɪɢɫ. 2, ɟ, ɠ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚ ɢɧɬɟɪɜɚ-
ɥɚɯ ɜɪɟɦɟɧɢ t1 ɢ t3 ɜ ɩɪɨɜɨɞɹɳɟɦ ɫɨɫɬɨɹɧɢɢ 

ɨɤɚɡɵɜɚɸɬɫɹ ɤɥɸɱɢ Ɍ3, Ɍ4, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɩɨ ɞɢɚ-
ɝɨɧɚɥɢ ɦɨɫɬɚ (ɪɢɫ. 2, ɡ, ɢ), ɢ ɧɚɩɪɹɠɟɧɢɟ uab = –Ud 

(ɪɢɫ. 2, ɡ), ɝɞɟ Ud – ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵ-

ɯɨɞɟ Ɉɉɇ. ȼ ɢɧɬɟɪɜɚɥɚɯ t2 ɢ t4 ɜɫɟɝɞɚ ɨɬɤɪɵɬɵ 

ɥɢɛɨ ɤɥɸɱɢ Ɍ2, Ɍ4, ɥɢɛɨ Ɍ1, Ɍ3 (ɪɢɫ. 2, ɡ, ɢ). Ɍɨɝɞɚ  
ɧɚɩɪɹɠɟɧɢɟ uab = 0 (ɪɢɫ. 2, ɡ). ɉɪɢ Xȼɏ < 0 ɩɪɨɢɫ-
ɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɡɧɚɤɚ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɯɨɞɟ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ uab > 0 (ɪɢɫ. 2, ɡ) ɡɚ ɫɱɟɬ ɫɪɚɛɚɬɵ-

ɜɚɧɢɹ ɤɥɸɱɟɣ Ɍ1, Ɍ2, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɩɪɨɬɢɜɨɩɨ-
ɥɨɠɧɨɣ ɞɢɚɝɨɧɚɥɢ ɦɨɫɬɚ. 

ɉɨɫɤɨɥɶɤɭ ɞɜɟ ɫɬɨɣɤɢ ɦɨɫɬɚ ɭɩɪɚɜɥɹɸɬɫɹ ɧɟ-
ɡɚɜɢɫɢɦɨ, ɱɚɫɬɨɬɚ ɢɦɩɭɥɶɫɨɜ ɧɚ ɜɵɯɨɞɟ ɩɪɟɨɛɪɚɡɨ-
ɜɚɬɟɥɹ ɪɚɜɧɚ ɭɞɜɨɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɧɟɫɭɳɟɣ ɱɚɫɬɨ-
ɬɵ ɒɂɆ f0 ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ (ɪɢɫ. 2, ɟ – ɡ). ɗɬɨ 
ɞɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɭɥɭɱɲɟɧɢɟ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ 
ɫɩɟɤɬɪɚ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ [9]. ɉɟɪɟɯɨɞ ɤ 
ɨɞɧɨɩɨɥɹɪɧɨɣ ɦɨɞɭɥɹɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɚɤɠɟ 
ɦɟɧɶɲɢɣ ɭɪɨɜɟɧɶ ɩɭɥɶɫɚɰɢɣ ɬɨɤɚ ɞɪɨɫɫɟɥɹ L1 Ɉɉɇ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɜɭɯɩɨɥɹɪɧɨɣ ɦɨɞɭɥɹɰɢɟɣ [8, 12], ɚ 
ɭɞɜɨɟɧɢɟ ɱɚɫɬɨɬɵ ɢɦɩɭɥɶɫɨɜ ɧɚ ɜɵɯɨɞɟ Ɉɉɇ ɩɨ-
ɡɜɨɥɹɟɬ ɜ ɞɜɚ ɪɚɡɚ ɩɨɜɵɫɢɬɶ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɷɤɜɢɜɚ-
ɥɟɧɬɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ Ɋɉ1 ɢ Ɋɉ2 

ɗ ɂ2 00,27T Ɍ Ɍ    [10]. Ɂɞɟɫɶ ɂ2 ɂ2 ɂ1/Ɍ Ɍ Ɍ  – 

ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɢɧɬɟɝɪɚɬɨɪɚ ɜ 
Ɋɉ1 ɢ Ɋɉ2, ɜɵɛɢɪɚɟɦɚɹ ɜ ɞɢɚɩɚɡɨɧɟ ɂ22,1 3,0Ɍ  , 

ɤɨɝɞɚ ɪɚɡɪɟɲɚɟɬɫɹ ɤɨɦɩɪɨɦɢɫɫ ɦɟɠɞɭ ɩɨɦɟɯɨ-
ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɢ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ Ɋɉ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɢɦɦɟɬɪɢɱ-
ɧɵɦ ɚɥɝɨɪɢɬɦɨɦ ɩɟɪɟɤɥɸɱɟɧɢɹ ɫɢɥɨɜɵɯ ɜɟɧɬɢɥɟɣ 

[8, 12] ɧɟɫɢɦɦɟɬɪɢɱɧɵɣ ɚɥɝɨɪɢɬɦ ɩɟɪɟɤɥɸɱɟɧɢɹ 
ɫɢɥɨɜɵɯ ɤɥɸɱɟɣ ɫ ɭɞɜɨɟɧɢɟɦ ɱɚɫɬɨɬɵ ɢɦɩɭɥɶɫɨɜ 
ɧɚ ɜɵɯɨɞɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɨɡɜɨɥɹɟɬ ɩɪɢ ɫɨɯɪɚ-
ɧɟɧɢɢ ɚɦɩɥɢɬɭɞɵ ɩɭɥɶɫɚɰɢɣ ɬɨɤɚ ɞɪɨɫɫɟɥɹ L1, 

ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɵ ɒɂɆ f0 ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɢ 

ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ Ud ɜ ɱɟɬɵ-

ɪɟ ɪɚɡɚ ɫɧɢɡɢɬɶ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɞɪɨɫɫɟɥɟɣ L1 ɧɚ 
ɜɯɨɞɟ Ɉɉɇ ɢ LȾɊ ɧɚ ɜɯɨɞɟ ɩɨɞɤɥɸɱɟɧɢɹ ɧɚɝɪɭɡɨɤ 
ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ (ɪɢɫ. 1). ɗɬɨ ɡɧɚɱɢɬɟɥɶɧɨ 

ɭɦɟɧɶɲɚɟɬ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ Ɉɉɇ ɢ 

ɩɨɜɵɲɚɟɬ ɟɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢɦɟɧɟɧɢɟ ɢɧɬɟɝɪɢɪɭɸɳɢɯ Ɋɉ1 ɢ 

Ɋɉ2 ɫ ɒɂɆ-2 ɜ ɛɥɨɤɟ ɦɨɞɭɥɹɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵ-

ɫɨɤɭɸ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 
Ɉɉɇ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɢɝɧɚɥɚɦ ɜɧɟɲɧɢɯ ɩɨɦɟɯ ɫ 
ɱɚɫɬɨɬɧɵɦ ɫɩɟɤɬɪɨɦ, ɛɥɢɡɤɢɦ ɢɥɢ ɩɪɟɜɵɲɚɸɳɢɦ 

ɱɚɫɬɨɬɭ ɧɟɫɭɳɢɯ ɤɨɥɟɛɚɧɢɣ f0 Ɋɉ [10–11]. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɭɹɡɜɢɦɵɯ ɫ ɩɨɡɢɰɢɣ ɩɨ-
ɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɢ ɤɚɧɚɥɨɜ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 
Ɉɉɇ ɹɜɥɹɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɍɋ (ɪɢɫ. 
1), ɤɨɬɨɪɨɟ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɥɭɱɚɟɜ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɝɥɚɠɢɜɚɸɳɢɣ ɮɢɥɶɬɪ Ɏ ɢ ɪɟ-
ɥɟɣɧɵɣ ɷɥɟɦɟɧɬ Ɋɗ ɫ ɫɢɦɦɟɬɪɢɱɧɵɦɢ ɨɬɧɨɫɢɬɟɥɶ-
ɧɨ ɧɭɥɟɜɨɝɨ ɭɪɨɜɧɹ ɩɨɪɨɝɚɦɢ ɩɟɪɟɤɥɸɱɟɧɢɹ [13]. 

ɇɟɞɨɫɬɚɬɨɤ ɬɚɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɨɱɟɜɢɞɟɧ – ɩɪɢ ɢɡ-
ɦɟɧɟɧɢɹɯ ɚɦɩɥɢɬɭɞɵ ɢ/ɢɥɢ ɱɚɫɬɨɬɵ ɧɚɩɪɹɠɟɧɢɹ 
ɫɟɬɢ ɡɚɞɚɧɧɵɣ ɭɝɨɥ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɫɭɳɟɫɬɜɟɧɧɨ 
ɦɟɧɹɟɬɫɹ [14], ɱɬɨ ɧɟɢɡɛɟɠɧɨ ɩɪɢɜɨɞɢɬ ɤ ɭɯɭɞɲɟ-
ɧɢɸ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ Ɉɉɇ, ɧɚɩɪɢɦɟɪ, 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ  ɢ cos.  

ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɢɧɬɟɝɪɢɪɭɸɳɟɝɨ ɪɚɡ-
ɜɟɪɬɵɜɚɸɳɟɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ 

ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ Ɉɉɇ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɷɮ-

ɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɜɵɲɟɧɢɹ ɟɟ ɩɨɦɟɯɨɭɫɬɨɣ-

ɱɢɜɨɫɬɢ, ɫɬɚɬɢɱɟɫɤɨɣ ɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɬɨɱɧɨɫɬɢ 

[14–15]. 

ȼ ɨɫɧɨɜɟ ɚɞɚɩɬɢɜɧɨɝɨ ɍɋ ɥɟɠɢɬ ɢɧɬɟɝɪɢ-

ɪɭɸɳɢɣ Ɋɉ (ɪɢɫ. 3, ɚ), ɫɨɞɟɪɠɚɳɢɣ ɫɭɦɦɚɬɨɪɵ 

Σ1, Σ2, ɢɧɬɟɝɪɚɬɨɪ ɂ ɢ ɪɟɥɟɣɧɵɣ ɷɥɟɦɟɧɬ Ɋɗ ɫ 
ɫɢɦɦɟɬɪɢɱɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ «ɧɭɥɹ» ɩɟɬɥɟɣ ɝɢɫ-
ɬɟɪɟɡɢɫɚ. ɉɪɢ ɷɬɨɦ Ɋɉ ɪɚɛɨɬɚɟɬ ɜ ɪɟɠɢɦɟ ɜɧɟɲ-

ɧɟɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɫ ɱɚɫɬɨɬɨɣ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ 

[14–15].  

ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɫɢɧɯɪɨɧɢ-

ɡɢɪɭɸɳɟɝɨ ɫɢɝɧɚɥɚ (ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ) ɏɋ(t) 
(ɪɢɫ. 3, ɛ) ɧɚ ɜɵɯɨɞɟ Ɋɉ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜɵɧɭɠ-

ɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɢɦɩɭɥɶɫɵ ɧɚ ɜɵ-

ɯɨɞɟ Ɋɗ Y(t) ɫɞɜɢɧɭɬɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧɢɹ 
ɫɟɬɢ ɏɋ(t) ɧɚ ɭɝɨɥ ɋ = –90 ɷɥ. ɝɪɚɞ (ɪɢɫ. 3, ɛ, ɜ) 
ɩɪɢ ɭɫɥɨɜɢɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɜɟɧɫɬɜɚ ɋ 0Ɍ Ɍ , ɝɞɟ 

Ɍɋ – ɩɟɪɢɨɞ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ; 0 ɂ4Ɍ bT  – ɩɟɪɢɨɞ 

ɫɨɛɫɬɜɟɧɧɵɯ ɚɜɬɨɤɨɥɟɛɚɧɢɣ Ɋɉ; /b b Ⱥ  – ɧɨɪ-
ɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɪɨɝɨɜ ɩɟɪɟɤɥɸɱɟɧɢɹ Ɋɗ; 

Ɍɂ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɢɧɬɟɝɪɚɬɨɪɚ Ɋɉ. 

ȼ ɪɚɛɨɬɟ [14] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɧɬɟɝɪɢɪɭɸɳɢɣ 

Ɋɉ, ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɧɧɵɣ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɜɧɟɲ-

ɧɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ, ɩɨɥɧɨɫɬɶɸ ɚɞɚɩɬɢɪɭɟɬɫɹ ɤ ɧɟ-
ɫɬɚɛɢɥɶɧɨɫɬɢ ɚɦɩɥɢɬɭɞɵ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ ɜ ɩɪɟ-
ɞɟɥɚɯ 50 %, ɤɨɝɞɚ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɪɚ-
ɛɨɬɵ ɭɝɨɥ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɋ ɫɨɯɪɚɧɹɟɬɫɹ ɪɚɜɧɵɦ 

–90 ɷɥ. ɝɪɚɞ, ɚ ɨɩɬɢɦɚɥɶɧɵɦ ɭɪɨɜɧɟɦ ɝɥɭɛɢɧɵ 

ɫɢɧɯɪɨɧɢɡɚɰɢɢ /ɋ ɋȺ Ⱥ Ⱥ  ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɞɢɚ-

ɩɚɡɨɧ ɋ2 4,0Ⱥ   , ɤɨɝɞɚ ɪɚɡɪɟɲɚɟɬɫɹ ɤɨɦɩɪɨ-
ɦɢɫɫ ɦɟɠɞɭ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶɸ ɢ ɛɵɫɬɪɨɞɟɣɫɬ-
ɜɢɟɦ Ɋɉ. Ɂɞɟɫɶ Ⱥɋ – ɚɦɩɥɢɬɭɞɚ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ; Ⱥ – ɚɦɩɥɢɬɭɞɚ ɜɵɯɨɞɧɵɯ ɢɦɩɭɥɶɫɨɜ Ɋɗ. 
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Ⱦɥɹ ɚɞɚɩɬɚɰɢɢ Ɋɉ ɤ ɱɚɫɬɨɬɟ ɩɢɬɚɸɳɟɝɨ ɧɚ-
ɩɪɹɠɟɧɢɹ ɜ ɍɋ ɜɜɟɞɟɧ ɛɥɨɤ ɤɨɪɪɟɤɰɢɢ ɱɚɫɬɨɬɵ 

ȻɄɑ (ɪɢɫ. 3, ɚ), ɫɨɫɬɨɹɳɢɣ ɢɡ ɚɦɩɥɢɬɭɞɧɨɝɨ ɦɨɞɭ-
ɥɹɬɨɪɚ ȺɆ, ɫɭɦɦɚɬɨɪɚ 3, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɟɪɢɨ-
ɞɚ (ɢɧɬɟɪɜɚɥɚ ɜɪɟɦɟɧɢ) ɜ ɧɚɩɪɹɠɟɧɢɟ ɉɉɇ ɢ ɝɟɧɟ-
ɪɚɬɨɪɚ ɤɨɪɨɬɤɢɯ ɢɦɩɭɥɶɫɨɜ ȽɄɂ, ɡɚɩɭɫɤɚɟɦɨɝɨ ɩɨ 
ɩɟɪɟɞɧɟɦɭ ɢ ɡɚɞɧɟɦɭ ɮɪɨɧɬɚɦ ɢɦɩɭɥɶɫɚ ɫ ɜɵɯɨɞɚ 
Ɋɉ (ɪɢɫ. 3, ɜ, ɝ). 

ɉɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɱɚɫɬɨɬɟ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ 

ɫɢɝɧɚɥ ɧɚ ɜɵɯɨɞɟ ɉɉɇ YɌ(t) ɪɚɜɟɧ ɩɨ ɦɨɞɭɥɸ ɩɨ-
ɪɨɝɭ ɩɟɪɟɤɥɸɱɟɧɢɹ b ɪɟɥɟɣɧɨɝɨ ɷɥɟɦɟɧɬɚ Ɋɗ (ɪɢɫ. 
3 ɝ), ɩɨɷɬɨɦɭ YȺ(t) ɧɚ ɜɵɯɨɞɟ ȺɆ ɪɚɜɟɧ ɧɭɥɸ 

(ɪɢɫ. 3 ɞ). 

ɉɪɢ ɫɧɢɠɟɧɢɢ ɱɚɫɬɨɬɵ ɩɢɬɚɸɳɟɝɨ ɧɚɩɪɹɠɟ-
ɧɢɹ (ɪɢɫ. 3, ɛ) ɜɨɡɪɚɫɬɚɟɬ ɫɢɝɧɚɥ YɌ(t) ɧɚ ɜɵɯɨɞɟ 
ɉɉɇ ɞɨ ɭɪɨɜɧɹ b + b (ɪɢɫ. 3 ɝ), ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɩɨɪɨɝ ɩɟɪɟɤɥɸɱɟɧɢɹ Ɋɗ ɧɚ ɜɟɥɢ-

ɱɢɧɭ b (ɪɢɫ. 3, ɜ) ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɪɚɜɟɧɫɬɜɚ 

ɋ 0 ɂ4Ɍ Ɍ bT  . ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɜ ɭɫɬɚɧɨɜɢɜ-
ɲɟɦɫɹ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɭɝɨɥ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɋ ɦɟ-
ɠɞɭ ɧɚɩɪɹɠɟɧɢɟɦ ɫɟɬɢ ɏɋ(t) ɢ ɜɵɯɨɞɧɵɦɢ ɢɦ-

ɩɭɥɶɫɚɦɢ Ɋɉ ɫɨɯɪɚɧɹɟɬɫɹ ɪɚɜɧɵɦ –90 ɷɥ. ɝɪɚɞ 

(ɪɢɫ. 3, ɛ, ɜ). 
ȼ ɫɨɫɬɚɜ ɚɞɚɩɬɢɜɧɨɝɨ ɍɋ ɬɚɤɠɟ ɜɯɨɞɢɬ ɰɢɮ-

ɪɨɜɨɣ ɝɟɧɟɪɚɬɨɪ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ȽȽɄ 
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Ɋɢɫ. 3. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ (ɚ) ɢ ɜɪɟɦɟɧɧɵɟ ɞɢɚɝɪɚɦɦɵ ɫɢɝɧɚɥɨɜ (ɛ – ɢ) 

ɚɞɚɩɬɢɜɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɞɥɹ Ɉɉɇ 
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(ɪɢɫ. 3, ɚ), ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ ɞɜɨɢɱɧɵɣ ɫɭɦɦɢ-

ɪɭɸɳɢɣ ɫɱɟɬɱɢɤ ɋɌ, ɩɨɫɬɨɹɧɧɨɟ ɡɚɩɨɦɢɧɚɸɳɟɟ 
ɭɫɬɪɨɣɫɬɜɨ ɉɁɍ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɧɚɩɪɹɠɟɧɢɹ ɜ 
ɱɚɫɬɨɬɭ ɢɦɩɭɥɶɫɨɜ ɉɇɑ, ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɩɪɟɨɛ-

ɪɚɡɨɜɚɬɟɥɶ Ɏɉ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ  1 x , 

ɨɞɧɨɜɢɛɪɚɬɨɪ Ɉȼ, ɰɢɮɪɨɜɨɣ ɤɨɦɩɚɪɚɬɨɪ ɐɄ ɢ 

ɥɨɝɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ Ʌ ɬɢɩɚ «2ɂɅɂ».  

ɋɢɧɯɪɨɧɢɡɚɰɢɹ ȽȽɄ ɫ ɧɚɩɪɹɠɟɧɢɟɦ ɫɟɬɢ ɏɋ(t) 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɦɩɭɥɶɫɚɦɢ YɈȼ(t) (ɪɢɫ. 3 ɟ) ɫ ɜɵ-

ɯɨɞɚ Ɉȼ, ɤɨɬɨɪɵɟ ɱɟɪɟɡ ɥɨɝɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ Ʌ ɬɢɩɚ 
«2ɂɅɂ» ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɜ ɫɱɟɬɱɢɤɟ ɋɌ ɧɚɱɚɥɶɧɵɣ 

ɧɭɥɟɜɨɣ ɤɨɞ (ɪɢɫ. 3 ɡ). Ɂɚɩɭɫɤ Ɉȼ ɩɪɨɢɫɯɨɞɢɬ ɩɨ 
ɡɚɞɧɟɦɭ ɮɪɨɧɬɭ ɫɢɝɧɚɥɚ ɫ ɜɵɯɨɞɚ Ɋɉ (ɪɢɫ. 3, ɜ, ɟ). 

Ɏɉ ɜɵɞɟɥɹɟɬ ɫɢɝɧɚɥ YF(t), ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɵɣ ɭɞɜɨɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɱɚɫɬɨɬɵ ɧɚɩɪɹɠɟ-
ɧɢɹ ɫɟɬɢ (0,5TC)–1 (ɪɢɫ. 3, ɝ), ɤɨɬɨɪɵɣ ɡɚɬɟɦ ɩɪɟɨɛ-

ɪɚɡɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɉɇɑ ɜ ɢɦɩɭɥɶɫɵ YG(t) ɫ ɱɚɫ-
ɬɨɬɨɣ (ɌG)–1 (ɪɢɫ. 3, ɠ). Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɩɨɜɵɲɟɧɧɨɣ ɜɪɟɦɟɧɧɨɣ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɬɚɛɢɥɶ-
ɧɨɫɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɢ ɜ 
ɚɞɚɩɬɢɜɧɨɦ ɍɋ (ɪɢɫ. 3, ɚ) ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɢɧɬɟɝɪɢɪɭɸɳɢɣ ɉɇɑ ɫ ɫɢɧɮɚɡɧɨɣ ɚɦɩɥɢ-

ɬɭɞɧɨ-ɱɚɫɬɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭɥɹɰɢɟɣ [16–17].  

ɋɱɟɬɱɢɤ ɋɌ ɮɨɪɦɢɪɭɟɬ ɚɞɪɟɫɧɭɸ ɪɚɡɜɟɪɬɵ-

ɜɚɸɳɭɸ ɮɭɧɤɰɢɸ N(t) (ɪɢɫ. 3, ɡ), ɝɞɟ ɤɚɠɞɨɟ ɡɧɚ-
ɱɟɧɢɟ ɤɨɞɚ Ni ɹɜɥɹɟɬɫɹ ɤɨɞɨɦ ɚɞɪɟɫɚ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɣ ɹɱɟɣɤɢ ɩɚɦɹɬɢ ɜ ɉɁɍ, ɜ ɤɨɬɨɪɨɣ ɯɪɚɧɢɬɫɹ 
ɡɧɚɱɟɧɢɟ ɤɨɞɚ NSIN(t) (ɪɢɫ. 3 ɢ), ɚɩɩɪɨɤɫɢɦɢɪɭɸ-

ɳɟɝɨ ɮɭɧɤɰɢɸ sin(t + 90), ɬɚɤ ɤɚɤ ɜɵɯɨɞɧɵɟ 
ɢɦɩɭɥɶɫɵ Ɋɉ ɨɬɫɬɚɸɬ ɩɨ ɮɚɡɟ ɨɬ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ 

ɏɋ(t)  ɧɚ ɭɝɨɥ ɋ = –90 ɷɥ. ɝɪɚɞ (ɪɢɫ. 3, ɛ, ɜ). 
ɐɢɮɪɨɜɨɣ ɤɨɦɩɚɪɚɬɨɪ ɐɄ ɮɨɪɦɢɪɭɟɬ ɢɦ-

ɩɭɥɶɫ ɫɛɪɨɫɚ Ymax(t) ɜ ɫɥɭɱɚɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɚ 
ɜɵɯɨɞɟ ɫɱɟɬɱɢɤɚ ɋɌ ɤɨɞɚ N  Nmax, ɩɪɟɞɨɬɜɪɚɳɚɹ 
ɬɟɦ ɫɚɦɵɦ ɨɛɪɚɳɟɧɢɟ ɤ ɉɁɍ ɩɨ ɧɟɫɭɳɟɫɬɜɭɸɳɟ-
ɦɭ ɚɞɪɟɫɭ. Ⱦɚɧɧɚɹ ɫɢɬɭɚɰɢɹ ɜɨɡɧɢɤɚɟɬ ɜ ɩɟɪɟɯɨɞ-
ɧɨɦ ɪɟɠɢɦɟ ɍɋ ɩɪɢ ɪɟɡɤɨɦ ɢɡɦɟɧɟɧɢɢ ɤɚɤ ɚɦɩɥɢ-

ɬɭɞɵ, ɬɚɤ ɢ ɱɚɫɬɨɬɵ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɚɞɚɩ-

ɬɢɜɧɨɟ ɍɋ (ɪɢɫ. 3, ɚ) ɨɛɟɫɩɟɱɢɜɚɟɬ ɚɜɬɨɩɨɞɫɬɪɨɣɤɭ 
ɫɜɨɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ 
ɩɪɢ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɚɦɩɥɢɬɭɞɵ ɢ ɱɚɫɬɨɬɵ ɧɚɩɪɹ-
ɠɟɧɢɹ ɫɟɬɢ ɞɨ 50 % ɢ ɜɵɲɟ. ȼ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟ-
ɠɢɦɚɯ ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɚɦɩɥɢɬɭɞɵ 

ɡɚ ɨɞɢɧ ɩɟɪɢɨɞ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ ɢ ɱɚɫɬɨɬɵ ɡɚ 1 ɫ 
ɫɨɫɬɚɜɥɹɟɬ 12 % ɢ 10 Ƚɰ/c ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ 

ɭɫɥɨɜɢɢ, ɱɬɨ ɨɬɤɥɨɧɟɧɢɟ ɭɝɥɚ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɜ Ɋɉ ɋ ɧɟ ɩɪɟɜɵɲɚɟɬ 2 ɷɥ. ɝɪɚɞ, ɚ ɝɥɭɛɢɧɚ ɫɢɧɯɪɨ-
ɧɢɡɚɰɢɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɋ2 8,0Ⱥ   . 

Ⱥɞɚɩɬɢɜɧɨɟ ɍɋ (ɪɢɫ. 3, ɚ) ɨɛɥɚɞɚɟɬ ɬɚɤɠɟ ɜɵ-

ɫɨɤɨɣ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɫɢɝɧɚɥɚɦ ɜɧɟɲɧɢɯ 
ɩɨɦɟɯ, ɧɚɜɨɞɢɦɵɦ ɫɨ ɫɬɨɪɨɧɵ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ 

ɜɫɥɟɞɫɬɜɢɟ ɪɚɛɨɬɵ ɫɢɥɨɜɵɯ ȼɉ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ 

Ɉɉɇ. ɉɨɜɵɲɟɧɧɚɹ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ ɞɨɫɬɢɝɚ-
ɟɬɫɹ ɡɚ ɫɱɟɬ ɡɚɦɤɧɭɬɨɝɨ ɯɚɪɚɤɬɟɪɚ ɫɬɪɭɤɬɭɪɵ Ɋɉ ɢ 

ɧɚɥɢɱɢɹ ɢɧɬɟɝɪɚɬɨɪɚ ɜ ɩɪɹɦɨɦ ɤɚɧɚɥɟ ɪɟɝɭɥɢɪɨɜɚ-
ɧɢɹ (ɪɢɫ. 3, ɚ). 

ȼ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɫɟɬɶ ɢɦɟɟɬ ɫɬɚɛɢɥɶɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɩɨ ɱɚɫɬɨɬɟ, ɜ ɍɋ (ɪɢɫ. 3, ɚ) ɧɟɨɛɯɨɞɢɦɨ 

ɢɫɤɥɸɱɢɬɶ ɛɥɨɤ ɤɨɪɪɟɤɰɢɢ ɱɚɫɬɨɬɵ ȻɄɑ, ɚ ɩɪɟɨɛ-

ɪɚɡɨɜɚɬɟɥɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɱɚɫɬɨɬɭ ɢɦɩɭɥɶɫɨɜ ɉɇɑ 

ɡɚɦɟɧɢɬɶ ɧɚ ɝɟɧɟɪɚɬɨɪ ɢɦɩɭɥɶɫɨɜ ɫɨ ɫɬɚɛɢɥɶɧɨɣ 

ɱɚɫɬɨɬɨɣ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɡɜɨɥɹɟɬ ɭɩɪɨɫɬɢɬɶ ɢ 

ɭɞɟɲɟɜɢɬɶ ɫɯɟɦɭ ɫɢɧɯɪɨɧɢɡɚɰɢɢ. 

 

Ɉɞɧɨɮɚɡɧɵɣ Ɉɉɇ ɜ ɪɟɠɢɦɟ ɚɤɬɢɜɧɨɝɨ 
ɮɢɥɶɬɪɚ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɤɬɢɜɧɨɝɨ 

ɮɢɥɶɬɪɚ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ (ɪɢɫ. 1) ɫɨɜɦɟɫɬɧɨ ɫ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɱɚɫɬɨɬɵ (ɉɑ) ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 

ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɮɚɡɧɨɝɨ Ɉɉɇ, ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɧɚ 
ɤɚɮɟɞɪɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɘɍɪȽɍ ɢ ɢɡɝɨɬɨɜɥɟɧɧɨ-
ɝɨ ɜ ɈɈɈ ɇɉɉ «ɍɱɬɟɯ-ɉɪɨɮɢ». ȼ ɤɚɱɟɫɬɜɟ ɧɚ-
ɝɪɭɡɤɢ ɛɵɥ ɡɚɞɟɣɫɬɜɨɜɚɧ ɨɞɧɨɮɚɡɧɵɣ ɞɜɭɯɡɜɟɧ-

ɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ (ɉɑ) ɫ ɧɟɭɩɪɚɜɥɹɟ-
ɦɵɦ ɜɵɩɪɹɦɢɬɟɥɟɦ ɧɚ ɜɯɨɞɟ ɢ ɟɦɤɨɫɬɧɵɦ 

ɮɢɥɶɬɪɨɦ, ɚ ɬɚɤɠɟ ɫ ɬɪɟɯɮɚɡɧɵɦ ɚɜɬɨɧɨɦɧɵɦ ɢɧ-

ɜɟɪɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɹ (Ⱥɂɇ) ɧɚ ɜɵɯɨɞɟ, ɧɚɝɪɭ-
ɠɟɧɧɵɦ ɧɚ ɬɪɟɯɮɚɡɧɭɸ ɚɤɬɢɜɧɨ-ɢɧɞɭɤɬɢɜɧɭɸ ɧɚ-
ɝɪɭɡɤɭ (Rɧ = 100 Ɉɦ; Lɇ = 0,32 Ƚɧ). 

Ɉɞɧɨɮɚɡɧɵɣ ɧɟɭɩɪɚɜɥɹɟɦɵɣ ɜɵɩɪɹɦɢɬɟɥɶ ɫ 
ɟɦɤɨɫɬɧɵɦ ɮɢɥɶɬɪɨɦ ɩɨɬɪɟɛɥɹɟɬ ɢɡ ɫɟɬɢ ɢɦ-

ɩɭɥɶɫɧɵɣ ɬɨɤ iɇ (ɪɢɫ. 4, ɜ), ɪɚɡɥɨɠɟɧɢɟ ɤɨɬɨɪɨɝɨ 

ɜ ɪɹɞ Ɏɭɪɶɟ ɞɚɟɬ ɧɟɱɟɬɧɵɟ ɝɚɪɦɨɧɢɤɢ 3, 5, 7, 9 

… ɢ ɬ. ɞ. (ɪɢɫ. 5, ɚ). ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɫɤɚɠɟɧɢɸ 

ɮɨɪɦɵ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ ɜ ɜɢɞɟ «ɫɪɟɡɚ» ɜɟɪɯɧɟɣ 

ɱɚɫɬɢ ɩɨɥɭɜɨɥɧɵ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
(ɪɢɫ. 4, ɚ). ɉɨɷɬɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɧɟ-
ɭɩɪɚɜɥɹɟɦɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ ɫ ɟɦɤɨɫɬɧɵɦ ɮɢɥɶɬ-
ɪɨɦ ɧɟ ɩɪɟɜɵɲɚɟɬ   0,6 – 0,8, ɚ cos ɛɥɢɡɨɤ ɤ 

ɟɞɢɧɢɰɟ (ɪɢɫ. 6, ɚ) ɩɨ ɩɪɢɱɢɧɟ ɪɚɜɟɧɫɬɜɚ ɧɭɥɸ 

ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ ɦɟɠɞɭ ɩɟɪɜɵɦɢ ɝɚɪɦɨɧɢɤɚɦɢ 

ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ. 

ɇɚ ɪɢɫ. 4 ɩɨɤɚɡɚɧɨ, ɤɚɤɢɦ ɞɨɥɠɟɧ ɛɵɬɶ ɤɨɦ-

ɩɟɧɫɢɪɭɸɳɢɣ ɬɨɤ iɄ, ɱɬɨɛɵ ɩɨɞɚɜɢɬɶ ɜɥɢɹɧɢɟ 
ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɬɨɤɚ, ɫɨɡɞɚɜɚɟɦɵɯ ɩɪɟɨɛɪɚɡɨɜɚ-
ɬɟɥɟɦ ɱɚɫɬɨɬɵ (ɬɨɤ iɇ), ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɛɟɫɩɟɱɢɬɶ 
ɩɨɬɪɟɛɥɟɧɢɟ ɢɡ ɫɟɬɢ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɬɨɤɚ i1, 

ɫɞɜɢɧɭɬɨɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ u1 ɧɚ 
ɭɝɨɥ  = 0. ɇɚ ɢɧɬɟɪɜɚɥɚɯ ɜɪɟɦɟɧɢ t1 – t2 ɢ t3 – t4 

ɚɤɬɢɜɧɵɣ ɮɢɥɶɬɪ ɩɨɬɪɟɛɥɹɟɬ ɷɧɟɪɝɢɸ ɢɡ ɫɟɬɢ 

(ɪɢɫ. 4, ɝ), ɡɚɩɚɫɚɹ ɟɟ ɜ ɟɦɤɨɫɬɧɨɦ ɧɚɤɨɩɢɬɟɥɟ ɋd 

Ɉɉɇ, ɚ ɧɚ ɢɧɬɟɪɜɚɥɚɯ t2 – t3 ɢ t4 – t5,  ɧɚɨɛɨɪɨɬ, 
ɜɨɡɜɪɚɳɚɟɬ ɟɟ ɜ ɫɟɬɶ ɬɚɤ, ɱɬɨɛɵ ɩɨɞɞɟɪɠɚɬɶ ɫɢɧɭ-
ɫɨɢɞɚɥɶɧɨɫɬɶ ɬɨɤɚ i1. 

Ⱦɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɧɚɪɚɫɬɚɧɢɹ ɤɨɦ-

ɩɟɧɫɢɪɭɸɳɟɝɨ ɬɨɤɚ iɄ Ɉɉɇ ɢ ɬɨɤɚ ɧɚɝɪɭɡɤɢ iɇ 

(ɪɢɫ. 4, ɜ, ɝ) ɧɚ ɜɯɨɞɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ 

ɭɫɬɚɧɨɜɥɟɧ ɞɪɨɫɫɟɥɶ LȾɊ ɫ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ, ɪɚɜ-
ɧɨɣ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɞɪɨɫɫɟɥɹ L1 Ɉɉɇ (ɪɢɫ. 1). ɉɪɢ 

ɨɬɫɭɬɫɬɜɢɢ LȾɊ Ɉɉɇ ɧɟ ɭɫɩɟɜɚɥ ɛɵ ɫɤɨɦɩɟɧɫɢɪɨ-
ɜɚɬɶ ɬɨɤ iɇ ɢ ɜ ɬɨɤɟ i1 ɜɨɡɧɢɤɚɥɢ ɛɵ ɫɭɳɟɫɬɜɟɧɧɵɟ 
ɢɫɤɚɠɟɧɢɹ (ɪɢɫ. 4, ɞ), ɫɜɨɞɹɳɢɟ ɧɚ ɧɟɬ ɰɟɥɟɫɨɨɛ-
ɪɚɡɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɚɤɬɢɜɧɨɝɨ ɮɢɥɶɬɪɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɚɤɬɢɜɧɨɝɨ 

ɮɢɥɶɬɪɚ ɜ ɫɢɫɬɟɦɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɡɜɨɥɹɟɬ 
ɭɥɭɱɲɢɬɶ ɧɟ ɬɨɥɶɤɨ ɫɩɟɤɬɪɚɥɶɧɵɣ ɫɨɫɬɚɜ ɬɨɤɚ, 
ɩɨɬɪɟɛɥɹɟɦɨɝɨ  ɢɡ  ɫɟɬɢ  (ɪɢɫ. 5, ɛ), ɧɨ ɢ ɫɧɢɡɢɬɶ 
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Ɋɢɫ. 4. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɨɞɧɨɮɚɡɧɨɝɨ Ɉɉɇ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɚɤɬɢɜɧɨɝɨ ɮɢɥɶɬɪɚ, 
ɫɨɜɦɟɫɬɧɨ ɫ ɉЧ (ɱɚɫɬɨɬɚ ɧɚ ɜɵɯɨɞɟ Ⱥɂɇ f = 50 Ƚɰ) 

 

% ,ȽȺ % ,ȽȺ

 

Ɋɢɫ. 5. ɋɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɯɨɞɧɨɝɨ ɬɨɤɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ (ɚ) ɢ ɬɨɤɚ ɫɟɬɢ 
ɫ ɚɤɬɢɜɧɵɦ ɮɢɥɶɬɪɨɦ (ɛ) (ȺȽ – ɚɦɩɥɢɬɭɞɚ ɝɚɪɦɨɧɢɤɢ ɬɨɤɚ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɧɨɜɧɨɣ) 
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Ɋɢɫ. 6. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɞɧɨɮɚɡɧɨɝɨ Ɉɉɇ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɚɤɬɢɜɧɨɝɨ ɮɢɥɶɬɪɚ,  

ɫɨɜɦɟɫɬɧɨ ɫ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɱɚɫɬɨɬɵ:  = F ( f ), cos  = F ( f ) (ɚ); I1 = F ( f ) (ɛ) 



Ɉɛɡɨɪɧɵɟ ɫɬɚɬɶɢ 

  12 ȼɟɫɬɧɢɤ ɘɍɪȽɍ. ɋɟɪɢɹ «ɗɧɟɪɝɟɬɢɤɚ»

ɟɝɨ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ I1 ɧɚ 16 % ɩɪɢ ɜɵ-

ɯɨɞɧɨɣ ɱɚɫɬɨɬɟ ɚɜɬɨɧɨɦɧɨɝɨ ɢɧɜɟɪɬɨɪɚ ɧɚɩɪɹ-
ɠɟɧɢɹ f = 50 Ƚɰ (ɪɢɫ. 6, ɛ). Ʉɪɨɦɟ ɬɨɝɨ, ɚɤɬɢɜɧɵɣ 

ɮɢɥɶɬɪ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɜɵɫɨɤɢɣ ɪɟɡɭɥɶɬɢ-

ɪɭɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ  ɢ cos, ɛɥɢɡ-
ɤɢɣ ɤ ɟɞɢɧɢɰɟ (ɪɢɫ. 6, ɚ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɥɭɱɲɚ-
ɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨ-

ɫɬɢ ɱɟɪɟɡ ɫɟɬɶ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɦɟɧɶɲɚɸɬɫɹ 
ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɧɚ ɜɧɭɬɪɟɧɧɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢ-

ɹɯ ɫɟɬɢ. ɗɬɨ, ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ, ɩɨɡɜɨɥɹɟɬ 
ɭɦɟɧɶɲɢɬɶ ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɇɚ ɪɢɫ. 
6, ɛ 1 1 1(ȺɎ) 1( )I I I I   , ɝɞɟ I1 – ɨɬɧɨɫɢɬɟɥɶɧɨɟ 
ɫɧɢɠɟɧɢɟ ɬɨɤɚ, ɩɨɬɪɟɛɥɹɟɦɨɝɨ ɢɡ ɫɟɬɢ; I1, I1(ȺɎ) – 

ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ, ɩɨɬɪɟɛɥɹɟɦɨɝɨ ɢɡ 
ɫɟɬɢ, ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɢ ɧɚɥɢɱɢɢ ɚɤɬɢɜɧɨɝɨ 

ɮɢɥɶɬɪɚ ɜ ɫɢɫɬɟɦɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

Ɉɞɧɨɮɚɡɧɵɣ Ɉɉɇ ɜ ɪɟɠɢɦɟ ɤɨɦɩɟɧɫɚɰɢɢ 

ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
ɋɯɟɦɚ ɨɛɪɚɬɢɦɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɧɚɩɪɹɠɟ-

ɧɢɹ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫ. 1, ɦɨɠɟɬ ɬɚɤɠɟ ɪɚɛɨɬɚɬɶ ɜ 
ɪɟɠɢɦɟ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ [10, 18]. 

ɇɚ ɪɢɫ. 7 ɩɪɢɜɟɞɟɧɵ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɬɨɤɨɜ ɢ 

ɧɚɩɪɹɠɟɧɢɣ ɨɞɧɨɮɚɡɧɨɝɨ Ɉɉɇ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ 
ɪɟɠɢɦɟ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɫɨ-
ɜɦɟɫɬɧɨ ɫ ɚɤɬɢɜɧɨ-ɢɧɞɭɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɨɣ (ɮɚɡɨ-
ɜɵɣ ɫɞɜɢɝ ɦɟɠɞɭ ɬɨɤɨɦ ɢ ɧɚɩɪɹɠɟɧɢɟɦ   55 ɷɥ. 
ɝɪɚɞ) ɢ ɨɞɧɨɮɚɡɧɵɦ ɬɢɪɢɫɬɨɪɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟ-
ɥɟɦ (ɭɝɨɥ ɭɩɪɚɜɥɟɧɢɹ ɬɢɪɢɫɬɨɪɚɦɢ   30 ɷɥ. 

ɝɪɚɞ). Ɍɚɦ ɠɟ ɜɢɞɧɨ, ɤɚɤɢɦ ɞɨɥɠɟɧ ɛɵɬɶ ɤɨɦɩɟɧ-

ɫɢɪɭɸɳɢɣ ɬɨɤ iɄ Ɉɉɇ, ɱɬɨɛɵ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɜɫɟɯ 
ɧɚɝɪɭɡɨɤ (ɬɨɤ iɇ) ɢɡ ɫɟɬɢ ɩɨɬɪɟɛɥɹɥɫɹ ɫɢɧɭɫɨɢ-

ɞɚɥɶɧɵɣ ɬɨɤ i1, ɩɟɪɟɞɚɸɳɢɣ ɧɟɨɛɯɨɞɢɦɭɸ ɚɤɬɢɜ-
ɧɭɸ ɦɨɳɧɨɫɬɶ ɢ ɫɞɜɢɧɭɬɵɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɹ-
ɠɟɧɢɹ ɫɟɬɢ  u1 ɧɚ ɭɝɨɥ  = 0. 

ɇɚ ɪɢɫ. 8 ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɢɡ ɤɨɬɨɪɵɯ ɜɢɞɧɨ, 
ɱɬɨ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɤɨɦɩɟɧɫɚɬɨɪɚ ɪɟɚɤɬɢɜɧɨɣ 

ɦɨɳɧɨɫɬɢ ɜ ɞɢɚɩɚɡɨɧɟ  ɨɬ 15 ɞɨ 150 ɷɥ. ɝɪɚɞ ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɫɢɫɬɟɦɵ  ɢ cos ɢɦɟɸɬ 
ɧɢɡɤɨɟ ɡɧɚɱɟɧɢɟ, ɥɟɠɚɳɟɟ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0,5 ɞɨ 
0,78, ɚ ɩɪɢ ɧɚɥɢɱɢɢ ɤɨɦɩɟɧɫɚɬɨɪɚ ɡɧɚɱɟɧɢɹ  ɢ 

cos ɛɥɢɡɤɢ ɤ ɟɞɢɧɢɰɟ (ɪɢɫ. 8, ɚ). Ʉɪɨɦɟ ɷɬɨɝɨ, ɜ 
ɫɢɫɬɟɦɟ ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɞɟɣɫɬɜɭɸɳɟɝɨ 
ɡɧɚɱɟɧɢɹ ɬɨɤɚ I1, ɩɨɬɪɟɛɥɹɟɦɨɝɨ ɢɡ ɫɟɬɢ. Ɍɚɤ, ɧɚ-
ɩɪɢɦɟɪ, ɩɪɢ  = 105 ɷɥ. ɝɪɚɞ  I1 ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ 
40 % (ɪɢɫ. 8, ɛ). ȼɫɟ ɷɬɨ ɨɞɧɨɡɧɚɱɧɨ ɫɜɢɞɟɬɟɥɶɫɬ-
ɜɭɟɬ ɨɛ ɷɮɮɟɤɬɢɜɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɥɟɤɬɪɨɷɧɟɪ-
ɝɢɢ ɢ ɫɧɢɠɟɧɢɢ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɜ ɫɟɬɢ. 

 

Ɉɞɧɨɮɚɡɧɨɟ ɧɚɝɪɭɡɨɱɧɨ-ɩɢɬɚɸɳɟɟ 
 ɭɫɬɪɨɣɫɬɜɨ 
ȼɟɫɶɦɚ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɨɛɪɚɬɢ-

ɦɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɧɚɩɪɹɠɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ 
ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɢɥɨ-
ɜɵɯ ɜɟɧɬɢɥɶɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ (ȼɉ). 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ 
ɥɚɛɨɪɚɬɨɪɢɹɯ ɞɥɹ ɢɫɩɵɬɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ, 

 
Ɋɢɫ. 7. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɨɞɧɨɮɚɡɧɨɝɨ Ɉɉɇ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɤɨɦɩɟɧɫɚɰɢɢ 

 ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɫɨɜɦɟɫɬɧɨ ɫ ɚɤɬɢɜɧɨ-ɢɧɞɭɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɨɣ ɢ ɬɢɪɢɫɬɨɪɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ  

(  30 ɷɥ. ɝɪɚɞ;   55 ɷɥ. ɝɪɚɞ) 
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ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɚɜɬɨɧɨɦɧɵɯ ɢɧɜɟɪɬɨɪɨɜ, ɬɢɪɢ-

ɫɬɨɪɧɵɯ ɜɵɩɪɹɦɢɬɟɥɟɣ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɩɨɫɬɨ-

ɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɢɫɬɨɱɧɢɤɨɜ ɜɬɨɪɢɱɧɨɝɨ ɷɥɟɤ-
ɬɪɨɩɢɬɚɧɢɹ, ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɢ ɞɪɭɝɢɯ 

ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɱɚɳɟ ɜɫɟɝɨ ɩɪɢ-

ɦɟɧɹɸɬɫɹ ɞɢɫɤɪɟɬɧɨ ɪɟɝɭɥɢɪɭɟɦɵɟ ɚɤɬɢɜɧɵɟ, 
ɚɤɬɢɜɧɨ-ɢɧɞɭɤɬɢɜɧɵɟ ɢɥɢ ɚɤɬɢɜɧɨ-ɟɦɤɨɫɬɧɵɟ 
ɧɚɝɪɭɡɤɢ. Ɍɚɤɢɟ ɧɚɝɪɭɡɤɢ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɫɭɳɟ-
ɫɬɜɟɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ: 

− ɜɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɧɚɹ ɷɧɟɪɝɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɧɟɷɮɮɟɤɬɢɜɧɨ, ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɟɩɥɨ ɢ ɪɚɫɫɟɢɜɚ-
ɟɬɫɹ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɩɨɷɬɨɦɭ ɩɪɢ ɛɨɥɶɲɢɯ 
ɦɨɳɧɨɫɬɹɯ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɴɟɤɬɨɜ ɝɚɛɚɪɢɬɵ ɬɚɤɢɯ 
ɭɫɬɪɨɣɫɬɜ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɸɬ; 

− ɧɟɜɨɡɦɨɠɧɨ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɬɨ-
ɤɚ ɦɨɳɧɨɫɬɢ ɜ ɫɢɫɬɟɦɟ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ, ɧɚɩɪɢ-

ɦɟɪ, ɢɫɫɥɟɞɨɜɚɬɶ ɫɢɥɨɜɵɟ ȼɉ ɜ ɢɧɜɟɪɬɨɪɧɨɦ ɪɟ-
ɠɢɦɟ, ɤɨɝɞɚ ɬɪɟɛɭɟɬɫɹ ɩɨɞɜɨɞɢɬɶ ɷɧɟɪɝɢɸ ɤ ɩɪɟ-
ɨɛɪɚɡɨɜɚɬɟɥɸ ɫɨ ɫɬɨɪɨɧɵ ɧɚɝɪɭɡɤɢ; 

− ɬɪɭɞɧɨɫɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɩɥɚɜɧɨɣ ɪɟɝɭ-
ɥɢɪɨɜɤɢ ɬɨɤɚ ɢ ɭɝɥɚ ɫɞɜɢɝɚ ɜ ɮɚɡɚɯ ɬɪɟɯɮɚɡɧɨɣ 

ɧɚɝɪɭɡɤɢ ɜɫɥɟɞɫɬɜɢɟ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɪɚɡɛɪɨɫɚ ɩɚɪɚ-
ɦɟɬɪɨɜ ɩɚɫɫɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚɝɪɭɡɤɢ. 

ɇɚ ɤɚɮɟɞɪɟ «ɗɥɟɤɬɪɨɩɪɢɜɨɞ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɹ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɬɚɧɨɜɨɤ» ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɭɧɢ-

ɜɟɪɫɚɥɶɧɚɹ ɧɟɪɚɫɫɟɢɜɚɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɧɚɝɪɭɡɤɚ 
(ɜ ɞɚɥɶɧɟɣɲɟɦ ɧɚɝɪɭɡɨɱɧɨ-ɩɢɬɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ 
ɇɉɍ) [19–20], ɩɨɡɜɨɥɹɸɳɚɹ ɢɫɫɥɟɞɨɜɚɬɶ ɧɟ ɬɨɥɶ-
ɤɨ ɜɫɟ ɜɢɞɵ ɫɢɥɨɜɵɯ ɜɟɧɬɢɥɶɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟ-
ɥɟɣ ɜ ɪɟɠɢɦɚɯ ɜɵɩɪɹɦɥɟɧɢɹ ɢ ɢɧɜɟɪɬɢɪɨɜɚɧɢɹ, ɧɨ 
ɢ ɞɪɭɝɨɟ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 

Ɉɞɧɨɮɚɡɧɨɟ ɇɉɍ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɨɛɪɚɬɢɦɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ1 ɢ Ɉɉɇ2, ɫɨ-
ɟɞɢɧɟɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫ ɟɦɤɨɫɬɧɵɦ ɧɚɤɨɩɢɬɟ-
ɥɟɦ ɋd ɧɚ ɫɬɨɪɨɧɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɋd (ɪɢɫ. 9). 

ɋɢɥɨɜɵɟ ɛɥɨɤɢ ɋȻ1, ɋȻ2 ɨɛɪɚɬɢɦɵɯ ɩɪɟɨɛɪɚɡɨɜɚ-
ɬɟɥɟɣ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɞɧɨɮɚɡ-
ɧɵɟ ɬɪɚɧɡɢɫɬɨɪɧɨ-ɞɢɨɞɧɵɟ ɦɨɫɬɵ ɫ ɢɧɞɭɤɬɢɜɧɵɦɢ 

ɧɚɤɨɩɢɬɟɥɹɦɢ ɧɚ ɜɵɯɨɞɚɯ L1, L2. 

ɇɚ ɜɵɯɨɞɟ Ɉɉɇ1 ɢ Ɉɉɇ2 ɭɫɬɚɧɨɜɥɟɧɵ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɵɟ ɮɢɥɶɬɪɵ ɗɆɎ1 ɢ ɗɆɎ2, ɨɛɟɫɩɟɱɢ-
ɜɚɸɳɢɟ ɩɨɞɚɜɥɟɧɢɟ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɝɚɪɦɨɧɢɤ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɱɚɫɬɨɬɧɨɦɭ ɫɩɟɤɬɪɭ ɢɦɩɭɥɶɫɧɨɣ 

ɦɨɞɭɥɹɰɢɢ. ȿɫɥɢ ɜɧɭɬɪɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚ-
ɬɟɥɹ ɧɟɬ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɪɚɡɜɹɡɤɢ ɢɥɢ ɭɪɨɜɟɧɶ ɧɚ-
ɩɪɹɠɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɫɟɬɟɜɨɝɨ, ɬɨ 
Ɉɉɇ2 ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɫɟɬɢ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌV. 

ɉɨɫɤɨɥɶɤɭ Ɉɉɇ2 ɪɚɛɨɬɚɟɬ ɧɚ ɫɟɬɶ ɩɟɪɟɦɟɧɧɨ-
ɝɨ ɬɨɤɚ, ɬɨ ɟɝɨ ɨɫɧɨɜɧɚɹ ɡɚɞɚɱɚ – ɫɮɨɪɦɢɪɨɜɚɬɶ 
ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ ɬɨɤ ɧɚ ɜɵɯɨɞɟ, ɫɨɜɩɚɞɚɸɳɢɣ ɩɨ 
ɮɚɡɟ (ɪɟɠɢɦ ɜɵɩɪɹɦɥɟɧɢɹ) ɢɥɢ ɩɪɨɬɢɜɨɮɚɡɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɸ ɫɟɬɢ (ɪɟɠɢɦ ɢɧɜɟɪɬɢɪɨɜɚɧɢɹ) u1, ɬ. ɟ. 
ɨɛɟɫɩɟɱɢɬɶ ɞɜɭɧɚɩɪɚɜɥɟɧɧɵɣ ɩɨɬɨɤ ɦɨɳɧɨɫɬɢ ɜ 
ɫɢɫɬɟɦɟ ɫ ɜɵɫɨɤɢɦɢ  ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹ-
ɦɢ, ɬɚɤɢɦɢ ɤɚɤ cosφ ≈ 1 ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ 

χ ≈ 1, ɚ ɬɚɤɠɟ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹ-
ɠɟɧɢɟ Ud ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɟ ɋd. 

ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ Ɉɉɇ2 (ɪɢɫ. 9) ɫɨɫɬɨɢɬ ɢɡ 
ɞɜɭɯ ɡɚɦɤɧɭɬɵɯ ɤɨɧɬɭɪɨɜ: ɜɧɟɲɧɟɝɨ ɤɨɧɬɭɪɚ ɧɚ-
ɩɪɹɠɟɧɢɹ ɢ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ ɬɨɤɚ, ɚɧɚɥɨɝɢɱɧɨ 
ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ Ɉɉɇ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ 
ɚɤɬɢɜɧɨɝɨ ɮɢɥɶɬɪɚ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɢ ɤɨɦɩɟɧɫɚ-
ɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ (ɪɢɫ. 1), ɫ ɬɨɣ ɥɢɲɶ 
ɪɚɡɧɢɰɟɣ, ɱɬɨ ɜ ɇɉɍ ɨɬɫɭɬɫɬɜɭɟɬ ɞɚɬɱɢɤ ɬɨɤɚ ɫɨ 
ɫɬɨɪɨɧɵ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ, ɭɫɬɪɚɧɹɸɳɢɣ ɢɫɤɚɠɟ-
ɧɢɹ ɬɨɤɨɜ, ɫɨɡɞɚɜɚɟɦɵɯ ɧɟɥɢɧɟɣɧɵɦɢ ɧɚɝɪɭɡɤɚɦɢ. 

Ɉɉɇ1 (ɪɢɫ. 9) ɪɚɛɨɬɚɟɬ ɜ ɪɟɠɢɦɟ ɢɫɬɨɱɧɢɤɚ 
ɬɨɤɚ, ɢɦɢɬɢɪɭɹ ɬɪɟɛɭɟɦɵɣ ɬɨɤ ɜ ɧɚɝɪɭɡɤɟ ɢɫɫɥɟ-
ɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ (ɂɈ). ɋ ɷɬɨɣ ɰɟɥɶɸ ɜ ɩɪɟɨɛɪɚɡɨ-
ɜɚɬɟɥɶ ɜɜɟɞɟɧ ɜɧɭɬɪɟɧɧɢɣ ɤɨɧɬɭɪ ɬɨɤɚ, ɫɨɫɬɨɹɳɢɣ 

ɢɡ ɞɪɨɫɫɟɥɹ L1, ɞɚɬɱɢɤɚ ɬɨɤɚ ȾɌ1 ɢ ɉɂ-ɪɟɝɭɥɹɬɨɪɚ 
ɬɨɤɚ ɊɌ1. ɉɟɪɟɤɥɸɱɟɧɢɟ ɫɢɥɨɜɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ 
Ɍ1 – Ɍ4 Ɉɉɇ1 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ Ɉɉɇ2. 

Ⱦɥɹ ɡɚɞɚɧɢɹ ɬɪɟɛɭɟɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɜ ɫɢɫɬɟɦɟ 
ɭɩɪɚɜɥɟɧɢɹ Ɉɉɇ1 ɜɜɟɞɟɧ ɛɥɨɤ ɡɚɞɚɧɢɹ ɬɨɤɚ ȻɁɌ, 

ɜɵɩɨɥɧɹɸɳɢɣ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ: 

− ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɢɥɢ ɩɟɪɟɦɟɧ-

ɧɨɝɨ ɬɨɤɚ ɧɚɝɪɭɡɤɢ ɜ ɮɭɧɤɰɢɢ ɧɚɩɪɹɠɟɧɢɹ ɢɫɫɥɟ-
ɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ – ɪɟɠɢɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ (Ɋɟɝ.). ɋ 

ɷɬɨɣ ɰɟɥɶɸ ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɂɈ ɭɫɬɚɧɨɜɥɟɧ ɞɚɬɱɢɤ 
ɧɚɩɪɹɠɟɧɢɹ Ⱦɇ1, ɡɚɞɚɸɳɢɣ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ 
ɮɨɪɦɭ ɬɪɟɛɭɟɦɨɝɨ ɬɨɤɚ ɜ ɧɚɝɪɭɡɤɟ; 

− ɩɨɞɞɟɪɠɚɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɧɚɝɪɭɡɤɢ – 

ɪɟɠɢɦ ɫɬɚɛɢɥɢɡɚɰɢɢ (ɋɬɚɛ.); 
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Ɋɢɫ. 8. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɞɧɨɮɚɡɧɨɝɨ Ɉɉɇ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ, ɫɨɜɦɟɫɬɧɨ ɫ ɚɤɬɢɜɧɨ-ɢɧɞɭɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɨɣ ɢ ɬɢɪɢɫɬɨɪɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ:   = F (), cos  = F () (ɚ); I1 = F () (ɛ) 
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- ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ ɬɨɤɚ ɧɚɝɪɭɡɤɢ – 

«Ɂɚɞɚɧɢɟ ɬɨɤɚ»; 

- ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ ɦɟɠɞɭ ɧɚ-
ɩɪɹɠɟɧɢɟɦ ɢ ɬɨɤɨɦ ɜ ɧɚɝɪɭɡɤɟ – «Ɂɚɞɚɧɢɟ ɮɚɡɵ». 

ɂɦɢɬɚɰɢɹ ɚɤɬɢɜɧɨ-ɢɧɞɭɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɩɟɪɟ-
ɦɟɧɧɨɦ ɬɨɤɟ. 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɩɨɦɨɳɢ ɨɞɧɨɮɚɡɧɨɝɨ ɇɉɍ ɜɨɡ-
ɦɨɠɧɨ ɢɫɩɵɬɚɧɢɟ ɫɥɟɞɭɸɳɢɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ: 

- ɬɪɟɯɮɚɡɧɨɝɨ ɪɟɜɟɪɫɢɜɧɨɝɨ ɬɢɪɢɫɬɨɪɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ [8] ɜ ɪɟɠɢɦɚɯ ɜɵɩɪɹɦɥɟɧɢɹ ɢ 

ɢɧɜɟɪɬɢɪɨɜɚɧɢɹ ɩɪɢ ɚɤɬɢɜɧɨ-ɢɧɞɭɤɬɢɜɧɨɣ ɧɚɝɪɭɡ-
ɤɟ ɫ ɩɪɨɬɢɜɨ-ɗȾɋ (ɉɗȾɋ). ɂɧɞɭɤɬɢɜɧɵɣ ɯɚɪɚɤɬɟɪ 
ɧɚɝɪɭɡɤɢ ɢɦɢɬɢɪɨɜɚɥɫɹ ɡɚ ɫɱɟɬ ɤɚɬɭɲɤɢ ɢɧɞɭɤɬɢɜ-
ɧɨɫɬɢ LɎ (ɪɢɫ. 9); 

- ɪɟɜɟɪɫɢɜɧɨɝɨ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɝɨ ɩɪɟ-
ɨɛɪɚɡɨɜɚɬɟɥɹ [8, 12] ɜ ɪɟɠɢɦɚɯ ɜɵɩɪɹɦɥɟɧɢɹ ɢ 

ɢɧɜɟɪɬɢɪɨɜɚɧɢɹ ɩɪɢ ɚɤɬɢɜɧɨ-ɢɧɞɭɤɬɢɜɧɨɣ ɧɚɝɪɭɡ-
ɤɟ ɫ ɉɗȾɋ; 

- ɨɞɧɨɮɚɡɧɨɝɨ ɚɜɬɨɧɨɦɧɨɝɨ ɢɧɜɟɪɬɨɪɚ ɧɚ-
ɩɪɹɠɟɧɢɹ [12] ɜ ɪɟɠɢɦɚɯ ɜɵɩɪɹɦɥɟɧɢɹ ɢ ɢɧɜɟɪɬɢ-

ɪɨɜɚɧɢɹ ɩɪɢ ɚɤɬɢɜɧɨ-ɢɧɞɭɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɟ. ɂɧ-

ɞɭɤɬɢɜɧɵɣ ɯɚɪɚɤɬɟɪ ɧɚɝɪɭɡɤɢ ɢɦɢɬɢɪɨɜɚɥɫɹ ɡɚ 
ɫɱɟɬ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ ɦɟɠɞɭ ɧɚ-
ɩɪɹɠɟɧɢɟɦ ɢ ɠɟɥɚɟɦɵɦ ɬɨɤɨɦ ɧɚɝɪɭɡɤɢ ɫɢɫɬɟɦɨɣ 

ɭɩɪɚɜɥɟɧɢɹ Ɉɉɇ1. Ʉɚɬɭɲɤɚ ɢɧɞɭɤɬɢɜɧɨɫɬɢ LɎ ɢ 

ɤɨɧɞɟɧɫɚɬɨɪ ɋɎ (ɪɢɫ. 9) ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɵɩɨɥ-
ɧɹɸɬ ɪɨɥɶ ɮɢɥɶɬɪɚ, ɜɵɞɟɥɹɸɳɟɝɨ ɩɟɪɜɭɸ ɝɚɪɦɨ-
ɧɢɤɭ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɚɜɬɨɧɨɦɧɨɝɨ ɢɧɜɟɪ-
ɬɨɪɚ.  

ɇɚ ɪɢɫ. 10 ɩɪɢɜɟɞɟɧɵ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɬɨɤɨɜ ɢ 

ɧɚɩɪɹɠɟɧɢɣ ɨɞɧɨɮɚɡɧɨɝɨ ɇɉɍ ɫɨ ɫɬɨɪɨɧɵ ɧɚɝɪɭɡ-
ɤɢ ɢ ɫɟɬɢ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɬɪɟɯɮɚɡɧɨɝɨ ɪɟɜɟɪ-
ɫɢɜɧɨɝɨ ɬɢɪɢɫɬɨɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (Ɍɉ), ɪɚɛɨ-
ɬɚɸɳɟɝɨ ɧɚ ɚɤɬɢɜɧɨ-ɢɧɞɭɤɬɢɜɧɭɸ ɧɚɝɪɭɡɤɭ ɫ 
ɉɗȾɋ ɜ ɜɵɩɪɹɦɢɬɟɥɶɧɨɦ (ɚ) ɢ ɢɧɜɟɪɬɨɪɧɨɦ (ɛ) 

ɪɟɠɢɦɚɯ. ȼ ɪɟɠɢɦɟ ɜɵɩɪɹɦɥɟɧɢɹ ɷɧɟɪɝɢɹ, ɩɨɬɪɟɛ-
ɥɹɟɦɚɹ Ɍɉ, ɡɚ ɜɵɱɟɬɨɦ ɩɨɬɟɪɶ ɜ ɇɉɍ ɜɨɡɜɪɚɳɚɟɬ-
ɫɹ ɜ ɫɟɬɶ (ɪɢɫ. 10, ɚ). ȼ ɪɟɠɢɦɟ ɢɧɜɟɪɬɢɪɨɜɚɧɢɹ 
ɇɉɍ, ɧɚɨɛɨɪɨɬ, ɩɢɬɚɟɬ Ɍɉ ɫɨ ɫɬɨɪɨɧɵ ɧɚɝɪɭɡɤɢ. 

ɉɪɢ ɷɬɨɦ ɇɉɍ ɩɟɪɟɯɨɞɢɬ ɜ ɪɟɠɢɦ ɜɵɩɪɹɦɥɟɧɢɹ, ɚ 
ɬɪɟɯɮɚɡɧɵɣ Ɍɉ – ɜ ɢɧɜɟɪɬɨɪɧɵɣ (ɪɢɫ. 10, ɛ). 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɇɉɍ = f (), cos ɇɉɍ = f (), ɇɉɍ = f (), 

Ɍɉ = f () ɨɞɧɨɮɚɡɧɨɝɨ ɇɉɍ, ɫɧɹɬɵɟ ɩɪɢ ɩɨɫɬɨɹɧ-

ɧɨɦ ɡɧɚɱɟɧɢɢ ɬɨɤɚ ɧɚɝɪɭɡɤɢ (ɪɟɠɢɦ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɬɨɤɚ ɜ ɇɉɍ), ɩɪɟɞɫɬɚɜɥɟɧɵ  ɧɚ ɪɢɫ. 11. Ɂɞɟɫɶ ɇɉɍ, 

ɇɉɍcos  – ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ ɢ ɦɨɞɭɥɶ 
cos ɇɉɍ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ɇɉɍ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɇɉɍ; Ɍɉ – ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɦɨɳɧɨɫɬɢ Ɍɉ;  – ɭɝɨɥ ɭɩɪɚɜɥɟɧɢɹ Ɍɉ. 

ȼɢɞɧɨ, ɱɬɨ ɇɉɍ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɢɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɬɚɤɢɟ ɤɚɤ ɤɨɷɮɮɢ-

ɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɇɉɍ ɢ cos ɇɉɍ, ɛɥɢɡɤɢɟ ɤ ɟɞɢ-

ɧɢɰɟ, ɤɨɝɞɚ ɮɚɡɨɜɵɣ ɫɞɜɢɝ ɦɟɠɞɭ ɧɚɩɪɹɠɟɧɢɟɦ 

ɢ ɬɨɤɨɦ ɫɟɬɢ ɪɚɜɟɧ ɧɭɥɸ ɜ ɪɟɠɢɦɟ ɜɵɩɪɹɦɥɟɧɢɹ 
(ɪɢɫ. 10, ɛ), ɥɢɛɨ 180 ɷɥ. ɝɪɚɞ ɜ ɪɟɠɢɦɟ ɢɧɜɟɪɬɢ-

ɪɨɜɚɧɢɹ (ɪɢɫ. 10, ɚ), ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɨɛɥɚɫɬɢ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɭɝɥɚɦ ɭɩɪɚɜɥɟɧɢɹ Ɍɉ 60 <  < 

90 ɷɥ. ɝɪɚɞ, ɜ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɧɚ ɪɟɠɢɦɚ 
ɪɚɛɨɬɵ ɇɉɍ (ɪɢɫ. 11). ɄɉȾ ɧɚɝɪɭɡɨɱɧɨ-

ɩɢɬɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɣ ɢ ɧɟ 
ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɹ 0,8 (ɪɢɫ. 11), ɱɬɨ ɨɛɴɹɫɧɹ-
ɟɬɫɹ ɦɚɥɨɣ ɦɨɳɧɨɫɬɶɸ ɇɉɍ, ɤɨɝɞɚ ɫɭɦɦɚɪɧɵɟ 
ɩɨɬɟɪɢ ɫɨɫɬɚɜɥɹɸɬ ɫɭɳɟɫɬɜɟɧɧɭɸ ɱɚɫɬɶ ɦɨɳɧɨ-

ɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. ɉɪɢ ɛɨɥɶɲɢɯ ɦɨɳɧɨɫɬɹɯ ɇɉɍ ɜɨɡɪɚɫɬɚɟɬ ɢ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɣ 0,9 ɢ ɜɵ-

ɲɟ. ɉɪɢ   95 ɷɥ. ɝɪɚɞ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ 
ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɚ ɦɨɳɧɨɫɬɢ ɜ Ɍɉ ɢ ɩɟɪɟɯɨɞ 

ɟɝɨ ɢɡ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ( < 95 ɷɥ. ɝɪɚɞ) ɜ ɢɧ-

ɜɟɪɬɨɪɧɵɣ ( > 95 ɷɥ. ɝɪɚɞ) ɪɟɠɢɦɵ ɪɚɛɨɬɵ. 
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Ɋɢɫ. 9. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɨɞɧɨɮɚɡɧɨɝɨ ɧɚɝɪɭɡɨɱɧɨ-ɩɢɬɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ 
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Ɉɞɧɨɮɚɡɧɵɟ ɨɛɪɚɬɢɦɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɧɚɩɪɹ-
ɠɟɧɢɹ, ɪɚɛɨɬɚɸɳɢɟ ɜ ɪɟɠɢɦɚɯ ɚɤɬɢɜɧɨɝɨ ɮɢɥɶɬɪɚ 
ɢ ɤɨɦɩɟɧɫɚɬɨɪɚ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɚ ɬɚɤɠɟ 
ɨɞɧɨɮɚɡɧɨɟ ɇɉɍ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɚɜɬɨɦɚɬɢɡɢɪɨ-
ɜɚɧɧɨɦ ɥɚɛɨɪɚɬɨɪɧɨɦ ɤɨɦɩɥɟɤɫɟ «ɗɧɟɪɝɨɫɛɟɪɟ-
ɝɚɸɳɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɷɥɟɤɬɪɨɧɢɤɚ», ɢɡɝɨɬɨɜɥɟɧ-

ɧɨɦ ɜ ɈɈɈ ɇɉɉ «ɍɱɬɟɯ-ɉɪɨɮɢ». ɇɚ ɫɬɟɧɞɟ ɢɡɭ-
ɱɚɟɬɫɹ ɛɨɥɶɲɢɧɫɬɜɨ ɷɥɟɦɟɧɬɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ 
ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɫɢɥɨɜɨɣ ɷɥɟɤɬɪɨɧɢɤɢ 

[21–25]. ɂɫɫɥɟɞɭɸɬɫɹ ɬɚɤɠɟ ɜɫɟ ɤɥɚɫɫɵ ɫɨɜɪɟɦɟɧ-

ɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬ-
ɫɹ ɢɡɭɱɟɧɢɸ ɢ ɢɡɦɟɪɟɧɢɸ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚ-
ɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɚɦ ɭɥɭɱɲɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ 

ɤɚɱɟɫɬɜɚ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 
 

Зɚɤɥɸɱɟɧɢɟ 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ 

ɩɪɚɤɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟ-
ɞɭɸɳɢɟ ɜɵɜɨɞɵ. 

1. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɚɥɝɨ-
ɪɢɬɦɚ ɩɟɪɟɤɥɸɱɟɧɢɹ ɫɢɥɨɜɵɯ ɤɥɸɱɟɣ (ɨɞɧɨɩɨ-
ɥɹɪɧɚɹ ɦɨɞɭɥɹɰɢɹ) ɫ ɭɞɜɨɟɧɢɟɦ ɱɚɫɬɨɬɵ ɢɦɩɭɥɶ-
ɫɨɜ ɧɚ ɜɵɯɨɞɟ ɩɨɡɜɨɥɹɟɬ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɢɦɦɟɬ-
ɪɢɱɧɵɦ ɫɩɨɫɨɛɨɦ ɭɩɪɚɜɥɟɧɢɹ (ɞɜɭɯɩɨɥɹɪɧɚɹ 
ɦɨɞɭɥɹɰɢɹ) ɭɥɭɱɲɢɬɶ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ Ɉɉɇ ɢ 

ɭɦɟɧɶɲɢɬɶ ɟɝɨ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɡɚ 
ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɜɯɨɞɧɨɝɨ ɞɪɨɫɫɟɥɹ ɜ 
ɱɟɬɵɪɟ ɪɚɡɚ. 

2. ɂɧɬɟɝɪɢɪɭɸɳɢɟ ɪɚɡɜɟɪɬɵɜɚɸɳɢɟ ɩɪɟɨɛ-
ɪɚɡɨɜɚɬɟɥɢ ɫ ɒɂɆ-2 ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɭɸ ɩɨ-
ɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ Ɉɉɇ ɫɨ 
ɫɬɨɪɨɧɵ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ ɩɨ ɨɬɧɨɲɟɧɢɸ 

ɤ ɫɢɝɧɚɥɚɦ ɜɧɟɲɧɢɯ ɩɨɦɟɯ ɫ ɱɚɫɬɨɬɧɵɦ ɫɩɟɤɬɪɨɦ, 

ɛɥɢɡɤɢɦ ɢɥɢ ɩɪɟɜɵɲɚɸɳɢɦ ɱɚɫɬɨɬɭ ɧɟɫɭɳɢɯ ɤɨ-
ɥɟɛɚɧɢɣ Ɋɉ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɡɚɦɤɧɭɬɵɦ ɯɚɪɚɤɬɟ-
ɪɨɦ ɫɬɪɭɤɬɭɪɵ Ɋɉ ɢ ɧɚɥɢɱɢɟɦ ɢɧɬɟɝɪɚɬɨɪɚ ɜ ɩɪɹ-
ɦɨɦ ɤɚɧɚɥɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

3. Ⱥɞɚɩɬɢɜɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɢɧɯɪɨɧɢɡɚɰɢɢ, 

ɩɪɢɦɟɧɹɟɦɨɟ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ Ɉɉɇ, ɨɛɟɫɩɟ-
ɱɢɜɚɟɬ ɚɜɬɨɩɨɞɫɬɪɨɣɤɭ ɫɜɨɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɭɫ-
ɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɩɪɢ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɚɦɩɥɢ-

ɬɭɞɵ ɢ ɱɚɫɬɨɬɵ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ ɜ ɩɪɟɞɟɥɚɯ 50 % 

ɢ ɞɚɠɟ ɜɵɲɟ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɭɸ ɩɨɦɟɯɨɭɫɬɨɣɱɢ-

ɜɨɫɬɶ ɤ ɫɢɝɧɚɥɚɦ ɜɧɟɲɧɢɯ ɩɨɦɟɯ, ɧɚɜɨɞɢɦɵɯ ɫɨ 
ɫɬɨɪɨɧɵ ɫɢɧɯɪɨɧɢɡɢɪɭɸɳɟɝɨ ɤɚɧɚɥɚ ɍɋ ɜɫɥɟɞɫɬ-
ɜɢɟ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɫɢɥɨɜɵɯ ɜɟɧɬɢɥɶɧɵɯ ɩɪɟ-
ɨɛɪɚɡɨɜɚɬɟɥɟɣ. 

4. ɉɪɢɦɟɧɟɧɢɟ ɨɞɧɨɮɚɡɧɨɝɨ Ɉɉɇ, ɪɚɛɨɬɚɸ-

ɳɟɝɨ ɜ ɪɟɠɢɦɚɯ ɚɤɬɢɜɧɨɝɨ ɮɢɥɶɬɪɚ ɜɵɫɲɢɯ ɝɚɪ-
ɦɨɧɢɤ ɢ ɤɨɦɩɟɧɫɚɬɨɪɚ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɨ-
ɡɜɨɥɹɟɬ ɭɥɭɱɲɢɬɶ ɫɩɟɤɬɪɚɥɶɧɵɣ ɫɨɫɬɚɜ ɬɨɤɚ, ɩɨ-
ɬɪɟɛɥɹɟɦɨɝɨ ɢɡ ɫɟɬɢ, ɢ ɫɧɢɡɢɬɶ ɟɝɨ ɞɟɣɫɬɜɭɸɳɟɟ 
ɡɧɚɱɟɧɢɟ, ɜɫɥɟɞɫɬɜɢɟ ɭɥɭɱɲɟɧɢɹ ɬɚɤɢɯ ɩɨɤɚɡɚɬɟ-

Ɋɢɫ. 10. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɨɞɧɨɮɚɡɧɨɝɨ ɇɉɍ ɫɨ ɫɬɨɪɨɧɵ ɧɚɝɪɭɡɤɢ ɢ ɫɟɬɢ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ 
ɬɪɟɯɮɚɡɧɨɝɨ ɪɟɜɟɪɫɢɜɧɨɝɨ ɬɢɪɢɫɬɨɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɚɤɬɢɜɧɨ-ɢɧɞɭɤɬɢɜɧɭɸ ɧɚɝɪɭɡɤɭ 

ɫ ɉɗȾɋ ɜ ɜɵɩɪɹɦɢɬɟɥɶɧɨɦ  = 30 ɷɥ. ɝɪɚɞ (ɚ) ɢ ɢɧɜɟɪɬɨɪɧɨɦ  = 135 ɷɥ. ɝɪɚɞ (ɛ) ɪɟɠɢɦɚɯ 
 

 
Ɋɢɫ. 11. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɞɧɨɮɚɡɧɨɝɨ 

ɇɉɍ: ɇɉɍ = f (), ɇɉɍcos  = f (), ɇɉɍη = f (),  

Ɍɉ  = f () ɩɪɢ ɩɨɞɞɟɪɠɚɧɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɬɨɤɚ ɧɚɝɪɭɡɤɢ 
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ɥɟɣ ɫɢɫɬɟɦɵ ɤɚɤ  ɢ cos. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɧɢɠɚɟɬɫɹ 
ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

5. ɇɉɍ ɹɜɥɹɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɧɚɝɪɭɡɤɨɣ, ɩɨ-
ɡɜɨɥɹɸɳɟɣ ɢɫɫɥɟɞɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɜɫɟ ɜɢɞɵ ɫɢɥɨɜɵɯ 
ɜɟɧɬɢɥɶɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɜ ɜɵɩɪɹɦɢɬɟɥɶɧɨɦ ɢ 

ɢɧɜɟɪɬɨɪɧɨɦ ɪɟɠɢɦɚɯ, ɧɨ ɢ ɞɪɭɝɢɯ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟ-
ɫɤɢɯ ɭɫɬɪɨɣɫɬɜ, ɧɚɩɪɢɦɟɪ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ, 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɢ ɬ.ɞ. ɜ ɪɟɠɢ-

ɦɚɯ ɩɨɬɪɟɛɥɟɧɢɹ ɢ ɪɟɤɭɩɟɪɚɰɢɢ ɷɧɟɪɝɢɢ. 

6. ɇɉɍ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɢɟ ɷɧɟɪɝɟɬɢɱɟ-
ɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɬɚɤɢɟ ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨ-
ɫɬɢ χ ɢ cosφ, ɛɥɢɡɤɢɟ ɤ ɟɞɢɧɢɰɟ. ɉɪɢ ɷɬɨɦ ɜɫɹ 
ɷɧɟɪɝɢɹ ɡɚ ɜɵɱɟɬɨɦ ɩɨɬɟɪɶ ɜ ɇɉɍ, ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɩɚɫɫɢɜɧɵɯ ɧɚɝɪɭɡɨɤ, ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɫɟɬɶ, ɱɬɨ ɩɨ-
ɡɜɨɥɹɟɬ ɫɷɤɨɧɨɦɢɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɢ-

ɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜɨ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ 

ɪɚɡɥɢɱɧɵɯ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ, ɨɫɨ-
ɛɟɧɧɨ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ. 
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Energy-Efficient Technologies in Test Beds with Application 
of Single-Phase Reversible Converters 

М.М. Dudkin, South Ural State University, Chelyabinsk, Russian Federation, dudkinmax@mail.ru 
 

The lowering of losses and refinement of electrical energy in electric mains is one of the most important tasks 

at solution of a resource economies problem, in particular, energy savings in industrial technological systems and 

complexes. One of the possible candidate solutions of the given problem is the application of reversible voltage 

converter (RVC). 

In article the results of experimental investigating of a single-phase RVC, operating under of higher harmonics 

active filter and reactive power compensation and also for the first time of offered single-phase load-feeding device 

intended for a test and research of electric energy converters and other electrotechnical equipment as on direct and 

alternating-current are given. The considered devices ensure lowering of power consumption and improvement of 

electrical energy quality. The high operate reliability and noise stability of a control system and also improvement 

bulk-overall indices of RVC is reached at the expense of application of integrating sweep converters and unipolar 

modulation at switching power valves. The results of operation are used in the automized laboratory complex 

«Energy-efficient power electronics». 

Keywords: reversible voltage converter, active filter, reactive power compensator, load-feeding device, inte-

grating sweep converter, thyristor converter, frequency converter. 
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