
 
 

 128 ȼɟɫɬɧɢɤ ɘɍɪȽɍ. ɋɟɪɢɹ «ɗɧɟɪɝɟɬɢɤɚ»

ȼɜɟɞɟɧɢɟ  
Ɇɟɬɨɞɵ ɚɧɚɥɢɡɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ (ɗɆɉ), 
ɛɚɡɢɪɭɸɳɢɟɫɹ ɧɚ ɟɫɬɟɫɬɜɟɧɧɨɣ ɬɪɟɯɮɚɡɧɨɣ ɫɢɫɬɟ-
ɦɟ ɢɫɬɨɱɧɢɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɧɟ ɩɨɥɭɱɢɥɢ 
ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. Аɥɝɨɪɢɬɦɵ ɭɩɪɚɜɥɟɧɢɹ 
ɗɆɉ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɨɫ-
ɧɨɜɟ ɬɟɨɪɢɢ ɞɜɭɯɮɚɡɧɨɣ ɨɛɨɛɳɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɣ ɦɚɲɢɧɵ Д1] ɫ ɩɪɹɦɵɦ ɢ ɨɛɪɚɬɧɵɦ ɩɪɟɨɛɪɚɡɨ-
ɜɚɧɢɟɦ ɬɪɟɯɮɚɡɧɵɯ ɤɨɨɪɞɢɧɚɬ. Кɨɧɟɱɧɚɹ ɰɟɥɶ 
ɷɬɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ 
ɬɟɤɭɳɢɯ ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɧɧɵɯ ɭɩɪɚɜɥɟɧɢɹ ɩɨ 
ɦɝɧɨɜɟɧɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɗɆɉ, ɞɨɫɬɭɩɧɵɦ ɞɥɹ 
ɩɪɹɦɨɝɨ ɢɡɦɟɪɟɧɢɹ. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦɭ ɪɟɲɟɧɢɸ 
ɷɬɨɣ ɡɚɞɚɱɢ ɜ ɬɪɟɯɮɚɡɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɩɪɟ-
ɩɹɬɫɬɜɭɟɬ ɱɚɫɬɨɬɧɨ-ɫɤɨɪɨɫɬɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɬɨ-
ɤɨɫɰɟɩɥɟɧɢɣ ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɟɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɗɆɉ. ɗɬɨ ɩɪɟɩɹɬɫɬ-
ɜɢɟ ɩɪɟɨɞɨɥɟɜɚɟɬɫɹ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɦɟɬɨɞɨɦ 
ɫɭɦɦɢɪɨɜɚɧɢɹ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɢ ɢ 
ɦɨɳɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɮɚɡ, ɢɧɜɚɪɢɚɧɬɧɨɝɨ ɩɟɪɟɯɨɞɚ 
ɤ ɨɛɨɛɳɟɧɧɨɦɭ ɷɧɟɪɝɨɩɨɬɨɤɭ ɢ ɩɨɥɭɱɟɧɢɸ ɤɚɱɟɫɬ-
ɜɟɧɧɨ ɧɨɜɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɗɆɉ. 

ɋɮɟɪɚ ɩɪɢɦɟɧɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ 
ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚ ɗɆɉ ɩɨɫɬɟɩɟɧɧɨ ɪɚɫɲɢɪɹɟɬɫɹ ɜ 
ɨɛɥɚɫɬɢ ɦɨɧɢɬɨɪɢɧɝɚ ɧɚɝɪɭɡɤɢ Д2–5], ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɪɨɰɟɫɫɨɜ Д6], ɪɟɲɟɧɢɹ 
ɡɚɞɚɱ ɭɩɪɚɜɥɟɧɢɹ Д7–9]. ȼɨɡɧɢɤɥɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ 
ɫɢɫɬɟɦɧɨɦ ɢɡɥɨɠɟɧɢɢ ɨɫɧɨɜɧɵɯ ɩɨɥɨɠɟɧɢɣ ɞɚɧ-
ɧɨɝɨ ɦɟɬɨɞɚ ɢ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɤ ɪɟɲɟɧɢɸ ɩɪɢ-
ɤɥɚɞɧɵɯ ɡɚɞɚɱ ɭɩɪɚɜɥɟɧɢɹ. 

 
ɋɜɨɣɫɬɜɚ ɦɝɧɨɜɟɧɧɵх ɷɧɟɪɝɟɬɢчɟɫɤɢх 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ЭМП 
Ɋɟɲɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɜɵɩɨɥɧɢɦ ɫ 

ɨɪɢɟɧɬɚɰɢɟɣ ɧɚ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨ-
ɜɚɧɢɹ ɜ ɚɫɢɧɯɪɨɧɧɵɯ (АȾ) ɢ ɫɢɧɯɪɨɧɧɵɯ (ɋȾ) 

ɞɜɢɝɚɬɟɥɹɯ. Ɍɪɟɯɮɚɡɧɭɸ ɫɢɫɬɟɦɭ ɗɆɉ ɫɱɢɬɚɟɦ 
ɫɢɦɦɟɬɪɢɱɧɨɣ ɢ ɥɢɧɟɣɧɨɣ, ɚ ɧɚɩɪɹɠɟɧɢɹ (ɬɨɤɢ) 
ɬɪɟɯɮɚɡɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ – ɫɢɧɭɫɨɢɞɚɥɶɧɵ-
ɦɢ. Ɉɛɨɡɧɚɱɢɦ ɮɭɧɤɰɢɹɦɢ W1(Э) ɢ P1(Э) ɨɛɨɛɳɟɧ-
ɧɵɣ ɷɧɟɪɝɨɩɨɬɨɤ ɢ ɫɭɦɦɚɪɧɭɸ ɦɨɳɧɨɫɬɶ ɧɚ ɜɯɨɞɟ 
ɬɪɟɯɮɚɡɧɨɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɗɆɉ ɜ 
ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ Э: 

     
ɧ

Э

1 1 1 ɧ
Э

W Э P Э НЭ W Э  , 

ɝɞɟ                  1 a a b b М МP Э Ю Т Ю Т Ю Т      ,  (1) 
Эɧ – ɧɚɱɚɥɨ ɨɬɫɱɟɬɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɨɤɨɧɱɚ-

ɧɢɸ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɪɟɠɢɦɚ ɩɭɫɤɚ. 
ɍɪɚɜɧɟɧɢɟ (1) ɨɩɪɟɞɟɥɹɟɬ ɜɡɚɢɦɨɫɜɹɡɶ ɨɛɨɛ-

ɳɟɧɧɨɝɨ ɷɧɟɪɝɨɩɨɬɨɤɚ ɫ ɦɝɧɨɜɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ 
ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɮɚɡ ɗɆɉ ɜ ɪɟɠɢɦɚɯ ɩɪɹɦɨɝɨ 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. Аɧɚɥɨɝɢɱ-
ɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɜɜɟɞɟɦ ɢ ɞɥɹ ɷɧɟɪɝɨɩɨɬɨɤɚ ɧɚ 
ɜɵɯɨɞɟ ɗɆɉ: 

     
ɧ

2Э
ɧ

2 2
Э

J Э
W Э P Э НЭ

2
  , 

ɝɞɟ                         2 МP Э Э M Э   ,   (2) 
ω (Э) ɢ MМ (Э) – ɦɝɧɨɜɟɧɧɵɟ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɢ ɦɨ-
ɦɟɧɬ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɦɟɯɚɧɢɱɟ-
ɫɤɨɣ ɧɚɝɪɭɡɤɢ. 

ɉɪɟɞɫɬɚɜɥɹɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɭɸ ɫɢɫɬɟɦɭ ɗɆɉ ɜ 
ɜɢɞɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ, ɪɚɫɫɦɨɬ-
ɪɢɦ ɨɬɞɟɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɷɧɟɪɝɨɩɨɬɨɤɚ W1(Э): 
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ɍȾɄ 621.311 

ɈɋɇɈȼЫ ɌȿɈɊɂɂ ɈȻɈȻЩȿɇɇɈȽɈ ɗɇȿɊȽɈɉɈɌɈɄȺ 
ɌɊȿɏɎȺɁɇЫɏ ɗɅȿɄɌɊɈɆȿɏȺɇɂЧȿɋɄɂɏ ɉɊȿɈȻɊȺɁɈȼȺɌȿɅȿɃ 
ȼ.И. ɋɦɨɥɢɧ, И.Ƚ. Ɍɨɩɨɥɶɫɤɚя 
 
 

Ɋɚɫɫɦɨɬɪɟɧɵ ɫɜɨɣɫɬɜɚ ɦɝɧɨɜɟɧɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɬɪɟɯɮɚɡɧɵɯ ɰɟɩɹɯ ɷɥɟɤɬɪɨɦɟ-
ɯɚɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɭɦɦɢɪɨɜɚɧɢɹ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ ɨɬɞɟɥɶ-
ɧɵɯ ɮɚɡ ɢ ɢɧɜɚɪɢɚɧɬɧɨɝɨ ɩɟɪɟɯɨɞɚ ɤ ɨɛɨɛɳɟɧɧɨɦɭ ɷɧɟɪɝɨɩɨɬɨɤɭ ɩɨɥɭɱɟɧɵ ɭɪɚɜɧɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɛɚɥɚɧɫɚ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɛɨɛ-
ɳɟɧɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɫɭɦɦɚɪɧɨɝɨ ɷɧɟɪɝɨɩɨɬɨɤɚ ɢɦɟɸɬ ɚɧɚɥɨɝɨɜɵɣ ɯɚɪɚɤɬɟɪ, ɤɚɤ ɜ ɰɟɩɹɯ ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ. Ⱦɚɧɧɨɟ ɫɜɨɣɫɬɜɨ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɵɟ ɚɧɚɥɨɝɨɜɵɟ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ 
ɭɫɬɪɨɣɫɬɜ. ɇɚ ɤɨɧɤɪɟɬɧɨɦ ɩɪɢɦɟɪɟ ɢɫɫɥɟɞɨɜɚɧɵ ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɚɧɚɥɨɝɨɜɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɦɨ-
ɞɟɥɢ ɢ ɩɨɤɚɡɚɧ ɤɜɚɡɢɞɢɧɚɦɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɭɪɚɜɧɟɧɢɣ ɨɛɨɛɳɟɧɧɨɝɨ ɷɧɟɪɝɨɩɨɬɨɤɚ. ɉɪɢɜɟɞɟɧɵ ɩɪɢɦɟ-
ɪɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɦɨɧɢɬɨɪɢɧɝɚ ɧɚɝɪɭɡɤɢ ɬɪɟɯɮɚɡɧɨɝɨ 
ɚɫɢɧɯɪɨɧɧɨɝɨ ɩɪɢɜɨɞɚ ɢ ɩɨɥɭɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ, ɧɟɞɨɫɬɭɩɧɵɯ ɞɥɹ ɩɪɹɦɨɝɨ ɢɡɦɟɪɟɧɢɹ. Ɋɚɫɫɦɨɬɪɟɧɚ ɜɚ-
ɪɢɚɰɢɨɧɧɚɹ ɡɚɞɚɱɚ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɦ ɬɟɯɧɢɱɟɫɤɢɦ 
ɞɚɧɧɵɦ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ, ɦɝɧɨɜɟɧɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɹ, ɛɚɥɚɧɫ ɦɨɳɧɨɫɬɢ, ɚɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ, ɦɨɧɢɬɨɪɢɧɝ ɧɚɝɪɭɡɤɢ. 
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W Э P Э НЭ   , 

ɝɞɟ    2 2 2
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W Э

2

   , 

ɝɞɟ      Ls ' ' '
Ls S a a b b М М

НW Э
P Э L Т Т Т Т Т Т

НЭ
        ; 

   M a b a М b МЭ M Т Т Т Т Т ТW        , 

 ɝɞɟ 
 M

Ɇ
НW Э

P
НЭ

 . 

ɂɧɞɟɤɫɚɦɢ ɜ (3) ɨɛɨɡɧɚɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ 
ɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ: «ɗɆ» – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ, 
«ɗ» – ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɬɟɪɶ, «0» – ɦɚɝɧɢɬɧɵɯ ɩɨ-
ɬɟɪɶ, «L0» – ɪɚɛɨɱɟɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, «LS» – 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɪɚɫɫɟɢɜɚɧɢɹ, «Ɇ» – ɜɡɚɢɦɧɨɣ 
ɢɧɞɭɤɬɢɜɧɨɫɬɢ, Т’ – ɩɪɨɢɡɜɨɞɧɚɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟ-
ɝɨ ɬɨɤɚ. 

ɂɡ ɭɪɚɜɧɟɧɢɹ (3) ɫɥɟɞɭɟɬ, ɱɬɨ ɨɛɨɛɳɟɧɧɵɣ 
ɷɧɟɪɝɨɩɨɬɨɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫ-
ɬɢ ɤɜɚɞɪɚɬɢɱɧɨɣ ɢɥɢ ɦɭɥɶɬɢɩɥɢɤɚɬɢɜɧɨɣ ɡɚɜɢɫɢ-
ɦɨɫɬɶɸ ɨɬ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟ-
ɧɢɣ. Ɋɚɫɫɦɨɬɪɢɦ ɞɚɧɧɵɣ ɮɚɤɬɨɪ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ. 
Ɉɛɨɡɧɚɱɢɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɤɜɚɞɪɚɬɢɱɧɭɸ ɫɭɦ-
ɦɭ ɦɝɧɨɜɟɧɧɵɯ ɬɨɤɨɜ ɭɪɚɜɧɟɧɢɣ (3) ɜ ɜɢɞɟ I1

2(Э), 
I0

2(Э), I2
2(Э), ɚ ɩɟɪɟɦɟɧɧɵɟ I1(Э), I0(Э), I2(Э) – ɨɛɨɛ-

ɳɟɧɧɵɦɢ ɢɥɢ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ ɬɨɤɚɦɢ. ȼ ɦɨɧɨ-
ɝɪɚɮɢɢ А.А. Ƚɨɪɟɜɚ Д10] ɨɧɢ ɨɛɨɡɧɚɱɟɧɵ ɤɚɤ ɦɨ-
ɞɭɥɢ ɢɡɨɛɪɚɠɚɸɳɢɯ ɜɟɤɬɨɪɨɜ ɬɨɤɨɜ, ɜ Д11, 12] – 
ɦɨɞɭɥɢ ɪɟɡɭɥɶɬɢɪɭɸɳɢɯ ɢɥɢ ɨɛɨɛɳɟɧɧɵɯ ɬɨɤɨɜ. 
Кɚɤ ɪɟɠɢɦɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɛɨɛɳɟɧɧɨɝɨ ɷɧɟɪɝɨɩɨ-
ɬɨɤɚ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɬɨɤɢ ɹɜɥɹɸɬɫɹ ɫɤɚɥɹɪɧɵɦɢ 
ɩɟɪɟɦɟɧɧɵɦɢ, ɨɛɥɚɞɚɸɳɢɟ ɫɜɨɣɫɬɜɨɦ:    2 2 2 2 2

0 0a 0b 0М 0mI Э Т Т Т 1,5 I Э     ; 

   2 2 2 2 2
1 a b М 1mI Э Т Т Т 1,5 I Э     ;              (4) 

   2 2 2 2 2
2 2a 2b 2М 2mI Э Т Т Т 1,5 I Э     , 

ɝɞɟ I0m(Э), I1m(Э), I2m(Э) – ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɢɯ ɮɚɡɧɵɯ ɬɨɤɨɜ. 

ȿɫɥɢ ɫɱɢɬɚɬɶ ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɞɨɫɬɚɬɨɱɧɨ ɦɟɞɥɟɧɧɵɦ, 
ɬɚɤ ɱɬɨ ɬɨɤɢ ɢ ɧɚɩɪɹɠɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɢɫ-
ɬɟɦɵ ɗɆɉ ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬ ɫɢɧɭ-
ɫɨɢɞɚɥɶɧɵɯ, ɬɨ ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɬɨɤɢ ɹɜɥɹɸɬ-

ɫɹ ɩɥɚɜɧɨ ɢɡɦɟɧɹɸɳɢɦɢɫɹ ɮɭɧɤɰɢɹɦɢ ɜɪɟɦɟɧɢ, 
ɤɚɤ ɜ ɰɟɩɹɯ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. ȼ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ 
ɪɟɠɢɦɚɯ ɗɆɉ I0, I1, I2 = МonsЭ. 

Ɉɛɨɡɧɚɱɢɦ ɫɭɦɦɭ ɤɜɚɞɪɚɬɨɜ ɦɝɧɨɜɟɧɧɵɯ ɧɚ-
ɩɪɹɠɟɧɢɣ ɮɚɡ ɨɞɧɨɬɢɩɧɵɯ ɚɤɬɢɜɧɵɯ ɢ ɢɧɞɭɤɬɢɜ-
ɧɵɯ ɷɥɟɦɟɧɬɨɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɗɆɉ ɜ 
ɜɢɞɟ  2

1U Э ,  2
RɧU Э ,  2

RɩU Э ,  2
L0U Э ,  2

LsU Э , ɚ 

ɩɟɪɟɦɟɧɧɵɟ  1U Э , …,  LsU Э  – ɨɛɨɛɳɟɧɧɵɦɢ 
ɢɥɢ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ. ɉɨ ɚɧɚɥɨɝɢɢ 
ɫ ɬɨɤɚɦɢ ɨɬɦɟɬɢɦ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɜɵɲɟɭɤɚɡɚɧɧɨɝɨ 
ɫɜɨɣɫɬɜɚ ɢ ɞɥɹ ɤɜɚɞɪɚɬɢɱɧɵɯ ɮɨɪɦ ɦɝɧɨɜɟɧɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ:    2 2 2 2 2

1 a b М 1mU Э Ю Ю Ю 1,5 U Э     ;...; 

   2 2 2 2 2
Ls Lsa Lsb LsМ LsmU Э Ю Ю Ю 1,5 U Э     ,   (5) 

ɝɞɟ U1m, …, ULsm – ɚɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ. 

Аɧɚɥɨɝɨɜɵɟ ɫɜɨɣɫɬɜɚ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɬɨɤɨɜ ɢ 
ɧɚɩɪɹɠɟɧɢɣ ɨɛɴɹɫɧɹɸɬɫɹ ɪɟɚɥɢɡɚɰɢɟɣ ɜ ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɟ ɗɆɉ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ: 2 2 2 2

a 1m 0 1mТ I sТn Э 0,5 I       
2
1m 00,5 I Мos 2 Э    . ɉɪɢ ɫɭɦɦɢɪɨɜɚɧɢɢ ɤɜɚɞɪɚɬɢɱ-

ɧɵɯ ɡɧɚɱɟɧɢɣ ɦɝɧɨɜɟɧɧɵɯ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ 
ɫɢɧɭɫɨɢɞɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɱɚɫɬɨɬɵ 2ω0 ɨɛɪɚ-
ɡɭɸɬ ɫɢɦɦɟɬɪɢɱɧɭɸ ɫɢɫɬɟɦɭ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɢ ɢ ɜɡɚɢɦɧɨ ɤɨɦɩɟɧɫɢɪɭɸɬɫɹ. ɗɤɜɢɜɚ-
ɥɟɧɬɧɵɟ ɬɨɤɢ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɬɚɧɨɜɹɬɫɹ ɱɢɫɬɨ ɚɤ-
ɬɢɜɧɵɦɢ, ɧɟ ɫɨɞɟɪɠɚɳɢɦɢ ɪɟɚɤɬɢɜɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ. 

ȼ Д13] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɭɦɦɚɪɧɚɹ ɦɝɧɨɜɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ ɥɸɛɨɣ ɫɢɦɦɟɬɪɢɱɧɨɣ ɬɪɟɯɮɚɡɧɨɣ ɰɟɩɢ:  1 a a b b М МP Э Ю Т Ю Т Ю Т        

     1m 1m 11,5 U Э I Э Мos Э     ,   (6) 
ɝɞɟ 1(Э) – ɦɝɧɨɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ 
ɦɟɠɞɭ ɫɢɧɭɫɨɢɞɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɢ ɬɨɤɨɦ ɤɚ-
ɠɞɨɣ ɮɚɡɵ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ 
ɫɢɫɬɟɦɟ ɗɆɉ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɝɧɨɜɟɧɧɚɹ ɦɨɳ-
ɧɨɫɬɶ ɷɧɟɪɝɨɩɨɬɨɤɚ ɹɜɥɹɟɬɫɹ ɱɢɫɬɨ ɚɤɬɢɜɧɨɣ ɩɥɚɜ-
ɧɨ ɢɡɦɟɧɹɸɳɟɣɫɹ ɮɭɧɤɰɢɟɣ. Аɧɚɥɨɝɢɱɧɨ ɷɤɜɢɜɚ-
ɥɟɧɬɧɵɦ ɬɨɤɚɦ ɢ ɧɚɩɪɹɠɟɧɢɹɦ ɝɚɪɦɨɧɢɱɟɫɤɢɟ 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɦɝɧɨɜɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɤɚɠɞɨɣ ɮɚ-
ɡɵ ɜɡɚɢɦɧɨ ɤɨɦɩɟɧɫɢɪɭɸɬɫɹ. ɂɯ ɫɭɦɦɚɪɧɚɹ ɦɝɧɨ-
ɜɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Q1*(Э) = 0. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɦɟɯɚ-
ɧɢɱɟɫɤɚɹ ɱɚɫɬɶ ɩɪɢɜɨɞɚ ɧɟ ɩɨɬɪɟɛɥɹɟɬ ɪɟɚɤɬɢɜɧɭɸ 
ɦɨɳɧɨɫɬɶ ɞɚɠɟ ɩɪɢ ɧɚɥɢɱɢɢ ɭɩɪɭɝɢɯ ɫɜɹɡɟɣ Д14], ɜ 
ɷɧɟɪɝɨɩɨɬɨɤɟ ɫɨɛɥɸɞɚɟɬɫɹ ɛɚɥɚɧɫ Q1*(Э) = Q2(Э) = 0. 
ȼ ɨɛɳɟɩɪɢɧɹɬɨɣ ɦɟɬɨɞɢɤɟ ɪɚɫɱɟɬɚ Qɮ ɨɩɪɟɞɟɥɹɟɬ-
ɫɹ ɜ ɜɢɞɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɝɨ ɡɧɚɱɟɧɢɹ ɦɝɧɨɜɟɧ-
ɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɮɚɡɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ  
Q1 = Qa+QМ+Qb = 3Qɮ.  

Ɉɬɫɭɬɫɬɜɢɟ ɜ ɷɧɟɪɝɨɩɨɬɨɤɟ W1(Э) ɢɦɩɭɥɶɫɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɱɚɫɬɨɬɵ ω0 ɨɡɧɚɱɚɟɬ ɢɞɟɚɥɶɧɭɸ 
ɩɥɚɜɧɨɫɬɶ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɷɧɟɪɝɢɢ. ɋ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɢɦɦɟɬɪɢɱɧɵɣ 
ɬɪɟɯɮɚɡɧɵɣ ɗɆɉ ɩɨɞɨɛɟɧ ɦɚɲɢɧɟ ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ. Ɇɧɨɝɨɮɚɡɧɨɟ ɢɫɩɨɥɧɟɧɢɟ ɗɆɉ ɦɨɠɟɬ ɥɢɛɨ 
ɜɨɫɩɪɨɢɡɜɟɫɬɢ, ɥɢɛɨ ɭɯɭɞɲɢɬɶ ɷɬɨ ɤɚɱɟɫɬɜɨ, ɚ ɜ 
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ɢɧɞɭɤɬɨɪɧɵɯ ɦɚɲɢɧɚɯ ɫ ɢɦɩɭɥɶɫɧɵɦ ɷɧɟɪɝɨɧɨɫɢ-
ɬɟɥɟɦ ɤ ɷɬɨɦɭ ɢɞɟɚɥɭ ɦɨɠɧɨ ɥɢɲɶ ɩɪɢɛɥɢɡɢɬɶɫɹ 
ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɤɚɬɭɲɟɤ ɫɬɚɬɨɪɚ. ɉɪɨɰɟɫɫ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɛɨɛɳɟɧɧɨɝɨ ɷɧɟɪɝɨɩɨɬɨɤɚ ɩɨɤɚɡɚɧ 
ɤɚɱɟɫɬɜɟɧɧɨ ɧɚ ɪɢɫ. 1. 

ȼɨɡɜɪɚɳɚɹɫɶ ɤ ɭɪɚɜɧɟɧɢɹɦ (3), ɪɚɫɫɦɨɬɪɢɦ 
ɜɥɢɹɧɢɟ ɢɧɞɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢ-
ɤɢ ɨɛɨɛɳɟɧɧɨɝɨ ɷɧɟɪɝɨɩɨɬɨɤɚ Д15]. ɗɧɟɪɝɢɸ ɢɧ-
ɞɭɤɬɢɜɧɨɫɬɟɣ LТ ɫɢɦɦɟɬɪɢɱɧɨɣ ɬɪɟɯɮɚɡɧɨɣ ɰɟɩɢ 
ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɷɤɜɢɜɚ-
ɥɟɧɬɧɵɣ ɬɨɤ 

     2 2 2 2
Т aТ bТ МТ Т Т

LТ

L Т Т Т L I Э
W Э

2 2

     .      (7) 

ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɢɡɦɟɧɟ-
ɧɢɟɦ ɷɧɟɪɝɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢɧɞɭɤɬɢɜɧɨɫɬɟɣ,    ' ' '

LТ Т aТ aТ bТ bТ МТ МТP Э L Т Т Т Т Т Т       .    (8) 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɮɚɡɧɵɯ 
ɬɨɤɨɜ ɡɚɬɪɭɞɧɹɟɬ ɪɟɚɥɢɡɚɰɢɸ ɭɪɚɜɧɟɧɢɹ (8). ɉɪɚɤ-
ɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɩɪɟɞɟɥɟɧɢɟ ɦɨɳ-
ɧɨɫɬɢ ɢɧɞɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɤɜɚɡɢɞɢɧɚɦɢɱɟ-
ɫɤɨɦɭ ɭɪɚɜɧɟɧɢɸ Д16] 

     Т
LТ Т Т

НI Э
P Э L I Э

НЭ
   .      (9) 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ ɩɨ (8) ɢ (9) ɫɨɜɩɚɞɚ-
ɸɬ, ɟɫɥɢ ɮɚɡɧɵɟ ɬɨɤɢ ɢɧɞɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɨɫ-
ɬɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚ-
ɡɨɜɚɧɢɹ ɫɢɧɭɫɨɢɞɚɥɶɧɵɦɢ ɢ ɫɢɦɦɟɬɪɢɱɧɵɦɢ. ɉɨ-
ɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɨɜ ɩɨ ɤɜɚɡɢɞɢɧɚɦɢɱɟɫɤɨɦɭ 
ɭɪɚɜɧɟɧɢɸ ɞɨɫɬɢɝɚɟɬ ɧɚɢɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɜ 
ɫɥɭɱɚɹɯ ɢɦɩɭɥɶɫɧɨɝɨ ɜɨɡɦɭɳɟɧɢɹ ɷɧɟɪɝɨɩɨɬɨɤɚ ɫɨ 
ɫɬɨɪɨɧɵ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɢɥɢ ɭɩɪɚɜɥɟɧɢɹ.  

ȼ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɗɆɉ 

ɷɧɟɪɝɢɹ WLТ(Э) ɩɨɫɬɨɹɧɧɚ ɢ ɪɚɡɜɢɜɚɟɦɚɹ ɦɚɝ-
ɧɵɦ ɩɨɥɟɦ ɦɨɳɧɨɫɬɶ ɪɚɜɧɚ ɧɭɥɸ. ȼ ɪɟɠɢɦɚɯ ɜɨɡ-
ɪɚɫɬɚɸɳɢɯ ɧɚɝɪɭɡɨɤ ɢɧɞɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ LSТ, 
ɪɚɫɩɨɥɚɝɚɸɳɢɟɫɹ ɜ ɰɟɩɢ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɩɨɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨ, ɜɵɫɬɭɩɚɸɬ ɜ ɪɨɥɢ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɡɚɩɚ-
ɫɚɹ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ. 
ɉɪɢ ɷɬɨɦ ɦɨɳɧɨɫɬɶ PLТ(Э) ɹɜɥɹɟɬɫɹ ɱɢɫɬɨ ɚɤɬɢɜɧɨɣ 
ɢ ɩɨɥɨɠɢɬɟɥɶɧɨɣ (ɭɬɟɱɤɢ ɷɧɟɪɝɢɢ ɫɭɦɦɚɪɧɨɝɨ ɩɨ-
ɬɨɤɚ). ȼ ɪɟɠɢɦɚɯ ɭɦɟɧɶɲɟɧɢɹ ɧɚɝɪɭɡɨɤ ɩɪɨɢɫɯɨ-
ɞɢɬ ɨɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ ɜɨɡɜɪɚɬɚ ɷɧɟɪɝɢɢ ɜ ɨɛɳɢɣ 
ɷɧɟɪɝɨɩɨɬɨɤ. ɉɪɨɬɢɜɨɩɨɥɨɠɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ 
ɩɪɨɰɟɫɫɵ ɩɪɨɢɫɯɨɞɹɬ ɜ ɢɧɞɭɤɬɢɜɧɨɫɬɹɯ L0Т ɩɚɪɚɥ-
ɥɟɥɶɧɵɯ ɜɟɬɜɟɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɧɞɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɨɛɭ-
ɫɥɚɜɥɢɜɚɸɬ ɩɪɨɬɟɤɚɧɢɟ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ: ɛɵɫɬɪɨɦɟɧɹɸɳɟ-
ɝɨɫɹ ɫ ɱɚɫɬɨɬɨɣ 2ω0 ɨɛɦɟɧɚ ɷɧɟɪɝɢɢ ɦɟɠɞɭ ɮɚɡɨɣ 
ɢɫɬɨɱɧɢɤɚ ɢ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɮɚɡɵ ɢɧɞɭɤɬɢɜɧɨ-
ɫɬɢ ɢ ɛɨɥɟɟ ɦɟɞɥɟɧɧɵɦ ɚɧɚɥɨɝɨɜɵɦ ɩɪɨɰɟɫɫɨɦ 
ɧɚɤɨɩɥɟɧɢɹ ɢ ɪɟɤɭɩɟɪɚɰɢɢ ɷɧɟɪɝɢɢ ɜ ɨɛɨɛɳɟɧɧɨɦ 
ɷɧɟɪɝɨɩɨɬɨɤɟ. ɗɬɢ ɩɪɨɰɟɫɫɵ ɭɱɢɬɵɜɚɸɬɫɹ ɜ ɜɢɞɟ 
ɫɨɫɬɚɜɥɹɸɳɢɯ PLТ(Э) ɚɤɬɢɜɧɨɣ ɢ QLТ = ILТ

2·XLТ ɪɟɚɤ-
ɬɢɜɧɨɣ ɦɨɳɧɨɫɬɟɣ. ɉɪɢɱɟɦ ɛɚɥɚɧɫ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ ɤɚɫɚɟɬɫɹ ɬɨɥɶɤɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɗɆɉ ɫ ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ. 

ȼɵɩɨɥɧɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɩɪɟɞ-
ɫɬɚɜɢɬɶ ɞɢɧɚɦɢɱɟɫɤɢɣ ɛɚɥɚɧɫ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
ɨɛɨɛɳɟɧɧɨɝɨ ɷɧɟɪɝɨɩɨɬɨɤɚ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

     
     
     

11 1
2

М ɉТ Т

LТ

Э Э Мos ЭU I
Э M Э R I Э

Н Э
J Э P Э .
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   
     

   



         

(10) 

 
 

Ɋɢɫ. 1. ɂɥɥɸɫɬɪɚɰɢɹ ɦɝɧɨɜɟɧɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɬɪɟɯɮɚɡɧɵɯ ɗɆɉ ɛɟɡ ɭɱɟɬɚ ɩɨɬɟɪɶ 
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Ⱦɨɩɨɥɧɢɜ (10) ɭɪɚɜɧɟɧɢɟɦ ɛɚɥɚɧɫɚ ɪɟɚɤɬɢɜ-
ɧɨɣ ɦɨɳɧɨɫɬɢ         2

1 1 Т LТ1U Э I Э sТn Э I Э X     ,    (11) 

ɩɨɥɭɱɢɦ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɨɛɨɛɳɟɧɧɨɝɨ 
ɷɧɟɪɝɨɩɨɬɨɤɚ ɜ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɬɨɤɚɯ ɢ ɧɚɩɪɹɠɟɧɢɹɯ.  

Ɋɚɡɞɟɥɢɜ ɥɟɜɭɸ ɢ ɩɪɚɜɭɸ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ 
(10) ɧɚ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ω(Э), ɩɨɥɭɱɢɦ ɞɢɧɚɦɢɱɟ-
ɫɤɢɣ ɛɚɥɚɧɫ ɦɨɦɟɧɬɨɜ:        М ɷɦ ɷɦ JM Э M Э M Э M Э   , 

        
2

11 Т Т1
ɷɦ

Э Э Мos Э R I ЭU IM
Э

    
 , (12) 

    LТ
ɷɦ

P Э
M Э

Э
  

 ,    
J

Н Э
M Э J

НЭ
   . 

Ɇɨɦɟɧɬ Mɫ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɢ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ Ɇɷɦ(Э) ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚ-
ɲɢɧɵ ɨɩɪɟɞɟɥɹɸɬ ɛɚɥɚɧɫ ɦɨɦɟɧɬɨɜ ɜ ɭɫɬɚɧɨɜɢɜ-
ɲɢɯɫɹ ɪɟɠɢɦɚɯ. ȼ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɚɯ ɤ ɧɢɦ 
ɞɨɛɚɜɥɹɸɬɫɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ΔɆJ(Э) 
ɦɨɦɟɧɬɚ ɧɚɝɪɭɡɤɢ ɢ ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 
ΔɆɷɦ(Э) ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ. 

Аɧɚɥɨɝɨɜɵɟ ɷɧɟɪɝɟɬɢчɟɫɤɢɟ ɦɨɞɟɥɢ ЭМП 
ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɜɵɜɨɞɚɦɢ ɩɪɟɞɵɞɭɳɟɝɨ ɪɚɡ-

ɞɟɥɚ: ɷɧɟɪɝɨɩɨɬɨɤ W1(Э) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɷɤɜɢɜɚ-
ɥɟɧɬɧɵɦɢ ɬɨɤɚɦɢ, ɧɚɩɪɹɠɟɧɢɹɦɢ ɢ ɫɭɦɦɚɪɧɨɣ 
ɦɨɳɧɨɫɬɶɸ, ɚɧɚɥɨɝɨɜɵɦɢ ɩɨ ɯɚɪɚɤɬɟɪɭ ɢɡɦɟɧɟɧɢɹ 
ɜɨ ɜɪɟɦɟɧɢ, ɤɚɤ ɜ ɰɟɩɹɯ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. Ⱦɚɧɧɵɣ 
ɮɚɤɬɨɪ ɩɨɡɜɨɥɹɟɬ ɫɜɟɪɧɭɬɶ ɬɪɟɯɮɚɡɧɭɸ ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɭɸ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ ɗɆɉ ɜ ɷɤɜɢɜɚɥɟɧɬ-
ɧɭɸ ɚɧɚɥɨɝɨɜɭɸ. Ɋɚɫɫɦɨɬɪɢɦ ɪɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ 
ɧɚ ɩɪɢɦɟɪɟ, ɤɨɝɞɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɫɢɫɬɟɦɚ ɩɪɟɞ-
ɫɬɚɜɥɟɧɚ ɜ ɭɩɪɨɳɟɧɧɨɦ ɜɢɞɟ, ɩɨɤɚɡɚɧɧɨɦ ɧɚ ɪɢɫ. 2.  

ɉɟɪɟɯɨɞ ɤ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɨɫɭɳɟɫɬ-
ɜɢɦ ɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɤɨɦɩɥɟɤɫɟ ɩɭɬɟɦ ɪɟɚɥɢɡɚ-
ɰɢɢ ɩɪɨɝɪɚɦɦɵ ɜɵɱɢɫɥɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɟɪɟ-
ɦɟɧɧɵɯ ɩɨ ɦɝɧɨɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɮɚɡɧɵɯ ɬɨɤɨɜ ɢ 
ɧɚɩɪɹɠɟɧɢɣ ɢɫɯɨɞɧɨɣ ɬɪɟɯɮɚɡɧɨɣ ɫɯɟɦɵ. ɉɨɥɭ-
ɱɟɧɧɚɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɦɨɞɟɥɶ ɢɦɟɟɬ ɜɢɞ, ɩɨɤɚɡɚɧ-
ɧɵɣ ɧɚ ɪɢɫ. 3. 

Ɍɨɤ I1(Э), ɧɚɩɪɹɠɟɧɢɟ U1(Э) ɢ ɦɨɳɧɨɫɬɶ Ɋ1(Э) 
ɦɨɞɟɥɢ ST1 ɟɫɬɶ ɚɧɚɥɨɝɨɜɵɟ ɩɟɪɟɦɟɧɧɵɟ, ɜɵɱɢɫ-
ɥɹɟɦɵɟ ɩɨ ɮɨɪɦɭɥɚɦ (4)–(6). ɗɬɢɯ ɞɚɧɧɵɯ ɞɨɫɬɚ-
ɬɨɱɧɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ         1 1 1 1Мos Э P Э U Э I Э    

 
 
 

Ɋɢɫ. 2. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɜɵɱɢɫɥɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɨɛɨɛщɟɧɧɨɝɨ ɷɧɟɪɝɨɩɨɬɨɤɚ 
 
 

 
 

Ɋɢɫ. 3. Ⱥɧɚɥɨɝɨɜɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɪɟɯɮɚɡɧɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ (ɦɨɞɟɥɶ ST1) 
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  132 ȼɟɫɬɧɢɤ ɘɍɪȽɍ. ɋɟɪɢɹ «ɗɧɟɪɝɟɬɢɤɚ»

ɢ ɜɵɱɢɫɥɟɧɢɹ ɛɚɥɚɧɫɚ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ:      

     11 1
2 2

ɧ 1 ɉ 1 Ls

Э Э Мos ЭU I
R I Э R I Э P Э

  
     , 

       2
1 1 1 1 LsU Э I Э sТn Э I Э X     . (13) 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɪɚɜɧɨɜɟɫɢɹ ɦɨɞɟɥɢ ST1 ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

     1
1 1 s

НI Э
U Э Г I Э L

НЭ
   , 

ɝɞɟ                     ɩ ɧ LsГ R R УX   .          (14) 
ɂɡ (14) ɫɥɟɞɭɟɬ, ɱɬɨ ɜɡɚɢɦɨɫɜɹɡɶ ɚɧɚɥɨɝɨɜɵɯ 

ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɨɫɬɚɟɬɫɹ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɣ (ɜɟɤɬɨɪɧɨɣ). Ɋɚɫɱɟɬɵ 
ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɚɯ ɚɧɚ-
ɥɨɝɨɜɚɹ ɦɨɞɟɥɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɢɧɜɚɪɢɚɧɬɧɚ ɢɫɯɨɞ-
ɧɨɣ ɬɪɟɯɮɚɡɧɨɣ ɫɯɟɦɟ. ɉɨɝɪɟɲɧɨɫɬɢ ɤɜɚɡɢɞɢɧɚ-
ɦɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ (13), ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɧɟɫɢɧɭ-
ɫɨɢɞɚɥɶɧɨɫɬɶɸ ɮɚɡɧɵɯ ɬɨɤɨɜ, ɨɩɪɟɞɟɥɢɦ ɜ ɪɟɠɢɦɟ 
ɤɨɦɦɭɬɚɰɢɢ (ɩɭɫɤɚ) ɗɆɉ ɩɨ ɢɫɯɨɞɧɨɣ ɫɯɟɦɟ ɢ 
ɦɨɞɟɥɢ ST1 ɩɪɢ ɧɭɥɟɜɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. 

ɉɨɫɬɚɜɥɟɧɧɚɹ ɡɚɞɚɱɚ ɪɟɲɟɧɚ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɨɦ 
Д17]. ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɫɨɫɬɚɜɥɹɸɳɢɯ ɷɧɟɪ-
ɝɨɩɨɬɨɤɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɟ ɨɬɤɥɨɧɟɧɢɹ 
ɧɚɛɥɸɞɚɸɬɫɹ ɜ ɝɪɚɮɢɤɚɯ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ P1(Э), ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ 
ɪɢɫ. 4. ɉɪɢɱɟɦ ɨɫɧɨɜɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɜɧɨɫɹɬ ɪɚɫ-
ɱɟɬɵ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ Мos1(Э) ɜ ɭɫɥɨɜɢɹɯ 
ɢɫɤɚɠɟɧɢɹ ɮɚɡɧɵɯ ɬɨɤɨɜ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɦɢ ɫɨ-
ɫɬɚɜɥɹɸɳɢɦɢ. ȼ ɰɟɥɨɦ, ɩɨɞɬɜɟɪɞɢɥɫɹ ɫɞɟɥɚɧɧɵɣ 
ɪɚɧɟɟ ɜɵɜɨɞ ɨ ɤɜɚɡɢɞɢɧɚɦɢɱɟɫɤɨɦ ɯɚɪɚɤɬɟɪɟ ɦɨ-
ɞɟɥɢ ST1. ɉɪɢɦɟɧɟɧɢɟ ɡɚɞɚɬɱɢɤɨɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɜ ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ ɗɆɉ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 
ɭɦɟɧɶɲɢɬɶ ɞɢɧɚɦɢɱɟɫɤɭɸ ɨɲɢɛɤɭ. 

ȼ Д15] ɪɚɫɫɦɨɬɪɟɧɚ ɬɪɟɯɮɚɡɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟ-
ɧɢɹ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɚɫɢɧɯɪɨɧɧɨɝɨ 
ɩɪɢɜɨɞɚ. Ɂɚɦɟɧɢɜ ɭɩɪɨɳɟɧɧɭɸ ɫɯɟɦɭ ɗɆɉ (ɫɦ. 
ɪɢɫ. 2) ɧɚ ɩɨɥɧɭɸ ɬɪɟɯɮɚɡɧɭɸ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ 
АȾ ɢɡ ɞɚɧɧɨɣ ɪɚɛɨɬɵ, ɩɨɥɭɱɢɦ ɢɫɯɨɞɧɵɣ ɨɛɴɟɤɬ 
ɢɫɫɥɟɞɨɜɚɧɢɹ. ɉɟɪɟɯɨɞ ɤ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
АȾ ɨɫɭɳɟɫɬɜɢɦ, ɤɚɤ ɢ ɪɚɧɟɟ, ɜɵɱɢɫɥɟɧɢɟɦ ɷɤɜɢɜɚ-
ɥɟɧɬɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɨɛɨɛɳɟɧɧɨɝɨ ɷɧɟɪɝɨɩɨɬɨɤɚ. 
Ɋɟɡɭɥɶɬɚɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɬɪɟɯɮɚɡɧɨɣ ɫɯɟɦɵ ɜ 
ɨɞɧɨɥɢɧɟɣɧɭɸ ɚɧɚɥɨɝɨɜɭɸ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 5. 

 

 
 
 
 
 
 
 
 
 
ɉɚɪɚɦɟɬɪɵ ɫɯɟɦɵ: 
Uɮ = 220 ȼ, 
U1(Э) = 380 ȼ, 
Rɩ = 1,91 Ɉɦ, 
Ls = 0,078 Ƚɧ, 
XLs = 24,6 Ɉɦ, 
Rɧ = 42,5 Ɉɦ 

Ɋɢɫ. 4. Ɋɚɫɱɟɬɧɵɟ ɝɪɚɮɢɤɢ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɗɆɉ ɩɨ ɬɪɟɯɮɚɡɧɨɣ ɫɯɟɦɟ ɡɚɦɟщɟɧɢɹ (ɚ) 
ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ (ɛ) ɩɪɢ ɤɨɦɦɭɬɚɰɢɢ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ 

 

 
Ɋɢɫ. 5. Ⱥɧɚɥɨɝɨɜɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɪɟɯɮɚɡɧɨɝɨ ȺȾ (ɦɨɞɟɥɶ ST2):   20 0ɧ 0 0ɧR R Э    , 

  ɧ 2R R 1 s(Э) s(Э)   ,   0 0ɧ 0 0ɧX X Э    ,   1 1ɧ 0 0ɧX X Э    ,   2 2ɧ 0 0ɧX X Э    , 

        0 0s Э Э Э Э    , ɢɧɞɟɤɫɵ ɩɪɢɜɟɞɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɨɬɨɪɚ ɤ ɫɬɚɬɨɪɭ R2=R2
’, Б2= Б2

’, Rɧ = Rɧ
’, I2 = I2’ ɜ 

ɫɯɟɦɟ ɢ ɞɚɥɟɟ ɩɨ ɬɟɤɫɬɭ ɨɩɭщɟɧɵ 
 



ɋɦɨɥɢɧ ȼ.И., Ɍɨɩɨɥɶɫɤɚя И.Ƚ.                                                 Оɫɧɨɜɵ ɬеɨɪɢɢ ɨɛɨɛщеɧɧɨɝɨ ɷɧеɪɝɨɩɨɬɨɤɚ  
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Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨ-
ɝɨ ɪɚɜɧɨɜɟɫɢɹ ɦɨɞɟɥɢ ST2 ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

     
   1 1 1 0 0

0 0 2 2

U Э L I Э L I Э

L I Э L I Э

            
 

  11 0 0

0 0 2 ɧ 2

I ЭГ Г Г
Г Г Г R I Э

               ,    (15) 

ɝɞɟ 0 0 0Г R УX  , 1 1 1Г R УX  , 2 2 2Г R УX  . 
ɍɱɬɟɦ ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɦɨɦɟɧɬɚ ɪɨɬɨɪɚ 

АȾ ɜ MМ(Э). Ɍɨɝɞɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɭɸ ɦɨɳɧɨɫɬɶ 
ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɩɚɪɚɦɟɬɪɵ ɧɚɝɪɭɡɤɢ: 

         2
ɷɦ 2 ɧ C*

Н Э
P Э I Э R Э M Э J

НЭ
          . (16) 

ɉɟɪɟɯɨɞ ɨɬ (15) ɤ ɛɚɥɚɧɫɭ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤ-
ɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɭɱɟɬɨɦ (16), ɩɨɡɜɨɥɹɟɬ ɩɨɥɭ-
ɱɢɬɶ ɤɨɧɤɪɟɬɢɡɢɪɨɜɚɧɧɵɟ ɭɪɚɜɧɟɧɢɹ (10) ɢ (11) 
ɨɛɨɛɳɟɧɧɨɝɨ ɷɧɟɪɝɨɩɨɬɨɤɚ АȾ. 

 
Эɧɟɪɝɟɬɢчɟɫɤɢɣ ɦɟɬɨɞ ɦɨɧɢɬɨɪɢɧɝɚ 
ɧɚɝɪɭɡɤɢ ɚɫɢɧхɪɨɧɧɨɝɨ ɩɪɢɜɨɞɚ 
Ɂɚɞɚɱɚ ɦɨɧɢɬɨɪɢɧɝɚ ɧɚɝɪɭɡɤɢ ɩɪɢɨɛɪɟɥɚ ɨɫɨ-

ɛɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ ɜ ɫɜɹɡɢ ɫ ɲɢɪɨɤɢɦ ɩɪɢɦɟɧɟɧɢɟɦ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɜ ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɧɟɨɛɯɨɞɢɦɨ-
ɫɬɶɸ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɡɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ 
ɩɪɨɰɟɫɫɚɦɢ ɢ ɞɢɚɝɧɨɫɬɢɤɢ ɜɨɡɦɨɠɧɵɯ ɨɬɤɚɡɨɜ ɜ 
ɰɟɩɹɯ ɩɟɪɟɞɚɱɢ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ, ɜɤɥɸ-
ɱɚɹ ɦɟɯɚɧɢɱɟɫɤɢɟ ɡɜɟɧɶɹ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, 
ɧɚɩɪɢɦɟɪ, ɨɛɪɵɜɚ ɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ (ɡɚɤɥɢ-
ɧɢɜɚɧɢɹ) ɧɚɝɪɭɡɤɢ, ɦɨɧɢɬɨɪɢɧɝ ɢ ɭɩɪɚɜɥɟɧɢɟ ɨɫɭ-
ɳɟɫɬɜɥɹɸɬɫɹ ɩɭɬɟɦ ɤɨɧɬɪɨɥɹ ɬɨɤɨɜ ɩɟɪɜɢɱɧɵɯ 
ɰɟɩɟɣ. ȼ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫ-
ɫɚɯ, ɧɚɩɪɢɦɟɪ, ɩɪɨɤɚɬɤɢ Д18], ɧɚɦɨɬɤɢ Д19], ɨɩɪɟ-
ɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ Д5, 9, 
20], ɬɪɟɛɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɭɫɥɨɠɧɟɧɧɵɯ ɚɥɝɨɪɢɬ-
ɦɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɦɨɧɢɬɨɪɢɧɝɚ ɧɚɝɪɭɡɤɢ ɪɚɫ-
ɫɦɨɬɪɢɦ ɧɚ ɩɪɢɦɟɪɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɢɡɦɟɪɢ-
ɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ (ɪɢɫ. 2), ɚɫɢɧɯɪɨɧɧɵɣ ɩɪɢɜɨɞ ɜ 
ɤɨɬɨɪɨɦ ɩɪɟɞɫɬɚɜɥɟɧ ɩɨɥɧɨɣ ɬɪɟɯɮɚɡɧɨɣ ɫɯɟɦɨɣ 
ɡɚɦɟɳɟɧɢɹ Д15], ɚ ɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɤɨɦɩɥɟɤɫɟ 
ɪɟɚɥɢɡɨɜɚɧɚ ɚɧɚɥɨɝɨɜɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ST2. 

Аɥɝɨɪɢɬɦɵ ɜɵɱɢɫɥɟɧɢɹ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ 
ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɟɪɟɦɟɧɧɵɯ I1(Э), U1(Э), P1(Э), 
Мosφ1(Э) ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɧɟɟ. ɉɪɢɨɪɢɬɟɬɧɨɣ ɡɚɞɚɱɟɣ 
ɦɨɧɢɬɨɪɢɧɝɚ ɫɱɢɬɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɤɭɳɟɝɨ 
ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ, ɦɚɥɨ ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɩɪɹɦɨ-
ɝɨ ɢɡɦɟɪɟɧɢɹ ɢɥɢ ɩɨɡɜɨɥɹɸɳɢɯ ɭɩɪɨɫɬɢɬɶ ɬɟɯɧɢ-
ɱɟɫɤɭɸ ɪɟɚɥɢɡɚɰɢɸ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨ-
ɞɨɦ. ȼɵɛɟɪɟɦ ɜ ɤɚɱɟɫɬɜɟ ɬɚɤɢɯ ɩɟɪɟɦɟɧɧɵɯ ɗȾɋ 
U0 АȾ, ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ω ɢ ɦɨɦɟɧɬ ɫɢɥ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ Ɇɫ ɬɪɟɯɮɚɡɧɨɝɨ ɚɫɢɧɯɪɨɧɧɨɝɨ 
ɩɪɢɜɨɞɚ. Кɨɫɜɟɧɧɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ 
ɜɪɚɳɟɧɢɹ ɩɨɥɭɱɢɥ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɚɫɢɧ-
ɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɯ, ɧɟ ɬɪɟɛɭɸɳɢɯ ɜɵɫɨɤɨ-
ɬɨɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ Д21]. Ɋɚɫɫɦɨɬɪɢɦ ɪɟɲɟɧɢɟ 
ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɧɚ ɩɪɢɦɟɪɟ ɲɢɪɨɤɨ ɩɪɢɦɟ-
ɧɹɟɦɨɝɨ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ АȾ ɫɨ ɫɬɚɛɢɥɢɡɚɰɢɟɣ 

ɪɚɛɨɱɟɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ (I0(Э)=МonsЭ) Д22]. Ⱦɢ-
ɧɚɦɢɱɟɫɤɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɦɨɳɧɨɫɬɢ ɢɧɞɭɤɬɢɜɧɨ-
ɫɬɟɣ ɦɨɠɧɨ ɭɱɟɫɬɶ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɭɩɪɨɳɟɧɧɨ: 

 L0P Э 0 ,        1
LТ 1 2 1

НI Э
P Э L L I Э

НЭ
    .  (17) 

ɍɪɚɜɧɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɨɛɨɛɳɟɧɧɨɝɨ 
ɷɧɟɪɝɨɩɨɬɨɤɚ АȾ ɩɪɢɨɛɪɟɬɚɸɬ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɥɟ-
ɞɭɸɳɢɣ ɜɢɞ:          

       
2

1 1 1 1 1 LТ
2

1 1 1 1 1

U Э I Э Мos Э I Э R P Э

U Э I Э sТn Э I Э X

              
  

   
 

2
00 2
2

0 2 2

I ЭR R s Э
X X I Э

           
.                (18) 

ɂɧɮɨɪɦɚɰɢɨɧɧɨɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (ɪɢɫ. 2) ɩɨɡɜɨɥɹɟɬ 
ɨɩɪɟɞɟɥɢɬɶ ɥɟɜɭɸ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɣ (18). Аɥɝɨɪɢɬ-
ɦɵ ɟɟ ɜɵɱɢɫɥɟɧɢɹ ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɧɟɟ. ɉɪɚɜɚɹ 
ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɣ ɥɢɧɟɣɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɜɚɞɪɚ-
ɬɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɬɨɤɨɜ ɜɟɬɜɢ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ I0 ɢ 
ɪɨɬɨɪɚ I2. ȼɵɱɢɫɥɹɹ ɬɨɤ I0(Э) ɜɟɬɜɢ ɧɚɦɚɝɧɢɱɢɜɚ-
ɧɢɹ, ɨɩɪɟɞɟɥɹɟɦ ɧɚɩɪɹɠɟɧɢɟ (ɗȾɋ) АȾ 

    2 2
0 0 0 0U Э I Э R X   ,              (19) 

ɝɞɟ    
  

 

2
0 1 1 2 1 2 1

2
1 2 1 1 2 2 LТ

–1
2 0 0 2

I Э U I R sТn X s Мos –

I R X R X s X s P

R X R X s .

        
         
    

  

ɉɨɥɭɱɟɧɧɚɹ ɛɚɡɚ ɞɚɧɧɵɯ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨ-
ɜɚɬɶ ɪɚɡɜɟɪɧɭɬɵɣ ɚɥɝɨɪɢɬɦ ɜɵɱɢɫɥɟɧɢɹ ɬɟɤɭɳɟɝɨ 
ɡɧɚɱɟɧɢɹ ɫɤɨɥɶɠɟɧɢɹ ɪɨɬɨɪɚ ɢ ɦɨɦɟɧɬɚ ɧɚɝɪɭɡɤɢ: 

   2 2
1 1 1 1 1 0 02

2 2
2 1 1 1 1 1 0 0 LТ

U I sТn I X I XRs Э .
X U I Мos I R I R P

                  (20) 

   
  

 

2
C* 1 1 0 1 0 1

0
2
1 0 1 1 0 0 LТ

–1
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RНM Э J U I X Мos R sТn –
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I X R X R X P

R X R X s .

         
       
    

  

ɂɧɞɟɤɫ Э ɩɟɪɟɦɟɧɧɵɯ U1(Э), I1(Э), φ1(Э), PLТ(Э) ɢ 
s(Э) ɜ ɮɨɪɦɭɥɚɯ (19)–(20) ɨɩɭɳɟɧ. 

Ɍɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɥɶɠɟɧɢɹ ɪɨɬɨɪɚ ɢ 
ɦɨɦɟɧɬɚ ɧɚɝɪɭɡɤɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ 
ɨɬ ɤɚɱɟɫɬɜɚ ɧɚɫɬɪɨɣɤɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ST2. 
Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ АȾ, ɩɪɢɜɨɞɢɦɵɟ ɜ ɤɚɬɚɥɨɝɚɯ, 
ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɛɨɥɟɟ ɬɨɱɧɵɟ (ɧɨɦɢɧɚɥɶɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɧɚɩɪɹɠɟɧɢɹ Uɧ, ɬɨɤɚ I1ɧ, Мos 1ɧ, 
КɉȾ ηɧ, ɫɤɨɥɶɠɟɧɢɹ ɪɨɬɨɪɚ sɧ) ɢ ɦɟɧɟɟ ɬɨɱɧɵɟ ɜ 
ɜɢɞɟ ɩɚɪɚɦɟɬɪɨɜ RL-ɷɥɟɦɟɧɬɨɜ Ɍ-ɨɛɪɚɡɧɨɣ ɫɯɟɦɵ 
ɡɚɦɟɳɟɧɢɹ. ɇɚɫɬɪɨɣɤɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ АȾ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɩɨɥɧɹɬɶ ɧɚ ɨɫɧɨɜɟ ɩɟɪɜɨɣ ɝɪɭɩ-
ɩɵ ɬɟɯɧɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. Аɥɝɨɪɢɬɦɵ ɬɚɤɨɣ ɧɚ-
ɫɬɪɨɣɤɢ ɪɚɫɫɦɨɬɪɟɧɵ ɞɚɥɟɟ. 

ɂɫɩɨɥɶɡɭɹ ɬɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ АȾ, ɜɵɱɢɫɥɢɦ 
ɧɨɦɢɧɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨɥɶɠɟɧɢɹ sɧ* ɢ ɦɨɦɟɧɬɚ 
Ɇɫ* ɩɨ ɮɨɪɦɭɥɚɦ (20) ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɭɫɬɚɧɨ-
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ɜɢɜɲɟɦɭɫɹ ɪɟɠɢɦɭ. Аɧɚɥɨɝɢɱɧɵɟ ɪɚɫɱɟɬɵ ɜɵɩɨɥ-
ɧɢɦ ɜ ɨɬɧɨɲɟɧɢɢ ɤɪɢɬɢɱɟɫɤɨɝɨ ɫɤɨɥɶɠɟɧɢɹ sɤ* ɢ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ Ɇmaб*. ɇɟɞɨɫɬɚɸɳɢɟ ɞɚɧ-
ɧɵɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɤɨɧɬɪɨɥɶɧɨɣ ɬɨɱɤɢ sɤ*, Ɇmaб* 
ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɡ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ 
(15). Ɋɚɫɱɟɬɧɵɟ ɜɟɥɢɱɢɧɵ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɛɭɞɭɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɩɚɫɩɨɪɬɧɵɯ ɜɫɥɟɞɫɬ-
ɜɢɟ ɧɟɬɨɱɧɨɣ ɧɚɫɬɪɨɣɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
АȾ. ɋɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɹ ɧɟɜɹɡɨɤ: 

2 2
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M M s s
M s

M M s s
mТn.

M s
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(21)

 

Ɉɛɨɡɧɚɱɢɜ ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ ɨɬɤɥɨɧɟɧɢɣ 
ɩɚɪɚɦɟɬɪɨɜ RL-ɷɥɟɦɟɧɬɨɜ АȾ ɨɬ ɩɚɫɩɨɪɬɧɵɯ ɢɡ 
ɮɢɡɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɪɟɲɢɦ ɜɚɪɢɚɰɢɨɧɧɭɸ 
ɡɚɞɚɱɭ (21) ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ. ɍɬɨɱɧɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ RL-ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ АȾ ɦɨ-
ɝɭɬ ɫɱɢɬɚɬɶɫɹ ɨɩɬɢɦɚɥɶɧɵɦɢ. 

ȼ ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɧɚɫɬɪɨɣɤɢ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ АȾ ɩɨ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟ-
ɬɨɞɢɤɟ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɜɵɛɪɚɧɵ ɪɚɡɥɢɱɧɵɟ 
ɬɢɩɵ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ: 4А80ȼ2ɍ3 (Ɋ2ɇ = 
= 2,2 ɤȼɬ), 4А100S2ɍ3 (Ɋ2ɇ = 4 ɤȼɬ), 4А112M2ɍ3 
(Ɋ2ɇ = 7,5 ɤȼɬ) ɢ 4А180Ɇ2ɍ3 (Ɋ2ɇ = 30 ɤȼɬ). Ɉɩ-
ɬɢɦɢɡɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɭɫɥɨɜɢɢ 
ɬɨɱɧɨɝɨ ɫɨɜɦɟɳɟɧɢɹ ɫɤɨɥɶɠɟɧɢɹ ɪɨɬɨɪɚ ɜ ɤɨɧ-
ɬɪɨɥɶɧɵɯ ɬɨɱɤɚɯ (sɧ = sɧ*, sɤ = sɤ*). Ɇɚɤɫɢɦɚɥɶɧɚɹ 
ɩɨɝɪɟɲɧɨɫɬɶ δmaб ɩɨ ɜɪɚɳɚɸɳɟɦɭ ɦɨɦɟɧɬɭ ɢɦɟɟɬ 
ɦɟɫɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɤɨɧɬɪɨɥɶɧɨɣ ɬɨɱɤɟ (sɤ, Ɇmaб) 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ АȾ. 

 
Ɂɚɤɥɸчɟɧɢɟ  
Ɋɚɫɫɦɨɬɪɟɧɵ ɫɜɨɣɫɬɜɚ ɦɝɧɨɜɟɧɧɵɯ ɷɧɟɪɝɟɬɢ-

ɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɗɆɉ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɩɪɟɞɫɬɚɜɢɬɶ ɷɧɟɪɝɢɸ ɬɪɟɯɮɚɡɧɨɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬ-
ɧɨɣ ɫɢɫɬɟɦɵ ɜ ɜɢɞɟ ɨɛɨɛɳɟɧɧɨɝɨ ɷɧɟɪɝɨɩɨɬɨɤɚ. 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɷɧɟɪɝɨ-
ɩɨɬɨɤɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɚɧɚɥɨɝɨɜɵɟ ɮɭɧɤɰɢɢ 
ɜɪɟɦɟɧɢ, ɤɚɤ ɜ ɰɟɩɹɯ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. ȼ ɪɟɡɭɥɶ-
ɬɚɬɟ ɫɭɦɦɢɪɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɮɚɡ ɢ 
ɢɧɜɚɪɢɚɧɬɧɨɝɨ ɩɟɪɟɯɨɞɚ ɤ ɨɛɨɛɳɟɧɧɨɦɭ ɷɧɟɪɝɨ-
ɩɨɬɨɤɭ ɩɨɥɭɱɟɧɵ ɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɵɟ ɚɧɚɥɨɝɨɜɵɟ 
ɦɨɞɟɥɢ ɗɆɉ. ɉɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɪɟɲɟɧɢɹ ɤɨɧ-
ɤɪɟɬɧɵɯ ɡɚɞɚɱ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɢɢ ɨɛɨɛ-
ɳɟɧɧɨɝɨ ɷɧɟɪɝɨɩɨɬɨɤɚ. 
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PropОrЭТОs oП ТnsЭanЭ poаОr ЭransПormaЭТons Тn ЭСrОО-pСasО МСaТns oП ОlОМЭromОМСanТМal НОvТМОs arО МonsТ-
НОrОН. As a rОsЮlЭ oП sЮmmaЭТon oП ТnsЭanЭ valЮОs oП ОnОrРв anН poаОr oП sОparaЭО pСasОs anН ТnvarТanЭ Эran-
sТЭТon Эo ЭСО РОnОralТгОН poаОr Пloа ЭСО ОqЮaЭТons oП НвnamТМ balanМО oП aМЭТvО anН rОaМЭТvО poаОr oП ОlОМ-
ЭromОМСanТМal МonvОrЭОrs arО rОМОТvОН. IЭ Тs sСoаn ЭСaЭ ЭСО РОnОralТгОН varТablОs oП a ЭoЭal poаОr sЭrОam СavО 
analoР  МСaraМЭОr, as Тn МСaТns oП a НТrОМЭ МЮrrОnЭ.  TСТs propОrЭв  alloаОН Эo rОМОТvО  qЮalТЭaЭТvОlв nОа analoР 
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 moНОls oП ОlОМЭromОМСanТМal НОvТМОs. On a МonМrОЭО ОбamplО НвnamТМ propОrЭТОs oП analoР poаОr moНОl arО Тn-
vОsЭТРaЭОН anН qЮasТНвnamТМ МСaraМЭОr oП ЭСО ОqЮaЭТons oП ЭСО РОnОralТгОН poаОr Пloа Тs sСoаn. EбamplОs oП 
ЮsО oП a poаОr mОЭСoН Пor ЭСО solЮЭТon oП a problОm oП monТЭorТnР oП loaНТnР oП ЭСО ЭСrОО-pСasО asвnМСronoЮs 
НrТvО anН rОМОТvТnР ЭСО varТablОs ТnaММОssТblО Эo НТrОМЭ mОasЮrОmОnЭ arО РТvОn. TСО varТaЭТon problОm oП МonЭrol 
oП paramОЭОrs oП poаОr moНОl oП ЭСО mosЭ ОбaМЭ spОМТПТМaЭТons oП ЭСО asвnМСronoЮs ОnРТnО Тs МonsТНОrОН. 

KОваШrНs: ОlОМЭrШmОМСКЧТМКl МШЧЯОrЭОr, ТЧsЭКЧЭКЧОШЮs ОЧОrРв МШЧЯОrsТШЧ, pШаОr ЛКlКЧМО, ТЧНЮМЭТШЧ ОlОМ-
ЭrТМ НrТЯО, mШЧТЭШrТЧР ШП МКpКМТЭв. 
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