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Аɧɧɨɬаɰиɹ. ɉɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɧɨɜɧɨɝɨ ɩɚɪɚɦɟɬɪɚ – ɢɧɞɭɤɬɢɜ-
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Abstract. The results of the experimental researches of the basic parameter – the inductance of the tools 

as inductors for magnetic pulse methods of the body repair of vehicles has been carried out. The photos 

of the studied inductor systems and the measured oscillograms have been presented. The treatment of the 

oscillograms with definition of the inductance of the studied inductor system is carried out. 

 

Key words: magnetic pulse straightening, magnetic pulse equipment, inductor as a tool, inductance, 

inductor system. 

 

 

ȼɜɟɞɟɧɢɟ 
 

Ɋɚɡɪɚɛɨɬɤɚ ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɵɯ ɤɨɦɩɥɟɤ-
ɫɨɜ ɞɥɹ ɜɧɟɲɧɟɣ ɪɢɯɬɨɜɤɢ ɩɨɜɪɟɠɞёɧɧɵɯ 

ɤɭɡɨɜɧɵɯ ɩɚɧɟɥɟɣ ɚɜɬɨɦɨɛɢɥɟɣ ɹɜɥɹɟɬɫɹ 
ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɡɚ-
ɞɚɱɟɣ. ɋɨɝɥɚɫɧɨ ɫɬɚɬɢɫɬɢɤɟ, ɜ ɚɜɢɚ- ɢ ɚɜɬɨ-

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɤɨɥɨ 80 % ɩɪɢɯɨɞɢɬɫɹ ɧɚ 
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ɧɟɛɨɥɶɲɢɟ ɢ ɫɪɟɞɧɢɟ ɩɨɜɪɟɠɞɟɧɢɹ. ɉɨɥɨ-

ɜɢɧɚ ɢɡ ɧɢɯ – ɷɬɨ ɜɦɹɬɢɧɵ, ɤɨɬɨɪɵɟ ɧɟ ɬɪɟ-
ɛɭɸɬ ɡɚɦɟɧɵ ɜɫɟɝɨ ɩɨɜɪɟɠɞɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ 
ɤɭɡɨɜɚ ɢ ɦɨɝɭɬ ɛɵɬɶ ɭɫɩɟɲɧɨ ɭɫɬɪɚɧɟɧɵ ɫ 
ɩɨɦɨɳɶɸ ɪɢɯɬɨɜɤɢ. ɗɬɨ ɟɳё ɪɚɡ ɝɨɜɨɪɢɬ ɨɛ 

ɚɤɬɭɚɥɶɧɨɫɬɢ ɪɟɲɚɟɦɨɣ ɩɪɨɛɥɟɦɵ [1, 2]. 

 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ 

ɪɢɯɬɨɜɤɢ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɥɸɛɚɹ ɫɢɫɬɟɦɚ ɞɥɹ 
ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ, 
ɞɟɥɢɬɫɹ ɧɚ ɞɜɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɚ: ɷɬɨ 
ɢɫɬɨɱɧɢɤ ɦɨɳɧɨɫɬɢ – ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɚɹ 
ɭɫɬɚɧɨɜɤɚ (Ɇɂɍ) ɢ ɢɧɞɭɤɬɨɪɧɚɹ ɫɢɫɬɟɦɚ 
(ɂɋ) – ɢɧɫɬɪɭɦɟɧɬ ɪɢɯɬɨɜɤɢ [1, 3, 4]. 

 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɂɋ – ɢɧɫɬɪɭɦɟɧɬ ɦɚɝɧɢɬɧɨ-

ɢɦɩɭɥɶɫɧɨɝɨ ɦɟɬɨɞɚ, ɧɚɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ 
ɫɨɫɬɨɢɬ ɜ ɜɵɩɨɥɧɟɧɢɢ ɨɩɪɟɞɟɥёɧɧɨɝɨ ɩɪɨɢɡ-
ɜɨɞɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ, ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ 

ɫɥɭɱɚɟ – ɜɧɟɲɧɟɣ ɪɢɯɬɨɜɤɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 

ɷɥɟɦɟɧɬɨɜ ɤɭɡɨɜɧɵɯ ɩɚɧɟɥɟɣ ɚɜɬɨɦɨɛɢɥɟɣ ɫ 
ɩɨɦɨɳɶɸ ɪɚɡɜɢɜɚɟɦɵɯ ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ. 
 

Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ 

ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɵɯ ɦɟɬɨɞɨɜ ɧɟɨɛɯɨɞɢɦ 

ɢɧɞɭɤɬɨɪ-ɢɧɫɬɪɭɦɟɧɬ (ɂɋ), ɬɪɚɧɫɮɨɪɦɢɪɭ-

ɸɳɢɣ ɷɧɟɪɝɢɸ, ɧɚɤɨɩɥɟɧɧɭɸ ɜ ɟɦɤɨɫɬɧɵɯ 
ɧɚɤɨɩɢɬɟɥɹɯ Ɇɂɍ, ɜ ɷɧɟɪɝɢɸ ɢɦɩɭɥɶɫɧɨɝɨ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɄɉȾ 

ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɧɨɲɟ-
ɧɢɟɦ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ Ɇɂɍ ɢ 

ɂɋ. ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɟɬɫɹ 
ɢɧɞɭɤɬɢɜɧɨɫɬɶ. Ɂɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɂɋ ɢ 

ɫɨɝɥɚɫɭɹ ɟɟ ɫ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ Ɇɂɍ, ɦɨɠɧɨ 
ɞɨɛɢɬɶɫɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚ-
ɰɢɢ ɪɢɯɬɨɜɤɢ [1–5]. 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ȼɨɡɦɨɠɧɨɫɬɢ ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɵɯ ɦɟɬɨɞɨɜ 
ɛɵɥɢ ɜɩɟɪɜɵɟ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ ɫɩɟɰɢɚ-
ɥɢɫɬɚɦɢ ɋɒȺ ɜ 1958 ɝɨɞɭ ɫ ɩɨɦɨɳɶɸ ɨɩɵɬ-
ɧɨɣ Ɇɂɍ ɬɢɩɚ «Magneform» ɧɚ II ɦɟɠɞɭɧɚ-
ɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɩɨ ɦɢɪɧɨɦɭ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɸ ɚɬɨɦɧɨɣ ɷɧɟɪɝɢɢ (ɒɜɟɣɰɚɪɢɹ) [6]. 

ɉɟɪɜɚɹ ɜ ɦɢɪɟ ɩɪɨɦɵɲɥɟɧɧɚɹ Ɇɂɍ «Mag-

neform-1» ɛɵɥɚ ɢɡɝɨɬɨɜɥɟɧɚ ɜ 1962 ɝɨɞɭ ɚɦɟ-
ɪɢɤɚɧɫɤɨɣ ɮɢɪɦɨɣ General Dynamics 

Corparation [7]. 

 

ȼ ɫɟɪɟɞɢɧɟ 1960-ɯ ɮɢɪɦɵ Ƚɟɪɦɚɧɢɢ 
(Siemens, Hahn and Kolb), ɥɚɛɨɪɚɬɨɪɢɢ ȼɟɥɢ-
ɤɨɛɪɢɬɚɧɢɢ (Wickmen, Machine Tools), 
Ɏɪɚɧɰɢɢ (General D'Electricity), ɒɜɟɣɰɚɪ-
ɫɤɢɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ (General Atomic Europe) 
ɢ ɹɩɨɧɫɤɢɟ ɤɨɦɩɚɧɢɢ (Mitsubishi Danky, 

Dzankusu Cabusiky Kise) ɧɚɱɚɥɢ ɪɚɡɪɚɛɨɬɤɢ 
ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. ȼ ɋɋɋɊ 
ɪɚɛɨɬɵ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɦɟ-
ɬɚɥɥɨɜ ɞɚɜɥɟɧɢɟɦ ɫɢɥɶɧɵɯ ɢɦɩɭɥɶɫɧɵɯ ɦɚɝ-
ɧɢɬɧɵɯ ɩɨɥɟɣ ɛɵɥɢ ɧɚɱɚɬɵ ɜ 1962 ɝɨɞɭ ɜ 
ɏɚɪɶɤɨɜɫɤɨɦ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɦ ɢɧɫɬɢɬɭɬɟ.  
 
ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɩɪɨɜɨɞɹɬɫɹ ɪɚɡɥɢɱɧɵɟ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ ɂɋ. Ɍɚɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟɨɛɯɨ-
ɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɫ ɭɱɟɬɨɦ ɤɨɧɤɪɟɬɧɵɯ ɰɟɥɟɣ, 
ɞɥɹ ɤɨɬɨɪɵɯ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɂɋ. Ʉɚɤ ɩɨɤɚɡɚ-
ɥɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ [3, 5, 8, 9], 
ɬɚɤɨɣ ɩɚɪɚɦɟɬɪ ɤɚɤ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɂɋ ɹɜɥɹ-
ɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ.  
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɸɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɢɡɦɟɪɟɧɢɹ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɢɧɞɭɤɬɨɪɨɜ-
ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɵɯ ɦɟ-
ɬɨɞɨɜ ɤɭɡɨɜɧɨɝɨ ɪɟɦɨɧɬɚ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ. 
 
Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨ-
ɞɢɦɨ ɩɪɨɜɟɫɬɢ: ɢɡɦɟɪɟɧɢɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢ 
ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɢɦɢɬɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɜ ɢɧ-
ɫɬɪɭɦɟɧɬɚɯ ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɪɢɯɬɨɜɤɢ 
ɜɦɹɬɢɧ ɜ ɷɥɟɦɟɧɬɚɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɤɭɡɨɜɨɜ; 
ɢɡɦɟɪɟɧɢɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ 
ɦɚɫɫɢɜɧɨɝɨ ɢɧɞɭɤɬɨɪɚ, ɪɚɛɨɱɚɹ ɨɛɥɚɫɬɶ ɤɨɬɨ-
ɪɨɝɨ ɜ ɫɟɱɟɧɢɢ ɢɦɟɟɬ ɮɨɪɦɭ ɭɫɟɱɟɧɧɨɝɨ ɤɨɧɭ-
ɫɚ (ɪɢɫ. 1, ɚ); ɢɡɦɟɪɟɧɢɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɢɧ-
ɞɭɤɰɢɨɧɧɨɣ ɢɧɞɭɤɬɨɪɧɨɣ ɫɢɫɬɟɦɵ (ɂɂɋ) ɫ 
ɬɨɧɤɨɫɬɟɧɧɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɢɧɞɭɤɬɨɪɨɦ ɫ ɚɤɫɢɚɥɶɧɨɣ 
ɫɢɦɦɟɬɪɢɟɣ ɢɧɞɭɤɬɨɪɚ (ɢɧɞɭɤɬɨɪ ɛɟɡ ɪɚɡɪɟɡɚ) 
(ɪɢɫ. 1, ɛ); ɢɡɦɟɪɟɧɢɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɂɂɋ ɫ 
ɬɨɧɤɨɫɬɟɧɧɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɢɧɞɭɤɬɨɪɨɦ ɫ ɪɚɡɪɟɡɨɦ 
(ɪɢɫ. 1, ɜ); ɢɡɦɟɪɟɧɢɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɂɂɋ ɫ 
ɬɨɧɤɨɫɬɟɧɧɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɢɧɞɭɤɬɨɪɨɦ ɫ ɪɚɡɪɟɡɨɦ ɢ 
ɩɨɞɤɥɸɱɟɧɧɵɦɢ ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɧɨɜɧɨɦɭ 
ɜɢɬɤɭ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɜɢɬɤɚɦɢ, ɩɪɨɬɢɜɨ-
ɩɨɥɨɠɧɵɦɢ ɷɤɪɚɧɭ (ɪɢɫ. 1, ɝ); ɢɡɦɟɪɟɧɢɟ  
ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɂɂɋ ɫ ɦɚɫɫɢɜɧɵɦ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ ɞɜɭɯɜɢɬɤɨɜɵɦ ɰɢɥɢɧ-
ɞɪɢɱɟɫɤɢɦ ɢɧɞɭɤɬɨɪɨɦ (ɪɢɫ. 1, ɞ); ɢɡɦɟɪɟɧɢɟ 
ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɂɂɋ ɫ ɬɨɧɤɨɫɬɟɧɧɵɦ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ ɞɜɭɯɜɢɬɤɨɜɵɦ ɢɧɞɭɤɬɨ-
ɪɨɦ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ (ɪɢɫ. 1, ɟ); ɢɡɦɟ-
ɪɟɧɢɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɞɜɭɯɜɢɬɤɨɜɨɝɨ ɢɧɞɭɤ-
ɬɨɪɚ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ (ɛɟɡ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɨɝɨ ɷɤɪɚɧɚ) (ɪɢɫ. 1, ɠ); ɢɡɦɟɪɟɧɢɟ 
ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɂɂɋ ɫ ɦɚɫɫɢɜɧɵɦ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɢɧɞɭɤ-
ɬɨɪɨɦ (ɪɢɫ. 1, ɡ). 
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Ɋɢɫ. 1. ɂɫɫɥɟɞɭɟɦɵɟ ɢɧɞɭɤɬɨɪɵ-ɢɧɫɬɪɭɦɟɧɬɵ 

 

 

ɍɫɥɨɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢ-

ɥɢɫɶ ɧɚ ɤɨɦɩɥɟɤɫɟ ɞɥɹ ɢɦɢɬɚɰɢɢ ɢ ɦɨɞɟɥɢɪɨ-
ɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɜ ɢɧɫɬɪɭɦɟɧɬɚɯ ɦɚɝɧɢɬɧɨ-
ɢɦɩɭɥɶɫɧɨɣ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ, ɪɚɡɪɚɛɨ-
ɬɚɧɧɨɦ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ ɏɇȺȾɍ (ɪɢɫ. 2). 

 

 
 

Ɋɢɫ. 2. Ʉɨɦɩɥɟɤɫ ɞɥɹ ɢɦɢɬɚɰɢɢ ɢ ɦɨɞɟɥɢ-

ɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɜ ɢɧɫɬɪɭɦɟɧɬɚɯ 

ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥ-
ɥɨɜ 

 

Ʉɨɦɩɥɟɤɫ ɪɚɛɨɬɚɥ ɜ ɫɟɪɢɣɧɨɦ ɪɟɠɢɦɟ ɝɟɧɟ-
ɪɚɰɢɢ ɪɚɡɪɹɞɧɵɯ ɢɦɩɭɥɶɫɨɜ ɩɪɢ ɫɥɟɞɭɸɳɢɯ 
ɩɚɪɚɦɟɬɪɚɯ [10]: 

  ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɸɳɟɣ ɫɟɬɢ ~ Uɫ = 220 ȼ;  ɧɚɩɪɹɠɟɧɢɟ ɡɚɪɹɞɚ ɟɦɤɨɫɬɧɵɯ ɧɚɤɨɩɢɬɟ-
ɥɟɣ Uɡ = 650 ȼ;  ёɦɤɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɤɨɦɩɥɟɤɫɚ  
ɋ = 33 ɦɤɎ;  ɱɚɫɬɨɬɚ ɫɥɟɞɨɜɚɧɢɹ ɪɚɡɪɹɞɧɵɯ ɢɦɩɭɥɶɫɨɜ 
fɢɦɩ = 20 Ƚɰ. 

 

Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɫɢɝɧɚɥɨɜ ɢɡɦɟɪɹɥɢɫɶ ɜ ɪɚɡ-
ɪɹɞɧɨɣ ɰɟɩɢ ɤɨɦɩɥɟɤɫɚ ɫ ɩɨɦɨɳɶɸ ɰɢɮɪɨɜɨ-
ɝɨ ɨɫɰɢɥɥɨɝɪɚɮɚ PV6501 ɱɟɪɟɡ ɜɤɥɸɱɟɧɧɵɣ 

ɜ ɪɚɡɪɹɞɧɭɸ ɰɟɩɶ ɲɭɧɬ ɫ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ  

Rɲ = 12,5·10-3 Ɉɦ. 

 

ɂɡɦɟɪɟɧɧɵɟ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɫɢɝɧɚɥɨɜ ɜ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɚɜɥɟɧɧɵɦɢ ɡɚɞɚɱɚɦɢ ɩɪɟɞ-

ɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 3 (ɞɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ 

ɩɪɟɞɫɬɚɜɥɟɧɨ 8 ɨɫɰɢɥɥɨɝɪɚɦɦ). 
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Ɋɢɫ. 3. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɪɚɡɪɹɞɧɵɯ ɫɢɝɧɚɥɨɜ: ɚ – ɫɨɛɫɬɜɟɧɧɵɣ ɪɚɡɪɹɞɧɵɣ ɢɦɩɭɥɶɫ ɤɨɦɩɥɟɤɫɚ;  
ɛ – ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɦɚɫɫɢɜɧɵɣ ɢɧɞɭɤɬɨɪ, ɪɚɛɨɱɚɹ ɨɛɥɚɫɬɶ ɤɨɬɨɪɨɝɨ ɜ ɫɟɱɟɧɢɢ ɢɦɟɟɬ 
ɮɨɪɦɭ ɭɫɟɱɟɧɧɨɝɨ ɤɨɧɭɫɚ; ɜ – ɂɂɋ ɫ ɬɨɧɤɨɫɬɟɧɧɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ 

ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɢɧɞɭɤɬɨɪɨɦ ɫ ɚɤɫɢɚɥɶɧɨɣ ɫɢɦɦɟɬɪɢɟɣ ɢɧɞɭɤɬɨɪɚ (ɢɧɞɭɤɬɨɪ ɛɟɡ 
ɪɚɡɪɟɡɚ); ɝ – ɂɂɋ ɫ ɬɨɧɤɨɫɬɟɧɧɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ 

ɢɧɞɭɤɬɨɪɨɦ ɫ ɪɚɡɪɟɡɨɦ; ɞ – ɂɂɋ ɫ ɬɨɧɤɨɫɬɟɧɧɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ 

ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɢɧɞɭɤɬɨɪɨɦ ɫ ɪɚɡɪɟɡɨɦ ɢ ɩɨɞɤɥɸɱɟɧɧɵɦɢ ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɧɨɜɧɨɦɭ 
ɜɢɬɤɭ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɜɢɬɤɚɦɢ, ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦɢ ɷɤɪɚɧɭ; ɟ – ɂɂɋ ɫ ɦɚɫɫɢɜɧɵɦ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ ɞɜɭɯɜɢɬɤɨɜɵɦ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɢɧɞɭɤɬɨɪɨɦ; ɠ – ɂɂɋ ɫ 
ɬɨɧɤɨɫɬɟɧɧɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ ɞɜɭɯɜɢɬɤɨɜɵɦ ɢɧɞɭɤɬɨɪɨɦ ɩɪɹɦɨɭɝɨɥɶɧɨɣ 

ɮɨɪɦɵ; ɡ – ɞɜɭɯɜɢɬɤɨɜɵɣ ɢɧɞɭɤɬɨɪ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ 
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Ɉɛɪɚɛɨɬɤɚ ɨɫɰɢɥɥɨɝɪɚɦɦ 

 

ɉɚɪɚɦɟɬɪ ɢɧɞɭɤɬɢɜɧɨɫɬɢ L ɜɵɱɢɫɥɹɥɫɹ ɩɨ 

ɢɡɦɟɪɟɧɧɵɦ ɨɫɰɢɥɥɨɝɪɚɦɦɚɦ ɩɨ ɮɨɪɦɭɥɟ 
 

2

1
L

C
   ,                        (1) 

 

ɝɞɟ 2 f  – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɪɚɡɪɹɞɧɨɝɨ 
ɢɦɩɭɥɶɫɚ, ɪɚɞ/ɫ; ɋ – ёɦɤɨɫɬɶ ɧɚɤɨɩɢɬɟɥɹ 
ɷɧɟɪɝɢɢ, Ɏ. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɢɡɦɟɪɟɧɧɵɯ ɨɫɰɢɥɥɨ-
ɝɪɚɦɦ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥ.1. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ ɫɥɟɞɭɟɬ ɩɪɨɤɨɦɦɟɧɬɢɪɨɜɚɬɶ. 
 

ɇɚɢɦɟɧɶɲɟɣ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ ɨɛɥɚɞɚɟɬ ɰɢ-

ɥɢɧɞɪɢɱɟɫɤɢɣ ɦɚɫɫɢɜɧɵɣ ɢɧɞɭɤɬɨɪ, ɪɚɛɨɱɚɹ 
ɨɛɥɚɫɬɶ ɤɨɬɨɪɨɝɨ ɜ ɫɟɱɟɧɢɢ ɢɦɟɟɬ ɮɨɪɦɭ 
ɭɫɟɱɟɧɧɨɝɨ ɤɨɧɭɫɚ (ɪɢɫ. 1, ɚ). ɗɬɨ ɨɛɭɫɥɨɜɥɟ-
ɧɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɂɋ. 

 

ɉɪɢɫɨɟɞɢɧɟɧɢɟ ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɧɨɜɧɨɦɭ ɜɢɬ-
ɤɭ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɢɬɤɨɜ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠ-

ɧɨɣ ɫɬɨɪɨɧɵ ɬɨɧɤɨɫɬɟɧɧɨɝɨ ɷɤɪɚɧɚ ɜ ɂɂɋ 

ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɂɋ 

ɜ 1,45 ɪɚɡɚ. ɗɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɤɥɚɫɫɢɱɟɫɤɢɦɢ 

ɮɢɡɢɱɟɫɤɢɦɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦɢ, ɜ ɤɨɬɨɪɵɯ 
ɩɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɢɧɞɭɤɬɢɜɧɨɫɬɟɣ ɜ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɢɫɬɟɦɟ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟ-
ɧɢɸ ɟё ɫɭɦɦɚɪɧɨɣ ɢɧɞɭɤɬɢɜɧɨɫɬɢ. 

 

ɇɚɥɢɱɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɷɤɪɚɧɚ ɜ ɂɋ ɨɛɭ-
ɫɥɚɜɥɢɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɟё ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɩɨ-

ɱɬɢ ɜ 2 ɪɚɡɚ, ɱɬɨ ɬɚɤɠɟ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɤɥɚɫɫɢ-

ɱɟɫɤɢɦɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦɢ (ɢɧɞɭɤɬɢɜɧɨɫɬɶ 
ɜɢɬɤɚ ɜ ɫɜɨɛɨɞɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɢɧɞɭɤɬɢɜ-
ɧɨɫɬɶ ɜɢɬɤɚ ɧɚɞ ɩɪɨɜɨɞɹɳɟɣ ɩɥɨɫɤɨɫɬɶɸ). 

 

ɇɚɢɛɨɥɶɲɟɣ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ ɢɡ ɢɫɫɥɟɞɨ-
ɜɚɧɧɵɯ ɂɋ ɨɛɥɚɞɚɟɬ ɞɜɭɯɜɢɬɤɨɜɵɣ ɢɧɞɭɤɬɨɪ 
ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ (ɪɢɫ. 1, ɠ). ɗɬɨ ɨɛɴɹɫ-
ɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɞɜɭɯɜɢɬɤɨɜɵɣ 

ɢɧɞɭɤɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨ ɫɨɟɞɢɧɟɧɧɵɟ ɞɜɚ ɜɢɬɤɚ ɩɪɹɦɨɭɝɨɥɶɧɨɣ 

ɮɨɪɦɵ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 
ɷɤɪɚɧɚ (ɩɪɨɜɨɞɹɳɟɣ ɩɥɨɫɤɨɫɬɢ). 

 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɨɞɧɢɦ ɢɡ ɤɪɢɬɟɪɢɟɜ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɨɩɟɪɚɰɢɢ ɹɜɥɹɟɬɫɹ 
ɪɚɡɧɢɰɚ ɢɧɞɭɤɬɢɜɧɨɫɬɢ Ɇɂɍ ɢ ɂɋ ɩɪɢɦɟɪɧɨ 
ɧɚ ɩɨɪɹɞɨɤ, ɩɪɢɱɟɦ ɂɋ ɞɨɥɠɧɚ ɨɛɥɚɞɚɬɶ 
ɦɟɧɶɲɟɣ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ. Ɍɨ ɟɫɬɶ ɩɪɨɜɟɞɟɧ-

ɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɤɨɫɜɟɧɧɨ ɨɰɟ-
ɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɂɋ ɩɪɢ 

ɪɚɛɨɬɟ ɫ ɤɨɧɤɪɟɬɧɨɣ Ɇɂɍ. 

 

ɉɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨ-
ɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɩɟɪɚɰɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɪɟ-
ɦɨɧɬɧɨɣ ɨɩɟɪɚɰɢɢ ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ 

ɪɢɯɬɨɜɤɢ, ɦɨɠɧɨ ɩɪɢɦɟɧɹɹ ɫɩɟɰɢɚɥɶɧɵɟ ɢɦ-

ɩɭɥɶɫɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ – ɫɨɝɥɚɫɭɸ-

ɳɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɵɯ 
ɞɨɥɠɧɚ ɛɵɬɶ ɧɚ ɩɨɪɹɞɨɤ ɜɵɲɟ, ɱɟɦ ɭ Ɇɂɍ. 

ɗɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɂɋ ɫ ɛɨɥɶɲɨɣ 

ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɜ ɫɨɱɟɬɚ-
ɧɢɢ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦ ɫɨɝɥɚɫɭɸɳɢɦ ɭɫɬɪɨɣ-

ɫɬɜɨɦ. 

 

Ɍɚɛɥɢɰɚ 1 Ɉɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɧɞɭɤɬɨɪɨɜ-ɢɧɫɬɪɭɦɟɧɬɨɜ 
 

ɂɫɫɥɟɞɭɟɦɨɟ ɭɫɬɪɨɣɫɬɜɨ  
ɑɚɫɬɨɬɚ  
ɫɢɝɧɚɥɚ  
f,  ɤȽɰ 

ɂɧɞɭɤɬɢɜ-
ɧɨɫɬɶ L, 

ɧȽɧ 

Ʉɨɦɩɥɟɤɫ ɞɥɹ ɢɦɢɬɚɰɢɢ ɩɪɨɰɟɫɫɨɜ 29,76 867 

ɐɢɥɢɧɞɪɢɱɟɫɤɢɣ ɦɚɫɫɢɜɧɵɣ ɢɧɞɭɤɬɨɪ, ɪɚɛɨɱɚɹ ɨɛɥɚɫɬɶ ɤɨɬɨɪɨɝɨ ɜ ɫɟɱɟ-
ɧɢɢ ɢɦɟɟɬ ɮɨɪɦɭ ɭɫɟɱɟɧɧɨɝɨ ɤɨɧɭɫɚ (ɪɢɫ. 1, ɚ) 29,07 41 

ɂɂɋ ɫ ɬɨɧɤɨɫɬɟɧɧɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɢɧɞɭɤ-
ɬɨɪɨɦ ɫ ɚɤɫɢɚɥɶɧɨɣ ɫɢɦɦɟɬɪɢɟɣ ɢɧɞɭɤɬɨɪɚ (ɢɧɞɭɤɬɨɪ ɛɟɡ ɪɚɡɪɟɡɚ)  
(ɪɢɫ. 1, ɛ) 

25,77 289 

ɂɂɋ ɫ ɬɨɧɤɨɫɬɟɧɧɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɢɧɞɭɤ-
ɬɨɪɨɦ ɫ ɪɚɡɪɟɡɨɦ (ɪɢɫ. 1, ɜ) 26,60 218 

ɂɂɋ ɫ ɬɨɧɤɨɫɬɟɧɧɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɢɧɞɭɤ-
ɬɨɪɨɦ ɫ ɪɚɡɪɟɡɨɦ ɢ ɩɨɞɤɥɸɱɟɧɧɵɦɢ ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɧɨɜɧɨɦɭ ɜɢɬɤɭ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧɵɦɢ ɜɢɬɤɚɦɢ, ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦɢ ɷɤɪɚɧɭ (ɪɢɫ. 1, ɝ) 

27,47 150 

ɂɂɋ ɫ ɦɚɫɫɢɜɧɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ ɞɜɭɯɜɢɬɤɨɜɵɦ  ɰɢɥɢɧɞɪɢ-

ɱɟɫɤɢɦ ɢɧɞɭɤɬɨɪɨɦ (ɪɢɫ. 1, ɞ) 
25,51 313 

ɂɂɋ ɫ ɬɨɧɤɨɫɬɟɧɧɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ ɞɜɭɯɜɢɬɤɨɜɵɦ ɢɧɞɭɤɬɨ-
ɪɨɦ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ (ɪɢɫ. 1, ɟ) 27,17 173 

Ⱦɜɭɯɜɢɬɤɨɜɵɣ ɢɧɞɭɤɬɨɪ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ (ɪɢɫ. 1, ɠ) 25,00 362 

ɂɂɋ ɫ ɦɚɫɫɢɜɧɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɷɤɪɚɧɨɦ ɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɢɧɞɭɤɬɨ-
ɪɨɦ  

26,36 239 
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ȼɵɜɨɞɵ 

 

ɉɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɨɫɧɨɜɧɨɝɨ ɩɚɪɚɦɟɬɪɚ – ɢɧɞɭɤɬɢɜɧɨɫɬɢ 

ɢɧɞɭɤɬɨɪɨɜ-ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɦɚɝɧɢɬɧɨ-
ɢɦɩɭɥɶɫɧɵɯ ɦɟɬɨɞɨɜ ɤɭɡɨɜɧɨɝɨ ɪɟɦɨɧɬɚ ɚɜ-
ɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ. 
 

ɇɚɢɦɟɧɶɲɟɣ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ ɨɛɥɚɞɚɟɬ ɰɢ-

ɥɢɧɞɪɢɱɟɫɤɢɣ ɦɚɫɫɢɜɧɵɣ ɢɧɞɭɤɬɨɪ, ɪɚɛɨɱɚɹ 
ɨɛɥɚɫɬɶ ɤɨɬɨɪɨɝɨ ɜ ɫɟɱɟɧɢɢ ɢɦɟɟɬ ɮɨɪɦɭ 
ɭɫɟɱɟɧɧɨɝɨ ɤɨɧɭɫɚ 40 ɧȽɧ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ 
ɧɚɢɛɨɥɶɲɟɣ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ ɨɛɥɚɞɚɟɬ ɞɜɭɯ-
ɜɢɬɤɨɜɵɣ ɢɧɞɭɤɬɨɪ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ 362 ɧȽ. Ⱦɚɧɧɵɣ ɮɚɤɬ ɨɛɭɫɥɨɜɥɟɧ ɤɨɧɫɬɪɭɤ-
ɬɢɜɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɜɵɩɨɥɧɟɧɢɹ ɂɋ. 

 

ɉɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 

ɢ ɪɟɦɨɧɬɧɵɯ ɨɩɟɪɚɰɢɣ ɫ ɩɨɦɨɳɶɸ ɦɚɝɧɢɬɧɨ-
ɢɦɩɭɥɶɫɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɦɨɠɧɨ ɩɪɢɦɟɧɹɹ 
ɫɩɟɰɢɚɥɶɧɵɟ ɢɦɩɭɥɶɫɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 

ɬɨɤɚ – ɫɨɝɥɚɫɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ. ɂɯ ɢɧɞɭɤ-
ɬɢɜɧɨɫɬɶ ɞɨɥɠɧɚ ɛɵɬɶ ɧɚ ɩɨɪɹɞɨɤ ɜɵɲɟ, ɱɟɦ 

ɭ Ɇɂɍ, ɢ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ, ɱɟɦ ɭ ɂɋ. 
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