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Аɧɧɨɬаɰиɹ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɢ ɱɢɫɥɟɧɧɵɟ ɨɰɟɧɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜ 
ɫɢɫɬɟɦɟ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚ ɫ ɩɥɚɫɤɢɦ ɤɪɭɝɨɜɵɦ ɦɧɨɝɨɜɢɬɤɨɜɵɦ ɫɨɥɟɧɨɢɞɨɦ. ɉɨɥɭɱɟɧɵ 
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ɷɮɮɢɰɢɟɧɬɚ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɢ ɜɪɟɦɹ ɧɚɝɪɟɜɚ.  
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Abstract. Analysis and numerical estimation of electromagnetic and thermal processes in the induc-

tion heating system with a flat circular multiturn solenoid is carried out. The calculated dependences 

for the current and the transformation ratio is obtained. The maximum ratio of transformations and 

heating time is determined.  
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ȼɜɟɞɟɧɢɟ 
 
ɂɧɞɭɤɰɢɨɧɧɵɣ ɧɚɝɪɟɜ (ɂɇ) – ɦɟɬɨɞ ɛɟɫɤɨɧ-
ɬɚɤɬɧɨɝɨ ɧɚɝɪɟɜɚ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɬɨɤɚɦɢ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɵ. Ɉɞɧɢɦ ɢɡ 

ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɢɫɬɟɦɟ ɂɇ ɹɜɥɹɟɬɫɹ 
ɢɧɞɭɤɬɨɪ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɧɚɜɟɞɟɧɢɟ ɢɧɞɭ-
ɰɢɪɨɜɚɧɧɨɝɨ ɬɨɤɚ ɜ ɨɛɴɟɤɬɟ ɨɛɪɚɛɨɬɤɢ. ɗɬɨɬ 
ɷɮɮɟɤɬ ɧɚɲёɥ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨ-
ɫɬɢ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɹɞɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
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ɨɩɟɪɚɰɢɣ, ɧɚɩɪɢɦɟɪ, ɩɨ ɡɚɤɚɥɤɟ ɩɨɜɟɪɯɧɨ-
ɫɬɟɣ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ, ɛɟɫɤɨɧɬɚɤɬɧɨ-
ɦɭ ɪɚɡɨɝɪɟɜɭ ɠɢɞɤɨɫɬɟɣ, ɥɟɜɢɬɚɰɢɨɧɧɨɣ 
ɩɥɚɜɤɟ ɦɟɬɚɥɥɨɜ ɢ ɞɪ. [1–3]. 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 
ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɂɇ ɜɫɟ ɱɚɳɟ ɩɪɢɦɟɧɟɧɹ-
ɟɬɫɹ ɜ ɦɟɬɨɞɚɯ ɢ ɫɩɨɫɨɛɚɯ ɪɟɦɨɧɬɚ ɬɪɚɧɫ-
ɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ. ɇɚɩɪɢɦɟɪ, ɨɩɟɪɚɰɢɢ ɩɨ 
ɫɴёɦɭ ɫɬёɤɨɥ, ɨɱɢɫɬɤɟ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨ-
ɤɪɵɬɢɣ, ɪɚɡɴёɦɭ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɪɚɡ-
ɦɹɝɱɟɧɢɸ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ ɤɭɡɨɜɨɜ 
ɩɟɪɟɞ ɪɢɯɬɨɜɤɨɣ ɜɦɹɬɢɧ ɢ ɞɪ. [4, 5]. 
 
ȼ ɪɚɛɨɬɟ [6] ɚɜɬɨɪɚɦɢ ɩɪɟɞɥɨɠɟɧɚ ɫɢɫɬɟɦɚ, 
ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɩɪɨ-
ɬɟɤɚɧɢɟ ɬɨɤɚ ɜ ɨɛɦɨɬɤɟ ɪɚɛɨɱɟɝɨ ɢɧɫɬɪɭɦɟɧ-
ɬɚ ɩɟɪɟɞ ɫɚɦɢɦ ɩɪɨɰɟɫɫɨɦ ɦɚɝɧɢɬɧɨ-
ɢɦɩɭɥɶɫɧɨɝɨ ɫɢɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. Ɍɚɤɨɣ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɂɇ ɩɨɡɜɨɥɹɥ ɫɭɳɟɫɬɜɟɧɧɨ 
ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɚɝɧɢɬɧɨ-
ɢɦɩɭɥɶɫɧɨɣ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ. 
 
Ɉɞɧɚɤɨ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɨɫɬɚɸɬɫɹ ɧɟ ɪɚɫ-
ɤɪɵɬɵ ɦɧɨɝɨɟ ɜɨɩɪɨɫɵ ɂɇ, ɨɫɨɛɟɧɧɨ ɷɬɨ ɤɚ-
ɫɚɟɬɫɹ ɟɝɨ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ 
ɪɟɦɨɧɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɚɜɬɨɬɪɚɧɫɩɨɪɬɟ. 
ɇɚɩɪɢɦɟɪ, ɩɪɨɰɟɫɫɵ ɜɨɡɛɭɠɞɟɧɢɹ ɜɢɯɪɟɜɵɯ 
ɬɨɤɨɜ ɢ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚ ɜ ɮɟɪɪɨɦɚɝ-
ɧɟɬɢɤɚɯ ɛɭɞɭɬ ɨɬɥɢɱɧɵ ɨɬ ɚɧɚɥɨɝɢɱɧɵɯ ɩɪɨ-
ɰɟɫɫɨɜ ɜ ɧɟɦɚɝɧɢɬɧɵɯ ɦɟɬɚɥɥɚɯ ɫɨ ɜɫɟɦɢ ɜɵ-
ɬɟɤɚɸɳɢɦɢ ɩɨɫɥɟɞɫɬɜɢɹɦɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɫɨɡɞɚɧɢɟ ɪɟɚɥɶɧɵɯ ɫɢɫɬɟɦ ɬɪɟɛɭɟɬ ɤɨɥɢɱɟ-
ɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ 
ɦɟɬɚɥɥɚ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɂɇ. 
 
ɋɪɟɞɢ ɩɨɫɥɟɞɧɢɯ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɧɚ ɷɬɭ 
ɬɟɦɭ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɪɚɛɨɬɭ [7], ɝɞɟ ɤɪɢɬɟ-
ɪɢɟɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɩɥɨɬɧɨɫɬɶ ɚɤ-
ɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɜɵɞɟɥɹɟɦɨɣ ɭ ɩɨɜɟɪɯɧɨ-
ɫɬɢ  ɦɟɬɚɥɥɚ ɡɚ ɩɟɪɢɨɞ ɞɟɣɫɬɜɭɸɳɟɝɨ ɩɨɥɹ, 
ɢɡɦɟɧɹɸɳɟɝɨɫɹ ɜɨ ɜɪɟɦɟɧɢ ɩɨ ɝɚɪɦɨɧɢɱɟ-
ɫɤɨɦɭ ɡɚɤɨɧɭ. ȼ ɪɚɦɤɚɯ ɩɪɢɧɹɬɨɣ ɢɞɟɚɥɢɡɢ-
ɪɨɜɚɧɧɨɣ ɦɨɞɟɥɢ ɚɜɬɨɪɚɦɢ ɩɨɥɭɱɟɧɨ, ɱɬɨ 
ɝɥɭɛɨɤɨɟ ɧɚɫɵɳɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ 
ɨɬɞɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɧɚɝɪɟ-
ɜɚ ɞɨɫɬɚɬɨɱɧɨ ɦɚɫɫɢɜɧɨɝɨ ɮɟɪɪɨɦɚɝɧɟɬɢɤɚ. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ⱥɧɚɥɢɡ ɩɪɨɬɟɤɚɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢ ɬɟɩ-
ɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɢɫɬɟɦɟ ɢɧɞɭɤɰɢɨɧɧɨɝɨ 
ɧɚɝɪɟɜɚ ɫ ɩɥɨɫɤɢɦ ɤɪɭɝɨɜɵɦ ɦɧɨɝɨɜɢɬɤɨɜɵɦ 
ɫɨɥɟɧɨɢɞɨɦ, ɩɨɦɟɳёɧɧɵɦ ɧɚɞ ɩɥɨɫɤɨɫɬɶɸ 
ɬɨɧɤɨɫɬɟɧɧɨɝɨ ɥɢɫɬɨɜɨɝɨ ɮɟɪɪɨɦɚɝɧɟɬɢɤɚ. 
Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɦɚɝɧɢɬɧɨɣ 

ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɦɟɬɚɥɥɚ ɧɚ ɩɪɨɰɟɫɫ ɟɝɨ ɢɧ-
ɞɭɤɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚ. 

 

Ɏɟɪɪɨɦɚɝɧɟɬɢɤɢ, ɨɫɨɛɟɧɧɨɫɬɢ 

ɩɪɨɬɟɤɚɸщɢɯ ɩɪɨɰɟɫɫɨɜ 

 

ɉɪɢ ɪɟɲɟɧɢɢ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɚɧɚɥɢɬɢ-

ɱɟɫɤɢɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ ɞɥɹ ɢɧɞɭɰɢɪɨɜɚɧɧɵɯ 
ɬɨɤɨɜ ɜ ɬɨɧɤɨɫɬɟɧɧɵɯ ɥɢɫɬɨɜɵɯ ɮɟɪɪɨɦɚɝɧɟ-
ɬɢɤɚɯ, ɩɨɥɭɱɟɧɧɵɦɢ ɚɜɬɨɪɚɦɢ ɪɚɛɨɬ [8, 9]. 

 

Ⱦɥɹ ɩɨɧɢɦɚɧɢɹ ɝɪɚɧɢɰ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɨɫɥɟ-
ɞɭɸɳɢɯ ɜɵɱɢɫɥɟɧɢɣ ɩɪɢɜɟɞёɦ ɨɫɧɨɜɧɵɟ ɩɨ-
ɥɨɠɟɧɢɹ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɩɨɫɬɚɧɨɜɤɢ 

ɡɚɞɚɱɢ. 

 

Ɋɚɫɱёɬɧɚɹ ɦɨɞɟɥɶ –  ɬɚ ɠɟ, ɱɬɨ ɢ ɫ ɧɟɦɚɝɧɢɬ-
ɧɵɦ ɦɟɬɚɥɥɨɦ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ ɫ ɧɚɩɪɚɜɥɹɸɳɢɦɢ ɨɪɬɚɦɢ 

, ,r ze e e  
 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ.1. 

 

ɉɪɢɧɹɬɵɟ ɞɨɩɭɳɟɧɢɹ.  Ʌɢɫɬɨɜɚɹ ɡɚɝɨɬɨɜɤɚ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 
ɬɨɧɤɨɫɬɟɧɧɨɣ, ɚ ɟё ɪɚɞɢɚɥɶɧɚɹ ɩɪɨɬɹɠёɧ-

ɧɨɫɬɶ ɬɚɤɠɟ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɚ, ɬɨ ɟɫɬɶ 

1,2

1
d

R
 , ɝɞɟ d – ɭɞɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞ-

ɧɨɫɬɶ ɢ ɬɨɥɳɢɧɚ ɡɚɝɨɬɨɜɤɢ, R1,2 – ɜɧɭɬɪɟɧɧɢɣ 

ɢ ɜɧɟɲɧɢɣ ɪɚɞɢɭɫɵ ɢɧɞɭɤɬɨɪɚ.  ȼɢɬɨɤ ɢɧɞɭɤɬɨɪɚ ɞɨɫɬɚɬɨɱɧɨ ɬɨɧɨɤ ɢ 

"ɩɪɨɡɪɚɱɟɧ" ɞɥɹ ɞɟɣɫɬɜɭɸɳɢɯ ɩɨɥɟɣ 

( 0) , ɬɚɤ ɱɬɨ ɟɝɨ ɦɟɬɚɥɥ ɧɟ ɨɤɚɡɵɜɚɟɬ ɧɢ-

ɤɚɤɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɩɪɨɬɟɤɚɸɳɢɟ ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɵɟ ɩɪɨɰɟɫɫɵ.  ȼ ɢɧɞɭɤɬɨɪɟ ɬɟɱёɬ ɬɨɤ I(t), ɜɪɟɦɟɧɧɵɟ ɩɚ-
ɪɚɦɟɬɪɵ ɤɨɬɨɪɨɝɨ ɬɚɤɨɜɵ, ɱɬɨ ɜ ɪɚɫɱёɬɚɯ 
ɜɩɨɥɧɟ ɩɪɢɟɦɥɟɦɨ ɢɡɜɟɫɬɧɨɟ ɭɫɥɨɜɢɟ ɤɜɚɡɢ-

ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɩɪɨɢɫɯɨɞɹɳɢɯ ɷɥɟɤɬɪɨɦɚɝ-

ɧɢɬɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɬɚɤ ɱɬɨ 1
c

    (ɡɞɟɫɶ ω 

– ɰɢɤɥɢɱɟɫɤɚɹ ɱɚɫɬɨɬɚ ɩɪɨɰɟɫɫɚ, c – ɫɤɨɪɨɫɬɶ 
ɫɜɟɬɚ ɜ ɜɚɤɭɭɦɟ, l – ɯɚɪɚɤɬɟɪɧɵɣ ɧɚɢɛɨɥɶɲɢɣ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɪɚɡɦɟɪ ɫɢɫɬɟɦɵ).  ɋɢɫɬɟɦɚ ɨɛɥɚɞɚɟɬ ɚɤɫɢɚɥɶɧɨɣ ɫɢɦɦɟɬɪɢ-

ɟɣ, ɬɚɤ ɱɬɨ 0
   (φ – ɩɨɥɹɪɧɵɣ ɭɝɨɥ). 

 

Ɇɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɦɟɬɚɥɥɚ ɥɢɫɬɨɜɨɣ 

ɡɚɝɨɬɨɜɤɢ ɩɨɫɬɨɹɧɧɚ ɢ ɪɚɜɧɚ µ1, µ1 = µ0 ·µ, µ0 

ɢ µ – ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɚɤɭɭɦɚ ɢ 

ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɦɟ-
ɬɚɥɥɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 



ВеȟȠник ХНАДУ, вып. 70, 2015 115

 

I(t)

2R1 

2R2 h 

Δ 

d 

 

1 

2 
 0φ

z

r
φ

z  
Ɋɢɫ.1. Ɋɚɫɱёɬɧɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ «ɢɧɞɭɤɬɨɪ-ɡɚɝɨɬɨɜɤɚ», I(t) – ɢɫɬɨɱɧɢɤ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ: 1 – 

ɦɧɨɝɨɜɢɬɤɨɜɵɣ ɫɨɥɟɧɨɢɞ; 2 – ɩɥɨɫɤɢɣ ɥɢɫɬɨɜɨɣ ɮɟɪɪɨɦɚɝɧɟɬɢɤ 
 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɭɪɨɜɧɟɦ ɜɚɪɢɚɰɢɢ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɦɚɝɧɢɬɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ µ ɜ ɬɟɱɟɧɢɟ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɨɰɟɫɫɚ. Ȼɟɡɭɫɥɨɜɧɵɦ ɹɜɥɹ-
ɟɬɫɹ ɢ ɬɨ, ɱɬɨ ɪɟɚɥɶɧɨ ɷɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɮɟɪɪɨɦɚɝɧɟɬɢɤɚ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜ ɢɧɬɟɪɜɚ-
ɥɟ ɨɬ ɟɞɢɧɢɰɵ ɞɨ ɫɜɨɟɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚ-
ɱɟɧɢɹ, ɦɧɨɝɨ ɛɨɥɶɲɟɝɨ ɟɞɢɧɢɰɵ. ɇɨ, ɟɫɥɢ 

ɩɨɫɦɨɬɪɟɬɶ ɧɚ ɬɢɩɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɚɝ-
ɧɢɬɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɫɬɚɥɟɣ ɨɬ 
ɧɚɩɪɹɠёɧɧɨɫɬɢ ɩɨɥɹ ɢɡ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ 

ɦɨɧɨɝɪɚɮɢɢ ə. Ɍɭɪɨɜɫɤɨɝɨ [10], ɬɨ ɦɨɠɧɨ 
ɭɤɚɡɚɬɶ, ɱɬɨ ɞɥɹ 410mH   Ⱥ/ɦ ɢɡɦɟɧɟɧɢɟ 
ɷɬɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɬɚɥɥɚ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ 

ɜɟɥɢɱɢɧɨɣ ɩɪɨɢɡɜɨɞɧɨɣ 
( )

0rd H

dH

  , ɛɭɞɟɬ 

ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɦ. ȼ ɞɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɚɦ-

ɩɥɢɬɭɞ ɞɟɣɫɬɜɭɸɳɟɝɨ ɩɨɥɹ ɦɨɠɧɨ ɩɨɥɨɠɢɬɶ, 
ɱɬɨ constr  . 

 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɨɩɭɳɟɧɢɟ ɨ ɩɨɫɬɨɹɧ-

ɫɬɜɟ ɦɚɝɧɢɬɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɮɟɪɪɨɦɚɝɧɟ-
ɬɢɤɨɜ ɧɟ ɹɜɥɹɟɬɫɹ ɧɨɜɵɦ. Ɋɚɡɧɵɦɢ ɚɜɬɨɪɚɦɢ 

ɜ ɪɚɡɧɨɟ ɜɪɟɦɹ ɨɧɨ ɧɟɨɞɧɨɤɪɚɬɧɨ ɢɫɩɨɥɶɡɨ-
ɜɚɥɨɫɶ ɜ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɧɚɩɪɢɦɟɪ, [8–11]. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɰɢɬɢɪɭɟɦɵɯ ɪɚɛɨɬ [8, 9], ɝɞɟ ɢɫ-
ɫɥɟɞɨɜɚɧɚ ɫɢɫɬɟɦɚ, ɚɧɚɥɨɝɢɱɧɚɹ ɪɚɫɫɦɚɬɪɢ-

ɜɚɟɦɨɣ, ɧɨ ɫ ɨɞɧɨɜɢɬɤɨɜɵɦ ɢɧɞɭɤɬɨɪɨɦ, ɩɟ-
ɪɟɩɢɲɟɦ ɜ ɜɢɞɟ, ɭɞɨɛɧɨɦ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɱɢɫɥɟɧɧɵɯ ɨɰɟɧɨɤ. 

Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɟɥɢɱɢɧɵ ɬɨɤɚ, ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ ɜ ɦɟɬɚɥɥɟ 
ɥɢɫɬɨɜɨɣ ɡɚɝɨɬɨɜɤɢ ɜ ɤɪɭɝɟ ɪɚɞɢɭɫɚ R. 
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.          (1) 
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k

    ; k  ɤɨɪɧɢ ɭɪɚɜ-

ɧɟɧɢɹ:    
2

rk
k

r k

x
tg

x

          ; 
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      
         

      
; 

t   ɮɚɡɚ ɫɢɝɧɚɥɚ; 
  2

0 r d      – ɯɚɪɚɤɬɟɪɧɨɟ ɜɪɟɦɹ ɩɪɨ-
ɧɢɤɧɨɜɟɧɢɹ ɩɨɥɹ ɜ ɩɪɨɜɨɞɹɳɢɣ ɫɥɨɣ ɫ 
ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ γ, ɨɬɧɨɫɢ-

ɬɟɥɶɧɨɣ ɦɚɝɧɢɬɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ μr ɢ 

ɬɨɥɳɢɧɨɣ d. 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɚɦɩɥɢɬɭɞ ɜɨɡɛɭɠɞɚɸɳɟɝɨ 
ɬɨɤɚ ɢ ɬɨɤɚ, ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ ɜ ɡɚɝɨɬɨɜɤɟ ɜ 
ɤɪɭɝɟ ɪɚɞɢɭɫɚ R (ɨɛɥɚɫɬɶ: r R ). 
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.   (2) 

 

ɂɡ ɜɵɪɚɠɟɧɢɹ (2) ɩɨɥɭɱɚɟɦ, ɱɬɨ 
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Ɇɚɤɫɢɦɭɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 

ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɢ R→∞, ɭɱɢɬɵɜɚɸɳɟɦ ɪɚɫɬɟ-
ɤɚɧɢɟ ɜɢɯɪɟɜɵɯ ɬɨɤɨɜ ɩɨ ɜɫɟɣ ɩɥɨɳɚɞɢ ɥɢ-

ɫɬɨɜɨɝɨ ɦɟɬɚɥɥɚ. 
 

 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 

 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɧɚɝɪɟɜ ɤɪɭɝɨɜɨɝɨ ɭɱɚɫɬɤɚ 
ɥɢɫɬɨɜɨɝɨ ɨɛɪɚɡɰɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɞ ɨɛ-

ɦɨɬɤɨɣ ɢɧɞɭɤɬɨɪɚ ɪɚɞɢɭɫɚ R2, ɬɨɥɳɢɧɨɣ d ɢɡ 
ɦɟɬɚɥɥɚ ɫ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ γ ɢ 

ɩɥɨɬɧɨɫɬɶɸ ρ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɫ ɩɥɨɬɧɨ-
ɫɬɶɸ ( )J  . 

 

Ɂɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɨɣ ɤɪɭɝɨɜɨɣ ɨɛɥɚɫɬɢ ɥɢɫɬɨɜɨɝɨ 

ɦɟɬɚɥɥɚ ɡɚ ɜɪɟɦɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɮɚɡɨɜɨɦɭ 
ɩɪɨɦɟɠɭɬɤɭ Δφ 

 

   2
0

1
( )oT J d

M C d


           , (4) 

 

ɝɞɟ M – ɦɚɫɫɚ ɩɥɚɫɬɢɧɵ, 2
2M R     ; C – 

ɭɞɟɥɶɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ ɦɟɬɚɥɥɚ ɩɥɚɫɬɢɧɵ. 

 

Ɏɨɪɦɭɥɚ (4) ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɤɪɭɝɨ-
ɜɨɣ ɨɛɥɚɫɬɢ ɥɢɫɬɨɜɨɝɨ ɦɟɬɚɥɥɚ ɫ ɜɧɟɲɧɢɦ 

ɪɚɞɢɭɫɨɦ R ɡɚ ɜɪɟɦɟɧɧɨɣ ɢɧɬɟɪɜɚɥ Δt ɦɨɠɟɬ 
ɫɨɞɟɪɠɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɦɚɝɧɢɬɧɨɣ ɩɪɨɧɢ-

ɰɚɟɦɨɫɬɢ ɬɨɥɶɤɨ ɜ ɜɵɪɚɠɟɧɢɢ ɞɥɹ ɥɢɧɟɣɧɨɣ 

ɩɥɨɬɧɨɫɬɢ ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ ɬɨɤɚ ɩɨɞ ɡɧɚɤɨɦ 

ɞɜɨɣɧɨɝɨ ɢɧɬɟɝɪɚɥɚ. 
 

ɋ ɭɱёɬɨɦ ɞɚɧɧɨɝɨ ɡɚɦɟɱɚɧɢɹ ɨɧɚ ɩɪɢɟɦɥɟɦɚ 
ɞɥɹ ɪɚɫɱёɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɢɧɞɭɤɰɢɨɧɧɨɝɨ 
ɧɚɝɪɟɜɚ ɤɪɭɝɨɜɨɣ ɨɛɥɚɫɬɢ ɥɢɫɬɨɜɨɝɨ ɮɟɪɪɨ-
ɦɚɝɧɟɬɢɤɚ. ȼ ɬɟɪɦɢɧɚɯ «ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ» –  2
o

o
ɨɬɧ

m

T
T

I w

    ɷɬɚ 

ɮɨɪɦɭɥɚ ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ: 
 

 
 2

0

1

( )

ɨ
ɨɬɧ

ɨɬɧ

T
M C d

J d




      
   ,         (5) 

 

ɝɞɟ  
( )

( )ɨɬɧ
m

J
J

J w


   – «ɨɬɧɨɫɢɬɟɥɶɧɚɹ 

ɩɥɨɬɧɨɫɬɶ ɭɫɪɟɞɧёɧɧɨɣ ɜɟɥɢɱɢɧɵ ɜɨɡɛɭɠɞɚ-
ɟɦɨɝɨ ɬɨɤɚ» (ɢɦɟɟɬɫɹ ɜɜɢɞɭ ɭɫɪɟɞɧɟɧɢɟ ɩɨ 
ɪɚɞɢɚɥɶɧɨɦɭ ɢ ɩɨɩɟɪɟɱɧɨɦɭ ɪɚɡɦɟɪɭ ɨɛɥɚ-
ɫɬɢ ɧɚɝɪɟɜɚɟɦɨɝɨ ɨɛɪɚɡɰɚ). 
 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɮɨɪɦɭɥɚ (5) ɢɧɬɟ-
ɝɪɚɥɶɧɵɦ ɨɛɪɚɡɨɦ ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɨɫɨ-
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ɛɟɧɧɨɫɬɟɣ ɫɤɢɧ-ɷɮɮɟɤɬɚ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɟ 
ɩɨɤɚɡɚɬɟɥɢ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚ, ɬɨ ɟɫɬɶ 
ɧɟ ɬɨɥɶɤɨ ɩɪɨɜɨɞɹɳɢɯ, ɧɨ ɦɚɝɧɢɬɧɵɯ 

ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɚ ɡɚɝɨɬɨɜɤɢ. 

 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɱɢɫɥɟɧɧɵɯ ɨɰɟɧɨɤ ɫɨɨɬɧɨ-
ɲɟɧɢɟ (5) ɧɟɨɛɯɨɞɢɦɨ ɞɨɩɨɥɧɢɬɶ ɜɵɪɚɠɟɧɢ-

ɟɦ ɞɥɹ ɜɟɥɢɱɢɧɵ ɜɨɡɛɭɠɞɚɟɦɨɝɨ ɬɨɤɚ, ɭɫɪɟɞ-

ɧёɧɧɨɣ ɩɨ ɬɨɥɳɢɧɟ ɥɢɫɬɚ d ɢ ɪɚɞɢɭɫɭ R2 

(ɨɛɥɚɫɬɶ ɩɨɞ ɢɧɞɭɤɬɨɪɨɦ), ɤɨɬɨɪɨɟ ɦɨɠɧɨ 

ɩɨɥɭɱɢɬɶ ɢɡ ɡɚɜɢɫɢɦɨɫɬɢ (1). 

 

   2 1

2
0

0

( , ) 4

( ) 1

r
m

h
x

d

d
J r R I w

R R

R
f x e x J x

d


  

          
            

 

  ( )
( ),

k k

k r k

F
a k

x

       

2 2

0

cos

k x

k

e dx

   


        
 .        (6) 

 

Ɋɟɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɤɪɭɝɨɜɨɣ ɨɛ-

ɥɚɫɬɢ ɥɢɫɬɨɜɨɝɨ ɮɟɪɪɨɦɚɝɧɟɬɢɤɚ ɫ ɜɧɟɲɧɢɦ 

ɪɚɞɢɭɫɨɦ R ɡɚ ɜɪɟɦɟɧɧɨɣ ɢɧɬɟɪɜɚɥ Δt ɛɭɞɟɬ 
ɪɚɜɧɚ: 

 

 2o o
ɨɬɧ mT T I w     .           (7) 

 

Ɏɨɪɦɭɥɵ (5)–(7) ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɨɨɬ-
ɧɨɲɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɟ ɜɵɩɨɥɧɢɬɶ ɜɫɟ ɧɟɨɛ-
ɯɨɞɢɦɵɟ ɱɢɫɥɟɧɧɵɟ ɨɰɟɧɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɩɪɨɰɟɫɫɨɜ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɟ «ɢɧɞɭɤɬɨɪ 
– ɥɢɫɬɨɜɚɹ ɡɚɝɨɬɨɜɤɚ» ɫ ɭɱёɬɨɦ ɜɫɟɯ ɨɫɨɛɟɧ-

ɧɨɫɬɟɣ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɩɪɨɰɟɫɫɚɦɢ ɩɪɨɧɢɤ-
ɧɨɜɟɧɢɹ ɩɨɥɹ ɩɪɢ ɢɧɞɭɤɰɢɨɧɧɨɦ ɧɚɝɪɟɜɟ 
ɬɨɧɤɨɫɬɟɧɧɵɯ ɮɟɪɪɨɦɚɝɧɟɬɢɤɨɜ. 

 

ɑɢɫɥɟɧɧɵɟ ɨɰɟɧɤɢ 

 

ȼɵɱɢɫɥɟɧɢɹ ɩɪɨɜɟɞёɦ ɞɥɹ ɫɥɟɞɭɸɳɢɯ ɢɫ-
ɯɨɞɧɵɯ ɞɚɧɧɵɯ: ɱɢɫɥɨ ɜɢɬɤɨɜ ɜ ɨɛɦɨɬɤɟ ɢɧ-

ɞɭɤɬɨɪɚ w =20, ɟɝɨ ɪɚɞɢɚɥɶɧɵɟ ɪɚɡɦɟɪɵ 

R1=0,0025 ɦ ɢ R2=0,225 ɦ (ɩɨɩɟɪɟɱɧɵɣ ɪɚɡ-
ɦɟɪ ɨɛɦɨɬɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɡɦɟɪɭ ɪɚ-
ɛɨɱɟɣ ɡɨɧɵ  40 ɦɦ), ɬɨɥɳɢɧɚ ɥɢɫɬɨɜɨɣ ɡɚ-
ɝɨɬɨɜɤɢ d=0,001 ɦ, ɡɚɡɨɪ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɶɸ 

ɢɧɞɭɤɬɨɪɚ ɢ ɡɚɝɨɬɨɜɤɢ h=0,001 ɦ, ɭɞɟɥɶɧɚɹ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɫɬɚɥɶɧɨɣ ɡɚɝɨɬɨɜɤɢ 

70,4 10St    1/(Ɉɦ·ɦ). Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɦɚɝ-
ɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ 

ɢɡ ɢɧɬɟɪɜɚɥɚ [200; 500]r  , ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɢɟ 3 410 10H   Ⱥ/ɦ ɞɥɹ ɦɧɨɝɢɯ ɫɨɪɬɨɜ 
ɫɬɚɥɢ [10]. Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɝɪɭɛɵɟ ɨɰɟɧɤɢ ɫ 
ɩɨɦɨɳɶɸ ɡɚɤɨɧɚ ɩɨɥɧɨɝɨ ɬɨɤɚ, ɞɚɧɧɨɦɭ ɞɢɚ-
ɩɚɡɨɧɭ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠёɧɧɨɫɬɢ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɬ, ɧɚɩɪɢɦɟɪ, ɬɨɤɢ ~ 5 Ⱥ ɢ ɜɵɲɟ ɜ ɨɛ-

ɦɨɬɤɟ ɢɧɞɭɤɬɨɪɚ ɢɡ ɩɪɨɜɨɞɚ ɬɨɥɳɢɧɨɣ 

~ 1 ɦɦ. Ɋɚɛɨɱɚɹ ɱɚɫɬɨɬɚ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɬɨɤɚ 
ɜ ɢɧɞɭɤɬɨɪɟ ~ 25000 Ƚɰ. 

 

ȼɵɱɢɫɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɫɥɟɞɭɟɦɵɯ ɩɪɨ-
ɰɟɫɫɨɜ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɨɝɨ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ «Mathematica 5.1». 

 

Ʉɚɤ ɩɨɤɚɡɚɥɢ ɱɢɫɥɟɧɧɵɟ ɨɰɟɧɤɢ, ɞɥɹ ɩɪɢɧɹ-
ɬɨɣ ɝɟɨɦɟɬɪɢɢ ɢɧɞɭɤɬɨɪɚ ɩɪɢ (μr·ɯ)>>1 ɤɨɪɧɢ 

ɭɪɚɜɧɟɧɢɹ k  ɜ ɜɵɪɚɠɟɧɢɢ (1) ɦɨɠɧɨ ɚɩ-

ɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶɸ:  

 

 2
1k

r

k
x

              . 

 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ ɩɪɢ-

ɧɹɬɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ 

ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚ ɥɢɫɬɨɜɵɯ ɮɟɪɪɨɦɚɝ-
ɧɟɬɢɤɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥ.1. 

 
Ɍɚɛɥɢɰɚ 1 Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ ɫɢ-

ɫɬɟɦɵ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚ ɥɢɫɬɨɜɵɯ ɮɟɪɪɨ-
ɦɚɝɧɟɬɢɤɨɜ 

 

№ 

ɩ/ɩ 

μr 

d


 

K(r ≤R2, φmax)  ∆t100
o, 

ɦɢɧ. 

1. 200 0,12 15,0 4,6 

2. 350 0,085 9,57 11,5 

3. 500 0,071 7,53 18,08 

 

ɝɞɟ μr – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟ-

ɦɨɫɬɶ; 
d

  ɨɬɧɨɲɟɧɢɟ ɜɟɥɢɱɢɧɵ ɫɤɢɧ-ɫɥɨɹ ɤ 

ɬɨɥɳɢɧɟ ɡɚɝɨɬɨɜɤɢ; K(r ≤R2, φmax) – ɤɨɷɮɮɢ-

ɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɞɥɹ ɤɪɭɝɨɜɨɣ ɨɛɥɚɫɬɢ 

ɩɨɞ ɨɛɦɨɬɤɨɣ ɢɧɞɭɤɬɨɪɚ ɜ ɦɚɤɫɢɦɭɦɟ ɩɨ ɮɚ-
ɡɟ; ∆t100

o – ɜɪɟɦɹ ɧɚɝɪɟɜɚ ɞɨ 1000 ɋ ɩɪɢ ɬɨɤɟ 
ɢɧɞɭɤɬɨɪɚ ~ 10Ⱥ. 

 

ɉɪɨɜɟɞɟɧɧɵɟ ɱɢɫɥɟɧɧɵɟ ɨɰɟɧɤɢ ɢ ɞɚɧɧɵɟ 
ɬɚɛɥ. 1 ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ:  ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɦɚɝɧɢɬɧɨɣ 

ɩɪɨɧɢɰɚɟɦɨɫɬɢ µ=200–500, ɬɨ ɟɫɬɶ ɩɪɢ ɩɪɢ-

ɛɥɢɠɟɧɢɢ ɤ ɫɨɫɬɨɹɧɢɸ ɧɚɫɵɳɟɧɢɹ ɮɟɪɪɨ-
ɦɚɝɧɟɬɢɤɚ ɩɚɞɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɟɪɟɞɚɱɢ 

ɷɧɟɪɝɢɢ ɨɬ ɢɧɞɭɤɬɨɪɚ ɜ ɦɟɬɚɥɥ ɡɚɝɨɬɨɜɤɢ ɢ 
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ɪɚɫɬёɬ ɜɪɟɦɹ ɟё ɧɚɝɪɟɜɚ ɞɨ ɡɚɞɚɧɧɨɝɨ ɭɪɨɜɧɹ 
ɬɟɦɩɟɪɚɬɭɪ;  ɭɞɚɥɟɧɢɟ ɨɬ ɫɨɫɬɨɹɧɢɹ ɧɚɫɵɳɟɧɢɹ ɡɚ 
ɫɱёɬ ɭɦɟɧɶɲɟɧɢɹ ɬɨɤɚ ɜ ɢɧɞɭɤɬɨɪɟ ɢɥɢ ɫɧɢ-

ɠɟɧɢɹ ɟɝɨ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɵ ɩɨɡɜɨɥɹɟɬ ɭɥɭɱ-
ɲɢɬɶ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɢɧɞɭɤɰɢɨɧɧɨɝɨ 
ɧɚɝɪɟɜɚ ɜ ɰɟɥɨɦ;  ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɦ ɢ ɷɮɮɟɤɬɢɜɧɵɦ 

ɪɟɠɢɦɨɦ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚ ɬɨɧɤɨɫɬɟɧ-

ɧɨɝɨ ɥɢɫɬɨɜɨɝɨ ɮɟɪɪɨɦɚɝɧɟɬɢɤɚ ɩɪɟɞɫɬɚɜɥɹ-
ɟɬɫɹ ɪɟɠɢɦ, ɜ ɤɨɬɨɪɨɦ ɜɟɥɢɱɢɧɚ ɫɤɢɧ-ɫɥɨɹ 
ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɬɨɥɳɢɧɟ ɥɢɫɬɚ, ɬɨ ɟɫɬɶ 
∆/d→1. 

 

ȼɵɜɨɞɵ 

 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɨɰɟɧɨɤ 
ɫɜɨɞɹɬɫɹ ɤ ɫɥɟɞɭɸɳɢɦ ɩɨɥɨɠɟɧɢɹɦ. 

 

1. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɩɪɨɬɟɤɚɧɢɹ ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɵɯ ɢ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɢɫɬɟɦɟ ɢɧ-

ɞɭɤɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚ ɫ ɩɥɨɫɤɢɦ ɤɪɭɝɨɜɵɦ 

ɦɧɨɝɨɜɢɬɤɨɜɵɦ ɫɨɥɟɧɨɢɞɨɦ, ɩɨɦɟɳёɧɨ ɧɚɞ 

ɩɥɨɫɤɨɫɬɶɸ ɬɨɧɤɨɫɬɟɧɧɨɝɨ ɥɢɫɬɨɜɨɝɨ ɮɟɪ-
ɪɨɦɚɝɧɟɬɢɤɚ.  
 

2. ȼɵɩɨɥɧɟɧɚ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɦɚɝɧɢɬɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɦɟɬɚɥɥɚ ɧɚ ɩɪɨ-
ɰɟɫɫ ɟɝɨ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚ. ɉɨɤɚɡɚɧɨ, 
ɱɬɨ  ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɦɚɝɧɢɬ-
ɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɫɧɢɠɚɟɬɫɹ ɜɟɥɢɱɢɧɚ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɨɤɚ ɢ ɪɚɫɬёɬ 
ɜɪɟɦɹ ɧɚɝɪɟɜɚ ɮɟɪɪɨɦɚɝɧɟɬɢɤɚ ɞɨ ɡɚɞɚɧɧɨɝɨ 

ɭɪɨɜɧɹ ɬɟɦɩɟɪɚɬɭɪ. 
 

3. ɇɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɦ ɢ ɷɮɮɟɤɬɢɜɧɵɦ 

ɪɟɠɢɦɨɦ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚ ɬɨɧɤɨɫɬɟɧ-

ɧɨɝɨ ɥɢɫɬɨɜɨɝɨ ɮɟɪɪɨɦɚɝɧɟɬɢɤɚ ɩɪɟɞɫɬɚɜɥɹ-
ɟɬɫɹ ɪɟɠɢɦ, ɜ ɤɨɬɨɪɨɦ ɜɟɥɢɱɢɧɚ ɫɤɢɧ-ɫɥɨɹ 
ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɬɨɥɳɢɧɟ ɥɢɫɬɚ ɦɟɬɚɥɥɚ. 
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