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ɍɋɈȼȿɊɒȿɇɋɌȼɈȼȺɇɂȿ ɌȿɏɇɈɅɈȽɂɂ ɂȾȿɇɌɂɎɂɄȺɐɂɂ ɉȺɊȺɆȿɌɊɈȼ  
ɋɍɉȿɊɄɈɇȾȿɇɋȺɌɈɊɈȼ ȾɅə ɋɂɋɌȿɆ ɊȿɄɍɉȿɊɐɂɂ ɄɂɇȿɌɂɑȿɋɄɈɃ ɗɇȿɊȽɂɂ 

Аɧɧɨɬаɰɢɹ. ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɩɪɨɰɟɫɫɚ ɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨ-
ɪɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɯ ɧɟɥɢɧɟɣɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ. ɉɪɟɞɥɨɠɟɧ ɦɟ-
ɬɨɞ ɭɫɤɨɪɟɧɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɛɚɬɚɪɟɣ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɨɛɥɟɝɱɚɸɳɢɣ ɪɚɡɪɚɛɨɬɱɢɤɚɦ ɢ ɩɨɬɪɟɛɢɬɟɥɹɦ 
ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɱɟɪɟɞɨɜɚɧɢɢ ɩɪɨɰɟɫɫɨɜ ɡɚɪɹɞɚ ɢ ɪɚɡɪɹɞɚ ɫɭɩɟɪɤɨɧɞɟɫɚɬɨɪɨɜ ɫ 
ɩɚɭɡɚɦɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɬɭɩɟɧɱɚɬɨ ɢɡɦɟɧɹɸɳɟɝɨɫɹ ɧɚɩɪɹɠɟɧɢɹ. 
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ɍȾɈɋɄɈɇȺɅȿɇɇə ɌȿɏɇɈɅɈȽȱȲ ȱȾȿɇɌɂɎȱɄȺɐȱȲ ɉȺɊȺɆȿɌɊȱȼ  
ɋɍɉȿɊɄɈɇȾȿɇɋȺɌɈɊȱȼ ȾɅə ɋɂɋɌȿɆ ɊȿɄɍɉȿɊɐȱȲ ɄȱɇȿɌɂɑɇɈȲ ȿɇȿɊȽȱȲ 

Аɧɨɬаɰiɹ. ɍ ɪɨɛɨɬɿ ɩɪɨɜɟɞɟɧɨ ɚɧɚɥɿɡ ɩɪɨɰɟɫɭ ɬɚ ɪɟɡɭɥɶɬɚɬɿɜ ɜɢɦɿɪɸɜɚɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨ-
ɪɿɜ ɜ ɪɿɡɧɢɯ ɪɟɠɢɦɚɯ, ɜɪɚɯɨɜɭɸɱɢ ʀɯ ɧɟɥɿɧɿɣɧɿ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɫɬɪɭɦɭ ɿ ɧɚɩɪɭɝɢ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɦɟɬɨɞ ɩɪɢɫɤɨ-
ɪɟɧɨɝɨ ɬɟɫɬɭɜɚɧɧɹ ɛɚɬɚɪɟɣ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɿɜ, ɳɨ ɩɨɥɟɝɲɭє ɪɨɡɪɨɛɧɢɤɚɦ ɿ ɫɩɨɠɢɜɚɱɚɦ ɿɞɟɧɬɢɮɿɤɚɰɿɸ ʀɯ 
ɩɚɪɚɦɟɬɪɿɜ, ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɱɟɪɝɭɜɚɧɧɿ ɩɪɨɰɟɫɿɜ ɡɚɪɹɞɭ ɿ ɪɨɡɪɹɞɭ ɫɭɩɟɪɤɨɧɞɟɫɚɬɨɪɨɜ ɡ ɩɚɭɡɚɦɢ ɫɬɚɛɿɥɿɡɚɰɿʀ ɫɯɿɞ-
ɱɚɫɬɨ ɡɦɿɧɸɜɚɧɨʀ ɧɚɩɪɭɝɢ. 
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THE IMPROVEMENT OF TECHNOLOGY OF SUPERCAPACITOR PARAMETERS 

IDENTIFICATION FOR KINETIC ENERGY RECOVERY SYSTEMS  
Abstract. The article describes the analysis of the process and results of the supercapacitor parameters measure-

ment in various modes taking into account their non-linear dependence on current and voltage. The method of acceler-

ated testing of supercapacitors batteries is offered, which enables developers and users to easy identify their parame-

ters. It is based on the alternation of charge and discharge processes of supercapacitors with the pauses of stabilization 

of step-changing voltage. 
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ȼɜɟɞɟɧɢɟ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɫɟ ɛɨɥɟɟ 
ɜɚɠɧɵɦ ɫɬɚɧɨɜɢɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨ ɦɧɨ-
ɝɢɯ ɨɛɥɚɫɬɹɯ ɬɟɯɧɢɤɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ 
ɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɧɚɡɵɜɚɟɦɵɯ ɬɚɤɠɟ ɫɭɩɟɪɤɨɧ-
ɞɟɧɫɚɬɨɪɚɦɢ (ɋɄ). Ɍɟɯɧɨɥɨɝɢɢ ɢɯ ɫɨɡɞɚɧɢɹ 
ɫɬɪɟɦɢɬɟɥɶɧɨ ɪɚɡɜɢɜɚɸɬɫɹ, ɧɨ ɩɨɤɚ ɨɧɢ 
ɨɫɬɚɸɬɫɹ ɧɢɡɤɨɜɨɥɶɬɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ. ȼ 
ɫɢɫɬɟɦɚɯ ɛɨɪɬɨɜɨɝɨ ɩɢɬɚɧɢɹ ɷɥɟɤɬɪɨɦɨɛɢɥɟɣ 
ɧɟɨɛɯɨɞɢɦɵ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɤɨɧɞɟɧɫɚɬɨɪɵ, 
ɩɨɥɭɱɚɟɦɵɟ ɩɭɬɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɫɨ-
ɟɞɢɧɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɋɄ ɜ ɛɚɬɚɪɟɸ.  

Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɨɬ-

ɞɟɥɶɧɵɯ ɋɄ ɩɪɢ ɡɚɪɹɞɟ/ɪɚɡɪɹɞɟ ɢɯ ɩɚɪɚ-

ɦɟɬɪɵ ɞɨɥɠɧɵ ɛɵɬɶ ɢɞɟɧɬɢɱɧɵ. ɉɨɷɬɨɦɭ 
ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɚɪɚ-

ɦɟɬɪɨɜ ɋɄ, ɤɨɬɨɪɚɹ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥ-

ɧɟɧɚ ɬɚɤɠɟ, ɤɚɤ ɞɥɹ ɨɛɵɱɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ. 
ɉɪɢɱɢɧɚ ɷɬɨɝɨ ɤɪɨɟɬɫɹ ɜ ɩɪɢɧɰɢɩɟ ɪɚ-

ɛɨɬɵ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɨɜ – ɧɚɤɨɩɥɟɧɢɟ ɡɚ-

ɪɹɞɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɚɤ ɧɚɡɵɜɚɟɦɨɦ ɞɜɨɣɧɨɦ 
ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɫɥɨɟ (Ⱦɗɋ), ɯɚɪɚɤɬɟɪɢɡɭɸ-

ɳɢɦɫɹ ɞɢɮɮɭɡɢɨɧɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɤɨɬɨ-

ɪɵɟ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ ɨɩɢɫɵɜɚɸɬɫɹ 
ɞɪɨɛɧɨ-ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ 
Д1,2Ж. ɂɦɟɧɧɨ ɷɬɨɬ ɫɥɨɣ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫ ɢɡɦɟɪɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɜ ɢɦɩɭɥɶɫɧɨɦ ɪɟɠɢɦɟ Д3Ж. Ɍɚɤɠɟ 
ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ ɋɄ ɦɨɝɭɬ ɢɡɦɟ-

ɧɹɬɶɫɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɨɞɧɚɤɨ ɩɪɢ-

ɱɢɧɵ ɬɚɤɢɯ ɢɡɦɟɧɟɧɢɣ ɞɟɬɚɥɶɧɨ ɧɟ ɢɫɫɥɟɞɨ-
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ɜɚɧɧɵ.  
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɨɬɨɜɵɯ ɛɚɬɚɪɟɣ ɜ 

ɷɥɟɤɬɪɨɦɨɛɢɥɹɯ ɬɚɤɠɟ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢ-

ɦɨɫɬɶ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɛɚɬɚɪɟɣ, 
ɬɚɤ ɤɚɤ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨ-

ɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɢɫɬɟɦ ɪɟɤɭɩɟɪɚɰɢɢ ɤɢɧɟ-

ɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɬɪɟɛɭɟɬɫɹ ɨɩɬɢɦɢɡɚɰɢɢ 
ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɨɜ ɢ 
ɚɤɤɭɦɭɥɹɬɨɪɨɜ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɞɨɫɬɨɜɟɪɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɢɯ ɩɚɪɚɦɟɬɪɚɯ, ɨɫɧɨɜɧɵɦ ɢɡ 
ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɟɦɤɨɫɬɶ ɋɄ Д4Ж. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɫɨɡɞɚɧɢɟ ɦɟɬɨɞɚ ɢɞɟɧ-

ɬɢɮɢɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɨɜ 
ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɚɧɚ-

ɥɢɡɟ ɧɟɥɢɧɟɣɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɟɦɤɨɫɬɢ ɫɭ-

ɩɟɪɤɨɧɞɟɧɫɚɬɨɪɨɜ ɨɬ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ ɡɚ-

ɪɹɞɚ/ɪɚɡɪɹɞɚ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɢɬ ɫɨɤɪɚɬɢɬɶ 
ɡɚɬɪɚɬɵ ɜɪɟɦɟɧɢ ɪɚɡɪɚɛɨɬɱɢɤɚɦ ɢ ɩɨɬɪɟɛɢ-

ɬɟɥɹɦ ɧɚ ɬɟɫɬɢɪɨɜɚɧɢɟ ɛɚɬɚɪɟɣ ɋɄ.  
Ɇɚɬɟɪɢɚɥɵ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ɋɚɛɨɬɚ ɛɚ-

ɡɢɪɭɟɬɫɹ ɧɚ ɦɨɞɟɥɢ ɋɄ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɬɪɟɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ: 
ɬɪɚɞɢɰɢɨɧɧɵɯ – ɟɦɤɨɫɬɢ C  ɢ ɜɧɭɬɪɟɧɧɟɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ R , ɚ ɬɚɤɠɟ ɞɪɨɛɧɨ-ɢɧɬɟɝɪɢ-

ɪɭɸɳɟɝɨ ɡɜɟɧɚ ɫ ɩɨɪɹɞɤɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 
 , ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɧɚɯɨɞɹɳɢɦɫɹ ɜ ɩɪɟɞɟɥɚɯ 
0 1  . Ɇɨɞɟɥɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɝɪɭɩɩɚɦɢ 
ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɡɚɪɹɞɟ ɢ ɪɚɡɪɹɞɟ 

, , ,R C B      Д5, 6Ж. Ɂɚɜɢɫɢɦɨɫɬɶ ɧɚɩɪɹɠɟɧɢɹ 
ɧɚ ɤɥɟɦɦɚɯ ɋɄ ɨɬ ɬɨɤɚ ɡɚɪɹɞɚ/ɪɚɡɪɹɞɚ ɜ ɬɚ-

ɤɨɣ ɦɨɞɟɥɢ ɜɵɱɢɫɥɹɟɬɫɹ ɜ ɨɩɟɪɚɬɨɪɧɨɣ ɮɨɪ-
ɦɟ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɭɪɚɜɧɟɧɢɸ:  

 

1 1
( ) ( ).U p R I p

Cp Bp


 
   
 

  (1) 

 

ɂɡɜɟɫɬɧɵɣ ɦɟɬɨɞ ɬɟɫɬɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬ-

ɪɨɜ ɋɄ ɩɪɟɞɩɨɥɚɝɚɟɬ ɡɚɪɹɞ ɋɄ ɩɨɫɬɨɹɧɧɵɦ 
ɩɨ ɜɟɥɢɱɢɧɟ ɬɨɤɨɦ ɨɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹ-

ɠɟɧɢɹ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ, ɡɚɬɟɦ ɫɬɚɛɢɥɢɡɚ-

ɰɢɸ ɧɚɩɪɹɠɟɧɢɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɜɟɥɢɱɢɧɚ 
ɬɨɤɚ ɧɟ ɫɬɚɧɟɬ ɛɥɢɡɤɨɣ ɧɭɥɸ (ɪɢɫ. 1). Ⱦɚɥɟɟ 
ɋɄ ɪɚɡɪɹɠɚɸɬ ɬɚɤɢɦ ɠɟ ɩɨ ɜɟɥɢɱɢɧɟ ɬɨɤɨɦ ɢ 
ɜɧɨɜɶ ɨɠɢɞɚɸɬ ɫɧɢɠɟɧɢɹ ɬɨɤɚ ɩɪɢ ɫɬɚɛɢɥɢ-

ɡɚɰɢɢ ɧɚɩɪɹɠɟɧɢɹ. ȼ ɯɨɞɟ ɬɟɫɬɢɪɨɜɚɧɢɹ ɢɫ-

ɩɨɥɶɡɭɸɬ ɧɟɫɤɨɥɶɤɨ ɰɢɤɥɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ 
ɜɟɥɢɱɢɧɚɦɢ ɬɨɤɚ. ɗɬɨɬ ɦɟɬɨɞ ɬɟɫɬɢɪɨɜɚɧɢɹ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ 
ɋɄ ɨɬ ɬɨɤɚ Д7, 8Ж.  

 

 
Ɋɢɫ. 1. Ɍɟɫɬ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɚ 

 

Ɉɞɧɚɤɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ ɋɄ ɧɟ-

ɥɢɧɟɣɧɨ ɡɚɜɢɫɹɬ ɤɚɤ ɨɬ ɬɨɤɚ, ɬɚɤ ɢ ɨɬ ɧɚɩɪɹ-

ɠɟɧɢɹ. ɉɨɷɬɨɦɭ ɞɥɹ ɛɨɥɟɟ ɬɨɱɧɨɣ ɢɞɟɧɬɢɮɢ-

ɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɋɄ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫ-

ɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɋɄ ɫ ɩɚɫ-

ɩɨɪɬɧɨɣ ɟɦɤɨɫɬɶɸ 3000 F, ɜ ɯɨɞɟ ɤɨɬɨɪɵɯ 
ɩɨɜɬɨɪɹɥɢɫɶ ɰɢɤɥɵ ɡɚɪɹɞɚ ɨɬ ɭɩɪɚɜɥɹɟɦɨɝɨ 
ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɧɚɩɪɹɠɟɧɢɹ 
ɫ ɲɚɝɨɦ 0,1 V  ɨɬ ɦɢɧɢɦɚɥɶɧɨɝɨ 

minU  ɞɨ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

maxU , ɚ ɡɚɬɟɦ ɪɚɡɪɹɞɚ ɢ ɫɬɚ-
ɛɢɥɢɡɚɰɢɢ ɫ ɬɚɤɢɦ ɠɟ ɲɚɝɨɦ (ɪɢɫ. 2). Ɍɚɤɢɟ 
ɪɟɠɢɦɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɛɨɬɟ ɋɄ ɜ ɫɨɫɬɚɜɟ 
ɫɢɫɬɟɦ ɪɟɤɭɩɟɪɚɰɢɢ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ 
ɚɜɬɨɧɨɦɧɵɯ ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞ-
ɫɬɜɚɯ. ɋɟɪɢɢ ɨɩɵɬɨɜ ɫɨɫɬɨɹɥɢ ɢɡ 10 ɰɢɤɥɨɜ 
ɫɨ ɫɬɭɩɟɧɱɚɬɵɦ ɢɡɦɟɧɟɧɢɟɦ ɬɨɤɚ ɡɚ-

ɪɹɞɚ/ɪɚɡɪɹɞɚ ɨɬ 20 ɞɨ 100 Ⱥ. 
 

 
Ɋɢɫ. 2. Ɍɟɫɬ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɚ ɫɨ ɫɬɭ-
ɩɟɧɱɚɬɵɦ ɢɡɦɟɧɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ 

 

Ɂɚɩɢɫɶ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɹ ɬɨɤɚ ɢ ɧɚ-

ɩɪɹɠɟɧɢɹ ɫ ɬɨɱɧɨɫɬɶɸ 0,01 Ⱥ ɢ 0,001V ɨɫɭ-

ɳɟɫɬɜɥɹɥɚɫɶ ɫ ɲɚɝɨɦ 0,01 s. ȼɵɫɨɤɚɹ ɬɨɱ-
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ɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɩɨɡɜɨɥɢɥɚ ɩɨ ɩɨɥɭɱɟɧɧɵɦ 
ɞɚɧɧɵɦ  , , 0,

i i
U I i n  ɩɪɢ ɫɤɚɱɤɟ ɬɨɤɚ ɜ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ  1...2t i t i    ɢ ɩɨ ɨɤɨɧ-
ɱɚɧɢɢ ɩɪɨɰɟɫɫɨɜ ɡɚɪɹɞɚ ɢ ɪɚɡɪɹɞɚ, ɤɨɝɞɚ ɬɨɤ 
ɛɥɢɡɨɤ ɤ ɧɭɥɸ ɢ ɞɢɮɮɭɡɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɜ 
ɋɄ ɩɪɚɤɬɢɱɟɫɤɢ ɡɚɜɟɪɲɟɧɵ, ɢɞɟɧ-

ɬɢɮɢɰɢɪɨɜɚɬɶ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɟɦ-

ɤɨɫɬɶ ɋɄ ɞɥɹ ɤɚɠɞɨɝɨ ɪɟɠɢɦɚ: 
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ɝɞɟ 1...2k   ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɥɢɱɟɫɬɜɭ ɢɧɬɟɪ-

ɜɚɥɨɜ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɵɯ ɮɚɤɬɢɱɟɫɤɢ ɩɪɨɢɫ-

ɯɨɞɢɬ ɫɤɚɱɨɤ ɬɨɤɚ (ɫɦ. ɪɢɫ. 1). ɉɨɫɥɟ ɪɚɫɱɟɬɚ 
,C R  ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɢɞɟɧɬɢɮɢɤɚ-

ɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɞɪɨɛɧɨ-ɢɧɬɟɝɪɢ-ɪɭɸɳɟɣ ɫɨ-

ɫɬɚɜɥɹɸɳɟɣ, ɤɨɬɨɪɵɣ ɞɟɬɚɥɶɧɨ ɨɩɢɫɚɧ ɜ Д3–
5Ж. ɗɬɚ ɝɪɭɩɩɚ ɩɚɪɚɦɟɬɪɨɜ ɜɥɢɹɟɬ ɧɚ ɷɧɟɪɝɟ-

ɬɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢɫɬɟɦ ɪɟɤɭɩɟɪɚ-

ɰɢɢ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɨɞɧɚɤɨ ɧɟ ɢɫ-

ɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɩɨɞɛɨɪɟ ɋɄ Д10Ж.   
ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ 
 C f U  ɩɪɢ ɡɚɪɹɞɟ ɢ ɪɚɡɪɹɞɟ, ɩɨɤɚɡɚɧɧɵɟ 

ɧɚ ɪɢɫ. 3, 4, ɢ  C f I  ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚ-
ɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ (ɪɢɫ. 5). Ʉɚɤ ɜɢɞɧɨ ɢɡ ɚɩ-
ɩɪɨɤɫɢɦɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ, 
ɜɫɟ ɤɪɢɜɵɟ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɨɩɢɫɵ-

ɜɚɸɬɫɹ ɩɨɥɢɧɨɦɚɦɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ.  

Ɋɢɫ 3. Ɂɚɜɢɫɢɦɨɫɬɢ  C f U  ɩɪɢ 

ɡɚɪɹɞɟ ɋɄ 

 
Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɢ  C f U  ɩɪɢ 

ɪɚɡɪɹɞɟ ɋɄ 

 
Ɋɢɫ. 5. Ɂɚɜɢɫɢɦɨɫɬɢ  C f I  ɩɪɢ ɡɚɪɹɞɟ ɢ 

ɪɚɡɪɹɞɟ ɋɄ 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɢɯ ɩɨɫɬɪɨɟɧɢɹ ɞɨɫ-

ɬɚɬɨɱɧɨ ɡɧɚɬɶ ɤɨɨɪɞɢɧɚɬɵ ɬɪɟɯ ɬɨɱɟɤ, ɱɬɨ, 
ɩɨɡɜɨɥɹɟɬ ɜɦɟɫɬɨ ɩɪɨɜɟɞɟɧɢɹ ɰɢɤɥɨɜ ɡɚɪɹɞɚ 
ɢ ɪɚɡɪɹɞɚ ɪɚɡɥɢɱɧɵɦɢ ɬɨɤɚɦɢ ɨɬ 1 ɞɨ 2,5 V ɫ 
ɲɚɝɨɦ 0,1 V , ɜɵɩɨɥɧɢɬɶ ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɟ 
ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɞɨ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ, ɱɟɪɟɞɭɹ ɰɢɤɥɵ ɡɚ-

ɪɹɞɚ/ɪɚɡɪɹɞɚ. Ⱦɥɹ ɩɨɥɧɨɝɨ ɰɢɤɥɚ ɢɫɫɥɟɞɨɜɚ-

ɧɢɹ ɬɨɤɚɦɢ ɨɬ 20 ɞɨ 100 Ⱥ ɫ ɲɚɝɨɦ 20 Ⱥ ɞɢɚ-

ɝɪɚɦɦɵ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɩɨɤɚɡɚɧɵ ɧɚ 
ɪɢɫ. 7. ɉɨ ɨɫɢ ɚɛɫɰɢɫɫ ɨɬɦɟɱɟɧɨ ɨɬɧɨɫɢɬɟɥɶ-

ɧɨɟ ɜɪɟɦɹ /t C . 
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Ɋɢɫ. 7. Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ 

ɬɟɫɬɢɪɨɜɚɧɢɹ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɨɜ 

  

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɚɡɨɜɵɦ ɜɚɪɢɚɧɬɨɦ ɢɫ-

ɫɥɟɞɨɜɚɧɢɹ (ɫɦ. ɪɢɫ. 2) ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɬɟɫɬɢɪɨɜɚɧɢɹ ɫɨɤɪɚɳɚɟɬɫɹ ɜ 2,5…3 ɪɚɡɚ.  

ȼɵɜɨɞɵ. ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɛɚ-

ɡɨɜɨɝɨ ɦɟɬɨɞɚ ɬɟɫɬɢɪɨɜɚɧɢɹ ɫɭɩɟɪɤɨɧɞɟɧɫɚ-

ɬɨɪɨɜ, ɜɤɥɸɱɚɸɳɟɝɨ ɜ ɫɟɛɹ ɩɪɨɰɟɫɫɵ ɡɚɪɹɞɚ 
ɢ ɪɚɡɪɹɞɚ ɋɄ ɨɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɞɨ ɦɚɤɫɢ-

ɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɬɭɩɟɧɱɚɬɨ ɢɡɦɟɧɹɸ-

ɳɢɦɫɹ ɬɨɤɨɦ, ɱɟɪɟɞɭɸɳɢɟɫɹ ɫ ɩɚɭɡɚɦɢ ɫɬɚ-

ɛɢɥɢɡɚɰɢɢ ɧɚɩɪɹɠɟɧɢɹ. ɉɪɟɞɥɨɠɟɧɨ ɞɨɩɨɥ-

ɧɢɬɶ ɦɟɬɨɞ ɫɬɭɩɟɧɱɚɬɵɦ ɢɡɦɟɧɟɧɢɟɦ ɧɚɩɪɹ-

ɠɟɧɢɹ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɚ. ɗɬɨ ɩɨɡɜɨɥɢɥɨ 
ɩɨɥɭɱɢɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɫɭɩɟɪɤɨɧ-

ɞɟɧɫɚɬɨɪɚ ɤɚɤ ɨɬ ɬɨɤɚ, ɬɚɤ ɢ ɨɬ ɧɚɩɪɹɠɟɧɢɹ, 
ɢ ɜɵɹɜɢɬɶ ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɷɬɢɯ ɡɚ-

ɜɢɫɢɦɨɫɬɟɣ. ɋ ɭɱɟɬɨɦ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚ-

ɬɨɜ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ, ɫɨɱɟɬɚɸɳɢɣ ɩɪɨɰɟɫɫɵ 
ɡɚɪɹɞɚ ɢ ɪɚɡɪɹɞɚ ɩɪɢ ɬɪɟɯ ɭɪɨɜɧɹɯ ɧɚɩɪɹɠɟ-

ɧɢɹ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɚ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢ-

ɡɭɟɬɫɹ ɫɨɤɪɚɳɟɧɧɨɣ ɜ 2,5…3 ɪɚɡɚ ɞɥɢɬɟɥɶɧɨ-

ɫɬɶɸ ɩɪɨɰɟɫɫɚ ɬɟɫɬɢɪɨɜɚɧɢɹ. 
ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɦɨɠɟɬ ɛɵɬɶ ɢɫ-

ɩɨɥɶɡɨɜɚɧ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɨɬ-

ɞɟɥɶɧɵɯ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɧɨ ɢ ɞɥɹ ɨɩɪɟ-

ɞɟɥɟɧɢɹ ɮɚɤɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɯ ɛɚɬɚɪɟɣ 
ɜ ɫɨɫɬɚɜɟ ɫɢɫɬɟɦ ɪɟɤɭɩɟɪɚɰɢɢ ɤɢɧɟɬɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɦɨɛɢɥɟɣ. ɉɨɜɵɲɟɧɢɟ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɷɬɢɯ ɫɢɫɬɟɦ ɢ, 
ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɛɟɝɚ ɷɥɟɤɬɪɨ-

ɦɨɛɢɥɹ, ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɨɩɬɢɦɢɡɚɰɢɢ ɜɡɚɢ-

ɦɨɞɟɣɫɬɜɢɹ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɨɜ ɢ ɚɤɤɭɦɭɥɹ-

ɬɨɪɨɜ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɬɨɱɧɨɦ ɡɧɚɧɢɢ ɩɚɪɚ-

ɦɟɬɪɨɜ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 
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