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Аɧɧɨɬаɰиɹ. ɋɬаɬɶɹ ɩɨɫвɹɳɟɧа ɨɩɪɟɞɟлɟɧɢɸ ɡавɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬа ɩɟɪɟɞаɱɢ ɷɧɟɪɝɢɢ ɢɡ 
ɩɟɪвɢɱɧɨɣ вɨ вɬɨɪɢɱɧуɸ ɨɛɦɨɬɤу ɫɨɝлаɫуɸɳɟɝɨ уɫɬɪɨɣɫɬва – ɢɦɩулɶɫɧɨɝɨ ɬɪаɧɫɮɨɪɦаɬɨɪа 
ɬɨɤа ɞɢɫɤɨвɨɝɨ ɬɢɩа – ɨɬ ɡɧаɱɟɧɢɹ ɢɧɞуɤɬɢвɧɨɣ ɧаɝɪуɡɤɢ. В ɯɨɞɟ ɢɫɫлɟɞɨваɧɢɣ ɫɧɹɬɵ ɨɫɰɢл-
лɨɝɪаɦɦɵ ɪаɡɪɹɞɧɵɯ ɢɦɩулɶɫɨв ɢ ɷɤɫɩɟɪɢɦɟɧɬалɶɧɨ ɨɩɪɟɞɟлɟɧɵ ɢɧɞуɤɬɢвɧɨɫɬɶ ɢɫɫлɟɞуɟɦɵɯ 
ɢɧɞуɤɬɨɪɨв ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞаɱɢ ɷɧɟɪɝɢɢ ɢɡ ɩɟɪвɢɱɧɨɣ ɨɛɦɨɬɤɢ ɫɨɝлаɫуɸɳɟɝɨ уɫɬɪɨɣɫɬва 
в ɢɧɞуɤɬɨɪ – ɢɧɫɬɪуɦɟɧɬ ɨɛɪаɛɨɬɤɢ. 
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Аɧɨɬаɰіɹ. ɋɬаɬɬɹ ɩɪɢɫвɹɱɟɧа вɢɡɧаɱɟɧɧɸ ɡалɟɠɧɨɫɬі ɤɨɟɮіɰієɧɬа ɩɟɪɟɞаɱі ɟɧɟɪɝіʀ ɡ ɩɟɪвɢɧ-
ɧɨʀ у вɬɨɪɢɧɧу ɨɛɦɨɬɤу уɡɝɨɞɠувалɶɧɨɝɨ ɩɪɢɫɬɪɨɸ – іɦɩулɶɫɧɨɝɨ ɬɪаɧɫɮɨɪɦаɬɨɪа ɫɬɪуɦу 
ɞɢɫɤɨвɨɝɨ ɬɢɩу – віɞ ɡɧаɱɟɧɧɹ іɧɞуɤɬɢвɧɨɝɨ ɧаваɧɬаɠɟɧɧɹ. В ɯɨɞі ɞɨɫліɞɠɟɧɶ ɡɧɹɬɨ ɨɫɰɢлɨ-
ɝɪаɦɢ ɪɨɡɪɹɞɧɢɯ іɦɩулɶɫів і ɟɤɫɩɟɪɢɦɟɧɬалɶɧɨ вɢɡɧаɱɟɧɨ іɧɞуɤɬɢвɧіɫɬɶ ɞɨɫліɞɠуваɧɢɯ іɧɞуɤ-
ɬɨɪів ɬа ɤɨɟɮіɰієɧɬ ɩɟɪɟɞаɱі ɟɧɟɪɝіʀ ɡ ɩɟɪвɢɧɧɨʀ ɨɛɦɨɬɤɢ уɡɝɨɞɠувалɶɧɨɝɨ ɩɪɢɫɬɪɨɸ в іɧɞуɤ-
ɬɨɪ – іɧɫɬɪуɦɟɧɬ ɨɛɪɨɛɤɢ. 
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Abstract. The article deals with determination of energy transfer coefficient dependence from primary 
coil to secondary matching device coil on inductive load value. In the course of researches, the dis-
charge pulses oscillograms have been registred, and the inductance of research inductors and the en-
ergy transfer coefficient from the primary matching device coil to the inductor– processing tool have 
been experimentally determined. 
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ȼɜɟдɟɧɢɟ 

 

ɋɨɝɥɚɫɭɸɳɢɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɜ ɬɟɯɧɢɤɟ 
ɆɂɈɆ яɜɥяɸɬɫя ɫɩɟɰɢɚɥɶɧɵɟ ɢɦɩɭɥɶɫɧɵɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ [1, 2]. 
 
ɋɨɝɥɚɫɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥя 
ɭɜɟɥɢɱɟɧɢя ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ, ɚ ɬɚɤɠɟ ɞɥя 

ɜɚɪɶɢɪɨɜɚɧɢя ɜɪɟɦɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɚɠɞɨ-
ɝɨ ɢɡ ɢɦɩɭɥɶɫɨɜ (ɩɪɢɧɰɢɩɢɚɥɶɧɚя ɜɨɡɦɨɠ-
ɧɨɫɬɶ). ɋɨɝɥɚɫɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɩɪɟɞɫɬɚɜɥя-
ɟɬ ɫɨɛɨɣ ɢɦɩɭɥɶɫɧɵɣ ɩɨɜɵɲɚɸɳɢɣ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ. ɉɟɪɜɚя ɡɚɞɚɱɚ – ɩɨ ɭɜɟ-
ɥɢɱɟɧɢɸ ɚɦɩɥɢɬɭɞɵ ɢɦɩɭɥɶɫɚ ɞɨ ɬɪɟɛɭɟɦɨɝɨ 
ɭɪɨɜɧя – ɪɟɲɚɟɬɫя ɜɵɛɨɪɨɦ ɧɚɞɥɟɠɚɳɟɝɨ 
ɫɨɨɬɧɨɲɟɧɢя ɱɢɫɥɚ ɜɢɬɤɨɜ ɜ ɩɟɪɜɢɱɧɨɣ ɢ 
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ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɚɯ. ȼɬɨɪɚя – ɩɨ ɜɚɪɶɢɪɨɜɚ-
ɧɢɸ ɜɪɟɦɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɝɟɧɟɪɢɪɭɟɦɵɯ 
ɢɦɩɭɥɶɫɨɜ – ɫɜɨɞɢɬɫя ɤ ɜɚɪɶɢɪɨɜɚɧɢɸ  
ɫɨɛɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɵ ɫɢɝɧɚɥɚ, ɩɨɫɤɨɥɶɤɭ ɤɚ-
ɠɞɵɣ ɢɡ ɧɢɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɨ ɜɪɟɦɟɧɢ ɩɪɟɞ-
ɫɬɚɜɥяɟɬ ɫɨɛɨɣ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɡɚɬɭɯɚɸ-
ɳɭɸ ɫɢɧɭɫɨɢɞɭ. Ɋɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ 
ɞɨɫɬɢɝɚɟɬɫя ɜɚɪɶɢɪɨɜɚɧɢɟɦ ɱɢɫɥɚ ɜɢɬɤɨɜ 
ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɢɦɩɭɥɶɫɧɨɝɨ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɚ. ɂɡɦɟɧɟɧɢɟ ɟɝɨ ɫɭɦɦɚɪɧɨɣ ɢɧɞɭɤɬɢɜ-
ɧɨɫɬɢ ɜɟɞёɬ ɤ ɢɡɦɟɧɟɧɢɸ ɱɚɫɬɨɬɵ ɪɚɡɪяɞɧɨɝɨ 
ɢɦɩɭɥɶɫɚ. ɉɨ ɫɭɬɢ, ɫɨɝɥɚɫɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ 
ɧɟɨɛɯɨɞɢɦɨ ɞɥя ɫɨɝɥɚɫɨɜɚɧɢя ɢɫɬɨɱɧɢɤɚ 
ɦɨɳɧɨɫɬɢ – ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɭɫɬɚɧɨɜɤɢ 
(ɆɂУ) ɫ ɢɧɫɬɪɭɦɟɧɬɨɦ ɨɛɪɚɛɨɬɤɢ – ɢɧɞɭɤ-
ɬɨɪɧɨɣ ɫɢɫɬɟɦɨɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɷɮɮɟɤɬɢɜ-
ɧɨɦɭ ɜɵɩɨɥɧɟɧɢɸ ɡɚɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɨɩɟɪɚɰɢɢ. 
 

Аɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 

ɋɨɝɥɚɫɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɦɨɠɧɨ ɤɥɚɫɫɢɮɢ-
ɰɢɪɨɜɚɬɶ ɩɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɦɭ ɢɫɩɨɥɧɟɧɢɸ 
ɧɚ ɞɢɫɤɨɜɵɟ ɩɥɨɫɤɢɟ, ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɤɨɚɤ-
ɫɢɚɥɶɧɵɟ ɢ ɞɪ. (ɫɩɟɰɢɚɥɶɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ) 
[1, 2]. Ɍɚɤ, ɜ [3, 4] ɨɩɢɫɵɜɚɸɬɫя ɤɨɧɫɬɪɭɤ-
ɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɥɨɫɤɢɯ ɞɢɫɤɨɜɵɯ ɢɦ-
ɩɭɥɶɫɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. ɉɪɢɱɟɦ ɜ 
[4] ɩɪɢɜɨɞɢɬɫя ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɫɬ-
ɪɭɤɰɢɣ ɢɦɩɭɥɶɫɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɩɪɟɞ-
ɧɚɡɧɚɱɟɧɧɵɯ ɞɥя ɩɨɥɭɱɟɧɢя ɛɨɥɶɲɢɯ ɬɨɤɨɜ – 
ɩɨɪяɞɤɚ ɟɞɢɧɢɰ ɢ ɞɟɫяɬɤɨɜ ɦɟɝɚɦɩɟɪ. ȼ [5–8] 
ɪɚɫɫɦɨɬɪɟɧɵ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ 
ɫɩɟɰɢɚɥɶɧɵɯ ɢɦɩɭɥɶɫɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɬɨɤɚ. ȼ [9] ɨɩɢɫɵɜɚɟɬɫя ɢɧɞɭɤɬɨɪ, ɫɨɫɬɨяɳɢɣ 
ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢ ɢɡɨɥɢɪɨɜɚɧɧɵɯ 
ɫɟɤɰɢɣ, ɤɚɠɞɚя ɢɡ ɤɨɬɨɪɵɯ ɫɨɟɞɢɧɟɧɚ ɫɨ ɫɜɨ-
ɢɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɬɨɤɚ. А ɚɜɬɨɪɵ ɪɚɛɨɬɵ 
[10] ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɜɨɩɪɨɫɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢя 
ɢ ɢɫɫɥɟɞɨɜɚɧɢя ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨ-
ɫɬɢ ɨɞɧɨɜɢɬɤɨɜɵɯ ɢɧɞɭɤɬɨɪɨɜ, ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɱɟɝɨ ɞɟɥɚɸɬ ɨɞɧɨɡɧɚɱɧɵɣ ɜɵɜɨɞ, ɱɬɨ ɧɚɢɛɨ-
ɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ яɜɥяɸɬɫя ɨɞɧɨɜɢɬɤɨɜɵɟ 
ɢɧɞɭɤɬɨɪɵ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɢɦɩɭɥɶɫɧɵɦ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɨɦ. 
 

ȼ ɥɚɛɨɪɚɬɨɪɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɬɟɯɧɨɥɨ-
ɝɢɣ ɏɚɪɶɤɨɜɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɚɜɬɨɦɨ-
ɛɢɥɶɧɨ-ɞɨɪɨɠɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ (ɏНАДУ) 
ɪɚɡɪɚɛɨɬɚɧ ɰɟɥɵɣ ɪяɞ ɫɨɝɥɚɫɭɸɳɢɯ ɭɫɬ-
ɪɨɣɫɬɜ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɢɥɨ 
ɜɵɩɨɥɧяɬɶ ɪɚɧɟɟ ɬɪɭɞɧɨ ɪɟɚɥɢɡɭɟɦɵɟ, ɚ ɩɨ-
ɪɨɣ ɢ ɧɟɜɨɡɦɨɠɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚ-
ɰɢɢ ɩɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɧɤɨ-
ɫɬɟɧɧɵɯ ɥɢɫɬɨɜɵɯ ɦɟɬɚɥɥɨɜ [1, 11–16]. 
Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɫɨɝɥɚɫɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɫɨ-
ɜɦɟɫɬɧɨ  ɫ ɢɧɞɭɤɬɨɪɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɩɨɡɜɨ-
ɥяɸɬ ɜɵɩɨɥɧяɬɶ ɛɟɫɤɨɧɬɚɤɬɧɭɸ ɪɢɯɬɨɜɤɭ 
ɤɭɡɨɜɨɜ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ.  

 

Цɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚдɚчɢ 
 

ɐɟɥɶ ɧɚɫɬɨяɳɟɣ ɪɚɛɨɬɵ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɨɬ ɡɧɚɱɟɧɢя ɢɧɞɭɤɬɢɜɧɨɣ 
ɧɚɝɪɭɡɤɢ ɫɨɝɥɚɫɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɢɫɤɨɜɨ-
ɝɨ ɬɢɩɚ, ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɏНАДУ. 
 

ɍɫɥɨɜɢя ɷɤɫɩɟɪɢɦɟɧɬɚ 
 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢя ɩɪɨɜɨɞɢ-
ɥɢɫɶ ɧɚ ɤɨɦɩɥɟɤɫɟ ɞɥя ɢɦɢɬɚɰɢɢ ɢ ɦɨɞɟɥɢɪɨ-
ɜɚɧɢя ɩɪɨɰɟɫɫɨɜ ɜ ɢɧɫɬɪɭɦɟɧɬɚɯ ɦɚɝɧɢɬɧɨ-
ɢɦɩɭɥɶɫɧɨɣ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ, ɪɚɡɪɚɛɨ-
ɬɚɧɧɨɦ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ ɏНАДУ, ɪɢɫ. 1. 
 

 
 

Ɋɢɫ. 1. Кɨɦɩɥɟɤɫ ɞɥя ɢɦɢɬɚɰɢɢ ɢ ɦɨɞɟɥɢɪɨ-
ɜɚɧɢя ɩɪɨɰɟɫɫɨɜ ɜ ɢɧɫɬɪɭɦɟɧɬɚɯ ɦɚɝ-
ɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ 

 

Кɨɦɩɥɟɤɫ ɪɚɛɨɬɚɥ ɜ ɫɟɪɢɣɧɨɦ ɪɟɠɢɦɟ ɝɟɧɟ-
ɪɚɰɢɢ ɪɚɡɪяɞɧɵɯ ɢɦɩɭɥɶɫɨɜ ɩɪɢ ɫɥɟɞɭɸɳɢɯ 
ɩɚɪɚɦɟɬɪɚɯ: 
– ɧɚɩɪяɠɟɧɢɟ ɩɢɬɚɸɳɟɣ ɫɟɬɢ ~ Uɫ = 220 ȼ; 
– ɧɚɩɪяɠɟɧɢɟ ɡɚɪяɞɚ ɟɦɤɨɫɬɧɵɯ ɧɚɤɨɩɢɬɟ-
ɥɟɣ Uɡ = 650 ȼ; 

– ёɦɤɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɤɨɦɩɥɟɤɫɚ  
ɋ = 33 ɦɤɎ; 

– ɱɚɫɬɨɬɚ ɫɥɟɞɨɜɚɧɢя ɪɚɡɪяɞɧɵɯ ɢɦɩɭɥɶɫɨɜ 
fɢɦɩ = 20 Ƚɰ; 

– ɫɨɛɫɬɜɟɧɧɚя ɱɚɫɬɨɬɚ ɪɚɡɪяɞɧɨɝɨ ɢɦɩɭɥɶɫɚ 
~30 ɤȽɰ; 

– ɚɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɜ ɢɦɩɭɥɶɫɟ 
ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɡɚɤɨɪɨɱɟɧɧɵɣ ɜɵɯɨɞ  
~3000 А; 

– ɮɨɪɦɚ ɫɢɝɧɚɥɚ – ɚɩɟɪɢɨɞɢɱɟɫɤɢ ɡɚɬɭɯɚɸ-
ɳɚя ɫɢɧɭɫɨɢɞɚ. 

 

Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɫɢɝɧɚɥɨɜ ɫɧɢɦɚɥɢɫɶ ɜ ɪɚɡ-
ɪяɞɧɨɣ ɰɟɩɢ ɤɨɦɩɥɟɤɫɚ ɫ ɩɨɦɨɳɶɸ ɰɢɮɪɨɜɨ-
ɝɨ ɨɫɰɢɥɥɨɝɪɚɮɚ PV6501 ɱɟɪɟɡ ɜɤɥɸɱɟɧɧɵɣ 
ɜ ɪɚɡɪяɞɧɭɸ ɰɟɩɶ ɲɭɧɬ ɫ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ  
Rɲ.= 12,5·10-3 Ɉɦ ɢ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɞɚɬɱɢɤɚ – 
ɩɨяɫɚ Ɋɨɝɨɜɫɤɨɝɨ. 
 

Ɉɩɵɬ 1. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɤɨɦɩɥɟɤɫɚ 
ɞɥя ɢɦɢɬɚɰɢɢ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢя ɩɪɨɰɟɫɫɨɜ ɜ 
ɢɧɫɬɪɭɦɟɧɬɚɯ ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɨɛɪɚ-
ɛɨɬɤɢ ɦɟɬɚɥɥɨɜ ɢ ɢɫɫɥɟɞɭɟɦɵɯ ɢɧɞɭɤɬɨɪɨɜ. 
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ɉɟɪɟɱɟɧɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
 

1. ɂɡɦɟɪɟɧɢɟ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɪɚɡɪяɞɧɨɝɨ 
ɢɦɩɭɥɶɫɚ ɤɨɦɩɥɟɤɫɚ ɞɥя ɢɦɢɬɚɰɢɢ ɢ ɦɨ-
ɞɟɥɢɪɨɜɚɧɢя ɩɪɨɰɟɫɫɨɜ ɜ ɢɧɫɬɪɭɦɟɧɬɚɯ 
ɦɚɝɧɢɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥ-
ɥɨɜ (ɞɚɥɟɟ КɈɆɉɅȿКɋ) ɩɪɢ ɟɝɨ ɪɚɛɨɬɟ 
ɧɚ ɡɚɤɨɪɨɱɟɧɧɵɣ ɜɵɯɨɞ. 

2. ɂɡɦɟɪɟɧɢɟ ɨɫɰɢɥɥɨɝɪɚɦɦ ɪɚɡɪяɞɧɵɯ ɢɦ-
ɩɭɥɶɫɨɜ ɩɪɢ ɩɨɞɤɥɸɱɟɧɢɢ ɤ 
КɈɆɉɅȿКɋУ ɪɚɡɥɢɱɧɨɣ ɢɧɞɭɤɬɢɜɧɨɣ 
ɧɚɝɪɭɡɤɢ.  ɂɡɦɟɪɟɧɢɟ ɨɫɰɢɥɥɨɝɪɚɦɦ ɫ ɧɚɝɪɭɡɤɨɣ – 
ɩɥɨɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨɥɢɱɟɫɬɜɨɦ 
ɜɢɬɤɨɜ w=3,5;  ɂɡɦɟɪɟɧɢɟ ɨɫɰɢɥɥɨɝɪɚɦɦ ɫ ɧɚɝɪɭɡɤɨɣ – 
ɩɥɨɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨɥɢɱɟɫɬɜɨɦ 
ɜɢɬɤɨɜ w = 1,5;  ɂɡɦɟɪɟɧɢɟ ɨɫɰɢɥɥɨɝɪɚɦɦ ɫ ɧɚɝɪɭɡɤɨɣ – 
ɩɥɨɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨɥɢɱɟɫɬɜɨɦ 
ɜɢɬɤɨɜ w = 1;  ɂɡɦɟɪɟɧɢɟ ɨɫɰɢɥɥɨɝɪɚɦɦ ɫ ɧɚɝɪɭɡɤɨɣ – 
ɩɥɨɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨɥɢɱɟɫɬɜɨɦ 
ɜɢɬɤɨɜ w = 1 (ɲɢɪɨɤɢɣ ɜɢɬɨɤ);  ɂɡɦɟɪɟɧɢɟ ɨɫɰɢɥɥɨɝɪɚɦɦ ɫ ɧɚɝɪɭɡɤɨɣ – 
ɩɥɨɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨɥɢɱɟɫɬɜɨɦ 
ɜɢɬɤɨɜ w = 0,5;  ɂɡɦɟɪɟɧɢɟ ɨɫɰɢɥɥɨɝɪɚɦɦ ɫ ɧɚɝɪɭɡɤɨɣ ɜ 
ɜɢɞɟ ɤɨɧɢɱɟɫɤɨɝɨ ɢɧɞɭɤɬɨɪɚ. 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɟɪɟɱɧɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɫɧяɬɵ ɨɫɰɢɥɥɨɝɪɚɦ-
ɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 2 ɢ 3. 

 
2 V/Div     10 uS/Div      Trig. 3,750 V 

-10.000 uS       Vp-p=6.688 V    Vdc=215.8 mV   Fin=1.854358 Hz

                         dV=4.375 V       dT=33.40 uS       1/dT=29.94 KHz  
 

Ɋɢɫ. 2. Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɪɚɡɪяɞɧɨɝɨ ɫɢɝɧɚɥɚ 
КɈɆɉɅȿКɋА ɩɪɢ ɟɝɨ ɪɚɛɨɬɟ ɧɚ ɡɚɤɨ-
ɪɨɱɟɧɧɵɣ ɜɵɯɨɞ. ɋɢɝɧɚɥ ɫɧяɬ ɫ ɲɭɧɬɚ 

 

-10.000 uS       Vp-p=6.063 V    Vdc=211.6 mV   Fin=… 

                         dV=3.750 V       dT=41.00 uS       1/dT=24.39 KHz

 2 V/Div        10 uS/Div         Trig. 3,188 V 

 
ɚ 

-10.000 uS       Vp-p=6.563 V    Vdc=220.0 mV   Fin=1.854408 Hz 

                         dV=4.188 V       dT=36.40 uS       1/dT=27.47 KHz 

2 V/Div      10 uS/Div       Trig. 3,500 V 

 
ɛ 
 

2 V/Div      10 uS/Div       Trig. 3,563 V 

-10.000 uS       Vp-p=6.563 V    Vdc=203.6 mV   Fin=1.854420 Hz

                         dV=4.188 V       dT=35.00 uS       1/dT=28.57 KHz  
ɜ 
 

 2 V/Div        10 uS/Div         Trig. 3,813 V 

-10.000 uS       Vp-p=6.563 V    Vdc=208.9 mV   Fin=1.854433 Hz 
                        dV=4.188 V       dT=35.40 uS       1/dT=28.25 KHz  

ɝ 
 

 2 V/Div        10 uS/Div         Trig. 3,813 V 

-10.000 uS       Vp-p=6.625 V    Vdc=207.4 mV   Fin=1.854421 Hz 

                         dV=4.250 V       dT=34.40 uS       1/dT=29.07 KHz  
ɞ 
 

2 V/Div      10 uS/Div       Trig. 3,750 V 

-10.000 uS       Vp-p=6.813 V    Vdc=207.0 mV   Fin=1.854375 Hz 

                         dV=4.438 V       dT=34.00 uS       1/dT=29.41 KHz  
ɟ 
 

Ɋɢɫ. 3. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɪɚɡɪяɞɧɵɯ ɫɢɝɧɚɥɨɜ, 
ɧɚɝɪɭɡɤɚ – ɦɟɞɧɵɣ ɦɧɨɝɨɜɢɬɤɨɜɵɣ ɢɧ-
ɞɭɤɬɨɪ: ɚ – w = 3,5; ɛ – w = 1,5; ɜ – w = 1;  
ɝ – w = 1 ɲɢɪɨɤɢɣ ɜɢɬɨɤ; ɞ – w = 0,5;  
ɟ – ɤɨɧɢɱɟɫɤɢɣ ɢɧɞɭɤɬɨɪ. ɋɢɝɧɚɥ ɢɡɦɟ-
ɪɟɧ ɫ ɲɭɧɬɚ 
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Дɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ 1-ɦɭ ɨɩɵɬɭ.  
 

ɉɚɪɚɦɟɬɪ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɜɵɱɢɫɥяɥɫя ɩɨ ɫɧя-
ɬɵɦ ɨɫɰɢɥɥɨɝɪɚɦɦɚɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪ-
ɦɭɥɨɣ 

2

1
L

C
   ,                       (1) 

 

ɝɞɟ 2 f  – ɭɝɥɨɜɚя ɱɚɫɬɨɬɚ ɪɚɡɪяɞɧɨɝɨ 
ɢɦɩɭɥɶɫɚ, ɪɚɞ/ɫ; ɋ – ёɦɤɨɫɬɶ ɧɚɤɨɩɢɬɟɥя 
ɷɧɟɪɝɢɢ, Ɏ. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɢɡɦɟɪɟɧɧɵɯ ɨɫɰɢɥɥɨ-
ɝɪɚɦɦ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1, ɝɞɟ Lɨɛɳ – ɨɛɳɚя ɢɧ-

ɞɭɤɬɢɜɧɨɫɬɶ, ɜɤɥɸɱɚɸɳɚя ɫɨɛɫɬɜɟɧɧɭɸ ɢɧ-

ɞɭɤɬɢɜɧɨɫɬɶ КɈɆɉɅȿКɋА ɨɛɴɟɤɬɚ 
ɢɫɫɥɟɞɨɜɚɧɢя, ɧȽɧ; L ɢɧɞ. – ɢɧɞɭɤɬɢɜɧɨɫɬɶ 
ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢя, ɧȽɧ. 
 

Ɍɚɛɥɢɰɚ 1 ɉɚɪɚɦɟɬɪɵ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɴɟɤɬɨɜ 
 

Ɉɛɴɟɤɬ  
ɢɫɫɥɟɞɨɜɚɧɢя f, Ƚɰ 

ω, 

ɪɚɞ/ɫ 
Lɨɛɳ, 

ɧȽɧ 

Lɢɧɞ.,

ɧȽɧ 

Кɨɦɩɥɟɤɫ – 

ɡɚɤɨɪɨɱɟɧ-

ɧɵɣ ɜɵɯɨɞ 

29940 188023,2 857 - 

Ɇɟɞɧɵɣ 

ɦɧɨɝɨɜɢɬ-
ɤɨɜɵɣ ɢɧ-

ɞɭɤɬɨɪ  
w = 3,5  

24390 153169,8 1291 434 

Ɇɟɞɧɵɣ 

ɦɧɨɝɨɜɢɬ-
ɤɨɜɵɣ ɢɧ-

ɞɭɤɬɨɪ  
w = 1,5 

27470 172512,6 1018 161 

Ɇɟɞɧɵɣ 

ɦɧɨɝɨɜɢɬ-
ɤɨɜɵɣ ɢɧ-

ɞɭɤɬɨɪ  
w = 1 ɲɢɪ. 
ɜɢɬɨɤ 

28250 177410 962 105 

Ɇɟɞɧɵɣ 

ɦɧɨɝɨɜɢɬ-
ɤɨɜɵɣ ɢɧ-

ɞɭɤɬɨɪ  
w = 1 

28570 179420 941 84 

Ɇɟɞɧɵɣ ɦɧɨ-
ɝɨɜɢɬɤɨɜɵɣ 

ɢɧɞɭɤɬɨɪ  
w = 0,5 

29070 182560,2 909 52 

Кɨɧɢɱɟɫɤɢɣ 

ɢɧɞɭɤɬɨɪ* - - - 30 

 

Пɪɢɦɟɱаɧɢɟ.* ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ 
ɢɧɞɭɤɬɨɪɚ, ɪɚɛɨɱɚя ɨɛɥɚɫɬɶ ɤɨɬɨɪɨɝɨ ɜ ɫɟɱɟɧɢɢ 
ɢɦɟɟɬ ɮɨɪɦɭ ɭɫɟɱɟɧɧɨɝɨ ɤɨɧɭɫɚ (ɤɨɧɢɱɟɫɤɢɣ ɢɧ-
ɞɭɤɬɨɪ), ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɜ ɩɪɟɞɵɞɭɳɢɯ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚɯ [1, 17]. 

Ɉɩɵɬ 2. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɞɢɫɤɨɜɨɝɨ 

ɫɨɝɥɚɫɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ. 
 

ȼɧɟɲɧɢɣ ɜɢɞ ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɨɝɥɚɫɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ – ɢɦɩɭɥɶɫɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 4. 

 

 
 

Ɋɢɫ. 4. ȼɧɟɲɧɢɣ ɜɢɞ ɞɢɫɤɨɜɨɝɨ ɫɨɝɥɚɫɭɸɳɟ-
ɝɨ ɭɫɬɪɨɣɫɬɜɚ 

 

ɉɟɪɟɱɟɧɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 

ɂɡɦɟɪɟɧɢɟ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɪɚɡɪяɞɧɨɝɨ ɢɦ-

ɩɭɥɶɫɚ ɜ ɩɟɪɜɢɱɧɨɣ ɢ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɚɯ 
ɫɨɝɥɚɫɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɩɨɞɤɥɸɱɟɧɧɨɝɨ ɤ  
КɈɆɉɅȿКɋУ: 

  ȼɨ ɜɬɨɪɢɱɧɭɸ ɨɛɦɨɬɤɭ ɫɨɝɥɚɫɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɤɥɸɱɟɧ ɤɨɧɢɱɟɫɤɢɣ ɢɧɞɭɤ-
ɬɨɪ;  ȼɨ ɜɬɨɪɢɱɧɭɸ ɨɛɦɨɬɤɭ ɫɨɝɥɚɫɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɤɥɸɱɟɧ ɢɧɞɭɤɬɨɪ – ɩɥɨ-
ɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɜɢɬ-
ɤɨɜ w=3,5;  ȼɨ ɜɬɨɪɢɱɧɭɸ ɨɛɦɨɬɤɭ ɫɨɝɥɚɫɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɤɥɸɱɟɧ ɢɧɞɭɤɬɨɪ – ɩɥɨ-
ɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɜɢɬ-
ɤɨɜ w=1,5;  ȼɨ ɜɬɨɪɢɱɧɭɸ ɨɛɦɨɬɤɭ ɫɨɝɥɚɫɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɤɥɸɱɟɧ ɢɧɞɭɤɬɨɪ – ɩɥɨ-
ɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɜɢɬ-
ɤɨɜ w=1;  ȼɨ ɜɬɨɪɢɱɧɭɸ ɨɛɦɨɬɤɭ ɫɨɝɥɚɫɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɤɥɸɱɟɧ ɢɧɞɭɤɬɨɪ – ɩɥɨ-
ɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɜɢɬ-
ɤɨɜ w=0,5. 

 

ɋ ɩɨɦɨɳɶɸ ɲɭɧɬɚ, ɩɨɞɤɥɸɱɟɧɧɨɝɨ ɜ ɪɚɡɪяɞ-

ɧɭɸ ɰɟɩɶ ɤɨɦɩɥɟɤɫɚ, ɫɧяɬɵ ɨɫɰɢɥɥɨɝɪɚɦɦɵ 

ɪɚɡɪяɞɧɨɝɨ ɢɦɩɭɥɶɫɚ ɜ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɟ 
ɫɨɝɥɚɫɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ. ɋ ɩɨɦɨɳɶɸ ɢɧ-

ɞɭɤɰɢɨɧɧɨɝɨ ɞɚɬɱɢɤɚ – ɩɨяɫɚ Ɋɨɝɨɜɫɤɨɝɨ 
ɫɧяɬɵ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɪɚɡɪяɞɧɵɯ ɢɦɩɭɥɶɫɨɜ 
ɜ ɩɟɪɜɢɱɧɨɣ ɢ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɚɯ ɫɨɝɥɚ-
ɫɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ. 
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ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɟɪɟɱɧɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɫɧяɬɵ ɨɫɰɢɥɥɨɝɪɚɦ-

ɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 5–9. 
 

Нɚɝɪɭɡɤɚ – ɤɨɧɢɱɟɫɤɢɣ ɢɧɞɭɤɬɨɪ. 
 

 500 mV/Div     50 uS/Div      Trig. 1,359 V 

-50.000 uS       Vp-p=2.297 V    Vdc=45.69 mV   Fin=1.851591 Hz 

                         dV=1.469 V       dT=112.0 uS       1/dT=8.729 KHz  
ɚ 
 

 50 mV/Div     50 uS/Div      Trig. 53.13 mV 

-50.000 uS       Vp-p=114.1 mV    Vdc=5.492 mV   Fin=1.847272 Hz
                         dV=70.31 mV       dT=114.0 uS       1/dT=8.772 KHz  

ɛ 
 

 100 mV/Div     50 uS/Div      Trig. -168.8 mV 

-50.000 uS       Vp-p=512.5 mV    Vdc=2.841 mV   Fin=1.853634 Hz 

                         dV=278.1 mV       dT=114.0 uS       1/dT=8.772 KHz  
ɜ 
 

Ɋɢɫ. 5. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɪɚɡɪяɞɧɵɯ ɫɢɝɧɚɥɨɜ, 
ɧɚɝɪɭɡɤɚ – ɤɨɧɢɱɟɫɤɢɣ ɢɧɞɭɤɬɨɪ: ɚ – 
ɫɢɝɧɚɥ ɫɧяɬ ɫ ɲɭɧɬɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ;  
ɛ – ɫɢɝɧɚɥ ɫɧяɬ ɫ ɩɨɦɨɳɶɸ ɩɨяɫɚ Ɋɨɝɨɜ-
ɫɤɨɝɨ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ; ɜ – ɫɢɝɧɚɥ ɫɧяɬ 
ɫ ɩɨɦɨɳɶɸ ɩɨяɫɚ Ɋɨɝɨɜɫɤɨɝɨ ɜɨ ɜɬɨɪɢɱ-
ɧɨɣ ɰɟɩɢ 

 

Кɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɢɡ ɩɟɪɜɢɱ-
ɧɨɣ ɨɛɦɨɬɤɢ ɜɨ ɜɬɨɪɢɱɧɭɸ (ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɨ ɬɨɤɭ) ɨɩɪɟɞɟɥяɟɬɫя ɨɬɧɨ-
ɲɟɧɢɟɦ ɚɦɩɥɢɬɭɞɧɨɝɨ ɡɧɚɱɟɧɢя ɫɢɝɧɚɥɚ ɜɨ 
ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɟ ɤ ɚɦɩɥɢɬɭɞɧɨɦɭ ɡɧɚɱɟ-
ɧɢɸ ɫɢɝɧɚɥɚ ɜ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɟ. Нɚɝɪɭɡɤɚ 
– ɤɨɧɢɱɟɫɤɢɣ ɢɧɞɭɤɬɨɪ – Кɬɪ≈ 3,95. 
 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɪɚɡɥɢɱɢɟ 
ɦɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ Кɬɪ 
ɢ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɦ ɩɚɪɚɦɟɬɪɨɦ – ɤɨɷɮɮɢɰɢ-
ɟɧɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ. Кɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫ-

ɮɨɪɦɚɰɢɢ ɩɨɤɚɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 
ɜɨ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨ ɨɬɧɨ-
ɲɟɧɢɸ ɤ ɩɟɪɜɢɱɧɨɣ. Кɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ 
ɷɧɟɪɝɢɢ Кɬɪ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɬɟɩɟɧɶ ɩɟɪɟɞɚɱɢ 
ɷɧɟɪɝɢɢ ɢɡ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɫɨɝɥɚɫɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ – ɢɦɩɭɥɶɫɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ – ɜɨ ɜɬɨɪɢɱɧɭɸ. ȿɝɨ ɡɧɚɱɟɧɢɟ ɛɭɞɟɬ 
ɦɟɧɶɲɟ, ɱɟɦ ɭ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɚɧɫɮɨɪɦɚɰɢɢ, 
ɬ.ɤ. ɱɚɫɬɶ ɷɧɟɪɝɢɢ ɪɚɫɫɟɢɜɚɟɬɫя ɜ ɨɤɪɭɠɚɸ-
ɳɭɸ ɫɪɟɞɭ (ɨɬɫɭɬɫɬɜɭɟɬ ɦɚɝɧɢɬɨɩɪɨɜɨɞ), 
ɱɚɫɬɶ ɪɚɫɫɟɢɜɚɟɬɫя ɜɨ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɟ ɫɨ-
ɝɥɚɫɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ 
ɧɚɜɟɞɟɧɧɵɟ ɬɨɤɢ, ɢɡ-ɡɚ ɧɚɥɢɱɢя ɞɨɫɬɚɬɨɱɧɨɣ 
ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɢɧɞɭɤɬɨɪɚ (ɧɚɝɪɭɡɤɢ ɞɥя ɫɨ-
ɝɥɚɫɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ), ɧɚɯɨɞяɬ ɞɪɭɝɢɟ ɩɭɬɢ 
ɞɥя ɡɚɦɵɤɚɧɢя (ɦɢɧɭя ɢɧɞɭɤɬɨɪ). 
 

Нɚɝɪɭɡɤɚ – ɩɥɨɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨɥɢɱɟ-
ɫɬɜɨɦ ɜɢɬɤɨɜ w = 3,5. 
 

-50.000 uS       Vp-p=2.438 V    Vdc=46.79 mV   Fin=1.855510 Hz 

                         dV=1.406 V       dT=117.0 uS       1/dT=8.547 KHz 

 500 mV/Div     50 uS/Div      Trig. 1.109 V 

 
ɚ 

50 mV/Div     50 uS/Div    Trig. 54.69 mV 

-50.000 uS     Vp-p=114.1 mV    Vdc=5.670 mV   Fin=1.855299 Hz

                       dV=62.50 mV       dT=117.0 uS       1/dT=8.547 KHz  
ɛ 

-50.000 uS     Vp-p=165.6 mV   Vdc=5.058 mV   Fin=1.855142 Hz 

                       dV=84.38 mV      dT=117.0 uS       1/dT=8.547 KHz 

 50 mV/Div     50 uS/Div      Trig. -67.19 mV 

 
ɜ 

 

Ɋɢɫ. 6. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɪɚɡɪяɞɧɵɯ ɫɢɝɧɚɥɨɜ, 
ɧɚɝɪɭɡɤɚ – ɩɥɨɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨ-
ɥɢɱɟɫɬɜɨɦ ɜɢɬɤɨɜ w = 3,5: ɚ – ɫɢɝɧɚɥ ɢɡ-
ɦɟɪɟɧ ɫ ɲɭɧɬɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ; ɛ – 
ɫɢɝɧɚɥ ɢɡɦɟɪɟɧ ɫ ɩɨɦɨɳɶɸ ɩɨяɫɚ Ɋɨɝɨɜ-
ɫɤɨɝɨ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ; ɜ – ɫɢɝɧɚɥ ɢɡ-
ɦɟɪɟɧ ɫ ɩɨɦɨɳɶɸ ɩɨяɫɚ Ɋɨɝɨɜɫɤɨɝɨ ɜɨ 
ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ 
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Кɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɢɡ ɩɟɪɜɢɱ-
ɧɨɣ ɨɛɦɨɬɤɢ ɜɨ ɜɬɨɪɢɱɧɭɸ ɫɨɝɥɚɫɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ, ɩɪɢ ɟɝɨ ɧɚɝɪɭɡɤɟ ɢɧɞɭɤɬɨɪɨɦ ɜ 
ɮɨɪɦɟ ɩɥɨɫɤɨɣ ɦɟɞɧɨɣ ɫɩɢɪɚɥɢ ɫ ɤɨɥɢɱɟɫɬ-
ɜɨɦ ɜɢɬɤɨɜ w = 3,5 – Кɬɪ≈ 1,35. 

 

Нɚɝɪɭɡɤɚ – ɩɥɨɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨɥɢɱɟ-
ɫɬɜɨɦ ɜɢɬɤɨɜ w = 1,5. 

 
 500 mV/Div     50 uS/Div      Trig. 1.266 V 

-50.000 uS     Vp-p=2.422 V   Vdc=46.10 mV   Fin=… 

                       dV=1.422 V      dT=114.0 uS       1/dT=8.772 KHz  
ɚ 
 

-50.000 uS     Vp-p=112.5 mV   Vdc=5.530 mV   Fin=1.855014 Hz 

                       dV=62.50 mV      dT=114.0 uS       1/dT=8.772 KHz 

 50 mV/Div     50 uS/Div      Trig. 51.56 mV 

 
ɛ 

 
 50 mV/Div     50 uS/Div      Trig. -135.9 mV 

-50.000 uS     Vp-p=301.6 mV   Vdc=4.546 mV   Fin=1.854853 Hz 

                       dV=153.1 mV      dT=114.0 uS       1/dT=8.772 KHz  
ɜ 

 

Ɋɢɫ. 7. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɪɚɡɪяɞɧɵɯ ɫɢɝɧɚɥɨɜ, 
ɧɚɝɪɭɡɤɚ – ɩɥɨɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨ-
ɥɢɱɟɫɬɜɨɦ ɜɢɬɤɨɜ w = 1,5: ɚ – ɫɢɝɧɚɥ ɢɡ-
ɦɟɪɟɧ ɫ ɲɭɧɬɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ; ɛ – 

ɫɢɝɧɚɥ ɢɡɦɟɪɟɧ ɫ ɩɨɦɨɳɶɸ ɩɨяɫɚ Ɋɨɝɨɜ-
ɫɤɨɝɨ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ; ɜ – ɫɢɝɧɚɥ ɢɡ-
ɦɟɪɟɧ ɫ ɩɨɦɨɳɶɸ ɩɨяɫɚ Ɋɨɝɨɜɫɤɨɝɨ ɜɨ 

ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ 

 

Кɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɢɡ ɩɟɪɜɢɱ-
ɧɨɣ ɨɛɦɨɬɤɢ ɜɨ ɜɬɨɪɢɱɧɭɸ ɫɨɝɥɚɫɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ, ɩɪɢ ɟɝɨ ɧɚɝɪɭɡɤɟ ɢɧɞɭɤɬɨɪɨɦ ɜ 

ɮɨɪɦɟ ɩɥɨɫɤɨɣ ɦɟɞɧɨɣ ɫɩɢɪɚɥɢ ɫ ɤɨɥɢɱɟɫɬ-
ɜɨɦ ɜɢɬɤɨɜ w = 1,5 – Кɬɪ≈ 2,44. 

 

Нɚɝɪɭɡɤɚ – ɢɧɞɭɤɬɨɪ ɜ ɜɢɞɟ ɩɥɨɫɤɨɣ ɫɩɢɪɚɥɢ,  

w = 1. 

 

-50.000 uS     Vp-p=2.438 V   Vdc=47.99 mV   Fin=… 

                       dV=1.469 V      dT=111.0 uS       1/dT=9.009 KHz 

 500 mV/Div    50 uS/Div      Trig. 1.203 V 

 
ɚ 
 

50 mV/Div     50 uS/Div    Trig. -135.9 mV 

-50.000 uS     Vp-p=109.4 mV   Vdc=5.598 mV   Fin=… 

                      dV=64.06 mV    dT=110.0 uS       1/dT=9.091 KHz  
ɛ 

 

-50.000 uS     Vp-p=443.8 mV   Vdc=2.423 mV   Fin=1.855010 Hz

                       dV=231.3 mV      dT=110.0 uS       1/dT=9.091 KHz

 100 mV/Div   50 uS/Div      Trig. -200.0 mV 

 

ɜ 
 

Ɋɢɫ. 8. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɪɚɡɪяɞɧɵɯ ɫɢɝɧɚɥɨɜ, 
ɧɚɝɪɭɡɤɚ – ɩɥɨɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨ-
ɥɢɱɟɫɬɜɨɦ ɜɢɬɤɨɜ w = 1: ɚ – ɫɢɝɧɚɥ ɢɡ-
ɦɟɪɟɧ ɫ ɲɭɧɬɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ; ɛ – 

ɫɢɝɧɚɥ ɢɡɦɟɪɟɧ ɫ ɩɨɦɨɳɶɸ ɩɨяɫɚ Ɋɨɝɨɜ-
ɫɤɨɝɨ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ; ɜ – ɫɢɝɧɚɥ ɢɡ-
ɦɟɪɟɧ ɫ ɩɨɦɨɳɶɸ ɩɨяɫɚ Ɋɨɝɨɜɫɤɨɝɨ ɜɨ 

ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ 

 

Кɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɢɡ ɩɟɪɜɢɱ-
ɧɨɣ ɨɛɦɨɬɤɢ ɜɨ ɜɬɨɪɢɱɧɭɸ ɫɨɝɥɚɫɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ, ɩɪɢ ɟɝɨ ɧɚɝɪɭɡɤɟ ɢɧɞɭɤɬɨɪɨɦ ɜ 
ɮɨɪɦɟ ɩɥɨɫɤɨɣ ɦɟɞɧɨɣ ɫɩɢɪɚɥɢ ɫ ɤɨɥɢɱɟɫɬ-
ɜɨɦ ɜɢɬɤɨɜ w = 1 – Кɬɪ≈ 3,61. 
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Нɚɝɪɭɡɤɚ – ɩɥɨɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨɥɢɱɟ-
ɫɬɜɨɦ ɜɢɬɤɨɜ w = 1 ɲɢɪɨɤɢɣ ɜɢɬɨɤ. 
 

-50.000 uS     Vp-p=2.484 V   Vdc=49.65 mV   Fin=… 

                       dV=1.484 V      dT=112.0 uS       1/dT=8.929 KHz 

 500 mV/Div   50 uS/Div      Trig. 1.188 V 

 
ɚ 
 

-50.000 uS     Vp-p=104.7 mV   Vdc=5.617 mV   Fin=3.710092 Hz

                       dV=60.94 mV      dT=112.0 uS       1/dT=8.929 KHz

 50 mV/Div   50 uS/Div      Trig. 43.75 mV 

 
ɛ 
 

 100 mV/Div   50 uS/Div      Trig. -162.5 mV 

-50.000 uS     Vp-p=378.1 mV   Vdc=2.907 mV   Fin=1.855253 Hz

                       dV=193.8 mV      dT=112.0 uS       1/dT=8.929 KHz  
ɜ 
 

Ɋɢɫ. 9. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɪɚɡɪяɞɧɵɯ ɫɢɝɧɚɥɨɜ, 
ɧɚɝɪɭɡɤɚ –  ɩɥɨɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨ-
ɥɢɱɟɫɬɜɨɦ ɜɢɬɤɨɜ w = 1 ɲɢɪɨɤɢɣ ɜɢɬɨɤ:  
ɚ – ɫɢɝɧɚɥ ɢɡɦɟɪɟɧ ɫ ɲɭɧɬɚ  ɜ ɩɟɪɜɢɱɧɨɣ 

ɰɟɩɢ; ɛ – ɫɢɝɧɚɥ ɢɡɦɟɪɟɧ ɫ ɩɨɦɨɳɶɸ  

ɩɨяɫɚ Ɋɨɝɨɜɫɤɨɝɨ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ; ɜ – 

ɫɢɝɧɚɥ ɢɡɦɟɪɟɧ ɫ ɩɨɦɨɳɶɸ ɩɨяɫɚ Ɋɨɝɨɜ-
ɫɤɨɝɨ ɜɨ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ 

 

Кɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɢɡ ɩɟɪɜɢɱ-
ɧɨɣ ɨɛɦɨɬɤɢ ɜɨ ɜɬɨɪɢɱɧɭɸ ɫɨɝɥɚɫɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ, ɩɪɢ ɟɝɨ ɧɚɝɪɭɡɤɟ ɢɧɞɭɤɬɨɪɨɦ ɜ 
ɮɨɪɦɟ ɩɥɨɫɤɨɣ ɦɟɞɧɨɣ ɫɩɢɪɚɥɢ ɫ ɤɨɥɢɱɟɫɬɜɨɦ 

ɜɢɬɤɨɜ w = 1 ɲɢɪɨɤɢɣ ɜɢɬɨɤ – Кɬɪ≈ 3,18. 

 

Нɚɝɪɭɡɤɚ – ɩɥɨɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ ɫ ɤɨɥɢɱɟ-
ɫɬɜɨɦ ɜɢɬɤɨɜ w = 0,5. 

 

-50.000 uS     Vp-p=2.406 mV   Vdc=46.34 mV   Fin=1.854694 Hz

                      dV=1.469 mV    dT=111.0 uS       1/dT=9.009 KHz

 500 mV/Div   50 uS/Div      Trig. 1.234 V 

 
ɚ 
 

-50.000 uS     Vp-p=112.5 mV   Vdc=5.581 mV   Fin=1.854677 Hz

                       dV=65.63 mV      dT=111.0 uS       1/dT=9.009 KHz

 50 mV/Div   50 uS/Div      Trig. 53.13 mV 

 
ɛ 

 
 100 mV/Div   50 uS/Div      Trig. -200.0 mV 

-50.000 uS     Vp-p=456.3 mV   Vdc=2.545 mV   Fin=1.854700 Hz

                       dV=237.5 mV      dT=111.0 uS       1/dT=9.009 KHz  
ɜ 

 

Ɋɢɫ. 10. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɪɚɡɪяɞɧɵɯ ɫɢɝɧɚ-
ɥɨɜ, ɧɚɝɪɭɡɤɚ –  ɩɥɨɫɤɚя ɦɟɞɧɚя ɫɩɢɪɚɥɶ 
ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɜɢɬɤɨɜ w = 0,5: ɚ – ɫɢɝɧɚɥ 
ɢɡɦɟɪɟɧ ɫ ɲɭɧɬɚ  ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ; ɛ – 

ɫɢɝɧɚɥ ɢɡɦɟɪɟɧ ɫ ɩɨɦɨɳɶɸ ɩɨяɫɚ Ɋɨɝɨɜ-
ɫɤɨɝɨ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ; ɜ – ɫɢɝɧɚɥ ɢɡ-
ɦɟɪɟɧ ɫ ɩɨɦɨɳɶɸ ɩɨяɫɚ Ɋɨɝɨɜɫɤɨɝɨ ɜɨ 

ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ 

 

Кɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɢɡ ɩɟɪɜɢɱ-
ɧɨɣ ɨɛɦɨɬɤɢ ɜɨ ɜɬɨɪɢɱɧɭɸ ɫɨɝɥɚɫɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ, ɩɪɢ ɟɝɨ ɧɚɝɪɭɡɤɟ ɢɧɞɭɤɬɨɪɨɦ ɜ 
ɮɨɪɦɟ ɩɥɨɫɤɨɣ ɦɟɞɧɨɣ ɫɩɢɪɚɥɢ ɫ ɤɨɥɢɱɟɫɬ-
ɜɨɦ ɜɢɬɤɨɜ w = 0,5 – Кɬɪ≈ 3,62. 

 

Ɉɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵх  
ɢɫɫɥɟдɨɜɚɧɢɣ 

 

Аɧɚɥɢɡ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫ-
ɫɥɟɞɨɜɚɧɢɣ ɞɢɫɤɨɜɨɝɨ ɫɨɝɥɚɫɭɸɳɟɝɨ ɭɫɬɪɨɣ-

ɫɬɜɚ ɫ ɪɚɡɥɢɱɧɨɣ ɢɧɞɭɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɨɣ 

ɩɪɟɞɫɬɚɜɥɟɧ  ɜ ɬɚɛɥ. 2.  
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Ɍɚɛɥɢɰɚ 2 Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  

ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 
 

№ 

ɩ/ɩ 

ɂɫɫɥɟɞɭɟɦɵɣ  

ɢɧɞɭɤɬɨɪ 
L ɢɧɞ., 

ɧȽɧ 
Кɬɪ 

1 Кɨɧɢɱɟɫɤɢɣ ɢɧɞɭɤɬɨɪ 30 3,95 

2 
ɂɧɞɭɤɬɨɪ – ɩɥɨɫɤɚя 
ɫɩɢɪɚɥɶ, w = 0,5 

52 3,62 

3 
ɂɧɞɭɤɬɨɪ – ɩɥɨɫɤɚя 
ɫɩɢɪɚɥɶ, w = 1  

84 3,61 

4 

ɂɧɞɭɤɬɨɪ – ɩɥɨɫɤɚя 
ɫɩɢɪɚɥɶ, w = 1 ɲɢɪɨ-
ɤɢɣ ɜɢɬɨɤ 

105 3,18 

5 
ɂɧɞɭɤɬɨɪ – ɩɥɨɫɤɚя 
ɫɩɢɪɚɥɶ, w = 1,5 

161 2,44 

6 
ɂɧɞɭɤɬɨɪ – ɩɥɨɫɤɚя 
ɫɩɢɪɚɥɶ, w = 3,5 

434 1,35 

 

ɉɨ ɡɧɚɱɟɧɢяɦ ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɫɥɟ-
ɞɭɟɦɵɯ ɭɫɬɪɨɣɫɬɜ ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ (ɪɢɫ. 11). 

 

30         52        84        105       161      434

4,5 
 

4 
 

3,5 

 

3 
 

2,5 
 

2 
 

1,5 
 

1 
 

0,5 
 

0 

 
 

Ɋɢɫ. 11. ɂɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɟɪɟɞɚɱɢ 

ɷɧɟɪɝɢɢ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɞɢɫɤɨɜɨɦ ɫɨɝɥɚ-
ɫɭɸɳɟɦ ɭɫɬɪɨɣɫɬɜɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɢɧɞɭɤɬɨɪɚ 

 

ȼɵɜɨдɵ 
 

ɉɪɨɜɟɞɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚ-
ɧɢя ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɢɯ ɨɛɪɚɛɨɬɤɨɣ ɩɨɡɜɨɥя-
ɸɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ. 

 

1. ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢя ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɢɧɞɭɤɬɢɜɧɨ-
ɫɬɢ ɢɧɞɭɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ яɜɥяɥɢɫɶ ɧɚɝɪɭɡɤɨɣ 

ɞɥя ɢɫɫɥɟɞɭɟɦɨɝɨ ɞɢɫɤɨɜɨɝɨ ɫɨɝɥɚɫɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ. 
 

2. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢя ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɢɡ ɩɟɪɜɢɱɧɨɣ 

ɨɛɦɨɬɤɢ ɜɨ ɜɬɨɪɢɱɧɭɸ ɭ ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɨ-
ɝɥɚɫɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɡɚɜɢɫɢɬ ɨɬ ɡɧɚɱɟɧɢя 
ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɧɚɝɪɭɡɤɢ (ɢɧɞɭɤɬɨɪɚ, ɩɨɞɤɥɸ-

ɱɚɟɦɨɝɨ ɤ  ɜɵɯɨɞɭ ɫɨɝɥɚɫɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ). 

3. ɂɫɫɥɟɞɭɟɦɨɟ ɞɢɫɤɨɜɨɟ ɫɨɝɥɚɫɭɸɳɟɟ ɭɫɬ-
ɪɨɣɫɬɜɨ ɦɨɠɟɬ ɷɮɮɟɤɬɢɜɧɨ ɪɚɛɨɬɚɬɶ ɫ ɢɧ-

ɞɭɤɬɨɪɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɫ ɧɢɡɤɢɦ ɡɧɚɱɟɧɢɟɦ 

ɢɧɞɭɤɬɢɜɧɨɫɬɢ ≤ 100 ɧȽɧ. Уɜɟɥɢɱɟɧɢɟ ɢɧ-

ɞɭɤɬɢɜɧɨɫɬɢ ɢɧɞɭɤɬɨɪɨɜ ɫɜɟɪɯ ɭɤɚɡɚɧɧɨɝɨ 

ɡɧɚɱɟɧɢя ɩɪɢɜɟɞɟɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟ-
ɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ. 
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