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ɉɪɨɜɨɞɢɬɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɟɞɥɨɠɟɧɧɨɣ ɚɜɬɨɪɚɦɢ ɫɯɟɦɵ ɭɫɬɪɨɣɫɬɜɚ ɡɚɳɢɬɧɨɝɨ ɨɬɤɥɸɱɟɧɢɹ ɫɟɬɟɣ ɩɨ-
ɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɨɬɥɢɱɚɸɳɟɝɨɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɬɱɢɤɚ ɬɨɤɚ ɭɬɟɱɤɢ ɧɚ ɨɫɧɨɜɟ ɷɮɮɟɤɬɚ Хɨɥɥɚ, ɨɛɥɚɞɚɸɳɟ-
ɝɨ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɢ ɩɨɡɜɨɥɹɸɳɟɝɨ ɨɫɭɳɟɫɬɜɢɬɶ ɝɚɥɶɜɚɧɢɱɟɫɤɭɸ ɪɚɡɜɹɡɤɭ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɰɟɩɟɣ ɨɬ ɫɢ-
ɥɨɜɵɯ. 
Ɋɚɫɫɦɨɬɪɟɧɧɚɹ ɫɯɟɦɚ ɨɬɥɢɱɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ, ɢɦɟɸɳɟɝɨ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɣ ɩɪɟɨɛ-

ɪɚɡɨɜɚɬɟɥɶ, ɚ ɬɚɤɠɟ ɜɫɬɪɨɟɧɧɭɸ ɚɧɚɥɨɝɨɜɭɸ ɱɚɫɬɶ ɜ ɜɢɞɟ ɧɟɫɤɨɥɶɤɢɯ ɤɨɦɩɚɪɚɬɨɪɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟ-
ɧɹɬɶ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ. Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɚɪɢɚɧɬɵ ɫɯɟɦɵ ɫ ɰɢɮɪɨɜɨɣ ɢ ɚɧɚɥɨɝɨɜɨɣ 
ɨɛɪɚɛɨɬɤɨɣ ɫɢɝɧɚɥɨɜ ɞɚɬɱɢɤɨɜ ɬɨɤɚ ɭɬɟɱɤɢ ɢ ɬɨɤɚ ɧɚɝɪɭɡɤɢ. Мɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɟɞɟɧɨ ɜ ɩɚɤɟɬɟ Simulink 

ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɩɟɪɟɞɚɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɞɚɬɱɢɤɨɜ ɬɨɤɚ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɧɵɯ ɡɜɟɧɶɟɜ ɰɟɩɢ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ.  
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɯɟɦ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɧɚ ɜɯɨɞ ɫɢɫɬɟɦɵ ɩɨɞɚɟɬɫɹ ɫɢɝ-

ɧɚɥ, ɢɦɢɬɢɪɭɸɳɢɣ ɫɤɚɱɨɤ ɬɨɤɚ ɭɬɟɱɤɢ ɢɥɢ ɧɚɝɪɭɡɤɢ, ɩɪɟɜɵɲɚɸɳɢɣ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɭɫɬɪɨɣɫɬɜɚ.  
ȼɵɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɫɢɝɧɚɥ ɨɬɤɥɸɱɟɧɢɹ, ɩɨɞɚɜɚɟɦɵɣ ɧɚ ɪɚɡɦɵɤɚɸɳɢɣ ɤɥɸɱ. Иɡɦɟɪɹɹ ɜɪɟ-
ɦɹ, ɩɪɨɲɟɞɲɟɟ ɨɬ ɦɨɦɟɧɬɚ ɩɟɪɟɫɟɱɟɧɢɹ ɬɨɤɨɦ ɭɫɬɚɜɤɢ ɞɨ ɩɨɹɜɥɟɧɢɹ ɫɢɝɧɚɥɚ ɪɚɡɦɵɤɚɧɢɹ ɰɟɩɢ, ɦɨɠɧɨ ɨɩɪɟ-
ɞɟɥɢɬɶ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɫɯɟɦɵ. Ɋɚɫɫɦɚɬɪɢɜɚɹ ɡɚɞɟɪɠɤɢ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɤɥɚɞ ɤɚɠ-

ɞɨɝɨ ɢɡ ɧɢɯ ɜ ɨɛɳɟɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ. 
ɉɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɤɚɠɞɨɣ ɢɡ ɫɯɟɦ ɢ ɜɤɥɚɞ ɤɚɠɞɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɳɟɟ ɛɵɫɬɪɨɞɟɣ-

ɫɬɜɢɟ ɭɫɬɪɨɣɫɬɜɚ. Ɍɚɤɠɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ ɤɚɠɞɨɣ 
 ɢɡ ɫɯɟɦ, ɬɚɤɢɯ ɤɚɤ ɮɢɥɶɬɪɚɰɢɹ ɩɨɦɟɯ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɧɟɥɢɧɟɣɧɨɫɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɚɬɱɢɤɨɜ ɬɨɤɚ. 
Аɧɚɥɢɡɢɪɭɸɬɫɹ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɯɟɦ, ɢɯ ɩɪɢɝɨɞɧɨɫɬɶ ɞɥɹ ɡɚɳɢɬɵ ɥɸɞɟɣ          

ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɜ ɛɵɬɨɜɵɯ ɭɫɥɨɜɢɹɯ ɢ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ  
ɫ ɨɛɳɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɫɬɚɧɞɚɪɬɚɯ ɞɥɹ ɭɫɬɪɨɣɫɬɜ ɡɚɳɢɬɧɨɝɨ ɨɬɤɥɸ-

ɱɟɧɢɹ ɦɚɥɵɯ ɢ ɛɨɥɶɲɢɯ ɬɨɤɨɜ ɧɚɝɪɭɡɤɢ. 
Ɋɚɫɫɦɨɬɪɟɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɰɟɩɹɯ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ ɷɧɟɪɝɨɫɢɫɬɟɦ 

ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ. 
ɉɪɢɜɟɞɟɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɞɚɥɶɧɟɣɲɟɦɭ ɭɥɭɱɲɟɧɢɸ ɩɪɟɞɥɨɠɟɧɧɨɣ ɫɯɟɦɵ ɫ ɰɟɥɶɸ ɞɨɫɬɢɠɟɧɢɹ ɛɨɥɟɟ ɜɵ-

ɫɨɤɨɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ, ɱɬɨ ɨɛɟɫɩɟɱɢɬ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. Ɉɩɪɟɞɟɥɟɧɵ 

ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ ɤ ɪɚɡɦɵɤɚɸɳɟɦɭ ɭɫɬɪɨɣɫɬɜɭ ɢ ɞɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ. 
 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɭɫɬɪɨɣɫɬɜɨ ɡɚɳɢɬɧɨɝɨ ɨɬɤɥɸɱɟɧɢɹ, ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ, ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ, ɨɛɪɚɛɨɬɤɚ ɫɢɝ-
ɧɚɥɨɜ, ɬɨɤɢ ɭɬɟɱɤɢ. 
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The authors have reviewed the model of residual-current device for direct current circuits with high precision Hall-

effect based residual current sensor which also provides galvanic isolation of logic from power circuits. 

The scheme based on microcontroller with built-in analog-to-digital converter and analog peripherals part with 

comparators, which provides different ways of signal processing is reviewed. The authors have offered the schemes 

with analog and digital signal processing of leakage current and load current sensors signals. The modeling is done 

with Simulink software, using transfer functions of current sensors and main scheme elements. 
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Measurement of reviewed signal processing schemes performance is done by applying linear signal to system input, 

simulating load or leakage current rise over preset limit. Output signal of the system is the signal to break circuit, 

connected to the breaking relay. Performance of the scheme can be determined by measuring the delay from current 

limit crossing point to presence of breaking output signal. Looking at the every element delay it is possible to estimate 

its contribution to overall performance. 

The authors have analyzed and compared the performance of each signal processing scheme and contribution of 

elements to overall performance. The authors have compared signal processing capabilities of each scheme such as 

noise filtering and current sensor nonlinearity correction. 

The authors have analyzed the pros and cons of reviewed schemes, their ability to protect man and machinery from 

leakage current damage in home or industrial use, with respect to protection requirements based on government 

standards for high and low load current residual-current devices. 

Considered device can be used in direct current power circuits of a spacecraft to prevent accident situations. 

The authors give recommendations for future scheme improvements, aiming on performance improvement, which 

will provide universal use scenario of reviewed device. The performance requirements for breaking device and given 

recommendations for its implementation are determined. 

 

Keywords: residual-current device, ground fault circuit interrupter, direct current, performance, signal processing, 

residual current. 

 
ȼɜɟɞɟɧиɟ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

ɢ ɛɵɬɭ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɭɫɬɪɨɣɫɬɜɚ ɡɚɳɢɬɧɨɝɨ 
ɨɬɤɥɸɱɟɧɢɹ (ɍɁɈ) ɞɥɹ ɫɟɬɟɣ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɤɨɬɨ-
ɪɵɟ ɫɪɚɛɚɬɵɜɚɸɬ ɩɪɢ ɤɨɧɬɚɤɬɟ ɬɨɤɨɜɟɞɭɳɢɯ ɲɢɧ  
ɫ ɤɨɪɩɭɫɨɦ ɢɥɢ ɫɧɢɠɟɧɢɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ. 
Ɉɞɧɚɤɨ ɞɥɹ ɫɟɬɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɬɚɤɢɟ ɭɫɬɪɨɣɫɬɜɚ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɫɬɪɟɱɚɸɬɫɹ. ȼ ɫɟɬɹɯ ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨ ɩɨɹɜɥɟɧɢɟ ɬɨɤɨɜ ɭɬɟɱɤɢ, ɱɬɨ 
ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɍɁɈ ɞɥɹ ɡɚɳɢɬɵ ɷɥɟɤɬɪɨɨɛɨɪɭ-
ɞɨɜɚɧɢɹ ɢ ɥɸɞɟɣ, ɷɬɨ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɨ ɩɪɢ ɢɫɩɵ-
ɬɚɧɢɹɯ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɫɩɭɬɧɢɤɨɜ, ɜ ɫɢɫɬɟɦɚɯ 
ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɢ ɬ. ɞ. 

 

Ɍɨɤɢ ɭɬɟɱɤɢ ɩɨɹɜɥɹɸɬɫɹ ɩɪɢ ɫɧɢɠɟɧɢɢ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɢɡɨɥɹɰɢɢ ɢɥɢ ɩɪɢ ɤɨɧɬɚɤɬɟ ɱɟɥɨɜɟɤɚ ɫ ɬɨɤɨɜɟ-
ɞɭɳɢɦɢ ɲɢɧɚɦɢ. ɂɡɦɟɪɹɹ ɬɨɤɢ ɭɬɟɱɤɢ ɦɨɠɧɨ ɨɛɧɚ-
ɪɭɠɢɬɶ ɚɜɚɪɢɣɧɭɸ ɫɢɬɭɚɰɢɸ ɢ ɨɬɤɥɸɱɢɬɶ ɫɟɬɶ ɨɬ 
ɩɨɬɪɟɛɢɬɟɥɟɣ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɢɡɛɟɠɚɬɶ ɧɟɠɟɥɚɬɟɥɶɧɵɯ 
ɩɨɫɥɟɞɫɬɜɢɣ ɢ ɡɚɳɢɬɢɬɶ ɥɸɞɟɣ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɬ 
ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ. 
ȼ ɍɁɈ ɫɟɬɟɣ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɨ-

ɤɨɜ ɭɬɟɱɤɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪ ɬɨɤɚ, ɨɞɧɚɤɨ ɨɧ ɧɟɫɩɨɫɨɛɟɧ ɢɡɦɟɪɹɬɶ ɩɨ-
ɫɬɨɹɧɧɵɟ ɬɨɤɢ ɭɬɟɱɤɢ, ɱɬɨ ɞɟɥɚɟɬ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ 
ɧɟɜɨɡɦɨɠɧɵɦ ɜ ɫɟɬɹɯ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. ɉɨɷɬɨɦɭ ɜ 
ɩɪɟɞɥɨɠɟɧɧɨɦ ɍɁɈ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɨɤɨɜ ɭɬɟɱɤɢ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɬɱɢɤɢ ɦɚɥɵɯ ɬɨɤɨɜ ɧɚ 
ɨɫɧɨɜɟ ɷɮɮɟɤɬɚ ɏɨɥɥɚ [1]. ȼ ɨɬɥɢɱɢɟ ɨɬ ɛɨɥɶɲɢɧɫɬɜɚ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɍɁɈ ɢ ɭɫɬɪɨɣɫɬɜ ɢɡɦɟɪɟɧɢɹ ɬɨɤɨɜ 
ɭɬɟɱɤɢ [2–9], ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɬɱɢɤɚ ɧɚ ɨɫɧɨɜɟ ɷɮ-
ɮɟɤɬɚ ɏɨɥɥɚ ɩɨɡɜɨɥɹɟɬ ɢɫɤɥɸɱɢɬɶ ɝɚɥɶɜɚɧɢɱɟɫɤɭɸ 
ɫɜɹɡɶ ɍɁɈ ɫ ɡɚɳɢɳɚɟɦɨɣ ɫɟɬɶɸ. 
Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɍɁɈ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ [10] 

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1. 
ɇɚ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ ɍɁɈ ɩɨɤɚɡɚɧɵ: ɤɥɸɱ ɪɚɡ-

ɦɵɤɚɧɢɹ ɰɟɩɢ Ʉ, ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɪɟɡɢɫɬɨɪɵ R1 ɢ R2 
ɫ ɤɥɸɱɚɦɢ Ʉ1 ɢ Ʉ2, ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɆɄ (ɫɟɦɟɣɫɬɜɨ 
Cypress PsoC4), ɭɫɬɪɨɣɫɬɜɨ ɜɜɨɞɚ ȼȼ, ɭɫɬɪɨɣɫɬɜɨ ɢɧ-
ɞɢɤɚɰɢɢ ɂɇȾ, ɞɚɬɱɢɤ ɬɨɤɨɜ ɭɬɟɱɤɢ ȾɌɍ (ɦɨɞɟɥɶ 
SLD-1), ɞɚɬɱɢɤ ɬɨɤɚ ɧɚɝɪɭɡɤɢ ȾɌ (ɦɨɞɟɥɶ LEM 
LA200-P), ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ Rɢɡ1 ɢ Rɢɡ2, ɛɥɨɤ 
ɩɢɬɚɧɢɹ Ȼɉ. 
ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɍɁɈ ɲɢɧɚ ɡɚɡɟɦɥɟɧɢɹ ɫ ɩɨɦɨ-

ɳɶɸ ɤɥɸɱɟɣ Ʉ1 ɢ Ʉ2 ɩɨɩɟɪɟɦɟɧɧɨ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 

ɩɥɸɫɨɜɨɣ ɢ ɦɢɧɭɫɨɜɨɣ ɲɢɧɚɦ ɫɟɬɢ ɩɢɬɚɧɢɹ ɱɟɪɟɡ 
ɪɟɡɢɫɬɨɪɵ R1 ɢ R2. ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɭɟɬɫɹ ɰɟɩɶ ɩɪɨɬɟ-
ɤɚɧɢɹ ɬɨɤɨɜ ɭɬɟɱɤɢ ɱɟɪɟɡ ɡɚɡɟɦɥɹɸɳɭɸ ɲɢɧɭ, ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ Rɢɡ2 ɢ Rɢɡ1 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɨɬɟɤɚɸɳɢɣ  
ɩɨ ɷɬɨɣ ɰɟɩɢ ɬɨɤ ɢɡɦɟɪɹɟɬɫɹ ȾɌɍ, ɫɢɝɧɚɥ ɫ ɤɨɬɨɪɨɝɨ 
ɩɨɫɬɭɩɚɟɬ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ. ȿɫɥɢ ɡɧɚɱɟɧɢɟ ɬɨɤɚ 
ɭɬɟɱɤɢ ɩɪɟɜɵɲɚɟɬ ɡɚɞɚɧɧɨɟ, ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɩɨɞɚёɬ 
ɫɢɝɧɚɥ ɧɚ ɪɚɡɦɵɤɚɧɢɟ ɤɥɸɱɚ Ʉ ɢ ɨɬɤɥɸɱɚɟɬ ɧɚɝɪɭɡɤɭ 
ɨɬ ɫɟɬɢ ɩɢɬɚɧɢɹ. 

 

 
 

Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɍɁɈ 

 

ɂɡɦɟɪɟɧɢɟ ɬɨɤɨɜ ɭɬɟɱɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɞɢɮɮɟ-
ɪɟɧɰɢɚɥɶɧɵɦ ɞɚɬɱɢɤɨɦ ɬɨɤɚ ȾɌɍ ɫ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢ-

ɬɟɥɶɧɨɫɬɶɸ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɪɟɡɢɫɬɨɪɵ R1 ɢ R2 ɫ 
ɤɥɸɱɚɦɢ Ʉ1 ɢ Ʉ2 ɩɨɡɜɨɥɹɸɬ ɢɡɦɟɪɹɬɶ ɬɨɤɢ ɭɬɟɱɤɢ ɫ 
ɤɚɠɞɨɣ ɢɡ ɲɢɧ ɫɟɬɢ ɩɢɬɚɧɢɹ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɩɨɥɹɪɧɨ-
ɫɬɢ ɢ ɜɟɥɢɱɢɧɵ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɍɁɈ ɜ ɫɯɟɦɭ ɛɵɥɨ ɞɨ-
ɛɚɜɥɟɧɨ ɭɫɬɪɨɣɫɬɜɨ ɜɜɨɞɚ, ɤɨɬɨɪɨɟ ɫɨɜɦɟɫɬɧɨ ɫ ɭɫɬ-
ɪɨɣɫɬɜɨɦ ɢɧɞɢɤɚɰɢɢ ɩɨɡɜɨɥɹɟɬ ɡɚɞɚɜɚɬɶ ɩɨɪɨɝɢ ɫɪɚ-
ɛɚɬɵɜɚɧɢɹ ɧɚ ɬɨɤ ɭɬɟɱɤɢ ɢ ɬɨɤ ɧɚɝɪɭɡɤɢ. Ⱦɨɩɨɥɧɢ-

ɬɟɥɶɧɨ ɫ ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɚ ȾɌ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɬɚɤɠɟ 
ɧɚ ɨɫɧɨɜɟ ɷɮɮɟɤɬɚ ɏɨɥɥɚ, ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚɳɢɬɚ ɩɨ 
ɬɨɤɭ ɧɚɝɪɭɡɤɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɤɥɸɱɢɬɶ ɥɢɧɢɸ ɩɪɢ 

ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɢɧɵɯ ɚɜɚɪɢɣ-

ɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɩɨɹɜɥɟɧɢɸ 

ɫɜɟɪɯɬɨɤɨɜ. 
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ɉɪɟɞɥɨɠɟɧɧɚɹ ɫɯɟɦɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɡɜɟɫɬɧɵɦɢ 

ɍɁɈ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɩɪɟɢɦɭɳɟ-
ɫɬɜɚ ɩɟɪɟɞ ɢɡɜɟɫɬɧɵɦɢ [2–9]: 

– ɢɡɦɟɪɟɧɢɟ ɬɨɤɨɜ ɭɬɟɱɤɢ ɩɪɢ ɥɸɛɨɣ ɩɨɥɹɪɧɨɫɬɢ 

ɢ ɜɟɥɢɱɢɧɟ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ; 

– ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɪɨɞɚ 
ɬɨɤɚ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɍɁɈ ɨɩɪɟ-

ɞɟɥɹɸɬɫɹ ɧɟɫɤɨɥɶɤɢɦɢ ɫɬɚɧɞɚɪɬɚɦɢ [11–15]. 

ɂɫɯɨɞɹ ɢɡ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɥɟɤɬɪɨɭɫ-
ɬɚɧɨɜɨɤ, ɛɵɥɢ ɜɵɛɪɚɧɵ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ 
ɜɪɟɦɟɧɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɍɁɈ ɞɥɹ ɡɚɳɢɬɵ ɱɟɥɨɜɟɤɚ: 30 ɦɫ 
ɩɪɢ ɬɨɤɚɯ ɧɚɝɪɭɡɤɢ ɦɟɧɟɟ 16 Ⱥ, 150 ɦɫ ɩɪɢ ɬɨɤɚɯ  
ɧɚɝɪɭɡɤɢ ɫɜɵɲɟ 16 Ⱥ.  

Ɂɧɚɱɟɧɢɹ ɬɨɤɨɜ ɫɪɚɛɚɬɵɜɚɧɢɹ ɍɁɈ: 6–30 ɦȺ ɩɪɢ 

ɜɟɥɢɱɢɧɟ ɬɨɤɚ ɧɚɝɪɭɡɤɢ Iɧ ɦɟɧɟɟ 16 Ⱥ, ɞɨ 500 ɦȺ ɩɪɢ 

ɜɟɥɢɱɢɧɟ ɬɨɤɚ ɧɚɝɪɭɡɤɢ ɫɜɵɲɟ 16 Ⱥ. ɍɤɚɡɚɧɧɵɟ ɬɪɟ-
ɛɨɜɚɧɢɹ ɞɨɫɬɚɬɨɱɧɵ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɩɢɬɚɸɳɟɣ ɫɟɬɢ 

ɦɟɧɟɟ 100 ȼ. 

ɐɟɥɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɍɁɈ ɛɵɥɚ ɩɪɨɜɟɪɤɚ ɫɨɨɬ-
ɜɟɬɫɬɜɢɹ ɩɪɟɞɥɨɠɟɧɧɨɣ ɫɯɟɦɵ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɬɪɟɛɨ-
ɜɚɧɢɹɦ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɛɵɫɬɪɨ-
ɞɟɣɫɬɜɢɸ ɢ ɬɢɩɭ ɪɚɡɦɵɤɚɸɳɟɝɨ ɤɥɸɱɚ. 
ȼ ɩɪɟɞɥɨɠɟɧɧɨɣ ɫɯɟɦɟ ɍɁɈ ɜ ɤɚɱɟɫɬɜɟ ɭɫɬɪɨɣɫɬɜɚ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɢɤ-
ɪɨɤɨɧɬɪɨɥɥɟɪ ɫɨ ɜɫɬɪɨɟɧɧɵɦ Ⱥɐɉ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹ-
ɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɢɝɧɚɥɨɜ ɫ ȾɌ ɢ ȾɌɍ 

ɜ ɰɢɮɪɨɜɨɣ ɜɢɞ ɢ ɡɚɬɟɦ, ɨɫɭɳɟɫɬɜɥɹɹ ɫɪɚɜɧɟɧɢɟ ɩɨ-
ɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɫ ɡɚɞɚɧɧɵɦɢ ɭɫɬɚɜɤɚɦɢ, ɩɪɢɧɹɬɶ 
ɪɟɲɟɧɢɟ ɨ ɪɚɡɦɵɤɚɧɢɢ ɰɟɩɢ. 

Ɍɚɤɠɟ ɜ ɢɫɩɨɥɶɡɭɟɦɨɦ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ ɢɦɟɟɬɫɹ 
ɚɧɚɥɨɝɨɜɚɹ ɩɨɞɫɢɫɬɟɦɚ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ, ɫɨɫɬɨɹ-
ɳɚɹ ɢɡ ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɚɪɚɬɨɪɚ, ɧɚ ɨɞɢɧ ɢɡ 
ɜɯɨɞɨɜ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɩɨɞɚɜɚɬɶ ɫɢɝɧɚɥ ɫɨ ɜɫɬɪɨɟɧ-

ɧɨɝɨ ɐȺɉ, ɚ ɧɚ ɜɬɨɪɨɣ ɜɯɨɞ – ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɫ 
ɞɚɬɱɢɤɚ ɬɨɤɚ ɭɬɟɱɤɢ ɢɥɢ ɬɨɤɚ ɧɚɝɪɭɡɤɢ. ȼ ɫɥɭɱɚɟ ɩɪɟ-
ɜɵɲɟɧɢɹ ɡɧɚɱɟɧɢɟɦ ɫɢɝɧɚɥɚ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɜɟɥɢɱɢ-

ɧɵ, ɧɚ ɜɵɯɨɞɟ ɤɨɦɩɚɪɚɬɨɪɚ ɩɨɹɜɢɬɫɹ ɫɢɝɧɚɥ, ɤɨɬɨɪɵɣ 

ɦɨɠɟɬ ɛɵɬɶ ɧɚɩɪɹɦɭɸ ɩɨɞɚɧ ɧɚ ɭɫɬɪɨɣɫɬɜɨ ɪɚɡɦɵɤɚ-
ɧɢɹ ɰɟɩɢ (ɤɥɸɱ Ʉ). 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɍɁɈ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜ ɩɚɤɟɬɟ 
Simulink, ɞɢɧɚɦɢɤɚ ɡɜɟɧɶɟɜ ɰɟɩɢ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ 
ɨɩɢɫɵɜɚɥɚɫɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɟɪɟɞɚɬɨɱɧɵɦɢ 

ɮɭɧɤɰɢɹɦɢ, ɩɚɪɚɦɟɬɪɵ ɩɟɪɟɞɚɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɢɡ ɞɨɤɭɦɟɧɬɚɰɢɢ ɧɚ ɞɚɬɱɢɤɢ ɬɨɤɨɜ, ɦɢɤɪɨ-
ɤɨɧɬɪɨɥɥɟɪ. 
ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɰɢɮɪɨɜɨɣ ɰɟɩɢ ɨɛɪɚɛɨɬɤɢ ɫɢɝ-

ɧɚɥɨɜ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 2. 

ɉɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ ȾɌ ɢ ȾɌɍ Wdt ɢ Wdtu 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɡɜɟɧɶɹ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ. ɉɨɫɬɨɹɧ-

ɧɵɟ ɜɪɟɦɟɧɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɢɫɯɨɞɹ ɢɡ ɞɢɧɚɦɢɤɢ ɞɚɬ-
ɱɢɤɨɜ: 
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Ɂɜɟɧɶɹ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɩɪɟɞɫɬɚɜɥɟ-
ɧɵ ɜ ɜɢɞɟ ɡɜɟɧɶɟɜ ɱɢɫɬɨɝɨ ɡɚɩɚɡɞɵɜɚɧɢɹ. 
Ɂɚɞɟɪɠɤɚ ɧɚ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 

ɜɵɱɢɫɥɹɟɬɫɹ, ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɞɚɧɧɵɯ: n = 106 – 

ɱɚɫɬɨɬɚ ɜɵɛɨɪɨɤ Ⱥɐɉ; z = 256 – ɤɨɥɢɱɟɫɬɜɨ ɭɫɪɟɞɧɟ-
ɧɢɣ ɫɢɝɧɚɥɚ; fT = 48·106 – ɬɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ ɆɄ;  

N = 18 – ɤɨɥɢɱɟɫɬɜɨ ɬɚɤɬɨɜ ɧɚ ɨɞɧɨ ɢɡɦɟɪɟɧɢɟ Ⱥɐɉ. 

ɉɨɥɭɱɟɧɧɚɹ ɡɚɞɟɪɠɤɚ ɧɚ Ⱥɐɉ ɢ ɭɫɪɟɞɧɟɧɢɟ ɪɚɜɧɚ 
214 ɦɤɫ. Ɂɚɞɟɪɠɤɢ ɧɚ ɫɪɚɜɧɟɧɢɟ ɡɧɚɱɟɧɢɹ ɫ ɭɫɬɚɜɤɨɣ 

ɢ ɜɵɞɚɱɭ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɪɚɜɧɹɸɬɫɹ 10 ɢ 2 ɦɤɫ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɚɧɚɥɨɝɨɜɨɣ ɰɟɩɢ ɨɛɪɚɛɨɬɤɢ 

ɫɢɝɧɚɥɨɜ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 3. 

Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɩɨɦɟɯ ɜ ɫɯɟɦɭ ɚɧɚɥɨɝɨɜɨɣ ɨɛɪɚ-
ɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɜɟɞɟɧɵ ɜɯɨɞɧɨɣ 

ɮɢɥɶɬɪ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ ɱɚɫɬɨɬɨɣ ɮɢɥɶɬɪɚɰɢɢ, ɧɚ 3 

ɞɟɤɚɞɵ ɩɪɟɜɵɲɚɸɳɟɣ ɱɚɫɬɨɬɭ ɫɪɟɡɚ ɞɚɬɱɢɤɚ ɬɨɤɚ: ɞɥɹ 
ȾɌ 10 ɆȽɰ, ɞɥɹ ȾɌɍ 3 ɤȽɰ. ɉɟɪɟɞɚɬɨɱɧɚɹ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤɚ ɤɨɦɩɚɪɚɬɨɪɚ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɜɟɧɨ 
ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ ɱɚɫɬɨɬɨɣ ɫɪɟɡɚ 150 ɆȽɰ. 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɩɪɚɜɢɥɶɧɨɫɬɢ ɧɚɯɨɠɞɟɧɢɹ ɩɟɪɟɞɚ-
ɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɚɧɚɥɨɝɨɜɨɣ ɱɚɫɬɢ ɜ ɩɪɨɝɪɚɦɦɟ 
MicroCap ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ SPICE ɦɨɞɟɥɶ ɍɁɈ, ɤɨɬɨɪɚɹ 
ɩɨɡɜɨɥɢɥɚ ɩɪɨɜɟɪɢɬɶ ɩɪɚɜɢɥɶɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɩɟɪɟ-
ɞɚɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɦɨɞɟɥɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɦɢɬɚɰɢɢ 

ɷɥɟɤɬɪɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɚɧɚɥɨɝɨɜɨɣ ɱɚɫɬɢ ɜ Simulink ɢ 

MicroCap ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ ɦɨɞɟ-
ɥɢ Simulink ɧɚɣɞɟɧɵ ɜɟɪɧɨ.  

  

 

 
 

Ɋɢɫ. 2. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɰɢɮɪɨɜɨɣ ɰɟɩɢ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɜ Simulink 
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Ɋɢɫ. 3. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɚɧɚɥɨɝɨɜɨɣ ɰɟɩɢ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɜ Simulink 

 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ Simulink ɩɨɤɚɡɚɥɢ, 

ɱɬɨ ɫɪɚɛɚɬɵɜɚɧɢɟ ɍɁɈ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ 150,1 ɦɫ 
(150,4 ɦɫ ɞɥɹ ɰɢɮɪɨɜɨɣ ɫɯɟɦɵ) ɩɨɫɥɟ ɩɪɟɜɵɲɟɧɢɹ 
ɬɨɤɨɦ ɭɬɟɱɤɢ ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ. ȼɪɟɦɹ ɨɛɪɚɛɨɬɤɢ 

ɫɢɝɧɚɥɨɜ ɫɨɫɬɚɜɢɥɨ 330 ɦɤɫ ɞɥɹ ɰɢɮɪɨɜɨɣ ɫɯɟɦɵ ɢ 

ɦɟɧɟɟ 10 ɦɤɫ ɞɥɹ ɚɧɚɥɨɝɨɜɨɣ ɫɯɟɦɵ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚ-
ɥɚ. ȼɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɞɚɬɱɢɤɟ ɬɨɤɚ 
ɭɬɟɱɤɢ ɫɨɫɬɚɜɢɥɨ 150 ɦɫ. 
ɋɪɚɛɚɬɵɜɚɧɢɟ ɍɁɈ ɧɚ ɩɪɟɜɵɲɟɧɢɟ ɬɨɤɚ ɧɚɝɪɭɡɤɢ 

ɩɪɨɢɫɯɨɞɢɬ ɝɨɪɚɡɞɨ ɛɵɫɬɪɟɟ: ɦɟɧɟɟ 10 ɦɤɫ ɞɥɹ ɚɧɚɥɨ-
ɝɨɜɨɣ ɫɯɟɦɵ ɢ 330 ɦɤɫ – ɞɥɹ ɰɢɮɪɨɜɨɣ. ɉɪɢ ɷɬɨɦ ɜɪɟ-
ɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ȾɌ ɧɟ ɩɪɟɜɵɲɚɟɬ 5 ɦɤɫ. 
ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɰɢɮɪɨɜɨɣ ɫɯɟɦɟ ɨɛɪɚɛɨɬ-

ɤɢ ɫɢɝɧɚɥɨɜ ɞɥɹ ȾɌ ɢ ȾɌɍ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 4 ɢ 5  

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɚɧɚɥɨɝɨɜɨɣ ɫɯɟɦɟ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚ-
ɥɨɜ – ɧɚ ɪɢɫ. 6 ɢ 7. 

 

 
 

Ɋɢɫ. 4. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɞɥɹ ȾɌ  

ɜ ɰɢɮɪɨɜɨɣ ɫɯɟɦɟ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ 
 

ɂɡ ɪɢɫ. 4–7 ɜɢɞɧɨ, ɱɬɨ ɧɚ ɪɟɡɭɥɶɬɚɬ ɜ ɨɫɧɨɜɧɨɦ 

ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɞɢɧɚɦɢɤɚ ɞɚɬɱɢɤɚ ɬɨɤɚ. ɋɢɝɧɚɥ ɧɚ 
ɜɵɯɨɞɟ ɞɚɬɱɢɤɚ ɬɨɤɚ ɧɚɝɪɭɡɤɢ ȾɌ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɢɦɟɟɬ ɨɬɫɬɚɜɚɧɢɹ ɨɬ ɪɟɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɬɨɤɚ, ɜ ɬɨ 
ɜɪɟɦɹ ɤɚɤ ɫɢɝɧɚɥ ȾɌɍ ɢɦɟɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɡɚɩɚɡɞɵɜɚ-
ɧɢɟ. ȼɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ȾɌ ɝɨɪɚɡɞɨ 
ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ȾɌɍ, ɱɬɨ 
ɫɨɤɪɚɳɚɟɬ ɞɨ ɦɢɧɢɦɭɦɚ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ tɨɬɤɥ  

ɨɬ ɦɨɦɟɧɬɚ ɩɟɪɟɫɟɱɟɧɢɹ ɬɨɤɨɦ ɭɫɬɚɜɤɢ ɞɨ ɩɨɞɚɱɢ 

ɫɢɝɧɚɥɚ ɧɚ ɤɥɸɱ. ȼɥɢɹɧɢɟ ɫɩɨɫɨɛɚ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚ-
ɥɨɜ ɬɚɤɠɟ ɡɚɦɟɬɧɨ, ɧɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɵɫɬɪɨɞɟɣɫɬ-
ɜɢɟɦ ɞɚɬɱɢɤɨɜ ɬɨɤɚ ɨɧɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɨɫɨɛɟɧɧɨ ɜ 
ɫɥɭɱɚɟ ȾɌɍ. 

 

 
 

Ɋɢɫ. 5. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɞɥɹ ȾɌɍ  

ɜ ɰɢɮɪɨɜɨɣ ɫɯɟɦɟ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ 
 

 
 

Ɋɢɫ. 6. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɞɥɹ ȾɌ  

ɜ ɚɧɚɥɨɝɨɜɨɣ ɫɯɟɦɟ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ 
 

ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɦɨɠɧɨ ɨɩɪɟ-
ɞɟɥɢɬɶ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ 
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ɪɚɡɦɵɤɚɸɳɟɝɨ ɤɥɸɱɚ. Ɍɚɤ ɤɚɤ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɛɨɥɶ-
ɲɢɧɫɬɜɚ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɪɟɥɟ ɫɨɫɬɚɜɥɹɟɬ ɫɨɬɧɢ 

ɦɢɥɥɢɫɟɤɭɧɞ, ɬɨ ɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɬɜɟɪɞɨɬɟɥɶɧɵɟ ɪɟɥɟ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ 
ɬɪɚɧɡɢɫɬɨɪɨɜ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɛɳɟɟ ɜɪɟɦɹ ɪɚɡɦɵɤɚ-
ɧɢɹ ɰɟɩɢ ɧɚɯɨɞɢɥɨɫɶ ɜ ɩɪɟɞɟɥɚɯ ɧɨɪɦɵ [4].  

 

 
 

Ɋɢɫ. 7. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɞɥɹ ȾɌɍ  

ɜ ɚɧɚɥɨɝɨɜɨɣ ɫɯɟɦɟ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ 
 

Ɂɚɤɥючɟɧиɟ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ 
ɩɪɟɞɥɨɠɟɧɧɨɣ ɫɯɟɦɵ ɍɁɈ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɡɚɳɢɬɵ 

ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɡɚɳɢɬɵ 

ɱɟɥɨɜɟɤɚ ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɬɨɤɨɜɟɞɭɳɢɦɢ ɲɢɧɚɦɢ. ɉɪɢ 

ɷɬɨɦ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɰɢɮɪɨɜɨɣ, ɬɚɤ ɢ ɚɧɚ-
ɥɨɝɨɜɵɣ ɦɟɬɨɞ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɫ ɞɚɬɱɢɤɨɜ. ɐɢɮ-

ɪɨɜɨɣ ɦɟɬɨɞ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɝɢɛ-

ɤɢɦ ɢ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɮɢɥɶɬɪɚɰɢɸ, ɤɨɪɪɟɤɬɢɪɨ-
ɜɚɬɶ ɧɟɥɢɧɟɣɧɨɫɬɶ ɢ ɨɫɭɳɟɫɬɜɥɹɬɶ ɢɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɹ ɫɢɝɧɚɥɚ, ɚ ɬɚɤɠɟ ɧɚɤɥɚɞɵɜɚɬɶ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɭɫ-
ɥɨɜɢɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɩɪɢɦɟɧɹɬɶ ɩɪɨɢɡɜɨɥɶɧɵɟ ɚɥɝɨ-

ɪɢɬɦɵ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ. Ⱥɧɚɥɨɝɨɜɵɣ ɦɟɬɨɞ ɨɛɪɚ-
ɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɦ, 

ɧɨ ɦɟɧɟɟ ɝɢɛɤɢɦ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɍɁɈ ɩɨɤɚɡɚɥɨ, ɱɬɨ 
ɬɪɟɛɭɸɬɫɹ ɞɚɥɶɧɟɣɲɢɟ ɭɥɭɱɲɟɧɢɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ. Ɋɚɫɫɦɨɬɪɟɧɧɵɣ ɜɚ-
ɪɢɚɧɬ ɍɁɈ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɞɥɹ ɡɚɳɢɬɵ ɷɥɟɤɬɪɨ-
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɨɹɜɥɟɧɢɹ ɚɜɚɪɢɣ-

ɧɵɯ ɫɢɬɭɚɰɢɣ ɩɪɢ ɫɧɢɠɟɧɢɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ 

ɩɪɢ ɪɚɛɨɬɟ ɫ ɫɟɬɹɦɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. 
 

Ȼɥɚɝɨɞɚɪɧɨɫɬи. Ɋɚɛɨɬɚ ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɢ ɮɢɧɚɧ-

ɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɋɨɝɥɚɲɟɧɢɟ № 14.577.21.0082). 
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