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Ⱥɧɧɨɬɚɰɢɹ 
ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɩɪɢɱɢɧɵ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɤɚɛɟɥɹɯ ɫɜɹɡɢ. ɋ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɯ ɜɥɢɹɧɢɹ ɧɚ ɤɚɱɟɫɬɜɨ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɨɜ ɜ ɫɪɟɞɟ 
Multisim ɩɪɨɜɟɞɟɧɨ ɢɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɤɚɛɟɥɟ ɫɜɹɡɢ. Ⱦɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɩɪɟɞɥɨɠɟɧ ɜɚɪɢɚɧɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ 
ɭɤɚɡɚɧɧɵɣ ɤɚɛɟɥɶ ɫɜɹɡɢ. ɉɪɨɜɟɞɟɧɨ ɧɚɬɭɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɤɚɡɚɥɨ ɟɝɨ 
ɚɞɟɤɜɚɬɧɨɫɬɶ ɪɟɚɥɶɧɵɦ ɩɪɨɰɟɫɫɚɦ, ɩɪɨɢɫɯɨɞɹɳɢɦ ɜ ɩɪɨɜɨɞɧɵɯ ɧɚɩɪɚɜɥɹɸɳɢɯ ɫɪɟɞɚɯ. 
Ɉɩɪɟɞɟɥɟɧɵ ɩɭɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɤɚɛɟɥɟ ɫɜɹɡɢ ɧɚ ɤɚɱɟɫɬɜɨ 
ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɢɫɬɟɦɚɯ ɩɟɪɟɞɚɱɢ.  
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɥɢɧɢɹ ɫɜɹɡɢ; ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ; ɧɟɢɫɩɪɚɜɧɨɫɬɶ; ɩɨɜɪɟɠɞɟɧɢɟ 
ɢɡɨɥɹɰɢɢ; ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ; ɚɫɢɦɦɟɬɪɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 
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Ⱥbstract 
The paper examines the main reasons for fault in the electrical communication cable. The 

imitating modeling of the springing up of fault in the electrical communication cable was carried 

out in order to study its influence on the quality of signal transmission in Multisim. The circuit 

diagram of the device causing fault in the electrical communication cable and purposed for 

automation of the considered process is proposed in the present research. The natural modeling of 

the whole process was performed and its result corresponds with the real processes taking place in 
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the wire guide medium. The work determines further ways of investigation the influence of fault 

in cable on the quality of information broadcast in transmission systems. 

Keywords: communication line; electrical cable; fault; insulation damage; short circuit; 

asymmetry; resistance. 
 

ȼȼȿȾȿɇɂȿ 
ɋɟɬɶ ɫɜɹɡɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɩɥɟɤɫ ɫɨɨɪɭɠɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɪɚɡɥɢɱɧɵɟ ɧɚɩɪɚɜɥɹɸɳɢɟ 

ɫɢɫɬɟɦɵ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɜɚɠɧɨɟ ɦɟɫɬɨ ɞɨ ɫɢɯ ɩɨɪ ɡɚɧɢɦɚɸɬ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɤɚɛɟɥɢ ɫɜɹɡɢ. Ʉ 
ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɚɦ, ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɸɳɢɦ ɧɚ ɧɚɞɟɠɧɨɫɬɶ ɬɚɤɢɯ ɤɚɛɟɥɟɣ, ɨɬɧɨɫɹɬɫɹ ɨɫɭɲɟɧɢɟ, 
ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɬɚɪɟɧɢɟ ɢ ɜɵɫɵɯɚɧɢɟ ɢɡɨɥɹɰɢɢ. ɋɜɹɡɚɧɨ ɷɬɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫ ɟɫɬɟɫɬɜɟɧɧɵɦ 
ɪɚɡɥɨɠɟɧɢɟɦ (ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ) ɩɪɨɩɢɬɨɱɧɨɝɨ ɫɥɨɹ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɩɪɢ ɚɜɚɪɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɦɭ 
ɤɚɛɟɥɸ ɧɚɧɨɫɹɬɫɹ ɢ ɜɬɨɪɢɱɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ: ɨɛɠɢɝ ɞɭɝɨɣ, ɞɟɮɨɪɦɚɰɢɹ ɡɚ ɫɱɟɬ ɫɨɡɞɚɧɧɨɝɨ 
ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ, ɩɨɝɥɨɳɟɧɢɟ ɜɥɚɝɢ ɜ ɩɨɜɪɟɠɞɟɧɧɨɦ ɦɟɫɬɟ ɢ ɬ.ɞ. Ȼɟɡɭɫɥɨɜɧɨ ɜɥɢɹɧɢɸ 
ɦɧɨɝɢɯ ɢɡ ɭɤɚɡɚɧɧɵɯ ɮɚɤɬɨɪɨɜ ɧɟ ɩɨɞɜɟɪɠɟɧɵ ɨɩɬɢɱɟɫɤɢɟ ɤɚɛɟɥɢ ɫɜɹɡɢ, ɱɬɨ ɥɢɲɧɢɣ ɪɚɡ 
ɞɨɤɚɡɵɜɚɟɬ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɧɚɩɪɚɜɥɹɸɳɢɯ ɫɪɟɞ.  

Ɉɞɧɚɤɨ ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɟɬɹɯ ɫɜɹɡɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɚɛɟɥɟɣ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢɱɢɧ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɧɢɯ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɜɥɢɹɧɢɹ ɧɚ ɨɫɧɨɜɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɩɟɪɟɞɚɱɢ, ɚ ɬɚɤɠɟ ɧɚ ɤɚɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɢ, ɰɢɪɤɭɥɢɪɭɸɳɟɣ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɫɢɫɬɟɦɚɯ ɩɟɪɟɞɚɱɢ.  

 

ɂɆɂɌȺɐɂɈɇɇɈȿ ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɉɊɈɐȿɋɋȺ ȼɈɁɇɂɄɇɈȼȿɇɂə 
ɇȿɂɋɉɊȺȼɇɈɋɌȿɃ ȼ ɗɅȿɄɌɊɂɑȿɋɄɈɆ ɄȺȻȿɅȿ ɋȼəɁɂ 

ɉɨɦɢɦɨ ɡɚɜɨɞɫɤɨɝɨ ɛɪɚɤɚ, ɤɨɬɨɪɵɣ ɫɨ ɜɪɟɦɟɧɟɦ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɸ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ ɫɜɹɡɢ, ɫɭɳɟɫɬɜɭɸɬ ɢ ɞɪɭɝɢɟ ɩɪɢɱɢɧɵ ɩɨɹɜɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ: 

- ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɜɪɟɠɞɟɧɢɹ ɩɪɢ ɩɪɨɤɥɚɞɤɟ ɢɥɢ ɞɪɭɝɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬɚɯ; 
- ɜɫɩɭɱɢɜɚɧɢɟ ɜ ɜɢɞɟ ɫɩɢɪɚɥɢ (ɢɧɨɝɞɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɬɪɟɳɢɧ) ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜ 

ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɰɢɤɥɨɜ ɧɚɝɪɟɜɚɧɢɹ ɢ ɨɯɥɚɠɞɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɢ 
ɡɧɚɱɢɬɟɥɶɧɵɯ ɫɟɬɟɜɵɯ ɩɟɪɟɝɪɭɡɤɚɯ;  

- ɪɚɡɪɭɲɟɧɢɟ ɜɧɟɲɧɟɣ ɨɛɨɥɨɱɤɢ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ; 
- ɟɫɬɟɫɬɜɟɧɧɚɹ ɯɢɦɢɱɟɫɤɚɹ ɤɨɪɪɨɡɢɹ ɢɡ-ɡɚ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɡɥɢɱɧɵɯ ɪɟɚɝɟɧɬɨɜ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ 

ɩɨɱɜɟ;  
- ɪɚɡɪɭɲɟɧɢɟ ɜɧɟɲɧɟɝɨ ɡɚɳɢɬɧɨɝɨ ɫɥɨɹ ɛɥɚɝɨɞɚɪɹ ɛɥɭɠɞɚɸɳɢɦ ɬɨɤɚɦ ɨɬ 

ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ.  
Ƚɥɚɜɧɵɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ ɫɜɹɡɢ ɹɜɥɹɟɬɫɹ ɜɧɟɲɧɹɹ 

ɨɛɨɥɨɱɤɚ, ɬ. ɤ. ɜɵɫɨɤɢɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɛɟɥɹ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ 
ɚɤɬɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɧɟɝɨ ɜɥɚɝɢ ɢ ɜɨɡɞɭɯɚ. Ɇɟɯɚɧɢɱɟɫɤɨɟ ɩɨɜɪɟɠɞɟɧɢɟ ɧɚɪɭɠɧɨɣ ɨɛɨɥɨɱɤɢ 
ɥɟɝɤɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɧɟɲɧɟɦɭ ɜɢɞɭ: ɤɚɤ, ɩɪɚɜɢɥɨ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɞɟɮɨɪɦɢɪɨɜɚɧɚ ɤɚɤ ɫɬɚɥɶɧɚɹ 
ɛɪɨɧɹ (ɩɪɢ ɟɟ ɧɚɥɢɱɢɢ), ɬɚɤ ɢ ɨɩɥɟɬɤɚ. ɋɜɢɧɰɨɜɚɹ ɨɛɨɥɨɱɤɚ ɱɚɫɬɨ ɩɨɞɜɟɪɝɚɟɬɫɹ 
ɦɟɠɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦɭ ɪɚɡɪɭɲɟɧɢɸ, ɱɬɨ ɜɢɡɭɚɥɶɧɨ ɜɵɪɚɠɚɟɬɫɹ ɜ ɩɨɹɜɥɟɧɢɢ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɫɟɬɤɢ 
ɢɡ ɦɟɥɤɢɯ ɬɪɟɳɢɧ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɯ ɪɚɡɦɟɪɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɪɚɡɪɭɲɟɧɢɟɦ ɨɬɞɟɥɶɧɵɯ ɮɪɚɝɦɟɧɬɨɜ. ɉɪɢ ɧɚɥɢɱɢɢ ɜ ɫɨɫɬɚɜɟ ɩɪɨɞɭɤɬɨɜ ɤɨɪɪɨɡɢɢ ɞɜɭɨɤɢɫɢ 
ɫɜɢɧɰɚ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ ɨ ɟɟ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɪɨɢɫɯɨɠɞɟɧɢɢ ɡɚ ɫɱɟɬ ɛɥɭɠɞɚɸɳɢɯ ɬɨɤɨɜ. Ɍɚɤɨɣ 
ɨɤɢɫɟɥ ɢɦɟɟɬ ɯɚɪɚɤɬɟɪɧɵɣ ɤɨɪɢɱɧɟɜɵɣ ɬɨɧ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 
ɨɛɪɚɡɭɸɬɫɹ ɩɪɨɞɭɤɬɵ ɛɟɥɨɝɨ ɰɜɟɬɚ, ɤɨɬɨɪɵɟ ɢɧɨɝɞɚ ɢɦɟɸɬ ɛɥɟɞɧɨ-ɠɟɥɬɵɣ ɢɥɢ ɛɥɟɞɧɨ-ɪɨɡɨɜɵɣ 
ɨɬɬɟɧɨɤ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡ ɩɨɜɪɟɠɞɟɧɢɣ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ ɫɜɹɡɢ ɫɜɹɡɚɧɵ ɫ ɟɝɨ ɢɡɨɥɹɰɢɟɣ: 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ/ɢɥɢ ɷɤɪɚɧɚ. ɋɩɟɰɢɚɥɢɫɬɵ ɫɜɹɡɢ ɪɚɡɥɢɱɚɸɬ ɬɪɢ ɬɢɩɚ ɩɨɜɪɟɠɞɟɧɢɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɢɡɨɥɹɰɢɢ: ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ, ɧɚɪɭɲɟɧɢɟ ɢɡɨɥɹɰɢɢ ɦɟɠɞɭ ɞɜɭɦɹ ɠɢɥɚɦɢ ɪɚɡɧɵɯ ɩɚɪ ɢ 
ɧɚɪɭɲɟɧɢɟ ɢɡɨɥɹɰɢɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɚɡɟɦɥɟɧɢɸ. 
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Ʉɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ (ɢɥɢ ɩɪɨɫɬɨ «ɤɨɪɨɬɤɨɟ») ɧɟɫɤɨɥɶɤɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɚɧɚɥɨɝɢɱɧɨɝɨ ɩɨɧɹɬɢɹ 
ɜ ɪɚɞɢɨɬɟɯɧɢɤɟ, ɜ ɫɢɫɬɟɦɚɯ ɫɜɹɡɢ ɩɨɞ ɧɢɦ ɫɥɟɞɭɟɬ ɩɨɧɢɦɚɬɶ ɧɚɪɭɲɟɧɢɟ ɢɡɨɥɹɰɢɢ ɦɟɠɞɭ ɞɜɭɦɹ 
ɠɢɥɚɦɢ ɨɞɧɨɣ ɩɚɪɵ. ɍɦɟɧɶɲɟɧɢɟ ɢɡɨɥɹɰɢɢ ɦɟɠɞɭ ɠɢɥɚɦɢ ɞɨ ɫɨɬɧɢ ɦɟɝɨɦ ɭɠɟ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ, ɚ «ɤɨɪɨɬɤɨɟ» ɜ 1-2 ɦɟɝɚɨɦɚ ɞɟɥɚɟɬ ɚɛɨɧɟɧɬɫɤɭɸ ɥɢɧɢɸ ɭɠɟ ɩɨɥɧɨɫɬɶɸ 
ɧɟɪɚɛɨɱɟɣ. 

ɇɚɪɭɲɟɧɢɟ ɢɡɨɥɹɰɢɢ ɦɟɠɞɭ ɞɜɭɦɹ ɠɢɥɚɦɢ ɪɚɡɧɵɯ ɩɚɪ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɨɡɧɢɤɚɟɬ ɩɪɢ 
ɩɨɩɚɞɚɧɢɢ ɜɨɞɵ ɜ ɫɨɟɞɢɧɢɬɟɥɶɧɭɸ ɦɭɮɬɭ ɢɥɢ ɜɧɭɬɪɶ ɤɚɛɟɥɹ. Ⱦɥɹ ɚɛɨɧɟɧɬɨɜ ɫɢɫɬɟɦɵ ɩɟɪɟɞɚɱɢ ɷɬɨ 
ɩɨɜɪɟɠɞɟɧɢɟ ɜɵɡɵɜɚɟɬ ɷɮɮɟɤɬ «ɤɪɭɝɥɨɝɨ ɫɬɨɥɚ» ɢɥɢ «ɤɨɧɮɟɪɟɧɰɢɢ» – ɫɥɵɲɧɵ ɩɟɪɟɝɨɜɨɪɵ 
ɩɨɫɬɨɪɨɧɧɢɯ ɥɸɞɟɣ, ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɥɵɲɚɬ ɜɚɫ. 

ȼ ɪɭɤɨɜɨɞɹɳɢɯ ɞɨɤɭɦɟɧɬɚɯ ɭɫɬɚɧɨɜɥɟɧɚ ɧɨɪɦɚ ɜ 5 Ɇɨɦ/ɤɦ ɤɚɤ ɨɛɹɡɚɬɟɥɶɧɚɹ ɢɡɨɥɹɰɢɹ 
ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɤɚɛɟɥɹ. ȼɵɩɨɥɧɟɧɢɟ ɷɬɨɣ ɧɨɪɦɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɝɟɪɦɟɬɢɱɧɨɫɬɢ ɨɛɨɥɨɱɤɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ ɫɜɹɡɢ. ȼ ɟɝɨ ɪɟɚɥɶɧɵɯ ɨɛɪɚɡɰɚɯ ɢɡɨɥɹɰɢɹ ɷɤɪɚɧɚ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 40  
ɞɨ 30000 Ɇɨɦ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɪɚɡɧɨɨɛɪɚɡɧɨɟ ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɨɜ ɩɨɢɫɤɚ ɪɚɫɫɦɨɬɪɟɧɧɵɯ 
ɩɨɜɪɟɠɞɟɧɢɣ, ɨɞɧɚɤɨ, ɧɚɪɹɞɭ ɫ ɷɬɢɦ, ɢɫɫɥɟɞɨɜɚɧɢɸ ɜɥɢɹɧɢɹ ɞɚɧɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɧɚ ɨɫɧɨɜɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɩɟɪɟɞɚɱɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɚɛɟɥɟɣ ɫɜɹɡɢ ɭɞɟɥɹɟɬɫɹ ɨɱɟɧɶ ɦɚɥɨ ɜɧɢɦɚɧɢɹ.  

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɚɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɫɪɟɞɟ Multisim ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɨɫɧɨɜɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɞɜɭɯɩɚɪɧɨɝɨ ɤɚɛɟɥɹ ɫɜɹɡɢ (ɪɢɫ. 1). ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɬɨɬɢɩɚ 
ɞɥɹ ɧɟɝɨ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɉ-296, ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 

 
Ɋɢɫ. 1. ɂɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ 

ɤɚɛɟɥɟ ɫɜɹɡɢ ɜ ɫɪɟɞɟ Multisim 

Fig. 1. Simulation of the process of faults in the electrical communication 

cable in the Multisim 
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Тɚɛɥɢцɚ 1 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ ɫɜɹɡɢ ɉ-296 

Table 1 

Main technical and operational characteristics 

of the communication cable P-296 

 

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɯɟɦɟ (ɪɢɫ. 1) ɪɟɡɢɫɬɨɪɚɦɢ R1-R4 ɫ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦɢ 550 Ɉɦ 
ɢɦɢɬɢɪɭɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɞɥɢɧɨɣ 10 ɤɦ. ɉɪɢ ɷɬɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɷɤɪɚɧɚ R5 ɫɨɫɬɚɜɥɹɟɬ 
70 Ɉɦ. ɍɤɚɡɚɧɧɵɦɢ ɪɟɡɢɫɬɨɪɚɦɢ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɚ ɥɸɛɚɹ ɬɪɟɛɭɟɦɚɹ ɞɥɢɧɚ ɤɚɛɟɥɶɧɨɣ 
ɥɢɧɢɢ ɫɜɹɡɢ, ɚ ɩɪɢ ɢɯ ɧɟɨɞɢɧɚɤɨɜɵɯ ɡɧɚɱɟɧɢɹɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ – ɫɵɦɢɬɢɪɨɜɚɧɚ ɨɦɢɱɟɫɤɚɹ 
ɚɫɢɦɦɟɬɪɢɹ – ɪɚɡɧɢɰɚ ɜ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɞɜɭɯ ɠɢɥ ɩɚɪɵ ɩɨɫɬɨɹɧɧɨɦɭ ɬɨɤɭ. Ʉɥɸɱɚɦɢ S1-S5 

ɢɦɢɬɢɪɭɟɬɫɹ ɨɛɪɵɜ ɤɚɠɞɨɣ ɢɡ ɠɢɥ ɤɚɛɟɥɹ ɢ ɟɝɨ ɷɤɪɚɧɚ. Ʉɥɸɱɚɦɢ S6-S9 c ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɜɤɥɸɱɟɧɧɵɦɢ ɪɟɡɢɫɬɨɪɚɦɢ R6-R9 ɢɦɢɬɢɪɭɟɬɫɹ ɧɚɪɭɲɟɧɢɟ ɢɡɨɥɹɰɢɢ ɦɟɠɞɭ ɠɢɥɚɦɢ, ɪɟɚɥɢɡɨɜɚɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɧɨɦɢɧɚɥɚ ɭɤɚɡɚɧɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɨɬ 0 ɞɨ 100 ɆɈɦ. Ʉɥɸɱɚɦɢ S10-S13 

c ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɦɢ ɪɟɡɢɫɬɨɪɚɦɢ R10-R13 ɢɦɢɬɢɪɭɟɬɫɹ ɧɚɪɭɲɟɧɢɟ ɢɡɨɥɹɰɢɢ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɡɚɡɟɦɥɟɧɢɸ, ɪɟɚɥɢɡɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɧɨɦɢɧɚɥɚ ɭɤɚɡɚɧɧɵɯ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɨɬ 0 ɞɨ 100 Ɇɨɦ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɛɟɞɢɬɟɥɶɧɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ ɚɞɟɤɜɚɬɧɨɫɬɢ 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɩɨɞɯɨɞɚ. Ɍɚɤ ɧɚ ɪɢɫɭɧɤɟ 2, ɚ ɞɟɦɨɧɫɬɪɢɪɭɟɬɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɟ 
ɦɟɠɞɭ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɠɢɥɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ, ɚ ɧɚ ɪɢɫɭɧɤɟ 2, ɛ – ɩɨɧɢɠɟɧɢɟ ɢɡɨɥɹɰɢɢ 
ɦɟɠɞɭ ɞɜɭɦɹ ɠɢɥɚɦɢ ɞɨ 100 ɆɈɦ. ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɦɟɧɶɲɟɧɢɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ ɞɨ 1 Ɇɨɦ ɩɪɢɜɨɞɢɬ ɤ ɚɧɚɥɨɝɢɱɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ. 
  

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɉɨɤɚɡɚɬɟɥɶ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɩɢ ɩɨɫɬɨɹɧɧɨɦɭ ɬɨɤɭ  55,5 Ɉɦ/ɤɦ 

Ɉɦɢɱɟɫɤɚɹ ɚɫɢɦɦɟɬɪɢɹ 0,28 Ɉɦ/ɤɦ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɷɤɪɚɧɚ ɩɨɫɬɨɹɧɧɨɦɭ ɬɨɤɭ 7 Ɉɦ/ɤɦ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɢɡɨɥɹɰɢɢ 5000 ɆɈɦ/ɤɦ 

Ɋɚɛɨɱɚɹ ɟɦɤɨɫɬɶ ɧɚ ɱɚɫɬɨɬɟ 0,8 ɤȽɰ 44,6 ɧɎ/ɤɦ 

ɉɟɪɟɯɨɞɧɨɟ ɡɚɬɭɯɚɧɢɟ ɧɚ ɛɥɢɠɧɟɦ ɤɨɧɰɟ ɧɚ ɞɥɢɧɟ 500 ɦ ɢ ɱɚɫɬɨɬɟ 110 
ɤȽɰ 

68 ɞȻ/ɫɞ 

Ɂɚɳɢɳɟɧɧɨɫɬɶ ɧɚ ɞɚɥɶɧɟɦ ɤɨɧɰɟ ɧɚ ɞɥɢɧɟ 500 ɦ ɢ ɱɚɫɬɨɬɟ 110 ɤȽɰ  77 ɞȻ/ɫɞ, 
ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɦɟɠɞɭ ɠɢɥɚɦɢ, ɦɟɠɞɭ ɠɢɥɚɦɢ ɢ ɨɛɨɥɨɱɤɨɣ 1500 ȼ 

ȼɵɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɹ 135 Ɉɦ 

ɋɬɪɨɢɬɟɥɶɧɚɹ ɞɥɢɧɚ 500 ɦ 

Ʉɨɧɫɬɪɭɤɰɢɹ ɠɢɥ 7×0,35 ɦɦ 

Ʉɨɥɢɱɟɫɬɜɨ ɠɢɥ 4 ɲɬ. 
Ɇɚɬɟɪɢɚɥ ɢɡɨɥɹɰɢɢ ɠɢɥ ɩɨɥɢɷɬɢɥɟɧ 

ɋɤɪɭɬɤɚ ɠɢɥ ɡɜɟɡɞɧɚɹ 

Ɇɚɬɟɪɢɚɥ ɷɤɪɚɧɚ ɦɟɞɧɚɹ ɩɪɨɜɨɥɨɤɚ 

Ɇɚɬɟɪɢɚɥ ɡɚɳɢɬɧɨɝɨ ɲɥɚɧɝɚ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞ 

Ⱦɢɚɦɟɬɪ ɤɚɛɟɥɹ 14 ɦɦ 

Ɇɚɫɫɚ ɤɚɛɟɥɹ 240 ɤɝ/ɤɦ 
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Ɋɢɫ. 2. Ɋɟɡɭɥɶɬɚɬɵ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ  
Fig. 2. Results of simulation simulation of the process of faults occurrence 

 

 

ɇȺɌɍɊɇɈȿ ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɍɋɌɊɈɃɋɌȼȺ ȼɇȿɋȿɇɂə ɇȿɂɋɉɊȺȼɇɈɋɌȿɃ ȼ 
ɗɅȿɄɌɊɂɑȿɋɄɂɃ ɄȺȻȿɅɖ ɋȼəɁɂ  

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɤɚɛɟɥɟ ɫɜɹɡɢ ɧɚ 
ɤɚɱɟɫɬɜɨ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɢɫɬɟɦɚɯ ɩɟɪɟɞɚɱɢ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 
ɭɫɬɪɨɣɫɬɜɨ, ɢɫɩɨɥɧɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3. ȼ ɤɚɱɟɫɬɜɟ ɭɩɪɚɜɥɹɸɳɟɝɨ 
ɦɨɞɭɥɹ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɥɚɬɚ Arduino UNO ɫ ɩɨɞɤɥɸɱɟɧɧɵɦɢ ɤ ɧɟɣ ɛɥɨɤɚɦɢ ɪɟɥɟ P1-P13 ɢ 
ɲɚɝɨɜɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɞɜɢɠɤɚ ɩɟɪɟɦɟɧɧɵɯ ɪɟɡɢɫɬɨɪɨɜ R1-R13. 

 

ɁȺɄɅɘɑȿɇɂȿ  
ȼ ɯɨɞɟ ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɫɥɟɞɭɸɳɟɟ: 
1. Ⱦɥɹ ɢɦɢɬɚɰɢɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɞɥɢɧ ɤɚɛɟɥɹ (ɫɜɵɲɟ ɨɞɧɨɝɨ ɤɢɥɨɦɟɬɪɚ) ɧɟɨɛɯɨɞɢɦɨ 

ɭɱɢɬɵɜɚɬɶ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɠɢɥɚɦɢ ɤɚɛɟɥɹ ɢ ɷɤɪɚɧɨɦ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɜ 
ɫɯɟɦɟ (ɪɢɫ. 3) ɩɪɢɧɹɬɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɟɪɟɦɟɧɧɵɟ ɪɟɡɢɫɬɨɪɵ R1-R4 ɧɨɦɢɧɚɥɨɦ 100 Ɉɦ, 
ɩɨɡɜɨɥɹɸɳɢɟ ɢɦɢɬɢɪɨɜɚɬɶ ɚɫɢɦɦɟɬɪɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɠɢɥ ɧɚ ɞɥɢɧɟ ɞɨ 1 ɤɦ. 
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Ɋɢɫ. 3. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ 

ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ 

Fig. 3. Schematic diagram of the executive part of the device for making faults in the electrical 

communication cable 

 

2. ɋ ɭɱɟɬɨɦ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ ɫɜɵɲɟ 1 ɆɈɦ ɧɚ ɤɚɱɟɫɬɜɨ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɢɝɧɚɥɚ ɩɨ ɷɥɟɤɬɪɢɱɟɫɤɨɦɭ ɤɚɛɟɥɸ ɫɜɹɡɢ ɢ ɨɬɫɭɬɫɬɜɢɹ ɩɟɪɟɦɟɧɧɵɯ ɪɟɡɢɫɬɨɪɨɜ ɫ 
ɧɨɦɢɧɚɥɨɦ ɫɜɵɲɟ ɭɤɚɡɚɧɧɨɣ ɜɟɥɢɱɢɧɵ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɫɯɟɦɟ ɪɟɡɢɫɬɨɪɨɜ R6-

R13 ɧɨɦɢɧɚɥɨɦ 1 ɆɈɦ. 
3. ȼ ɤɚɱɟɫɬɜɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɤɪɚɧɚ ɩɨɫɬɨɹɧɧɨɦɭ ɬɨɤɭ R5 ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɩɟɪɟɦɟɧɧɵɣ ɪɟɡɢɫɬɨɪ ɧɨɦɢɧɚɥɨɦ 10 Ɉɦ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɢɡɦɟɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɢɡɦɟɧɟɧɢɟɦ ɡɧɚɱɟɧɢɣ ɫɨɩɪɨɬɢɜɥɟɧɢɣ R1-R4, ɢɦɢɬɢɪɭɸɳɢɯ ɪɚɡɥɢɱɧɭɸ ɞɥɢɧɭ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɤɚɛɟɥɹ ɫɜɹɡɢ (ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɤɢɥɨɦɟɬɪɚ). 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɤɚɛɟɥɟ ɫɜɹɡɢ ɧɚ ɤɚɱɟɫɬɜɨ ɩɟɪɟɞɚɱɢ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɩɪɨɬɨɬɢɩ ɭɫɬɪɨɣɫɬɜɚ ɜ 
ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɪɟɚɥɶɧɵɦ ɤɚɛɟɥɟɦ ɉ-296 ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɫɢɫɬɟɦ ɩɟɪɟɞɚɱɢ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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