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ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɤɚɛɟɥɟ ɫɜɹɡɢ ɢ ɧɚɬɭɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɫɬɪɨɣɫɬɜɚ 
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ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ.  
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Abstract 
Based on the simulation of the process of faults in the electrical communication cable and the 

simulation of the device for making such faults, a prototype was developed. The purpose, 

appearance and capabilities of the prototype of the device for introducing malfunctions into the 

electrical communication cable are considered. The schemes of the executive module and the 

control part of the developed prototype are presented. The ways of studying the influence of 

faults in the communication cable on the quality of information transmission in transmission 

systems using the developed device are determined. 
Keywords: communication line, electrical cable, fault, insulation damage, short circuit, 

asymmetry, resistance. 
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Ɍɟɪɪɢɬɨɪɢɚɥɶɧɚɹ ɪɚɫɩɪɟɞɟɥɟɧɧɨɫɬɶ ɚɛɨɧɟɧɬɨɜ ɫɢɫɬɟɦ ɫɜɹɡɢ ɨɛɳɟɝɨ ɩɨɥɶɡɨɜɚɧɢɹ ɢ 

ɝɟɨɝɪɚɮɢɱɟɫɤɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɧɚɲɟɣ ɫɬɪɚɧɵ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 
ɫɨɜɪɟɦɟɧɧɵɯ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɢ ɧɚɩɪɚɜɥɹɸɳɢɯ ɫɪɟɞ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɞɥɢɧɵ Д1, 2Ж. 

ɉɪɢ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɯ ɜɥɢɹɧɢɹ ɩɪɢɦɟɧɹɟɦɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɫɪɟɞɵ ɩɟɪɟɞɚɱɢ ɧɚ ɤɚɱɟɫɬɜɨ ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟɪɟɲɟɧɧɨɣ 
ɨɫɬɚɟɬɫɹ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɜɡɚɢɦɨɫɜɹɡɢ ɨɲɢɛɨɤ ɜ ɪɚɛɨɬɟ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨ ɫɪɟɞɫɬɜɚ 
ɫɜɹɡɢ ɢ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɬɪɚɤɬɟ ɩɟɪɟɞɚɱɢ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɹɯ ɟɝɨ 
ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ (ɫɨɝɥɚɫɧɨ ɗɆȼɈɋ) Д3Ж. ȼ ɷɬɨɣ ɫɜɹɡɢ ɫɨɡɞɚɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ 
ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɤɚɛɟɥɶ ɫɜɹɡɢ ɢ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɢɡɭɱɚɟɦɵɯ ɫɢɫɬɟɦɚɯ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ 
ɧɚɭɱɧɨɣ ɡɚɞɚɱɟɣ. ɍɱɢɬɵɜɚɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɨɩɬɢɱɟɫɤɢɯ ɤɚɛɟɥɟɣ ɫɜɹɡɢ ɧɚɞ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɜ ɨɬɧɨɲɟɧɢɢ ɩɨɞɜɟɪɠɟɧɧɨɫɬɢ ɜɥɢɹɧɢɸ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɟɫɬɟɫɬɜɟɧɧɵɦ 
ɨɝɪɚɧɢɱɟɧɢɟɦ ɩɪɢ ɪɟɲɟɧɢɢ ɩɨɫɬɚɜɥɟɧɧɨɣ ɧɚɭɱɧɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɪɚɫɫɦɨɬɪɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ 
ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɨɥɶɤɨ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɚɛɟɥɟɣ ɫɜɹɡɢ, ɩɨɥɭɱɢɜɲɢɯ ɲɢɪɨɤɨɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɫɟɬɹɯ ɞɨɫɬɭɩɚ Д4–6]. 

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɜ Д7Ж ɞɚɧɧɵɯ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ 
ɱɟɬɵɪɟɯɩɪɨɜɨɞɧɨɦ ɷɤɪɚɧɢɪɨɜɚɧɧɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɤɚɛɟɥɟ ɫɜɹɡɢ ɧɚ ɤɚɱɟɫɬɜɨ ɩɟɪɟɞɚɱɢ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɢɫɬɟɦɚɯ ɫɜɹɡɢ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ (ɪɢɫ. 1).  

 

 
Ɋɢɫ. 1. ȼɧɟɲɧɢɣ ɜɢɞ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ 

Fig. 1. Appearance of the device for making faults in the electrical communication cable 

 

Ʉ ɨɫɧɨɜɧɵɦ ɜɨɡɦɨɠɧɨɫɬɹɦ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɨɬɧɨɫɹɬɫɹ: 
1) ɩɨɞɤɥɸɱɟɧɢɟ ɥɸɛɨɝɨ ɱɟɬɵɪɟɯɩɪɨɜɨɞɧɨɝɨ ɷɤɪɚɧɢɪɨɜɚɧɧɨɝɨ ɤɚɛɟɥɹ ɫɜɹɡɢ; 
2) ɩɨɥɭɱɟɧɢɟ ɤɨɦɚɧɞ ɨɬ ɜɧɟɲɧɟɣ ɭɩɪɚɜɥɹɸɳɟɣ ɉɗȼɆ ɩɨɫɪɟɞɫɬɜɨɦ ɥɨɤɚɥɶɧɨɣ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɟɬɢ (LAN); 

3) ɢɦɢɬɚɰɢɹ ɞɥɢɧɵ (ɞɨ 10 ɤɦ) ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ ɫɜɹɡɢ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɟɝɨ ɠɢɥ ɢ ɷɤɪɚɧɚ; 

4) ɢɦɢɬɚɰɢɹ ɨɦɢɱɟɫɤɨɣ ɚɫɢɦɦɟɬɪɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ ɫɜɹɡɢ; 
5) ɢɦɢɬɚɰɢɹ ɨɫɧɨɜɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ ɫɜɹɡɢ (ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ 

ɫɧɢɠɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ (ɜ ɬɨɦ ɱɢɫɥɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɤɪɚɧɚ), ɨɛɪɵɜ ɠɢɥ ɢ ɷɤɪɚɧɚ;  
6) ɢɧɞɢɤɚɰɢɹ ɨɫɧɨɜɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ; 
7) ɢɧɞɢɤɚɰɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɢɥɢ ɫɵɦɢɬɢɪɨɜɚɧɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ; 
8) ɩɟɪɟɞɚɱɚ ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɭɫɬɪɨɣɫɬɜɚ (ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɪɟɠɢɦɟ 

ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, ɫɵɦɢɬɢɪɨɜɚɧɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ) ɜɨ ɜɧɟɲɧɸɸ ɭɩɪɚɜɥɹɸɳɭɸ ɉɗȼɆ 
ɩɨɫɪɟɞɫɬɜɨɦ ɥɨɤɚɥɶɧɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɟɬɢ; 

9) ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɱɟɪɟɡ USB-ɩɨɪɬ. 
ɍɫɬɪɨɣɫɬɜɨ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ ɫɨɫɬɨɢɬ ɢɡ 

ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ (ɪɢɫ. 2) ɢ ɭɩɪɚɜɥɹɸɳɟɣ ɱɚɫɬɢ (ɪɢɫ. 3).  
 



 

ʠˏˋ˓ːˑ˅ ʏ.ʑ., ʐˈˊ˓˖˚ˍˑ ʑ.ʑ., ʐ˃˔ˑ˅ ʝ.ʝ. ʞ˓ˑ˕ˑ˕ˋ˒ ˖˔˕˓ˑˌ˔˕˅˃ ˅ːˈ˔ˈːˋя  
ːˈˋ˔˒˓˃˅ːˑ˔˕ˈˌ ˅ ˠˎˈˍ˕˓ˋ˚ˈ˔ˍˋˌ ˍ˃˄ˈˎ˟ ˔˅яˊˋ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕.  

ʗː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – ʡ.3, №3, 2018 
47 

 

ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES  

  
Ɋɢɫ. 2. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 

ɤɚɛɟɥɶ ɫɜɹɡɢ 

Fig. 2. Schematic diagram of the executive part of the device for making faults in the electrical communication 

cable 

 

Иɫɩɨɥɧɢɬɟɥɶɧɵɣ ɦɨɞɭɥɶ (ɪɢɫ. 2) ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɚɡɪɵɜɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ ɦɟɠɞɭ 
ɜɯɨɞɧɵɦɢ (1–2–3–4–ɗɤɪɚɧ) ɢ ɜɵɯɨɞɧɵɦɢ (1`–2`–3`–4`–ɗɤɪɚɧ) ɤɥɟɦɦɚɦɢ ɫ ɩɨɦɨɳɶɸ ɤɨɧɬɚɤɬɨɜ 
ɪɟɥɟ P1–P5, ɭɫɬɚɧɨɜɤɢ ɜ ɬɪɟɛɭɟɦɵɟ ɩɨɥɨɠɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɪɟɡɢɫɬɨɪɨɜ R1-R5, ɫɟɥɟɤɬɨɪɧɵɯ 
ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɵɯ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ SA1 ɢ SA2. ȼ ɫɯɟɦɟ ɩɪɢɦɟɧɟɧɵ ɩɟɪɟɦɟɧɧɵɟ ɪɟɡɢɫɬɨɪɵ R1–R4 

ɫ ɧɨɦɢɧɚɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 2 ɤɈɦ, R5 – ɫ ɧɨɦɢɧɚɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 1 ɤɈɦ. ɋɧɢɠɟɧɢɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ (ɜ ɬɨɦ ɱɢɫɥɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɤɪɚɧɚ) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ 
ɤɨɦɛɢɧɚɰɢɹɯ (ɩɭɬɟɦ ɭɫɬɚɧɨɜɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ SA1 ɢ SA2) 

ɪɟɡɢɫɬɨɪɚɦɢ R6–R37, ɧɨɦɢɧɚɥɨɦ 10 Ɇɨɦ. 
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 ɚ) 

 ɛ) 
Ɋɢɫ. 3. Ɋɚɡɦɟɳɟɧɢɟ ɨɫɧɨɜɧɵɯ ɦɨɞɭɥɟɣ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ  

ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ: ɚ) ɜɧɟɲɧɢɣ ɜɢɞ; ɛ) ɫɯɟɦɚ 

1 – ɤɧɨɩɤɚ ɜɤɥɸɱɟɧɢɹ ɩɢɬɚɧɢɹ; 2 – ɪɚɡɴɟɦ ɩɢɬɚɧɢɹ; 3 – ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɬɨɤɚ;  
4 – ɛɥɨɤ ɩɢɬɚɧɢɹ; 5 – ɒɂɆ-ɦɨɞɭɥɶ; 6 – ɩɥɚɬɚ ArНЮТЧШ UNO; 7 – Ethernet-ɦɨɞɭɥɶ;  
8 – ɪɟɥɟɣɧɵɣ ɦɨɞɭɥɶ; 9 – ɞɪɚɣɜɟɪɵ; 10 - ɀɄ-ɞɢɫɩɥɟɣ; 11 – ɲɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ;  

12 – ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɵɣ ɩɟɪɟɤɥɸɱɚɬɟɥɶ; 13 – ɫɟɪɜɨɩɪɢɜɨɞ; 14 – ɩɟɪɟɦɟɧɧɵɣ ɪɟɡɢɫɬɨɪ;  
15 – ɜɯɨɞɧɵɟ ɢ ɜɵɯɨɞɧɵɟ ɤɥɟɦɦɵ 

Fig. 3. Placing the main modules in the device for making faults in the electrical communication cable:  

ɚ) appearance; ɛ) diagram 

1 – power button; 2 – power connector; 3 – current converter; 4 – power supply; 5 – PWM module;  

6 –Arduino UNO; 7 – Ethernet module; 8 – relay module; 9 – drivers; 10 - LCD display;  

11 – stepper motor; 12 – multi-position switch; 13 – servo; 14 – variable resistor;  

15 – input and output terminals 
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ɍɩɪɚɜɥɹɸɳɚɹ ɱɚɫɬɶ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɱɟɬɵɪɟɯɩɪɨɜɨɞɧɵɣ 
ɷɤɪɚɧɢɪɨɜɚɧɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ (ɪɢɫ. 3) ɫɨɫɬɨɢɬ ɢɡ: 

– ɩɥɚɬɵ Arduino UNO; 

– 8-ɤɚɧɚɥɶɧɨɝɨ ɪɟɥɟɣɧɨɝɨ ɦɨɞɭɥɹ; 
– 16-ɤɚɧɚɥɶɧɨɝɨ ɒɂɆ-ɦɨɞɭɥɹ PCA9685; 
– Ethernet-ɦɨɞɭɥɹ ENC28J60; 

– ɫɢɦɜɨɥɶɧɨɝɨ ɀɄ-ɞɢɫɩɥɟɹ LCD 1602 (HD44780); 

– ɩɹɬɢ ɫɟɪɜɨɩɪɢɜɨɞɨɜ MТМrШ sОrЯШ sР90; 
– ɞɜɭɯ ɲɚɝɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ 28BYJ-48 ɫ ɞɪɚɣɜɟɪɚɦɢ ULN2003; 
– ɛɥɨɤɚ ɩɢɬɚɧɢɹ; 
– ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɬɨɤɚ; 
– ɛɥɨɤɚ ɢɧɞɢɤɚɰɢɢ ɢ ɭɩɪɚɜɥɟɧɢɹ. 
ɉɥɚɬɚ Arduino UNO ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɥɚɬɮɨɪɦɭ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɭɫɬɪɨɣɫɬɜ ɧɚ ɛɚɡɟ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ATЦОРК328P. ɉɥɚɬɮɨɪɦɚ ɢɦɟɟɬ 14 ɰɢɮɪɨɜɵɯ ɜɯɨɞ/ɜɵɯɨɞɨɜ, 6 ɚɧɚɥɨɝɨɜɵɯ 
ɜɯɨɞɨɜ, ɤɜɚɪɰɟɜɵɣ ɝɟɧɟɪɚɬɨɪ 16 ɆȽɰ, ɪɚɡɴɟɦ USB, ɫɢɥɨɜɨɣ ɪɚɡɴɟɦ, ɪɚɡɴɟɦ ICSP ɢ ɤɧɨɩɤɭ 
ɩɟɪɟɡɚɝɪɭɡɤɢ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Arduino Nano: 

– ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ 5 ȼ; 
– ɜɯɨɞɧɨɟ ɩɢɬɚɧɢɟ 7 ȼ – 12 ȼ (ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɟ); 
– ɤɨɥɢɱɟɫɬɜɨ ɰɢɮɪɨɜɵɯ ɜɵɜɨɞɨɜ – 14; 

– 6 ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɨɜ; 
– ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɰɢɮɪɨɜɨɝɨ ɜɵɯɨɞɚ 40 ɦȺ; 
– ɮɥɷɲ- ɩɚɦɹɬɶ 16 Ʉɛ ɢɥɢ 32 Ʉɛ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɩɚ; 
– ɈɁɍ 1 Ʉɛ ɢɥɢ 2 Ʉɛ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɩɚ; 
– EEPROM 512 ɛɚɣɬ ɢɥɢ 1 Ʉɛ; 
– ɱɚɫɬɨɬɚ 16 ɆȽɰ; 
– ɪɚɡɦɟɪɵ 69 ɦɦ×53 ɦɦ×12 ɦɦ; 
– ɜɟɫ 29 ɝ. 
ɉɢɬɚɧɢɟ ɩɥɚɬɵ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: 
– ɱɟɪɟɡ ЦТЧТ-USB ɢɥɢ ЦТМrШ-USB ɩɪɢ ɩɨɞɤɥɸɱɟɧɢɢ ɤ ɉɗȼɆ; 
– ɱɟɪɟɡ ɜɧɟɲɧɢɣ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ, ɢɦɟɸɳɢɣ ɧɚɩɪɹɠɟɧɢɟ 6–20 ȼ ɫ ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ 

ɩɭɥɶɫɚɰɢɣ. 
ɋɬɚɛɢɥɢɡɚɰɢɹ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɫɯɟɦɵ LM1117IMPБ-5.0 ɧɚ 

5 ȼ. ɉɪɢ ɩɨɞɤɥɸɱɟɧɢɢ ɱɟɪɟɡ ɤɚɛɟɥɶ ɨɬ ɤɨɦɩɶɸɬɟɪɚ ɩɨɞɤɥɸɱɟɧɢɟ ɤ ɫɬɚɛɢɥɢɡɚɬɨɪɭ ɩɪɨɢɫɯɨɞɢɬ 
ɱɟɪɟɡ ɞɢɨɞ ɒɨɬɬɤɢ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɧɚ ɩɥɚɬɟ ArНЮТЧШ UNO ɜɦɟɫɬɨ ɪɚɡɴɟɦɚ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ 
ɩɢɬɚɧɢɹ ɪɚɡɦɟɳɟɧɚ ɤɧɨɩɤɚ (ɫ ɮɢɤɫɚɰɢɟɣ ɩɨɥɨɠɟɧɢɹ) «ȼɄɅ ɉɂɌ» (ɪɢɫ. 1). 

ȼɨɫɶɦɢɤɚɧɚɥɶɧɵɣ ɪɟɥɟɣɧɵɣ ɦɨɞɭɥɶ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɤɥɸɱɟɧɢɹ (ɜɵɤɥɸɱɟɧɢɹ) ɪɟɥɟ P1-P5. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɞɭɥɹ: 
– ɪɚɛɨɱɢɣ ɬɨɤ ɨɞɧɨɝɨ ɪɟɥɟ 15 ɦȺ – 20 ɦȺ; 
– ɭɩɪɚɜɥɹɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɪɟɥɟ 5 ȼ; 
– ɫɜɟɬɨɞɢɨɞɧɚɹ ɢɧɞɢɤɚɰɢɹ ɫɨɫɬɨɹɧɢɹ ɤɚɠɞɨɝɨ ɪɟɥɟ; 
– ɮɢɡɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ 160×60×18 ɦɦ; 
– ɜɟɫ 57 ɝ. 
16-ɤɚɧɚɥɶɧɵɣ ɒɂɆ-ɦɨɞɭɥɶ PCA9685 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ 5 ɫɟɪɜɨɩɪɢɜɨɞɨɜ ɢ 

ɞɜɭɯ ɲɚɝɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫ ɞɪɚɣɜɟɪɚɦɢ ULN2003 ɤ ArНЮТЧШ UNO. ɉɪɟɞɭɫɦɨɬɪɟɧɚ ɨɬɞɟɥɶɧɚɹ 
ɩɨɞɚɱɚ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ ɞɥɹ ɧɢɯ. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɞɭɥɹ: 

– ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ 2,3–5,5 ȼ; 
– ɩɪɟɞɟɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ 12 ɦȺ; 
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– ɬɨɤ ɩɨɬɪɟɛɥɟɧɢɹ ɜ ɫɩɹɳɟɦ ɪɟɠɢɦɟ 1 ɦȺ; 

– ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ ɧɚɝɪɭɡɤɢ – ɞɨ 6 ȼ; 
– ɬɨɤ ɩɢɬɚɧɢɹ ɨɞɧɨɣ ɧɚɝɪɭɡɤɢ 25 ɦȺ; 
– ɫɭɦɦɚɪɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɜɫɟɯ ɧɚɝɪɭɡɨɤ 400 ɦȺ; 
– ɱɚɫɬɨɬɚ ɒɂɆ – 40–1000 Ƚɰ; 
– ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɤɥɸɱɚɟɦɵɯ ɧɚɝɪɭɡɨɤ: 16; 
– ɪɚɡɦɟɪ 66×25 ɦɦ; 
– ɜɟɫ 11 ɝ. 
Ethernet-ɦɨɞɭɥɶ ENC28J60 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɭɫɬɪɨɣɫɬɜɨɦ ɜɧɟɫɟɧɢɹ 

ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɩɨ ɥɨɤɚɥɶɧɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɟɬɢ. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɞɭɥɹ: 
– ɢɧɬɟɪɮɟɣɫ ɫɜɹɡɢ ɫ Arduino UNO: SPI; 

– ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ 3.3 ȼ; 
– ɱɚɫɬɨɬɚ ɪɚɛɨɬɵ 25 ɆȽɰ; 
– ɪɚɡɦɟɪ 55×36 ɦɦ. 
ɋɢɦɜɨɥɶɧɨɝɨ ɀɄ-ɞɢɫɩɥɟɹ LCD 1602 (HD44780) ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɵɜɨɞɚ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ 

ɭɫɬɪɨɣɫɬɜɚ, ɩɨɞɫɤɚɡɨɤ ɢ ɩɪɢɜɟɬɫɬɜɢɣ. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɀɄ-ɞɢɫɩɥɟɹ: 
– ɮɨɪɦɚɬ: 16×2 ɫɢɦɜɨɥɚ; 
– ɜɢɞɢɦɚɹ ɨɛɥɚɫɬɶ: 64,5×13,8 ɦɦ; 
– ɪɚɡɦɟɪ ɫɢɦɜɨɥɚ 4,35×2,95 ɦɦ; 
– ɪɚɡɦɟɪ ɬɨɱɤɢ: 0,5×0,5 ɦɦ; 
– ɩɨɞɫɜɟɬɤɚ: ɝɨɥɭɛɚɹ; 
– ɰɜɟɬ ɫɢɦɜɨɥɨɜ: ɛɟɥɵɣ; 
– ɢɧɬɟɪɮɟɣɫ HD44780; 
– ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ 5 ȼ; 
– ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ: 0–50ºC; 
– ɪɚɡɦɟɪɵ: 80×36 ɦɦ. 
ɋɟɪɜɨɩɪɢɜɨɞ MТМrШ sОrЯШ sР90 ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɢ ɭɞɟɪɠɢɜɚɬɶ ɭɝɨɥ ɩɨɜɨɪɨɬɚ 

ɩɟɪɟɦɟɧɧɨɝɨ ɪɟɡɢɫɬɨɪɚ R1–R5. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɟɪɜɨɩɪɢɜɨɞɚ: 

– ɞɢɚɩɚɡɨɧ ɜɪɚɳɟɧɢɹ 180°; 
– ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ 1,3 ɤɝɫɦ ɩɪɢ 4,8 ȼ; 
– ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ: 60° ɡɚ 0,12 ɫɟɤ ɩɪɢ 4,8 ȼ; 
– ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ 4,8–6 ȼ; 
– ɩɨɬɪɟɛɥɹɟɦɵɣ ɬɨɤ: 200 ɦȺ (ɦɚɤɫ. 500 ɦȺ); 
– ɜɧɭɬɪɟɧɧɢɣ ɢɧɬɟɪɮɟɣɫ: ɚɧɚɥɨɝɨɜɵɣ; 
– ɦɚɬɟɪɢɚɥ ɲɟɫɬɟɪɧɟɣ: ɧɟɣɥɨɧ; 
– ɦɚɬɟɪɢɚɥ ɤɨɪɩɭɫɚ: ɩɥɚɫɬɢɤ; 
– ɪɚɡɦɟɪɵ 23,2×12,5×22 ɦɦ; 
– ɜɟɫ 9 ɝ. 
ɒɚɝɨɜɵɟ ɞɜɢɝɚɬɟɥɢ 28BYJ-48 ɫ ɞɪɚɣɜɟɪɚɦɢ ULN2003 ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɜ 

ɬɪɟɛɭɟɦɨɟ ɩɨɥɨɠɟɧɢɟ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ SA1, SA2. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɲɚɝɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ 
28BYJ-48: 

– ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ 5 ȼ; 
– ɤɨɥɢɱɟɫɬɜɨ ɮɚɡ – 4; 

– ɤɨɥɢɱɟɫɬɜɨ ɲɚɝɨɜ – 64; 

– ɲɚɝ 5.625 ɝɪɚɞ.; 
– ɧɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 100 Ƚɰ; 
– ɧɨɦɢɧɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɨɤ (ɩɪɢ 25 ɝɪɚɞ) 50 Ɉɦ; 
– ɱɚɫɬɨɬɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ (ɩɨ/ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ) 600/1000 Ƚɰ; 
– ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ (ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ, ɩɪɢ ɱɚɫɬɨɬɟ 120 Ƚɰ) 34,3 ɇ/ɦ; 
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– ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ 34,3 ɇ/ɦ; 
– ɦɨɦɟɧɬ ɬɪɟɧɢɹ (ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɪɚɳɟɧɢɸ) 600-1200 ɝ/ɫɦ; 
– ɧɨɦɢɧɚɥɶɧɚɹ ɬɹɝɚ 3500 ɝ/ɫɦ; 
– ɭɪɨɜɟɧɶ ɲɭɦɚ <40 ɞȻ. 
ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɬɨɤɚ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɬɨɤɚ, ɜɵɞɚɜɚɟɦɨɝɨ ɛɥɨɤɨɦ ɩɢɬɚɧɢɹ, ɫɨ 

ɡɧɚɱɟɧɢɹ 2Ⱥ ɞɨ ɡɧɚɱɟɧɢɹ 0,3 Ⱥ, ɬɪɟɛɭɟɦɨɝɨ ɞɥɹ ɤɨɪɪɟɤɬɧɨɣ ɪɚɛɨɬɵ ɩɥɚɬɵ Arduino UNO. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ: 
– ɜɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɨɬ 3 ȼ ɞɨ 40 ȼ; 
– ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɨɬ 1.5 ȼ ɞɨ 35 ȼ; 
– ɜɵɯɨɞɧɨɣ ɬɨɤ ɨɬ 0,2 Ⱥ ɞɨ 3 Ⱥ; 
– ɜɵɫɨɤɢɣ ɄɉȾ; 
– ɪɚɡɦɟɪɵ 45×20×14 ɦɦ. 
Ȼɥɨɤ ɩɢɬɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɧɢɠɚɸɳɢɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɧɚɩɪɹɠɟɧɢɹ. 
Ȼɥɨɤ ɢɧɞɢɤɚɰɢɢ ɢ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɧɞɢɤɚɰɢɢ ɫɨɟɞɢɧɟɧɢɹ ɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 

ɦɟɠɞɭ ɭɩɪɚɜɥɹɸɳɟɣ ɉɗȼɆ ɢ ɩɥɚɬɨɣ Arduino UNO ɜ ɪɟɠɢɦɟ ɟɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ 
ɫɜɟɬɨɞɢɨɞɚ «LINK», ɢɧɞɢɤɚɰɢɢ ɧɚɥɢɱɢɹ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ 5 ȼ ɧɚ ɩɥɚɬɟ Arduino UNO ɫ 
ɩɨɦɨɳɶɸ ɫɜɟɬɨɞɢɨɞɚ «+5 ȼ», ɫɛɪɨɫɚ ɩɪɨɝɪɚɦɦɵ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ATЦОРК328P ɫ ɩɨɦɨɳɶɸ 
ɤɧɨɩɤɢ «ɋȻɊɈɋ». 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɹɸɳɟɣ ɱɚɫɬɢ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ 
ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4. 

Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɨɫɧɨɜɚɧɨ ɧɚ ɩɨɥɭɱɟɧɢɢ ɤɨɦɚɧɞ ɨɬ ɜɧɟɲɧɟɣ ɭɩɪɚɜɥɹɸɳɟɣ 
ɉɗȼɆ ɩɨ ɥɨɤɚɥɶɧɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɟɬɢ ɢ ɢɦɢɬɚɰɢɢ ɬɪɟɛɭɟɦɵɯ (ɡɚɞɚɧɧɵɯ) ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ 
ɱɟɬɵɪɟɯɩɪɨɜɨɞɧɨɦ ɷɤɪɚɧɢɪɨɜɚɧɧɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɤɚɛɟɥɟ ɫɜɹɡɢ. ɇɚɥɢɱɢɟ ɜ ɫɯɟɦɟ ɭɫɬɪɨɣɫɬɜɚ 
ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ ɜɯɨɞɧɵɯ (1–2–3–4–ɗɤɪɚɧ) ɢ ɜɵɯɨɞɧɵɯ 
(1`–2`–3`–4`–ɗɤɪɚɧ) ɤɥɟɦɦ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɥɢɧɢɸ ɫɜɹɡɢ, ɩɹɬɢ ɩɟɪɟɦɟɧɧɵɯ ɪɟɡɢɫɬɨɪɨɜ R1–R5 ɞɥɹ 
ɢɦɢɬɚɰɢɢ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ, ɢɡɦɟɧɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɟɝɨ ɠɢɥ ɢ ɷɤɪɚɧɚ, 
ɨɦɢɱɟɫɤɨɣ ɚɫɢɦɦɟɬɪɢɢ, ɞɜɭɯ ɫɟɥɟɤɬɨɪɧɵɯ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ SA1, SA2 ɞɥɹ ɢɦɢɬɚɰɢɢ ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ ɢ ɫɧɢɠɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ (ɜ ɬɨɦ ɱɢɫɥɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɤɪɚɧɚ), ɪɟɥɟ P1–P5, 

ɭɩɪɚɜɥɹɟɦɵɟ ɜɵɯɨɞɵ ɤɨɬɨɪɨɝɨ ɩɨɡɜɨɥɹɸɬ ɢɦɢɬɢɪɨɜɚɬɶ ɨɛɪɵɜ ɠɢɥ ɢ ɷɤɪɚɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɢɦɢɬɚɰɢɢ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɱɟɬɵɪɟɯɩɪɨɜɨɞɧɨɦ ɷɤɪɚɧɢɪɨɜɚɧɧɨɦ 
ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɤɚɛɟɥɟ ɫɜɹɡɢ. 
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Ɋɢɫ. 4. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɹɸɳɟɣ ɱɚɫɬɢ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ 

Fig. 4. Schematic diagram of the control part of the device for making faults  

in the electrical communication cable 
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ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES  

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

 
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ʉɭɱɟɪɹɜɵɣ Ⱥ.ȿ., ɐɭɩɪɢɤɨɜ Ⱥ.Ʌ. ɋɟɬɢ ɫɜɹɡɢ ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢɹ. – Ɇ.: ɎȽɍɉ ɐɇɂɂɋ, 2006. – 

278 ɫ. 
2. Ɇɚɪɞɟɪ ɇ.ɋ. ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɢ. – Ɇ.: ɂɊɂȺɋ, 2006. – 384 ɫ. 
3. Ɍɪɟɝɭɛɨɜ Ɋ.Ȼ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɚɧɚɥɢɡɚ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɢɟɪɚɪɯɢɱɟɫɤɢɯ ɦɧɨɝɨɭɪɨɜɧɟɜɵɯ 

ɦɚɪɲɪɭɬɢɡɢɪɭɸɳɢɯ ɫɢɫɬɟɦ. Ɇɨɧɨɝɪɚɮɢɹ; ɩɨɞ ɪɟɞ. ɩɪɨɮ. ɋɚɢɬɨɜɚ ɂ.Ⱥ. – Ɉɪɺɥ, 2016. – 585 ɫ. 
4. Agrawal G.P. Fiber-Optic Communications Systems; Third Edition. – John Wiley & Sons, Inc., 2002. – 

561 p. 

5. Ⱥɧɞɪɟɟɜ ȼ.Ⱥ., ɉɨɪɬɧɨɜ ɗ.Ʌ. ɇɚɩɪɚɜɥɹɸɳɢɟ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɜɹɡɢ: ɭɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ. ȼ 2-ɯ 
ɬɨɦɚɯ. Ɍɨɦ 1 – Ɍɟɨɪɢɹ ɩɟɪɟɞɚɱɢ ɢ ɜɥɢɹɧɢɹ. – 7-ɟ ɢɡɞ., ɩɟɪɟɪɚɛ. ɢ ɞɨɩ. – Ɇ.: Ƚɨɪɹɱɚɹ ɥɢɧɢɹ – Ɍɟɥɟɤɨɦ, 2006. 
– 424 ɫ.  

6. ɉɚɪɮɟɧɨɜ ɘ.Ⱥ., Ɇɢɪɨɲɧɢɤɨɜ Ⱦ.Ƚ., ɐɢɮɪɨɜɵɟ ɫɟɬɢ ɞɨɫɬɭɩɚ. – Ɇ.: ɇɚɬɟɤɫ-ɗɤɨɬɪɟɧɞɡ, 2005. – 288 

ɫ. 
7. ɋɦɢɪɧɨɜ Ⱥ.ȼ., ȼɨɥɨɳɟɧɤɨ ɂ.ɋ., Ʉɭɡɧɟɰɨɜ Ⱥ.ȼ., Ȼɚɫɨɜ Ɉ.Ɉ. ɂɦɢɬɚɰɢɨɧɧɨɟ ɢ ɧɚɬɭɪɧɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ // ɇɚɭɱɧɵɣ ɪɟɡɭɥɶɬɚɬ. 
ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ. – Ɍɨɦ 3, ȼɵɩɭɫɤ №1, 2018. – ɋ. 36–42. 

 

References 

1. KЮМСОrвКЯвУ Ⱥ.E., TSЮЩrТФШЯ Ⱥ.L. SОЭТ sЯвКгТ sХОНЮвЮsССОРШ ЩШФШХОЧТвК. – M.: FGUP TSNIIS, 2006. – 

278 s. 

2. Marder N.S. Sovremennye telekommunikatsi. – M.: IRIȺS, 2006. – 384 s. 

3. Tregubov R.B. Teoreticheskie osnovy analiza i optimizatsii ierarkhicheskikh mnogourovnevykh 

marshrutiziruyushhikh sistem; Monografiya; pod red. prof. Saitova I.Ⱥ. – Oryol, 2016. – 585 s. 

4. Agrawal G.P. Fiber-Optic Communications Systems; Third Edition. – John Wiley & Sons, Inc., 2002. – 

561 p. 

5. Andreev V.A., Portnov Je.L. Napravljajushhie sistemy jelektrosvjazi: uchebnik dlja vuzov. V 2-h tomah. 

Tom 1 – Teorija peredachi i vlijanija. – 7-e izd., pererab. i dop. – M.: Gorjachaja linija – Telekom, 2006. – 424 s. 

6. Parfenov Ju.A., Miroshnikov D.G. Cifrovye seti dostupa. – M.: Nateks-Jekotrendz, 2005. – 288 s. 

7. Smirnov Ⱥ.V., Voloshhenko I.S., Kuznetsov Ⱥ.V., Basov O.O. Imitatsionnoe i naturnoe modelirovanie 

ustrojstva vneseniya neispravnostej v ehlektricheskij kabel' svyazi // Nauchnyj rezul'tat. Informatsionnye 

tekhnologii. – TШЦ 3, VвЩЮsФ №1, 2018. – S. 36–42. 

 

ɋɦɢɪɧɨɜ Ⱥɧɞɪɟɣ ȼɹɱɟɫɥɚɜɨɜɢɱ, ɫɬɭɞɟɧɬ Ⱥɤɚɞɟɦɢɢ Ɏɟɞɟɪɚɥɶɧɨɣ ɫɥɭɠɛɵ ɨɯɪɚɧɵ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 
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