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Ⱥɧɧɨɬɚɰɢɹ 
ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɚɪɢɚɧɬɵ ɩɨɫɬɪɨɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɢɟɪɚɪɯɢɢ 
ɨɛɨɫɧɨɜɚɧɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ: ɤɨɧɬɚɤɬɧɵɯ ɪɟɥɟ – ɞɥɹ 
ɢɦɢɬɚɰɢɢ ɨɛɪɵɜɚ, ɩɟɪɟɦɟɧɧɵɯ ɪɟɡɢɫɬɨɪɨɜ ɫ ɫɟɪɜɨɩɪɢɜɨɞɚɦɢ – ɞɥɹ ɢɦɢɬɚɰɢɢ ɚɫɢɦɦɟɬɪɢɢ 
ɠɢɥ, ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɵɯ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ ɫ ɲɚɝɨɜɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ – ɞɥɹ ɜɧɟɫɟɧɢɹ 
ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ “ɧɚɪɭɲɟɧɢɟ ɢɡɨɥɹɰɢɢ ɦɟɠɞɭ ɞɜɭɦɹ ɠɢɥɚɦɢ ɪɚɡɧɵɯ ɩɚɪ” ɢ “ɧɚɪɭɲɟɧɢɟ 
ɢɡɨɥɹɰɢɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɚɡɟɦɥɟɧɢɸ”. Ɉɩɬɢɦɚɥɶɧɵɣ ɜɵɛɨɪ ɨɫɭɳɟɫɬɜɥёɧ ɩɨ ɩɹɬɢ 
ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɦɵɦ ɤɪɢɬɟɪɢɹɦ: ɫɬɨɢɦɨɫɬɶ, ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ, 
ɨɩɟɪɚɬɢɜɧɨɫɬɶ (ɫɤɨɪɨɫɬɶ ɢɦɢɬɚɰɢɢ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ), ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɩɪɢ ɜɧɟɫɟɧɧɵɯ 
ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ ɢ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɟɬɨɞ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɢɟɪɚɪɯɢɢ, ɪɭɱɧɚɹ ɤɨɦɦɭɬɚɰɢɹ, ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ 
ɤɨɦɦɭɬɚɰɢɹ, ɩɨɜɪɟɠɞɟɧɢɟ ɢɡɨɥɹɰɢɢ, ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ, ɚɫɢɦɦɟɬɪɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 
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Abstract 
The paper discusses the options for building a device for making failures in the electrical 

communication cable. Using the analytical hierarchy method, it is reasonable to use for its 

implementation: contact relays - to simulate a break, variable resistors with servo drives - to 

simulate the asymmetry of the wires, multi-position switches with stepper motors - to introduce 

faults “insulation failure between two wires of different pairs” and “violation insulation to earth 
ground”. The optimal choice was made according to the five most frequently used criteria: cost, 

weight and dimensions, efficiency (speed of fault simulation), power consumption in case of 

faults and versatility of use. 

Keywords: analytical hierarchy method, manual switching, automatic switching, insulation 

damage, short circuit, resistance asymmetry. 
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ȼȼȿȾȿɇɂȿ 
Ɉɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɜɨɩɪɨɫɨɜ, ɪɟɲɚɟɦɵɯ ɜ ɯɨɞɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɭɫɬɪɨɣɫɬɜ, 

ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɫɩɨɫɨɛɚ ɢɯ ɪɟɚɥɢɡɚɰɢɢ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɝɨ ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
ȼ ɤɚɱɟɫɬɜɟ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ ɜɵɛɨɪɚ ɫɩɨɫɨɛɚ ɪɟɚɥɢɡɚɰɢɢ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ 

ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ: 
– ɬɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ (ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ), ɧɚɢɛɨɥɟɟ ɜɚɠɧɚɹ ɞɥɹ ɤɨɧɤɪɟɬɧɨɣ ɨɛɥɚɫɬɢ 

ɩɪɢɦɟɧɟɧɢɹ ɭɫɬɪɨɣɫɬɜ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ (ɱɢɫɥɨ ɢɦɢɬɢɪɭɟɦɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, 
ɨɩɟɪɚɬɢɜɧɨɫɬɶ ɢɯ ɜɧɟɫɟɧɢɹ, ɩɨɞɞɟɪɠɢɜɚɟɦɵɟ ɬɢɩɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ ɫɜɹɡɢ ɢ ɬ. ɩ.) [10]; 

– ɧɚɞɟɠɧɨɫɬɶ; 
– ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɪɨɣɫɬɜɚ; 
– ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɡɚɤɚɡɱɢɤɚ (ɧɚɥɢɱɢɟ ɫɟɪɬɢɮɢɤɚɬɨɜ, ɨɩɵɬ 

ɩɪɢɦɟɧɟɧɢɹ ɜ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ, ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɬ. ɩ.); 
– ɩɟɪɫɩɟɤɬɢɜɵ ɜɵɩɭɫɤɚ ɫɟɪɢɢ ɭɫɬɪɨɣɫɬɜ, ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫ ɞɪɭɝɢɦ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɦ 

ɨɛɨɪɭɞɨɜɚɧɢɟɦ; 
– ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɟɯɧɢɱɟɫɤɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹ; 
– ɧɚɥɢɱɢɟ ɦɚɤɫɢɦɚɥɶɧɨ ɩɨɥɧɨɣ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ; 
– ɫɬɨɢɦɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɞɪ. 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɣ ɩɪɢɦɟɧɟɧɢɹ ɫɬɟɩɟɧɶ ɜɚɠɧɨɫɬɢ ɤɚɠɞɨɝɨ ɢɡ 

ɭɤɚɡɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɡɥɢɱɧɚ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ 
ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɹɯ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ 
ɹɜɥɹɸɬɫɹ ɩɨɤɚɡɚɬɟɥɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɢɯ ɧɚɞɟɠɧɨɫɬɶ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ; ɩɪɢ ɪɟɲɟɧɢɢ ɭɱɟɛɧɵɯ 
ɡɚɞɚɱ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɭɫɥɨɜɢɹɯ, ɛɥɢɡɤɢɯ ɤ ɪɟɚɥɶɧɵɦ, ɧɚɢɛɨɥɟɟ ɜɚɠɧɨɣ ɹɜɥɹɟɬɫɹ ɨɩɟɪɚɬɢɜɧɨɫɬɶ 
ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ; ɩɪɢ ɨɝɪɚɧɢɱɟɧɧɵɯ ɮɢɧɚɧɫɨɜɵɯ ɜɨɡɦɨɠɧɨɫɬɹɯ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ 
ɹɜɥɹɸɬɫɹ ɫɬɨɢɦɨɫɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɢ ɬ.ɩ. [9] 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɨɣ ɨɰɟɧɤɢ ɩɨ ɜɵɛɪɚɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɦɨɠɟɬ ɛɵɬɶ ɜɵɛɪɚɧɨ 
ɧɟɛɨɥɶɲɨɟ ɱɢɫɥɨ (ɬɪɢ–ɩɹɬɶ) ɫɩɨɫɨɛɨɜ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ, 
ɤɨɬɨɪɵɟ ɧɚɢɛɨɥɟɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜɫɟɦ ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɬɚɤɬɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɢ 
ɫɨɩɨɫɬɚɜɢɦɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ. ɂɡ ɷɬɢɯ ɨɫɬɚɜɲɢɯɫɹ ɜɚɪɢɚɧɬɨɜ 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɣ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɜɚɪɢɚɧɬ ɞɥɹ ɞɚɧɧɨɣ ɩɪɢɦɟɧɟɧɢɹ. ɉɪɢ ɷɬɨɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟɜɨɡɦɨɠɧɨ ɧɚɣɬɢ ɜɚɪɢɚɧɬ 
ɪɟɚɥɢɡɚɰɢɢ (ɨɛɨɪɭɞɨɜɚɧɢɟ, ɤɨɦɩɨɧɟɧɬɧɭɸ ɛɚɡɭ), ɤɨɬɨɪɵɣ ɹɜɥɹɥɫɹ ɛɵ ɥɭɱɲɢɦ ɩɨ ɜɫɟɦ 
ɩɪɢɜɟɞɟɧɧɵɦ ɜɵɲɟ ɩɨɤɚɡɚɬɟɥɹɦ.  

ȼ ɱɚɫɬɧɨɫɬɢ, ɨɬɞɟɥɶɧɵɟ ɬɢɩɵ ɤɨɦɩɨɧɟɧɬɨɣ ɛɚɡɵ, ɨɛɥɚɞɚɸɳɢɟ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɢɥɢ ɧɚɞɟɠɧɨɫɬɶɸ, ɭɫɬɭɩɚɸɬ ɩɨ ɞɪɭɝɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ; ɨɛɨɪɭɞɨɜɚɧɢɟ, 
ɥɭɱɲɟɟ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɩɨɞɞɟɪɠɢɜɚɟɦɵɯ ɬɢɩɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ ɫɜɹɡɢ, ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ 
ɞɨɪɨɝɢɦ ɢ ɬ. ɩ. ɗɬɢ ɩɪɨɬɢɜɨɪɟɱɢɹ ɨɬɪɚɠɚɸɬ ɬɢɩɢɱɧɵɣ ɯɚɪɚɤɬɟɪ ɜɚɪɢɚɧɬɨɜ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ 
ɪɟɲɟɧɢɣ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɢ ɜɵɛɨɪɚ ɥɭɱɲɟɝɨ ɜɚɪɢɚɧɬɚ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɞɢɧ ɢɡ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ ɚɥɶɬɟɪɧɚɬɢɜ – ɦɟɬɨɞ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 
ɢɟɪɚɪɯɢɢ. ɍɤɚɡɚɧɧɵɣ ɦɟɬɨɞ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɫɪɟɞɫɬɜɨ ɫɪɚɜɧɟɧɢɹ ɢ ɜɵɛɨɪɚ 
ɞɥɹ ɧɟɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɡɚɞɚɧɧɵɯ ɚɥɶɬɟɪɧɚɬɢɜ. Ɉɧ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 
ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɧɟɢɡɛɟɠɧɨ ɫɭɛɴɟɤɬɢɜɧɵɯ ɩɪɟɞɩɨɱɬɟɧɢɣ ɷɤɫɩɟɪɬɨɜ ɜ ɡɚɞɚɱɚɯ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ. 

 

ɈɋɇɈȼɇȺə ɑȺɋɌɖ 
ȼɵɛɨɪ ɜɚɪɢɚɧɬɚ ɩɨɫɬɪɨɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ  

ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ 

ɋ ɭɱɟɬɨɦ ɢɡɥɨɠɟɧɧɨɝɨ ɜɵɲɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞɢɤɚ ɜɵɛɨɪɚ ɜɚɪɢɚɧɬɚ ɩɨɫɬɪɨɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ 
ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ, ɜɤɥɸɱɚɸɳɚɹ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ [2]: 
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1) ɜɵɛɨɪ ɢɡ ɜɫɟɝɨ ɦɧɨɠɟɫɬɜɚ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɞɚɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɨɛɪɚɡɰɨɜ, ɧɚɢɛɨɥɟɟ 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹɦ; 

2) ɞɥɹ ɨɬɨɛɪɚɧɧɨɣ ɝɪɭɩɩɵ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɪɟɚɥɢɡɚɰɢɢ ɭɫɬɪɨɣɫɬɜɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɦɟɬɨɞɚ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɢɟɪɚɪɯɢɢ: 

a) ɩɪɨɜɨɞɢɬɫɹ ɫɬɪɭɤɬɭɪɢɡɚɰɢɹ ɡɚɞɚɱɢ ɜ ɜɢɞɟ ɢɟɪɚɪɯɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɫ ɧɟɫɤɨɥɶɤɢɦɢ 
ɭɪɨɜɧɹɦɢ: ɰɟɥɶ–ɤɪɢɬɟɪɢɢ–ɚɥɶɬɟɪɧɚɬɢɜɵ (ɪɢɫ. 1); 

ɛ) ɜɵɩɨɥɧɹɸɬɫɹ ɩɨɩɚɪɧɵɟ ɫɪɚɜɧɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɤɚɠɞɨɝɨ ɭɪɨɜɧɹ. Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɣ 
ɩɟɪɟɜɨɞɹɬɫɹ ɜ ɱɢɫɥɚ ɫ ɩɨɦɨɳɶɸ ɬɚɛɥɢɰɵ 1. 

 

ɐɟɥɶ ɜɵɛɨɪɚ
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ȼɚɪɢɚɧɬ Ⱥ ȼɚɪɢɚɧɬ B ȼɚɪɢɚɧɬ R

Ʉɪɢɬɟɪɢɢ

Ⱥɥɶɬɟɪɧɚɬɢɜɵ
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Рɢɫ. 1. ɂɟɪɚɪɯɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɪɨɛɥɟɦɵ ɜɵɛɨɪɚ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ  

Fig. 1. The hierarchical scheme of the problem of choosing hardware 

 
Тɚɛɥɢɰɚ 1 

ɒɤɚɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɚɠɧɨɫɬɢ 

Table 1 

Scale of relative importance 

ɍɪɨɜɟɧɶ ɜɚɠɧɨɫɬɢ Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 

Ɋɚɜɧɚɹ ɜɚɠɧɨɫɬɶ 1 

ɍɦɟɪɟɧɧɨɟ ɩɪɟɜɨɫɯɨɞɫɬɜɨ 3 

ɋɢɥɶɧɨɟ ɩɪɟɜɨɫɯɨɞɫɬɜɨ 5 

Ɂɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɨɟ ɩɪɟɜɨɫɯɨɞɫɬɜɨ 7 

Ɉɱɟɧɶ ɛɨɥɶɲɨɟ ɩɪɟɜɨɫɯɨɞɫɬɜɨ 9 

 

ɜ) ɜɵɱɢɫɥɹɸɬɫɹ ɜɟɫɚ ɤɪɢɬɟɪɢɟɜ 
i

  ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɚɠɧɨɫɬɢ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɤɚɠɞɨɝɨ ɭɪɨɜɧɹ 
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W  – ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɤɬɨɪ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɤɚɤ ɤɨɪɟɧɶ n-ɣ ɫɬɟɩɟɧɢ (n – ɪɚɡɦɟɪɧɨɫɬɶ ɦɚɬɪɢɰɵ) 
ɢɡ ɩɪɨɢɡɜɟɞɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɤɚɠɞɨɣ ɫɬɪɨɤɢ ɦɚɬɪɢɰɵ ɫɪɚɜɧɟɧɢɣ ɞɥɹ ɤɪɢɬɟɪɢɟɜ; N – ɱɢɫɥɨ 
ɤɪɢɬɟɪɢɟɜ; 
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W  – ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɤɬɨɪ ɦɚɬɪɢɰɵ ɫɪɚɜɧɟɧɢɣ ɚɥɶɬɟɪɧɚɬɢɜ ɩɨ i-ɦɭ ɤɪɢɬɟɪɢɸ; M – ɱɢɫɥɨ 
ɚɥɶɬɟɪɧɚɬɢɜ; 

ɝ) ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɤɚɱɟɫɬɜɚ 
j

V  ɤɚɠɞɨɣ ɢɡ ɚɥɶɬɟɪɧɚɬɢɜ ɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɢɥɭɱɲɚɹ ɚɥɶɬɟɪɧɚɬɢɜɚ: 

0

,
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i j i i j
i
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ɝɞɟ 
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V  – ɩɨɤɚɡɚɬɟɥɶ ɤɚɱɟɫɬɜɚ j-ɣ ɚɥɶɬɟɪɧɚɬɢɜɵ; 
i

  – ɜɟɫ i-ɝɨ ɤɪɢɬɟɪɢɹ; 
i j

V  – ɤɨɷɮɮɢɰɢɟɧɬ 
ɜɚɠɧɨɫɬɢ j-ɣ ɚɥɶɬɟɪɧɚɬɢɜɵ ɩɨ i-ɦɭ ɤɪɢɬɟɪɢɸ. 

ɇɢɠɟ ɪɚɫɫɦɨɬɪɢɦ ɷɬɢ ɷɬɚɩɵ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɟ. 
Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɵɛɨɪɚ ɜɚɪɢɚɧɬɚ ɩɨɫɬɪɨɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ 

ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ ɪɚɫɫɦɨɬɪɟɧɨ ɱɟɬɵɪɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɚ [2]:  
1) ɪɭɱɧɚɹ ɤɨɦɦɭɬɚɰɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ (ɢɦɢɬɚɰɢɹ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɨɛɪɵɜɚ ɰɟɩɢ, 

ɩɨɞɤɥɸɱɟɧɢɹ ɪɟɡɢɫɬɨɪɨɜ, ɢɡɦɟɧɹɸɳɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɡɨɥɹɰɢɢ) ɜ ɫɯɟɦɟ ɭɫɬɪɨɣɫɬɜɚ 
(ɚɥɶɬɟɪɧɚɬɢɜɚ 1); 

2) ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɤɨɦɦɭɬɚɰɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ ɤɨɧɬɚɤɬɧɵɯ ɪɟɥɟ 
(ɚɥɶɬɟɪɧɚɬɢɜɚ 2); 

3) ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɤɨɦɦɭɬɚɰɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɨɝɨɜɵɯ ɤɥɸɱɟɣ 
(ɚɥɶɬɟɪɧɚɬɢɜɚ 3); 

4) ɢɦɢɬɚɰɢɹ ɨɛɪɵɜɚ ɫ ɩɨɦɨɳɶɸ ɤɨɧɬɚɤɬɧɵɯ ɪɟɥɟ, ɚɫɢɦɦɟɬɪɢɢ ɠɢɥ ɫ ɩɨɦɨɳɶɸ ɩɟɪɟɦɟɧɧɵɯ 
ɪɟɡɢɫɬɨɪɨɜ ɫ ɫɟɪɜɨɩɪɢɜɨɞɚɦɢ, ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ “ɧɚɪɭɲɟɧɢɟ ɢɡɨɥɹɰɢɢ ɦɟɠɞɭ ɞɜɭɦɹ ɠɢɥɚɦɢ ɪɚɡɧɵɯ 
ɩɚɪ” ɢ “ɧɚɪɭɲɟɧɢɟ ɢɡɨɥɹɰɢɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɚɡɟɦɥɟɧɢɸ” ɫ ɩɨɦɨɳɶɸ ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɵɯ 
ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ ɫ ɲɚɝɨɜɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ (ɚɥɶɬɟɪɧɚɬɢɜɚ 4).  

Ⱥɧɚɥɢɡ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɤɚɡɚɧɧɵɯ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɤɚɠɞɵɣ ɢɡ ɧɢɯ ɩɨ ɨɬɞɟɥɶɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɩɪɟɜɨɫɯɨɞɢɬ ɞɪɭɝɢɟ ɜɚɪɢɚɧɬɵ, ɚ ɩɨ ɨɬɞɟɥɶɧɵɦ ɭɫɬɭɩɚɟɬ 
ɢɦ. ȼ ɱɚɫɬɧɨɫɬɢ, ɚɥɶɬɟɪɧɚɬɢɜɚ 1 ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɶɸ, ɞɥɹ ɚɥɶɬɟɪɧɚɬɢɜɵ 2 
ɯɚɪɚɤɬɟɪɧɚ ɧɚɢɛɨɥɶɲɚɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɚɦɢ ɨɩɟɪɚɬɢɜɧɨɫɬɶ, ɚɥɶɬɟɪɧɚɬɢɜɚ 3 ɨɛɥɚɞɚɟɬ 
ɧɚɢɦɟɧɶɲɢɦɢ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ.  

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜɵɛɨɪ ɫɪɟɞɫɬɜ ɪɟɚɥɢɡɚɰɢɢ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɩɹɬɢ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɦɵɦ ɤɪɢɬɟɪɢɹɦ: 
ɫɬɨɢɦɨɫɬɶ (ɤɪɢɬɟɪɢɣ 1), ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ (ɤɪɢɬɟɪɢɣ 2), ɨɩɟɪɚɬɢɜɧɨɫɬɶ (ɫɤɨɪɨɫɬɶ 
ɢɦɢɬɚɰɢɢ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ) (ɤɪɢɬɟɪɢɣ 3), ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɩɪɢ ɜɧɟɫɟɧɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ 
(ɤɪɢɬɟɪɢɣ 4) ɢ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ (ɤɪɢɬɟɪɢɣ 5). Ɇɚɬɪɢɰɚ ɫɪɚɜɧɟɧɢɣ ɞɥɹ ɤɪɢɬɟɪɢɟɜ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 2. ɒɤɚɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɚɠɧɨɫɬɢ ɤɪɢɬɟɪɢɟɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 1. 

Ɇɚɬɪɢɰɵ ɫɪɚɜɧɟɧɢɣ ɚɥɶɬɟɪɧɚɬɢɜ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɤɪɢɬɟɪɢɟɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3–7. 
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Тɚɛɥɢɰɚ 2 

Ɇɚɬɪɢɰɚ ɫɪɚɜɧɟɧɢɣ ɞɥɹ ɤɪɢɬɟɪɢɟɜ 
Table 2 

Scale of relative importance  

Ʉɪɢɬɟɪɢɢ 1 2 3 4 5 
ɋɨɛɫɬɜɟɧɧɵɣ 

ɜɟɤɬɨɪ 

ȼɟɫ 
ɤɪɢɬɟɪɢɹ 

1 1 3 1 7 1 1,8384 0,1521 

2 1/3 1 1/5 1/3 1 0,4670 0,5761 

3 1 5 1 1/3 1/3 0,8891 0,0736 

4 1/7 3 3 1 1/3 0,8441 0,0698 

5 1 1 3 3 1 1,5518 0,1284 

 

Тɚɛɥɢɰɚ 3 

Ɇɚɬɪɢɰɚ ɫɪɚɜɧɟɧɢɣ ɚɥɶɬɟɪɧɚɬɢɜ ɩɨ ɤɪɢɬɟɪɢɸ “ɫɬɨɢɦɨɫɬɶ” 

Table 3 

Matrix of comparisons of alternatives by “the criterion of cost”  

Ⱥɥɶɬɟɪɧɚɬɢɜɚ 1 2 3 4 
ɋɨɛɫɬɜɟɧɧɵɣ 

ɜɟɤɬɨɪ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɜɚɠɧɨɫɬɢ 

1 1 9 7 5 3,1598 0,5860 

2 1/9 1 5 1/3 0,7137 0,1324 

3 1/7 1/5 1 1/3 0,3942 0,0731 

4 1/5 3 3 1 1,1247 0,2086 

 

Тɚɛɥɢɰɚ 4 

Ɇɚɬɪɢɰɚ ɫɪɚɜɧɟɧɢɣ ɚɥɶɬɟɪɧɚɬɢɜ ɩɨ ɤɪɢɬɟɪɢɸ “ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ” 
Table 4 

Matrix of comparisons of alternatives according to the criterion of “weight and dimensions”  

Ⱥɥɶɬɟɪɧɚɬɢɜɚ 1 2 3 4 
ɋɨɛɫɬɜɟɧɧɵɣ 

ɜɟɤɬɨɪ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɜɚɠɧɨɫɬɢ 

1 1 7 7 5 3,0049 0,5697 

2 1/7 1 5 1/3 0,7505 0,1423 

3 1/7 1/5 1 1/3 0,3942 0,0747 

4 1/5 3 3 1 1,1247 0,2132 

 

Тɚɛɥɢɰɚ 5 

Ɇɚɬɪɢɰɚ ɫɪɚɜɧɟɧɢɣ ɚɥɶɬɟɪɧɚɬɢɜ ɩɨ ɤɪɢɬɟɪɢɸ “ɨɩɟɪɚɬɢɜɧɨɫɬɶ” 

Table 5 

Matrix of comparisons of alternatives by the criterion of “efficiency” 

Ⱥɥɶɬɟɪɧɚɬɢɜɚ 1 2 3 4 
ɋɨɛɫɬɜɟɧɧɵɣ  

ɜɟɤɬɨɪ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɜɚɠɧɨɫɬɢ 

1 1 1/9 1/9 1/9 0,2676 0,0521 

2 9 1 1 3 1,9332 0,3765 

3 9 1 1 3 1,9332 0,3765 

4 9 1/3 1/3 1 1 0,1948 
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Тɚɛɥɢɰɚ 6 

Ɇɚɬɪɢɰɚ ɫɪɚɜɧɟɧɢɣ ɚɥɶɬɟɪɧɚɬɢɜ ɩɨ ɤɪɢɬɟɪɢɸ “ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɩɪɢ ɜɧɟɫɟɧɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ” 
Table 6 

Matrix of comparisons of alternatives according to the criterion “energy consumption in case of faults”  

Ⱥɥɶɬɟɪɧɚɬɢɜɚ 1 2 3 4 
ɋɨɛɫɬɜɟɧɧɵɣ 

ɜɟɤɬɨɪ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɜɚɠɧɨɫɬɢ 

1 1 9 9 9 3,7372 0,6308 

2 1/9 1 1/7 1/5 0,3165 0,0534 

3 1/9 7 1 1/3 0,7634 0,1289 

4 1/9 5 3 1 1,1076 0,1869 

 

Тɚɛɥɢɰɚ 7 

Ɇɚɬɪɢɰɚ ɫɪɚɜɧɟɧɢɣ ɚɥɶɬɟɪɧɚɬɢɜ ɩɨ ɤɪɢɬɟɪɢɸ “ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ” 

Table 7 

Matrix of comparisons of alternatives according to the criterion “universality of application”  

Ⱥɥɶɬɟɪɧɚɬɢɜɚ 1 2 3 4 
ɋɨɛɫɬɜɟɧɧɵɣ 

ɜɟɤɬɨɪ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɜɚɠɧɨɫɬɢ 

1 1 9 9 5 3,3227 0,5892 

2 1/9 1 7 1 0,9510 0,1686 

3 1/9 1/7 1 1/7 0,2959 0,0525 

4 1/5 1 7 1 1,0696 0,1897 

 

ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ ɬɚɛɥɢɰ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɵ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɤɚɠɞɨɣ ɢɡ ɚɥɶɬɟɪɧɚɬɢɜ. 
ɉɪɨɜɟɞɟɧɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ: 

1
0,5697 0,00,1521 0,5860 0,5761 0,0521 0521 0,630,0698

0,1284 0

8

0,5892 ,5409;

V         
 

 

2
0,1324 0,1423 0,30,1521 0,5761 0,0521 0,06765 0,053498

0,1284 0,1552;0,1686

V         
 

 

3
0,0731 0,0747 0,30,1521 0,5761 0,0521 0,06991 0,128998

0,1284 0,0976;0,0525

V         
 

 

4
0,2086 0,2132 0,10,1521 0,5761 0,0521 0,06948 0,186998

0,1284 0,2063.0,1897

V         
 

 

 
ɁȺɄɅɘɑȿɇɂȿ 
ȼ ɯɨɞɟ ɜɵɛɨɪɚ ɜɚɪɢɚɧɬɚ ɩɨɫɬɪɨɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 

ɤɚɛɟɥɶ ɫɜɹɡɢ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɫɥɟɞɭɸɳɟɟ: 
1. ɇɚɢɥɭɱɲɢɦ ɜɵɛɨɪɨɦ ɹɜɥɹɟɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɚ 1  1

0,5409V  , ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɚɹ 
ɪɭɱɧɭɸ ɤɨɦɦɭɬɚɰɢɸ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ. Ɉɞɧɚɤɨ ɟё ɡɧɚɱɢɬɟɥɶɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɧɢɡɤɚɹ 
ɨɩɟɪɚɬɢɜɧɨɫɬɶ (ɫɤɨɪɨɫɬɶ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ), ɱɬɨ ɜɫɬɭɩɚɟɬ ɜ ɩɪɨɬɢɜɨɪɟɱɢɟ ɫ ɰɟɥɶɸ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ, ɩɪɢ ɜɵɛɨɪɟ ɜɚɪɢɚɧɬɚ ɩɨɫɬɪɨɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ 
ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɚɥɶɬɟɪɧɚɬɢɜɵ 2–4, 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɟ ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɨɫɧɨɜɧɨɝɨ ɩɪɨɰɟɫɫɚ. 
2. ɂɫɯɨɞɹ ɢɡ ɨɩɢɫɚɧɧɵɯ ɭɫɥɨɜɢɣ, ɥɭɱɲɟɣ ɹɜɥɹɟɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɚ 4  4 2 3

0,5409> >V V V , 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɭɫɬɪɨɣɫɬɜɚ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɫɜɹɡɢ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ: ɤɨɧɬɚɤɬɧɵɟ ɪɟɥɟ – ɞɥɹ ɢɦɢɬɚɰɢɢ ɨɛɪɵɜɚ, ɩɟɪɟɦɟɧɧɵɟ ɪɟɡɢɫɬɨɪɵ ɫ 
ɫɟɪɜɨɩɪɢɜɨɞɚɦɢ – ɞɥɹ ɢɦɢɬɚɰɢɢ ɚɫɢɦɦɟɬɪɢɢ ɠɢɥ, ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɵɟ ɩɟɪɟɤɥɸɱɚɬɟɥɢ ɫ ɲɚɝɨɜɵɦɢ 
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ɞɜɢɝɚɬɟɥɹɦɢ – ɞɥɹ ɜɧɟɫɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ “ɧɚɪɭɲɟɧɢɟ ɢɡɨɥɹɰɢɢ ɦɟɠɞɭ ɞɜɭɦɹ ɠɢɥɚɦɢ ɪɚɡɧɵɯ 
ɩɚɪ” ɢ “ɧɚɪɭɲɟɧɢɟ ɢɡɨɥɹɰɢɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɚɡɟɦɥɟɧɢɸ”. 

 
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ⱥɥɢɟɜ Ⱥ.Ⱥ., 2014. Ʉɚɛɟɥɶɧɵɟ ɢɡɞɟɥɢɹ: ɫɩɪɚɜɨɱɧɢɤ. – 3-ɟ ɢɡɞɚɧɢɟ. – Ɇ.: ɂɉ Ɋɚɞɢɨɋɨɮɬ. 224 ɫ.  
2. Ⱥɧɞɪɟɟɜ ȼ.Ⱥ., ɉɨɪɬɧɨɜ ɗ.Ʌ., 2011. 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. 
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