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ȺɇɇɈɌȺɐɂə 
 

ɋɨɜɪɟɦɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɫɟɣɱɚɫ ɪɚɡɜɢɜɚɟɬɫɹ ɩɨ 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɢɯ ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɨɥɭɱɟɧɢɸ ɧɨɜɵɯ ɤɚɱɟɫɬɜ, ɤɨɬɨɪɵɟ 
ɪɟɲɚɸɬ ɪɹɞ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɩɪɨɛɥɟɦ. Ɉɞɧɨɣ ɢɡ ɬɚɤɢɯ ɪɟɲɟɧɢɣ ɹɜɥɹɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɩɪɚɜɥɹɟɦɨɣ ɤɨɦɦɭɬɚɰɢɢ ɜ ɫɟɬɹɯ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ 6 ɤȼ. 
ɉɪɨɛɥɟɦɚ ɨɝɪɚɧɢɱɟɧɢɹ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɧɟ ɧɨɜɵɦ, ɢ ɫɟɣɱɚɫ 
ɫɭɳɟɫɬɜɭɸɬ ɪɹɞ ɤɚɤ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ, ɬɚɤ ɢ ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɢɯ ɩɨɞɯɨɞɨɜ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɫɮɨɪɦɢɪɨɜɚɬɶ ɩɪɢɦɟɧɟɧɢɟ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɟ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɜɚɤɭɭɦɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɹɜɥɹɸɬɫɹ ɩɪɢɨɪɢɬɟɬɧɨ ɪɟɤɨɦɟɧɞɭɟɦɵɦ ɤɨɦɦɭɬɚɰɢɨɧɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɟɬɹɯ ɫɪɟɞɧɢɯ ɤɥɚɫɫɨɜ ɧɚɩɪɹɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɧɚ Ƚɗɋ. 
Ɉɞɧɚɤɨ ɜɦɟɫɬɟ ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɜɚɤɭɭɦɧɵɯ 
ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚɛɥɸɞɚɸɬɫɹ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ: ɤɨɦɦɭɬɢɪɭɟɦɨɟ ɢɦɢ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɦɨɠɟɬ ɩɨɜɪɟɠɞɚɬɶɫɹ. ɉɨɜɪɟɠɞɟɧɢɹ ɜɵɡɵɜɚɸɬɫɹ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɦɢ ɤɨɦɦɭɬɚɰɢɢ ɜɚɤɭɭɦɧɵɯ 
ɜɵɤɥɸɱɚɬɟɥɟɣ: ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ, ɜɵɡɜɚɧɧɵɟ ɬɨɤɚɦɢ ɫɪɟɡɚ; ɷɫɤɚɥɚɰɢɹ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜ ɰɢɤɥɟ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ (ȼɑ) ɩɨɜɬɨɪɧɵɯ 
ɩɪɨɛɨɟɜ; ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɜ ɰɢɤɥɟ ȼɑ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ 
ɩɪɨɛɨɟɜ; ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɢɪɬɭɚɥɶɧɵɯ ɬɨɤɨɜ ɫɪɟɡɚ. 

ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɯɚɪɚɤɬɟɪɧɵ ɬɨɥɶɤɨ ɞɥɹ ɜɵɤɥɸɱɚɬɟɥɟɣ ɫ 
ɠёɫɬɤɢɦɢ ɞɭɝɨɝɚɫɹɳɢɦɢ ɫɪɟɞɚɦɢ, ɜ ɱɢɫɥɨ ɤɨɬɨɪɵɯ ɜɯɨɞɢɬ ɜɚɤɭɭɦ. ȼɵɫɨɤɢɟ 
ɤɪɚɬɧɨɫɬɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɨɩɚɫɧɵ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɞɥɹ ɞɜɢɝɚɬɟɥɟɣ, ɭɪɨɜɟɧɶ 
ɢɡɨɥɹɰɢɢ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 2,8 Uɮɦ. ȼɵɫɨɤɢɟ ɱɚɫɬɨɬɵ ɩɟɪɟɯɨɞɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɩɪɢ ɤɨɦɦɭɬɚɰɢɹɯ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɜɵɤɥɸɱɚɬɟɥɢ (ɫɨɬɧɢ ɤɢɥɨɝɟɪɰ ɢ 
ɟɞɢɧɢɰɵ ɦɟɝɚɝɟɪɰ) ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɟɪɶёɡɧɭɸ ɨɩɚɫɧɨɫɬɶ ɞɥɹ ɜɢɬɤɨɜɨɣ ɢɡɨɥɹɰɢɢ 
ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɚɛɟɥɶɧɵɯ ɦɭɮɬ ɢ ɤɚɛɟɥɟɣ ɫ ɢɡɨɥɹɰɢɟɣ ɢɡ 
ɫɲɢɬɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ (ɋɉɗ). 

Кɥɸчɟɜɵɟ ɫɥɨɜɚ: ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɟɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɜɚɤɭɭɦɧɵɣ 
ɜɵɤɥɸɱɚɬɟɥɶ, ɭɩɪɚɜɥɹɟɦɚɹ ɤɨɦɦɭɬɚɰɢɹ, ɜɢɞɵ ɧɚɝɪɭɡɨɤ, ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ. 
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ȺȼɌɈɊȿɎȿɊȺɌ 
 
Ɍɟɦɚ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ: «ɂɫɫɥɟɞɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɨɜ 

ɭɩɪɚɜɥɹɟɦɨɣ ɤɨɦɦɭɬɚɰɢɢ ɜɚɤɭɭɦɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ». 
Ⱥɤɬɭɚɥɶɧɨɫɬɶ:  
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɛɥɸɞɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɵɣ ɪɨɫɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɜɚɤɭɭɦɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɫɟɬɢ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ, ɜɦɟɫɬɟ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ 
ɡɚɹɜɥɟɧɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɵɣ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɜ ɜɚɤɭɭɦɧɵɯ ɜɵɤɥɸɱɚɬɟɥɹɯ ɩɪɢɜɨɞɹɬ ɤ ɛɨɥɶɲɨɦɭ ɱɢɫɥɭ 
ɨɬɤɚɡɨɜ. ɗɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɤ ɧɟɞɨɩɭɫɬɢɦɨɦɭ ɨɬɤɚɡɭ ɜ ɪɚɛɨɬɟ ɫɟɬɢ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. ȼ ɪɚɛɨɬɟ ɩɪɢɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜ ɫɨɱɟɬɚɧɢɢ ɫ 
ɭɩɪɚɜɥɹɟɦɨɣ ɤɨɦɦɭɬɚɰɢɢ ɢ ɩɪɟɞɥɨɠɟɧɢɟ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ 
ɚɥɝɨɪɢɬɦɨɜ ɩɨɮɚɡɨɜɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɞɭɝɨɝɚɫɢɬɟɥɶɧɨɣ ɤɚɦɟɪɨɣ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɚɧɚɥɢɡ ɚɥɝɨɪɢɬɦɨɜ ɫɢɧɯɪɨɧɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɪɚɡɥɢɱɧɵɯ 
ɜɢɞɨɜ ɧɚɝɪɭɡɨɤ ɜɤɥɸɱɚɹ ɦɨɳɧɵɟ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ. 

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ: 
 ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɜɢɞɨɜ ɫɪɟɞɫɬɜ ɩɨ ɨɝɪɚɧɢɱɟɧɢɸ 

ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ; 
 ɚɧɚɥɢɡ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɩɪɢɧɰɢɩɨɜ ɭɩɪɚɜɥɹɟɦɨɣ ɤɨɦɦɭɬɚɰɢɢ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɧɚɝɪɭɡɨɤ; 
 ɪɚɡɪɚɛɨɬɤɚ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɹɟɦɨɣ ɤɨɦɦɭɬɚɰɢɢ 

ɧɚɝɪɭɡɨɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɯɚɪɚɤɬɟɪɚ ɡɚɡɟɦɥɟɧɢɹ ɧɟɣɬɪɚɥɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ;  

 ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɫɢɧɮɚɡɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɝɪɭɩɩɵ 
ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜ ɫɟɬɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɫɟɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ. 
ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ: ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, ɱɟɬɵɪɟɯ 

ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɹ ɢ ɫɩɢɫɤɚ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. Ɇɚɬɟɪɢɚɥ ɢɡɥɨɠɟɧ ɧɚ 
74 ɫɬɪɚɧɢɰɚɯ, ɫɨɞɟɪɠɢɬ 62 ɪɢɫɭɧɤɚ ɢ 12 ɬɚɛɥɢɰ. 

ɋɨɞɟɪɠɚɧɢɟ ɪɚɛɨɬɵ: 
ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɪɚɫɫɦɨɬɪɟɧɚ ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɭɩɪɚɜɥɹɟɦɨɣ 

ɤɨɦɦɭɬɚɰɢɢ ɜ ɫɟɬɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. Ɋɚɫɫɦɨɬɪɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɩɨɥɨɠɟɧɢɹ, 
ɨɩɪɟɞɟɥɹɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɬɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ. Ⱥ ɬɚɤɠɟ ɨɩɢɫɚɧɵ ɦɟɪɵ 
ɨɝɪɚɧɢɱɟɧɢɣ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɨɫɧɨɜɚɧɚ ɪɚɛɨɬɚ 
ɞɢɫɫɟɪɬɚɰɢɢ. 

ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɦɢɬɚɰɢɨɧɧɵɟ ɦɚɤɪɨɦɨɞɟɥɢ ɚɧɚɥɢɡɚ ɩɪɢ 
ɫɢɧɯɪɨɧɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɜ ɫɪɟɞɟ MatLab. ɉɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɤɨɦɦɭɬɚɰɢɢ ɩɪɢ 
ɪɚɡɥɢɱɧɵɯ ɨɬɤɥɸɱɟɧɢɹ ɮɚɡ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢ ɬɨɤɭ ɜɚɤɭɭɦɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ. 
ɋɞɟɥɚɧɵ ɜɵɜɨɞɵ, ɩɪɨɢɡɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨ ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɚɦ.  

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ ɱɟɪɟɡ 
ɩɭɫɤ ɢɧɜɟɪɬɨɪɚ. ɉɪɨɢɡɜɟɞɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɚɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ. 
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Ɋɚɫɫɦɨɬɪɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɜ ɫɪɟɞɟ MatLab. ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɤɨɦɦɭɬɚɰɢɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɩɟɪɟɤɥɸɱɟɧɢɹ 
ɮɚɡ, ɫɞɟɥɚɧɵ ɜɵɜɨɞɵ. 

ȼ чɟɬɜɟɪɬɨɣ ɝɥɚɜɟ ɩɪɨɜɟɞɟɧ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 
ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɪɚɡɪɵɜɨɜ ɞɭɝɢ. ɉɪɢɜɟɞɟɧ 
ɪɚɫɱɟɬ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɡɚɬɪɚɬ. ɋɞɟɥɚɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ.  

ȼ ɡɚɤɥɸчɟɧɢɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ, ɞɚɧɵ 
ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɫɧɢɠɟɧɢɸ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɬɹɯ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ. 
ɉɪɟɞɫɬɚɜɥɟɧ ɚɥɝɨɪɢɬɦ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɟɪɟɤɥɸɱɟɧɢɹ ɮɚɡ ɩɪɢ ɫɢɧɯɪɨɧɧɨɣ 
ɤɨɦɦɭɬɚɰɢɢ ɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞɚɯ Ƚɗɋ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɪɚɛɨɬɵ. 

Ⱦɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɪɚɛɨɬɵ: ɫɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɫɥɭɠɢɬ ɚɧɚɥɢɡ 
ɩɪɢɦɟɧɢɦɨɫɬɢ ɚɥɝɨɪɢɬɦɨɜ ɜ ɫɯɟɦɚɯ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞ ɫɯɟɦɵ ɜɵɞɚɱɢ 
ɦɨɳɧɨɫɬɢ ɤɨɧɤɪɟɬɧɵɯ ɫɬɚɧɰɢɣ ɢ ɫɨɡɞɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɦɨɞɟɥɢɪɨɜɚɬɶ ɤɨɦɦɭɬɚɰɢɨɧɧɵɟ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ. 

ɉɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ: ɪɚɛɨɬɚ ɦɨɠɟɬ ɩɨɫɥɭɠɢɬɶ ɨɫɧɨɜɨɣ ɞɥɹ 
ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɯɟɦ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ 
ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɫɬɚɧɰɢɣ.  
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ABSTRACT 
 

Theme of the master's dissertation: "Research of algorithms of controlled 
switching of vacuum circuit breakers of own needs of HPP". 

Relevance: 
Currently, there is an intensive growth in the use of switching equipment based 

on vacuum equipment in the network of own needs of hydroelectric power plants, 
along with this, there is a need to ensure the declared operational characteristics. The 
fact is that significant overvoltage in vacuum circuit breakers leads to a large number 
of failures. This in turn leads to an unacceptable failure in the operation of the 
network of its own needs. The paper presents an analysis of switching overvoltages 
under various types of electrical loads in combination with controlled switching and a 
proposal to use different algorithms for phase-by-phase control of the arc-
extinguishing chamber. 

The purpose of the work: to analyze algorithms for synchronous switching of 
various types of loads, including high-power high-voltage electric motors. 

Main tasks: 
 analyze the existing types of means to limit overvoltage in electrical 

networks; 
 analysis of the fundamental principles of controlled switching for various 

types of loads; 
 development of various types of algorithms for controlled switching of loads 

depending on the application of the nature of the transformer neutral ground; 
 the possibility of using common-mode switching of a group of high-voltage 

electric motors in the network of their own needs. 
Object of study: the network of own needs of hydroelectric power plants. 
The structure and scope of the thesis: the work consists of an introduction, 

four chapters, a conclusion and a list of sources used. The material is presented on 74 
pages, contains 62 figures and 12 tables. 

The content of the work: 
In the first chapter, the relevance of the application of controlled switching in 

the network of own needs is considered. The theoretical provisions determining the 
possibility of obtaining a mathematical model of overvoltage in the network of own 
needs of hydroelectric power plants are considered. And also describes the measures 
of restrictions against overvoltage, on the basis of which the work of the dissertation 
is based. 

The second chapter presents simulation macromodels of analysis in 
synchronous switching in the MatLab environment. The analysis of switching at 
various switching-off phases on the voltage and current of the vacuum circuit breaker 
is made. Conclusions are drawn, and a comparative analysis is made based on the 
results obtained. 

The third chapter shows the control scheme of an asynchronous machine 
through the start of the inverter. The mathematical description of the asynchronous 
machine is made. A block diagram in the MatLab environment is considered. The 
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results of simulation of switching processes under different conditions of phase 
switching are presented, and conclusions are drawn. 

In the fourth chapter, a technical and economic analysis of high-voltage circuit 
breakers with various types of arc breaks is carried out. The calculation of economic 
costs is given. A comparative analysis is made. 

In conclusion, the main results of the work are formulated, recommendations 
are given to reduce overvoltage in the networks of own needs of hydroelectric power 
plants. An algorithm for optimal phase switching with synchronous switching in the 
HPP's own needs for further development of the work is presented. 

Further development of the work: the next stage is the analysis of the 
applicability of algorithms in the schemes of their own needs for the schemes of 
power output of specific stations and the creation of software that allows you to 
simulate switching overvoltages. 

Practical application: the work can serve as a basis for a proposal to 
modernize the schemes for the own needs of existing and projected stations. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 

ɋɈȾȿɊɀȺɇɂȿ 
 
ȼȼȿȾȿɇɂȿ .................................................................................................................. 8 
1 Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ............................................................... 9 

1.1 ȼɧɭɬɪɟɧɧɢɟ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɢ ɡɚɳɢɬɚ ɨɬ ɧɢɯ ............................................... 9 
1.1.1 ɉɟɪɟɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɧɟɧɚɝɪɭɠɟɧɧɵɯ ɥɢɧɢɣ .................... 12 
1.1.2 ɉɟɪɟɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɧɟɧɚɝɪɭɠɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 14 
1.1.3 ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɫɟɬɶ ɫ 
ɫɢɧɭɫɨɢɞɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ......................................................................... 17 

1.2 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɟɪ ɡɚɳɢɬɵ ............................................................................... 18 
1.2.1 Ɇɟɪɵ ɨɝɪɚɧɢɱɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ..................................... 20 

2 Ɋɚɡɪɚɛɨɬɤɚ ɢɦɢɬɚɰɢɨɧɧɵɯ ɦɚɤɪɨɦɨɞɟɥɟɣ ɚɧɚɥɢɡɚ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ 
ɫɢɧɯɪɨɧɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɜ ɫɪɟɞɟ MatLab ............................................................... 25 

2.1 Ⱥɧɚɥɢɡ ɤɨɦɦɭɬɚɰɢɢ ɩɨ ɫɢɧɯɪɨɧɧɨɦɭ ɨɬɤɥɸɱɟɧɢɸ ɩɨ ɧɚɩɪɹɠɟɧɢɹ .......... 30 
2.2 Ⱥɧɚɥɢɡ ɤɨɦɦɭɬɚɰɢɢ ɩɨ ɫɢɧɯɪɨɧɧɨɦɭ ɨɬɤɥɸɱɟɧɢɸ ɩɨ ɬɨɤɭ ....................... 35 

3 ɂɫɫɥɟɞɨɜɚɧɢɟ ɛɟɡɭɞɚɪɧɨɝɨ ɩɟɪɟɤɥɸɱɟɧɢɹ ɞɜɢɝɚɬɟɥɟɣ ɧɚ ɪɚɛɨɬɭ ɨɬ ɫɟɬɢ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɱɟɪɟɡ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɷɬɚɩ ɩɭɫɤɚ ɢɧɜɟɪɬɨɪɚ ........................ 40 

3.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɢɜɨɞɚ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɧɚ ɛɚɡɟ ɚɫɢɧɯɪɨɧɧɨɣ     
ɦɚɲɢɧɵ ................................................................................................................... 42 

3.1.1 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɨɛɨɛɳёɧɧɨɣ ɚɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ ........... 42 
3.1.2 ɋɬɪɭɤɬɭɪɧɚɹ ɦɨɞɟɥɶ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ ............................................................................................................. 44 
3.1.3 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɨɝɨ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ................................................................................................... 47 
3.1.4 Ɉɫɨɛɟɧɧɨɫɬɢ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ ........................................ 52 

3.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɞɤɥɸɱɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɯ ɦɚɲɢɧ ɤ ɫɟɬɢ ........................ 57 
3.2.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɤɨɦɦɭɬɚɰɢɢ ɞɥɹ ɚɥɝɨɪɢɬɦɚ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɰɟɩɢ 
ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ ɩɨ ɧɚɩɪɹɠɟɧɢɸ .................. 57 
3.2.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɧɮɚɡɧɨɝɨ ɩɟɪɟɤɥɸɱɟɧɢɹ ............................................ 61 

4 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ 
ɫɪɚɜɧɢɬɟɥɶɧɨɦ ɚɧɚɥɢɡɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɫɪɟɞɵ ɪɚɡɪɵɜɚ ɞɭɝɢ (ɜɚɤɭɭɦ, 

ɷɥɟɝɚɡ, ɦɚɫɥɨ) ɢ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɜɚɤɭɭɦɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ............................. 65 
ɁȺɄɅɘɑȿɇɂȿ ......................................................................................................... 71 
ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ ............................................... 73 

  
 

 

 

 



8 

ȼȼȿȾȿɇɂȿ 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨɟ ɪɚɡɜɢɬɢɟ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɫɜɹɡɚɧɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɚɤɭɭɦɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɩɨ ɩɪɢɱɢɧɚɦ ɢɯ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɪɨɫɬɨɬɵ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɢ ɢ ɫɭɳɟɫɬɜɟɧɧɨɝɨ 
ɫɨɤɪɚɳɟɧɢɹ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɢɯ ɦɨɠɧɨ ɪɚɡɦɟɫɬɢɬɶ ɜ 
ɤɨɦɩɥɟɤɬɧɨɦ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦ ɭɫɬɪɨɣɫɬɜɟ (ɄɊɍ) ɫɪɟɞɧɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

Ɉɞɧɚɤɨ, ɩɪɨɛɥɟɦɚ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɚɤɭɭɦɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɨɝɪɚɧɢɱɢɬɟɥɟɣ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ (Ɉɉɇ), ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɧɟɥɢɧɟɣɧɭɸ ɜɨɥɶɬɚɦɩɟɪɧɭɸ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɤ ɧɟɞɨɫɬɚɬɤɭ Ɉɉɇ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɧɢɡɤɢɣ 
ɦɟɯɚɧɢɱɟɫɤɢɣ ɪɟɫɭɪɫ ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɪɟɠɞɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ, ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɪɚɡɪɵɜɚɸɳɟɝɨ ɰɟɩɶ ɩɪɢ ɩɟɪɟɝɪɭɡɤɟ, ɝɞɟ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ 
ɜ ɫɟɬɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɬɤɥɸɱɟɧɢɟɦ.  

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɨɫɧɨɜɵ, ɡɚɥɨɠɟɧɧɵɟ ɜ 
ɮɢɡɢɤɭ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɤɚɦɟɪɵ ɩɪɢ ɫɢɧɯɪɨɧɧɨɦ (ɩɨ ɮɚɡɧɨɦ) 
ɭɩɪɚɜɥɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɹ. 

ɐɟɥɢ ɢ ɡɚɞɚɱɢ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɭɤɚɡɚɧɵ ɜ ɚɜɬɨɪɟɮɟɪɚɬɟ ɤ ɦɚɝɢɫɬɟɪɫɤɨɣ 
ɞɢɫɫɟɪɬɚɰɢɢ. 
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