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Ɋ.ȼ. ɄɈɅɈɋɈȼ, ȼ.Ƚ. ɌɂɌɈȼ, Ƚ.Ɇ. ɆɂɊəɋɈȼ 
ɆɈȾȿɅɂɊɈȼȺɇɂȿ ȼȿɌɊɈɗɇȿɊȽȿɌɂɑȿɋɄɂɏ ɍɋɌȺɇɈȼɈɄ 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɭɫɬɚɧɨɜɤɢ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɜɨɡɨɛɧɨɜɥɹɟɦɚɹ 
ɷɧɟɪɝɟɬɢɤɚ, ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶ. 
Ɋɚɫɫɦɨɬɪɟɧɵ ɫɩɨɫɨɛɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɫ ɭɱɟɬɨɦ 
ɫɥɨɠɧɨɫɬɢ ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɧɢɯ ɩɪɨɰɟɫɫɨɜ. ɉɨɥɭɱɟɧɵ ɦɨɞɟɥɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɰɟ-
ɧɢɬɶ ɜɥɢɹɧɢɟ ɤɨɥɟɛɚɧɢɣ ɜɟɬɪɚ ɧɚ ɜɵɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ. ɋ ɩɨɦɨɳɶɸ ɪɚɫ-
ɫɦɨɬɪɟɧɧɵɯ ɦɨɞɟɥɟɣ ɜɨɡɦɨɠɧɚ ɨɰɟɧɤɚ ɚɜɚɪɢɣɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

R. KOLOSOV, V. TITOV, G. MIRYASOV  
MODELING OF WIND POWER INSTALLATIONS 

Key words: wind power installations, modeling, renewable power, energy efficiency. 

In article ways of modeling of wind power installations taking into account complexity of 
processes occurring in them are considered. The models are received, allowing to esti-
mate influence of fluctuations of a wind on target parameters of system. With the help of 
the considered models the estimation of emergency processes is possible. 

Ⱦɥɹ ɫɥɨɠɧɨɝɨ ɧɟɥɢɧɟɣɧɨɝɨ ɨɛɴɟɤɬɚ, ɤɚɤɨɜɵɦ ɹɜɥɹɟɬɫɹ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟ-
ɫɤɚɹ ɭɫɬɚɧɨɜɤɚ (ȼɗɍ), ɩɪɢ ɞɟɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɬɶ ɦɚɬɟ-
ɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɭɸ ɢ ɬɪɟɛɭɸɳɭɸ ɪɚɡɛɢɜɤɢ ɟɺ ɧɚ ɛɨɥɟɟ 
ɦɟɥɤɢɟ ɢ ɭɞɨɛɧɵɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɱɚɫɬɢ. Ʉɚɠɞɚɹ ɦɨɞɟɥɶ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɞɨɩɭɳɟɧɢɹɯ ɫ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɶɸ ɞɟɬɚɥɢɡɚɰɢɢ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ 
ɨɩɢɫɚɬɶ ɨɬɞɟɥɶɧɵɟ ɚɫɩɟɤɬɵ ɪɚɛɨɬɵ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ.  

ɋɨɡɞɚɧɚ ɦɨɞɟɥɶ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ (ɪɢɫ. 1), ɜɤɥɸɱɚɸɳɚɹ ɜ 
ɫɟɛɹ ɦɨɞɟɥɢ: 1) ɜɟɬɪɨɞɜɢɝɚɬɟɥɹ ɤɪɵɥɶɱɚɬɨɝɨ ɬɢɩɚ; 2) ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ 
ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ; 3) ɦɨɫɬɨɜɨɝɨ ɧɟɭɩɪɚɜɥɹɟɦɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ. Ɇɨ-
ɞɟɥɶ ɩɪɟɨɛɪɚɡɭɟɬ ɫɤɨɪɨɫɬɶ ɜɟɬɪɹɧɵɯ ɩɨɬɨɤɨɜ Vɜ ɫ ɩɨɦɨɳɶɸ ɜɟɬɪɨɤɨɥɟɫɚ ɢ 
ɱɟɪɟɡ ɪɨɬɨɪ ɜɪɚɳɚɟɬ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪ, ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɱɟɪɟɡ ɩɪɟ-
ɨɛɪɚɡɨɜɚɬɟɥɶ ɩɢɬɚɟɬ ɧɚɝɪɭɡɤɭ ɢ ɩɪɨɢɡɜɨɞɢɬ ɡɚɪɹɞ ȺȻ. ɍɩɪɚɜɥɟɧɢɟ ɩɪɟɨɛɪɚɡɨ-
ɜɚɬɟɥɟɦ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɋȺɊ ɢ ɇɗ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɚɪɚɦɟɬɪɵ ɧɚɝɪɭɡɤɢ ɢ 
ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ. 

Ɇɨɞɟɥɶ ɜɟɬɪɨɞɜɢɝɚɬɟɥɹ ɤɪɵɥɶɱɚɬɨɝɨ ɬɢɩɚ. Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɜɵɱɢɫɥɹɸɬ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɥɨɩɚɫɬɢ, ɢ ɨɧɢ ɡɚɜɢɫɹɬ ɨɬ ɩɪɢɦɟɧɟɧ-
ɧɨɝɨ ɜ ɥɨɩɚɫɬɢ ɩɪɨɮɢɥɹ ɢ ɭɝɥɚ ɚɬɚɤɢ, ɩɨɞ ɤɨɬɨɪɵɦ ɩɨɬɨɤ ɭɞɚɪɹɟɬ ɜ ɥɨɩɚɫɬɶ [1].  

ȼɜɢɞɭ ɫɥɨɠɧɨɫɬɢ ɞɚɧɧɨɝɨ ɪɚɫɱɟɬɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ ɜɟɬɪɨɤɨɥɟɫɚ ɜɨɫ-
ɩɨɥɶɡɭɟɦɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɩɪɨɮɢɥɹ ɗɫɩɟɪɨ [1]. 

ɇɚɢɥɭɱɲɢɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɟɬɪɨɤɨɥɟɫɨ ɢɦɟɟɬ, ɤɨɝɞɚ 
ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɫɬɢ ɪɚɜɟɧ ɧɭɥɸ, ɨɞɧɚɤɨ ɧɚ ɩɪɚɤɬɢɤɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɟ-
ɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɜɟɬɪɨɤɨɥɟɫɚ ɥɨɩɚɫɬɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɩɨɞ ɭɝɥɨɦ 10–15q. 

Ɍɚɤ ɤɚɤ ɜ ɞɢɚɩɚɡɨɧɟ ɫɤɨɪɨɫɬɟɣ Vmin – Vmax ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɪɚɛɨɬɚ ɫ ɩɟ-
ɪɟɦɟɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɜɪɚɳɟɧɢɹ (ɦɚɤɫɢɦɚɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɧɟɪɝɢɢ ɜɟɬɪɚ) 
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ɢ ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɫɬɢ ɩɪɢ ɷɬɨɦ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ, ɩɪɢɧɢɦɚɟɦ ɭɝɨɥ 
ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɫɬɢ ɪɚɜɧɵɦ ɞɟɫɹɬɢ. 
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Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢɪɭɟɦɨɣ ȼɗɍ:  

ɋȺɊ – ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ; ɇɗ – ɧɟɥɢɧɟɣɧɵɣ ɷɥɟɦɟɧɬ; ɆȺ– ɚɷɪɨɞɢɧɚɦɢ-
ɱɟɫɤɢɣ ɦɨɦɟɧɬ; Ɇɷ– ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ; Ȧ – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɪɨɬɨɪɚ; Vɜ – ɫɤɨɪɨɫɬɶ 

ɜɟɬɪɚ; Iɩɧ, Uɩɧ – ɬɨɤ ɢ ɧɚɩɪɹɠɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ; Iɧ, Uɧ – ɬɨɤ ɢ ɧɚɩɪɹɠɟɧɢɟ ɧɚɝɪɭɡɤɢ; Iɛ, Uɛ – 
ɬɨɤ ɢ ɧɚɩɪɹɠɟɧɢɟ ɛɚɥɥɚɫɬɚ; Iɚɛ, Uɚɛ – ɬɨɤ ɢ ɧɚɩɪɹɠɟɧɢɟ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ;  

Pmɡɚɞ– ɡɚɞɚɧɢɟ ɧɚ ɦɚɤɫɢɦɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ; Uɭ – ɫɢɝɧɚɥ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ 
 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɫɬɪɨɢɦ ɦɨɞɟɥɶ, ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫ. 2. 

 
Ɋɢɫ. 2. Ɇɨɞɟɥɶ ɜɟɬɪɨɞɜɢɝɚɬɟɥɹ ɜ ɩɚɤɟɬɟ MATLAB Simulink 

Ɇɨɞɟɥɶ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ. ȼ ɨɫɧɨɜɭ ɩɨɫɬɪɨɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ 
ɫɯɟɦɵ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɩɨɥɨɠɟɧɚ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɉɚɪɤɚ – Ƚɨɪɟɜɚ. 
ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 3. 

ɒɬɪɢɯɨɜɵɦɢ ɥɢɧɢɹɦɢ ɨɬɦɟɱɟɧɵ ɧɟɥɢɧɟɣɧɚɹ ɱɚɫɬɶ ɢ ɛɥɨɤɢ ɫɨɩɪɹɠɟɧɢɹ 
ɟɟ ɫ ɦɨɞɟɥɶɸ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɨɣ ɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ.  

ɇɚ ɞɚɧɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ ɜɯɨɞɧɵɟ ɢ ɜɵɯɨɞɧɵɟ ɩɟɪɟɦɟɧɧɵɟ, ɨɩɢɫɚɧ-
ɧɵɟ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɛɭɞɭɬ ɢɡɨɛɪɚɠɟɧɵ ɫ ɢɧɞɟɤɫɚɦɢ o.e. (Uf ɨ.ɟ..) 

ȼɯɨɞɧɵɦɢ ɫɢɝɧɚɥɚɦɢ ɹɜɥɹɸɬɫɹ ɦɨɦɟɧɬ ɩɪɢɜɨɞɧɨɝɨ ɞɜɢɝɚɬɟɥɹ mo.e., ɚ ɬɚɤɠɟ 
ɧɚɩɪɹɠɟɧɢɹ Ukd ɨ.ɟ., Ukq ɨ.ɟ.. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɜɚɪɢɚɧɬɟ Ukd ɨ.ɟ.= Ukq ɨ.ɟ. = 0. ȼɵɯɨɞ-
ɧɨɣ ɫɢɝɧɚɥ ɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɝɢɛɚɸɳɭɸ ɮɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

ȼ ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ (ɗɗɋ) ɜɯɨɞɹɬ ɫɢɧɯɪɨɧɧɵɟ ɝɟ-
ɧɟɪɚɬɨɪɵ, ɪɟɝɭɥɹɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ, ɧɚɝɪɭɡɤɚ ɢ ɬ.ɞ. ɗɬɢ ɷɥɟɦɟɧɬɵ ɗɗɋ ɦɨɝɭɬ 
ɛɵɬɶ ɨɩɢɫɚɧɵ ɭɪɚɜɧɟɧɢɹɦɢ ɜ ɚɛɫɨɥɸɬɧɵɯ ɟɞɢɧɢɰɚɯ ɜ ɬɪɟɯɤɨɨɪɞɢɧɚɬɧɨɣ ɫɢɫ-
ɬɟɦɟ Ⱥ, ȼ, ɋ, ɩɨɷɬɨɦɭ ɜɫɬɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɛɥɨɤɟ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɩɪɨɢɡɜɨ-
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ɞɢɬɶ ɩɟɪɟɯɨɞ ɩɟɪɟɦɟɧɧɵɯ ɜɟɥɢɱɢɧ ɢɡ ɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɢɫɬɟɦɵ ɜ ɞɪɭɝɭɸ, 
ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰ ɤ ɚɛɫɨɥɸɬɧɵɦ ɢ ɨɛɪɚɬɧɨ.  

 

 
Ɋɢɫ. 3. Ȼɥɨɤ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɚɤɟɬɟ MatLab Simulink  
(ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɞɜɭɯ ɤɨɨɪɞɢɧɚɬɧɨɣ d,q ɫɢɫɬɟɦɵ) 

 

Ȼɥɨɤ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɞɜɭɯɤɨɨɪɞɢ-
ɧɚɬɧɨɣ d,q ɫɢɫɬɟɦɵ ɢ ɛɥɨɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɬ ɢɦɟɸɬ ɜɢɞ, ɢɡɨɛɪɚɠɟɧ-
ɧɵɣ ɧɚ ɪɢɫ. 4. 

 

 
Ɋɢɫ. 4. Ȼɥɨɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɬ ɜ ɩɚɤɟɬɟ MATLAB Simulink 
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Ɇɨɞɟɥɶ ɦɨɫɬɨɜɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ. ɇɚ ɨɫɧɨɜɟ ɩɪɢɧɰɢɩɚ ɪɚɛɨɬɵ ɦɨɫɬɨɜɨ-
ɝɨ ɧɟɭɩɪɚɜɥɹɟɦɨɝɨ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɫɥɟ-
ɞɭɸɳɭɸ ɫɯɟɦɭ ɞɚɧɧɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ ɜ ɩɚɤɟɬɟ MatLab Simulink. 

 
Ɋɢɫ. 5. Ȼɥɨɤ ɦɨɫɬɨɜɨɝɨ ɧɟɭɩɪɚɜɥɹɟɦɨɝɨ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ  

ɜ ɩɚɤɟɬɟ MatLab Simulink 

ɍɱɟɬ ɤɨɥɟɛɚɧɢɹ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ. ȼɨɡɦɭɳɚɸɳɢɦ ɫɢɝɧɚɥɨɦ ɜ ɞɚɧɧɨɣ ɫɢɫ-
ɬɟɦɟ ɹɜɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɚɛɨɬ, 
ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ȼɗɍ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ ɢɫɩɨɥɶɡɭɸɬ ɧɟ-
ɫɤɨɥɶɤɨ ɦɨɞɟɥɟɣ ɞɢɧɚɦɢɤɢ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ: 1) ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɢɡɦɟ-
ɧɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɨɬ ɨɞɧɨɝɨ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ ɤ ɞɪɭ-
ɝɨɦɭ; 2) ɢɡɦɟɧɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɜ ɜɢɞɟ ɤɨɫɢɧɭɫɧɨɣ ɩɨɥɭɜɨɥɧɵ. 

ɇɚ ɩɪɚɤɬɢɤɟ ɪɚɛɨɬɚ ȼɗɍ ɩɪɨɢɫɯɨɞɢɬ ɜ ɭɫɥɨɜɢɹɯ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɜɨɡ-
ɞɭɲɧɨɝɨ ɩɨɬɨɤɚ. ɉɨɷɬɨɦɭ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɬɭɪ-
ɛɭɥɟɧɬɧɨɫɬɟɣ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɪɚɛɨɬɵ ȼɗɍ. Ɇɧɨɝɢɟ ɚɜ-
ɬɨɪɵ ɬɭɪɛɭɥɟɧɬɧɵɟ ɮɥɭɤɬɭɚɰɢɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɦɨɞɟɥɢɪɭɸɬ ɤɚɤ ɨɞɧɨɦɟɪɧɵɣ 
ɫɥɭɱɚɣɧɵɣ ɩɪɨɰɟɫɫ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɦɨɞɟɥɢ, ɫɨɨɬ-
ɜɟɬɫɬɜɨɜɚɥɢ ɪɟɚɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɜ ɪɚɣɨɧɟ ɩɪɟɞɩɨɥɚɝɚɟɦɨ-
ɝɨ ɪɚɡɦɟɳɟɧɢɹ ȼɗɍ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚ ɨɫɧɨɜɟ ɫɩɟɤɬɪɚɥɶ-
ɧɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɞɚɧɧɨɝɨ ɪɚɣɨɧɚ.  

ȼ ɪɚɦɤɚɯ ɨɛɨɡɧɚɱɟɧɧɨɣ ɡɚɞɚɱɢ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɦɨɠɧɨ ɦɨɞɟɥɢ-
ɪɨɜɚɬɶ ɬɚɤ: 

V=Vcp +Vɩɟɪsin(Ȧ·t), 
ɝɞɟ Vɩɟɪ – ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ; Vcp – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨ-
ɫɬɢ ɜɟɬɪɚ.  

Ɋɚɫɫɦɨɬɪɢɦ ɦɨɞɟɥɶ ȼɗɍ ɛɟɡ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɧɟɭɩɪɚɜɥɹɟɦɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɜ ȼɗɍ ɦɨɳɧɨɫɬɶɸ 1 ɤȼɬ, ɩɨɥɭɱɟɧ-
ɧɵɟ ɩɪɢ ɫɤɨɪɨɫɬɹɯ ɜɟɬɪɚ Vɫɪ1 = 7 ɦ/c, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 6–9. Ⱥɦɩɥɢɬɭɞɭ ɤɨɥɟ-
ɛɚɧɢɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɩɪɢɦɟɦ ɪɚɜɧɨɣ 1 ɦ/ɫ, ɱɚɫɬɨɬɭ ɤɨɥɟɛɚɧɢɣ – 0,5 Ƚɰ [2]. 

 
Ɋɢɫ. 6. Ɇɝɧɨɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 
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Ɋɢɫ. 7. Ɇɝɧɨɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɜɟɬɪɨɤɨɥɟɫɚ 

 
Ɋɢɫ. 8. Ɇɝɧɨɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɜɵɩɪɹɦɢɬɟɥɹ 

 
Ɋɢɫ. 9. Ɇɝɧɨɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɜɵɩɪɹɦɢɬɟɥɹ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɦɨɳ-
ɧɨɫɬɶ ɜɟɬɪɨɞɜɢɝɚɬɟɥɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɜ ɤɭɛɟ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɤɨɥɟɛɚɧɢɹ ɩɨɪɵɜɨɜ ɜɟɬɪɚ ɧɚ ɬɨɤ ɢ ɧɚɩɪɹ-
ɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɦɚɲɢɧɧɨ-ɜɟɧɬɢɥɶɧɨɣ ɫɢɫɬɟɦɵ. 

 Ⱦɥɹ ɷɬɨɝɨ, ɡɚɞɚɜɚɹɫɶ ɱɚɫɬɨɬɨɣ ɩɭɥɶɫɚɰɢɣ ɜɟɬɪɚ ɜ 
ɩɪɟɞɟɥɚɯ ɨɬ 0,05 Ƚɰ ɞɨ 1 Ƚɰ, ɢɡɦɟɪɢɦ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚ-
ɧɢɣ ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦ-
ɫɹ ɪɟɠɢɦɟ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɡɚɧɟɫɟɦ ɜ ɬɚɛɥɢɰɭ. 

ȼɵɜɨɞɵ. ɉɨɥɭɱɟɧɵ ɦɨɞɟɥɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɰɟɧɢɬɶ 
ɜɥɢɹɧɢɟ ɤɨɥɟɛɚɧɢɣ ɜɟɬɪɚ ɧɚ ɜɵɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟ-
ɦɵ. ɋ ɩɨɦɨɳɶɸ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɦɨɞɟɥɟɣ ɜɨɡɦɨɠɧɚ ɨɰɟɧ-
ɤɚ ɚɜɚɪɢɣɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

Ʌɢɬɟɪɚɬɭɪɚ 
1. Ⱥɧɞɪɢɚɧɨɜ ȼ.ɇ., Ȼɵɫɬɪɢɰɤɢɣ Ⱦ.ɇ., ȼɚɲɤɟɜɢɱ Ʉ.ɉ., ɋɟɤɬɨɪɨɜ ȼ.Ɋ. ȼɟɬɪɨɷɥɟɤɬɪɢɱɟɫɤɢɟ 

ɫɬɚɧɰɢɢ. Ɇ.: Ƚɨɫɷɧɟɪɝɨɢɡɞɚɬ, 1960. 319 ɫ. 
2. Ʉɨɥɨɫɨɜ Ɋ.ȼ., Ɍɢɬɨɜ ȼ.Ƚ., Ɇɢɪɹɫɨɜ Ƚ.Ɇ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨ-

ɜɨɤ // Ⱥɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ: ɦɚɬɟɪɢɚɥɵ ɧɚɭɱ.-ɬɟɯɧ. ɤɨɧɮ. / ɇɢɠɟɝɨɪɨɞ-
ɫɤɢɣ ɝɨɫ. ɬɟɯɧ. ɭɧ-ɬ. ɇ. ɇɨɜɝɨɪɨɞ, 2012. ɋ. 103–111. 

 

ɄɈɅɈɋɈȼ ɊɈɆȺɇ ȼȺȾɂɆɈȼɂɑ – ɚɫɩɢɪɚɧɬ ɤɚɮɟɞɪɵ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɫɭ-
ɞɨɜ, ɇɢɠɟɝɨɪɨɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɋ.ȿ. Ⱥɥɟɤɫɟɟɜɚ, 
Ɋɨɫɫɢɹ, ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ (romio_86@bk.ru).  

KOLOSOV ROMAN – post-graduate student of Ships Electrical Equipment Chair, Nizh-
niy Novgorod State Technical University named after R.E. Alekseev, Russia, Nizhny Novgorod. 

ɌɂɌɈȼ ȼɅȺȾɂɆɂɊ ȽȿɈɊȽɂȿȼɂɑ – ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞ-
ɪɵ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɫɭɞɨɜ, ɇɢɠɟɝɨɪɨɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪ-
ɫɢɬɟɬ ɢɦɟɧɢ Ɋ.ȿ. Ⱥɥɟɤɫɟɟɜɚ, Ɋɨɫɫɢɹ, ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ (eos@nntu.nnov.ru). 

Ɋɟɡɭɥɶɬɚɬɵ  
ɷɤɫɩɟɪɢɦɟɧɬɚ 

f, Ƚɰ ǻUm, ȼ ǻIm, Ⱥ 
0,05 2,5 1,535 
0,1 1,35 0,75 
0,3 0,45 0,24 
0,6 0,25 0,101 
0,9 0,145 0,815 
1 0,125 0,08 
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TITOV VLADIMIR – doctor of technical sciences, professor of Ships Electrical Equip-
ment Chair, Nizhniy Novgorod State Technical University named after R.E. Alekseev, Russia, 
Nizhny Novgorod. 

ɆɂɊəɋɈȼ ȽȿɈɊȽɂɃ ɆɂɏȺɃɅɈȼɂɑ – ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɫɭ-
ɞɨɜ, ɇɢɠɟɝɨɪɨɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɋ.ȿ. Ⱥɥɟɤɫɟɟɜɚ, 
Ɋɨɫɫɢɹ, ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ (eos@nntu.nnov.ru). 

MIRYASOV GEORGY – associate professor of Ships Electrical Equipment Chair, Nizh-
niy Novgorod State Technical University named after R.E. Alekseev, Russia, Nizhny Novgorod. 

ɍȾɄ 621.314.015.32 
ȻȻɄ 3261.8 

Ƚ.Ɇ. Ɇɂɏȿȿȼ, Ⱦ.ɂ. ɄɈɇɋɌȺɇɌɂɇɈȼ, Ʌ.Ƚ. ȿɎɊȿɆɈȼ 

ȺɅȽɈɊɂɌɆ ɋɇəɌɂə ɄɊɍȽɈȼɈɃ ȾɂȺȽɊȺɆɆɕ Ɋɉɇ  
ɌɂɉȺ ɊɇɈȺ – 110/1000 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɪɟɝɭɥɹɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɩɨɞ ɧɚɝɪɭɡɤɨɣ (Ɋɇɉ), 
ɩɟɪɟɤɥɸɱɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ, ɤɨɧɬɚɤɬɨɪ, ɚɥɝɨɪɢɬɦ ɫɧɹɬɢɹ ɤɪɭɝɨɜɨɣ ɞɢɚɝɪɚɦɦɵ. 
Ɋɚɫɫɦɨɬɪɟɧɵ ɦɟɬɨɞɢɤɚ ɫɧɹɬɢɹ ɤɪɭɝɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɪɟɝɭɥɹɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɩɨɞ 
ɧɚɝɪɭɡɤɨɣ ɬɢɩɚ ɊɇɈȺ-110/1000 ɢ ɚɥɝɨɪɢɬɦ ɟɝɨ ɪɚɛɨɬɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɚɡɪɚɛɨ-
ɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɨɤɪɚɳɟɧɢɸ ɜɪɟɦɟɧɢ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɢ ɨɫɭɳɟɫɬɜ-
ɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɧɹɬɢɹ ɤɪɭɝɨɜɨɣ ɞɢɚɝɪɚɦɦɵ, ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɧɧɨɣ 
ɰɢɮɪɨɜɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɜɵɯɨɞɧɨɝɨ ɜɚɥɚ ɩɪɢɜɨɞɚ ɢ ɦɨɦɟɧɬɨɜ ɩɟɪɟ-
ɤɥɸɱɟɧɢɹ ɤɨɧɬɚɤɬɨɜ ɤɨɧɬɚɤɬɨɪɚ ɢ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ Ɋɉɇ, ɚ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɚɜ-
ɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɨɛɪɚɛɨɬɤɭ ɢɡɦɟɪɹɟɦɵɯ ɜɟɥɢɱɢɧ, ɩɪɨɬɨɤɨɥɢɪɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɢɡɦɟɪɟɧɢɣ ɫ ɜɵɜɨɞɨɦ ɧɚ ɩɟɱɚɬɶ. 
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The method of RNOA-110/1000 tap-on-load radial diagram measurement and the algo-
rithm of its work are considered in the article. It is shown that the technique developed 
decreases the time of the preparing and realization of radial diagram measure-
ment process. The technique also facilitates the automatization of synchronized digital 
registration of the gear output shaft rotation angle and switching moments of the contac-
tor contacts and tap-on-loads and allows to automatize the data processing, logging of 
measurements results with printout. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɷɧɟɪɝɟɬɢɤɢ 
Ɋɨɫɫɢɢ ɢ ɜ ɫɬɪɚɧɚɯ ɋɇȽ ɩɪɢɦɟɧɹɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ Ɋɉɇ ɬɢɩɚ 
ɊɇɈȺ (ɫɦ. ɬɚɛɥɢɰɭ).  

ɗɬɨ ɨɞɧɨɮɚɡɧɵɣ Ɋɉɇ ɫ ɬɨɤɨɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ ɪɟɡɢɫɬɨɪɚɦɢ ɫ ɢɡɨɥɹɰɢɟɣ 
ɦɟɠɞɭ ɮɚɡɚɦɢ [1, 5]. ȼ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɑɭɜɚɲɢɢ ɩɪɢɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɬɢɩ – 
ɊɇɈȺ-110/1000. Ɉɧ ɭɫɬɚɧɨɜɥɟɧ ɜ ɧɟɣɬɪɚɥɹɯ ɫɢɥɨɜɵɯ ɬɪɺɯɮɚɡɧɵɯ ɚɜɬɨɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɨɜ ɦɨɳɧɨɫɬɶɸ 125 MB�Ⱥ ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ 220 ɤȼ «Ʉɚɧɚɲɫɤɚɹ», 
«Ɍɸɪɥɟɦɢɧɫɤɚɹ», «ȼɟɧɟɰ» ɢ ɧɚ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ 200 MB�Ⱥ Ɍɗɐ-2, ɚ ɬɚɤ-
ɠɟ ɧɚ ɑɟɛɨɤɫɚɪɫɤɨɣ Ƚɗɋ ɈɊɍ 500 ɤȼ.  

Ɋɉɇ ɬɢɩɚ ɊɇɈȺ-110/1000 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 
ɧɚ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ ɨɛɦɨɬɤɢ ɫɪɟɞɧɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 115 ɤȼ ɢ ɢɦɟɟɬ ɧɨɦɢ-
ɧɚɥɶɧɵɣ ɬɨɤ 1000 Ⱥ. 


