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Аɧɧɨɬаɰɢɹ. Ɋɚɫɫɦɨɬɪɟɧɨ ɩɪɢɦɟɧɟɧɢɟ ɝɟɧɟɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɢ ɷɜɨɥɸɰɢɨɧɧɨɣ ɫɬɪɚɬɟɝɢɢ ɜ ɡɚɞɚɱɚɯ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɫɭɪɫɨɜ ɧɚ ɩɪɢɦɟɪɟ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɭɱɚɫɬɢɹ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢ-
ɝɚɬɟɥɟɣ ɜ ɤɨɦɩɟɧɫɚɰɢɢ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. ɉɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɞɯɨɞɨɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɢɯ ɚɥɝɨɪɢɬɦɨɜ. 
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Аɧɨɬаɰіɹ. Ɋɨɡɝɥɹɧɭɬɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ɝɟɧɟɬɢɱɧɢɯ ɚɥɝɨɪɢɬɦɿɜ ɬɚ ɟɜɨɥɸɰɿɣɧɨʀ ɫɬɪɚɬɟɝɿʀ ɜ ɡɚɞɚɱɚɯ ɨɩɬɢɦɚ-
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COMPARATIVE ANALYSIS OF APPLICATIONS FOR EVOLUTIONARY ALGORITHMS 

IN PROBLEMS OF AN OPTIMAL ALLOCATION OF RESOURCES IN ENERGETICS  

Abstract. The application of genetic algorithms and evolutionary strategy algorithm in problems of an optimal al-

location of resources on the example of determining the optimal degree of participation of synchronous motors to com-

pensate the reactive power setpoint. A comparative analysis of the approaches using these algorithms. 
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ȼɜɟɞɟɧɢɟ. ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨ-
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɡɚɱɚɫɬɭɸ ɩɪɢɯɨɞɢɬɫɹ 
ɫɬɚɥɤɢɜɚɬɶɫɹ ɫ ɪɹɞɨɦ ɫɥɨɠɧɵɯ ɨɩɬɢɦɢɡɚɰɢ-
ɨɧɧɵɯ ɡɚɞɚɱ, ɩɥɨɯɨ ɩɨɞɞɚɸɳɢɯɫɹ ɪɟɲɟɧɢɸ 
ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ. ɂɧɠɟɧɟɪɵ ɜɵ-
ɧɭɠɞɟɧɵ ɛɨɪɨɬɶɫɹ ɫ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɣ ɫɯɨ-
ɞɢɦɨɫɬɶɸ, ɫ ɦɟɞɥɟɧɧɨɣ ɫɯɨɞɢɦɨɫɬɶɸ ɢ ɞɚɠɟ 
ɪɚɫɯɨɞɢɦɨɫɬɶɸ ɢɬɟɪɚɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɩɪɢ 
ɪɟɲɟɧɢɢ ɫɥɨɠɧɵɯ ɦɧɨɝɨɦɟɪɧɵɯ ɡɚɞɚɱ; ɦɢ-
ɪɢɬɶɫɹ ɫ ɧɚɥɢɱɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɬɪɟɛɨɜɚ-
ɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɢ 
ɤɪɢɬɟɪɢɸ ɨɩɬɢɦɢɡɚɰɢɢ; ɫɨ ɫɥɨɠɧɨɫɬɶɸ ɩɪɢ-
ɦɟɧɹɟɦɵɯ ɚɥɝɨɪɢɬɦɨɜ. ɉɪɢ ɷɬɨɦ ɭɱɢɬɵɜɚɸɬ-
ɫɹ ɬɪɟɛɨɜɚɧɢɹ, ɜɵɞɜɢɝɚɟɦɵɟ ɤ ɛɵɫɬɪɨɞɟɣ-
ɫɬɜɢɸ ɚɥɝɨɪɢɬɦɚ, ɤɨɬɨɪɵɟ ɫɬɚɧɨɜɹɬɫɹ ɨɫɨɛɨ 
ɠɟɫɬɤɢɦɢ ɜ ɭɫɥɨɜɢɹɯ ɨɩɟɪɚɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟ-
ɧɢɹ ɪɟɠɢɦɚɦɢ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɨɟɤ-
ɬɢɪɨɜɚɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɦɧɨɝɢɯ 
ɞɪɭɝɢɯ, ɬɪɟɛɭɸɳɢɯ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɨɜ 

ɝɥɨɛɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ, ɩɨɞɬɚɥɤɢɜɚɸɬ ɤ 
ɧɟɩɪɟɪɵɜɧɨɦɭ ɩɨɢɫɤɭ ɧɨɜɵɯ ɷɮɮɟɤɬɢɜɧɵɯ 
ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ. ɉɪɢ ɷɬɨɦ, ɜɨ 
ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɢɧɠɟɧɟɪɚ ɜɩɨɥɧɟ ɭɞɨɜɥɟɬɜɨ-
ɪɢɬ ɩɪɢɛɥɢɠɟɧɧɨɟ ɪɟɲɟɧɢɟ, ɤɨɬɨɪɨɟ ɞɚɟɬ 
ɪɟɡɭɥɶɬɚɬ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɧɟɤɨɟɦɭ ɤɪɢɬɟ-
ɪɢɸ, ɨɞɧɚɤɨ, ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɧɚɢɥɭɱɲɢɣ. Ɍɭɬ 
ɧɚ ɩɨɦɨɳɶ ɩɪɢɯɨɞɹɬ ɷɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨ-
ɪɢɬɦɵ Д1,2Ж, ɧɟ ɢɦɟɸɳɢɟ ɫɬɪɨɝɨɝɨ ɨɛɨɫɧɨɜɚ-
ɧɢɹ, ɧɨ ɞɚɸɳɢɟ ɩɪɢɟɦɥɟɦɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ 
ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɩɪɚɤɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɯ ɫɥɭɱɚ-
ɟɜ. 

Ⱦɨɫɬɭɩɧɨɫɬɶ ɩɟɪɫɨɧɚɥɶɧɵɯ ɤɨɦɩɶɸɬɟ-
ɪɨɜ ɢ ɪɟɡɤɢɣ ɪɨɫɬ ɢɯ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɩɪɨɢɡ-
ɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢɜɟɥ ɤ ɜɫɩɥɟɫɤɭ ɢɧɬɟɪɟɫɚ ɤ 
ɷɜɨɥɸɰɢɨɧɧɵɦ ɚɥɝɨɪɢɬɦɚɦ (ɗȺ) ɜ ɧɚɲɟɣ 
ɫɬɪɚɧɟ ɜ ɧɚɱɚɥɟ 2000-ɯ Д1-3Ж. ɉɪɢ ɷɬɨɦ ɩɨ-
ɜɚɥɶɧɨɟ ɭɜɥɟɱɟɧɢɟ ɝɟɧɟɬɢɱɟɫɤɢɦɢ ɚɥɝɨɪɢɬ-
ɦɚɦɢ (ȽȺ) Д5Ж ɩɪɢɜɟɥɨ ɤ ɬɨɦɭ, ɱɬɨ, ɜ ɭɫɥɨɜɢ-
ɹɯ ɞɟɮɢɰɢɬɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɪɭɫɫɤɨ-
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ɹɡɵɱɧɨɣ ɥɢɬɟɪɚɬɭɪɵ, ɢɦɟɧɧɨ ɷɬɢɦ ɬɟɪɦɢɧɨɦ 
ɛɵɥɢ ɨɲɢɛɨɱɧɨ ɨɛɨɛɳɟɧɵ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ 
ɝɪɭɩɩɵ ɚɥɝɨɪɢɬɦɨɜ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɩɪɢɧɰɢ-
ɩɵ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ȼɨɡɧɢɤ-
ɥɚ ɩɭɬɚɧɢɰɚ, ɩɪɢɜɟɞɲɚɹ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɨɬɟɱɟ-
ɫɬɜɟɧɧɨɣ ɧɚɭɱɧɨɣ ɢ ɢɧɠɟɧɟɪɧɨɣ ɫɪɟɞɚɯ ɧɚ 
ɩɪɨɬɹɠɟɧɢɢ ɩɨɫɥɟɞɧɢɯ ɞɜɭɯ ɞɟɫɹɬɢɥɟɬɢɣ 
ɩɪɚɤɬɢɱɟɫɤɢ ɢɝɧɨɪɢɪɨɜɚɥɢɫɶ ɗȺ ɨɬɥɢɱɧɵɟ 
ɨɬ ɝɟɧɟɬɢɱɟɫɤɢɯ. Ɍɚɤ, ɚɥɝɨɪɢɬɦ ɷɜɨɥɸɰɢɨɧ-
ɧɨɣ ɫɬɪɚɬɟɝɢɢ Д1,6Ж ɨɤɚɡɚɥɫɹ ɜ ɬɟɧɢ ɩɪɟɫɥɨ-
ɜɭɬɵɯ ȽȺ, ɚ ɷɜɨɥɸɰɢɨɧɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚ-
ɧɢɟ Д7Ж ɢ ɜɨɜɫɟ ɨɫɬɚɟɬɫɹ ɛɟɡ ɜɧɢɦɚɧɢɹ, ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɭɫɬɭɩɚɹ ɩɨ ɫɜɨɟɣ ɩɨɩɭɥɹɪɧɨɫɬɢ 
ɞɪɭɝɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɤɭɫ-
ɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ – ɧɟɣɪɨɧɧɵɦ ɫɟɬɹɦ. 

ɇɢɠɟ, ɧɚ ɩɪɢɦɟɪɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ ɝɟɧɟɪɢɪɭɟɦɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳ-
ɧɨɫɬɢ ɫɪɟɞɢ ɝɪɭɩɩɵ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, 

ɩɪɢɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɝɟɧɟɬɢ-
ɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɜ ɫɪɟɞɟ 
MATLAB ɢ ɚɥɝɨɪɢɬɦɚ ɷɜɨɥɸɰɢɨɧɧɨɣ ɫɬɪɚɬɟ-
ɝɢɢ, ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɚɜɬɨɪɚɦɢ ɫɬɚɬɶɢ ɜ ɫɪɟɞɟ 
ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ LabVIEW. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. Ɂɚɞɚɱɚ ɪɟɲɚɥɚɫɶ 
ɞɥɹ ɱɟɬɵɪɟɯ ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɤ Ɋɉ ɫɢɧɯɪɨɧ-
ɧɵɯ ɞɜɢɝɚɬɟɥɟɣ (CȾ), ɬɢɩ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1.  

ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ 
ɩɪɢɧɹɬ ɦɢɧɢɦɭɦ ɫɭɦɦɚɪɧɵɯ ɩɨɬɟɪɶ ɚɤɬɢɜ-
ɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɝɟɧɟɪɚɰɢɸ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ. ȼ ɪɨɥɢ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɜɵɫɬɭ-
ɩɚɸɬ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɝɟɧɟɪɚ-
ɰɢɸ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ 
ɫɢɧɯɪɨɧɧɨɦ ɞɜɢɝɚɬɟɥɟ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ 
ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɤɜɚɞɪɚɬɢɱɧɨɣ ɮɭɧɤɰɢɟɣ 
[4] 

4 4
21 2( )

2
1 1 ɧ ɧ

    
 

D D
i imin Z P Q Q

i i iQ Qi i i i

. 

ȼ ɞɚɧɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɧɟɥɢɧɟɣɧɚɹ ɡɚɞɚɱɚ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɫɭɪɫɨɜ ɡɚ-
ɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɨɬɵɫɤɚɬɶ ɬɚɤɢɟ 
ɦɨɳɧɨɫɬɢ Qi, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɥɢ ɛɵ ɦɢɧɢ-
ɦɭɦ ɫɭɦɦɚɪɧɵɯ ɩɨɬɟɪɶ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ 
ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɜɟɥɢɱɢɧɚɦ max

iQ , ɚ ɬɚɤɠɟ ɩɨ 
ɫɭɦɦɚɪɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ,  ɤɨɬɨɪɭɸ 

ɞɨɥɠɧɵ ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɫɢɧɯɪɨɧɧɵɟ ɞɜɢ-
ɝɚɬɟɥɢ: 

1) , min max
Q Q Q

i i i
 i = 1, 2, 3, 4; 

2) 
4

1

  
Q Q

i
i

. 

ȼ ɤɚɱɟɫɬɜɟ ɷɬɚɥɨɧɧɨɝɨ ɪɟɲɟɧɢɹ ɞɥɹ ɞɚɧ-
ɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɡɚɞɚɱɢ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɜɵ-
ɫɬɭɩɢɥ ɚɥɝɨɪɢɬɦ ɦɟɬɨɞɚ ɧɟɨɩɪɟɞɟɥɟɧɧɵɯ 
ɦɧɨɠɢɬɟɥɟɣ Ʌɚɝɪɚɧɠɚ. Д4Ж 

ɉɪɢɦɟɧɟɧɢɟ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ȽȺ. ɂɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɧɰɢɩɨɜ «ɞɚɪɜɢɧɢɡɦɚ» ɜ 
ɩɪɢɤɥɚɞɧɨɣ ɦɚɬɟɦɚɬɢɤɟ ɧɚɱɚɥɨɫɶ ɜ 1950-ɯ, 
ɨɞɧɚɤɨ ɫɟɪɶɟɡɧɵɣ ɩɪɨɪɵɜ ɩɪɨɢɡɨɲɟɥ ɬɨɥɶɤɨ 
ɜ ɫɟɪɟɞɢɧɟ 70-ɯ ɝɨɞɨɜ ɩɨɞ ɜɥɢɹɧɢɟɦ ɩɨɹɜɥɟ-
ɧɢɹ ɩɟɪɜɨɝɨ ɫɟɪɢɣɧɨɝɨ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦ-
ɩɶɸɬɟɪɚ Altair 8800. ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɢɣ 
ɜɤɥɚɞ ɜ ɬɟɨɪɢɸ ȽȺ ɜɧɟɫɥɢ Ⱦɠ. ɏɨɥɥɚɧɞ ɢ 
ɟɝɨ ɭɱɟɧɢɤɢ – Ʉ. Ⱦɟ Ƀɨɧɝ Д5Ж ɢ Ⱦ. Ƚɨɥɞɛɟɪɝ. 

ɂɞɟɹ ȽȺ Д1,2Ж ɡɚɢɦɫɬɜɨɜɚɧɚ ɭ ɠɢɜɨɣ 
ɩɪɢɪɨɞɵ ɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɪɝɚɧɢɡɚɰɢɢ ɷɜɨ-
ɥɸɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɤɨɧɟɱɧɨɣ ɰɟɥɶɸ ɤɨ-
ɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɪɟɲɟɧɢɹ ɜ ɫɥɨɠɧɨɣ ɤɨɦɛɢɧɚɬɨɪɧɨɣ ɡɚɞɚɱɟ. 
Ɂɚɞɚɱɚ ɮɨɪɦɚɥɢɡɭɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ 
ɟɺ ɪɟɲɟɧɢɟ ɦɨɝɥɨ ɛɵɬɶ ɡɚɤɨɞɢɪɨɜɚɧɨ ɜ ɜɢɞɟ 
ɜɟɤɬɨɪɚ «ɯɪɨɦɨɫɨɦ» («ɝɟɧɨɬɢɩɚ»), ɝɞɟ ɤɚɠ-
ɞɚɹ «ɯɪɨɦɨɫɨɦɚ» ɹɜɥɹɟɬɫɹ ɞɜɨɢɱɧɵɦ ɱɢɫɥɨɦ.  

 

Ɍɚɛɥɢɰɚ 1.  ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

Ɍɢɩ  
ɞɜɢɝɚɬɟɥɹ 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳ-
ɧɨɫɬɶ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɚɩɩɪɨɤɫɢɦɚɰɢɢ, 

ɤȼɬ 

Ⱦɨɩɭɫɬɢɦɚɹ 
ɡɚɝɪɭɡɤɚ ɩɨ 
ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ, 

ɤɜɚɪ 

ɋɭɦɦɚɪɧɚɹ ɪɟ-
ɚɤɬɢɜɧɚɹ ɦɨɳ-
ɧɨɫɬɶ, ɩɨɞɥɟ-
ɠɚɳɚɹ   ɤɨɦ-
ɩɟɧɫɚɰɢɢ ɋȾ, 

ɤɜɚɪ 

ɚɤɬɢɜɧɚɹ, 
ɤȼɬ 

ɪɟɚɤɬɢɜɧɚɹ, 
ɤɜɚɪ 

D1 D2 

ɋȾɇ-15-30-8 1250 637 7,33 7,29 600 

4000 
ɋȾɇ-15-49-8 1600 812 7,22 7,33 800 

ɋȾɇ-15-64-8 2000 1010 8,08 6,98 1000 

ɋȾɇ-16-54-8 2500 1265 11,2 10,2 2400 
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ɉɨɩɭɥɹɰɢɹ – ɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ ɨɫɨ-
ɛɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɯɪɨɦɨɫɨɦɚɦɢ ɫ ɡɚɤɨɞɢ-
ɪɨɜɚɧɧɵɦɢ ɜ ɧɢɯ ɩɚɪɚɦɟɬɪɚɦɢ ɡɚɞɚɱɢ. ɋɥɭ-
ɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɫɨɡɞɚɺɬɫɹ ɦɧɨɠɟɫɬɜɨ ɝɟɧɨ-
ɬɢɩɨɜ ɧɚɱɚɥɶɧɨɣ ɩɨɩɭɥɹɰɢɢ. Ɉɧɢ ɨɰɟɧɢɜɚ-
ɸɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛ-
ɥɟɧɧɨɫɬɢ (ɮɢɬɧɟɫ-ɮɭɧɤɰɢɢ), ɤɨɬɨɪɚɹ ɩɪɟɞ-
ɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ. ɋ ɩɨɦɨ-
ɳɶɸ ɮɢɬɧɟɫ-ɮɭɧɤɰɢɢ ɧɚɢɛɨɥɟɟ ɩɪɢɫɩɨɫɨɛ-
ɥɟɧɧɵɟ ɨɫɨɛɢ (ɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɟ ɪɟɲɟɧɢɹ) 
ɩɨɥɭɱɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɤɪɟɳɢɜɚɬɶɫɹ ɢ ɞɚ-
ɜɚɬɶ ɩɨɬɨɦɫɬɜɨ, ɚ ɧɚɢɯɭɞɲɢɟ (ɩɥɨɯɢɟ ɪɟɲɟ-
ɧɢɹ) ɭɞɚɥɹɸɬɫɹ ɢɡ ɩɨɩɭɥɹɰɢɢ ɢ ɧɟ ɞɚɸɬ 
ɩɨɬɨɦɫɬɜɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɢɡɜɟɞɟɧɧɨɣ ɫɟ-
ɥɟɤɰɢɢ, ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶ ɧɨɜɨɝɨ ɩɨɤɨɥɟ-
ɧɢɹ ɜ ɫɪɟɞɧɟɦ ɜɵɲɟ ɩɪɟɞɵɞɭɳɟɝɨ. 

ɉɨɫɥɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɨɬɛɨɪɚ ɤ ɩɨɥɭɱɟɧ-
ɧɵɦ ɨɫɨɛɹɦ (ɜɵɛɢɪɚɟɦɵɦ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 
ɫɤɪɟɳɢɜɚɧɢɹ) ɢ ɝɟɧɚɦ (ɜɵɛɢɪɚɟɦɵɦ ɫ ɜɟɪɨ-
ɹɬɧɨɫɬɶɸ ɦɭɬɚɰɢɢ) ɩɪɢɦɟɧɹɸɬɫɹ ɝɟɧɟɬɢɱɟ-
ɫɤɢɟ ɨɩɟɪɚɬɨɪɵ ɤɪɨɫɫɨɜɟɪɚ ɢ ɦɭɬɚɰɢɢ. Ɇɨ-
ɞɟɥɢɪɨɜɚɧɢɟ «ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ», ɤɨ-
ɬɨɪɵɣ ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɠɢɡɧɟɧɧɵɯ ɰɢɤɥɨɜ 
(ɩɨɤɨɥɟɧɢɣ), ɜɵɩɨɥɧɹɟɬɫɹ ɢɬɟɪɚɬɢɜɧɨ ɞɨ ɬɟɯ 
ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧ ɤɪɢɬɟɪɢɣ ɨɫɬɚ-
ɧɨɜɤɢ ɚɥɝɨɪɢɬɦɚ. 

ɉɨɞɨɛɧɵɟ ɦɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ ɱɚɳɟ 
ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɢɫɤɨɦɚɹ 
ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɹɜɥɹɟɬɫɹ ɩɪɟɪɵɜɢɫɬɨɣ, ɫɭ-
ɳɟɫɬɜɟɧɧɨ ɧɟɥɢɧɟɣɧɨɣ, ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ, ɧɟ 
ɢɦɟɟɬ ɩɪɨɢɡɜɨɞɧɵɯ ɢɥɢ ɷɬɢ ɩɪɨɢɡɜɨɞɧɵɟ ɹɜ-
ɥɹɸɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɨɩɪɟɞɟɥɟɧɧɵɦɢ. ȼ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ ɫ ɩɨɦɨɳɶɸ ȽȺ ɭɫɩɟɲɧɨ 
ɪɟɲɚɸɬ ɡɚɞɚɱɢ ɩɨ ɪɚɫɱɟɬɭ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ 
ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ 
ɜɵɩɨɥɧɹɸɬ ɢɯ ɨɩɬɢɦɢɡɚɰɢɸ ɩɨ ɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ, ɩɨ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɨ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɢ ɞɪ. Д9Ж 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɝɟɧɟ-
ɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɩɨ-
ɦɨɳɢ ɧɚɞɫɬɪɨɣɤɢ Genetic Algorithm and Di-

rect Search Toolbox, ɹɜɥɹɸɳɟɣɫɹ ɱɚɫɬɶɸ 
ɪɚɫɲɢɪɟɧɢɹ Optimization Toolbox, ɜɯɨɞɹɳɟɝɨ 
ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ MATLAB. ȼ ɩɨɥɟ Fit-

ness function ɭɤɚɡɵɜɚɟɬɫɹ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɜ 
ɜɢɞɟ ɫɫɵɥɤɢ ɧɚ M-ɮɚɣɥ, ɜ ɤɨɬɨɪɨɦ ɩɪɟɞɜɚɪɢ-
ɬɟɥɶɧɨ ɨɩɢɫɚɧɚ ɨɩɬɢɦɢɡɢɪɭɟɦɚɹ ɮɭɧɤɰɢɹ. ȼ 
ɩɨɥɟ Number of variables ɭɤɚɡɵɜɚɟɬɫɹ ɞɥɢɧɚ 
ɜɯɨɞɧɨɝɨ ɜɟɤɬɨɪɚ ɨɩɬɢɦɢɡɢɪɭɟɦɨɣ ɮɭɧɤɰɢɢ. 
ȼ ɩɚɧɟɥɢ Constraints ɡɚɞɚɸɬɫɹ ɨɝɪɚɧɢɱɟɧɢɹ 

(ɜ ɩɨɥɟ Linear inequalities ɜ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ 
ɡɚɞɚɟɬɫɹ ɥɢɧɟɣɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ ɧɟɪɚɜɟɧɫɬɜɚ, 
ɚ ɜ ɩɨɥɟ Linear equalities – ɥɢɧɟɣɧɵɟ ɨɝɪɚɧɢ-
ɱɟɧɢɹ ɪɚɜɟɧɫɬɜ) ɢɥɢ ɨɝɪɚɧɢɱɢɜɚɸɳɚɹ ɧɟɥɢ-
ɧɟɣɧɚɹ ɮɭɧɤɰɢɹ. ȼ ɩɪɚɜɨɣ ɱɚɫɬɢ ɨɫɧɨɜɧɨɝɨ 
ɨɤɧɚ ɭɬɢɥɢɬɵ GATool ɧɚɯɨɞɢɬɫɹ ɩɚɧɟɥɶ Op-

tions. Ɉɧɚ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶ 
ɪɚɡɥɢɱɧɵɟ ɧɚɫɬɪɨɣɤɢ ɞɥɹ ɪɚɛɨɬɵ ȽȺ. 

 

 
 

Ɋɢɫ. 1 – Ƚɪɚɮɢɤ ɮɢɬɧɟɫ-ɮɭɧɤɰɢɢ,                  
ɩɨɥɭɱɟɧɧɵɣ ɜ ɯɨɞɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ȽȺ 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ȽȺ ɜɵɩɨɥɧɹɥɨɫɶ ɞɥɹ 
ɩɨɩɭɥɹɰɢɢ ɱɢɫɥɟɧɧɨɫɬɶɸ 50 ɨɫɨɛɟɣ ɫ ɩɪɢ-
ɦɟɧɟɧɢɟɦ ɪɚɧɝɨɜɨɝɨ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɮɢɬ-
ɧɟɫ-ɮɭɧɤɰɢɢ, ɦɟɯɚɧɢɡɦɚ ɫɟɥɟɤɰɢɢ «ɪɭɥɟɬ-
ɤɚ», ɜɟɪɨɹɬɧɨɫɬɢ ɫɤɪɟɳɢɜɚɧɢɹ ɪɚɜɧɨɣ 0,8, ɫ 
ɡɚɞɟɣɫɬɜɨɜɚɧɢɟɦ ɦɟɯɚɧɢɡɦɚ ɷɥɢɬɚɪɧɨɣ ɫɬɪɚ-
ɬɟɝɢɢ. Ⱥɥɝɨɪɢɬɦ ɩɨɤɚɡɚɥ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ 
ɩɪɢ ɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɛɵɫɬɪɨɞɟɣɫɬɜɢɢ: ɧɚ ɦɨ-
ɞɟɥɢɪɨɜɚɧɢɟ 50-60 ɩɨɤɨɥɟɧɢɣ ɜ ɫɪɟɞɧɟɦ 
ɭɯɨɞɢɥɨ ɨɤɨɥɨ 2 ɫ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɟɞ-
ɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.1 ɢ ɜ ɬɚɛɥ. 2.  

ɗɜɨɥɸɰɢɨɧɧɚɹ ɫɬɪɚɬɟɝɢɹ (ɗɋ). ȼ ɤɚɱɟ-
ɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɗȺ ɜɵɛɪɚɧ ɚɥɝɨɪɢɬɦ 
ɗɋ. ɗɬɨɬ ɬɢɩ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɪɚɡ-
ɪɚɛɨɬɚɧ ɜ 1964 ɝɨɞɭ ɧɟɦɟɰɤɢɦ ɭɱɺɧɵɦ ɂɧɝɨ 
Ɋɟɯɟɧɛɟɪɝɨɦ ɢ ɪɚɡɜɢɬ ɜ ɞɚɥɶɧɟɣɲɟɦ ɏɚɧɫ-

ɉɨɥɨɦ ɒɜɟɮɟɥɨɦ Д6Ж ɢ ɞɪ.  
Ƚɥɚɜɧɨɟ ɫɯɨɞɫɬɜɨ ɦɟɠɞɭ ɗɋ ɢ ȽȺ ɡɚ-

ɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɛɚ ɦɟɬɨɞɚ ɢɫɩɨɥɶɡɭɸɬ 
ɩɨɩɭɥɹɰɢɢ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɢ ɪɟɚɥɢ-
ɡɭɸɬ ɩɪɢɧɰɢɩ ɫɟɥɟɤɰɢɢ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɧɚɢɛɨɥɟɟ ɩɪɢɫɩɨɫɨɛɥɟɧɧɵɯ ɨɫɨɛɟɣ Д1,8Ж.  

Ɉɞɧɚɤɨ ɩɨɞɯɨɞɵ ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ 
ɞɪɭɝ ɨɬ ɞɪɭɝɚ. Ɍɚɤ, ɗɋ ɨɩɟɪɢɪɭɸɬ ɜɟɤɬɨɪɚɦɢ 
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ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɢɫɟɥ, ɬɨɝɞɚ ɤɚɤ ȽȺ – ɞɜɨ-
ɢɱɧɵɦɢ ɜɟɤɬɨɪɚɦɢ. ɋɭɳɟɫɬɜɟɧɧɨɟ ɨɬɥɢɱɢɟ 
ɤɚɫɚɟɬɫɹ ɬɚɤɠɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɵɩɨɥ-
ɧɟɧɢɹ ɩɪɨɰɟɞɭɪ ɫɟɥɟɤɰɢɢ ɢ ɪɟɤɨɦɛɢɧɚɰɢɢ. 
ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɗɋ ɜɧɚɱɚɥɟ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɪɟɤɨɦɛɢɧɚɰɢɹ, ɚ ɩɨɬɨɦ ɫɟɥɟɤɰɢɹ. ɉɨɬɨɦɨɤ 
ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɤɪɟɳɢɜɚɧɢɹ ɞɜɭɯ 
ɪɨɞɢɬɟɥɟɣ ɢ ɦɭɬɚɰɢɢ. Ɏɨɪɦɢɪɭɟɦɚɹ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ ɩɪɨɦɟɠɭɬɨɱɧɚɹ ɩɨɩɭɥɹɰɢɹ, ɫɨɫɬɨɹ-
ɳɚɹ ɢɡ ɜɫɟɯ ɪɨɞɢɬɟɥɟɣ ɢ ɩɨɥɭɱɟɧɧɵɯ ɨɬ ɧɢɯ 
ɩɨɬɨɦɤɨɜ, ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɞɜɟɪɝɚɟɬɫɹ ɫɟ-
ɥɟɤɰɢɢ, ɤɨɬɨɪɚɹ ɭɦɟɧɶɲɚɟɬ ɪɚɡɦɟɪ ɷɬɨɣ ɩɨ-
ɩɭɥɹɰɢɢ ɞɨ ɪɚɡɦɟɪɚ ɢɫɯɨɞɧɨɣ ɩɨɩɭɥɹɰɢɢ. ȼ 
ɫɥɭɱɚɟ ɜɵɩɨɥɧɟɧɢɹ ȽȺ ɷɬɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɫɬɶ ɢɧɜɟɪɬɢɪɭɟɬɫɹ, ɨ ɱɟɦ ɭɠɟ ɛɵɥɨ ɭɩɨɦɹ-
ɧɭɬɨ ɜɵɲɟ. 

ȿɳɟ ɨɞɧɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɪɚɡɥɢɱɢɟ ɫɨɫɬɨ-
ɢɬ ɜ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɫɟɥɟɤɰɢɢ. ɉɪɢ 
ɪɟɚɥɢɡɚɰɢɢ ɗɋ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɚɹ 
ɩɨɩɭɥɹɰɢɹ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɜɫɟɯ ɪɨɞɢɬɟɥɟɣ ɢ 
ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɨɬɨɦɤɨɜ, ɫɨɡɞɚɧɧɵɯ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɢɹ ɝɟɧɟɬɢɱɟɫɤɢɯ ɨɩɟ-
ɪɚɬɨɪɨɜ. ɋ ɩɨɦɨɳɶɸ ɨɬɛɨɪɚ ɪɚɡɦɟɪ ɷɬɨɣ 
ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɩɨɩɭɥɹɰɢɢ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 
ɜɟɥɢɱɢɧɵ ɪɨɞɢɬɟɥɶɫɤɨɣ ɡɚ ɫɱɟɬ ɢɫɤɥɸɱɟɧɢɹ 
ɧɚɢɦɟɧɟɟ ɩɪɢɫɩɨɫɨɛɥɟɧɧɵɯ ɨɫɨɛɟɣ. ɋɮɨɪ-
ɦɢɪɨɜɚɧɧɚɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɩɭɥɹɰɢɹ ɨɛɪɚ-
ɡɭɟɬ ɨɱɟɪɟɞɧɨɟ ɩɨɤɨɥɟɧɢɟ. ȼ ȽȺ, ɧɚɩɪɨɬɢɜ, 
ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɟɥɟɤɰɢɢ ɢɡ 
ɩɨɩɭɥɹɰɢɢ ɪɨɞɢɬɟɥɟɣ ɜɵɛɢɪɚɟɬɫɹ ɤɨɥɢɱɟ-
ɫɬɜɨ ɨɫɨɛɟɣ, ɪɚɜɧɨɟ ɪɚɡɦɟɪɧɨɫɬɢ ɢɫɯɨɞɧɨɣ 
ɩɨɩɭɥɹɰɢɢ, ɩɪɢ ɷɬɨɦ ɧɟɤɨɬɨɪɵɟ (ɧɚɢɛɨɥɟɟ 
ɩɪɢɫɩɨɫɨɛɥɟɧɧɵɟ) ɨɫɨɛɢ ɦɨɝɭɬ ɜɵɛɢɪɚɬɶɫɹ 
ɦɧɨɝɨɤɪɚɬɧɨ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɩɪɢɦɟɧɹɟɦɨɝɨ ɜ 
ȽȺ ɦɟɬɨɞɚ ɫɟɥɟɤɰɢɢ. Ɇɟɧɟɟ ɩɪɢɫɩɨɫɨɛɥɟɧ-
ɧɵɟ ɨɫɨɛɢ ɬɚɤɠɟ ɢɦɟɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɤɚ-
ɡɚɬɶɫɹ ɜ ɧɨɜɨɣ ɩɨɩɭɥɹɰɢɢ, ɨɞɧɚɤɨ ɲɚɧɫɵ ɢɯ 
ɜɵɛɨɪɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɜɟɥɢɱɢɧɟ ɩɪɢɫɩɨ-
ɫɨɛɥɟɧɧɨɫɬɢ ɨɫɨɛɟɣ. ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɗɋ 
ɨɫɨɛɢ ɜɵɛɢɪɚɸɬɫɹ ɛɟɡ ɩɨɜɬɨɪɟɧɢɣ, ɬɚɤ ɤɚɤ ɜ 
ɗɋ ɩɪɢɦɟɧɹɟɬɫɹ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɚɹ ɩɪɨɰɟ-
ɞɭɪɚ ɫɟɥɟɤɰɢɢ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɩɚɪɚɦɟɬɪɵ ȽȺ (ɬɚɤɢɟ, ɤɚɤ ɜɟɪɨɹɬɧɨɫɬɢ ɫɤɪɟ-

ɳɢɜɚɧɢɹ ɢ ɦɭɬɚɰɢɢ) ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ 
ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɷɜɨɥɸɰɢɢ, 
ɬɨɝɞɚ ɤɚɤ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɗɋ ɷɬɢ ɩɚɪɚɦɟɬɪɵ 
ɩɨɞɜɟɪɝɚɸɬɫɹ ɫɚɦɨɚɞɚɩɬɚɰɢɢ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɷɜɨɥɸɰɢɨɧɧɨɣ ɫɬɪɚ-
ɬɟɝɢɢ. ȼ ɯɨɞɟ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ 
ɜ ɫɪɟɞɟ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
LabVIEW ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɫɩɟɰɢɚɥɶɧɵɣ ɚɥɝɨ-
ɪɢɬɦ, ɩɨɡɜɨɥɹɸɳɢɣ ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɨɩɬɢ-
ɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɫɭɪɫɨɜ ɩɭɬɟɦ ɦɨ-
ɞɟɥɢɪɨɜɚɧɢɹ ɗɋ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 
ɂɧɬɟɪɮɟɣɫ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɜɢɪɬɭɚɥɶɧɨɝɨ 
ɩɪɢɛɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2. 

ɉɪɨɝɪɚɦɦɚ ɩɨɡɜɨɥɹɟɬ ɦɨɞɟɥɢɪɨɜɚɬɶ ɗɋ 
ɢ ɪɟɝɭɥɢɪɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɷɜɨɥɸɰɢɢ. Ⱦɥɹ 
ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɧɚɢɥɭɱɲɢɯ ɪɟɡɭɥɶɬɚɬɨɜ 
ɭɞɚɥɨɫɶ ɞɨɫɬɢɱɶ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɯɟɦɵ 
ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɦɟɪɚ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɩɨɩɭ-
ɥɹɰɢɢ ɡɚ ɫɱɟɬ ɢɫɤɥɸɱɟɧɢɹ ɧɚɢɦɟɧɟɟ ɩɪɢɫɩɨ-
ɫɨɛɥɟɧɧɵɯ ɨɫɨɛɟɣ ɢ ɡɚɞɟɣɫɬɜɨɜɚɧɢɟɦ ɷɥɢ-
ɬɢɡɦɚ. Ⱥɥɝɨɪɢɬɦ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɬɚɛɢɥɶɧɨ 
ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɪɚɫɱɟɬɚ ɩɪɢ ɪɚɡɦɟɪɟ ɩɨ-
ɩɭɥɹɰɢɢ ɜ 200 ɨɫɨɛɟɣ. Ɉɞɧɚɤɨ, ɫɥɟɞɭɟɬ ɨɬɦɟ-
ɬɢɬɶ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɦɟɯɚɧɢɡɦɚ 
ɡɚɞɚɧɢɹ ɨɝɪɚɧɢɱɟɧɢɣ ɜ ɤɨɦɛɢɧɚɰɢɢ ɚɞɚɩɬɢɜ-
ɧɨɣ ɦɭɬɚɰɢɟɣ ɞɚɠɟ ɩɪɢ ɪɨɫɬɟ ɱɢɫɥɟɧɧɨɫɬɢ 
ɩɨɩɭɥɹɰɢɢ ɩɨɡɜɨɥɢɥɚ ɞɨɫɬɢɱɶ ɛɨɥɟɟ ɜɵɫɨɤɨ-
ɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ: 50 ɩɨɤɨɥɟɧɢɣ ɦɨɞɟɥɢ-
ɪɭɸɬɫɹ ɜ ɫɪɟɞɧɟɦ ɡɚ 0,2-0,23 ɫ. ɋɪɚɜɧɢɬɟɥɶ-
ɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɥɢɱɧɵɦɢ 
ɦɟɬɨɞɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2. 

 

Ɍɚɛɥɢɰɚ 2.  Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ 

 ȽȺ ɗɋ 

Ɇɟɬɨɞ 
ɧɟɨɩɪɟɞ. 

ɦɧɨɠɢɬɟɥɟɣ 
Ʌɚɝɪɚɧɠɚ 

Q1, ɤȼɬ 525,7 524,5 521,6 

Q2, ɤȼɬ 800 800 800 

Q3, ɤȼɬ 999,6 1000 1000 

Q4, ɤȼɬ 1674,7 1675,5 1678,4 

Z, ɤȼɬ 72,781 72,777 72,777 
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Ɋɢɫ. 2 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɚɥɝɨɪɢɬɦɚ ɷɜɨɥɸɰɢɨɧɧɨɣ ɫɬɪɚɬɟɝɢɢ, ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɜ LabVIEW  

 

ȼɵɜɨɞɵ: 
1. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ 

ɝɟɧɟɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɪɟɲɟɧɢɹ ɨɩɬɢ-
ɦɢɡɚɰɢɨɧɧɵɯ ɡɚɞɚɱ ɜɫɟ ɱɚɳɟ ɩɪɢɦɟɧɹɟɬɫɹ 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɯɪɨɦɨɫɨɦ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ 
ɱɢɫɥɚɦɢ ɢ ɪɚɡɥɢɱɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ «ɝɟɧɟɬɢ-
ɱɟɫɤɢɯ» ɨɩɟɪɚɬɨɪɨɜ, ɱɬɨ ɢɦɟɟɬ ɰɟɥɶɸ ɩɨɜɵ-
ɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɬɢɯ ɚɥɝɨɪɢɬɦɨɜ. ɉɨ-
ɞɨɛɧɵɟ ɦɟɬɨɞɵ, ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɳɢɟɫɹ 
ɨɬ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, 
ɩɨ ɬɪɚɞɢɰɢɢ ɫɨɯɪɚɧɹɸɬ ɩɪɟɠɧɟɟ ɧɚɡɜɚɧɢɟ, 
ɯɨɬɹ ɛɨɥɟɟ ɤɨɪɪɟɤɬɧɨ ɛɵɥɨ ɛɵ ɧɚɡɵɜɚɬɶ ɢɯ 
ɷɜɨɥɸɰɢɨɧɧɵɦɢ.  

2. Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɧɟ ɹɜɥɹɟɬɫɹ 
«ɜɨɥɲɟɛɧɨɣ ɩɚɥɨɱɤɨɣ» ɩɪɢ ɪɟɲɟɧɢɢ ɜɫɟɯ 
ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ ɡɚɞɚɱ. ȼɨ ɦɧɨɠɟɫɬɜɟ ɫɥɭ-
ɱɚɟɜ ɞɪɭɝɢɟ ɚɥɝɨɪɢɬɦɵ ɪɚɛɨɬɚɸɬ ɛɵɫɬɪɟɟ ɢ 
ɩɪɚɤɬɢɱɧɟɟ. Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɩɪɟɞɧɚ-
ɡɧɚɱɟɧ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɣ ɞɢɫɤɪɟɬ-
ɧɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɷɜɨɥɸɰɢɨɧ-
ɧɵɟ ɫɬɪɚɬɟɝɢɢ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɧɚ ɨɩɬɢɦɢɡɚ-
ɰɢɸ ɧɟɩɪɟɪɵɜɧɵɯ ɮɭɧɤɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢ-
ɟɦ ɪɟɤɨɦɛɢɧɚɰɢɣ. ɗɮɮɟɤɬɢɜɧɵɣ ɜɵɛɨɪ ɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɜɨɥɸɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ 
ɡɚɜɢɫɹɬ ɨɬ ɩɪɚɜɢɥɶɧɨɝɨ ɫɨɨɬɧɟɫɟɧɢɹ ɮɨɪɦɚ-
ɥɢɡɨɜɚɧɧɨɣ ɡɚɞɚɱɢ, ɫɭɳɧɨɫɬɢ ɦɟɬɨɞɚ ɪɟɲɟ-
ɧɢɹ ɢ ɨɠɢɞɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

3. ɋɭɳɟɫɬɜɟɧɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɷɜɨ-
ɥɸɰɢɨɧɧɨɣ ɫɬɪɚɬɟɝɢɢ ɹɜɥɹɟɬɫɹ ɦɟɯɚɧɢɡɦ 
ɬɪɚɤɬɨɜɤɢ ɨɝɪɚɧɢɱɟɧɢɣ, ɧɚɥɚɝɚɟɦɵɯ ɧɚ ɤɪɢ-

ɬɟɪɢɣ ɨɩɬɢɦɢɡɚɰɢɢ. Ɍɚɤ, ɟɫɥɢ ɩɪɢ ɪɟɚɥɢɡɚ-
ɰɢɢ ɷɜɨɥɸɰɢɨɧɧɨɣ ɫɬɪɚɬɟɝɢɢ ɧɚ ɧɟɤɨɬɨɪɨɣ 
ɢɬɟɪɚɰɢɢ ɩɨɬɨɦɨɤ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ 
ɨɝɪɚɧɢɱɟɧɢɹɦ, ɬɨ ɨɧ ɨɬɜɟɪɝɚɟɬɫɹ ɢ ɧɟ ɜɤɥɸ-
ɱɚɟɬɫɹ ɜ ɧɨɜɭɸ ɩɨɩɭɥɹɰɢɸ. ȼ ɫɥɭɱɚɟ ɪɨɫɬɚ 
ɱɢɫɥɟɧɧɨɫɬɢ ɬɚɤɢɯ ɩɨɬɨɦɤɨɜ ɷɜɨɥɸɰɢɨɧɧɚɹ 
ɫɬɪɚɬɟɝɢɹ ɡɚɩɭɫɤɚɟɬ ɩɪɨɰɟɫɫ ɚɞɚɩɬɚɰɢɢ ɩɚ-
ɪɚɦɟɬɪɨɜ, ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ 
ɫɤɪɟɳɢɜɚɧɢɹ ɢ ɦɭɬɚɰɢɣ. ȼ ɤɥɚɫɫɢɱɟɫɤɨɦ ɝɟ-
ɧɟɬɢɱɟɫɤɨɦ ɚɥɝɨɪɢɬɦɟ ɜɦɟɫɬɨ ɷɬɨɝɨ ɦɟɯɚ-
ɧɢɡɦɚ ɞɥɹ ɨɫɨɛɟɣ, ɤɨɬɨɪɵɟ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɸɬ 
ɧɚɥɨɠɟɧɧɵɦ ɨɝɪɚɧɢɱɟɧɢɹɦ, ɩɪɢɦɟɧɹɟɬɫɹ 
«ɲɬɪɚɮɧɚɹ» ɮɭɧɤɰɢɹ Д10Ж, ɨɞɧɚɤɨ ɷɬɚ ɦɟɬɨ-
ɞɢɤɚ ɫɧɢɠɚɟɬ ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɢ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɵɪɨɠɞɟɧɢɸ ɩɨɩɭɥɹɰɢɢ. 
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