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Ɉɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɤɚɱɟɫɬɜɨ 
ɬɪɭɛ, ɹɜɥɹɟɬɫɹ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɢɫɩɨɥɶɡɭɟɦɨɟ ɩɪɢ ɢɡ-
ɝɨɬɨɜɥɟɧɢɢ. Ʉɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɚɧɨɜ ɢɝɪɚɸɬ ɨɫɧɨɜɧɭɸ ɪɨɥɶ, ɬɚɤ 
ɤɚɤ ɨɬ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɢ ɟɟ ɜɟɥɢɱɢɧɵ ɡɚɜɢɫɢɬ ɜɟ-
ɪɨɹɬɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɚɤɨɝɨ ɞɟɮɟɤɬɚ ɤɚɤ ɞɟ-
ɮɨɪɦɚɰɢɹ ɬɪɭɛɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ [3]. Ɍɚɤɠɟ ɧɟɨɬɴ-
ɟɦɥɟɦɵɦ ɮɚɤɬɨɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɤɚɱɟɫɬɜɨ ɬɪɭɛ, 
ɹɜɥɹɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɢ ɤɚɱɟɫɬɜɨ ɟɝɨ ɞɨɤɭɦɟɧɬɢɪɨɜɚɧɢɹ, ɤɨɧɬɪɨɥɶ ɜɵɩɨɥ-
ɧɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɤɨɧ-
ɬɪɨɥɶ ɡɚɝɨɬɨɜɨɤ ɢ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ, ɤɚɱɟɫɬɜɨ ɢɫ-
ɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɭɫɥɨɜɢɹ ɞɨɫɬɚɜɤɢ, ɯɪɚɧɟɧɢɹ, 
ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ ɬ.ɞ.), ɚ ɬɚɤɠɟ ɩɟɪɫɨɧɚɥ ɢ ɭɫɥɨ-
ɜɢɹ ɢɯ ɬɪɭɞɚ (ɨɪɝɚɧɢɡɚɰɢɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ, ɬɟɯɧɢɤɚ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɫɨɫɬɨɹɧɢɟ ɪɚɛɨɱɢɯ ɦɟɫɬ). 
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MODELING OF THE DRIVE CONTROL SYSTEM OPERATION FOR HOUSEHOLD APPLIANCES 

 

Ⱥɧɧɨɬɚɰɢɹ 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ ɧɚ ɨɫɧɨɜɟ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɞɥɹ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɜ ɛɵɬɨɜɨɣ ɬɟɯɧɢɤɟ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɩɪɨɛɥɟɦɵ ɢ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɢɜɨɞɭ ɬɚɤɨɝɨ 
ɬɢɩɚ. ɉɪɟɞɥɨɠɟɧɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɚɦɢ ɪɚ-
ɛɨɬɵ ɩɪɢɜɨɞɚ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɢ ɤɨɦɩɶɸɬɟɪɧɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ. ɉɨɤɚɡɚɧɵ ɪɟɡɭɥɶ-
ɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɧɨɣ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ, ɢ ɢɯ ɜɥɢɹɧɢɟ ɧɚ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. 

Abstract 

The paper proposes a drive control system based on a DC motor for use in household appliances. The main 

problems and requirements to the drive of this type are analyzed. The proposed control system provides the ability 

to control the operating modes of the drive. System structural scheme and computer model are presented. Transi-

ent processes modeling results that arise during the operation of the proposed control system and their effect on 

the electric drive operating modes are shown. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɷɥɟɤɬɪɨɩɪɢɜɨɞ, ɞɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɛɵɬɨɜɚɹ ɬɟɯɧɢɤɚ, ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟ-
ɧɢɹ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

Keywords: electric drive, DC motor, home appliances, control system, simulation 

 

ȼɜɟɞɟɧɢɟ. ɗɥɟɤɬɪɨɩɪɢɜɨɞ ɧɚ ɨɫɧɨɜɟ ɞɜɢɝɚɬɟ-
ɥɟɣ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɨɜɪɟ-
ɦɟɧɧɨɣ ɛɵɬɨɜɨɣ ɬɟɯɧɢɤɟ. Ɂɚ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟ-
ɬɢɹ ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɷɬɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɵɥɨ ɪɚɡ-
ɪɚɛɨɬɚɧɨ ɦɧɨɠɟɫɬɜɨ ɦɨɞɟɥɟɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, 

ɤɨɬɨɪɵɟ ɜɵɩɭɫɤɚɸɬɫɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɪɚɡɧɵɯ 
ɫɬɪɚɧ. ȼ ɬɨɠɟ ɜɪɟɦɹ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɛɵɬɨɜɨɣ 
ɬɟɯɧɢɤɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɪɚɛɨɬɚɟɬ ɜ ɫɥɨɠɧɵɯ ɭɫɥɨ-
ɜɢɹɯ, ɤɨɬɨɪɵɟ ɨɛɭɫɥɨɜɥɟɧɵ ɲɢɪɨɤɢɦ ɞɢɚɩɚɡɨɧɨɦ 
ɢɡɦɟɧɟɧɢɹ ɧɚɝɪɭɡɨɤ ɧɚ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ, ɬ.ɟ. ɦɨɦɟɧɬɚ 
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ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɫɥɨɠɧɨɫɬɶɸ ɟɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ, 
ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɦɨɦɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɜ ɬɟɱɟɧɢɟ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɷɬɢ ɩɪɨ-
ɛɥɟɦɵ ɫɜɹɡɚɧɵ ɫ ɬɟɦ, ɱɬɨ ɛɵɬɨɜɚɹ ɬɟɯɧɢɤɚ, ɧɚɩɪɢ-
ɦɟɪ ɤɭɯɨɧɧɵɟ ɤɨɦɛɚɣɧɵ, ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɨɛɪɚɛɨɬɤɢ ɩɪɨɞɭɤɬɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɮɢɡɢɤɨ-ɦɟɯɚ-
ɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. ȼ ɩɪɨɰɟɫɫɟ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 
ɢ ɢɡɦɟɥɶɱɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɢɡɦɟɧɹɟɬɫɹ ɢɯ ɜɹɡɤɨɫɬɶ, 
ɱɬɨ ɩɪɢɜɨɞɢɬ ɢɡɦɟɧɟɧɢɸ ɦɨɦɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɧɚ ɜɚɥɭ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. ɑɚɫɬɨ ɬɪɟɛɭɟɬɫɹ ɤɨɧ-
ɬɪɨɥɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɪɨɞɭɤɬ, ɱɬɨ 
ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɚ-
ɦɤɧɭɬɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɨ-
ɩɪɢɜɨɞɨɜ ɞɥɹ ɛɵɬɨɜɨɣ ɬɟɯɧɢɤɢ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵ-
ɜɚɬɶ ɦɧɨɠɟɫɬɜɨ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɢɡɦɟɧɹɸɬɫɹ ɜ 
ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ 
ɦɟɬɨɞɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɡɜɨ-
ɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɢɬɶ ɪɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ ɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɨɤɪɚɬɢɬɶ ɨɛɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢ 
ɩɪɢɜɨɞɚ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɷɥɟɤɬɪɨɩɪɢ-
ɜɨɞ ɧɚ ɨɫɧɨɜɟ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ [1,2]. Ʉ 
ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɬɚɤɢɯ ɞɜɢɝɚɬɟɥɟɣ ɨɬɧɨɫɹɬɫɹ: ɜɵɫɨ-
ɤɢɟ ɩɭɫɤɨɜɨɣ, ɬɨɪɦɨɡɧɨɣ ɢ ɩɟɪɟɝɪɭɡɨɱɧɵɣ ɦɨ-
ɦɟɧɬɵ, ɫɪɚɜɧɢɬɟɥɶɧɨ ɜɵɫɨɤɨɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ, ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɲɢɪɨɤɨɝɨ ɢ ɩɥɚɜɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚ-
ɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜ-
ɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɢ ɡɚɦɤɧɭɬɨɣ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɧɚ ɨɫɧɨɜɟ 
ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (ȾɉɌ). 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ 3D ɦɨɞɟɥɶ ɩɪɢ-
ɜɨɞɚ ɤɭɯɨɧɧɨɝɨ ɤɨɦɛɚɣɧɚ ɜ ɫɢɫɬɟɦɟ Solidworks 

(ɪɢɫ.1). 

 
Ɋɢɫ. 1. Ɇɨɞɟɥɶ ɩɪɢɜɨɞɚ ɤɭɯɨɧɧɨɝɨ ɤɨɦɛɚɣɧɚ 

 

Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɢɥɚ ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɜɡɚ-
ɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢɜɨɞɚ ɢ ɨɫɭ-
ɳɟɫɬɜɢɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɤɢɧɟɦɚɬɢɤɢ ɢɯ ɞɜɢɠɭ-
ɳɢɯɫɹ ɱɚɫɬɟɣ. 

Ɉɫɧɨɜɧɵɦ ɫɩɨɫɨɛɨɦ ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ 
ɜɪɚɳɟɧɢɹ ȾɉɌ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ 
ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɟɝɨ ɹɤɨɪɟ. ɉɨɫɤɨɥɶɤɭ ɩɢɬɚɧɢɟ ɛɵɬɨ-
ɜɨɣ ɬɟɯɧɢɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɨɞɧɨɮɚɡɧɨɣ ɫɟɬɢ 
ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɞɥɹ ɩɢɬɚɧɢɹ ȾɉɌ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɫɯɟɦɚ ɫ ɞɜɨɣɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɜɯɨɞɧɨɝɨ ɧɚɩɪɹ-
ɠɟɧɢɹ (ɪɢɫ.2). ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɹ, ɤɨɬɨɪɨɟ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɨɫɬɨɜɨɝɨ 
ɜɵɩɪɹɦɢɬɟɥɹ (ȼ) ɢ ɫɝɥɚɠɢɜɚɸɳɟɝɨ ɮɢɥɶɬɪɚ (ɋɎ1), 
ɩɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɩɨ-
ɫɬɨɹɧɧɨɟ. ȼɬɨɪɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬ ɢɧ-
ɜɟɪɬɨɪ (ɂ), ɤɨɬɨɪɵɣ ɢɡ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɮɨɪɦɢɪɭɟɬ ɢɦɩɭɥɶɫɧɨɟ ɫ ɡɚɞɚɧɧɨɣ ɫɤɜɚɠɧɨɫɬɶɸ. Ʉ 
ɜɵɯɨɞɭ ɢɧɜɟɪɬɨɪɚ ɱɟɪɟɡ ɫɝɥɚɠɢɜɚɸɳɢɣ ɮɢɥɶɬɪ 
(ɋɎ2) ɩɨɞɤɥɸɱɟɧ ȾɉɌ (Ⱦ). ɋɤɨɪɨɫɬɶ ɟɝɨ ɜɪɚɳɟɧɢɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɜɚɠɧɨɫɬɶɸ ɢɦɩɭɥɶɫɨɜ ɭɩɪɚɜɥɟɧɢɹ 
ɢɧɜɟɪɬɨɪɨɦ ɢ ɦɨɦɟɧɬɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɜɚɥɭ. 
Ʉɨɧɬɪɨɥɶ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɨɫɭɳɟɫɬɜ-
ɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɚ ɏɨɥɥɚ (Ⱦɏ), ɫɢɝɧɚɥɵ ɤɨ-
ɬɨɪɨɝɨ ɩɨɞɚɸɬɫɹ ɧɚ ɜɯɨɞ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ (ɆɄ). 
Ɋɚɫɱɟɬ ɫɤɜɚɠɧɨɫɬɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢɦɩɭɥɶɫɨɜ 
ɭɩɪɚɜɥɟɧɢɹ ɢɧɜɟɪɬɨɪɨɦ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɫɪɚɜɧɟɧɢɹ ɫɢɝɧɚɥɨɜ ɞɚɬɱɢɤɚ ɏɨɥɥɚ ɢ ɡɚɞɚɧɧɨɝɨ ɡɧɚ-
ɱɟɧɢɹ ɫɤɨɪɨɫɬɢ. 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ, 
ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɧɨɣ ɫɢ-
ɫɬɟɦɵ, ɜ ɫɪɟɞɟ Simulink ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
MatLab [3] ɪɚɡɪɚɛɨɬɚɧɚ ɟё ɦɨɞɟɥɶ (ɪɢɫ.3). 
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Ɋɢɫ.2. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ȾɉɌ 

 

 
Ɋɢɫ. 3. Кɨɦɩɶɸɬɟɪɧɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ȾɉɌ. 

 

Ⱦɚɧɧɚɹ ɤɨɦɩɶɸɬɟɪɧɚɹ ɦɨɞɟɥɶ ɜɤɥɸɱɚɟɬ ɦɨɫɬɨ-
ɜɨɣ ɜɵɩɪɹɦɢɬɟɥɶ, ɞɜɚ ɟɦɤɨɫɬɧɵɯ ɫɝɥɚɠɢɜɚɸɳɢɯ 
ɮɢɥɶɬɪɚ, ɢɧɜɟɪɬɨɪ, ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ, ɞɚɬɱɢɤɢ ɧɚɩɪɹɠɟ-
ɧɢɹ, ɬɨɤɚ, ɫɤɨɪɨɫɬɢ ɢ ɦɨɦɟɧɬɚ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 
ɨɩɪɟɞɟɥɢɬɶ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɢɜɨɞɚ ɢ ɩɨɫɬɪɨ-
ɢɬɶ ɝɪɚɮɢɤɢ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ ɜɨɡ-
ɧɢɤɚɸɬ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɟɠɢɦɨɜ ɟɝɨ ɪɚɛɨɬɵ. 

ɉɨɫɤɨɥɶɤɭ ɩɚɪɚɦɟɬɪɨɦ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ 
ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ, ɹɜɥɹɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ 
ɧɚ ɟɝɨ ɹɤɨɪɟ, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢɡɦɟ-
ɧɟɧɢɹ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɤɜɚɠɧɨɫɬɢ 
ɢɦɩɭɥɶɫɨɜ ɭɩɪɚɜɥɟɧɢɹ ɢɧɜɟɪɬɨɪɨɦ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨ-
ɤɚɡɚɧɵ ɧɚ ɪɢɫ.4. 

 

 
Ɋɢɫ. 4. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɹɤɨɪɟ ȾɉɌ ɨɬ ɫɤɜɚɠɧɨɫɬɢ ɢɦɩɭɥɶɫɨɜ 

ɭɩɪɚɜɥɟɧɢɹ. 
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ɉɟɪɜɚɹ ɱɚɫɬɶ ɝɪɚɮɢɤɚ (ɨɬ 0 ɞɨ 0,08 ɫ) ɫɨɨɬɜɟɬ-
ɫɬɜɭɟɬ ɩɭɫɤɭ ɞɜɢɝɚɬɟɥɹ, ɜɨ ɜɪɟɦɹ ɤɨɬɨɪɨɝɨ ɢɦ-
ɩɭɥɶɫɵ ɨɬ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨɫɬɭɩɚɸɬ ɫɨ 
ɫɤɜɚɠɧɨɫɬɶɸ 90%. Ɂɚ ɷɬɨ ɜɪɟɦɹ ɤɨɧɞɟɧɫɚɬɨɪ ɫɝɥɚ-
ɠɢɜɚɸɳɟɝɨ ɮɢɥɶɬɪɚ ɡɚɪɹɠɚɟɬɫɹ ɢ ɫɢɫɬɟɦɚ ɩɟɪɟɯɨ-
ɞɢɬ ɜ ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ ɪɟɠɢɦ. ɉɭɥɶɫɚɰɢɢ ɜɵɯɨɞ-
ɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɷɬɨɦ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ (ɨɬ 
0,08 ɞɨ 0,5 ɫ) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɟɪɢɨɞɚɦ ɡɚɪɹɞɚ ɢ ɪɚɡ-
ɪɹɞɚ ɤɨɧɞɟɧɫɚɬɨɪɚ ɜ ɫɝɥɚɠɢɜɚɸɳɟɦ ɮɢɥɶɬɪɟ. ȼ ɦɨ-
ɦɟɧɬ ɜɪɟɦɟɧɢ t = 0,5 ɫ ɩɪɨɦɨɞɟɥɢɪɨɜɚɧɨ ɭɦɟɧɶɲɟ-
ɧɢɹ ɫɤɜɚɠɧɨɫɬɢ ɢɦɩɭɥɶɫɨɜ ɭɩɪɚɜɥɟɧɢɹ ɞɨ 30%. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɭɦɟɧɶɲɢɥɨɫɶ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ 
ɫɝɥɚɠɢɜɚɸɳɟɝɨ ɮɢɥɶɬɪɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ 
ɹɤɨɪɟ ɞɜɢɝɚɬɟɥɹ. ɑɟɪɟɡ 0,15ɫ ɫɢɫɬɟɦɚ ɩɟɪɟɲɥɚ ɜ 
ɭɫɬɨɣɱɢɜɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ, ɧɨ ɫ ɦɟɧɶɲɢɦ ɜɵɯɨɞ-
ɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞ-
ɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɜ ɩɪɟɞɥɨɠɟɧɧɨɣ ɫɢɫɬɟɦɟ ɧɚɩɪɹɠɟ-
ɧɢɟ ɧɚ ɹɤɨɪɟ ȾɉɌ, ɚ ɬɚɤɠɟ ɟɝɨ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɤɜɚɠɧɨɫɬɶɸ ɢɦɩɭɥɶɫɨɜ ɭɩɪɚɜɥɟɧɢɹ. 

ɉɪɟɞɥɨɠɟɧɧɚɹ ɫɢɫɬɟɦɚ ɩɨɡɜɨɥɹɟɬ ɛɟɡ ɡɧɚɱɢ-
ɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɜɨɞɚ 
ȾɉɌ ɩɨɫɤɨɥɶɤɭ ɜɨ ɜɪɟɦɹ ɟё ɪɚɛɨɬɵ ɜ ɦɢɤɪɨ-
ɤɨɧɬɪɨɥɥɟɪɟ ɫɨɯɪɚɧɹɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɨɫɬɨɹɧɢɢ 
ɫɢɫɬɟɦɵ, ɚ ɢɦɟɧɧɨ: ɡɚɞɚɧɧɨɟ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɡɧɚɱɟ-
ɧɢɟ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ, ɬɟɤɭɳɟɟ ɡɧɚɱɟ-
ɧɢɟ ɫɤɨɪɨɫɬɢ (ɫɢɝɧɚɥɵ ɞɚɬɱɢɤɚ ɏɨɥɥɚ) ɢ ɫɢɝɧɚɥɵ 

ɭɩɪɚɜɥɟɧɢɹ ɢɧɜɟɪɬɨɪɨɦ. ɗɬɚ ɢɧɮɨɪɦɚɰɢɹ ɦɨɠɟɬ 
ɛɵɬɶ ɩɟɪɟɞɚɧɚ ɱɟɪɟɡ USB-ɢɧɬɟɪɮɟɣɫ ɧɚ ɩɟɪɫɨɧɚɥɶ-
ɧɵɣ ɤɨɦɩɶɸɬɟɪ ɢ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɚɧɚɥɢɡɚ. 

ȼɵɜɨɞɵ. Ɋɚɫɫɦɨɬɪɟɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɤɚɤ 
ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨ-
ɹɧɧɨɝɨ ɬɨɤɚ, ɬɚɤ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɟё ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟ-
ɧɢɹ. ɉɪɟɞɥɨɠɟɧɧɚɹ ɤɨɦɩɶɸɬɟɪɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨ-
ɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɢɜɨɞɚ ɜ ɡɚ-
ɞɚɧɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ. ɋɢɫɬɟɦɚ ɢɦɟɟɬ ɩɪɨɫɬɭɸ 
ɫɬɪɭɤɬɭɪɭ, ɩɨɡɜɨɥɹɟɬ ɡɚɞɚɬɶ ɧɟɨɛɯɨɞɢɦɵɣ ɪɟɠɢɦ 
ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ ɢ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɚ ɫ ɩɨ-
ɦɨɳɶɸ ɫɟɪɢɣɧɨ ɜɵɩɭɫɤɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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